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1. HaumeHoBaHue AUCIHHUIT/INHBI

«Anredpa U reoMeTpus».

2. IlepevyeHb IMJIAHMPYEMBIX Pe3yJbTATOB OCBOEHHUsI 00pa30BaTeIbHON MpPO-
rpaMmsl (epe4eHb KOMIIETEHUMI) ¢ YKa3aHMeM MHAMKATOPOB HX JO0CTH-
JKeHUI U IVIAHUPYEMBbIX Pe3yJbTATOB 00y4YeHHS 10 AUCHUILIUHE

JucrummHa «Anredpa v TeoMeTpusy o0ecriedynBaeT (popMUpOBaHHUE CIICAYIOMEH

komnerennuu: [IKH-2

peanu3oBbIBas  aj-
TOPUTM pEIlIeHUs B
BUJEC  IpOrpamMm-
HOTO MOJTyJIst

2. AjanTupyeTr U MpPUMEHSET
CYLIECTBYIOIIME MaTeMaTH-
YECKUE MOJENH I pelie-
HUSL TIOCTABJIEHHOM MpHU-
KJIQJIHOW WM TEOopeTHye-
CKOM 3a/1auu.

3.Bnageer  MeTomoiioruen
MaTEMaTHYECKOTO MOJEIIH-
pOBaHUS IS PELICHUS IIPO-
dbeccroHaNbHBIX 33/1a4.

Kon HaumenoBanue Nuaukarops! noctu:kenusi | PesyabraTnl 00yueHus: (YMeHust

KOM- KOMIIETeHIIHH KoMmeTeHuu’ U 3HAHHS), COOTHECEHHbIE C MH-

neTeH- AUKATOPAMH JOCTHKEHUSI KOM-

UM NeTeHIUH

IIKH-2 | Cnocoben ¢ momo- | 1./lemoHCTpupyeT  3HaHUE | 3Hamb 0A30BbIC IOHATUS MaTeMa-
IIbI0 MaTemaThue- | 0a30BbIX  MaTeMaTHYECKHMX | THYECKUX MOJIeNei, NpuMeHse-
CKOM Mozenu pe-| MOAeNeH, NPUMEHSEMBbIX B | MbIX B pa3jMyHBIX pazjenax aj-
1iaTh  I[OCTABJIEH- | PA3JIUYHBIX NPEAMETHBIX 00- | reOpbl U FEOMETPUH;
HYI0  TEOpeTHYe- | JIACTAX. Ymemsv nemoncTpupoBarh  ain-
CKyl0 WM TIpHU- re0po-reoMeTpuyeckue Marema-
KIAJHYIO0  3ajady, TUYECKUE YTBEP)KJIEHUS OCHOB-

HBIX Pa3JIcsIOB anre6pbl Hn reoMET-
puu, BBIACAA TJIAaBHBIC CMBICIIO-
BBIC ACIICKTHI B JOKAa3aTCJIbCTBAX.

3namp CymecTBYIOIIME MaTema-
TUYECKUE MOJENH I PEUICHUS
MOCTaBJIICHHON MPHUKJIAIHON 3a-
Jlauu;

Ymems anantupoBarte maTeMartu-
YeCKUe MOJIEIH JISUT PEIICHHSI TeO-
pETUYECKON 3a/1auu.

3namp METONOJOTHIO MaTeMaTH-
YEeCKOro MOJICIMPOBAHUS IS pe-
[ICHUs] TPO(PECCUOHATBFHBIX 3a/1a4
anreOpbl U TEOMETPHH;

Ymems» wcnons3zoBate WHCTPY-
meHTtapuiit Microsoft Excel, R, Py-
thon (Jupyter Notebook) ms pea-
JM3AIMU AITOPUTMa PELIeHUs 3a-
Ja4q B BUAC IMPOrpaMMHOIO MO-
JyJist B 00J1aCTH MPUKIIATHOTO Ma-
ITUHHOTO O0yUYEHUSI.




3. MecTO TMCUMILINHBI B CTPYKTYpe 00pa3oBaTeibHbIX MPOrpamMMm

JuctunmnHa «Aneebopa u eeomempusy OoTHOCUTCS K OOmedakyIbTETCKOMY
(mpeanpodunbHoMy) nukiny HanpasieHus noarotoBku 01.03.02 - Ilpuxnaonas mame-
mMamuxa u unghopmamuxa, OIl «4nanuz oannwvixy, [lpoduns: «Ananuz oannwvix u
npuHsUe peuenull 8 dKOHOMUKE U PUHAHCAXY.

W3ydeHne TUCIUTUIAHEI «Aeebpa u eeomempusy 6a3upyeTcs Ha 3HAHUAX, TIOITY-
YCHHBIX B pPaMKaxX M3y4eHHUs MaTeMaTHUECKUX TUCIHUIUIMH, BXxoasmux B OIl OGaka-
naBpa no Hanpasieruro noarotoBku 01.03.02 - Ilpuxraonas mamemamuxa u ungop-
mamuka»: MaremaTuueckuil aHanus, /Juckpetnas MaremaTruka, AITOPUTMBI U CTPYK-
TyphI IAaHHBIX B s13bIKe Python.

4 O0beM IUCHUILUIMHBI (MOIYJIsI) B 32aYE€THBIX €JUHMIAX U B AKaJeMUYECKUX
yacax ¢ BblleJIeHueM 00beMa ayAUTOPHOM (JIeKIMH, CECMUHAPBI) U CAMOCTO-
SITEJIbHOM Pa0oThI 00yYAKOIIMXCH

Ounas popma ooyuenus

Bun yue6Hoii pa6oThI Bcero Cemectp 3
0 JUCIUIIINHE (B 3/e u yacax) (B yacax)
OO0mas TPY10eMKOCTh U CIUTITHHBI
AR TPYA Anet 5/180 180

Konmaxkmnuas paboma

A 68 68
- Ayoumopmnbuie 3anamusn
Jlexyuu 34 34
Cemunaprl, 50 50
npakmudeckue 3aHAmMus
Camocmoamenvnas paboma 94 94
Bun texymiero KoHTposis KonTtponsHas KontposbHast

pabota pabota

Bun npomexxyTouHoM arrecTanun OK3aMeH DK3aMeH

5. Conep:kanue TUCUMILIHHBI, CTPYKTYPHPOBAaHHOE M0 TeMaM (pa3eiaM) IuCHu-
IVIMHBI ¢ YKa3aHUEeM MX 00beMOB (B aKaJeMHYECKHX 4acaxX) U BHIOB Y4eOHbIX
3aHATHI

5.1. Copep:xaHue TUCHUIINHBI

Pa3nen 1. Cucrembl JIMHEHHBIX aJiredpanyecKux ypaBHeHUI.

Pa3zBepHyTas u mMaTpuuHasi (pOpPMBbI 3alIMCU CUCTEMbI JIMHEHHBIX alreOpanyecKux
ypaBHeHuit (CJIAY). PaBHocuiibHBIE Tpe0OpPa30BaHUSI CUCTEMBI M1 COOTBETCTBYIOIIHE
UM 3JIEMEHTapHbIe PeoOpa30oBaHusl CTPOK PACIIUPEHHON MaTpuIlbl (METO.



sympy.Matrix().elementary_row_op()). CtyneH4arbie U peaylHupOBaHHbBIE CTyIICHYA-
Thie (DOPMBI MAaTPHUIl B WX peanm3anus B Sympy (meroxsr sympy.Matrix().rref() (Row
echelon form) u sympy.Matrix().echelon_form()). Teopema o npusenenuu CJIAY k
penyuupoBanHoi crtyneHdyato (opme. HccnenoBanne CJIIAY Ha COBMECTHOCTD.
VYcaoBue COBMECTHOCTH JIMHEMHOM cucTeMsl (TeopeMa Kponekepa-Kanennun). Haxox-
nenue pemennit CJIAY meronom I'aycca-Kopaana. [IpuBenennas cucrema. MHoxe-
CTBO peIlIeHUH OJHOPOIHOM cucTeMbl. DyHaaMEeHTalIbHAS MaTpulla U PyHIaMEHTalb-
Hast cuctema pemieHuit (OCP) npuBenenHol cuctembl. CTpyKTypa OOLIEro pemieHus
MIPOM3BOJIBHON CUCTEMBI JIMHEWHBIX YPAaBHEHUN, MAaTpUUHAsI (popMa €ro 3ammcH.
Pazjnen 2. MaTpuubl U onpeaeuTe n

OnpeneneHrue 4YHUCIOBBIX MaTpUIl U Pa3U4YHbie (POPMBI HX HCTOIKOBAHUS.
CronO1uibl, CTPOKH, TJIaBHAS U MOOOYHAA AMAroHaM (I KBaapaTHIX Matpul). Cio-
KEHHUE MaTPUILl U YMHOKEHHE HA YMCIIO0, CBOMCTBA JIMHEWHBIX onepauuid. TpaHCOHH-
poBanue maTtpuibl. CBOMCTBA ONEpallMi TPaHCIOHUPOBaHUs. HaeKkcHbIe 0003Haye-
HUSI DJIEMEHTOB MATpHUIl U omeparuid Haj HUMHU. MaTpuIbI-CTOJIOUBl U MaTpPUIlbI-
ctpoku. [Ipon3Benenne MaTpuil, MpaBUiIo «CTPOKa Ha cTooe». CHMBOJ CYMMHpPOBa-
HUs X U ero coiicTBa. [Ipsimas cymma maTpuil U npousBeeHne Kponekepa Matpuil.
OO6paTtHas Matpulia. DJIeMEHTapHbIE MPeoOpa3oBaHUsl CTPOK (CTOJIOIOB) B TEPMUHAX
YMHOXEHHUsI MaTpull. Beruncienre oOpaTHON MaTpUIlbl METOJIOM DJIEMEHTAPHBIX Tpe-
o0pa3oBaHuii CTPOK MpucoeanHeHHOM MaTpullsl (Meton ["aycca -XKopaana). LU — pasz-
JIOKEHHUE oOpaTtumoit MaTpPHUIIBI. Peanuzanus B sympy (meTon
sympy.Matrix().LUdecomposition()). Cien kBaapaTHo¥ maTpuilbl. Panr maTtpuiibl u
aJIeMEHTapHbIe TTpeoOpa3oBanusi. MUHOPHI MPOU3BOJIBLHOTO Mopsiaka. ba3ucHelil Mu-
HOp. Teopema o 0a3rcHOM MHUHOpE. MeTo1 OKalMIIAIOIINX MUHOPOB. MaTpulibl Ana-
Mapa. OCHOBHBIC METOJIbI MATPUYUHOM anreOphl, peanu3oBaHHble Ha Python B Oubmo-
TeKax Sympy u numpy.

Onpenenenue JeTepMUHAHTa (ONpenenuTens) KBaApaTHOH MaTpuilbl. MuUHOpBI
€ro JIEMEHTOB U UX alreOpanyeckue TOMOoJHEHUs. PasnokeHue ornpeaenuresns 1Mo
MIPOM3BOJILHOM cTpoke (cTobiry). CBoiicTBa onpenenureneit. Onpenenurens Banaep-
MOH/Ia. Beruucienue onpenenuTenei myTeM HaKOIUICHUS HYJIEH B CTpOKe (CTOJIOIE).
JleTepMHUHAHT KaK WHAMKATOP JUHEHHOW 3aBUCHMOCTH CHCTEMBI CBOUX CTOJIOIIOB
(ctpoxk). @opmyiel Kpamepa. O6o61menne Teopema Jlammnaca.

IlepectaHoBKM M HX CBOMCTBA. MHBEpCHs, YETHOCTb, MOPSAIOK MHEPECTAHOBKH.
Bektop nHBepcui, npaselil U JIeBbIM BeKTOp nHBEpcUil. Teopemsnl I1.A. Mak-Marona
u J1. ®oarta — M. I1. lllynen6epxe. KoMOnHaTOpHO-aHATUTHYECKOE OTpEIETICHUE JIe-
tepMuHaHTa. Peanusanus Ha Python kiracca Permutation B sympy.



Pa3znen 3. AuiredOpandeckue CTPyKTYpPbI

OnpeneneHue U 3JIEMEHTapHBIE CBOMCTBA rpynn. EIMHCTBEHHOCTHEIMHUIIBI
U obOpatHoro snemeHta. Cummerpuueckas rpymnmna. [loarpynmbsl U HOpMalbHbIC
noarpymisl. 'omomopdusmsel U pakToprpynmsl. Teopema o romoMopPusme.

Onpenenenue koapua. Konbio BeraeToB. MyNIbTUIUIMKATUBHAS TpyIIa KOJbLA
BbIUETOB. [loJie BbIUeTOB 10 npocroMy mMoayito. [lone parmonansHbiX apooei. [Tone
JNEHUCTBUTEIBHBIX YUCEIL.

Pa3nen 4. Ios1e KOMILIEKCHBIX YHCEJT

KommuiekcHble yncna U ACUCTBHUS HaJ HUMHU. ['eomeTpuyeckass MHTEpHpeTanus
KOMIUIEKCHBIX ~ 4YHcel. Moaynb M apryMeHT  KOMIUIEKCHOTO  YHCJIA.
Tpuronomerpuyeckass ¢gopMa KOMIUIEKCHOIO 4YHCIA. YMHOXKEHHE U JIeJICHUE
KOMILJIEKCHBIX YHUCENI B TpUroOHOMeTpuuyeckod ¢opme. Dopmyna Myaspa. Kopuu
N-OU CTEIEHU U3 KOMIUIEKCHOI'O 4ucia. ['eoMeTpruyecKkoe NpeaCcTaBICHUE KOPHEU.
Pemienne ypaBHeHuid Buga w" = z, z # (0 HaJ DOJIEM KOMIUIEKCHBIX YHCEIL
[TokazarenpHast opMa 3anucu KoMIUIEKCHBIX uucen.dopmyna Diinepa. BekTtopHbie
IPOCTPAHCTBA HAJ IMOJIEM KOMIUIEKCHBIX uyucen. Kom- mnekcudukauus wu
oBemiecTBIeHUE. KOMIIEKCHAasT W JACWCTBUTENBbHAs pPa3sMEPHOCTb. MarpuyHoe
MpeACTaBIeHUE U cheprudeckoe n3o0paxenue KoMiuiekcHbIx uncen. Cepa Pumana.
Peanuzanuss OCHOBHBIX ONeEpalii HajJ TOJeM KOMIUICEKCHBIX umcen Ha Python B
oubroTekax sympy u cmath.

Pa3nen 5. Hauana anredOpb1 MHOTO4IEHOB

CreneHb MHOTOWJIEHa, CBOMCTBA CTENEHU. TeopemMa O [MEJIEHUU C OCTAaTKOM
B KoJblie MHOrouaeHoB. HOJI mHorounenoB. Pacimmpennsiii anroput™m EB-knuaa u
ero peanu3saius Ha Python (merox ged() u gcdex() B sympy).

OcHoBHas Teopema anredOpbl B KOJIbLIE MHOTOWIEHOB HaJ| MOJIEM KOMILIEKCHBIX
yuces. TeopeMa 0 pas3yioKeHHE MHOTOUYIEHA ¢ KOMIUIEKCHBIMHU KO3 (dullneHTaMu Ha
JTuHEeNHble MHOXKUTENU. @opMyiibl Bueta. MHOTOUsIeHbI ¢ JEHCTBUTEIBbHBIMU KO3 (-
¢unrenTaMu. MHOTOWIEHBI OT HECKOJIBKUX MEPEMEHHBIX. DJIEMEHTAPHbIE CUMMETPH-
YECKHUE, CTENEHHBIE U IOJHBIE OAHOPOAHBIE CUMMETPUYECKHE MHOrOWIeHbl. Pop-
MyJibl HeroToHa. OCHOBHAsI TeOpeMa JUIsl CAMMETPHUYECKUX MHOTOUYJIEHOB U €€ pealu-
3anus Ha Python (meton symmetrize() B sympy). JluckpuMuHAHT U pe3yJbTaHT MHO-
FOWICHOB, U X OCHOBHBIE CBOMCTBA. Peanu3anus BbIYMCICHUN JUCKPUMHUHAHTA U Pe-
3ysbTaHTa MHOrOoYwIeHOB Ha Python (Metossr resultant() u discriminant() B sympy).

Pa3nen 6. JIuHeliHble onepaTopbl B TUHEHHOM NMPOCTPAHCTBE

Onpenenenue JIMHEWHOTO (BEKTOPHOI0) MpocTpancTBa. [IpocTeiiiine cnencTus u
aKCHOM JIMHEWHOTO MPOCTpaHCcTBA. JIMHENHAst 3aBUCUMOCTh BEKTOPOB IPOCTPaH- CTBA.
bazuc u 3amena 6azuca. JInneliHble MOAIPOCTPAHCTBA — ONPENEICHUE U TPU- MEPHI.
CyMMma U mepecedeHne MmoanpocTpancTB. [IpsimMas cymma moAnmpoCTpaHCTB.



Omnpenenenre JTUHEHHOTO omeparopa. MaTpuia TUHEHHOTO omepaTopa B (PUKCHUPO-
BaHHOM Oasuce OmnpeneneHue JMHEHHOrO OTOOPAKEHHS JIMHEWHBIX IPOCTPAHCTB.
[IpeoOpazoBanue JIMHEWHOTO MpocTpaHcTBa. KoopauHaTHas 3alUCh JMHEHHBIX Ipe-
oOpa3zoBanuii. I3MeHeHrne MaTpHUILlbl TUHEHHOTO MpeoOpa3oBaHus MU 3aMeHe Oa3uca.
CymMa u mpousBeAeHHE JMHEWHBIX OToOpakeHuil. M3oMopdu3mM JIHMHEWHBIX Mpo-
cTpancTB. HBapuaHTHbBIE MOAIPOCTPAHCTBA. 3ajaya O COOCTBEHHBIX BEKTOpax JH-
HelHoro npeodpazoBanusi. COOCTBEHHbIE YKCIIA, CIIEKTP JUHEHHOTO oneparopa. Coo-
CTBEHHBIE IMOANPOCTPAHCTBA. XAPAKTEPUCTUUECKUNA MHOTOUWIEH JIMHEWHOrO OIepa-
TOpa M €ro HHBApUAaHTHOCTh OTHOCUTEIHHO 3aMeHbI Oa3uca. CBOWCTBa COOCTBEHHBIX
BEKTOPOB U COOCTBEHHBIX 3HaueHui. ['eoMeTprueckas u anrebpandeckas KpaTHOCTb
CcOOCTBEHHOI'0 3HaY€HUs. J{naroHalbHBINA BUA MaTpUIIbl IpeoOpa3oBaHus. JIuneliHble
OIIepaTopbl MMPOCTOM CTPYKTYphl. KpuTepnii AuaroHanu3upyeMOCTH MaTPULIbI JIMHEH -
Horo omneparopa. Teopema 'amunproHa — Komm. IloHsATHE MHUHMMaNIbHOTO MHOTO-
ysieHa. COOCTBEHHbIE 3HAYEHUSI U COOCTBEHHBIE BEKTOPbI HEOTPULATENBHBIX MATPHII.
Teopema ®@pobennyca-Ileppona. BekTopHble MpoCTpaHCTBA CO CKAJISPHBIM IIPOU3BE-
nenneM. Oproronanusanus ['pamma — [lImuara. OpTOrOHaNBHBIE U YPMUTOBBI MAT-
punibl. CamocomnpsibkeHHble omnepaTopbl. Metoasl charpoly(), eigenvects(), eigen-
vals(), nullspace(), diagonalize(), peanu3oBanHbie Ha Python B OubnmmoTekax sympy u
numpy.
Pa3nen 7. KBagpaTnunbie u OusinHelinbie popmMbl
Jluneitnpie yncioBbie QyHKIMU (PyHKIIMOHANBI, (OPMBI) HA JIMHEWHBIX MPOCTPaH-
cTBax. bunuHeitnesie u kBajipaTHuHbie GopMbl. PaHr 1 MHIEKC KBapaTUIHON (DOPMBI.
KBagpatuunbie popmbl U ckaiasipHoe npousBeAeHue. V3MeHeHue maTpulbl KBajpa-
TUYHOU (hopmbl npu 3aMeHe Oazuca. [IpuBenenue kBagpaTU4HON POPMBI K HOpMAJIb-
HOMY BuAYy MeroaoM Jlarpawxka. [IpuBenenue kBaapaTUyHOW (POpPMBI K KaHOHUYE-
CKOMY By MPH MTOMOILXA OPTOTOHAJIBLHOT0 MpeoOpa3oBaHusl. 3aKOH UHEPLUU KBaipa-
TuHBIX popM. Kputepuii CriibBecTpa 3HaKOOIPEACTICHHOCTH KBAAPATUIHON (POPMBI.
Pa3nen 8. KpuBble u NOBEpPXHOCTH BTOPOro NOPSAKA

[TapameTpruuecknue ypaBHEHHS] KPUBOW Ha IJIOCKOCTH. 3aMEyaTeJIbHbIE KPUBBIE.
IToctpoenue kpuBbix. KpuBbie BTOporo nopsaka. KaHonnueckoe ypaBHEHHE OKPYXk-
HOCTH. DIIJTUIIC, €r0 KAHOHUYECKOE YpaBHEHHE U cBoiicTBa. MccnenoBanue hopmbl 3ii-
JIMICa Mo €ro ypaBHEHUIO. OKpYKHOCTh KaK YaCTHBIN ciryyai surca. [lapamerpu-
Yyeckue ypaBHeHUs »iuurnca. ['unepbosia, ee KaHOHUYECKOE ypaBHEHHE. U CBOMCTBA.
Compsokennast runiepbosna. MccnenoBanune ¢opmbl rumnepbossl. [lapamerpudeckue
ypaBHeHus rumnepOousl. [lapabona, ee kaHOHHYECKOe ypaBHEHHE U CBoiicTBa. Mcce-
noBanue Gopmel napadosbl. O01Iee ypaBHEHUE KPUBOM BTOPOTO MOPSIIKA U €T0 TPH -
BeJIeHHE K KaHOHMYecKoMy Buay. Kiaccudukaiysi KpuBbIX BTOPOTO MOPSIIKA.



[IoBepxXHOCTM BTOPOrO MOpsAJKAa U UX KAHOHMYECKHE ypaBHEHH:A. lloBepxHOCTH

BpameHud. Llunmuapuyeckre nopepxHoctu. Konnueckue noBepxHoctu. MHUMBIE TT0-

BepxHOCTH. Diumuticona. [ unepoononssl. [lapadononasl. Metos ceueHuit Ay uccie-

JOBaHUS U MOCTPOEHUS MOBEPXHOCTEN BTOPOro nopsaka. O01iee ypaBHEHHE TOBEPX-

HOCTH BTOPOTI'O IIOPAAKA U €TI0 IIPUBCACHUC K KAHOHUYCCKOMY BHUY.

5.2. Y4yeOHO-TeMATHUYECKHH ILIAH

Ne HaunmenoBanue Tem TpyroéMkocTs B yacax ®opMbI TEKYy-
1/ (pa3nesioB) nucHHU- 1ero KOHTPOJI
TUTHHET Bcero Konrakrhas padora- Camo- yenepaeMoctu
AyautopHasi paboTa CTOSI-
Obwas, B | Jlekuun | CemuHapsl, | TeJbHas
T. 4. npaKkTuye- pabora
CKHUE 3aHs-
THS
1. | Cucremsl IMHEHHBIX 18 10 4 6 8 Brictynnenus y
anredpanyecKux JOCKH, IOMAITHUE
ypaBHEHUI 3ajjaHus, codece-
2. | Marpuiisl 1 onipeie- 26 14 6 8 12 JIOBaHUE 110 MaTe-
JIUTENH pHuay u 00Cyx-
3. | AnreOpanyeckue 18 8 4 4 10 iﬁ:ne pesyreTa
CTPYKTYPBI
4. | Ilone KOMIJIEKCHBIX 24 10 4 6 14
yrcen
5. | Hayana anreGps1 MHO- 26 12 4 8 14 BhiCTyIUIeHHS Y
TORICHOB JIOCKH, IOMAaIlIHUe
6. | JluneiiHbie onepaTophI 26 12 4 8 14 sajanHms, cobece-
B TMHCHHOM ITpO- JIOBaHHE IO MaTe-
CTpaHCTBE puaiy u oocyx-
7. | KBagparuunsie u Ou- 24 10 4 6 14 JeHHE pe3ylIbTa-
JUHEHbIE POPMBI TOB
8. | KpuBble u moBepxHo- 18 10 4 6 8
CTH BTOPOTO TIOPSIIKA
B 1ienom o guciu- 180 86 34 52 94 Cormacao  yue6-
TUTHHE HOMY IUIaHY:
KOHTPOJIbHAS
pabota
Hroro B % 100 48 40 60 52
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5.3.

ConeprxaHue CeMHHAPOB, MPAKTHYECKHUX 3aHATHIA

Ilepeyenr BompocoB I 00C eHHsI HAa CeMHHAap- dopMbI
HanmeHoBaHHe TeM p P A Y P p
CKHX, MPAKTHYECKUX 3aAHATHUIX, PEKOMEH/yeMble HC- | MPOBeIeHHs
(pa3zaesioB) (ucum- N
LD TOYHHMKH U3 pa3aenoB 8,9 (yka3biBaeTcsi pa3jies U No- 3aAHATUI
PSAKOBBIii HOMEP UCTOYHHKA)
Pazgen 1. PazBepuyTtas u marpuunas Gopmsbl 3anucu cucteMbl Ju- | KoHTposs
CucreMbl IMHEHHBIX al- | HeHHBIX anreOpamueckux ypaBHeHud (CJIAY). PaBHo- | Hammuus U
re0panyecKux ypaBHEHUN | CHIIbHBIC MPeoOpa30BaHMUs CHCTEMbI K COOTBETCTBYIOIIME | BEIOOpOUHAS
UM DJIEMEHTapHbIE MpeoOpa3oBaHus CTPOK PACHIMPEHHOH | MPOBEpKa J10-

Matpullbl (Mero sympy.Matrix().elementary row_op()).

PeKOMeH)IyeMLIe HUCTOYHUKMU:
[8.1 - 8.3]

MalIHETO 3a-
JaHUA.

Paszngea 1.
CucreMsl JJMHEUHBIX aJl-
reOpanyecKux ypaBHeHUN

CryneHuaTtbie U peAylHUPOBAaHHBIE CTyNEHYAThIe (POPMBI
MaTpull ©U HMX peanusanus B Sympy (METOIbI
sympy.Matrix().rref() (Row  echelon form) wu
sympy.Matrix().echelon_form()). Teopema o npuBencHun
CJIAY k penyuupoBaHHO# cTynenyaToi ¢opme. HMcce-
noBanue CJIAY Ha cOBMECTHOCTB. Y CIIOBHE COBMECTHO-
CTH JIMHEWHOU cuctemsl (Teopema Kponekepa-Karmemm).
Haxoxnenune pemenuit CJIAY wmeromom [Maycca-XKop-
nana. [IpuBeennas cucrema.

PeKOMeH)IyeMLIe HCTOYHUKMU .
[8.1-8.3]

Kontposib
HUIMIAS |
BBIOOpOYHAs
pOBEpKa J10-
MaIIHero 3a-
TAHUS.

Paszpnen 1.
CucreMsl JIMHEUHBIX aJl-
reOpanyecKux ypaBHeHUN

MHOXeCTBO pelIeHu OJHOPOAHOU cucteMbl. DyHna-
MEHTaJIbHAs. MaTpula U QyHIaMeHTalbHasl cucTeMa pe-
mennit (OCP) npuBenenHoii cucrembl. CTpykTypa 00-
IIEr0 PEMEHUs MPOU3BOJILHON CUCTEMBI IMHEHMHBIX ypaB-
HEHH, MaTpruHas opmMa ero 3amucu.

PeKOMeH)IyeMbIe HCTOYHUKU .
[8.1-8.3]

KonTtpons
HAJIMYUSL |
BBIOOpOYHAs
IpOBEpPKa J10-
MaIllHero 3a-
TaHUsL.

Paznen 2.
Martpuisl
TE

U ONpeenu-

Onpenenenre YUCIOBbIX MATPHUI U pa3andHble (POPMBI UX
uctonkoBanus. CTonlupl, CTPOKH, IJIaBHAs U MOOOYHAs
IuaroHaynu (JUIs KBaapaTHbIX Matpuil). CroxeHue Mmart-
PHILl ¥ YMHOXXEHHE Ha YUCII0, CBOMCTBA IMHENHBIX OIepa-
nnid. TpancrionupoBanue Matpuipl. CBOWCTBa ONEpaluu
TpaHcIoHUpoBaHus. [IpousBeneHne Marpuil, IpaBUIIO
«cTpoka Ha ctonbery. IIpsmas cymma MaTpull ¥ Ipou3-
Benenue Kponekepa marpuil.

PexoMeHnyemble HCTOUHMKH:

[8.1-8.3]

KonTtpons
HUINYMS U
BbIOOpOYHAs
IIPOBEPKA J10-
MaIlIHETo 3a-
JaHUS.
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Paznen 2. OOparHass MaTpuna. OineMeHTapHble mpeoOpa3oBanus | KonTpoms
Marpuupsl M onpenenu- | cTpok (cTos0I0B) B TEPMHUHAX YMHOKEHHS MAaTpUIl. Bbl- | HamMuus — u
TeNu YHCIeHUE OOpaTHONW MAaTpHIBI METOJOM 3JIEMEHTApHBIX | BEIOOpOUYHAs
peoOpa3oBaHuil CTPOK MPUCOECAMHEHHONW MaTpHLbl (Me- | MpoBepKa J0-
tox ["aycca — XKopnana). LU — paznokeHue oOpaTuMoOH | MalllHETo 3a-
MaTpPHLIBI. Peanuszanus B sympy (MeTon | maHus.
sympy.Matrix().LUdecomposition()). Cnen kBaapaTHOI
MaTpulbl. PaHr MaTpuLbl U 3J1eMeHTapHbIe Tpeodpa3zoBa-
HUs. MHUHOPBI NIPOU3BOJIBHOTO NOPsAKA. ba3sHCHBIM MuU-
Hop. Teopema o GazucHOM MuHOpe. MeTon OKanMIIsIo-
mux MUHOPOB. Martpuibl Agamapa. OCHOBHbBIE METOJIbI
MaTpUYHOM anreOpsl, peann3oBanHble HAa Python B Ouo6-
JMOTEKaX Sympy ¥ numpy.
PexomeHnayemble HCTOYHHKH:
[8.1-8.3]
Paznen 2. Onpenenenue aerepMuHaHTa (onpenenurens) kBagpar- | Konrpons
Marpuusl M ompenenu- | HoW MaTpuilbl. MUHOPBI €r0 AJIEMEHTOB U MX airedpau- | Haau4us Hu
TeJn YyecKue JONOJHeHUs. PasnoxkeHue onpenenuTens Mo | BHIOOpOUHas
MPOU3BOJILHOM cTpoke (cTonbIry). CBOMCTBA ONpeaeNnn- | MpoBepKa J10-
tened. Omnpenenurens BanaepMonna. BerunciaeHue | MalHero 3a-
onpeenuTeNeld MyTeM HAKOIUJICHUS HyJed B CTPOKE | JaHMSL.
(cTonbre). JlerTepMUHAHT KaK WHIUKATOP JIMHEHHOM 3a-
BHCHUMOCTH CHCTEMBI CBOMUX CTOJIOIIOB (CTpOK). Dop-
myisl Kpamepa. O60061enne Teopema Jlamaca.
Pexomenayemble HCTOYHUKU:
[8.1-8.3]
Paznen 2. IlepectanoBkHu 1 ux cBoiicTBa. IHBEpCHs, YETHOCTB, MO-
Marpuiel M Onpenenu- | psaoK rnepecTaHOBKH. BeKTop MHBEpCHIA, MpaBbIil U Je-
TEnn BbIi BekTop nHBepcuil. Teopems! [1.A. Mak-Marona u /.
®oara — M. II. lllynen6epxe. KomOrHaTOpHO-aHATTUTH-
4ECKOE OIpeAe/ieHue JeTepMUHaHTa. Peanuzanus Ha
Python kmacca Permutation B sympy.
PexomeHnayemblie HCTOYHHKH:
[8.1-8.3]
Paznea 3. Omnpenenenue U 3MeMeHTapHble cBoiicTBa rpymm. Equn-
AnreOpandeckue CTPyK- | CTBEHHOCTh €MHHIBI 1 00OpatHOro snementa. Cummer- | KOHTpoIb
TYpPHI pyuYecKas rpymima. HaJITA4HUA u
Pexomenayemble HCTOYHUKHU: BBIOOpOYHAs
[8.1-8.3] poBepKa J10-
MaIIHETO 3a-
JaHUS.
Pazpea 3. Onpenenenne konbla. Konbio BeruetoB. Myneruruinka- | Kontpomias
AnreOpandeckue  CTpyK- | THBHAs TPyIa KOJIbIa BEIYETOB. [10ie BHIUETOB 110 MPO- | HATMYHSA U
TYpBI ctomy moay:to. [lome panronansHbIx npoOeii. [lone aeit- | BeIOOpouHas
CTBUTEJIBHBIX YHCEIL. IIPOBEPKA J10-
PexomeHnayemble HCTOYHHKH: MaIIIHETO 3a-
[8.1-8.3] JAHUS.

12




Pasznea 4.
Tlose KOMIUIEKCHBIX YH-
cell

KomnnekcHble uncia u aeicTBus HaJ HUMH. ['eomerpu-
YeCKasd I/IHTepHpeTaHI/IH KOMIIJICKCHBIX YHCECII. MOI[yJIb 158
apryMEHT KOMIUIEKCHOTO 4HCJIa. TpUTOHOMETpHYeCKas
(opMa KOMILJICKCHOTO YHCIa. YMHOXCHHE W JICIICHHE
KOMIUIEKCHBIX YHCEI B TPHUTOHOMETPHUYECKOU ¢opme.
®opmyna Myaspa.

PexoMeH1yeMble HCTOUYHUKH:

[8.1-8.3]

Kontposb
HUIMYAS |
BBIOOpOYHAs
pOBEpKa J10-
MaIIlHETO 3a-
JAHUS.

Pasznea 4.
Tlose KOMIUIEKCHBIX YH-
cell

KopHu n-oii crenenu U3 KOMIUIEKCHOrO 4ucia. I'eomer-
pUuecKoe NpeacraBieHue KopHel. Pemienue ypaBHEHU

Buga W = Zz, z # 0 Hax nonsem KOMIUIEKCHBIX YHCEI.
IlokazarenbHass (opma 3amuCH KOMIUIEKCHBIX YHCEll.
®opmyna Diinepa. BekTopHble IpocTpaHCTBa HaJl OJIEM
KOMIUIEKCHBIX uncell. KoMriekcudukanus 1 OBEIIeCTB-
nenue. KoMmIulekcHast U JIEHCTBUTENbHAS Pa3MEPHOCTD.
MarpuuHoe npejacTtaBieHue U chepuyeckoe uzoopaxke-
Hue KoMIulekcHbIX uucen. Cdepa Pumana. Peanuzanus

Camotectu-
pOBaHMeE.
Kontpons
HAIMYAS U
BBIOOpOYHAS
MIPOBEPKA J10-
MaIIHEero 3a-
naHus. 3a4der
10 KOHTPOJIb-

OCHOBHBIX OIE€palMil HaJ N0JIEM KOMIUIEKCHBIX YHCEN Ha | HOM paboTe.

Python B GubnuoTexax sympy u cmath.

PexomMenayeMble HCTOUYHUKH:

[8.1-8.3]
Paznen 5. Crenenb MHOTOWIEHA, CBOWCTBA cTenieHu. Teopema o ne- | Konrpomns
Hayana anre6psl MHOTO- | JIeHMH C OCTATKOM B KOJibIle MHOTOWIeHOB. HOJl MHOTO- | HaM4ust |
YJICHOB uiieHoB. Pacmmpennsiii anroput™ EBkimaa u ero peanu- | BEIOOpOUYHAst

3anust Ha Python (metoz ged() u gedex() B sympy). MpOBEPKA J10-

PexomenayeMble HCTOUHUKH: MaIITHETo 3a-

[8.1-8.3] JIaHUSL.
Pa3nea 5. OcHoBHast Teopema anreOpsl B KoJiblie MHOTOWIeHOB Hall | KoHTposb
Hayana anreGpel MHOTO- | mojleM KOMIUIEKCHBIX umcell. Teopema O pas3ioKeHWe | HAIM49us |
YJICHOB MHOT'OUJIEHa ¢ KOMIUJIEKCHBIMU KOX((DUIIEHTaMU Ha JIH- | BBIOOpOUYHAas

HeliHple MHOXUTENU. Popmysnel Buera. MHOrowieHsl ¢ | mpoBepKa J10-

JNEeHCTBUTENBHBIMU KO3 (PULIMEHTAMHU.
PexomeHnayemble HCTOYHHKH:

[8.1-8.3]

MaIIIHETO 3a-
JaHUA.

Pa3znea 5.
Hauvana anreGpsl MHOTO-
YJIEHOB

MHoOrousneHs!l OT HECKOJIBKUX MEPEMEHHBIX. JJIEMEHTap-
Hbl€ CUMMETPUYECKUE, CTENIEHHBIE U TMOJIHbIE OJHOPOJI-
Hble CHUMMETpUYecKHe MHorouwieHsl. Popmynsl Hbro-
ToHa. OCHOBHasi TeopeMa Il CUMMETPUYECKUX MHOTO-
YJIeHOB U ee peanu3auus Ha Python (Meton symmetrize()
B Sympy).

Pexomenayemble HCTOYHUKH:

[8.1-8.3]

KonTtpons
HATMYUST |
BBIOOpOYHAs
IpOBEpKa J10-
MaIllHero 3a-
TaHUsL.

Pa3znea 5.
Hauvana anreGpsl MHOTO-
YJIEHOB

JIMCKpUMUHAHT U PE3yNbTaHT MHOTOWJIEHOB, U1 X OCHOB-
HbIE CBOMCTBA. Peanun3anus BBIYUCICHUNA JUCKPUMUHAHTA
U pe3ylbTaHTa MHOroujeHoB Ha Python (Mertonsr
resultant() u discriminant() B sympy).

PexoMeHnayeMble HCTOYHUKH:

[8.1-8.3]

KonTtpoins
HATMYUST |
BBIOOpOYHAsS
IpOBEpKa J10-
MaIllHero 3a-
JAHUsL.
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Paznen 6.
JIuHeliHbIE OnIEpaTopsl B
JIMHEHHOM IIPOCTPAHCTBE

Omnpenenenne JTUHEWHOTO (BEKTOPHOTO) MPOCTPAHCTBA.
[Ipocreiimme ciieacTBUA U AKCUOM JIMHEMHOTO MPOCTPaH-
cTBa. JIuHeliHas 3aBUCHUMOCTH BEKTOPOB IMPOCTPAHCTBA.
basuc u 3amena 6a3uca. JIuHeiHbIE TOANPOCTPAHCTBA —
onpezaenenue u npumepsl. Cymma u nepeceuyeHue mo/I-
npoctpancTs. [Ipsimas cyMMa noanpocTpaHCTB.
PexomeHayemMble HCTOUHUKH:

[8.1-8.3]

Kontposb
HUIMYAS |
BBIOOpOYHAs
pOBEpKa J10-
MaIIlHETO 3a-
JAHUS.

Pa3zngea 6.
JInHeliHbIE OnepaTopsl B
JIMHEHHOM IIPOCTPAHCTBE

Omnpenenenue aMHEMHOro omneparopa. Marpuua JuHEH-
HOTO orneparopa B (pukcupoBanHoM Oasuce OnpezneneHue
JMHEWHOTO 0TOOpakeHUs JIMHEWHBIX MpocTpaHcTB. [Ipe-
oOpa3oBaHue JUHEHHOro nmpocrpaHcTBa. KoopauHatHas
3aMuch JMHEWHBIX MpeoOpa3oBanuii. V3meHeHnue wmar-
pHILIbI TUHEHHOro nmpeoOpa3oBaHus MpHU 3aMeHe Oa3uca.
CymMma 1 npou3BeJeHUE JIMHEHHBIX 0ToOpakeHui. M3o-
MOp(hU3M JIMHEHHBIX NPOCTpaHCTB. VIHBapUaHTHBIE MOJI-
IIPOCTPAHCTBA.

PexomeHnayemMble HCTOYHUKH:

[8.1-8.3]

Kontpons
HAINYUA WU
BBIOOpOYHAs
IIPOBEPKA J10-
MAIILIHETO 3a-
JAHUS.

Paznen 6.
JInHeliHbIe onIepaTophl B
JIMHEWHOM IIPOCTPAHCTBE

3amada 0 COOCTBEHHBIX BEKTOPAX JIMHEHHOTO MIpeodpa3o-
BaHusA. COOCTBEHHBIC UMCIIA, CIIEKTP JMHEHHOro orepa-
Topa. COOCTBEHHBIE TOANIPOCTPAHCTBA. XapaKTepuUcTHye-
CKU{ MHOTOYIEH JMHEWHOTO oIeparopa U ero WHBapH-
AHTHOCTh OTHOCHTEJIHHO 3aMeHbI Oa3uca. CBolicTBa cO0-
CTBEHHBIX BEKTOPOB M COOCTBEHHBIX 3HaueHHi. ['eomeT-
pudeckass M anredpandeckas KpaTHOCTh COOCTBEHHOTO
3HaueHus. JlMaroHanmpHBIA BUA MaTpUIBl mMpeoOpa3oBa-
Hus. JInHelHbIe onepaTopsl NpOCTOr CTPYKTYphl. Kpure-
puil TMaroHalIM3UPyeMOCTH MaTpPHUIIBI JUHEHHOTO omepa-
TOpa.

PexomeHayemMble HCTOUYHUKH:

[8.1-8.3]

Kontpons
HOINYUA WU
BBIOOpOYHAS
IIPOBEPKA J10-
MAILIHETO 3a-
JAHUS.

Paznen 6.
JInHeliHbIE OMIEpaToOpHI B
JIMHEWHOM IIPOCTPAHCTBE

Teopema I'amunbTona — Konu. [loHATHe MUHMMaJIBHOTO
MHorousneHa. CoOCTBEHHBIE 3HAYEHHS W COOCTBEHHBIE
BEKTOPBI HEOTPHUIATENBbHBIX MaTpHil. Teopema OpobeHu-
yca-Ileppona. BekTopHble MTPOCTPAHCTBA CO CKAISIPHBIM
npousBenenueM. Oproronanuzauus ['pamma — [Imunra.
OpToronaibHble U 3pMUTOBBI MaTpULbl. CaMOCONPSIKEH-
Hele omepatopel. Metoasr charpoly(), eigenvects(),
eigenvals(), nullspace(), diagonalize(), peanmuzoBannbicHa
Python B GubnuoTekax sympy u numpy.

PeKOMeHZ]yeMble HNCTOYHUKH .
[8.1-8.3]

KonTtpons
HAJIMYUSL |
BBIOOpOYHAs
IpOBEpKa J10-
MaIllHero 3a-
TaHUsL.

Pasnea 7.
KBagparuunbie 1 6unu-
HelHbIe (hOPMBI

Jluneiinple uncnoBble GyHKUINU (HYHKIIUOHATBI, (HOPMBI)
Ha JMHEHHBIX IPOCTPAaHCTBaX. buiMHENWHbIE U KBajapa-
TU4HbIE (HOpMBI. PaHT U MHIEKC KBaJpaTUUYHON (OPMBI.
KBagparuunsie (opMbl U CKaJsIpHOE MTPOU3BEICHHUE.
PexoMeHayeMble HCTOUHUKH:

[8.1-8.3]

KonTtpons
HUINYMS U
BbIOOpOYHAs
IIPOBEPKa J10-
MaIIIHETO 3a-
JAHUS.
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Pazgen 7. N3menenne MaTpuiibl KBagpatuuyHo Gpopmsl mipu 3ameHe | Kontposb
KBagpatuunele u Ounu- | Oasuca. [IpuBenenne kBagpaTHUHOW (OPMBI K HOpMaib- | HATMYUS U
HeifHbIe (popMBI HOMY BUly MeTosioM Jlarpamnxa. BbIOOpOYHAs
PexomMeHnyemMble HCTOUHUKH: pOBEpKa J10-
[8.1-8.3] MaIIlHeTo 3a-
JaHUsL.
Paszpnen 7. [IpuBenenne kBagpaTHuHOW (OpMBI K KaHOHHMYecKoMYy | KoHTpomb
KBagpatuunele 1 OMIU- | BHIY IPU TOMOIIM OPTOTOHAIBHOTO IIpeo0pa3oBaHus. 3a- | HATMYUS U
HeitHbIe (POpMBI KOH MHEpIHMH KBajapatudHbix ¢opm. Kpurtepuit CunbBe- | BIOOpOUHAst
CTpa 3HAKOONPEAEICHHOCTU KBaAPAaTUUHON (OPMBI. IIPOBEPKa J10-

PeKOMeH)IyeMLIe NCTOYHHUKMU:
[8.1-8.3]

MaIITHEeTo 3a-
JTaHUS.

Pa3zngea 8.
Kpussie 1 nosepxsoctu
BTOPOT'O MOPsSAKA

[TapameTpuyeckue ypaBHEHHSI KPUBOM Ha MJIOCKOCTH. 3a-
MeuatenbHble Kpusble. [loctpoenne kpuBbiX. Kpussie
BTOpPOro nopsiaka. KaHoHMueckoe ypaBHEHHE OKPY’KHO-
CTH. DJUINIIC, €r0 KAaHOHUYECKOE YPaBHEHUE U CBOMCTBA.
HccnenoBanue ¢Gopmbl 3JUIMICA O €ro ypaBHEHUIO.
OKpy>KHOCTb KaK 4acTHBIN ciyyail syuunca. [lapamerpu-
Yyeckue ypaBHeHMs siumica. ['unepboina, ee KaHOHUYE-
CKO€ ypaBHEHHUE. U cBoiicTBa. ComnpspkeHHas runepoona.
HccnenoBanune ¢opmbl runepboisl. Ilapamerpuueckue
ypaBHeHus runep6oisl. [lapabona, ee KaHOHHYECKOE
YpaBHEHUE U CBOMCTBA.

PexomeHnayemblie HCTOYHUKH:

[8.1-8.3]

Kontposb
HUIMIAS |
BBIOOpOYHAs
pOBEpKa J10-
MaIIHero 3a-
TaHUS.

Paznen 8. UccnenoBanne ¢opmel napabonsl. OOmiee ypaBHeHue | KoHTposb
KpuBble U MOBEPXHOCTH | KPUBOI BTOPOTO MOPS/IKA M €T0 MPUBEICHNE K KAHOHWYE- | HATMYUS |
BTOPOT'O MOpsIKa ckomy Buay. Kiaccudukanmsi KpuBbIX BTOPOTO MOPSAKA. | BEIOOPOYHAs
PexkomenyeMble HCTOUHHKH: IpOBEpKa J10-
[8.1-8.3] MaIITHero 3a-
JaHUsL.
Paznen 8. IToBepxHOCTH BTOpPOro mnopsaka M uX KaHoHnyeckue | KoHTpons
Kpusble u moBepxHOCTH | ypaBHeHus. [loBepxHocTH BpamieHus. L[unuHapudecKue | HAMM4Ius |
BTOPOT'O NOpsKa noBepxHocTu. KoHnueckue moBepxHOCTH. MHHUMBIE TO- | BEIOOpOUHAs
BepxHOCTH. Dmuncoust. ['unepdonounsl. [lapabomonasl. | mpoBepka 10-

Meroa cedyeHuil Jisi UCCIEAOBAHUS U TMOCTPOEHUS IO-
BEpXHOCTEH BTOporo mopsaka. OOiiee ypaBHEHHE IO-
BEPXHOCTH BTOPOTO MOpPAJIKA U €r0 MPUBEICHHUE K KaHO-
HUYECKOMY BHU]TY.

PexomenayeMble HCTOYHUKH:

[8.1-8.3]

MAaIIHero 3a-
TTaHUS.
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6. IlepeueHb yueOHO-METOAMYECKOTO 00ecedeH s IJIsl CAMOCTOSITeIbHOM pa-
00TbI 00yYAIOIIUXCS 10 TMCIUIIHHE

6.1.

HepequL BOIIPOCOB, 0OTBOAMMBIX HAa CAMOCTOATEIbHOEC OCBOCHUE

ANCIUIIJINHBI, (l)OpMLI BHeayHHTOpHOﬁ CaMOCTOSITEJILHOM paGOTbI

HaunmeHOBaHHE TeM
(pa3nesioB) aUCIH-
ILTHHBI

Ilepeyens BONPOCOB, 0TBOAUMBIX Ha
CaMoOCTOSITeIbHOE OCBOCHHUE

®opMbI BHEAYyIUTOPHOI ca-
MOCTOAITEJIbHON padoThI

Paszngea 1.

CucreMbl TUHEHHBIX
anreOpanvdecKux
YpaBHEHUU

Peanuzanus B sympy

OCHOBHBIX MeTOJ10B pemieHus CJIAY
(mMeTombl sympy.Matrix().elemen-
tary_row_op()). sympy.Matrix().rref()
(Row echelon form)  u sympy.Ma-
trix().echelon_form()).

Pemennie CJIAY c¢ ucmons3o-
BaHHEM HWHCTpYMEHTapus
«Jupyter Notebook»

Pa3znen 2. Matpuiib
Y OTIPEIICTUTENH

OCHOBHBIE METOJbl MATPUYHOU  aj-
reOpsl, peann3oBanHbie Ha Python B 6u6-
JTUOTEKaX Sympy U humpy.

Pemenne 3amady MarpuyHOU
anreOpsl ¢ HCIOIb30BAHUEM
UHCTpyMeHTapus «Jupyter
Notebook»

Pasznen 3. Anrebpa-
WYECKHUE CTPYKTYPHI

[Toarpymiel ¥ HOPMAJIbHBIC MTOTPYIIIIBL.
I'omomopdusmel u paktoprpymisbl. Teo-
pema o romomophuszme.

Pemenue 3amay paszena JIuc-
IMIUTMHBI, CBSI3aHHOM C anre0-
pandecKUMH CTPYKTYpaMu, C
MCIIOJIb30BaHHEM HHCTPYMEH-
tapus «Jupyter Notebook»

Pa3spen 4. [1one xom-
IUIEKCHBIX YUCEIT

Peanu3anusi OCHOBHBIX omepaunuii Haj
MoJieM KOMIUIEKCHBIX urcen Ha Python B
6ubnuorekax sympy u cmath.

Pemenne 3a4a4 C KOMIIJICKC-
HBIMHU 4YHCJIaMU C UCIIOJIb30Ba-
HHUEM HHCTPYMEHTAPUL
«Jupyter Notebooky.

Paspen S. Hauama
anredppl MHOTO4JIE-
HOB

Peanmu3zanms anreOpsl MHOTOUWIEHOB Ha
Python B Oubnuorekax sympy u numpy
(metomnt gcd(), gedex(), symmetrize(),
resultant() u discriminant() ).

Pemenne 3amau, cBSI3aHHBIX C
anreOpoii MHOTOWIEHOB C HC-
MOJIb30BaHUEM HMHCTPYMEHTa-
pust «Jupyter Notebooky.

Pasznen 6. JIuneiinsie
OIIepaTophl B JIMHEH-
HOM TIPOCTPAHCTBE

Meroxsr  charpoly(),  eigenvects(),
eigenvals(), nullspace(), diagonalize(),
peann3oBaHHble Ha Python B 6ubnuore-

Kax sympy ¥ numpy.

Pemenne 3amad, CBSA3aHHBIX C
JMHEVHBIMU OllepaTopaMu B
JIMHEHHOM IIPOCTPAHCTBE C UC-
IOJIb30BAHUEM HHCTPYMEHTA-
pust «Jupyter Notebooky.

Paznen 7. Ksagpa-
TUYHBIE M OWJIMHEN-
HbIE (OPMBI

Peanuzanus KBagpaTUUHBIX U OWIMHEH-
HbIX (opm Ha Python B OuOnHMOTEKax

Sympy 1 numpy.

Pemenue 3aaa4d oo TEME
«KBanparnunslie popmMbI» C UC-
MOJIb30BAaHUEM HWHCTPYMEHTA-
pus «Jupyter Notebooky.

Paspnen 8. Kpuseie u
MIOBEPXHOCTU  BTO-
poro nopsiaka

UccnenoBanue Gopmbl ob1iero ypaBHe-
HUE KPUBOH U IOBEPXHOCTH BTOPOTO IO~
pslKa M ero NpUBEACHHWE K KaHOHWYE-
ckoMmy BHIy Ha Python B GubmmoTexax

sympy u numpy

Peanu3zanus anropurma npuse-
JeHus OoOIlero ypaBHEHUS
KpPUBOM W IOBEPXHOCTU BTO-
poro mopsiika K KaHOHUYe-
CKOMY C HCIIOJIb30BaHUEM HH-
ctpymenTapus «Jupyter Note-
book.

16




6.2. IlepedyeHb BONPOCOB, 3aJaHMIi, TeM ISl MOATOTOBKH K TeKylIeMy

KOHTPOJII0

IIpuMepsI 3a1aHU KOHTPOJILHOM PadoThI

1. MccnenoBaTh, MpU KaKUX 3HAYCHUSX TMAapaMEeTpoOB & U [f CHUCTEMa JUHEWHBIX
YpaBHEHHH SIBISETCS a) OMPENEIICHHOW; b) HeolpeaeaeHHON; ¢) HECOBMECTHOM.
Haiinure ol1iee pemeHue B TeX ciaydasx, KOorjaa 3TO BO3MOXKHO.

x1+ axz + 2x3=1,
{(—x1+(A—a)x2+x3=1,
2x1+ (2a—1Dxz2+axz = L.

2. VccmenoBaTh CUCTEMY Ha COBMECTHOCTD C MICTIONBE30BaHUEM TeopeMbl KpoHekepa-

Kanemmu
x1+ 3x2 +5x3 + 7x4 + 9x5 = 1,
{x1—2x2+ 3x3 —4x4+ 5x5 =2,

2x1 4+ 11x2 + 12x3 + 25x4 + 22x5 = 4.
3. IlycTs nana cucrema cTonbIoB

2_1 11
A =(12),A 1 A =1 ,b=(%).
1 ) 2 I3 1 3 1—21 9
3 1 - 2

h ) h )

MO>XHO 1T TPEICTaBUTh CTOJIOCI] b B BUJIEC JTUHEHHON KOMOWHAIIMMA CTOJIOIIOB
A1, Az, A3? Eciii 1a, IpUBECTH TaKOE PA3JIOKCHHE.
4. Haiinure ®CP u 3anumure, ucnoiaszys OCP, obmiee pemnieHrue oTHOPOAHOM
CHCTEMBI:
X1+ x2—2x3+ 2x4=0,
3x1+5x2+ 6x3 —4x4= 0,
{4x1 + 5x2 — 2x3 + 3x4=0,
3x1 + 8x2 + 24x3 — 19x4 = 0.
5. CocTtaBbTe OJJTHOPOJIHYIO CUCTEMY ypaBHEeHUM, y1st koTopoit @CP coctout u3

_—
0
El:( ))E2=( )’
2 3
1 2

6. Mcnonszys @CP oHOpOIHOM cUCTEMBI, HaluTe 00l1ee pelieHne HEOTHOPOTHOM
CHCTEMBI, 33JaHHOI MaTpuleil A u ctonaduom b:

17



10.

11.

12.

13

1 -2 -1 -2 -3
3 -6 —2 —4 -5 1—3

3 —6 —4 —g —13'2=17%
2 -4 -1 -1 -2

A=(

Haiigure MHOTOUJICH YeTBepTOM cTeneHH f(X), st KOTOPOTO

f(=3)==77,f(=2) =-13,f(-1) = 1, f(1) = =1, f(2) = —17.
[Tycth
0 1
A=(-1 1 1.
2
0 0 1

Haiinure Takoe n € N, uto0s1 (A — [3)" = O3 ¥ UCnoJib3ysi ONHOMHUATLHYIO
dbopmyiy, BEIYUCIATE A" IS BCEX IEIBIX TOJOKHUTEIBHBIX M.

Haiinure npousBenenune Kponekepa A @ B nByx matpunt A u B, rie
0 1 0 5 (2 1 )
A=1 0 0), = :
0 0 1 L=

Becermramu A Q B = B Q A? OtBeT HE0OOX0AMMO 000CHOBATE.

Haiigute Bce matpuiiel B € M2(R), koTOpble KOMMYTHPYIOT C MaTpUIIei
1 2
A= )-
3 4
[IpencraButh MaTpuily
1 -9 13
A=12 -3 9)
3 4 5

B BUJE CyYMMBI CUMMETpUYECKOM B  u kococummerpuueckord C  maTpul ¢

BCIICCTBCHHBIMU KOB(l)I/IHI/IeHTaMI/I.

JI719 cuMMeTpUYEeCKON MaTPHIIbI
11 33 5
A=@33 7 —2)
5 -2 9

HalauTe yHUNOTeHTHYI0 MaTpuily U € M3(R) u nuaroHanbHyro Marpuity D €

M3(R) rakue, uro UT - A - U = D.
. Jlns panabIx Matpui A U B HaiianTe sjaeMenThl b3z U bas:
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14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

0
4= (—2 2_1 ?; ),  B=P2-Az(-2) M3(—2) As(l) P - A.
-1 1 0
2 -3
[IpencTaBbTe MaTPHILY
11 2 3
A=(-4 5 —6)
7 8 9

B BHJIC TIPOU3BEICHUS deMeHTapHBIX MaTpull Pij, Mi(@), Aji(a).

IlycTtp 2 1

ar=C Her=C Hp=h
3 1 1 4 (1
Haiinute x u3 ypaBuenus CTAx = b.
IlycTtp
3 -1 2
A=(5 -2 3 ).
-1 0 -1

a) [Tokaxurte, uto A3 = 03; 0) Ucnonw3ys a), Haiiaute (I3 + A)~L.
Haiinure matpuny 4, ecim
ar-20)1=¢¢ .
2 -1 0

Ucnonb3yst meTon 3yieMeHTapHbIX Ipeodpa3oBanuii (Meton ['aycca-Kopaana),

HaluTe oOpaTtHyto Matpuily A—1 k maTpuiie

1 -3 6
A=(2 -5 9).
3 -8 16

[Tycts maTpuma A € M»(R) TakoBa, uto A3 = A. Ilokaxxure, 4TO MaTpuIa

(In — 2A2) — oOparuma u Havigute (In — 242)~ 1L
Jlms maTpuibl
1 1 -2 2
3 56 -4
4=G s 23 7
3 8 24 -19
HaiinuTe oOpatumyro matpuity U Takyro, uto UA = rref (A)

[Tycte A, B € Mn(R) TakoBsl, uto A + B = I A? + B?2 = Oy. llokaxure, 4ToO

A u B obpatumsl, nmpudem (A-1 + B~1)n = 21,

[Tyctes A € Mx(R) TakoBa, uto A~ = I, — A. [lokaxwure, 4to A% — [, = On.

Martpuny
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24,

25.

26.

21.

28.

29.

30.

6 -2 -4 4
-3 —6 1)

—12 8 21 —8

—6 0 —-10 7
MPEJICTAaBbTE B BUAE NPOM3BEICHUS ABYX Marpull, A = LU, rne L — HuxHSA
TpeyrojbHas MaTpuiia, a U — BepxHsis TpeyrosibHas maTpuia, (LU — dakropuzarms
(Lower—Upper (LU) decomposition)).
Pa3naras mo BTopomy cTo011y, BEIYUCIUTE ONIPEACIIUTEIh

5 a 2 -1
|4 b 4 —3|
2 ¢ 3 =27
4 d 5 —4

I/ICHOHB?)YSI QJICMCHTAPHLBIC HpGO6p2130BaHI/IH, BBIYUCIIUTC OIIPCACIINUTCIIb:

1001 1002 1003 1004
1002 1003 1001 1UUZ

|1001 1001 1001 999

1001 1000 998 999
[TokaszaTp, 4TO KBajgpaT IUIOMIAAN NapajljiesiorpaMma, HOCTPOEHHOTO MO pajinyc-

BekTopam Touek P(a; b) u Q(c; d) B mpsAMOYTrOJdbHOW cHCTEME KOOpIWHAT,
BBIpaxkaeTcs 1o popmye

52=A2:|a2+b2 ac+bd|

ac +bd c? + d?

BreiBectu  opmyny s oObema TeTpadapa C  BepmmHamu  A(Xx1; Y1; Z1),

B(Xz; V2; Zz), C(X3; V3; Zg) )54 D(x4; V4, Z4)Z
x1 y1 z1 1
X2 Y2 Z2

)1
V—g|det(x3 y: z3 1
xe Y+ zs 1

He packpeiBast onpeienTesb ciaeBa, MOKaKUTE, YTO
aaz + a3 fPaz+ar yar + a a a; as

|ab2 + b3  Bbz+ b1 ybi+b2|=(1+aBy)|b1 b2 b3|
acz+c3  fcz+c1 yci+c c1 C2 C3
[TycTh X, y, Z MOMapHO pa3IuYHbI U
x3+1 x2 x
LYy 2.
z3+1 2z

[Tokaxwure, uto xyz = —1.
Boruucnuts onpeaenuTenb
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31.

32.

33.

34.

35.

36.

37.

_ W
w N
N O
o O

0O 0 O 3
Pemmite ypaBHeHue:
1 x x2 xn
1 a1 a? anr
1 1
a; a2 ar =0
I 2 2|
1 an a2 .. ai

Boeluncnure onpeaenurens Mopsaka 1, 3JIEMEHThl KOTOPOrO 3a/IaHbl YCIOBUEM:
ai;j = min(i, j).

Boeluncnure onpeaenurens Mopsaka 1, 3JIEMEHThl KOTOPOrO 3a/IaHbl YCJIOBUEM:
ai;j = max(i, ).

HaiinuTe 3nHaueHus A, mpu KOTOPHIX MaTpHIla

3 1 1 4
A 4 10 1
11 7 17 3

2 2 4 3
h D

MMEET HaUMEHBIIMK paHr. UeMy 0aBE€H paHr NpPU HAWJICHHBIX 3HAYEHUAX
napameTpa A ¥ yeMy OH paBeH NP APYTUX 3HAYCHUAX A.
Havinnre panr Matpuiisl

1 2 -1 2
2 -1 2 5
(1 10 -6 1 )

IIPU PA3INYHBIX 3HAUCHUAX A.
Jlns MmaTpuiisl
1 2 3 4 5
1 7 8 9 10

A=111 12 13 14 15
16 17 18 19 20

h )
HalauTe: a) 0a3UCHBIM MUHOP C HaWMMEHBIIUM 3HAauY€HHEM; 0) paHT MaTpHIIHI,
COCTaBJICHHBIN U3 BCEX 0a3UCHBIX MUHOPOB.
[Tycte A = (aij) € Mn(R) —MmaTpuna nopsaka n, A = det(A) — ee onpeaenuTenb.
[Tycts adj(A) — npucoenunennas matpuna, adj(A) = AV = (4y)T, 3nech Aij —
anredpanvecKoe T0NOJHEHHUE K 3JIeMeHTY ;. [lokaxuTte, uto ecniu A — obpaTtuma,

TO CIIPaBCAJIMBO PABCHCTBO
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38.

39.

40.

41.

42.

43.

44,

45.

adj(adj(A)) = A2 - A.

[Tycts A, B € M2(R) — kBaipaTHBIE MaTPHIIBI BTOPOTO MOPAIKA, IPUIEM
AB = BA. BepHo 1u cieayooliee paBeHCTBO

det(A" + B") = det(4") + det(B") + tr[(Aadj(B))"], n € N?
OTtBeT HE00X0 MO 000CHOBATE.
[Tycts A € Mn(R) BeIpOKACHHAS KBaJpaTHAs MaTpula nopsijaka n. Jlokaxure
HepaBeHcTBo rank(adj(A)) < 1.
[Tycte A € M, (R) xBampatHas marpuna nopsaka n, npuueM adj(A) = On.
[Toxaxure, uro rank(A4) < n — 2.
[IpuBenute npumep HenyneBoil Matpuilbl A € M4(R) (ameMeHThI KOTOpOH Bce
OTIIMYHBI OT HYJIs1), Y KoTopoit adj(A) = Oa.

Haitgure uncino HHBEPCH U ONIPEICIIUTE YETHOCTh IEPECTAHOBKHU

1 2 3 e n—=1 n
(n n-1 n-2 .. 2 1).

[lyctb m € Sp  pasjokeHa B TPOU3BEJICHUE HE3ABUCUMBIX IIUKIOB JUIMH
l1, 2, ..., lin. [loKaxkuTe, 4TO CUTHATYPY MEPECTAHOBKU MOKHO OMPEIETUTH IO
dbopmyne
m
Enr = (—1)Zk=1 (=1,

1 2 3 4 5 6 7 8 9
[Myce m@m=2 6 9 4 7 5 8 1 3). Haiigure BekTOp

unBepcuit V (1), npassliii BekTOp nHBEepcuid R(1), JeBbIil BeKTOp nHBepcuid L().
Haiinure (i) — 7i + li. Yemy paBusl l;-1(5) 1 vs5?
Haiinure nepecTaHOBKy, KOTOpast UMEET BEKTOP UHBEPCUI

V(rm) ={8,3,14,3,3,2,1,1,0}.

46. HaiimuTe iepecTaHOBKY, KOTOpasi MMeeT IpaBbiii BekTop nuBepcuit (Lehmer cod)

47.

48.
49.

50.

ol.

R(m) = {5,1,5,3,3,1,2,0,0};
Haitgure nepectaHoBKY, KOTOpasi UMEET JIEBBIM BEKTOP WHBEPCUM
L(rm) = {0,0,0,2,1,3,3,7,6}.
Kaxoit MakcuMasbHBIi MOPSAOK MOKET UMETh IEPECTaHOBKA U3 S277
Haiinure 3Hauenus i u k Tak, 4ToObI IPOU3BEIICHUE
470630105507, A24031
BXOJMWJIO B OMPENICIUTENb /-0ro MOopsijKa CO 3HAKOM IUTIOC.
C KakuM 3HaKOM BXOJUT B ONPEAEIUTEND MOPAJIKA T IPOU3BEICHHUE DJIEMEHTOB
m0O0YHOM TuaroHasn?

Haiinnre kommuecTBO i1eMeHTOB #X MHOKECTBA
X ={m € Sotind(w) = 11,N(mr) = 7}.
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52,

53.

54,

55,

56.

57,

58.

59.

60.

61.

62.

63.

[IpencTaBpTe KOMIUIEKCHOE YUCIIO B anrebpandeckoi popme
(-1+iB)1° n (-1-iV3)'15

(1-0)%0 (1+0)?0

Pemuth cucremy ypaBHeHuit Haj nojem C
|z2 — 20| = 4,

lz+1+i|=|z—1—1
2mi

I[lyctb € =e7, a=ec+ 2+ &%, b =¢34+ &5+ &5 Tlokaxkure, uto a U b

SIBJISIIOTCSI KOPHSIMU KBaJIPaTHOTO TpexuiieHa z2 + z + 2.

I/I306paBI/ITI> Ha KOMILJIEKCHOM IIOCKOCTH MHOKECTBO TOYCK, YAOBJICTBOPAIOLINUX
YCJIOBUIO:
i—z T
O<arg— <_.
z+i 2

[Tycts A u C neiicTBUTENBHBIE, @ B —KOMIUIEKCHBIE OCTOSTHHBIE U IMTYCTh
AC < |B|?. Ilokaxwurte, 4TO ypaBHEHHE
Alz]? +Bz+BZz+C=0, (A>0),
ABJISIETCSL YPABHEHUEM OKPY>KHOCTH, @ TAK)KE HAITH LIEHTP 3TOW OKPYKHOCTH U €€
panuyec.
[Ipunagnexar 1 TOYKU Z1, Z2, Z3, Z4 HA KOMIUIEKCHOW TIJIOCKOCTH OJHOM
OKpYXHOCTH, THe Z1 = —1 + 4i,22=—2 + 4i , 23 =9 — 61, z4 = —6 + 3i? Ecim
OTU TOYKHU JIEKAT HA OJHOW OKPYKHOCTH, TO HAUAUTE LEHTP U PAAUYC TaKOU
OKpPY>KHOCTH.
Pasznenute muorounen f(x) c ocratkoMm r(x) Ha MHOTOWIEH g(X) | MPOBEPHTE
paBeHcTBO f(x) = h(x)g(x) + r(x):
f(x) =2x*—3x3+4x2—-5x+6, g(x)=x?—3x+1.
[Tycts f, g € R[x]. Haiinute nHaubonsimmii ooumii nemurens d = HOJA(f, g). byayr
i f 1 g B3auMHO npocTeiMu? Haiinure Takske MHOTOWICHB! U(X) 1 v(X) Takue,
yro f -u+g-v = HOA(f,g) = d, ecu
f(x) =x*—10x2% + 1,
gx) = x* — 4/2x3 + 6x2 + 4/2x + 1.
Omnpenenuts anredpanuecKkyro KpaTHOCTh BceX KopHei MmHorouwneHa f € C[x], rae
f(x) =x*+ (3 —8i)x3 — (21 + 18i)x? — (33 — 20i)x + 6 + 18i.
[Tpu kakux a u b muorowneH f(x) = x° + ax3 + b uMeeT ABOWHON KOpEHB,
OTJINYHBIN OT HYJIsA?
Pa3noxuTh Ha TMHEITHBIE MHOKUTENIN HaJl ITOJIEM KOMILIEKCHBIX YUCE
f(z)=28—-1—1.
Hailiqute 3HaueHre CUMMETPUYECKOTO0 MHOTOWIeHa F OT KOpHEW ¢; MHOro4JieHa
f(x), ecmu F = Yi<i<j<a (c>c3 + c3¢°), f(x) =3x*+2x3+5x2+x+7.

i j ij
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64.

65.

66.

67.

68.

69.

70.

71.

72,

73.

HaiinuTe Bce 3HaueHus napamerpa a € R, mpu KOTOPOM ypaBHEHUE
x11 —2x10 + x% — 2x3 +11x2 —16x +a =0
UMeeT KpaTHbIE KOPHH.
Haiitn Bce 3HaueHus napameTpa b € R, npu kKoTopbix MHOTOWICHHI f(x) 1 g(X)
UMEIOT O0IIIMe KOPHU, €CIIN
f(x) =x3—=5x2—-7x—-1,g(x) =x3—8x2+9x + b.
Haiinure Bce pemienus CUCTEMbI ypaBHEHUN
X2+ (x—4)y—-2x+y2+3=0,
X3 —x24+(x+7)y—5x+y3—-5y2—-3=0.

Hycte  f(x)=x*—10x2+1 u g(x) =x* —4V2x3 + 6x2 + 42x + 1.

Haitnure dynkuum u(x) un v(x) takue, uro fu + gv = Res(f, g).

Pa3noxxure Ha TMHEWHBIE ¥ KBaIpaTUYHBIE MHOKHUTEIU HaJ TIOJIEM BEIIICCTBCHHBIX
yucen MEOTOWIeH f(x) = x12 4+ x8 + x* + 1.

ITpoBepbTe, uTo MHOTOWIEH f (X1, X2, X3) SABIAETCSI CHMMETPUYECKUM U BBIPA3UTh

€ro B BUJIe MHOTOWIEHA F OT 3JIeMEeHTapHBIX CHMMETPHUYECKIX MHOTOWICHOB, €CITH

{f{(xL x2,x3) = (3x1 —x2 — x3)(3x2 — x1 — x3)(3x3 — x1 — x2).
YCTb €1, ... €4 — CTaHAapTHBIN 0a3uc V = R*. [lycTh BEKTOpEHI €), ... €' U X 3a/1aHbI
1 4

CBOMMU KOOpArHaTamu B 6azuce (e):
e ={1,2,—1,-2},e ={2,3,0,—1}, ¢ ={1,2,14}, ¢ = {1,3,—1,0},
1 2 3 4

x ={7,14,-1,2}.
[TokaxkuTe, 4TO cHCTeMa €, ..e — Takxke Oasuc mpoctpaHcTBa V, HaiiguTe
1 4

marpuiy nepexona C = C ) (o). HaliinTe Takke KOOpAMHATEI BEKTOPA X B 3TOM
0azmuce.
[lycth e0o=1,e1 =x,e2 =x%,e3 =x3,e4 =x* — cranmaptHeii  0Oa3uc

MPOCTPaHCTBa MHOrOWIeHOB V = Ry[x]. Paccmorpum cemencTBO (cuctemy)
MHOTOUJICHOB € , ... €, 1 P4(x):

e=1e =x-7),e =x—-7)2%e =x—-7)3¢e =x-7)4
0 1 2 3 4
Pi(x) =1+ 2x — 3x2 + 4x3 — 9x*.
[Tokasxxte, 4TO CUCTEMA €, ... € — TaK)Ke Oa3uC MPOCTpPaHCTBA V/, HAWIUTE MATPHUILY
0 4

nepexona C = Ce)-(.F). Halimure koopaunatel P4(x) B 5TOM Oasuce.
Haiimute Gasuc cymmbl Li + Lz u mepecedenust L1 N Lz TUHEHHBIX 000J04YEK

L1, L2 cuctem BekTOpoB npoctpancTa I/ = R*:

L1 =(a1 ={1,2,1,-2},a2 = {2,3,1,0}, a3 = {1,2,2,—3}),

Lz = (b1 ={1,1,1,1}, b2 = {1,0,1, -1}, b3 = {1,3,0, —4}).
Haiinute 6a3zuc cymmsl L1 + L2 u nepeceuenus L1 N Lz noanpocTtpancts L, L2
npoctpancTBa V = R*:
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L= (a1= 1,2,0,1 , a2 = 1,1,1,0 ),
. SX1—{)C2—3%C3=0,{ J

74. Ilyctb L1 n L2 — moanpoctpancta V = R*:

Li=(ai={1,1,11},a2 = {0,1,1,1}),
X1+ 2x2+ 4x3— 3x2=0,

L2 = 3x1 + 5x2 + 6x3 —4x4= 0.
[Tokaxwure, uto V = L1 @ L2 u npencrasere x = {1,2,3,4} B BUIe CyMMBI
xX=y+2zy€L,zE€ L.
75. Jluneitnoe moampocTtpanctBo L € V = R> 3amano B Bume
L={a={xyx+y,x—y2x} eV =R5xy € R}
Hatigure Tpu moanpoctpancTBa Lz, L3, L4+ € V, Hu 0;1HO M3 KOTOpBIX HE paBHO {0},
takue, uto V =L1 @ L2 @ L3 @ La.
76. Ilyctp
L = {f € Ru|x]: f(6) = 0}.
a) Haiinure Gasuc moampoctpancTta L; b) JlomonauTe B 1m.2) 6a3uc mo 6asmca
Bcero npoctpancTBa V = Ry[x]; ¢) Haligure npsimoe nomonuenue Lz x L1,
T.e. R4[x] = L1 D Lo.
7'7. Ilycte «mipsimasi» L1 BV = R* 3anana B BuIe
L1 = {x1=8t,x2 = 4t,x3 = 3t,x4 = =3¢, t € R}.
[TycTh "runepruiockocts" L2 3a1aHa B BUJI€ YPABHEHUS
L2 = {(x1,x2,x3,x4) € V:2x1 — 2x2 — x3 + x4 = 0}
[Toxaxure, uro V = L1 @ L2 n Haiiaute npoekuuu y € L1 u z € Lz BekTopa
x = {1,2,3,4} Ha 5TH MOANPOCTPAHCTBA NPU IPOSKTUPOBAHUH, TAPAIIICITHHOM L1
u L2, T.e. npeacTaBpTe X BBUAC X =Y + 2,y € L1,z € L;.
78. Ilycts nuHelHbI oneparop ¢:V — V B mpoctpanctBe V B Gasuce (e) =
(e1, ez, €3, €4) UMEET MaTPHILY:

0 1
©@ 15 4 0 -1

A, =13 2 0 3 1-
6 1 -1 7

Haiimute maTpuiry 3Toro orneparopa B 6asuce

() =(e =ene =e1+eze =e1+er+ese =er+ex+es+es).
1 2 3 4

79. IlycTh nuHelnbIi onepaTop B npoctpaHcTBe I/ = R3 numeer B 6a3uce
() = (e ={8,-6,7}, ¢ ={-16,7,-13},¢ = {9,-3,7})
1 2 3

MaTpuILy
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80.

81.

82.

83.

84.

85.

1 —-18 15
A€ = (—1 —22 20,
¢ 1 =25 22
FF)

Haiigute ero marpuiy A °~ B 6asuce
() =(e"=1{1,-21}¢" = {3,-1,2},¢" = {2,1,2}).
1 2 3

BeusicHute, MOXHO s Marpuny Al JMHEHHOro omeparopa NPUBECTH K
IUaroHagpHOMy BHay. Haiinure coOCTBEHHBIE 3HA4Y€HHMs, COOCTBEHHBIN Oaswuc,
MaTpHUlly MEepPeEXoaa U COOTBECTBYIOLIMM BHUJ MaTpPHULbl JUHEHHOIO oreparopa B
HOBOM 0asuce.

7 =12 6
(10 —19 10)
12 —-24 137

Haitgure MUHMMaTbHBIN MHOTOYJIEH MATPHULIBI
-3 7 —6 -1 8 -3 -2

1 -5 8 -3 -5 4 -5
b 3 _4 6 —20 8
A= —1 11 —1Z Y 3 -3 9
3 11 -12 5 8 -4 6
-3 2 1 -4 4 1 —7I
1 -5 6 -2 —4 3 =2
h D)

C nomo1pio mporiecca OPTOroHAIU3aIMU OCTPONTE OPTOHOPMHUPOBAHHBIN Oa3H3
JUHEWHOU 000JIOUKH CHCTEMBI BEKTOPOB ITpocTpaHcTBa V' = R4:

L=(a=1{213-1},a2=1{7,4,3,—3},a3 = {1,1,—6,0}, as = {5,7,7,8})
Haitmure npoekuuio BEKTOpa X Ha MNOANPOCTPAHCTBO L M OpPTOrOHAIBHYIO
COCTaBJISIONTYI0 BeKTOpa X, eciim x = {7, —4, —1,2} u L 3amaHo cucremoi
YPaBHEHUMN

2x1+x2+x3+3x2=0,
L: {3x1 + 2x2 + 2x3 + x4 = 0,

x1+ 2x2 4+ 2x3 — 4x4 = 0.
Hatigure paccrostane ot Bektopa x = {3,3,—1,1, —1} mo moampocrtpancTsa L,
3aJIaHHOTO BHUJIE
L = {x = (x1,x2, X3, X4, X5): 2x1 — 2x2 + 3x3 — 2x4 + 2x5 = 0}.
Haiigure yron mexny Bektopom x = {2,2,1,1} u moampocTpaHncTBOM L, 3a1aHHOTO
B BUJI€ JIUHENHON 000JI0YKHU

L= (a1= {34 —4,—1},az={0,1,—1,2}).
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86.

87.

88.

89.

90.

91.

92.

93.

94,

95.

Haiigute coOCTBEHHBI OPTOHOPMHUPOBAHHBIA 0a3uC M MaTpUIly B 3TOM Oasuce
CaMOCONIPSIKEHHOTO OIIEpaTopa ¢, 3aJaHHOTO B HEKOTOPOM OPTOHOPMHUPOBAHHOM
0asuce (e) marpunei
17 -8 4
40 — (—8 17 —4)_
¢ 4 —4 11

Haiigute oproronansHoe npeoOpa3zoBaHue, MPUBOIAIIEE KBAIPATUIHYIO (POopMy K
TJIABHBIM OCSIM

f(x1, x2, x3, x4) = 3x2 + 8x1x2 — 3x% + 4x2 — 4x3x4 + X2

1 2 3 4
Onpenenure TUN KPUBOM BTOPOTO TMOpsIKa, €€ KaHOHWYECKOE YpaBHEHUE U
HalIMTe KAaHOHUYECKYI0 CUCTEMY KOOPAMHAT, €CITU KpUBas 3a/1aHa YpaBHEHUEM
5x2 + 4xy + 8y%2 — 32x — 56y + 80 = 0.
Omnpenenure THUN KPUBOM BTOPOTO TOpsAKa, €€ KaHOHMYECKOE YpaBHEHHE U
HaWIMTe KAHOHUYECKYI0 CUCTEMY KOOPAMHAT, €CITU KpUBas 3a/1aHa YpaBHEHUEM
5x2 + 12xy — 22x — 12y — 19 = 0.

JIJIsT TTOBEPXHOCTH BTOPOTO TIOPSIKA, 3aJaHHOW B YETHIPEXMEPHOM TOUYECYHOM
eBKJIUJOBOM TIPOCTPAHCTBE, HAWIUTE €€ KAaHOHWYECKOE YpaBHEHHE U
KaHOHMYECKYIO CUCTEMY KOOPIUHAT
2x1x2 + 2x1X3 — 2X1X4 — 2X2X3 + 2X2X4 + 2x3x4 — 2x2 — 4x3 — 6x4 + 5 = 0.
[Ipn kakux 3HavyeHUAX mapamerpa A kBagpatuyHas Qopma Q(x) sBIsETCS
MIOJIOKUTENBHO OIPENETICHHOMN, €CITU

Q(x1, x2,x3) = x12 + 4x22 + x; + 2Ax1x2 + 10x1x3 + 6x2%3.
[Ipu kakux 3HaYeHUsX mapameTpa A kBagparuuHas dopma Q(x) sBisieTcs

OTPUIATCIILHO OHpCI[GHeHHOﬁ, €CJIn

Q(x1, x2,x3) = Ax? — 2x%2 — 3x2 + 2x1x2 — 2x1X3 + 2X2X3.
1 2 3

OKBHUBaJICHTHBI JIN Ha/l I10JIEM BCIICCTBCHHBIX YHCCII KBAAPATUYHBIC (I)OpMI)I Ql u

Q2, Toe
Q1= 2x12 + 9x§ + 3x§ + 8x1x2 — 4x1x3 — 10x2x3;

Q2= 2x1 + 3x%2 + 6x2 — 4x1x2 — 4x1Xx3 + 8x2x37?
2 3

HccnenoBats cucteMy Ha COBMECTHOCTD € UCITOJIb30BaHUEM TeopeMbl KpoHekepa-
Kanemm

x1+ 3x2 +5x3 + 7x4 +9x5 = 1,
{x1—2x2+ 3x3 —4x4+ 5x5 = 2,

2x1 + 11x2 + 12x3 + 25x4 + 22x5 = 4.
Breraucnure onpeaenuTens MopsAaka n, 3JEMEHThl KOTOPOTO 3a/IaHbl YCIOBHUEM:
ai;j = min(i, j).
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2mi

96. Mycts &€ =e7, a=¢c+e2+&h, b =g +¢&5+eb Tokaxure, uto a u b

SBJISIIOTCSI KOPHSIMU KBaJIpaTHOTO TpexuiieHa z2 + z + 2.

97. Myets f(x) = x*— 10x2+ 1 u g(x) = x*— 4V2x3+ 6x2+ 4v2x + 1. Haiiyure
dbynkmn u(x) u v(x) Takue, yto fu + gv = Res(f, g).

98. BeisicHuTe, MOXXHO JIM MaTpPHILY A((pe) JUHEWHOr0 orepaTopa MNPUBECTH K
IUaroHagpHOMy BHay. Haiinure coOCTBEHHBIE 3HA4Y€HMs, COOCTBEHHBIN Oaswuc,
MaTpUIly Nepexojia U COOTBECTBYIOIIMI BHU MaTpUIbl JUHEHHOTO orepaTopa B
HOBOM Oa3muce.

7 =12 6
(10 —19 10)
12 -24 137

99. DKBUBAJICHTHBI JIU HAJl TIOJIEM BEIIECTBEHHBIX YHCEIN KBaipaTHuHbie popmbl Q1 U

Q2, Toe
Q1= 2x2 + 9x% + 3x§ + 8x1x2 — 4x1x3 — 10x2X3;

1 2
Q2= 2x1 + 3x% + 6x2 — 4x1x2 — 4x1x3 + 8x2X3?
2 3

Kpurepuu 0a/u1bHON OLIEHKH PA3JIMYHbIX (OPM TeKyIIero KOHTPOJIs
yCIIeBaeMOCTH

Kputepun 6anabpHON OIEHKH pa3IuYHbIX (POPM TEKYILIETO KOHTPOJIS
YCIIEBAEMOCTH COAEPKATCS B COOTBETCTBYIOIIMX METOAUYECKUX PEKOMEH 1A~
nusix JlemapramenTa aHanu3a JaHHBIX U MAIIMHHOTO O0YYEHUSI.

/. MOHI OLEHOYHBIX CPEACTB /UISl NMPOBeIEHUS MPOMEKYTOYHON aTTecTanuu
o0yuaroumuxcst o JUCHUIIMHE
IlepeyeHb KOMIETEHINI C YKa3aHUEM HHAMKATOPOB UX JOCTUKEHUS B
IpOLECCe OCBOEHUSI 00pa30BaTENIbHON MPOrpaMMbI COJIEPIKUTCS B pasjene 2.
«[lepedeHp mMIaHUPYEMbIX pPE3yJbTATOB OCBOCHHUS OOpa30BaTEIbHON MPO-
rpaMMsbl (IIepeYeHb KOMIIETEHIIMI) C YKa3aHUEM MHJIUKATOPOB MX JTOCTHKEHUS
U TUTAHUPYEMBIX PE3YJIbTATOB 00YUYEHUS MO TUCHUILITUHE.
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TunoBbie KOHTPOJIbHBbIE 3aJAHUS UM HHbIE MATEPHUAJIbI, HEO0X0AUMBbIE IJIf
OLICHKH MHIUKATOPOB JOCTHKEHUA KOMIIETEHUUI, YMEHUH U 3SHAHUU

Hauwme- Haunmeno- Pesynbratel  0Oyue- TuroBsle KOHTPOJIbHBIE 3aja-
HOBaHUE BaHUE MHJAMKA- | HUA (YMEHMsI U 3HAHUS), | HUA
KOMIIETEH- | TOPOB JOCTH- | COOTHECEHHBIE C MHAMKA-
1007071 YKEHUs KOMIIe- | TOpaMHu JOCTUKEHUS

TEHUUHU KOMITETEHIIUN

[TKH-2 1. lemoHcTpu- | 3namsb 6azoBble noHsATUsA | [I[puBenuTe OCHOBHYIO  TEOpEMY
CrnocobeH ¢ | pyer  3HaHHE | MATEMATUYECKHX MOJIe- | CHMMETPHYECKUX MHOTOWICHOB U
[IOMOILIBIO 0a30BbIX MaTe- | Jiei, MPUMEHIEMBIX B pa3- | IPOMUTIOCTPUPYHTEe €€ Ha mpumepe
MaTeMaTu- | MAaTUYECKUX JUYHBIX pa3lenax aj- | CHMMETPUYECKOTO MHOIQUJIeHA
YECKOM MO- | MOJENeH, NpH- | Te6pbl ¥ TEOMETPHUH; fx1, x2, x3) = xixz +x%x3 +
e pe- | MEHSIEMBIX B X;.X'l + chg + xzxg + x3x~°1’,
marb  IO- | pasjIMIHbIX MPEACTaBUB €ro0 B BHJIE SBHOTO
CTaBJICH- IIPEAMETHBIX MHOT'OYJICHA oT dJIEMEHTapHBIX
HYIO Teope- | 00nacTsx. CUMMETPUYECKUX MHOTOYJICHOB.
TUYECKYIO
WM TIpU-
KIIaJIHYIO Ymemv»  nemonctpupo- | I[lycte A € Mn(R) BeIpOXICHHAS
3ajaqy, pea- BaThb aJireOpo-reoMeTpu- | KBajJpaTHas MaTpulla MOopsjaka n.
JN30BbBIBAs YecKkue maTtemaTuyeckue | Jlokaxkure HepaBEHCTBO
JITOPUTM YTBEPKACHHUSI OCHOBHBIX rank(adj(4)) < 1.
pelieHus B pasziesnoB anreOpsl U reo-
BUAE Tpo- METpUH, BBIAEIAS TIJIaB-
TPaMMHOTO HBIE CMBICJIOBBIE ACIIEKTHI
MOJTYJIS B JIOKa3aTeJIbCTBAX.

2. Apantupyer
U IPUMEHSET
CYLIECTBYIO-
mMe MaTema-
TUYECKUE MO-
Jenu Ui pe-
LIEHMSI IOCTaB-

JIEHHOW  TIpH-
KIQOHOH WIH
TeopeThye-

CKOM 3aJ1a4Mu.

3. Bmageer me-
TOJOJIOTHEH
MareMaTrnudc-
CKOT'O MOJICIIH-
poBaHuA  Js
penieHus mpo-
(dheccuonab-
HBIX 3a7a4.

3namp  CyleCTBYIOIIHUE
MaTE€MaTU4eCKHe MOJEIIH
JUISL peLleHUs ITOCTaBJICH-
HOM NPUKJIAJHOM 3a]1a4H;

Ymems aJanTUPOBaTh
MaTeMaTHYeCKHE MOJCIIH
JUISL PEIICHHs] TeopeThuye-
CKOI1 3aaun.

3namp MEeTONOJIOTHUIO Ma-
TEeMaTUYECKOr0 MOJICIIU-
pOBaHI/Iﬂ JJIA pemeHI/m
npodecCHOHANBHBIX — 3a-
Jad anreOpbl M reoMeT-
puuy;

Haiinure OpPTOTOHAJIBHOE
npeoOpa3zoBaHue, IIPUBOIALIECE
KBaIpaTHUHYI0 (OpPMY K TIJIABHBIM
ocsiM f(x1, x2, _la_cs, x4) =3x%2 +

8x1x2 — 3x2 + 4x%2 — 4x x + x2
2 3 34 4
IIpuBenure mnpuMep  HEHYIEBOHN

matpuriel A € Ma(R) (smemeHTHI
KOTOpOW BCE OTJIIMYHBI OT HYIs), Y
koTopoit adj(A) = Oa.

Kakoii MakcumanbHbBIA  MOPSAOK
MOJKET UMETh IePECTaHOBKA U3 S277
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Ymems UCHoab30BaTh | Haiinnrte HanOonbllee 3HAUYECHUE
WHCTPYMEHTApUI Mi- | onpeaenuTens MecToro nopsijaka, co-
crosoft Excel, R, Python | craBiennoro u3 uucen —1, 0, u 1.
(Jupyter Notebook) mns | (Peanmu3oBaTh alropuT™M pEHICHUS B
peanu3aluu  aIropuTMa | BUIE IPOrPAMMHOTO MOJIYJIS).
pelieHus 3amad B BUAC
MIPOrpaMMHOTO MOAYJIS B
o0JlacTd  TPUKJIAJAHOTO
MaITUuHHOTO OOYYCHHUS.

IIpuMepHBIe BONPOCHI 11 IOATOTOBKHU K IK3aMeHYy
. JlaiiTe onpeneneHre CUCTEMbl M JIMHEHHBIX alreOpanyeckux ypaBHEHUU C N
Heu3BecTHbIMU. Kakas CJIAY Ha3piBaeTCs OJHOPOJIHOW, HEOJHOPOHOM.
[IpuBenute cooTBeTCTBYIOIIME MTpUMeEpbl. MoxeT i HeogHopoaHas CJIIAY
Ax = b ObITb HeompeneneHHOM, eclid CTONOIbI €€ MaTpUllbl JIMHEWHO
HE3aBUCUMBI (JTUHEHHO 3aBUCHUMBI)? OTBET HEOOX0IUMO OOOCHOBATH.
. Chopmynupyiite ornpezaeneHue peaynupoBaHHoil ctynendaroit popmsl CJIIAY.
Chopmynupyiite Teopemy o npuBeaeHun CJIIAY k pexynupoBaHHOU
crynenyatoir ¢opme. Moxer nmu HeomHopoaHas CJIIAY Ax = b ObwITh
COBMECTHOW (HECOBMCETHOM), €CIM COOTBETCTByIomas oaHoponHas CJIAY
SIBJISIETCS OTpeielieHHOM (HeonpenesieHnHo)? OTBeT He0OX0IUMO 0O0CHOBATD.
. Jlaiitre ompenenenue panra marpuiibl. Chopmynupyiite Teopemy Kponekepa-
Kanenmm. Copmectna mnu HecoBmectHa CJIAY, ecnu cToa01161 e€paciupeHHoM
MaTpUIlbl JTUHEHHO HE3aBCUCUMBI (JIUHEHMHO 3aBUCUMBI)? OTBET HEOOXOIUMO
000CHOBATb.
. Jaiite  ompenenenue  QyHnamentanbHol  cucteMbl  pemieHuin  (DCP)
omnopoguoit CJIAY. Chdopmynupyiite Teopemy o0 0O0IIeM BUIE PEIICHHS
omHopoaHoit  (HeomHoponmuor) CJIAY. IlpuBeaute COOTBETCTBYIOIIUE
npuMepsbl. Haitgure @®CP 0n1HOpOAHOTO ypaBHEHUS

2x1 + 3x2 — 3x3 + 4x4 — 7x5= 0.
. JlaiiTe onpeaenenne MaTpUIlbl pa3Mepbl m X M U chopMyIUpyHTe OCHOBHBIE
omepauu Haj HUMHU. Kakue MaTpulbl Ha3bIBAIOTCS CHUMMETPUUYECKUMU,

KococummeTrpuucekumu? [IpuBeauTe cOOTBETCTBYIOLIME TPUMEPBI. MOXKHO JiH
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KBaJPaTHYIO MATPUIy MPEACTaBUTh B BHJIE CYMMBI CHMMETPUYECKOH U
KococuMMeTpuueckoi maTpuil? OTBET HE0OX0AUMO 0OO0CHOBAThH

6. [aiite ompeneneHue MPOU3BEACHUS MaTpHll U CHOPMYIHPYHTE OCHOBHBIC
cBOMcTBa mpou3BeacHUs Marpull. CyIIecTBYIOT JIM HEHYJIEBbIE KBaJIpaTHbBIC
Mmatpuilel A u B takue, uto A - B = 0? OtBer HeoOxoauMo 060cHOBaTh. Kakue
MaTpPHIIBl Ha3bIBAIOTCI KOMMYyTUpYRomuMH? BepHo mu paBeHctBo (A - B)T =
BT - AT? OTBeT HEOOXOIMMO 00OCHOBATE.

7. Jlatite omnpenencHue npsiMoii cyMMbl @@ u mpousBencHus Kponekepa @ s
Marpull. [lpuBenuTe COOTBETCTBYIOIIME MPUMEPHI NPSAMONH CYMMBI U
npousBenenus: Kponekepa marpui. Bepao i tr(A @ B) = tr(4) - tr(B)?
OtBeT HEOOXOAUMO 00OCHOBATD.

8. Kakue matpuiibl HazbiBaloTcsi oOpatuMbiMu? ChopMynupyidTe OCHOBHBIC

a b -1 d —b

. 1
cBOMCTBa AJis1 00paTHBIX MaTpull. Jlokaxkute ( c d) =— ( )
—bc —c a

9. Chopmynupyiite moHATHE dIIEMEHTAPHOU MaTpHIIbl. JJokakuTe, 94To
Pi=P;M@1=M(@O), [, @] =4(-a).
ij j oo i o ji ji
[TpuBennTe COOTBETCTBYIOIINE TPUMEPHI.

10. Chopmynupyiite anroput™ (¢ 0OOCHOBaHHMEM) BBIUMCICHUS OOpaTHOM
Martpuiibl (Metop ['aycca-Kopaana). [IpuBenure cOOTBETCTBYIOLINNA IPUMED.
11. Cpopmynupyiite  KpuTepuii  OOpaTUMOCTM  MATPUIBl  MPU  MOMOIIU

MIPOU3BEICHUS dJIEMEHTapHBIX MaTpull. [[puBennTe COOTBETCTBYIONINI TIPUMED.

12. Chopmymupyiite anroput™ LU pasznoxenus oopatumoit matpuiibl. [IpuBenure
COOTBETCTBYIOIIUN MPUMED.

13. IMpuBenute onpeaencHUs ONPEICTUTENCH HEOOIBIINX TOPSAKOB [T MaTpHIL (1
=1,2,3). [IpuBeaute reoMeTprUECKUi CMBICI (C 000CHOBAHHEM ) OTIPEICITUTENCH
man=2un=3.

14. Jlaitite ompenenHue MUHOpa U alreOpanyecKoro JOMOJHEHUS K 3JIEMEHTaM
Mmatpuubl. [IpuBenure kodakTopHOE ONpeneacHHe ONpPEACTUTENS MaTPULIbI N-

oro nopsinka. Chopmynupyiite TeopeMy Jlammaca o pa3noKeHUH OMPEASTIATENS
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no crpoke wiu cronduy. Haitnure Z;.lzl aijAkj, k # i. OTBeT HE00X0AUMO
00OCHOBATb.

15. IlpuBenute Qopmyny sl HAXOXKIEHUS OOpPaTHOM MaTpuIbl  4epes3
npucoeanHennyto marpunyy adj(A). Haiimute A - adj(A). OtBeT HEOOXOAMMO
00OCHOBATb.

16. IIpuBeguTe  OCHOBHBIC  CBoOMcTBa  ompenenurtenei. Ilycte A -
KOCOCUMMETpHUecKasi MaTpHila HeueTHOro nopsinka. Haiinure e€ onpenenuTenb.
OTtBeT HEOOX0AUMO 0OOCHOBATb.

17. Chopmynupyiite u qokaxure popmyinsl Kpamepa.

18. Mlaiite ompenencaue mMuHOpa k-oro mopsaka. [IpuBenute COOTBETCTBYIONTHE
npumepsl. [lycte A € Mumn(R). Ckonbko pa3nuyHbIX MHHOPOB K-OT0 TIOpsIKa
MOKeT ObITh? OTBET HEOOXOIUMO 0OOCHOBATD.

19. JlaiiTe ompeneneHue paHra MaTpHLbl, UCHOJb3ys NOHATHE MHUHOpaA. Kakoii
MUHOpP HazbiBaeTcsl 0a3ucHbIM? ChopmynupyiTe Teopemy 0 0a3UCHOM MHUHOPE.
B uem coctout meron oxkanmIisromux MuHOpoB? IIpuBeauTe COOTBETCTBYIOMIMI
npuMep.

20. JlaiiTe ompezaeneHue TEPECTAHOBKM M3 N dieMeHTOB. [IpuBeamTe OCHOBBIE

omnpepanuu HaJl NEpecTaHOBKaMU (yYMHO)XEHHE, oOpaTHas MEepecTaHOBKa).

Pemwute oTHOCHUTEIBLHO CPCLTAagOBKU HCHUC
ToXxX =T, 7T=(liefgﬁx5yp%3)'r=1 2 3 4 § 6)

6 4 3 2 1 5 (21456
3

21. ChopmynupyiiTe MOHATHE UHBEPCUU MIEPECTAHOBKH, CUTHATYPHI IEPECTAHOBKH.
Kakas mnepectaHoBka Ha3biBaeTcsi ueTHOM (HeueTHOH)? UYTo Ha3biBaeTcs
MOPSAKOM nepecTaHoBKu? [IprBeauTe COOTBETCTBYIONINE TPUMEPHI.

22. JlaiiTe KOMOWHATOPHO-aHAJTUTUYECKOE OIpEACTICHUE OMPEACIUTENISI 11 -Oro
nopsinka matpuilbl. [IpuBenute COOTBETCTBYIONIUME MPUMEPHI ¢ 0OOCHOBAHHEM
dbopmyIbl onpeaenuTeneu g n = 2, n = 3.

23. JlaiiTe omnpenesieHre BEKTOpa MHBEPCUM, PABOTO U JICBOTO BEKTOpPa HHBEPCHIA.

Kak cBsi3aHbl 31eMEHTHI IEPECTAHOBKM C KOMIIOHEHTAMH BEKTOPOB MHBEPCUIA?
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[IprBenuTe COOTBETCTBYIOLINE IPUMEDHI.
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24. TlpuBenuTe anrOpuTM OMpPEACICHUS TEPECTAHOBKHA 10 BEKTYPY HWHBEPCHHU.
[Tycte man Bektop a—= {4; 6; 1; 0; 3; 1; 1; 0}. Haiinute nmepecTaHoBKy 7T, JJIs
KOTOpOU BEKTOp MHBepcHil (1) coBmagaer ¢ . CKOJIBKO TAKHX MIEPECTAaHOBOK
CYIIIECTBYET?

25. Jlaiite onpenencuue uHaekca nepecranosku. Chopmyaupyiire reopemsl Mak-
Marona u ®oarta-lllynenbepxe. [IpowmmocTpupyiite TEOpeMbl Ha MpPUMEpE
CUMMETPUYECKOMN rpynmbl Ss.

26. JlaiiTe ompenefleHWe KOMIUIEKCHOTO 4YHCIa B aireOpanyeckou ¢opme.
[IpuBeuTE TPUTOHOMETPHUYECKYIO M ITOKA3aTEIbHYIO (POPMBI KOMIUIEKCHOTO
yucia. BeiBenure dhopMyity miomaau napauieaorpaMmma ¢ BepIinHaMy B TOUKax
Z1 Y Z2 KOMIUIEKCHOM IIJIOCKOCTH.

27. BeiBenute GopMyIibl i U3BICYCHUSI KOPHS N-OW CTENEHU U3 KOMIUJIEKCHOTO
guCcia W TPUBEAUTE TEOMETPHUYCCKYIO HHTEPIIPETAIIUI0O O PACIIONIOXKEHUU N
3HaueHuii KopHs. Kakoil KopeHb Ha3bIBaeTCcd MPUMUTUBHBIM. [IpuBeaute
CBOMCTBA IPUMUTHUBHBIX KOPHEM.

28. BriBenure dopMyibl 151 chepuueckoro n300pakeHrss KOMIUIEKCHOTO YHCIIA.
Haiinure chepuieckoe n3odpaxeHue KOMIUIEKCHOTO yncia z = 3 + 5i.

29. JlaiiTe ompeneneHWe HaWOONBIIETO OOMIErO JAETUTENss MHOTOYJICHOB,
HAaUMEHBIIIErO0 OOIIero KpaTHOro MHoroujeHoB. [lpuBenure nuHEHHOE
pa3IoKeHHEe HAanOOJIBIIEro 00MIero aeauTens. Kakue MHOTOUIEHBI HAa3hIBAOTCS
B3auMHO TmpocTeiMu? IlpuBeguTe cooTBeTCTByIOIIME MpuMepbl. Haiinurte
MHorouIeHbl U(x) u v(X) Takue, 9To

(2x3 = 7x?> = 9x + 63)u(x) + (x3 + x2 —19x — v (x) = 1.

30. [aiiTe onpeneneHrue HEMPUBOAUMOTO MHOTOUYJIEHA. byneT 1 HenmpuBOANMBIM
MHOTOWIeHOM HaJl R mHOTOWIeH Bua x* + 4? OTBeT He0OX0AMMO 0OOCHOBATH.

31. Jlaiite ompeneneHue anreOpandeckod KpPAaTHOCTH KOPHS MHOTOWICHA.
[TpuBenute cooTBercTBYyIOMUE TpUMEpPBl. CHOPMYITUPYHTE OCHOBHYIO TEOPEMY
anreOpbl KOMIUIEKCHBIX ynced. SBnsercs i noje C anredpanyecku 3aMKHYThIM?
OTtBeT HEOOX0AMMO 0OOCHOBATH.

32. Tlpusemute (¢ BbIBO1OM) hopmyJibl Bueta 115 MHOTOYIeHA
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f € Clz],deg(f) =n.

33. [IpuBenure cBoiicTBa (C J10KAa3aTEIbCTBOM) KOMIUIEKCHBIX KOPHEW st
MHOTOYJICHOB C BelIeCTBeHHbIMH Kodpduimentamu f € R[z], deg(f) = n.
Pasnoxure Ha MHOxkuTEenH Hax R MHOTOWIEeH X5 — 1 € R[x].

34. JlaliTe ompejielieHHEe MHOTOWIEHAa OT HECKOJbKUX TNepeMeHHbIX. Kakoi
MHOTOYJIEH Ha3bIBaeTcsi cuMmMmerpuueckum? IlpuBenuTe BbIpaskeHUST OCHOBHBIX
CUMMETPUYECKUX MHOTOUJICHOB.

35. IlpuBenure QoOpMysabl 3JIEMEHTApHBIX CHUMMETPHUYECKMX MHOIOYJICHOB
Sk(x1, X2, ..., Xn). YKQKUTE UX B IBHOM BHJIE U cirydasi n = 4, k = 4.

36. IIpuBenute hopmynsl HeioTOHA, KOTOpPHIE CBA3BIBAIOT MHOTOUYICHB HbproTOHA
(cTemeHHbIe CYMMBI) C 3JI€MEHTaPHBIMUA CUMMETPUYECKUMU MHOTOWICHAMHU
Sk(xX1, X2, ..., Xn).

37. llpuBenuTte OCHOBHYIO TEOPEMY CHMMETPHYECKHX MHOTOWICHOB U

HpOPIJIJII-OCTpHprIT@ e€ Ha MMpuMeEpC CUMMCTPHUICCKOTI'O MHOT'O4JICHA

f(x1, x2, x3) = x3x2 + x3x3 + x3x1 + x1x3 + x2%3 + X3Xx3, MpPEACTaBUB €ro B
1 2 3 2 3 1

BHJIE AIBHOI'O MHOTOYJICHA OT 3JIEMEHTAPHBIX CHMMETPHUYECKIUX MHOTOUJICHOB.

38. llaiite ompeneneHue AUCKPUMHHAHTAa MHOYOWIEHA N-OM CTENEHH C
KOMIUICKCHBIMA ~ KOd(pdUIIMEHTaMHd W  TNPHUBEIUTE OCHOBHBIC  CBOMCTBa
TUCKpUMUHAHTa MHorojieHa. [lpuBeaute dopmyny s OmnpenesieHUs
TUCKPUMUHAHTA MHOTOYIEHA MW TOJB3YysACh JTOW  (QopMysnol Haiaurte
JTUCKPUMHUHAHT MHOTOWIeHA f(z) = z3 + az + b.

39. JlaifTe omnpeneneHne pe3yabTaHTa JBYX MHOTOUYJIEHOB N-OM M M-0OH CTEMEHEH.
[IpuBenuTe OCHOBHBIE CBOWCTBA pe3yJbTaHTa MHOro4YwieHoOB. Hawaure
MHOTOWIeHb U(x) u v(x) Takue, uto f(x)u(x) + g(x)v(x) =
Res(f(x); g(x)), rne

f(x) =x*—10x2+1,g(x) = x* — 4223 + 6x2 + 4V2x + 1.
40. JlaiiTe ompenelneHre JMHEHHOTO MPOCTPAHCTBA U IPUBEAUTE IMPUMEPEI

JUHEWHBIX TPOCTPAHCTB. SBisieTcs M JIMHEHHBIM TIpocTpancTBoM Vi = {f €
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Ra[x]: f(5) =0}, V2= {f € Ra[x]: f(5) =2}? OrBer HeoOxoaumM0 000CHOBATb.

41. JTaiite ompeneneHHe IMHEHHONW 3aBUCHMMOCTH W HE3aBHCHMOCTH CHCTEMBI
BEKTOpoB. UTto  Ha3piBaeTcs  0a3MCOM  KOHEYHOMEPHOTO  BEKTOPHOIO
npoctpancTBa? Kak onpenensiercs pa3sMepHOCTh KOHEYHOMEPHOTO BEKTOPHOIO
npocTpaHcTBa. HaliguTe pa3sMepHOCTh M KakKOW-HHOYIb Oa3uc JIMHEHHOIO
npoctpanctBa V' = {f € Rq[x]: f(3) = 0}.

42. JlaiiTe ompenereHUE MaTpUIBl Iepexoja OT OJHOTO Oa3uca K JApyroMmy
JuHeHHoro npoctpaHcTBa. CPopMynHpyidTe OCHOBHBIE CBOMCTBA MATPHIIBI
nepexona. [IpuBeaure npuMepsl MaTPULBI IEPEXOAA.

43. Jlaiite ompezaeneHue JIUMHEHHOro mnoAanpocTpaHcTBa. llpuBenere OCHOBHBIE
MpUMEpPHl JIMHEWHBIX TOJANPOCTPAHCTB. SBHsieTca 1M OOBEAMHEHUE JBYX
JMHENHBIX MMOANPOCTPAHCTB JIMHEHHBIM MOANPOCTpaHCTBOM? OTBETHEOOXOIMMO
000CHOBATb.

44, ]JlaiiTe omnpeneneHue IepeceyeHusi, CYMMbl JMHEHMHBIX MOIIMPOCTPAHCTB.
Chopmynupyiite TeopeMy O pa3sMEpHOCTH CyMMBbI MOANpocTpaHCTB. Kakas
cymMMa HasbiBaeTcsi npsamou? IlpuBenurte mnpumMep CyMMbl HOANPOCTPAHCTB,
KOTOpas HE SBJIAETCS MPAMOM (C 000CHOBAHHUEM).

45. [laiiTe onpeneneHue JMHEMHOr0o MHOrooOpa3us JIMHEWHOTo npocTpancTBa. Kak
OTIpeIeNIICTCS Pa3MEPHOCTh JIMHEHHOTO MHOTrooOpasus? Ssnsercs m V =
{x eERS: x1 —x2+ x3— x4 —5x5 =0, x2 — x3 + 2x4 + 4x5 = 1} nuHEHHBIM
MHoroo6pasuem? Eciau fga, To HaliIUTE €ro Pa3MEePHOCTD.

46. JlaiiTe onpeneneHne JIUHEHHOTO onepaTopa. UTo Ha3bIBaeTCs SIpOM U 00pa3oM
nuHenHoro omepatopa? Kak cBsizanbl AedeKT JTUHEHHOTO orepaTopa M paHT
JIMHEWHOTO ONEPATOpa B KOHEUHOMEPHOM JIMHEMHOM MPOCTPAHCTBE.

47. JlaitTe onpeneneHue MaTpUIlbl IMHEHHOTO oniepaTopa. Haiinure panr TuHEHHTO
orepatopa, eciu @: R3 = R3, p(x) = {x1; x1 + x2; x1 + x2 + x3}. Kak m3menurcs
MaTpulla JUHEWHOTO olleparopa MpH mepexoae K Jpyromy 0Oaszucy? OTBeT

HE00X0IMMO 000CHOBATh.
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48. Jlaiite  ompeneneHHe  WHBAPUAHTHOTO  JIMHEMHOrO  MOAMPOCTPAHCTBA
OTHOCUTEJILHO JIMHEHHOTo orepaTtopa. bynyT nu sapo u obpa3 JTUHEHHOTO
ormiepaTopa HMHBapHaHTHBIMU moAmpocTpancTBaMu? OTBET HEOOXOIUMO
000CHOBATb.

49. JlaiiTe ompeneneHre COOCTBEHHOTO BEKTOpa U COOTBETCTBYIOIIETO
COOCTBEHHOI'0 3HAYEHHMs JIMHEWHOro omeparopa. UTo Has3bIBaeTCs CIEKTPOM U
PE30JIbBEHTON JIMHEWUHOTO OIlepaTopa.

50. [laiiTe ompeneneHHe  XapaKTEPUCTUUYECKOTO  MHOTOWICHAa  JUHEHHOTO
onepartopa. Ilokaxute, 4TO XapakTEPUCTUUYECKUN MHOTOWIEH HE 3aBHCHUT OT
BbIOOpa Oa3uca.

51. JlaifTe ompejaeneHue cCOOCTBEHHOIO MOAIPOCTPAHCTBA JIMHEHHOTO omepaTopa.
Kak cBs3anbl anreOpamdeckas U T€OMETPUYECKas KPATHOCTU COOCTBEHHOIO
3HaueHus. [IpuBenure mpumep JMHEWHOrO OmMEPATOpa M COOTBETCTBYIOLIETO
COOCTBEHHOI'0 3HAYEHMS, T€OMETPUYECKasi KPAaTHOCTh KOTOPOTO MEHBIIE €ro
anredpandecKkoil KpaTHOCTH.

52. JlaliTe ompenenieHne AWaroHaIM3upyeMoro omeparopa. [IpuBenurte kputepuid
JTUArOHAIM3UPYEMOCTH.

53. TlpuBeauTe OCHOBHBIE CBOMCTBA COOCTBEHHBIX YMCEI M COOCTBEHHBIX BEKTOPOB
JINHENHBIX ONIEPATOPOB.

54. Cdopmynupyiite Teopemy ['amunbrona — Konu.

55. Jlaiite ompeaeneHie MHUHUMAJIBHOTO MHOTOYWIEHA MAaTpHUIbl JIMHEHHOTO
onepatopa. Kak cBsizaHbl XapaKTEepUCTUUECKUM 1 MUHUMAJIbHBI MHOTOWICHBI?

56. [laiiTe ompejeneHue eBKINI0Ba BEKTOPHOTO MPOCTpaHCcTBA. UTO Ha3bIBaeTCS
JUIMHOU BeKTopa. Jlokaxkure HepaBeHCTBO Komm—byHAKOBCKOTO.

57. Haiite onpeneneHue opToroHanbHbix BeKTOpB. [lycth V' = R3 u mycTh

Il x lI2= 3x2 + 2x2 + x2 — 4x1x2 — 2x1X3 + 2X2X3.
1 2 3

Byner nu ykaszaHHOE BbIpaK€HHE ONpenensTe HopMy BekTopa? Ecim ma, To

HaWAUTe BCEe BEKTOPHI, OpTOroHanbHbie X = {1; 1; 1}.
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58. JlaiiTe ompejneneHre OPTOTOHAIBHOTO W OPTOHOPMHUPOBAHHOTO Oa3uca. Uto
Ha3bIBAETCA OPTOTOHAIBHBIM JIOMOJIHEHUEM K MOIIPOCTPAHCTBY E€BKIIMIOBA
IIpOCTpaHcTBa?

59. [IpuBenure Teopemy o0OOcHOBaHUA opToroHanuzanuu [ 'pama—IlImuara.
[IpuBenute siBHBIE (HOPMYINBI TMOCTPOEHHUS OPTOHOPMHUPOBAHHHOTO Oaswuca,
UCIIONB3Y4 Mpouecc oproroHanuzamnuu ['pama—IImuara.

60. Kakas wmarpuma Has3biBaeTcsi  opToroHanpHoOW?  [IpuBenutre  mpumep
OPTOTOHAJILHON MaTPHIBI.

61. JlaiiTe onpenenaeHre caMoconpsiKeHHOro onepartopa. [IpuBeaure npumepst ( ¢
00OCHOBaHHEM) CaMOCONPSKEHHOTO M HE CaMOCONPSDKEHHOTO JIMHEMHBIX
oneparopoB. Kakas MaTpuia XxapakrepusyeT CaMOCOIPSKEHHBIHN orepaTop?

62. IlpuBenuTe OCHOBHBIE CBOWCTBA COOCTBEHHBIX 3HAUEHUH U COOCTBEHHBIX
BEKTOPOB CaMOCOIIPSKEHHBIX ONIEPATOPOB.

63. Jlaiite onpeneneHue KBaapaTuyHon (popMbl, €€ MaTPHUIIbl, paHra KBaJpaTUYHOU
dopmbl.  Kakas  kBagpatuuHas (¢GopMa  Ha3bIBaeTCS  HEBBIPOKICHHOM
(BeIpokaeHHOM). Kak ompexaensieTcss cuMMeTpuuHasi OwinHelHas ¢opma,
noJIsipHas K KBajgpaTuaHoi opme. s kBagpaTuuHon Gopmbl

Q(x1,x2,x3) = X1X2 + X1X3 + X2X3
HalUTE CHMMETPUYHYIO OUITMHENHYI0 (OpMY, NOJSPHYIO K Q.

64. JlaiiTe ompeneneHre KaHOHUYECKOTO BHUJA KBAAPaTUYHOW (Gopmbl. Onuimre
QITOPUTM TPHUBEACHUU K KAHOHMYECKOMY BHAY KBaJpaTUYHOW (OPMBI IMpHU
MOMOIIN OPTOTOHAIBHOTO IPEe0Opa30BaHUsI.

65. JlaiiTe ompezaeneHne HOPMAIBHOTO BUJA KBaapaTudHou (opmbl. UTo Takoe
NOJIOKUTENIbHBIA U OTPUUATENbHBIM MHAEKCHl HWHEPLUM U  CUTHATypa
KBaapaTHuHOU Qopmbl. [IpuBenuTe COOTBETCTBYIOLINE IPUMEPHI.

66. ChopMynupyiiTe 3aKOH HHEPITUH JJIs KBAAPATUIHOU (DOPMBI C BEIIECTBEHHBIMU
KO3 UITEHTaAMH.

67. aiite = ompeneneHue  MOJOKUTEIBHO-OMpPEACICHHON  (OTpULIaTEeNIbHO-
ONPENEICHHONW), MOJIOKUTEIBHO-TIOJIYOIPEAEIEHHOM M 3HAKOIIEPEMEHHOM
KkBajgpaTuyHOi Gopmel. [IpuBennTe COOTBETCTBYIONINE PUMEPHI.
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68. Chopmymnupyiite kputepuii CunbBecTpa MOJIOKUTEILHON OMPENEICHHOCTH
(oTpunaTenbHOM  OMpeNeNeHHOCTH) KBaapatuyHou  (opmel.  [IpuBenute

COOTBETCTBYIOILIUE IPUMEPBI.

IIpumep dx3aMeHALTMOHHOTO OUJIeTa

DK3aMEeHALIMOHHLIN OmJieT Ne

1. (10) TMpuseanre anropuT™ ONPE/IC/ICHHS TICPCCTAHOBKH 110 BCKTYpY WHBCpeuu, Tlycts
_) e »

aan sekrop a = {4;6;1;0;3;1;1;0}. Haiixure nepecraHoBKy 7, Ul KOTOPOii BEKTOp
" s .

nasepeuit v(7) coBnajact ¢ a . CKOIBKO TAKMX NCPECTAHOBOK cyniecTsyer?

2. (10) Jlaitre onpeaciaenue anreOpandeckoil KparnocTH kopus Muorowiena, [Mpuseaure

coorsercrBytonme npumepst. ChopmynpyiTe OCHOBHYIO Teopemy aireOpbi KOMILIEKCHBIX

yncen. Sisnsercs nm none C anrebpanyeckn 3aMknyTeiM? OTBeT HEoOX0aHMO 060CHOBATS.

3. (10) Jlaitte onpeiciCHHE HOPMAIBHOIO BMjaa Keaaparuynoit dopmel. Yro rakoe
NOJIOKHTEILHBII M OTPHIATEIBHBIN HH/ICKCH HHCPIMM M CHIHATYPA KBAJAPATHYHON HOpMBIL.
IIpuBeaHTE COOTBETCTBYIOUIHE MPHMEPEL.

4. (10) Tpencraspre KOMIVICKCHOE YHCI0 B anredpanyeckoi dopme

(-1+iv3)°  (-1-iVB)"
1-9)2 1+

7149 4 4 9 2
D = AT . B. Haiigure: 1) makcumym oiementoB marpuusi C; 2) CyMMy IeMEHTOB
marpuist D,

5.(]0)1’1:1111.1Marpmu.x:A:(4 b 2 9). (9 4 &5

). C=A-BT,

26 17 24
6. (10) Jlama marpuma: A = | 12 21 11 |. Ilyers Z — cobcrBennoe 3HaucHHE
13 27 22

marpuitet A ¢ Hanboubimied MHUMOM wacTei. Haiinre Z M COOTBETCTBYHONUIHI ITOMY
cobcTBeHnOMy 3nayennio cobcTBennbii BekTop X, nepsas KOOpAMHATA KOTOPOro pasHa |,
X = (1,U, V). B orsere ykaxure: 1) MUHMYIO HacTh Z; 2) ACHCTBHTEABHYIO HacTh [,

8. IlepeyeHb OCHOBHOI U 10NOJIHUTEIbHON Y4eOHOM JIUTEPATYpPbl, HEO0X0AMMOM
JJIS1 OCBOCHHS IMCHMILIMHBI
a) OCHOBHas

8.1. Maremaruka B 5xoHOMEKe. U.1 : JIuHeiHas anreOpa, aHaTUTHIECKas TE€OMETPHSI
U JTUHEHHOEe MporpaMMHUpOBaHHE: YUeOHHK JUIsl CTY. SKOHOMHUY. crell. By30B / A. C.
CononosuukoB, B. A. babaiinies, A. B. bpaunos [u ap.]. - MockBa: ®uHaHCH U cTa-

tuctuka, MH®OPA-M, 2003, 2005, 2006, 2007, 2011. - 384 c. — Teker

HETIOCPEACTBEHHBIN. - To Ke. -
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URL:http://Ipvserver190/fulltext/Book/ TRUDY %20FA/Mathematics1.pdf (marta o6-
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OHJIAMH» http://biblioclub.ru/

9.6. DmexTpoHHO-OMONMMOTEeYHAs cucTeMa Znanium http://www.znanium.com

9.7. DnexTpoHHO-OMOIMOTEYHAS cucreMa  u3garenbctBa  «FOPAMTY»

https://www.biblio-online.ru/
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9.8. DnexkTpoHHO-OMOTMOTEYHAS cucrema U3/IaTEIbCTBA «JIaHbY
https://e.lanbook.com/

9.9. [enosas onnaiitn-ouoimoreka Alpina Digital http://lib.alpinadigital.ru/

9.10. Hayunas snekrponHas oubaroreka eLibrary.ru http://elibrary.ru

9.11. IIpoexkr nemapramenta Marpuunbii  kambkynarop — «MatCaley
https://matcalc.ru/
10. MeToauueckue yKa3zaHus JAJs 00y4YAIIUXCSH 110 OCBOEHUIO TUCHHIIHHBI

CamocrosTenpHas paboTa CTYyICHTOB ITPOXOINAT B KOMITBIOTEPHBIX Kitaccax. Opra-
HU3AIUH CAMOCTOSTEIIEHON PabOThI CIYKUT KaJICHIAPHO-TEMAaTHIECCKUH TIJIaH U3yde-
HUS JUCHUIUIUHBL. B 5TOM M1aHe yka3zaHa TeMaTHKa JICKIIUN U TPaAKTUYECKUX 3aHATUH.
[IpakTuueckue 3aHATUS TPOXOJAT, KaK MPaBUII0, B UHTEPAKTUBHON hopme. MHTepak-
THUBHas (popma — perieHue 1a00opaTOpHbIX (MPAKTUUECKUX) PabOT MO TEMATUKE 3aHs-
THS B MaJIbIX Tpynnax (2—4 cTyjeHTa) ¢ UCMOJIb30BaHUEM MHCTpyMeHTapus «Jupyter
Notebooky.

11.TIlepeyeHb MHPOPMAIMOHHBIX TEXHOJIOTH, HCIOJb3yeMbIX NPHU OCYLIECTBJIe-
HHMHU 00pa30BATEJBHOIO NMPOLECCA M0 JMCUMINVINHE, BKJIYas NepeYyeHb Heo0-
XOAMMOI0 NPOrPAMMHOI0 00ecne4yeHusi H HH(POPMALMOHHBIX CIIPABOYHBIX CH-

CTEM
11.1. Komnnexm auyeH3uOHHO20 NPOSPAMMHO20 0OeCnedeHus.
11.1.1. [MTakeT oducubix mporpamm, Wolfram Mathematica, MATLAB

11.1.2. Antusupyc Kaspersky

11.2. Cospemennvie npogheccuonaivhvle 6a3vl OAHHBIX U UHGOPMAYUOHHbIE CNpa-
BOUHbIE CUCTEMDbL:

11.2.1. Nudopmarnmonno-npaBosas cuctema «Koncynbrant [Tmrocy.

11.2.2. NudopmarnmonHo-npaBoBast cuctema «["apant.

11.2.3. OnekrponHas >HIMKIoneaus: http://ru.wikipedia.org/wiki/\Wiki

11.24. Cucrema komruiekcHOro packpeitTusi uHpopmanuu «CKPUH» -

http://ww.skrin.ru/

11.3. Cepmughuyuposanuvie npocpammusle U annapamHvle cpeocmsed 3auumsl UH-

Gdopmayuu
- HE TIPEYyCMOTPECHBI.

11.4. BubGmmoTteku Python mis opranusammu padotsl B «Jupyter Notebooky.
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11.5. Tpunoxenus C UCTIOJIb30BAaHUEM «Wolfram Mathematica»

https://demonstrations.wolfram.com/

11.6. IIporpamma «MatCalcy https://matcalc.ru/

12.Onucanue MaTepuaibHO-TeXHHYECKOH 0a3bl, HEOOXOAMMOIi 1JI51 OCylIIeCTBJIe-
HHsI 00Pa30BaTEJILHOIO MpoIecca Mo JUCHUIINHE

KOMHBI-OTGpHI;Iﬁ KJ1acc, OCHaHIéHHBIﬁ CHUCTEMOM JAUHAMHUYCCKOI'O ITPOCTUPOBAHNA.
I[J'DI OCBOCHUA AU CHUITIINHBI H€06XOI[I/IM KOMIIBIOTCD. HpI/I 9TOM BO3MOKHO HCITIOJIbB30-
BaHNWC KOMIIBIOTECPOB B KOMIIBIOTCPHBIX KJIACCAX YHUBCPCUTCTA.

Bce HU3y4aCMbIC TCXHOJIOI'MHU JOCTYIIHBI Ha IMYHBIX KOMIIBIOTCpAaX CTYACHTOB.
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