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1. EJIb OCBOEHUMA JTUCIIUITJIMHbI

HucuuiuinHa «JIuHeliHas anreOpa» BXOAMT B HporpaMMmy OakajaBpuaTa «AHaJINTHKA
JaHHBIX B 3KOHOMHKE W OusHece» mo HampasieHuio 38.03.01 «DOxoHomuKa» U u3ydaercs B 1
cemectpe 1 kypca. [ucuuniauHy peanusyer MHCTUTYT MHpPOBOH SKOHOMHMKM M Ou3Heca.
JlucummiuHa cocTOMT M3 7 paszenoB M 33 TeM M HalpaBieHAa Ha U3y4YE€HHE TEOPUM MaTpHll,
Hayaja TEOpUH ajreOpauyeckux CTPYKTYp, Hadajga JIMHEHHOW anreOpsl (BKIIOYAs TEOPHIO
OlpeAenuTeNIedl U CUCTEM JIMHEWHBIX YpaBHEHMil), Hauyana ajreOpbl MHOTOUYIEHOB, TEOPHUU
JIMHEWHBIX ONEPaTOPOB B KOHEUHOMEPHBIX BEKTOPHBIX IPOCTPAHCTBAX, BEKTOPHOM alreOpsbl.

[lenpt0 OCBOGHHUS JUCHMIUIMHBI SIBJISAETCS OBJAZCHHE OOYYaIOIIMMHUCS OCHOBHBIMHU
HNOHATUSAMM M METOAAMU JIMHEHHOM anreOpbl: Teopuell MaTpull, HadajJaMH TEOpHH
anreOpanveckux CTPYKTYp, HadallaMu JTUHEHHOW anreOphl (BKIIOYAsh TEOPHUIO ONpEAeTuTeNeid U
CHCTEM JIMHEHHBIX YypaBHEHMI), HayajaMM ajiareOpbl MHOIOWIEHOB, TEOpPUEH JIMHEHHBIX
OIIepaTOpPOB B KOHEYHOMEPHBIX BEKTOPHBIX IIPOCTPAHCTBAX, BEKTOPHON aJIreOpoil.

2. TPEBOBAHMUS K PE3YJIBTATAM OCBOEHMUS JUCHUITVIMHbBI

OcBoecHne aucHMIUIMHBI «JIuHelHas anreOpa» HampaBlieHO Ha (GOPMUPOBAHUE Y
oOyJaromuxcst caeayonuX KOMIETEHINH (4acTH KOMIETSHIINH):

Tabnuya 2.1. Ilepeuenv komnemenyuil, opmupyemvix y 00y4arOWuxcs npu 0c60eHuu
OUCYUNTUHDBL (Pe3YTbmambl 0C80EHUS OUCYUNTIUHDL)

HHZ[HKaTOp]:I JAOCTHIKCHHUS KOMIIETCHIIMHA

Hugp Komnerenuus N
(B paMKax JaHHOH THCUUTUIMHEI)

VYK-1.1 OcymiecTBisieT HOUCK HHQOPMAIIHH IS PEIICHUS
Crnoco0eH OCyIIECTBIIATh TOKCK, |IIOCTABICHHOH 3aJauyl M0 Pa3IMYHBIM THUIIAM 3aIPOCOB;
KpuTHYeCKUiA aHamu3 U cuHTe3 | YK-1.2 AHanm3upyer u KOHTEKCTHO 00pabaTbiBaeT HH(POPMAITHIO

YK-1 nH(OpMaLUH, TPUMEHSThH JUISL pEILICHNS! TTIOCTaBJICHHBIX 3a7a4 ¢ ()OPMUPOBAHUEM
CHUCTEMHBIH MOAXO0 U PEeLIeHUs |COOCTBEHHBIX MHEHUH U CYKICHUH;
IIOCTABJICHHBIX 3a]a4 YK-1.3 [Ipennaraer BapHaHThI peICHNUS 3a7a4H, aHATU3UPYET

BO3MOXXHBIC ITOCIICACTBHA UX WCIIOJIB30BAHUA,

OIIK-2.1 OnpenensieT METOIbI cOOpa HHPOPMAIIUH, CIIOCOOBI U
BUJ €€ MPEACTABJICHUS, IPUMEHAA COBPEMECHHOEC IPOrpaMMHOE
CriocoGeH ocyImecTBIsATh cOop, |oOecrneueHue;

00paboTky u craructudeckuit  |OIIK-2.2 BeiOupaeT cOOTBETCTBYOLIHE CONEPKAHUIO

OIIK-2 aHaJIM3 JaHHBIX, HCOOXOANMBIX |Ipo(deccHOHANBHBIX 3a/1ad4 HHCTPYMEHTapHii 00pabOTKN M aHann3a
JUISL pEILICHNS TOCTAaBJICHHBIX | JaHHBIX, COBPEMEHHBIE HH(OPMAIIOHHBIE TEXHOJIOTUH 1
9KOHOMHYECKHX 3a7a4 MPOTrpaMMHOE 00ecIedeHHe;

OIIK-2.3 OcymiecTBiseT BU3yaau3alU0 JAHHBIX U IPE3EHTALUI0
peuieHui B MHQOPMAIIMOHHOMU cperte;

3. MECTO JUCIIMIIJIMHBI B CTPYKTYPE OII BO

Hucuunnuna «JluHeiiHas anreOpa» oOTHocuTCs K oOs3arenpHOM wactum Onoka |
«JlucummmHbl (MOTyJH)» 00pa30oBaTeIbLHOM MPOrPaMMBbl BBICIIIETO OOpa30BaHMS.

B pamkax o0pa3zoBaTesbHOM NporpamMmbl BBICIIETO O0pa30BaHUS OOydYaIOIIMECS TaKxKe
OCBaMBAIOT JIpyI'M€ JMCLUMIUIMHBI W/WIM  TPAKTUKH, CIIOCOOCTBYIOIIHE  JIOCTHKEHHUIO
3aIJIaHUPOBAHHBIX PE3yJIbTATOB OCBOEHUS AUCUUILUINHBI «JInHeltHas anreOpay.

Tabauya 3.1. Ilepeuenv xomnonenmos OI1 BO, cnocobcmsyrouux 00CMUNICEHUIO
3anIaGHUPOBAHHBIX PE3VIbMAMO8 0C80EHUS OUCYUNTUHDBL




Hndpp

HanmeHnoBanue
KOMIIETEHI[HH

IIpenmecTBylommue
JUCHMILTAHBI/MOYJIH,
NMPaKTHKUH*

Mocnenyrwomue
JUCHMILTHHBI/MOYJIH,
NMPaKTHKUH*

YK-1

Cnoco0eH ocylIecTBISATh
MOUCK, KPUTHYECKUI aHATIH3
U cuHTe3 HHPOPMAILHH,
MPUMEHSTH CHCTEMHBII
MOAXO/I JJIsl PEIICHUS
MOCTABJICHHBIX 3a/1a4

YueOHas MpaKkTHKa;
[penaumioMHas MpaKkTUKa;
MaremaTtuueckuii aHaIus;
Teopust BeposiTHOCTEN U
MaTeMaTH4ecKasi CTATUCTHUKA,
Makpo3KOHOMHKA;
DKOHOMHUYECKAs CTATHCTHKA;
MupoBasi 5KOHOMHKa;
MeTo/ bl ONTUMH3ALUH U
AITOPUTMBI aHAJIN3a JIAaHHBIX;
Jluoepcmeo u
KOManO0obpazosanue™*;
Toseoenueckas sxoHoMura™*;
Hetipomapremune **;
Ananumuueckas noooepicka
NPUHSAIMUSL UHEECHUYUOHHBIX
pewieHuil **,
MexyHapOoIHbIE
9KOHOMHYECKHE OTHOIICHUS;
Maremarnyeckas JIOTHKA U
TEOpHUs AJTOPUTMOB;
Jwn3aitH-MblleHue;
MapkeTuHr;

Icuxonoeus uuHocmu u
npogheccuonanvroe
camoonpedenenue*™,
Hucyunaunor
MENCOUCYUNTUHAPHO20
onoxa**;

JluckpeTHas MaTeMaTHKa JIJIst
9KOHOMHCTOB;

Ynpaesnenue mananmamu**,
Mooenuposanue busnec-
npoyeccos™*;

Mapkemune enewampenuti **;

OIIK-2

Crioco0eH oCylIecTBIsATh
cbop, 00paboTKy U
CTAaTUCTUYECKUI aHAIIN3
JTaHHBIX, HEOOXOIUMBIX JIJIST
pEeIICHUA MOCTABJICHHBIX
OKOHOMHYCCKUX 3aaa4

IIpenaunioMHas mpakTHKa;
Y4eOHas MpaKTHKa;
O3HaKOMUTENbHAS MMPAKTUKA;
DKOHOMHYECKasl CTATUCTHKA;
MeToapl MalIMHHOTO
o0yueHus;

VipasieHue npoayKToM;
JuzaiiH-MbllUIEHUE;
[IpemuKTHBHAS AaHATUTHKA;
CoBpeMeHHbBIE TEXHOJIOTUN
MapKeTHHTa B U} poBOit
cpere;

AHanu3 1aHHBIX B R;
Maremarudeckuii aHaIU3;
Teopust BeposiTHOCTEN U
MareMaTUu4ecKasi CTaTUCTHKA;
OKOHOMETpUKA;
HckyccTBEHHBIH HHTEIJIEKT B
MapKETUHTE;

[ponsunytsiii Excel;
Beenenue B Python u SQL;
JuckpeTHas MaTeMaTHKa IS
SKOHOMICTOB;




* - 3aI0JIHSAETCSl B COOTBETCTBUM ¢ MaTpuueil komnerenuuii 1 CYII OIT BO
** - 3JIEKTUBHBIE AUCIUIUIUHBI /TIPAKTHKH



4. OFBEM JJVCHUILJIMHBI U BUbI YYEBHOH PABOTHI

OO01mmas TpyA0eMKOCTh TUCHUIUTHHBI «JInHeHas anredpa» cocTaBisieT «4» 3a4eTHBIC CTUHUIIBL.
Tabauya 4.1. Buowvl yuebHoli pabomvl no nepuooam 0C80eHUs 00pA308aAMENbHOU NPOSPAMMbL BbICULIE20 00PA308AHU Ol OYHOU Dopmbl
00yuenus.

Buja yue6Hoii padoThI BCEI'O, ak.u. CEMeclT pCBD)
Konumaxmmnas paboma, ax.u. 51 51
Jlexuuu (JIK) 17 17
JlaGopartopusie pabotsl (JIP) 0 0
IMpaktuueckue/cemunapckue 3ansatus (C3) 34 34
Camocmosmenvras paboma 0by4arowuxcs, ax.u. 57 57
Koumponw (sx3amen/3auem c oyenkou), ax.u. 36 36
Oo0masi Tpy10eMKOCTH T CHUIIHHBI aK.4. 144 144
3ay4.el. 4 4




5. COAEP) KAHUE JUCIUAIIJIMHbI

Tabnuya 5. 1. Coodepoicarue oucyuniunsl (MoOyis) no udam y4eOHou pabomol

Bun
Homep HaumenoBanmue pasgeia .
HaunmeHnoBaHnue TeMbl Copep:xanue TeMbl y4eOHoi
pasaeia AUCHHILTHHBI %
padoThI

B aT0i1 TeMe paccMaTpuBaeTcs CI0XKEHUE MAaTPUL] OAMHAKOBON
Pa3MEpHOCTH (KaXKIbIH 3JIEMEHT CyMMBI — 3TO CyMMa
COOTBETCTBYIOIIMX 3JIEMEHTOB CJIAraeMbIX MaTpPHIl) U YMHO)KEHHE
MAaTpHIBI Ha YUCIIO (KAXKIBIH 3JIEMEHT IIPOU3BENICHNS PaBEH

11 CrnoxeHre ¥ yMHOKEHHE Ha YUCIIO MIPOU3BEACHUIO COOTBETCTBYIOLIETO AJIEMEHTA MATPHIIBI HA 3TO JIK, C3
4yuciio). 3ydaroTcst CBOMCTBA ATHX OIEpalvii, HampuUMep,
ACCOMAaTUBHOCTh U KOMMYTAaTUBHOCTDL CJIOKCHUS, a TAKIKE
L[I/ICTpI/I6yTI/IBHOCTI> YMHOXKCHU HA YUCJIO OTHOCUTECJIBHO CJIOKCHUA
MaTpHIL.

Tema nocasIieHa MOHATHIO JTUHEHHOTO (BEKTOPHOT0) IPOCTPAHCTBA
— Habopa BEKTOPOB, Ul KOTOPBIX ONpeeNIeHbI ONepaluu
CJIO’KEHHSI U YMHOXKCHMS Ha CKaJIAp, MOAYHHSIONHECS BOCBMHU
akcroMaM. PaccMaTpuBaloTcs KITFOYEBbIE XapaKTEPHUCTHKH:
pa3sMepHOCTh (MaKCHMaJIbHOE YNCIIO JINHEHHO HEe3aBUCHMBIX
3JIEMEHTOB), 6a3uc, moanpocrpancTBa. OOCYKIar0TCS IPUMEPHI
JMHEHHBIX MPOCTPAHCTB, BKIIOYAs TPEXMEPHOE EBKIIHIOBO

Pazgen 1 |Matpuis! u JeCTBHS C HUIMHA MIPOCTPAHCTBO M ()YHKIMOHAJIbHBIE IIPOCTPAHCTBA.

1.2  |JluneliHble MPOCTpaHCTBA JIK, C3

3/1ech U3yvaeTcs NPaBuiio YMHOKCHHUS KBJPATHBIX MATPHIL
OJTMHAKOBOTO TOPSI/IKA: JIEMEHT NPOU3BEACHHS MATPHI]
BBIYHCIISIETCS. KaK CyMMa ITPOU3BECHHUI DJIEMEHTOB CTPOKH NEPBOM
MaTpHIbl HA COOTBETCTBYIOIIUE AJIEMEHTHI CTOJIONA BTOPOH.

1.3 YMHOX€HUE KBaJIPaTHBIX MaTpPHII PaccmatpuBaroTcst CBoicTBa omepaiiuu (Harpumep, JIK, C3
ACCOLIMATUBHOCTh, OTCYTCTBHE KOMMYTATHBHOCTH B 00IIIEM
cirydae), a Takxke 0coOble cirydan (YMHOXKEHHE Ha eTUHIYHYIO U
HyJeByro MaTpuisl). Ocoboe BHUMaHUE yIeNseTCsl allTOPUTMY
BBIYHCIICHUH M YCIOBUSIM, IIPH KOTOPHIX YMHO)KEHHE BO3MOXKHO.

Tema nocasiiieHa yMHOXKEHUIO MaTPUILl Pa3HOTO pa3mepa.
KiroueBoe ycioBrue — KOJIMYECTBO CTOJIOIOB IIEPBOM MaTPHUIIBI
JIOJKHO COBINAJAATh C KOJIMYECTBOM CTPOK BTOpOU. Pesynbrar —
1.4 | YMHOXeHHe HEeKBaJPaTHBIX MaTPHIL MaTpulia, y KOTOPOH CTOJIBKO XK€ CTPOK, CKONBKO y NEPBOi JIK, C3
MAaTpHIIBI, ¥ CTOJIBKO K€ CTOJIOIOB, CKOJIBKO Y BTOPOH.
PaccmarpuBaroTcss IpUMepBl YMHOKEHHS IPSIMOYTOIBHBIX MATpPHIL,
0COOEHHOCTH BBIYMCIICHUH U IPIMEHEHHE B PEIICHUH CUCTEM




Homep
pas3nesa

HaumenoBanmue pazaesna
JAUCHHILTAHBI

HaunmeHnoBaHue TeMbI

Copep:xaHue TeMbI

Bun
yueOHoit
padoThr*

JIMHEWHBIX YPABHECHUN.

15

Komnbio matpury 2x2

B aT0ii TEME aHaNMM3UPYETCsT MHOXKECTBO MaTPHIL pazMepa 2X2 Kak
anreOpandeckas CTpykrypa (Koiblo). Vizyuarorcs onepanun
CJIOYKCHUS 1 YMHOXKEHHSI MaTPUILl, X CBOMCTBA (aCCOI[MAaTHBHOCTD,
JUCTPUOYTUBHOCTB), @ TAK)KE MOHATHS HEUTPAILHOTO AJIEMEHTa
(HyneBasi M eIMHUYHASI MAaTPUIIBI), 00paTHOTO AyeMeHTa (oOpaTHas
MaTpulia AJis HEBBIPOXKIECHHBIX ciiydaeB). OOcykaaeTcs, moueMy
MHO>KECTBO HEBBIPOXKACHHBIX MaTPHL 2X2 0Opa3yer
HEKOMMYTATHBHYIO IPYIITy OTHOCHTEJILHO YMHOKCHHUSL.

JIK, C3

1.6

MHoxecTBO MaTpul 22 KaK KOJbLO

B aT0i1 TeMe paccMaTpuBaeTCs MHOXKECTBO MaTpul pa3mepa 2x2
Kak anredpandeckasi CTpyKTypa — KOJIbLo. M3ydatoTcest onepanuu
CJIOXKCHUS 1 YMHOXKEHHSI MAaTPUII, X CBOMCTBA (aCCOI[MAaTHBHOCTH,
JUCTPUOYTUBHOCTE), @ TAK)KE MMOHATHSA HEUTPAILHOTO HJIEMEHTa
(HyneBas M eMHUYHAS MaTPHIbI) U 0OpaTHOTO neMeHTa (0OpaTHas
MaTpHIa JAJI HEBBIPOKICHHBIX CIIy4aeB). AHAIU3UPYETCs, oYeMy
MHOYECTBO HEBBIPOXKICHHBIX MATPHI] 2X2 00pa3yeT
HEKOMMYTATHBHYIO TPYIIITY OTHOCUTEIHFHO YMHOXKECHHUS.

JIK, C3

1.7

O6parHas MaTpuIa

Tema nocBsIieHa MOHATHIO 00PATHON MAaTPHIII — MaTPHIIBI, IPH
YMHOXXEHUH Ha KOTOPYIO MCXO/IHAs KBaJpaTHasi MaTpuLa naét
eAMHUYHYI0 MaTpully (A X A~ = A™! x A =1I). PaccmaTtpuBatotcs
YCIIOBUSI CYIIECTBOBaHUS 00OpaTHOI MaTpHIb! (OTpeIesTUTENb
MaTPUIIBI TOJDKCH OBITh OTIIHYEH OT HyJs, det(A) # 0), MeTomsr e€
HaxoXJIeHns (depe3 aredpandeckne JONOIHeHHs, MeTox [aycca-
JKopmaHna), a Tak)ke OCHOBHBIE CBOHCTBa (Hampumep, (A7) = A,
(AxB)' =B 'xA™). [IpuBoAATCS MPUMEPHI BEIYHCICHAS 00paTHON
MaTpHLbI JJIsl MAaTpULl pazmepa 2x2 u 3x3.

JIK, C3

Paznen 2

CucTteMbl JIMHEHHBIX
YpPaBHEHUU U OINPEACIIUTENN

2.1

CucTeMbl U3 IBYX YpaBHEHHH

B Teme n3ydaroTcst CHCTEMBI IBYX TMHEWHBIX YPaBHEHH C IBYMSI
HEU3BCCTHBIMU. PaCCManHBa}OTCH METOABI UX PEHICHUA:
MO/ICTAHOBKA, CIIOKEeHHE, Tpadudeckuii Metoa. O6cyxkmatoTcs
Clly4au €JUHCTBEHHOI'O PELLEHUs, OTCYTCTBHUS PELLIEHUN U
0EeCKOHEeYHOT'0 MHOKECTBA pemeHui. [IpuBoasaTes mpumMepsl
COCTaBJICHUSA U PEUHICHUA CUCTEM, BOBHUKAIOMIUX B IIPAKTHYCCKUX
3ajauax.

JIK, C3

2.2

CucrteMsl ¢ TpEMs HEU3BECCTHBIMU

Tema nocesiena cucteMam TPEX JIMHEWHBIX YPaBHEHUH € TpeMs
HEHM3BECTHBIMU. V3y4aroTcsi METO/BI PEIICHHS TAKUX CHCTEM:
meton Kpamepa (c ucIionp30BaHHEM ONIpEeIuTeNei), MeTo

JIK, C3




Homep
pas3nesa

HaumenoBanmue pazaesna
JAUCHHILTAHBI

HaunmeHnoBaHue TeMbI

Copep:xaHue TeMbI

Bun
yueOHoit
padoThr*

laycca (mpuBeneHUe K TPEYTroJILHOMY BHAY ), METOJ 00paTHOM
MaTpHLbl. PaccMaTpuBaroTCsi 0COOEHHOCTH CUCTEM:
COBMECTHMOCTb, OIPEeIEHHOCTh, HEONPEAETIEHHOCTb.
AHaIM3MPYIOTCS IPUMEPBI SKOHOMHYECKNX, (PU3NYECKUX H
HMH)KEHEPHBIX 3a/1a4, CBOJSIIUXCS K TAKUM CUCTEMaM.

2.3

[Ipasuio Kpamepa

Tema nocesiena meroay Kpamepa — croco0y peenus cucrem
JIMHEHHBIX YPaBHEHUH, IPH KOTOPOM HEHU3BECTHbBIE HAXOASTCS
Yyepes3 ONpeeUTeNI MaTpUIl. M3ydaeTcs aaropuT™: BEIYUCIICHIE
TJIABHOTO ompenenuTess D MaTpuiisl K03hQUIIHEHTOB, 3aMeHa
CTOJIOIIOB MaTPHIIBI Ha CTONOET] CBOOOIHBIX WICHOB IS
HaxoxaeHUs D1, D, ..., Dy, pacuéT HeM3BeCTHBIX 1O (hOopMyIIe X; =
Di/D. PaccmatpuBaroTcst yCI0BUS IPUMEHAMOCTH METOJA:
KBajpaTHas MaTpuiia cucreMsl, det(D) # 0. AHaNU3UpyOTCS
ciydau, korga metoy HenpumeHnM (det(D) = 0) — toraa Tpedyercs
HCIIOJIb30BaTh MeTo[ ['aycca.

JIK, C3

2.4

Brruucnenne OIpeACIUTEIIA 110 HepBOﬁ CTPOKE

B »t0ii TEME paccMaTpuBaeTCs CHOCO0 HAXO0XKICHUS OIPEIEIUTENs
MaTpHIIBI MyTEM PA3I0KEHUS MO JIEMEHTaM NEePBOH CTPOKH.
N3zyuaercst hopmyia pa3iioKeHUs!: ONPEEIUTENb PABEH CyMMe
MPOM3BEICHUH 2IEMEHTOB NEPBOH CTPOKU Ha UX anreOpandecKue
JIOTOIHEeHHs. PaccmaTpuBaroTCst mpuMepsl s MaTpul 2X2, 3x3 u
GoJiee BBICOKHX NMOPSAKOB. OOCYXIat0TCsI MPUEMBI YIIPOILCHHUS
BBIYHCIICHUH (BBIOOP CTPOKM C HAMOOJIBIINM YHCIIOM HyJIEH,
HCIOJIb30BaHUE MTPABUI TPEYToNbHUKOB U Capproca Ui MaTpHIL
3x3).

JIK, C3

2.5

CucTteMsl n ypaBHEHHH

Tema nocasiieHa cucTeMaM U3 N JMHEHHBIX ypaBHEHUH C n
HEW3BeCTHBIMH. V3yuaercs MaTpraHas popMa 3aIHuCH CHCTEMBI
(AX =B), rne A — marpuna ko3d¢dunreHToB, X — BEKTOp
HEU3BECTHBIX, B — BEKTOp CBOOOTHBIX UJICHOB. PaccMaTpuBaroTCS
MTOHATHUS COBMECTHOCTH M OTIPEIEIIEHHOCTH CUCTEMBI, CBSA3b MEXIY
PaHrOM MaTPHIBI U KOJMYECTBOM PEIICHUH. AHATTU3UPYIOTCS
MeTobl penenus: Metoa Kpamepa, meton ["aycca, MeTos oOpaTHO#
MaTpuipl. OOCYKIAIOTCS KPUTSPUH CYIIECTBOBAHUS
€IMHCTBCHHOTO PEIICHHUS (pPaHT MATPHIIBI PABCH YHCITY
HEHM3BECTHBIX).

JIK, C3

2.6

Meron I'aycca. Pemuenune CJIAY B
BBIPOXKJICHHBIX CIyYasix

3necs usydaercs MeTof ['aycca — alroput™ pemieHus: CUCTEM
JMHEHHBIX ypaBHEHHUH IyTEM ITPUBEICHHS MATPUIIBI K

JIK, C3




Homep
pas3nesa

HaumenoBanmue pazaesna
JAUCHHILTAHBI

HaunmeHnoBaHue TeMbI

Copep:xaHue TeMbI

Bun
yueOHoit
padoThr*

TpeyToJibHOMY BUIY. PaccmaTpuBaroTcs miaru: npsiMoit xon
(ucKkiIIOYeHNE IEpEMEHHBIX, BEIOODP BETyIIET0 3JIEMEHTa,
3JIEMEHTapHbIE IPe0Opa30BaHus CTPOK), 00paTHbII X0 (0OpaTHas
MOJICTAHOBKA JUUIsI HAX0XKJCHHUS HeU3BeCTHBIX). Ocoboe BHUMaHME
YIEeINSETCS BRIPOXKICHHBIM CIIy4asiM: CHCTEMaM C OECKOHEUHBIM
YHCIIOM pelIeHui uin 6e3 perieHnid. Vzyyarorcst cnocoObl
OTIPEAEIICHNS PAHTa MAaTPHUIIBI, HAXOXKICHUS Oa3UCHBIX 1
CBOOO/IHBIX IEPEMEHHBIX.

2.7

baszuc u ®CP

Tema nmocasimena noHATHAM 0a3uca n GpyHIaMEHTaIbHONW CHCTEMBI
peurennii (OCP) amst oZTHOPOIHBIX CHCTEM JIMHEHHBIX ypaBHCHHUH.
W3zyuaercs onpeznenenue 6a3nca kak Habopa JIMHEHHO
HE3aBHCUMBIX BEKTOPOB, 00Pa3yIONIUX MOAPOCTPAHCTBO PELICHHUH.
PaccmarpuBaercs anroputM Haxoxaenus OCP: npuseaeHue
MaTpHIIbI K CTyIIEHYaTOMY BH]TY, BBIJICICHHE CBOOOTHBIX
HEepEMEHHBIX, IOCTPOCHHE TUHEIHO HE3aBUCUMBIX PEILICHUH.
AHanu3upyeTcs CBA3b MEXIY PAHI'OM MaTpPHIIBI, YUCIIOM
HEM3BECTHBIX U pa3MEPHOCTHIO MpocTpaHcTBa pemenuit (dimU =n
—1(A)). O6CyXaat0TCst PUMEPHI 3aITUCH OOLIET0 PeIeHUs
cuctemsl uepe3 6azuc @CP.

JIK, C3

Paznen 3

Pe3onbpBeHTa M 3a/1a4ua HA
CcOOCTBEHHBIE 3HAUCHUS

3.1

PesonbBenTa MaTpuIbL

B 3T0i1 TEME paccMaTpuBaeTCs MOHITHE PE30JIbBEHTHl MaTPULIBI —
oreparopHoit pyHKIHH R(A, A) = (A —Al)"!, rne A — MaTpura, A
— mapamerp, | — enunnyHas Marpuna. M3ydaercs ciocod
BBIYHCIICHUS PE30JIEBEHTHI C HCIIOJIb30BaHHEM NMPHCOCANHEHHON
MAaTpHUIBI ¥ XapaKTePUCTHYECKOr0 MHOTowIeHa. O6CyKIaroTCs
CBOJICTBa PE30JIbBEHTHI: AaHATUTUYHOCTD BHE CIICKTPa MaTPHLIbL,
CBSI3b C COOCTBEHHBIMH 3HAYCHUSIMH M BEKTOPaAMH.

JIK, C3

3.2

Oco0ble TOUKH pe30IbBEHTH U COOCTBEHHBIE
3HAYCHUA MaTpHUILbL

Tema mocssiieHa aHanKu3y 0cOObIX TOYEK (QYHKIMH PE30JIbBEHTHI —
TOYEK, T/Ie PE30JIbBEHTA He onpeeneHa (momoca). JlokaspBaercs,
YTO 0COOBIE TOUKH PE30IBBEHTHI COBIAAAIOT C COOCTBEHHBIMHU
S3HAYCHUAMUN MaTPHULBL A, T. €. KOpPHAMH XapaAKTEPUCTUIECKOTO
ypasHenus det(A — Al) = 0. PaccMaTtpuBaeTcst reOMETPUIECKHUIA 1
ayredpanveckuii CMbICI COOCTBEHHBIX 3HAYEHUH, UX POJIb B
Pas3JIoKEHUH PE30JIbBEHTHI Ha IIPOCTHIE APOOH. AHAIU3UPYETCS
CBSI3b MEXKIY KPAaTHOCTBIO TOJIIOCOB PE30JIbBEHTHI U KPATHOCTBIO
COOCTBEHHBIX 3HAUCHHH.

JIK, C3

3.3

KpaTHOCTB COOCTBEHHOI'0 3HAUCHHS

PaCCManI/IBaeTCH AITOPUTM OHIpEACICHUSA KPATHOCTU: BBIYMCIICHHUE

JIK, C3




Homep
pas3nesa

HaumenoBanmue pazaesna
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Bun
yueOHoit
padoThr*

XapaKTePUCTHUECKOTO MHOTOUJICHA, HAXOXKICHUE KOPHEH 1
pa3MepHOCTH HyJICBOTO MPOCTpAaHCTBa MAaTPHIBI (A — Al).
OO6cyxnaroTcs ciaydau, Korja ajareOpanueckas U reoMeTpuIecKast
KPAaTHOCTH HE COBIAAI0T,  UX BIMSHHE HA JHArOHATH3AIHIO
MAaTpPHIIBL

3.4

CoOCTBEHHbIE BEKTOPHI

Tema nocasieHa cOOCTBEHHBIM BEKTOpaM MaTPHIIbl — HEHYJIEBbIM
BEKTOpaM Vv, KOTOpbIE IPU YMHOKEHUH Ha MaTpUIy A JTHUIIb
MacImTabupyIOTCs, HO HE MEHSIOT HaNpaBIeHUs: AV = Av, e A —
coOCTBeHHOE 3HAaUeHHE. V3ydaeTcss MeTOx HaX0XKICHUS
COOCTBEHHBIX BEKTOPOB.

JIK, C3

3.5

OpHoOpoiHAs CHCTEMa JIMHEHHBIX ypaBHEHUI

Tema nmocasimena cucTeMaM JMHEHHBIX yPaBHEHHH, B KOTOPBIX BCE
CBOOO/IHBIC WICHBI PABHBI HYJIO (BUA: anXi + ai2Xz + ... + ainiXn =0
U T. I1.). I3ydaeTcst MaTpuUIHOE MPEACTABICHUE TaKOM cUcTeMBI (AX
=0, rme A — martpuna ko3 HUIIHSHTOB, X — BEKTOP-CTOJI0CI]
nepeMeHHbIX ). PaccMarpuBatores nBa ciyyasi: eciu det(A) #0 —
CHUCTEMA UMCCT TOJBKO TPUBUAJILHOC PCHICHUC (BCC NIEPEMECHHBIC
paBHbI Hy0); eciu det(A) = 0 — cuctema umeet OECKOHEYHO
MHOT'0 peIIeHUH (TpUBHAIFHOE + HETPUBHAJIBHEIE).

JIK, C3

3.6

MHO03K€eCTBO pEeLIEHUH OJHOPOAHON CUCTEMBI
JIMHEHHBIX YpaBHEHUI

B 91011 TeMe aHaIM3UPYETCS MHOKECTBO PELIEHUH OJHOPOJHON
CHCTEMBI KaK BEKTOPHOE MpocTpaHcTBO. KittoueBoii koHIenuen
sBIsieTca (yHIaMeHTanbHas cuctema pemennit (OPCP) — Gasuc
9TOTO MPOCTPAHCTBA.

JIK, C3

3.7

33[[3‘13 Ha COOCTBEHHBIE 3HAUCHUS

Tema nocBsiIeHa HAX0XKICHHIO TAKMX 3HAYCHUH A (COOCTBEHHBIC
3HAYCHUS1) U HCHYJIEBBIX BEKTOPOB V (COOCTBEHHBIC BEKTOPEI), IIPH
KOTOPBIX BBITIOJNHSETCS PABEHCTBO AV = Av, TIe A — KBaJpaTHas
Marpuia.

JIK, C3

Paznen 4

Ksanparuansie ¢GopMBL
3amaga 00 SKCTpeMyMe
KBaJpaTUIHON (OPMBI HA
eANHUYHOMN cepe

4.1

KBagpatuunsie popmsl

Tema BBOZUT NOHATHE KBAJPATUIHON (POPMBI — MHOTOUIEHA
BTOPOM CTETIEHH OT N NMePEeMEeHHBIX (Harmpumep, q(Xi1, X2, ..., Xn) =

2 3iiXiXj).

JIK, C3

4.2

3amaya 00 9KCTpEeMabHBIX 3HAUYESHUIX
KBaJpaTUIHON (OopMBI Ha cdepe

B teme paccmaTpuBaeTcs 3a1ada HaX0XKICHUS MaKCUMAJIBHOTO H
MUHUMAaJIBHOTO 3HAYCHUH KBagpaTHaHON Gopmbl Q(x) = xTAx (rae
A — cumMeTpHuYHas MaTpuIia, X — BEKTOP) IIPH yCIOBUH, YTO
BEKTOp X JIeXHUT Ha equHnYHOH chepe (Ixl =1, 1. e. x'x =1).

JIK, C3

4.3

3amada Ha yCIOBHBINA AKCTPEMYM

Tema mocBsIeHa HAXOKIACHHUIO SKCTpeMyMoB pyHkuu (X1, Xz, ...,
Xn) IPH HAJIMYHHW OTPAaHIYCHHUH Zi(X1, X2, ..., Xa) =Ci(i=1, ..., m).

JIK, C3

4.4

Merton mHo)xuTenelt Jlarpanxka

JECh paCCMATPUBACTCA OAWH M3 OCHOBHBIX METOAOB PCIICHWA 3a1a4

JIK, C3
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Bun
Homep HaumenoBanmue pazaesna "
HaunmeHnoBanue TeMbl Copep:xaHue TeMbI yueOHoit
pas3nesa TUCIHILTAHBI %
padoThI
Ha yCJIOBHBIH 3KcTpeMyM. M3yuaercs: popMyIMpoBKa MeToa:
noctpoenue GpyHkuuu Jlarpamka L(x, L) = f(x) — A-g(x), rne A —
MHOXHTeNb Jlarpanxa.
Tema mocasieHa U3y4eHuno napadoaon1a — HOBEPXHOCTH
5.1 [TapaGonoun o Y o P N P ’ JIK, C3
3aJiaBaeMoil KBaapaTuuHOH QyHKIMeH TpEX mepeMeHHbIX.
Tema nocasImeHa pemeHuo 3a/1a4, B KOTOPBIX TpeOyeTcst HallTH
5.2 3amayn Ha MUHUMYM U MaKCUMYM HarOOJIbINICe MM HAUMCHBIIICE 3HAUCHUE (DYHKIMH IPH 3aaHHBIX JIK, C3
OTpaHUYCHUSIX.
B Teme n3ydaroTcst KpUTEpHH, TIO3BOJIIONINE OTHOZHAYHO
Paszen 5 Ksanmparuunsie GyHKIHN. 5.3  |JocraTo4HbIe yCIOBUS IKCTPpEMyMa OTIPENIeNIUTH TUT dKCTpeMyMa (MakcuMyM, MUHAMYM i cemioBast | JIK, C3
3amada 00 SKcTpeMyMe TOYKa) B KDUTHYCCKON TOUKE (DYHKITHH.
Tema 00beIUHSET TEOPETHUCCKIE 3HAHUS U PAKTUICCKUE HaBBIKI
5.4  |3amgaum Ha 3KCTpEMyM A p p JIK, C3
pemeHns 3a1a9 Ha HaX0KICHHE SKCTPEMYMOB.
Tema nocBsIIeHa KPUTEPHUIO, MTO3BOJIIOMIEMY OTIPEICIUATh THIT
. KBaIpaTUIHOH (POPMBI (TIOIOKUTETHHO/OTPULIATEIIEHO
55  |Kpurepwnii CuisBecTpa ApaTH popmsi ( PHL . JIK, C3
ompenenéHHast, 3HaKOIIepeMeHHas) TI0 YTIIOBBIM MHHOpaM €€
MaTpHIIBL.
TeMma n3yuaer paclIMpeHHue CKaISPHbIX QYyHKIIMI HA MHOKECTBO
6.1 DYHKITUHA OT MATPHI] y p p p (bynkn JIK, C3
Pasnen 6 IIpuBeneHne MaTpPHUIIHI K MaTpHIL.
JMarOHAJTbHOMY BHUJ Tema nocBsIeHa KJIacCy MaTpHIl, UTPAIOLIUX BAKHYIO POJIb B
y Y 6.2 DPMUTOBBI MATPHUIIBI  [TOCBAIIL Y P i rpator yiop JIK, C3
JMHEHHOH anredpe ¥ KBAaHTOBOM MEXaHHUKE.
MeTo HauMEHbIITNX Tema neTanbHO pa3oupaeT MPpUMEHEHHE METOAA I JIMHEHHON
Paznen 7 7.1 Meroa HaMMEHBIINX KBAJIPaTOB p p P JIK, C3
KBaJ[paToB perpeccum.

* - zanonuseTcst Toabko mo OUHOW dhopme odyuenust: JIK — nexyuu, JIP — nabopamopusie pabomul, C3 — npakmuueckue/ceMunapcKue 3ausamus.
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6. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHUE JUCHUIIJIMHBI

Tabnuya 6.1. MamepuaneHo-mexnuueckoe obecneuerue OUCYUNIUHbL

Tun aynuropuu

OcHamenue ayiuropuu

CrnenuajJu3supoBaHHOe
yueOHOe/1abopaTopHOe
odopynoBanmue, [10 u
MaTepHaIbI 1JIs1 0CBOECHHSA
AUCHUTLITUHBI
(mpu HeOOXOAUMOCTH)

Aynuropus JUisi IPOBEICHUS 3aHATUI
JIEKIIMOHHOT'O THUIIA, OCHAIIICHHAS

Aynuropus nis
MPOBEJICHUS 3aHATUN
JIEKIIMOHHOTO THUIIA,
OCHAILIEHHAs] KOMIJIEKTOM
CHEeIHaAIN3UPOBAHHON
MeOenu; J0CKOH (3KpaHOM)
U TEXHUYECKUMU
CpelICTBaMU MYJIbTUMEANA

JlekoHHast KOMIUIEKTOM CHEeLIMaIM3UpOBaHHON Mebenu; | mpe3eHTanuii. [Ipoextop,
JOCKOM (3KpaHOM) U TEXHUYECKUMU KOMITBIOTEP/HOYTOYK ¢
CpeACTBaMHU MyJIbTUMEINA NPE3eHTalUM. noctynom cetu IHTepHeT u
AIIEKTPOHHO-
o0pa3oBaTesbHOM cpefe
YHuBepcurera, 6paysep,
I1O nns mpocmotpa
PDF/PowerPoint, MS
Teams.
Aypauropust 11s
IIPOBEJECHUS 3aHATUI
CEMHUHApPCKOIo TUIIA,
IpYNIOBBIX U
Aynuropus JUisi IPOBEIEHUS 3aHATUI WH/IMBUTY TBHBIX
CEMHMHAPCKOI'0 TUIA, IPYMIOBLIX U KOHCYJIbTallM, TEKYIETO
WHIUBUAYAIbHBIX KOHCYJIbTALMH, TEKYLIETO | KOHTPOJIS U
KOHTPOJISL U TPOMEXYTOYHOM aTTecTalluu IIPOMEXYTOYHON
CemuHapckas p P Y T P Y
OCHAII[EHHAsI KOMITJIEKTOM aTTecTalluy, OCHAIIEHHas
CreLUANIN3UPOBaHHON MeOenu 1 KOMIUIEKTOM
TEXHUYECKUMHU CPEICTBAMU MYJIbTUMEANA CHeraln3upOBaHHON
IIpE3EHTALUM. MeOenH U TEXHUYECKUMHU
CpelICTBaMU MYJIbTUMEANA
IIPE3EHTALAMN.
Komnerotep/HOyTOYK,
JI0OCKa ¥ MapKepbl.
Aynuropus ais
. CaMOCTOSITENIbHOM PabOThI
AynuTopHs Ui CaMOCTOSATENIbHOW PaboThI
oOyuaromuxcs (MoeT
oOydJaronuxcsi (MOXKET UCIIOIb30BaThCS TS
Hist . MCIIOJIb30BaThCS AJIs
. | MpOBeIeHUsI CEeMHUHAPCKUX 3aHATHI U
CaMOCTOSITENIbHOM . MIPOBEJICHUS] CEMUHAPCKUX
KOHCYJIbTAIMI ), OCHAILIEHHAs! KOMIUIEKTOM . .
paboTHI 3aHSATUI U KOHCYJIbTAIHA),

CHeIUaIu3UPOBAHHON MeOeH U
KoMIbroTepami ¢ goctynom B OUOC.

OCHAIIIEHHAs] KOMIJIEKTOM
CIIELUAIIN3UPOBAHHON
MeOenr ¥ KOMIIBIOTEpaMH C
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noctynoM B DUOC. OC
Windows mim OC Linux,
oducusiii maket MS Office
i LibreOffice, ITO pis
npocmotpa pdf (Hampumep,
acrobat reader wim evince).

* - ayauTOpHs U CAaMOCTOSATENFHON paboThl oOydatronixcs ykaspBaercss OBA3ATEJIBHO!

7.  YYEBHO-METOJUYECKOE 1 HH®POPMALIMOHHOE OBECIIEYEHHUE
JUCHHUITJIMHBI

Ocnoenas numepamypa:

1. BacunbeB C.A., Manbix M./l., CeBactbsiHoB JI.A. YueOHO-METOAUYSCKUI KOMILICKC
no pucuuiuinbe «JIuneitnas anre6pa». — M.: M3a-so PYJIH, 2017

2. l'anaxos E.W. Jluneitnas anre6pa [ DnexTpoHHbI pecypc]: YueOHoe nmocodue / E.N.
I'amaxos, O.A. Canuena. - M.: U3a-Bo PY/IH, 2010. - 48 ¢. - ISBN 978-5-209-03853-5: 0.00.

3. Koncnexr nekuwii o Beiciieit matematuke: [lonusiit kype / [I.T. [Tucemennsiid. - 11,
12, 13, 14-e u3x. - M.: Aiipuc-nipecc, 2013, 2014, 2015 - 608 c.: ui. - (Beicmee oOpazoBanue). -
ISBN 978-5-8112-4866-7. - ISBN 978-5-8112-5257-2. - ISBN 978-5-8112-6043-0. - ISBN 978-
5-8112-2374-9.: 500.00
Hononnumenvnasn numepamypa:

1. COopHUK 3a/1a4 110 MaTeMaTUKE ISl BTY30B: YueOHOe 1ocoOue JIjIsl BTY30B: B 4-X .
U.1 : Jluneiinas anredpa 1 OCHOBBI MaTeMaTHuyeckoro aHanusa / B.A. bonros; [lox o6m. pen.
A.B.Edumona, b.I1.[lemunoBuya. - 3-¢ u3., ucrp.; PenpuHTHOE BOCIIPOU3BEICHUE U3 AaHUS
1993 roma. - M.: Anbsiac, 2014. - 480 c. : un. - ISBN 978-5-91872-051-6 : 832.00.
Pecypcuol ungpopmayuonno-menekommynuxkayuourot cemu « Mnmepremy:

1. O9bC PYIH u cropornue DBC, Kk KOTOPBIM CTYJI€HThl YHUBEPCUTETA UMEIOT JOCTYII
Ha OCHOBaHHUH 3aKJIIOYEHHBIX JOTOBOPOB

- DnekTpoHHo-ombnuoTeunas cucrema PYJIH — 9bC PY JIH
https://mega.rudn.ru/MegaPro/Web

- OBC «YHuBepcureTckas 6ubianoreka onnan» http://www.biblioclub.ru

- OBC Opaiit http://www.biblio-online.ru

- ObC «KoHcynbpTaHT cTynenTay www.studentlibrary.ru

- OBC «3nanuym» https://znanium.ru/

2. ba3bl JaHHBIX ¥ TTOMCKOBBIE CUCTEMBI

- Sage https://journals.sagepub.com/

- Springer Nature Link https://link.springer.com/

- Wiley Journal Database https://onlinelibrary.wiley.com/

- Haykomerpuueckas 6a3a nannbix Lens.org https://www.lens.org
Yyebno-memoouueckue mamepuansvt 011 camocmosmenbHoU pabomsl 00y4arOuuxcs npu
0CBOCHUU OUCYUNTUHBL/MOOYAAE:

1. Kypc nekuuit no qucturmiuie «JInHeiHas aareopay.

* - Bce yueOHO-METOANYECKHE MaTepHallbl Uil CaMOCTOATENbHOM paboThl 00yJaromuxcs
pa3MeIialTcs B COOTBETCTBUHU € ACHCTBYIOLIUM NOpsiAKoM Ha cTpanule aucuuruinasl B TYUC!
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PA3BPABOTYMUK:

AccucreHT Kadeapbl

MAaTEMATUYCCKOT' O
MOJICJIMPOBAHUS U Kpoiitop Oner
HNCKYCCTBCHHOT'O HHTCIIJIICKTA KoncrantnHOBHY
Jonoxcnocmo, BYIT Tloonuce Damunus 1. 0.
PYKOBOJUTEJIb BYII:
Honoscnocmo BYIT ITloonucw @amunus U.0.
PYKOBOJUMTEJD OII BO:
banamosa CBernana
3aBenyromnuii kageapoit AJnekceeBHa
Honxcnocmo, BYTT Ioonuce Damunus U.0.

14



