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

YTBEPKAEHO

IIpopekTop mo y4eOHoii padoTe u
JOBY30BCKOI IOAT0TOBKE
A.A. BopoHos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

10 AMCIMILINHE: BeruncnurensHas MaTeMaTHKa

10 HANPABJICHHUIO: CucteMHbII aHANU3 U yTIPAaBICHUE

NpoduJIb MOATOTOBKH: CucteMHbII aHATU3 U yIIPABICHUE B TEXHUYECKHUX, SKOHOMUYIECKHUX U COLIMATIbHBIX
crcTeMax

dusTex-urkona A3pokocMuueckux TexHomoruit
kadeapa BEIYUCIUTEILHON (PU3UKU

KYpC: 3
KBAJM(PUKAIMA: OaxanaBp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
5 (ocennwuii) - luddepeHpoBaHHbIH 3a4eT

6 (Becennwii) - luddepeHnnpoBaHHbIN 3aUeT

AynutopHbIxX yacoB: 120 Bcero, B TOM 4ucIe:
nexuuu: 60 yac.
cemuHapsbl: 0 yac.
nabopatopHbie 3aHsaTus: 60 yac.

CamocrositenbHas pabdora: 150 gac.
Bcero gacos: 270, Bcero 3ad. ef.: 6

KonmuecTBo KOHTPOJIBHBIX padoT, 3a1aHuil: 8

[Iporpammy cocraBui: H.A. 3aBbsnioBa, kaHa. (pu3.-MaT. HAyK

[Iporpamma obcyrxneHa Ha 3acefanuy Kadeapsl BeraucnuTensHon ¢pusnku 28.05.2020



AHHOTANMA

Kypc mocesmen mpo0nemaM pemieHHs NPUKIAIHBIX MaTeMaTH4eCKHUX 3a/lad Ha KOMIIbIOTepe: pa3palboTke
BBIUMCIIUTENBHBIX ~ QITOPUTMOB M HM3Y4YeHHI0O HX CBOHCTB. CTygeHTaM HeoOXoauMo — o0jajnaTh
(u3MKO-MaTeMaTHIEeCKOM MOArOTOBKON mepBbIX AByX jJer M®OTU, umerh mpencTaBicHUs O HEIWHEHHBIX
YpaBHEHUSIX U CHCTeMaX, OOBIKHOBEHHBIX In((epeHUUaIbHBIX YypaBHEHUAX, psaax Teiopa, cBodcTBax
OIepaTopoB, JAEHCTBYIONIMX B JIMHEHHBIX NPOCTPAHCTBAX, OMHMCAHUM (U3MUECKUX SBICHUH CHCTEMaMH
Qg QepeHIMaTbHBIX YPaBHEHUH, UMETh Ha4yaJIbHbIE HABBIKH MTPOrPAMMHUPOBAHUS U pabOThI C JAHHBIMH.

ITocme 06y‘leHI/I$[ Yy CTYACHTOB HOABATCA CJICAYHOIINC HABBIKU:

- 3HAHWE OCHOBHBIX YHCIEHHBIX METONOB nuddepeHInpoBaHns, HHTCTPUPOBAHUS, WHTEPIIOIUPOBAHHUS
JIAHHBIX,

- TIOHMMaHWe TPUHIMNOB pemeHus 3amaun Komwm wu  KpaeBol 3amauM A OOBIKHOBEHHBIX
Qg QepeHanbHbIX YpaBHEHUH,

- YMCHHC UCCJIICA0BATb U3YYCHHBIC MCTOAbI Ha CXOAUMOCTD, AIlIIIPOKCUMALIUIO U yCTOﬁ‘IHBOCTB,
- YMCHHC CpaBHHUBATH YUCIICHHBIC MCTOJAbI 1 BBI6I/IpaTI> HO,Z[XO,I[HH_[I/Iﬁ nona 3aaauvy,

- YMCHHC IIPOrpaMMHUPOBATh U3YUCHHbBIC YHMCIICHHBIC MCTO/bI,

- YMCHHUC UCKATb OIINOKU B PCaIM30BAHHBIX AJITOPUTMAX]

- YMCHHC pCIIATh (I)I/IBI/IIIGCKI/IG 3aga4yd, HadyuvHasid C OINCaHHuA B OOBIKHOBEHHBIX ,I[I/I(l)(bepeHLII/IaJ'ILHLIX
YpaBHCHHUAX U 3aKaHYMBasA KOJIMYCCTBCHHBIM PCILICHUCM.

1. lean u 3apa4un

Henp AucoMnInHBI
CdopmupoBarh y CTYIEHTOB CUCTEMAaTHUECKOE MTPECTABIECHHE O:
1) MeTomax mpuOIMKEHHOTO pelIeHUs: Hanbosee pacpoCTPAaHEHHBIX 0a30BbIX TUIIOB MaTeMaTHYECKUX
3a1ay;
2) UICTOYHUKAX MOTPELUIHOCTEN U METO/IaX UX OLICHKH;
3) MeTonax peuleHns PeeHNs aKTyalbHbIX IPUKIAJHBIX 33/1a4.

33]13‘[1/[ JAUCHUIIINHBI

1) OcBoeHue MaTtcpHajia OXBATbIBAOIICTO OCHOBHBIC 3a/1a91 U MCTO/bI BBIYMCIIMTSIHHONM MaTEMAaTHKH.

2) (I)OpMI/IpOBaHI/IC HOCJIOCTHOTO MHNPCACTABICHUA O YHUCICHHBIX MCETOAAX PCHICHUA COBPCMCHHBIX
Hay4HbIX NPUKIJIIAAHBIX 3aJ1a4.

2. llepedyens popmMupyemMbIX KOMIETeHUHH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kon 1 HauMeHOBaHHME KOMIIETEHIINH NHIuKaToOpbl JOCTHKEHNUS KOMIIETEHIINH
OIIK-6 Cniocoben npuMeHsTh MaTeMaTrueckue, | OITK-6.1 [Ipumensier €CTEeCTBEeHHOHAYYHbIE u
CHUCTEMHO-aHAJINTUYECKNE, BBIYUCIUTENbHbIE  |OOIICHMHXCHEPHBIE 3HAHHUSI, METOABl MaTreMaTH4YeCcKOro
METO/Ibl U IPOTPAaMMHBIE CPEICTBA AJIS aHaJgM3a M MOJAEIMPOBAHMSA, METOIAbl BBIYHUCIUTEIHHOM
peleHus MPUKIAIHBIX 3aa4 B 00JacTu MaTeMaTHKH JAJisl aHaJln3a MOJIEJICH M pelleHUs] HayYHBIX U

CO3JaHuA CUCTEM aHa/InM3a U aBTOMAaTHUYCCKOI'O (TCXHUYCCKHUX 3aJa4
YHOpaBJICHUA U UX KOMIIOHCHTOB

IMK-1 CriocobGeH MpoBOIUTH UCCIIEI0BAHUE I[K-1.1  Bnageer  ¢yHAaMEHTANBHBIMH  TOHSATHSIMU,
CHCTEM YIIpaBJICHUS U UX KOMIOHEHT 3aKOHAMHU M TEOPUSIMH CUCTEMHOTO aHAJIN3a

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOXYJII0)

B pesynbsrare oCBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HaTh:
OO6nacTh IpUMEHEHUs, TEOPETHIECKIE OCHOBBI, OCHOBHBIC ITPHHIIHUITEI, OCOOCHHOCTH U COBPEMEHHbBIC
TEHJEHIIUHN Pa3BUTH METOIOB BbIUHUCIUTENbHON MaTEMaTHKH.

YMETh:

[IpuMeHsAT, METOBl YMCIIEHHOTO aHaju3a JUIs MPUOMMKEHHOTO pelIeHUs 3ajad B o0NacTH cBoei
Hay4YHO-UCCIIeIOBATECILCKON PabOTHI.
BJIAJETh:




[TporpaMMHBIMH CpeICTBaMH Pa3paOOTKU BBIYMCIHTEIBHBIX aITOPUTMOB U MIPOTPaMM, CIIOCOOAMHU UX
OTIAJIKA, TECTHUPOBAHHS W MPAKTHUECKOM IPOBEPKH COOTBETCTBHUS PEATM30BAHHOTO aJITOPUTMA
TEOPETUYECKUM OIICHKaM.

4. Coep:xanue TUCUMILIUHBI (MOYJI5), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM YUE€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUITMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 [IpenmMeT BEIYUCIUTENBHOM MATEMATUKHI 4 4
) OyHKUMHU, 3aJaHHBIE Ha JUCKPETHOM 5 5 15
MHOJXECTBE
Mertoubl CLIEHUS HEJIMHEWHBIX
3 AP 5 6 15
ypaBHEHUI
4 Uucnennoe nuddepeHuupoBaHmue 5 5 15
5 3agaga Ko mos OJ1Y 5 6 15
6 Kpaessie 3agaun mns OY 6 4 15
7 VYpaBHEHUS rUNIEPOOTHYECKOTO THTIA 8 8 19
] VYpaBHeHus1 MapabOIMYECKOro THMA U ] ] 19
pelleHrne HeABHBIX 33/1a4 Ha UX MPUMeEpe
9 Hucnennoe pelieHue YpaBHEHHI ] ] 19
SIUTMIITUYECKOTO THIIA
Hcnonp3oBaHne METOAOB MAIIMHHOTO
10 |oOyueHust aJisi 3a/ad anmpoOKCUMAIUN H 6 6 18
ONITUMHU3ALIH
Hroro wacos 60 60 150
[loaroroska k sK3aMeHy 0 gac.
OO01mas TpynoEMKOCTh 270 yac., 6 3au.en.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemectp: 5 (Ocennuii)
1. [IpenMeT BBIYUCTUTENIBHON MaTeMaTHKN
Cnenn¢uka MalIMHHBIX BHIYUCICHUN. DJIeMEHTapHask TEOPHs TOTPEIIHOCTEH.
2. OyHKIUY, 3alaHHbIE HA JUCKPETHOM MHOXXECTBE

3amaua anreOpanueckod wuHTepnoisinuu. CylIeCTBOBaHHE W EJUHCTBEHHOCTH ajredpandecKoro
UHTEPIOJILMOHHOr0 nonuHOMAa. OcTaTouHbll wieH uHTepnoasnuu. OLeHKa [OIPeIHOCTH
UHTEPNOJSIIMKA JUIsT (YHKUUH, 3aJaHHBIX ¢ omunOkaMu. KyCOYHO-MHOrowieHHas HHTEPIIOJSALUS.
Wutepnionsimmst  crutaiinamu.  YucneHHoe  wHTerpupoBanue.  KBamparypaele  Gopmysbl
Hrrotona—Koreca (npsimoyronsHukoB, Tpaneuunii, CUMIICOHA) U OLIEHKa MX HorpemHocTy. [IpaBuio
Pynre, anocrepuopHas orenka nopsaaka. Ksaaparypusie popmynsl ['aycca 1 nX HOrpemHoCTb.
Brruncnenne HecoOCTBEHHBIX HHTETPaJIoB. MIHTerpupoBanue ObICTPO OCHMIIIMPYIOMNX (QYHKITHHA.

Uucnennoe muddepenupoanne. OneHka MOrpeiHoCTH (HOPMYIL.



3. MeTtoap! pelieHus! HeMMHEWHbBIX ypaBHEHUN

Jlokammzanwmst kopHe#. [IpuHIUI cxkuMaronux otoOpaskeHud. MeTox mpocTol WTeparu. YCIOBUE
CXOJUMOCTH METOJa MPOCTOW uTepauud. TeopemMa 0 JOCTAaTOYHBIX YCIOBHSIX CXOIMMOCTH METOIa
MPOCTON UTEpaluuU AJI1 CUCTEMBl HENMMHEUHBIX ypaBHeHU. Meton Herotona. [Topsaok cxoqumoctu
M YCIOBUSl AOCTIKEHHS 3aJaHHOW TOYHOCTH WTEPALMOHHBIX METOAOB. T€OpeMbl O CXOIWMOCTH
Metona HeroToHa AJig CKaIspHOTO YPaBHEHUSI U CUCTEMbI YPABHEHUI B OKPECTHOCTH KOPHS. MeTobl
BBICIIMX TOPSAIKOB CXOAMMOCTH M HAUCKOPEUIIIETO CITyCKa JJI1 CUCTEMBI YPaBHEHMIA.

4. Yucnennoe nuddepeHIpoBanme
[pocreitmme Gpopmynsl unciaennoro auddepernupopanus. OlEHKa MOTPEITHOCTH.
5. 3amaua Komu mns OY

Anmnpoxcumanusi, yCTOWYMBOCTb, CXOAMMOCTb. Teopema O CBA3M allpOKCUMAIMH, YCTOWYHUBOCTH,
cxogumoct. Mertonbsl Pynre—Kyrtol pemenus 3amaun Komu mmst OHY. YecToWyuBOCTH METOMOB
Pynre-Kyrtei. bapeepbl byruepa. Meronast Anamca. OueHKH MOTPEIIHOCTA U YIPaBICHHUE JUTMHOM
miara npu 4yucieHHoMm uHterpupoBanuu cucteM OIY. IloHATHA 0 )KECTKUX ypaBHEHUSX U CHCTEMaxX
OOYVY. A-ycroituuBbie cxembl. OyHKIMM M 001acTH YCTOWYMBOCTH Hanbosee yHOTpeOHTEIbHBIX
Pa3HOCTHBIX CXEM.

6. Kpaesrbie 3agaun s OY

AnropuT™M TpPOroHKH. MeTonsl pelleHus: HeTMHEWHBIX KpaeBbIX 3aaad (METoJ CTpenbObl, METOA
KBa3WluHeapu3aluuu). BapualnoHHO-pa3HOCTHbIE Y IPOEKLUOHHBIE METOABI  IOCTPOEHUS
MPUOJIMKEHHOTO PELICHHUS.

Cemecrtp: 6 (Becennuit)
7. YpaBHEHHS THIIEPOOINIECKOTO TUIIA

MeTonpl MOCTPOCHHUSI ANNPOKCUMHUPYIOIIMX Pa3HOCTHBIX YPAaBHEHWH UIsl ypaBHEHHH B YacTHBIX
NPOM3BOAHBIX (Ha NpHMEpe BOJHOBOTO YPAaBHEHHMS M YpaBHEHHUS IepeHoca). AMNIpoKCHMaIus,
YCTOWYUBOCTB, CXOAUMOCTB. IIpreMBl ucciieoBaHMs pa3HOCTHBIX 33]a4 Ha YCTOMYNBOCTE. [IpuHIMN
MaKCHMYyMa, CIIEKTPaJIbHBIA IPU3HAK YCTOWIMBOCTH, IPUHIUIT 3AMOPOKEHHBIX KO3 (HUIINEHTOB.
Teopema I'ogyHOBa 0 CBSA3M MOPSAIKA ANMPOKCUMALMA U MOHOTOHHOCTH JJISl IMHENHBIX PAa3HOCTHBIX
cxeM. KoppekTHas IOCTaHOBKAa KpaeBbIX YCIOBUI M1 CUCTEMBbl YPaBHEHUH C YacCTHBIMHU
MPOU3BOJHBIMU TUIEPOOIMYECKOr0 THIA. XapaKTepPUCTHUKW, WHBapuaHThl Pumana. TexHuka
[IEpeHOCa TPAaHUYHBIX YCJIOBUM C TIpaHUIBl Ha pacueTHYIO sueiky. Pa3sHocTHble cxeMbl Jis
XapakTepucTuyeckord (opmbl 3amucu cucteMbl. HenmueiliHoe ypaBHeHue Xomda. VYpaBHEHUs
aKyCTUKU Y ra30BON AMHAMUKHU.

8. YpaBHeHMs MapaboIMYECKOrO THIIA U peIlICHHE HEABHBIX 33Jja4 Ha UX MpuMepe

KBasunuHeliHoe ypaBHEHUE TEMIONPOBOJHOCTH U €TI0 aBTOMOJIEIbHOE pelleHre. Pa3HOCTHBIE CXeMBbl
JUIsL pEelIEHUs] MHOTOMEPHBIX YPaBHEHHH TEIIONPOBOAHOCTU. IloHATHE O MeTomax pacUIeTUICHUS.
Merto/ nepeMeHHBIX HarpaBieHuid. Metoy IpoOHbBIX 1aroB. [I[puMeHeHne UTEepaliOHHBIX METOJIOB
pewenusi CJIAY, monyueHHBIX OCIE TUHEApU3ALUHI HESBHBIX 3a/1a4.

HopMbl B KOHEUHOMEPHBIX MpocTpaHcTBaX. OOyCIOBICHHOCTh CHCTEMBI JINHEWHBIX alreOpandeckux
ypaBHeHuil. MeTon mpocTeix urepaunil. Heobxomumoe, 10CTaTOYHOE YCIOBHE CXOOUMOCTH METOA
MPOCTHIX uTepanuii. YeObImEBCKOe YCKOPEHUE HTEPAIIUi.

Merton Herotona ans cucrem ypaBHeHwid. Bapuannonnsie metospl pemenns CJIAY: 0600mieHHbIH
MeTOo MUHUMaJIbHBIX HEeBs30K (GMRes), cTrabmin3npoBaHHBIA MeTOA OMCONPSKEHHBIX TPaJUCHTOB
(BiCGStab). Tlomsitue o mnpemoOyciaBiuBaHWM: MpenoOyciaBiuBarelb SIkoOu, HEMoJHOe
LU-paznoxenue (ILU(0)). YpaBHeHus: onHOpa3HON (UIBTpALIUH.

9. YucneHuoe peuicHuc ypaBHeHI/Iﬁ SJIIMIITUYCCKOI'O THUIIA



UYucrieHHbIE METONIbI PEIICHUS YpPaBHEHUH B YACTHBIX IPOW3BOJHBIX AIUIMITHYECKOTO THIIA.
Pa3HocTHas cxema “kpect” ISl YHCIEHHOTO pemieHus ypaBHenuii Jlarmaca, [lyaccona. KomnakrHas
cxema 4-ro mopsaKka TOYHOCTH «KpecT Ha KpecT». CXeMbl Ha HECTPYKTYPHPOBAaHHBIX CETKaX,
NPEACTaBICHUS O TIIOCTPOGHHUHM TPEYrOJbHBIX CETOK B  OONacTAX  CIOXKHOH  (hOpMBI.
HHTEerpo-uHTEpIONSIUOHHBIA METOA MOCTPOEHUs Pa3HOCTHBIX cxeM. KoHeuH0-00beMHbIE METOBI.
MKD. Hcnonb3oBanue MHOroceTouHbIx MeTonoB (MultiGrid).

10. Mcnons3oBaHrEe METOIOB MAIIIMHHOTO OOYYEHUS JIJIS 33/1a4 allPOKCUMAIIVH U ONITUMH3AIAN

Hpe)_ICTaBJ'IeHI/IC 00 OCHOBHBIX QT OpUTMAax MAallMHHOTO O6y‘{6HI/I$I. Hcnonp3oBaHne METOAOB
MalInuHHOT'O 06y‘-IeHI/IH UIA 3aaq alllipOKCUMAaluU JaHHBIX. Hcnonp3oBaHue METOJIOB MAIIMHHOTO
06y‘leHI/I$I B 3aaa49ax OIITUMH3allkH.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

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

6.IlepeyeHnb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
1. BBegenue B BRIYMCIUTENbHYIO MareMaTuky [ Tekcr] : yued. mocobue ass By3oB / B. C. Piabenbkuit
.— 3-e u3a., ucnp. u gon. — M. : ®usmariut, 2008 .— 288 c.
2. Beenenwne B BeruucnuTenbHyo Gusuky [Tekcr] : [yue6. mocobue ans By3oB] / P. I1. dexpopenko ; mox
pen. A. WU. Jlobanosa .— 2-e usn., uctp. u gom. — Jlonronpynnastii : Uaremrext, 2008 .— 504 c.
3. 12 nexmuii IO BEIYMCIUTEIBHON MaTeMaTHKe : BBOJIHBIN Kypc [Tekcr] : yueb. mocobue aiist By3os / B.
. KocapeB .— 3-e u3n., uctp. u gomn. — M. : ®uzmarkuura, 2013 .— 240 c.

4. Jlexuuy mo BeIYMCIUTENbHON MaTematuke [ Tekct] : yued. mocodue mis By3oB / U. b. Ilerpos, A. U.
Jlo6anoB .— M. : UaTepHet-YH-T UHpopM. Texnonoruit : BUHOM. Jla6. 3nanuii, 2006, 2010, 2013

— 523 c.
5. Yucnennsie Metosl [Teker] : B 2 kH. : yueOnuk i By3oB / H. H. Kanutkun, E. A. Anprimaa .— M.
: Akagemus, 2013 .— (YuuBepcuterckuii yueOnuk. [lpuknaanas maremarnka u nHpopMaruka) .—

Ku. 1 : Uncnenunsiit ananus. - 2013. - 304 c.

JlononHuTEIbHAS IUTEPATypa
1. OcHOBBI BEIUUCTHUTENbHON MaTeMaTuky [ Tekct] : yueb. mocobue A BTy30B ; A01. M-BOM BBICII. U
cpen. cner. oopazosanust CCCP / b. I1. lemunosuy, U. A. Mapon .— 4-e uzg.,ucnp. — M. : Hayka,
1970 .— 664 c.

®onp auTeparypsl 6a30B0i Kadeapsl
2. Xaiipep 2., Hepcerr C., Bannep I. Pemienue o0b1kHOBeHHBIX nuhepeHInanbHbIX YpaBHEHUH.

Hexectkue 3amaun. — M.: Mup, 1990. — 512 c.
3. Camapckuit A A., I'ynun A B. Yucnennsie metoasl. — M.: Hayka, 1989.

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

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

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIECTBICHUU 00pPa30BaTeJIbHOIO0
npouecca o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecrnedyeHunst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Kommunsaropst u cpenst pazpadotku C++, JAVA, FORTRAN, PYTHON

9. MeToauyeckue yKazaHus AJis1 00y4arOLIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)



CryneHT, M3y4aronuil Kypc JOJDKEH ¢ OIHOW CTOPOHBI, OBJIAJIETh OOIUM TOHSATHIHBIM aIaparoMm, a C
JIPYroi CTOPOHBI, TOXKEH HAYUYUTHCSI IPUMEHSATh TCOPETUUCCKHUE 3HAHUA HA MPAKTUKE.

VYeneniHoe 0CcBOoeHUE Kypca TpeOyeT HapshKEHHON caMOCTOATENBHOM paboThl cTyeHTa. B mporpamme
Kypca OTBEIEHO MHUHHMAaJbHO HEOoOXoOuMoe BpeMsi nis paboTbl CTyneHTa Haj TEMOH.
CamocrosiTenbHas padoTa BKIIIOUAET B Ce0s:

- YTEHUE U KOHCIIEKTUPOBAaHUE PEKOMEHI0BAaHHOM JINTEPaTyphl,

- TpopaboTKy yueOHOro Marepuana (IO KOHCIIEKTaM JIeKLHUH, y4eOHOW W Hay4dHOH jauTeparype),
[IOJTOTOBKY OTBETOB Ha BOIPOCHL, IPEIHA3HAUEHHBIX JJIS CaMOCTOSTEIbHOIO H3y4YeHMs,
J0Ka3aTeNbCTBO OTAEIBHBIX YTBEPHKACHHA, CBOICTB;

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

- IIOATOTOBKY K IMPAKTUYCCKUM 3aHATUAM U 3a4CTaM.

PykoBOACTBO ¥ KOHTpOJb 3a CaMOTOATENBHON paboToil cTymeHTa ocymiecTeisieTcss B (opme
WHIUBUAYaIbHBIX KOHCYIBTAllHN.

ITokazarenem BIaJeHNs] MATEPUAIIOM CIIYKUT YMEHHUE pellaTh TEOPETUUECKHE U IPAKTUUECKHE 3a1a4H.
BaxxHo n0OUTBbCS MOHMMAaHUS W3y4yaeMOro Marepuaja, a HE MEXaHHYECKOro ero 3aloOMHHaHuf,
OLLYTUTh B3aUMOCBA3b MEXy TEMaMH Kypca.

ITpu 3aTpynHEeHUN M3y4eHHs OTIEIbHBIX TeM, BOIIPOCOB, CIIAYET 00paIaTrhesi 3a KOHCYIbTALMAMHU K
JIEKTOPY WJIU MPENOJIaBaTeI0, BEAYIIEMY NPAKTUIECKHUE 3aHATHS.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

0 HANIPaBJICHUIO: CuCTeMHEI aHAIIN3 U yHpaBJICHUC
IIpO(l)I(lJIb MnoATrOTOBKMU: CucTeMHEI aHAIIN3 U YHOpaBJICHUC B TCXHUYCCKUX, SdKOHOMHUYCCKUX U COITUAJIIBHBIX
CUCTCMax

®usrex-mrkoiaa A3poKocMUYecKux TeXHONOr it
kadeapa BIYUCITUTEIBHON QU3NKU

Kypc: 3
KBaJIMpUKALUS: GakanaBp

Cemectpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
5 (ocennwuil) - luddepeHnpoBanHblii 3a4€T

6 (Becennwii) - AuddepeHunpoBaHHbIN 3a4eT

Pa3zpatGoTunk: H.A. 3aBbsiioBa, KaHa. GpU3.-MaT. HAYK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-6 CriocobeH mpuMeHsSITh MaTeMaTHUECKUE,
CHUCTEMHO-aHAJINTHYECKHE, BEIYHCIUTEIbHBIE
METO/Ibl ¥ POTrPaMMHBIE CPEACTBA IS
peleHus MPUKIAIHBIX 3aa4 B 00JacTu
CO3/IaHUS CUCTEM aHAJIN3a U ABTOMAaTH4YeCKOTO
YIPaBJICHUS U UX KOMIIOHEHTOB

OIIK-6.1 [Ipumenser €CTEeCTBEHHOHAYYHbIE u
OOIICWHXCHEPHbIE 3HAHHS, METOABl MaTeMaTH4eCcKOro
aHaJgM3a M MOJAEIMPOBAHMSA, METOIAbl BBIYHUCIUTEIHHOM
MaTeMaTHKH JAJisl aHaJln3a MOJIEJICH M pelleHUs] HayYHBIX U
TEeXHUYECKHX 3a/1a4

IMK-1 CriocobGeH MpoBOIUTH UCCIIEI0BAHUE
CHCTEM YIIpaBJICHUS U UX KOMIOHEHT

I1IK-1.1 Bnageer  gyHIaMeHTaNbHBIMH  TIOHSTHIMH,
3aKOHAMU M TEOPHUSIMH CHCTEMHOTO aHan3a

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pE3YIbTATC NU3YUYCHUA JUCIIUITIINHBL «BpraucnurenpHas MaTeMaTHKAY o6yqa101u1/1ﬁc;1 JOJIKCH:

3HAThb:

OOnactb MNPUMCHCHUSA, TCOPCTUICCKUC OCHOBBI, OCHOBHBIC ITPUHIIUIIBI, 0COOEHHOCTHU U COBPCMCHHBIC
TCHACHLNU Pa3BUTHUA METOL0B BBIYUCIIUTEIbHON MaTEeMaTUKH.

yMeThb:

[IpuMeHsAT, METOJBl YMCIIEHHOTO aHaju3a JUis MPUOMMKEHHOTO pelIeHUs 3ajJad B o0NacTH cBoel

Hay‘lHO—HCCHe,Z[OBaTeJILCKOﬁ pa60TBI.
BJIad€Th:

[TporpaMMHBIMH CpeaCTBaMH Pa3pabOTKU BBIYMCIUTEIBHBIX AJITOPUTMOB M MPOTPaMM, CIIOCOOaMHU HX
OTIAJKH, TECTHPOBaHUS W MPAKTUYECKONW IPOBEPKH COOTBETCTBUS PEATM3OBAHHOIO aJITOpUTMA

TCOPCTUICCKUM OLICHKAaM.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKyIleMy KOHTPOJII0

cM. (aiin

4. IlepeyeHb THNOBBIX (IIPMMEPHBIX) BONPOCOB M TeM /IJ1 IPOBeJAeHHs POME:KYTOUHO aTTecTaluu

o0yuarumuxcst
cM. (haiin

Kputepun onennBanus
cM. (haiin

5. MeTonu4eckune MaTepuaJbl, onpeneJsomue NPpoueaypbl OLeHUBAHUSA 3HAHUI, YMEHH I, HABBIKOB H

(W1M) oNbITA AESITEILHOCTH

cM. (aiin




3. IlepeyeHb THNOBBIX KOHTPOJIBHBIX 33JaHUH, HCIOJb3yeMbIX ISl OLEHKH 3HAHUIA,
YMEHUil, HABbIKOB

[IpomexxyrouHas aTTecTanus 10 AUCLHUIUIMHE «BBIYMCIUTEIbHAS MAaTEMATUKA» OCYLIECTBIIAETCS
B ¢opme audpdepennupoBanHoro 3avera. {uddepenunpoBannblii 3a4eT MPOBOAUTCS IO
UTOTaM TEKYIIEH yCIeBaeMOCTH M CIayd 3aJaHuii, J1a00paTOpPHBIX M JPYrUX BUIOB PadoOT,
IIPEAYCMOTPEHHBIX IIPOrPAMMON JUCHUIUIMHBI UM IIyTEM OPraHM3alyy CIELUaIbHOTO ONpoca,
IIPOBOJIMMOIO B YCTHOM WJIM TUCBMEHHOM (hopMe.

IlepeyeHb KOHTPOJIBHBIX BOIPOCOB:

1.
2.
3.

o N

10.

11.

12.
13.

14.
15.
16.

17.
18.
19.
20.
21.

22.

23.

24.
25.

Crienn(vka MaTUHHBIX BBIYUCIICHUN.

Uto Takoe MamuHHBIHN 31ciiioH? Kak 3Ta BeMurHa CBsi3aHa ¢ KOHEYHOM JTTMHOW MaHTUCCHI?
DNEeMEHTBl TEOpUU TIOTPEITHOCTeH. AOCONIOTHasT W OTHOcuTenbHas omubku. Kak
SBOJIIOIIMOHUPYIOT ~ MOTPEIIHOCTH TMPU  BHINOJHEHUHU apUPMETUUYECKUX  OTNepanuii?
[lorpemHocTs  BbIUMCIIEHUS (QYHKIMM OT BEJIMYMHBL, 3aJaHHOW ¢  aOCONIOTHOM
MOTPEITHOCTHIO.

UYucnenHoe nudepeHIpoBaHue. [Tpocreitmue bopmyIbl YHCIIEHHOTO
muddepentiupoBanusi. OLEHKA MOTPENTHOCTH (OPMYNT YUCICHHOTO IuddepeHrmpoBanms.
OnTUMaTBHBIN 1Iar YUCICHHOTO Mu(QepeHITpOoBaHNUS.

BriBog popmynbl uncneHHoro audgepeHIpoBaHus C MOMOIIBI0 METOa HEOIPeIeIeHHbBIX
K03 (HULIHEHTOB.

Pemenne cuctem nuHeHHBIX anrebpandeckux ypaBHeHui. [Ipsmbie metonpl: ["aycca, ["aycca
¢ BBIOOPOM TJIaBHOTO 3JIE€MEHTA.

OO0ycnoBIEHHOCTh MATPHIIBI TMHEHHOW CHCTEMBI.

OneHka NorpenHoCTy MPSIMBIX YUCICHHBIX METO/IOB PEIlIEHHS allreOpandyeckux CUCTEM.
HrtepanimoHHbIe METOIbI PELICHUS TMHEUHBIX CUCTEM. MeTo MpOCThIX UTEPALIUid, METOT
3eiens, METOl BEpXHEU peslakCalluH.

[Tpob6rema moncka coOOCTBEHHBIX 3HAYEHHUI MaTPUIIbl. METO T BpalieHU 115 TOMCKa
cOOCTBEHHBIX 3HAYCHHI CaMOCOIPSHKEHHON MaTPUIIBL.

3anaua anredpandeckoil unTepnossuu. CyliecTBOBaHUE U €IMHCTBEHHOCTD PEIICHUSI.
HNuTtepnionsaiuonHslid mosimHOM B popme Jlarpanxka u B hpopme HproToHa.

OneHka NorpenHoCTH HHTEPIIONISALUOHHBIX (OPMYIT, OCTATOYHBIN YJIEH MHTEPIOJISIUN.
Oynknusa Jlebera, koncranrta Jlebera. OneHKa NOTPEIIHOCTA HHTEPIOJIAINH IS QYHKITUH,
3aJJaHHBIX C OMIMOKAMH.

OnTumanbHbIi BBIOOp y3710B HHTEposuu. [lomnaom YeObimépa.

Crutaitael. aTepnionsuums crijiaiiHaMH.

UucnenHnoe unrerpupoBanue. [Ipocreiimme kBagpatypabie Gopmybl (IPSIMOYTOJIbHUKOB,
Tpaneuuii, CHMIICOHA) U OLIEHKA UX MOTPEIIHOCTH.

Ksanparypusie ¢popmynsl ["aycca.

MeTo 16l TPUOTMKEHHOTO PELISHUS] HETUHEHHBIX alre0panyecKux ypaBHEHHI.

[TpuHIMT cKUMAIOMINX 0TOOpaxeHui. MeTo 1 mpocToi uTeparum.

Meron Herotona. Teopema 0 KBagpaTUYHOM CXOAUMOCTH MeTtoaa HproToHa.

Uucnennsle  METONABI  pemieHUs  3amgauyn  Komm  ams cucteM  OOBIKHOBEHHBIX
middepennnanbubix ypasHenuilt (OY). Ilpocreifmne yncneHHble METOABI (SIBHBIH METOJ
DOlinepa, HEIBHBIM MeTO1 Diiepa, METo ] Dilliepa ¢ IepecUeToOM).

Anmnpokcumanusi, yCTOMYMBOCTh, CXOJUMOCTh. Teopema O CBSI3M aNNpOKCHUMAIUH,
YCTOMUMBOCTH, CXOJIUMOCTH.

Meroast Pynre—Kyrtel pemenust cucrtem OJlY. YcroiunBocts metonoB PyHre—KyrThl.
DKCNOHEHIMAIbHAs OLIEHKA YCTOMYMBOCTH, YCTOMUHUBOCTD MPHU PA3TUYHBIX TUIIAX TOBEICHUS
penieHus (Ha yCTOMYMBBIX U «HE HEYCTOUUYUBBIX» TPACKTOPHSIX).

IIpaBuiio PyHre oneHky OrpenHoCTH.

[Tonsitne sxectkoi 3amaun Komm naas cucteM OOBIKHOBEHHBIX auddepeHITnanibHbIX
ypaBHeHui (OKC O/1Y). MeToibl unciaeHHOTro pemenus xecTkux cucreM OJ1Y: oqHomarosele



(mesiBHpie MeToabl PyHre-Kyrtel, metonmer Po3enOpoka) u MHOromaroBbie ((popmymbl
maddepeHnpoBaHus Ha3am).

26. A-yCTOWYHBOCTh, L-yCTOMYMBOCTE U MOHOTOHHOCTh. DYHKIMS YCTOWYMBOCTH M 00JaCTh
yCTOMYHUBOCTHA MeTOA0B PyHre-KyTThl.

27. JlnHelHbIe MHOTOIIIArOBBIE METO/IBI.

28. UucnenHoe penreHre kpaeBbix 3ama4 st OJ1Y. Meroapl penieHust THHEHHBIX KPaeBbIX 3314
(METo] YMCIEHHOTO IOCTPOCHHUS OOIIEro peleHusl, KOHEUHO-Pa3HOCTHBIM METOJ s
JMHEMHOTO ypaBHEHUS BTOPOTO MOPSIIKA, METOJ IPOTOHKH).

29. Metonpl  pemieHHs ~ HEIMHEHHBIX  KpaeBbIX  3amad  (METOJ  CTpenbObl, METoX
KBa3WJIMHEApU3aIUH ).

30. Pa3HOCTHBIE METO/IbI PEUICHUS 3a/1a4, OMHUCHIBAEMBIX IH(QepeHInaTbHBIMA YPaBHEHUSMH B
YaCTHBIX NMPOU3BOIHBIX. METO bl MOCTPOEHHUS allIIPOKCUMUPYIOLIUX PA3HOCTHBIX YPABHEHUM
JUIS YpaBHEHUH B YaCTHBIX MTPOU3BOIHBIX. ANIIPOKCUMAIINS, YCTOMYHUBOCTh, CXOIUMOCTb.

31. [IpueMbl HcCIEOBaHUSI PA3HOCTHBIX 3a/lad4 Ha YCTOWYHMBOCTH. [IpWHIMI MakcuMmyMma,
CHEKTPAJIBbHBIM MPU3HAK ycTONYMBOCTU. [IpUHIINIT 3aMOPOKEHHBIX KOIPPUIIMEHTOB.

32. YucneHHBIE METO/IBI PEIICHUS] YPAaBHEHHH B YaCTHBIX MTPOU3BOIHBIX TUIIEPOOIMIECKOTO TUTIA
Ha IpUMepe YpaBHEHMsI IEPEHOCa U BOJIHOBOTO YpPaBHEHHS.

33. MOHOTOHHBIE Pa3HOCTHBIE CXEMBI.

34. Cucremsl muddepeHInanbHbIX YpaBHEHHH B YaCTHBIX MPOW3BOJHBIX THIIEPOOIUIECKOTO
TUIA. XapakTEPUCTUKN, UHBapuaHThl Pumana. KoppekTHas mOCTaHOBKa KpaeBbIX YCIOBHM
JUISL CUCTEMBI YPAaBHEHUHN C YaCTHBIMU ITPOU3BOJHBIMU THIIEPOOTNUECKOTO THIIA.

35. UncieHHbIE METOABI pEIIeHHs JIMHEHHBIX YpPaBHEHWH B YAaCTHBIX IPOW3BOJIHBIX
napabosmyeckoro tumna. SIBHas u HesiBHas cxeMbl. Cxema Kpanka-HukonbcoH.

36. KBasunuHeliHOe  ypaBHEHHE  TEIUIONPOBOJHOCTH, €ro cBoicTBa. KoHcepBaTHBHBIC
pa3HOCTHBIE cXeMBbl. [IpreMBbl TOCTPOEHNST KOHCEPBATUBHBIX PAa3HOCTHBIX CXEM.

37. Pa3HOCTHBIE CXEMBI JUIs PELLICHHUs] MHOTOMEPHBIX YpaBHEHUH TEIIONPOBOAHOCTH. [loHsATHE O
METO/IaX pacuierieHus. MeTo nepeMeHHbIX HalpaBJICHUH.

38. UncreHHble METObI pelIeHUs] YPaBHEHUH B YACTHBIX IIPOU3BOJHBIX JUIUITUYECKOIO THIIA.
Pa3zHocTHas cxema “kpecT’”’ AJisl YMCICHHOTO penieHus ypaBHeHui Jlamiaca, [lyaccona.

39. UtepanimoHHble METOJbl JJIi YHMCICHHOI'O PpEIIEHUs BO3HUKAIOIIMX CHUCTEM JIMHEHHBIX
ypaBHeHuN. [IpuHIUI yCTaHOBIICHU Ul PEILICHUS CTALIMOHAPHBIX 3a/1a4.

4, Kputepuu onleHUBaHUA

Onenka «otin4Ho (10)» BeIcTaBIIETCS 00YYaAIOLIEMYCs, €CIIN 32 CEMECTPOBYIO KOHTPOJIbHYIO
paboty Habpano 20 u GoJee OaIIoB U CpeAHssl OIIEHKA 3a paboTy B ceMmecTpe He Huxe 4,75;
Onenka «omIMYHO (9)» BBICTaBIsAETCS 00yUarOIEMycsl, €CIIU 32 CEMECTPOBYIO KOHTPOJIbHYIO
paboty Habpano 20 u Oosee 6aUIOB U CpedHss OlleHKa 3a paboTy B cemecTpe Oosbiie 4,5, HO
MeHblIe 4,75;

OneHka «oTaM4YHO (8)» BBICTABIIAETCS OOYYaIOLIEMYCs, €CIM 32 CEMECTPOBYIO KOHTPOJBbHYIO
paboty HabpaHo 20 u Gojee OaIoB U cpelHss OLIEHKa 3a paboTy B ceMecTpe Ooiblie 4,25, HO
MEHBbIIE 4,5;

OlleHKa «xopomio (7)» BBICTaBIsAETCS OOydaromeMycs, €clid 32 CEMECTPOBYIO KOHTPOJIbHYIO
paboty HabOpaHo 15 u Gosiee GanyoB U CpeAHss OLIEHKa 3a paboTy B cemecTpe Ooubie 4,0, HO
MeHbIIe 4,25;

OlLIEHKa «xopomio (6)» BBICTaBJISETCS OOy4alolleMycs, €Clid 332 CEeMECTPOBYIO KOHTPOJIbHYIO
paboty HaOpaHo 15 u Gosee O6anoB U cpenHss OIEHKa 3a paboTy B cemecTpe Oosbiie 3,75, HO
MeHsbIe 4,0;



OILIEHKa «XOpomIo (5)» BBICTAaBIIsIETCS OOydaromeMycs, €Clid 3a CEMECTPOBYIO KOHTPOJIBHYIO
paboty HaOpaHo 15 u Gosiee OayIOB M CpelHsIs OICHKA 3a paboTy B cemecTpe Ooibiie 3,5, HO
MeHble 3,75;

OILIGHKA «YyJIOBJIETBOPUTEIHHO (4)» BBICTaBIsICTCA OOyYaromemMycs, €cilid 32 CEMECTPOBYIO
KOHTpPOJIbHYIO paboTy HaOpaHo 12 u Oosiee OamyioB M CpelHss OLIEHKA 3a paboTy B ceMecTpe
6oumpre 3,25, Ho MeHbIIe 3,5;

OLICHKA «YyJIOBJETBOPUTENBHO (3)» BBICTABISAETCS OO0yYaroIEeMycCsl, €ClIU 3a CEMECTPOBYIO
KOHTpPOJIbHYIO paboTy HaOpaHo 12 u Oosiee OamsioB M CpelHss OLIEHKA 3a paboTy B ceMecTpe
6omnpire 3,0, HO MeHbIIe 3,25;

OIIEHKA «HEY/IOBJIETBOPUTEIHHO (2)» BBICTABISIETCS 00ydJaromeMycs, €CIM HE BBIMOJIHEH KaKO-
HUOYAb MYHKT Yy4eOHBbIN NporpamMMbl, HE CIaHbl JJabOpaTOpHble padOThl WM 3a/aHus, HE
HaI#caHa CEMECTPOBasi KOHTPOJIbHAs paboTa

5. MeToauveckne MaTepuaJibl, ONpeaesonye npoueaypbl OlieHUBAHUA 3HAHUMH, YMEHUH,
HABBIKOB M (WJIM) ONBITA 1eATeIbHOCTH

JudbdepeHninpoBaHHBIN 3a4€T MPOBOJAUTCS 11O UTOTAM TEKYIIIEH YCIIEBAEMOCTH U CAA4UH 3aJIaHUM,
a0OpaTOPHBIX U JAPYTrUX BUIOB pabOT, MPEAYCMOTPEHHBIX MPOrPAMMON JUCIHUIUIMHBI U MTyTeM

OpraHM3aIiK CIEeHHaIbHOTO ONPOCca, TPOBOAUMOTO B YCTHOM U MUCBMEHHOU (popme.

Bpewmst npoBeieHns MICbMEHHOW KOHTPOJIBHOM cocTaBisieT 80 MUHYT.



