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AHHOTanus padoyeil MporpaMMspl IMCUUIIIMHBI

HuctunnuHa «DyHKIIMOHATBHBIA aHAIM3» BXOJUT B BapHATHBHYIO 4YacTh 00paszoBa-
TEeNIbHOW TporpaMMbl OakanaBpuara 1o HamnpasieHuto 02.03.02 - dynaameHTalbHas
nHpOpMaTHKa U HHPOPMAITMOHHBIC TEXHOJIOTHH.

JuciumuinHa peanusyercd Ha (GakylIbTeTe MaTeMAaTUKU U KOMITBIOTEPHBIX HayK Kaden-
poil ntuddepeHnranbHbIX YpaBHEHUN U (DYHKIIMOHATIBLHOTO aHAINU3a.

ConepxaHue JUCHMIUIMHBI OXBAThIBAET KPYT BOIIPOCOB, CBSI3AHHBIX C METPUYECKUMHU U
HOPMHUPOBAHHBIMU IPOCTPAHCTBAMH, TEOpHUEN omepartopoB. M3ywyaemsblii marepuan
MPUMEHSCTCA B 3a/JadaX MaTEeMaTHYECKOW (PU3UKH, B TCOPUH HHTETPATHHBIX YpaBHE-
HU, B OOIlEel TEOpUH MPUOIMKEHHBIX METOJ0B U T.1. JucuuminHa « OyHKIIMOHAIb-
HBIN aHaJIu3» HE0OXOJIMMO U3Yy4aTh ISl OBJIaJCHUS OOIIMMHU METOJaMHU PEIICHUs Ore-
PaTOPHBIX YPABHEHUN W IPUMEHEHUS UX MIPU PEIICHUN KOHKPETHBIX 3a7a4.

JlucuuInHa HalleJIeHa Ha (POPMHUPOBAHKE CIICAYIONIMX KOMITCTECHITHH BBITYCKHUKA!
npodeccrnonanbHbIX — [1K-2.

HpCHOIIaBaHI/IG AUCHUILIMHBI IIPCAYCMATPHUBACT IIPOBCACHUC CICAYIOIINX BHU/IO0OB y‘I€6-
HBIX 3aHSATHM . JeKyuu, npaKkmudecKue 3araAmusl U camocmoimelbHasi pa60ma.

Pabouast mporpamMmmMa AMCHUIUIMHBI MPETyCMaTPUBAET MPOBEACHUE CIETYIONINX BUJIOB
KOHTpPOJII ycrieBaeMocTu: B (dopme 4-x Ko1oKeuymos (moodyneti), TPOMEKYTOUHBIN
KOHTPOJIb B (popme ax3amena.

OO0beM TUCHUIUIMHBI 4 3a4eTHbIE €AMHULIBI, B TOM YMCJIE B aKaJIeMUYECKUX 4Yacax o
BUJIaM y4€OHBIX 3aHATHI:

VYueOHbIe 3aHATUS dopma
B TOM YHCJIC IPOMEKY-
KonTtakTHas paborta o0y4aromuxcs ¢ npe- TOYHOM at-
Ce- [1oJaBaTelIeM CPC, TeCTaluu
weerp | BCe€” 3 HUX B TOM (3auer,
ro | Jlek | Jlab6opa- | IIpaktu- | KCP | Komn- | uucne | auddepen-
U | TOPHBIC | YECKHE Cylb- | DK3a- | [HMPOBaH-
3aHATHS | 3aHATHS Tanmuu | MEH | HBIH 3a4€ET,
HK3aMEH)
6 144 | 26 24 94 DK3aMeH




1. Ileau ocBOeHMsI AMCHMILINHbI

v’ OBIIaJIEHHE TEOPHEN METPHUYECKUX K HOPMHUPOBAHHBIX POCTPAHCTB;

v’ 03HaKOMIICHHE C (PYHIAaMEHTAIbHBIMH CBOWCTBAMH OCHOBHBIX (DYHKIIHOHAIb-
HBIX IIPOCTPAHCTB U OMEPATOPOB, JEHCTBYIONIUX B HUX;

v/ TBOpYECKOE OBJAJCHUE OOIIUMH METOJaMH MCCIEIOBAHUSA M PEIICHUS Olepa-
TOPHBIX YpaBHEHUH;

v’ 03HaKOMIJICHHUE C TPHUKJIaTHBIMU aclieKTaMH (DYHKI[MOHAILHOTO aHAIK3a.

2.  Mecro qucuumiannsl B ctpykrype OOII 6akanaBpuata

Juctuuimaa @yHKYUOHAIbHBII AHATU3 BXOJUT B BAPUATHBHYIO YacTh MAaTEMAaTUYECKO-
IO U eCTECTBEHHOHAyYHOTO IHMKJIA 0Opa3oBaTENbHON MPOTpaMMBI OaKaIa8puama 1o
HarnpasieHuto 02.03.02 - @ynoamenmanvuas ungopmamuxa u uHGOpMayUoOHHblE MmeXx-
HOO2UU.

Kypc ¢yHKIMOHaNBEHOTO aHamM3a NpernojaeTcs Ha 3 Kypce, MOcie U3yYEeHHs] MaTeMa-
TUYECKOT0 aHaiu3a, AuddepeHmaibHbIX ypaBHEHUH, anreOpsl U reometpun. OyHKIm-
OHAJIBHBIN aHAJIW3 MPENOAAETCs MapaliebHO C KypcaMH «YpaBHEHUSI B YACTHBIX MPO-
U3BOJHBIX» U «Teopus pyHKINNA KOMIIJIEKCHOTO IEPEMEHHOT0». DTO MMO3BOJISIET HILTIO-
CTPUpPOBATh CBOMCTBA OOpaTHBIX ONEPATOPOB, COIMPSKEHHBIX ONEPAaTOPOB, OTPAHUYEH-
HBIX U HEOTPAaHWYCHHBIX ONEpPATOPOB HA KOHKPETHBIX MpUMEpaxX KpaeBBIX 3ajay s
ypaBHEHUI MaTEMaTUYECKON (PUBUKHU.

K y4eOHBIM AuCIUIIIIMHAM, TaK WJIM MHAYE BJIMSIONIMM HAa KA4eCTBO IOJyYaeMbIX 3Ha-
HUM 110 JAHHOM JUCIUIIJIMHE, OTHOCSATCS:

e MareMaTHYeCcKuil aHaIM3 — OCHOBHAS JUCHUIUIMHA JJIsl TPOPECCUOHAIBHOIO MaTe-
MaTvKa, U3ydaromas npejaeiabHble Nmepexosl B OECKOHEUHO MaJIbIX U OECKOHEYHO
0O0JBIINX BEIMYMHAX, AU (depeHInaIbHOe U HHTErpaJbHOE UCUUCIICHUE, IS TIPE-
CTaBJICHUs pelleHud audepeHInanbHblX YpaBHEHUN Kak Ipeaesbl MocienoBa-
TEJBHOCTEHN UM CyMMBbI O€CKOHEUHBIX PSI/I0B.

e Jeomerpuss u anreOpa — MO3BOJIAIOIIAS OTPa0OTAaTh HABBIKM T€OMETPUUECKOTO
NpEICTaBICHNs a0CTPAKTHBIX METPUUYECKHX M TOMOJOTMYECKHUX MPOCTPAHCTB, IS
YCHEIIHOTO0 BOCHPUATHUS JUHEHHBIX BIOJIHE HEMPEPBIBHBIX OINEPaTOPOB B OECKO-
HEYHOMEPHBIX TMIILOEPTOBBIX MTPOCTPAHCTBAX.

OcBoeHME JaHHOW MUCIUIUIMHBI HEOOXOIUMO JIJIsi MOCJIEAYIOIMIETO U3y4YEeHUS TUCIIH-
vH "Metoasl Berunciaenuit”, "Bapuannonnoe ncuncienue".

3. Kommnerenuuu ody4awiuerocsi, popmupyembie B pe3yJibTaTe OCBOEHHMS M C-
UMILIMHBI (MepeYyeHb MJIAHNPYEeMbIX Pe3yJIbTATOB 00y4YeHusl.

Komne- | ®opmynupoBka komnereH- | [lnanupyemsie pe3ynbraTbl 00ydeHUs
TEHIIUU i u3z GIrrocC BO (mokaszareynu JOCTHKEHUS 3aaHHOTO
YPOBHSI OCBOEHHUSI KOMIIETECHIINH)
[1K-2 CrocoOHOCTh HWCIOJIB30BaTh | 3HAET: OOIEHAYyYHbIE 0Oa30BbIE TOHS-
yrayOJieHHbIE ~ TeopeTude- | TS (DYHKIIMOHAIBHOTO aHajun3a, Orlle-




CKM€ U TPAKTUYECKUE 3Ha-
HUA B obyiact mHGOpMaIIK-
OHHBIX TEXHOJIOTMA W TIPH-
KJIaJHOM MaTeMaTuku, (yH-
JaMEHTAIbHBIX KOHIETIUN 1
CUCTEMHBIX  METOJIOJIOTHH,
MEXIYHApOAHBIX U Tpodec-
CHOHAJIbHBIX CTaHIApTOB B
obnactTu MH(POPMAIIMOHHBIX
TEXHOJIOTUH.

paTOpPHBIX YpaBHEHHIA, B YAaCTHOCTH,
WHTETPABHBIX YpPaBHEHUH.

YMeeT: TpaMOTHO MPUMEHSTH anmapar
(GYHKITMOHATLHOTO aHajN3a JJIs pellie-
HUSI WHTETpalbHbIX, aAubdepeHInaib-
HBIX U (DYHKIIMOHATLHBIX YPaBHEHUH, a
TaK)X€ B TMPUKIIAIHBIX UCCIICIOBAHUSX,
HarpuMep, TPU HU3YYCHUH (Pu3nye-
CKHUX, JKOHOMHUYECKHX TIPOIECCOB M
3a1a4 00paboTKu HHGOPMAIIUH.
Bnaneet: anmapatoMm (QyHKITMOHAITBHO-
ro aHaJIM3a ¥ METOJaMH PEIICHUS Olle-
pPaTOPHBIX YPaBHEHUU JIJISi TIOCTAHOBKHU
3a/lady U OCYIIECTBJICHUS MaTeMaThye-
CKOTO  MOJICIUPOBAHUSI  PA3ITMUHBIX
O0OBEKTOB U SIBJICHUH.

4.  O0beM, CTPYKTYpa H COjAepPKaHNe N CHUILTHHBI.

4.1. O0beM DUCLUILIMHBI COCTABIIAET 4 3aueTHbIe eUHUILGI, 144 akageMUUecKHUX vaca.

4.2. CTpyKTypa IACUUIUIUHBI.

Bunbl yueObHoit padotel, | Dopmsl Te-
BKJIFOYAsl CAMOCTOSITENb- KyLIEro
Ne < HYIO0 pa0bOTy CTYICGHTOB U | KOHTPOJIS
n/ % TPYAOEMKOCTb (B Hyacax) | ycreBaemo-
n | Pa3gensl u Temsl quc- | £ ‘12’ = c< CTHU (no
Q .
UTLIAHBI 2 |8 = | E|S s | Hedensm ce-
=
3 = = E =18 Mecmpa)
0]
= © o | 2| & | ®opma npo-
o oy — I5) . o
o = = S| 4| 5 | MeKyTOUHOH
= = o | =] 8 aTTecTaluu
2 < QO = =
(] o < o <
= - B || O

Monayas 1. JTuneiinvie Hopmuposanuvie u

N

UJ1 bﬁepm 06bl npocmpancmea

1 |Merpuueckoe u m-| 6 | 1-2 | 4 4 10 Yemmuuoii
HEWHOE HOPMUPO- onpoc
BaHHOE  MPOCTpaH-
cTtBa. baHaxoBo mpo-

CTPaHCTBO.

2 |I'mnbOeproBel mpo-| 6 | 3-4 | 4 2 8 | Koumpono-
CTpaHCTBa Has paboma
Hmozo no mooynro 1 8 6 18 | Konnokeuym

0epmosvix npOCMpancmeax

Monyasb 2. /Iuneiinvie onepamoput 8 TUHEHUHBIX HOPMUPOBAHHBIX U 2UJTb-




Jluneiinple orpanu-| 6 | 5-8 | 6 6 12 Yemuou
YEHHBIE ONIEPATOPHI U onpoc
¢bynkuuonansl. Co-
PSDKEHHOE po-
CTPaHCTBO.
Jluneiinpie omepato- | 6 9- 4 4 8 | Koumpono-
ppl W JIMHEWHbIE 10 Has paboma
(byHKIIMOHATIBI B
rUIbOEPTOBOM  IPO-
CTPaHCTBE
Hmozo no mooynio 2 10 | 10 20 | Konnoxeuym
Mopnyab 3. Bnoane nenpepuienvie onepamopul u ux npunoyiceHue

1 |Ilonsitue xommakt-| 6 | 11- | 4 4 6 Yemmuorii
HOTO MHOXECTBA U 12 onpoc
KPUTCPUU  KOMITAKT-
HOCTH

2 |Bmomne wHempepsiB-| 6 | 13 | 2 2 6 | Tecmuposa-
HBIE OTNIEPATOPBI M HX Hue
CBOMCTBA

3 | UuaterpanbHbie ypaB-| 6 14 2 2 8
HeHus: Openroapma u
BousbsTeppa
Hmoezo no mooynio 3 8 8 20 | Konnoxeuym
Mopyas 4. llpomesicymounana ammecmayus
[ToaroToBka K 9K3a- 36 OK3amen

MEHY

UTOI'O 26 |24 94

4.3. ConeprkaHue TUCIMILIMHBI, CTPYKTYPHUPOBAHHOE IO TeMaM (pazoenam).
Mooynys 1. /Tuneiinvie Hopmuposannsvie u 2u1b0EPM OBl NPOCMPAHCHIEA

4.3.1. Cooeprcanue 1eKyUOHHBIX 3AHAMUI NO OUCHYUNTIUHE

Tema 1. Mempuueckue u 1uHelinble HOPMUPOBAHHbBIE NPOCMPAHCNEA.

Mertpurueckoe 1 JINHEMHOE HOPMUPOBAHHOE MPOCTpaHCTBA. OTKPBIThIE U 3aMKHYThIE
MHoOkecTBa. Cxoaumocts. CenapalenbHble U 0aHaXOBbI IIPOCTPAHCTBA. JleMMa o Bi1o-
KEeHHBIX mapax. [Ipuniun cxxumaronmx otodpaxenuit. Teopema o nonosnennn. Kpu-
Tepuil KoHeuHomepHocTH JIHII.

Tema 2. I'unbbepmoso npocmparncmeo.

EBknuaoBo u runsbeproBo mpoctpanctBa. HepaBenctBo Komm-11IBapua. Paccrosinue
OT TOYKHU J0 3aMKHYTOTO BBIIYKJIOTO MHOXECTBAa B THJILOEPTOBOM MpocTpaHcTBe. Pa3-
JIO’KEHHE THIIOEPTOBA MPOCTPAHCTBA B MPSAMYIO CyMMY B3aUMHO OPTOIOHAJIbHBIX MOJ-
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IIPOCTPAHCTB. Psipl @ype mo OPTOrOHAIBHOM CUCTEME.

Mooyns 2. /Tuneiinvie onepamopol 8 TUHEHHBIX HOPMUPOCAHHBIX U 2UTbOEPM OBBIX
npocmpancmeax

Tema 3. Jluneunvle onepamopwvl 8 TUHEUHbIX HOPMUPOBAHHBIX NPOCHPAHCINGAX

JIuHeitHble OorpaHUYEHHBIE OnepaTopbl U PyHKIMOoHaNBl. Hopma onepaTopa u pyHKIIH-
oHana. CormnpsbkeHHOoe TpocTpaHcTBO. Teopema Xana-banaxa. OOpaTHblil omepaTop.
HenpepsiBHast oOpatumocTh JMHEWHOro omneparopa. Teopema banaxa o0 oOpaTtHOM
oneparope. CHEeKTp U pe30JbBEHTa OIEPATOPA.

Tema 4. Jlunetinvie onepamopul u 1uHelinblie PYHKYUOHATbL 8 SUTbOEPMOBOM NPO-
cmpancmee

Teopema Pucca 06 oOiieM Bujie TUHEHHOTO HEMPEPHIBHOTO (PYHKIIMOHANIA B THIILOEP-
TOBOM IpocTpaHcTBe. Teopembl dpearonbma B ruib0EpTOBOM IpocTpaHcTBe. CHekTp
CaMOCOIIPSKEHHOTO OIepaTopa.

Mooyne 3. Bnonne nenpepuignvle onepamopsl U ux npuioHceHue

Tema 5. [lonsmue komnakmHoeo MHOMCECMEa U Kpumepuu KOMnaxKnHocnu.

KommakTHbie U npeKoMIakTHbIE MHOKecTBa. Teopema Xaycnopda. Teopema bosnbiia-
Ho-Beiiepurpacca. Teopema Apuena.

Tema 6. Bnonne nenpepwignvle onepamopul U ux coUCmad.

Brnosine HenpepbiBHBIE oriepaTopbl. CBONCTBA BIIOJHE HEMPEPBHIBHBIX ONEPATOPOB.
Crextp KoMmakTHOTO oneparopa. Teopema ['mnsbepra-IlImunra.

Tema 7. Hnmeepanvhvie ypasnenus @pedconvma u Bonemeppa.

NuterpansHbie ypaBHEHHST BTOpOro poaa. Coro3HOE ypaBHEHHE. XapaKTEPUCTUUECKUE
qyuciaa U coocTBeHHbIe PyHKIMU. KOMIAaKTHOCTh MHTETPAIbHBIX OMEPATOPOB C BBHIPOXK-
JICHHBIM M HEMPEPBIBHBIM siipaMu. Teopembl OpearosibMa JJjisi UHTETPAIbHBIX YpaBHeE-
HUMH.

4.3.2. Cooeprcanue npakxmuydecKux 3aHAMuUil no OUCYUNIUHE
Tema 1. Mempuueckue u auHelinbvie HOPMUPOBAHHbIE NPOCMPAHCNEA.

Metpuueckoe 1 JIMHEITHOE HOPMHUPOBAHHOE MPOCTpaHCTBa. OTKPBIThIE U 3aMKHYThIE
MHOkecTBa. CxonumocTs. CemnapabenbHble 1 OaHaXOBBI MPOCTPAHCTBA. JIeMMa 0 BiIO-
KEHHBIX 1mapax. [Ipuanmn cxumaronmx otobpaxenuit. Teopema o nmononnennn. Kpu-
Tepuil KoHeuHomepHocTu JIHIIL

Tema 2. I'unbbepmoso npocmpancmeo.

EBknuaoBo u runsbeptoBo npoctpanHcTBa. HepaBenctBo Komu-IlIBapia. Paccrosinue
OT TOYKH JI0 3aMKHYTOT'O BBIITYKJIOTO MHOXECTBA B T'MJILOEPTOBOM MpoCTpaHcTBe. Pa3-
JIO’KEHHE THJILOEPTOBA MPOCTPAHCTBA B MPAMYIO CYMMY B3aUMHO OPTOTOHAJIBHBIX MOJ-
POCTPaHCTB. Psabl @ype no OpTOrOHAIBHOM CUCTEME.



Mooynwb 2. /Tuneiinvie onepamopul 8 TUHEHHBIX HOPMUPOBAHHBIX U ZUTbOEPM OBBIX
npocmpancmeax

Tema 3. Jluneunvle onepamopwvl 8 TUHEUNHbIX HOPMUPOBAHHBIX NPOCHPAHCINGAX

JIuHeitHble OrpaHUYEHHBIE OnepaTopbl U PyHKIMOHaANBL. Hopma onepaTopa U pyHKIH-
oHana. ComnpsbkeHHoe TpocTpaHcTBO. Teopema Xana-banaxa. OOpaTHbll omepaTop.
HenpepsiBHast oOpatumocTh JMHEWHOro omneparopa. Teopema banaxa o0 oOpaTtHOM
oneparope. CHeKTp U pe30JbBEHTa OIepaTopa.

Tema 4. Jlunetinvie onepamopul u auHelinblie PYHKYUOHATbL 8 SUTbOEPMOBOM NPO-
cmpancmee

Teopema Pucca 06 oOiieM Bujie TUHEHHOTO HEMPEPHIBHOTO (PYHKIIMOHANIA B THIILOEP-
TOBOM IpocTpaHcTBe. Teopembl dpearonbma B ruib0EpTOBOM IpocTpaHcTBe. CHekTp
CaMOCOIIPSKEHHOTO OIepaTopa.

Mooyns 3. Bnonne nenpepuvléHble onepamopsl U uX RPUI0HCeHUE

Tema 5. [lonsmue komnakmuoeo MHOMCECMEa U Kpumepuu KOMnaxKnHocnu.

KommakTHbie U nipekoMnakTHbIE MHOKecTBa. Teopema Xaycnopda. Teopema bosbiia-
Ho-Beiiepurpacca. Teopema Apuena.

Tema 6. Bnonne nenpepuigrvle onepamopul U ux c8oUCmad.

Brnosine HenpepbiBHBIE oriepaTopbl. CBONCTBA BIIOJHE HEMPEPHIBHBIX ONEPATOPOB.
Criextp KoMmakTHOTO oneparopa. Teopema ['mnsbepra-IlImunra.

Tema 7. Unmeepanvhvie ypasnenus Ppeocorvma u Bonemeppa.

NuterpansHbie ypaBHEHHsT BTOporo poaa. Coro3HOe ypaBHEHHE. XapaKTEPUCTUUECKUE
yuciaa U coocTBeHHbIe PyHKIMU. KOMIAaKTHOCTh MHTETPATIBHBIX OMEPATOPOB C BBHIPOXK-
JICHHBIM M HEMPEPBIBHBIM siipaMu. Teopembl OpearosibMa JJjisi UHTETPAIbHBIX YpaBHeE-
HUMH.

5. OoOpa3oBaTte/ibHbIe TEXHOJOTUHU

Jlexuny NpoBOASTCS € MCHOJIB30BAHMEM MEJIOBOW JHOCKH U Mena. OTIenbHbIE JEKINUN
IIPOBOAATCS C UCIOJIb30BAHUEM UHTEPAKTUBHOM JOCKHU.
[TapannensHO MaTeprai TPAHCIUPYETCSA HA DKPaH C MIOMOLIBIO MYJIbTUMEIUWHOTO IIPO-
exTopa. s mpoBeneHus TEKIIMOHHBIX 3aHATUI HE0OX0AMMa ayJUTOPHs, OCHAILlEHHAs
MIPOEKTOPOM, SKPAHOM, JOCKOW, HOYTOYKOM (C MpOorpaMMHBIM OOecrieueHueM i Jie-
MOHCTpallMM Mpe3eHTanuii). B mponecce npenoaaBaHus NUCUMIUIMHBI IPUMEHSIOTCS
Takue BUJBI JICKLIWH, KaK BBOJHAS U 0030pHas JIEKLMU, MPOOIeMHas JTCKIUs, JCKIUSI
BU3YaJIU3alUsl C MCIIOJb30BAHUEM KOMIIBIOTEPHOW NPE3EHTALMOHHOM TEXHUKU. i
3TOro Ha (haKyJabTeTEe MaTeMaTUKA M KOMIBIOTEPHBIX HAYK HMMEIOTCSl CHelHalIbHbIE,
OCHAICHHBIE TAKOU TEXHUKOM, JICKIIUOHHBIE ayIUTOPUH.
ITpu uznoxxennu temsl «HenpeppiBHAsE 00paTUMOCTh JIMHEWHBIX OMEPATOPOB» LIEIECO-
o0pa3HO MPOBEACHNUE MAaCTEp-Kilacca ¢ MPUIJIALIEHUEM dKCIEPTOB M0 AU(depeHnaib-
9



HBIM M UHTETPAJIbHbIM YPABHECHUSIM.

Ha kadenpe nmeroTcss MeToaMuecKre YKa3aHUS K BBITIOJHEHUIO CAMOCTOSTEIbHBIX U
KOHTPOJBHBIX padot, B Oubnunoreke JI'Y ecTs HeoOXxoaumas turepaTypa, UMEIOTCS Me-
TOJUYECKHE pa3paboTKu, pa3MelieHHbie B MiuTepner carite Y.

6. Y4yeOHO-MeTOAUYECKOE O0ecTIeYeHHe CAMOCTOSATEeIbHOM padoThl CTYA€HTOB.

JIJIs YCIEITHOTO OCBOCHHS OTAEIBHBIX Pa3feiioB PEKOMEHAYETCS BBITOJHUATH B MHCH-
MEHHOM BHJC W CIaTh MPENOJaBaTeII0 IO OAHOW CcaMOCTOsTeabHOW pabote. Hrnke
NPUBEJCHBI ITPUMEPHBIC BapHaHThl CaMOCTOSTEIbHBIX padoT. [Ipy BBIMOJHEHHUHU 3a/a-
HUH PEKOMEHJIyeTCS HMCIIOJIb30BaTh ydeOHO-MeToaudeckue mocoous [7], [8], yueOHbIe
nocoowus [1], [4], [5] u3 cimcka pekoMmeHoBaHHOM JuTepatypsl (1. 8 Hactosmien [1po-
IpaMMBbl).

6.1. Ilpumepnuvie sapuanmovl camocmosamenvbHuix pabom no meme «Jlunetinvie HOpMuUpo-
BaHHble U MempuyecKue npoCmpanHcmeay

Bapuant 1
1. Jlokasarb, uTo 3amMbIKaHHe [A] MHOXecTBa A €CTh HAUMEHBIIIEE 3aMKHYTOE MHOME-
CTBO, cojiepaiiee A.

n+1 tn+2

2. Cxomnrcst i B C 1[0,1] MOCJIEAOBATEIILHOCTD X, (t) = : 5
n+ n+

3. Jlokasath, 4TO B CL,[01] HEJIb3s1 BBECTH CKAISIPHOE MPOM3BEACHUE, COTJIACOBAHHOE C

1
HOPMOM |x|= [|x(t)|dt 5TOr0 IPOCTPAHCTBA.
0

4. Jlokasatrb, 4TO JIH000E KOHEYHOE MHOKECTBO METPHYECKOTO MPOCTPAHCTBA 3aMKHY-
TO.

5. Jloka3zaTh, 4YTO paBHOMEpPHO OTpaHHMYEeHHOE MHOXeCTBO ¢yHkuit M C Cla, b], yno-
BJIETBOpsIONIee ycinoBuio Jlummmuia ¢ obmieit nocTossHHOU, koMmmnakTHO B C[a, b].

6. IIpoBepuTh, MOXKHO JIM HA BEIIECTBEHHOM MPSMOI METPHUKY 3a/1aTh PABEHCTBOM:

a) p(x,y):‘XS_ys‘; b) p(X,Y):‘XZ_yZ‘; C) p(xy)=[sinx—siny].

Bapuanrt 2

1. Jloka3aTh, 9YTO METPUUYECKOE MMPOCTPAHCTBO, COCTOSAIIEE M3 HPPA[HOHAIBHBIX YHCEI
orpe3ka [0; 1] ¢ meTpukoii p(x,y) = |x — y| cenapabenbHo.

2. Jloka3aTh, YTO COBOKYIIHOCTh BHYTPEHHHMX TOYeK IintA MHOXectBa A eCTb

HanbOJIbIIIee OTKPHITOE MHOXKECTBO, CoEpIKaleecs B A.

Cxomurcs nu B C[0,1] nocnemoBarensHocTs yy, (t) = t™ — t2", n=1,2,...7?

4. Jloka3aTh, 4TO JF00OE HEMPEPHIBHOS OTOOpaKeHUE OTpe3ka [a, b] B cebst nMeeT He-
HOJBHKHYIO TOUKY.

5. Jlokasatk, 4TO B mpocTtpaHcTBe R™ n — MEPHBIX BEKTOPOB MOKHO BBECTH METPHKY

< n |Xk_yk|
OPMVIION p(X,y) =Y X 2K
Gopmyoi p(x,y) kz=11+|xk—yk|

w

. byner mu R™ ¢ 3T0# MeTpHKO OTHBIM METPHUECKUM
MPOCTPAHCTBOM?

10



w

Jlokazath, 4T0 Ha MHOXecTBe N HaTypanbHBIX YHCENl METPUKY MOKHO BBeCTH (HOp-
MYJIOU

1+L n-<m
p(hm)=<""nim’ '
0, n=m.

byner nmu (N, p) nonasiM nipoctpancTBoM?

Bapuanr 3
JlokazaTh, YTO MHO>XECTBO H30JIMPOBAHHBIX TOYEK CemapadesbHOrO0 MpPOCTPAHCTBA
He 0oJiee YeM CUETHOC.
banaxoBo mpoctpanctBo X HM30MOp(PHO JMHEHHOMY HOPMHUPOBAHHOMY IIPOCTpaH-
ctBy Y. JlokaszaTe, 4To Y — GaHAXOBO MPOCTPAHCTBO.

[lycts x,(t)eCla,b], n =1,2,... — paBHOCTENIEHHO HEMPEPHIBHOE MHOXKECTBO
byukuui u x,(t) = x,(t), n = oo, misg noodoro t € [a, b]. JJokazats, uto x4(t) €
Cla, b].

[Tycth L — mogmpocTpaHcTBO THiibOepToBa npoctpanctsa H, L # H. JlokaszaTs, 4To
cymiecTByeT X € H takoit, yTo x L L.

[TpoBectn OPTOrOHAIM3AIMI0  3IeMEHTOB  Xo(t) =1, x,(t) =t, x,(t) =
t2,x3(t) = t3 B npocTpancTBe CL,[-11].

JlokazaTh, 9TO MHOXKECTBO HeTpepblBHO AuddepeHnnpyeMbix Ha [a, b] QyHKumii
x(t) Takux, 94TO

b
x(@)| <k, [[X®fdt<k,
a

(k,>0, k, >0 — KOHCTaHTBI) OTHOCHUTEIHHO KOMIIakTHO B C[a, b].
Jloka3zaTh, 4TO BCSIKOE€ MHOXKECTBO, MPEAKOMITAKTHOE B MIPOCTPAHCTBE Cl[a,b], SBJIS-
€TCsI MPEAKOMITAKTHBIM U B TIPOCTPAHCTBE Cla,b] .

Bapuant 4
[Tycts h — mpoOU3BONIBHBIN 3NIEMEHT THIIbOEpTOBa mpocTpancTBa H. J[okaszate, uTo
COBOKYITHOCTh BCEX AJIEMEHTOB X € H, opToroHanbHBIX K h, oOpa3yet B H moampo-
CTPaHCTBO.
Jlokazath, 9TO MHOXECTBO M30JUPOBAHHBIX TOYEK KOMITAKTHOTO MHOXKECTBA KOHEY-
HO€ WJIM CYETHOE.
Cxonutcst i B C[0,1] mocnenoBaTenbHOCTD X, (t) = t"
JlokazaTh, 4TO €CII METPUUYECKOE MPOCTPAHCTBO BIIOJHE OTPAHUUYEHO, TO OHO Cema-
pabesnpHo.
[TycTh A — KOMIIAKTHOE MHOKECTBO B METpHUUYeCKOM IpocTpancTBe (X, p). Jlokas3aTs,
gTO 111 MIoOoro X € X cymecTByeT Yy € A Ttakoi, uto p(x, A) = p(x,y).
Jlokaszath, uto B R™ Henb3s BBECTH CKAISIPHOE MPOM3BEACHUE, COTIIACYIOIIEECS C

_ tn+1?

. n 1/p
HOpMOH ||x||:[2|xk|pJ , p=1 OpUp * 2.
k=1
Jloka3aTh, UYTO MHOXECTBO (PYHKIMH x,(t)=e"*, @ € R, @ >0 OTHOCUTEIBHO KOMIIAKTHO
B C[0,1].
11



BapuanTt 5

1. HpOBeCTH OpPTOTOHAJIN3allUIO OJICMCHTOB

x3(t) = t3 B mpocTpaHcTBE L,[01].

xo(t) =1, x,(t) =t, x,(t) = t?,

2. ]_IOKaBaTB, qTO €CJIM MHOXKCCTBO IJIA moboro € > 0 umeer KOHCUYHYIO -CCTh B MCT-
PHUYCCKOM IHPOCTPAHCTBE, TO OHO HMMECT KOHCUHYIO £-CE€Th, COCTOAIIYIO M3 TOYCK

9TOI'0 MHOKCCTBA.

3. Jlokasath, 4TO MHOXKECTBO TocieaoBarenbHocTer {x,(t)};° B mpoctpanctse [,, Ta-

KHX, 4YTO Z|Xn|2 <1 ABJIICTCA 3aMKHYTBIM, OrPAHUYCHHBIM, HO HC KOMIIAKTHBIM.
n=1

4. Jloka3aTh, YTO MHOXECTBO IocienoBaTenbHoctei {x,(t)};° € l,, ymoBiaeTBopsto-
HIMX YCJIOBUIO X; = X,, 00pa3yeT MOJAMPOCTPAHCTBO B ;.
5. Ilycth A — KOMIIaKTHOE, B — 3aMKHYTO€ MHOKECTBA B METPUYECKOM MPOCTPAHCTBE
(X, p). Hoxazatsb, uto eciu AN B = @, to p(4,B) > 0.
6. Jlokazarh, 4TO paBHOMEPHO OTPAaHUYEHHOE MHOXKECTBO MHOTOWICHOB CTEIEHU HE

BBIIIIE 1 KOMIIAKTHO B C[a, b].

7. JlokazaTh, 4TO BCSIKasi OPTOHOPMHUPOBAHHAS CHCTEMa B cemapadelbHOM TUILOEpPTO-
BOM MPOCTPAHCTBE HE 00Jiee YeM CUETHa.

6.2. [pyeue 6uovi camocmosamenvHou pabomul, pacnpeoenentvle no memam, co CColi-
Kamu Ha peKoMeHOYeMyI0 TUmepamypy

Pa3zoenvt (mooynu) u memot o1 camo-
CMOSIMENLHO20 U3YHeHUs.

Buowt u cooepoicanue camocmosimenvHoll
pabombl

MogayJs 1. JInHeliHble HOPMHPOBAH

HbI€ U TIJILOEPTOBBI MPOCTPAHCTBA

1. MeTtpuueckoe M JTUHEWHOE HOp-
MHPOBAHHOE MpOCTpaHCTBAa. baHa-
XOBO MPOCTPAHCTBO.

Pedepatsl Ha TEMBI:

1. ITpuMeHeHre npuHIKNA CKUMAIOIINX
OTOOpaKEHUI K penieHuto (PyHKIIMOHAIb-
Hbix ypaBuenwuit ([1], [2], [5]).

2. IlpumeHeHne NpUHIUIIA CKUMAOIIUX
OTOOPaKEHUI K PEIICHUIO0 NHTETPATbHBIX

ypasuenwii ([1], [2], [5]).

2. 'mnp0epTOBBI MPOCTPAHCTBA.

JloK1apl Ha TEMBI:

1. ITocTpoeHune aneMeHTa HAMITYYIIETO MPHU-
OJIMKEHUS AlIeMEHTaMH MOIITPOCTPAHCTBA
(3], [3D).

2. Paznoxxenue GyHKIMI 10 OPTOTOHAb-

HbeIM cuctemam ([1], [2], [5]).

TOBBIX MPOCTPAHCTBAX

MoayJb 2. JInHeliHbIe ONIePaTOPHI B JINHEHHBIX HOPMUPOBAHHBIX U I'MJIbOEP-

1. JIuHeliHble OrpaHUYEHHBIE OIepa-

Pemenwne 3amay u ynpaxuenuit ([4], [7], [8],

Topbl U (QyHKIMOHAIBI. COnpspKeH-

[10D).
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HOC IIPOCTPAHCTBO.

2. Jlu"eliHble omepaTopbl U JIMHEH-
Hble (PYHKIIMOHAJIBI B THJILOEPTOBOM
IIPOCTPAHCTBE.

[10]).

Pemenwne 3amau u ynpaxkuenuit ([4], [7], [8],

3. Unrerpanbubie ypaBHeHus Open-
roisMa 1 Bonereppa

Hexoropsie

[9]).

Jloknan Ha Temy:
IPUMCHEHHST MHTETPATbHBIX
ypaBHeHMd BonbreppoBckoro Tuma ([6],

7. DOHJ OLEHOYHBIX CPEACTB JJIfA MPOBEAEHHUsSI TEKYIIEro KOHTPOJIA ycIeBaeMo-

CTH, l'[pOMC)KyTO‘IHOﬁ aTTeCTallum 1Mo uToraM OCBOCHHUA JUCIHUIIIIMHBI

7.1. HepequB KOMHGTGHHI/Iﬁ C YKa3aHHUCM JOTAIlOB UX (bOpMHpOBaHHH B ITpOoLCcCCC OCBO-

CHUA O6paSOBaTGHBHOﬁ IIporpaMMmeal.

TS (QYHKIMOHAJIBFHOTO aHaIM3a, Olle-
paTOPHBIX ypaBHEHWH, B YaCTHOCTH,
WHTETPAITbHBIX YPaBHEHUH.

YMeer: TpaMOTHO MPUMEHSTH arapaT
(GyHKIIMOHATIBFHOTO aHaIHM3a I pelie-
HUS UHTETPaNbHBIX, AuddepeHInaib-
HBIX U QYHKIIMOHAIBHBIX YpaBHEHUH, a
TaK)X€ B MPUKIAIHBIX UCCIIEIOBAHUSIX,
HarpuMep, TMPU U3YYCHUH (Puznye-
CKHUX, JKOHOMHYECKHX TIPOIECCOB M
3as1a4 00paboTKH HHPOPMALIUU.
Bnaneer: annapatom (yHKIIMOHATLHO-
ro aHajan3a ¥ METOJAaMH PEIICHUS Olle-
PaTOPHBIX YpaBHEHUH JJIT TTIOCTAHOBKHU
3aJ1a4 ¥ OCYIIECTBJICHUS MaTeMaThye-
CKOTO  MOJICIUPOBAHUS  PA3TMYHBIX
O00OBEKTOB U SIBIICHUH.

Kowmme- 3HaHUA, YMEHHUSI, HABBIKH [Ipouenypa ocBoeHust
TEHIHA
[1K-2 3HaeT: oOuieHay4yHble 0a30Bble MOHS- | M3yyaTh TeMbl JTUCIMILUIMHBI

10 JICKIIUSIM, OCHOBHOH JIH-
tepatype [1], [4]; Ha mpak-
TUYECKUX 3aHATUAX PpellaTh
3a1a4d M3 3aJa4YHUKOB [5],
[7], [9], camocrosTenbHO
OPUBOJUTH  ONEPATOPHBIE
YpaBHEHHUSI K TakOMy BHIY,
yTOOBI UX MOYKHO OBLIO pe-
IaTh UTEPALMOHHBIM METO-
JIOM, COCTaBJISITh MpPOrpam-
MBI JJI1 UX TPUOIMKEHHOTO
pEIICHUS.

[ToaroroButk pedepartsl, pe-
KOMEHJIOBaHHbIE 1JIsi CaMo-
CTOSITENIbBHOM ~ pabOThl  TO
OCBOEHHIO MOnynst 1; BBI-
CTYIATh C IOKJIalaMu

7.2. TumoBbIe KOHTPOJIbHbIE 32 IAHUSA

7.2.1. Ilpumeprvie memol pepepamos:.

1. Metpudeckue nNpoCTpaHCTBA YUCIOBBIX MOCIEI0BATEILHOCTEM.
2. Teopembl O HEMOJABUKHBIX TOUKAX U UX PUMEHEHHE.

3. TloctpoeHue 31€MEHTOB HAMITYUIIETO MPUOIMKEHHS B IPOCTPAHCTBAX C UHTE-

rpajibHOM METPUKOU.
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4. HuterpanbHble ypaBHeHUsT PpearosibMa U METOAbI UX PELICHUS.
5. Hurerpanbhubie ypaBHeHUsI BonbTeppa u METOIbI UX PEIICHHUS.

7.2.2. Ilpumepnvie eapuarnmsl KOHMPOIbHLIX pabom no meme «JIunelinvie oepaHuyeH-
Hble Onepamopboly

Bapuant 1

1. JokasaTe (GopMyily Ul HOPMBI OTPAaHUYEHHOTO JITHEHHOTO OIEpaTopa A: X —Y, X,Y
- JIHIL, p(A)=X: |A|= sup [Ax].

xeX |x|=1

1
2. Jloxa3aTh OrpaHUYEHHOCTH JIMHEHHOTO oneparopa A:CL,[01] - CL,[01], Ax(t)=t[x(z)dz U
0

HAWTH €ro HOPMY.
3. B mpocTpancTBE CY[01] pacCMOTPUM MOAIPOCTPAHCTBO L ={x(t) € C}{0,1]:x(0) =0} H OIIe-
patop A:L—C[01], Ax(t)= ?wttx(t) . lokazatb, 4To A — HENPEPHIBHO OOpATHM.

4. JlokazaTh, 4TO (QYHKIUOHAT f(x)=>2%"x , x=(x,%,)ek, SABISIETCA JTUHCUHBIM
k=1

OTpaHUYCHHBIM, U HAWTH €r0 HOPMY.
5. Jloka3aTe, 4TO OIIEPATOP @:L(X,Y) >R, ®(A)=|A|, HEIPEPHIBEH.
6. Ilycth A:X »Y — 3aMKHyTHIH JMHEHHBIA onepatop, R(A) =Y u A™! cymecrsyer.
JlokazaTh, 4T0 AteL(X,Y).
7. B npocrpanctee C1[0,1] paccmorpum mnoampoctpanctBo L = {x(t)e C[0,1] :
x(0) = 0} m oneparop A: L—C[0,1],
Ax(t) = % +a(®)x(t), a(t) € C[0,1].

Jloka3aTk, 4To A HENpepLIBHO 0OpaTUM U HaiiTu A~ 1,

Bapuanr 2
1. Tlyctb A:l, > 1, Ax=x, D(A) ={x= (X, %, l,, i|xn|<oo}. Hatitu D(A™) u A™.
n=1

0 1 o
2. Jloxasatb, 4TO PYHKITMOHAT f:l - R, f(x)= Z(l_I)Xk OTPaHUYECH U HAUTHU €r0 HOPMY.
k=1

3. HoxazaTh, 4TO CONpsKEHHOE K HOPMUPOBAHHOMY MTPOCTPAHCTBY — OaHAXOBO.

4. Jloxazats, uro omeparop A: C[0,1]—C[0,1], Ax(t)=x(t)+}es“x(s)ds HETPEPBIBHO 00pa-
0

THM M HaiiTn omepartop A~ L.

5. Ilyctp nuneitHblil GyHKIIMOHAN [ ompeneneH Ha BemiectBeHHoM JIHIT X u Heorpa-
Hu4eH. Jloka3aTh, 4TO B JIFOOOM OKPECTHOCTH HYJsl OH MPUHHUMAET BCE BEUIECTBEH-
HBIE 3HAYCHMUS.

6. Ioxasarp, 4To si7ipo KerA orpaHUueHHOTO JTUHEHHOTO omepaTopa A:X —Y SIBISETCS
MOAITPOCTPAHCTBOM B X.
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1ot— o
I[OKaBaTB, qTo q)YHKHHOHaJI f(x)= jx(%)dt ABJIACTCA JTUHCUHBIM HCIIPCPBIBHBIM Ha
-1

C[0,]] ¥ HAWTHU €TO HOPMY.

IIycts X — nuneliHOEe mpocTpaHcTBO A, B: X — X — nuHelHble onepaTopbl ¢ Dy =
Dg = X, ynosnerBopsironue cootHomenussm AB +A+1=0,BA+ A+ 1 = 0. Jlo-
Ka3aTh, 4To oneparop A~ cymecrsyer.

Bapuant 3

1
Jloka3ate, 4TO oneparop A:C[01]—C[01], Ax(t)=x(t)-[e'**x(s)ds HEMPEPBIBHO OOpAaTHM, U
0

Haiitu A~ 1.
[lyctes L — moampocTpaHCTBO TuiibOepTOBa mpocTtpaHcTBa H, P:H —»L, Px=u, rae
x=u+v,uel,vel". Jloka3arh, 4T0 P OTpaHUYECH U HANTHU €TO HOPMY.

Jokaszats, uro omeparop A: C[0,1] - C[0,1], AX(t)=(:jT2;(+ x(t) ¢ 00JIaCTBIO OIpeesie-

Husi D,y — MTUHEHHBIM MHOTOOOpa3rueM JBaXK/Ibl HEMPEPHIBHO U PEpEeHIINPYEMBIX Ha
[0,1] ynkmmit x(t), ynoBierBopstonux ycinoBusm x(0) = x’(0) = 0, HenpepbIBHO
oOpartuM u Haiitu oneparop A~ L.

1
Jloka3atb, yTo QyHKUMOHAN f(X) = [t3(t)dt, xeL,[01], SABIAETCS JUHEHHBIM HEMpe-
0

PBIBHBIM U HAUTH €r0 HOPMY.
Jlokazatp OIrpaHMYEHHOCTh W HAWUTH HOPMY oIeparopa  A:CL,[01]—CL,[0]],

X(t) mput < 1,
AX(t) = 2
Omput > >

ITycts X, Y — GaHaxoBBI IPOCTPAHCTBA, A, eL(X,Y) (neN) u myst 10000ro X e X Imo-
cJeA0BaTeIbHOCTh A, X GyHAaMeHTalIbHA. J[0Ka3aTh, YTO CYIIECTBYET TaKOM omepa-
TOp AelL(X,Y), 9TO A, —>A (n— o) CHIIBHO.

IIycte X,Y — nuHelHbIE NPOCTPAHCTBA, A:X —Y - JIMHEWHBIA ONEpaTOp, Y KOTOPOTO
CyliecTByeT oOpaTHbi. JlokazaTh, 4YTO CHCTEMBI JJIEMEHTOB Xq,Xy,...,X, H
Axq,Ax,, ..., Ax,, TOC Xq,X,..., X, € Dy, OMTHOBPEMEHHO WJIM JIUHEHHO HE3aBUCH-
MBI WJIH JIMHEHHO 3aBUCUMBI.

Jlokazatb, 4TO 00JaCTh 3HAUEHHUI JTUHEHHOTO OlepaTopa SBISETCS JIMHEUHBIM MHO-
roo0Opasuem.

Bapmuanr 4

[Tycts ABel[X,Y] — HeHyJIeBbIe oniepaTopbl U Ry N R = 0. [lokazate, utro A, B nu-
HEWHO HE3aBUCUMBI.

1
Jlokazatb, 4yTO omeparop A:C[01]—C[01], Ax(t)=t[x(r)dr SABIAETCA JIUHEHHBIM OTPaHU-
0

YEHHBIM U HAWTHU €0 HOPMY.
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. PaccmoTtpum oreparop A:C[01] —C[0]], AX(t) = d ::Z(t) —Xx(t),

D(A):{x(t):%eC[O,l],X(O)zX’(O):O}. Jlokaszatb, 4TO A HENpepbIBHO 00paTUM, W HAWTU

A—l
. JloKas3aTh, YTO OIEPATOP ®:L(X,Y) - R, ®(A)=|A|, HEIIPEPHIBEH.

0 1 o
5. Jlokasathk, uTo GyHKITMOHAMT f:l - R, f(x)= Z(l_E)Xk OTPaHUYEH U HAUTHU €r0 HOPMY.
k=1

1
. Jlokazate, 4TO omepaTop A:C[01]—>C[01], Ax(t)=x(t)-[e'"*x(s)ds HEIPEPBIBHO OOpaTUM U
0

Haittu A~ 1.Ilycts X — nuHeliHOe HOPMUPOBAHHOE NPOCTPAHCTBO, A: X — X — IuHEi-
HBII oneparop U B X CyIIECTBYET Takasl MOCIEN0BATENbHOCTh X, e Dy, n=1,2,..,,
uro ||x,|| = 1 u Ax,, = 0 npu n— «. Jlokasats, 4T0 y omneparopa A He CyIIECTBYET
OTpaHUYEHHOr0 OOPATHOTO.

. IIycte A, A,: C[0,1] € C[0,1],

1 " 1 n (St)k
AX(t) = [e5x(s)ds, Aux(t) = [[X 2 Jx(s)ds .
0 o k=0 K!

Jlokasatp, uto A,, = A ipu n — ©0 paBHOMEPHO.

Bapuant 5

LoJt- .
. Jloxazarb, 4TO0 (PYHKIIMOHAT f(x)= jx(%)dt SABJISICTCA JIMHENHBIM HENPEPBIBHBIM Ha
-1

C[0,1] u HaiiTu ero HOpMY.
. Hokasars, uro omeparop A: C[0,1]—C[0,1], Ax(t)=((jjT2;(+x(t) c o0nacTbio ompenesne-

Husi Dy — TMHEHHBIM MHOTOOOpa3ueM JIBK/IbI HEMPEPHIBHO U PEpeHIINPYEMBIX Ha
[0,1] dynaknmii x(t), ynosaeTBopsitonux yciaosusMm x(0) = x’(0) = 0, sBnsercs He-
OrpaHUYEeHHBbIM JIMHEHHBIM omnepartopoM.Ilycte H — runb0epToBO MPOCTPAHCTBO,
F:H — R — dynkuuonan, neictpytonuit mo dopmyne F(x) = (x,a), roe a — puk-
CHUpOBaHHBIN BEKTOp. Jloka3arh, uTo F TMHEEH M HENPEPHIBEH U HANTHU €r0 HOPMY.

. Paccmorpum oneparop A: C[0,1] - C[0,1], Ax(t) = fotx(r)dr + x(t).

Jloka3aTh, 4To A HEnpephIBHO 0OpaTUM M HalTh omepaTtop A~ L.

. Ilyctp X,Y — nunelinble mpocTpaHcTBa, A: X — Y — nuHEeHbIN onepaTop, y KOTOpPO-

ro CyHIeCTBYeT oOpaTHbIA. J[oka3aTh, 4TO CHCTEMBI JJIEMEHTOB Xp, Xg,...,X, H
Axq,Ax,, ..., Ax,, TOC X1,X5,..., X, € Dy, ONTHOBPEMEHHO WJIM JIMHEMHO HE3aBUCH-
MBI WJIU JIMHEHHO 3aBUCHMBI.

. PaccMoTpum omneparop Al >y, JEUCTBYIOIIN I o dbopmye
Ax = (A1x,A5,x5,...), A, — BemecTBeHHble uymcia (n = 1,2,..) Takue, dYTO

SUPps1|dn| < 400, Jlokaszars, 4To A — TMHEHHBIH OrpaHUYEHHBIH OTIepaTop U HANTH
€ro HOpMy.

. Ilycte X,Y — nuHelHbIC HOPMHUPOBAHHBIE IPOCTPAHCTBA, X,, X € X, X, —> X IpH
n—-o, A, A€L(X,Y), npuuem A,, = A paBHOMepHO. J[oka3aTe, uTo A, X, — AX,
n — oo,
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8. Jlokasath, uro omeparop A:C[0;1] - C[0;1], Ax(t) = foletSX(S)dS, BIIOJIHE

HEIPEPHIBEH.

7.2.3. IlpumepHnvie KOHMPONLHLIE 8ONPOCHL K KOJJIOKGUYMY NO pasdeny «Jlunetinvie

N =

© o ~No

10.

11.

16.

17.

ocpanuyeHHvle onepamopsvl u yuxkyuonanvl. ConpsdcenHoe npocmpancmeo

JIuHeliHbIe OrpaHUYECHHBIE ONEPATOPHI U (PYHKIIMOHAIIBI.

DopMyTIbl U1 HOPMBI OfiepaTtopa U GyHKIIMOHAJA.

JIuneliHple OrpaHUYEHHBIE OMepaTophl M (YHKIMOHAIB B KOHEYHOMEPHOM IIPO-
CTPaHCTBE.

JIuneliHble OrpaHUYEHHBIE OMEepaTopbl U (YHKIIMOHATBl B MPOCTPAHCTBE HEMpe-
PBIBHBIX (DYHKIIHIA.

JIuHeliHbIe OrpaHNUYEHHBIE ONEpaTOPhl U (PYHKIIMOHANBI B IPOCTPAHCTBE YHUCIIOBBIX
[OCJIEI0BATEIbHOCTEH.

[IpocTpaHCTBO JIMHEWHBIX OTPAHUYEHHBIX ONIEPATOPOB U €TO0 MOJIHOTA.

JIBa BU1a CXOJUMOCTHU B IPOCTPAHCTBE JIMHEWHBIX OTPAaHUUYEHHBIX OIEPaTOPOB.
[TpuHIMIT paBHOMEPHON OTPAaHUYEHHOCTH JINHEHHBIX ONEPaTOPOB.

Byner nu nuuednsii Gynknumonan f(x) = x’ G), ONIPEAECIICHHBI HAa MHOYECTBE
HerpepbiBHO nuddepeHnmpyembix Gyukiwii u3 C[0; 1], orpannuennsiM? Eciu na,
TO HAWTHU €r0 HOPMY.

Jloka3aTp, 4TO €ciM JIMHEWHBIN oneparop A: X — X He fABIAETCA OTPaHUYCHHBIM B
OJIHOM M3 JBYX SKBUBAJCHTHBIX HOPM, TO OH HE OyJET OTPaHUYCHHBIM U B JPYTrOM
HOpPME.

JlokazaTh, 4TO BCSIKMW JIMHEWUHBIA ONEPATOp, 3aJaHHbIA HA KOHECYHOMEPHOM IIpO-

CTPAaHCTBC, OIrPaHHUYCH.

. ConpspkeHHOE POCTPaHCTBO. J[Ba BHUJIa CXOAMMOCTH IMOCJIEA0BATEIBHOCTH HEIpe-

PBIBHBIX JTUHEHHBIX ()YHKIIMOHAJIOB.

. Cnabast orpaHUYEHHOCTD U cJiadast CXOAUMOCTb.
. Teopema Xana-banaxa. Cneacrtsusi.

OOparHnbiii onepatop. HenpepbiBHAsE 00paTUMOCTb JIMHEHHOTO OrepaTopa.

Teopema banaxa 06 oOpaTHOM omnepaTope.

Teopema Pucca 06 oOmeM BHie TUHEHHOTO HENPEPHIBHOTO (DYHKIIMOHAJIA B THJIb-
0epTOBOM IPOCTPAHCTBE.

. HOKaBaTB, 4YTO B KOHCYHOMCPHOM IPOCTPAHCTBC BCSKasd ci1abo cxogsamasics Imociie-

JIOBATEIbHOCTh CXOJUTCS 10 HOPME.

HccnenoBath Ha CXOAMMOCTD MOCIIEIOBATEILHOCTH ONepaTopoB A, l, = 1, Apx =
A, (xq,x,,...) = (0,0, ...,x,,0,0,...).

Jlokasatk, uro omeparop A:C[0;1] - C[0; 1], Ax(t) = tfolx(r)dr, SIBIIIETCS -
HEWUHBIM OIPAaHUYCHHBIM U HAUTHU €r0 HOPMY.

7.2.4. [IpumepHvle KOHMPObHBIE BONPOCHL K KOJLIOKEUYMY no pazdeny "Humezpanvhvie

ypasneHus @pedeonvma u Bonemeppa"

1. Teopembl @pearonbma B THIILOEPTOBOM MIPOCTPAHCTBE.
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o~

. UHTerpanbHbie ypaBHeHUs BTOporo pozaa. Coro3HOE ypaBHEHHE. XapaKTepucTuye-

CKH€ YMCJIa K COOCTBECHHEBIC Q)YHKHI/II/I

. KomnakTHoCTh HHTCTPAJIBHBIX OIICPATOPOB C BBIPOKICHHBIM W HCIIPCPBIBHBIM Apa-

MH.

. Teopembl @penrosibMa Jyisi HHTETpalbHBIX YPABHEHUM.
. Pemienne mHTErpanbHeiX ypaBHeHHN DpeArosiabma ¢ BBIPOKIECHHBIM U CUMMETpUY-

HBIM AOPOM.

. Pemienne nHTErpanbHbIX ypaBHEHUN BonbTeppa ¢ BBIPOKIEHHBIM U CHMMETPUYHBIM

SIIPOM.

. B mpoctpanctee C[—1; 1] pemuth nHTErpaibHOE YpaBHCHHE
1

x(t) + je””x(s)ds = et.

-1

. B mpoctpanctse C[0; 1] pemuth uHTErpaibHOE YpaBHCHHE

1
x(t) = f sinmt(t — s) x(s)ds + cosmt.
0

7.2.5. Ilpumeprvie 80npocwyi K IK3AMEHY NO OUCYUNTIUHE

1.

N

No ko

10.
11.
12.
13.
14.
15.

16.

MeTpuyeckoe W JMHEMHOE  HOPMHUPOBAHHOE MPOCTpaHCTBa. lIpumepsr:
R™, Cla; b],CLy[a; b], L, C*[a; b].

OTKpBITHIC U 3aMKHYTBhIE MHOXECTBA. CXOMMMOCTh B OCHOBHBIX (DYHKITMOHAIBHBIX
IIPOCTPAHCTBAX.

banaxoBsl npoctpancTBa. JIeMMa 0 BI0KEHHBIX 1Iapax.

Teopema bapa o kareropusx.

[TpuHIUT CXKMMAIOMUX 0TOOPaKEHUHN U €r0 MPUMEHEHHE.

TeopeMa 0 MONMOJHEHUH.

I'uns6eptoBo npocTpaHcTBO. [IpuMepsl. PaccTosiHre OT TOYKU 710 3aMKHYTOTO BBbI-
MyKJIOIO MHOKECTBA B THJILOEPTOBOM MIPOCTPAHCTRE.

[TpakTryeckuii cmoco0 MOCTPOCHUS PJIEMEHTA HAWITYUIIEro MPUOIKEHUs DJIeMEH-
TaMu MOAIIPOCTPAHCTBA.

Paznoxxenue runb0epTOBa MPOCTPAHCTBA B MPSIMYI0 CYMMY B3aMMHO OPTOTOHAJIb-
HBIX MTOITPOCTPAHCTB.

Psinbr @yphe B THIBOEPTOBOM MPOCTPAHCTBE.

HepasenctBo beccens. Pasencrso IlapceBans.

KommaktHocth u cenapabenbrocTh B JIHIL. Kpurtepuit koneunomeproctu JIHII.
PaBHOMEPHO OrpaHMYEHHBIE U PABHOCTEIIEHHO HENPEPBIBHBIE CEMENCTBA HEIpe-
peIBHBIX (yHKIMA. Teopema Aprena.

Jluneitnpie orpaHWYEHHBIC omepaTopbl U ¢GyHKIHOHANB. Hopma omeparopa u
GyHKUIHOHANA.

ConpskeHHOE MPOCTPaHCTBO. [[Ba BUAA CXOIMMOCTH MOCJIEIOBATEIIBHOCTH HEMpPE-
PBIBHBIX JTUHEHHBIX ()YHKIIMOHAJIOB.

Cnabast OorpaHU4EHHOCTD U c1abast CXOAUMOCTb.
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17.
18.

19.
20.
21.

22.
23.
24,
25.

26.
217,

28.
29.

Teopema Xana-banaxa.

ConpsoxeHHslid onepatop. CaMOCOIPSKEHHBIN OIlepaTop B €BKJIWI0OBOM IIPOCTPaH-
CTBE.

OOpaTtHblii onepaTop. HenpepbiBHas 00paTHMOCTh TUHEHHOIO OnepaTopa.

Teopema banaxa 06 oGpatHOM oneparope.

Teopema Pucca 06 o0meM Buje TMHEHHOTO HENPEPHIBHOTO (PYHKIMOHANA B TUJIb-
0epTOBOM IIPOCTPAHCTBE.

KommakTtHeie onepatopsl. CHEKTp KOMIAKTHOTO ONEPATOpA.

Teopembl @pearoapma B riiibOEPTOBOM MPOCTPAHCTBE.

CrieKkTp caMOCONPsKEHHOTO OIepaTopa.

WNuterpanbubie ypaBHEHUsT BTOporo poaa. Corwo3Hoe ypaBHEHHE. XapaKTepUCTHYe-
CKHE YuCla U COOCTBEHHBIE (PYHKIUU.

Pemenne naTerpansHeiX ypaBHeHUN OpearoapMa BTOPOro poaa ¢ BBIPOKIECHHBIM U
CUMMETPUYHBIM sJIpaMHu.

KOMITaKTHOCTh HHTETPAJIBHBIX OIIEPATOPOB C HENPEPBIBHBIM SAPOM.

Teopembl Openarosibma a1t UHTETPAJIBHBIX YPAaBHEHUHN.

Pemenne mHTerpanbHbIX ypaBHEeHUM BousibTeppa BTOPOro pozja ¢ BBIPOXKICHHBIM U
CUMMETPUYHBIM sJIpaMHu.

7.2.6. IIpumepHvie 3a0anus mecmos

Tect Nel

1. BriOepute BepHOE yTBEPKICHUE:

A) Ecnu A — cxxumaroiiee 0ToOpakeHue, TO ypaBHEHUE AX = X UMEET €MHCTBEHHOE
pelieHue.

b) B nmoiHOM MeTpu4yeckoM MPOCTPAHCTBE ypaBHEHHWE AX = X WMEET €IMHCTBEHHOE
peLIeHue.

B) Cxumaroniee oToOpakeHHe B MOJHOM METPUYECKOM IMPOCTPAHCTBE UMEET TOJIBKO
OJIHY HEMOJIB>KHYIO TOUKY.

2. B KOHEUHOMEPHOM METPUUYECKOM MPOCTPAHCTBE MHOXKECTBO MPEAKOMITAKTHO. Tormaa
OHO...

A) 3amMKHYTO.

b) Orpannueno.

B) OtxkpsrTo.

I') Becrogy mnoTHo.

3. [Ins kakux u3 clenyromnux MHOKECTB B R cymiecTByer koHeyHas 1-ceTs:
A) [=5,00);
b) (7,25];

19



B) N.

4. KakuM U3 IepevrCICHHBIX CBOMCTB ONEpaIisl CONpsHKeHNs He 001a1aeT:
A) (3A)" = 347,

b) (A—B)" = A" — B";

B) (AB)" = A*B".

5. Eciu A € 6(H) 1o

A)A*+E >0

b) 3A —5E € 6(H);

B)Vx,y € H(Ay,x) = (y, Ax).

6. [{ns1 Toro 4TOOBI JIMHEWHBIN OMepaTop ObLIT B3aMMHO OJTHO3HAYEH, HEOOXOIUMO U J10-
CTaTOYHO, YTOOBI:

A) ero sIpo COCTOSIIO TOJIBKO U3 HYJIEBOTO 3IEMEHTA,;

b) ero siapo ObLIO MyCTHIM MHOKECTBOM,;

B) ero sipo ObLI0 TMHEWMHBIM MHOTOOOpa3HeM.

7. Onepatop A: X — Y HenpepsiBHO 0OpaTuM. Torjaa HEBEpHO
A)3Jy eY:Vx D(A)Ax + y;

B) A~! orpannuesn;

B) A B3auMHO OJIHO3HAYEH.

8. Kakas w3 cinepyrommx (yHKUUN SBISETCS PELICHUEM HHTErPaIbHOTO YpaBHEHHUS
x(t) = 6f_11 tsx(s)ds — 2:

A)x(t) =t —2;

b) x(t) = —2;

B) x(t) = t/3-2.

Tect N2
1. OgHa U3 aKCMOM CKaJIIPHOTO MTPOU3BEICHUS UMEET BUI. . .
A) (x,y +2)(x,y) + (x,z) nns n00bIX X, Y, Z.
B) (x+y,z) = (x,2) + (y,2) nns mo0bIX X, Y, Z.
B) (x,y) < (x,2) + (v, z) nns mobObIX X, Y, Z.
2. MHOeCTBO Ha3bIBA€TCSA OTKPBITHIM, €CIIH. ..
A) Bce ero To4ku - BHyTpEHHUE.
b) OHO coliep>KUT BCE CBOM BHYTPEHHUE TOYKH.

B) Ecnu oHO HE 3aMKHYTO.
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3. Kakasg u3 mpuBeACHHbIX HIKE (PYHKIHMA HE OYyIET 3JIEMEHTOM MpPOCTPaHCTBA
C[—1,1]:

A) tg(t);

B) (2" + 1)/t;
B) In |t + 2[;
I) ch2(2t).

4. B runs0epToBOM HpOCTpaHCTBE lsl JII0ObIX X L y Belpaxkenue ||x —y |2 — [|x]|?
paBHO. ..

A) =lIyll;

b) 0;

B) llyll®.

5. Kakoe u3 cineayromnx yTBepKIACHUN HEBEPHO:

A) B 110001 OKpECTHOCTH NPENETbHON TOYKHM MHOXKECTBA COAEPKUTCA OECKOHEYHO
MHOT'O TOYEK 3TOI'0 MHO>KECTBA.

b) B nmo0o0i#t 0KpecTHOCTH MpeeTbHON TOUKH MHOXKECTBA COAEPIKUTCS XOTsI Obl OJHA
TOYKa 3TOr0 MHOKECTBA.

B) Ecou x — npcacijibHaiad TOYKa MHOKCCTBA, TO HaﬁIIGTCSI IIOCJIICAOBATCIBHOCTD 3JICMCH-
TOB 3TOI'O MHOKECTBA, CXOOAIIAsACH K X.

I') JIroGas mpeaenbHas TOYKa MHOYKECTBA SIBJISIETCS AJIEMEHTOM 3TOTO MHOYKECTBA.
6. JIuneltHoe MPOCTPAHCTBO Oy/1eT OECKOHEYHOMEPHBIM €CJIH B HEM ...

A) CymiecTByeT CYETHBIM OPTOHOPMHUPOBAHHBIN Oa3uC.

b) JIto6as cucTteMa U3 KOHEUYHOTO YKCIIa DIIEMEHTOB JIMHEHHO HE3aBUCUMA.

B) CymectByeT TUHEHHO He3aBUCHMAas CUCTEMa ¢ JIFOOBIM Hamepe ] 3aJJaHHbIM YHCIIOM
3JIEMEHTOB.

7.0mnepatop A: X — Y He sBnseTca HENPEPBIBHBIM B TOUKE A, a € X, €CIIH. ..

A)Ie>0VS >0Vx € X:||x—al|l <8 = ||[Ax — Aal| = ¢;
b)) Ve >038 >0Vx € X:||[x—a|| <§d = ||Ax — Aa|| = ¢;
B)3de>0VS >03x € X:||x—al|| <§ = ||[Ax — Aa|| = ¢;

NVYe>036 >03x€ X: ||x—al]| <d = ||[Ax — Aa|| = «.
8. Cpenu creayronmx onepaTopoB BEIOEPUTE HETMHEHHBIC:
A) A:C[-2;1] » C[-2;1], Ax(¢t) = f_12 sins x(s)ds — 3x(0);
B) A:R? - R?, Ax = (0,x1, 2x,),x = (%1, %3);
B) C[0;1] = C[0;1], Ax(t) = x(th);
NA:R? >R, Ax =1—x; — 6x,, e x = (X1, %5).
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9. Hopma oneparopa Ax = 4x; — 3x3,x € R* pasna
A)3Bb)4B)5I) 7.

10. ITocnenoBatenbHOCTh 3JeMEHTOB TpocTpaHcTBa L(X,Y), cxomsmasics mo HOpme
ATOTO MPOCTPAHCTBA, HA3BIBACTCS

A) CUIIBHO cXondIIencs;
b) cnabo cxonsimeiics;
B) paBHOMEpHO cxopsmieiics;

I') noroueuyno cxoasmieincs.

7.3. MeTomuyeckue MaTepuaibl, OIMpPEACIAIONINe TPOIEAYpPy OIICHWBAHUS 3HAHUMH,
YMEHHM, HABBIKOB U (WJIM) OMBITA JESITEIHLHOCTH, XapaKTEPUIYIOIMINX dTarbl (HOPMHUPO-
BaHUA KOMIIETECHIIUN.

OO0mmii pe3yabTaT BEIBOAUTCS KaK MHTETpajIbHasi OIICHKA, CKIIAbIBAIONIAS U3 TEKYIIETO
KOHTpoJis — 50% 1 mpoMekyTouHOro KOoHTpoJist — S0%.

Texymuii KOHTPOJIb MO JUCIUTUIMHE BKIIOYALT:

- mocemnienue 3auaTuii — 10 6amios,

- y4acTHe Ha MPaKTUYeCKUX 3aHATusX — 10 6anos,

- KOJUTOKBUYM — 40 Gasuios,

- BBITIOJTHEHHUE aYJUTOPHBIX KOHTPOJIBHBIX padoT — 40 6aiios.

IIpoMexyTOUHBIN KOHTPOJIb IO AUCUUILIINHE BKIIOUYAECT:

- ycTHBIN ompoc — 50 0asos,

- MUCbMEHHAas KOHTpOoJbHas padoTa — 50 Gaos.

8. IlepeueHb OCHOBHOI U JOMOJHUTEILHON YUeOHOI JUTEPATYPbI, HEOOXOIMMO
JJIS OCBOCHUS M CHUIIIMHBI

a) OCHOBHAas JiUTeparypa:

1) Kommoropos,A.H. DiemenTsl Teopun (QyHKIUHA ¥ (QYHKIIMOHAIBHOTO aHAIW3a :
yuebHuk ans By3oB / A. H. Konmoropos, C. B. ®omuH. - 6-e u3n., ucrp. - M.:
Hayxka. I'n. pen. ¢uz.-mar. qut., 1989. - 624 c. : un. - ISBN 5-02-013993-9: 1-50.

2) Tpenorun B.A. ®yHkinoHa bHbBIN aHamu3: Yueb. mocooue mis BTy30B / B.A. Tpe-
HoruH. - U3n. 3-e, ucnp. - M.: ®usmatnut, 2002. - 239 c. - ISBN 5-9221-0272-0:
151-01.

3) Ckomuu B.A. ®OyHKIMOHAIBHBINA aHAW3 U MHTETPaAbHBIC YpaBHEHHS [DIIEKTPOH-
HBII pecypc]: MeToanYecKue yKazaHusi K camocTosTeabHo padore/ Cxonun B.A.,
Cenpbix U.A.— DnekTpoH. TeKCTOBbIE NaHHble.— JIunenk: Jlunenkuili rocyaapcTBeH-
Hbl TexHuueckuit ynuBepcurer, ObC ACB, 2012.— 17 c.— Pexum npocryna:
http://www.iprbookshop.ru/55174.html. — 9bC «IPRbooks»
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4) PamazanoB A.K. ®yHKITMOHAIBHBINA aHAIH3 : y4e0. mocobue s By3oB. U.1 / Pama-
3aHoB A.K., P. K. ParumxanoB; Muno6pnayku Poccuu, Jlarect. roc. yH-T. - Ma-
xaukana: M3g-so AI'Y, 2013. - 318,[1] c. - 222-00.

5) Tpenorun B A. 3amauu u ynpaxHeHus 1mo QyHKIMOHAIBHOMY aHAIHM3y: YueO. mo-
cobue mnsa BTy30B / Tpenorun B.A.; b.M.IIucapesckuii, T.C.CoboneBa. - U3n. 2-e,
UCIIp. U Jo1L. - M.: ®uzmatiut, 2002. - 239 ¢. - ISBN 5-9221-0271-0 : 151-01.

ﬂonwmumeﬂbmm

6) Jliocrepuuk JI.A. Kpatkmii Kypc (YHKIMOHAJIBLHOTO aHamm3a : y4eO. mocooOme
/JTroctepuuk JILA., B. . Cobones. - U3a. 2-e, crep. - CIIO. [u ap.] : Jlans : U3a.
BbICIIas Ikoja, 1982. - 270,[1] c. - (Knaccuueckas yuyeOHas auTepaTypa Mo MaTe-
matuke). - ISBN 978-5-8114-0976-1: 288-75.

7) ®Enopo B.M. Kypc dyHKImoHanpHOTO aHayim3a : yueOnuk / ®Emnopos B. M. -
CIIO. [u np.] : Jlanb, 2005. - 351 c. ; 20 cMm. - (YueOHuku a1 By30B. CrienuanbHas
auteparypa). - bubmmorp.: ¢. 351. - ISBN 5-8114-0589-8: 187-66.

8) Kupumnos A. A. Teopemsl 1 3a7auu (PyHKIIMOHAIBHOTO aHAJIM3a : [y4eOHOE MMOCo-
oue s By3oB] / KupmmioB A.A., A. /1. I'summanu. - M. : Hayka, 1979. - 384 c. :
ni. -bubmorp.: c. 369-372. - I[Ipeam. ykas.: ¢. 373-377. - 1-10.

9) Memxunos 3.I. Meromuveckne ykazaHusi W 3amayd 1o Kypcy "VHTrerpanbHbie
ypaBHeHus". Maxaukana: I AT'Y, 1999.

10) I'naseipuna I1.}0. ®dyHkunoHansHbIN aHanu3. Tumossie 3a1auu [ IJIEKTPOHHBIH pe-
cypc]: yuebnoe mocobue/ I'maspipumna ILIO., JletikanoBa M.B., Kopkuna JI.D.—
DNeKTpoH. TEeKCTOBbIE NaHHble.— ExarepunOypr: Ypanbckuii deaepalbHbI YHU-
BEPCUTET, 9BbC ACB, 2016.— 216 C.— Pexum JIOCTyIA:
http://www.iprbookshop.ru/66213.html. 95C «IPRbooks» (25.05.2018)

11) BnacoBa E.A. ®yHKIMOHANBHBIN aHAIN3 [DJICKTPOHHBIA pecypc]: MeTOAHYECKUe
yKa3aHus K npaktuueckum 3ansatusm/ Bracosa E.A., KpacHosckuil E.E., Mapues-
ckuil 1.K.— OnektpoH. TekcTroBble AaHHbIE.— M.: MOCKOBCKHI TIOCYIapCTBEHHBIN
TexHU4YecKkuil yHuBepcuteT umenu H.D. baymana, 2009.— 80 c. Pexum mocryna:
http://www.iprbookshop.ru/31318.html. — 95C «IPRbooks»

9. Ilepeyenb pecypcoB MH(OPMANUOHHO-TEIEKOMMYHUKAIIMOHHOI ceTn «UH-
TePHET», He0OXOAMMBbIX JIJIS OCBOCHHS IV CIUIJINHBI.

Ne JIEKTPOHHBIN

Ha3Banue Conep:xkanue
aapec

1. Math.ru www.math.ru CalT nmocBsIEH MaTeMaTUKe (U MaTeMaTUKaM. JTOT CalT
— QIS MIKOJIBHUKOB, CTYJCHTOB, YUWTENEH M IS BCEX,
KTO MHTepecyeTcs MareMarukod. Tex, Koro mHrepecyer
30Ha pOCTAa COBPEMEHHOW HAYKM MaTeMaTHKa.

2. | Exponentaru | www.exponenta.r | Crygenram:
u
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http://www.iprbookshop.ru/66213.html
http://www.iprbookshop.ru/31318.html

- 3aIlyCTUTh YCTAHOBJIEHHBIN y Bac MaTeMaTnueckuii maket

BBI6paTB B CIIMCKE MMPHUMEPOB, pCHICHHBIX B CPEAC 3TOI'O 114
KETa, HOI[XOI[HH_[I/Iﬁ U pCHIUTH CBOIO 3aa4dy 11O aHAJIOTHH,

IpenonaBarensim:

- NCMOJIb30BATh MAaTEMaTHUECKUE MAKEThI AJIs TOJIEPK-
KM Kypca JICKLIHH.

Bcem 3AHHTEPECOBAHHBIM IM0JIL30BaTEC/IAM:

1. MOXXHO 03HAaKOMMTBCS C IPUMEPAMHU IIPUMEHEHHUS
MaTeMaTUYECKUX ITaKETOB B 00pa30BaTEIbHOM IIPOLIECCE.
2.  HaWTH 1eMO-BEpCUU MOMYJISIPHBIX MaTEMAaTUYECKUX
MaKETOB, 3JICKTPOHHbIE KHUTH U CBOOOHO PacHpOCTpaHs-

CMBIC IIPpOIr'paMMBI.

3. Marematuka www.mathematic | y4eOHbII MaTepHa o pa3IMYHBIM pa3/esiaM MaTeMaTu-
s.ru KU — anre0pa, IIIaHUMETPHsi, cTepeoMeTpus, PyHKINH,
rpaduKu U JpyTHe.
4. | Poccuiickoe 00- www.edu.ru (benepabHbI 00pa30BaTEIbHBIN MTOPTAI: YUPEKIACHHUS,
pa3oBaHuE. nporpammel, craiaaptsl, BY3b1, Tectsl EI'D.

5. | DnekTpoHHbIC http://elib.dgu.ru,
katanoru Hayu- | http://edu.icc.dgu.

HOW OMOJIMOTEKN ru
Ary

6. | O6mepoccuii- www.mathnet.ru | [Toprai, npenocTaBisier pa3IMyHbIe BO3MOXXHOCTH B TI0-
CKUH MaTeMaTH- ucke HH(OpMaIK 0 MaTeMaTHIeCKO# KU3HU B Poccun
YEeCKUH MmopTa [Topray comepKUT pa3nelnsl: )KypHalbl, BUACOTEeKa, OUO-
(Math-Net.Ru) JUOTEKA, IEPCOHAINN, OPTaHU3aIMH, KOH(PEPEHIINH.

10. MeToanecmle YRazaHuda OJs oﬁyqamumxm 10 OCBOCHMIO JUCHUIIJIMHBI.

HNucnuminna «OyHKIIMOHATBHBIN aHAIU3) SIBISETCS OCHOBHOM 0a30i BCeX MaTreMaTH-
YECKUX NUCIUIUINH, U3yyaeMblx Oyaymumu OakanaBpamu. Crenuduka JUCHUTUIAHBI
COCTOUT B TOM, UYTO PACCMOTPEHUE TEOPETUUYECKHX BOMPOCOB 3/IECH TECHO CBSI3aHO C
pellIeHUEM MPAKTUYECKUX 3a7a4 M3 Pa3HbIX pa3JejiOB BBICIICH MaTeMaTUKW. DTH 3aja-
YU CITy’>KaT WUTFOCTPAIME OTACNIBHBIX IMMOHIATHH, TEOPEM M METOJ0B (PYHKIIMOHAJIBHOTO
aHaIn3a.

CucreMaTnuecKoe U3JI0KEHNE HayYHbIX MAaTEPUAIIOB, OCBELIEHUE TJIABHBIX TEM JTAHHOMN
JVCLHUIUIMHBI IPOBOAUTCS B XOJ€ JIEKIMOHHOIO Kypca. M3ydyeHne TeopeTu4ecKoro Kyp-
Ca BBINIOJIHACTCS CAMOCTOSITEIIBHO KAXKJBIM CTYAEHTOM I10 UTOTaM KaKJIOW W3 JIEKLIHM,
MCIIOJIB3YS! KOHCIIEKT (AJIEKTPOHHBIN) JIEKINH, YdeOHUKH, IpeCTaBlICHHbIE B pa3jene 8
«IlepeyeHb OCHOBHOM M JOMOJHUTEIbHOW Y4EOHOW JUTEpaTypbl, HEOOXOAUMOU st
OCBOCHMS JUCLMIUIMHBDY, PE3YIbTAThl KOHTPOIUPYIOTCS IPENOAABaTENIEM Ha IPAKTHU-
YECKUX 3aHATHUSIX.

Ecnu Bo3HUKAIOT BOMPOCHI, cleqyeT oO0paTutbest Ha kKadeapy K MpernopaBaTeiio, Co-
IJIaCHO TpauKy KOHCYJIbTallMi Benyllero npemnojasaress. OOpamasch 3a KOHCYJIbTa-

24



e, HeoOX0IMMO yKa3aTh, KAKUM Y4€OHUKOM IOJIh30BAJIMCh U KaKOW pasJien, riana,
naparpadg BaMm HE TIOHSTEH.

Pemenus 3aga4 1 caMoCTOsITeNIbHBIC pa0OThI MO 3aJaHUI0 (MHIUBUIYaIbHOMY, T/I€ Tpe-
OyeTcs) mpenoiaBaTes CAAI0TCS B KOHIIE KaXKI0M 3a4eTHON €IUHUIIBI.

Jlns cnaum 3a4eTHOM eauHUIbl «JIMHelHHble HOPMUPOBAaHHBIE U THUIBLOEPTOBBI IPO-
CTpPaHCTBa» HEOOXOJUMO MPOAHAIM3UPOBATH JCKIIMOHHBIM MaTepHaal C UCIOJIb30BaHU-
€M UCTOYHUKOB JIUTEPATyPhl, IPEIBAPUTEIILHO MIOBTOPUTH TEMBI ""BEKTOpHI U Olepaliuu
HaJl HUMH' ', «MOAyJIb KOMIUIEKCHOTO YHCJIa U €70 CBOMCTBAY.

JIst MOATOTOBKM K MPAKTUYECKUM 3aHATUSAM HYKHO M3YYUTh COOTBETCTBYIOLIHUW TEO-
PETUYECKUI MAaTEPUAIT U3 CIIEAYIOMINX JIUTEPATYPHBIX UCTOYHUKOB:

1. Kommoropo,A.H. DnemeHTsl Teopuun (PYHKIMH U (PYHKIMOHAIBHOTO aHAIM3a :
yuebHuk ans By3oB / A. H. Konmmoropos, C. B. ®omun. - 6-¢ u3n., uchp. - M.:
Hayxka. I'n. pen. ¢us.-mar. aur., 1989. - 624 c. : . - ISBN 5-02-013993-9: 1-50.

2. Tpenorun B.A. OyHKIIMOHANBHBIN aHamu3: YueO. mocobue mis BTy30B / B.A. Tpe-
HOTHUH. - U31. 3-e, ucnp. - M.: ®uszmatiut, 2002. - 239 c. - ISBN 5-9221-0272-0:
151-01.

3. Jlrocrepuuk JILA. Kpatkuii kypc (yHKIHMOHAJIBLHOTO aHalu3a : yuyed. mocobue
/JTroctepuuk JILA., B. . Cobones. - U3a. 2-e, crep. - CII6. [u ap.] : Jlans : U3a.
BbICIIas 1koja, 1982. - 270,[1] c. - (Knaccuueckas yuyeOHas auTepaTypa 1Mo MaTe-
matuke). - ISBN 978-5-8114-0976-1: 288-75.

Pemate 3a1aum 1 yrpaxHeHUs! U3 y4eOHbIX U y4€OHO-METOINYECKUX MOCOOUH:

1. Tpenorun B A. 3amauu u ynpaxHeHHs 10 QYHKIMOHAIIBHOMY aHaIu3y: ¥Y4el. moco-
oue s BTy30B / Tpenorun B.A.; b.M.IIucapesckuii, T.C.CoboneBa. - U3a. 2-e, ucnp.
u jgon. - M.: ®uzmariut, 2002. - 239 c. - ISBN 5-9221-0271-0 : 151-01.

2. MemxunoB 3.I'. MeTtoauveckue yka3aHus M 3aJ1a4u 1Mo Kypcey "MHTerpaibHble ypaB-
HeHus'". Maxaukana: UIIL[ AI'Y, 1999.

11. IlepeyeHb MH(OPMANUOHHBIX TEXHOJOTHI, UCMOJb3yeMbIX MPHU OCyLECTBJIE-
HMH 00Pa30BaTEILHOI0 MpPoLEcca Mo IMCHUILIMHE, BKIKYAas NepeYyeHb Mpo-
rPaMMHOT0 o0ecre4eHrsl U HHPOPMAIMOHHBIX CIIPABOYHBIX CHCTEM.

JIJIst OCyIleCcTBIICHHST 00pa30BaTEIBHOTO MpoIecca Mo AUCHUIUTHHE: «DYHKIIHOHAIb-
HBIN aHAJINU3» HGO6XOI[I/IMI)I:

CucremHoe nporpammuoe odoecrieuenne: OC Windows XP/7/8/10;

IpukaaaHoe nporpammuoe odecnieuenne: MSOffice 2007/10/13;

CeTreBble PHIIOKEHHS: DIICKTPOHHAS 1T0YTa, IOMCKOBBIE cucTeMmbl Google, Yandex.
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12. Onucanue MaTepuaIbHO-TeXHUYECKOH 0a3bl, HeOOXOAUMOI I OCylIeCcTBJIe-
HHSA 00pa30BaTEJBLHOIO MPOLEcca MO0 AUCHHILIMHE.

JUi poBeAeHUs JIEKIIMOHHBIX U MPAKTUYECKUX 3aHATUN M0 JUCLUIUIMHE HEOOXO-
auma ayautopust Ha 20-25 mecT, 000py0BaHHAsE HOYTOYKOM, SKPaHOM U LIU(PPOBBIM
IPOEKTOPOM.

VYHuBepcurer 00J1a4a€T TOCTATOYHON 0a30il ayUTOpPHUIl AJi MPOBENEHUS BCEX BU-
JI0B 3aHATUH, NPETyCMOTPEHHBIX 0O0pa30BaTENbHONM MPOrpaMMOMN JUCLMILIAHBI
«DyHKIMOHANBHBIN aHanu3». Kpome Toro, Ha gakynbreTe 4 KOMIBIOTEPHBIX Kilacca
n 4 y4eOHBIX KJacca, OCHAUICHHBIX KOMIIBIOTEpAaMU C COOTBETCTBYIOIIMM IIpPO-
IrPaMMHBIM 00€CTIeYeHUEM U MYJIbTUMEINA-TIPOCKTOPaMH.

B yHuBepcuteTe uMmeercs HEOOXOAMMBIA KOMILIEKT JUIIEH3UOHHOTO MPOrPaMMHOTO
o0ecnie4eHusl.
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