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

YTBEPKAEHO
JMpeKTOp HHCTUTYTA

M.A. Kynpos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

10 TUCHHILJIMHE: KomnbroTrepHOE MOJEIMpOBaHUE T'HIPOAUHAMUUYECKUX CUCTEM

110 HANPABJICHUIO: Nudopmarnka u BIYUCIUTETbHAS TEXHUKA

Npo(puIb NOATOTOBKH: IIporpaMMHast HHKEHEPHUS
IepeaoBasi UHKXEHEPHA IIKOJa PaJloJIOKAMK, PaJIUOHABUTallUH U IPOTPaMMHOU
HWHXKCHCPUU
Kaq)e;[pa KOMIIBFOTCPHOI'O MOACTIMPOBAHUA

Kypc: 1

KBAJM(PUKAIMA: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 2 (BeceHHul) - JlnddepeHunpoBaHHbIi 3a4eT

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 0 yac.
cemuHapsbl: () yac.
naboparopHsbie 3ausaTus: 30 yac.

CamocrositensHas pabora: 60 gac.
Bcero gacos: 90, Bcero 3a4. ef.: 2
[IporpamMmy cocraBunu:

A.B. Bonkos, 1-p ¢u3.-mMar. HayK, JOLEHT
N.C. bocuskoB, kan1. Hu3.-Mar. HaAyK

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpsl KOMIbIoTepHOro Mmonenuposanus 04.04.2023



AHHOTANMA

B xypce npou3BoauTCs 3HAKOMCTBO CTYJEHTOB C METOIaMHU BBICOKOTO MOPAJIKa TOUHOCTH JJISl PEIICHUS 3a7ad
BBIYHCIIUTEFHON a3pPOIMHAMUKH. PaccMaTpuBaroTCs MOCTAaHOBKY 3a/1a4 IS AU GepeHIINATBEHBIX YPaBHEHHH
BTOPOTO TOPSKA, XapaKTepHBIE IS 3a/a4 adpoAuHAMUKHU. [IpUBOJSTCS YUCIEHHbBIE CXEMBI JJI X PEIICHHUS,
oOmayaronyue BHICOKHM IOPSIIKOM TOYHOCTH TIO MPOCTPAHCTBY W IO BPEMEHHU, a TaK K€ ITO3BOJISFOIIHE
YCKOPUTh CKOPOCTb TMOJYYEHUS M TOYHOCTh TMOJYYaeMbIX pEIIeHUH. AHAIU3UPYIOTCS IOCTOMHCTBA U
HEJ0CTAaTKH METOJOB KOHEUHBIX Pa3HOCTEH, KOHEYHOrO 00bEMa M KOHEUHOTO AJIeMeHTa. PaccmarpuBarorcs
OCHOBHBIE TIOAXOBI K PEIICHNUIO CUCTEM CETOYHBIX YPaBHEHHI.

1. lean u 3apa4n

Henp AucoMnInHBI
-paciiMpeHrue Kpyrozopa CTyACHTOB B 0O0JacTH pEIIeHHs 3a1ad BbICOKOA((HEKTUBHBIMH METOJAMHU
YHUCIIEHHOTO MOZIEIMPOBAHUS BHEIIHEH W BHYTPEHHEH a’poAMHAMUKU M (OPMUPOBAHUE CIIOCOOHOCTH
BBIOpaTh METO[ AJIsl PEIICHUS 3a/1a4d B 00JACTH BHIYUCIIUTENILHONW a3pOJUHAMUKH.

3agauu AUCUMIIHHBI
. ¢opMHpOBaHHWE OCHOBHBIX 3HaHUH B OONAacCTH NPHUMEHEHHS BBICOKOIPON3BOIUTEILHBIX
BBIYMCIIMTENIBHBIX ~KOMIUIEKCOB pA3IMYHOM apXWUTEKTyphl Ha OCHOBE KypcOB HH(OPMATHKH,
OTIEPALIMOHHBIX CHCTEM, SI3BIKOB MPOTrPaMMHPOBAHUS U KYpPCOB BBIYHCIIMTENILHOW MareMaTUK{ st
obecrieueHHss TEXHOJOTMYECKHMX OCHOB MAaTeMaTH4eCKOr0 MOJEIHPOBAaHMS B  COBPEMEHHBIX
WHHOBAllMOHHBIX cepax AesITeIbHOCTH;
* 0o0y4eHHue CTyACHTOB IIPUHLIMIAM CO31aHus 3PPEKTUBHBIX MapaIeIbHBIX aJITOPUTMOB U IPOTPaMM,
aHaJM3a CYIIECTBYIOIIMX IPOTPaMM M AITOPUTMOB Ha IapauIeIbHOCTH; 3HAKOMCTBO C OCHOBHBIMH
METOaMM W NPUHUUIAMHA [ApajuIeIbHOTO NPOTPAMMHUPOBAHMS, OCHOBHBIMH TEXHOJIOTHUSIMHU
HapasieaIbHOTO IPOTrPaMMHUPOBAHHUS;
* (opmMupoBaHHE MOIXOAOB K BBIIOIHEHHIO MCCIEJOBAaHUN CTYICHTAaMH B OONACTH MapaulebHBIX
BBIUMCIICHUH M MaTeMaTHYeCKOTO MOJEIMPOBAHMS C HCIOJIb30BAHUEM COBPEMEHHBIX TEXHOJOTUH U
MPOTrPaMMHBIX CPEJICTB MapajjieIbHOTO IPOrPaMMHUPOBAHUS B paMKax BBITYCKHBIX pabOT Ha CTENEHb
Oakanaspa.

2. Ilepeyens opMupyeMbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronmx KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

OIIK-3.1 CrocobeHn aHanm3upoBaTh 3ajady, [JIAHUPOBAThH
MyTH peIeHus], MpeiaraTh U KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.2 CnocobeH pa3pabaTbiBaTh W MOJICPHHU3HPOBATH
pOrpaMMHOE u anmapaTHoe obecrnieueHue
MH(OPMAIIMOHHBIX M aBTOMAaTU3UPOBAHHBIX CHCTEM

OIIK-3.3 CmocobGeH UCHONBb30BaTh HCCIECAOBATEIbCKHUE
METOJIbl NIPU PELICHUH HOBBIX 3a/1ad, MPUMEHSS 3HaHUA U3
pa3IuyHbIX ob1acTell HayKu (TEXHHUKH)

OIIK-3.4 Bnameer aHaIUTHYECKUMU U BBIYUCIATEIHLHBIMUA
METOJ]aMU pEIICHMs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
IpaHUIBl TIPUMEHUMOCTH MOTYYaeMbIX PeICHUN

OIIK-3 CniocoOeH BRIOMPATh U (HITH)
pa3pabaThIBaTh MOXO/IbI K PEIICHHIO THIIOBBIX

1 HOBBIX 3a14a4 B obmactu I/IH(I)OpMaTI/IKI/I u
BBIYUCIIUTEIILHOMN TCXHUKU, YUUTLIBAA
O0COOCHHOCTH U OrpaHU4YCHUA Pa3JIMYHBIX
METOHOB PCIICHUA

OIIK-3.5 CnocobeH agantupoBarh 3apyOesKHbIE KOMILJICKCHI
o0paboTkn  WHpOpPMAIMK W ABTOMAaTH3UPOBAHHOTO
MPOEKTUPOBAHUS K HYXK/IaM OT€YECTBEHHBIX MPEATPHATHI

OIIK-3.6 CmocobeH  caMOCTOATENBHO  MPHOOpETATH,
pa3BUBATh i MIPUMEHSTH MaTeMaTU4eCKHe,
€CTEeCTBEeHHOHAYYHEIE, COLIMAJIbHO-?KOHOMUYECKHE u
npodeccoHaNbHbIC 3HAHUS JUIS PEIICHUsS HECTaHIapTHBIX
3a7a4, B TOM YHUCJIE B HOBOM WM HE3HAKOMOW Cpele U B
MEXIUCIUILTAHAPHOM KOHTEKCTE




OIIK-3.7 CnocobeH  pa3pabarbiBaTh  OpPUTHUHAIBHEIC
QITOPUTMBI M TPOTPAMMHBIE CPEICTBAa, B TOM YHUCIE C
UCIIOJIb30BaHHEM COBPEMEHHBIX MHTEIUICKTYaIbHBIX
TEXHOJIOTHH, JJIsl peleHuns MPo(eCCHOHATIBHBIX 3a1a4

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HATB!
- OCHOBHBIE MTOHATHUSI MEXaHUKH KUAKOCTH U rasa;
- MOJIEJIX ¥ METObl KIIaCCUYECKOM aspoluHaMUKH;
- CHHTaKCHC s13bIKa nporpammupoBanus Python;
- METOJIbI pacyeTa adpoJIMHAMUYECKUX XapaKTePUCTUK JABYMEPHBIX 0OBEKTOB.

YMETb:
- OILICHUBATh aCUMITOTHYECKYIO CIOKHOCThH MCIIONB3yEMbIX aJITOPUTMOB U BHIOMPATH ONTHUMAaJIbHBIC
QJITOPUTMBI JUIl COBPEMEHHBIX IIPOrPaMM;
- AQHAJIM3UPOBATh  IIOCJICAOBATEIbHBIE MPOTPaMMBl Ui BBISIBICHHS BO3MOXHOCTH — HX
pacnapaiieIuBaHus;
- oueHuBarhb 3QPEeKTUBHOCTH PabOThI pacmapajieIeHHBIX TPOrpamMm;
- BBIOMpaTh S(Q(EKTUBHBIE UYNCICHHbIE METONIBl JUIl IIOCTABICHHBIX 3aJad MaTeMaTHYeCKOro
MOJZIETTUPOBAHUSI.

BJIaJICTh:

- HaBBIKAMM IIPOTPaMMMPOBAHUS MOJIEJIEH U TPE/ICTABICHUS PE3YIIbTaTOB UCCIICIOBAHUIA;
- HaBBIKaMH paboThl ¢ OuOnMorekamu HayuyHbIX Beraucienuin (NumPy, SciPy, SimPy) u cpeacrBamu
Buzyanuzaiun (Matplotlib).

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

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

TpynoeMKoCTh O BUJaM YUeOHBIX 3aHATHI, BKIIIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
1 Beenenue 2 5
) AnnpovKCHMaum YPaBHEHHUH Pa3HOCTHOMU 3 5
CXeMoH
3 Pa36HeUHI/Ie o0acTu ornpenereHus 3a/1aun 5 5
Ha siYerKu
4 Koneuno-pa3zHocTHBIE CXEMBbI Ha ) 5
KOMITAaKTHOM I1a0JI0HE
5 [loBbllieHne mOpsAAKa TOYHOCTH B 3 5
pamkax MKO
6 MKD BbICOKOTO MOPSIIKA TOYHOCTH 3 5
7 ATMIpoKkcuMaIus MoTOKOB 2 5
8 [TocTaHoBKa TPaHUYHBIX YCIOBUN 2 5
9 PaznuuHble noaXombl MHTETPUPOBAHUS ) 5
MTOTOKOB
10 SIBHBIE METOIBl HHTETPUPOBAHUS IO 3 5
BpEMEHHU
11 MeTtozp! pernieHus: CETOYHBIX YpaBHEHUI 3 5
12 |MHeaukarop ommOKH ,CyNIepCXOAUMOCTb 3 5
Nroro gacos 30 60
[loaroroska k sK3aMeHy 0 gac.




OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 2 (Becennuit)
1. Benenue

Beenenne. Ypasuenust HaBbe-Ctokca. PazneneHue moTokoB Ha KOHBEKTHBHBIE W AW(Qy3HOHHBIE.
VYpaBHeHUs nepeHoca, TeIIONPOBOAHOCTH, X0t da.

2. Annpoxcumanysi ypaBHEHUI pa3HOCTHOM cXxeMon

[Mopsinox anmpoxcumanuu U mopsagok TouyHoctn. Merton Koneunsix Pasnocteit (MKP), Meton
Koneunoro O6wéma (MKO), Merong Koneunoro Onementa (MK3). Cxembl BBICOKOTO MOpSAIKA:
MPEeUMYIIECTBA U HEIOCTATKH.

3. Pa3z0ueHue obnacTu onpeneneHus 3a1a4n Ha ssueiKu

PacuérHble ceTKU: CTPYKTypHUpOBAaHHBIE, HECTPYKTYPHUPOBAaHHBIC; aJaTUBHBIC; MPSMOIUHEHHBIE U
KpuBoJuHEHHbIE. [IpeoOpa3oBanme 31eMeHTOB: GYHKUUU POPMBI.

4. KoHe4HO-pa3HOCTHBIE CXeMbl Ha KOMIIAKTHOM IIa0JI0HE
JluccunaTtuBHBIE CBOWCTBA YUCIEHHOM CXEMBI.

5. IloBblieHue nopsiaKa ToyHOCTH B pamkax MKO
ITogxonq WENO, EBR-WENO.

6. MKD BbICOKOTO MOpsAIKa TOUHOCTH

MKD BbIcOKOTO TOpSiAKAa TOYHOCTH JUIs pelleHus ypaBHeHud Oiinepa u Hasne-CTokca Ha
HECTPYKTYpPHpPOBaHHBIX ceTkax. PaspweiBHBIN Merton [Manépkuna (PMI), meronm pacnpenenéHHOMN
HeBsizku (MPH), criekTpasibHbIe METOJIBI.

7. AnmpoKkcuManys MoTOKOB
Annpokcumanus BI3KUX U HEBSI3KUX I1OTOKOB.
8. [locTaHoBKa rpaHUYHBIX yCIOBUI

[TocraHoBKa I'paHUYHBIX YCJIOBHM [IJIi METOIOB BBICOKOTO MOpSJKA TOYHOCTH. Meronbl yudéra
KPUBU3HBI 00TEKaeMOH IPAHULIBI.

9. Pa3nnuHble MOAXO0BI HHTETPUPOBAHMS IOTOKOB
KBangpatypublil 1 6eckBagpaTypHbIE MTOIXObl HHTETPUPOBAHUS IIOTOKOB.
10. SIBHBIE METONBI HHTETPUPOBAHUS 10 BPEMEHU

SIBHBIE METOJBI MHTETPUPOBAHUS IO BPEMEHU C BBICOKUM MOpPsAKOM: MeTonbl PyHre-Kyrra, moaxon
ADER

11. MeTozp! penieHusi CETOYHBIX YpaBHEHUI




MerToas! pemieHust ceTouHbIX ypaBHeHuil. HesBuelit meton. GMRES.
12. Muaukarop ommoOKy ,CynmepcXoauMOCTb
WNunukarop ommOKy Ha OCHOBE CONPSKEHHOTO PELICHUS, CYyNePCXOAUMOCTb.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILINHE (MOIYJII0)

Heo0xonnmoe o6opynoBanue: KOMIBIOTEDP (HOYTOYK) M MyJIBTUMEANKHOE 000pynoBaHue (IIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOii TUTEPaTyPbI

OcHoBHas 1uTEparypa

1. BBesieHre B BRIYMCIUTENbHYIO MaTeMaTuky [Tekcr] : y4. mocobue st By3oB / B. C. PsaOenbkuii .—
M. : Hayxka, 1994 .— 335 c.

JomnonHutenbpHas auTeparypa

1. Maremarndeckre BOIPOCHI YUCICHHOTO PEIICHUS TUIIepOOIMYECKIX CUCTEM ypaBHeHUH [ Tekct
J/A. T. Kynuxosckwuii, H. B. [Toropenos, A. 10. Cemenos, -M., ®DUIMATIJINT, 2012

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUS] JUCUMILIUHBI (MOLYJIs1)

HNudopmanmonnsie pecypebl: http://www.intuit.ru/, http://www.parallels.ru/, www.hpc-education/ru,
ANIEKTPOHHBIE KOHCIIEKTHI JICKIIUH, ydeOHbIe TOCOOUs 1 COOPHUKY 3aa4, pa3paOOTaHHbIC sl JAHHOTO

Kypca.

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepeyeHb He00X0AUMMOro NpOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

- TEKCTOBBIN PENAKTOP
- KOMIIWIATOP £CC WU aHAJIOT
- IOCTPOUTENb rpadukoB gnuplot Uik aHaxor

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

CryneHT, u3ydaromui AucuuiuinHy "KoMIbloTepHOE MOJACIHPOBAaHNE THAPOAMHAMHYCCKHX CHCTEM',
JIOJDKEH C OHOM CTOPOHBI, OBJIAAETh OOLIMM MOHITUHHBIM amnapaToM, a ¢ IPyroil CTOPOHBI, JOJIKEH
HAy4YUTHCS TPUMEHITH TEOPETHYECKHE 3HAHUS Ha TNpakTuke.B pesynbrare M3ydeHHs AWUCIUIUTMHBI
CTYAEHT JIOJKEH 3HaTh OCHOBHBIC ONPEENICHHs, TIOHATHUS, AKCHOMBI.

VYenemrHoe ocBoeHHE Kypca TpeOyeT HanpspKEHHOW caMOCTOsSTENbHOM paboThl cTyaeHTa. B mporpamme
Kypca MpUBEIEHO MHHHMAJIbHO HeoOXoauMoe BpeMs [uii paboThl CTyAEHTa Haja TEMOM.
CamocrosiTenbHas padoTa BKIIIOUAET B ceOs:

— YTEHUE U KOHCIIEKTHPOBAaHNE PEKOMEH/I0BAHHOM JIUTEPATYPHI;

— TpopaboTKy ydeOHOro marepuana (10 KOHCIIEKTaM JIeKIUi, y4eOHOH W HaydHOW JHUTeparype),
MOATOTOBKY OTBETOB HAa BOIPOCH, TNpPENHA3HAYEHHBIX [UII CaMOCTOSITEIBHOTO  H3y4YCHHS,
JI0Ka3aTeJIbCTBO OTIEJbHBIX YTBEPKIECHUM, CBOMCTB;

— TMOJITOTOBKY K UG GEPEHIIUPOBAHHOMY 3a4ETYy.

PykoBOJACTBO W KOHTPOJIb 32 CaMOCTOATENBHON pabOTOH CTyJeHTa OCYIIECTBIsAeTCS B Qopme
WHIMBUYaJIbHBIX KOHCYIbTanui. BaXHO H0OMThCS MOHMMAaHUS W3Y4aeMOro MaTepuajia, a He
MEXaHW4ECKOTro ero 3anoMuHaHus. [Ipn 3aTpynHeHHN M3ydeHUs! OTAENBHBIX TE€M, BOIPOCOB, CIEIyeT
o0paInaTbes 3a KOHCYJIBTAIUSAMU K JICKTOPY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA

npopuiIb NOArOTOBKHU: [IporpammHas HHXEHEPUS
nepeaoBasi HHKeHepHast LIKOJIa PaJUOIOKALH, PAJUOHABUTALIMN U TPOrPAMMHON
UHXKEHEPUHU
kageapa KOMIIBIOTEPHOTO MOJIEINPOBAHUS

Kypc: 1

KBaJIMpUKALUS: MarucTp

Cemectp, GopMBI IPOMEXKYTOUHOH arTecTauuu: 2 (BeceHHUN) - nuddhepeHunpoBaHHblil 3a4eT
PazpaGoTunkm:

A.B. Bonkos, 1-p ¢u3.-mMar. HayK, JOLEHT
N.C. bocuskoB, kan1. (Hu3.-Mar. HaAyK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-3.1 CrocobeH aHamu3upoBaTh 3ajiady, MJIAHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peneHns

OIIK-3.2 CnocobeH pa3pabarbiBaTb M MOIEPHHU3HPOBATDH
IPOrpaMMHOE u anmapaTHoe obecrieueHne
WH(POPMALIMOHHBIX U aBTOMaTU3UPOBAHHBIX CUCTEM

OIIK-3.3 CnocoOeH WHCIIOIb30BaTh MCCIIENOBATEILCKHE
METOJIbI TIPU PEIICHUHM HOBBIX 3a/1a4, MPUMEHSS 3HAHUS W3
pa3IuyHBIX 001acTell HayKu (TEXHHUKH)

OIIK-3.4 BnameeT aHAaIUTHYECKUMHM U BBIYHUCIHTEIHHBIMHU
METOJaMH pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOJyYaeMbIX PEIICHUN

OIIK-3 CniocobeH BbIOUpaTh u (MIIN)
pa3padaThIBaTh MOJAXO/IBI K PEIICHHIO THIIOBBIX
Y HOBBIX 337134 B 001acTH HHQOPMATUKH U
BBIYHMCIIMTEIILHON TEXHUKH, YUUTHIBas
0COOCHHOCTHU M OIPaHUYCHUS PA3TMYHBIX
METOJIOB PEIICHHS

OIIK-3.5 CnocobeH agantupoBarh 3apyO0eKHbIE KOMITJICKCHI
o0paboTkn  uHPOpPMALMKM U ABTOMATH3UPOBAHHOTO
MPOEKTUPOBAHUS K HY’K/1aM OT€YECTBEHHBIX MPEANPHUATHI

OIIK-3.6 CrmocobGeH  caMOCTOATENBbHO  MPHOOpETaTh,
pa3BUBAThH 1/1 NPUMEHSTH MaTeMaTHYeCcKHe,
€CTeCTBCHHOHAyYHbIC,  COLMAIBHO-DKOHOMHUYECKUE U
npodeccroHallbHbIe 3HAHHS Ul PELICHHS HECTaHIapTHBIX
3a7a4, B TOM YHCJEC B HOBOM MJIM HE3HAKOMOW cpeie W B
MEXTUCLIUITMHAPHOM KOHTEKCTE

OIIK-3.7 CnocobGen  pa3palarbiBaTh  OpPUTHMHAJIBHBIC
AJITOPUTMBI U TPOTPaMMHBIE CPEICTBA, B TOM YHCIE C
UCTIONTb30BaHHEM COBPEMEHHBIX MHTEIUICKTYa bHBIX
TEXHOJIOTUH, U peleHus MpodecCHOHANBHBIX 3a1a4

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEeHIU

B pesynprare usydeHus IUCHUILTHHBI «KOMIBIOTEpHOE MOACIMPOBAHHUE THAPOIMHAMHYCCKHX CHCTEM)
00yJarouics JTOIDKEH:

3HATh:
- OCHOBHBIE [TOHATHUSI MEXaHUKH KUAKOCTH U rasa;
- MOZIETIM ¥ METO/IbI KJIACCHUECKOM a’dpOAMHAMUKH;
- CHHTaKCHC s13bIKa nporpammupoBanus Python;
- METOJIbI pacyeTa a3poJIMHAMUYECKUX XapaKTEPUCTUK JAByMEPHBIX 0OBEKTOB.
yMeThb:
- OILICHHWBATh aCUMITOTHYECKYIO CIOKHOCThH HCIIONB3yEMbIX AJITOPUTMOB U BHIOWPATH ONTHUMAaJIbHBIC
QJITOPUTMBI U1l COBPEMEHHBIX ITPOTPAMM;
- AQHAJIM3UPOBATh  IIOCJICAOBATEIbHBIE MPOTPaMMBl Ui BBISIBICHHS BO3MOXHOCTH — HX
pacrapaiienTuBaHus;
- oueHuBarhb 3QPEeKTUBHOCTH PabOThI pacmapajieIeHHBIX TPOrpamMm;
- BBIOMpaTh S(Q(EKTUBHBIE UYUCICHHbIE METOIBl JUIl IIOCTABICHHBIX 3aJad MaTeMaTHYeCKOrO
MOJEIINPOBAHHUS.
BJa/IeTh:
- HaBBIKAMM IIPOTPaMMMPOBAHUS MOJIEJIEH U TPE/ICTABICHUS PE3YJIbTaTOB UCCIICI0BAHUIA;
- HaBBIKaMH paboThl ¢ OuOnMorekamu HayuyHbIX Beraucienuin (NumPy, SciPy, SimPy) u cpeacrBamu
Buzyanuzainun (Matplotlib).

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

1. Cxembl BBICOKOTO MOPSJIKA TOYHOCTH M HX HCIOJIB30BAaHHE HA AHU30TPONHO aAJalTUBHBIX
HECTPYKTYPHUPOBAHHBIX PAaCUETHBIX CeTKax. AHamu3 3((PEKTUBHOCTH HCIOIb30BAHUS CXEM BBICOKOTO
MOPSAJIKa TOYHOCTH IIPH PELIEHUH 3a/1a4 BBIYUCIUTENBHON a3pOIUHAMUKH.



2. Meron Koneunwix Pasnocreit (MKP), Meron Koneunoro O6néma (MKO), Metox Koneunoro
Onementa (MKD). CxeMbl BBICOKOTO MOPAIKA TOUHOCTHU (MPEUMYIIECTBA M HEAOCTATKH).

3. lopsimok anmnpoKCUMauy ¥ MOPSI0K TOYHOCTH YHUCIIEHHON CXEMBI.

4. Tumbl ceToK (CTPYKTYpHUpPOBAaHHBIC, HECTPYKTYPUPOBAaHHBIC, aJlallTUBHbIC,KPUBOJIMHEHHBIE).
ITpeoGpazoBanue AEeMEHTOB

5. [uccunaruBHble CBOMCTBA 3JIEMEHTAPHBIX Pa3HOCTHBIX CXEM.

6. Meton [Nanépkuna.

7. Merog WENO

4. lepeyens TUNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

1 PazpoiBubiii Metox lanépkuna (PMI), meron pacnpenenénnoit HeBssku (MPH), cnexrpanbHbie
METO/IBI.

2. Annpokcumanus BsI3KUX U HEBSI3KUX I1OTOKOB.

3. [locTanoBka rpann4HbIX ycinoBuid B MKD BeICOKOTO MOpsIKa TOYHOCTH.

4. KBazparypHslii 1 6€3KBaIpaTypHbIC TOJX01bl HHTEIPUPOBAHHS IOTOKOB.

5. Meronsl pelieHus CETOYHbIX YPaBHEHU KOHEYHO-JIEMEHTHOH alllpOKCUMaly TEYCHU.
6. Ilonxon ADER

7. Metons! Pynre-KyTTa. HedaBHble METOABI peLIEHUS] CETOUHBIX YPaBHEHHM

buner 1
Omnucats pa3pbeIBHBIA MeTof ['anépkuna

buner 2
OOBSICHHTB CYTh MIOCTAHOBKH I'PaHUYHBIX ycioBuii B MKO

Kpurepun onennBanus

Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Ouenka ommyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka ommyHO 8§ OamioB - BBICTABJIAETCA CTYIAEHTY, IIOKa3aBLIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIbBHOE 00OCHOBAHHE MPUHATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMH.

Onenka xopomio 7 0aioB - BBICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MarepHuall, TPaMOTHO U 1O
CYLIECTBY M3JIaraeT €ro, yMmMeeT IpPUMEHTh I0JlyuY€HHbIE 3HaHMS Ha IPAKTUKE, HO HEIOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YNIBTATHI.

Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYILLECTBY M3JIAaraeT €ro, yMeeT MPUMEHATh MOJIYyYEHHbIE 3HAHUS HAa MIPAKTHKE, HO JOIYCKAET B OTBETE
WM B PELIEHUHU 3a7jad HEKOTOPblE HETOYHOCTH.

Onenka Xopomio 5 6ayuIoB - BBICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepuall, FPaMOTHO
U IO CYILECTBY MU3JIaraeT €ro, yMeeT IIPUMEHSATh IOJIY4YEHHbIE 3HaHMUS Ha IIPAKTHKE, HO JIOIYCKAaeT B
OTBETE WJIH B PELICHUH 33a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOUYHOCTEH.

Onenka ynoBieTBOpUTENbHO 4 Oamja - BBICTABISACTCS CTYHCHTY, IOKa3aBlIeMy (parMEeHTapHBII,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapylLIeHHs JJOTHYECKON MOCIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTrepuaia, HO IIPU 3TOM
OH OCBOWJI OCHOBHBIE Pa3JieNibl yueOHOW NMpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4eHus, U
MOJKET MIPUMEHSTH MOJTyuYeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLlnH.



OueHka yIOBICTBOPHTENBHO 3 Oajula - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIEeMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX Oa30BBIX MOHSATHH,
HApYILCHUS] JIOTMYECKOH MOCJIEOBAaTEIbHOCTH B M3JIOKCHUM HPOrPAMMHOIO Marepuaina, ciiabo
BJIaJICET OCHOBHBIMU pa3JieliaMy y4eOHOW MpOrpaMMbl, HEOOXOMUMBIMHE JUIS JaJIbHEHUIIEro 00yUeHHs U
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAHIAPTHON CUTYaIHH.

OueHKa HEYIOBIETBOPUTEIBHO 2 Oajuia - BHICTABISETCSl CTYACHTY, KOTOPBIA HE 3HAET OOJbIICH YacTH
OCHOBHOTO COJepKaHUsl y4eOHOHW MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMyIHPOBKaX OCHOBHBIX MPUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS NTPU PEIICHUN
THUIIOBBIX 33/1a4.

OreHKka HEYNOBIETBOPUTEIBHO | 0amn - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep )KaHusl y4eOHOH MpOorpaMMbl IUCIUILTUHBI, JOMycKaeT rpyOeiiinne omuOKd B (GOPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYCCKHX
3aj1au.

5. MeTtonu4eckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

Bo Bpemss mpoBenenus auddepeHIMpOBaHHOTO 3adera OOydYarolmIuecsi MOTYT TOJb30BaThCs
OporpaMMON IHCUMIUIMHBL, a TakXKe CIPAaBOYHOH JINTEPaTypoil, BBIYUCIUTEIBHON TEXHUKOM,
KOHCIIEKTaMH JICKIIAH.

JupdepeHnrpoBaHHBIA 3a4e€T MOXKET HPOBOIUTHCSA II0 HMTOTaM TEKyIIeH YCIEeBaeMOCTH M CIa4H
3aJ[aHUil, WU ITyTEeM OpraHu3ally CIIEIHAIBHOTO OIPOca, MPOBOIUMOTIO B YCTHOH (hopme.



