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ABTOp nporpammbl: JXKykoBckuii EBrennii CeMmeHOBUY, JOKTOP (PU3UKO-MATEMATHIECKUX
HayK, ipodeccop

Pabouas mporpamma cocTaBiieHa B COOTBETCTBHUHU C (helepalbHBIMUA TOCYAAPCTBEHHBIMU
TpeOOBaHUSAMU K CTPYKTYpE IMpOrpaMM MOArOTOBKU HAYYHBIX M HayUYHO-TIEIarOTHYECKUX KaJpOB
B aCIUpPAHType (aABIOHKTYpPE), YCIOBUSAM UX pean3allM, CPOKaM OCBOEHMS 3THUX IPOTpamM C
y4eToM pa3nuyHblX ¢GopM oOyueHus, oOpa3oBaTeNbHBIX TEXHOJOTHMM H 0ocoOeHHOCTel
OTJICITBHBIX KATETOpUIA acIMPaHTOB (abIOHKTOB) (Tipuka3 MunoOpaayku Poccun ot 20 okTaOpst
2021 r. Ne 951).

Pabouas nporpamma npuHsTa Ha 3acefaHuu GyHKIMOHaIBHOTO aHanu3a «09» mapra 2022
rozaa ITporokon Ne 6.
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1. Heau u 3a1a4M JUCHUTLITHHBI

1.1 Hesgp TUCHUIVIMHBI — U3YYCHUE TPUHIIMIIOB U METOJIOB BBINYKJIIOTO aHAJIN3a, YCIOBUM UX
HpI/IMeHeHI/ISI JJIsI UCCIICAOBAHUA BKCTpeMaJIBHLIX 3aa4 U 3a4a4 OIITHUMAJIBHOI'O YHpaBHGHI/ISI;
(GbopMHpPOBaHHE HABBIKOB IIOCTPOCHMSI MAaTEMAaTHYECKHUX MOJEICH pealbHBIX IIPOIECCOB,
HAaBBIKOB aHa/In3a CUCTEM, Hpoueccms nu SIBJICHI/Iﬁ HpI/I IIOHUCKE OIITUMAJIBHBIX pCH_ICHI/Iﬁ nu BBI60pC
HaWJIy4IIUuX CIIOCOOOB pean3aliy dTUX PEIICHUN.

1.2 3apayu AMCUUILINHBIL .
- U3y4YCHHE TEOPETUICCKUX OCHOB BBIMTYKIIOTO aHAIIN3a;
- (opmHpoBaHME HABBIKOB IIOCTPOCHHUS MAaTEMAaTHYCCKHUX MOJICICH peallbHbIX IPOIECCOB,
MPHUBOJISANINX K BBITYKIIBIM 33/1a4aM | 3a/1a4aM ONTUMHU3AIINH;
- (opMHUPOBaHHS HABBIKOB HCCJICIOBAHUS W PEIICHUS HSKCTPEMAJbHBIX 3ajJad M 3a7ad
ONTHMAJILHOTO YIPABIICHUS C IIOMOIIBIO aJITOPUTMOB U METOOB BBITTYKJIOTO aHAIH3A.

1.3 TpedoBaHus K pe3yJibTATAM OCBOEHHSI UCIHUNIMHBI
B pe3ynbraTe 0OCBOCHHS TUCHUIUIMHBI ACIUPAHT JOJIKEH:

3HaTh:

- COBPEMEHHOE COCTOSIHHE M TEHJICHLUU pPa3BUTHS BBINYKJIOIO aHalu3a M TEOPHH
ONITUMU3AIIHH;

- OCHOBHBIE MPHHIIMUIIBI UCCIEIOBAaHMUS B 3a/layaX BBIMYKJIOIO aHaln3a, dKCTPEeMaTbHBIX
3a/1a4ax M 3ajjauyax ONTUMAJIbHOTO YIIpaBJICHHUS;

- OCHOBHBIE DPa3/ieNbl CMEXKHBIX JUCHUIUIMH, B YaCTHOCTH, MHOTO3HAYHOTO aHaju3a, W
Teopun QyHKIIHOHAIEHO-AH(PepeHInanbHbIX YPaBHEHUH U BKITIOYCHUH;

- pa3aM4YHbIe METO/BI M MOAXOAbI K PEIICHUIO OJTHUX U TEX KE 3a/1a4 ONTUMHU3ALIUU.

Ymers:

- NPUMEHSTh COBPEMEHHBIE METOJbl PEHICHHs W HCCIEAOBAHUS 3a/ay BBIITYKJIOTO
aHaJIM3a, SKCTPEMAJIbHBIX 33]1a4 U 33]1a4 ONTUMAaJIbHOTO YIIPABJICHUS;

- NPUMEHATh pa3Hble METOJbl M TMOAXOJbl K PEHICHUI0 OJHMX M TeX JKe 3ajau
ONITUMU3AIIHH;

- CTPOUTH MaTEMATUYECKHUE MOJIEH PEAJIBHBIX ITPOLIECCOB U SBJICHUM.

Baaners:

- HaBblKaMHM BBIOOpa M UCMOJIB30BaHUS OS((EKTUBHBIX METOJOB pEUICHUs 3aaay
pPa3IUYHOM CIIO)KHOCTHM B OOJACTH  BBIYKJIOIO aHalIW3a, MHOTO3HAYHOTO aHaiu3a H
ONTUMU3ALNH;

- HaBbIKaMU 0TOOpa Hanbosee 23 (HEeKTUBHBIX METOI0B PEILIEHUS TTOCTABICHHBIX 3a/1a4.

2. MecTO AMCUMIIMHBI B CTPYKTYpe NPOrpaMMbl aCIUPaHTYPhI:

HJucuuninuHa «Bpimykielii  aHanu3 B 3ajJadaX  ONTUMHM3aLMM»  OTHOCUTCA K
00pa30BaTeIbHOMY KOMIIOHEHTY <«/lucrumimubl (MOAYJIM)» TPOrpaMMbl aclHUpPaHTYphl IO
Hay4yHoll cnenmanbHoctu 1.1.2. Jluddepennuansuable ypaBHEeHUS U MaTeMaTHueckas (u3MKa.
JucnuninuHa siBisiercs (pakyabTaTUBHOM.

JucuuruinHa «BBIMyKIIbIil aHanu3 B 3aJja4uax ONTUMHU3ALUIY U3y4aeTcsi B 3 CEMeCTpe.

3. O0bém u coaep:kaHue TUCHUTLTUHBI
3.1 O0beM IMCHUTLTHHBI
Ounas ¢popma oOyueHus: 2 3.e.



Bun yuebHo# paboThl OqHa?Bg):I%Mjazg}B?eHHﬂ
O01mast Tpy10€MKOCTh THCHUTITHHBI 12
Konmaxmnas paboma (no yuebHvim 3aHAMUAM) 22
Jlexun (JI) 10
ITpakTnueckue (cemunapckue) 3ausatus (113) 12
Jlaboparopusie 3anstus (JI3) -
Camocmosmenvnas paboma (CP) 50
3auem

3.2 ConepxaHue TMCUUIIHHBI.

No Haszpanue Bun yuebnoli paboThbl, yac. DopMBbI TEKYIIETO
T paszena/TeMsl (ounas popma) KOHTPOJIS
M a1 113 13 | CP
1. Tema 1. Hagama 2 3 ) 10 NuauBunyanbHbIe
BBIITYKJIOTO aHaJIW3a JIOMaIlIHKE 3aJaHusl
2. Tema 2. Boinykiisie 2 3 ) 10 NunuBunyansHble
SKCTPEMaJIbHBIE 3aa4H JIOMaIlIHKE 3aaHus
3. Tema 3. 2 5 ) 10 WnpuBunyanbHble
Koneunomepnas JIOMAIlHKUE 3aJaHusl.
BBIIYKJIasi TEOMETPHUS KonTponbhas pabota
4, Tema 4. Anroputmsl 2 2 ) 10 WunuBuayanbHbie
BBITTYKJIOM JIOMAIIHKUE 3aJaHus
ONTUMU3ALUN
5. Tema 5. Belnmykiibii 2 2 ) 10 NupuBunyansHble
aHaJIu3 u JIOMAIITHHUE 3aJaHus
SKCTpEMaJIbHBIE 3a]a4H

Tema 1. Hayasia BRINYKJIOr0 aHAIN3A
Jlexnus. JIOKambHO BBITYKIIBIE IPOCTPAHCTBA U JBOMCTBEHHOCTh. BBINTyKiIble MHOKECTBA U
¢ynkunu. Metpuka Xaycnopda. KacatenbHble KOHYCBI. BbINyKible MOJMyHENIPEPhIBHBIE CHU3Y
¢yuknuu. HenpepblBHOCTh BBIMYKIBIX (QYHKIMHA. OTIENMMOCTh BBIIYKIBIX MHOXECTB.

OTnenMMoCTh  MHOXKECTB B 0aHaxXOBBIX  IPOCTPAHCTBAaX. Te€opeMbl  OTIEIUMOCTH.

JIBOMCTBEHHOCTh BBINYKIBIX (yHKIUN. ComnpspkeHHble (QyHKIMU. BbruncieHue BbITYKIIBIX

o0osouek MHOXecTB M (QyHKIuil. [Ipon3BoaHbIE MO HANPaBICHUIO JJI BBIMTYKIBIX (YHKIHH.

Cy6mnddepuunansuoe ucuncienue. [lomsipa MHOXkeCTBa.

IIpakTH4Yeckoe 3aHATHE.

1. Omnpenenenue JOKaabHO BBINYKJIOTO IpocTpaHcTBa. [Ipumepsl. OmnpeneneHue BBITYKIOTO

MHOYeCTBA. IIpMMephI BBIMYKIIBIX MHOXKECTB B R%, B ()yHKIMOHAIBHBIX IPOCTPAHCTBAX.

Onpenenenue BRITYKION (yHKIMH, CBOWCTBA, HAATPA(UK, TPUMEDPHI.

3. Merpuka Xaycnopda. Onpenenenue. [Ipumepbl HaXOKICHHUS PaccTOSHUSA 10 Xaycaopdhy
Mexay MHokecTBamu B R™, B (YHKIMOHAJIBHBIX TpocTpaHcTBaxX. JlokaszaTh, dYTO
MHO’KECTBO BBIITYKJIBIX 3aMKHYTBIX MHO)KECTB 3aMKHYTO B MeTpuke Xaycnopda. BriBectu
CIIEZICTBUS: a) MHOXECTBO BCEX BBINMYKJIBIX KOMIAKTOB 00pa3yeT MOJHOE METPUYECKOe
MPOCTPAHCTBO ¢ MeTpukor Xaycmopda; 0) COBOKYITHOCTh BCEX BBIMTYKJIBIX KOMIAKTHBIX
MOJIMHO>KECTB 33/IaHHOTO BBIMYKJIOTO KOMIIAKTa SIBJISIETCSI METPUYECKUM IIPOCTPAHCTBOM B
MeTpuke Xaycaopda.

4. Boinykinas 0001049ka MHOKeCTB. OINpeeNnuTh BRITYKIYI0 0007I04YKY KOHKPETHBIX MHOXKECTB
B R", B QyHKIIMOHAIBHBIX POCTPAHCTBAX.

N



o1

10.

KacarenbHble koHychl. OlpeneneHue, CBOMCTBa, MPUMEPHI

TeopeMbl OTAETUMOCTH BBIMYKJIBIX MHOXeCTB. OTOENIUMOCTh B  KOHEYHOMEPHOM
npocTpaHcTBe. IIpuBecT NpuMep JBYX HENEpPeceKaroIMXCsl 3aMKHYThIX MHOKeCTB M3 RZ,
KOTOPbIE MOXKHO Pa3JIeIUTh CTPOro, HO HeJb3sl CHIIbHO.OTIeIuMOCTh B OECKOHEUHOMEPHOM
IIPOCTPAHCTBE.

Beinykible nosyHenpepbiBHbIE CHU3Y (yHKIMHU. HenpepbIBHOCTH BBIMYKIBIX (YHKLIHH.
[Tokazatrb, uyTO mO0ast BBINyKJIAs (YHKUUS, OTPAaHWYEHHAs HA HEKOTOPOM OTKPBHITOM
MHOXECTBE, SIBJIIETCS] HENIPEPBIBHON (DyHKIMEH.

[TpuBecT mpumep BBHIMYKIOH (QyHKINHU, Y3PPEKTUBHOE MHOXKECTBO KOTOPOH €CTh OTPE30K B
R!, u KoTOpas SBIAETCS HENPEPHIBHOW B KaXJIOW BHYTPEHHEH Touke 3(P(EKTUBHOIrO
MHOX€ECTBA, HO HE SIBJISIETCS JIMIIIULEBONW Ha BCEM OTpPE3KE.

JIBOHCTBEHHOCTD BBIMYKJIBIX (hyHKIMNA. ConpsikeHHbIE (PYHKITUH.

[Tpon3BoiHBIE IO HAIPABJIEHUIO AJIS BBITYKIIBIX (GyHKUIUH. OcHOBBI CyO 1M epHLIHaIBHOTO
ucuncienue. Ilycte A € R™ — Beimykislii koMmakT. Kak cybauddepeHman omopHoi
¢ynkuuu s(p, A) B npou3BoabHOHN Touke p # 0 cBsA3aH ¢ MHOKecTBoM A? B xakom ciryuae
cyonuddepeHnran onopHoi (QYHKIMH SBISETCS OJHOTOYCYHBIM MHOYKECTBOM BO BCEX
TOYKaX IPaHUIIBI MHOXKECTBA?

3agaHusA 1J151 CAMOCTOAATEIHLHOMH padoThI:

[TpopaboTka KOHCIIEKTOB JEKIHI U BOIIPOCOB, BEBIHECEHHBIX HA CAMOCTOATEIBHOE U3YUYEeHUE
OCHOBHOM M JIOIIOJIHUTEIBHOM JINTEPATYPHI.

BeinosnHenne qoMamiHux 3aJaHuii 1 KOHTPOJIBHBIX paboT

Tema 2. BeInyKJIbIe DKCTPEMAJLHDBIC 32129
Jleknus. YcioBus 3KCTpeMyMa. JIBOMCTBEHHOCTH BBINYKJIBIX JKCTPEMAbHBIX 3a/1ad.

3ajaya BBIIYKJIOrO IporpaMMmupoBaHus. OO00OIIEHMS BBIIYKIBIX (DYHKIMHA: JIOKaJIbHO
BBINTYKJIbIE (PYHKIMH, c1a00 W CHIBHO BBIMYKIbIC (pyHKIHH. O000IIEHNe 3a1aud BBITYKIOTO
IPOTrpaMMHUPOBAHMUSL.

1.

ook wm

IIpakTH4Yeckoe 3aHATHE.

3agaya TMHEHHOTO MporpaMMHUpOBaHus. J[BolicTBEHHBIE 3a/1a4l. HEOOXOIUMOE U
JIOCTAaTOYHOE yCIOBHE ONTUMAIILHOCTH.

CdopmynupoBats TeopemMy DKIaH[a.

Cdopmynmnposats Teopemy Kapucru.

VYcnoBus akcTpeMyMa. JIBOMCTBEHHOCTh BBITYKIIBIX KCTPEMaJIbHBIX 3aj1au.

3aaya BBITYKIIOTO TPOrPAaMMHPOBAHUSI.

O0600111eHNS BBIMYKIBIX (DYHKIMNA: JTOKaIbHO BBIMYKJIbIE QYHKIUH, c1a00 U CUIIBHO
BBIITYKJTbIE (DYHKITHH.

O06o00611eHne 3a1auu BBITYKIIOro mporpamMmupoBanus. [Ipumepsl. OCHOBHbBIE YTBEpIKICHHS.
3aganusd 1J19 CAMOCTOAITEIbHOM PadoThI

[TpopaboTKa KOHCIIEKTOB JIEKIMI U BOIIPOCOB, BBIHECEHHBIX HA CAMOCTOSTEIbHOE U3yUECHUE
OCHOBHOM M JIONOJIHUTEIBHOM JINTEPATYPHI.

BrinonHenue 1oManHux 3a1aHuil 1 KOHTPOJIBHBIX PaboOT

Tema 3. KoHeuHoMepHasi BLINYKJIAA FeOMeTpHs
Jleknusi. XKecTKoCTh BBINYKJIBIX MHOTOrpaHHUKOB. Teopembl Kapareonmopu, Pamona u

Xemmm. Tepema MUHKOBCKOTO O CyIIECTBOBAaHUU BBITYKJIOTO MHOrorpanHuka. @opmyisl Kommn
u [Ireitnepa-Munkosckoro. HepaBencrsa bpynna-Munkockoro. Cummerpusanus IIteiinepa u
teopema I'pronbayma-Xammepa. Cummerpu3zanus no bpynny-MHUHKkoBckoMY.

IIpakTH4Yeckoe 3aHATHE.

KecTkocTh BBIYKJIBIX MHOTOIpaHHUKOB. Onpenenenue, npuMepsl. ChopmynupoBarthb
TeopeMy Kolm 0 )KeCTKOCTH BBIITYKJIBIX MHOIOIPAaHHUKOB.

Cdopmynuposats Teopemsl Kapareogopu, Pagona n Xennu o BEITYKIBIX MHOKECTBAX.
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CdopmynupoBath TeopeMmy MUHKOBCKOTO O CYIIIECTBOBAaHUH BBITYKIOIO0 MHOTOIPaHHUKA.
®opmyinbl Ko n I teitHepa-MuUHKOBCKOTO.

HepasencrBa bpynna-MuHKOCKOro.

Cummerpusanus [l TeitHepa u Teopema ['pronbayma-Xammepa.

Cummerpusanus no bpyHHy-MuHKOBCKOMY.

Cdopmynuposats Teopemy bpayspa o HenoBuxkHOM Touke. CHopMyarpoBaTh TEOpeMy
Hlaynepa o HenoaBmwKHOU Touke. [IpuBecTH npuMepsl 0TOOpaKEHUH, YAOBISTBOPSIONINX
ycaoBusaM Teopemsl Hlaynepa.

3agaHus 1J151 CAMOCTOAITEILHOMH padoThI

[TpopaboTKa KOHCIIEKTOB JIEKIHI U BOIIPOCOB, BEBIHECEHHBIX HA CAMOCTOSITEIbHOE U3yUECHUE
OCHOBHOM M JIOIIOJIHUTEIBHOM JINTEPATYPHI.

BeinosnHenne qoMaliHux 3aJaHui U1 KOHTPOJIBHBIX paboT

Tema 4. AJITOPUTMBI BBINYKJIOH ONTHMHU3ALUH
Jleknusi. MeTo/1 IEGHTPUPOBAHHBIX CeUEHUN. MeTo ] OMMCaHHBIX IUTUIICOUI0B. CUMILIEKC-

MCTO/J PCUICHUA 3a/1a4 JIMHEWUHOTO [MporpaMMHupOBaHUs].

1.

IIpakTH4Yeckoe 3aHATHE.
Meton UEeHTpUpPOBAaHHBIX cedeHU. TeopeTnyeckoe 0OOCHOBaHHME. AJITOPUTM METOJA.
IIpocreiimne npuMepsl pELICHNS 3aJa4H BBITYKJION ONTUMHU3ALHH.

. MeToa ONMCaHHBIX DIUIMIICOUIOB. TGOPCTI/I‘IGCKOG 000CHOBaHHE. AJ'IFOpI/ITM METOAA.

IIpocreiimne npuMepsl pELICHNS 3a1a4M BBITYKJION ONTUMHU3ALHH.

. CI/IMHHGKC-MGTOI[ pCUICHUA 3aJad JIMHEHHOTO IMporpaMMHupOBaHUs]. TCOpeTI/I‘leCKOG

o0ocHoBaHue. AnroputM Meroza. [Ipocreiinine npumepsl pelieHHs 3afaud JUHEHHOro
IIPOrPaMUPOBAHHS.

3ajganusd 1J19 CaMOCTOAITEIbHOM PadoThI

[TpopaboTKa KOHCIIEKTOB JIEKIIUH U BOIPOCOB, BBIHECEHHBIX HA CAMOCTOSITENIbHOE N3YyUYEHHE
OCHOBHOM M JIOIIOJIHUTEIBHOM JINTEPATYPHI.

BeinonHenne JoMamHuX 3aJaHuii U KOHTPOJIBHBIX paboT

Tema S. BeInyKJIbIi aHAJIU3 U IKCTPEMAJIbHbIC 321a4H
Jleknus. Ilpunnun Jlarpanxka Ui INIaJKO-BBITYKJIBIX 3ajad. JIAMyHOBCKME 3adadd.

OnTuManbHOE BOCCTAaHOBJIEHHME JIMHEWHBIX (YHKIMOHAJIOB Ha KjaccaX TIJaJkuX U
aHAIUTHYeCKUX (PyHKUMHN. 3a7aun reoMeTprn. 3aJaul TEXHUYECKOTO COAEepKaHUSI.

1.

N

IIpakTH4Yeckoe 3aHATHE.
Bcnomorarenbabie cBenenusi. ChHopMyaupoBaTh JIEMMY O HETPUBHAIIBHOCTUA aHHYJISATOPA.
CdopmynupoBats TeopeMy banaxa 00 oTkpbiToM oTobpaxkenuun. ChopMynupoBarth
teopemy banaxa 06 oGpaTHOM omepaTope.
DneMeHTapHbIe 33jauu 0€3 OTpaHHYeHUH.
O6ocHoBanue npuHnumna Jlarpanxa i TIaKUX 3a7a4 C OTPAaHUYCHUSIMU THUTIA PABEHCTB
Y HEPABEHCTB.
Knacc rnmanko-BeINYKIBIX 3KCTpeMallbHBIX 3anad. [lpunnmn Jlarpawka mis riajgko-
anmpoOKCUMATUBHO-BBINYKJION  3amaun. Ilpunuun Jlarpanxka B MaTeMaTHYECKOM
nporpammupoBanu. [IpuHuun Jlarpanxa B BBITYKJIOM IPOrpaMMHPOBAHUH.
[TpuHuun Jlarpanxka mis JsinyHoBCKUX 3aaad. [Tpunumn Jlarpanka qis 3apaum Jlarpanxa
BAPUAIMOHHOTO UCUHUCIICHHUSI.
OnTumanbHOE BOCCTAHOBIIEHHWE JIMHEWHBIX (YHKIIMOHAJIOB Ha KlaccaxX TIAJKuX H
AHAIUTUYECKUX (PYHKIUH.
[IpuknagHpie S3KCTpEMAIIBHBIE 3aJ1a4M: 3aa4l T€OMETPHH, 3a1a4d TEXHUKH.
3ajanus 1J151 CAaMOCTOATEIbLHON padoThI
[TpopaboTka KOHCTIEKTOB JIEKIIUH M BOMPOCOB, BRLIHECEHHBIX HA CAMOCTOSTEIHHOE U3YUCHUE
OCHOBHOM M JIONIOJIHUTEIBHOM JINTEPATYPHI.
BrimonHenue 1oMalHuX 3a1aHUi U KOHTPOJIBHBIX paboT



4. KOoHTpoJIb 3HAHUI 00y4al0IINXCs

4,1 @OopMbl TeKyHmIero KOHTPOJsI PadoThl ACHMPAHTOB. KOHTPOJbHAs padorta,

WHIUBUIYAJIBHOC JOMAIIHEC 3a1aHUC.

9.

4.2 3agaHus TeKylero KOHTPOJs

KommiekT 3a1anuii Juist KOHTPOJIBHBIX padoT
Jloka3aTb, YTO MHOXECTBO BBIMYKJIBIX 3aMKHYTBIX MHOXECTB 3aMKHYTO B METpHUKE
Xaycnopda. BriBecTH ClIeACTBHs: a) MHOXKECTBO BCEX BBIMYKIBIX KOMITAKTOB 00Opa3yer
IIOJTHOE€ METPUYECKOe IPOCTPAHCTBO C MeTpukoi Xaycnopda; 0) COBOKYIHOCTh BCeX
BBIMYKJIBIX KOMIIAKTHBIX IIOAMHOXECTB 3aJ@aHHOTO BBIIYKJIOIO KOMIIAKTa SIBJISETCS
METPUYECKUM MPOCTPAHCTBOM B MeTpHKe Xaycaopda.
[Tokazarp, uro mr00as BBINyKIas (YHKIHS, OTPaHUYEHHAsT Ha HEKOTOPOM OTKPHITOM
MHOXECTBE, SIBJIIETCS] HENIPEPBIBHOM (DyHKIIMEH.
[TpuBecTn mpumep BBHITYKIOH (QyHKINH, 3PPEKTHBHOE MHOKECTBO KOTOPOW €CTh OTPE30K B
R!, u KoTOpass SBISAETCA HENPEPHIBHOW B KaXIOH BHYTPEHHEH TOYke >(P(EKTUBHOIO
MHOX€ECTBa, HO HE SBJISIETCS JIMIIINULEBONW HA BCEM OTpPE3KE.
[IpuBecTH IIPUMEP JBYX HENEPECEKAIOMINXCS 3aMKHYTBIX MHOXKECTB U3 R?, KOTOphIE MOKHO
pas3enauTh CTPOro, HO HEJb3s CHIIBHO.
Jloka3ath, 4TO IOMOJHEHHE K OTKpbiToMy Imiapy B,(0) B ruiab0epTOBOM MPOCTPAaHCTBE
SBJISICTCS 3aMKHYTBIM, HO He SIBJIETCS ¢1a00 3aMKHYTBIM.
Haiitu conpspkeHHYI0 GyHKIUIO [ it QyHKIIH:
a) f(x) = llxll,x € H;
b) f(x1,x5) = +/2x% + 3x3;
C) f(x1,x2) = 3[xq| + 4lxz| + 1
d) f(x1,x2) = max{|x|, |x[}.
Kak BBIMUCINUTH OMOPHYIO (PYHKIINIO OObETUHEHHS IBYX MHOXKECTB, 3Hasl OTIOPHbIE (QYHKIIMU
ITUX MHOECTB?
Kak BbIUHCINTH OMOPHYIO (QYHKIUIO NEPECEUEHUs IBYX BBIITYKJIBIX 3aMKHYTBIX MHOXECTB
10 OTIOPHBIM (DYHKIMSM JaHHBIX MHOXKECTB?
Ipusect B R? npumep QyHKIMHU pa3pbIBHON B Touke, HO auddepenuupyemoii no I'ato B
9TOU TOYKE.

10. Haiitu cyoauddepenuan GyHKIUN BO BCEX TOUKAX:

a) f(xq1,x2) = max{|2x,], |3}

6) f(xy,x3) = Ix, |3 + x4,

11. Haiitu cyonuddepenunan pyHkumu:

a) f(xq,xy) = max{lxll + |x,l; 1,2¢/x2 + x%} B Touke (0,0);
0) f(x1,x3) = v/x2 + x2 + max{|x,; — 5|; |x, + 5|} B Touxax (0,0) u (5,-5).

12. Kak mepedTi OT 3aJaud «HAXOXICHHS YCIOBHOTO MHUHUMYMa BBITYKJIOW (YHKIIMU Ha

BBIITYKJIOM 3aMKHYTOM MHOXECTBE» K 3ajJade Ha Oe3yCIIOBHBIH MHUHHMYM HEKOTOPOM
(GYHKIMH 110 BCEMY IPOCTPAHCTBRY?

13. B kakom cjIydace HOpMaHBHBIﬁ KOHYC MNEpPCCCUCHUS BBIITYKIIBIX MHOXKCECTB COBIIAAACT C

1.

CYMMOP'I HOPMAJIbHBIX KOHYCOB BBIITYKJIBIX MHOKCCTB, BXOOAIIUX B nepecequI/Ie?

NuauBuayaabHble JOMAIIHHE 321aHUSA
[Tokazatk, 4TO JUIsl TPOU3BOJIBHBIX 3aMKHYTBIX MHOKECTB A 1 B 13 OaHaxoBa MpOCTpaHCTBA
E cymma (mo MwuHKOBCKOMY) ATHX MHOXKeCTB A+B MOXKET oOKa3aTbCcsi HE 3aMKHYTHIM
MHOXECTBOM. J[oka3aTh, YTO €CIM OJHO M3 ATHUX MHOXECTB SBIISETCI KOMIIAKTOM, TO
MHOkecTBO A+B 3amknyTO. Jlokazarh, 4To ecinm o0a MHOXeCTBa A W B KOMIakTHBI, TO
cymma A+B ToXe KOMITaKT.
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10.
11.
12.
13.
14.
15.

16.
17.
18.
19.
20.

21.

[Tycts MHOXKECTBO A M3 GaHaxoBa MpOCTpaHcTBa E BEHIMYKIIO ¥ €ro BHYTPEHHOCTH int A # Q.

Jloka3aTp, UTO MHOXKECTBO int A BBITYKJIO U BCIOLY IIJIOTHO B A.

[TokxazaTh, 4TO 3aMKHYTOCTb MHOKECTBa A HE rapaHTUPYET 3aMKHYTOCTh MHOXXECTBa COA
Jaxke Ha mIockocTu RZ.

Haiitu onopryto ¢yHkmuio: a) otpeska [a, b] € R™; 6) n — mepHOro Kyda ¢ pebpaMu [UIHHBI
2, napajuieIbHBIMH OCSIM KOOPJAHUHAT U LIGHTPOM B HYJIE.

[Tycte A € R™ — Boimykiibiii KommakT. Kak cyoauddepennuan onopHoit dpyukiwu s(p, A) B
POU3BOIBHON Touke p # 0 cBsizaH ¢ MHOkecTBOM A? B kakom cinydae cyonuddepenuuman
OTMOPHOW (YHKIIMHM SIBJIICTCS OJHOTOYEYHBIM MHOXKECTBOM BO BCEX TOYKAX TPaHUIIBI
MHOXecTBa?

[TycTh B 3aMKHYTOM U OTPaHHYECHHOM MHOXeCTBe M3 R™ CyIlIecTByeT Mo MeEHbIICH Mepe
OJlHa TOYKa, Takas, 4To Jito0as MPOXOoAdAlas 4Yepe3 Hee MpsMas HMeeT C JaHHBIM
MHO>KECTBOM €IMHCTBEHHBIN 001l 0Tpe3ok. [[oka3aTh, 4TO Bce TOUYKH, 00IaIaAI0MINE S THM
CBOMCTBOM, 00Pa3yIOT BBITYKIIOE TEJIO.

4.3 IIpoMe:KyTOUYHASI ATTeCTAIUS M0 JUCHUILJIMHE IPOBOAUTCA B (hopMe 3ayeTa.

Bomnpocsl 3auera
Brimykiibie MHOKecTBa. Bhimykias 0o6omoduka MHOkecTBa U hopmyna st He€. JInHelHbIe
000JI0UKH.
Metpuka Xaycnopda.
Teopema Kapateonopu. Beinykias 0607104Ka KOMITAKTa - KOMIIAKT.
Addunnas obomouka. AdduHHAST HE3aBUCHUMOCTh. bapHIICHTPUYECKHE KOOPJIMHATHI.
Pa3MepHOCTb BBINYKJIOTO MHOKECTBA.
N-mepHblii cumiuiekc B R™ u HenmycroTta ero BHyTpeHHOCTH. OTHOCHTENbHAS BHYTPEHHOCTh
BBIITYKJIOI'O MHOXKECTBA U €€ HEIyCToTa.
Anrebpa BBITYKJIBIX MHOXKECTB. DJeMeHTapHbIe cBOCTBa. CTporasi OTJeIMMOCTh TOUYKU OT
HE COJEPIKAILEro €€ BBIITYKIOro 3aMKHYTOI'O MHOKECTBA.
OTaenuMocCTb U CTPOTras OTAEIMMOCTD BBITYKIIBIX MHOYKECTB.
Otaenumocts 1 Teopema XaHa-banaxa.
Boinyknble pyHKIMM U UX OCHOBHBIE CBOWCTBa (Haarpapuk, 3p(peKTUBHOE MHOXKECTBO U
T.J1.). 3aMbIKaHHE BBITYKJIbIX (QYHKIIUH.
Conpsixkénnble pyHKUIMK U uX cBoiicTBa. HepaBencto FOura-denxens.
Teopema bpayaspa 0 HEMOABUKHOM TOUKE.
Teopema denxens-Mopo.
Omnopsble ¥ UHAUKaTOpHBIE QyHKIMH. X conpsokEHHBIE.
Jlemma @apxkaria.
CyOnuddepennmansl  BBIMYKIbIX (GYHKIMH W HUX cBoOHcTBa. (OCHOBHBIE TEOPEMBI
cyonuddepeHIanibHOro HCUNCICHUS.
Teopema Mopo-Poxkadennapa.
Teopema Kpeiitna-Mmuiibmana.
ITosstpa MHOXKECTB.
3a/1aya BHITYKIJIOTO IPOrpaMMUPOBAHUSI.
OO6o001ieHre BBIMYKIbIX (YHKIMHA: JIOKAJbHO BBINYKIbIE (YHKIHMH, CIa00 M CHUJIBHO
BBIMYKJIbIE (DYHKIUU.
O06o00611eHMe 3a71a4 BBITYKIIOTO TPOrPaMMHUPOBAHUS.

3ajanus Juis 3a4eTa
HOKaSaTB, YTO MHOXECTBO BbBIIMYKJIBIX 3aMKHYTBIX MHOXCECTB 3aMKHYTO B MCTPHUKE
Xaycnopda.
[Tycts MHOXeCTBO A M3 OGaHaXOBa MPOCTPaHCTBA E BHIMYKIIO U €ro BHYTPEHHOCTH int A # .

Jloka3aTp, UTO MHOXKECTBO int A BBITYKJIO U BCIOLY IJIOTHO B A.



[IpuBecTn mpuMep 3aMKHYTOIO MHOKECTBa A TaKOro, 4TO MHOXECTBO COA HE 3aMKHYTOE
MHOKECTBO.

Haiiti omopHyr0 GYHKIIHIO [Iapa Ha IUIOCKOCTH C IIEHTOM B TOuKe (@, b) paauyca r.
Ipusect B R? npumep (yHKIMU pa3pbIBHON B Touke, HO mauddepenuupyemoii no I'ato B
JTOU TOYKE.

4.4 lllkana oneHNBaHUS MPOMEKYTOYHON aTTecTALMHA

OIIeHKa OcHOBHbBIE IOKA3aTeJIH AOCTMIKCHHUS pe3yjabTaTa

«3a4TEHOY ChopmupoBanbl, HO, BO3MOXHO COJAEp)KAIlUE OTHEJIbHBIE MPOOEIHI,
IIPEJICTABICHUSI O COBPEMEHHOM COCTOSSHUM M TEHJACHIMSIX Ppa3BUTHA
BBIITYKJIOTO aHAJIN3a U TEOPUU ONTUMU3ALUH.

CdhopmupoBanbl, HO, BO3MOXKHO COJEpXKAIlUe OTAEIbHbIE MPOOEIIHI,
MPEACTABICHUS O IPUHLHUIIAX HCCIEAOBaHMUS 3a7ad BBIIYKJIOrO aHaIM3a,
3aJ1a4 ONTUMU3ALUU.

ChopmupoBanbl,  BO3MOXXHO  COJEpKallle  OTAeNbHble  MpoOesbl
IIpesicTaBiIeHHs] 00 OCHOBHBIX pa3J/ielaX CMEXHBIX AUCLUILIINH, B YACTHOCTH,
MHOTO3HAYHOT'O aHallu3a, Teopuu (PyHKIHOHAIBHO-AU(EepeHInATbHBIX
YPaBHEHUN U BKIIOUYECHUH, ONTUMAIIBHOTO YIIPABJICHUS.

ChopmupoBanbl,  BO3MOXXHO  COJEpKallle  OTAeNbHble  MpoOesbl
MPEJCTABICHHUS O Pa3HOOOPA3UU METOJOB M MOJIXOM0B K PELICHUIO OJHHUX U
TEeX K€ 3a]]a4, B TOM YHCIIE U3 CMEKHBIX 00J1acTell HayKu.

B nenom ycnemHoe, HO, BO3MOYKHO, HE CUCTEMAaTHUECKU OCYILECTBISEMOE
yYMEHUE NPUMEHSITh COBPEMEHHbBIE METO/Ibl PELICHUSI U UCCIIEOBAaHUs 3a/1a4
BBIIYKJIOTO aHAJIM3a U 3ajia4 ONTUMHU3ALHH.

B uenom ycnemiHoe, HO, BO3MOXHO, HE CUCTEMAaTUYECKU OCYLIECTBIISIEMOE
YMEHHE NPUMEHSAThH Pa3HbIE METO/IbI U MOJIXO/Ibl K PELICHUIO OJJHUX U TEX XKe
3aJja4 B 00JIACTH BBITYKJIOI'0 aHAJIM3a U ONTUMHU3AINH.

B nenom ycnemiHoe, HO He cCUCTEMaTUYECKOE BJIaIeHUE HaBbIKaMu BbIOOpa 1
UCMOJb30BaHUS A(PPEKTUBHBIX METOAOB pEIICHUs 3a7ad  pa3IMyHOU
CJI0)KHOCTH B 00JIACTH BBIMYKJIOTO aHAIN3a, AMPPepeHInanbHbIX YpaBHEHUH
Y BKJIFOUEHUH, ONTUMAJIBHOTO YIIPABIICHUS.

B unenom ycnemHoe, HO, BO3MOXXHO. HE CHUCTEMATHYECKOE BIIaJCHHE
HaBblkaMH  0TOOpa  Haubosee APPEKTHUBHBIX  METOJIOB  pPELICHUs
MIOCTABJIEHHBIX 3aJau.

«He 3auTeHo» | OTcyTCTBUE 3HaHHMM WM (pparMeHTapHble MPEICTABICHUS O COBPEMEHHOM
COCTOSHMM M TEHICHLUAX PAa3BUTUA BBIIYKIONO aHalW3a U TEOPUHU
ONTUMU3ALMK, WM HAIWYMAE, BO3MOXKHO, HEIMOJIHOTO IIPEICTABICHHS O
COBPEMEHHOM COCTOSIHUM W TEHJCHIMSIX Pa3BUTUSA BBINYKJIOIO aHaIU3a U
TEOPUH ONTUMM3ALUU.

OtcyrcTBUE 3HaHUM, (parMeHTapHble WM HEMOJHBIE MPEACTaBICHUS O
IIPUHLUIIAX HCCIEAOBAHMA 3aJad BBIIYKIOIO aHAM3a, JKCTPEMalIbHBIX
3a/1a4, 3aJ1a4 ONTHMAJIBHOTO YIIPABJICHMUS.

OtcyrcTBUE 3HAHUM WM (QparMeHTapHbIE MpPEJICTaBICHUsI 00 OCHOBHBIX
paszenax CMEXHBIX JUCHUIUIMH WM HENOJHbIE TMpeACTaBIeHUs 00
OCHOBHBIX Pa3eiIax CMEXHBIX JUCLUIIINH.

OtcyrcTBUE 3HAHUU WM (GparMeHTapHbIE MPEACTABIECHUS O BO3MOKHOM
pa3HooOpa3u METOJIOB M MOAXOJO0B K PEIICHUIO OJHUX U TeX )K€ 3aJad, B
TOM 4YHCJIE U3 CMEXHBIX 0o0JjacTell HayKd WJIM HENOJHBIE MPEACTAaBICHUS O
BO3MOKHOM pa3zHOOOpa3uy METO/0B M MOAXOJO0B K PEIICHUI0 OJHUX M TeX
e 3a/1a4, B TOM YHCJIe U3 CMEKHBIX 00JacTeld HayKH.

OTCcyTCcTBME YMEHMM WM YacTUYHO OCBOCHHOE YMEHHE MPUMEHSTh




COBPEMEHHBIE METOJbl pELIEHUS M HCCIEAOBAHUA 3a4a4 BBIITYKIOIO
aHanu3a, 3a/1a4 ONTHUMU3ALUN.

OtcyrcTBHME YMEHHH WM YaCTMYHO OCBOEHHOE YMEHME NPUMEHSATH Pa3HbIE
METOABl M TOIXOABl K PpEIICHUI0 OJHUX M TeX XK€ 3ajad B o0nactu
BBIITYKJIOTO aHAJIM3a U TCOPUU ONTUMU3ALIH.

OTcyTcTBHE HAaBBIKOB MM (hparMeHTapHOE BJIaJCHHE HABBHIKAMH BbIOOpa U
UCIOJb30BaHUSA J(PPEKTUBHBIX METOAOB pELICHUs 3a7ad  pa3iIMyHOU
CIIO)KHOCTH B OOJIACTH BBIMYKJIOTO aHAIU3a, SKCTPEMAaJIbHBIX 3a/a4 U 3a7ad
ONTUMAJIBHOT'O YIIPABJICHUS.

OTcyTcTBUE HABBIKOB WM (hparMeHTapHOE BiaJleHHE HaBBIKaMU OTOOpa
HaunOosee 3 (HEeKTUBHBIX METOJIOB PELICHUs IOCTaBJICHHBIX 3a/1a4.

5. YueoHo-MeTOoMYecKOe U MH(OPMAIIMOHHOE o0ecriedeHe TUCIUNIHHbI

5.1 OcHoBHasi IuTEpaTypa:

1. Apyrtionos, A.B. Jlekuuu no BeIMYKJIOMY U MHOTO3HauHOMY aHanu3y [TekcTt] : yueb.
nocobue / A.B. ApytionoB .— M. : DUSMATIINUT, 2014 .— 184 c¢. — ISBN 978-5-9221-1558-
2.

2. bnaromarckux, B.J. BBenenune B omTHManbHOE yIpaBlieHHE (JIMHEHHAas Teopus)
[Tekcr] : YueOnuk ans By30oB / B.M. bnaromarckux .— M. : Beicur. mik., 2001 .— 239 ¢. —
(Boicmast maremaruka) .— ISBN 5-06-003983-8 : 64.60.

3. Xykosckui, E.C. JIunelinble 3BOMIOLMOHHBIE (PYHKIMOHAIBHO-TUGEpEeHIATbHbIE
ypaBHeHHs B OaHaxoBoM npoctpaHcTse [Tekcr] : Monorpadus / E.C. XKykosckwuii ; Tam0. roc.
yH-T uM.I".P.JlepxkaBuna .— TamboB : U3a-Bo TI'Y, 2003 .— 148 c. — ISBN 5-89016-078-8 :
40.88.

5.2 lonoJiHUTeIbHAS JIUTEPaTypa:

1. bopucouu lO. I'., I'enpman b. 1., Meimkuc A. J1., O6yxosckuii B. B. BBenenue B
TEOPUI0 MHOTO3HAYHBIX OTOOpaxeHH M audQepeHuuanbHbIX BKIOYEHHH. 2-oe u3a. M.:
Kumwxusiii oM «JIubpoxomy, 2011.

2. Bacunbes ®. I1. Metoas! ontumuzanum. T.1,2. M.: MITHMO, 2011.

3. Hodde A. JI., Tuxomupos B. M. Teopus sxcTpemanbHbIx 3a1au. M.: Hayka, 2013.

4. Kimapk ®@. Ontumuzanus u Hernnaakuil ananus. M.: Hayka, 2008.

5. Bacunbes @. I1., UBanuukuit A. 1O. JIuneitHoe nporpamMmmupoBanue. M.: @akropuain
I[pecc, 2003.

6. Bapra /Dx. OntumanbsHoe ynpaBieHue auddepeHnnanbHbIME U GYyHKIMOHATBHBIMU
ypaBHeHusMu. M.: Hayka, 2007.

5.3 UHble HCTOYHHKH:

1. TITwenwnunsnii b. H. Beimykisiit ananus u skctpemanbible 3a1aun. M.: Hayka, 2011.

2. Poxademnep P. T. Bemykisiid ananus. M.: Mup, 2013.

3. DOxuana U., Temam P. Boimykislii aHanu3 U BapualMoHHbIE mpobiemsl. M.: Mup,
2009.

4. Borwein J. M., Lewis A. S. Convex Analysis and Nonlinear Optimization. Springer.
Science + Business Media. Inc, 2006.

5. Tonosunkun E. C., banamoB M. B. DneMeHTbI BBITYKIOT0 U CHUIBHOBBITYKIJIOTO
anaymsa. M.: @usmamimt. 2004.

6. MartepuajbHO-TEXHHMYECKOe olecneyeHHe IMCHUILIMHBI, MPOrpaMMHOe olecredyeHue,
npogeccnoHanbHbIe 0a3bl JAHHBIX 1 HHPOPMALHMOHHbIE CIIPABOYHBIC CHCTEMbI

Jns mpoBeneHUs 3aHATHA TO JTUCHUIIMHE HEOOXOAMMO CIIEAYIOIIee MaTrepuaIbHO-
TEXHHYEeCKoe oOecreyeHne: TMOMEIIEHUs JJIsl TPOBEACHUS 3aHATHH JIEKIIMOHHOTO U
CEMHUHAPCKOTO THIIA, T'PYIIIIOBBIX W HHIAWBHUAYAJIbHBIX KOHCYJIBTaHI/Iﬁ, TCKYHIErO0 KOHTPOJIA H



IPOMEXYTOUYHOM aTTecTaluy, MOMEIICHUS JJIs1 CAMOCTOSTEIHHON paboTHI.

[ToMemieHnsT  YKOMIUIEKTOBAaHBI ~ CIICIMAIM3UPOBAHHOW MEOENbl0 M TEeXHUYCCKHMHU
cpeacTBaMu OOYYCHHSI, CIY>KallUMH Uil TPENCTaBICHHUs] y4eOHON uHGMOpMAuu OOJbIION
ayJUTOPUH.

Jns  mpoBeneHHMs ~— 3aHATHA — JIGKIMOHHOTO  THMA  HUCIOJB3YIOTCS  HAOOPHI
JEMOHCTPAIIMOHHOTO ~ 00OpYIOBaHUs,  OOCCIICYMBAIONINE  TEMAaTUYCCKUE  WILTFOCTPAIHU
(mpoekTop, HOYTOYK, 3KpaH/ HHTEPAKTUBHAS JIOCKA).

[TomemeHust Al CaMOCTOSTENILHOW pabOThl OOy4YarOMIMXCS OCHAIIEHBl KOMIBIOTEPHOU
TEXHUKOH C BO3MOXKHOCTBIO MONKIIOUEHHUS K cetu «MHTepHeT» m obecreueHreM J0CTyra B
ANIEKTPOHHYIO HHPOPMAITMOHHO-00pa30BaTeIbHYIO Cpely YHUBEPCUTETA.

JuieKTPOHHAsi UHGOPMALIMOHHO-00pa3oBaTe/ibHasl cpeaa
http://moodle.tsutmb.ru
B3aumopeiictBue mpemnojaBaTens M aclupaHTa B IPOIECCe OCBOCHUS JIUCHUIUIMHBI
OCYIICCTBIIACTCA oCpcaACTBOM My.HLTHMGI{HfIHBIX, THIICPTCKCTOBBIX, CCTCBBIX,
TEJICeKOMMYHUKAIIMOHHBIX TEXHOJIOTUH, HCIOIB3YEeMBIX B JJIEKTPOHHON HH(OPMALMOHHO-
00pa3oBaTeNbHON Cpejie YHUBEPCUTETA.

.JII/IIICH3I/IOHHOC nmporpaMmMHoe¢ od0ecneyeHmne:

Omneparmonnas cuctema Microsoft Windows Vista Business Russian

Kaspersky Endpoint Security mnst 6usneca — Cranaaptaeiid Russian Edition. 1500-2499
Node 1 year Educational Renewal Licence

Microsoft Office ITpodeccruonanbupiii miroc 2007

I/IH(l)OpMaIII/IOHHI)Ie ClIpaBOYHbIC CUCTEMBI U leO(l)eCCI/IOHaJ'II)HBIe 0a3bl JaHHbIX:

OBbC «YHuBepcureTckast OMOINOTEKA OHJIANHY http://www.biblioclub.ru
OBbC «KoHcynbTaHT CTyJAeHTa»: MeauiuHa. http://www.studentlibrary.ru
3npaBooxpanenue, Kommiekr ['ymaHuTapHbie HayKu

ObC «IPRSMART) (crapoe Ha3Banue « IPR books») http://iprbookshop.ru
OBC «tOpaiiT» http://www.urait.ru
CeteBas 2JIeKTpOHHAst OMOIMOTEKA Nenarornyeckux By3oB | https://e.lanbook.com/
Hayunas snekrponHas 6ubianorexka eLIBRARY.RU http://elibrary.ru
l'ocynapcrBenHast nHpOpMalMOHHAs cUCTEMA https://H36.pd
«HarroHanpHast 2IeKTPOHHAs] OHOIHOTEKa

IMpesunenrckas oubmmoreka nmern b.H. Enprinaa http://www.prlib.ru
DeKTPOHHBIN cipaBoYHUK «HPOPMIO» www.informio.ru
CrpaBouHas npaBoBas cuctema «KoHcynpranT [lmocy http://www.consultant.ru
ApXHB HayYHBIX KYPHAJIOB 3apYO€KHBIX H3]IaTEIbCTB https://arch.neicon.ru
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