degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPXJAEHO
IIpopexTop no yueoHoii padore

A.A. BopoHos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

10 AMCIMILINHE: BeruncnurensHas MaTeMaTHKa
10 HANPABJICHHUIO: Nudopmarnka u BIYUCIUTETbHAS TEXHUKA
NpoduJIb MOATOTOBKH: MaremaTrndeckoe MOICIUPOBAHNE U KOMITBIOTEPHbBIE TEXHOJIOTUH

Ouzrex-mkona [Mpuknagnoit Maremaruku 1 MapopmaTiku
kadeapa BIYUCITUTEIHHON QU3NKU

Kypc: 3
KBaJIMpUKALS: GakanaBp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTauuu: 5 (oceHHuil) - JuddepenuupoBannslii 3a4eT

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 0 yac.
nabopatopHsbie 3anaTus: 30 yac.

CamocrosrensHas padora: 75 4ac.
Bcero gacos: 135, Bcero 3au. en.: 3

KonmnuecTBo KOHTpONBHBIX padoT, 3ananuil: 4

[Iporpammy cocraBui: W.b. Iletpos, a-p ¢hus.-mar. Hayk, npodeccop, mpodeccop

[Iporpamma obcyxaeHa Ha 3aceqanuu Kadenpsl BEIMUCIUTENbHON Gu3uku 28.05.2023



AHHOTANMA

B mporpamMmy maHHOrO Kypca BKIIIOYEHBI OCHOBHBIE pa3feiibl BBIYMCIUTEIBHON MaTeMaTHKH: TEOPHs
MOTPEIIHOCTEH, Teopus anmpoKcUManuu (yHKIHHA, BBEICHHE B METOJbl MAIIMHHOTO OOyY€HMs, YHCIICHHbIC
METOJBI PEIICHUS JIMHEWHBIX U HEIMHEHHBIX CHCTEM YpPaBHEHUH, YHCIEHHOE MHTETPHUPOBAHUE, YMCIECHHOE
penieHne 0ObIKHOBEHHBIX Ju(depeHIaIbHbIX YPaBHEHUI U YPaBHEHHH B YaCTHBIX MTPOM3BOIHBIX.

B xone m3ydeHus Kypca cTyleHT OyleT MMETh CIEAYIONINE KOMIICTCHITIH:

- 3HAHMUS OCHOBHBIX BBIYMCIUTEIBHBIX METOAOB, MPUMEHSEMBIX JUISl alIPOKCUMALUN (DYyHKIHHA, pELICHUs
JUHEHHbIX W HEJIMHEHHBIX CHCTEM YpaBHEHMH, IudQepeHIuaNbHbIX ypaBHEHUI (OOBIKHOBEHHBIX U B
YaCTHBIX MPOU3BOAHBIX), YUCICHHOTO HHTETPUPOBAHUS;

- YMCHUC IIPUMCHSATD YUCJICHHBIC MCTOABI JJIS1 PCHICHUA KOHKPCTHBIX BBIYUCIIMTCIBHBIX 3a/1a4;

- YMCHHUC UCCJICA0BATb BBIYUCIUTCIIbHBIC MECTOABI HA CXOAUMOCTD, alllIPOKCUMAIIUIO, YCTOI\/’I‘{I/IBOCTL;

- YMCHHUC CTPOUTH BBIYUCIIUTCIIBHBIC AJITOPUTMBI JJI1 pCHICHUA KOHKPCTHBIX 3a1a4 € IOMOMIBIO KOMIIBKOTEPA,
- YMCHHC pClIaTh KOPPCKTHO MOCTABJIICHHBIC 3a/1a4M C IIOMOIIBIO KOMIIBKOTCPA,

- YMCHHUC aHAJIM3UPOBATH IMOJTYUYCHHBIC YHCJICHHBIC PCIICHUA,

- YMCHHUC pa6OTaTB C OHJIANH B HUHTCPHCT y‘le6HBIMI/I pecypcamMu.

Bce YKa3aHHbIC KOMIICTCHIIUN PCAJIM3YIOTCA U IPOBCPAIOTCA B XOAC

y4eOHOTO Tpolecca ¢ UCIOJIb30BAHUEM JICKIIMH, CEMUHAPOB, JIAOOPAaTOPHBIX PadOT, 3alaHUl, KOHTPOJIBHBIX
paboT, 3a4eTOB, OHJIAH PeCypCoB.

1. lean u 3apa4n

Henp aucoMnInHbI
CdopmupoBath y CTYIEHTOB CUCTEMAaTHUECKOE MTPECTABIECHHE O:
1) MeTomax mpuUOIMKEHHOTO pelIeHUs Hanbosee pacpoCTPaHEHHBIX 0a30BbIX THIIOB MaTeMaTHYECKUX
3a1ay;
2) UCTOYHHUKAX MOTPELUIHOCTEN U METO/IaX UX OLICHKH;
3) MeTonax peuieHns aKTyalbHbIX IPUKIAIHBIX 33/1a4.

33]13‘[1/[ JAUCHUIIINHBI

1) OcBoecHue MaTcpuajia OXBATbIBAOIICTO OCHOBHBIC 3a/1a4W U MCTO/bI BBIYMCIIMTSIHHONM MaTEMAaTHKH.

2) q)OpMI/IpOBaHI/IC HOCJIOCTHOTO MPCACTABJICHUA O YHCICHHBIX MCTOHAAX PCHICHUA COBPCMCHHBIX
HAay4HbIX NPUKIJIIAAHBIX 3aJ1a4.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

VYK-1.1 Ananusupyet 3aaaqy, BBIAEISSA 3Tallbl €€ PelIeHus,
NeMCTBUS IO PELICHUIO 3a1a91

VYK-1 CriocobeH oCymiecTBIsTh MTOUCK,
KPUTHYECKUI aHAJIM3 U CUHTE3 HH(POPMALHH,
NPUMEHSATh CUCTEMHBIH MOXO/ sl PEICHUS

VK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON
3a1auu

MOCTaBJICHHBIX 3a/1a4
VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl pPELICHUS

3a1auu, OICHUBACT UX MPCUMYIICCTBA U HCAOCTATKU

OIIK-1 CniocobeH npuMeHSTh OIIK-1.2 CnocobeH cTpouUTh MareMaTH4YecKHue MOJEIH,
(dyHIaMeHTalIbHbIE 3HAHUS, IOTy4YEHHbIE B MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON eI TeNbHOCTH

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHHUILIHHE (MOXYJII0)

B pesynbsrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHECs JOKHEI

3HaTh:
OO6nacTh IpUMEHEHUs, TEOPETHISCKIE OCHOBBI, OCHOBHBIC ITPHHIIHUITEI, OCOOCHHOCTH U COBPEMEHHbBIC
TEHJEHIINHN Pa3BUTH METOIOB BbIUHUCIUTENbHON MaTeMaTHKH.

YMETh:




[IpuMeHsAT, METOBl YMCIIEHHOTO aHaju3a JUis MPUOIMKEHHOTO pelIeHUs 3ajJad B o0NacTH cBoei
Hay4YHO-UCCIIeIOBATCILCKON PabOTHI.

BIAJCTh:
[IporpamMMHBIMH cpeacTBaMu pa3pabOTKH BIYUCIUTENLHBIX aJTOPUTMOB H TIPOTPAMM, CIIOCO0aMH UX
OTHAJKHA, TECTUPOBAHUS M IMPAKTUUYECKOW MPOBEPKU COOTBETCTBUSI PEAIM30BAHHOIO aJropuT™Ma
TEOPETUYECKHUM OIICHKAM.

4. Conep:xkanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJE€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl tuctMIIMHbI (MOIYJIS) U TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
Mertonel YHICJICHHOI'O peleHus
1 YpPaBHEHM W  CHCTEM  HEIMHEMHBIX 4 4 9
YpPaBHEHUI
2 [IpenmMeT BEIYMCIUTENBHOM MATEMATUKHI 4 2 2
3 [Ipubnuxenne GyHKUMN, 3aJaHHBIX Ha 4 4 10
JUCKPETHOM MHOXKECTBE
Pemenne CUCTEM JIMHEHHBIX
4 . 6 4 10
anreOpanyecKux ypaBHEHHUH
5 Uucnennoe nuddepeHuupoBanmie 4 4 10
6 UYuciieHHOE MHTErPUPOBAHNE 2 4 10
UucneHnnele METO/IbI peuieHus
7 OOBIKHOBEHHBIX T PepeHITanTbHBIX 4 6 12
ypaBuenuii (O1Y)
8 AHanus cCurHajos 2 2 12
Nroro gacos 30 30 75
[loaroroska k sK3amMeHy 0 gac.
OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2. CopaepxaHue IUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 5 (Ocennwii)
1. MeToapl YMCIEHHOTO PelIeHNs YPaBHEHUI U CUCTEM HETMHEHHBIX YpaBHEHUH

Jlokanuzanus kopHei. [IpuHIMI CKUMaIONNX 0TOOpaXeHUH. MeToI IPOCTHIX UTEpaITUil.

VYcnoBue cXoAMMOCTH METOAA NPOCTHIX uTepauuii. Meron Herorona.

ITopsnok cXOAMMOCTH U yCIIOBUS JOCTHXKEHUS 3a/laHHOW TOUHOCTH UTEPALMOHHBIX METOZOB.
*TeopeMa 0 KBaApaTUIHOH cxonuMocTu Metona Herotona. *MoauduiupoBannslii Metoa HetoToHa.

2. [IpeameT BHIYMCIUTENBHON MaTeMaTHKN




[Ipumepsl akTyanbHbIX (DU3MYECKUX 3alad, NPU PELICHUH KOTOPBIX MPUMEHSIIOTCS YHUCICHHBIE
METO/IbI: npoOJieMbl  YIPaBIIEMOro, HHEPIHAIbHOTO TEPMOSAEPHOTO CHHTE3a; 3a/auu
BO3HUKHOBEHHUSI W Pa3BUTHS THAPOIUHAMHYECKUX HEYCTOMYMBOCTEH, IMepexoA K TypOyIeHTHBIM
TEUEHUSIM; B3aUMOJICIICTBUE JIA3€PHOTO U3JIyUYEHUs C BELIECTBOM; 3aJadl BhICOKOCKOPOCTHOTO yaapa
0o0pa3loB ¢ BO3MYWIEHHBIMH  MOBepxHOCTAMHU. Crnenuduka MalIIMHHBIX  BBIYMCIE-HHUM.
OneMeHTapHas TEOpHUs IOIPELIHOCTEH.

3. llpubnwmxenune (yHKINHN, 32IaHHBIX HA JIUCKPETHOM MHOXECTBE

3amaua anreOpanueckod wuHTepronsnyu. CyliecTBOBaHHE U EJUHCTBEHHOCTh alnreOpandecKoro
HWHTEPIOJISIIITUOHHOTO MOJTUHOMA.

UnTepnonsinuonnsii monuHoM B ¢opme Jlarpanxa u B ¢opme Hprorona. OctaTouHblii WieH
HUHTEPIOJIALNH.

Wutepnonsiuus mo 4eOpmEBCKUM y3naM. OIEHKa HOTPelIHOCTH HMHTEPHONSALUM Ui (QYHKIHH,
3aJaHHBIX C OIIMOKaAMH.

Kycouno-muaorowiennas nnrepnosnsiuusi. Uatepnosnsiius crutainamu. *JIokajabHbIE CIIIAHBIL.
*Cmaiiabl ¢ GUHUTHBIM HOcuTeseM (B-ciaiinsl). *TpuroHomerpuieckas HHTEPIOISLIHA.

4. Pertenue cucteM JTUHEWHBIX alreOpandecKnx ypaBHEeHUN

Hopwmbl B KoHEYHOMEPHBIX TpocTpaHcTBax. OOYCIOBICHHOCTh CUCTEMBI TMHEHHBIX aJIre0pandecKux
YpPaBHECHHUI.

[psimbie mMetonsl pemenus: mMeton [aycca, merox ['aycca ¢ BBIOOPOM TIIABHOTO 3JIEMEHTa, METO[
MIPOTOHKH ISl CHCTEM CIIELUAIBHOIO BUAA.

UtepanmonHbie METONBI PEILICHHS TMHEHHBIX chcTeM. MeTo MPO-CTHIX UTEpaLUil.
Heo0xoanmoe, qoctaTouHoe yCIoBHs CXOAMMOCTH METOAA MPOCTHIX nurepaunii. Meton 3eiaens.
*Kanonnueckasi popma 3anucy ABYXCIOHHOTO UTEPAMOHHOTO METO/A.

*YeOBIIEBCKIE TEPALIIOHHBIE METOIBL. *MeTo/ CONPSKEHHBIX TPaJAUEHTOB.

*[Ipobnema norucka COOCTBEHHBIX 3HaYCHUN MaTpuubl. *CTerneHHONH METOI.

*Meton BpalleHUH AJ1s IOMCKa COOCTBEHHBIX 3HAYEHUI CaMOCOIPSDKEHHON MaTPULIBL.
[lepeonpeneneHHble CUCTEMbI TMHEWHBIX alreOpanvdecKux ypaBHEHUH.

5. HucnenHoe auddepenurpopanue

[Ipocreitmme Gpopmynsl unciaennoro auddepenuupopanusi. OLeHKa MOTPEIIHOCTH.

6. UncneHHOE NHTErpUPOBAHNE

Ksanparypusie popmynsr Hetotrona—Korteca (mpsiMoyroiasHUKOB, Tpaneunii, CUMIICOHA) U OLIEHKA UX
norpemHoctd. KBaaparypusie ¢popmyisl ['aycca.

MeTozb! BEIYUCICHNS HECOOCTBEHHBIX HHTEIPAJIOB.

7. UucneHHble METOBI pellicHus OOLIKHOBEHHBIX Tu(depeHansHbix ypaBaenuit (O1Y)
Annpokcumanusi, yCTOH4YUBOCTb, CXOOUMOCTh. Teopema O CBA3M alllIPOKCUMALMHU, YCTOHYUBOCTH,

CXOOUMOCTH.

[Ipocreitne uncnenusie Metonsl permenus 3agadn Komm mns OY. Metonsr Pynre—Kytter ans
OJY. OueHkH MOTPEIHOCTH U yTIpaBJIeHHE JJIMHOM 1Iara Mpy YMCIICHHOM WHTETPUPOBAHUH CHCTEM
ONY. Jluneiinbie MHOTOIIArOBbIe MeTOIbI (THIa Anamca) pemrenust OJ1Y.

8. AHaJIM3 CUTHAJIOB

OCHOBHEBIC BBIYMCIIUTEIbHBIC METO/IbI aHAJIN3a CUTHAI0B. BelBieTsl.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMO¥ AJIl OCYlIeCTBJIECHHS 00pa30BaTEILHOTO
npouecca 1no JUCHUILInHE (MOIYJII0)



VYuebHas ayquTopHsl, OCHAIEHHAs TIEPCOHATIBHBIMU KOMITBIOTEPaMH, MYITbTHMEINAPOECKTOPOM U
9KpPaHOM.

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. BeruncnurenpHas MareMaTrka sl GU3UKOB, DIEKTPOHHAS BepcHs reuarHou myomukauu / . b.
[TerpoB. — Mocksa, ®usmarnur, 2021

2. BerancnurensHas maremaruka / A. U. Jlobanos, U. b. Iletpos, Mocksa, ®uzmarkuura, 2021
JlomonHuTenpHAs IUTEpaTypa

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUS] JUCHMILIUHBI (MOLYJIs1)

http://mipt.ru/education/chair/computational_mathematics/study/materials/compmath/

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Kommunsaropsr u cpenpt pazpadorku C++, JAVA, PYTHON
9. MeTonuueckne yKa3aHus 151 00y4aloMMXCsi 10 OCBOCHHMIO TUCHUILIMHBI (MOLYJIs)

CryneHT, M3y4arnuil Kypc JOJDKEH ¢ OIHOW CTOPOHBI, OBJIAJICTh OOIUM TOHSATHIHBIM arIaparoMm, a C
JIPYroi CTOPOHBI, TOKEH HAYUYUThCS] IPUMEHSATh TCOPETUUECKHUE 3HAHUS HA MPAKTUKE.

VYeneniHoe 0CBOeHUE Kypca TpeOyeT HanpshKEHHON caMOCTOATENBHOM paboThl cTyeHTa. B mporpamme
Kypca OTBEIEHO MHUHHMAaJbHO HEOOXoOuMoe BpeMsi nisi paboTbl CTyneHTa Haj TEMOH.
CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

- YTEHUE U KOHCIIEKTUPOBAaHUE PEKOMEHI0BaHHOM JINTEPaTyphl,

- TpopaboTKy y4eOHOro Marepuana (IO KOHCIIEKTaM JIeKLUH, y4eOHOW W Hay4dHOH jurTeparype),
[IOJTOTOBKY OTBETOB Ha BOIPOCHL, IPEIHA3HAUEHHBIX M CaMOCTOSTEIbHOIO H3yuYeHMs,
J0Ka3aTeNIbCTBO OTAEIBHBIX YTBEPKACHHI, CBOICTB;

- pelieHue 3aaay, MpeAsiaraéMbIX CTYACHTaM Ha MPaKTUYECKUX 3aHSITUSAX U B Kauy€CTBE KypCOBOIO
3aJaHusl,

- [IOATOTOBKY K IMPAKTUYCCKUM 3aHATUAM U 3a4CTaM.

PykoBOACTBO W KOHTPOJIb 32 CaMOCTOATENBHON pabOTOH CTyJeHTa OCYIIECTBIsAeTCS B Qopme
WHIUBUAYaJIbHBIX KOHCYIBTAllHN.

ITokazarenem BIaJeHNs] MATEPUAIIOM CIIYKUT YMEHHUE pellaTh TEOPETUUECKHE U IPAKTUUECKHUE 3a1a4H.
BaxxHOo n0OMTBbCS MOHMMAaHUSI W3y4yaeMoOro Marepuaja, a HE MEXaHHMYECKOro €ro 3aloMHHaHuS,
OLIYTUTh B3aUMOCBA3b MEXy TEMaMU Kypca.

[Tpu 3aTpynHEeHUN M3ydeHHs OTIEIbHBIX TeM, BOIIPOCOB, ClIEAyeT 00paIaTrhesi 3a KOHCYIbTALMAMHU K
JIEKTOPY WJIU MPENOJIaBaTeI0, BEAYIEMY NPAKTUIECKHAE 3aHATHS.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA

npopuiIb NOArOTOBKHU: Maremarnueckoe MOAETUPOBAHNE U KOMIIBIOTEPHBIE TEXHOJIOTUN
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
Kadeapa BEIYUCIUTEIBHON (PU3UKU

Kypc: 3

kBaTuuKkanus: OaxanaBp

Cemectp, (hopMBI IPOMEKYTOUHOH arTecTanuu: 5 (oceHHuil) - JluddepeHpoBannbiii 3a4eT

Pa3paborunk: W.B. Ilerpos, n-p ¢us.-Mat. Hayk, mpodeccop, mpodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-1.1 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

VYK-1 CriocobeH oCymiecTBIsTh MTOUCK,
KPUTHYECKUI aHAJIM3 U CUHTE3 HH(POPMALHH,
NPUMEHSATh CUCTEMHBIH MOXO/ sl PEICHUS

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON
3a1auu

MOCTaBJICHHBIX 3a/1a4
VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl PELICHUS

3alauu, OICHUBACT UX MPCUMYIICCTBA U HCAOCTATKU

OIIK-1 CriocobeH npuMeHsTh OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKHue MOJEIH,
(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B MPOMU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON e TeNbHOCTH

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH
B pesynbrare uzydeHus qUCIUILIMHEI « BEIMUCITUTEIbHAS MaTEMAaTHKA 00yUYaIONTHIICS TOJDKEH:

3HATh:
OO6acTh NPUMEHEHHSI, TEOPETUICCKUE OCHOBBI, OCHOBHBIC IPHHIUITBI, 0COOCHHOCTH M COBPEMEHHEIC
TEHJICHIINU Pa3BUTHS METOIOB BHIYMCIUTEIBHON MaTeMaTHKH.

yMeThb:

[IpuMeHsAT, METOBl YMCIIEHHOTO aHaju3a JUis MPUOIMKEHHOTO pelIeHus 3ajad B o0NacTu cBoei
Hay4YHO-UCCIIeIOBATECILCKON PabOTHI.
BJIA/IETh:

[TporpaMMHBIMU CpeaCTBaMH Pa3pabOTKU BBIYMCIUTEIBHBIX AJITOPUTMOB M MPOTPaMM, CIIOCOOAMHU HX
OTNIAJKH, TECTHPOBaHUS W MPAKTUYECKOH IPOBEPKH COOTBETCTBUS PEATM3OBAHHOIO aJITOpUTMA
TEOPETUUECKHUM OLIEHKaM.

3. [lepevyens THNOBBIX (IPHMEPHBIX) BOMPOCOB, 32/1aHMIi, T€M /15l MOATOTOBKHU K TEKYIeMY KOHTPOJIIO
cM. (aiin

4. [lepeyens THNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuarumuxcst

cM. (haiin

Kputepun onennBanus
cM. (haiin

5. MeTonuueckne MaTepuajbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

cM. (aiin




3. IlepeyeHb THNOBBIX KOHTPOJBHBIX 3aJaHUI, HCNOJb3yeMbIX VI OLCHKHM 3HAHWH,
YMeHH i, HABBIKOB

[IpomexyTouHas aTTecTanys Mo AUCUUILINHE «BbruncanTenbHas MaTeMaTHKay OCYLIECTBIIAETCS
B ¢dopme auddepennupoBannoro 3adera. [luddepeHunpoBaHHBI 3a4eT MPOBOAUTCS IO
UTOraM TEKyLIEeHd YCIIEBAEMOCTH, BBIABIIEMOM IIPM HAIMCAHUM IIOJYCEMECTPOBOM H
CEMECTPOBOW KOHTPOJIBHBIX padoT, a TAKXKE MPH clladye 3a1aHuid, JTa0OpaTOPHBIX U APYTUX BHUIIOB
paboT, MpeayCMOTPEHHBIX MPOTPAMMOM IUCIMILIMHBI M IIyTEM OpPraHM3alldd CIHEIHUaTbHOTO
oIpoca, IPOBOJAUMOI0O B YCTHOU (opme.

IlepeyeHb KOHTPOJIBLHBIX BOIIPOCOB:

1) OTnuuue BEIYMCIUTEILHON MaTeMaTHKH OT JAPYTUX HAYK MaTeMaTHuecKoro nukia. Ommbka
BXOJHBIX JJAHHBIX, OIINOKAa METO/1a, OIIMOKa OKpYIJIeH!s. MalllmHHOE Npe/ICTaBIEHUE YHCEIL.

2) BolunciieHue 3HaueHUN (QYHKIMHU, BIUSIHAE OIIUOOK OKPYIJICHHS U YCTOMYUBOCTD TAKOTO
BBIYHCIICHUS.

3) Meroapl  BBIYMCICHUS MPOM3BOMHBIX  (yHKiMH. ONTUMANBHBI IIAr  YHCICHHOTO
Qg epeHIpOBaHUSI.

4) CornacoBaHHble M IIOJYMHCHHBIC HOPMBI MAaTpuil. TpU OCHOBHBIC HOPMBI MAaTpHII,
IIOAYMHEHHBIE TPEM  OCHOBHBIM  BEKTOPHbIM  HOpMaM. JlokKa3aTb  NOJYMHEHHOCThb
COOTBETCTBYIOLIEH MaTpUYHOM HOPMBI B Cilydae BbIOOpa KyOmdeckoil Hopmbl BekTopa. [Ipumep
HOPMBI MaTpULl, HE SBISIOIIEHCS TOJYMHEHHOM.

5) Teopema 0 BO3MYIICHHU PEIICHUS] CUCTEM JIMHEHHBIX anreOpanuyeckux ypaBHenuit (CJIAY)
MIPHU BO3MYIICHUH MPABBIX YacTel M KOA(P(PHUIIMEHTOB CUCTEMBI(C I0KA3aTEILCTBOM).

6) Meroasr pemenuss CJIAY. Ilpsmbie metonbl. IIoHSTHE SKOHOMHYHOCTH MeTOxa. MeTon
I"aycca u ero skBuBasieHTHOCTH LU pa3nokeHuto MaTpuiibl.

7) Metonsr perienust CJIAY. I[pocreiimue urepaioHHbie MeToabl: Sko0u, 3eiaens, mpocTon
urepauuyd. Teopema O JOCTaTOYHOM YCJIOBMM CXOAMMOCTHM METOJA IIPOCTOM HUTEpauuu B
HIUPOKOM CMBICIIE (C JTIOKa3aTeIbCTBOM). Teopema 0 HEOOXOAMMOM U JOCTATOYHOM YCIIOBUU
CXOJMMOCTH METO/1a IIPOCTOM UTEPALUU C TaPAMETPOM.

8) Teopembl 0 HEOOXOAMMOM U JIOCTATOYHOM YCIOBUHM CXOIUMOCTH MeTo/10B SkoOu u "aycca—
3eiinens urepanuonHoro pemenns CJIAY. Meron nociieoBareabHON BEPXHEN pelaKcaliy.

9) MUrepammonnsie Metoabl pemeHus CJIAY  Bapuanmonnoro tumna. OmnpeneneHue
UTEpPalMOHHOIO IapaMeTpa B METOJE HAUCKOPEWIIEro CIyCKa U B METOJAE MHUHUMAJbHBIX
HEBSI30K.

10) Meroapl pemieHus] CHEKTpalbHBIX 3aja4 JHHEeWHO# anreOpsl. CreneHHo# Meron. Meron
BparnieHui. MeTtos1 00paTHOM UTEpaliH.

11) Meron HauMeHbIIMX KBajapaToB. Ero mpuiokeHHe K 3aJade HETOYHOH HHTEPHONISAIMU
GbyHKIUH.

12) Meroa HauMeHBIIUX KBapaToB. Ero mpuioxeHue Kk peieHuro nepeonpenencHupix CJIAY.
13) MeToabl YKHCICHHOTO pEIICHHS HEIUHEWHBIX ypaBHEHHH. MeTOJ MPOCTOW HTepanud U
YCIIOBHUE €T0 CXOAUMOCTH. Teopema 0 HENOABUKHON TOYKE.

14) Meroapl YHCICHHOTO pEIICHHUsS HEJIMHEHHBIX ypaBHeHHMH. KBaapaTudHas CXOIUMOCTh
Meroaa HproToHa 11 IPOCTBIX KOPHEM.

15) MeTo/1pl YMCIICHHOTO PELICHUS] CHCTEM HETMHEHHBIX ypaBHEHHH. MeTo/] MPOCTOi uTepaiun
u Metox HeroToHa. YCnoBHe CXOIMMOCTH METOA IIPOCTON UTEPALUU U CUCTEM HEIMHEHHBIX
YPaBHEHUM.

16) Meroapl 4YMCIIEHHOTO HAXOXKICHUS OJKCTpeMyMa (YHKIHMH: MeTon nepebopa, METon
JTUXOTOMUHU, METOJI 30JI0TOTO CEeYeHHs, MeToA Mapaboi, meroa bpenara. DxcrpemyM (QyHKUIUN
MHOI'MX IIEPEMEHHBIX.

17) Paznenennasi pa3HOCTh N-ro mopsijika. HTepnonsaiuoHHbii MEOTOWICH B (hopme Jlarpamxa
u Herorona. Teopema 00 PKBHUBaJIEHTHOCTH HHTEPHOJSALMOHHBIX MHOTOYWIEHOB B 3THX JIBYX
dhopmax.



18) TeopeMa O MOTPEUIHOCTH ajdreOpanueckoi MHTEPHOAIH. ONTUMAIbHOE PACIIOIOKCHUE
y3J10B UHTEPIOSIHH.

19) O6ycnosnennocty uHTepnoisuuud. Koncranta Jlebera. Ouenka xoHctaHThl Jlebera mpu
PaBHOMEPHOM PACIOJIOKEHUH Y3JI0B U B HYJIIX MHOrouwieHa YeOrpiiena.

20) TlocraHoBKa 3ada4ydl IOCTPOCHHS CIUTaliHA. Y3JIbl MHTCPIOJSAIMH, Yy3Jbl CIUIAKHA.
CBoOoanblii KyOuueckwii crutaiiH  npedexra 1. OmnpeneneHue U crmocod HAXOXKICHHS
K03 (UIIMEHTOB i cBOOOMHOTO crutaiiHa. HeoOXoIuMOCTh JTOMONHUTEIBHBIX «KPACBBIX)
YCJIOBHU.

21) Yucnennoe unrerpuposanue. @opmynsl Herorona—Koteca nnrepnonsiuuonHoro tumna 1-ro,
2-r0 ¥ 4-TO MOPSAKOB aNMpOKCHUMALUU I UHTETPUPOBAHUS (YHKIIHM, 3aJJaHHBIX TaOIUYHO.
OOBsicHUTDb, TIOYEMY (hopMyJia MPSMOYTOJBHUKOB CO cpelnHeil Toukoil u ¢opmyna Cumiicona
UMEIOT TOYHOCTh HA €IMHHUILY BBIIIE, YeM OTO CIEAyeT M3 HUHTETPUPOBAHUS OLIMOKHU
WHTEPIIOJISIIIHH.

22) Yucnennoe unterpupoBanue. Kpamparypusie dopmysisl ['aycca. Teopema o Becax u y3iaax
KBapatypHbIX Gopmyn ["aycca npu uHTerprpoBanuu Ha otpeske [-1,1].

23) Yucnennoe perieHne 0OBIKHOBEHHBIX muddepenimanbubix ypapuenuii (OJ[Y). OcHoBHbIE
MOHATHSI: CXOJIUMOCTb, ANMPOKCUMAIUS, YCTOHYMBOCTh. CBs3b Mexay HHMH. [Ipocteifmme
METO/Ibl YucieHHoro pemenus OY.

[IpuMepsl KOHTPOJIBHBIX 33JaHUN:
1. TunIoBOM BapHAHT MOJYCEMECTPOBOH KOHTPOJbLHON PadoThI

KB (2) CornacoBaHHbIC U IOAYMHEHHBIC HOPMBI MaTpUIl. TpyU OCHOBHBIC HOPMbBI MAaTpPHII, O JYHHECHHbIC
TpeM OCHOBHBIM BEKTOPHBIM. JlOoKa3aTh MOMYMHEHHOCTh MATPUYHOM HOPMBI B cllydae BBIOOpa

KyOm4ueckoil HopMbI BekTopa. [IpuMep HOpMbI MaTpwil, He SBISIOMIEIHCS TOTYUHEHHOM.

1. (3) OueHUTH OTPENIHOCTH B ONPEAeIcHU KOpHEl ypaBHeHus ay® +by? +cy+d =0, ecinu BenmauHbI
a=1,b=-3, c=1,d=-33amans c Tounoctsio A(a) = A(b) =A(c) =A(d ) =103

2. Jlns BbuucieHus mepBoi mpousBoaHOoN ¢GyHKimu f(X) B Touke X+h ucnomb3yercs dopmyina

(f(x +2h)—f (x—2h))/4h



1)
2)

3)

3. Jlnst cucteMsl IMHEWHBIX anrebpandeckux ypasuenuit AX =T,

1)

2)

3)

4. lns CJIAY Ax =T, A:(l 3)

(3) KakoB mopsmok anmpoKCHMAaIiue 3Toi GopMysi?
(3) Haiit ontumanbHeIi mar quddepeHInpoBaHus 10 3Toi (opMyiie B TIPOU3BOIBHON TOUKE
X+h s yersipex sl muddepeHunpyemMoit QyHKIH.
(2) Outenuts ero yncieHnoe 3Hadenue 1t Gyukin f(X)=CoS(X+m/4) B ciryyae HCIONIb30BAHUS
apu(METHKN OJUHAPHON U TBOWHOW TOYHOCTH.

(61) (4)

el Tl

(3) BBIYMCTUTH YKCIO OOYCIOBICHHOCTH CHCTEMbI B HOPMax, MOJYMHEHHBIX KyOWYECKOH,
OKTa3/[pPHUYCCKON U SBKJIMIOBON HOPME BEKTOpA.

IMpuBecTH BBIYHUCIUTENbHBIC (DOPMYJIBI U BBIMOJHATH TPU HTEpaldK MeTOH0B Skobu (2),
Seitnens (2) u BepxHed penakcauud (3), BbIOpaB HTEPALMOHHBIA IapaMeTp, OIH3KHH K
ontuManbHOMY (2). 3a HauanbHOe pubmKeHne B3sTh Bektop X = (0, 0)7 .

*(3) IlpoBectn TpHW mmIara BBIYUCICHHH Ui OIpPEACICHHS MAaKCHMAIbHOTO IO MOIYIIO
COOCTBEHHOTO 3HAUEHUSI MATPHUIII CUCTEMBI CTETIEHHBIM METOJ/IOM, B3SIB B KQ4eCTBE HAYAJILHOTO

(1)
S

npubmmxenns sexrop X = (1, 0)7.

SOy

1) (3) mocTpouTh CXOAAIINICA METO POCTHIX MUTEpaInii. YKa3aTh 00JIaCTh MTapaMeTpoOB, MPH
kotopbeix MIIU cxoautes.
2) (2) OLEHHTH ONTHMAILHOE 3HAYCHNE UTEPALINOHHOTO ITApaMeTpa 7, -
3) (2) ouenuTs kKonuuecTso utepauuiit MIIH, Heo6xoaumoe Aj1s JocTuxeHus Tounoctu 1073, ecnu B
KaueCTBe HAYaIbHOTO IpUOIHKeHns BeIopan Bektop X = (0, 0)7 .
5. (3) MeTo1oM HaMMEHBIIUX KBAAPATOB PEIIUTH { X+y=1
N 2X+y=2
HepeonpeIe/ICHHYIO CUCTEMY YPaBHEHHIA i
Lx +2y=3

6. st dyrkumn Y = f (X) , 3anaHHOM TabIMYHO, METOOM HANMEHBIIHMX KBAJIPATOB HANTH TMHEHHOE

npubnmxkenue Yy =ax+b (2). Hapucosars mony4eHHOE pelieHre W UCXOIHBIC JaHHBIC B IEKAPTOBON

wiockoctH (1). *Beraucints cymmy KBajparoB ommook D (2).

0

1

2

X

0

1

2

4

y=f(x)

4

0

-2

2

7. * Jloxasath, uTo Juis BekTopa X = (X1,X2) u h > 0 BeIpakeHue ||x||h = max (] xl,|x2—x1 | / h) SIBIISIETCS

HOpMoii (4). Haiitn MaTpu4Hy0 HOpMY, TOJJYMHEHHYIO 9TOH BEeKTOpHOH HOpME (6).

8. (4) MokazaTh, 4TO I MATPHUI[ pa3MEPHOCTH 2X2 MeTOIbI SIKOOH U 3eHaerns CXOMSITCA M PaCXOMATCS
OJTHOBPEMEHHO.

TunoBoit BApMaHT ceMeCTPOBOIl KOHTPOJIbHOI Pad0ThI

KB:

(6) JMoxasare TeopeMy O TIOTPEHIHOCTH aireOpanyeckoil HMHTEPIOJSINY.

OnrumanbpHOe

PaCIOJIOKEHHE y3JI0B HHTEPIIOISIINH.



(6) Jlokasatb, uto KoHCTaHTa Jlebera He 3aBHCHUT OT JUIMHBI MHTEPBANA, @ 3aBUCHT TOJBKO OT
B3aMMHOTO PAaCIOJIOKEHHUS TOUYEK Ha OTPEe3Ke, T.€. UTO OHA HE U3MEHSETCS IIPU JTF0OOM JIMHEHHOM
npeobpaszoBaruu t = KX + C caMoro otrpeska U TOUEK HHTEPIOJIAIMH Ha HEM.

a) (5) Jns ¢yHKIuY, 3aJaHHOW TaOINYIHO, MPHUONMKEHHO BOCCTAHOBHUTE €€ 3HAUCHHE B TOYKE
X* = 1.5 mo 3HAYCHHWIO WHTEPHOJAIIMOHHOTO MHOTOYJICHA HaWBHICHICH crereHn. OIleHnTe

HOTPENTHOCTh B Tpeanonoxkennn, uto f(X) € C*. 3Hauenns pyHKINH B y3/1aX 3a1aHbl TOYHO.

X 0 1 2 3 4 5
f(x) 1 0 0 1 1 0

6) (3) HOJ’II)Sy}lCI) OTUM KC MHTCPIOJAIUOHHBIM MHOTOYICHOM, ONIPCACIINTE MaAKCUMAJIbHO TOYHO

3HAYCHHE MATOH mpou3BoaHO# f(X) B y3moBoii Touke X = 1.
a) (6) BeluuciauTh 3Ha4eHKE ONPEAEICHHOrO0 MHTErpaia I 2x3/2 ctgxdX 1o 3a1aHHBIM 3HAYEHUAM
0

MOJBIHTETPATBHON ~ (QYHKIMM  METOIOM  Tpamelui, claenaTtb yYTOYHEHHE  pe3yJsibTara
skcTpanossureit Puuapacona. CpaBHUTH IMOydeHHBIH pe3ysbTaT C BBIYMCICHHEM HHTErpaja

meTtoxoM CHUMIICOHA.

1 2 3 4 5 6 7 8

Xi

0.25 0.5 0.75 1. 1.25 1.5 1.75 2.

fi

0.489540 | 0.647175 | 0.697211 | 0.642093 | 0.464366 | 0.130279 | -0.419361 | —1.294451

6.

6) (6) C momormisio mporecca DUTKEHA OTPEIEIUTE PEATBHBIHN MOPSIOK CXOAMMOCTH METOIa

Tpanernuit. OOBSACHUTD, TOYEMY OH OTJIMYAETCS OT TEOPETUIECKOTO. Y TOUHUTH pe3yibTarT.

(6) Jlng HaxOXKAEHMS TOJNOKMTEILHOTO KOPHS HENMHEHHOro ypaBHeHums €%+ 1=x?
MPEJJI0KEHO HEeCKOJIbKO BapuanTtoB MIIN. MccnenoBaTh 3TH METO/IbI M C/I€JIaTh BBIBOJBI O
11eJ1eCO00Pa3HOCTH MCIOIB30BAHUS KaXI0T0 U3 UX.
X| e_ n
— 2 . — —-An- —
). Xp1=-IN(2-1);  b). Xy, =v1+€e ™5 C). Xpy1 = :
1-x,
J e +x=0

(8) st cucteMbl ypaBHEHHIA BBIOpaTh HaYaJbHOE MPUOIIKEHUE U

(y+2)3 +sin(x+_§ =0

CACJIaTh OJIHY UTEPALlUIO METOIa HBIOTOHa, €CJIM U3BECTHO, YTO PCIICHUC ITPUHAIIICIKUT obnactu
U{lx| <1, 4<y<-2}.

(6) Metomom 06paTHO# MHTEPIIONSAIIUY HANTH KOPEHD HETMHERHOTO YPaBHEHMS

X X1:1.1 X2:1.4 X3:1.6 X4:1.7
2+Inx=x?=0

f(x) 0.8853 0.3764 —0.0899 —0.3593




7.

(6) Ipenyoxute AITrOPUTM, KaK HOJIB3YSCh IPOrPAMMOM, pEaTH3yIOLIe METO TPANeHi s

YHCJICHHOTO MHTETPUPOBAHHS MPOU3BOJIBHBIX PErYIAPHBIX (QYHKIHNA C MPOU3BOJIBHBIM IIIATOM,
4
BBIYKCITMTH CJIEYIOIIMIA HHTErPal ¢ TOYHOCTBIO € = 107° J‘ M dx .
2
0 X
(4) Toctpouth kBaaparypy I'aycca—Kpuctodderns ¢ nByms y3aaMu isi BBIYHCICHUS HHTETpaia

. . | (g~ n=0

2 2
I f (x)e™ dx, nus CHpaBKI/II x"e™ dx= 0, n=1,3.

- e *l2, n=2

KaxoBa anrebpandeckasi cTelieHb TOYHOCTH TOJTYUEHHOH KBaApaTypHOH hopMyITI?



4. Kputepnu oneHNBaHHUsA

OneHka 3a ceMecTp BBICTABIISIETCS B COOTBETCTBUH C OAJITIbHO-PEHTUHIOBON CUCTEMOM.

Bbanibl BBICTAaBISIOTCS 32 KOKIYIO U3 IBYX KOHTPOJBHBIX padOT U pabOThI HAJl OIIMOKAMH K
HUM, 3 JIBa 3aJIaHMs1, 32 TPAKTUYECKYIO pEaM3alliI0 YUCICHHBIX METO/I0B, H3y4aeMbIX Ha
3aHSATHSX, 32 AKTUBHOCTh HA CEMHHApaXxX U MPUCYTCTBHE Ha JeKIuax: [lons otMeTku 3a
nosrycemectpoByto KP cocrasisier 20% u 5% 3a padoty Hax ommOkamu K Hel (wu 20 u 5
0aJIJIOB COOTBETCTBEHHO).

Hons ormetku 3a cemecTpoByto KP cocrasnsier 25% u 5% 3a paboTy Haa ommOkaMu K Hel (wiu
25 u 5 6aoB).

JBa 3aganus BHOcAT 1o 10% xaxgoe (mo 10 6amioB).

YeTbIpe mpakTHUECKUX 3a7auu 1o 5% kaxjaoe (1mo 5 6aios).

AKTHBHOCTB Ha ceMuHapax 5% (5 6amion).

[IpucyrctBue Ha nexuusax 10% (10 Gamnos).

MakcumanbHoe uncio 6amioB nomxydaercs 110.

OneHka BBICTaBISIETCS IIEIOUUCICHHBIM JIEICHHEM Ha JAecATh (T.€. OTpe3aHuEeM MaHTHUCCHI)
CYMMBI 0aJUIOB, TIPH TOM 3a IMPETOAaBaTeNIeM OCTABISETCS MPABO MPOBECTH YCTHBIA OMPOC 10
HECKOJIbKUM TeMaM, U3YYECHHBIM B CEMECTpE.

5. Meroauyeckue MaTepuaJibl, onpeesiiomme NpoueIypbl OLeHNBAHUS 3HAHUI, YMeHMI,
HABBIKOB M (WJIM) ONBITA 1eATETbHOCTH

i epeHIIMPOBAHHOTO 3a4eT MPOBOJUTCS [0 HMTOTaM TEKYIIEH YCIEBAeMOCTH W CHA4H
3aJJaHUi, 1a00PAaTOPHBIX U JAPYIHX BUJIOB PadOT, IPEIYCMOTPEHHBIX POrPaMMOM TUCLMITIMHBI
U TIyTEM OpPTaHU3alUH CIIEUATEHOTO OIPOCa, POBOJIMMOTO B YCTHON M MUCBMEHHOM (hopme.

Bpewms npoBeieHrsi NMCbMEHHOM KOHTPOJIBbHOM cocTaBisieT 80 MUHYT.

Bo Bpems mpoBeneHuss KOHTPOJBHOW 0OydaroIiuMecs MOTYT IIOJb30BaThCs IMPOrpaMMOit
JVCLIUIIIINHBL, & TAK)KE BBIYMCIIUTEIBHON TEXHUKOM.



