degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPXKJAEHO
JupexTop HHCTUTYTA HAHO-, 0KO-,
HH(POPMALMOHHBIX, KOTHUTHBHBIX
U COLMOTYMAHUTAPHBIX HAYK U
TeXHOJIOTUH

T.E. I'puropses

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIHUIIHHE: OyHKIMOHATIBHBINA aHAJIH3

10 HAMPABJIEHUIO: [MpuknagHpie MaTemMaTHKa U Qpu3nka

npo¢uIb NOArOTOBKH: TepmosinepHast SHEpreTHKA U IIa3MEHHBIE TEXHOJIOTUH
®dusrex-1IKoia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONorui nM. 1.B.
Kypuarosa
Kadenpa matemaTHky 1 MaTeMaTH4eCKUX METOIOB PU3UKU

Kypc: 3

KBaJIMpUKALUS: GakanaBp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTauuu: 5 (oceHHuil) - JuddepenuupoBannslii 3a4eT

AynuTOpHBIX 4acoB: 45 BCETO, B TOM YHCIIE:
nexuun: 30 gac.
ceMuHapsl: 15 gac.
nabopatopusie 3ansaTus: 0 gac.

CamocrosrensHas padora: 90 gac.
Bcero gacos: 135, Bcero 3au. en.: 3

KonmnuecTBo KOHTPONBHBIX paboT, 3a1aHuil: 2

[Iporpammy cocrasuin: N.A. lllefinak, n-p ¢u3.-MaT. HAyK, JIOICHT, JIOIICHT

[Iporpamma obcyxnena Ha 3aceqanuu Kadenpsl maremMaruku 1 MaTeMaTnyeckux MetonoB ¢usuku 20.03.2021



AHHOTANMA

Lenpio HacTOSIIErO Kypca SIBISIETCS U3YUCHUE TEOPETUYECKUX OCHOB ()YHKLUHMOHAJIBHOTO aHAN3a U TEOPUHU
(YHKIMH JNeCTBUTENLHOW MEPEMEHHOM, MOMyUeHHE MPAKTHUYECKUX HABBIKOB PEIICHUS MPOCTEHIINX 3aad,
OBJIA/ICHUE METOAaMH PEIeHUs] MPUKIAAHBIX 33/a4d MeToJaMH (YHKLUMOHAJIHHOIO aHAJIM3a JJIsl yCIICHIHOTO
OCBOCHUS TUCHIHUIUINH, 6a3UPYIOIUXCS HA OCHOBE (DyHKIIMOHAJIBHOTO aHAIIN3A.

1. lean u 3apa4un

]_le.]'ll) AUCHUIIINHBI

- OCBOCHHUE CTYIACHTaMM (pyHIaMEHTAJIbHBIX 3HAHUI B 001aCTH (yHKIIMOHAJIBHOTO aHAJIN3a, U3yUECHHUE
croco00B pelIeHus 3a1a4 MeTogaMu (GyHKLIMOHAIBHOTO aHAIM3A.

33]13‘[1/[ JAUCHUIIINHBI

- ¢opmupoBaHue 0a30BBIX 3HAaHUW B OONACTH (YHKIMOHAIBHOTO aHaln3a KakK JUCIUILINHBI,
MHTErpHpyloniell 00IeMareMaTHYeCKy0 IOATOTOBKY TPHKIJIAJHBIX MAaTeMaTHKOB H (H3HKOB H
obecrnieunBaonell TEeXHOJIOINYECKUE OCHOBBI COBPEMEHHBIX HHHOBAIIMOHHBIX cep AesSTEeNbHOCTH;

- 00y4eHHe CTyACHTOB IPUHLUIIAM IPUMEHEHNSI OCHOBHBIX MOHATHH (DYHKIIMOHAJILHOTO aHAJIM3a.
2. llepedyens popmMupyemMbIX KOMIETeHUHH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,

OIIK-1 Cnocoben npuMeHSTh HAMEYATD MyTH €€ PEIeHHS

(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnact (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B

npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.2 CnocobeH cTpouUTh MareMaTH4YecKHue MOJEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-1.3 CnocobeH ompeaensTs TpaHUIBl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3YJbTaTOB

OIIK-5.1 CmocobeH pemark TOCTAaBICHHBIE 33Jlaud B
obnacTu

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEICHUH
(yHIaMEHTANbHBIX U IPUKIATHBIX
HCCIIeJOBAaHUN U pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIE TEOPETUUECKHE, B TOM YHUCIIE,
MaTeMaTHUYECKUE METO/bl UCCIEI0BAHUMN, U
paborars Ha COBPEMEHHOI SKCIIEPUMEHTATBHON
HAay4HO-UCCIIEI0BaTEIbCKOM,
HU3MEPUTENbHO-aHATUTUYECKOHN 1
TEXHOJIOTUYECKOM annaparype

TEOPETHUUECKUX U
HCCIICAOBAaHMN U pa3paboToK

OKCIICPUMECHTAJIbHBIX

OIIK-5.2 OO0OmnazaerT CIIOCOOHOCTHIO K OCBOEHHIO HOBBIX
3HAHWU HA OCHOBE M3YUYCHHS JIMTEPATYPHI, HAYYHBIX CTaTeh
U IPyTUX UCTOYHUKOB

OIIK-5.3 CnocobeH k mpodeCCHOHANBHON 3KCILTyaTalun

COBPEMEHHOMN 3KCIIEPUMEHTAIBHOMN
HAy4YHO-HCCIIEI0BATEIbCKON
(M3MEepUTENBHO-aHATUTHYECKOH M TEXHOJOTHYECKOH)

anmaparypsl

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAaThb:

- MECTO U POJIb OOILMX BOIPOCOB HAYKH B HAYYHBIX UCCIICIOBAHMSX;
- COBpeMEeHHbIe TPoOIeMBbl PU3UKH, XUMHUHU, MATEMAaTUKH 1 POJib (PYHKIIMOHAIFHOTO aHAIN3a B HUX;
- TEOpETHUYECKUE MOAETH (PyHKIIMOHAIBHOTO aHAJIN3a B MaTeMaTuke 1 B (pyHIaMEeHTaIbHBIX IIpoLeccax

U SIBJICHUH B (PU3UKE U €€ TMPHIIOKEHUSIX;

- IPUHOUIIBI CUMMCTPUHN U 3aKOHBI COXPAHCHU A,

- HOBeHIIIHMe OTKPBLITHSA €CTCCTBO3HAHUA,

- IOCTAaHOBKY HpO6JIeM (1)YHKLII/IOHaJ'ILH01"O aHalin3a ;
- 0 B3aUMOCBA34X U q)yHI[aMeHTaJ]LHOM CANHCTBC CCTCCTBCHHBIX HAYK.

YMETb:



- 9((eKTHBHO HMCIOIB30BATh HA MPAKTUKE TEOPETHYCCKHE KOMIIOHCHTBI HAyKH: ITOHSATHS, CYXKICHHS,
YMO3aKIIIOUEHHsI, 3aKOHBI;
- IPEICTaBUTh ITAHOPAMy YHHBEPCAIBHBIX METOIOB U 3aKOHOB COBPEMEHHOT'O €CTECTBO3HAHUS;
- paboTaTh Ha COBPEMEHHOM DKCIIEPUMEHTAIILHOM 000PY/I0BaHUY;
- alcTparupoBaTbCsi OT HECYIIECTBEHHBIX BIUSHHUN IMPHU MOJCITUPOBAHUH PEATBHBIX (PH3MUECKUX
CUTYaLUiI;
- IUIAHKPOBATh ONTHMAJIBHOE TIPOBEACHUE IKCIIEPUMEHTA.

BIIAJICTh!
- TUTAHUPOBaHMEM, TIOCTAHOBKOM M 00pabOTKOW pe3ylbTaToB (PU3NYECKOrO HKCIIEPUMEHTa METONAMH
(YHKIIMOHAIILHOTO aHaJIN3a;
- HAy4YHOU KapTUHOW MUpa;
- HaBBIKAMHM CaMOCTOSITENbHOW paboThl B J1a0OpaTOpMM HA COBPEMEHHOM SKCIEPHUMEHTAIHLHOM
000pyIOBaHUHY.

4. Coep:xanue JUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Pa3znenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAM YU€OHBIX 3aHATHH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUITMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTsr Camocr.
pabora
1 MeTtpuueckue ¥ HOPMHPOBAHHBIC 1 1 5
IIPOCTPAHCTBA.
2 CrnexTp oneparopa. 2 1 5
3 I'unbp0epTOBEI MPOCTpaHCTBA. 2 1 5
4 KoMnakTHble MHOKECTBA B METPUYECKHX ) 1 10
MPOCTPAHCTBAX.
5 Kommnakrhsie OIIEPATOPBL. Teopus 4 1 5
®penroapma.
6 Jluneiinbie oneparopsl U (YHKIIMOHAIBI B ) 1 5
HOPMHUPOBAHHBIX POCTPAHCTBAX.
7 HeorpanuueHHbIe oniepaTtopsl. 2 1 5
] O0600wmEnnble (YHKUMU W JACHCTBHUS C 3 1 10
HUMM.
9 OcCHOBHBIE IOHATUS TEOPUHM  MEPBIL. ) 1 10
Wnrerpan JleGera.
10 |IIpeobpazoBanue Dypoe. 5 1 10
Cxonumoctu B HOPMHPOBAHHBIX
11 MIPOCTPAHCTBAX. Teopema banaxa 3 3 10
[IIreiinraysa.
12 Te?peMa Xana-banaxa u cneacTBusa u3 ) ’ 10
Heg.
Hroro yacos 30 15 90
Iloaroroska k sk3aMeHy 0 gac.
Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.

4.2. Cogpep:kaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemectp: 5 (Ocennuii)




1. Metpuueckue 1 HOpPMUPOBAaHHbIE IPOCTPAHCTBA.

Merpuueckue npocrpancTBa. HopmupoBaHHble 1 GaHaX0OBBI IPOCTpaHCTBa. Teopema O MOMOIHEHNUH
METPHUUECKUX MPOoCcTpaHCTB. CenapabenbHOCTb.

CBOIiCTBAa TMOJHBIX METPUYECKUX IMPOCTpaHCTB. TeopeMa O BIOKEHHBIX IIapax, TeopeMa o
C)KHMAIOIINX OTOOPaKESHUSX.

2. CuekTtp omeparopa.

Teopema banaxa. O6parumocTs oneparopa 6au3Koro k ooparumomy. [IpencrasieHue pe3oabBEHTHI B
Bune psga. CnekrpanbHblii pagmyc. CHEKTp W pPE30JbBEHTHOE MHOXKECTBO OIPAaHUYCHHOTO
ormeparopa. CBoiicTBa cmekTpa (OTpaHMYEHHOCTh, 3aMKHYTOCTb, HemycToTa). HemnpepbiBHBIH,
TOYEYHBIH, OCTAaTOYHBIA CHeKTphl. ComnpspkeHHBIH omneparop. CIEKTp CONpPSKEHHOTO OIepaTopa.
CBoJicTBa CIIEKTpa CaMOCONpPSDKEHHOro oneparopa. Ksagparnunas ¢opma camoconpsiKeHHOTo
oneparopa. CHEKTpalbHBIA panyc CaMOCONPSHKEHHOTO Omeparopa M HOpPMa CaMOCOIPSHKECHHOTO
omneparopa. CrieKTpajbHbI pagiyCc MHTETPaJbHOTO OIEpaTopa ¢ TPEYrOAbHBIM SIPOM. YHHUTapHBIC
oneparopsl. Criektp yHuTapHoro omneparopa. IlomoOnsie omnepatopbl. CBs3b CHEKTPOB MOAOOHBIX
orneparopoB. [logo6ubIe oneparopst B 12(Z) u L2(0,2w). YaurapHo-niono6HbIle onieparopsl B L2(R).

3. I'nb0epToOBBI IPOCTPAHCTBA.

Teopema 00 OpTOrOHaNBHOM JONOMHEHUH.  OpPTOHOPMUPOBAHHBIE CUCTEMBI. [loNHBIC, 3aMKHYThIE
CUCTEMBI.

Teopema O CyImecTBOBaHUM OPTOHOPMUPOBAaHHOTO Oaszuca B cenapabenbHOM THIHOEPTOBOM
npoctpancTBe. M3omMopdusM cemnapabenbHBIX THILOSPTOBBIX IMPOCTPAHCTB. DKBHBAJICHTHOCTD
mopenei [lpenunrepa u I'efizenoepra.

4. KomnakTHbIe MHOKECTBA B METPHUECKHUX MTPOCTPAHCTBAX.

[IpenxomMmnakTHEIE 1 KOMIIAKTHBIE MHOXecTBa. Kpurepuii Xaycnopda npeikoMnakTHOCTH.
Teopema Apiena 1 IpU3HAKKU NIPEIKOMIIAKTHOCTH B pa3IMUHBIX [IPOCTPAHCTBAX.

OKBUBAJICHTHOCTh HOPM B KOHEYHOMEPHOM IIPOCTpaHCTBE. HEKOMIAKTHOCTh €QMHHUYHOIO 1Iapa B
0eCKOHEYHOMEPHOM 0aHAaXOBOM IIPOCTPAHCTBE.

5. KommakTtasle oneparopsl. Teopus @penroasma.

Komnakrhsle onieparopsl. Onepanuu Hajl onepaTopaMu, He Hapyllaroliie KoMIakTHOCTb. CBolicTBa
KOMITAKTHBIX OIepaTopoB. KOMIIaKTHOCTH MHTETrpasIbHBIX OmeparopoB B mpoctpanctBax Cla,b] u
Lp(a,b).

Teopema TI'mnsOepra-llIMuara o mMONHOTE MHOXECTBA COOCTBEHHBIX BEKTOPOB KOMIIAKTHOTO
CaMOCOMPSDKEHHOro omeparopa. llpumep JAMHEHHOTO HEMPEPHIBHOIO OIEparopa C HE3aMKHYTBIM
obOpazom. 3aMkHyTOCTh 0Opaza omeparopa [-A, rme A - KOMOakTHBIM omeparop. Teopembl
Openronsma. Teopema O CBSI3M KOMIIAKTHOCTH OIIEparopa C KOMIIAKTHOCTBIO COMPSKEHHOTO
oreparopa (B THILOEPTOBOM MPOCTPAHCTBE).

6. JIuneitnble onepaTopsl U PyHKIHOHAIBI B HOPMUPOBAHHBIX IPOCTPAHCTBAX.

Jlunelinpie oroOpaxkeHus. Hopma omeparopa. IIpocTpaHcTBO JIMHEHHBIX  OrpaHHUYEHHBIX
omneparopos. Iloinora nmpocrpanctea B(X,Y), rae Y -- 6anaxoBo.

7. HeorpaHM4eHHBIE ONIEPATOPHI.

[MpumMepsl HeorpaHWYEHHBIX omneparopoB. [loHaTue obmactu ompexaencHus orneparopa. Teopema
Xennuuarepa-Terumua. Onepatop rapMoHHYecKoro ocuuiuiaropa kak oneparop u3 H1(R) B H-1(R).
Ero criexrp.

8. O000mEHHbIE (DYHKINU U ICHCTBHS C HUMU.



Oynkumu u3 L1,Joc(R) u ux mpoussomusie nmo CobGoneBy. [IpousBonHas o0oOmieHHON (QyHKIMH,
YMHOXKEHHE Ha IIaJIKylo (YHKIHIO, 3aMeHa TepeMeHHbIX. [IpocTpaHcTBa 000O0MIEHHBIX (QYHKITHIA
D'uS'

9. OcHoBHBIC IOHATHS TeopuH Mephl. MHTerpan JleGera.

OCHOBHBIC TIOHATHS TEOPUH MEPBHI: HOJIYKOJIBIO, KOJbIIO, airebpa, c-airedpa MHOXxecTB. Mepa,
CUCTHO-aJUTUBHAs Mepa. M3mepumble mo Jlebery MHOXecTBa, W3MepHMble (yHKIHMU. Mepa
JleGera--Ctunrbeca, JUCKpPETHAs Mepa.
Konctpykuus nnrerpana Jlebera. OcHoBHBIE cBOMCcTBa HHTerpana Jlebera. Teopembl 0 nmpeaenbHOM
nepexofe mon 3HakoM mHTerpana: b.JleBu, JleGera, dary. IIpoctpancrtea Lp(a,b). HepaBeHnctBo
I'énpaepa, HepaBeHCTBO MUHKOBCKOTO.

10. IIpeobpazoBanue Dypsoe.

[Ipeobpazosanue Pypoe B mpoctpanctBe B L1(R) u ero csoiictBa. IIpeoOpazoBanue Pypre B
npoctpanctBax S u L2(R). Teopema [Tnanmepens. [Ipeo6pazoBanue @ypne B S'.

11. CxogumMocCTH B HOPMHPOBAHHBIX MpOCcTpaHcTBax. Teopema banaxa llltelinraysa.

Cnabo cxopmsimuecst mocnenoBaredbHocTH. [lpumepbl. Teopema banaxa-llIteiinrayza. Cma6o
OrpaHUYEeHHBIC MHOXKECTBA.

Cnabasi koMHakTHOCTh. TeopeMa O cllabOH KOMITAKTHOCTH EIMHWUYHOTO Iapa B cernapabellbHOM
ruIs0epTOBOM IpocTpaHcTBe. [IpuMep mocnenoBaTeNbHOCTH IEMEHTOB SAMHUYHON cdepbl, caado
CXOISILIEHCS K HYJIIO.

12. Teopema Xana-banaxa u ciencTBus u3 Hee.

ComnpsixeHHbIe IpocTpaHcTBa. Teopema Xana-banaxa o npogomkeHHH TUHEHHOTO QyHKIIMOHAA.
CrnenctBust u3 Teopembl XaHa-banaxa. M30MeTpHYHOCTH BIIOKEHHUS MPOCTPAHCTBA BO BTOPOE
conpspkeHHoe. PednexcuBHbie mpoctpancTBa. ConpspkeHHOE pocTpaHcTBO K C (a,b).

OOuwmii BUI TMHEHHOTO HEeNpepbIBHOTO (YHKLIMOHANA B IpocTpancTBax Lp(a,b) u lp, npu 1< p<co.

W3omopdu3m ruiabOepToBa MPOCTpAaHCTBA CBOEMY comnpsbkeHHoMy. OOIIui BHJ JIMHEHHOTO
(yHKIIMOHATIA B THIILOEPTOBOM MPOCTPAHCTRBE.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHS 00pa30BaATEILHOTO
npouecca 1no JUCHUILInHe (MOIYJII0)

yueOHast ayTUTOpHsI, OCHAIICHHAS! KOMIIBIOTEPOM U MYIBTUMEIUHHBIM 000pya0BaHHEM (IIPOEKTOD,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOii TUTEPATyPbI

OcHoBHas 1uTeparypa
®onp nuteparypsl Kadeaps

1. A.H.Konmoropos, C.B.®omun DnieMeHThI Teopur QyHKIMH U GYHKITMOHAIBHOTO aHAIH3A. - 7-€
n3a. - M. : ®usmariut, 2004, 2006, 2009, 2012. - 572 c.

2. M.Pun, B.Caiimon «MeTto/ipl COBpeMEHHO# MaTeMaTrueckor GU3nKm» T.1 « DyHKIIMOHATBHBIH
ananm3y», Mocksa, "Mup", 1977.

3. M.Pun, b~ CaiiMmon «MeTobl COBpeMEHHOW MareMaTnieckoil Gpuzukmy», 1.2 «apMoHnUYecKuit
ananmn3. CaMOCOTIPSKEHHOCTE», Mocksa, "Mup", 1978.

4. J1.B.KantopoBuu, T.II.AxunoB «DyHKIMOHANBHBIN aHanu3», Mocksa, "Hayka", 1977.

5. A.A Kupunos, A.Jl.I'summmann «TeopeMsl u 3a1a4un (yHKIMOHAIBLHOTO aHan3a», MOCKBa,
«Hayxka», 1988.

6. boraues B.U., CmonsiHoB O.1". «/lelicTBUTENbHBIN U (PyHKIIMOHAIBHBIA aHAIN3: YHUBEPCUTETCKUI
Kype», PX/1, 2009.



JomnonHurensHas aureparypa
®onp auTeparypsl Kadeaps

1. B.B.Bnacos, C.I1.Konosanos, C.B.Kypoukun «3aga4qu 1o (pyHKIHOHAIEHOMY aHAIHU3Y»,
Hznarenscreo MOTU, 2000

2 I1.A.bopoaun, A.M.CaBuyk, 1.A.lleinak «3agaun no GyHKIMOHAIEHOMY aHANIM3Y», M3aarenbcTBo
HITH npu mexannko-maremarnieckoM dakynsrere MI'Y um. M.B. Jlomonocosa, 2010.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

He HCIOJIB3YIOTCA

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
¥ HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha neKIMOHHBIX 3aHATHAX UCTIOJIB3YIOTCS IEPCOHABHBIC KOMITBIOTEPHI C JOCTYIIOM B HHTEPHET.
Microsoft Office, Adobe Rider.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_Iy.Tlﬂ)

JJis ycrenHoro oCBOEHUs Kypca, HIOMUMO MOCEIEeHHs JIEKIUH U CEMUHAPOB, OT CTyACHTOB TpedyeTrcs
caMmocTosATeNbHas paboTa B 00beMe He MEHee YeM Te 4achl, KOTOPbIE yKa3aHbl Ul KaKIOro pasielna
porpaMMsl. B OCHOBHOM, 3TO BpeMsI OTBOAMTCA Ha CaMOCTOSTEIBHOE PELIEHHE 33]1ad, BXOASIINX B
YeThIpe KOHTPOJbHbIE PaboThl. CaMOCTOSATENbHBIE 3aHATHS BKIIOYAIOT B ceOs TakKe IOBTOpPEHHUE
Marepuaiga JIeKUWH, CEMHUHApCKUX 3aHATUH M MOArOTOBKY K KOHTPOJIBHBIM padoTaM, KOTOpBIC
IIPOBOJATCS [UIsl TEKYLLETO KOHTPOJIS 32 yCBOEHUEM MaTepHalla.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Gpu3nka

npo¢uIb NOArOTOBKH: TepmosinepHast SJHEpreTHKA U IIa3MEHHBIE TEXHOJIOTUH
®dusrex-1Koia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONIorui uM. 1.B.
Kypuarosa
kadeapa MaTeMaTHKU ¥ MaTEMaTHYECKUX METOIOB (PU3UKH

Kypc: 3

KBaJIMpUKALUS: GakanaBp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTauuu: 5 (oceHHuil) - JuddepenuupoBannslii 3a4eT

Pa3zpatGoTunk: N.A. lllefinak, a-p ¢pu3.-Mar. HayK, JOLEHT, JOLEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 CriocobeH npuMeHsTh
(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,
HaMeyarb IyTH €€ PELCHUS

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKHUe MOJEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-1.3 CnocobeH ompeaensTs TpaHUIBl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3YJbTaTOB

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEICHUH
($yHIaMEHTANbHBIX U MIPUKIATHBIX
HCCIIeJOBAaHUN U pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIE TEOPETUUECKHE, B TOM YHUCIIE,
MaTeMaTHUYECKUE METO/Ibl UCCIEI0BAHUMN, U
paborars Ha COBPEMEHHOM SKCIIEPUMEHTATBHON
HAay4HO-UCCIIEI0BaTEIbCKOM,
HU3MEPUTENbHO-aHATUTUYECKOHN 1
TEXHOJIOTUYECKOM anmnaparype

OIIK-5.1 CnocobeH pemarb NOCTaBICHHBIE 33Ja4d B
obnactu TEOPETUYECKUX I/I IKCIIEPUMEHTAIBHBIX
UCCIIeJOBAaHHUI U pa3paboToK

OIIK-5.2 OO0OmnazaerT CIIOCOOHOCTHIO K OCBOEHHIO HOBBIX
3HAHWU HA OCHOBE M3YUYCHHS JIMTEPATYPHI, HAYYHBIX CTaTeh
U IPyTUX UCTOYHUKOB

OIIK-5.3 Cnocober k mpoecCHOHANBHOM 3KCILTyaTaluu

COBPEMEHHOMN 3KCIIEPUMEHTAIBHOMN
HAy4YHO-HCCIIEI0BATEIbCKON
(M3MEepUTENBHO-aHATUTHYECKOH M TEXHOJOTHYECKOH)

anmaparypsl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B PE3IYIBTATC UBYUCHUA TUCHUILIJIMHBI <(qDYHKL[I/IOHaJ'IBHBII\/’I aHaJIn3» 06}"{3}0]]_[1/1171051 JOJIKCH:

3HAThb:

- MECTO M POJIb OOILMX BOIPOCOB HAYKH B HAYYHBIX UCCIICTOBAHMSX;
- COBpeMEeHHbIe TPoOIeMbl (PU3UKH, XUMHUHU, MATEMAaTUKH U POJIb (PYHKIIMOHAILHOTO aHAIN3a B HUX;
- TEOpETHUYECKUE MOAETH (PyHKIIMOHAIBHOTO aHAJIN3a B MaTeMaTuke 1 B (pyHIaMeHTaIbHBIX IIpoLeccax

U SIBJICHUH B (PU3UKE U €€ TPHIIOKEHUSIX;

- IPUHOUIIBI CUMMCTPUHN U 3aKOHBI COXPAHCHU A,

- HOBeHIIIHMe OTKPBLITHSA €CTCCTBO3HAHUA,

- IOCTAaHOBKY HpO6JIeM (1)YHKLII/IOHaJ'ILH01"O aHalin3a ;
- 0 B3aUMOCBA34X U q)yHI[aMeHTaJ]LHOM CANHCTBE CCTCCTBCHHBIX HAYK.

yMeThb:

- 3(1)(1)CKTI/IBHO HCIOJIb30BATh HAa NMPAKTUKEC TCOPCTUYCCKHUC KOMIIOHCHTBI HAYKHU: MOHATUA, CYXKICHUA,

YMO3aKITFOUCHUS, 3aKOHBI;

- IPE/ICTaBUTh TTAHOPAMy YHHBEPCAIBHBIX METOIOB U 3aKOHOB COBPEMEHHOT'O €CTECTBO3HAHUS;
- paboTaTh Ha COBPEMEHHOM DKCIIEPUMEHTAIILHOM 000PY/I0BaHUY;
- alcTparupoBaTbCs OT HECYIIECTBEHHBIX BIUSHHUN IMPHU MOJCITUPOBAHUH PEANBHBIX (PHU3MYECKUX

CUTYaLUiI;

- IJIaHUPOBATh ONITUMAJIBHOC IMPOBCACHUC DKCIICPUMCHTA.

BJIaJeTh:

- INITAaHUPOBAHUCM, MOCTAaHOBKOH H O6pa6OTKOI>'I PE3YJIbTAaTOB (bPISI/I‘{CCKOFO OKCIICpUMCHTAa METOAAMHU

(YHKIIMOHAIILHOTO aHaJIN3a;
- HAyYHOU KapTUHOW MUpa;

- HaBBIKAMHM CaMOCTOSITENbHOW paboThl B J1a0OpaTOpMM HA COBPEMEHHOM SKCIEPHUMEHTAIHLHOM

000pyIOBaHHH.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

B nemsx Tekymero KOHTpOJs yCHEBAEMOCTH MPEAYCMOTPEH KPATKHH ONPOC MO TeEMaM MPEIbIIyIINX
3aHATUH 110 TEME IPOLLION JIEKI[MU WU B KOHIIE 3aHATHS 110 [IPOMJICHHON TEME.




3. IlepeyeHb THIOBBIX KOHTPOJIBHBIX 33aHUIH, HCNOJAb3yeMbIX /A OLEHKH 3HAHWH,
YMeHHii, HABLIKOB
[IpomexyTouHas arrecTanus 10 JUCLMILUIMHE «DYHKIIMOHAIBHBIN aHAIM3» OCYILECTBISCTCS B

dbopme
dopme.

muddepenipoBanHoro 3adera. JuddepeHupoBaHHbIil 3a4eT MPOBOAUTCS B YCTHOM

IlepeyeHb KOHTPOJIBLHBIX BONPOCOB /JIs1 ¢1a4u AU PepeHIHPOBAHHOIO 3a4eTa B 5

ceMmecTpe:

1.

2.

10.

11.

12.

13.

14.

15.

16.

Mertpuueckue mpoctpancTBa. HopmupoBanHble M OaHaXxOBbI IpocTpaHcTBa. Teopema o
HOIIOJIHEHUH METPUUECKUX MpocTpaHcTB. CenapabenbHOCTb.

CBolicTBa MOJIHBIX METPUUECKUX MPOCTPAHCTB. Teopema O BIOKEHHBIX I1apax, Teopema
0 CKHUMAOLMX 0TOOpakeHUsIX. OCHOBHBIE MOHATHS TEOPUH MEpPbI: MOITYKOJIBIO, KOJIBLO,
anreOpa, o-anredpa MHOXKECTB. Mepa, cueTHO-aiIuTHBHAs Mepa. M3mepumeble o Jlebery
MHOXecTBa, u3Mepumble pyHKuu. Mepa Jlebera--Ctunrtbeca, AMCKpETHAs Mepa.
Koncrpykuust nnterpana Jlebera. OcHoBHBIE cBoiicTBa nHTerpana Jlebera. Teopemsl o
npenenbHOM mepexoje moj 3HakoMm uHTerpana: b.JIesu, JleGera, ®ary. [Ipoctpancrsa
Lp(a,b). HepaBencrBo I'€npmepa, HepaBeHcTBO  MunkoBckoro.Teopema 00
OpPTOTrOHAJILHOM J0noJHEHUH. OpTOHOPMHMpOBaHHBbIE cUCTEMBI. llosHBIE, 3aMKHYTBIE
CUCTEMBI.

Teopema o0 CyIIeCTBOBAaHMHM OpPTOHOPMHUPOBAaHHOTO ©0a3uca B cenapadeabHOM
rIBOEPTOBOM  MpocTpaHcTBe.  M3omopdusm  cemapaOelbHBIX — THIHLOCPTOBBIX
MPOCTPAHCTB. DKBUBAIEHTHOCTh Mozenel [penunrepa u ['eitzendepra.
[IpenkomMnakTHbIE 31 KOMITAKTHBIE MHO>KECTBA. Kpurepuit Xaycnopda
IIPEIKOMIIAKTHOCTH.

Teopema Aprena u npu3HaKy IPEJKOMIAKTHOCTH B PA3JIMYHBIX POCTPAHCTBAX.
OKBUBaJCHTHOCTh HOPM B  KOHEYHOMEPHOM IpocTpaHcTBe. HekoMIakTHOCTb
€MHUYHOTO 11apa B 0ECKOHEUHOMEPHOM 0aHaXOBOM IPOCTPAHCTBE.

Jluneiinsle oroOpaxkenus. Hopma oneparopa. IlpocTpaHcTBO TUHEHHBIX OrpaHUYEHHBIX
onepatopos. [lonnoTa npoctpancrsa B(X,Y), rae Y -- 6anaxoso.

ConpspkeHHbIE TNIpocTpaHCTBa. TeopemMa XaHa-baHaxa O NPOJOIKEHUH JIMHEWHOTO
(dyHKIIMOHaIA.

CnenctBust u3 teopembl Xana-banaxa. M30MeTpUYHOCTH BJIOXKEHHS NPOCTPAHCTBA BO
BTOpOE conpspkeHHoe. PediekcuBHble mpocTpancTBa. ConpsikeHHOE MpocTpaHcTBO K C
(a,b).

OO0muii BUJ NMHEHHOTO HENPEpHIBHOTO (YHKIMOHAia B mpocTpaHcTBax Lp(a,b) u lp,
npu 1< p<oo.

N3omopdusm runpbeproBa MPOCTPAHCTBA CBOEMY COMpspDKeHHOMY. OOmmii  Bua
JUHEHHOTro (PYHKIIMOHAJA B THJILOEPTOBOM ITPOCTPAHCTBE.

Cnabo cxomsmuecst mocnenoBarenbHocTH. [Ipumepsr. Teopema banaxa-IllTeitnraysa.
Cnabo orpaHUYeHHbIE MHOXKECTBA.

Cnabasi KOMIIaKTHOCTb. Teopema o0 cnaboi KOMMAKTHOCTH €IWHUYHOIO Ilapa B
cernapa0enbHOM T'MIbOEpPTOBOM IpocTpaHcTBe. [Ipumep mociaenoBaTeIbHOCTH 3J1€MEHTOB
eAMHUYHOM cepsl, c1abo cXoasuIeics K HyIo.

Teopema banaxa. O6patumocTh omepaTtopa Oyin3koro k oOparumomy. IlpencraBnenue
Pe30JIbBEHTHI B BUAE psia. CrieKTpanbHbIN paguyc.

CnexkTp M pe30JbBEHTHOE MHOXECTBO OIpaHHYEHHOro oreparopa. CBoMCTBa cHEKTpa
(OrpaHUYEHHOCTh, 3aMKHYTOCTb, HEMmycToTa). HempepblBHbIN, TOUYEUYHBINH, OCTATOYHBIN
cnekTpsl. ConpsKEHHBIN OnepaTop.



17.

18.

19.

20.

21.

22.

23.

CrnexTp compsbkeHHOro omneparopa. CBoMCTBa CHEKTpa CaMOCOMPSXKEHHOTO orepaTopa.
KBamparnunass ¢opma camoconpspkeHHOro — omepatopa. CHeKTpalbHBIR — paanyc
CaMOCONPSKEHHOT0 ONEpaTopa U HoOpMa CaMOCOIIPSIKEHHOT'O orepaTopa.

CrexTpanbHbld paiiyC MHTETPATILHOTO ONEpaTopa C TPEYrOJbHBIM AJIpOM. Y HUTApHbIC
onepatopsl. CriekTp yHuTapHoro omepatopa. IlogoOnbie omeparopbl. CBsi3b CIEKTPOB
no100HBIX onepatopoB. [logoOHbie oneparops! B 12(Z) u L2(0,2w). YHUTapHO-TIOT00HBIE
oneparopsl B L2(R).

Kommaktueie oneparopel. Omnepanuu  Haja — omneparopamMd, HE  Hapyllarolue
KOMIAKTHOCTh. (CBOWCTBa KOMIIAKTHBIX OIeparopoB. KOMIakTHOCTh HHTErpaibHbBIX
orepaTopoB B npoctpaHcTBax C[a,b] u Lp(a,b).

Teopema ['mnbOepra-llIMuaTa O MOJHOTE MHOMKECTBA COOCTBEHHBIX BEKTOPOB
KOMITAKTHOTO CaMOCOIPSKEHHOro orepatopa. [lpumep JHMHEHHOro HEMPEephIBHOTO
omieparopa C HE3aMKHYTBIM 00pa3oM. 3aMKHYTOCTb OOpasza omeparopa [-A, rme A -
KOMITaKTHBIM omneparop. Teopemsl @penronsma. Teopema O CBSI3M KOMIIAKTHOCTH
ormepaTopa C KOMIIAKTHOCTBIO  CONpPSDKEHHOro — omeparopa (B THJIbOEPTOBOM
IIPOCTPAHCTBE).

Oyuknun w3 Ll,loc(R) u ux mpousogusie o CoboneBy. [IponsBoanas 06001eHHOM
GyHKIMM, YMHOXKEHHE Ha TJIaJKyI0 (PYHKIHIO, 3aMeHa IMepeMeHHbIX. [IpocTpaHcTBa
00001meHHbIx GyHkuuii D'u S'.

[IpeoOpazoBanne Pypne B mpoctpanctBe B L1(R) u ero cpoiictBa. IlpeobpazoBanue
®ypwe B mpoctpanctBax S u L2(R). Teopema [Inanmepens. [Ipeobpasoanne Oypre B
S

[Tpumepsl HeorpaHUYEHHBIX ormepaTopoB. lloHATHe obOnmacTH ompeaeneHUs omepaTopa.
Teopema Xemnunrepa-Ternuna. OnepaTop rapMOHHYECKOTO OCIHIIIIATOPA KaK OIepaTop
u3 H1(R) B H-1(R). Ero cnektp.

4. Kputepuu oueHUBaHUs

OueHka baubl Kpurepuu

10 BeicTaBisiercs  CTyACHTY,  IOKa3aBIIEMY
BCECTOPOHHME, CHCTEMaTU3UPOBAHHbIE, TIyOOKHe
3HaHUS  y4eOHOM NporpaMMbl  JTUCIMILIMHBI,
MIPOSIBJISIIONIEMY MHTEpPEC K JAaHHOW IPEeIMETHOU
o0nacTi,  NPOJEMOHCTPUPOBABIIEMY  yMEHHE
YBEPEHHO U TBOPYECKUM IMPUMEHATH HX Ha
IIPAaKTUKE TPH pEUNICHUH KOHKPETHBIX 3ajad,
cBOOOJIHOE U MPABUIIBHOE OOOCHOBAHUE MPUHSATHIX
peLIeHU.

9 BeIcTaBisiercss  CTyAE€HTY, IOKa3aBIIEMY
BCECTOPOHHME, CHCTEMaTH3UpPOBaHHbIE, IIIyOOKHe
3HaHUSA Yy4eOHOW MpOrpaMMbl JUCHUIUIMHBI U
YMEHUE YBEPEHHO IIPUMEHATh UX HA MPAKTUKE IIPU
pellleHnr KOHKPETHBIX 3adady, CcBOOOAHOE U
IPaBUIbHOE 0OOCHOBAHUE MTPUHATHIX PEIICHUH.

OTJINYHO

8 BeIcTaBisgercss  CTyAe€HTY, IMOKa3aBIIEMY
BCECTOPOHHME, CHCTEMaTH3UpPOBAHHbIE, TIIyOOKHE
3HaHUA Y4eOHOW MpPOrpaMMbl JUCHUIUIMHBI U
YMEHUE YBEPEHHO IIPUMEHATh UX HA MPAKTUKE IIpU
pElIeHMH  KOHKPETHBIX  334a4d, IPaBHIBHOE
000CHOBaHHE MPUHATHIX PELICHUH, C HEKOTOPBIMU
HEJIOYETaMH.

Xopouo 7 BricTraBnsercs CTYACHTY, C€CJIM OH TBCPAO




3HaeT MarTepuall, TIpPaMOTHO M IO CYILIECTBY
u3JaraeT €ero, yMeeT IPUMEHSTh IOJyYCHHbIE
3HAaHUS HA MPAKTUKE, HO HEJOCTaTOYHO I'PAMOTHO
000CHOBBIBAET I10JIyYEHHbIE PE3YJIbTATHI.

BricTaBnsiercss CTyneHTy, €Clii OH TBEPAO
3HAaeT MaTepuall, I'PaMOTHO M 1O CYLIECTBY
M3J1araeT €ro, yMEET IMPUMEHATH IOJTyYCHHbBIC
3HaHUs Ha IPAKTUKE, HO JOIIYCKAET B OTBETE WM B
pELIEHNUH 3a]1a4 HEKOTOPbIE HETOYHOCTH.

BricraBnsercs CTYACHTY, cClin OH B
OCHOBHOM 3HACT Marcpuajl, IrpamMOTHO n 110
CymIeCTBy H3jaract €ro, YyMeecT JMPUMCHATH
MOJIYYCHHBIC 3HAHWA HA NPAKTHUKE, HO JOITYCKACT B
OTBCTEC WM B PCIICHHM 3aJad JOCTAaTOYHO
00JIBIIIOE KOJIMYSCTBO HETOYHOCTEH.

YAOBJICTBOPUTCIBHO

BricTaBisiercs  CTyACHTY, IIOKa3aBLIEMY
(dparMeHTapHbIH, pa3pO3HEHHBIN Xapakrep
3HAHUH, HEZ0CTaTOYHO IIPABUJIBHBIE
(GopMyIUpOBKM 0a30BbIX MOHATHM, HapyIICHUS
JIOTUYECKON IIOCIEN0BAaTENBHOCTH B H3JI0KEHUU
IIPOrpaMMHOr0 MaTrepuajga, HO IpUd O3TOM OH
OCBOWJI OCHOBHBIE pa3zielibl yueOHOH MpOorpammsl,
HeoOXOoIuMble MJi1 JajibHEHIIero OoOydeHHUs, U
MOJKET IPUMEHATh IOJIY4YEHHBIE 3HAHHUA 110
00pasily B CTaHJaPTHOM CUTYaIUH.

BeicraBisiercss  CTyIeHTY,  IOKa3aBLIEMY
(dparMeHTapHBIH, pa3pO3HEHHBIH Xapakrep
3HAHUH, JIOITYCKAIOLIEMY OIINOKH B
dopmynupoBKax 0a30BbIX MOHATUN, HapPYLICHHS
JOTUYECKON TIOCIIeIOBATEIBHOCTH B H3JIOKCHUHU
OporpaMMHOr0  MaTepuana, ciabo  BlajgeeT
OCHOBHBIMH ~pa3JielaMd  y4eOHOH MporpamMMel,
HEOOXOJUMBIMU /ISl JlalbHEHIIero o0y4eHus U C
TPYZIOM TPHUMEHSET TOJTy4YEeHHBIC 3HAHUS NaXKe B
CTaHJAPTHOU CUTYyallUH.

HCYHOBJICTBOPUTCIIBHO

BelIcTaBisercs CTyIeHTY, KOTOPBI HE 3HAET
OoJblIIel YacTH OCHOBHOI'O COJEpKaHMs y4eOHOM
IPOrpaMMbl  TUCHUIUIMHBI, JIOIMYCKAaeT TIpyOble
OMOKH B (POPMYIUPOBKAX OCHOBHBIX NMPHHIIMIIOB
U HE YMEET HCIIOJIb30BaTh ITOJIyYCHHBIE 3HAHUS
IIPU PELIECHUHU TUIIOBBIX 3a]1a4.

BricTaBnsieTcs CTyA€HTY, KOTOPBIM HE 3HAET
OCHOBHOTO COJepXaHHusl y4eOHOM MporpaMMbl
JUCLUIUIMHBL, JIOMyCKaeT TrpyoOeinine omuOKku B
bopmynupoBKax 0a30BbIX MOHATHH TUCIUIUINHBI U
BOOOIlE HE MMEET HaBBIKOB PEIICHUS THIIOBBIX
MIPAKTUYECKHX 3ajay.




5. MeToauyeckue MaTepHalibl, ONpeaesiiOlne NMPOUeAYPbl OLECHNBAHUS 3HAHMM,
YMeHUii, HABbIKOB U (MJIM) ONbITA JeATeJIbHOCTH

[Tpu npoBenernu 1udGepeHIIIPOBaHHOTO 3aUeTa 00yJaromeMycs IPEeI0CTaBISeTCS He
MeHee 40 MUHYT Ha TOATOTOBKY. OTpoc 1Mo OUJIETy ¥ OTBETHI Ha JIONOJHUTEIbHbIE BOMPOCH! HE
JIOJKHBI IIPEBBIIIATE IBYX aCTPOHOMHUYECKHX 4acoB. [1o 3aBepiieHrH OTBEIEHHOrO Ha ONpocC
BpPEMEHH, YK3aMEHATOP JI0JKEH BBICTABUTH 00YYaIOIIEMYCsl OLICHKY, B COOTBETCTBUH C
BBIILIECIIPUBEICHHBIMA KPUTEPUSMHU.



