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: [IpukmnagHas MateMaTuka 1 HHGOpMaTHKa
npo¢uib NOArOTOBKHU: [IpuknagHas MaTeMaTuka, KOMIbIOTEPHBIC HAYKH U MHKCHEPUS

Ouzrex-mkona [Mpuknagnoit Maremaruku 1 MapopmaTiku
kadeapa BIYUCITUTEIHHON QU3NKU

Kypc: 3
KBaJIMpUKALS: GakanaBp

Cemectp, GopMBI IPOMEXKYTOUHOH arTectauuu: 6 (BeceHHul) - nuddepeHunpoBaHHblil 3a4eT

AynHuTOpHBIX 4acoB: 75 BCETO, B TOM YHCIIE:
nexuud: 30 yac.
cemuHapsl: 0 yac.
nabopaTtopHble 3aHATHS: 45 yac.

CamocrosrensHas padora: 60 gac.
Bcero gacos: 135, Bcero 3au. en.: 3

KonmnuecTBo KOHTpONBHBIX padoT, 3ananuil: 4

[Iporpammy cocrasuin: A.B. UukuTkuH, Kauj. (pU3.-Mar. HayK, JOICHT

[Iporpamma obcyxaeHa Ha 3aceqanuu Kadenpsl BeraucauTensHon ¢pusuku 30.06.2022



AHHOTANMA

[Iporpamma gaHHOTO Kypca BKIIOYAET B c€0sl OCHOBHBIE Pa3[eiibl BEIYUCIUTEIBHON MaTeMaTuKy Takue, Kak,
TEOpHs MOTPEITHOCTEH, OCHOBBI BBIYMCIUTEIBHON JTUMHEHHON anreOpbl, METO/bI anmpoKcUMAaIiu (yHKIUH,
yucineHHoe aupdepeHuupoBaHe U UHTEIPUPOBAHKE, METOJbl PELICHUS] HEJMHEHHBIX ypaBHEHHH, METOIbI
pelieHus: OOBIKHOBEHHBIX (D depeHInanbHbIX ypaBHEHHH.

ITocne 3aBepiieHus Kypca CTYICHT OyleT UMETh CIeIyIONIHe KOMIIeTCHIINH:

1.  VYMmeHue olLEHUBaTh BIUSHUE pPA3IMYHBIX THUIIOB IIOIPEIIHOCTEH Ha WTOrOBYIO IIOIPEIIHOCTb
BBIYHCIUTENBHOIO METOAA.

2. YMeHHWe pemniaTh OCHOBHBIC 3aJjadll BBIYHUCIHMTEIBHON JTHHEWHOW an-reOpbl (BBIUYMCICHHUE MAaTPUYHBIX
Pa3IOKEHUH, pelIeHrne JTMHEHHBIX CUCTEM, TOUCK COOCTBEHHBIX 3HAYCHUI) ITyTEM peaju3aluy alfOpUT-MOB
METO/I0B B BHJI€ KOMIIbIOTEPHBIX IIPOIPaMM.

3. Ymenue ctpouTs npuOImkeHus QYHKIUH pa3IMyHOro BUAA.

4. VYMeHue BBIUMCIATH TNPHONMKEHHbIE pEIICHHS HEeJIMHEHHBIX ypaBHE-HMH, OOBIKHOBEHHBIX
Qg QepeHIaTbHBIX YpaBHEHUH.

1. leau u 3apauu

eap AUCUMNIMHBI
CdopmupoBath y CTYICHTOB CHCTEMAaTH4ECKOE MIPEICTaBICHHE O:
1) meTonax mpuOIMKEHHOTO PeLeHHsI HauboJiee pacpoOCTPaHEHHBIX 0a30BbIX TUIIOB MATEMATHUECKUX
3ajad;
2) UCTOYHHUKAX MOTPENTHOCTEN U METOAAX MX OIEHKH;
3) MeTozax perIeHus peuIeHUs aKTyalbHbIX MIPUKJIaJHBIX 3a/1a4.

3agauu AU CHUILIHHBI

1) OcBoeHne Marepuajia OXBaTbIBarOICTO OCHOBHBIC 3a1a9U U METOAbI BBIYUCIIUTEILHON MaTEMaTHKH.

2) ¢dopmupoBaHME LEIOCTHOTO MPEACTABICHUS O YHCICHHBIX METOJAax pEIIEHUs COBPEMEHHBIX
HAy4HBIX IPUKJIAIHBIX 33/1a4.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

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

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

VYK-1.1 Ananusupyet 3aaady, BeIJIENISSA 3TAbl €€ PELICHNUS,
JIEHCTBUS IO PELIEHUIO 3a1a41

VYK-1.2 HaxomuT, KpUTHYECKH aHAIU3UPYET M BBHIOMpAeT
nHpOpMaLKI0, HEOOXOOUMYIO AJISl PELICHUS! OCTaBICHHON

YK-1 CriocobOeH oCyIIecTBISTh ITOUCK, -

KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(popManny,

N VYK-1.3 PaccmarpuBaeT pasnuuHble BapHaHTHl PEIICHUS
MPUMEHATh CUCTEMHBIN MOAXO ISl pELICHUS

3a/1a4i, OLICHUBAET UX NMPEUMYIECTBA U HEIOCTATKU

MOCTaBJICHHBIX 3a/1a4
YK-1.4 I'pamotHoO, JIOTUYHO, apryMEeHTHPOBAHHO

(hopMupyeT COOCTBEHHBIC CYKICHHS U OI[CHKH

YK-1.5 Ompenenser ©  ONEHUBACT  NPAKTUYECKHE
MOCIIE/ICTBUSI BO3MOXKHBIX BAPUAHTOB PEIICHUS 3a/1a91

OIIK-1.1 CnocobeH aHaM3UPOBAaTh MOCTABICHHYIO 33734y,

OIIK-1 Cnocoben npuMeHsTh HAMEYATD MyTH €¢ PEIICHHS

(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B

OIIK-1.2 CpoocobeH cTpoUTh MaTeMaTHUYECKHE MOZEIH,
oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)

MPOU3BOAUTDH KOJIMICCTBECHHBIC PACYCThI U OLICHKU

CCTCCTBCHHBIX HAYK M HMCIIOJIB30BATh UX B

MPO(ECCHORATBHOM MESTETBHOCTH OIIK-1.3 CnocobeH ompenensTs TpaHHIlbl TPUMEHHUMOCTH

MOJIYYCHHBIX pPC3YJIbTATOB

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)

B pesynbsrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHECs JOKHEI

3HaTh:
OO6nacTh MpUMEHEHUs, TEOPETHUECKIE OCHOBBI, OCHOBHBIE TPHUHIIUIIEI, 0COOCHHOCTH U COBPEMEHHBIE
TEHJEHIINHN Pa3BUTH METOIOB BbIUHUCIUTENbHON MaTEMaTHKH.

YMETh:




[IpuMeHsAT, METOABl YMCIEHHOTO aHaiu3a JUIsl TPUOIIKEHHOTO pelleHHs 3aj1ad B 00nacTé cBOEi
Hay4YHO-UCCIIeIOBATCILCKON PabOTHI.

BIAJCTh:
[IporpamMmHBIME cpefiIcTBaMU pa3pabOTKH BBIYUCIUTEIBHBIX AITOPUTMOB U MPOTPaMM, CIOCOO0aMU HX
OTNAJKHA, TECTUPOBAHUS M IPAKTUUYECKOM MPOBEPKU COOTBETCTBUSA PEAJIU30BAHHOIO AJFOPUTMA
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
| [TorpemwHocTn BbIYMCIEHUI. UYHCIIEHHOE 4 4 5
nuQQepeHpoBaHue.
3amaua wuHTepnomsiuud.  OcCTaTOYHBII
2 wieH uHTepnomsnuu. [lonrnHomuanbHas 4 6 10
UHTEPIOISIHS.
3 NuTepnionsiius mo YeObIIIEeBCKUM y3/1aM. 4 6 10
CrutaifH-MHTEPIONALIUS.
4 UucreHHOEe HHTETPUPOBAHKE. 2 6 10
Hopmbl.  OGycnoBnenHocts  CJIAV.
5 [Ipsmere, UTEPALMOHHBIC u 6 6 10
BapHaLMOHHbIE MeToabl pemeHus: CJIAY.
6 [Mpubnuxenne QyHKIUIA. 2 6 5
7 Henuneiinsie anrebpanueckue ) 5 5
YPaBHEHUS U CUCTEMBI.
Uucnennoe peleHue OYV.
3 Anmnpokcumarnus, yYCTOWYHBOCTB, 6 6 5
cxomqumocTh. 3amada Komm. KpaeBbie
3aja4n.
Nroro yacos 30 45 60
[loaroroska k sK3aMeHy 0 gac.
OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 6 (Becennuit)
1. lorpenmrocTy BeranciaeHuid. Yncnennoe nuddpepeHiupoBaHue.

OcHoBHBIE Kiacchl 3ajad. Kiaccudukamms morpemHoctedd. MamwnHas apudmeruka. [Ipumeps
MIPUKJIaJHbIX 3a/1a4, PEIIAEMbIX YHCIEHHBIMH METOJaMHU.

2. 3a/:[aqa HWHTCPIIOJIAANHN. OCTaTOYHBIN YJICH HUHTCPIIOJIAAIUH. IlonuuoMmuanpHas HUHTCPIOJIAIUA.

CymecTBoBaHHME ¥ €AMHCTBEHHOCTb  aireOpamdeckoro  HHTEPHOSALMOHHOIO  ITOJMHOMA.
UnTepnonsimuonnsiii monuHoM B ¢opme Jlarpanxa. Paznenennsie pasHoctd. MHTepHOISLMOHHBII
nonuHoM B popme HproToHa.




3. Unarepnonsnus no YeopimeBckuM y3nam. CriiaiiH-nHTePIIONSIIHS.

OcTaro4HbIi YJIeH HMHTEPHIONSAUH. BvIOOp y31moB uHHTEpnonsauuu. MHoro-duieHsl YeObiiesa.
CXonuMOCTh MHTEPHOSIIMOHHOTO mpouecca. OOyCIOBIEHHOCTD 3aJadyil HHTEPIIONISUHN, KOHCTAHTa
Jle6era. KycouHO-momMHOMUAIBHAs ~HWHTEPHONSNMS HAa TpUMepe KyOMYecKoro  cCriaiHa.
[IpuMeHEHN MHTEPIIOIALUY C PErYJIIpU3alne 11 PErPECCUU 3aITyMIIEHHBIX TAHHBIX.

4. YucneHHOE UHTETPUPOBAHUE.

KBanparypusie ¢popmynsl Hetorona—Koreca n ornenka ux norpemnocteil. KBaaparypasie ¢popmyisl
l'aycca. MeToapl BeIYMCICHHSI HECOOCTBEHHBIX MHTErpajnioB. MeToAbl BBIUMCICHUS MHOTOMEPHBIX
UHTErpaoB, MeTobl MonTe-Kapio.

5. Hopmel. O6ycnoenernocts CJIAY. TlpsiMble, uTepaiioOHHbIE W BApUAIIMOHHBIE METOBI PEIICHUS
CJIAY.

P-HOpPMBI BEKTOPOB, HOPMBbl MAaTpHI], OIEPATOPHbIE HOPMbI Marpull. M30-MeTpuuHblE MaTpULIbL.
Pasnoxenne Illypa. HopmanbHble MaTpuIpbl, 3HA-KOONPEAEIEHHBIE MATPHUIBI, CHHIYISIPHOE
paznoxenue (SVD).

[Ipumepsr npumenenuss SVD: nareHTHBIM ceMaHTUYECKMH aHalIN3 JAHHBIX; CXKaTHE BYMEPHBIX
MacCHBOB.

[onsTHst 00YCIIOBIEHHOCTH MATPHIIBI U JIMHEHHON cucTeMbl. Paner Heiimana, cxonsmecs: MaTpuIlbl.
HuaronanpHoe mnpeobnaganue, kpyru lepmropuna. LU-pasnoxenue, meron Ilaycca, BbeiOOp
Bexyuiero anemenTa. Mertoz Xomnerkoro. QR-pasnoxxeHre, METo1 HaMMEHBIINX KBaIpaToB.

[Ipumep mpumenenuss QR pasnoxenuss nns pemeHus: 3agadd perpeccud. Meron Puuapacona,
4eObIMEBCKUI HAOOP MapaMeTpoB penakcanu. Me-toabl Skoou, 3eiinens. MeTojpl, OCHOBaHHBIC Ha
MUHUMH3AIAN KBaAPATHYHOTO (PyHKIHMOHANIA.

6. Ilpubmmkxenne QyHKIMHA.

[Mpubnuxenne ¢ynknuii B L2 HOpMe, opTOroHalbHbIE MHOTOWICHBI [Ipubimwkenne GyHKIWN B
C-HOpMe, ycroBHE anbTepHaHca, anroputMm Pemesa. MHoromepHas WHTEPHOJSILMA, PagdalibHBIC
0azucHble QyHKIMU. [IpuMephl HeMMHEHHBIX alPOKCUMAITUH, UCKYCCTBEHHBIE HEHPOHHBIE CETH.

7. Henuuelinble anreOpandeckne ypaBHEHHS U CHCTEMBI.

Jlokanmzanms kopHed. [lpwHIMI CoxUMarOmUX OTOOpakeHWH. MeTon TPOCTBHIX HTEpaui.
JlocTarouHoe ycCIIOBHE CXOAMMOCTH METOAa MpoCThIX Hrepauui. Mertox Herorona. Teopema o
KBaJpaTuyHOM cxogumoctu Merona HerotoHa. Merton cexymux. Ilpumep npuknagHod 3amaqu:
BBIYMCIIEHUE PABHOBECHOTO COCTaBA CMECH XMMHYECKUX KOMIIOHEHTOB.

8. Uucnennoe pemenue OJY. Anmpoxcumanws, yCTOHYHBOCTh, CXOAUMOCTh. 3amava Komw.
Kpaesrie 3a1aun.

[ToHsiTHS anmpoKCUMAaIMK, CXOAUMOCTH, YCTOWIMBOCTH Ha IpUMepe 3a-Aaqu s JauHeiHoro OJ1Y.
OcHoBHasi TeopeMa TEOPHHM Pa3HOCTHBIX cxeM. Cxema 2-To mopska Aisi KpaeBOM 3afadd JUIs
ypaBHeHus1 2-ro nopsuka. [Ipumeps! meronos peumienus 3agaud Komm: meronsl Pynre-KyTrsl,
MHO-TOIIIArOBBIE METO/IbI, YCIOBUS MOPSIKA.

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

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

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI



OcHoBHas nuTeparypa

1. BBesieHne B BRIYMCIUTENbHYIO MaTeMaTuky [ Tekcr] : yue0. mocooue aist By3oB / B. C. Piabenbkuit
.— 3-e u3n., uchp. u gon. — M. : ®uszmariut, 2008 .— 288 c.

2. 12 nexuuii o BRIYUCIUTENHHON MaTeMaTHKE : BBOMHBIN Kypc [TekcT] : yueb. mocobue st By30B / B.
. KocapeB .— 3-e u3n., uctp. u gomn. — M. : ®uzmarkuura, 2013 .— 240 c.

JomnonHurensHas aureparypa

1. Mapuyk I". Metozs! BeruncnuTenbHOM MareMaTku. — M.: Hayka, 1989. — 608 c.
2. Camapckuii A.A., I'ynun A.B. Uucnennsie metonsl. — M.: Hayka, 1989.

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

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

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Komnunsaropst u cpenst pazpadotku C++, JAVA, FORTRAN, PYTHON
9. MeToauyeckue yKazaHus AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4aromuil Kypc JOJKEH C OTHOW CTOPOHBI, OBJIAZECTh OOLIMM MOHSATHIHBIM aIllapaToM, a C
Jpyroil CTOPOHBI, 1OJDKEH HAYUUThCS IPUMEHATh TEOPETUUECKUE 3HAHNSI HA IIPAKTHKE.

YcnemHoe 0CBOCHHE Kypca TpeOyeT HanpsKEHHOW caMOCTOATEILHOM padoThI CTy/leHTa. B mporpamme
Kypca OTBEICHO MHHHMAaJIbHO HEOOXoAMMOe BpeMsi Uit paldoThl CTyJeHTa HaJl TEMO.
CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

- UTCHUC U KOHCIICKTUPOBAHUC peKOMeHI[OBaHHOfI JINTCPATYypPBhbI,

- TpopaboTKy ydeOHOro Marepuana (IO KOHCIIEKTaM JIeKIMi, Yy4eOHOW W Hay4dHOU JHTeparype),
MOATOTOBKY OTBETOB HAa BONPOCHI, IPEJHA3HAUYCHHBIX JUISI CAMOCTOATEIHFHOTO — M3YYCHHUS,
JI0Ka3aTeJIbCTBO OTIEJbHBIX YTBEPKIECHUM, CBOMCTB;

- pelleHue 3ajiad, MpeajaraéMbIX CTyJeHTaM Ha MPaKTHYECKUX 3aHATHUSAX U B KaUeCTBE KypCOBOTO
3a1aHus,

- IOATOTOBKY K HNPAKTUYCCKUM 3aHATUAM U 3a4CTaM.

PykoBOACTBO W KOHTpOJL 3a CaMOTOSITENBHONH pPa0OTOM CTy[AeHTa OCYIIECTBIIETCS B (Qopme
WHIUBUYAJIbHBIX KOHCYIBTALUH.

Iloka3zaresnem Bi1aaeHUsI MaTEPUAIIOM CIIY>KUT YMEHME pellarh 3a1a4H.
BaxHO 10OUTHCS MOHUMAHUS U3y4aeMOoro MaTepuaia, a He MEXaHHYECKOTO ero 3allOMUHAHHUS.

ITpu 3aTpynHeHUHN M3ydeHHs OTAEIBHBIX TEM, BOIPOCOB, CIEAyeT 0OpamaThCs 3a KOHCYIBTALMSAMU K
JIEKTOPY WJIU MPENOIaBaTeI0, BEAYIEMY NPAKTUIECKHUE 3aHATHS.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxiagnas MmareMaruka U HHQOpMaTrKa

npopuiIb NOArOTOBKHU: [IpuxiagHas MaTeMaTHKa, KOMIBIOTEPHBIC HAYKH U HHXKCHEPHS
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
Kadeapa BEIYUCIUTEIBHON (PU3UKU

Kypc: 3

KBaJIH(UKALUS: OakanaBp
Cemectp, (opMBI IPOMEKYTOUHOH arTecTanuu: 6 (BeceHnui) - JlnuddepeHunpoBaHHbIi 3a4eT

Pa3paborunk: A .B. YukutkuH, kaHa. (u3.-MaT. HayK, TOTICHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManuy,
HNPUMEHSTh CUCTEMHBIN MOAXO ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

VYK-1.1 Ananusupyert 3aaady, BBIJIEsS 3TAIbl €€ PelleHus,
JeMCTBUS IO PELICHUIO 3a1a91

VK-1.2 HaxomuT, KpUTHYECKH aHAJIU3UPYET M BBHIOMpAET
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON
3a1auu

VYK-1.3 PaccmarpuBaer pa3nuyHble BapHAHTHI PEIICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CY)KICHHS U OLIEHKH

VYK-1.5 Ormpenensier ©u  ONEHUBAaET  MPAKTUYECKHE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-1 CniocobeH npuMeHSITh
(dyHIaMEHTAIbHbBIC 3HAHUS, MTOJTyUYCHHBIC B
obnact GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK M UCIIOIb30BaTh UX B
podeCcCHOHAILHOMN I TeIBbHOCTH

OIIK-1.1 CnocobeH aHanM3MpOBaTh MOCTABICHHYIO 33134y,
HaMeyJaTh MyTH €€ peIeHUs

OIIK-1.2 CnocobeH cTpoUTh MaTeMaTHYECKHE MOJEIH,
MPOU3BOIUTH KOJTMUECTBEHHBIE PACUETHl M OLICHKH

OIIK-1.3 CnocoOeH omnpenensTs TpaHULbl TPUMEHUMOCTH
HOJIyYECHHBIX PEe3YJIBTaTOB

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pe3ynbrare u3ydeHust AUCIUIUIMHBI « BeravicmuTenbHast MaTeMaTHKa» 00yJatoIUiCs JOIDKEH:

3HATb:

OO6acTh IPUMEHEHHS, TEOPETUUYECKHUE OCHOBBI, OCHOBHBIC NPHUHIIUIIBI, 0COOCHHOCTH U COBPEMECHHBIE
TEHACHUUH Pa3BUTHUS METOAOB BBIUYUCIIUTEIILHOW MaTEMaTHUKH.

yMeTh:

HpI/IMeHSITL MCTOABI YHCJIICHHOI'O aHajin3a I HpI/I6J'II/I)KCHHOFO peuicHud 3aJa4 B obiacTu cBoeit

Hay4YHO-HCCIII0BATEIBCKON paOOTHI.
BJIA/IeTh:

[TporpaMMHBIMH CpeICTBaMH Pa3pabOTKU BBIYMCIUTEIBHBIX AJITOPUTMOB M IPOTPaMM, CIIOCOOaMHU UX
OTIAJIKM, TECTHPOBAaHHS W MPAKTUYECKOW MPOBEPKH COOTBETCTBHS PEATM30BAHHOTO aJTOPUTMA

TCOPCTUYCCKHUM OIICHKAM.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0




3. IlepeyeHb THNOBBIX KOHTPOJIBHBIX 33JaHUH, HCIOJb3yeMbIX ISl OLEHKH 3HAHUIA,
YMeHH i, HABBIKOB

[IpomexxyrouHas aTTecTanus 10 AUCLHUIUIMHE «BBIYMCIUTEIbHAS MAaTEMATUKA» OCYLIECTBIIAETCS
B ¢opme auddepeHuupoBanHoro 3avera. JuddgepeHuHpoBaHHBIH 3a4eT TPOBOIAUTCS B
MUCbMEHHOU U YCTHOU (opme.

[lepeueHb KOHTPOJIBHBIX BOIIPOCOB:

1. Yucnennoe maddepeHunpoBanue. IIpocrenimue bopMyIbI YUCIEHHOTO

maddepenumpoBanus. MeTon HeEONpeneNeHHbIX KOd(pGHUIMEHTOB s BbBOAa (popmyn

yucieHHoro  audgepenuupoanus. Ilopsnox  anmpokcumanuu — GopMysl  UHCIEHHOIO

midpdepenurpoBanus. ONTUMaNIbHBIN 1Al CETKU YUCIEHHOTO nuddepeHInpoBaHusl.

2. TlocraHoBKa 3a1a4u HHTEpHOIAINA. [loMHOMUABEHAS HHTEPIIONSINS, €€ CyIIECTBOBAaHUE U

€AMHCTBEHHOCTh. THTEpHOMAIMOHHBIN oauHOM B hopme Jlarpamka.

3. TlocraHoBKa 3a1a4u HHTEPHOJSAINH. Pa3neneHnbpie pa3HOCTH. HTEPIOIAIMOHHBINA TTOJTMHOM

B (popme HproTOHA.

4. CxoauMOoCTh HHTEPHOJIAIMOHHOTO Tipotiecca. [Ipumepst bepuinreiina u Pyrre.

5. OOyCIIOBJIICHHOCTD 33/1a4i WHTEPIOJISIINKA U KOHCcTaHTa Jlebera.

6. Teopema 00 OCTaTOYHOM HYJICHE WHTEPIOJSIMOHHOTO IOJMHOMA (C JOKa3aTeIbCTBOM).

OrneHKa 0CTaTOYHOTO 4jIeHa HA PABHOMEPHOM CETKE.

7. Ilonunomsl YebbimieBa, ux cpoiicta. [Ipumenenue nonrHomoB YeObinieBa npy NOCTPOESHUU

y3J10B MHTEPHOJISAIIH.

8. TlonsaTtue crutaiiH-uHTEpHONSIMH. [Tpotienypa mocTpoeHust KyOM4ecKoro CIuiaifHa moka3aTess
TJIAJKOCTH JIBA.

9. Yucnennoe wunHrerpupoBanue. KaapaTypHbele (opMysbl NpsIMOYrOJbHUKOB, Tpamenuid u

Cumrncona. OLIEHKH TTOTPENTHOCTA KBAPATHBIX (HOPMYIT.

10. Hopma wmatpunbl. Yuciao o0OYCIOBJIEHHOCTH MAaTpHIlbl. Teopema 00 OTHOCHTEIHHOU

MOTPEUTHOCTH PELICHNUS CUCTEMBI JIMHEHHBIX aIreOpanyeckux ypaBHEHUH (C JOKa3aTelnbCTBOM).

11. IIpsiMble METOABI PELICHUs CUCTEM JIMHEHHBIX alreOpandyecKux ypaBHEHUMN: TOCTOMHCTBA U

HeznocTtatku. Merop ['aycca pemieHus cucTeM JIMHEHHBIX anreOpandyeckux ypaBHEHUH U ero

cBs3b ¢ LU-pasznoxenneM matpuibl. Bei6op Beaylero sinemMeHra.

12, UrepanyoHHBIE METOJBl pPEIIEHHS CUCTEM JIMHEHHBIX alreOpauyeckux YpaBHEHUI:

JOCTOMHCTBAa M HEAOCTaTKU. JlocTaTouHoe ycioBHE (C J10Ka3aTeNbCTBOM) M Kputepuil (0e3

JI0Ka3aTeNbCTBA) CXOAUMOCTH METO/Ia IPOCTHIX UTEPALUH.

13. Meroa flkoOu pelieHus CUCTEM JIMHEHHBIX ajireOpauyecKuX ypaBHEHMH: MaTpU4Has U

IIOKOMIIOHEHTHast (pOpPMYJIMpPOBKA, IOCTAaTOYHOE YCIOBUE M KpUTEpUH cxXoaumocTH (oba c

JI0Ka3aTelbCTBOM), TEOMETpHUUYECKasi HHTEpIpeTalys MeToa Ui CUCTEMBI 2 Ha 2.

14. Mertoa 3eiiiens pelieHUs CHCTEM JIMHEHHBIX aireOpauyecKuX ypaBHEHMH: MaTpU4Has U

IIOKOMIIOHEHTHast (POPMYJIMPOBKA, JOCTATOUYHOE YCIOBHE U KpUTepuil cxoaumocTH (06a ¢

JI0Ka3aTelbCTBOM), TEOMETpHUUYECKasi HHTEpIpeTalys MeToa Ui CUCTEMBI 2 Ha 2.

15. Teopema 00 KBMBaJIEHTHOCTH 3a/laid MUHHUMM3ALUU KBAJPATUUHONW (PYHKLIHU U pELICHUs

CHCTEMBl JIMHEHHBIX aireOpanyeckux ypaBHEHHH (C JOKa3aTeIbCTBOM). MeETobl pelieHus

CHCTEM JIMHEHHBIX alreOpandyeckux YpaBHEHHH, OCHOBaHHblE HAa MHUHUMH3AIMU (YHKLIUU —

METO/I HAUCKOPEHIIETO CITyCKa M METOJ MMHUMAJIbHBIX HEBSI30K.

16. IlepeompeneneHHble CHCTEMbl JHMHEHHBIX  anreOpandeckux ypaBHeHUH. 3ajaun,

IIPUBOSLINE K IEPEONPENCIIEHHBIM cucTeMaM. MeToJ HauMEHBIIMX KBaJApaTOB pEIIECHUs

NepeonpeIeTICHHBIX CUCTEM JIMHEWHBIX alreOpanuecKux ypaBHEHUI.

17. Pemenue HeNMHEHHBIX anreOpandyeckuX YpaBHEHMH METOJaMHU MPOCTHIX HUTEpaluid |

penakcanuu. Kputepuii cXoquMMOCTH MPOCTHIX UTepalnuii (¢ goka3zaTenbcTBoM). ['padudeckas

MHTEPIIPETALMS METO/1a TPOCTHIX UTEPALUIL.

18. Merox HpioTOHAa pemieHUs] HENIMHEHHBIX anreOpandyecKux ypaBHEHHH UM CHCTEM.

I'paduueckast uHTEpIIpETALUS.



19. Yucnennoe pemenue 3amaun Komm ams 0ObIKHOBEHHBIX AH(QepeHIInanbHbIX YpaBHEHUH
nepBoro nopsaka. IloHsATHE CXOAMMOCTH pPa3HOCTHOM CXEMbl Ha IIpUMEpE IPOCTEUIIEro
JIMHEIHOTO ypaBHEHUS U SIBHOM cXeMbl Diiiepa.

20. Yucnennoe pemenue 3anaun Komm s 0OBIKHOBEHHBIX TU(QepeHIINAIbHBIX ypaBHEHUN
[IEPBOro TMOpsiKAa. AHaAIU3 CXOAUMOCTU IO OINPEAENEHUIO0 IS CXEMbl C LEHTPaJIbHOMU
Pa3HOCTBIO.

21. Ywucnennoe peuienue 3anaun Komm s 0OBIKHOBEHHBIX IU(GEpeHINATbHBIX yPaBHEHUH
nepBoro nopsaka. [Ipumep anmpokCUMUPYIOIIEH, HO HEYCTOMYUBOM CXEMBI.

22. TloHsATHE CXOAWMOCTH, ANIPOKCUMAIMH W YCTOMYMBOCTH PA3HOCTHBIX cxeM. OCHOBHas
TE€OpEMa BbIYUCIUTEIbHON MaTeMaTHKH (C I0Ka3aTeIbCTBOM ).

[IpuMepsl KOHTPOIBHBIX 33 TaHUN:
1 Jlnsg annpokcUMaIiuK epBOM MPOU3BOIHOM B y37e X pyHKuuH f , 3a1aHHOM B y37ax X ,
X+h, X+2h, ucrmomp3yercs TaHreHC yriia HAKJIOHA MPSIMOM, IPOBEICHHON METOIOM

HAMMEHBIINX KBaApaToB yepe3 y3ubl ( X, fo ) , (x+h, fi) u (x+2h, ;) (cm. Puc. 1).
Jo_®
® /2

fie
: L

x x+h x+2h
Puc. 1

|
|
|
|
|
|
|
1

Beimucate mosyduBInyrocs (GOpMyITy YHCICHHOTO IU(PQPEpEeHIIMPOBaHUS W OMPEICIUTL €¢
MOPSJIOK ~ almpoKCHManuu. Bemmucare  ¢GopMyny ducieHHOTo auddepeHIUpoBaHUsS s
HAaXO0XJCHUS TICPBOM TMPOW3BOJHOM B y3JIe X MaKCUMAJIbHO BO3MOJXKHOTO IOPSIKA
amnmpoOKCHMAIIMK Ha paccCMaTpUBaeMOM Habope y3JI0B.

2. Tabnwunas ¢GyHKIMS 3aJiaHa B y3JIaX ¢ aOCOJIOTHOM MOTPEIIHOCTBIO, HE MPEBOCXOIAIICH
1072

X 0| =np 73
cos(x) | 1| f3/2 | Y2

OI_IeHI/ITB, C KaKOl TOYHOCThIO MOKHO BOCCTAHOBHUTH 3HAYCHHUE B TOUKE Xx=7 72'/24 , UCIIOJIb3Y:

KBaJIPaTUYH YO HHTEPIIOJISIUIO?
3 IlokasaTh cHpaBe/UIMBOCTh HepaBeHCTBA MaTpuuHbix HopM ||A|F <|A|-[|A]l.
3 1 2

VYkazanue: cHayana J0Ka3aTh, YTO MOJYJb JIOOOr0 COOCTBEHHOTO 3HAYEHHUs MAaTpPHUIbI HE
OoJIbIIIe JIF0OO0M €€ HOPMBI.
4. Jlana Tabnuna 3Ha4YeHU HEU3BECTHON PYHKIIUU:

X 1 2 3
y 1 6 4

CocTaBuTh JUHEHHYIO CHCTEMY ISl HaXOJIEHUS KOA(PQPUIIMEHTOB alMpoKCUMalud (QYHKIUU
npsAMOM Y = C2X + C1 METOJIOM HauMEHbIIUX KBajparoB. CaenaTe OAHY UTEpAIMI0 METoAa
HAUCKOPEHIIIEro Cciycka Jyis €€ PEelIeHUs, B3SB 32 HaualbHOE MPUOIHNKEHUE BEKTOP X0 = [1 1]T.
Boruucnenust mpoBoAUTh 0 2-TO 3HAKa MOCIIE 3aMsTON BKIIOYUTEIBHO.

5 Ilycts maTpuna B umeer Buna:

[a p 0]
B=\8 a p|
0 f «a



Haiitu Bce a u [, mpu KOTOPBIX METOJ IIPOCTOM UTEPALIUUA X< =Bxk + ¢ JJIST PENIEHUS CUCTEMBI
b

JUHEWHBIX areOpandecKuX ypaBHCHHM CXOJUTCS C IPOM3BOJIBHOIO HAYAILHOTO MPUOINKCHHUS.
6. Jloka3aTh, 4TO MeTOJ POcToii urepanun X1 = p(x¥) s pernenus ypaBHenus x = ¢(X)
CXOAMTCS MPH JIFOOOM HAYaTHHOM MPUOIIMIKESHIH

— (X)) = asin®x+ Bcos’ X+ y,rae |a— P < 1;
— p(x)=ae ™ +c, rmeb>0, 2a%b<e.
7. Jlns uncnenHoro peulenus 3agaun Komm

du
__ =au, a=const,

LL‘f'ﬁb) ~u, x e[0:1],

HCIIOJIB3YCTCA clcayroniasa pasHOCTHAA CXEMa:

1
Uy — unziau —_au

h 2 "2 ™
OnpenennTh NOPSAIOK allIPOKCUMAIMU JaHHOU cxeMbl. CUUTaTh, 4TO U, ©3BECTHO TOYHO, U Ha

MOPSIIOK anMpOKCUMAIIK HE BIUSET
4. Kpurepnu oueHMBaHUs

Omnenka «otimmuno (10)» BeICTaBisieTCss 0OydarMIeMycs, €CJIM OH MPaBUILHO OTBETWJ Ha JIBa
Bompoca (OJMH BBITSATUBAETCA B KadyecTBe Owusera, BTOPOW 3a/laeTcsi IO YCMOTPEHUIO
MPEnoAaBaTesl) U PEIIIT 7 3aaHH;

Onenka «oTau4dHO (9)» BBICTaBIIsIETCS 00YYaIOIIEMYCsl, €CJIM OH IMPAaBHJILHO OTBETHI HAa OJIMH U3
JBYX BOMNpPOCOB (OJMH BBITATHBAETCS B KauecTBe Ouiera, BTOPOM 3aJaercs MO0 YCMOTPEHUIO
MPENOAaBaTENs) U PEIIIT 7 3aaHHM;

Onenka «oTiau4dHO (8)» BBICTaBISIETCS 00YYarOIIEMYCsl, €CJIM OH IMPaBHJIbHO OTBETUI HAa OJIMH U3
JIBYX BOIPOCOB (OJMH BBITATHBACTCS B KadecTBe OWJIeTa, BTOPOM 3aJaeTcsl MO YCMOTPEHHIO
MpEnoAaBaTesl) U eI 6 3aTaHHi;

Onenka «xopomo (7)» BbICTaBIsieTCS 0OydaroleMycs, €ClId OH MPaBUIBHO OTBETWJ Ha JBa
Bompoca (OJWH BBITATUBACTCS B KadecTBE OwWiera, BTOPOM 3aJaeTcs IO YCMOTPEHHUIO
MpeToIaBaTelisl) U pemni 5 3aJaHuil (MM B clydae pelieHus 6 3aJaHuii OTBETHJI Ha OJWH
BOIIPOC);

Onenka «xopomo (6)» BbICTaBiIAeTCs O0y4aroleMycsi, €CId OH IMpPaBUIbHO OTBETHUJ Ha JBa
Bompoca (OJUH BBITATHBAETCS B KauecTBe Owuiera, BTOPOM 3afaercss IO YCMOTPEHMIO
npernojaBatelis) U pemna 4 3aaaHus (WIKM B cilyyae pelieHust 5 3aJaHuil OTBETW Ha OJIUH
BOIIPOC);

OHCHKa «Xopomio (5)» BBICTABJIACTCA 06yqa}01ueMyc51, €CJIM OH MPAaBUJIbHO OTBETUII HA OANH U3
ABYX BOIIPOCOB (OI[I/IH BBITATUBACTCA B KAUCCTBC 6I/IHCTa, BTOpOfI 3a4acTCs MO0 YCMOTPCHUIO
npeno;[aBaTeJm) " pelInia 4 3aJaHuAd,

OLICHKE[ «YHAOBJICTBOPHUTCIIBHO (4)» BBICTABJIACTCA 06yqa101ueMyc51, €CJIM OH IPaBHJIBHO OTBCTHUJI
Ha IBa BOIIpOCa (O,Z[I/IH BBITATMBACTCsA B Ka4CCTBEC 6I/IJ'ICTa, BTOpOfI 3a4acTCd MO0 YCMOTPCHUIO
HpeHO,[[aBaTCJ'Iﬂ) " pelnia 3 3aaHusd;



OreHka «yIOBIETBOPUTEIHHO (3)» BBHICTABISAETCS 00YUaAIOIIEMYCsI, €CJIH OH MPABUIBLHO OTBETHII
Ha JIBa BONpoca (OJMH BBITATHBAETCS B KauecTBE OmiieTa, BTOPOW 33/JaeTCs MO YCMOTPEHHIO
IIpenojaBaTelisd) U pelna 2 3anaHus (WM B cilydae pelieHus 3 3aJaHuil OTBETWUJ HA OJUH
BOIIPOC);

OneHka «HEYIOBICTBOPUTEIHHO (2)» BBICTABIIICTCS 00y4YaIoOnIeMycs, €CJIM OH penrwi | 3a1anue;

OneHka «HeyaoBIeTBOpHUTENbHO (1)» BBICTaBIseTCS OOydYaloIIeMycCsl, €CIM OH HE peIIil HH
OJIHOTO 3aJJaHHUs.

5. Meroauyeckue MaTepuaJbl, onpeae/siionye Npoueaypbl OeHMBaHUs 3HAHU I, yMEeHUI,
HABBIKOB M (MJIH) ONBITA 1eATEJbHOCTH

[Ipu nmpoBeneHnn nudepeHunpOBaHHOTO 3a4yeTa 00ydaromeMycsl mpenocTaBisercs 45 MUHYT
Ha noJArotoBKy. Omnpoc oOydaronierocss He JOJDKEH MPEBBIIAaTh IBYX aCTPOHOMHMUYECKHUX YacoB.
Bo Bpems MOAroToBKM K OTBETY Ha BOINPOC OOydaroluecss MOTYT IO0JIb30BAThCA CIPaBOYHOM
JINTEPATYPOH.

Bpemst npoBeneHuss MMCbMEHHON KOHTPOJIBHOM COCTaBIISIET 2 aKaJeMHUYECKHX 4daca. Bo Bpems
MIPOBEJICHUS] MUCbMEHHON KOHTPOJBHOW OOy4aroniyecs: MOTYT IMOJIb30BAThCS BBIUMCIUTEIbHON
TEXHUKOU.



