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®opmupyembie komrerernun: OITK-3

ConeprxaHue JUCITUTUTUHBIL:
JEKINOHHBIE 3aHATUA 51 WT. o 2 yaca:
Tema 1. JIuneiinas aaredpa
Jleknms 1. Matpunel u onepanuu Hag HUMH. CBONCTBAa MaTPUYHBIX onepanui. TpaHCOHMpOBaHNE MaTpPHIL.
Jlexuus 2. Onpenenuren, MX BeIYMCICHHE U cBoiicTBa. Teopema o cyliecTBOBaHUM OOpaTHOM MaTpullbl. PaHr MaTpuibl 1 ero cBoiicTaa.
Jlekums 3. Beruncienue panra MaTpullbl, HaX0X/1€HHE 0OpaTHON MaTpUIIbL.
Tema 2. AHaJIMTHYECKAs TeOMeTPHA
Jlekums 4. Bekrops! 1 nnpocreiinye onepanuu Haja HUMuU. CBoiicTBa 3Tux onepanuii. Heo6xoanmoe 1 10cTaTouHOE YCIOBUE JIMHEWHOM 3aBUCUMOCTH
BEKTOPOB. JlekapToBa NpsAMOYTroJIbHAsl CUCTEMA KOOPAUHAT.
Jleknus S. BerunciieHne CKaJsIpHOTO, BEKTOPHOTO M CMELIAHHOTO IIPOU3BEAECHUS BEKTOPOB.
Jleknms 6. YpaBHEHUE IMHAN HA IUIOCKOCTHU U B ipocTpaHcTBe. [lonspHas cuctema koopauHat. [lapamerpudeckoe 3a1anue KpuBoil. Pa3nmuunble BUIbI
YpPaBHEHUU MPSIMON Ha TIIOCKOCTH.
Tema 3. Teopus npenenos
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Jlexuus 7. Ilonstue pyukuuu. Ipenen Gpynkuuu B Touke. [Ipenen ¢pyHkuumu Ha 6eCKOHEYHOCTH U OeCKOHEUHbIE Ipejiesibl. OCHOBHBIE TEOPEMBI O Ipe-
nene QyHKIUH.

Jlexuus 8. beckoHeuHo Masble U OGeckoHeuHO Oombiune pyHkuuu. Mx cBoiicta. Teopema, ycraHaBinBaroias cBsA3b MeX1y (QpyHKIUEH, e€ npenesnom u
O6eckoneuHo Manoi. Teopema o 3aMeHe SKBUBAICHTHBIX OECKOHEUHO MaJbIX B mpezaenax. [IepBoiii 3aMeyaTenbHbIi Mpeer.

Jlexuust 9. HenpepriBHOCT (DyHKIMU B TOUKe. OAHOCTOPOHHSISI HENPEPBIBHOCTh. HenpepbIBHOCTh CyMMBI, IPOU3BEICHMSI, YACTHOT'O U CJIOKHON (yHK-
run. CBoicTBa HenpepbIBHBIX (QyHKIMA. TeopeMbl: 0 HyJie HEIPEPBHIBHOM Ha OTpe3Ke (PYyHKIMH, O IPOMEKYTOUYHOM 3HAUEHUHU HETIPEPHIBHOW (DYHKITUH,
00 OrpaHMYEHHOCTH HENPEPHIBHOM HA OTpe3Ke QYHKLUU.

Tema 4. IuddepenunpoBanue

Jlekumus 10. [Tonstue npousBonnoii. Ee reomerpuyeckuii cmoici. [Ipasuna aquddepenuuposanus. AuddepenurpoBanue cioxHOW U 00paTHOM QyHK-
LUU.

Jlexuus 11. [Tonsrue nuddepenumnana. Kpurepuit muddepennmpyemoctu. CBsizb MEXIY HENPEPHIBHOCTHIO U AU depenuupyemocTsio. ['eomerpuue-
ckuii cmbich nuddepenimana.

Jlekums 12. Teopemsr o cpeanem. (Pos, Ko, Jlarpamka) @opmyna Teiinopa. Pa3noxeHrne HeKOTOPBIX dN1eMeHTapHbIX GyHKIUH 1o hopmyne Mak-
aopena. (€*, cos(x), sin(x), (1 + x)*, In(1 + X)) I[IpumeHeHrE B TPUOIMKEHHBIX BHIYUCIICHHUSIX.

Jlexuus 13 IIpu3Haky MocTOSHCTBa U MOHOTOHHOCTH (yHKIWU. JIoKampHBIN 3KkcTpeMyM QyHKIuH. Heo0XoanMeIe U TOCTaTOYHBIE YCIOBHSI SKCTPEMY-
Ma

Tema 5. IlepBooOpa3Has n HeonpeaeAéHHBII HHTErpPaJl

Jlexuus 14. [Tonsrue nepBooOpa3Hoii. OCHOBHbIE CBOICTBAa HEONPEAECAEHHOTO MHTETpaa.

Jlekums 15. MeToibl BIYMCIIEHUS HEOIIPEIEIEHHBIX HHTErPAJIOB: 3aMeHa [IEPEMEHHOM, 110 YaCTSM.

Jlexuust 16. UnTerpupoBanue panroHaaIbHbIX Jpo0ei.

Jlexnus 17. TloacranoBku Yebsiesa u Jitnepa.

Tema 6. Onpene1éHHbIN HHTErpas

Jlekums 18. Onpenenénnsiii uHTErpas. OCHOBHBIE CBOMCTBA OIpeieeHHOro nHTerpana. OneHKr HHTErpajioB. 3aMeHa IEPEMEHHOM B OIIpe/IeTICHHOM
UHTErpale.

Jlekums 19. ®opMyiia UHTETpUPOBAHUS 110 YACTAM B ONpPEeIeHHOM UHTerpaie. OnpenenéHHblii HHTErpall ¢ IepEMEHHBIM BEPXHUM IPEIEIoM
Jlexuus 20. [Tpunoxxenus onpenenéHHOro nHTEerpaia. Beraucnenue miomazaen puryp, AIuH 1y, 00bEMOB Tel BpallleHHs ¢ IIOMOUIbIO OIPeeNEHHOTO
MHTErpaja

Tema 7. JuddepeHunanbHble yPAaBHEHUA

Jlekums 21. @uznyeckue U TEXHUUECKHE 3a/1a4k, MPUBOAAIINE K AU depeHnanbHbM ypaBHeHUsIM. OCHOBHBIE IOHTHS TeOpUHU AU PepeHInanbHbIX
ypaBHeHuil. Teopema o CyI1ecTBOBaHMY U €IMHCTBEHHOCTH peleHus 3anaun Komm. YpaBHeHUs ¢ pa3AeIsOIMMUCS IEPEMEHHBIMHU.

Jlekums 22. OnHoponnble quddepeHIanbHble ypaBHEHUS IEPBOTO MOPsIKa. Y paBHEHUS B MOJIHBIX AU depennnanax. Jlnnelnsle quddepeHunannb-
HBIE YPaBHEHMs IIEPBOTO MOpsAAKA. Y paBHEeHUE bepHyuin.
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Jlekums 23. YpaBHEeHHS BBICHIMX IOPSAIKOB, TOIIyCKAIOIIHME TOHMKEHUE TIOPS KA.

Jlexuus 24. Heo6xoaumMoe ycinoBue JIMHEHHOM 3aBiucuMocTy GyHKuui. JInnelinsie nuddepennnanbupie ypaBHeHHS BbICIINX TOPsiIKkoB. CyliecTBoBa-
Hue u coricTBa pemenuit JIOJY. Heobxoaumoe ycnoBue nuHeHoN He3aBucuMocTH pemenuid JIOAY. Teopemsl o cymectBoBaHuu (GyHAAMEHTAITBHOM
cuctremsl perernit JIOIAY u o ctpykrype obmiero pemenus JIOY.

Jlexmus 25. Teopema o ctpykrype obmero pemenus JIHIAY. JIHAY ¢ mocrosHHbIMU KOAhPHUITIEHTAMH U CTICITUATBHOM MPaBOi 4acThio. Permenue
JIHAY meTonoM Bapuanuy NpOU3BOJIbHBIX TOCTOSIHHBIX.

Tema 8. ®yHKUMH HECKOJIBKHX MepeMEHHbIX

Jlexuust 26. O6nacTp onpeeneHus, 00J1acTh 3HAYCHUH, IPENIENT U HETIPEPHIBHOCTD (DYHKIIMH HECKOJIBKUX MepeMeHHbIX. CBOWCTBA HEMTPEPHIBHBIX
¢yukuuit. Teopema o HenpepbIBHOCTH U depenupyemoit pynkimu. Heobxonumoe 1 1octaTouHoe yciioBue JudGepeHIupyeMocTH.

Jlexuus 27. [IponsBoanas cnoxxHoi ¢pyHKIuU. Teopema 0 paBeHCTBE CMEIIAHHBIX YaCTHBIX MPOou3BOAHBIX. JnddepeHnnanst BEICIINX TOPSIKOB.
®opwmyia Teinnopa.

Jlexuus 28. HeoOxoaumMoe u 1ocTaToyHOE YCIOBUE dKcTpeMyMma. MccnenoBanne GyHKIIMN HECKOIBKUX IEPEMEHHBIX Ha SKCTPEMYM.

Tema 9. KpaTHble HHTErpaJibl

Jlekums 29. /IBoiiHble MHTETpAJIbl, UX FTEOMETPUUECKUNA CMBICT U CBOMCTBA. Teopema o cBeleHnU ABOMHOI0 MHTErpaja K IOBTOPHOMY JUIsl KPUBOJIH-
HEHHOI 001acTH.

Jlexuus 30. 3ameHa nmepeMeHHBIX B TBOWHOM HHTerpaje. SIkoonan nmpeoOpa3oBaHusl CHCTEMBI KOOpAUHAT. | eoMeTprudeckne 1 pu3nuecKue mpuiioxe-
HUS ABOWHBIX UHTETPAJIOB.

Jlekums 31. Tpolinble HHTErpabl, UX BbIUUCIECHUE. ['eomeTpuueckue U pusndeckre NpuiIoKeHNUs TPOMHBIX HHTETPaJIoB.

Jlexuus 32. 3ameHa nepeMeHHBIX B TpoitHOM HHTerpaie. Llnnnaapuyeckue u cepruueckue KOOpAHHATHL.

Tema 10. KpuBoJsinHeliHble U OBEPXHOCTHBIE HHTErpaJbl. Teopus mos.

Jleknms 33. KpuBonunelinblil uHTerpai. Cs3b MEeXAy KPUBOJIMHENHBIMHA HHTETpAJIaMU NIEPBOTO U BTOPOT'O poOJa.

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

Jleknms 35. Yca0BHs HE3aBUCUMOCTH KPUBOJIMHENHOIO MHTETpaJla OT ITyTH HHTETPUPOBAHUS.

Jlekums 36. [ToBepXHOCTHBIE MHTETPAJIbI IEPBOTO U BTOPOTo poja. CBsi3b MKy MOBEPXHOCTHBIMU MHTErpajaMH IEPBOTO U BTOPOTO poja.

Jlexuust 37. Teopems! ycranaBiausarouue Gpopmyisl Octporpaackoro u Ctokca.

Jlexums 38. [IpousBosHas no HampasieHuto. ['paareHT, ero cBoicTBa U MPUIIOKEHUS.

Jleknms 39. [Tonstue nons. CeolicTBa noteHuuanbHoro nois. I11orok, ero npunoxenus Juseprenuus, ee npuiioxkeHus u cBoiictsa. [Tonstue conenou-
nansHOro nojst. L{upkynsnus, ee npuinoxenus. Potop, ero npunoskenus. Onepatops! ['amunsTona u Jlammaca. CBoiicTBa mapHbIX KoMOMHAIHi: div
rota, rot grad U, div grad U

Tema 11. Paan1

Jlexuust 40. Yucnosoii psaa. CxonumMocTs reoMeTpuyeckoro psga. Heo6xoauMelii npuszHak cxoauMoctu. ['apmonndeckuii paa. Teopemsl CllokeHUs,
BBIUUTAHUS, YMHOKEHUSI HA YUCIIO JUIS YUCIIOBBIX PSIJIOB.
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Jlexnus 41. Ilpuznaku cpaBuenusi, Komu n JlamamOepa 11t Y4MCIOBBIX psioB. IHTErpalbHBIN MPU3HAK CXOAMMOCTH.

Jlekuus 42. 3Hakouepenyronyecs psapl, npusHak Jleiouuma. JloctatogHoe ycioBue aOCOMOTHON CXOIUMOCTH.

Jlexnus 43 Oynknuonanbhbie psibl. [Ipu3nak Beliepmrpacca. TeopeMbl 0 HEIPEPBIBHOCTH CYMMBI, IIOWICHHOM MHTETPUPOBaHUH, TUdPepeHIrpoBa-
HUH (PYHKIIMOHAIBHOTO Psizia.

Jlexnus 44. Crenennoii psan. Teopembl AGens 1 0 CyIIEeCTBOBAHHH Paanuyca CXOJAMMOCTH JIJIsl CTENEHHOTO psiaa. OCHOBHBIC CBOMCTBA CTEIICHHBIX Psi-
JI0B.

Tema 12. Teopusi pyHKIHIA KOMILIEKCHOTO NEPEMEHHOI0.

Jlexnus 45. KomruiekcHbie yncia v 1eUCTBUS HaJ HUMH.

Jlexknus 46. DyHKIIMY KOMIUIEKCHOTO IEPEMEHHOTO U UX OCHOBHBIE CBOMCTBA

Jlekums 47. [Ipenen u HenpepbIBHOCTh (PYHKUNUH KOMIUIEKCHOI'O IEPEMEHHOTO.

Jlekuns 48. luddepeHunpyeMocTs u aHaTUTUYHOCTD. Y ciioBusi Komu-Pumana.

IpakTuyeckoe 3anaTue 39. lccnenoanune OKII Ha aHATUTHYHOCTB.

Jlexkuus 49. Unterpupoanue OKII.

Jlexuus 50. Teopema Komu 17151 01HOCBSI3HON ¥ MHOTOCBA3HOM oOnacTu. MHTerpansHas ¢popmyrna Komm.

Jlexnus 51. CteneHHbIe psAibl B KOMITIEKCHON obnactu. Psaner Teiinopa u Jlopana

MIPaKTUYECKUE 3aHATHA 42 1IT. 1O 2 Yaca:

Tema 1. JIuneiinas anredpa

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

IIpakTnueckoe 3ansaTHe 2. BpiuncieHue onpeaenuTenel Mo OnpeesIeHNI0 U ¢ TOMOIIbIO CBONCTB.

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

Tema 2. AHaJIMTHYeCKAsA TeOMeTPUA

IIpakTnyeckoe 3anaTue 4. Pemenue 3agad no teme BeKTOpbl. CKalsIpHOE, BEKTOPHOE M CMELLIaHHOE ITpon3BeeHne BekTopos B JIIK.
IIpakTnueckoe 3ansaTHe 5. Pemienne 3aja4 Ha ypaBHEHHUE NPSMOI B OTpE3Kax, € YIIIOBBIM KO3()PUIIMEHTOM, KAHOHUYECKUM, OOILHM.
IIpakTnyeckoe 3anaTHe 6. PaznuuHble BUIbI ypaBHEHMS INIOCKOCTH B IPOCTPAHCTBE. Y paBHEHUE NIPSIMOM B IPOCTpaHCTBE. MccnenoBanne NoBepxXHO-
CTEH BTOPOIO MOPSAKA

Tema 3. Teopus npenenos

IIpakTnueckoe 3ansTHe 7. Bpiuncienue npenena 1o onpeaeiaeHuo. Beruucnenue npeaesnoB ApoOHO-pallnOHATBHBIX (QYHKITUH.

IIpakTunueckoe 3ansitue 8. CpaBHeHHEe OecKOHEUHO ManbIX. Kpurepuii S5KBUBaIEHTHOCTH OECKOHEUHO MaJIbIX.

IIpakTnyeckoe 3ausaTHe 9. BpiuncieHne npenenos ¢ UCMOIb30BaHUEM SKBUBAJICHTHBIX OECKOHEUHO MajblX. PackpbiTHe HeonpeaenéHHOCTEN BUA:

o
—, 0—00,1%.

o0
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K

Tema 4. [ludpepenunpoBanue

IpakTnyeckoe 3ansaTue 10. BeruncieHne mpou3BOIHON CIIOKHON 1 00paTHON (YHKITUH, UCIIONIB3YS MpaBmiia Au¢GepeHIUPOBAHHUS.
IIpakTnueckoe 3ansaTue 11. Brruncnenune nuddepennuana. [lpumenenue nuddepenmana B npuOIMKEHHBIX BEIYUCICHUSIX.

IIpakTnyeckoe 3ansiTue 12. Paznoxenue Gpynkuuii B psiapl Teitnopa u MaknopeHa.

IIpakTuyeckoe 3ansaTue 13. HanmpasieHue BBIMYKIOCTH U TOUKH nepernda rpaduka GyHKIUHA. ACUMIITOTHI.

Tema 5. IlepBooOpa3Hasi n HeonpeaeIéHHBII HHTErpPaJl

IIpakTuyeckoe 3ansaTue 14. Tabnuiia OCHOBHBIX HHTETPAJIOB. BIYMCIICHHE HEOTIPEACIIEHHOTO HHTErpaia.

IIpakTnyeckoe 3ansitue 15. Beraucnenrne HeonpeaenéHHOro HHTErpaia OT APOOHO-PAMOHATBHON (DYHKIIMH, METOIOM Pa3IoKEeHHUs Ha MPOCTEHUIIHE
IpooHu.

IIpakTnyeckoe 3ansiTue 16. llarerpupoBanne uppanroHaIbHBIX U TPAHCIEHACHTHBIX (DYHKITHIA.

IMpakTnyeckoe 3ansiTue 17. IHTerpupoBaHue TPUroHOMETPUUYECKUX BBIPAKCHUH.

Tema 6. OnpeneéHHbIIN HHTErpas

IIpakTnyeckoe 3ansaTue 18. Brruncnenue onpenenéHHOro HHTerpaia no GopMysiaM 3aMeHbI IEPEMEHHOM.

IIpakTnyeckoe 3ansiTue 19. Beruncnenne onpenenéHHOro HHTErpaia mo GopMysie HHTETPUPOBAHUS IO YACTSIM.

Tema 7. lud¢epeHunanbHble ypaBHEHU

IIpakTuyeckoe 3ansitue 20. arerpupoBanne auddepeHnnanbHbIX YpaBHEHUH METOIOM Pa3/IeieHuUs IEPEMEHHBIX.

IIpakTnueckoe 3ansaTue 21. Pemenne ogHOpoaHbIX nudepeHuanbHbIX ypaBHEHUH METOIOM 3aMeHbI IepeMeHHOo. VIHTerpupoBanue JIMHEHHBIX
YpPaBHEHUM.

IIpakTnyeckoe 3anaTHe 22. Pelenne ypaBHEHUM BBICIINX MOPSAKOB METOAAMHU ITOHM)KEHUS MTOPSAIKA.

IpakTuyeckoe 3anaTue 23. Pemenue JIOJY uepe3 xapakTepucTuueckoe ypaBHEHHUE.

IIpakTnueckoe 3ansatue 24. Pemenune JIHAY ¢ nocrosHabIMU KOAGUITMEHTAME METOIOM MOI00DA.

Tema 8. yHKUMH HECKOJIBKHUX MepeMeHHbIX

IIpakTnuyeckoe 3ansiTue 25. HaxoxaeHue 061acTy onpeeneHns 1 006JacTu 3HaueHui (pyHKIIMN HECKOJIbKUX. BbIunciene 4acTHhIX MPOU3BOAHBIX.
IIpakTnueckoe 3ansaTHe 26. BhiuniciieHne YaCTHBIX MPOU3BOHBIX BBICIIMX HOPSAIKOB.

Tema 9. KpaTHbie HHTerpaJjnl

IIpakTnueckoe 3ansTue 27. Borunicienue 1BONHBIX UHTETPANIOB 10 (OpMyJie CBEACHMSI K IOBTOPHOMY MHTErpaly. Beiunciienne ABOWHBIX HHTETpalioB
METO/IOM 3aMeHbI NepeMeHHbIX. Haxoxaenne miomanei miockux GUryp ¢ HoMoIso JBOWHOTO HHTErpaa.

IpakTuyeckoe 3anaTue 28. BerynciieHne TPOMHBIX HHTETPAJIOB METOIOM 3aMEHBI TTepeMeHHbIX. Haxoxienne 00bEMOB TeJ C TOMOIIBI0 TPOHHOTO MH-
Terpaa.

Tema 10. KpuBosinHeliHbIe M NIOBEPXHOCTHBIE MHTErpaJbl. Teopus moJs.

IIpakTnyeckoe 3ansaTHe 29. BolunicieHne KpUBOJIMHENHBIX UHTErPAJIOB IEPBOTO U BTOPOTO POJA.

IpakTuyeckoe 3ausiTue 30. BeruncieHrne NoBEpXHOCTHBIX MHTETPAJIOB IEPBOTO U BTOPOTO POJIA.
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Tema 11. Paan1

IIpakTnyeckoe 3ansaTue 31. HaxoxaeHue cyMMbl CXOSIIErOCs YUCIOBOrO psifia B MPOCTEUIINX CIIydasiX.

IpakTuyeckoe 3ansiTue 32. VccienoBaHue YUCIOBBIX PSAJOB HA CXOJAUMOCTb.

IIpakTnueckoe 3ansaTue 33. [Ipumenenue npusHaka JleliOHMIA 1715 MCCIEA0BaHUs CXOAUMOCTH 3HaKouepeayommxcs psaoB. [loctpoenne MmaxxopaHT-
HOTO psijia 171 PyHKIMOHAIBHOTO psAa.

IIpakTnyeckoe 3ansiTue 34. McciaenoBanue Ha CXOAMMOCTD (DYHKIIMOHABHBIX PS/IOB.

IpakTuueckoe 3ausTue 35. Paznoxenue sneMenTapHbix GyHkimii Sin(x), cos(x), €5, In(1 + x), (1 + X)* B psgx Makiopena. [TpuMeHeHHE CTENECHHBIX
PA10B K NPUOIMKEHHBIM BBIYUCIICHUSM.

Tema 12. Teopust pyHKuMi KOMIJIEKCHOTO TEPEeMEHHOIO0.

IIpakTnuyeckoe 3ansiTue 36. Perienrie ypaBHeHUI Ha MHOKECTBE KOMIUIEKCHBIX YHCET

IIpakTunyeckoe 3ansitue 37. ccnenoBanne GyHKINNA KOMITIEKCHOTO TIEPEMEHHOTO U M3yYCHHE U3 CBOMCTB.

IIpakTnueckoe 3ansiTue 38. MccnenoBanue GyHKINNA KOMITJIEKCHOTO IEPEMEHHOTO Ha HENIPEPBIBHOCTb.

IIpakTnueckoe 3ansaTue 40. CeeeHre uHTErpaia ot (yHKIMU KOMIUIEKCHOTO IIEPEMEHHOI0 K KPUBOJIMHEHHOMY.

IIpakTnueckoe 3ansiTue 41. BeluncieHre HHTETPAIOB C MOMOIIBIO HHTETpaIbHOM Gopmyibl Komm.

IIpakTnyeckoe 3ansaTue 42. M30a1upoBanHble 0cOObIE TOUKU U UX Kiaccupukauusa. OcHoBHas TeopeMa Ko o Beryerax. [IpuMeHeHue BbIYETOB K BbI-
YHUCIICHUIO HHTETPAJIOB.

I'ox Havana nmoaroToBkH (Mo yueOHoMy miany) 2026



