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®opmupyembie komnerenmuu: OITK-3

JIEKIIMOHHBIE 3aHaTus 51 mT. mo 2 yaca:

Tema 1. JInneiinasi anreopa

COI[ep)KaHI/IC JAUCHUIIIINHBI:

Jlekums 1. Marpuie! u onepanuu Haj HUMH. CBOMCTBa MaTpUYHBIX onepauuid. TpaHcnoHUpoBaHUE MaTpPHIL.
Jlexuus 2. Onpenenuren, UX BIYUCICHUE U cBOiicTBa. Teopema o cyliecTBOBaHUM OOpaTHOM MaTpHULbl. PaHr MaTpHIbl U ero cBOiiCTBa.
Jlekums 3. Beruncienue panra MaTpuilbl, HaX0X/I€HHE 0OpaTHON MaTpHUIIbL.
Tema 2. AHaJIMTHYECKAs TeOMeTPHA
Jlexnus 4. BexTopsl u npocTeiimme oneparuy Hag HUMU. CBolcTBa 3TUX orneparuii. Heobxoammoe u 10CTaTOvHOE YCIOBHE IMHEWHON 3aBUCUMOCTH
BEKTOPOB. JlekapToBa NPsIMOYIOJIbHAsl CUCTEMA KOOPAUHAT.
Jleknus 5. BerunciieHne CKasIpHOTO, BEKTOPHOTO M CMENIAaHHOTO IIPOU3BEAECHUS BEKTOPOB.
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Jlexuust 6. YpaBHeHUE JIMHUY Ha IUNIOCKOCTH U B pocTpaHcTse. [lonspHas cucrema koopauHar. [lapamerpudeckoe 3a1anue KpuBoil. Paznuunble BUIbI
YPaBHEHUH MPAMON Ha TUIOCKOCTH.

Tema 3. Teopusi npenenon

Jlexuus 7. loustue pynxuuu. [penen gpynkun B Touke. [Ipenen ¢pyHknmumu Ha 6ECKOHEYHOCTH U O€CKOHEUHBIE Mpesiesibl. OCHOBHBIE TEOPEMBI O Ipe-
nene QyHKIuN.

Jlexuus 8. beckoneuno masbie u 6eckoHeuHO Oombinne GyHkuuu. Ux cBoiictBa. Teopema, yctaHaBIMBaronas cBsA3b MKy (QpyHKIIUEH, €€ mpenesom u
OeckoHeuHO Masloi. TeopeMa 0 3aMeHe SKBUBAJICHTHBIX OECKOHEYHO MaJlbIX B npeenax. [1epBolil 3amedarenbHbli mpeaer.

Jlexuus 9. HenpepriBHOCTD (hyHKIMK B TOUKe. OAHOCTOPOHHSISI HENPEPHIBHOCTH. HenpephIBHOCTS CyMMBI, POU3BEICHHSI, YACTHOTO M CIIOKHOU (DyHK-
1un. CBoiicTBa HenpepbIBHBIX (QyHKIMHA. TeopeMsbl: 0 HyJie HENPEepBbIBHOM Ha OTpe3ke (QPyHKIMH, O IPOMEKYTOUHOM 3HAUEHUHU HENPEPhIBHON (QDyHKIIUY,
00 OrpaHMYEHHOCTH HEMPEPHIBHON HA OTpe3Ke PYHKINH.

Tema 4. ludpepenunpoBanue

Jlexuus 10. [Torstue npoussoanoii. Ee reomerpudeckuii cmpici. [Ipasuna quddepenumposanus. JuddepeHnnpoBanue caoxHON 1 00paTHOM HyHK-
LUH.

Jlexuus 11. [Nonsrue nuddepennmana. Kpurepuii nmuddepennmpyemoctu. CBsizb MEXIY HENPEPHIBHOCTHIO U AuddeperunpyemocTsio. ['eomerpuue-
CKMii cMbICT nuddepeHimana.

Jlekums 12. Teopemsr o cpearem. (Posutst, Komm, Jlarpamka) @opmyna Teiinopa. Pa3noxeHre HEKOTOPBIX dJIeMEHTapHbBIX GyHKIUH 1o hopmyne Mak-
nopena. (€*, cos(x), sin(x), (1 + x)%, In(1 + X)) [IpumeHeHne B IPUOIMKCHHBIX BEIYUCICHUSX.

Jlexuust 13 IIpu3Haky MocTOSTHCTBa U MOHOTOHHOCTH (yHKIMU. JIokanbHbIN 3kcTpeMyM pyHKIuH. Heo6XonuMble 1 TOCTaTOYHBIE YCIOBUS SKCTPEMY-
Ma

Tema S. IlepBooOpa3Has n HeonpeaeA¢HHBI HHTErPaJl

Jlekums 14. [Tonstre nepBoodpa3Hoil. OCHOBHbIE CBOMCTBA HEOIPEIEIEHHOIO HHTETpaIa.

Jlexuust 15. MeTop! BBIYUCICHUS HEONPEAENEHHBIX HHTETPAIOB: 3aMeHa IIEPEMEHHOM, 110 YacTsM.

Jlekums 16. HTerpupoBanue paliMoHaIbHbBIX JPOOEi.

Jlexuus 17. [ToncranoBku YeObimena u Ditepa.

Tema 6. OnpeneéHHbIIN HHTErpas

Jlexuus 18. Onpenenénnslii uaTerpan. OCHOBHbIE CBOMCTBA OIpeaesieHHOro uHTerpaina. OleHKH HHTErpaioB. 3aMeHa IepeMEHHOMN B OIpeIeIeHHOM
UHTErpae.

Jlexuust 19. ®opmyrna HHTETpUPOBAHUS 110 YACTAM B OIpeieIeHHOM HHTerpae. OnpenenéHHblii HHTErpall ¢ epeMEHHBIM BEPXHUM MPEIeIOM
Jlexnus 20. [Ipunoxxenust onpeaenéHHOro nHTerpaia. Beraucnenne miomanei Guryp, IuH IyT, 00bEMOB TeIl BpaIIEHUS C TOMOIIBIO OMPEIeIEHHOTO
MHTErpajia

Tema 7. IuddepeHunanbHble ypABHEHUS
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Jlekums 21. Ouznyeckue U TEXHUYECKHE 3a/1a4M, MPUBOAAIIUE K AU epeHnanbHbM ypaBHeHUsIM. OCHOBHBIE OHITHS TeOpuHu AU PepeHInanbHbIX
ypaBHeHHH. Teopema o CyliecTBOBaHNUHU U €IMHCTBEHHOCTH pelieHus 3a1aun Komm. YpaBHeHMs ¢ pa3fesomuMucs IEPEMEHHBIMH.

Jlexnus 22. OnHopoaubie nuddepeHImanbHbie YpaBHEHUS IIEPBOTO MOPsIKa. Y paBHEHUS B MONHBIX nuddepenumanax. Jinaeinsie nuddepeHnmaib-
HbIE YpaBHEHHUS [IEPBOTO Nopsika. YpaBHeHue bepHyiu.

Jleknus 23. YpaBHEHMS BBICIIUX NOPSAJIKOB, TOIMYCKAOIINE TIOHUKEHUE TTOPSAIKA.

Jlexuus 24. Heo6xoaumMoe ycioBue JIMHEHHOM 3aBrucuMocTy GyHKUui. JInnelinsie nuddepennmanbupie ypaBHeHHS BbICIINX TOPsiIKkoB. CyliecTBoBa-
Hue u coricTBa pemenuit JIOJY. Heobxoaumoe ycnoBue nuHeHoN He3aBucuMocTH pemenuid JIOAY. Teopemsl o cymectBoBanuu GyHAaMEHTATBHOM
cuctemsl petenuit JIOAY u o crpykrype obuiero pemenus JIOY.

Jlekums 25. Teopema o ctpykrype obmiero pemenust JIHAY. JIHY ¢ noctosHHbIME KO3 PHIIMEHTaMU U clielMalbHON MPaBoi yacThio. Perenue
JIHAY meTonoM Bapuanuy NpOU3BOJIbHBIX TOCTOSIHHBIX.

Tema 8. ®yHKIIUM HECKOJIbKHUX IIePEeMEHHbIX

Jlexuust 26. O6nacTp onpeieneHus, 00J1acTh 3HAYCHUH, TIPENIENT U HEMIPEPHIBHOCTD (DYHKIIMH HECKOJIBKUX MepeMeHHbIX. CBOWCTBA HEMTPEPHIBHBIX
¢bynkuii. Teopema o HenpepsiBHOCTH Auddepenupyemoit pynkuuu. Heodxoaumoe u nocrarouHoe yciaosue quddepeHnpyeMocTH.

Jlexuus 27. [IponsBoanas cnoxxHoi ¢pyHKIuU. Teopema 0 paBeHCTBE CMEUIAHHBIX YacTHBIX MPou3BOAHBIX. nddepeHnnanst BEICIINX TOPSIKOB.
®opwmyia Teinnopa.

Jlexuus 28. HeoOxoanmoe u noctaToyHoe ycinoBue skcTpemyma. McenenoBanne GyHKIMHA HECKOIBKUX MEPEMEHHBIX Ha SKCTPEMYM.

Tema 9. KpaTHble HHTErpaJibl

Jlekums 29. /IBoitHble MHTETPAJIBI, UX TEOMETPUUECKUNA CMBICT U CBOMCTBA. Teopema o cBeleHnU ABOMHOT0O MHTErpaja K MOBTOPHOMY JUIsl KpUBOJIH-
HeifHol o6nacTy.

Jlexuus 30. 3ameHa mepeMEeHHBIX B TBOWHOM MHTeTpaje. SkoOnan nmpeoOpa3oBaHUsl CHCTEMBI KOOpIUHAT. | eoMeTprudeckre U GU3NIecKue MpritoKe-
HUS ABOWHBIX UHTETPAJIOB.

Jlekums 31. Tpolinble HHTErpabl, UX BbIUUCIEHUE. ['eomeTpudeckue U pusndeckue NpuiIoKeHNUs TPOMHBIX HHTETPaIoB.

Jlexuus 32. 3ameHa nepeMeHHbIX B TpoitHOM HHTerpaie. Lnnuaapuyeckue u chepruueckue KOOpAHUHATHL.

Tema 10. KpuBoJsinHeliHble U OBEPXHOCTHBIE HHTErpaJbl. Teopus mos.

Jleknms 33. KpuBonunelinblil uHTerpai. Csa3b MEeXAy KPUBOJINHEHHBIMA HHTETpAJIaMU IIEPBOTO U BTOPOr'O pOJa.

Jlexnus 34. CBoiicTBa KpUBOJMHEWHBIX HHTETpaioB. @opmyna ['puHa.

Jleknms 35. Yca0BUs HE3aBUCUMOCTH KPUBOJMHENHOIO MHTETpaJla OT ITyTH HHTETPUPOBAHUS.

Jlekums 36. [ToBepXHOCTHBIE MHTETPAJIbI IEPBOTO U BTOPOT0 poja. CBsI3b MKy MOBEPXHOCTHBIMU MHTErpajaMH IEPBOTO U BTOPOTO poja.

Jlexuust 37. Teopems! ycranasiuparouue Gpopmyisl Octporpaackoro u Ctokca.

Jlexnus 38. [IponsBoiHas 1o HanpaBiIeHUIO. [ pagueHT, ero CBOMCTBA U IPHIIOKEHUS.
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Jlexknus 39. Ilonarue nons. CeolicTBa noteHuuansHoro nosis. [lotok, ero npunoxenus Jlueprenuus, ee npuiaoxeHus u cporictsa. [lonarue conenou-
nanpHOro nojst. Lupkynsus, ee npunoxenus. Potop, ero npuinoxenus. Oneparops! ['amunnbrona u Jlamaca. CBoiicTBa napHbeix kKoMOuHauit: div

rota, rot grad U, div grad U

Tema 11. Paasl

Jlexnus 40. Yucnosoi psa. CXoauMoCTh TeoMeTpruIecKoro psiaa. Heooxoaumelil mpusHak cxoauMoctu. ['apMonnyeckuii psaa. TeopeMbl ClIoKeHus,
BBIYMTAHUS, YMHOXKEHHUS HA YUCJIO ISl YUCTIOBBIX PSIIOB.

Jlexnus 41. Ilpuznaku cpaBuenusi, Komu n JlamamOepa 11t Y4MCIOBBIX psioB. IHTErpalbHBIN MPU3HAK CXOAMMOCTH.

Jlekums 42. 3Hakodepenyronyecs psapl, mpu3Hak Jleioauma. JloctaTogHoe ycIoBre aOCOMOTHON CXOIUMOCTH.

Jlekuus 43 Oynkunonansueie psaabl. [Ipusnak Beitepitpacca. TeopeMbl 0 HEMPEePHIBHOCTH CYMMBI, TOYWIEHHOM UHTETPUPOBaHUH, T depeHIInpoBa-
HUM (PYHKIIMOHAIBHOTO Psizia.

Jlekumus 44. CrenenHoii psig. Teopembl AGens U 0 CyIIeCTBOBAHUU paguyca CXOAUMOCTH JJIsl CTETIEHHOTO psia. OCHOBHBIE CBOWCTBA CTEIIEHHBIX Psi-
TIOB.

Tema 12. Teopus pyHKIMH KOMILJIEKCHOIO IIEPEMEHHOTO.

Jlexnus 45. KomruiekcHbie yncia v 1eUCTBHUS HAJ HUMHU.

Jlexnus 46. OyHKIIMN KOMIUIEKCHOTO IEPEMEHHOTO U UX OCHOBHBIE CBOMCTBA

Jlexuus 47. [Ipenen u HeNPepBHIBHOCTH (DYHKIIMN KOMITJIEKCHOTO TIEPEMEHHOTO.

Jlekumus 48. TuddepeHunpyeMocTs u aHaTUTUYHOCTh. Y cioBusi Komu-Pumana.

IpakTuyeckoe 3anaTue 39. lccnenoanne OKII Ha aHATUTHYHOCTS.

Jlekums 49. Nurerpuposanue OKII.

Jlekums 50. Teopema Ko 1)1 01HOCBA3HOM 1 MHOTOCBsI3HOM oOnactu. HTerpanbhas popmyna Komu.

Jlexuust S1. Crenensble psijibl B KOMIUIeKCHOU oOnacTu. Psaasl Teltnopa u Jlopana.

IIPaKTUYECKHE 3aHATHs 42 WIT. 1O 2 Yaca:

Tema 1. JIuneiinas anredpa

IIpakTnyeckoe 3anaTue 1. Onepanuu CI0KEHNS U YMHOKEHHE MaTPHULL. Y MHOXKEHHE MaTPUIIBI HA YUCIIO.

IIpakTnueckoe 3ansTHe 2. Bpiuncienue onpeaenuTeNnel Mo OnpeesIeHNI0 U ¢ TOMOIIbIO CBONCTB.

IIpakTnueckoe 3ansiTue 3. HaxoxeHue GpyH1aMeHTaIbHON CUCTEMBI pellIeHHH TMHEHHBIX CUCTEM.

Tema 2. AHAJIMTHYECKAs TeOMETPUA

IIpakTnyeckoe 3ansaTue 4. Pemenue 3aaau no teme BeKTOpbl. CKalsipHOE, BEKTOPHOE U CMELIAHHOE ITpou3BeieHne BekTopos B JIIK.
IIpakTnyeckoe 3ansaTHe 5. Penienre 3a1a4 Ha ypaBHEHHUE NMPSAMOI B OTpe3Kax, € YIIIOBBIM KO3 PUIIEHTOM, KAHOHUYECKUM, OOILHM.

IIpakTnyeckoe 3ansaTHe 6. PaznuuHble BUIbI ypaBHEHMS INIOCKOCTH B IPOCTPAHCTBE. Y paBHEHUE NMPSMOM B IPOCTpaHCTBE. MccnenoBanne NoBEpXHO-
CTEN BTOPOIO MOPSIAKA
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Tema 3. Teopusi npenenon

IIpakTuyeckoe 3ausaTHe 7. BeuucieHne mpeaesa rno onpeaeiacHuio. Beraucienue npeaesioB ApoOHO-palluoOHATBHBIX (QYHKITUH.

IIpakTuyeckoe 3anaTue 8. CpaBHeHHE OECKOHEYHO MaJIbIX. KpuTepuii 5KBUBAJICHTHOCTH OECKOHEYHO MAJIbIX.

IIpakTnyeckoe 3ansaTHe 9. BouncieHne mpeeioB ¢ UCIOIb30BaHUEM YKBUBAJICHTHBIX OECKOHEUHO MaJIbIX. PacKphITHE HEONpe e IEHHOCTEH BUIA:

0]
—, 0—ow, 1%,

o0

Tema 4. [ludpepenunpoBanue

IpakTunyeckoe 3ansaTue 10. BeraucieHne mpou3BOIHON CIIOKHON 1 00paTHON (DYHKITUH, HCIIOJIB3YS MTpaBmiia Ju¢GepeHIIUPOBAHHUS.
IIpakTnueckoe 3ansitue 11. Brruncnenue nuddepennnana. [Ipumenenue nuddepenipana B npuOINKEHHBIX BBIYUCICHUSX.

IIpakTnyeckoe 3ansitue 12. Paznoxenue Gynkuuii B psabpl Teitnopa nu MakiopeHa.

IIpakTnueckoe 3ansiTue 13. HanpapiieHue BBITYKJIOCTH U TOUKH neperuda rpaduka GyHKIUU. ACUMIITOTHI.

Tema 5. IlepBooOpa3Has n HeonpeaeAéHHBII HHTErpPaJl

IIpakTnueckoe 3ansitue 14. TaGnuia OCHOBHBIX MHTErpasioB. BrruncieHne HeonpeaeaéHHOTo HHTErpaa.

IIpakTunyeckoe 3ansitue 15. Berancnenre HeonpeaenéHHOro HHTErpaia OT APOOHO-PAMOHATBHON (DYHKIIMH, METOIOM Pa3JIoKEeHUs Ha MIPOCTEHUIIHE
pooH.

IIpakTnyeckoe 3ansaTHe 16. HTerpupoBanye nppauoHaIbHbIX U TPAHCLIEHIEHTHBIX (PYHKIIH.

IMpakTnyeckoe 3ansiTue 17. IHTerpupoBaHue TPUroHOMETPUYECKUX BBIPAKCHUH.

Tema 6. OnpeneéHHbIIN HHTErpas

IIpakTnueckoe 3ansitue 18. Brruncienue onpenenéHHOro HHTErpana no ¢GopmysaaM 3aMeHbl IEPEMEHHOI.

IIpakTnueckoe 3ansaTue 19. Borunicienue onpeneaéHHOro HHTErpaia no Gpopmyse MHTErPUPOBAHUS 110 YACTSIM.

Tema 7. IuddepeHunanbHble ypaBHEHUA

IIpakTnueckoe 3ansaTue 20. Uuterpuposanue audgepeHnnaibHbIX YpaBHEHUH METOI0M pa3/IeleHUs IEPEMEHHBIX.

IIpakTnueckoe 3ansiTue 21. Perienre 0HOPOIHBIX JU(GEepeHINaTbHBIX YPaBHEHUH METOI0M 3aMEHBI IIepeMeHHON. MIHTerprupoBaHne JIMHEHHbIX
YPaBHEHUM.

IIpakTnyeckoe 3anaTHe 22. PeleHne ypaBHEHUH BBICIINX MOPSAKOB METOAAMHU ITOHM>KEHUS TOPSAIKA.

IpakTuyeckoe 3anaTue 23. Pemenue JIOJY uepe3 xapakTepucTuueckoe ypaBHEHHUE.

IIpakTnueckoe 3ansatue 24. Pemenue JIHAY ¢ nocrosHabIMU KOdDGUITMEHTAME METOIOM TOI00pA.

Tema 8. ®yHKIIUM HECKOJIBKHMX II€PEeMEHHbIX

IIpakTnyeckoe 3ansiTue 25. Haxoxaenue o61acTu onpeeneHus 1 006JacTu 3HaueHU (pyHKIIMH HECKOIbKUX. BbIUuncieHne 4acTHBIX MPOU3BOAHBIX.
IIpakTHyeckoe 3aHsATHE 26. BBIUKcCIIeHHE YaCTHBIX TPOU3BOAHBIX BBICIIMX MOPSIAKOB.

Tema 9. KpaTHble HHTerpaJjnbl
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IIpakTnueckoe 3ansTue 27. Boruncienue N1BOWHBIX HHTETPANIOB 1O (GOpMyJie CBEACHHS K IOBTOPHOMY MHTErpaly. Beiuuciienne ABOWHBIX HHTETPaJioB
METOJIOM 3aMEHbI ITepeMeHHbIX. Haxoxaenne miomaneit miockux Guryp ¢ HoMOIIbIo ABOHHOIO HHTErpaa.

IpakTuyeckoe 3ansaTue 28. BorynciieHne TPOMHBIX HHTETPAJIOB METOJIOM 3aMEHBI ITepeMeHHbIX. Haxoxienne 00bEMOB TeJ C TOMOIIBI0 TPOMHOTO MH-
Terpaia.

Tema 10. KpuBoJsinHeliHbIe H TOBEPXHOCTHBIE HHTErpaJibl. Teopus moJis.

IIpakTuyeckoe 3anaTHe 29. BorunciieHne KpUBOJIMHEUHBIX HHTETPAJIOB MIEPBOrO U BTOPOTO poja.

IIpakTuyeckoe 3ansaTue 30. BorurciieHne MNOBEpXHOCTHBIX MHTETPAJIOB IIEPBOIO U BTOPOro poja.

Tema 11. Paasl

IIpakTuyeckoe 3anaTue 31. HaxoxaeHue CyMMBbl CXOSILIETOCS YUCIOBOTO Psiia B MPOCTEHIINX CIydasX.

IIpakTnueckoe 3ansaTue 32. VccneroBaHue YMCIOBBIX PSAOB HA CXOJAUMOCTD.

IIpakTnueckoe 3ansaTue 33. [Ipumenenne npusnaka JleliOHuIA 715 MCCIEAOBaHUS CXOAMMOCTH 3HAKOUepeayommxces psaaoB. [loctpoenne MmaxkopaHT-
HOTO psizia 171l PyHKIMOHAIBHOTO Psa.

IIpakTnueckoe 3ansaTue 34. MccnenoBanue Ha CXOAUMOCTb (DYHKIIMOHAIBHBIX PSIOB.

IpakTuueckoe 3ausiTue 35. Paznoxenue sneMenTapHbix GyHkiwmii Sin(x), cos(x), €%, In(1 + x), (1 + X)* B psa Makiopena. [IpuMeHeHHe CTENCHHBIX
PAIOB K MPUOMIKEHHBIM BBIYHCIICHUSIM.

Tema 12. Teopus pyHKIMH KOMILJIEKCHOIO IIEPEMEHHOTO.

IIpakTnyeckoe 3ansiTue 36. Pemenne ypaBHEeHH HA MHOYKECTBE KOMIUIEKCHBIX YMCETT

IIpakTnuyeckoe 3ansitue 37. MccnenoBanue GyHKINNA KOMIIJIEKCHOTO MIEPEMEHHOTO U M3yYEHHUE U3 CBOMCTB.

IIpakTnueckoe 3ansaTue 38. VccnenoBanue QyHKIMI KOMIIJIEKCHOTO MTIEPEMEHHOTO HA HEMPEPBIBHOCTb.

IIpakTnueckoe 3ansaTue 40. CeneHre uaTerpania ot (GyHKIHUH KOMIUIEKCHOTO TIEPEMEHHOTO K KPUBOJIMHEHHOMY.

IIpakTnueckoe 3ansaTue 41. Boruricienue HHTETpaIoB ¢ MOMOUILIO UHTETpalibHOM Gopmyiiel Ko,

IIpakTnueckoe 3ansaTue 42. 3ommpoBanHbie 0cOObIe TOYKU U UX Kiaccudukanusa. OcHoBHas Teopema Komn o Beryetax. [IpruMeHeHue BBIYETOB K BbI-
YUCJICHUIO UHTETPAJIOB.

I'on Havana moaroroBku (1o yaeOHOMY tuiany) 2026



