Hpunaoxenne 1 k PILJ

Beicmiasi MaTemaTnka

09.03.01 UndopmaTuka U BLIYUCIUTEILHAS TEXHUKA
HaNlPaBJIeHHOCTH (MPoduJIb)

TexHoJiorun pa3padoTku MOOMJILHBIX NPUJI0KEHU I
®opma o0yueHHs — OUHAas

I'ox HaGopa — 2022

METOJIUYECKUE YKA3AHUS
JIUISI OBYUAIOIUXCSI IO OCBOEHUIO JUCLIUILIUHBI (MOJY.151)

1. | Kadempa Matematukn, GU3UKK U HHPOPMAITMOHHBIX TEXHOJIOTHIA
2. | HampaBnenue moaAroToBKH 09.03.01 MudopmaTiKa ¥ BEIYUCIUTEIbHAS TEXHUKA

3. | HampasaenHocTh (mpoduiib) TexHonoruu pa3paboTKu MOOHIBHBIX TPUIIOKESHUN

4. | AucummmHa (MOIYIb) b1.0.13.01 Beiciias maTemMaTuka

5. | ®opma oOydeHus Ounas

6. | I'om Habopa 2022
I. Metoguyeckue peKOMeHIalUU

1.1 Meroauyeckue peKOMeHIAMH 10 OPraHu3anud padoThbl CTYAEHTOB BO BpeMsi MNPOBeIeHHS
JIEKIIMOHHBIX 3aHSATHIA

B xoze nexuuii mpernojaBarenb M3NAraeT M Pa3bsCHAECT OCHOBHBIE, HAHOOJEE CIIOKHBIE MOHSATHS TEMBI, a
TaKXXe CBSI3aHHBIC C Hel TEOpETHYECKUE M MPAKTHIECKUE MPOOIIEMBL, JaeT PEKOMEH AN TSl TPAKTHIECKOTO
3aHATHA U YKa3aHWS AJIs1 BBIIOJIHEHHUS CaMOCTOSITEIbHONU PaOOTHI.

B xoe neKUMOHHBIX 3aHATUI 00ydaromemMycst HEOOXOAMMO BECTH KOHCTIEKTHPOBaHUE y4eOHOTO MaTepHaa.
OO0pamath BHUMaHUE Ha KaTeropuH, (opMyIMPOBKH, PACKPHIBAIOIIUE COAEPKAHNE U3yUaeMOW JUCLUILTUHEI,
Hay4YHBIE BBIBOJBI M MPAKTHUECKHE PEKOMEH/IAIINH, TTOJIOKUTEIBHBIA OMBIT B OPATOPCKOM HCKYCCTBE.
KenatenbHO ocTaBUTH B PabOYMX KOHCIEKTaxX IIOJA, HAa KOTOPBIX JejaTh IIOMETKH, MOAYEPKUBAIOIIUE
0co0yI0 BaXKHOCTb TE€X MWJIM UHBIX TEOPETHUECKUX IIONOKEHUH. PekoMeHayeTcsi aKkTUBHO 3a/1aBaTh
MIPETIOAABATENI0 YTOYHSAIOIUE BONPOCHl C IENIBI0 YSACHEHUS TEOPETHUYECKUX IOJOKEHUH, pa3perieHus
CIIOPHBIX CUTYaLUH.

1.2 MeToun'{ecm/le PCKOMEHIAUMHA 110 MOATOTOBKE K MPAKTHYCCKUM 3aHATHAM

Ha mnpaxkTrueckoMm 3aHATHM CTYIEHTHI pELIaloT 3aJauyd O] PYKOBOACTBOM Ipenoaasarens. CemMuHap
MPOBOJMTCS IO Y3JIOBBIM M HanOoJIee CIIOKHBIM BOIpocaM (TeMaM, pas3zienaM) yaeOHOW porpaMMBbl.
[IpakTrueckue 3aHATHA MOCBSIIEHBI U3yUYEHUIO HanOoJee BAKHBIX TeM ydeOHOW AucuuiuinHbl. OHU CIyKaT
JUTSL 3aKPETUICHNS] N3yUYEeHHOTO MaTepuala, pa3BUTHs YMEHUI 1 HaBBIKOB MOJITOTOBKHU JOKJIAI0B, COOOIICHUH,
NpUOOPETEHUsI OMbITa YCTHBIX MyONMMYHBIX BBICTYIUIEHHH, BEICHUS AMCKYCCHUH, apTyMEHTALUH WM 3alUThI
BBIIBUTAEMBIX MOJIOKEHHM, a TaKXkKe Ul KOHTPOJS NMPENOoAaBaTeIeM CTENEHN MOATOTOBIEHHOCTH CTYACHTOB
10 U3y4aeMOH JUCLUILINHE.

B xoz1e moAroTOBKY K NPAKTUYECKUM 3aHATHAM CIEAYET U3yUUTh OCHOBHYIO U JOTIOJHUTENIBHYIO JTUTEPATYDPY,
Y4ecTh peKOMEH/IAIIUH MPEToAaBaTess U TpeOoBaHUS paboUeil MPOrpaMMBL.

MOXHO NOATOTOBUTH CBOM KOHCIIEKT OTBETOB IIO PAacCMaTpPUBAEMOM TEMAaTHKE, NOATOTOBUTH TE3UCHI IS
BBICTYIUICHHUH [0 BCEM Y4eOHBIM BOIIPOCAaM, BBIHOCUMBIM Ha 3aHsATHe. CleqyeT MpoayMaTh IPUMEPHI C LENbI0
oOecriedeHus] TECHOW CBS3M M3Yy4aeMOH TEOpUH C pealbHOW MpakTUKOW. MOXKHO MJOMONHUTH CIHCOK
PEKOMEHJOBAHHOM JIUTEpaTypsl COBPEMEHHBIMH HMCTOYHUKAMH, HE IPEJICTABICHHBIMA B  CIHCKE
PEKOMEHJOBaHHOM JIUTEPATyPHI.

1.3 MeTtoanyeckue peKOMEHIANMUH M0 OPTaHN3ANHHA CAMOCTOATEILHON PadoThl 00y4al0IHXCS

CamocrosiTenpHas paboTta — IuiaHupyemast yueOHas, y4eOHO-HCCIeI0BATENbCKas, HAyYHO-HCCIIeI0BATeIbCKas
paboTa CTYJCHTOB, BBINOJIHSEMAasi BO BHEAYJAUTOPHOE BPEMs IO 3a/IaHHI0 U NP METOANIECKOM PYKOBOJICTBE
npernojaBarelis, Ho 0e3 ero HemoCPEeJCTBEHHOTO ydacTus (NP YaCTHYHOM HEMOCPEJCTBEHHOM YYacTUH
MpenojaBatelis, OCTaBISIOIEM BEAYIIYIO POJIb 32 Pa0OTON CTYICHTOB).

CamocrositensHas pabota cryaeHToB (qanee — CPC) B BY3e sBnsiercss BaXKHBIM BUIOM yueOHOW M Hay4IHOU
nesitenbHOCTH cryneHTa. CPC urpaer 3HaUMTENBHYIO POJIb B PEHTHHTOBOW TEXHOIOTUHU 00yueHus. O0yueHue
B BY3e Brirouaer B ce0s 1Be, MPAKTUYECKU OJMHAKOBBIC IO 00BEMY W B3aUMOBJIHMSHUIO YacTH — Mpolecca
oOydenust u mporecca camoodydernus. [lostomy CPC momxHa crate 3QQeKTHBHONW W IeNeHANPaBICHHON
paboToii cTyaeHTa.




K coBpeMeHHOMY CrieMaIiCTy OOLIECTBO MPEIbSIBISET TOCTATOUYHO IHUPOKHI MepevyeHb TpeOOBaHUH, cpenn
KOTOPBIX HEMaJIOBAYKHOE 3HAYCHUE UMEET HAIMYUE y BBITYCKHUKOB OIPEIETICHHBIX CIIOCOOHOCTEH U yMEHHUS
CaMOCTOSITEIbHO J00BIBaTh 3HAHWS W3 PA3NUYHBIX HCTOYHHKOB, CHCTEMAaTU3UPOBATH IOJTYYECHHYIO
UH(pOPMAINIO, IaBaTh OLEHKY KOHKPETHOW cuTyauuu. DopMHpPOBAaHHE TAaKOrO YMEHHS IPOMCXOIHUT B
TEYCHHE BCETO Nepuoja OOy4YeHHs Uepe3 ydacTHE CTYACHTOB B MPAKTUYECKUX 3aHITHAX, BBITOJIHEHUE
KOHTPOJIbHBIX 33/IaHUH U TECTOB, HANIMCAaHUE KYPCOBBIX M BBITYCKHBIX KBaJH(PUKaMOHHBIX padot. Ilpu 3Tom
CPC urpaer peraroniyio pojb B X0/€ BCEro y4eOHOro mnporecca.

B mporuecce caMoCcTOSTEIbHOM PabOThl CTYAEHT NpUOOpeTaeT HaBBIKM CaMOOPIaHU3allH, CAMOKOHTPOJI,
CaMOYIIPaBJIECHUS, CaMOpe(IEKCUM W CTAHOBUTCA AaKTHBHBIM CAaMOCTOSATEJIBHBIM CyOBEKTOM yueOHOMH
JIESTEIEHOCTH.

DopMBI CaMOCTOSITEIEHON pabOTHI CTYJICHTOB pa3Ho0OpasHel. OHM BKITIOYAIOT B CEOSI:

- U3y4YeHHe y4eOHOW, HayyHOH W METOJMUYECKOH JUTEpaTyphl, MAaTepPHAIOB IMEPUOJUYECKUX H3JAHHU C
MPUBJICYCHUEM DICKTPOHHBIX CpEACTB OQHIMATBHON, CTaTHCTUYECKOW, MEPUOJMYECKON W HAy4YHOM
WH(pOpMAIIHH;

- IOJITOTOBKY JOKJIA/0B U pedepaToB, HAIMCAHUE KYPCOBBIX U BBIITYCKHBIX KBAJTM(UKALUOHHBIX PadoOT;

- yuacTue B paboTe cTyIeHUYeCKHX KOH(pepeHINH, KOMIIEKCHBIX HAyYHBIX UCCIIETOBAHUSIX.
CamocTosTenpHas paboTa mproOIIaeT CTyAEHTOB K HAYYHOMY TBOPUYECTBY, MOMCKY M PEIICHHUIO aKTyaJIbHBIX
COBpPEMEHHBIX MTPOOIIEM.

OCHOBHOH (OPMOI CaMOCTOSITEIBHOW pPAa0OTHl CTyAEHTa SBISCTCS H3yYeHHE KOHCIEKTa JEKUWH, uX
JIOTIOJIHEHUE, PEKOMEHJOBAaHHOW JINTEpaTyphl, AKTMBHOE YyYacTHE HA MPAKTHUYECKUX U CEMHHAPCKHUX
3aHATHUAX.

Yrenune yyeOHUKA

W3zyuas mMatepuan mo y4eOHUKY, CIEAYeT MEPeXOIUTh K CIEAYIOIEMY BOIMPOCY TOJNBKO MOCIE MPaBUILHOTO
MOHUMAaHUS TPEIBIAYIIEro, MPOU3BOAsS Ha OyMare Bce BBIYHCICHHS (B TOM 4YHCIE W T€, KOTOPBIC paju
KpaTKOCTHU OIMYILICHHI B y4eOHHUKE) M BHIOHSS UMEIOIINECS B YYCOHUKE YEPTEHKH.

Oco0oe BHMMaHHE ClIeAyeT oOpaiiaTh Ha ONPEIACICHHE OCHOBHBIX MOHATHH. CTYIEHT JOJDKEH MOAPOOHO
pa36HpaTL IMPUMEPLI, KOTOPBIC IOACHAKOT TaKWE€ OINPCACICHHA, U YMCTb CTPOUTH AHAJIOTMYHBIC IPHUMCPLI
CaMOCTOSITEIIBHO.

HeoOxoauMo TMOMHHTB, 4YTO Kaxaas TeopeMa COCTOMT U3 TIPEANOJIOKCHUH W yTBepkIeHUs. Bcee
MPEIONIOKEHYS TOJKHBI 00SM3aTENIbHO HCIOJB30BaThCsl B Jl0Ka3aTeNbcTBe. HyXHO MOOWMBATHCS TOYHOTO
MPEJICTABICHUS] O TOM, B KaKOM MECTE JIOKAa3aTelIbCTBA HCIOJIb30BAHO KAXKIOE MPEANOIONKCHUE TEOPEMBL.
[Tose3HO COCTaBJISITh CXEMBI JIOKA3aTEIbCTB CIOXKHBIX TeopeM. [IpaBUIIbHOMY MOHMMAHHIO MHOTHX TEOPEM
moMoraer pa3dop MPHUMEPOB MaTeMaTHYeCKHMX OOBEKTOB, O0NaNalomIMX W HE OO0JAJarIIUX CBOHCTBAMH,
YKa3aHHBIMHU B TIPEIIIOJIOKEHUSIX U YTBEPIKACHUSIX TCOPEM.

IMpy w3ydeHnHn Martepuana Mo y4eOHUKY TOJIE3HO BECTH KOHCIICKT, B KOTOPBIH PEKOMEHIYETCSl BITUCHIBATH
ompeneneHus, GOPMYIHPOBKU TeopeM, GOPMYIIbI, ypaBHEHHUS U T. 1. Ha mojsix KOHCIEeKTa cleyeT OTMeuaTh
BOIIPOCHI, BBIJICJICHHBIC CTYJCHTOM IJIA ITOJIYUCHUSA MMMCBbMEHHOM WIIN YCTHOﬁ KOHCYJIbTallU IIPEIoaaBaTelIsd.
[MucemeHHOE oopmIleHHE PadOThI CTYACHTA UMEET UCKITIOUUTEIILHO BaXKHOE 3HAUYCHHUE. 3alMCU B KOHCIIEKTE
JTOJIKHBI OBITh CHIEJIAHBI YKCTO, aKKyPAaTHO U PACIOJIOXKEHBI B ONPEJCICHHOM IOPsIKe. XO0pollee BHEIIHEES
odopMiIeHHEe KOHCIIEKTa [0 M3yYCHHOMY MaTephaily He TOJbKO NPUYYHUT CTyleHTa K HEeoOXOAUMOMY B
paboTe MOPsIKY, HO U TMO3BOJHUT €My HM30€XKaTh MHOTOYHCICHHBIX OIIMOOK, KOTOPhIC MPOUCXOIAT W3-3a
HEOPEKHBIX, OCCTIOPSAIOUHBIX 3aITHCEH.

BeIBO/IBI, TIOJTy4eHHBIE B BUJIE GOPMYII, PEKOMEH/IyeTCS B KOHCIIEKTE ITOYEPKUBATh WM OOBOJUTH PAMKOIA,
4TOOBI IIpy NCPCUYUTBIBAHNU KOHCICKTAa OHU BBIACIAIUCH U JIy4YlIC 3alIOMUHAJINCh. OneIT IIOKa3bIBa€T, 4TO
MHOTHM CTYJICHTaM TIOMOTaeT B paboTe COCTaBlIEHHE JIMCTa, COACPIKAIETO BaKHEHINEe W Hauboyiee 4acTo
ynoTpedsieMbie GopMyIbl Kypca. Takoil JHCT He TONBKO MOMOTraeT 3amOMHUTH (OPMYJIBI, HO U MOXKET
CJIY>KUTh MTOCTOSIHHBIM CITPABOYHHKOM JUISI CTYACHTA.

Camonposepka

IMocne w3ydeHHs OINpPENENCHHOW TEMBl 10 YYeOHMKY W PEHICHUS JIOCTATOYHOI'O KOJNHYECTBA
COOTBETCTBYIOUINX 3aJjad CTYIEHTY PEKOMEHIYeTCS BOCIIPOM3BECTH MO MaMATH OIpPEAECNICHUsS, BBIBOJbI
¢dopmyn, GOpPMYNIHPOBKM M JOKa3aTelbCcTBa TeopeM. Bompockl Ui caMONpPOBEpPKH, NPHBEICHHBIE B
HACTOSIIIIEM ITOCOOMH, AAHBI C LIENbIO IIOMOYb CTYICHTY B IIOBTOPEHHH, 3aKPEIVICHUH U MPOBEPKE MPOYHOCTH
YCBOEHHSI U3yYEHHOTO Marepuana. B ciydae HEoOXOAMMOCTH HAlo elle pa3 BHUMATEIbHO pa3o0paThcs B
MaTepuaie yueOHUKa, PelIuTh Psij 3a1ad.

WNHorna HemoCcTaTOYHOCTH YCBOEHHMS TOTO WM HMHOTO BOIpPOCAa BBLICHSETCS TOJBKO TPH H3Y4YEHUU
JanpHenIero Mmarepuana. B a3ToMm ciydae Hago BEpHYTHCS Ha3a U MMOBTOPUTH IIOXO YCBOCHHBIN pased.

I.4. IlpoBenenue 3aHATHII B MHTEePaAKTUBHOM (opme

WNuTepakTrBHOE 00ydeHHE MPEICTABIIIET CO00i CrIocod MO3HAHUS, OCYIIECTBISIEMBIN B (hopMax COBMECTHOU
JIEITENIFHOCTH 00yYaroluXcs, T.e. BCE YYACTHHKH 00pa3oBaTeIBHOIO MpOIecca B3aUMOJCHCTBYIOT IPYT C
JIPYyTOM, COBMECTHO pCIIAIOT IIOCTaBJICHHBIC TPOOJIEMBI, MOJCITUPYIOT CUTyallid, OOMEHUBAIOTCS



nH(opMaLuer, OLEHUBAIOT JEHCTBHE KOJUIET M CBOE COOCTBEHHOE MOBEACHHE, HOTPYKAIOTCA B pPEalIbHYIO
aTMoc(epy AETOBOr0 COTPYJHUYECTBA M0 PA3PELICHUIO MPOOIIEM.

WnrepaktuBHas Gopma oOyueHUs peanusyercss B BUJE KOJUICKTHBHBIX PELICHUH TBOpYECKUX 3anay (keiic-
3a7aHui 110 TEMATUKaM JUCLUIUINHBL).

KostexTuBHBIE pelieHusi TBOpUecKHX 3amad. llox TBOpUYECKMMHM 3aJaHMSMH ITOHHUMAIOTCS TaKue ydeOHbIe
3a7aHus, KOTOpble TpeOylOT OT OOydaroIMXcs HEe MPOCTOr0 BOCIPOM3BOACTBA MH(OpMAlWH, a TBOPYECTBA,
MOCKOJIBKY 3aJ[aHusl cojepkaT OONBIIMN WM MEHBIIMN >JIEeMEHT HEW3BECTHOCTH M HMEIOT HECKOJBKO
MOJIX0/I0B, HECKOJIBKO METOJIOB PEIICHUS.

I.5. MeToguyeckue peKOMeHIAUH 110 PellIeHUI0 TeCTOBBIX 3aJaHUH

TecroBas cucTema MperycMaTpUBaeT BOIPOCH/3a/IaHusl, HA KOTOPhIe 00YYAIOIIHIACS HO/DKEH JaTh OJUH MU
HECKOJBKO BapHaHTOB IMPABUIBLHOTO OTBETAa W3 MPEAIOKEHHOTO CIUCKa OTBeTOB. [lpu momcke oTBeTa
HEO0OXOMMO TIPOSIBIIATH BHUMATEIHLHOCTD.

[Ipu oTCcyTCTBHM KakOrO—IHOO OJHOTO OTBETa HA BOIPOC, MPEIyCMATPHUBAIOIIUNA MHOXXECTBEHHBIA BBHIOOD,
BECh OTBET CUMTAETCS HEMPaBUILHBIM.

OTBETHI PABUJIBHBIC BBIJCISIOTCS B TECTE MOAUCPKUBAHUEM WJIH JTFOOBIM JIPYTHM JIOMTYCTUMBIM CHMBOJIOM.

1.6. MeToauveckue peKOMeHIAUM 10 PellIeHUIO 33724, B TOM YK CJIe TOMOJHUTEIbHbIX

BaxxHbIM KpuTEpreM yCBOCHUS TEOPUH SIBIISIETCSI YMEHUE PEILIATh 3aJa4y Ha MIPOUICHHBIN MaTepual.

[lpu peuieHnu 3ama4 HY>)KHO OOOCHOBATH Ka)KIbId 3Tall PELICHUS UCXOJS M3 TEOPETHUYECKHUX ITOJIOKEHHN
Kypca. Ecniu CTyIeHT BUIWT HECKOJIBKO MyTeW PEUICHHs, TO OH JOJDKEH CPAaBHUTh MX UM BBIOpATh M3 HUX
camblid myumuid. [Tone3Ho 10 Havyasia BRIYUCIEHUM COCTaBUTh KPAaTKUM IIJIaH PEIIeHUSI.

Pemenns 3amad u mpUMepoB ClIeyeT M3JIaraTth MOJPOOHO, BBEIUMCIECHUS pacrojaraTh B CTPOTOM IOPSIKE,
OTHAENSI BCIIOMOTATENIbHBIC BBIYMCICHHUSI OT OCHOBHBIX. YepTEKH MOKHO BBIINONHATH OT PYKH, HO aKKypaTHO
U B COOTBCTCTBUU C JOaHHBIMH YCJIIOBUSAMHU. Ecan YCPTECIK Tpe6yeT 0CO6O THIATCJIBHOT'O BbIIIOJIHCHUA
(Hanpumep, TpH TpadUUecKoll NpOBEpKEe pEIICHHs, MOJIYYEHHOrO IYTeM BBIYMCICHHI), TO CIEAyeT
MOJIE30BATHCS TMHEWKON, TPAHCTIOPTUPOM, JIEKaJIOM M YKa3bIBaTh MacIITal.

Pemenne kaxxaod 3amavyd JTOMDKHO JOBOAMTHCS IO OTBETA, TPEOYEMOIO YCIOBUEM, M 110 BO3MOXKHOCTH B
o01mieM BUjie ¢ BEIBOJIOM (OPMYIIBL. 3aTeM B IMOIYYCHHYIO (hOPMYITY MOACTABISAIOT YACIOBEIE 3HAUYCHUS (eciu
OHM J1aHbl). B MpoMexXyTOUHBIX BBIUMCIIEHUSX HE CIEAYyeT BBOJUTH MPUONMKEHHbIE 3HAUeHUSI KOPHEH, Jrcia
THUT. I

[MomyueHHBIH OTBET CIEAyeT MPOBEPATh CHOCOOaMH, BBITCKAIOIUMH M3 CYIIECTBa JaHHOW 3amaun. Ecnm,
HampuMep, penranach 3a1a4a ¢ KOHKPETHBIM (PU3UYECKUM WM TE€OMETPHUUSCKUM COJCpKAHHUEM, TO IOJIC3HO,
MPEXE BCEro, MPOBEPUTH PA3MEPHOCTh MOJYUEHHOTo OTBeTa. [lojIe3HO Takke, ecliu BO3MOXHO, PELIUTh
3a/1a4y HeCKOJIBKUMH CITIOCO0aMU U CPaBHHUTH MOIYUCHHBIC PE3yIbTATHI.

Pemenne 3amau ompeneneHHOrO THITAa HYXHO TPONOIDKATh A0 NPUOOPETEHHs] TBEPAbIX HABBIKOB B HX
pELIEHNH.

[lepen pemieHneM 3amaum JOJHKHO OBITH IMOJTHOCTHIO TpHBEACHO ee¢ ycioBue. CaMoO pEIICHHE CIeIyeT
COIIPOBOXK/IaTh HEOOXOIUMBIMH PacieTaMH U MOSICHEHHSAMH C yKa3aHUEM MTPUMEHIEMBIX (opMyJ, aHATT30M H
BbIBOJIAMHM.

Pabora nomkHa OBITH OGOpMIICHA aKKypaTHO, HamucaHa pa30opyMBO O3 IMOMapOK, 3a4epKUBAHUN U
COKpAIICHU CIIOB.

I.7. MeToanueckue YKazaHus 110 NOATrOTOBKE K PCIICHUIO KeHcoB — NPaKTHYC€CKHUX cuTyaunﬁ

Keiic (B mepeBome ¢ aHri. — ciydail) TpeACTaBIseT COOOWH MPOONEMHYIO CHTYalHIO, IpeaaracMyro
CTYJZICHTaM B KauecTBE 3aJlaud JUIS aHaiuu3a W moucka pemeHus. OOBIYHO KEHC COJEPKHT CXEMAaTHYECKOe
CIIOBECHOE OIMCAaHWE CHUTYallUH, CTaTUCTUYECKUE JaHHbIe, a TaKKe MHEHHS W CYKICHHS O CHUTYalusX,
KOTOpBIE TPYIHO NpencKa3aTb WM H3MepHUTh. Kelc, oXBaThIBaeT TaKHe BHJBI PEUEBOM JCATEIBHOCTH Kak
YTCHHUE, TOBOPCHUE U TN CHMO.
Keficbl HArmagHO JEMOHCTPUPYIOT, KaK Ha MPAaKTUKE MPUMEHSETCS TeopeTHYecKHid MaTepwai. JlaHHBIN
MaTepuant HeoOXOIUM JUTS 00CYKJCHUS Mpe/ylaraeMbIX TeM, HalPaBICHHBIX HA Pa3BUTHE HABBIKOB OOICHHS
W TOBBIMICHUS MPOPECCHOHANTBHON KOMIETEHIMU. 3a4acTylo B Kelcax HET SICHOTO PEHICHUs MpoOJeMbl n
JOCTaTOYHOTO KOJIMYeCTBa HH()OpMAIIUH.
AHanm3 keiica JOIDKEeH OCYILIECTBISITHCS B ONPEICICHHOH MOCIeI0BATeIbHOCTH:

- Beiienenue npo0seMsi.

- [Touck ¢axToB 1Mo JaHHOM TpodIeMe.

- PaccmoTpenue allbTepHAaTUBHBIX PELLIECHUN.

- Be16op 000CHOBaHHOTO peLIeHUS.



I.8. Metoanueckne peKkOMeHAAlUH M0 BHINOJHEHHI0 JOMAIIHUX U HHANBUAYAJIbHBIX 3aJaHUI

JloMaiHue/MHAMBUAYyNIbHBIC 3aJIaHUsl 10 KYPCY BBINOJHSIOTCS OOYYarONIMMHUCS CaMOCTOSITEIIEHO B
OTJICIBHOM TETPaN WM B TETPAIH JUIS IPAKTHUSCKUX 3aHATUH.

JloMarHue/vHAMBUAYaIbHBIC 3allaHUsl OPHEHTUPOBAaHBI Ha 3aKpEIUICHWE TEOPETUYECKOro MaTepualia,
M3YYEHHOTO B XO/JI¢ JICKIIHOHHOTO 3aHATHS M OTPAOOTAaHHOTO HA MPAKTHYECKUX 3aHATHIX MO KKIOH TeMe
Kypca.

[Ipy  BEIMOTHEHWH  JIOMAITHETO/HHANBUAYATLHOTO  3afaHUs  OOydJaloIHKCS  TOJDKEH  ITOBTOPHUTH
TEOPETHUSCKUA MaTepHall JICKIIUU TI0 JaHHOW TeMe; pa3o0paTh 3adaHwsl, BBHITTOJIHEHHBIE HA MPAKTHICCKOM
3aHATHH; 3allMcaTh YCJIOBUE 3aJaHHs B TETPajib; IOJIHO M ¢ OOOCHOBAHUEM JCHCTBUMN BBIMOIHUTH PEIICHUE
3aJ]aHuif; TPU HEOOXOIMMOCTH MPUBECTH HEOOXOAUMBIC YTOUHEHUs ((hOPMYIIBI, TEOPEMBI, YTBEPKICHNUS), HA
OCHOBE KOTOPBIX IPOBOJIMIIOCH PEIICHHUE; 3aIICaTh OTBET W BBIBOJ.

Bce wnHmmBhayanpHBIE 3amaHUS HEOOXOOWUMO 3allUTUTH B YCTHOH (Qopme, OTBETUB Ha BOIPOCHI
MIPETOIaBaTe s IO BEITIOJHEHUIO 3aIaHUH U 000CHOBAHHIO TIPUBEICHHOTO PEIICHUS.

1.9. MeTroauyeckne peKOMEHAALNH 10 BBINOJHEHUI0 KOHTPOJIBHBIX padoT

KOHTpOHBHI)IC paGOTI)I 110 I[aHHOI\/'I AUCHUIIIIMHE BBIMOJIHAIOTCA B OTACJIBHBIX TCTPAAAX I KOHTPOJBHBIX
pa60T HJIN Ha OTACIIBHBIX JIMCTAX, KOTOPBIX XPAHATCA Yy NPCHIOAAaBATCIIA; B HUX KC 06yqa}0m1/1171051 BBIIIOJIHACT
paboTy Hax MONMYIICHHBIMH OIIMOKaMH B CIy4ae HEYJOBICTBOPUTEIHHOTO BBHIIOJHEHHS KOHTPOJIHHOM
PabOTHI MM TOTIOTHUTENBHOE 3aaHue JUIA JIOITyCKa K repecaade KOHTPOIbHOU paboTHI.

KontponpHas paboTta cunTaeTcs 3a4T€HHOMN, €CITM MPAaBUIIHHO BBHITTOTHEHO He MeHee 60% 3amaHuil.

3agaHus KOHTPOJIBHOW PaOOTHI BBITOIHSIOTCS aKKypaTHO, IOCIIEI0BATEIbHO, 0OOCHOBAaHHE PEIICHHS U OTBET
00s13aTeNIbHBI B KJKIOM 3a/1aHHH.

I[Tpn Hanmcanuu pabOTHI MOKHO MCHOJIB30BATh YEPHOBHK.

[Tpy BBHITOTHEHWH KOHTPOJBHBIX Pa0OT HE JOMYCKAETCs MCIIOJIB30BaHNE MOOMJIBHBIX YCTPOWMCTB, TaKETOB,
KaJbKYJIATOPOB, Y4EOHOH TUTEPaTyPHI.

1.10. MeTozmqeche PCKOMEHAAMA II0 MOAT0TOBKE K C1a4€ KOJJIOKBUYMa

KotokBruyM poOBOAXTCS 1O TEOPETHUECKON YaCTH Kypca U COCTOMT M3 HECKOJIBKHX JTAIToB.

1 Dram. YcTHBIN ONpoc MO ONpeIeIeHUSM.

Bce ompenenenns HeoOxoauMo 3HaTh Han3ycTh. Kaxkmoe BepHO chopMyIrpoBaHHOE ompezaeneHne — 1 Oam.
Heobxoammo HaOpaThe MakcuMyM — 3 Oaiia, MUHUMYM — 2 Oaia.

Ecnn oOyuarommuiics He chpaBuics C JaHHBIM 3TAloM, TO MPOAOJDKAET OCBaMBaTh YUEOHYIO TUCLUIUIUHY
CaMOCTOSITETIFHO JI0 clexylomeld MombITKH. bammer (2 wmm 3), monmydeHHBIE 3a IEPBBIA OITal, MOTYT
COXPAHSTHCS JI0 CIEAYIONICH Iepecaadl KOJUIOKBUYMa.

2 DOramn. YCTHBIH BOIPOC C Pa3BEepPHYTHIM OTBeTOM. IIpw moaroroBke k oTBeTy Ha Bompoc (B TeueHue 20
MUHYT) CYHTAETCS JOMYCTHMBIM HCIOJB30BaHHE COOCTBEHHOPYYHO HAIMCAHHOTO KOHCIIEKTa, 3alncel.
Hcnonp3oBaHne MHBIX MaTEPHAJIOB M TEXHHUUYECKHX CPEICTB SIBIAETCS HapyLIIEHHEM MPaBUI U JOCTATOUYHBIM
YCIOBHEM AJIsl TOTO, YTOOBI KOJUIOKBUYM CUMTATh HE CHAHHBIM M OOYYAIOIIMHCS NMPOJOJKAeT OCBaWBaTh
JUCIIUTUTMHY CaMOCTOSITENILHO 0 CICIYIONICH TOIBITKH.

Bo Bpems oTBeTa npemnoiaBaTennto 00yJaroNIHics MOKET BECTH KaKrie-In00 3alicH Ha YACTOM JICTe Oymary.
MakcumallbHOE KOJIMYECTBO OajuioB 3a OTBET Ha BOMPOC OOYYAIONIMIACS MOJYy4yaeT, €CIM JaHbl BCe
ompezaeneHus, cHOPMYINPOBAHBI W JOKa3aHBl yTBEPXKIEHUS, MPHUBEACHHI NMPUMEPHI W KOHTPIPUMEPHI, U
MUHHMAJILHOE — €CJIM JAaHbI BCE OIpeieNieHns, CPOPMYyITHUPOBaHbI YTBEPKACHUS, TOKAa3aTeILCTBA IPUBEIICHBI,
HO TOJIBKO Ha YPOBHE HJICH.

I.11. Meroauyeckne peKOMeHAAUMHU MO BbINOJHEHUIO UTOTOBOI0 (3K3aMEHALIMOHHOI0) TeCTa

WtoroBelil (3K3aMEHAITMOHHBIN) TECT MPOBOIUTCS B BUJE KOMITBIOTEPHOT'O TECTHPOBAHUSI.

Jns ycrienrHoro MPOXOXKAEHUS HTOTOBOTO TecTa OOYyYaroIIuecss B PEKUME CaAMOIIOATOTOBKU BBIMTOIHSIOT
3aJjaHvsl IOATOTOBUTEIHHBIX TECTOB.

CnoxxHble 3aJaHus], BCTPEYaEMbI€ B TECTAX, CTYICHTHI MOTYT BBIIOJHITH HA TPYNIOBBIX U UHAWBUIYAIbHBIX
KOHCYJIbTAIIUAX T10 TIPEAMETY.

[lepen mpoxoxaeHHEM TecTa OOYYaroIIUHACS JOJDKEH IOBTOPUTH BECh TEOPETHUYECKHH W TPAKTHUYECKUI
MaTepuan Kypca, BEIyYHTh OCHOBHBIE (DOPMYIIBI, ONIPENEICHNS, YTBEPKICHHUS U TEOPEMBI, 3HATh CITOCOOBI U
METOJbI PEIICHUA KITFOUCBBIX 3a11aH1/1171 Kypca.

1.12. MeTroau4eckue peKOMEHAALNH M0 MOAT0TOBKE K CAa4e IK3aMeHa

DK3aMeH OCYMIECTBISIECTCS B paMKaX 3aBepIICHHS U3YYCHUS TUCIUILTNHBI (MOYJIS) U TIO3BOJIAET OTPEACTUTh
Ka4eCcTBO YCBOEHISI M3YYEHHOTO MaTepHaa, a TakKe CTeTeHb C(OPMUPOBAHHOCTH KOMIIETEHIINH.

CryneHThl 0053aHBI ClIaBaTh SK3aMEH B CTPOTOM COOTBETCTBHH C YTBEP)KIECHHBIMU YYE€OHBIMU IUIaAHAMH,
pa3paboTaHHBIMU COTJIACHO 00pa30BaTEIbHBIM CTaHAAPTAM BBICIIETO 00pa30BaHusl.



— [lo pucuMIUIMHE SK3aMEH TPUHUMACTCA 10 OWieTaM, COJACPXKallMM JIBa TEOPETHUYCCKHUX BOIMPOCA.
DK3aMCHAIMOHHBIC OUJICThI YTBEPIKIAIOTCS HA 3aceJaHuu Kadeaphl.

— DK3aMeHaTopy IPeIOoCTaBIIsETCS MPaBO 3a7aBaTh CTYICHTaM BOIIPOCH B paMKax OwieTa, a Takke, TOMHMO
TEOPETHUECKUX BOMPOCOB, MpeIaraTh 3a1a4u MPaKTHKO-OPHCHTHPOBAHHOW HAIIPABJICHHOCTH I10 MPOTpamMme
JTAHHOTO Kypca.

— Ilpu siBKe Ha 3K3aMEH CTYACHTHI 00s3aHBI UMETh MPU Ce0€ 3aUETHYI0 KHUXKKY, KOTOPYHO OHU TPEIABSBISIOT
9K3aMEHATOPY B Hayaje SK3aMeHa.

— PexomMeHyeTcs npH MOATOTOBKE K SK3aMEHY OMHUPATHCS Ha CICAYIOUIUH IJIaH:

1. IIpocMoTpeTh porpamMMy Kypca, C IEeNbI0 BRISIBICHUST Hanbosee MpoOJIeMHBIX TeM, BOITPOCOB, KOTOpPHIE
MOTYT BBI3BaTh TPYIHOCTH MPH TOATOTOBKE K DK3aMEHY.

2. TemMbl HEOOXOMUMO H3y4YaTh IIOCIICJOBATEIIBHO, BHUMATEIBHO OOpaias BHUMAaHHE Ha OIUCAHUC
BOIIPOCOB, KOTOPHIE PACKPHIBAIOT €€ cojiep:kanue. HaunHaTh HEOOXO0IUMO C TIEPBOM TEMBL.

3. Tlocne paGoTHl Hax MEPBOW TeMOH HEOOXOIMMO OTBETHUTH Ha BOIPOCH! I CAMOKOHTPOJISI M PEIIUTH
TECTOBBIC 3amaHus K Heh. Ilpm sTom s 3PQeKkTHBHOTO 3aKperuieHuss WHHOPMAIMHA MPOPEIIaTh TECT
TIEPBEIH pa3 Jy4ie 0e3 UCTIOIb30BaHHS YISOHBIX MATEPUAIOB, BTOPOH pa3 ¢ UX UCIIOIH30BAHUEM.

4. U tak gajee Mo OCTaILHBIM TEMaM.

I1. Ili1aHbl IPAKTHYECKUX 3AHATHI

Tema 1. JIuneiinas ajaredpa

ILnan

Martpuiel. Oneparuu Haa Matputiamu. O0paTHas MaTpHIIA.

DneMeHTapHble MPeo0pa3oBaHus MaTPHUIBl. PaHT MaTpHIIBI, €0 BEIYUCIICHHUE.

Onpenennureny BTOPOTO U TPETHETO MOpAIKa. MHHOPHI U anredpandecKne TOTIOTHEHNS.
Omnpenenurenu n-ro nopsiaka. CeoicTBa onpeaenuTeneil. MeToapl BEIUNCIEHUS ONpeIeNUTENeH.
Cucrempl TUHEWHBIX ypaBHEHUWH. [IpuMeHeHHe MaTpull M OmpefenuTeNell K PEelCHUI0 CHCTEM JIMHEHHBIX
anredpandeckux ypaBHEHHUH.

Teopema Kponekepa — Kanenu. Meton I'aycca pelienusi cucteM JUHEWHBIX YPaBHEHUH.
Pemenre oTHOPOTHBIX CHCTEM YPaBHEHUH.

8. ®opmynsl Kpamepa.

kv -

=N

Jluteparypa: [1, c. 13-73]; [3, c. 3-29]; [5, c. 7-90].
Ipumep keiic-3agaHus 1Sl KOJJIEKTHBHOTO PelIeHUsI:

I nonzanava. Pemuth cucteMbl ypaBHEHUIM:

L x+3y=7 5 x=2y=5 3. 2x-3y =13
2x+4y =10 3x+y=8 3x+5y=-9

Il monzamaya. IlpeacTaBuTh CHCTEMBI ypaBHEHHUM B MATPUIHOHN (opme:
x+3y+2z=5 x=2y+4z=11 2x+3y+2z=1

4. 02x+4y-22=38 5.{3x+2y+3z=8 6. !3x+2y+3z=-1
3x-2y-2z=0 2x+5z=11 2x+T7y+4z=-2

I1I moa3anaya. PenmTh CHCTEMbI YpaBHEHHI KaXKIbIM U3 H3BECTHBIX METOOB PELICHHUS:
x=2y+4z=0 x+3y+2z=5 2x+3y+2z=4

7.3 3x-2y+5z=5 8. 32x+4y+3z=9 9. ¢ 3x+5y+2z=4
2x—4y+5z=-3 3x+2y+z=17 2x+3y+4z=-6

Bomnpocsl AJis1 CAMOKOHTPOJIA:

JlaTp onpeneneHne MaTpuLIbL.

[lepeuncanTs BUABI MaTPHULI.

Kakne onepanny BIIOTHUMBI HaJ, MaTpULIAMU?

[lepeuncauTh 37eMEeHTapHbIe TPE0OPa30OBAHIS MATPHII.

B kakoM ciydae BBINOJIHUMA ONEpanusl YMHOKEHUS IByX MaTpuIl?
Kakumu cnoco6amMu MOKHO BBIYMCIIUTD ONPEICIUTh TPETHEr0 HOpAaKa?
IlepeuncauTe OCHOBHBIE CBOWCTBA ONIPEIEIUTEIICH.

Nk =



8. HasoBuTe ycioBue cyniecTBOBaHUS 0OpaTHONW MaTPHLIBL.
9. Ilepeunciute CrIOCOOBI pEIICHNsT CUCTEM JIMHEHHBIX YPaBHEHUH.
10.T1pu KakOM YCJIIOBHM MOKHO PEIINTh CHCTEMY JIMHEHHBIX YPaBHEHHH € MTOMOIILI0 00paTHON MaTpHIIbI?

3aganus VIS CAMOCTOSITE/ILHOM padoThI:
Bbruucnuts onpenenurenu:

3 -2 2 3 3 —2 2 =2
L 4 6 2. 6 —10 3. —4 5 4. 1 —1
-1 —2 3 -7 1 4 a -1
S A IR /N L IR
2 3 4 -2 2 -1 2 3 2 -3 2
9.5 -2 1 10.(4 2 4 11.10 0 0O 12.14 2
1 2 3 1 3 -2 6 7 8 4 6 12
1 2 5 12 6 -4 2 =3 1
13./3 -4 7 14.16 4 4 15.16 -6 2
-3 12 -15 3 2 8 2 -1
4 6 -2 4 4 8§ -4 3 1 2 3 4
1 2 -3 1 8 4 -2 1 2 3 4 1
16. 17. 18.
4 -2 1 0 -3 -4 2 3 3 4 1 2
6 4 4 6 3 7 -3 3 4 1 2 3
Haiitu x u3 ypaBHeHUi:
x> 4 9 x> 3 2
19.|x 2 3/=0 20.|x -1 1|=0
I 11 0 1 4
5 0

1 -2
21. JlaHBI MaTPHUIIBI A=( ] u B=( 2j . Haiitu: a) A+B, 0) 2A, B) 2A+3B, 1) 2B-A, 1) AB, ¢) A*>+3E,

) AB-BA.

0 1
22. Jla"pl MaTpHIE: A = [ 3 zj uB

I
|
AN

0
3j . Haiitu: a) 5A-B; 6) 3A’-2B; B) AB.

Haiitu npousBenenne MaTpuil;:

I 2 1)/(0 2 0 1
1 2 -2
23.12 1 0f]|-1 24.10 3 5 1 { 2412132 1)
1 0 3)(2 1 2 3

25. Beruucnuts matpuiy D = (AB)' — C?, rae

4 3 —-28 93 1 3
A= , B= , C= .
7 5 38 -126 0 4
1 3 1 2 1 0
26. lammrvatpust A=| 2 0 4 |uB=|1 -1 2| Haiirtu: a) A*+2B-3E; 6) AB-BA;
1 23 3 2 1

B) (A-2B); 1) A-B% 1) (A-B)(A+B).



27. Haiitu npoussenenue matpuny ABC-3E, rae

1 2 -3 1
A=|1 0 2|, B=|2]|, C=(2 0 5), E - enuHnvHas MaTpuIa.
45 3 |
I 1 -1
28. Boruuenuth A%, ecmn A=| 3 -1 2
2 -1 0
1 -3 5 4 -5 1
29. Haittn npomssenenne matpuy A=| 6 =5 9| uB=|2 7 -2/,
5 2 2 3 -4 -2

Haiiti oOpaTHBIE MAaTPHIIBI TSI CETYFOIIUX MAaTPHIIL:

1 0 0
0|l 73 a2 N P! 33.10 0 1
13 -4 =3 2777 =3 '
01 1
32 2 3 2 2 1 2 3 1 2 3
4.1 3 1 3511 -2 3 6|4 5 6 37.1-3 -2 —4
5 3 4 0 1 -1 78 0 2 -1 0

Tema 2. BexTopHasi anredpa

Iaan

BexTophl Ha MIOCKOCTH U B TPOCTPAHCTBE.

JIuHelHbIe orepaly HaJl BEKTOpaMHu.

[Tpoekiust BEKTOpa Ha OCh, €€ CBOMCTBA.

JIuHeiiHas 3aBUCHMOCTB BEKTOPOB. basuc.

CkanspHoe, BEKTOPHOE U CMEIIaHHOE MTPOU3BECHNE BEKTOPOB, MPHIIOKEHUS.

Nk =

Jureparypa: [1, c. 78-124]; [3, c. 30-66]; [5, c. 91-117].

Bomnpocs! A1 caMOKOHTPOJIA:

Ha3osute nuHeiiHbIe oniepanyu Haj BEKTOPAMH.

3anucate GOpMyITy pa3IOKEHUS BEKTOPa 10 OpTaM KOOPAUHATHBIX OCEH.
Kak nHaiiTin KoopauHaTHI BEeKTOpa?

3amucath GOpMyITy HaXOKACHUS [UIMHBI BEKTOPA.

KaxoBo ycnoBue KouIMHEapHOCTH BEKTOPOB?

[IpunoxeHus CKaasipHOrO MIPOU3BEACHMUS.

Kak naiiTi niomaap napasienorpamma, 3Hasi KOOpAWHATHI €70 BEpIIUH?
IlepeuncnuTe OCHOBHBIE 33ja4l HA IPUMEHEHNUE CMEIIAHHOTO POU3BEACHUS.

PN B DD =

Ipumep Keiic-3aJaHus ISl KOJUIEKTHBHOIO PelIEHHUs:
JlaHbl BEKTOPLI ¢ U b .
I nom3anaua. HaiTi yro Mex/1y BEKTOpaMH G U b , €CIIM d =1 +2j + 3k, b = 6i + 4 — 2k .

5’:6, irb=rx/3.

11 moy3amaua. Haiit ckansipHoe mpousBeaenue (3 a -2 b )(5a -6 b ), ecin ’5 | =4,

111 nom3anaua. [Tpu KakoM m BEKTOpBI @ = mi + j U b = 3i —3j — 4k TIepHeHANKYISPHEL.

3aganus VI cCaMOCTOAATEIbHO padoThI:

— Ipumep 1. Haiigure yron mexxay BekTopamu a = 2m + 4nu b = m — n, TA€ m U n — AUHUYHBIE BEKTOPHI U
yros Mexnay m u n paseH 120°.

— TIlpumep 2. 3nas BexTopsl AB (-3, -2, 6) u BC (-2, 4, 4), BeIuuCINTE JUIMHY BBICOTHI AD TpeyronbHuka ABC.



Tema 3. AHaauTHYeCKAs TeOMETPUS HA IVIOCKOCTH
ILnan

Metos KoopAuHAT Ha MIOCKOCTH

IonmsipHas cuctemMa KOOpAHUHAT.

OCHOBBI aHAJIUTUYECKON T'€OMETPUH Ha IJIOCKOCTH.
VYpaBHeHuUs NPSIMOU Ha IUIOCKOCTH.

[Ipsimble Ha nockocT. OCHOBHBIE 33a4H.
Kpussle Broporo nopsaaka. OCHOBHBIC IOHATHSL.
OKpY>KHOCTB. DIITHIIC.

I'unep6omna. Ilapabomna.

PN R DD =

JIurepatypa: [1, c. 128-181]; [2, c. 34-75, 76-101]; [3, c. 67-73, 92-106]; [5, c. 146-169].

Bomnpocsl 1Jis1 CAMOKOHTPOJIA:

1. 3anucars GopMyYIIBI B3AUMOCBSI3U IPSIMOYTOJIBHBIX U TOJSAPHBIX KOOPIUHAT.
2. OcHOBHBIE 33/1a4¥ METOJIa KOOPIWHAT Ha TNIOCKOCTU. OCHOBHBIE PUIIOKEHUS.
3. 3ammcaTh ypaBHEHUS MPSMOU Ha TIIIOCKOCTH.

4. Kak HaxoauTCs yroa MeXay MpsSMBbIMU?

5. 3ammcaTh yCIOBUS MapalIeIbHOCTH U MEPIICHIUKYISIPHOCTH JBYX TPAMBIX.
6. 3ammcaTh ypaBHEHHE OKPYKHOCTH.

7. 3anucaTh KAHOHUYECKOE YpaBHEHHUE AIIIHIICA.

8. Uccrenosars GhopMy rHIIepOOIILI 110 €€ YPaBHEHHIO.

9. 3anmcars ypaBHEHHS aCUMIITOT TUIIEPOOJIBI.

10./laTe onpeneneHue mapadboIIbl, 3aIMCaTh €€ KAHOHNYECKOe YpaBHCHHE.

IIpumep keiic-3axaHus A1 KOJJIEKTHBHOIO PELICHUS:

JIaHBI IBE TOYKH: A( 5; —3) ; B( —1; 6) .

I moxzanaya. CoctaButh 00II€€ ypaBHEHHUE MPSIMOM, MPOXOIAIICH Yepe3 3TU TOUYKH.

Il mom3amava. BerauciuTh yriioBoi K03()PHUIMEHT MPSIMOA, TIPOXOAAIIEH Yepe3 STH JBE TOUKH.
III momx3amada. CocTaBUTE IS TTOJIYICHHON IPSIMOY YpaBHEHHE B OTPE3Kax.

IV nmomzanava. Haiitu koopAMHATHI cCepeHBI OTpe3Ka AB .

V nonzanava. Halitu ninuny otpeska AB .

3aganus VI cCaMOCTOSITEIbHOI padoThI:
— Tlpumep 1. TlpoxomuT mu mpsMas nuHUA, 3amaHHas ypasHenmeM J3X—4y+11=0, gepes Toukm c

KOOpIMHATAMHU: ( 3; 5) ; ( -1; 2) .

— Tlpumep 2. Jlunus Ha mockocTy 3anaHa ypasaeaneM 9X —4y =0 Haiitu Toukn nepecedenus 3Toif TMHUH ¢
OCSIMHU KOOPAMHAT.
— Ilpumep 3. 3ammcars ypaBHEeHHE MPSIMOH, 00pa3yroImieil ¢ MONOKHUTEIbHBIM HampaBieHueM ocu Ox yroix B

30° u nepecexaoreii ock Oy B Touke | 0; —4) .

— [pumep 4. Berancnuts yriaoBoit k03QGUIHEHT MPsIMOi, TPOXOSIIEH Yepe3 1Be TOUKU A( 5;— 3) ; B( -L 6) .

— Tlpumep 5. Jlana npsamas 2X+3y —6 =0 CocTaBuTs 1714 Hee ypaBHEHHE B OTPE3KAX.

— Tlpumep 6. BEMUCIUTE JUTMHY CTOPOHBI KBapaTa, BIMCAHHOTO B dJUIMIIC X*/a® + y*/b* = 1.

— Ilpumep 7. 3Has ypaBHeHHe acUMOTOT rumepbonsl y = £ 0,5 x u ogHy u3 ee Touek M(12, 3 ﬁ ), COCTaBUTh
ypaBHEHHUE TUNEPOOIIBI.

— Tlpumep 8. JIuHMS Ha IUIOCKOCTH 3ajaHa ypaBHeHHeM X + 1 —12x+16y =0 . Haiitn ToYKn mepecedeHus
9TOM JINHUY C OCSIMH KOOPAHHAT.

— Tlpumep 9. HaifTi KOOpAMHATHI EHTPA U PAAHYC OKPYXKHOCTH: X + y° —4x+8y —16=0.

Tema 4. AHaIMTHYeCKAS TeOMeTPUs B IPOCTPAHCTBE

1. YpaBuenue miockocTH. [I1ockocTr 1 psiMble B TPOCTPAHCTBE, TOBEPXHOCTH B IPOCTPAHCTBE.
2. Mertpudeckue 3aa4, CBSI3aHHBIE C MIIOCKOCTIMH.

3. B3auMHOe pacnonokeHue IByX U TpeX MIIOCKOCTEH.

4. VYpaBHeHUE NPSMOH B IPOCTPAHCTBE.

5. B3anMHOE pacnosioxkeHue NpsIMOM U INIOCKOCTH.



6. BzaumHOe pacnojoXeHUEe IBYX MPSIMBIX.

7. YpaBHEHUE NOBEPXHOCTH.

8. PaznuuHble BU/IBI ypaBHEHUS MPSIMOil B IPOCTPAHCTBE.

9. 3anmaun, OTHOCSIINECS K IIIOCKOCTSIM, NPSIMBIM B TIPOCTPAHCTRE.

Jluteparypa: [1, c. 186-226]; [3, c. 74-91]; [5, c. 172-222].

Bonpocs! 1151 CAMOKOHTPOJIA:

1. 3amucaTh pa3aHyYHbIE ypPaBHEHUS MJIOCKOCTH.

2. 3amucath pa3lIu4HbIe yPaBHEHUs MIPSIMOM B IPOCTPAHCTBE.
3. 3ammcath ypaBHEHHUE CEPHI.

IIpumep keiic-3agaHus ISl KOJJIEKTHBHOIO pellleHus:

Jansr koopauHaThel BepmuH mupaMunsl Ai(1; 0; 3), Ax(2; -1; 3), As(2; 1; 1), As(1; 2; 5).
[ momzamaga. Hatitn mymmHy pedpa AjA,.

Il noazanava. Haiitu yron mexxay pedpamu A As u A As.

Il mopzanaua. Haiitu yron mexay pedpom A A4 1 Tpanbio A jArAs.

IV nonzanaya. Haiitu niomaas rpanu A A2A;.

V nonzanada. Haiitn 066eM mupaMubl.

VI nonzanaua. Haiftu ypaBHeHHe mi1ocKkocTH A 1AAs.

3apanus IS CAMOCTOSITEILHOM PadoThI:
— IIpumep 1. CocraBbTe ypaBHEHHE IUIOCKOCTH, 3Has, 4Yro Touka A(l,-1,3) CIOyXuT OCHOBaHHWEM
MePIEeHANKYJIpa, TPOBEACHHOTO U3 Havaja KOOPJUHAT K 3TOH TTOCKOCTH.

— IIpumep 2. CoctaBpTe KaHOHHYECKHE YPaBHEHUS NPAMOiL: 5X +y +z =0, 2x + 3y—2z + 5=0.

— Tlpumep 3. HaiiTi KaHOHHYECKOE YPABHEHHE, €CITH IPAMAS 3a[aHA B BUAE: | =+ + 4. = = o

Tema 5. BBenenne B MaTeMaTHYeCKHH aHAIN3

ILnan

1. MuoxectBo. Omneparuu Hal MHOKecTBaMu. OTOOpaXeHUSI MHOKECTB U UX BUJIBL.

2. BemectBeHnHbIe uncnaa. CBOMCTBO MOTHOTH MHOKECTBA BEILIECTBEHHBIX YUCEI.

3. Jlemmbl 00 OTZEIMMOCTH MHOXXECTB, O CHCTEME BIOXCHHBIX OTPE3KOB M IIOCIIEAOBATEIbHOCTH
CTSTHUBAIOLIUXCS OTPE3KOB.

4. Meron matematudeckoi nHaykiuu. bunom Hetotona n HepaBeHcTBO beprymu.

DOyHKIUU.

6. YucnoBele MOCIENOBAaTENbHOCTH. beCkoHEeYHO Manble U OECKOHEYHO OONbLIME MOCIENOBAaTEIbHOCTH U HX

cBoiicTa. [Ipenen nocnenoareabHOCTH. CBONCTBA CXOAAIIMXCS MOCIIEA0BATENBHOCTEN.

Teopemsl 0 pefienax CyMMBI, pa3HOCTH, POU3BENEHUS, YacTHOTO. [IpenenbHbIl epexo B HEpaBEHCTBAX .

MonoToHHBIE TTOCIe0BaTENbHOCTH. Teopema BeitepmTpacca. Unceno «e» u mocTosiHHAs Ditiepa.

9. Teopema bombmano-Befiepmtpacca 0  CyIIECTBOBAaHMM  YaCTUYHOTO TMIpeAesia y  OTpaHUYCHHOU
MOCIIE0BATEIbHOCTH.

10. Kpurepuit Komu 1151 cXoAMMOCTH OCAEA0BATEIBHOCTH.

11. TlonsiTre npeaena YUCIOBON GYHKIUH (ONpeaeNeHns: 0ToOpaxeHusl, PyHKIMHU, POKOJIOTOH O- OKPECTHOCTH,
npenena no Komwu u no I'eitne).

12. baza muoxectB. I[Ipemen dynkmum mo 6aze. CpoiictBa mpezneno (yHkiuu mo 6aze. Kpurepmit Komm
CYIIIECTBOBaHUS Tpesienia GyHKINU 1o Oasze.

13. DxBuBaneHTHOCTH ompeaeneHuit cxoaumoctd no Kommu u mo [eitne. Teopembl o mpepene CIOXKHOU
¢yukuun. [opsaaok 6eckoHeyHO MajIol QpyHKIHU.

14. CpoiicTBa GyHKITHH, HETIPEPHIBHBIX B TOUKE. HenpepsBHOCTD PyHKIMHA y=a", y=sinXx.

15. HenpepsIBHOCTD AJIEMEHTAPHBIX (PYHKITHH.

16. 3aMeyaTenbHbIC PEEIbL.

17. HemnpepbIBHOCTh (GYHKUMM Ha MHOXecTBe (ompeaeicHUs (PyHKIMH, HENPEphIBHOM Ha MHOXKECTBE, Ha
OTpe3Ke, HEeyOBIBAIOIICH, HEBO3PACTAIOIICH, CTPOro BO3PACTAIOIICH, CTPOro YOBIBAIOIICH, MOHOTOHHOM
(byHKIUH, OIIpeieNIeHe TOUEK pa3pbiBa, TeopeMa | (0 Toukax pa3pbiBa MOHOTOHHOH (DYHKIIMK Ha OTpE3Ke)).

18. O6mue cBoiicTBa (yHKIIHIA, HETIPEPHIBHBIX HA OTpe3ke (TeopeMa 00 oOpaiieHnn (pyHKIIUU B HYJIb, TEOPEMa O
MPOMEXYTOYHOM 3HaUYCHUH HENPEPHIBHON (YHKIUH, TeopeMa 00 OrpaHHYeHHOCTH HEIPEephIBHON (DyHKLNH,
TeopeMa O JIOCTH)KCHUH HEeTPEephIBHOW (QYHKIMEH TOYHBIX BEPXHEH U HUKHEH rpaHeid).

19.1loHsITHE PaBHOMEPHOM HENMPEPBIBHOCTH.

9]

e~

Jurepatypa: [1, c. 4-34]; [2, c. 16-42, 92-135]; [4, c. 9-95]; [5, u. 1, c. 12-154]; [6, c. 98-144]; [8, c. 9-74].

BOl'lpOCLI AJIsi CAMOKOHTPOJIA:



Cdopmynupyiite orpeienieHne npeiena mocie0BaTeIbHOCTH.

MoryT i1 45IeHbI IOCTIeI0BAaTEILHOCTH OBITh PABHBIMH €€ TIpe/ielry?

MoskeT i OJTHA U Ta XKE TI0CIEI0BATEILHOCTh UMETh JIBA PA3IMYHBIX Mpeaesna’?

CopmynupyiiTe onpe/iesieHHe OrpaHHYCHHON TIOCIIEA0BATEIBHOCTH.

MoskeT 1 HeoTpaHHYeHHAs MTOCIIeI0BATENIbHOCTh UMETh Tpeien?

Cdopmynupyiite ornpenenenne 6eCKOHEYHO MalIOi MOCIe0BATEIbHOCTH.

ChopmynupyiiTe ¥ JOKOKUTE TEOPEMbI O CyMME OCCKOHEYHO MAaJIbIX IOCJIEAOBATEIBHOCTEH U O
MPOU3BEICHIH OTPAHUYCHHOM MMOCIIEIOBATEIFHOCTH HA OECKOHEUHO MATYIO.

8. Kakwue mocnenoBaTeTsHOCTH HAa3bIBAIOTCS SKBUBAIEHTHBIMU ?

Nk =

2
. 8n"—n+4
9. Kakyro TeopeMy MOXHO HCIIOJIB30BaTh IPU BRIYKCICHHHU npeaena lim ———?
e 2 +n—4

10.Cdopmymnupyiite onpeneneHrne 6eCKOHEUHO OO0 MTOCIIE0BATEIEHOCTH.
11.MoxeT it 6ECKOHETHO OOJIBIIasK MTOCIEI0BATEIHFHOCTD OBITh OTPAHUICHHON?
12.Kakue mocneaoBaTeIbHOCTH HAa3bIBAIOTCS MOHOTOHHBIMHU?

n

13.Yemy paser mpegen lim| [+ l ?

n—»o0 n
14.Yro ucnosb3yercs mpu 000CHOBAaHUH CYIIIECTBOBAHUS TOTO Tpejesa?

15.Chopmynupyiite onpenenenue npenaena GyHkuun [ ( x) mpu X —> 400, X —> =0 X —> 0,

16.Cdhopmyupyiite onpesenenne orparnderHocTd dyrkuan f (X) Ha E, mpnpX —> 00, npu X —> %0, npu
X —> o,

17. Chopmynupyiite onpeaeieHus] aCUMITOT Tpaduka (YHKIUW IPABOM, JICBOM, IBYCTOPOHHEH, HAKIOHHOHM,
TOPU30HTATBHOM.

18. ChopmymupyiiTe onpeaenenus npeaenoB GyHKIuu f ( x) B TOUKE X, OJHOCTOPOHHHUX (ClIeBa W CIIpaBa) U

JBYCTOPOHHETO.
19.Kak cBsi3aHBI OTHOCTOPOHHHUE U IBYCTOPOHHHUN MIPEEIbI?

N
20.CymectByer mu lim sin—?
x—0 X

21.ChopmynupyiiTe TeOpEMBI O TIEpexo/ie K Mpeely B HEpaBeHCTBAX U O Tpeieiie MPOMEKYTOUHOH (QYHKIIUH.

22.Kakue npeaenbl Ha3pIBaIOT 3aMeYaTeIbHBIMU ?

23.Chopmynupyiite ompeneneHns OeCKOHEYHO OONbIIoN (QYHKIHH, OSECKOHEYHO OONBIIONW MOJOKUTEIHHOM,
OCCKOHEYHO OOJIBIION OTPUIIATEIIHEHOM.

24.Yem oTnuyaeTcsi KOHEYHBIH 1 OECKOHEYHBIH Mpeaessl QyHKIHH?

25.Kak cBs13aHO CYIIECTBOBaHUE 1\1:1; f (x) C CYILIECTBOBAHUEM \lLIE f (X) " \ILIE f (x) ?

26.ChopmynupyiTe onpeneneHne BepTUKATbHON acuMnTOTH (yHKIH. OXapakTepusyite moBeieHe rpaduka
(GYHKIIAY BOIHM3U BEPTHKAITHHONW AaCHUMIITOTEHI.

27.ChopmynupyiiTe onpeeneHre HeMpepbIBHOCTH (PYHKLIUH B TOUYKE U YCIOBHS HEPEPHIBHOCTH.

28.MosxeT 1 pyHKIHA, HeIIPepbIBHAA B TOUKE, HE UMETh IpeJiesia B 3TOH Touke?

29.Moxert i GyHKIHA, He onpeziesiecHHast B HEKOTOPOH TOUKe, OBITh HETPEPHIBHON B 3TO TOuke?

30.IlepeuncnuTe BUABI TOYEK Pa3phiBa U COOTBETCTBYIOIINE UM YCIIOBHSL.

31.Chopmynupyiite TeopeMy O Iiepexojie K Mpeaeiy oA 3HAKOM HeNpephIBHON (YHKIIUH.

32.Kakue ¢QyHKOMM Has3bIBAIOTCS 3neMeHTapHbIMH? C TOMOIIBIO KAaKHX TEOpPeM YCTAHABIMBACTCS MX
HENpPepBIBHOCTH?

33.Moser mu pyHkuus f ( X ) OBITH MOJIOKUTETHHOM B TOUKE X, M OTPULATEIHHOH BO BCEX OCTAIBHBIX TOUKAX

ee 001acTH orpeIeTIeHusI.
34.Crnenyet nu U3 HEMPEPHIBHOCTH (DYHKIMU B TOYKE HEMPEPBIBHOCTh (PYHKIMK B ATOM TOYKE ClIeBa M cripaBa?
Bepno nmu obpatnoe?
35.Chopmymupyiite onpeneneHue QyHKINN, HETPEPHIBHOI Ha OTpe3Ke.
36.I1epeuncnure CBOHCTBA (DYHKIUH, HEIPEPBIBHBIX Ha OTPE3KE.
37.ChopmynupyiitTe onpeesieHus: HauOOJBIIEr0 U HAUMEHBIIIET0 3HAYCHUH (DYHKIIMU Ha OTPE3KeE.
38.M310kuUTE CYyTh METO/1a ITOJIOBUHHOTO JEJICHUS AJIs PEILICHNUS YPABHEHUSI.
39.Chopmynupyiite onpezenenne 6eCKOHEUHO Majoi GyHKIHH. UTO OHO O3HAYAET HA SI3BIKE « € — O ?
40. B yem 3akiroyaeTcs JIOKAIbHBIH XapakTep 0€CKOHEYHON MaIOCTH?
41.Yt0 MOXHO CKa3aTh O MIPOU3BECHIH OECKOHEYHO MaJIoi (DYHKIH HA OTPaHUYECHHYFO?
42.Chopmynupyiite TeopeMy 0 BUJE IpenCcTaBiIeHUs (YHKIINN, IMEIOIIEH mpeen.
43.ChopMymupyiTe TEOPEMBI O CBA3H MEXKITY OCCKOHEYHO MAJILIMU U OSCKOHEUHO OOJIBIIUMU (DYHKIIUSIMU.
44 Kak cpaBHUBAIOT OECKOHEYHO Manble QyHKIUHN?



45.4to o3HayaeT CUMBOII 0 («0» MaJIeHbKOE)?

46.Kakue 0eckoHeuHO Mable QYHKIINU Ha3bIBAIOTCS DKBUBAJICHTHBIMUA?

47.Kak ucronb3yroTcs 9KBUBAJICHTHBIE OECKOHEYHO Masible )YHKIIMH TPY BBIYHACICHHH TPEICIOB?
48.YTo MOXKHO CKa3aTh O pa3HOCTH JBYX SKBUBAICHTHBIX OECKOHEUHO MaBIX (QyHKIINH?
49.Kaxue ¢popMyssl Ha3bIBAIOTCS ACUMIITOTHYECKUMU?

50.Kak ucronp3yIoTesi acCMMITOTHYEeCKHE (hOPMYITBI TTPH BEIYHUCICHUH TIPEAEIOB?

IIpumep keiic-3aiaHus A9 KOJUIEKTHBHOIO0 PELICHUS:
x npux<l1

3anayva. Jlana GyHKIMs f( x) = 2 npux>1 :

I moa3zamava. Jlokas3aTh, uTo (PyHKIMS HE SBISETCA HENPEPBIBHOI B TOUke X, =1 .
II moa3amaua. /{okaszarp, uTo (PyHKIHS HETIPEPHIBHA CJIEBA B 3TOW TOUKE.

111 noxzanayva. Ioctpouts rpaduk Gpyskuun [ ( X ) .

3aganus VI cCaMOCTOAITEIbHOI padoThI:

. X— 1
1. Hatitu oGnacte onpeneneHus GyHKIUN: flx =—+10g2 x—l) , flx)=vVx—6+——.
p by ( ) (x—3)(x—5) ( ( ) 4—x
2. Haiitu cioxubie GyHkimu f°gu g° / , ecnu f( x) =x°, g( x) =/x.
3. Tloctpouts rpaduk pyHKIMK [ ( x) = x? + 2. u 3amucars cBoiicTBa ¢byHKIHH.
4. Haiftu npeaensl:
54 x—2x7 - . sin8x 2x% —11x+5 22X 43
a) hm#ﬁ) limﬂ,B) lim , T) limxz—H, ) hmzxi,
x>0 x 4+3 x—0 S5x x=0 3x =5 3x° —14x—5 x>0 9x +4x—1
: : 1 10 2x—x° J - . g5
e) limﬂ, xK) hm( —27} 3) hmw, ) limﬁ, K) 11m?_x,
X0 9)(2 —2x x—=5\ x—=5 x° =25 X% X4 +3 50 3x x>0 gin4x

Tema 6. InddepennnanbHoe ucuncieHue (PyHKIUM OAHOI MepeMeHHOMH

ILnan

[Mpupamenune pynkuuu. Juddepernnan u npon3BoaHas QyHKINH.

['eoMeTpuueckuili 1 MEXaHUYECKUIH CMBICIT IPOU3BOJHOM.

CBs13b NoHATHI AU(HEpeHITUPYEMOCTH U HENPEPHIBHOCTH (QYHKIIHH.

OpHocTOpOHHME POoHU3BOAHKIE. JJuddepeHnnpoBanne ca0KHOH QYHKIUH.

Teopema o mpowsBogHON o0OpaTHOW (QYHKIHMM, TeopeMa o0 WHBAPHAHTHOCTH (OPMBI TEPBOTO

muddepenimana.

[TpaBuna auddepenurpoBanus. [I[pon3BoaHbIE 37€MEHTAPHBIX (YHKIIHHA.

[TpousBoanbie BeicMX nopsiakoB. Gopmyna JleitOHuIa.

Juddepeninanb BRICIIAX MOPSIKOB.

9. IpousBoaHast PyHKIIMH, 3a1aHHON TAPAMETPUICCKH.

10. IIpousBoanas GyHKIMH, 33 JaHHON HESBHO.

11.Bo3pacranne u yobiBanue GpyHKIuU B Touke. JIokaiabpHbIe 3kcTpeMyMbl. Teopembl Pomns, Ko u Jlarpanxa.

12.CnencrBus u3 Teopemsl Jlarpamxka.

13.Toukn HECOOCTBEHHOTO JOKAIBHOTO 3KcTpemMyMa, Teopema @epma, Teopema 00 oOpamieHUH B HYIb
MIPOM3BOJHOM, TeOpeMa 0 HEBO3MOXHOCTHU JAJIs TPOM3BOJHON UMETh TOUKHU pa3pbiBa IEPBOTO POJa, CIEACTBHE
(Teopema JlapOy), OeckoHEUHBIC TTPOU3BOTHEIE.

14.PackpriTue Heonpeaenennocteit. [IpaBuno Jlonurans.

15.JIokanbHast popmyna Teiinopa. @opmyna Telnopa c ocTaTOUHBIM YJIEHOM B 001Iei hopme.

16.Ilpumenenne hopmynsl Tefinopa K HEKOTOPHIM (PYHKITHSIM.

17.AccrnenoBanue GyHKITUH C TOMOIIBIO TIPOU3BOIHBIX. IKCTPEMAaTbHBIC TOUKH.

18.locTaTo4YHbIEe YCIOBUS NOCTIKEHHUS (QYHKLIMEH JOKAIBHOTO SKCTpEMyMa B 3alaHHOM TOUKeE.

19.Beimyxinocts. Y cnoBus BeIyKIocTH QyHKIUH. Touku neperuda. ¥YcnoBus neperuoda.

20.00mas cxema nocrpoeHus rpaduka Qyakiun. MHTEpnioanpoBaHue.

Nk v -

o N

Jluteparypa: [1, c. 43-87]; [2, c. 136-204]; [4, c. 96-151]; [5, u. 1, c. 155-281]; [6, c. 145-195]; [8, c. 75-144].

Bomnpocs! A8 caMOKOHTPOJIA:

1. Copmynupyiite onpenenenue MPOU3BOAHON GyHKIUH f ( X ) B TOUKE X .



2. Chopmynupyiite onpe/ienenue kacaTenbHol k rpadguky Gynkimn y = f ( x) B Touke M ( X3 f ( X )) .

o 2 \
3. Hammmmre ypaBHEHHE KacaTeabHOM K rpaduky GpyHkima y = x° +2x B Touke M (153).
4. ChopmyaupyiTe U JTOKQXKHUTE TEOPEMY O HEOOXOIUMOM YCIIOBHH CYIIECTBOBAHHUS MPOU3BOIHON B 3aJaHHON
TOYKE.

5. Tyctb dpynxuus f ( X ) HMEEeT NPOU3BOAHYIO B TOUKE X, a HYHKIUSL g( X ) HE UMEEeT IIPOU3BOAHON B TOUKE
X, . UTO MOKHO CKa3aTh O CYLIECTBOBAHMHU MPOU3BO/IHOM y QyHkimu [ ( X ) =f ( X) +g ( X ) B TOUKE X, ?

6. Chopmynupyiite onpenenenne TupPpepeHInpyeMOCTH QYHKIMH B TOUKE X, .

7. Uro HaswBaercs auddepentmanom Gyskmun Y = f ( X ) B 3QJIaHHOH TOUKe X, ?

8. byxer mu ¢pyakums ) = ‘x‘ muddepeHupyeMoil GyHKIUEH A BceX X € ( —00; +OO) ?

9. MOXHO 71 yTBEpKAaTh, 4TO TuddepeHiupyeMast Ha HHTepBaie ( a, b) (GYHKIUS HENpepbIBHA Ha ATOM

nHTepBaine? BepHo i1 oOpaTtHOE yTBEpKACHNE?
10.ChopmymupyiiTe 1 TOKKUTE TEOPEMY O TIPOU3BOTHON CIIOKHOHN (QYHKITHH.
11.ChopmyaupyiiTe U TOKaKUTE TEOPEMY O CYILIECTBOBAHUK POU3BOAHON (DYHKLUH, 3a1aHHOH B
napaMeTpHYecKOM BHJE.
12.Chopmynupyiite u nokaxkure reopemy Pos.
13.Cdopmymnupyiite u qokaxkute Teopemy Jlarpanxa.
14.Chopmynupyiite n nokaxxure Teopemy Komw.
15.Chopmynupyiite 1 TOKaxkuTe mpaBwiIo Jlomuras.
16.Chopmynupyiite u nokaxurte popmyny Telnopa ¢ ocTaTOYHBIM 4WieHOM B opme Jlarpamika.
17.Chopmynupyiite 1 qokaxure Teopemy [leano.

18.ChopmymupyiiTe onpeeieHne CTPOro BO3pacTaronieil (yHKITHN Ha OTPE3Ke [ a, b] .
19.Kaxas Touka X, Ha3bIBaeTCA TOUKOH pocTa GyHKIMH f ( X ) ?
20.ChopmynupyiTe U TOKaKUTE HEOOXOAMMOE YCIIOBUE MOHOTOHHOCTH Ha OTpe3Ke [ a, b] .

21.ChopmynupyiTe U TOKaKUTE TOCTATOYHOE YCIOBUE CTPOTOH MOHOTOHHOCTH Ha OTPE3Ke [ a, b] .

22.Craenyet 11 U3 MOHOTOHHOCTH uddepenpyeMoli GyHKIIMH MOHOTOHHOCTE €€ TIPOU3BOIHON?
23.ChopmynupyiiTe onpeaeneHne TOYeK IKCTpeMyMa (QyHKLUH.

24.ChopmynupyiTe 1 TOKKATE HEOOXOIUMOE YCIOBHE IKCTPEMYyMaA.

25.ChopmymupyiiTe M TOKKUTE JOCTATOUYHBIC YCIOBHS SKCTpEMyMa TI0 TIEPBOH MPOU3BOTHOM.

26.ChopMyaupyiTe U TOKAKUTE TOCTATOYHOE YCIOBHE BBIMYKIOCTH KPHUBOW Ha ( a, b) .
27.Kakas To4ka Ha3pIBaeTCA TOUKOH mepernoda rpaduka GpyHKIumn?

28.ChopmynupyiTe U TOKaKUTE HEOOXOAUMOE YCIOBHE TOYKH Meperuoa.
29.ChopmMyaupyiTe U TOKaKUTE JOCTATOYHOE yCIOBUE TOUKH Mepernoa.

HpnMep Keﬁc-3al]aHHfl AJISl KOJUIEKTUBHOI'O PEIICHUSA
3

3anaua. Jlana dynxums f(x) = Z al =
-x

I mom3agaua. Haiitu oGmacth onpe/enenus: GyHKIUA f ( x) .

II mox3amaua. Haiitu nHTEpBaIbl BRITYKIOCTH (BDYHKIIUN f ( X ) .
111 nox3anava. Haittn Touku nepern6a Gpyskmmm f ( x) .
IV noazanaua. Ioctpouts rpaduk dpyukmuu ( X ) .

3aganus IS CAMOCTOSITEILHOM padoThI:

. 4x+1 1 4x +1
1. Haiftu npousBogHyt0 V = m + ﬁ arctg T

9% +24x+12 .

! In(tgx + ctgx).
o

2. Haiitu npoussoanyto Y = 2arcsin
3x+4

3. Haiitu npou3BogHy0 y =

Je — N — -

4. Haiitn nponsBoaHyio V. s e

= rexr~JS1 = .



5. CocTtaBuUTH YpaBHCHUA KacaTeJIbHOU U HOpMaAJI1 K KpHBOﬁ B TOYKC, COOTBeTCTByIOH_ICﬁ 3HAYCHUIO MMapaMeTpa

1 1

x=—t"——1",
f s 2 4

(]

1

2 3

=—1"+—1", t,=0
Y 5 3 0

6. Haiitu nponsBoanyto /1 -ro mopsiaka v = a .

7. Haiitit ipomsBostayro msToro mopsaka y = (2x° —7)In(x—1).
8. HaiiTi Ipon3BO/IHYIO BTOPOrO MOPSAKA V.. OT QYHKIHH , 3aJaHHOI MapaMeTPHUCCKH { B T P
in x

s1
9. INoka3zaTh, 4yTO GyHKIHS .V YIOBIETBOPACT JaHHOMY YPABHEHUIO ) = , X'+ y=cosx,
X

Tema 7. HeonpeeaeHHbI HHTErpaJl

ILnan

Tounas nepBooOpasHas. IHTerpupyembie GyHKIINU.

CBoiicTBa HEOMpeIeIEHHOT0 UHTETpaJa.

OCHOBHBIE METO/IbI MHTETPUPOBAHHUS (3aMEHa [IEPEMEHHON HHTETPUPOBAHUSL, HHTEIPUPOBAHHUE IO YACTSIM).

Tabnuua UHTErpanoB (C 10Ka3aTeIbCTBAMN).

WnterpupoBanne ApoOHO-pallMOHAIBHBIX (YHKUMH (BBIOENICHWE TPAaBWIBHOW PpalMOHAIBHON ApoOH,

pasiioKEeHHUE MPaBUIILHOW pAIMOHATLHON ApoOM Ha MPOCTEUITNE, METOJ HEOoNpeAeICHHBIX KO3 PHUIMeHTOB,

WHTETPUPOBAHNE TIPABUIHHBIX PAIMOHAIBHBIX IPOOEii).

6. Meron Octporpanckoro. HTerpupoBanue ApoOHO-paMOHANBHBIX (GYHKIUH (MHTETPUPOBaHUE MPOCTEHIINX
panoHabHbIX ApoOeit Buna | — IV, pexkkypenTtHas Gpopmya).

Nk -

v v X
7. WHTerpupoBaHue TPUTOHOMETPHUUECKUX BBHIPAXKEHUN U BBIpaXKEHUI BUJIA R( e ) .

8. HMuTerpupoBaHue UppanvoOHATBHBIX BBIPAKEHHIM.
Jlureparypa: [1, c. 88-105]; [2, c. 205-222]; [4, c. 156-172]; [5, u. 2, c. 8-163]; [6, c. 196-213]; [7, c. 4-32].

Bonpocs! A1 caMOKOHTPOJIS:

Jartb onpenenenue neppoodpazHoi GyHKuH. [[pUBecTH MpUMeEpHL.

KakoBo ycoBue cyliecTBoBaHus Y PYHKIIMH TIEPBOOOPA3HOI HA 3aJ]aHHOM MHTEpBajie?
[lepeuncnuTe OCHOBHBIE CBOMCTBA HEOIPEIEIIEHHOTO HHTETpaIa.

B ueM coctouT cMmbIca I€WCTBUS UHTETPUPOBAHUS?

[Touemy mipu UHTETPUPOBAHUU MOSBIISACTCS MPOU3BOJIBHAS TIOCTOSTHHAS ?

B ueM cocTouT MeTO HEMOCPEACTBEHHOTO UHTETPUPOBAHUS.

[Ipu KakuX yCcIOBHAX crpaBeaInBa (OpMyIa 3aMEHBI TEPEeMEHHON B HEOIIPEIEIIEHHOM HHTeTpaje?
[Ipm Kakux ycIoOBHAX cripaBeaInBa GOopMyiTa MHTETPUPOBAHMUS IO YacTIM?

B dem cyTh MeToma HeompeaeneHHBIX KOA((UIMEHTOB, UCTOIb3yeMOT0 WHTETPUPOBAHUU PANMOHATBHBIX
npobeii?

10.B gem cyTh METO/Ia YaCTHBIX 3HAYCHUN, UCTIOBE3YEMOTO HHTETPUPOBAHUH PAITHOHATILHBIX JPOOCii?

XAk LD~

IIpumep keiic-3agaHus ISl KOJJICKTHBHOIO pellleHus:
3anaua. BeruuciauTs uHTETpa J‘\/ 99— x2 dx pas3iuyHbIMU Ccroco0amu.
I nog3zanaya. Vcrnonb3ysi TPUTOHOMETPUYECKYIO OJCTAHOBKY.

x=3sint; dx=23costdt,
J.\/9—x2dx:J-\/32—x2dx= =I\/9—9sinzt-3c0stdt:

. X X
sint==—; t=arcsin—;
3 3

:_[3%/4\/1—5@21.3&51&: 9J.0082tdt:9j‘1+0552t -

() C (8

9 Ny AN . L 9 .
=—_[(l +cos2f)dt = =| _[df+_[costdf) =—| t+—sin ZI}-F(. =—t+—sin2t+C=
2 2! ool 2 _ 2 4



3 9 3 9

:-{sin2f=2sinrcosr=25inr —sin’r =2.2. I—izE o-x Z%\/9—,¥: :§\j9—x: ]f:

=2arcsmx+2 g\/9—x +C—2arcsm +— 9—x" +C.
2 3 4 9 2 3 2

II mox3agaua. Vcrionb3ysa UHTETPUPOBAHUE 110 YACTAM.

Imdv—rﬂ J.m'\/‘)f!c _x\/g P ,J',( ,\/7 _

{d(9— xz)2 = %(9 —xz)i21 ~(—2x)dx}

=9 - I\/_% o -(—d\_M/Q_ I \/Q—x} \/991‘2

Jo—x2 - j JO— xdx +F)jﬂci.r —xJ9—x - j\/_o — x?dx +9arcsin g -
2J.\/9—x2a’x:x\/9—x2 +9arcsin§+C:> J-\/9—x2dx:§ 9— x? +%arcsin§+€.

3apanus 1JIA CAMOCTOSITEILHOM PadoThI:

1.
2.

8.
9.

2
Beruucaurs J.x -COS xdx

Bperuuciaurs I( 2-x+ 3) -COS xdx

. Beruucauts Ix -In xdx

B J- dx
BIUUCIIUTE | — 77—
xvx+1

B J- dx
. Beruncnure | ——
xvx+1

\/;dx

x+16

Brruncnurtn .[

X
. Beruucnuts J.XQ dx

2
Boiuncnuthb J.x cos xdx

Boiuncnuthb J. x sin xdx

10. BeraucanTs J. e’ sin xdx

11.BBIYUCIUTH J.xsexdx

12. BBIYHCINUTE HHTETPAT I V16 — x*dx pasmHaHEIME CIOCOGaMIL.

Tema 8. OnpenesneHHbINH HHTErpPaJl
ILnan

1.

0

IR

Omnpenenenue wuHTerpana Pumana (Hepa3mMeueHHOe pa3OueHHe, €ro CBOWCTBa, AMAaMETp pa30ueHHs,
pa3MedeHHOe pa3OmeHne, MHTerpaibHas CyMMa, OIpelelieHrne MHTerpaia Pumana, ompeneneHue (QyHKIUN
MHTErpupyeMoil no PumaHy, e€IMHCTBEHHOCTh HHTerpana Pumana, uHTerpan PumaHa kak mpenen Io
HEKOTOpOH 0a3e, OrpaHUuYEeHHOCTh UHTErpUpyeMoii 1o Pumany GyHkimm).

Kputepuit unterpupyemoctn ¢yskmwii mo Pumany (ompemenenms cymm JlapOy, BepXHEro W HIDKHETO
WHTETPAJIOB, JIEMMBI 1-6, KpUTEPHI U €r0 10Ka3aTeNbCTBO, MPUMEPHI po QyHKIMK Jupuxie u Pumana).
DKBUBAJIEHTHOCTb TPEX YCIOBHI HHTErpHUpyeMOocTH QyHKIUU 1o Pumany.

CrienmanbHBIN KpUTepUi HHTErpupyeMocTH QyHKInU 1o Pumany. CrnencTue U3 Hero.

MeTton UHTETPaIBHBIX CYMM.

Knaccer ¢pynkuuii nuaTerpupyemMsix no Pumany.

CBoiicTBa onpeaenaeHHOro HHTerpaia. Teopema 00 HHTETPUPYEMOCTH CIIOKHON (QPyHKIHH.

AITMTHBHOCTH HHTETpana Pumana (Teopema, CISICTBHE U3 HEE).



9. Hurerpan PuMana kak )yHKUIHS OT €0 BEpPXHETo (HIKHETO) MpeJiesia HHTErPUPOBaHHS.

10.ITponsBoanas uaterpana. Teopema HproToHa — Jlelibauma.

11.®opmymsl 3aMeHBI IEPEMEHHON M HHTETPUPOBAHMS 10 YACTSIM B OIPEAETICHHOM HHTETpae.

12.TeopeMsl 0 CpeiHEM 3HaYEHUH UHTETpaja.

13.Kpurepwmii Jlebera uaTerpupyemocta GpyHKInu o Pumany.

14.MeTo/bl BBIYMCIIEHUS ONIPEIEIIEHHOI0 HHTETpaa.

15.11lepBast u BTOpasi TEOPEMBI O CpPETHEM 3HAUCHHH.

16.0Onpenenenue HeCOOCTBEHHBIX MHTETPAIOB IIEPBOTO U BTOPOT'O poJa.

17.Kputepuit Kormm i 1ocTaToYHbIE YCIOBUSA CXOAUMOCTH HECOOCTBEHHBIX HHTETPAJIOB.

18.AbGconroTHas ¥ YCTIOBHAS CXOAMMOCTh HECOOCTBEHHBIX HHTETPAJIOB.

19.1Tpuznaku A6ens u Aupuxie.

20.HecobcTBeHHBIE MHTETPAJIBI BTOPOTO POAA.

21.3amena nepeMeHHON ¥ MHTETPUPOBAHKE 0 YaCTAM B HECOOCTBEHHOM HHTETpaJe.

22.T'eomeTpuyeckue U Gu3MUecKre MPUIIOKEHHS ONPENeIEHHOTO HHTErpaa.

23.Teopema o anune Ayru kpuBoil. Cnencteue. [lpuMep: BEIYMCIEHUE AUHBL TyTH HUKIOUIBL.

24 I1nomank TWIOCKoH (GUTYPHI M 00BEM TeTa.

25.0mpenenenne mepsl XKopaana. Kpurepuii namMmepumoct MHOkecTBa 1o JKopnany. CBoiictBa meps! JKopaHa.

26.M3mepuMocTh crpsmisieMoil kpuBoil. CBsi3b MeEXIy HWHTETPHPYEMOCTbIO (QYHKUMH 10 Pumany u
U3MepUMOCThIO 110 JKop/iaHy ee KpUBOJIMHEHHON Tpareluu.

27.T'eomeTpruuecKkre MPUIOKEHUS onpeneiaeHHoro uaterpaia (I[lmomans kpuBonuHEHHON Tpaneruu. 1lLiomanb
KpHUBOJIMHEHHOTO cexTopa. JnuHa nyru kpuBoil. [lnomans moBepxHocty BpameHus. O0beM Tena).

Jurepatypa: [1, c. 106-143]; [2, c. 222-280]; [4, c. 173-228]; [5, u. 2, c. 164-343]; [6, ¢. 214-256]; [7, c. 37-61].

Bomnpocsl AJisi CAMOKOHTPOJIA:

Uro Takoe orpeeneH bl HHTerpan?

Kaxkast cBs3b cyIiecTByeT Mex/ly HEONpPEAEICHHBIM U ONpeAEICHHBIM HHTErpataMu’?

Jaiite onpeaenenue uaterpaia Pumana.

CdopmynupyiiTe CBOWNCTBO HHTETPUPYEMBIX (DYHKITHI.

CopmynupyiiTe KpUTEpUI HHTETPUPYEMOCTH IO PrMaHy QyHKIUH, OTpaHUYEHHOW Ha OTPE3KE.
[lepeunciuTe cBOWCTBA BEPXHUX U HIDKHUX cyMM JlapOy.

JlokaxxuTe crienuabHbIi KpUTEpUi HHTETpUpyeMOCTH (pyHKINHU 1o Pumany.

Jokaxwure, 4TO M00ast HEMIpephIBHAS Ha OTpe3Ke PYHKIHS SBISICTCS MHTETPUPYEMOH Ha 9TOM OTpE3Ke.
Jokaxure, 4To 11002 MOHOTOHHASI HA OTPE3Ke (QYHKIUS SBISIETCS HHTETPUPYEMOM Ha 3TOM OTpE3Ke.
10.Ilepeuncnute CBOWCTBAa MHTErpaia, CBA3aHHbBIE C HHTETPUPYEMOCTbIO Ha 3aJaHHOM (PMKCHPOBAHHOM OTpE3Ke.
11. [Touemy popmynry HetotoHa —JIeiiOHMIIa Ha3BIBAIOT OCHOBHOM TEOPEMON HHTETPATIBHOTO HCUUCIICHHS?
12. BeiBeaute GpopMynsl cyMMHpOBaHHS Dinepa U AGeds.

13. Jlokaxxute TeopeMy O 3aMEHE IEPEMEHHOM IPU BBIYMCICHUN UHTETPAJIOB.

14. BeiBenure hopMyTy HHTETPHPOBAHUS TI0 YACTSIM.

15. Chopmynupyiite TEOpEMBI O CpeIHEM 3HAYeHUH WHTErpaa.

16. Hdaiite onpeneneHre MOHATHS MHOKECTBa, HMEIOIIETO HYJIeBYIO Mepy Jlebera.

XN R DD =

HpnMep Keﬁc-3az]aﬂnﬂ AJISl KOJUVIEKTUBHOI'O PEIICHUSA

3anaya. Berauciuth HUHTCIpal pas3InYHbIMU crocobamu.
g2

I nopzanaua. Mcnonssys popmyny Hetotona-JleiibnuIia, HaiiTu uHTErpai J. 2°-5%dx .
0

1
II mop3anayva. Haiitu muomans GUrypsl, orpaHU4eHHON TUHUSAME ) = X V==, V= 0, x=3.
X

3anaHus VISl CAMOCTOSITEIbHOI PabdoThI:

2
1. Brruncianutb Iln( )C2 + 4) dx
0

_l[\/4x —2dx

2. Brmuuciuth

3. Brruucaours

Oy N —

cos’ x—Zcosx dx



tg”xdx

4. BrpM™ucIuTH

BNy

tx+2

dx
—x

5. Ucnonw3ys Gopmyny HeroTona-JIeiibHuIa, HAWTH MHTETpAT j
1

0
6. Ucnombsys popmyny Herotona-JleiibHuna, HaliTH HHTErpajt Ixefxdx
5

Vadx—2dx

1
7. HWcnonw3ys ¢popmyny Hetotona-JleiiOHnIa, HATH HHTETpaT ,][

2

Tema 9. IluddepennuanbHoe ucuncjaeHne GyHKINH HECKOJIBKUX MepeMeHHbIX

ILnan

HexoTtopsle monHsiTUs 0011ei Tonojaoruu. MeTpruuecKie IpocTpaHCTBaA.

Omnpenenenne GyHKIIUN ABYX U O0Jiee mepeMeHHBIX.

I'eomerpueckoe n3obpaxkenue QyHKIUU IBYX IIEPEMEHHBIX.

[Ipenen ¢pynxumu aByx nepeMeHHbIX. OnpenencHue HempepbIBHOCTH (YHKLIUH JBYX IIEPEMEHHBIX.

OCHOBHBIE CBOMCTBA HENPEPHIBHBIX (QYHKIHNH ABYX HEPEMEHHBIX.

Yacraele npousBoanbie. [Tonstre nudpdepenuupyemoctr Gpynkuu. HeoOxoauMble 1 JOCTaTOYHBIE YCIOBHS

muddepenuupyeMocty pyHKIuU. [Ipon3BoIHBIE CIOKHBIX (YHKIHH.

7. HMuddepenmman Qynkuuu. [IpubirkeHHBIE BBIYHCIEHUS ¢ moMmomipio nuddepennnana. ['eomerpuueckuit
cMeich quddepenirana.

8. KacarenpHas IIOCKOCTh M HOpMaJb K TOBEPXHOCTH.

9. IlpousBoanbie HYHKUNH, 3aJaHHON HESBHO.

10.YacTHBIe TTPOU3BOIHBIE BBICIITAX TTOPSIKOB.

11.YcnoBre He3aBUCHMOCTH 3HAYCHNH CMEIIAHHBIX TIPOU3BOIHBIX OT Mopsika JuddepeHIIMPOBaHHS.

12. AnddhepeHnmanbl BEICIINX TOPSIKOB.

13.1Ipon3Boanast o HampasieHUo. I'pagueHT.

14.®opmyna Teinopa st GyHKIMHA MHOTHX IEPEMEHHBIX.

15.0kcTpeMyMBbl QYHKIMH JIBYX TNepeMeHHbIX. HeoOxoaumMble ycioBusl dKcTpemyma. JlocTaTouHble YCIOBHUS
9KCTpeMyMa (PYHKLIUH IBYX MIEPEMEHHBIX. Y CIOBHBIA 3KCTPEMYM.

16.Haxoxnenne HanOOIbIIEero ¥ HANMEHBIIIET0 3HAYeHNH B 3aMKHYTOH OrpaHHYEeHHON 001acTy.

Sk L=

Jluteparypa: [1, c. 144-171]; [3, c. 105-137]; [4, c. 295-328]; [5, 1. 3, c. 9-242]; [6, c. 257-288]; [7, c. 171-191].

Bonpocs! A1 caMOKOHTPOJIS:

[aiite onpenenenne QyHKUUHU IBYX MEPEMEHHBIX.

[MepeuncnuTe crnocoObl 3a1aHust GYHKINU IBYX ITEPEMEHHBIX.

Yro MoKeT OBITH 00IAaCTBIO OnpeiesieHHs (QYHKIUHU IBYX MEPEMEHHBIX ?

[aiite onpenenenue QyHKINU TPEX MEPEMEHHBIX.

Urto MOXeT OBITh 00JIACTHIO OMpeIeIeHusT (YHKIINA TPEX MePEeMEHHBIX ?

Jalite onpeneseHne OKPECTHOCTU TOUKH.

[aiite onpeseneHue cXoAsIencs Mocae10BaTeIbHOCTH TOYEK.

Chopmymupyiite onpenencHue mpeaeina GyHKINA IByX TepeMeHHBIX.

9. CdhopmynupyiiTe onpeaeneHue npesena QyHKIHUN IBYyX MEPEMEHHBIX, HCIOIb3YS « € — O » TCPMHUHOJIOTHIO.

10.Chopmynupyiite onpeeneHne HENPEPLIBHOCTH QYHKIMH ABYX EPEMEHHbIX.

11. Chopmynupyiite ompeneneHHe HENPEePHIBHOCTH (QYHKIHH [BYX IEPEMEHHBIX, HCIIONB3Ys OIpeeiieHrne
npenesna GQyHKIMU B TEPMHUHAX « € — O ».

12.IlepeuncinTs OCHOBHBIE CBOWCTBA HEMPEPHIBHBIX (PYHKIMH IBYX MEPEeMEHHBIX.

PN B DD =

13./laiiTe omnpeneneHHe 4YacTHON MpPOM3BOAHOH QyHkimmM Z = [ (M ) B Touke M 1o mepeMeHHoil X (1o

nepeMeHHon V).
14. aiite onpenenenue audpepeHunpyeMocTr GYHKIUH.
15. Jokaxxute HEOOXOAUMBIE yCIOBHUS MU HEPEeHINPYEMOCTH.
16.ChopmymupyiiTe focTaTouHble YCiIoBus nuddepeHnupyeMocTy GyHKITAN ABYX IEPEMECHHBIX.
17.]latiTe ompeseneHre rpagueHTa QYHKITHH.

IIpumep keiic-3agaHus ISl KOJJICKTHBHOIO pPellleHus:



3anaua 1. [lana QyHkmus z = /8 —|x — 8| —|y| .

I mox3agaya. Haiitu oOmacTh onpeeneHus: faHHO! (yHKITHH.

II mox3agava. Haiitu ey ypoBHS QyHKIUH Z = (/8 — ’x - 8‘ - ‘ y| :

3anaua 2. Jlana QyHKIMs f( x,y) =

2x2y2
.X4+y4 ‘

I mom3agaya. BrwisscHUTH, MMeeT 1 3Ta PyHKIUSA peaen npu X — 0, y—0.

I moa3amava. BeisICHUTE, UMEET Jin 3Ta QYHKIMS Tpeaes npu X —> Oy Y —> 0,

III mox3axava. Miccrnenosars Ha HEMPEPBIBHOCTH QYHKIUIO f ( X, y) =

2x2y2
xtryt

3aganus IS CAMOCTOSITE/ILHOM padoThI:

1. Haiitu noBepXHOCTH ypOBHS QYHKIMU ) = \/ 36— xl2 — x22 - x32 ¥ 3Ha4YeHue QpyHKIUK B Touke I ( 1, 1,3) .
2. Haiiti npenen GpyHKIHH f( X, y) = ( Xt + yz)zrr mpu x >0, y—0.
sin(x2 + yz) . (3

3. HccremoBarh Ha HEMPEPHIBHOCTD (DYHKITHN f( X, y) = . f ( X, y) =sin| —

X +y Xy

2xyz
)c“wt%,y‘%—z2 #0
4. MccnenosaTh Ha HEMPEPHIBHOCTh (GyHKIMIO | ( Xy )sZ ) = y +z
x, V' +z2=0
5. HaiiTi acTHbIe MPOM3BOHBIE GyHKIMIL: z=x") , z=x +)°, z=x"+y", z= log x.
sin( xyz
6. HaiiTi yacTHBIE IPOU3BOIHBIE PYHKIMU: 1 = ( Xt + y2 + 22) |
7. Haiitu M;;s ”:’\s ”;‘-s M;Xs uv’{{._., U\[‘L, ecii y =~ .
: X : ey
8. Haiitu df ,ecnm 1) f (X, ) =arctg| = |,2) fx,y) =xy+e™ +1.
Y
9. Haiitu d° f, ecu 1) f(x,y) =x°y",2) f(x,y) =x"+)*,
x 82f> 62 f\
10. TToxasatk, 4o dynkuus | ( X,,V) =3 7 YIOBJICTBOPSET yPABHECHUIO ——> = d 5 =
X" —ay )y

Tema 10. UncnoBbie 1 QyHKIMOHAJIBHBIE PAABI
IInan

kv

o

7.
8.
9.

OcHOBHBIE OIIpeIeNIeHNs U CBOMCTBA cxoasmuxcs psanoB. Kpurepuit Komu.

HucnoBsie pAbL.

Psaner ¢ HeoTpunaTensHbiMy uneHaMu. [lpusnak [lanam6epa. [Ipusnak Komu. [Ipu3nak Paabe.

[Ipuznaku Kymmepa, beprpana, I'aycca. aterpansusiii npusHak Komm — MakiopeHa.

AOcouoTHas U yCIOBHAsE CXOAUMOCTh psifoB. Panwl Jleiionuna. [lpusnak JleitOnuna. OueHka ocraTka psaa
JleiiOonuna. ®opmyna quckperHoro rnpeodpazoBanus Adens. [lpusnaku AGens u Jupuxie.

[TepecTaHoBKH dIeHOB psAma. ApHUPMETHUSCKHE OIepallid Hal CXOAAIMMMHECS psaamMu. J[BoitHele u
NOBTOPHBIE Psiibl. CBONMCTBA CXOAALIMXCS PSIIOB U UX CYMM.

@OyHKINOHATIBHBIE TIOCIE0BATEIBLHOCTH U PSJIBL.

Paznoxxenus paznuuneix GpyHkumi mo Gopmyne Teinopa kak npuMepsl GyHKIHOHATBHBIX PSAIOB.

Psp Teitnopa. PaBHOMepHAasi CXOJIUMOCTb.

10.PaBHOMEpHO OTpaHWYEHHBIE HA MHOXECTBE MOCIIET0BATEIEHOCTH.
11.Kpurepuii paBHOMEpPHOH CXOAMMOCTH (PYHKIMOHAJIBHOM mocienoBaTenbHocTH (kputepuid Komm u ero

OTpHIIaHKE).

12.Tlpu3Haky paBHOMEPHOH CXOMUMOCTH (KpHUTEpPHH paBHOMEPHOH CXOAMMOCTH JUisi OSCKOHEYHO MaJloi

(YHKIIMOHAILHOH MOCIE0BAaTEILHOCTH, OIpe/elieHne MasKOpaHThl, NMpU3HaKk Belepmirpacca, npu3Haku
Abens n lupuxie).



13.Teopema JluHu U CleCTBUE U3 HEE.
14.TTounennoe nuddepeHIpoOBaHNE  HHTETPUPOBAHHE PSJIA.
15.Crenennsie psaapl. Teopema Abens. beckoHedHbIE TTPOU3BEICHHUS.

Jluteparypa: [1, c. 221-246]; [3, c. 229-273]; [4, c. 368-403]; [5, u. 3, c. 244-353]; [6, c. 345-393];
[7, c. 128-152].

Bonpocs! A1 caMOKOHTPOJISA:

Cdopmynupyiite yTBEepKIeHHE 00 OCTATOYHOM UJICHE Psijia.

Chopmymmpyiite yTBepKIeHne 00 oTOpackIBaHMe JTI000T0 KOHEYHOTO YHCIIa WICHOB Psia

CopmynupyliTe HEOOXOIUMBIH MPU3HAK CXOJUMOCTH PsAa.

Hoxaxunre kpurepuit Kommn amns pacxoauMOCTH psiza.

Chopmymupyiite Teopema 00 OrpaHMIECHHOCTH MTOCIICIOBATEIIBHOCTH YaCTUIHBIX CYMM

JloxaxxuTe MpU3HAKU CPABHEHHUSL.

Jokaxure npusnak lamambepa.

Joxaxute npu3Hak Paa0e.

Cdopmynupyiite npuznaku Kymmepa, beprpana, ['aycca.

10. okaxwure uHTErpaabHbIi npu3Hak Komm — MakiopeHa.

11. AGCoNrOTHAS U YCIIOBHAS CXOIUMOCTD PSJIOB.

12. BeBeaure dopMyiy AUCKpETHOTO peobpa3zoBanus AOers.

13. Chopmynupyiite npusHaku Abenst u Jupuxie.

14. ChopmynupyiiTe OCHOBHBIE ONpeAeTICHUS O QYHKIHMOHATBHBIX TOCIEA0BATEIBHOCTSX U PSAaX.

15. TlpuBenuTe IpUMEpHI pa3IoKEeHUS Pa3IUIHBIX QyHKIMH Mo dhopmye Tetimopa.

16. Jlokaxute TeOpeMy O HENPEPBHIBHOCTH CYMMBI pAja B Touke. PaBHOMEpHO OrpaHHYEeHHbIE HA MHOKECTBE
MOCJIETOBATEILHOCTH. Y TBepKACHUS 1-4.

17. CopmynupyiiTe KpUTEpHii paBHOMEPHOH CXOOMMOCTH (DYHKLMOHAIBHOW MOCIENOBATEILHOCTH (KpUTEpHil
Ko u ero orpuranue).

18. CdopmynupyiiTe NpPU3HAKA PABHOMEPHOM CXOAMMOCTH (KPUTEPHU PABHOMEPHON CXOIUMOCTH JIJIS
OecKOHEYHO Mayoil  (YHKIMOHAIBHON MOCIEeNOBAaTENFHOCTH, OINpPEACICHHE MaXKOPAHTHI, MpPU3HAK
Beiiepmtpacca, mpusnaku Abenst u upuxie).

19. okaxwure TeopeMmy JMHU U CIEACTBUS U3 HEe.

20. Jlokaxkute TeopeMbl 0 TowIeHHOM A hepeHIIMPOBAHUH 1 HHTETPUPOBAHUH Psja.

21. JlokaxuTe TEOPEMBI O CTEIICHHBIX psiaax.

XN RO~

IIpumep keiic-3aiaHus A9 KOJUIEKTHBHOIO0 PELICHUS:
| | 1 1 % |

3apava. [Tokasate, yropsin 7 ~ T~ 5 T 5 Tt —/———+...= ) —— cxomurcs.

1-2 3 3. n(n+1) ,,:ln(n+1)

H 1 n 1
I mox3anava. M3yuuts Bompoc o cxomumoctd psaga | —1+1—1+...+(—1 = Z

n=l1

1

II mox3agaua. Jlokazarb, 4To psijg Z ( 1 ) w41 CXOJUTCS.
n=l | N+

1
I nox3amaya. /{oka3atp, 4yTo psin z—

n=1

(S <1) pacxomures.

33)121]-[](]9[ OJIA CaMOCTOflTeJ’lLHOﬁ paﬁOTbI:
5(n—1

1. Yemy paBeH MATHIN YWICH YUCIOBOM MOCIEAOBATEILHOCTH
n!

2. YcTaHOBHUTE COOTBETCTBHUE MC)KI[y pADaMu U UX Ha3BaHUAMMU.
n 1

1.2(“_3; 3= ”‘1)’; ) iy

n=l1 n=l1 ”:13+n

a) 3HaKOYePEAYIOUIUICS; 0) CTENCHHOH; B) 3HAKOTIOJIOKUTEIHLHBIN.
3. YKZDKI/ITC cxoz[ﬂmueca YHUCIIOBBIC PSIBL.

LYY a Y e Y

nl nln n=l1 n nln

4. Yemy pasen kodbdumment @, pasnokenns dyuxmn [ x) =x * —3 B psia o crenensm (x—3) 2



o0

5. Haiitu uHTEpBaI CXOAMMOCTH CTEIICHHOTO psila Z a,x " ecim ero panuyc cxoaumocTu paBeH 10.
n=0
—on—1
6. UccnenoBate 1o mpu3Haky Jlamambepa cxoamMocTh psaa ZT .
n=l
o1

7. OnpenenuTb 001acTh CXOAUMOCTH (DYHKIMOHANBHOTO PsAa Z

n+l °
n=l1

Tema 11. KpaTHble 1 KpUBOJIMHEHHbIE HHTErPaJIbl

IInan.

JBoiiHoi nuTerpan Pumana. OnpeneneHue U yclioBUs CYILIECTBOBAaHUS JBOMHOTO HHTErpaa.

I'eoMeTpuuecKuil CMBICT IBOMHOTO UHTErpaJIa.

Cymmel apOy 1 ux cBoiicTBa.

Kputepuit Pumana naTerpupyemocty GyHKIHN Ha MPSIMOYTOJIBHUKE.

CBoiicTBa TBOWHOTO MHTETpAIA.

CBeneHue TBOWHOIO HHTETpajia K MOBTOPHOMY (CIy4an MpsMOYTOJIbHOM U KpUBOJIMHEHHOH obacTeii).

3aMeHa epeMEHHBIX B IBOMHOM HHTETpae.

I'eomeTpuueckne TPUIIOKEHHUS TBOWHBIX HWHTETPAjoB (BBIUMCIEHHE IUIOMIATN (QUTyphl, o0beMa Tena |

TJIOMIAM TIOBEPXHOCTH).

9. dusnyeckue NPWIOKEHUA IBOWHOrO MHTerpaja (BBIYMCICHHME MacChl MaTepUAIbHOM IUIACTUHKH,
BBIYMCIICHHE KOOPAMHAT LIEHTPAa MacC 1 MOMEHTOB HHEPLUH [UTACTHHKN).

10.Tpoitnoit uarerpan Pumana. Onpenenenue 1 BEIUMCIEHNE TPOWHBIX HHTETPaJIOB.

11.OcHOBHEIE CBOMCTBA TPOMHOTO UHTETpAIa.

12.3aMeHa mepeMEeHHBIX B TPOMHOM HHTErpaJie.

13.I'eomeTpruueckre U GU3MUECKHE TTPIIIOKEHHUSI TPOHHBIX HHTETPAJIOB.

14.Onpenenenre KpUBOIUHEHHOTO UHTETPajia IEPBOrO POJa.

15.Belunicnenre KpUBOJMHEMHBIX HHTETPAIOB MEPBOTO POa.

16.0npenenenue KPUBOIMHEHHBIX HHTETPAIOB BTOPOrO PO/, CBEACHUE UX K ONPEIeICHHBIM HHTErpaaaMm.

17.Beraucnenne KpUBOIWHEHHBIX HHTETPAIOB 2-TO poaa.

18.CBs13p MeXly KpUBOJIMHEHHBIMU HHTETpaJIaMu 1-To U 2-ro poja.

19.CBolicTBa KpUBOJIMHENHBIX HHTErpanoB. ®opmyna ['puHa.

20.YcnoBusi HE3aBUCUMOCTH KPUBOJIIMHEIHOTO HHTETpajia OT ITyTH WHTETPUPOBAHUS.

21.UHTerpupoBaHue moaHbIx 1uhHEepeHIINaNoB.

22.HekoTophie NPUIOKEHUS KPUBOJIUHEUHBIX HHTErpajoB 1-ro u 2-oro poaa.
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Jluteparypa: [1, c. 172-191, 192-202]; 3, c. 137-202]; [4, c. 501-553, 554-587]; [5, 4. 4, c. 29-68, 193-205];
[6, c. 289-310, 311-344]; [7, c. 192-242].

Bomnpocsl AJis1 CAMOKOHTPOJIA:

Jaiite onpeaeneHne JBOMHOIO UHTErpaa.

Cdopmynupyiite ycioBUe CyIIECTBOBAHMS JBOHOTO HHTETpaIa.

ChopMmynmupyiiTe HEOOXOAMMOE YCIOBHE HHTETPUPYEMOCTH (DYHKITHIH.

B dem cocTout reomeTpuiecKuil CMBICI JBOMHOTO UHTETpasa.

[lepeuncnute cBOMCTBA TBOMHOTO UHTETpaIa.

[lepeuncnure crrocoObl BEIYMCIEHUS TBOHHOTO MHTETpaa.

[Tepeuncnute croiicTBa cymm JlapOy.

Cdopmynupyiite kpurepuit Pumana naTerpupyeMoctd pyHKIMN HA TPSAMOYTOJIBHHKE.

CdopmynupyiiTe HEOOXOIUMOE W JOCTATOYHOE YCIOBHE HHTETPUPYEMOCTH (YHKIHH, OTpaHUYEHHOW Ha

MNPSIMOYTOJIbHUKE.

10.CopmynupyiiTe TeOpeMy O paBEHCTBE JIBOMHOTO ¥ MTOBTOPHOT'O HHTETPAJIOB.

11./laiiTe onpenenenrue KpUBOIMHEHHOTO HHTErpaja MepBoro posa.

12.laliTe onpenesieHre KPUBOJIMHEHHOIO HHTETpajia BTOPOro poja.

13.B gem cocTOuT CBsI3b MEKAY KPUBOJIMHEWHBIMHA WHTETPAJIAMHU IIEPBOTO M BTOPOTO poja’?

14.Chopmynupyiite TeOpeMy, YCTaHABIUBAIOIIYIO CBSA3b MEX]Ty KPUBOJIMHEHHBIMU M TBOMHBIMH WHTETPAJIAMHU.

15.BeiBenure dpopmyiy ['puna.

16.ChopmymupyiiTe yCIOBUS HE3aBUCUMOCTH KPUBOJIMHEHHOTO MHTETPAIA OT ITyTH WHTETPHUPOBAHMS.

17.1lpuBenute GopMynbl Ui BBIYHCICHHS IUIOIMANEH IUIOCKUX (UTYp, OTPaHMYEHHBIX KOHTYpoM [, C
romoInsto Gopmyiel ['puHa.

18.IIpuBenute GOpMyITy BEIYUCICHUS pAOOTHI CHIIBI.

XN DD =



IIpumep keiic-3axaHust A1l KOJUIEKTHBHOTO PeLLIEHUSI:

3anaua 1. Berauicnuts JBOWHON MHTETpAT _U( xX+y ) dxdy .
0

I noxzapaua. [ne Q — TpeyroibHuK, o6pasoBanHblif npsmpivu X =0, y =0, x+y =3,
II noxzagava. Lne () — TpeyronsHuk, 06pasoBaHHblii npaMbiMu X =3, y =0, y=x.

xdxdy
I noa3amaya. Berunciuts 1BOMHON UHTErpa _U 7+ 7, ecu 001acTh () OorpaHUYeHa JIMHUSMHU:

Q
x=2, y=x, x=2y.
xdxdy

IV noazagaua. Beruuciauths JBOMHON MHTErpa _U 7+ 7, ecii 067acTh () orpaHMYCHA JTHHHSIMHU:
X Ty
Q

2y=x", y=x.

2
3anayva 2. BeluUCIUTh KPUBOJIIMHEHHBIN HHTETPA J. ydl , e AB —JacTb OKpyKHOCTU: X = d COS/
AB

. T
y=asint, OStSE.

o v 2
I nog3anaya. BeIUMCTUTD KPUBONMHEHHBIA HHTETPAI f vdl ,Tne AB — nyra napabonsl y° =2X OT TOUKH
AB

(O; 0) 110 TOYKH (2; 2) .

2
IT noa3agaya. Beruucnuth KpUBOJMHENHBIM HHTErPajl BTOPOTO poAa J Xodx + xydy ,

AB

. T
rae AB — 4eTBepTh OKpyKHOCTH: X =C€0Sf, y=sinf, 0<¢ < 5

(x+y)dy

III noazamayva. Berunciuts UHTErpa l]j ,Thae [ — KOHTYp IpsIMOYTOJIbHUKA, 00pa30BaHHOTO
L

npameivu x =0, y=0, x=1, y=1.
3apanus 1JIA CAMOCTOSITEILHOM PadoThI:

1. BoluMcnuTh JBYKpaTHbIE WHTETPAJIbI

o‘—.w

j. x +2xy dy, J‘dyj. x+2y J.dXJ. Ja4+x+ydy.
0

N3MeHUTH NOPSAOK UHTETPUPOBAHUS.
2. Bpruucnuth ABOMHBIE HHTEIPaIbl IO 00JACTSAM, OTPAaHUYEHHBIM YKa3aHHBIMU JIMHUSIMU:

a) ” X’ ydxdy, y =0,y =+2ax—x"
Q

6)Hsin x+y)dxdy,y:(),y:x,x+y:§
B)” y=x|dxdy,x=y*,y=x’

3. Briuuciauth ABONHHON HHTErpal dxdy mo ob6mactu () OTPaHUYCHHOH TPEYTOJHHUKOM C

J(2x+3y+1)

BEpLIMHAMU A(1,3) , B(—l,—l) ,C(Z,—4) ]

4. TIpeoOpa3oBaTh K HOJISPHBIM KOOPAMHATAM M BBIYMCIIUTh ABOWHBIC HHTETPAJIbL:

2
a) j I xy“dxdy , I7ie 0671acTh () OrpaHHYEHA OKPYKHOCTAMU X +( y —1)2 =lux"+y =4y.

0) ” " dxdy , rie o6macts Q —kpyr x° +y° <R,

5. BLII{HCJH/ITL TPOWHBIC UHTETPAJIBIL:

a)jijx2y224dxdydz,rﬂe Q:{(x,y,z) JNESHINESH ’z|§2} .



6) jijxyzdxdydz’rﬂe Q:{(x’y,z)2x2+y2+zzgl,x20,y2(),220}'

~ 2 2 2 o
6. Haiitu mMaccy uetBeptn okpyx)HocTH X~ + y° = R*, x20, ¥ >0 ecnu mnotHOCT B KaX/10if TOUKE PaBHa €€
OpAMHATE.

7. Bol4ucauTs paboTy cHibl F = 2xy; + x; pH TIEPEMEILECHUN TOUYKK M U3 MOJIOKEHHS A( 2, 0) B IIOJIOYKEHHUE
B( -1, 3) : a) B1oJIb psimoii AB, 6) Bons tomanoii ACB, re C( -1, 0) )

8. C momomipio hopmyiisl PruMana-I'puHa BEIYUCIUTS KPUBOJIMHEWHBIN HHTErPAT m( X—y ) dx + ( Xty ) dy , TJIe
L
L — okpyxHOCTb X° + y° = R’

9. BrluncnuTe KpUBOJUHENHbBIE HHTETPAJIBL:

a) ,[ (x—y) dl , ecim miyth ot O/ 0, 0) 710 C( 4, 3) — OTPE30K IPSAMOH.
04

0) jxydl ,Tae L — KOHTyp TpeyrobHuka ¢ Bepmmaamu A( —1, 0) , B(1, 0) u C( 0,1).
L

2dx+(x+y)

2
10.1Tpumenss hopmynry Pumana-I'puHa, BRIYHCIUTh HHTETPAT my AT KOHTYpY TpPEYroJIbHUKA
L

C BEpIIMHAMU A(I,O) , B(l,l) " C(O,l).

Tema 12. Iu¢depenunaibHble ypaBHEHUsI

Iaan.

3anaun, npuBoasAIe K muddhepeHInaTbHbIM ypaBHEHUSIM. OCHOBHBIC OTIPEICICHHUS.

Pemenne npocteiimmx quddepeHIHaTbEHBIX YPaBHCHHMH.

Jluneiinbie quddepeHnranbHbIe ypaBHEHUS.

Juddepenumansaple ypaBHEHHUS IEPBOTO MOPSAAKA U UX IPUMEHEHUE.

YpaBHEHHS BBICIIUX MOPSIKOB.

JInHeliHble ypaBHEHUS] BTOPOTO HOPSAIKA.

Jluneiinbie quddepeHmanbpabie ypaBHEHUS BTOPOTO OPSIKA C TOCTOSTHHBIME KO3 UIIEHTaMU.
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Jlutepartypa: [1, c. 264-293]; [3, c. 247-290]; [4, c. 506-517]; [9, c. 394-461]; [10, c. 66-95].

Bonpocsk! A1 caMOKOHTPOJIA:

1. Kakue ypaBHeHHs Ha3bIBAIOTCS AU PEpEeHIIHATEHBIMU?

2. Uro Ha3bIBAIOT OOIIMM pelieHreM quQGepeHITUaIBHOTO YPaBHEHUS ?

3. YTo 3HAYMUT PEIINTh WU MPOUHTEIPUPOBaTh HupHepeHInaibHOe YpaBHeHHE?
4. B uem cocToUT omnepanus «pa3faeaeHusd IepeMeHHbIX?

IIpumep keiic-3a1aHus 1/ KOJUICKTHBHOIO PELICHUS:

3anauva 1. Pemuts ypasnenue Xdx + ydy =0 .

I nom3anava. Pemmts ypaBHeHne v” = e ¢ HAYANBHBIMU YCIOBHAME xo = 0; v, =1; vy, =—1  y; =0.
, X+2y-3

II nox3anaua. Haittu oOmwmii naTerpan nnddepeHnrnanbHOTO ypaBHeHus )V = dx— -3

1
III nox3anaua. Haiitu perenne 3amaun Komu ' — ycosx = Esin 2x,y(0)=0.

IV mon3anaua. Haiitu oOumii uaterpan nuddepeHunanbHOro ypaBHeHus 'y

3aganus VI cCaMOCTOSITEIbHOI padoThI:

, x+2y
1. Haiitu oOmmit maTerpan quddepeHnuanbHoro ypaBHeHust )V = m

2. Pemmrs ypaBHEHUE x( y' - 4) dx+ydy =0

. N ' _ Y .
3. Haiitu yacTHbIl MHTErpan ypaBHeHuss ) COSX = o’ YAOBJIETBOPSIIOIINN HAYAIBHOMY yCIIOBHIO y( 0) =1.
ny



NS, e

Haiitn yactHOe perieHue 1.y. ( 1+x° ) dy + ydx = 0 npu HauanbHOM yCIOBUH y( 1) =1.
HaiiTi 06mmii muTerpan auddepeHnnanbHoro ypapaenus V' =18 X1g V.
Haiitu o0umii unterpan nudgepeHunantbHOr0 ypaBHEHHS ( X+ 2xy) dx+ xydy =0

Pemmts ypasHenue Incosy dx+xigy dy =0
Haiitu perienue 3anaun Komm 2 e = 0; »(1]=0
X
P i Y IO
eIIUTh ypaBHeHHe X)' Sin—+x = ysin—.
X X
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