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KUPUILI

Jactyp Y36exucron PecryGmukacu IIpesumentuauar 2015 fmn 12 uionmaru
“Onuii TabIMM MyaccacajJapUHHUHT pax0ap Ba Meaaror KaapiapuHu Kaiita Taiépiaii Ba
MaJlaKaCUHU OIIMPHUILl TU3UMUHU SHAJa TAaKOMWUIAIITUPUIN 4Yopa-TaaOupiapu
Tyrpucuna’tn  [1dP-4732-conmn, 2017 i#mn 7  ¢eBpanmarn  “Y36eKucTOH
PecniyOnukacuHu — sHaja pUBOXJIAHTUPHUIN  Oyiinua XapakaTiap CTpaTerusicu
tyrpucuna’ i [1d-4947-connu dapmonnapu, mynunraek 2017 iun 20 anpengaru
“Onuil TabJIUM TU3UMUHU SIHaJa PUBOXKJIAHTUPHUIL YOpa-TaaOUpiapu TYFpHUCHIA TH
[TK-2909-connu xapopu xamaa 2019 iun 27 aBryctnaru “Onuii TabIuM
Myaccacanapu pax0ap Ba menaror KaJpJapHUHUHI Y3JIyKCH3 MalaKaCUHU OUIMPHILI
TU3UMHUHU xKopuid Tl Tyrpucuaa’tu [1d-5789 — connu dapmonuga OenruiaHran
YCTYBOp Ba3u(anap Ma3MyHHUIaH KEIHO YUKKAH X0JI1a Ty3WIran 0yiauo0, y oJIuid TablIuM
Myaccacajlapd TeJaror KaJpJIapuHUHT KacO MaxopaTh XamJa HWHHOBAIMOH
KOMITETEHTJIUTUHA PUBOXJIAHTUPUII, COXara OWJi WIFOP XOPWXHUI TaxkpuOanap, sSHTU
OwIMM Ba MajlaKaIapHU Y3JAINTUPUIN, NIYHUHTJIEK aMalu€rra >KOpUU OSTHII
KYHUKMaJIApUHU TAKOMUJUTAIITUPUIITHY MaKca KUJIa u.

Maskyp pmactyp pHBOXIAHTAH XOPWXKWUA JaBJIATIAPHUHI OJUU TabJIUM
coxacuja dpUIlITaH ITYKIapu XaMmia OpTTUpraH Taxpuodanapu acocua “MaremaTuka”
KanTa Tal€piiall Ba Majaka OLIUPUIL WYHAIUIIN YUYyH TaWEpIIaHTaH HAMYHABUN YKYB
pexa xaMmJia 1acTyp Ma3MyHHJIaH KeJIUO YUKKAH X0JiJa Ty3WIran 0yinuo, y 3aMoHaBUA
Tanabiap acocujia KaiiTa Tai€piani Ba Majgaka ONIMPHUII KapaCHIapUHUHT Ma3MYHUHU
TaKOMUJUTAIIITUPHUII XaM/1a OJIUH TahJIMM Myaccacallapy MeJaror KaJipJiapuHUHT KacOui
KOMIETEHTIUTUHU MyHTa3aM OIUpUO OOPUIITHU MaKca KUJIau.

Kamust Tapakkuétu Hadakar MamiIakaT WKTHCOAUN  CaJOXUSATUHHUHT
IOKCAKJIUTH OuiaH, 6anku Oy camoXusT xap OMp MHCOHHUHT KaMmoOJ TONUIIN Ba YUFYH
PUBOKJIAHUIIIMTA  KAHYAJIUK  UYHAITUPWITAHIUTH, HWHHOBALUSUIADHU  TaJ0UK
STWITAHJIUTH OWjaH XaM YyidaHajau. JlemMak, TabiauM TH3UMU CaMapajopiiuruHU
OLLIUPUII, MeJarorJjapHy 3aMOHABUN OWJIMM XamJa aMalluid KYHMKMa Ba MaJiakanap
OwiaH KypOJUIAHTUPHIN, 4YEeT 3JI WIFOp TaXpuOadapuHU VpraHwil Ba TabIUM

amManuérura TaOuK 3TUII OyTyHTM KYHHHUHT A013ap0 Bazudacumup.




Jlactyp Ma3mMyHHM OJIMM TabBJIMMHUHI HOPMAaTUB-XYKyKMH acociapu Ba
KOHYHUMJIMK HOPMaJapy, WIFOP TabJIMM TEXHOJIOTMSJIApU Ba IEJAroruK Maxopar,
TabJIUM KapaHiapuaa ax00poT-KOMMYHUKALIMS TEXHOJOTUSIIADUHU KYJUTalll, aMaliui
XOPIKUNA THJI, TU3UMIIM TaxXJWI Ba Kapop KaOysn KHIWII acocliapd, Maxcyc ¢aiap
HETM3HWJa WIMUA Ba aMalui TaJKUKOTJIAp, TEXHOJOTHMK TapaKKUET Ba VYKYB
Kapa€HUHM TAIIKWJI STUITHUHT 3aMOHaBUM yciyOsiapu Oyinda CYHITH IOTYKJap,
MEJJarOTHUHT KacOWil KOMIIETEHTJIUTH Ba KpeaTUBIUTH, riao0an MHTepHET TapMoOFH,
MyJIbTUMEINA TU3UMIIApH Ba MacodajaH YKUTHUII YCYJUIAPUHU Y3IalITUpUII OYiinda
SHTY OWJIMM, KYHUKMa Ba MaJIaKaJapyuHU MAKJUIaHTUPHIIHYA Ha3apaa TyTaaH.

Jactyp noupacuja Oepuia€TraH MaB3yJiap TabIuM coxacu Oyiuua memaror
KaJIpJapHU KaiTa Taépiail Ba MaJlaKaCUHU OIIMPUII Ma3MyHH, cu(aTy Ba yIapHUHT
Taléprapiaurura Kyiuinaauran yMyMuil Majaka tajgadiiapu Ba YKyB pexxaliapu acocHia
MIAKJUTAHTUPUITaH OYiIuO, YHUHT Ma3MyHU >KaMUSIT PUBOXKH Ba TabIUM—TapOus
Kapa€HUHUHI MHHOBALMOH MAaCAIAIApU, OJMU TABJIUMHHUHI HOPMATUB-XYKYKUU
acociapy Ba KOHYHUMJIMK XYXKATIapHU, WIFOP TAbJIUM TEXHOJIOTUSIIAPU Ba IEAArOrUK
MaxopaTr, TabJIUM >KapaéHjapujia axOOpOT-KOMMYHHKAIMA TEXHOJIOTHSUIAPUHU
KYJIIam, aMajiuid XOpUKUN THI, TU3UMIIM TaxJIWJI Ba Kapop KaOyJl KWJIUII acociapw,
Maxcyc ¢anIap HeTU3HUIa WIMHN Ba aMalluii TAAKUKOTIAp, YKYB Kapa€HUHU TAIIKUIT
STUITHUHT 3aMOHaBUM yciayOnapu Oyiimdya CYHITH IOTYKJap, MEJarorHUHT KpeaTuB
KOMIIETEHTJIUTMHU PUBOXKJIAHTUpHUIL, I100an WHTEpHET TapMOFH, MYJIbTUMeEana
TU3UMIapuaan Qoigananum Ba MacohaBuil YKUTUITHUHT 3aMOHABHI MIAKIIJIAPUHU
KyJqnam Oyilmya Teruuuid OuiauM, KYHUKMA, Mallaka Ba KOMIETEHLUSIapHU
PUBOXKJIAHTHpUIIra WyHanTtupwirad. Kaita Taii€pnam Ba Majgaka OLIMPHILI
WYHAIMIIMHUHT Y3Ura XOC XYyCyCHSTJIapH Xamjaa Jaoi3ap0 MacajajlapuiaH Kenaud
YUKKaH XOJ/Ja JacTyp/la TUHIJIOBYMJIAPHUHT Maxcyc (aniap goupacuiard OuiIuM,
KYHUKMa, MaJlaka XamJa KOMIIETEHIUsUIapura  KyWriaauran — Tainadmiap

TAKOMUJUJTAIITUPHUIIAIINA MYMKHH.




Moay/HUHT MaKcaau Ba Basudaaapu

“MaTeMaTUK aHAIM3HUHT Maxcyc 000yapu” MOAYJWHUHT MaKCaad: Teaaror
KaJpJapHU KalTa Taiépiail Ba Majaka OIIMPHUII KYpCH THUHIJIOBUMJIAPUHU MEXaHUKA
COXACUAAru SHI CYHITH IOTYKJIAp, MyaMMoOJIap Ba YJIApPHM Xaj OJTHUII WYJUIAPUHHU
aHUKJIAIIl YCYJUIapH, WIYHUHT/ICK, HaTWKAJapHU aMaluil axaMusTiiapy Ba HUILUIA0
YUKApUIIl 00OBEKTIApUIa KyJIall HyJIapuHu YpraHuill XucoOJIaHaIx.

MonynauHT Bazudacu THHTIIOBUMIIAP/Ia MATEMATHKAHUHT 3apypUit
MabJIYMOTJIApY MaXMyacH (TylIyHYanap, TaCAUKJIap Ba YIAPHUHT UCOOTH, aMaIHii
MacaJlaJlapHU €YUl yCyJuIapy Ba Oomikanap) OViinya KYHUKMalapHU MAKJIAHTUPUII

Ba sTHaJla PUBOXKJIAHTUPUIIIAH HOOpaT.

MoayJ1 0yiiM4a THHIJIOBYMIAPHUHT OMJIIMMH, KYHUKMACH, MAJIAaKACH Ba
KOMIIETEHIUSUIAPUIa Ky HHJIaJurad TaaadJaap

“MaTemMaTUK aHaJTM3HUHT Maxcyc 000Japu’™ MOJIYJIMHH Y3JIallITHPHIILL
apa€HuJla aMalira OlMPUIIaIUTral Macajiajiap JOUpacuaa:
Tunraosun:

- MaTeMaTHK Ba KOMIUIEKC aHAJIW3 Ba YHUHT OYJIMMIIapH, YHU YKUTHIL OViuYa STHTH
TEXHOJIOTHSJIApHU OWIIUIIN;
- MaTEeMaTHK Ba KOMIUIEKC AaHAJU3HUHI MyaMMOJIapU Ba YHHUHI PHBOKJIAHUII
UCTUKOOIIIapH;
- MareMaTHK Ba KOMIUICKC aHalu3 Ba YHHM VYKUTUII OyiM4a SHTH Ha3apuid
OwMMiapra sra OyiuIu;
Tunraoun:

- MaTeMaTHK Ba KOMIUIEKC aHAJIM3HUHT aMaluérra TaTOuKiIapu;

- YeKJIM Bapuauusau (QyHKOuUsap, Crunteec HMHTETpad Ba  YJIApHHUHT
xoccanapuiad (o aaHuII,

- rosoMopd Ba TApMOHUK (YHKIUSIap Xama YJIapHUHT XOccaJlapuaaH
ol nananum;

- DnemeHTap QyHKUusIap Ba ynap €Epaamuna Oaxapuiaguran KoHGOpM
aKCIaHTUpHUILUIApAaH QoiiaTaHuIl aMaliiid KYHUKMaJIapUHU dTaJlJIali JIO3UM.

TUHII0BYHK:

- WIIMUN TAAKAKOT UIIUTAPUHUHT HATYDKAJIAPUHU TaXJTUJT KUJTHIIL,
- YKyB Mackauiapuja (GaH CcOXacH UXTUCOCIUTHUIIAH KeIUO YMKUO TMeJaroruk

(1)aOJ'II/I$ITHI/I peKaIalITUPHUIL Ba aMaJira OIIMPUII;




- MaTeMartuka (aHiapu coxajapuaa METOIMK XaMmJla SKCIEPTIMK WILIAPUHHU OO

OopHIll KomMnemeHnyuanapuza Sra OYIUIINA JO3UM.

Moay/HM TAIIKKJI 3THII BA YTKAa3UII 0yiHMYa TaBCUsAIap
“MareMaTrK aHaIM3HUHT Maxcyc 6001apu” Kypcu Mabpy3a Ba aMalIuii (CeMHUHap)
MaIlFyJIoTiap MWaKiIuaa oinud Oopuiany.
Kypcuu ykutum sxapaéHuia TabIMMHUHT 3aMOHAaBUN MeTOAJapu, axOopoT-
KOMMYHUKAILMS TEXHOJIOTUSIApU KYJUIAHWINIIY Ha3apa TYTUJITaH:

- Mabpy3a Japciapujia 3aMOHABUU KOMIIBIOTEP TEXHOJOTUsUIapu €paaMuia
MIPE3EHTALMOH Ba AJIEKTPOH-IUJAKTUK TEXHOJIOTUSIIapaH;

- YTKazuinaJuraH CeMHHAap MAIIFyJoTiapAa TEXHUK BOCUTajap/iaH, TecCT
CYypoBIapu, akJIMid XYXKyM, TypyXJid (UKpIail, KOJUIOKBHYM YTKa3uIl Ba OOIIKa
MHTEPaKTUB TabJIUM YCYJUIAPUHU KYJUTAIll Ha3ap/a TYTUIaau.

Moay/JIHMHI YKYB peskagard 001mKa MoayJ/uiap Oujiad OOFIMKJINIHY Ba
Y3BHIJIUTH
“MareMaTuK aHaJU3HUHT Maxcyc 0oOnapu” MOAYIM Ma3MyHHU VKyB pekajaru
“TabmuMaa axOOpOT-KOMMYHUKALIMOH TEXHOJIOTHsIap” YKYB MOAYJIW OWJaH y3BHI
OOfJaHraH XoJiJa MEXaHWKAaHUHT J0Ji3ap0 MyamMMoJyiapu Oyiinua renarorjapHUHT

KacOuif regaroruk Tanéprapianuk JapakaCuHU OPTTUPHUIITA XU3MAT KUJIA]IH.

MoayaTHUHT OJIMH TABJIMMAATH YPHU
MoaynHu y3IalTUpUl OpKadd TUHIJIOBYWIAP TyTalll MyXUTJIAp, TUAPOTEXHUK
MHIIIOOTJIap, SKCIIEPUMEHTANl MEXaHUKa, TEXHUKA, KyPUJIUII Ba UILUIA0 YHMKAPUIITHUHT
Oollka coxallapuja yupaurad MyaMMOJIapHU TaJKUK KWJIHII WYIJIApUHU YPTaHMIII,

yJIapHU TaxXJIWJI KAJIUII Ba amalijia Kyjulalmra Kacouil KOMIeTeHTIIMKKA 3ra Oyiaaumnap.




“MaTeMaTHK aHAJM3HUHT Maxcyc 0o0apu” MoayJ OyiiM4ya coat/jiap TAKCUMOTH

Ayauropus
KyMJIQ/IaH
Ne MoayJ maB3yjaapu ; = =
« = E
X | 5 g
= <
1. | Yeknu Bapuanusiu GyHKUUSIHUHT TabpudH, 6 2 4
MUCOJUIAP, XOCCATIAPH.
2. | Kommiekc aprymenTinu GyHKUMsIIap 4 2 2
3. | 'omomop¢ Ba rapmoHHK (yHKUIHSIAP. 6 2 4
Kamnu 16 6 10

HA3APUI BA AMAJIMAMALIFYJIOTJAP MASMYHHU
1-maB3y: Yekau Bapuauusaiu QYHKUMSHUHT Tabpudu, MUCOIAp, X0CCAIAPH.

Yexnu Bapuanusuiv GyHKUUSHUHT Tabpudu, MUcosuiap, xoccanapu. Yeknu
Bapuauusara sra 6ynran GpyHkuusiaap cuHgu. Yeksu Bapuanusim GyKuusiap yuyH
3apypuii Ba erapiu waptiap. T yrpuianyBun yn3ukiiap Ba KopaaH TeopemMacH.

CTuUnThec MHTErPATMHUHT TabpU(U Ba YHUHT MaBXKy UMK wapTti. CTUITbEC
MHTETPAMHUHT Xoccanapu. CTUITheC MHTErpanuHu xucoonam. CTunTeec
MHTETPAIMHU T€OMETPUK MabHOCU. CTUAThEC MHTErpaiuHK Oaxosanl. CTUIThecC
MHTErpajiy OEJITUCH OCTU/IA TUMUTTA YTHIIL

2-maB3y: Kommieke aprymentiin pyHKuusjiap.

Kowmmekc aprymentnu dpyukuusuiap ['ogomopd dbyHKIMsIIap Ba yIapHUHT
xoccanapu. Koadpopm akcnantpunuiap. Ynsuknm QyHKIus, Kacp-4u3uKiInd QyHKIHS,
napaxanu GyHkuus, JKykoBcKUi pyHKIMACH, KYPCATUKUWIN (PYHKLIKS.
TPUTOHOMETPHK (HYHKIIHSLIIAP.




3-maB3y: 'apMoHuK QpyHKIUSIAP.
[apmonuk Qynkumsinap. Xoccamapu. ['apmoHuk ¢QyHKuMs Ba TonoMopd
¢yHkuusuiap opacugaru Oornanuml. Ilyaccon ¢opmynacu. 'apMOHUK (QYHKIUSHU

cuH(ra TETHILIIATH. XapHAK TEOPEMACH.

YKUTHII ITAKJIJIAPHA
Ma3kyp MOIyJHM YKHATHII >Xapa€HUJa TABJIMMHUHI 3aMOHABUM METOMJIapH,

negaroruk TCXHOJOTHAIap Ba aX60pOT-KOMMyHI/IKaI_[I/I$I TCXHOJIOTHAIapU
KyHHaHHHHmH Ha3apJa TyTHJITaH:

- Mabpy3a Japciiapyjia 3aMOHABUM KOMIIBIOTEp TEXHOJOTHsIapu EpamMuja
IpE3CHTAIMOH Ba uHTepdaos mnemaroruk (Axaui XyxuM, BeHH mguarpammacu,
KOHIICTITYyaJI ’KaJ[BaJl) yCyJ Ba TeXHOJOTHsIapJaH (oiianaHnuiiaum;

- YTKa3WJIaJIuraH aMajauidl MaIlFyJoTiapjia TEXHUK BOCUTalapiaH, Trpaduk
opraHaif3epiap/aH, kehciaapaad doiganaHuI, rypyxjian (GUKpIail, KHIuK TypyxJjap
OwnaH wunuiam, OJUI-CYpPOBIAapJaH Ba OOIIKAa WHTEPAKTHUB TabIUM YCYJUIAPUHH
KYJUIAIl Ha3ap1a TyTHIagu.
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1. MOAYJIHU VKATHIIIA ®ONIATAHNUIAJUTAH HHTEP®AOJ
TA'BJIMIM METO/UIAPH

“PCMY” meToamn

TexHOJOrusHUHT MaKcaau: Ma3Kyp TEXHOJIOTHS UIUITUPOKYWIApAArd yMyMUn
bukprapaan Xycycuil Xynocanap YUKapHill, TaKKOCall, Kuéciaml OpKajlu axO0pOTHU
V3MamTUpHIL, XyJIocalall, IYHUHTIEK, MyCTaKuI WKOIUN (PUKpIail KYHUKMaTapyuHu
WIAK/UIAHTUPHUIIra  Xu3Mar  Kuiagd.  Maskyp — TEXHOJIOTHSIaH  Mabpysa
MaIFyJIoTIapuaa, MycTaxKamilaimijaa, YTHITaH MaB3yHH Cypaimijga, yira Basuda
Oepuila Xamja amMauii MaIIFyJIOT HaTHXAJTApUHHM TaxXJWil JTHUIAA (HoWgamaHuII
TABCHSI ITUIIAN.

TexHoOrUAHN aMAaJITa OIIUPHUIT TAPTHON:

- KaTHalIguwiapra maB3yra oOuJl OynraH sKyHUH Xyrnoca €Ku Fosi Takiud

ATWIAIN;
- xap 6up umrtupokynra G@CMY TeXHONOTHUSICUHUHT OOCKUYIapu E3WIraH

KOFO3JIapHU TapKATUIIA]IU:

* OUKPUHTU3HU 0aH dTUHT

* puKpuHTH3HUHT OaéHuTa cababd
KYpCAaTHHT

* Kypcarran cabaOMHTU3HU
ncO0TIa0 MUCON KEIITUPUHT

* GUKPUHTH3HU YMYMJIAIITHPUHT

- UIITHPOKYUJIAPHUHT MYHOCA0AaTJIapu WHIWMBHIyaN EKU TYpyXuil TapThOIa

TAaKIUMOT KWUJINHAIU.




OCMY  Ttaxyiuny  KaTHaIIYWiapaa KacOwif-Ha3apuil OWIMMIIApHH aMajuii
MaliKiaap Ba MaBXyd TaxpuOanmap acocuaa Te3poK Ba  MyBadhakusITIu

Y3IaTHPUIIUIITUTa acoc OVaau.

“bpuuHr”’ MeToau

“bpudunr’ — (unr. briefing — kucka) Oupop-Oup Macama EKH CaBOJHHUHT
MyXoKamacura OaruiniaHTaH KUCKa mpecc-KoH(epeHIus.

Vrrazum 0ocKu4Iapu:

1. TakAUMOT KUCMH.

2. Myxoxama >kapaéHu (CaBOJI-kaBoOJIap acoCHIA).

bpudunrnapnan TpeHUHT SKyHIAPUHUA TaXJIWIT KWIHIIA HONTaIaHUI MyMKHH.
yHuHTAEK, aManuil YUMHIApHUHT OUp IIaKIu cudaTuia KaTHaIguiIap Ouinan oupra
no/13ap0 MaB3y €KM MyaMMO MyxoKaMacura OaruiiaHraH OpuUHIIIAp TAITKUAI ITHII
MyMKUH Oynaau. Tanmabamap €Kku THHTJIOBYWIAp TOMOHHWJAH sIpaTHJIraH MOOWII

WJIOBAJIAPHUHT TAKAUMOTHHM YTKa3uaa xaM (hoiJalaHuIl MyMKHH.




I11. HABAPUH MABJYMOTJIAP MATEPUAJLJIAPA

1-maB3y: HEKJIU BAPUALIUAJIN @ YHKIUAJIAP BA
YJAPHHUHI XOCCAJIAPH.

& N

PEJKA:
1.1.Yexnu sapuayusnu pynkyuanune mavpugu. Yexau sapuayusiu

dyukyusiap cungu.
1.2.Yexnu 6apuayusnu yHKyusIapHUHe X0CCANapu.
1.3.Yexnu 6apuayusnu gykyusniap yuyH 3apyputl 6a emapiu wapmiap.
1.4. Tyepunanysuu wuzuxnap. Kopoan meopemacu.

< 4

Tasnu wubopanap: uexkiu eapuayus, y3eapuuiu Ye2apaiaHeaw QYHKYUs,

DYHKYUAHUHS MYIUK 8APUAYUACU, MAHCOPAHMA.

1.1. Yexnu Bapuanusiid QyHKIUAHUHT Tabpudu. Yeksiu Bapuanusjiu

¢pyuxkuusiiap cungu

Aviraitmuk, f(X) ¢ysxumsa gexnm [@;b] opamukma anukmanran OyiacuH. By
OpAJIUKHU yIIOY
A=Xy <X <Xy <o <X <Xy <o <X, =D
TCHICU3JIMKIAPHN KAHOATJIAPTUPYBYM MXTUEPHI HyKTamap €paaMuia n Ta OpajrKKa

OynamMu3 Ba Kyiuaaru WHFUHANHA Ty3aMU3;
n-1
9= | (%) — F (%) 1)
k=0

1-tappud. Acap (1)-tiueunounap VYN e N yuyn okopuoan mexkuc uecapanranean

oynca, ynoa fT(X) ¢gynxyus [a;b] xecmaoa uexnu eapuawusza ’ea éxu yzeapuwu

yezapanaunzan Qynkuyua oeuunaou. llly vueunounapuune awux Kopu yeeapacuea




(PYHKYUAHUNHZ MYUK eapUAUUACU EKU MYAUK Y3eapumiu 0eb amanaou xamoa y

b
V f(X) xabu 6ercunanaou:

V (9 =sup{s} @

Babsu xommapna f(X) QyHKuusHHHT yekcu3 opanukmarn (Macaias, [a,-+oo)
OpaJMKJarv) Bapualusacy TYFPUCHAA XaM ralupuil MyMKHH Oynanu. dapa3 KUiIaniuk,
f(X) dynkups [a,+0) opanukna Gepuiran 6yicus. [1]
2-tanpud. deap f(X) gynrxyus V|a, Al c[a,+w) opamrda ek sapuayusea
A

sea 6ynu6, \[ f(X) myaux eapuayuanap mexuc ueeapananean 6yica, ynoa f(X)

@dynryus [a,+oo) opanukoa Yekiu eapuayusiea ’ea, 0ed amanaou xamoa:
+0 A
vf(x>=sup{Vf(x)} 3)
a A>a | a
0e6 kabyn kununaou. [1-3]
M3zox. f(X) pyuxyusnune vexnu sapuayusea s2a 6yumuda YHUHS Y3ayKCUsiuu
MYMIAKO axamusamea 32a dMac.
MucoJuiap. 1) [a;b] kecmana uxTuépuii yerapasanran MOHOTOH (DYHKIIHS YEKITH
Bapuarusira 3ra oynaau.

<« a) [a;b] — uexnu 6yacUH. =

-1
4 = Z| f(X.,)—f (Xk)| = (¢yHKIIHST MOHOTOH OYJIraHu Y4yH MOAYILIAp
k=0

n-1
WUFUHINCH WMFUHAMHUHT MOJYJIUTa TCHT OYaam) = Z[ f(x.,)—f (Xk)] =
k=0

[T 00) =T )+ F06) = F )+ FO6) = F(x)+.+ F06) = FOx,)|=] T ()= T (%)=
£ (b) - f(a)|:>\;f(x) = sup{3}=|f (b)— f (a)|.

6) f(X) pynxkums [a,+00) opanukna Gepuiran 6yncus. =




\7 f(x):= sup{\? f (x)}:sAuEﬂ f(A) - f (@)} =|f (+0) - f(a)],

A>a a

oy epma f(+0)= Lim f(A).»

2) DHIW Y3IyKCHU3, JICKUH YEKIIM BapHalusra sra OyiMaran (pyHKIHSIra MHCOJ
KeITHpPaMU3.

<« Yuby

XC0s—~-, arap x#0 6yica
f)=1" "2x P Y
0, arap X=0, Oynca

¢yuknusan [0;1] xecmana kapaiimu3. Kyitunaru:

TEHICU3JIMKJIAPHU KaHOATIaHTHPYBYH HyKTanap épnamuna [0;1] kecmanu opanukiiapra

axkparamu3 Ba (1)-HuFHHIMHA XHCOOIAMU3 Xam/ia 0y TEHTJIMKKa dra OYiiaMus:

=Y () - f(xk)|=1+§+...+% R

L 1 1
V (%) :sup{,9n}:sup{1+E + ...+—} =+o0. P>
0 n n
Yexin Bapuauusin GyHKuussiap cuigu.
ABBairM myHKTAAa Kypranummsiaek [a;b] kecmama wmxtuépuit yerapaganran

MOHOTOH (DYHKIIMSI YeKJIM Bapuanusra sra 0ynamu. by xoccagan Qoiinananu0, yekiu
BapHalysUId QYyHKIUIAp CHHPUHN KEHIa TUPHII MYMKHH.
1-teopema. [a;b] xecmaoa Gepuncan f(X) ynkyus wy xecmada 6ynaxmu

MOHOMOH OYca, AbHU.

m-1
[a,b]= kL:Jo[c”:tk,a,<+l], (a,=a, a,=Dh)

m

oynuo, f(X) ¢yurxyus xap oup [a,,a,,,] kecmada monomon 6ynca, ynoa f(X) ¢ynxyus
[a,b] kecmaoa uexnu sapuayusea sea 6ynaou. 2]

< [a;b] xecmanuHT UXTHEPHIA OVIIMHUITHHA OJIHO:




n-1
4= Z| f (Xk+1 —f (Xk)|
k=0

itnruHan Ty3amu3. by 6ymunumra a, (K = O,_m) HyKTanapHu Kymuo, [a;b] xecmanuur

SIHTY OYIMHUIIMHY OlaMu3. SIHTU OYTUHUII yUyH:
_ m-1
19n(m) = Z| f (ak+1) — f (ak)| =B
k=0
6ymm6, 9 < Inem TeHrcusmuk Gaxapumagn. Jemak, sup{3}<B = f(X) byukms

[a,b] kecmama ek Bapuanusra 3ra. >

2-teopema. Acap T(X) @yuxyua [a}b] kecmada Jlunwuy wapmunu
Kanoamaanmupca, ok utynoati L>0 con monuncaru, uxmuépuii X, X € [a, b] HYKmanap
VUVH:
\f(i)-f(x)\gL-\i—x\ (4)
menzcuznux oaxcapunca, ynoa f(X) ¢ynxyus [a,b] kecmaoa vexnu eapuayusiiu

@dyukyus 6y1a0u 8a:
b
VIi(x)<L-(b-a)
menecusuk baxcapunaou. [1]

n-1 (4) n-l
< 8n22|f(xk+1)_ f(Xk)|SLZ(Xk+1_Xk):L‘(b—a), VneN yuyn =
k=0 k=0

\7f(x)£L-(b—a) >

3-teopema. Acap f(X) @ynxyus [a;b] xecmaoa ueeapananean xocunaza sea
oynca, ynoa f(X) ¢yuxyus [a;b] xecmaoa wexnu sapuayusea sea 6ynaou. [1-2]

<« Teopema maptura kypa mrynaai ysrapmac L >0 con ronmunanuku, VX € [a, b]

yayH

£ <L
TeHrcusuk Gaxapunaau. VX X €[a,b] myxramap omu6 [X;X] (éxn [X;X]) xecmana

JlarpanXHUHT YeKJIM OpTTUPMAJap XaKuaard TeopeMacuian (hougaraHamMms:




\f(i)-f(x)\:

Hemak, f(X) dynkmus [a;b] xecmana JInnumui mapTHHE KaHOATIaHTHPAp dKaH. YH/Ia

gL-\(i—x)\.

2-TeopemMara Kypa y 4eKJIu Bapualusra sra oyiaau. »

4-teopema. Azap [a;b] xecmaoa anuxnanzan f(X) @yukyusnu wy xecmaoa

yuioy
f(x)=c+ _X[gzﬁ(t)dt (5)

Kypunuwoa ugooanraus mymxun oynca, o6y epoa ¢(t) ¢yuxyus [a,b] kecmaoa abconrom
unmeepanianysuu  @ynkyus, y xonoa f(X) ¢yukyus wy xecmaoa uexiu seapuayusea

sea 6yauo,
\7 f(x)< j lp(t)|dt

menecusnuk baxcapunaou [1,3].
<« TeopemaHuHT UCOOTH yHIOY:

n—1 Xk41

<2 [ o)t < j l#(t)ldt

= Xk

Xk+1

j $(t)dt

n-1

9= 2100 100 =5,

TEHTCU3JIMKIaH KeJno uuKagu. P

1.2. Yeku Bapuanusaiu QyHKUMSJIAPHUHT X0CCATAPH.

Aifraitnuk, 4yexkiu [a,b] kecMa Oepuirad OYJICHH.
S-TeopeMa. [a,b] xecmadazu uxmuépuii yekIu Bapuayusiu QYHKYUSAIAp uty
Kecmaoa yeeapanianeau 6ynaou.

4 VX € (a, b] HYKTa oJlaMu3. YHJa IapTra Kypa:

9, =|f(x')— f(a)|+|f(b)— f(X')|£V f(x) (6)
oynanu. =

= [F()|=]f(x) - f(a)+ f(a)|s|f(x')—f(a)|+|f(a)|(§)\7f(x)+|f(a)|:|v| =N




f (X) uerapanmanran. P

6-teopema. Acap f(X) sa g(X) dyuxyusnap [a,b] recmada uexnu eapuayusiiu
oynca, yHoa:

a) F(x)£9(x);

0) T(x)-9(x)
QYHKYUALAp Xam Wy Kecmaod Yekiu 8apuayusiu 0y1aou.

7-teopema. Azap T(X) ea §(X) ¢yuxyusnap [a,b] kecmaoa uexnu eapuayusinu
f(x)
(x

Oynuo, uy Kecmaoa |g (X)| > > 06ynca, ynoa Hucobam xam [a,b] kecmada wexiu

sapuayusiu 6yiaou.

8-teopema. Aumaiinux, T(X) ¢gyuxyus [a,b] kecmada anuknanzan éa C < (a,b)
oyncun. Aeap (X) @yuxyus [a,b] 0a wexnu eapuayusnu 6yica, ynoa y [a,c] ea [c,b]

KecManaprume xap oupuda yexkau sapuayusiiu 6yraou ea akcunya. Illynuneoex,
b c b
V)=V ix)+V () (7)
a a c

MeH2IUK baxcapuiaou.

<« Oapas xunaiimuk f(X) ¢ysxums [a,b] kecmana yeknm Bapuanusm OYICHH

[a,c] Ba[c,b] opanmukHUHT Xap OupuHU V yCyJ OUJiaH aJloXuja KecMajlapra axxpaTaMus:
A=Y, <<y, <.yV,=¢ €=12,<2,<2,<..,=b (8)

Hartwmxana, OyTyH [a,b] kecma xam Kucmiapra axpananu. [a,c] Ba [c,b] kecmanap yuyH

KYWHMIard WNFUHIWIAPHA TY3aMU3:
m—=1 (-1
'91(m) :Z|f(yk+1)_f(yk)|; ]926 :Z|f(zi+1)_f(zi)| -
k=0 i=0
b b
=[ab] yayr 4 =8™ +9, 6ynamn. = I + 9P =9 <\/ f(x) = gV <\/ F(X)

Ba

b
K<\ f(x).=




f(X) dbynkmus [a,c] Ba [C,b] kecMamapHuHT Xap OHpHIa YEKIIM BapHalKsira sra Ba

KyHHJard TeHTCU3JIMK Oa’Kapuiiain:
c b b
V f(x)+V f(x) <V f(x) 9)

Duau dapas kunaitmuk, f(X) ¢yakmus [a,c] Ba [c,b] kecmamapuunr xap oupuaa
YeKJIM BapHanusira sra 0yncuH. [a,b] kecMaHUHT UXTUEPHUM OYTUHUIINHN OlaMu3. Arap
C HyKTa OYJIMHHUII HyKTajapura Kupmaca, yHAa C HM XaM OVJIMHUII HyKTajaapura

kymamu3. Hatmkana, &, HuruHau (akar KaTTagalluiiyd MyMKHH:
(m , c b
m
G <F"+G <\ () +V f(x)=
= f(X) dynkums [a,b] kecMana yYekiM Bapuanusra sra Ba:

V@<V 70+ S @) (10)

TeHrcu3nuk Oaxapuiaau. (9)- Ba (10)-tenrcusnuknapaad (7)-TEHTCU3IUK Keaud
quKaau. »
By Teopemanan HaTuka cudaTuga Kyiuaara xocca Kemd YMKau.

9-teopema. Azap f(X) ¢yxnyus [a,b] kecmaoa uexnu eapuayusea sea 6yica,
VHOQ uxmuépuii X e[a,b] VUYH:
9(x) =\ ()

MYIUK apuayusi X y3eapy@uuHuHe MOHOMOH YCY8YU 64 Ye2apalaHeaH QyKyuscu

oynaou.

1.3. Yekan Bapuaumsjim GyKIUsIap y4yH 3apypuii Ba eTapJ/iu maptJiap.

Airaiinuk, f(X) dynxuus [a,b] opanukna anuknanran 6yiucun. By nmaparpaduaa
ous Oepwiran f(X) (QyHKUMSHUHT YekaM Bapuamnusara sra OYJIWIIM ME30HIAPUHH

KEJITUPaMu3.




10-teopema. f(X) gyuxyusnune [a,b] kecmada uexnu eapuayusea s2a 6yiuwu

VUYH Uy KecmMaoa MOHOMOH ycyeuu ea deeapanavean wiynoau F(X) ¢yuxyusnune
MagHcyo 6ynub uxmuépuil [X', X"] c [a,b] Kecmaoa:
| (x")— f(X)|<F(X")— F(X) (11)
meH2CU3IUKHUHS Oaxcapunuwu 3apyp éa emapau|l,2].
Hlyumait xoccara sra 6yaran F(X) o¢yakmusra  f(X) dyaxkmus — yays

MaKOPAaHTAa JICHWIIA]IN.

11-teopema. f(X) pynxyus [a,b] kecmaoa uexnu eapuayusea 32a OyaUWU YUYH

VHU WYy Opanukoa UKKUMA MOHOMOH YCY8YU 64 Ye2apalaHean @YHKYUSIAPHUHS

avuupmacu KypuHUmuUOa ugooanraul MymKuH OyIumy 3apyp 6a emapiiu:
()= 9(0) ~h(x) (12)

<« 3apypuurn. Aiiraiimuk, f(X) dbynkmous [a,b] kecmana ey Bapuanuysra sra
oyicun. Yuma 10-Tteopemara kypa miyHmail makopanra F(X) Tommiaagukue, yHUHT
yuyH (11)- Tenrcusnuk Oaxapwmanu. Tyswammmra kypa F(X) ¢yHkius MoHOTOH
YCyBUM Ba yerapananrad. Arap:

9(x) = F(x) Ba h(x) =F(x) - f(x)

ned Oenrwmiacax, f(X)=g(x)—h(x) OVmagum xamga Kyiumarm MyHocadar

OarkapuIIain:
(1)
h(x") —h(X) =[F(x") - F(X)]-[ f(x") - f(X)] = 0,
x">x Ba X", X' e[a,b] = h(x) T Ba uerapanaHraH, YyHKH:
IhO)|<|FO|+| f(x)| <M.

Erapimnrn. ®apaz kuwnaimik, ¢(X) Ba h(X) ¢ysxumsuiap [a,b] kecmana

MOHOTOH yCyBuH Ba (12)-TeHrcusimk 0axapuiCcHH.
F(x)=9(x) +h(x)

ne6 onmu6, yaunr f(X) yuyH makopanrta Oy IMIINHEA KypcaTaMu3:




~[[9(x) - g ()]~ [h(x") —h(x)] <[g (x) - g (x)|+
~[90¢) - 9] +[h(x) ~ h(x)] =[g (<) + h(x)] -

—[9(X)+h(X)]=F(x")-F(x') = F(X) — maxopanra.

£ (x") - £ (X)
+|h(x") = h(x)

Vuga 10-treopemara kypa f(X) ¢ymkmus [a,b] xecmama deknu Bapuarusra osra

oynmamgu. >

Harmxa. Aeap (X) pynxyus [a,b] kecmaoa wexnu eapuayusea sea 6ynca,ynoa
VX, € [a, b] HYKMAaoa YHUH2 YeKau OUp momOoHIU TUMUMAAPU MABHCYO.
f(xO—O):XélXTOf(x); f(x0+0):xélxmof(x) (13)
<« 1l-reopemara kypa myHmaii ycyBum Ba uyerapamanran Q(X) Ba h(x)

byHKIMsIAp TOMUIAAUKH,
f(x)=g(x)-h(x)
TEeHIJIMK Oakapwiaau. MaTeMaTuK aHaIu3 KypcuaaH MabllyMKH, MOHOTOH (DYHKITUsLIIAp

YUyH YEKJIH:

lim g(x)=9(x,£0) Ba lim h(x)=h(x,=£0)
X—>Xg£0 X—>Xg£0

naap maBxkyn = (13). »

1.4. TyrpuianyBuu un3ukiaap. 2Kopaan teopemacu.

12-teopema. T (X) ¢yuxyus [a,b] xecmaoa uexnu eapuayusiu gynxyus 6yuo,

X, €la,b| 6pncun. Aeap f(X) pynxyus X, nykmaoa yznyxcus 6yica, ynoa:
0 0
g(x) =\ f ()

QyHKyus xam X, HyKmaoa y3uyKcus 0yaaou.
4 X,<b 1e6 ¢apa3z kumamuz Ba ((X) (QYHKIMSHHHT X, HyKTaja YHTIAH
Y3IyKCH3 9KaHIUIHHH ncOoTnaiiMus. Ve >0 con omub, [Xy;b] kecmann ymby:
Xg <X <...<X, =D
TEHICH3IMKHU KAHOATIIAHTMPYBYM INYHJAAM HyKTamap &paamMuaa Kecmajapra

aXXpaTaMH3KH, HaTHXKaJa.




8 =St - F>V O ¢ (14)

TEHTCU3IIUK OaKapHJICHH.

f(x)eC {XO} , OYynraHu ydyH, X HYKTaHU X,HyKTara IIyHJald SIKUH OJIMIL

MyMKuHKH, | f(X)— f (X0)| <& Oyncun. Yana (14) ra kypa:

\;f(t)<g+19n:g+§|f(xk+l)— f(xk)|:£+|f(xl)— f(x0)|+

n-1 n-1 b
A/ [F(xen) = F )| <e+ e+ | f () = F(x)| <26 +V |F (D)
k=1 k=1 X

b b X
oynamu. Hemax, \/ f(t)-\/f(t)<2¢ éxu \/f(X)<2& wmynocabar ypunmm. =

X X %o
g(x)—9(x,) < 2¢. g(X) pynkius ycyBuu 6ynranu yayn —
0<g(X, +0)—9g(x,) <2¢
By TeHrcuznuk Ba & HUHT UXTHEPUUATUTHIAH (poManaHCcax,
g(xo +0) = g(xo)

TCHTJIMKHY, TbHE ((X) QYHKIMSHUHT X, HYKTa1a YHTIaH Y3TyKCU3 SKAHIUTHHA XOCHIT
KWJIAMU3.

X,>a Oymran xomma Q(X) QyHKUMSHHHT X, HYKTaja dYargaH y3JTyKCHU3
HKaHJIMTY XaM 11y Kabu KypcaTuiaiu. p

By TeopeManian Kyinuaaru HaTH»xa KeJin0 YMKaIu.

Harmxka. [a,b] xecmaoazu uexnu eapuayusiu ysaykcus f(X) @yuxyusanu wy

KecmMaoa uUKKuma y3ayKcus, ycysuu QyHKYuUsHuHe auupmacu KypuHumuoa ugooanau

MYMKUH:
f(x) =g(x) —h(x).

13-Teopema. Aumaiiiux, f(x)eC [a, b]6)7fzcuH. [a,b] kecmanu yuby

a=X, <X <..<X,=Db
MEH2CUBTUKAAPHU KAHOAMIAAHMUPY8YU UXMUEPUL HYKMANAp epoamuoa KUcMiaped

al)cpamamus 6da.




n-1
4 = Z[ f (Xk+1) — f (Xk)]
k=0
HUUSUHOUHU onamus. Yuoa, acap:

A= kT%WkH - Xk)

oynca, Ywoy:

A1—0

lim3, =\/ f () (15)

MeHeNUK YPUHIU OVIaou.

<« busra MabIyMKH,
b
V f(x)=sup{3,}

Ba 6YmHMm HyKranapura suc6atan {9, } T . Jlemax, Teopemann ncGotnarm yayH ymoy:

sup{J,} =lim3, (16)

A—0

TEHTJIMKHUHT Oa)KapWIUIIUHU KYpcaTHIl KUQosi.

dapa3 KWIANIKK,

Sup{$ }=A (12)

OyJicuH. YH/Ia aHUK IOKOPHU YerapaHUHT Tabpudra kypa KyiugarmiapHu XOCUI
KHJIaMH3:

1) VheN yayn 4 <A

2)Ve >0 con onuaranaa xam 3n, € N Tonuia ik,

8, > A—¢& TeHICH3INK OaKapuIagu.

{Sn}T. = Vn>n, yuyH & > A—¢g Oynaau.
Hemak , Vn>n, y4yH:
A-e<8 <A<A+s¢

skaH. = KeTMa-KeTJIMK JIUMUTUHUHT Tabpu@ura Kypa:

lim3 =A (18)

A1—0

teHrauk ypurnu. (17) Ba (18) nan = (16). »




Yexnu Bapuanusiau QyHKIHS TYIIYHYACH ATPU YU3UKHUHT TYFPUIAHYBUMIUTH
Macajiacujia y3 TaTOMKUHY TOITaH.
AWTainmk,

x=g(t)
y=y(t), te[to;T]

couia orpu 4msHK Gepuiran 6ym6, @(t),y (t) e Clt,;T] Oyncun. dapas Kumaiiuk, t

AB = (L) :{ (19)

napameTp t, nan 7' ra KkapaO y3rapranna, yHra L srpu 4MsuKaa Moc KeIyBYH.

(%, y) = (#(1), (1)
HyKTa 4 HyKTazaH B HyKTara Kapa0 y3rapcuH.

[t,;T] KecMaza ymoy: t, <t <t,<...<t =T TEHI CU3JINKIIAPHU
KaHOATJIAHTUPYBYU UXTUEPUI HyKTalapHH oau0, ynapra (L) srpu 4u3HKIa MOC KelraH
HyKTagapHu A=A <A <A <..<A, =B 1e0 6enrunaiimus. by HyKranapHu xeTma-
KeT Tyramrupunl Hatwkacuga (L) srpu YMsukka YM3WIraH CHHUK YM3MKHH XOCHII

KHJIaMus3s. By CUHUK YM3UKHUHT IICPUMCTPH.

P = 2106~ 90T + W) —w )T (20)

TEeHIJIUK €pamMuia udoaaiaHaan.

3-Tabpud. Aeap ywoy:
limP, =L (4= max(t,., —t,))

20 k=0,n-1
auMUm maexcyo éa uekau oyinca, ynoa (L) sepu uusux myepunanysuu yuzux oeuuiaou
xamoa numumuune Kutimamu L ea ynune y3ynaueu oeb amanaou.
14-teopema (ZKopoan meopemacu). (19)-sepu uusugnune myepunanysuu Oyiuuiu
yuyn §t) ea w(t) gymyusnapnune [t,;T] opanukoa uwexnu eapuayusea sea 6ymuwu
3apyp 6éa emapJu.
Drpu 4M3UK &itn y3ymmmruan L= L(t) ne6 yuu [t,;t] opanukna xapaiimus. Veia

L(t) T 6ynamm Ba At>0 6ynramma AL = L(t+At)—L(t) yays:

t+At t+At

0<AL<\/ o(t)+\/ w(t)




TEHTCH3JIUKJIAp Oakapwiiaau. = Y3IyKCU3 TYFpUJIaHYBYM OSrpu 9m3uWK yayH L(t)
byHKIUs t MTapaMeTPUHUHT Y3IyKCU3 (PYHKIIHSICH OYan.

Ha30paT caBoJIapm:

1. Yexnn Baprauusiin GyHKIUsIIAp TabpUQH.

2. OyHKUMSHUHT TYJIUK Bapuanuscu HuMa?

3. Yekisn Baprauusiiy QyHKIUsUIAp CUHQHU.

4. Yexnu Bapuanysuid GyKuusiiap yuyH 3apypuil maptiap.

5. Yekinu Bapranusiia GyKIUsUIap YIyH eTapiu mapTiap.

doiigaJaHNITaH agaduéTaap:

1. TyituueB T.T., Tumadaes X K., Kyrnumyparos A.P., Kapumon 7K.2K.
JlonoJIHUTENHBIE I1aBbl aHaIu3a, 1. “YHusepcurer”. 2015.
2. Brian S. Tomson Theory of integral. Simon. Fraser University Classical Real

Analysis.com, 2012.




2-maB3y: CTHJITbEC HHTETPAJIU Ba YHHHT X0CCAJIAPH.

PEJKA:
2.1. Cmunmoeec unmezpanuHure mavpugu 6a YHUHS MABHCYOJIUK AP

2.2. Cmunmvec unmezpaiuHuHe Xoccaniapu.

2.3.Cmunmvec uHmezpanuHu Xucooiaul.

2.4. Cmunmvec uHmespaiuHute 2eoMempux MabHOCU 84 UHMEeSPAIHU
baxonauu.

2.5.Cmunmvec unmezpanu deneucu ocmuoa IumMumaa yYmui.

Tasnu wubopanap: Cmunmvec unmecpanu, Oynaxkiab unme2pamiaul ycyiu,

meKuc AKUHJIAUULU.

2.1. CtunThec HHTErPAJMHUHT TabpU(H Ba YHHHI MABXKY/VIMK IIAPTH.

Crunteec uHTerpaiv Puman wHTErpaqvuHUHT TaOuuii ymymiammacu OYiuo,
Kylngarnua aHukjIaHaan. Alrtaiinuk, [a,b] kecmana 2 Ta yerapananrad f(X) Ba g(x)
¢dbynkumsuiap 6epunran 0yicud. [a,b] kecmanu ymoy:

aA=X, <X <X, <..<X, ,<X,=b
TEHICU3JIUKIIADHU KAHOATJIIAHTUPYBYM MXTUEpUM HyKTajmap Epmamuga N Ta

[Xk ; Xk+1], k=0,n—1, kucmuapra axparamu3. AX, =X, —X, Ba A= max AX, 1ebd

Genrmnaiivus. V&, €[ X, ;X,.,| Hykra onu6, ymby AHFHHINHE Ty3aMu3:




H

n— n-1

o= T(&I[9(X.) —9(x)]= 2, T(&)Ag(%,) (21)

k k=0

Il
o

(1)-tiuruaaura CTHITHeCHHHT HHTErpaJl WHFUHINCH JCHUIaIu.

1-tappud. Aeap limo =1 masoxcyo ea uexnu 6yau6b, ynune xutimamu [a,b]

A0

KecCMaHuHe Oyaunuw ycyauea xamoa ynoaeu &, HyKmanapuune mauiauumiuea O02nuk

oyamaca, ynoa wy conea T(X) yuxuuanunz §(X) ¢yuxkyua oyiuua Cmuamoec
b
unmezpanu Oelunaou éda (S)I f (x)dg(X) xabu 6eneunanaoull-3].

Jemaxk,
)] 1 (g (0 =lime=lim " £ (5)Ag(x,) 22

Arap (22)-unterpan MaBxyn Oyiaca, yuga f(X) d¢ymkumus [a,b] xecmama g(X)
(ynknus 6yiinya MHTEerpaLuIaHyB4Yu e aranaju.
O CTUATBEC MHTETPAIMHUHI MaBXyMJIMK IIApTHUHU aHUuKmaimui. Papa3s

kunaiimk, g(X) dyskius mMoHOTOH YeyBum OyiacuH. Y xoima Ax, >0 Oyaranma

Ag(x) >0 o6ynamu. Kyiiugaru GenruiansiapHd KAPUTAMU3:

M= nf {100k M= Sup{T (%)},

Xi» Xk+l [kaxk+1]
n-1 . nd (23)
§:kaAg(Xk)’ S :ZMkAg(Xk)'
k=0 k=0

2-tappud. S 6a S tueunounap moc pasuwoa Japoy — Cmunmovecnunz Kyiiu
6a Kopu tiuuHouaapu 0eb amanaou .
Opnnuit JlapOy Wurunawiapyu kabu Oy WUFMHIWJIAD XaM KyHuJarua xoccajaapra

ara.
1°. Aeap [a,b] xecmanune 6ynunuw Hykmanapuea smeuiapu Kywuica, ynoa S

Gaxam opmuwu, S sca kamativwiu MYMKUH.
Jlemax, {i}T Ba {§} l.

0 . . .. . o
2" . lapoy—Cmunmvbechune uxmuépuil Kyuu UueUHOUCU YHUHS UXMUEPULL IOKOPU

HueuHoucuoan kamma 6yaa oamauou (azap y oowka 6yauHuwea Moc Keica xam).




Arap ymoy:
l.=Sup{S} sa I"=inf{S}
TeHrnukiap €paamuaa apOy—CTUNThECHUHT KYiHlH Ba IOKOPH HMHTErpaljiapyuHu
aHMKJIACAK, YHJA:
S<L<I"<S
TEHTCU3NUKIap VYpunnu OVnaau. by Ttenrcusnukimap Ba [lapOy - Cruirbec
nuruHauIapuaad doinananuO, oaauii Puman mHTerpanu Xonauaard Kabu Kyuujaru

TCOPEMa OCOHI'MHA I/IC6OTJ'IaHaI[I/I.

1-teopema. Cmunmvec uHmMe2paruHuHe Magxicyo oOyauuiu yYuyr yuoy:

lim(S-5)=0
eKu:
n-1
lim kzzc;kag(Xk) =0 (24)

meHenuKHuHe baxcapunuuwiu 3apyp éa emapau (o, =M, —m,).

CruiTbec HHTErpajau MaB:Kyad O0y/aran pyHKUUsAIap CHHPH
2-teopema. Aeap f(x) eC|a,b] 656, 9(X) dyuryus [a,b] kecmada vexnu

sapuayusiea 3ea b6yica, y Xxonoa:
b
(8)[ f(x)dg(x) (25)

Cmunmvec unmezpanu maexcyo o6ynaou[l,3].
4 f(x)eC [a, b] — Kanrop Teopemacura kypa TeKHC y3aykcus = Ve >0

yuyH miyHnaih ¢ >0 coH tomwmanuku, [a,b] KecMaHM Y3yHJIMKIApU O JaH KAYHK

Oynran OVynakimapra axparwiranga, f(X) QyHKUUSHMHET 1My OYynakiapaard

TeOpaHUIIN @, Y4YyH yuly: @, TEHTCU3JIMK Oaxkapuiiagu. DM [a,b]

<;
g(b)-g(a)




KeCMaHM y3YHJIMKIApH O JaH KMYUK OYIIraH Kucmiiapra axparamm3. = A<J Ba

a)k<;.:>
g(b)-g(a)

:Eokag(Xk)<m:20[g(xk+l)_g(Xk)]:
- e 90 -0 =s = MY aagex)=0 =

(25)-unTerpan maBxyn. P
3-teopema. Acap f(X) Gyukyus  [a,b] kecmaoa Puman mavHocuoa

unmeepannanysyu 6yauo6, g(X) ¢yuxkyus Jlunwuy wapmunu KAHOAMAGHMUPCA, STbHU:

909 - g(x)|<L-(x=x)

_ (26)
(L=const,a<x<x<h)
menecuzux basxcapuica, ynoa (3)-Cmunmovec unmezpanu masxcyo oyraoufl,3].
<« a) AsBan xoccanu ((X) Qynkus (6)-mapTHy OaXkapuIIIaH TAIIKapH
MOHOTOH YCYBUHU OYJIraH X071 Y4yH UCOOTIIaliMMU3.
n-1 n-1 (6) n-1
o A (X,) <Za)k [g (X)) —9 (Xk)] <L- Za)k (Xesr —X¢) =
k=0 k=0 k=0
(27)

= L-nz_ia)kAXk

k=0
f(x) ¢yoxkmus [a,b] ma Puman MabHOCHAAa WHTErpajUIaHyBUM OYIITaHH YUyH

n-1 n-1
IimZa)kAXk =0 Ba Moc paBumpma (27)-TeHrcusnumkka kypa lim Za)kAg (x,)=0
A—0 k=0 A—0 k=0

Oymamu. = (25)-uHTErpan MaBxKyI.

0) YMymuii x0J1. JIummui mapTuay KaHoamantupyBun §(X) QpyHKuusHA
Kyluaaru KypuHuuiia €310 oaamus:
g(x)=L-x=[L-x-g(X)]=0,(x) - g,(x). (28)
(28)-tenrmuknaru g,(X) =L - X dyakuus JIunmui mapTiHU KAHOATIIAHTHPHIIK OIIaH

Oup Katopaa MOHOTOH ycyBuu Xam Oymanu. Iy maptmapaun  g,(X) =L-x—g(x)

dyHkuusa xam 6axapaau. Jlapxakukar, a < X < x<b YUYH:




3.0~ 8,00 = L) ~[ 90 -9 (9 |2 L (=)~ L-(x -0 =0=>
= {g,(0} 1

Ba

10,00~ 9, (9] LX)+, (9 ~ 9,00| £ Lx= 1)+ L(x—x) =

=2L(x - X).
a) xonra kypa g,(x) Ba g,(x) map yuys (24) mapt 6axapunaan = (24)-mapt g(X)
GyHKIUS yayH XaM Oaxapuinaagn => (25)-unTerpan maBxym. P

4-teopema. Acap T(X) yuxyus [ab] xecmaoa Puman mavnocuda

unmezpannanyeuu 6yauo, §(X) @yuxyusnu ywoy:
g(x) =c+ [g(t)dt, (29)

0y epoa ¢(x)—[a,b] Kecmaoa abconom UHmMezpaiianysuu QYHKyus, KypuHuuuoa

ugooanaw mymrun o6yica, ynoa (25)-unmeepan masxicyo 6ynaou.

2.2. CtuiTbec HHTErPpAJTMHUHT X0CCAJIAPH.

CtunTthec MHTETPATUHUHT TabpUdUIaH TYFPUAAH TYFPU KyHUJaru xoccaiap

KEJIUO YUKAIN:

L. (S)zdg(x)=g(b)—9(a)-

2°. (S)i[ f,(x) £ f,(x)]dg(x) = (S)i f,(x)dg(x) + (S)i f,(x)dg(x).
3. (S)i f(x)d[9:(x) £ 9,(x)]= (S)Z f(x)dg,(x) £ (S)z f(x)dg,(x).
4 (S)ik- FO)d(£-9(x)) =(S)k -EI F(x)dg(x).

5°. (S)] £ (x)dg(x) =(S)] f (x)dg(x)+(S)[ f ()dg(x) (a<c<b)




MucoJ. [-1;1] xecmana 6epuiran ymoy:

F(x) = {O, arap —1<x<0 Oynca, 0, arap —1<x<0 6yica,

Ba g(X)={

1, arap 0<x<1 6ynca 1, arap 0<x<1 6ynca

0 1
GYHKIMSIIApHU OJlaMu3. YHJa (S)j f(x)dg(x) Ba (S) J f(x)dg(x) wunTerpamIap
-1 0

MaB)KyJl Ba HOJIa TEHI OyJajau, YyHKH HKKajia Xoijna Xxam CTuiTbec MUFHHINCHIA

1

KaTHamraH Xxamiap 0 ra TeHr. DHau (S)I f(x)dg(X) uHTErpaJHHHT MaBXKY/
-1

AMACIUTUHU KypcaTtamu3. ByHuHr yuyH [-1;1] KecMaHUHT wIyHAal OYIMHUILIMHUA

onamMu3ku, 0 HyKTa OYJIMHUII HyKTacu OynMacuH. MHTerpan WUFUHAWHU Ty3aMU3:

n—

1
o = z f (& )Ag(x,) =((attraitmuk, 0e[X,X.,,] Oymemn = x <0<Xx., =
k=0
HuruHARAard K-4u KYIIMTyBUKIaH OOIIKa XaMMacH HOJITa TeHT Oyiiaau, 9yHKd | # K
na
Ag(%) =9(x,,) —9(x)=0)) = f(&)- [g(xk+1) - g(xk)] = (&) -1-0)=

0, aeap & <0 oynca,

:f(gk):{ :Kimo—ﬂ:(S)jf(x)dg(x)—Sﬂ

1, aeap & >0 oOynca 4-0

2.3. CtuiThbec HHTErpaJMHU XHUCOoOJIall.

5-reopema. f(X) ¢yuxyus [a,b] kecmaoa Puman mavrocuoa unmezpaiianysuu
oynub, 9(X) pyuxyus yuoby

g(x) =c+ [p(t)dt

Kypunuwoa ugooarancun, 0y epoa @) ¢yukyus [a,b] xecmada abcoriom
unmezpainanysuu pyuxkyus. Y xonoa

(S)[ £ ()dg(x) = (R)[ f ()e(x)clx (30)

MeH2eNUK YPUHIU OY1aou.

«(30)-TeHrIMKHUHT YHT TOMOHUAArH PUMaH HHTETpalid Teopema IiapTura Kypa
MaBXkyd. CTUINTbEC HHTErpaIn MaBXYyJIMTH 3ca §-TyHKTHaru 4-reopemaza
ucootnanrad. Duau gaxat (30)-TeHIIIMKHUHT YPUHIM SKaHIUTHHA UCOOTIAIl KepakK.




Ymymuiinukka 3u€H keatupMmarad xonga ¢(X) >0 nebd dapas Kunamus, 9yHKH
uxTuépuit @(X) QyHKUIUSIHU UKKuTa Mycoar ¢, (X) Ba ¢,(X) GyHKUMSIAPHUHT
aitmpMacu KypuHAIIUAA n(oaana MyMKUH:

P(X) = 9, (X) =, (X)
byHuHr yuyH

|<0(X)| —9(x)

@ (X) =

(X)) ;L(p(x) 0,() =

ne6 onuiil Kudos.
Opnatmaru ycyn ounan CTHITheC HHFUHANCUHY TY3aMU3:

n-1 Xk+1

7= 1(6) 9x.0)-9x)]=Y. [ F(& ot (31)

kZO Xk

Hkkunumn TOMOHIOaH

b n—1 Xk+1
(R) j f(X)p(x)dx=> j f (x)dx (32)
a k=0 x,
teHruK ypurian.(31) nan (32) Hu aliupaMu3 Ba aiinpMaHu O0axomaiMm3:
b n-1
o= (R f ()e(x)dX = 2 f(5)~ f () p(x)dx <
<3 JI1E)- TP =((x ek %] =
= [1E) - T, <Zwk [ p00ax Zkag(xk (33)
[[TapTra xypa (S)I f (x)dg(x) - maBxynq =
n-1 15 b
= fimY o,Ag(x) =0 (:ﬁfima:jf(x)dx: (30).»
-0 k=0 A—0 "

Hcbotnanran TteopemagaH Qoiinananud, KyWugara TeopemMa XaM OCOH
nucOoTIaHaIH.

6-reopema. Aumaiinux, f(X) @yuxyus [a,b]  kecmada Puman mavnocuoa
unmezpannanysyu, g(X) e C[a, b], 0(X) @ymryus yuyn [a,b] kecmanune uexau conoazu
Hykmanapoan mawkapu b6apya nykmanapuoa 9'(X)  xocuna masxcyo 6ymu6, 9'(X)
xocuna [a,b] kecmaoa abconrom unmezpanianysuu 6yacun. Ynoa

(S)[ £ (9dg () = (R)f f ()9 (X)dlx (34)

oynaou.
<« Teopema mapTUHK KaHOATAAHTUPYBYH J(X) QYHKIUSA ydyH

9(x) =g(a)+[g')dt




dopmyna Ypunmu Oynamu. Yega @(t) =g'(t) 6yaran xonma 5-reopemara xypa (34)—
TEHIJIUKHU XOCUJT KW1amus. P>
Ouau §(X) GpyHKuus y3unuinra sra 6yiaran xonna CTUIThEC HHTETPATHHU

XUCOOJAIIHU YpraHaMu3.
YHU y3unuimmra 3ra 6yiaran «ctanaapm» p(X) GyHkumsian 6onuainmMus.

/KX)={

1, aeap x>0 oOyrca

0, acap x<0 Oyrca,

p(X) dynkuus X =0 Hykrana 1-typ y3unumira sra 6yiau0, yHUHT 1y HyKTaJarua
cakpariu
p(+0)—p(0) =1
Ooymanm.
p(X) dyHkIMsACH KabH, YOy

0, aeap X<cC Oynca,
p(x—c)= g
1, aeap X>C Oyaca

Ba
0, aeap X<cC Oyica,

1, aeap X=C Oyrca

p&—X)={

GyHKUMAIAp XaM X =C HyKTajaa 1-Typ y3unuinra sra 6yau0, yJapHUHT Iy HyKTaJaru
cakpaiiu Moc paBuiiia 1 Ba—1 ra Tedr 6ymnanu.
f(X) dyHkuusaHM X =C HykTaga y3nykcus 1e0 gpapas Kuinamus Ba

($)] f(dp(x—c)

UHTErpaaHu Xucobnaiimus. by epna a<c<b (c=b 6yaranma unarerpan =0 Oynamn).
Ctunrbec UHFUHIUCUHU Ty3aMH3:

o= 1(E)00 )

dapa3 KUTAHIMK, C€[X,X.,] (X, <C<X.,) OyncuH. YHma i#k 6ynranma
Ap(x, —¢) =0 Ba Ap(Xx, —C) =0 Oymagu. =

> a=f(ék)Ap(xk—c>=f(@):(S)Tf(x)dp(x—c)=ggga=giggf(ék)=f(c).
JTlemax, a

©)f f0dp(x—0)= F(©) (a<c<b) (35)
IBHTHHKypHHHH6§Hap3KaHiXynﬂHIHyKa6H

©)f fXdpc—)=—f(©) (a<c<b) (36)

AKAHJIMTUHU XOCWJ Kuiamus (C=a Oynranna Oy unrerpan =0 Oynaan).
OHan OW3 Kalicuaup MabHOAa O-TeopeMaHW YMyMIIAIITHPYBYH TEOPEMaHU
ucOOTIANl IMKOHHSITUTA STaMU3.




7-teopema. Dapas xunaviaux, f(X) ea 9(X) @yuxyuanap [a,b] xecmaoa
bepunean 6yaub, Kyriuoasu wapmiap 6aicapuicum:
1) f(x)eCla,b]

2 g(x)eC([a,b]\Q{ck }j a

a=C,<C <..<C,=b nykmanap 9(X) @ynxyusnune 1- myp ysunuw nygmanapu,
3) uexnu conoazu nykmanapoan mawxapuoa 9'(X) xocuna masocyo,
4) 9'(X) xocuna [a,b] kecmada abconrom unmezpanianysyu.

b
YV xonoa (S)I f (x)dg(x) Cmunmvec unmezpanu masxcyo 6yraou ea Kyuuoazu

MeH2NUK 0aicapuiaou.

(S)[ F(0dg() = (R)[ f (g (x)dx+ f (a)-[g(a+0)—g(a)]+

+ijf(Ck)~[9(Ck +0)-g(c, -0)]+ f(b) {g(b) - g(b-0)] 37)

H3ox. Acap g(X)e C[a, b] oynaca, ynoa (37)- ¢opmyna (34)-popmynaca
atiianaou, svhu (-meopemadarn 6-meopema Keaub yukaou.

/-TeopeMaHMHT UCOOTH.

E3yBHU cojanamTupyIn ydyH Kyiuaary Gelruialiapid  KUPUTaMU3:

al:r = g(ck +0) - g(ck)l (k = O!m_l)
o =9(c)-9(c -0), (k=1m)
VYHna 1<k<m-1 yudyH
o, —a, =g(c, +0)—g(c, —0)
oynaau. Kyitnnaru €pnamMmun GyHKIUSHA OJIaMU3:

0,09 =Yl plx~c) - i p(6, -

Anpkianrang g,(X) ¢ysakuus §(X) GyHKUMSHUHT Oapya Y3WIMILIAPUHM Y3Uaa

cakJiaiiy Ba
9,() = 909 — g, (%)

byHKIMA y3myKcu3 QyHKIUs Oy naau.

Jlapxakukar,

1) x=c, Oynca, 0,(X) byHKIUsA y3nykcu3 QYHKIMSUIAQPHUHT aiimpMacu
cudaTtuaa y3nykcus Oyinaau;

2) x=c, Oymcun. AsBan 0,(X) dyskuusauar c (k<m) HyKkTaga VHOIaH
y3JyKCU3 OyIUIIMHU Kypcatamus. X €[c,,c, +0) Oyincun —

9.(X) =9(X) —a p(X—¢ ) =
g,(c,) = g(Ck)—a;,O(OO) =g(c,).

WUKKnHYM TOMOHIaH,




fim 0,00 = fim | 99~ P9 ~6,) | = 9(c, +0) - -

X—Cy +0
=g(c, +0)—[a(c, +0)—g(c)]=a(c,) .
= 0,(X) QyHkums X=cC, HyKTaJa YHIJIaH Y3JIyKcu3. XYyIAHU HIyHTa yXmam g,(X)
¢ysakmusHUHT €, (K >0) HyKTaja yamnaaH y3JIyKCHU3IIUTH XaM KypcaThiaad. =

9,00 eCfc,} = g,(x) eClabl.

Arap X #C, HyKTa OJUHCa, yH/1a Oy HyKTaHUHT OUpOp aTpoduia aHUKIaHUILINUTA
kypa g,(X) ¢pyHkuusa y3rapmac KuiMatHu KaOyn kunaan. = g'(x)=0 = x=#c,
Hykrana 9.(x)=9'(x)

Oynamu (anbarra 6y Tenrnuk §'(X) MaBxyn Oyiaran Hykraaapaa Kapaaaau).

Vanykcu3 0yiaran §,(X) dyHkius yuayH aBBanru 6-teopemara kypa CTuibrec

WHTErpajii MaBxy1 OYiaau:

(S)[ £00dg, (x) = (R)| f(x)dg;(x) = (R)] F(x)g'(x)dx (38)

Oumu (17) Ba (18)-Tenrnukiapnan doiinanannd, KyWUJIard UHTETPATHU
XUCOOIaNMu3:

(S)[ (949,00 = >z -(S)[ f (9dp(x—c,) -
=3 e ()] 100dp(e —x) =3 ay @)+ e 1(6) =

= f(a)-[g(a+0)—g(a)]+m§f(Ck)-[g(Ck +0)-g(c, —0)]+
+ f(b)-[9(b)-g(b-0)] (39)

(38) Ba (33)-renrnuknapHu xamiald Kymuin épaaMuaa MCOOTIAIIMMU3 Kepak
Oynran (37)—TeHIITMKHA XOCHIT KAIaMu3. P>

CruiTbec HHTErpajm y4yH 0yaakiad uHTerpaiiam (popmyJiacu.

8-teopema. Azap (S)T f(x)dg(x) ea (S)T g(x)df (x)  Cmuamvec

UHMe2PANNApUOar OUpU Masxcyo OVIca, YHOA UKKUHYUCU XaM MA8i#Cy0 Oynaou 8a yuloy

oynaxnab unmezpaniaul Qopmyaacu Yypuriu:

()] £ (0dg(0 = £ (9900 |—(8) [ 90x)df () (40)

CTUITheC MHTETPAJTUHM XUCO0JIAIITa IOUP MHUCOJLIAP.




ABBaNTH MyHKTAA KYpraHUMU3AEK, MabIyM mapTiap Oaxapuiaranga CTHibTec

WHTETPAJIMHU XUCOOIaIl yayH KyHuaara GopMynanap YpuHIu OYyianu:

($)[ 00dg () = (R)] f (x)g(x)dx, (41)
($)[ £09dg () = (R)[ f () g'(x)dx, (42)
Ba
($)[ £(9dg(x) = (R)[ (g’ (x)dx + f (a)-[g(a+0) - g(a)]+
a a (43)
+>,T(c) [9(c +0)~g(c, ~0)]+ f (b)-[g(b) —g(b-0)]
[y dpopmynanapaan ¢oiinanannd Mucoiap e4aMus.
1-mucoa. Kytiuoaeu Cmunmoec unmezpaniiapu XUcoOnancuu:
a) (S)_T x’d/n(L+ X); 6) (S)J% xd sin X; 8) (S)j xdarctgx .
<) (S)J.de In(1+ x) =(( (12) - bopmynanan doiirananamus))
L X2 X? 2
=(R) (x 1+—jdx :K——x+ln|x+1|j‘ =2-2+In3=In3.
oy X+1 X+1 2 0
0) (S).z[xdsinx: (R)ixcosxdx: =X = du = dx =
0 0 dv = cos xdx V=sinx
= XSin X 2—Jz’sinxdx:£+cosx E:£+O—1:£—1.
o 4 2 o 2 2

X

1 1
B) (S)| xdarctgx= (R dx =0.»

2-MHUCOJ1. Kytiudaeu Cmuimvec unmeepaiiapu YUcoOIaHCUuH.




a) (S)J- xdg(x), 6y epoa

0, aeap x=-1 oOyica,
g(x)=<1, aeap -l<x<2 6yrca,
-1, aeap 2<x<3 o6yuca,

ea

) (S) j x2dg(X), 6y epoa
0

-1, ageap 0<x< % oyaca,

0, aeap %£x<g oynca,
909 =

2, aeap x:E oynca,

—2, aeap %<x£2 oynca.

<4a) g(X) pyskuusauar X = —1 HyKramaru cakpamu lra, X =2 HyKragara
cakpamy —2 ra TeHT Xxamaa X #—1;2 aykranapaa g'(x) =0. Yana (13)-bopmymnara

Kypa Kyiugarura sra 0ynamus:

(S)T xdg(x) =—1-(1-0) + 2(-1-1) =-1-4=-5

3
0) 0(X) GyHKUuSHMHT X =3 HyKTaJard cakpammu lra, X =5 HyKTaaru

cakpamy -2Ta TEHT Ba X # %g 6ynraaaa g (x) =0. MaTerpamam (13) —

dopmynanan QoiinanaHud xucobaanmMus:

2

(s)EXng(x):GT.(0+1)+@ (201 B 1T,

4

3-Muco. Cmuimvec uHmezpaiiapu XUcoOIaHCum:

a) (S) [ xdg(x). 6) (S) [ x*dg(x), 8) (S)[ (X* +1)dg (x).




by epoa
X+2, aeap —2<x<-1 6ynca,
g(x)==+ 2, acap —-1<x<0 o6yrca,
X*+3, aeap 0<x<2 6ynca.
<« g(x) pyskmusanar X =—1 Ba X =0 mykramapugara cakpamm 1 ra TeHr
Xamja:
1, aeap -2<x<-1 6ynca,
g'(X)=40, aeap -1<x<0 6yuca,
2X, acap 0<x<2 oOynca.

a)(S).fodg(x) = ]lxdx+.|2‘x-2xdx+(—1)-(2—1)+O-(3—2) =

X2t 2,
+=X
-2 3

X ? 1, 16, 17

2

2 (24) -1 2
5) (S) j x2dg(x) = j x2dX + j x22xdX + (~1)% -1+
-2 -2 0

3|
+O-1:X— L X
32 2o

4

2
+1:—1+§+8+1:111.
3 3 3

B) (S)j;(x3 +1)dg(x)(:):[l(x3 +1)dx +:|;(x3 +1)2xdx+

-2

2

4 _ 5 2
+[(—1)3 +1]1+(03 +1)-1=(XZ+ xj ;+ 2£%+X?j F0+1=
=1—1—4+2+6—4+4=15i.>
4 5 20

2.4. CTUITBbEC MHTETPAJMHUHI TeOMETPHK

MabHOCH BA HHTEIPAJIHM 0axoJial

Cruarbec HHTEIrPAJIUMHHUHI TCOMECTPUK MAbHOCH.




Aiiraiimuk, f(t) Ba 9(t) ¢pymxuusmap oupop T :[a, b] OpaJlMK/Ja aHHWKJIaHTaH
O0ynmu0, Kylinaru mapTIapHA KaHOATIaHTUPCHH:

1) f(t)eC(T) Ba f(t)>0,

2) 9(t) ¢dymxkmua T 1ga xaTeuil ycyBunm OYIu0, y3WIMII HyKTajlapura
(cakparapra ) ara OYJIuIIM XxaM MyMKHH.

Yoy
(S)i f(t)dg(t) (44)
Ctunthec UHTErpaJIuHu KapanMus. ;{yﬁlxmam
bt ter 49

napaMeTpHK TCHIIaMalap TeKUCIUKIa OUpOp Y YM3UKHU, YMyMaH OJITaH/a Y3UJIHIITa
ara OYynraH YM3WKHU aHUKJIAIH.
Arap 6upop t=t, nykraga 9(t) dpyukuus cakpaiura sra 6yica,
g(to _O) < g(to +0)

oymamu. g(t, —0) Ba g(t, +0) mykranapra Y= f(t) pyuxkuus OV yxumaru 1 ta f(t,)
HYKTaHW MOC KYSIJIH.

(9(t,-0), f(t,)) Ba (9(t,+0), f(t,)) Hykramapum xkecma €Epramuaa
TyTamrupmica, 0y kecma OX ykura napauien Oynanu Ba ) 4M3uKHH ) HyKTamaru

cakpaluaad KyTHJIaMH3.
bomka cakpamr HykTajzapuia xam 11y Kapa€HHH aMmalira OLIUpCaK, ) YU3HK

Y3IYKCH3 YU3MKKa aimaHaau. Xocwi OynraH um3ukHu [ ne6 Oenrmmaiimms. (1-
yu3ma)

y
f(t) T

>

F(to) [

v

0 4@ gt,-0) gt,+0) gy X
1-yu3ma.

Onou (44)-unmezpannune xuimamu oxkopuoarn 1’ wusuk, gytiuoan OX yku, én
éxnapuoan X=0(a) ea X=0(0) sepmuxan uusuxnap 6unan uecapananzan s32pu
YUSUKIU MPANEYUSHUHR T03Uea MeHe OYTUUUNHU KYPAMU3.

«T =[a,b] kecmanu ymoy a=t, <t <.t <t,<..<t =b




TEHICU3JIUKJIAPHA KAHOATJIAHTHUPYBYM MXTUEPUNA HYKTanap €EpaaMuia Kacmiapra
axparamus. Hatwxkana, OX ykugaru [g (a); g(b)] KecMa XxaM
g(a) <g(t) <..g(t) <g(t.,) <...<g(b)
HYKTaJIap €pAaMuia KuCMIIapra axpasaju.
m, = ir!f {f(t)} Ba M, = Sup {f(t)}

[t teal [te teea]

ne6 oenrunad, Ctuntbec - JlapOyHUHT Kyiu Ba IOKOPH HUFUHIWIAPUHY TY3aMU3;
n-1 _ n-1
S= kaAg(tk)7 S = ZMkAg(tk)
k=0 k=0

By WuFMHAUTAPHUHT KUMMATIapu MOC paBHIAa OepuiIraH MAKIHUHUT HYUa
€TraH Ba YHU y3 MUMTa OJTaH KYNOypuYakJIapHUHT fo3ajapura TeHr Oymamu. (44)-
MHTETpaJ MaBXKyJl OYiIranu yuyyH

N—oo
(A—0) (A—0)

fim § = £im S=§= (S)j). f (t)dg(t)

oynanu. »
CTuiTbec HHTErpajy y4yH YpTa KHAMAT XaKHAa Teopema.
dapa3 kunainuk, [a,b] kecmama Oepuiran f(X) ¢ynkuus uerapananran

Oy JICUH:
m< f(x) <M.

9- Teopema. Azap [ab] xecmaoa bepunzan (X) @yuxyus monomon ycyeuu

b
Oynuo, (S)I f (x)dg(x) Cmunmeec unmezpanu magicyo 6yica, y Xonoa yuioy

(S)[ f(x)dg(x) = u-[g(b) - g(a)] (46)

meH2IuK ypurau 6ynaou, 6y epoa m< u<M.
4[a,b] kecmanu opanukiapra 6ynu0, CTUATEECHUHT UHTErpal WMFUHANCUHU
Ty3aMu3:

o =3 F(E)AX,).

By Tenrnmuk Ba m< f(x)<M TeHrcusnukaan ¢oianaHcak, KyWHaarda TEeHICU3JIUKKa
KeJIaMu3:

m-[g(b) - g(a)]< o < M[g(b) - g(2)]
By tenrcuznukna A —0 na numurra YTuo

m-[g(b) -~ g(@)] < (S)[ f (x)dg(x) <M -[g(b) - g(a)]

€KHn

(S)[ f(x)dg(x)
<

g(b)-g(a)
SKAHJIUTHHU TOMamMu3. Arap




(S)] f (x)dg(x)

g(b)—g(a)
ne6 Oenrmmacak, m<u<M Oyau0, OXUPrd TEHIIHMKIAH MCOOT KUIMIIUMH3 Kepak
Oyaran (46)—TeHrIuK Keauo JuKaam. P

Harmka. Arap 9-teopemama f(X) eC[a, b] Oyica, yHaa myHaal Ce [a, b]
HYKTa TOIHJIa UK,

lLl:

($)[ f(x)dg(x) = f(c)-[g(b) - g()]

TEHTJIMK Oa’KapuiIaiu.

CTWibTeC HHTErpaJMHU YpraHuim sxkapaéaumma amammérna f(X) dyHkus
y3aykcu3 Ba §(X) QyHKIMSA YeKIn Bapralsra 5ra 0Yarad X0 MyXdM axaMHsITIa ora.

bynnait xonga CTunTbec HHTETpaAIMHA KyWuaarnda 6axoJamn MyMKHH.

10-Tteopema. Azap f (X) € C[a,b] 6a 9(X) uexiu sapuayusnu ¢ynxyus 6yica,

VHOA:

‘(S) [ f00dg(j<M -v (47)

MeH2CUBTUK YPUHIU OVIIAOU.

by epoa:

M =max|f(x)|, V :\;g(x).

a<x<b

<« CtunThec MMFUHIMCUHU Ty3U0, YHU OaxoiaiMus:

n-1 n-1
o] =3 f(E)Ag(x)| = 2| f (5] |Ag(x,)| <
= = (48)
n-1 b
<M Jo(x0) -9 <MV g(x) =M V =
k=0 a
>
11-reopema. f(x)eCla,b], 9(x) - wexw eapuayusnu  pynxyus  6a

b
| = (S)I f (x)dg(x) 6yncun. Ynoa Ve >0 yuyn 36 >0: 1< 6yneanoa:




|a—||£g-\;g(x) (49)

b6ynaou.

2.5. CTuiarpbec MHTErpaJin 0eJIrMcH OCTUAA JIUMUTIA YTHIIL.

12-Tteopema. @apas3 kuratinuk, [a,b] kecmaoa {f (x)} (n=1,2,...) ¢yuxyuonan

kemma-kemauk depunear 6yau6, lim f_(x) = f(x)
oyncun. Aeap:

1) f (x) eC[a,b],

2) n—>w oa f (x)2 f(x),

3) 9(X) -uexnu eapuayusu pynkyus 6yica, y xon0d.

lim(S) j f (x)dg(x)=(S) j lim f,(x)dg(x) = (S) j f(x)dg(x) (50)

o6ynaou.
4 n—>owo ga f (X)f(x), 6ynrann yayn Ve >0 onmHranma xam mryHgan
n, € N con Tommwiaauku, Vn>n, Ba 6apua X €[a,b] map yuyn
1f.(x)— f(X)|<e
TEHICU3JIMK Oaxapunaau. YHaa 15-nyHkrtaarn (29)-TeHrcusiImkka Kypa N> n,

Oynranna Kyiuaaru MyHOCa0aTHU XOCUJT KMJIAMU3;

‘(S) [ £,00dg00 —(S)] f (x)dg(x)

b (51)
:‘(S)j[fn(x)— f (x)]dg(x)

b
<&\ =

13-teopema. Papas wunainuk, [a,b] kecmaoa f(X) pyuxyus 6a
{9,(X)} (n=12,...) pyuxyuonan kemma-xkemnux bepuncan 6yaud, Kyuuoazu wapmiap

basicapunicun:

1) f (x) e C[a,b],




2)g,(x) (n=1,2,...)-uexnu sapuayusiu yukyusiap,
b
Vg, (X)<V (n=12,..),

4) limg, () =g(x) .

Y xonoa:
lim(s)| f (x)dg, ()= ()] f (xdg(x) (52)

oynaou.

Ha3sopar caBosuiapu:

1. CtunThec MHTErPaTUHUHT TAbPU(DUHU KEITUPUHT.

2. CTUITheC UHTETPATMHUHT MaBXKYITUK IIAPTH.

3. CTunTheCc MHTETPATHHUHT XOCCAIAPHUHH KEJITUPHHT.

4. CTuntbec MHTErPATMHUHT XUco0aaml popMyiaJapruHi KEITHPUHT.
5. Ctuntbec HHTErpaIMHU Oaxosain

doiigaJaHNJITaH agaduéTaap:

3. Tyituues T.T., Tumabaes X K., Kyrnmumyparos A.P., Kapumon K. K.
JlonoJiHUTENHBIE I1aBbl aHaIU3a, T. “YHusepcurer”. 2015.
4. Brian S. Tomson Theory of integral. Simon. Fraser University Classical Real

Analysis.com, 2012.




3-maB3y: ['o1omop¢d Ba rapmonuk GpyHkuusiap.

e e D

3.1. Komnnexc apeymenmau @ynxyusiap.

3.2. Komnnexc apeymenmau (yHKyusiHune oughghepenyuanianyuaniucu.
Tonomopgh pynkyusnap eéa yrapuune xoccaiapu.

3.3. Xocuna mooynu 8a apeymenmunune 2eomempux MavHOCHU.
Konghopm axcrnanmupuwinap.

3.4. I'apmonux ynkyusiap 6a yiapHuHe Xoccaiapu.

< 4

Tasinu ubopanap: conomopgh ynxyus, kongopm axciaumpuud, 2apMOHUK

dyuKyus.

3.1. KoMmiuiekc aprymeHT/IH (PYHKIIUATIAP.

Kommeke connap texkucnuru C ma oupop E Tymnam Gepuiran OVicuH.

1-Tawvpud. Acap E mynnamoacu xap oup z Komniexc conea fKouoa éxu KOHyHed
Kypa oumma W KoMNJIeKC coH Moc Kyuunean oynca, E myniamoa ¢pynkyus d6epunean
(anuxnanean) oeb amanaou 6a y

f:zow éxu w= f(2)
Kabu bencunanaou.

bynna E tynnaM QyHKUUSHUHT @HUKIQHUW Mynaamu, Z IpKiu y32apyeuu éKu
¢yukyus apzymenmu, W 3ca Z y3rapyBUMHUHT OYHKUUACU EUWITANN.

Aiiraitmuk W = f (z2) ¢yuxums 6upop E (Ec C) rymnamaa Geprunran 6yiacud. By
byHKIUSHA

w=f(x+iy)=u+iv (xeR,yeR)
KYpUHUIIA XaM €3ulll MyMKUH. by aca E Tynmamnaa ukku y3rapyBuniIm UKKUTa

u=u(x,y),

v =V(XY)




GYHKIUSITApHUHT aHUKJTAHAIIUTA 01M0 Kenaau. byHnan 6uTTa KOMIIEKC Y3rapyBuniIn
W= f(z) QyHKIMSIHUHT OCPUITHIIM UKKATA UKKU Y3rapyBUMIN XaKUKUH QYHKITHSIIAP

u=u(x,y),

v =V(X,Y)
OepUITUIINTA SKBUBAJICHT OYJIHIIH KETHO YUKIH.

w = f(z) pyukuns Ec C tymiamaa Gepunran 6yiub, z y3rapysuu E tymiamma
y3rapranna QyHKIUSHUHT MOC KMAMaTIapuIaH noopar TyIiam

F={f(z):zeE}
OyncuH. by Tymimamra QyHKIIUSHUHT KUEMaAmaapu myniamu JeAniaam.

EcC rtymmamma W= f(z) ¢yakuusaunar Gepummmm OXYy  KOMIUIEKC

tekuciuruaard E tymnamuaun (tymiam Hykranapuau) OUV KOMIUIEKC Tekucauruaaru F
TYIUTamMra (TYIIaM HyKTajiapura) akc sTrupuiigad noopar. [y cababmu W= f (z) uu

E tynnamuu F Tymuamra akcaianmupuw nevivnanu.

Omarna W= f(z) byHKIMSIHE TEOMETPUK TAaCBUPJIAII YIYH Oy aKCITaHTPHIII

épmamuna anukianrad E Ba F tymmammap moc pasumnima OXy Ba OUV KoMIuiekc
TEKUCIIUTHA YU3HUIIA/IH.
bab3ua GyHKIUSIHI FeOMETPUK TaCBUPJIAII YUyH OOIIKa4a yCys Xam

Kymtanunay. Y ymaosmu (X, Y, p) dasona p=|f(z)| cupr uusunanu. By cuprra

w = f(z2) dyaxuusaunar peabedu neb aranaim.

Mucon Tapukacuna f(z)= GyukuusauHr penbedunn Maple matemaruk

2
Z
nakeTuaan Qoigananubd yu3amus.

with( plots) :

>fi=z— ;

1 + 27
> complexplot3d( f,-2 —21.2 +2 1 grid=1[50, 50])
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T-uuzma

w= f(z) pyakuus E tymamma (EcC) 6epunran 6¥1m6, F aca mry dyHKus
KuiiMaTiapuaan noopar Tyriam OyIcuH

F={f(2):z<E}.

Cyurpa F tymuamma 3 masbatuma Gupop = (W) ¢yukius Oepuiran OYacuH.
Harmxana E tymuramman onuarad xap 6up z ra F tymiamaa 6urra W(f 1z — W) con
Ba F Tyrutamman onuuran Oynmgaii W conra 6urra C(¢p:wW — ) con (L € C) moc
kyuwnanu. Jlemak, E Ttyrmuiamnan onuHraH Xap oup Z ra outra C COH MOC KyWHITHO,
C=0(f(2)) dyuakmus xocun Oymamu. bynmaii (QyHKUHS Mypakkaé Qynkuus
JNEeUNIIaau.

w= f(z) dyuxmus E tymmamma 6epuiaran 6¥au6, F Tyuam sca mry GyHKIHS

KuiiMaTiapuaan noopat tymiaam 6yiacuH. F Tynnamaan onvHran xap 6up W KOMITIEKC
coura E Ttymmamaa ¢axkar 6utTa Z COHHHM MOC Kysuuran ¢ymkiusra W= f(z)

(yHKuMAra HucOaTaH meckapu @yukyus neivnamy Ba y  Z=f (W) kabu
OenrwiaHagy.

2-Tawvpud. Aeap apeymenm z nune E mynnamoan onunean uxmueputi 7, éa Z,
Kuumamnapu yuyn Z, # 2, oymuwuoan T(z,)# f(z,) 6ynuwu xenu6 wuxca, f(z)
dyukyus E mynnamoa oup anpoknu (éxu oup eapakiu) ynxkyus 0eb amanaou.

1 3
Mucoa. f(z)= 573 pyukuusnn E ={z € C; ‘Z‘ < E} noupaga Oup
Z —
SATMPOKIUITNKKA TEKITUPUHT.

< ®dapa3 kunainuk, Z,,2, €E nap yayn f(z,)= f(z,), spun




1 1
22, -3 2z,-3

TYy1Iamaa Oup SmpoKIIn. >

oyneun .= 2z, -3=22,-3=12,=2,.= f(z) ¢ynxuus E

®apa3 kuwraitmuk W= f (z) ¢yaxums EcC tymmampa Gepunran 6ymmd, Z,
HyKTa 1y E TYIIaMHUHT JIUMUT HYKTacu OYJICHH.

3-Tawspud. Aeap Ve >0 conyyyn 38 =105(z,,€) >0 con monuncaxu, apeymenm
z nunz 0 < |2 — 2,| <& menecusnuxnu kanoamaanmupysuu 6apua Z € E suiimamaapuoa
| f(2) — Al < & menzcusnux 6axcapunca, y xonda A xomnaexc con f(z) pyuryuanune

Z—1, oazu aumumu 0eb amanaou 6d

lim /()= 4

Z—)ZO
Kabu beneunanaou.

f(z)=u(X,y)+1v(X,y) OYHKIUSHUHT JTUMATHHA XucoOmamr U(X,Y) Ba
V(X,Y) JapHUHT JTUMUATIAPUHA XUCOOJIAIITa KEITHPHIUIINA MYMKHH.

1-Teopema. W= f(z) ¢yuxyus z—>2,(z,=X,+1y,) 0da A=oa+if
aumumea 32a (|jm f(2) = A) 6y yuyn

-2,

&p“ﬁw=a,wyﬁkw=ﬁ
Y—=Yo Y—=Yo
oYWy 3apyp 6a emapJiu.
Atraiimuk W = f(z) ¢ynxuusa E < C tymnamna 6epuiran 6ynmub, Z, HyKra nry
E TynnaMHuHr y3ura rerunum OyiaraH JUMHUT HYKTacu OYJICHH.
4-Tavpud. Aeap Ve >0 yuyn 36=0(z,,€) >0 con monuncaxu, apcymenm 2

HUMZ ‘Z — ZO‘ < & meHecusnuknu Kanoamaamupysyu oapua I € E xutimamnapuoa

1f(2)- f(z,) <¢

menzcusnuk baxcapunca y xonoa f(z) ¢yuxyus z,nyxmaoa ysnyxcus 0e6 amanaou.

(Pamanku ,0y xomna |im f(z) = f(z,) 6ynan)
717,
Opatna Z — z, aiiupma @yuxyus apzymenmuHune Opmmupmacy ISRy, yHu
Az xabu Oemrmwimanamn: Az=z-7,, f(z)—f(z,) aliupma »oca ¢ynxyus
opmmupmacu nevinm6 yun Af  xabu OGenrunanany:




A = (2)-T(z,).

My Tymynuanapgan Qoigananud, Zo HyKTagard (QyHKUUS y3IyKCHU3IUTH 4-
Tabpu(pUHU KyHugarnya xaM aiTUIl MyMKHH:
Arap

limAf =0

Az—0
oynca, f(z) ynkums 2z, HykTama yzaykcu3s neHMIamL.

5-Tabpud. deap f(2) dynkyus E myniammnune xap o6up Hykmacuoa y3iykcus
oyaca, y xonoa f(2) ¢ynxyus E myniamoa yznykcus oetiunaou.

2-Teopema. f(z) =u(X.y)+iv(X,y) @yuxyuanune z,=X,+1y, Hygkmaoa
yaaykeus 6ymuwu yuyyn U =U(X,Y) xamoa V=V(X,Y) ¢yuxyuarapnune (X,,Y,)
HYXmMaoa y31yKcu3 Oyauu 3apyp 6a emapii.

w = f(z) ¢pyaxmus E < C tymmamma Gepunran 6yicuH.

6-Tabpud. Aecap Ve >0 con yuyn 36 =0(g) >0 con monuncaxu, E myniamnune

‘Z' — Z"‘ < & menacuznuxnu xanoamaanmupyeuu uxmuépuii Z 2 € E unyxmanapuoa

‘ f(z)-f (Z)‘ <€
menzcuznux oaxcapunca, t(2) ¢ynxyus E myniamoa mexuc y3uykcus oeiunaou.

3-Teopema. (Kaurop teopemacu). Aeap fT(z2) ¢yuxyus uecapanancan énuk
MYynaamoa y3ayKcus oyiaca, QyHKyus uty myniamoa meKuc y3ayKcus 0yaaou.




3.2. Kommiekc apryMeHT/ i GYHKUMSTHUHT TU(PepeHnnalianyBYaHIUT U,

TI'otomop¢ pyHkumsap Ba yJJapHUHI X0CCAJIAPH.

OyukuuaHUHT JuddepeHuuaianyByuiura. Komu-Puman mapraapu.

Bupop E cC coxama W= f(z) ¢yukuus Gepuiaran Oyiacun. HxTrepmii
Z, € E mykra 01n0, ynra myngait AZ oprrupma Oepailimukku, Z, + Az € E 6yacun.
Hatwxkana, f(z) dpynkuns xam z, Hykrazna
Aw = Af (z,) = f(z, +Az) - f(z,)

opTTHpMacura 3ra oynaau.

9-chizma

AW
1-Tawvpud. Aecap A2 -0 0a — nucbammnune rumumu

Az
lima = im f(z, +Az)-f(z,)

Az—0 Az—0 AZ

Mmasancyo ea uexnu oynca, 6y aumum xomniexc yseapyeuunu f(z) @ynkyusmune 2,
Hygmaodazu Xocunacu de6 amanaou éa f'(z,) xabu 6ereunanaou:

£(z,) = lim f(z, +Az) - f(z,)
Az—0 AZ

®apa3 xunaimuk, f(z) =u(X.y)+iv(x.y) dysaxuus z, =X, +iy, (z, €C)
HYKTaHUHT OMpOp aTpoduaa aHUKIaHTaH OYJICHH.

(11)

2-Tabpud. Aecap u(X,y) ea V(X,Y) @yukyusnap X,Y yzeapysuunraprume
Gyuxyuacu cupamuoa (X,,Y,) Hykmaoa ouggepenyuarnanyeuu 6yaca, f(z)
QyHKyua 7, HyKmaoa Xakukui aHaau3 MabHocuoa ouggepenyuanianyédu 0etiunaou.




By xonna du(X,,Y,)+idv(X,,Y,) ubona f(z) byskumsauur 2z, nHykragaru
oughghepenyuaiu neivIIaIu:

df =du+idv.
Teopema. f(z)=u(x,y)+iv(X,y) ¢yukyuanune 2, wnykmaoa f'(z,)

yocunaza sza 6ynuwu yuyn 0y @yukyusnune Z,(X,,Y,) HYKMaoa Xakuxuii anaius
MavHocuda oughgepenyuannanysuu 6yauo,

ou ov

ox oy

¥ (12)
ou _ ov

oy o

wapmiapHute daxcapuiruiy 3apyp 6a emapiu.
Onatna (12) maptnap Kowu-Puman wapmaapu neivnanm.
Kowmruieke ananusaa ymoy dz = dx +idy, dz = dx—idy,
of 1 of .of of 1 of |i)

a2 ey a2y

oenrwnanuiap épmamuaa f(z) =u(x,y) +iv(X,y) yHKuusHEHT TYaa

mubdepenmmamn  df =du +idv, df = qdZ + idi
0z 0z

KYpUHUIIA KyJai udoaananaiy.
IOxopuna kenrupunran (12) — Komu-Puman maprinapu

of _
oz

TEHTJIMKKA SKBUBAJICHT OYau.

0 (13)

of
Arap W= f(z) ¢ynkums z, Hykrama xocuara sra 6yica, Oy HykTana ? =0 6y1u0,
Z

of
f wunr xocwnacu f'(z,) = P nuddepeHnraim dca
yA

of
df =—dz=f'(z,)dz
P (z,)

kypunuiiga Oymaau. Kommeke ananmm3ga xocwiara sra Oynran ¢ynkuusuiap C —
ougppepenyuannanysuu QyHKuusiap Aeuunagm.

Amvanuérna Qyakuusmapan  C-nuddepeHimaiaHyBYMINKKa  TEKIIUPUIIIA
Komm-Puman maptiapunan goitgaianuiaim.




KyT6 koopnunaTiap cucremacuia
f(z) =u(x,y)+1iv(x,y) =u(pcoso,psine) +iv(pcoso, psine)

¢ynkius yayn Komm-Puman maptinapu

(ou_1 ov
op p 0@

Y (24)
o __lau

Op  po@

KYpUHUILA OY1au.
dapas kunaituk, W= f(z) ¢yukus 6upop E < C coxana Gepuiran GyicuH.
3-Tawpud. Aeap f(z) pynxyus z, € C nyxmanune bupop U(Z,,€) ampoguoa

C-ougpepenyuannanysuu 6yaca, y xonoa f(z) ¢yuxyus z, nyxmaoa eonomopg
@dyHKyusa oelunaou.

4-Tavpud. Acap f(z2) pyukyus E coxanune xap 6up nykmacuoa 20i0omopg
oynca, pynxkyua E coxaoa eonomopgh oeuunaou.

Onatna E coxanma rogomopd dyaxumsuiap cuuadpu O(E) xabu Genrumanany.
1
5-Tabvpud. Acap g(z) = (=) pyuxyus 7 =0 nyxkmaoa 2onomopgh 6yica,
yA
f(2) pynuxyus "o0" nykmaoa zonomopgh oetiunaou.

6-Tavpud. Adeap f(z) Pyuxyus z, €C nykmaoa eonomopgh 6yaca, f(z)
QyHKyus 7, HyKmaoa aHmu2010Mopg Oetiunaou.

3.3. Xocunjia MOIyJIM Ba apryMEeHTHHHHT TeOMeTPHUK MabHOCH.
Koundopm akcianTupuniap.

dapa3 kunaiiik, W= f (z) dyuxums 6upop E < C coxana Gepunran 6yicun.
Vun (Z) TekucIuKHUHT HyKTanapuau (W) TEKHCIMK HyKTallapura akCIaHTHPHII 1e0
Kapaitmus. Afiraitmuk, W= f(z) ¢ynkums z, € E nykrama f'(z,) (f'(z,)=0)
xocuiara sra 6yiacud. Yuma W= f(z) akcnantupuin épaamuna ‘Z — ZO‘ =TI aiijana,

YEeKCU3 KHIUK MUKIOP 0(‘2 — ZO‘) 9BTHOOPra OJIMHMAaca




w—w,|=|f'(z,)|-r
aliaHara akciaHaau. Arap ‘f'(ZO)‘ <1 Oyuca, yuna ‘Z—ZO‘ =T aurana cukuIaou,
‘ f '(ZO)‘ > 1 Gyaranga oca airana uysuiaou.

Jemak, GyHKIusA XocumacMHUHT Moayiaun W = f(z) axcmantupumina «uysuiuwu
K03¢huyuenmunuy OWIIApap dKaH.

Oumun W= f(z) akcmantupum Zz, HyKTamgaH yTyBYM Y CUIUIHK YU3HKHU (W)
TEKHCJIMKAAardn [ YHM3MKKAa aKCIaHTUPCUH. By Xonga (QYHKIHSA XOCHIACHHHHT
apryMeHTH w= f(z) aKCIAQHTUPHIIA » YH3HKHM KaHgai Oypuakka OypHIINHH
OMIIIMpAIN.

f'(z,) = 0 6yuran xonna (z,) Hykragau ytyBun ukku C, Ba C, 3rpH 4nu3HKIap
opacuiaru Oypuak o 6ynca, W= f(z) axcnantupuiina Oy 4yn3ukiIapHUHT akciaapy /)
Ba [, nap opacuaaru Oypyak XxaM O, ra TCHI Oyiaau.

Vv i v

U_-’O

0] X O u

Aviraitmuk, W= f(z) ¢ysxkuus E < C coxama Oepunran 6ymmb, Z, € E
Oy JICUH.

1-Tawvpud. Aeap W= f(z) axcranmupuw

0

1) mapxasu 7, nykmaoa Oynean 4ekcus KU4UK QulaHaHu 4eKcu3 KUduK auianaza
ymrazuuL xoccacuea,

2) 7, nykmaoan ymyeuu xap KaHOau UKKUMA YU3UK Opacuoau OYpUaAKHUHZ
MUKOOPUHU  XaM, UYHAIUWUHU XaM cakiaul xocccacuea s2a 6yaca, W= f(2)

aKkcraHmupuws Z, HyKmaoa KoHgopm akcianmupuus 0eb amanaou.

Arap Oy Tappudaru 2-maptaa Oypwinill OypyarHHUHT MHKIOPH Yy3rapmaii,
WyHaIMIIA KapaMa-Kapiiucura Ysrapca, Oywmait akcnmantupum |l-myp xoughopm
aKcaaHmupuul 1eNuiaau.

2-Tabpud. Acap E — C coxaoa anuxnanzan W= f(z2) axcnanmupuw yuyn

1) w= 1(2) ¢dyuryus E coxaoa 6up snpoxau gpynryus,

2) E coxanune xap 6up nykmacuoa xongpopm 6ynca, bepunean axcranmupuu E
€coxXa0a KoH@opm axkcianmupuul 0ed amanaou.




Kondopm akcnantupunuiap Kyiuaaru xoccajiapra sra:

1) Kondopm akcinanTupuiira Teckapu OYiIraH akCIaHTHUPHII XaM KOHMOpPM
aKCJIAHTUPUII Oy IIaIH.

2) Yexnmu coHmard KOH(DOPM aKCIAHTUPHIIUIAPHUHT  CYMEPIIO3UIUACH — sTHA
KOH(OPM aKCIAaHTHUPHUII OYIIau.

Teopema. Aeap W= f(2) axcianmupuw E C C coxada 6up sanpoxiu 6y1uo,
VzeE yuyn f'(z) #0 6ynca, y xonoa axcranmupuiu uiy coxada konpopm o6ynaou.

3.4. Tapmonuk (yHKIUSIIAP Ba YJIAPHUHI ACOCHI X0ccalapu.

Taspud. Arap Dc [I coxana 6epunran u € C*(D) dyHkius ymoy:

Auzau+auzo
aXZ ayz

TEHIVIMKHU KaHOoaTIaHTupca, pyHkius D coxana rapMOHUK QyHKIUS ASHUIIaIN.

2 2

bynna A = — Jlamutac oneparopu .

2 2

OX

D coxazna rapmonuk 6ynran 6apya ¢pyakuusiap tymiamMuan h(D) xabu GenrunaiiMus.

. o 1,0 .0 o. 1,0 .0
dopmann  xycycui xocwnamap: —=—(—-1—), —==(—+1—)
oz 2 0x oy oz 20 oy
Azé +8 _4 0
ox* oy* 020

I'apMOHMK QPYHKIUATAPHUHT ACOCHH XOCCAIAPH.

1. feO (D) rojiomMmop® QYHKIUSHUHT XaKUKUH Ba MaBXyM KHCMJIAPU TapMOHUK
byxiusnap 0ymanu.

2. Arap u(z) eh(D) 6¥ica, y xonna uxtuépuit 2° € D mykra Ba yaunr B(z°,r)c D
atpodu yuyn yHma romomopd f(z) dyskums maexyn 6ym6, Ref(z)=u(z),
ze B(z°,r) Gymann.

N3ox. Arap U(z)eh(D) Ba D 6up Oormammm 6yica, y xonma f €O (D) maBxyn
Ba Ref(z)=u(z)




3. Arap u(z)eh(D) Ba D ©6up Oormamuu 6Yiuca, y xonma Veh(D) xymma

TapMOHHK (PYHKIIMSI MaBXKY/]l

© ou ou
V(X,y)=| —dx+—dy+C
(x,y) j oy Tt 5

4. Arap u, eh(D) Ba c, € R 0¥ica, y xonna chuk e h(D)
k=1

5. Xap Kangai rapMOHUK (QYHKIUS 4eKcu3 AU QepeHnamiiaHyBuu.
6. Xap kaugaii  U(X,Y) rapMOHHK (YHKIUS XaKUKWH aHAJWTHK, SbHU Xap Oup
Z,=%,+Y, €D HykraHuHr arpoduia yHu aOCOJIOT SIKUHJIALIYBYM Japa)kald KaTop

KypuHuIaa udojanaim MyMKUAH

U, Y) = D Con(X=%,)™(Y = )"
m,n=0
7. (romanux Teopemacu). Arap U,veh(D) 6ymu6, u(z)=v(z),z€E O6yunna
EcD kamuuga OuTra HUKM HyKTara sra tymiam Oyica, y xomma U(z)=v(z),zeD
Oynau.

8. (Vpra «xmiimaT xakmgarm Teopema). Arap U(Z) dymKumus
B(z’,r)={z:|z-2°

Oynca, IHHU:

<r} nmopuma rapMOHHMK OYIMO, YHHHT ENHIMAcHla Y3JIyKCHU3

u(z) eh(B(z°,r))1C(B(z°,r)), yxomma u(zo):zifu(z°+re“)dt VPHHIIN.
T

9. (Makcumym npuHounm). Arap U(z) ¢dyukuus D coxama rapMoHuK 6Yiun0,
yauar 6upop z°eD HykTacmma SKcTpeMyMra spumica, y xomma y D coxama
ysrapmac U(z)=const 6yaaamy.

10. (JImyBuwis Teopemacu). Arap U(Z) ¢yukims [ TeKHCIMKIA rapMOHMK
0110, KaMuIa OUp TOMOHJIAH Yerapajanran Oyiica, y xonma y U(z)=const 6ymaam.

11. (MuBapuanTimMk xocca). Arap Ueh(G) 6ymo6, f:D—>G romomopd
oyuca, y xonga Uo f eh(D) .




12. (Xapuak Teopemacu). ['apMOHHMK (QYHKUIMSUTADHHHT MOHOTOH KE€TMa-
ketaurd D coxa mumnma €ku o0 TEKUC SKUHJIAIIAIN,EKU OMpOp TapMOHUK (QyKIHsra
TEKUC SIKUHJIAIIATH.

13.(Ilyaccon dopmymnacu). Arap U(z) ¢yuxmus B(0,r) mompanma rapmonwuk

O6ynu0, yHUHT €nuaMacuia y3inykcus 0yica,ibHH:

u(z) eh(B(0,r)) 1 C(B(0,r)),

y xoaaa ymoy Ilyaccon dhopmynacu:

u@z)=o- ju(re“) ||| dt

bomka romongan, arap ¢(re") ¢pyuxuus S(0,r) aitnanana yznykcus 6yica, y xonaa

ymly (QyHKIus

u(z):=o- j(p(re") || dt , u(2)eh(B(0,r)NC(BO,r) Bay S(Or)

aiinaHaza ¢ OwWjgaH yCTMa-ycT TYILIAJIH.

14. (upuxmae macamacu). @< C(dD) ,

=@
s u(z) eh(D)NC(D) Ba U|ED=(0

15. Arap U(z)eC(D) Ba xap kaumaii zeD HykTama erapiavya KAYHMK I

Yy s
yaya  U(z )= ZL I u(z+re")dt ypumm 6yuca, y xonma U(z) eh(D)
T 0

Ha3zopar caBoJsiapu:

Kowmrmnekc aprymentinu GhyHKIMs, Mypakkad Ba Teckapu  (yHKIUS TyIIyHYAIapH.
bup snpoxnu ¢pyHKImsa Tabpudu Ba yHra MUCOJLUIAP.

Kowmrmiekc aprymMeHTinu GyHKIUSTHUHT TUMUTH Ba y3ITYKCU3ITUTH.

XaKuKuii aHaau3 MabHOCHAA MU depeHITnaIIaHyBYMIIUK TabprudH.
C—muddepennmamianyBUNINK TabpUQH.

[Nonomopd dbyukmmsiiap.

N o gk~ b

["apmonuk GyHKIUSATIAD.




8. T'omomop@ Ba rapmoHUK HyHKIHSUIIAp Opacuaaru OOFIaHUIIL.
9. Kymma rapmoHuk GyHKIUsTIAp Ba yIapHHA TOTIHIIL.
10.Xocuna MOIYTUHUHT TEOMETPUK MabHOCH.

11.Xocuna apryMEeHTHHUHT T€OMETPUK MabHOCH.

12.HykTazna Ba coxaaa KoH()OPM aKCIaHTUPHIILIAP.

4-maB3y: DyeMeHTap pyHKuMsIap Ba yiap €paamMuaa Oaxxapuiaaaurad

KOH(OPM aKCIaHTUPHUIILIAP

/ PEKA: \

4.1. Yusuknu ¢hynkyus. Kacp uuzuxnu pynxyus.

4.2. llapasicanu ¢pynkyus. JKykosckuil ¢hynkyuscu.

4.3. Kypcamkuunu 6a mpucoHomempux yHKyusiap.

4.4. Kyn kuumamau gpynxyusaiap. Cummempus npuHyunu.

4.5. Acocuii anemenmap gyHxkyusiap époamuda oaxrcapuiaouean

\ KOHMOPM aKCAAHMUPULULAD. /

Tasiau ubopanap: vusuxiu ynkyus, Kacp-yusukiu QyHKyus, 0apaxrcai

@ynryus, Kykoeckuti pyHKyuACU, MPUSOHOMEMPUK DYHKYUALAD, CUMMEMPUST
NPUHYUNU.

KonpopMm akcmanTupunuiap HasapuscHga acocaH KyHuJaru UKKM —Macaja

(v

Vpranunaau:

1-macama. C xkommutekc tekuciukmaru oumpop E coxama (EcC) w= f(2)

AKCIIAHTUPHII OEpPHUITaH X0J1a CoXauuHr akcuuu, sk W(E) Hu Tormmm.




2-macaga. Ukkuta uxtuépuii £ C CZ Fc CW coxanap Oepunran xonna E coxanu

F coxara akcanmantupyBun KoHpopm W = f (Z) akCIaHTUPHUIIHU TOIHIIL.

By macananapuu xan KMIMIIIa KyWuaara TacaukiIapaad Goigamanuiaam.

1-Teopema. (Puman Tteopemacu). Aeap E e6a F nap moc pasuwoa
keneaumupunear komniexc mexucaux C, xamoa C,, napoan onunean ea yeeapacu 2 ma

HYKmMaoaun kam oyimazan oup ooanamnu coxanap oyaca, E coxanu F coxaea xongopm
axcranmupysuu W= T(2) pynuxyus masorcyo.

2-Teopema. (COXaHMHI caKJaHMII NpUHIUNKN). Aeap f(2) ¢ynxyus E coxaoa
eonomopgh 6ynuo, f(z) = const 6yaca, f(E) xam coxa 6ynaou.

AmanmuéTaa kynuHua oepwirad E coxanu y3uman coanapok Oyiran coxara,
MacajaH OMpIUK Joupa EKU IOKOPH SIPUM TEKUCIMKKA KOHPOPM aKCIIaHTUPHUII
MacajacuHU €4MIl Tanad KWIMHAIM. by MacanaHu Xain Kuiauniia Ou3 KOMILIEKC
apryMEeHTJIM 3JeMEHTap PyHKUUsIap CHHPUHU, OUpUHYM HaBOAT/1a yIIapHUHT
reOMETPUK XOCCATAPUHU TaTOUK KWJIMII YCIyOIapuHU YPraHUIIMMU3 3apyp.

4.1. Ynzukiam pynkuus. Kacp ynsukian pyHkuus.

Yu3ukiau QyHKums.

1-Tabpud. Vuoy
w=az+b (a,beC ,a=0) (1)
Kypurumoazsu QyHKyus Yu3ukiu GyuKkyus (axcianmupuut) 0eb amanaou.

Ymukmn  ¢ynknus C, koMmekec TekucaukHun C,  KOMIUIGKC TEKHCIHKKa
KOH(OPM aKCIaHTUPAJIH.

Yuzukiii QyHKIUSHUHT XyCYCUN XOJTAPUHU KapaiiMus:
1) Aittaitnuk,
w=z+b (beC)
oyncud. by pyHKIMS napauien KYYupyITHA aMalira OIIupaIn.
2) AlTaiinuK,
w=e"-z (aeR)

oyncun. by ¢ynkuusa C, Tekucinukaaru xap OMp Z HyKTaHU KOOpJAMHATa OOLIM

aTpoduga coaT cTpeiKacura Teckapu HyHamumiga O Oypuakka OypHIIHUM amaira
OIIIMPAIH.

Macanas,




: T .. T i
w:|z=(cos§+|sm§)z:e - Z

dyHKIms Koopaunata Gomu arpoduma 90°ra,
W=-Z

sca 180° ra OypuIiHM amanra ommpaIu.

3) AiTaitnuk,

w=kz (k>0)

Oyiacun. By QyHKums Gepuiaran coxaHu yHra yxmaim coxara uysub (x >1 na) éku
cukub (x <1 na) akcnanrTupanm.

YMmymaH ,

w=az+b (a,beC)

Gysakius Epmammpa Oakapunaguran akcnaHtupuml C, TEKHCIMKZArn COXaHU
«uay3ui», Oupop Oypuakka OypuIll XamJia mapaie] Ky4UpPUIIHU aMalra OUIUpPaJIH.

AmvanmuéTaa Oy GyHKIUSHUHT 11y XoccalapuiaH Goiinaianiaim.
Muconr. D={zeC:1<Rez<2,1<Imz<25} coxasm W=QQ+)z+2-i

AKCJIaHTPHIIL épz[aMHz[a AKCHHH TOIIHMHI.

by mucoman Maple matematuk nactypu épaamuia eand KypcataMus.

> with(plots) :

> conformal(z,z=1+1.2+ 2.5-1,0.2—03-1.2.3 +2.8-1 grid=[10, 10])




2.5

0.5+

0.5 1 15 3

Swi=(1+0)z+2—1
w=(14+1)z+2—-1
> conformal(w,z=1+1.2 4+ 2.5-1,grid=20,20])

359

2.54

1.54

T s 2y 3

20-uyuzma.




®apa3 kumaimnk, W= f(z) ¢yuaknus C rtexuciaukmarn Oumpop E coxama
Oepwiiran OYyJICHH.

2-Tabpud. Acap a € E nyxmaoa
f(a)=a
menenux baxcapuica, y xonoa Z=a nykma W= f(2) axcranmupuwmnune xyszaimac
HYKmacu 0euunaou.

W=az+b YM3UKJIN aKCJIIAaHTHUPHUIL A # 1 6}"1J1raHJ:[a HUKKHUTa

b
l1-a
KySFaHMaC HYKTaJIapFa ara.

Arap a =1 6yica, Z =00 Iy YH3UKINA aKCIAHTUPUIIHUHT Kappaid Ky3raimac
HyKTacu O0ynaju.

Kacp unsukian pyHkuus.

1-Tabpud. Yoy
az+b
W =
cz+d

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

Kypuruwoasu QyHKyus Kacp-4usukiu QyHKyus (Kacp-4u3ukiu axciaunmupuui) oeo
amanaou.

a b
By taspudpna ad —bc # 0 nebd xapaiimms, akc xonga — = 4 Oyub, W QyHKIms
C

y3rapmacra aiyiaHaau.

Kacp ummkmm ¢ysknus kenraiitupwiran  C, KOMIUIGKC —TEKHCIMKHH

keHraiTupwirad C, KOMIDIEKC TeKHCIMKKa KOHPOPM aKCIAHTHPAIH.
Kacp un3ukim akcnanTupumiap KaTop xoccajgapra ara.

1-Xocca. Kacp uusukiu axcianmupuuilapHuHe CYNepno3uyuscu siHa Kacp
YUBUKIU aKCIaHmupuws Oy1aou;, Kacp YU3UKIU aKCIAHMupuwea meckapu Oyieaw
AKCAAHMUPULL XAM KACP YUUKAU OVIAOU.

2-Xocca. Uxmuepuii kacp uusuxiu axcianmupuw C, daeu aiinana éxu myzpu

yusuknu C,, daeu avinana éxu myapu yusuKKa aKCianmupaou.

By xoccanu kacp 4M3HKIN aKCIAHTHPUITHUHT OOUPABULIUK XOCCAcU NEHnnanu
(TYTpu YM3HK OJIaT]a padyCH YeKCU3ra TEHT OYyIraH aiiana ned Kapaiaiu).




M3ox. Kacp umsuknu ¢pyHkius €paamMua aidaaHa ainanara €Ku TYFpPU YU3HKKA

o d
aKCIIAHWIITMHU aHUKJTAl yayH GYHKIUSHAHT MaxpaXMHU HOJITa alJIaHTUPYBYH z = ——
C
HYKTAHMHI KapajgaéTrad aijlaHara TETHIUIM EKM TETHIUIA SMACIUTHHH aHHKJIAIl
KuQosaup.
Macanas,
1
W=——
z—-3
akcimantupumn {Z :‘ z ‘ = 2} aiinananu aiinanara, {z :‘ z ‘: 3} aiimananu sca TYFpH
YH3HMKKA YTKa3aIH.

Texucnuknaru Y TYTpU YM3MKKA HUCOATAaH CUMMETPUK HYKTajlap TYIIyHYacu

VKyBUMIa 3JIEMEHTap MaTeMaTUKaJaH MabiyM. OHAM Oy TYyIIyHYaHU aillaHara
HUCOATaH KENTUPaNINK.

2-Tabpud. Acap 2, ea ZI HYKmaaap yuu
y={zeClz-z,|=R}

aunana maprkasuda oynean oumma Hypoa émuob, yiapoaH atiana mapkazueada 0ynean
macoganap Kynaummacu y aulaHa paouycuHuHe Kkeaopamuea mene 0yica, svHu

arg(z; —z,) =arg(z, - z,),

2, — 2|z, - 2| = R?

meHenuknap ypunau oyaca, 1, ea Z, Hykmanap C KOMRIEKC MEKUCIUKOAU y

aiiianaza HUCOaman cCUMMempuK HyKmanap oeuuiaou.

Arap z, Ba Z, HyKTajap Y ailllaHara HUCOAaTaH CHMMETPHK HyKrauap Oyica,y

XO0JIIa

' R’
Z, — 1, = —— (3)

oynmanm.

3-Xocea. Xap kawmlaii kacp wusUKIU aKCAGHMUpUW Hamudcacuoa (z)
mexuciukoazu Y atnana éxu myepu usuKKa HUC6aman cummempux oynean 7, 6a Z,
nykmanapuune axcu (W) mekuciukoa y aunananune axcu oyrean W(y) aiiana éxu

myepu 4usuKKa Hucbamarn cummempux oynean W, éa W, nykmanapoan ubopam 6ynaou.

by xocca Kacp-uM3MKIM aKCIAHTUPHUILIA CUMMEMPUKIUKHUHZ CAKIAHUIL
xoccacu NeAnIaan.




4-Xocca. (z) mexucmuxoa 6epuncan xap xun 2,,Z,, 2, nykmanapuu (W)
mexucauxoa bepuncan xap xun W, W, , W, HyKmanapea akcianmupyguu Kacp Yusukiu
DYHKYUS MABIHCYO 8a Y A20HAOUP.

by akcnantupum ymoy
Z

1. —Z
z

-7

3

W-W, W —W, Z-1
W—Ww, W,—W, Zz-12

: (4)

2 3 1

MyHoOcabaTiaH Tonuiaau. (4)-MyHocadbaTra aHzapmonuk Hucoam ned atanaju.
5-Xocca. Yoy

erie-ﬁ, Ima>0 (5)
Z—a
kacp wusukau yuxyus oxopu apum mexucaux {Imz > 0} nu 6uparux doupa {]W‘ <1}
ea akcaaumupaou, 6yHoa 6 -uxmuépuii Xakukuii CoH.
6-Xocca. Yoy
0 Z-a

w=e —
1-az

. lal<1 (6)

kacp uusukau Gyukyus (Z) mekuciuxoazu Oupauk ooupa {]Z‘ <} wmu (W)

mexucauKoazu oupauk ooupa {]W‘ <1} 2a akchanmupaou, 6ynoa 6 -uxmuepuil xaKuxuii

COH.

1

Mucoan. D={z: Rez>0,Imz>0} coxanu W== akciauTpum &Epaamuia
Z

AKCHMHH TOITHUHI .

By muconnun Maple matematuk nactypu Epaamuaa eaud KypcaTamms.

s with(plots) :

> conformal(w,z=0+ 0-1..0 +20- 1, grid=[10, 10])




-1 -0.5 a 0.5 1
-0.2 1

-04
-06

-0E 1

> conformal(w,z=0 4+ 0-1..10 + 0- I, grid=[10, 10])

14

0.54

-0.54

_1_

> conformal(w,z=0 4+ 0-1..10 +10-1,0 — 0.5-1..0.5, grid = [ 20, 20])




-0.1 4

-0.2 4

-0.3 4

04

-054

21-uyuzma




4.2. lapaxanu pynkuus. ’KykoBckuii QyHKIHACH.

Hapaxanu pyHkuus.

Tabpud. Voy
w=2z" (neN,n>1) (7)
Kypuruwoazu QyHKyus oapaxcaniu QyHKyus 0euuiaou.

Hapaxanu ¢pyukuus C na ronomopd Ba 0y GpyHkuus épaamuaa 6axxapuiaaaurad
akciantupuin VZ € C \{0} uykrama xordopm 6ymamm: W=nz"" xocura C \{0} na
HOJIIaH GapKIUIup.

Arap Z= re® . w= pei\Y nenunica ,

p=r",
(8)
Y =no
SKAHJIMTUHHU KS"paMI/IB. By TCHIJIMKJIapdaH W= Zn q)YHKHI/IH ApryMCHTH (P ra TCHI

oyaran, 0 HykrajgaH YuKyBud ¢ HypHM, aprymMeHTH N¢ ra Tenr Oyaran L mypra
AKCIAHTUPUIIMHM KypaMu3 (§-un3ma).

27

Arapna O6u3 (Z) TekuciuruAa opacuparu Oypuyaru — JaH KHYHK OyJraH
n

KOOpJMHaTa OOLINAaH YMKYBUM MKKUTa Hyp Omian yerapananran D coxanu kapacak,
W=2" ¢ynkuusHuHr Oy coxana Oup AIPOKIU SKAHIMIUHU KypPaMu3.

Macanan, W= 2" QyHKIus




2k+Dr

—ﬂ<argz k=01..,n-1

COXAHHUHT Xap Oupwuaa Oup SAMPOKJIH, AeMakK, KoHGOpPM OYIUO, yIapHUHT Xap OUPUHU
(w) excmuruparn C\ R, = C\[0,+00) coxara akcnantupany.

Amamuérna W=2" ¢QyHKOuacugan Oypyakin COXalapHHM y3HAaH COIIApPOK
coxayiapra akciaHTupuiiaa ¢oinamaHuIaIn.

Misol. D={z: Rez=1} va G={z: Imz=1} umsukau W=7z’ aKCIaHTPHIL
€paamMuia akCy TOIUJICHUHT .

By mucoman Maple matemaruk nactypu €paamua eand Kypcatamus.
> with(plots) :

>w:=z2

— 2
w =z

s conformal(w,z=1—2-1..1 + 2-1,-3 —3-1..2 4+ 31, grid=[20, 20])

23- chizma
s conformal(w,z=-2 + 1.2 +1,-2 —3-1..3 + 31, grid=[20, 20])




24- chizma
s conformal(w,z=-2 — 1.2 +1,-2.5—3-1.3 +3-1, grid=[20, 20])

3

25- chizma




AKyKoBCcKHH (PYHKIMACH.

Tabpud. Yoy
W= 1 (z+ 1) 9)
2 /4

@dyuryus Kyrxosckuil pynxyuscu 0eb amanaou.
Bu funksiyaning relyefi 26- chizmada tasvirlangan.

> with(plots) :
1
2

> complexplot.?d( . (Z + i),22—3 - 21.3+21 grid= 1[50, 50])
z

26- chizma

by ¢ynkums Zz=0 Ba Z=o00 HyKramapaad TamKapd OyTyH TEKHCIUKIA
2onomopgh GyHKUUAIUP.

1 1
XKykoBckuii  (QYHKIUSICHHUHT  Xocwjiach W'= 5 (1-—) 6ymo6,{+1;-1}
Z

1 1
Hykrajapgad Ttamkapuga W=#=0  gup. w= 5 (z+=) dyskuma Epaamumaru
Z
akciaantupuin {+1;-1} Hykramapgan Tamkapuga (Z =0, Z =oo HykTaJapaa Xam)
KOHGhopmMOup.
(9)-byukuus 6upop £ < C coxana Oup Smpokiau OYmuig yayH 0y coxa yiioy
z,-z,=1 - (10)

MyHOCa0aTHU KaHOATJIAHTUPYBYM Z, Ba Z, HyKTajapra sra OYJIMaciura 3apyp Ba
eTapIiu.




byumaii coxa cudaruma U ={zeC :‘Z‘ <} éxu U*={zeC :‘Z‘ >1}
COXaJIapHU OJIUII MYMKHH. JKyKOBCKuUit QyHKIHMsICH Oy COXanapHUHT Xap Oupuaw [-1;
1] KeCMaHMHT TalIKaprCcUra KOHPOPM aKCIaHTHPAIIH.

Arap XXykoBckuii pyHKIMACHIA
Z=re" , w=u+iv
nennica, yuaa

u+iv= l(re“p +1e‘“")
2 r

0yuo,

-

u= l(r +1)COS(p.
2 r
] (11)

v:l(r—l)sin(p
2 r

oynaau. (11) gan (9)-akcaaHTUPHUIL YUyH KyHuAaruiap Keiaubd yukau.

1)(z) rtexucmukgaru {ze€C :‘Z‘ =r,r>1} aiimana (W) TeKHCIUKIAru
¢doxycnapu (-1; 0) Ba (1; 0) HykTanapaa, spum yKjiapu

et} oalrd
a==|r+=|, b==|r—=
2 r 2 r

OYJIraH 2JUIAIICTa aKCIaHa M.

2) (z) texucmukmaru {ze€C :‘Z‘ =r, r<1} aiimama (w) TeKHMCIMKIATU
doxycnapu (-1; 0) Ba (1; 0) HykTanapaa, spum YKjiapu

e omali )
a=—=|r+=|, b==|=-r
2 r 2\r

OyJraH 3JUIMIICra aKCJIaHaIu.

3) (z) Ttexkucmukmarm {zeC:argz=0} wuyp (W) TekucnuKIaru
{weC:argw=0} nypra, {zeC:argz=n} nyp sca {weC:argw=rmn} uypra
aKCJIaHaIu.

4) (z) texuciukmaru {zeC:argz= g} xamma {zeC:argz= 3?75}

aypiaapauar xap Oumpu (W) texkuciukgaru {We C:Rew =0} Ttyrpu umsmkka
aKCJIaHa/Iu.

5) (z) rexucnuknaru




{zeC:argz=09; (p;ﬁo,([)?fg, (piﬂ(P=3?n}

Hyp (W) TeKucIuKgara yuoy

2 2
u v

— -1
cos’p sin’g

FI/IHep6OHaHI/IHF MOC «mox4dyacura» akKCjaaHaaH.

Endi bu xossalarni Maple matematik paketi yordamida keltiramiz.

> with(plots) :

> conformal[%~ (z + Lj, z=2-m- 1.2+ m I, grid =20, 20], coords
z

= polar]

27- chizma

> conformal(%-(z + i], z= % - I 1..% + w- I, grid =20, 20], coords
z

= polar]




28- chizma

> conformal[%- [z + i],ZZ 1 —mn 1.1 47 [ grid=[20,20], coords
z

= polar]

29- chizma

conformal[%- [z + i],220 —0-7..10 + 0- L, grid =[50, 50], coords
z

= polar]

0.5

-0.5




30- chizma

> conformal[%- [z + i],22—10 — 0-1..0+ 0- 1 grid=[50, 50], coords
z

= polar]

H.5

r-0.3

31- chizma

> conformal(%- [z + iJ,ZZO —61..0+ 61, grid=20,20]
z

32- chizma




> conformal[%- [z + i],22—6 + % 1.6 + % L, grid =20, 20], coords
z

= polar]

33- chizma
> 1 1 _ o
conformal[?- [z + —], z=-3—-n- 1.3+ 7w I grid=[10, 10], coords
z

= polar]




4.3. K{pcaTKnwind Ba TPUTOHOMETPHUK QYHKUIMSIAP.

Kypcarknuiau pyHkmus.

e’ pynkumsicu.
Tabpud. Yoy

e = lim (1+§)" (zeC)

n—o0
DYHKYUA KYpCcamxuuau QyHKyus 0euuiaou.
Arap Z=X+1Y gecak,
e’ =e*(cosy+isiny) (12)
TEHIJIUK YPUHIIU.

Kypcatkuumn W = €° (QyHKIMS KyHMIard X0ccanapra ora:

1) ¢ dynkius C KOMIDIEKC TEKUCIMK/IA TOJIOMOP(] Ba YHUHT XOCHIIACH

€)=¢
Oynanu.
2) ¢° hyHKIUSA yUyH
e"'” =e".e® (z,e€C, z,€C)
Oymau.

3) e (pynxuus naBpuii 6YIM0, yHUHT acocuii qaBpu 27 Oymaiu:

Z+2mi

e =e’

4) Yz € C yuyn (e*)'#0 6ynu6, W==€"’ (yHKkuus EpraMuaru aKCIaHTHPUIL
C TeKHCIUKHUHT Xap Oup HyKTacuaa KOHGOPM aKCIaHTUPHUII OVIiaiu.

Z X

(12)-tenrmukka kypa, |[e’|=e*, arge’ =y o6ymb6, W=e’ ¢ynkuus (z)

Tekucaukaara {X = X, } TYFpu 4M3UKHH {]M =e*} aiinanara, {y=y,} TYFpU YU3UKHU
aca {fargw=y,} Hypra akcnaatupagu. W= e* ¢pyuxums [7, ={y,<Imz<y, +2n},
coxaja oup snpoknu 6ynanu (0y epaa Y, € R 6ynran uxruépuit HykTa). XKymnanas,
W=e" pynxius ymoy

I ={z: 2kn<lmz<2(k+D)n}, k=0,+1+2,..




coxanmapuur xap Ompunu (W) rtexuciukaarn C\R, ra xoHdopm akcnanTupany.

Xynmu myara yxmam W=e’ ¢ynkiuus {z:0<Imz <} iynakau oxopu Spum
TEKHUCIIMKKAa KOH()OPM aKCIaHTHPAIH.
by dysukuusauHr penedu 34- un3maia TaCBUpIAHTaH.

> with(plots) :
> >Syi=z-¢;

wi=z—¢

> complexplot3d(w,-2 —21.2 + 21, grid =[30,30]);

34- chizma

> with(plots) :

> conformal(eZ,ZZ 1 —nl.14+ =l grid=]20, 20])




35- chizma

> conformal(&,z=-1+ 1..1 + I, grid=[20,20])

2.2
2.0
1.5+
1.6
1.4+
1.2—-
l.D—-
0.2

0.6

0.4

0z 04 05 0% 10 12 1.4
36- chizma

> conformal(ez,zz—lo +0-7.14+199-nl-2—2-1.2+2-1grid= |30,
30])




= "]

37- chizma

Tpuronomerpuxk pyHkumsiap.

(12)-renrmukna X =0 pecax,

{e'y =Cosy+isiny

e =cosy—isiny
TEHTJIMKJIapra sra 6yiu0,0yHaan

eiy +e—iy eiy _e—iy

CoSy = siny:

(13)

udonanapuu xocun kuaamus (13)-bopmynanap uXTu€puili XakuKUd COH YUyH YPUHIIH

0ynu0, ynapaan 6u3 I




W=C0SzZ, W=Sinz

GyHKIMsUTapHU aHUKIanaa GoinanaHamMmus.
Tabpud. Vuuby

-

eiz + efiz eiz _ efiz
co0Ssz=———, SiNZ=———,
21
sinz  e“—e™®
{tgz = = = (14)
1Z -1z
cosz i(e"+e™)
cosz (e +e™
Cth = = ( iz —iz )
sinz e” —e

MEHeIUKIap — époamuoa  aHUuKIaHeaw  @QYHKyusnapea KOMNJIEKC — apeyMeHmu
MPUOHOMEMPUK PYHKYUSAIAp 0eb amanaou.

TpUroHoMeTpuK PyHKUUSATAPHUHT aCOCUI XOCCATapUHU KEITHPAMU3.

1) cosz Ba Sinz ¢yakuusutap C KOMILIEKC TEKUCIUK/IA TOJIOMOP( Ba yIapHUHT

Xocuianapu
(cosz)'=-sinz,
(sinz)'=cosz
Oynanu.
2) 19z byHkuus

{ZEC; z¢g+kn, k:QiLiZm}

TymnamMaa, ctgz pyHkius sca
{zeC; ,z#km k=0,+1%2,..}
Ty1iamaa roaromopd Oymanu.
3) sinz, tgz, ctgz pyukuusaIap TOK, COSZ 3ca )KyhT QyHKIMsI OYIaam.

4) TpunoroMeTpuk QyHKIMsUIAp AaBpuii Oy, COSZ Ba SINZ HUHT JaBpH 2T ra,
tgz Ba ClgZ HUHT JaBpU T ra TEHIAUP.

5) Xakukui  y3rapyBUMIM ~ TPUTOHOMETPUK  (PYyHKIMsIap  opacujaru
MyHoca0aTnapHu UpoaanoBYu GOpMyITaAIAPHUHT KYMUUIUTH KOMILIEKC Y3rapyBUUIIN
OyJsraH xoJija XxaM YpUuHIu OYiaau.




N3ox. Komimiekc aprymeHTIM C0SZ Ba SINZ  QYHKIUSUTADHUHT XAKUKHIHA
apryMeHTJIM CO0SZ Ba SINZ QyHKOuMsulapaaH ¢apkid TOMOHHM IIYHIAKH, yJap
yerapajlaHraH OYyJIuiny ImapT sMac. MacajaH W=CO0S Z (yHKIHMSHUHT KOMILJIEKC
Tekcnuk C 1a yerapaHjiaHMaraHjauruHy KypcaTalliuK,

< Mawvaymku,
eiz —iz
COSz =

+€

by tenrnmukna zkiy ne6 onamus. YHIA

cos(iy) = =
2 2

Oynanu. PaBmanku,

. eV +e’
Iim—— =
y—>+0

By sca WkC0Sz pyukiusiaunr C fa yerapajlaHMaraHjiuruHu OWIIupajiu >
6) Ymoy

cos(iz)=chz isinz=-shz ,

cosz=ch(iz), sinz=-ish(iz)
MyHocabatiap YpuHiu, OyHia

chz:ﬂ, shz:ﬂ. (15)
2 2

Onatna, (15)-byukusnap eunepooarux hynkyusiap neMnnaan.

7) Tpuronometpux ¢GyHKIUsIAp EpaamMuaa OakapuiaaauraH akCcIaHTHPHUIILIAP
Oup HeuTa OM3ra MabJIiyM aKCIAHTUPHUIIUIAPHUHT KOMITO3UIIMACH HATHXKACcUIaH noopat
Oymanu.

Mucou. Yoy
W =Sinz

GyHKIHA épramMuaa OaKapuIaauTral akCIaHTUpHUIN (Z) TeKUCIUTHIArH
T T
D={zeC :—E<Rez<§,lmz>0}

coxanu (sipum iynakau) (W) TEKHCIMKIArd KaHaai coxara akCaaHTUpain?

<Bepunran W = SiN Z ¢yukuus éppamMuaa Oaxxapuiagiural akCIaHTUPHULI OU3ra
MabJIyM OyiraH




aKCIaHTUPUIILIAP KOMIIO3UIUSACUAAH noopat 0ynuo,

, 1 1
w=sinz =§(w3 +—)

3

Oynagu. buHoOapuH, Oy aKCIaHTHUPHIIIAPHH, KETMa-KeT Oa)Kapulll HATWKachuIa
W =Sinz yayn W(D) Tonunanu:

1) D coxa W, = I1Z akCIaHTUPHII HATHXKa/a
_ T T
D, ={w, eC:Rew, <0, —§<Imw1<§}

coxara yTaju.

2) D, coxa W, =e™ akciaHTHpHII HATHKACHIa
_ T T
D, ={w, e C:|w,| <1, —- <argw, <§}
SpHUM JIOHUpara yTajiu.
WZ
3) D, coxa W, = —= aKCIaHTHpHII HATWKAcUA
|

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

coxara yTaju.

1

4) D, coxa W=SINZ = — (W, + —) akCIaHTHPHII HATIKACHA
W,
3

w(D)={weC:Imw> 0}
coxara yTaiu.

Jlemak, W = SIN Z akcnantupuin (Z) TaKMCIUKIATH
T T
D:{ZEC:—§<Rez<E ,Imz > 0}

coxanu (W) TEKHCIIUKIAaru
w(D) ={we C:Imw> 0}
IOKOPHU SIPMM TEKHMCIIMKKA aKCIaHTHPap dKaH.

Onunran ¢pyuknusiap D coxanum kaiicu ity 6mman W(D) coxara akcaaHTupHIm
9-yn3zmazga KypcaTuiaraH>




9-YHuzma

by dbyHkumsuiapHuHT penbedaapuHu KeITUPpaMU3.

> with(plots) :

> complexplot3d(sin(z),z=10 — 01..0 + 2, grid = [ 30, 30]);

complexplot3d(cos(z),z=10 — 01..0 + 2, grid = 30, 30])
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> complexplot.?d( ,z=-4 —41.4 + 41 grid=[30, 30])

1
tan(z)




> with(plots) -

> complexplot3d(cosh(z),z=-2 — 21.2 + 21, grid = [30,30]);

nzy 2

38- chizma

> complexplot3d(sinh(z),z=-2 —21.2 + 21, grid = [30, 30])

39- chizma




4.4. Kyn kuiimMatin pyHkuusiap.

KoMmmiekc aprymeHTnm QyHKOUsUIap Hazapuscuaa rojoMopd ¢yHKIHsTa
Teckapu OYiran GyHKIUSHU YPraHUII Macallacu XaM MyXUM YpUHAA Typaau. AKCapusT
xoJmapaa OyHma dyHknusiaap Oup KukhMmatiau OyiaMai, apryMeHTHUHT OHWTTa
KuitmMaTura Oup Heura (6ab3u X012 Y4eKCH3 KYIT) KOMIUIEKC COH MOC Kyiunaau. bynmait
(GyHKUMSUTApHU KaThUM MaTEMaTHK acocaa Oepuill Myauaa KoMIUIeKe ananusra Puman
CUPTJIapU TEPMUHU KUPUTHIAIU. bu3 Oy epjia oHT cojia Ky KuAMaTiau pyHKIUsIapHA
Kapaill ouiaH KudosiaHaMu3.

@ W=z (n=2-6ymyn con) pyHkumscu.
1-Taspud. Yoy
w' =12 (16)

MeH2NAMAHUHE eYuUMIapuea I KOMNIeKc COHHUNE N-0apaxcaiu uiou3iapu oetunaou 6a
W =Y2 kabu bencunanaou.

w=+/z funksiyaning releyfi 41- chizmada tasvirlangan.

> complexplot3d(z,z=-2 — 21.2 + 21, grid = [30,30])

41- chizma

(16)—TeHrIamMaHUHT eUMMIIAPU WIAN3 YUKApUI yayH Myasp ¢popmynacuea Kypa

¢+2km.

Yz =tre " =1 r-(coswﬂsinw), kezZ (17)
n n




TEHITIMK Eépaamuaa tonwiaau. by eanmmap k Huar 0,1,2,.....,(N—1) xuiimatnapuma
Ooup-Oupunan dapk Kwinb, K-HUHT OOIIKAa KHMMAaTiaapuaa 3ca yiap TaKpopiaHau.
[IyHUHT y9yH XaM %z n- Ta kuitmatm 0yn0, Oy KuiiMatiap

arg z+2kn'.

e » , k=012,---,(n-1) (18)

Tp.
W =247 Hunr GbyHKIMOHAN XOCCalapyuHU YpraHuIga KyHuaard coaja, JIEKUH

MYXHM TeopemaaaH (honaamaHuIaIm.

Teopema. (Teckapu QYHKIMUSHUHT KOHOOPMIIUTH XaKujaru teopema). Papas
kunavnuk, W= 1(2) ¢ynxyua (z2) mexuciuxoaeu D coxanu (W) mexuciuxoazu G

coxaza Kongopm axciawmupyeuu Qyukyus 6yacun. Y xonda 6y gyuxyusea meckapu
oynean 7 = T (W) gynxyua G nu D ea kongpopm axcranmupaou.

VkyBunra Z=W" QyHKUMSHMHT OWp SOPOKTM GymaauraH coxanapu 3°-
IyHKTAaH Mabiaym: Z =W" QyHkius ymoby xap oup

2(k + 1)

D, :{2—kn<argw< }, k=012,..,(n-1),
n

coxaza oup smpokim 6yimo, 6y coxarny G = C \ R coxara KoHpOpM aKCIaHTHPaIH.

k=0 mecax z=W" pynkuus
D, ={0<argw < E}
n

coxaum G ra xoHbopMm akcimantupaau. Kentupunran Teopemara kypa Oy
akcnanTUpuIIHUHT Teckapucn G wu D, ra xondopm axcimantupagu. by Tteckapu

¢dbynkuus (18) naru

ra Moc kenub, 0y Oup Kuimatiu (QyHKIHsITa Yz Ky KuiMaTim GyHKuusHuHr O-
mapmozu NeNnIagy Ba y (—”\/E ), Kabu 6enrunanany. Xyaau mynaaid Z =W" QyHkmus

Dl:{@<argz<2-ﬁ}
n n

coxanu xaM G ra xoHpopm akciantupanu. by ¢pynxumsaunr Teckapucu Gru D, ra
aKcanTipnG, yara Nz uunr 1-mapmosu neiinnann say (Vz) , kabu Genrunananu. by
)Kapa€HHH JTaBOM JTTUPHO, n/z Kyn KuiMmarin QyHKOusgaH N Tta Oup KuWMaTiIu
rapmoknap  (Vz),,(¥z),,...(Nz),, napum axpara omamms. By xap Gwmp
(®/z),, k=01,..(n—1), rapmok G na Gup kuiimariu Ba yuu D, coxara KOHGOpM
aKCIIAHTHUPAIH.




Mucoa. D =C\R_ coxanu Oupiuk goupara KOHGOPM aKCIaHTUPHHT.

a(z ), TAPMOKHHHT X0occacura kypa W, = (z ), Gynkuums D HE roKOpH SpHM
W, —i

- Kacp YU3MK/IH
L+

(QYHKIMST FOKOpH SIPMM TEKHCIMKHM OWpJIMK JoHMpara akClaHThpagm. Jlemak

(\/E)o —i
w=-—-7°0 _
(Vz), +i
w=2%7 xyn kniivatmn Qysxumsna (Vz),,(Vz),,...,(¥2),, Oup xuiivarin

(YHKIMSUTADHUAT  XOCWJT  KWJIMHUIIA KYyT KAAMaTiu (QyHKUOUSIIApAaH —mapmox
axcpamuw Aeunano, Oy epja Ou3 TapMOK aXXPaTUITHUHT OUTTa yCIyOuHu Oepauk. by

TEeKUCIIMKKA KoHpopM akcrnantupanu. (5)-hopmynara kypa W =

¢ynxius C\ R, Hu OGupiuk goupara KOHGOPM aKCIAHTUPAIH >

TapMOKJIapJaH ojataa W= (Q/E ), TapMoK Kym wunutaTmwiamd. Amanuériaa Oy
byHKUMsIIapaad Oypuak coXalapHu KHUpanTupuill (CUKUIN) YIyH (oiiiaJaHuIaiu.

bab3u Oup MacanamapHu eduinjga Kyn KaduMmarin W = vz (GYHKUMUSHUHT OUp
KUIMaTJIM TapMOKJIApUHU Oepuiirad mapriapra kapad xaM aKpaTHUIIra TyFpy Kelau.

Macanan, N=2 Oyaranma, WKKH KaAMarim W = Jz (GYHKUUSAHUHT UKKUTa OUp
Kuitmati (W), 6a (W), TapMOKIapUHH KyHHAarnya XaM aKpaThill MyMKHH:

W), =~z , ~J-1=i (éxu~1=1)

W), =~z , ~-1=—-i (éxu1=-1)

(W), Tapmok C\ R, Hu roxkopu sipum Tekuciukka, (W), tapmok aca C\ R, Hu Kyiin
APUM TEKMCIUKKA KOH(OOPM aKCIaHTUPAIH.

0) w=Lnz ¢yHkuusicu.

2-Tabvpud. Yoy

w

e’ =12 (29)

MEH2NAMAHURZ eYUMAAPU I KOMIJEKC COHHURE no2apudmu Oetiunadu éa W = LNZ xabu
beneunanaou.
Bu funksiyaning releyfi 42- chizmada tasvirlangan.

> complexplot3d(In(z),z=-2 —21.2 + 21, grid =30, 30])




42- chizma

(19)—renrnamanu CUMIII YIyH Z hu z=re" KYPUHUIIIIA,
W Husca W=U+ IV maknga nponanaimMus:

u+iv

e"" =re".
Bynna e"=r, e'=e" TEHTJIMKIIapra ara 0y1u0, CUNM
u=Inr, v=o¢+2kn, KkeZ oskaumrunu kypamus. Jlemax,
w=Lnz =Inz|+i(argz+2kn) , keZ (20)
6ymm6, LNZ ¢hyHKIMs Ky KAAMaTIuIup.
e" dynkius
Il ={weC:2kn<Imw<2(k+Dn}, keZ
coxanapaa Oup smpoxiu Ba Oy coxamapHunr xap Oupuan C\R, ra xondopm

aKCIaHTUpUIIMHK Owinamu3. Teckapu QYHKUUSHUHT KOH(GOPMIIMIH  XaKHUJaru
Teopemasan Qoinanancak, ous W= LNz dyHakiuscraan yekcus Ky TapMokiap

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

HU QKPATULI MyMKUH 9KaHJIMTHHY XOcHI Kunamus. by xap 6up tapmok G =C\R, na
rosnomop® 0yim0, yau [/, iynakka KOHGOPM aKCIaHTHPAIH.

Kemumrysra xypa (Lnz), =Inz ne6 Genrmnananm Ba Oy ¢yHkumsra Lnz
@yHKYUAHUHE 60U Mapmodu JeHUTaIu.

5mi

Mucoa. z, =1 Hykranu W, = > HyKTara YTKa3zaJuraH J102apu@dmuune oup

Kutimamau mapmoau Epaamua

D={z:z¢(—»,0]}




COXAaHHMHI' aKCHMHH TOIIMHT.

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

TapMOKJIapHuaaH KaﬁCH 6I/IpI/IHI/I TaHJIAIINMH3 KCPAKIIMTUHU

.. bmi
w(i) =—
==
IapTAaH aHUKJIAUMU3:
?: Ini + 2kni = Infi| + iargi + 2kni :i-g+2kni.

By epaan xx/ sxarmuruau Tonamus. Jlemak, LNZ HUHT Kepakian TapMOFH

w=(Lnz), =Inz + 2mi
OKaH. W, = Inz (byHKL[I/IH épaamMmuaa D coxanunr

{w, :—n<Imw, <}
ifynaKka akCIAHMIIMHY TEKIIMPHII KUHHH Mac. W =W, + 27l GyHKuus épaamuia sca
nynax
{w:n<Imw< 3r}
WYJIAKKa aKCJIaHAIu >
B) KoMILIEeKC COHHM KOMILTEKC apakara KyTapuiil.

W = LNz ¢yuknuscunan doiigananud, uxtuepuit Z # 0 Ba ¢ KOMIUIEKC COHIIAp
Y4yH Tabpudra kypa

a

7 :eaanz ea[In\z\+i(argz+2kn)] (21)

ne0 KaOyn KUJTMHAIH.

Macanas,

i iLni

i~i(g+2kn) —g—z kn
| =€

i[In[i|+i (argi+2km)] e

=g =g keZ.

Jlemaxk, i' HuHr yekcus KYTI KUiMaTIapyu MaBxxy OYVIu0, yIapHUHT XaMMacH XaKuKHA
COHJIApHUP.
(21)-myHocabat epaaMua O3 UXTHEPUIT KOMIUIEKC COH yUyH
w=z"°
(GYHKUMSACUHM YPTaHUIIMMU3 MYMKHH. AMaJUeTAa a - XaKUKUi COH OYiraH xoi Kyn

KymnaHuauo, W=2Z° @yHkuus Oypyak coxalapHH KOH(OPM aKCIaHTHPHUILIA
doitmamuaup.

r) Teckapu TpuroHoMeTpuk GpyHKIHsSIAP.




Kommiekc y3rapyBumnu GyHKUMsAIAp HA3apUsICUAA TECKapH (PYHKIIHS
TYIIYHYACH XaKUKUW Y3rapyBunian GyHKUUsIIap CUHGUIArH KaOu KUPUTHIIAIH.

Macanas,
w = Arccosz

¢yHKIMs Z = COSW TEHIVIaMaHW KaHOATJIAHTUPYBUM Oapua W JIApHUHT KUHMAaTIapu
TYTIIaMuaad uoopar, sbHU COS Z hyHKIMsITa TecKapu QYHKIHSIHP.

Arcsinz, Arctgz,  Arcctgz

Ba 0omIKa PyHKIMsUIAp XaM ITyHTa VXAl aHUKJIaHaIH.

Tavpudgan oiigananuod

Arccosz =—iLn(z ++/z% —1) (22)

TEHIVIMKHUHT YPHUHIIM 3KaHJIUTUHUA KYpCAaTUILl KWMUH 3Mac. by epaa niaau3HuHr 6apua
KUIMAaTIIapy OJIMHAIN.

(22)-Tenrnukaan KypuHUO TYpuOIUKH, JorapudmMuk (yHknus kadbu Arc CoSz
GyHkmms xam Owp KuimarTim Smac. ArCCOSZ (GyHKIMSHMHT OOII KHMaTh
W =arccosz ne6 oJMHAIM Ba ymIiOy

W =arccosz = —iln(z ++z% -1) (23)
TCHIJIUK épllaMI/II[a AHUKJIaHAIU.

W = Arc cosz ¢yukuus
{z:Imz >0}

IOKOPH SIPUM TEKUCITUKA YeKCU3 Ky KuitMaTiau 6yiuo, (22)—renrnukaad ongananuod
VHUHT OUp KUUMATIU TAPMOKJIAPUHU QXKPATUIIT MyMKHUH. Y J1ap

(Arccosz), =—i(Ln(z+~z% -1)), k=0,£1%2,...
TEHIIMK €paMuia aHuK1anaau. Macaman, k=0 6yiica,

(Arccosz), =arccosz =—iln(z +~z% -1)

byHKIUS
{z:Imz >0}
COXaHH

{w:0<Rew<m, Imz<O0}

SpUM HYITaKka KOHPOPM aKCIIaHTUPAIH.

CumMeTpusi NPUHIMIIN.

bup coxanm wuKkuHYM coxara KOH(GOPM aKCIAHTUPHINAA CUMMETPHUS
MPUHLIMUNUAAH KeHT (poii1amaHuiam.




®apa3 kunaitmuk, f,(z) ¢ynxuus D, coxama (D, — C) Gepwiran xamzaa mry
coxana koHpopM OyncuH. ByHna D, coxaHuHr yerapacu OD, HHHr GHpop KucMu
v(y < dD,) aitnana éitn €xu TY¥pu UnM3MK KecMacuaaH ubopar. By f,(z) akcraHTHpHII
D1 COXaHH G1 coxara, Y um3ukHu I' ymsukka (I' - aiimaHa €im €ku TYFpU YU3HK
KECMacH) aKCIIaHTHPCHH:

Gl = fl(Dl,)

I'=1.(y).
D, coxanunr y é&ifra HucOaTaH cUMMETpPHK Oyiran coxacu D,, G, coxaHuHr /[  é&ifra
HUCOATH CUMMETpUK Oyiran coxacu sca G, Oyncun. f,(z) ¢ynxumsan D, coxana
wyHgail anuknaivusky, yHudr kuidmariapu  f(z)  dysxousauar G, marm

KuiiMatnapura [/ €iira HucOaTaH CUMMETPHUK OViIraH KuiMmaTiapHU KaOyl KWJICHUH. Y
xonna f,(z) dyaxkums D, nu G, ea, ymby

(f(z) , zeD

11

w=1sf(2)="1,(2), zevy,

f,(z) . zeD,

dynkmus aca D, Uy U D, coxann G, U " UG, coxara konpopm akcinantupanu (10-
Yu3Ma).

®

10-Yusma

Oparna, OKOpuJard TacOuK — cummempus npunyunu éxu Puman—Illsapy
meopemacu neb atamaamu.

Dcaarma. Arap Y Ba [ nap Xakukuii yxnaru kecManap 6yinca, y xonga f,(z)
byHkuus ymoy




f,(2)=f.(2)
TEHIVIMK €pJaMua aHUKJIaHAIU.
Mucoa. Ymby
D={zeC:z¢[-11], ze[-1;i]}
COXAHH IOKOPHU SIPUM TEKHUCIIUK

{weC:Ilmw>0}

ka KOoH(opM akciaHTupyBur W = W(Z) dyukimsau Tonuar (11-un3ma).

@
Il

ulll
T

-

I

1

Al

11-Huzma
< Kyitunaru
D ={zeC:Imz>0, z¢[01]}
coxaza
w, = z°
GyHKUUSIHY KapaiiMus. PaBmanku, Oy akcnantupum D, coxana koHpopM 6ymany.

Ouau D, coxanu 10KopH ApHUM TEKUCIIHKKA akcaaHTupamus. by Kyiunaru

w, =2z°
w, =w, +1, (24)

w, = Jw, , J-1=i

aKCIAHTUPUIILIAPHU KETMa-KeT Oaxxapwil HaTwxkacuga comup OVmamm. ((24)—
aKCIAHTUPUILIAPHUHT Oakapuivii xapaéuu 12-yu3mana TacBUpJIaHTaH):




'_

M¢U ul a0

___Um_ll_'_( Ll ,ﬂ_n__ﬂm Ll
| “l"'w”z“u, w' "

D)

—

12-Yuzma
[ynnait kuaub, D, coxa yioy
w, = Jw, =W, +1=+z?+1 , J-1=i
byHkuus épaamuaa
G, ={w, eC:Imw, >0}

IOKOPH SIpUM TEKUCJIMKKa KOH(OPM aKcjaaHap 3KaH. DHJIW CUMMETPHUS MPUHIIUITHIAH
dorinananub, D coXaHH

=727 +1, J-1=i
GyHkuus Eppamuaa
={w, eC:w, ¢[-/2,4/2]}
coxara KOH(GOPM aKCIaHTHPaMK3. By COXaHH IOKOPHU SPUM TEKHMCIIUK

{weC:Ilmw>0}

Ka KOH(OPM aKCIaHTUPHUII KyHuaaru

" w42
foV2-w,

w=.Jw, , J-1=i

AKCJIAaHTUPHUILIIaPHU KETMA-KET 6a)KapI/IJ'II/IIHI/I HaTWXKaCuaa amMalira OmurpuiIaau.

Hemak, D={zeC:z¢[-11], z¢[-i;i]} coxaHu OKOpH SAPUM TEKHCIUK
{w e C:Imw > O}ka koHPOPM aKCIAHTUPYBYH (PYHKIIHS

W, +~2  [Vz2+1+42
W= = 2W\/\/_\/z+1 Jo1i

oynanur




4.5. Acocuii sieMeHTap GyHKOUsIap épaaMuaa 6askapujiaauraH
KOH(OPM aAKCJIAHTHPHUIILIAP

bu3 Oy mynkTaa amanuéTaa Kyn yupaiiurad acocuii aneMenTap GpyHkuusiap Ba
ynap €épaaMuaa OaxkapuiaauraH KOH(OpPM aKCIaHTHUPUILIAPHU OUp JKoira >xamial
yu3ManapaH (oiiananrad xonjua KeJITupaMus.

|. Kacp- yn3ukiu gyHKums.
1) AHrapmoHuk HucoOar.
bepunran 7, Z,, Z, € C, HyKragapHd MOC paBHIIIA w, w,, w; € C,
HyKTaJlapra akCJIaHTUPYBUU KaCP—UM3UKIN QYHKIUS YOy
W—W, W,—-W, z-2, Z,-1,
W—W, . W, -W, z-2, . Z,—1,

AH2APMOHUK HUCOamMOaH TOTIUIIAJIH.

w=¢"-2"2 Ima>0 ¢« D={z:Imz>0}
z-a

oynca, W(D) = {W : ‘W‘ < 1} oynamu (13-uusma).

-
@ _7W=9/a§_\? @

e
lem | i “|
3)w=e‘e-%, a]<1 ea D={z:|7 <1}

6ynca, W(D) = {W : ‘W‘ < 1} oynanu (14-unsma).




=i

’ 14-Yuzma

II. dapaxanu ¢pyHKIUA Ba YHra Teckapu 0yJran gyHKuusuiap.

1) w=2z> 6a D={z:Imz >0} 6yrca, w(D) =C\R, 6ynamu (15-an3ma).
@ .
L
]

w=22

bl ™y
o +

15-Yuzma \

) W= 2’ 6a D={z:Imz<0}6yrca, w(D)=C\R, 6ynaau (16-4u3ma).
® .
|l

Jiet l\l\ m

S

[

16-Yusma

Al

yw=z" sa D={0:0<argz <E} oyaca, W(D) ={w: Imw > 0} 6ynamu
n

(17-unzma).

y



16,

1Al

AHw=z" sa D={O:O<argz<ﬁ}6yﬂca, w(D)=C\R, 6ynamu (18-
n

1 o ®
AT
U/M; ’I! . lll “l

I
ORI

18-Yusma

5) w=2" 6a Dz{z—kn<argz<2(k+l)n
n

}, k=01..n—1, Gyca,

w(D) =C\ R, 6y1anu (19-un3ma).

NI
R ll” Ll

P,

o

(RATI

y



6) W=(\/E)0 (exu W=+, -1=i) 6a D=C\R, Ba Gyuca,
w(D) ={w:Imw >0} Ba w= (\/E)l (exu W=+/7, \/—1=—i) 6yuca,
w(D) ={w: Imw < 0} 6y1anu (20-uu3ma).

“[lllll“lll”l“'h ]“h
on'ull““'l”lllu

W"’Hl“"‘Ho\l"'lHlu'

20-Yuzma

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

} 6¥nanu (21-un3ma).

© /%4 @
"ll _ llll[ ':I:I S
0'|1|’ ]ll s

W(D)={W:2—r|?n<argw<

21-Yusma
1. 7KykoBckuii pyHKOMsicH Ba yHra Teckapu QyHKIuA.

1) w= %(Z + E) sa D={z: ‘Z‘ <1} 6ynca w(D) ={w:we[-L1]} O6ymamum (22-

yA
Yu3Ma).
1 1 o

2) W= E(Z +=) 6a D ={z:|z|>1} 6yaca w(D) ={w:w & [-11]} GCymamu (22-

JA

qu3ma).




|
i

22-Yu>pnra

3) W=z++22-1;V-1=i (exu W(o)=o0) 6a D={z:z ¢[-11]} oyica,
w(D) ={w:|w| > 1} 6ynamu (23-unzma).

4) W=z++22-1;J-1=—i (exu w(0)=0)6a D={z:z«[-11]} 6yica,
w(D) ={w:|w|< 1} 6ynanu (23-umu3ma).

® W=ZHVELVry ,l®
L'____L.“,/’f\‘

i“lMIHi

25-Yusma

| Kypcarruuin Ba jorapupmMuxk pyHkumsiap.

1) w=e* 6a D={z:0<Imz<2n} 6yrca W(D)=C\R, 6ynanu (24-un3ma).

y



®

//// ‘ ”_Ilul]?hllll.l] I

AT

24-Yuzma

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

///////// 7 |||I|||ll||l||,Hllmllll

25-Yuzma

)y w=e’ sa D={z:0< Imz <h, h<2n} 6yaca, w(D) ={W:O<argw< h}
oynmaau (26-uyu3ma).

+ ® B } @

26-Yuzma

4) w= a D= { 2kn<Imz<2(k+)n} k =0,£1,%2,...) 6yica,
w(D) = C \ R+ oynamu (27-un3ma).

y



12(k+i)1

7 /M éf%‘ ®

J2Ka

> LG
5 >~ "”lé u ;

=2iL

27 -Yusma

5 w=(Lnz),=Inz 6a D=C\R, 6yrca W(D) ={w:0 < Imw < 27t} 6¥nanu
(28- ynzma).

el . g @
1 ,H“llnull'mll. - / /
il “[H'"HHI“III : 5

6) w=(Lnz), sa D=C\R_ 6yrca, W(D) ={w: 2krx < Imw < 2(k + )7}
(k =0,£1,%2,...) 6ynanu (29-un3ma).

} @

7777770 777

2Kt

®

1] “M”“H]l R
i T —;

29-yuszma.

y



V. TpuronoMeTpuk Ba TeCKapu TPUIOHOMETPHUK (PpyHKIUsIIaP.

1) w=sinz sa D={z:—§<Rez<g,lmz>0} 6y.1ca, W(D) = {w: Imw > 0}

oynagu (30-uynsma).

7
%/ =Sinz @
Z  wlliglll

2) w=coszea D={z:-t<Rez<0,Imz >0} 6ynca, w(D)={w: Imw> 0}
oynaau (31-uyusma).

®

/\MIMHI !m!ll“

31-Yuzma

\\\\\\

~—

3) w=chzea D={z:0<Imz<nRez>0} 6y1ca, w(D) = {w: Imw > 0}
Ooynanu (32 yu3ma).

,/// St M.lf“lh!l”“h!l’

32 -HurMma

4) w=tgz 6a D={z: —% <Rez< %} 6yaca, W(D) ={w:|w <1} 6ynamu (33-

y

Yu3Ma).




—igz =
0

33 -Yuznra

5) w=(Arccosz), =arccosz ea D ={z:Imz > 0} 6yca,
wW(D) ={w, :0<Rew< =, Imw < 0} 6ynanu (34-un3ma).

Tl

STy @
i NH% oA

B4—Yuamia

Y

Ll

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

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

S @W

B

Jm!l(””“ﬁl””““n ‘ %//Z

35-Yuzma
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10.
11.
12.
13.

14,

15.
16.
17.
18.

Ha3zopar caBoJsiapu:

Kondopm akcnanTupunmiap Ha3apusCHHUHT aCOCUN Macajaiapy.
Puman Teopemacu.

CoxaHUHT CaKJIaHMII TPUHITUIIH.

Yuzukiid QyHKIMS Ba YHUHT XOCCallapH.

Kacp-un3ukim akCIaHTUPUITHUHT TOUPABUIIIMK XOCCACH.
Kacp-un3ukim akcinaHTupuIaa CHMMETPUKIMKHUHT CaKJIaHHUII XOCCACH.
AHrapMOHHK HUCOAT.

FOxopu sipuM TEKUCIMKHU OUPIIMK JTOMpara akCIaHTUPYBUYH Kacp-UM3UKIIU
(GYHKUMSAHUHT YMYMUM KYpPUHULIY.

bupnuk poupaHu OUpIMK JoMpara aKCIAHTUPYBYM Kacp-UM3HKIHM (QYHKLIHMSTHUHT
YMyMUU KYpPUHUIIH.

JHapaxxanu GyHKUIHSA Ba YHUHT XOCCalapHu.

XKykoBckuil GyHKIMACH Ba YHUHT XOCCalapH.

KypcaTknunu pyHKIMS Ba YHUHT XOCCalapHu.

TpuronomeTpuk pyHKUMATIAp Ba yIAPHUHT XOCCAIAPH.

Hapaxanu ¢pyHKIusAra Teckapu Oynaran W = vz (n>2—6ymyn comn)
(GyHKIMSCH.

W= Ln z ¢pyskumscu.

Kommuieke coHHM KOMIUIEKC Japa)kara KyTapuul.

Teckapu TpUrOHOMETPUK PYHKIUSTIAD.

CumMeTpus NPUHIIUIIN.




IV. AMAJIUA MAHIFYJOT MATEPUAJIJIAPHU
- Ba 2— aMaJuil mamryJjgoraap: Yekau apuanusaau pyHKUudAJIap,

GYHKUUSAHUHT TYJUK BAPUAUMACH Ba YIAPHHUHI X0ccajJapu

Nmpan makcaa: MaremaTMKk Ba KOMIUIEKC AaHAJIU3HUHT OHMOMareMartuka,
MeXaHHKa, OMMaBUIl XU3MaT Ha3apuscH, reéOMeXaHuKa Ba OOIlKa coxajaapjaru KeHTr
KYJUIAaHWJIMIIMHU ~ TYIIYHTHPUIL, YEKIM BapualMsuid  (QYHKIUSHUHT Tabpudu,
GYHKUMSIHUHT TYIUK BapUalUsCH, YEKJIW Bapualsuid (yHKUUSUIADHUHT MOHOTOH
GyHKIMs OunaH OOFNAHUIIM, YEKIM BapUAlUsUIM (PYHKIUSHUHT Y3IYKCU3 (DYHKIHS
OwiaH OOFJAHUIIM, YCKIM BapHalMsUId  QYHKUUSHUHT JIUOmui, —IapTUHU
KaHOATJIAaHTYpyBUM (YHKIMS OusiaH OOFJIaHUIIM, YEKJIM Bapualusuil (QYHKIUSHUHT
muddepennrananyBun GyHKIUS OuaH OOFJIAHUIIN, YEKIIN BapUalusid GyHKIUSHUHT
a0CONIOT MHTErpaJIaHyBUYM (GYHKIMA OujaH OOFIaHUIIM, Ma)KOpaHTa (QYHKIUA,

TYFpUIaHyBYH YM3HKIAp Ba JKopaaH Teopemacura ouji MUCOJI Ba Macajalap C4mILl.
Nam 0askapuil y4yH HaMyHa:

1-MucoJi. Yuuoy:

T .
x* sin=, aeap x#0 6yuca,

f(x)=
0, acap x=0, 6yrca

Gyuryus uxmuépuii yvexnu [a,b] xecmaoa yexnu sapuayusea sea.

> with(plots) :

X 'sin[lj 0<x£2.

9

> 0 x=0




xzsin(l) O0<xand x<2
= X

0 x=0
S -

> smartplot( );

2e 3w x Olfm om 3m 2am
2 2 2 2

X

plot(£,x=0.2,-5..5, color=red, thickness = 2, discont = [ usefdiscont= [ bins
=35]], grid=1[100, 100]);




4
2_
0 ——_ TN 77—
0.5 "1 15 2
X
_2_—
__-1_—

2xsin(£] —cos[ijn O0<xand x <2
g:= X X

0 x=0

plot(g,x=0..2,-5..5, color = red, thickness = 2, discont = |usefdiscont = [ bins
—3511, grid=[100, 100]);

05 1 15 3




<«43-Teopemanan ¢oitnananud Kypcaramus:
T
X

X#0 ma f’(x):2xSin£—7zCos Ba
X

x=0na £'(0)=rim = TO) i axsinZ —0

Ax—0 AX Ax—0 AX
Oyaranu yuyH uxtuépuii uexkiu [a,b] kecmana ymoy:
[ f'(x)|<2:|b|+7=L
TEHICH3IIUK YpuHan Oynaan. Yuaa 3-reopemara kypa f(X) ¢ynkuus [a,b] na gexau

Bapuanusara sra.p»

> with( plots) :

[ -1 1

0<x<—
>p(x) = In(x) = lim v(x)
X — X
0 x=0
B . . 1 1 B
v:=x—piecewise| 0 <x and x < 5o T In(x) ’ x=0,0

undefined

>plot(v(x),x= 0.. %, color = [l’ed]);




1.4

121

0.2+

0.6+

0.4 1

0.2 1

> MmucoJ 10

>/(x) = Sin)Ex) . x>m

> with ( plots) :
>plot( f(x),x= Pi..20- Pi, color=[green]);




0.1+

D {\/\/\/\/\f\fm
EW\T \jﬂ; wan\lﬁn\gﬁ'n‘uﬁn\aﬁn

b

-0.11

02 U

>
> Jim, f (x)
0
d
>
/)
cos(x)  sin(x)
X X
> gi=x— cos;c(x) _sin(x)
X
_ cos(x)  sin(x)
g =x— X 2
>




- - QUQVQVQ\&Z "

>

>

>Pi=x0<xI=3P1/2 <x2=2Pi<..<x2n-1=nPi-Pi
/2 < x2n=nPri,

Pi1=x0<x1=3 Pi1/2<x2=2 Pi<...<x2n-1

>
>f(m);
0
>f(32—n);
2
R
&
2
51

> with ( plots)




>y(n) = l_iz%(Zzl——l)’

n

4
i—2m(2i—1)

vi=n—

>

>plot(v(n),n= 2..10, color=[green]);

1.4
13-
124
114
i
09-
02-
07-
06-
05
] 3 i 3 6 7 : g 10
"
>
(0.0]
Sy
i=2 21 - 1 ’
oo
>
n
o N
w(n) >
i=17




>

>plot(w(n),n= 2..20, color=[red]);

1.551
1.501
1.45 1
1.40 1
1.351

1.301

125+

> Mmucoa 14
~u :=x—>piecewise(0 <xand x < l,xz,x= 1,2,1 <x

andx£2,3);

u :=x—>piecewise(0 <xand x <1, xz, x=1,2,1 <x

andx£2,3)

W= x—>piecewise(0 <xandx <1, 2-x2, I <xandx
<2,2);

w :=x—>piecewise(0 <xand x <1, 2x2, I <x and x

<2,2)

> p = x—>piecewise(0 <xand x < 1,—X2ax: 1,0, 1 <x
and x < 2, 1);




p :=x—>piecewise(0 <xand x <1, —xz, x=1,0,1 <x

andeZ,l)

> plot(p(x),x=0..2,-1.3, color = green, thickness = 2,
discont = true);

3_

15 2

-1

> plot(u(x),x=0..2,-1.3, color = blue, thickness =2,
discont = true);

3_

0.5 1 13 2




> plot(w(x),x=0.2,-1..3, color =red, thickness =2,
discont = true);

3_

0.3 1 15 2

-1

> plot([u(x), w(x), p(x)],x=0.2,-1..3, color = [ blue,
red, green], thickness =3, discont = true, grid
=1100, 100]);

3_

>

Mmucoa 15




> g = x—>piecewise(0 <xandx < l,xz,x: 1,5 1 <x
and x < 2,x—|—3);

g :=x—>piecewise(0 <xand x <1, xz, x=1,51<x

andx£2,x+3)

> plot(g(x),x=0..2,-1..6, color =red, thickness =2,
discont = true);

A

54 e/
44

|

05 1 1.3 2
x

-1

> fl == x—)piecewise(O <xandx < 1,x2,x= 1,5, 1 <x
andx£2,x—|—5)

11 :=x—>piecewise(0 <xand x < l,xz,xz 1,51 <x
and x < 2,x—|—5)

> plot(f1(x),x=0..2,-1.8, color = blue, thickness =3,
discont = true);




-

I T T 1
0.5 1 1.5 2
x

-1

> 2 = x—piecewise(0 <xandx <1,0,1 <xandx < 2,
2);

12 :=x—piecewise(0 <x and x < 1,0, 1 <x and x

<2,2)

> plot(f2(x), x=0..2,-1.5, color = green, thickness =3,
discont = true);

5_

0.5 1 15 2




> plot([g(x), fl1(x), f2(x)],x=0..2,-1..8, color= [ red,

blue, green, thickness =3, discont = true);
E_
7

6_

/
o
/

0.5 i 15 3

X

MycTakui edyuil y49yH MUCOJLIAP:

1. Kyiingaru QyHKIUSIApHUHT TYJIWMK BapUALMSICUHU TOIMHT:
1) f(x) =X, x €[1;4]
2) f(x)=arctgx, xe[-1L1]
3) f(x)=[x] . xe[-13]
4 f(x)=x%, xe[-2;3]
5) f(x)=sinx, x e[0;27]
2. OyHKIMSHUHT TYJIUK BapHALNACHHH TOHHT

0, x=0

f(x)=<1-x, O0<x<1
5, Xx=1

3. OyHKIUSHUHT TYJIUK BapHAIUSICUHU TOITMHT




(x—1 0<x<1
f(x)=<10, x=1

X%, 1<x<2

4. ®yukrusauar [0,1] kecMaga Yekiin Bapranysira sra SKaHJIMTHHA HCOOT/IaHT.

T
x2cos=, x=0

f (X) = X
0, X=0
5. @yukuusauHr [0,2/1] KecMaaa YEKIIN Bapualusra sra SMacIuruHU UCOOTIIAHT.
.1
xsin—, x#0
f(X)= X
0, x=0
b b
6. Arap \/ f (X) = A6ynca, sapuaumszn \/ (Kf (X) +m) xuco6nanr.
a a
7. Arap f(X) ¢ymkmms [0,1] kecmama deknu Bapuanmsra sra Oyica, y Xoiaa
b 1-b
F(x) = f(ax+b) ,6yuna a>0, pynkuus [——,—} KecMajla ek BapHalusra
a a

ara 6ynuo0,
1-

o

F

<s

1
Vi=
0

o |T

TEHIIMK YPUHIIM SKAHIMTUHU UCOOTIIAHT.
8. Arap f(X) ¢ynxums [0,1] kecMana yeknu Bapuamusra sra 6yim6, @(X) dyHkuus

[0,B] kecmana ysmykcus karbuii yeyBunm Ba  @() =0 , @(f)=1 waprnapuu
kanoatnantupca, y xomma F(X) = f(@(X)) dynkuus [0,B] xecmana wexim

1 B
Bapuarusira sra 6ynuo, V f =V F Tenrmmk ypurmm skaHmMrEHE HCOGOTIAHT.
0 a

9. [a,b] xecmama Jlummmi MIAPTUHU KAaHOATJIAHTUPMAWIUTaH Y3IyKCU3 Ba YEKIHU

BapHalusra sra 6yiarad GQyHKIUSHU KypUHT.

10. Arap f(X) dynkums [a,+o0) opanukaa anuknanran 6ynu0, xap Kangai [a,t] (t>a)

t

KecMajJia YeKJIM Bapuanusara sra Oyica, y Xojiaa I|m V f MaBXXyUTUTHUJIaH
too a

lim f (X) mumuTErEr MaBxyn 63 mimuan nCGOTIAHT .

X—>+00

Teckaprcu YpUHIIM SMACIUTUTA MUCOJI KEJIITUPUHT .




12. Yexum Bapuaumsra sra 6yiran  (X) =C0S? X pysxumsan [0, 1] KecMaja HKKUTa
YycyBun QyHKIUSUTAPHUHT alpMacH KYpUHHUIIKAA U(ogaiaHr.
13. Yexsm Bapuanusra sra 6yaran f (X) =SIiNX ¢pynximusnu [0, 21] kecMana MKkuTa

YCyBUM QYHKIMSUTApHUHT aliipMacy KypUHHUIIHAA UdOoTaIaHT.
14. Yexnu Bapuanusra sra oyiaraxn

P

X2, azap x € [0,1)
f(x)=<0, x=1

1, aecap xe(1,2]

¢yukuusau [0, 2] kecmana nKkuTa YCyBYM QYHKIMSJIAPHUHT alUpMAacu KYpUHUIINAIA

udoaananr.
15. OyHKUUSHUHT TYIUK BapUAIUSACUHUA TOITUHT
X2, azap Xxe€ [0,1)
f(x)=<5 x=1
X +3, aeap x € (1, 2]

2 1 2
Tearmukau V f =V f +V { rexmmpnar. ®yskupssn [0, 2] kecMana MKKATa YCyBUH

0 0 1

(QyHKUMATAPHUHT aliupMacy KYpHHAIIKAA H(OIaIaHT.

16. Arap f(X) dynkuus [a,b] kecmasa yeku Bapuamusra sra 0yica, y XoJ1a | f (X)|
GyHKIIMS XaM YeKJIM BapHalysra sra OVIUIMHn UCOOTIIaHT.

17. Kyliugaru Tacauk YpuHIMMH “ Arap | f (X)| (ynxuus [a,b] xecmana deknu

Bapuaisira ora 6yica, y xomaa f (X) dbyHkims xam dexim Bapuanusra sra 6ytamm ”?
.1
19. a Ba P mapnuHT Kaunai kuiimartnapuaa T (X) = X? sin — gynkusa [0,1] xkecmana
X

YEeKJIM Bapuaiusira ara?
20. DOrpu yn3uK

Xzsin1 yacap x#0
f(x)= X
0 , aeap x=0

[0,1] kecMana TYFpHIaHYBYMIIUTHHU UCOOTIIAHT.
21. Orpu 4M3HK

1
Xsin— , aeap x#0
f(x): X

0 , aeap x=0

[0,1] kecmana TYyFpuIaHYBYM IMACTUTHHU UCOOTIIAHT.




3 — amaauil MamryJaor: CTUATbEC MHTErpPaJid Ba YHUHT

xoccajapu.

Nmpan makcan: CTUiaThec MHTETPAIN Ba YHUHT XOCCAJIAPUHU KEHTPOK YpraHuIl

Ba MHCOJUTAp €paaMuia TATOMK STHII.

NiHu 6a:kapuin y4yyH HaMyHa:

1-Mucoa. Kytiuoaeu Cmunmuvec unmezpaiu XucoOiaucum:

(S)ixzdfn0;+xy

< (S)J- x*d/n(+ x) =(( (12) - popmynagan doiinananamus))

ZX XZ
(x—1+———jwu:: ———x+£Mx+ﬂ‘ =2-2+/n3=/n3.
0x+1 2

2-MucoJ. Kytiuoazu Cmunmvec unmezpanu XucoOiaucum:
3
()] xdg(x),
-1

0y epoa:

0, aap x=-1 o6yrca,
g(x)=<31, aeap -1l<x<2 6yica,
-1, acap 2<x<3 oyca,

<« g(X) pyskumsHuar X =—1 HyKTajgaru cakpam -1ra, X =2 HyKrajard cakpaiid —2
ra TeHr xamaa X #—1;2 aykranapaa g'(x) =0. Vuna (43)-popmysiara kypa

Kylujarura sra 0yaaMus:




(S)i xdg(x) = -1-(1-0) +2(-1-1) =-1-4=-5

MycTakui1 equn y9yH MUCOJLIap:

1-mucoa. Kytiuoaeu Cmunmvec unmezpaiiapu XUcoOiaucuu:

T

a) (S)j' xdsinx;  0) (S)j xdarctgx.

2-MucoJd. Kytiuoaeu Cmunmvec unmezpaniiapu XucoONaHCUH:

()] x*dg(x),

0y epoa:

1
-1, aeap 0<x< 5 oynca,

0, aeap % <x< g oynca,
g(x) =

2, aeap x=§ oynca,

-2, aeap g <x<2 oyrca.

3-mucoa. Cmunmvec uHmespauiapu XUcoOIaHCUH:
2 2 2
@) (8)[xdg(x), 6 (S)[¥dg(x), e (S)[ (¢ +Ddg(x).
-2 -2 -2
4. InTerpayiHi  XHUCOOJIAHT.

1) _[sin xde*
0




2) | xdcosx

O e N | N

1
3) _[ x*darctgx
-1

) -1, acap x=-2
4) de¢(x) oy epma @(X)=<0, aeap —-2<x<1
” -1, aeap 1<x<2
'X2—2, acap —3<x<-2
0, aeap -2<x<-1
2
5) .[(x—l)d¢(x) oy epma @(X)=<2x+1, aeap -1l<x<l1
-3

X, aeap 1l<x<?2

3, acap x=2

2, aeap x=-3
X+2, acap —-3<x<-1

3
6) .[Xd¢(x) Oy epna (p(X)=44 acap —-1<x<0
-3 !

x* -1, aeap 0<x<3

X, aeap OSx<%

7) jsinxd¢(x) Ooyepma @(X)=<2, aeap XI%,)C:?Z'
0

X—Z azca £<)C<7Z'
2 €3
8) I(x+2)d(exsgnsinx)

9) jf(x —1)d(cos xsgn x)




[ ¢ +1)dg(x)

Oy epna

X+2, aeap —-2<x<-1

p(X)=<2, aeap —-1<x<0

X*+3, aeap 0<x<2

N

— amaaui Mmamryaor: ['omomop¢d Ba rapMoHuUK GyHKUIHUAJAP.

Nmpan makcan: : bus Kyiinna rojaoMopd Ba rapMOHHMK (YyHKUIUSJIADHUHT HHT
Co/AJa, 3apyp XOCCAJIApUHM YypraHuil OwiaH Oup KaTopna, yiaap OuiaH OOFIHMK
MacaJlaJlapuHu KYpuO YUKaMus3.

NinHu 6a:kapuin y4yyH HaMyHa:

1. Faraz qilaylik y — 1 nugtadan chiquvchi arg(z—i)=¢ nur bo‘lsin.

Z—1 .. . . . .. -
w = —— akslantirish uchun I nuqtadagi cho‘zilish koeffitsienti R(¢) va burilish
Z+1

burchagi a.(¢) ni toping.

Z—1 [ 2i

= W)=

o w=2"" = vzeC\{-i} uchun w(z) = ()= 2
Z+I Z+1"  (z+1) 2
Demak,

) il 1 : I, 3n
R(p)=W()=|-=== 6a o(p)=argw'(i)=arg(—=)=— >
@=Wwl=-1 =5 o alo)=argw() =argl- )=
Bu misolni Maple matematik paketida yechishni ko‘rsatamiz.

_z—1
) =37
B z—1
fi=z= z+1
> d




>a(l)

>k=la(1)]

>0 = argument(a(/))

2. U(X,y)=xy dyukuus C na rapMOHUK QyHKIUS OYIia onaauMu?
>U = X),
u=xy

s plot3d(u,x=-4 .4, y=-4 .4, color = red, thickness = 2, grid = [100, 100]);




Jlamac Tenrinamacu 0yrinda QyHKIMSIHA TAPMOHUKIINKIa TEKITUPAMU3, SHHU:
ou ou . o’u du
—=Y —220 —2+—2:0+0:O
OX OX OX
Jlemak, U GyHKIMS TapMOHUK OYI1au.
2. u(x,y)= X* —y? + X (yHKIUHS TApMOHUK (PyHKIHS OY/1a 0Ia1iuMu?
Jlarutac Tenrinamacu OViinda (yHKIIMSHA TAPMOHUKIIMKTA TEKITUPAMU3, STHHU:
o° 0

A=—+ =0
aXZ ayZ




Jlemak, U ¢yHKIHS TapMOHUK OY1au.
L=ty )7 );
f:Z% ln(x2 + yz)

splot3d (f,x=-3.3,y=-3..3, color =green, grid =100, 100]);

> Laplacian ( (1) )




> with(plots) :

>f(z) =In(|z — 1]);
f=z—=In(|lz —1|)

> plot3d(n(y (x — 1)2 + 7 ).x=-5.6.y=-5.5):

>g(z) =In(]z — 1|-]z + 4]);
g =z>In(z — 1|z + 4|)

>plot3d(ln(\/ (x — 1)2 —I—y2 \/ (x + 2)2 +y2 ),x=—6..6,y=—5..5);
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MycTakui edyuil y49yH MUCOJLIAP:

1. T(z) =z-Imz ¢pyuxuusaun C—auddepeHnpanianyBYaHINKKa TEKITHPUHT.

2. Re(Sinz) pynxmms [ pa rapmonuk 6ynagumun?
3. f(z2) = x+ay +i(bx + cy) byukuusau ronomMopdIrKKa TEKIITHPHHT.

4. Arap u(z) eh(D) 6¥ica, y Xxonma yHUHT UXTHEPHH TapTHOIArd XyCyCHi

XOCHUJIACH TAPMOHUK (DYHKITUSI SKAHJIUTHHU HUCOOTIIAHT.

5. Arap U(z) eh(D)  6¥uca, y xonma U° QyHKUES rapMOHHK GyHKIMS Gynaxumu?
6. Arap u(z)eh(D) 6¥uca, y xonna kaumait f ¢ynkuus yayn f(U) rapmonuk
bynkums 0ymanu?

7. Arap f €O (D) 6¥ca,y xomnma |f(z)|,arg f(Z),|n| f (Z)| (GYHKIUSUTAp TapMOHUK
bynkuusuiap Oynaaumu?

8. Kyitunaru QyHKIMSIaApHA TaPMOHUKIMKIa TEKIIAPUHT.

X

1) x*—y? 2) x’+y® 3) x’y* 4) 2e*cosy 5) —
X* +

6) e*+e’ 7)3x’y—y°

2

9. bepunran U (QyHKIuS y4yyH KyIIMa TapMOHUK V (QYHKUHS TOMUICUH

Du=x>=y°+x 2) u(x,y)=x>—y*+2xy, E=C,3) u(x,y)=x*-3x", E=C




10. Ky#ingarn xypunumgara O6apya rapMOHUK (GYHKIUSUIAPDHU TOIHMHT.

1) u=f(ax+by), 2) u=f(xy) , 3) u:f(%),4) u=f (2 +y?)

11. Arap u, eh(D) Ba c, € R 6yica, y xonna chuk eh(D) wucootnanr.

k=1

Ba 6— amMaguil MalwryJjgorJjap:

daeMeHTap pYHKUHMAJAP Ba yJgap épaamMuaa
0askapujagurad KOHGOPM aAKCIAHTHPHUIILJIAP
Nmpan makean: Acocuii aneMenTtap GyHKIusiIap épaaMmuaa 6axkapuiaaural

KOH(OPM aKCIaHTUPHIILIAPTa JOUP MUCOJUIAP YpraHWIa Iu.

NiHu 6a:kapui y4yyH HaMyHa:

z-1 )
bepunran D ={0 < Rez <1} coxaHuHr W = —— aKCJIaHTHPHII EpIaMHIara

AKCHMHH TOITHUHI.

by macamanu eyuin y4yH COXAHMHI CAaKJAHWII IPUHLMUIN Ba KAacp-YU3UKJIU
aKCIIATHPHIIHUHT JIOMPaBUIIMK mnpuHimnuaad ¢oinamanamus. G = w(D) necak,

oD = w(oD) 6ynamu.

oD ={Rez=0} U{Rez=1}. ze{Rez=0} Ba W(0) =00 Oynranu yuyH
{Rez =0} Tyrpy UYMBHKHUHT aKCH TYFpH UYM3HUK OYyaagd. YHH TONHWII YYyH
z,=1 6a 7,=—Ie{Rez=0} wnykramapuu onub, ymapHUHI O0Opa3IAPUHH

tomamuz: W(i) = ﬂ' =1+i, w(-i)= -1
|

=1-i. = By uyKkramapmad yTyBYH

—1
tyrpu un3uk Rew =1. Re z =1 tyrpu unsukHUHT akcu dca aiinana 6yaau, 4yHKu Oy

YU3UKHUHT yCTHAa W = —— (QYHKIUSAHA OO0 Ta alJIaHTUpPAJAUTraH HYKTa MYK. YHH
YA

z-1

TOIMHMII YYYH W= TCHIJIaMaJaH Z HU TOIIaMU3.

-1 -1 -1 —(u=1-iv) 1-u : Vv
Z= = H = - 2 2 = 2 2+I 2 2
w—1 u+iv-1 u-1+iv (UuU-D°+v- (uU-D°+v (u=D° +v




by epaaH Ba Rez=1 naH

= 1-u :1:>(u—1)2+v2:1—u:>(u—l)2+v2:£:>w—l L
2 2
u-2°+v 2
1

4 2
1 1] 1
Jlemaxk, oG = {:FQ(B\A/ = 1]’\_J {1\A/'—'EE‘ = EE]':::> G= {:FQEE\A/ < ]q ‘\A/'— EE > EE}'

2

I
F ] N
G i _E]@ >y

Bu misolni Maple matematik paketida yechishni ko‘rsatamiz.

> with( plots)
>
> e Z7 1
z
z—1
w =
z

>c0nf0rmal(w, z=1—m-1.1+ = I, grid =30, 30])

0.z

01 02 03 04 05 0§ 07 02 09

-024

-0.4




> conformal(w,z=0 —4-n-1.0+4- - L1—1..1+1
grid =30, 30])

0.5

T T T T T
ne 0z 0 12 1.4

-0.54

-1d

conformal(w,z=0—7- 1.1 + ©- -2 — 1.1 + I, grid
~ [30,30])

T T
2. bepuwiran D={0<Rez<r, - 2 <Imz< E} COXaHMHI W =CO0SZ

AKCJIaHTHPHUII épﬂaMHI[aFI/I AKCHMHH TOIINHI.

> with(plots) -




> conformal[z, 2=0— %1..15 + %I,—O.S-n —I'n.1.5-1 + I, grid = [ 20, 20]]

54

>yl =1z

wl =1z

> conformal(wl, z=0— %-I..n + %I,—n —I'n..w + I-m, grid = [ 20, 20]]

bl

[} 5]

H

> w2 = !




I-
> conformal(WZ, z=0— %-1..75 + %I,—Z-n — TTE 2.+ 12w, grid = [ 20, 20])

1 1

> = —. L

w > [w2+ WZJ

w:=ielz+ !
2 2¢'?

> . T T L

conformal| w,z=0 — 7-[..75 + ?],—TE —I'n. n+1 =, grid=[20,20]

3
3 L 3




MycTakui e4yMin y4yH MUCOJLIIAp:

1. Bepunran D coxanunr kacp-umsuiyin W= f(z) axcmantupum épaamMuaa akCHHH
TOTIMHT.

D ={z|>1}, W:Z—_:!'.
Z+i

2. D coxanu G coxara akCIIaHTUPYBYM Ba KyWHJard MapTIapHU KAHOATIAHTHUPYBYU

Kacp-43uKIA W(Z) QyHKIUSHN TOIMHT.

i i
D={z|<3}, G={w<2}, W(E)=O, argw‘(E)zo
3. Kyitugaru D TymiaMHUHT O€puiiral akCIaHTUPUIN Ep/laMUIard akCUHU TOTIHHT.

D:{]z\<2,g<argz<n} W=z

4. XXykoBckuit pyHkumsicuaan Gorganannbd Kyiuaara TYjiaMIapHUHT aKCUHH
TOTIVHT.

1)\z\<%, zez[—%;O], 2)\z\<%, Imz <0
3)1<|7 <2, Imz>0, 4) |z]<2, Imz<0

5. Kyiiugaru TyIiaMIapHUHT €° akCIaHTUPHIN EpAaMuIard aKCUHH TOITHHT.

1)0<Rez<m , Imz<0, 2) 2<Rez<3 g<lmz<377c

6. w=+/z GYyHKUUSIHUHT  KyWujaa OepwiiraH WIApTHU KaHOATIAHTUPYBUU OuUp

KUUMAaTIu TapMoFH €paamMuaa D COXaHUHT aKCUHM TOIIHHT.
3 oT i
D ={z|>1, - <argz <T}’ J-1=i

7. Kyitnparu coxaauar W = LNZ QyHKUMSAHUHT KYHAWITad apTHA KaHOATIaHTUPYBYH

Oup KUUMATIIM TAPMOFHU E€pAaMUard aKCUHU TOTIMHT.

D ={z ¢ (—»,0],z ¢ [1,+0) }w(i) =%i




V. KEUCJIAP BAHKHA

Case 1. OyHKUMAHM YEKIW BapUalysara sra OYNUIUIMK OWJIaH YHUHT YEKJIH
JMMUTTA 3ra OYIMIIIMK Opacuiard MyHOCa0aTHU aHUKJIAHT.

®apa3 kunaimuk  f(X)  yskmus [a,too] opanukma aHHKIaHTaH OYiIuo,xap

t

Kanaii [a,t], (t>a) kecMa/a uexan Bapuanusra sra 6yacun. Arap |imV f JIAMUT
t—>o0 a

MaBxyn Oyica , limf(x) waexyumrunu uc6ornanr.Teckapucu ypunmMu?

X—>+00

Muconnap KEITUPHUHT.

Case 2. Jlunmwi mapTHHA KaHOATIAHTUPYBYH (DYHKITHS YSKITU BapHaIlusara ara
[2-Teopema,1-Mabpy3a]. YOy TaCAMKHUHT TeCKapUCH YpuHIUMHU? Mucosuiap
KEJITUPHUHT.

Case 3. Maple nactypu €paamuia GyHKIMSIHA TYJIUK BapUaAIUSICUHA

XHUCOOJIAHT.
f(x)= cos? X dbyukusaan [0, ] opanukaa MKKUTa YCyBUM (DYHKIMSIIAp allupMmacu

makJinaa uoaajiasr.

s with( plots) :

S (%) = cos”(x);

f:=x—>cos(x)2

s plot( f(x),x= 0..Pi, color=[black]);
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1 |
h :=x—>piecewise(0 <xand x < o 1 -2 cos(x)2, o

<Xx andxén,l)

1 1
x—>piecewise(0 <xand x < P 1 -2 cos(x)2, o <x

and x < T, 1]

s plot(h(x),x= 0 ..Pi, color=[blue]);
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0.5 1

c>o|;=|_
I
(%)
oo|::‘_
B Ml;\ 4
L]
oo|::‘
JE-|..:J—
c>o|:
El

=054




1 1
g = x—>piecewise(0 <x and x < DL 1 — cos(x)z, o
<xand x <m, 1+ cos(x)z)
: : 1 2 1
x— piecewise| 0 < x and x < PRL 1 —cos(x)7, o <x

and x <m, 1+ cos(x)zj

s plot(g(x),x= 0..Pi, color=[red]);

24

plot([h(x),g(x), f(x)],x=0.Pi, -2 ..4, color = [ blue, red,
black]);
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Case 4. Ctuntbec HHTETpauaa aJAUTUBIMK X0CCaCH Kalcu Xonaa YpuHin?

Case 5. Ctunreec unrerpanu masxyn 6ymamuran f(X),g(X) dyaxuusiap yayu
MUHUMAaJ CUH(HU aHUKJIAHT.

Case 6. 'omomopd QyHKIMSIHU YHUHT XaKUKUI €KX MaBXyM KUCMHU EpAamMuaa

KaH/Iail ycyJuiap OujIaH THKJIAIl MyMKAH?




V. MYCTAKWJI TABJIUM TOINIIINUPUKJAPU

1. Ymoy:

xcosi arap X = 0 6yica
0, arap Xx=0 6ynca

(GYHKIUSHUHT UXTUEPHIA KecMajia YSKJIM BapralusTa 3ra OYIHIN KYpCaTHIICHH.
b c b

2.V f(x)=V f(x)+V f(x), a>c>b Tenrnuk ucbornancus.
a a c

3. f(X) dyukuus [a,b] na yexnm Bapuanmsra sra 6yica, yuua

9=V f(1
byukiusauar [@,b] na ycyBun Ba yerapananran OYIUIIN HCOOTIAHCHH.,

4. TyrpunanyBuM OyaMaran Yu3MKKa MUCOJ KEATHUPUIICUH.

5. Kylinnarun GpyHKUMATApHUHT TYJIUK BapUaUsCUHU XUCOOJIaHT:
1) f(x)=+x, x e[L4]
2) f(x)=arctgx , xe[-11]

3) f(x)=[x] . xe[-13]
4) f(x)=x, x e[-2;3]
5) f(x)=sinx, x e[0;27]

6. OYHKIUSAHUHT TYJIWK BapUAIMSICUHU XUCOOJIAHT:
0, x=0
f(xX)=41-x, O0<x<1
5, x=1

{. OYHKUUSAHUHT TYJIWK BapHALMSICUHU XUCOOJIAHT:




x=1 x<1
f(x)=410, x=1

X%, 1< x<2
8. Yumoy:
x2cosZ, x=0
f(x)= X
0, x=0

¢bynkusau [0,1] kecMaga Yekau BapUalusra sra SKaHJIUTHHA UCOOTIIaHT.

9. Ymiby:
xﬁnl,x¢0
f(x)= X
0, x=0

¢bynkuusiau [0,2/1] kecMaia YeKIM Bapyalusra ara SMacJIuruHU UCOOTIIAHT .
b b
10. Arap \/ f(x) = A 6ynca,y xonmga \/ (kf (x)+m)
a a
11. Arap f(x) ¢dyuxkmus D < R" coxanma roxopumaH spum y3nykcu3s Oyiica, y

xonga uxtuépuii M e R conun yuyn ymoy {xeD: f(X) <M} tynnamMaunr ouuk

TYTUTAMJIUTH UCOOTIaHCHUH.




VI. TJIOCCAPUM

Tepmun

V36ex THUIHAATH Hapxu

NHram3 Tuamaar mapxm

Yexiu
BapHALMSAJIN
GyHkuus
Function of finite

variation

8 =3 |F ()~ Fx)

nuruaamaap Vhe N yuyH

IOKOpHU/JIaH TCKUC HCrapalaHT'aH

For every n € N the sums
n-1
g = Z| f(X)— f (Xk)|
k=0

upper uniformly bounded

Tynuk Bapuauust
Combined

variation

\/ (x) = Sup{s,}

\/ (x) = Sup{s,}

bynakin MOHOTOH
Piecewise

monotone

bynkus xap oup [a,,a, ;]

KecMaJla MOHOTOH

If function monotone on every

[ak ! ak+1]

JIMnuun mapTu

Lipschits condition

myHaa L>0 con Tonuicaku,

HXTHEPHH X, X € [a,b] Hykramap

yayH \f(i)-f(x)\gL-\i—x\

For any x,x e[a,b] there exists
L>0 such that
\f(i)— f(x)‘s L-\i—x\

Ctuartnec
n-1 n-1
HHTErpa o= FEI[9(x.)—9(x)]=| o =D F(&)[9(X1) —9a(x)] =
HMFUHIUCH N k=0 . k=0
Thesumof | = 3, f(E)A0(%) =S (£)a(x,)
k=0 k=0
Stieltjes integral
/imo =1 exists and finite, and
/imo =1 MaBxyJ Ba 4eKJIH A-0

Cruarnec
HHTErpaju

Stieltjes integral

A—-0
O0ynn0, yHUHT KUiMaTH [a,b]
KECMaHUHT OYJIMHUII YCyJIura

Xamza yHuaru &,

its value isn’t depending on
partition of [a,b] and selection
of the points
&, on [a,b]




HYKTAJIAPHUHT TaHJIAHUIIIUTa

OofnuK Oyimaca.

Hapoy —
CTUITHLECHUHT

KYiiM Ba OKOPH

m, [lnf {f(x)},

Xk Xk+1

M, = Sup {f(x)},

Xk » Xk 1]

m, = _inf {f(x)}

(X Xs1]

= Sup {f ()},

(X Xs1]

. S=>» mAg(x),
HUTUHIAWIApPHA s k k § _ Z mkAg (Xk )’
Upper and lower _ ona k=0
S=) M,Ag(x,) =
sums Darbu- s S => MAg(X,).
Stieltjes 0
Japoy —
CTHITbECHUHT

KYiiM Ba OKOPH
HHTErpaLiapu
Upper and lower

integrals Darbu-

. =Sup{S} sa I"=inf{S}

l. =Sup{S} and I*:inf{g}

Stieltjes
D c R" coxana 6epunran u e C*(D) function defined on
'apmonuk ueC?(D) bysxuus ymoéy an open set D c R" if it
pyHKkuus o%u 4 o%u satisfies the Laplace equation:

Harmonic function

AU=——+—+...+ =0

oxt  ox; o

TCHINIMKHU KaHOATJIAHTHPCA

2 2 2
AU=8—+8—2+... 8 =0

N o o

Jlamiac oneparopu

Laplace operator

o 62 o

A= — tt—
ax1 ax OX

o 62 o

A= — tt—
ax1 ax OX

h(D)

D coxana rapmMonuk OynraH

Oapya QpyHKUMATIAD TYTIIAMU

Set of all harmonic functions on

an open set D

R" ¢a3zomaru Gupnuk

chepaHMHT 103aCH

The square of unit sphere on R"




Ilyaccon
¢opmyacu

Poisson formula

2
rz—‘x—x0

P(x,y)= -
o, r|x—y]|

2
rz—‘x—x0

P(x,y)= -
o, r|x—y]|

Jdupuxie
MacaJjiacu

Dirichlet problem

Au =0, u|aD =o(x)

Au =0, u|aD =o(x)

Yexkcus CHILIINK

. ueC”(D) ueC”(D)
Infinitely smooth
TosiomMopd f(z)(byHKum z,€C Function f(z) C-differentiable
at the any neighborhood of the
(ymeus HYKTaHUHT OUpODP U(z,,¢) yhelg
i oint
Holomorphic atpodusia C- P
function z,€C

muddepeHnramIaHyBuu
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