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PABOYASA NPOrPAMMA YYEEHOW OAUCLUUMITUHDI

51.0.13 lNpuknagHbie 0000WEeHHbIE 3a4a4u CONPSKeHna ang
anddepeHumanbHbiX YpaBHEHUN

1. Koa u HaumeHoBaHue HanpasneHusa noarotoBku 01.04.04 NMpuknagHana maTemaTuka

2. I'Ipodmnb noaAroToBKW. anMeHeHMe MaTeMaTu4eCKnx MmetToaoB K peLieHunro
UHXXEeHepPHbIX U 9KOHOMUNYECKUX 3aga4

3. KBanudukauma BbinycKHUKaA: MarucTp
4. ®opma oby4eHUs: o4yHas

5. Kacheapa, oTBevarowas 3a peanusauuio QUCLMUNIIMHBI: YPaBHEHUM B YaCTHbIX
NPOM3BOOHbLIX U TEOPUN BEPOSATHOCTEMN

6. CoctaButenm nporpamMmmbi: JNlornHoBa EKaTepMHa AﬂeKcaHAPOBHa, KaHAuAaT d)M3MKO-
MaTeMaTU4eCKUX HaykK, AOLUEeHT

7. PekomeHpoBaHa: HayyHo-MeTOoAM4YECKMM COBETOM MaTeMaTU4YecKoro cpakynbTeTa.
MpoTtokon Ne 0500-03 ot 28.03.2024

8. YuebHbIn roa: 2024/2025 CewmecTp: 2



9. Uenu n 3apgaum y4e6HON AUCLMNIIUHDI

Llernibto ocgoeHust y4ebHoU OuCyUmnIUuHbI S8/I9emcsi:

- 03HaKoMJIeHUe oby4Yaroujuxcs ¢ OCHoO8aMu meopuu rnpuknadHbix 0606weHHbIX 3ad0ay
conpsikeHuUs1 0 dughgpepeHyuarbHbIX ypagHeHUuU.

3adayu y4ebHoU OuCyuUmnuHbI:

- U3y4umb OCHOBHbIe (hakmbl 06 0606WeHHbIX 3adaydyax ConpsiXeHuUs1 Ors
ouchghepeHyuarnbHbIX ypasHEeHUU,

- 08/1a0emb CO8PEMEHHbLIM MameMamu4ecKuM arnnapamom 015 0anbHelweao
UCrosb308aHUs 8 pa3HOObpasHbIX MPUIOXeHUSIX;

- ogrrafemb Memodamu, Mo380/AWUMU OCYWEeCMBSmb Ka4eCcmeeHHoe
uccredosaHue rpuknadHbix 0606WeHHbIX 3aday conpsixxeHus 0ns OughgbepeHyuarnbHbIX
ypasHeHuU.

10. MecTo yyebHOM ancuunnuHbl B cTpykType OOI: brok 1. O6aszaTenbHas YacTb.

Mpuctynas K W3Yy4YEHUO [OaHHOM AUCUMMNWHBI, Oobyyalwmncs LOSMKEeH WMETb
TeOpeTUYEeCKy0 U MNPaKTUYECKyl0 NOAroTOBKY MO MaTeMaTU4ecKoMy aHanusy, Teopuun psifos,
obrnagate MOMHBIMW 3HAHMAMU Kypca OObLIKHOBEHHbIX AnddepeHumanbHbIX YpaBHEHUA W
YPpaBHEHUN B YacCTHbIX NMPOU3BOAHbIX, 3HAHUSIMU Teopun uHTerpanoB Jlebera, nHTerpanbHbIX
npeobpasoBaHuii.

11. MNMnaHupyemble pesynbTaTbl 00y4YeHUA no AucuunnuHe/moayno (3HaHUA, YMeHus,
HaBbIKW), COOTHECEHHbIE C NNnaHMpyeMbiMU pe3ynbTaTamMuM OCBOEHUs oGpa3oBaTeribHON

nporpamMmmbl (KOMneTeHuMHMM) n UHAUKaTopamMun NX 4OCTUNXKEeHUA:

Ko HasBaHue Koa(bl) WuaukaTop(bl) lMnaHnpyemble pesynbTaTbl 06y4eHns
KOMMeTeHL MK
Ol1K- | CnocobeH OlMNK - | Onpegensert n | 3HaTb: MeTOoAbl aHanusa NpobreMHbIX CUTyaLmnn
1 obobLaTb " 1.1 aHanuampyet B obracty 06006LLEHHbIX 3a4a4 CONPsSKEHUs ans
KpUTUYECKN NCTOYHUKM anddepeHUmnanbHbIX ypaBHEHW
OLeHMBaTb OMbIT U NpoGnemMHbIX
pesynbTathbl cuUTyauum B | YMeTb: aHanusMpoBaTb pe3ynbTaThbl
Hay4HbIX 3KCMEepPUMEHTAbHOW | 3KCMEPUMEHTOB, BbIAENATL NPobNeMHble MecTa
uccnegosaHMnm B "
obnactu uccriegoBaTtensckon | Bnagetb: coBpemeHHbIMM MeTogamu cbopa wu
NpvKNagHom AesaTenbHoCTH aHanusa wccnegyemoro matepuana B obnactu
MaTemaTuku 0606 LLEHHbIX 3apad COMpPsKEeHNsI ans
AndpdepeHUmnanbHbIX ypaBHEHNUI
OMNnK - | OcywectBnseT 3HaTb: OCHOBHble MeTodbl  UCCreaoBaHUA
1.2 nouck 0000LLEHHBbIX 3agad conpsikeHna ans
MaTemaTU4eCcKmnx anddepeHunansbHbIX ypaBHEHNI
METOJOB M YMEET UX
ucnonb3oBatb Ans | YMeTb: BblbpaTb Haubonee pauuoHarnbHbIN
peLleHus METOA peLlIeHUss MNOCTaBMEHHOW 3ajayn wu
npvKnNagHbIX 3agad NPUMEHNUTb ero
Bnagetb:  COBpeMEHHBIM  MaTeMaTU4yeCcKnM
annapaTtoM, NpuMMeHsieMbiM AfS UCCrnegoBaHns
0600LLIEHHbIX 3apav COMpsKeHnst ans
andpdepeHumnansbHbIX ypaBHEHNUI
OlMNK - | BnageeT HaBblkaMu | 3HaTb: OCHOBHble akTyanbHble  Mpobnembl
13 peLueHns npuKnagHon matemaTmkn B YacTu  3ajad
aKTyanbHbIX CONPSHKEHNS] ans anddepeHumnanbHbix
npobnem ypaBHEHUW
npuknagHomn
MaTeMaTuku YMeTb: pelwartb 06006LLEeHHbIE 3aga4m
CONPSHKEHNS ans anddepeHumnanbHbIX
ypaBHEHU#
Bnagetsb: HaBbIKaMU nccrnegoBaHust




MaTeMaTU4ecknx Mogenen 3agady ConpshKeHus
ansa gudpdbepeHumnanbHbIX YpaBHEHUI

12. O6beM AUCUUNUHBbI B 3a4eTHbIX eanHuuax/vyac. — 4 / 144.

dopmMa NpomMeXyTOYHOM aTTecTaumm aK3aMeH

13. TpyaoemkocTb No BMAaAM y4ye6HOM paboTbl

TpynoemMkocTb
Bun yueBHOI paboTl Bcero o cemecTtpam
2 cemecTp
AyanTOpHbIE 3aHATUSA 42 42
nekuum 28 28
B TOM 4ucne: npakTn4eckue 14 14
nabopartopHble

CamocTositensHas paborta 66 66

B TOM Ymncrie: KypcoBas pabota (NpoekT)
dopma NPoOMEXYTOHHOM aTTecTaumnn 36 36
(ak3ameH — 36 yac.)

NToro: 144 144
13.1. CopepxaHue QUCLMUNIINHDI
Peannsauus
pasgena
HanmeHoBaHue pasgena OUCLMMNNWHBI C
Ne n/n CopepxaHve pasgena AMCUnninHbI
OVCLUMMMNUHbI NOMOLLLbHO
OHNawH-Kypca,
QYMK*
1. Nekuun

1.1 O6uime cBegeHus o OO6wme cBegeHnss 0 NpuknagHbix 0606LLEHHbIX https://edu.vsu.r
NpUKNagHbiX 0000LLEHHBIX 3agadvax conpspkeHus ansa guddepeHumnansHbIX u/course/view.p
3aja4ax conpsxeHms ans ypasHeHui. [pakTuyeckne cutyauun, npusogsLume K hp?id=25333
AandpdepeHumnanbHbIX 3agadvam Takoro Tuna
ypaBHEHWI

1.2 CneumnanbHble dyHKLMK OyHkumMm bBeccens ¢ uUenbiM M NPOU3BOfbHLIM | https://edu.vsu.r
MakpgoHanbpa-beccens WHOEKCOM, OCHOBHble opmynbl  Ana  dYyHKUWA | u/course/view.p

MakgoHanbaa. WHTerpanbHble npegcrasnenus, | hp?id=25333
acMMNTOTMYECKNE Pa3NOXKEHUS U OLEHKM yHKLURA
MakgoHanbpa-beccens

1.3 Cnyuyai cTaumoHapHoro dusnyeckas  nocrtaHoBka  3agadyn.  [loctpoenwue | https://edu.vsu.r
andbdepeHumansHoro dyHOaMeHTanbHoro peLleHus. CsepeHune K | u/courselview.p
YPaBHEHUS C rPaHNYHbIMM 0o6obLieHHOM  3agave. MoctpoeHne  peweHus | hp?id=25333
yCnoBnaMun Tuna 0606LLeHHON 3agaun. [TOBEPXHOCTHBIM CTauMOHapHbIN
COMNPSHXXEHUS Ha NITIOCKOCTU TENNoBoOW NoTeHuman npocToro cros. NoBepXHOCTHLIN

CTaUWOHapHbLIN TEMNMOBOW MOTEHUKWan OBOMHOrO Cros.
AcumnTOoTUYECKME NPEACTABNEHNS] PELUEeHUss U €ero
nepBbIX NPON3BOAHLIX. TeopeMa eaANHCTBEHHOCTH.

1.4 3apava o HecTauuoHapHoM | lNMocTtaHoBKa 3agayun. dyHOameHTanbHoe pelleHue. | https://edu.vsu.r
pacnpegeneHuu Tenna B CeBegeHne Kk o00o0OweHHon 3agade. [locTpoeHue | u/course/view.p
HeoOHOpOAHOM MaTepuane | peweHns 00600WeHHo 3agadn. [loBepxHOCTHbIN | hp?id=25333
C TpeLLnHom TENNOBOW NoTeHuman npocToro crnosi. MoBepXHOCTHLIN

Tennosown noTeHuman [BOWNHOro cnos.
AcumnTOoTUYECKME NPEeACTaBNEHUs pPeLleHnss U ero
nepBbIX MPON3BOLHbIX.

2. NpakTn4yeckme 3aHATUA

2.1 O6Lwwe cBengeHus o OOwme cBegeHust 0 NpuknagHbix 0606LLEHHbIX https://edu.vsu.r
NPUKNagHbIX 0000LLEHHBIX 3apavax conpshkeHust ons anddepeHumnanbHbIX u/course/view.p
3ajja4yax conpsxeHus ans ypaBHeHwui. [pakTnyeckne cutyauumn, NnpuBogsLLme K hp?id=25333
andhdepeHumanbHbIX 3aJa4aM Takoro Tuna
ypaBHEHUN

2.2 CneumanbHble yHKLMK OyHkumMm beccens ¢ uUenbiM M Npou3BONbHbLIM | hitps://edu.vsu.r
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MakpgoHanbpa-beccens

WHOEKCOM, OCHOBHble dopMynbl  Ans  dyHKUMIA
MakgoHanbaa. WHTerpanbHble npeacraBneHus,
acMMNTOTMYECKNE Pa3NOXEHUS W OLEHKM YHKUMWIA
MakgoHanbga-beccens

u/courselview.p
hp?id=25333

2.3 Cny4awn ctaumoHapHoro dusmdeckass noctaHoBka  3agadn. [locTtpoenue | https://edu.vsu.r
anddepeHLnansHoOro dyHAaMeHTanbHOro peLueHuns. CeepeHuve K | u/course/view.p
YpaBHEHUS C rPaHNUYHbIMU 06006LeHHoM 3ajade. MocTtpoeHune peweHuns | hp?id=25333
yCcrnoBusMn Tuna 0600LeHHoN 3a4aun. [TOBEPXHOCTHBIN CTaLMOHAPHbIV
CONPSPKEHUS Ha NSTIOCKOCTH TENNOBOW NoTeHuman npocToro crnosi. [oBepXHOCTHbLIN

CTaUVOHapPHbLIN TEMNMOBOW MOTEHLMan OBOWMHOrMO Cros.
AcumMnTOTUYECKME NPEACTaBNEHNS] PELUEHUss N €ero
nepBbIX MNPON3BOAHbLIX. TeopemMa eAMHCTBEHHOCTW.
KoHTponbHas paborta 1.

2.4 3agava o HecTaunoHapHoM | lNMocTtaHoBKa 3agaun. PyHOoameHTanbHoe pelleHue. | https://edu.vsu.r
pacnpefeneHuu Tenna B CeBegeHne Kk o00oOweHHOM 3agade. [locTpoeHue | u/course/view.p
HEeoOHOpPOAHOM MaTepuane | peweHnss 0606wWeHHon 3agaun. [loBepxHOCTHbIN | hp?id=25333
C TpeLLMHOW TEnnoBoWn NoTeHumnan npocToro cros. NoBepXHOCTHbIN

TennoBown noteHuunan [OBONHOro cros.
AcumnToTUYECKME NPEACTaBNEHUS pPELUEeHUss N €ero
nepsbix Npon3BogHbIX. KoHTponbHas pabota 2.
13.2. Tembl (pasaenbl) QUCUUNIMHBI U BUAbI 3aHATUN
Bugbl 3aHsaTUI (KONMYECTBO YacoB)
Ne HanmeHoBaHue TeMbl
CamocTosiTenpHas
n/n | (pasgena) gucumnnuHbl | Jlekuun MpakTuyeckme | JlabopaTtopHble paboTa Bcero
O6wue cBefeHuns o
NPUKNagHbIX
1 0600LLEHHbIX 3apadax 5 1 13 16
COMpsKEHUS ans
andbdepeHumanbHbIX
ypaBHEHWI
5 CneunaneHble  hyHKLMM 5 1 13 16
MakgoHanbga-beccens
Cnyyanm cTauyuoHapHOro
AandpdepeHumnansHoro
3 | YP@BHEHMS C rpaHNuHbIMM 8 6 14 o8
yCINoBuUsiMu TMna
COMpPsKEHNUs Ha
NIIOCKOCTU
3apava o
HecTauuoHapHOM
4 | pacnpefeneHun Tenna B 16 6 26 58
HeoaHOPOAHOM
MaTtepuane ¢ TpeLMHOn
UToro: 28 14 66 108

14. MeToan4yeckune ykasaH1a Ansa ody4arowmnxca no 0CBOEHUIO AUCLUNSIUHDI.

B npouecce npenogaBaHusa OUCUMNIMHBI UCMOMb3YIOTCA Takne Buabl y4ebHOM paboThl,
Kak neKkuuu, nNpakTUyYecKkne 3aHATUS, a TakKe pasfnuyHble Buabl CaMoOCTOATeNbHOW paboThbl
oOy4aroLmxca, Ha KOTOpyr oTBOAUTCA 66 YacoB. Ha nekumsx pacckasbiBaeTcsl TEOPETUYECKUN
MaTtepuars, Ha NPaKTUYECKNX 3aHATUAX peLlaroTca NpuMepbl No TeopeTUdYeckoMy martepuany,
NPOYMTAHHOMY Ha NEKUNAX.

Mpn unsyvyeHnmn «kypca «lpuknagHole 0600LWEHHbIE 3aJadn  COMpsKeHus  Ans
AandpdbepeHumanbHbIX  ypaBHeHUA»  obydarowmmca  cnegyet  BHUMATENbHO cnywatb W
KOHCMEeKTUpoBaTb Matepuar, nsnaraeMbli Ha ayauTOPHbIX 3aHATUAX. [Nna ero noHMMaHus u
Ka4eCTBEHHOro YCBOEHUS1 peKOMeHOyeTCs creyouasi nocrnenoBaTenbHOCTb AENCTBUN.

1. Tllocne «kaxgowm nekuun CTyaeHTaMm pekoMeHayeTca noapobHo pasobpaTb
NPOYNTAHHBLIN TeopeTUYecKur MmaTepuar, BblydUTb BCe onpegeneHus u  opMyrnnpoBKU
TeopewMm, pa3obpaTb NpUMepsbI, peLlleHHble Ha nekuun. lNepea cnegytolwen nekumn obasatensHo
NOBTOPUTL MaTepuan npegbiayLien nekumm.
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2. lepen npakTMyecknm 3aHATUEM 00A3aTenbHO NOBTOPUTH JEKUMOHHBIM MaTepwuan.
[Mocne npakTU4eckoro 3aHATMA ele pa3 pas3obpaTb peleHHble Ha 3TOM 3aHATUM MPUMEpHI,
nocrne 4ero NPUCTYNUTb K BbINOSTHEHUIO OOMALUHero 3agaHus. Ecnv npu pelueHnn npumepos,
3afaHHbIX Ha OOM, BO3HMKHYT BOMPOCHLI, 0643aTenbHO 3a4aTb Ha CreayroweM NpakTU4eCKoM
3aHATUM UNKU B NPUCYTCTBEHHLIN Yac npenogasaTtesio.

3. NMpn noaroToBKe K NPAKTUYECKUM 3aHATUSM NOBTOPUTbL OCHOBHbIE MOHATUS MO TEMaM,
n3yu4nTb Npumepbl. Pelas 3agayvn, npeaBapuTeribHO NOHATb, KaKoW TeopeTUYecKnin matepuan
HY)XHO Mcnonb3oBaTb. HameTutb nnaH peweHus, nonpoboBaTb Ha €ro OCHOBE peLunTb
npakTuyeckue 3agauun.

3. BeibpaTtb Bpema ans paboTbl ¢ nuTepaTypomr No AucumnnuHe B bmbnunoTteke.

CamocTosTenbHas paboTta ¢ yuebHnkamn, y4ebHbIMU NOCOBUSIMN, HAYYHOW, CNPaBOYHON
U NONynspHOM nuTepaTypon, mMartepuanamm nepuoanydecknx usgaHum U pecypcamum ceTu
Internet, cTaTMCTU4ECKMMN AaHHBIMU ABNSETCA Hanbonee apPEKTUBHLIM METOLOM NOSyYeHUs
3HaHWW, MO3BOSISIET 3HAYUTENbHO akTMBM3MPOBaTb MNpPOLEeCC oOBnageHus uHdopMauunen,
cnocobcTByeT ©Oonee rnybokoMy YCBOEHUIO M3yvyaemoro maTtepuana, gopmupyeT Yy
oby4aroLmnxca 3anHTepecoBaHHOE OTHOLLEHNE K KOHKPETHOM npobreme.

CamocToaTenbHaa yyebHas OeaTenibHOCTb CTYAEHTOB Mo aucumnnunHe «lpuknagHble
00006LLEHHbIE 3afayn conpsbkeHns ans anddepeHumanbHbiX yYpaBHEHUWY npeanonaraeT
n3yyeHne pekoMeHOyeMoW npenogasaTenieM nuTepaTypbl MO BOMpocaM MNpakTUYeCcKuX
3aHATUA, CaMOCTOATENbHOE OCBOEHME MOHATUMHOrO annaparta, BbIMNOMIHEHME OOMaLLHUX
3aaHUN 1 NOArOTOBKY K TEKYLLUM aTTecTauumsm.

B KoHue cemecTpa cCTygeHTbl cpalT pedpepaTbl, coaepxawime OONoSTHUTENbHbIE
cBefeHUs No U3y4eHHbIM B Te4YeHne ceMecTpa TeMam:

obwme cBegeHna O NpuknagHbix 0OOOLWEHHBLIX 3agadax CoNpsKeHust  Ans
anddepeHumanbHbIX YpaBHEHUN;

cneumnanbHble dyHKUMM MakgooHanbaa-beccens;

cnyyam cTauMoHapHOro AnddepeHuManbHOro ypaBHEHUSA C FPAHUYHBIMU YCNOBUAMM
TNa CONPSPKEHNS Ha MIOCKOCTMK;

3agada O HecTauMOHapHOM pacnpefeneHun Tenna B HEOAHOPOLHOM Martepuane c
TPELLUNHON.

BbinonHsemble CTyAeHTaMM CaMOCTOSTENbHO 3adaHus nognexaT nocneayoLlen
npoBepKe npenogasaTenem.

Hanuymne kayecCTBEHHO BbIMNOMIHEHHOIO pedepaTa OLEHMBAETCA OLIEHKOW «3a4yTeHOY,
OTCyTCTBME pedpepaTa WNU Hanuume pedoeparta, cogepxawero 6onbLoe KonMM4ecTBo
OWNOOYHbIX CBEOEHWUN, CBEOAEHUHA, HE OTHOCALMECS K M3y4YaeMOMy KypcCy, CBeAeHus,
nosly4eHHble 0by4alLWMMNCS Ha 3aHATUSX, OLEHMBAETCH OLEHKON «HE 3a4TEeHO».

PesynbTatbhl TEKyWMX aTTecTauui yduTbiBalOTCA npenogaBaTenemM npu NpoBeAeHUn
NPOMEXYTOYHOW aTTecTauum.

Bonpocbl NEKUMOHHBIX U MPaKTUYECKUX 3aHATUMIA OOCY)KOAlTCA Ha 3aHATUAX B BUAOE
YCTHOro onpoca — MHAMBUAOYaNbHOrO U (ppoHTanbHoro. lMpu NoOLroToBke K NEKUMOHHLIM W
NPaKTUYECKUM 3aHATUAM, OOy4alLWMMCs BaXXHO MOMHUTb, YTO WX 3agada, OTBevyas Ha
OCHOBHbI€ BOMPOCHI MNfnaHa 3aHATUMS U OONOSMHUTENbHbLIE BOMPOCHI NpenogaBaTens, nokasaTtb
CBOW 3HAHUS U KPYros3op, YMEHWe JIOrm4yecku nocTpouTb OTBET, BNageHne maTemaTuyeckum
annapaTtoM M UHblE KOMMYHUKaTMBHbIE HaBbIKWM, YMEHWE OTCTanBaTb CBOK NPOdECCUOHANbHYIO
nosvumio. B xoge ycTHoro onpoca BbIABASAKTCA AeTanu, KOTopble MO KakKMM-TO MpuYMHam
oKasanucb He4OCTaTOYHO OCMbICIIEHHbBIMU CTyAEHTaMU B Xo4e YYeOHbIX 3aHATUN. TeM cambiM
OMNpOC BbLINOJTHAET BaXHenwmne oby4varLlyto, Pas3BMBAOLLYIO U KOPPEKTMPYIOLYK YHKUMN,
No3BOSISIET CTYAEHTaAM y4eCcTb He4opaboTKM 1 n3bexaTb UX NPU NOArOTOBKE K NPOMEXYTOYHbLIM
aTtTecTaumsam.

Bonpocbl, KoTopble BbI3bIBAOT y 00y4aloWNXCa 3aTpyaHEHUS MPU NOATOTOBKE, AOSMKHbI
OblITb 3apaHee copMynuMpoBaHbl UM O0O3BYYEHbl BO BpPEMSA 3aHATUW B ayguTopun Ansg
AOMONHUTENbHOIO pa3bsACHEHUS NpenogaBaTenem.



Kpome Kypca B cuctemMe «OnEeKTPOHHbIM YHUBEPCUTET» Yy4ebHO-meToamyeckue
MaTepuarbl, pekoMeHAyeMble K UCMOMb30BaHMIO AN1S Ny4Lllero YCBOEHUs Kypca pas3MeLLeHbl Ha
cante Kadedpbl YpaBHEHUMM B YacCTHbIX MPOU3BOOHbLIX W  TeOpuUU BEpPOSITHOCTEWN
http//:www.kuchp.ru.

15. lNepeyeHb OCHOBHOM W [OOMOJSIHUTENILHOW NUTEpaTypbl, PECYPCOB WHTEpPHeT,
Heo6Xx0AMMbIX AN OCBOEHUA AUCLUNIUHbI

a) OCHOBHag nuTeparypa:

Ne n/n McTOYHUK

EmenbsHoB, B. M.YpaBHeHnss maTeMaTnyeckon omsmkun. NpakTukym No peLueHuto 3agad
[OnekTponHbI pecypc] / EmenbaHoB B. M., Peibakuna E. A. — 3-e u3g., ctep. — Caxkt-lNeTepbypr :
Jlanb, 2021. — 216 c. — PekomeHgoBaHo Y4ebHO-MeToan4EeCKMM 00 beaMHEHNEM NO

1 YHUBEPCUTETCKOMY NONUTEXHUYECKOMY 06pa3oBaHUI0 B kadecTBe y4ebHoro nocobust Ans CTyaeHToB
BbICLUMX Y4eOHbIX 3aBeAeHuWI, 0byyatoLMXCca No HanpaBneHUsiM NOAroTOBKM « TexHuyeckas pumamka»
n «lpuknagHas mexaHuka»KHura ns konnekumm JlaHbe — MatemaTuka. — https://e.lanbook.com/book/
156410. — ISBN 978-5-8114-7173-7

Kapuesckun, M. M.Jlekuun no ypaBHEHUSIM MaTeEMaATUYECKON PU3MKN [ONEKTPOHHBIN pecypc] /

2 Kapueckuin M. M. — 3-e n3a., crep.— CaHkr-lNeTepbypr : JlaHb, 2022. — 164 c. — KHura 13 konnekuunm
JlaHb — MaTtemartuka.— https://e.lanbook.com/book/ 195495. — ISBN 978-5-8114-9481-1
Kapuesckuin, M. M.YpaBHeHUs1 maTemaTuieckon punankun. [JononHUTENbHbIE rMaBbl [ONEKTPOHHbIN
pecypc] / Kapuesckuii M. M.,lMaBnoea M. ®. — 2-e uag., gon. — CaHkT-lNetepOypr : JlaHb, 2022. — 276
c. Knura n3s konnekuyum Jlanb — Matematuka https://e.lanbook.com/book/ 212288. —ISBN 978-5-8114-
2133-6

6) gononHuTenbHasa nNuTeparypa:

Ne n/n McTOYHUK

JlornHoea E.A. YpaBHeHMst MaTeMaTnyeckon oumankn: y4ebHo-meToguyeckoe nocobme ansi CTyAeHTOB
3 Kypca matemartumyeckoro dakynbteTta, obyyarwmxcsa no HanpaenerHuo 01.03.04 «lMpuknagHas

1 MaTemaTuka» / E.A. JlornHoBa. — BopoHex: BopoHeXcKkuii rocygapCTBEHHbIN Neaarormyeckni
yHuBepcuteT, 2019. — 88c. — URL: http://www.kuchp.ru/index.php?name=Files.
JlornHoBa E.A. lNMpakTukym no ypaBHEHUSM MateMaTU4ecKkon PU3NKN: NPakTUKyM Ans CTYAEHTOB 3
> Kypca, obyyatowmxcsa no HanpasneHuto 01.03.04. — «MNpuknagHas matematukay» / E.A. JlornHoBa. —

BopoHex: BopoHexXckuin rocyaapCTBEHHbIN negarormyeckuin yumsepcutet, 2019. — 52 c.— URL:
http://www.kuchp.ru/index.php?name=Files&op=view_file&lid=464.

B) MHOPMaLMOHHbIE 3/1EKTPOHHO-06pa3oBaTesibHble pecypchl (OduUManbHble pecypchl MHTepHET)*:

Ne n/n Pecypc
1 http://www.lib.vsu.ru - anekTpoHHbIV kaTanor 3HB BI'Y
> http://www.kuchp.ru — anekTpoHHbIN canT Kadegpbl ypaBHEHWUI B YAaCTHbLIX NPOM3BOAHbLIX Y TEOPUM

BEPOATHOCTEN, HA KOTOPOM pa3MeLLeHbl METOAMYECKNE U3haHus
3 https://edu.vsu.ru/ — obpasoBaTenbHbI NopTan «ANeKTPoHHLIN yH1BepcuteT BIY»/LMC Moodle

16. NMepe4veHb y4eOHO-MeTOaNYECKOrO obecneyvyeHns AN CaMOCTOATENIbHOW PaboTbl

Ne n/n McTouYHMK

Kapuesckun, M. M. YpaBHeHus matemaTnyieckon onankun. [JononHnTenbHble rnaebl [SNEKTPOHHbIN
pecypc] / Kapuesckuii M. M., Maenosa M. ®. — 2-e n3g., pon. — CaHkT-lNeTepbypr : JlaHb, 2016 .—
276 c. — KHura u3 konnekuumn Jlanb - Matematnka .— ISBN 978-5-8114-2133-6 .—
<URL:http://e.lanbook.com/books/element.php?pll id=72983>.

JlornHoea E.A. YpaBHeHMst MaTeMaTtndeckon uankm: yuebHo-meTogu4eckoe nocobume ansi CTyaeHToB
3 Kypca maTtematumyeckoro dakynbreTta, obyyarmwmxca no HanpasnerHuo 01.03.04 «MpuknagHas
maTematumka» / E.A. JlormHoBa. — BopoHexx: BopoHexXckuin rocygapCTBeHHbIN negarormyeckmn
yHuBepcuteT, 2019. — 88c. — URL: http://www.kuchp.ru/index.php?name=Files.

JlornHoea E.A. lNpakTnkym no ypaBHEHNsAM maTemMaTU4eCKon OU3NKN: NPaKTUKyM AN CTyAeHToB 3
Kypca, obyyatowmxcsa no HanpasneHuto 01.03.04. — «MNpuknagHas matematukay» / E.A. JlornHoBa. —
BopoHex: BopoHexXckuii rocyaapCTBeHHbIN negarormyeckuit yHmsepcutet, 2019. — 52 c.— URL:
http://www.kuchp.ru/index.php?name=Files&op=view _file&lid=464.

4 http://www.lib.vsu.ru - anekTpoHHbIN kaTanor 3HB BI'Y

http://www.kuchp.ru — aneKkTpoHHbIV CanT kadeapbl ypaBHEHWIA B HaCTHbIX MPOU3BOAHBLIX U TEOPUN
BEPOSATHOCTEN, HA KOTOPOM pasMeLllleHbl MeTOAMYECKNE U3[aHus



https://e.lanbook.com/book/
https://e.lanbook.com/book/
https://e.lanbook.com/book/
http://www.lib.vsu.ru/
http://www.kuchp.ru/
https://edu.vsu.ru/
https://lib.vsu.ru/zgate?ACTION=follow&SESSION_ID=2810&TERM=%D0%9A%D0%B0%D1%80%D1%87%D0%B5%D0%B2%D1%81%D0%BA%D0%B8%D0%B9,%20%D0%9C.%20%D0%9C.%5B1,1004,4,101%5D&LANG=rus
http://e.lanbook.com/books/element.php?pl1_id=72983
http://www.lib.vsu.ru/
http://www.kuchp.ru/

17. OOGpasoBaTenbHble TEXHONOrMU, MUCNoNb3yeMble MNpu peanusaumum y4ebHomM
AVUCLUMMIINHBbI, BKIMOYaAs AOUCTaHUUOHHbIe obOpa3oBaTtenbHble TexHonorum (OOT,
aneKkTpoHHoe oby4yeHue (J0), cmewaHHoOe 06y4eHue):

AvcumnnvHa  MOXeT  peanu3oBbiBaTbCd  C  MPUMEHEHWEM  OUCTaHUMOHHbIX
obGpasoBaTenbHbIX TEXHONOrMI, Hanpumep, Ha nnatopme «ANEKTPOHHbIM yHUBepcuteT BITY»
(https://edu.vsu.ru/course/view.php?id=25333).

MepeyeHb Heobxoammoro nporpammMmHoro obecneyeHus: Microsoft Windows 10,
LibreOffice 6 (Writer (mekcmosnbil npouyeccop), Calc (anekmpoHHble mabnuysl), Impress
(npeseHmauyuu), Draw (eekmopHasi epaghuka), Base (6asa OaHHbIx), Math (pedakmop
¢opmyn)), MATLAB, Gimp, WinDjView, Foxit Reader, 7-Zip, Mozilla Firefox.

18. MaTepmanbHO-TeXHUYECKOe obecnevyeHne AUCLUNIINHDI:

CneuunanunsnpoBaHHas mebenb.

[Ana npoBefeHMs NEKUMOHHBIX M MPaKTUYECKUX 3aHATUA UCMNONb3YITCA ayauToOpuM,
COOTBETCTBYHOLINE OEWCTBYIOLWMM CaHUTAPHO-TEXHUYECKMM HOPMaMm U MPOTMBOMNOXAPHbLIM
npaesunam.

MomelieHns ansa camocToaTeNbHON paboTbl 0OyYaloWMXCA OCHALLEHbI KOMMNbIOTEPHON
TEXHUKON C BO3MOXHOCTbIK NOAKMOYEHUs K ceTu Internet m obecnevyeHvem poctyna B
3NEKTPOHHY MHOPMaLMOHHO-06pa3oBaTenbHyo cpeay BIY.

Mpn peanu3aumm OUCLMNIMHBLI C MCMNOSb30BaHNMEM OUCTAHLMOHHOIO 06pa3oBaHuA
BO3MOXHbl AOMOMHEHNSI MaTepuarnbHO-TEXHNYECKOro obecneyeHnsa aANCUUNIINHLI.

19. OueHou4HbIe cpeacTBa ANsl NPOBeAEHUA TEKYLEeNn U NPOMEXYTOYHOM aTTecTalum

MopsiAok OLEeHKM OCBOEHMSI obyvarwmmuncs ydebHoro maTepuana onpegensieTcs
coaepkaHMeM crieayoLmx pasaenos ANCUUNINHDI:

No HanmeHoBaHune K WHankaTop(bl)
o oMneTeH
/n pasgena gQuCUMnimvHbI LMA() OOCTMXKEHNS OueHouHble cpeacTBa
(mogyns) KOMMeTeHummn
O6wwe ceeneHus o
NPUKNagHbIX
0206u.|,§HHblx 3agavax OfK- 1.1
1. OorK-1 OrnK-1.2 KoHTponbHasa pabota Ne1
conpsbxeHnsa ans OfK—1.3
andbdepeHumanbHbIX
ypaBHEHWI
CneumnanbHble dyHKLMK OrnK-1.1
2. MakgoHanbpa-beccens OornK-1 OnK-1.2 KoHTponbHas pabota Ne1
OlNnK-1.3
Cnyuyai cTaumoHapHoro
andbdepeHumansHoro
ypaBHeHuUs C OnK-1.1
3. | rpaHnYHBIMK OorK-1 OornK-1.2 KoHTponbHasa pabota Ne1
yCrnoBuAMU Tuna OrnK-1.3
COMpPSPKEHUs Ha
NIIOCKOCTU
3apgava o
HecTaunoHapHOM OornK-1.1
5. | pacnpegeneHuu Tenna OorK-1 OornK-1.2 KoHTponbHasi pabota Ne 2
B HEOQHOPOAHOM OrnK-1.3
MaTtepuane ¢ TpeLuMHON
MpomexyTouyHasi aTTecTauus MepeyeHb BOMPOCOB K 3K3aMeHy, nepeyveHb
dopMa KOHTPONsi — 3K3aMeH TECTOBbIX 3a[aHWNIA K 9K3aMeHy

20. TunoBble OLEHOYHble cpeacTBa U MeToAMYeCKMe MaTepuanbl, onpegensilowume
npoueaypbl OLleHNBaHUA

20.1. TeKyWwin KOHTPOIb YyCNeBaeMocTu



KoHTponb ycneBaeMoCTu Mo AUCUMMNIIMHE OCYLLECTBNSAETCHA C MOMOLLbIO CredyoLWmnX OLeHOYHbIX
CpencTB: KOHTpornbHasi pabota Ne1, koHTponbHasa paboTta Ne 2.

Mpymep KoHTponbHOM paboTbl Ne 1
BapuaHT 1

1. BbinucaTtb siBHOE NpeacTaBneHne peLLeHns 3agadmn

azu(xl,x2)+82u(x1,x2) au(xl’xz)+ksin u(X,X,) o

5 >—=+kcosa
OX; oX, OX, oX,
u(x,+0) =u(x,—0) = gy(x,);
%, +0) a”(xl 2 _ksinau(,~0) = ,4); %, €[-L 1,

+ksinau(x;,+0) -

2 2
ecrm d,(x) = (x*—1)-sinx, mpu x, €[-1;1], g,(x)=0.
2. Beinucatb 0600LWeHHY0 3agavy A4nsa 3agayn
62u(x12, X,) N azu(xiz, X,) +5 ou(x;, X,) N kﬁ ou(X, %) _ 0
OX; 0X, 2 0% 0X,
u(x,+0)—u(x,-0)=0;
ou(x,+0) adu(x,—0)
0X, OX,

3. Haiitn nepsyto npomssogHyto dyHkummn K, (\/X2 + 3X —3) .

=G (x); x e[-1 1],

Mpumep KoHTponbHOM paboTbl Ne 2
BapuaHT 1
3anonH1Tb NPONyCKM.
t 1 (o-x)*+(alrk+xy)?
J. j. 4a’s -0 (o, t—7)dodr. (1)

O -1

NEMMA. Tyctb doyHKums  (; (Xl,t), rae  1=0,1 npuHagnexutT MHOXeCTBY (YHKLNI
ny’to([—l,l]x[o,oo)), nyctb Tawke dyHkums 0. (X ,t) npunaanexut knaccy dyHkumin M 1 orpanuvena
BMECTEe CO CBOMMM MPOM3BOAHLIMU Mpu NoObIX 3HaveHusix T, B Tom uncne npu t, crpemswemcs

OEeCKOHEYHOCTMW.
Torga npw X, , NpyHaanexatiem uHtepsarny [—:L'l], BbIMOMHEHbI PaBEHCTBA

lim G, = q(xl ) n lim G, = (2)

X, >0 X —>+0

JJoka3aTenbcTBO.
MycTb X, NpUHaANexuT wuHTepsany (—1;1). OTmeTuMM, 4TO cnpaBegnvMBO MNpeAcTaBrieHne

OKCMOHEHTHI
(o-x )2 +(alzk+x,)? (o—x)2+x2 (o—x )2 +x2 a%k?r kx,

e 4a% —e 4% 4 4% (e 4+ 2 - ).

Beenem ob603Ha4veHus



t X 1 (0-%)*+% a2k?r kxz
0 __ 2 2 B
G2 —J‘S? € 4ar (e 4 1) q (Gt T)deTy
00a T,
1 Ly B 1 (o Xl)
G, = —= e‘““je “a’s q.(o,t—7)dodr. (3)
87za
Toraa uHTerpan (1) MOXHO NPeACTaBUTbL B BUAE CyMMb
0 *
G,=G, +G, (4)
(0—X1)2+><§ a’k’r kx,
Wccneayem BoblpaxeHue € 427 (g 4 2 — ). Mony4nm oueHKy
(0-%)*+% a%k?r kx (o-x)*+x5 2 _a k v kx
e W T )= s (2K kXZ)j <
- 4
(o-x)%+x3 2 1 kx _(ox)*+x
L Sl a k kX 2 A A 72
<e 4 +—2 Ie 2'dq<ce 4o (z+[%,]) <
4 2 |5
(a—x1)2+x§ (o—x) +1x§ (o—%) +;x§

|

V)< Wrene

SC(e 4a%r r+e 4a’r (e8ar

&I

N3 KoTopom cneayeTt HepaBeHCTBO

1
y Lol 2k ke (e-a)*+3%
2
_2e 4a°r (e 4 2 2 C('\/_+T)e 4a%r

(o-x)° 2 3
oty W () X <o BT

> a’r 8a

z (0-%)? 3 (o- X1)3
CnepoBarternbHo, ANg MHTerpana Gg crnpaBeanunBa oueHka
1 62
‘Gf‘scz(t3+gt6), )
13 KoTopon no Teopeme Jlebera o BbITEKaeT,

4YTO M3ydaeMbl UHTerpan HenpepbIBEH N0 NepeMeHHOM

M3yumm Tenepb uHTerpan (3). MpoBeaém 3ameHy nepemMeHHbix *1— 9

=n, O-le_za'\/;ﬂ,
2a\/; 7

d0'=—2a\/;d77, C Yy4eTOM KOTOPOW BHYTPEHHWW MHTerpan B npeacrtasneHuu (3) npumeT BuA

X +1

1 (o-x)° 2a\r
Je 4’ q (o,t—7)dodr = j e”q(X—Za\/_nt—r)dn
ot
MpencraBum nocnegHUM nHTerpan B Buae CyMmbl
X +1 X -1
Za\/_ ZaJ_
J' e q,(x —2avrnt—7)dy = j'e qdn — J' e qdn— . (6)

Za«/—



Mpopomkum unsydeHne yHkumm (3) npu X, >0. T[lpoBeaem 3ameHy nepemeHHbIX %2 £,

2ar

2

X, X,
=7, T= , dr= . Torpa, ons uHTerpana (4), cnpaBeanveo npeacTaBneHne
2z Jr wr - pana (4), cnp p
X +1
T L
G- [ e | e x—2aVnit-r)dnde -
Xo X —1
2a.t 2a\7
X +1
I
=—je“f I e q,(x, — 2a/ry;t —7)dpd & -
T 0 X —1
2a\r
X +1
l_ Za\/_
= [e* j e q,(x, —2avry;t —7)dnde,
Ty X1
2ayr
C y4EeTOM KOTOPOro n paBeHcTBa (6) nHrerpan (3) npumeT Bug
X —1
-_ 17 - [ -’ 17 - i -n’ 17 -¢ T -n?
GZ:—Je _[e qidnd§——Je I e qidndcf——J'e j e”qdndé -
7 0 —00 Z 0 —o0 7T 0 %+l
2a\r
X -1 Xo
1 1 2a\/_ 1 NG , % ,
—; e je qdnd& + ; J' e’ qdnd§+; J e I e qdndé =
—o —0 X +1
° 2ar
X -1
loo_{fzoo L 1 o0 523\/_ o0 _gzoo o
:;je Ie”qidndg—; J' e I e qdndg——j j' e qdndé —
—o0 Xo Xo X +1
’ 2at 2a\t 2ar
—lTegz j e qdnde. )
7T 0 —o0

3ameTuM, YTO BbIMOMTHEHO PAaBEHCTBO w = Ej'e‘fzdgj' e‘”zdn . M
PaccmoTpum Moaynb pasHocTH
1 2 _52 I 2
—le e T a. _
- ! (_[0 a (%,

BeBeném obo3Ha4veHus

X x?
a—2pt——2-)—
2ac " 4ae
oo —N

_1 -& - _X277. _ X22 _
Il_”'(')-_'[oe € (qi(xl £ t 4a2§2) qi(Xi,t))dﬂdeg,

177 2 . 2
e | CCICS Xg":t—4;2252)—qi(x1,t))dnd§,
ON




_looN ~&* o’ _X . X —
o= L@ —"Fht- ) —atq Dydnde.

Torga cn paBeannBo paBeHCTBO

17 =& f -n’ X,
(X =2 tydndé=1,+1,+1,.
.([e (__[Oe q; (% a2a§77’ ff) q; (x,t)dnd<& +1,+1;

OueHum kaxabint n3 uuterpanos |, |, 1, no otaensHocTy.

B cuny orpaHnderHocTy dyHkumm 0 (X, t) cnpaseanueo HepaBeHCTBO

qi(Xl—XZU, % ) — 0, (X, 1) < 2c,.

4 4a°&*
3HaunT, npu mobom N > N, (£), rae >0, ons uHTerpanos I, +1, umeeT mecTo oueHka
0
~ _£2
|I1+ |2|§clj.ge “d&. Tak kak wHTerpan J.efﬂzdn CXOOWTCS, TO BbIMOMHEHO PAaBEHCTBO

—00

lim |1, + I2|§cl_|'0-e“fzd§=
0

N —o0

BosbMmém npoussonbHoe &>0 u Bbibepem N  HacTonbko GOMbLWIMM, YTO BbINOMHEHO
HepaBeHCTBO“1+|2‘<81. Badmkeupyem ato N v npu Hém ouenum unterpan |,. Beepém

obo3HaveHns

w= e e 0~ 2t -2 g, (6, 0)dnde.
72-0 -N é

1% % X
32:EJ;e ¢ _Le (qi(Xl—Za\/;ﬂit—ﬁféz)—qi(xpt))dﬂdf-

Torga gyHKUMS |3 npeactasuMa B Buge |, =1, +1,,

feas

0

2c |t

Jz

o0
_x2
3amMeTuM, YTO MMeeT MEeCTO OLeHKa | 31|< <g,<e Tak kaK MHTerpanJe d dé

CXOOMTCH, TO CNPaBeNNBO PABEHCTBO IIm I e dé =

Mycts &=max(g,,&,), Torna seinonHeHa ouerka |I,+1,+ ;| <é. Badukcupyem Takoe
& &

Gonbwoe N un Takoe manoe }, 4tobbl MMeEnNM MecTo HepaBeHCTBa |I2|<—, |I12|<—, M OUEHUM
4

nHterpan |,.
Mo ycnosuio pyHkumst G (X;,t) HenpepbiBHa MO COBOKYMHOCTU NEPEMEHHBIX, T.€. MO OMPEeaeneHmIo

ana nmwoboro  £>0 cywecteyer Takoe O >0, uto gna moboro AX, Takoro, 4To ‘AX‘<5

2
crnpaBeasnvBo COOTHOLLEHUE |qi (X—AXx)—q; (X)| <&, roe AX, = ﬁn; At = %

S 4a%s*’




2 4
|Ax|:\/? 2+16X iz . B panHom cnyyae & otgenero ot 0, 17 orgeneHo ot 0. Buibepem X,
a

HaCTOMNbKO ManbiM, yTOo AX|__ &, Toraa 6ynet BEPHbIM
HepaBeHCTBO‘qi (X, —Ax,t —At) —q (Xl,t)‘ <é&.
Takum obpasom, Anst uuterpana |,, cnpaseanvea oueka ||32|<f. CrepoBaTterbHO, nokasaHo
2

BbIMOJIHEHNE paBeHCTBA

lim L e j e qdn= : (8)

X;—>+0 71 0

OueHum ocTaBluMecs cnaraemble B NnpeacTaenedn nuterpana G, . Beeaém ansa Hux o6o3HaveHns

X X -1
X 12an gw , X 1 §2a\/; ,
GZl__; _([ e _J;e gdnds, Gy =—— )_([ € __[o e’ qdndS,
2a.t
X 1 +o0 2 o ,
Gp=—— I e j e’ qdndS

T Xo X +1

2aqft 2a\7

*
[ns wHTerpana G21 cnpaBeanunBa oLeHka

X2

2a\/t_ )
<c I e<'de] > 9)

0

*
21

npu x, — +0.

|/|3y‘-II/1M Tenepb MHTEerpan G;Z 3amMeTuMm, YTO UMEET MecTo HEepaBeHCTBO

e_"zqidn <c, < c,r? »tAe P - nio6oe HaTypankHoe, HEYETHOE HYMUCTO.

2a 96)2\/_ _( § )P, nomy4um

CoenaB B MOCMeOHEM WHTErpane 3ameHy MepeMeHHblX =

0

Jr

,  xP
<& _[ e L2 —2 (&) Pdg|>c (\/_)p— npu X, —>+0, oTkyaa no Teopeme
7|y o (29)° 2

2a\t

*

HepaBeHCTBO ‘GZZ




Nebera o BbITEKAET, YTO OLleHNBaeMbIi MHTErpan HemnpepbiBeH

Mo nepemMeHHon X, .
CnepoBaTernbHO, BbINOSTHEHO yCroBUe
Gy (%, 40,) =Gy (%, O)=__ . (10)
lMpoBoaga Te Xe pacCyXOeHusl, 4TO U NpU UccnefoBaHUU UHTerpana G;z, Ans uHTerpana G;,

MOMy4YMMm BbIMNOMHEHNE paBeHCTBa G;S(Xi, +0,1) —G;S(Xl, -0,t) =

3ameTnm, 4TO Npu x, <0 CrpaBeanMBo PaBeHCTBO

lim G, =~ 900 (11)

X —>—0 2
O0Ka3aTenbCTBO KOTOPOro npoBOoAUTCA aHanNoOrm4HO criyvaro XZ >0.

Takum obpasom, 13 npeacrtaenenus (4) n oueHok (5), (7) — (11) cneayeT BbINONIHEHNE YCITOBUS

(2).

OnucaHne TEXHONOrMM NPoBEOEHUS

B xome nepBon KOHTpomnbHOW paboTbl obyyarowemycs Bbigaetca KM ¢ npaktnyeckum
nepevyHeMm 3agaHuin M npeanaraeTcsl pewunTb JaHHble 3agaHus. KoHTponbHast pabota 1 Bko4vaeT B
ceba Tpu 3agaHus, OBa 3adaHus MOCBSALWEHbl AENCTBMAM C  3agadamMu  Ons  cTauMoHapHbIX
anddepeHumnanbHblX  ypaBHEHMW, OAHO — pJencteusaM ¢ pyHkumammn  MakgoHanbga-beccens.
OrpaHunyeHune no BpemeHn — 40 MMHYT. Bo Bpemsi KOHTPOMbHON paboTbl HE pa3peLLeHO Nosfb30BaTLCA
HUKAKMMW CNpaBoOYHLIMU MaTepuanamu.

B xope BTOpon KOHTponbHOW paboTbl obydvatowemyca Bbigaetca KUMM ¢ 3agaHvem un
npeanaraeTcs BbINONMHUTL AaHHoe 3agaHune. KoHTponbHasi paboTa 2 BkntoyaeT B cebs 04HO 3apaHue,
npegcraensowee cobon TEKCT AokasaTenbcTBa yTBEpPXOEeHUs C NpPONyLLEHHBIMN
cnosamu/cnmBonamu/copmynamu/dpasamn,  Kotopble  HeobxoguMmo — Bnucatb  oby4varowiemycs.
OrpaHnyeHue no spemeHn — 40 MnHyT. Bo BpemMsi KOHTPOSIbHON paboTbl HE paspeLleHO Nonb3oBaThCH
HUKAKMMW CNpaBoOYHLIMU MaTepuanamu.

Tekywaa artrectauns no AUCUMNINHE C TMPUMEHEHWEM OUCTaHLUMOHHLIX OGpasoBaTeNibHbIX
TEXHONOMMN MOXET MPOBOAUTBCA Ha obpasoBaTenbHOM nopTane «ONEeKTPOHHbIM yHuBepcuteT BlIY»
(LMS Moodle, https://edu.vsu.ru/).

TpeboBaHNA K BbINONHEHWIO 3a4aHUIA (UKW LWKanbl U KpUTEPUX OLLEHUBAHMS)

Mpn Tekywem KOHTpPONe YpOBEHb OCBOEHUA  y4yebHOM  AnCuMNAMHBI W CTeneHb
chopmupoBaHHOCTU KOoMneTeHuum onpegensaTca oLeHKammn KOTIIMYHOY, «XOPOLLOY,
«yOOBIETBOPUTENBHOY», KHEYOOBNETBOPUTENBHOY», KOTOPbIE (DOPMUPYIOTCA CrieayroLmmMm obpasom:

OueHkn Kputepum

OTnuyHo oby4yarowmics npaBunbHO BbinonHun 95% u 6onee 3agaHWin KOHTPOIbHOW paboThl,
NPeACTaBNeHO MOJSIHOE pEeLUEHUe KaKOoro W3 3afaHwui, caenaHbl 06O0CHOBaHHLIE
BbIBOAbI.

Xopouo OOyuvatowmncs npaBuibHO BbINOMHWN He MeHee 75% u meHee 95% 3apaHui
KOHTPOIbHOW paboThl

Y10BNETBOPUTENLHO O6y4vaowuiicss NpaBUNBHO BbIMOMNHWUN He MeHee 50% 1 meHee 75% npeanoXeHHbIX
3aJaHun.

HeyaooBneTBoputensHo OOyvatowumincsa npaBunbHO BbINoNHUN MeHee 50% npeanoXeHHbIX 3agaHuin.

20.2. NpomexyTo4yHan atrecTayus

MpomexxyTouyHast aTTecTauuss no AUCUMINIIMHE OCYLLECTBIISIETCA C MOMOLLbI  CeayoLmx
OLIEHOYHBIX CPeACTB: NepeyeHb TECTOBbIX 3a4aHUI K 3K3aMeHy, NepedeHb BONPOCOB K 3K3aMeHY.

MepeyeHb TECTOBbLIX 3a4aHWU K 3K3aMeHY:
1. dyrkuma K (Z) sBnsieTcs BTOPLIM peLLeHneM ypaBHeHUs




a) zzﬂ+zﬂ—(zz+n2)y:0;
dz dz
dy’ dy 2, 2
6) 2° = +2—=—(2°+n*)y=0;
)27ty )y
2
) zzd—y2+z%—(zz+n2)y:zy.
dz z
2. MpowussopHast pyHkummn K, (z) paBHa
a) —K,(2);
6) 2K,(2);

B) Kl(z) - Kz(z) .

3. MpowussogHas dyHkumn K, (z) pasHa
a) Kl(z) —-K, (2);

6) K,(2);

) —%(Ko(zw K,(2)).

4. inst pyHkumn K, (z) cnpaseanveo acumntotudeckoe paBeHcTso npu 0 <z <1

a) Ky(2) = 2+0();
1
6) K,(2) =In=+0(z);
Z
1
B) K,(2) = InE+O(1) .
5. Anga cdyHKumMn Kl(z) crnpaeennveo acuMnToTudeckoe paseHcTso npy 0<z <1
) K (2) == +0():
1
6) K.(z)=In=+0(z);
z
1
B) K, (2) = Z +0(2).
6. Onsa dyHkumnn K (z) cnpaBeanuea ouexka npn 0 <z <1
1
a) |K0(Z)| < c(; +1);
1
6) |K,(2)| < c(ln;+1);

B) |K0(Z)| < c(%+ Inz).

7. Ansa dyHkunn K (z) cnpaBeanveo acumnToTUdeckoe paBeHCTBo npu Z >1
1

2) K, (2) = (%] eraroldy,



o) K, ()= (r) e *(1+0C));

8) K (2) = (%jz e (1+0(1).

8. Onsa cyHkumn K (z), v # 0 cnpaBeanuea ouerka npn 0 <z <1

a) KV(Z)| < c(% +1);

6)

KV(Z)IS%;
VA

1
B) |K0(Z)| <c(=+Inz).
1%
9. Ansa dyHkumn K (z), n =0 uenoe cnpaBeanueo acumnToTndeckoe paseHctso npu 0 <z <1

a) Kn(z)zz—lnm(l):

6) K, ()= =D o L),
2 (x X
2)
0) Kn(z)zl(””)!m(%).

1]
2

10. MNpwn onpegeneHHbIX NPeanonoXeHnsX peLeHnemM 3agaydm

2 2

Ul 2) | DU06) oo 0D Ly i, UY) g
oX; 0X, 0%, oX,

(X, +0) —u(x,—0) =gy (x);

au(xj_!_o)

W+ ksinau(x,+0)— M9 _ysinqu(x,—0) = g, (x); x, e[~L 1]
X, OX,

ABNAETCA d)yH KUnA

1 )
a) U= _(272_)—1J‘ilefo,sk((xral)cosaﬂzsma) Ko (0,5k\/(X1 _ 0_1)2 4 X; )ql(al)do-l 4

aft - 5K ((% —07) cos a+X, sin o X4 (O-)
eh(am)” [ @ PO 08k~ )"+ 20) L s o ¢

+ksina(4r)™ fle*ﬁ“(xf"ﬂwwwSMKO 0,5k (%, — )2 + X2 )qp (0,)d o,

6)U = ij ‘(aPrkx,)(@%r) ™ [ " expl- (4a%0) (% o) %+ @%rk+%,))]a, (ot — 7)dod -
870 -1

—(4r) _1I; T_lfl exp[—(4a’r) ((x—o,)*Ha’rk+x,)))] -q,(c t-r)dodr;
o) U=—(2a) [/ e O e (0,5l 7))y (o) do +




aft ,5K((% —071) cos a+x,sin o X4 (O-)
eh(am)” [ @O 08k =) +0) s o

11. 3apgava
OUG %) , O %) Ly oe, UOKLX) | BUCKLX,)
ox; oX; ox, X,
U(X,+0) —u(x,—0) =g, (x);
M+ksinau(xl,+0) 8u(g<1x 0) —ksinau(x,-0)=0q,(x); x, €[-L 1]
2 2
ABNAEeTCA

a) cTauMoHapHOW KpaeBowm;
6) HecTaLMOHapHOW HavanbHOW;
B) CTaLMOHAPHOW Ha4YanbHO-KpaeBown.

k
12. dyHaameHTanbHoe pelieHne onepatopa A — (E)2 B R? ssnsercs

) E0) ==Ky )
o(x)

6) E(x):—z—e

8) E(X) ——2—K (—| ).

13. O600LLeHHada 3agada ans 3agaym
2 2
QU0 %) | DU0GX) | o, V06D i QU0G %)
X OX5 OX, oX,
u(x,+0) —u(x,—0) =gy (x);

M+ksinau(xl,+0) ux,=0)
2 aXZ
nMmeetT Bng

9 _ksinau(x,-0) = q,(x); % €[-L 1]

K ou Ksi ou 00
a) Au(x)+ COSO{a+ smozgz=qo(xi)-a‘[_l’l]+q1(x1)~8—)(2

6) Au(x)+k003aa—u+ksinaa—u—q( )-8 i+ ( ),65[71,1].
X x, %) Opan %% x,

B) AU(X)-i-kCOSOCG—u+|(SII’10!8—:(q( ) q( )) 85[11]
%, OX, i 0%y oX, '

14. PelwieHne obo0OLleHHON 3aga4un

ou ou
Au(x)+kcosa X+ ksinar < = S+ _
( ) a5X1 aaxz ql(xi) [-11] qo(x1) 8X2

nveert Bua
00, (%) 1y .

a) U(X,X,) = E(X, X,) * 0o (%) 0 + E(X, %) * x
2



6) (X, %,) = E(X, %) * 0 (X )15

G, (%)5,
B) U(X, X;) = E(X, %) * 0y (%) Gy + E(xl,xz)*%'
2

15. rlpl/l onpeaeneHHbiX orpaHn4eHnax nepsad nNnpomn3BoaHas peweHna 3agayvm

O %) |, OU(GX) Ly e UOKLX) L BUCKLX,)

% X2 24 X,
u(x,,+0) —u(x,—0) =gy (%);
LD 4 esinau(x, +0) - L= ksinau(x,-0) = 6, 00); % €[4 1
5 2

u

a— nMeeT aCMMNnToTn4ecKkoe npencrasneHne
X
2

ou - X

a)_:__[ zqo()

1+x k cosa
0X, 2 (1- xl)

-1
x) + 2 G (D] +
—|n((1+><1)2+><22 )] +—[|n((1 %) +%) 40— IN(1-%) *+%3 ) Ao~ DI +R (%, X, );

ou 1+Xx
_:__— —— 1 9.
ox, [(1 ><1) qo() ) 1 2 g, (D] +

—In((1+xl) +X, )qo(—l)] +R(x1, X,);
0) %“: (A7) IN(@—%)*x3)c O—In(L+x)*+x5) 0} (D] +ksiner @) “TIn(A—x)*+x3) 40—

2

[In(@—x)*+ %), @ —

5) k coso

[In(@—x)™+ %)a, @® -

—In(@+x,)*+ x3) 0, (< 1)]——[m%() m%(—bh Ry (X, %)

16. an/l onpeaeneHHbIX orpaHn4eHnAx nepead Npon3BoagHada peLlleHna 3agadn

OUG %), OU(G%) Ly e, UOKLX) L BUCKLX,)

X’ X’ 24 0%,
u(x,+0)—u(x,—0)=0,(x);
M+ksinau(xl,+0) au((;(lx 0) —ksinau(x,-0) =q,(x); X €[-1 1]
5 2

u
a— nMeeT aCMMNnToTn4YeCcKoe npegcraBsreHne

a__ 1, 1-% s, W
a)ax1_ > [(1 ™ +X2qo() A 2 Qo (D] +

—In((%)*+%;) g (-D)] +—[|n((l =%)* %) 40— IN((2-3) *+%3) Ao~ DT +R (%, X, );

ou _ 1 » kCOSa
6)a— 2”[—(l X) +x q@ + —( x) +X22%(1)]

—In((@x) %5 ) G (DT +HR(X, X, );

1+x kCOSa

[In(@—x)"+ X3)a, @ —

[In(@—x)*+%;)0, @ -



N @ in@ —X)*+%) 0 O —In(+x)*+x3) 0 (] +ksine @) “TIn(@-x)"+x;) 0, @)

—In(@+%)*+ X3 )0y (= 1)]——[qu() qu( D1+ R (%, %,).

17. MoBepPXHOCTHbLIM CTaLMOHAPHbLIM TEMNMOBLIM NOTEHLNANOM MPOCTOro Cros HasbiBaeTcs
a) U(X1’ Xz) = E(Xy Xz)*Q1(X1)5[-1,1];
a(10()(1)5[_1,1] _

a b

2

6) U(X, %) = E(x;,%;)*

00y (X)) 14
OX, '
18. MNoBEPXHOCTHBLIM CTaLMOHAPHbLIM TEMIOBbLIM MOTEHLMANOM ABOWHOIO Cros Ha3biBaeTcs
a) U(X1’ Xz) = E(Xp XZ)*ql(X1)5[—l,l] ;
8qo(x1)5[_1,1] .
—8 ,

2

B) U(Xv Xz) = E(X1’ XZ)*ql(Xl)é‘[—l,l] + E(Xy Xz)*

6) U(Xp Xz) = E(Xp Xz)*

oq, (X1)5[71,1]
OX, '

19. NoBEPXHOCTHbIN CTaLMOHAPHbLIA TENMOBOKW NOTEHLUMAaN NPOCTOro Criod NnpeacTtaBuM B BUae

Kl e )

B) U(X, %) = B (X, %) ™ 0y (X)) 1y + E (X, %)™

—g((xl—al) CoSa+X, Sinar)

do, +

k 1
a) u(x;,Xx,) :Ej.e
-1

kSina % —E((Xl—cq)cos:ﬂxzsina) k
" A :[e i KO(E\/(Xl _0-1)2 + Xzz)qo(o-l)dal;

1 1 —E((xl—crl)cosmrxzsina) k
6) U(x, %) =——fe 2 Ko%= 0" + ;) (@) do

-1

Kk 1 —K((X1—O'1)COSD!+XZSina) k X o
®) U(x,%,) =~ [e* K% =) +) 1= D(%) g5,
o \/XZ +(X —07)

20. |_|OBerHOCTHbII7I CTaLLMOHaprIVI TENNOBOW NOTEHLUKWan ABONHOro Crosi npeacTasnm B BUae

K=o+ ) szxj‘i‘;i“_l)a)z

(x1 01) COSa+X, Sina)

do, +

a) u(x;,x )_—I

ksina ¢ _—S(u-opcsasisina) Kk
+— [e? KO(E\/(Xl—al)Z+X22)qo(al)dal;

-1

1 : —E((X—O')COSOC‘FX sina)
6) u(x,x,)=——|e 2 2
11 772
2 <,

Ko(gJ(xl—al)z +x2)q,(0)doy;

Kk . —E((xl—crl)cosmxzsina) k X
) U0 = fe KGN =) %) = D) g5,
o \/XZ +(% —0y)

21. NoBEpPXHOCTHLIN CTauMOHapHbIA TENMOBOW NOTEHUWarn npocToro crnos




—5((x1—al) COS ar+X, Sin ar)

1
0 x) = e Kol 6~ Da(e,)do
YAOBETBOPSET YCIOBUAM
a) u(x,+0)—u(x,-0)=0;
5) ou(x,+0) au(x,—
oX, OX,
B) U(x,,+0) —u(x,—0) = a(x,);
. ou(x,+0) au(x,—-0)
OX, oX,
22. [MoBEPXHOCTHbIN CTaLMOHAPHbIN TENSIOBOM NOTEHLMaN ABOMHOMO Cros

K=o+ ) szjz?x(i)a)z doy +

O _ sinau(x,0) + ksinau(x, +0) = 4(x,);

+ksinau(x;,+0) —ksinau(x,—-0) =0.

k j. efg((xl—o-l)cos a+x,sina)
A <,

U(X1’X2) =

kSina j‘ 75((Xral)cosa+xzsina)

k
e Ko\ =) +3)a(e)do,
yOOBMeTBOPSIET YCIOBUAM
a) u(x,+0)—u(x,—0)=0;
6) U0q,+0) _au(x,=0) i au(Xx,
oX, OX,
B) U(X,+0) —u(x,—0) = a(x,);

ou(x,+0) au(x,—0)
0X, OX,

-1

—0) +ksin au(x,+0) = q(x);

r) +ksinau(x;,+0) —ksinau(x,—0) =0.

0

0
23. dyHaameHTanbHbLIM peLleHeM onepaTopa . a’(A—k—) B R® aBnsetca dpyHkums
2

a) E (xt)= o exp[-x? — (@%tk +x,)°];

Ara’t
B o(t) V2T
6) E (x,t) = i exp[—|x|'1;
o) E (x1)= (at —|x|)

Zﬂa\/f '
24. O6o0LIeHHasn 3agayda ansg 3agayn

aU(Xi,XZ,t)_a2(52U(X1,X2,t)+52U(X1,X2,t)+kaU(X1,X2,t)):O_
a o v ox '

u(x,+0,t) —u(x,—0,t) =, (x,1);

6u(x5),(+ 01) +ku(x,+0}) _w_ ku(x,,—0t) = 0,0 t); x, e[ 4,t>0;

2 2
u(x;,X,,0)=0

nMeeT BuUg



00
a)——a (Au +kg)——a O (X0, 1) Gy —°G (%, 1) a>[<:]'

00
6)——8. (A +k—)__a ql(xl t) 5[11] aqo(x1 t) [ll]'

2 aX2
) e (au k) = (0 00,0) + Qo) -2 “])
8t OX,
25. 3apava
ou(x, %,,t) a(62u(><1 X 1) , 0%, X01) | Bu(x,, Xty _o-
at O X2 X, ’

Ut +0,0) ~U(, ~0.) =6 (%,
B0+ kg 408) - B2 i, 00 = 0,04 % €[4 0420

2 2
u(x;,x,,0)=0
Ha3blBaeTCs
a) cTauMoHapHOW KpaeBow 3agaden;
6) HecTauMoHapHOW HavanbHON 3ajayen;
B) CTaLMOHApPHOW Ha4vanbHO-KpaeBon 3agaden;
r) HeCTaunoHapHON HavarnbHO-KpaeBOW 3adaqven.

X
26. CvmBon u(x.t) o3HavaeT
ot
. ou(x,t)
a) perynspHyto 4acTb MPOU3BOAHON —— =
ou(x,t)

6) CUHIYNAPHY YacTb NPON3BOAHOM

ou(x,t)

B) LieNyt YacTb NPOUN3BOLHOM P

ou 00
27.P —-a Au+k— =-a t)-o ,,—a t) —=+
eweHune 3agayun ( X2) ql(x1 ) [-11] qo(x1 ) X2

npenocraBmMmMmo B Buae

) qo(x1 t), SEN

2

) U(X, %) = E(, %, 1) *(

’t 5_
6) U(¥,, X,,t) = E (%, %,,t) * (@°q, (%, 1) * qO(Xé ) 1y,

2

2 aq, (X11t)5[—1,1] )
X, '

28.IMoBEPXHOCHBIM TEMMOBLIM NMOTEHLMANOM NPOCTOrO Crosi Ha3blBaloT

a) E(X11 Xzit) * (_aqu(xl’t)é‘[—l,l]) ;

B) U(X,, X,,t) = E(X;, X, 1) * (—a%0, (X, 1) 6,y —



» 00 (X, 1) 0 ),
X, ’

6) E(x,X,,t) * (-a’q, (%, 1),y — @

2 aqO (Xl’t)é‘[—l,l] )
0X,
29. [MoBEPXHOCTHBLIM TEMMNOBLIM MOTEHLUMANoM ABONHOIO Criosi HasbiBaloT

a) E(x, X, t) * (—a%0, (%, )81 y)

B) E(X1’X2’t) *(_a

2 aqO (Xl’t)g[—l,l] ) .

6) E(x,X,,t) * (—a’0, (%, 1)1y — 2 -
2

2 aqo ()(1"[)5[—1,1])
0X,
30. NoBEPXHOCTHLIN TEMMOBON NOTEHUMAN ABOWHOIO CNosi UMeeT BUA

1ta’tk+x, ¢ —(x —0)—(@%k +Xx,)?
a) Up (X, X, 1) =§I#Iexp[ (%, ~0) 4a§r Tk + %) 1-9,(c,t—7)dodr;

0 -1

B) E(X,X,,1)*(-a

1 (o-x%)*+(a’k+xy)?

t
X 2 *
6) N :‘([47;2 J;e 4 g (t—7,0)dodr.;

—(x, — o)? —(a’rk + X2)2
da’r

1 (1
B) ul(xl,xz,t)=—ﬂj;jexp[ 1-q,(c,t—7)dodr.
0" -1

31. nOBerHOCTHbIIZ TENNoBoOKW NoTeHuUuan NPOCTOro cnoa nMeeT Bna

1 ra’rk +x, ¢ —(x, —o)* —(a’rk + x
a) uO(Xl'XZ’t) =QITZZJ.GXp[ (Xl ) 4agz_

0 -1

2) ]-9,(o,t—7)dodz;

1 (o-x%)*+(a’k+xy)?

t
X 2 *
6) N :'([47;72 J;e 4 q (t—7,0)dodz.;

X — o)’ —(a°rk + x,)?
4a’t

1l¢ -
B) ul(Xl,Xz,t)=—EI;J‘eXp[ ( ]-q(o,t—7r)dodr.
0" -1

32. [Ans noBEpXHOCTHOrO TEMNOBOrO NOTEHLMAana ABOVMHOIO Criosi BbIMNOMHSATCHA FPaHNYHble
yCnoBus

a) u(x,+0,t) —u(x,-0,t) =q(x,t);
6) MU H0D x40, - MK 0D e 0.6y = geot):
oX, 0X,

B) U(x,+0,t) —u(x,-0,t) =0;

ou(x,,+0,t) ou(x,—0,t)

0 2 ku(x,,+0,t) - —2 2 ku(x,,—0,t)=0.
r) ox, (x,+0,t) ox, (%,-0,1)
33. [1n9 nOBEPXHOCTHOrO TEMSIOBOrO NOTEHLMana NpoCTOro Criosi BbIMOMHATCSA rPaHNYHbIE
ycrnosus

a) u(x,+0,t) —u(x,—0,t) = q(x1);

6) OO |y, 0, - MO0y 0,1y = q(x.1):
OX, %,



B) U(x,+0,t)—u(x,-0,t) =0;

) a“(x(;;xz*‘lthku(x1,+o,t)—au(ijj)’t)—ku(xp—01t) =0
34. PelweHune 3agaun
2 2
5U(X1,X2,t) _az(a U(X1’2X2’t) N 0 U(X1,2X2,t) +k au(Xy Xz,t)) -0;
at X OX5 X,

u(x,+0,t) —u(x,—0,t) =, (x,1);

wﬂu(&ﬁox)-W—m(&—ox) =g, % e[ L 0t 20;

2 2
U(Xsz’O):O

nMmeetT Bna

a)u= 8ijt (a27k+xz)(a272)71_|‘1 exp[- (43-27)71(()(1_ 0-1)2"' (a27k+xz)2)]qo (oct—-r)dodr -
790 -1

~@r)?], [ expl-da’s) (-0 ek x) )] Gort-dodr,

1 .
6) U= _(272_)—1I_le—O,Sk((Xl—Jl)COSOH—XZ sina) Ko (0’ 5k\/(X1 _ 0_1)2 + X22 )ql (Gl)do-l +

aft - ,5k((x,—07) Cos ar+x, sin & X4 (G)
+k(4x) [ g0 e K, (0,5k(x, — )7 +x2) Frtn o o

+ksina(4r)™ " g 0Sk(ty-on)eosarigsina) ¢ (0,5k+/(X, —,)* + x2)q, (0,)d o ;
. 0 X, =0, 2)0o(01)dO;

B) U= Sij (@ rkix,)@'r%) [ expl- (4a%n) (% o)+ @7k +x,) ) (ot~ 7)dod T
T 0 -1

35. Cumsonom * obosHavaeTcs

a) npaAmoe npousBedeHue;

6) cBépTKa;

B) cymma psga.

36. Myctb t > 0. Torga pelwenne sagaun

8U(X1,X2,'[)_az((ﬂzu(Xl,Xz,'[)+82u(X1,X2,'[)+k6u(X1,X2,t)):O_
ot ox; ox; X, ’

u(x,+0,) —u(x,—0,t) =gy (%, 1);

W+ku(xi,+0,t)—w—ku(xy—ol) =g, % e[LT,t20;

2 2

u(x;,x,,0)=0
a) ABNAETCA HeNpepbIBHOW, HO He OrpaHNMYeHHON oyHKUMeh aprymeHToB X, X, € R\ ;

y - . 2\ 1.
6) ABNAeTCA HenpepbIBHOW ¥ OrpaHNYeHHOM YHKLUMEN apryMeHToB X, X, € R\I;

B) SBNAETCA OrpaHWYeHHOW, HO He SABNSAETCHA HenpepbiBHOW (YHKUMEN aprymMeHToB

X, X, € R*\I.



37. NMycts 1 >0. Torpa Tennosomn notok % npu X, >+0, x e[-L1], te[0,T], rae
X2

u(X,t)- pewenue sagauun

AU(X;, X, 1) (azu(x1 X, t)+82u(x1 X,,1) kau(x Xy, t)) 0:
ot ox; ox5 oX,

u(x,+0,8) —u(x,=0,t) = g, (%, 1);
- (2;: 9+ ku(y 01 - LD (f;f’t) —ku(x,~01) =, (x,1); €[ 1,1 =0;

2 2

u(x;,x,,0)=0

nMeeT aCMMNToTn4ecKoe npencrasrieHne

W Ky 1% e
a) 8X2_exp( Xz)( (1- ) 2 qo( t) 1+ ) 2 qo( L)+
F2In(A- )+ )-SR 1In((l X)) M

o 1. 1-x +—x1 kCOSa B 3
)8x = [(1 X1) e > 0D+ T x) + qO(l)] [In(@—x,)*+ X3)d, @
—In((1x)*+%3) 4o (D] +R;

ou ko1 Y o (Lt) 1 aq, (=Lt)
B)G_XZ_EXp( 2x2) 2In((l X,) +x2) o In((1+x1) +x) ox +R

R orpanuuena npu X, =40, X e[—l;l], te[O,T].

38. Nyctb t > 0. Torga Tennosoit noTok 8u(§)>(<1,t) npu X, = +0, Xle[—l;l], te[O,T], roe

U(X,t) - pewenue sapaun

OU(X,, X, 1) a (82u(x1 X,,t) 82u(x1 X,,1) k6u(x Xy, t)) 0:
ot ox; ox5 oX,

u(x,+0,t) —u(x,—0,t) = g, (x,1);
+hu6:#00 - 80 g -01) = (0,01 €[4 0420

2 2

u(x;,x,,0)=0

ou(x,,+0t)

nMeeT aCMMnToTn4ecKkoe npencrasneHne

L% o y-
ot o

1 2X,
6)a—4_e p( 2) (W qo( ) W QO( ,)—

—In((1—x)*+x3) - 0, (L) + In((L+x)* + Xi)-ql(—l:t)+§kln((1—x1)2 +X3) - 0 (L;t) —

1+
a £ R

L SV o x
a) _)(1_exp( Xz) ( (1 X1)



—% KIn((L+ x)* +x3)-q,(-Lt)) +R,
. —(47:)‘1[In((1 —%,)*4%5) G —In(@+x)*+%3) 0, (D] +ksine Bz) “TIn(@—x,) *+x;) (1) -

—In(@+x)*+x;)0, (= 1)]——[W%() W%( D]+R,

R orpanuuena npu X, = +0, X e[—l;l], te [O,T].

39. Myctb t > 0. Torga acumnToTueckoe npeacTaBneHne yHKLUM

ou(x,t)
o,
ou 1 2X, O (—11) -
P o W0 gt L

4MO—&Y+é)%@0+mmfﬁf+€)%0£0+%HMG—MY+€)%GM—

k
(_E 2) (

—% KIn((L+x)* +x2)-q,(-Lt))+R

crpasesnmeo
a)npu X, =>+0, X, e[—l;l], te[O,T];
6) npu X, >+, X, €[-1L1], te[0,T];
B) Npn X, —> +00, X, e[—l;l], te[O,T].

40. Nyctb t > 0. Toraa acumnToTnyeckoe npeactasneHne MyHKLUN 5U8(X,t)
X2
ou K 1-x 1+ X,
o, p( 5 2)( (1—X1)2 2 d, (Lt) i+ X1) 2 -0, (-1 t)

aqo( t) 1 aQO(_Lt)_’_R

+%In((1—x1)2 +X2)- In((1+ )’ +X%2)-

crnpaBeanveo
a)npu X, ->+0, X, e[—l;l], te[O,T];
6) npu X, =+, X, €[-1L1], te[0,T];
B) Npu X, —> +00, X, e‘[—],‘l], te[O,T].

2

d7y

41. BTOPbIM pelleHMeM ypaBHeHus Z° W +2 d_y —(2°+y?)y=0 sBnsetcs dyHKLMS
A Z

koTopasi oGosHauaetcss K (Z) u onpegensieTcs  paBeHCTBOM

Kn(Z) _ !/l_rﬂ (_;_)n |: I—v(z)_ |V(Z):|

v—nNn

B oTBeT Hanuwmnte ¢ 60NbLLOMN 6yKBbI (baMVIJ'II/IIO Y4€HOro, B 4eCTb KOTOPOro Ha3BaHa (byHKLI,VIFl, B

poanTesibHOM Nagexe.



v(x,+0) _ov(x,-0)
OX, OX,

42. Ycnosue

=(Q(X) BbIMONHEHO B CcMbIcne

3Ha4veHus, ecrin cnpasensimBo paBeHCTBO
lim ov(xle) ov(El,-¢)
s> X, X, B

q(x)

OtBeT 3anuwnTe B BUAE npunaratesrnibHoro, oTtee4aroLero Ha BornpocC «Kakoro».
43. MoxHO nokasaTb, YTO npu onpegerneHHbIX yCrnoBudax peleHne 3agadu

(XXt 2 UG X 1) | DU L UG X )y .
ot oxX; oxX; X, ’

u(x,+0,8) —u(x,=0,t) =gy (%, );

w +ku(x,408) —W— ku(x, ~01) = 6 (%,1); % €[4 ,t>0;

2 2
u(x;,x,,0)=0

ABndeTcd MO COBOKYMHOCTWU NMPOCTPAHCTBEHHbIX NepeMeHHbIX, orpaHquHHon Ha

2 N
no6om komnakte K € R\ | dyHkumen.

OTBeT 3anUwnTe B BUAE NPUaraTenbHOro, OTBEYAIOLLErO HA BOMPOC «KaKOM».

44. Bypem roBopuTh, 4To rpaHuyHoe ycnosue U(X ,+0)—u(X,—0) = q,(X,); BbinonHeHo ans

dyHKUMM U(X;, X,) Ha uHTepsane X, € (—11) no HenpepbIBHOCTU, ecnu AaHHas (PYHKLMSI HeMpepbiBHA

no nepemeHHoi X, B Touke +0 cnpaBa u npu kaxgom X €(-L1) w

lim (u(x,&)—u(x,—7))=0,(x) .

&, n—>+0
OTBeT ganTe B BUOE Hapeuius.

45. CneunanusmMpoBaHHOW -pyHKUMEN HA30BEM Takyld YHKUUIO 5[_1’1],
NpvHaanexallylo MHOXecTBy 0606LenHbIx dyHkumi D'(R?), uto ana dyHkumm v(X,), HenpepbiBHol

Ha oTpeske [-1;1] v nwoGoit ocHoBHOM dyHkuMM @(X,, X,), NpUHaANexaLLen D(]RZ), crnpasennneo

paBEHCTBO

(V8,113 0% %,) = [ V(X)(8(.), 004, %,))dx,

0 . 0
46. peweHnem onepartopa A+ Kkcosa— +Kksin aa— ABnaAeTca YHKUMS
XZ

E(x,,X,), 3anaHHas paBeHCTBOM

k :
—E(xl COS ar+X, Sin o)

1 k
E(prz):_g'e 'KO(E|X|)-

OTBEeT HanuwnTe B BMAE NpunaratenbHOro, 0TBEYatoLLEro Ha BOMPOC «KaKUM.
47. Tpu  onpedeneHHbIX  YCNOBUSIX  MOBEPXHOCTHbIA  CTaLMOHApPHbLIA  TEnroBoMu

MPOCTOro cnod npeagcrasm B Buae




1 P _g((x1—al)cosa+xzsina)
Uy (%, %) =— _[e

K
Pyl Ko 04— 00" + ;)0 (03)dor.

OtBeT 3anuwnTe B BUAE CyLeCTBUTEIIbHOrO.

MepeyeHb BOMPOCOB K 3K3aMeHY:

1. Onpegenexne yHkumn MakgoHanbga-beccens. OcHoBHblE hopMynbl AN PYHKLUNA

MakgoHanbga. ACMMNTOTMYECKNE paBeHCTBA N OLeHKM Ans yHkunn MakgoHanega.
2

2. MocTpoeHune yHaamMeHTanbHOro peLleHns onepatopa A —I.

3. CBepgeHue 3apgayn

O, %,) | OUK) |y g M%) i o M)
ox; 0%, %, OX,
u(x, +0) ~u(x,—0) =6y (x);
w+ ksin OZU(X1,+0)—W—kSin au(x,—0) = q,(x); X €[-L 1]
2 2

K 0000LL,EHHOMN.

4. MocTtpoeHune pelleHnsa 0606LLeHHOW 3ada4n

Au()-+keosa 2 ksing 2 = (%) yy + Go(X) ok
oX, x, [-121 " Ho ox,

5. [loka3aTernbCTBO CBOMCTB (DYHKLMI

1 k .
B, == Je T K ) ) 2R
T 2
1

2 2 1
VXt (X—01)
_ ksina J. —E((X1—01)008a+xzsina)

k
ar )¢ 2 KO(EJ(xi—q)z +x2)q,(c,)da,.

6. MocTpoeHmne NoBepXHOCTHOrO CTaLMOHAPHOrO TEMOBOro NoTeHLUMana npocToro Cros 1
[10Ka3aTerNbCTBO BbINOMHEHUS FPAHNYHBIX YCIOBWA

U, (%, +0) =1, (%, -0) =0;

B,

Uy (%, +0) _ o (%,=0) | i a, (%, —0) +ksin au, (x,, +0) = g, (x,).
oX, X,

7. nOCTpOGHVIe NOBEPXHOCTHOro CTauMoOHaApHOro TenyioBoro noTeHumnana [OBOWHOro crnoa u
[00Ka3aTesibCTBO BbIMOJIHEHUA TPAHNYHbLIX yCJ'IOBI/IVI

Uy (X1’ +0) —U (X1! _O) =0, (X1)’

au0 (Xli +0) _ 8uO (Xli _O)
X, X,

8. [lokasaTenbCTBO HENPEPLIBHOCTU PeLLEHNS 3a4aun

O %) , O %) Ly oe, UOKLX) L BUCKLX,)
ox; oX; ox, X,

u(x,+0)=u(x,—0) =gy (x);

+ksinau,(x,+0) —ksinau,(x,,-0) =0.




—au(xl’+0)+ksinaU(X11+0) u.=0) —ksinau(x,-0) =q,(x); x €[-1 1]

2 2

u
n nocTtpoeHne aCMMNToTuK ——.

oX,
u
9. lNocTpoeHne acMMNTOTMK NEPBOM MPON3BOLHON —— peLleHns 3agadn
X1
o2u(x,x,) o%u(x,x ou(x;, X . ou(x, X
09,%) | OUCGX,) |y cosq MXe) |y gin g MKX) g
oX OX; 0X, oX,

U(X,+0) —u(x,—0) =g, (x);
M+ ksinau(x,,+0) — 8u(g<1x

2 2
10. Teopema €OWHCTBEHHOCTU peLleHnAa 3aaadn

2 2
Ou(x,%,) 0 u(><12,x2) U %) | g g %) _

2

9 _sinau(x, ~0) = q,(x); % e[-L 1.

+kcosa

X OX; oX, OX,
u(x,+0)—u(x,—0) =g, (x);
N09*0) |y i qu(x, +0) - a“(g; 9 _ksinau(x,-0) =, (x);  €[-L 1.
2 2

ou(x,t
11. lMocTpoeHne acMMnTOTMYECKOro npencTaBneHus ( ) npu X2—>+0, Xle[—l;l],

24
te[0,T], rae u(x,t)- pewerne sapaun
Au(X, %,t) (62u(x1 X,,t) azu(x1 X1) | | U0, xz,t))_
ot ox; ox; X,
u(x,+0,8) —u(x,—0,t) =gy (%, 1);
W+ku(&&0,’[)—w—ku(&,—0f[) =, 0 1); X, €[ 1, >0;

2 2

u(x;,x,,0)=0.

ou(x,t) _
12. MocTpoeHre acMMNTOTUYECKOro NpeacTaBneHus 8— npu X, > 40, Xle[—l,l],
X2

€ [O,T], rae U(X,t)- pewenue sanaun
U, %0 t) 2 UKL Xp0t) | DU Xp01) ) UK X0 0)y .
o a’( > ———+k )=0;
OX; ox2 ox,
u(x,+0,t) —u(x,—0,t) =gy (X, 1);
w+|<u(x1,+o,t)—w—ku(xl,—o,t) = g, 0); %, €[L .t >0;

2 2
u(x;,X,,0)=0.

13. [lokasaTenbCTBO HEMpPepbIBHOCTN Npu X, X, € R*\I,t >0 peweHns 3agaun




(X X8 2 UG X 1) | DU L QUG X )y .
ot oX; oxX; OX, '

u(x,+0,) —u(x,—0,t) =Gy (%, 1);

ou(x, + 0t ou(x, 0t
A0 i, 4+01) —%— ku(x,~08) = 0, (. 1); % €[L 1,t>0;
2 2
u(x;,X,,0)=0.
14. MNMocTpoeHne pelueHnst 0600LLEHHON 3adaymn
ou 2 ou 2 2 65711
——a“(Au+k—)=-a )6 ,,—a 1) —=
o~ Uk S o) =2 (00 8y~ (0,0
15. [lokazaTenbCTBO CBOMCTB OYHKLINI
t k 1 (o-%)"+(@%k+x,)?
G = —Ie 4a’s g, (o,t—7)dodr;
0 877?,
t X 1 (a-—><l)2+(a2rk+x2)2
_ 2 43’7 ) _
G, —!8a272”£e g (o,t—7)dodr.

16. MocTpoenue npu t >0 noBepXHOCTHOrO TENIOBOrO NOTEHLMaNa NPoCToro Cros.
17. MocTtpoenue npu t >0 noBepxHOCTHOro TEMNOBOrO NOTEHLUMana ABOMHOro Crosi.
18. [loka3aTenbCTBO BbINOIHEHUS YCNOBUI

Uy (X, +0,t) — U, (%, —0,t) =0, (%, 1);

ou, (x;,+0,t) +ku (%,40,t) - ou, (x,,—0,t)
OX, OX,

19. [lokaszaTenbCTBO BbINOMHEHWS YCNOBUN

W00y s0,t) - MCOD (0 0y =gy00);
oX, X,

u, (x,,+0,t) —u,(x,-0,t) =0.

20. [loka3aTenbCTBO BbINOMHEHUs HavanbHoro ycnosust U(X;, X,,0) =0.

—ku, (x,,—0,t) =0.

Mpumep KNM:
KoHTpornbHO-n3ameputernsHbln maTepuan Ne1i
1. Ansa dpyHKuum KV(Z) crnpaBennvBo acUMNTOTUYECKOE paBeHCTBO npu Z >1
1

a) K (2) = (%)2 e’ (1+ 0(%)) :

6) K, (2) = ()2 ¢ (1+0))

)
B) K (2) = (2—j e 2(1+0(1)).
Z
2. PeweHnne 3agayn

8U(X1,X2,'[)_az(ézu(xl,xz,'[)+82u(X1,X2,'[)+k8U(X1,X2,t)):O_
ot ox; ox; X, ’




U0+ 0,8) (%, —0,t) = G (X, 1)
sku(x, +08) — MO i o) =g, 00.0); %, €[4 Tt 20;

2 2

ou(x,,+0t)

u(x;,x,,0)=0

nmeeT BuUg

a) u= sij (atrk+x,)(@r?)™ | " expl- (4a2r) H(x— )+ @2k +%,))]g, (ot — r)dod 7 —
0 -1

@) [ expl-(da*) (%0 H@ rk+x)?)] (o t-r)dodr;

1 -
6) U= _(272_)—1J'_le—O,Sk((xl—crl)cosom—x2 sma)KO (O, 5k\/(X1 _ 0_1)2 + X22 )q1(0'1)d01 +

aft - 5K ((x,—07) Cos ar+x, Sin & X4 (G)
CE N I K05k (% =) +30) T g o +

+ksina(4r)™ j_llefo'sk“xfffﬂwm**zSina) Ky (0,5k+/(%, — 07)? + X2 )0p(0,)d oy

B) U = Sij; (a’rk+x,)@ %) | 11exp[— (4a27) (%~ 0,) %+ @2rk+X,) ), (ot — 7)dod 7 .
- ]
3. MNocTpoeHmne pelleHus 0606LLEeHHON 3aaa4n

au . au a5

Au(x) +kcosa—+ksina— = 0q,(X) -6 1+ 0o (%) - ——.

oX, OX, OX,

OnuvcaHune TEXHOMOrMM NPoBeaEHUN

MpomexyToyHasa atTectaums no ancumnnuHe «lpuknagHble 0606LeHHbIE 3aaa4n ConpsaXXeHns
ans anddepeHumanbHbIX YpaBHEHUI» NPOBOANTCA B hOpMe aK3aMeHa.

Mo peweHunto Kaeapbl OLEHKM 3a 3Kk3aMeH MOryT ObiTb BbICTaBMEHbI MO pe3ynbTaTaM TekyLen
ycneBaemMocTn obyyatoLlerocs B Te4YEeHNe cemecTpa, HO He paHee, YeM Ha 3aKNioYUTESNIbHOM 3aHATUN.
[nga aTtoro obyyatoiemycs HeobxoaMMO HanucaTb KaXayt U3 ABYX KOHTPOSMbHbIX paboT He MeHee, YeM
Ha OUEHKY «YOOBMEeTBOPUTENBbHO», NOCETUTbL HEe MeHee 80% 3aHATUIN, akTMBHO paboTaTb Ha 3aHATUAX.
Mpn Hecornacum obyyarowerocs, eMy AaeTcsi BO3MOXHOCTb MPONTU MPOMEXYTOYHYI0 aTTecTauuio Ha
obLWMxX oCHOBaHUSAX.

IMpomexyToyHas aTTecTaums, Kak NpaBumo, OCYLLECTBNAETCA B KOHLE cemecTpa.

lMpomexyToyHas aTtrectauus no OUCUMNIIMHE C NPUMEHEHWEM 3NEeKTPOHHOro 0by4yeHus,
ANCTaHUMOHHBIX ObOpasoBaTenbHblX TexHorormn (ganee — 30, OOT) moxeT nNpoBOAMTLCA Ha
obpasoBaTenbHOM nopTane « ANeKkTPoHHbIN yHuBepcuteT BIY» (LMS Moodle, https://edu.vsu.ru/).

Ob6yuvatowmecs, npoxoadlime MNPOMEXYTOUHY0 aTTectaumio ¢ npumeHeHnem [OOT, [OMKHbI
pacnonaratb TEXHNYECKUMU CPEACTBaMM M NMporpamMmmMHbIM obecnevyeHnem, no3sonsaowmm obecneumTb
npouenypbl atrectaumm. OByyarOLMINCS CaMOCTOATENBHO obecneynBaeT BbIMNOMHEHWE HEOBXOANMbIX
TEXHUYECKMX TpeboBaHMM ONA NPOBEAEHUA MNPOMEXYTOYHOMW aTTectauunm C  NPUMEHEHUEM
ANCTaHUMOHHbIX 06pa3oBaTenbHbIX TEXHOMNOMMN.

NpeHTndukauma nmMYHOCTM oBy4varollerocs npu MpPOXOXAEHMM MPOMEXYTOYHOM aTTecTtaumm
obecneynBaeTca NOCPEeOCTBOM WCMOMb30BAHUSA KaKAbiM OByyalowmMMca MHOMBMAOYANbHOrO NornHa u
naposns Npu Bxoge B NIMYHbIN KabuHeT, pasmelleHHbii B QVOC obpasoBaTenbHOM opraHmM3aimm.

B xoge npoBegeHus atTectaumm oby4vawoulemycs Heobxogumo OTBETMTb Ha Bonpockl KM,
COCTOSILLEr0o M3 OBYX TECTOBbIX U OAHOrO TEOPETMYECKOro BOMPOCOB, W AOMOMHUTENbHbIE BOMPOCHI
3K3ameHaTopa.

Pesynbtatbl  Tekywewn artrectaumm obydarowlerocs  yduTbiBaOTCS  NpU  NpoBeAEHUU
NPOMEXYTOYHON aTTecTaumMm crnegywowmm obpasom: obydatowmecs, nonyymslume XxoTa Obl 3a OfHY
KOHTPONbHYIO paboTy OLEHKY «HE YOOBMETBOPUTENBHO» UMK HE SIBUBLLMECH HA KOHTPOSIbHYK paboTy,
nony4aroT ONONHUTENbHOE NpakTUYeckoe 3agaHne unm TeopeTuyeckmii Bornpoc.

TpeboBaHUS K BbINONHEHWIO 3a4aHWUIA, LIKanbl U KPUTEPUUN OLLEHUBAHUS



Kputepum oueHnBaHns KOMNETEHLNI LLikana oueHok
OOyvarowuinca He BrageeT OCHOBaMu Yy4ebHO-MpPOrpaMMHOrO Martepuana, | «HeygoBrneTBOpUTENbHO»
0BHapyxun npobernbl B 3HAaHUSIX OCHOBHOIO y4ebHO-NporpaMMHOro matepuana,
OOMyCcTUN  MpuHUMNManbHble OWWOKM B BbIMOSIHEHMU NPEAYCMOTPEHHbIX
nporpaMmmon 3agaHui

O6yvaowmnca  Bnageetr  3HaHMAIMM  OCHOBHOrO  y4yeBHO-nporpammHoro | "YaosneTBopuTenbHO"
MaTepuana B obbeme, Heobxoanmom Ansa ganbHerwen y4ebbl 1 npeacTosLemn
paboTbl MO cneuwanbHOCTW, CNpaBWiCA C  BbINOMIHEHWEM  3a[aHun,
NpeaycMOTPEHHbIX  MPOrpamMmMoKn, 3HakoM C  OCHOBHOW  nuTepaTypon,
pekoMmeHaoBaHHoW nporpammon. OueHka "yooBneTBOpUTENbHO" BbICTaBnseTCs
obyvalowmmcs, OONyCTUBLUMM MOTPELUHOCTU B OTBETE Ha 9K3aMeHe M npu
BbIMOMHEHNN 3K3aMEHALMOHHbIX 3adaHui, HO obnagarowmM HeobxoanMbIMU
3HaHMAMWU ONS MX YCTpaHeHWs nog pykoBOACTBOM npenogaBartens. OueHka
«yOOBMNETBOPUTENBHO» BbICTABMSIETCA, €CNWN CTYAEHT 3HAET BCe onpeaenieHns
POPMYNNPOBKM YTBEPXKOEHWUIN MO KOHTPONbHO-U3MepUTENbHOMY Martepuany u
NpaBuibHO BbINOJIHWUI XOTS 6bl 0OHO M3 TECTOBbIX 3a4aHWN

Ob6y4yaowmmncs  MNONMHOCTbIO  BrageeT  3HaHusIMKM  y4yeBHo-nporpaMmmHoro | "Xopowo"
MaTtepuana, yCnewlHO BbINOMHUA NpegyCMOTPEHHbIE B MporpaMme 3ajaHus,
YCBOWUI OCHOBHYIO nMTEpaTypy, PEKOMEHAOBaHHyt0 B nporpamme. OueHka
"xopowo" BbiCTaBndeTcs obydallmmcs, MoKa3aBWMM  CUCTEMaTUYECKUI
XapakTep 3HaHUM MO AUCUMMIIMHE U CMOCOOHbIM K KX CaMOCTOSITENIbHOMY
NPUMEHEHNIO B MPaKTUYECKON AesaTenbHOCTN. OLeHKa «XOpOLUO» BbICTaBMseTCs
obyyvaroLlemycs, eCrnm OH NpaBUNbHO N B NMOMHOM OObeMe OTBETWUN HE MeEHee,
4yem Ha 75% BornpocoB buneTta

OueHka  «OTNUYHO» BbiCTaBnsietcas  obyvarowmmcs, o6HapyxumBwum | "OTnmM4HO"
BCECTOPOHHEE, CUCTEMATUYecKoe W rnybokoe 3HaHuMe y4ebHO-MporpammHoOro
mMaTepuana, ymMeHue CBOOOOHO BbIMOMHATL 3adaHusd, NpPeAyCMOTPEHHbIE
nporpaMmow,  YCBOMBLUMM  OCHOBHYH  MporpaMmy W  3HaKoMbiM  C
OOMONMHUTENBHON  NUTepaTypow, pPeKOMeHOOoBaHHOW nporpammon. OueHka
"OTNMYHO" BbICTaBNsETCA OOy4aloLMMCS, YCBOMBLUMM B3aMMOCBS3b OCHOBHbIX
MOHATUMA AMCUMNAWHBI B WX 3Ha4YeHuM Ans npuobpetaemon npodeccuu,
NPOSIBUBLLUUM  TBOPYECKME CMOCOBHOCTM B  MOHMMAaHWKU, U3NOXEHUN W
ucnonb3oBaHuM  y4yebHo-nporpaMmHoro Martepuana. OueHka  «OTAMYHO»
BbICTaBMSETCA, €CrM 00yYaroLNNCS B MOSTHOM O0beME M NpaBUIbHO OTBETUIT Ha
BCE BOMPOCHI KOHTPOITbHO-U3MEPUTENBHOrO Marepumana

20.3 ®oHA oUueHOYHbIX cpeacTB cPOPMUPOBAHHOCTU KOMMNETEHUUNA CTYAEHTOB, peKOMeHAYyeMbIN
OnA npoBeAeHUA ANarHoCTU4ecKux pabort

OlK-1 CnocobeH o6obLaTb U KpUTUYECKN OLEHUBATbL OMbIT U pe3ynbTaTbl HAaYYHbIX UCCNEeAOBaHUA B
obnacTtu npuknagHonm MatemaTukm

OrlK - 1.1 Onpegensaet N aHanUanpyeT UCTOYHMKU NPOOBMEMHbIX CUTyaLMiA B 3KCNEPUMEHTANbHON U
nccnepoBaTenbCKOM AeATeNbHOCTY

3HaTb: MeToabl aHanu3a npobnemHbIX cuTyauun B obnactu oboOLLEeHHbIX 3adayv CONpshKeHusd Ons
anddepeHumnanbHbIX ypaBHEHNUI

YMeTb: aHann3mpoBaTh pe3yrbTaTbl 3KCMEPUMEHTOB, BblAENATb NPpobnemMHble MecTa

Bnagetsb: COBpPEMEHHbBIMMN MeTogamu cbopa n
aHanusa wuccnegyemoro matepvana B obnactm  o60OLieHHbIX  3agady  COMpsbKeHus  and
anddepeHumnanbHbIX ypaBHEHNUI

OlK - 1.2 OcywecTBnseT NOUCK MaTeMaTU4eCKMX MeTodoB U yMeeT UX UCNOoNb3oBaTh ANA pelueHus
NpyKnagHbIX 3agay

3HaTb: OCHOBHblE MeToAbl UccrneaoBaHna 0606LLEHHbIX 3agay conpsbkeHnsa ans anddepeHumanbHbIX
ypaBHEHUI

YMeTb: BbibpaTb Hanbonee paumoHanbHbI METOL, PELLEHNS NOCTABNEHHOW 3a4a4n U MPUMEHUTL €ro

BnageTb: COBpPEMEHHbIM MaTemMaTU4Yeckum annapaToM, TMNpUMEHSIEMbIM O MCCrneaoBaHus
06006LLEHHBIX 3a4a4 conpsikeHus Ans AvddepeHumanbHbIX ypaBHEHUN

OrlK - 1.3 BnageeT HaBblkaMu peLLeHnNs akTyarnbHbIX NpobnemM NpuknagHon MmaTtemMaTukm

3HaTb: OCHOBHble akTyarnbHble MPOGMEMbl NPUKIAgHON MaTeMaTUKM B YacTU 3aday COMpshKeHus Ons
anddepeHumanbHbIX YpaBHEHNN

YMmeTb: pewatb 0606LeHHbIe 3a4aum conpsbkeHnsa ana anddepeHumanbHbiX YpaBHEHNI



BnageTtb: HaBblkaMu  MccnegoBaHMs  MateMaTUYeckux — MoAenen  3agad  COnpsbkeHwus  Ans
anddepeHumnansHbIX ypaBHEHNU

lMepeyeHb 3agaHnin 4nga oueHKM CPOPMNMPOBAHHOCTU KOMMETEHL I
1) 3akpbITble 3agaHnsa (TECTOBbIE, CPeAHUN YPOBEHb CIOXXHOCTU):

1. MpoussogHas dyHkunn K, (z) pasHa
a) Kl(z) —-K, (2);
6) K,(2);
1
o) =3 (Ko(2) + K, (2).

2. Ans doyHkummn K (z) cnpaBeanmeo acumnToTudeckoe pasexcTso npu 0 <z <1

a) K,(2) :%—FO(l);
6) K,(2) = In%+0(z);

1
B) Ky(2) =In=+0(1).
z
3. Ana cdyHKumnn Kl(z) crnpaBeanBo acumnToTudeckoe paseHctso npu 0<z <1

a) K, (2) == +00);
5) Kl(z):ln%+0(z);

5) K,(2) :%+O(z).

4. Myctb T > 0. Torna peluexue 3agaun

(X X8) 2 UG X 1) | DU L QUG X )y .
ot oX; oxX; OX, ’

u(x,+0,t) —u(x,—0,t) =, (x,1);

qu(&ﬁox)-W—m(&—ox) =G, ); % e[ L 0t 20;

2 2
u(x;,x,,0)=0
a) ABNAETCA HeNpepbIBHOW, HO He OrpaHNMYeHHON doyHKUMeh aprymeHToB X, X, € RZ\1 ;
6) ABNAeTCA HenpepbIBHOW ¥ OrpaHNYeHHON YHKLMEN apryMeHToB X, X, € R\ ;
B) SBNAETCA OrpaHWYEeHHOW, HO He SABNSAETCHA HenpepbiBHONM (YHKUMEA aprymMeHTOB
2
X, X, € RE\IL
ou(x,t)

5. Nycts t > 0. Toraa acumntoTyeckoe npeacTasneHne dyHKLMM

ou 1 k
~ _eXp(_Exz) (

2X 2X
o 4n 2 do (89 +—22'q0 (-Lt)-

(1—x1)2+x22' A+x)° + X%



—In((@-x)" +x5) - 0, t) + IN(@L+x%)* +%;) -, (-L;1) +%k IN(@L-%)" +%;)- Qo (L) -

~2KIn((L 1)+ ) (-50) + R

cnpaBeanveo
a)npn X, >+0, x, €[-11], te[0,T];
6) npu X, >+, X, €[-L1], te[0,T];
B) npu X, —> +90, X e[—l;l], te[O,T].

6. Myctb t > 0. Torma acumnToTUYECKOE NpeAcTaBneHne PYHKLMM 6ua(x,t)
X,
ou k 1-x . 1+ % .
—= ——X) —————-0,(Lt) —————-q, (-1t
axz eXp( 2X2) ( (1_X1)2+X22 qo( ) (1+X1)2+X22 qo( )+
+%In((1—x1)2 +x). B&H —%In((1+ ) )2 +x2)- S CLY g
cnpaBeanuBeo
a)npu X, =>+0, X, e[—l;l], te[O,T];
6) npn X, —>+00, X e[—l;l], te[O,T];
B) Npn X, —> +00, X, e[—l;l], te[O,T].
7. 3apaya
2 2
U, %) | TU ) o5 M%) | yginq ML) g
OX, OX; 0%, oX,
u(x,,+0) —u(x,—0) =0, (x);
M+ ksinau(x,,+0) —w— ksinau(x,—0) =q,(x); x €[-1 1]
2 2
SABNSAETCH

a) cTaumoHapHON KpaeBow;
6) HecTauMOoHapHOW HavYanbHOW;
B) CTAaUMOHAPHON HaYanbHO-KpPaeBoOW.

Kz —,
8. dyHOamMeHTanbHOE peLleHne oneparopa A_(E) B R° aBnsetcs
1 k
E(X)=——K_ (=[X]):
) E(x) =~ Ky G[x)
k
6) E() =27,
27

1 3k
B) E(X) = —Z K1(7|X|) .

2) OTKpbITbIE 3aaHMs (TECTOBbLIE, CPEeAHWIA YPOBEHb COXHOCTM):




o d%y

1. BTOpbIM pelleHvem ypaBHeHus Z°— -+ Zd—y — (Z2 + yz)y =0 saBnsetca dyHKUMA
z YA

, koTopasi o6osHauaeTca K (Z) wn onpepensieTcsi  paBeHCTBOM

Kn(Z) — !/lng (_;_)n |: I_V(Z)_ IV(Z):|

v—nNn

B otBeT HanuwwnTte ¢ 6onbLion OyKBblI haMUNI0 YY4EHOTO, B YECTb KOTOPOro Ha3BaHa yHKUMS, B
poauTenbHOM nagexe.
V(x,+0) ov(x,—0)
oX, oX,

2. YcnoBue

=((X) BbINONHEHO B CMbICNE 3HayeHws,

eCclnu crnpaBeannBo paBeHCTBO
i YV(ELE) V(L)
£—+0 axz axz

=9(x).

OTBeT 3anuwnTe B BUOE npunaratenibHoro, oTee4aroLero Ha Bornpoc «Kakoro».

3. MoxHO nokasaTb, Y4TO Mpu onpeaeneHHbIX ycnoBu4ax pelleHune 3agadun
2 2
ou (X, X,, 1) _a2(8 u(xl,zxz,t) N 0 u(xl,zxz,t) Tk ou(X,, xz,t)) _0:
ot OX; OX, oX,

u(x,+0,8) —u(x,—0,t) =gy (%, );

e +O) ku(x,+01t) _ula0t) ku(x,~01t) = g, (. t); x, e [-L, 1,t > 0;
X, X,
u(x;,x,,0)=0
ABIIAETCA MO COBOKYMHOCTU NMPOCTPAHCTBEHHbIX NepeMeHHbIX, OrpaHI/Il-IeHHOIZ Ha

2 N
no6om komnakte K € R\ | dyHkumen.
OTBeT 3anUWnTe B BUAE NPUNaraTenbHOro, OTBEYAKOLWETO HA BOMPOC «KAKOM.
4. Byaem roBopuTb, 4To rpaHuyHoe ycrosue U(X,+0)—u(x,—0)=q,(X); BbinonHeHo Ans

dyHKUMKM U(X;, X,) Ha uHTepsane X, € (—11) no HenpepbIBHOCTU, ecnu AaHHast (PYHKLUMSI HEMpepbiBHA

no nepemeHHoir X, B Touke =0 cnpasa u npu kaxgom X €(-L1) wu

lim (u(x,&)—u(x,—7))=0,(x) .

&, n—>+0
OTBeT ganTe B BUOE Hapeudns.

5. CneumannanpoBaHHOM -(pbyHKUMEN HaA30BEM Takyld  PYHKUUIO 5[_1’1],
NPUHAANEXALLYI0 MHOXeCTBY 0606LieHHbIX cyHkumii D'(IR?), yto Ans dyHKLUMK v(X,), HenpepbIBHOIA

Ha otpeske [—1; 1] u nioBoii ocHosHoM cpyHkummM @(X,, X,), npuHaanexawein D(R?), cnpaseanuso

paBEHCTBO

(V8,113 0% %,) = [ V(X)(8(5.), 004, %,))dx,



0 . 0
6. pelweHnem onepatopa A+KCoSa—+KSina—— saBnsetca yHKums

%, %,

E(x,,X,), 3anaHHasi paBeHCTBOM

k :
—E(xl COS ar+X, Sin o)

1 K
E( ) =5+ Ko G1.

OTBeT HanuwuTe B BUAE npunaraTeribHoro, oreevyarolero Ha Bornpoc «Kakum».

0 . 0
7. pelweHnem onepatopa A+KCoSa—+KSina—— saBnsietca yHKums
2

E(x,,X,), 3anaHHas paBeHCTBOM

k :
—E(xl COS ar+X, Sin o)

1 k
E(prz):_Z'e 'Ko(§|x|)-

OTBeT Hanuw1Te B BUAE NpunarateribHOro, 0TBEYaroLLEero Ha BONpoC «Kaknmy.
8. lMpwn onpeneneHHbIX YCNoBUSX NOBEPXHOCTHLIN CTaLMOHAPHbIN TENOBOWN -

NPOCTOro cnoqa npeacraBsum B Buae

1 1 —E((Xl—o'l)COSa'FXZ sina) k > >
U, (%, %,) =———[e? Ko(5 (% =) + X} )a,(0)d o,
2 <, 2
OTBeT 3anuwuTe B Bunae CywecTtBUTENbHOrO.

Kputepun n wkanbl oueHnBaHusa 3agaHnm ®0OC:

1) 3apaHuga 3akpbIToro Tvna (BbI6GOP 0OHOro BapuaHTa oTBeTa, BepHO/HEBEPHO):

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

2) 3agaHunsg oTKPbITOro Tuna (KOPOTKUN TEKCT):

e 2 6anna — ykasaH BepHbI OTBET;
e 0 6annoB — yka3aH HEBEPHbLIN OTBET.

3apgaHua pasgena 20.3 pekoMeHOyTCs K UCMONb30BaHWIO MNpU  NpoBeaEeHUU
ANarHOCTUYECKMX paboT C LEenbl OLEHKM OCTaTOYHbIX 3HaHUWM MO pes3ynbTaTaMm OCBOEHUS
JAaHHOW ONCUMNIINHDI.



