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)

N0 THCHUTIJINHE: YucrieHHbIE METObI PEILICHNS] YPABHEHUH B YACTHBIX MTPOM3BOIHBIX
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadenpa nHQOPMATUKH U BBIYUCIUTEIHLHON MaTeMaTHKU

Kypc: 1
KBaJIMpUKALS: MarucTp

Cemectp, hopMbl IpOMEXKYTOUHOH arTecTauuu: 1 (ocennuil) - JuddepennupoBannslii 3a4eT

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexkuuu: 0 gac.
cemuHapsl: 0 yac.
nabopatopHsbie 3aHaTus: 60 yac.

CamocrosrensHas padora: 75 4ac.

Bcero gacos: 135, Bcero 3au. en.: 3

[Iporpammy cocraBui: M.C. ManoBuuko, KaHJ[. TEXH. HayK

[Iporpamma obcyxneHa Ha 3acefannu Kadenapbl THPOPMATHKK U BEIMUCIUTEN HONU Matemaruku 04.04.2022



AHHOTANMA

Kypc HampaBineH Ha O3HAKOMIIEHHE CTYJEHTOB C COBPEMEHHBIMH YHCIECHHBIMM METOAAMH pPEIICHHA
YpaBHEHUI B YAaCTHBIX MPOM3BOAHBIX. OCHOBHOM akIEHT Oy[eT chefaH Ha CJIEAYIOIUX IPYyMIax YUCICHHBIX
METO/IOB: METOJl KOHEYHBIX Pa3HOCTEH, METOI KOHEYHBIX 3JIEMEHTOB, METOJ KOHEYHBIX O0BEMOB, METOJ
CIIEKTPaJIbHBIX 3J€MEHTOB. I KaKJOW I'PyIIbl YUCIEHHBIX METOJOB PACCMATpPUBAIOTCS JJIEMEHTHI TEOpUH,
METO/ABl UCKPETHU3alWH, CIOCOOBl YHCICHHON peanu3alud, a TakkKe pelIeHHe BO3HHUKAIOIIUX
anreOpanuecknx 3agad. M3nokennme Benércs Ha HpuMepe 3a/ad, BO3HUKAIONIMX HPU MOJAEITHPOBAHUU
MPOLECCOB PACHPOCTPAHEHUS 3JIEKTPOMArHUTHOTO TOJs, (UIBTPAlMH >KUIAKOCTH B IOPHUCTOH cpexe,
pELIEHNN CHCTEMBbl YPaBHEHHUW JIMHEWHOW ynpyroctu. B Kypce mpemycMoTpeHa IporpamMMHas peaju3aius
CTYAEHTaMHU COOTBETCTBYIOLIMX METOJOB Ha si3bike Python/C++.

1. leau u 3apauu

eap AUCUMNIMHBI
Lenpio MUCHUIUIMHBI SBISETCS 3HAKOMCTBO CTYJEHTOB C COBPEMEHHBIMH YHCIEHHBIMA METOIaMU
pelieHnsl YpaBHEHUH B YaCTHBIX MPOW3BOAHBIX. OCHOBHOW aKIEHT OymeT CaeliaH Ha CIEAYHOIIUX
rpynnax YUCJIEHHBIX METONOB: METOJ KOHEYHBIX DPAa3HOCTEW, METOJ KOHEYHBIX 3JIEMEHTOB, METOI
KOHEYHBIX O0BEMOB, METOJ CHEKTPAIBHBIX AJIEMEHTOB. JIJIs Ka)[IOoW TPYIIIbl YUCICHHBIX METOOB
paccMaTpUBaIOTCSl IEMEHTHl TEOPUH, METOABI JIMCKPETHU3AIllMHU, CIIOCOOBl YMCIICHHOW peaju3allid, a
TaKKe PEIICHUE BO3HUKAMOIIMX alreOpanmdeckux 3amad. M3nmokeHue BenETCS HA TpUMeEpe 3ajad,
BO3HUKAIOMIMX TP MOJAEITUPOBAHUU TIPOIECCOB PACIPOCTPAHEHHUS JIEKTPOMATHUTHOTO IIOJIA,
(buIBTpanUU KUIAKOCTA B TOPUCTON cpene, pelieHu: CUCTEMbl YpaBHEHUH JIMHEHHOUW ympyroctu. B
Kypce IpeayCcMOTpeHa MporpaMMHasi peaian3anusi CTyACHTaMH COOTBETCTBYIOIIMX METOMOB Ha SI3bIKE
Python/C++.

33]13‘[1/[ JAUCHUIIINHBI

- popMupoBaHUe Y 00y4arOIUXCs 3HAHUH 110 COBPEMEHHBIM YHCIICHHBIM METOJaM, IPUMEHSEMbIM 151
pEeLIeHUs] CUCTEM YPaBHEHUH B YACTHBIX IPOU3BOAHBIX;

- dopmupoBanne y oOy4aromuxcs yMmeHHs (opMann3oBarh TMOCTAHOBKY 3aJadydl W TPUMEHHUTH
MIOAXOISIIN YUCICHHBI METO/;

- (hopMupoBaHHe yMEHUI 1 HABBIKOB PEAIN3aLMU PACUETHBIX AITOPUTMOB Ha si3bIkax Python/C++.
2. Ilepeyens opMupyeMBbIX KOMIIETeH M

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

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

VYK-1.1 Ananuzupyet npoOJIeMHYIO CUTYaLHIO KaK CUCTEMY,
BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU

VYK-1.2  OcymecTBisier TIOMCK BapHaHTOB  pELICHUS
MOCTAaBJICHHOH  TpOOJIEMHONW  CHUTyallud Ha  OCHOBE

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
JOCTYITHBIX HCTOYHUKOB HH(POPMALHH

aHaJM3 MPOOIEMHBIX CUTYyalluii Ha OCHOBE
CHUCTEMHOTO TIOAX0/1a, BhIpadaThIBaTh
CTpaTeruro AeUCTBUI

YK-1.3 Pa3pabarsiBaeT CTpaTeruto JOCTHKEHUS
[IOCTABJICHHON 1eJIM Kak I10CJIE0BaTeIbHOCTh I11aroB,
NpEeNBUIA PE3YNbTaT KaXIOr0 W3 HUX W OLIEHHWBAs HX
BIMSIHUE HAa  BHEIIHEE  OKPY)XEHHE  IUIaHUPyEeMOI
JEATEIBHOCTH M Ha B3aUMOOTHOIIEHUS YYaCTHUKOB 3TOH
JeSITeIbHOCTU

OIIK-1.1 3HaeT W cHocoOGH  WCIONb30BaTh B
Mpo(eCCUOHANBHON  JIEATENBPHOCTH  (yHJAaMEHTAIIbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (PU3NKO-MATEMATHICCKUX HAyK

OIIK-1 Bnaneer cuctemoii pynnamenransabix |OIIK-1.2 CrnocobeH 0600marh U KPUTHYECKH OIICHUBATH
Hay4YHBIX 3HAHUH B 00JacTu OIBIT M pPE3yJbTaThl HAYYHBIX HCCIICJOBaHUII B 00IacTh
(HU3MKO-MaTEMaTHYECKUX HAyK npo(heCCHOHATBHOM e TEIbHOCTH

OIIK-1.3 [ToHnMaeT MEeXANCLIUILIMHAPHBIC CBS3U B OOJIACTH
MareMaTHK W (U3MKH M CHOCOOCH HMX MPHMEHSTh IPH
peleHun 3a1a4 NpoQeccuOHaNbHON AEATENbHOCTH




OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh

pemieH

W€ II0CTaBJICHHON 3aJiauu, IpOBCCTU

aHaJIu3 pe3ysibTaTta U IMpeaACTaBUTb BbIBOAI,

npumMe

HSIS1 3HAHWS U HABBIKU B 001aCTH

(hU3MKO-MaTeMaTHIECKUX HAyK U
MH()OPMAITMOHHO-KOMMYHUKAITHOHHBIX
TEeXHOJIOTHH

OIlK-4.1 CnocobeH NpUMEHATh 3HAHUST M HABBIKH TIO
HCIOJIb30BAHUIO “H(OPMALIMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATypHl,
MPUMEHEHHsI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-4.2 CrnocobeH mNpuMeHSTh 3HaHUS B o0JacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIICHUs IOCTaBICHHOM
3agaud, GOPMYIHPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS] HAYYHOTO HCCIICIOBAHUS

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynberare ocBOCHMS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAaTh:

YMETb:

- (yHmaMeHTaJbHBIE OCHOBBI INOCTPOEHHS YHCIEHHBIX METOJOB pEIICHHS CHCTEeM YypaBHEHUH B

YaCTHBIX MPOU3BOAHBIX OCHOBHBIX TUIIOB;

- OCHOBHBIE MeTOABI Juckpernsaunu YUII u cBA3aHHBIE TEOPETUYECKUE TIOHITHS.

-BBIOMpATh MOJXOASIIUI THI TUCKPETU3AIMN B 3aBUCMOCTH OT 33]1a4H;
- CTpOUTH YHWCICHHBIA METOJ, B TOM YHCJIE C NPUMEHCHHEM OTKDBITBIX OHMONHOTEK, Ha S3bIKE

Python/C++;

-IIPUMEHSATH MOIXOISAIITNI METOJT PEIICHUSI BOHUKAIOIINX AJIreOpanvecKux 3a/1ad.
BJIAJIETh:

- TEOPETHYECKMMH U NPAKTHYECKHUMU 3HAHMSIMU O cHcTeMax audQepeHInalbHbIX YPaBHEHHH U

YUCJICHHBIX METOAaX UX PCHICHUA.

- ME€TOJaMU HpOFpaMMHOﬁ pcajm3anuu YUCJICHHbIX METOAOB.

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

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

Tema (pazmern) TUCITUTUTHHEL

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.

CamocT.

Jlexnun
H pabora

CeMuHapsl

JlaGopar. paboTsI

MeToa KOHEYHBIX Pa3HOCTEH. DIEeMEHTHI
TEOpUH, MPUHLHUITEI KOHCTPYUPOBAHHUS, U
[IporpaMMHasl peajin3alus COBPEMEHHBIX
Pa3HOCTHBIX cxeMm TS
TUMEepOOIMIeCcKNX, MapabOIMYecKux U
SIUTMIITUYECKUX 3a7ad.

16 20

Merox  KOHEYHBIX  DJIEMEHTOB  JUIf
SIUTMNITUYECKUX YPaBHEHUH. JIEMEHTHI
Teopuu, MPHUHOMNBI TocTpoeHus KO
CXEeM, IPOrpaMMHasl PeaTu3aLysl.

16 20

Merox  cCHEKTpaJbHBIX
OneMeHTHI TEOpHH,
moctpoeHuss CD  cxewm,
peanmzanusi.

3JIEMEHTOB.
IPUHLUIIBI
MporpaMMHast

11

Merton KOHEYHBIX 00BEMOB IS
TUIEPOOTUYECKUX ¥ THapabOTUIeCKUX
CUCTeM. JJEMEHTHl TEOpPUH, MPUHIUIIBI
nmoctpoerus KO cxem, mnporpammHas
peanu3anusi.

20 24




Wtoro wacos

60

75

HOI[FOTOBKa K 3K3aMCHY

0 gac.

OO01mas TpynoEMKOCTh

135 ygac., 3 3aud.en.

4.2. CopaepxaHue TUCHUILTUHBI (MOYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemectp: 1 (Ocennwii)

1. MeToa KOHEUHBIX Pa3HOCTEH. DIIEMEHTHI TEOPUH, MPUHLIUIIBI KOHCTPYUPOBAHUS, U MPOrpaMMHasi
peanu3anys COBPEMEHHBIX pPa3HOCTHBIX CXeM JUIi THIEpOOIMYECKHX, MapadOolIn4YecKuX M
AUTUNTHIECKUX 3a/1a4.

[Mpuanmne noctpoenns KP cxem. PazHocTHBIE cxeMbl Ij1sl TUIIEPOOIMYECKUX cUcTeM. UuncieHHas
ommnbka cxembl. KommaktHble cxembl. [IpotuBomorounas anmpoxcumanusi. CXeMbl BBICOKOTO
nopsiaka. OrpaHuuuTeny HakjoHa. [IpakTukyM.

Pa3HocTHBIe cxeMbl 11 napabonnyeckux cucreM. HesiBHas cxema. MHTerpupoBaHue 1O BPEMEHH,
muckpetusanusa Kpanka-Hukonscona. [IpakTukym.

PasHoctHBle cxembl qns omudnTHdYeckux cucreM. CpoiictBa  pesymbrupytomux  CJIAV.
Utepanmonnsie meronsl pemeHus: paspexeHHblx CJIAY. Knaccuuyeckme MeToabpl W METOIBI
Kpputosckoro tuna. [Ipaktuxym.

2. MeTon KOHEYHBIX IEMEHTOB Ul JUIMNTUYECKUX YpaBHEHUM. DJIEMEHTbl TEOPUH, IPUHIIUIIBI
noctrpoenus KO cxem, nporpammHast peainzanusi.

[MTonsiTHe caboro pemeHus MUIMITHIECKOro ypaBHeHus1. Bapuanmonnas ¢popMyinupoBka. Pazonenue
o0JIacT W BBIOOP HMHTEPIONSIUOHHBIX QyHKIUH. [an€pkuHckoe mnpubmmxkenue. JInHeiHbIE |
kBagparnunele KD Ha TpeyrompHHKax. buiuHelHble W OMKBagpaTHYHbIC  JJICMEHTHI.
AccemOnupoBanue mio0ansHONW Marpuibl. CBolicTBa pesynbrupyromux CIIAY u Meroisl X
pemenus. [Ipaktukym.

Cxomumocte MKD ansi KOIPUMTHBHBIX CaMOCONPSsDKEHHBIX 3amad. OmulOka HMHTEPIOJSIHH.
ATnpHOpHBIE OLICHKH OIIMOKU B Pa3IMYHBIX HOPMax. p- U h-cXOqMMOCTb.

Cwmemannpiii MKD. KoncepBaruBubie KO cxembr pana ypaBHenuit Ilyaccoma u Crokca.
Anmnpokcumanuss B mpoctpanctBe H(div). Koneunbie snementsl PaBpspa-Toma. VYcroitumBocTh
cmemanHoro MKD. VYcnoeue JlamppkeHckoil. PerieHne BO3HMKAOMMX anreOpandecKux 3ajad.
[IpakTukyMm.

Bexropusiii MK3. KoHcepBaTuBHbBIE YHCICHHBIE CXeMBbI AJ1s1 ypaBHeHHH MakcBeia. [IpoctpancTBo
H(rot). DOnementsl Heneneka. BapuanuonHas (QopMyaHpOBKa TapMOHHYECKON 3a/ladud CHCTEMBI
ypaBHeHu#l MakcBemia.  Bektopueii MKD  Ha  TpeyronbHMKax M NIPSMOYTOJbHUKAX.
AccembnupoBanne Matpui. IIpakTukym.

3. MeTox CHEKTpalbHBIX 3JIEMEHTOB. ODIEMEHThl TEOpWH, NPUHIUIBEI MocTpoeHus CD cxew,
porpaMMHas peain3anusl.

Merton choekTpaibHbIX 3yeMeHTOB. llpoOneMa TOBBILIEHUS TOpsAKa anmpoKcuManuu. Maes
CHEKTpalbHOTO MeTona. Ammpokcumanms mnonuHoMamu Jlexanapa-Jlobarro. IIpeoGpazoBanue
koopauHatr. [loCTpoeHHMS CHEKTpalIbHO-IEMEHTHBIX CXeM Ui MHOTOMEPHBIX  OOJIACTEH.
AccemOnupoBanne Matpul. CpoiictBa Bo3HuKatommx CJIIAY. Cxomumocth MCD W olieHKH.
OBomounoHHbIe 3a1a4n. [IpakTukym.

4. Metol KOHEYHBIX 00BEMOB IJ1s1 THUIIEPOOTMUECKUX U MAapa0OIMUECKUX CUCTEM. DJIEMEHTBI TEOPHH,
npuHLuns! nocrpoenust KO cxem, nporpammHast peajiuzanusi.

3akoHbl coxpaHeHus B nuBeprentHoi ¢opme. [Ipuauuner MKO. MKO nmns runepOonmueckux
cucteMm. Pacmiennenue, naBapuanTsl Pumana. [IpotuBonoTodnsie cxembl, cxema [omyHoBa. Cxemsl
MOBBIIEHHOTO Nopsiaka. Orpannunteny HakioHa, TVD. [Ipaktukym.



AHanM3 anmpoKCUMaIlU{, CXOAMMOCTH M YCTOWYMBOCTH KOHEUHO-00BEMHBIX cxeM. MKO s
napabonnuecknx 3a7ad. ODBOJIOIMOHHAS HEJNWHEWHas 3ajada KoHBeKnuu-aud¢gy3uun. CrocoOs
anmpoKCUMAIIMH TTOTOKOB uepe3 TpaHMilbl sueek. CBONWCTBA BOSHHUKAIOIIUX alTreOpanvecKux 3ajad.
SIBHBIC U HEsIBHBIE CXeMBI. [IpakTuKyMm.

Pemenue cucreM HEMMHEWHBIX anTeOpandecKX ypaBHEHHN KaK 3a7a4a MHOTOMEPHOMN
ontumusanuu. Urepanuu [Iukapa. Utepanmm Herotona. [TpakTukyMm.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOMMO AJIsl OCYIEeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

[TepcoHasbHBII KOMIBIOTEP WM HOYTOYK C YCTAaHOBICHHBIM KoMIIsitopoM Python/C++ u
CTOPOHHHMMH CBOOOJHO pacmnpocTpansieMbiMu Oudnrorekamu MFEM, SuiteSparse, PETSc u
HEKOTOPBIMH JIPYTHMH.

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. Jleknuu 1o BeIMUCIUTENBHON MaTteMaruke [ Tekcer] : yueb. mocooue aist By30B / . b. Tlerpos, A. 1.
Jlo6anoB .— M. : UaTepHet-YH-T Undopm. Texnonoruit : BUHOM. Jla0. 3nanuit, 2006, 2010, 2013
— 523 c.

000007856, OcuoBsl Beruucimtenbhoi ¢pusukn [Texct]. Y. 1/ B. E. 3anuznskiBeenenue B
KOHEYHO-pa3HOCTHBIE MeTobI - M. Texunocdepa,2008

JomnonHutenbsHas auTeparypa

1. BeruucnurenpHas maremaruka. Kypc nexnuii, OiekrponHas Bepcus nedarHon myonukanum / A. U.
Jlo6anos, U. b. ITerpoB. — MockBa, ®u3markuura, 2021

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

He HCIOJIB3YIOTCA

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILIMHe (MOAYJII0), BKJII0Yasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 oldecredyeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

Ha naGoparopHbix paboTax UCHOIb3YIOTCS MYJITHMEAMIHBIC TEXHOJIOTHH, BKITIOUAs IEMOHCTPAIINIO
Npe3eHTAlUN.

B mporiecce caMoCTOSTENLHON padoThl 00YYAIOIIUXCS BOBMOXKHO UCITOJIb30BAHUE TAKUX MTPOrPAMMHBIX
cpenacTs, kak Microsoft Visual Studio, Jupiter Notebooks, Anaconda, Wolfram Mathematica u nip.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_Iy.Tlﬂ)

OOyuatommiicsi Kypcy [HODKEH OCBOMTh OCHOBBI KOHEYHO-PA3HOCTHOHM, KOHEYHO-3JIEMEHTHOM,
CIIEKTPAIbHO-2JIEMEHTHOH M KOHEYHO-OOBEMHOW amnmpOKCHMAIMM CUCTEM YpaBHEHHH B YaCThIX
mpou3BoAHBIX. OH OKEH HayYUThCS MPUMEHSTH MOJyUYeHHbIC 3HAHUS Ha MPaKTHKE, PEeajM30BhIBATh
pacu€THbIe anropuTMBI B Buje mporpamm Ha s3bike Python/C++. OcBoenune Kypca He CBOOUTCS TOJIBKO
K MocenieHuto 3auatuil. OCHOBOH yCIIEIIHOTO MPOXOXKACHUS Kypca SBIsIeTCS caMOCTOsITeIbHas paboTa
CTyZI€HTa, KOTOpasi BKIIIOUAeT B ceOst:

- IpopaboTKy MPUMEPOB MPOTPaMM U aHATUTHYECKUX BBIKIIAJIOK C 3aHATHIH;

- BBIIIOJIHEHUE JIOMAIIIHUX 3aJlaHU;

- UI3YUYCHHUEC JONOJIHUTCIIbHBIX MAaTCPUaIOB 11O MOHOFpa(I)I/I}IM, CTaTbsiAM U CIIPpaBOYHHKAM.

PykoBOACTBO W KOHTPOJIb 32 CaMOCTOATENBHON pabOTOH CTyJeHTa OCYIIECTBIsAEeTCS B Qopme
MHIUBUAYAJIbHBIX KOHCYIBTAlWM, CIIEIMAIBHBIX CEMUHAPOB U APYTUX MEPOIPUATHH.



[TokazareneM BIaaeHHUS MAaTEPUATIOM CIY)KUT YMEHHE pellaTh BBIYHCIHUTENBHBIC 3amaun. Jlis
(GOpMHPOBaHUS YMEHUS NPUMEHITh TEOPETHYECKUE 3HAHUS HAa IPAKTUKE CTYICHTY HEOOXOAUMO
CaMOCTOSTEIIFHO peIllaTh 3ajJadu, Mmucarb mnporpamMmbl Ha Python/C++. [lpu pemennu 3amad CTOUT
aKIIEHTUPOBATh BHHUMAaHUE Ha KAYeCTBE HAINMCAHHOTO KOJA M €ro HAaIISITHOCTH, ITOJHOM MOHMMaHUU
BCEX OTaloOB pEUICHUS 3afaud. BakHO H0OMThCA TOHMMAHHMA HM3y4aeMOTro Marepuaia, a He
MEXaHHYECKOTro ero 3arnomMuHaHus. [Ipu 3aTpyaHEHUHM M3y4YeHUs OTAEIBHBIX TEM, BOIPOCOB, CIEIYeT
oOpaInarbest 3a KOHCYJIBTAIMSMU K IPETIOAaBaTero.

BeimonHeHne nomariHuX 3amaHuil  sBiseTcs o0s3aTenbHBIM. JloMallHHME 3aJaHMst MOTYT OBITh
YaCTHYHO WU TTOJTHOCTBIO 3aMEHEHBI 110 PEIICHHIO MTPENoAaBaTes Ha HECKOJIBKO KyPCOBBIX IIPOCKTOB.
Crioco6 odopmIteHUS B OTIIPABKU pabOT COOOIAETCsI MPeroiaBaresieM JOMOTHUTEIHHO.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadeapa MHOOPMATUKU U BBIYUCIUTEIHLHON MaTeMaTHKU
Kypc: 1
kBaTuuKkanus: MarucTp

Cemectp, hopMbI IpOMEXKYTOUHOH arTecTanuu: 1 (ocenuuil) - JluddepeHupoBanHbiii 3a4eT

PaszpatGoTunk: M.C. ManoBu4Ko, KaHJ. TeXH. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TI0/IX0/1a, BhIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.1 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VK-1.2 OcymecTBiser MOWCK BapUaHTOB  PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PazpabarbiBaet CTpaTeruio TOCTHKEHUS
MOCTABJICHHOM IIeld Kak IOCJICAOBAaTEeIbHOCTh IIaroB,
HOpeABUIS PE3yabTaT KaKAOTO0 M3 HUX M OLEHMBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPY)KEHHE  IUIaHUPYyeMOi
JEATEIIbHOCTH U Ha B3aMMOOTHOIICHUS YYAaCTHMKOB ITOH
JesITeIbHOCTH

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX
Hay4YHbIX 3HaHUH B o0acTu
(u3MKO-MaTeMaTHYECKUX HAyK

OIIK-1.1 SHaeTr W© CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBHOW ~ NIeATeNhbHOCTH  (PyHIaMEHTaIbHBIC
Hay4HbIC 3HAHUS B 001acTH (PU3NKO-MATEMaTHIECKUX HAyK

OIIK-1.2 Cmocoben 00001maTs ¥ KPUTHYECKH OILEHUBATh
OIBIT M PEe3yJbTaThl HAYYHBIX MCCIICJOBaHUII B 00JacTh
poeCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKH ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH

OIIK-4 CriocoGeH ycIenHo peann30BbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara M MPeACTaBUTh BHIBOIbI,
MPUMEHSS 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTEeMaTHYECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.1 Cnoco0eH NpPUMEHATH 3HAHUS M HAaBBIKU IIO
UCTIONIb30BAaHHIO MH(pOpPMaMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I IOUCKA M U3YyYEHUS] HAYYHOH JIUTEPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX TPOTrPAMMHBIX ITPOTYKTOB

OIlK-4.2 CrniocobeH TpUMEHSTh 3HaHWS B  0O0JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1au¥, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHPOBAaHO BBIOMpAaTh CIIOCOO
MPOBEICHUS] HAYYHOTO MCCIIEOBAHUS

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare uzydeHus: IUCHMILIMHBL «HUCIIEHHbIE METO/bl PEIIEHUS! YPABHEHUI B YaCTHBIX ITPOU3BOIHBIX)

00yJaroIuics JTOIDKEH:

3HAThb:

- (yHmaMeHTaJbHBIE OCHOBBI IOCTPOEHHS YHCIEHHBIX METOJOB pEIICHHS CHCTEM YypaBHEHUH B

YaCTHBIX MPOU3BOAHBIX OCHOBHBIX TUIIOB;

- OCHOBHBIE MeTOABI Auckpernsaunu YUII u cBA3aHHBIE TEOPETUYECKUE TIOHITHS.

yMeThb:

-BBIOMpATh MOJXOASIIUI THI TUCKPETU3AIMN B 3aBUCIMOCTH OT 33]1a4H;
- CTpOWTH YHWCICHHBIA METOJ, B TOM YHCJIE C IPUMEHCHHEM OTKDBITBIX OHMONHOTEK, Ha S3bIKE

Python/C++;

-IIPUMCHATH HOI[XO,Z[HH_[I/Iﬁ MCTOJ pCHICHUA BO3HUKAIOIIIUX aﬂFC6paI/I‘leCKI/IX 3aaad.

BJIaJeTh:

- TEOPETHYECKMMH U NPAKTHYECKHMMU 3HAHMSIMU O cHcTeMax audQepeHInalbHbIX YPaBHEHHH U

YUCJICHHBIX METOAaX UX PCHICHUA.

- ME€TOJaMH HpOFpaMMHOﬁ pcajm3anui YUCJICHHbIX METOAOB.

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

IIpuMepsl KOHTPOJIBHBIX BOIIPOCOB Ul TEKYIIET0 KOHTPOJII OCBOEHUS MaTepuaa:

1) llpuBeauTe MpUMepHI ILTHNITHIECKOM, THITEpOOTUIECKO, TapabonIecKoi, CMEIIaHHOH 3a/1a4H.




2) YUro Takoe anmpoKCUMaIus, yCTOMYUBOCTh, CXOAUMOCTh Pa3HOCTHOM 3a1aun?

3)[Toyemy MeTOJ CHIEKTPATBHBIX DIIEMEHTOB B PACUETHON MPAKTUKE HE TPUMEHSIFOT Ha HECTPYKTYPHBIX
ceTkax?

4) AnnpoxcuMupyiiTe 3aJaHHYI0 THUIEPOOIMYECKYI0 3ajady METOJOM CIIEKTPAIbHBIX OOBEMOB U
BBINTUIIUTE PACUETHBIE (POPMYIIBIL.

[IprMeps! ynipa)KHEHHUI HA IPOBEPKY 3HAHMIA:
1) Anst MoJieTbHOM SIUTMNITHYECKOM 3a/1auu chOpMYIINPYITEe BapHallMOHHYIO TIOCTAHOBKY W BBITTOIHUTE
JUCKPETU3ALMIO HA JIArPAHKEBBIX AJIEMEHTAaX IEPBOTO MOPSIAKA.

2) PeanusyiiTe YMCIICHHOE PELICHUE YpAaBHEHUS MEPEHOCAa B OJHOMEPHOM Ciydae JUIs MOCTOSHHBIX
k03 purmeHToB.

3) Peanusyiite 4ncieHHOE pEIICHHE OJHOMEPHOTO MapaboUueCKOro YpaBHEHHUSI METOJIOM KOHEYHBIX
00BEMOB.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBeAeHHUA IPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

ITepeueHb KOHTPOIBHBIX BOIPOCOB:

OCHOBHBIE THIIA YPaBHEHUI B YaCTHBIX IPOU3BOTHBIX M UX OCOOEHHOCTH.
CTpyKTypHbIE U HECTPYKTYpPHBIE PAaCUETHBIE CETKU

IIpuHLMIBI TOCTPOEHUS PA3HOCTHBIX CXeM. ANIPOKCUMALUS, YCTOHUYUBOCTh U CXOAUMOCTb.
Pa3HocTHBIE CXeMBI [l THIEPOOTNUECKUX CUCTEM, HX CBOMCTBA

Pa3HocTHBIE cXeMBbl [UI TapaboIMYECKHX CUCTEM, UX CBONCTBA.

Pa3HocTHBIE CXEMBI U1 JJUIMITUYECKUX CUCTEM.

HrepannoHHBIE METOJIBI PELLICHUS CUCTEM JIMHENHBIX YPABHEHUN

Bapunanuonsast 10CTaHOBKA JIUIMITHYECKOM 3a1a4H.

V3510BBIC TMHEHHBIE U OMJINHEWHBIE KOHEUHBIE 3JIEMEHTHI

AccemOnupoBanue marpuil B MKD

I'maBHOE U ecTecTBeHHOE rpaHuyHOE yciaoBue B MKD.

AnpruopHbIe orieHkH omubok MKD.

3amaun ¢ ceanioBoit Toukoi n ux KO anmpokcumarus

3aKOHBI COXpPAHEHHS: AUBEPTeHTHAS M XapaKTepUCTUIecKas (OPMBI

[TpuHIMTIBI TOCTPOCHUST KOHEYHO-00BEMHON aIMpPOKCUMAIIHN

Merto/ KOHEUHBIX 00BEMOB JIJIsl TUTIEPOOTHYECKUX CUCTEM U OCHOBHBIE 0COOEHHOCTH
WuBapuantsl Pumana u paciueruieHre runepooanueckux CHCTEM

[IporuBonorounas annpokcumarys B MKO, cxema ['ogyHoBa

KoneuHo-00bEMHBIE CXEeMBI BBICOKOTO MOPSIIKA, TpoOi1eMa MOHOTOHHOCTH

Merto/ KOHEUHBIX 00BEMOB ISt TApabOIMIECKUX 3a71a4, CIIOCOOBI allMPOKCHUMAIIMU TIOTOKOB
WHTerpupoBaHus 0 BPEMEHH B METO/I€ KOHEUHBIX 00BEMOB

[IpuHLMIBI METONIA CTIEKTPAJIBHBIX 2JIEMEHTOB

O1neHKH CXOJUMOCTh METO/a CIIEKTPAJIbHBIX JIEMEHTOB

O1neHKH BBIYUCIUTENBHON coxHOoCcTH MCD

MerTo/ibl peleHre HEIMHEHHBIX CUCTEM alIre0pandecKuX ypaBHEHHH

Kpurepun onennBanus

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

Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh X Ha NPAKTHKE MPU PeIIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPHUHATHIX PELICHUH.



Ouenka omM4HO 8§ Oa/uIOB -  BBICTABISIETCS  CTYACHTY, IIOKa3aBLIEMY BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TTyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCHHUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHSTh MX Ha MPAKTHKE IPH PELICHHH KOHKPETHBIX 3aj]ad4, IPaBUIbHOE 000CHOBAaHHE TPHHSTHIX
pelIeHn i, ¢ HEKOTOPBIMU HE0UeTaMHu.

Ouenka xopomuo 7 6ajuioB - BHICTABISETCS CTYJCHTY, €CJIM OH TBEPAO 3HAET Marepuaj, IPaMOTHO H IO
CYIIECTBY H3JIaraeT €ro, ymMeeT NPUMEHSATh IOJYYCHHBbIC 3HAHUS Ha TPAKTHKE, HO HEIOCTATOYHO
IpaMOTHO 00OCHOBBIBAET MOJTYYCHHBIE PE3YJIbTATHI.

OueHka Xopoio 6 0ajioB - BBICTABISETCS CTYIACHTY, €CIIM OH TBEPIO 3HAET MaTepHa, IPaMOTHO H I10
CYLIECTBY M3JIaraeT e€ro, yMeeT MPUMEHSTD MOJTyUYCHHBIC 3HAHUS Ha MPAKTHKE, HO JIOMYCKAeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.

OueHka XopoIo 5 6ajuIoB - BBICTABISCTCS CTY/ACHTY, €CIIH OH B OCHOBHOM 3HAaeT MaTepuall, paMOTHO
W TI0 CYIIECTBY M3JIaraeT €ro, yMeeT IMPUMEHSTH IOJyYCHHBIC 3HAHMS Ha MPAKTUKE, HO JIOMyCKaeT B
OTBETE WJIM B PEILICHUH 33/1a4 JOCTATOYHO OOJIBIIOE KOJTHYECTBO HETOYHOCTEH.

OueHka ylOBIETBOPUTEIbHO 4 Oamia - BBICTAaBISAETCS CTYICHTY, MOKa3aBIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHJIbHBIC (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapYILECHUS JIOTUUECKON MOCIIECA0BATEIBHOCTH B U3JIOKEHHH NIPOrPaMMHOTO MaTepHala, HO MPU ITOM
OH OCBOWJI OCHOBHBIE Pa3JIeiibl y4eOHOW MPOTrpaMMBbl, HEOOXOAMMBIC [UIs NalbHEWIIero oOy4eHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIC 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka ylOBIETBOPUTEIbHO 3 Oaiia - BBICTAaBISAETCS CTYICHTY, MOKa3aBIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIYyCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX O0a30BBIX MOHSATHH,
HApYILCHUS JIOTMYECKOH MOCJIEOBAaTEIbHOCTH B M3JIOKCHUM NPOrPAMMHOIO Marepuaina, ciiabo
BJIaJICET OCHOBHBIMU pa3jeliaMy yueOHOW MpOorpaMMbl, HEOOXOMUMBIMHE JUIS JaJIbHEHUIIEro 00yUeHHs U
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OneHKa HEYIOBIETBOPUTEIBHO 2 Oajuia - BHICTABISETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJbIIEeH YacTH
OCHOBHOTO COJCpKaHUsl y4eOHOH MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMYIHPOBKaX OCHOBHBIX PUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS ITPU PEIICHUN
THUIIOBBIX 33]1a4.

OreHka HEYIOBIETBOPUTEIBHO 1 0ayl - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKu B (GOpPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYECCKHX
3aj1au.

Kpurepun onennBanus

Onenka Beictapnsiercs 1mo bPC: 6amt BPC nenurcs Ha 10 ¢ okpyriieHueM BHH3
[Ikana BPC (cymma = 110):

Pabora na cemunape 20 6ayioB

1350

KP 20

[IpoexT 20

5. MeTonuveckne MaTepuabl, onpeneasone Npouexypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

JuddepeHnrpoBaHHBIA 3a4eT MPOBOAUTCA IO MTOraM CIAyM MPAKTHUECKUX M TEOPETHUECKUX
3aJaHui, MPEeIyCMOTPEHHBIX MPOTrPaMMON IUCLUIUIMHBI, a TAKXE 3aIIUTHl BBITYCKHOTO IPOEKTA.
Omnpoc obyuaromerocs He JOJKEH MPEBHIIATh OAHOTO aCTPOHOMHYECKOTO Yaca.



