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1 Hean u 3a5a4u M3y4YeHHUs JUCHMILIUHBI (MOYJIs1)

1.1 Heap ocBoeHMs IMCHUILVIMHBI: (OPMHUPOBAHHE Y CTYJEHTOB CHUCTEMAaTHUYECKUX
3HaHUI OCHOB (D)YHKIIMOHAJIBHOTO aHAIN3a KaK (PyHIaMEHTaIbHOIO MAaTEeMaTHYECKOTO arrmapara
JUIL pelIeHusl 3a7ady B 00JacTh MH(POPMALMOHHBIX TEXHOJOIMH, MAIIMHHOTO OOyYeHUs H
KOMIIBIOTEPHOTO 3PEHUS U OCBOCHHMS OCHOBHOH 00pa3oBaTeNbHOI MpOrpamMMmbl HAINPaBICHHS
02.03.02 dynnamentanbHas nHGOPMATUKA U HH()OPMAITMOHHBIE TEXHOJIOTHH.

1.2 3apauyu AUCHUILUINHBI
B 3agaun kypca « DyHKIMOHAJIBHBIN aHATIU3)» BXOIAT:

— TOATOTOBKA CIIELUAIUCTOB, CIIOCOOHBIX IPUMEHSTH MOJYyYSHHbIC 3HAHUS JIJIS
pelIeHus IPUKIaAHbIX 3a/1a4, BJIAICIOIIUX JOCTATOYHBIMUA 3HAHUSMHA OCHOBHBIX
TEOPETUYECKUX MOJIOKEHUN Kypca « DYHKIIMOHAIBHBINA aHAIIU3);

- (opmupoBaHUE KyJIbTYpPbl MBIIUICHUS, CIIOCOOHOCTHU K aHAJIHN3Y, 0000IIEHUIO 1
BOCIIPHUATHIO HH(POPMAIINH, K TIOCTAHOBKE IIETH U BRIOOPY MyTeH €€ JOCTHKEHHS;

— TNPUMEHEHHE METOJ0B (DYHKIIMOHAILHOTO aHalI3a B MPo(ecCHoHAIBHOM chepe;

- (¢opmMHpOBaHNE YMEHHS K CTPOTOCTH U3JI0KEHUS MaTepHaia, K JOTHIeCKH
HENPOTUBOPEUYUBOM LIEIIOYKE BBIBOJOB U 3aKIIOYEHUN;

— pa3BUTHE HABBIKOB MPUMEHEHHUS METOIOB (PYHKIIMOHATHHOTO aHAIM3A K 3a7a4aM
ONTUMU3ANNH, 0OPAOOTKH CUTHAJIOB U JAHHBIX;

- TOJTOTOBKA K UCIMOJIE30BAHUIO MOJIYICHHBIX 3HAHUN B TPO(HECCHOHATBLHOM
NEATEIIbHOCTH.

1.3 MecTo qucuuIuinHbl (MOAYJisl) B CTPYKType 00pa3oBaTeIbHOM NPOrpaMMbl

Hucuumuimaa b1.0.28 «®yHKUIMOHANBHBIN aHANIM3» OTHOCHUTCS K 00s3aTeNIbHOM 4acTu
bnoka 1 "Hucuummuasl (Momynu)"  yuyeOHOTO  IJaHa. IMKJIA  MaTeMaTHYECKUX,
€CTECTBEHHOHAYYHBIX U OOIIETEXHUUECKUX AUCLIUIUINH.

Heo0xoauMbeiM TpeOOBaHUEM K «BXOJHBIMY» 3HAHUSAM, YMEHHUSAM U OMBITY ACATEIbHOCTH
00yyYaroIerocs Mpx OCBOCHUU TaHHOW TUCIUILIHNHBI ABIsieTCS. J{1s1 OCBOEHHS Kypca CTyIeHTaMU
HE00XOIMMO HAJIMYME Y CTYACHTOB 3HAHUHM M YMEHMU MPUOOPETEHHBIX B pE3yNbTaTe U3yUCHHS
uMH 0a30BBIX KYpCOB MaT€MaTHUECKOTO aHalln3a, anreOpbl M aHAIUTHYECKOW T'€OMETPHH,
muddepeHInanbHbIX YpaBHEHUH. 3HaHNSA, TOTyYEHHbBIE IPU U3YYEHUH JAHHOTO Kypca, HaXOIsT
NpPUMEHEHHE TpU H3yYeHHHM «YpaBHEHUH MaremaTuyeckod ¢Gu3umkm», «/luddepeHimanbabix
ypaBHeHUI», «Teopum  BeposTHOCTENW», «UHUCIEHHBIX METOIOB», pAna  JUCLUUILUIMH
crienuanu3auud. Metoasl (YHKIMOHAJIBHOTO aHajh3a HaxOISAT IMPUMEHEHHE B Pa3JIMYHBIX
cdepax COBpeMEHHON MPUKIAJAHON MaTeMaTHKH, (pyHIaMEHTaIbHONH MH(POPMATUKU, HApUMEp
IIPU CO3JJaHUU COBPEMEHHBIX CHCTEM yIpaBJICHUS, ”HPOPMALIMOHHBIX CUCTEM, a TAK)KE B HAYUHO-
HCCIIeIOBATENLCKOM padoTe.

1.4 IlepeyeHb MJIAHMPYeMbIX pe3yJbTATOB O00y4YeHHMs IO AMCHMILIMHE (MOIYJIO),
COOTHECEHHBIX C INIAHNPYEMbIMH Pe3yJIbTATAMH 0CBOCHHUSI 00pa30BaTeJbHONH MPOrPaMMbl

Ponb 1: Data Engineer (MuxeHep 1o JaHHBIM)
Sagaun:

IIpoektupoBanue u nocrpoenue ETL-npoueccos
Co3naHue ¥ ONTUMU3AIMS XPAHUIUI JAHHBIX
ObecnieueHue KauecTBa U AOCTYITHOCTH JTAHHBIX
WuTerpanus pa3po3HEHHBIX HCTOYHUKOB JJAHHBIX

b=



5. Pabora ¢ pgaHHBIMH B O0JIACTH TPUPOJOINONIH30OBAHMS, MEIWIIMHBI, CBSI3U W
TEJICKOMMYHHUKALIUI
Poinb 2: ML Engineer (Muxenep MO)
Sagaun:

OnTuMu3zanus Npou3BOAUTEIBHOCTH U MACIITAOMPOBAHNE MOETICH
Paspaborka ML-naiituiaitHOB 1 aBTOMaTHU3a1IMs TIPOLIECCOB

3. MOHUTOpPHHTI KauecTBa MOJEIEN B MPOAYKTaX

Pons 3: MLOps (Cnenuanuct no skcrutyatanuu UN)

Sagaun:

ABTOMaTH3aIM IPOLIECCOB O0YUYCHHS U pa3BEPTHIBAHHS MOJIEIIeH
MonutopuHr npoussoautesbHoctd ML-cuctem

VYipasneHue BepCUsIMHA MOJENIEH U TaHHBIX

OnTumu3anus BEIYUCIUTEIBHBIX PECYPCOB

N —

b=

W3ydyenne naHHOW y4eOHOW AMCIUTLIMHBI dbopMupoBaHue y

00ydaromuxcst CIeAyIONUX KOMITETEHITHI:

HaNpaBICHO Ha

Pe3ynbTaThl 00y4eHHUs IO AUCITUTIINHE
(3naem, ymeem, enaoeem (HA6bIKU U/UNU ONbIM
desimelbHOCmL))
OIIK-1 CnocoGen npuMeHATh (yHIaAMEHTAJIbHbIC 3HAHHS, NMOJY4YeHHbIe B 00JacTH
MATeMaTHYeCKHX M (WJIM) eCTECTBEHHBIX HAYK, H HCII0JIb30BATH UX B IPO(eCCHOHAIBHOM
AeATEeJIbHOCTH

Kon 1 HanmeHoBaHMe nHIUKaTOpa™

OIIK-1.1 IIpumensier ¢pyHIaMEeHTaIbHbIE
3HaHUs, T[ONy4YeHHble B  001acTu
MaTeMaTHUYeCKUX U (WJIH) €CTECTBEHHBIX
HayK IIpU IIOCTPOCHUU MOJCIEH B
3aJJaHHOM MpeIMETHOI obIacTu

3HaeT TEOPETUYECKHE TMOJIOKEHUS, JIeKallue B
OCHOBE IIOCTPOEHHSI TEOPUM U  METOIOB
(YHKIIMOHATFHOTO aHanu3a BriameeT meromamu
(YHKIIMOHATFHOTO aHajiuM3a s HMCCIIEOBAHUS
Pa3IMYHBIX MPUKIAAHBIX 3a7a4.

OIIK-1.2 TIpumensier ¢pyHIaMEeHTaIbHbIE
3HaHUs, T[ONy4YeHHble B  001acTu
MaTeMaTHUYeCKUX U (WJIM) €CTECTBEHHBIX
HayK IpH BBIOOPE METOJOB pEIICHUS
3a71a4 Mpo(ecCUOHATBHON NeTETbHOCTH

YMeeT J0Ka3pIBaTh YTBEPXKIEHHUS, BHIOMpATh
METOJIbI ISl pelleHus 3a1ad (PyHKIHOHAIBEHOTO
aHainu3a W NpwiIokeHu BrnaneeT OCHOBHBIMU
METOJIaMH PELIEHUS] TUIIOBBIX M OPHUTMHAIBHBIX
3ama4  (PYHKIMOHATBHOTO aHAIM3a, CIIOCOOEH
NPUMEHATh  3TH  METOABI  JUIA  PELIEHUs
KOHKPETHBIX IPUKJIAIHBIX 3a/1a4

PesynbraTel 00yueHHs] TO TUCHMIUIMHE JOCTUTAIOTCS B paMKaxX OCYIIECTBICHHS BCEX
BUJIOB KOHTAaKTHOM U CAMOCTOSTEIbHOM pabOThl 00YYaIOIIUXCSl B COOTBETCTBUH C YTBEPKICHHBIM

y4€OHBIM TUTAHOM.

Nunukatopel  TOCTHKEHUS

KOMIIETEHIINN

CUNTAIOTCS  C(HOPMUPOBAHHBIMH  IIPH

AOCTHKCHUU COOTBCTCTBYIOIIUX UM PE3YJILTATOB 06yquI/1;1.

2 CTpyKTypa M colepkaHue TUCHUILTHHBI

2.1 PacnipegesieHne TPyA0EMKOCTH AUCHHMILIMHBI IO BHAaM padoT
O6mas TpyJ0€MKOCTh JUCIUILINHBI cocTaBIsieT 4 3a4. ef. (144 daca), ux pacnpeneicHue
1o BUaM padoT NpeACTaBICHO B TaOIUIle



Bun yueGHO# paboThI Bcero Cemectpsl
Yacos
6

KonrakTHas padora, B TOM 4HcJIe: 86,3 86,3
AyIMTOpHBIE 3aHATHS (BCEro):
3aHsTHsL JEKIMOHHOIO THIA 48 48
JlaGopaTopHble 3aHATHUS 32 32
3aHATHSI CEMUHAPCKOTO THIIA (CEMHHAPBHI,
IIPAKTUYECKUE 3aHSITHsI) ] ]
MNnas koHTaKTHasA padoTa:
Kontpons camocrositensHoil padotsl (KCP) 6 6
ITpomexyrounas arrectauus (MKP) 0,3 0,3
CamocrosiTesibHas padoTa, B TOM 4HcJIE: 22 22
Kypcosast pabota - -
ITpopaboTka yueOHOro (TEOPeTUYECKOr0) MaTepuana 22 22
BrinonHenue WHAMBHUYadbHBIX 3aJaHUN (TIOATOTOBKA
COOBIIEHNH, IPe3eHTAIHI) i i
[ToaroToBKa K TEKyLIEMY KOHTPOJIIO - -
KouTtpous: 35,7 35,7
[ToaroroBka K 3K3aMeHy 35,7 35,7
O0mas Tpy10eMKOCTh yac. 144 144

B TOM 4mcJje B TOM 4YHcJIe

HHTEePaKTHBHBIE KOHTAKTHAas 86,3

padora
3a4. el 4 4

2.2 ConepxaHue IMCUUILTHHBI
Pacnipenenenne BUI0B yaeOHOM pabOThI U UX TPYJOEMKOCTH TIO pa3fiesiaM AUCIHUILTUHBL.

KomnugecTBo yacoB
Ne HaumenoBanue pasaenos (Tem) AynutopHas  BreaysutopH
Bcero pabota as paboTa
J |03 | JIP CPC
1 2 3 415 6 7
1.  |DneMeHThl TEOpUH MHOKECTB 8 4| - 2 2
2.  |Mepa Jlebera u uamepuMble QyHKIUU 12 6 | - 4 2
3. |HMurerpan JleGera 10 41 - 4 2
4.  |JIuHeliHBIE IPOCTPAHCTBA 10 4| - 4 2
5. |Merpuueckue npoCTpaHCTBA 12 6 | - 4 2
6. |HopmupoBaHHBIE IPOCTPAaHCTBA 14 6 | - 4 4
7.  |JluneiiHple PyHKIIMOHAIBI 10 6 | - 2 2
8.  |JIuneiiHble onepaTopsl 12 6 4 2
9. |IIpeoGpa3zoBanne Pypbe 14 6 4 4
UTOI O no pazdenam oucyuniunvl 102 48| - | 32 22
Kontpons camocrositensHoit padotsl (KCP) 6
ITpomexyrtounas arrectauus (MKP) 0,3
IToaroroBka K TEKyIIEMy KOHTPOJIIO 35,7
OOu1ast TPYA0EMKOCTD 10 AUCIUILTUHE 144

[Tpumeuanue: JI — nexnuu, [13 — mpaktuueckue 3ausTus / cemuHapsl, JIP — nmaGopaTtopHbie
3ansaTusi, CPC — camocrositensHast paboTa CTyAeHTa



2.3 Conepxanue pa3iesioB (TeM) TMCHUILINHBI

2.3.1 3aHaATHA JeKIINOHHOr0 THIIA

®opmMma
HaunmenoBanue
Ne Copnepxanue paszaena (TeMb) TEKYILEro
paznena (Tembl)
KOHTPOJISI
1 2 3 4
1. OcHoBHbIE NIOHATHS TeopuHr MHOKeCTB. Onepanuu | KonTponbHbie
OIIEMEHTHI TEOPUH  (HaJ| MHOKECTBAMH. OTtoOpakeHus MHOYKECTB. BOIPOCHI
MHOXECTB MOIHOCTE MHOXKECTB, CYETHBIE U HECYETHBIE
MHOXECTBA.

2. |Mepa JleGera u Mepa Jlebera Ha npsimoii. Mepa JleGera B R™. KonTposnbHble

u3MepuMble GyHkimy | M3mepumble QYHKIMU U UX CBOMCTBA. BOITIPOCHI

3. Heo6xoaumMocTs 000011I€HUS TOHATHS UHTETpaia KonTpomnbHbIe
Pumana. Unaterpan JleGera ot orpaHHueHHON BOIIPOCHI
u3MepuMoit pyHkimu, noustue. Teopema o
cyuiectBoBaHuM UHTerpana Jlebera. CpaBHeHHE ¢

Wnrerpan Jlebera uHTerpaioM Pumana. MnaTterpan Jlebera mo
IIPOU3BOJILHOMY U3MEPUMOMY MHOXKECTBY.
CsoiictBa unrerpana Jle6era. Murterpan Jlebera ot
HEOrpaHNYEHHON (YHKLINH.

4. TTMHCHHbIC Ilonsatne nuHeHOro mnpocrtpancrBa IIpumepsl| KonrposbHbie

JIMHEUHBIX IIPOCTPAHCTB. EBKiM10BBI BOIIPOCHI
IIPOCTPAHCTBA
IIPOCTPAHCTBA.
S. Mertpuka, akCHOMBI U OlIpefeieHre MeTpudecKkoro| KoHTposbHbIe
npoctpanctsa (MII), npumepst MII. MHoxecTBa B BOIIPOCHI
MII MIPUHLINAI BJIOJKEHHBIX LIapOB.
Mertpuueckue ’ DU P
IlocnemoBarenpHocT B MII, momnora MII,
IIPOCTPAHCTBA
KOMIIAaKTHOCTb M IPEAKOMIIAKTHOCTb. OTICHJIOH-
CeTM U BIIOJHE OIPaHUYEHHbIE MHOXECTBA,
TeopeMa Xaycaopda.

6. Hopwma u ninHelHbIe HOPMUPOBAHHBIE KonTponbHbie
npoctpancTBa. [IpuMepsl HOpMUPOBAaHHBIX BOIIPOCHI
npocTpaHcTB. banaxossle IpocTpaHcTBa. Teopema

Hopmuposannsie
o nosiHoTe koHeuHoMepHoro JIHII. CpaBHenune
IIPOCTPAHCTBA
HOPM. Psiibl B HOpMUPOBaHHBIX IPOCTPAHCTBAX:
CXOJIMMOCTH, KpuTepuii Ko, abcomoTHast
CXOJUMOCTh
7. Jluneiinbie pynkuuonansl B JIHIT . Onpenenenune. | KonTponbHble
Teopema O KOpa3MEpHOCTH SApa JIMHEHMHOIO BOIIPOCHI
¢ynkumonana.  Teopema  Xana-banmaxa B
JIMHEHHOM [IPOCTPAHCTBE. JInneiinbie
. HEIIPEPHIBHBIE HKI[MOHAJIbI B JIHIIL.
JIuHeitnbpie pep Py .
HenpepplBHOCTP U OTpaHUYEHHOCTH JIMHEHHOIO
(YyHKIMOHAIIBI

¢yukunonana B JIHII. Teopema Xana-banaxa B
JIHII. Conpsixennoe npoctpanctBo L*. Teopema o
nonHote L*. Cnabas cxomumocts B JIHIL
Teopema Pucca o mnpencraBiaeHUM JIMHEWMHOIO
HenpepbIBHOTO GyHKIMOHANIa B H-mpocTpaHcTse.




JInneiinbie
onepaTopbl

OtobOpaxenus. IlpuHIMI HENMOABMXHOM TOYKH
JUTSL  COKUMAIOIIET0 OToOpakeHus.  JIMHEWHbII
OIepaTop B JIMHEHMHOM mnpocTtpaHcTse. llonsTue,
npuMepsl. JIMHENHBIN HENPEPBIBHBIN OlIEpaTop B
JIHII. HenpepblBHOCTB ¥  OIpaHUYEHHOCTD.
Hopma nuHENHOro OrpaHMYEeHHOrO OIepaTopa.
CaoiicTBa, npumepsl. PaBHOMEpHas CXOOUMOCTh
JIMHEHHBIX ONepaTopoB. TeopeMbl 0 paBHOMEPHOMI
CXOOUMOCTU B €IMHUYHOM Kpyre. ClencTsue.
[Monmnora mupoctpanctBa  L(L,L;). CumbHas
cxogumocte B L(L,L;). Tpumepst. Ilpunimn
PaBHOMEPHOU OIPaHUYEHHOCTHU. Teopema
banaxa-Illteiinrayza.  OOpatHblii  omepaTop.
Omnpenenenue. Teopema o IMHEHHOCTH oniepaTopa
A", JloctaTo4HOe YCJIOBHE OrpaHUYEHHOM
0o0paTUMOCTH JMHEWHOTO omeparopa. Merox
IIPOCKILMOHHBIC oOparieHus JIMHEHHOT O
omeparopa. Teopema 0  CyIIECTBOBAHUU
oneparopa (I + A)~1. Unrerpansubie ypaBHeHUs
®penrosabma. Pemenue MHTETPaIbHBIX
ypaBHeHuid ~ @pearosbma  2-ro0 poma  C
BBIPO’KICHHBIM STIPOM. Teopema 00
OTpaHUYCHHOU 00paTuMOCTH oreparopa,
OMM3KOr0O K  OTPaHUYEHHO  OOpaTUMOMY.
PeryisspHo€ MHOXECTBO, CIEKTP U PE30JbBEHTA
JuHEMHoro omneparopa. CreKkTpaibHBIA paauyc.
IlonsTHe compsikeHHOro omeparopa. Teopema o
ero npezacrasiaeHuu B H-npoctpancree. Teopema
O JIMHEMHOCTH U HEIPEPBIBHOCTU CONPSKEHHOTO
onepatopa. CaMoconpsKEHHBIE  ONEPATOPHI.
CaoiicTBa. OnpeneneHue U MpocTeiIne CBOUCTBA
KOMITAKTHBIX OIepaTopoB. Teopema O CTpPyKType
KOMITAaKTHOTO onieparopa. [IponsBoausie Opere u
I'aro.

KontposnbHbie
BOITPOCHI

ITpeobpazoBanue
Dypse

[Tonsatue unrterpana dypre. KommuiekcHas ¢opma
unrerpaia @ypwe. ITlonsTHe mnpeodpazoBaHU
@ypbe u oOpartHOro mnpeobpasoBanus @Dypbe
Kocunyc- u cunyc-npeodpasoBanusi dypee

KontponbHbie
BOITPOCHI




2.3.2 3aHATHA CEMHHAPCKOI'0 THIIA He PeAyCMOTPEeHbI

2.3.3 JIaGopaTopHbIe 3aHATHS

®opmMma
HaunmenoBanue .
Ne Temartuka 1a00paTOPHBIX 3aHATUI TEKYIIETO
paznena (Tembl)
KOHTPOJISI
1 2 3 4
1. | DOnements! Teopun |MOIIHOCTH MHOXKECTBA. CUETHBIE U HECUETHBIE Pewenne 3anau
MHOKECTB MHoOkecTBa. Onepaliuy HaJl MHOKECTBaMU
2. Mepa JleGera u Mepa Jlebera. MuoxectBa mepsl 0. M3mepumble  (Pemenue 3amau
U3MEPUMBIE (bYHK]_H/H/I MHOXCCTBA. I/I?)MepI/IMBIe (I)yHKI_[I/II/I
3. WuTterpan Jlebera or orpaHn4eHHBIX QYHKIUI. Pemenue 3anau
Wnrerpan JIebera  |yiyrerpan JleGera ot HeorpaHMueHHBIX dyHKIHiL KontponrHas
pabora
4. |Jluneiinbie JInnelinble npocTpaHcTBa. basuc. Pewrenne 3anau
IIPOCTPAHCTBA
3. Metpuka. Akcuomsl MeTpuku. [Ipumepsl Pewenue 3anau
METPUUYECKUX MPOCTPaHCTB. CXOAMMOCTh KonrponbHas
[IOCJIEI0BATEIILHOCTEN B METPUYECKUX pabota
MeTpuueckie npoctpancTBax. CXoAMMOCTh
IPOCTPAHCTBA II0CJIE0BATEIBHOCTEN B METPUUECKUX
(YHKIMOHATBHBIX MIPOCTPAHCTBAX. 3AMKHYTOCTb,
OTPaHUYEHHOCTh, OTKPBITOCTb, IOJIHOTA U
KOMIIAaKTHOCTb B METPUUYECKHUX IIPOCTPAHCTBAX.
6. Hopwma B TMHENHBIX IPOCTPAHCTBAX. Pemenue 3anau
CX0IuMOCTb B TMHEMHBIX HOPMUPOBAHHBIX KOGHTPOHI’HM
abora
IpocTpaHcTBax. baHaxoBel mpocTpaHcTBa. Psajsl B p
Hopmuposannsie
0aHaXOBBIX MPOCTPAHCTBaX. EBKINIOBEI
IIPOCTPAHCTBA .
NIPOCTpPaHCTBA, 001IMe cBoiicTBa. OpTOoroHanu3anus
B TMJIL0EPTOBOM IpocTpaHcTBe. [IpoekTupoBanue
Ha MOJIPOCTPAHCTBO €BKJIMI0BA IPOCTPAHCTBA.
7. OrpaHudeHHbIE (YHKIIMOHAIBI. Hopwma| Pemenue 3anau
JIunelinble gynkuuonana B mpoctpaHcTBax Iy, [, .Hopma
(yHKIHOHAEI nuneiinoro dynkuuonana 8 L, (a, b), Cla, b].
8. JIuneitnsle oneparopsl. OrpaHuueHHbIE ONlepaTophl.|Pemenue 3a1aq
Hopma oreparopa. OO0partHbIii orneparop. [ KoHTposbHas
JIunelinble Wuterpanshbie ypaBHeHus. CIEKTp, PE30JIbBEHTA|paGoTa
oIepaTophl onepartopa. ComnpsikeHHblE onepaTopsl. Bmonne
HENPEPBIBHBIE ONIEPATOPhI
0. peo6nasoBamie Nurerpan @ypse. [IpeodpazoBanue Dypoe. Pemenue 3amau
ch bep Oo6parnoe npeodpazoBanue Dypre Konrponbnas
P pabota




2.3.4 IlpumepHasi TeMaTHKA KyPCOBBIX padoT (IIPOEKTOB)

KypcoBbie paboTsl HE IPEYCMOTPEHBI.

2.4 IlepeyeHb y4eOHO-METOAMYECKOT0 00eceYeHUs AJIs1 CAMOCTOATEIbHOH padoThl
o0y4aromuxcs Mo JMCHUILIHHE (MOIYJII0)

[Tepeuenp y4eOHO-METOANIECKOTO 0OECTICUEHHSI AUCIUTUINHBI 110
Ne Bun CPC BBIITOJTHEHHUIO CAMOCTOSITENILHON paboThI

1 Hpopa60TI<a 1 MMOBTOPCHUC MGTOI[I/I‘IGCKI/IG YKazaHus 4Jid MOATOTOBKH K JICKIIMOHHBIM U CCMHWHApPCKUM

JIEKIIMOHHOTO MaTepHaa, 3aHATHSAM, YTBEp)K/ACHHbIE Ha 3acefaHuM  Kadeapbl NPHKIaIHON
Marepraia yaeOHo! u MaTeMaTuky (akyJIbTeTa KOMIBIOTEPHBIX TEXHOJIOTHH W TPHUKIAJAHON
Hay4YHOH JIUTEpaTyphl, marematuku ®I'BOY BO «Ky6I'Y», nporokon Nel0 ot 18.05.2023 ¢

MIOJIrOTOBKA K
CEeMHUHAPCKHUM 3aHATHIM
2 | IoaroToBka K TEKyIIEMY Meroanueckne yKa3aHusl sl TIOATOTOBKH K JICKIIMOHHBIM M CEMHUHAPCKUM
KOHTPOJTIO 3aHATHSAM, YTBEp)K/AEHHbIE Ha 3acefaHuM  Kadeapbl  MPHKIaIHON
MaTeMaTuky (aKyJbTeTa KOMIBIOTEPHBIX TEXHOJIOTHH M TIPHKJIAIHON
Marematuku PI'BOY BO «Ky6I'Y», nporokos Nel0 or 18.05.2023 ¢

Y4eOHO-MEeTOANYECKHE MaTepHallbl I CaMOCTOSATEIbHONW paboOThl OOYYaroMIMXCs U3
YHUCJIa UHBAIUIOB U JIUI] C OTPAHUYEHHBIMHU BO3MOKHOCTSIMU 3/10poBbsi (OB3) npenocrasistorcs
B (hopMax, aJaTUPOBAHHBIX K OTPAHUYCHUSAM UX 3/J0POBbS U BOCHPUATHS MH(DOPMAIIIH:

JUist a1 ¢ HapyIIEHUSIMH 3pCHHS:

— B Ie4aTHOM (hopMe yBEIMUYCHHBIM HIPUPTOM,

— B (popMe AIIEKTPOHHOTO IOKYMEHTAa,

— B opme ayauodaiina,

— B reyaTHOM hopme Ha si3bIke bpaiis.

JUist U1 ¢ HapyIICHUSIMH CTyXa:

— B 1e4aTHo# opwme,

— B (popMe PIIEKTPOHHOTO TOKYMEHTA.

JUist u1; ¢ HapyIIEHUSIME OTIOPHO-JIBUTATEJILHOTO amapaTra:

— B 1e4aTHo# opwme,

— B (popMe AIIEKTPOHHOTO IOKYMEHTAa,

— B popme ayauodaiina.

JlaHHBI TIepeueHb MOXKET ObITh KOHKPETH3HPOBAH B 3aBUCUMOCTH OT KOHTHHICHTA
00yJaromuxcs.

3. OOpa3oBaTe/ibHbIE TEXHOJIOTMH, NMPUMEHsieMble NMPH OCBOCHWUH WCHUNIHHBI
(Mmoxyin)

C TOYKH 3pCHUA IMPUMCHACMBIX MECTOAOB HCIIOJIB3YIOTCA KaKk  TpaaullMOHHBIC
I/IH(bOpMaL[I/IOHHO-O6T>SICHI/ITCJ'IBHI:IG JCKIIMK, TaK W HHTCpAKTHBHAdA IIoAa4a MaTr€puaja C
MYHBTHMCHHﬁHOﬁ CHCTEMOH. KOMHBIOTepHI:IC TEXHOJIOTMH B JAaHHOM CJlIy4dac 00ecreynBaT
BO3MOXXHOCTb Pa3HOIIJIAHOBOI'O OTO6pa)KeHI/ISI AJITOPUTMOB U JIECMOHCTPAIMOHHOI'O MaTepuaja. Takoe
COUCTAaHUC IIO3BOJIACT OINTHMAJIBbHO HCIIOJB30BAaTh OTBCACHHOC BPEMS W PACKPbIBATH JIOTUKY H
COACPKAaHUEC NTUCUUIIJINHBI.

.HCKL[I/II/I npeACTaBJIAOT c000Ii cucTeMaTHYeCK1e O630pI:I TECOpUHn (I)yHKLlI/IOHaJ'IBHOFO aHaJin3a.

J'[a60paTopHoe 3aHATUC IIO3BOJICT HAYYHUTb CTYACHTA IPUMCHATH TCOPECTUUCCKHUEC 3HAHUA IIpU
PEIICHNUU U UCCIICAOBAHUN KOHKPCTHBIX 3a1a4. J'[a6opaTopHLIe 3aHATHUA IIPOBOAATCA B TPAAUIIUOHHBIX
AyJJUTOPHAIX. HO,[[XOI[ pa360pa KOHKPCTHBIX chyauHﬁ IIHAPOKO MCIIOJIB3YCTCA KaK IPCIoJaBaTClICM,
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TaK U CTyJEHTaMH IpH TMPOBEJCHUM aHAJIN3a pPE3yIbTaTOB CAaMOCTOATEIBHOW paldoThl. OTO
00YCIJIOBJIEHO T€M, YTO B IIPOLIECCE UCCIIEOBAHMS YAaCTO BCTPEUAIOTCS 3a/1auH, ISl KOTOPBIX €HHBIX
MOJXO0/10B He cylecTByeT. Kaxkas KOHKpeTHas 3aa4a IpU CBOEM UCCIIEI0BAaHUU UMEET MHOXKECTBO
MOJXO/I0B, a 3TO TpeOyeT paz0o0opa U OLIEHKU LIEJION COBOKYITHOCTU KOHKPETHBIX CUTYyalUH.

Jns mun ¢ orpaHUYEeHHBIMM BO3MOKHOCTSIMU 370POBbsl IIPEAYCMOTPEHA OpraHU3anus
KOHCYJIbTallU} C UCIIOJIBb30BAaHUEM DICKTPOHHOM IIOYTHI.

4. OuneHoyHble CcpeACTBA UIA  TeKyLIero
NMPOMEKYTOYHOM aTTecTallul

4.1 OueHoYHBIE CPeACTBA AJIS TEKYIIero KOHTPOJIsl yCIIeBAeMOCTH U IPOMEKYTOYHOM
arrecTauuu

OneHOuHBIE CpEACTBA IPEAHA3HAUEHBbl JJII KOHTPOJS M OLIEHKHM O00pa30BaTENIbHBIX
TOCTIDKEHUH 00y4aromuxcst, OCBOMBIIUX MPOTrpaMMy yueOHOM AUCITUTITNHBI « DYHKIMOHATBHBIH
aHaJINU3».

OneHouHBIE CpeACTBA BKIOYAET KOHTPOJBHBIE MAaTe€pHallbl JJIsl IPOBEICHUS TEKyUIero
KOHTPOJIA B (hopMe KOHTPOJIbHBIX 3a/laHUH, Pa3HOYPOBHEBBIX 3a/JaHUM W MPOMEKYTOYHOI
aTTecTaluu B (hopMe BOIIPOCOB U 33/1aHUH K dK3aMEHY.

CTpyKTYypa OLIeHOYHBIX CPEJCTB JJIsl TeKylleil H MPOMEKYTOUYHOM aTTecTANNI

KOHTPOJIA ycneBaeMoCTH H

Ne HaumeHoBaHME OLIEGHOYHOTO CPEACTBA
1/ | Kon u HanmMeHOBaHME MHIMKATOpA PesynbraTel 00yueHus Texymmii IIpomexxyTounas
I KOHTPOIIb aTTecTauus
OIIK-1.1 IIpumenser 3Haer TEeOpeTHYeCKHe | 3afaHus AN Bonpocs! Ha
(dyHIaMeHTaIbHbIEC 3HAHUS, MOJIOKEHHSA, JIEKAIIUE B | KOHTPOJIBbHBIX U sKk3amMeHe 1-15,
TIOJTy4YEHHbIE B 00IaCTH OCHOBE IIOCTPOEHHUS TEOPUH | CaMOCTOSATENbHB | 45-60
MaTeMaTHICCKUX U (WITH) 51 MeTOJI0B | X pabot 1-40 [IpakTuueckue
1 €CTCCTBCHHBIX HAyK IIPH ¢dyHkronanpHoro ananm3a | Keiic 1-3 3a1a4y Ha
IIOCTPOSHHUH MOJENEH B 3aaHHoll | Bnageer METOAAMU JK3aMEHE
TIPEeAMETHON 001acTi (YHKIIMOHAIBHOTO aHAIN3a
JUIst HCCIIEOBAaHUS
Pa3NIMUHBIX  TPHKJIAJHBIX
3ajau.
OIIK-1.2 IIpumensier | Ymeer JIOKa3bIBaTh | 3aJaHus I Bonpocs! Ha
(byHIaMeHTaIbHbIE 3HAHWA, | YTBEPXKICHHS, BHIOMPATh | KOHTPOJIBHBIX U JK3aMEHe,
MIOJTyYECHHBIE B obylacTv | MeTOABl JJIsl  PEUICHHs | CaMOCTOSITENBHBI | TpeOyromme
MaTEMaTUYECKUX u (wmm) | 3amau  QyHKOMOHANMBHOTO | X pabor 41-44 JIoKa3aTeabCcTBa
€CTECTBEHHBIX HayK INpH BbIOOpe | aHanm3a W upwioxkenuii | Keiic 4-6 W/WITH BBIBOJT
METOJIOB peleHus 3amau | Brmaneer OCHOBHBIMH pacuéTHBIX
IpoQeCCHOHANBEHOHN JIESITENEHOCTH METOJaMH peleHus ¢bopmy:
THUIOBBIX U OPUTMHAIBHBIX 4-10,12-15,18-
2 3amad  (HyHKIIMOHATHHOTO 20, 32, 33, 34,
aHaIu3a, CII0CO0EH 37-40, 46, 47,
NPUMEHATh 3TU METOJBI 49, 51, 53, 55,
JUTSl pEeIIeHUs] KOHKPETHBIX 56, 58, 59, 62,
MPUKJIAJAHBIX 33124 65, 66, 67,70
IIpakTHueckue
3a[a4d Ha
JK3aMEHE

TunoBbie KOHTPOJIbHBbIE 32JaHUSI MU HHBIE MaTepHaJbl, He00X0AMMBbIE 1JIs1 OLEHKH
3HAHUH, YMEHHMI, HABBIKOB M (MJIM) ONbBITA [JeSITeIbHOCTH, XaPaKTePU3YHIIUX 3Talbl
(opMupoBaHuSsI KOMIIETEHIIMII B Ipolecce 0CBOCHUsI 00pa30BaTeIbHON MPOrpaMMbl

MO3KeT I MHOXECTBO, UMEIOIIee XOTS ObI OJJHY BHYTPEHHIOIO TOYKY, HIMETh HYJIEBYIO Mepy?
[Mocrpouts s soboro « € (0,1) 3amkHyroe mnoaMHokecTBo X otpeskal0,1] 6Ges
BHYTPEHHHX TOYEK Takoe, yto m(X) = a.

3. Ilycrts X — MHOXeCTBO umceln u3 oTpe3ka [0, 1], B JecsATHYHOI 3aITiCH KOTOPBIX OTCYTCTBYET
mudpa 8. Haittu m(X).

N —
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4. Sensrorcs ym Gynkmun f(x) u f3(x) usMepumbiMEH oaHOBpeMeHHO? A QyHKIUH
fe)m f2(x)?

1
5.  Beruucnuth unTerpan Jlebera f o f(x)dx, tne
— [y2 1
a) f(x) = {x*, 1y Bcex UppalMOHATbHBIX X, OOJIbIINX, YEM 3

x3, /19 BCceX MppalMOHaNIbHbIX X, MEHbILHUX, YEM é 0,eciux € (0,1)NnQ.,
b) f(x) = {x?ecmux € [0,1]\Q, 1, ectu x € Q.

¢) f(x) = {sinsinmx, ecnmux € [O, %] \D, cos cos x,eciu x € G, 1) \D,

x%, eciu x € D, tie D — KaHTOPOBO MHOYXKECTBO.

6. Tlpusectu npumep dyukmmu x(t), takoii, uro x € L,[0, 1]\L,[0, 1].
7. Kakwue u3 npuBoAUMBIX HUXKe (DYHKIMH ONPENEISIOT pacCTOSIHAE Ha MHOXeECTBE R:

Dp(x,y) =+/lx—yl; Dp(x,y) =Isinsin(x—y)[; 3)plx—y) =(x—y)?%
4) p(x,y) = |larctgx — arctgyl|; 5) p(x,y) = arctglx —yl; 6) p(x,y) = |x* — y?|;
7) plx,y) = ln(l + lx —yI); 8) plx,y) = eV —1; 9 pxy) = |3

10) p(x,y) = 1+|x y|’ p(x,y) = cos?(x — y)?

8. Kakwe u3 npuBOANMBIX HIKE QYHKIIUM ONPEIEISIOT PACCTOSIHIHE Ha MHOXeECTBe R™:
1) plx,y) = |xk — Vil > 2) p(x,y) = X=1  |xe — Yl
3) p(r,y) =%kor lxe—wl® Doy =|x—v,|;
5 poy) =Xk kla—y.i 6) poy) =%kt |xk — v, |ink?

9. Kakue u3 NpPUBOMMMBIX HIDKE (DYHKIMH ONPENCISIOT PACCTOSIHHE B Kiacce (GyHKIHH,
HenpepbIBHBIX Ha oTpeske [0, 1]:

D plx,y) =1x@®) —y@®l; 2) plx,y) = sup%fot Ix(7) —y(v)ldz, t € (0,1];
3)p(x,y) = Jfol 1x(®) —y(O)ldt; 4) p(x,y) = |x(©) — y(O)| + f; |x(7) — y(0)|dz?

10. Kakye u3 mpuBOAMMBIX HKXKe (DYHKIMH ONpEenesisioT pacCTOSHHE B Kiacce (DyHKIHHA,
HenpepbiBHO auddepennupyembix Ha otpeske [0, 1]:
p(x,y) =Ix () —y@®l;
D) p(y) = 1x(0) = y(0)| + [x(@®) — y (DI ;
2) ple,y) = 1x(®) =y + |x @ =y (O] ;
3) p(x,y) = lx(@®) =yl + X (@) =y (I ?
11. Haiitu paccrosiaue Mexay dyHkiusmu x(t) =sin sin 2t wucos cos 2t B mpoctpanctse 1)
C[0,];2) C'[0,m]; 3)Ly[0,7]; 4) L,[O, m].
12. Haiitu paccrosuue mexny pynkuusamu  x(t) = t3 +t my(t)=2t3 +t? B mpocTpaHcTBe
1) C[-1,1];2) C*[-1,1]; 3)L,[-1,1]4) L,[-1,1].
13. UccnenoBath Ha CXOAMMOCTD TIOCIIEIOBATENBHOCTD {X} B ipocTpanctie 1)IT; 2)1%; 3) IT%:

a) xk = (%I 0;10); 6)x =(e_2k 1 1 1) B)xk = (e_k’e_kz’“.,e—kn);

r) x;, = (coscosk,2,2,..,2); n) x; = (kz' > § '%)

14. MccnenoBaTh Ha CXOAUMOCTS IIOCIEA0BATENBLHOCTD {X)} B pocTpancTBe 1)l1; 2)1,5. 5 3)ls
1 T 1 1 '1~

a) X = (O,...,O;E; O; ); 6) Xy (O, ,O,E,m,:,...), B) X = (1,1’ E F k_)

) X, = (1,%,...,%,0,0,...); ) X = (2,2,...,20,0,...); e) X, = (() g 0,.

=)

— (I 1 1 1 . — (o-k )
>I<)xk—(k,k+1,...,2k_1,2k,...), 3, = (e7%,0,0,...,0,7,0,0 ....);

17 1 1
0 = (50,0,...0,2-,0,0,.. ) © xe = (L%, %,.., 2,00, ).
15. UccnemoBaTh Ha cxoauMmocTh B poctpanctse 1) C[0, 1]; 2) L, (0, 1) nocinenosarensHOCTh
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t
a) x,(t) = tk; 0) x;(t) =sinsint —sin sin i; B) xi(t) = r) xi(t) = ek
n) x, (£) =t —tk*+1; e) x, (t) = t* — t2k; %) x,(t) = te’e.
16. B xaxux mpoctpanctBax Ly [0, 1] u x xaxoMy npenery cXOAsTcs MOoCIe0BaTEIbHOCTH:
a)x () = {(Vk, te€ [O,%] 0, t€C,1]; 6) x(t) ={Inln(k),t € [0,%] te(,1;

1 1 1
B) x, () = {e¥,t € [0,;] 0, te01]; Bx(®)={Vk te [ —] 7 LE Gl
17. UccnemoBaTh Ha cXoAuMOCTh B ipoctpanctse 1) C[0, 1]; 2) L, (0, 1) psaas
)Lt O (1-0th B XL, e .
18. SIBysieTcst M OTKPBITHIM MHOKECTBO (DyHKIMiT 13 npoctparcTsa C [0, 1], yaosnerBopsronmx
YCIIOBUIO:
a)0<x(t)<1+t? te(0,1),
6)f, Ix@®ldt<1;
B)f, x(t)dt<1;
1

N x| <22
19. SIBnsiercst Jid 3aMKHYThIM MHOeCTBO (yHkimit u3 C[0, 1], yaoBIeTBOPAIOMINX YCIOBHIO
a) sgnx G) =1;
0) sgnx(t)=1, t € [0,1] ?
20. SBnsrorTcs JIM KOMIAKTHBIMH, OpeakoMnaktHeivu B C[0, 1] cienyromme cemeiicTa
byHKIUH;
DM = {x(©)] [x(0)| < Ko, lx ()] < Ky, t € [0,1]};

2) M= {xONIxO)] S Ko [} Co(0)?dt < Ky

3) M={x@|x@| <t tel01]}

4) x,(t) =t% ecmn A0 <a;<a<a,<o; 0)0<a; <a;

5) x,(t) = e®*®, eciu a)a €ER; 6)a > 0;B) a < 0;

6) x,(t) =sinsin(at), ecmn a)a ER,; 6)0 < a < a, < oo,

7) x4(t) =sinsin(a+t), ecmma)a€R; 6)0 <a; <a <a, < ?

21. IposecTy mpolece opToroHanu3amuu cucremsl Gpynximii {1, t, t2, t3} B npocTpancTse
a) L,(—1,1) ; 6)L,(0,1).

22. B mpoctpaHcTBe [, HAWTH MHOXKECTBO BEKTOPOB, OPTOrOHAIBHBIX BEKTOPY X, , €CIIH
a) x, = (0,0,...,0,1,0, ...); 6) x, = (0,1,0,1, ...); B)xo = (1,1,..,1,0,0,...).

23. B npocrpanctse L, [—m, ] naiitu npoekiun QyHKImit

a) x(t) =0; 6)x(t) =sinsin (g), B) x(t) =t; 1) x(t) =cos cos 2t

Ha noanpoctpancTBo Xy = {x(t) = ¢; + ¢, sinsint + ¢3 cos cost }.

24. B npocrpanctse L,[—1, 1] naiitu npoexiin dyHKImit
a) x(t) = t?; 6)x(t) =t3

Ha noanpoctpancTBo X, = {x(t) = ¢; + c,t}.

k2+

25.Kakue 13 npuBeieHHbIX (HOpMYIT 33/1a10T OTIEpaTop:
1) Alx(®)] = |x(7)| ; A:C[0,1] - C[0,1];
2) Alx(t)] =x(t), A:cC[0,1] - C[0,1];
3) Alx(®)] =x(t+ 1), A: C[0,0) — C[0,0);
4) Alx(t)] = tx(t), A: C[0, ) — C[0, o);
5) Alx(®)] = x(O) A: L,(0,1) - L,(0,1);
6) Alx(t)] = A:C[0,1] - C[0,1];
7) Alx()] = x(t —1), A: C[0,%) - C[0,);
8) Alx()] = [ x(t)dt,A:C[0,1] - C[0,1];
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9) Alx()] = [, x(t)dt, A: L[0,0) > L[0,00);
10) A[x(t)] = signx(t), A:C[0,1] - C[0,1];
INAx@®] = [{ x(@dr,  A:c[0,1] > C[0,1];
12)A[x(®)] = [ ex(t)de, A:c[0,1] - C[0,1];
13) Ax = (xl,xz x3) A: 1y =Ly

2’3
14) (Ax) () = ¥, ’;—’;sin sinkt, A: 1, - C[0,1];
1 1
15) Ax = (x(l),x(z),x(g),...), A C[0,1] > Iy
2
16) Ax = (xlxz—Z%) A Ly >y
A :

17) Ax = (xq,x3,x3,...), I, > 1,?

26. IlpuBectu mpuMepbl HETPUBHAIBHBIX OIIEPATOPOB B 3a/laHHBIX IIPOCTPAHCTBAX

1) C[0,1] - C[-1,1]; 8) L,;(0,1) - L,(0,1);
2) RZ-R%; 9) €(0, ®) =1 ;
3) L =1 10) L,(0,1) - C[0,1];
4) 1, - C[0,1]; 11) C[0,1] - [,
5) R3 - RZ; 12) C[0,1] - C[1,3];
6) l, > R?; 13) C[0,1] = I, .
7) o = s
27. Kakue U3 npuBeeHHBIX HUKE ONIEPATOPOB ABIISIOTCS TUHEUHBIMU?

1) Alx(©)] = 3x(t) +t, A:C[0,1] - C[0,1] ;
2) Alx(t) f05 (t3 +13)x(r)dt, A: C[0,1] - C[0,1] ;

]
]
3) Alx(t)] =cos cos 2x(t), A:C[0,1] - C[0,1];
]
]

4) Alx(t)] = tx(t?), A:C[0,1] - C[0,1];

5) Alx(t)] = [x(t)|, A:C[0,1] - C[0,1];

6) Alx(®)] = [} e™dr, A:c[0,1] - C[0,1];

7) (Ax)(t) =cos cos (tx,), A : R?* » C(—,);

8) (Ax)(t) = 4x%t + 3x,t%, A : R? - C(—o00,);

9) (Ax)(t) = x; sinsint — 3x,3/t, A : R? » C(—00,®);

28. [IpoBepuTh NTMHEHHOCT, U OIPAaHUYECHHOCTh (DYHKIMOHAJIOB U HAWTH HMX HOPMBI
B ll ) l2' loo:
o o . 2k
D f0) = X );c_k; 2) f) =X (=DFxy; 3) fx)=Xpy %

29.  Haiitu nHopmy nmHeiHoro ¢yunkiuonana a) B C[0,1], 6) B L,[0,1],B) B L,[0,1],
1
3aJJaHHOTO BBIPAKCHUEM fo h(t)x(t)dt, ecnmu pyukiust h(t) paBHa:

1) (=3, 0<t<06,02 06<t<1; 6) ViF 4

2) In (t+); 7) VEZ =t + 6;

3) 2t—1; 8) e?t-3;

4) cos cos mt ; 9) ch2t;

5) 2-sinsinmt 10) cos cos (t - %) ;
11)t3 —¢;
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12)t2 — 4t +§;

30. Haiiti HOpMBI cieAyrOMMX ONEpaTopoB.
D Alx(®)] = f|  x(@)dr, 4 € L(C[0,1]);

2) Alx(t)] = x(t), A€ L(c[0,1],C[0,1]);

3) Alx(t)] = t?x(t), A € L(L,[0,1]);

4) Alx(t)]= e”lx(t) A e L(C[0,1];

5) A[x(t)]= x(t) A € L(C[0, »));

6) Alx(t)]= f x(7) sin sintdt , A € L(C[0,1]);
7) Alx(t)]=t2x(0) — tx( ) A€ L(clo,1]);

8) Alx()]=x(t%), A € L(C[0,1]);

9) Alx(t)] =(t% + 2)x(0), A € L(C[0,1]);

10)  Alx®]=tf, x(t)dt, A€ L(Ly[0,1]);

1)  Alx(®)]= 2t + t»)x(t)dr, A€ L(L{[0,7]);

12) Alx(t)]= (t =7+ 1x(r)dtr, A€ L(L,[0,m],C[O,m]);

13) A[x(t)]=f: (sinsint + 2 cos cos t)x(7)dr, A € L(C[0, 7], L,[0,7]);

14)  Alx(®l=f; (t-1)2x(0)dr, A€ L(L,[0,m]);
15 Ax=(-x,2,-%,.), AeLl):;
16) Ax=(ZZ22 ) AeLl);

2’37 4
17)  Ax = (x4,x3,%, +x5), A€ L(lw, R?).

31.  Haiitu omeparop, conpsokentsiit oneparopy A € L(1,):
1) Ax = (x4, ..., %,,,0,0,...)

2) Ax = (A1x1, 5%5, oo, AnXy, o), {4} € loo;

3) Ax = (0, x4, x5, ... );

4) Ax = (x5, X3, ... );

5) Ax = (5x; — 2x5, X3, X4, .. ).

32.  Haiitu omeparop, CONPSIKCHHBIA  OMEPATOPY A € L(L,[0,1]), Alx(®)] =
fol K(t,s)x(s)ds, ecmu Qpynkuus K (t, s)umeeT BUL;

1) 1; 8) te™s

)t 9) t(e> —);

3) s; 10) %

4) t-s; 11) sinsin(t—2s);

5) t+sin sin 2s; 12) e'™S cos cos (3 —/s);

6) |2m — 25| sin sin 4t ; 13) tsinsins —s®coscost.

7) 2t—3s:

33.  HccaenoBatb oOpaTUMOCTh omepatopa A € L(lp), 3aJaHHOTO OECKOHEYHOW MaTpuien
(a,), ecin:

Da,=1+CD" 2 ay==  3);<|al<4.

34, Hccnenosars obparumocts onepatopa A € L(C[0, 1]), 3apanHoro cooTHOLIEHHEM:

Alxo (0] = xo(£)x(t), rne
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D x@®)=(t—-c)=lt—cl, celab) 2)x)=(C-c), ce(ab);

2) xo(t) = 1 + t2.
35.  Uccnenosars ooparumocts oreparopa A € L(C[0, 1]):

DAx@©]=f;  x(s)ds;

2) A[x(t)]=f01 tsx(s)ds;

3) Alx@Ol=()-f;,  x(s)ds;
4) Alx@O]=x(®) — [, x(s)ds;

5) Alx(@®©]=x(t) — [, sx(s)ds.
Ecnu onepatop A oOpatum, To HaliTH ero 0OpaTHBIH.

36.  Kakue u3 oneparopoB A € L(l,) BmoiHe HEPEPHIBHBL:
1) Ax = (0,%,, %, ), 2) Ax = (X, %s,, ), 3)Ax = ("2—2"3—3 )
37.  Kakue u3 oneparopoB A € L(C[0, 1]) BronHe HenpepbIBHBL:

1) A[x(t)]=f0t x(s)ds;
2) Alx(0)] = (t + 2)x(¢);
3) Alx(t)]=x(0) cos cos (2t) — x(1) sin sin (2t) ;
4) A[x(t)]=f0t ex(s)ds;
5) Alx(®)]=x(t?).
38.  Haiitu coOcTBeHHbBIC 3HAUCHUS U COOCTBEHHBIE BeKTOPBI orieparopa A € L(l,):
1) Ax = (X1 + X3, X2, e, Xy, on ) 5 2) Ax = (xg,xl,xz, ...,xn'__) ;
3) Ax = (—xq, x5, oo, (D)%, .. ) 5 4) Ax = (X1, X3, ., X0, 0, ...);
5) Ax = (0,0, ...,0,%,,0,), ... ); 6) Ax = ("2—2’;—3 )
7) Ax = (0, X1, X, ...,xn,__.); 8) Ax = (x3,%3,,...).

39. Haiitu criekTp U criekTpasibHblii paguyc oneparopa A € L(C[0, 1]):
D Alx®I=f;  x(s)ds; 2) Alx(®] = (¢ + 2)x(0); 3) Alx(D)] = tx(0);

4) A[x(i:)]=f01 tsx(s)ds; 5) A[x(i:)]=f01 (t + s)x(s)ds.
40. PemmTh ypaBHEHHE NPH 3aIAHHBIX 3HAYCHHUSX CBOOOIHOTO wieHa f(t):

Dx@® =), *@ds+f®, QfO=16)fO=t8)fEO=1-t

2) x(t) = fol tsx(s)ds + f(t), a) f(t) =t,6) f(t) =t%B) f(t) =t — t?
3)x(t) = fon cos cos s x(s)ds + f(t), a) f(t) =sinsint,06) f(t) =coscost;

4) x(t) = fon cossin sint cos s x(s)ds + f(t), a) f(t) =sinsint,0) f(t) =

coS coS t;

5) x(t) = [1, (ts+t2sDx(s)ds + f(£), @) f(t) = 1,6) f(t) = > +;

6) x(t) = fozn cos cos (t —s) x(s)ds + f(t), a) f(t) =sinsint,6) f(t) =cos cos't.

|AnB|
|AuB|

41. TIposepbre, siBisercss au ¢yukius d(4,B) =1

3alaHHass Ha Mapax KOHCYHBIX

MHOXECTB (KJacTepoB), MeTpukoil. Eciam He sBisercs, TO Kakue aKCHOMBI METPUKH

Hapymatotcs? Peanusyiite pynkiuro Ha Python u npotectupyiite e€ Ha mpumepax

42. Nanbl BekTophl ciioB a = (1, 0,2), b= (0, 1, 1), c = (2, 1, 0). Hopmanu3yiite ux u yoeaurecso,
4TO OHM JIeKaT Ha enuHu4HOM cdepe B R3. TloKaxkuTe, 4TO KOCHMHYCHOE CXOICTBO
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. a,b
cosme(a, b) = ﬁ SKBHUBAJICHTHO CKAJIAPHOMY IIPOU3BEACHNIO B HEKOTOPOM FI/IJIBGGPTOBOM

npocrpaHcTse. Peanusyiite pacyer.

43. Paccmotpum sapo K (x, y) = (1 + x - y)?. Haiinure siBHOE 0TOOpaxkenue ¢ (x) B [mabp0epToBo
IIPOCTPAaHCTBO, Takoe 4To (@(x),@(y)) = K(x,y) (teopema Mepcepa). Peanusyiite 310
oToOpa’keHHE U MPOBEPHTE TOKAECCTBO I POU3BOJIBHBIX TOUEK.

44. Jlns 3aganHON MaTpuilbl 1aHHbIX X (Hanpumep, 100x3, 100 o0bexToB, 3 mpu3HaKa) HalaUTE
e KOBapHalMOHHYI0 MaTpully. Ilokaxxute, 4To COOCTBEHHbIE BEKTOPHI ATOM MATPHIIBI — 3TO
[JIaBHBIE KOMIIOHEHTBI, U UX HAXOXICHUE HPKBUBAJICHTHO 33Ja4€ HAXOXKJICHHS CUHTYJSPHBIX
BekTopoB ais X. Peanuzyiite PCA "Bpyunyto" ¢ nomouisto SVD u cpaBHUTE ¢ peanuzanuei
u3 sklearn.decomposition.PCA

[Moaxon, onpexnenstonuii ycranosienue coorseTcTBus keiicos UIT u YI'T (5-7),

MI03BOJIIET YETKO COOTHOCHUTD ATAlbl Pa3BUTHS TEXHOJIOTUU C BOBJICYEHHOCTBIO IIApTHEPA U

CHIDKATh PUCKH MPH TIEPEX0JIe OT JIA0OPATOPHBIX MCIBITAHUH K MPOMBIIINIEHHOMY BHEAPEHUIO.

YI'T 5-7- IlpoBepka [AQHHOTO YpOBHS IIPOBOJUTCA B Cpelax WMMHUTALMOHHOIO
MOJICIUPOBAHUS, SMYJIUPYIOMIUX YCIOBHUS NPHUOIIKEHHBIE K pealbHOCTH. Takum oOpa3zom
peanu3yercss OCHOBHAs I€Jb, MPOJAEMOHCTPUPOBATH YPOBEHb T'OTOBHOCTH TEXHOJOTMM Ha
MOJICIBHOM Cpelleé MAaKCHUMalbHO TNPHUOIIKEHHOM K pEalbHOCTH, a TakXKe IPOBEPHUTH
COOTBETCTBUE TEXHOJIOTMU TPEOOBAHUAM K IPOU3BOIUTEIHLHOCTH (TIPOBECTH NPOPHINPOBAHHE HA
peanbHbIX 00beMax U yoeauTbes B 3(ppeKTUBHOCTH NpoLIeyphl MAaCIITAOUPOBAHUS).

IIpumeps! KeiicoB

Ketic 1: KomnbioTrepHoe 3peHue u cermeHTauus uzobpaxkenuit (IIpoctpancrBa (yHkmii c
OTrpaHUYEHHOU BapHalneil)

- Onucanue: Pa3pa®OTUMKU aNrOpUTMOB KOMIBIOTEPHOI'O 3pPEHMS CTAKHMBAIOTCS C 3a1adye
TOYHOTO BBIJCJICHUS IPaHUI] 00BEKTOB Ha 3alTyMJICHHBIX M300pakeHusx. Kimaccuuecknue MeTo bl
Ha OCHOBE T'PAJMEHTOB YacTO OKa3bIBAIOTCS CIIMLIIKOM YYBCTBUTEJIBHBI K IIYMy M CO3JAIOT
pa3pbIBHBIE, HETIOJIHBIE KOHTYPBI.

- Henb: IlocTpouTh MaTEMAaTHYECKYIO MOJENb, KOTOpas MO3BOJSET BOCCTAHABIMBATH YETKUE,
[[EJIOCTHBIC TPAHUIBI 00BEKTOB, OJJHOBPEMEHHO IMOABIISAS IITYM U COXPAHSISI BAKHBIC JICTAIIH.

Oxumaemblii pesynbraT: Mcnonp3oBanue (yHKIIMOHATBHO-aHATUTHYECKOTO IOAX01a, B
YaCTHOCTH, MPOCTPAaHCTB (yHKIMI ¢ orpanuueHHod Bapuamnueir (BV). Drto mnosBomser
chopMynMpoBaTh 3aJjadyy CErMEHTAllMM KakK 3ajayy MHUHUMH3AIUH  SHEPreTUYecKOro
¢yHkunonana (Hanpumep, B moaenu Mbomdopaa-lllaxa). Takoit ¢yHkumonan mrpadyer 3a
o0IIyI0 JUIMHY TpaHULl (PEeTyJsipu3anusi) U 3a OTKJIOHEHHE OT MCXOJHBIX JaHHBIX. B pe3ynbprare
JITOPUTM BBIJAET 00JIee yCTOWYMBBIC M TOUHBIE KOHTYPBl 00BEKTOB, YTO KPUTHUYECKH BasKHO IS
MEIULIUHCKON BU3yalTU3aI[H WA aBTOHOMHOT'O BOXKJICHHSL.

Ketic 2: O6paboTka eCTECTBEHHOTO 53bIKa M BEKTOpHBIE IpezcTaBieHus cioB ([ mibOepToBbI
IIPOCTPAHCTBA)

- Onmcanwne: [{ns co3nanus 4yaT-00Ta WM MOMCKOBOW CHCTEMBI, MOHMUMAFOIIECH CMBICIT 3aIPOCOB,
HEOOXOIUMO TIEPEBECTH CJOBA U TEKCThI B YHCICHHYIO QopMy, KOTOpasi COXpaHseT
CEMAHTUYECKUE U CUHTAKCUUYECKUE CBS3U MEXKIYy HUMH.
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- Ilesb: IIOCTPOMTB TaKOe BEKTODHOE IIPOCTPAHCTBO (HampuMep, LJA
Mozediel Tuna Word2Vec uau GloVe), rae "6au3kue" Mo CMBICJIY CJIOBA
O6YAZYT HaAXOZUTHBCS DPSALOM, a HaJL BEKTOpPaAMM MOXHO IHIDOH3BOAUTH
OCMBICJIEHHBIE apudMeTHUeCKHe omepanmuu (HaonpuMep, king — man +
woman = queen).

Oxumaemblii pesynbraT: llpumeHenue ammapaTa TWIBOEPTOBBIX MpOCTpaHCTB. CKasipHOE
NIPOM3BEACHNE B TAKOM IPOCTPAHCTBE €CTECTBEHHBIM OOPa30M 3aJaeT Mepy CEeMaHTHYECKOM
6mu3octu (KocuHycHast Mepa). TeopeMbl 0 BIOKEHHUAX U OPTOTOHAIBHBIX MPOEKIMAX TO3BOJISIOT
00OCHOBAaTh METOJbl TIOHW)KEHHUS pazMepHocTH (Hampumep, SVD), wucmonszyemble s
BU3yaJIM3allMl W YIOPOLIECHUS Mojeneil. DTo co3gaeT MareMaTHYecKH (yHIaMEHT Ui
COBPEMEHHBIX SI3bIKOBBIX MOJEIIEH.

Keiic 3: Teopus ynpaBieHus 1 onTUMaibHOE yrpaBieHue (banaxoBsl mpocTpaHCcTBa)

Onucanue: MHKEHEPHI-pOOOTOTEXHUKH MPOSKTHUPYIOT CHUCTEMY YIpaBlIeHUs uii poboTa-
MaHumyssaropa. TpebyeTcs HalTH Takoil 3aKOH W3MEHEHHs YIPABIAIOUIMX CUTHAJOB (CHII,
MOMEHTOB), YTOOBI poOOT IepeMecTUiICS U3 TOYKH A B TOUKYy b 3a MUHUManbHOE BpeMs HIIHU C
MHUHHUMAJIbHBIMU JHEPIro3aTpaTaMH.

- Hens: ChopmynanpoBaTh U pelIUTh 337adyy ONTUMAIBHOTO YIpPAaBICHMS, TJE YIPABISIONINE
BO3JICUCTBUS U TPACKTOPUM SBIAIOTCA (DYHKIUSAMHM M3 OIpPENENIeHHBIX KJIacCcoB (Hampumep,
HENPEPBIBHBIE WM UHTETPUPYEMBIE C KBAJPATOM).

- OxxumaemMblil pesynbrat: Mcnonb3oBanue MeTo10B (QyHKIIMOHAIBHOTO aHaIM3a B OaHaXOBBIX
NPOCTpaHCTBaxX. 3ajJadya CBOJUTCS K TMOHCKY OJKCTpeMyMa (YHKUIHOHaia (KpUTEpHs
ONTUMAJILHOCTH) Ha MHOXECTBE JOMYCTHUMbIX (YHKUMH. [IpUMEHSIOTCS MPUHLIMI MaKCHUMyMa
[ToHTpsiTMHA U METOJBI, POJICTBEHHBIC MPaBMWITy MHOXHUTENEH Jlarpanka B O€CKOHEYHOMEPHBIX
IPOCTPAHCTBAaX. JTO TO3BOJSET HAXOAUTh TEOPETHYECKHM OOOCHOBAaHHBIE ONTHUMAJIbHBIC
TPAEKTOPHUU JIS CJIOKHBIX TUHAMUYECKUX CUCTEM.

Ketic 4: Cxartue ¢ nmorepsiMu U BeiBieT-npeodpazoanue (Teopust npuOImKeHmi)

- Onwucanue: [Ipu co3manum HOBOoro (Gopmata cxatust aynuo (Hampumep, MP3) wim Buneo
(MPEG) Ttpebyercs BbIOpaTh MaTeMaTHYECKUH ammapaT Ui pa3jioKEeHUs CUTHajla, KOTOPBIN
nyuie, yeM Oypbe-aHaau3, CpaBIIseTCs ¢ JOKAIbHBIMU OCOOEHHOCTSIMU CUTHaNA (BCIUIECKAaMHU,
transient-amu).

- Hens: Haiitm Ga3uc, KOTOpBI oOecreynBaeT KOMIIAKTHOE MPEJCTAaBICHHE KakK TIJIAJAKUX
YUYaCTKOB CUT'HaJIa, TaK  €r0 0COOCHHOCTEMH, MO3BOJIAA AP PEKTUBHO OTOPACKIBATH MAaJO3HAYHMBIC
KO3 PHUIIUEHTHI.

Oxumaembliii  pesynbraT: [IpuMeHeHue BeiiBieT-aHanu3a, TIyOOKO CBS3aHHOTO C
(GYyHKIMOHATBHBIM aHamu30M. BeliBner-6a3ucel (Hampumep, BeliBiersl JloOemm) oOpasyror
Oe3ycioBHBIE 0a3UCHl B Pa3NUYHBIX Kiaccax (GyHkmid (mpoctpanctBax Cobonea, I'énpaepa).
OT0 O3Ha4aeT, 4To KO3(PPUIMEHTH BEHBIET-PA3IOKEHUS UYETKO XapaKTEPHU3YIOT TIIAIKOCTh
(GYHKINHU B KQXKJOU TOUKE.

Keiic 5: KowmmblorepHas Tpaduka u peuieHue ypaBHeHus penzaepunra (MHrerpanbHbie
ypaBHEHUs)
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- Onucanue: s co3manus (GOTOPEATUCTHYHBIX M300paKEHUH B KMHOMHIYCTPUU M UIPOBOU
pa3paboTKe UCTIONb3YEeTCs TPACCUPOBKA JIyuel, KoTopast pU3MYECKH TOUHO MOJICIUPYET IMEPEHOC
CBETa B CLIEHE. DTOT MPOLIECC ONUCHIBAETCS] YPABHEHUEM PEHICPUHTIA.

- Ilesb: UUCIIEHHO pEeIINTh CII0KHOE MHTETPAJIbHOE YPAaBHEHUE PEHIEPUHTA, KOTOPOE ONIPEIEIISIET,
CKOJIBKO CBETa NMPUXOAUT B KaXAYI0 TOUKY KaMepbl OT BCEX UCTOYHUKOB, YUUTBIBASI OTPAKEHUS,
IIPEJIOMJIEHUS U pacCesHUe.

- Oxunaemblil pe3ynpTar: Mcmonb3oBaHuEe TEOPHH JMHEHHBIX WHTETPAJIbHBIX ONEPAaTOPOB B
(YHKIHMOHATBHBIX MPOCTPAHCTBAX. Y paBHEHUE peHACPHUHTa sBJsieTcs: ypaBHeHHeM Dpenronbpma
2-ro pona. OyHKIMOHATBHBIA aHAJIM3 TMPEIOCTABISET MHCTPYMEHTHI ISl UCCIEIOBAaHUS €ro
pa3pemuMocTi  (Hampumep, ¢ MoMomiplo Teopun HeiimaHa, 0Ka3bIBaroleid CXOAUMOCTD
UTEPAaTHBHOTO METOa), YTO JIEKUT B ocHOBe anroputmoB Path Tracing m Metropolis Light
Transport, cronp3yemMbIX B COBpeMeHHBIX peHaepepax (V-Ray, Arnold).

Ketic 6: I'onorpadus u Boccranosienue (assl currana (Teopus onepatopos)

Onwucanme: B 3amauax kpuctamuiorpaguu, MEAMLIMHCKOW BH3YyalIM3allMd U CO3JIaHUH
ronorpa(puqecm/[x AUCIUICCB HU3MCPUTL MOKHO TOJIBKO HWHTCHCUBHOCTH BOJIHBI (MOIIYHL
KOMILIEKCHOW aMILTUTYAbI), HO He € ¢a3y. OnHaKo It BOCCTaHOBICHHS ITOJTHOTO N300paKEHHS
¢aza HeobxoUMa.

- Henb: Pemmth clnokHyro OOpaTHYIO 3a7adyy — BOCCTAHOBHUTDH IOJHYIO KOMIUIEKCHO3HAYHYIO
¢yHkuuio (BkIrodas (azy) 1o u3BecTHoMy Moayo e€ @ypbe-00pa3a U HEKOTOPHIM alIPUOPHBIM
OrpaHUYEHUSAM (Hanpumep, PUHUTHOCTH HOCUTEIIA).

- Oxkupaemblii pesynbraT: @opMyaupOBKa 3aJaud B TEPMHMHAX HEJIMHEHHBIX ONEpAaTOpPOB B
THIL0EPTOBOM TPOCTPAHCTBE. VICIONB3YIOTCSI MTEpaTUBHBIE aNropuTMbl (Hampumep, Iepxa-
Cakcrona wimu @PbeHyna), KOTOPbIE MOOYEPEIHO NPOCHUPYIOT TEKyIee NPUOIIKEHHEe Ha
MHOXECTBO (YHKUMH C 3aJaHHBIM MoayjeM Dypbe-crieKTpa W Ha MHOXECTBO (DyHKITHIA,
YJIOBJICTBOPSIIOIIUX AaNpPUOPHBIM OrpaHUYeHUsIM. TeopeTnueckoe OOOCHOBAHHE CXOJUMOCTH
TaKuX METOJOB HANpPSAMYIO OIMPACTCS Ha TEOPUI0 IIPOCKUUN Ha BBIIYKJIBIE MHOJKECTBA B
THIILO0EPTOBBIX MPOCTPAHCTBAX.

3ayeTHO-IK3aMeHALIMOHHbIE MaTepuaJbl A8 MNPOMEXKYTOYHOl  aTTecTanMu

(3Kk3amMeH)

MHoxecTBa, IPOCTPAHCTBA, MOAIPOCTPAHCTBA, ONEPAIIMH HA/l MHOXKECTBAMHU.

HNHTynTHBHOE NOHATHE MEPBI MHOXKECTBA U €r0 CBOMCTBA.

Bremnsas mepa u mepa JleGera.

Teopema Jlebera.

MHO0k€ECTBO MEPHI HOJIb.

[TonsATHE U3MEPUMOTo (GYHKLIMOHATA U KPUTEPUN N3MEPUMOCTH (PYHKIIMOHAIA.

W3mepumble (pyHKIIMOHAIBI M MX CBOWCTBA: YMHOXXEHHME HA YHCIO, CIOKEHHE C YHCIIOM,

CyMMa JIByX U3MEPUMBIX (DYHKIIMOHAJIOB.

8. H3mepumble (YHKIMOHAIBI M HMX CBOICTBAa: CpaBHEHHME, YMHOXEHHE U JICJICHUE
(YHKIIMOHAJIOB.

9. Usmepumble (QYHKIMOHAJIBI W WX CBOMCTBA: TMpeAed IOCIEeJOBATEIbHOCTH H3MEPHMBIX
(YHKIIMOHAJIOB.

10. DxBUBaNIEHTHBIE (PYHKIIMOHANBI, TOHATUE «IIOYTH BCIOIY.

11. IIpocteie pyHkunoHasnsl. Teopema 06 U3MEPUMOCTH Ipe/elia MOCIeI0BATEIbHOCTH MPOCTHIX
(YHKIIMOHAJIOB.

12. UnTerpan Jlebera oT mpocToro ¢pyHKIMOHATIA U OTPaHUYEHHOTO (PYHKIIMOHATIA.

13. CgoiicTBa unrerpana Jlebera.

Nk =
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14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.

38.
39.

40.
41.
42.
43
44,
45.
46.
47.
48.

49.

Cpasuenue unrerpanos Jlebera u Pumana st orpaHMYeHHbBIX (YHKIHH.

Pacnpenenenus u unrerpan Jlebera. Unterpan Pumana-Ctuntoeca.

WuTterpan Jlebera or HeorpaHMUEHHBIX ()YHKITHA.

[IpsiMoe ipou3BeeHUE MHOXKECTB U MED.

Teopema ®yOuHM.

IIpoctpancta Jlebera. Teopema 0 BIOKEHHH IPOCTPAHCTB.

JlunelinocTs mpocTpancTB Jlebera.

Hepasenctso I'enbaepa.

HepasenctBo MHHKOBCKOTO.

Mertpuka, akCHOMBI U OIIPEJEICHUE METPUUECKOTO IIPOCTPAHCTBA.

IIpuMepsl METPUYECKHUX IIPOCTPAHCTB.

[ap, cdepa, OKPECTHOCTH U COMYTCTBYIOIINE MOHATHS B METPUUYECKOM IPOCTPAHCTBE.
ITocnenoBaTeIbHOCTH B METPUYECKUX IPOCTPAHCTBAX, CXOAUMOCTbH IIOCIIE0BATEIbHOCTEMH.
TeopeMa 0 €eIMHCTBEHHOCTH IIpeea.

@yHIaMEHTAIBHBIE IIOCIENOBATEIIBHOCTY B METPUYECKUX IPOCTPAaHCTBAaX. Teopema o
cxopsmencs U GyHIaMEHTAIBHOMN MOCIeI0BATEIIEHOCTH.

ITonHble MeTpuYECKHE IPOCTPAHCTBA. Teopema O IOMOJHEHUH METPUYECKOTO TPOCTPAHCTBA.
Mertpuueckue npocrpaHcTsa. [IpuHIUIT BIIOKEHHBIX IIAPOB.

Kputepuii noJHOTH METPUYECKOTO TPOCTPAHCTBA HA OCHOBE CUCTEMBI BIIOKEHHBIX 1IAPOB.
KoMnakTHble MHOXECTBa B METPUYECKUX MPOCTpaHCTBaX. OrpaHUYEHHOCTh KOMIIAKTHOTO
MHOXECTBA.

KoMmakTHble MHOXECTBA B METPUYECKUX IMPOCTPAHCTBAX. 3aMKHYTOCTh KOMIAKTHOTO
MHOXECTBA.

KoMmmnakTHble MHOXECTBa B METPUYECKMX MpocTpaHCcTBax. [losHOTA KOMIAKTHOTrO
MHOXECTBA.

[ToHsITHE STICUIIOH-CETH U BIIOJIHE OTPaHUYCHHOTO MHOKecTBa. Teopema Xaycnopda.

JluHeliHble IPOCTPAaHCTBA HA MosieM uyucen. JInHeitHas 3aBUCUMOCTb, 0a31C U pa3MEpPHOCTD
IIPOCTPAHCTBA.

HopwMa u nuneitnsle HopmupoBaHHble pocTpancTa (JIHIT), mpumepsl. CBolicTBa HOPMBI Kak
¢byHKIMOHATA.

IlocnenoBarenbHOCT, B JMHEHHBIX  HOPMHUPOBAHHBIX IIPOCTPAaHCTBax. baHaxoBble
npocTpaHcTBa. Teopema o nosHoTe kKoHeyHoMmepHoro JIHII.

Cpasnaenue HopM. Teopema 06 SKBUBaIEHTHOCTH HOpM KoHeuHOMepHoro JIHII.

Psnpl B OaHaxoBBIX MPOCTPAHCTBAX, A0OCONIOTHAS CXOAMMOCTb, Teopema 00 aOCOIIOTHO
CXOIALIUXCS pAlax.

Ckansipaoe mpowmsBeneHue. IIpocTpaHcTBa co CKaJspHBIM MpOU3BeNEHUEM. | MIbOEpTOBBI
npocrpaHcTsa. [Ipumepsl.

Hopma B runb0epToBOM MPOCTPAaHCTBE, TOXKIECTBO MapaijiesorpaMMa, MOJISPU3ALHOHHOE
TOXJIECTBO.

OproronanbHoCcTh. OpTOroHanbHOE [OMONHEHHE. TeopeMa O pas3NoKEHHHM THILOEpPTOBa
IIpocTpaHCcTBa. PaccTosHKME OT 3JIEMEHTa 10 MOAIPOCTPAHCTBA.

OproroHanbHas cucteMa 3J1eMeHTOB. JIMHelHas He3aBUCUMOCTh OPTOTOHAJIbHOW CUCTEMBI.
Oproronanm3anus ['unpbepra-llImumra.

[TonmHOTa OpTOrOHANBHOM cucTembl. Teopema [Tudaropa.

OmnpezneneHue U MpUMeEpsI cernapadeTbHbIX HOPMUPOBAHHBIX IPOCTPAHCTB.

[TonsiTHe cemnapabenbHOrO MPOCTPAHCTBA M IUIOTHOTO MHOXKecTBa. Teopema O MOJHOTE
OpPTOTOHAJIBHOM CUCTEMBI B cenapabeIbHOM MPOCTPAHCTBE.

Psansl @yphe B TUIBOEPTOBOM MPOCTpAaHCTBE. TeopemMa 00 SKCTpeMaIbHOM CBOWCTBE
YaCTUYHBIX CYMM psia Pypse.

OTto0paxkeHns: B METPHUECKUX MpocTpaHcTBax. Cxxumaromue oTtoOpaxenus. Teopema o
HETPEPHIBHOCTH CKUMAIOLINX OTOOPAKECHUH.
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50. IIpuHUIMO HEMOABMKHOM TOUKHU JJISI CKUMAIOIIUX OTOOpasKeHUIA.

51. Jluneinsiii onepatop (JIO). HenpepriBHOCTE M kpuTepuil HenpepbiBHOCTH JIO.

52. OrpaHuueHHOCTh JIMHEHHOrO OIepaTropa, HEOOXOAUMBIH M JOCTATOYHBIA TMPU3HAK
HENPEPBIBHOCTH.

53. Hopwma nuHeitHOTrO onepaTopa. Beluncienrne HopMBl.

54. IlpocTpaHCTBO JUHENHBIX onepaTopoB. CXOAMMOCTh JIMHEWHBIX OIIEPATOPOB.

55. OOpaTHblil TUHEWHBIH onepaTop. EMMHCTBEHHOCTS.

56. Teopema banaxa-IlIteiinraysa.

57. Sapo omeparopa. Kputepuii cymiectBoBanust oopataoro JIO.

58. Teopema o HOpMe 0OpaTHOTO omepaTopa.

59. HurerpansHoe ypaBHeHuss ®pearonpMma. Penienne nHTerpanbHoOro ypasHenus ®penroiabma
IT pona ¢ BBIPOKIEHHBIM SAPOM.

60. TlpuHuun HemoaABMXKHOM Touku. Teopema o cyrecTBoBanuu onepartopa (J — P)™1 .

61. IIpoekmoHHBIE METOIBI PEIICHUS OTIEPATOPHBIX YPaBHEHHUH B THJILOEPTOBOM IIPOCTPAHCTBE:!
METO]1 HAMMEHBIINX KBaJpaToB, MeToA ["asiepkuHa.

62. CoOcTBEeHHBIC 3HAYCHUS JIMHEHHOrO OIeparopa, JIMHEHHas HE3aBHUCUMOCTh COOCTBEHHBIX
peLIeHui.

63. Pe3osibBeHTa, pEryJsipHOE MHOXECTB M CIEKTp JIMHEHHOro omneparopa. OleHKa TOYeK
CIEKTpa.

64. Crektp, crieKTpalbHBIN paguyc JMHEHHOTo oneparopa. Kpurepuii obpatumoctu orneparopa
J-—-4).

65. Teopema XaHa-banaxa B TMHEHHOM NPOCTPAHCTBE.

66. CamoconpspkeHHbIe onepaTtopbl. CBONCTBA.

67. OmnpeneneHue U NpOCTENIINE CBONCTBA KOMIIAKTHBIX OIIEPATOPOB.

68. Teopema o0 CTpyKType KOMIIAKTHOTO OIlepaTopa.

69. Jluneiinsle ¢ynkmuonansl B JIHIL. fnpo nuneiinoro ¢ynkunonana. Teopemsl o sape
JMHEHHOTO (YHKIMOHATA.

70. OrpaHHYeHHOCTb, HOPMa U HETIPEPHIBHOCTH JIMHEHHOTO (yHKunoHana B JIHIIL.

71. Teopema Pucca o nuHeitHOM (yHKIHOHAJE B THILOEPTOBOM MTPOCTPAHCTBE.

72. Conpsx€HHOE IpocTpaHcTBO. CUilbHAA U ci1adasi CXOAUMOCTH.

73. Jluneiinsle HenpepbiBHbe (yHKuunoHansl B JIHIT.HempepelBHOCTH M OrpaHUYEHHOCTH
nuHelHoro ¢yHnkiuonana B JIHIL.

74. IlpousBognas no I"aTo.

75. TlpousBonHas Dpere.

76. Ilpeobpazosanue ypbe u obpaTtHOE MpeodpazoBanue Dypre.

77. Kocunyc u cunyc npeodpazoBanus Oypne.

78. CaoiicTBa npeobpazoBanus Oypoe.

Ilepeuenv komnemenyuit (vacmu KOMnemMeHYUN), NPOBEPACMBIX OUECHOUHBIM CPEOCHIBOM:
OIIK-1.1; OIIK-1.2

4.2 Metoauueckue MaTepUaJibl, ONpeaesiiome Npoueaypbl OeHUBAHUS 3HAHHIA,
YMeHMi, HAaBBIKOB W (MJIHM) ONBbITA /AeATEJbHOCTH, XAPAKTEPU3YIOIIUX JTaIbI
(popmMupoBaHus KOMIIETEHIHH

Memoouueckue pexomenoayuu, onpeoenawujue npoueoypvl OUEHUBAHUA pPeuleHUs
3a0au no memamuke 1a00pamopHvIX padom

Kpumepuu oyenku:

5 (Otnnyno): Bee 3amaun pemeHsl KOPPEKTHO ¢ 0OOCHOBAaHHBIM BBHIOOPOM HYHCIEHHBIX
METOIOB; TIPOBEJCHA OlLIEHKA IOTPEIIHOCTH W aHaJIM3 YCTOHYMBOCTH/CXOAWMOCTH; BBIBOJIBI
NOJIHBIE 1 000CHOBaHHbIE; 0(OPMIICHHE aKKYPATHOE.

20



4 (Xopomo): BompIMIMHCTBO 3agad pELICHbl BEpHO; IOIMYIICHBI MEJIKHE OIIHMOKH B
peain3any METo/1a WIN OLIEHKE MOIPELIHOCTH; BBIBOBI IPUCYTCTBYIOT, HO KPATKHE.

3 (YnoBneTBOpUTENBHO): PemieHbl He Bce 3adadud; €CTh OIMIMOKUM B BHEIOOpPE METOAA,
OTCYTCTBYET OLIEHKAa IIOTPEIIHOCTH WJIM IPOBEPKA pPE3YyJbTAaTOB; BBIBOABI HEMOJIHBIE WIN
OTCYTCTBYIOT.

2 (HeynosnerBoputenbHo): MeHee MOJIOBHHBI 33JaHUM BBIIIOJHEHO; CHCTEMATHUYECKHE
OomKMOKY B IPUMEHEHNH YUCIIEHHBIX METOJIOB; paboTa HE COOTBETCTBYET 3a[aHHUIO.

Memoouueckue pekomenoayuu, onpeoenaouiue npouedypsvl OUEHUGAHUA HA IK3AMEHe:

Onenka Kpurepuu onieHMBaHMsI 110 3K3aMEHY
Bhicokuii OLEHKY «OTJIMTHO» 3aCIYKUBACT CTyACHT, OCBOUBIIIMH 3HAHUS, yMeHus,
YPOBEHD «5» KOMIIETEHITNH ¥ TEOPETHUECKUN MaTepral 0e3 MpoOesioB; BHITOIHUBIIUI
(oTmmo) BCE 3a/laHus, MPEAyCMOTPEHHbIE YYEeOHBIM IUIAHOM HAa BBICOKOM
KaueCTBEHHOM YPOBHE;, MPAKTHYECKHE HABBIKM MPO(hecCrnoHAILHOTO
MIPUMEHEHHS OCBOCHHBIX 3HAHUN C(HOPMUPOBAHBI.
Cpennuii OILICHKY «XOpOIIO» 3aCITY>KUBAET CTYACHT, MPAKTHUUECKU MOTHOCTHIO
YPOBEHB «4» OCBOUBIINI 3HAHUS, YMEHUS, KOMIIETCHIINH U TEOPETUICCKHUI MaTepural,
(xopor1o) y4eOHBIC 3a/laHdsl HE OIICHCHbl MAaKCUMAJIBbHBIM YHCIOM OajioB, B
OCHOBHOM c(hOopMHpOBaJ MPAKTUIECKIE HABBIKH.
[Toporossrii OILICHKY «YJIOBJICTBOPUTEIHHO» 3aCIy’KMBAaeT CTYAEHT, YaCTUYHO C
YPOBEHB «3» npoOerlaMd  OCBOWMBIIMK  3HAHUS, YMEHHUS, KOMIIETCHLIUH U
(YIOBIETBOpUTE | TEOPETUYECKUI Marepuall, MHOTHE Yy4deOHble 3adaHus Jub0 He
JIHO) BBITIOJIHWJI, JIMOO OHHM OIICHEHBI YHUCIOM OauioB OJIM3KHM K
MUHUMAJIBHOMY, HEKOTOPBIC MTPAKTUIECKIE HABBIKHA HE CHOPMUPOBAHEI.
MuHuManbHbI | OIICHKY «HEYJOBIETBOPUTEIHHO» 3aCITy)KHBAET CTYICHT, HE OCBOMBIIUN
YPOBCHB «2» 3HAHUS, YMEHUS, KOMIIETEHIINN U TEOPETUUCCKUI MaTepual, ydeOHbIe
(HEYZIOBACTBOPH | 33 1apys He BBIIONHML, IPAKTHYECKUE HABBIKH HEe COOPMHPOBAHBL.
TEJILHO)
OrneHOYHBIE CpPEJCTBA ISl WHBAIUAOB W JHUI[ C OrPAHUYCHHBIMH BO3MOXKHOCTSIMH

3JI0POBbSI BEIOUPAIOTCS C YUETOM UX MHAWBUIYAIBHBIX ICUXO()U3NYECKIX OCOOCHHOCTEH.

— IIpU HEOOXOMMOCTH MHBAJIMJIAM U JIULIAM C OTPAHUYCHHBIMU BO3MOKHOCTSIMU 3/I0POBbS
MIPEOCTABIISAETCS IOTIOJIHUTENIFHOE BPEeMs JJIsl IOATOTOBKU OTBETA HA 3K3aMEHE;

— P TPOBEICHUH NPOLEYPHl OLICHUBAHUS PE3YIbTaTOB 00YyUEHUS] WHBAINIOB U JIUIL C
OrpaHUYEHHBIMU BO3MOXHOCTSIMH 3/I0POBbsI MPEAYCMATPUBAETCS UCIIOIb30BAaHUE TEXHUYECKUX
CpeACTB, HEOOXOIUMBIX UM B CBSI3M C UX UHIUBUAYAIBHBIMUA OCOOCHHOCTSIMH;

— IIpY HEOOXOAUMOCTH AJIsi 00YUAIOIMIUXCS C OTPAaHMYEHHBIMH BO3MOXKHOCTSMU 3/I0POBbS
U MHBAIUAOB TpOIEAypa OLEHUBAHUS pPE3YyJbTaTOB OOYYEHUS MO JUCHUIUIMHE MOXKET
MIPOBOJIUTHCS B HECKOJIBKO ITAIOB.

[Tporenypa OneHMBAaHUS PE3yJNbTATOB OOYUYEHHsSI WHBAIMIOB U JIUI] C OTPAHUYCHHBIMU
BO3MOKHOCTSIMH  3JI0POBBSI 10 TUCHMIUIMHE (MOAYJIO) TpEeAyCcMaTpHBacT MpPEAOCTaBICHHUE
uHpopmanuu B (opMax, aganTUPOBAHHBIX K OrPAaHHUYEHHUSIM HMX 370POBbS U BOCTIPHUATHA
uHpOpMaLuu:

JUist a1 ¢ HapyIIEHUSIMH 3pSHHS:

— B Ie4aTHOM (hopMe yBEITMUYCHHBIM HIPUPTOM,

— B (popMe AIIEKTPOHHOTO TOKYMEHTA.

JUist U1 ¢ HapyIICHUSIMH CITyXa:

— B 1e4aTHo# opwme,

— B (popMe AIIEKTPOHHOT'O TOKYMEHTA.

JUist a1 ¢ HapyIIEHUSIME OTIOPHO-JIBUTATEJILHOTO amnmapaTta:

— B 1e4yaTHoi opwme,
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— B popMe BIIEKTPOHHOT'O IOKYMEHTA.

JlaHHBI TIepeueHb MOXET ObITh KOHKPETH3HPOBAH B 3aBUCUMOCTH OT KOHTHHICHTA
00yJaromuxcs.

4.3 MeTtoanuyeckue yKa3aHHus 10 OPraHU3aNMU BLIYUCINTEIbHON HHPPACTPYKTYPBI

YcaoBust npUMeHeHH
- Kypc paccuuran Ha cTyaeHToB 3-ro roga oOyueHus..
- Tonnep:xuBaemslii 361K porpamMmmupoBanus: Python, Scilab.

- Hamwuuwme cpenst paspabotku (Hanpumep, VS Code).

Ienu, 3a0a4M ¥ 02KHAaeMbIe pPe3yabTaThI
[lenn opraHu3ay BEIYUCIUTENEHOW HHPPACTPYKTYPBI:

- ObecreunTh CTyIEHTAM IMOTYYCHHE MPAKTHUYECKUX HABBIKOB (PYHKIIMOHAIHHOTO
MOJICTTUPOBAHUS, KOTOPOE UCTIOIBh3yeTCs B 3a/1a4ax 00pabOTKU U aHAITN3a U300paKCHHIHA.

Jlyist aTOI 3a1a4u BBIZENIEHO 2 IabopaTOpHBIE PaOOTHI.

4.4 MeToanyeckue yKa3aHusi 10 OPraHU3anMu J1a00paTOPHBIX padoT

YcaoBust npUMeHeHH
Kypc paccuntan Ha cTyAeHTOB 3-r0 Troia OOydYeHUs, YK€ BIAICIONINX 0a30BBIMH
3HAHUSMU CIEAYIOIIUX MTPEIAMETOB:
Anre0pa 1 aHATUTUYECKAst TEOMETPHS;
AnreOpa 1 BBEeJIEHUE B TCH30PHBIN aHAIIH3;
MaTteMaTH4eCKUM aHaIu3;
YucneHHbIE METOIbI

O O O O

Lesn, 3a1a4n M 02KH/1aeMble pPe3yJbTAThI
Lenb opranu3zanuu 1a00paTOPHBIX padoT:

@dopMHpOBaHHE Yy CTYACHTOB TPAKTUYECKUX HABBIKOB IPHUMEHEHHE METO/0B
(YHKIMOHATBHOTO aHalu3a I PElIeHHUs MPaKTHYECKUX 3a]ad, CBA3aHHBIX, B TOM YHCIE, C
METOAAMHU TEOPUU KOMITBIOTEPHOTO 3PEHHUSL.

3azauyu npenoiaBaTess:

1. OpranuzoBaTh J1a00paTOpPHBIE PaOOTHI 10 KIIIOYEBBIM TEMaM JAUCIUTUINHBL.

2. [ToaroTOBUTH METOAMYECKHE MaTepUalbl M MHCTPYMEHTApPUN Ui BBIMOJTHEHUS
n1a00paTOPHBIX 3aJaHUH.

3. ObecneunTh CTYIEHTOB IPUMEPAaMU PEIICHUI TUIIOBBIX 3ajad.

4. PazpaboTtaTe KpuTEpUN OLEHKU U IPOBEPKH BHIMOJIHEHHBIX PaloT.

OxunaeMple pe3ysbTaThl CTYIEHTOB:

- 3Haer 0a30BbIC TCOPCTUYUCCKUC IIOJIOKCHUSA, JIC)KAIMHUC B OCHOBC INOCTPOCHHUA
TCOpHUU U MCTOIAOB q)yHKI_[I/IOHaJIBHOFO aHaJIn3a.

- YMeer chopMyIMpOBaTH OCHOBHBIE YTBEPXKACHUS TEOPUH, BHIOPATh METOBI TS
peuieHus 3a1a4.

- Bitaneer HaBbIKaMM IIPAKTUYECKOIO NIPUMEHEHHUs 3HAHUH IOJyYECHHBIX B paMKax
Kypca (pyHKIMOHAJIBHOTO aHAJIM3a K PEIICHHIO 3a/1a4.
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5. Ilepedyenn y4eOHOI IuTEpaTyphl, HHPOPMANMOHHBIX PeCYpPCOB M T€XHOJIOTHil
5.1 YueOHnas iuTeparypa:

1. JIrocrepuuk, JI. A. Kpatkuii kypc pyHKIIMOHAIBHOTO aHanu3a : yueoHoe nmocobue / JI.
A. Jrocrepruk, B. N. CoboneB. — 2-e m3a.,crep. — Cankr-IletepOypr : Jlans, 2022. — 272 c.

— ISBN 978-5-8114-0976-1. — Tekcr : snexktponHsblii // Jlab : 37eKTpOHHO-OMOIHOTEUHAsS
cucrema. — URL: https://e.lanbook.com/book/210290 (naTta obpamenus: 26.02.2024). — Pexxum
JOCTYyTIa: TSt aBTOPU3. I0JIb30BaTEJICH.

http://212.192.134.46/MegaPro/UserEntry? Action=Link FindDoc&id=146283 &idb=0

2. Kynpssues, JI. JI. Kypc maremMatudeckoro ananu3a [ DIeKTpOHHBIN pecypc] : yaeOHUK
s 6akanaspos : B 3 1. T. 1/ JI. JI. KyapsiBues. - 6-e uzn., mepepad. u gom. - M. : FOpaiir, 2024.
- 703 c. - https://urait.ru/book/kurs-matematicheskogo-analiza-v-3-t-tom-2-v-2-knigah-kniga-1-
537699

3. TypeBuu, A. Il. CO0pHHK 33124 IO (YHKIMOHATIBHOMY aHAJM3Y : yueOHOe mocodue /
A. II. T'ypeBuu, B. B. Kopues, A. I1. XpomoB. — 2-e uzn., ucnp. — Cankr-IletepOypr : Jlans,
2022. — 192 ¢. — ISBN 978-5-8114-1274-7. — Tekct : aneKTpoHHbIH // JIaHb : 3JIEKTPOHHO-
oubmmoreunast cucrema. — URL: https://e.lanbook.com/book/210809 (mata oOpameHus:
18.09.2023). — Pexum JocTyna: JUISL aBTOpU3. 10JIb30BaTENEH.
http://212.192.134.46/MegaPro/UserEntry? Action=Link FindDoc&id=158275&idb=0

4. ®umumonenkosa, H. B. COopHuK 3a1a4 1m0 (yHKIMOHATIBHOMY aHAJIU3Y @ ydeOHOe
nocobue / H. B. ®unumonenkoBa. — Cankr-IlerepOypr : Jlanp, 2022. — 240 c. — ISBN 978-5-
8114-1822-0. — Tekcrt : 31eKTpoHHBIH // JIaHb : 31MeKTpoHHO-O0MbaoTeuHas cuctema. — URL:
https://e.lanbook.com/book/212057 (mata oOpamenus: 08.04.2022). — Pexxum moctyma: ams
aBTOpU3. 10JIb30BATENIEH.
http://212.192.134.46/MegaPro/UserEntry? Action=Link FindDoc&id=170858&idb=0

5. Kynpssues, JI.JI. COopHUK 3a/1a4 110 MATEMAaTUYECKOMY aHAIU3Y : ydeOHOe mocodue:
B3 1. T. 2. Unrerpanst. Psner / JI. 1. Kyapssues, A. 1. Kyracos, B. 1. Uexnos, M. U. [1laGynuH.
- Mocksa : ®usmariur, 2021. - 504 c. - URL: https://e.lanbook.com/book/185639 (nara
obpamienust: 25.02. 2022) Pexxum noctyna: st aBropus. nojib3oBateneil. - ISBN 978-5-9221-
0307-7. Teker AIIEKTPOHHBIN.
http://212.192.134. 46/MegaPr0/UserEntrv’7Act10n Link F1ndD0c&1d—160842&1db 0

5.2. llepuoanyeckue M3IaAHNA:

1. Baser nanueix kommanuu «Mct Beroy http://dlib.eastview.com
2. Onexrponnas oubnuoreka GREBENNIKON.RU https://grebennikon.ru/

5.3 UHTepHeT-pecypcbl, B TOM 4YHCJe COBpeMeHHble NpodeccuoOHATIbHbIE 0a3bl
AAHHBIX U HH(OPMALMOHHBbIE CIIPABOYHbIE CHCTEMbI

JIeKTPOHHO-0U0MoTeuHbIe cucTeMbl (IBC):

1. BBC «FOPAUT» https://urait.ru/

2. DBC « YHUBEPCUTETCKAS BUBJIMOTEKA OHJIAVH» www.biblioclub.ru
3. OBC «BOOK.ru» https://www.book.ru

4. 9bC «ZNANIUM.COM» www.znanium.com

5. OBC «JIAHb» https://e.lanbook.com

IIpodeccuonanbubie 6a3bl JAHHBIX:

1. Web of Science (WoS) http://webofscience.com/

Scopus http://www.scopus.com/

ScienceDirect www.sciencedirect.com

Kypnans! uznarenscrsa Wiley https://onlinelibrary.wiley.com/
Hayunas anekrponnas 6ubnuoreka (HOB) http://www.elibrary.ru/

kW
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6. IIoTHOTEKCTOBBIC apXUBBI BEAYIIMX 3allaJHBIX HAy4HbIX JKypHaJIOB Ha Pocculickon
iatgopme HayuHbIX xKypHamoB HOMKOH http://archive.neicon.ru
7. HamumonanbHas  AJIEKTpOHHas OuwOnMoTeka (mocTyn K DIEKTPOHHOM — Oubiamoreke
nuccepranuii Poccuiickoit rocynapcrsennoit oubnuoreku (PI'B) https://rusneb.ru/
8. IlIpesmnmentckas Oubmmorexa uM. b.H. Enbriuna https://www.prlib.ru/
9. Springer Journals https://link.springer.com/
10. Nature Journals https://www.nature.com/siteindex/index.html
11. Springer Nature Protocols and Methods
https://experiments.springernature.com/sources/springer-protocols
12. Springer Materials http://materials.springer.com/
13. zbMath https://zbmath.org/
14. Nano Database https://nano.nature.com/
15. Springer eBooks: https://link.springer.com/
16. "Jlextopuym TB" http://www.lektorium.tv/
17. YuuBepcurerckas napopmanuonnas cucrema POCCUS http://uisrussia.msu.ru
HNHdopmManoHHbIE CIPABOYHbIEC CUCTEMBbI:
1. Koncynprant Ilmoc - cnpaBouHas mpaBoBasi CUCTEMa (JOCTYI IO JIOKAJbHOM CETH C
KOMIIBIOTEPOB OMOITHUOTEKH )
Pecypchl ¢B0G0OIHOrO J0CTYNA:
1. KubepJlenunka (http://cyberleninka.ru/);
2. MuHHCTEPCTBO HAyKH Hu BBICIIIETO oOpa3oBaHUs Poccuiickoii ®denepaunu
https://www.minobrnauki.gov.ru/;
3. ®epepanbHbiil mopTan "Poccuiickoe obpazoBanue” http://www.edu.ru/;
4. WNudopmaumonnas cucrema "EamHoe oKkHO JocTyma K oOpa3oBaTelbHBIM pecypcam”
http://window.edu.ru/;
Enunas xomutekuus udpoBbix 00pa3oBaTesbHBIX pecypcoB http://school-collection.edu.ru/ .
denepanbHbIi LEHTp HH(POPMAITMOHHO-00pa3oBaTenbHbIX pecypcoB (http://fcior.edu.ru/);
CrnoBapu u sHnukIonenuu http://dic.academic.ru/;
O6pazoBarenbHblii moptan "Yueba" http://www.ucheba.com/;
3axonomnpoekT "O6 obpazoBanuu B Poccuiickoit @enepanun. Borpocs! u oTBeTs! http://xn--
273——84dlfxn——plal/voprosy i _otvety
CoOcTBeHHBIE YJIEKTPOHHBIE 00pa3oBaTe/ibHbIe H HH(popManuoHHbie pecypebl Kyol'y:
1. Cpena MomynbHOTO JUHaAMUYeCcKoro ooydenus http://moodle.kubsu.ru
2. ba3a y4yeOHBIX IJIAHOB, y4eOHO-METOJMUYECKUX KOMIUIEKCOB, MyOJIHKAlMi W KOH(pEepeHIUH
http://mschool.kubsu.ru/
3. DmnexTpoHHbIN apxuB gokymeHToB KyoI'Y http://docspace.kubsu.ru/

© %N o

6 MeToauuyecKkue YKazaHud 1Jad oﬁyqamnmxca M0 OCBOCHHIO JTUCHHUIIJIMHBI

IIo xypcy HpenycMOTpEeHO MNpOBEACHUE JICKLUMOHHBIX 3aHATUH, Ha KOTOPBIX JAETCs
OCHOBHOH TEOpPETHYECKHI MaTepuai, JIaDOpaTOPHBIX 3aHATHH, MO3BOJIAIONMX CTyJEHTaM B
MIOJTHOW Mepe O3HAKOMHTBHCS C TMOHATHEM TeOpUH (PYHKIMI BEIIECTBEHHOM NEPEeMEHHOW H
OCBOMTHCS B PEILICHUM PAKTUYECKUX 3a1a4.

Baxxneiim 3Tanom Kypca sBISIeTCS CaMOCTOATeNbHAs padoTa Mo TUCIMIUIMHE «TEOpUs
(GYHKIMN BEIIECTBEHHOM MEPEeMEHHON.

Lenbto camocTosTeNIbHON pabOTHI OakanaBpa SBIsSETCA YriryOaeHrne 3HAaHUH, TOTYyYeHHbIX
B pe3ysibTaTe ayJUTOPHBIX 3aHATUH. BbIpabaThiBaioTCs HABBIKM CaMOCTOSITEIHHOH palOOTHI.
3aKperuIfAioTCs OIBIT ¥ 3HAHUS, IIOJIy4eHHBIE BO BpeMs J1a00paTOPHBIX 3aHATHHA.

CamocrosiTenbHas paboTa CTYAEHTOB B XOJ€ HW3yYEHHUs JAMCLUUIUIMHBI COCTOUT B
BBIIIOJIHCHUM  MHJIMBUAYaJIbHBIX  3aJaHUM, 3aJaBacMbIX  I[pElNojaBareieM,  BeLYyLIHUM
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71a00paTOPHbIC 3aHSTHUS, HOATOTOBKH TEOPETUYECKOr0 MaTepuaa K JJabopaTOPHBIM 3aHSATHSIM, Ha
OCHOBE KOHCIIEKTOB JIGKIMH M Y4eOHOW IUTEpaTypbl, COIJIACHO KaJleHIApHOMY IUIaHy U
MOJTOTOBKH TEOPETUYECKOI0 MaTepuaia K TECTOBOMY OIpOCY, 3a4eTy M 3K3aMEHY, COTJIACHO
BOIPOCAM K 3K3aMEHY.

VYkazanus no ohopMIEHUIO padoT:

- pabota Ha 71a0OPAaTOPHBIX 3aHATHAX U KOHCIEKTHI JEKIUI MOTYT BBIIOJIHATHCS HA OTACIBHBIX
nucTax Ju00 HEMOCPEACTBEHHO B paboueii TeTpaiy;
- opopMmIIeHEe MHIVBHIYAIBHBIX 33aHUH KEIaTeIbHO Ha OTICIbHBIX JIUCTaX.

[MpoBepka WHIWBHIYalIbHBIX 33JaHHI IO TeMaM, pa3o0paHHbBIM Ha JabopaTOPHBIX
3aHATHUSX, OCYIIECTBISIETCS Yepe3 HEIEI0 Ha TEKYIEeM J1JabopaTOPHOM 3aHATHH, JINOO B TEUCHHE
HEJIEJH MOCTIe 3TOTO 3aHATHS Ha KOHCYJbTAlIUU.

Jisi pa3bsiCHEHUS HEMOHSATHBIX BOINPOCOB JIEKTOPOM M ACCHCTEHTOM E€XEHEENbHO
MIPOBOJISATCS] KOHCYJIBTALIMHU, O BPEMEHH KOTOPBIX I'PYIIITBI M3BEUIAIOTCS 3apaHee.

B ocBoeHHMM TUCHMIUTMHBI WHBAJIHIAMU W JHIAMH C OTPAaHHYCHHBIMU BO3MOXKHOCTSIMU
30pOBbs 0OJIBIIOE 3HAUEHHWE MMEET WHAMBHIyajbHas ydeOHas paboTa (KOHCYJIbTAIlMH) —
JOTIOJTHUTEIBHOE pa3bsiICHEHUE yueOHOro MaTepuaa.

WunuBunyanpHble KOHCYJBTAlMM 10 TPEAMETY SBISIOTCS BaXKHBIM  (DAKTOPOM,
CMOCOOCTBYIOUIMMHU UHIUBUAYaAIN3allul 00yUEHHs U YCTAHOBJICHUIO BOCITUTATEIBHOTO KOHTAKTa
MEXKAy TIpernojaBareieM U OOydarolluMCs WHBAJIMIOM WM JIMIOM C OrPaHHYCHHBIMHU
BO3MOKHOCTSIMH 3JI0POBBSL.

[TpoBepka WMHIMBUAYAIBHBIX 3aJaHU 1O TeMaM, pa3oOpaHHBIM Ha Ja0OpaTOPHBIX
3aHATHUSX, OCYIIECTBISICTCS Yepe3 HEIEI0 Ha TEKYIEeM JJabopaTOPHOM 3aHATHH, JINOO B TEUCHHE
HEJIEJH [10CIIE TOrO 3aHATUS HAa KOHCYJIbTAL[UH.

1 pasbsACHEHUS HEMOHATHBIX BOIPOCOB JIEKTOPOM M ACCUCTEHTOM €KCHENEIIBHO
IIPOBOJATCS KOHCYJIBTALlUH, O BPEMEHHU KOTOPBIX I'PYIIIBI U3BEILAIOTCS 3apaHee.

B ocBoeHuM NMCUMIUIMHBI MHBAIUAAMHU U JHULAMU C OIPAHUYEHHBIMU BO3MOXXHOCTSIMH
30pOBbs 0OJIBIIOE 3HAUEHHWE MMEET WHAMBHIyajbHas ydeOHas pabora (KOHCYJIbTAIlMH) —
JOTIOJTHUTEIBHOE pa3bsiCHEHUE yueOHOro MaTepuaa.

WNunuBuayanbHble KOHCYJNbTAlMM IO MPEIMETY SIBISIOTCS BaXHBIM  (DAKTOPOM,
CMOCOOCTBYIOUIMM MHIMBUAYAIN3aLUU OOYYEHUS U YCTAHOBJICHUIO BOCIUTATEIBHOTO KOHTAKTa
MEXIy TMpernojaBarelieM U OOy4yarollMMCS HWHBAJIWAOM WM JIMLIOM C OTPaHUYCHHBIMH
BO3MOKHOCTSIMHU 3/10POBBSI.

Jns  CTYyZeHTOB C OrpaHUYECHHBIMH BO3MOYKHOCTSIMH 3J10POBbSl  IIPEILYCMOTPEHBI
JOTIOJTHUTENbHbIE WHAMBUYalIbHbIE KOHCYJIbTALlMM, Ha KOTOPBIX IPErojaBaTellb MOAPOOHO
Pa3bACHSAET CIOKHBIE aCIEKThI IUCLUILIMHBI, IIOMOraeT aJallTUPOBAaTh IPAKTUYECKUE 3aJaHUs U
o0ecrieynBaeT CIHEIHMAIbHBIE YCIOBUS JUII OCBOGHHS METOJOB pPAa0OTBI C CHUCTEMaMHU
HUCKYCCTBEHHOIO MHTEJUIEKTa. MHAMBUAyalbHBIA IOAXOX IIO3BOJSET TAKUM CTYJIEHTaM
MIOJTHOLIEHHO YYaCTBOBATh B Y4eOHOM MPOLIECCE U IOCTUTATh TPEOYEMBIX PEe3yIbTaTOB O0yUEHHUSI.

7. MaTtepuaibHO-TEXHHYECKOe o0ecredeHne 1o JUCHUIInHe (MOAYJII0)

HanMmeHnoBanue crienuaibHBIX
TOMEIICHUI

OCHaNEHHOCTh CIEIHAIBLHBIX
TOMEIICHUI

HepequL JIMIICH3UOHHOT'O
IpOrpaMMHOTIO obecrneueHus

VYueOHble ayIUTOPUH TPOBEACHUS
3aHSATHH JIEKIIMOHHOTO THIIA

Mebenb: yaeOHas MeOenb
TexHUYeCKUE CPeACTBA O0YICHUSL:

MS Windows, MS Word, MS
PowerPoint
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VYuebOHsle ayJIUTOpPHUN st | Mebens: yueOHas mebdenb MS Windows, MS Word, MS
MPOBEICHUS naboparopubix | Texuudeckne cpeacrBa oOydenus: | PowerPoint
3aHATHH 9KpaH, IPOEKTOP, KOMIBIOTEP
Aynuropun JUIs TPYIHOBHIX | ydyeOHass Mebenb (cronbl, cTynbs, | MS Windows, MS Word, MS
(MHIMBHAYATBHBIX) KOHCYJIbTAIMI | JOCKA), Ipe3eHTalnOHHas TexHuka | PowerPoint
Aynuropun Ut TeKyniero | yueOnast mebenb (croibl, cTynss, | He mpemycMorpeHo
KOHTPOJIS, NPOMEKYTOUYHAsS | TOCKa)
aTTecTalusl
Jns  camocTosATeNbHOM — pa®OThl  OOyYalomUXCs  MPEAYCMOTPEHBI  IOMELICHHS,

YKOMITJICKTOBAaHHbBIE CIICIMATU3UPOBAHHON MeOEIbI0, OCHAIIICHHBIE KOMITBIOTEPHOM TEXHUKON C
BO3MOKHOCTBIO MOJKIIIOUEHHUSI K ceTu «MHTepHeT» U oOecrieueHHeM JIOCTYyNa B AJIEKTPOHHYIO
MH(POPMALIMOHHO-00pPa30BaTENbHYIO CpEe/ly YHUBEPCHUTETA.

HanMeHnoBanne moMenieHun 1ist
CaMOCTOSTEIIEHOU PabOTHI
oOyJarommxcs

OCHAIIIEHHOCTh TOMEIIEHHUHN JUTs
CaMOCTOSITEIILHOM PabOThI
oOygarommxcs

prequLHHHeHSHOHHOFO
HpOFpaMNHHHT)O6€CHquHHH

[Tomemienue uist caMOCTOSITENBLHOM
paboThI 00yUaromuxcst (AUTaTBHBINA
3a1 Hay4aHoit OnOnnoTexm)

MebGensb: yueOHast MmeOenb
Kommekt  cnenuanu3upoBaHHON
MeOeIn: KOMITBIOTEPHBIE CTOJIBI
ObopynoBanue: KOMIIBIOTEPHAsI
TEXHHKAa C TONKIIOYCHHEM K
MH(OpPMaMOHHO-
KOMMYHHKAIIMOHHOH
«HTepHeT» W JOCTYIOM B
JJIEKTPOHHYIO  MH(OpMALMOHHO-
00pazoBaTeNbHYyI0 cpeny
00pazoBaTeNnbHOM  OpraHu3anuy,
BeO-KaMephl, KOMMYHHKAI[HOHHOC
obopynoBaHre, 0OeCTICUMBAFOIIEE
JOCTYH K  CETH  HMHTEpPHET
(mpoBogHOE COCANHEHNE u
OecrpoBOJTHOE  COEIMHEHHE O
texHoiorun Wi-Fi)

CCTH

MS Windows,
PowerPoint

MS Word, MS

26



