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1. Koa n HanmeHoBaHue cneuunanbHocTu: 01.05.01 dyHpameHTanbHble MaTeMaTuKa U
MeXxaHUuKa
2. Mpodmnb cneunanusaunn:. CoBpeMeHHble MeToAbl Teopun (PyHKLUM B MaTeMaTUKe 1

MeXaHuke

3. KBanudwmkauua: Matematuk. MexaHuk. NMpenopgasartenb
4. dopma oby4yeHusa: OyHan

5. Kadeppa, otBevawwasa 3a peanusaumio aucumnnuHbl: Kacdeppa ypaBHeHMM B

YaCTHbLIX NPOU3BOAHbLIX U TEOPUN BepOﬂTHOCTEﬁ

6. CoctaButenm nporpamMmmbi: TkaueBa CBeTnaHa AHaTObeBHa, KaHA. ¢M3.-MaT. HaYK,

AOLUEeHT

7. PekomeHpoBaHa: Hay4yHo-mMeTOAMYECKMM COBETOM MaTeMaTuyeckoro dpakynbreta
Mpotokon Ne 0500-03 ot 18.03.25



8. YuebHbIn roa: 2027/2028 CewmecTp(bl):_6

9.llenu n 3apaum y4eO6HON ANCUUNIIUHDI

Lleniu ocgoeHust y4ebHOoU OuCyUnIuUHbI:

- U3yYEeHNe OCHOB MeTofa pelleHus 3adad ANs YpaBHEHUN C YaCTHbIMU NPOU3BOAHBIMN
C MOMOLLbIO UX PA3MOXeHWN B pAabl N0 COBCTBEHHBIM (DYHKLMSAM.

3adayu y4yebHoU OuCyUMNIUHbI:

- OCBOEHMEe MeTOO0B pellueHnsa 3adad asns ypaBHEHUN C YaCTHbIMU NPOU3BOAHBIMU Pa3fIMYHbIX
TMNOB C NOMOLLBIO UX pasnoxeHus B paabl Pypbe.
10. MecTo y4ye6HOM AncuMnNNnHbI B cTpykType OOIT:

Oucumnnuua «MeTtog ®ypbe» oTHocuTcA K bnoky 1 ObszaTenbHOM YacTu.

[na ee ycnewHOro OCBOEHUS HeobXoouMMbl 3HAHUS U YMEHUs, npuobpeTeHHble B
pesynbtate obydeHuss No npeflecTBYOWUM AucuunanHam: «MaTemaTuyecknin aHanmsy,
«PyHKUMOHANbHBIN aHanuay, «OuddepeHumansHble ypaBHeEHUsI», «KOMMNMEKCHbIN aHanms».
AucunnnuHa HenocpenCcTBEHHO CBsA3aHa C KYpCOM «YpaBHEHUS C YACTHbIMU NPOMU3BOAHLIMNY .

CTyoeHT pormmkeH cBobofHO BrageTb MateMaTUYeCKMM aHanm3oMm, Teopuen qyHKUUN
KOMMNMEKCHON nepemMeHHoW, obrnagatb MOMHbIMM  3HAHUAMM  Kypca  OBbIKHOBEHHbIX
anddepeHumanbHbIX YpaBHEHWU, 3HaHUSIMU Teopun uHTerparnos Jlebera, Teopun GaHaxoBbIX U
rMnNbbepToBbIX MPOCTPAHCTB. 3HaHMe MeToda pas3feneHns MnepeMeHHbIX MNpu  peLleHun
HavanbHO-KpaeBblX 3a4ay ANa YpaBHEHUN C YaCTHLIMU NPOU3BOAHLIMU ABNAeTcs 6a30BbIM Mpu
N3ydeHn mMaTemMaTuyeckux Mopenen pasfndHbiX MOU3NYECKUX, XUMUYECKUX, Bronornyeckux,
coumarnbHbIX MPOLLECCOB.

OucumnnuHa asnsaeTca npeawecTByowen anga KypcoB «HmcneHHble metoapbly», « OCHOBBI
N MaTemMaTudeckne MoLenn MexaHuKUM CrfowHOM cpedbl», «MaTematndeckne mogenm
rMapoaNHaAMUKN Y.

11. MnaHupyeMble pe3ynbTaTbl OOY4YEeHUA MO AUCUUNIMHEe/MOAYN (3HAHUSA, YMeHwus,
HaBbIKU), COOTHECEHHbIE C NNaHUpyeMbIMU pe3yribTaTaMW OCBOEHUS o6pa3oBaTesNibHOM
nporpamMmmbl (KOMNEeTEHUMsIMU) U UHAUKATOPAMM UX AOCTUKEHUS:

Kog HasBaHue Koga(kl) WHankaTop(bl) MnaHnpyemble pe3ynbTaTtbl 00y4YeHus
KOMMNEeTEHL MM
OrnK-1 CnocobeH OlK-1.1 | Obnagaet 6a3oBbiMK | 3HaThb:
HaxoauTb, 3HaHWSIMKM, MONYYEHHbIMU B | - akTyanbHble M 3HA4YUMble NPobfemsl
dopmynupoBaTtb obnactM martemaTuyeckux v | pyHOaMeHTanbHOM MaremMaTuku 7
u peluaTb (Mnn) ecTecTBEHHbIX HayK. MEeXaHUKN.
aKkTyanbHble U YMeThb:
3Ha4YnMble OlK-1.2 | Ymeer ucrnonb3osaTb | - MCMNonb3oBaTb 0asoBble  3HaHUS,
npobnemsl basoBble 3HaHUSA, | NONyYeHHble B obrnactu
pyHOaMeHTarnbHO nonyyeHHble B  obnactu | MateMaTU4eckux u (Unu) ecTecTBEeHHbIX
N MaTemMaTUKu U MaTemMaTu4eckux u  (4nu) | Hayk, B npocdeccuoHansHon
MeXaHUKu: €CTEeCTBEHHbIX Hayk, B | 4€ATENbHOCTMW.
npodeccrnoHarnbHON Bnapets:
OeaTenbHOCTU. - HaBblkamMy BblbOpa METOAOB peLleHus
OrlK- MmeeT HaBblikm  BbiGopa | 3adad npodeccroHarnbHowm
1.3. MeTOAOB pelleHusa 3agad | AeATernbHOCTU Ha OCHoBE
npodeccroHasibHON TeopeTUYECKNX 3HAHUN.
OEeATeNnbHOCTM Ha OCHOBE
TEOPETUYECKNX 3HAHUM.

12. O6beM gUCUUNIIUHBbI B 3a4eTHbIX egnHMuax/yac. — 2 [ 72

Popma NnpoMeXyTo4YHOM aTTecTaumm__ 3ayvyeT— 6 cemecTtp

13. Buabl yuebHoun pabot



TpyaoemMKoCTb
Bua y4ebHol paboThi Bcero Mo cemecTpam
6 cemecTp

KoHTakTHasa pabota 32 32

nexkumm 16 16

npakTuyeckune 16 16

B TOM 4ymcne: nabopartopHble - -

KypcoBas pabota - -

KOHMpOJsibHble pabomebl - -

CamocTtosTensHasi paborta 40 40

dopma npomexyTovHon atTectaumm (3ayem - -
— 0 yac./3K3aMeH — yac.)

UToro: 72 72

13.1. CopepxaHue AUCLUUNIUHbI

n/n Peanusauus
pasgena
HaumeHoBaHwue pasgena ONCUUNNUHBI C
CopaepxaHve pasgena gUCLMNInHbI
ONCLMNINHBI NMOMOLLIbIO
OHNawH-Kypca,
OYMK *
1. Nlekuum
1.1 MeTon pasgeneHus MeTon pasgeneHus nepemMeHHbIX 0S| ONeKTPOHHbIA
nepemMeHHbIX Ans ypaBHEeHUSA ypaBHeHUs CcBOOOAHbIX KkonebaHun CTpyHbl. | YHWBEpCUTeT,
CBOGOAHLIX kKONebaHui CTPyHbI CobCTBEHHBIE  3HauyeHUsas U cobBeTBeHHble | CTPanvua Kypca:
pyHKUUL. https://edu.vsu.r
u/course/view.p
MeToza pasgenenuns nepemMeHHbIX ANs | | 5i4=2532
- =~ —
ypaBHEHUS CBOOOAHbIX KonebaHum CTPyHbI.
[MocTpoeHMe uYacTHbIX peLlleHnn K pelleHud
HayanbHO-KpaeBoMn 3agauu.
1.2 OpToOHOPMUPOBaHHbIE OpTOHOPMUPOBaHHbLIE CUCTEMbI B TUNbGEPTOBOM
CUCTEMbI (OYHKLINIA npoctpaHctee H . CsolicTBo  ko3adhdULMEHTOB
®ypbe. HepaBeHcTBO beccens.
Jlemma (0 nonHoTe) ANA OPTOHOPMUPOBAHHON
cucTembl PYHKLMI
1.3 O6ocHoBaHue meToaa dypbe AN ypaBHEHUS
O6ocHoBaHue metoaa dypbe N Aa Pypee Ans yp
KonebaHu CTPYHbI.
14 lNocTtaHoBKa 3agaun. PasgeneHue nepemeHHbIX.
JleMma O InMHENHO He3aBUCUMMbIX COBCTBEHHbIX
PYHKLNSX.
Jlemma 06 opToroHanbHOCTU COBCTBEHHbIX
O6was cxema meToaa dPypbe -
YHKLNIA C BECOM.
Jlemma o HeoTpuLaTENBHOCTN COOCTBEHHbIX
3HaYeHUN.
MocTpoeHre hopmansHOro peLleHus.
15 BbIHy)XeHHbIe konebaHusa CTPYHbI, 3aKpenieHHON
MeTtoa ®ypbe Ans ypaBHEHUS
o Ha KOHUaXx.
BbIHY>KOEHHbIX KonebaHuin
CTPYHbI BblHy)X€HHblE KOonebaHus CTPyHbl C NOOBWKHBIMU
KOHLIaMW.
1.6 PeweHune nepBeown KpaeBowm 3agayn B

MeTtoa dypbe pelueHus
KpaeBblX 3agay ons
ypaBHEHUS TEMNOMNPOBOAHOCTYH

NpsIMOYronbHVKe AN OAHOPOAHOIO  YpaBHEHUS
TEnnonpoBoAHOCTH c HeoHOPOAHbLIMM
HayanbHbIMM  YCMOBUAMU U OAHOPOAHBLIMU
rpaHNYHbLIMU YCIOBUSIMU.

PeweHne nepsown Kpaesom 3agauun ans
HEOOHOPOAHOr0 YpaBHEHUSI TENNOMNpPOBOLHOCTU C



https://edu.vsu.ru/course/view.php?id=2532
https://edu.vsu.ru/course/view.php?id=2532
https://edu.vsu.ru/course/view.php?id=2532

OAHOPOAHbIMU Ha4vanbHbIMU n rPaHN4YHbIMU
ycrnoBnamu.

PeweHne nepsown KpaeBomn 3agauun ans
HEOOHOPOAHOro YypaBHEHUS1 TENONpPOBOLHOCTU C
HEOOHOPOAHbIMM  HavanbHbIMK  YCNOBUSMU U
HEOAHOPOAHBIMU rPAHUYHBLIMU YCNIOBUSIMMU.

1.7 OnepaTop Jlannaca B nonsipHbix KOopAuHaTax.
PeweHwne 3agaum Qupnxne = il
Ans ypasHeHus Jannaca elwleHne 3agauv upuxne Ons  ypaBHEHUS
Jlannaca B Kpyre Ha NnoCKOCTM.
2. NpakTnyeckne 3aHATUA
2.1 MeTopn pasgeneHus MeTon pasgeneHus nepemMeHHbIX ON1A | ONeKTPOHHBbIA
nepemMeHHbIX Ona ypaBHeHUA ypaBHeHua cBOGOAHbLIX KonebaHwi CTpyHbl. | YHUBEPCUTET,
cB06OOHLIX KoNnebaHui CTPYHbI HaxoxnoeHne  cOBCTBEHHbIX  3HayeHwid  u | CTPaHuua kypca:
COBCTBEHHbBIX PYHKLINNA. https:/edu.vsu.r
MeTon pasgeneHusi NepemMeHHbIX AN ypaBHEHUs %‘Q
cBoboaHbIX  KonebaHuh  cTpyHbl.  [MocTpoeHune '
YacCTHbIX peLIeHNA N peLLeHns HavarnbHO-KpaeBon
3agayn.
2.2 OpTOHOPMUPOBaHHbIE OpToOHOPMUPOBaHHbLIE CUCTEMBI B TMNbOEPTOBOM | OMEKTPOHHLIN
cuCTeMbl PyHKLN npoctpaHctee H . CsoiictBo koachcuumenTos | YHBEPCUTET,
dypbe. HepaBeHcTBO Beccens. cTpanuLa kypea.
Jlemma (0 nonHoTe) AN OpTOHOPMMpPOBAHHOM | https://edu.vsu.r
cucTeMbl PYHKLMN ulcourse/view.p
2.3 ObocHoBaHve meToaa Pypbe Anst ypaBHEHNS hp?id=2532
ObocHoBaHne metoga dypbe o
KonebaHui CTPYHbI.
2.4 MocTtaHoBka 3agaun. PasgeneHne nepemeHHbIX.
JleMma 0 nMHENHO He3aBUCUMBIX COBCTBEHHbIX
dYHKUNSX.
Jlemma 06 opToroHanbHOCTU COBCTBEHHBIX
O6was cxema meToaa Pypbe -
dYHKLUNIA C BECOM.
Jlemma o HeoTpuLaTENBHOCTN COOCTBEHHbIX
3HAYEHUN.
MocTpoeHne hopmManbHOro peLleHus.
25 BbiHy>XeHHble konebaHusa CTPYHbI, 3aKpenieHHON
MeTtoa ®ypbe Ans ypaBHEHUS
BbIHY>KOEHHbIX KorebaHuin Ha Konuax.
CTPYHbI BblHy>XAeHHble KonebGaHust CTPyHbl C MOABWXKHBLIMU
KOHLaMW.
2.6 PeweHnve nepsowu Kpaesow 3aga4un B
NPsSIMOYrONbHMKE AN OOHOPOAHOrO  ypaBHEHUS
TENMOoNPOBOAHOCTHU c HEOOHOPOAHbIMM
HayvanbHbIMU YCIoBuUsiMn " OZHOPOAHbIMU
rPaHMYHBIMW YCITOBUAMM.
MeTog ®ypbe pelueHus PeweHnune nepsown KpaeBon  3afjaun  Ans
KpaeBbIx 3agay ans HEOOHOPOAHOr0 YpaBHEHUSI TENJONpPOBOLHOCTU C
ypaBHEHUS TENSIONPOBOAHOCTU | OOHOPOAHBIMM ~ HavanbHbIMA U TPAHUYHBIMU
YCINOBUSIMWN.
PeweHne nepsown KpaeBou 3agaqun ans
HEOLHOPOAHOIO YpaBHEHMSA TEMMONPOBOAHOCTM C
HEOLHOPOAHBLIMA  HayarbHbIMW  YCIOBUSIMU U
HEO4HOPOAHBLIMU FPAHUYHBIMU YCIIOBUSIMU.
2.7 Onepatop Jlannaca B NonsipHbIX KOOpAMHATAX.

PeweHune 3agauun Qupnxne
Ansi ypaBHeHus JNlannaca

PeweHne 3apaun ,D,Mpmxne ana  ypaBHEHUA
Jlannaca B Kpyre Ha niocCKOCTW.

13.2. Tembl (pa3genbl) AUCUUNIUHBI U BUAbI 3aHATUN

Ne | HaumeHoBaHue TeMbI Bugb! 3aHATUIA (KONMYECTBO YacoB)

n/n | (pasgena) AMCUMNANHbI JNlexuun | MNpaktudeckne | JlabopaTopHble | CamocTtosTenbHasi | Bcero
pabota

1 MeToa pa3geneHus 2 2 - 6 10
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nepemMeHHbIX Ans
ypaBHeHUs cBOGOOHBIX
konebaHui CTpyHbI

2 OpTOHOPMUPOBAHHbIE 2 2 - 4 8
CcUCTEMbI PYHKLMI

3 O6ocHoBaHue meToaa 2 2 - 4 8
Pypbe

4 O6wwan cxema meTtoaa 2 - - 8 10
Pypbe

5 MeTton dypbe ons 2 2 - 4 8

ypaBHeHus

BbIHYXAEHHbIX
koneGaHui CTPYHbI

6 MeTog Pypbe peLueHuns 4 4 - 6 14
KpaeBbIX 3adad ans
ypaBHEHUS
TEeNnnonpoBoOgHOCTHU

7 Pelnenne 3apaun 2 4 - 8 14
Ounpuxne ons ypaBHeHUsI
Jlannaca

NToro: 16 16 40 72

14. MeToan4yeckue ykasaHmAa Ans ody4aroLWmnXca No 0OCBOEHUIO AUCLUMNIIUHDI

B npouecce npenogaBaHus AUCUMNIIMHBI UCMONb3YKOTCA TakMe Buabl y4ebHon paboTsl,
Kak Nnekuuu, NpakTUYeckue 3aHATUA, a Takke pasfuyHble BUObl CaMOCTOATENbHOM paboThl
obyuaromxcs, Ha koTopyto otBoamnTcsa 40 yacos.

CamoctoaTensHas ydebHas OeATenbHOCTb CTYAEHTOB MO AUCUMMIVHE «YpaBHEHUS C
YaCTHbIMW NPOU3BOAHLIMUY MNpegnoraraeT BbiMOMHEHWe CneayLwnx 3agaHni:

1) camocTosiTenbHOe Mu3yyeHWe Yy4yebHbIX Martepuanos Mo pasgenam 1-7 ¢
NCronb30BaHMEM OCHOBHOW W AOMNOSTHUTENBHOW NUTepaTypbl, MHPOPMALMOHHO-CNPABOYHbIX Y
NMOUCKOBbIX CUCTEM;

2) NOAroTOBKY K TeKywuM aTTecTaumsaM: BbIMOMHEHWE AOMalUHMX — 3adaHun,
CaMOCTOATENbHOE OCBOEHME MOHATUMHOIO annaparta no Kaxzaou Teme.

Obyvatowmecsa camocTosTenbHO u3yyatoT Temy «Obuwas cxema metoga Pypbe», a
Takke pasgen «PelleHne nepBon KpaeBOM 3adavyn B NPSMOYroOfibHUKE ANS OAHOPOAHOro
YpaBHEHNSA TENONPOBOAHOCTU C HEOLHOPOAHBLIMM HaYasibHbIMK YCIIOBUSMW U OOHOPOAHBIMU
rPaHUYHbIMK ycrioBusiMu» U3 Tembl «Metog Pypbe pelueHnsa KpaeBbix 3afdady aAns ypaBHeEHUd
TennonpoBogHocTUy». CTyadeHTam Ofs OopraHu3aumm CaMOCTOSITENTIbHOIO MU3Yy4YeHUs pasgernos
npeanoXxeHbl MeTogmyeckne nocobus:

1. Mnywko A.B. [OuddepeHumanbHble ypaBHEHUS C  YacCTHbIMA  NPOU3BOLHbLIMU
rmnepbonunyeckoro n napabonuyeckoro Tmnos / A.B. mywko, E.A. JlormHoBa, C.A.
TkaueBa. — Boponex: N[ BI'Y, 2019. — 80 c.

2. mywko A.B. OuddepeHumanbHble ypaBHEHUS C YaCTHbIMW MPOU3BOLAHLIMW BTOPOro
nopsigka annuntuyeckoro Tuna / A.B. mywko, E.A. JlornHosa, J1.B. Bespyukuna. —
BopoHnex: A BI'Y, 2019. — 92 c.

KoHTponb  camocTtosiTenibHOM  paboTbl B CeMecTpe  OCYLWEeCTBNAETCA  HanvcaHWem
aTTeCTauNoHHbIX 3a4aHUN NO YKa3aHHbIM TeMam.

Ha nekumsix pacckasbiBaeTcs TeopeTu4eckuii maTepuan, Ha nabopaTopHbIX 3aHATUSAX
peLualTCcsa NpMMepbl No TEOPETUYECKOMY MaTepuany, NPoYNTaHHOMY Ha NEeKUUsIX.

Mpun n3yyeHnn kypca «Metog Pypbe» obyyarowMMes crieqyeT BHUMATENbHO CnyLaTh U
KOHCMEKTMpPOBAaTbL MaTepuvari, u3naraemblii Ha ayguTOpPHbIX 3aHATUAX. [ns ero NoHMmaHust u
Ka4yeCTBEHHOro YCBOEHUS pekoOMeHAyeTCs crneaytollas nocnegoBaTenbHOCTb AENCTBUN.

1. Tllocne kaxgonm nekuMuM CTydeHTaMm pekomeHayeTcs noapobHo pasobpaTtb
NMPOYUTaHHbIN TEOPETUYECKUI MaTepuarn, BblydUTb Bce onpeaeneHns u opMynMpoBKM



TeopeM, pa3obpaTb NpMMepsbl, peLleHHble Ha nekumun. MNepeq cnegyowien nekymmn obssatensHo
NOBTOPUTbL MaTepuan npegblayLen nekumnmn.

2. lNepen npakTMyeckum 3aHATUEM 00a3aTenbHO MOBTOPUTHL NEKLUMOHHBIA MaTepuan.
[Mocne nNpakTUYecKoro 3aHATUS elle pa3 pas3obpaTtb pelleHHble Ha 3TOM 3aHATUM NpUMEpHI,
rnocre 4Yero NPUCTYNUTb K BbIMNOMHEHMIO AOMALUHEro 3agaHusa. Ecnv npu peweHun Nnpumepos,
3aflaHHbIX Ha OO0M, BO3HUKHYT BOMpPOCHl, 06A3aTenbHO 3agaTb Ha Criedylolwem NpakTUyeckom
3aHATUN UNN B NPUCYTCTBEHHBIN Yac npenogaBaTternto.

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

4. MaTtepuansbl Kypca B cucTeme «ONEKTPOHHBIN yHUBEpcUTeT»(
https://edu.vsu.ru/course/view.php?id=2532 ).

15. lMepeyeHb OCHOBHOM W [AOMNONHUTENLHOW NUTEpaTypbl, PeCypCoOB MWHTEpPHeET,
Heo6XxoAUMbIX ANA OCBOEHUA AUCLMNIIUHDbI

a) ocHOBHasi NuTepartypa:

Ne n/n M cTOYHMK
CabutoB K.B. YpaBHeHus matematudeckon cunsukn / K.6. Cabutos. — M.: dnsmatnur,
01 2013. - 352 c. . Il «YHuBepcuTeTckass ©mubnunoteka online»: 3NeKTPOHHO-
6ubnuoTteyvHasa cuctema.. — URL: http://biblioclub.ru

6) gononHuTenbHasa nuTeparypa:

Ne n/n NCTOYHNMK
Bnagummpos B.C. COOpHMK 3agay NO ypaBHEHUAM Matematudeckon usnkm /
02 B. C. Bnagumupos, B.Tl. Muxannos, T.B. Muxannosa, M. W. WabyHnH. - M :
duamatnur, 2016. 518 C.

URL: https://biblioclub.ru/index.php?page= book&ld 485543
Mywko A.B. YpaBHeHuss maTemaTuyeckon pusmkun : y4yeb. nocobue / A.B. [Mnywiko,
A.[. Baes, A.C. PabeHko; BopoHex. roc. yH-T. — BopoHnex : UINL BI'Y, 2011. — 520 c.

03

B) MHCpOPMALIMOHHbIE 3NEKTPOHHO-06pa3oBaTeNbHbIE PeCypchl (0OduLManbHble pecypcbl UHTEPHET):
Ne n/n Pecypc

1 http://egworld.ipmnet.ru — MHTEpPHET-NOpPTan, NOCBALWEHHbIA YPaBHEHNAM M MeTogaM
NX peLLeHni
2 | http://www.lib.vsu.ru - anekTpoHHbIN kKaTanor 3HE BI'Y
3 | OBC «YHuBepcutetckas Gubnmoteka oHNamH»
4 | OneKTpoHHbIN Kypc https://edu.vsu.ru/course/view.php?id=2532.

16. MepeyeHb y4eOHO-MeTOgQNYECKOro obecnevyeHns Ansi CaMOCTOATEeNbHON PaboThl:

Ne n/n McTOoYHUK
Bnagumupos B.C. COGOpHUK 3agay nNO ypaBHEHUAM MaTeMaTudeckom (uU3nKu /
1 B. C. Bnagnmupos, B.Tl. Muxannos, T.B. Mwuxaunosa, M. W. WabyHnH. — M :
dnsmatnur, 2016. 518 C.

URL: https://biblioclub.ru/index.php?page= bOOk&Id 485543

Mmywko A.B. Knaccudukauua auddepeHumanbHbix YypaBHEHUA C  YacTHbIMU
3 npou3BodHbIMW. [locTaHOBKa OCHOBHbIX 3ajad Matematudeckon dwmsmkn / A.B.
Mywko, A.C. PabeHko. — BopoHex: N[ BI'Y, 2018. —33 c ..

Mmywko A.B. TlMpakTuyeckue 3aHATUS no Knaccudukaumm auddgepeHumnanbHbIX
4 ypaBHEHWI C YacTHbIMK npomnssogHbimu / A.B. Mywko, A.C. PabeHko. — BopoHex: N[
Bly, 2018. - 38 c .

Mmywko A.B. [OuddepeHumanbHble YpaBHEHMS C  YacTHbIMM  MPOU3BOAHLIMMU
5 rmnep6onuyeckoro n napabonuyeckoro Tunos / A.B. ywko, E.A. JlornHoa, C.A.
TkauyeBa. — BopoHex: N[ BI'yY, 2019. — 80 c.

Mmywko A.B. OuddepeHumanbHble YpaBHEHNA C 4aCTHbIMU NPOU3BOAHBIMKU BTOPOro
6 nopsgka annuntudeckoro tvna / A.B. nywko, E.A. JNlornHoBa, J1.B. BespyyknHa. —
BopoHex: O Bl'Y, 2019. — 92 c.
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MonoxeHne 06 opraHu3auum CamMOCTOATENbHOM  paboTbl  oby4yarwmxcsa B
BopoHexXCckoM rocyaapCTBEHHOM YHUBEPCUTETE

17. OOpasoBaTtenibHble TEXHONOrMKU, MUCNOoNib3yeMble MNpu peanusaumum y4ebHoOM
OUCUMNNUHBLI, BKIMOYasA [AOUCTaAHUMOHHbIe obpa3oBaTesfibHble TexHonorum (OOT),
3NneKTpoHHoe obyyeHue (30), cmewaHHoOe obGy4YeHune):

Mpn peanu3aumm OUCUMNAMHBLI  UCMOMb3YKOTCHA  criegylowme obpasoBaTernbHble
TEXHOMOIrM1: NOrnYyeckoe NOCTPOeHMEe AUCUUNINHBI, YCTaHOBIEHNE MEXNPeAMETHbIX CBSA3EWN,
0603HayYeHne TeopeTUYeCKoro W MpaKTUYECKOro KOMMOHEHTOB B Yyd4ebHOM MaTepwuarne,
aKkTyanusaums NIMYHOro M y4eBHOo-NpodhecCnoHanbHOro onbitTa O0y4YarLMXCH, BKIHOYEHME
3NEMEHTOB AUCTAHLUMOHHbIX 06pa3oBaTerbHbIX TEXHOMOMUN.

B npaktuyeckon 4acTtu Kypca MCnonb3yeTca cTaHAapTHOE COBpPEeMEHHOEe MporpaMmHoe
obecneyeHne nepcoHanbHOro KoOMMNbTEPA.

B yactm ocBoeHuMs maTepmana  NEKUMOHHbIX M NabopaTopHbIX  3aHATUN,
CaMOCTOATENbHON paboTbl MO OTAENbHBLIM pa3gernamM AUCLUUNINHBI, MPOXOXAEHUSA TEKyLLEen n
NMPOMEXYTOYHON aTTecTaumm MOXeT NPUMEHATLCA 3NEKTPOHHOoe obyveHne U ANCTAHLMUOHHbIE
obGpasoBaTtenbHble TEXHOMOornu, B 4YacTHOCTH, SNEKTPOHHbIN KypcC (URL:
(https://edu.vsu.ru/course/view.php?id=1358 ) Ha nopTane «ANeKTPOHHbIN yHUBepcuTeT BIY».

18. MaTepuanbHO-TeXHUYecKkoe obecneyeHme AUCLUUNIUHBIL: [1ns NpoBeAeHUst NTIEKLUNOHHbIX
N NPaKTUYECKMX 3aHATUM MUCMNOMb3YKTCA ayauToOpun, COOTBETCTBYHOLLME OEWCTBYHOLLMM
CaHUTaPHO-TEXHUYECKMM HOPMaM M NMPOTUBOMNOXAPHbLIM NpaBuiam.

[na camoctosaTenbHoM paboTbl MCNOMb3YeTCs KNacC C KOMMbTEPHOW TEXHUKOM,
OCHAaLLlEHHbIN  HeobxoaMMbIM  MporpaMMHbIM — obecrneyeHneM, SNEeKTPOHHLIMU  y4ebHbIMK
nocobmsamMmn 1M 3aKkoHoZ4aTEeNbHO - NPaBOBOM U HOPMATUBHOW MOWCKOBOW CUCTEMOW, UMEKOLLMIA
Bbixog B rnobanbHywo ceTb. [lpu peanusauun OUCUUNNUHBI  C  UCMOJSIb30BaAHUEM
ANCTAHUMOHHOMO  0Opa3oBaHMs  BO3MOXHbI  AOMOMHEHMS  MaTepuanbHO-TEXHUYECKOro
obecneyenns AUCUNNINHLI

19. OueHO4Hble cpeacTBa AN NPOBeAeHUs TeKYLEero KOHTPons ycrneBaemMocTu U
NPOMEXYTOYHOM aTTecTauumn

MopsifoK OLEHKN OCBOEHMS 00y4YatoLmMMmcst y4eGHOro maTepuana onpegensietcs
coepXxaHMeM crneayLwmx pasaenos ANCLUMNINHBIL

HavmeHoBaHue WHankaTop(bl)
,-Il\;gn pasgena aucumninHbl KO'\I’/'I';?;)GH AOCTWXEHUA OueHouHele cpeacTea
(mogyns) 4 KOMMNEeTeHL MM
Meton pasnenetins JomaliHve 3agaHusl, MHauBMayarbHble
1 nepemeHHb|x6,qn;| OrK-1 OHK'11'12’ OrIK- 3afaHug, TecToBble 3apaHus,
YPaBHEHNA CBOOOAHBIX ' aTTecTalMoHHas paboTta
kornebaHui CTPYHb!
5 OpTOHOpMMpOBaHHIj,Ie OMK-1 OMK-1.2 KUM (3aueT), aTTectaumoHHas paboTa
cucTembl PYHKLUIA
3 OﬁoCHoz)e;;:)v;Z meTona OMK-1 OMK-1.2 KUM (3aueT), aTTectaumoHHas paboTa
4 O6uwas g)xema MeToga OMK-1 OMK-1.2 KM (3aueT), aTTecTtaynoHHas paboTta
ypbe
MeTton ®ypbe ons
ypaBHEHUsA OrlK-1.1, OMK-
5 BLIHYKEHHbIX OrikK-1 1.2 OMK-1.3 KM (3aueT), aTTecTtaynoHHas paboTta
kornebaHui CTpyHbl
MeTtop ®ypbe pelueHus OrnkK-1
KpaeBbIX 3agad ans OrK-1.1, OMNK-
6 YPABHEHMS 1.2, OMK-1.3 KWUM (3auerT), aTTectaumoHHas paboTa
TEennonpoBogHOCTHU



https://edu.vsu.ru/course/view.php?id=1358

PelweHne 3agayn OrkK-1 OrlK-1.1, OlK-
7 Oupuxne gns 1.2, OlNK-1.3 KMM (3aueT), atTectaynoHHas paboTta
ypaBHeHus Jlannaca
MpomexyTouHas aTTecTaums

dopmMa KoHTpoSst - 3a4eT

KM (3aueT)

20. TunoBble oueHOYHbIe cCpeacTBa U MeToAUYeCKMe MaTepuarnbl, onpegensiowme npoueaypbl
oLueHMBaHUA

20.1. TeKyLwyM KOHTPOIb YCNeBaeMoCTH

KOHTpOSb ycneBaemMocTh Mo UCLMNINHE OCYLLECTBNSETCA C MOMOLLLIO CeayoLmMX OLEHOYHbIX
CcpencrTs:
Mepe4yeHb NpaKTU4YECKUX 3a8aHNN

YpaBHeHuA runepbonunyeckoro tuna
1. W3yunTb BbIHYXOEHHbIE MOMNEpPeYHble KorebGaHuA CTPyHbl, 3aKpPEnneHHOW Ha KOoHLe X=0 wu

noaBep)XeHHON Ha KoHUe X = | nenicramo BO3MYLLIAIOLLIEN rapMOHUYECKoil cunbl, pasHoe ASIN ot .
2. WN3yuutb npoponbHble KoneGaHus OOHOPOAHOIO LWUMMHOPUYECKOrO CTEPXHS, OJWMH KOHEel, KOTOpOro

3ajenaH, a K Apyromy KoHuy npunoxena cuna F = ASIN @t , nanpasnenue koTopoii coBnagaeT ¢ ocblo
CTEPXKHSI.

3. OpvopoaHas ctpyHa anvkbl |, sakpennennas va konuax X =0 n X =1, one6netcs nop peiictenem
BHELUHEV rapMOHUYECKOW CUbl F(X,t) =pf (x)sina)t, paccyMTaHHOM Ha eauHULy AnuHbl. Haitu

OTKITOHEHNE U(X,t) CTPYHbI NMpPpU NpPpOn3BOJIbHbIX Ha4YallbHbIX YCITOBUAX. McecnenoBaTb BO3MOXHOCTb

pe3oHaHca 1 HalTu peLleHre B criydae pe3oHaHca.
4. PewuTb ypaBHEHNE

u, +u =u, (0<x<1)

u(o,t) =t u(x,0)=0
u@@t)=0 u,(x,0)=1-x
5. PewwnTtb ypaBHeHne
U, =u,, +u (O<x<l)
u(0,t)=0 u(x,0)=0
u(l,t) =t u (x,0) :TX

6. PelunTb ypaBHeHue
u, =a’u, +bshx

NPy HyNeBbIX HAYanbHbIX U KpaeBblX YCNOBUSX
u(0,t)=0 u(x,0)=0
u(l,t)=0 u,(x,0)=0

7. PewnTtb ypaBHeHVe
U, =Uu,, +bx(x—1I)

Npun HyneBbIX Ha4alnbHbIX U KpaeBbIX YCINOBUAX

u(0,t)=0 u(x,0)=0

u(l,t)=0 u,(x,0)=0
8. PewwnTtb ypaBHeHne

u, =u, +x(x—t?

u(0,t)=0 u(x,0)=0

u(l,t)=0 u,(x,0)=0

9. PewuTb ypaBHeHve



u, —a’u, —2hu, —b*u=0
npu ycnoBuax
u(0,t)=A u(x,0)=0
u(l,t)=0 u,(x,0)=0
10. PewnTb criegytoLLyo CMeLLaHHyo 3agavy
u, =u,+X (O<x<nx)
u(0,t)=0 u(x,0) =sin2x
u(z,t)=0 u,(x,0)=0
11. PewnTb ypaBHEHUE
u, +u,=u, +1 (0<x<1)

npy YCroBUaX

u(0,t)=0 u(x,0)=0
u@t)=0 u,(x,0)=0
12. PewnTb cnegytowne cMmellaHHble 3aga4un
u, —u, +2u =4x+8e'cosx (0< x<g)
u (0,t) =2t u(x,0) =cos x

U(%,t)I?Z’t u,(x,0) =2x

YpaBHeH na napa6onw1ecxoro TMNa

1. [aH TOHKMA  OAHOPOAOHLIN  CTEPXEHb O<x<l , bokoBasi MOBEPXHOCTb  KOTOPOrO
TennousonupoBaHa. HanTtu pacnpegeneHue Temneparypbl U(X,t) B CTEpPXXHE, ecnu:

A. KoHupl cTepxHa X = 0u x=I noaaepXunBaloTcs Mpu HyrneBoW TemnepaType, a HadvanbHas
Temnepatypa U(X,0) = Uy (x)
PaccmoTtpeTb cnyyau, koraa : a) U, (x) = A=const, 6) Uy (X)=x(1 —x)

B. Koneyy X =0 nopnepxuBaetcs npu HyneBoil TemnepaType, a Ha KOHLE X=| npoucxoamT
TENnnoobMeH C OKpyXalolleidi cpedov HyneBoW TemnepaTypbl, HadyanbHasi TemnepaTtypa CTepXKHs

u(x,0) =uy(x).
C. Ha oboux KoHLax CTepxHst (X =0un x= |) NPOMCXoANT TENNOOOMEH C OKpyXatoLLei cpefow, a
HavanbHasi Temneparypa CTepXHs U(X, 0) =U, (X) .

2. [aH TOHKMA  OOHOPOAOHLIN  CTEPXEHb O<x<l , bokoBasi MOBEPXHOCTb  KOTOPOrO
TennousonuposaHa. Hantun pacnpegeneHue TemnepaTypsbl U(X,t) B CTEPXXHEe, ecrnu:

A. Konupl ctepxiss X =0 u X =1 nognepxusatotca npu noctosHHeix Temnepatypax U(0,t) = u,,
u(l,t) = U, , a HayanbHas Temnepatypa pasHa u(x,0) = U, (X) =const.
B. KoHusl crepxHs umetor noctosHuylo Temnepatypy U(O,t)=u,, u(l,t)=0, a wavanshas

TemnepaTtypa 3agaeTtcs hopMyron U(X, 0) = X(l - X).
C. JleBbIn kOHEL, CTEPXKHSA TEMNOM30NMPOBaH, NPaBbi NOSAEPKMBAETCA MPU NOCTOAHHOW Temnepartype

X

U(| ,t) = U, , HauyanbHas TemnepaTtypa CTepxHs U(X, 0) = T
3. Haintu pacnpegeneHne Temnepatypbl B CTepXHe 0<x<lc¢ TENon3onupoBaHHoON 6okoBow
MOBEPXHOCTbIO, €CNN Ha ero npaBoM KoHue X =1 noadepxmBaeTcs TemnepaTtypa, paBHas Hyro, a Ha NeBOM

KOHLe TeMnepaTtypa paBHa U(O,t) = At, rgpe A=CONSt . HauanbHas TeMnepaTypa CTepxHs paBHa HyIHo.
PelwuTb crieaytouime cmeLlaHHble 3a4a4un:



4. u =u, (0<x<l)

u (0,t)=u(Lt)=0 u(x,0)=x*-1
5. u, =u, +u O<x<l)
u(0,t)=u(l,t)=0 u(x,0)=1

6. u, =u, —4u O<x<nm)
u(0,t) =u(l,t)=0 u(x,0) = x* — zx
7. U, =u, (O<x<l)

u (0,t)=1 u(x,0)=0

u(l,t)=0

2
B nonynonoce (0< X< |) Ons ypaBHeHUA Ut =a UXX pewmnTb CMeLLaHHble 3a4a4n co CrieayrLwmmMmm
YCITOBUSIMU:

8. u(0,t) =u(l,t) =0; u(x,0) = Ax, A=const
9. u(0,t) =u, (1,t) =0; u(x,0) =@(x)
10.  u /(0,t)=u(l,t)=0; u(x,0) = A(l —x), A=const

PewnTb cneaywume cMellaHHble 3agauvn:

. . T
1. U, =U, +u+2sin2xsinx (0<x<=)
2

u, (0,t) = u(%,t) =0 u(x,0)0=0

12, U, =u,, +U— X+ 2sin2xcos X (0< x<%)
u(0,t)=0 u(x,0) = x
T
u,(=.t)=1
()

YPaBHeHMﬂ ANNUNTU4YeCKoro Tuna
1. Pewutb ypasHeHue [lyaccoHa U, +uyy =—4 pns Kpyra pagnyca A C LEHTPOM B

Hadarne koopauHaT Npy KpaeBOM yCNoBUn U|Ir:a =0.
2. Haitn pewenune ypasHenus lNyaccoHa U, + LIyy :—Axy B Kpyre paguyca R ¢ uenTpom B
TOuKe (0,0) npv KpaeBoM YCNoBuK LI|r=R =0.
3. Pewwtb ypasHeHne [MyaccoHa U, +U, = —:|.2(X2 - y2) B kombue a<r <D, ecrm
u|r:a = O’ u" |r:b =0.

4. HaiTn dyHKUMI0, rapMOHUYECKYIO BHYTPU €ANHUYHOIO Kpyra 1 Takyt, 4To U‘r_l = Sil’]3 Q.

5.  HaiTu (hyHKLUMIO, FrapMOHMYECKYI0 BHYTPY €AMHWUYHOIO Kpyra 1 Takyto, YTo U‘rzl =cos” Q.

6. Hantn  dyHkuuio, rapMOHMYECKYHD  BHYTPUM  €OMHMYHOINO  Kpyra W TakKyl, 410
_ cinb 6

u 1 =SIN" @+ COS™ @.

7. Hantn yHKUUIO, rapMOHMYECKYIO BHYTPU Kpyra paguyca R ¢ LIEHTPOM B Hayane KoopAauHaT u

TaKylo, 4To Ur‘rZR = Acos2¢.

8.  HailTn dyHKUMIO, rapMOHMYecKyto BHYTPU kpyra paanyca R ¢ ueHTpom B Hauane koopauHat u
in3
Takyto, 4To ur|r7R =3SIn" @.



u| , =u, =const

9. Haitu dyHKLUMI0, rapMOHMYECKYIO B KOMbLie 1<r<2u Takylo, 4YTo =

u| _, =u, =const
u| , =1+cos’¢p
10. Hantn dpyHKUMIO, FAPMOHUYECKYIO B KOSbLie 1<r<2u Takylo, 4To h -

ul_, =sin*g
11. Haitv pewexve ypasHeHus U, + Uyy = A B xorbLe R1 <r< Rz' ecnu

ul . =u;, u

(R, =u, (A, U;, U, —3agaHHble uncna).

r=R,

MpuMepHbIN NepeveHb 3apa4 ANA aTTeCTaUMOHHOW paboThbl:

3agaHne 1. HawTtu pacnpegeneHue TemnepaTypbl B CTepXHe 0<x<lIl ¢ TEnnon3onMpoBaHHON
BOKOBOI1 MOBEPXHOCTLIO, €CNM Ha ero npasom koHue X = | nopgepxusaetcs Temnepatypa, pasHasi Hynio, a Ha
nesom koHue Temnepatypa pasHa U(0,t) = At, rae A =CONSt. HavanbHas TemnepaTypa cTepxHs paBHa

HYIHO.
3agaHne 2. PaccmoTpum 3agadvy

2
MUY _ g2 TUKY -y o), t>0,

u(Oa,tt):O, u(l,t)=0, t>0,
u(x,0) =g, (x), x<[0;1].

MycTtb doyHkumm X, (X) , roe k=12,..., aBnaTcs COBCTBEHHBIMMU (PYHKLUMAMM 3a0a4n
X"(xX)+ AX(x) =0, x[0;1],
X(0)=0,X()=0.

o0
Pan Z X (X)T, (t) cxomutca n aBaxabl AuddepeHUMpyem, Toraa oH Bcerga byaeT (BapuaHTbl OTBeTa):
k=1
yOooBneTBopsATb AnddepeHLnansHOMY YpaBHEHNIO, HAYanbHOMY U TPaHUYHBIM YCIIOBUSIM,
yOOBNETBOPATb TONbKO AndddepeHUnansHOMY YpaBHEHNIO,
YOOBNETBOPATb TOMLKO MPaHNYHbIM YCNIOBUSM,
YOOBNETBOPATb TOMLKO HAa4YanbHOMY YCIOBUIO,

~— — — ~—

1
2
3
4

3apaHve 3. B pesynbrarte pellueHus 3agaydn

2
ux,) _ .0 U(>2<at)’ xe[0:1], t >0,
OX

u(Oa,E[):O, u(l,t)=0, t>0,
u(x,0) =g, (x), xe[0;]

meTogom Pypbe BO3HMKAET cnegyowas 3agada LUtypma-Jinysunnsa(sapuaHTtel oTBETA):

X"(X)+ AX(x)=0, xe[0;1],

{X(O) =0,X()=0,
X"(x) + AX(x) =0, x[0;1],

{X'(O) =0,X(1)=0,
X"(X)+ AX(x)=0, xe[0;1],

{X(O) =0,X'(l)=0,
X"(xX) + AX(x) =0, x[0;1],

{X'(O) =0,X'(l)=0.

TeKyLiMA KOHTPONb NpeacTaBnsieT cobon MpPOBEPKY YCBOEHUsI y4ebHOro marepuana TeopeTUyecKoro u
NPaKkTU4ECKOro xapakrepa, perynsipHo oCyLLeCTBNSAEMYI0 Ha 3aHATUAX.



K ocHOBHbIM (hbopmam TeKyLLEro KOHTPOJSI MOXHO OTHECTW HanncaHme pedepara, KOHTPOsbHble paboThl 1
TecTbl.

3agaHve ons Tekyllero KOHTPONs U NPoOBEeAEHUS NPOMEXYTOYHON aTTecTaunm AOMKHbI ObiTe HanpasneHbl
Ha oyeHusaHue:

1. YpOBHSA OCBOEHMSI TEOPETMYECKUX W MPaKTUYECKMX MOHATUIA, Hay4YHbIX OCHOB MpPOGECCUOHANbHOM
OeaTenbHOCTY;

2. cTeneHn  roToBHOCTM oObBy4yaloLlerocs nNPUMEHATb TeopeTUYeckue U npakTUYEeCcKne 3HaHUs WU
npodgeccroHanbHO 3HaYUMY MHOPMALMIO, CHOPMUPOBAHHOCTU KOTHUTUBHBIX YMEHUN.

3. NprMobpeTeHHbIX YMEeHU, NPOECCMOHANBHO 3HAYUMbIX AN NpodeccMoHanbHoOM AeATeNbHOCTY.

TeKkylWMN KOHTPOMb MNpefHa3HayeH Ans NPOBEpKM Xoda M KavecTBa (POPMUPOBAHUS KOMMETEHLMMN,
CTUMYINMPOBaHNsST y4ebHon paboTbl OOy4yaembiXx M COBEPLUEHCTBOBAHMSA METOOUKA OCBOEHWUS] HOBbIX 3HaHWN.
Tekylas aTTectauusi NpoBoanTCS B (oopme BbIMOSTHEHNSI KOHTPOMbHbBIX 3agaHui (KOHTPOSbHOW paboThl).

B xope attectauuoHHon paboTbl obydarowemycsa Bbigaetca KM ¢ npakTuyeckum nepevyHem u3 AByX
3afjiaHun 1 npeanaraeTcs pewnTb AaHHble 3adaHus. B xo4e BbINONHEHUs 3adaHunii MOXHO MOnb3oBaThbcs nobon
nutTepaTtypou, orpaHnyeHune no spemeHn 90 MUHyT.

Ecnu Tekywas artrectauus nNpoBOAMTCS B OUCTAHUWOHHOM dhopmarte, TO ODyyaromnncs OOMKEH UMETb
KOMMNbIOTEP M AOCTYN B CUCTEMY «IMNEKTPOHHBIN yHMBepcuTeT». Ecnn y obyyatowerocsa otcyTcTByeT Heobxoammoe
obopynoBaHue unu gocTyn B CUCTEMY, TO OH 00s3aH coobwmTe npenogaBaTento o6 atom 3a 2 paboynx gHa. Ha
KOHTPOMbHY0 paboTy B AUCTAHLMOHHOM peXnume OTBOAUTCS OrpaHnyeHne no sBpemeHun 240 MUHyT

Mpu TeKkylwem KOHTpONie YpPOBEHb OCBOEHWUsI Yy4ebHOW AUCUMMIMHBI U CTeneHb COpMUPOBAHHOCTU
KOMMNETEHUUN OnpefenstoTcs OLeHKaMM «3a4TeHO» W «HEe3adTeHO», KOTopble (OPMUPYIOTCS Ccnegyowmum
obpasom:

BbINOMHEHNE aTTecTaumoHHOW paboTbl — no 3 Ganna 3a MpaBWITbHO PELLUEHHYIO NEPBYHO 3agadvy U Mo
opgHomy 6anny 3a 3agaHusa 2,3. INpy nonyvyeHun He meHee 3 6anNoB BbICTABMNAETCA OLEHKA «3a4TEHOY.

OnucaHue TeXHONOrMM NpoBegeHus
ATTecTaumoHHasa paboTa NpoBOANTCH MUCbMEHHO.

20.2 NMpomexyTouHana aTTecTauusa npegHasHavyeHa Ans onpeaeneHnsi ypoBHS OCBOEHMS BCero oobema y4ebHom
ancumnnuHel. NpomexyToyHas atTectauusa no aucuunnude «Metog ®Pypbe» npoBoguTcsa B opme 3adeTa.

lMpomexyToyHasa aTTecTauus, Kak nNpaBuno, OCYLLECTBMSAETCA B KOHUEe cemecTpa. Pe3ynbTartbl TekyLiewn
atTectaumMmn obyvarwullerocs no peweHnto kadeapbl MOryT ObiTb Y4YTEHbl MPUM NPOBEAEHUM MPOMEXYTOYHOWN
aTtTectaumn. lNMpu Hecornacuu cTydeHTa, eMy LAeTCd BO3MOXHOCTb MPONTM MPOMEXKYTOYHYH aTTtectauuio (6e3
yyeTa ero TeKyLmx aTTectaluin) Ha obLMX OCHOBaHMSX.

Mpu NpoBedeHUM 3ayeTa y4UTbIBAKOTCA pe3ynbTaTbl aTTECTAUUOHHOW paboTbl. [ns Nony4YeHus OLEHKU
«3a4TeHO» B KOHLe 6 cemecTpa y oby4atowlerocs OO/mKHa UMETbCS OLEHKM: «3a4TeHO» MO aTTecTalUOHHOWN
paboTe, U CTyQeHT [OoikKeH OTBETUTH Ha oauH Bonpoc KWM (3ayeT) unm cTygeHT OOfmKeH OTBETUTHL Ha
cooTBeTcTBYoLWMe Bonpockl KM (3a4eT) n gononHuTenbHbIE BONPOCHI MO NporpaMme Kypca B xo4e npoBefeHust
3aveTa.

Becb TeopeTMHeCKMVI MaTtepuarn Kypca CoaepXuTca B crefyroumx sonpocax:

MepeyeHb BOMPOCOB K 3a4eTy

MeTopq pasgeneHna nepemMeHHblX OnAd  ypaBHEHUA cBOOOAHbIX KOnebaHun CTPYHBbI. PasgeneHue
nepemMeHHbIX. CobcTBeHHbIE 3HAaYeHNss 1 COBCTBEHHbIE (bYHKLI,I/II/I.

MeTopq pasaeneHna nepeMeHHbIX Ond ypaBHEeHUA cBobOaHbIX KonebaHwui CTPYHbI. nOCTpoeHI/Ie YaCTHbIX
peLLIGHl/IIZ N peweHuna Haqaano-KpaeBon 3agadn.

OpTOHOPMUPOBaHHLIE CUCTEMbI B rMNLGEPTOBOM npocTpaHcTBe H . MuHuMM3vpyrollee CBOWMCTBO
koappuumeHToB Dypbe. HepaBeHcTBO beccens.

NemMa (0 NonHoTe) ANs OPTOHOPMUPOBAHHOI CUCTEMbI B Mnb6epToBoM npocTpaHcTee H .

ObocHoBaHne meToda Pypbe Ans ypaBHEHWs KonebaHWi CTPYHBI.

lMocTtaHoBKa 3agauun. PasgeneHune nepeMeHHbIX. Jlemma o NIMHENHO He3aBUCUMbIX COOCTBEHHBIX DYHKLMSIX.

Nemma 06 opToroHanbHOCTH COBCTBEHHbIX (yHKLMI ¢ BecoM p(X).

Jlemma o HeOoTpunuUaTesiIbHOCTU COBCTBEHHbIX 3HAYEHWUNA.

MocTpoeHne hopManbHOro peLleHus.

BbIHy)K,EI,eHHbIe konebaHus CTPYHbI, 3aerI'IJ'IeHHOl71 Ha KOHLax.

BbIHy)K,D,eHHbIe konebaHus CTPYHbI C NOABUXXHbIMU KOHLUAMW.

PeweHune nepBoﬁ KpaeBoﬁ 3ajayun B NpAMOYrofibHMuKe ana ogHopoaHOro ypaBHeHUA TennonpoBoaHOCTU C
HEeOoaHOPOAHbIMU HavalbHbIMW YCITOBUAMKU 1 OQHOPOAHBLIMU TPAHNYHBIMU YCITOBUAMMW.




PelueHne nepBoii KpaeBol 3agayun Ans HEOOHOPOOHOro ypaBHEHUS TEMNonpoBOAHOCTU C OAHOPOAHLIMU
HavanbHbIMU U TpaHUYHBIMU YCIIOBUSIMMU.

PeweHune nepBon KpaeBoﬂ 3agayun anda HeogHopoOHOro ypaBHeEHUA TennonpoBoaHOCT C HEOAHOPOAHbIMKN
HayvalibHbIMU yCIiOBUAMU N HEOOHOPOAHbIMU TPaHNUYHbIMU YCITOBUAMMW.

I'lpep,CTaBneHme oneparopa Jlannaca B NOoNAPHbLIX KoopAunHaTax.

PeweHne 3agaun ,D,leVIXJ'Ie ana ypaBHeHuUdA Jlannaca B Kpyre Ha nioCKOCTHU.

Mpumep KNUM(3aueT)

KoHTponbHo-uameputenbHbin matepuan Ne_1
1. B pesynbTate pelueHns 3agaqn

azu(x,t)zaz o°u(x,t) X0, >0
ot oz B

son=0, MUY 4 .0

1,0 =, (9, XD 09, xepoi]

MeToa0M CDypbe BO3HUKaET crieaywuiaa 3agada LUTpra-nVIyBVIJ'IJ'Iﬂ:
. {X”(x) +AX(x)=0, xe[0;1], . {X "(X)+ AX(x)=0, x<[0;1],
X(0)=0,X()=0, X'(0)=0,X(1) =0,
X"(x)+AX(x)=0, xe[0;1], X"(X) + AX(x) =0, x[0;1],
{X(O):O,X’(I):O, ' {X'(0)=o,x'(|)=o.
2. Asnsetca nmuncno A =0 cobcTBeHHbIM 3HaueHnem 3agaun LLitypma-TNnysunns
X"(x)+ AX(x) =0, xe[0;1],
{X(O) -0,X(1)=0.

a) Aa, 0) HeT.
3. PaccmoTpum 3apady

U0 _ e TV 5 o, 150
ot? o I

u(0,t) =0, %:(’t)w, t>0,

wnm=%wx9%§9=@uquau

MycTs yHkUMm X, (X), roe k=12,..., sBnawTca coBCTBEHHBIMM (hYHKLMSIMI 3a0a4N
X"(x)+AX(x)=0, xe[0;1],
X (0)=0,X'(1) =0,

o0
Psan Z X (X)T, (t) cxomutes v asaxasl aMddepeHumpyem, Toraa oH Bceraa byaet
k=1
a) yAOBNeTBOPSATL TONbKO AnddepeHLmMansHoMy YpaBHEHMIO,
6) yAOBNETBOPATL TONMBLKO rPaHNYHBIM YCIOBUAM,
B) YOBMNETBOPATH TOMNLKO HAYarbHBIM YCIOBUSIM,
r) yaoBNeTBopaTh AuddepeHLManbHOMY YPaBHEHMIO Y IPaHUYHBIM YCIIOBUSM,
1) YOOBNeTBOPSATL AN dEPEHLNANbHOMY YPaBHEHMIO U HAYarbHLIM YCIIOBUAM,
€) yAOoBNEeTBOPATb HaYamnbHLIM W FPaHUYHLIM YCIIOBUSIM,
X) SBNATLCS pelleHneM 3a4auu.

KpuTepum oueHnBaHNst KOMNETEHLNI YpoBeHb LLikana oueHok
cchopMmpoBaHHOCTH
KOMMeTeHuunn
OueHka «3a4TeHO» BbicTaBndetTca B nobom M3 Tpex | basosbin 3auTeHo
cny4vaes:
1. AKTMBHas paboTta B xope cemMecTpa,
YOOBNETBOPUTENBHOE HaMMcaHWe KOHTPOSTbHOW paboThbl 1
chada Ha MNOJIOXMTENbHYK OLEHKY OAHOro M3 3afaHun




KWM 3aueTHOM paboTbl.

2. BepHbli OTBET Ha He MeHee ABYX (M3 Tpex) 3agaHun
KMM 3a4yeTHOM paboThl, yAOBNETBOPUTESNIBHOE HaNncaHne
KOHTpOnbHOWM paboTbl NpM OTCYTCTBUM LUTPadHbIX 6annos
3a cucTeMaTmyeckue npornycku.

3. BepHbli oTBET Ha He MeHee OByX (M3 Tpex) 3adaHun
KMM 3auyeTHOn paboThl, yaoBNEeTBOPUTENBHOE HanncaHme
KOHTPOmnbHOW paboThbl U OTBETbI Ha BCe OOMNOMHUTENbHbIE
BOMPOCHI NPOrpammbl, BbISICHAIOLIME 3HAHWUS CTyAeHTa,
NPONYCTUBLLUErO 3HAaYUTEITbHOE KONMMYECTBO 3aHATUN.
OLEeHKa «He3a4yTeHO» BbICTaBMAETCS CTYAEHTY, eCnn ero - He 3auteHo
3HaHWS He YOOBNETBOPSET BblLENPUBEAEHHbIM
TpeboBaHNAM Ha MONTOXUTENbHbIE OLIEHKN.

20.3 ®doHA OUEHOYHbIX cpeacTB C(POPMMPOBAHHOCTM KOMMNETEHUUMWU CTYOEeHTOB,
pekoMeHAyeMbIN AN NpoBeAeHUsA AuarHoCTUYecKux padotr

OIIK-1 Cnioco0eH HaX0AUTh, (POPMYJIHPOBATH U PEIaTh AKTyaJbHbIC H 3HAYMMbIE
npoodJieMbl PYHIAMEHTAJIbHOH MaTEeMATHKU U MEXaHUKHU

3agaHusa 3aKpbITOro TMna (BbiI60p 0g4HOro BapuaHta oTBeTa)

ITestl
B pesynbTate pelleHus 3agadn

2
MO _ 2 TUOY -y ro:1), 150,

u(Oa,E[):O, u(l,t)=0, t>0,
u(x,0) =g, (x), x<[0;1]

meTogom Pypbe BO3HUKaET crieayowasn sagadva LUtypma-Jinysunns(sapraHTel oTBETa):

1 {X”(x)+/1X(x):O, xe[0;1],
X (0)=0,X (1) =0,

2) {X”(x)+/1X(x):O, xe[0;1],
X'(0)=0,X (1) =0,

3) {X”(x)+/1X(x):O, xe[0;1],
X (0)=0,X'(1) =0,

2) {X"(x)+AX(x)=O, x e[0;1],
X'(0)=0,X"(1) =0.

ITest 2
kx
OyHKUNN C0s | ,rae k=0,12,... anaoTca cob6CTBEHHLIMU DYHKLMAMU CriedyoLLen 3aaaqm

LWtypma-Jinysunnsa(sapmaHTbl oTBETA):
1 {X”(x) +AX(X)=0, x[0;1],
X'(0)=0,X'(l)=0.
2) {X”(x) +AX(x)=0, xe[0;1],
X(0)=0,X(l)=0,
3) {X”(x) +AX(x)=0, xe[0;1],
X'(0)=0,X(1)=0,



2) X"(X)+ AX(xX)=0, x[0;1],
{X(O) =0,X'()=0,

Pelenne.
PaccmoTtpum 3agady LWtypma-Jlysunns

X"(x) +A*X(x) =0, xe(0;1),
X'(0)=0,X'()=0.
Pelenns aton sapaun: X, (X) = COS(ﬂTkX) ,

YLO,0BNETBOPSIOT YPABHEHWIO U FPAHUYHBIM YCITOBUSIM

X, (0)=0,X,(I)=0.
xk’(o)z—”ﬁ'osin(”ﬁ'ojzo, xk'(l)z—”T“sin(”l—“jzﬁksimk =0,k=012,..

X"(X)+AX(x)=0, xe[0;1],

OtBeT: 1) {X '(0)=0,X'(1) =O.

I Test 3
. PaccmoTtpum 3agavy

2
Y _ g2 CUY -y 101, 10,

u(Oa,tt):O, u(l,t)=0, t>0,
u(x,0) =g, (x), x<[0;1].

Myctb dpyHKUMM X, (X), rae k=12,..., ABNstoTcst COGCTBEHHbIMM (DYHKLMAMU 3a4a4m
X"(X)+AX(X) =0, x[0;1],
X(0)=0,X(1)=0.

Pag Zxk(x)Tk (t) cxopuTtca v gBaxapl andbdepeHumnpyem, Toraa oH Bcerga byaet (BapuaHTbl oTBeTa):
k=1

1) yooBneTBopATb gnddepeHumansHOMy ypaBHEHWNIO, Ha4anbHOMY Y FPaHUYHbIM YCIOBUSAM,

2) yaoBneTBOPsATb TONbKO AnddepeHumansHOMY YypaBHEHMIO,

3) yooBneTBOPATb TOMbKO FPaHUYHbIM YCIOBUSAM,

4) ynoBneTBOPATb TOMNbKO HAaYanbHOMY YCIOBUIO,

OtBeT: 1)

I Test 4
PaccmoTpum 3agavy

o’u(x,t)  d°u(xt)
or X
u(0,t) =0, u(z,b)

, O<x<m, t>0,

=0, 0<x<r,

X
u(x.0) =0, LD g0, >0

ABnsaioTca nM cobCTBEHHBIMU (PYHKLUMSIMU COOTBETCTBYIOLLEN 3adaun LTypma-JlyBunns
X"(x)+ A*X (x) =0, x e (0;7),
X (0)=0,X'(1) =0.




OYHKUMMK. ...
BapuaHThbl oTBETA:

()
1. sin| =X
2

2.sin(2x)

27
3.COS| —X
2

4.cos(9x)

PeweHne.
PaccmoTpum 3agavy LWTtypma-Jlysunns

X"(x) +A*X(x)=0, xe(0; ),
{X(O)—O,X'(I)—O.

Pewenus aoit sapaun: X (X) =C, cosAx+C,sinAx, X (0)=0«<C, =0,
X'(x)=AC,cosAx,

2k +1

X'(l)=/1c2cosm:o:>,17z:%+kﬁ,kezzmz =

Xk(X)zsin@x, k=0,12,... Toraa npn kK =1= Xl(x):sin(ng

OrtseT: 1) SIN [g Xj

I Test 5
PaccmoTpum 3agavy

ou(x,t)  d’u(x,t)
ox?

ot
auéO,t) _o, MY o g<x<n,
X

u(x,0) =g, (x), txz 0.

, O<x<m, t>0,

ABnaoTcs N CoOB6CTBEHHBbIMU (DYHKUMAMKU COOTBETCTBYOLWeN 3agayqn Wrypma-Jlysunnsa
X"(x)+A°X (x) =0, x e (0; 7),
X'(0)=0, X'(x) =0.

PYyHKLUMN ...
BapwuaHTbl oTBETA:

1.cos(x)
2.cos(5x)
3.sin(37zx)

(3]
4.sin| —X
2

Peluenne.
Paccmotpum 3agady LWtypma-Jlysunns



X"(x)+A°X(x)=0, xe(0;7),
X'(0) =0, X () =O0.
PelueHus aTtoit 3agaun: X (X) =C,cosAx+C,sin AX,
X'(x)=—-AC,sin Ax+AC,cosAx, X'(0)=0<C, =0,
X’(ﬂ):—ﬂclsinﬂ,yr:O:/ll =kr,keZ=>1=k= Xk(X)=COSkX, k=0,12,... Torga npu
k=1= X,(x)=cos(x).

OtBerT. 1), COS( X)

3agaHns oTKpbITOro TMna (KOPOTKUM TEKCT):
BcTtaBbTe nponyLeHHoe CroBO(YMCIIOBOE 3HaYEHUE) UNU 3aKOHYUTE onpeaeneHue

| Test 6

B 3agave Kowwn gnst ypaBHeHMs1 cBOOOAHbBIX KonebaHun CTPYHbI HYXKHO 3adaTtb
3Ha4YeHUs (PyHKUUN U ee NepBOW MPOM3BOLHOM MO BPEMEHM B HavasnbHbIN MOMEHT BpEMEHU t =.....

OTtBeT 0.
3Ha4yeHMs PyHKLMM 1 ee NepBOV NPON3BOLHON MO BPEMEHN B HadanbHbIA MOMEHT BpemeHn t =0;

I Test 7
MeTopg pasgeneHnsa nepeMeHHbIX pelleHnst 3agadmn cBoBoaHbIX kKonebaHun CTpyHbl OrpaHUYeHHON
ONWHbI

2
WD 2 ZURD xeqo, t>0
X

ou(l,t) _

0
ou(0,t) 0

, 0, t>0,
OX X
u(x,0) =g, (x), x<[0;1]

Ha3bIBAlOT METOAOM ..........
10TBET
dypbe

I Test 8
3apava ona gudpdepeHumnanbHOro ypaBHEHNS € YaCTHbIMW MPOM3BOAHLIMU U 3a4aHHLIMU FPAHUYHBIMN
N HaYanbHbIMX YCNOBUAMM

ofu(x,t) o o%u(x,t)

e vt xe[0;1], t>0,
M=O, u(l,t)=0, t>0,
OX 0
u(x,0) = ¢,(x), aug(’ ),xe[O;I]
HasblBaeTCH ............. 3agaven onsi ypaBHEHWSt BOMTHOBOTO ypablHEHUSI
10TBET

HayarnbHO-rPaHN4yHOM
Ha4anbHO-KpaeBow

I Test 9



MpogomknTe NpeanoXxeHune: 3agava anst auddepeHumnanbHOro ypaBHEHNUST € YaCTHbIMU

npon3BoaHbIMU N 3aaHHbIM Ha4allbHbIM YCIOBUEM!

o%u o°u
—-a’—="f(xt); —o<x<on,t>0
ot OX
u|t:0 =Uo (x)
ou
T~ = ul(X)
t=0
Ha3blBAETCH: Ha4YanbHOW 3a4ayen ANa YPaBHEHUS ................... konebGaHun CTPyHbI.
10T1BET
BbIHY>KAEHHbIX
I Test 10
Au(x)=0,xeD,
YpaBHEHUE U rPaHNYHbIE YCIOBUSA
u(x) =@(x),xeaob
onpeaensoT ......... KpaeByto 3agavy Ans ypaBHeHus Jlannaca
10TBET
nepsyto

Kputepun n wkanbl oueHnBaHua 3agaHun ®0OC:

1) 3apaHuga 3akpbIToro Tvna (BbI6Op 0AHOro BapuaHTa oTBeTa, BepHO/HEBEPHO):

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

2) 3agaHung 3akpbiToro Tna (MHOXKeCTBEHHbIV BbIOOD):

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

3) 3agaHug 3akpbiTOoro Tna (Ha cooTBeTCTBUE):

e 2 6anna — Bce COOTBETCTBUSA onpeneneHbl BEPHO;
e 0 6annoB — xoTa Gbl 0AHO CONOCTaBMNEHNE ONPeaenNneHo HEBEPHO.

4) 3apaHnga OTKPbLITOro Tuna (KOPOTKUN TEKCT):

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

5) 3agaHug oTkpbIiTOro TMna (4mcno):

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

3apaHua paspgena 20.3 peKOMeHAYWTCA K MCNOMb30BaHUIO NpU MNpoBeAeHUn
ANAarHOCTUYECKUX paboT C Lenbi OLEeHKM OCTaTOYHbIX pe3yrnbTaTOB OCBOEHUS AaHHOW
AVUCLUMUMNIIUHBI (3HAHUW, YMEHUW, HABbLIKOB).



