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9.llenu v 3apaum y4e6HON ANCUUNIIUHDI

Lleniu ocgoeHust y4ebHoU OuCyUrIUHbI:

- U3yYEeHNe OCHOB MeToAa pelleHus 3adady Ans YpaBHEeHUN C YaCTHbIMWU MPOU3BOOHBIMU
C MOMOLLbIO UX Pa3MOXeHW B pAabl N0 CO6CTBEHHBIM (DYHKLMSAM.

3adayu y4yebHoU OuCUUMNIUHBI:

- OCBOEHMEe MeTOO0B pelUueHnsa 3agad asns ypaBHEHU C YaCTHbIMU NMPOU3BOAHBIMU Pa3fNYHbIX
TMNOB C NOMOLLbIO UX pasnoxeHnsa B paabl Pypbe.
10. MecTo y4ye6HOM AncuMnnunHbl B cTpykType OOIT:

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

[na ee ycnewHOro OCBOEHUS HeobXo4uMMbl 3HAHUS U YMEHUs, NpuobpeTeHHble B
pesynbtate obydeHuss No npegwecTByOWNM aucumnnnHam: «MatemaTndecknin aHanmsy,
«PyHKUMOHANbHBIN aHanunay», «OuddepeHumansHble ypaBHeHUsI», «KOMMNIEKCHbIN aHanms».
OuncumnnnuHa HenocpenCcTBEHHO CBsI3aHa C KYpCOM «YpaBHEHUS C YACTHbIMU NPOM3BOAHLIMNY .

CtyoeHT pormmkeH cBobofHO BrageTb MateMaTUYeCKMM aHanuM3oM, Teopuen yHKUuK
KOMMNMEKCHON nepeMeHHoW, obrnagatb MOMHbIMUA  3HAHUAMM  Kypca  OBbIKHOBEHHbIX
anddepeHumanbHbIX YpaBHEHNU, 3HAaHUSIMU Teopun uHTerpanos Jlebera, Teopun GaHaxoBbIX U
rMnNbbepToBbIX MPOCTPAHCTB. 3HaHMe MeToda pas3feneHns MnepeMeHHbIX MNpu  peLleHun
HavanbHO-KpaeBblX 3a4ay ANs ypaBHEHUN C YaCTHbIMW NPOM3BOAHBIMU ABsieTca 6a30BbLIM NpU
N3ydeHn mMaTemMaTuyeckux Mopenen pasfndHbiX MOU3NYECKUX, XUMUYECKUX, Bronornyeckux,
coumarnbHbIX MPOLLECCOB.

OucumnnuHa asnsaeTca npeawecTByowen anga KypcoB «YmcneHHble metoapbly, « OCHOBBI
N MaTeMaTudeckne MoLenn MexaHuKUM CrnowHon cpefdbl», «MaTematndeckune mopgenm
rMapoanHaMUKN Y.

11. MnaHupyeMblie pe3ynbTaTbl 00y4YeHUsi MO AuUcuUUNNuHe/MoAynio (3HaHUA, yMeHwus,
HaBbIKW), COOTHECEHHbIe C NIIaHUPYEeMbIMU pe3yrbTaTaMuM OCBOeHUsi o6pa3oBaTeribHOM
nporpaMmmbl (KOMNeTEeHUMSIMU) U UHOUKATOPaMU UX OOCTUXKEHUNA:

Kog HasBaHue Koga(kl) WHankaTop(bl) MnaHnpyemble pe3ynbTaTtbl 00y4YeHus
KOMMNEeTEHL MM
OrnK-1 CnocobeH OlK-1.1 | Obnagaet 6asoBbiMK | 3HaThb:
HaxoauTb, 3HaHWSIMKU, MONYYEHHbIMU B | - akTyanbHble M 3HA4YUMble NPobfemsbl
dopmynupoBatb obnactM matemaTuyeckux M | pyHOaMeHTanbHOM MaremMaTuku "
u peluaTb (Mnn) ecTecTBEHHbIX HayK. MEeXaHUKN.
aKkTyanbHble U YMeThb:
3Ha4YnMble OlK-1.2 | Ymeer ucrnonb3osaTb | - MCnonb3oBaTb 0asoBble  3HaHUS,
npobnemsl ©asoBble 3HaHUSA, | NONyYeHHble B obrnactu
dyHOaMeHTarnbHO nonydyeHHole B  obractu | MaTeMaTUYecKUX U (Unun) eCTecTBeHHbIX
N MaTemMaTUKu 1 MaTemMaTu4eckux u  (4nu) | Hayk, B npodeccuoHansHon
MEeXaHUKu: €CTEeCTBEHHbIX Hayk, B | A€ATENbHOCTN.
npodeccrnoHarnbHON Bnapets:
0eaTenbHOCTU. - HaBblkamMy BblbOpa METOAOB peLleHus
OrlK- NmeeT HaBblikm  BbiGopa | 3adad npodeccroHarnbsHowm
1.3. METOOOB pelleHna 3apad | AeATEeIIbHOCTH Ha OCHOBEe
npodeccuoHanbHo TEopeTUYECKUX 3HAHWI.
OEeATeNnbHOCTM Ha OCHOBE
TEOPETUYECKNX 3HAHUM.

12. O6beM gUCUUNIIUHBLI B 3a4eTHbIX egnHMuax/yac. — 2 | 72
dopma npomMexXyToOYHOM aTTecTauum__ 3a4yeT— 6 cemecTtp
13. Buabl yuebHomn pabot

TpyaoemMKoCTb

Bupg yyebHor paboTbl

Mo cemecTpam




Bcero
6 cemecTp

KoHTakTHasi paboTa 32 32

nexkumm 16 16

npakTnyeckue 16 16

B TOM ymcne: nabopartopHble - -

KypcoBas pabota - -

KOHMpOJsibHble pabomebl - -

CamocTtosaTensHas pabota 40 40

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

UToro: 72 72

13.1. CopepxaHme ANCUMNIINHbI

n/n Peanusauus
pasgena
HanmeHoBaHwue pasgena ONCUUNINHBI C
CopepxaHve pasgena aMcunnimHbl
ONCLMNIUHBI NMOMOLLIbIO
OHNawH-Kypca,
OYMK *
1. Nlekuum
1.1 MeTon pasgeneHus MeTon pasgeneHus nepemMeHHbIX 018 | DNeKTPOHHbIA
nepemMeHHbIX Ans ypaBHEeHUSA ypaBHeHUs cBOOOAHbIX konebaHun CTpyHbl. | YHUBEpPCUTET,
cB0O6OAHLIX KONebGaHui CTPYHbI Co6CTBEHHbIE  3HauyeHuMss M cobcTBeHHble | CTPannua Kypca:
PyHKUML. https://edu.vsu.r
u/course/view.p
MeTog pasgenenns nepemMeHHbIX ANSt | [0%id=2532
- =~ —
ypaBHEHUS CBOOOAHbIX konebaHum CTPyHbI.
lMocTpoeHMe YacTHbIX pEeLWeHnin W peLleHns
HavyanbHO-KpaeBoOW 3aJaqun.
1.2 OpTOHOPMUPOBaHHbIE OpTOHOPMUPOBaAHHbLIE CUCTEMbI B TUNbGEPTOBOM
CUCTEMbI (hYHKLINA npoctpaHctee H . CsolicTBo  ko3dhdULMEHTOB
®ypbe. HepaBeHcTBO beccens.
Jlemma (0 nonHoTe) ANA OPTOHOPMUPOBAHHON
cucTembl PYHKLMIA
1.3 O6ocHoBaHue meToga ®ypbe Ansa ypaBHEHUS
O6ocHoBaHue meToaa dypbe o Aa Pypee Ans yp
KonebaHui CTPYHbI.
14 lNocTtaHoBKa 3agayn. PasgeneHue nepemeHHbIX.
JleMma 0 nMHENHO He3aBUCUMBIX COBCTBEHHbIX
PYHKLNSX.
Jlemma 06 opToroHanbHOCTU COBCTBEHHbIX
O6was cxema meToaa dPypbe -
YHKLNIA C BECOM.
Jlemma o HeoTpuLaTENBHOCTN COOCTBEHHbIX
3HaYeHUN.
MocTpoeHne hopmManbHOro peLleHus.
15 BbIHy)XeHHbIe konebaHusa CTPYHbI, 3aKpenieHHON
MeTtoa ®ypbe Ans ypaBHEHUS
o Ha KOHUaXx.
BbIHY>KOEHHbIX KonebaHuin
CTPYHbI BblHy)XeHHble KonebaHus CTPyHbl C NOOBWKHBIMU
KOHLlaMu.
1.6 PeweHnune nepsowu KpaeBow 3aga4un B

MeTog ®ypbe pelueHus
KpaeBblX 3agay ans
ypaBHEHUS TeNnonpoBOAHOCTYH

npAMoyronbHMkKe Anda ogHoOpOoAHOro  ypaBHeHUA
TennonpoBoAHOCTU C Heoa4HOPOAHbIMU
Ha4valnbHbIMU ycrnoBuamm n oAHopoAHbIMU
rPaHN4YHbIMU YCITOBUAMM.

PeweHne nepsown Kpaesom 3agauun ans
HEOOHOPOAHOr0 ypaBHEHUSI TENONpPOBOAHOCTU C
OOHOPOOHBbIMM  HayamnbHbIMW U TPAHUYHBLIMK
YCIOBUSAMMN.



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

PeweHne nepsown Kpaesom 3agauun ans
HEOOHOPOAHOr0 YypaBHEHUSI TENONPOBOLHOCTU C
HEOOHOPOAHLIMM  HavanbHbIMK  YCIIOBUSIMU U
HeOoaAHOPOAHbIMU TrPAHUYHBLIMK YCITOBUAMMN.

1.7 OnepaTop Jlannaca B nonsipHbIx KOopAuHaTax.
PeweHwne 3agauun Qupnxne = il
Ans ypasHeHus Jlannaca elweHne 3agauv upuxne Ons  ypaBHEHUS
Jlannaca B Kpyre Ha NnoCKOCTM.
2. NpakTnyeckne 3aHATUA
2.1 MeTopn pasgeneHus MeTon pasgeneHus nepemMeHHbIX 018 | ONeKTPOHHBbIA
nepemMeHHbIX Ang ypaBHEeHUA ypaBHeHua cBOGOAHbLIX KonebaHwi CTpyHbl. | YHVBEPCUTET,
cBo6oOHbIX konebaHuii CTPYHbI HaxoxgeHne  cOBCTBEHHbIX  3HaveHun 1 | CTPaHuua Kypca.
COBCTBEHHbIX (PYHKLNNA. https:/edu.vsu.r
MeTon pasgeneHusi nepeMeHHbIX ONA ypaBHEeHUs %‘Q
cBoboaHbIX  KonebaHuh  cTpyHbl.  [locTpoeHume '
YacCTHbIX peLleHNA N peLleHns HavarnbHO-KpaeBon
3agayn.
2.2 OpTOHOPMUPOBaHHbIE OpTOHOPMUPOBaAHHbLIE CUCTEMBI B TMNbOEPTOBOM | OMEKTPOHHLIN
cuCTeMbl PyHKLN npoctpaHctee H . CsoiictBo koabcuumenTos | YHBEPCUTET,
®ypbe. HepaBeHcTBO Beccens. CTpaHinua kypea:
Nemma (o nonHoTe) AnNA  OpPTOHOPMMPOBaHHOM | https://edu.vsu.r
cucTeMbl PYHKLMN ulcourse/view.p
2.3 Ob6ocHoBaHve meToaa Pypbe Anst ypaBHEHNS hp?id=2532
Ob6ocHoBaHne meToaa dPypbe o
KonebaHui CTPYHbI.
2.4 MocTtaHoBka 3apaun. PasgeneHne nepemeHHbIX.
JleMma O nMHENHO He3aBUCUMMbIX COBCTBEHHbIX
dYHKUNSX.
Jlemma 06 opToroHanbHOCTU COBCTBEHHbIX
O6buwasn cxema metoga dypbe o
dYHKLUMI C BECOM.
Jlemma o HeoTpuLaTENBHOCTN COOCTBEHHbIX
3HaYeHuUN.
MocTpoeHre hopmManbHOro peLleHus.
25 BbiHy>XeHHbIEe konebaHusa CTPYHbI, 3aKpenieHHON
MeTtoa ®ypbe Ans ypaBHEHUS
BbIHY>XOEHHbIX KorebaHuin Ha Konuax.
CTPYHbI BblHyXOeHHble KonebaHus CTPyHbl C NOOBWKHBIMU
KOHLaMW.
2.6 PelweHune nepBeown KpaeBowm 3agayn B
NPsAMOYrofibHUKE AN OAHOPOAHOIO  ypaBHEHUS
TENONPOBOAHOCTH c HEOOHOPOAHbIMM
HayvanbHbIMU yCInoBusiMn " OLHOPOAHbIMU
rPaHNYHBIMW YCIOBUAMMU.
MeTtoa dypbe pelueHus PeweHuve nepsown Kpaesou 3apauu ansd
KpaeBbIx 3ajay ans HEOOHOPOAHOr0 ypaBHEHUSI TEnnonpoOBOLHOCTU C
YpaBHEHUS TENITONPOBOAHOCTM | OQHOPOOHBIMM  HayamnbHbIMWU M TPAHUYHBbIMU
YCINOBUSIMWN.
PeweHne nepsown KpaeBou 3agaqun ans
HEOLHOPOAHOIO YpaBHEHMSA TEMMONPOBOAHOCTM C
HEOLHOPOAHBLIMA  HayarnbHbIMW  YCIOBUSIMU U
HEO4HOPOAHBLIMU FPAHUYHBIMY YCIIOBUSIMU.
2.7 Onepatop Jlannaca B NonsipHbIX KOOpAMHATAX.

PeweHune 3agauun Qupnxne
Ansi ypaBHeHus JNlannaca

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

13.2. Tembl (pa3genbl) AUCUUNIUHBI U BUAbI 3aHATUN

Ne | HaumeHoBaHue TeMbI Buabl 3aHATUIN (KONTMYECTBO YaCcoB)

n/n | (pasgena) QUCUMNINHLI JNlexuun | MNpaktudeckne | JlabopaTopHble | CamocTtosTenbHasi | Bcero
paboTta

1 MeTopg pasgeneHus 2 2 - 6 10

nepemMeHHbIX Ans
ypaBHeHUs1 cBOBOAHbIX
kornebaHui CTpyHbl



https://edu.vsu.ru/course/view.php?id=2532
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2 OpTOHOPMUPOBAHHbIE 2 2 - 4 8
cncTeMbl (OYHKLINIA

3 Ob6ocHoBaHMe meToga 2 2 - 4 8
dypbe
4 O6uwas cxema meToaa 2 - - 8 10
Pypbe
5 MeTton dypbe ons 2 2 - 4 8
ypaBHEHUs

BbIHYXOEHHbIX
konebaHui CTpyHbl

6 MeTog ®ypbe pelieHuns 4 4 - 6 14
KpaeBbix 3agay ans
ypaBHeHUs!
TENJ0NPOBOAHOCTU

7 Peluenne 3apaun 2 4 - 8 14
Ounpnxne ons ypaBHEHWS
Jlannaca

NToro: 16 16 40 72

14. MeToan4yeckue ykasaHmMAa Ans ody4aroLWmnXcA No 0OCBOEHUIO AUCLUMNIIUHDI

B npouecce npenogaBaHus ANCUMNIIMHBLI UCMOMb3YKOTCA TakMe Buabl y4ebHon paboTsl,
KakK NneKkuuu, NpakTUYecKne 3aHATUSA, a Takke pasfiMyHble BUAbl caMOCTosiTeNlbHOM pPaboTbl
obyuarowmxcs, Ha KoTopyto otBoamnTcsa 40 yacos.

CamocTosaTenbHasa ydebHas OeAaTenbHOCTb CTYOEHTOB MO AUCUMMNNHE «YPaBHEHUS C
YaCTHbIMW NPON3BOAHBLIMUY MNpegnoraraeT BbiNOMHEHWe cneayoLwnx 3agaHnin:

1) camocTodaTenbHoe u3ydeHne Yy4ebHbIXx MaTepuanoB no pasgenam 1-7 ¢
NCrnonb3oBaHMEM OCHOBHOW M OOMOSTHUTENBHOW NuTepaTtypbl, MHPOPMAaLMOHHO-CNPAaBOYHbLIX Y
NMOUCKOBbIX CUCTEM,;

2) NOAroToBKY K TeKywuMm aTTecTaumaMm: BbIMOMHEHWe [AOMallHMX — 3adaHun,
CaMOCTOATENIbHOE OCBOEHME MOHATUMHOINO annapaTta no Kaxaon Teme.

Ob6yuyatowmecsa camocToaTenbHo uadyyarT Temy «Obuwas cxema metoga Pypbe», a
Takke pasgen «PeleHne nepBoW KpaeBOWM 3adadv B MPSIMOYrofibHUKE ANns O4HOPOAHOro
YpaBHEHUA TEeNonpoBOAHOCTU C HEOOHOPOAHLIMU HavasibHbIMU YCITIOBUSMW N OOHOPOAHBLIMU
rPaHUYHbIMK ycroBusiMu» U3 Tembl «MeTog Pypbe pelleHnsa KpaeBbiX 3afad ans ypaBHEHUS
TennonpoBogHoCcTUy». CTyaeHTam Ons OopraHn3aumm CamMOCTOSITENIbHOIO M3yYeHUsi pasgernios
npeanoXxeHbl MeToauyeckue nocobus:

1. Mywko A.B. [OuddepeHumanbHble ypaBHEHUS C  YacCTHbIMA  NPOU3BOAHbLIMU
rmnepbonunyeckoro n napabonunyeckoro Tunos / A.B. mywko, E.A. JlormHoBa, C.A.
TkayeBa. — Boponex: N[ BI'Y, 2019. — 80 c.

2. nywko A.B. OuddepeHumanbHble ypaBHEHUS C 4acCTHbIMUM NPOU3BOLHLIMU BTOPOro
nopsgka annuntudeckoro Tuna / A.B. Mnywko, E.A. JlornHosa, J1.B. BespyukuHa. —
Boponex: [ BI'Y, 2019. — 92 c.

KoHTponb  camocTtosiTenibHOM  paboTbl B CEMEeCTpe  OCYLWEeCTBASETCA  HanMCaHWem
aTTeCTaUNOHHbIX 3a4aHUN NO YKaszaHHbIM TeMam.

Ha nekumsix pacckasblBaeTcs TeopeTuyeckun maTepman, Ha nabopaTopHbIX 3aHATUMAX
peLuaTca NpMMepbl No0 TEOPETUYECKOMY MaTepuany, NPOYNTaHHOMY Ha NEKUUSIX.

Mpn n3ydeHunn kypca «Metoa dypbe» obyyarowmmcs cnegyet BHMMATENbHO CrywaTth U
KOHCMNEKTMpOBaTb MaTtepuarn, usnaraembln Ha ayguTOpPHbIX 3aHATUAX. [ns ero noHMmMaHus u
Ka4yeCTBEHHOro yCBOEHNSA peKOMeHAyeTCs crneayoLllasa nocnegoBaTenbHOCTb 4EACTBUN.

1. Tllocne kaxgonm nekuMuM CTygeHTaMm pekomeHayeTcs noapobHo pasobpaTtb
NPOYNTAHHbIN TEOPEeTUYECKUI MaTepuarn, BblydUTb BCe onpegeneHuss u  opMynmpoBKM
TeopeM, pa3obpaTb NpMMepsbI, peLleHHble Ha nekumun. MNepeq cnegyowen nekymm obssatensHo
NOBTOPUTb MaTepuan NpeablayLLen Nekumm.



2. lepen npakTUYecKUM 3aHATUMEM 00A3aTenbHO MOBTOPUTH NEKUMOHHBLIM MaTepuan.
[Mocne NpakTMYecKoro 3aHATUSA elle pa3 pas3obpaTtb pelleHHble Ha 3TOM 3aHATUM NpUMEpHbI,
rnocrne 4Yero NPUCTYNUTb K BbIMNOMHEHMIO AOMALUHEro 3agaHusa. Ecnv npu peweHun Nnpumepos,
3aflaHHbIX Ha A0M, BO3HUKHYT BOMNPOCHI, 0643aTenbHO 3adaTh Ha cnefyoweM npakTtnyeckom
3aHATUN UNN B NPUCYTCTBEHHBIM Yac npenogaBaTternto.

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

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

15. lMepeyeHb OCHOBHOM W [AONONHUTENILHOW NUTEpaTypbl, PeCypCoOB MWHTEpPHET,
Heo6XxoAUMbIX ANA OCBOEHUA AUCLIMMNIIUHDbI

a) ocHOBHasi NuTepartypa:

Ne n/n McTOYHMK
CabutoB K.B. YpaBHeHus matematudeckon cusunkm / K.6. Cabutos. — M.: dnamatnur,
01 2013. - 352 c. . Il «YHuBepcuTeTckas ©mubnuoteka online»: 3NeKTPOHHO-
GubnuoTteyvHasa cuctema.. — URL: http://biblioclub.ru

6) gononHuTenbHasa nuTeparypa:

Ne n/n NCTOYHNMK
Bnagummpos B.C. COOpHUK 3agay noO ypaBHEHUSM MaTemMaTudeckon ¢uankm /
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
Mmywko A.B. YpaBHeHMs maTemaTudeckon cusumkm : yveb. nocobme / A.B. Nywko,
A.ll. baes, A.C. PabeHko; BopoHex. roc. yH-T. — Boponex : UMM, BI'Y, 2011. — 520 c.

03

B) MH(pOPMALMOHHbIE 3NEKTPOHHO-06pa3oBaTernbHble pecypchl (0durLUmanbHble Pecypehbl MHTEPHET):

Ne n/n Pecypc

1 http://egworld.ipmnet.ru — MHTEpPHET-NOpPTan, NOCBALWEHHbIA YPaBHEHNAM M MeTogaM
NX peLleHni

2 | http://www.lib.vsu.ru - anekTpoHHbIN kaTanor 3HE BI'Y
http://www.kuchp.ru — 3nekTpoHHbIN canT Kadeapbl YypaBHEHWA B YaCTHbIX

3 | NPOU3BOOHbLIX M TEOpPUM BEPOATHOCTEW, Ha KOTOPOM pasMelleHbl MeToauyeckue
n3gaHns

4 | OBC «YHuBepcuteTckas bubnmoteka oHNanH»

5 | OnekTpoHHbIN Kypc https://edu.vsu.ru/course/view.php?id=2532.

16. MepeyeHb y4eOHO-MeTOgQNYECKOro obecnevyeHns Ansi CaMOCTOATEeNbHOU paboThl:

Ne n/n McTOYHUK
Bnagumupos B.C. CGOpHUK 3agay MO ypaBHEHUAM MaTeMaTu4eckon ¢U3NKu /
1 B. C. Bnagnmupos, B.Tl. Muxannos, T.B. Muxaunosa, M. W. WabyHnH. — M :
dusmatnur, 2016. 518 C.

URL.: https://biblioclub.ru/index.php?page= book&ld 485543

Mmywko A.B. Knaccudwukauua auddepeHumnanbHbix YypaBHEHUA C  YacTHbIMU
3 npou3BodHbiMK. [locTaHOBKa OCHOBHbIX 3agad Matematumdeckon dmsmkn /[ A.B.
Mmywko, A.C. PabeHko. — BopoHex: N[ BI'Y, 2018. —33 c .

Mywko A.B. T[lpakTudeckve 3aHAaTUA no Knaccudpvkauum anddepeHumanbHbIX
4 ypaBHEHWI C YacTHbIMK npomnssogHbimu / A.B. ywko, A.C. PabeHko. — BopoHex: N[
BI'Y, 2018. - 38 c.

Mmywko A.B. [OuddepeHunancHble YypaBHEHMS C YacTHbIMW  MPOU3BOLHbLIMU
5 rmnep6onuyeckoro n napabonuyeckoro Tunos / A.B. ywko, E.A. JlornHoa, C.A.
TkadveBa. — BopoHex: N[ By, 2019. — 80 c.

Mmywko A.B. OuddepeHumanbHble YpaBHEHNA C YaCTHbIMU NPOU3BOAHLIMU BTOPOro
nopsagka annuntudeckoro tuna / A.B. ywko, E.A. JlornHoBa, J1.B. BespyykuHa. —



https://edu.vsu.ru/course/view.php?id=2532
https://biblioclub.ru/index.php?page=book&id=485543
http://eqworld.ipmnet.ru/
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http://www.kuchp.ru/
https://edu.vsu.ru/course/view.php?id=2532
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Boponex: N[ Bl'Y, 2019. — 92 c.
lMonoxeHne 06 opraHuM3aumMnm camocTosTenbHOM  paboTbl  obydawwmxca B
BopoHexckoM rocyaapCTBEHHOM YHUBEPCUTETE

17. OGOpa3oBaTefibHble TEXHONOrM1, MUuCnonb3yeMble nNpu peanusauumm y4eOGHOMU
ANCLUMNIINHBLI, BKNKOYass AUCTaHUUOHHble oOpa3oBaTtenbHble TexHonoruun (OOT),
3neKTpoHHoe oby4yeHue (J0), cmewaHHOe o6y4eHue):

Mpn peanu3auun  OUCUMNNMHBLI  UCNONBL3YOTCA  cnefyowme obpasoBaTernbHble
TEXHOMOIrMN: NOrnYeckoe MoCTPOEeHME AUCLMUMNIIMHBI, YCTAHOBMEHME MEXNPeaMETHbIX CBA3EN,
o603Ha4yeHne TeopeTU4ecKoro W MpPakTU4YEeCKOro KOMMOHEHTOB B YyyebHOM MaTtepuane,
aKkTyanusauusi NMYHOro M Yy4ebHO-NpodeCccnoHanbHOro onbiTa 00Yy4YalLMXCH, BKIHOYEHUE
3M1eMEHTOB ANUCTaHLMOHHbIX 06pa3oBaTenbHbIX TEXHOMOMMMN.

B npakTudeckon 4acTu kypca Mcnosb3yeTcsa cTaHgapTHOEe COBpeMeHHOoe MporpaMmHoe
obecneyeHne NepcoHanbHOro KoMnboTepa.

B uyactMm ocBoeHuMss maTepuana NeKUMOHHbIX M NabopaTopHbIX  3aHATUR,
CaMOCTOATENBbHOM paboTbl NO OTAENbHLIM pa3genam AUCUUNIIUHDBI, MPOXOXAEHUSA TeKyLlen u
NMPOMEXYTOYHON aTTecTaumm MOXeT NPUMEHATLCHA 3NEKTPOHHOoe obyveHne U ANCTaAHLMOHHbIEe
obpasoBaTenbHble TexHomnoruu, B 4aCTHOCTH, 3JTEKTPOHHbLIN KypcC (URL:
(https://edu.vsu.ru/course/view.php?id=1358 ) Ha nopTane «ANEeKTPOHHLIN yHuBepcuTeT BIY».

18. MaTtepuanbHO-TeXHM4YeCKoe obecneyeHne AUCLUUMIUHDLI: [1Ns NpoBeaeHUst NEKUMOHHbIX
N NPaKTUYECKMX 3aHATUM MUCMNOSb3YKTCA ayguTopun, COOTBETCTBYHOLWME OENCTBYHOLUM
CaHUTaPHO-TEXHMYECKMM HOPMaM 1 NPOTMBOMNOXaPHbLIM NpaBusiam.

Ana camoctosaTensHon paboTbl WUCMNOMb3YeTCs KMacC C KOMMbOTEPHOW TEXHUKOWN,
OCHALLIEHHbIN HeobxoaMMbIM  MpPOrpaMMHbIM — obecrneyeHmeM, SNEKTPOHHbIMU  y4eOHbIMK
nocobusiMm 1 3akoHogaTenbHO - NMPaBOBOWM M HOPMATUBHOM MOWCKOBOW CUCTEMOW, MMEILLINIA
Bbixoq B rnobanbHywo cetb. [lpu peanusauumn OUCUMMNNUHBI  C  UCMONb30BaHMEM
AUCTaAHUMOHHOrO  0oOpa3oBaHMsi  BO3MOXHbI  OOMOSMHEHWA  MaTepuarnbHO-TEXHUYECKOro
obecneyeHuns AUCLUMNNINHDI

19. OueHo4Hble cpeaAcTBa ONsi NPOBeAeHUs TeKYLEero KOHTPOons ycrneBaemMoCcTu U
NPOMEXYTOYHOM aTTecTauumn

MopsifoK OLEHKN OCBOEHMS 0OyYatoLmMMmcst y4eGHOro MaTepurarna onpeaenseTcs
coepXxaHMeM crneayLmx pasaenos ANCLUMNINHBIL

HavnmeHoBaHue WHankaTop(bl)
IL“/"’H pasaena ACLMMIIMHBI Ko“ag‘(e;?” [OCTVKEHNS] OueHouHble CpeacTaa
(mogyns) 4 KoMneTeHumm
Metoa pasaeneHis [omalwHve 3agaHus, nHanBuayarnbHble
1 NEPEMEHHBIX ANs OrkK-1 OMK-1.1, ONK- 3aJaHuns, TeCTC;BbIe 3aJaHus,
ypaBHeHUs1 cBOBOAHbIX 1.2 aTTecTauMoHHas paboTa
konebaHui CTPYHbI
OpTOHOpMUpPOBaHHbIE KM (3aueT), aTTecTtaynoHHas paboTta
2 cucTeMbl OYHKLIMIA OrK-1 OrK-1.2
3 OGomoz)e;:)v; MeToda OMK-1 OMK-1.2 KM (3aueT), aTTecTtaynoHHas paboTta
4 O6uwas g)xema MeToga OMK-1 OMK-1.2 KM (3aueT), aTTecTtaynoHHas paboTta
ypbe
MeTton ®ypbe ons
ypaBHEHUA Or1K-1.1, OlK-
5 BBIHYKIEHHbIX OriK-1 1.2 OMK-1.3 KWUM (3auerT), aTTectaumoHHas paboTa
Koneb6aHui CTpyHbl



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

MeTtog ®ypbe pelueHus OrnK-1
6 Kpae;;g;::ﬂ:: AnA Olng%)%”(olng KUM (3aueT), aTtTectaumoHHas paboTta
TENoONpoBoOAHOCTU
PelueHne 3apayn OrkK-1 OrliK-1.1, OlK-
7 Oupuxne gns 1.2, OMNK-1.3 KWM (3aueT), aTTectaumoHHas paboTa
ypaBHeHus Jlannaca

MpomexyTouHas aTTectaums

KM
dopma koHTpons - 3auet (3aver)

20. TunoBble oueHOYHbIe cpeacTBa U MeToAuYeCKMe MaTepuarnbl, onpegensiowme npoueaypbl
oLueHMBaHUA

20.1. TeKyLLMn KOHTPOIb YyCNeBaeMoCTH

KoHTpornb ycneBaemMocTu No AMCUUMNINNHE OCYLLECTBNAETCS C MOMOLLLIO CleayoLmMX OLEeHOYHbIX
CcpeacTs:
MepeyeHb NpaKkTU4YECKNX 3a8aHNN

YpaBHeHus runep6onnyeckoro Tuna
1. M3yunTb BbIHYXOEHHbIE MOMepeyHble konebaHusi CTpyHbl, 3akpenneHHoit Ha koHue X=0 u

noaBep)KeHHON Ha koHue X = | neicrsuio BO3MYLLAIOLLIEN rapMOoHMyeckoil cunbl, paBHoe ASIN ot .
2. WN3yuntb npoponbHble konebaHus OOHOPOAHOMO LMAMHOPWUYECKOrO CTEPXHS, OOMH KOHEeL KOTOpPOro

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

3. OpHopoaHas ctpyHa anukbl |, sakpennennas va konuax X =0 n X =1, one6netcs nop peiictenem
BHELUHEV rapMOHUYECKOW CUbl F(X,t) =pf (x)sma)t, paccyMTaHHOM Ha eauHULy AnuHbL. HaiTu

OTKITOHEHNE U(X,t) CTPYHbI MPU NPOnU3BOJIbHbIX Ha4YallbHbIX YCIOBUAX. McecnenoBaTb BO3MOXHOCTb

pe3oHaHca U HaTW peLLeHre B Criyyae pe3oHaHca.
4. PewwuTb ypaBHEHNE

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

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
udl,t) =t u (x,0) :TX

6. Pewwntb ypaBHeHVe
u, =a’u, +bshx

npun HyneBbIX Ha4allbHbIX N KpaeBblX YCIOBUAX
u(0,t)=0 u(x,0)=0
u(l,t)=0 u,(x,0)=0

7. Pewuntb ypaBHeHue
u, =u, +bx(x-1)
Npun HyneBbIX Ha4allbHbIX N KpaeBbIX YCIOBUAX
u(0,t)=0 u(x,0)=0
u(l,t)=0 u,(x,0)=0

8. Pewuntb ypaBHeHue
U, =U, +X(x—t?



u(0,t)=0 u(x,0)=0
u(l,t)=0 u,(x,0)=0
9. PewwnTtb ypaBHeHME
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, (0<x<rx)
u(0,t)=0 u(x,0) =sin2x
u(z,t)=0 u,(x,0)=0
11. PewnTb ypaBHeHUE
u, +u, =u,+1 (O<x<1)

npu YCroBUsx

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<%)
u (0,t) =2t u(x,0) =cosx

U(%,t)I?Z’t u, (x,0) =2x

ypaBHeH na napa6onut|ecKoro TMNa

1. [aH TOHKMA  OAHOPOAOHLIN  CTEepPXEHb O<x<l , bokoBasi MOBEPXHOCTb  KOTOPOrO
TennousonuposaHa. Hantun pacnpegeneHue temnepaTypbl U(X,t) B CTEpPXKHe, ecrnu:

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

B. Kovey X=0 nogaepXxuBaeTcs rnpu Hyrnesow TemnepaTtype, a Ha KoHuUe x=1 nponcxogut
TennoobMeH C OKpyxalolwen cpegon HyrneBow TemnepaTypbl, HadanbHas TemnepaTtypa CTepXHS

u(x,0) =uy(x).
C. Ha oboux koHuax CTepxHsi (X =0u X= |) npoucxoauT TennoobMeH ¢ okpyxatollen cpefow, a
HavanbHas Temneparypa CTepXHs U(X, 0) =U, (X) :

2. [aH TOHKMA  OAHOPOAOHLIN  CTEPXEHb O<x<l , 0bokoBasi MOBEPXHOCTb  KOTOPOrO

TennousonuposaHa. HawTtu pacnpegeneHue TemnepaTypbl U(X,t) B CTEpXHe, ecrnu:

A. Konupl crepxtsi X =0 u X =1 nogaepxusatotcsi npu nocTosHHbIX TemnepaTtypax U(O,t) =Uu,,
u(l,t)= U, , a HauanbHas Temnepatypa pasHa u(x,0) = U, (x) = const.
B. KoHuUbl CTEpXHS WMMEKT MOCTOSIHHYI TemnepaTtypy U(O,t) =Uu, U(l ,t) =0, a HavanbHas
TemnepaTypa 3agaeTcs opmyrion U(X, 0) = X(l - X).
C. JleBbin kOHEL, CTEPXKHSA TEMMOM30NMPOBaH, NpaBbli NOOAEPKMBAETCA MPU NOCTOAHHOW Temnepartype

X
U(| ,t) = U, , HayanbHas Temnepartypa CTepxHs U(X, 0) =—.



3.

Haintu pacnpegeneHne Temnepatypbl B CTEpPXHe 0<x<le¢ TENon3onupoBaHHoN 6okoBow

MOBEPXHOCTLIO, ecriv Ha ero npasoM koHue X =l noppepxvBaetcs Temnepatypa, pasHas Hynio, a Ha neBoM
koHue Temnepatypa pasra U(0,t) = At , rae A =CONSt . HauarbHas TemnepaTypa cTepxHs pasHa Hysio.
PelunTb crieaylolwme cMellaHHble 3aaaum:

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<m)

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

B nonynonoce (0< X< |) Ans ypasHewus U, = azuxx pewnTb CMELaHHble 3a4ayn co criegyrowmmm
ycnoBunAmMmu:

8. u(0,t) =u(l,t) =0; u(x,0) = Ax, A=const

9. u(0,t) =u, (I,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 3agaudn:

11.

. . T
U, =u, +U+2sin2xsinx (O<X<E)

u, (0,t) = u(g,t) =0 u(x,00=0

12.

. T
U, =U, +U—X+2sin2Xcos X O<x<=)
2

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

T
u (—
X(2

2.

1) =1
YPaBHeHMﬂ ANNUNTU4eCKoro tTuna
1. Pewutb ypasHeHue [lyaccoHa U, +uyy =—4 pns Kpyra paguyca d C LEHTPOM B

Ha4arne KoopaunHaTt npu KpaeBoM YCIioBUN U|r_a = O

Haitu peweHue ypasHenus lyaccoHa U, + Uyy :—Axy B kpyre pagmyca R ¢ ueHTpom B

ToYke (0,0) npu KpaeBoM YCrioBUU U|r:R =0.

3,
ul

4.

r=1

r=a

PewnTs ypasHenne [Myaccona U, +U = —:|.2(X2 - y2) B kombue A<Tr <D, ecrm
=0,u,|_, =0.
HaiTn dyHKUMI0, rapMOHUYECKYIO BHYTPU €ANHUYHOIO Kpyra u Takyt, 4To U‘rzl = Sil’]3 Q.

HaitTu yHKUMIO, rapMOHUYECKYI0 BHYTPYU €AUHUYHOIO Kpyra U Takyto, YTo U‘rfl =cos” Q.

Hantn  dyHKuWMio, rapMOHMYECKYID  BHYTPU  €OMHUYHOrO  Kpyra M Takyl,  4YTo
=sin® g +cos® ¢.



7. HaiiTn dyHKuMio, rapMoHMUeckyto BHYTPW Kpyra paguyca R ¢ ueHTpom B Hauane koopauHat u
Takyto, 4To Ur‘r:R = AC0S2¢.

8. HailT cpyHKLMIO, rapMOHUMYECKYI0 BHYTPU Kpyra paguyca R ¢ LeHTpom B Hauane koopavHaT u

Takyto, 4To ur|r=R =Sil’]3 Q.

u| , =u, =const
9.  HailTn doyHKUMIO, rapMoHUYeckyto B komble 1< I < 2 v Takyio, yto .
u| _, =u, =const

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

u|_, =sin*g
11. Haitv pewenve ypasHeHus U, + Uyy = A B xorbLe R1 <r< sz ecnu

ul . =u;, u

(R, =u, (A, U;, U, —3agaHHble uncna).

r=R,

MpumepHbIN NepeYvyeHb 3aga4 ANA aTTeCTauMoOHHOM paboTbl:

3agaHne 1. Hawtu pacnpegeneHue Temnepatypbl B CTEPXHE 0<x<lIl ¢ TEnnon3onMpoBaHHON
BOKOBOII MOBEPXHOCTbIO, ECIM 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

HYJH0.
3agaHne 2. PaccmoTpum 3agadvy
2
MUY _ g2 TUKY -y 1), t>0,
ot OX
u(0,t)=0, u(,t)=0, t>0,
u(x,0) =g, (x), x<[0;l].

Myctb dyHKUMn X, (X) , rae k=12,..., aBnawTcs co6CTBEHHLIMU (PYHKUUAMM 3a0a4n
X"(X)+AX(x)=0, xe[0;1],
X(0)=0,X()=0.

Pan ZXk (X)T, (t) cxomutcs v pBaxkabl AuddepeHUMpyem, Toraa oH Bceraa byaeT (BapuaHTbl 0TBeTa):
k=1

1) yaoeneTBopaTb AuddepeHumansHOMy ypaBHEeHUIo, HavanbHOMY U rPaHUYHbLIM YCIOBUSIM,

2) ynoBneTBopATh TOMbKO AN depeHLnan-HoOMy YpaBHEHNIO,

3) yOoBneTBoOpsiTh TOMBKO rPaHNYHbIM YCIIOBUSAM,

4) yaoBnNeTBOPATbL TOMLKO HAaYanbHOMY YCOBMIO,

3apaHve 3. B pesynbTaTte pelueHus 3agaydu

2
MY _ g2 TUKY i1, t>0,

u(Oa,'E[)zO, u(l,t)=0, t>0,
u(x,0) =g, (x), x<[0;1]

meTogom dypbe BO3HMKAET cnefyowas 3agada Ltypma-Jinysunnsa(sapuaHtel oTBeTa):
X"(x) + AX(x) =0, x[0;1],
{X(O) =0,X(l)=0,
X"(xX) + AX(x) =0, x[0;1],
{X'(O) =0,X(I)=0,
3 {X "(X) + AX(x) =0, xe[0;1],
X(0)=0,X'(l)=0,



X"(X)+ AX(xX)=0, xe[0;1],
X'(0)=0,X'(l)=0.

TeKkyLnii KOHTPOMb MpeacTaBnser cobon npoBepKy YCBOeHMs1 y4ebHOro marepuana TeopeTUYecKoro u
NpaKkTU4ECKOro xapakrepa, perynsipHo oCyLLeCTBNSAEMYI0 Ha 3aHATUAX.

K OCHOBHbIM hopMam TEKYLLEro KOHTPOSS MOXHO OTHECTM HanucaHue pedepara, KOHTPOmbHbIE paboThbl U
TeCThbl.

3agaHve ons TeKyLwero KOHTPons U NPoBeAEHUS NPOMEXYTOYHOW aTTeCcTaunn JOMKHbI ObiTb HanpasneHbl
Ha oyeHusaHue:

1. YpOBHSA OCBOEHMSI TEOPETUMYECKUX W MPaKTUYECKUX MNOHATUWA, HayYHbIX OCHOB MNpocheCccuoHansHOM
OeATenbHOCTY;

2. cTeneHn  TOTOBHOCTU oOOy4yaloLllerocd MPUMEHSITb TEOPEeTUYECKME W MpPaKTUYEeCKUe 3HaHUS U
npodeccroHanbHO 3Ha4YMMy0 MHopMaLmio, COOPMUPOBAHHOCTU KOTHUTUBHBIX YMEHWNA.

3. NprMobpeTeHHbIX YMEHU, NPOdECCMOHaNbHO 3Ha4YMMbIX 419 NpodeccMoHanbHoOM AeATeNnbHOCTY.

TeKkylWMN KOHTPOSMb MpefHa3HavyeH Ans NpOBEepKkM Xoda M KavecTBa (POpMUMPOBAHUSA KOMMETEHLUN,
CTUMyNUpoBaHMsa ydebHon paboTbl OByvaeMbiX M COBEPLUEHCTBOBAHUS METOLAMKM OCBOEHMSI HOBbIX 3HAHWW.
Tekylas aTTectauns NpoBoaANTCS B (POPME BbINONTHEHWS KOHTPOSbHBIX 3a4aHUIN (KOHTPOMbHOW paboThl).

B xope attectauuoHHon paboTbl obydarowemycsa Bbigaetca KMM ¢ npaktudeckum nepedHem v3 ABYX
3afaHuin 1 nNpeanaraeTcs pewnTb AaHHble 3adaHus. B xo4e BbIMONHEHUsA 3adaHunii MOXHO MOMnb3oBaThbCcs Nobon
nuTepaTtypou, orpaHnyeHne no spemeHn 90 MUHyT.

Ecnun Tekywas artrectaums npoBOAMTCS B OUCTAHUMOHHOM dhopmarte, TO ODy4aroWMncs OOIMKEH UMETb
KOMMNbOTEP M AOCTYN B CUCTEMY «DMNEKTPOHHBIN yHMBepcuTeTy». Ecnn y obyyatowleroca otcyTcTByeT Heobxoammoe
obopyaoBaHue unu ocTyn B CUCTEMY, TO OH 00si3aH coobLWMTL NpenogaBaTento 06 3Tom 3a 2 paboumx oHA. Ha
KOHTPOMbHY paboTy B AUCTAHLMOHHOM pEXUME OTBOAUTCA OrpaHuveHune no sBpemenn 240 MuHyT

Mpu TeKylwem KOHTpOSie YpPOBEHb OCBOEHWUs y4eObHOW AUCUMMIMHBI U CTeneHb COpMUPOBAHHOCTU
KOMMNETEHUUN OnpefenstTcs OLeHKaMM «3a4TEHO» WU  «He3a4dyTeHOo», KoTopble OopMUPYIOTCA CreayroLnm
obpasom:

BbIMOSIHEHWE aTTeCTauuoHHoOW paboTel — no 3 Ganna 3a nNpaBWMbHO PELUEHHYIO MEPBYHO 3agdady M no
ogHomy 6anny 3a 3agaHusa 2,3. Npu nonydyeHnn He meHee 3 6annoB BbICTABMSAETCS OLEHKA «3a4TEHOY.

OnucaHue TexHonornu npoBsepneHusn
ATTecTaumnoHHas pa60Ta npoBoANTCA MUCbMEHHO.

20.2 NMpomexyTouHas aTTecTaumA npeaHasHayYeHa ans onpeaeneHnsl ypoBHS OCBOEHUSI BCero obbema y4ebHom
AvcumnnuHbl. MpomexyToyHas atTectaums no aucuunnvHe «Meton ®ypbe» npoBoguTcs B hopme 3adeTa.

MpomexxyTouHas aTTecTauus, Kak npaBuo, OCYLLUECTBRSIETCS B KOHLE ceMecTpa. PesynbTaTbl Tekyllen
aTTecTaumMm oby4varollerocsa Mo peleHuto kadpeapbl MOryT ObiTb YYTEHbl NpU MPOBEOEHMU MPOMEXYTOYHOWN
aTTecTaumun. MNpu Hecornmacum cTyaeHTa, eMy OaeTcsi BO3MOXHOCTb MPOWTM MPOMEXYTOYHY0 aTTectaumto (6es
yyeTa ero TeKyLlMx aTTectaumin) Ha obLLUX OCHOBaHMSIX.

Mpu npoBedeHWM 3a4eTa YyYUTbIBAKOTCA pe3ynbTaTbl aTTeCTauUOHHONM paboTbl. Ons nonyyYyeHus oueHKU
«3a4TeHO» B KOHLUE 6 cemecTpa y o0y4yalollerocsl AOMMKHa MMETbCA OLEHKU: «3a4yTeHO» MO aTTecTauMOHHOW
paboTe, U CTyOEHT [OOMKeH OTBeTUTb Ha oauH Bonpoc KWM (3ayeT) wnu cTygoeHT OOIKeH OTBETUTb Ha
cooTBeTcTBYHOLME Bonpockl KMM (3ayeT) 1 OononHUTenbHble BOMPOCHI MO NporpamMme Kypca B Xode npoBeneHust
3aveTa.

Becb TeopeTI/I‘-IeCKMﬁ MaTtepuan Kypca coaepXuTca B crefyroumx sonpocax:

I'Iepequb BOMPOCOB K 3a4eTy

MeTton pasgeneHuss nepemeHHbIX Ans ypaBHEHWs cBOGoAHbIX konebaHunm cTpyHbl. PasgeneHue
nepemeHHbIX. COGCTBEHHbIE 3HAaYEHMST 1 CODCTBEHHbIE (DYHKLIMN.

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

OpTOHOPMUpOBaHHbIE CUCTEMbI B MMnbbepToBoM npoctpaHctee H . MuHumusmpyloulee CcBOMCTBO
koapdumumeHToB Pypbe. HepaseHcTBO beccens.

Nemma (0 NonHoTe) Ans OPTOHOPMUPOBAHHON CUCTEMBI B rMNb6epToBOM npocTpaHcTee H .

O6ocHoBaHue mMeToaa Pypbe Anga ypaBHeHUs konebaHum CTPyHbI.

MocTtaHoBKa 3agayu. PasgeneHue nepemMeHHbIX. Jlemma 0 NMHENHO HE3aBUCUMbIX COOCTBEHHbIX (byHKLI,IAFIX.

Nemma 06 OpTOroHanbHOCTM COBCTBEHHBIX (PyHKUMI C BecoMm p(X).

Jlemma 0 HeOoTpULATENBHOCTN COBCTBEHHbLIX 3HAYEHWUNA.




[MocTpoeHne hopmanbHOro peLleHns.

BbIHy>OEeHHbIe konieGaHUst CTPYHbI, 3aKPENMeHHON Ha KOHLaxX.

BbIHy)K,EI,eHHbIe konebaHusi CTPYHbI C NOABUWXHbIMX KOHLAMW.

PelueHre nepBoi kKpaeBol 3agayvn B NpsIMOYrofibHUKE AN OOHOPOAHOMO YpaBHEHUSI TENNONPOBOAHOCTH C
HeOAHOPOAHBLIMM HavarbHbIMM YCIOBUSIMU 1 OOHOPOAHBIMU FPaHUYHBIMU YCIIOBUSIMM.

PelleHne nepBol kpaeBoW 3agayvv AN HEOAHOPOAHOIO ypaBHEHUS TEMNONPOBOAHOCTM C OAHOPOAHLIMU
HavanbHbIMU U rPaHUYHBIMU YCITOBUSIMMU.

PelueHre nepBol KpaeBoy 3agayvv Anst HEOOHOPOAHOMO ypaBHEHMS TEMMONPOBOAHOCTM C HEOLHOPOAHBLIMU
HavanbHbIMM YCIOBUSIMW 1 HEOAHOPOAHLIMU rPAHWUYHBIMU YCIIOBUSIMMU.

MpeacrtasneHve onepatopa Jlannaca B NONsApHbIX KOOpAMHaTaXx.

PeweHnune 3agaum Qupuxne ansa ypasHeHus Jlannaca B kpyre Ha NnoCcKOCTW.

Mpumep KNUM(3aueT)

KoHTponbHO-u3meputenbHbi matepuan Ne_1
1. B pesynbTaTe pelleHus 3agayv

U(XY) _ 2 CUXY) ) o1 £

ot 2 1 '
uoy=0, MUY 4 o0
u(x0) = 0,0, MO _ 0, xelorl]

metogom dPypbe BO3HMKaET cneaytowias 3agaya WWrypma-Jinysunns:
. {X"(x)+/1X(x) =0, xe[0;1], . {X"(x)+/1X(x) =0, xe[0;1],
X (0)=0, X (1) =0, X'(0)=0,X () =0,
X"(xX)+AX(x) =0, x[0;1], X"(xX) + AX(x) =0, x[0;1],
{X(O)zO,X’(I)zO, ' {X'(0)=o,x'(|)=o.
2. Asnsetca nn uncno A =0 cobcTBeHHbIM 3HaueHneM 3agaun LLtypma-Tnysunns
X"(x)+AX(x)=0, xe[0;1],
{X(O) =0,X (1) =0.

a) Aa, ©0) HeT.
3. PaccmoTpum 3agady

U0 _ e TV o, 150
o o ek t>h

u(0,1) =0, %L’tho, >0,

u(%,0) = g, (X), wzgol(x), x<[o:1].

MycTb dyHKUUN Xk (X) ,roe k=12,..., sBnawoTca cobCcTBEHHBIMU yHKUMAMU 3a8a4m
X"(x)+AX(x)=0, xe[0;1],
X(0)=0,X'(l)=0.

o0
Psan z X (X)T, (t) cxomutes v asaxasl AMddepeHumpyem, Toraa oH Bceraa byaet
k=1
a) yAOoBNeTBOPSATb TONbKO AndpepeHUmnansHOMYy ypaBHEHNIO,
6) yAOBNEeTBOPSATb TOMLKO rPaHNYHBIM YCIOBUSAM,
B) YAOBNETBOPATL TOMBKO HAYaNbHbLIM YCIOBUSIM,
r) yaosneTsopaTb AnddepeHumnansHOMY YPaBHEHNIO U FPAHUYHBIM YCIOBUAM,
A) yoosneTsopaTb AuddepeHumansHOMY YpaBHEHUIO Y HavanbHbIM YCIOBUSAM,
€) YAOBNETBOPSATb HAYanbHbIM U IPaHNYHbLIM YCIOBUSIM,
X) ABNATLCA peLleHNeM 3a4aqn.

KpuTepum oueHnBaHNst KOMNETEHLNI YpoBeHb LLkana oueHokK
cchopMMpPOBaAHHOCTH
KOMMEeTEeHUnn




OueHka «3a4yTeHoO» BbICTaBnsieTcss B nobom u3 Tpex | Basosbin 3a4yTeHo
Crny4aes:

1. AKTMBHas paboTta B xope cemMecTpa,
YOOBNETBOPUTENBHOE HanMcaHue KOHTPOrbHOW paboThbl 1
chaya Ha NONOXMTENbHYI OLEHKY OAHOro M3 3ajaHun
KWM 3ayeTHOM paboThl.

2. BepHbli OTBET Ha He MeHee OBYyX (U3 Tpex) 3agaHun
KMM 3auyeTHOn paboThl, yooBNEeTBOPUTENBHOE HanncaHme
KOHTpOnbHOWM paboThl MpM OTCYTCTBUM LUTPadHbIX 6annos
3a cuctemMaTm4eckue nponycku.

3. BepHblli OTBET Ha He MeHee ABYX (M3 Tpex) 3agaHun
KMM 3auyeTHOM paboThl, YAOBNETBOPUTESNIBHOE HaNncaHne
KOHTPOmbHOW paboTbl M OTBETHI HA BCE OOMONHUTENbHbIE
BOMPOCHI NPOrpamMMbl, BbLIACHSIOWME 3HAHWSA CTyOeHTa,
NponycTUBLLEro 3HaYNTENbHOE KONMNYECTBO 3aHATUN.
OLleHKa «He3a4TeHO» BbICTaBNAETCA CTYAEHTY, €CNu ero - He 3auteHo
3HaHWS He YAOBMNETBOPSET BblLLENPUBEAEHHBIM
TpeboBaHNSIM Ha NONOXUTENbHbBIE OLEHKN.

20.3 ®doHA OUEHOYHbIX cpeaAcTB C(POPMMPOBAHHOCTM KOMMNETEHUUMU CTYOEeHTOB,
pekoMmeHAyeMbIU AnA NpoBeAeHUA ANarHOCTUYECKUX paboTt

OIIK-1 CnnocoO6eH HAX0AUTh, GOPMYJIHPOBATH U PelIATh AKTYaAJbHbIE M 3HAYUMbIE
npo61eMbl (PYHIAMEHTAJIbHOH MATEMATHKHA U MEeXaHUKH

3agaHus 3aKpbIToro Tuna (BbI60p 04HOro BapuaHTa oTBeTa)

ITestl
B pe3ynbTaTte peleHus 3agaydn

2
MUY _ g2 TUXY -y c1oi1], t>0,

u(Oa,'E[)zo, u(l,t)=0, t>0,
u(x,0) =g, (x), x[0;1]

meToaoMm dypbe Bo3HUKAET criegytollas 3agada LUtypma-Jinysunns(BapraHTtbl oTBeTa):

1 {X”(x)+ﬂ,X(x)=0, x [0;1],
X(0)=0,X(1)=0,

%) {X”(x)+ﬂ,X(x)=0, x e[0;1],
X'(0)=0,X(I)=0,

3) {X”(x)+ﬂ,X(x)=0, x [0;1],
X(0)=0,X'(1) =0,

2) {X”(x)+/1X(x):O, x<[0;1],
X'(0) =0, X (1) =O0.

ITest 2
kX
DyHKUMN Cos | ,rae k=0,12,... ansoTca cobCTBEHHLIMU (PYHKUMAMM CrieaytoLLen 3anaqum

LWTypma-Nnysunns(sapuaHTel oTBETA):
1) X"(xX)+AX(x) =0, xe[0;1],
X'(0)=0,X"'(l)=0.



2) {X”(x)+/IX(x):O, x e[0;1],

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

) {X'(O)zO,X(I)zO,

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

Pelenne.
Paccmotpum 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 rPAHUYHBIM YCITOBUSIM

X, (0)=0,X,(I)=0.
xk’(o)z—”ﬁ'osin(”ﬁ'ojzo, Xk'(l)z——sin(ﬁl—klj:ﬁksinﬂk =0,k=012,..

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

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

I Test3
. Paccmotpum 3agavy

2
u(x.t) =a’ 0 g()z(’t), xe[0;1], t>0,
X

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

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

Pag Zxk(x)Tk (t) cxopnTtca v gBaxapl anddepeHumnpyem, Toraa oH Bcerga 6yaet (BapvaHTbl OTBETA):
k=1

1) yooBneTBopATb gndpepeHumansHOMy ypaBHEHWUIO, Ha4anbHOMY Y FPAHUYHBIM YCIOBUSAM,

2) ynoBneTBOpATb TONbKO AnddepeHUnansHoOMy ypaBHEHNIO,

3) yooBneTBOPATb TOMbKO rPaHUYHbIM YCIOBUSM,

4) ynoBneTBOPATb TOMNbKO HAaYanbHOMY YCrOBUIO,

OtBeT: 1)

I Test 4
PaccmoTpum 3agavy



2 2
0 u(>2<,t) _9 u(>2<,t)’ O<x<m, t>0,
ot OX
u(0.)=0, MIY 5 goyx<n
X
ou(x,0
u(x,0) =g, (x), E?t ):(pl(x),tzo.

ABnsaioTca nM co6CTBEHHBIMU (PYHKLUMSIMU COOTBETCTBYIOLLEN 3aaaun LTypma-JlyBunns
X"(x)+A°X(x)=0, xe(0;7),
X (0)=0,X'(1) =0.

PYHKUMM. ...
BapuaHTbl oTBeTa:!

()
1. sin| =X
2

2.sin(2x)

5
3.C0S| —X
2

4.cos(9x)

PeweHne.
PaccmoTpum 3agavy LWUTtypma-Jlysunns

X"(x) + A*X (x) =0, XE(O;ﬂ'),
{X(O)zO,X'(I):O.

Pewerus stoit sagaumn: X (X)=C,cosAx+C,sinAx, X (0)=0«<C, =0,
X'(x)=AC,cosAx,

2k +1

X’(I):/1C2cosl7z:0:>/17z:%+k7r,keZ:>/”L: =

Xk(X)=Sin@x, k=0,12,... torna npu kK =1= Xl(x):sin(ng

Oteer: 1) SIN (g X)

I Test5
PaccmoTtpum 3agavy

au(x,t) _ Ou(xt) O<x<r, t>0

ot ox?

au(O,t):O, 5“(7”):0, 0<x<ur,
X OX

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

AsnaoTcs N cobCTBEHHLIMM OYHKUMSMU COOTBETCTBYIOWEN 3agaymn LWTypma-Jlysunns
X"(x)+A*X(x) =0, xe(0;7),
X'(0) =0, X'(x) =0.

PYHKLUMN ...



BapwuaHTbl oTBeTa:!
1.cos(x)

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

()
4.sIn| —X
2

Pelenne.
Paccmotpum 3agady LWtypma-Jlysunns

X"(x) +A*X(x)=0, xe(0; ),

X'(0)=0,X'(z)=0.
Pewenus atoit sapaun: X (X) =C, cosAX+C,sin Ax,
X'(x)=—-AC,sin Ax+ AC,cosAx, X'(0)=0<C, =0,
X'(n)z—ﬂclsin/m:O:/ll =kr,keZ=>A=k=> Xk(X)=COSkX, k=0,12,... Torna npu
k=1= X,(x)=cos(x).

OrtBerT. 1), COS( X)

3agaHus OTKpPbITOro Tmna (KOPOTKUIN TEKCT):
BcTaBbTe nponylieHHOe CroBO(YMCNOBOEe 3HAa4YeHUEe) UNKU 3aKOHYUTE onpeaeneHue

| Test 6

B 3agaye Kowun gns ypaBHeHusi cBODOAHbLIX KonebaHun CTpyHbl HYXKHO 3a4aThb
3HayYeHUs PyHKUUKN U ee NepBOW MPOM3BOLHOM NO BPEMEHU B HavalnbHbI MOMEHT BpeMeHn t =.....

OtBeTt 0.
3Ha4yeHMs (PyHKLMM U ee NepBOW NPOU3BOLAHON MO BPEMEHN B HavanbHbI MOMEHT BpemeHn t =0;

I Test 7

MeTop, pasgeneHnsi nepeMeHHbIX PELEHNS 3aAaqn cBOBOAHbIX KonebaHWi CTPYHbI OrpaHUYeHHOM

ASNHBI

ou(x,t) _ o o%u(x,t)
ot ox*

ou(0,1) _o, 6ua(l,t) _0, t>0,

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

, xe[0;1], t>0,

Ha3bIBAlOT METOAOM ..........
10TBET
®ypbe

I Test 8
3apava ona guddepeHumanbHOro YpaBHEHUA C YaCTHbIMU MPOM3BOAHBIMU M 3a4aHHBIMU FPaHNYHBIMUA
N HaYanbHbIMK YCNOBUAMM



2 2

OUY _ 02 CUCNY -y 1), t>0,

by

uOY o (=0, t>0,

OX 5 0
u(x,0) = ¢, (), M,XE[O;I]
OX

Ha3biBaeTCcHa ............. 3a,1:|,al-|el7| ana ypaBHeva BOJIHOBOIO ypablHeva
10TBET

HavarnbHO-rpPaHN4yHoOM
Ha4anbHO-KpaeBow

I Test 9
MpopomknTe NpeanoxeHune: 3agada ona o depeHumansHoro ypaBHeHUs ¢ YacTHbIMU

npon3BoaHbIMU N 3afaHHbIM Ha4YalrlbHbIM yCIOBUEM!

o%u o°u
E—azy:f(x,t); —OO<X<OO,t>0
u|t:0 =Uo (X)
ou
~ | = ul(X)
t=0
Ha3blBaeTCA: Ha4yanbHOW 3afa4Yen Anst YPaBHEHUS ................... konebGaHu CTPyHbI.
10TBET
BbIHYXXOEHHbIX
I Test 10
Au(x)=0,xeD,
YpaBHEHUE U rpaHnYHbIE YCNOBUA
u(x) =@(x),xeaob
onpeaensiorT ......... KpaeByto 3agavy Anga ypaBHeHus Jlannaca
10T1BET
nepByto

Kputepun n wkanbl oueHnBaHua 3agaHun ®0C:

1) 3apaHuga 3akpbITOoro Tvna (BbI6GOP 0AHOro BapuaHTa oTBeTa, BEpHO/HEBEPHO):

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

2) 3agaHug 3akpbiToro Tna (MHOXXeCTBEHHbIN BbIOOD):

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

3) 3agaHug 3akpbiToro Tuna (Ha cCooTBEeTCTBUE):

e 2 6anna — Bce COOTBETCTBUSA OnpeaeneHbl BEpHO;
o 0 6annoB — xoTsa Obl 0QHO CONOCTaBMNEHNE ONPeAENeHo0 HEBEPHO.

4) 3apaHnga OTKPbLITOro Tuna (KOPOTKUN TEKCT):




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

5) 3agaHug oTkpbITOro T1na (4mcno):

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

3apaHua paspgena 20.3 peKoOMeHAYHTCA K MCNOMb30BaHUIO MNpU MNpoBeAeHUMU
ANAarHOCTUYECKUX paboT C LieNbio OLeHKM OCTaTOYHbIX pe3ynbTaToOB OCBOEHUS AAaHHOM
AUCUMNNUHBLI (3BHaHMW, YMEHUN, HaBbIKOB).



