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1. Kparkas xapakTepucTHKA JHCHUIIUHBI (MOAYJIs1)

Pabouas nporpamma nucuunianHsl (Moayss) «DyHKIMOHAIBHBIA aHAIU3» COCTaBJIEHA B
COOTBETCTBUHM C (ellepalbHbIM TI'OCYyJapCTBEHHBIM O0pa30BaTEIbHBIM CTAHJAPTOM BBICIIErO
oOpa3zoBaHus — Oakanaspuat 1o cuneruansHoct 02.03.01 Marematuka 1 KOMIBIOTEPHBIE HAYKH,
npopmwibs VCKyCCTBEHHBI HHTEIUIEKT, YTBEp)KJIEHHBIH Hpuka3oM MUHHCTEpCTBA HayKd U
BeIciero oOpasoBanust Poccuiickoit deneparu Ne 807 ot 23.08.2017 roxa.

N3zyuenne aucuuiuinHel (Moayis) «DyHKIMOHANBHBIN aHAIN3» UMeeT (QyHIaMEHTAIbHOE
3Hau€HUE JUId Ppa3BUTHUS MaTEMAaTUYECKOTNO MBILIUIEHHS M HaBBIKOB  aOCTPAaKTHOIO
MOJIEJIMPOBAHMSI, YTO MO3BOJISET CTyIeHTaM 3()()EeKTUBHO pemiaTh 3aJauu B 00JaCTH YMCICHHBIX
METOJIOB, ONTHUMH3AINHA ¥ MAIIMHHOTO O0y4YeHHs. DTa AMCHUILIMHA (MOIYJh) CIOCOOCTBYET
UHTETpalil TEOPETHYECKUX OCHOB C IMPAKTUYECKMMHU IPUIOKEHHUSIMH, TAKMMHU KaK aHAIU3
OOJNBIINX JAaHHBIX, Pa3pabOTKa aJrOPUTMOB HCKYCCTBEHHOTO HMHTEIICKTa W MOAEIHPOBAHUE
CJIO’KHBIX CHCTEM.

MecTo AMCHMILIMHBI (MOAYJIs1) B CTPYKTYpe 00pa30BaTe/IbHOM NPOrpaMMbl

Hacrosias nucuumnianHa (Moayiib) BKIOYEHA B Y4EOHBIH IJ1aH 110 POrpaMMe MOArOTOBKU
OakanmaBpuata no HampasieHuto 02.03.01 MaremaTnka W KOMIBIOTEpHBIE HAyKH, MPOQUIb
HckyccTBeHHBIH MHTENIEKT M BXOIUT B BapuaTHBHYIO yacTh broka 1, dopmupyemyro
y4acTHUKAMH 00pa30BaTEIIbHBIX OTHOIICHHIA.

Jucuunnuna (MOAYINb) SIBISETCS BHIOOPHOM M JOCTYIHA A7 M3y4eHUs Ha 3 uim 4 Kypce
B 6, 7, 8 cemecTpax Ha BBIOOP.

Heap u3ydyeHHs AUCHMILVIMHBI (MOAYyjas): (OPMUPOBAHHWE Yy CTYIACHTOB TIIyOOKOTO
MOHMMAHUSA OCHOBHBIX KOHIEMIMI M METOJ0B (YHKIIMOHATBHOTO aHalu3a JJIsl MPUMEHEHUS B
MaTeMaTUYECKUX MOJIENISIX, aITOPUTMAaX U BBIYUCIIUTEIBHBIX 3aa4a.

3agaun u3y4eHust JMCHUILIMHBI (MOLYJIA):

— W3yYUTh OCHOBHBIC TOHSTHUS, TaKUe Kak OaHAXOBBI M TUIHLOEPTOBBI MPOCTPAHCTBA,
JTUHEWHBbIE orepaTopbl U (QYHKIMOHANBI, JUIsl MOHUMAHUS CTPYKTYpbl OE€CKOHEUHOMEPHBIX
MIPOCTPAHCTB U UX CBOICTB,

— HAYYUTbCS TMPUMEHSATh METOAbl  (YHKIMOHATBHOTO aHaIW3a K  PEHICHUIO
mubdepeHIIManbHBIX ypaBHEHUH, 3a/ad ONTUMH3AlMd M CIEKTPAIbHOTO aHaiu3a, 4TO
bopMHUpPYET OCHOBY JJISI YUCTICHHBIX aJITOPUTMOB B KOMITBIOTEPHBIX HayKax;

— JIOKa3aTelibCTBa TEOPEM M aHallu3a CXOJUMOCTH, HEOOXOIUMBIX ISl paboThl C
ANITOPUTMaMH MAIIMHHOTO 00y4YeHHsI 1 00paOOTKU CUTHAJIOB,

— HAYYUTbCS MOJEIUPOBATH U pellaTh MPUKIATHBIE MPOOJIEeMbl B 00JacTH NAHHBIX U
BBIUHCIICHHH.

B pe3ysbTare 0cBOeHUsI AUCHHUINIMHBI (MOLYJI51) 00Y4YAIOLINIACS JOJIKEeH:

3HaAmMb:

— OTpe/eJICHNs U CBOWCTBA METPHUECKUX/HOPMUPOBAHHBIX/THIILOEPTOBBIX MTPOCTPAHCTB,
KOMITAKTHBIX MHOECTB,;

— KJII0YeBbIe pe3yibTaThl (XaHa-banaxa, Apiiena-Ackony, CBOMCTBA CIIEKTPa);

— TOHATUSA G-anreOpsl, Mephl (BKitodas JleOera), unrterpana JleGera;

— CBOICTBa JINHEHHBIX, OTPAaHUYEHHBIX, YHUTAPHBIX OTIEPATOPOB; TIOHSATHE CIEKTPA,;

— OCHOBBI CcJ1a00W CXOIMMOCTH, 0000IICHHBIX (QYHKIIHMA, TpeoOpazoBanus Oyphe;

ymembw:

— aHAJIW3MPOBATH CBOMCTBA MHOXKECTB B METPUUYECKUX/HOPMHUPOBAHHBIX IMPOCTPAHCTBAX
(OTKpBITOCTH, 3AMKHYTOCTh, KOMIIAKTHOCTB);

— HCIIONB30BaTh TeopeMbl (XaHa-banaxa, Aprena-AcKoyn) 1uisl 10Ka3aTeIbCTB,

— CTPOMTb MPOCTHIE MEPbI, BEIUUCIATH UHTErpabl JleGera s 6a30BbIX QyHKIUI,
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— OIpEACTATh CBOICTBA JMHEHHBIX OIMEPaTOpOB (OrPaHUUYCHHOCTH), HAXOAUTH CIIEKTP B
IPOCTBIX CITyYasi;

— pa3nuyarh U NPUMEHATH MOHATHS CHIIBHOM, cllaboii, cimaboi™® cxoauMocTei;

enaoemp:

— HaBbIKaMHU paboTHI ¢ a0CTPAKTHBIMU NIPOCTPAHCTBAMU H OTIEPATOPAMH,

— METOJlaMHt CTPOTHUX JJOKA3aTeIbCTB TEOPEM U CBOMCTB B (DYHKIIMOHAIBHOM aHAIIN3E;

— TOHMMaHHEM M 0a30BBIM NIPHUMEHEHNEM KOHCTPYKIIMU Mepbl JleGera n mHTEeTpana;

— TOAXOJIOM K H3YYCHHIO OIIEPATOPOB Yepe3 UX CHEKT;

— TOYHBIM HCIIOJIb30BaHHEM NMPO(ECCHOHATBFHOTO SI3bIKA (PYHKIIMOHATBHOTO aHAIN3A.
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4eHUs

Komnerennuu, ¢opmupyemble B pe3ylibTaTe OCBOSHHS TUCHMIUIMHBI (MOIYJS) TpU
IIPOBE/ICHUH Y4EOHBIX 3aHATUH B (hOpMe KOHTAKTHOM paboThl 00yUarOIMXCs € eJarornuecKuMu
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHONU PabOThI 00yUYarOIINXCA:

Komnerenuus Conep:xanue Nuauxkarop IlepeyeHpb MIAHMPYEMBIX
KOMIIeTeHII U KOMIIETeHIIN U pe3yJbTaTOB 00y4eHus Mo
JUcCHUIIMHE (MOTYJIIO)
VK-1. Crocoben VK-1.1. 3HaeT METOALI IOMCKA U aHaAJIN3a
OCYIIECTBIISTH ITOUCK, nHpOopMaIy B 00IaCTH
KPUTHYECKAN aHaIINu3 U HCKYCCTBEHHOTO HHTEJIEKTa, OCHOBHEIE
cUHTe3 HH(popManuy, MPUHIUIBI KPUTHYECKOH OLIEHKH
MIPUMEHSATH CUCTEMHBIH HMCTOYHUKOB HH(POPMALINN U UX
MOJIXOJT IS pEIIeHHUs PEJeBaHTHOCTH.
IIOCTAaBJICHHBIX 32724 VK-1.2. YMeeT KpUTHUIECKU OIICHUBATh
WCTOYHUKHU HH(POPMALIUU U
CHUHTE3UPOBATh JAHHBIE M3 PA3TUIHBIX
HMCTOYHHUKOB ISl pEIICHUS 3a/1a4,
NPUMEHSATh CHCTEMHBIN TOAXO0]] K
AHAIIM3Y U PEIICHUI0 KOMIUIEKCHBIX
pobIeM
YK-1.3. Hmeet npakTHUECKHIA OTIBIT pabOTHI C
COBpPEMEHHBIMH HHCTPYMEHTAMH U
TEXHOJIOTHSAMH JJI51 00pabOTKH
nH(popMaIuu, GOpMyINPOBAHUH H
CTPYKTYpUPOBAaHWH 3a]1a4 Ha OCHOBE
MIOJTy9YeHHOU MH(pOpMAIHH
YK-2. CriocobeH onpeaensTh YK-2.1. 3HaeT AeCTBYIOIINE IPABOBEIE HOPMBI,
KpYT 33]]a4 B paMKax PETYIUPYIOIIHE IS TEILHOCTD B
MOCTaBIICHHOH LIEJIN 1 00JTacTH penIeHus 3a/1a4, OCHOBHBIC
BEIOHUpATH METOJIbI ¥ TIOJIXOMBI K OIPEJICIICHAIO
ONTUMAJTBHBIE CIIOCOOBI Kpyra 3aaad
WX peUIeHUs, UCXOS U3 YK-2.2. YMeeT onpenensaTh Kpyr 3a7ad B paMKax
JIEHCTBYIOIIIX MIOCTaBIICHHOH 11eJIH, BEIOUPATh
MIPAaBOBEIX HOPM, ONITUMAJTBHBIE CITIOCOOBI PEIICHUS 33]1a4,
UMEIOIIIUXCS PECYPCOB U YUUTHIBAsI UMEIOIIUECS PECYPCHI H
OTpaHUYECHUI OIPaHUYCHUSA
YK-2.3. NmeeT npakTH4eCKUA OMBIT
MIPUMEHEHUS 3HAHUH O TIPaBOBBIX
HOpMax | pecypcax B peajbHbIX
CUTYyalUsX, pa3pabOTKU U peaTn3anin
pelIeH i B COOTBETCTBUH C
YCTaHOBJICHHBIMHU OTPaHUYCHUSIMH
OIIK-1. Crioco0eH HaxOauTh, OIIK-1.1. 3HaeT OCHOBHBIE METOIBI U ITOAXOIBI K
bopMynupoBaTh U PEILIEHHIO 3a]a4 IPUKJIATHON 1
peliaTh aKTyaabHbIE U KOMITLIOTEPHON MaTeMaTHKH, BKIIFOYas
3HaYMMbIE TIPOOIEMBI ITOPUTMBI, MATEMATHYECKOE
MIPUKJIAHON U MOJICIIUPOBAHUE U TEOPHIO
KOMITBIOTEPHON ONITUMM3ALINH, & TAKKE COBPEMEHHBIC
MaTeMaTHKH WHCTPYMEHTHI U TEXHOJIOTHH,
HCTOJIb3YEMBIE B 3TOH 0071aCTH
OIIK-1.2. YMeeT aHanu3upoBaTh U
(dhopMynHupoBaTh MaTEMaTHIECCKHE
3a/1a4¥, IPUMEHATH COOTBETCTBYIOIINE
METO/IbI ¥ AIITOPUTMBI JIJISl KX PEIIeHHUS,
a TaKKe UHTEPIPETUPOBATh H
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MIPEICTABIIATh PE3yAbTATHI B IOHATHOMN H
JOCTYIHOH opme

OIIK-1.3. NmeeT npakTuveckuii OmbIT pabOTHI HAJl
MPOEKTaMHU WU UCCIICAOBAHUSMH B
00J1aCTH PHUKITATHON M KOMITBIOTEPHOM
MaTEeMaTHKH, BKJIIOYasl y9acTHe B
KOHKYPCax, OMMITNAIaX WIIN HayYHBIX
My OMKAIMsIX, TJe ObUTH pEeIIeHbl
aKTyaJIbHBIC M 3HAYMMBIC 3aJa9H
[K-1. CriocobeH onpeaensTh IK-1.1. 3HaeT OCHOBHBIE TEOPETUUECKUE
obmmue GpopMsl U KOHIICTIIIUH ¥ IPUHLUIIBI, OTHOCSIIINECS
3aKOHOMEPHOCTH K 00J7aCTH MAIlIMHHOTO 00y4YeHus, a
00JIaCT! MAIIMHHOTO TaKOKe KIFOUEBBIE 3aKOHOMEPHOCTHU U
o0yueHus MOJIEJIN, KOTOPBIE MOMOTAIOT B aHAJIM3e
Y MHTEPIIPETaluH JaHHBIX
[K-1.2. YMeeT MpoBOAUTh CUCTEMATHIECKHIA
aHanmM3 00JacTu pa3pabOTKH, BBISBIAT
1 (hopMyIUpPOBaATH 00IIHE
3aKOHOMEPHOCTH M TCHACHIINH, a TAKKe
MPUMEHSTH METO/IbI HCCIICIOBAHHUS JUIS
NOJTY4eHUs HOBBIX 3HAHUK M MOHUMAaHUS
IK-1.3. Hmeer npakTHUECKUI OMBIT padOTHI B
o0yacTu MamMHHOTO 00yYeHus,
BKJIIOYasl y4acTHE B HAYYHBIX MPOEKTAX,
MCCIIEIOBAHUSX WM MPAKTUIECKUX
3aaHUsIX, TJe ObUTH BBISBICHBI U
orucaHbl o01re Gopmel 1
3aKOHOMEPHOCTH
[K-2. CriocobeH pemaTh IK-2.1. 3HaeT OCHOBBI HH()OPMAIIMOHHON U
TUTIOBBIE 33/1a91 oubrorpaduyeckoil KyIbTypsl, a
npodecCHOHANTEHON TaKXe MPUHIMITEI HTHPOPMAIIMOHHOH
JIeSITEIbHOCTH B 0€30MacHOCTH W IPUMEHEHHUSI
obmactu nH()OPMaMOHHO-KOMMYHHKAIIMOHHBIX
HCKYCCTBEHHOTO TEXHOJIOTHH B TPO(ECCHOHAITBLHOM
WHTEJUIEKTA, OMUPAsCh JeSITENIbHOCTH
Ha HH(POPMALMOHHYIO U IK-2.2. Ymeer 3¢ hekTHBHO UCTIONB30BATH
oubnmorpadudeckyro nH()OPMAITMOHHO-KOMMYHHKAIIHOHHBIS
KYJIBTYPY, UCTIONB3YS TEXHOJIOTHH JIJISl PEILICHHs] CTaHIapPTHBIX
UHQOPMaIIOHHO- 3aja4 podeccHoHaIbHON
KOMMYHHKAIIIOHHBIE JeATeNbHOCTH, YINThIBas TpeOOBaHUS
TEXHOJIOTHH U nHpOpPMaLMOHHON 0€30MacHOCTH
YYUTHIBast OCHOBHBIE IK-2.3. Nwmeet ombIT paboThI €

TpeOoBaHUS
MH(QOPMAITIOHHON
Oe3omacHocTH

WHPOPMALMOHHBIMU PECypcamMu U
TEXHOJIOTHSIMU B 00J1acTH
HNCKYCCTBCHHOI'O MHTCIIJICKTA, BKIIFOYas
coOutto/IeHre HopM HH(OPMAIIMOHHON
0e3onmacHOCTH
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3. Temaruueckuii njiax

Nen/ TpynoeMKocTh, akageMH4YecKHe Yachl
n HaumenoBanue Ounas ¢popma TKY
pa3aena THCOUIIITHHBI KonraxkTHas (Tekymui
(Monyas) pabdoTa Komrpos CamocrosiTesb KOHTPOJIb
Jlekuun | Cemunap Hasi paboTa ycmeBaeMocTu)
bl
1 Mertpudeckue 2 4 7 Jlomarraee 3amanue
MPOCTPAHCTBA ITonroroBka k
CEMHUHAPY
2 HopMmupoBanusie 2 4 7 JlomanHee 3agaHue
MIPOCTPAHCTBA
3 TeopeMbl TOTHOTHI 2 4 7 Jlomarraee 3amanme
KonTponbshas
pabora
4 KoMnaktHOCTB 2 4 7 Jomaninee 3aganue
Kontponbphas
pabota
5 Jluneitaple PyHKIMOHAIBI 2 4 7 Jlomaninee 3aganue
IloaroroBka x
CEMHUHApY
6 CornpsoxEHHBIC 2 4 7 [ToaroroBka k
MIPOCTPAHCTBA CEMHUHApY
7 ['ums6epToBEI 2 4 7 Jomaninee 3aganue
IIPOCTPAHCTBA KonTponphas
pabota
8 Jluneiinbie onepaTopsl 2 4 7 JlomarniHee 3aaHue
KontponbsHas
paboTa
9 OCHOBHBIE TEOPEMBI 2 4 7 Jlomarinee 3ananue
IloaroroBka k
CEMHUHApY
10 | CuektpanbHas TEOpHs 2 4 7 [ToaroToBka k
CEMHUHApY
11 | KoMmnakTHBIE OmIepaTopbl 2 4 6 JlomarniHee 3aaHue
Kontponbhas
paboTa
12 CamoconpspkE€HHbBIE 2 4 2 6 Jomarninee 3aganue
oTepaTopbl KonTponbnas
pabora
13 | Teopemsbl anmpoKCHMAIH 2 4 6 JlomariHee 3amaHue
[loaroroBka k
CEMHUHApY
14 00001éHHBIC (HYHKIIHH. 4 8 6 [Toxaroroska x
JIOTIOJIHUTEIIbHBIE TEMBI CEMHUHApY
3auem ¢ oyeHKoIl 4
Hmozo: 30 60 6 94
O6vem oucyununvt (Mooyns) (6 190
ax. 4.)
Obvem Ooucyunaunvt (mooynsn) (e 5

3au. eo.)
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4. CopepxaHue TMCUUILTHHBI (MOTYJIs)

Nen/m | HammeHoBanue pasjiena Conep:xanue TUCHUIUTHHBI (MOYJIs1) IO TeMaM
JMCHMIJIMHBI (MO1YJIs1)
1 MeTpHrueckue Axcrombl MeTpHuKH. [IpuMmepsr: auckperHas metpuka, Re, C[a,b], I».
IIPOCTPAHCTBA ITonroTa. KOHTpIIpUMEpHI HETIOJIHBIX IIPOCTPAHCTB.
Ilononnenue npoctpancTs. KoHCTpyK1MA MOMONIHEHUS.
Teopema 0 BIOXEHHBIX I1apax. [IpuioxkeHus K CylecTBOBAHUIO
pellIeHU.
2 HopmupoBanusie CBs13p HOPMBI M METPUKHU. DKBUBAJIEHTHOCTH HOPM.
MPOCTPAHCTBA IIpoctpanctra Lr u I°. HepaBencrsa I'énbpnepa 1 MUHKOBCKOTO.
Koneunomepnsie nojmnpocrpancTsa. Teopema Pucca.
3 TeopeMbl TOJIHOTHI Teopema bapa o kareropusix. [Ipunoxenus.
[TprHIMIT CKUMAIOIIUX OTOOPAKEHUH.
TeopeMa 0 MPOJOIKEHUH PAaBHOMEPHO HETIPEPBIBHBIX OTOOPaKEHUH.
4 KommnakrHOCTB Kputepuit Xaycnopda. ToTanpHas orpaHIYEHHOCTb.
Teopema Apuena-Ackonu. PaBHocTenneHHas: HENPEPHIBHOCTb.
KommakTHocTs B IP u C[a,b].
5 Jluneitapie HyHKIMOHAEI Teopema Xana-banaxa (BelecTBEHHbII 1 KOMIUIEKCHBIN cydan).
CrnencTBust: pas3esieHHE BBITYKIBIX MHOXKECTB.
IIpuMeps! HETPUBHAIBHBIX POJOIKECHUM.
6 ConpsxéHHble JBotictBenHoe npoctpancTBo. [Tpumepsrt: (1')* = 1",
MIPOCTPAHCTBA Crnabast u cmabas™* Tomonornu. Teopema banaxa-Amnaoriy.
PedurekcuBrocTh. [IpocTpancTsa Lp.
7 IMus6epTOBBI ToxnmecTBo napamienorpamma. [Ipoekronnas Teopema.
IIPOCTPAHCTBA OproronansHble cucteMbl. HepaBenctso beccens.
Teopema Pucca. Psnbl @ypoe B L2
8 JluneiiHble onepaTopsl Orpann4eHHOCTh U HETIPEPBIBHOCTE. SIpo omneparopa.
Teopema banaxa-IllTeiinraysa (IpUHLIKIT paBHOMEPHOM
OTPaHUYEHHOCTH).
Oo6partHsie onepaTopbl. OOpaTHBIN ONEpaTOp K KOMIIAKTHOMY.
9 OCHOBHBIE TEOPEMBI Teopema banaxa 06 oO6paTtHOM orepaTtope.
Teopema o 3aMKkHYyTOM rpaduke. [IpuMepbl MpUMEHEHUS.
Teopema 06 OTKPBITOM OTOOPAKEHHH.
10 CriektpanbHas TeOpHs CrekTp u pe30abBeHTa. TOYEUHBI, HENPEPBIBHBIN, OCTATOYHBIN
CIIEKTD.
CriextpanbHeiii paguyc. ©opmyna 'enbdanna.
CriekTp yMHOXeHHs1 Ha QYHKLHIO.
11 KommnaktHbie onepaTopsl Kpurepun xomnaktaoctu. Teopema Hlayaepa.
AnprepratuBa @pearonabma. CrieKTp KOMIIAKTHOTO OTIepaTopa.
HuTerpanpHble onepaTopsl B L2,
12 CaMocornpsikEHHBIE CHUMMETpHYHBIE U CAMOCONPSIKEHHBIE OIIEPATOPHI.
OnepaTopbl Teopema ['mnb0epra-llImMuara o ciekTpe.
CrnekTpanbHas TeopeMa Uil KOMIAKTHBIX OTIepaTOPOB.
13 Teopemsr anmpokcumanuu | Teopema Croyna-Beiiepmtpacca. AnreOps! GyHKIUIA.
Teopema Deitepa. Anpa Jupuxie u Deliepa.
ITonunoMsb! bepHiurtelina.
14 O0600meEnHBIE GYHKINH. IMpoctpancTBo D ocHOBHBIX QyHKIUWH. Perynspuzarus.

I[OHOJ'IHI/ITCJ'IBHLIG TEMBI

[Ipoctpanctea CoboneBa Hp. TeopeMbl BoKeHUS.

006006uEnnbIe Tpon3BoaHbIe. DOpMyIIa HHTETPUPOBAHUS MO YACTSIM.
Teopema KpeitHa-MuiibMaHa 0 KpallHUX TOYKaX.

Teopema MapkoBa-KakyTaHu 0 HETOABHKHOM TOUKE.

Teopema I'poTeHanKa O SAAEPHBIX POCTPAHCTBAX.
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5. YueOHO-MeTOaHYECKOE O0ecIeYeHue

VYHuBepcUTET  pacrojaraeT IOJHBIM  HA0OpOM  JIMIEH3HMOHHOTO M CBOOOJHO
pPacHpoCTPaHsIEMOro IMPOTPAMMHOTO O0ECHEeYeHHs, BKJIIOYAs MPOAYKTHl OTCUYECTBEHHOTO
IIPOU3BOACTBA.

Kaxaplii cTyJeHT B Te4eHHE BCEro Inepuojga OOydYeHHs MOJIydaeT WHAWBUAYaTbHBINA
HEOTPAaHWYEHHBIH  JOCTYH K  DJIEKTPOHHO-OMONMOTEYHOH  CHUCTeME U 3JIEKTPOHHOU
UH()OPMAIIMOHHO-00Pa30BaTENFHON Cpele YHHBEPCUTETa. OJTH CHUCTEMBl IIPEIOCTABISIOT
BO3MOXHOCTH JIOCTYIIa K pecypcamM 3 Jr000i TOUYKH, TJIe eCTh NOJKII0UeHHe K ceT VHTepHer,
KaK Ha TEPPUTOPUHU YHUBEPCUTETA, TAK U 32 €r0 MpeaesaMHy.

CrynentaMm o0ecriedeH yJaJIeHHBIH JOCTYNl K COBPEMEHHBIM MpOo(ecCHOHATBHBIM 0azaM
JAHHBIX U MH(OPMALMOHHBIM CIIPAaBOYHBIM CHCTEMaM.

OcHosnas numepamypa:

1. Ocokun, A. H. Teopus undopmanuu : yuyebnuk s By3oB / A. H. Ocokun, A. H.
ManpsuykoB. — Mocksa : U3narensctBo FOpaiit, 2025. — 208 c. — (Briciiee oOpazoBanue). —
ISBN 978-5-534-16333-9. — Tekcrt : anektponHsblii // Obpa3oBatenbHas 1iardgopma FOpaiit
[caiiT]. — URL.: https://urait.ru/bcode/561389.

2. Tepcenos, A. C. Jlekuuu mo npukiIagHOMy QYHKIIMOHATHPHOMY aHAIN3Y : YICOHHUK IS
By30B / A. C. TepcenoB. — Mocksa : HznatensctBo HOpaiit, 2025. — 83 c. — (Bricuiee
obpazoBanue). — ISBN 978-5-534-18812-7. — Texkct : anmexkTpoHHBIN // OOpa3zoBareibHAas
wiatdopma Opaiir [caiit]. — URL: https://urait.ru/bcode/568927.

3. CrapoBoiitoB, B. H. ®ynkuuonanbubiil ananu3. Mepa u unterpain Jlebera : yueOHUK 1715
By30B / B. H. CrapoBoiiToB. — MockBsa : U3natensctBo FOpaiit, 2025. — 121 ¢. — (Bsicmiee
oOpazoBanue). — ISBN 978-5-534-19991-8. — Tekcr : anektponnbiii / OOpa3oBarenbHas
wiatdopma FOpaiir [caiit]. — URL: https://urait.ru/bcode/569213.

Jlonoanumensvhasn numepamypa:

1. I'paxem P., Knyt /1., [Tatamnuk O. KonkpeTHast MaTemaTuka. MaTeMaTndeckre OCHOBBI
uHpopmatuku. — M. : Bunssamc, 2009. — 784 c.

2. Jloktuonos, . K. Uucnennsie metosl : yueoHuk / U. K. Jloktuonos, JI. I1. MupoHeHko,
B. B. Typynainos ; moxg o611. pes. kKaua. TexH. HayK, mpod. B. B. Typynanosa. - Mockga ; Bonoraa
: Uadpa-Umxenepust, 2022. - 380 c. - ISBN 978-5-9729-0786-1. - Tekct : anekTponHbiii. - URL:
https://znanium.com/catalog/product/1902598.

3. Unbun, B. A. Marematnyeckuii ananu3 B 2 4. Yacts 2 : yueOHMK A5 By30B / B. A.
Wneun, B. A. CagoBanunii, b. X. CennoB. — 3-e uzn. — Mocksa : U3natensctBo FOpaiit, 2025.
— 324 c. — (Boicmiee ob6pazoBanue). — ISBN 978-5-534-09085-7. — Tekcrt : eKTpOHHBIH //
O6pasosarenbHas iathopma KOpaiir [caiit]. — URL: https://urait.ru/bcode/560316.

4. Huxutun, A. A. Matematudeckuii anaim3. COOpHHK 3a/1a4 : yueOHOE TTocoOue JIsi By30B
/ A. A. Huxutun. — Mocksa : U3parensctBo FOpaiit, 2025. — 353 ¢. — (Briciiee o6pazoBanue).
— ISBN 978-5-9916-8585-6. — Tekct : anexkTpoHHBIH // O0pazoBaTenbHas miatgopma KOpaiit
[caiiT]. — URL.: https://urait.ru/bcode/560413.

6. MaTepuaabHO-TEXHHYECKOE 00ecTeyeHne

YHuBepcUTET pacmojaraeT MaTepUualbHO-TEXHHUYECKON 0a30i, COOTBETCTBYIOIIEH
JENCTBYIOIIMM MPOTUBOIIOKAPHBIM IIPaBUJIaM U HOpMaM U oOecreunBaroleil MpoBeIeHne BCeX
BUJIOB JIUCHUIUIMHAPDHOW W MEXIUCIUIUTMHAPHONW TMOATOTOBKU, MPAKTHUYECKOH M HAYYHO-
HCCIIEI0BATEIbCKOM paboT 00yUaIOMUXCsl, IPETYCMOTPEHHBIX YICOHBIM IIJTAHOM.

[TomerieHus1, KOTOpPBIE MPEICTABIISAIOT CO00M yueOHBIC ayIUTOPUH ISl TPOBEICHUS 3aHATHIHA
JCKIIMOHHOTO  THUIMA, 3aHATHH CEMHHAapCKOro (IPaKTUYEeCKOTrO0) THIIA, TPYIIOBBIX H
WHJVBUIYaJIbHBIX KOHCYJIbTALUN, TEKYLEr0 KOHTPOJIA U IIPOMEXYTOYHOW aTTECTallMH, a TAaKKe
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MIOMEIIEHUS Il CAMOCTOATENBHOM paObOThl U MOMEIIEHUS I XPaHEHHs U PO(PUIaKTHUECKOTO
oOciy>xuBaHus yueOHOro 06opynoBanus. IlomemeHns: yKOMIUIEKTOBaHbI CIICIUATIN3UPOBAHHON
MeOeNnbl0 U TEXHUYECKHMMHU CPEICTBAMHM OOYUYEHMsI, CIyXKAaIlUMH Ui MPEACTaBICHUS y4eOHOH
uHpopManuu O0JIBIION ayTUTOPHH.

N3yuenue qucuuIUIMHbL (MOAYIsA) o0ecreunBaeTcs B y4eOHbIX ayIUTOPHSX, OCHAILICHHBIX:

— CTOJIaMHU U CTYJIbSIMU;

— KOMIIbIOTEPHOU TEXHUKOH;

— MEXaHUYECKUMU KaJIbKYJIATOPaMH,

—  CHENHMAIU3UPOBAHHBIM 000pYyI0BaHNEM, BKITFOYAs IEMOHCTPAIIMOHHOE 000PYI0BaHHE.

[Tomerienus A1 CaMOCTOATENIbHOM paboThl 00yJaroIuXcs, B TOM YUCIIE IPUCIIOCOOIEHHbIE
JUIsL MCTIONBb30BaHMsI MHBAJIUJAMHM M JIMLAMU C OTPAHUYEHHBIMH BO3MOXHOCTSMH 310POBbS,
OCHAIIIEHbl KOMIbIOTEPHON TEXHMKON C BO3MOYKHOCTBIO HOJKIIOUEHHs K ceTH «MHTepHeT» u
obecrieueHMEM  JIOCTyla B 3JEKTPOHHYI0  HH(OpMAaLMOHHO-00pa30BaTENbHYIO  Cpely
YHuBepcurera.

OOyvarommMcsl IPeNOCTaBIAETCA JOCTYNl (B TOM 4YHCIE YJAIEHHBIN) K pecypcam
UH(POPMALIMOHHO-TEIIEKOMMYHHUKAIIMOHHON ceTH «HTepHeT», 3JeKTPOHHBIM pecypcaM (B TOM
YHUCIIe AJIEKTPOHHBIM OHOJMOTEYHBIM CHUCTEMAaM, COBPEMEHHBIM Npo(ecCHOHaIbHBIM 0a3zaM
JAHHBIX 1 UH(OPMAIIMOHHBIM CIIPABOYHBIM CUCTEMaM):

Ne HaumeHoBaHue moprasia Ccplika
(u31aHusL, Kypca, IOKYMEeHTA)
1. Hayunas snextponnas 6ubnuoreka elibrary.ru https://elibrary.ru/defaultx.asp
OubmoTeKa
2. | basza manubIx g | T-crenuanucTos https://habr.com
3. | Baza mannseix ScienceDirect https://www.sciencedirect.com
4. | OdunmansHeii caiT MUHHCTEPCTBA HAYKH https://minobrnauki.gov.ru/

BEICIIIETO 00Opa3oBanus Poccuiickoit deneparumn

5. | ®enepanbhsiii moprai «Poccuiickoe oopazosanue" | https://www.edu.ru/

6. WNudopmarmonnas cucrema "Enunoe okHO noctyna | http://window.edu.ru/
K 00pa3oBaTeNbHBIM pecypcam"

7. Enunast komekius 1udpoBeix 00pa3oBaTebHBIX http://school-collection.edu.ru/
pecypcoB

8. denepanbHbIi HEHTP UHHOPMAIIMOHHO - http://fcior.edu.ru/
00pa3oBaTesIbHBIX PECYPCOB

[lepeueHp HMHPOPMAIIMOHHBIX TEXHOJOTUH, WCHOJB3YEMBIX IPH  OCYIIECTBICHUU
00pa30BaTeNLHOTO MpoLecca MO TUCHUIIMHE (MOJIyJIE), B TOM YHCIIe KOMIUIEKT JIMIEH3UOHHOTO
IPOrpaMMHOr0  OOecrieueHusl, COBPEMEHHble mpodeccuoHanbHble 0a3bl  JaHHBIX U
UH(POPMALIMOHHBIE CIIPABOYHBIE CHCTEMBI:

HaunmenoBanue 110 ITpousBoacTBo JluneH3nonHoe / cBOOOIHO
pacnpocTpaHsieMoe

OnepanuoHHbIe CUCTEMBbI:
Microsoft Imagine (Windows Client, Server) | sapy6exnoe | nuiensnonnoe
bpaysepsi:
SIunexc.Bpaysep OTEUECTBEHHOE | CBOOOJIHO pacpOCTpaHIEMOe
Google Chrome 3apyOeKHOe CBOOOJIHO pacrpocTpaHsIeMoe
Od¢ucHble NpUI0KEHUS:
Microsoft Imagine (Visio, OneNote) 3apy0ekHOoe JIMILIEH3MOHHOE
TeXstudio 3apy0exHOe CcBOOOJTHO PACIIPOCTPAHSIEMOE
Adobe Acrobat Reader 3apy0exKHOe CcBOOOJTHO PACIIPOCTPAHSIEMOE
IporpamMmHoe oGecnieveHue 15l IVIAHMPOBAHHUS M YYeTAa BPEMEHM:
Toggle app | 3apy6exHoe | cBOGOIHO pacpocTpanseMoe
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Cucrtembl ynpaBJjeHHs IPOEKTAMU:

Microsoft Imagine (Project) | sapyGesxHoe | nuuensmonHOe
CucTeMbl ynpaBJjieHus1 0a3aMH TaHHBIX:

Microsoft Imagine (SQL Server) | sapyGesxuoe | nuuensHonHOE
Cucrtemsbl pesepBHOro konuposanus (backup):

Acronis Backup Advanced for HyperV | sapyGexuoe | nuuensuonnoe
CnpaBoYHO-IIPABOBbIE CHCTEMBI:

KoncynprantlLmioc: cripaBoOuHO-IIpaBOBast OTEYECTBEHHOE | JIMIIEH3UOHHOE
cucTeMa

CpencrBa aHTMBHPYCHOM 3aIIMTHI:

Kaspersky Endpoint Security mist 6usaeca OTE€YECTBEHHOE | JTUIIEH3MOHHOE

Crampmaprasii Russian Edition
Cpensl pa3padoTKm:

Visual Studio Code 3apy0exHoe CcBOOOJTHO PACIPOCTPAHIEMOE
Bash (Unix shell) 3apy0exHOe CBOOOJIHO pacrpocTpaHsIeMoe
Anaconda 3apy0eKHOE CBOOOJTHO pacIpoCTpaHsIeMOoe
Robotic Operating System 3apy0eKHOE CBOOOJIHO PACIIPOCTPAHIEMOE
CopelliaSim 3apyOeKHOe CBOOOJIHO pacrpocTpaHsIeMoe
Google Colaboratory 3apy0exHoe cBOOOJTHO PACIIPOCTPAHIEMOE
IlakeTbl IPOrPaMMHBIX CPEeACTB M OMOJINOTEK:

AutoPsy 3apy0eKHOE CBOOOJTHO pacIpoCTpaHsIeMoe
Interactive Disassembler (IDA) 3apy0exHoe CcBOOO/THO PACTIPOCTPAHSIEMOE
Cucrtembl ynpapjieHusi 0ndanorpagudeckoii HHGpopManueii:

Zotero | 3apyOeKHOE | CBOOOIHO pacIpOCTpaHsIEMOe
CepBuchl U C1yKObI:

Bind 3apy0eKHOE CcBOOOJIHO PACIIPOCTPAHIEMOE
Docker 3apyOexKHOE CBOOOIHO PaCIPOCTPaHAEMOE

7. MeToauuyecKHe 1 OlleHOYHbIE MaTepHuaJibl
MeToanuyecKkue YKazaHud AJad 06yqamumxcs1 110 OCBOCHMIO JHCHUIIJINHBI (MO)ly.]'[ﬂ)

B mpouecce u3yueHus AUCUMILIUHBL (MOnyJis) «DyHKIMOHAJIbHBIA aHaIM3» B paMKax
TEKYILEro KOHTPOJISI YCIIEBAEMOCTH HCIOJIB3YIOTCS TaKHe BBl yUeOHOH paboThl, KaK JEKIHs,
CEMHMHAphl, KOHTPOJbHBIE pPA0OTHI M JOMAIIHUE 3aJaHUs, a TaKKe pPa3IUYHbIe BUIbI
CaMOCTOSITENIbHOW paboThl 0Oyyaromuxcst MO 3aJaHHI0 TpernojaBaTes, HalpaBJIeHHbIE Ha
pa3BUTHE  HAaBBIKOB  NPO(ECCHOHATBHOM  JIEKCHKH, 3aKpEIUICHUE  NPAKTUYECKUX
npodeCCHOHATBLHBIX KOMIETEHIIMH, TOOIPEHNE HHUIMATHB.

Jlekyuss — cUCTEMAaTHYECKO€, IMOCIEOBAaTEIbHOE, MOHOJOTHYECKOE H3JIOKECHHUE
npernojiaBaTesaeM yueOHOro Marepuana, Kak IpaBuiio, TEOPETUYECKOr0 XapaKkTepa.

B mpomecce neknuii peKOMEHIYETCS BECTH KOHCHEKT JISKIUI: KPaTKO M CXEMaTHYHO
(UKCUpOBaTH OCHOBHBIE WJEW, BHIBOJBI M OOOOIIEHUS JIEKIMHU; BBIIENATH BaXXHBIC MBICIH,
KJIFOYEBBIE CJIOBa W TepMUHBL. HeoO0XOIMMO OTMETHUTH BOMPOCHI WM MaTepUaNbl, KOTOPHIC
BBI3BIBAIOT 3aTPYIHEHMS, U MOMBITATbCS HAMTH OTBETHl B PEKOMEHJOBAaHHOU nuTeparype. Ecnu
pa3oOpaTbcsi B Marepuane He yHaercs, cieayeT chopMyiIupoBaTh BONPOC U 3a7aTh €ro
IPEMo/IaBaTes0 Ha KOHCYJIbTAI[MH WM BO BPEMsI CEMUHAPCKOTO (IIPAaKTUYECKOT0) 3aHATHSL.

Cemunap — 310 (hopma y4eOHOU NeATeTbHOCTH, MPOBOANMAs B y4eOHOM 3aBEJICHHUH IO
PYKOBOJICTBOM IpenojaBareisi, TI/€ CTYACHThl aKTUBHO YYacTBYIOT B OOCYXIEHUSX,
NPaKTUYECKUX 3alaHUSAX U IpYTux (popMax B3aMMOAEHCTBHSL.

Jl1s ycrenmHou moAroToBKM K CEMUHAPY PEKOMEHIYETCs 3apaHee 03HAKOMUTBLCS C TEMOU
3aHATHS U OCHOBHBIMH MaTepHaiaMy, 4ToObl MMETh BO3MOXHOCTb AKTHBHO YYaCTBOBATH B
oOcyxnenuu. Taxke MOJE3HO MOATOTOBUTH BOIPOCHI U MIEH JJIsi OOCYXKICHHUS, YTO MOMOXKET
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r1y0Ke MOHATh MaTepUal U MPOJIEMOHCTPUPOBATH 3aMHTEPECOBAHHOCTb.

Ayoumopnas paboma — akTUBHas paboTa CTy/IeHTa Ha CEMUHApe, ero OTBETHI Ha BOIIPOCHI
[pernojaBaTesis U y4acThe B JUCKYCCHH.

Jl1g ycnemHoro yyacTusi B CEMMHApe CTYAEHTaM PEKOMEHAYETCS 3apaHee 03HAKOMUTHCS C
TeMOU OOCYXXIEeHHs, MPOYUTAaTh HEOOXOAMMbIE MaTepualbl U MOATOTOBUTH BOIPOCHL. BaxkHO
AaKTHUBHO CJIyIIaTh M BOBJIEKAThCS B TUCKYCCHIO, BBICKA3bIBAsi CBOM MHEHHUS M apTyMEHTUPYS HX.
[Ipu oTBeTrax Ha BONPOCHI MPENOJABATENSI CTOUT OBITH YBEPEHHBIM, YETKUM U JIOTUYHBIM,
ONMPAsCh HA U3YYEHHBIN MaTepuall. Takxke MOJIE3HO MOAECPKUBATH IUAJIOT C OJHOKYPCHUKAMU,
4TOOBI 000TaTUTH OOCYXKJCHHE U PACIIUPUTH CBOU 3HAHMUSI.

Homawnee 3a0anue — HaOOp 3a7ad 10 TeMaM HEAECIH.

[Ipu pabGore Hax JOMAIIHUMM 33JaHUSIMM  BaXKHO BHUMATEIbHO O3HAKOMHUTBCS C
TpeOOBaHUSMHU M CPOKaMH BBINIOJHEHUS. PexoMeHayeTcs pa3OuBaTh 3aJaHusl Ha STAllbl, YTOOBI
u30exaTh NEperpy3kd M Jydlle yCBOUTb Marepuai. Mcmonb3oBaTh pa3inuyHble MCTOYHHUKH
UH(OpPMAaLKK, BKIIIOYas YIeOHUKH U OHJIAWH-PECYPCHI, U 0osiee TITy00KOro MOHUMAHHUS TEMBI.

Konmponvnaa paboma — nucbMenHasi pabota ¢ HAOOpOM 3a/1a4, KOTOPbIE HY>KHO PELIUTH 32
OTrpaHUYEHHOE BpeEMSI.

Llenb KOHTPOJIBHOW pabOTHI - MOJYYUTh ClIEHUAIbHbIC 3HAHUS 110 OJJHON MJIM HECKOJIBKUM
TE€MaM JUCUUILUIMHBI (MOAYJIS) U IPOJAEMOHCTPUPOBATh HABBIKM UX MPAKTUYECKOTO IPUMEHEHHUS.

Camocmosmenvnas paboma — paboTa CTYJEHTOB, HaIpaBICHHAs Ha YIIIyOJEHHOE
U3y4eHHE OTJCIBHBIX TEM M BOIPOCOB YIEOHOW JUCIUTUIMHBI (MOIYIIS).

B nporuecce camoctosTensHON paboThI CTYJEHThI B3aUMOJICHCTBYIOT C PEKOMEH/10BaHHBIMU
MaTepHrajaMH IMPH MUHUMAILHOM YYaCTHH MPEToiaBaTelsl. 3a/1auul CTyIeHTa BKIIOYAIOT paboTy
C KOHCHEKTaMH JIeKui (06paboTka TeKCTa), MIOBTOPHOE U3yUYEeHUE YUEOHBIX MAaTepUaIOB IJIAHOB
¥ TE3MCOB OTBETOB, U3YUEHHUE JIOMOJHUTEIHHBIX TEM, BBIOJHEHHE Y4eOHO-NCCIIETOBATEBCKUX
3aIaHUI U IpYyToe€.

Cucrema OLlCHUBAHUSA PE3YyJbTATOB oﬁyqemm Mo TMCHMIIJIMHE (MO}IyJIlO)

Kpurtepun nosyyeHusi ypoBHsi M OLleHUBAaHUA CPOPMUPOBAHHOCTH KOMIIETEHUMA 10
aucuunrHe (moayJe) «OyHKUMOHAJbHBIN AHAJIU3»

OneHuBaHue YpOBHSA Y4€OHBIX JOCTI)KEHUH, OOYYaroMIMXCs MO TUCIUIUIMHE (MOIYIIO),
OCYILIECTBJISICTCS B BUJIE TEKYIIETO KOHTPOJISI YCIIEBAEMOCTH M TPOMEKYTOUHOW aTTECTAIlUH.

IIpomexyTouHasi arrecTamusi MO AUCHUIUIMHE (MOAYJIO) OCYIIeCTBIseTcs B (opme
3ayema ¢ OWeHKOW, TP ITOM TIPOBOJUTCS OIIEHKAa KOMIIETCHIIMH, C(HOPMHPOBAHHBIX I10
JUCIUIIIINHE.

21.]'[5[ OLCHUBAHWA TCKYHUICTO KOHTPOJIA YCIICEBACMOCTU H HpOMe)KyTOIIHOI\/'I aTTecTalluu
WCIIONIB3YETCS JICCATHOAINTbHAS IIIKaJIa OIEHWBAHMS, KOTOpas COOTHOCUTCS C TPaJAUIIMOHHON
MATUOATITPHON MIKAIOHN CIEAYIONIUM 00pa3oM:

HdecaTubannbuas) IlaTudannbHas OO0mas xapakTepucTHKA pe3yJibTaTa
Onenka 3a 3a4er
OLIEHKA OLICHKA o0y4eHuUs MO TUCHUTINHE (MOILYJII0)
10 OTtnuaHO 3auTeHo CTyIeHT MOJHOCTBIO BIAACET 3HAHHUSIMHU,
9 OTIUYHO 3ayTeHo H3JI0)KCHHbBIMU B pa60qe1‘/'1 IporpaMmme, u

) OTIMYHO 3auTeHo DIyOOKO  OCMBICTISICT jaucnuiuinHay. OH

CaMOCTOATCIIBHO n JJOTHYCCKH
IMOCJICA0BATCIIbHO OTBEYACT Ha BCC BOIIPOCHI,

AKICHTUPYA BHUMAHUC Ha Hanbosee
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JlecaTnboanabHas
OIleHKA

IIaTnéananLuasn
OILICHKA

OneHka 3a 3a4yert

OO0mast xapakTepucTHKA pe3yJibTaTa
00yueHusl 1O JUCHUILIUHE (MOYJII0)

BaYKHOM. YmMmeer aHaJIM3UPOBATH,
CpaBHUBATH, KJIACCH(UIIUPOBATH, 0000IIATh,
KOHKPETH3UPOBATh W CHUCTEMaTH3HPOBAThH
W3y4YCHHBIH MaTepual, BBLACISS KIIIOYEBbHIC
MOMEHTBl W yCTaHaBIUBas IPUYUHHO-
clelcTBEHHbIE CBs3H. YeTko ¢opmymnupyer
OTBETHI, YBEPEHHO HUHTEPIPETUPYET
pe3ynbTaThl aHAITN30B u JOpyTHX
HCCJIEIOBAHNMN, a TaKXe peIIaeT CIOKHBIE
3agauyd. CTyOeHT XOpOLIO 3HAaKOM C
METOAaMHU HCCIEOBaHMs, HEOOXOIUMBIMH
U TPAKTUYECKOW AEATEIBHOCTH, U yMEET
CBSI3BIBATH TEOpeTUIeCKUe ACTIeKTHI
JUCIHUIUTUHBL (MOJyJsl) C MPAaKTHYECKUMHU
3a7auyamH.

Xoporo

3auTeHo

Xoporo

3auTeHo

CryneHt oOmamaeT 3HAHUSIMHU MpeaMeTa
MOYTH B TIOJHOM oObeMe paboueii
MPOTPAMMBI U CAMOCTOSITEIIBHO, JIOTHUECKH
MOCJIC0BATEIILHO U BCECTOPOHHE OTBEYACT
Ha BCE BOIMPOCHI, aKIICHTUPYSl BHUMaHKUE Ha
Haunbosnee 3HaUMMBIX MOMeHTaxX. OH ymeeT
aHaJIM3UPOBATh, CpaBHMBATb,
KJIACCU(UIIMPOBATD, 0000111aTh,
KOHKPETH3UPOBaTh M CHUCTEMAaTHU3MPOBATH
M3YYCHHBIM  Marepuaj, BBIACHAS  €ro
KIIOYEBbIC  ACMEKThl M yCTaHABIHBAs
MPUYUHHO-CJICJICTBCHHBIC CBSI3W.
®dopMyUpyeT CBOH OTBETHI, YBEPCHHO
HHTEPNPETUPYET PE3YJIbTAThl AHAIHU30B W
JIpyTUX HCCIIEIOBAaHUM, a TaKXKe pellaeT
CJIOKHBIC CUTYyalMOHHbIe 3a1aun. CTyneHT
XOPOIIO 3HAKOM c MEeTOAaMH
HCCIIEN0BaHMSI, HEOOXOAMMBIMHA IS
MPAKTUYECKON JEATENbHOCTH, U YMEeT
CBSI3bIBATh TEOPETHUUECKUE ACIIEKTHI
npeaMeTa ¢ MPaKTHUECKUMH 33[a4aMH.

YI[OBHCTBOPI/ITGHLHO

3auTeHo

YI[OBHCTBOPI/ITGHLHO

3auTeHo

CryneHnt obnamaer 0a30BBIMH 3HAHHSIMH
0 TUCIUILTHHE (MOYJITIO), HO HCTIBITHIBAET
TPYAHOCTH MIPU CAMOCTOATENFHBIX OTBETAX
1 MCIIOJIb3yeT HETOUHbIE (OopMyIHupoBKU. B
X0Jlie OTBETOB OH JIOMYCKaeT OLIMOKH,
Kacarolmuecss CyTH BomnpocoB. CryneHT
CIIOCOOEH pelaTh TOJIBKO CaMble MPOCTHIE
3aJjauyd M BJaJeeT JHIIb MHUHUMAaJIbHBIM
HaOOpOM METOJIOB HCCIICTOBAHUSI.

He cnan

He 3aureno

He cman

He 3auteno

CrymeHT He OBIafel 00s3aTebHBIM
MHUHHMYMOM 3HaHUH IO TIPEIMETy U He
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JdecatudannpHas IlsaTuéannbHas OO0mast XapaKTepuCTHKA pe3yabTaTa
OLICHKA OLICHKA 0o0y4eHUs IO TMCHUTUINHE (MOIYJIIO0)

OneHka 3a 3a4yert

1 He cnan He 3aureno MOXKET OTBCTHUTbL Ha BOIPOCHI, NAKE CCJIU
nmpernogaBareiib 3adacT JOIMOJTHHUTCEIIBHBIC

HaBOJISIIIIIE BOTIPOCHI.

Juctummmaa (Moayib) « OYHKIIMOHAIBHBIN aHATN3) OIEHUBACTCS CISAYIOIUM 00pa3oMm:

AKTHBHOCTH Bec |KoauuyectBo Onucanne

Homamnue 3aganus | 20% 13 Habop 3amau o Temam Henenu

Kountposnbsubie 30% 2 [Mucermennas pabota ¢ HaOOpOM 3a51a4, KOTOPBIE HYKHO

paboThI PELIuTh 32 OrPAaHUYCHHOE BpEeMs

AynuropHas padora | 15% 1 OTBETHI Ha BOMIPOCHI, CIICOK KOTOPBIX U3BECTEH CTYACHTY
3apaHee

3a4eT ¢ OLEHKOH 35% 1 [TncepmeHHas pabota ¢ HAOOPOM 3a/1a4, KOTOPBIE HYKHO
PELIUTh 3a OTPAaHUYEHHOE BPEMsl, BO3MOXKEH
JIOTIOJTHUTEIbHBIN YCTHBIN 3K3aMEH

®opmyJa pacyéra UTOrOBO OLEHKH IO AUCHUILIMHE (MoayJie) « DYyHKIHOHAIbHbBIN
aHaim3». «0,2x cpennee 3a nomamiHue 3amanus + 0,3X cpenHee 3a KOHTPOJIbHBIE pabOThHI +
0,15 x3a aymutopHyro padoty + 0,35 X3a4eT ¢ OIEeHKON».

Texkyummii KOHTPOJIb ycIeBAeMOCTH 00y4AOIIUXCH M0 AUCHUIINHE (MO/yJIe)

IIpumepHBIe BOPOCHI 118 CECMHHAPOB

Metpuueckne mpocTpaHCTBa

1.

10.

Hepe‘lI/ICHI/ITe AKCUOMbI MCTPUKHU U 06’[;5[CHI/ITG, Imo4yeMy OHHU HCO6XOI[I/IMBI JJIsL
OMpeaACIICHUA PAaCCTOAHUA MCKIAY 2JICMCHTAMMU.

IIpuBenuTe mpuMep AUCKPETHOM METPUKM HAa MHOXECTBE HATYpPaJIbHBIX YHCENI U
MOKaXUTe, KaK OHa paboTaeT AJIsl ABYX PAa3IUYHBIX JIEMEHTOB.

Onuiure METpPUKY B MPOCTPAHCTBE R™ M yKakuTe, Kak OHA CBs3aHa C E€BKJIMJIOBOMU
HOPMOM.

Uto Takoe MeTpuka B npoctpanctse C[a,b]? [IpuBeaute nmpumep QyHKIIUU U BBIYUCITUTE
paccTosHuEe MEXIY IBYMS (QYHKIHSIMHU.

Onpenenure MeTpHUKy P Ha MOCIEAOBATENHHOCTAX M OOBSICHUTE, KaK OHA 3aBHCHUT OT
napaMerpa p.

Uro Takoe moiHOE MeTpuyeckoe mnpocTtpaHcTBo? [IpuBeaute mnpumep MOJIHOTO
MPOCTPAHCTBA U KOHTPIIPUMEP HETMOIHOTO.

OOBSCHUTE TOHSATHUE TOMNOJHEHUS MCTPUUCCKOTO TPOCTpAaHCTBA U MNPUBCOAUTC
KOHCTPYKIHIO IMOIMMOJTHCHU A AJIA pallMOHAJIbHBIX YU CCII.

ChopmynupyiiTe TeopeMy O BIOKEHHBIX IapaXx W OOBACHUTE €€ TPUIOKECHHUS K
CYILLIECTBOBAHUIO PELICHUI YPAaBHEHHU.

HpI/IBC,Z[I/ITe IMPUMEP HEIOJHOI0 MCTPUYCCKOTO HNPOCTPAHCTBA M TIOKAKHUTEC, KaK C€ro
ITOITIOJTHUTD.

Kak Teopema o0 BIOXKEHHBIX IIIapax TMPUMEHSACTCS B aHAIMW3E CXOJUMOCTHU
OCJIEN0BATEILHOCTEN?

DNEeKTPOHHBIA JOKYMEHT



HopmupoBaHHBIE IPOCTPAHCTBA

A

O N ko

9.

10.

OOBscHUTE CBA3b MEXY HOPMOM M METPUKOI B HOPMHUPOBAHHOM IIPOCTPAHCTBE.

Yro Takoe 3KBUBAJIEHTHOCTh HOpM? [IpuBenuTe npumep ABYX SKBHBAJCHTHBIX HOPM Ha
R2.

OnwumuTe mpocTpaHcTBO LP 1 ykaxuTe, Kak OHO ompeaessieTcs A PyHKIUI Ha OTpe3Ke.
Cdhopmynupyiite HepaBeHCTBO [ '€nbaepa 1 00BSICHUTE €0 POJIb B aHAJIN3E HHTETPAJIOB.
HpI/IBCI[I/ITe HCPaBCHCTBO MUHKOBCKOTO ¥ MOKAXKUTE €TI0 MPUMCHCHUC K CYMMaM psAOO0B.
Uro takoe npoctpancTso 1P? [IpuBeaure npumep NOCIe0BATEIBHOCTH U3 12,

O0bsicaute TeopemMy Prcca 0 KOHEUHOMEPHBIX MOANPOCTPAHCTBAX U €€ CIIEACTBHUS.

[IpuBenure mnpUMep HOPMUPOBAHHOIO IIPOCTPAHCTBA, IJ€ BCE KOHEUHOMEPHBIE
HOJIPOCTPAHCTBA 3aMKHYTHI.

Kak nepaBenctBo ['€nbaepa nucnonp3yeTcs B 10Ka3aTeIbCTBE MOTHOTHI LP?
CpaBHuTe cBolicTBa MPOCTPaHCTB I' 1 1700 ¢ TOUKHU 3peHHs] UX HOPM.

Teopembl NOJHOTHI

1. Cdopmynupyiite Teopemy bopa o kareropusx u OOBSCHHTE NOHSATHE KaTErOpPHU
MHOKECTB.

2. Ilpusenute npunoxenue teopeMmbl bapa k cyliecTBOBaHMIO HENPEPHIBHBIX (DYHKLIMH C
3a/laHHBIMH CBOMCTBaMH.

3. Uro Takoe cxmmaromee ortoOpaxenue? IlpuBenure mpumep U OOBSCHUTE HPUHIHIL
C)KMMAIOIINX OTOOpaKEeHUH.

4. Kaxk npuMmeHsieTcss NPUHIUN CKUMAIOIIUX OTOOPaKEHUH K PEIIeHHIO HHTErpajibHBbIX
ypaBHEHU?

5. CdopmynupyiiTe TeOpeMy O IPOJODKEHUM PABHOMEPHO HEMIPEPHIBHBIX OTOOPAKEHUN U
IIPUBENNUTE IPUMED.

6. OOBbscHUTE, TOYEMY paBHOMEpPHAsi HETIPEPHIBHOCTh BaXKHA JJIS MPOJIOJKEHUS (DYHKIIUH.

7. TlpuBenute KOHTpIpHUMEp, I'le (QYHKIMS HE MOXET OBITh HPOJOJIKEHAa PABHOMEPHO
HENPEPBIBHO.

8. Kaxk Teopema bapa cBsi3aHa ¢ OJTHOTON METPUIECKUX MTPOCTPAHCTB?

9. IlpuMeHUTE IPUHIUI C)KUMAIOIIMX OTOOPAKEHUH K HaX0XKICHUIO HEMOIBM)KHOM TOYKH B
R.

10. O6psicHuTEe pPONBb TEOpPEM IMOJHOTHI B JIOKA3aTElIbCTBE CYIIECTBOBAHMS pEIICHHM
muddepeHIMaNbHbIX ypaBHEHUH.

KomnaktHOCTb

1. Cdopmynupyiite kputepuii Xaycaopda KOMIAKTHOCTH B METPUUYECKUX MTPOCTPAHCTBAX.

2. Urto Takoe TOTallbHas OrpaHWYeHHOCTH? [IpuBeanuTe mpuMep TOTaThbHO OrPAaHUYCHHOTO
MHO’KECTBA.

3. OObscHuTe TeopemMy Apiiena-AcKoiIM U MOHSATHE PABHOCTENICHHON HEMPEPHIBHOCTH.

4. Kax npumensiercs reopema Apiiena-Ackonu Kk komnaktHoctd B C[a,b]?

5. TlokaxuTe, 4TO MPOCTPAHCTBO |P KOMIAKTHO JUIsI KOHEUHOMEPHBIX CIIy4aeB.

6. IlpuBenure mpuMep KOMIIAKTHOTO MHOXKECTBa B R? 1 mpoBepbTe ero cBOMCTRA.

DNEeKTPOHHBIA JOKYMEHT



7.

8.
9.

OOBsicHUTE CBA3b MEXJY KOMIIAKTHOCTBIO M PAaBHOCTEIIEHHOH HEMPEPHIBHOCTHIO
cemencTBa PyHKIUH.

Kak kputepuit Xaycaopda ucnoab3yercs UIsi IPOBEPKH KOMIAKTHOCTH MOIMHOXKECTB.
[TpuBenuTe KOHTPIIpUMEP HEKOMIAKTHOrOo MHOecTBa B C[0,1].

10. OOBsICHUTE MPHUIIOKEHUS KOMIIAKTHOCTH K CXOJIMMOCTH MOCIIEA0BATEILHOCTEH (YHKITHIA.

Jlunelinbie GyHKITMOHAIBI

N o gk

8.
9.

Cdopmynupyiite Teopemy XaHa-baHaxa B BellleCTBEHHOM Cily4ae U OObSICHUTE €€ CMBICII.

[lpuBeaure mnpuMep HETPUBHAIBHOIO IPOJODKEHHs JIMHEHHOro (yHKIMOHaIa IO
Teopeme XaHa-baHaxa.

Uto Takoe Teopema XaHa-banaxa B koMIuiekcHOM ciy4yae? UeM oHa OTJIMYAETCS OT
BEIIIECTBEHHOT0?

OOBsICHUTE CJICACTBUC TCOPCMbI Xana-banaxa o Ppa3acCJICHUU BBIITYKIIBIX MHOKCCTB.
HpI/IBeI[I/ITe MMpUMEP ABYX BBIITYKJIBIX MHOXCCTB, PA31CJINMbIX T'HIICPIINIOCKOCTHIO.
Kax TCOpPCMa Xana-banaxa MPUMCHSCTCA K CYIICCTBOBAHUIO HCIIPECPBIBHBIX pach/IpeHHﬁ.

[Tokaxkute Ha mpuMepe, MoYeMy He BCAKMNA (YHKIIMOHAT MOKHO IPOIOJDKUTH 06€3 MOTepH
HEIPEPBIBHOCTHU.

O0bsicHuTe posb TeopeMbl XaHa-baHaxa B IBONCTBEHHBIX IPOCTPAHCTBAX.
[TpuBeuTe npumep nuHeitHOTO QyHKIMOHANa Ha C[a,b] 1 ero mpoxomkeHue.

10. Kak cieicTBHE 0 pa3/ieIeHnH MHOKECTB HCIIOJIB3YETCSl B ONITUMH3AIAN?

ConpsikE€HHBIE TPOCTPAHCTBA

o~ wn e
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Yro takoe nBoiicTBeHHOE npocTpaHcTBo? [IpuBeaute npumep (1')*.
OO0BscHUTE c1a0yI0 TOMOJOTHIO B HOPMUPOBAHHOM IPOCTPAHCTBE.
Cdopmynupyiite Teopemy banaxa-Anaoriay 1 0ObsSCHUTE ee 3HAYCHHE.
Yro takoe cnabas™ Tononorus? [Ipuseaure npumep ee MpUMEHEHHS.

OObsicHuTe TOHATHE PE(IIEKCUBHOCTH NPOCTPAHCTBA M INPHBEAMTE IPHMED
pedIIeKCHBHOTO TPOCTPAHCTBA.

[Toxaxwure, uro LP pedpnexcuBHo ans 1 <p <oco.

[TpuBenure npumep HepedIEKCUBHOTO MPOCTPAHCTBA, TAKOTO Kak L.

Kax Teopema banaxa-Amnaoriy cBsizaHa ¢ KOMIAKTHOCTBIO B CJIa00#™* TOMOIOTHH?
OObsicHUTE TPUITIOKEHUS CJIa00H CXOTUMOCTH B (DYHKIIMOHATILHOM aHaJIM3E.

10. CpaBHHTE CBOKCTBA JBOWCTBEHHBIX MpocTpaHcTB s 12 u C[0,1].

['nnp0epToBBI MPOCTPaHCTBA

1.

ChopmynupyiiTe TOXKAECTBO MapajijiesiorpaMmma U OOBbSICHUTE €ro pojib B ONpEAeTICHUN
THJIBOEPTOBBIX MPOCTPAHCTB.

Yto Takoe MMPOCKIMOHHAA TeopeMa? HpI/IBe,Z[I/ITC IpUMEpP NPOCKIHUU HA TOATIPOCTPAHCTBO.
OOBICHUTE TTOHATHE OpPTOTOHAJIBHBIX CUCTEM U HECPABCHCTBO beccens.

Cdopmynupyiite Teopemy Pucca o mpencraBieHUM (YHKIIMOHATIOB B THIHOEPTOBBIX
POCTPAHCTBAX.

Kak ctposrcs psaaet @ypre B L?? [IpuBenure npumep paznoxeHus QyHKIHH.
[TokaxuTte, 4TO OPTOHOPMUPOBAHHAS CUCTEMA MTOJTHA B TMJILOEPTOBOM MPOCTPAHCTBE.

DNEeKTPOHHBIA JOKYMEHT



7.
8.
9.

[IpuBeauTe MpuMep OPTOrOHAILHOU CUCTEMBI B R3.
OO0bsicHUTE TPUITIOKEHUS TPOEKIIMOHHON TEOPEMbI K PEIICHUIO YPAaBHEHUH.
Kaxk nepaBenctBo beccens nucnonb3yercs B aHanuze psgoB Oypbe?

10. CpaBHuTe rUIHOEPTOBBI MPOCTPAHCTBA C OAHAXOBBIMH 110 CBOMCTBAM.

JIunelinble onepaTopbl

9.

Urto Takoe orpaHMYEHHBIN JTUHEHBIN onepatop? [IpuBeauTe npumep U KOHTPIPUMED.
OO0BsicHUTE IOHATHUE Spa ONepaTopa 1 ero CBOMCTBA.

Chopmynupyiite TEOpeEMY banaxa-Illteitnraysa (mpuHIT PaBHOMEPHOM
OTPaHUYEHHOCTH).

[IpuBenure mpuMep TMPUMEHEHHs] TMPUHIUIA PABHOMEPHON OrpaHMYEHHOCTH K
[I0CJIEI0BATEILHOCTH ONEPATOPOB.

Urto Takoe oOpatHbIit onieparop? Korma oH CyIecTBYeT Jisi OTPaHUYEHHOTO oreparopa?

OObsicHuTe, TOoueMy OOpaTHBIM omeparop K KOMIAKTHOMY OIepaTopy HE Bcerja
CYLIECTBYET.

[TpuBeauTe NpUMEP KOMITAKTHOTO OIIEPaToOpa M €ro CIEKTPAIbHBIC CBOWCTBA.

Kak teopema banaxa-lllTelinray3a mnpuMeHseTCS B aHAIM3€ CXOJUMOCTH PsJIOB
OTepaTopoB?

[Tokakute HA IPUMEpPE, YTO HEMPEPHIBHOCTH OIIEPATOpa CICAYET U3 OTPAHUICHHOCTH.

10. OOwsicHHUTE CBSA3b MEXKIY SAPOM OIEPATOPA M €r0 HHBEKTUBHOCTHIO.

OcHOBHBIE TEOPEMBI

M wnh e

7.
8.
9.

Chopmynupyiite Teopemy banaxa 00 o6paTHOM orneparope U 00BSICHUTE €€ YCIOBUS.
Yro Takoe Teopema o 3aMKHyTOM rpaduke? [IpuBeaure npumep ee mpUMeHEHHS.
OO0BscHUTE TeOpeMY 00 OTKPHITOM OTOOpPaKEHUH U €€ pojib B H30MOphU3MaXx.

[TpuBenute npumep, rae Teopema 00 0OpaTHOM OMEepaTope rapaHTUPYET CYHIECTBOBAHHE
o0OpaTHoTO.

Kak Teopema 0 3aMKkHYTOM Tpaduke UCHOIb3YeTCs A JOKa3aTelbCTBa HEMPEPHIBHOCTH
OInepaTopoB?

[Tokaxkute Ha IpUMepe MPUMEHEHHE TEOPEMBI 00 OTKPHITOM OTOOPaKEHUU K JTMHEWHBIM
orepaTopam.

OO0®bsicHUTE, TOYEMY ITH TEOPEMBI BaXKHBI 111 TEOPUH 0aHAXOBBIX IPOCTPAHCTB.
[TpuBenuTe KOHTpIIpUMEp, e TeopeMa 00 00paTHOM orepaTope He MPUMEHUMA.

Kaxk Teopema o0 3aMKkHYTOM Tpaduke CBsi3aHa C TTOJTHOTON MPOCTPAHCTB?

10. OOBSCHUTE MPHIIOKECHUS ITHX TEOPEM B PEIIICHHH OTICPATOPHBIX yPaBHECHUH.

CriekTpanabHas TEOpHs

1.

a s~

Uro Takoe CHEKTp ormepaTtopa H €ro KOMIIOHEHTHI (TOYCYHBIH, HENPEePHIBHBIH,
OCTaTOYHBIH)?

OOBsicHUTE IOHATHE PE30JIBBEHTHI U €€ CBOMCTBA.

Cdhopmynupyiite popmyry I'enbdania 1uis CHEeKTpaIbHOTO paguyca.
[TpuBeauTe MpUMEp CHEKTpa onepaTopa YMHOKEHUS Ha (yHKIMIO B L2,
Kak BbIuucisieTcst CieKTpajibHBIN paanyc Al HOPMaJIbHOTO orieparopa?

DNEeKTPOHHBIA JOKYMEHT



© o N

OObsicHUTE Pa3HUILY MEX/1y TOUEYHBIM U HEPEPHIBHBIM CIIEKTPOM Ha MPUMEDE.
[TpuBenuTe mpuMep orepaTropa ¢ OCTATOYHBIM CIIEKTPOM.

Kak pe3onbBeHTa UCIIONIb3YETCS 7Sl peICHHs ONepaTOPHbIX YpaBHEHUN?
[Tokaxkute Ha mMpUMeEpe, YTO CHEKTP KOMITAKTHOTO OIlepaTopa JUCKPETEH.

10. OObsicHUTE MPUIIOKEHUS CIEKTPAIbHON TE€OpUU B KBAHTOBOI MEXaHUKE.

KoMmakTHbIe onepaTopbl

No abk oo

8.
9.

Ilepeunciure KpUTEpUU KOMIIAKTHOCTH OIlEpaTOpa U IPUBEAUTE IIPUMED.
Cdopmynupyiite Teopemy Lllaynepa o0 HEIOABMKHBIX TOUKaX KOMIIAKTHBIX OTOOpasKEHUA.
Uro Takoe anbTepHaTUBa Opearonbma Juisi KOMIIAKTHBIX OIIEPaTOPOB?

OObsicCHUTE CHIEKTP KOMITAKTHOT'O OIlepaTopa U €ro CBOMCTBa.

[TpuBenuTe npuMep UHTETPAIBLHOTO oneparopa B L? 1 nmpoBepbTe €ro KOMIaKTHOCTb.
Kak anprepHaruBa @pearoiabma NpuMeHseTCs K pELICHUIO YpaBHEHUH BUia AX =y.

[Tokaxkute, 4TO CHEKTP KOMIIAKTHOTO OIepaTopa COCTOMT M3 HYIS U COOCTBEHHBIX
3HAYEHUI.

OOBsICHUTE POJIb KOMITAKTHBIX OIICPATOPOB B AIIIIPOKCHUMAILIUU.
HpI/IBeI[I/ITe INPpUMEP HCKOMIIAKTHOI'O OII€paTopa u OOBSACHUTE noyemy.

10. Kak Teopema Illaynepa ucnosnp3yercss B HeTMHEHHOM aHanu3e?

CamocornpskEHHbBIE OIIEPATOPbI

w N
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Uro Takoe cumMmMeTpuuHbIil oneparop? [IpuBenure npumep.
OO0BsicHUTE TTOHSATHE CAMOCOIIPSHKEHHOTO OTIEpaToOpa U €ro CBOMCTRBA.

Chopmymupyiite Teopemy ['mnpOepra-llIMuara o  cmekTpe camMOCOMPSKEHHBIX
OIIEepaTOpOB.

Yro Takoe crnekTpalibHas TeopeMa JUIsl KOMIIAKTHBIX CAMOCOIIPSKEHHBIX ONIEPATOPOB?
[TpuBenuTe npuMep CIEKTPaIbHOTO pa3iokeHHs oneparopa B L2,

Kak 1oka3bIiBaeTcs, 4TO CaMOCONPSKEHHBIN OIIEpaToOp NMEET BEIIECTBEHHBIN CIIEKTP?
OOBsicHUTE NPUIOKEHHUS CIIEKTPAIbHOW TEOPEMBI K TUaroHaIu3aluy OlepaTopoB.
[TpuBennTe NpUMep HECAMOCOIIPSHKEHHOTO OIlepaTopa U €ro CBOMCTBA.

[Toxaxwure, Kak ClIeKTpabHas TEOpeMa MPUMEHSETCS K MHTETPAJIbHBIM OIIEPATOPaM.

10. OObscHUTE CBS3b MCKAY CHMMCTPUYHOCTBIO H OPTOTrOHAJIBHOCTBIO COOCTBEHHBIX

GyHKIHIA.

TCOpCMBI alrpoKCuMalun

A

N o g ko

Chopmymnupyiite Teopemy CtoyHa-BeliepmTpacca s anredp QyHKIui.
[IpuBenuTe nmpumep npuMeHeHus TeopeMbl CtoyHa-Beliepmrpacca K NOJMHOMaM Ha
OTpE3KE.

Yro takoe Teopema deliepa u aapa Jupuxne?

OO0mbscHuTe, Kak sapa Deliepa anmpoKCUMUPYIOT HENPEPHIBHbIE (PYHKIIUH.
IIpuBenuTe npumep MOIMHOMOB bepHIlTeiHa U UX CBOMCTBA.

Kak Teopema CtoyHa-BeliepmTpacca ucnonb3yercst JUlst ITIOTHOCTH Mmoanreop.
[TokaxxuTe Ha MpuUMepe anmpokcuManuoo GyHKIKU noauHoMamMu bepHinTeiina.

DNEeKTPOHHBIA JOKYMEHT



8. OObscHuTe poisb saep dupuxie B cyMmmupoBanuu psiioB Oypee.
9. IlpuBeguTe KOHTpIpPUMED, Tae anredpa He miotHa B C[a,b].
10. Kak 3T TeOpeMbl IPUMEHSIOTCS B YUCICHHOM aHanu3e?

O0606ménnbIe QyHKIHUA. JJOTOTHUTEEHBIC TEMBI

Uro Takoe npocTpaHcTBO D OCHOBHBIX (DYHKIUI U KaK OHO OIpeesisieTcs?
OOBsACHUTE TOHATHE PETYIISPU3ALUU 0000IEHHBIX (QYHKINH.

Onwumute nmpoctpanctsa CoboneBa HP 1 TeopeMbl BIIOKEHHUSL.

Uro Takoe 0600ménHbIe Tpou3BoaHbIe? [IpuBeanTe mpumep.

Cdhopmynupyiite hopmMyay HHTETPUPOBAHUS 10 YACTAM 7151 000OIEHHBIX ()YHKIIUHA.
O6nsicuute Teopemy Kpeiina-MunbpMaHa 0 KpailHUX TOYKaX BBIMYKIIBIX MHOYKECTB.
Uro Takoe TeopeMa MapkoBa-KakyTanu o HenoJIBUKHOU Touke?

[TpuBenuTe npuMep NpUMEHEHUs TeOpeMbl I poTeH KA K SEPHBIM IPOCTPAHCTBAM.

© oo Nk WD R

Kak 0000ménnbIe QyHKIIUN HCTIOIB3YIOTCS B permeHnd udhepeHInalbHbIX YpaBHEHU?
10. O6wsicHuTE pHITOKEHUs TpocTpancTB CoOoJeBa B BAPHALIMOHHOM HCYHCIICHUH.

IIpumepHbIe 3a1aHUA TI0 KOHTPOJLHOM padoTe
KonTtpoabnas padora Nel

1. Jokaxwure, uyro npoctparctBo C[0,1] ¢ merpukoi |[f - g|| = sup [f(t) - g(t)| sBasieTcs
noiHbIM. [IpuBeuTe KOHTPIPUMED HETIOHOTO MPOCTPAHCTBA.

2. Tloxaxwurte, uro B mpoctpancTBe 1*p (p > 1) HOpMHI ||X||_p H ||X||_c0 SKBUBaJIEHTHBI Ha
KOHEYHOMEPHBIX MOANpOCcTpaHcTBax. Mcrons3yitte HepaBeHCTBO [ €npaepa.

3. Ilpumenute Teopemy bopa o kaTeropusix K J0Ka3aTelbCTBY TOTO, YTO MHOXKECTBO
palMOHAIBHBIX YUCEI ABJISIETCS MEPBOU KaTeropuu B R.

4. TlpoBepbTe KOMMakTHOCTH MHOXecTBa {f n(t) = t"n} B mpoctpanctee C[0,1] c
OMOIIbI0 TeopeMbl Apliena-Ackonu. OObSCHUTE MOHATHE PABHOCTEIIEHHON HEMPEPHIBHOCTH.

5.  Cdopmynupyiite Teopemy XaHa-baHaxa B KOMIUIEKCHOM ClIydae M MIPUBEIUTE IPUMED
pa3aeneHns BBITYKJIBIX MHOXKECTB.

6. Iloxaxute, uto mpoctpancTBO L™p (1 < p < o0) pedaexcuBHo. OOBsACHUTE TeopeMy
banaxa-Anaorny 11 ciiaboit™® Tomosoruu.

7. B L?*0,1] naitaure npoekiuto GpyHkuu f(t) =t Ha MOANPOCTPaHCTBO, HaTAHYTOE Ha {1,
t}. Ucnonp3yiiTe TOXAECTBO MapasuieIorpaMma.

8. ns omeparopa caBura B 1" ornpenenuTte, siBIsSETCS I OH orpaHudeHHbIM. [Ipumenure
NPUHITAI PABHOMEPHOW OTPaHUYEHHOCTH K CEMEIHCTBY ONepaToOpOB.

9. Cdopmynupyiite TeopeMy 00 OTKPHITOM OTOOpaK€HHUM W TNPUBEAUTE HpUMEp e
NPUMEHEHHS K JIMHEHHBIM OTIepaTOpaM.

10. Ina omeparopa ymHoxenus Ha f(t) = t B L?[0,1] naiinure cnextp. Borumcnure
CHEKTPaJIbHBIN panyc U pe30JIbBEHTY It A = 1.5.

IIpumepHbIe JOMaNIHUE 3aIaHUS
JlomamHee 3aganue 1

1. Hoxaxwurte, uto QyHKIUsA p(X, y) =[x - Y|/ (1 + |X - y|) ABNISETCS METPUKOI HA MHOYKECTBE
BEILECTBEHHBIX 4YHCeNl. [IpoBephTe aKCHOMBI METPHKH W TPUBEIUTEC NPUMED BBIYHCICHHS
PACCTOSTHUS MEXKTy IByMS YHCITaMH.

DNEeKTPOHHBIA JOKYMEHT



2. IlpuMeHHTE IPUHITUT CKUMAIOIITMX OTOOPaKeHHH JJ1s perieHust ypaBHeHus X = (1/3) sin
x Ha otpeske [0, m]|. TlokaxkuTe, 4TO OTOOpaKCHHE SIBISETCS CHKUMAIOIUM M HalauTe
HEMOJIBUKHYIO TOUKY.
3. Ucnonb3ys Teopemy XaHa-baHaxa B BEIIECTBEHHOM cliydyae, MPOJOJIKUTE JTUHEHHBIN
dbynkuuonan f(x) = x(0) ¢ moanpocTpancTBa MHOTOWIeHOB Ha npoctpanctBo C[0,1]. Ykaxute
HOPMY HPOJIOJIKECHUS.
4. B mpoctpanctBe L2[0,1] paccMOTpHTE OPTOHOPMHPOBAHHYIO chcTeMy {e n(t) = \2
sin(nmt), n=1,2,...}. [IpoBepbTe OPTOrOHAIILHOCTH 1 HOPMUPOBAHHOCTH. [IpuBeMTE HEPAaBEHCTBO
beccenst 17151 mpoU3BOIBHOTO 3JIEMEHTA.
5. Jlokaxxute TeopeMy O 3aMKHYTOM rpaduke Juisi 6aHaxoBbIX IpocTpaHcTB. [IpuBenute
IpUMep olepaTropa ¢ 3aMKHYTHIM rpaHuKoM, Ui KOTOPOTO OOpaTHBIN onepaTop HEMpepbIBEH.

JlomamHee 3agaHue 2

1. TTokaxuTte 3KBUBAJIEHTHOCTh HOPM |[X|[: = Y, [X_i| ¥ [|X|]» = max |X_i| HA KOHEYHOMEPHOM
npoctpanctBe R n. Mcnonbs3yiite HepaBeHCTBO MUHKOBCKOTO /ISl CPABHEHUSI.
2. [Ipumenute Teopemy Apuena-Ackonu k cemerictBy ¢ynkiuit {f n(t) = t*n} na [0,1].
[TpoBepbTe paBHOCTENEHHYIO HENPEPHIBHOCTHh U KOMIIAaKTHOCTH B C[0,1].
3. IokaxwuTte, yTO ABOMCTBEHHOE MPOCTPAHCTBO K ' coBmanaer ¢ 1". [IpuBeaute npumep
(dyHKIIOHAIA U3 1"00 1 BEIYHCIUTE €T0 HOPMY.
4. Paccmotpute omeparop ciasura B 1% (Tx)n = X{n+1}. Onpenenute, gABigeTCA U OH
OTpaHUYEHHBIM, HAIUTE Aap0 U 00pa3. [IpuMeHnTe MpUHINT PaBHOMEPHOH OrpaHUYEHHOCTH K
MOCIIEAOBATEIHHOCTH TAKUX OMEPATOPOB.
5. Jlnst onepartopa ymHokeHus Ha ¢pyHkuuto f(t) =t B L*[0,1] HaiinuTe cnextp. Beraucnure
PE30JIBEHTY ISl A = 2 U CHEKTPaNbHBIN pajnyc.

33}13HI/IH IJIA l'lpOMe)KyTO'lHOﬁ aTTeCTalluM 110 JMCHHUIIJINHE (MO)Iy.]IlO)

Ne n/m 3aganue OtBeTr Kommnerenuus
1 VYKaXnTe akCHOMBI METPUKH B METPHUECKUX MPOCTPAHCTBAX [TonoxwurensHOCT YK-1
(mepeunciauTe yepes 3amiTyio). b,
CUMMETPUYHOCTb,
HEPaBEHCTBO
TPEYroJbHUKa
2 HazoBuTe npumep mogHOr0 METPUUECKOTO IPOCTPAHCTBA U3 Rr/ 12 YK-1
TeMbl "MeTprudeckre mpoCcTpaHcTBa'.
3 Haiinute nononnenue npocrpanctBa Q ¢ 0ObIYHON METPUKOM. R YK-1
4 [IpumenuTe TeopemMy O BIIOKEHHBIX IIapax K CYIIECTBOBAHHIO Teopema o YK-1
peleHnid ypaBHEHHsI B TIOJTHOM MPOCTPAHCTBE (YKaKHUTE BJIO)KEHHBIX
TEOpeEMY). mapax
5 Omnpenenure cBs3b MEXY HOPMOW U METPUKOIL B EctecTBennas YK-2
HOPMHPOBaHHBIX IPOCTPAHCTBAX (OJHO CIIOBO).
6 YKaXuTe HEPaBEHCTBO, CBSI3aHHOE C IMMPOCTPaHCTBAMH LP Iénpaepa / YK-2
(I'énpnepa nnmm MUHKOBCKOTO). MUHKOBCKOrO
7 Hatigute nBOKCTBEHHOE MPOCTPAHCTBO K 1. "o VK-2
8 [Ipumennte TeopeMy Pricca k KOHEUHOMEPHBIM Teopema Pucca YK-2
MOJIIPOCTPAHCTBAM (YKKHUTE TEOPEMY).
9 YKaxxute KpUTepuil KOMIAKTHOCTH B METPUUYECKUX Xaycnopda OIIK-1
MPOCTPaHCTBaX (MMs).
10 Haiigure cekTpanbHbIN pagnyc onepaTopa YMHOKEHUS Ha 1 OIIK-1
¢ysxmmro t B L*[0,1].
11 Cdhopmynupyiite Teopemy banaxa 06 oOpaTHOM oreparope Teopema banaxa OIIK-1
(xpatko). 00 oOpaTHOM
ormeparope
12 Ykaxure anpTepHaTnBa @pearonbpma sl KOMIAKTHBIX 3 OIIK-1

oTepaTopoB (YHCIIO ATbTCPHATHR).
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13 Haiinute npoekuuto Bextopa (1,0) Ha moampocTpancTBo B R? ¢ (1,0) [K-1
BHYTPEHHEN HOPMOM.
14 Ykaxute Teopemy, cBsizaHHyo ¢ psagamu Oypee B L? (ums). Pucca / IIK-1
ITapceBans
15 [IpuMeHnHTe CIEKTPaIbHYIO TEOPEMY Uil KOMIIAKTHBIX CriextpanbHas [K-1
0TIepaTopoB (YKaXKUTE TEOPEMY). Teopema s
KOMITaKTHBIX
0IepaTopoB
16 VYxaxute Teopemy CroyHa-Beitepmrpacca (mpumeHeHne). ATIpoKcHMaIus IIK-1
hyHKIHIA
17 Haiinute 00001mEnHYI0 MPON3BOIHYIO (GYHKLIUH X B 1 [K-2
npoctpancTse D (oaHO €110BO).
18 VYkaxuTe TeopeMy 0 KpailHUX TOUYKaX (AMs). Kpeiina- IK-2
MusnsMaHa
19 [Ipumenute Teopemy MapkoBa-KakyTaHu K HETIOABHKHOM Teopema [K-2
TouKe (YKaXKUTE TEOPEMY). Mapxkosa-
Kakytanu
20 YKaxuTe sIepHOe IPOCTPAHCTBO T0 I poTeHIuKy (IpuMep). L'/ CoboieBa I1K-2
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