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Cy3 0o1m

V36ekucron Pecnybnukacununr TabauMm T pucugary KoHyHH Ba
Kanpnap taiti€pmam Mumnuii macTypu TajaOnapyHU amajira OIIUpPHIIa
V36exucton Mumit YHUBEpCUTETH MEXaHHKa-MaTeMaThKa (aKyibTeTH
MaTeMaTUK aHalin3 Kadeapacu KamMoacu MacChyJIHUSITUHU XHUC ITraH X Oija
WIMUK-TAJK WK OT HIUIApM Ba WIMHUM [EJArOrMK KaJpiiap Tau€piiam
caMapaJIOpJIMTUHU  OLIMPUIIl MK CAJITITAPUHUA  KYy371a0 y3 oJiura K arop
Bazu(amapHu OEITHIa]IH.

Nnm-pan  skxagan  TapakKuil  9TaéTraH, 3aMOHaBUH  axOopoOT-
KOMMYHHUKAIMsl TU3UMJIAPU BOCUTANIAPU KEHT >KOPUN ITUIAETraH KaMUsTIa
Typau ¢daH coX anapuja OWJIMMIIADHUHT T€3 SHTWJIAHUO OOpHUIIH, TabINM
OJlyBUWJIAp OJIAWTa yJIApHU >Kajaj srajuiam OuiaH Oup KaTopja, MyHTa3am
Ba MYCTaK WJI paBUILa OMJIMM H3J1alll Ba3u(acuHu KYyHMOK/IA.

by Bazudanu X ain K WiuI Mak cainjia YK YB pekajlapura MaTeMaTHK Ba
KOMIUIEKC aHainu3 (haHyiapujiad J1abopaTopus X aMJia MyCTaK UJT TabJIUM OJIMIII
KUPUTWIIM. Y3 HaBOaTuga YKYB JacTypiapujia pekara MOC paBHIIIA

w

Y3rapTUpuLLIIap aMajira OIUPUIIN.

XO03Upru BaK TJ]a MaTeMaTUK Ba KOMIUJIEKC aHATM3HUHT yciayOnapu daH,
TEXHUKA Ba UKTHUCOMUETHUHT TYpJIU-TyMaH MacallaJapyuHU X al K WIKIIIA
KeHI K VIUIAaHWIMOK a. XaJK  XYKaIUTUHUHT  0apya  coxX alapujia
KOMIIBIOTEPJIADHUHT Ba MaTEeMaTUK YCYJUIAPHUHT SUIMU K YJUTAHWIMIIH
MyHoa0aTu OuiaH Oy yCyJUIapHUHT ax aMUSITH sTHaJa OPTAM.

KOk opuna K aiig »tu0® Oenrwianradn Basudanap OaKapWIMIIIMHUHT
ucbotn cudaruma ro3ara Kenrad ymOy K yjulaHMa KOMILIEKC Y3rapyBUWIIN
byHKuMsuTap  Hazapuscu (paHWAAH MYCTaK W HWIUIApHUA  Oakapuiira
MYyIDKaiaHran OymmO, YK yB amgabuweru JlaBmar TabJIuM CTaHAAPTUHUHT
OakanaBp myTaxaccucauru “Marematnka” Ba “MexaHuka” WyHaTuIILIapura
MOC KeJIaJu.

Kymnanma yu maparpadaan nbopar 6ynub ynapaa “Komruieke conmap
Ba KOMIUIEKC apryMeHTIu (QyHKuusuiap”, “OnemeHTap QyHKUUAIAp Ba yiap
épnamuna Oaxapwiaaurad koHdopm akciantupunuiap” Ba “Komrmiekc
apryMeHT/IM  (QYHKIUSHAHT HWHTETpAJIM Ba YerUpManap Hazapusicu’’
MaB3yJiapu Oyinda 3 Ta MyCTaK WJI Il TaBCHUSl ATUITaH. Xap OUp MYCTaK Wi
UITHU OepullaH aBBajl IIy MYCTaKWJ WIMHA OaXapuil Y4YyH JIO3UM
OynmaguraH acocwil TylryHuya Ba Teopemanap kearupwirad. Cynr 21 Ta
BapuaHTAaH ubopat Oyiran Bazuda MyCTak W €UUIll YUyH TaBCHUS K UIMHTaH.
TanabGanuHr MaB3yJapHU VY3JIAMITHPUIIMHM X aMjla WIITHU Oa)XapuITuHU
CHTWJUTAIITUPUINT  MaK caauaa Xap Oup mnaparpadHuHr oxupuga 1 Ta
BapuaHTaaru (21-sapmant) Oapuya MHCOJ Ba Macajajap TYJIUK €4H0
KYpCaTUJITaH.



K¥ynnaamanu €3umga myamiudiaap TOMOHUIAH MaB3yJapHUHT OIIHM
Ba COJUIa TUJIJA, TYIIYHApJIM Ba paBOH 0a€H STUIIMIINTA X apakaT K WIMH]IH.
[Ily myHocabar Ouian myauduiap K yutaHMa Tajadanapaa OMIMM OJIHINTa
WHTWIUII X UCCH, MYCTaK W1 (PUKpiaml MajaKaJapUHUHT IIaKIaHUIIINATA
XU3MaT K wiaau ae0 ymuj Owiaupaauiap X amjia y Tajgadanapra KOMILIEKC
y3rapyBunin (yHKIUsIap Ha3apuscu (aHUHUHT alTUO YTHIIraH MaB3yJliapu
Oyitnya OryMMIIapUHU olMpHIIIa €piaMm Oepaau 1e0 UilloHaIuap.



1-§. 1-MYCTAKNWJI U111

KOMIIVIEKC COHJIAP BA KOMIIVIEKC API'YMEHTJIA
OYHKIUATIAP

Kommuieke consap Ba ynap yctuaa amasiap.

KoMmIuieKC COHHUHT TEOMETPUK TACBUPH.

KomIuiekC COHHMHT TPUTOHOMETPUK Ba KYPCATKUUJIN KYpPHUHUIILIAPH.
Kommuieke TeKnucImKaa cox a Ba 3rpU YHU3KK .

Crepeorpadux mpoeKIus.

Komruiekc aprymeHTiy QyHKIUsIAp, YIAPHUHT TUMUTH, Y3TyKCU3IIUTH.
OyakuusHUHT quddepennuamianyumiura. Komu-Puman maptiapu.
["apMoHUK (QyHKIHATIAD.

Xocuiaa MOAYJAM Ba apryMEHTHMHHHT TreoMeTpuk MabHocu. Kondopm
aKCIIAHTUPUIILIAP.

“A-
ACOCHUM TYIITYHYA BA TEOPEMAJIAP
1°. KoMILTeKe coOHJIap Ba yJap YCTHAA aMaJLiap.
MasbiryMKH, KOMIUIEKC COH
Z=X+1y (1)

Kypunuiga udoaananaayd, OyHaa X  Ba Y Jlap X & WK M coHyap | 3ca
(i* =—1) Marx yMm OUPIHKIHD.

Onmatna X X & WK Ml COHra Z KOMIUIEKC COHHUHT X & UK Uil Kucmu, Y
X & VK UM COHI'a 3Ca Z KOMIUIEKC COHHUHT Maey YMK ucmy JEAWIAaA Ba

X=Rez, y=Imz
Kalu GenrunaHagy.

Arap (1) ma y=0 6yinca, z=Xx+1-0=X 0Oynu0, Z X & KU X COHTA
TeHr Oyaanu. Arap (1) na Xx=0 Oyinca , z=0+iy=iy Oy;u0, Z cod Marx yM COH
oynanu. (1) na x=0 ,y=0 6¥nca, z komruiekc cod 0 ra TeHr Oyiau.

Ukkura z, =X +1y, Ba Z, =X, +I1y, KOMIIIEKC coHIap Oepuiran
oymuo, X, =X,, Yy, =Y, Oynca, yuna z, Ba Z, KOMIUIEKC COHJIAp Oup Oupuca
meHe neunnagn. Arap X, =X,, Y, =—Y, Oyica, yx onaa Z, KOMIUIEKC COH Z,
rax yuima KoMniekc con N1ennaau Ba Z, kabu Oenruinanaiu.



JleMak, Z=X+1y 6yiaca, z=X+iy=X—iy Oymamgu. Macanasx,

) . = 1. _.
71=2+ §| KOMIUIEKC COHHMHT K yIMacu Z = 2——1 Oyiaau.

AWraiinuk, WKKuTa Z, =X, +1y, Ba Z,=X,+ly, KOMIUIEKC COHJap

Oepunran OYJcHUH. Yap ycTuaard apuMeTHK amaiiap K yiuaaru K ouganap
acocu/Ia aHVK JIaHa/IH.

1) Z,+1, = (Xl + Xz) + I(yl + yz);
2) 2,2, = (X1X2 - ylyz) + i(lez + ylxz);

3) i - XX, + V1Y, 4 YiX, = XY,

' 2 2 2 2

ZZ X2+y2 X2+y2
4) z2"=z-72---1.
H_J

M3ox. Zz,-z, xymaiitma (X, +1y,)(X, +1y,) wudomanu X agMa=X aj
KYTIaUTUPUIIAAH X, OCKJ OVITUIINHYN KYPUII K HUH dMAC:
2, -2, = (X + 1Y) (X, +1Y,) = XX, + X1y, +1y;X, + i2y1Y2 =
= (X1X2 - y1y2) + I(X1y2 + ylxz)-

Zl Xl + Iyl

— = ———= HucOaTHU X ncoOJaIlla KACPHUHT CypaT Ba MaXpaKWHU
ZZ X2 + Iy2

Z, = X, —ly, ra Kynaitupunamm:

z

1= =
Z, X, + Iyz (Xz + iyz)(xz - Iyz) Xz2 + yz2 Xz2 + y22

2°. KoMILTeKC COHHMHT T€0OMETPHK TACBHPH.

_ X + Iyl _ (Xl + iyl)(XZ B Iyz) _ XX, + V1Y, i Y X, — XY,

Texkucmukga, OXy Jlekapr KoopAMHATIap cuUcTeMacHga Z = X+I1y

KOMILICKC COH KOOpauHATIapu X Ba Y Oynran  M(X,y) HyK Tanu ndoganain
(1-umzma).

M(X,y)

»

q X X

1-yuszma.



Iy M(X,y) HyK Ta Z = X+ 1y KOMIUIEKC COHHHMHI 2eoMempuKx maceupu
Oeuunaou. Jlemak, X ap OMp KOMIUIEKC COH TEKUCIUKIA OUTTa HYK TaHU
udonanaiin. AKCMHYA, TEKUCIUKIATH X ap OUp HYK Ta X aK VK Mid K ICMU TITy
HYK TAHUHT a0cIccacura, MarK yM K ICMHU 3Ca OpJAWHATacura TeHT OYyiran
KOMIUIEKC COHHM Hdoaanaiau.

[llynnait K unnb, TEKUCIWKHUHT Oapya HYK Taapyd TYIUIaMH OWIIaH
Oapya KOMIUIEKC COHJIap TYIUIaMH opacuja y3apo OUp KHUMMaTId MOCIIHK
MaBXya. byHma Oapua X & WKHHA COHJAPHUHT TE€OMETPUK TaCBHPH
abcuuccanap YK MHU, 0apya co) MaBXyM COHJAPHUHI T'€OMETPUK TacBUPHU
((0,0) mykTaman ¢apk ) 3ca opauHaTanap YK uHM udpopanaiau. lyHUHT
YUyH a0cuuccanap YK UHU X d UK Uil )k , OpJIMHATAIAp YK UHU 3Ca  Maey YM )K
nerunnaan. OXY TEKUCIUKHH 3ca Komniekc mekucauxk nevnnaau Ba Cx appu
Ousian GenruiiaHau.

1-yuzmagaru OM BekTtopra M(X,Y) HYKTaHUHT paduyc 6eKmopu
newnnu6, Oy BEKTOPHHUHT Y3YHJIUTH I Ta Z = X+ 1Y KoMnieKc ConHune Mooyu

neiinnaam Ba |z| xabu 6enrunananu. OM Bektop 6unan OXX & HKHi YK HUHT
MycOaT HyHalIUIIM OpacHAard ¢ Oypuak Z KOMNIEKC COHHUHZS ap2yMeHmu
Jeniaay Ba p = argz xabu OenruiaHau.

Arap z=X-+I1y KOMIUICKC COH OepwiraH Oyica YHHHT MOIYJH Ba
apryMEHTH K yiH1ard TeHTIMKIap €paaMuaaX uCOOIaHaIn:

r=lz=x*+y?; (2)

arctgx, azap X=>0,y >0 o6ynca,
X

e=argz= arcth + 1, aeap X< 0 6byica 3)
X

arctgx + 27, aeap x>0,y <0 ,6yrca
X

~

1-yn3manman
X y
cosp=—, sinp=">
r r

SKaHJIUTI'MHU X OCUJI K WJIIaMHK3 Ba 6YHI[aH

Z=X+iy =r(cosq+isin ) (4)



udonmara sra OYnamusz. by udona Z KOMIUIEKC COHHUHZ MPUSOHOMEMPUK
ugooacu (waxknu) nernunaIn.

e =cosq+ising (5)
TEHIJIMK Jiiep opmynracu nevinnanu. bynaan
z=re"
KOMNJIEKC COHHUHE KYPCAMKUYIU KYPUHULLY KETTUO YVK aJu.

1-Teopema. Ukkuma 7, 8a 7, KOMNaeKc COH KYNAUMMACUHUHZS MOOYIU
ULy KOMNAEKC COHNAp MOOYIIAPUHUHE KYRAUMMACU2a MeH2!

‘lez‘ = ‘Zl‘ "22"

Hkxxkuma komniexc coH KynaummacuHuue apeymeHmu Ly KOMNAEKC COHLAp
aApeyMeHmIapUHUHS ULe UHOUCUSA TeH2.

2-Teopema. Yoy

Zn

=|z[",argz" =nargz (ne N)
MEeH2TUKAAD YPUHIUOUD.

JA

3-Teopema. Hxxuma xomniexc con Hucoamu —— yuym
YA
2

4
—4 =-—,arg—+=argz, —argz,
z

MEH2UKAAD VPUHIIU.

M30x. Kommuiekc coHjap aprymeHT/Iapura JOUp KEeITUPUIraH
TEHIJIMKJIap/la KOMIUIEKC COH apryMEHTH Iy COHra MOC PaJnyC BEKTOPHHUHT
TEKUCIHUKIATU X OJIJaTH MabHOCH/1a TYIIYHUJIA U,

(4)-myHOcabaT Ba 2-TeopeMajaH Z" y4yH
2" =[r(cosp+isin @)]" = r"(cosne+isin n) (6)
Myasp ¢popmynacu xenud 4K aau.

3°. KoMILIeKe TeKHCJIHKIA COX 2 BA 3TPH YH3HK .
AWTaluK,
x=x(t), y=y(t)
dyuxmusiap [o,B] ma ((o,p]c R) ammk namran Ba y3nykcus 6yncun. Yuna
Z=X+1y
KOMIUIEKC COH X & KUK Uil y3rapyBuu t ra Oar jmk Oyiuo,

9



z=12(t) =x(t) +iy(t)
X & VK Uil apryMEHTIM KOMILIEKC K MMMAaTiau (yHKLIMTA 3ra OyIamMus.

Papmanku, t ysrapysun [o,B] ma y3rapramma z(t) ¢bysximsEuHHD

kuiiMaTiapuy C nma y3rapub, Oupop Arpu UYM3WK HU Tamkuia dtagu. [y
cabalmu

z=12(t) (a<t<p)
(byHKIMSTa SrpH YM3UK HUHT RAPAMEMPUK MeHziamacu Neiniaau.
Arap z=12(t) ma Vt,t, €[o,B] yuyn t, #t, 6ymmmmnan z(t,) = z(t,)
OyauIy Keauo 4k ca, yX oiga Z = Z(t) arpu uM3uk coooa uusuk JICHUIaIu.
Arap z(a) =z(B) 6yaca, z=z(t) srpu YM3UK Enux yuzUK ICHUIAMIM.
Kommneke texucauk C na 6upop z, HykTax amzaa € >0 COH olaiiuk.
1-Tawspud. Yoy
{zeC:lz-z,| <]
myniam 1, HWK manuve € ampogu  Oeuunaou ea U(z,,€) xadbu
beneunanaou.
U(z,,e) ={zeC:|z—7,|<¢}.
Pamanku, U (Z,.€) atpod Mapkasum Z, HYK Tajga, paguycu € Oyiran
OUMK Joupa Oyiasau.

C na 6upop D tymnam Oepuiran 6yiacun (D < C). Arap z,€D
HyK TanuHr 3U (z,,€) arpodu masxyn 6ymuod, U(z,,e) = D 6ynca, y X onna
Z, HyK Ta D TynnamMHUHT uuku HyK macu neivinany.

2-Tabpud. Acap D mynnamunune xap Oup H)K macu YHUHE UYKU
H)K macu 6ynca, yx onoa D ouuk mynaam oetiunaou.

C na 6upop F tymuiam 6epunran 6yiacus (F < C)

3-Tavpud. Aeap z, € C nyxmanune uxmuépuii U(z,,€) ampoghuoa F
Myniamuune 1, HKmaoaw ¢aps i xamuoa oumma HKmacu Oyiaca, Z,
H)K ma F myniamnune aumum HYK macu oetiunaou.

4- Tavpud. Aecap F mynaammune o6apua numum HKmaiapu uLy
myniamea meauwiiu oyica, F énux mynaam oeviunaou.

S-Tabvpud. Acap D mynaamnune uxmuépuu 2,,7, wyx maprapunu D
myniamoa myau €emysuu oupopma Y3IYKCU3 Y 32pU HUSUK EpOamuod
ouprawmupuw Mymxut oynca, yx onoa D o® namau mynaam oetiunaou.
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6-Tabpud. Acap D(D < C) mynnam ouwk x amoa 6ce ramau myniam
oynca, Oynoai myniam cox a 0eb amanaou.

D cox anuHT y3ura Terunum Oyiamarad JUMHUT HYK TaTapuaaH TaIlTKujl
TornraH TymiaM D cax anune uezapacu nevinnanu Ba 0D kabu OenruiiaHaiu.

Yoy
DuadD

TYIIIaM D kabu ocnrunananu. Jlemax, D=DuéD.

Arap D cox anunr uerapacu oOD O mamnu tymiiam Oyica, D oup
O® namau, akCX OJiia 3Ca KYyn 0@ aamau cax, a TCNIaan.

D cox a uerapacu 0D HUHr OGF JlaMJIM KOMIIOHEHTJIApU COHMTA K apad
D cox anu 6up 6@ ramau, ukku o aamau, N 6@ aamau cox a 1ed ataitMus.

Cox a yerapacUHUHT MycOam uyHanuwiu 1e0 WIyHAAW WYHATUIIHA
K a0yJ1 K WIaMU3KU, Ky3aTyBun Oy WyHamui OViiinad X apakaT K WIraHaa cox a
yHTa HUCOATaH X ap JOUM 4YaIija xoinamrad 0yiaau.

Macanan, 2-uusmaga a) Oup Oar jamiu, 0) UKKM OGF Jlamiid, B) y4
OGF JamJIM COX ajlap TacBUpJIaHTaH OYynuO, coX a 4YerapaJlapuHUHT MycOaT
HyHaNMIIapyu cTpeikaiap OWiIaH KypcaTuiras.

D D&

2-Yuama

4°. Crepeorpaduk npoexuusi.

R® dasoma (§,m,{) JlekapT xoOpaMHATaNIAp CHCTEMACHHH OJIAMIIUK.
by dazona

S={&n)eR*: &+’ +* =(}

chepanu K apaiimu3. Dapas K wiaivk & Ba 1 YK Jap MOC paBuIga X Ba Y
VK Jlapu OWJiaH yCTMAa-yCT TYHICUH (3-un3Ma).

11
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PaBmanku, K apanmaérran S cdepa OXy Tekucinurura KoOpAHWHATa
Oommna ypunagu. Komruiekc Ttekuciukna Z, =X, +1y, HyKTa oimb, Oy
HYK TaHU cdepaHuHr P HyK Tacu OwWsiaH TY pU YM3KMK KecMacu €EpJamMujia
Ooupnamtupamu3. Hatmwxanma, Oy tyFpu umsmk chepann M (E,,M,,E,)
HYK Tajla Kecamu. Jlemak, KOMIUIEKC TEKHCIMKIAAru X ap Oup HyKTa S
chepanaru Oupop HyK Ta OunaH udoganaHa v, Ba akcuHYa, S cepagaru x ap
oup HyK Tara (P HyK TamaH OOIK a) KOMIUIEKC TEKUCIHMKAA SITOHA HYK Ta MOC
KeTa/IH.

[Mynnait k w6, S {P} Tynmam OunaH KOMIUIEKC TEKUCIUK ypTracuia
y3apo Oup K uiimMatiu Mociuk YypHatwigu. Omatna Oy MOCITUK KOMHIAEKC
MEeKUCTUKHUHZ cmepeozpaghuk npoekyuacy Aeuiaim.

Arap z, HyK Ta oo ra uHTWiICa, Oy Z, HYK Tara S cepanga Moc KeIyBUU
HYK TAHUHT P ra sKvHJIaIIMIIMHA KypuIl K MMuH 3Mac. by X on P HyK Tara
KOMIUIEKC TEKHCIMKIa Z =00 HYKTaHd MOC K VHUUII TaOWWMIUTHHH
Kypcataau. Jlemak, KOMIUIEKC TeKUCIUTHUIaru ArT0OHa Z = oo HyKTa S cepana
P myk Ta Ounan udomananamu. KomIuiekc TEKHMCIUK YEKCHU3 Y30K JIallraH
HYKTa Z =co OWIaH OWprajvkia KeHrauTUPWIraH KOMILIEKC TEKKUCIUK Ae0
aranangu Ba C kabu Oenrmnanamu. S cdepamaru M (E,m,) Ba KOMILIEKC
TEKUCIMKAArH Z = X+1y HyKTa opacuiard MOCJIMK K yiugaru (opMmyiianap

€paaMu/ia AaHUK JIAHAIN:

_ox oy .
: 1+\z\2’ 1+\z\2’C 1+\z\2’ (7)
_ & _n

by tenrmukmapman doingananub, cgepux macogpa myuwyHuacuHu
KupaTamu3. AWTalnumk, 2z,,Z, € C Hyktajap Oepunran OyJICHUH, ze6az,
HyKTaJiap opacuaaru cepuk macoda aeranja, yJlapHuHT Puman chepacu S
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naru obOpasnapu opacumarum macoda TymyHwiaamu Ba y p(Z,,Z,) kabu

oenrunananu. (7) Ba (8) — TeHrnukimap €paamuaa ymly QopmylanapHu
KEeJITUPHUO UMK apUIII K MIAUH dMaC.

‘22 _Zl‘
JL+z]P y1+]z,[

L (0

plz,0) = -
1/1+|Z|

5°. Kommiekce aprymeHT/iM QyHKIUsJIap.

p(21’ Zz) = (21 #0002, # ©);  (9)

Kommiekc conmap texkucnurm C ma Oompop E Tymmam Oepuiran
OyncuH (E c C).

1-Tavpud. Aeap E mynramoacux ap 6up 7 komnnexc conea fxouoa
EKu K OHYHea Kypa Oumma W  KOMWIeKC COH Moc Kyuunean 6yrca, E
myniamoa ynkyus bepuiean (AHuK 1aneam) 0ed amanaou 8a y

f:z>w éxu w= f(z)
Kabu bencunanaou.

bynna E Tymnam (QyHKUMSHUHT  aHuK anuwe mynaamu, 7 IpKiu
y3eapyeuu éxku pynkuyua apymenmu, W 3ca Z y3rapyBUMHUHT ()yHKuuacu
eI,

Avitaitmuk W= f(2) ¢ynkuus oupop E (EcC) tymmampaa Gepuran
oyncuH. by byHKUIMSIHU

w=f(x+iy)=u+iv  (XxeR,yeR)

KYpUHHIIZIA X aM €3ulll MyMKUH. By 3ca E Tynnamaa wkky y3rapyBUWIH
UKKHTa

u=u(xy),

v=V(X,y)

GYHKIMSUTApHUHT aHVK JIaHUIIUra onub kemaau. byHman OuTTa KOMILIEKC
y3rapyBummn W= f(Z) QyHKIUSHHUHT OCPHIIUIIM UKKUTA UKKH Y3rapyBYHId

X & VK Ui QyHKIUsIIap
u=u(x,y),

v=V(Xy)

OCpHIIMIIINTa SKBUBAJICHT OYJIMIIM KEJTUO YUKIH.
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w= f(z) dynkmus EcC tymnamaa 6epunran 0ynmub, z y3rapyBun E
TymnamMa y3rapraija GyHKIUSHUHT MOC K MAMaTiaapuaaH noopart Tyiam

F={f(z):zeE}
oyncun. by TymiamMra QyHKIUSHUHT K uimMamaapu mynjiamu nciuiaim.

EcC tymmampa W= f(z) ¢ynkuusaunar Oepunumu OXY KOMITICKC

tekucnurugaru E tymmaman  (Tymnam  HyK TanapuHd)  OUV  KOMILIEKC
Tekucaurugary F tymnamra (Tymiam HyK Tajlapura) akc 3TTUPHILIAH noopar.
Iy ca6abmu W= f(z) wm E tymmamuu F Tymmamra akcianmupuw

NEeUnIIaIn.

w= f(z) dynkuus E tymnamma (EcC) Oepunran 0ymm0, F sca mry
GyHKIMA K MiMaTIapuaad noopar TyriaM OYIcuH

F={f(z):zeE}.

Cyurpa F tymnamaa ¥3 waBOatuma Oupop = @(W) dyHkius Oepuira
oyncun. Hatwxkana E tynnampaan onuHrad x ap oup z ra F tynnamzaa 6utra
w(f:z—>w) con Ba F tymampman osvHran OyHaaii W coHra OuTTa

C(p:w—C) con ((eC) moc k yitmnaau. [emak, E TymiaMaan ojvHraH
Xxap oup z ra ourra { con moc K yiummo6, =o(f(2)) ¢yHkums X ocui
oynanu. bynnait GyHkius mypakkaéd gpynkyus nevivnaniu.

w= f(z) pyaxuus E tymmampa Gepunran 0ynm6, F Tymimam sca my

GbyHKUIMS K MiMaTiapuaal ubopar tyminam OyicuH. F Tymmampan onuHrax
xap oup W komiuiekc conra E Ttymiamaa dakar Outrra Z COHHU MOC
K ysmuran Gynkuusra W= f(z) ¢ynkuusra HucOaran meckapu Qynxuyus

nevimmagu Bay z= f (W) xabu Genrmnanany.

2-Tabpud. Acap apeymenm 7 nune E myniamoan onuuean uxmueputl
Z, 6a 7,k uiimamiaapu yuyn 2, # 2, oynuwuoan f(z,) # f(z,) 6y xenuo
vk ca, T(z2) ¢ynkyus E mynaiamoa oup anpok.u (éxu oup eapar i)
@dyukyus 0eb amanaou.

Mmucoa. f(z2)= ZLS byskmmsnn E={zeC; |z7< g} noupaia
Z —
OHp AMPOK JIMIMKKA TEKITUPHHT.

< ®apa3k wnaitnuk, z,,2, €E map yuyn f(z,) = f(z,), spHn

1 1
22, -3 2z,-3
E tynnamaa 6up smopok . >

oyneun . =2z, —-3=22,-3=12,=2,.= f(2) ¢yskuus
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dapa3 k wiaimuk W= f(z) ¢yukuus EcC Tymnampa Oepuiran
O0ynuO, z, HYK Ta 11y E TYIUIaMHUHT JIMIMUT HYK Tacu OYJICHH.

3-Tabpud. Aecap Ve >0 con yuyn 36=0(z,,€) >0 con monuncaxu,
apeymenm 7 nune 0<|2—2z,| <8 menecusnuknu K anoamnanmupyeuu 6apya
z €E k wimamaapuoa |f(z)— A <e menecusmux 6axcapuica, y x onda A

komnaexc con f(z) ¢ynxyuanune 7 — 2, Oaeu numumu oed6 amanadu ea

lim /() =4

z2,
Kabu bencuianaou.

f(2) =u(x,y)+iv(X,y) OYHKIUSHUHT JTUMUATHHU X pcoOmam U(X,Y)
Ba V(X,Y) JIapHMHT JTUMUTIAPHHHM X, HCOOJIAIITa KEITHPHIUIIA MyMKHH.

1-Teopema. W= f(z) ¢yuxyua z—>z,(z, =X, +1y,) da A=o+Iip
aumumea v2a (im f(2) = A) 6ynuwu yuyn

-7,

limu(x,y)=a, limv(xy)=p
V>, V>3,
OyauwYU 3apyp 8a emapJiu.
Aitraitmuk W= f(z) ¢ynkuus EcC tyruampa O6epunran 0ymuo, z
HYK Ta iy E TYmumaMHUHT y3Ura Teruiuid Oyirad JMMUT HYK Tacu OYJICHH.
4-Tawvpud. Acap Ve>0 yyyn I8=90(z,,€) >0 con monuncaxu,
apeymenm 7 Hune |z —2,| <8 menecusnuxnu K anoamaamupysuu 6apua 7 € E
K wiimamiapuoa

1f(2)-f(z,)<¢

menecuznuk oaxcapunca y x onoa t(z2) ¢gynuxyus z,myxmaoa yznykcusz oeb
amanaou.

(PaBmankwu ,0y xonma |im f(z) = f(z,) 6ynamn)

7->7,

Onatna z-—z, aiiupmMa @YHKyus apZymeHmuHuHZ OpPMMUPMACU
nevinnany, yau Az xabu Oemrmnanamm: Az =2-2,, f(z)—f(z,) aiimpma
aca ynxuus opmmupmacu neiivnn6d yau Af  xabu Genrunanaim:

A =1(2)-f(z,).

My TywyHyanapgan  doigananud, 2Zo HyKTagard  (QyHKIUS
Y3IYKCU3JINUTY 4-Tabpu(PUHU K yiHJarudax aMm aiTuIll MyMKHH:
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Arap
lim Af =0

Az—0

oynca, f(z) pynkums 2z, HyK Tanma yzaykcu3z AeHWIANN.

5-Tabpud. Aeap f(z2) ¢pyuxyus E myniamnune x ap 6up nyx macuoa
yanykceus oynca, yxonoa t(z) ¢ynuxyus E mynnamoa yznykcus oeuunaou.

2-Teopema.  f(z) =u(Xy)+iv(X,y) ¢yuryusnune  z,=X,+Iy,
WK maoa  yziykcuz  Oynuwiu - yuyn  U=U(X,Y) xamoa V=V(X,Y)
Qyuxyusiapuune (X,,Y,) H¥ maoa y3ayKcus Oyiumu 3apyp 6a emapiiu.

w= f(z) byaknus E — C 1ymiamaa 6epuiarad OYiICcHH.

6-Tavpud. Aecap Ve>0 con yuyn I0=05(¢) >0 con monuncaxu, E

MYNAAMHUHS ‘Z' - Z"‘ <O meHeCUsIUKHU K AHOAMIAHMUPYEYU  UXINUEPUIL

z,7 €E wx manapuoa

f(z)-f(z")<e
menecuzaux baxcapuinca, (zZ) ¢ynkyus E mynramoa mexuc y3nykcus
oeuunaou.

3-Teopema. (Kautop teopemacu). deap f(z) ¢ynuxyus uecapananean

EnuK myniamoa y3iykcus 0yica, (YHKyus uly myniamoa meKuc Y3ayKCu3
oynaou.

6°. DOyHKUMAHUHT AupPepenunauianyBumiauru. Kommu-Puman
APTJIAPH.

bupop FEcC coxagma W= T(z) obyukuus Oepmiran OViICHH.
WUxtnepuit z, € E Hyk Ta onub, yHra mynmaii Az oprrupMa OepallIMKKH,
z, +Az € E 6yncun. Hatwxkana, f(z) dynkuusx am z, Hykraaa

Aw = Af (z,) = f(z, +Az) - f(z,)

opTTHpMacura 3ra oyiaau.

Aw
1-Tawspud. Acap Az — 0 oa ™ HUCOAMHUHS TUMUMU
yA

i . f(z,+A2)-f(z
lim 4% = lim (2, )= 1(2,)
Az—0 Az—0 AZ
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maexcyo 6a uekau 6yica, 6y aumum Komniexkc yzeapyeuunu 1 (2)
QyukyusHune 7, HyKmaoacu X ocunacu 0e6 amanaou ea f'(z,) xabu
beneunanaou:

£(z,) = lim f(z, +Az) - f(z,)

Az—0 AZ (11)
dapaz kwmaiimk, f(z) =u(X.y)+iv(xy) dyskaus z, =X, +1y,

(z, € C) HyK TaHUHT OHpOp aTpoduaa aHUK JIaHTaH OYJICHH.

2-Tabpud. Aeap u(x,y) ea V(X,y)  @yuxkyusnap X,y
V3eapysuunapHuHe @yukyuscu cugpamuoa (X5, Y,) H)K maoa
ougghepenyuannanysuu oynca, f(z) ¢yuxyua z, wx maoa x as uguii ananus
MavHocuda oughpepenyuanianysuu 0euuiaou.

by xomma du(x,,Y,)+idv(x,,Yy,) undoma f(z) dyskumsHmHET Z,
HYK Tagaru oughgepenyuanu Neiniain:

df =du+idv.
Teopema. f(z)=u(Xx,y)+iv(X,Yy) @yuryuanune 7, HyKk maoa f'(z,)

X ocunaza sea Oynuwu yuyyn 0y @yuxyuaunure Z,(X,,Y,) HK maoa X a v uil
ananuz mavHocuoa oughghepenyuaniianysuu 6yauo,

(ou  ov
ox oy
J (12)
au_ o
oy o

WapmiapHuHe 6axcapuiumiy 3apyp 6a emapiiu.
Opnatna (12) maptnap Kowu-Puman wapmaapu nevvnany.
Kommiekc ananusaa ymoy dz =dx+idy, dz=dx— idy,
o 1 of .of o 1 .of .o
~ =) == (i)
oz 20X oy 0z 20X oy

oenrmnanutap épaamuna f(z) =u(X,y) +iv(X,y) byHKIUSHHHT TYia

muddepentmanmu  df = du+idv, df :idz+idi
oz 0z

KYpUHUIIAAK yiaid udoaamaHagm.
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Ok opuna kenrupwiiras (12) — Komm-Puman maprinapu
a _
oz

TEHIJIMKKA SKBUBAJICHT OYynaau.

0 (13)

Arap W= f(z) ¢ynxumsa z, HyK Tama x ocwiara sra Oyica, Oy HyKTana
o
z

=0 6ymm6, f HuHrx ocmnacu f'(z,) = g, muddepennmany sca
z

of
df =—dz=f'(z,)dz
e (z,)

Kypunuiia oynanu. Komriekc ananuszaa x ocuiiara ara Oyiarad QyHkuusuiap
C — oughpepenyuannanysuu GyHkusnap aeiuinaim.

Amanuerna GbyHKUMSUTApHU C-uddepennmanianyBUNINKKa
tekmupuiiga Komu-Puman maptiapuaan dhonganaHuiaim.

KyT6 xoopauHatiap cucremacuia
f(2) =u(x,y)+iv(x,y) =u(pcoso,psin @) +iv(pcos o, psin ¢)

bynkums yuyd Komm-Puman maptiapu

(ou_1 ov
op p 0¢
J (14)
ov__lou
op  pOY

KypuHULIAa OYViaaau.

dapa3s k unaitmuk, W= f (z) yukuus oupop E — C coxana Oepuiran
OyncuH.

3-Tavpud. Aeap f(z) ¢yuxyus z, € C nyx manune o6upop U(z,,¢)
ampoguoa C-oughpepenyuannanyeuu oOyaca, y x onoa f(z) ¢ynxyus z,
H)K maoa 2010Mopg GyrnKyus Oetunaou.

A-Tavpud. Acap f(z2) ¢yukyus E cox anune x ap 6up myxmacuoa
eonomoph oynca, pynkyus E cax aoa eonomopgh oetiunaou.

Omatna E coxamga romomopd ¢ynkuuszap cunbu O(E) kabu
Oenrmia”Hagy.
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5-Tawvpud. Aeap q(z) = f(l) dyukyus 2 =0 nyx maoa conromopg
z

oviaca, T(z) @pynxyus """ nyx maoa conomopgh Oetiunaou.

6-Tavpud. Acap f(z) dyuxkyua z, € C myx maoa conomopg 6Oynca,
f(2) pynxyua z, wyx maoa anmucoromope Oetiunaou.

7°. I'apmMonuk pyHkuusIap.

dapas K wnaiinuk, R® ¢asomarn E(E < R?) cox ama F = F(X,Y)

y o' F(X,Y)
GbyHkuus Oepuiran 0yiuo, y 11y cox aaa UKKWUHYY TapTHOIU v
X
O’ F(X,Y)
8y2

y3IYKCU3 XyCyCHUH X ocujiaiapra sra OyJICHH.
Tabvpud. Acap E cay anunex ap oup nyx macuoa
0°F 0°F
2 + 2 =
o X° oy
menanux oaxcapunca, F =F(X,Y) ¢ynkyus E coxada eapmonux ¢hynxyus
delunaou.

0 (15)

(15) — Tenrnamanu Jlanrac menenamacu neivnanan. by TeHriama ymoy
o: o
A - —2 + —2
oX~ oy
Jlannac onepamopu €pnamuaa AF =0 makngax am €3unaau. Jlamnac
onepaTopu y4yH

o: o 0 10 0 .0 0*
A=—+—=|——— || =+l |=4—=
oX~ oy oXx oy)\ox oy 0201
OYJIUIIUHY YbTHOOpPTa oJicak, yHAA (15) - TeHIIMKHU

0°F
—=0 16
0201 (16)

makiaa €3l MyMKAHJIUTUHA Ky PaMH3.

Teopema. Ec C cagada conomopd 6ynean xap kanoau T(2)

Qynxyusnune x ag uguil 6a maes ym K ucmaapu U(X,y) ea V(X,Y) @yuxyusnap
uty cax aoa 2apMoHux oyraounap.
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Dcaarma. HMxtuepuit wmkkuta U(X,y) Ba V(X,y) rapMoHHUK
byakmuszap  yuyn  f(z)=u(X, y)+M(X Y)  OYHKOHSHHHT TOJIOMOP(d
Oy mapt smac. f HuHT rosomopd Oynuim ydyn U Ba V jap Komu-
Puman mapTiapu opk anu OGr JaHrad Oyiaunuiapu Jio3uM. byHaaii x onga U Ba
V TapMOHUK QYHKIUSIAP K Yuma eapMOHUK (YHKYUAIAp ACHAIAIN.

bup 6 mammn E c C coxama U(Z) =u(X,y) rapMoHHK (QYHKIIHS
o0ymuo, z, € E TailinHnanran HyK Ta 6yicuH. Y X onja

2 ou ou
v(z)=|—-—dx+—d 17
(2) I oy oW (17)

UKKMHYU TYp 3IpU YM3HK M MHTerpan U(Z) dyHKImsra K yima rapMOHHUK
byHKIMs V(Z) HU aHVK JIakTu.

8°. Xocumia MoOAyJaH Ba APryMeHTHHMHI TeOMETPHK MAbHOCH.
Kondopm akcaantupuuiap.

dapas3 k wiainuk, W= f(z) yukuus oupop E < C cox aga Oepuiran
Oyiicud. YHU (Z) TEKUCIMKHUHT HYK TaapuHu (W) TEKHCIHMK HYK TajJapura
aKCIaHTUPUIN 1e0 K apaiimus. Aitaitmik, W= f (z) ¢ynkuus z, € E Hyk Tana
f'(z,) (f'(z,)#0) xocunara sra 6yncun. Yuaa W= f(z) akcmantupun
époamuna |z2—z,|=r aiimana, 4ekcu3 KMYMK MHKIOp o(|Z—Z,[) ospTHbGOpra
oJIMHMAaca

w=w,|=|f"(z,)|r

aiimaHara akcimaagu. Arap |f'(z,)|<1 Gyuca, yHma |[z—z,|=r ainana

CUK UIaou, ‘ f '(ZO)‘ >1 Oynranaa sca aiiana 4y3unaou.

Jlemak, (yHkIus X ocwracuHuHr moxynu W= f(z) akcmantupuinga
«Yy3UIUW KOS Duyuenmunuy OUIaupap SKaH.

Oumu W= f(z) akcmanTupuin 2z, HYKTaJaH YTYBYM Y CHIUIHK
ym3vK HU (W) TeKUCIMKIard I YHM3HKK a akCIaHTUpcuH. by X onmga GyHKums
X OCHJIACHHUHT apryMEHTH w= f(z) AaKCIAHTHPHILNAA » YH3WKHU K aHjaai
Oypyakka OypHUIIMHN OWIITUPAIH.

f'(z,) #0 OYynran x onna (z,) HyKTaIaH YTyBYH UKKH Y, Ba Y, OTPH
YM3WK JIap opacuaard Oypuak o Oyaca, W= f(z) akcmantupumniga Oy
YM3VK JApHUHT akcinapu [, Ba [, ynap opacuaaru Oypyak X aM Ol ra TEHT
oymaau.
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Anitaitmuk, W= f(z) o¢yukmus E cC coxama Oepwiran OYiuo0,
z, € E 6yncun.

1-Tabpud. Acap W= f(z) axcranmupuwu

1) mapkasu 7, Hyx maoa 6ynean YeKcu3 KUYUK QUuIAHAHU YEeKCU3 KUYUK

aunanaza ymkasuw xoccacuea,
2) 1, Hmaoaw Ymyeuu X ap K auoau UKKUmMa 4Yuzuk opacuoazu

OVPUAKHUHE MUK OOPUHU X aM, WYHAAUWUHU X M CAaK UL XOCCCacuea 32a
oynca, W= f(z) axcrawmupuw 7, myx mada xougopm axcranmupuuws 0ebd
amanaou.

Arap Oy Tappudaru 2-maptaa OypwiIdinl OypyYardHUHT MUK JIOpH
y3rapMaii, HyHaJauIIy K apamax apiiicura ysrapca, OyHaai akciaanTupuii |-
myp KOHGOpM akcaanmupuws ASHUIAIN.

2-Tavpud. Acap E < C cay ada anuk nanean W= f(z) axcranmupuw

YUYH
1) w= f(z) ¢pynkyus E cox ada bup anpog i hynxyus,

2) E caganune xap Oup myk macuoa Kougopm 6yiaca, bepuncan
axcranmupuw E cax aoa konghopm axcranmupuw 0eb amanaou.

KondopwMm akcnantupunuiap K yiuaara xoccajgapra sra:

1) Koudopm akcnaHTHpumira TEeCKapu OYiraH axKCIAHTUPUII X aM
KOH(OPM aKCIIaHTUPUIL OYIIaau.

2)  UYeknm coHIAru KOHPOPM aKCIAHTHPUILIAPHUHT CYTEPIIO3HUIIUASACH STHA
KOH(OPM aKCIIaHTUPUIL OYIIaIu.

Teopema. Aeap W= f(z) axcranmupuw E — C cax ada bup snpok i
oyauob, f'(z) #0 6ynca, yx onda akcranmupuw uty cax aoa Kongopm o6yiaou.
Ha3zopar caBos1apu.
KoMmIieke conmap ycTuaa aManiap.
KoMIIJIEKC COHHU T€OMETPHK TAaCBHPJIALLL
KOMIIJIEKC COHHUHT MOJY/IM Ba apI'yMEHTHHH X HCOOJIAILL.
KOMIIJIEKC COHHUHT TPUTOHOMETPHUK Ba KYPCATKUYIN KYPUHHUIILIAPH.
Myasp popmynacu.
KoMITIIeKC TEKUCITMKIA STPH YU3WK, TYIIYHUYACH.
KoMIIIeKC TEKUCITUK/IA COX, a TYIITYHYACH.

bup 6cF mammm Ba Ky OCF JTaMJTH COX aap.

© 0o N o Ok wDdRE

Crepeorpadux mpoeKIus.
10. Cdepuk macoda TyryH4acu.
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11.

12.
13.
14,
15.
16.
17,
18.
19.
20,
21,
22.

Komrmiekc aprymeHTn GyHKIUs, Mypakkad Ba TeCKapyu  (yHKIHS
TyHIIyHYaJIapHu.

bup smpok 1 GyHKIMS Tabpudu Ba yHra MUCOJLIAp.

Komruiekc aprymeHT/iM QyHKIUSHUHT TJUMUTH Ba Y3ITyKCU3JIHTH.
XaKuKHi aHaIM3 MabHOCHAA T PepeHIMaIIaHyBUUIIUK TabprudH.
C—muddepennmannanyBUnINK TabpUpU.

INomomopd pynkuwmsiiap.

["apMoHuK QyHKUIHSIIAP.

['omoMopd Ba rapMOHMK (PYHKIIMSUTAp Opacuaru OCF JIAHMIII.
K¥ymma rapmonuk QyHKIMsIap Ba yJIapHU TOTMIII.

Xocuiia MOYJTMHUHT T€OMETPUK MabHOCH.

Xocuiia apryMEHTUHUHT T€OMETPUK MabHOCH.

Hyk Taia Ba cox ama KOHPOPM aKCIaHTHPHUIILIAP.

-B -
MYCTAKHWJI EYAII Y4YH MUCOJI BA MACAJIAJIAP

1-Macana. Kyiiugaru zZ, Ba Z, KOMIUIEKC COHJIQPHUHT HWF UHJIWCH,

. o . 1
allupmacu, KynaiTmacu, HucOaTU X amzia Z, + — HU TOIMHT:

2

1.1z, =2 +i, z, =2 -i.

1.2. 2, =1+/2i, z, =1-i2.
1.3.2, =2+3i, z,=2-3i.

14 z, =2+i4/3, z, =2—i3.
15. z, =3+4i, z,=3—4i.

1.6. z, =5+2i, z,=5-2i.

1.7. z, =2+i+/3, z, =3+i/2.
1.8. 7, =2-iV3, z, =3-i/2.
1.9. z, =2 +i/3, z, =/3+i/2.
1.10. z, =3+4i, z,=4+3i.

1.11. z, =3-4i, z,=4-3i.
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1.12. z, =1++/5i, z, =1—+/5i.
1.13. z, =2 +4/5i, z, =2—A/5i.
1.14. z, =2 +/5i, z,=~/5+2i.
1.15. z, =2-+/5i, z,=~/5+2i.
1.16. z, =3—/5i, z, =3+/5i.
1.17. z, =/3+4/5i, z, =/3-+/5i.
1.18. z, =+/5+/3i, z, =~/5-+/3i.
1.19. z, =3+/5i, z, =3-/5i.
1.20. z, =/5+3i, z, =~/5+3i.
1.21.2, =/3+iv2, z, =~/3-i/2.
2-Macana. AwmaiapHu  OaXapuHI, X OCWJI OYJIraH KOMILIEKC

COHJIAPHUHT MOJYJIM Ba apTyMEHTHUHU TOMHO, YJIApHU KOMIUIEKC TEKUCIIUK/Ia
TaCBUPJIAHT.

2.1. (V3+iv/3)° - (1+i)°.
2.3. (—/3+30)° - (3+i/3)".
2.5. (/3+3i)° - (3+i/3)°.
2.7. (J3+3i)° - (@L+i)°.

2.9. (3+iv/3)* - (@+i)°.

2.2. (\3+iV3)*-@-i)*.
2.4. (—/3-3i)*-(3+i/3)".
2.6. (v/3-3i)" - (3+i/3)°.
2.8. (\/3+3i)* - (1-i)°.
2.10. (3+iv/3)* - (1—i)°.

2.11. (-1+i§)6 L+ 2.12. (—1+i§)4 (L—i)*
2.13. (1—i§)6 (L) 2.14. (1—i§)3 C(L+)°.

7

2.15. (1+i§)5 L+, 2.16. (1+i?3)4 (L—i)®.

2.17. (-1+i)* - (L+i/3)".
2.19. (L+i)* - (L+i/3)°.
2.21. (1—i)° - (L+i/3)°.

3-Macana. Kyiingarn TEHTCH3IHMKIApPHU K aHOATJIAH-THUPYBYM Oapda
HYK TaJlap TYIJIAMUHUA KOMIUIEKC TeKUCIUMK C J1a TAaCBUPJIAHT.

2.18. (~1+i)* - (L—iv/3)°.
2.20. (1—i)° - (L—i/3)®.
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3.1. 1<|z+2-3i[<3.
33. 1<|z-1+i|<2.
3.5. 1<|z-3+4i[<3.
3.7.1<|z-1+2i|<2.
3.9. 1<|z—2+i|<2.
3.11. 1<|z+2+i|<2.

3.13. 2<[z-1-3i|<3.
3.15. 2<|z+1+3i|<3.

3.17. 2<[z-3i|<3.
3.19. 2<|z+3<3.

3.21.1<|z—-2+3i[<3.

3.2.1<|z+1+i|< 2.
34.1<|z+1-i|< 2.
3.6. 1<|z+3—-4i[<3.
3.8.1<|z+1-2i[<3,
3.10.1<|z+2-i|<3.
3.12. 1<[z—-2-3i/<3.
3.14. 2<|z+1-3i| <3,
3.16. 2 <|z—1+3i[<3.
3.18. 2<|z+3-i[<3.
3.20. 2<|z-3+i[<3.

4-MacaJja. Kyiingaru TEHI CU3JIUKJIIAP CUCTEMAaCUHH
K aHOATJIAHTUPYBYHU HYK Tanap TyrmiaMuHu C TEKUCIUKAA TACBUPJIAHT.

(Imz)? < 2Rez, (Imz)? <Rez,
4.1. 4.2.
(Rez)* <Imz. Rez+Imz<3.
2
(Imz)? <Rez, (Imz)° <Rez,
4.3. < 4.4,
7] < 2. Tcargz<Z
4
(Imz)? <Rez, ((Rez)? < Imz,
4.5, < 4.6. -
|z]>1. [Rez+Imz<4.
(Rez)* <Imz, (Rez)* <Imz,
4.7. < 48. <
|z—i| <1. z-1<1.
( 2
(Rez)® <Imz, ‘2_1‘<1’
4.9. ¢ 4.10.
T .
g <argz<rw lz—i|<1.
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z-1]<1,

411.1

—<argz < —.
4 & 2

Rez+Imz >1,

4.13.
\z\<2.
E<amst
415 14
1<Ms&
1<z <3,
4.17.
((Rez)? <Imz.
1<|z]<2,
4.19.
Rez > 0.
(Rez+1Imz >1,
4.21. -
O<argz<E
L 4

5-Macana. Kyiiniaru TeHrnaMa aijlaHaHUHT TEHTJIAMAcCH SKaHJIUTHHU
ucOOTIaHr Ba Oy ailylaHa MapKa3WHUHT KOOpAMHATANIapu Xamja paJiuyCUHU

TOIIHNHI .

|Z—i|>2,
412. | i
—<argz <—
4 3
(Rez+Imz<3
4.14. A
T T
—<argz<—
3 2
fl<\z\£3,
4.16.
(Imz)? <Rez.
1<|7 <2,
4.18.
Imz>0
1<|7<2,
4.20.
Imz > Rez.

5.1. |7 +@-i)z+(@+1)z+1=0.

5.2. |2 +(@—4i)z+(L+4i)z+6=0.

5.3.|7° +(2-3i)z+(2+3i)z+11=0.

5.4. |7 +(3-2i)z+(3+2i)z+12=0.

5.5. |z" +(4-3i)z+(4+3i)z+20=0.

5.6. |z +(2—4i)z+(2+4i)z+9=0.
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5.7. |2” +(4—5i)z+ (4+5i)z+21=0.
5.8. |2 +(4—i)z+(4+i)z+16 =0.
5.9. |z +(3-i)z+(@3+i)z+9=0.
5.10. |2” +(4—4i)z+ (4+4i)z +24 =0.
5.11. |2|” + (@ ~5i)z + (L +5i)z + 25 =0.
5.12. |7]° +(5—-i)z+(5+i)z+25=0.
5.13. |7|” +(2-5i)z +(2+5i)z +28 = 0.

5.14. |z]* +(5-2i)z+ (5+2i)z+28 = 0.
5.15. |z* +(3=5i)z + (3+5i)z+25=0.
5.16. |z +(5-3i)z+(5+3i)z+25=0.
5.17. |z]* +(5-4i)z+ (5+4i)z+25=0.
5.18. |z]° +(2-2i)z+(2+2i)z+7=0.
5.19. |z]° +(3-3i)z +(3+3i)z+16 =0.
5.20. |z]* +(4—4i)z + (4 +4i)z+28 =0.

5.21. |z]° +(4-3i)z+(4+3i)z+21=0.

6-Macama. C KOMIUIEKC TEKUCIMTHAArd zHYK TaHUHT S Puman
chepacumaru oOpa3vHU TOIHHT.

6.1. 1+i. 6.2. 1-1i. 6.3. 2+1.
6.4. 2i +1. 6.5. 2—1. 6.6. —2+1.
6.7. 2+ 2i. 6.8. 2—2i. 6.9. 3+1.
6.10. 3—1i. 6.11. —1+i. 6.12. 1+3i.
6.13.1-3i. 6.14. 3+ 2i. 6.15. 3—2i.
6.16. 2+ 3i. 6.17. 2-3i. 6.18.—2+3i.
6.19. —2-3i. 6.20. 3-3i. 6.21. E
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7-Macanaa. XucoOmaHr.

7.1 lim Z—Sln(—) 7.2. lim Z—Sln(—)
n—ow k= 02 n—oo k= 0
7.3. |im Z—cos( 0. 74. lim I(Z—cos.( .
n—ow k=l 0 n—oo 0
k
7.5. im kZ—sm(—) 7.6. lim I(Z—cos( )
n—o0 o n—o0 0
k7t k7t
7.7. lim Z sm(—). 7.8. lim Z cos(—).
n—oo k=l 0 n—owo k= O 6
7.9. lim kZ—sm(—). 7.10. |im kZ—cos.( .
n—oo o n—o0 0
7.11. fim Z—sm(—). 7.12. lim z—cos( ).
n—o k= 03 n—ow k=l 03
7.13. lim Z—sm(—). 7.14. lim Z—cos( T,
n—oo k= 03 n—owo k= 03
7.15. [lim Z—Sln(—) 7.16. |im Z—COS( .
n—o k=l 03 n—o k= 04
7.17. lim Z—sm(—). 7.18. lim Z—cos( )
n—owo k=0 n—o k= 04
k
7.19. lim Z—sm(—) 7.20. lim Z—cos( .
n—oo k=l 04 n—ow k= 04

7.21.lim Z—cos( )

n—>ook0

8-Macana. Kyilujgarn QyHKUuAIap aHvK jJaraH BSrpU  YU3HK JapHU
TOTHHT.

8.1. z=t+it’ (0<t < +o0).
8.2. z=2t+it> (0<t<+00).
8.3. z=t+i2t> (0<t<+o0).

8.4.z=t+% (—o<t<0).
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8.5.z=t+% (0 <t <+0).
8.6.2:2t+% (=0 <t <0).

8.7.z:t+é (O<t<+x0).

8.8. z=4t* +it"  (—oo<t<+00).
t4

8.9. z=t*+i— (oo <t < +x0).
16

8.10. z=09t° +it*  (—o<t <+0).

8.11. 7 =Re-e™ (Ogtsg).
8.12. z=Ree™ (ostggy
8.13. z = Ime™ mstggy
8.14. z=Ime™  (0<t<Dl).
6
8.15. 7 = 2t 0<t<3).
8.16. z=2+it (2<t<5).
8.17. z =t +3i 1<t<2).

8.18.2=2+i +[(3+2i) - (2 +i)]t 0<t<l).
8.19. z=3+2i +[(5+4i)—(3+2D)]t (0<t<2).
8.20. z=3+2i +[(4+4i)—(B+2)]t (0<t<2).
8.21. z=1+i+[(2+3i) - (L+1)]t 0<t<l).

9-Macana. Kyitngaru f(z) dyskuusiapau Oepuiaran cox amapia Oup
AMPOK JTMKKA TEKIITHPUHT.

9.1. f(2)=12%; E={Rez >0}
9.2. f(z)=1z2% E ={Imz > 0}.

9.3. f(2) =125 E={O<argz<g}.
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9.4. f(z)=12%; E={7<3.
5 3n
9.5. f(z)=1z%; E:{]z\<1,0<argz<?}.

9.6. f(z)=1z2%; E={z>2}.

9.7, f(z):%(z+%); E ={z <13.

9.8. f(z):%(z+§); E={z<2}.
9.9. f(z):%(z+§); E={Ilmz>0}.

9.10. f(2) = %(z +§); E ={Rez >(}.

1 2 T 3n
9.11. f(2)==(z+-); E={—<argz<—}.
(2) 2( Z) {2 g 2}
1
9.12. f(2)=——; E={z/<3}.
@=-—15 E-{d<3
1
9.13. f(2)=——; E={z >3}.
0= (>3

9.14. f(z)=i4; E={z<4}.

Z+

9.15. f(2) :i; E={Rez>3}.
z+3

9.16. f(2) =i_; E={Rez>1}.
Z+I

9.17. f(z) =e*(cos2y +isin2y); E={Imz > 0}.
9.18. f(z) =e*(cos2y+isin2y); E={0<Imz<n}.
9.19. f(z) =e*(cos2y+isin2y); E={z/<1}.

9.20. f(z) =e™(cos2y+isin2y); E={0<Rez< %}.

9.21. f(z):%(z+%); E={z<2}.

10-Macana. bepwiran GyHKOUSIIapHA Y3ITYKCH3IUKKA TEKITAPUHT.
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1
22 -1
1
(z+D(z+i)
1
2’ +4

10.1. f(2) =

10.3. (2) =

10.5. f(z) =

1
10.7. f(2) = 20D

10.9. f(2) =

1
(z-2)(z—-1)

z
(z+2)(z+1)

1
(2z+D(z+i)

1
(2z-1)(z+i)

z
(2z-i)(z-1)

z
(2z+i)(z-1)°

1

722 +1

10.11. f(2) =

10.13. f(2) =

10.15. f(2) =

10.17. f(2) =

10.19. f(2) =

10.21. f(z) =

1
(z-D(z+i)

1
(z-2)(z+1)

1

(z+2)(z+i)

1
(z+2)(z-1)

10.2. (2) =

10.4. f(2) =

10.6. (2) =

10.8. f(2) =

10.10. f(2) =

1
(z+2)(z-1)

10.12. f(z) =

z

(z-2)(z+i)
1z

(2z+)(z-i)

1
Qz-1)(z-i)

10.14. f(2) =

10.16. f(z)=

z

(2z-i)(z+1)
z

(Bz+i)(z-1)

10.18. f(2) =

10.20. f(2) =

11-Macana. OyHk1us X ocliiacuHu Tabpud €paamuiax UCOOIaHT.

11.1. £(2) :% (2 % —i).

11.3. £(2) :Zi_l (z£1).

1

115. f(2) = %_1 (z#>).

2
[

11.7. f(2) :% (z# ;).

2
11.9. f(2) =z2°.

11.2. ()= -1 (z%-1).
z+1

11.4. £(2) :% (z£i).

1 1
116. f(2)=——— (z#-5).
(2) 2z +1 ( 2)

I
11.8. f(z2) = 7#——).
(2) 27 +1 ( 2)

11.10. f(2)=2°.
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11.11. f(z)=z%+2z. 11.12. f(z2)=2°-z+1.

11.13. f(z) =1-3z°. 11.14. f(2) =z +22°.
11.15. f(z)=3z -1. 11.16. f(z)=2z +3.
11.17. f(2)=2 (220). 11.18. f(z):%+5.
Z
11.19. f(z)=%. 11.20. f(z)=e*(cosy +isin y).
1
1121, f(2)=—— (z#-2).
z+2
12-Macaua. Kyinnaru (yHKUMSITApHA C-nuddepen-
HraJlJlaHyBYaHJIWKKA TCKIMUPUHI
12.1. f(z)=Rez. 12.2. f(z)=2*Rez.
12.3. f(z) =(Rez)’. 12.4. f(z2)=2°Imz.
12.5. f(z) =Rez’. 12.6. f(z2)=1z-(Rez)?.
12.7. f(z) =[Rez]*-Imz. 12.8. f(z) =[Imz]*-Rez.
12.9. f(z) =z(Rez +1mz). 12.10. f(z) =Imz°.
12.11. f(z) =[], 12.12. f(2) =2 .
12.13. f(z)=zRez. 12.14. f(z)=z-Imz.
12.15. f(2)=1Imz. 12.16. f(2)=z.
12.17. f(2)=z. 12.18. f(2) =2xy—i(x* +y?).
12.19. f(z) =2xy+i(x® +y?). 12.20. f(z) =2xy+i(x* —y?).

12.21. f(z)=zImz.
13-Macana. bepuiran GyHKIUsIIapHU rOI0MOP(INKKA TEKIIUPUHT.
13.1. f(2) =x+y+i(ax+by). 13.2. f(z) =x* —y? +ibxy.

133. f(2)=————i— . 134, f(z)=x+2y+i(ax—by).
X +y X +y
13.5. f(z) =x—-y+i(ax—Dby). 13.6. f(z)=x+y+i(ax—y).

13.7. f(z) =a(x® —y?)+2ixy. 13.8. f(z) = x* +ay? +ibxy.
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ax .y

13.9. f(z2) =x+y+i(x+ay). 13.10. f(2) = 5——5+i 5.
X*+y X*+y

13.11. f(z) = x* +ay? —ibxy. 13.12. f(z)=x-y+i(ay+bx).

1313. f(z) = x* —y® +iaxy. 13.14. f(z) =ax+by+icy.

13.15. f(z)=ax+y+i(bx+cy). 13.16.. f(z)=x*—ay’ +i2xy.

1317.1(2) = - +i Y 1318, f(2)=x—2y+i(bx+cy).

X*+y?  x*+y
13.19. f(2) =ax+i(bx+cy). 13.20. f(z2) =ax+y+i(bx+cy).

13.21. f(2) =x+ay+i(bx+cy).

14-Macana. y—2z, HyKTaJaH 4¥K yBuM arg(Z—z,) =¢ Hyp OYICHH.
Kyiinaarn Mucosinapaard akCIaHTHPHIUIAD YYyH Z, HYK TaIard 4y3WIUII
k03 dunenru  R(p) Ba Oypuutui Oypyaru o(¢) HU TOIHHT.

14.1. w= 122, z, =1 . 14.2. w=17?, z, =1.
14.3. W=7+ 22 z,=0. 144 w=17° 20:%.
145 w=1z%  z,=1-i. 14.6. w=2%,  z,=-1+i.
147. w=2°, 7, =i. 14.8. w=2", ZO=_£.

149 w=2*+2z, z,=1. 14.10. w=22 -2z, z,=i.

14.11 .w=e*(cos2y +sin 2y); z, =0.
14.12 . w=e*(cos2y —isin 2y); z, = 0.

1413 w=2"2 5 -1. 141aw=2"0D g
z+1 Z+1+1
Z—2+I : z—2i :
14.15. w= -, Z,=2-1. 1416.w= -, Z,=2.
Z+2-1 Z+2i
1417 w=2%2 ;- 1418 w=2"2 2 -2.
z-2 Z+72
Z+2i : z+1-i :
14.19. w= -, 7, =-2I. 14.20. w= -, Z,=—1+1.
z-2I Z-1+1
1421 w=""" 7 =i.

Z+i
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15-Macana. Kyiiuga Oepwiran U(X,Y) rapMoHHK (yHKIUsAIapra
KypcaTWirad Ccox arapja K yima rapMoHuk Oyiran V(X,Yy) (yHKIUsIapHU
TonuHr Ba ynap Eépaamunpa roaomopd f(z2) =u(x,y)+iv(X,y) yHkuusau
K YPHHT.
15.1. u(x,y)=4xy E=C. 15.2. u(x,y) =2x-3y+5, E=C.

2X+Yy
15.3. u(x,y) = ——" 9 _
O =300y

15.4. u(x,y) =2(x* —y*)+4xy E=C.
15.5. u(x,y) =x*—-y?*—-2xy, E=C.

. E={0<z| <=}

X—2Yy
2(x* +y?)
15.7. u(x,y)=x*-y*+x, E=C.

15.8. u(x,y) =3(x* —y?*)-6xy, E=C.
15.9. u(x,y)=x+2y-1, E=C.

15.6. u(x,y) = , E={0<|7| < oq}.

15.10 u(x,y) = vl E ={0<|z| <oc}.
15.11. u(x, y) :ﬁ E={0<|z <o}.
15.12. u(x,y) =y’ —x*+2xy, E=C.
15.13. u(x,y) =x*-3xy?, E=C.
15.14. u(x,y)=—-x+4y-5  E=C.
15.15. u(x,y)=xy+1, E=C.

15.16. u(X, y):)z(;rszy2 , E={0<|z| <oc}.
15.17. u(x,y) =2x° —6xy’, E=C.
15.18. u(x,y) =x* -y’ +xy, E=C.
15.19.u(x,y)=2x+4y-1 E=C.
15.20. u(x,y) =y* —x*—4xy, E=C,
15.21. u(x,y) =2(x* -y?*)-1, E=C.



16-Macana. Kyiumgarn GyHKIUSUIApHUAT KOH(POPMIIMK COX alapu
TOTIMJICHH.

16.1. f(2)=2z+2. 16.2. f(z)=22"1
z z-1

16.3. f(z2)=2z° +1. 16.4. f(z)=z%-1.
16.5. f(z) =2z +z-1. 16.6. f(z2)=2°-2z.
16.7. f(z)=12°-1. 16.8. f(z)=12°+1.
16.9. f(2)=2z°+3z 16.10. f(z)=z°-3z.
16.11. f(z)=2=° 16.12. f(z)=2"2%

27 +1 27 -5

16.13. f(z) =e*(cosy+siny). 16.14. f(z) =e*(cos2y+isin 2y).
16.15. f(z)=e*(cosy—siny). 16.16. f(z) =e™*(cos2y—isin 2y).

16.17. 1(2) :%(z +%). 1618 f(2) :%(z—%).

16.19. f(z) =3z% -6z 16.20. f(z)=z°-8.
16.21. f(z) =4z° -8z.
-C -
HAMYHABU BAPUAHT EUNMMU.

HamynaBwuii Bapuant cudaruna 21-BapuanTHu oaul0, yHIATH MUCOJ Ba
MacaJjaJapHUHT eYUMJIApUHA HaMyHa cudaTuaa KeITUpamus.

1.21-Macadaa. Kyiinngaru
z,=3+iV2 6a z,=-/3-iv2

KOMIUIEKC COHJIAPHUHT WIF UHAUCH, alupMacH, KynalTMacu, HucOaTu X amja

1
z,+— HH TOIIUHT .
Z;

az,+2,=(3+iV2)+(3-iv/2) = (V3+/3) +i(~2-/2) = 24/3.
2, -2, = (\[3+iv2) - (/3-iv2) = (/3-~/3) +i(+/2 +/2) = 2V/2i.
z,-7, = (\3+iv2) - (\/3—-iv/2) = (/3)? = (i/2)? =3—-2i* =5 .
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2, _3+iV2 _(J3+iV2)-(V3+iv2) _3+i243-v2+2i" _

zlzf_.f 3y — (i) 342
_(3—2)+i-2£_1+i@
- 5 5 5 il f
3+1
2 \/_+I\/_+\/__|\/—_\/—+\/— +2

: A2 . 6+/2
=x/§+|\/§+\/§+|\/_:6\/§+|6\/_.>
5 5 5 5
2.21-Macana. Awmamnapau OaXapwHT, X OCHJI OYJTraH KOMILIEKC
COHHUHT MOJYJM Ba apryMEHTHUHU TOIMWHT, YHU KOMIUIEKC TEKHCIHKIA

tacsupnanr (L—i)®- 1 +i+/3)°.

«Ommun 7, =1-i ea z,=1+i/3 commapumar Momymm Ba
aprymentunu (2) Ba (3) — popmynanapaan dorigamanud Tonud, CYHT yaapHU
TPUTOHOMETPHUK IIakiAa €3amu3 Ba Myasp dhopMyrnacuian oiiganaHaMus:

z,=1-i = [z|=1" +(-1)* = 2.
argzl=arctg§+2n:—§+2n:%ﬁ:>21:\/§.
y

-(cos%n+isin %n):ﬂf =@1-i)= Zﬁ(cos%ﬂsm %) =

2\/5(—cos§—isin§)=2\/_ (—£— £)_—2(1 +i).
2, =1+iV3 = [z,|=1* + (+/3)? =2, argzzzarctg\/3_:§:>22:1+i 3=

T .. T . 8t . . 8w
.=2(cos= +isin =)=z =(1+iv3)® =2°(cos— +isin —) =
( 2 3) > = ) ( 2 3)

_ 256(0052—; +isin 2—3“) — 256 (—% ; i?) — _128(1-i/3).
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z=(1-i)*-@+iV3)° =2’ - 25 = 256(L+i)(L-i/3) =
JleMak,

=256 -[(L+/3) +i(1—/3)] =256 - (1 +/3) —i - 256 - (/3 - 1).

By koMiiekce coH Tekuciukaa M (256 (L++/3), — 256(~/3 —1)) Hyk TaHu
udonanaiiau (4-uyuzma)w

ya
258 (1+V3)
0 T e
~256(v3-1) M
4-Yuama
3.21-Macana. Kyiingaru I<|z-2+3i<3 TEHT CU3JINKHU

K QHOATJIAHTUPYBYHM Oapua HYK Tayiap TyriaaMuHA C KOMIUIEKC TEKHCIHKIA
TaCBUPJIAHT.

< |z=2+3i = |x+iy —2+3i[ =|(x=2) +i(y +3)| =y (x—2)* + (y +3)?
oynranu yuyH Oepunran 1< ‘Z -2+ 3i‘ <3 Tymnam

1<(x-2)*+(y+3)*<9

XaJK ajiaH uoopat oynanu. by mapkasu (2;-3) HyK Taga paauyciapu 1 Ba 3 ra
TEHT OYJTaH KOHILIEHTPHUK aillaHajiap OpacHuard HyK Tajlap Ba paauycH 3 ra
TEHT aijlaHa HYK TAJTApUHU Y3 UUUTa OJITaH XaJK aaup (S-uyuszma)s

y ?
2
0 / [

\

9-Yuama
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4.21-Macana. K yiiunaru
Rez+1Imz>1,

T
O<argz < —
J 4

TEHICU3JIMKJIAP CHCTEMACHHM K aHOATJIAHTUPYBYM HYK Tanap TyruiamMuHu C
TEKUCIIMK/IA TACBUPJIAHT.

Rez = x, - X+y>1
< sa O<argz<—=
Imz=y O<y<Xx

by Tymiam 6-un3majia TacBUpJIaHTaH >

gA

A 6-Yusma
&

5.21-Macaaa. YOy
2" +(4-3i)z+(4+3i)2+21=0

TEHrJaMa aiJIaHAaHWHT TEHIJIaMacu SKaHJIUTMHU UCOOTJIaHT Ba Oy ailylaHa
MapKa3uHUHT KOOPWHATIAPH X am/Ia PalyCHHH TOIIHHT.
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a4 z=x-iy = 0=z +(4-3i)z+(4+3i)z+21=

z| = /X" +y?
=X+ Y+ (4 -3)(x+iy)+(4+3i)-(x—iy) +21=x>+ y* +8x+ 6y + 21 =By

=(X+4)?+(y+3)* -4 = (x+4)* +(y+3)* =2~
mapkasu (-4,-3) HyKTaga Ba paguycu 2 ra TEHr OYyiraH aijlaHaHWHT
TEHIJIaMacH >

1+i
6.21-Macana. C KOMIUIEKC TEKUCIUTUAATH Z _ﬁ HYK TAHUHT S

Puman cdepacunaru 00pa3uHu TOMUHT.

< by macananu eunmina (7)- (bopMyﬂaJIapzlaH dolinananamMus.

1+I_\/§ 2 XZQ :_ H_ _+_ =1 By epnau (7)-

T2 T
X N2y :ﬁ.gz 7 1
1+\z\2 4"’ 1+\z\2 4"’ 1+\z\2 2

dbopmynara kypa & =

SKaHJIUTUHU Tonlamu3. [lemak, Oepuiran Hyk TaHUHT Puman cdepacugaru

\/_\/_1

obopasu (—;—: =) BKaH
p (4 7 ) >

7.21-Macana. Xuco6manr. |lim Z—COS%r

n—)ook 0

<Bbepuiran AMMUTHU X UCOOJIAIl YYyH OJIJUH

z = anz—lk(cos%n+ isin %n) = Zn:—k

k=0
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KC€TMAa-KCTJIUMKHHUHI IMMUTHUHH TOIIaMH3:

kn |E 1_i .
im z, = lim z——nm 2(7) = lim —2. :((e“‘:
B
1-%°
2
- 1
=cm&—449n—+=n): —
4
1-%
2
bynnan =
Ilmz icosk—_llmRez =Re 1i =Re 2i =Re 2 =
i 2 4o ein 2_e?ﬁ 2—(cosE+isinE)
1-— 4 4
2
4 4(4-J2) 4-+2

"4 22 (424 (V2) 5242
8.21-Macana. Kyitngaru
Z=QQ+1)+[(2+3)—(@+1D)}t (0<t<))
(GyHKIMS aHVK JlaraH 3TPU YU3VK HA TOTIMHT.
<4 z®)=x@®)+y®)=QA+)+[2+3)-Q+Dt=1+1+ 1+ 2t =

=1+t+i1(1+2t)
TCHIJIMKAAH, 6epI/IJIF aH YM3VK HUHI TapaMCTPHUK TCHIJIaMACH.

X(t) =1+t,

y(t)=1+2t, 0<t<1

AKaHJIMTMHH, Oy ep/iaH 3ca
y=1+2t=2(1+t)-1=2x-1, 1<x<2

SKAHJIMTHHU Tomnamu3. Jlemak, OepuiraH 4M3vK 7-4uM3Majza TacBUpPJIAHTaH
A(1;1) myk tagan B(2;3) Hyk Tara K apa0 iyHairan AB kecmamaH ubopat
IKaH >
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h .
ol { 2 § o
7-Yusama

9.21-Macana. f(z)= %(z +E) dynximsann E ={|z| <2} cox ama 6up
Z

STIPOK JINKKA TEKITAPHUHT.
«by macamanu eunmma 5° myHkTzard 2-tabpuduaH (oiigamaHaMus.
dapaz kwmaiiiuk  z,,Z,,€E  map yuyn f(z))=1(z,), sbHH

LoD le o) oymom = B m2U=n2) o
2 z, 2 Z, 2,7,

bepunran ¢yukuusHuar E tynnampga Oup SOpoK M OYIUINM y4yH M1y
TYILUIAMHUHT

2,2, =1
TEHIVIMKHU K QHOATJIAHTUPYBYU Z,,Z, HYKTAJApHU Y3HUJa CaKJAMAaCJIUIU
3apyp Ba erapiiu. JIekuH,
z,=ieE , z,=-leE 6a 7,-7,=1.= f(2)

bynkums E cox ama Oup smpok i 6yamainu >
1

z2 +

10.21-Macaaa. f(z) = GYyHKIMSIHU Y3TYKCU3JIMKKA TEKIIUPUHT.

< 2°+1=0 = z°=-1= z=*i HyTanap QYHKUUSHUHT Y3HIHII
HYK Tanapu. Kosran 6apya HyK Tajnapaa QyHKUUSHUHT Y31yKCU3 dKaHJIUTUHU
kypcatamus. VzeC \ {-i, i} yuyn

1 1 —Az-(22+1)
(z+A2)* +1 z2°+1 [(z+A2)* +1]-(z* +))

Af(2)=T(z+Az2)-1(2) =
oymu6, Oy tenrmukman lim Af(z) =0 okawmurn kenmu6 9wk agu.by aca

Az—0
1
f(z)=—
z°+1
aHrjaraau

dyuxuusauar VZ2eC \ {i, 1} Hyk Taga y31yKcu3 SKaHIUTHHA
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11.21-Macaaa. f(z2)= LZ (z#-2) GYHKOUSHUHT X OCHJIACH
Z+

Tabpud EpramMuiax UCOOJIAHCHH.
<V zeC\{-2} yuys (11)-bopmyrnanan doiigananud TonaMus:
1 1

£1(2) : = im ((2+42)-1(2) o z2+A2+2 242 _
Az—0 AZ Az—0 AZ

iim -1 S
4250 (7 + Az + 2)(2 + 2) (z+2)

12.21-Macaua. f(z)=2-Imz GyHKIHUSTHA C—muddepen-
[MaJJIaHyBYAHJIMKKA TCKIITUPHHT.

<by Macamann 6° myHKTIa KeTTHPHIITAH TeopeMaiaH (Goianannd eqamus.
f(2)=z-Imz=(x+iy)-y=xy+iy> = u(Xx,y) =xy, v(X,y) = y°.

By ¢yskmuamap V(X,y) e R® HykTaga X a&mKuii aHauM3 MabHOCHIA
mubdepennmannanyBuu. OHau Oy QysHkuusmap yuyH Komm-Puman

ou e .oV .oV
mapTiapuHu  Tekmupamu3. Ymloy —=Y; —=X,; —=0; —=2y
OX oy OX oy
u_o
OX oYy
TEHTJIMKIIApJIaH <
u__v
oy OX

Komu-Puman maptnapu ¢dakar (0,0) HYK Tamaru OakapwiMInM Keauo
gk ami.  Jlemak, f(z)=z-Imz ¢ynkuua ¢akar z=0 HyTama C-—
mudepeHnranIanyBIH >

13.21-Macana. f(z) =x+ay+i(bx+cy) ¢pyHkuusau rosomMopdankka
TEKIIIUPYHT.
<« f(2) =x+ay+i(bx+cy) = u(x,y) = x+ay, v(x,y) =bx+cy

¢ynkupmsap R? max ak i i ananus MabHocuaa quddepenmanianysun. by
dbyukmusnap yayH Komm-Pruman maptiapuan TEKIIUpaMu3.

u_, N

: a; —=b; —=cCc Ba

ox oy OX oy
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(ou  ov

&_5 c=1

) = =b=-a 62 c=1
ou _ ov b=-a

oy &

mraptiaap 6axapuica, f(z) pyukuus C ma roaomopd Oyianu Ba

f(z)=x+ay+i(-ax+Yy)=(1—ai)z TeHrIMK OaXkapHIaIu>

14.21-Macama. ®apa3 Kwialauk Yy — | HYKTaJaH YUK yBYH
arg(z—1)=¢ nyp OVicuH. sz—_! aKCIAHTHPHUIN Yy4yH | HYK Tajgaru
Z+1
uy3uaui kodgdurmenta R(¢p) Ba Oypunuim Oypyaru o(¢p) HU TOIHHT.
aw=2"" S viec\i}yayn w@) = Cly= 2 S w(iy=—+
Z+1 Z+10 (z+1) 2
Jlemak,
: 1|1 . i, 3m
R(@)=W()=|-=== o(p)=argw'(l)=arg(-=)=— >
@ =W =3 =3 sa alo)=argw()=argl- )=

15.21-Macaaa.  bepmiram  u(X,y)=2(x’—y?)-1  rapmoHuHK
dyuknusra Ex C cox ana K yimiMa rapMoHuk Oyaran V(X,Y) GyHKIUSHU
TomuHr Ba yiap épmamuaa romomopd f(z) =u(X,y)+iv(X,y) yHkuusau
K YPHHT.

a V(X,y) dynkus U(X,yY) GyHknusarak yimma rapMoHUK (GyHKIHs OYiraHu

yuayH ynap Komu-Puman maptinapuan 0axapuiim Kepak:

(ov o

oy v(X,y) =|4ydx+ =4xy +

oy Y (X, y) = [4ydx+o(y) = 4xy + ()

oV au :><@—4x+ '(y)—a—u—4x:>4x+ '(Y)=4x=¢'(y)=0=
M _ax oy ¢ ox ¢ ¢

oy x

= o@(y) =const=c. = v(X,y)=4xy+c
K YIIIMa TApMOHUK (yHKITHS.
= f(z2) =u+iv=2(x* —y?)-1+i(4xy+c) =2(x +iy)* —1+ic =2z* —-1+ic.
16.21-Macaana. Kyitunaru
f(z)=4z° -8z
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GYHKIUSTHUHT KOHGDOPMIIHK COX aCH TOTTHJICHH.
> by Macanauu 8° myHKTIArK TeopeMagan hoiigamaHub eqamus.
f'(z)=(42* -82)'=8(z-1) 0=z #1.

OyHxusH OMp ANpoK JMKKa Tekmupamus. dapas k wnaiinuk, f(z,) = f(z,)
OYJICHH.

— 477 -8z, =427 -8z, => Mz, -2,)(z,+2,-2)=0=

bepunran ¢yskuusauHar E  Tymiampa Oup SOpok M OYiIMINM YYyH LIy
TYILUIAMHUHT

Z,+2,=2 (18)

TCHITIUKHU K aHOATJIAHTUPYBYM Z,,Z, HYKTAJapHHU Y3HUJa CaKJAMaCIUTh
3apyp Ba eTapiiu.
Ilynpaii Kk w6, f(z)=4z° -8z ¢ynkumsa z=1 Hyk Tanu Ba (18)-

TEHIJIMKHU K AaHOATJIAHTUPYBYHU HYK TAIAPHU y3UJa CaK JIAMAMAUTAH UXTUEPUN
E < C cox ana kondopm 6ynnap skaH >
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2—§. 2-MYCTAKM Nl

OQNEMEHTAP  ®YHKUUWANAP BA  YIIAP  EPOAMWUOA
BAX APUITAOVWUTAH KOH®OPM AKCITAHTUPALL JTAP

PnmaH Teopemacu.

CoOImaHMHT CaK JIAHUII IIPUHIIATIH.

Uunangnm pyHKumnA.
Kacp unangmm yHkums.
Hapaxarmm yHKLUNA.
XK yKOBCKMIN QpyHKLMACK.
KbpcaTtknunmm yHKLUKNA.
TpuUroHomMeTpuk yHKUMAnap.
Kbn gunmarm yHkumsanap.
CumMmeTpua npuHUUNu.
— A -
ACOCUW TYLLYHYA BA TEOPEMAJNAP

KoHdopM akcrnaHTupuwnap Hasapusacuga acocaH xymugarm UKKu
Macara bpraHunagu:

1—-macana. C kowmnnekc Tekucrmkparm OGupop E couppa
(EcC) w=f(z) akcnaHTMpuw O6epunraH UuDMZA COUBHWHI aAKCUHMW,
AbHM W(E) Hu Tonuw.

2—macana. Vkkuta nxtnépnun EcC, F < C, couanap 6epunraH

upnga E coupHM F cougra akcanaHTupyBun kKoHdopm W= f(2)
aKCMaHTUPULLIHM TONWULL,

By MacanamapHH [ia =HINIIIA =yHHIark Tacan=napaan o aanaHmmaim.
1—Teopema. (PumaH Teopemacu). Acap E ea F nap wmoc
pasuwda KeHzalimupuneaH KOMIIeKC mexuciuk C, uamda C,
lapOaH ofluHeaH ea Yezapacu 2 ma HykmadaH Kam 6brivazaH 6up

6ornamnu  couariap 6wrica, E couaHu F cougza KOHOpM
akcriaHmupys4u W= f(z) ¢byHkuus maexyoao.

2—Teopema. (COURHWMHI caknaHuw npuHuunu). Azap f(2)
yHKkyusa E couada eonomopgh 6brub, f(z)=const 6erica, f(E) uam
cou@a 6bbraou.

Amarmmétoa kbnuH4a GepunraH E couaHu bBMOaH copdapox
ObnraH cougra, MacarnaH OuMprMK gompa €KW  KKOPU  ApUM

TEKUCIMKKA KOH(OPM aKCMaHTMPpULL MacanacuMHu ednw Tanabd
KUMHaan. by mMacanaHu uan gunmmwpga 6u3 KOMMnekc aprymMeHTm
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aneMeHTap yHKUMANApP CUHMUHU, OMpUHYM HasbaTda ynapHWHT
reomMeTpuK xoccarnapuHm TaTtbnk KUl ycnyb6napuHm
bpraHuwnmmns 3apyp.

10, Yuauknm cdyHKkumA
1-Tavpud. Ywby
w=az+b (a,beC ,a=0) (1)

KbpUHUWOaau QyHKUUS  Yu3Uuxu yHKUus (akcrnaHmupuw) 0eb
amarnaou.

Unsmgmm cyHkuna C,KOMNMEKC TeKUCrMKHM C,, KOMMMeKc
TEKUCMMKKa KOHOPM akcrnaHTupaau.

UM3nNgmm PYHKUNSAHUHT XYCYCUIN LDITapUHN KapanMns:
1) AuTannuk,
w=z+b (beC)
ObrcnH. by dyHKUMSA napanniesn KbHUPULWHK amanra owmupaou.
2) AuTannuk,
w=e*-z (aeR)

OobrncuH. by dyHkums C, Tekucrmkparm xap Oup z HyKTaHu

z

KoopaMHata 6owun arpodmaa coar CcTpenkacura Teckapwu
NnyHammwpga o Bypyakka 6ypulHM amanra owmnpagu.

M acanaH,
i T .. T i
W=|z=(cos§+|3|n§)z=e -Z

PyHKUUSA KoopamHaTa 6owun atpoduaa 90°ra,
W=-2
aca 1800 ra 6ypuLHM amanra owmupaau.
3) Antannumk,
w=kz (k>0)

ObrncnH. by byHKLUMA BepunraH CoOLAHW YHra bkLiawl couara 4y3nb
(k>1 ga) ékn cngrnb (x <1 ga) akcnaHTupaou.

YMyMaH |,
w=az+b (a,beC)

dyHKUNA époammna bax apunaguraH aKkcnaHTupuul C,
TEKUCNMKAArn CcouAHU «4bBUL», Bupop Oypuyakka Oypuw uamga
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napannen KyuYmpuwHW  amanra owwupagu. Awmammétrga Oy
PYHKLUNAHUHT WY XoccanapugaH donganaHunagn.

®apa3 kunanmmk, w= f(z) dyHkuna C Tekucnmkgarn ompop
E counna 6epunraH 6bncuH.

2—Tabpudc. Acap acE Hykmada
f(a)=a
meHarnuk  baxapusica, y uprnda z=a Hykma W= f(z2)
aKcraHmupuWwHUH2 KbBFanMac Hykmacu dedurnadu.
W=az+b 4ynsnkmm akcrnaHtmpuw a=1 ObnraHga MKKuTa
b
2, =0, 2,=——
l-a
KbBrarmMac HykTanapra ara.

Arap a=1 Obnca, z=oo WY YN3UKIM aKCNAHTUPULIHWUHT
Kappann kbBranMmac HykTacu Obrnaau.

20, Kacp YM3UKNU PYyHKLMS.
1-Tabpud. Ywby
az+b
W=
cz+d

KbpUHUWOaau CQyHKUUS Kacp—Yu3uk/u YHKUUA (Kacp—4u3uxiu
akcraHmupuw) 0eb amarnadu.

(a, b, c, deC) (2)

by Tabpudpoa ad —-bc#0 ped kapanmma, akc upnga ﬂ:g
Cc
ObnmMb, w dyHKLUMS bBrapmMacra annaHagu.

Kacp 4nsngmm dJyHKLLI/Ii KeHrantupunraH C, KOMMJIIEKC
TEKUCIMKHU KeHranTupuiraH C, KOMNJIEKC TeKMUCIMKKa KOHMOPM
aKcraHTupam.

Kacp unMsngnm akcnaHTMpuliriap katop xoccarnapra ara.

1-Xocca. Kacp uusu=nu akcaanmupuuwiapHune Cynepnosuyusicu AHa Kacp Yusu=nu aKkcianmupuui 0uiiaou,
KACP YU3U=IU AKCIAHMUpuea meckapuy 0uLiean aKCiaHmupus wam Kacp 4u3u=unu 6uiiaou.

2—Xocca. Mxmuepuli kacp Yu3suxiu akcnaHmupuw C, Oaau
alinaHa éku mbepu YusuxHu C, dazu alinaHa EKU mbepu YU3UKKA
akcrnaHmupaou.

By xoccaHn kKacp 4YM3UKIM aKCraHTUPULLHWHI doupasuusiuk
xoccacu pevuragn (Terpy YM3NK odatha pagnycu Yekcusra TeHr
ObrnraH annaHa aoed xapanagn).
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U3ow Kacp umsnkmim dyHKUMS €pdammia anfiaHa avnaHara
€KN TbFPU YM3UKKA aKCMaHUWWHWU aHUKMNaw YYyH PYHKUUAHWUHT

MaxpaXWHW HOMra aimaHTUPyBUM z=-¢ HyKTaHUHr kapanaérraH
c

annaHara TErnwnm ek Ternwnm aMacimrmin aHuknaw Kundoaamp.
M acaraH,

1

T z-3

akcnaHTvpnw  {z:|z|=2} alnaHaun annaHara, {z:[z|=3}

annaHaHn aca TbEPU YN3UKKA bifKkasagu.

W

Tekucrmkgarm vy Tbrpu YU3NUKKA HUcOaTaH CUMMETPUK

HygTarnap TywyH4Yacu bKyBYMra 2aneMeHTap MaremarvkagaH
MabnyM. QHOM By TywyH4YaHW annaHara HucbartaH Kentupanmmmvk.

2—Tabpud. Azap z, ea z, Hykmarnap y4u
y={zeClz—z,|=R}

aunaHa mapkasuda bbrieaH bumma HypOa émub, yrapOaH alrnaHa
MapKkasuzadya ObrieaH Macogpanap — Kynaummacu —y  alsiaHa
paduycuHuHe keadpamuaa meHea bbrica, SSbHU

arg(z; —z,) =arg(z, - z,),

2, — 2| |2, — 2,| = R?

MmeHanuKnap bPUHAU 6brica, z, ea z, Hykmanap C KoMmmekc
meKkucrukdazau y auslaHaza HucbamaH cuMMempuk HyKmasap
detiunalu.

Arap z, Ba 2z HyKTarmap y alnaHara HucbataH CUMMETPUK
HykTanap 6bricay xonga

Obnagn.

3—Xocca. LlUpp «kaHOaU Kacp YU3UKIU  aKcriaHmupuw
Hamuxacuda (z)meKkucrukOaau vy aunaHa €éKUu mbEpU YU3UKKa

HucbamaH cuMMmempuk b6breaH z, e6a z, HyKmanapHuHe akcu (W)
mekucrnukOa yalrnaHaHuHa akcu b6brieaH W(y) altnaHa €Ku mbrpuU
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yudukka HucbamaH cummempuk ObrieaH W, 8a W, HykmanapOaH
ubopam 6bradu.

by xocca Kacp —4Yn3nNKm aKcraHTupuwga
CUMMEMPUKJIUKHUH2 cak/laHUW xoccacu [envnagn.
4—Xocca. (z) mekucnukda bepurneaH uap Xxun z,1,,1Z,

HykmanapHu (W) mekucrukOa 6epurieaH uap Xum W, W,,W,

Hykmanapaa akcraHmupysyu Kacp Yu3ukiu yHKyuUs mMaexyo ea y
S20Haoup.

by akcnaHTMpuw ywoy
W—w, W,-W, z-2, Z,-2, (4)
W—W, W,—-W, Z-2, Z,—12

1 .

MyHocabaTtgaH Tonunagu. (4) —MmyHocabatra aH2apMOHUK Hucbam
ned aranagu.

5—Xocca. Ywby

w=e*-2"2  Ima>0 (5)
Z—a
Kacp Yusuxsu yHKyus rokopu apum mekucruk {Imz >0} Hu 6upriuk
doupa {W <1} ea akcraHmupadu, 6yHOa 6 —uxmuépull UBKUKUU
COH.
6—Xocca. Ywby
0 Z—a

w=e —
1-az

. lal<1 (6)

Kacp yusuxu yHkyus (z) mekucrukdazu 6uprux doupa {|z| <1} Hu
(W) mexucnukdaeu 6upruk doupa {w <1} e2a akcrnaHmupadu, byHOa

6 —uxmuepuu UuaxUxKUU COH.
30. Oapaxanu dyHKUMA.
Tabpud. Ywby
w=z" (neN,n>1) (7)
KbpUHUWOaau ghyHKUUs dapaxkanu gyHKuus deliunadu.

Oapaxamm dyHkuma C pga ronomopd Ba Oy dyHkumMa
épaamnga OGaxapunagnran akcnaHtmpuw VvVzeC\{0} HyxkTaga

KoHdopM Bbnamm: W=nz"" upcuna C\{0} ga HongaH dapxmMamp.

Arap z=re®, w=pe™ genunca,
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(8)

9KaHMMIMHU  Kbpamni. by TeHrmuknapgaH w=2z"  dyHKUnA
aprymMeHT ¢ ra TeHr ObmradH, 0 HykTagaH YUKYBUYM [ HYPHMU,
apryMeHTn ne ra TeHr ObnraH L Hypra akCrnaHTUPULWMHN KbpaMn3s
(8 —4mn3ma).

8B —Yusma

21
Arapga 6u3 (z) Tekucrmrmga opacumgarm Oypdarm — adaH
n

KW4YMK OblraH KoopauMHata OowungaH YMKYBYM UKKUTA HYyp GunaH
YyerapanaHraH D cousHu kapacak, w=z" (yHKUnaHnHr 6y coupaa
BMpP ANPOKRIM IKAHSIMTUHUN KbpamMun3.

MacanaH, w=2z" dyHKUKNA

2km 2(k+1D)m
——<argz<—~——2—,
n n

COUBHWHI uAp Oupuga 6Gup 4AnNporknM, gemak, KoHdopm Obrmb,
yrnapHuHr ugp ompuHn (w) tekcrmrngarn C\R, =C\[0,+x) cougra
aKkcraHTupaoum.

k=01...n-1

Amarmétoga w=z" @QyHKundacmgaH 6Oypyaknm coxanapHu
y3u[aH coOapoK coupnapra akcraHtupuilaa oonganaHunau.

49, XK yKOBCKUI (PyHKLMSACH.
Tabpud. Ywby
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W=1(Z+1) (9)
2 Z

yHKyus XK ykosckul yHKkyusicu 0eb amaraou.

by dyHkuma z=0 Ba z=o HyKTanapgaH Tawxkapun O6yTyH
TEKUCIMKOa 20/1oMopg PyHK LMSOMp.

K yKoBCKUM PYHKLNACUHUNHT LLpcuiacu W'=l(l—i2)
z

2
6brmb,{+1;—1} HykTanapgoaH Tawkapuga wW=0 aup. w:%(z+1)
4

byHKUMsa épgammagarn akcnaHtTupuw {+1;—1} HygTanapgaH
Tawxkapmnga (z=0, z=o0 HyKTanapga uam) KoHgopmoup.
(9) — pyHKUMA Bupop Ec C coupga 6up anporm 6Gbnuviimn
yuyyH Oy coua ywby
z,-2,=1 : (10)
MyHOcabaTHW KaHoaTMaHTUpyBYM z, Ba Z, HyKTarapra ara
ObrMacnmru 3apyp Ba eTapsm.

ByHpai coua cudpatnga U={zeC:|z|<L} KU
U*={zeC:|z/>1} couanapHun ommw  MyMKWUH. K yKOBCKUI

dyHKUMACK By couanapHuUHr uap OmpuHmM [—1; 1] KecMaHWHr
Tawkapucmra KoHgopM akcraHTupagu.

Arap XK ykoBckuin yHkumdacuaa
Z=re" , w=u-+iv
aenunca, yHaa

U+iv= l(rei‘p +1e““’)
2 r

ObInn o,

1 1
u==(r+=)cosao.
2 r
(11)

v:l(r—l)sin [0)
2 r

Obragn. (11) gaH (9) —akcrmaHTUpUW YYyH Kyuungarunap kemmb
Yynkagu.
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1)(zy  Tekumcrmkparm  {zeC:lzl=r,r>13 aAmaHa (W)
Tekucrmkgarn cokycrnapn (—1; 0) Ba (1; 0) HykTarmapda, ApuUMm

bKJ1apu
o) o=l
a=—|r+=| b=>|r-=
2 r 2 r

ObrraH annuncra akcraHagu.

2) (z) Tekumcrmkparn {zeC:lz=r, r<1} aimaHa (w)
Tekucrmkgarn dokycnapu (—1; 0) Ba (1; 0) HyKTamapga, Apum

bKJ1apu
o) e=ale)
a=—|r+=|, b===-r
2 r 2\r

ObnraH annuncra akcraHagu.

3) (z) Tekucrmkparn {zeC:argz=0} Hyp (W) Tekucrmkgaru
{weC:argw=0} Hypra, {zeC:argz=n} Hyp aca {weC:argw=rm}
Hypra akcraHagu.

4) (z) Tekmncrmkmgaru {ZEC:argz:g} uamaa {ZEC:argz:%n}
HyprapHuHr ugp 6upun (w) Tekmcrmkgarn {weC:Rew=0} Tbepu
YM3NKKA aK CriaHaau.

5) (2) Tekucrmkagaru

{zeC:.argz=o; (piO,(pig, cp;tMP:%n}

Hyp (W) Tekucrmkgarun ywoy

2 2
u v

_ =1
cos’@ sin’ @

runepbonaHMHI MOC «LLOX4yacura» akcrnaHaou.
50, e’ chyHKLUMACH.
Tabpud. Ywby
Z . = Z n
e’ =]im (1+ﬁ) (zeC)

n—o0

QyHKUUSA Kbpcamku4su gyHKyus detiunadu.
Arap z=Xx+Ily pecak,

e’ =e*(cosy+isiny) (12)
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TEHITINK bPUHIIN.

Kbpcatkmumm w=e’ yHKUNS Kynmagarn xoccanapra ara:

1) ¢ dpyHKUMa C KOMMNeKc TeKUcrmkaa ronoMopd Ba YHUHT
upcunacu

ey =¢’
Obnagu.
2) ¢ PYHKUNA YYYH
e =e%.e” (z,eC, z,€C)
Obnagu.

3) e° dyHKums paspuinn 6bnMO, YHUHr acocun paBpu 2
Oynaoun:

z+27i z

€ =€

4) VzeC y4yyH (e’)'=0 Oynmb, w=e’ dyHKUNAa épaammnaaru
akcnaHTupmw C TEKUCIMKHUHI ugp 6up HygTacmga KoHopm
aKCraHTMpuw 6bnagy.

z

(12) —TeHrnMkka Kkbpa, |e‘|=e*, arge’=y Obmb, w=e¢’

dyHkuma (z) Tekmcrmkgarn {Xx=X,} TbEPU UYU3UKHMU {jM:eX°}
annaHara, {y=y,} TYrpyM UYU3NUKHM 3ca f{argw=y,} Hypra
akcraHTupamm. w=e* dyHkuna I1, ={y,<Ilmz<y, +2r}, coupga
6up anpoxnm Gbriagn (By eppa y, € R 6brraH uxtnepuin HyxTa).
KymnagaH, w=e* pyHKuUnA ywbdy

Il ={z: 2kn<Imz<2(k+D)r}, k=0,+1+£2,...
coupnapHuWHr ugp 6upuHu (w) Tekmcrmkgarm C\R_ ra KoHopM

akcrnaHTMpagm. Xyaou  WwyHra  bXwa w=e’  dyHKUMA
{z:0<Imz< 7} WbNAaKHW KKOPN SPUM TEKUCNMKKA KoHdopM
aKkcrnaHTupaau.

60. TpuroHomeTpuk cyHKuUUANap.
(12) —TeHrmukga x =0 pecak,

e’ =cosy+isiny

e =cosy—isiny

TEHrMKnapra ara oenmo,6yHaaH
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e¥ +eV ey —eV

cosy=———, siny=——— 13
y 5 y > (13)

noganapHn  upcun  kunamma  (13) —dopmynanap  UXTUEPUN
LBKUKMUIN COH YYYH bpUHIM ObnmMO, ynapaaH ous

W=C0sz, W=Sinz
dyHKUMANApHU aHUKIawga ponganaHamma.
Tabpud. Ywby

eiz —iz iz _ —iz
csz=———, SNzZ=—-—"—,
21
sinz e?—g™
tgz = =— — (14)
1Z -1z
cosz i(e“+e™)
cosz i(e” +e™
Ctgz = = ( iz —iz )
sin z e’ —e

meHeanuknap €épdamuda aHUK/aHeaH yHKyusnapaa KOMIIeKC
apayMmeHmisiu mpua2oHomMempuk yHkuyusnap 0eb amarnadu.

TPUroHOMeTpUK  PYHKUMSANAPHUHT  acoCuii  xoccanapuHu
Kernrmpammus.

1) cosz Ba sinz dyHkuusanap C Komnnekc Tekucnmkaa
rosioMmopd Ba YNapHWUHT Wpcunanapu

(cosz)'=-sin z,

(sin z)'=cosz
Obraou.
2) tgz pyHKUMSA

{ZEC; Z¢g+k7t, k=0,J_rl,J_r2,...}

Tbnramaa, ctgz pyHKUMNA 3ca
{zeC; ,z#km k=0,+1+2,..}

Tbnnamaa rosiomopd 6enagu.
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3) sinz, tgz, ctgz PyHKUMANApP TOK, cosz 3ca XYPT PyHKUUS
Obnagn.

4) TpUHOroMeTpuk pyHKuMAanap gaspun 6bnmMb, cosz Ba sinz
HUHI JaBpu 2rn ra, tgz Ba ctgz HUHI JaBpuW 1 ra TEHramp.

5) UWaKnKkun bBrapyByYMmM TPUTOHOMETPUK  YHKUMAap
opacugarn  MyHocabatnapHu  undoganosum  opmMmyranapHUHL
KbMYNIINTM KOMMNJEKC bBrapyBuYnmmM ObrfraH upnga uaMm bpuHIM
Obnagn.

U3ow Komnnekc apryMeHTsM cosz Ba sinz (QYHKUUANAPHUHT
LBKMKWUWN apryMeHTnM cosz Ba sinz QyHKUuanapgaH dapxgim
TOMOHW WYHO3AKW, Yynap JerapanaHraH ObnMwn WapT 3Mac.
MacanaH w=cos z QPYHKUMAHUHT  Komnniekc Tekcrmk C  pga
yerapaHnaHMaraHMruHu Kbpcartamnmk,

aMawnymku,

iz iz

e"+e

COSZ =

By TeHrmmkpa z=iy neb onammns. YHaa
2 2

cos(iy) =
Obnagn. PaBLluaHku,

. eV +¢’
Im ——— =w

y—>+0

By aca w=cosz @yHKUMaHUHT C pfa  4derapanaHmaraHmMrmHu
onngnpaon -
6) Ywoy

cos(iz)=chz , I sSinz=-shz ,

cosz=ch(iz), sinz=-ish(iz)
MyHocabaTtnap bpuHmm, 6yHaa

chz:ﬂ, shz=2—% (15)
2 2

Opatga, (15) —doyHKuUumnanap aunepbonuk yHKyUSap nennnaon.

7) TpuroHomeTpuk dQyHKuUUANap épdammaa b6axapunaguraH
aKkcnaHTupuwnap 6mp Heyta Gmara MabslyM akcCraHTUPULLITAPHUHT
KOMMO3MUKUACK HaTUX acugaH nbopar 6enagu.

Mucon. Ywb6y
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W=sinz
dyHKLMA époammna b6ax apunaguraH aKkcrnaHTMpuul (2)
Tekucnurmngarm

D={ZeC:—g<Rez<g,lmz>0}

COUBHM (SpUM  WMbNakHW) (W) TeKucnukgarn xgaHganm couara
aKcnaHTupaaum ?

abepunran w=sinz dyHKkuMa éepgammaa baxapunagurad
aKkcnaHTupuw 6musra mabnym 6brraH

aKkCcrnaHTMpuwnap KoMmnosnuymsacmgaH noopart obrnmb,

: 1 1
W = sin Z=E(W3+—)

3

6brnagn. bBuHOGapuH, Oy  aKkCrnaHTUpuULINapHKW, KeTMa—KeT
baxapuw HaTuxacmga w=sinz yyyH w(D) Tonunagu:

1) D coxa w, =iz akcraHTUpuL Hatnxapa
7T 7T
D, ={w, eC:Rew, <0, —§<Imwl<§}

couara bragu.

2) D, coua w, =e™ aKkcnaHTupuLl HaTuxacuga
7T 7T
D, ={w, eC:|w,|<1, ——-<argw,<>}
2 2
ApuM Joupara biragu.
W2
3) D, coup w, =—= aKCnaHTUpuLl HaTuxacmaa
I

D, ={w, eC:|w,|<1, n<argw,<2m}

cougra biragun.

: 1 1
4) D, coxa w=sinz =§(w3 +—) aKCrnaHTUpuL HaTuxacuaa
3

w(D)={weC:Imw> (0}
cougra bragu.
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[demak, w=sinz akcnaHTupuw (z) Takucrmkgaru
T 7T
D={Z€CZ—§<RGZ<E ,Imz > 0}

cougHn (W) TeKucrmkgaru
w(D)={weC:Imw> (0}
IOKOPU SAPUM TEKUCINMKKA aKCraHTUpap 3KaH.

OmmHraH dyHkumsnap D cousHu xanmcu nbn 6unadH w(D)
cougra akCrnaHTMpuwmn 9 —ymamaga KbpcatusraH »

@ D, |
Wi |
por - Wi
ﬂ. 0 ~!
| 1 J il ol =
"%‘
[
I Il ,,
| | l ) | 1
| | | w@’l ‘ 1 ' AW\ o ;
| 1] ‘ ~ " &':}l
l.l_x;-.—r—b.——éla—J—Tl—u»!———o -4 : _LI: 7
- i \ ‘Z:,i :y
9-Yyzma S

70. Kbn guinmaTtnm dyHKumnsanap.

Komnnekc aprymeHTiM oyHKUMAMap Hasapudacuga roriomopd
dyHKUMAra teckapm ObrraH QyHKUUSHU bpraHuw macarnacu ugm
MyUYM bpuHOAA Typagu. Akcapuar upnnapga OyHoan dyHKuusanap
onp guMmatim Obnvan, aprymeHTHUHr 6uTTa xunmarura oup
HeyTa (6ab3n UpONOa YeKCU3 KbM) KOMMMEKC COH MOC KbMWNaau.
ByHoan yHKumMsnapHu gaTbMl MatemMaTuk acocga depul nermga
KoMnrekc aHarmmara PumaH cupTnapu TepMUHWU Kunputunagu. bus
Oy epda 9Hr copgga Kbn KUAMATIM PYHKUMANaApHU kapaw ounaH
KndooaraHamma.

a) w=z (n=2-6ymyn cor) PyHKLMUACK.
1-Tabpud. Ywby
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W' =z (16)
meHanamaHuHa edumrapuea z KOMIJIEKC COHHUHe n—O0apaxarnu
undusnapu deliunadu ea W=~z kabu 6eneunaHadu.

(16) — TEHrNaMmaHWHr e4ynmnapu wunogns udukapuw  yydyH Myaep
gopmyrnacuza Kbpa

o+2 k‘lti

Vz=%r-e v :”r-(coswﬂsin(wzm), keZz (17)
n n

TEeHrmmK épgamuga tonunagn. by euynmnap Kk HuHr 012.....,(n-1)
KMaMatnapuga ouwp —6upmgaH dapxg kumMb, K —HUMHI 6Gowxka

kUiMaTnapuaa aca ynap takpopraHam. L yHUHT yuyH uam ¥z n—
Ta gkMnumatim 6ermmb, 6y xkummarnap

argz+2kn.i

ofzf-e , k=012,---,(n-1) (18)

anp.

w=%Z  HUHTr  yHKUMOHAN XoccanapWHu  bpraHuwga
Kynuaaru coaaa, nNnekuH mMyuym TeopeMaaaH donpanaHunau.

Teopema. (Teckapn QYHKUUAHWUHT KOHAOPMIMIK uAKMOAru
Teopema). @ apa3s gunaunuk, W= f(z) ¢yHkyus (z) mekucnukdaau D
couaHu (W) mekucnukGaau G cou@ea KOHGOPM akcraHmupysyu
yHKUuus 6bricuH. Y upnda 6y @yHkyusea meckapu bbrieaH
z=f (W) gpyHkuus G Hu D 2a KOHGopM akcraHmupaou.

bkyBunra z=w" QYHKUUSHUHT Oup sanporm ObnaguraH
couanapu 3% —nyHKTOaH Mabnym: z=W" PyHKUMUSA ywoy uap 6up

2(k + 1)

D, {2 < argw < }, k=012..,(n-1),
n

coupaa 6up gnpoxim 6brmb, 6y coupHnm y G=C\R, cougra
KoHdopM akcnaHTupaomn. k=0 gecak z=wW" dyHKLUS

D, ={0<argw<E}
n

couaHn G ra KoHdopMm akcnaHTupagn. KentmpunraH Tteopemara
Kbpa 6y akcraHTupuwHuHr Tteckapucn G wuu D, ra kKoHdopM
akcraHtupaou. by teckapu cyHkuma (18) garu

. argz
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ra moc kenmb, 6y bup gummmatrim yHKumnara Yz Kbn gMAMaTIU
PYHKUNMAHUHT  0—mapMOrFU  Oenunragn Ba Yy (R/E)0 K abu
GenrvnaHaan. Xyoam WwWyHdam z=w" yHKUuMs

D, :{E<argz<2oﬁ}
n n

coupHn upM G ra KOH(opM akcraHTupagn. by QYHKUWMAHWUHT
Teckapucn Guu D, ra akcrnaHTupub, yHra Yz HWHr 1—mapmoru
neivnaam Ba y (Vz), kabw 6GenrvnaHagm. By xapaéHHu [OaBom
aTTUPKNG, Yz Kkbn KMAMaTiM PyHKUMsgaH n T1a O6up gummarm
Tapmognap (Vz),,(¥2),...(8/z), , napHu axparta onamus. by uap 6up
(z),, k=01..(n-1), Tapmox G ga 6up kuitmMatim Ba yHU D,
couara KOHQOpPM akcriaHTUpaau.

Mucon. D=C\R, cousHu Ouprmk poupara KoHopm
aK CIMTAHTUPUHT.

< (V/2), TapMOKHMHI xoccacura kbpa W, =(+/z), dyHkumsa D
HAN OKOPU SApPUM TEKUCIMKKA KOHJOPM akcnaHTupagn. (5)—

dopmynara kbpa w2 I Kacp YM3UKIM PYHKLMSA HOKOPU SPUM

W, +1
(\/E)o —I
(Vz), +i

dyHkuma C\R, Hu Buprmk goupara KOHOPM akcraHTupaom >

TEKUCIMKHN OUprMK povpara akcraHTupaon. emak w=

w=%z kbn guimatim dyHkumsaga (Vz), z),,...,&/z), 6up
KMAMATIM - QYHKUUANAPHUHT  UDCUIT KUJMHULIN  KbN  KUAMaTIA
dyHKUMAnapgaH mapmoxk axpamuw nennnm®d, 6y epaoa 6us TapMox
aK paTULWHUHI BuTTa ycnybnHu Gepank. by TapmoknapgaH ogartada
w=(Vz )o TapMOK Kb nwnatnnagu. Amarmeétga oy
dyHKUManapgaH Oyp4yak cougrnapHu KUYpanTUpULL (CUKULL) YYYH
doonganaHunaou.

Bab3n 6uMp MacananapHM eunwaa Kbl KMAMaTiM w=14z
PYHKLUUAHUHT BUP KUAMATIIM TapMOKJapuHuU Bepunrad wapTrapra
kapab uam axparvwra Tyrpu kKeragu. MacanaH, n=2 6brnraHga,

NKKW KUAMaTIN w=+/z PYHKUNSAHUHT UKKUTa Bup guumarim
(W), 6a (W), TapMOKIapMHN Kynngarnya uaMm ax patmil MyMKUH:

W), =z , -1=i (éxu~1=1)
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Ba
W), =z , J-1=— (éxu-1=-1)
(w), Tapmog C\R, HUM OKOPU APUM TEKUCIMKKA, (W), TapMOK aca
C\R, HMN KYyN ApUM TEKUCIMKKA KOH(OPM aKCraHTupaau.
0) w=Lnz ¢yHkumsicu.
2—Tabpud. Ywby
e" =12 (19)

meHarnamaHuHa eyumrapu z KOMIJIEKC COHHUH2 rio2apughmu
Oeuiunadu sa W= Lnz kabu bereunaHaou.

(19) —TeHrnamaHu ednll YYYH Z wu Z=re' KbpUHULIAA,
W Husca W=U+IV waknga ndoganaiMm3s:

U-+iv

el = rel’,

byHaa e' =r, eV =g TEHIr MK lapra ara ObnMMb,e4unm
u=Inr, v=p+2kr, keZ akaHmMruHm Kbpamm3a. [lemak,
w=Lnz=In|z|+i(argz+2kn) , keZ (20)
ObnmMb, Lnz pyHKUMA KbN KUUMATIMAMP.
e" yHKUNS
I ={weC:2kn<Imw<2(k+)r}, keZ

couanapaa 6up anpoxnm Ba 6y couanapHuHr ugp GupnHn C\R, ra
KOHGOPM aKCraHTUpUWKNHN OBunamni. Teckapy QYHKUNSAHUHT
KoHdopMIMrn uagnaarn teopemagaH onganaHcak, 6u3 w=Lnz
dyHKUMACNOAH YeKCnU3 Kbn TapMOKJIiap

w=(Lnz), =In|z|+i(argz+2kn) , ke Z

HU axpaTuwl MYMKWUH 3KaHIMIMHW upcun gunammi. by uap 6up
TapMox G =C\R_ ga rornomopd Obrmmb, yHn [, nbrakka KoHdopm
aKkcraHTupaoum.

Kemmwysra kbpa (Lnz),=Ihz peb6 OGenrunaHagn Ba Oy
dyHKUumsara Lnz ¢oyHKUusiHUH2 6ow mapmMoOru LeNnIiagn.

) 5mi
Mwucon. z,=i HyxgTaHu W0:7 HyKTara brKasagurax

rioeapuchmMHUHe bup Kulimamrsu mapMOFU époamua
D={z:z¢(—0,0]}
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COUAHMWHT aKCUHW TOMMUHT.
< Lhz pyHKUMSHUHT

w=(Lnz), =Inz+2kni , k=012,...

TapMOKapuaaH Kaiucu BUPUHM TaHMAWMMU3 KepaK I UHU

. 5Smi
w(i) =—
0)==
lWapTAaH aHUKITanMna3:
%:lnnzkni:ln\i\+iargi+2kni:i.g+2kni.

By epaaH k=1 aKaHNMIrMHKM Tonammn3a. [lemak, Lnz HUHTI Kepakim
TapMOEU

w=(Lnz), =Inz+2mi
9KaH. W, =Inz yHKuMa épgamnaa D couaHUHT

{w, : -t < Imw, <t}
MbMakKka akCnaHWWWHW TeKWwnpuw KUAMH 3mMac. W=Ww, + 2l
dyHKUNA epaamuaa sca nbnak

{w:n < Imw< 3}
NbMakKa akcrnaHagu -
B) KoMmnnekc COHHM KOMMJIEeKC aapaxara Kbrapuiu.

w=Lnz dyHKkumacugaH donpganaHnd, nxtunepmn z=0 Ba a
KOMMIEKC COHMap YY4yH Tabpudra Kbpa

a

7 zeaan _ ea[ln\z\+i(argz+2kn)] (2 1 )

0ed xabyn xMnmHagu.
M acanaH,

_ oinli+itargiszin)] _ ei'i(g”k“) — e_g_m keZ.

H iLni

I =¢€

Oemak, i' HUHT Yekcu3 Kbl KMAMaTnapyu MasxXyn 6brm6, ynapHuHr
LAMMAacKu LWAKWUKWUA COHJSIapamp.

(21) —myHocabaT epgamuaa 61M3 NXTUEPU KOMMIIEKC COH
yqyH

W=17¢
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PYHKUNACUHN bpraHUwnmMm3 MyMKUH. AMarmetda a — URKUKUN

COH ObmraH upn Kbn KbIaHWM6, w=2z" dyHKkuna 6ypyak
couarapHn KOHQOpM akcraHTupuwaga onganamp.

r) Teckapu TPUroHOMETPUK (PyHKLMANap.

Komnnekc bBrapysummm dyHKUMANap Hasapuscuaa Teckapwu
yHKUMA  TywyH4Yacum  UBKUKUW  bBrapyBunsim  oyHKUMANap
CUHMmaarn kabu KMpuTunagu.

M acanaH,

W= Arccosz

dYyHKUNSA Z=COSW TeHrfamMaHu kaHoaTnaHTupyBun ©Oapya w
NAPHUHT KUAMatnapu TenfamMmugadH nbopar, SbHU COSZ (pyHKUMAra
Teckapu pyHKUNaamp.

Arcsinz, Arctgz,  Arcctgz

Ba bowka PyHKUMANAp LWAM LWYHra bXlwaw aHuKnaHagu.
TabpudoaH donganaHno

Arccosz = —iLn(z ++/z% -1) (22)

TEHTTIMKHUHT bPUHIN 3KaHIMIMHW KbpcaTull KUANH amac. by epaa
UNOM3HUHT 6apya KMMaTnapu onMHaau.

(22) — TeHrnuKk gaH KbpPUHNG Typnbankm, rnorapmgmMuk
dyHKUMSa kKabwu Arccosz yHKUMa uam Oup KMMAMAaTIM  aMmac.
Arccosz (PyHKUMSAHUHI Bow kunmatn w=arccosz geb onvHaam Ba
ywoby

w=arccosz =—iln(z + \/ﬁ) (23)
TEHr MK épaaMmnia aHUKNaHaau.
w= Arccosz pyHKUMA
{z:Imz >0}

IOKOPU SPUM TEKUCIMKOA YEeKCU3 Kbh Kummatim 6oermb, (22)—
TEHrMMKOaH donganaHnd yHuUHr 6up xgumMmatim TapMOKNapWUHU
axpatuwl MyMKuH. Ynap

(Arccosz), =—i(Ln(z++/2° -1)),  k=0x12,..
TEHIMMK épaamupa aHuknaHaan. M acanaH, k=0 6bnca,
(Arccosz), =arccosz =—iln(z + \/227—1)
dyHKUNA
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{z:Imz >0}
COURHN
{w:0<Rew<m, Imz<OQ}
APUM Mbrakka KOHJOPM akCcrnaHTupaau.

8°. CuMMeTpHsi IPHHIMIIH.

bup cox aHu MKKMHYM COX ara KOH(GOPM aKCIaHTUPHUIIAA CUMMETPHUS
NPUHLIMIUAAH KEHT oiiganaHuIagu.

dapa3 k wnaitmuk, f (z) ¢yskmus D, coxama (D, cC) Oepuiran
X amza 1y cox afga KoHgopwm 0yiacus. byHna D, cox aHuHT yerapacu 0D, HUHT
oupop xk ucmu y(y < 0D,) aiinana €l €Ku THF U YM3HK KeCcMacHuIaH uoopar.
By f,(z) axcnantupum D, cox anm G, cox ara, y umsuk Hu [ ymsmkka (I' -
aiinaHa €Wn €KW TY PU YM3KK KECMACH) aKCIaHTUPCHUH:

Gl = fl(Dl,)

I'=f,(v).
D, cox anuHr y €iira HucOaTaH CUMMETPUK OYJraH coX acu D,, G, COX aHUHT
I" &iira HucOaTm cuMMeTpuK OYynraH coxacu aca G, OyncuH. f,(2)
¢ynkuusan D, cox ama myHmail aHvK JaiMH3KH, YHUHT K miiMatiapu f, (z)
¢byukuusHuHr G, aaru K wilmatnapura [ €iira HucOaTaH CUMMETPUK OYiraH
K MiiMaTnapHu K a0bynk wicuH. Y X onpa f,(z) ¢ynkuus D, nu G, ea, ymOy

(f.(z) , zeD,

w=<f(2)=1,(2), zev,

f,(z) , zeD,

¢yskmus sca D, uyuD, coxamn G, UI'UG, cox ara KoHpopM
akciantupaau (10-uyuzma).

®
T

’

®

10-Yu3ma



Oparna, 10K OpUIArd TaCOWK — CUMMempusi NpuHyunu €xu Puman—
Llleapy meopemacu ned aranaiu.

DcaarMa. Arap y Ba [ JapX & WK Uil YK Jlaru kecMmasiap 0yica, y X ojjia
f,(z) pynxmus ymoy

f,(2) = f,(2)
TEHITIMK épAaMK/Ia aHUK JaHAIH.
Mucoua. Yoy
D={zeC:ze[-11], ze[-;i]}
COX aHH FOKOPH SIPUM TEKHCITUK

{weC:Imw> 0}

Ka KOH(pOpM akcIaHTUpyBYH W = W(Z) pyHkuusau TonuHr (11-un3ma).

| :"M ’{,@’l
1 ’\ g T AT

""!\ “’w’

11-Yuzma

<Kyimnnaru
D ={zeC:Imz>0, z¢[01]}

COX aJa

2
W, =2

¢byHkumsHU K apaitmu3. PaBmianku, Oy akcrnantupumi D, cox ana xoHdopm
oymanu.
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Ovmu D, coxaHum 10KOpH SpUM TEKHCIIMKKA aKCIaHTUpaMmu3. by
K ylH1aru
W, =2

W, =W, +1, (24)

=Jw, , J-1=i

AKCIIAaHTUPHUIIUIAPHU KeTMa-KeT Oa)kapuIll HaTvXacuaa coqup oynaau. ((24)—
aKCIIAHTUPUIIUIAPHUHT Oa)KapUJTUII KapaéHu 12-um3Maaa TacBUpJIaHTaH):

0; ‘I 111 [ 1 yHH

[l M ! \ |
{! [] ] \}’ ‘
12 ~Yusma ' |

[lynnaitk w0, D, coX a ymoy
W, =W, = Jw, +1=vz2+1 , J-1=i
byHkIUa EpaamMmuaa
G, ={w, eC:Imw, >0}

I0K Op  IpUM TEKHUCIMKKa KOH(POPM aKcllaHap 3KaH. OHIW CHMMETPHUS
npuHOuOuAaH Gongananud, D cox aHu

=72 +1, J-1=i
byHkIUa EpaamMmuaa
G={w, eC:w, ¢[-/2,2]}
cox ara kKoH(popwM akcinaHTupamus. by cox aHu 10K opu IpUM TEKHCIIUK
{weC:Imw> 0}

Ka KOH(GOPM aKCIAHTUPHIL K YHUAATH
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" w442
foV2-w,]

w=,w, , ~-1=i
aKCIIAHTUPHIIUIAPDHM ~ KETMa-KeT  OaKapWjMIIKd  HaTH)Kacuaa  amalra
OIIMPHIIAIH.
Hemak, D={zeC:z¢[-11], z¢[-;i]} coxanu wKopu spuUM
texkucauk {W e C : Imw > O}ka koHbOpM aKCIaHTUPYBYH (YHKIUS

w3+\/§: V22 +1+42 N
V2 —w, J2-Jzi 41

w=,/w, =

oymaay >

0 < .
9". Acocuii 3s1eMeHTap pyHKIUAIAP EpAaMuia OaKapuIaguran
KOH(OPM aKCIAHTHPHULILIAP.
bu3 Oy nyHKTIa aManuéTaa Kyn yupaiiurad acocuii aJeMeHTap GyHKIMsUIap Ba yiap épaamuia
Oaxxapuiagurad KOH(GOPM aKCIaHTUPHIIUIAPHH OMp *Koifra xaminad yn3Manap/as Qoiinananrat x onja
KEITHPAMHU3.
|. Kacp- yn3uK iu pyHKIuA.
1) AHrapmMoHuK HuUCOAT.
BepI/IJIFaH Z,,2,,72; € Cz HYK TaJJTapHA MOC paBuIIga w, w,, wy; € C,
H)K Tajlapra akCJIaHTUPYBYHU KaCPp—UU3HK JI1 Q)YHKLII/IH y1H6y
W-w, W—W, Z-7, -1,
W—-W, W,—-W, L—1, 1,—1

AHSAPMOHUK Hucbamoanu TOIIWJIadH.

yw=¢e"2"2 " Ima>0 e« D={z:Imz>0}
Z—a
6ynca, W(D) = {w: W < 1} 6ynaau (13-unsma).

W=¢%2-a

-z

13 -Yuyama
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3)w=e“’-1z__a, <1 ea D={z:[7 <1}
—aZ

6yca, w(D) = {w: W < 1} 6ynamu (14-unsma).

14-Yurma

Il. dapaxanu pyHKnusi Ba yHra reckapu 0yJaran GpyHKuusjap.

1) w=2> e6a D={z:Imz >0} 6yaca, Ww(D)=C\R, 6ynamu (15-un3ma).

i@l AL 1 ®
it l'lnf\lil \,m L]
all \wlm l

0

e ————

15 -Yusna

2) w=2> ea D={z:lmz <0} 6yrca, W(D)=C\R, 6ynamu (16-

Yr3Ma).

mumwﬁﬁw\w”

16-Yusma

@
llll”

]
LI

l"

3y w=z" 6a D={0:0<argz <E} oynca, W(D) ={w: Imw > 0}
n
oynamu (17-au3ma).
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Ml

0

|

17-Yusma

AYyw=z" 6a D={0:0<argz< ﬁ} oynca, W(D)=C\R, Oynamu
n
(18-um3ma).

e

191! vl> IJ

J" ] 'Il I
T

18-Yuzma

5) szn 6a D:{Z—En<argz<2(k:1)n

w(D) =C\R, 6ynanu (19-un3ma).

}, k=0.1...n—1, 6¥yca,

l |
N ll” | | fj@@“\lll”h

{9-Yuama l

6) w=(~z), (exu w=~/z, N—1=i) 6a D=C\R, Ba 6¥ca,
w(D) ={w: Imw> 0} Ba w=(/2), (exu w=+/z, /=1 =—i) 6ynca,
w(D) ={w: Imw < 0} 6ynanu (20-uu3ma).
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w =02, . @ .
©) T ool ol
1. .,"l l"’ / T |!!”l“"]1i ’Ilzi!LUlJ
I‘H'im g l‘:f,. . 0

BT TR , @
A A T T

r *

20-Yuzr1a

7)w=®z), , k=01..n-1 6a D=C\R, 6yca,
2(k + )7

w(D) ={w: 2kn <argw< } 6ynagm (21-un3ma).
n

‘j!.@,"u |
li”ln'lllllf
0, (111
TRRETTTIORE

P

I1l. KykxoBckuii pyHKIHMSACH Ba YHIa TecKapu QyHKIIHSA.

'l

|

21-Yusma

1) w= %(z + l) 6a D={z:|z| <B 6yrcaw(D) ={w:we[-11]} Gymaau
z

(22-um3ma).

2) w= %(z + l) 6a D={z:|z| >T 6yrcaw(D) ={w:we[-L11]} Gyunaau
z

(22- unzma).
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0D —Y=2G-§) ®
1 T i)

T

22-Yu»ma

3) W=z++22-1;-1=i (exu Ww(eo)=o0) 6a D={z:z¢[-L1]} G¥ca,
w(D) ={w:|w| >1} 6yanu (23-4u3ma).

4) w=z++z2-1;~-1=— (exuwW()=0)6a D={z:z «[-11]} oyca,
w(D) ={w:|w <1} 6ynamu (23-unsma).

®
@ /”’izm:‘["'lllifn’ll

il
W
)

|

[

23-Yuama
Kypcarruuwiu Ba jjorapupmMuk GpyHKuusiiap.

1) w=e* ga D={z:0<Imz<2n} 6yrca w(D)=C\R_  Oymamm (24-
qu3Ma).
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2‘@ : @

%‘—.\"_In.nl il
I TR TITTERETITL

24-Yu3ma

2) w=e’ sa D={z:0<Imz<n} 6yrca w(D)={w:Imw>0}  Oymamu
(25-ynzma).

- w=e? @
. ]l

25-Yusma

3y w=e’ 6a D={z:0<Imz<h, h<2n} 0¥ica,
w(D) ={w:0<argw < h} 6ymaau (26-un3ma).

26-Yu>ma

4yw=e’ 6a D={z:2kn<Imz<2(k+1)n} k =0,£1,+2,...) O¥yica,
w(D) =C\R, 6ynanu (27-un3ma).
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k+{)Yit
®w.}e.
2K ’\ @

f“. _ ,’” Ll

3] [T

—'r—

27 ~Yuzma

5 w=(Lnz),=Inz s6a D=C\R, 6yica w(D)={w:0<Imw< 2r}
oynanu (28- ynzma).

il . 22222 *
Illh IIHI “ ) ¥ 2 /A
e T

6) w=(Lnz), s6a D=C\R,_ 6yrca, W(D)={w:2kr<Imw<2(k+1)m}
(k =0,£1,%2,...) 6ymamu (29-un3ma).

.77 ) 77
V‘/ | 2K

| ®
l[lL.M_M“_ML ;
TR T

29-yusma.
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V. TpUroHoMeTpHK Ba TECKAPH TPUTOHOMETPUK (PYHKIIUSAJIAP.

1) w=sinz 6a D={z:—§<Rez<g,lmz>O} oyica,

w(D) = {w: Imw> 0} 6¥namm (30-uu3ma).

= 74 llimihlljﬂxél\”“llHIJJ

S0 -Yuzma

2) w=coszea D={z:-m<Rez<0,Imz >0} 6¥yca,
w(D) = {w: Imw > 0} 6ymau (31-um3ma).

®

w=Cos>

®
-I’i“"

LAl ill]ll

1

|| " [
- : — ;4!11[’1‘1:{."."
B S1-Yusma ¢

3) w=chzea D={z:0<Imz<mnRez >0} 6yca,
w(D) = {w: Imw > 0} 6ymau (32-um3ma).

®

22 I TNATT T

= ) "FJI.AI‘»"'V'I
O

s | '
| FAAAAAPPA2, limi |

>2-HYuzma

4)  w=tgz ea D={z: —% <Rez< g} 6ynca, W(D) ={w:|W <1} Gyranu
(33- unsma).
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L%

33-Yusma

50 w=(Arccosz), =arccosz ea D ={z:Imz > 0} G¥ynca,
w(D) ={w. :0 <Rew < &t, Imw < O} 6ynanu (34-umn3ma).

) ||® || ’“ W 4?{’1
lll LQQ_ @

'.11 ll.J,HIIU'U

Bh4—Yu3sma

6) w= Arccosz, w(0) :—g séa D ={z:Imz > 0} 6yuca,

W(D) ={w:—nt<Rew<0, Imz >0} 6ynanu (35- unsma).

d(llﬂ J‘:‘ _®i‘ Z ;'/‘,é:/’////j
S50 A A
. v,/' // Pl
| w , @ rEr
all J h l 27
] | l] | “ V S
¥ F %

35-Yurma

Ha3zopart caBojuiapu.
Kongopm akcnanTupuiiiap Ha3apusICHHUHT aCOCUI Macallajapu.
Puman Teopemacu.

Cox aHUHT CaK JIAaHWII PUHITUTIIN.

> w e

Ywusuk 1 QYHKIMS Ba YHUHT XOCCaJIapH.
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Kan-“II/IBI/]K JIN AKCJIIAHTUPHUIITHUHT I[OPIpElBPIfIJIPIK X0ccacu.
Kan-“II/IBI/]K JIN aKCJIAHTUPpUIIAdA CUMMCTPUKIIMKHUHT CdK JIAHUIIT XOCCAaCH.

AHrapMOHHK HHUCOAT.

© N o O

Ok opu sipyM TEKUCIMKHU OUPIIMK JOoMpara akCIaHTUPYBYH Kacp-
YU3VK JIU PYHKIUSTHUHT YMYMUNA KYPUHUIIIY.

9. bupnuk goupanu OUpPAMK JoUpara akCIAHTUPYBUM Kacp-UM3VK JIU
(GYHKUMSIHUHT YMYMUW KYPUHHILIH.

10. Mapaxkanu ¢pyHKIMSA Ba YHUHT XOCCaJapH.
11. )XykoBckuii PyHKIMSICH Ba YHUHT XOCCaJapHu.
12. Kypcatknunu QyHKIHS Ba YHUHT XOCCajJapH.

13. TpuronomeTpuk QpyHKIUAIAP Ba YIAAPHUHT XOCCaTIapH.

14. apaxamu GyHKUHAra Teckapy 0yiran W=z (n > 2—6ymyn con)
(GyHKIUACH.

15. w=Ln z yskuuscu.
16. KoMruiekc COHHM KOMIUIEKC Jlapa)kara Ky Tapuill.
17. Teckapu TPUTOHOMETPUK (yHKIIHSLIIAP.

18. CummeTpust IpUHIUIIN.

-B-
MYCTAKHWJI EYAII Y4YH MUCOJI BA MACAJIAJIAP

1-Macama. bepunran D cox anuar W= f(z) uwmsukm QyHkums
épaaMuarkt akCHHHU TOTIHHT.

11. D={z-1<2},w=1-2iz. 12 D={z-i<2}w=1-2iz.
1.3. D={z+1<2},w=1-2iz. 14 D={z+i<Z,w=1-2iz.
15. D={z-1 <2}, w=1+2iz. 1.6. D={z—-i|<2},w=1+2iz.
1.7. D={z+1 < 2},w=1+2iz. 1.8. D={z+i|<2},w=1+iz.
19. D={z-1<2},w=iz+1+i. 1.10. D={z-i<2},w=iz+1+i.
111. D={z+1<2},w=iz+1+i. 1.12. D={z+i|<Z,w=iz+1+i.
1.13. D={z-1 <, w=iz-1+i. 114 D={z-i|<2},w=iz-1+i.
1.15. D={z+1<2},w=iz-1+i. 1.16. D={z+i<2},w=iz—-1+i.
1.17. D={z-1<Z},w=iz+1-i. 118. D={z—i|<2},w=iz+1-i.
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1.19. D={z+1 < 2},w=iz+1-i. 1.20. D={z+i|<2},w=iz+1-i.
1.21. D={z-1-i|<2},w=iz+1+i.

2-Macasa. bepuniran z, HyK TaHU K YF aiMac K oiagupu0, Z, HYK TaHU

W, HYK Tara yTKa3aJuraH Yu3¥K JIM aKCIAaHTUPUILHYU TOIIUHT .

2.1. z, =1+1,
2.2. 2, =11,
2.3. 2, =1+1,
24. 7,=1-1,
2.5. 2, =1+1,
2.6.z,=1-1,
2.7. 2, =1+1,
2.8. z, =1+1,
2.9. z, =1+1,
2.10. z, =1+1,
2.11. 7, =1+1,
2.12. z, =1+i,
2.13. z,=1+i,
2.14. 7, =1+i,
2.15. z, =1+1,
2.16. z,=1+i,
2.17. z, =1+1i,
2.18. z,=1+i,
2.19. z,=1+1,
2.20. z,=1+i,
221, z,=1+2i,

z, =1, W, =—i.

z, =1, W, = —i.

Z, =2+, W, =1

z, =1+i, W, =1

z, =1-1, w, =i

z, =2—1, W, =1

Z, =2+1, w, =1-1i

Z, =2+1, W, =1+i

z, =21, w, =1-1i

z, =21, W, =1+1.
Z, =2+, W, =21,
z, =2—1, W, =2+1.
z, =1+2i, W, =21,
z, =1-2i, W, =2—Ii
z, =1+2i, W, =2+I
z, =1-2i, W, =2+1.
z, =1+2i, W, =1
z, =1-2i, W, =I.
z, =1+2i, W, = —i.
z, =1-2i, W, = —I.

z, =1, W, =—I

3-Macaga. K yingara akClIIaHTUPUIIUIAp YIyH YeKIIU K YF aiMac HyK Ta

z

, (arap y wmaBxyn Oynca), Oypunuiml Oypuaru (0]

Ba YYy3WJIHIO

K09((UIMEHTH K-HU TONWHT. AKCIaHTHPHIIHU W—Z, = A(Z —Z,) KaHOHUK

KYPUHHILNIA KEATUPUHT.
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3.1 w=z+1-2i. 3.2. w=z+1+2i. 33. w=z-1-2i.
34. w=z-1+2i. 35. w=z+2-1. 3.6. W=2+2+1.
3.7. W=2—-2+1. 3.8. w=z-2-1. 3.9. w=z-2+2i.
310, w=z+2-2i. 3.11l.w=2z+1-2i. 3.12. w=2z+1+2i.
313. w=2z-1-2i. 3.14. w=2z-1+2i. 315 w=2z+2-1I.
3.16. w=2z+2+i. 317.w=2z-2+i. 3.18. w=2z-2-1.

3.19. w=2z-1+i. 3.20.w=2z+1-i. 321.w=2z+1-3i.

4-Macana. bepwiran D gonpanu G moupara akCIIaHTHPYBYN YU3HK JIN
(YHKITUSHY TOTIMHT.

4.1. D={z-1+i[< 2} G ={w-i|<4}.
42. D={z-1+i[< 2} G ={w+i| < 4}.
43. D={z+1-i|< 2}, G={w-i|<4}.
44. D={z+1-i|< 2}, G={w+i|<4}.
45 D={z-1<2}, G ={w+i|<3}.
46. D={z-i <2}, G={w+1<3}.
47. D={z+1<2}, G ={w+i|<3}.
4.8. D={z+il<2}, G={w+1 <3}
49. D={z-i <3} G ={w+i| < 4}.
4.10. D={z-1 <3}, G ={w+i| < 4}.
411. D ={z-1+i/ <4}, G ={w—i|<3}.
4.12. D={z-1+i|< 4}, G={w+i/<2}.
4.13. D={z+1-i|< 4}, G={w-i|<2}.
4.14. D={z+1-i[< 4}, G ={lw+i| <5}.
4.15. D ={z-1<4}, G ={w+i|<2}.
4.16. D={z-i| <4}, G={w+i|<2}.
4.17. D={z+1 < 4}, G ={w+i|<2}.
4.18. D ={z+i| < 4}, G ={w+1<2}.
4.19. D={z-i| <4}, G ={w+i|<3}.
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4.20. D={z-1 <4},
421. D={z-i[<2},

G={w+1<2}.
G={w-2<4}.

5-Macana. bepunran D coxaHuHr Kacp-4M3HK JI1
AKCIIAHTUPHUIL EPIAMUIA AKCUHU TOIIUHT.
51 D={z>0, w=> 1.
Z+Ii
52. D={x<0,y <0}, Wzl.
Z+I
5.3. D={z| <1}, =—,
ﬂ‘ } z+1
54. D={Ilmz <1}, W:EZL
z
55. D={0<Rez< 2}, w:—i—.
z2-2
T T 1
56. D={—<argz<—=}, w=-=,
4 2 z
5.7. D={z<1lz-1<v2}, w="1
Z+1
Z—1
5.8. D_{]z|>1,|z—]1<\/§}, W—m.
59.D={z-1>2), w=-Z.
z+3
510. D={z-1>2}, w=2'1
z-2
z-1
5.11. D={z-1 <3}, = :
ﬂ ﬂ } 27—-6
512. D={Rez>1}, wW=—"—
Z-1+1
513. D={Rez>1}, w=—"—
Z—-2
5.14. D={Rez >1}, _2=3+1
Z+1+1
515. D={z]<LImz<0}, w=>_%,
1+z

w= f(2)



5.16. D={z+i/>1Imz>1} Wzl.
Z

5.17.D ={1<|7 < 2}, W=t
z—2

518. D={x>0,y<0}, w=>_.
Z+1

5.19. D={z|<1,Imz <0}, W:ZZ__I.
2+1z
5.20. D={3—n<argz<n}, w=—*-_.
4 z+1
z-1

521. D={0<Rez <1}, wW=——.
4

6-Macana. +ylugarua mapTiapHU K aHOATIAHTUPYBUU Kacp-UW3VK JIU
W(Z) akCIaHTUPHUIITHU TOTIHMHT.

6.1. w(l) =1, w(0) = -1, w(i) =i.

6.2. W(%) = % w(2) = 2, W(%+%i) =0,
6.3. w(0) =2, W(@L+1) =2+1, w(2i) =0.
6.4. w(4) =0, W(2+2i) =1+i, w(0) = 2i.
6.5. w(0) =0, w(i) =2, w(2i) =3.

6.6. w(0) =0, w(2) =1, w(3) =2i.

6.7. w(2) =0, W(L+1) = oo, w(3i) =3i.
6.8. w(0) =1, w(o0) =1+1, w(3) =4i.

6.9. w(i) =2, W(o0) = 2i, w(—i) =0.

6.10. w(2) =1, w(2i) = oo, w(0) =3i.
6.11. w(i) =-2, W(eo) = 4i, w(—i) =2.
6.12. w(-2) =1, w(4i) = o, w(2) =-i.
6.13. w(0) =-1, w(2i) =1, wl+i)=1-1i.
6.14. w(i) = -1, w(o0) =1, w(l) =1+i.
6.15. w(i) =-1, w(l) = oo, w(l+i) =1.

6.16. W(o0) = -1, w(i) = oo, w(i) =i .
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6.17. w(0) =-1, W(o0) = oo, w@) =1i.

6.18. w(l) =1, w(0) = -1, w(i) =i.

1, 1 5 3.
6.19. W(E) =5 w(2) = 2, W(o0) :Z+Z|.
6.20. w(2) =0, W(2+1) =1+1, Ww(o0) = o0,
6.21. w(-1) =1, w(i) = oo, w(l+i) =1.

7-Macana. D coxaam G coxara akcIaHTHPYBUM Ba K ylujaru

IapTIAPHH K aHOATJIAHTUPYBYH Kacp-uu3uK JIM W(Z) QYHKIIUSHU TOTIHHT.

7.1,

1.2

7.3.

7.4,

7.5.

7.6.

1.7,

7.8.

7.9.

D={lmz>0}, G={Imw<0}, w(2i)=2i, argw'(2i)=—§.

D={lmz<0}, G={lmw>0}, w(-2i)=-2i, argw'(-2i)=

D-{F<B, G={w<D, w()=0 agw()->

D={z/<B}, G={w<1}, W(_iz)zo’ argw.(_%):n

D={Imz>0}, G={Imw<0}, w(i)=i, argw()=—_.

2

T

D={Imz<0}, G={Imw>0} w(-i)=-i, argw‘(—i)zg.

T

2

D={z]<}, G={w<1, W(%):O, argw'(%):o.

D={z<8, G={w<D, W(—%):O, argw'(—%):o.

T
5 .

2

D={z/<2}, G={w<4}, wl=2 argw'(l):g.

7.10. D={7 <L}, G={w<2}, W(iz) =0, argw‘(iE) =0.

7.11. D={7| <}, G={w-1<1} W(O):%, argw'(0) = 0.

712. D={Imz>0}, G={w<L, w(i)=0, argw(i)=0.
7.13. D={lmz>0}, G={wW<2}, w(-i)=0, argw(-i)=0.
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7.14. D={lmz>0}, G={w<L}, wl+i)=0, argw(l+i)=

7.15. D={Imz>0}, G={w <L}, w(-1+2i)=0, argw'(-1+2i) =

I\)l?—] NI:]

7.16. D={Imz>0}, G={w+1<L, w(i)=0 argw(i)=1.
7.17. D={z-2i[ <L}, G={Imw>Rew}, w(2i)=-2, w(i)=0.

718. D={Imz>0}, G={Imw>0}, w()=i, argw'(i):g.
7.19. D={Imz > (0}, G ={Imw > 0}, w(2i) =1, argw'(2i) =0.

7.20. D=4z <3}, G={Rew<0}, w(0)=-1 argw'(0)=

7.21. D={z|<2}, G={Rew>0}, Ww(0)=1 argw'(0)=

NIFI NI

8-Macana. +yliunaru D TymiaMHUHT Oepuiirad akCIaHTHPHUIILL
EprlaMuIard akCMHHU TOTIHHT.

8.1. D={Rez=2} w=z%.
8.2. D={Imz=3} w=2z°,
8.3. D:{argz:g} w=2z"
8.4. D={z|= —<argz<—} w=2z°,
8.5. D={Ilmz>1} w=z°.
8.6. D={Rez>1} w=z°.
8.7. D={]z\<2,g<argz<n} w=2z2,
8.8. D:{]z\>2,5—n<argz<3—n} w=2z°.
4 2
8.9. D={Imz <0} w=z°.
8.10. D={Rez< -1} w=2z°.

8.11. D:{]z\<4,§<argz<%ﬁ} w=2z°
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8.12. D={|7|>3 Rez>0} w=2z°,

8.13. D={]z\>2,argz:%} w=2z°

8.14. D={]argz\<%,z¢[0,1]} w=z*,
8.15. D={z| = —<argz<—} w=z".
8.16. D:{]z\>1,n<argz<?n} w=2z2,
8.17. D={Rez >0, z ¢[1,+0)} w=z°%.
8.18. D={Imz <0, z ¢ (~0,-2]} w=z°.
8.19. D={]z\>2,argz:g} w=z°

8.20. D={]z\<3,argz=§} w=z"

8.21. D={z|= —<argz<—} w=z°

9-Macana. XykoBckuit pyHkuscuaan ¢ongananud K yuujaaru
TYIUTaMJIAPHUHT aKCUHU TOIIMHT.

9.1. ‘2‘21, E<argz<?’—n.
2 4 4
9.2.17=2, @<argz<5—ﬁ.
4 4
9.3.|7>2, Z ¢ [2,+0).
9.4. \z\<1, z e[—l;O].
2 2
9.5 E<argz<3—7c Z ¢ [i,+i0)
4 4’ S

T 37 )
9.6. —<argz< —, z¢[0,41].
A g 1 [0,4i]

9.7. 7] <1,  ze[-L0].
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9.8. |7/ <1, Imz>0 zez[lz;i].

9.9. \z\<%, O<argz<g].

9.10. |z <1, 5—Tt<argz<ﬁ.
2 4 4

9.11. |z|> 2, O<argz<g.

9.12. |z| > 2, 5—n<argz<ﬁ.
4 4

9.13. Rez>0, Imz>0.
9.14. Rez<0, Imz<0.

9.15. \z\<%, Imz > 0.

9.16. \z\<%, Imz <DO.

9.17.|z/>2, Imz>0.
9.18.|7/<2, Imz<0.
9.19.1<|7 <2, Imz>0.

9.20. %<\z\<2, Imz>0 Rez>0.

9.21. Imz>0, zg{]z\:l,0<argzsg, %Sargzs@.

10-Macaua. +yiingara TYIiaMiIapHAHT €° aKCAaHTHPHIN EpaMUIari
aKCHHHM TOIIHHT.

10.1. 0<Rez<m , Imz<DO.

10.2. —t<Rez<0 , Imz>0.

10.3. Rez >0 ,g< Imz<r.

10.4. Rez <0 ,—g< Imz <0.

105.1<Rez<2 0< Imz<m.
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10.6. 2<Rez <3 g< Imz<3?n.

10.7. Rez>0,0< Imz<g.
10.8. Rez<0 —g< Imz <0.

10.9.E< Imz<3—n.
2 2
10.10. 0< Imz<mn , Rez>0.

1011, — X < Imz< X,
4 4

1012. - X< Imz<Z . Rez>0.
4 4

10.13. - F<imz<Z. Rez<0.
4 4

10.14. Imz=2-Rez+1.
10.15. Rez<Imz <Rez +2r.
10.16. Imz=2Rez.

10.17. Imz=Rez +1.

10.18. Imz+Rez =2.

10.19. Imz—-Rez =3.

10.20. 1<Rez <4 , g<lmz<n.

10.21. 0<Rez<2 , nw<lImz<2r.

11-Macana. +yiimmaru D TymmamauHT  Oepwiran  w= f(2)
aKCIIAHTUPUIN EplaMUard akCUHU TOTIUHT.

111. D={Rez=2}, w=cosz.
11.2. D={lmz=2}, w=cosz.

11.3. D={O<Rez<g ,Imz<0}, w=cosz.

114. D={-rt<Rez<0,Imz<0}, w=cosz.
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11.5.D={—§<Rez<g,lmz<0}, W=CO0SZ.
11.6. D={—nt<Rez<0}, w=cosz.

T T
11.7.D={O<Rez<n,—§<lmz<§}, W=CO0SZ.

11.8. D={Rez=2}, w=sinz.
119. D={lmz=2}, w=sinz.

11.10. D={O<Rez<g,lmz<0}, W =sin z.
11.11. D={-n<Rez<0,Imz<0}, w=sinz.

T T .
11.12. D:{—§<Rez<§,lmz<0}, w=sin z.
11.13. D={-nt<Rez<0}, w=sinz.

11.14. D={0<Rez<m, —g<lmz<g}, w=sinz.

11.15. D:{O<Rez<§}, w=tgz.
11.16. D={-nt<Rez<0}, w=tgz.
11.17. D:{O<Rez<g}, W= ctgz.

11.18. D={0<Rez<1,Imz>0}, w=tgnz.
11.19. D={0<Rez<m,Imz>0}, w=sinz.

11.20. D :{—% <Rez<0}, w=tgz.

11.21. D:{—g< Rez<g,lmz>0}, w=sin z.

12-Macana. bepwiran D coxaam G={Imw>0} IOKOpH SpUM
TEKUCJIMKKA KOHPOPM aKCIaHTUPYBUU OMpopTa w(z) PYHKIIMSHH TOIIUHT.

12.1. D={z|]<1, Imz>0}.
122. D={z|]<1 , Imz<0}.
12.3. D={z|<1 , Rez>0}.
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12.4. D={z]<1 , Rez<0}.

125. D={-n<Ilmz<n, z¢[l+x0)}.
126. D={z+1>1 , |z-2/>2}.
127. D={z+2>2 , [z-1>1.
128. D={z-1>1, Rez>0}.
129. D={z+1>1 , Rez<0}.
12.10. D={z—i|>1 ,|z-2i[< 2}.
12.11. D={z+i[>1 ,|z+2i < 2}.
12.12. D={z-1>1 ,|z-2/<2}.
12.13. D={z+1>1 ,|z+2 < 2}.
12.14. D={0<Rez <1 ,Imz > 0O}.
12.15. D={-1<Rez<0 ,Imz <0}.

12.16. D={Rez >0 ,—g<lmz <g}.

12.17. D={Rez <0 ,—g<lmz <g}.

12.18. D={Rez>0 ,|z-1>1,]z-2/<2}.
12.19. D={Rez>0 ,[z+1>1,z+2/>2}.
12.20. D={Rez<0 ,Imz>0 ,[z—i|>1}.
12.21. D={Rez>0 ,—nt<Imz<m}.

13-Macaana. +yinaary TeHTJIaMalapHUA €YUHT.
13.1. 2° +2 =i. 13.2. 2" -1=i. 13.3. 2° +2i=2.
13.4. 2 —z+1=i. 135.7z°-4i=2. 136.2°+32=0.
13.7. 2° +81=0. 13.7. 2° +1=0. 13.9. z* +2° +1=0.
13.10. z" +1=0. 13.11. 2 +4i=3. 13.12. z° =1-i.
13.13. z° =i. 13.14. 2* +i =1, 13.15. 2° -1=0.
13.16. z* +1=0.  13.17.z2°+2=2i. 13.18. 2°-i=0.
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13.19. z2° +8=0. 13.20 22 -4i=3. 13.21. z2° +4=3i.

14-Macana. W=-+/z OyHKUMSHHHT KyiiHga OpHIraH LIAPTHH
K QHOATJIAHTUPYBYM OMp K MAMATIM TapMa U Epaamuaa D cox aHMHT akCcHHU
TOTIMHT.

141. D={Rez >0}, +1=1.

142. D={Rez<0}, -1=i.
143. D={z ¢ (—0,2]}, J4=2.
14.4. D ={z ¢[-2,+0)} ,\/4 = 2i.

145. D={z/<1, Imz >0}, \gzl—;'

14.6. D={z<1, Imz <0}, —lzzL;'.

14.7. D={7>1 %T<argz<%n}, J-1=i.
3 5n )
14.8. D={7>1 Z<arg<z}, J-1=-i.

14.9. D={(Imz)> >2Rez+1}, V-1=-i.
14.10. D={(Imz)* >2Rez+1}, J-1=i.

. 1+1
1411. D={Imz>0}, fi=—"—.
timz>0} 72
- 1+
14.12. D={Imz>0}, i=——.
mz>0}y Vi="7

14.13. D ={z ¢[2i,+i0)}, 1=1.
14.14. D ={z ¢[-i0,—2i)}, J1=1.
14.15. D={z ¢[L+0)}, ~—-1=i.
14.16. D={z|<LRez>0}, 1=1.
14.17. D={z|]<LRez >0}, J1=-1.
14.18. D={z|<4,Rez<0}, 1=1.
14.19. D={lz|]<4,Rez <0}, J1=-1.
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14.20. D={Rez>0,7>1, +1=1.
14.21. D={Imz>0,(Imz)> >4Rez+4}, J/-1=i.

15-Macaana. Kyitugaru cox amapau {Imw > 0} ok opu sipum
TEKUCITUKKA KOH()OPM aKCIaHTUPYBYM OMpopTa W(Z) PYHKIMSHU TOIHHT.

15.1. Imz >0, z ¢[0,2i].
15.2. Rez<0, z ¢[-2,0].

15.3. |7 < 2, O<argz<3§.

15.4. \z\>2,0<argz<3§.

15.5. |7 <2, |z-2i|< 2.

15.6. |2| > 2, |z-2i/> 2.

15.7. z¢[-2,3].

15.8. z ¢ [-2i,2i].

15.9. z ¢ {(—o0,—2] U[2,+0)}.
15.10. 7 & {(—ioo,—i] U[i,+i)}.

15.11. Imz >0,z {7 =1, 0 < argz s%}.

15.12. Imz >0,z ¢{Z| :1,%%£argz < m}.

15.13. Imz >0,(Imz)?* >2Rez +1.
15.14. [z-1<2,|z+1 < 2.

15.15. 21> 2,|z+1 > 2.

15.16. Imz >0, |z—i|< 2.

15.17. z¢{z| =1, 0<argz<m}.

15.18. §< argz < %ﬁ Z ¢ [1,+100).

15.19. Imz >0, z ¢[2i,+o0l).
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15.20. Rez <0, z ¢ (—o,—1].
15.21. z ¢{z|<1, O<argz<m} , z [-i,0].

16-Macaana. Kyitugaru cox amapuau {Imw > 0} 1ok opu sipum
TEKUCIUKKA KOH()OPM aKCIaHTUPYBYU OMpopTa W(Z) PyHKUIMSHU TOIHHT.

16.1. z ¢[-21,2i].

16.2. z ¢ {~o0;—2] U[4,+x)}.

16.3. |2/ >1, z {[-2-1]U[L2]}.
16.4. |z|>1, z € (—0,2].

16.5. |7| > 4, z ¢{[-4,-2]w[-14]}.

16.6. Imz >0,z ez{]z\zl,ggargzsfc}.
16.7. 2| <1.Imz >0,z e[O,'E].

}.

16.8. \z\<1,0<argz<g,ze{argz: ,Og\z\s%

Ala A

16.9. |z >10<argz <g,z e{argz=—,|z| > 2}.

16.10. Rez>0,Imz >0,z ¢{|7| = 2,% <argz sg}.
16.11. 4(Rez)® +(Imz)? > 4,z ¢[2i;3i].

16.12. g< argz <2m,z {z| :1,2 <argz < m}.
16.13. z#[0,40),z {|z| <1, gSargz s%n}.

16.14. Imz >0, z ¢{z|<1, %Sargzs%ﬂ:}.

16.15. —nt<Imz<m, z ¢[0,4+x).
16.16. —m<Imz <m, z ¢ {(—o0,0]U[m,+x0)}.

16.17. —n<Imz<m, z¢[-m,0].

16.18. —t<Imz<m, z ez{[—ni,—z—zn]u[o, mi]}.
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16.19. -1<Rez<1Imz >0, z«][0,i].
16.20. —1<Rez<1,Imz >0, z ¢[i,+ix).
16.21. [z-2i|> 2, |z+2i|>2, z¢[-2;2].

17-Macana. Kylingaru udoaanapHuHr 6apyaK MAMaTIApUHA TOIIUHT .

17.1. Ln5. 17.2. Ln(-1).  17.3. Lni.
17.4. |n(§—i§). 17.5. Ini. 17.6. Ln(1+i~/3).
17.7. (l—+2i)‘. 17.8. (-1)'. 17.9. (-3+4i)™.

~i i 1—iqi
17.10. 2. 17.11. (i)', 17.12. (ﬁ)l .
17.13. Arcsinl, 17.14. Arccos%. 17.15. Arccos?2.
17.16. Arccosi. 17.17. Arcctgl. 17.18. Arcctg(1+ 2i).

17.19. Arcsin%. 17.20. Arccos%. 17.21. Arcsin 2.

18-Macana. Kyiugaru cox amapuuar W=LNZ  QyHKUUSHUHT
K YMWIraH MapTHU K aHOATJIAHTUPYBUYM OUp K MIMATIM TapMa U €pAaMuaaru
AKCUHU TOTIWHT.

18.1. D={Imz>0}, w(i)= %‘
: i
18.2. D={lmz <0}, w(-i)= e

18.3. D ={z & (—0,0]} , W(L) = 4ni.

18.4. D ={z & (—o0,0]}, w(—i):—%i.
18.5. D ={z #[0,4+0)} , W(1) = 4.
18.6. D ={z 2 [0,+0)} , w(—i)z—%i.

18.7. D ={z £[0,+0)} | w(i):%ni.
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5mi

188. D ={z¢ (<001} , W()="".

18.9. D ={z ¢[0,+0)} , wW(—i) =mi.
18.10. D ={z ¢ (—0,0]} , W(-1) =mi.

18.11. D ={z ¢ [0,+0)} , W(—i):—%i.

18.12. D ={z ¢ (—0,0]} , w(—i):—%i.
18.13. D ={z ¢ [0,+0)} , w(i):%i.

18.14. D ={z ¢ (-0, 0]} , w(i):%i.

18.15. D ={z ¢ [0,40)} | w(‘l‘zﬁi )= 103” |
18.16. D ={z & (—0,0]} , w(‘l‘zﬁi):losni.
18.17. D ={z £[040)} , W(-1)= .

18.18. D ={z # (—0,01} , W(~1) = i

18.19. D ={lz|<1,Imz > 0}, W(i—iO)z—%ni.

18.20. D = {7 <1, 7 & [0]}, W(~1+ 0) = —ri.
18.21. D ={z ¢ (—0.0], 2 & [Lo0)hw(i) = %‘

19-Macana. Cummerpus npuHiununas poiinananns, D ={z| <1}
OUpIUK MoupaHUHT Oepuiran pyHKIus EpaaMugary akCUHU TOTIUHT.

191 w=——> 192 w=——~2
T 20 1+ZZO)2 ' T 19 (1+219)2 '
Z Z
19.3. w= : 19.4. w=
18’(1_*_ 218)2 17/(1+ Z17)2
Z VA
195, w=——-—. 196. W= —-—.
16'(1_|_ 216)2 15[(1+215)2
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N
N

197. w=—— 2 19.8. W=
W1+ z2)? W1+ 27)°
19.9, w=—— " 1910, w= 2
1+ 2%) T ey
1911 w=—— %2 1912, w=——%2 |
W1+ z°)° 9/(1+2°)?
1913, w=—_ % 1914, w=——*~
o+’ T Ja+27)°
19.15. w= 2 19.16. w= — 2
8/(1+2°%)? /(@+2°%)?
1917 w=—— % 19.18. W=~
4/(1+2%)° 3/ +2%)°
1919 w=___ %2 19.20. w = Z
@A+ z%)? 2(1+2%)°
1921 w= %2
nf(1+2z")°

20-Macana. Cummerpusi mnpuHUUNUIaH (oiinananud, Oepunrad
cox amapau {Imw > 0} oK opy SpUM TEKHUCITUKKAa KOH(POPM aKCIaHTHPYBYH

oupopTa QyHKIIUSIHHA TOTIMHT.
20.1. z¢[-12], z ¢[-i,i].
20.2. z ¢[-21], z ¢[-i,i].
20.3. z ¢[-11], z ¢[-i,2i].
20.4. z ¢[-11], z ¢[-2i,i].
20.5. z ¢[-11], z ¢[-i;0].
20.6. z ¢[-11], z £[0,i].
20.7. z ¢[01], z ¢ [i,1].
20.8. z ¢[-1,0], z ¢[-i,i].
209. |2/ >1 z ¢[-2-1], z ¢[-2i;i], z ¢[i;2i].
20.10. |z < 2, z ¢{[-L;2] U [i;i]}.
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20.11. |z] > 1, z ¢{[1;2] U[-2i;-i] U[i;2i]}.
20.12. |7 < 2, 7 {[-22] U [-i;i}-

20.13. |7 > 1, z e {[-2-1] U[L:2] Ui;2iT}-
20.14. |7 < 2, z g {[-11] U[-i;2i]}.

20.15. 2] >1, z ¢ {[-2-1] U[1,2] U[-2i:—i]}.
20.16. |2| < 2, z e {[-L1] U[-2i,i]}.

20.17. 0<Rez <1, z¢{Rez :%, —w<Imz<-2}.
20.18. z ¢[-2,2], z ¢[0,2i].

20.19. —-1<Rez <0, zez{Rez=—%, 2<Imz < o},
20.20. z ¢[0,2], z ¢[-2i,2i].

20.21. 0<Rez <1, ze{Rez:%, 2<Imz < oo},

_C -
HAMYHABUU BAPUAHT EUUMU.
1.21-Macana. Bepuiran D={z-1-i<2} coxannar wW=iz+1+i
byHKIMsS épaaMuIary aKCHHHU TOTIHHT.
<W=1iz+1+1 TeHrmamMaHu Z ra HucOaTaH cUaMU3:
z=—iW+i-1=|z-1-i|=|-iw-2 =|-i(w—2i)| =|-i|-|w-2i|=|w-2i| = D
noupanunr akcu G = w(D) = {]W— 2i‘ <2} noupa skaH. (36-un3ma)>

) |
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2.21-Macana. bepuiran z, =1+ 2i HYK TaHUK V¥ aJIMac K oJ1upuo,
Z,=1 HyK TaHM W, = —I HYK Tara YyTKU3aJWUTraH YNU3HK JIU aKCITaHTUPULIHU
TOIIUHT.

<MabayMKHd, YW3UKJM aKCIAHTUPUIIHUHT YMYMHUW KYPUHUIIA
w=az+b. By epmaru a,beC HoOMabiymimapHu Macanga MapTHIAH

doiinananub TonaMms:
a(l+2i)+b=1+2i,
=a=2+1,b=1-3i.
ai+b=-l.
Hemak, w=(2+1)z+1-31 >

3.21-Macaana. +yiiugaru W= 2z +1—3i ydyH 4eKIIu K y3rajiMac HyK Ta
Z, (arap y wmaBxyn Oynca), Oypwimm Oypyard ¢ Ba YY3WIMII

k03 unmentn K HE TONMHT. AKCIAHTUPHIIHE W—Z, = A(Z —Z,) KaHOHHK
KYpUHUILTA KEJITUPUHT.

<-+y3ranmac HyK TaHu W(Z,) = Z, TeHITUKAaH Goiiaanannd TomaMus:

22, +1-3i=2,=>2,=-14+3i=>wWw-2,=22+1-3i-2, =

=2z+1-3i+1-3i=2(z+1-3i).

Hemak, w+1—-3i=2(z+1-3i). by epnan
Z,=—1+3i, =0, k=2;w+1-3i =2(z+1-3i) HaTmKara Kexamu3 >

4.21-Macana. bepuiran D={z-i <2} noupann G={w-2<4}
Joupara akCIaHTUPYBYHM YH3VK JIU PYHKITUSHHA TOIHHT.

< Ymly W, =z —i ¢dyHkuusHu K apaiinuk. by Qynkuus O6epunran D
noupanu (W,) TEKMCIMKIAa MapKa3d KoopAuHaTa Oommma OynraH ‘Wl‘ <2
goupara aKCIIAaHTUPaIHU. OH1u W, =2W, 6a W=W, +2
aKCIaHTUPHUIILIApAaH KeTMa-keT doiganancak o6epunran mpoupa G gompara

akcianaau (37-uyuzma).

(z) f W)

\”D X | % ;’:[\ -

) (__\‘- % %)
/ w- [ _4_\-
// 3 V4 7
!
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Hemak ,W=W, +2=2W, +2=2(z—-1)+2=22+2(1-1) >

z-1
5.21-Macana. bepunmran D ={0<Rez<1} coxamuar w=——
4

AKCJIAaHTHPHII épﬂaMI/II[aI‘I/I AKCHUHMH TOIIHNHI .

<By MacanaHu eduin ydyH COX aHMHI CakKJIAHWII TPHHIWINA Ba Kacp-
YM3VK M aKCIATUPHIIHUHT JOWPABUMIMK TPUHIUINIAH (QolaTaHaMu3.
G =w(D) necak, oD = w(oD) 6ynanu.

D={Rez=0} {Rez=1}. ze{Rez=0} Ba WwW(0)=0c0 OyaTaHU
yuyH {Rez =0} T pu YM3UK HUHT aKCH TYF pU YM3UK OYynaau. YHH TOIIMII
yayH z, =1 6a 7,=—-1€{Rez=0} HykTamapuu onaub, yJapPHUHT

Lo1-1 : o —i-1 :
obOpaziapunn  tomamus:  W(i) = I— =1+1, w(-i)= ; —=1-i.= by
| —I1
HYK TaJlapadH yTyBud Ty pu um3nmk Rew=1. Rez=1 Ty pu 4M3UK HUHT

. o z-1
akcu 9ca aiaHa Oynmaau, YyHKH Oy UM3WK HUHT ycTHga W=——
z

. oo z-1
(GYHKUIMSIHU 00 Ta alJIaHTUPAJUTaH HYK Ta UYK . YHU TONUII YYyH W =——

TCHIJIaMaJaH Z HU TOIIaMM3:
. -1 -1 -1  —@u-1-iv)  1-u i v
w—1 u+iv-1 u-1+iv @U-D*+v? U-D*+v’ (uU-D°+V’

by cpAaH Ba Rez=1 J1aH
U-1)"+v 2 4 2| 2
1_1 1 1
Hemak, oG ={Rew=1}u W_E =E}:>G ={Rew<1], W—E >§} (38-

yu3ma). >
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6.21-Macaana. Kyiingaru w(-D =i, w(i)=0, wl+i)=1
MIapTiapHU K aHOATIIAHTHUPYBUM KAacp-uu3WK M W(Z) aKCIAaHTHPHUIIHH
TOITVHT.
< By macananu eunmr yuyH ymly
W-w, W,-W, Zz-2, Z,—2Z,
W—W, .W3—W1 T1-z, Z, -7,

aHTaPMOHHUK HUcOaTIaH doinaranaMus. bussuar X OJI1a
z,=-1, z,=1, 2, =141 6a W, =1,W,=0 , W,=1. W, =00 Oynranu
y9yH aHTapMOHHK HUCOATK yHHIaTr

W-W, z2-2, Z,—1,

W,—W, 2-2, Z,-1,

Kypunullra kenaau. by epnan

w—i_z+1 1+i-I
1-1 z-i1 1+i+1
(1+21)z+6-3i
Ba W= - JKAaHIUTWHU TOIIaMU3 >
5(z-1)

7.21-Macama. D=(z<2} coxamu G={Rew>0} coxara

akcnantupysun Ba W(0) =1, argw'(0) = = 1mapmiapHu K aHOATJIAHTHPYBYH

NS

Kacp-um3uK i1 W(Z) QyHKIUSHU TOIWHT.

<ABBan (5)-bopmynagan Qoiinananué6 G Hu D ra xondopm
aKCIAHTUPYBYM KaCP-UM3UK JIM (PYHKIUSHUHT YMYMHU KYPUHUIIMHU TOMHUO

- i0 Zl - a
ojaMu3.  byHuHr  yuyn = ymOy Z, =W, z,=¢ = 6a1=21,
Z,—a
AKCIAHTUPUIUIAPHU KETMa-KeT OakapHIll €Tapiy dKaHIUTHUHU KYpHUII K HAUH
IMac.

Jemak,

. Z —a oo lw—a
2=27,=2e" 2 ==2e" . — =,
Z,—a iw—a

by Tenrmamanm W ra nHucbatan eun6, D mm G ra akcrmanTUpyBuUn
GYHKIUSHUHT YMYMUH KYPUHUIIIH

i az —2ae
7 —2e"
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SKaHJIMTHUHU X OCHJI K Wwiamu3. by eprnaru a éa 6 HOMabiaymiapHu Oepuiraxn
mapTiap/an goitganaHud TonaMus:

—2ae" . . . —iz—2ie" 7+ 2e"
= =—al=l<ca=+HI=>W=-I = =
—2e Z7—2e Z7—2e

w(0) =1=> —i-

argw'(0) = g mapTaaH 0 HU TONaMM3:

i0 _
)|, =ar S L JN LN

argw'(0) = arg(—m D 2 2

i T .. T .
—>e =e“=Cc0S—+ISIh—=1.
2 2
Jlemak,
Z+2i
z-2i

(GyHKLIMS Macaia MAapTUHU K aHOATIAHTUPYBYM (PYyHKUHUS OYiap sKaH >

o T T o
8.21-Macana. Kyitmnaru D ={z|=2, 5 <angz< g} TYIIAMHHHT
w=z° QyHKIHMS EpAaMUaru aKCUHY TOIHHT.,
<Arap z=re" ga W=pe“ necak, yuga W=z’ nan p=r° ¢a y =6¢
SKamIMr  Kenud uwk aau. YHma G =w(D) :ﬂM =64, m<argw< 2w}
oynanu>

9.21-Macana. XXykoBckuii pyHKIusicuaan hongananuod ymoy
D={Imz>0, z¢{z/=1 0<argz< g %ﬂ <argz < m} TYMIaMHUHT

dAKCHUHMH TOIINHI .

< By macananu euni yuyyn Oupunun HaBOataa D cox aHMHT YM3MacUHU
yu3n6 onamu3 (39-unzma) Ba (11)-popmynanapaan oitnanianamus.
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39-yusma.

1 1
u=—(r+-)coseo,
2 r
(11)

V:E(r—l)sin [0)
2 r

\

MabayMKH COX @aHUHT CaK JJaHUII NpuHOunura kypa W(oD)=0G Oynau.
Arap

v, =[0,+%), v, = (-0,0], v, ={r =1, Oﬁcpﬁg} 6a vy, ={r =1,?% <@<m}ae

cak, oD =y, Uy, Uy, Uy, 0ynagu Ba (11)-¢popmynanapnan doiinanancax,

W) =), W) = Con 2] wer) =02 2 e ey ) =[-2 -1

OKaHJIUTMHU TOIIaMU3.

= 0G =w(y,) UW(y,) Uw(y,) Uw(y,) = (—oo,—ﬁ] U[%#OO)-

2
Hemak, G =w(D) ={w ¢ (—w,—g], W ¢ [g +00)} >

10.21-Macaaa. Kylnnaru D={0<Rez<2, n<Imz<2n}
TYIUIAMHUHT W = €° aKCJIaHTHPHII EpJaMuIard akCHHU TOIIHHT.
<Arap 7 =X+Iiy 6a W=pe" necak,
p=¢
(*)
o=y
CHCTEMaHH X OCHJI K WiiaMu3. YHaa D cox ana
e’ <p<e’®, nm<y<2n
oynanu. lllynapuu spTrb0pra oaud Tonamus:
w(D) ={L<w|<e®, m<argw< 2m}

Dx amaa w(D) tymnamnap 40-un3maja TaCBUPJIaHTaH >
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40—Yu3ma

11.21-Macaana. Kyitugaru D :{—g <Rez< g, Imz > 0} cox aHuHT

W =Sin z ¢yHKIUsA EpaaMuIard aKkCUHU TOIUHT.

<By MacanasuHr eduMu 6 -IyHKT/Ia KeATHPHIITAH >

12.21-Macana. Ymby D={Rez>0, —n<Ilmz<mn} coxanu
G ={Imz > 0} 10K opu sIpUM TEKHCIUKKA KOH)OPM aKCIaHTUPYBYU OMpOpTa
W(z) GyHKIUSHU TOTIUHT.

<by TUIAAru MacajajapHu 9°-myHKTIA KEeITUPUIITaH

aKCIIAaHTUPHUILIap/iaH (oiganaHud edyun Ma caara MyBoduk mup. buz V
naru 1)-akcnantupunigan doigananamus. Kepakiu akCIaHTUPUIITHU TOMUII

. W .
yIyH W, =iz, W, =—*, W=SINW, akCcIaHTUPHUILIAPHU Oaxkapuin Kugos
(41-ynzma).
L % y P
LSS S S ” il
LA /}!u._ S
u}‘ '] / \L/ S
/ ///“",‘/,’/_. /. ¥ ;'/
B S ) A
| ~
(l | ‘ | | ’ 1N
|
| l 1 I l | L 1 L Ll'
41—-Yuama
e R 2
: . W, . iz e?-e? .e?-e? . 2
Hemak, W=sinw, =sin — =sin — = - =1i- =ish— >
2 2 21 2 2

13.21-Macana. Kyitunaru z° +4 =3i TeHITIaMaHU €UMHT.
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42°4+4=3i=2°=-4+3i=>72=%3Y-4+3i =

B e -[cos arg(—4 +53|) + 2k ~isin arg(—4 +3i) + ZKn} _

5
3 3
(2k +1)m—arctg — (2k +1)m—arctg—
=3/5.| cos : 4 1 isin : 41 k=01234>
14.21-Macadna. w=+/z GyHKIUSTHUHT J-1=i IIapTHH

K QHOATJIAHTUPYBYH OUp K MAMATIIM TapMGF U EpJaMuia

D={lmz>0, (Imz)’>4Rez+4}

COX aHUHI' aKCUHU TOIIUHT .

<ABBan D cox aHMHT YM3MacHHU Ynu3u0 oamu3 (42-du3ma).

Keitun z=re" , w=pe" neb,

¢+ 2K

@+ 2K

+i-sin ) (k=02

w=/r(cos

2

n+2kn . . mw+2kn

+1-SIn

TeHrmK Ba +/—1 = ~/1-(COS ) =i maptaan kg 0

OKaHJIUI'MHU TOIIaMM3.

Jemak,

0

W:\/E:\/F(congrising):\/F-e2 JKaH =~ = (*)
_¢

Y72

myHoca0atnapaan ¢oigananud, D cox anunr yerapacu oD nunr odpasu 0G
HU TOIAMU3:
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v, =(~0,~1]={p=m1<r<+x} Ba 7,={y*=4x+4, y>0} necax,
oD =y, Uy, O6ymamu. W(y,)={v= g,l < p <400} DKAHIUTHHH Ty PUAaH

TYF pU (*) MyHOocabataH kenub yuk aau. DHau W(y,) Tornamus:

X=U?-V?
W=JzowW=z=U+iV)2=x+iy= (**)
y =2uv
VP =4X+4=4UuV =407 — AV + 4= UV Ui +VE -1=0=>
(**)Ba
(V' -DU*+1)=0=v=1Lu=>0.
Jemak,

W(Yz) :{V =lu= 0}:> oG = W(Yl) UW(Yz) =

={argW:g,1£\w\ <+oo}u{lmw=1, Rew> 0}

by epnan Ba mucon maptunan G ={Rew >0, Imw >1} skaHIUTHHU X OCHUI
K wiamu3 (43-un3ma) >

Y

O u

15.21-Macaaa. Kyitngaru
D={z¢{z/<1 O<argz<m}, ze[-i,0]}
cox an G ={Imw > 0} 1ok opu sIpuM TEKUCITUKKAa KOHPOPM aKCIaHTUPYBUYH
oupopra W(Z) GyHKIHMSHU TOITHHT.

<Macana mIapTHHHA K aHOATIAHTHUPYBUM KOHGPOPM aKCIAHTHUPHUIITHU
K yUHUIary aKCIAaHTUPUIIUIAPHU KeTMa-KeT Oakapuill EpAaamMua TOMaMu3;
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Wl:m’ W, =Wy , W, w, +1 y W, =W, Wy =W, +-,
W= W, v-1=i

Onunran ¢pynkuusuiap D cox anu K aiicu iyn 6unan G cox ara akCIaHTUPHUIITN
44-yn3mana KypcaTuiras.

| H'H'Ijll"m et

0 D11 f |
M\ ’

44-Yuzma

Jlemak, MacaJia mapTUHU K aHOATJIAHTUPYBUM (PYHKITHS

il / w,-1, 1 [wi-1, 1
\/ \/ 2+1) 3 (W2 ) 3
1

2 2

[(1—2)3 (1+z) 1J_—|
1-2)° +(1+ z)3

JKaH >
16.21-Macaaa. K yitmgaru
D={z-2i[>2 |z+2i>2, z¢[-22]}
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cox aau G ={Imw > O} 10K opu IpuM TEKHCIUKKa KOH(POPM aKCIIaHTHPYBYHU
oupopra W(z) GYyHKIIUSIHU TOTIUHT.

<Macana mWapTUHU K aHOATIIAHTHPYBYM KOH(POPM aKCIaHTHPUIITHU
TOIHUII YYYH K YHUJATW aKCIIAHTUPHUIIUIAPHU KeTMa-KeT Oakapuiil kudos (45-
Ju3Ma):

1 " e’ —w, :
W, = W, =4nw, , W, =", W, =——, W=/W,, v=-1-1

-2n
e —w,
. ;-‘ol °
=
X -
{ ’ I
X 1 ) O L Ll
Fé—-é/-—a , A T A/ 77,
:‘,‘/" s \';l. y ‘v,
T\
\ \
/) ‘- "/ ;
\_’/’ ¢ /7 / . /
=7 7w/ =
74 =&
N F
1 1 | 4 s /
c—____'—L—'——— e €
/
|
|
B
< J
Hemak, W= ,/w, = ,N=1=1. b

17.21-Macana. Kyiingaru Arcsin 2 ndomanunr 6apyak niMaTiapuHu
TOTIUHT.

<Bby Tungarn wmacananapHu euumiga ucOoTHall K MMMH OYyimaran
K yiUIaru TeHTIMKIapaan (o amaHmiam.

1) Arcsin z =—iLni(z ++/z% -1).
2) Arccosz =—iLn(z +~z° -1).
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3) Arctgz:an!Jr—zzl_LnlJr—!z.
2 1-z 21 1-1z

4) Arcctgz = ! an—_!
2  Z+I1

by Tenrnmknapaa wiau3HUHT Oapua K uiiMatiapu ojuHraH. bus 1)-TeHriauk
Ba (20)- popmynanan oitnananamus:

Arcsin 2 = —iLni(2+ /2% —1) = -iLn(2 + v/3)i =

=—i[|n(2i\/§)+i-g+2kni]:g+2kn—iln(2ix/§):

:@—i-ln(Zi\@), kez. o

18.21-Macaaa. Kyimgarn D = {z ¢ (-»,0], z ¢[l,+0)} COX aHUHT w= Lnz
GYHKIUSHUHT  w(i) = % IIAPTHU K aHOATJIAHTUPYBUU OWP K UMMATIIM TapMG H
EplamMuIary akCHHU TOTIHHT.
< Lnz ¢ynkuussHuHT
w = (Lnz), =Inz+ 2Kkni ., k=0,+1,%2,...
i

TapMOKJIApUJAH KalWcu OWPWHHM TaHJAMMHU3 Kepakiuruau  W(i) = —

2

IapTAaH AHVK JAMA3:
%I: Ini+2kri = Inm+iargi + 2kmi = ig+2k7'ti

by epnan k¢ 0, sxannuruau tomamu3. Jlemak, LNZ HUHT KEpakid TapMG U
w=(Lnz),=Inz oskxan. w=Inz akcmantupum éEpmamuma D cox aHuHT

aKCHHM TOIUII Y4yH W=U+iV 6a Z =re" ngecak,
u=inr,
(*)
V=0
skaHauruHu Kypamms. Arap |, = (—0,0] 6a |, =[L+0) nmecak, oD =I,Ul,
oymamu. (*) tenrmukka kypa W(l,)={v=0,0<u<+o0} 6a |, HypHUHT
10K OpU K ¥ & 1 {V = 7} TyF p¥ YM3KKK a, TAaCTKU K U[F & u3ca {V = —1} Ty pu
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ym3ukK a akcianamu. Jlemak, G ={-n<Imw<m, w¢[0,+0)} skaH. (46-
yu3zma) o

A0 3Lty
111 : | .,?, {‘.Ti'v:|: u’ I
‘|!|l||“l"'i’*lll“!i'll\d l/l’“\’""l ’l
W=t
Wi = ”%:L
46 ~Yuama

19.21-Macana. CummeTpust npuHIMnuaAad goinananud , D ={]Z‘ <1}

JA

T
<D Oupnuk noupanu yunapu Z =0 HYK Taja Ba KEHIJUTH — Ta TEHT
n

oyaran D,,D,,D,,...,D. , n-tacekropra axparamus. PaBmanku,

OUPIUK TOUPAHUHT W = byHKIMS €paMuIard akCUHUA TOTIMHT.

D0={ZEC:—E<argz<E,\z\<1}
n n

ne6 onum myMkuH. CyHr Oepuiirad W (pyHKUUSHU K yiuaaruya €3uo
OJIaMU3:

1 1

W 4 _n\/ " B B
af(z"+? VzP 422" +1 - '
(2" +1) " " \/z”+2+1n \/2-[;(z“+1n)+1
z z

1 1 1 .
Arap w, =z" , w, :E(Wl +W) , W, =W, +16a W, = neiunnca, ynaa W
1 3

¢ynknus ymoy W= (3/W,), KypuHHIIra Keiaau. by akcmaHTupumuiapaa
(oiinanann6, D, HUHT akcu

T T 1
G, ={weC.——<argw<—, wg[—,+x
o =1 S cargw< [VZ )}

OynuiuHN Tonamus (47-uu3zma).
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47-Yusma

[y mynox a3a acocuga, CAMMETPUS IPUHUUIIMHA N MapTa K yIUIall
yA
HaTHXKacHIa W= ——— yHKIus Oupank goupa D ={zeC: ‘Z‘ <1} uu
/(2" +1)

n-Ta {argw:% W >

1 -
”x/Z} , kK =0,n—-1 nypnap 6yiiura Kk upx wiras (W)
TEKUCJIMKKA aKCIIAHTUPUIITUHHA TOTIAMH3 1>

20.21-Macaua. CummeTpust npuHIMIuAaH (oiiiananuo
D={0<Rez<l z¢{Rez =%, 2<Imz < oo}}

cox ann {Imw >0} rKoOpu SpUM TEKUCIMKKA KOH(POPM aKCIAHTUPYBYU
oupopTa PYHKUMSAHU TOIMHT.

1
< Kyitmparn D, ={0 <Rez < E} COX aHHU K apaiimu3. by cox a

W, =iz, W, =27w,, W, =e™ (25)
AKCJIaHTHPpHUIIJIapHU 6HpHH-KeTI/IH 6a>1<ap1/1m HaTH>Xacujga
G, =(Imw, >0}

10K OpH SIpUM TEKUCITUKKa KOH(MOpM akciaHaau. (25)-akCIaHTUPUILTAPHUHT
OaxapwIHIIM xapa¢Hu 48-un3Majia TACBUPJIaHTaH.
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4B-4Hu»ma
Cummerpus MPUHIUITUAH doiinananuo, oepuiiran COX a
w, =e" =e"™ =e*™ ¢ynkuus épmamuma G ={w, ¢[-e " ,+w) coxara
koH(popM akcnanumau Tonamus. by G cox a

W, =W, +e7" ga W=./w,,J-1=i

akcnmantupunuiap Epnamuaa  {Imw>0} 1KoOpu SApUM  TEKUCITUKKA
aKCIaHaIu.

Jllemak, OepuiraH CcOXaHA K OpU SPUM TEKHCIUKKA KOH(OpM
aKCIAHTUPYBYM QYyHKLHS yIIOY

w=.J/w, =ve*™ +e™* , J-1=i,

KypuHUIIAa OYiaau >
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3-§. 3-MYCTAKWJI HIII

KOMIVIEKC APT'YMEHTJIA ®YHKIHUAHUHI UHTEI'PAJIM BA
YEI'MPMAJIAP HABAPUSACHU

Komruiekc aprymeHT/ii QyHKIMSHUHT UHTETPAIA TYITYHUYACH.
KommnHuHT uHTErpasl TEOpEMacH.
KommHuHT uHTErpalt popmysnacu.
Hapaxanu x aropnap.
["onomopd PyHKUIMATAPHUHT XOCCAIAPH.
JlopaHK aropu.
QOYHKIUSHUHT IKKAJIAHTaH MaxCyC HYK TAJIAPH.
Yerupmanap Ba yJapHHU X UcoOJIalll.
WuTerpannu yernpMmaiap €paaMujia x ucooai.
- A -
ACOCHUM TYHTIYHYA BA TEOPEMAUJIAP.

1°. MHTerpai TymyH4acHu.

Kommnekc tekucnuk C  ga TV pWwIaHyBUM Y = AB »3rpu 4M3mK
Oepwirad 0yicuH. By arpu unsuk Hu 4 nasH B rax apab z,,Z,,...,Z, HyKTalap
épaamuga N ta v,,y,,..., Y, ciaapra axparamus (49-uuzma).

v, €inapuuHr (K =1,2,...,n) y3ynnuknapunau |, ea A =max | _neb

1<k<n

OeNrujiIafiMus.

Avtraitnuk, y arpu umsik ga f(z) ¢ysxuus Oepwiran OyncuH. V §, €y,
HYK Ta 0JIi0, K yiugaru
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c=g fE) (z -2, Q)

unmezpan UUSUHOUHU TY3aMHU3.

Tabpud. Aecap A -0 oa f(z2) ¢pynxyuanune unmeepan ueunoucu y
92pU YUK HUHZ OYIUHUWL yCyauea ¥ amwoa y, oazu &, H)K manune mauiab

ONuHUWUCA O K OYIMA2au X 010a YeKIu aumumea 32a oyica, Oy aumum
f(2) @pyuxkyusnune y sepu uuzu Oytiuva unmeepaiu 0ed amaiaou 6a

j f(z)dz (2)
Kaou oeneunanaou.
JleMak,
[f@dz=im> &) 7, -2.). @

Arap z=x+1y, f(z)=u(x,y)+Iiv(X,y)=u+Iiv aeitmica, yuaa ymoy

[ f(z)dz = [udx—vdy+i[vdx-+udy (4)

TEHTJIUK X, OCHJT Oy IaIu.

1-Teopema. f(z) ¢pyuxkyuanune y sepu yusu Oyiuua uHmezpaiu
[ f(z)dz
Y

HUH2 MABCY0 Oyauwu yuyH K yuuoazu

fudx—vdy ea [vdx+udy

92pu YUK U UHMESPANTAPHUHS MABIHCYO OVIULLU 3apyp 64 emapJiu.

Xycycan, f(z) Qynkums y3mykcus 0yiica yHHHT UHTETPAIA MaBXKY/I
OyJnau.

2-Teopema. Aeap f(z) ¢yukyus y sepu uuszug oa Oepunean 6a
V3AVKCU3, y 92PU YUSUK VULOY

z=2(t) (a<t<p)

menenama ounan 6epunean 6yauo , 7' (t ) =0 6ynca, yx onoa

[ f(z)dz= T Fllz(t)]- 2 (t)dt )

oynaou.
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By dopmyragaH Komnrekc aprymMeHTm dyHKUNA
NHTEerpanMHun x ncobnawmoa donganaHunagn.

Mucoa. Yoy
I :j(z—a)“dz (n—OyTyH COH)
Y

UHTETpaNHu X ucoOmanr, Oynga y={zeC: ‘Z — a\ =p, p>0} aitnanagan

nbopar (MyHanMWII coaT CTPEIKACHHUHT HWyHaJIUIIUra K apaMa<K apIiu
OJIMHTaH).

< Y alJIJaHAaHWHT TCHIJIAMACUHU KyHuIaru
z=z2()=a+p-e" (0<t<2n)
KypuHUIIMAa €3u0 onaMus. YHIa
dz=d(a+p-e")=ip-e"dt
oymuo, (5)-popmynara kypa

2n )
In — J(Z _a)n dZ — ipn+l J'elt(n+l)dt
Y 0

oynmagu. Arap n # —1 Gyica,
| . 12,T o g . git(m) ,
=| N+ eI N+ t=i N+ . T —
\ =ip { T

oymamu. Arap n=-1 Oyica
2n
|, = ijdt =2mi
0

oymanu. [lemax,
0, aeapn=+-1o6ynca
[z-a)"dz= [ (z-a)"dz=
v z-al=p 27, azap n=-16yica >
2°. KOIIMHMHT MHTErpaJl TeopeMacH.

Kommeke y3rapyBuniu GyHKuusiiap Hazapuscuaa GyHIaMeHTal
TeopeMasniapaan oupu KolmmHUHT HHTErpasl TeOpeMacuaup.

1-Teopema. (Komuuunr nuaterpan reopemacu) @Papas k uratinux, f(z)

dyukyus xomniexc mekucauxk C oacu oup 6 samau D cay ada 2onomopg
oyncun. Yx onoa uxmueputi me puianysuu énu 3epu wusux y < D yuyn

ff(z)dz=0
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oynaou.

1
IOk opuma, 1°-mymktoa 6u3 wypmukkn f(z) = —— QyHKUEACHIAH

v:|z—a|=p aiimana Gyiinua onunran uurerpan 2w ra teHr. by muconna
f(z) dyukuus C\{a} na romomopd 6ynu0,0y cox a Oup OGF Jamid 3Mac.
[IyHUHT y49yH X aM if f(z2)dz =0 6ynmu. emak, 1-teopemamaru D cox anuHT

Y
Oup OCF Tamiu OYJIUIIN MYX UM LIApT SKaH.

2-Teopema. DcC caya bup O aamnu, uezapacu mjz puranyeuu
yuszu dan ubopam oyneawn cay a oynuo, f(z) ¢yuxkyus D oa conomopgh, D oa

yanykeus (f(z) € O(D) "C(D) 6yncun. ¥x onda
§ f(z)dz=0
ob

oynaou.

3-Teopema. (Kyn Ocr mammu coxa yuyH Komm teopemacu) Dapas
kutauaux, D cC caya uvecapacu I',y,,...y, M2 puiamnyeuu quuk iapoau

mawkul — moneaw — Kyn  o®aamau  caa  oyicun  (50-uusma).
Aeap t(z) € O(D) " C(D) 6ynca, yx onoa

[f(2)dz= [f(2)dz=0

I'oy,wLVy,

MEH2AUK YPUHIUOUP.
By TeHTIIMKHU K yiumarudax am €3uil MyMKHAH j f(z)dz = Zj f(z)dz
r

(6) Yk
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Haruxa. @apasz gunavinuk, D < C 6up 6 samnu cay a 6yaub, v,,y,
yusu aapuune x ap oupu (y, < D,y, c D) 6owu 2, 6a oxupu z, myx maoa
oynean wuzuk aap oyicun (51-yusma). Aeap f(z) € O(D) 6yaca, yx onoa

[f(z)dz= [ f(z)dz (7)

oynaou.

51-yuzma.

(7)-TeHrnuk, K apamaéTraH WHTCTPAJIHMHT z, Ba z, HYK TaJlapuraruHa

Ocr MK OYnuO, UHTEerpauiam hynura Ok MK OYJIMACIUTUHU OWIAUPAIN.
[yxu »pTHOOpra oauod, (7)-uHTErpaIHu

Tf(z)dz (8)

KaOu Oenruani X aM MyMKHH.
1-Mucou. Yoy

jézdz
2

WHTErPAJTHU X UCOOJIAHT .

<Papmankm, f(z)=2z> €O(C). bunoGapun, Oepuiran HUHTErpai

Z,=2, z,=2+1 HyKTajJapHu OUpIAIITUPYBYM iynra O ;K OYnIMmaiiau.
[ynnan doiiganannd UHTETpaUIall YM3W U y cudaTuaa
y={z=x+iyeC:x=2, 0<y<1l}

TV pU YU3KK KeCMacuHU ojlaMu3 (52-un3ma)
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N
A~

9)( ™~

Ny

52-yusma
by y 4n3K na
z=2+1iy, dz=idy

oynuiuaan goitgaaHud Tonamus:

2+i 1 1

[2%dz=[z%dz=[(2+iy)* -idy =i[ (4+4iy — y*)dy =
2 Y

0 0

3
:i(4y+2iy2—y?)‘g — 24+, >

2-MmucoJa. Yoy

2

j% (z #0)

1

MHTETPATTHUHT K UiiMaTH Z, =1 Ba Z, = 2 HYK TaJapHU OMpPJIAIITUPYBYM Hyira
oar mK Oymamumu (Wyn KkoopawHaTa OommmaaH yTMaiau 1ed dapas
K WIMHA/IM)?

<« PaBmianku,

f(z):%

byukiusas D =C\{0} cox aga romomopd. AliHu mnaitna Oy Oup OOF Jamiu
coxa smac. Jlemak, KomuHuHr wuHTerpanm TteopemacuaaH Qoiinamanuo
Oynmaiian. z, =1 Ba z, =2 HyKTaJlapHUd OUPJIAIITUPYBUM MKKHUTA Y, X aMJa

Y, YH3IK JIapHHU

v, ={z=x+iyeC:1<x<2, y=0},

v, ={zeC:|z=Tuy,
ne6 omamus (53- um3ma).
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53-uyusma.

Y, UM3KK J1a Z = X, dz =dx 6ynuo,

2 2
9z _ E:jﬁzmx\f:mz
) 2 1 X

Y1Z

zZ/=1 aiinanana z=€"(0<¢<2n),dz=ie"dp 6ynud,

2
%: % dz %—ZTCJ.
A Z Jal

Y1

2
+I%=2ni+ln2
X
1

V2
oynanu. Jlemak, Oepwiiran UHTErpajl MHTETrpajulall Mynura OGF JvK dKaH >

Arap (8)-uHTerpanna z, HyK TaHM TalMHIa0, Z, HM 3ca Z y3rapyBuH
cudatuaak apaica, (8)-uHTerpai z y3rapyBUMHHUHT (QYHKIUSICH OYamu:

F(2) =] f(2)dz.

4-Teopema. Aecap f(2) yukyus oup o6 ramau D C  cax ada
eonomopeh oynca, y x onoa F(z) ¢ynxkyusax av D cay ada conomopgh 6y1uo,

F'(2) = f(2) (ze D)
oynaou.

by Teopemanan kypunamuku, Oup OOF Jamiu cox ama rojomopd QyHKIus
f (z) Hunr 6onwaw U4 GyHKUUACH MaBXKYIIUP.

5-Teopema. Aecap D(z) Gynkyus D cC  coxaoa f(z) wnune
bownare uy pyHxyuscu oyica, yx onoa

[ f(2)dz= 9)
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Gopmyna (Hetomon-Jleubnuy opmynacu) ypunau 6ynraou, 6ynoa 7, 6a Z
HK manap D cax aea meauwiniu uxmueputl Hyx manap.

3°. KommmHuur HHTErpan Gpopmyaacy.

Kommeke tekucnuk C fna yerapacu TV pWIAHYBYM YM3UK OYJraH
yerapainanran D cox anu K apaiiimk. KysatyBum Oy coxa uerapacu oD
OYi1ad X apakaT K WITaHJa COX aX ap JIOUM Yall TOMOH/IaK OJICHH.

1-Teopema. Aeap f(z) e O(D)NC(D) 6ynca, yx orda

f(z), acap z €D 6yaca
1 . f
i e % 5 10
T & 0, acap 7 ¢ D 6yaca
MeH2IUK YPUHAU OYIAOU.

Opnatna (10)-bopmyna Kowwunune umnmeepan @opmynracu neiwnanud. by
dopmyna f(z) wunr zZ € D Hyk Tamary K vilMaTHHY Yerapajard K niiMatiap OuiaH
Oar maimuran hopmyaaup.

1-Mucou. Yoy
§ dz
2’ +4

Y

UHTETPATHU X UcoOiaHr, OyHma y orpu um3vkK C TEKHUCIUKHUHT + 2
HYK TAJITapUJIaH YyTMaUIUTaH UXTUEPUN ENUK YA3HK .

<®apa3 K wiaiinuk, y €nuK 4YM3WK OWIaH dYerapajaHrad Tymiam D
OYJICUH.

a) +2i ¢ D 6yucun. Byx onna

e O(D)

Z) =
%(2) 2’ +4

o6ynu6, KommHWHT HHTETpas TeopemMacura Kypa

dz
icp(z)dz_iz2 +4—0

oynanu.
0)+2igD;—2i¢D OyncuH. By Xonga, aBBaJ0 HHTErpal OCTHIArd
(GYHKITUSHA
1

1 _ 1 _z+2i
22 +4 (z+2i)(z-2i)) z-2i
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KYypuHHIIHAa €310 onamMu3. YHIa

f(2) =

a=2i

z+2

Jap y4yH |-TeopeMaHMHT IapTiapu Oaxkapuiaraniauru cababmu (10)-
dbopmymnara kypa
§ dz
27 +4

= { f(z)_dz=27ci-f(2i)= oMl _m
yANA 21+21 2

Y

oynasu.

B) —2ieD, 2i¢g D oyncun. byHnaa 1ok opuaaru 0) X ojjarura yXIiiaii
MYJIOX, 032 FOPUTHII OWJIaH TOTIaMU3:

b
§ 2dz _ Z+ 2' — 27-“ . - ‘Z:—Zi = E .
V20 +4 742 Z-2i 2

r) 2ieD, —2ieD O6yncun. By xomma, aBBaJl MHTErpajl OCTHIATH
GyHKIMAHU COJiJIa Kacpiiapra aKpaTaMmus:

1 1 1.1 1 )
22+4 (z+2)(z-2i) 4i z-2i z+2i"

Y x onna

dz 1 dz 1
§z +4 m{f _§z+2ér_1[2nwl]) 0

OYIUIITMHU TOTIAMU3 >

(10)-popmynanaru i QG dé
27 p&—2
nevunaan. Komm waTerpammma 0D koHTyp cox a uerapacu Oymu6, f(§)

HHTCTpalra Kowu urnmezpaiu

bynkuust D cox ana romomopdanp. Duau, dapas K wiaknuk, C TeKUCITUKIA
UXTUEPUN TYF pwiIaHyBuYM [/ KOHTyp Ba /' J1a aHWK JIaHTaH X aMJla Y3JIyKCHU3
f (§) ¢ynkuusa Gepunran 6yncun. Y X onna ymoy

1 1@,
F()_leg Z

HHTCIpalra Kowu munuoazu urmezpain I[GI/II/IJ'IaI[I/I.

dg

2-Teopema. Kowu munuoaeu unwmeepan Q@I coxaoa F(2)
@dyukyuscunu anuk 1ao, 6y QyHKyus yuoy xoccarapea 32aoup.

a) F(z2) pynxyua G I'oa conomopah,
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0) lim F(z)=0,

Z—>0

8) F(z2) ¢ynxyuanune ucmanean mapmubnuy ocunacu F™ (2)
MaBAHCYO 8a

wy_ M £©)
G o i

MEHSIUK VPUHIU.
Hatuxka. [onomopgh hynkyus ucmanean mapmubaux ocunaza 32aoup.

Xa& K araH X am, roioMopd ¢ynkuusHu Komwm mHTerpanu €paamuaa
uponanamr MymkuH. KoM HMHTErpajlMHUHI MCTaJIraH TapTUOJU X OCHIIACH
MaBXXyJIMTUIaH Oepriirad (PyHKIIMS X aM UCTAJITaH TapTUOJIN X OCUIIara ara:

e M f(E)
(0@ = [ e (11)

2-Mmucoa. Yoy

e22
i(z+3)4

WHTETPaIHU X UcoOJiaHT, OyHay 4u3vK C TEKUCIUKAAru Z =—3 HYKTaHU ¥3
VYNTa OJIAJUTaH UXTUEPUN ENTUK KOHTYDP.

dz

<4 Y KOHTyp OwmyiaH yerapanaHran coxanu D ne6 Oenrmnaiimus.
Pasmanku, f(z)=e* ¢ynkuus Ba D cox a ydyH 2-T€OPEMaHMHT IIAPTIAPH
oaxxapunaau. Yuanaa (11)-popmynanan dorigananud Tomamms:

e (@) o2m
i(z+3)4dz_f(z+3)4dz_ g 1=

:@.23 .e’6 :8_7[(:.
6 3e
4°. Napaskaau K aTopJap.
Yoy
S°C, (2-8)" =C, +C,(2—a)+..4C, (2—a)" +... (12)
n=0
K aropra oapaxcaiu xamop neuiwnagu (Oywpa C,,C,...C ... Xamua a-

KOMILIEKC COHJIap).
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Arap (12)xaropma z—a=§& pnehmnca, y (12) xarop ianﬁn
n=0

KYpUHULIAArd Japaxkajld K aropra kenaau. buHoOapuH, 11y KYpUHULIAArd
K aropJlapHu Ypra"uil Ou3 yayH etapiid Oyiaau.

1-Teopema. (A6env meopemacu) Aeap

>c,z2"=c,+cz+C,z° +...+C 2" +... (13)
n=0

oapaxcanux amop 7 nume 7 =12,(z, #0) K wiimamuoa s, unnanyeuu 6yica, y
X ondax amop

{zeC:|7<|z,[}

ooupaoda abconiom sK uHaanyeuu o6ynaou. Aeap (13)+% amop 7 nume 7 =12,
K uiimMamuoa y30K 1autysdu 6yaca, yx oi0ax amop

{zeC:|7>|z}
myniamoa Y30k 1anysdu 6yiaou.
Jlapasicanu K amopHunz s UHAQUILIL COX, ACU
U={zeC:|z|]<r}

noupaaaH noopat 0ynu0, K aTOpHUHT SK MHJIAIIUIIL PAUyCH I yiioy

1

Kowu-Aoamap gpopmynacuoan Tonunaau.

r (14)

(13)-mapakanu K aTop Y3MHUHT SK MHJIAIIKII COX acCuTa TETHIUIA OYraH
UXTUEPUU

{zeC:|7<p}, p<r
ENUK JTONpasia meKuc 5K uH1auLysqu 0ynaau.

OyHKUMSUIAPHU Tapakaiu K aropJiapra EMUIL K aTopiiap Hazapuscuaaru
MyX UM MacajajapaaH X ucobmanamu. by wmacana Kyimmaru Teopema
épIaMuaax ajl STUIA]IN.

2-Teopema. Aeap f(z2) pynxyua D < C cay aoa conomopg 6ynca, y
X onoa D cax adazu uxmuepuii

U={zeC:|z—a <r} (Vae D)

ooupaoa (U < D) yHu oapaxcanux amopaa éunuul MyMKUH.:

117



f(z)=Yc, (z-a)". (15)
n=0
by epna c -ko3pdunmentiaap

f(”)(a) 1 &dz O<p<r, (n=012...) (16)

c 1 _ n+1
n ZTEI |2-a]= p(Z a)

n

dbopmynanap épaamujia X UCOOIaHA N,

Opnatna, ko3 duneHTIapu (16)-Tenrnukiap épnamuaa
aHuK JlaHaauras (15)« aropra Teiiiop Kk amopu neviunanm.

AmManuéraa KymunivK MacajlaJapHU X ajl K WINILJIA 3JIEMEHTap
dbyukusmapauHar Telnop K aropura EdnnManapuian GoigaiaHuIaam:

1 0
1) —=>72" z/<1.
Vi mxr K
.oz
2) e'=>— lZ]eC
n=0 n!
o Z2n—1
3) sinz=Y(-D)"* , zeC.
) 20" G =
. ZZn
4) cosz=>» (-1)" , zeC.
) ZO( ) (2n) €
o ZZn—l
5) shz= , zeC.
) 2 on 11 =
. ZZn
6) chz= , z eC.
) g(Zn)l =
7) (1+z)“_1+zo‘ (@=1). '(O‘ " <L
n!
8) In(l+2) = z( 1)" —12 , 7] <1.
3-Teopema. Aumaiinux, U ={zeC:|z—al<r} odoupa bepunean

oym6, f(2)eOU) 6a M =max |f(z)] 6prcun. V xonda f(2)

zedU
@yukyuanune a Hyx ma ampoguoaeu Teiiiop Kk amopu

fz)=Yc, - (z-a)"
n=0
Ko3¢hpuyuenmaapu yuyr yuioy
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¢, < rM (N=012..) (17)

Kowu menecuznuxnapu ypuniu 6ynaou.
5°, I'onomop(d PyHKUUAJIAPHUHT XOCCATIAPH.

1-Teopema. Acap f(z) ¢yukyus D cax aoa conomopgh 6yaca, yx onoa
vne N yuyn ™ (z) masocyo ea y D cay aoa 2onomopgh 6yraou.

2-Teopema. (JluyBumnb teopemacu) Aeap f(z) ¢yukyus o6ymyn
mexucnux C 0a 2onomopd 6ynu6, uecapananean (|f (z)| < M) 6ynca, y x o10a
f (z) = const 6ynaou.

®dapa3 k wnainuk, f(z) ¢yukus Oupop a € C HyK TaHUHT arpoduia
ronomopd Oyncun. Arap f(a)=0 Oynca, a conu f(z) @ynxyuanune Honu
neviunaau. Arap f(a)=f'(a)=...= f"Y(@) =0 6ymuo6, f™(a) =0 OYyuca,
a conn f(z) GYHKUUSHUHT N-mapmubau éku N Kappaiu Hoau IeHuaaf.
XycycaH, h =1 51a a 000uti Hob TEUIITaIH.

Arap f(z) GyHkuua z =co na roasoMopd 0ymuod, f(w0)=0 Oyica, ©
H)K ma @yHxyusa noau Aevunanu. OyHKUUSHUHT OyHIall HOJTUHUHT TapTHOU

92) = )

byHKUMSTHUHT Z = 0 HYK TaJard HOJU TapTHOU OWJaH aHWK JIAaHAIH.

3-Teopema. Aecap f(z) d¢ynxyua (f(2)#0) aeC H)K manune
ampoguoa conomopgh 6yaiub, a con pyHxyusHune N—mapmubiau Hoau Oyica,

f(z)=(z-a)"¢(2)
meHenuK ypuHau oOynaou, oynoa o¢(z) @yHkyus a HK mamune ampoguoa
eonomop@ eéa ¢(a) = 0.

4-Teopema. (sroHanuk Teopemacu) Aumaunux, f(z) e6a g(z)

dyukyusnap D < C cayada eonomopgh 6yaub, kamuoa oumma AUMUM
H)K maea 2ea oynean E — D mynaamoa f(z) = g(z) 6yacun. Yx onoa bapua

z € D nap yuyn f(z) = g(z) 6ynaou.

S5-Teopema. (MOIYTHUHT MAaKCUMyM NpuHUUNKN) Aeap f(z) ¢yrkyus
D c C cax aoa conomopgh 6yaub, ynune mooyau ‘f‘ oupopma uuku 7, € D

H)K maoa (oxan) maxcumymea spuuica, yx onda f(z) = const 6yraou.

6°. JlopaHk aTopH.

119



Yoy

1 1 1
Wt C o +C o+ C
(z—a) (z—a) zZ—a

+C,+C,(z-a)+c,(z-a)’ +..+c (z—a)" +...

udona Jlopank aropu nerinnaay Ba
Y, (z—a)
N=—0o0

kabu Oenrunananu. Jlopank aropu

Sc (z-a)" (18)
Ba
Sc (z-a)" (19)

Karopjsap uw uHaucu cudatuga udonanananu. (18)-katopra Jlopaw
K amopunune me pu K ucvu, (19) ra sca 60w x ucmu neviunaam.
(18)—maparkanu K aTOPHUHT SIK HHJIAIIHIT PAIHYCH
1

R=_—~—
limy/[c, |

Nn—oo

(20)

dbopmyna EpramMuia TOMUINO, YHUHT SK MHIIAIINII COX, CH
{zeC:|z-a <R}

oymamu. (19)K aTOPHUHT SK MHJIAIIKII PATUyCH

r=limylc_,| (21)

n—oo

dbopmyna épramMuga TOMUIAAN Ba YHUHT SK WHITAIINII COX aCh
{zeC:lz-a/>r1}
oynmanu. = bepunran JlopaH K aTOpHHUHT SK MHJIAIITUII COX, aCH
{zeC:r<|z-a<R}
XaJK ajaH noopar Oynau.

Teopema. Acap f(z) ¢ynryus U ={r <|z—a| < R} xax ada conomopgp
oynca, y wy xamx aoa Jlopanx amopuea éuunaou:
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>c,(z-a)" 22)
Karopaunr koaduimentiapu ymoy

1 f(z
=t D g (noox1t2.) (29)
27 |2-al=p (z-a)
dbopmynanap €paamuaa ronmwiaau (r < p < R).
JlopaH K aTopuHHU SKMHJIAIIMIN COX acuaa X auiad nuddepeHnnaiam Ba

WHTETpajuiall MyMKHUH.
0
7. OyHKUMSHUHT IKKAJAHTaH Maxcyc HYK TaJapHu.

bupop f(z) dyHkuusHu K apaitnuk. By GyHKIms yayH a HYK Taga (a e 6)
rogoMopdiauk maptu OaxapwiMmaca a HYKTa f(z) QyHKUMAHMHT  Mmaxcyc

H)K macy NeNUaIu.
Tabvpud. Acap a maxcyc nyx manune uiyHoat

U(a)={zC:0<|z—a <g}

yuunean ampoghu monuncaxu, f(z) @yukyus LOJ(a) oa zonomopg 6yica, a
HK ma f(z) QyHKyusHuHe AKKANAHSAH MAXCYC H)K MAacu Oetiu1aou.

®dapa3z K wiainuk, a HyKTa f(z) QYHKIUSHUHT SIKKaJIaHTaH Maxcyc
HYK Tacu OYJICHH.
1) Arap
limf(z)=A

Z—a

(A-uexknu coH) Oynca, a HyK Ta f(z) QyHKUMSHUHT 6bapmapagh K wiuHaoueaw
maxcyc Hyx macu Aevuiaam.

2) Arap
limf(z) =

Z—a

oyinca, a HyK Ta f (z) QYHKUUSHUHT K ymoO HYK macu AeHuIaIu.

3) Arap z—»>a n1a f(z) QyHKIUSHUHT JUMUTH MaBXyJ OYynmaca, a
HYK Ta f(2) @yHxyuanune yma maxcyc Hyx macu AeHUIaIN.

dcaarMa. 4 HYK Ta f(z) GQyHKUUSIHUHT OapTapad K WIMHAIUTaH Maxcyc
HYK Tacu OyJica,

f(a)=1im f(z)

ne0 OMMHUIIY HATHXKACUAa MaxCyclauk OapTtapad ITHIIAIN.
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Arap a Hyk 1a f(z) QyHKUMSHUHT K yTO HYK Tacu OyJica, y X oJjia 1y HYK Ta
1 . 1

m GYHKIUSHUHT HOJMM OYJIaau. m (GyHKIMS HOJMHUHT TapTHOWTa
JA JA

f(z) @yukyusax ymounune mapmubdbu AeIaIu.

OHaM  QYHKIUSHUHT Maxcyc HYK Tamapu Owumnan yHuHTr Jlopan K aropu
opacuaaru OGF JTaHUIIWHU UdoaaIaiiurad TacauK JapHU KeITHPaMus3.

1-Teopema. f(z) @yuKyusHUHE AKKANIAHSAH MAXCYC A H)K MACU YHUHZ
bapmapagh K wuw mymkun Oyneawn maxcyc H)K macu oynuwiu yyyn f(z)

dyukyuanune a K ma ampoguoa Jlopam K amopuea éuunmacuda 6ou
K UCMUHUHZ OYIMACIUSY, ALHU

f(2)=3c,-(z-a)

OyIuwu 3apyp 6a emapJiu.

2-Teopema. f(z) Qyukyuanune AKKAIAHeAH a H)K MACU VHUHZ K YMO
HyK macu oyauwu yuyn f(z) ¢@ynkyuanune a wyx ma ampoguoa Jlopan

K amopuea éuunmacuda 00wl K ucm mapkuouda wekiu COHOAa2U HOJLOAH
Gapg ux aonaprune oyumU, AbHU

f(z)= Yc,-(z-a)" (m>0)

Oyuwu 3apyp 6a emapiiu.

3-Teopema. f(z) QyHKyusAHUHE AKKANAH2AH MAXCYC A H)K MACU YHUHR
yma maxcyc wyx macu oyauwu yuyn f(z) @ynxyuanune a myx ma ampoguoa
Jlopan ¥ amopuea éuunmacuoa 60wl K ucm mapkubuoa yekcuz Kyn coHoalu
HOJLOGH apK ux aolapHuHe OVIuwu 3apyp 6a emapiiu.

8°. Yernpmaiiap Ba yJIapHu X HCOGJIAILL.

®apa3 K maiimuk, f(z) dynxumst {0 <|z—a| <8} na ronomopd 6ymuo,
a HyK Ta Oy QYHKIUSHUHT SIKKaJaHTaH Maxcyc HYK TacH OVIJICHH.

1-Tabpud. Yoy

i_ ff(z)dz  (0<p<9)

T ;3=

unumezpan f(z) @yukyuanune a  HK maoaeu uveeupmacu Oeuunaou 6a
res f (z) kabu 6eneunanaou:
Z=a

res f (2) = 2im § f(z)dz.
|2-al=p
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Papmanku, f(z) ¢yHKuMst a HyK Taga ronmomop¢ Oyica, res f(z) =0
oynanu.
Avitaiinuk, f(z) dyakmus {r < ‘z‘ < oo} ma roaomopd OYIICHH.

2-Tabpud. Yoy

—i_ §f(2)dz (p>r)

T ol

unmeepan f(z) @yukyuanune z =oco0 H)K madazu deaupmacu Oeuunraou 8a
res f (z) kabu beneunranaou:
=0

resf(z)=——— §f(z)dz
o T 2=
1-Teopema. Aeap f(z) ¢ynkyus {0<\z—a\<r} xangaoa Jlopan
K amopu

f(z)= ¢, (z-a)

ea éuuneawn b6ynca, y x onoa

res f(z)=c, (24)

6ynaou. Arap f(z) dynxums {r <|z| <o} xamK ana Jlopauk aropu

f(z)= icn z"
ra éiluiran Oyica, yx onja
res f(z) =—c, (25)

2-Teopema. (UernpmanapHUHI WUTUHIWCH X & WIaru Teopema). Aeap
f(z) pyukyua C\{a,,a,,...,a,} myniamoa 2onomopgh o6ynca, yx onoa

> es f(z)+resf(z)=0 (26)

n
k=1 Z=ay 7=

oynaou.

OHau  (QyHKIUS 4YEeTUPMAJIApUHM X McoOuamia  doigananaaurad
dbopmynanapHu KeATUPAMU3.

1) Arap z=a HKTa f(z) QYHKIUSHUHT OUpUHYU MApMUOIUK VMO
H)K macu Oyiica,

res f(2)=lim(z-a)- f(z)  (27)
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oynau.
¢(2)

2) Arap f(z2)= T yuyH o(z) 6a y(z) OQyHKUMsUIap a HyKTara
y(z
ronomop(¢p 6ynmuo,y(a) =0, y'(a)= 0 Oyiuca, yx onna
res f (z) = (pu(a) (28)
v'(a)
oynau.
3) Arap z=a HKTa f(z) QYHKUMSHUHT N-mapmubiu K ymo HK macu
oyica,
n-1 _ n
res f(2) = lim a1 az )] (29)
z=a (n=1! z-a dz"
oynanu.

4)  Arap z=o0 HYKTama f(z) pynkuus romomopd Oyica,
res f (z) = limz[ f (o) — f(2)] (30)
oynmaau.

5) Arap f(2) = (p(l) o6ynuo, ¢(z) ¢ynkus z =0 HYK Taga roaomopd 6yIca,
4

res f (z) = —¢'(0) (31)

oynmaam.
9°, HNuTerpanjiapau yerupmasap épaamMuaa X uco0Jian.

Yerupmanap €paamuaa Typiaud HHTETpaJIapHU X UCOOJIalll MYMKHH.
byHnaak yiunaru reopema MyxX UM pOJIb YWUHANIN.

Teopema (Kommu Teopemacu). @apas K unaviux ,
1) f(2) QyHKYus D\{a,a,,.a, } cax aoa 20710MOpgh
(DcC, a,a,,..,a, D),
2) f(2) yuKyus cay anune yeeapacueaya aHu 1aH2aH a D \{a ,a,,..a.} oa
V3IYKCU3,

3) oD - myz punanysuu énux kKonmyp oyacun. Yx onoa

n

[f(z)dz=2nidresf(z)  (32)

k=1 =%

Gdopmyna ypuniuoup.
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N30ox . (32)-bopmyiia co € D Oyiran X o1 yuayH X am ypurauaup. Dak ar
Oy xonya z=o0 HU f(z) yudyH Maxcyc HyK Ta J1e0 x ucobiuam X amaa oD

YU3VK OPUEHTAIMSICUHU COAT CTPENIKACH UYHAIUIIKIA OUIT KUPOsSaup.
Ok opmnaa kentnpunrad Kowwun teopemacngaH amanméraa énuk KoHTyp By rnya
OfMHIaH MHTEerpannapHu x ncobnawaa donganaHunnagn.

10°. AHMK MHTerpannapHu YerMpmanap épaammpa x mcobnatiu.

AHVUK WHTerpanmnapHuM X am Jernpmanap épdammpa x ucobnaw
MYMKWH. ByHOa aHUK uWHTerpan KoMnnekc y 3arapyBYnmm OYyHKLUNAHUHT
KOHTYp OV An4ya onmMHraH uHTerpanura Kentmpunmoé x ncobnaHagu.

2n
a) IR(COS X,SIiN X)dX Ky pUHMWAArn MHTerpannapHu x ncoodnaiu.
0

Yoy
2n
| = [R(cos x,sin x)dx (33)
0

uHTerpan Oepuiaran OYynuO, yHH xwucoOnamr Tanmad HSTWICHH, OyHIa
R(cos X,sin X) —COS X ea Sin X JapHUHT panpoHan QyHkuuscu Ba 'y [0,2r] Aa
Y3IYKCH3.

Ditnep popmyracura kypa
ix —ix ix e—ix

COSX=———, SINX=
2

OynumuHu 3bTHOOPra 010, CyHT
ix
ne6 Oenruiail KUPUTCAK, YHIA

xe[02n]=>ze{zeC:|7=1,

cosx:l(z+l) : sinx:i_(z—l), dx:_ldz
2 Z 21 Z V4

oynu6, Oepuiran (33)-uHTErpaliK yiumaarnda

2n _
| = [R(cosx,sin x)dx = §R(z)dz
0

|2]=1

oymaau, OyHaa
~ 1 .1 1. 1 1
R(z)=—R(z(z+>), = (z-2)).
1z 2 YA | Z

Xocun 6y nraH WHTerpan OonauHru nyHkToarn (32) —dopmyna
épaaMmmnaa x ncobnaHagu.
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6) Xocmac uHTerpannapHu x, ucodnaw.

Yernpmanap HaszapuscuaaH donganaHn6 xocmac
WHTErpammapHm x am X ucobraw MyMKWH. By Kynmpgarn Teopemara

aCOCJIaHTaH.

Teopema. f(z) @dynuxyua {zeC:Imz >0} cay anune uexkau conoazu
Maxcyc H)K maiapuoar mawk apu oapua H)K maiapuoa 2oiomopg o6yauo,
YHUHE Yeeapacuoa y3iykcus oyicun. Aeap

lim [f(2)dz=0 (v, ={z|=r, O<argz<n})  (34)

r—oo

+00

oynca, yx onoa J' f(x)dx sK uHIQUIY8UU OVIUO,

—00

[f0)dx=2ni Y res f(z) (35)
s Imz, -0 =L
6y nadu.
by Teopemagaru (34) —WapTHUHT Bax apnnMwmnHu

Ky pcatvwiga K ynugarn nemmanapgaH doongaHusiagu.

1-Jlemma (Kopaan nemmacu). Aeap

lim r max| f (z)| =0 (36)
r—o zey,
oynca,
Iimj f(z2)dz=0 (37)
Yr
6y nadu.
2-Jlemma.(Kopnan nemmacu). Aeap
lim max| f (z)| =0 (38)
r—o zey,
oynca, yx onoa Y\ >0 yuyn
Iimj f(z)e™dz=0 (39)
Yr
6y nadu.
OHIHN
[e™R(x)dx

KY pUHMLLIOArM XOCMac UHTerpannapHu K apanmk.
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Arap lim max
r

—w ey

I0K OpHJIard TEOpEMaHu K yJulall HaTWXKacuja K yduaaru QopMmyralapHu
X OCWIK WIAMM3:

R(z)|=0 6¥yaca, y x ona Oy mHTerpanra 2-neMMaHy Ba

TR(X) cosAxdx = -2 - Im{ > res[e™ -R(z)]}, (40)

Imz, -0 =1,

+IOOR(x)sin AXdX = 27 - Re{ > res[e“i : R(z)]}, (41)

Imz, -0 =7,

Mucoa. YOy
e aera®
WHTErpanHu x ncobnar.
< f(z) bynkuus ned
e" e"

f(z)= 222742 [2-Q+0)][2—(@=1)]

HU onamu3. By QyHkuumsHuHr 2ta z, =1+i Ba Z, =1-1 K yr0 HYK Tanapu
o0ymuo, ynapnan z, =1+1 e{lmz > 0} 6ynanu.

R(z) = 2; byHKIMSA yUyH z —>o00 da R(Z) ~ S Oynranugan
2°-27+2

22
2-1eMMa TIAPTUHUHT OaKapuiauiiy TabMuHIaHanu. YHAa (41)-popmymnara
Kypa
Tosinx
———dx=2n-Re[res f (z
_LXZ —2X+2 [z:z1 (2)]
Oy nagu.

(27)-popmynanan dporinananu6 res f(z) Hux ncobnaiimus:

- eiz i
res f (z) = Iim Jz-@Q+D]; =
2=2, ( ) z—>1+i{[z_(1+i)]-[2—(1—i)] [ ( )]}
ei(1+i) -1
=-——=-——(sinl-icosl).
21 2
Jlemax,
oo . -1
IZSILdX=2n-Re ° (sini-icosl) |=metsinl. >
IX?—2x+2 2
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Ha3zopar caBoJiiapu.
Komruiekc aprymeHTiM QyHKIMS UHTETPATMHUHT TabpUU.
WHuTerpan MaBxy1 OVIUITMHUHT 3apypUid Ba €TapJiv apTiaapHu.
KolMHUHT UHTErpall TEOPEMACH.

Kyn 0ar nammnu cox a yuyH Koiu TeopeMacu.

o bk wDdPE

Komriuiekc aprymeHTM QyHKITMS WHTETPATHHUHT HHTETPalIall
nynura OGF MK OYIMaciIury.

Heroron—JlelOnun gpopmynacu.
KommauHT naTerpan Gpopmynacu.

Komwu naTerpanu Ba Kommu tunumgaru nHTErpasl.

© o N o

Jlapaxanu K aropiap Ba yJIapHUHT XOCCalIapHu.

10. OnemenTap GyHKUMSUTAPHUHT Aapakajiv K aropra MuiManapu.
11. JInyBWIIIIB TEOPEMACH.

12, ["onomopd PyHKUMSHUHT HOJLIAPH.

13. Sronanuk Teopemacu.

14, Moy THUHT MaKCUMyM ITPUHLIMIIN.

15. JlopaH K aropiapu Ba yJIAPHUHT XOCCaJIapH.

16. OyHKUUSHUHT SKKaJaHTaH Maxcyc HYK Talapu.

17. Slkkanmanran Maxcyc HyK Tanap Ba JIopaHk aropu opacujaru
OGF JaHuII.

18. UYerupmanusr tabpudu Ba yerupma ounan Jlopan K arTOpuHUHT
ko3 duneHTIapu opacuaaru OGr JaHuUII.

19. UernpMalapHUHT WIF UHJIMCH X & UJIaTK TEopeMa.
20. Yerupmanapau X ucobmam popmynanapu.

21. Kommiekc aprymenTim QyHKIMsIapaad €MUK KOHTYp Oyiinya
OJIMHTAH WHTErpaJIapHU Yerupmanap épaamuaa x ucoOmarnl.

2n
22. I R(cos x,sin X)dx KypUHUIIMAATY UHTErpAITIAPHU X, UCOOIAILL.
0

23. j f (X)dX KYpuHHUIIMIATW UHTETpaJUIapHU X UCOOaII.

—00

24, Kopnan nemmanapu.
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—+00

25. j R(X) cosAxdX KYpUHUIIMAATH UHTETPAJUIAPHU X HCOOJIAIL.

—00

—+00

26. [R(X)sinAxdx K¥puHmIIIIaTH HHTErPATTAPHE X HCOOTALL.

—00

-B-
MYCTA+HJI EYUI YHYH MUCOJI BA MACAJIAJIAP

1-Macana. bomn a(a € C) oxupu b(b € C) HyK Tana Oynras y T pu

YU3MK ~KecMacu Oyiura K ydujard HHTerpaiapHu Tabpud Epnamana
X UcOOJIaHr.

11 [Bz+1)dz, a=1+i, b=1-i.
12. [(z-i)dz, a=1+i, b=1+2i
1.3. J(Z+i)dz, a=1+i, b=l
Y

14. [(Bz—-i)dz, a=1+i, b=-1-i
15. [(3z+i)dz, a=2i, b=1-i
16. [(z+2i)dz, a=2i, b=1+i
1.7. I(Z—Zi)dz, a=2i, b=-1-1i.
18. [(z-2)dz, a=2, b=1+i.
19. [(z+2)dz, a=2, b=1-i
110. [(3z-Ddz, a=2, b=-1+i
111. [(38z-2)dz, a=2, b=-1-i
112. [(z+3)dz, a=1+i, b=i,
113. [(z-3)dz, a=1+i, b=-i
1.14. I(Z—Si)dz, a=1-1, b=i.
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115. [(z+3i)dz, a=1-i, b=-i
116. [(2z-3)dz, a=-1+i, b=i.
117. [(2z+3)dz, a=-1+i, b=-i
118. [(2z-3i)dz, a=-1-i, b=i.
119. [(2z+3i)dz, a=-1-i, b=-i
Y
120. [(3z-i)dz, a=2+i, b=2-i
121. [(2z-1)dz, a=2+2i, b=i

2-Macana. +ylinjaru UHTErpajulapHu O€puiraH Z, Ba Z, HYK TaJlapHU
TYyTAIITUPYBYH 7y TYF PU YM3KK OYHin4a X HCOOIaHT.

21 [(x+iy*)dz, z,=1+i, z,=2+3i.

2.2, [(x*+iy*)dz, z,=2+2i, z, =3+4i.
Y

2.3. [(x*+iy)dz, z,=1+i, z,=2+3i.

24. [(x+iy*)dz, z,=2+2i, z, =3+4i.
Y

25. [(x*—iy®)dz, z,=1+i, z,=2+3i.

2.6. [(x*+iy*)dz, z,=2+2i, z, =3+4i.
Y

2.7. [zdz, z,=1+i, z,=2+3i.

2.8. [(x*—iy*)dz, z,=2+2i, z,=3+4i.

29. [zdz, z,=1+i, z,=2+3i.

2.10. [zdz, z,=2+2i, z,=3+4i.
Y
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211, [(x*+iy®)dz, z,=1+i, z, =3+2i.
212, [(x*+iy*)dz, z,=2+2i, z, =4+3i.
2.13. [(x+iy*)dz, z,=1+i, z, =3+2i.
214, [(x* —iy*)dz, z,=2+2i, 7, =4+3i.
2.15. [(x*+iy)dz, z,=1+i, z, =3+2i.
2.16. [(x+iy*)dz, z,=1+2i, z, =3+4i.
Y
217, [(x*—iy®)dz, z,=1+i, z, =3+2i.
2.18. [(x*+iy)dz, z,=1+2i, z, =3+4i.
Y
2.19. [zdz, z,=1+i, z,=3+2i.
2.20. [(x*—iy)dz, z,=1+2i, z, =3+4i.
Y
221, [(x*+iy®)dz, z,=1+i, z,=2+3i.

3-Macana. 54-un3Mana TacBHUpJIAaHTaH j, YM3WK OVHWYa OJIMHTaH
K yHHMIard MHTETpaUTApHA X UCOOJIaHT.

ol
B
-2 o T 2
S54-yuzma
31 §ldz 32. 227 %a
"\ Z L Z
33§22 g 34. {32y,
y < y L
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35. {31 2;, 36. {32224y,
Y z Y z
3.7, §22°%4; 38. {2224z
Y z Y z
39. {22132, 3.10. §5Z:65dz
Y z z
311 §22°2q;, 3.12. §4Z 42
v Z Z
313 {224, 3.14. §5Z 4 3.15.
yA JA
§52+4dz. 316. §7z 82 a4z
2 z
317, §7Z+8Zdz. 318, §82 52
VA
310, {922, 320, {82472,
¥ z Z
321, §121%%¢,

Z

4-Macana. Arap y:x=acost, y=bsint, 0 <t <2x, smaunc 6yica,
K yH1ard MHTErpasuiap X UICOOJIaHCHH.

4.1. jydz, a=2, b=3.

43. [zdz, a=2, b=3.

4.5. [(x—iy)dz, a=2, b=3.

4.7.[y*dz, a=3, b=2.
Y

4.9. [ (x—iy?)dz,

4.11. [(2x+iy)dz,

a=3, b=2.

4.2, jzdz, a=2, b=3.

4.4. [(2x—iy)dz, a=2, b=3.

4.6.jx2dz, a=3, b=2.
a=3, b=2.

4.8. [(x* —iy)dz,

4.10. [(x+i-2y)dz, a=3,b=2.
Y

a=3, b=2. 412 [(x-i-2y)dz, a=2, b=3.
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4.13. [(3x-iy)dz, a=3, b=2. 414. [(x-i3y)dz, a=3, b=2.
4.15. [(3x+iy)dz, a=2, b=3. 416. [(x+i3y)dz, a=2, b=3.
4.17. [(3x-2iy)dz, a=3,b=2. 4.18. [(2x-3iy)dz, a=3, b=2.
4.19. [(3x+2iy)dz, a=2,b=3. 4.20. [(2x+3iy)dz, a=2,b=3.
4.21. [(4x+3iy)dz, a=3, b=2.

5-Macadga. +yliniaru UHTErpajlyIapHu X HCOOIaHT.

—3+i 2+i 1+i

5.1. jzdz. 5.2. jzzdz. 5.3. jzdz.
-3 i 1
1+3i 3+i 1-2i
5.4, jzdz. 5.5. jzdz. 5.6. jzdz.
3i 3 =2i
1-2i 2+i 2+i
5.7. jzzdz. 5.8. jzdz. 5.9. jzzdz.
-2 2 2
2+i 2+i —2+3i
5.10. |[zdz. 5.11. [z°dz. 5.12. [zdz.
1+2i 1+i -2
2+2i 2+2i 1+i
5.13. jzdz. 5.14. jzzdz. 5.15. jzdz.
—1+2i —1+2i —2+i
1+i 3+i 3+i
5.16. fzdz. 5.17. jzdz. 5.18. jzzdz.
—2+i 3-2i 3-2i
4—j 4—j 1+i
519. [zdz. 5.20. [z°dz. 5.21. [z%dz.
—3-i 3 —2+i

6-Macana. Kommuaumar wuHTEerpan dopmynacugan (doiigamanuo
K yHHIard MHTETpaUTIapHU X UCOOJIaHT.

6.1 e’‘dz 6.2 f e’dz

s -D(E+3)(z i) s (Z-3)(z+3)(z+i)

63 [ L g4 64 | -1
-2 (27 +1)(z - 2i) 12 (2 =1)(z2 - 2)(z + 2i)

65 [ SNz dz. 66 [ S g
%25 (2 =3i)(z° —52 +6) a2 (Z+1)(Z2+2)(Z + 2i)
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6.7. [ — 2L gz,
2 (2=1)(z+D)(z+3)

6.9 I e‘dz
s (2-3i)(z° +3z+1)

6.11. | _sinz dz.
i (2 +1)(z2 = 21) (2 +3)
6.13. | ©  _a
22 (2 =1)(z - 2i)(z + 2i)
6.15. | Nz g,
-2 (2 =1)(z - 2i)(z + 3i)
617. [ g,
s (2 —4i)(z - 2i)(z 1)
619 [ M2 g
s (27 —4)(z2+4)
6.21 e’

. - dz.
225 (Z+4)(z° —62)

7-Macaaa. KomuHHHT

6.8. | Nz
s (2= 2)(z +1)(z + 4i)

z

e

6.10. j : —dz.
-2 2(Z2 = 2i)(z + 2i)

COS z

6.12. : :
22 Z(Z +1)(Z + 20)

z

- © dz.
il Z(Z +1)(z2 + 2)

6.14

6.16 COS z

. : Z
-2 (2 +D)(2-1)(2-2)
. j - e —dz.
75 (27 +4)(z - 5i)

6.18

20. J‘ COSZ- _ds.
s (2 = 2)(z + 2i)(z + 4i)

K yHH1ard MHTErpaUIapHU X UCOOJIaHT.

71 I Z+1
s (=D (24 2)°

73 | 2+

|2-1)=2 z°-(2° +1)

75. | o —"
0225 (2-2)° - (2-3)
7.7 S
2 (2 —1)"-(z2+1)
z-1
7.9. dz.
ZJ.2’5 (Z + 2)2 . (Z -|-:|.)3
z+1 4z
e (240 (z-2i)

7.11

uHTerpan  (Qopmynacunan
7.2. 2l g
2= (2=3)" - (2 +1)
z-2
e (z 1) (24 2)?
7.6. 2Y2 g
-2 2(2-1)° (2= 2)
z+1

7.8. —dz.
22 (2-2) - (z+i)°

7.10. | 2+l

. |2-i|=2 - (z-2i)°

712, [ 2t a4
2 2 (Z+1)
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z+1
7.13. dz.
Z_L (z-1)°-(z-2i)?
z-1
7.15. dz.
Z_LZ (z+1)°-(z-2i)°
7.17 z+1
o \z\=3(2—2i)°(z_i)3
7.10. 2+l g
s (2 =21) - (z+1)
7.21 z+1

. dz.
a2 2(z-1)%-(2-3)

z-1
7.14. —dz.
z_!:2(z+1)3-z2
. 23_1 _dz
22 (2+1)7 - (2 1)
. Z3+1 ~dz.
s (z+2)-(2-2)

7.16

7.18

z+1

7.20. j . —-dz
s (2-2)"-(z+2i)

8-Macana. +yiiugaru mucosuiapaa Oepunrad f(z) GyHKUMSHU Z = a
HYK TaHUHT aTpoduna JlopaH K aropura €MMHT Ba K aTOPHHUHT SK MHJIAIIMILI

COX aCUHU TOIIWHT.

1
8L 1@ =y
1
B2 1(D)= ¢
1
53 D= sy
1
54 1@=
1
85 (D)=,
1
86 (D)=
87. f()=— ~
(z+1)(z+1)
1
88 1) =,
89. f(z)=— ~
(z+2)(z+1)

a=2
a=i
a=-2.
a=2
a=i
a=-1
a=2
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1
~2(z-2i)

~ 1
)_(z+i)(z—2i)’

8.10. f(2)

8.11. f(z

8.12. f(z)= 1 a=0.

2(z+i)’

8.13. f(2) :;_, a=1.
(z-1(z-2i)

8.14. f(z) = z(z1+1)’ a=0.
1
T (Z+D(z-20)"
1
T (Z+)z-0)
1
T (z-20)z-1)
1
T (z-2D)(z+20)
1
2’ +4

8.15. (2)

8.16. f(2)

8.17. f(2)

8.18. (2)

8.19. f(z) = a=2.

8.20. f(2) = L a-ai
2 —2(1—i)z —4i

1 :
8.21. f(2)=—————, a=2.
(2) 2?2 —-3iz-2
9-Macana. +yiliugaru mucomiapaa f(z) (QyHKUUSHM KypcaTuira
xaJK ana JlopaH K aropura EWUHT.

1

9.1. f(z)=2%-e*, V ={0<|z/<ox}.

9.2. f(z2)= V ={0<|z| <1}

1
(z-1(z-2)
1
9.3. f(2) = oDE=D)’ V ={2<|z| < o}

1

z2(z-2)

94. f(2)=

, VvV ={0<|7 <2}.
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1
1—z2°

9.5. f(z2) = V ={2<|z-1 <oc}.

9.6. f(z) =

1
-2-3) V ={2<|7 <3}

1
9.7. f(2) = D=3’ V ={l<|z|<3}.
1
z+27%’
2
22 -1’
1
1+z%°
1

1+ 2%

9.8. f(z)= V ={0 <7/ <1

9.9. f(z) =

V={l<[z+2<3}.

9.10. f(2) =

V ={0<|z-i[<2}.

9.11. f(z) =

V ={0<|z+i[<2}.

72+2
2°—47+3
1
913.f@)-;7jz;:§
1
2°+32+2
22+3

22 +32+2

9.12. f(2) = V ={2<[z-1 <}

V={2<|z-1 <o}

9.14. f(2) = vV ={L<|7<2}.

9.15. f(2) = ,V ={L<|7<2}.

2 f—
0.16. f(z)= 2 2*3

3,4 V ={l<|z|<2}.

9.17. f(z) = LV ={4<|z+2/<0}.

2’ —4

0.18. f(z)= 2211

,V:{2<\z\<oo}.
2°+2-2

9.19. f(2) V ={l<|z/<2}.

- 1
C(z-D(z+2)’
1

20 1@D= e

V ={l<|7<2}.
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021 f(2)= 22> v ={0<[z-2/<1}.
2°-32+2
10-Macana. +yitunaru QyHKIUSJIApHUAT O0apya Maxcyc HYK TaJlapUHU
TOTIVHT, YJIAPHUHT XapaKTepUHU aHVK JIaHT Ba QYHKIUSIJIAPHA Z = oo HYK Ta/1a

TEKIIUPHUHT (K yTOIap YUyH YJIapHUHT TAPTUOWHU KYPCATHUHT).

1 CoS Z
10.1. f(z) =ctgz——. 10.2. f(z2)=————.
z° 1
10.3. f(2) =— : 10.4. f(z) =cos—.
sinz-1 1-z
7
10.5. f(z) = ‘ 106 f()=—1 -1,
(22—1)2cosi sinz  z
.11 =
10.7. f(z) =sin—+—. 10.8. f(z)=e *.
zZ 1
109 f(z)=—1 -1 10.10. f(z)=——.
e’-1 z z-(1—-e7)
ES
1 z-1
10.11. f(z):%.em. 10.12. f(z)= o .
(z+1) e’ -1
2 2z
1013, f(z)= 212, 10.14. f(z)=e?.
e
10.15. f(2)=— > . 10.16. f(z)= .
(z? -i)° 4+ 7
10.17. f(z) =tg2z. 10.18.  f(2)=sin——.
Z+i
2
1019, f(z)=— %3 1020, f(z)=e".
(z-D)°z-(z+1)
1
10.21. f(2)= :
(2) z°-(2—cos 2)
11-Macana. +ylnaaru (GyHKUMSUTApHUHT Oapua Maxcyc

HYK TAJTApUJard Ba Z =o0 HYK TaJard 4erupMallapuHu X ucoodsanr (OyHaa
Z=o00 HYKTa MaxCyC HYK TAJJADHUHT JIMMUT HYKTacM OYyJIMarad X o
K apaJICHH).
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sinz sinz

111 f(z)=—rt . 11.2. f(2) =
z°(z+4) 272 _T,
2
z° , 1
11.3. f(z) = T 11.4. f(z)=2"-cos——.
(1+72) 72
e’ 2
115. f(2) = ——-. 11.6. f(z2)=12°-e’.
(2) #(z-1) (2)
tgz sinmz
11.7. = . 11.8. f(z)=——.
f(z) , m (2) (2-1)°
4
119 f(z)= N2Z 11.10. f(z) = 2% -cos—— .
(z+1) z2-2
sin z COS Z
11.11. f(2)= : 11.12. f(2)= :
(2) (22 +1)° (2) (22 +1)°
1113, f(z)=— > . 11.14. f(2)=2° -sin®.
z(l-e™) 4
sin z sinz
11.15. f(z) = ————. 11.16. f(2) = :
(2) 2°(z° +4) (2) 7’ — 1
2z 1
1117, f ()= 11.18. f(2)=2°-e.
z°-(z° +1)
11.19. f(z) = 19 11.20. f(2) =22 -sin——.
72 _ "5 7-2
4
1121 f()=—°
' 22-(2* +9)

12-Macana. +yiiugaru UWHTErpajUlapHU  4YerupMaliap
X ICOOJIaHT.

1
z SIn —
121, § 292 12.2. § o i
2 (2-1) 1a2(z+1)7 - (2+2)(z+4)
i
2 3.,
123, § 2% 124. § 2% 4.
\z\:4(z +1)-(z-3) ‘2‘13(2 +1)
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3 3 5
125 § 2% 126. § 2 %qz.
|2]=4 7" -2 |2]=2 2" +1
12.7. 4. 128§ 2L g
Zi:l(z—l) (z+1) 2 (2=3)- (2 +1)
2
12.9. 222 4. 1210 ST
2as(Z2+1)7 - (2+2) s (2-2) - (2-3)
1211 § —2°1 g 1212 2l g
2 (2 —1)7 - (Z+1) aa(2-2)-(z+1)
12.13. 2=l g 1214 § 27t a4
\z\:1,5(2+2)'(z+1) \z\:zz '(Z+I)
12.15. 2+l 4 1216, E NS
s 2(z = 2i) - (z —1) e (Z+2)°-(2-3)
12.17. 2245 4. 1218 § L1 _4s.
s (2=21)" (2 +1) das2°(2-2)" - (2 +2i)
1219, § 1 4z 1220 f 2" g
214 (28 +1) (2 -1 (27 +1)-(2+9)
12.21. 1

§ ——dz.
2 (2-3) (2" -1)

13-Macaaa. +yitugaru uHTerpaiiapHU X, UICOOJIaHT.

13.1. j(Zz—l)cosidz, D ={z|<2}.
D z-1

13.2. ajDC‘;dez, D ={z]<1}.
13.3. jzzsinldz, D={z<1.
D VA
1 )
13.4. dz, D={z-2i<?2}.
ajDeerl i {z-2i<2}
13.5. jz3sin1dz, D ={z|<2}.
oD Z
sin 7tz x?
13.6. D={— 2 <1y,
a.!;(22_1)3dz’ {4+y<}
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e’ i
13.7. | —————dz, D={z- 1.
aJ;,Z4+222+1 ‘ {]Z I‘< }

13.8.jz-sinz—+1dz, D ={z| < 2}.
oD z-1
1
2%
13.9. dz, D={z/<?2}.
iz+l ﬂ‘ }
dz )
13.10. dz, D={z-1-i<?2}.
aJI:)(Z_l)Z(ZZ"'—:L) { <2
sin z
13.11. —dz, D={z-1<1}.
aJI;(Zs_Z)(Z_l) 21
13.12. | SINZ G Dofx 4yt <27}
N ) '

13.13. [sin Ip ={z| < 4}.

o L

1
13.14. [-°_e¥dz, D={z|>4}.

pl+2
1315 [ %4z, D={z-2/<.}.
o(z2-1)(z-2)° 2
5 . o1
Z Sm —
13.16. D ={z <3}.

[
5D(Z - 1)(2 _2)

13.17. jsinzldz, D ={|7| < 2}.

D A
13.18. jsinidz, D={z-1>1.
oD z-1
13.19. | : dz, D={z|<5}

oSinz-(l—cosz)

z
13.20. ——dz, D= 2}.
ajchosZ+1 z {z| > 2}

13.21. [sin——

dz, D= 3}.
4D z+1Z {]Z‘>}
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14-Macana. +yiugaru

X UcoOJ1aur.

141, [

2 (2+sin?x)?

2n dX
J

14.3. —— .
o (3+2sin” x)

Ts.in2 xadx
2-coSX

147, [ &

2 (3+2c0sx)*

14.5.

2n
149 [
o (2+sin x)

COS

14.11.
£1+ sin? x

14.13. j dx

5+4sinx

2n
14.15. | ax
5 3+ COS X

14.17.

de
1 sinX+3

2n dx

14.19. .
5 COSX + 2

T cos® xdx
1421, | ———.
!2—sin2 X

15-Macana. +yiiugaru uerapacu 4YeKCHU3 OYiraH HHTETrpauIlapHU

aHUK MHTETpaJUIapHU uYerupMmanap €paamuaa

142 [
"~ o(83+2c0s?x)?
2X
14.4 jsm dx.
*“——cosx
4
146, jcoszxdx
2+SIn X
148 [ &
T o(2+c0s? x)?
1410, [ O
T 3 (8+2cosx)?’
14.12 ?L
T (2+cosx)?
2n 2
14,14, [ %y,
v D+4c0osx
14.16 Zjd—x
T S 4+2c0sX
14.18. j dx
22 _ginx
4
1
14.20. j—dx.
4 +3Cc0sX

yerupmaziap €paamMuaa X HCOOJIaHT.

—+00 dX

15.1. |

2
15.3. j dx.
(x* +1

L+ +4)

) T’ x?dx

' _w(xz +1)(x* +9)

154 —X+2

o x! +10x +9

142



+0 2

155 [ % 156j X
(X5 +2X+2) X' +6x7+25°
+00 +00 6

157, [ 158, [ X9
X2 —2ix -2 2 (X* +8)?
400 2 400

159, [ XX 1510, [
~.(x* +4ix—5)? L(x* =2ix—2)

+00 4

1501, X Lay. 1512, [ XX
_OOX +l 0(2+3X2)4

1513, [ O 1514, [ &

T L (XP+4x+13)7 (X HD)(XP+4)

+00 v 2 +00

15.15. [ "oy TR T S
X0 +1 X5+ (X" +4)
+00 2 +00

1517, [ K& 1518, [ X en).
o (X°+4)

1519, [ % 15.20. L (neN).
0+ 8 +9) (142"

neN).

16-Macana. +yitmgaru wuHTerpauiapuu  JKopaaH —JemMmanapujian
doiinananu0 X uCOOIaHT.

161 [ X _gx . 162 [ SO g
o (X“+4)(x*+9) o X+ X" +1
163, [*SNX gy 16.4. [—2X
= Xsin X 2 XSsin X
16.5. | ———dx . 16.6. |—————dx
!(x2 +4)? j(x2 +9)?
16.7. fcfsg’xdx | 16.8. jXS'”X
OX +4 0X +4
16.9. Icosx 16.10. Icost

X2 +9 - X2 +9
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16.11.

16.13.

16.15.

16.17.

16.19.

16.21.

T XCOS X

——————aX
XS =2x+10

T’(x —1)cos 2x
x> —4x+5

—00

Iu +5@smx
. X' +10x? +9

T oxsin X
[x2+4x+20
T XCOS X
Jx2—2x+10
(X+Dmn2x
Ix +2x+2

dx

16.12.

16.14.

16.16.

16.18.

16.20.

144

COSX
!x +4

T XSin X
° X% +2x+10

j(2x3+13x)sinxdx
x* +13x* + 36

dx

Tﬁ X2 sin x
Ixt+5x% +4
o Xsin X
oo o
XS =2x+10



-C -
HAMYHABUMW BAPUAHT EUUMMU.

1.21-Macana. bomu a=2+2i oxupu b=i HyKTama Oynran T¥F pu
YU3KK KecMacH Oyinda K yiujaaru

[(2z-1)dz

UHTErpAJIHU TabpUQ EpaamMuaax UCOOIAHT.

<4 y umBWKHM a jgaH b ra xapab z,,z,.z, HyKTamap é&paamunaa

n

n—ma v,,Y,,..,7Y, €AIapra axparamus. V , €y, HyK Ta 01H0, K yiuIaru
n
o= Z fE&) (2, —2,.,)
k=1
WHTErpaj MW UHJIMHU Ty3aMu3 . YHAa Tabpudra kypa

Jz-Ddz=lime=1im> f(&,)-(z, - 2,.) (42)

oynanu. f(z)=2z-1eC(y) Oynaranu yuyH (42)-TUMUT MaBXya Ba Oy
JUMUTHUHT K UMMaTh y HUHT OVJIMHUIN YyCyJWra Ba ¢, HYK TAJTAPHUHT

Z,,+2,
TaHJIAHWIIWTra OCF JMK dMac. = &, = BT e oicak,

=3 (25 -1 (2, -2,.) =i[z-%-1}(zk .-

>0+ 2 (2 - 200 - (@ -2 )= 2@ - 2) -

n

_Z(Zk —Zk_l):ZE—Zg—(Zn—ZO)=b2—a2—(b—a)=

k=1

=7 - (2420)2 —(i-2-20)=-1-4-2i+i+2=1—7i

Jemak,
[(2z-1)dz= limo=1-7i »
Y
2.21-Macauaa. +yinaaru [(x* +iy*)dz UHTErpaHU
Y
Z, =1+1, 2z, =2+3i HYK TaJJapHU TYTAIUTUPYBYM y TYF pU 4M3MK Oyiinua

X UCOOJIAHT.
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<buprHuM HaBOaTaa y TYF PU YM3UK HUHT TEHIJIaMAaCUHU TONIAMU3.

yiy=2x-1 1< x<2 5KaHIUIMHU KypUIIK UAUH dMAC.

Y

55-yuzma.

by tenrmama, z=x+iy, dz=dx+idy Ba y na dy=2dx OJKaHJIUIHIaH
doitganann0, GepuiiraH HHTErPATHU X HCOOTaiMuU3:

[(x2 +iy?)dz = [ (x* +1iy?) - (dx+idy) = [ (x*dx — ydy) +
+i[ (x*dy + y?dx) = JZ'[X2 —(2x-1)% - 2]dx + ij[x2 24+ (2x-1)]dx =

P C— N

2
(=7x* +8x—2)dx+i[(6x° —4x+1)dx:—§+9i. >
3
1

3.21-Macana. 54-ynu3Majia TaCBUpJIAHTaH 7y YM3MK OyiHM4ya OJIMHIaH
K ylzIaru
§7z+6§
y Z

dz

WHTETPAJTHU X UCOOJIAHT.

< Arap
v, ={z=x+iyeC:y=0, —2<x<2}, y,={zeC:|7/=2, Imz >0} neb6
OenruiiaHca, yuaa y =y, Uy, 0yaub, MHTErpaIHUHT XOoccacura Kypa

§7Zf6zdz:§7Zf6zdz+§7zf62dz

Y z Y1 A Y2 z

oynanu. By TEHITTUKHUHT YHT TOMOHUArd MHTETPaJUIApHU aJIOX MIa-ajiox uia
X HcOOJIaMU3:
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72+62 27X+ 6X
§ ——dz=
Y1 z -2 X

2
dx =13[dx =13-4 =52,
-2

z=2" , 0<¢p<n

z=2e" | dz=2ie“do

n7. ip . —ip . T[ . .
jlr2e” +0:28 T oigigy = 2if (76 + 66" )dp =
0 0

2e7
= Z(Ze“‘p + 6e“Pj P = _100
3 3
Jemak,
(724624 gy 10056
3 3

¥ yA

4.21-Macana. Arap y:x=3cost, y=2sint, 0<t<2gx >mumIc
oyicak yhuaaru

[ (4x+3iy)dz

UHTErpajl X HICOOJIAHCHH.
< by unrerpannu (5) popmynaman ¢oinananud X ©codIanMus3:
z=2z(t) = x(t) +i-y()=3cost +i-2sint = z'(t) = —3sin t + 2i cost.

Yuna (5)-dbopmynara kypa
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2n
[ (4x+3iy)dz = [(12cost +6isint) - (=3sint + 2i cost)dt =
Y 0

2n
=3[[-16sint-cost+i(8cos’ t —6sin’ t)]dt =
0

1+ cos 2t B ol—cos 2t

2

6 )]dt =

27
=3[[-8sin2t +i(8-
0

2n
0 =

2n
= 3][—8sin 2t +1(1+ 7 cos 2t)]dt = 3-[4cos 2t +i(t +%sin 21)]
0

=3.-2ni =6m >

5-21-Macana. +yitugaru
1+i
[ 2%dz
—2+i
WHTErPATHU X KCOOJIAHT.
<by Mucon 2°-IyHKT/a KeNTHPHIraH 1-MHCONra YXIIAIT eqrIajm.
f(z)=z°€O(C)=  Wuterpanuuur KwuitMatn z, =—-2+1i, Z, =1+i
HYK TAJIApHU ~ OupramTupyBun  iynra Oc mk  Oynmaidiau. Lllynnan
doitganann0 nHTErpaJIall Yu3w U y cudaruia

y={z=x+iyeC:y=1, -2<x<1}

TYF pU YM3HK KECMacHHU ojlaMu3 (56-un3ma).

=
J0 ~HuamMa

By vy um3uk na z = x+i, dz =dx Oyaummaan Qoiinananubd Tomamus.
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T z%dz = [7°dz = j(x+i)2dx:
Y 2

—2+i

1 3
= [(x* +2ix—Lydx = (%+ x> —x),=-3 >
-2

6.21-Macana. KomuHuar wunHTerpan d¢opmynacuaad Qoimgananud
K yUugaru
e’ dz
25 (2+4)(z2° - 62)

WHTETPaIHU X UCOOJIaHT.

4 |z-2|=5 oailmana OwiaH dYerapamaHraH coxaHH D 1eb
oenrunaitmus (57-uuzma).

e” e’
F(z) = 5 =
(z+4)(z°-6z) z(z—-6)(z+4)
2,=0 6a z,=6 HKTamap €D, z,=—4¢D. Uy ¢akrtoan ¢oiinananuod
F(z) dbyHkuusHu ymoy

neb Ocaruiacax,

_e” ( 1 _;)_f(z)_f(z)
_6(z+4) z7-6 7z 7-6 z

Z2

6(z+4)

Koumnunr unrterpan ¢popmynacuaan ¢poigananud TonaMus:

F(2)

KypuHumuaa upoaanad onamus, Oynna f(z) =

O(D).
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e’ dz

[ F(2)dz= | LIOFE

s (Z+B)(Z7 —67)  hs 3s2—6
f(2) : e¥® 1
- ——=dz=2ni[f(6)- f(0)]=2nI(——-—) =
ez [T(6)—T(0)] (o0 " 24
mi e* 1
= — s \— — ). D
6 ( 5 2)
7.21-Macana. KommHuHr wuHTerpan ¢opmynacuaad ¢oigananno

KK njiaru
Zjl dz
-2 2(2-1)"-(z2-3)

WHTETPAJTHU X UCOOJIAHT .

a4 7,=0,2=1 wuykramap {zeC:|z|=2} aiinana OGuian
gerapananrad {z € C :|z| < 2} noupara teruuutn 6ymub, z, = 3 HyK Ta 3ca w1y
moupara Terumu smac. Zz, =0 ea z, =1 Hyktamapuu {zeC:|z|<2}
JloMpara TETHIIM Ba y3ap0 KECHULIMAiuraH y, 6a y, ENHK 4YU3UK JIap
ownau ypaitmuz. by v, , v, umsuk map x amaa {z € C :|z| = 2} aiinana Gunan
yerapajgaHra y4 OOF Jamiau cox anu D Ousan Oenrunainmus.(58-un3ma).

BepI/mraH HHTCIPpall OCTUAAI'U

P = @3

bynkmmst D cox ama rojomopd Oymanw. 20-HYHKTI[a KENTUPWIITAH KYTI
ocar mamiu cox a yayH Ko teopemacuan oiinananud Tornamus:

z+1
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[ F(2)dz=§{F(2)dz+{F(z2)dz=1,+1,

|z|=2

Arap
z+1
. =¢F(2)dz = dz
l § 2 ;fiz(z—l)"’(z—s)
HHTETpajaa
z+1
f(z)=
) (z-1)°(z-3)

nevinnu0, (10)-popmynanan doiinananumica

l, :§@dz =27 - f(O):chi-%:%ni

Y1

OYIIUIIN KeInO YvK aJIu.

OHIHN
z+1
|, =¢F(z)dz = dz
2 i() ;f;z(z—l)?’(z—S)
MHTETpalaa
z+1
)=
»(2) 22-3)

ne6 Ba (11)-popmynanan oitnananud Tonamus:

e 0(z) o 2m gy o+l
lz—i(z_l)gdZ— o ® (1)—((@(2)—2(2_3)—

V2

) =0

1 _1 4
3z

3(_(2—3)2

L) = 0" (2) =
Z

18 2
3°(z-3)° 7°

1= 90 =5 (-1-2) =i
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[lynmait kunuo,

z+1 2 . . 7
5 dz=1,+l,==mi—7wi=——
—22-(2-1)°(z2-3) 3 3
oynaay >
8.21-Macana. +yitugaru
1
f(z2) =——
(2) 2? -3iz-2

byHkuusiHU @ = 2i HyK TaHUHT atpoduna Jlopan K aropura EWMHT  Ba
K aTOPHUHT SK WHJIAIITUII COX aCUHU TOTUHT.
< Onnun  f(z) GyHKUUAHU
1
f(z) = P
(z-2i)(z—-1)

KypuHuIaa TacBupiaiimu3. CYHr yHU cojana kacpiapra €unb, uekcus
KaMaloBUd  TEOMETPHK  Tporpeccusi  Ww uHIucu  (opmynacusian
dolinanancax,

O T S e
(z-2i)(z—-1) z-2I z—-i z-2i
1 — 1 » o 2=21,

l+z—2i:z—2i+§(_l) ( i )

Jlopan karopu Xxocun Oymamu Ba Oy xarop {0<|z-2i<IL} coxana
K MHJIALIAIH >

9.21-Macana. +yliunaru f(z)= 222—_3 byHKIUSTHA
z2°—-37+2
V ={0<|z -2 <1} xamx ana Jlopauk atopura &iiuHr.
5 f(2) = 272-3 272 -3 1 1

= — +
22 -32+2 (z-2)(z-1) z2-2 1z-1

1 1 1 e
= + = +>X (D" (z-2)"
z-2 1+(z-2) z-2 E( ) )

Xocun 6y nraH JlopaH k atopun 6epunran V ={0<|z-2| <1} xark aga
SK UHMalagn. -
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10.21-macana. +yiiunarn f(z) = — 1 GyHKUUSSHUHT Oapua
z°-(2-cos z)

MaxcyC HYK TAJJApUHA TOIWHT, YJIAPHUHT XapaKTepUHW aHVK JIAHT Ba
GYHKIUSAJIADHA  Z =oo HYK TaJa TEKIIUPUHT (K yTOjap y4yH YJapHUHT
TapTUOWHM KYPCATHHT.

< f(z) OGyHKUMSHUHT KYyTO HYK TaJJapUHU TOINHUII  y4YyH

1
o(z2)=——=2°(2-c0Sz) (YHKUUSHHHT HOJIAPDMHHK TOmMamu3. Z =0

f(2)
HYKTa ¢(z) QYHKUUSHUHT 3-TapTUONM HOJMM OYyiraHu ydyH Tabpudra
Kypaf(z) OGyHKIUSHUHT 3-TapTHONIM KyrO0 HyYKTacu OVmaau. ¢(z)
GyHKIMSIHUHT OOIKa HOoJapuHu 2—-Cc0Sz=0 €ku C0Sz =2 TEeHIrJIamMaHu
eun®6 Tomamm3. by Tenrmamanu 2-maparpadgarun  dhopmynanapaaH
doiganannd eyamus:

Z = Arccos 2 = —iLn(2+~/22 —1) = —i[In(2 + /3) + 2kni] =

= 2k —iln(2+/3).

by Hyk tanap ¢(z) ¢yHkuus yuyH l-tapTuOnu HOJb Oynranu yuyH f(z)
byHkuus yuyH 1-TapTubnuk yrd HyK Ta Oynaau.

z=o00 HYKTa f(z) OQYHKIUSHUHT SKKaJdaHTaH MaxCyC HYK Tacu
OYnMaiIu, 9yHKH Y K YTO HYK TaJlap YYyH JIMIMHUT HYK Ta OYIaau.
[Mynaait kumuo,
z=0 - 3-TapTHONHK yTO;
z, =2kn—iln(2+ JV3), k=0,£1+2,... - 1-raptubauk yromnap;

Z = 0o -K YTOJJApHUHT JJUMUT HYK Tacu Oynap sKkaH >

z

11.21-macana. +yhunaru f(z):% GyHKUUSTHUHT Oapua
z°-(z°+9)

MaxcCycC HyK TaJlapuJari Ba zZ = oo HYK TaJard YerupMalapHu X UCOOJIaHT.

< bepunran pyHkuusHu

z z

€ €

f(z)= 72 .(Zz +9) - 22(2—3i)(2+3i)

KypuHuIa €3ud, yHMHI Maxcyc HyKTanapu: a, =3I, a, =—3i - OupuHuH

TapTUOIN K yTO HYK Tanap, a, =0 - UKKMHYM TapTUONIM K YyTO HYK Ta Ba Z = o0 -

yTa Maxcyc HYKTa OynummHM aHvK jJaimu3. res f(z) Ba res f(z) mapuum
a,

z=3, 7=

x ucoounariia (27)-popmynanan Qoitnarianamus:
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z

res f(z) = res(z 3i)f(z)= mm =

3i 1
—9-6i

=€

=—5i(sin3—icos3),

z=a,

res f(z) = res(z +3i)-f(2) = —5—(S|n 3+1c0s3).

(29)—-tdopmynara kypa res f (z) HUX UcoOIARMU3:

7a3

. d
res f (z) =lim—[z%- f(2)] = lim
z=a, ( ) -0 dz[ ( )] z—>0(z +9

) =

. et (z°-2z+9) 1
= lim . > =—.
-0 (z2°+9) 9

res f (z) Hu x mcobnamina sca 8%-mykTaarn 2-teopema (derHpMaTapHHUHT
WIF MHINCH X, & Uard TeopemMa)aan Qoiigamanca 0ymnaau:
res f(z)= Zres f(2) _—(S|n3 3. >
= 2-a,
12.21-Macaaa. +yituaaru
| o
-2 (2=3)(z2° -1)

WHTETpaIHU Yerupmaiap EpaamMmuaa X UCOOJIaHT.

. B 1
< (32)-bopmynara kypa f(z) = (223 _1) yuay

§ f(z)dz = 2mz res f(z) = —Zm[res f(z)+ res f(2)]

‘z‘ 2 k 1 =8
6ynagu. by TEHITTUKHUHT YHT TOMOHHJIaTW YeTHpMaJIapHU X HCOOIaiMu3:

res f(2) = lim(z—-3) f (2) = lim 51 242

Arap

1 1 1

f = = —

@ (z-3)(z°-1) 2° (1_§)(1_i)
z z°
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DKaHMHM 3BTUOOpra OJICak, yHAa z=oo HYKTa f(z) QyHKUUAHHHT 6-
TapTUOIU HONMM OYJIUIIUHY aHVK JlaiMu3. by dyHkuusHuHr Jlopan Kk atopu

oymuo, ¢, =0 Oynanu. lemak,
res f(z)=0.

[lynnait kunuo,

§ L w-omi(iig=—T b
|2]=2 (2—3)(2 —1) 242 121

13.31-Macaaga. +yiiunaru

[sin L

dz, D={z>3}
o Z+1

WHTETPATHU X UCOOJIaHT.
< f(z)=sin il ne6, cyur (32)-popmynanan ¢oitnananud Tonamus:
Z+
[ f(2)dz = 2mi-res f(2)
D ==

Ounu f(z) QYHKIUSHUHT z =co HYK Tamaru yerupmacuau (30)-popmynara
Kypax ucodnaimus:

z

res f (z) =limz[ f (o) — f(z)] = lim z(sin1-sin ) =
=0 7w 7o Z+1
1+ -t
= lim( 2z-cos—2+1.gjn—2+1 )
> 2 2
_ | L
sin
: 217 2z+1 2(z+1)
= lim - COS : = cosl.
el 2.(2+1) 2(z+1) 1
i 2(z+1)

Jlemak,
[sin % _dz=2ni-cosl.
o Z+1
14.21-Macaaa. +yituaaru
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T cos? X
2 2—sin’ X
AQHVK HMHTETPAIHU Yerupmaiap €paaMusia X UCOOJIaHT.

dx

<« By umrerpanma €™ =7 AIMAIITUPUIIHUA ~ Oa)kapcak,
xel0,n]=ze{zeC:|z|=1},

dx:idz,
212
1 1
1+ =(z+>)
COSZX:1+<3052x: 2 z"
2 2
1 1
B 1-=(z+5)
sin2x=1 cost: 2 Z
2 2
0yuo,
1+1(z+1)
2 7
Tcoszxdx_ 1.1 2 dz
— S == -
02-sin®x 2.z g 1o 1
o__ 2 T
2
2
_1gl @),

- E‘Z‘zl z 72°+6z+1
TEHIJIUK YPUHIIUIUD.
WNurerpan octuaaru
(z+1)? (z+1)?
f(z)= > =
2(z° +6z+1) z-[z—(-3+22)]-[z—(-3-2V2)]
¢ynkuusauar  z, =0, z, =-3+ 22, Z,=—3— 27/2  maxcyc Hykramapu

6y1u6, ynapran z,=0 ea z,=-3+2vJ2 nap {z/]<1} coxara Ternmum
OyJraHK yTO HYK Talapuaup.

Komu treopemacunu ((32)-popmynann) K yinad, TonaMus:
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f f(z)dz= 27c|[res f(z)+ res f(2)] = 2nl[— -

2|1 162

2
1@ +1)? @D i 1 (-3+242+)) -
zl Z, -1, ~3+242 42
i 1
=27mi(l-—).
( ﬁ)
JleMak,
T COoS’ X
—————dx=m- 1—— >
{2 —sin?x \/_
15.21-Macaaga. +yituaaru yerapacu 4ekcu3 Oynrax
| dx (neN)
o (X°+1)"

WHTErpaJIHU YerupMaiap EpramMuia X ucoOIaHr.
< ABBasio 6epuirad UHTETpaIHU
©odx 1 odx
{(xz 1) 20X +))"
KypuHUIIAA €310 OJaMu3.
OHIHN
1 1
(22 +1)"  (z+0)"-(z-i)"

f(z) =

necak, 0y GyHkius
{zeC:Imz>0}0a z=i

MaxcCycC HyK Tara, n -TapTuOJu K yTOra sra.
PaBmiankwu,
limr- max f(z)=0 (v, ={z|]=rO0<argz<m}) =
KopnanHnuHr 1-memmacura kypa Iimj' f(z)dz=0 Oynagu. VYHza
Ve
IyHKT/Jaru Teopemara Kypa

J’(Zd—xl)n=2ni res f (z)
(X =
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oynau.

(29)-dbopmyrnanan doiiganaHud TOMAMU3:

[( -1 =

resf(z)_llm o Didz

1 . d". 1 (2n-3)1 1
= I|m ~ - ]: CT .
(n=-D!==i dz"* “(z+i)"" (2n-2)" 2i

Harmxana

*j"’ dx _oni. L 1 (2n— 3)" (2n-— 3)"
2 (X2 +1)" 2i (2n-— 2)" (2n-— 2)"
O0ynu6, Oepuiran UHTETpasl y4yH
T dx _(@n-3)!' =
s (X2 +1)"  (2n-2)1 2

OYJIMIIIUHY TOTIAMU3 >

16.21-Macaaga. +yituaaru

J.(x+1)s,|n2x
X°+2X+2

uHTerpanuu XKopaan nemmanapuaan ¢oiigananu0 X UCOOJIaHT.
< by wmacananum eunm yuyH XXopmanuuHr 2-nmemmacu Ba (41)-
dbopmynanan doigananamus. f(z) pynkuus ned
(z+De*™ (z+1)-e*"
2°+27+2 [z—-(-1+0)][z-(-1-i)]

f(z) =

¢yHkuMsHM onamu3. by QyHkumsgHuHr 2ta z, =-1+1 6a z, =-1—1 Ky10
HYK Tanapu 0ynuo, ynapaan z, =—-1+ie{lmz > 0} 6ynaau.
z+1

R(z)= 5———— Qynkmua yuyn z-» ga R(z)= 1 Oynranuga
2°+27+2 4

KopnanHuHT 2-I€eMMacH IMAPTUHUHT OaKapWIMINM TabMUHJIAHAIA Ba
JeMMmara Kypa

lim j R(z)e**dz = Ilmj f(z)dz =

r—oo

TEHIJIMK Oakapuiaau, OyHaa y, = {‘Z‘ =r, O<argz<m}.

VYuna (41)-bopmymara kypa
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j(x +1)sin 2x

dx = 2n- Re[res f (2)]
X*+2X+2 =2,

Oynanu. (27)-popmynanan doiinananno res f (z) Hux ncodnaiimus:

res f(2) = lim (z—2,) f (2) = Iim{(z gy, (z+De” } _
SR 0 (-2)2-2,)

2iz, r ~A—2-2i -2
(Z +1)e _ = e2 (cos2—isin 2).

(z,-2,) 21
JleMak,
. -2
I(XH)SIn 2X 4x = 27 Re[*— (cos2—isin 2)] = me 2 cos2. >
X2+ 2X+2 2
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