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AHHOTANMA

Kypc "Teopusi pa3HOCTHBIX cXeM'" TOCBSIIEH O3HAKOMJICHHIO C HEKOTOPHIMH Pa3sHOCTHBIMH CXEMaMH JJis
KpaeBbIX M Ha4aJbHO-KPAEBBIX 3a/lady MaTeMaTudeckod (Gu3uku. BBoanTcs moHATHE Pa3HOCTHON CXEMBI, a
TaKKe €€ anlpoKCUMAalWd, YCTOHYMBOCTH M CXOOUMOCTH. PaccmarpuBaercsi psn 3ajad, MOCBSILEHHBIX
IIOCTPOCHHUIO U pealu3aliy Pa3HOCTHBIX CXEM.

1. lean u 3apa4un

]_le.]'lb AUCHUIIINHBI

N3Yy4YCHHUE OCHOBHBIX HOHHTHﬁ, MAaTEMAaTUYCCKOro arimapara 1 METOHAOB TCOPUH PA3HOCTHBIX CXEM —
OIHOTO U3 Q)YHHaMeHTaHBHBIX pasaciioB BBIYMCIINTSIHHON MaTEMATHKH.

33]13‘[]([ JAUCHUIIINHBI

¢ OCBOCHHUC CTYACHTaAMHU OCHOBHBIMU TCOPCTUYCCKUMU MOHATUAMU BBIYMCIIUTEILHON MaTeMaTHUKH —
aHHpOKCI/IMaLII/IeI‘/’I, YCTOI‘/’ILII/IBOCTLIO, CXOOAUMOCTBIO, KOHCCPBATUBHOCTHBKO,  MOHOTOHHOCTBIO U
9KOHOMHWYHOCTBIO KOHCUHO-PA3HOCTHBIX CXCM;

* mnpuobOpereHue (yHAaMEHTAIbHBIX 3HAHUH JUIS KOPPEKTHOH IMOCTAHOBKH BBIYMCIUTEIBHBIX 33/1a4
JUISl OCHOBHBIX YPaBHEHUI MaTeMaTHUeCKON (DU3UKU;

. OBJIAJICHUE CTYICHTAMH COBPEMECHHBIMH METOAAMH KOHCTPYHUPOBAaHUS PA3HOCTHBIX CXEM C
TpeOyeMbIMU CBOHCTBAMU;

¢ OBJIAACHHUC CTYACHTAMHU COBPEMCHHBIMHU YU CJICHHBIMU MCTOAaMU PEIICHUA PA3HOCTHBIX CXEM,

* OBJAJCHHE CTYACHTaMH MaTeMAaTHYECKHUM aIlllaparoM TEOPUH Pa3HOCTHBIX CXEM ]ISl YUCIIEHHOTO
aHaJM3a JIUCKPETHBIX ypaBHEHUII MareMaTH4decKod (PU3MKH, MOTyYEHHBIX KOHEUHO-Pa3HOCTHBIMH,
BapHALMOHHBIMU U MPOCKIIMOHHBIMH METOAAMU;

*  NpUOOpEeTeHHE NPAKTUYECKUX 3HAHWH JI1 OLEHKM TOYHOCTU PE3yJbTaTOB pacuéToB, OBJIaJleHHUE
METOAMKaMU TIOJIy4EHUS YUCJIEHHBIX PEIIEHUH ¢ rapaHTUPOBAaHHOM TOUHOCTBIO.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kon 1 HauMeHOBaHME KOMIIETEHIIUH NHIuKaTOpbl JOCTHKEHNUS KOMIIETEHIINH
YK-2 CriocoGen onpenensite Kpyr 3a1a4d B VYK-2.2 TIIpoektupyer peuieHHE KOHKPETHOW 3ajadu
paMKax MOCTaBJICHHOM LENN U BBIOMPATh MpOEKTa, BBIOMpas ONTHUMAJBHBIH CHOCOO ee peLIeHHUs,

OINITHUMAJIbHBIE CTIOCOOBI UX PELICHUs, UCXOA U3 [MCXOAs M3 AEHCTBYIOUIMX IPABOBBIX HOPM U HMEIOLIMXCS
JNEHCTBYIOLIMX NTPABOBBIX HOPM, HMEIOIIUXCSL  |peCypCcOB M OTPAaHUYEHUI
PECYPCOB U OTpaHUYEHUIN

IMK-1 Criocoben craButh, hopmanuzoBeiBath 1 |[IK-1.1 CrnocoGer HaxomuTh, aHATU3UPOBaTh W 00001IaTH
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U |MHPOPMAIMIO 00 aKTyaJbHBIX pPe3yJbTarax MCCICIOBAaHUHN B
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICITN paMKax TEeMaTH4ecKoil o0nacTu cBOei NpodeccHoHambHON
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CHCTEMHO  |AEATEIBHOCTH

aHAJIN3UPOBATh HAy4YHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOGHHS AUCLUIIMHBI 00y4alOIINeCs JOIKHbBI
3HAThb!
[l ¢ynnaMeHTaIbHBIC HOHATHS BBIYUCINTEILHON MaTeMaTHKH;
O COBPEMEHHBIC METOAbl IMOCTPOEHHUs] AMCKPETHBIX MOJAEIeH MareMaTH4ecKol (U3UKU
KOHEYHO-Pa3HOCTHBIMU METOJaMH, BApUALIMOHHBIMHU U IIPOCKIIMOHHBIMH METOAMH;
[} MareMaTHYEeCKHil amnmapaT YHCICHHOTO aHaJIN3a TUCKPETHBIX YpaBHEHUIH MaTeMaTuueckoi Gpu3nku.
YMETh!



[J TOCTPOUTH JJIsl OCHOBHBIX YPaBHEHHI MaTeMaTHUeCKON (PU3UKN PA3HOCTHYIO CXEMY C TpeOyeMbIMH
CBOMCTBaMH;

[l KOppPEKTHO MOCTaBUTh BBIUMUCIUTENbHYIO 3aJady JJIsi OCHOBHBIX YpaBHEHHMH MaTeMaTH4eCKOU
¢buzuky;

[l wumccnemoBaTh pa3HOCTHBIE CXEMBI Ha alllIPOKCUMAIIUIO, YCTONYHUBOCTD, CXOAUMOCTh, MOHOTOHHOCTB;
[0 »ddekruBHO pemarh Ha DBM nuckpeTHbIe ypaBHEHHS MaTEMaTHIECKON PU3NKH;

[l TpOM3BOAUTH YMCICHHBIE OLIEHKH TOYHOCTH PE3YJAbTaTOB PACUETOB;

0 MOJIb30BaThCSl CBOMMH 3HAHWUSAMH I peIIeHUs (PyHIAMEHTAIbHBIX, MPUKIAJHBIX H
TEXHOJIOTHICCKHX 3a/1a4.

BJIAJIETh:

0 HaBBIKAMH TOCTPOCHUS A(P(PEKTUBHBIX aJrOPUTMOB YHUCICHHOTO PELICHUS YypaBHEHUI
MaTeMaTH4ecKol (U3NKY;

[l cnocoOHOCTHIO KOPPEKTHO IMTOCTABUTH BEIYUCIUTEIBHBIC 33/1a49H;

METO/IMKOM MCCIIEI0BaHNsI OCHOBHBIX CBOMCTB IMCKPETHBIX MaTEMAaTHYECKUX MOJEIICH;

METOJIMKOM POBEACHUS PacYETOB C rapaHTUPOBAHHON TOYHOCTHIO;

HaBBIKAMH CaAMOCTOSITEIEHOM PaOOTHI.

OOod

4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKITIOYAs
CaMOCTOSTENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
OCHOBHBIE NOHSATHS TEOPUHN PA3HOCTHBIX
1 cxeM. OIHOPOIHBIE Pa3HOCTHBIE CXEMBI. 18 9 15
MeTozbl TOCTPOEHHS PA3HOCTHBIX CXEM.
) Pa3HOCTHI:Ie CXEMBI JJ151 TapaboInIeCcKuX 6 3 15
YpaBHEHHUIA.
3 PaSHOCTHIiIe CXeMbI ISl IIMIITHYECKUX 6 3 15
ypaBHEHUH.
4 KomnakTHble pazHOCTHBIE cXeMbl. MeTon 4 5 6
T PepeHIMaTBEHOTO TPUOTHIKSHHUS.
Meronuka pacdy€ToB C rapaHTUPOBAHHOU
5 TOYHOCTBI0. MEeTOABI pElIEHHs CETOYHBIX 8 4 9
YpPaBHECHHUI.
6 Obmas TEopHst YCTOHYHBOCTH 3 4 15
Pa3HOCTHBIX CXEM.
7 PasnoctHbIe CXEMBI VISt 4 ’ 15
runepOoINIYecKUX YpaBHEHUH.
8 OKOHOMHYHBIE PA3HOCTHBIE CXEMBI. 6 3 15
Hroro yacos 60 30 105
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 225 ygac., 5 3ad.en.
4.2. Cogep:xaHue OUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszaeiam)

Cemectp: 7 (OceHnuii)

1. OCHOBHBEIC TOHATHS TCOPHUU PA3HOCTHBIX CXCM. O,I[HOpO,I[HBIe Pa3HOCTHBIC CXCMBIL. MGTOI[BI
MOCTPOCHHA PA3BHOCTHBIX CXCEM.



Cetkn u ceTtouHble QyHKIMU. Pa3HOCTHas anmpokcumanus mnpocTedmux auddepeHraIbHbIX
oneparopoB. [lorpemmnocts ammpokcuManuu Ha ceTke. llocTaHoBKa pa3HOCTHOM —3ajauu.
[loBbllIeHHe NOpsAKA allIPOKCUMALUU PA3HOCTHOW CXeMbl. ANIIPOKCUMALIUS KPAaeBbIX U HadaJlbHbIX
YCIIOBHH.

PasHocTHBIE ypaBHEHMsI BTOporo mnopsiaka. KpaeBas 3amaga. MeTon NpPOroHKHM, YCTOMYHMBOCTH
nporosku. IIpuHnmun MakcumMyMa 217151 pa3HOCTHOTO YPaBHEHMsI BTOPOI'O IOPSIKA.

@opmynsl  "pazHocTHOTO U GEpeHIMPOBaHNA" NPOU3BENEHUSI M CYMMHPOBAaHHUS IO YacTsM.
Pasnoctabie ¢opmyner I'puna. [IpocTpaHcTBa ceTOYHBIX (YHKIUH, Pa3HOCTHBIE OIEPATOPHI.
YcioBue caMoCONpsKEHHOCTH PA3HOCTHOTO OIIEpaTopa BTOPOTO MOPSIIKA.

OtbIckaHNE COOCTBEHHBIX (YHKIMH M COOCTBEHHBIX 3HAUCHHMH Pa3sHOCTHOTO OIepaTropa BTOPOTO
MOpsAJIKa Ha PaBHOMEPHOW ceTKe. Pa3HOCTHBIE aHAIOTH TEOpEM BIIOXKEHMsI. MeTos| SJHepreTHYeCKUX
HEPaBEHCTB.

[TonATHE yCTOMYMBOCTH pa3sHOCTHOM cxeMbl. [IOHATHE KOPPEKTHOCTH, CXOAUMOCTH M TOYHOCTH
Pa3HOCTHBIX CXEM.

Pa3HOCTHBIE CXEMBI KaK ONEPAaTOpPHBIE YpaBHEHUS. YCTOMYMBOCTb, allPOKCUMAIUS U CXOAHMOCTb.
AnpuopHsle olieHKU. HeraruBHbele HOPMBI.

[MonsTne 06 OMHOPOMHBIX PA3HOCTHBIX cXeMax. TpEXTOUeUHbIE CXEMBI. YCIOBHE BTOPOTO MOPSIKA
anmnpoKCUMAIUH.

KoncepBaTtuBHBIE pa3HOCTHBIE cXeMbl. IIpuMep cXeMbl, pacxofsfIieiicss B Kacce pa3pbIBHBIX
k03 urmenToB. MHTErpo-MHTEPIONISAIIMOHHBIA METOI.

OnHopoIHbIE KOHCEpPBAaTUBHBIE Pa3HOCTHbIE cXeMbl. CXOOUMOCTh M TOYHOCTb KOHCEPBATUBHBIX
OJTHOPOJHBIX CXEM Ha PAaBHOMEPHBIX CETKaX.

OnHOponHBIE PA3HOCTHBIE CXEMbl Ha HEpAaBHOMEPHBIX ceTkax. Ilopsaok TodHOoCTH Ha
HEPaBHOMEPHBIX CEeTKaX. MOHOTOHHbBIE CXEMBI.

Mertonpl MOCTPOEHHS PA3HOCTHBIX CXeM. MHTerpo-uHTepHOSIMOHHBIA METOH s 3aJadd C
COCPENJOTOYEHHBIM HCTOYHUKOM Temna. Meronsl Putna m lamepkmna. Meton cymMMmaropHBIX
TOXJEeCTB. MeToz anmpoKcHManuy KBaJpaTHYHOro (QyHknuoHana. IloHsTHe 0 MeTone KOHEUHBIX
JJIEMEHTOB.

2. PazHOCTHBIE cXeMBI U1 apadOIMYECKUX YPaBHEHHM.

Cxembl UIi OJHOMEPHOIO YpPaBHEHHUS TEIIONPOBOIHOCTH C MOCTOSHHBIMU KO3 (HINEHTaMHU.
[TocranoBka 3amaun. CeMEHCTBO MIECTUTOYEUHBIX CXEM. YCTOMYMBOCTH 10 HAYaJIbHBIM JAHHBIM U
1paBoil yacTu. CX0QUMOCTb U TOYHOCTb.

AcuMNToTH4eckasl ycTOMUMBOCTb PAa3HOCTHBIX CXEM JJIsl YPAaBHEHUS TEIJIONPOBOJHOCTH.

OnHOpoIHBIE PA3HOCTHBIE CXEMbl JUIl YpaBHEHUs TEIUIOIPOBOAHOCTH C IE€PEMEHHBIMU
ko3 pumenTamMu. YCTOHYUBOCT U CXOAMMOCTH CXEM C BECAMH.

3. Pa3HOCTHBIC CXEMBI JJIA OJITUIITUYICCKUX ypaBHeHHﬁ.

PasnoctHas anmpokcumanusi omeparopa Jlamiaca Ha pPErylsipHOM M HEperyasipHoM MallioHe
"kpect". PazHocTHas 3a1a4a J[upuxie B IpIMOYTOIBHUKE U B O0JIACTH CIOKHON (DOPMBI.

Kanonuueckast, ¢opma pasHOCTHOro ypaBHeHus. [Ipuniun makcumyma. Teopembl CpaBHEHHS.
Masxopanra. O1eHKa pereHuss HEOOHOPOIHOTO YPaBHEHHUS.

CXoaMMOCTh ¥ TOYHOCTH pa3HOCTHOM 3a1auu JJupuxie. [loBbImeHne MOpsaKa TOYHOCTH, CXEMBI IS
ypaBHenus Ilyaccona.

Cemecrtp: 8 (Becennuit)
4. KoMmnakTHbIE pa3HOCTHBIE CXeMbl. MeToa qudepeHInanbHOT0 MPUOTHIKSHHS.
KommakTHble pa3sHOCTHBIE CXEMbI Ui YPaBHEHMS TEIUIONPOBOJHOCTH M YpaBHEHHUS IEpeHoca.
BukoMITakTHBIE CXEMBI.
Mertox muddepeHnnanTb-HOro NpHOMKEHHST Pa3HOCTHBIX CXEM Ha NpUMeEpe JIMHEWHOTO YpaBHEHHS

nepeHoca. Jlucnepcus U AUCCUTIALINASA CXEM.

5. Meronuka pacyéToB ¢ TApaHTUPOBAHHOM TOYHOCTBIO. METO/IBI PELIEHNS] CETOYHBIX YPABHEHUM.



MeTtoanka pac4€ToB C rapaHTUPOBAaHHOW TOYHOCTHIO. DKCTpamnonanua Puuapacona.

UrepanrionHbie MeTOABI. JIBYXCIOMHBIE WTEpAlMOHHBIE CXEMBI. MTepanMOHHBIE METOABI MPOCTOM
uTepanuu, 3eiaens U BEepXHEH pellakcaluy. YCIOBUE CXOAUMOCTH CTAllMOHAPHBIX UTEPALMOHHBIX
METOMOB.

SIBHas utepaunoHHas cxema ¢ yeOblmeBckuM Habopom napamerpos (UHII). YeroitunBocThs cxembl ¢
UHIT u ynopsinounBanue HabOpa UTEPAITMOHHBIX TAPaMETPOB.

HesBubriii uteparmonnsiit meto ¢ YHII. [Tonepemenno-tpeyronsabiii Meton (ITTM).
WrepanyoHHbie METO/bI BApUALMOHHOTO TUIIA.

6. O0mas Teopusi yCTOWIMBOCTH PA3HOCTHBIX CXEM.

Kraccel ycToiumBBIX IBYXCIIONMHBIX cxeM. McxomHoe ceMeNcTBO cxeM. DHepreTHuecKoe TOKIECTBO.
YcroiunBOCTh 110 HavanbHBIM JaHHBIM B HA 1 HB. Otierka HOpMBI orieparopa mepexoza.

Merton pasneneHus HepeMEeHHbIX. YCTOWYMBOCTH MO MpaBOd dacTH, [J-ycrtoilumBocTh. Ciyuaii
[IEPEMEHHOI0 onepaTopa A, KOCOCUMMETPUYHOIO oreparopa A.

YCTOMYHUBOCTE IO HaYaJbHBIM JAHHBIM TPEXCIOMHOW pa3sHOCTHOU cxeMbl. IIpumeps! ncciaenoBaHus
YCTOWYUBOCTH TPEXCIONHBIX CXEM.

7. Pa3HOCTHBIEC CXEMBI AJIsl TUTIEPOOIMYECKUX YPaBHEHUH.

VYpaBHenue nepeHoca. SBHble cxeMbl Ui 3agaud Komwu. IloBbillieHHE TOpsAIKa anlpOKCUMALIKU.
CxeMmbl U1 HauaJIbHO-KPaeBOH 3aa4u.

Pa3zHocTHBIE CXeMBI Ul ypaBHEHHUs KoieOaHui cTpyHbl. [locTaHOBKa 3amadm, ammpoKcHManus,
YCTOWYUBOCTB. METOJ SJHEPreTUYECKUX HEPABEHCTB.

8. DKOHOMUYHBIE Pa3HOCTHBIC CXCMBI.

DKOHOMHYHBIE PA3HOCTHBIE CXEMbl. DKOHOMHUYHBIE (DAaKTOPU30BAHHBIC CXEMBI: OCHOBHBIC OHATHS U
METOJBI IOCTPOEHUS CXeM. MEeToN NMepeMEHHBIX HAIlpaBJICHUN IS YPaBHEHUS TEIUIONPOBOAHOCTH
(TIpODOTBHO TOTIepeYHast cXema).

Meron  cymMmapHod — anmpoxkcuManuu.  JIokaibHO-OIHOMEpHas  cXeMa Uil ypaBHEHUS
TEIUIONPOBOAHOCTH B MIPOU3BOJILHON 00JIACTH.

OBOMIOLMOHHAS M [JBOWHAs (akTopu3alus Ha NpPUMEpPE PA3HOCTHOH CXEeMbl Ui ypaBHEHHS
TEIUIOIPOBOAHOCTH.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHS 00pa30BaTEJILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

Heobxonnmoe obopynoBaHue Jist JICKIUKA ¥ MPAKTUYECKUX 3aHSATHI: KOMITBIOTEP U MYJIbTHUMEIHHHOE
o0opynoBaHue (MPOEKTOP, 3BYKOBasi CUCTEMA)
Obecrieuenue caMOCTOSTETLHON paOoTHI - 6a3bl JaHHBIX 10 KypHanaMm Web of Science.

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas 1uTeparypa
1. BBesienne B Teoputo pazHOCTHBIX cxeM [Tekcr] : [yued. mocobue anst By30B] / A. A. Camapckuii .—
M : Hayka, 1971 .— 552 c.
2. Teopus pazHOCTHBEIX cxeM [Tekcr] : yue6. mocobue mist By3oB / A. A. Camapckuii .— 3-e u3[., ucrp.
— M. : Hayka, 1989 .— 612 c.

3. Yucnennsie meronsl [Tekcr] : B 2 kH. : yuebnuk 1y By3oB / H. H. Kanutkun, E. A. Anprmaa .— M.
: Akagemus, 2013 .— (YuuBepcuterckuii yueOnuk. [Ipuknagnas Maremarnka u nHpopMaruka) .—
Ka. 1 : Uncnennsiii ananus. - 2013. - 304 c.

4. Metoapl BRIUMCIUTENbHON MareMaTtuku [Tekcr] : yuebHOe mocobue amsi cTya.By30B ; gon.M-Bom
BoIici.u cpen.oop.CCCP / I. . Mapuyk .— 2-e uzj., nepepad. u gon. — M. : Hayxka, 1980 .— 536 c.

JomnonHurensHas aureparypa



1. BBesieHne B BRIYMCIUTENbHYIO MaTeMaTuky [ Tekcr] : yue0. mocooue aist By3oB / B. C. Psabenbkuit
.— 3-e u3n., uchp. u gon. — M. : ®uszmariut, 2008 .— 288 c.

2. Pa3HOCTHBIE METO/IbI MTOBBIICHHON TOYHOCTH JUIsl 38124 adporuapoauHaMuky [Tekcet] : y4. nocobue
IUIs BY30B : YTB. YueO. coBetoM / A. U. Torncteix ; M-Bo BbIcI. 1 cpef. ciier]. oopa3oB. PCOCP, Mock.
¢uznko-TexH. uH-T .— M. : MOTH, 1985 .— 84 c.

3. Meronp! Beruncnenuii [Tekct] : B 2 T. : yue6. nocodue mis By30B. T. 2 / U. C. bepesun, H. I1.
Kunkos .— M. : dusmarrus, 1960 .— 620 c.

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

http://mipt.ru/study/net_libr/
http://eqworld.ipmnet.ru/ru/library/books/

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBJICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepeyeHb He00X0ANMOro NpOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

http://mipt.ru/study/net_libr/
http://eqworld.ipmnet.ru/ru/library/books/

9. MeToauyeckue yKazaHusi AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4yalOM{ AWCUUIUIMHY, NOJDKEH C OJHOMW CTOPOHBI, OBJAAETh OOIIMM IMOHSITHUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.
B pesynbrare u3ydeHus IQUCLUIUIMHBI CTYyAEHT JOJDKEH 3HATb OCHOBHBIE OIIPENENICHUs, MOHSITHS,
AKCHUOMBI, METOJIbI I0KA3aTENIbCTB.

VYeneniHoe ocBOoeHUE Kypca TpeOyeT HapshKEHHON caMOCTOATENBHOM paboThl cTyeHTa. B mporpamme
Kypca TPpUBEACHO MHMHUMAJIBbHO HeoOXoAuMoe BpeMsi s paboThl CTyOeHTa Haja TEMOH.
CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHUE U KOHCIIEKTHPOBAaHUE PEKOMEHJOBAHHOMN JINTEPATYPBI,

— TpopaboTKy yueOHOro marepuaia (10 KOHCIIEKTaM JIeKIUH, y4eOHOW M Hay4yHOW JHUTeparype),
[IOJTOTOBKY OTBETOB Ha BOIPOCHL, IPEIHA3HAUEHHBIX M CaMOCTOSTEIbHOIO H3yuYeHMs,
J0Ka3aTeNbCTBO OTAEIBHBIX YTBEPHKACHHI, CBOICTB;

— IOATOTOBKY K DK3aMEHY M 3a4eTy.

PyKoBOACTBO M KOHTPOJIb 32 CaMOCTOATENBHOM paboTOM CTylIeHTa ocylecTBiseTcs B Qopme
UHAUBUYaJIbHBIX KOHCYJIbTALUM.

BaxxHo 10oOWTHCS MOHMMAaHUS M3y4aeMOro MaTepuala, a He MEXaHH4YECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3y4YCHHs OTICNBHBIX TEM, BOIPOCOB, CleIyeT oOpamiarbcs 3a KOHCYIBTALMSAMU K
JIEKTOPY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA
Nnpo¢uJIb NOATOTOBKH: Maremarnueckoe MOAETUPOBAHNE U KOMIIBIOTEPHBIE TEXHOJIOTUN
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa MaTeMaTHUECKOrO MOAETMPOBAHUS U IPUKIATHON MaTeMaTuKN
Kypc: 4
KBAJM(PUKAIMA: OaxanaBp

Cemectpbl, HOpMbI IPOMEIKYTOUHON ATTECTAIMH:
7 (oceHHui) - 3a4eT

8 (BeceHHHUI) - DK3aMeH

Pa3paborunk: b.B. Poros, n1-p ¢u3.-mar. HayK, AOLEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kon 1 HauMeHOBaHME KOMIIETEHIINH NHIuKaToOpbl JOCTHKEHNUS KOMIIETEHIINH
YK-2 CriocoGen onpenensite Kpyr 3a/1a4d B VYK-2.2 TIIpoektupyer peuieHHE KOHKPETHOW 3ajadu
paMKax OCTaBJICHHOM LENH U BBIOMPATh MpOEeKTa, BBHIOMpas ONTHUMAJBHBIH CHOCOO ee pelIeHHs,

OINITHMAJIbHBIE CTIOCOOBI UX PELICHUs, UCXOIA U3 [MCXOAs M3 AEHCTBYIOUIMX IPABOBBIX HOPM U HMEIOLIMXCS
JNEHCTBYIOIIMX NTPABOBBIX HOPM, HMEIOIIUXCSL  |peCypCOB M OTPAaHUYEHUI
PECYPCOB ¥ OTpaHUYEHUI

[MK-1 Criocoben craButh, hopmanuzoBeiBath 1 |[IK-1.1 CrnocoGeH HaxomuTh, aHATU3UpOBaTh W 0000IIATH
pemars 3aa4u, B TOM YUCIIe pa3padaThBaTh U |MHPOPMAIHIO 00 aKTyaJbHBIX pe3yJbTarax MCCICIOBAaHUHN B
MCCIIE/I0BAaTh MaTeMAaTHYECKUE MOJICIIN paMKax TEeMaTH4ecKoil oOnacTH cBOei HpodeccHoHamIbHOU
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |AEATEIBHOCTH

aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

2. Iloka3zare/iM OLCHMBAHMS KOMIIETCHIMIA
B pesynbrare n3yueHus AMCHMIUINHBI « TeopHs pasHOCTHBIX CXeM» 00YYarOUIHICs TOTKEeH:

3HATh:
[l ¢ynnaMeHTaIbHBIC HOHATHS BBHIYUCINTEILHON MaTeMaTHKH;
0 COBPEMEHHBIE METOIBI IOCTPOCHHS JUCKPETHBIX MOJAENeH MaTreMaTHYeCKOH (QH3UKH
KOHEYHO-Pa3HOCTHBIMU METOAAaMH, BApUALIMOHHBIMHU U IIPOSKIIMOHHBIMH METOJAMH;
[] MareMaTHYEeCKHil amnmapaT YHCICHHOTO aHAJIN3a TUCKPETHRIX YpaBHEHUH MaTeMaTuueckoi Gpu3nku.
yMeThb:
[] MOCTPOUTH Il OCHOBHBIX YPaBHEHHUH MaTeMaTH4eCKON (M3UKH Pa3HOCTHYIO CXeMY C TpeOyeMbIMU
CBOMCTBaMU;
[]  KOPpPEKTHO MOCTaBUTh BBIYHMCIUTEIBHYIO 3a/1ady Ul OCHOBHBIX YpaBHEHUH MaTeMaTHYeCKOil
¢buznku;
[l wmccrenoBaTh Pa3HOCTHBIE CXEMBI Ha alllIPOKCHMAIIHIO, YCTOHYMBOCTD, CXOIUMOCTh, MOHOTOHHOCTB;
[0 a¢ddexruBHo pemars Ha DBM IHUCKpeTHBIC ypaBHEHHS MATEeMaTHYECKON (PU3UKY;
[l MpOM3BOAWUTH YHCICHHBIC OIICHKA TOYHOCTH PE3yJIBTaTOB PACUETOB;

O MOJb30BAaThCSl CBOMMH 3HAHMSIMU JJIsl  pelieHns (QyHIaMEHTAIbHBIX, MNPHKIAAHBIX U
TEXHOJIOTMYECKUX 3a/1a4.

BJIaJeTh:
O HaBBIKAMM TIOCTPOEHUSI A(P(PEKTUBHBIX aJTOPUTMOB UHUCICHHOTO pELICHUS YypaBHEHUI

MaTeMaTH4ecKol (PU3UKH;

[l crnocoOHOCTHIO KOPPEKTHO IMOCTABUTH BHIYMCIUTEIbHBIC 3a/1a4H;

METOJUKON UCCIIEIOBAHNS OCHOBHBIX CBOMCTB IUCKPETHBIX MaTeMaTHYECKUX MOJEIEH;
METOAMKON ITPOBEACHUS PACUETOB C FapAHTUPOBAHHOW TOUHOCTBIO;

HABBIKAMH CaMOCTOSATEIBHON padoThI.

[

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BONPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylleMy KOHTPOJII0

C 1enbl0 KOHTPOJS OCBOSHHUS O0ydYaromMMUCS Y4eOHOTO Marepuana MPOBOIUTCS YCTHBIA OMpOC B
HayaJie 3aHsATHs 110 TEME MPOLION JICKIUU UM B KOHLE 3aHITHUS 110 IPOMJEHHOMN TEME.



3. IlepeyeHb THIOBBIX KOHTPOJIBHBIX 33aHUIH, HCNOJAb3yeMbIX /A OLEHKH 3HAHWH,
YMeHHii, HABLIKOB
[TpomeskyTouHas arTecTanus 0 AUCUUILUIMHE OCYILECTBIsAETCs B (hopMe FK3aMeHa. DK3aMeH

IPOBOJISTCS B yCTHOU (opMme.

10.

HepequL KOHTPOJIbHBIX BOIIPOCOB AJIA CIa4YM DK3aMCHA B 8 ceMecTpe.

PasHocTHBIE aHanmoru TEOPEM BJIOKCHMU. HOKaSaTI), YTO AJIA CETOYHBIX (bYHKI_[I/Iﬁ nu3

g

KJacca 52[0, I] cpaBenmnBO HEpaBEHCTBO ||y||C < 7|||yX]

JIByXCIIOMHBIE CXEMBI [l PELICHUS OJHOMEPHOIO YPAaBHEHUS TEILIONPOBOJHOCTH C
IIOCTOSIHHBIMHU KO3 GUIMEHTaMHU. ANNpPOKCUMAaLUs. Y CTOMYMBOCTh O HayalbHbIM
JAHHBIM U IIPABOX YacCTH.

Pasznoctueie ananoru Gopmyin I'puna. [lonydanTts Ha @, paBEHCTBO

(z,Ay) = —(ayy. 71,

rne Ay =(ay,),,azo=zn=0.

Ilonstue KOHCCPBATHUBHOCTH paBHOCTHOﬁ CXCMbI Ha ITPUMEPEC O,Z[HOpO,HHOﬁ CXEMBbI
JJIA 3a1a4U

(ku)'=0,0<x<1u(0)=1,u@)=0,

k, 0<x<&,
k(x) = k, #K,.
k,, &<x<1,

Cxomutes u K pemenuto ipu h — 0 cxema (X = ih, hN = 1):

ky, +K.y.=0, y,=1,y,=0 »

CdhopmynupyiiTe NpUHIMI MaKCUMyMa JUIs pa3HOCTHOM CXEMBI,
ANIIPOKCUMHUPYIOLIEH 3a1ady JIupHuxie B MHOTOMEPHOM Cllydae

Pp?
AU:—f(X),A: ~ 2! p22
Z_laxa

U U3JI0KUTE UCK0 T0KA3aTENbCTBA. .
ChopmynupyiiTe TOHITHE U YKOKUTE HEOOXOUMBIE U IOCTATOYHBIE YCIOBUS
P-YCTOMYHMBOCTH JJISl ABYXCIOMHOM CXEMBI

By, + Ay=0.
YpaBHenue mepenoca. SIBHbie cxembl s 3amaud Komu. IloBeiieHue mopsiaka
annpokcuManuu. CxeMbl 1711 Ha4albHO-KPaeBOi 3a1auu.

ITonyunre oueHKyY ||y||c <M ||(p||C JUIS 3a1a4u

Yo == Yo=Yy =0.
[IpuBeauTe HOCTATOYHBIE YCIOBUS YCTOMYMBOCTH JIBYXCIOMHBIX CXE€M B JIMHEWHBIX
HOPMHUPOBAHHBIX MPOCTpaHCTBaX. CBsA3b YCTOMYMBOCTH 10 HaYaIbHBIM JAHHBIM U 1O
MpaBOM YacTH.
[TocTpoiiTe SKOHOMHUYHYIO Pa3HOCTHYIO CXEMy ISl CJIEAYIoLleld KpaeBoW 3ajgauw:
ou 0 ou 0 ou
—=—1k(x,%)— |[+—| K, (x,X,)— |+ (X, X
X ox 1 (%, X,) o ) ox 2 (X1 %;) ox (X0, %)
B npsimoyrojibHuKe {0< X1 <1, 0< X2 <1} mist 0 <t < T ¢ ycnoBusmu U(X1, X2, 0) =
Uo(X1, X2), u|r =0. Vkaxure crnocod HaX0XKICHHS PEIICHHS IO TAKOW CXEeMe.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

O1LieHUTE NMOTPEIIHOCTh alIIPOKCUMAIIUHA U UCCIIEAYHTE YCTOMUYUBOCTh CXEMBI

(E—o'z'Al)(E—GrAz)yt =Ay—-(2oc-DAA,Y,
rie AY =VYiyr Aoy =VYeer A=A +A,, o-uncio,

NPUMEHSIEMON [UIs PEIICHHs] YPaBHEHHsI TEIJIONPOBOIHOCTH B PSIMOYTOJIBHUKE
O0<x,<l,a=12 cycrnoBusmu u|r = 1(X), u(x,0) =u,(x).

ChopmynupyiiTe  HEOOXOAMMBIE W JOCTATOYHBIE  YCIOBUSL  YCTOMYHBOCTH
JBYXCIIOWHOM cXxeMbl BY,+Ay=¢ 10 HayajgbHBIM JaHHBIM B THWILOEPTOBOM

npoctpanctBe (A u B — mepecTaHOBOYHBI).

CdhopmynupyiiTe TPUHIMI MaKCUMyMa Ui CUCTEMBbI TPEXTOUYECUYHBIX Pa3HOCTHBIX
ypasuenuit A[Yy,]= Ay, —Cy, +By,, =—F, i=LN-1 y, =44, Yy = 1. Kak ¢ ero
IIOMOUIBIO JOKA3aTh TEOPEMY CPABHEHUS.

Jloctato4yHble YCIOBUS YCTOMYMBOCTH JABYXCIOMHBIX CX€M II0 IPaBOM YacTU B
T'MJILOEPTOBOM IIPOCTPAHCTBE.

Pa3HocTHBIE CXEMBI 715 JUIMIITUYECKUX YPAaBHEHUN B 00J1aCTH CI0KHOU (DOPMBI.
[1a60H 1 annmpokcuManus A1 ypaBHEHUs

0 ou 0 ou
— | k(x,X,)— |[+—| k(X,,X,)— |+ f(X,x,) =0,
ox (%, 2)5 ox (%, 2)8)(2 (X, %,)

(0<c, <k(x,X,)<cC,).

WreparrionHasi cxemMa Kak METOJ| YCTaHOBJICHHs. SIBHAs cXxema MpOCTOW MTEpallu,
MeTOJIbl 3eiiieNisl U BEpXHEH penaKkcalui.

JIByxcioliHasi WTEpallMOHHAs CXeMa C 4YeOBIIIEBCKUM HA0OpOM IapamerpoB, €&
CKOPOCTh CXOJIUMOCTH.

HesiBHas cxema mpoctoit urepaiii. BeIOOp ONTUMAIBHOIO 3HAYCHHS HTEPALIHOHHOTO
mapaMmerpa JUisi  CaMOCOIpPsDKEHHOTO — oreparopa  A. YCIOBHE  CXOIUMOCTH
CTaLlMOHApHON uTepanMOHHON cxembl By, +Ay=¢, rne B, A, 1t He 3aBucAT OT

HOMEpa UTEPALNH.
Ja cxembl

n+1 n
%—FGAyMl—i—(l—O')Ayn :q)n, n :O,l,2,...,yo-ga;[aHo,A>0,A¢A*

yKa3aTh IOCTaTOYHBIE YCIOBHUS YCTOHUMBOCTH. Kak BEIOMpaTh mapamerp G ?.
JlokaibHO-OIHOMEpHAsI CXeMa Uil YPaBHEHHUS TEIUIOMPOBOJHOCTH B MPOU3BOILHON
obnactu. [TorpemHocTh anmpoKCUManuy, yCTONIUBOCTh U TOYHOCTH ITOH CXEMBI.
VKaXUTE ONTHMAIBHOE 3HAYCHUE MapaMeTpa T IS UTePAllMOHHON CXEMbI

Y=Y | Ay, =0, k=0,1,2,..., yo—3aznaHo,

T

npu 3a1aHEEIX A= A" >0u B =B >0, ecrn
OE<A<AE, 5,E<XB<ZALE, 4,5,>0.

VYkaxknuTe yCIOBHS YCTOMUMBOCTH cXeMbl By, +Ay=¢ ¢ mnepeMeHHBIMU
oneparopamu B(t) u A(t). Kak BeIrsimuT orerka pemienust, eciu B(t) > eE +0.57 A(t)
msiBeex tew, O0<e<l?

Kanonuueckast ¢opma 3amucu JBYXCIOHHOM pa3HOCTHOM CXEMblI M YCJIOBUS €€
YCTOMYUBOCTH.

Kanonuueckass ¢dopma 3amucu TpEXCIOWHON pPAa3HOCTHOM CXeMbl M YCJIOBUS €€
YCTOWYUBOCTH 110 HAYAJILHBIM JAHHBIM.



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

HTepanmoHHBIE CXEMBl BapUAllMOHHOTO THIA (METOIbl MHHHUMAIBHBIX HEBS30K M
MOTIPABOK, METOJI CKOPEHIIEro CIycKa M METOJA CONPSDKEHHBIX TPATUEHTOB), HX
00J1aCTH MPUMEHNUMOCTH U CKOPOCTH CXOJMMOCTH.

CdhopmynupyiiTe 10CTaTOYHBIE YCIOBHUS YCTOHYMBOCTU MO HAYaJIbHBIM JaHHBIM IS
TPEXCIONHBIX CXEM.

Haiitu coOcTBeHHBIE (QYHKIMM M COOCTBEHHBIC 3HAYEHHUS PA3HOCTHOM 3a1a4d

Y, +AYy=0, x=ih,i=0,N, hN =1, y, =y, =0.
HpI/IBe,I[I/ITe AOCTAaTOYHBIC YCJIOBUSA KOHCEPBATHUBHOCTHU TpéXTO‘Ie‘IHOﬁ pa3HOCTHOI71
CXEMbI JJIA 3agadyu

(ku)—qu=-f, 0<x<1,
u(@) =u@) =0, k>c, >0, g=0,
k eC®0,1], qeC?[0,1].

. Uccnenyiite yCTOMYMBOCTD CIEAYIOUIUX TPEXCIOUHBIX CXEM

y;+Ay:O - yE+Krzyﬁ+Ay:O, 0<x<1,

¢ yerosusimu A = A" >0, y(x, 0) = Uo(x), y(0) = y(1) = 0. B xauecTBe npumepa
paccMotpuTe cxeMbl Pudapacona u {ropopra-dOpankerna.

Y CTaHOBUTE CXOMMOCTh M OLICHUTE MOPSI0K alllPOKCUMAIIMU U TOYHOCTH
Pa3HOCTHOM CXEMBI

Yes =@ Yo = th, Yn =,

Ha HepaBHOMepHO# cetke @,[0,1] must 3amaun

U"=—g, u(0) = 14, u(@) = 14,
Ha oTpe3ke 0 <X < 1.
Chopmynupyiite TeopeMy CpaBHEHUS PEIICHUN CHCTEM TPEXTOUYCYHBIX Pa3HOCTHBIX
ypaBHCHHI, TIOAYUHSIOIINXCS TPUHITUITY MAKCUMYyMa.
[TocTponuTh KOHCEPBATHBHYIO OJHOPOIHYIO PA3HOCTHYIO CXEMY JIJIS 3a1a9H

(ku)’=0, 0<x<1, u(0)=0, u() =1

4, 0<x<0.5
k() = <X<
5 05<x<1.

Boeruncnuth k03 PuIeHTs &oli JUIS HAWJTYYIIEN CXEMBI.
OueHute pelieHre pa3HOCTHOM 3a/1auu

Ayi—l_Ciyi + Biyi+l :_Fi' Yo = Yn =0
4yepes3 MpaByro YacThb B JBYX CiIy4asx

1) |A[>0,[B|>0, D, =[C,|~|A|-|B|>0:

2) |A|>O’ B =A. |Ci|2|A|+|Bi|'
MeTo/10M SHEPreTHYECKUX HEPABEHCTB YCTAHOBUTH OLEHKY JUISl PELIECHUSI
Pa3HOCTHON KOHCEPBATHBHOM OJJHOPOIHOM CXEMBI, AIMIPOKCHMUPYIOINIEH 3a1a4y
(ku)'—qu=-f, 0<x<],
u(@0)=u@ =0, k>c, >0, q=0
Ha cetke @, ={X =ih, 0<i<N, h=1/N}.
OnpeesuTh NOrPEITHOCTh ANPOKCUMAIMA HA HEPABHOMEPHOU CETKe
nudGepeHIHaIBHOTO OIepaTopa BTOPOii IPOU3BOAHOM, HCIIONB3Ys [l TOTO JIBE
HOPMBI:

1) ceTouHslif aHAJIOT HOPMBI B TpocTpaHcTBe L2;
2) HEeraTUBHYIO HOPMY.



36. Jly1s1 pa3HOCTHOTO YpaBHEHUS
ALy 1= Ay, -Gy, + By, =-F
copMyIHpPOBaTh MPUHIIMIT MAKCUMYMa U 1oKa3ath, uto eciau Afyi] < 0 ms
i=LN-1u
Yo >0, yn >0, T0 Yi > 0 my1st Beex |.
37. Ilony4uTh OLEHKY ||y||c < 0.5” f ||

(1) VLA PELICHHS 3a/1a49K Y+ F(X)=0 na

otpeske [0,1] ¢ rpaHUYHBIME YCIOBUSAMH Yo = YN = 0 Ha HEPAaBHOMEPHOM CETKE @), C

MIOMOIIIbI0 HEraTUBHOW HOPMBI
12

I, =| (S ]
38. Jlyis1 pa3HOCTHOTO omeparopa
Ay =AY, -Gy + By,

HanTH HeO6XO,Z[I/IMLIC " IOCTAaTOYHBIC YCIIOBUA CaMOCOHpH)KéHHOCTI/I A=A".
O O

39. st ypaBaenust UrtCux=f, C>0 coctaBuTh cxeMy Ha mabyioHe o
MCCIIEIOBATh ANMIPOKCUMAIINIO U YCTOWYHBOCTD.

40. s nudpdepeHnmanbHOM 3a1a9u
2

_3_‘:+cu= f(x), xe[0,1], ¢>0,
X

u(0)=a, u(l)=b,

I/IHTCFpO'I/IHTepHOHﬂHI/IOHHLIM MCETOAOM Ha TpeXTOLIe‘-IHOM HIa6JIOHe C IIOCTOSHHBIM

maromM HOCTpOI/ITb CXCMy quBepToro HOpHI[Ka aHHpOKCI/IMaHI/II/I.
O

o}

41. Ilns ypaBHeHus Ug+Cux=f, C>0 cocTtaBUTh cXeMy Ha 1madiIoHe o o U
WCCIIEIOBATh ANMIPOKCUMAIIHIO U YCTOWIHBOCTD.
42. lana nuddepennnanbHas 3a1a4da
d®u
-—+cu=f(x), xe[0,1],
dx
u(0)=u(1)=0.
[Ipu xakux ¢ 175 pemeHus 3Toi 3aaaun npuMeHuM Meto Putia ? [loctpouts
CXEMY.
O =] ]
43. [lns ypaBHeHus UgtCux=f, C>0 coctaBuTh cXemy Ha 1madioHe O U

WCCIIEIOBATh alMIPOKCUMAIIHIO U YCTOWIHBOCTD.
44. JIna nuddepeHnmanbHOM 3a1aun

d du
—&(a( )dxj 1, xe[0,1],

4(0)=u(1) =0, a(x)= {?’2/2 et

MTOCTPOUTH PA3HOCTHYIO CXeMy MeTOA0oM PuTIa, B3SIB KyCOUHO-THHEIHBIE (PYHKITUU B
KauecTBe 0a3UCHBIX.



45,
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48.

49,

50.

51.

52.

Jlnst ypaBHeHus UrtCux=f, >0 coctaBuTh cxeMy Ha mabiioHe ©
WCCJIEIOBATH AMMPOKCUMAIINIO M YCTOWYUBOCTb.
st nudpdepeHmanpHOM 3a1a9n

d du
—&[a(x)&}rb(x)u =f(x), xe[0,1],
u(0)=u(1)=0, a(x)>0,b(x)>0,
Ha PaBHOMEPHOH CETKE MOCTPOUTH PA3HOCTHYIO CXEMY METOJIOM ANMPOKCUMAIIHH

(dbyHKIIMOHATA.
]

@] @) @]

Jlns ypaBHeHuUs Ur+CUx=f, C>0 cocTaBuTh cXeMy Ha 1adioHe
HCCJIEIOBAThH AMMPOKCUMAIIHIO U YCTOHYHBOCTb.
st nudpdepeHmanpHOM 3a1a9n

d du
_&(a(x)&j ~1, xe[0.1],

., 0<x<7x/5
=0 w(-{ys * %

MMOCTPOUTH PA3HOCTHYIO CXeMy MeTOA0M [ anepkuHa, B3sB KyCOYHO-TUHECIHHBIC
(GYHKIIMHU B KauecTBE Oa3MCHBIX.
HccnenoBaTh MOPSIOK alllIPOKCHMAIIAN U YCTOWYUBOCTh PA3HOCTHON CXEMBI
yi - yi _ yi+l _<yi +2yi)+ yi—l  Xe (0’1)1
27 h
Y(0.)= (1), YA = (1), ¥(%.0)=u,(x).
s nuddepeHnnansHON 3a1aun
d’u _du
-—+a—+cu=1 xe[0,1], c=0,
dx dx
u(0)=u(1)=1,
MMOCTPOHTH PA3HOCTHYIO CXeMYy METOA0M [ anepkuHa, B3sB KyCOUYHO-TUHECIHHBIC
(GyHKINU B KauecTBe Oa3UCHBIX.

o

o]

Jlnst ypaBHEeHUs U=aUxxtf cocTaBuTh cXeMy Ha maliioHe ©
HCCIEA0BaTh allPOKCUMAIMIO U YCTOMUHUBOCTb.
st nudpdepeHnmanbHOM 3a1a9u

_%(a(x)g—z]+b(x)u +c(x)u=f(x), xe[0,1],

u(0)=u(1)=0, a(x)>0, c(x)>0,
Ha paBHOMCpHOﬁ CCTKC INOCTPOUTH PAa3HOCTHYIO CXEMY MCTOJOM CYMMATOPHOT'O
TOXK/IECTBA.



53.

54.

55.
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58.

59.

60.

Jlns ypaBHEHUs U=a&Uxxtf cocTaBUTh cxeMy Ha 111a0JIoHe o "
HCCIEA0BaTh AlIPOKCUMALMIO U YCTOMYNBOCTb.
Jns 3amaun

u"-5u=6, xe(0,1),
u(0)=0, u'(1)-3u(1)=1

IOCTPOUTH CXEMY BTOPOTO MOPsKa AMPOKCUMALIMY Ha IBYXTOYEUHOM IA0JIOHE U
IIPEAIOKUTh YCTOMYUBBIN METOJ [UIsl PELIEHUSI PA3HOCTHBIX YPaBHEHUM.

< C @]
Jlns ypaBHEeHUs U=a&Uxtbux+f cocTaButh cxemy Ha mabiaone © © Cwu
HCCIIEI0BATh ANMPOKCUMAIINIO  YCTOHYHUBOCTD.
Jns 3amaumn

u"—5u=6, xe(0,1),
u(0)=0, u'(1)=1,

MOCTPOUTH CXEMY UCTBEPTOI'O MOpAAKA alllIPpOKCUMALIMN HA ABYXTOYCYHOM mabJIoHE.
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Jlns ypaBHeHHs Un=C2Uxc+f cocTaBuTh cXeMy Ha mabioHe o u

HCCIICO0BATH aHHpOKCI/IMaHI/IIO " YCTOI>'I‘II/IBOCTB.
[TocTpouTh OJHOPOIHYIO PA3HOCTHYIO CXEMY JIJIA 3a]1a4u
d2u
— —qu=-f, XE(O,].),
dx

a=2, f=5 u(0)=6 v'(y)-1

du _du 21
&(5—0)_4&(9%0), &= 3

YkazaTe MOPSI0K CXOAMMOCTH (C 000CHOBaHMEM) CXEMBI B CETOYHBIX HopMax Lz u C.
o

JIns ypaBHeHUS Un=C2Uxc+f cocTaBuTh cXeMy Ha mabiaoHe ©
HCCIICA0BATh AllIIPOKCUMAIIUIO U YCTOﬁ‘lHBOCTB.
[IpuBecT K KAHOHUYECKOMY BUY CXEMY
. 1 . . 1, . . T
j+H j+l j+l j j _
2yy; "= (7_5 (yi—l Y )+E(yi—l + Yi+1)1 V= P

U UCCIIEIOBATH €€ YCTOMYUBOCTb.
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Jlns ypaBHeHHUs Ur=C2(UxctUyy)+f cocTaBuTh cxeMy Ha mabnone ©
HCCIIEI0BATh AlPOKCUMAIINIO H YCTONYHUBOCTD.
IIpuBecTH K KAHOHHYECKOMY BHJLY CXEMY

10y)* =3(yl, +yla)+2(y/ +y7),
O<i<N, y,=y,=0 t/h*=Y4

U HUCCIIEA0BATh €& YCTOﬁqHBOCTB.

Jlnst ypaBHeHus U=aUxtf cocTaBuTh cXemy Ha mabioHe —0 4eTBEPTOrO
MOpsJKa alllPOKCUMAIUU 110 MPOCTPAHCTBEHHOM ITEPEMEHHOM X U MEPBOTO - MO
BPEMEHHOM IepeMEeHHOM 1. YKa3arh yClI0BUSl yCTOMYMBOCTU CXEMBI.

[Tony4nTs yCIOBUS aCUMOTOTUYECKOW YCTOMYMBOCTH CXEMBI

1. . . . . [ —
;(yi —Yi ) =%|:O-(yi—l =2y, + yi+1)+(1_0)(yi—l_2yi + yi+1):|’ I=LN-1,

x=const >0, o =const.
JJI1 pCIICHUSA ypaBHeHI/I}I TCILIOIIPOBOJHOCTH.

Jlns ypaBHeHus Ur+Cux=f, C=CONSt cocTaBUTh cXxeMy Ha IadIoHe ———C
BTOPOTO MOPSIKA AMMPOKCUMALMH 110 TPOCTPAHCTBEHHON ITEPEMEHHOM X ¥ IIEPBOTO -
10 BpEMEHHOM nepeMenHou t. MccnenoBars yCTOMYMBOCTD CXEMBI U €€
MOHOTOHHOCTSH (110 ®puapuxcy).
Hccenenyiite yCTOMUMBOCTD IBHOM Pa3HOCTHOM cXeMbl PuuapacoHa

n+1

_ynh-1 1
W (ay) = A=
27 i h?
i=L,N-1 n=12,...
Ha ocHoBe perynspusaiuu 3Toil pa3HOCTHOM CXEMBI 3a CUET BO3MYLIECHUS
JIMaroHAIbHOM YacTH CETOYHOTO oneparopa A mocTpoiiTe 6e3yCclIOBHO yCTOMUUBYIO
SIBHYIO pa3HOCTHYIO cxemy (cxemy Hrodopta u @pankens) u uccneaynre eé
CXOAUMOCT.
Jlns 3apaun Kowmm [y1s IMHEMHOTO ypaBHEHUS ITEpEHOCa

ou ou
—+a—=0,
ot OX

MMOCTPOHTH PA3HOCTHBIC CXEMBI U UCCIIC0OBATh UX HA CXOAMMOCTb, UCTIOIB3YS
Ia0JIOHBL:

(Yi+1 - 2yi + yi—l)’
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ITomyuuTs ycaoBHsS MOHOTOHHOCTH CXOASIMXCs cxeM 1o dpunpuxcy.
68. HccrnenoBaTh Ha yCTOWYMBOCTD M ANIIPOKCHMALIUIO TPEXCIOHHYIO CXEMY

1,5u™ —u") .0 5(u’ —ut)
T h

=AUin+1,
1
Aui = F(U”l —2Ui + ui—l)'

¢ mabJI0HOM
0 0 )

o

SIBnsiercs M cxema MOHOTOHHOM (1o dpuapuxcy) ?

4. Kputepuu oueHUBaHUs

Orneska

bamner

Kpurepun

OTJIMYHO
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BeIcTaBisgercs  CTyAE€HTY, IOKa3aBIIEMY
BCECTOPOHHHE, CHCTEMATU3UPOBAHHBIE, TTyOOKHE
3HaHHMA Y4eOHOM mIporpamMmbl  JHUCUUIUIMHBI,
MPOSABIISIIOIEMY HMHTEpPEC K JAHHOM IPEIMETHOU
o0nacTv,  IPOJAEMOHCTPUPOBABIIEMY  YMEHUE
YBEPEHHO M TBOPYECKH NPUMEHATh HX Ha
MIPaKTUKE IPH PEUICHHH KOHKPETHBIX 3a7ad,
CBOOOJHOE U TIPABUILHOE OOOCHOBAHUE MPUHATHIX
pEeLIEHHUI.

BricTaBnsieTcss  CTyAEHTY, IOKa3aBLIEMY
BCECTOPOHHME, CHCTEMaTU3WPOBAHHbIE, TIyOOKHE
3HaHUS Y4eOHOH MNpOrpaMMbl JAMCHUUIUIMHBL U
YMEHHE YBEPEHHO NMPUMEHSTh UX HA MPAKTUKE MPU
pelIeHMH KOHKPETHBIX 3a/ad, CBOOOJHOE U
IIPaBIJIbHOE 00OCHOBAHUE MPUHSATHIX PEHICHHUH.

BeicTaBisieTcss  CTyACHTY, IOKa3aBIIEMY
BCECTOPOHHME, CHCTEMaTU3WPOBAHHbIE, TIyOOKHE
3HAaHUS Y4eOHOM MporpaMMbl JAUCHUIUIMHBL U
YMEHHE YBEPEHHO IPUMEHSATh UX HA MPAKTUKE MPU




pelIeHNd  KOHKPETHBIX  3a7ad, [pPaBUIbHOE
000CHOBaHHE MPHUHSTHIX PEIIEHUMN, C HEKOTOPBHIMU
HEJ0YETAMH.

XOpOIIIO

BeicraBisiercss CTyIEeHTy, €ClId OH TBEPHO
3HaeT Marepuall, TpPaMOTHO U IO CYILECTBY
u3jaraeT €ero, yMmeeT IPUMEHSTh I0Jy4YeHHbIE
3HAaHUS HA MPAKTUKE, HO HEJOCTaTOYHO I'PAMOTHO
000CHOBBIBAET 1OJIyYEHHBIE PE3YJIbTATHI.

BricTaBnsiercss CTyIOeHTy, €Clii OH TBEPAO
3HAaeT MaTepuall, I'PaMOTHO M IO CYILECTBY
W3J1araeT €ro, yMEET IMPUMEHSATH IOJyYCHHbBIC
3HaHUs Ha IPAKTUKE, HO IOIYCKAET B OTBETE UJIU B
pELIEHNUH 3aJ1a4 HEKOTOPbIE HETOYHOCTH.

BricraBnsercs CTYACHTY, cClin OH B
OCHOBHOM 3HACT Marcpuajl, IrpamMOTHO n 110
CymeCTBy H3jara€r €ro, YymMeeT IMIPUMCHATH
MOJIYYCHHBIC 3HAHHWA HA IIPAKTUKE, HO JOITYCKACT B
OTBCTC MWJIM B PCIICHUMU 3aJlad JO0CTATOYHO
00JIBIIIOE KOJIMYSCTBO HETOYHOCTCH.

YAOBJICTBOPUTCIBHO

BricTaBisiercss  CTyAEHTY, IIOKa3aBLIEMY
(dparMeHTapHbIiH, Ppa3pO3HEHHBIN Xapakrep
3HAHUH, HEZ0CTaTOYHO IIPABUJIBHBIE
(GopMynUpOBKM 0a30BbIX TOHATUH, HapYUICHUS
JIOTUYECKON IIOCIEN0BAaTENBHOCTH B H3JI0KEHUU
IIPOrpaMMHOr0 Marepuajga, HO Ipd O3TOM OH
OCBOWJI OCHOBHBIE pa3fieibl y4eOHOH Mporpammsl,
HeoOXoauMble MJi1 JajibHElIero oOydeHus, u
MOJKET IPUMEHATh IOJIY4YEHHBIE 3HAHHUA 110
o0pa3ily B CTaHAapTHOM CUTYALIUH.

BricTaBnsiercss  CTyAeHTy, IOKa3aBLIEMY
(bparMeHTapHBbIi, pa3pO3HEHHBIN XapakTep
3HaHUH, JIOMyCKaLEMy OLIMOKHU B
dbopmynupoBKkax 0a30BbIX IOHATUH, HapyLICHUS
JIOTMYECKON TIOCJIEOBATEIbHOCTH B U3JI0KEHUU
IporpaMMHOr0  MaTepuana, ciaabo  BiajgeeT
OCHOBHBIMM pa3zfielaMd  y4eOHOHl IporpaMmsl,
HEOOXOAUMBIMU JJIS1 lajibHENIIero o0y4yeHus u ¢
TPYJAOM HPUMEHSAET MOJIY4YEHHbIE 3HAHMS JaXe B
CTaH/JapTHOW CUTYalUH.

HEYAOBJIICTBOPUTEIILHO

BelIcTaBisercs CTyIEeHTY, KOTOPBI HE 3HAET
OoJblIIel YacTH OCHOBHOI'O COJEpKaHHs yueOHOI
IPOrpaMMbl  TUCHUIUIMHBI, JIOIMYCKAaeT TIpyoOble
oMOKH B (POPMYITMPOBKAX OCHOBHBIX MPUHIIUIIOB
U HE YMEET HCIIOJIb30BaTh ITOJIyYEHHBIE 3HAHUS
IIPU PELLIEHNUN TUIIOBBIX 3a/1a4.

BricTaBnsieTcs CTyAE€HTY, KOTOPBIM HE 3HAET
OCHOBHOTO coOfepXaHHusl y4eOHOM MporpaMMbl
JUCLUIUIMHBL, JTOMYyCKaeT rpyoOeimne omuOku B
bopmyIupoBKax 0a30BbIX MOHITHI JUCIUIUIMHBI U
BOOOIIE HE MMEET HaBBIKOB PEIICHUS THIIOBBIX




MPAKTUYCCKUX 3aaa4.

5. MeToauyeckne MaTepHaJibl, ONpeaesisiioiie NMPOUEAyPbl OIeHHBAHHUS 3HAHMM,
YMEHHUI, HABBIKOB H (MJIH) ONBITA 1eATeIbHOCTH

Bo Bpemsi mpoBemeHus sK3aMeHa OOydaroUIecs MOTYT TOJb30BAThCA MHPOTPaMMO
JUCLUIUINHBL, & TAKXKE CIIPAaBOYHOM JIMTEPATypOU, BBIYUCIUTEIBHON TEXHUKOM.
DK3aMeH IPOBOAUTCA IIyTEM OpPraHU3alMK CIIEHUAIBHOIO OIpoca, IPOBOJUMOTrO B YCTHOM

dbopwme.




