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51.0.13 lNpuknagHbie 0000WIEeHHbIE 3a4a4u CONPsKeHna ang
aonddepeHumanbHbIX YpaBHEHUN

1. Koa u HaumeHoBaHue HanpasneHusa noarotoBku 01.04.04 NMpuknagHana maTemaTuka

2. I'Ipodmnb noaAroToBKW. anMeHeHMe MaTeMaTu4eCKnx MmetToaoB K peLleHunro
UHXXEeHepPHbIX U 9KOHOMUNYECKUX 3agaY

3. KBanudcukauma BbinycKHUKaA: MarucTp
4. dopma oby4eHus: o4Has

5. Kacheppa, oTBevawLiasn 3a peanmsauuio AUCLUUNINHBLI: YpaBHEHUN B YaCTHbIX
NPOU3BOAHbIX U TEOPUN BEPOATHOCTEN

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

7. PekomeHpoBaHa: HayyHo-MeTOoAMYECKMM COBETOM MaTeMaTU4YeCcKoro cpakynbTeTa.
MpoTtokon Ne 0500-03 ot 18.03.2025

8. YuebHbIn roa: 2025/2026 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 OucyunuHsbl:

- 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 OCYWEeCM8simb Ka4eCmeeHHoe
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
TEeOpeTUYEeCKy0 U MPaKTUYECKYy0 MOAroTOBKY MO MaTeMaTU4ecKoMy aHanusy, Teopuun psigos,
obrnagate MOMHBIMW 3HAHMAMU Kypca OObLIKHOBEHHbIX AnddepeHumanbHbIX YpaBHEHUA W
YPpaBHEHUN B YacCTHbIX NMPOU3BOAHbIX, 3HAHUSIMU Teopun uHTerpanoB Jlebera, nHTerpanbHbIX
npeobpasoBaHuii.

11. MNMnaHupyemble pe3ynbTaTbl 00y4YeHUs 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
OlK- | CnocobeH OlMNK - | Onpegensert n | 3HaTb: MeToAbl aHanusa NpPobnemMHbIX cUTyaummn
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 3apaud COMpsKeHNst 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 nccrnegoBaHus




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. CsepeHue 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 3agjayun. dyHOameHTanbHoe pelleHue. | https://edu.vsu.r
pacnpegeneHuu Tenna B CeBegeHne Kk o00oOweHHon 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



https://edu.vsu.ru/course/view.php?id=25333
https://edu.vsu.ru/course/view.php?id=25333
https://edu.vsu.ru/course/view.php?id=25333
https://edu.vsu.ru/course/view.php?id=25333
https://edu.vsu.ru/course/view.php?id=25333
https://edu.vsu.ru/course/view.php?id=25333
https://edu.vsu.ru/course/view.php?id=25333
https://edu.vsu.ru/course/view.php?id=25333
https://edu.vsu.ru/course/view.php?id=25333
https://edu.vsu.ru/course/view.php?id=25333
https://edu.vsu.ru/course/view.php?id=25333
https://edu.vsu.ru/course/view.php?id=25333
https://edu.vsu.ru/course/view.php?id=25333
https://edu.vsu.ru/course/view.php?id=25333
https://edu.vsu.ru/course/view.php?id=25333
https://edu.vsu.ru/course/view.php?id=25333

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 3agaun. [1OBEPXHOCTHbIN CTaLMOHAPHbIN
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 0606WeHHon 3agaun. [loBepxHOCTHbINM | 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 NneKkuuu, nNpakTUyYecKkne 3aHATUS, a TakKe pasfnuyHble BuObl CaMOCTOATENbHOW 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 peKOMEHAYeTCs creyouasi nocrnenoBaTenibHOCTb AENCTBUN.

1. Tllocne «kaxgowm nekuun CTyaeHTaMm pekoMeHayeTca noapobHo pasobpaTb
NPOYNTAHHBLIN TeopeTUYecKur MmaTepuar, BblydUTb BCe onpegeneHus u  opMyrnnpoBKU
TeopewM, pa3obpaTb NpUMepsbI, peLlleHHble Ha nekuun. lNepea cnegytoLwen nekymnn obsasatenbHo
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. Ecnn npu pelseHnn 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,
n3yunTb Npumepbl. Pelias 3agayn, npeaBapuTesibHO NOHATb, KAKOW TeopeTUYecKkuin maTtepuan
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 ¢ y4ebHnkamn, y4ebHbIMM NOCOBUSIMN, HAy4YHOW, CNPaBOYHON
U NONynspHOM nuTepaTypon, mMartepuanamm nepuoanydecknx usgaHum U pecypcamum ceTu
Internet, cTaTMCTU4ECKMMN AaHHBIMU ABNSETCA Hanbonee apPEKTUBHLIM METOLOM NOSyYeHUs
3HaHWW, MO3BOSISET 3HAYUTENbHO akTMBM3MPOBaTb MpouUecc oBnageHns uHdopMaumnen,
cnocobcTByeT ©Oonee rnybokoMy YCBOEHUIO M3yvyaemoro maTtepuana, gopmupyeT Yy
oby4aroLmnxca 3anHTepecoBaHHOE OTHOLLEHNE K KOHKPETHOM npobreme.

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

B KoHue cemecTpa cTygeHTbl cpatloT pedhepaTtbl, coaepxawime OONOoSHUTENbHbIE
cBefeHUs No U3y4eHHbIM B Te4YeHne ceMecTpa TeMam:

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

cneumnanbHble dyHKUMM MakgooHanbaa-beccens;

Ccnyyam cTauMoOHapHOro AnddepeHuManbHOro ypaBHEHUS C FPaAHUYHBbIMUK  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, OLEHMBAETCHA 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 — MHAMBUAOYaANbHOrO U (ppoHTanbHoro. Mpu nNogrotoBke K NEKUMOHHLIM U
NPaKTUYECKUM 3aHATUAM, OOy4alLWMMCs BaXXHO MOMHUTb, YTO WX 3agada, OTBevyas Ha
OCHOBHbI€ BOMPOCHI MNfnaHa 3aHATUMS U OONOSMHUTENbHbLIE BOMPOCHI NpenogaBaTens, nokasaTtb
CBOW 3HAHUS U KPYrosop, YMEHWe JIOrm4yecku nocTpouTb OTBET, BNnageHue maTemaTuyecKum
annapaTtoM M UHblE KOMMYHUKaTMBHbIE HaBbIKWM, YMEHWE OTCTanBaTb CBOK NPOdECCUOHANbHYIO
nosvumio. B xoge ycTHoro onpoca BbIABASAKTCA AeTanu, KOTopble MO KakKMM-TO MpuYMHam
oKasanucb He4OCTaTOYHO OCMbICIIEHHBIMU CTYAEHTaMM B XOA4e YYEDBHbIX 3aHATUIA. TeM cambim
OMNpOC BbLINOJTHAET BaXHenwmne oby4varLlyto, pas3BMBAOLLYIO U KOPPEKTUMPYIOLWYK YHKUMN,
No3BOSISIET CTYAEHTaAM y4eCcTb He4opaboTKM 1 n3bexaTb UX NPU NOArOTOBKE K NPOMEXYTOYHbLIM
aTtTecTaumsam.

Bonpocbl, KoTopble BbI3bIBAOT y 00y4aloWNXCa 3aTpyaHEHUS MPU NOATOTOBKE, AOSMKHbI
OblITb 3apaHee copMynupoBaHbl M O3BYYEHbl BO BpPEMS 3aHATUN B ayguTopun Ans
AOMONHUTENbHOIO pa3bsACHEHUS NpenogaBaTenem.



15. lMepeyeHb OCHOBHOM W [OOMOJSIHUTENILHOW NUTepaTypbl, PECYpPCOB WHTEpPHeT,
Heo6Xx0AMMbIX AN OCBOEHUA AUCLUNIUHbI

a) OCHOBHag nuTeparypa:

Ne n/n MICTOYHMK

EmenbsHoB, B. M.YpaBHeHnst MaTematmnyeckon omsmkun. NpakTukym no peLueHuto 3agad
[OnekTpoHHbI pecypc] / EmenbaHor B. M., Peibakuna E. A. — 3-e u3g., ctep. — CaHkT-IeTepbypr :
Jlanb, 2021. — 216 c. — PekomeHgoBaHo Y4ebHO-MeToan4EeCKMM 00 beaMHEHNEM NO

1 YHMBEPCUTETCKOMY NONUTEXHUYECKOMY 06pa3oBaHuio B kayecTBe y4ebHoro nocobus ons cTyaeHToB
BbICLUMX Y4eOHbIX 3aBeAeHuWI, 0byyatoLmMXCca No HanpaBneHnsiM NOAroTOBKM « TexHuyeckas umamka»
n «lpuknagHas mexaHuka»KHura ns konnekumm JlaHbe — MatemaTuka. — https://e.lanbook.com/book/
156410. — ISBN 978-5-8114-7173-7

Kapuesckuin, M. M.Jlekuun no ypaBHEHUSIM MaTeMaTUYECKON PU3NKN [SNEKTPOHHbIN pecypc] /

2 KapueBckuin M. M. — 3-e n3a., ctep.— CaHkr-leTepbypr : JlaHb, 2022. — 164 c. — KHura 13 konnekuum
JlaHb — Matemartuka.— https://e.lanbook.com/book/ 195495. — ISBN 978-5-8114-9481-1
Kapuesckuin, M. M.YpaBHeHUs1 maTemaTnuieckon punsnkun. [JononHUTENbHbIE rMaBbl [ONEKTPOHHbIN
pecypc] / Kapuesckuii M. M.,lMaBnoea M. ®. — 2-e uag., gon. — CaHkr-letepOypr : JlaHb, 2022. — 276
c. Knura ns 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 MaTeMaTtundeckon unankm: y4ebHo-meToguyeckoe nocobme ansi CTyaeHTOB
3 Kypca matematumyeckoro dakynbteTta, obyyarwwmxcsa no HanpaenerHuno 01.03.04 «MpuknagHas
MaTemaTuka» / E.A. JlornHoBa. — BopoHex: BopoHeXcKkuii rocygapCTBEHHbIN Negarormyeckni
yHuBepcuTteT, 2019. — 88c.

JlornHoBa E.A. lNMpakTukym no ypaBHEHUSM MateMaTU4eckon PU3NKN: NPakTUKyM Ans CTYAEeHTOB 3

2 Kypca, obyyatowmxcsa no HanpasneHuto 01.03.04. — «MpuknagHas matematukay» / E.A. JlornHoBa. —
BopoHex: BopoHexckuin rocyaapCTBEHHbIV negarorndyeckuin yHueepcuteT, 2019, — 52 c.

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

Ne n/n Pecypc
1 http://www.lib.vsu.ru - anekTpoHHbIV kaTanor 3HBE BI'Y
2 https://edu.vsu.ru/ — o6pa3oBaTenbHbIN NopTan «ANeKkTPOoHHbIN yHuBepcuteT BI'Y»/LMC Moodle

16. NMepeyeHb y4eOHO-MeTOANYECKOrO ob6ecnevyeHns AN CaMOCTOATENIbHOW PaboThbl

Ne n/n McToYHMK

Kapuesckuin, M. M. YpaBHeHU matemaTnyieckon onankun. [JononHnTenbHble rnaebl [SNeKTPOHHbIN
pecypc] / Kapuesckuin M. M., Maenoea M. ®. — 2-e n3g., gon. — 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>.

JlornHoBa E.A. YpaBHeHUSA MaTtemMaTn4ecKon pu3mnkn: ydebHo-MeToamM4eckoe Nocobue ansi CTy4eHTOB
3 Kypca maTemaTtmyeckoro cakyneTeTa, obyvatomxca no HanpaeneHuto 01.03.04 «MpuknagHas
MaTemaTuka» / E.A. JlornHoBa. — BopoHex: BopoHexckuii rocygapcTBEHHbIN negarormyeckuni
yHuBepcuteT, 2019. — 88c.

JlornHoea E.A. lNpakTnkym no ypaBHEHNsAM maTemMaTU4eCKon OU3NKN: NPaKTUKyM AN CTyAeHToB 3
3 Kypca, obyyatowmxcsa no HanpasneHuto 01.03.04. — «MNpuknagHas matematukay» / E.A. JlornHoBa. —
BopoHex: BopoHexckuin rocyaapCTBeHHbIV negarorndyeckun yHusepcutet, 2019. — 52 c.

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

17. OOpasoBaTesfibHbleé TEXHOJNIONMU, MUCNOSib3yeMble NpU peanusauum Yy4yebHoOWM
ANCLUMNSINHBI, BKIOYas AUCTaHUMOHHble oOOpa3oBaTenbHble TexHonoruu (OOT,
aneKkTpoHHoe oby4veHue (J0), cmewaHHOe 06y4eHue):

OucumnnuHa  MOXeT  peanu3oBbiBaTbCsd € MPUMEHEHWEM  AUCTaAHLUMOHHbLIX
obpasoBaTenbHbIX TEXHONOrMI, HanpumMep, Ha nnatopme «ANEKTPOHHbIN yHUBepcuTeT BITY»
(https://edu.vsu.ru/course/view.php?id=25333).

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

18. MaTepmanbHO-TeXHU4YECKoe obecneyeHne AUCLUUNIIUHDI:



https://e.lanbook.com/book/
https://e.lanbook.com/book/
https://e.lanbook.com/book/
http://www.lib.vsu.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/

CneuuyanunsnpoBaHHas mebenb.

[Ana npoBedeHMst NEKUMOHHBIX W MPaKTUYECKUX 3aHATUA UCMONb3YTCA ayauTOpuM,
COOTBETCTBYHOLUNE OEWCTBYIOLMM CaHUTAPHO-TEXHUYECKMM HOPMam M MPOTMBOMOXAPHbLIM
npasunam.

MomelleHnss ana camocTosTenbHON paboTbl 0Oy4valoWMXCA OCHALLEHbl KOMMbIOTEPHOM
TEXHUKOMW C BO3MOXHOCTbI MNOAKIOYEeHNs Kk ceTu Internet m obecneveHvem poctyna B
3NEKTPOHHYI0 MHOpMaLMOHHO-06pa3oBaTenbHyto cpeay BIY.

Mpn peanu3aumm OUCLUMNIMHBLI C WCMNONb30BaHMEM OUCTaAHLMOHHOMO obpa3oBaHus
BO3MOXHbI AOMONHEHNsI MaTepuarnbHO-TEXHNYECKOro obecneyeHnsa ANCUUNIInHLI.

19. OueHou4Hble cpeacTBa ANsl NPoOBeAEeHUA TEKYLEN U NPOMEXYTOYHOM aTTecTalum

MopsiAoK OLEeHKM OCBOEHMSI oObyvarwmmucss ydebGHOro matepuana onpepgensietcs
coaepkaHMeMm crneayLmx pasaenos AUCUMMNHBIL

No HaunmeHoBaHve K WHpmnkaTtop(bl)
o oMneTeH
a/n pasgena QUCUUMIMHBI La(w) OOCTMXKEHNSA OueHouyHble cpeacTBa
(mogyns) KoMneTeHumn
O6Lwume cBegeHus o
npyKNagHbIX
Ogoﬁu.l,eﬂHHbIX 3apavax OfK'- 1.1
1. OorK-1 OornK-1.2 KoHTponbHas pabota Ne1
CONpsKeHUs ans OMK—13
anddepeHumnanbHbIX
ypaBHEHWI
CneumanbHbie yHKLUN OrK-1.1
2. MakaoHanbaa-beccens OorK-1 OrnK-1.2 KoHTponbHasa pabota Ne1
OnK-1.3
Cny4yan ctaumoHapHoro
andbdepeHumansHoro
ypaBHeHusI C OnK-1.1
3. | rpaHnYHbIMK OrnK-1 OrnK-1.2 KoHTponbHas pabota Ne1
yCrnosmusiMun Tuna OnK-1.3
COMPSHKEHUS Ha
NJ0OCKOCTU
B3apgaya o
HecTaunoHapHOM OnK-1.1
5. | pacnpepneneHuu Tenna OorK-1 OrnK-1.2 KoHTponbHas pabota Ne 2
B HEOAHOPOAHOM OrnK-1.3
Martepuane ¢ TpeLuHom
lNpomexyToyHada aTTectaums [MepeyeHb BONPOCOB K 9K3aMeHY, NepeyeHb
dopma KOHTPONs — 9K3aMeH TECTOBbIX 3afjaHNN K 3K3aMeHy

20. TunoBble OLEHOYHble cpencTBa U MeToAMYEeCKMe MaTepuanbl, onpegensilowue
npoueaypbl OLeHUBaHUA

20.1. TeKywmni KOHTPONb YyCNeBaeMOCTH

KoHTpornb ycnesaeMoCTu No AUCLMUMINHE OCYLLECTBNAETCS C MOMOLLBIO CneayoLwmnx OLEeHOYHbIX
CpeacTB: KOHTponbHast pabota Ne1, KoHTpornbHasa paboTta Ne 2.

Mpumep KOHTpOnbHOWM paboTbl Ne 1
BapuaHT 1
1. BeinucaTtb iBHOE NpecTaBreHne peLlleHna sagaydm

0u(x, %) - U3, %) + kCOSaM+ ksin aM =0.
ox; X OX, %,
u(x,+0) —u(x,—0) = g, (%);
er ksin czu(x,,+0) _ou(x,—0) ksinau(x,—0) =q,(x); x €[-1 1],
OX, X,



ecrm d,(x) = (x*—1)-sinx, mpu x, €[-1;1], g,(x)=0.
2. Boinncatb 0600LeHHy0 3agady Ans 3agaym
ulx %), 2u0h,%,) | kUl %) |\ N3 (%)
OX; 0X, 20X 20X,
U(%,+0) ~u(x,~0) =0;
ou(x,+0) au(x,—0)
%, X,

3. Haiit nepByto npounssoaHyto dyHkummn K, (\/ X? + 3X —3) .

=0G(x); x e[-1 1],

Mpumep KOHTpOnbHOM paboTbl Ne 2
BapuaHT 1
3anonHnTbL NPOMYCKMK.

1 (o-x)*+(alrk+xy)?

t

X 2

G, = 2—|e 4a’e -q,(o,t—7)dodr. (1)
’ ;[8a2127z-[

NEMMA. Tlyctb  dpyHkumsa  (; (Xl,t), rae 1=0,1 npvHagnexuT MHOXECTBY (OYHKLMIA
CiP([-11]x[0,00)), nycTb Takke dyHkums 0 (X, t) npuHaanexut knaccy dyHkumii M u orpaHnyena
BMEeCTe CO CBOWMM MPOW3BOAHLIMU MpuW NMtobbix 3HaveHnsix T, B Tom uncne npu t, crpemsiemecs k
BeckoHe4 HoCTH.

Toraa npu X, NpuHaanexatlem nHtepsany [—11], BeinonHeHsl paBeHcTBa
lim G, = q(X1 H n lim G, = (2)
X, —>—0 x2a+0

[lokaszaTenbCcTBO.
MycTe X, NpuHaZnNexuT wHTepsany (—1;1). OTmeTnm, 4TO cnpaBennvMBO NpeacTaBrieHne

3KCMOHEHTbI
(o) +(alzk+x,)? (o—x)2+x2 (o—x)2+x2 a’k?r kx,
e 4a’ —e 4% 4 4% (e 4 2 - ).
Beenem 0603HauYeHus
Loy 1 (o=%)’+% %% kx,
G? :J82—22je “hc (g 4 2 -1).q(o,t-r)dodr;
0 0a -1
1 t X Xz 1 (o= Xl)
G, = e4“ e 4t (o, t—7)dodr. ©))
> 8
za’
Torpa nHTerpan (1) MoOXHO NpeacTaBuTh B BUAE CYMMbI
0 *
G,=G, +G, (4)
(o)’ @k ke
Wccnenyem BoipaxeHue € 4a’r e * 2 - ). Mony4nm oueHKy
(O'*X1)2+X§ a’k%r kx _(O'*X1)2+Xz 2 a k T kx.
: B k T kX2 =)

g 4%t (e 4 2__):e 4a% (

=) j q<



(6-x)2 X3 | 21,2 1k _(o-x)*+%
———la’k . KX |70
<e ‘¥ e 2'dg<ce 7 (r+|x,|)<
4 2 0
(o—x) +lx (o-%)? + X2
(0—x)*+x3 TR X T R

2|f))<c(ﬁ+r)e we

2 2
Sc(e da‘r ,Z-+e 4a°r (e 832’
n3 KOTOpOl7I cnegyeTt HepaBeHCTBO
(o=%) +1x
X (c-x)*+x5  a%k* sz TR TR

R G -1[< —c(\/;+r)e 4a’c

T

_ 1+\/_)(e (Zaxf (( Xi) ) 4azr32(e—8:sz )\/gq; 1+7

2 (0-%)* Voo™ F(o-x)°

0
CnepoBatenbHo, Ans MHTerpana G2 cnpaseanunBa oLeHka

1 63
‘Gg‘gcz(t3+gt6), (5)
n3 KkoTopon no Teopeme Jlebera o

BbITEKaeT,
YTO M3yYaeMblil MHTErpan HenpepbIBEH MO NepeMeHHON

N3yuum Tenepb wmHTerpan (3). MNMpoBegém 3ameHy nepemeHHbIX X1_:/‘Z:77, o':xi—za\/;n1
2aNt

dO':—Za\/;dn, C y4eTOM KOTOPOW BHYTPEHHUM MHTErpan B npeacTtasneHun (3) npumet Bug

X +1

ZaJ_

2

(o—x%)"

je @ g (o,t-r)dodr = j e q.(x, — 2a/ry;t —7)dn-
X —1
ZaJ_
npe/J,CTaBI/IM I'IOCJ'IeLI,HVIIZ MHTEerpan B snae CyMmbl
X +1 X -1
2a\r 2ar
| &7 a(x—2aVrnt-o)dn = je ady— [ e gdy- G
X —1
Za\/_

Mpogomknum unsyyeHne dyHkumm (3) npu X, >0. T[poBeaem 3ameHy nepeMeHHbIX %2 =¢,

2a\r

X
X \/_ T= % dr = . Torpa, ansa nHTerpana (4), cnpaseanveo nNpeacTaBneHne
2a& 4a°&
X +1
T L
G,== j e’ .[ e q,(x — 2avry;t —7)dnd & =
7 Xo X -1
2a.t 2ar
X +1
1 © Za\/?

~ Lo | g4~ 2aemit—r)dndé -
7Z- X

2a

N
s



X +1

__ 2aylr
j e je q, (x — 2aNTt—)dnd &,

% -1
2a\r
C y4EeTOM KOTOPOro n paBeHcTBa (6) nHrerpan (3) npumeT Bug

alv—\

X —1

G;:%Tefzofe”zqidndé—ﬁefzzafﬁe”zqidndﬁ—ﬁefz T e qdndé -
0 —0 0 - 0

2ayr
_i ¢ J'eﬂ dnd& + l Zéfll_e” d d§+£2ifﬁe§2 T e’ qdnds =
- ) q;an u ] qan 71 o g,an
2ayr
xl;ll_
0 00 ['s) 2a 0 o0
:%J'e‘*fz Ie‘”zqidndé—i [e* j e qdnde:—; [ e | e”qdnde-
° - zgzﬁ 2:% zxalj?

3ameTuM, YTO BbIMOSTHEHO PAaBEHCTBO w = Eje‘fzdgj e"72d77 . M
PaccmoTpum moaynb pasHoOCTH
1% 2,7
— e e 7q. _
- ! (_L a (%,

BBegém obosHauyeHust

X X2
a—2—mt——2-)—
28z " 2222

& 4ad

15N L :
=] [ e (@ - 2Lt -—25) - q (4 )dndé
7[0—00
_[e
N

e c
L CICe it )~k )

_1 h -& -1 _Xn . X; _
I3_”"([-Jr‘\1e € (Qi(x1 E it 4a2§2) qi(xl’t))dndg'

Torga cnpaBeanuBo paBeHCTBO

100 ¢ ( -1’ _ Xa _
ﬂ!e (__[Oe G (X, 2a2a§77, 5) g (x, )dpdE= 1+ 1, +1,.

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

B cuny orpaHnyerHocTy dyHkumm O (X, t) cnpaseanuso HepaseHCTBO

2
q; (%, — X277 - 4;(2252) —q; (%, 1) < 2c,.

(7)



3HauuT, npu mobom N >N, (), rae £>0, ans vHTerpanos I, +1, “MeeT MmecTo oueHka

o0 [ee)
~ _£2
||l + |2|§cljge g df. Tak kak wWHTerpan Ie"72dn CXOOQMTCA, TO BbINOSIHEHO PAaBEHCTBO

—00

lim |1, +1,|<c,[0-e¥d&=
N —o 0

Bosbmém npoussonbHoe &£ >0 u Bblibepem N  HacTonbko GOMbLUMM, YTO BbIMNOMHEHO

HepaBeHCTBO‘|1+|2‘<81. 3adukeupyem ato N 1 npu HEM oueHuM uHTerpan Beeném

|3-
obo3HaveHns

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

25

= fe? e @0y - 20— %) - (x D)dnde:

Torga gyHKLmMSA |3 npeactaesuma B Buge |, =1, +1,,

2C

Jrl;

Z o0
2 g2
3amMeTuM, YTO MMEeeT MeCTO OLeHKa | 31|< I e dé|<eg, < Tak Kak MHTerpanJe “dé

CXOAUTCS, TO CrpaBeasIviBO PABEHCTBO IIm J. e dé=

Mycts &=max(e,,&,), Torna seimonHeHa ouerka |I,+1,+ ;| <& Badukcupyem Takoe
& &

Gorblwoe N U Takoe Maroe J, YToGbl MMenM MeCTO HepaBeHCTBa |I2|<Z, |1,|] <=, v ouexnm
4

wHterpan |,.
Mo ycnosuto pyHkumst G (X;,1) HenpepbiBHa NO COBOKYMHOCTU NEPEMEHHBIX, T.€. MO OMPEAEneHNIo

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

2

cnpaBeziMBo COOTHOLLEHMWE |qi(X—AX)—qi(x)|<g, roe AX, :ﬁn; At = X22 >,
4 4a’g
X2 X;
|AX|= _227724. . B ganHom cnydae & otpenero ot 0, 77 otgeneHo ot oo0. Bouibepem X,
4 16a’s*
HaCTOmNbKO MarnbIM, 4TO |AX| 0, Torga oynet BEPHbIM

HepaBeHCTBO‘qi (x, —Ax,t—At)—q, (Xi,t)‘ <é&.
Takum obpasom, Anga uHTerpana |32 cnpasennuea oueHKa ||32|<f. CnepoBatenbHO, NokasaHo
2

BbIMOJIHEHNE paBeHCTBA

lim L e j e’ qdn= : (8)

X;—>+0 71 0

OueHnm ocTaBLUMECs cnaraemble B npeacrtaBneHnn MHTerpana C;2 . Beegém ans HMx o6o3HauYeHuns



Xo -1

1 2aqt , = , +o0 ZaJ_
Gy =~ [ e [eqdnds. G;,= j et j e qdndé,
0 —0
ﬂ
N 1 +o0 o © 2
Gy =—— J- € I e’ qdndS.

T Xo X +1

2aAft 2a\r
Onsa vHTerpana G;l crnpaBeanuBa oLeHka
2a2\/t_ )
a<el [ edg > (©)

0

npu x, — +0.

N3yunm Tenepb uHTerpan G;z. 3ameTumM, 4TO UMeeT MeCTo HepaBEHCTBO

X -1 p
2ayr , TE P ..
J. e q|d77 < CO W < ClTZ , rge p - noboe HaTyparibHOe, He4YeTHOe 4Y1CIO.

CnepoBsaTtenbHo, ANs vHTerpana G,, CnpaBeAsiMea oueHka

P
2

« 1 5
G,y <lc= [ e¥z?dg):
Ty
2aqft
CoenaB B MoOCnNegHEM WHTerpane 3aMeHy TMepemMeHHbIX 1 — Z,J_p_( )P, monyunm
(2a¢) 5
1.Cl T -2 p p\/_
HEepaBEHCTBO ‘Gzz <— J e (2 )p —— (&) Pdé|>c (\/_) T npu X, —+0, oTkyna no Teopeme
X
2\t

Jlebera o BbITEKAET, YTO OLIEHMBAEMbIN MHTEerpan HenpepbiBeH

rno nepemMeHHomn X, .

CnepoBaTenbHoO, BbINOMTHEHO ycroBue
Gzz(xw"'o’t) - G22(X1,—0,'[) = 00 - (10)
MpoBoas Te e pacCyXAeHus, YTO U Npu UCCNefoBaHWM UHTerpana G;z, ANS MHTerpana ng,

MOMy4YMMm BbIMNOMHEHNE paBeHCTBa G;3(Xl, +0,t) —G;3(Xl, -0,t) =
3ameTum, 4TO NpU X, <0 CNPaBEASINBO PABEHCTBO
. B
lim G = M , (11)
X, —>—0 2
[0Ka3aTenbCTBO KOTOPOro MPOBOAUTCS aHANIorMyHo criyyato X, > 0.

Takum obpasom, 13 npeacrtasnenus (4) n oueHok (5), (7) — (11) cnenyeT BbINOSIHEHUE YCOBUS

).



OnucaHue TexHonorum NnposegeHns

B xome nepBon KOHTpomnbHOW paboTbl obyyawowemyca Bbigaetca KM ¢ npaktuyeckum
nepeyHem 3afaHuvi M npegraraeTcsa pewunTb AaHHble 3agaHus. KoHTponbHasa paboTta 1 BkntoyaeT B
cebs Tpu 3agaHvs, [OBa 3adaHuMa  MNOCBSALWEHbl AEWCTBUAM C  3agadamMy  Ons  CTaumoOHapHbIX
anddepeHumnanbHblX  ypaBHEHUMWA, OOHO — pJenctBuaMm ¢ pyHkumamu  MakgoHanbga-beccens.
OrpaHunyeHune no BpemeHn — 40 MUHYT. Bo Bpemsi KOHTPOMbHON paboTbl HE pa3peLLeHO Nosfb30BaTLCA
HUKaKnMMmn crnpaBoYHbIMU Matepuanamu.

B xoge BTOpom KOHTponbHOW paboTbl obyvatrowemycsa Bbligaetcs KVMM ¢ 3agaHvem u
npeanaraeTcs BbINOMHUTL AaHHoe 3agaHune. KoHTponbHasi paboTa 2 BkntoyaeT B cebs 04HO 3apaHue,
npeacTaesnswoLlee cobon TeKCT AoKasaTenbCcTBa yTBEpPXOeHNs c nponyLweHHbIMK
cnosamu/cnmsonamu/cdopmynamu/cppasammn,  KotTopble  Heobxogumo  BnuMcaTb  oby4arolemycs.
OrpaHunyeHune no BpemeHn — 40 MMHYT. Bo BpeMsi KOHTPOMbHON paboThl HE pa3peLleHo NoNb30BaTbCA
HUKaKUMW CNpaBoYHbIMU MaTepuanamu.

Tekywaa atrectaunsa no AUCUMNIIMHE C NPUMEHEHMEM [OUCTaHUMOHHbLIX ObpasoBaTernbHbIX
TEXHOSOMMN MOXET MPOBOAUTBLCS Ha Oobpas3oBaTeNbHOM nopTane «3NeKTPOHHbIN yHuBepcuteT BIY»
(LMS Moodle, https://edu.vsu.ru/).

TpeboBaHUSA K BbINONMHEHWNIO 3a4aHWIA (MNW LWKanbl U KPUTEPUM OLIEHMBAHUS)

Mpn Tekywem KOHTpPONe YpOBEHb OCBOEHUA y4yebHOM  AUCUMNAMHBI W CTEneHb
chopmupoBaHHOCTH KOoMneTeHuuu onpegensatoTca oLeHKamm KOTIIMYHOY, «XOPOLLOY,
«yOOBNETBOPUTENBHOY», «HEYAOBNETBOPUTENBLHO», KOTOPbIe (POPMUPYIOTCA creayowmnm obpasom:

OueHku Kputepumn

OTnuyHo oby4yarowmiics npasunbHO BbinonHun 95% u 6onee 3agaHWn KOHTPOrbHOW paboThl,
NPeACcTaBNeHo MOJSIHOE peLUeHne KaXaoro W3 3afaHui, caenaHbl 0b6OCHOBaHHblEe
BbIBOAbI.

Xopouo OOyuatowminca npaBuibHO BbINOMHWN He MeHee 75% wn meHee 95% 3apaHun
KOHTPOMbHOW paboThbl

Y0BNEeTBOPUTENBHO Obyuatowuinca npaBunbHO BbINOMHMN He MeHee 50% n meHee 75% npennoXeHHbIX
3agaHun.

HeyaooBneTBoputensHo O6yuvatowuincsa npaBunbHO BbINonHUN MeHee 50% npegnoXXeHHbIX 3a0aHUN.

20.2. NpomexyToyHaa atrecTayus

ﬂpomemyTquaﬂ arrectaumna no agucuuniinHe ocyulectendaeTtcA C MNMOoMOLWbio  crneayrumnx
OLIeHO4YHbIX CpeacTB. nNepeYvyeHb TeCTOBbIX 3a0aHun K 3K3aMeHYy, nepeyvyeHb BOMNPOCOB K 3K3aMeHY.

lMepeyeHb TECTOBbLIX 3aaHUN K 9K3aMEHY:
1. OyHkumns K, (Z) sBnsieTcst BTOpbIM pelleHneM ypaBHEHUs

a) zzﬂ+zﬂ—(zz+n2)y=0;
dz dz

dy* dy . o

6) 2~ +2—>—(2°+n*)y=0;
) dz>  dz ( )Y

2
B) 22%+z%—(22+n2)y=zy.
2. MpowussopHast pyHkummn K, (z) pasHa
a) —K,(2);
6) 2K, (2);

B) Kl(z) - Kz(z) :
3. MpowussogHas dyHkumm K, (z) paBHa
a) Ki(2) -K,(2);




6) K,(2);

m—§m4a+&c».

4. Ona dyHKuum KO(Z) cnpaBeanMBo acumnToTudeckoe paseHcTso npn 0<z <1
) Ko(2) == +0();
z
1
6) K,(2) =In=+0(2);
z

1
B) Ky(2) =In=+0(1).
z
5. Ana cdyHKumn Kl(Z) cnpaBeanMBo acumnToTudeckoe paseHctso npn 0<z <1

) K (2) == +0):
6) K, (2) = In%+0(z) ;

B) K,(2) = 1 +0(2).
Z
6. Onsa dyHkunn K, (z) cnpaBeanuea ouexka npn 0 <z <1

a) |K0(Z)|SC(%+1);
5) |K0(z)|§c(ln%+1);

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

7. Onsa dyHkumn K (Z) cnpaBeanvBo acumnToTUYeckoe paBeHCTBo npu Z >1
1

a) K (2) = (ijz e (1+0(%)):
27 Z

6) K, (2) = (7)2 e *(L+ 0(%));

8) K (2) = (1j2 e (1+0(1).
22

8. Ansa dyHkumn K (z), v # 0 cnpaseanvea ouerka npn 0 <z <1

a) |[K.(2)|< c(%+1);

6)

K, (z)| <
AZN= 5

B) |K0(Z)| < c(£+ Inz).
1%

9. Ansa dyHkumm K (z), n = 0 uenoe cnpaBeanveo acumntoTnyeckoe paserctso npu 0 <z <1



a) Kn(z)=z—1n+0(1):

6) K, (=2 o L,
2 (x X"
2)
o K,@ =202 00

2 (x\"
2
10. Mpu onpeaeneHHbIX NPEANONOXEHUAX PeLleHnem 3anaqm

2 2
U, %) | TU %) s MO0 %) |y ginq MY _ g

2

X, OX; oX, OX,
U(x,+0) ~u(x,=0) =y (x);
S0 s ksinauy, +0) - 2= sinau(x, -0) =6 (x); % <[ 1
oX, X,

aBnsaeTcs QyHKUmMS

1 :
a) U= _(272_)—1I_le—O,Sk((Xl—al)COSa+x2sma) K, (0,5k\/(X1 _ 0_1)2 N X§ )ql(Ul)do'l +

aft 5K ((%—01)Cos a+x, sin o X9 (O-)
k() [ et K08k =) +30) T s o +

+ksina(4z)™ J'_lle‘o's“(xl‘“l)c"sa”zS‘”“) Ko (0,5k\/(%, — ;)% + X2y (o) d o
B)U = 8i~|.; (a21k+X2)(azz'z)_lj.llexp[— (4a’r) Y ((x— o))+ @%*k+x,) g, (ot —7)dodr —
jn _

—(@r)™ j ; r j _11 exp[-(4a’7) ((x—o;)*Ha’rk+x,) 2] -0 (o t-)dodr;
B) U=—(27)" fle*"““xf"”""”“z MK, (0,5ky/ (%, — 3,)° + X2 )y (07)d o, +

+k(472')_1 1 e—0,5k((xl—0'1)cos a+X,8in o) K (O, 5k ( - )2 + XZ ) X2q0 (61)
1 1 Xl 1 2

0+ —0)?)® "
11. 3apava
UG, %) |, QUOLX) oo QUL L QUKL X,)
ox; ox; OX, X,
u(x,,+0)—u(x,—0) =, (x,);
M+ ksinau(x,,+0) —M— ksinau(x,—0) =q,(x); x €[-1 1]
OX, OX,

ABIAETCA

a) cTaumMoHapHOW KpaeBow;
6) HecTauMOoHapHOW HavanbHOW;
B) CTAaUMOHAPHON HaYarnbHO-KpPaeBOW.

k
12. dyHaameHTansHoe pelieHne onepatopa A — (E)2 B R? sBnsietcs



) E() =~ Ky (G]x):
6) E(x):—%;()e%

1 3k
B) E(X) = —Z Kl(?|X|) .

13. Obo0LLeHHada 3agada ans 3agaym

O°U(X, %,)  0°U(X,X,) ou(x,X,) . ou(x,x,)
X12 22+ X:%0) |k cosq V0 Xe) | gjn o M0 Xe) _

OX; ox5 OX, OX,
U(X,+0) —u(x,—0) =g, (x);

0H0) |y sin g, +0) — 1000
2 aXZ
“meeT BUg

D _sinau(x,-0) = q,(x); % €[-L 1

a 6 5 -1,1

K ou Ksi ou 65[71‘1] .
6) Au(x)+ COSCZ&—F Smaa_xz = 0,(X) - Sy + G (X)) .5—)(2'

ou ou 0o
Au(X)+kcosag— +ksinag— = —
B) Au(X) + “ax1+ Yo (0,0¢) + G (%)) o
14. PewwieHune o606LLeHHON 3aa4m
K ou K ou 5[11]
Au(x) + COSa&Jr Slna&z 0y (%) - Op1qy + Ao (X)) - ox,
nveeT Bna
0g, (%)
) U(%.5) = 00, * 6 060y + ) * =22,
2

6) U(x,X,)= E(X:L’Xz)*ql(xl)é‘[—l,l];

0 o)
) U(%, %) = B0 ) *0,06) 6o + E(xl,xz)*%.

2
15. MNpuv onpegeneHHbIX OrpaHMyeHnsax nepBas NPon3BoAHas peLleHns 3agayn

OUG %) | O %) |y ey UOKLX) L BUCKLX,)
ox; oX; ox, X,

u(x,+0)=u(x,—0) =gy (x);

u%+0) |y sin au(x,+0) - au%(lx

2 2

9 _sinau(x,-0) = q,(x); % €[-L 1

u

a— MMeeT aCMMNToTu4eCcKoe npencrasreHne
X
2

ou kCOSa
a) gz = _Z_[W%() m%(—l)]

[In(@—x)™+ %) @) -



—In((%)*+%3 )G (-D)] +i[|n((l %) +%3) 40— IN((1-3) *+%3) G~ DT +R (%, X, );

ou _ 1 » kCOSa
6)6_x2_ 2”[—(1 X @) + —( ) +X22qo(l)]

—In((2+%,)*+%3) g, (D] +R (X, X,);
au_ —~47) In(@ %) *+x3) 0, O —In(@+x,)*+x2) g, (D] +ksina @z) “[In(@—x,)*+x3) g, D)—

2

[In(@-x)*+ %3)a, @ ~

—In(@+x,)*+Xx3) 0, (= 1)]——[m%() m%(—DH Ry (%, %)

16. rlpl/l onpeaeneHHbIX orpaHn4eHnAx nepead npon3sogHada peleHnd 3agadnm

OUG %) | O %) |y oe UKLX) L BUCKLX,)

% X2 X, 0%,
u(x,,+0) —u(x,—0) =gy (%);
—au()(l’+0)+ksinaU(X1,+0)_GU(§x . —ksinau(x,-0) =q,(x); x €[-1 1]
5 2

ou
a— nMeeT aCMMnToTu4ecKoe npencraBrieHne

ou_ 1, 1-%
a) axl— 27z[(l X1) +X2Q0()

1+x 2 0 ()] + kCOSa
(L+%)* +X

—In((:%)"+%; )G (-D)] +—[|n((1 =%)" %) 40— IN(1-x) *+%3 ) Ao~ DI +R (%, X, );

ou
6’&‘_5[(1 e O T

—In((l+xl) +x2)q0(—1)] +R(X,, X,);
0) 2_:: (A7) In(@—%,)*+x2), O -In(@-+%)*+x2) 0} (D] +ksina 7) “[In(@-x)*+x2) 0,0

[In(@-x)"+ X3)a, @ ~

1+x kCOSa

2 Go D]+

[In(@ )"+ %), @ -

X, g
—In(@+x,)*+ X;) 0 (< 1)]——[m%() m%( D]+ R (%, %,).

17. ﬂOBerHOCTHbIM CTauMoHapHbIM TennoBbIM MOTEHLIMAIIOM NPOCTOro CIioA Ha3biBa€TCA
a) U(X1’ Xz) = E(X1! Xz)*ql(xi)é‘[_l,l] ;
8qo(x1)5[_1,1] .

a )

2

6) U(X,, X,) = E(X, X,)*

oq, (X1)5[71,1]
oX,
18. MoBEPXHOCTHLIM CTaLMOHAPHbLIM TEMMOBbLIM NOTEHLIMANOM ABOMHOIO Cros Ha3biBaeTCcA

a) u(x,,X,) = E(x, Xz)*ql(x1)5[—1,1]?

B) U(X,, X,) = E(X,, XZ)*ql(X1)5[—1,1] +E(X, X;)*



0 o)
0 (6, ) = g 1)+ 2%,

2
00y (X)) 14
X, '

19. HOBerHOCTHbIIZ CTaLI,I/IOHaprIIZ TENNoBOW NoTeHunan NPOCTOro cnod npegcrasmMmMm B Bnge

k X,0, (o;)
K (N0 —07) +%3) e do, +
Al RRCRACRSE

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

g((xl—ol) COSar+X, Sinax)

k -
a) u(xi’XZ):EJ.e
]

kSina T *E((XrGl)COSO”Xzsma) k
e’ Ko%= 02)" +6)5(0,)do;

-1

l 1 —E((xl—ol)cosowxzsina) k
6) u(g, ;) == e ? Ko\ (%= 2)* + 3¢ )0y (o) dor;

1

—E(( X, —07) COS ar+X, Sin o)

k I 2 k 2 2 X q (O-)
ok K (X — 240\9; do..
B) U(X1 X2) 47[:[@ 1(2 \/(Xl 0'1) + X, ) \/XZZ +(X1 _01)2 o,

20. NoBepPXHOCTHbIV CTaLMOHAPHbIN TENnoBoWn NoTeHLMan ABOMHOro Crnos NpeacTaBuM B BUAe

k X,0,(0;)
Kl(_ ( _61)2+X22) 2t do—l+
2 V0 P&+ (% —ay)?

—g((xl—%) COSar+X, Sinax)

k 1
a) U(Xi,XZ) :Ej.e
]

ksina . —E((Xl—ol)c05a+xzsina)
+ Ie 2

k
" N e T

-1

1 1 —E((xl—al)005a+xzsina) k
6) U(Xl,Xg):—nge 2 Ko(E\/(X1_Gl)2+X22)q1(61)do-1;

1

—E((X1—0'1) COSa+X, Sin )

k k X,q, (o;)
B) U(X,X,)=— 1€ 2 K (=X —c) +%2) 27021 do,.
i 47fl.‘1 2\/)(1 ? \/x22+(x1—01)2

21. NoBEPXHOCTHbIN CTaUMOHAPHbIMA TENSIOBOW NOTEHUMan NpocToro cnos

K0<§J(x1—al)2 +x2)4(oy)do,

_g((xl_o—l) COS ar+X, Sin a)

1 1
u(x,x,) = _Eje
-1

yOOBNETBOPAET YCNOBUAM

a) u(x,+0)—u(x,—0) =0;

5) ou(x,+0) ou(x,—0) ksin cu(x,
OX, OX,

B) U(X,,+0) —u(x,—0) =q(x,);

. ou(x,+0) au(x,—0)
OX, OX,

22. [oBEPXHOCTHbLIN CTaUMOHapPHbIMA TENSIOBOW NOTEHLMaN ABOMHOIO Cnos

_Ll E N2, 2 X,q(o;)
U(X1’X2)—4ﬂ_£e K1(2\/(X1 1) +)(2)\/)(22_|_()(1_O_1)2 do; +

—0) + ksinau(x;,+0) = q(x,);

+ksinau(x;,+0) —ksinau(x,—-0) =0.

—g((xl—al) CoSa+X, Sina)




ksina ¢ —Sq-opcosasgsing)  k
e’ Ko\ =)+ )al(0)do,

yOOBMeTBOPSIET YCIOBUAM
a) u(x,,+0) —u(x,-0) =0;
6u(x1 +0)  ou(x,—
oX, OX,
B) U(X,+0) —u(x,—0) = a(x,);

. ou(x,+0) au(x,—-0)
OX, oX,

-1

0_ ksinau(x,—0) +ksinau(x,+0) = q(x,);

+ksinau(x;,+0) —ksinau(x,—-0) =0.

0 0
23. dyHaamMeHTanbHbIM pelleHem onepaTopa a —-a’ (A—k—) B R® siBnsieTcs dyHKUNSA

X,

a) E (x1) = f’[(;)z exp[-x — (@%tk 1 x,)°]:

6) E (x,t)= j_) exp[- |x| 1:

o(at - x|

27ra\/f '

24. Obo0LeHHasa 3aaava aAna sagadu
2 2
ou(x, %,,t) (6 u(xlzxz,t) +8 u(x, X,,t) kau( Z,t)) _0:
ot OX; ox5 oX,

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

2 2

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

B) E (X,t) =

nMmeetT B

00
)__a (Au +kgz)__a qo(x1 t)- 5[11] aql(xl t)- 8)[(2].

o5
6)——a(AU+ka—)——aq1(x1t)5[11] a’gy(x,,1) - a>[<2]'

o) M (a2 a6, 4,0+ Gy, o),
e ox, ox,
25. 3apava
Au(X, %t) (62u(x1 X,,t) azu(x1 X1) | | U0, xz,t))_
ot ox; ox; X,

U0, +0,8) =u(x, =0,t) = g, (%, 1);
- (2;: 2 ¢ ku(y 01 - LD ()(;1);_01) —ku(x,~08) =, (x,1); €[ 1,t=0;

2 2



u(x;,X,,0)=0
Ha3blBaeTCs
a) cTauMoHapHOW KpaeBow 3agaden;
6) HecTauMoHapHOW HavanbHON 3agaven;
B) CTaLMOHAPHOW Ha4arbHO-KpaeBoOn 3agaqen;
) HeCTauNoHapHON HavanbHO-KpaeBOW 3adaqven.

ou(x,1)
ot

26. CumBon { } o3HavaeT

. ou(x,t)
a) perynsipHyto 4acTb NpoM3BogHON —;

ou(x,t)

6) CMHIYNAPHYO YacTb NPON3BOAHON ;
. ou(xt)
B) uenyr 4actb nNnpon3BogHOU 8t .

2
npeacTtaBMMO B BUae

) éqo(xl,t)ﬁ[,l,l]) ,
> :

2

a) u(x, x,,t) = E(x, x,,t) *(a

00, (%, )34,
6) U(X, X;,1) = E(x, %, 1) * (8%, (%, 1) * qO(Xé P

2

2 aqo (Xl’t)é‘[—l,l] ) .

B) U(X,, X,,t) = E(X;, X,,t) * (—a’q, (x,, 1), —a pw
2

28.HOBerHOCHbIM TennoBbIM NOTEHLIMAIIOM NPOCTOro CrnoA Ha3blBaAOT

a) E(x, %, 1) * (—a%0, (%, )& 1) ;

» 00 (X, 1) 0 ).

6) E(x,, X, t) * (—a’0, (X, )5, —a
OX,

B) E(Xl, Xz,t) % (_a2 aqO(X;;I:)é‘[—l,l]) .

2
29. NoBEPXHOCTHBLIM TEMNMOBbLIM NOTEHLMANOM ABOVNHOMO CrNosi HAa3bIBaT

a) E(x,%,,t)* (_aqu(x11t)5[-1,1]) ;

2 aqO (Xl’t)g[—l,l] ) .
OX, ’

6) E(X, X, 1) * (-a’ty (%, 1)1y —2

2 00 ()(1"[)5[-1,1])
OX, '

30. NoBEPXHOCTHLIN TENMOBOW NOTEHLMAN 4BOMHOIO Cosd MeeT Bug
t 1

1 ra’rk +x —(x, —o)* —(a°7k + x
a) uO(Xl’XZ't) :gj.TZZJ.eXp[ (Xl ) 4a§T

0

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

[-11]

0
27. PelueHune 3agaum gt—u —a*(Au+k —su ) =—a%q,(x,t)- Opan — a’q, (x,1)-
y :

OX,

) 1-9,(o,t—7)dodz;



1 (o-x%)*+(ak+xy)?

t
X a’r *(t _ .
6) N :'([471272 :[e 4 q (t—7,0)dodz.;

2 2

— (a’ck +x,)
2

4a‘r

31. NoBEPXHOCTHLIN TENOBOW NOTEHLKarn NpocToro crod MeeT Bug

1ta2rk4x t  —(x — o) —(alrk + X.)2
3) uo(&,xz,t)zgj;_;zjexp[ (X, —0)* —(@°zk +x,)

1 tll _ _ 2
B) Ul(Xl,Xz,t)z—EI;J‘eXp[ (Xl O-) ]'ql(O',t—T)dO'dr.
0°"-1

]-9,(c,t—7)dodr;

2
0 ° da‘r
t X 1 (o-—xl)er(azrkerz)2
6) N:j4 sze 4a’s g (t—7,0)dodr.;
0 AT 5

2 2
—(a‘zk +x,)
2
da‘r
32. [Ins noBepXHOCTHOrO TEMMOBOro NOTEHLUMana ABOMHOro Crosi BbIMOMHAKTCH rpaHnyHble
yCcrnoBusi

a) u(x,,+0,t) —u(x,—0,t) =q(xt);
ou(x,,+0,t) _ou(x,—0,t) 0t — :
6) B +ku(x,,+0,t) B ku(x,,—0,t) =q(x,t);

2 2

B) U(x,+0,t) —u(x,—0,t) =0;

1 tll _ _ 2
B) Ul(Xl,Xz,t)z—EI;J‘eXp[ (Xl O-) ]'ql(O',t—T)dO'dr.
0°-1

ou(x,,+0,t) ou(x,—0,t)
r) %—Fku ’+01t _;_ku ,_O,t :0
ox, (x,+0,1) ox (x,-0.1)
33. D,J'IFI NMOBEPXHOCTHOIO TENJI0BOro noteHumnana npocToro CrioAa BbINOMHAKTCA rpaHN4Hble
ycnosus

a) u(x,+0,t) —u(x,-0,t) =q(x,t);
ou(x,,+0,t) _ou(x,—0,t) 0 - _
6) B +ku(x,,+0,t) B ku(x,,—0,t) =q(x,t);

2 2

B) U(x,+0,t) —u(x,-0,t) =0;

) a“(’;i;xz*o’thku(x1,+o,t)—au(ijj)’t)—ku(xp—01t) =0.
34. PelueHune 3agaun
2 2
WX ) _ g PU X l) | UK l) |y WX, .
ot X OX; X,

u(x,+0,0) ~u(x,—0,t) =Gy (%, 1);

qu(&&ox)-W—kMxﬂ—ox) =g, ); % e[ L 0.t 20;

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

nmeeT BUA

a)u= 8ijt (a'zrk"‘xz)(azz'z)_ljl exp[— (4a22-)_1((xl_ 0-1)2"' (a27k+X2)2)]q0 (oct—-r)dodr -
790 -1



@) o[ exp-dat) (40 Ha rk+x) )] o t-dodr,
6) u=—(27) [ e 0 mmaaina (05k.[(x,~6;)° + ), (0;)do, +

X,0y(07)
(X22 + (X1 - 01)2)

+ksina(4r)™ " r0Sk(ty-on)eosareigsina) ¢ (0,5k+/(X, — ;) + x2)q, (0,)d o ;
. 0 X =0, 2)0o(01)d Oy

do, +

0,5

+k(47[)—1‘[:-e—0,5k((X1—0'1)cosa+xzsin a) Kl(o, !:—)k\/(x1 _ 0_1)2 + X22)

o) U=, (@lrkax)@'e?) [ expl- (ar) (4= 03)"+ @k ) Yap ot~ D)o
T 0 -1

35. CnmBonom * ob6o3HavaeTca

a) npamoe npousBedeHue;

0) cBépTKa;

B) cymma psga.

36. Nyctb t > 0. Torga pewexne 3agaum

8U(X1,X2,'[)_az(ézu(xl,xz,'[)+82u(X1,X2,'[)+k8U(X1,X2,t)):O_
ot ox; ox5 X, ’
u(x,+0,t) —u(x,—0,t) =g, (x;,1);

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

2 2

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

y y y 2
6) sBMNsieTCs HenpepbIBHOM 1 OrPaHNYeHHON dyHKLMEl aprymeHToB X, X, € R \I;

B) SBNAETCA OrpaHW4YEeHHOW, HO He SABMSETCS HenpepbiBHOM  YHKUMEN apryMeHTOB

X, X%, € R*\I.

37. Nycte 1> 0. Toraa Tennoson notok % npu X, =>+0, x e[—l;l], te[O,T], roe
X2

U(X,t) - pewenue sapaun

(XX 8) 2 UG X 1) | DU ) QUGG X )y .
ot oxX; oxX; OX, ’

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

nMeeT aCuMnToTn4eckoe npencrasneHne

ou k 1-x . 1+ .
E exp(—=X,) (g (L) - ——L . q (-1t
? ox, exp(=5 %) ( @—x)"+x Bkt @+ x)* + X2 WEED

+%In((l— )’ +X)- aqg(“) —%In((1+ %)’ +X) -—a%é_l;t) +R;



1+ X, kCOSa

(=" —1 g In((0— i)

)ax [(1 X1) e 7@+ %)+ qO( )]+ [In(@—x,)*+%;)0, @ -
_In((1+X1) X5 )qo(_l)] +R;
mg%:ameg&y%mmf&y+@)a%;0 1mmf&)+x)a%;f0+R

R orpanuuena npu X, = +0, X e[—l;l], te [O,T].
38. NMyctb t > 0. Torga Tennosoi notok ﬁué))((l,t) npn X, =>+0, x e[—l;l], te[O,T], roe

U(X,t)- pewenue sagauu

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

(%, 0,8) ~ (%, —0,t) = G (X, 1)
(208 - 2= -08) = 0,040 % <[4 0820

2 2

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

ou(x,+0p)

MMeeT aCMMnToTn4eckoe npencrasneHne

ou k 1— 1
a) L exp(—m X,) (- (L) — 7 GCLD+R

ox, 2 L-x)?+x2 L+x)> +

6>j—“=iexp< X,): (—2 G (L) +
X

A (1— ) 2 QO( Lt) -

2X,
(d+x)*+
4ma—&f+€»m@0+mmf&f+€r%¢m0+gmma—4f+é»%am—

_% KIn((L+x)* +x3)-q,(-Lt)) +R,
B) 5_)1(11: —~47) ™ In(@—x,)*+x3)q, @ —In(@+x) *+x3) q, (D] +ksine (87) “{IN(@—x,)*+x3) 0, (D)

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

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

39. Nycts t > 0. Torga acumntoTnyeckoe npeactasneHne yHKLMM

ou(x,t)
X

ou _i 2X, B
a_‘l ep( 2) ((1_ ) 2 qo( ) (1 Xl) 2 qO( ’)

4MG—MY+@)%@U+mMﬁ&Y+€)%0£0+§HMG—&Y+€)%ﬂm—

—% KIn((L+x)* +x2)-q,(-Lt)) +R

cnpaBeasineo



a)npu X, = +0, )(16[—].;1], te[O,T];
6) npu X, —> +o0, )(16[—1;1], te[O,T];
B) npn X, —> +00, xle[—],'l], te[O,T].

ou(x,t
40. Myctb t > 0. Torga acumnToTuyeckoe npeacTaBneHne yHKLMM %

XZ

ou K 1-x 1+ X%
—=exp(——=X%,) - ((———2—-q,(L;t) - ———2—-q,(-Lt
axz p( 2 2) ( (1—X1)2+X§ qO( ) (1+X1)2+X22 qO( )+
rEin(a-x)? ) 28ED Ly ey SCED g

2 2 ox,

cnpaseanveo

a)npu X, =>+0, x, e[—l;l], te[O,T];
6) npu X, —> 40, X, e[—l;l], te[O,T];
B) Npu X, —> +00, X, e‘[—],‘l], te[O,T].
41. Bto 2d_2y %— ? )y =

: PbIM pELUeHMeM ypaBHeHus Z e +2 7 (z°+y°)y=0 sasnsetca cyHkunAa

koTopasi oGosHavaetcs K (Z) u onpepensieTcs  paBeHCTBOM

K (Z) —lim (_1)n |: I—v(z)_ Iv(z)i|
" 2

v—n vV—Nn

B otBeT HanuwwnTte ¢ 6onbLIon BYKBbI haMUNnNI0 YY4EHOTO, B YECTb KOTOPOro HasBaHa yHKLMSA, B
poanTENbHOM nagexe.

ov(x,+0) _v(x,-0)
OX, OX,

42. Ycnosue

=(Q(X) BbINONHEHO B CMbICne

3Ha4YeHuA, ecnn cnpaseasiMBo paBeHCTBO

o V(Le) av(tl—e)
£—>+0 axz axz

=q(x).

OTBeT 3anuwInTe B BMAE NpunaratenibHoro, 0TBeYatoLLEero Ha Bonpoc «Kakoroy.
43. MoxHo nokasaTb, Y4TO Npu OnpeaeneHHbIX YCIoBUSIX peLleHne 3aaayum

8U(X1,X2,'[)_az(ézu(xl,xz,'[)+8ZU(X1,X2,'[)+k8U(X1,X2,t)):O_
ot ox; ox5 X, ’
u(x,+0,8) —u(x,—0,t) =g, (x;,1t);

8u(>;),(+ 0p) , ku(x,+0) _w_ ku(x,,~0t) = g, (%, t); X, €[4 1,t > 0;

2 2
u(x;,x,,0)=0
ABNAETCHA NO COBOKYMHOCTU NMPOCTPAHCTBEHHbIX NepeMeHHbIX, Ol'paHVIL-IeHHOVI Ha

2 y
no6om komnakte K € R“\ | cyHkumeir.
OTBeT 3anuNTe B BUAE NpUnaraTenbHOro, 0TBEYAloLLEro Ha BOMPOC «KaKoMy.




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

dyHKUMM U(X, X,) Ha nHTepBane X, € (—11) no HenpepbiBHOCTY, ecnu JaHHast PYHKLMS HEMpepbIBHa

no nepemeHHoir X, B Touke =0 cnpasa u npu kaxgom X €(-L1) wu
im (U, €) ~u(x, 7)) = G (%)

OTBeT panTte B BMAE Hapeyus.

45, CneunannsnpoBaHHOM -pyHKUMEN HaA30BEM Takyld YHKUUIO 5[71’1],
npvHagnexaly MHOXeCTBY 0000LEHHbIX dOYHKLNIA D'(RZ), 4YTO AN PyHKUMK V(X1) HenpepbIBHOM

Ha oTpeske [—1; l] n nobon OCHOBHOM OYHKLMN (p(xl,xz), npuHaanexatiemn D(]Rz), cnpaBegnmeo

paBEHCTBO

(V6,113 0(% %,) = [ V()(8(.), 004, %,))dx,

0 . 0
46. pelweHnem onepatopa A +Kcosa— +ksin aa— ABnAeTCa YyHKUUA
X2

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

k .
——(x cosa+X;sina)

1 k
E(Xlixz):_Z'e ? 'KO(E|X|)-

OTBeT HanUWINTe B BMAE NpunaratenbHOro, 0TBEYaloLLEero Ha Bornpoc «Kaknumy.
47. Tpu  onpedeneHHbIX  YCNOBUSIX  MOBEPXHOCTHbIA  CTaLMOHApHbLIN  TEnrnoBoMu

MPOCTOro cno4a npegcrasMm B Buae

1 1 —E((xl—al)cosowx2 sina) k > >
U, (%, %) =———[e? Ko(5 (% —0,)* + X} )0, (0)d o,
21, 2
OTBeT 3anuwunTe B BMae CyLLECTBUTENbHOrO.

ﬂepequb BOMNPOCOB K 3K3aMeHY:

1. Onpegenexve dyHkumMn MakgoHanbga-beccens. OcHoBHblE hopMynbl ANA YHKUUIA

MakgoHansga. AcMMnNToTUYECKME paBeHCTBa M OLeHKM Anga oyHKunin MakgoHansaa.
2

2. MNocTpoeHne hyHaaMeHTanbHOro peLwleHnst onepaTtopa A —I.

3. CBepaeHue 3agayun
2 2
000 %) | UG ) |y o, QUKD |y i 06X
X

ox? 0% 0%, X,
u(x,+0)—u(x,—0) =g, (x,);
MX+0) | ysin ocu(xl,+0)—m—kSin au(x,=0) = q,(x); % €[-1 1]
oX, X,

kK 0600LLEHHON.
4. MNocTpoeHune pelueHnsa 0600LeHHON 3agaun



ou . au 11
Au(x)+k005a&+ksmagz:ql(xl) 1y 0o (X) - 8>[<2]'

5. ﬂoxaaaTeanTBo CBOWCTB DYHKLUMI

1
BO 4L e ((1 01)COSa+X, Si a)K( \/m) 2 Q(O& dO']_,
T

ksina t _-Su-o)cosaxsing,  k
o J e’ KO(EJ(xl—al)Z+x§)qi<al)dal.

6. nOCTpOGHI/Ie NOBEPXHOCTHOIo CTaluMoOHapHOro TenyioBoro noTeHunasna npocTtoro crosa n
[0Ka3aTesIbCTBO BbINMOJNTHEHNA TPAHUYHbIX yCﬂOBMVI

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

B, =

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

7. HOCTpOGHI/Ie NOBEPXHOCTHOIo CTauMoOHapPHOro Teny10BOro noTeHunana OBOWHOro crosa n
[0Ka3aTesIbCTBO BbINMONMHEHUA TPAHUYHbIX yCJ'IOBMVI

Uy (%, +0) — Uy (%, —0) = g, (%);

au0 (Xll +0) _ 8uO (Xli _0)
oX, OX,

8. [lokasaTenbCTBO HEMPEPLIBHOCTU PELLEHNS 3a0a4m

OUG %), OU(GX) Ly oey UOKLX) L BUCKLX,)

+ksinau,(x,+0) —ksinau,(x,,-0) =0.

X’ X’ 24 0%,
(%, +0) —u(x,—0) =gy (x,);
M-FkSinaU(Xl,-l-O) u04,-0) —ksinau(x,-0) = q,(x); x, e[-1 1]
5 2

u
N NOCTpoeHne aCMMNTOTUK —.

OX,
" . ou
9. HOCTpoeHMe acMMnToOTUK Nnepson Npon3BogHON —— peLlleHnda 3agaydn
Xl
2 2
0'u(4,%) | TG |y oo, W06 i, U)o
OX; 0X, 0%, oX,
U(x,+0) ~u(x,=0) = gy(x);

M+ksinau(xl,+0) au((;(lx 0) —ksinau(x,-0) = q,(x); x €[-1 1].

2 2
10. Teopema eANHCTBEHHOCTU peLleHns 3aga4vm

UG, %) |, QUOLX) oo AULX) e QUKL X,)
ox; oxX; ox, X,
u(x,+0)—u(x,—0) = g,(x,);
M+ ksinau(x ,+0) —W— ksinau(x,,-0) =q,(x); x, €[-L 1].

2 2



11. TocTpoeHne acuMNTOTMYECKOro NpeacTaBleHNs % nou X, >+0, x € [—1;1],
Xy
te[0,T], rae u(x,t)- pewerue sapaun
2 2
T Y T BT S BTG N
ot OX; OX; oX,

u(x,+0,0 —u(x,—0,t) =gy (%, 1);

0D 4 200 - M= e, -08) = 0,04 % <4 8820

2 2

u(x;,X,,0)=0.
ou(x,t)

12. I'IOCTpoeHme acMMnToTU4ECKOro npencraBiieHnA P
X
2

npu X, ->+0, Xle[—l;l],

te [O,T], rae U(X,t)- pewenne sapaun

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

u(x,+0,8) —u(x,—0,t) =gy (%, );

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

2 2

u(x;,X,,0)=0.
13. [loka3aTenbCTBO HempepbIBHOCTY Npu X, X, € R*\1,t >0 petuenus 3anaun

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

u(x,+0,0 ~u(x,—0,t) =gy (%, 1);

DD 4 200 - =0 e, -08) = 0,04 % <[4 8820

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

14. NocTpoeHne peleHnsa 0606LLeHHON 3aaa4n
ou ou 9 2 06
—-a‘(Au+k—)=-a 1)-6_,,—a 1) —=L
o~ kS =05y~ %000
15. [loka3aTenbCTBO CBOMCTB (DYHKLNIA

t k 1 7(o-—x1)2+(,::2rk+x2)2
G = —Ie 4a% g, (o,t—7)dodr;

0 81m

t X 1 (o-—x1)2+(e2121k+x2)2
G2:I—222 Ie 4a’r -0 (o, t—7)dodz.
v 8a T e,

16. MocTtpoenue npu t >0 noBepxHOCTHOro TEMNNOBOroO NoTeHuuana npocToro Cros.
17. NocTpoenue npu t >0 noBepxHOCTHOrO TENSIOBOrO NoTeHUMana 4BOMHOro Crosi.
18. [loka3zaTenbCTBO BbINOSIHEHWS YCIOBUIA



Up (%, +0,8) — Uy (%, =0,8) = G (%, 1);

OU, (x,+0,t) Ou, (x,,—0,t)

0L 2y ku, (%, +0,t) - —2E——= —ku, (x,-0,t) =0.
ox, 0 (%, +0,1) ox, 0 (X, =0,1)

19. [loka3aTenbCTBO BbINOHEHUS YCNOBUN

ou, (x,,+0,t) ou, (x,,—0,t)

+ ku, (x,,+0,t) —
ox, (%, +0,1) ox

u, (x,+0,t) —u, (x,-0,t) =0.

20. [loka3aTenbCTBO BbINONHEHWS Ha4arnbHoro ycnosus U(X, X,,0) =0.

- kUl(Xl,—O,t) = ql(Xl7t);

Mpumep KNM:
KoHTpornbHO-n3MeputensHbli maTepuan Ne1

1. Ansa dyHKuum KV(Z) cnpaBeanivBo acUMNTOTUYECKOE paBeHCTBO npu Z >1
1
2 1
a) K (2)=| = | e?1+0(2)):
22 z

o) K,(2)=(r)e "1+ 0C);

)
B) K (2) = (z—j e 2(1+0().
yA
2. PeweHue 3agayn

(XX 8) 2 UG X 1) | DU ) UGG X )y .
ot oxX; oxX; 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

nMmeetT Bna

a) U= éﬁ (a’rk+x,)(@%%)™ flexp[— (4a%r) ™ (x—0,)+ @%rk+X,) )]0, (ot —7)dodz —

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

1 .
6) U= _(272_)—1I_le—O,Sk((Xl—al)COSOH—XZ Slnoz)K0 (O, 5k\/(X1 _ 0_1)2 + X22 )q]_(o-l)dal 4

X,00(07)
(X22 + (X1 - 61)2)

+ksina(4n) [ e oSG mmaainai (0 5k [(x, ~ 0, +3)dy(0,)do;

05 o, t

+k(47z_)—1J'_lle—O,Sk((Xl—O'l)Cosaerz sin a) Kl(o’ 5k\/(X1 _ 01)2 + X22)

B) U = éjg (a’zk+x,)@%r?)™ J_llexp[— (4a2z) ((x— 0,)*+ @%rk+X,) )0, (ot —7)dodz .

3. MNocTpoeHune peweHns 0b6obLLeHHON 3aga4un



ou . . au 5

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

X OX, OX,

OnucaHune TEXHOMOrMM NPoOBESEHUS

lMpomexyToyHasa attectaumnsa no gucumnnuHe «lpuknagHble 0606LLEeHHbIE 3a4a4m CONPSKEHUS
ans anddepeHumanbHbIX ypaBHEHMI» NPOBOAUTCA B OpMe aK3amMeHa.

Mo pelweHuto kKacdeapbl OLEHKM 3a 3k3aMeH MOryT ObiTb BbICTaBMEHbI MO pe3yfbTaTaM TeKyLLen
ycneBaemMocTn oby4vatoLierocs B TeYEHNE cemMecTpa, HO He paHee, YeM Ha 3aKNioYUTESNTbHOM 3aHATUN.
[na atoro obyyatoiemyca HeobxoaMMo HanucaTb KaXayt U3 ABYX KOHTPOSbHbIX paboT He MeHee, YeMm
Ha OLEHKY «YyOOBMETBOPUTENBHOY», NOCETUTL HE MeHee 80% 3aHATUN, akTMBHO paboTaTb Ha 3aHATUNAX.
Mpn Hecornacum obyvatowlerocs, eMy OaeTcsl BO3MOXHOCTb MPONTU MPOMEXYTOYHYIO aTTecTauuio Ha
00 MX OCHOBaHUSAX.

MpomexyToyHas aTTecTaumsi, kKak NpaBuio, OCYLLECTBMASIETCH B KOHLE CEMECTpa.

[MpomexyToyHas aTtTectauus no OUCLUMMNIIMHE C MPUMEHEHWEM SNEKTPOHHOro 0byyeHus,
ANCTaHUMOHHbIX obOpasoBaTenbHbiXx TexHonormn (ganee — 30, OOT) MoxeT nNpoOBOAMTLCA Ha
obpasoBaTenbHOM nopTane «3nekTpoHHbIN yHuBepcuTeT BIY» (LMS Moodle, https://edu.vsu.ru/).

O6yuvatowwmecs, nNpoxoaswime MNPOMEXYTOYHY aTtTecTaumio ¢ npumeHeHnem OOT, OOMmKHbI
pacnonaratb TEXHNYECKUMU CPEACTBaMM M MporpaMmmMHbIM obecnevyeHnem, no3Bonsawmm obecneumTb
npoueaypbl attectaummn. OByyaroWMnca caMoCcToATENbHO obecnednBaeT BbINONIHEHWE HEOBXOAMMbIX
TeXHU4eckux TpeboBaHWA ANA NpPOBEeAEeHMs MNPOMEXYTOYHOW aTTectaumm C  NpUMEHEHUEM
ANCTaHUMOHHbIX 0b6pa3oBaTenbHbIX TEXHOMOMMN.

MpeHTudunkauma nmMYHOCTM oBy4varowerocs npu MpPOXOXAEHUM MPOMEXYTOYHOM aTTecTtaumm
obecneynBaeTca NOCPEACTBOM WUCNONb30BaHUS KaxkabiM 00yYalolMMca MHOMBUAOYANbHOrO JIOrMHA W
naposnsi Npu BXxo4e B NMYHbIN KabunHeT, pasmelleHHbii B QMOC obpasoBaTenbHOM opraHusaumm.

B xoge npoBegeHust atTectaumm oby4darouwemycsi Heobxogumo OTBETMTb Ha Bonpockl KM,

cocTosAuwero n3 AByx TeCTOBbIX U OOHONO TeopeTU4eCKoro BOMpPOCOB, U OOMOJIHUTENbHbIE BOMNPOCHI
9K3aMeHaTopa.

PesynbTaTbl  Tekywei artTectauumM oby4daloulerocsi  yy4uTbiBalOTCA  MpU  NpoBeaeHun
NPOMEXYTOYHONM aTTecTaumu crneaylwmMm obpasoM: obyvarolmecs, NnonyyMBlUME XOTst Obl 33 OAHY
KOHTPOSIbHYIO paboTy OLEHKY «He YAOBMNEeTBOPUTENbHO» UMM He SIBUBLLMECS HA KOHTPOSbHYH paboTy,
nony4arT AONONHUTENBHOE NPaKTUYECKOe 3afaHne UM TeopeTUYECKUin BONpoc.

TpeboBaHUS K BbINONMHEHNIO 3a4aHWI, LUKanbl N KPUTEPUM OLIEHMBAHMS
Kputepuu oueHnBaHng KomneTeHumm LLikana oueHoK
OObyvarowuinca He BnageeT OCHOBaMu Yy4yebHO-MporpaMMHOro Mmarepuana, | «HeygoBnetBoputenbHO»
06Hapyxun npobernbl B 3HaHUSIX OCHOBHOrO y4ebHO-NporpaMMHOro marepuana,
[onyctun  npuHUMnuanbHble OWWOKM B BbINOMTHEHUM NPefyCMOTPEHHbIX
nporpaMmon 3agaHui
Obyvarowuincd  Bnageer  3HAHWUSMUM  OCHOBHOro  y4yebBHo-nporpammHoro | "YaoBneTBopuUTenbHO"
MaTepuana B obbeme, He0OXoaMMOM ANia AanbHenwen yyebbl n npeacTosLen
paboTbl MO  chneunanbHOCTW, CMPaBWMICA C  BbIMONIHEHVWEM  3a4aHun,
NpeaycMOTPEHHbIX  MporpaMmMon, 3HakoM C  OCHOBHOW  nuTepaTypown,
pekoMeHaoBaHHOW nporpammon. OueHka "yooBneTBOpUTENbHO" BbICTaBnseTcs
oby4yarowmmcs, OONYCTMBLUMM MOTPELLIHOCTM B OTBETE Ha 9K3aMeHe W Mpu
BbINOSTHEHUN 3K3aMEHALMOHHbLIX 3adaHui, HO obnagarowmMm HeobxoanMbIMM
3HaHWSMW ANs UX yCTpaHeHwWs noA pykoBoACTBOM npenofasatens. OueHka
«yOOBMETBOPUTENBbHO» BbICTABMSIETCA, €CNW CTYAEHT 3HAeT BCe onpeaenieHns u
HPOPMYNNPOBKN YTBEPXKOEHWUN MO KOHTPOMbHO-U3MepUTErnbHOMY Martepuany u
NpaBuibHO BbIMNOJIHUA XOTS 6bl OOHO M3 TECTOBbIX 3a4aHWN
OO6yvalowuncad  nNONHOCTbIO  Briageet  3HaHMAMU  y4eBHo-nporpammMHoro | "Xopowo"
MaTepuana, YCMewHO BbINOMHWI MPeAyCMOTPEHHbIE B Mporpamme 3agaHus,
YCBOMIT OCHOBHYIO fNMTepaTtypy, PEeKOMeHOOBaHHyto B nporpamme. OueHka
"xopowo" BbiCTaBndetcs obydarwwmmcs, MoKasaBWMM CUCTEMATUYECKUI
XapakTep 3HaHWA MO AWUCUUMIIMHE U CMOCOOHBIM K WX CaMOCTOSATENbHOMY
NPUMEHEHUIO B NMPaKTU4EeCKON aesaTernbHOCTU. OLeHKa «XOpoLlo» BbIiCTaBnseTcs
oby4yaloLemycs, ecnm oH NpaBuibHO N B MOSTHOM OGbEME OTBETUN HE MEHee,
yeM Ha 75% BonpocoB buneta
OueHka «OTIINYHOY» BbICTaBNsIeTCA obyuatoumcs, obHapyxuBwum | "OTAnYHO"
BCECTOPOHHEE, cuUcTeMaTnyeckoe W rnybokoe 3HaHue y4ebHO-nporpammHoro
mMaTepuana, yMeHue CBOBOOHO BbINOMHATE 3afdaHus, NPeayCMOTPEHHblIe




nporpaMmow,  YCBOMBLUMM  OCHOBHYH  Mporpammy W 3HaKOMbIM  C
[OMONHUTENBHON  NUTepaTypol, PEeKOMeHAOBaHHOW nporpammon. OueHka
"OTNMYHO" BbICTaBNseTCA OOy4aloLMMCS, YCBOMBLUMM B3aMMOCBS3b OCHOBHbIX
MOHATUM AUCUMMNAMHBI B WX 3HadeHMM Ang npuobpeTtaemon npodpeccun,
NPOSIBUBLLUUM  TBOpPYECKME CMNOCOBHOCTM B  MOHMMaHWK, U3MOXEHUU WU
ucnonb3oBaHuM  yd4ebHo-nporpammHoro maTtepumana. OueHka  «OTAUYHO»
BbICTaBMnsieTCs, ecriv obyyaroLnncs B NoTHOM 06bemMe 1 NpaBuUibHO OTBETUI Ha
BCE BOMPOCHI KOHTPOIIbHO-U3MEPUTENBHOrO Marepuana

20.3 ®oHA OLEHOYHBbIX cpeacTB C(POPMUPOBAHHOCTU KOMMETEHLMIA CTYAEHTOB, PEKOMEHAYEMbIN
Ansi npoBeAeHUs AnarHocTuYeckmux pador

OlK-1 CnocobeH 0606wWaTtb 1 KpUTUYECKN OLEHMBATL OMbIT U pe3ynbTaTbl HayYHbIX UCCMefOBaHUA B
obnactu npuknagHon MaTeMaTuku

OlNK - 1.1 OnpegensieT U aHanNU3NpyeT UCTOYHWKM NPOBNEMHbIX CUTyauui B IKCMEPUMEHTANbHON M
nccnepoBaTenNbCKOM AeATeNbHOCTH

3HaTb: mMeToabl aHanu3a npobnemHbiX cuTyaumi B obrnactu o06O06LIEHHbIX 3a4ad COMPsSPKEeHUs Ang
anddepeHumnanbHbIX ypaBHEHNUI

YMeTb: aHanM3npoBaTb pe3yrnbTaTbl 9KCNEPUMEHTOB, BblAeNsTb NpobreMHble MecTa

Bnagetsb: COBpPEMEHHbIMU MeToaamu cbopa n
aHanmMsa uccnegyemoro  maTtepuana B obnactm  000OOLWIEHHbIX 3agad  COMpshkeHua  ansi
anddpepeHumnanbHbIX ypaBHEHNUI

OrlK - 1.2 OcywecTBnAseT NOUCK MaTteMaTUYECKMX METOLOB M YMEEeT MX UCNOoNb3oBaTh ANs peLlleHns
npyKnagHbIX 3agay

3HaTb: OCHOBHblE MeToAbl UccrneaoBaHna 0606LLEHHbIX 3aa4q ConpsbkeHnsa Ans anddepeHumanbHbIX
ypaBHEHUI

YMmeTb: BblibpaTbh Hanbonee paumoHanbHbIi METOA PeLLEHNsi NOCTaBNEHHON 3a4a4n U NPUMEHUTb €ro
Brnagetb: CcOBpeMeHHbIM MaTeMaTMyeckum  annapatoM, MpUMEHsIEMbIM  ANs  MCCReaoBaHus
0000LLEHHbIX 3aaa4 conpskeHnsa ans auddepeHunanbHbIX YpaBHEHWN

OrlK - 1.3 BnageeT HaBblkaMu peLleHns akTyanbHbIX Npobnem NnpuknagHon MmaTtemMaTukm

3HaTb: OCHOBHblE akTyarnbHble MPOGMeMbl NPUKIIA4HON MaTeMaTUKM B YacTU 3aday CONpsSXeHus ans
anddpepeHumnansbHbIX ypaBHEHNUI

YMeTb: pewaTb 0606LeHHbIE 3aaa4m conpshkeHns ans auddepeHumanbHbIX YpaBHEHUN

Brnagetb: HaBblkaMM  UCCNeOOBaHUA  MaTemMaTU4ecKMx Mofenen 3agad  ConpsbkeHus  ans
anddepeHumanbHbIX YpaBHEHNI

lMepeyveHb 3agaHnin 4nga oueHkM choOpMUPOBAHHOCTU KOMMNETEHLMIA
1) 3aKpbITble 3aaHna (TeCToBble, CPpeAHUN YPOBEHb CITOKHOCTU):

1. MpowussopHas dyHkumn K, (z) pasHa
a) Ki(2) -K,(2);
6) K,(2);
1
B) _E(Ko(z) +K,(2)).

2. Ans doyHkummn K (2) cnpaBeanueo acumntoTudeckoe pasercTso npu 0 <z <1

a) Ko(2) = +0);
6)Kdﬂ:m%+0@ﬁ

mKdn=m%+om.

3. Ans pyrkumn K, (Z) cnpaseanuso acumntoTtudeckoe paserctso npu 0 <z <1



a) K,(2) == +00)
6) K (z) = In%+ O(z);

1
B) K, (2)==+0(2).
z
4, Nyctb t > 0. Torpa pewenve 3agaun

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

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

2 2

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

ou(x,,+0t)

y . . 2
a) SIBNSIETCSA HENPEPbLIBHOM, HO HE OrpaHNYEHHON dyHKLMel aprymeHToB X, X, € R \I;

- - - 2
6) ABNAeTCA HenpepbIBHOW 1 OrpaHN4YeHHOM YHKUMEN apryMeHToB X, X, € Re\I;
B) SBNSAETCA OrpaHNYEHHOW, HO He SABMSETCSA HenpepbiBHOM (YHKUMEN apryMeHTOB

X, X%, € R*\I.

5. Myctb t > 0. Toraa acumntoTMyeckoe npeacTaBneHve MyHKLMM 8U8(X,t)
%

u_1 K —2X, 2X

—=—exp(-—=X%,)-(——*—-q,(Lt) + —2——-q, (-1, t) -

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

—% KIn((L+x)* +x2)-q,(-Lt))+R

cnpaBeiMBo

a)npn X, >+0, x, €[-11], te[0,T];
6) npu X, —>+00, Xle[—l;l], te[O,T];
B) npu X, —> +0, xlg[—l;l], te[O,T].

6. Myctb t > 0. Toraa acumnToTMyeckoe npeacTaBneHve yHKLMM aua(X,t)
XZ
ou K 1-x 1+ X,

L) +X§)-%m‘%'n(<1+a>2+x§)-%+ "
cnpaBeasineo

a)npn X, >+0, x, €[-11], te[0,T];



6) npu X, —> +o0, )(16[—1;1], te[O,T];
B) Npu X, —> +00, xlg[—];l], te[O,T].

7. 3agava
OUG %) | DG %) | p os gy U0 X) Ly i BUCKLX)
ox; ox; ox, X,
u(x,+0)—u(x,—0) = g,(x,);
U04H0) | ysinau(x,+0) — 000 _gin qu(x,—0) = 4, (x): X, €[-1: 1]
oX, OX,
ABNAETCA

a) cTauMoHapHOW KpaeBow;
6) HecTaLuMoHapHOW HavanbHOW;
B) CTaLMOHAPHOW Ha4YanbHO-KpaeBown.

k
8. dyHaameHTansHoe pelueHue onepatopa A — (E)2 B R? sensercs

a) E( =~ Ky (S[):
6) E(x)=—%:z()e_2;

1 3k
B) E(X) = _ﬂ Kl(?|X|) .

2) OTKpbITbIE 3aaaHus (TeCToBble, CpeaHUN YPOBEHb CIMOXHOCTU):

d? d
1. BTOpbiM peleHMeM ypaBHEHUS z° —2/ + Zd—y - (Z2 + yz)y =0 saBnsetca yHKUMS
z Zz

, koTopasi o6osHauaetcs K (z) wu onpegensetcs  paBeHCTBOM

Kn(Z) _ !/”.q (_;_)ﬂ |: I—V(Z)_ Iv(z):|

v—nNn

B oTtBeT HanuwwuTe ¢ 6onbLon BykBbl (haMUMIO Y4EHOTO, B YECTb KOTOPOro Ha3BaHa PYHKUNSA, B
poaAnTENbLHOM Nnagexe.
ov(x,+0) _ov(x,-0)
OX, OX,

2. Ycnosue =((X) BbINONHEHO B CMbICIE 3HayeHus,

eclnun cnpaseannBo paBeHCTBO
i YVELE) V(L)
£—+0 axz axz

=9(x).

OTBeT 3anuwinTe B BUOE npunaratenibHoro, oTeBe4atroLero Ha Bornpoc «Kakoro».

3. MoxHo nokKasaTb, YTO Npu onpenenieHHbIX yCNoBUAX pelleHne 3agadmn
u(x, X,,t (X, X,,t)  0%u(x;, X,,t u(x,, X,,t
8(X1, 2’)_a2(a (X1’2 2’)4_a (X1’2 2’)+ka(1' 21 )):O,
ot OX; OX, oX,

u(x,+0,t) —u(x,—0,t) =y (x,1);




M + kU(Xl,-I-O,'[) _M — kU(Xl,—O,'[) = Q1(X1’t); X, € [L 1,t>0;
X, X,
u(x;,x,,0)=0
ABnseTcs MO COBOKYMHOCTU NPOCTPaHCTBEHHbIX NepeMeHHbIX, OrpaHnyYeHHon Ha

2 }
no6om komnakte K € R\ | cyHkupmen.
OTBeT 3anuLLnTe B BUAE NpUnaraTenbHOro, OTBEYAOLLEro Ha BONPOC «KaKoiy.

4. Bynem roBopuTb, YTO rpaHuyHoe ycnoeue U(X,+0)—u(X,—0)=0q,(x ); BbinonHeHo ans

dyHKUMM U(X, X,) Ha uHTepsane X, € (—11) no HenpepbIBHOCTU, ecnu AaHHast PYHKLMS HEMpepbiBHa

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

lim (u(x,&)—u(x,~7)) =0 (%)

&, n—>+0
OtBeT panite B BMAE Hapeuus.

5. CneumanuanpoBaHHON -(byHKUMEN HA30BEM Takyld  (PYHKUUIO 5[711],
npvHagnexalyto MHOXeCTBY 0000LEHHbIX dOYHKLNIA D'(RZ), 4YTO AN PyHKUMK V(X1) HenpepbIBHOM

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

paBEeHCTBO

(V6,110 %) = [ V()(E(0), (%, %,))dx,

0 . 0
6. peweHnem onepatopa A+Kkcosa— +KkSina—— sBnserca dyHKums
2

E(x,X,), 3apaHHasi paBeHCTBOM

1 _E(x1 COSa+X, Sina) k
B %) == —e? KD,

OTBeT HanuwnTe B BUAe npunaraTeribHoro, oreevyaroLero Ha Bornpoc «Kakmm».

0 . 0
7. peweHnem onepatopa A+Kcosa— +KkSina—— sBnserca dyHKums

%, %,

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

k .
——(x cosa+X,sina)

1 k
E(Xlixz):_Z'e ? 'KO(E|X|)-

OTBeT HanuwMTe B BUAE NpunaratenbHOro, 0TBEYaoLLero Ha BONpoC «Kaknumy.
8. MNpu onpegeneHHbIX YCnoBMSX NOBEPXHOCTHbLIA CTaLWUOHAPHbIN TENSIOBOM -

NPOCTOro crnosi NpeAcTasum B Buae

1 1 —E((xl—al)cosowx2 sina) k > 5
U, (%, %) =——[e? Koy —07)* + %), (0,)d o
21, 2
OTBeT 3anuwmnTe B Bnae CywecTtBUTEINbHOrO.

Kputepun v wkanbl oueHnBaHuA sagaHum ®OC:



1) 3agaHug 3aKkpbITOoro Tuna (BbI0OP 0OOHOro BapuaHTa OTBeTa, BEepHO/HEBEPHO):

e 1 6ann — ykasaH BEepHbIN OTBET;
e 0 6annoB — ykasaH HEBEpPHbIN OTBET.

2) 3agaHunsg oTKpPbITOro Tuna (KOPOTKUN TEKCT):

e 2 6anna — ykasaH BepHbIN OTBET,;
o 0 6annoB — yka3aH HEBEPHbLIN OTBET.

3apgaHua pasgena  20.3 pekoOMeHOYHTCH K MCMNOMNb30BaHWIO Npu  NpoBedeHun
AVarHocTuyeckux paboT C Uenbl OLEHKM OCTaTOYHbIX 3HAHWW MO pes3yrbTaTamM OCBOEHMS
AAHHOW ANCLMNITNHDI.



