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1. leab ¥ nIaHUpYyeMble Pe3yJabTAaThl 0CBOEHUS THCIUIIMHbI

[enbro 0OCBOEHUS AUCUUIUINHBI SBIsETCS (POPMUPOBAHUE CIACAYIOIUX KOMITETECHIIUI:

OIIK-1 CnocobeHn ¢opMynmupoBaTh W peliaTh aKTYaIbHBIE W 3HAYUMBIC MPOOIEMBI
MaTeMaTHUKH.

IIK-1 CrnocobeH caMOCTOSTENBHO pelaTh HCCICIOBATENbCKUE 3aJauyd B paMKax
peaM3alnuy Hay4yHOro (Hay4YHO-TEXHUYECKOro, MTHHOBALIMOHHOI0) MPOEKTA.

PesynbraramMu OCBOCHUSI AUCIUIUIMHBI SBIISIOTCS CIEAYIOIINE UHIUKATOPHI JOCTHXKECHUS
KOMIIETCHIINH:

HNOIIK 1.1 ®opMmynupyeT NHOCTaBICHHYIO 3ajady, IOJb3YETCS A3BIKOM IPEIMETHON
o0sact, 000CHOBAHHO BBIOMPAET METOJ pEIICHUS 3a/1a4H.

UIIK 1.1 [IIpoBoautr wucciaeAOBaHUS, HANpaBICHHbIE HA PEIICHUE OTACIbHBIX
HCCJIEIOBATEIbCKUX 3a7a4

2. 33}13‘[“ OCBOCHUA TUCHHUIIIMHBI

—OcBouTh PyHIaMEHTATIBHBIC ONPEACICHHUS U TEOPEMbI TCOPUH JIMHEHHBIX
OTPaHWYCHHBIX M HEOTPAHUYCHHBIX OIEPaTOPOB B TMIILOCPTOBBIX MMPOCTPAHCTBAX. M3yduTh
OCHOBHBIC (PaKThI TEOpUHU 0a3UCOB U HPEHMOB.

— HayuuTtbcs IpUMEHSITH IMOJTYYCHHBIC 3HAHUS [T HCCIICIOBAHUS CBOMCTB ONIEPaTOPOB
U PEIICHUS] COOTBETCTBYIOIINX YPaBHCHUH.

3. MecTo IUCHMILUINHBI B CTPYKTYpe 00pa30BaTeIbHOI MPOrpaMMbl

Jucuunnuna otHocutes K broky 1 «/luciuruimna (MOgysm)».
JlucuuniamHa OTHOCHTCS K 4YacTh OO0pa3oBaTeNbHON MporpaMMmebl, (HOpMHpPYyEeMOit
y4acTHUKaMU 00pa30BaTeNbHBIX OTHOIICHUH, Ipe/IaraeTcs 00yJarommmMes Ha BEIOOD.

4. Cemectp(bI) ocBOeHMS U (popMa(bl) MPOMEKYTOYHON ATTECTALUM 110 AUCHHUIINHE

[IepBrlii cemecTp, IK3aMEH

5. Bxoanble Tpe0OBaHus [1JIs1 0CBOEHHS THCIUTIIMHBI

Jlisl yCHenHoro OCBOSHUs AUCHUILIUHBI TPEOYIOTCS KOMIIETEHIINH, C(POPMUPOBAHHBIE B
XO07ie OCBOEHHSI 00pa30BaTeIbHBIX MPOTrPaMM MPEANIECTBYIONIET0 YPOBHS 00pa3oBaHus.

6. SI3bIK peanuzanun

Pyccknit

7. O0beM TUCUUILINHBI

OO6m1ast TpyI0€MKOCTh TUCIMIUIUHBI COCTABIISET 4 3.€., 144 4acoB, U3 KOTOPHIX:
-JIeKIuu: 32 4.

B TOM YHCJIC TIpaKTUYecKasi moaroroska: 4.
O0BbeM caMOCTOSATENLHON padOThI CTY/ICHTA ONpeaeNicH YIeOHBIM IIIaHOM.

8. Conep:xkaHue TMCHUILUIMHBI, CTPYKTYPUPOBAHHOE MO TeMaM

Tema 1. banaxoBbl aJreopbl.

Onpenenenue, npuMepsl. PeryisipHble, CUHTYISIPHBIE 3JIEMEHTBI, TOMOJIOTUYECKUE
nenuteny Hyns. CHeKTp, CIeKTpaIbHBIN paanyc, TeOpeMa O HOIMHOMHAILHOM OTOOpaXKeHUN
cnektpa. KomMyraruBHble OaHaxoBbI anreOpsl, mpeodpazoBanue 'enbdpanaa. B*-anreOpsl,
teopema I'enbdanga-Haiimapka.



Tema 2. OrpanuveHHbIE ONEPATOPHI B TMJILOEPTOBOM MPOCTPAHCTBE.

CamoconpskEHHBIE, MTOJIOKUTEIbHbIE, HOPMAJIbHBIE ONIEPATOPHI, ITpoeKuu. Mx
cBoiicTBa. OYHKIIMOHAJIBHOE UCUMCICHUE CAMOCONPSKEHHBIX U HOPMAJIbHBIX ONIEPATOPOB.
CrnekTpanbHas TeopeMa JUisl CaMOCONPSHKEHHOTO OIlepaTopa.

Tema 3. Heorpanu4eHHbIe ONEePATOPbI.

Onpenenenue npuMepsl U rpadvk HEOTPAaHMUYEHHOTO ONepaTopa. 3aMKHYThIE
oneparopbl. CHMMETPUYHBIE U CAMOCOIPSKEHHBIE oriepaTopbl. CIIEKTp HEOTPAHUUYECHHOTO
oneparopa. [Ipeobpazopanue Kamm.

Tema 4. ba3ucel u ¢peiiMbl B rijib0OEPTOBBIX POCTPAHCTBAX.

[TomHbIe, MUHUMAITBHBIC, OMOPTOTOHATIBHBIC CUCTEMBI. OIpeelieHUe U KPUTEPUI
6asucHoct. OpTOHOPMUPOBAHHBIC Oa3UCHI U 0a3uCH Prcca. becceneBsl mocie0BaTensHOCTH U
dpeiimbl. [Ipumeps! GppeiiMoB, paznoxkenue o ¢peimy.

9. Tekymuii KOHTPOJIb MO AUCUHUILIUHE

Texymuii KOHTPOJIb IO TUCHUITMNHE TPOBOJIUTCA MTYTEM KOHTPOJIS MOCEIIAeMOCTH,
BBITMIOJTHEHHS] MHIUBUYaIbHBIX JTOMAIIHUX 33aHuil U pukcupyercs B hopMe KOHTPOJIbHOM
TOYKH HE MEHEeEe OJIHOTO pa3a B ceMecTp. BrlmonHeHne HHANBUAYaTbHBIX 3aIaHUH SIBISETCS
00s3aTenbHBIM U criocobcTBYeT popmupoBanuto komnetennuii [1K 1. u UOIIK 1.1.

10. HOpﬂI{OK MPOBECACHUSA U KPUTCPUHU OLICHUBAHUSA HpOMe)ICYTO'lHOﬁ aTTeCTaliumn

Dk3aMeH B TEPBOM CEMECTpe IMPOBOJUTCS B MHUCbMEHHON (Qopme Mo Ouieram.
DK3aMeHAIMOHHBINA OUJIET COCTOUT U3 Tpex yacTeil. [IpogomkuTenbHOCTh 2K3aMena 1,5 Jaca.

[lepBbIe 1Ba Bompoca HOCIT TEOPETHUECKUN xapakTep. OTBEThI HA HUX MPOBEPSIOT
cpopmupoBanHocTs komnereHuuii OIIK 1 u [IK 1. Tpetuii Borpoc npeanonaraer pemeHue
3a/1a4M U MHTEPIPETALMIO TOJIYYeHHBIX Pe3yJbTaToB. PeleHue 3a1a4 npoBepsieT KOMIIETEHIINT
UIIK 1.1 u UOIIK 1.1.

IIpumepHBbIii IepeyeHb TeOPpeTHYECKUX BONIPOCOB

Bonpoc 1.

banaxoBsl anre6psl. OcHOBHBIE CBOMCTBA. [IpuMepsl.
PerynspHble U CUHTYJISIPHBIE 2JIEMEHTHI.

Tononornyeckue AeauTeNn HYJIs

CriekTp u pe3onbBeHTa

CnekTpallbHBIN panyc

I'enbdannoBckoe 0TOOpaXKeHNe KOMMYTATUBHBIX aiareop.
B*-anreopsr. Teopema I'ennpdanna-Halimapka

HopMmanbHble 1 camoconpsKEHHBIE OTIEPATOPBI.

[IpoekTopsl 1 YHUTapHBIE OIIEPaTOPHI

10 DYHKIMOHAIBHOE UCUNCIIEHUE CAMOCONPSKEHHBIX ONEPATOPOB CO CYETHBIM CIIEKTPOM..
11. Heorpanuyennsle onepatopsl. Teopema Témnuua. [Ipumepsr.
12. I'paduk nuHeitHOTrO OnepaTopa. 3aMKHYTbIE OEPaTOpBbI.

13. Conpspxénnblie onepaTopbl. ['paduk conpsmkEHHOTO oriepaTopa.
14. CumMeTpUYHbIE U CAMOCOIPSKEHHBIE ONIEPATOPHI.

15. Kpurepuii camocomnpskEHHOCTH OnepaTopa.

16. Cnextp 1 pe30abBeHTa HEOTPAHUYEHHOTO OIlepaTopa.

©CoNoR~wWNE



Bomnpoc 2.

1. Tlonusle cuctembl. Kpurepuii MonMHOTHI.

2. MunuMmanibHbIC cUCTEeMBI. KpuTepuii MUHUMaIbHOCTH.

3. basucel. Kpurepuii I'pundmoma.

4. Teopema 0 6a3UCHOCTH OMOPTOrOHANBHON CHCTEMBI B THIILOEPTOBOM MPOCTPAHCTBE.
5. basucel Pucca. HeoOxomuMbie 1 JOCTAaTOYHBIC YCIOBUS.

6. becceneBbl CUCTEMBI.

7. @peliMbl. @peliMOBBI OIIEPATOPHI.

8. Paznoxxenue snemenTa o gpeimy.

9. Teopema o rpanumax ¢peima.

IIpumeps! 3a5a4:

1. SBnsroTC U IMOCJICA0BATCIbHOCTHU {fn}:lo:]_ IMMOJIHBIMH B IIPOCTPAHCTBC IZ u C [011]

COOTBCTCTBCHHO.
a) f.=(0,0,...0,1,1,0,...) ;
B) {t"}:-

[e¢]
2. SIBisercs N MOCIeN0BATEIbHOCTh { fn }n:1 cl 2 MHUHHMAJIbHOMN

f,=@0,0,..... ); fn=(1,0,...0,1,0,...), n>2
n

3. SIBiseTcs M MOC/eI0BATEIbHOCTD {f.}._, 6azucom B Cy, rae f, :{O,...,O,%,O,...}.

4. SIBnsAIOTCS M MOCIIEA0BATEIbHOCTH {fn}:]o:l IIOJIHBIMU B ITPOCTPAHCTBC |2 151 C [011]

COOTBETCTBEHHO?
2 f,=(0,0,..01,-10,..),
B) {tn};o:o-

f¥ I i
5. SBnsercs mu Mocien0BaTEIbHOCTD { n}n:1 C 1, MuHMMaNBHOI
f, = (Ly=1,0,0,..)
n

©
6. SIBnsgeTcs 11 moCIea0BaTeIbHOCTh { fn}n:]_ 0asucom B IPOCTPAHCTBE <

f ={0,..,0,1,0,..}

o0
7. SIBNSIFOTCSI JIM TIOCJIEIOBATEILHOCTH {fn}n:1 MOJIHBIMU B MPOCTPAHCTBE |2 u C [0,1]
COOTBETCTBEHHO?

o f,=0,0,...); f,=(0..,010,.), n=2,

2Ny o
o W o

f} | y
8. sIBnsercs nmu mocie0BaTeIbHOCTh { n}n:1 C |, MuHUMAanbHOI

f=(-11..(-)"%0,.)



[==4
9. SBnstercs nm mocnenosarenbHOCT {f,} i, Gasucom B mpoctpanctBe £ .MecTo s
ypaBHEHMUSI.

f ={0,..,0,1,0,..}

10. A-Ganaxosa anre6pa. J{jisl JaHHOTO 3J€MEHTa XEA POBEPUTH:

1. SIBnsieTcs 1M IEMEHT X pEryJIApHBIM B A.

2. SIBnsieTcs M BIIEMEHT X JIeNTUTeNeM HYJIs.

3. SIBnsieTcs M 3IEMEHT X TONOJIOTUYECKUM JCTUTENIEM HYJISL.

4. Haiitu HOpMY || X ||, cIeKTp G(X) ¥ CHEKTpaIbHBIA paanyc 1(X).
a). € T eC[-11] B T(xyxs%5)=( T(x2 x50), TEL(C?, C3)
a). In(t+1)€C[0,1]  B). T(ry, x5, %5)= (%1, x3,0), TEL(TE, CF)

a).t*=3t+2€C[0,2] B). T(xy, x4 x3)=( x4,x,,0), TEL(C?, C?)
a).ri—leC[OQ] B). T(x,, %5, %3)=( %,,0, x,), TEL(C?, CF)

t+1

2). .€C[-1.0] B). T(x1, %5, %3)=(0, x4,%3), TEL(C?, C°).

11. dsnsercs nu nanHOoe noanpocTpancTBo LCE
1. 3aMKHYTBIM JIMHEWUHBIM MTOAIPOCTPAHCTBOM

2. 'unepniockocTbio

3. Uneanom

4. MakcuMaiabHBIM UIEATIOM.

a). L={ x€C[0,1]: [tx(t)dt=0 }

L={ xeCI[-1,1]: x(-1)=x(1) }

MHoxecTBO 4éTHBIX (QyHKIMIT B mpocTpancTee C[-1,1]

MHo3xecTBO Bcex OJMHOMOB B ipocTpancTse C[0,1]

MHo3ecTBO Bcex HempepblBHO nuddepenumpyempix ¢pyHkiuii B npoctpancrse C[0,1]
L={ xeCJ0,1]: x(0)+x(1)=0 }

L={ xeC[0,2]: x(0)+x(2)=2x(1) }

N o o bk~ w0 Do

12. Tposeputs, sensercs mu oneparop T:C" — C7
(a) HopmanbabIM

(b) Yuaurapusim

(c) CaMOCONPSKEHHBIM

(d) IMonoxuTeTHbHBIM



Haiitn
ITH, /T, IT], 2T, T# 277,

Haiitu criektpasbHoe pasnoxenue orneparopa T u omucars npoctpanctsa L, st koropeix Py:C" — L.

1L T —?
T(xy, %3) = (—2%y — %5, —2%; — xy).
2. . C* >’
T(xy, x5) = (w.ﬁ;r? w.ﬁxl + x,).
3. T:C* — €°
T(xq, x,) = (5x, + 3x,, 3x, + 5x,)
4. T: € — 3
T(xy, %4, %3) = (4x,, 2%, — 2x5, —2x, + 2x3)
5. T: € — ¢?

T(ory,x0,x3) = (—xq, —%3, —X3).

13.J1na nannoro ¢peiima B npoctpanctse C*:
(a) Haiitu peiimMoBsIii omepatop S.
(b) Haiitu onepatop, oOpatHbiii S

(c) HaiiTi ppeiiMOBBI TpaHHIIBI K DJIEMEHTBI, HAa KOTOPBIX JOCTUTAIOTCS TPAHUYHbIC 3HAYCHUS.

(d) PazioskuTh MPOM3BOIIBHEIM 37eMeHT X € C" 110 dpeiimy.
) A=(L0), £=(5,— ) £=(10)
) G R L0 A5G )

3 A=0D), AT, AT - £=0-D)

- -

4)  £=001), £=0.10), =3, 3. 0), fi=(= T, —73.0)
5) £=(1,0,0), £2=(1,1,0), £=(0,1,0), £:=(0,0,1)

15 Ilycrs T: H — H nuHeiiHblil onepaTop B runbGepTok npocTpancTee H, D(T) — obnacTek onpeges
1. SIsnstercs u D (T) na0THBIM THHEHHBIM MOAIPOCTpaHCTBOM B H.

2. SIBngercs nu onepatop I’ HEOrpaHUYEHHBIM.

3. CyuiecTByer Jiu 06paTHbIii onepatop T .



4. SBnsgercsa nu oneparop I' 3aMkHyThIM. Haiinure 3ambikanue T
5. SIBnsiercs i oneparop T CUMMETPUUHBIM, CAMOCOIPSKEHHBIM.
6. Haiiogute T u D(T*).

7. Haiigute o(T).

. D(T) ={x € £,(0,5): Z2€ £,(0.0)}

Eint

1). H=1r, (u,g), Tx(t) = 22

Eint

x(2) ()

2). H=£,(01), Tx(t)= =3 D(T) = {x € £,(0,1): 2 € £,(0,1)B}

3). H=L,(0,00), Tx(t) =tx(t), D(T)={x € £,(0,00): x(t)e* € L,(0,00)}

4). H=L,(0,0), Tx(t) =e‘x(t), D(T)={x € £,(0,00): 3In € N, Takoe 4To x|, ;.. = 0}
5). H=1L, [l],g), Tx(t) = x':t}, D(T)={x€ L, [l],g): 3n € N, Takoe uTo x| 2, = 0}.

gint

Pesynbrarel  3K3aMeHa ~ ONPENEIAIOTCS  OLCHKAMHM  «OTJIMYHO»,  «XOpOLIO»,
«YJOBJIETBOPUTEIILHO», «HEYIOBIECTBOPUTEIBHOY.

OneHka «OTJIINYHO» CTaBUTCS, €CIIN BBIIIOJHEHBI BCE MHIANBHIyAJIbHBIC 3aJaHUS U
[IOJIyYEHBl OTBETHI Ha BCE TpU Bompoca. OLEHKa «XOpPOIIO» CTABUTCS IIPU BHIIIOJHEHUH BCEX
VHIVBUAYAJIbHBIX 3a/JaHU M OTBETA HA J1BA U3 TPEX NMPEIJIOKEHHBIX BOIIPOCOB. OLeHKa
«YZOBJIETBOPUTEIILHO» CTABUTCS 34 BBIIIOJIHECHHBIC UHIUBHAyAJIbHBIC 33JJaHNSI U OTBET HA OJIMH
BOIIPOC.

11. YueOHoO-MeTOoau4ecKoe odecneyeHmne

a) DJNEKTPOHHBIA Y4YEOHBIH KypC MO JUCHMIUIMHE B JJICKTPOHHOM YHUBEPCUTETE
«Moodley - https://moodle.tsu.ru/course/view.php?id=6766

0) OtleHOUHBIE MaTepHaibl TEKYIIETO KOHTPOJS W TPOMEKYTOYHOW aTTECTAIlMH 10
TUCITUTLINHE.

B) YueOHO-MeToauueckoe mnocodue mno Teme «basucel u ¢peliMbl B TUiIbOEPTOBBIX
MIPOCTPAHCTBAX .

12. Ilepeuyens y4yeOHOI TuTEpaTyphl U pecypcoB ceTu UHTepHeT

a) OCHOBHAasI JIUTepaTypa:

1. Pun M., Caitmon b. Meroasl coBpeMeHHOW Maremaruueckon ¢usuku. Tom 1.
OyHKIMOHANBHBIN aHanu3.-M.: Mup, 1977. -360 c.

2. Canoanunii B.A. Teopus oneparopos. M3naTeascTBO MOCKOBCKOTO yHUBepcuTeTa, 1986. -
368 c.

3. Kupumior A.A.,I'Bumuanu A.Jl. Teopemsl u 3aaun (HYHKITMOHAILHOTO aHAIHM3a.2-€ U3/, —
M.: Hayxka, 1988. -400 c.

4. Ceprees A.I'. Jlekiuu no ¢pyHkuonansHoMy aHanuzy. M.: MUAH. 2013. 100 c
5. Topomkun A.T'. Jlekuuu no ¢pyHKIHOHATBLHOMY aHanu3y. Mocka: By3oBckas kHura,
6. B. Xarcon, /[x. [Tum. [Tpunoxxenus GyHKITMOHATHLHOTO aHAIM3a M TEOPUHU OIIEPaTOPOB. —

M.: Mup, 1983.
0) 1OMOJIHUTEIbHAS JINTepaTypa

1. Pynun V. ®yHknuoHansHbIl aHam3. M.: Mup, 1975. -448 ¢
2. Xenemckuit A.Sl. Jlekuuu no pynkunonansHomy ananuzy M.: MITHMO, 2014.



3. B. Xarcown, /Ix. [Tum. [Tpunoxenus GpyHKIMOHAIHHOTO aHATIN3a U TEOPUU OTIEPATOPOB. —

M.: Mup, 1983.

4. boponun ILA., CaBuyk A.M., llleiimak W.A. 3agauun mo QyHKIHOHATHHOMY aHAJIH3Y.
Mocksa: MIITHMO, 2017 -334 c.— ...

B) pecypcbl cetu UHTEpHET:

— OTKPBITBIE OHJIAWH-KYPCBI

— O6mepoccuiickas Cetp Koncynprantllmroc CnpaBoyHass mpaBoBas —CHCTEMa.
http://www.consultant.ru

13. llepeyenb HHGOPMAIMOHHBIX TEXHOJIOTUH

a) JTUIIEH3MOHHOE ¥ CBOOOHO paclpoCTpaHsieMoe MPOorpaMMHOE O0ecTieueHue: -

0) nH(MOPMAIIMOHHBIE CIIPABOYHBIC CHUCTEMBI:

— DnekTpoHHBIN KaTanor Hayunoit oubmuorexku TI'Y —
http://chamo.lib.tsu.ru/search/query?locale=ru&theme=system

— DnexkTpoHHas oubnuoteka (penozuropuii) TT'Y —
http://vital.lib.tsu.ru/vital/access/manager/Index

— OBC Jlans — http://e.lanbook.com/

— 9BC Koncynbrant cryaenrta — http://www.studentlibrary.ru/

14. MaTepuaJbHO-TeXHHYECKOE 00ecneueHue

AyauTopun Uil IPOBEICHUS 3aHATUHN JIEKIIMOHHOIO TUIIA.

Aynuropun AJi IpOBEAEHUS 3aHATUI CEMUHAPCKOTO THUIIA, NHAUBUAYAIBHBIX U
IPYIIIOBBIX KOHCYJIbTALlMM, TEKYIIETO KOHTPOJISA U IPOMEKYTOUHON aTTECTALNH.

[TomernieHus a1 caMOCTOSTENBHOM pabOThI, OCHALIIEHHbIE KOMIIBIOTEPHON TEXHUKON U
JOCTYIIOM K ceTr VIHTepHeT, B 3JIEKTPOHHYIO HH(OPMAITMOHHO-00pa30BaTEIbHYIO Cpely U K
MH(POPMALIMOHHBIM CIIPABOYHBIM CUCTEMAM.

15. Undopmanus o paspadorunkax

XwmbiiéBa TatbsiHa EBrenbeBHa, KaHauaaT (u3.-MaT HayK, JOLEHT Kadeapsl Teopuu
¢byukauii, TI'Y, gouenT.
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