MWHOBPHAYKN POCCUA
®ENEPAINBHOE rOCYOAPCTBEHHOE BIO[PKETHOE OBPA3OBATEIbHOE YYPEXKOEHVE
BbICLLEIMO OBPA30OBAHUA

«BOPOHEXCKWUA rOCYOAPCTBEHHbIA YHUBEPCUTET»
(Preoy BO «BI'Y»)

YTBEPXOAKO

3aBeqyowmin kapegpomn
yYHKUUOHalbHO20 aHanu3a
U orepamopHbIX ypasHeHuU

&:(/—-r -
KameHckuti M.U.
noonuck, pacwugposka nodnucu

19.05.22 .

PABOYASA NPOrPAMMA YYEEHON OUCLMMIINHDI

51.0.14 3nemeHTbl Teopun PpearonbMoBbIX OTOBpaKeHui

1. Kog n HaumeHoOBaHMe HanpaBneHnsa NOoAroToBkM / cneunanbHocTu: 02.04.01 ma-
TemMaTmka U KOMMNbOTEPHbIE HaYKN.

2. I'Ipoc*mnb noaroToBkKu / cneynanusaumu: matemaTuieckoe n KOMMNbOTEPHOE MOde-
JimpoBaHune; MatemMatndeckme Mmetobl N KOMMNbOTEPHbIE TEXHOJTIOTM B €ECTECTBO3HAHUMN,
OKOHOMUKE U ynpaslieHUN

3. KBanudukaums (cteneHb) BbINYCKHUKA: MarncTp
4. dopma obGyUyeHuUA: oyHas
5. Kachenpa, oTBevarLwan 3a peanmsaumio AMCUUNIUHbIL. Kadegpa dyHKUNMOHANbLHO-

ro aHanusa v onepaTopHbIX YpaBHEHUI

6. CoctaBuTtenu nporpammbl: CanpoHoBa TatbsiHa KOpbeBHa, K.d).-M.H., MaTeMaTunye-
CKu pakynbTeT, Kadegpa PYHKLUMOHANbHOIo aHanusa u onepaTtopHbIX ypaBHEHUMN,
tsapr@mail.ru

7. PekomeHpoBaHa: HMC matematunyeckoro pakynbeteta, npotokon Ne 0500-03 ot
24.03.2022

8. YuebGHbIN roa: 2023-2024 CemecTp(bl): TpeTumn

9. Uenu n 3agaum yyeb6HOM ANCLMNIIUHBI

Llenu y4yebHoU ducyunuHbl: N3y4eHne OCHOB Teopun (ppearonbMOBbLIX OTOOpaXeHuN
N pearonbMoBbIX (PYHKUMOHANOB, 3afaHHbIX Ha GaHaxoBbIX MPOCTPAHCTBAX.
3adayu y4yebHoU OucyunuHbl: OBnageHue HasblkaMu uccnenoBaHus (QYHKLMOHAIOB,
3aflaHHbIX Ha BaHaxoBbIX NPOCTpPaHCTBaXx.



10. MecTo y4ye6HOM AncuMNNUHbI B cTpykType OOI: gucumnnuHa «3nemMeHTbl Teopumn
dpearonbMoBbIX OTOBpaKeHn» ABNAETCS OCHOBHOW aucuunnvHon 6noka b1.

OCHOBHble OUCLMNNNHBLI U UX pa3aernbl, Heobxoanmble ANs YCBOEHUS Kypca
«3neMeHTbl Teopun hpearonbMOBbIX OTOOPaAXKEHNN»

— MaTtemaTudeckumn aHanms (npomssogHas u guddepeHumnan yHKUNK, HeonpeaeneHHbIN
N onpefeneHHbIn MHTerpanbl, YaCTHblEe NPOU3BOAHbLIE);

— OYHKUMOHarnbHbIM aHann3 (MeTpu4eckne U NMHEeNHble NPOCTPAaHCTBA, HenpepbiBHbIE
oTOBpaXkeHUs1, HopMa, NMMHENHbIA OrPaHUYEHHbI onepaTop, N30Mopn3m, BNOHE Henpe-
pbIBHbIE ONepaTopbl).

11. MnaHupyemble pe3ynbTaTbl 00y4YeHusi MO AUcuMNIMHe/MOAyn (3HaHUA, yMme-
HUS, HaBblKK), COOTHECEHHbIe C NNIaHUPyeMbIMU pe3yfibTaTaMu OCBOeHUsi o6paso-

BaTerbHOM NporpamMmMbl (KOMNEeTeHUMAMU) U UHANKATOPAMMU UX AOCTUKEHUS:

Koa HasBaHune kom- Koa WHugukatop MnaHupyemble pesynbTathbl
neTeHumm oby4yeHus
CnocobeH Haxo- Obnapaet dyHAaMeHTanbHbIMU | 3HaTL: OCHOBHbIE TMOHATUSA,
anTb, dhopmynu- 3HAHUAMU W NpaKTUYECKUM | TEOPEeMbl U MNpUMepbl Teopun
OMNK-1 | posatb u pe- | OMK-1.1 | onbiToM B hopMynMpoBKke W pe- | PPEArONbMOBBLIX  OTObpaxe-
WaTb aKTyasnb- LIEHNN aKTYyarbHbIX M 3HaUMMBbIX | HWW.
Hble U 3Haun- npobnemM NpuKIagHON M KOMMb-
Mble npobnemsl IOTEPHON MaTeEMaTUKM
npuKknagHon u
KOMMbIOTEPHOM YMeeT MCronb3oBaTh Mx B mpo- | Y METe:  MCMOmnb3oBaTh Teope-
MaTeMaTuKu OnK-1.2 (heccmoHanbHOM AeaTeNbHOCTY TMECKne 3HaHA Npi PEeLLeHIN
3agay no Teopuun penronbmo-
BbIX OTOOpaXKeHWM.
OllK-1.3 VIMeeT HaBblkv pelweuns akTy- Brnagetb: HaBblkamu pelueHus
aNbHbIX M 3HAYMMbIX npo6ne|~:| 337134 N0 TEOPUM (PEATONBMO-
NPUKIAAHOM U KOMMbIOTEPHOW | o OTOGPAKEHI.
MaTeMaTuKu

12. O6bem gMcuunuHbI B 3a4eTHbIX eguHULax/4yacax (B COOTBETCTBMM C Y4E€OHbIM
nnaHom) — 3/108.

dopma NPoMeXyTO4YHOM aTTecTauum — 3aver.

13. TpyaoeMKocTb NO BMAam y4ebHom paboTbl

TpyaoeMKoCTb
Mo cemecTpam
Bua y4ebHol paboTbl Beero . cem. 3 — . cem. 4 —
dopme dopme
M mn
AyOMTOPHbIE 3aHATUA 20 20
nekuunu 10 10
B TOM 4ucne: npakTnyeckme 10 10
nabopaTtopHble 0 0
CamocTtodaTenbHas pabota 88 88
B TOM 4mncne: KkypcoBasi paboTa (npoekT) 0 0
dopma NpoMeXyTO4HON aTTecTaumu 3aver 3aver
0 0




WToro:

| 108 | 108

13.1. CopepxaHue QUCLMNIINHBI

n/n Peanusauus
pasgena
HaumeHoBa- OVCUMNIUHBI
HVe pasgena CopepxaHve pasgena QUCUUNIvHLI C MOMOLLIbO
ONCLUMNITUHBI OHNawnH-
Kypca,
OYMK*
1. Nlekuum
OTHOCWTENBHO KOMMAaKTHbIE MHOXECTBAa B HOPMMPOBAHHBLIX MpO-
cTpaHcTBax (onpegeneHue). OTHOCUTENBHO KOMMAKTHbIE MHOXeCTBa
11 Brionke He- | B KOHEYHOMEDHbLIX NPOCTPaHCTBaX. OTHOCUTENBHO KOMMaKTHbIE
MpepbIBHbIE MHOXecCTBa B I'IpE)CTpaHCTBe Cl[a,b]. Teopema Apuena (6e3 pokasa-
onepaTopbi. TenbcTBa). JIMHeNHble orpaHnyeHHble onepaTopbl (OnNpeaerneHne u
npumepsl). Hopma onepatopa. BnonHe HenpepbiBHbIE onepaTopbl
(onpepenenue). Mpumep : onepatop Ppearonbma.
DaKTOp—MNPOCTPAHCTBO NMHEMHOrO MPOCTpaHCTBa (onpedeneHue u
12 FIHEAHbI npvMep). Tononorndeckun n3omMoppuram JNUHENHbBIX NMPOCTPaHCTB.
chpearon- npﬂMjale CyMMbI. Appo, obpa3 u koAQPO NMHEWHOro onepaTopa.
MOB ornepa- JInHenHbIN bpearonbmMoB onepaTtop M ero MHAEKC (onpegenexHve).
TOp 1 ero Teopema 06 obpase cpegronbmoBa onepatopa (6e3 gokasaTtenb-
NHOEKC ctBa). OcHoBHble cBoncTBa hpearonbmMoBbIX onepaTtopos (6e3 go-
kasaTenbcTtBa). [lpymepbl NMHENHbIX OPEeAronNbMOBbLIX ONepaTopoB.
1.3 MponssogHas ®Ppelue oTobparkeHWs, OEWCTBYHOLWLEro B HOPMUPOBaH-
HbIX NPOCTpaHCTBax (onpegeneHue v npumepsbl). Teopema O npo-
M3BOOHOM KOMMoO3unuum oTobpaxeHun (6e3 gokasaTenbctea). He-
HenvHeiHble | nuHelHble (pearonbMoBbl oTobpaxeHus (onpepeneHue). MiHaekc
pearonb- | dpearonibmMoBa oTobpaxeHuss (onpegeneHne). PyHKUMOHAnbI Ha
MOBbI OTOB- | GaHaxoBbIX MpocTpaHcTBax. OnpegeneHue rpagueHTa. Kputuueckwe
paxeHuns TOYKM (PYHKUMOHAMNOoB. fleMMa O CBSI3U rpaaMeHTa C KpUTUYECKMMM
Todykamu. OnpegeneHve ¢pegronbMoBa yHKLMOHANa U ero WH-
Aekca.
2. MNpakTnyeckue 3aHATUA
OTHOCWTENBHO KOMMNAKTHblE MHOXECTBa B HOPMMPOBAHHBLIX MpO-
cTpaHcTBax (3agayun). OTHOCUTENBHO KOMMAKTHbIE MHOXECTBa B KO-
2.1 | BrornHe He- | HEYHOMEpPHbLIX NPOCTpPaHCTBax. OTHOCUTENBHO KOMMAKTHLIE MHOXe-
npepbiBHbIE | ctBa B npocTpaHcTBe Cl[a,b]. Teopema Apuena (3agaym). JInHelHble
oneparopbl. | orpaHuMYeHHble onepatopbl. Hopma onepatopa. BnonHe Henpepbis-
Hble onepartopbl (3agauyn).
I HBI @PaKTOp—NPOCTPAHCTBO NIMHEWHOrO NPOCTpaHCcTBa (onpeaeneHne u
2.2 pearons- npumep). Tononornyecknn U3oMopdPU3M JMHENHbIX MPOCTPaHCTB.
MOB onepa- Mpsamble cymmbl. Agpo, obpa3 n Kosgpo MMHENHOro oneparopa.
TOp U €ero JInHenHbIn bpepronbmoB orepaTop U ero uHgekc. lNMpumepbl nu-
NHOEKC HenHbIX OPearonbMOBbLIX OMepaTopoB. 3afadu.
2.3 MpounsBogHas ®Ppelle oTobpakeHWs, OEWCTBYHOLLEN0O B HOPMUPOBaH-
HbIX MpocCTpaHcTBax (3agauun). Teopema O NPOU3BOAHOW  KOMMO3U-
HenuHeliHble | uum oTobpaxkenun (3agaudv). HenuHernHble dpenronbsmoBbl oTOOpa-
dpegronb- | XKeHus (3agaum). MHoekc dpearonbmoBa oTobpakeHMst (3adaun).
MOBbl O0TO6G- | PyHKUMOHanNbl Ha BaHaxoBbIX NpocTpaHcTBax. OnpegeneHve rpagu-
paxkeHuns eHTa. Kputudeckne ToYkM (pyHKUMOHaNoB. Jlemma O CBSA3WM rpagueH-

Ta C KpuTudeckumu Toukamu. OnpepgeneHve dpearosibMoBa (yHK-
uMoHana u ero uHgekca. BbluMcneHve rpagueHTOB HEKOTOPbIX
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dyHKunoHanoB (4 npumepa). BecnomorateneHble 3agauyn (3 3agaun).
YpaBHeHne MasaTHuKa. [JokasaTenbCcTBO (hpearofnibMoBOCTM OTOOpa-

xenust | (X) =X+ AsinX (npn cooTBeTcTBYtOLWEM BbIGOpPE MNpo-

CTpaHCTB).

13.2. Tembl (pasgenbl) AUCUUNIUHBLI U BUAbI 3aHATUN

Ne | Bugpl 3aHaTUR (4acoB)
HanmeHoBaHve KoHTpons
n/ | Paspena ancunnnm- Tekunm Mpaktnye- | Jlabopa- |CamocToaTenbHas Bcero
n Hbl ckue TOpPHblE pabota
1 Brontne HempepbIB- 24
HBIC OMEPaTOpPhI. 3 3 0 0 30
2 Jluneiineiii dpen-
TOJBMOB OIEpaTop | 2 2 0 24 0 28
€ro WHICKC
3 Henuneitnsie ¢pen-
TOJILMOBBI OTOOpaxe- 5 5 0 40 0 50
HUS
Wtoro: 10 10 0 88 0 108

14. MeToau4eckue yKasaHusi Ansi 00y4aloLWmMXca N0 0CBOEHUIO AUCLIMMIIUHDI

B xoae n3yyeHuns kypca npegycmoTpeHa camoctosTernbHas paboTa (B BUAE BbINOMHEHUS AOMALLHUX 3ada-
HWI), a TaKke NpoBeAeHne KONNokBnyma (B oopme nHaMBMayanbHOro cobeceqoBaHns) U KOHTPOMbHOMW pa-
6oThblI.

Y4yebHble nocobusa no JaHHOMY Kypcy pasmelleHbl Ha cantax https://vk.com/nelinan wn
https://vk.com/fredholm . Ha canTe https://vk.com/fredholm npenogaesatens nybnukyeT Bcnomorartenb-
Hble MaTepuanbl U ykaszaHWs Mo M3y4YaembiM B AaHHbIA MOMEHT BOMpocaM, Npe3eHTauun nekuun,
pelleHns 3agad, NporpaMMbl KOMMOKBUYMOB M T.4.

Mpun n3yyeHnn maTepumana Kypca no y4ebHuKy (KOHCNEKTY) HY)XXHO, Mpexae BCEro, yACHWUTb CyLLECTBO
Ka)x4oro uanaraemoro 1am Bonpoca. [nMaBHOe — 3TO NOHATb U3NOXEHHOE B y4ebHMKe (KOHCNeKTe), a He “3a-
yumTh”.

M3yuaTb maTtepuan pekomeHgyeTcs no temam. CHavyana cnegyet npodntatb BECb Matepuan Tembl (nNa-
parpaga), 0cobeHHO He 3aepXKUBasiCb HA TOM, YTO NMOKa3anoCb HE COBCEM MOHATHbLIM; YaCcTO 3TO CTAHOBUT-
Csl NOHATHBLIM M3 NocneayLwero. 3aTem Hago BEPHYTLCS K MeCTaM, Bbi3BaBLUUM 3aTPYAHEHUSA, U BHUMA-
TenbHO pa3obpaTbCs B TOM, YTO Obino HesscHo. Ocoboe BHMMaHWE Npy NOBTOPHOM YTEHUM obpaTute Ha
OPMYNNPOBKM COOTBETCTBYIOLLMX ONpeAeneHnin, TEOPEM U T. M.; B TOYHbIX hOPMYNMpOBKax, Kak NpaBuslo,
CYLLECTBEHHO KaXX40€ CMOBO, NO3TOMY BaXKHO MOHSITb MX CMbICI U YMETb U3NOXUTb UX CBOMMM CIOBaMMU.

HokasaTenbcTBa Hago YMETb BOCMPOU3BOAUTL CAMOCTOSTENBHO, MOHSB UAEK A0Ka3aTenbCTBa; NblTaTb-
Csl NPOCTO UX "3ayumBaTb" He crieflyeT, HUKAKOM NoMb3bl 3TO HE NPUHECET.

Ocob6oe BHUMaHWe criegyeT yoenutb NpuobpeTeHNIo HABbIKOB PeLLEHUsT 3a4ay; TeoOpeTUYECKMEe 3HAHUS
HaZo Hay4YMTbCs NPUMEHSTL Ha NpakTuke. [ns 3Toro, n3y4nB maTepuan gaHHOW TEMbI, Ha4o pa3obpaTtbes B
peLLEeHNsAX COOTBETCTBYIOLLMX 3a[ad, KOTOpble NPMBOAATCSA B y4eOHMKe unu obcyxaatoTcsa Ha 3aHATUSIX.
Pasbupasi 1 pewas 3agaym, obpaljante BHUMaHUE Ha TO, KaKne NorioXeHUs TeEopUM NPUMEHSAIOTCA.

15. MNepeyeHb OCHOBHOW U AOMNONTHUTENLHOW NUTEepPaTypPbl, PECYPCOB UHTEPHET, He-
06XxoAUMBIX ANsi 0OCBOEHUSI QUCLMMNIIUHDI

a) OCHOBHas nutepartypa:

Ne n/n MNCcTOYHMK
JlocmepHuk J1.A. Kpamkut Kypc ¢pyHKYuoHanbHo20 aHanusa / J1.A. JllocmepHuk, B.U. Cobo-

1 nes. — Cl16.: [lanb, 2009. — 272 c. (cm. https://vk.com/nelinan , https://vk.com/fredholm?w=wall-
161468263 5)



https://vk.com/nelinan
https://vk.com/fredholm
https://vk.com/fredholm
https://vk.com/nelinan
https://vk.com/fredholm?w=wall-161468263_5
https://vk.com/fredholm?w=wall-161468263_5
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3esizuH B.I". JluHelHble pedaonibMosbl onepamopb! U Ux ceolicmea. YyebHoe nocobue /
2 B.l". 3es2uH [u dp.] — BI'Y, 2007. — 81 c. (cm. https://vk.com/fredholm?w=wall-
199313526 8%2Fall)

0) fononHUTenbHasa nuTeparypa:

Ne n/n MCTOYHMK
Konmozopoe A.H. SnemeHmbl meopuu pyHKUUl U ¢hyHKUUOHanbLHo20 aHanusa / A.H. Konmo-
3 eopos, C.B. ®omuH. — M.: ®USMATIINT, 2006. — 572 c. (cm. https://vk.com/fredholm?w=wall-

161468263 5)

Kapman A. QuggeperHyuansHoe ucyucnerue. [JugpgepeHuyuansHbie hopmbi / A. KapmaH. —
M.: Mup, 1971. — 392 c. (cm. https://vk.com/nelinan )

Bbopucosuy FO.I. BeedeHue e mononoauto / KO.I. bopucosud [u dp.] — M.: Hayka, 1995. — 416
C. (cm. https://Ivk.com/nelinan )

B) MHG)OPMaLMOHHbIE 3NIeKTPOHHO-00pasoBaTeribHble Pecypchbl:

Ne n/n Pecypc

6 https://vk.com/fredholm — cmpaHuya «B KoHmakme», nocesujeHHass 0aHHOMY Kypcy

https://lib.vsu.ru/ — anekmpoHHbIli kamanoz 3HE BI'Y

16. NMepe4vyeHb y4eOHO-MeTOaQNYECKOrO ob6ecnevyeHns AN cCaMOCTOATeNIbHOWN paboThl

Ne n/n NcTouHunk

1 Kapman A. QugpgeperHyuansHoe ucyucneHue. [JugghepeHuyuansHbie ¢hopmbi / A. KapmaH. —
M.: Mup, 1971. — 392 c. (cm. https://vk.com/nelinan )

2 Bopucosuy FO.I". BeedeHue e mononoeuto / KO.I. bopucosud [u dp.] — M.: Hayka, 1995. — 416

C. (cm. https://Ivk.com/nelinan )

17. UHdbopMaLMOHHbIE TEXHONOINMKU, UCNOoNb3yeMble AnA peanu3auum y4yebHon guc-
UUMNNKHBbI, BKIOYass nporpaMmmMHoe obecneyeHune U MHGOPMaLMOHHO-CNpPaBOYHbIE
cucrtembl (Npu Heo6XxoANMMOCTH)
AncumnnuHa MoxeT peanu3oBbiBaTbCs C NPUMEHEHNEM ANCTAHLMOHHbIX 0bpa3oBa-
TenbHbIX TEXHOMNOMIN, HAaNpPUMep, Ha Natopme «ONEKTPOHHLIN YHUBEpPCUTET BIY».
[MepevyeHb HeobxoaMMOro nporpaMmmHoOro obecnedyeHus: onepaumoHHasa cucTema
Windows, Microsoft Office, 6paysep Mozilla Firefox, Opera nnu Internet Expolorer, HoyT-

OyK.

18. MaTepMaano-TeXHquCKoe obecneyeHne ANCUMUNIIUHDI: yqe6Haﬂ ayanTopua:
cneunanminpoBaHHada mebenb

19. OueHou4HbIe cpeAcTBa ANs NPOBeAEeHUA TEKYLEeNn U NPOMEXYTOYHON aTTecTauum

MopsiAoK OLEeHKN OCBOEHMS 0ByYatoLLMmmncsa y4eGHOro matepuana onpeaensieTcs
coAepXaHueM crieayloLwmx pa3aenos ANCLUMIIUHBIL:

Ne HanmeHoBaHue pasgena Komne- MHgukaTopbl 4OCTU- OueHouHbIe CpeacTaa

n/n ancumnnuHbl (Moayns) TeHUuMs XEHUS KOMNEeTEHLMN

1 BnonHe HenpepbiBHbIE OonK-1 OrllK-1.1, OriK-1.2, JoMallHWe 3afaHus, KOHTPOnbHas
' onepaTopbl. OlK-1.3 pa6oTa, cobecefoBaHue no Gure-



https://vk.com/fredholm?w=wall-199313526_8%2Fall
https://vk.com/fredholm?w=wall-199313526_8%2Fall
https://vk.com/fredholm?w=wall-161468263_5
https://vk.com/fredholm?w=wall-161468263_5
https://vk.com/nelinan
https://vk.com/nelinan
https://vk.com/fredholm
https://lib.vsu.ru/
https://vk.com/nelinan
https://vk.com/nelinan
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Ne HanmeHoBaHue pasgena Komne- MHgukaTopbl 4OCTU- OueHouHbIe CpeacTaa
n/n ancumnnuHbl (Moayns) TeHuus YKEHUSA KOMMEeTEHLMN
TaMm K 3adeTy
TIVHENHbIN enronbMoB _ _ AoMallHWe 3afaHnsi, KOHTPOoNbHas
2. dpen OlnK-1 OrK 10|1‘|K?_réK 12, paboTa, cobecenoBaHue no Gune-
oneparop U ero nHaekc -1. Tam K 3adery
HenuuerHble enrons- -~ : JOMallH1e 3a0aHusi, KOHTPOrbHas
3. 6 Ppen OlMK-1 OrK 8|1|’K_?_rg< 12, paboTta, cobecegoBaHue no 6une-
MOBbI OTODpaXKeHusi . TaMm K 3aderty
lMpomexyToyHasa aTTecTaumsi
[MepeyeHb BONPOCOB K 3a4eTy
dropma KOHTpOIsa — 3a4eT

20 TunoBble oueHO4YHble CpeAcTBa U MeToAUYeCcKne MaTepuanbl, onpegensiowme

npoueaypbl OLEeHUBaHUSA

20.1 TeKyLMA KOHTPONb yCNeBaeMoCTH

KoHTporb ycnesaemocTy No AUCLUMMNIIMHE OCYLLECTBIAETCS C NMOMOLLbIO CrieayHoLLmX oLe-
HOYHbIX CPEACTB: [AOMallHWe 3adaHus, KOHTpornbHas paboTa.

20.1.1 MNepeyeHb 3apaHUM ANA KOHTPOJSIbHOW pPaboTbl

BUJIET 1
1. ®yHKITHOHAT V(x) = j- o +xi 4 Zx]dr 3a/laH BII
E ={xeC*0,1]| x(0) = x(1) =0}; F C[0,1], H=L,[0,1]. Haiinurte

otobpaxenue f(x) = gradV (x), npousBoguyio ®pemre orobpaxenus f:E —>F

U JOKaxuTe, 4T0 (yHKIHoHan J(x) sBmsgeTcs (pearolbMOBEIM HHAECKCA HOJb.

. Omepatop A peiicteyer w3 BII E=C'[0,1] B BII F=C[0.1]:

Ax) ()= (t+1)-x(t), xe€E, te[01];
E =C'[0,1] — mpocTpaHCTBO HempephsiBHO auddepeHnnpyeMsx Ha otpeske [0,1]

dymxmmit, x|, = ,rgf)li(]h(t)‘ +,I£_l[f)l_)1{] EGE

Jlokaxcure, omHpasich HEINOCPEICTBEHHO Ha TeopeMy Apiena, 4To omepatop A

SIBJIIACTCs BIIOJIHE HCIIPEPBIBHBIM.



BUJIET 2

T L En
DyHKITHOHAI V(x) = I[% + sin? x]dr 3a/1aH Ha BII
0

E ={x e C*[0,1]| x(0) = x(1) = 0}; F = ([0,1], H=1L,[0,1]. Haiinure
oTobpaxkenne  f(x) = gradV (x), npomsBomuyio @peme  0TOOpaXKeHUSI
f:E—F wu pokaxure, 4ro ¢yHKmuoHan J(x) sBiusgercs (pearoabMOBBEIM

HHIOCKCAa HOJIb.

Omnepatop A peiictByer w3 BII E=C'[0,1] B BII F=(C[0,1]:
A4x)(t) =€ -x(t), xekE, te[0]1];
E =C'[0,1] — mpocTpaHCTBO HempepsIBHO muddepeHnupyeMsx Ha otpeske [0,1]

dynxumit, [x] . = g}%|x(t)| +,r2;v1(] EGP

JlokakuTe, OmHpasiCh HENOCPEICTBEHHO Ha TeopeMy Apliena, 4Tro omepaTtop A

SABISACTCA BIIOJIHE HEIIPEPBIBHBIM.

20.2 MNMpomexyToyHas atrectauus

ﬂpomemyTquaﬂ arrectaumd no ancumnimHe ocywecTBnaeTCcAa C NOMOLLbIO CrieayroLwnx

OLIEHOYHbIX CPpeacTB:

KOHTponbHas paboTa, cobecemoBaHne no ounetam.

20.2.1 MNMepeyveHb BONPOCOB K 3a4eTy

wnN e

©oN O A

OTHOCUTENBHO KOMMNAKTHbIE MHOXECTBa B HOPMUPOBAHHLIX MPOCTPAHCTBax (onpedenexHue).
OTHOCWTENBHO KOMMNAKTHbIE MHOXECTBA B KOHEYHOMEPHbIX NPOCTPaHCTBax.

OTHOCWTENBHO KOMMNAaKTHbIE MHOXecTBa B npocTpaHctBe Cla,b]. Teopema Apuena (6e3 goka-
3aTenbLCTBa).

JInHeWHble orpaHM4YeHHble onepaTtopbl (onpedeneHne n npuMepbl). Hopma onepatopa.
BrnonHe HenpepbiBHbIe onepaTtopbl (onpegeneHue). lMpumep : onepatop Ppenronbma.
®PaKTOpP—MNPOCTPAHCTBO FMHEVHOIO NPOCTPaHCTBa (onpedeneHue v npumep).
Tononoruyecknini N3oMopduU3M FNMHENHbIX NPOCTPaHCTB. [psMble CyMMBbI.

Anpo, obpas M Koa4pO NMHEMHOro onepaTopa.

JInHenHbIn bpepronbMoB onepaTop M ero uHgekc (onpepeneHue). Teopema o6 obpase
dpenronbmoBa onepatopa (6e3 gokasaTenbcTsa).

10. OcHoBHble cBoWcTBa (hpearonbMOBbLIX onepaTtopoB (6e3 gokas3aTernbCcTBa).

11.
12.

13.

MpuMepbl NUHEenHbIX pearoribMoBbIX OnepaTopos.

MponssogHas ®Ppelle oTobpakeHWsi, OEWCTBYIOLLEr0O B HOPMUPOBAHHbLIX MPOCTPaHCTBAX
(onpepenenne u npumepbl). Teopema O NMPOM3BOAHOM KOMMO3uLMKM oTobOpaxkeHui (6e3 goka-
3aTenbCTBa).

HenwvHeliHble dpepronbmoBbl oTOOpaxeHusa (onpegenenHune). MHaekc dpenronbmoBa oTobpa-
XeHus (onpepeneHue).

14. ®yHkumoHanbl Ha BGaHaxoBbiXx MpocTpaHcTBax. OnpenenexHve rpaguneHta. Kputudeckne Touku

dyHKUMOHaNoB. JlemMma O CBA3M rpagMeHTa C KPUTUYECKUMU TOYKaMMU.

15. OnpepeneHue dpearonomoBa yHKUMOHANa M ero MHAekca.
16. BbluncneHwe rpaguMeHTOB HEKOTOpbIX (OyHKUMOHanNoB (4 npumepa).
17. BcnomoratenbHble 3agauyn (3 3agaun).
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18. YpaBHeHue MaaTHWKa. [JokasaTenbCTBO (PpearonbMOBOCTU OTOBpaxeHus
f(X) =X+ ASINX (npn cooteetcTBytOLWEM BbIGOPE MPOCTPAHCTB).

20.3 ®oHA oueHOYHbIX cpeacTB CPOPMMPOBAHHOCTU KOMMETEHUUN CTYOAEHTOB, pe-
KOMeHAyeMbIn Ansi NpoBeAeHUs1 AMarHoCTUYEeCKUX pabort

3apaHuA 3aKkpbITOro TMnNa

d* 2
1. Oneparop A= e neiicteyer u3 npocrpanctea E ={X € C“[0,1] | x(0) = x(2) =0} =
npoctpancteo F =C[0,1], AX=X.

PasmepnocTs simpa aToro oneparopa pasua: a)0, 6) 1, B) 2.

OtBer: a) 0

Pemenne. Ilycte XeKerA. Torma Ax=X=0 = x(t)=at+b. B cuny ycnosus

X(0) =X(1) =0 nomyuaem, uro X(t) =0. Cnenosarensno, Ker A={6}.

d 2
2. Oneparop A= el neiicrayer w3 mpocrpancrea E ={x € C2[0,1] | x(0) = x(1) =0} =
t
npocrpancteo F =C[0,1], AX=X.
Pa3zmepHocThb Kosipa aToro oneparopa pasHa: a) 0, 6) 1, B) 2.

Otser: a) 0
Pemienne. Paccmorpum mnpowmssonbHbii Y € F. Dnement X € E, sanauuwii Beipaxkenuem

t(s 1(s
X(t) = J. (J. y(u) dUJdS — t'f (J. y(u) dU]dS , WIS KOTOPOTO  BBINOJNHSETCS  YCIIOBHE
0\o0 0\o0

X(0) =x(1) =0, sBnsercsa pemenuem ypapHenus AX =X = Y, To ecTh sBiseTcs Npoobpa-

3om onementa Y. Hrak, IMA=F . Crnenosarensno, kosnpo oneparopa A4 HyIbMEPHO.

d 2
3. Omeparop B = d_2 NeHCTBYeT U3 IpocTpancTBa E = CZ[O,l] B IIPOCTPaHCTBO
t

F =C[0,1], BX=X. Pa3mepnocts smpa sT0r0 omeparopa pasaa: a) 0, 6) 1, B) 2.

Otser : B) 2

Pemenue. Ilycts X € KerB. Torna Bx=X=0 = x(t)=at+b, a,beR.



Cnenosarensno, KerB nsymepno.

d 2
4. Omnepatop B = — JelcTByeT U3 mpocTpancTBa E = C2[0,1] B IPOCTPAHCTBO
t

F =C[0,1], BXx = X. Pasmepnocts kosapa sToro oneparopa pasua: a) 0, 6) 1, B) 2.
Otser: a) 0

o 2 o
Pemrenne. Pacecmorpum mpoussonbubiii Y € F. Dnement X € C7[0,1], 3ananublii BbIpaeHH-

t(s
eM X(t)ZI jy(u)du ds, sensercs pemenmem ypasmenms BX =X = Y, 1o ecrp sBus-

0\0

ercs mpoobpasom onementa Y. Hrak, IMB=F. Cnenosarensno, kosapo oneparopa B

HYJIBMEPHO.

5. Oro6paxenne f(X)=X neiicteyer us npocrpancrea E = Cl[O,l] B IPOCTPAHCTBO

F = CJ[0,1]. Hpoussoxnas ®permre 3Toro oTobpaskeHus paBHa: a) HyJIEBOMY OIIEpPaTopy,

d
0) eIMHMYHOMY OIEpaTopy, B) omeparopy auddepenuupopanus B = a
d
Otset : B) onepartopy muddepenuuposanus B = a

Pemenue.  (X+h)— f(x):>‘<+h—x=%h=Bh.

o o o . n m
6. BepHo mu, uto mo6oii muneitasiii onepatop AR —R™ aenserca dppearomsmonsmv ?

OTBeT: BEpHO.

Pemenne. Ouesnnno, uto dimKer A<n u dimCoker A<m.

3agaHuA OTKPbLITOro Tuna
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o ) 2 ) 2 . 12
7. Haiinure dpenronsmos uniekc omepatopa AR —IR?, 3anannoro marpuueit :

3 4
1 2
AX=( j(xl} Xz(lee]&z.
3 4 X2 X2

OtBet: 0

Pemenue. Marpuiia HEBBIPOXK/IEHA, TAK KaK €€ ONPeAeIUTeNb OTINYEH OT HyJis. Cle0BaTesbHO,
oIepaTop SBJIAETCA U30MOPHHU3MOM, TO €CTh €r0 PPEAr0IbMOB HHIEKC PAaBEH HYJIIO.

8. Haiinure ppearonsmMoB unaekc oneparopa A R3>R3:

X1 + Xo X1
Ax=|Xo—x3 |, Xx=|X |[eRS3,
2X3 X3
Otser: 0
11 0
Pemenne. Marpuua oneparopa umeer Bun | 0 1 —1|. Ona HeBbIpoXkI€HA, TaK KaK €€ ONpe-
0 0 2

JeNUTeNb OTIINYeH OT HyJs. ClieoBaTensHO, OniepaTop SABISIETCS U30MOP(PHU3MOM, TO €CTh €r0
(bpearoabsMoB UHACKC paBeH HYIIIO.

2
9. Onepatop A= ;[—2 neiicrayer w3 mpoctpancrea E ={x € C2[0,1] | x(0) = x(1) =0} =

npoctpanctso F = C[0,1]. Haiimure ¢ppearonsmMos HHAEKC 3TOTO OMEPaTOpa.

OtBer: 0

Pemenne. Ind A=dimKer A—dimCoker A=0 (cm. 3amanus 1 u 2).

d 2
10. Omeparop B = d—2 nefcTByeT U3 mpocTpancTBa E = CZ[O,l] B IIPOCTPAHCTBO
t

F = C[0,1]. Haitnure GppearonsMoB HHIEKC 3TOTO ONEpaTopa.

Otser : 2

Pemenne. Ind B =dimKerB —dimCoker B =2 (cwm. 3ananns 3 u 4).
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11. Oneparop B = it NefcTBYeT U3 pocTpaHcTBa E = Cl[O,l] B IIPOCTPAHCTBO

F =C[0,1], BX = X. HaiiauTe pa3MepHOCTH spa 3TOr0 OIEPaTOpa paBHa.

OtBer: 1.

Pemenue. Iycte X € KerB. Torna Bx=%X=0 = x(t)=a, aeR.

Cnenosarensno, KerB omnomepno.

d

12. Oneparop B = it NEeHCTBYeT U3 mpocTpancTBa E = Cl[O,l] B IIPOCTPAHCTBO

F = CJ[0,1], BX = X. Haiigure ppearonsMoB UHAEKC ITOTO ONEPaTOpA.

OtBer: 1.

Pemenne. KerB ommomepno (cm. samanme 11). IMB=F, 10 ects kosmpo omeparopa B

nynsmepHo. Crenosarensro, Ind B =dimKer B—dimCoker B =1.

Kputepuu n wkanbl oueHnBaHuA 3agaHnn ®OC:

1) 3agaHug 3akpbIToro Tuna (BbI0OP 0JHOro BapuaHTa oTBeTa, BepHO/HEBEPHO):

e 1 6ann — ykasaH BepHbIN OTBET;
e 0 6annoB — yka3aH HEBEPHbLIN OTBET.

2) 3apaHung 3akpbiToro Tmna (MHOXeCTBEHHbIV BbIOOP):

e 2 6anna — ykasaHbl BCe€ BEPHbIE OTBETbI;
e 0 6annoB — ykasaH xoTsi Obl OANH HEBEPHbLIN OTBET.

3) 3agaHuga 3akpbiToro Tuna (Ha CooTBETCTBUE):

e 2 6anna — Bce COOTBETCTBUSI ONpeaeneHbl BEPHO;
e 0 6annoB — xoTsa 6bl 0OAHO conoCTaBfeHNe onpeaeneHo HEBEPHO.

4) 3apaHnga OTKPbLITOro Tuna (KOPOTKUN TEKCT):

e 2 6anna — ykasaH BepHbIl OTBET;
e 0 6annoB — yka3aH HEBEPHbIN OTBET.

5) 3agaHug oTkpbITOro T1na (4mcno):

e 2 6anna - ykasaH BEpHbI OTBET;
e 0 6annoB — yka3aH HEBEPHbLIN OTBET.
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3apaHua pasgena 20.3 peKOMeHAYHTCS K MCNONb30OBaHUIO NMPU NpoBeAeHUU Aua-
rHOCTMYECKUX paboT C Lenbio OLEeHKM OCTaTOYHbIX pe3yribTaToB OCBOEHUSI AaHHOMN
AUCLUNIUHBI (3HAHUW, YMEHUIN, HAaBbIKOB).

20.4. MeToau4yeckue matepuansl, onpegensiowme npoueaypbl oOLeHUBaHUA 3HAHUM,
YMEHUN, HaBbIKOB U (UNN) onbiTa AeATEeNIbHOCTU, XapaKTepu3yLwWmux 3Tanbl popmMu-
poBaHUA KOMMNeTeHUUNn

OueHKa 3HaHUK, YMEHUN U HABbIKOB, XapakTepuaytoLlasa atanbl opMMpoBaHNSA KOM-
neTeHUMn B pamMmKax n3yyeHus ANCLUMMNINHBI OCYLLECTBASETCA B X04e TEeKyLLUEN U NPOMeXy-
TOYHOW aTTecTauun.

Tekyuwas aTTectaumsa npoBOANTCA B COOTBETCTBUM C [MonoxeHuem O Tekyllen atte-
cTaumm oby4arowmxca no nporpammam Bbiclero obpasoBaHus BopoHexckoro rocygap-
CTBEHHOIO YHMBepcuTETa. Tekywasa atrectaumsi NnpoBogMTCcAa B (hopmMax: ycmHoao ornpoca
(uHOusudyarbHbIlU onpoc, ghpoHMarnbHass beceda);, nUCbMEHHbIX pabom (KOHMPOJIbHbIE,
8bIMOSTHEHUE rpakmuKo-opueHmuposaHHbIx 3adaHul). Kputepum oueHnBaHus npuBeaeHsbl
BblLLE.

[MpomexyToyHaa aTtTecTauusi NPoOBOAMTCA B COOTBETCTBMM C [lonoxeHnem O npome-
XYTOYHOM aTTecTaumm oby4aroLmxcsa no nporpaMmmam BbiCLLIEro o6pa3oBaHus.

KOHTpOMbHO-U3MepuTesibHble MaTepuanbl NPOMEXYTOYHOW aTTecTaumMy BKIHYalT B
cebs TeopeTU4eckMe BOMPOCHI, MO3BOSIAIOLWINE OLEHUTb YPOBEHb MOSTYYEHHbIX 3HAHUN W
npakTu4yeckoe 3ajaHue, No3BosisLEee OLEHUTb CTeneHb CHOPMUPOBAHHOCTU YMEHUN U
HaBbIKOB.

Mpn oueHuBaHUM UCMOMb3YIOTCHA KayeCTBEHHas LWkKana oueHoK. Kputepun oueHuBaHuA
npuBeaeHb! BbiLLe.



