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

YTBEPKAEHO

JupexTop BhICIIEH HIKOJIBI
NPOrpaMMHOI HHKCHePHHU

A.B. MaJieeB

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

0o JUCHHUIJINHE: JlonmomHUTEbHBIE TTIaBBl MATEMATHYECKOTO aHAIN3a U INHEHHOM anreOpsl
10 HANIPABJIEHMIO: [IporpaMmHast HHXEHEPUS
npo¢uib NOATOTOBKHU: Pazpabotka nmporpaMMHO-HH()OPMAITMOHHBIX CHCTEM

BbICIIIAs! LLIKOJIA IPOTPaMMHOM HHXEHEpUU
BBICIIAS IKOJIA ITporpaMMHOM nHx)eHepuu MPTU - Annexc

Kypc: 4
KBaJIMpUKALS: GakanaBp

Cemectp, hopMBbI IPOMEKYTOUHOH arTecTauuu: 7 (oceHHuil) - JuddepenuupoBannslii 3a4et

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 30 gac.
nabopatopusle 3ansaTus: 0 gac.

CamocrositensHas padora: 48 yac.

Bcero gacos: 108, Bcero 3au. en.: 3

[Iporpammy cocraBui: A.B. Co3blkuH, KaHJI. TEXH. HayK

[Iporpamma obcyxieHa Ha 3aceflaHuy BBICIICH MIKOJBI porpaMMHoil naxkenepun MOTU - Anpekc 28.04.2023



AHHOTANMA
B coBpemeHHBIX 3a/1a4ax pabOTHI C JAHHBIMHM BO3HUKAIOT MaTeMaTHYECKUE BOIPOCHI, HE pacCMaTprUBacMbIe B
Hamux (pyHIaMEeHTaJbHBIX 00s3aTeNbHBIX Kypcax. Ha daxynbrarnBe Mbl MO3HAKOMHUMCS C PE3yIbTaTaMu U3
JTUHEHHOU anreOphl ¥ BOKPYT Hee, HEMOCPEACTBEHHO BAYKHBIMHU IS MTpriioxkeHnH. [Ipexie Bcero, UMeroTcs B
BUIY NPWIOKEHHUS K aHaJU3y JAaHHBIX U MALIMHHOMY OOYYCHHIO, a TaKXe BBIYUCIUTEIBHBIM METOAAM,
CTAaTHCTHKE U YKOHOMUKE. [lepBble BOIPOCHI, Ha KOTOpPBIE MBI y3HaeM OTBeThl: Kak 00paTuTh npsSMOYyTroIbHYIO
Marpully? Y Kakux MHOTOWICHOB rpaduk camblii KOMIAKTHBIA? Kakum MeTomoM pemars CUCTeMy H3
MUJIJIMOHA YPaBHEHUHN C MUJJIMOHOM HEU3BECTHBIX? Kak MOXXKHO U3MepsITh BEKTOPHI U JINHEHHbIE OIlepaTophl?

B mporpamme Kypca: mceBpooOpaTHbIE MaTpULbl (OHM BO3HHMKAIOT B MOJENM JIMHEHHON perpeccuu U B
3a7ia4yax BBIYMCIICHUI), NTEPAlMOHHBIC METOIBI (M UX CBSI3M C MOJIEIIBbIO CiIydaifHOro Ony»kaaHus Ha rpade u
MPUIIOKEHUSIMU K MHTEPHET-TIOMCKY ), MATPUYHBIEC PA3JIOKEHUSI U METOJbI TIOHMKEHHSI Pa3MEPHOCTH (B CBS3U
C QJITOPUTMaMH MAaIIMHHOTO OOy4YeHHMs), a TaKKe MaTPUYHbIE HOPMbBI M OCHOBBI TEOPUH BO3MYLICHUH ([1s
OLICHKM TOTPEIIHOCTH MAaTPUYHBIX BBIYMCICHUH), 3aAady JUHEHHOTO NpOrpaMMHUpPOBaHUS (B CBS3H C
3aJayaMM  ONTHMHU3alUMU M JIMHEHHONW IPOM3BOACTBEHHOW MOJEJBIO), 3aJauyd MHTEpHOMALUM U
anmpOKCUMAIIHH.

1. leau u 3apauu

eap AUCUMNIMHBI

- M0Ka3aTh Ha MHOTOYHCIICHHBIX MpUMepax 3PPEeKTUBHOCTh MPUMEHEHUSI METOIOB MAaTeMaTHYEeCKOTO
aHaJM3a U JTMHEHHOH anreOpbl, H3y4eHHOTo CTyJeHTaMH Ha | Kypce;

- BBIYYHTh METO/Ibl IPOTPaMMHOM pealn3aliy MPeAIOKEHHBIX aITOpUTMOB. Penienue 3a1aqu 10KHO
HAYMHATHCS C MOCTPOCHUS MAaTeMaTW4eCKOW MOJIENH, 3aTeM CTPOUTCS aJrOPUTM YHCICHHOW (4acTo
KOMITBIOTEPHOH) peanu3allid W HamucaHue koia. Ha cemunHapax Oyner yaelIeHO BHUMAaHHE
3G GEKTUBHOCTH HAMCAHUs KOJIOB M MX OTJIaaKku. BaxkHyto ponb B nmpodeccnonanbHoi pabote urpaer
pabora ¢ rpapuKaMu: WX aHaJ M3, NpPOBEpKa MNPAaBWIBHOCTH U 3()(PEKTHBHOCTH alrOpUTMA H
KaueCTBEHHBIE BBIBOJIBI U3 TPA(hUKOB.

3agauu AU CHUILIHHBI

- BBIPA0OTaTh y CTYACHTOB HABBIKH HCIOJIB30BAHUS OCHOBHBIX IOHATHI U PE3YJbTaTOB CIIEKTPATIbHOM
TEOpUHU ONEpaTopoB Ui JajbHEHWIIEro NPUMEHEHHsT B Yy4eOHOH pabore M mpodeCcCHOHANBHOM
JEATEIILHOCTH.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

OIIK-1 CnocobeH npuMeHSITh
€CTECTBCHHOHAYYHBIC H OOIICHHKCHEPHBIE
3HAHUS, METO/Ibl MATEMAaTHYECKOTO aHAJIN3a U
MOZICITMPOBAHHUS, TEOPETUIECKOTO U
IKCHEPHUMEHTAILHOTO HCCIICIOBAHUS B
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBaTh MOCTABICHHYIO 3ajady,
HaMeuaTb IIyTH €€ PEeLCHUs

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKue MOJIENH,
MPOU3BOIUTH KOJIMUECTBEHHBIE PACUETHI M OLICHKH

OIIK-1.3 CnocoOeH omnpenensiTs I'paHULbl MPUMEHUMOCTH
HOJIyYECHHBIX PEe3YJIbTaTOB

OIIK-7 CriocobeH mpUMeHSTh B TPAKTHYECKON
JesITeIbHOCTH OCHOBHBIE KOHIICTILIUH,
MPUHIINIIBL, TEOPUU U (DAKTHI, CBSI3aHHBIE C
nH(pOpMaTUKON

OIIK-7.3 VYmeer BBIABIATH Y3KHE MecTa B MpoOIEcce
pa3paloTKU M MpeJiaraTb METOAbl U MHCTPYMEHTBI AJISl €0
ONITHUMU3AINN

[IK-2 Cnocoben ¢popmanuzoBats u
AJITOPUTMU3UPOBATH ITOCTABICHHYIO 3a/1a4y

[IK-2.1 CnocobeH ¢opmanu3oBaTb U aITOPUTMU3HPOBATDH
MOCTAaBJICHHYIO 3aJa4y

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI N0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCLUIIIMHBI 00Yy4alOIINeCs JOIKHbBI

3HATb.




YMETb:

- OCHOBHBIE CBOMCTBA JIMHENHBIX KOHEYHO-PA3HOCTHBIX YPABHEHUM U CUCTEM IIPOM3BOJIBHOIO TOPSIIKA.
YMeeT 1o KOpHSAM XapaKTEPUCTHYECKOTO YpaBHEHHUS ONPEACINTh ACUMIITOTUKY pEIIEHUs Ha
OECKOHEYHOCTH. YMEET NMPOrpaMMHO Peaju30BaTh MOJIEJM, OCHOBAaHHBIE HAa PEIICHUU JIMHEWHBIX U
HEJIMHEWHBIX KOHEUHO-PA3HOCTHBIX CUCTEM;

- OCHOBHBIC CBOMCTBAa JIMHEWHBIX HOPMHMPOBAaHHBIX IPOCTPAHCTB. YMEET [OKa3blBaTb OCHOBHYIO
TEOpEMY alnpOKCUMAIUH;

- OCHOBHBIE CBOWCTBA TMJIbOEPTOBBIX IIPOCTPAHCTB;

- MPOCTEMIINE THUIBI BBIPOXKIEHHBIX KPUTHUECKHX TOYEK. Brameer MOHATHEM CBOICTBAa CHCTEMBI,
BBITOJHSIOLIETOCS B O0IIEM MOJI0KEHUH U IOHATHEM KOPa3MEPHOCTH BBIPOXKICHHS.

- IOKa3bIBaTh HEpaBeHCTBa [enbaepa 1 MUHKOBCKOIO;

- IOCTPOUTH OPTOTOHAIIBLHBIA 0Aa3HC B MIPOCTPAHCTBE (PYyHKIINH;

- copmynmpoBats nemmy BiiokeHust CoboeBa;

- NPOrpaMMHO pEajn30BaTh AJITOPUTM IOCTPOCHUS KOA(P(UIIMEHTOB  ammpoOKCHMHUPYOLICH
palMoHAIBHON QYHKIINH;

- IOCTPOUTH Ha KOMILIEKCHOU TNIOCKOCTH M30JIMHUY TTOTPENIHOCTH anmnpokcumanuu [lazge - Dpmura;

- JIOKa3bIBaTh OCHOBHYIO TeopeMy anreOpsl u TeopeMy besy. Ymeer mo KOpHSIM MHOTOYJIeHa
BOCCTaHABJIMBATh €r0 KOA(PPHUIIUCHTHI;

- HalMcaTh KOJ IPOrpamMMbl, peaJn3yroIuil metox I'epona;

- o Marpuie ['ecce onpeaenuTs THIT KPUTUIECKON TOYKH TIAJAKON (DYHKIIMHA HECKOJIBKUX MEPEMEHHBIX
W Hamucarb Kol JUIs OUCKa KOPHEW CUCTeMbl ypaBHeHHH MeToioM HetoToHa — Padcona;

- TIPUMEHATh WHBApHAHTHBIC TU(PQEepeHINATBHBIE ONEpaTopbl K (QYHKIUSIM M BEKTOPHBIM MOJSIM Ha
MHOTOMEPHBIX IIPOCTPAHCTBAX;

- MPOrPaMMHO pEan30BaTh AJITOPUTM IOCTPOCHUS HWHTEPHOISIMOHHOTO MHOTOWICHA U OLCHHTH
KoHCTaHTy Jlebera (ycuieHHe aMIIUTY/Ibl ITyMOB IPU MHTEPIOJSILUY C JTAHHOW CeTKH) U KOMITaKTHBIE
QJITOPUTMBI MTPUOIMIKCHHOTO BBIYMCIICHHS C BHICOKUM IOPSAKOM TOYHOCTH MPOHM3BOIHBIX U B TOYKAX
cCaMOM CeTKH, W B TPOMEKYTOYHBIX TOYKAX, a TAKKE PEIICHHE 33/Jaud HMHTEPHONIALUH. YMEeT
OLICHHBATh OOPATUMOCTh COOTBETCTBYIOIIUX MaTPHII;

- CcTpouTh cOOCTBeHHbIE Oasuchl st Ju(d(dEepeHIIMaNbHBIX OMEpPaTOpoB C IOCTOSHHBIMH U
KyCOYHO-TIOCTOSIHHBIMH  KOd(p(pUIIMEeHTaMH TIpH pa3HBIX BapHaHTaX TPaHWYHBIX YCJIOBUH. YMeer
packiaapiBaTh PyHKIMH 10 COOCTBEHHBIM 0asucam (B psiiibl Dyphbe).

BJIAJIETD:

- TIOHSITUEM CBOWCTBA CHUCTEMBI, BHITIOJIHSIOIIEIOCS B O0ILEM IMOJIOKEHUHU U MOHITHEM KOPa3MEPHOCTH
BBIPOXKACHUS;

- OCHOBHBIMH IIOHSTHSIMH TEOPUM METPHYECKHX MPOCTPAHCTB, CXOJUMOCTH, HEMPEPBIBHBIX
oToOpaskeHMH. 3HATh Pa3IMYHbIC PUMEPHI METPUUYECKUX HPOCTPAHCTB. YMETh JJOKa3bIBaTh TEOPEMY O
CYLIECTBOBAaHMM M E€AMHCTBEHHOCTH CKMMAIOLIETO OTOOpaKEHUSI B IMOJHOM METPHUYECKOM
IIPOCTPAHCTBE U NPUMEHATh €€ K KOHKPETHBIM IIPpUMEpaM, B TOM YHUCJIE C IIOMOLIbI IIPOIpPaMMHBIX
KOJIOB.

4. Coep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAaHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BHI0B Y4eOHBIX 3aHATHI

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

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
Kopan wmHorowieHos. HrepanuoHHbIE
1 METOJBl TOMCKAa KOpHEH U OacceiHbl 3 3 4
TPUTSDKCHUS
) @OyHKIMN  HECKOIBKMX  INE€PEMEHHBIX. 3 3 5
YCI0BHBIE SKCTPEMYMBI
3 [IpoctpanctBa ¢ynkuuii. CoOCTBEHHBIE 3 3 5
(bYHKIMH ¥ UX TPUIOKESHUS




4 KoneuHo-pa3HOCTHBIE ~ ypaBHEHUS U 3 3 5
CHCTEMBI

5 CryyaiiHble OyAaHUsI U UTPHI 3 3 4

6 WHTepnonsmuss W = yCTOWYMBOCTH K 3 3 5
rymam

7 Psnw1 Teiinopa u annpoxcumanust [lane 3 3 5

8 KommaxTHbIE pa3HOCTHBIE CXEMBI 3 3 5

9 Ksanparypubie popmymst 3 3 5

10  |BBenenue B KOMIUIEKCHBIN aHAIU3 3 3 5

Hroro wacos 30 30 48

[loaroroska k sK3aMeHy 0 gac.

OO01mas TpynoEMKOCTh 108 uvac., 3 3au.en.

4.2. CopaepxaHue IUCHUILTAHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemectp: 7 (OceHHmi)

1. Kopau MHOTOUJICHOB. MTepalinoHHbIE METO/IBI TOMCKA KOPHEH 1 OacCeiHbI MPUTHKEHHS

Anre0Opanueckue oInepanyy Haj MHOTOWICHaMH. VI3BieueHHe KOpPHA M3 KOMIUIEKCHOTO YHCIIA.
Kopan wmHorounenos. MHorowneHsl ¢ JedcTBUTENbHBIMUA KO3 duuumenramu.  [Ipocreiimue
UTEPAllMOHHBIC METOJbl PEIICHUs CHCTEM JIMHEHHBIX YpaBHEHMH. OJjeMeHThl oOmel Teopun
UTEPAIMOHHBIX MeTOAO0B. MeTox flkoOu perieHus 3aia4 Ha coOCTBEHHbIE 3HaYeHus. McciaenoBanue
CXOIMMOCTH MeToza SIkoou

2. OYHKIMHU HECKOJIBKUX IIE€PEMEHHBIX. YCIOBHBIE 3KCTPEMYMBbI

Marpuna Skobu. DKCTpeMyMbl ¥ CTalMOHApHbIE (KPUTHYECKUE) TOYKH TIAAKUX (YHKIUH
HECKOJIbKMX mepeMeHHbIX. Marpuua lecce. [Inga kakux QyHKOUMA MOXHO TapaHTUPOBAaTh €€
CUMMETPUYHOCTh. Teopema o HesiBHOW QyHKIMH. Metox HeiotroHa — Padcona s yuciieHHOTo
pEILEHUS CUCTEM HEIMHEHHBIX YPaBHEHUH.

VYcnoBHBIE OKCTPEMYMBI. YCIOBHBIE 3KCTPEMyMBbl (YHKIMH MHOTMX IE€peMEHHBIX. Merton
MHOXUTENeH Jlarpanxa.

3. llpoctpanctea pynkumii. CoOCTBEHHbIE (DYHKIMH U MX TPUIOKEHHUSI

Jluneiinbie TMpOCTpaHCTBA, KOHEYHOMEpPHbIE U OcckoHeuHOMepHbIe. [IpocTpaHcTBa QyHKIHIA.
Hopmuposannsie npoctpanctsa. ['unsbeproBsl mpoctpancTsa. [Ipoctpanctsa Cobonesa. bazucer B
npocTpaHcTBe (QyHKIMA: paasl Pypbe M OpTOroHanbHbE MOMMHOMBL. COOCTBEHHBIE (DYHKIHH U
coOcTBeHHBIE Yncia TuddepeHIalIbHBIX ONIEPaToOpPOB.

4. KOHG‘IHO—pa3HOCTHLIe YPaBHCHUA U CUCTCMbI

Junamuka wuciaeHHoctd nomymsaiud. [locnenosarensHocTs Pubonauun. KoHeuHO-pa3HOCTHbIE
ypaBHEHUs, JMHeWHble M HenauHelHble. 3agada Komm. KoHeuHO-pa3sHOCTHBIE ypaBHEHHS C
MOCTOSIHHBIME Kod(duitmenTamu. Xapakrepucruueckoe ypaBHenue. Cirydaid KpaTHBIX KOPHEH.

5. CayyaiiHble Oy /IaHUSI ¥ UTPBI

BepositHOCTh BhIMrphima. CpeaHee BpeMs UTphl. 3aBUCUMOCTD OT pa3Mepa CTaBKH B OJHOM TeiMe.
Urpa ¢ Bo3MOXKHOCThIO HUUbeH. Ciydail MHEpIMK MPOUTPHIIA. 3aiada ONy»KJTaHWH Ha peuieTke H
ypaBHeHMe Jlatutaca. MapkoBckHe Lemnu.

6. HTEpnONAMs 1 yCTOWYMBOCTB K IIIyMaMm




Nurepnionsnus Jlarpanxa. basuc B npoCcTpaHCTBE MHOIOWICHOB 3aJJaHHOM cTeneHu. JlocTonHCTBa 1
HEIOCTaTKH MCIOIb30BaHUSI MHOTOWIEHA BBICOKOTO nopsiaka. Koncranra Jlebera

7. Pagsl Telinopa u annpoxcumanud [lane

Amnmpokcumanius miagkod ¢GyHknuu psjgom Teinopa. [pannna obmactu cxogumocta psiga Teiinopa ¢
ueHTpoM B HyJe 11t pyHkuun . [Ipumep Komm. Annpoxcumanus [lage — Opmura maakoit GpyHKIHHA
U ee [IpeuMyIlecTBa

8. KoMmakTHbIe pa3HOCTHBIE CXEMBI

KoMmakTHbIE pa3HOCTHBIE CXEMBI IS MPUOIMKEHHOTO BBIYUCIICHUS MPOU3BOAHBIX OT (DyHKIWH,
3alaHHbIX Ha JUCKPETHOW ceTKe. MeToj KOMITaKTHOM HMHTepHosaiuu. KoMmmakTHble pa3HOCTHBIE
CXEMBbl Ha JByMEPHBIX CETKaX.

9. KBagparypHsie (GopMyIIbl

Ksagparypuble ¢opMynbl asi NpUOIMKEHHOTO BBIYMCICHHUS MHTETPAIOB OT (YHKLIHH HA OTpPE3Ke:
MPsIMOYTONFHUKOB, Tpanenwuii, Cumiicona, ['aycca

10. BBenenne B KOMIIJIEKCHBINA aHAIN3

Kommexchsle uncna. KommiekcHsie yncia, anredpanyeckie ornepaiy HaJl KOMIUIEKCHBIMH
yrcnamu. Onepanusi CONpsHKeHUs, MOy b KOMIUIEKCHOTO 4Hcia. [eoMeTpuueckas HHTEpIpETaIHs.
Tpuronomerpuueckass ¢opmMa KOMIUIEKCHOTO 4Hcia. YpaBHeHHe Jlamnmaca W TapMOHHYECKHE
¢ynkuuu. Teopema o cpegHeM.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOMMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

VuebHas ayquTopHsi, OCHAIEHHAs! KOMITBIOTEPOM U MYJIbTUMEIMHHBIM 000py10BaHHEM (TIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHOBHas JiuTepaTypa
1. Maremaruveckuii ananus, yuebnoe nocobdue / KO. M. [IporacoB. — Mocksa, ®nunTa, 2017.—
URL.: https://e.lanbook.com/book/99976 (nara oopamenus: 14.01.2021). - Ilonnsiit TekcT (Pexum
nocryna : u3 cetu MOTHU / VoaneHnslit tocTym)
Pexomenmyemas tutepartypa AJisi CaMOCTOSTEIILHOTO U3YUCHHS:
JuddepeHiranbHple ¥ pa3HOCTHBIC YPABHCHHUS : KAKUE SIBIICHUS OHU OMKMCHIBAIOT U KaK UX PellaTh:
yue0. mocobust 1yt By30B, [opauH, B. A., 2016

JomnonHurenbsHas auTeparypa

Pexomenyemas nureparypa Ui CaMOCTOSTEIIEHOTO H3yYSHHUS:
Hcuancnenne KoHEUHBIX pa3HOCTEH : yuel. mocodue Aist yH-TOB, [enbdonm, A. O., 1967

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

- Obmepoccuiickuii MaTemarndeckuid moprain Math-Net.Ru

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)



Ha nexuuoHHBIX 3aHATHAIX HCIIOJIB3YIOTCA MYHLTI/IMCZ[I/II\/'IHBIC TCXHOJIOI'MH, BKJIIO4ad JEMOHCTPALUIO

Npe3eHTAlUMN.
9. MeToauyeckue yKazaHusi AJis1 00y4arOLIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

1. PeKOMeH,I[yeTCSI YCIICIIHO CAaBaTb KOHTPOJIBHBIC pa6OTBI, TaK KaK 3TO YHOpOIAaeT HTOrOBYRO

aTTeCTaLUIO 110 NIPEIMETY.
2. JI1s1 IOArOTOBKM K MTOTOBOM aTTeCcTalluy IO MpEeIMETy JIydllle BCEro I0Jb30BaThCS MaTrepuajaMu

JIEKIUI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: IIporpammuas nHXEHEpHs

Nnpo¢uJIb NOATOTOBKH: Pa3paboTka nporpaMMHO-MH(POPMALTUOHHBIX CHCTEM
BBICIIIas MIKOJa nMporpamMmmHon nHxkenepun MOTHU - SAnnexc
BBICIIIAsl IIKOJIA POTPaMMHON HHXEHEPUN

Kypc: 4

KBAJM(PUKAIMA: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: 7 (oceHHuil) - JluddepeHpoBanHblii 3a4eT

PaszpatGoTunk: A.B. Co3bIkuH, KaH]l. TEXH. HAYK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Cnocoben npuMeHsTh
€CTECTBEHHOHAYYHbIC M OOICHHKCHEPHBIC
3HAHHA, METO/IBI MATEMAaTHYECKOTO aHaJIH3a U
MOJICJTUPOBAHUS, TEOPETUUECKOTO U
OKCIIEPUMEHTAIBHOTO HCCIICAOBAHUS B
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,
HaMeyarb IyTH €€ PELCHUS

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKHUe MOJEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-1.3 CnocobeH ompeaensTs TpaHUIBl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3YJbTaTOB

OIIK-7 CriocobeH npuMeHSTh B IPAKTUYECKON
IeSATEeIbHOCTH OCHOBHBIC KOHIICIILIUH,
NPUHIIMIIBL, TEOPHH U (DAKTHI, CBSI3aHHBIE C
nH(POPMATUKON

OIIK-7.3 VYmeer BBIBIATH Y3KHE MeCTa B MPOIECCE
pa3paboTKu W MpeJyiaraTh METOJbI U HHCTPYMEHTBI ISl €T0
ONTUMU3ALIUNA

[MK-2 Cnocoben popmanuzoBars u
QJITOPUTMHU3UPOBATH MTOCTABJICHHYIO 3a/1a9y

[MK-2.1 CnocobeHn ¢opmann3oBaTh W alrOPUTMU3HPOBATH
MOCTABIICHHYIO 33129y

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B PE3YIbTATC MU3YUYCHUA AUCHUIIINHBI ((I[OHOJ'IHI/ITGJ'ILHBIG IaBBl MaTEMaTUYECKOIO0 aHalu3a WU JIMHCHHOH

anreOpbD» 00yUYArOIIUHCS JTOJIKEH:

3HATb:

- OCHOBHBIE CBOICTBA JIMHENHBIX KOHEYHO-PA3HOCTHBIX YPABHEHUM U CUCTEM IIPOM3BOJIBHOIO TOPSIIKA.
YMeeT 1o KOpPHSAM XapaKTEPUCTHYECKOTO YpaBHEHHUS ONPEACINTh AaCHUMIITOTUKY pEIICHUs Ha
OECKOHEYHOCTH. YMEET NMPOrpaMMHO Peaju30BaTh MOJIEJIM, OCHOBAaHHBIE HAa PEIICHUU JIMHEWHBIX U
HEJIMHEWHBIX KOHEUHO-PA3HOCTHBIX CUCTEM;

- OCHOBHBIE CBOMCTBAa JIMHEWHBIX HOPMHMPOBAaHHBIX IPOCTPAHCTB. YMEET [OKa3blBaTb OCHOBHYIO

TCOPECMY alllIpOKCUMAIINUU;

- OCHOBHBIE CBOWCTBA TMJIbOEPTOBBIX IIPOCTPAHCTB;
- MpOCTEMIINE THUMBI BBIPOXKIEHHBIX KPUTHUECKMX TOYEK. Brameer MOHATHEM CBOICTBAa CHCTEMBI,
BBITTOJTHSIOLIETOCS B O0IIEM IOJI0KEHUH U TIOHATHEM KOPa3MEPHOCTH BBIPOXKICHHS.

yMeThb:

- IOKa3bIBaTh HEpaBeHCcTBa [enbaepa 1 MUHKOBCKOIO;
- IOCTPOUTH OPTOTOHAIBHBIN 0a3KC B MPOCTPAHCTBE (DYHKIIMI;
- copmymnmpoBath nemmy BiiokeHust CoOoeBa;

- TNPOrpaMMHO  PEaJH30BaTh
paloHATBHON QYHKIINH;

aJIrTOpUTM

MOCTPOCHUSI  KO3(PQPHULIMEHTOB  allpOKCHMHPYIOLICH

- IOCTPOUTDH HA KOMILJIEKCHOH MJIOCKOCTH M30JIMHUM MOTPELIHOCTH anmnpokcumanuu Ilane - Opmura;
- JIOKa3bIBaTh OCHOBHYIO TeopeMy anreOpsl n TeopeMy besy. Ymeer mo KOpHSIM MHOToOYJIeHa

BOCCTaHaBJIMBATh €1T0 KO3(1)(1)I/IL[I/IGHTBI;

- HaIMcaTh KOJ IPOrpamMMbl, peasn3yroIuil metox I'epona;

- mo marpuue ['ecce onpenenuTh THII KPUTHUECKONW TOUYKH TIAAKON (PYyHKIUN HECKOJIBKHUX TIEPEMEHHBIX
W Hamucarb Kojl JUIs OMCKa KOPHEW CUCTeMbl ypaBHeHHH MeToioM HetoToHa — Padcona;

- IPUMEHSTh WHBapUaHTHBIE OU(QepeHInaIbHbe oneparopbl K (GYHKUUSAM U BEKTOPHBIM MOJSM Ha

MHOTOMEPHBIX IPOCTPAHCTBAX;

- NPOrPaMMHO pEasn30BaTh AJITOPUTM IOCTPOCHUS HWHTEPHOISIMOHHOTO MHOTOYICHA M OLCHHTH
KoHcTaHTy JleOera (ycHiieHHE aMIUTUTY/bI IIYMOB IIPH MHTEPIOJSUU C JAHHON CETKH) U KOMIIAKTHbIC
QJITOPUTMBI TTPUOIMIKCHHOTO BBIYMCIICHHS C BHICOKUM IOPSAKOM TOYHOCTH MPOHM3BOAHBIX U B TOYKAX
caMOW CeTKH, M B IPOMEXYTOYHBIX TOYKaX, a TaKXKe PEIICHUE 3aJauyll WHTEPHOJSIIHMU. YMeeT
OLICHHBATh OOPATUMOCTh COOTBETCTBYIOIIUX MaTPHII;

- cTpouTh cOOCTBeHHbIE Oaszuchl st Ju(d(dEepeHIIMaNbHBIX ONEpPaTOpoB C IOCTOSHHBIMH U
KyCOYHO-TIOCTOSIHHBIMH  KOd(p(pUIIMEHTaMH TIpH pa3HBIX BapHaHTaX TPAaHUYHBIX YCJIOBUH. YMeer
packiaasiBaTh (PyHKIMH 10 COOCTBEHHBIM 0asucam (B psiiibl Dyphbe).

BJA€Th:




- TIOHSITUEM CBOWCTBA CHCTEMBI, BHITIOJIHSIOIIErOCS B OOILEM IOJIOKEHUHU U MOHITHEM KOPa3MEPHOCTH
BBIPOXKACHUS;

- OCHOBHBIMH IIOHSTHSIMM TEOPUM METPHYECKHX IPOCTPAHCTB, CXOJUMOCTH, HEMPEPBHIBHBIX
oToOpaskeHMH. 3HATh Pa3IMYHbIC PUMEPHI METPUUYECKUX HPOCTPAHCTB. YMETh JJOKA3bIBaTh TEOPEMY O
CYLIECTBOBAaHMM M E€AMHCTBEHHOCTH CXKHMAIOLIETO OTOOpaXEHUSI B MOJHOM METPHYECKOM
IIPOCTPAHCTBE U NPUMEHATh €€ K KOHKPETHBIM IIPUMEpaM, B TOM YHUCJIE C IIOMOLIbI IIPOIPaMMHBIX
KOJIOB.

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

Texkylmuii KOHTPOJb COCTOMT W3 CHA4d CIyIIATeNIMH 331ad JJI1 CaMOCTOSTENbHOIO PEIIEHUS U
MPOBEJCHUS KOHTPOJIBHBIX PaboT.

BapuaHT KOHTpOJIbHOM PaboTHI 10 TeMe "MHOTOUIIEHBI".

1. Ha#itu H.O./]. 1ByX MHOTO4JIEHOB.

2. Otaenuts feficTBUTEIbHbBIE KOPHU 3aJaHHOTO MHOTOYJICHA.

3. BeruncinTh MHOTOWIEH, OOpaTHBIN TaHHOMY C MCIIOJIb30BAaHUEM PACIIMPEHHOTO aJITOpUTMa
EBxinpa.

Bapuant xoHTposbHO# padoTsl 1o TeMe "CoOCTBEHHBIE YhCia 1 BeKTopa'.

1. Haiitu marpuily THHEHHOTO MpeoOpa3oBaHus B CMEKHOM Oasuce.

2. Haiiti coOcTBEeHHBIE YKclia B COOCTBEHHBIC BEKTOpa TMHEHHOTO Mpeodpa3zoBaHusl.

3. IIpoBepuTh, ABISAIOTCS JIM ABE 33JaHHBIC MaTPHILIBI HOTOOHBIMHU.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

[IpumepHsIit TIepedeHp BOMPOCOB K quhHepeHITPOBAHHOMY 3a4eTy:
1. Jate onpeneneHue nos.
2. Ilepeuncnuth n3BecTHBIE BaMm CBOICTBA BHEIITHETO NMPOU3BEACHHUS TOIMIUHEHHBIX GOpM.

3. CMemaHHOe TPOU3BEACHHE TPEX BEKTOPOB, €ro0 OCHOBHBIE CBOWMCTBA M  BBIYHCIICHHE.
I'eomeTpuueckuii cMbICIL.

4. Ilpsimas B mpocTpaHcTBe. PasnuuHble ypaBHEHUS NPSIMOM JIMHUM: 00IINE ypaBHEHNUS, KAHOHUUECKHUE
YpaBHEHUS, ypaBHEHU MIPSIMOM, IPOXOAALIEH uepe3 ABE TOUKH, TapaMeTPHUYECKHE YPaBHEHHS.

5. Haubonbuiee 1 HanMeHblliee 3Ha9CHUsT QYHKINH, TUddEepeHITUpYyEeMOii Ha OTpe3Ke.

6. IlepBooOpasnas ¢pynkunu. HeomnpeneneHHbIi HHTETpal U ero cBoiicTa. Tabiuiia HeonpeeneHHbIX
HUHTETPaJIOB.

7. OcHOBHBIE METO/IbI HHTEIPUPOBaHUsL. MeTOo1 HETOCPEICTBEHHOTO HHTETPUPOBAHHUSL.

8. CocTaBUTh ypaBHEHHE HPSAMOH, MPOXOIAIICH depe3 TOUKy MapayyieIbHOM WM MEepHeHIUKYISIPHO
3alaHHON

MIPSIMOIA.

9. BeumcauTe IONaas IIOCKOW (UTYpBI, OTPAaHHMYCHHOW HETPEPHIBHBIMH KPUBBIMHU, C MOMOUIBIO
OIIPEAETIEHHOTO

UHTerpaa.

10. Pemuth rpadudeckn ypaBHeHHE (CHCTEMY YpaBHEHHIA).

Kpurepun onennBanus

- omenka «omm4yHO  (10)»  BBICTaBNSieTCSl  CTYAGHTY,  IIOKa3aBIIEeMy  BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIYOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE IPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U NMPaBUIbHOE 000CHOBAHHUE
MPHUHATHIX pELICHUI

- omeHka  «oraumuHo  (9)»  BBICTaBUsIeTCA  CTYOGHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHBIE, INTYOOKHE 3HAaHHS yuyeOHON MpOorpaMMbl JUCLIUILIMHBI 1 YMEHHE IPUMEHSTh UX
Ha TpPaKTHKE MPHU PEIICHUH KOHKPETHBIX 3a]ad, CBOOOIHOE M MpPaBWIbHOE O0OOCHOBAHUE MPUHATHIX
peleHnin



- oueHKa  «ommM4yHO  (8)»  BBICTABISAETCS  CTYOCHTY,  IIOKa3aBIIEMy  BCECTOPOHHHE
CHCTeMaTH3UPOBaHHBIE, IITYOOKHE 3HAaHHS yuyeOHON MpOrpaMMbl JUCLHUILIMHBI 1 YMEHHE IPUMEHSTh UX
Ha MPaKTHKE [IPH PEIICHUH KOHKPETHBIX 3ajiad, U IPaBUIbHOE 000CHOBAaHUE MPUHSTHIX PELICHUN

- OlLleHKa «xopouio (7)» BBICTaBISAETCSA CTYIEHTY, €CIM OH TBEPAO 3HAET MaTepuai, 'PaMOTHO M IO
CYILLECTBY M3JIAaraeT €ro, yMeeT MPUMEHATh MOJIYYEHHbIC 3HAHUS HAa MIPAKTHKE, HO JOIYCKAET B OTBETE
WIM B PELIEHUHU 3aJjad HEKOTOPbIE HETOYHOCTH;

- OCHKAa «XOpOoIIO (6)» BBICTABJIACTCA CTYACHTY, €CJIM OH 3HACT MAaTCpUuall, I paMOTHO U IO CYIICCTBY
n3jaract €ro, yMeCT IPUMCHATL IMOJTYUYCHHBIC 3HAHHUS HaA MNPAKTHUKE, HO AOITYCKACcT B OTBETC WJIM B
pelICHNHU 3aa49 HCKOTOPBIC HCTOYHOCTH,

- OIIEHKa «XOpoImIo (5)» BBICTABIAETCS CTYJACHTY, €CIIM OH 3HAET MaTepHaj, U MO CYIIECTBY M3JIaraet
€ro, yMEeT NMPUMEHATh NOIYYEHHBIC 3HAHUS Ha NMPAKTHKE, HO JOIYCKAET B OTBETE WJIHM B PELICHUU
3a]1a4 HEKOTOpbIE HETOUHOCTH;

- OIIEHKa «YJIOBJIETBOPUTENbHO (4)» BBICTABISAECTCA CTYAEHTY, IIOKa3aBIIeMy (hparMeHTapHBbIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO MpPaBUJIbHBIE (DOPMYITMPOBKH 0a30BBIX MOHSITHMH,
HapylLeHUs JIOTMYECKON II0CIIeI0BATEIbHOCTH B U3JIOKEHUH IIPOIPaMMHOIO0 Marepuajla, HO IIPU 3TOM
OH BIAJEET OCHOBHBIMH pa3ieiiaMu Y4yeOHOW mporpaMMbl, HEOOXOAMMBIMH JJisl AajibHEHIIero
00yueHHs M MOXET IPUMEHSThH NOJIy4YeHHbIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOM CUTYaIUH;

- OLCHKAa «YyIOBIECTBOPUTENHHO (3)» BBICTABISETCS CTYICHTY, IOKa3aBIIEMy (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO MpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyLIeHHs JJOTHYECKOW MOCIIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTrepuaia, HO IPU 3TOM
OH BIajeeT (parMeHTapHO OCHOBHBIMH pa3felaMH Y4eOHOH NporpaMmbl, HEOOXOAUMBIMH IS
JaybHedmero o0y4eHuss U MOXKET MPHUMEHSTH IOJIydYeHHbIE 3HaHWA 1O 00paslly B CTaHAAPTHOM
CUTYyalluy;

- OILIEHKa «HEYJOBJICTBOPUTEIHHO (2)» BBICTABISETCS CTYIACHTY, KOTOPBII HE 3HaeT Ooiblueil yacTu
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JONYCKaeT rpyOble OMMUOKH B
(bopMyIHPOBKaX OCHOBHBIX MOHATUI TUCHUIUINHBI U HE yMEET UCIIOJIb30BaTh MOTy4YEHHbIE 3HAaHUS [IPU
PEIIEHUH TUTIOBBIX MPAaKTUYECKUX 33134

- OLIEHKa «HEyHOBJIETBOPUTENIBHO (1)» BBICTaBIISETCS CTYIEHTY, KOTOPBIH HE 3HaeT (HOPMYIHPOBOK
OCHOBHBIX NOHATHI AUCLUIUINHBL.

5. MeTtonuveckne MaTepuabl, onpeneasione Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

Bo Bpems npoBeneHus audepeHInansHOTo 3a4eTa 00yJarmuecs MOTYT MOJIb30BaThCS TIPOrpaMMOit
IUCIUTUIAHEL.



