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NNPEIUCIIOBUE

B Hacrosiiec Bpema B Pecnybnuke KazaxcraH ocTpo
ouyulaeTc  HeEXBaTKa Y3eOHOM  nuTepaTypel 10 BHICLUCH
MATEMAaTHKE, TIpeNHa3HaUCHHOH A CaMOCTOATC/ILHON paGoTHI
cryicHroB. IIpaKTW4YeCcKM HET NUTEpaTyphl, B KoTopoil ©bl
HIOKEHUE MaTepuala NPOBOAWIOCH OIHOBPEMEHHO Ha ABYX
IpIKaxX: Ka3axXxCKoOM U pycckoM. HKMsmaHue maHHOro mocoGus
YacTUTHO BOCHIOJIHSIET 3TOT Mpoben.

PaGotra OTKpBIBaCT CCPHI0 KHUI, COJEpXAlMX BapHaHThHI
THNOBLIX PAacyeToB MO pPa3sTMIHBIM pa3lenam Kypca BhICLICH
MaTeMaTHKY, TOAPOOHHE 00paslbl pElliCHUS 3THX BapUaHTOB M
KpaTKMit CcHpaBOuHBIl Marepyar. Ilpu sToM BCe HITOXKEHHE
BeAeTCA IApaJUICNIbHO Ha Ka3aXCKOM M pPYCCKOM fI3bIKax, 4YTO
cnoco6CcTBYET BHEAPCHHIO ABYASHIYMA B yueOHLII npolecc.

Marepyajl  HNaHHOW  KIIMIM  MakCHMMaIbHLIM  OOpa3oM
OXBATBIBACT MporpaMMy  COOTBETCTBYIOLHMX  CHCUMAIbHBIX
pasfiefioB Kypca BBICIICH MaTeMaTMKM B TCXHHUECKOM By3e M B
goctynHoit  ¢opMe  MoMoraeT  CryoeHTaM  CaMOCTOATENbHO
BHMONHATD ~ NpeUlaraeMble  THMOBHIC pacyethl. B paGore
WCMONL30BAaHBI  HCKOTOpHIE  3aJaHMf W3 YHAYHOW, HO
MaToJOCTYTIHOM B Hacrofillee Bpemsa Kuuru B.®.Yymecenko
«C6opHUK  3alaHMH 1O ChHCIHaJbHLIM  KypcaM  BbiCLUCH
MatcMaTHKH (TUTIOBLIC pacteTst )”, u3daHHoii B 1983 r.

ABTOopbl  HAACIOTCA, 4YTO HacTosiee M3jaHue  Oyner
cioco6cTBOBATb  KAauECTBEHHO  caMocrogrenbHod — paGore
CTYACHTOB MPH M3YUCHHM Kypca BBICILECH MaTcMaTHKH.



AJIFbl CO3

Kasipri KcseHoe  Xorapbl MaTeMaTMKaHbIH  apHaylbl
6GoniMaepiHeH CTYACHTTEPHOIH 634K KYMLICTapbiHa apHairaH
bIHFAlNL OKY Kypangapbl Xericncigi. EnimisniH Xxorapul oky
OPLIHAAPLIHLIH Kemublitinge cryachrrepre 6Gutim Oepy mpoueci
HerisiHae Kasak T  MEH opbic  TUliHOC  Xyprisitexi,
OKBITYMILUIAPLIMBI3ABIH, KOMIHTi Oochl aTajfaH CKi Tuiae cabak
OTKi3il Xyp. MiHe ocbi CHSIKTHI X8He T.6. ceGenTepacH Koc Tinge
Xa3bUlraH oaeOUeTTep KaXeTTiri naiina 6osa Gacrannl.

OcbiHRail KaXeTTiKTepli eckepin,6i3 >xorapbl MaTeMaTHKa-
HLIH  apHaiil  OeniMaepiHiH  GarlapsiaMaiapbiHa  COiKCC
CTYACHTTCPAIH O34iK )XXYMBICTapblHa apH&JIFAH TUNTIK CCCNTCP
CCPUACLIH  WbLIFAPYALI XOcnapnanm cAiK. MyHaail cepusHbiH
Oipinuwici Aiigoc E.JK. “Bekropnbik aHanmna™ 2001x. Gacuuivin
WLIKTLL. Al KOJNAApBLIHBI3AAFH  KYPAT OCDHIHAAH  CEpUAHBIH
CKiHMlici. MyHaa KoMmieKce aiiHbIMaibl (DYHKLUMANAAD TCOPHACDHI
MCH onecpauMsuiblK Kucan Gesimi OOMBIHIUA THATIK CCENTep
WILIFAPY YATLICPi, TCOPUSUILIK 4HLIKTaMa MaTepHaniapbLl XaHe
CTYACHTTCPRIH O3MiK XXYMBICbIHA apHAaJIFaH THNTIK  ecen
Tancbipmanapel KeaTipuiedi. Byn GacbuibiMoa 1983 X. IIbIKKaH,
Kasipri Kesic KoJsfa Tyce OcpMmeitTiH B.D.YyreceHKOHMIH
“COOpHMK 3allaHMi [0 CnEUMaTbHLIM  pasgenaM  BbiclICH
MaTCMATHKHU" aTThl KiTaGLIHBIH MaTepHanaaphbl MafilanaHbUIAbL.

Byn oxky Kypajnl CTYACHTTCPrC OJapAbiH O30iK XYMbICHI
ApKbUIbl XOorapbl MaTeMaTUKallaH callaibl, Aa TCPCH OuliM anybiHa
CCNTIriH THIi3eP ACTCH YMITTCMI3.



Teopus dhyHicyui Komnuercnozo nepemenno20 u onepayuonnoe ucHucerue

TEOPUsI ®YHKUMA KOMIUIEKCHOTO NEPEMEHHOIO 1
ONEPALMOHHOE UCYUCJIEHUE

1. OBPA3LIbl PEIHEHHUA 3AJAY THIIOBLIX PACUETOB

3amaua 1. Haittu Bce 3nauenns kopHa 3/-27;.
Petnenue. ina uncna z=-27/ ero monynb ||=27 u aprymesr

o= T ous ¢opmyanl
2

iz =§/|_z](cos¢+ 27k risin®2F 2”k), k=01,--,n-1
n n
npu n =73 nonyumm
R
Orciona wid k =0, k=1, k =2 nmeem

w31 343
W, —3[005(——6~) +:sm(a-6-):l =3( ) 12) =

).

3
-]
2

, ;3(003% +isin12[—) =30+)=3>

Oteet: Y —27i={}i—3__,-§. 3i; _.&5_-;2}-
2 Y

3anava 2. Ipeacrasuts B anreGpaiueckoii popme ch(3+ il )

-2

Pewenue. Henonsays gopmyns cjz = &€

,

e™? = ¢“(cos y + isin y) NOTy4duM
x X

L SN | _*/_Z o By o Ry e B
ch(3+zt)—§(e +e )—Z[e( +isin )+e (cos( )+lsm( 4)}

—( +ey+i= >
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-

/ 53
= \—2—ch3+lv—2—sh3'
2 2

Oteer: /3 4 ﬂ) = .‘Lidﬂ + i_‘/_i.xhj,-

4 2 2
3anava 3. [peacrasuts 8 anrebpandeckoit hopme (=12 + 5i)".
Pewene. Bocnonbayemca  dopmynamu 2" ="t

=e"(cosy +isiny).
o " . = j 5
Tak  Kak 12450 = [C12) +5 =+19=13 w al‘g(—|2+51)=I(—a/-¢-lgT2~.T0

Lnz =In|z|+ i(argz + 2nk), kezm e

L"(“z+5i)=|nl3+i(1t-arclg-l%+21tk)’ keZ.

b s
-1t 3= (:t—.‘ll‘ll.l:ﬁvzﬂ‘ )

Morromy (=12 + 5i)” =™ =¢

n+2nh —amg%—llnu ek .:r;lgl-s:
=¢ - =¢ “(cosInl3 —isininl3).

5
a0k arcte—

Otser: (-12+35i)" =¢ ':(coslnl3 —isinlnl3), kez.

3anavad. Borieptute 062acTh, 322a11YI0 HepaBeHCTBaMIS iRe; <1,
ltmzj<2-

Pewenne. Tak kak Rez=x, linz =y, TO AanHHbie HEPABEHCTBA paB-
HOCILIbHbI HEpaBEHCTBaM
-1<x<l, =2<y<2

Ha kommnekcHoi miocko-
CTH ITH HepaBeHCTBAa onpenens-
0T NPAMOY FONbLHHUK (PHCYHOK.)

Fpannusl, npuHaiiekautiie
NPAMOYrONbHKUKY, 33ece 000-
3Hau€eHbI CNAQWHOM RHHUEd, e

ApHHAANCKALLLME €My — MYHK-
TUPOM.




Teopusn Qynxyuii KOMNAEKCHO20 NEPeMeHHOZ0 I ONEPAYUOHHOE UCHUCACHUE

3agaua 5. Onpenennts BUR KPHBOH z =¢® -2/ +3+i(t> =21 +1),
teR.

Pewenne. OG6osnaunmMm  * _2¢41=(r~1)° uepes ., rae
y €|0,+00). Torna 1> -2t +3=1* — 2t +1+2=y+2, ¥ Kpusas npu-
METBUL z = y+ 2 +1y, y €[0,4+w).

Vpaesenue 3TOR AMHKUM Ha NOCKOCTH OXY ecTe X =y + 2 win
y=x-2, ye[O,+oo). CneposatensHO, MUCKOMAA JTHHUA UpEACTaBliseT
coboit monynpavyto, onpeneneh-
HYIO A HeOTPUUATENbHBLIX Y
{pUCyHOK).

3agaua 6. Boccranosuts
AHAINTHYECKYI0 B OKPECTHOCTH

Toukn z, =0 Qyuxumo f(2)
' N0 H3BECTHOW MHUMOW acTH
L v(x,y)=2xy+x H 3HA4EHUIO

i)’

0 ] 2 4
f(0)=0.
Pewenue. Bocnoabsyemcs
YCAOBUAMH Kowu-Pumana

== _?X. W3 nepsoro ycnosus umeem @:23; =
ox Oy Oy ox dy Ox

Orcioma  » = fz xdx+c(y)=x"+c(y). N Haxoxuenus HEN3BECTHOM

Qu_0Ov, Ou _

dyuxuM ¢(y) TOACTaBMM U BO BTOpPOE PABEHCTBO W NOAY'HM
cu . oV .

--—:(_"(y); — =2y+ 1= C(_)/)='—2y— 1.

; ox

Otcrona ¢(y)=[(-2y-Ddy+c ==y’ - y+c.

CnenoBaTtejibHO, u=x"+e(y)=x' -y’ -y+ec nosTOMy
f(z)=u+iv=x’ —p* =y +c+i(2xy+x). A Haxoxaenus C
BOCN0:1b3yeMCsl ycaoBUAM £(0)=0: O+c+i-0=0= ¢=0.

OTBeT: f(z)=x -~y =y +iQQy + x)=(x+iy) +i(x+ip)=2" + 1=
3agaua 7. BbiuHCAUTE vHTErpai OT GYHKUMN KOMILIEKCHOTO ficpe-

MelIHOTO MO SIaHHOR KPHBOH Iz|z|dz; L :{|z| =1,Imz20}-
1
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Pewenne. MpuBeaem oann u3 cnocoGoB BLIYHCAECHHS AAHHOTO HH-
Terpana.
Kpusas npeacrasaser coboii nonyokpyxHOCTb paanyca | ¢ uentpom

s rouke ( nexawyio B BepxHeil noaynaockocTd. Ee napamerpmueckiie

X =COS/.
yYPABHEHHS HMEIOT BU ¢ t€{0.7].
y =sint.

CnenosatenbHo. z(t) = x(t) + iy(t) = cost +isint.
z'(ty=-sint +icost.
Bocnoas3osasimch popmynoit

(]
! f(@)dz = f(z()z'()dt,

noaywiv

Hzldz = I(cosz +isinf)Vcos®t +sin’ 1(—sint +icost)dl =
1 “

h
= f(~costsint + icos’ t - isin” ¢ — costsint)dt =
0

j(-sin 2t +icos2t)dt =

Y]

(cole sin 21)
= +i

! (cosZn sin 21:)__
+1

2 2 ), 2 2
-(92&,-&9):0.
L2 2

Ov8eT: [2l-|d- = 0-
A

3amevanue: NanHbiii HHTErpan MOAHO GLINO Obl BLINMCAHTb. BBEIA
[
3ameny nepeventol [ =e'.
3anaua 8. Haitti Bce JlopaHosckue pasnoxenns dyHkuni

152+ 450

W= - . floctenenam Z.
225z +15z2° -27°




Teopust Qynxyuti KOMRIEKCHO20 NEPEMEHHOR0 U ONEPAYUOHHOE UCHUCIEHUE

Pewenue: Haiinem ocobbie Touku 3Tol hyHKUMH, T.e. TOYKH B KOTO-
poix (W8 AaHHoOro npumepa) gyHkuus He onpeaenena. it 310ro peiunm

ypaBHeume 2z’ —15z2 -2252=0; z(2z}-15z-225)=0. Otciona
z,=0, a take 2z° -152-225=0, D=15"+2-4.225=2025,

_ 1542025

12 DZ'=|5, Z2=—7’5’

IlosToMy WcxoaHad QyHKLWA aHAIMTHYHA B TPEX KOMblAX ¢ LEnTpa-
MH B TOMKE O :

k ={z:0<lzl<7.5}, k,={z:75 <|4<18}, ky={z:15 <izl}
(pucyHOK).

. Hafinem JlopaHosckue
N pasnokeHHs GyHKUMU B Kaxk-
Tlsl JAOM H3 3THX Koscl, Mpejisa-
- puTeabHO paznoxuB  (yHk-
WHIO Ha JACMEHTaplibie 1podH

?/\ METONOM  neompeAenelitbix
K03 puuneHToB.

v

Mockonbky 2z° — 1527 —225-=22(z ~ 15)(z +7.5) = 2(z - 15)(2z + 15).

T0

152 =430 A B o lisr-d50= Az -15)2z - 1)
231522 =225 Z Z-15 (2=+13)
+ B2z +15) + Cz(z - 15).

w=

ToscraBHB HOCNEAOBATENBHO = =0, 7, =15, 2, =—7,3, OTCIOAA 11O
ay4nm
-450 = A(-15)(15)=> 4=2;

-15-15-450=B-15-45=> B=-1;

+15-7,5-450=C(-7,5(-22.5)=>C=-2.

OKOHYATEABHO HMEEM, YTO

o
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| z
() =~ = ———— i ——

z z-15 2z+15
1. Mycts zek ={Z: 0<|z|<7,5}- B stom cayuae (xak u B no-

cenyIOWHX) cnaraemoe 2 sgaseTca cBoum panom Jlopaxa. i pasnoxe-

Hus OCTaBLWIMXCA ABYX Apo0eld, ucronb3ya GopMysy CyMMbl reoMeTpHue-
CKOil nporpeccuu

q,
— =g +ag+aq +... (ad<i-
l—¢q
noNy4uM

1 l |
- = = TO) <— —< =<
7-15 15-7 15(1-%5) , T.K. BK, HMECT MCC |LI p) < 3

3

=L+__f_+.'_(5,) P o
15 15-15 1515 n=0
15
-2 -1 -l
2z+15  z+715 (L
7.51-( 735)

-1 —-l( z ) —I( z )2 = (=1)"z"
S——t ] —_—— | —] - ] +...= o
75 7.5\ 7.5) 7.5\ 75 w=0 (7.5)

OxoHuaTeNLHO B KOAbLLE K | 1oay4uMm pasiiokenue

. N o (— lulzn
(uzz— | __2 =Z+Z ‘,.+|+Z( l) 0
s z-15 2-+4 15 2z w0l$§ =0 (7.5)”

2. Nyers z€ K, ={2:7.5<|z|<15}. Tax xax 3zecs Y

I TT.KB K, HMEET MeCTO | —

*

<], 10

paznoxerine apobu —1 B pan He oTINYaETCA OT NpenblayLWEro cyuas.
I

Pasnoxum TpeTbio Apobs B K 2"

10



Teopust hynryuit KOMRIEKCHOCO NEPEAICHHO0 U (NEPAYUOHHOE HCHNC. I

-2 -2 -1

2:+15 -22(1'*;.2)“z—(:—(jﬁ_n~

c {1y
15 =_l+:_l(_l§) _1( 15) R X 1),_'13_
z z\ 2z 2: - 20

|
npuz| > 1.5 |- —
1 | o
Taknum obpasom, B KoNbue K 2

2 1 2 2 & o=y
a':.—.—___-—-———...——_._.}. .
z z-15 2z+15 = :E»IS"" vz 2"

<1

3.0yee ze K, ={z:[7|>15). Tk |z[>15 10 Eid
ITostomy
- __1_1.2_1(2)2_..___21&
z-15 z(l_l%) 2 -z zZ\:z i
flockonbky B K1 UMEET MeCTo i_Hzl,'E |5 <|. TO pas-
| 2z 2 ‘z‘ |z
A10%eHIe Apobu =2 ocraeTcs TakuM Xke, KaK 1t B .2,
2z+15
CaenosatenibHO,

2 1 2 2 215" a(-1)"15""
w==- - ==Yt ). :
z z=15 2z+15 z wa 2" w1 2"z

Otser:
nel
I Bkonble  170<|d<7.5! _2 o Vet
10 <] ® :»:+§1(15"" (75)",J
( l)ulsul

2. Bronbue {z)7.5<z< 15} 00=-2-+Z Z

- Pooart Snﬂ i 2n-l-n

3.B vomsue {z]|z] >15}: el Z( (g, ST
2Ill /:4

4 n=|
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3anaua 9. HaiiTi Bce pasnoxesns Gynkuuy g = 110 CTENEHIM

z* -4
Pewtenne. OcoOble TOYKM NaHHOH (YHKLUHMW SABNAIOTCA KOPHAMM
ypaBHeHus

2
-4=0, te. z,=2, z,=-2.
Pacctosnus oT HUX 10 TOUKH 20 paBiibl COOTBETCTBEHHO
V2|2, - 2o =2 =34 20 = |- 14 2] = f(-1)? +27 =45,

s =2, - 24| = 23+ 2] =] 5+ 2] = J=5) + 2} = VD9
I"Icm‘omy MCXOLHaA PYHKUHA aHAUTHYHA B TPEX KOJILLAX € UCHTpa-

mu B TouKe 2, =3 — 2§ ucpanuycamn Ryu R, :
K, ={z: |z-3+2i<5},
K, ={z:\/§<jz—3+2il<w/§§},
K, ={z:\/5§<|z~3+2i]} .

Pa3noxue MCXOAHYI0 GyHKUMIO Ha INEMEHTapHBIe APOOH, HOTYuUM

w2222 A B D2=Az+2)+B(z-2):
z°~4 (z-2)(z+2) z-2 :+2
=2=4=44A=>A4=1. z=-2=>-4=-4B=>B=1.

IToatomy
r iy
| 2z 1 |
L = 5 = + .
. z°-4 2z-2 z+2
Nk
e/t B N
IR, I,?\'& k.\“ 5 \ X 1. Mycms Z € kl. HUc-
. . _‘-_‘ ] ]
LA S noibsya GopMyny cyMmbl
o J reoMeTpHiecKoi nporpec-
\. CHH, NOJTYYHM
. Puc.4

12



Teopus (hyHKYUE KOMRIEKCHO 0 NEPEAMENNO0 Ui OREPAYUONNOE UCHNC.ICHUE

1 1 I 1
:3‘(:-3+21)+(|-2i)'|'3" To3+25
\ —l+_1,|
. ==3+2i| 5 _ | 1 | z-3+2i
= Tk |——— < === - +
] -142i] S , I-2i I-21 (- l+7z)
- \? nelyg o ”
L _(- 3+2:) *"'*Z( (= 3T2')
1-2i \ =-1+2 e (1=20)"

:+2=(:~3+21)+(5-2i)'5-2i'l_(:-sn:):
-54+2

ojz-3+2i] 5 ) 1 1 (: —3+21
=|‘l‘, - < — '|= -
! ~5+2i 29 ¢ 5-2i 5 2\ -5+2i
1 (:—3+2']3 (=1)"Y s —3+‘h)
+ = —
5=-2i\ -5+2i n b (5-2i)""
OKkoHYaTENbHO
| 1 =2(=D"(=3+20)"  2(=1)"(z=3+2))"
0= + = S u+l + VA .
-2 = +2 w0 ("‘+21) n=0 (5—2[)

2 fMlyet Z € k2 . Torna

1 1 1 1
T-2 (z=3+20+(1-2) (z-3+2) _ -1+

=342
[ | =1+2i J§ | | (—I+2i]
=T.K + - - |+
t l==3+2 JS I-342i --342 \z-3+2i)
1 —1+2i < (-142i)"
YT 32 (:-3+2i) nzﬂ:——3+2i)"'
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IMockonbky B k, {z -53 +2?il < \/__'zz =1, TO pasnoxenue apodu
-5+2i |

1

z+2
OkonyatesibHO MOMyuYuM

OCTaeTCA NPEKHHM.

1 1 o (=1+2))"" 2 (-D""(z-3+2i)"
w= + Nl ) S S Gl ki i)
z-2 z+2 2(z-3+20))" w0 (5-20)"
3Mlyeme Z € k3. Torga | —1+2i J5 <|* ¥ M03TOMY JlopaHOB-
z2-3+2i V29
CKoe pa3fnioxen1e apobu 1 cosnanaer ¢ n.2.
z-2

Paznoxum BTOpYIO Apobb:
1 i _ 1 ) i _
z+2 (z-3+2)+(5-2i) z—3+2i|_f-5+m)

z-3+2i
!’rxl 1 ( 5+71)+
! l +21| \f_ —3+2z z-3+42i -342i
1 (—5+2:) _a(=5+20)""
+ . PR —
z2=3+2i \z-3+2i Tz =3 +2i)"

CiicnoBaresibHo,

1 1 >
w= +
z-2 z+2 g

OrBeT:

(=1+2i)"" .
1(z=3+20)"  ai(z=3+2i)

<\[§}

! 1y .
©= 2{(1—21) (5‘3) ](Z'3+2’)’

2. B xonbue {z|\/§ <'z—3+21'|< @}

1. B xonsue {z“ -




Teopusi ghynxyuit KOMRAEKCHO20 NEPEMCHNO20 U ONEPAYLOHHOR UCHUCACHUE

(=1+2i)"" e
,,.};.(z 3+2z)"+,§(5 2) (=3+2)"

3. Bxonbue {z]-|z-3+2i|> V293

_ =1 _ 7.n—| l .
w=F(1+2)" s (542 )

3anava 10. [Jannyio dyskunio , _ _in = pasnoxuts B pan Jlo-
zZ-a
paaB OKpECTHOCTH TOUKH Zy = d.
Pewentte. OGo3nauum Z — Q uepes 1, torna Z =1 + 4, caeno-
BaTesbHO,

w=(t+a)

n{{+a a

. a . a . a .
=( +a)sm(7r + 7): —(f + a)sin—=—(sin—-asin —'—
t {

Bocrnonb3ysce paaom Maknopena gpyHkunm

) t3 ‘,5 xzml
sinxy =x - —+——-~--*Z( _—
3 5! n=0t (2" + I)'
2y = g—_ notyyim
{

"n ] 2u-1
w=~1) (-1) -a) (-1)" Pz
"Z" "n l "z;' " l(-) 7+|)|

.ynl .n

‘Z( )"‘l 1,. Z( )“' Incl

=0 ' n=0 (‘)n"' l)l

Jlanee, BO3BpALLANCL K CTapoOii IEPEMEHHOIN  Z, NOAYYHM

o (_l):nlalnﬂ N - (_I)M-laZIHZ

Omer: @@= - .
wm0(z=a)"2n+ 1! =0(z-a)"2n+1)!




E. )X Atidoc, 10.B.boposckuil

3anaua 11. Onpeaenutb THN 00607 TOUKM z =0 AN GyHKuMy

€ -1)
@= 4’—1—@

Pewenne. Mcronb3yem pasioxenmne GyHkusM i =e° 8 pan Mak-
nopena:

2 3

. PR
e=l+z+—+—+
23

5
MoacTasnas ciona BMeCTO Z QyHKUMIO Z° , TONY4HM

s 10
e’ =1+2" + —+-
2l

OTH paael cxomarca B nioboli TOUKE KOMMIEKCHON MIOCKOCTH.
TTostomy

e o1 .—1+|+z’+2'72!+-..

e:‘]"z--—l—z+1+z+272!+273!+

_z+-l +- ) (I+Z/ ) 2 b
S Ao e

+ Z/‘ N
3nech yepes h(Z) - 2! o0o031aueHa ananuTHyeckas 8

oxpectHocTH 2 =0 pyHKUMA (OHA aHAIMTIMMHA KAK OTHOLUEHWE NBYX aHa-
JIUTHYECKUX QYHKUMH, TAE 3HAMEHaTeNb He o6pailiaeTca B Hyllb).
Hanee,

W=

.5

hm—i—_]——=limz’ “h(z)=0=c0-
200" =z 0

CnenoBaTe/lbHO, COrNACHO Teopeme O KIacCH(MKALMU U30IHPOBAH-
HBIX 0CO0BIX TOYEK, 3aKmo4aeM, uTo z, = () - ycTpatnmad ocobas Touka.

Ortsert: z,=0 - YycTpanuMas ocobas Touka.



Teopust hyuKyult KOMRAEKCHORO NEPEMEHHO20 U ONEPUYUOHNOE UCKUCACHIE

sinnz !

3anaua 12. [ind pnavHO#M QyHKuun (= ¢ HalTH w30AM-

z
poBaHHbe 0COGbIE TOUKH ¥ ONPENEINTL HX TH.
Pewenne. Jaunan dyHxuus He onpefieneHa B TOUKE z, =0 n 8 Kop-
HAX ypaBHerna z* —1=0. Pa3noxus ero AeByIO 4acTb Ha MHOXHTENH
3 2 2 . .
—“l=(z"-I)z" +)=(z-1)z+1)z-i}z+i), nony-
YN ewe yeToipe ocolble  Touku: z. =), z. =-1, z, =}, z. =—i. On-
2 ’ 3 4 v 3
peaetiM THR Kax Ao H3 3TUX 0cobbix Tovek:

1. 5, =0. Monoxum Z = X (aeficTBUTENbHOE YHIIC0) H Halinem

H sinmx .
fim 2 = lim - lim L’/ =(0-¢7)=0:
el x“ ~] T oxon- X -] v-su-
! %
. osinm e’
lim—; ¢/ = lim —— lim =
o0+ 7 — l ol y _l X0+ (Slnm)
. ey" »n
=-|lim———=|—|=
0+ (sinm)” oo
=| npumMeHnM npasuno Jlonutains |=
e%(--!-)
e
= - lim
o= — (sinx) 7 -cosax - T
LYy st ]
=—I|me/-l|m- — - lim o 17— = w0,
vole ) X s+ COSAN - T ¥ e

Mockoabky mpeRensi cnesa ¥ cNpasa AaHHON QyHKUMH He coBnana-

10T. T0 €€ NpelieN] B TOUKE - = () HE CYWECTBYET, T.€. - = ()~ CYWeCTBCHHO
0co0an Touka;

2. z.=1.

smz L ! sinnz sinnz 0
||m——— -ef = lime® - Ilm——= o lim——=| = |=,. |,m“"”‘:l.
ol = -4 -1 2 -1 -_.,| Lol O ol (= ).

NCOSNZ n-e
=¢-lim =——<»-

ol 7,



E.JK.Andoc, 10.B.boposckuu

Mockonbky 3TOT mpejen KoHeucw, 70 z, =1- ycrpanumas ocoGas
TOYKA;

3. Cnyuait z; = ~—] ananoruven npesbiaywemy

sinnmz 'n/zz . (sinm)
lim ——- e/ = lim e/ hm =¢'-li ﬁ_‘_)_=
zrlz -1 z -} 1z ._] :—rl(z _.4)'

= 47 4

Cnenosatensno, z, =-| - yctpaiumas ocobas To'ika.

4. PaccMOTpUM TOMKY Z, =1 .
. ' 3 . -
i smnz-e/: sinmi-e”

A 0
omoc. Onpenennm nopagox nomoca. 3annuiem ¢yukunio s e

)
M’) sinmz- e/f
wz) -l

=00, ciienoBare/ibHO, 3Ta ToUKa —

[lockonbky

AMi)=sinme ' #0, u(i)=i* -1=0, y'(z) =4z, 4'(i) =4’ # 0,
10 Z, =1 - aoitoc 1-ro nopaaka.
5. Cnyvait Z5 = —I ananorwen npeasiayuemy. Tak kak
A(=i) = sin(=m)e’ 20, p(—i)=(=i)* =1=0, y'(-i)=—4i’ 20,
To Zg = —i —niomoc 1-To nopaza.
Oteet: z, =( - CymiecTpeniio ocobas ToMka;

2, 3 =1 - ycrpanumsic ocobbie TOUKH;

z, s =i - nomocn 1-ro nopaixa.



Teopust OVHKYUI KOMRACKCHOSO NEPEMCHIO0 1 ONEPUYUORKOE UCHUC. ICHITE

-
-

3aga4a 13. Boluncauts unterpan _,il__dz.
. .z
=2 (2? 4 4)S|n§

Pewenne. Haiinem ocobble Touku noabiHTErpajibHOH QpyHKUHH, NPH-
paBHAB ee 3HAMEHATE/b K HYIO:

(= +4)sin 7 =0.
Hs 22 + 4 =0 nonyyum z,, = 2. Tak KaK
]l - (i Zil = Jm = \/5 > 2, TO 3T TOYKH Z, HAXOAATCA BHE KOHTYpa
unterpnposanut. U3 sip % =() nonyYum % =nk. 2, =3k, keZ . U3
ITHX ToYeK BHYTPH KOHTYpa lz ~ ||=2HaxoAUTCA TONLKO OnHa ocobas

Touxa 2, =0. Onpenennm TH 0coGoii TOUKH Z) = 0.
B Hawem cayuae

an Gy 3 i
\\
>

_

f(z)= A2, rme A2)=2" +1, u(2) = (° +4)sinZ

=20 3
u(s)

A(z,) %0, u(z,)=0. p'(z4)#0.

B camom aene,
Az)=z +1 M0)=1, pz)=(2* +4)sin7, #(0)=0.



E.JK.Aiidoc, 1O.B. boposckuii

H@)= 2zsin% +(22 + 4)-;cosy,

1
"(0) = .~.1=4 .
#(0)=0+4 3 1 /3:#0

Caenosatenso, z, =0 - npoctoii nosmoc.

Mostomy reg 2+ - 40 _ — / Cornac-
(z? +4)sin% H#'(0) 4

HO OCHOBHOI# Teopeme Kowu 0 BbiueTax,

§ 2+l dz = 2mires ] B é_ ?im‘
-2 (2 +4)sin% °| (2 +4)sm/ 4 2
Ortsemn: im

2

b .2
3azaua 14. Buumcauts whterpan ¢ zel” -1
l<=1 z
Peincine. TMonpiHTerpanbas ¢yHKUMS HUMEET eQMHCTBENIYIO OCO-
Oyio Touky z, = 0 v ona nexnr BHyTPU KOHTYpa |5|= ]. Haiiaem sbiuer B
ITOH Touke ¢ NMOMOUILIO pasnokeHna dynxuuu B psa Jlopana. H3 paga
Maknopena

dz-

3
‘o 2 L
e l+t+t/2!+ 3!+

Tlpn ¢ = 1_2 nony4um

]
/:2=1+-1—2+ 41 l
zt 0.2 3‘

Cuenosatrensho,

e



Teopus hynryusi KOMRAEKCHO20 NEPEMEHHOLO Ui ONEPAYUONHOE UCHUCAERILE

. B LN T
zzeA’ -1 _ 22 2 23 )
z VA

(, l 1
T2t a7 1

4 2zt 3

Mockonbky Re 5. f(z)=c,, o

|
z’e/zz -1

Res =0 (ko3¢ drumeHT npu l).
0 2 2
zze/,z -1
4 —————dz=2mi res, ., f(2)=0.
jzi=l z
e’ ~cos9z
3anaya 15.  Bbiaucants ubrerpai —dr

izi=0.s  ZShmiz
Pewenne. Bocnons3opasuuch cooTHowenrem shiz =isinz nepe-
2z .
NHUleM WHTCTpan BBUAE e ~cos9z dz -
ifi=05  [ZSINTIZ
Ocobble TOUKH NOALIHTErPaIbHOI (Y HKLHH HAXOUATCA M3 ypaBHeHHS
zsinaz =0.
Orciona, 2=0, m=nk, keZ, 1e.z, =k kel
BuyTpb OKpY*HOCTH | z| =(,5 nonamaer oana ocobai TouKa
z, =(). Onpenenmm ee Tun. Tlpeacrasum QyHKUHMIO B Birae
7) Mz) e* -cos9z
H(z) zisinnz

3nechb

M0)=e" —cos0=0.



E.JK Aidoc, 10.B. boposckuii

A'(z)=2e* +9sin9z, 4'(0)=2-¢° -sin0 # 0.

u(0)=0, p'(z)=isinnz +inzcosnz, u'(0)=0.

1'(z) = imcosmz + incosnz — in’zsinnz, 4"(0)=2ix # 0.

HOCKOJle)’ nepsasa OTANYHAA OT HyJS NPOU3IBOAHARA B TOUKE Z() = 0
HMeeT NOPAROK | 1S YHCAMTEAR W 2 ANA 3HaMeHaTens, To z, =0 ecTb
nonioc nopsaka 2 ~ | = 1. Haitaem BoiueT B nontoce no dopmyac

res. f(z) = lim f(z)(z - z,):

2: 22
~-¢0s9z . e“—cos9z (0
res, f(z) = lim -—-.—-.——-—-~z=l|m—-—7-.——= —-|=
0 jzsinmz =0 jsinz 0
_i (¢** —c0s9z) lim 2 +9sin9z 2
=0 (isinnz) 0 jrcosmz in

CornacHo OCHOBHOI TeopeMe O BbiMeTaX, UMEeM

§ f(2)dz=2mres,f(z)= 2717-2— 4.
ir

-|=0 5

Orsert: 4.

3agaua 16. Buiuucants wuterpan

iz
6¢ch
2-2i

,:.:{:3 = +1 v (z-2+2i)°(z-4-2i)

Pewenne. 1. Hafinem ocobote Toukn 1—it apoGu 113 ypasiexna

o

+1=0; ¢’ “' = Ln(-1).
-1 =1 arg(—l)=ﬂ.
TO

% Sinl+i(r +27k), M2 =2(7 +27k),  z=i(2+4k), rre
ke

.
-



Teopus hynxyuii KOMPIEKCHO20 NEPEMEHHOZ0 U ONEPURLOHHOE UCHUCHEHIE

BHYTpB KOHTYPa |7 + 24| =3 nonanaet oxsa (npu k =-1) ocobas
T04Ka Z, = =2/ .

Jna pynkunu f5)= AMZ). m setnoniiores A, (~=2i) =7 #0,
Sl ey

1 (2) e'%’ +1
p(2)=e"+1=0, ' (z)= geA

' w oy n
W(=2i)==e™ =-==0.
2 2
MostomMy 2z, =—2i — nontoc |-ro nopsaaka. Tak kak

"(?.Y:of(Z):—):-l-'Efgla TO re.\'(,f,(z)= /4 =_2.

7/

B (2o) ez

/

Mostomy ¢ T = oni(-2) = —4mi-
s %5 4]

2. Jina uHTerpuposatua 8Topoit Apo6u Haifaem ocobbie Toukyt (PyHKUKH

6Ch2-mzi
(2)= — <l N
22 (z2-2+2i)(z-4-2i)

u3 ypaHeHut (2 -2+ 2i)(z-4-2i)=0.
Orciona z, =2 -2i,z, =4+2i. TaK kak |3 (4 +2i)|=|-4i=4>3,

10 4 + 2/ HAXOHMTCH BHC KOHTYPA HHTCTPHPOBaHMA. BHYTPL OKPYKHOCTH
|z +2il= 3 MOMAnAET TONLKO TOUKA 7 =2 — 2i.
1

o Hasinem THn 210it 0codO#
. 2, toukn dyukunn f,(z), nepe-
) . N11CaB €€ B BUIE
/ ™,
ma TR T

- A 6Cos -~ - .

'\ ' ’ /,(Z)= "OSZ ht 2I - /':(‘:)

. / o (z-2+42Y(z-4-2) 4,(2)




E K. Ao, 1O.B. Bupoackuii

3necs
A,(2-2i)=6¢cost=-6%#0, u,(2-2i)=0,

U(2)=2z =2 +2i)z-4-20)+(z-2+2i); 4(2-2i)=0:
Wi (2)=2(z -4 -20)+2(z2-2+2i)+ 2(z - 2+ 2i);
W(2-20)=2(2-2i-4-2i)=—4-8i#0.

Mostomy 2z, =2 - 2i - nonoc 2-ro nopsaxa ang GyHKuHm fz(z ).

Haiizem sbiuet 8 Touke Z, no dopmyne

res. f,(2)=lim(f(z)(z - 2))’).

Tloayuum
> \
6C05‘2°l57
res. ., f-(2)= lim 2= &l z-2+2) | =
¢52.2/2(2) 222 (z-2+2i)'(:-4+2i)( )
6cos—1-t—z——

1]
t
t
|

L sin i -z-4-—2i)-6cos—"—z—;-|
2-2i 2-2- 2-2i

22 (z=-4-2)

1
3
t

-6m . . .
_it.z.;s|nn-(2—21-4—21)*6cosn 6

B (2 -2i-4-2i) T (-2-4i}
6 3 3(-6-8)  -18-24i
T4+16i-16 -6+8i (-6+8i)—6-8i) 36+64
=-0.18 - 0.24i.




Teops QyHKyUll KOMRIEKCHOZO NEPEMERHO20 U ONEPAYUONHOE UCHUCICH U

flostomy

{£(2)dz = 2mires, ,, £,(z) = 2mi(~0,18 - 0,24i) = 7(0,48 - 0,361).

|z+l:|=3

OxonHuaTelibHO UMeeM, HTO

{ h@+h@M= { S+ {f()dz =

12+21]=3 J2+2il=3 jzv2f=3

= -4mi + (0,48 - 0,36/) = 7(0,48 — 4,36).

Oveer: 0,487 —4,367i.

3anaya 17, BuMHCAUTL HHTErpaN ”_.___él______
0 442 smt +6

Pewtenne. Bocnonb3yemcs samenoit Z = e” , NP ITOM

jR(cost sint)dt = «jR( ( l},i(z—l)]@
4= \2 z) 2i z))zi

l'loaromy
zj__._qi__.... ({ dZ = (j‘ ___iL:.____ N
JW2sint+6 0 ,(4J— ( )+6)I\: w2422 £ 6iz - 242

7 - -
z

Haiizem ocoOble Toukn dymkunu
) 1 A(z2)
f(@)= -

W2 +6iz-202 uz)

peLuB KBaJupaTHOE YpaBHeHHe

2«/_2_22 +6iz-242 =0.

C_S3EYB) 22202 -3i#V-948 -3t
e 22 22 22




EJK A1ooc, H0.B.Boposcrkui

Mockoabky
|- 2i i \/_
zl=i—=|=— |2 =|= l,
S A o

. 5
TO B KOHTYPE |z| = | HAXOAMTCA TONLKO ocobas Touka -2 V2,

Onpenenitm ee Tvn.

z(-—‘/zi)=|¢o.

__\/_-2; =0 (TK Z; — Kopetb 3HaMEHATENR).
M 5 il=0 ] pe

Hz)= 42z +6i,
}l'(— -\/2-—2_—1) --4«/2%:1 +6i=2i=0.

Nostomy = | = __2_,' - ONOC NEPBOro NOPAAKA:
2
. Az {
:es:lj(z)r-———'( J .1
i(z,) 2i

OxonuarenibHO noayuaem, uto

§ f(2)dz =2nmres. f(2)= 2m2l=7r

5=t
Ovser: .

m di

3anaqa 18. Boiuncnauth uHTErpan !’
0 (J§ +2 cosl)
Peuwsenste. BocnionbzyeMca MeTOROM pelseHis npeabiayuleii 3anatu,
it
nosokimM 2 = €,
2

«I:I(\/§+\7—cosl) .§=n 2dz 1 2.~
(5 (=2))

=/ YMHOKMM UHCNHTENDb ¥ 3HAMCHATEAb HA Z / =

6



Teopus dhyHKkyult KOMRAEKCHO20 NEPEMEHHO20 Ut ONEPAYUOHHOE UCHUCTEHIE

= zdz
(V2 J2Y
+v5z 4+ —
2 2
Hatizem ocoObie Toukn GyHkumu

/T.(z)= z
u(z) (JE , \/5)2
| —z"+~5z+—
2 2

f(2)=

pCLIWB KBaApaTHOE YpaBHEHHE

V2 , V2

—Zz +V5z+—=0,
2

o _—525-2 -53
TR 7
lMockonbky i‘ \/—:5/; ‘/§||> I, 2 i" ‘/‘fé ‘/3! < |, TO B KOHTYpe !zl <l
| -5 +\/—
V2

20 u(z,)= p'(z,) =0, TaK KaK

1oua/1aeT Toabko ocodasg Touka zl =

a3
Az)=— \/-2-

Z,-ByKpaTHblii  Kopewb dyHkumit 1(z).
u'(z)= 1'2(—\/2222 +4/5z+ —@](ﬁz + \/g)
[-J— ‘7

P(’)"l"(\/—z‘*'v 5)* +i2+ ++/52 +--_J

u'(z) =i2(«/§:‘/%+\/§) =6i#20"

MostoMmy Z|- eCTb Nomoc BToporo nopsaka hyukuus f(z).
Pasnoxkum L(Zz) Ha MHOXHTENH

(]



E.ZK. Aiwoc, 10.B.boposckuii

- \/E - Vs0 o2 .
MR =i (=) G- a) =i 2 :

1/5(-_—\/5+\/§]2[__+\/§+\/§}’.

Haitnem sbiuerT 8 Touke Z | fo bopmyae

res., f(2) = lim{ )z -5,)").

Moayuum

res, f(0)= N z {_‘ 5"“/—52
O B ,_fg[- 5&)[+5\/')k 7 )

2 2

’

g .
BRI T +(J§+J‘)/J—)

N (_+(\/§+J§)/J—) -z 2(_+(‘/§+J§)/~F’
= m
[ s-eadadda 2 (_+(JS+J§)/J2)

Ji((—JShB)/ﬁH[ B2 ~I5+ B2 +93) 2+ (5 +V31V2)
(5 +W 2 +5+ 32y

J36+|J§-J3; 23 s i

36 18 1§
OKOH'IaTeJ'IbHO nonyllaeM, 410

§ f(2)dz =2nires, f(z) = 27 30 _ Y30
2=l 18i 9

30

9
e dx
3anaya 19. BbiunCInTy HHTETpan "

o (2 + ) (x? +l6)
Pewenue. Haiigem 0oco0bble TOUKH Pynxunn

1

OTtser:

-

J(o)= , iekawne B BepxHeii nonynnockoctit. Jns

2%

(2' +1)*(z? +16)



Teopus hynxyuti KOMRIEKCHO20 NEPEMEHHO20 U ONEPAYUCHHOE UCHUCHEHYE

3TOTO PElIHM yPaBHEHUS (z2 -}-])2 =0 # (z? +16) = 0. Orciona nony4um
Z, = i, z, = 4i — KODHH, Jiexallune B BepXHe#d nonymrockoctH. Haiigem
BbiteTHl GYHKUHH f(Z) B 3THX TOUKaX:
1) 2z, =1i. Tpencrasum f(z) B Bune
f(2)= 1 _ (z+)72(? +'16)'l A (z)
(z+)(z=i)*(2* +16) z-i)' w2

3neck A, ()20, a4 Y dynkunu g, (2)TouKa i -Hyns BTOpOrO

nopanxa. [loatomy Z, = I ecTs nostioc 2—ro nopaaka s GYHKUHM £(z):
P y 4

e -a?) = N B
res;f(z) = ‘““(f(z)(z ')) lzl—'s((z-i-l) Xz +l6))

i 227 +T6) + (2 +i)' 2z 4i(-1+416)-8i 52i 13

i (z + D22 +16)° 16(~1+16)°  16-225 900

i

2) z, = 4i. Mpencrasum f(Z) & BuRe
2= 1 _(z+ D2 (z+4)" _A@)
(z +1)*(z + 4i)(z - 4) (z-4) 1,(2)
3necs ,12 (4i)=0, a } dyuxuun H,(z) TOUKA 4i—HYMb TIEPBOTO
nopanka. CneaosaTenbHo, z, =4i- NOMOC NEPBOro nopaika QyHKUAM

/(@)
res, f(z) = hm f(z)(z 4iy = h

l
_ 1 _ =i
T (-16+1)*-8i 1800
Nockoneky ¢yHkuus f(z) He umeeT ocoObIX Todek Ha AeHCTBH-

TEbHOK ocH, NOKA3aTENAb CTENeHH 3HaMeHaTeNa Ha 6 NpEeBOCXOANT NOKa-
3aTE/Ib CTENECHU YHCAUTENS, TO




E. K dioc. 10.B.boposckuii

M clx . . . . -
! (P +1)(x +16) 2ni(res, f(2) + res,, f(2))

(—|3l i ) (l3 | ) 27 3

= 2mil = ———t— | = =ft—.
900 1800 450 900 900 100
Ovser: 0.037.

3anava 20. BbliunCcauTb HHTErpaN [ de.
S (D)’

Pewenne. Haiiaem ocobbie Toukn 1 BhiveTH 8 HUX ana Imz > 0
byHKwin

.\:_e .
(z° +1)°

W3 ypasuerns (27 +1)° =0 nmeem 2,, = Ei, s sepxueii no-

f(e)=

Ay NAOCKOCTH HAXOAHTCs ocobas Touka Z, = i. 3anucas f(z)sBune
e3i2 _ eZiZ _ (e3iz _ c2i2)(z + i)—2 _ )\.(Z)

2 +)2z-i) (z-i) " n(@)

rae A(i) # O v touke Z, =1 y-) uMeeT Hy:b 2-ro  nopaka.

f(z) =

noayuum, ut0 Z, = { —nomoc 2-ro nopaaka MyHKLUMNH f (Z ) .

34 c:’:: '
res.f(2) = lim(f(2)(z - i)’) = ""’(W) B

(Bie™™ = 2ie* Nz +i) ~ (™ - e** )2z +i0) _

= lim —
I (z+1)
- lim Gie™ = 2ie™ )z +i) = 2e™ + 2" _
Y (z+i)
_@Biet =2ie?)2i-2e +2¢7  —~6e7 +4e =2e” + 277
B -8i - - 8i

O A
4i



Teopust hynryuu KOMIACKCHOZ0 NEPEMEHHO20 U ONEPAYUOHHOE HCHUCICHIE

Nockonbky GyHKuHA R(z) = HENpepbiBHAa HA AEACTBH-

2

(22 +1)?
TEILHOIT OCH ¥ CTENEHb 3HAMEHaTenn npeBHmaeT CTeNneHL YUuCMTENR Ha
ueTHIpe, TO

N

j c0s3x —cos2x
(x*+1)°

-3 -1
3¢

dx = Re(27i -res, f(z)) = Re 2mf‘-‘—74“——
{

-

T 3 -
= ’;(4e'~ -3¢}

Otser: 12[-(4e"" =3¢7).

3anaua 21. [lo naxnomy rpaduky opurinana f(z) HaiTi ero uso-
Opawenue

S f

t

S

R ;

Pewennte. Jlannas ¢gyHkuma (1 ee NPoM3BOANAR) HMEET PA3PbIBLI B
Towax T, =d, 7. =2a, r;=3a0. T, = 4a. CootsercTayiomwne ¢KaY-
KM QyHKUMH 8 HTHX TOMKAX paBHbl o = 2-0=2: a, =0-2=-2
a, =3-0=3, a, = 0-3 =-3. Cxaukn Npou3soaHoi pasHsl f3, = ().
k=1234, 7ak kak f'(¢)=0 Bo Bcex Toukax. 3a mMeKmOuEHHEM

T\, 0,75, Ty

‘ae



E.JK A@ooc, 10.B.bopoeckuii

CnenosatesibHo, niobpaxenue [ (1) nmeet pun

F(p)= Ze"’“( B"] e g2 w3 w3
k=l P P p P p P

e M — et 43I 37t

p

OTser:

3anaua 22. Haiitu opurutan no 3aaaHHOMy M300paxeHIno
3p-2
F(p)=

(p-1p* ~6p+10)

Pewenne. Paznoxum 3apanuy0 GYHKUHMIO Ha mpocteifue ApoSu
METOIOM HeonpeesieHHbIX Ko PuUMeHToB

3p-2 A . Bp+C
(p-D(p’ —6p+10) p-1 p*=6p+10

3p-2=A(p* -6p+10)+(Bp+C)p-1),
p=1=1=A1-6+10);
1=54, A=0,2.

MoacraBum HaitneHHoe 3HaueHWe A, npupaBHieM KodPPHUMEHTH
NpH OJNHAKOBBLIX CTENEHAX CJEBA H CMPaBa, MoAyYHM

3p-2=0,2p* -1,2p+2+ Bp> - Bp+Cp,

-2=2-C,
3=-1,2-B+C.
Orciona nonyuaem, uto C=+4, B=-0,2.
[TosTomy
F(p) = 02 -02p+4
" p-l p—6p+|0

Boizeanm B 3HameHatesne BTopoil Apo6u monHbiii KBaapat

pPl-6p+10=p* -6p+9+1=(p-3)" +1

v sanuweM [f'(p) B BHIe



Teopusn (hyHKYUI KOMIIEKCHOCO NEPEAEHHOCO 1t ONCPAYUONIOE HCHUCICHIE

Fip)= 0,2 +--'()..Z(p--.))—()‘6+4= 0,2 ~02 p-3 . 3.6

p-1 (p-3)+1 p-1 T (p=3P+1 (p=3) +I
Bocnonb30BaBIIMCH COOTHOWEHNAMH, UMEEM

-a
¢ coswl & P

(p-ay+@’’
¢" sinw! <> — 7

(p-u) +o°

Mo csoiicTBaM AHHE{IHOCTH NOAYUYUM, 4TO

F(p) e 02¢' —0,2¢” cost +3.6e" sinr.

oOreer:. 0,2¢' = 0,2¢" cost +3.6e" sin.

3anaua 23. Haiitin pewenne audppepeHUHANLHOTO ypaBHeHHs. v 108-

A
e

(+2)
Pewernte. PewuM BcnoMoratenbHoe ypaBHeHHe y+ 44y +dy, =1 €

neTBOpAIOWIee YCOBHAM y(0) =0, 3'(0)=0. Y +4y' +4y=

HYNEBbLIMIH HAYANbHLIMI YCNOBHAMMN. 0603HaunM |1306pa;|\'euue opurnhana

¥, vepes y(py, Toraa. y, > pY(p), y & P Y(p). Nepexoas &
opiFHanaM NeBOW 1 NPaBoii uacteii ypaBHEHHS, NONYHHM

, : |
PY(p)+4pY(p)+4Y(p)= %: V)P 4+ =

1
Y(p)= ————
p(p+2)
PaznoxumM nonyuenHyo apobb Ha npocTefire
1 A B C

——-———1=-—+ + 2;
pp+2)" p p+2 (p+2)
I=dA(p+2)° +Bp(p+2)+(p

Moacrasus ctona p =0, nonyuum | =44, Te. 41=025.
Monctasus p = -2, noayunm | = =2C, 1e.( =-0,5.
Packpoem ckobku u npupasusem kodduumentsl. Mpn p* nony uM

1=025p> + p+1+Bp* +2Bp-0,5p.

s
N



E.JK Aiivoc, FO.B.Boposckuit

pl0=025+B=>B=-0,25.
OKOH4ATEABHO NMOMYHHM, YTO
0,25 0,25 0,5
Y(p)=—- - T
p p+2 (p+2)
Hcnonwusys cooTHowenus o o

s e o 7
p—a (p-a)
u cBOCTBA AMHENHOCTH, NalineM opurykan s Y (p)
$,()=0,25-0,25¢ - 0,5te”".
J{n% HaXOXIEHMUA PELIEHHS CXONHOTO YPABHEHHS y(/) HCNOAb3yeM
bopyny MoaMenR (1) = [y(t - )/ ()
0

Hmeem

¥y =05e ¥ -0,5e +te* =te’”, y(i-)=(-1)e "’

= [ e~re

i 2 -7
dr=e =
s2ep 0 ¢ f(]+2:)

»'e dr wp
=l * |m—————p =
!(2” H f(|+27)z

1
T+ )
=—te‘z' .l ! ‘:)—e'z'! —2_2-..4—2— dT:
2(2r+1) (1+2r)° (1+27)

\
t 5 1 t a1 1% dr
= - + - -_— =
2° 4172 (2,1(2”1) J(21+1)2

| 'J=
21+l|”

e u ,
-3t —Z——T(ln(Zt + D)4+

RS



Teapus ¢hyuryial KOMNIGKCHON0 NCPEMERIOZD U ONCPAYHOMHOR UCHUC 1CH e

2 Y] 2 1]

e’ +te'_e"'ln(2(+l)_ et ¢
22z +1) 2 4 (21 +1) 4

o ( -2 1 T ¢ In(2t+1)
=¢ - +—t——-—— =
A20+1) 4+l 4 2 4

e ,,(_ LI In(2t+l)]=e_,,(i_In(2l+l)}
4 4 2 4 2 4

3anaua 24. OnepauroHHbIM METOIOM peumn 3apauy Kowmn
y =3y +2y=2¢ COSE y(0)=1Ly'0)=0.
Pewenie. Mcnonb3ys cooTHoleHHe
7] p—-a
e cosawt & —m———.
(p-a) +w’
nonyuum
_p-t
(p-+Y
OGo3Haumum n3o6paxenue opurusana y(t) uepes Y(p), toraa
¥'(1) o pY(p)-y(0) = pY(0)-1.
Y1) © pY(p)-py(0) = y'(0) = pY(p)-p-
Janucas H3006paxeHns NEBOI H NPaBOW YacTei ypaBHeHUs, NOAY IHM

. -1
pY(p) - p-3PY(py+3+2(p)=2—L >
(p-1+Y,

!
2¢'cos— & 2

!
Y(p)p® -3p+2)= 2——p————+p-3’
-0+ Y

2(p-1) . P33
(p=10+ Y Xp-1p-2) (P-Np-D)

Y(p)=

“h



E.K Aiidoc, 1O.B.boposckui

2 p—3
Y(p)= .
© (p=1)+ Y)(p-2) -2

Pa3fionnm Kaxayio w3 3anucannbiX Apobeit Ha npocteiunue:

1 2 _ Ap+B c.
(P-D'+ YXp-D (-7 +V, P2
2=(dp +BXp-D+C(p-1)'+ })).

lloactarus p =2, noayuuM 2 =_C % =C=16.

2=Ap* - 24p+Bp~2B+1,6p* —=32p+2;
0
P 2=-2B+2 =B =0,

p 0=-—24+B-32 = 4=-16.
CaenoBaTelibHO,
2l _ -16p ‘ + 1,62;
((P")”:J(P"” ((P")2+4) P-
p-3 _ D E

= + :
(p-p-2) p-1 p-2
p=3=D(p-2)+E(p-1).

Orciona mpu  p=2, p=1  nmeem -1=r:
-2=-D=>D=2.
CnenosarensHo, p-3 2 _ 1

(p-Np- 2) p-1 p-2
OKOHYaTCLHO HMEEM, YTO

Y(p)— -1,6p 1,6 + 2 1 -16p+l6 1,6
p-0'+ 1 P2P|P2(pl)+/(pl)+|/4
1
. 0,6 + 2 ——16 p-1 32 A N 06 2 '
P2 p-l (p=0'+Y, T (p-D+Y, P2 e

26



Teopust (hvHRYUE KOMNAGKCHOZ0 NEPEMEHHOZ0 U ONECPAIIONHOE UCHUCICHUEC

Bocnonb30BasuwiHCh COOTHOLWEHHAMMU

p-a " w w
e > ¢" COS . ———— ¢ SOl
(p-d) +0° (p—a)y +w°

|
p-a
1 CBOTICTBOM JIHHEHHOCTY, Hailnem opurunan ans Y(p):

e

| |
yr) = ~1.6¢’ COSE' -3,2¢' sin Si+ 0,6e* +2¢'

| | .
Otser: | 6¢' cosil -3,2¢' sin 5’ +0,6e™" +2¢'-

3apaua 25. Ha marepuanbHyio TOUKY Maccsl /11 aeificTByeT Cuaa

conpotusnenus R = kv, nponopunonanshas cxopoctu V. Kakoe
paccTosHHe NPOMAET TOUKA 33 HEOTPaHHUCHHOE BPEMA, eCiH eit coobuleHa

Ha\anbHas CkopocTs V? k=10m. v, =1wkc
Pewenite. OGO3HAYHM KOODAWHATY TOMKH B MOMeEHT Bpemenu [
uepes y((). Mpu stom y(0) npimem 3a 0. y'(0)=v, =1. 3akon
NBUAKEHHR TOUKK HaiiaeM u3 2-ro 3akoxa HetoTona — R=m- y" .
Orciona — kv = my"; —10my" = my".
B pesynsTaTe nonyuaem 3anauy Kown
V' +10y'=0. »(0)=0, y"0)=1.
Pewtim ee 0NepaTopHLIM METOA0M, 0603HaUNB H306pKCHHE y(I)
uepes y(p). Mpu s1OM ¥y o pY(p)-v(0)=pY(p)
y" o p’Y(p)- py(0)-y'(0)= p’Y(p)-1.
Monyunm crenytoulee ypaBHeHie:
pY(p)-1+10pY(p)=0:
Y(p)(p® +10p) =1;

|
Y(p)= —.
(p) p+10p

Pa3noHM NMORYUEHHYIO APOOH Ha NpOCTeiiue

)



E.JK Aitdoc, FO. B.bopoagsciuii

_t 4. B 1= A(p+10)+ Bp;
p(p+10) p p+i0
p=0=1=104= 4=0],

p=-101=-108= B=-0,.

Mostomy y(p) = 01 01 |

Opvrdnan ans 3tod QyHKUHH MOMYYaeM, MCIIOIb3ys COOTHOLIEHHE
|

—_— ¢ @™ ¥ CBOICTBO NHHEAHOCTH
p-a
=10
y@)=0,1-0,le™™.
Pacctosuune, npoiJeHHOe TOUKOH 33 HEOTrpaHMUCHHOC Bpems, Oripe-
NenfeTcs npeaenom

lim y(¢) = lim(0,1 - 0,le')=01"

O1rset: 0,1M.

3apaua 26. Pewuuts cucteMy tuddrepeHumanshbix ypasHeHui
x==-2x+y,

.;z =3x;
o) =1.
Pemenue. O603HaunM nsobpaxenue x(t) epes X(p), y(t) Uepes
Y(p), Toraa
*(t) ¢> pX(p) - x(0) = pX(p).
(1) « pY¥(p)-y(0) = pY(p)-1-

B pesynbTare monyunm chcremy

[pX =-2x+y. (p+2)X-Y=0
1pY—l=3x -3x+pY =1

Petuum ee no npasuny Kpamepa

A (r+2 - (p+2)-3=p*+2p-3
= = M + -_— — = — 3
-3 » PLp p +2p-3



Teopus hvrxyils KOMRAGKCHO20 NEPEMCHIHO20 1l ONEPAYUOHNIOE UCHUCICHUE

0 -
AI = l:[;
op
_{p+2) _
Az-_3 ‘Ol-p+2,
JA B8 p¥2
A p*+2p-3 A p +2p-3

PainoxuM kaxcayto u3 3tux apofeft Ha npocreiliune n Haknpem ux
OpHIIHANBY:

, l l A B
d),\’: ~ = = + .
p +2p-=-3 (p-H)p+3) p-1 p+3
l=A(p+3)+ B(p-1),
p=1=>1=44= 4=025.
p=-3=1=-4B = B=-025.

TlosTomy ,\’(,)__0_22_222.
p=1 p+3

X(p) e x(1) =0.25¢' —=0.25¢™:

8 y- p+2  _  p+2 _ A B

ToTe2p=3 (p-Wp+d) p-1 pe3
p+2=A(p+3)+B(p-)).
p=1>3=84= 4=0]5,

p=-3=1=-4B= B=-025.
0.75 025

TlosTouy Y(p)=—"—+—=
j p+3

Y(p) © yi) =0.75¢' +0.25¢ .

" - b ): _ }-h
Oreer: x(1) =0.25¢" -0,25¢".
y(1)=0,75¢" +0.25¢™".

A
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TUIIOBBIE PACYETDI
TEOPETHYECKHE BOITPOCHI

1. KoMnekcHble uMcAaa, ACHCTBUA Hal HUMMH.

2. [okasarenbHas ¥ Jorapupmuucckas GYHKIUH KOMIIEKCHOTO Ne-
pemennoro. Gopmyna Diinepa.

3. CreneHsas ¢yskuua. Tpuronomerpuaeckue u runepbonuueckne
(pyHKIHH.

4. IpousBoanas (YHKUHH KOMIAEKCHOFO HEPEMeENHOro. Ycnosua
Kown-Pumana. FlonaTue avanutnyeckoii ¢yHKUMH.

5. TeomeTpuyecknii cMbICT MOAYAR W apryMeHTa MpOM3BOANHOM
dynkunn xomninekcHoro nepementoro. ITorATHE 0 kodopmHoM oTOGpA-
KEHUHU.

6. Wurerpan oT GyHKIMH KOMNNIEKCHOTO MEPEMERHOrO, €ro CBOWCTHA.

7. Teopema Koiwun ana ogHo- ¥ MHOTOCBA3HBIX 00nacteii. Popmya
Helotona-Jleiib nuua.

8. Huterpansnas dpopmyna Komn.

9. CyuecTBOBaHHE MPOH3BOAHBIX BCEX MOPMIKOB y aHANHTHYCCKO#
(dyuruuu B pagy Teiinopa.

10. Pan Teiinopa. Teopema 0 pasnoXUMOCTH AHUTHTHYECKOH (YHK-
uuu B paa Teinopa.

11. Pan Jlopana. Koubuo cxoaumoctu. Teopema Jlopana.

12. Knaccudukauua H30,14pOBAHHBIX OCOOLIX TOYEK.

13. Boruersi. Boiuncneling sbiyeTos.

14. OcHoBHasa Teopema Kowu o BblyeTax. Boiuuciaenne KOHTYpHbIX
MHTETPAJIOB.

15. BbIMUCNCHHE HECOOCTBEHHBIX HHTErPANoB C (IOMOIILIO BLIYETOB
Jlemma XopnaHa.

16. lpeobpazosanue Jlannaca. PyHKUHA-OPHIHHAN.

CyiuecTBOBaHHE ¥ aHAIHTHYHOCTD Npeobpasosanus Jlannaca.
[Tosezenne usobpaxeHnus B 6eckoHEUHOCTH.

17. CeoiicTBa npeoGpa3osanus Jlanaaca: cBOACTBO JIMHERHOCTH,  TEO-
peMa noao6ud, TeopeMa 3aTyXaHus (CMeLUeHUs), TeopeMa 3anasibiBanus.

18. Juddepenunposatue opiriHana u uzobpaxenus.

19. UuTerpnposanie opHruHana 1 H300pakeHUA.

20. UuterpnpopanHe opuruHana no 3aaHHoMy W3obpaxenuio.

40



Teopus hyuxyuis KOMNIEKCHO20 NepeMeni020 U ONePAYLONHOC UCKUCICHIE

TEOPETHMECKUE YIPAXKHEHUA

|. Jloka3aTb paBEHCTBO

sin _”—ﬂe sin2g
sin@ +sin2@+...+sinnd =

,0#2m.n=0,t1,..
sin —
2 i i20 i
Vkazanue. PaccMOTPeTh reOMETpU4ECKyHo mporpeccuio e-.e™ ,....e™",

2. Jokas3aTb, 4TO B MOAAPHBIX KOOPAMHATaX r,@ ycnosus Kowu-
Pumana umetoT s O4 _1 v v _ 1 ou

or N rop’dor rdp
3. loxa3ate, 4To dyHkuus w=|z| Hurae He nuddepeHurpyema.
4. Myctb QyHxMa u(x,y) rapmoHuueckas B Hekotopo#h obiuactu G,
T.e. Au=0 B nioboit Touke (x,y)eG. Insa kakux «f» cnokHas yRkums
flu(x,y)] 6y meT Takke rapmonudeckoii B obnactu G?

5. Iycre ¢ynkuna [(z) - aHamutHyeckas B kpyre (7SR n
M=max| f(z)|. Lna Bcex BHyTpeHnuX TOYeK kpyra iz)<R nokasarb Hepa-
=R

BEHCTBO
Iy @l . MR

ERRCH
6. Uucna A,, onpenensemble ycnopuamu Ag=1, Aj=1, A= AtA,,,
n=0,1,..., Ha3biBalOTCA vucnamu Gubonauuu. Jlokasats, 410 B HEKOTOPOH

yloneae

X
o6bnacru z A" =—_ 1. Onpenenuts 06nacTs cxomuMocTH paaa.
=0 " l-z- 22
7. JlokazaTb, uT0o Ana 4eTHOR dyukinu f(x) umeeT MecTo paBeHCTsO

rez, f(z)=-rez_, f(z), a ma nederHolt yHKUMH ~ paBeHCTBO

ez, f(z)=rez_. f(2).
8. dyuxuinu f(z) 1 @(z) B TOUKE 7 = Z) MMEIOT TOMIOC COOTBETCTBCHHO
nopsasika m © n. UTo MOXIIO Cka3aTh 0 XapakTepe ocoboii Touku z=zy A

dyukumii: a)(z)o(z); Y(z) o(z); 82)+9(z)?

9. ynkuwu f(z) u g(z) — ananuTHICCKHUC B TOUKE Z, , NphveM  f(Zy) #
0; g(z,)=g'(z,) =0, g"(z,)=0. Haiitu BoiveT pyukunn ¢(z)=(2)/g(z) 8
TOYKE Zp.

10. SlBnsrOTCA K OpuruHanamu GyHkims ft)=7(7) sine’ u eé npo-

nsonwas f(() 7 3mecy {\. 120,
l) =

0, +1<0
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I1.hcnonb3ya TeopeMy ymHoXeHUs H3oOpaxennd, HaiiTH pewwenne

T ! .
WHTETPANbHOTO YpaBHEHUA f_v(r)cos(l )T =1 - cost

PACUYETHBIE 3AJAHUS
Tunrik ecenrep

3anaua 1. Haittu sce 3HayeHna KopHa (n.1.1)
1 - ecen. TyGipaiH 6apabIk MaHACpiH Taby Kepek:

L= 1.2.4’.‘_"“7’_@. 13 M
14 3i 15,401 1.6.,,"-'\/5 .
2

17 V-1, 18 4=, 19. =16 .

L1o. o1t i3 L. 38, 11238i .

3
113, 416 .14, ‘/":2"‘5 115, ¥%
2

oy

16 .
V-8i. 117, Y27716. L18. Y-8+ 843 -
AN, 120.4i/8. 121 41716
122 4-8+i843 . 123 ¥-1/8. 124. Y=1/8.

125. 4 128+ 12843 . 126.327. 127. 417256 .

128 Y- 128 —i128v3. 129 Vi727. 1.30. 4256 .

1.31. V-i27.

3anaua 2. lNpeactasuts s anrebpanueckoit popme ( n. [.2)
2-ecen. AnreGpaibiK TYpAE Xa3sy KCpek

2.1. sin(r/442i). 2.2, cos(/6+2i). 23.Lné.
2.4 sh(2+7id). 2.5. ch(2+mil2). 2.6. In(1+i).

2.7, sin(r/3+4). 2.8. cos(m/d+i). 29.In(/3 +i).
2.10. sh(1 +1i/2). 2.11. ch(1-ri). 212, In(1+ /3 i),
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Teopusn hyHryuti KOMNAEKCHO20 NEPEMEHHO0 1t ONEPAYUOHHOE UCHUCACHUE

2.13. In(-1+i).

2.16. sh(3+mi/4).
2.19. sin(n/6-3i).
2.22.sh(1-mi/3).
2.25. sin(n/3-21).
2.28. sh(2-ni).

2.31. ch(3+xi/4).

2.14. cos(n/4-2i).
2.17. ch(1+ni/3).
2.20. cos(n/3-3i).
2.23. ch(2-mi/6).
2.26. cos(m/6-1).
2.29. (-i)™.

2.15. sin(n/2-5i).
2.18. In(-1-).
2.21. In(1-i).

224,17,

227. %

2.30. (-D*.

3apaua 3. INpenacraButh B anrebpanyeckoit dopme (n. 1.2)
3-ecen. AnreOpaibiK TYpac Xa3y Kepek

5.0 i3y

3.4. arctg[i‘éiﬂ].
3

3.7. arth[ 3+72V3).
3
3.10. (-1-)*.

3.13.arctg(3 ;41).

3.16. anh( -ﬂ).

\ D
3.19. arcccos(-5).

\/g +iy9,

@=chiz

3.2. arcsin 4.

3.5. arcth(3 ~ 4‘).
\ 73

3.8 cos[l’_ —i)-
2

3.11. sin(n/4+i).

314, arch(gf&/i}. 3.15. arcth| 33 - 81 ).
7 L7 }
3.17. arctg,(_:}ig_i}j\. 3.18. arcth(i:/_&/_i_].
7 o7
3.20. arsh(-4i). 320 (-
!
323 w=e* 3.24.
4+ 2m
npu z= :
P4
3.26. arclh( 4+3i) 3.27.
5 )

3.3, arch(-2).

3.6. arcct«r( 4+ 3’.).
\

5

3.9.sh(l—£i\5.
v 2)

3.12. arch(3i).
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fphn z=n/4+2i.
3.28. arctg[ i‘ﬁ%si] 3.29. arccos(-3i). 3.30. (4-3i)’
3.31. (-12+50)",

3anava 4. BuiuepTuth 060acTh, 3a5aHHYIO HEPaBEHCTBAMK
4-ecen. TeHcisaikneH OcpiireH aitMAKTBI CLI3Y KCpeK

4.1.1z-1isl. iz+1>2. 4.2 zri2l iz <2.
4.3, 1z-i|<2. Re z>1. 44 jz+ 0520 0z-00 1L
4.5. lz+1[<1, |z-i|<]. 4.6, :271<2. z-1 2.

4.7. {z-1-ij<l. Im z>1, Re z21.

4.8 jz-1+i|21, Re z< |, In z=-1.
4.9.1z-2-1<2. Re 223, Im z<1.
4.10. |z-1-il21, 0<Rez<2, 0<Imz<2.

411 |z+i<2. O<Rez<l.
a12|z-i|<1, O<argz<r/4.

413 ]z-152, 0<Imz<2.

414 |z+i>1, —x/4<argz<0.
a15]z-1-i|<1, |argz|sx/4.

416 |<2. —mw/4<arg(z-1)s7/4.
417 |7 <), arg(z+i) > /4.

4.18 1<) -{<2, Imz 20, Rez<l.
4191<|z-i|<2. Rez<0, Imz>1.
420|z|<2, Rez 21, argz<x/4

421 |z)>1 —1<Imz<),0<Rez<2.
42]z-1>1. =1<Imz<0,0<Rez<3.
43 |z+i<l. -3r/d4<argz<-m/4.
424 |z-i|<), —x/2<argz-i)<x/4.

K}
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425 2z2<2, Rez<l, Imz>-1.

426 22 <2, Rez<l, Imz>-1.
4271<zz <2, Rez>0,0<Imz <.
428lz-1 <1, argz<m/4arg(z-1)>7/4.
429 |z-i| <), argzz7/4,arg(z+1-i)< /4
430 |z-2—i|21, 1<Rez<3,0<Ilmz <3.
431 |Rez| <1, |Imz<2.

3asaua 5. Onpenenntb Bua Kpusoid (. 1.3)
5-ecen. KHCBHIKTHH TYpiH aHBIKTay Kepek

5.1 z=3sect+i2gt.

5.2 z=12sect —i3igt.

5.3 z = —sect +i31gt.

5.4 z = 4tgt —i3sect.

5.5 z=3tgt +idsect.

56 z = —41gt —i2sect.
5.7 z = 3cosect +i3cigt.
5.8 z = 4cosect —i2cigt.
5.9 z=cIgt —i2cosect.
5.10 z = —ctgt +i3cosect.
5.1 z =3ch2t +i2sh2t.
5.12 z = 2ch3t — i3sh3t.
5.13 z = Sshat +idch4t.
5.14 z = =4sh5t — i5¢h5t.

505 2= +i4th2t.
ch2t
4 .
5.16 z = ——— + i2th4t.
chét
S.17 2= thSt + ——.
ch5t

45
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5.18 z=——:—-—iclhr.

st
5.19 z=2¢" +._.I_...
2e"
520 723" — ——.
2ell
l

T
-1+t
s 2=
Hr—-1)
525--"':”-5—(2-4:)
2+1 1+t
526 2= .
2-t  1-1

527 z=1" + 41 +20-i(¢ + 41 + 4).
S z=L1+2U+5+i(17 +2t+1).
529 2=207 + 2t +1—i(1? +1+4).
530 z=1-2+i(1* =41 +5).
53V z= =22 +34i(7 =2 +1).
3anavya 6. BoCCTaHOBUTH aHANUTHYECKYIO B OKPECTHOCTH TOUKH Z
dyusumo  f(z) no u3BeCTHO! AEHCTBUTENLHON HacTH U(X, ¥) HAM MHHMOI
V(X Y) 3Hauenmo f(z,) (n. 1.4)

6-ecen. BepiireH HakTHI u(x, y) HEMcce XopaMasl v(x, y) 60T
KOHE

f(z)) MoHiI GoMbLIHLIA Zz, HYKTCCiHiH MaHAaWbIHIA AHATUTHKAALIK
f(z2) QYMKUMSICBIH TYPFLI3Y KepeK

6ln=x-pt+x f(0)=0. 62u=x’=3xy’ +1. f(0)=1.

M)
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63 v=e'(ycosy+xsiny),f(0)=0. 64 u=x" -y -2y, f(0)=0.

2x

65u=S2 ! cosy, f(0)=2. 6.6 = —,—'—r—-,,f(l) =1+
€ X ry”
67v=ersinx+y, f(0)=1. 68 v=e¢"cosy, f(O)=1+i.
6~9v=--————-,-,f(0)-l 610 y=y-—2— f()=2.
(x+1)" + +y?
6llu=e ’cosx,f(0)=l. 6.12u=y-2xy, f(0)=0.

613 v=x2 =y +2x+1L,f(0)=i. 614y =x? -y’ -2x+1. f(0)=1.
615 v=3x"y—y’ -y f(0)=0. 6.16 v=2xp+y, f(0)=0.

617 v=3x2y -, f(0)=1.  6.18 u=¢"(xcosy-ysiny), f(0)=0.
619 v=2xy+2x,f(0)=0. 620u=1-siny-e", f(0)=1+I.

621 v = <—Lsiny, £(0) =2. 022y =1- L ry=1+i
¢ X' +y
623 u=c"’ cosx+x,f(0)=1. 624 v=e¢"'sinx, f(0)=1.
625 4 = ___"_;L_T’f(o) =1, 626 u=x/(x"+ yl)+ x, f(l) =2.
(x=1) +°
627 v=x> -y’ —x,f(0)=0. 6.28 u = -2xy - 2& J(0) =i
629 v=2xy -2y, f(0)=1. 630 u=x"-3xp - x. f(0) = 0.

631 v=2xy+x, f(0)=0.

Zapaua 7. BoiuvcauTh uiterpan o7 GYNKUMH KOMILIEKCHOIO llepemMeH-
HOFO NO AaHHO# KpHBOH ( n. 1.5)

7-eceni. Kommicke aitHpiMannl ynkumsaHpl OepuireH KHCBIK
GolibiHILa  WHTEIpaLiay Kepek

71 ledz;AB:{y=x2;z__, =0,z, =1 +i}.

Al

72 I(z +De’dz L:{z|=1;Rez20}.

L

13 Ilmz3d2; AB — ompesox  npamoii,z, =0,2, =2+2i.
R
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74 I(zz + 7z +1)dz; AB ~ompesox npawoi,z, =\,z, =1-i.
Al

75 ﬂzldz; ABC - aomanan,z, = 0,2, = -1+i,z. = +i.
AR

16 I(lZzs + 42’ +1)dz; AB-ompesok npamoi,z, =\,z, = .
At

11 j.izdz; AB -ompesox npamoti,z, =0,z, =1+i.
AB

-4 .
78 j:’e' dz, ABC - aomanan,z, = i.z, =1,z = 0.
ABC

79 [ReZdzAB:{z|=1,Imz2 0}, BC - ompeson.z, =1,z =2,

e -
7.10 J(ZZ + €08 z)dz; ABC - nomanas,z, =0,z, =L,z =1.
R
711 Ii dz. L - epanuya obracmu : {1 < |z| <2,Rez>0}.
z
I
712 I(Chz + cosiz)dz; ABC - nomanas,z, = 0,z, ==Lz, = i.
ABC
713 ﬂz]?dz: L:{z|=4.Rez20}.
)
114 I(chz +z)dz; L {jz|=1,Imz < 0}.
I

7.15 ﬂzIRezldz;L {e| =R, Imz 2 0}.
!

7.16 j(3z’ +22)dz;AB:{y=x".z, =0,z, =1+i}.
ik
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7.7 IzRezzdz;L:{M:R,lmzzO}.
L

718 j(z’ +1)dz; ABC - nomanan,z,, = 0,25 ==1+1i,z, =i,
o

749, {el Im zdz; AB - ompesox npamoii,z, =1+i,z, = 0.
AB

720 I(sin iz +2)dz; L {[zl =1,Rez 2 0}.
[

121 j'z Re z’dz; AB-ompesox npamoi,z, =0,z, =1+ 2i.
AB

122 'f(22+l)dz;AB:{y=x3;zA =0,z, =1+i}.

AR

123 I:Edz;AB :{lz] =1,Rez 20,Imz 2 0}, BC - ompesox,z,, = 1,z =0.
PBe

724 [(cos iz +32%)dz;L: {2 =1,Imz 2 0}.
I

125 [|zldz; L {lz] = V23714 sargz <5714},
L

726 I(z" + 1)dz; ABC - nomanasn,z, = 0,z, =1+i,2, = .

ABC

R
7.27; J‘zdz.

2 .2k

128 '[(sin z+2°)dz;ABC - nomanas,z, = 0,2, = 1,2, = 2i.
ABC

129 |zImz*dz; AB ~ompesox npamoii,z, =0,z, =1+1i.
AB

+9
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7.30 I(z’ +sinz)dz; L:{|4=1,Rez 2 0}.
I

731 [dldds; L : o =1,Imz 20}
{

3anaua 8. Haiiti Bce JlopaHoBckue pasnoxenns nantolt dynxuun no

creneuam z (1. 1.6)

8-ecen. bepinreH QYHKUMAHBIH 2
GapinK JlopaH KaTapiaaphiH Taly Kepek

g1 22 g4
22 +2 -2 2+ -2z
84 22""6 8.5 5:‘50
2420 -8 2z +52° 25z
8.7 7."“98 8.8 43-64
204720 - 49 28 +4z0 =322
8.10 __5z-100 g1 11=-242
452 =50z 22 + 1122 =121z
8.13 _ 13z-338 8.14 72196
21 412:7 - 1692 z'+72-982%"
816 522256 gy, z¥2
2t +82° -1282° z+2°=22°
219 324:18 N $.20 1Zz+l6 .
9r+32° -2z 8z +22' - ¢*
22 32+36 gy 7:498
182° +32° - 2* 49:47:1 =22
825 _ Iz +162 826 __5:+100

81-+9:% = 2-%°

X

50z 521 -2t

Jaapexeci GoifbiHIA

3z-18

83 18
2:' +328-9:

86 32236
PG TAT P
8.9 9z-162

——
2:1 4928 -81z

6z-144

g2 __6i-144
tv6z' =727

155 -450

8.15 _ 15:-450
2-1 +15:7 - 2252

g1g —2*4
22+ -2
g2 _ 3=+50
25-+52° =250
4-+64

824 __*-70°
32:1 440 -2

11- +242

827 ——
121z + 142" =27
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828 ?:+ 144 829 13z +338 1830 724196 .
n:+ 62 - 2° 169z 41322 - 22° 9822 +72° - 2*

g3 1524450
25z +152% =22°

3anava 9. Haiitn sce Jlopanoeckue pasnoxenus fanHoit gyHkunu no
cTenekam z-zp (n. 1.6)

9ecen. BepinrcH ¢QyHKIMAHBIH z-zZ, Jopexeci OGolibiHua
Gapiuk  JlopaH KxarapnapbiH Taly Kepek

9 2t 4 92 2! . a3
-0 H(z-1"""

93 2+] ,Zo = =3-2i. 94 __‘_*'_,_,":-2 i
Hz-1) z(z-1)

95 . ,zo.=|+3i, 9.6 z-1 zozz—-(
2z +1) z(z+1)

9.7 2l z, ==-1+2i 9.3 z-) N 2-3i
Az +1) z(z+1)
7+3 . z+3

99 ) > azll =2+l’ 910 b 920=3—I
z z+3 .

9'”:’:}1_’2" =-2+3i 92.12 22_'.z0~-2-21.

03 =2 7, = 2+i. 9.04 2z =1-2i
2+177° 224177°

05 2, =—-3+i 9.16 ———,z, =-3-2i
2+ 2" +1

) z42 - -
G-1):z+3)"°

MT4_*2 . - 242 9184
c-1)(=+3)

919 H2*2) 5 -3 920._H2+2) ;o4
(z-IXz+3) (z-1)z+3)

921, _H2=2) _ 2.=-12i 922. M=) g =3+
(z+1z-3) (z+W)z-3)

9. _M2=2) 2 =22i. 924. _Mz=2) ;=2

z+ 1)z -3) T E+z-3)
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2z .
9.25. 5 s 2p=-1-31.
z°+4
9.27. z s 2o=2+3i.
i+477°
2
929, ——— , z,=-143i,
zhvi—4
2z =29
9.31. %o 3-2i.

2z

' +4
2z
22 +4
2z

2’ -4

9.26.

, 2y=-3+2i.

9.28.

» Zg=3+21.

9.30.

s 2 =2+20.

3anaua 10. Jaudyio GyRKUKIO pa3noXknTs B pan JlopaHa B OkpecTHO-

CTHTOUYKH  Z , (m. 1.6)

10-ecen. bepinren QyHKUMSAHLI z, Jaopexeci OoMbIHIIA
Jlopan  KaTapJaphlH XiKTey KepeK

|
10.1. zcos Lz =2

4

103, 2e* 2 =5,

-
&~

10.5. cos -, 2o =l
z=1i
. 3z- .
10.7.81n -, 2,=-i/3.
3z+1i

z
10.9.zsin—— ,z,=1.
Z-—

44=0.

-~
<

10.11.2° sinz

12¢=0.
)

1013.cos =32 5 =2,
(z-2)°

10.15. sin —=

»2¢=3.

_z—

10.2. sin

7021l
Z——
2z-

+2

10.4. sin

th oty

10.6.5in

d

-4

&

10.8. zcos

yZy=l
z_.

10.10. (z-3)cosz(i——§—)-,

10.12. 5cos —-—, 2, =-2i.

2420

. Z4I .
10.14. sin—,z =i,
z-i

|
10.16.ze72 ,zy=2.
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=3, =
10.17. €53, 2=3.

)

|0.|9.sin£——12—
z-2

740"
z—~

4

10.21. ze©™ ,z,=a.

10.18. 5in —2=— 12o=4.
z-4
4:-227

1020.¢ © 7 =1.

w

1022. z¢57 ,z,=I1.

I0.23.zsinzz+2 »24=0. 10.24. zcosnit—::,zo=l.
Z -
2
10252 5in 23 L z,=0. 10.26. zsin 2 2f ,zo=l.
z (z-1)
10.27. ms_ii ,2,=3. 10.28. zsinr 2, z,=2.
z- z-
z o T
10.29. zcos-—-——g, 2,=5. 1030.z¢  ,z,=4.

10.31. zsin

yZg=a.
Z—=a

3anaua 1 1. Onpenenntb THN 0c000# ToukH z=0 1A naHHOH BYHKUNH
n. L7 o

11-ecen. bBeputreH (QyHKUMAHBIH z=0 epeKiie HYKTCCIHIH
TYPiH aHBIKTAY Kepek (0. 1.7).

M _ =t na.z'e’" . 113, _sin8z -0z
sinz-z+=/6 cosz-142772
114, _c0s7=-1 11.5._sh6z -6z 11.6.ch5= =1
shz-=-:%16 chz==1-2%12 e -1--

: s L2

07 2sin-S . ng__e=t . qg_sin=st
z sinz-:+216 cosz—1+:2/2

.10, _cos=* =1 | 111 e” -1 11.)2. sind=-4-

sh:—=-2"16 chz—l—zI/Z. e’ ~1-:
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11.15. _ sh2z - 2=

cosz=1+z7/2

118, ze%7
7z
1) Pl N
cosz=1+2°/2

1124, __cos3z~1
chz—1-z1/2
127 ¢ -1

cosz—-1+2%/2

5 .o
113,24 cos = - H.14.__cos3z [
z° sinz—-z+z /6
lt6._ch2:-1 NAT.
shz=-z-2"/6 chz=1-2%/2
108z’ =2 a0 cosziol
¢ —l-z sinz-z+2z' /6
2
1122, _5in62-62 1123 zsin =
shz-2-2%16 z
[1.25, shdz -4z 11.26. __ch3z-1
e’ -1~z sinz-z+z"/6
1128, _sinz' -z

11.29.2005—%5-.

shz~z-2'/6 z

© ~Die -1-2).

cosz'/i2

1130, =222 '« |
chz=1-2%12

3apaua 12. [ns parHoM QYHKIMH HaiiTH H30AUpOBaHHbIE OcoOble

TOUKH U onpeaennts ux tun (m. 1.7)
12-ecen.

onap/ibiy,  TYPJMEpill albiKTay KepekK (0. 1.7)

12.1."2 /sin(1/ z). 122.1/cosz .

124. ztgze''” . 12.5. e -1
@+ )t
(:+7r)sin£: ]
1272 128.7g — .
zsin’ z z
1200 1. 12.11. clgnz .
e’ +1
| . .
1213, —— . 12.14.5in3z=3sinz
sinz” z(sinz-2z2)
12.16. ¢ 1 12.17.thz .
sinzz
12.19. €' 12.20. !

— +sin—"
z? z?

(€ --27

54

Beputre  QYHKIMAHBIH CPCKUIC HYKTCACPIH  Taybitf,

12.6. —_—
=iy (@E="+4

129, cig L.

12.12. sinz=
(z-1'

12.15._¢

e’ -1

sinz

12.18. .
(1 -cosz)
2210 .

. s !
(z2-4) cos -
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CosS--=2 .

1222, 1. 12232 . 1224, _sinzc

Zosin~ 3 1 )

H o~ (=t =1

1225 8"z 122604} L. 12,27, sinds

(1-cosz) z =z (7 + 1)
1228, cosmz 1229._Sin3z 12,30, 2:=sin 2=

d=2 =~z + 0 z(1-cos2) 2
|23| Sln7c |

¢

3aaaua 13. Buiyucnuts unrerpan (n. 1.7, 1.8)
13-ecen. WHTCrpananl ecentcy Kepek

13.1. ({ "-‘ . 13.2. 2d=
AN T+ izel-ij=5.4 = =z "l)

133 dz__ 134, ‘i 2+4sinz
’:"'-‘“"2:(22 +4) EX 1-(-+2l)

13.5. e: dz . 13.6. z(sinz +2) e
g2 SINZ sty SIZ

R x 38, 22z ~ 1z
ey SINZ o itm.  SINZ

139, A+ ds 13.10. ‘j‘ i:(:. ~i)dz
sy SN2 )%, sin

13.01. (sin~3: +2)d: 13.12. <j (' + s
ER] 7 (z—~nm) I (==

13.13. 4 (¢" +2)dz 1514 4 (cos’ +l,)d:
yu Sin3zi i, Pox

13.15. M 1316, | (s?nj:+2?d:_
Iegje32 Sinz o =2 —4nt

pL
N
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13.17. [ Ugz+2dz
teel-1/2 4z’ +

13.19. }- (sm z+3)a'z._
a2 242

13.21. (22 +z+3)dz
w2 SINZ(T+2)

1325 2(z+m)dz
ez SID2Z

13.25. e+myds
(=372t sin3z(z - 7)

1327. § @ +m)ds
1o isinz

1329. { cos’zdz
j-al-2 2SIDZ

13.31. (2} +dz

i=l2 (22 + 4)sin =
.)

3.8, (cos’ 2 +3)dz
(243241 222+HZ
13.20. [ In(zre)dz

. T
=4 zsin(z + 4)

(z i)z

13.22. . .
J sm22(z 7r)

13.24. J' (Z +sm +.2.)_d_”

+7IZ X
13.26. sin zdz
;:-~3I2[-.1 z(z ‘7[)(:+"£)
3
13.28. 4 Sin’zdz
sz 2€OSZ
13.30. (2’ +sin22)dz |

. . Z
js-3/2.=2 S|n2(:—ir)

3agaua 14, Boiuucauts unrerpan (n. 1.7, 1.8)
14-ecen. Mnrerpanust ecenrey kepek (. 1.7, 1.8)

14.1. gwsz‘ i

14.6. (j» 1~-cosz?
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14.7. ‘j’ = -2-

14s. g & 1

-

1512

14.11. 4'-sm-,.

‘j‘—l

cosiz—-1, |
4-——;——!/:

14.13.

14.15.
1417, § 1222 232 4.
14.19. ¢

14.21.

.
1-sin
14.84 - = 'z.

et

-

122413

3—2:+4z*d‘_.

14.12. 4“3- -

14.14. 4“ o

14.16. E{gos-i-:-l -

14.18. ‘f"ﬂos-,_.

14.20. 4-‘_-‘*2‘_(1

14.22. 4

1n=ti2

2+32%-5:1

2 : -



E. K Aiooc, FO.B. Eopo«:;lcuu

sl

3agawa 15. Botuucauts uurerpan (n. 1.7; 1.8)
15-ecen. Unrerpangn ecentey xepex (n. 1.7, 1.8).

15.1. 3/zz~s’in3ﬂzd’ 15.2. cosdz-1+9z°/2
121=0,2 2 -sh’n’z s z'sh3z

15.3. sh2re -2z 154, ch32-—l-922/2dz

2 = ——'———4 N - .

”is z?sin? 1% l::-jz z*sin

15.5 cj‘ e_’_—(_l_—_@: 156 454:_—(:05—7—2-&
12=0,5 zsh® diz (2104 zsh2mz

15.7 (j‘es’clmz & 15.8 (j' chz—cos 3z .

o zsindm@ o 26in 52z

)21=0,2 12}=0.1

159, iy, 15.10.

z sh2z

2]=1

—l—sm47
—..—4——&.—

Z.

i21=0,05 2 shi6:
s, S0 4 15.12. r.j“’s"“”s’
il z°sh™2z 2 PAE
1543, PB4 15.14. 46—’”—1‘—&22142.
r=s 27 sin’ =z ==l :* sin li3
s = 6 &=
3z - S _-6: - k4
15.15. cj -e——zl—}idz‘ 15.16. CILﬂ“—dz
5209 sh”m 0 zshdz
T X
-chSz
15.17. 4—5¢—¢L.'i 15.18.
e zsin2iz
(j‘ ch3z - cosdiz
———-—~——~—idz.
(0.3 “sin 5z
ch3- .cin 2 5:__- 50
1509, $3zzsindz 15.20. ‘f[ ¢ closindz
sh-iz 2°sh5:

|='= 121=0,5
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15.21

15.23.

15.29.

16.1.

16.2.

16.4.

15.31.

sin3z-3z
2.
22shtiz

]

Izl=2

sh2z-2z

2

dz.

z? sin .
ES

]

=04
5: -h6 >
4(: ~ch6z
ssinm

wiee

e¥ -1-2:
z=sh? 2

d-.

2,=0.

]

insd

(jez' -cos9: &
zsh iz

i=0.5

shiz -sin iz &
= sh %

d:.

2
1522, S,
2 sh%
2o1=272
15.24. ﬁ'lzg—-'—i—dz
- Z sin 2%
4 _ 1 _cind-
15.26. e “losind: )
1500 = sh8iz
15.28. nj ch2z - cos2z .
1202 z” sin8:
i e} -
15.30. { ¢ -osindz
= sh3n

.5=0.3

3anasa 16. Buiuncauts uuterpan (n. 1.7; 1.8)

16-ecen. Murerpauan eccnrey kepek (. 1.7. 1.8).

dsin 5

i

d

z4i=d

(-

4

AN

[z 462

(
T

+— -,

2+ (z-4+i) & +i}l
2cosnz/S

(=45

2sh 2L

+3)}‘:’
4+

keml! -i (z-

.....

2-i (=

}lz.
-4-0)

ZSII'U(ICIZ)

( +? ('-i)}
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16.5.

16.6.

16.7.

16.8.

16.9.

16.10.

16.11.

16.12.

16.13.

16.14.

16.15.

16.16.

2c0s5=-

4 12’2' + m’i dz.
=342 (2=-2-20)"(z-4-2)) ™7 +1
4‘ zsh—i-.. i‘ih_(_mﬂ dz

z+3  (242)%:

4 M 8ch 2L "
e""’zw (z-1+5)2(z=-3+5)) ]

24 5il]=2

¢ { 1 2sin(zz / 6)
q tzc:os_”"“-l-—————~ Nioel
o2 +3)(z+1)

an

g 2sin 505 P, P
(z=1-70)%(2=3=-7) ™' +i

(Nn L, bz 4) 2ch(miz / 4) ] "
reim2 245 (z+4)'(z+2)

2cos‘f},
’y + -
12-3i)-2 e wi (z=1-307(z-3- ")}

‘j. { = 2cos2/2
28t $————— 2
- z-2"(z-4

2sin 5 37
(j‘ [(—-l+i) :zz—3+')— ’“’2+‘}dz
=2 z ] e 4

(j‘ 2ch 3 + 2(:05772/3 2
- 2=2 (z2-3)*(z-95)

=2

4‘ el Rc‘hl—%
e®'2 (z 1+7)%(z - 3+7z) -

iz+ 72

(j‘(-sh _ 2sinzz/8 )d
z2-3 (2-4)%(z-6)

5=3=2
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16.17.

16.18.

16.19.

16.20.

16.21.

16.22.

16.23.

16.24.

16.26.

16.27.

16.28.

N

(z=1+3)}(z=3+3i) =" —iJ

1z+3i1=2
1 10chmz /5
cj‘ ZC0s — +———— |dz.
17=4:=2 =4 (z-5(z-7))

] 2 cos =~
4 T -mei ]dz.
e (:*l-5i)'(z-3_5[)}

[zsin ‘ + 2.s'hzz;'_-.,/|2 ‘ldz
z-5i=2 =5 (z-6)’(z-8))

4sin I .
q ( — 2 _]dz.
2= if=2 (z=1=-D)%(z-3i) e -
(:ei'i_" —_&"ﬂf’lez.
-6t=2 (z-5)"(2-3)
( T 2(,‘!1-]”7‘2—', ]dz
2 o |dz.
o€ (-1-60) (= -3-60)
3\
2 Ly
({ sy 2SSy,
) z=5 (2-4)'(7.—2)J

)
2sh -
22_”, ¥ ,q,l dz.
(z-1+60) (z=3+6i) ™ " +1

e

&

( J 2sinmz/6
+ bl
L =4 (z-3P(-D)
{ ot 400?;152; dz.
Lemz“ (z-1+2i)"(z-3+2)

| dchniz/?2
ZCOS—-——+___2_
z-3  2(z-2)

331
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16.29. ( 2sinsy 7 }/..-.
.

\ (z-1-2i)(z-3-2i) e%'?+1

2shaiz 12 ]

1630 | ssin -l
=2 (==D)(z+D

1 'l, I"
(:—2+21) (--4- ZI)J

3apa4a 17. Buivucaurs unrerpan (n. 1.7; 1.8; 1.11)

17.5.

17.7.

17.9.

17.11.

17.13.

17.15.

17.17.

[

a

dr

(-3

r

J‘ dt
by 5+ 2\/; sint

23

j‘ i
3 7+ -hﬁsinl -

IS—3si|x1'
0

27

“' dt
9- 4\/3 sing

.,j.a \/;Sll’ll

J' dt
. 4-2\3 sim
2x (lf

I6-47zsim’

.‘,[x/:smt 2

2+J§sinl‘

(7-ecen. UaTerpanan ecenrey Kepek (n. 1.7. 1.8).

2x

17.2. j___i'___,
04+Jﬁsint

17.4. f——"—
N 6+ J?:gsinl

2

-1

17.6. dr
5-dsint
v
178,  [——d__
J8-3/7sint
b7 4
17.10. j'__"’__
-y7sint

17.12 :
!.a \/;Slnl

l7.|4j’ di
23~ \/_sml

I7l6
a3- Jgsml
o
17.18.
!3—J§sint



Teopun ghynkyuti KOMPIEKCHO20 NEPEMEHRO0 U ONEPAYUORHOE UCHUCAECHUC

1727, f
17.29.

1731

) 27 dl

Tdt
5[4\/§sinr—7
.
o3sint+5

I dt .
bt 4J5sinr+9

J. dt .
.,\[gsint+3
2'__ dt .
c2J3sint+4
’j dt
l,4\/'Esiru+6

17.20.

2} dt
J3-+f5sint

17.21] dt
03- \/gsml
= di
1724, [ S
,,jsﬁsinms
17.26. "j____"’
3—J§sin/
I7.28]‘ dt
.a—\/gsml
17.30.{ dt
§3-V5sins

3anawyal8 Bouucants uuterpan (m. 1.7; 1.§; 1.11)
18-ecen. MinTerpanmsi ccentey Kepek (n. 1.7, 1.8).

18.1.

18.5.

18.7.

Li dt‘

S (1+10/ 11 cost)?

. 21 dt

,,I(I+J6/7cos:)"

5[( N 2\/3 cost)2

2} -
J(4+3cost)’

2z

dt

5[(\[5—+cost)2 ‘

r

dt

j‘(2\/3 + \/_ILOSI)

dt

18.6. [————-—7
J (4+cost)

18.8 2]‘ d
- 0(\/§+ 3cost)’



EX Aioc, FO.B.boposckui

18.9 zi—-——-———'—d’
7 (T +2c0st)?
¥ dr
1801, |—————.

!(3+«/§cosl)2

1

8.13.
! ..I(7~/_+~/7c051)

18.15. j dr
(\/~+ ncosr)
‘ di

18.17. .
(‘p[(ﬁ +cost)’

o
W7 +5cost)t

18.21. 2]?' dt

o (\/§+2cost)2 .

18.23. 2} d -
0 (\ﬁ ++v2cost)

18.25. _[———‘L——
o (2+cost)

2r
dr
1827, [——o.
c(2+cost)”

j' dt ‘
J (V3 + 2 cost)?

18.29.

. I‘ F(—Il_

L7 scose)

©J @+ cost)

18.12. Zj d

§G+2V2cost)

2 dr
sia. [—L

o (3+cost)’
18.16.

J'(\/;+c051)

di
18.18. |——=———.
| 6[(\/3 +cos!)’

20, [t
(T +Bcost)’

18.22 Zj' dr
T W5 #2c0s)?

2z df
1824, |—m—r
5[(2 + ‘/Scosl)2

18.26. j

JW13+ 2\/3cost)

dt
18.28. J.-:-————J'
o (3+2cost)

1830, [___d
(,(\[_Oucost)
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3apawua 19. Buuucants uaterpan (n. 1.7; 1.8; 1.9)
19-ecen. MHTerpanab ecenrey Kepek ( n. 1.7, 1.8; 1.9).

o1 ’T xP=x+2
O Ix +10x7 +9
+X d'Y
19.3. lm
195 j____‘_b‘_
T -x+ )
+ dx
19.7. |———— .
_;[,\r4 +10x* +9
19.9 I xdx
' .m(xz +3)2
19.11 I ax
Rt ) CEa)
19.13. T———x-z—il——
S +4x+13)°
19.15 T dx
2T+ +4)
T ox-1
19.17 i(xz e
T xl+4
19.19, _:[-—————(xz oy
% dx
1921, j

-%

(x* +2)*(x* +10)°

dx

19.2. .
;[(x2 +4) (* +16)

19.4.

19.6.

19.8.

19.10.

19.12.

19.14.

19.16.

19.18.

19.20.

9.22

1%

j dx .
T +4)(x* +9)°
Ix

+on (
_£(x2 +9)2(x* +4)°

(2 +3)F

e,

S(xT+x+1)

+ e

_J;(x2 +5)2

‘T x}+5

xt 55746

IT dx
1+x*)*

-0

T ”

T dx
_j_[x" +7x7 +12
T dx
'[(x2+l)5'

-~

(x2+1)(x2+5)°7

03
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+%.

19.23. -i—il(-)—cu

2(x? +4)?

1925, |-— 2dx2 -
S(x7+3)7(x" +15)
+o0 dx

19.27. _ :
Mt -10x +29)°
2 dx

19.29. —— :
ST+ (x” +16)

o

1931, [— 43
ST 105 +29)°

+n

x* -1
1924, |————x
_{(x2 +8x+17)?

+o dx
19.26. IW .

19.28 j xi+2
T e 2

+o 2

19.30. j'——,—f—cbc

S +10y

3aagava 20. Beudcauts uuterpan (n. 1.7; 1.8: 1.10)
20-ecen. MnTcrpanns ecentey Kepek (n. 1.7, 1.8: 1.10).

I X sm 3).

203 ]‘cos2x
T a1y

I(x+l)cosx
7X +5x2+6

20.5.

207 I(\' + 3)cos2x
ol 43x 42
(x —Xx)sinx

209. |5—=5
2XT+9x°+20

Txsin2x - smx
20.11. j o a)

-

h

0.2 (x~ l)sm\,

o (7 9y

204, jﬁ,fo—siﬁdx
(x7+1)°

"j' xsin(x/2)

_m(x2 +1)(x? +9)

k] 3 -
208, I(x 22cos(x/2) di .
+1)?

XCOSX
20.10. ————5———d

ox” 2-2x+17

20.6.

cosS5x

20.12. j I
(x +l) (x +4)
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2 3 .
x'sinx x+1)sin2x
013 [—g—dx. 20.14. ~(-—)——~——d
oxT+5x"+4 It 2x+2
% xsinx “ cos2x
2015, [y 2016, [-————dx
D) TG +1/4)
“ cosx %t cosx
207, [——etx. 2018, [— —
JxE+1) JxF +16)(x? +9)
T xsinx XCOoSX
20.19. j—;——————dx. 20.20. _[——————dx
Txt—=2x+10 2x+10
xsin(x/2 sin2x
2021 j xsin(x/2) 2022, j . .
x*=2x+10 S(xT=x+])
sm2x x” +5x)sin x
20.23. j . 20.24. j(—————)———dv
(x* =x+1) 2x'+10x* +9
x’ cosxdx X' +1)cosx
2025 j' 20.26. j ~(-—-T—————d)\.
2 xt+10x° +9 x'+5x" +4
% 3 : -
x +1)sinx CO$2x - COS X
2027. S—d-—-)—’——-dx. 2028, [ ———"=dx.
X +5x +4 o (7
0 2 . X 2
x* +x)sinx x* +x)cosx
20.29. —E————%———ﬂ-dx 20.30. —(;——-—;’2—-—— X.
X +13x7 +36 X +13x°+36

| ]»cos3x —cos2x .
(x> +1)

-~

67
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217 21.8

68
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21.10

21.11 21.12
f(t)
b,
s
TF—'——-‘__‘#
z:l ta 3a 1t
1 t
260
---“
21.14

2115 21.16

69
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21.17

21.19 21.20

70
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21.25 21.26

f(t)

2127

a 2a3a 4a t

71
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3anaua 22. Haittu opsruxan no 3agaHHomy usobpaxenuo (1. 1.12)
22-ecen. bepuiren GeitHe G0ibIHIIIA OPUTHHANAEL Taby KEpek

22.1.

22.2.

223.

22.10.

22.11.

22.12.

22.13.

4p +5

(p-2)(p* +4p+5)

p

(p+1)(p* +p+1)

2p

(P’ +4p+8)*

1

p(p* +1)*

p+3
P +2p’+3p
p
(p+1)(p* +4p+5)
b
p'-8
4
P +8
1
T
pP+p
p+4
P +ap+5
- P
(P +1)(p* +4)
p+5
(p+1)(p’ -2p+5)
1

p+pi+p

22.14.

22.15.

22.16.

22.17.

22.18.

22.19.

22.20.

22.21.

22.22.

2223.

p+5

(p+D)(p +4p+5)
1

p(p’ +1)

1
P-4

3p-2
(p-1Xp*-6p+10)
__p
P+ -2)
1

pP-1
e-pIZ
P+ +2)
5
(p-1p* +4p+3)
5p
(p+2)(p*-2p+2)
I

(p-2)(p* +2p+3)

P

(p*+4p+8)*

1=

p(p* +3p+3)
2p+1

(p+)(P’ +2p+3)
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2227

22.29.

2-3p , 22.30. 2
(p-2)p*-4p+5) (p+Xp +2p+2)
2p+3 2231 2-p ]
(p-IXp>-p+1) (p-IXp*-4p+35)
2-p
p'-2p*+5p

3apaua 23. Haiitv pewenne aupdepeHUHanbHOro ypaBHeHUS,

yaosnetgopaioutero ycnosusm y(0)=0, y' 0)=0(n. 1.12; 1.15; 1.16)

23-ecen. JudppepecHUMANIN TCHACYAIH y(0)=0. y' (0)=0 mapTHIN

23.9.

23.10.

KaHaraTTaHARPATLIH leltiMili Taby Kepek

y'—y=tht.
” ’ ’
- y'= .
: l+e
el
’1_2 I+ :___-_“‘
y yry 1+
y' =2y +2y=2e¢ cost.
y'—y=th't.
) -y = —
y =) cht
" ’ e’
-y = -
l1+e
el
. II_2 )I+v=—.‘
y yo t+1
" ’ ez,
+y' = .
yory 3+¢
el
"_7 '
Y Y chi

73
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2301 "' =y =.
yooy 1+cht
23.12 yu_'_y'_ l .
1+¢
2
e
23.13. y"' =4y’ +4y= .
yooiyaiys ch®2t
1
23.14. ' -4y = ——
U
”n I
2315 Y-y =
ch’t
)l
23.16. Y+ y' = c =
1+e
2.7 y" 42y +y= .
4 (t+1)?
t
23.18. 2y" — y' =
(d+e'"?)
" 1
2319 y -y =——
ch’t
2t
23.20. y"' -y c
(1+e')
23.21 y +2y+y ’e"
r+l
2
222 gy
2+c¢
2323y _y - sh t
ch?t
1
23.24 y"+ N
(I+e')
2325, y" 42y +y__"_7,
1+¢°
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el

cht’

-t
321y +2y' +y=—r.
5.21. Y y +)y cht
2328y -4y =th*2t.

232. y'=2y'+y=

8329 y"+2y' = prER

23.30. y" +y' =

(1 +e)t’

=2
e -

(1+21)?*

B3y + 4y +4y =
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3anaua 24. OnepauMoHHbIM METOIOM peLmTh 3aaa4y Kowm (. 1.12; 1.15)
24-ecen. OnepartHarkik, 9jtictieH Kot ecebin ureury kepex

24.1. y"+y=6e", 2418, y"+y +y=1+1,
Y0)=3, y'(0)=1. Y(0) = 1,5/(0) = =3
24.2. y"-y'=12, 24.19. ¥y +4y=8sin2t,
»0)=0, y'(0)=I. »(0) = 3.4(0) = =)
24.3. y'ty'=r+2, 24.20. y'- y- 6y =2,
HO)=0, y' (0)=1. 2(0) =1,1(0) = 0.
244, y"-y=cos3it, 24.21. ) +ay =de¥ + 475,

y)=1, }"(02)l=l.
24.5. y"+y'+y=7¢% 24.22. V' +4y +dy=re”,
¥(0)=1, y'(0)=4. )= Ly(0) =2
26, yreyidpedit]) gy O
wo=1, y'(0)=1. 24.2 ~yo _yz 2 =12 .
24.7. y"-9y=sint-cost, y,( ) = ~)'(' ) = 6.
y(0)==3, y' (0)=2. 24.24. y +4y=3$'mz-r10c0531,
24.8. y"+2y'=2+¢, 0)=-2,)'(0)=3.

HO) = 1,y'0)=2.

HWoj=1, y' (0)=2. 24.25. y"+2y +10p = 2¢ "cos3t,
249. 2y"-y'=sin3i, 20) =5.y(0) =1
¥0)=2, y' (0)=1. 24.26. V' +3y =10y =47cos3t - sin 31,

24.10. y"+2y'=sin/2,
WHO)=-2, y' (0)=4.
24.11. y"ty'=sht,
y0)=2, y' (O)=1.
24.12. y"+ 4y +29y=¢
y0)=0, y'(0)=1.
24.13. p"-3y"+2y=¢
¥0j=1, y'(0)=0.
24.14. 2y"+ 3y"+y=3¢',
Y0)=0,y' (0)=1.
24.15. "2y =3y =2,
=1y =1
24.16. V' +4y =sin2e,
¥0)=0,y'(0)=1.
24.17. 2y" +5y" = 29cost,
¥ = -1y =0.

¥(0)=3,y'(0) = -1.
2427 Yy +y¥ -2p=c¢’.
»0)=-1,)'(0)=0.
24.28. Yy -2y =¢'(F-1-3)
¥0)=2,y'(0) =2,

2429, )" +y=2cost,

y(0) =0.y(0)=1.
24.30. )" =y =4sint +3cos 2y,
W0 = -1.y"(0) = -2,

{
2431 y -3y 420 -2 cos =,

#0) = 1,y'(0) = 0.

3apaua 25 (n.1.12; 1.15)
25-ecen (1.12;1.151m.)

7
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Bapuaurs! 1-8
1-8 BapuanTTap

YactHua Mmaccoit  m asWKeTcs NPAMONHHEHHO NOA AeMCTBHEM
BOCCTaHaBAMBAlOWEH CHAbl F=-kX, NpornoOpuUMOHanbHONH CMEWEHHIO X 1
HanpaBneHHOH B NPOTHBOMONOKHYIO CTOPOHY, M CHAbl COMPOTHMBAEHUA
R=rv.B MomeHT t=0 yacTHUA HAXOAHTCA HA PACCTOAHKUM X, OT NOJONKEHIUA
paBHOBecHs 1 o6nanaet ckopocTsio V. HailTH 3aKoH ABuimeHHA X=X (1)
HacTHUbI.

Maccact m rTery OoMIUEK X LIFLICYBIHA RPONOPHHOHAIL  XKolic
KapaMa-Kapebl GarbITTairal F=-kx KaILINTACTHIPYNIL! Kyili Meir R= rU
KeAepri KYIUiHiH ocepilicil Ty3y CHSHK, OOMBIMeH Kostanajinl. t=0 Yakurt
Kelclinae  o3iHill Tene-TeHOIK KAMBINHAIL  Np KAUWKTHIKTA  KOlC
KbUUAMABIFR U Tell GOMmBl.  x=x ( 1 ) KO3TAIbIC 3alABUIBIFBIEL Taly
KUpeK.

25.1. k=m, r=2m, Xo-1 M, U ¢=0.
25.2k=m, r=2m, x¢=1M, U¢=M/c.
25.3 k=5m, r=2m, x¢=IM. U(=0.
25.4 k=5m, r=2m, xp=IM, U,=I M/c.
25.5 k=5m, r=4m, x4=2 M, U,=1 m/c.
25.6 k=5m, r=4m, Xo=1 M, U=0.
25.7 k=3m, r=2m, xo=1m, U =0.
25.8 k=3m, r=2m, xs=IM, U= IM/c.

Bapnantib 9-16
9-16 sBapuaHTTap

Marepuanbnaﬂ TOuUka Maccul m ABIKETCH I'IpﬂMO.'HlH\‘I"lH(L
OTTanKkuMBasch OT Hauana koopauHat ¢ cunoit  F=Kx, nponopunorainioii
paccroaHuto. Ha TouKy ACACTBYCT cuAa CONPOTHBACHHA CPEnbI R=rs.
npnopunoHanbHas ckopoctu U. [lpn (=0 paccTosaHHe To4kH OT Hauala
KOOpAMHAT Xg, @ CKOpocTb U, HaitTh 3akon aBwkeHWA  X=X(1)
MaTepHaJbHOM TOYKH.

Maccack m TeH OGeommex KoopaWHaTa Gac  HyKTechicu
KAWBIKTBIKKA TIPOTIOPIMOHAN  F=kx Kyl @cepiten Ty3y ChI3BIKIICH
xosranagsl. HyKTere opraibii U XbUIIAMABTBIHA nporiopudoHai R=rl)



E.2K Auooc, FO.B.boposckuii

KCOepri Kyuli ocep eTelli. t=0 Ke3iHIAC HYKTeHiH KoopAuWHara GacbiHaH
KAUILIKTRIFD! ~ Xo, an supemgwrn - Yo X=X (1) KOJFAbIC 3aHABUILIFHIH Taby
Kepexk.

259. k=2m, r=m, xy=IM, U¢=0.
25.10. k=2m, r=m, x;=1 m, Uo=IM/c.
25.11.k=3m, r=2m, x,=1 M, D ¢=1M/C.
25.12.k=3m, r=2m, x=| M, V=2 M/c.
25.13. k=4m, r=3m, Xo=2 M, U ¢=0.
25.14. k=4m, r=3m, xo=1 M, U o=1M/c.
25.15.k=5m, r=4m, xo=1 M, Do=1M/cC.
25.16. k=5m, r=4m, xg=1 M, U y=2M/c.

Bapuanre! 17-24
17-24 papuanTTapsl

MatepranbHas  Touka Maccbi m COBEPIIACT  NPAMONIMHEHHOC
konebanne no ocu OX non OeficTBHEM BOCCTaHasnHBawoWed canbt  F=-kx,
NPONOPUHORANBHO PACCTOAHMIO X OT 11ayana KoopaHHar, M HanpasJsieHHOM
K Hadaly KOOpAMHAT, M sosMyliatowieii cunbl f=A cost . Haiitu 3akoH
JABWXKEHMA X=X(t) TOUKH, eCiH B HaYaIbHbIN MOMeHT BpeMenn  x(0)= x,
V(0)=v,.

Maccack m  TeH  MalcpHaiABlK ~ HYKTe  X-KAIMBIKTRIFBIHA

(kKoopauHara GacKHAH) ITPONOPIMOHAN XOIie KOOp/uiraTa 6achrHa Kapait
GarmiTTanraH  F=-kx KaNBIITACTHPYIULE  KYHIHIH  XoMHe = f=Acost

ayDITKBITYUIB! KYLUiHI acepiiell Ty3y CBI3BIKTHI TepOellic XKacaiijibl.
Bactanksl yakbiTra x(0)= x, U (0)=D, Ach aibll, x=x (t ) KO3FAIbIC
SAHABUILIFEH Taby Kepek.

25.17. k=m, A=2m, x4=0, 0 ¢=0.

25.18. k=m, A=m, x,=0, U =| m/c.

25.19. k=m, A=2m, x¢=1M, U (=0.

25.20. k=m, A=m, x,=1M, U ¢=0,5 m/c.

25.21.k=9m, A=8m, xy=IM, U ¢=0.

25.22.k=9m, A=4m, x=0, U =0.

25.23. k=9”7, A=8m, xo=0, U =3 ™m/c.

25.24. k=9m, A=m, xo=1/8 ™, U =3 m/c.

Bapuautnr 25-31
25-31 BapHAHTTAPDI

Ha MatepuanbHyio To4Ky Maccht m  Ae#CTBYET chia CONPOTHBAEHIA

R=k v, nponopuvonansuas ckopocth L. Kakoe pacCTofiHue NponasT
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TOMKZ 32 HEOrpaHWYEHHOE BpeMs, ecau eit  coobuleHa HauanbHas
CKOpOCTH U ¢?

Maccacli m TeH MaTepHalALIK HYKTere U  XhUINAMABIFEIHA
nponopumonan R=k L kemepri Kywi acep ereni. Erep Hykrenin 6acTankhi
XLUVIAaMANEN U, OGonica, OHOa ON IUCKTEYCi3 YaKHWT illiHae Kalimna
KAalLIKTHKKA OpBIH ayBICThIpajni?

25.25.k=2m, L=10m/c. 2526.k="" . D=5 mlc.

~

3
25.27. k=3m, Lo=6 Mlc. 25.28.k=m, U =T M/c.
25.29. k=m/2, U =6 M/c. 25.30.k=0,1m, U =1 m/c.
25.31 k=10m, L =1 M/c.

3anaua 26. PewnTs cucTeMy Auddepe RUMANbHbIX YPaBHEHH
(n. 1.12; 1.15)
26-ecen. Jludpepeniman Tenaeynep Xyiecin wiemy kepex
( 1.12: 1.15)

20.1. 26.2.
x=x4+3y+2, g=-x+3p+l.
y=x=-y+k y=x+)

20)=-1y(0)=2.

x(0) =L y(0) = 2.

%6.3. 26.4.
t=x+dp {i‘=x+2y+l,
{j’=2x—y+9: y=ax-y,
x(0) =L y(0)=0. x(0)=0, y(0) = I.
2.3. 26.6.

T=2x+ 35y (i=-2x+5v+l.
{’i’ =1-2y+2: y==x+2p+l
NUEIR(ES B X(0)=0.9(0) = 2.

26.7. 26.8

£=3x+ 3. {X'=—3x—4y+|‘
{_i’ =-5r-3r+2: y=2x+3r
A0) = 2. 710)= 0. x0)=0,110)= 2,
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26.9.

[5: ==2x+6y+],
lr=2x+2
x(0) =0, p(0) =1.

26.11.

JJ'( =x+2y,

ly—- 2x+y+1;
x(0)=0, y(0) = 5.

26.13.
x=—-x-2v+],
y=-3x+y

x(0) =1, y(0) =0.

26.15.
x=3x+2y,
j’='§‘x")'+2;

x(0)=0,y(0)=1.

26.17.
x=2x+8y+1,
{jz: 3x+4v:
X0 =2, p0)=1.

26.19.
x=x+y,
y=a4x+y+l;
x(0)=1,(0)=0.
26.21.
x=3y+2,
y=x+2y.
) =-1Lp0)=1.

26.10.
xX=2x+3py+l,

{5)=4x—2y;

x(0)=-1,(0)=0.

26.12.
X =2x-2y,
¥y =-4x;
x(0) =3, y(0)=1.

26.14.

(% =3x+5y+2,
yv=3x+y+l;
x(0)=0, v(0)=2.

26.16.

{x=2y+1L

{y=2x+3;
x(0) =~1, (0)=0.

26.18.
X=2x+2y+2,
{}"= dy+1;
x(0)=0, y(0)=1.

26.20.
X =x=2y+l,
y=-3x;

x(0) =0, y(0)=1.
26.22.
X=x+4y+l,
{}"= 2x+3y;
x(0)=0,y(0)=1.



Teopus ghynxyuss KOMNAEKCHO20 NEPEMEHNO20 U ONEPAYUORKOE UCHUCIeHUe

26.23.

x=2y,

{)’m 2x+3y+1;
x(0)=2,3(0) =1.

206.25.
x=4x+3,
{j) =x+2y:
x(0) = -1, y(0)=0.

26.27.
T=x+3p+3,

{)"=x—y+l;

x(0)=0.y(0)=1.

26.29.
=3y,
r=3x+1

x0)=2,y(0)=0.

26.31.
X==2x+y,
y=3x;

x(0) =0, y(0)=1.

26.24.
x==2x+y+2,
y=3x

x(0) =1 p(0) = 0.

26.26.
jx =y+3.
{(y=x+2
x(0) =1, 9(0) =0.
26.28.
x=-x+3y+2,
y=x+y+l

x(M=0,y(0)=1.

26.30.
X=x+3y,
y=x-y

x(0) =1, y(0) = 0.

3anaua 27. BoiacHuTs, Bo uto npeobpasyercs reomeTpuucckas
¢urypa npu otobpakerus ¢ IOMOUIbLIO PYHKUHN 0 =[(2)
27-ccen. [eomMeTpHsUTHIK. QurypaibiH, 0=/(z) (GYHKOMACH APKLUIH
abinran 6eifHeCinIg TYPIH alIBIKTay KEpeK.

sl



EX Audoc, F0.B. boposckui

27.1w=¢® ;npambie x=C,y=C.

272 w=¢* ; nonocaa<y<pl<a<pf<2x.
21.3 w=c¢%;npamble y=kx+b.

274 w=e¢" ;NONOCA MEXRY V=X WU y=X+27.
21.5 w=¢" ;nonynonoca x<0.0< y<a <27.
27.6 w=e? ; nonynonoca x>0, 0<y<a<2r.
277 w= :—;— obnacty D:f5<1,imz>0}

27.8 w=Inz ;nonaprascerka |z|= R, argz=0.

279 w=Inz;yron O<argz<a <2n.
27.10 w=Inz;cexropiz|<l,0<argz <@ <2x.

. 1
27.11 w=Inz;KkonbLO " <|zi< ;) € Pa3MEPOM 10 OTPE3KY [r‘.r2 |

27.12 w =cos z ; npamoyronwas cetka x=C,y=C.
27.13 w =cos z ; nonynonoca 0<x<x, y<0.

27.14 w=cos z; nonynonoca 0<x<z/2,y>0.

27.15 w =cos z; nonynonoca -2 <x<x/2,y>0.
27.16 w =cosz; nonoca 0< x< 7.

27.17 @ =cos z ; npamoyronvhuk 0<x<m, —h<y<h, h>0.
27.18 w =arcsin z; BepXHA1 NONYNAOCKOCTb.

27.19 w =arcsin z ; nepBblii KBAAPAHT.

2720 @ =ch z . npamoyronbhas cetka x=(', y=C.
2221 w=chz;nonoca O<y<r.

21.22 w=ch z;noaynonoca x>0.0< y <.

27.23 w=arsh = ; nepsbtit KBAAPAHT

27.24 w=tgz;noaynonocal<x<x,y>0.

2725 w=1gz;nonocal<x<rx.

21.26 w=tgz;nonocal<x<z/4.

2127 w=tgz;nonoca -n/d<x<n/4.

27.28 w=cthz;noaynonoca 0< y <z, x>0.
2129 w=cthz;nonoca O<y<rx.

Z=3+i
2730 w= i +; ; nosynnockocth Re - <1.

2131 w= -_E—I' ;06nacty D:{l<|z)<2}.

s‘,



Teopus ynryuil KOMIREKCHO20 NEPEMEHHOZO0 U ONEPUYUOHHOR UCHUCAeH e

{Il. CTIPABOUYHbIN MATEPHAT

1.1. Mi3Bneyenue xopha. Kopeno n-ii crieneitu us KOMNIeKCHO20 Yuc-
10 Z UMEET A1 Pa3NHYHBIX 3HAYCHUH, KOTOPbIE HAXOAATCA MO GopMyJIc

(/— =ufiz (coslp+27t'f +.sm("+2’”")(p-arg21c 0,1,...,n-1.

1.2 :).nemem*apnue <|aymcunu KOMILIEKCHOI'0 NepeMeHHOro. 3Ha-
YCHUS ROKU3QMENbHOU (DYHKYUU KOMTIIEKCHOTO NEPEMEHHOTO
2= x+iy BHIUMCIMOTCA Mo popmyne
e =e"(cosy +siny).
MokazatcabHas §yHkuus e’ odranaet cnenyowWnMH CBOACTBAMM

e =etten
[Ie Z; ¥ Zp~ JOGBIC KOMIUIEKCHBIE YHCIA;
e = g0,

1€.&"  sBIETCS NepHoanyeckolt Gy HKiWel C OCHOBHLIM NEPHOAOM 2777 .

Tpuconomempuyeckue gyrkyny Sin z B COS z BLIPAKAIOTCH uCpe3
nokasatenbHble

— ” -y
sinz=%_"¢ cos=¢ _*te¢

2 2
OyHkumMM @ = SINZ # @ = COS Z — NePUONHYECKHE C AHCTBUTC b
ibIM MepHOAOM 27 u uyen’m TONLKO ACHCTBUTENbHbIE HYIM Z = KT W
z=1/2 + kn(x = 0,£1,£2,...), COOTBETCTBENHO.
Pyuxyuu tg Z v Clg Z oNpeleNIoTCs paBCHCTBAMU
tgz=S5iNZ ctgz=c0Sz
cos s sinz
J1nA TPUrOHOMETPHYECKHX QYHKUMHA KOMIJICKCHOTO epeMeltHoro oc-
TAKTCA B CHJle Bce M3BECTHBIE GOPMYNIbI TPUTOHOMETPHM.
Tunepbouneckue ynxyuu sh z, ch z, th z, cth £ onpesensiorcs pa-
BEHCTRAMH

2 _yt L shz chz
shz=¢_~¢ chz=9"¢ thz=2= cthz=

2 2 chz .srhz
MmeroT mecTo ToxkaecTsa sh z= -i sin iz, ch z = cos iz.
Jocapughmuveckan @ynmxyua Ln z, rae z#0, onpepenserca Kak
(pyukuus, obpaThas MoKaszaTe/ibHOH, NPUUEM
Lnz=In|z|+i Argz=In|z|+i (arg 242 7TK ), k=0, £1, % 2,... .
3uayeHue QPyHKUMM, KOTOpoe MoJyHaeTca mpH K = 0, Ha3piBacTCA
2aasnbim 3nayenuem n 0603HauaeTcs

5



E.X.Aiiooc, 10.B. boposcxuii

Inz=In|z|+iagz.
Jlorapnpmumecxas Gynxius o6nazaeT caeaylommME cCBOACTBAMA:
Ln (z22) = Ln z,.Ln 2; La(2)= Lnz-Ln z;

2

lnZ'=nLnz+22%x1, =041 £2,.; Lag; .1z

n

Oy Arcsin z, Arccos z, Arctg 2z, Arcctg z ONpeACAKIOTCA Kak
obpamusie k GyHxunaM sin z, cos z, tg z, ctg z, cootsercreenno. Tax, ecnu
Z= C0S W, TO W Ha3LIBIETCA aPKKOCHHYCOM HCHa Z H o6o3Hawaercs w
=Arccos Z . Bee i GyHxUAN SBAMOTCA MHOTO3HAYHLIMH H BHIPOKAIOTCA
yepes norapupmMuIecKyio

Arcsinz=-i La(iz+V1-2’ ); Arccosz=-iLn(@Vz2 - 1);

Arctgz=-1 L,,l‘“‘ Arcctgz= 'y, 270,

2 -iz 2 z4i

3navcHus, commylomue rAaBHOMY 3Ha4YeHH0 norapudma, 0Go-
3HAYAIOTCA TEMH Xe CHMBONAMH CO cTpouHoli Gyxsu (arcsin z, arccos z,
arctg z, arcctg z); OHH HA3LIBAIOTCA 2AAENLIMY SHAYCHUAMY.

Ob6uyan cmenennan ghynxyus w=z% rne - mo6oe KoMmIEKCHOE “HC-

R0, onpenenserca cootroentien z% =e % %z 20,

J1a GyHKUMS MHOMOIHINHAN; 3HAYEHHE Z Ao e @a: yasupaercs

2nasneim snavenuen. Obwyar noxasamenvuan gywopa W =a*, a #0
onpeaensercs pavenicteon @>=¢* &,
Thasnoe snayenue 3108 Gynxin a‘ ¢ a,

1.3. Kpusaie na xommiexcnoft niockocTs. Ypasnenne BHAA Z = Z(t)
= x()f+iy(t) onpesenser B3 KOMMUICKCROH MIOCKOCTH KPHBYIO,
RAPAMCTPHMICCKHE YPABHCHNEA XOTOPOH HMe1oT BEE X =X(1), Y = Y(1).

Hexmouensnenm mapameTpa t B3 3THX ypasHeHHN NofyuaeM ypaBHeHHe
KpHBOH B BAAC

F(x,y)=0.

1.4. ludpdepenunponanne $ynxunil KOMIICKCHOTO DEPEMEHROTO,
yeaosun Kowst — Pumana. lycts gyuxuna w = Rz) onpenenena 8 nexo-
Topoit o6nacTH G xommaexcHoro mepemennoro z Ilycts TouxM z M z+Az
npunaarexar o6nactu G.

Boeadu ob6o3nanenns

Aw =f(z+Az)-R2z), Az=Ax+iAy.



Teopus ghynxuuii KOMNAEKCHOZ0 NEPEMEHHO20 U ONEPAYUOHHOE UCHUCTEHUe

Ovikyua w = f{z) nazeieaemecs dugppepenyupyemoni 8 mouxe z€ G,

ecau omuoutenue BW umeem koneynwiti npeden npu Az—> 0. Imom npeoen
Az
Hazbieaemcs npouseo0nou dynkyuu w = f(z) u obozmavaemea f’ (z) (uu

dW)f()_. lim Aw
dz

Az -0 Az
Myctb z = x+iy, w = f(z) = u (X, y)+iv (X, y), 1oraa B KaXBOH To4ke
Auddepentupyemoctu GyHkUMH f(Z) BbIOTHAIOTCA COOTHOWIEHNS
Ou _ov au‘ v
o & ay s

HasbiBaeMble ycaosusimu Kowu—Pumana.

OG6paTHO, ecaH B HEKOTOPO# ToMKe (X, Y) BhinoaxmoTca ycnosus Ko-
wu—PuMana K, KpoMe Toro, GyHxkuny u = u(x, y)u v = v(x, y) auddepen-
UMpyeMbl Kak QyHKUNUA ABYX ACHCTBUTENBHBIX MEPeMCHHBIX, TO {yHKLMA
f(z) = v+iv asnsercs anpdepenuupyemoii 8 Touké z = x+iy kax (ynkina
KOMIUIEKCHOTO NEPEMERHOTO Z.

Oynkyusa w = f{z) nasvieaemea ananumuyeckol 8 OGHHOU MOYKE =,
ec OHa dughbhepenyupyema Kax @ camMou movKe z, maxK u 8 HeKomopou eé
okpecmuocmu. Pynkyun w = f(z) nasereaemca anarumueckoii ¢ obiacmu
G, ecau ona anaaumuyna 8 Kaw ool mouke z€ G

ponssoanan ananuTHYeckon Gy HKUMH BhYUCALETCA No popMyIiam

f'(z) = @{_H.OV v l.r?u _‘ou [ Ou v .
i & G & & v i

Monb3ysace ycnoruamMu  Kown—PuMalla  MOXHO  BOCCTAHOBUTHL
aHANMTHYCCKYIO QYHKIHIO w. = f(z), €Cnu H3BeC1Ha €€ NEHCTBHTEIbHAR
YacTh U = u(X. y) Win MHHMAA 4acTb V = (X, V) W, KpoMe TOro, 3a1aHo
3Havenue f(zo) pyHxunn B uexompoﬁ TOYKE Z

MycTs, Hanpumep, u = e* cos y, f(0) = |. Onpegennts aHAAUTHIECKYIO
dyniauno f(z).

B cuny ycnoswuii (2) nmeeM

v _%_e*cos Y,
dy ox

?3-_-_0_" =£*siny.
ox oy

Wuterpupysa ypasheHve (4) no nepeMeHHOH X, 1aX0AMM MHHMYIO
4acTh

v=e"sin y+ C(y).



EX.Andoc, 10.8B.6oposckui

Cnaraemoe C(y) n «<actaBaseT coboii NocToAHHYI0 (OTHOCHTENBHO X)
nuterpupoBanua. Jugpdepesunpys (5) no y U cOnocTasisa pe3yabTart
(3). nonyuaem C’(y) = 0, otkyaa C(y) = C. Takum obpasom, umeenm

v=e'siny+C nf(z)=u+iv=e“(cosy+isiny)+C

¢ yuétom dopmynsi (1)-- f(z) = €* + C. YutéM 10n0IHUTENBHO YCNO-
sue f{0) = 1, otkyna C = 0; urax, f(z) = e

1.5. Hurerpuposanne QyHKXUNHH KOMAJIEKCHOTO NepeMEHHOrO.
Mycts onHo3nauHas ¢yHkums w = f(z) onpenenena M HenpepbiBHa B
obnactu G, a M— KycouyHo-rranxas KpuBas, Jexautan 8 G; z = x+iy, f(z) =
u+iv, rae u = u(x, y). v = v(X, y) - zeiicTeutenbHble QyHKLIH
nepeMeHHBIX X # y. Beliucnenue uHTerpana ot dynkumn w = f(2)
KOMINEKCHOrO NEPEMEHHOTO Z CBORMTCA K BbLIYHCNEHUIO KPUBONKHHEIHBIX
HHTEMPANoB NO KOOPAHHATAM

j f(2)dz = Iua!r ~vdy +i jvdx +udy -
, F .

!
Ecnu xpusas I 3a0aHa napaMeTPHYECKUMH YPaBHEHHAMK X = X(1), y =
¥(t), a HauaNbLHAA W KOHEYHat TOUKH AyrH COOTBETCTBYIOT 3HAUEHHAM t =

ant= f,70

If( ) = [ﬂ ()= (O)dr, T2e Z0) = X(0) + iy(1).

Ecan w = f(z) auanmuqecxan ¢yHkuua B onHoceasHoK obnactu G,
TO NHTErpan HE 3aBMCHT OT NyTH HHTErPHPOBAHHA (3aBHCUT TOABKO OT
HAYANLHOM M KOHEUHOH Touek). B 3TOM caiyyae ang BbIMUCIEHHS HHTErpana
npumensietca ghopyyaa Hoomona — Jleiibnuya

'jf(z)dz = ®(2,)-P(z)),

1
rae ®(z) - kakas-au60o nepsoobpaznan ana pynkuuu f(z), T.e. P'(2) =
f(z) 8 oGnactu G.
Ecnu dynkuns w = f(2) - asaserca ananutiieckoil 8 oGnactu G,
OrpaHHYEHHONH KyCOYHO-TA3AKHM 3aMKHYTHIM koHTYpoM . W Ha camom
KOHType, TO

{ Sf(2)d==0 (Teopema Kown)
]

# s modoit BHY Tpeuneii Toukn zo€ G

f(z0) = _,_l_ 4' JfG) d= (unmezcpansraa dopsiyra Kouw).
iz~

~Z,



Teopus ghynkyuii KOMNIEKCHO20 NEPEMEHHOZO U ONEPAYUOHHOE UCHUCTEHe

1.6 PaxJlopana. Oynkund w = f(z), 0AHO3HAYHAA U AHANUTHYECKAS B
konsue 0 <|Z — 2, |< R pasnaraerca & 3toM xonsue B pso JJopana

x e | S
f)= D -2) =Y Cz-2,)" + Y C(z-2,), (©)
k== h=-x k-0
Koad)dmuueﬂm HaxonsATca no popmynam
g JCee o ks ¥
" 2m Flz=-z)"" =0,

3aech [ - npomsonbuan OKPYX<HOCTb C 1IEHTPOM B TOUKE Z, Jiewaulas
BHYTPH 3a4aHHOrO KOMbua. Pasnoxenne B psa Jlopana eauncreenno,
B ¢opmyne (6) panvt

-1 o
Y Cilz=z) WY C (-2

FETY k=0
Ha3bIBAIOTCA COOTBETCTBEHHO 21d6HON Yacmbio paoa Jlopana w npacuibnoi
vacmoio pada Jlopana.

Ha npakthke ana Haxoxnesus kod¢pduimenros C , ecan ro
BO3MOXHO, HMCTIONB3YIOT FOTOBbIE PAasHOKEHHS eMEHTapHbLIX GyHKuuii B
pan Teiinopa.

Juia npaMepa paznoxum B paa JlopaHa ¢ ueHTpoM B TOuxC z; = 0

3Nz
dyukumo f(z)=ze" *

dyukuma  auvanutnyda 8 konsie O < z|<, crenosareastio,

paznoxuMa B HEm B pan Jlopana. Bocnonwiyemcs pasioxeHHeM

nokaiatenbHo# GyHKumH 8 pan Teiopa B okpecTHocTH Touku &y =0

2 IS
¢ _|+s+§;_'+ +i_'T Mosoxum & =1/z, Torna
. 3 | | | z 11 1
J@O =+ =+ —— ..+ tu)et + b S — bt
2 2 2K AN 4 25l

B cuny eaudctBeHHocTH pasa Jlopana nonydyeHHoe pa3sfioXCHHE
¢ynkunn £(z) no ‘crenenam z ssnsetca pagom Jlopasa Ang dyukuuu

f(2)= 2% * 5 konbue 0< |z< .

1.7. HsoaupoBanubie ocobbie TOUKH OAHO3MAYHOI AHA/IMTHHC-
CKOH pyHKUHMM

Touka zy nasvieaemes u303UPoBAHHOIL 0ccbOl MOuKoN hyHKyuu w =
(=), ecau f(z)— ooHO3RAUNAA U AHATUMUHECKAR PYHKYUA 8 KDY2OGOM KOALYC

0<|z-201< O, Kpome camou mouKu Zy,

v:
J

o
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DyHkumo w = f(z) B OKpeCTHOCTH TOYKH Zy MOKHO PasNOKUTDL B paa

Jlopana (6), cxoaswwmiica 8 konsue 0< | z- Z[< O . Mpn 3T0M BO3MOXKHSI TpH
pasmuuHbIX Ccaywas, korza pan Jlopana: 1) He CONEPXUT YNEHOB ¢

OTPHUATENLHBIMU CTENCHAMH Pa3HOCTH Z- Z, T.8. f(2) =i C.(z-z,)~. BoToM
N ~“u N
aath
cAiyuae Zo Ha3bIBAETCA yempanuwoii 0coboit mouxoi dYHKIMK w = f{z);
2) conepKUT KOHEYHOE HHCNO UIEHOB C OTPHLATEALHLIMU CTENEHAMN

pasHoOCTH (2~ Zo), T-e. f(2) =iC (z—z,)"» PHUEM C ,#0. B aTom cayuae
AN\T -0
y=n
=y HA3LIBAETCA 1OM0COM NOPAaKa 1 BYHKUHH w=A2);
3) conepKUT GECKOHEHHOE YHCIO HNEHOB ¢ OTPHLATENBHBIMU CTEMC-
HAMH PA3HOCTH -,

LE z efz-z)" B 3TOM ciyuae z, Ha3bIBAETCA cviujeci-
ceuno 0cobort moukou diyuryuu w=fz).

Tpu onpenenenun Xapaxtepa H30AHPOBaHHOWM 0C060H TOUKH iic-
NOAL3YIOTCA CJICRYIOWHE YTBEPKACHHUS.

1. Jlna TOro, 4TOOH TOYKA Z, ABAANACHL YCTpanuMoil ocoboi Toukvil

Qyssuud 0=£z), HeoOXOAMMO H JIOCTaTOMHO CYyWIECTBOBAHWE rIpeae.
lim f(z) = c,, npuyem  |Cyl< .
s 2o

2. Jlaa toro, utofnl TOYKa z, ABAANACH MONIOCOM AHANHTHUECKOH

QyHKUMH ©=£(z), Heo6X0AHMO i AOCTATOUHO CyWIECTBOBAHNE ApereNad
lim f(z) =.
e 1Y

2". Ina Toro, 4To0bi TOUKA 2, ABAAIACH NIOAIOCOM NOPAAKA /1 AHANHTH-
yeckoit PyHxuuu fz), HeoOxoaumo ¥ AocTaToyHo, 4T00b QyHKUHIO f(2)
MOXHO 6bint0 npeacTasuts B Brae f2) = o (2) / (z—=)", rae ¢ (z) — dyHk-
U aHANHTHYECKAA B TOYKE 29, NPHuEM @(2,) #0.

2. MycTs =, — u3onupoBanHas ocobas Touka pyHkumn fz) = A(z) /
u(z). rae A(z) 1 u(z) — QYHKUNH AHATTUTHUECKUE B TOUKE 2.

Ecau yncantens A(z) 1 Bce NPOU3BOAHBIE A0 k—/ nopaaxka BKMOMII-
TENbHO B TOYKE I, paBHbI HYMO, A" (z,) # 0, 3HaMeHaTens p(z) 1 BCe npo-
113BOHbIE 30 /—] MOPAAKA BIJTIOHUTENLHO TAKXKE PaBHbl HYMO B TOUKE .
p''(z4) 20, TO npuH >k TOUKA Z, ABNRETCA NONIOCOM NOPAAKA /1 = [—k aHa-
nutndeckoit GyHkunn fz). (Ecnu ISk, TO TOUKa =, ABAAETCA YCTPAHUMON
0co00it TOuKO#H aHanuTHYeckoih ynkunu fz).) B dacthom cayuae. npu
A=0. I=1 umeem: ecnu A(zy)#0, u(zs)=0, u '(z4)#0, 10 =y — NOMOC NEPBOro
nopaaka gyHkummn £z).

&N
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3. Nyctb nipu z-Y2, aHanutuueckas gyHkuna w=Az) ve umeeT npene-
N0B: HY KOHEYHOTO, Hi OecKOHeYHOro. 1o ycioBue ABaseTcs HeoOxoau-
MbIM H JOCTATOYHBIM ANA TOTO, YTOOH TOUKA Z( ObiA CYWECTBEHHO 0coboii
TouKoit pyHKUMH w=f2).

1.8. Boiuersl. [lycTb.2y — u3onuposanHa Touka Pynkumu w=Az).
Buvemom hynxyuu flz) 6 mouke z, HazbIBaETCA HUCH0, 0003HAYAEMOE CHM-
BOJIOM teS,g AZ) 1 onpedensieMoe PaBeHCTBOM

res, f(z)= EI;CI f(2)dz (8)

(upyrue oGo3Hauenus: res fz,), res{fz), z,]). 3aMKHYTLI KOWTYpP WHTErpH-
poBaHun y NEKUT B 06ACTH AHANUTHMHOCTH PYHKLMK f{2) U HE COAEPKUT
BHYTpH APYTUX 0COOLIX TOUEk dyHKM fZ), XPOME Z).

ConoctasneHne ¢opmyst (7) n (8) noxasbiBact, 4TO BbIYET (dyHKLHH
pascH Ko3()pHUUHEHTY NpU MHHYC TiepBoi cTenienn B JlopaHoBckoM pasno-
weunn fz) B OKPECTHOCTH Toukm 2, res fzp)=c ..

Buiuer B ycTpaHMUMO#i 0co60it Touke pasen Hy 0.

BuiveT ¢yHKLUMM fZ) B NOMOCE 7-TO MOPALKA BLIMUCIALTCA NO (op-
Mysie

res, f(z )—( )Ilm e [j( M-z ) s

npu n=1
res,, f(z) = lim|/(2)(z~2,) ]

Ecnn pyHKkunA w=£(z) B OKPECTHOCTH TOUKH I, NPEACTABAACTCA KaK
uacTiioe ARYX aHanAMTWUcCkuX gynkunit  f(z) = A(z)u(2), npruem A(z) # O,
#(2) £ 0, u'(z) # O (B 3TOM cay4ae z, — NONOC NEPBOro Mopaika GyHKLUHH
=), 1o

reszo 2) =A(2) / u2).

Ecan Touka 2z, €cTh cyluecTseniio ocobad Touka gyHxuud w=fz), TO
Buuer suiypciineTca no dopmyne (9).

OcnoBnast Teopema Kowm o sbluerax. Ecau dyncyuw w=z) agas-
emen ananumuueckol na 2panuye U obnacmu G u 6cl0dy siympu obnacmu,
30 UCKkRIOYEHUEM KOHEYHO20 HUCAA 0CoBbIX MOYeK Zy, 2y, ..., 2y, MO

t{f(z)dz = 2711'“2' resf(z,) - (10)
r k=l

Y
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1.9. Buluncienne HecoGCcTBEHHBIX HHTETPANOB OT PAUNOHANLHDIX
dyuxunii. [Mycts R(x) —paunonansHas Gyrkuma, R(x) = Pi(x)/OAx), rae
Py(x) n QOfx) — mHorounenst ctenexeit k u /, coorsercraenno. Ecnn R(x)
HenpepeiBHA HA BCeil NefiCTBHTENbHOMN OCH U [>k+2, T.e. CTeNeHb 3HaMeHa-
vens, no kpaiinedi Mepe, Ha Be eAUHHLIBI GONBLIE CTENEHU YHCAUTENA. TO

400
[ Rx) dx =27i 3 res mR(z).
— m

3necs cymma Beivetos yHkunn R(x) = Py(x) / Ofx) Gepetcs no sces
NOMOCaM Z,,, PACMONOXKEHHbIM B BepxHeil nonyniockocTd Im 2>0.

1.10. Bouiuncaenne HecoGCTBEHHLIX MHTErPAJOB CNEUIA.ILHOTO
Biaa, [lycTb R(x) — paunonanbvas dyHkumns, R(x) = Py(x) / QAx). 12¢
Pi(x) 1 QAx) — muorounensl cTeneHeil k u /, coorsetcTseHHo. Ec.m Riv)
HenpepLIBHA HA BCell RelicTBUTENbHOM OCH U (T.€. R(x) — npasHAbHad pa-
unonansHas apodu), T0

+ o
§ R(x) cos Ax dx = Re {2ni I res zn R(z)e” }, 2>0,
Eaadiad m
+
§ R(x) sin Ax dx = Im{2ni T res g R(G)™ 3, 150,
-— - m

rFAE CYMMa BBIYETOB PYHKUUHN R(z)e"" Gepetca no BCeM NONKCaM =, pacno-
noXeHHLIM B BepXHeit nonynnockocty Im z >0.

L11. Boruncienite onpenesieHibiX HHTETPAN0B CNEUHINLHONO BIAD
Mycts R — paunoHansHas GyHKUMA COs ¢ U 5in I, HENPEPLIBHAA BHYT-
pv npoMexkyTKa uxTerpuposanna. lonaraem z=¢", Torna

l( l) . I( I) d-
cosli=—fz+—| sit=—|z——=| dt=—--
2 : 2i z iz

Umeem

b2 4
_"R(cost,sim)dt = tj F(z)dz, an
0 is]=1
rie nyTb MHTETPHPOBAHWA — OKPYXKHOCTH EAHHUYHOTO PallHyCca ¢ LEHTPOM
B Hauane koopAHHaT. KOHTYpHbIi iHTerpan 8 npasoit wacTit pasenctsa (11)
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soiuncaserca no ¢opmysne (10), rae cymma Boivetos dyHkunn £(z) Gepetcs
0 BceM 0cOObIM TOUKaM, fiexaitum 8 oonactu | = (<1,

1.12. MpeoGpasosanne Jlannaca. @PynKyue-opucunaiom HasbiBaeT-
o3 pynkuma 1) neACTBHTENLHOrO apryMeHTa 7, y A0BNETBOPSIOAn YCA0BH-
am: 1) i) nHTerpupyemMa Ha n06OM KOHEHHOM HHTEpBane ocu f;, 2) uas
Acex oTpHuarensHbix ¢ Af) = 0; 3) fir) so3pacTaer He GbicTpee nokasarens-
Holl PYHKUMH, T.€. CYWECTBYIOT TaKHE NIOCTOAHHbBIE M 1 J) ,4T0 nna BCeX f
IR0 < Me™.

Hsobpaxcenuem dyuxyuu ft) no Jlannacy nasvisaetrca Ppyukumus F(p)
KOMIIEKCHOTO MEPEMEHHOTO p= J+iT , oNpeacaaeMas PaBeHCTBOM

Fp)=l ") dr,
0

obosnavenue: fr) «>F(p).
Tina moboit pyHkumm-opurnnana f(r) usobpaxenue F(p) onpeaeneno

8 NoAyNI0ckocTH Re p > 0y H ABAAETCA B ITOM NONYNNOCKOCTH aHANNTHE-
CKOR QyHKuMedt.

CsoitcTBa
1°. JInHeliHOCTb: 028 M066ix Kosnnexcrotx nocmosntoix Cy i (s
Ch) + G () & C) Fp) + G Fop).

2°. @opmyna nonobua: Ans n06Oro NOCTORHHONO v > 0
. 1
flan e ~F)
w w

3°. AudpepeHUMPOBAHYE OPHIUHANA: eC:TU (OYHKYUU AGARIOMCH (YK~
HusMU  opucunaIavy, mo

J1) & pF(p) —A0),

10 & p*F(p) — pRO) —1 (0).

£10) 0 PFo) 0 — 5 0 — .. — 1" 10).

Beauwunna £2(0), k= 0,1, ..., n—1 nounmaerca kak lim ().
2> +0
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4°. Anddepenunposanue nzobpaxkenna F(p) ¢ —t f{1).

L Fp)

5°. Uurerpuposanye opurutana | A1) dr & —.
0 P
S

6°. Unterpuposanue wiobpaxeHus ecau == agisemca (hyuxyueir
1

opucunalom, mo

?F(p)dp © -[9 :

1

7°. dopmMyna CMEUIEHUR 045t 1100020 KOMNIEKCHV20 A
fine ™ o F(p+d).

8°. Gopmyna 3anasaseanus fi—17) <> e TF(p), 1>0.
9°. dopmyna yMHOKeHNA H300paxeHNH

'
Fip)Fp) & I S (—D)dr.
0

Wnterpan B (12) Ha3biBaeTca ceepmroti hynkyudi £ (1) v f (1), 0003Ha-
yacTcs cumBoRoM  f ¥,

OTuickanue opurunana no ||3oﬁpa>xennio

M HaxoskaeHus opurutana f{f) no u3sectioMy H3oGpaxenno F(p)
nanbonee WHPOKO NPHMEHAIOTCA CAEAY IOUIHE NPHEMBI:

1) ecnn F(p) ecTb npaBuiLHas paudonansHas apobs, T0 ee pasnaraio
Ha CyMMY NpOCTLIX Apobel U HaxoaaT OopurMHambl A KaxaoH npocTof
apodH, uenoaL3ys ceoiictea |°—9° npeobpasosauus Jlaniaca;

2) UCNOAB3YIOT hopMYIY PazIoNCenus, COTAACHO KOTOPOH NPH HCKO-
TOPbIX AOCTATOYHO OOUIHX YCIOBHAX OPUrHHANOM MnA F(p) cayur dyHk-
st

L= %(respk[F(P) "},

FZie CyMMa BbI4€eTOB GepeTca No BceM 0CoGBIM TouKaM p; dyHkumu F(p).

a2
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L13. ®opmyant cooreercTBMn. LLInpoko npumensiotca creayroime
TabauuHbie COOTHOLICHHUA:

lol/p e"=1/(p—a); sinwt ol (P’ + ), coswt &p/ P+ o).
sh wt & w/(PP—w?); chot e p/(PP—w’); " n1p" .

JleBbie MacTH ONEPaUHOHHBLIX COOTHOLICHWI MPEANONAraloTCs a0M-
HOKEHHBIMH Ha Y HKUHIO

1,120,
)=+ 0.1<0,

KOTOpaA A COKpALEHNA 3aNHCH, Kak NPaBUo, onyCkaeTcs.

1.14. U306paxenns Kycouno-anueiinoii dyuxunn. [pumepusiii
B1A rpaduka KyCOUHO-NHHeRHON (NONNroHaNbHOI) dyHKuMK npeacTasieH
Ha puc.]. Beenem cneaytoumme o6osnaueHns:
T, — TOMKH pa3pbiBa Qynkuni flr) wan f' (1),
W = dy—by; — cxaukn PyHKumii B y3nax «CTbika»,
By = tg yi—tg 8, — ckauky npou3BoAHOM f'(f) B y3nax «CTuikay».
HiobparxkeHue noaHroHaibHol GpyHKLIN UMEeT BHA

Fo=y ek (G b
: P p

1.15. 3agaua Kowit ans 06bIKHOBEHHBIX AHeiiHbLIX Tuddeperun-
anbHbix ypasHennii. Peutenne nuHeiipix AugdepeHunanthbiX ypasHe Hili
onepayuonney AMemodos NpeanofaraeT Tpu 3Tana: 1) nepexol ot Hexoi-
HbIX QylKkunii k ux H3o0pakeHnto no Jlanaacy, npy 3toM auddepeturiant-
Hoe ypaBHeHne MpeobpasyeTcs B anreGpaHYecKoe OTHOCHTENbHO I1306pa-
KeHuil MCkoMOi (pyHKumMM; 2) pewenne MONY4EHHOro anredpaiieckoro
VPABHCHHA; 3) NONY'1eHHe HCKOMOTO peweHKA MO ero n3obpaxeHio.

Pewn sadauy Kouwtu pas anddepeHunanbHoro ypaBHeHua x-- v = |
npi HayansHom ycnoshu x(0) = 1.

OtiepaunoHHbIf METOR PELIEHHA Takoii 3a4auu COCTOMT B TOM. W10
HCKOMYI0 Gy HKLHIO ¥ NPaBYIO0 YacTs AnpdepeHHUHAILHOTO yPABHEHNHH C!1it-
TaeM OPHTHHANAMH W NEPEXOAUM OT YPaBHEHHA, CBA3LIBAIOWIErO OpPHIHHA-
Jbl. K YPABHEHHIO, CBA3bIBAIOLIEMY MX H300pakeHHd. Jlna 3T0ro BoCMONL-
iyemca  Qopmynoit  anddepenunposanus  opurHHana x'(tyepX(p)-
x(0)=pX(p)-1.

Y3
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lNpumeHas cpolicTBo AMHEHHOCTH, nepeilaeM 8 ypasHeHnu (13) o1

OpHFHHANOB K U300paXenam
[PX(P)-1}-X(p)=1/p.

Peiurm nonysieunoe yxe ne anddepenunanbioe, a anrebpanucckos

VpaBHCHUE OTIOCHTENBLHO HEH3BECTHOTO H300paxenua X(p):
X(p)=2/(p-1)-1/p.

OcTanoch RO M3BECTHOMY u300paxeHuio X(p) Haifth COOTBETCTRYIO-
muit emy opurntan x(t). Mcnonb3ys CBOWCTBO JIMHCAHOCTH Mpeobpa3osa-
g Jlannaca u TaGnuuHble onepaudoHHsbie oTHotwekrua (n. [.13). nosnyyaey
x(1)=2¢'-1. DTo 1 ecTh NCKOMOE petneHue 3apauk Kowm.

AHaNOrHYHO PELAIOTCA CHCTEMLI NHIIeHbIX nH(pdepeHHaNL b
ypaBHCHHH.

1.16. ®opmyna Hoamenn. PaccMoTpum sinneiioe anddepesinais
HOE YpaBHEHVE N-T0 HOPAAKA C IOCTOAHHBIMH KOIPPHUHCHTAMH

L{x(t)}=apx“(t)+a,x®(t)+. .. +ax(t)=f(1) (149
HPU IYNEBBIX HAYANbHLIX yciioBuax
x(0)=x'(0)=...=x""(0)=0. (1%

(3amenolt Hckomoii dyukLKMM 3aaauy C HEHYJIEBLIMU HAYANBHLIMHK V(-
JIOBMAMI MOXKHO CBECTH K 3a1aue C Jiy/1eBbIMH YCIIOBUAMHK).

NonycTuMm, uto M3BecTHOo pewenune ypasiienna L{x(t)}=1 (¢ roi xe
REBOM 4acTLIO ¥ NPaBo#, paBHO# eannuue) npi ycaosuax (13). OGosiauny
ero xi(t). Torna petienue x(t) 3anaun (14)-(15) MOXHO BbIpA3HTL Hepel
x(1) ¥ f(t) ¢ nomoLubIO 0aHO# W3 cAeAyloUNX Popmyn:

1 !
x(() = jx’, (@) f(t - 1)dr, x(r) = j’ X, (t - 1) f(r)dr,

[ ]
X0 = fOx ) + [£@x( - D)dr.x(0) = FOx O+ [0 - O)x (07

Kaxn0€e U3 sTux BuipakenHii 11a3618I0T opmynolt (Wan unmespaton
Hioaveus,

Metoa pewenns audpdepeHUNaNnbHbIX ypaBHENHH, OCHOBAHHBIX Hi
(opmyne [lloamens, NPUMEHAIOT, KaK NPABUNO, B TEX CTYHanX, Koraa Bo
HUKAIOT TPYAHOCTH NpH HaxokaeHHH n3oGpaxenus F(p) npasoit vaciu (1!
ypasueiins (14), a TaKke npH HEOGXOUHMOCTH MHOFOKPATHOTO peften
3aaa4n (14) — (15) ana pasnuunbix Gpyukuui £(1).

94
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KoMIeKe aiiHuMais QYHKIMAAAP TEOPHSACH
JKOHE ONepPAUNSIbIK ecenTeyaep

1. AubiKTaMa MaTepnan

1. Tybip TaGy.
Z KOMIUIEKC CaHBHBIH /1 -1i Iopexeni TYGipiHiH opryphai

n moHi Gap XoHe onapabl keaeci ¢opMyna GoibiHiua Tabyra
6Gonaapt

%:'\'/H(cosw*'z"*nsin'p”d), ¢=argz, k=0l..n-1.
n n

2. Konnaexc aitnimanst 3nemeHTap dyHxunsnap
Komueke 2Z =X+i) ainsimansi KOPCeTKIWTK  yHKuua
MOHACPi Keneci (popMyna GoiibiHIla ccenTeneni
¢ =e*(cosy+isin y)- )

Kopcerkiwri €~ ¢yHxumsa Keneci KacueTrepre ue:
e:,+:, =e:. _e:z ,
MYHIArH Z, MeH Z, - Ke3 KEIrcH KOMIUICKC caHaap;
™=, k=0l..

SFHH, € - HeTi3ri mepuoabl 270 TeH MEPHOATH QYHKUMUS.

TpuronomMeTpuAAbK  SinX  KoHe  cosx  QyHKuUMANAPHI
KopceTKilrik (pyHKLMA apKbUIbI epuex'renem

e ~e " e“re” .
sinz = ’ Ccos =
2 2

1gz xeHC ctgz QyHKUMSIIAPHI Kcaeci  TeHmiKTCpMEH

aHbIKTaNAMmL:

_sinz o C08T.
&= cosz clez sinz
TpuroHomeTpusiiars Gapisik G6erini (popmyna.nap KOMIUIEKC
AlHBIMAJIb) TPUTOHOMETPUSUIBIK, (DYHKUMSIAD YUIiH e CaKTania/bl.

Tunepbonanblk shz, chz, thz. cthz @yskunanapst xencci
TeHAIKTepNEeH aHBIKTaAabl
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b ec+e . _she. chiz
shz = £ 5 chz= ———=> thz ==—> cthz = =~
2 2 Tz shz

Keaeci Tene-reHiiKrep opblHAaIaab!:
siniz = ishz, cosiz=chz.

Jdorapudmaik z =0 PyHKuMA KOpCCTKITIK PYHKUMAFA Kepi

QYKL PCTiHAC aHLIKTANAAbL:
Lnz = In|z|+ idrgz = Inlz| + iGarg z + 2k) , k = 0.2 1,22,

POYyHKUMIHLIH k=0 coitkce MoHi oHubi{ 6ac moHi aen

ATANAALL XKUHC
Inz=Mnlzl+/iargz

apKLLILL GCATICHCAL.

Norapudmaik GyHKUusibIH Keaeci Kacuerrepi dap:

Ln(z,z,) = Lnz, + Lnz,; L”[ _:._) mlne

Lnz" =nlnz +2rmki, t =0.+1.42....;

- )
Ln’{/r: =—Lnz"
n

Kepi TpHroHoMeTpuamsiK fresinz, Arccosz, Arclgz, Arctg:
bynkuuaaap, sinz, cos:, 1gz. crg= (PYHRIMNAphiA CoHKeC Kep
(hynkOusiIap peridae aHbKratanbl. Muoicaan, cerep 2 = COS¢
60.‘“.:1\, OHAA @, 2 CAHLIHDLIN APKKOCHHYCHLL ACIl, aTadaibl [ia
®=Arccosz xen, 6GearincHeui. by (yHKUUSETAPALIH

OApanFLl  KOM  MOHAL SKONC IOTAapMPMAIK  (PVIKUMSL  apKLLIL!
OPHCKTESICL:

Aresinz = --lLI’I(l‘+\.l———): Arecosz =-iln(: +\' - l)’
Arctgzs =~ L i, /hc‘clg:-—Ln-—:i
‘ ]-I' - ’+|

Jlorapndhmiring. Gac Meuine colikec KencTiH MOHIRD  Kiuti
opinTepMcH  GacTILHT KASBLIATBI (arcsinz,...) XoHe oxnap dac
MOILIED IICTT aTasiafabl.

llapexenik o =:z* (O -Ke3 Keureli KOMILICKS calr) dynkuns
KCJCCi KATLICTICH aHBIKTIAADE

e, 2 %0
byt kom Monai pynkwis: ¢ = oM - oHBIN 6ac MAHi.

Kopeerkimmik w =g, o # 0 dynkuns
B1§)
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2z 2lna
a‘'=e
TeHAINIMCH aHHKTalagl. byn OQyHKIMAHEH 6ac  momi
a: = e:lnc

*

3. KoMmrex¢ Xa3LKTUKTAFM KHCHKTaP
z=2(f) = x(f) + i)/(r) TYPIHICTi TCHACY, KOMIVICKC Xa3bKTHIKTa
napaMeTpRiK TCHACYMCpi
x=x(r), y=xy_1
TYpiHAC OGOMaTHH KMCHIKTH aHNKTaWan. Byn reHmeynepmen [
NapaMeTpiH IHFapcak KHCHKTHH F(x,y)=0 TYpiHferi TCHACYIH
aJaMBI3.

4. Kommnexc aiimumans Gysxumsasapas middepesmmannay
Komn-Paxan maprrapu

wf(z)wumnmmannaﬁlpaammnma

aHBIKTAICHH; 2 NeEH z+Az HyKreaepi G aliMaFkHAa XaTChIH JKOHE
Aw=f(z+A2)- f(2), Az=Ax+iby

GonChIM.
Erep Az -0 yMmTeUmanna A% KaTHHACHHMH aKBprH 1meri
Az
Gap Gonca, oHEA = f(z), zeG  HyKreciuae

dudpdepennuasdanamuin Gynxuus nen aTanajbl XKoHe f(;) HeMece

dw apkbhUTH Gesrinenesti. CoHbIMEH,
&

ror s AW
f(z)—lmz;
Erep z=x+iy, w=f(z)=u(x,y)+iv(x,y) Gonca, oHia

f(z) GYHKUMACHHHH AnddepeHIMHANIAAHATRH epbip HyKTecinae
Kowu-Pumon wapmmapys Acn aTaNaTHIH

Qu_ov ou_ _Ov @
&x oy & ox
KAThICTaphl ODHHAANAJIE.

Kepicime, erep Kanait 5ia 6ip (x, y) Hyxrecige Konm-Puman
MIAPTTapH OPHIHIANCA, COHLIMCH Gipre u(x,y), v(x,y) HAKTH cxi
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aiHbiMannl  pyiansuiapsl  augdepeinangaiiatuiy - fonca,  OHAA
z=x+iy HYKTeciie KOMILIEKC AU BIMAI !
w= f(2)=u(x,y)+iv(x,y) (pyHRIMACH MddepeHIManIaHaab!.

w= f(z) OyHKUMACHL Z HYKTCCIHIC XOHC OHLIH KaHIQH (i
Oip manamuiiza andpepclUHIAAHCA, OHAA 01 Z  HyKmecinode
anaaumuraix, @ynkyua icl aravtaant. Erep f(x), G aiiMarbiHbIR
apbip HyKTeciHle aHaMUTUKLIBIK (ynkuua Ooaca, onga oa G
alimaevinoa anaiumuraablk, Gyukuus Act ataiaibl.

AHANUTUKANBIK (DYHKUMAHDIH TYLIHALICH!

Ou O v . On_Ou Cu_0ov v

f’(z)=Eﬂ—j—“‘_z———m:———:—wwm—

(popmynanapul GoiibiHILA cecenTeIel.
Erep  f(z) OYHKUMSACHIHBIM  HaKTbl y=u(x,y) HCMece

KopaMwl v = y(x,y) Ooniri Gepitin XOHC KaHmaW aa Gip =,
nykreacri  f(z,) womi Ocarini 6onca, onga  Kourm-Pumax
WapTTapull MAHJaaHuIl w= f(z) AHATNTHKAILIK (hyHRUMACLHT
Kypavea osannt.

Muicasny, u=ecosy, F(0)y=1  Ocpiicin. fio)
AHAIHTHKATBIK, QYHKUHSCHIT aHDLIKTay KEPLK.

v (2) maptrap Ooiibliua

ov Ou

——=——=¢"cosy> 3
o Ox

o ow . .
':‘=—‘:—=£"SIII.V (4)
dx Oy

atambis. (4) Teuaey:i X allHuIMaiInl OoluIMINE  HHTErpasiaal
AKOpamii

v=e'siny + C(y) (M
foaivin  amamuis.  ((y)  KOCLUIFBIMIBL (X -KC¢  KATLICTL)
MHTCTPAIAY TYPAKTBICH. (5)-Ti } Goftutinua grpdeperimanian.
HOTHXCCIH (3)-[I€H CAILICTLIPA  OTLIPbLLT ("(y)=0, ar Gyzan
C(y=C @iaMbls.

ConbiMcH,



Teopus ¢hynxyutt KOMRAEKCHO20 NEPEMEHINO20 U ORCPAYUONKOE UCHUCACHIE

v=e'sin y+C XoHe f(z)=u+iv=e(cosy+isiny)+C(';
(1) - dopmynannl eckepcek, f(z)=e +C. A1 f(0)=1
WIApTHIH €CKEPCEK C =0, ATHH f(z)=¢® aNaMBbI3.

5. Kommuekc aiinpiManst GyHKUMANApabl UHTErpanjay

G aitMarpiga Gip MOHII Y3UNCCI3 = f(z) OYHKUMACLI
aHuKTancbiH, I, G aiiMarbiHia XaTKaH Teric-Kypak KMCBIK;
z=x+iy. f(x)=wu+iv, MYHRAFBL u(x,y), v(x,y),X NEH )

aliHBIMANTBUTAPHIHBIH, HaKTHl yHKuMsnapbl. KoMnieke aitHeIManbl
w= f(x) QYHKUMACHIHBIH HHTCIPAAbIH CCCITTCY, €KiHIUi TCKTi

KHCLIKCBI3LIKTbE
[ f(2)dz = Judx - vdy + i vdx + udy
r 7 v
HHTCTPANZLI CCENTEYre OKCICH. .
Ercp ' KHMCHIFB x=x(1), y=p(), @ <I<[ HapaMCTpIiK
TeHaeyiMe Bepuice, oHIa

Rz = S ke 20 = X030
r a
Gonaanl.

Ercp w= f(1), 6ip Gainamabl G aMarblHAd aHATUTUKANDIK

dyukuns 6oaca, OHOA MHTErpal, WHTErpalfay KUCHLIFbIHLIH
Typiic  TOyeNdCi3, ON KHUCLIKTLIH 0acrankbl KOHC COHFDI
HYKTCIEpiHiH OpHbIHA FaHa Toycndi). byn Xarnmaiga uHrerpanabi
ccenteyre HpioToH-JIcii6uui (opMynachl KONIaHLUIARDI:

T f(2)dz=0(z,) - B(z,)

MYHI4FB @(z).  f(z) (YHKUMACHIHBIH KaHAa# fa Gip arralukul
(dynkumscol, arHn d'(z) = f(2). 2€ G-
Ercp w= f(r), Teric-KypakTbl ' TYHBLIK KOHTYPLIMCH

wekrenreH G aiiMarbiRaa XkoHe | KOHTYPHIHAZ 2HAIUTHKANBIK
(byHkuus Gonca, oHga

§ f(z)dz=0 (Kouiy Teopemachi),

’

XOHC z, € (5 iIUKI HYKTC YliH
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7(z,) = —Lf f (2) (Kowmuain HHTETpasLiibiK,
’ ¢ Polind -'od"
(opmynacot)
OpLIHIANAALL.

6. ﬂopau KaTapbl
p<iz < R CAKNHACLIHIA aHATHTHKAILK Oip MOH/I

w= f(2) q)ymumsu.u, ochl cakHHana Jlopal Katapbliia XIiKre/ e
« -1 "

_ . ] w \
/(:)— Z (_7—20)‘: Z Cﬁ(Z—ZO)A 4./‘2 C;("""--y) .o
ot k= 2 i)

J_ IAC R S
vl i
2 (- - -u)
MYIAQ [, HenTpi z, HYKTeCi OOJATLIH, CAKMHA ULIILIC XKATK:l!
(carar TLTIHC KapaMa-Kapenl OarbiTTanFall) Kes3 KCACH wcHOep.
(6) dopmynagarnt

d k SHe <
2 alz-z)" HOHE 3 (-2

Katapaapul Jopan kamapomiy, coiikec 6ac xoue dypoic Heaikmepi
JICR ATAIADL.

- ()

A‘

-4
1

[MpakTkada ¢, ko3 pUIMEHTTEPIH Tady YIUIH, iCMeiTap
yHKWMsttapaptit - Teinop  KaTapbliia  l@iibll  KIKTCIVICpin
nadianatiani.

|
. 3 C n

Meicanel,  f(z)=z"¢* (PYHKIHSICH -2 JG0OpCALdi
OoibiHmIa  JlopaH  KatapbitHa  OKIKTCHMIK.  Bepiared vkt
0 <21 < op CUKHHACHIIAA AHATHTHKAIBIK (DYHKIIHS 00FAHALIKTAH.
on ocbl cakiHaga JlopaH Katapbitia KIKTCACH.

) r° A
¢ =t a4 —
2 k!
KIKTCHYiHICTE = _' Jcn, ancak

(1] o
UGE Ll+-+—-—~,-+...+~-—|I\:z“-x-z"+l+...+ L
z 2 ktz" ) 2 k=
ATaMbl3.



Teopust hynxytiti KOMIIEKCHO20 REPEMCHHOZO U ONEPAYUONIOC UCHUCICHUC

7. bipmanai anaaUTHKAILIK QYHKUMAHBIR Aapa, epeKiie
HYKTeAepi

Erep w= f(z) OGipMOHII XOHC (<|s-:|<§ CAKMHACHIHLIH
Z, MWYKTECIHCH GacKka HYKTeICpiHIE aHANUTUKATBIK (pyHKLUM
Gosca. ORAA Z, ynxuusnvuy dapa epexute nykmeci JEN ATATAADI.

w= f(z) GYHKUMSCLIH  Z)  HYKTCCIHIH  MaraWLIiAa
(0<iz-z|<d cakuiachinia XUHakratatbi) JlopaH xarapbiiia
Kikreyre 6ostaunl. Bya perre keneci XKarRaitnap 60.1ysl MyMKiH:

1) Jlopad KaTapbiRga z —z, albIPLIMBIAGIL TCPIC AOPCXKC!

MYMICACpE KOK, STHM - % . (=—=- ) - Dy Xarpajiima Z
f=Y cz-z) Py 0
k-

-

HYKTCCL  f(z) (DYHKIHACHINDIL aHcondeaemin epexute mykmeci Acu
aTataink;

2) JlopaH  karapsl  MYWeENCPiHIH  KypaMblnga Z — Z,
ANLIPLIMBIHEBITL TEPIC AOpPeXKecepi Oap JKOHE OHMaft MYLICACP CUHLI
UKDIPILL, AFHU  £(z) = Z e (z-2,)" € # (). Byt xariaiita =,

A o-u
HYKTCCE  w = f(2) @yRKuuscunoiy 1 -wi  pemmi noatoci  AcH
WTaIAILL:

3) JlopaH KaTapblHLIH MYWICAEPIHiH KypaMulHia 2z — 2z,

allbIPLIMLIHLIH TCPIC Hopexesacpi 6ap XoHe ollfiail Mylicicp cailbl

AKBIPCbI3, ATHH £(7) = E’: e (z=z,)"" Byn xarmaitza z, Hykrec
e
w=f(2) Qyuryuscoinbiy eaeyai epexuie RyKmeci 1€1 aTatalbl.
Epckite HYKFEACPAiH CHMATLIH - AlLIKTAY VI Kejiet
Ty KUPLIMAAP 11alianaHbUIaaby:
L.z, HYKTCCT  w = f(2) AHQAUTUKLILIK  DYHKIDIHCIILIN
KOHAE/NCTIH €peKIIc HYKTCCi GONMyBl YIUH,  |im f(2)= (-
Tl

IC i< wicritiid, Gap Gostysl KaXEeTTi KOHC KETKUIIKTL.
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2. Z, HYKTCCi w=f(z) aHaIUTHKaIbIK (QYHKLUMACHIHbIH

nomoci Gouynl yWiH, |im f(z)=o weridin 6ap Oonybl Kaxerri
s 20
XOHC XETKUIIKTI.
2. z, HyxTeci w= f(z) GYHKUMACHHEH M = Wi PCTTi NoMloci

Gonybt YWiH, 7(:) yHKUMACH
A
=520

TYPIHAC KOPCCTULYi KaXeTTi XXIHE XCTKUNKTI  (MYyHIarbl ¢(:).

’

Z, HYKTCCIHIC aHANUTHKANBIK (PYHKUHMS XoHE  ¢(z,)#0).

2/, z, HyKreci 1)= A(2)  (pyHKUHSACBHIHBIH Japa epeKic
H(z=)

nykreci 60achiH (A(z) NMeH g(z), ZHYKTCCIHAC aHANIHTHKAILK

dyukumsinap).  Erep  A(z)=A'(z,)=...= A "(z,)=0, V()0

(arHH, Z, NYKTCCi A(z) QYHKUMACLIHBIN k -wi perri noni), 1

p(z) YWIH p(z)=p(z,)=..= 4" (2,) =0, 4 (z,) %0 (AFHR. 2,
1(Z) (PYHKUHSACLIHBIH ! -wi PCTTi HoJi) Gobimn:

[>k Gonca, oHla Z,, f(z) AHATHTHKAILIK QYHKLHSCLIHDIL
| = k perri nomioci;

I<k Oonca, oHma Z,, f(z) aHAIATHKAILIK hyHKUKMAHbI
XOHICNIETIH cpeKlle HyKTeci Gomalnl.

Hepbec  xarmaitma, k=0, [=1: A(z)#0, u(z,)=0
i'(z,) =0 Gomca, oHma Z;,  f(2) yHKUMAHBIH GipiHwi peTTi
noaioci (Kait mostoci) 6onannt.

3 lim 1) wieritif. 6oNIMayLl, Z, HYKTCCIHIH  w= f(2)

sz

(YHKUMACH! YWHH clicyli CPEKIUC HYKTeCci GONYLIMBIH KaXeTT
XOHC XCTKUHNKTI 11apTol 6oaLIn TabLimajLL.



Teopus hyHKYUU KOMPIEKCHO20 NEPEMEHHO2O0 U ONEPAYUOIROE UCHUCACHUEC

8. lllerepimaep (Bbiuernt)
Zy, w= f(z) GYHKUMACHIHLIH, Japa epeKIle HYKTec
GONCLIH. f(z)(DYHKUMSCBLIHBIH Z, HYKTCCiHACI CTepiMi aerl,

we2 f(z) HEMECE wef(z,) apKLUILI OenruicHeTiN,
z2z0

we? f(z)= '—} f(z)dz (3)
27y

=
CAHbIH aiTagpl. MYHIA ) TYHBIK KOHTYPHIHBIH iwiHac f(z)

(DYHKUMSICLIHBIH, Z, HYKTCCilieH GacKa epekiue MYKTENEpi XOK.
(7) xomnc (8)-wii  QopMysaapdn!  CATLICTLIPA  OTBLIPLIN,
gyHkuua wercpimi, f(z)-Tiy Jlopair KaTapbiHbIH (2, HYKTCCE
MallaibiHIaFDLL) MHHYC  OGipiHi JA8peKeni  MYMICCiHIH
KOpUIMCHTIHE TCH €KEHIH KopeMis
wef(z,)=C_, - 9
XKoudeaemin epexue nyxmeodezi uezepim noaze mer

N -wi pemmi noatocmesi wezepim Kcheci (opmysTaMCH
ecciTeneai

' tim[ () - 2]

(n=1): o0

wee f(z)=
my

n=1 bonca

zftfef(z)= !in} f(eNz-z,)

Ercp w=f(z) (yUKuMacwl Zz, WYKTCCININ MaHAALIHIa CKi
AHATNTUKAILIK.  DYHKUMSIApAL,  KaTbiHacul  Typilge Ocpince
_/'(:):”ﬁ‘l KOHE A(z,)#0. i(z,)=0, p'(z))#0 (wnm z,-

u(z)
XKait noitoc) 6onca, oia
. A(z,)
wee f(z) = ——.
2=2)) '(z )
H\Zg

Erp z,, w=f(z) QynKumsceiIbH cicymi epeKiue

nykreci 6onca, oHaa uicrepiM (9) GopMyaaMcH CcenTeiacai.
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Kowmain werepimaep Typaant werisri teopemachi. Eicp
w=f(z), G ailMaFBIMBIR  aKBIPABl CaHIM  Z,,Z,,...2,

HyKTcaepiHeH 6acKa ki HykTeaepinge xoHe [ wexapacuimia
AHUIMTHKAIBLIK, (hyHKUMS Gonca, oHOa

{ f(z)ds=2mY. we:f(z). (10)
r k=l F=%%
9. Paunonan GpyHKuHAAAPAbIK MEHIMIKCI3 HHTErPaAZAPLIH
ecenrrey
Rx)= 5 (h
Ql(x)

TYpiHIcri  R(X)  pauMOHan  (DyHKLUMHCHIH  KapacTbipaMbis
(MyHzarui /) (x) neH Q) (x), corkee k -wi xone / -mi nopexeni
xoumymweaikrep). Erep R(x) Oykin caH ociHie Y3imicci3 XoHe

[2k+2, sirun GoniMmiHii AOpexkeci aNbIMLIHBIH AOPEXCCIHEN,
¢H GoamaraHza eKi 6ip11ixxc YJAKcH Goica, oHAa

jR(x)dx 27y, wecj(z)

" =~ sk

MYHIQ  R(2) tl)leKUHﬂCblelll lerepiMaepiiii.- KOCLIHALICL

Koraprut Imz >0 XapTsl Xa3LIKTLIKTa OPHANACKAH BapabiK 2,
nomocrepi OOMbIHIIA ANTLIHAALL

10. Apnaiist TYpaeri Menikci3 uxrTerpanaapabl ecenrey
Ercp R(x), Oykin cam ociHge y3iniccis (yHKUMS XKOHC
1>k +1 6onca (srul, R(X)- nypuic Genuck), oHta

jR(x)(,oslxdx Re{ZmZ weeR(z)e” . A>0,

m I=Zm

IR(A)sm/lxdx~lm{2mZ u:ec R(z)e™ , 1>0.

m -Tn



Teopus ghynxyuis KOMRAEKCHOZ0 NEPEMEHHOR0 1L ONEPAYUONKOE UCYUCALINE

MyHZa R(:)e"‘: QYHKIMSICLIHBIH  UlerePIMACPiHIH, KOCBIHADICLI

xoraprt Imz >0 XapThl Xa3bIKTLIKTa OpHaiacKaH Gapibix, z,
noftocTepi GOMLIHILA anbiHAJLL.

11. ApHaiibl TYpAeri HHTETpaIAapabl ecentey

R, cost McH SINZ-re KaTLICTBI PAIMOHAN (DYHKLMS KOHeE

01 MHTCIrpALAAY apaibiFbiia ysidiccis 60achlil. z=¢" Jen

LICHK.
. 1 1 dz
cosl=l z+-|- s Slnt=—.(:—- . dtz_.f.
2 z 2i z iz

Oonalbl ga.,
Iz

j R(cost,sinf)di = 4 F(z2)dz (12)
|:!=l

0
ataMbis. (12)—-HiH OIf XaFLIHAAFLI KOHTYpILIK HHTerpail (10)-
dopmynamen ecentencii (F (z) (PYHKUMSICLIHbIH, WCrepiMACiHil
KOUBLHLIBICLT ‘Z‘ <1 afimaruiHEa  KaTKam  Gapaplk  epeKilic
iykreaep 60UbIHWA AILIHALR).

12. Jlannac typaenaipyi

Tynuycka—pynxuus (Qynkuyun-opuzunaa) den, keeci wapmmot
Kanaeammandvipamotit, nakme t apeymenminin [ (1) dyncuuncout
atmadvol;

1) f(), 't ocinin xes Keacen QKb aPAIIHINGG
unmeepardanaont;
2) 6apawik, mepic t ywin, f(t)=0;

3 (1) yukuuacumby  ocyi  xopcemkiwmik - QyHKUuadaH
aodam emec, sienu 6apavik, t yuiin If(l)l <M -e™ mencizdici
opvindasamundad, M men O, mypaxmouaps madoiaadw.

f(1) yuxuuacomny Janaac beiineci den,
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F(p)= I e’ f(t)di

MenOiZiMeH  HWIKMaiamoi, KomhiaeKC D=0 +iT  aunbiMaiu
F(P) ¢ynxuusacon aiimads xcone oot

J() e F(p)
apkbiawt Beacinetioi (oubin backa da beacineyaepi 6ap).
Ke3 xestren f(f) tynHycKa yukums ywid F(P) Geineci

Rep>3, xapru XasuIKTLIFbIHZA aHLIKTANabl XKOHC OCH
KapThbi XAa3bIKTLIKTA aHATMTUKAILIK GYHKLHs Gonalbl.

Kacuerrepi

1°. Cosbikroirei: ke3 kearenr C, xome C, KoMimiek

TYPAKTbLAAPDLE YLIiH
Cfin+Cf,(1) o CE(p)+C,F(p).

2°. Ykcactbik ¢opmynachi: kes KenrcH @ >0 typakrbicn!

YILiH
flat) & —'-F(ﬁ).
o \©

3. TynuycKanb b depenunannay: erep
[ S (. S (1) TYnHYCcKa QyHKEMANAp Go:ca, onua

f'(0) e pF(p)-£(0),

[ e p F(p)-PF0)- f(0),

L) e p"F(p)-P" f(0)=-P" 2 f1(0)-...— £ (0).
MYHZA, f“"(())=l|i33 A, k=0)..,n-1.

4". Beiineni anddepenumannay: F'(p) & -if(1).

5". Tynuyckamsi nirerpannay: I f(r)dr & F g’) _
0
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LA}
t

6". Beiineni MHTErpajjay: erep TYNHYCKa-QYIIKLUUA

0oJica,
OHjla

]o F(p)dp < -ff’l

0
7°. blrbicTeipy dopmynachi: Ke3 KearcH A KOMIUICKC cabl
YLl

f@)-e < F(p+h).

8" Kemiry dopmynace: f(1 —7) <> e " F(p), t>0.
9. Beiineaepni koGeitry dopmyaachi:

F(p)- Fy(p) o | £ f2 (1 -7)dr. (13)
0
(13)  opmyaazart  wHrerpwt, [ ()  weu  f,(1)
yHKuMAIAPLINBIN. YHIpiTKiCI (CBepTKa) nen aratawt ja, f,* /.
Acu 6emiicHeai. COHbIMCH,
Ep)-Fy(py e fixf..

Beiilie 0oiipiHIIA TYITHYCKAHbI TA0Y

Bearini  F(p) Geitne GoitbiHuIa /() TynHyckaisi Taby
Y1l KoOiticce Kescci 04iCTCp KCHIIICH KOMRAHDLIAILL

1) ercp F(p) aypwic paunonan gynxuus 6oica, oHIa OHBI
KdpanafibiM OoJillIeKTCP KOCLIHALICBIHA XKIKTEeHNi XoHe 1°-9°
KACUCTTEPL naidgaitansin - opbip aaniirad  GONIIEKTIH
TYIHYCKACLIH Tabaabl;

2) GearvtiGip KCTKUNKTI XaAfBl 1APITap OpLIHAAIFAHA,
F(p) ywmin

)= Z lft:ezf[F (pe” ]

(pyukumscl TymHycka Oomagul. Bya TCHAIK Xikrey ¢opmynach
ACH aTIAlbl.

107



LXK Awdoc, 10.B. boposckuit

13. CaiikecTik popmynanapn

Keneci KecTenik KaTbiCTapbl €CKE YCTaraH XOH:

| w . @ P
leo—;e" & ; SInWl € ———; CoOSaNf © ——.
P p-u p +tw p +w@
]
) ) n
shot € ———; C'hthJ—?q "o —,
p - p -
. 1, 120
MYHAAFLl KATBICTApAbLIH con XaK OGonikrepi, (/)= 0. (<0
, (<

(yHKuMsicbiHa KOOCHTLIFEH el YAFapblaabl.
14. KonGypbiuith! (noanronanbabl) GpyHkunanap beiineci

Kon6yphuurnr  (MOTHIOHANLALI)  YHKUMA  CBI36ACBHIHbIK
(rpadurinin) Mblcaibl  l-cypeTTc  KepceTiircH. Keseci

Beariicynepai eHriseiik:
7., f(1) McH f'(1) pyHKUMSANAPLIHDIH Y3UTC HYKTCACPI:
a, =a, —b,, GyRKIMIAPABIH «TOTLICKaH» TYHIHACPIHACTI
CCKipicTepi;
B, =1gy, —1go,, (1) TYDIHABIHBIK «TOFLICKaH»
TYHIHACPIHICT CceKipicTepi.
MoauroHan  QyuxumsiapbiHbiy  Geidleci  kedcci  Typac
Gonaznpt:

F(P)=3 e(“— +5§4]-

k

15. XKait coibikTel mmddepenunan Tewpeyrep ywin Koum
ecebi

CusbiKTbl avddepeHuman Teraeyiacpili onepayusasix odicner
LICLIY KEJICC] Y KE€3CHHEH TYpaabl:
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Teopus ghynskuuit KOMRAGKCHUZC NEPEMENOco U ONePayUOHNOe UCHUCAeHIE

1) 6acrankbt GyHKUMsUIapIaH oJapabiH, Jlannac Geitnesnepine
oTy. Mynma nuddeperunan teHacy, izienideTiH GyHKUMAHBLIF
GeiiHCCiHe KATBICThI alreGpanbik TEHOEYTe TYpPJAcHE i,

2) anreGpanuik TCHACYAI WeiLy;

3) 6eiineci GoibIHIIA I3ACAIHETIH 1WCHIIMAL anty.

Keaeci Komm  cec6in memeiiik:.  x'—x=1, x(0)=1.
(14)

V' Isgenivcrid dyHKUMA Mell TEHACYUIH OH XaK OGeonirii
TYMHYCcKanap Mell calal, ojdapabiH O6eiHenepiHe oTedik. O yufiH
TYNHYCKaH bl AUdepeHLinaniay hopMyJlacLiH TaifaiaHaibIK

x'(t) e pX(p)-x(0)=pX(p)-1.

CLIBLIKTBIK KaCHCTTCPAi MaiiiayiaHa oThipnin (14) TeHacyaeri

TYNHyCKajapAaH odapiAbH OcitHenepine oTeMis

[pX(p)-1]- X(p) = —'!;

ANbIHFaH anTebpabiK TeHacymi X (p) OcitHecite KaTuiCTbl
HIGITYIR!
2 ]
X(p)=——-—.
p=t p
Engi ocpl 6eitne Goitrinma orart coaiikee X(f) TyaHycKaiwr
Taly Kepek
x(t)y=2e' -1,
Kourn cceitrin] WcuiMi ocul.
Cui3bIKTBl AupdepeHpal TCHAEYICP KYHeciH He OcLUaH
pIcuyre 60s1aabl.

16. doamens dopmyaachi

M -1 pCTTi KO3(p(UUUEHTI  TYPAKTHI  CBHI3bLIKThI
AndupepeHIiMan TCHAEY1EPAL KapacTbipaMbls.
Lix(O}=ax" () +a, x")+. . +ax(t)= f(1)
(15)
JKOHC aIFAluK bl 1apTrap

x(0) = x'(0) =...= x""(0) = (0) (16)

1OY
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Goncuii. AnFalikel wapThl (16) GonaTbiH L{x(l)}:l TEHAEYiHIH
wicwiMi 6eariii aenik, ownl x,(!) nen Gearireitik. Onga (15)-(16)
ccentiH x(f) wicwiMiH Keneci (opMmynanapaviH GipimeH X (/)
et f(#) apkbUinl opHeKTeyre GoMabL:

! i

)= [ x{(0)fu-ndr. x(t)= [ x{(r - 7) f(z)dr.

0 0

x(0) = SO, (1) + [ S(O)x (= 7)dr
X0 = FOx 0+ | f1@-1)x(2)dr.

Byn opuckrepnin opbipeyi Joamess opmyaacer (HeMCCC
unmezpaast) ncn aTanajbl.

Mioamenn  QopmynachiHa  HerisgenrcH  audhepeHLUL!
TCHICYACPAI  wewy oficiH, (15) TCHACYmilY OH KarbiHAarb

f(t)-nbm F(p) 6eitnecin Taby KubiH Goaranma xoe ac (13
- (16) eccnTepid oprypi f () dyvkumsicol yuwin GipHewe PeT
1ICHIY KAXCTTUIiri GoNFaHia KOJdaHaRbl.
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Teopus hynxcrquie Kosnaexcnoeo nepesennoco u onepayuonnoe ucsucienne

1. Tuntix ecentep
Teopuaaik cypakrap

1. Komniekc caHnap, onapra XacaJaThiH aMalijap.

2. KomijiekC  alHLIMALl KOPCETKilll KOHC JNOTapH(pMIiK
Pyuxmanap. Ditnep GopMynatapul.

3. Jepckenik QyHkuns.  TPpUIOHOMCTPMSIBIK — XXOHC
MinepbonanbiK, (pyHKUUANAp.

4. Komnneke aHHBIMALI yHkuns TYLIHABICLI.
Koum-PumaH 11apTrapbl. AHAIHTHKANLIK, QYHKLUMA TYCIHiri.

5. Komnnekc  aiHbIMIbi  QYHKHMUSHBLIH - TYLIHABICLIFILIH
MOyl MeH APrYMCHTIHIH ~ [COMCTPHSIABIK  MAFbIHACLI.
Kougopmapik. GetiHe Typasibl TYCiHIK.

6. KoMrsicKC alHbIMaabl (YyHKLUMSIHILIH, HHTCrpaibl, OHLIH
KACHeTTepi .

1.Bip XOHC Kon OGainamanbl adMakTap ywid Ko
Teopemacn. HploTOH-JIcHOHKHU (opmynachi.

§. KominaiH UHTETPALALIK (POpMYJTACEL.

9. AHAIUTUKANBIK GYHKUMAHDBIH GapJibIK peTTi
NuuauapuiHbIH 6ap Gonywl.

10. Tcinop Karapbl. AHUMTUKAIBIK (QYHKUMAHBIH Tcittop
KaTappiya JKIKTCIIYi TYpasibl TeopeMa.

Il. lopan  KaTapul. JKuHakTBLILIK  cakuiaco.  Jlopan
Teopemactl. .

12. Japa CPCKUIC  HYKTEJIepdiH  KJIACCU(UKAIIMACDL
(Capantapbi).

13. lWerepimacp. Werepimacpai cecntey.

14, [Ucrepimacp Typanu Kowmmiti  Heristi  rcopemactt.
Komypaux MHTCrpIALL CcenTey. o

15. IercpiMAEp  KOMEriMell  MCHUIIKCI3  MHTCTPALIAP;1bL
“enrey, XKopaaH J1eMMacLL

16, jlannac TYpJacHAipyl. Tynuycka-Qyuxus.

17. Jlaniac TYDPRCHAIPYillilt KaCUCTTEPI.

18. TYIHYCKa McH OcilHCHI HHTCTpaiay. ' '

19. BepinircH OcitHe Goituiiiua TYMHYcKaHbl Taby omicTepi.
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TeopuAABIK KATTHIFYAAP

1. TcHAIKTI Adoneaney Kepek:
n

sin ﬁil0 sin- 6
2 _,0#2m, n=0z...

sin@+sin20 +...+sinnf =
sin—
2

. )
Hyckay. ¢',e? . "¢

KapacToIpy KCpek.
2. Kown-PuMan waprrapul Noisp r,Q KOOp/AHHaTalapy

Ooiibliia

FCOMETPUSUILIK  TIPOTPC CCRIICLIL

Ou l ov v _1 ou

& r O0p or r 0p
TYPIlIAC >KA3LUTATLIHLIH A9C/AACY KEpek.

3. w=|g dynKuMsICH cwGip HYKTCI
AnddepcHUManiaHOaARTHIHLIH ZOACAACY KCPCK.

4. U(x,y)- xaumaiiaa Gip G afiMarpiHaa rapMOHUKAILK
Oynkuus, aran V(x,y)e G, AU =0. f (yHKkumsuiapbl KaHLi
00straHL '/'[u(x, y)] Kypaciai  Qvikuusicnr (G aiiMaron:
rapMOHHSUIBIK, (hYHKLNS 60JaALI.

5.0 f(2), llszR MOHTCIICTIIIC AHANMMTHKAILIK ynkui-

xome M = maxlf(z) GOACLIH. lzi < R nonreaeriHin Gapius
i ' !
1Kt HYKTCIICPIHAC
@) MR
- H
n! l (R _ (z)u+l
TCHCI3JITIHIH OpLIHRANATHIHBIH ZOJIEIEY KEPEK.
6. A, =1, A4, =1, A, = 4, + A, n=0l.-
UIApTTapbiMell aubIKTaTaThil A canpapbl OuSoHavuun cammapt
‘ - 1
Aen aradajibl. Kanaait ga Oip aiimakTa, Z A4,z" =~

n=0 -2 —:

n=\12,...

12



Teopust ghynkyuit KOMRACKCHOR0 NEPEMEHNHO0 U ONCPAYUORIOE UCUNCACHUC

TEIULNiHIH ~ OpPbIHAANATLIHLIH - JaNcyichey  Kepek. Karapabiy
XHHaKTaNy aiMarbliH Taly Kepek.

7. f(z) xyn GyHKuMACH YiH meef(z)=—u¢eef( ),

s=2,

1 f(z) Tak (QYHKUMACH YIUiH wez f(z)=wee f(z) Tewuiri

S==2,

OPLIHIANATBLIHLIH 13/1eNey Kepek.
8. f(z) meH ¢(z) bynkuusrapLi Yulin z =z, HYKTCCI,
COMKCC M -1i XOHC A -1 peTTi nomtoc.

) 1) 0 6 L f()+e),
o(2)

(pyHKUMSUIApLI YWIH Z =z, cpeKWi€ HYKTCCiHII{ CHMATLi TYpaibl
e aiityra Gosaubl?
9. f(z) xeHC g(2), 2z, HYKTECIHIC AHVIMTHKAILIK
QyHKIMsUIAp KOHC f(z,) =0, 2(z,)=8'(z,) =0,
" f(2)
g(Z(,);tO, o(z )_ :

HYKTCCIHACIT WICTEpiMiH Taby Kepex.

bynxumicHHb =~ Z =2

10. f(z2) =17(l)sine'! (pyHKUMSICDI KOHC OHLIH TYLIHDICDE
1, 120,

0, <0
11. BcitHencpai KoGeiTy TCOpEMACHIH flaiiananbil,

1'(t) tymiycka 6ona ma? Mynaa 77(f) = {

j y(r)cos(t - r)dt =1-cost
0

MHTCrpaIbIK, TCHACYIHIH weliMiH Taby Kepek.
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TunTik ecenrepai muirapy yarinepi

1-ecen. Ty6ipain 6apibik MOHAEPIH Taby Kepek: V=27i .

Wewmyi. z = —27 [ KOMIUICKC CaHLIHSIH MOXYAi |z =27
/4
aprYMEHTIHIK 6ac mouni @ = —‘2‘. byn MoHaepal Kohe

n=73 caHblH

Q + 27k .
\/——HH(cos—~——+ism¢ ) k=0,1---,n-i
n
(popmynacLiHa Koitcak

3/_2'7_1-':3\/5(005‘71‘/23+27Tk+isin "77/23'0'271’()‘ /\'=0.L2

waMbl3. byaax
k =0 ywin

N N

w, = .)(COS(—-—)-HSII’](— ——)) 3(——1—) =

k =1 ywin

S S S
@, =o(cos—7—+zsm 4;)=)(0 +i) =51,

<

k =2 ywiu
n T .. Irx 3 333
(03 =.)(C()S——”'ISH'1‘—)-‘=3(-—--1/—;——1.-1—)::—.J-\/J '—l.:')ﬁ
6 6 2 2 2 N
Kayador: 'U—27i={i£_jz; 3 - 3v3 _;i},
2 2 B

2-ecen. AJIreOpILIK TYPAC XKa3y KCpeK: ch(3 + ’E)
4

111 . e: +e--: N+ X .t
emyi. ¢hz =~ XKOHe e " =e (cosy+isiny

(hopMy:ianappin nmaitganancaxk

R



Teopusi OVHRY UG KOMIICKCROMO NEPEME IS0 1 ONCPAYNVIIHOE NCUNCACHIE

-~ T 1 w4 a4 1 2 L. 3 7 L.
c~l7(.>+--:)=_—)-(e Ype ! )=§(6‘3(£+ISIN£)+(3 '(cos(—g)ﬂsm(—Z))‘-

-

1o V2 A2 22 2 V2 ;
5(‘-"('2—1'"!2:) \/2—- g))-l(:/—(e +e )+1—2—(c —e )=

2 2
= —ch3+i—sh3
2 2

-

@1aMbI3. Yayabut: cp(3 + _’;l) = ‘/2 ch3 + ,-_‘/5_3‘/,3.
Eckepry. 2-ccenTi wbiFapyabiH 6acka XXOmbl:

ch(3 +-’;—i) =ch3 'chg +sh3-sh— =ch3- cos 2 + sh3- (lsm-) =

NE)
= =2 ¢h3+i-—sh3.
2 2

& '

3-ecen. AJireGpanbik Typac xasy kepek: (—12+5i)"

hinz _h cinz

. h
Wemyi. =" =¢"" 2" =¢™5  Inz = nlz+iarg: + 27k).

k € z xore e ™Y =e (cosy+isiny) KaTblCTapbiH NaliaNaHaMbi3.
MyHna |—-l7+51|—,/ -12)’ +5% =169 =13 xone

arg(=12+5i) =m —arcig ]—2 OOAFaHALIKTAI,

In(-12+5i) =Inl3 +i(7[—arctg%+2ﬂk). k € z anamwiz.

ConapiKTaH
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i e - . 5
(-124+50)7 =M 2 pin _ 2 arctgr + 27k) =
5 . 3
7t+2/tk—arc—2~1 Ini3 nodk e
=e 1 =¢ “(cosinl3-isininl3).
l PR ~n'<l\:~i
Kayaow: (—12+5)7 =¢ “(cosini3-isininl3) . ke -.
i
4-ccen. lRe Zi <1, |lm ZI <2 reHcisLiKTCPIMCH  Sepinien
afMAaKTDl CaJly Kepek.
Wewyi. Rez = X, Imz = Y exeHin cckepeek, onja Oepinien
y P P

TCHCI3NIKTED Keneci Typae xasbuiaan: — 1 S X <1, -2 <y <2,

by TeICi3TiKTEp KOMIUICKC KasbLIKTLIKTa TIK TOPTOYPLUILTHL
aHWKTanao! (1 -‘cype“r).

MyHna ailMakka XaraTbiH lIEKapa  CLI3LIKTApLl TyTac, l
AKATMAMTLIIT  HICKApPa  CHI3BIKTAPLI  NYHKTHP  CLIBLIKTAPMCH
Kopecerisieren,

MY

t-cyper

Secen. Z =1 -2+3+i(/* =2r+1). 1R Temueyvinen
OepitFeH  KMCLIKTbI aHBIK1AY KCPEK.

Wewyi. Z=X+i) canpimen Z =11 =2 +3+i(t> =2 +1
KOMILICKC CAHAAPDLIHBIA TCHAITIHCH

1i6



Teopust ¢hynsyiis KOMIICKCHO20 NEPEMEHHOCO U One, AYUOHNOC UCHNIC.ICHNE
P f

[x=1'-21+3, . }
, Xy#eciH anambis. Byn XyienacH x new y
y=t=2t+1

ApacbiHaarpt GannanbicTsl TAbAMBI3:
=(x-1) +2. x-2=(x-1). r=
x=(x ))+2 - X (v’ ) - V=X
y:(_\'—l)‘ y:(x—])’ x> 2.

MYHIAFL y TEpic cMec ekenin Galikacak, anbiHran teHacy OXY

xasuikrhepiaa Y = X =2, y€[0,4+0), xe(2.+8) xaprut
TY3yiH OepeTiHiH KopeMi3 (2-cyper).

o

0 2 X

2-cyper

6-ecen. Bepiaren opaman V(X.)) = 2Xy+Xx Goniri xonc
1(0)=0 MOHi Gofibtnua 2, = O HYKTCCiHil MaHaHbLIH1A
AHAMMTHKIBEK Gonatsin f (Z2) dynkumsackin Taby Kepex.

Wewyi. Anumen v(x,y)=2xy + x (PYHKUMACBIHUH Z, = O
HYKTECiHIH MAHAKDLIH/IA aHATUTHKAIBIK (QyHKUNS ckeniH Tekcepeiliik:
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2
v o'v
&
arnr (X, y) = 2Xy + X @ynkuusce! Jlannac TCHIEYiH KOMILICKC
KA3BIKTLIFLIHBIH, Ke3 KCIFGH HYKTCCIHAC KaHaraTTAHOBIPALl
AeMEK, OJ  OCLI  KOPCCTINICH  Xa3LIKThIKTd [apMOHUKATLIK
ynKLLHsL.
Exai xopamai Soniri v(X,y)=2Xy+ X  Gonathin
AHAIMTHKAIBLIK, pynkunansl TabalblK. OFaH apHalFaH Keleci ek
TOCELIL KOPCETEMI3.

=0, 0+0=0,

ou Ov Ou v

1-Tocia. Kowwu-Puvan wapmmapein; — = —; — = ———

o dy Ox

nanoaiany.
L o v ou
Bipitwi TCRUIKTI MaijaiaHcak, — = 2x = —
oy Ox

2 .
Oyuann U = I2xcix+c(y)= X +c(y) anambz. Mynsgaro ¢())
Gearicizin Taby YWIH u dyHkumscuin Koum-Puman IL2pTTapblibil
CKiti TCHJLITIHE KOAMDBI3.

(el =¢0)an D=+, = 2041

I

cKeHin eckepin, eKiHW wapttan ¢'(¥) = -2y =1 aaamus.

byaan ¢(y)= J- (2y-Ddy =—p? = y+c., temek,

-

2 2
u=x +c(y)=x" -y -y+ec

CotbimeH,
f@)=u+riv=x® =y —prc+iQxy+x)-
2 . . \2 . . .
-x? 4 2xiy +(iy) + i(x + 1y)+ c=z'+iz+c.
MYHAFB! ¢ TYPaKThicHHBIH MOHIH f (0) = 0 waprsinan Tadamsis:

O+c+i-0=0= ¢=0.
hayadei: f(z)=x7 -~y i2xp + x).



T(’O/Jll}i (/))'l"\'l[lll'l KOMAACKCHOCO NCPEMEHROMO U ONCPAYNOINOEC UCHUC.TCHUC

2-Tacin: Zo HYKTECiHiH MaHAMbIHAA aHAIMTHKATBIK, GonaTbin
f(2) Qyskumacun Taby YWIH, keneci eki (popMyRaHBIH  GipiH
najzananyra Gonanwi

f(z) = 2u[2 +22" .z ;iz" ]— Co. (a)
f(z)=2iv[z+22" .Z;ZOJ+60. 6

i
MYHOAFDLI C. Z‘o = f(z,) canbiHa TYHilLACC can.

Bisai mecanwmpizaa V(X, ¥) = 2xy+x . Z=0, C - 0.
JRorapbinarpt hopMyaanapALIH ekinwicin nafiaananamuil

+0 z—O+z+0)+0 .
[ ] =2z od
2 "2 T2 e

Kayaénr: Y(z) = 2l +iz.

f(z)= 21{22

7-ecen. Kommnexc aitHbimansl PyHKUUAHLIH Huterpatsin Gepiaren
KHCLIK, OoMbliLLA ecentey Kepex

Joleddz, 1:g=1.mz20).
L
Wewyi. L KHCLIFLI - uewtpi 0 HYKTCCi, paamyci | Gonatbii.
KOFApLLAArbl XKapThl Xa3bIKTBIKTA XKaTaThiH kapThl LICHOCP:
X =cost,
. tel0,7].
y =sint,
Oaai 6onca,
L.=(t) = x(¢) + ip(t) = cost +isint. z'(t)=—sint + icost.

/i
EHxai Ia(z)d:s Ia(z(l)):'(l)dt (Gopmynacstn naiisanatibii
I a
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T
jzizla’z = {(cost +isinf)Vcos®t + sin® f(~sint + cosi)d =
I 0

T
[(~costsint +icos’t —isin’ t — costsint)dt =
0

?(— sin2¢ + icos2t)dt =
[

~

cos2t  sin2t}r (cos2zr sin2z) [cosO  .sin0)_
B e o | f: +17 —+1 =0
I 2 2 2 )
alaMbl3.

XKayaow: jz|z dz=0.
A

it
Ecxkepmy: bepinrcli THTCIpaLIb] zZ= () AWHBIMATILICHIE
CHII3Y apKbUTh! jia ecenTeyTe Soxanbt.

8-ecen. = 152+ 4’5 0 _ QyHKiscLiHbIH, - Jlopar
2252+ 152 =2
KarapblHa £ J0pexkeci GoMbIHILA XIKTCAYIIT Taby KCpeK .

Bepiaren (OYHKLUHSHLIH epeKIe HYKTEIT:

Ky - 2 b - -
2271527 -2252=0 HeMece (227 =15z -225) =0
reneyinin Ty6ipacpi. Bysan z, =0 xone 277 —157-225:=0.
1512025

4

D=15%+2-4.225=2025: o =z =15

5, ==7.5 wiampi.
CoHavikTan, GepiireH (YHKUMS UCHTpi 0 HYKTCCIHIET
Ke:1cCl Yill CAKNHA/1a aHATUTHKANBIK, (PYHKLNs Gonanni:
ki ={z2:0<|7 <75} k, ={z:7.5<]7 <15},

ky={z:15 <[z} (3- cypen).

20



Teoplm d)y“l(l{uil KOMNAEKCHO20 REPEMCHHOCO U ONEPAYUONNOE UCHUCHEC HUC

v

3-cypet

Bepinrcii  (OYyHKUMSIHBE OChI  CAKMHAHBIH  OpKANCBICLIHAA
Jopant KatapbiHa XikTeifik. On yiiH (YHKUMSIHBI KapaiaibiM
DoauiekTep KOCLIHABICLIHA XiKTCHIK.

220 1520 = 2252 =22(z - 15Kz + 7.5) = 2(z = 13)2z + 15).
12450 AL B € 50m - 190m 19+
22 1557 -22%  Z 0 Z-15 (22+15)

BA2z+15)+CAz-15).

=

MyH1a,

z, =0 mem aitcak, —450=A(—-15)(15)=> A4=2

5 =15 xemancak, -15-15-450=B-15-45= B=-1,

z, = =7.5 gen ancak, +1575-450=(f~75)(225)=C=-
A;1AMbI3.

COHBIMCH,

2 1 z
W=~ ———

z z-15 2z+15
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1. Z € k, = {Z:O < IZ! <75 HYKTeJCpi YliH Gepinreu
(YHKUMSAHDB! XiKTeHiK. On YIUIH FeOMCTPUSUILIK MPOrpeCCUSiHbIK

. .ooa .
XIKTCHYiH l—-—'— =q,tag+a,q 4. (Iq{ <1). naitzananambi.

1
=15 5—7 1501 - /5)

| Z 1 £ Z”
= —— 4+ ———at —| — +..=
(15) Z"=0]5"+| ’

<l|=
{

4 <75=>

15 15-15 15
-2 -1 -1 z
= = =({— <l
22415 z+75 1.5

750~ (-=-)

-1 =1 oz -l =N
“7—5+7§(' 7.5}r 7.5 ("—) Z (15"
Conpimen, K; = {2’50 < l-:" < 7,5} CaKHHalA

2 ] " n w ()
w=——- - 2 ..—.:g--l-z Z+‘+Z( l) i
z z-=15 2z+15 =z a015™ a0 (7.5)"

IAMBI.
2 zeK,={z:75 <[z| <15} HykreacpiH xapacToipaiibik.

1
-

MRBK | —]| <]

MyHIa ‘% 5, < 1. GonaTLHABIKTAH 5 OonuIcriHiH KaTapra

T -

XIKTeNnyl anabiHFLI Xarfaiira Kenedi. K > XMBIHMHIA YLLiHWi
GONWCKTI KaTapra XIKTCHiK.
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Teopust (hyHKYULL KOMNAEKCHO20 NEPEMEHIIOPO U ONEDUYUONNOE NCHUCICHUE

= B S

2z+15 22(1+;§.) m-
2z - 2z

. 1 L1 15) —1(-15Y (_1)"15"‘
npig >7. —-31< =——t— : :
R e e

z =l =
ComavikTan, ze K, ={z:7.5<|z| <15}  cakimacoirparnr
HyKTenep y1iH

—
|
~N

2 1 22 z" (-1)"15""
z z-15 2z+15 =z ,,z_; 5n+ "Z,‘ 2"
A TaMbi3.

3 ze K, ={l:lz‘>15} GONCHIH. |2l>15 GoaralILIKTaH

L1 Gostaanl. JleMek,

e U O i 1(15\3_ &5
=15 cq-15/y oz oz ozo: z ) el
' \ .
5_15_ = lllji < ‘—Di<| GonaThIMABIKTaH K, cakuiiacuitjia
2zl 24z iz |

-2 L : , , ,
_72_ Ge:IICTIHIN KaTapFa XIKTCTyl SUIblurbl XartalFa KeAe.
5013

Cousiver, ze K, ={r:|z}>15} xubmibiia

21 2 2 215" (=15t
)= — —_— = — — + -
7 z—=15 2z+15 z w2 z" aa 27'z"
LIAMD3,
Kayabw:

Lk, = {z 0< lzl < 7,5} XHbIHbIHAA,
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- 1yl
= g + Z 1 +1 + ( l) |
z 15" (7.5

2. zeK, ={z:7.5<|z| <15} xumpina,

woliE genmst

z Il-Ol 5n+| m 2;;—| Z"

3. Z€ K3 = {t:lz'> 15} xuviHbiHza,

’"_ ( l)"15" -
=— 4 —_— e
z "Z{ 2u— Zn

-

9ecen w= ——‘-z QYHKUMACBLIHBIH Z — Z albIpMaCLIHbIK
Jopexeci 6oi&bm~u1a JlopaH KkarapbiHa XiKTcy KepekK. MyH
2, =3~2i TcH.

IHeuwyi.

OYHKUMAHLH cpekule HyKTenepi =@ —4=0 TeHacyiHit
1y0ipacpi, sfHY, 2z, =2, z, = -2.

O HYKTCJACPACH Z; HYKTCCIHC HCHIHIT KAWBIKTLIK, COMKCC

R, =iz, —zy|=[2=3+ 20| = |~ 1+ 2] = =17 +27 =5.
Ry =iz, ~z,|=|-2-342i] =|-5+ 2 = J(-5) +2" =

Teh. CoHavikTan Ocpitred  (pynkums ucurpaepi z, =3-2i.

pamyctapu R, mch R, Gonatwin keneci ym caknnaza

K, ={z:[k <|z~-3+2i] <5}
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Teopus ynkyuti KOMNAEKCHOZ0 NEPEMENHOZ0 U ONEPAYUOHHOR UCHUCREHUE

K, ={z:\/§<|z—3+2i§<\/§§},
K, ={z:29 <|z-3+2i]}.

MATHTHKATLIK (QyHKIINS.
BepiarcH dyHKUMAHLI KapanaisM GoalexTepuin
ROCBHIHIBICHIHA KCIITipefiK.

V- d
Bz e = 2z = 4 + B = 2z=A(z+2)+B(z - 2):
274 (z-2)(z+2) z-2 z+2

=2=4=44= A=1. z=-2=>-4=-4B=>B=1.
2z 1 1

ColgbiKTaH, W =— = + )
z22-4 z-2 z+2

LK ={z:iki<fz- 342 < 3} KUBIHDHAAIDE HYKTEACD YIHiH,
1 1 _ b ] _
$=2 (z-3+20)+(1-2) 1-2 ]__(:--3+2£\,,

~l+2i}

_{|z=3+2i A5 l L1 z=3+2i
: <———l + . — +
L1 -1+2i | 45 1-2i 1-2i (~1+2i)
! _(z—3+2i) Z( 1)" '(z—a+"z)
1-2i \ —1+2i -2t
1 1 1 ! B
D42 (—z+20)+(5-2%) 5-2i (z-3+20)
L—S+2ij
I'z—3+21| J5

| <1‘ 1 . I (z—3+71)‘
< = +
|=5+2i| 29 | 5-2i S-2i( -5+2
| :—3+2i)2+"‘=i( 1)"'("}321)"_
n=0 (5—21)
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atambis, Jemex, K, ={z:k| <|z-3+2{ <5} xumnvmaaru
H\'m-cncp YliH
nil e Y] (N - ;
1 Z( )" (z 3+121) +Z( )" (z 3,+2')
T-2 742 = (=1+2)™ m  (5=20)"

o=

2. K3={z:\/§<|z—3+2i|<\/5§}. HFHH, zek,,

HYKTCAEPi Y1LiH

1 1 ! I

S0 (G-3+20)+(1-20) (z-3+20) [ ol+20
-3+ 2
1-|+7z NG | 1 (—1+2i\
. == — s
lz~3+2i 5 2342 z-3+2 \z=-3+2i/
— pli 2i)
. | ( 1+ 2i Z( 1+2i)
z-3+2i \z-3+2 m(z-3
K. =4z :4/5 <|z=342< 29} CAKHHACLIHLIH HYKTCCPIHAC
:-3=2i‘< J2_9—] OpbIHAANATLIHILIKTAH —-I——
T5+2i | Y29 P CTa

OommeriHin KIKTCAyl QLIBHFLI Kardaiiaroiaaii 6osagui.  Onait
6oaca,

K, =1{z:5< |z -3+2i] < v29} supmbmna,

I I g f)-n-l el S 2\
_ (=1+20) +Z( D" (z=-3+2i)

w= + \
-2 z+2 T(z-3+2)" “~ 5=-20)"

126



Teopus hynkyuts KOMIIEKCHOCO NCPEMEHHOCO U ONEPUYUONHOE UC UL CHe

3. K, ={z:29 <|z-3+2i} HYKTenepinne | -1+2if V5

|z-3+2i| J29

GoeriHiH  Xikrenyi 2 mn.-acii

!

OPLIHIANATLIHALIKTAH ——i
z -_—

Oonamnl.
ExXiHul GoMueKTi KaTapra XIKTeHiK.

1 1 1 1
z+2 (z=-3+20)+(5-2i) z-3+2i 1_( ~5+2i )"
z2-34+2i)

lm.’\.‘|—5+2i’<\/§§=l= 1,1 .(—5+2i\+

"Mz o3 w21 V29 1-3+2i 2-3+2 \z-3+2i)
_ . o 7 n-1t

N ! [ 5+21) Z (=5 +2i)

z-34+2i \z=-3+2i ~(z- 3+2i)

Oemex, K, ={z: v29 <i- -3+ 2i[‘- SKMbIH LA

l .l l+7n| 5+~>n|
BRI N Y A L)

z=2 z+2 S(z-3+42)" T (z-3+20)"

KayaObi:

y wz;[(::;)m*(s 71J‘]‘(""J+2l)
K1={21lk|<|2—3+21i<\/—},.‘

( ]+2:)”| " _‘ n+l
2. Z"q'l*ZI."a
Z 23120 2(5—21') (2=3+20)

n=l n=0

K, ={z:V5 <]z ~3+2i] <429}

127



LR Andoc, 1O.B.boposcruii

7. . 1
3. = _ L\l _5 2.ui '
. w 5(( 1+ 2 +(=5+2i) )__(2_3”1_)”

K, ={z:v29 <|z-3+2i]).

10 ecen. @ = zSin QYHKUMACHH Z) =  HYKTCCiHIH
zZ—da
MaHaiibiHaa JIopaH KaTtapblHa XiKTCY KEpeK.
Hlewyi: z — ¢ aiibipMachiH [ apKbuibl Ocaritecek z =1 +a
Gonazbl naw = (t+a) sin——-’((’ *a) =(1+ a)sin(;r + ?):-{1 + u)sin? = ~fsin <.
L

alaMbi3.
"v ‘ 20+l
X . . o
sinx = A__..y.__......—Z( ————  XIKTCJYIH x = —
3 s ot (2n +1)! 1
VIUiH Xa3cak,

2ned 21 . NIH

@AY ) e S = S

n-v "0 + ,) n-h / "(2:)+ I)

7::.

+3- 0"

»b (2" + l)'

wifaabl EHAi MyHOa £ =Z — @ aybiCTBLIPYbIH Xacaca 60aFaHbl.
XKayaom:
+) _2n+l il 2n+2
% (-D)™a 2 (-)"'a
w= z 2n + 2n4l ’
w(z-a)"Qn+ 1) ao(z-a)"' (2n +1)!

e —1
ll-ecen. = —— dynxumaceby z =0
e-1-z
CPCKIllC HYKTCCIHIH TYPiH aHbIKTAy KCpcK.
IHewyi:
@ =€ (yHKuMACLIHLIN MaKnopcH KaTapuiHa XiKTen
PpopMmynachiH
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Teopust (hYHKYUL KOMNAGKCHO20 NEPEAICIHOZO U ONEPAYUOHNOE UCHUCACHUE

2 3
: z
e =l+z+—+—+ ..
2t 3
11ayijanaHaMbi3
10
S - Il 3 zZ
MyHzarbl z oOpHbiIHA Z° Koi#icak ¢’ =]+z’+—2—'—+---

xolle  Oyn Katap Z =10 HyKTCCiHiH MaHaibUIIA KUHAKTEL.
Comnanlkrall,

e A _ -1+1+2° +Z/2,
=1~z —l—z+1+z+z/ /
+~/+ zj(l+25/2,+-~-) .
= : =z -h(z),
A )
/71 /‘;t 2! /3‘
L2/ L
MYHAA h(z)-l-;lﬂ. - apkpuibt =0 HyKTCCilIiN
=57
Yt Dyt

Mallaiibliia aHWIMTUKAUIBIK  yrkunsa  OeiriicurcH  (0il,  ¢xi
ANAMTHKAILIK QYHKUUAHBH, KATbIHACHL XKOHC Ooiluektid Oonimi
HOIIC TCH CMCC ) .

3

I e"—l

s-20

= l{‘nozs. h(z)=0<o

GOoiFaHABLIKTAH Z, = 0 —XOHJCNCTIH CpCKule HYKTC,

sin 7z
24

12-ecen. W= e (DYHKUMSACLIHLIY, Japa cpekKile

HYKTcepiH TayBill, ONapibiH TYPJIEPiH allbIKTay Kepek.
Ulewimi. Bepinren ¢ynkuust  z, =0 HykTecime XoHc

2*-1=0 TeHAcyiHiH TY6ipiepiHAE aHLIKTaIMAFaH.
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2 =1=( 2 -D)E + D)=z =D+ D)z -i)z +i)
XiKTenyiHeH Tarbuta z, =1, zy; =-1,z, =i, z, =i Topr
CPCKIUE HYKTEICPIH wiaMbi3. OCbl CPCKIUC HYKTEACPRIH TYPICPIH
AHLIKTAMLIK.

l. z, =0 nykrecinge 6cpiaren QyHKUMSHBIH ILUEN X0K

CKEHiH KOpCeTeitik. Z = X +0i HeJsre yMThLIAIpaiibiK (v = 0).

. { H
. sinmx - . Sinmx . ! e
lim x* = lim - lim eA =(0-¢7)=0;

v~ .\'4 —1 A0 x4 - l X0~
. 1 JA
. Smmox ) . . et
lim — (,A = lim ——— lim — —=
V08 T 1 x40+ x - l x=0+ (sm IZ\')

. ey" o .
=-lim -=l=|—|= lﬂonuma.ub epe){(ec1|=
=04 (Sin 7&')- 00

vl 1
el - - |
. X . ) .S
=~lim - - =~ lim eA- lim- ———- lim
e (Slnm) C.COSMX-TT v o0+ V0 T x40+ COSTY "

=(M”i) .

/s

DyHKUMAHBIH OH XOHC COA XaK WCKTepi TCH eMmec, olall
6onca ouvi z, =0  Hyktccinac wicri KoK, acMeK Z, =0-
CACYAi epeKIIC HYKTC.

2. z, =1 uyxrecin seprreitix.

.sinmz v v | sinm . (sinm)
lim . e/' =I1me/- -llm-—-=e~hm( ) =
I A | sl PN Z‘ ___l zal (24 _4)'

. ZTCOSm me
=elim =

- 423 4 )
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Teopusa (wurkyui KOMRICKCHOCO NEPEMeNHO 0 U ONEPARORNOE UCHUCICHIC

Onait Gonca z, =] xeHmeneTiH epekilc HykTe.

3. z;= =1 nyxrecin ac ocwl cuakTL 3epTTEyTE GonAILL:
..osinxz v ..y . sinm
lim — e/- = lim e/~ lim ——=
A | z- ==l 2% ]
4 . (sinm) .. nmcosmz me”
=e¢  -lim———=¢" li " ,
zo-1 (24 _4)' o=l 47° 4
AHH, Zy = —1 xoHzeneTin epexiuc HyKre.

4. z, =1 HYKTCCiH 3epTTCiiiK.

1 .
smizz-e/: sinzmi-e’
llm 3 = = o0
i Zz7 -] 0

’

omaii Gonca Z, = HyKTcci - momioc. OHbIH peTiH aHBIKTay
YUIH (DyHKUMAHDI KCJCCl TYPAC Xa3aMbIK

)
_x(2) sin;zz-e/:

2 =
u(z) -1

MYHIA
Ai) =sinzie™ 20, yiy=i' -1=0. y'(z) = 4z",
wiiy=4i'20
OPLHAAIAALI, ACMCK, 2, = l-wi peTTi noitoc.

~

5.z, = —{ Xaraaibl ATILIHELI CHAKTLI, MYH/Ta 3a
A(=iy=sin(-m)e' #0 p(-i)=(-)' -1=0,
(=i =—4i' #0,

opbiaananLl, onais bonca Z; = —{  l-un perti nomoc.

XKaya6m: z, =0 - caeyni epexue 1uyKe;
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z, ; = 1 -—xeHzenerin epexie Hykrenep;

245 = ti - 1-wi perri nomocrep.

13-ecen. WHTerpanan ecenTey Kepek: 24l

—:dz
2 g7 4 4)sin-;-

Llewyi. Vnterpan acrThiHOarbl QYHKUMSHBIE — €pexilie
MyKrcAcpiH TaGaMbi3, on yiuniH Oomuekrin  GenimiH - HO:TC
TEHECTIpeMi3

(z* +4)sin% =0, 6yman z° +4 =0 Hemece z,,=2.
a sin%=0 Gosica %=ﬂk, z, =3k, kelZ.

H—(£2i) =V1+4=45>2, armm z, =%2i nyKTeacpi
MHTETPaNIAy KOHTYPLiHBH CLIPTBIHAA Xarthlp, COHABIKTAH O1apabl
KapacThipMaitmMpis, ai 2, =37k, kK € Z wykreaep XubIHbIHAAFD

z, =0 wnykreci Fana lz— l\= 2 KOHTYDHIHBIH illiHC XAaThip.
zZ, = 0 myKreciniM TYPiH aHBIKTABIK.
. A(2)
Hurcrpan ACTLIHAATHI ingiLdie (=)= ——-(—) :
2z
A=z +1, u(z)=(+ 4)Sin% TYPIHAC OEpPUITCH KOHC
Mz) 20, w(z,)=0, #'(Zy) # 0 opompanams, mumnia .
Az)=z>+1 ywin A(0)=120;

u(z) = (2% +4)sin % , yurin £4(0) =0,
al uw'(z) = 225:‘ir173 +(z2° + 4)13(:057’ it
H0)=0+4- é = 4/3 +0. Counwikran, z, =0 - xa;m (l-un

pCTTi) Mooc.
Ogait 6onca,
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™ 2+l _AMO 1
Ie.Su (Zz +4)Sin% #1(0) ﬁé A

KowmnaiH wierepiM Typaiabl HEri3ri TeopeMachiHa CoRKee

~2 ?
{ _’_"_."L_.‘___._dz=27ﬁreso *Ti"ﬂ":— =2”i_=§”i ‘
A +4)sm% (z* +4)sin 7, v 2
3 .
Kayabpi: — 711 .
2
2 l//‘
ze s —1

14-ecen. VIHTCIpaiabl ccenrcy KEpek: Cj. —d:
-l

[Hewyi. UHTCrpan acTHiHAAFb (PYHKIHAHLIH XaTFbi3 CPCKUIC
nykreei 2, =0 6Gap xene on ]z|=1 KOHTYPbIHbIH,  ilIIHAC

Xatblp. DyHKUMSMHBL Z, =0 wnyxrecidin MaHaiiuiHaa JlopaH
KaTapbiHa OKIKTEH OTBIPb, OCbl HYKTCHAEri OHLIH ILCTEPiMiH
TabaMbl3.
3
1 2 t
e =l+1+t 9+ —+
21 3

Typinacri MaxklopeH KarapbiH
1 .
[ =— YUIH Xa3caK

-

z
(::+l+—-l---+ ‘ +"')"'
22 - | I

- zZ I T
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. . o .
Re S, f (Z ) = C_; ekeni Oeiuriti, an 6i3fe — AopeKeciHiK
z

ko3dduUMEHTi C_; HoMre TeH, AEMEK,

2 Jo
2
Res,| 25— |=0

Ounait Goxnca, e d=2m- res. o/ (z) =0.
1ot =t z
Kayaowr: 0.
15-ecen. VHTerpanibi CCRIITCY
2z
e’ —-co0s9z
Kepek: cj .. dz
|5/=0,5 zsmmz

Llewyi: shiz =isinz KaTbiChiH nNaillalaHaMbI3 .
Gepiared MHTETpaALl Kedeci TYPAC XasaMbll

2z

e’ —cos9z

L
s0s  fzsinzz

WHTCrpasl  acTHIHAAFBL (DYMKUMSAHLIH  CpeKiue HYKTeepi
Z-SiNaZ = 0 vewneyinen TaGuutamb:
z2=0, m=nk, keZ, wHcmece Z =k> keZ.

|Zl= 0,5 wenGepinin imirge 2y = O nykreci rana xarup.
OnBIH TYPIH aHBIKTAWBIK. Hirrerpan acThIHIARK dyHKIMA



Teopust (hvurkyutl KONRIEKCHUCO NCPEMCHRO20 U OHEPANUOHHOC HCHUCICHUC

Mz) e* —cos9z

f(2)=

H(z) isinzz

TYpiHJiE Xa3LUIFAl XOoHe
A0)=¢'-cos0 =0
A'(z)=2¢* +9sin9z, A'(0)=2-¢"-sin0=2#0,
arun, Z, = 0 nykreci A(z) dyHkumscuHbL 1-1wi perti Houti:
1(0)=0, p'(z)=isinz+inzcosmz, '(0)=0.

. . .2 .
u'(z)=imcosaz +imcosaz —in"zsinz,
WO)y=zir#0, amm, 2z,=0  wykreci  u(2)

(YHKUMSCBIHBIH 2-11i peTTi Hofi.
Onaii 6osica, Z, = 0 wsyxreci pyHkumsHbH 2-1=1 pcrri
nontoci. tlcrepimai

res. f(z) = lim f(z)(z - z,)

JopMynacbl GOMBIHIA I3ICHMI3:

0

res,f(2) = lim——————— -z = M ————=
S (2) =0 jzSInsz =0 jsinz

V) —

e>’ —c0s9z e =cos9z [0]

. (¥ —cos9z) . 2¢¥ +9sin9z 2
= lim - - = lim - =—.
>0 (isinnz) -0 {7 COSAZ in
llcrepiM Typaibl Herisri TeopcMa GoibiHIa

2
d f(2)dz =2mires f(2) =27 —=4 |

in

=03
A

Xayabbl: 4.

‘N
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16-ecen. Mirrerpajiinl ccenrcy Kepek:

6 ch ——=
d z 2-2i ~
7 N2 S [
|2 +2i=3 e”/2 +1 (2-2+2i)"(z-4-2i)
\

Illemyi: 1) BipiHwi GeMICKTIH epeKIUc HYKTeAepiH Keaccl
TCH/ICYICH TaBaMbl3

wif

3
e’ " +1=0, e’ =-1, —-ﬂzzan(—]).

Byua |-1=1 arg(-1)=7 Gonrannuikran

T snli(z +2mk); = 2i(m +27k); z=i2+4k). k€Z

anamns.  byn Hykrenepaid ?z+2i|=3 KOHTYPLIHLIH, ilUiHAe

KQTAThIHBL TCK 2, = —2i nykreci (K = —1 Gonca). Byl 11YKTCHIH
TYPiH aHBIKTAUDIK.

4,(2) S N -
f(z)= '( = A2 =720, #(-2)=e" +1=0

1,(2) =

¢ =+l
, Y/ 274 w T 7

uz)==e", g(RQ)y==e T === 20,

2 2 2
omait doaca, =z, =-2i - mykreci I-wi perri moaoc. By
HYKTEACT] Werepinvi

: A(z
res, f(z) = 22l

'
Hy (24)
(bopMyJIachiH KOJIIAHBHT TaGaMbis:

res,fi(z) = —

‘.

=-2.

l

.
NN

/
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CotibiMeH GipiH1li 6eMCKTIH HHTErpaIbl

/4 . .
-—,——-dz = 27[!(-2) = —4m
A
ia2f=3e 72 +1
TEH.
6ch 2 -
2) Exinmi £ (7)= % —2i GOULCKTIH
o (z-2+2i)(z-4-2i)
epeKlic HYKTCACPIH (z-2+2i)’(z-4-2i)=0 TCHICYIHCH
TabaMLi3.

Byaan z =2-2i,z,=4+2i ExiHun cpekie HYKTE YIIiH
|- 2i-(4+2i) =|-4-4i| =32 >3 opbiHmanai, srun, 4+ 2i
HYKTeci Iz + 2,’[ =3 KOHTYPLIHLIH CBLIPTBIHAA, Al 2z =2-2i
HYKTCCIHIH KOHTYpbI illiHAC XATaTbIHLIH KOPY KHbiH cMec. Ocbl
HYKTEHIH TYPiH aHLIKTalLIK.

z
6¢os-——-
P

6cos —— — ==
2-2 L z=4-2i

(z-2+20)(z-4-2) [z-Q-2)}

5=

XKOHC MYHIA
=
6cos . ———
2-2i

z-4-2

PYUKUMSCDI YILiH (2 - 2i) 6 6, 0

[{ y -)=- = - \

¢ 2-2i-4-2 2+4

coHbIMeH 6ipre on 2-2i HYKTCCIHiH MaHAHBIHAA AHATUTHKAILIK
(pyHxunst. COHABIKTAH, Genrini KpUTCPUM 69nbglima Z-ZI.H\'KTCCI
2-wii peTTi mostoc. 2-2i HKTeCIHACTi LCTCPiMA TaOy YuliH

o(z)=

res, f,(2)= !i_T(f(z)(z -2,)°)

(opMyJ1achlH MaiaalaHaMbl3.
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'

=
6cos—- -

2-2i ‘z}
5+ S = z2=2+2 =
e nfi(2)= -‘*’ 2l (z-2+2i)(z- 4+21)( 2 J

6cos-'z.
= m | —==2t | =
22 (z-4-26) |

____6.”,'_51“ S (z—4-2i)-6¢co0s ~-7£:-;’;'l

= lim -2i  2-2i- -2 .
Sk (z -4 -2
~:~(?-”—_si|1 7-(2~-2i-4-2i)-6¢cosm
= 2-2i = 6 =
(2-2i-4-2i)° (-2-4i)°
.6 3 __ 36-8%) _-18-24i
4+16i-16 -6+8i (—6+ 8i)-6-28i) 36 + 64
= =018 - 0.24/.
Conjvikran,

{/i(2)dz = 271 res,,, £(2) = 27i(~0,18 - 0.24i) = 7(0.48 - 0,361)-
ColrpiMeH,

S V@ ))d = /(L)dv+ m 2)dz=—di + T{048~0,36)=

=72(0,48—4,361).

Kayaou: 0,487 —4367.
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2x dt

17-ecen. MHTErpanibi ccenrey Kepek: f

0 44/2sint +6

. — it . .
Wewyi. £ =€ aitHbIMAIDLI aybICTBIPYLIH XacaiulK. OHNa

b3 4 1 l Z

IR(cosl,sint)dl = th[l—(z+—). (z—-l))d— .

0 i \2 z) 2 zi
ConaiiKkTaH,

'[ dl _ 4 dz — 4 dZ _ .
"‘\/55")1"‘6 _;:-|(4\/;._I_(-_l]+6)i., I:'._‘z‘\/—-22+6"2"2'\/2
< 21 - -

-

1 _ A(2)
W22 +6iz =242 u(2)

. 2 .
OYHKUMSICHIHBIH,  CPCKILE  HYKTENEPiH Zﬁz +6iz-242 =0
TCHAeYiHCH TabaMbl3.

3G +2V2 N2 _-3i44-948 -3ii
T 22 242 22

f(2)=

. - 7[' -4 I
sl = an |z |=|—=|=+2>1 AcMcK, lz] =1
v J? = 2J2|

P -2 J2 erec .
KOHTYPLHLIH  iLUiHAC =15 =~ HYKTCC XKaTLip.

Onbie TypiH AHBIKTARBIK.

-

/1(_[2..,')-_-|¢(). ,__‘_@,- =0 OWTKCHI Z| —06ONWEKTIH
2 U e

Boniminix Ty6ipi. ColbiMeH Gipre
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E XK. Auodoc, FO.B.Boposcruii

W(z)= =442z +6i, ,u{ J21]=—4J—[—1+61 2i20.

CoHubiKTaH, 7 = _ﬁ j— GipiHuWi peTTi noJoc,
2
Az 1
res, f(z)= _'LL)_-_-.._.
uiz) 2
y . . 1
Onaii 6onca, f(2)dz =2nires, f(z2)=2m 5" =7
vzi=l !
XKayabor: T.
18-ecen. Murerpannn ecentey Kepek: T dr

o (V5 + 2 cost)’ |

Ilemyi: AAILIHFBI CCETITIH, IHENIY OMiCiH naitnataHambis:

Z = € pen anaitbix. OHja,
dt dz

(5 + 2oty ] Htl(\/g + \/5/2(: + l—)}ziz

(]
Sy

2dz

J ( e 2 J

=z +y5z+ 22
2 2

A(z) _ : (OYHKUHACLIHBIH

f(z)=
e (V2 ﬁjz

1k 5 +J5z+ 5

epeKiie 1yKreicpin .‘- 15z + 2 = ( TCHICYIHCH TabaMDbi3:
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Teopus hyuxyuii KOMPAEKCHO0 NEPEMENIIO20 U OREPAYRVNIOE UCHUCHEIHUE

_=5ima {5243
“1.2 \/_2- \[2- ’

MylLaa, --\/-5:[:~/5 o1 XoHe ;{j_/_’f_@ <| Oonrammpikran
2 2

lz! <]  KOHTYpHHBIM ilminze 2, = i—s_f_‘/_g. €PCKIIC HYKTCC
V2
Faa XaTaabl.

=V5+V3 o an p(z) ywin o op(z)=4'(z) =0

xoHe ("(z,) # 0 Gonampl, WhHHLILAA A3,

/l(Z)—l"(-\/:Z \/_Z+£J(\/_z+\/_)

W(z) = i2(v2z +4/5) +12\/_(\[2 "+\f5-z+\£2_)

bya (pyHKUMSAHBIH Z HYKTCACTT MOHI

Wz = iZ(ﬁ_—%\/}— + \/5)- =6i#0

Onaii Oosca, Z-HYKTeci f (2) GyHKIMACHHLIN eKiHIui
peTTi NOILOCH.

H(2) -1i kebelTKilTepre XIKTCN ATANLIK:

~ _ =\~ = [:%.\3
/‘(Z)‘—‘ii.)_z_(z“:,):(z—zz)z=i?/7)z(z— \/§+\I3\.( \/D+y. |
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E.ZN Auooc, FO.B.boposcrui

Z, MyKrecinzeri wercpimai

res. f(z) = .lin}(f(Z)(Z -2 )2),

(popMynacniMed Tabambi3:

y A3

res. fiz)= lim T e ) 2 —7--— ;
LRI e T I G AN
e d 5 [ i ' S - [_ J i
S 1 R A L O

e

v—)(—\/—+\[3)/\/2 :(z+(f+f)/f)

V2 3 RB) - +(J3+J3)/J7)

Joroasadn 3 {z +(\/.\T\))/ )

”((~J>+J3)/Jv+(,/§+f3)/vfn (5N B2 5 +43)D)
i (H5+B3)/V2+(5+43)/¥2)

_V26+(5-43)- 23 _V2di5 {30
i 36 i18 1§’

CoHBLIMCH,

§ 1 = 2, 1(2)= 2 {3_0.-..\/.—9

9

Kayabwt: V30
9
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Teopus ¢hynkyui KOMRIEKCHO Y NEPEMEHHOCO U ONEPUYUOHROC HCHUCACHUE

19-ecen. Minterpaiabl ccentey Kepek: v dr )
AT+ D +10)

Ilemyi. f(z)= ! QYHKUMSICHIHLIR
- 2 2 2
"+ (z° +16)
JKOFAPELL  XAPThl  XKasbIKTHIKTA JKATKAH  €peKUe  HYKTEACPitl
. . 2

radaipk.  On  ywin (27 +1)° xone 2z +16=0
TCILICYICPIA  UCHIEMi3. Dyidan XOFapfbi  XKapThi KasbiKTHIKTA
XKATKall epeKIle fykTeaep z, =i, z, = 4i anamus. Enai f(2)
(DVHKUIHACBIHBLI{ OCHI HYKTCAEPACTI IHETEPIMACPIH TabaMbi3.

)z, =L

f '(Z ) (PYHKUMSCLIH Kelecl TYPAE KasalbiK
7(2) = 1 _(z+i)7(2 +16)" ()
' (z+0) (= =D +16) (z-i)’ u,(2)

3

smyia, A7) = 0 xoHc ,u|(z) (PYHKUMSCL! VHEH [ —eXiliwi

perti Hon  (1Y6ip), commbKTaH. Z, =/ Hykreci Jf{Z)
(pYHKIMACHIHBEH, 2-11i peTTi noatoci. OnaH

' 1
res. f{z)= hm(j( ) z~i" ) IIT(—(-:—)—C TT()_)/
- _lim 2z i—l)(z +16)+(z+i0) - :_4i(—l+l6)—58i _
Lo (z+i)'(z* +16)° 16(-1+16)"
52i 13

- L
16-225 900

2) z,=4i.

f (Z) (YUKLIHSCBIH KEACCi TYPAC XKa3akbiK,
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E K Atooc, FO.B. boposcrui

_ DT Er4)T  A40)

1
(z—-4i) Hi(2)

'ﬂj:(z+n%:+4n@—4n
mynza, A,(4))#0, an 4,(z) ywin 4i-Gipimwi perri Hon

Oemex, z, =4i nykreci f(Z)  dynxumscbinbH Gipitwi perri

nooci. OnaH api,

res, f(2)= lim [z ~4i) = Nim s s =
(-16+1)°-8i 1800

f(2) (DYHKUMSACLIHBIH  HAKTbl
KOK,  OOnfaHABIKTAH XOHe OonuickTiH GoJiMiHIH

OCTe XaTKaH CPpCKUic

HYKTENEpi
A0PEXCCi ANBLIMBIHBIH JIOPEXECIHCH 6-Fa apTuLlK GonFaHAbIKTall

j , le - 2;ﬁ(rcs,f(z) +res, f(2)) =
(v +1)(x? +16)

-~

13 I ) 27 3
=T—=

900 100

( -13i ) (
=2m - =r +
900 1800 450 900

XKayaovi: 0.037.
20-ecen. MHTerpanabt eCcCnTey Kepek: j cos3x - cos2x "
Lo’

3 2z
)
¢ "¢  (byHKUMACHIHBLIH Imz >0 XapTil

Wlewyi: f(z)=-_""__
. 2 2

(=7 +1)
AaILIKTLIFBIHAATLI CPEKWE HYKTENEPill KOHE OChI HYKTCACpACH

wicrepiMiepiH - Tabamus.  (z° +1)2 =0  TemncyiHen z,, =1
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Teopus yuKyul KOMRIEKCHO20 NEPEMEHIO0 U ONEPAYUBHNOE UCHUCACINE

ATaMBI3, KOFapFbl XapThi Xa3LIKTLIKTA 2, =i CpeKwe HYKTe

Katbip.  f(2) (yHRUMSCHIH KCleci TYPIC XKa3aMbi3

/ ) _ 'wz _821: _ (e.’n: ___ez“ )(z-i-[)- }\'(Z)
(@)= f(2)= 20 z-1) (z i) p(7)

wyH1a A(I)# 0 XoHe Z, =i HykTcci (z) (PYNKUMSACLIHLUL
| Y H

1-wi peTTi HOMi AFHM, Z, =] uykreci  f(2) GyHKUMACLIBIH 2-
i1t peTTi nonoct. Onan

’

o [ 2702

.'-7:\ (~.‘ ‘:’
3

(3ie *" - 2ie** Wz + i) = (e -¢'")2(z +
N

e f(z) = dim {(f(zNz-10)?) =

]

SR TH

I

s 3 . 2z . 3ic oy iz
. B -2ie Nz +i)-2e7" + 2
= iy - =
- (z+)
he e -2 i : -3 o
(3ie " - 2ie ~ )..1-2e >+ 2e _=06e T+de T -2e7 + 2
| - 8 8
-3 2
+de”" - 3e
di
R(") - 1 (py“Ku“y(_ bl LAKTBE OCTE \JU“C(.I5 Kole
oz

onuiekTit GoniMiniH HopexXeci AIBIMBIHLIK AopékiliHEH 4-Ke
ApTLIK OUNFAHABIKTaH
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EK Auvoc, FO.B.boposcruti

s . 3 4 N — 3’-;
[S2XZCOSE e - Ry res, f(2)) = Re2mi % -
N 4i

= %(4(3 ‘o 3(.’-2)‘
XKayaObi: g(4e T30y

21-ecen. f(!) opHrHHaNBLIHBIH (TYMHYCKaHBLIH) OGepiarcH

cbizbacul (Fpadpuri) apkuibl OHLIH OcitHeCiH Taby Kepek.

Syt
i
3 _,___ =
Vo
5 a 2u 3a da !
IHemyi. Bepinren (yHKUMS MCH OHLIH TybLHabAaph

T,=d. 7, =2a. 7, =30, 1, =4a HyKTCICpiHAC y3ineai DV
HYKTCICPACHT COMKee cekipMmesiep (CKauKM (YHKUup B Toukdd

. . 9
paspuisos).  TYLIHABIHLIH,  cCKipMeepi: a, =2-0=-
=3-0=3, a,=0-3=.3 7t

TyvasiHbi cexipmenepi: S, =0, k=1234 rey, ofiTKCH:
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Teopua (hynkyuis KOMIERCHONO REPEMENHN20 U ONePAYUONNOE UCHNCACHUC

T,,T5,T3, T, -Nel Gacka HYKTCHCpIC fi(H=0. Ouaii

onca, f () -nbix Geiineci

4 ~
[)) - Z , prk(ah ﬁl() —pu _0-21114—2_+()—3/vu _3 _(}4/1.: :’_
p

k=1 \p »p P P P
-pa _4,~2pa S 4 it
Kayabui: 2e 207" +3e 3e
P
72 Bepi 3p -2 Lo
-ecen. bepiircn F(p) = Ocitncei

(p=1(p' =6p+10)
OoiinfHILIa OHBIH TYTHYCKACLIH (OPUTUHAILII) Taby KepeK.

Ilewyi. Bepinren GpyHKIMSHLL cH Kai  OesucKTepaill
KOCLIFLTBIC BIHA KEATIpeMis:

Ip-2 _ A /3[7__4-(“ .
(p—D(p° -6p+10) p—l P =6p-10

3p-2= A(p° =Oop+10)+Bp+CYp-1). p=l=1=A(1-06+10%
1=54. A=0.2.

A <HbIH, MOHIH OpHBIHA KOMBIT, X-TiH OipAcH AOPCKEACPIHIH
Ko3(upps LIMCHTTCPIN TCHECTIPCMI3.

3p-2=02p" -12p+2+ Bp® - Bp~(p.
-2=2-C
3=-12-B+C.

Byman, €=+, B=-02.

02  -02p+4
+

kTad, F(p)= - :
Conaut P)= p=1 p =6p+10
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EK Aidoc, FO.B.boposcxui

Exinmii GonuuckTiH GeniMiHACri ©pPHCKTCH TONBIK KBaipar
Go:nm ataMpl3:
P =6p+10=p*-6p+9+1=(p-3)'+1 xeHc  F(p)
(YHKUMACHLIH KCAeCi TYpAe Xa3aMbl3
- 0,2 +—O.2(p—3)—0,6+4___ 0,2 -0 p-3 . 3,6

p-1 (p-3) +1 p=1 T(p-3+t (p=3) +1
EHai
« 1 -
e’ N coswl(—)--—ﬁ,—u—,.
p—a (p-a) +w
e” sinmt <>

(p-ay +o®
KATLICTAPbIH TIalAanaHa OTLIPbITI
F(p) e 02¢' -0,2¢" cost +3,6¢"sint anambis.
XKaya6pi: 0.2¢' =0,2¢* cos! +3.6¢” sint.
-
23-ecen. y‘ +4y'+4y = __e_’_ - audxpepeHLIHANALIK
+2t)°
TCHACYIHIH »(0)=0. »'(0)=0 - Gacrankpl wiapTTapbli
KAHAFATTaHALIPATLIH WCILIMAEPiH Taby Kepek.

Wemyi. y+4y +4y, =1 typiugeri koMekmi Tcuaeyail
wewiMiH - raGambis. Y, -aiH  GeiHeciH Y ( p) APKLLTY
OcarinciiMis oHaa,

yi e pY(p), yi e pY(p).

Tenmeymin  OH  XdHe  COA  XaKTapblHaH  onapibii
OPUITHHANIAAPBIHA OTEMI3:

2 . ’ k] ‘
pY(p)+4p) (p)+4)'(p)=l~ Y(PUp~ +dp+4)=—.
r r
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Teopust ghynxkyuti KOMNIeKCHO20 NEPEMEHHOC0 U ONEPAYUOHHOE UCHUCACHUE

1
Y(p) = ———r -
D= ey

ANLIHFAH  OenuiekTcpAi €H  KapanmailbiM  Dejiuickrep

KOCLIHABLICLIHA KCITipeMi3:

LA, B € 1=A(p+2) +Bp(p+2)+C(p
pp+2)° p p+2 (p+2y

p =0 6onca, | =44,arau, 4 =0,25.

p =-2 6osca, 1 =-2C, smu, C =-0,5.

Eni p2 AOPCKECIHIH KOIPPUUNUCHTTEPIH TCHECTIPCMi3:

1=025p> +p+1+Bp’ +2Bp-0,5p.
p'l0=025+B= B=-025.

025 025 05
p p+2 (p+2)
it l al PN ]

Oaan api, ¢“ © , fe —_—
p-a (p-a)y

Connimen,  Y(p)=

KaTbICTapbill

KOHE CbI3BIKTBIK KACHCTTI NaiilalaHbuil Y(p) -ubH
opurpgaipid TabaMbls:

»(r) = 0,25-025 - 0.5te7.

bacTanikul TCHAEYAIH y(t) -uleliMiH Taby ywiH lioamcib

(opmynacpiH naiganaHamus: y(f) = jy,' (t-1)f(r)dr.
0

Y =05e —0,5¢ +te =1e™, ylt-1)=(@-1e"
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EK Aidoc, 10.8. boposckuin

-2t

(1) = I(; « - l‘)e'z”'“

(|+2r) I"(|+2r) -

|
T+-— ]
= e‘z'.l ! |' —e ! A

22t+n" a+ 21’) T (1+20)?

r o, | Il dt 1t dt
ster s L 2]
2 20+1 2 20 2‘t+|) 20(2‘t+|)

et e e I
=-= + -— IRt + 1), +——1u |=
4 (l( )|‘ 21+l!)

221 +1 2
_ e te’” _ e ¥In(20 +1) _ e e
22t + 1) 2 4 42r+1) 4

2 ~ 21 | 1t In(2t+1)
=e - +—t—- =
((4(21+l) 4(21+1)) 4 2 4 )

:c"zl(— _'.+_l-+i_lll(_2_l_i-_|_).) = e-zl(_l_—!r.\_(.g_[___ﬂ_)).
4 4 2 4 2 4

XKayabot: (1) = c'z‘(i In(2r + I))

2 4

24-ecen. Oncpaumsibik ogicne Kouiu ccebin ey Kepek:

¥ =3y +2y=2¢"cos ; . yO0)=1y(0)=0.

Wewyi: ¢ cosar = —F—% __ KaTbichin Naiizanancax
(p-a) +w
2'cost=2— L1 ] wlaMbl3.

([7 Iy +/

V(t) -uwn Gednccin Y (p) apxouibt 6criicivis. Onaa
Y'(0) & pY(p) - y(0) = pY(0) -1
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Teopust (Iyukyuit KOMRICKCHO20 NEPEMEHHO Y U OREPANUCHROC HCUUCACIIE

¥'(1) & pY(p)- py(0)-y'(0) = p’Y(p) - p
Tenaeynin OH XoHe €O KAKTapbIHLIH GeilHesIepiH  Kasa

OTHIPBEN
-1

p’Y(p)- p=3PY(p)+3+2Y(p) = 2
*/4

Y(pXp' -3p+2)=2—>"F—
(p= 1) +/

2(p-0) O At

Y(p)= _

) (p=07+ V)p-1p-2) (1 -Np-2)
2 p-3

Y(p)=

(P)= (p=1) +/)(p 2) (p-l)(p 2)

aaMbi3.  AJtblHrad  opGip OGomumckTi  xail  OoauicekTep
KOCLIH/ILICHIHA KCIITIPCMI3:

2 _ Ap+B . (.'
(p=1"+Yp-2) (p=1i+ly p-

1)

= (Ap+ BYX(p-2+C((p =1’ + )
p=2 Gonca, 2=('-%:>(.‘=l.6.
2=Ap -2Ap+Bp-2B+ 16p” =32p+2

p'la=—28+2 B=0
p'l0=-244B-32 > A=-16.
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E.JK.Audoc, 1O.B.Boposcrui

CoHbIMeH, 2 -16p 16 -
1 ) N p-2
((p-l)’ + —)(p—z) ((p—n’ +—) i
4 4
2) p—3 = D + E .
(p=1Xp-2) p-1 p-2
p=-3=D(p=-2)+E(p-1).
p=2 6onca, -1=FL.
p=1 6onca, -2=-D=D=2.
-3 2 1
Jemek, P = - .
(p-Np-2) p-1 p-2
AKplpLinga,
-1 2 -
Mpym—hE_ M6 2 1 cleprle | 16 |
W=+ p=2 p-l -2 (p-Bial, el
1
; (),()7+ 2 -6 p:l _32 2 N 0.6 . 2 .
r=2 p-l (p—l)'1—l!'4 (/7—I)2+!4 p=-2 p-l
Euai,
p—da at ar .
——s—F ¢ coswl, ———F e smnol.
(p-a) +o (p-a) +w°
— e KATLICTAPBIH  KOHC CBHIBBIKTLIK  KACHETTI
p-a

naigatanuin Y ( p) -HULIH OPUTHHANILIH TaGaMbl3:

31 =-1,6¢' cos%l -3,2¢' sin lt +0,6e% +2¢'.



Teopust ¢hynkyuii KOMRICKCHOSO NEPEMECHNOCO U ONCPAYNONHOE UCHUCICHNEC

! i [ 1 2 '
XKayaOoi: - | 6e c0351—3,2e sin —2-1+O.6e" +2e'.

25-ecen. Maccacbt M MaTCpUaLILIK  Hyktere Vo -
XbLLIAMABIFbIHA - nponopunonan R = kv xeacpri Kyui ocep
creai. Ercp HykTeHin 6acTankbl XbLlZamavirpl V,, Golica, oA
LICKTCYC3 YAKLIT ilAHAC KaHIUAa KAWDLIKTLIKKA OPLIH aybICTLIPAIL]
(k=10m., v, =1 m/c)?

Hlemyi. [ yakuiT Ke3cHilLACFI MHYKTCHIH KOOPAMHATACLII
Y(t) apkouast Gearineitmis. y(0) aem 0, an  y'(0)=v, =1
atampls. HykTeHiH Kosfany 3aHALUIBIELIH - HuloToHHbIIL 2-1ui
JaHMHaH: — R = m- )" Tabambi3:

~kv=my". —10my'=my".
Hotuxccinne Kowm ccebin anaMuis:
y"+10y'=0. y(0)=0. »"(0)=1.
»(t ) -mix Geitecin Y(p) apkouiot 6earinciiik. Ouia,
y' e pY(p)—y(0) = pY(p).
¥ e p Y (p)-pr0)-y'(0) = pY(p-1.

Bynan keicci TCHAEY anaMbl3

pY(p)-1+10pY(p)=0:
Y(p)p +10p) =1

Y(p)= ————.
() p’+10p



EK. Aitdoc, 1O.B.boposckuii

benuiexTi CH Xail 60AlIEKTCP KOCHIHIBICLIHA KCATIpEMI3

! 4,8 1=A(p+10)+Bp:

p(p+10) p p+10°
p=0=1=104= 4=01
p=-10=>1=-10B= B=-01.
COHALIKTaH, Y(p)=~0—’l——(£~—-
p p+10

1, o« KATHICLIH XOHE CBI3HIKTBIK KACHETTI Lalaataiil

p-u
Y1) =0,1-01¢™""
AIAMLI3.
IUckreycis  yakbIT iUWHHACFE HYKTEHIH OpbIH  @yBICTBipY

KAWDBIKTBIFBY KeJleci WeK apKLulhl TaObiaabl:
lim y(£) = lim(0,1-0,le ') = 0,1.
A& A {->x
XKayaoot: 0,1M.
26-ecen. Keneci audepcHUMAT TCHACYACD XYHCCIH Ll
KCpeK:
X ==2x+y,
y=3x;
x(0)=0, y0)=1.

WMewyi: x(?) -in 6eitnecin X (p) apxouier, an  y(r) -nit

6eitnecin Y (2)  apkuiam Gearinciimis, omaa



Teopus dhynkyltit KOMRICKCIU0 HEPCACHNOO U ONCPAYIOHNOC HCHUCACHIC

x(t) & pX(p) - x(0) = pX(p)

1) & pY(p) - 1(0) = pY(p)-1.

Hatuxenc,
pX=-2x+4 . (p+2X-Y=0
pY-1=3x =3x+pY =1
Kyhecid anaMbis. OHbl Kpamep cpexcciMen wieiemis:
r+2) -1 R
A=(‘l ) |-p(p+2)-3=p +2p-3
—J ]) i
A 0 - |
Chop i
+2 0
A, = (P+2) =p+2;
- -3 l
/\’:ﬁ=——————l . ,=—A-—l=——————,7+2 B
A p+2p-3 A pl+2p-3

Bya OGonuektepaiH opKaitchicblH  ¢H  Xail  GostwckTep
KOCLIHABLICLIHA KCATIpeMis:
! - 1 A N B .
P +2p=3 (p-D(p+3) p-1 p+3
1=A(p+3)+ B(p-1).
p=i=1=44= 4=025.
p=-3=>1=-48= B=-0.25.

a) /Y-—-

COHABIKTAH, Y (p)= 220 - -

‘h
N



EJK Asooe. 10. B. boposckuu

X(p) o x(t)=0.25" -0.257".

6) y= w1)-#-2 - p+2 A4 . B :
p-+2p-3 (p-Wp+3) p-1 p+3
p+2=A(p+3)+B(p-1).
p=1=23=44= A4=075.

p=-3=>1=-4B = B=-0,25.
CoHABIKTAH,

Vi = 7 4 -
a \,1, —_— .
P p+3

-1
Y(p) o ) = 0,75¢" +0.25¢7".

<
(&4

0,25

~

. - g, _ = -3
— { x(¢) = 0,25¢' - 0.25¢ "
| (1) = 0,75¢' +0,25¢
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Teopust (hvuxytit KOMRICKCUO20 NEPEMENNON0 U OHEPAUNIHOC HCYUCACH
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YPaBHCHHA. KpaTHble  MHTerpasbl. Psianl. DyHKUHH
KOMIICKCHOTO nepeMcHHoro. M: Hayka, 1989.

2. Apamanosuu W.T"., Jlyau JI.I., Dabcronou JI.9. PyHKUUM
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