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1. HamMmeHoBaHMe TUCHHUIIINHBI

«AJredpa v reoOMeTpus.

2. IlepevyeHb MJIaHUPYEMbIX pe3yJIbTATOB OCBOECHHSI 00Pa30BATEJLHOH MPO-
rpaMmsl (epe4eHb KOMIIETEHIHI) ¢ YKa3aHHEeM MHANKATOPOB MX J0CTH-

JKEHUH U IJIAHUPYEMBIX PE3YyJdbTaTOB oﬁyqemm o IMCIOMIIJIMHE

JucuunnnHa «Anredpa u reomeTpus» odecredynBaeT GopMUPOBAHUE CIEAYIONIEH

kommnerenuuu. [TKH-2

peanu3oBbIBas  ai-
TOPUTM DPELIEHUS B
BHJIE  IpOTpaMM-
HOTO MOZYJIS

2.AnantupyeTr U NMpUMEHSIET
CYLIECTBYIOIIUE MaTEeMaTHU-
YECKUE MOJENH JJIsl pellle-
HUSL TIOCTaBJIICHHOM  IIpHU-
KJIQJHOM WM TeopeTHye-
CKOM 3aJ1auu.

3.Bnageer  MeTOIOJIOTHEMH
MaTEMATHYECKOr0 MOJIENIH-
pOBaHUS I peLIeHus IIpo-
dbeccroHanbHBIX 3a/1a4.

Kon HaumenoBanue Nuaukaropsl nocrukeHusi | Pesyabrarsl 00yuyeHus (yMeHUst

KOM- KOMIIETEeHIINH KOMIIETEeHIINH U 3HAHHUA), COOTHECEHHbIE C UH-

NeTeH- AUKATOPAMH JOCTHKEHHUSI KOM-

1107001 neTeH

[IKH-2 | Cnocoben ¢ momo- | 1./lemoHncTpupyer  3HaHue | 3namp 6a30BbIe IOHSATHS MaTeMa-
b0 MaATEMATHU4C- 6330BI)IX MATECMATHUYCCKUX | THUYCCKHUX Moaeneﬁ, HpI/IMeHﬂe-
CKOM MOJENH pe- | MOJCNICH, NMPUMEHSIEMBIX B | MBIX B Pa3JIMYHBIX pa3jeiiax aj-
m1aTh IIOCTAaBJICH- pa?,JII/I'-IHI)IX HpCZIMeTHI)IX 06- F€6pI)I u FCOMeTpI/II/I;
HYI0O  TEOpeTHue- | JacCTsX. Ymems nemonctpupoBaTh  ai-
CKYI0 WJIH TpHU- reOpo-reoMeTpuvecKkue marema-
KIQJHYIO0  3ajauy, TUYECKUE YTBEPXKIEHUS OCHOB-

HBIX pa3/eNoB alreOpsl U reoMeT-
pHUH, BBLIENSSA TJIABHBIE CMBICIO-
BbI€ aCIIEKTHI B JI0KA3aTEIbCTBAX.

3namp CyUIeCTBYIOIIHME MaTeMa-
TUYECKUE MOJICIH MJsl pelIeHus
MOCTABJIICHHON TPUKIATHON 3a-
Jlavu;

Ymemsp anantupoBaTh MaTEMATH-
YeCcKUe MOJICTH JIJISl PEIICHUS TEO-
pPETUYECKON 3a/1a4u.

3namp METONONOTHUIO MaTeMaTH-
YEeCKOr0 MOJIEIIMPOBAHUS IS pe-
HICHUs IPOPECCHOHATBHBIX 3aa4
anreOpbl U TEOMETPHH;

Ymems» wucnonp3oBate HHCTPY-
meHTtapuii, Python (Jupyter Note-
book) mts peanusanuu anroputmMa
peleHus 3a7a4 B BUJIE IPOrpaMM-
HOTO MOJTYJISl B 00JIaCTH TTPHUKIIA/-
HOI'0 MAIIMHHOT'O O0YYEHHS.




3. MecTo TUCHMIUINHBI B CTPYKTYpe 00pa30oBaTeIbHON MPOrpaMMbI

Huctunnuna «Aneeopa u ceomempusy otHocuTcs K OOmedakynbTeTCKOMY
(mpeanpodumnpHOMY) 1TMKITY HanpasieHus moAaroroBku 01.03.02 - Ipuxnaonas mame-
mamuka u ungopmamuxa, Ol «lIpuxknaonoe mawunnoe ooyuenue.

W3ydeHne TUCIUTUINHEI «Aeebpa u eeomempusy 6a3upyeTcs Ha 3HAHUSX, T10-
Jy4YEHHBIX B paMKax W3YYCHHS MaTEeMAaTHYECKUX AUCIUILIINH, BXoasammx B OIl 6aka-
naBpa no Hanpaiiennto noarotoBku 01.03.02 - Ilpuxnaonas mamemamuka u ungop-
mamukay: MaTemaTHueckuii ananms, JJluckpeTHass MaTeMaTHKa, AJTOPUTMBI U CTPYK-

TYpBI IaHHBIX B si3bike Python.

4 O0beM TUCUMILUIMHBI (MOYJISI) B 3a4€THBIX €IMHUIIAX U B AKAJeMUYeCKUX
yacax ¢ BblIeJIeHHeM 00beMa ayIUTOPHOI (JIEeKIIUH, CECMHUHAPBI) K CAMOCTO-

ATEJbHOU PadoTHI 00yYAKOIIMXCH

Bup yueoHoii padotnl Bcero Cemectp 1
10 JUCHUILIMHE (B 3/e M 4yacax) (B yacax)
T MKOCTb THCIIUILTHHBI
OO0mas Tpy10eMKOCTb JHCIUILT 4144 144
Konmaxmmnasa paboma 68 68
- Ayoumopnule 3anamus
Jlexyuu 16 16
Cemunapei, 59 52
npaKkmuyecKue 3aHsAmusl
Camocmosamenvhnas paboma 76 76
Bun Texymiero KoHTpouis KonTponpHas KonTponbHas
pabora paborta
Bun npomexxyTouHOM aTTecTanuu OK3aMeH DK3aMeH




5. Conep:kaHue TUCHMILUIUHBI, CTPYKTYPUPOBAaHHOE 110 TeMaM (pa3iesiaM) JUCIH-
IUVIMHBI ¢ YKa3aHNEeM MX 00beMOB (B aKaJeMHYeCKHUX 4acax) U BHIAOB Y4eOHBIX
3aHATHN

5.1. Copep:xanue IUCHUININHBI

Pasznes 1. Cucrembl JIMHEHHBIX ajredpanyecKux ypaBHeHUIl.

Pa3zBepHyTas u matpuyHas GOpMbI 3aMIUCH CUCTEMbI JIMHEHHBIX aJlreOpandecKux
ypaBHeHu# (CJIAY). PaBHOCHIBbHBIE TPEOOPA30BAHUS CUCTEMBI U COOTBETCTBYIOIIUE
UM DJIEMEHTApHbIE MpeoOpa3oBaHUsl CTPOK PACHIMPEHHOM MaTpuilbl (METo
sympy.Matrix().elementary_row_op()). Ctynendarsie ¥ peayIlpOBaHHbIC CTyIICHYA-
ThIe ()OPMBI MATPHI] U UX peanusanus B Sympy (meromxsr sympy.Matrix().rref() (Row
echelon form) u sympy.Matrix().echelon_form()). Teopema o npuBencauu CJIAY x
penyuupoBanHoi ctyrnenuaroi ¢opme. MccnenoBanue CJIAY Ha COBMECTHOCTD.
VYcaoBue COBMECTHOCTH TUHEHHOM cructeMbl (Teopema Kponekepa-Kanennmn). Haxox-
nenue pemennii CJIAY meronom "aycca-Kopnana. [IpuBenennas cucrema. MHoxe-
CTBO pelIeHui oTHOpoHOM cucTteMbl. DyHaameHTanbHas MaTpula U GyHIaMeHTalb-
Has cuctema pemiernit (OCP) npusenaenHoit cuctembl. CTpyKTypa OOIIEro pemeHus
MIPOU3BOJIbHOW CUCTEMBI JINHEWHBIX YPaBHEHU, MaTpUUHAs (OpMa €ro 3amucH.

Pazgen 2. MaTpuunsbl U onpeaeanTe n

OnpeneneHre 4YHCIOBBIX MATPHUIl M pa3nyHblie (POPMBI HMX HUCTOJIKOBAHHUS.
Crton0iibl, CTPOKH, IJ1aBHAS U MOOOYHAs quaroHan u (A1t KBaapaTHeix matpuir). Cro-
YKEHUE MATPULl U YMHO>KEHHUE HA YMCJIO, CBOMCTBA JIMHEUHBIX onepanui. TpaHCIioHu-
poBaHue Matpulbl. CBOICTBA onepanuu TpaHcoHupoBanus. MHekcHble 0003Haye-
HUS DJIEMEHTOB MAaTpHIl M OmNepaluid Haj HUMHU. MaTpUIlbI-CTOJOIBI U MaTPHIIbI-
ctpoku. [IpousBeaeHne MaTpull, MPaBUIIO «CTPOKa HA cToI0e». CUMBOJ CyMMHPOBa-
Hus X U ero cpouctna. [Ipsmas cymma marpuil u npousBenenue Kponekepa marpuil.
OOparnast MaTpuIia. DJIeMEHTapHbIE MTPeoOpa30BaHus CTPOK (CTOJIOIIOB) B TEPMHUHAX
YMHOKEHHUSI MaTpull. Berurciienne 00paTHOM MaTpUIIbl METOJIOM 3JIEMEHTAPHBIX Tpe-
00pa3oBaHuii CTPOK MpucoeAMHEHHON MaTpuilbl (MeToa ["aycca -XKopnana). LU —pa3-

JIO)KEHUE oOpaTumMoit MAaTpPHUIIBI. Peanuzanus B sympy (MeTox



sympy.Matrix().LUdecomposition()). Cien kBaapaTHOi MaTpullbl. PaHr MaTpuibl u
aJlieMEHTapHbIe IpeoOpa3zoBaHusa. MUHOPBI TPOU3BOJIIBHOIO MOpsAKa. bazucHelil Mu-
Hop. TeopeMa o 6azucHoM MuHOpe. MeToa oKalMIISIFOIIIMX MUHOPOB. Matpuliibl Aza-
Mapa. OCHOBHBIE METOIBI MAaTPUIHOM aJIreOphI, pean3oBaHHbie Ha Python B Onbsmo-
TeKax Sympy u numpy.

Omnpenenenue neTepMUHaHTa (OMpeNeIUTeNsa) KBaapaTHOW MaTpullbl. MUHOPBI
€ro 3JEMEHTOB M UX ajredpanyeckue NOMoiaHeHHs. PasznmoskeHue ompenenuTtens mo
IPOU3BOJIBHOM CTpoKe (cTo011y). CBoiicTBa onpeaenureneii. Onpenenurens Banaep-
MOHZa. Berurciienue onpeaenureneil myTeM HAKOIUIEHUS HyJied B CTPOKe (CTOJIONE).
JIeTepMUHAHT KaK WHAMKATOp JIMHEWHOW 3aBHCHMOCTH CHUCTEMBI CBOMX CTOJIOLIOB
(ctpok). @opmyisl Kpamepa. O606mienue teopema Jlamnaca.

[lepectranoBKkM M uX CBOWCTBA. MHBEpcHsA, YETHOCTH, MOPSNOK IMEPECTAHOBKH.
Bekrop nnBepcuii, npasblii U J1eBblid BeKTOp UHBepcuid. Teopemsl I1.A. Mak-Marona
u J1. ®oara — M. I1. lllynen6epxe. KomOnHaTopHO-aHATUTHYIECKOE OIpEeICHUE Jie-
TepMuHaHTa. Peamm3anus Ha Python kimacca Permutation B sympy.

Pa3znen 3. AuiredOpandeckue CTPYKTYPbI

Omnpenenenue MW dJIEMEHTapHbIE  CBOWCTBA Ipynn. EJIWHCTBEHHOCTH
eAMHUIBI U oOpatHoro osnemeHTa. Cummerpuueckas rpymnmna. lloarpymnmbsl u
HOpMaJibHbIE TOATpymmbl. ['omMoMopduaMbl u  Qakroprpynmbl. Teopema o
romomopdusme.

Onpenenenue konbua. Konbio BbUeTOB. MyNbTUINIMKATUBHAS —Tpynna
KoJiblla BbIYETOB. [lone BbUeTOB mo mpoctoMy Moaymwo. [lonme pannoHambHBIX
npo0eii. [Tone gelCcTBUTENBHBIX YUCET.

Pasnen 4. [los1e KOMIUIEKCHBIX YHCeEJ

Kommnekcuble  uMcnma W JedcTBUA  HAj — HUMH.  ['eoMerpuyeckas
MHTEpIpETalisl KOMIUIEKCHBIX 4Yucel. Moayllb M apryMEHT KOMILUIEKCHOTO
yucna. TpuroHomerpuueckas ¢opmMa KOMIUIEKCHOTO 4HCIA. YMHOXEHHE U
JeJIeHHe KOMIUIEKCHBIX 4YHCel B TpUroHoMmeTpuueckod ¢opme. Dopmyia
MyaBpa. KopHu n-0oM cTeneHM U3 KOMIUIEKCHOTO 4YHCclIa. ['eomeTpuueckoe

MPEJCTABICHUE KOpPHEU. Pemenune YpPaBHEHUM BUJIa wt=22z+%0



Ha/, [0JIEM KOMIUIEKCHBIX unce. [TokazarenbHas ¢popmMa 3anucu KOMIUIEKCHBIX YUCEN.
®opmyna Diinepa. BekTopHble MpOCTpaHCTBA HAJl MOJEM KOMIUIEKCHBIX ynceln. Kowm-
iekcudukanus u opeecTieHne. KomruiekcHas U 1eMCTBUTENbHAST PA3MEPHOCTD.
MatpuuyHoe mpencTtaBieHue M chepuueckoe H300pakeHHE KOMIUIEKCHBIX YHCET.
Cdepa Pumana. Peanuzaiysi OCHOBHBIX olepaldii HaJ MoJeM KOMIUIEKCHBIX YHcel Ha
Python B oubaroTexax sympy u cmath.

Pasnen 5. Hauana anreOpbsl MHOTO4JICHOB

CreneHp MHOrOWJIEHa, CBOMCTBAa CTENEHH. TeopemMa O [JIEJIECHUU C
OCTaTKOM B KoJble MHOrowieHoB. HO/[ MHOrousienoB. Pacmmpennsiit anroput™ EB-
Kiua u ero peanusarus Ha Python (merox ged() m gedex() B sympy).

OcHoBHas Teopema anreOpsl B KOJIblIE MHOIOUWIEHOB HaJ| MOJIEM KOMILJIEKCHBIX
yucen. TeopeMa o pa3nokeHne MHOTOWIEHa C KOMIUIEKCHBIMUA KO3 duiieHTaMu Ha
nuHenHbie MHOKUTEIH. Dopmynsl Bueta. MHOrousieHsl ¢ qeHCTBUTEIBHBIMU KO-
¢unmenTaMu. MHOTOUIEHBI OT HECKOJIBKUX EPEMEHHBIX. DJIEMEHTAPHBIE CUMMETPH-
YECKHUE, CTEIIEHHBIE W TMOJIHBIE OJHOPOJIHBIE CUMMETPUYECKHE MHOTOUYIEHBI. Dop-
MyJibl HprotoHa. OCHOBHAs TeopeMa JIsi CAMMETPUYECKUX MHOTOUYJIEHOB U €€ peau-
3anus Ha Python (metonx symmetrize() B sympy). JIMCKPHMMHHAHT U PE3yJIbTAaHT MHO-
TOYJICHOB, U UX OCHOBHBIE CBOMCTBA. Peanu3aius BBIYMCIEHUN JUCKPUMUHAHTA U pe-
3ysbTaHTa MHOTO4WIeHOB Ha Python (Merossr resultant() u discriminant() B8 sympy).

Pa3nes 6. JIuneiiHble onepaTopsl B JTHHEITHOM MPOCTPAHCTBE

Omnpenenenue ITMHEHHOTO (BEKTOPHOT0) mpocTpaHcTBa. [Ipocrelimue ciencTBus
Y aKCHOM JIMHEMHOTO MPOCTpaHCTBA. JIMHEHas 3aBUCMMOCTh BEKTOPOB MPOCTpPaH-
ctBa. ba3uc u 3amena 6a3uca. JIuHeiiHble MOAIPOCTPAHCTBA — ONPEIEIECHUE U TIPU-
Mepel. Cymma U mepecedeHue noanpoctpaHcTB. [IpsMas cymma MOANPOCTPAHCTB.
Onpenenenue JUHEHHOTO omneparopa. Marpuiia JuHEHHOro omnepaTtopa B (GUKCHPO-
BaHHOM Oasuce OmnpeneneHue JTUHEWHOTO OTOOpaKeHMsI JTUHEHHBIX MPOCTPAHCTB.
[IpeoOpazoBanue JuHEHHOTO MpocTpaHcTBa. KoopanHaTtHas 3anuch JTUHEHHBIX Tpe-
oOpazoBanuii. U3MeHeHne MaTpulibl IMHEWHOTO IPeo0pa3zoBaHus pH 3aMeHe Oasuca.

CyMMa ¥ MpouW3BENCHHUE JHHEHHBIX OTOoOpaxkeHui. M3omopdusm TWHEHHBIX MPO-



cTpaHcTB. VIHBapuaHTHbBIE MOANPOCTPAHCTBA. 3a7a4a O COOCTBEHHBIX BEKTOpPAX JIH-
HelHOoTO TIpeodpazoBanus. COOCTBEHHBIC YHCTIA, CIIEKTP JUHEHHOTO onepaTopa. Col-
CTBEHHBIE TOANPOCTPAHCTBA. XaPAKTEPUCTUUECKUII MHOTOYJIEH JIMHEMHOTO orepa-
TOpa U €ro MHBAPHUAHTHOCTh OTHOCUTENIbHO 3aMeHbI 0a3zuca. CBOMCTBa COOCTBEHHBIX
BEKTOPOB U COOCTBEHHBIX 3HAaUeHUU. ['eomeTpuueckas u anredpandeckasi KpaTHOCTb
coOCTBEHHOT0 3HaYeHus1. /{lnaroHanbHbIN BUJ MaTpUIlsl peoOpa3oBanus. JInHeHbIe
OmnepaTopbl MPOCTOM CTPYKTYpbl. Kpurepuii quaroHanmu3nupyeMoCT MATPHILbI JTUHEH-
Horo omeparopa. Teopema ['amunbroHa — Konu. [loHATHE MUHMMAaIbHOTO MHOTO-
yieHa. CoOCTBEHHbIE 3HAUEHHSI U COOCTBEHHBIE BEKTOPBI HEOTPHUILIATENIbHBIX MATPULI.
Teopema @pobdenuyca-lleppona. BekTopHblie IpoCcTpaHCTBA CO CKAISIPHBIM MTPOU3BE-
nenueM. Oproronanmsanus ['pamma — IlImuara. OpToroHaneHbele U 3pMUTOBBI MaT-
purel. CamoconpsbkeHHbIe orepaTopsl. Metoasl — charpoly(), eigenvects(), eigen-
vals(), nullspace(), diagonalize(), peanuzoBannsie Ha Python B Oubmnorekax Sympy u
numpy.
Pasznen 7. KBagpaTuunbie u OuiuHeiHbIe (pOPMbI
JIuneiinple yucnoBble GyHKUMU ((PYHKIMOHANBI, (GOPMBI) Ha JTUHEMHBIX MPOCTPAH-
cTBax. bunuHeitHble U KBagpaTuuHbie GOpMbl. PaHT 1 MHJIEKC KBAIPATUYHOU (DOPMBI.
KBanpaTtuunbie ¢popMbl U CKalisipHOE Mpou3BeAeHUE. V3MeHeHne MaTpulbl KBajapa-
TUYHOU (opMBbI TIpH 3ameHe Oa3uca. [IpuBenenue kBaapaTHUHON (POPMBI K HOPMATh-
HOMY Buay metonoM Jlarpanxka. [IpuBeneHue kBaapatuyHOW (QOpPMBI K KaHOHUYE-
CKOMY BUY NP MOMOILK OPTOrOHAIBHOIO MpeoOpa3oBaHusl. 3aKOH HHEPLIUU KBaIpa-
TUYHBIX popM. Kputepuii CuiibBecTpa 3HAKOONPEAECIICHHOCTH KBaIpaTUIHON (POPMBI.
Pa3nen 8. KpuBble 1 moOBepXHOCTH BTOPOT0 NMOPSI/AKA

[TapameTpuueckue ypaBHEHUs KPUBOM Ha IJIOCKOCTH. 3aMe4YaTeIbHbIE KPUBBIE.
IToctpoenue kpubix. Kpubie Broporo nopsijaka. KaHoHnueckoe ypaBHEHHE OKPYK-
HOCTH. DJUTUIIC, €r0 KAHOHWYECKOE YPABHEHHE U CBOKCTBA.

UccnenoBanue Gpopmbl 35IHIICa IO €ro ypaBHEHUIO. OKpY>KHOCTh KaK YaCTHBIH
cinyuai summnca. [lapamerpuueckue ypaBHeHuUs djuunca. ['unep0ona, ee KaHOHUYe-
CKOe ypaBHeHHeE. U cBoiicTBa. ConpsbkeHHas runepoona. MccnenoBanue Gpopmbl TH-

nepOonsl. [lapamerpuueckue ypaBHenus runep6Ooiibl. [lapabona, ee kaHOHMUYECKOE
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ypaBHEHUE U cBoicTBa. MccnenoBanue Gpopmel napadossl. Ob1iee ypaBHEHHE KPUBOIA

BTOPOTO IOPsAJAKa U €T0 ITPUBCACHNC K KAHOHUYCCKOMY BUAY. KJIEICCI/IQ)I/IKaLII/I}I KPUBBIX

BTOPOI'O IIOPAAKA.

[loBepxHOCTM BTOPOro MOPSAAKA M MX KaHOHWYECKHE ypaBHeHHs. [loBepxHoCTH

BpameHud. [{unnaapuueckue nosepxHoctu. Konnueckne noBepxHoctu. MHUMBIE TIO-

BepXHOCTU. Diuncoul. ['unepoonounasl. [lapabonouasl. Meroa ceueHuii 11 ucce-
JIOBaHUS U MTOCTPOEHUS MOBEPXHOCTEN BTOpOro nopsiaka. O61iee ypaBHEHHE TOBEPX-

HOCTH BTOPOI'O IIOpAAKa U €T0 IIPUBCACHUC K KAHOHNYCCKOMY BHUOY.

5.2. Y4yeOHO-TeMATHUYCCKHH MJIAH

Ne HaunmeHnoBanue Tem TpyroémkocTs B yacax DopmMbI
n/m (paszenos) Bcero *KonTrakTHas padora- Camo- Texymero
AUCUMILTUHBI AyauTopHas pagoTa CTOSI- KOHTPOJIsA
O6mias, B | Jleknuu | CemuHapbl, | TeJbHas ycnesaeMocTH
T. 4. IpaKTHie- padora
CKHE 3aHs-
THUS
1. | Cucrembl THHEHHBIX 14 8 2 6 6 BeicTynnenus y
anreOpanvdecKux JIOCKH, TOMAITHUE
ypaBHEHUI 3amanus, codece-
2. | Marpust u onpeje- 20 10 2 8 10 JIOBaHHE 10 MaTe-
JHUTENN puaity u o0Cyx-
3. | AnreOpanueckue 14 6 2 4 8 i{(ﬁ)&}Bme pesyIIbTa-
CTPYKTYPbI
4. | Ilone KOMIUIEKCHBIX 16 8 2 6 8
qucel
5. | Hauana anre6psl MHO- 20 10 2 8 10 BICTYIIeHHS ¥
TOHIICHOB JIOCKH, IOMAITHHE
6. .HI/IHGI/II:ILIC oreparopsl | 18 10 2 8 8 sananms, cobece-
B IMHCHHOM MPO- JIOBaHUE 110 MaTe-
CTpaHCTBE puay 1 00Ccyx-
7. KBanparnunsie u Ou- 24 8 2 6 16 JIEHHE Pe3yIbTa-
JUHENHbIE POPMBI TOB
8. | KpuBble u moBepxHO- 18 8 2 6 10
CTH BTOPOT'O MOPsJKa
B uenom o aucru- 144 68 16 52 76 CormacHo  y4e0-
TUIMHE HOMY IUTaHY:
KOHTPOJIbHAS
pabota
Hroro B % 47 24 76 53

* 00beM KOHTAaKTHOM paboThl B OUHO-3a0YHO/3a04HON (popmMax 00ydeHUs U UHIMBUIYaTbHBIX
y4eOHBIX IJIaHaX OMPEeNIeTCs COOTBETCTBYIOMIMMH YYeOHBIMH IUIaHaMU. TeMbl, peaqu3yemble B
BUJIe KOHTAKTHON pabOTHI, ONPENENSIOTCS MPENo1aBaTeNIeM CaMOCTOSTENIbHO, HCXOs U3 YPOBHS UX

CJIOKHOCTH.




5.3. Conep:xxaHne ceMHHAPOB, IPAKTUYECKUX 3aHATHI

HanMeHOBAHME TeM IlepeyeHb BONPOCOB 1JIsA OOCYKIEHHUSI HA CeMHUHAp- DopMbI
(pa3zeon) CKHX, NPAKTHYECKHX 3aHSATHSX, peKOMeH/lyeMble HC- | MPOBe1eHHs
o — TOYHHKH U3 pasjelnon 8,9 (yxa3biBaeTcs pasieJ1 4 1o- 3aHATHI
PSAAKOBBII HOMeP HCTOYHHMKA)
Pa3znea 1. Pa3Bepuytast u MaTpuuHas GopMbl 3anucu cuctemsl Ju- | KoHTposas
CucteMbl JTHHEWHBIX aj- | HEHHBIX anreOpanyeckux ypaBHeHuil (CJIAY). PaBHo- | Hammuus U
reOpanyecKkux ypaBHEHHUI | CHIIbHBIE IPEOOPa30BaHUs CUCTEMBI M COOTBETCTBYIOLINE | BEIOOpOUHAS

UM 3JIEMEHTapHbIE IPeoOpa30BaHMsI CTPOK PaCIIUPEHHON
matpuiisl (Metoq sympy.Matrix().elementary _row_op()).
PeKOMeHllyeM]:.Ie HCTOYHUKH:

[8.1-8.3]

poOBEpKa J10-
MaIllHeTo 3a-
TaHUSL.

Paznen 1.
CucreMpl JIMHEHHBIX aj-
reOpanyecKkux ypaBHEHUI

CryneHuaTeie U PeAyIUPOBAHHBIC CTyIEHYAThIE (DOPMBI
MaTpull M WX peam3anmus B Sympy (MeTomaml
sympy.Matrix().rref() (Row echelon form) u
sympy.Matrix().echelon_form()). Teopema o npuseaeHuM
CJIAY x penyuupoBaHHO# cryrnen4aroit ¢popme. Hccne-
nosanue CJIAY Ha cOBMECTHOCTh. Y CIOBHE COBMECTHO-
CTH TuHeNHOo# cucteMsbl (Teopema Kponekepa-Kanemm).
Haxoxnenue pemenuit CJIAY merogom ['aycca-Xop-
nana. [IpuBenennas cucrema.

PexoMenayemble HCTOYHUKU:

[8.1-8.3]

Kontpous
HaINYUA W
BbIOOpOYHAs
IIPOBEPKaA J10-
MaIllHEero 3a-
JaHUs.

Pa3zpea 1.
CucreMsl JIMHEHHBIX ajl-
reOpanyecKkux ypaBHEHUI

MHO)KeCTBO peleHnii OOHOPOAHOU cuctembl. DyHna-
MEHTaJbHas MaTpulla U QyHIaMeHTajJbHas CHUCTeMa pe-
mennit (OCP) npuBenennoi cucrembl. CTpykTypa 00-
LIEr0 PEUICHUS MPOU3BOJIBHONU CUCTEMBI IMHEHMHBIX ypaB-
HEHUi, MaTpuuHas (hopMa ero 3arucu.

PeKDMeHI[yeMI)Ie HCTOYHUKMU:
[8.1-8.3]

KonTpoib
HAIAYUS |
BBIOOpOYHAS
pOBEpKa J10-
MAIIHeTo 3a-
TaHUS.

Paznen 2.
Marpursl
TEIHU

u OIpeaciu-

OmnpeneneHne YnciIoBbIX MATPUIL] U pa3IMuHbIe (OPMBI UX
uctonkoBaHus. CTonOLpl, CTPOKHU, IMIaBHAasE U MOOOYHAs
JuaroHanu (JUisl kBajapaTHbIX MaTpull). CliokeHue mat-
PHI] 1 YMHOKEHHE Ha YNCIIO0, CBOKWCTBA JINHENHBIX Ollepa-
ui. TpancnonupoBanue Matpuilbl. CBONCTBa onepanuu
TpaHcrnoHupoBaHus. [IpousBeneHue MaTpul, NpPaBUIIO
«cTpoka Ha cronbeny». [Ipsmas cymMa MaTpuil U Ipous3-
BegeHne Kponekepa Matpuul.

PexomeHnayemble HCTOYHMKH:

[8.1-8.3]

Kontposs
HaIMUUA WU
BbIOOpOYHAs
IIPOBEpKa J10-
MaIllHEero 3a-
JaHUs.
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Pazgen 2.
Marpuiibi
TCIIN

U Ompenemu-

OOpatHass MaTpuia. OJEeMEHTapHble NPeoOpa3OBaHUS
CTPOK (CTOJIOIIOB) B TEPMUHAX YMHOXKEHUSI MaTpHIl. Bbi-
YUCJICHHE OOPAaTHOW MaTpHUIbl METOJOM 3JEMEHTaPHBIX
peoOpa3oBaHUl CTPOK NMPUCOECTUHEHHONW MATPUIIBI (Me-
ton ['aycca — XKopmana). LU — pasnokeHue oopaTuMoit
MaTpHULIBL. Peanuzanus B sympy (metox
sympy.Matrix().LUdecomposition()). Cnen kBaapaTHOi
MaTpullbl. PaHT MaTpuIlbl U 3JIeMEHTapHbIE TPeoOpa3oBa-
HUsA. MUHOpBI NIPOU3BOJIBHOTO MOpsAAKA. ba3sucHbIM MHU-
Hop. Teopema o Ga3zucHOM MHUHOpe. MeToJl OKaMIIsIIO-
X MUHOPOB. Marpuuiel Anamapa. OCHOBHBIE METO/IbI
MaTpUYHOU anreOphl, peaan3oBaHHble Ha Python B Ou6-
JIMOTEKax Sympy u NUMpY.

Pexomenayemble HCTOYHMKH:

[8.1-8.3]

KonTpoas
HAIMYUA U
BBIOOpOYHAS
IpOBEpKa J10-
MaIlHEro 3a-
JaHUS.

Pa3znea 2.
Martpunst
TEIn

U OIpeneiu-

Omnpenenenue neTepMUHAHTA (OMpEENUTeNs) KBaapaT-
HOM MaTpuibl. MUHOPBI €ro 3J1€MEHTOB U UX ainredpau-
yeckue aonoiHeHus. PasnokeHue ompenenuTens Io
IIPOU3BOJIBHOM cTpoke (crosdiry). CBolicTBa onpenenu-
teneir. Ompenenutens Bangepmonna. Beruncienue
OTIpeNieNIUTeNe MyTeM HaKOIUICHHUS HYJIEH B CTpPOKe
(cronbue). JlerepMUHAHT KaK MHIUKATOP JIMHEHHOM 3a-
BHCHUMOCTH CHCTEMBI CBOHMIX CTOJIOIOB (CTpoK). Dop-
mynsl Kpamepa. O6061enne reopema Jlamnaca.

PeKDMeH}IyeMbIe HCTOYHUKMHU:
[8.1-8.3]

KonTpoib
HAIAYUS |
BBIOOpOYHAS
IpOBEpKa J10-
MAIIHero 3a-
TTaHUSL.

Pasznea 2.
Martpurst
TEIn

U Oolpeneu-

IlepecranoBku u ux cBoicTBa. MHBEpcus, 4€THOCTB, 1O-
PSAIOK MEepecTaHOBKU. BEKTOp MHBEpCHIA, IIPABBINA U JIe-
BbIil BekTop nHBepcuil. Teopemsl I1.A. Mak-Marona u /1.
®oara — M. I1. lllynen6epsxe. KomOuHaTopHO-aHATUTH-
4ecKOe OIpeeNeHHe NeTepMUHaHTa. Peanmsanus Ha
Python knacca Permutation B Sympy.

Pexomenayemble HCTOYHMKH:

[8.1-8.3]

Paznen 3.
AnrebpanuecKkue CTPYK-

TYpBI

Omnpenenenue U 3eMeHTapHble cBoiicTBa rpynn. Eaun-
CTBEHHOCTb €IUHMIIBI U 00paTHOro 3neMeHTa. CuMMeT-
pudeckas rpyImima.

PexoMennpyemble HCTOYHUKU:

[8.1 - 8.3]

KoHnTpons
HAIMYAS |
BBIOOpOYHAs
IpoBEpKa J10-
MalllHero 3a-
JTAHUS.

Pazpen 3.
AnreOpanueckue CTPYK-

TYpBI

Onpenenenne konbla. Konbo BeraeToB. MynbTUILIHKA-
THUBHAs TpYyIIa KoJblla BbIYeTOB. [losie BBIYETOB 10 Mpo-
cromy moayJto. [lone parmonansubix apodeit. [lone mei-
CTBUTEIbHBIX YHCET.

PeKOMeHZIyeMI)Ie HCTOYHUKHU:

[8.1-8.3]

Kontposns
HaIMUUA WU
BbIOOpOYHAS
IIPOBEpKaA J10-
MaIllHero 3a-
JTaHUsl.
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Paznea 4.
Ilone KOMIUIEKCHBIX YH-
cen

KommiekcHbie uncna u aeictBust Haa HUMU. ['eomerpu-
yecKasi MHTeprpeTanus KOMIUIEKCHBIX yucena. Moayip u
apryMeHT KOMIUIEKCHOTO 4YucCia. TpUrOHOMETpUYECKAS
dbopMa KOMIUJIEKCHOTO YHCIa. YMHOXKECHHE W JCIICHHE
KOMIUICKCHBIX 4YHCEI B TPUTOHOMETPHYECKOH (opme.
®opmyna Myaspa.

PexomenayeMble HCTOYHHMKM:

[8.1-8.3]

KonTpoas
HAIMYUA U
BBIOOpOYHAS
IpOBEpKa J10-
MaIlHEro 3a-
JaHUS.

Pazpgen 4.
[Toste KOMIUIEKCHBIX 4YH-
cen

KopHu n-oii creneHu U3 KOMILIEKCHOrO yucia. I'eomer-
pUYecKoe MpeacTaBlieHue KopHeil. Pemienue ypaBHeHui
Buna W' = z,Z #+ 0 nan moseM KOMIUIEKCHBIX YHCEIL.
[Toka3arenbHas ¢opma 3alUCH KOMIUIEKCHBIX YHCEN.
®opmyna Dinepa. BekropHble IpocTpaHCTBa HaJ IOJIEM
KOMILIEKCHBIX unces. KoMmiuiekcndukanus 1 oBeIecTs-
nenue. KomiuiekcHast U JIeHCTBUTENbHAS PAa3MEPHOCTb.
MarpuuHoe npencraBieHue u chepuueckoe u3o0paxe-
Hue KomiulekcHbIX umcen. Cdepa Pumana. Peammzanus

CamorecTu-
poBaHUe.
Kontpous
HAIMYUA U
BBIOOpOYHAS
MIpOBEpKa J10-
MAIIIHEro 3a-
IaHusg. 3a4eT
10 KOHTPOJIb-

OCHOBHBIX OIepalnii HaJl MoJieM KOMILJICKCHBIX YHCes Ha | HOH pabore.

Python B 6ubnmorekax sympy u cmath.

PexomeH1yeMble HCTOYHHKH:

[8.1-8.3]
Pa3znen 5. CreneHb MHOTOUICHA, CBOICTBA cTereHu. Teopema o ne- | KonTtposs
Havana anreOpsl MHOTO- | IGHUU C OCTATKOM B KOJblle MHOroueHOB. HO/] MHOTO- | Hanuuus  u
YJICHOB 4jeHOB. Pacimupennslit anroput™M EBKIIHIA U ero peanu- | BHIOOpOUYHast

sarust Ha Python (meron ged() u gedex() 6 sympy).
PexomMeH1yeMble HCTOUHHKH:

[8.1 - 8.3]

MpOBEpKa J10-
MaIlTHETo 3a-
JaHus.

Pa3nen 5.
Havama anreOpsi MHOTO-
YJICHOB

OcHoBHas TeopeMa ajireOpbl B KOJIbLE MHOTOWIEHOB HaJl
II0JIEM KOMIUIEKCHBIX 4YHcel. Teopema O pasiloKeHue
MHOTO4JIeHa C KOMIUIEKCHBIMU KOA(QPHUIIMEHTaMU Ha JIU-
HeliHble MHOXHTenu. @opmynel Buera. MHoOrounesns! ¢
JecTBUTENbHBIMU KO3 hUIneHTaMu.

PeKDMeHI[yeMI)Ie MUCTOYHUKMU:
[8.1-8.3]

KoHnTpons
HAIMYAS |
BBIOOpOYHAs
IpoBEpKa J10-
MalllHero 3a-
JTAHUS.

Pa3znea 5.
Havana anreGpsl MHOTO-
YJIEHOB

MHOTOWIeHBI OT HECKOJIbKUX MEPEMEHHBIX. DJIEMEHTap-
HbI€ CUMMETPUUYECKHE, CTETICHHbIE U MOJHBIE OAHOPOJI-
HbIE CHUMMeETpUuYeckrue MHoroujeHbl. dopmynsl Hero-
ToHa. OCHOBHasI TeopeMa AJii CUMMETPUYECKUX MHOTO-
YJIEHOB M ee peanu3sais Ha Python (Metox symmetrize()
B Sympy).

PexoMeHayemMble HCTOUYHUKU:

[8.1-8.3]

Kontposs
HaIMUUA W
BbIOOpOYHAs
IIPOBEpKa J10-
MaIllHero 3a-
JaHUs.

Pa3znea 5.
Havana anreGpsl MHOTO-
YJIEHOB

HI/ICKpI/IMI/IHaHT " pE3YJIbTAHT MHOT'OYJICHOB, U UX OCHOB-
HBbIE CBOMCTBA. Peanmauml BBIUMCIICHUH AUCKPUMHWHAHTA
U pe3yiabTaHTa MHOrowieHoB Ha Python (merombl
resultant() u discriminant() B sympy).

PeKOMeHI[yeMI)Ie HCTOYHUKHU:

[8.1-8.3]

Kontposb
HaIMUUA WU
BbIOOpOYHAS
IIPOBEpKA J10-
MaIllHero 3a-
JTaHUsl.

12




Paspgen 6.
JluHeiHbie omepaTtopbel B
JIMHEHHOM IIPOCTPaHCTBE

OnpeneneHue JIMHEMHOro (BEKTOPHOIO) IPOCTPAHCTBA.
[Ipocreiinye cneacTBUs U aKCUOM JIMHEHHOTO MPOCTPaH-
crBa. JIMHElHas 3aBUCUMOCTh BEKTOPOB MPOCTPAHCTBA.
bazuc u 3amena 6a3uca. JInHeitHbIE TOATPOCTPAHCTBA —
onpezaeneHue U npumepsl. Cymma U nepecedeHue moj-
npoctpaHcTB. [IpsiMas cymMMa nmoanpocTpaHCTB.

PeKOMeH)IyeMLIe HCTOYHUKMU:
[8.1 - 8.3]

KonTpoas
HAIMYUA U
BBIOOpOYHAS
IpOBEpKa J10-
MaIlHEro 3a-
JaHUS.

Paznean 6.
JluneitHpie omepaTtopel B
JIMHEHHOM IIPOCTPaHCTBE

Onpenenenue JIMHEMHOrO orneparopa. MaTpuua JUHEH-
HOTO oreparopa B (pukcupoBaHHOM Oazuce OmnpeneneHue
JUHEHHOTO 0TOOpakeHUs JIMHEHHBIX MpocTpaHCTB. [1pe-
oOpa3oBaHue JMHENHHOro mpocrpaHcTBa. KoopanHaTHas
3alUCh JMHEHHBIX TIpeoOpa3oBaHuil. 3MeHeHne Mmat-
pHLIBI JTMHEHHOro IpeoOpa3oBaHMs IPU 3aMeHe Oa3uca.
CymMa u mpousBeeHHe JTMHEHHBIX 0ToOpakenuil. M3o-
MOpGU3M JTMHEHHBIX NPOCTpaHCTB. IHBapuaHTHBIE MOJ-
IIPOCTPAHCTBA.

Pexomenayemble HCTOYHHKH:

[8.1 - 8.3]

Kontpous
HAIM4YUS U
BBIOOpOYHAS
IpOBEpKa J10-
MaIlHEro 3a-
JaHUS.

Pa3znea 6.
JIunelHble omepaTopsl B
JIMHEHHOM NPOCTPaHCTBE

3agaua 0 COOCTBEHHBIX BEKTOpax JIMHEHHOTo npeodpazo-
BaHusi. COOCTBEHHbBIE UMCIA, CIEKTP JIMHEWMHOTrO Oorepa-
Topa. CoOOCTBEHHBIE TOANIPOCTPAHCTBA. XapaKTepucTUIe-
CKMI MHOT'OYJIEH JIMHEWHOIr'0 OIepaTropa M €ro MHBApU-
AQHTHOCTb OTHOCHUTEIILHO 3aMeHbl O6a3uca. CBoiicTBa co0-
CTBEHHBIX BEKTOPOB M COOCTBEHHBIX 3HaueHH. [ eomeT-
puueckas M aiaredpaudeckas KpaTHOCTb COOCTBEHHOTO
3HaueHMs. J(MaroHadpbHBIA BHJI MaTPHIBI IPeoOpa3oBa-
Hus. JInHelHble onepaTopsl MPOCTOM CTPYKTYpbl. Kpute-
pUi TMaroOHAIN3UPYEMOCTH MATPULIBI IMHEHHOTO Omepa-
TOpA.

PexoMeHayemMble HCTOYHUKU:

[8.1-8.3]

KonTpoib
HAIAYUS |
BBIOOpOYHAS
IpOBEpKa J10-
MAIIHero 3a-
TTaHUSL.

Pa3nea 6.
JIunelHble omnepaTopsl B
JIMHEHHOM IIPOCTPAHCTBE

Teopema I'amunibroHa — Konu. IloHsATHE MUHUMAIIBHOTO
MHorowieHa. CoOCTBEHHbIE 3HAu€HHs U COOCTBEHHBIE
BEKTOPBI HEOTpUILIATENbHBIX MaTpull. Teopema OpodbeHu-
yca-Ileppona. BekTopHble MpOCTPaHCTBA CO CKAJIIPHBIM
npousBenenneM. Oproronanuzanus ['pamma — HImusra.
OpToroHanbHble U 3pMUTOBBI MaTpUILlbl. CaMOCOTIPSKEH-
Hble omepatopbl. Metoaer  charpoly(), eigenvects(),
eigenvals(), nullspace(), diagonalize(), peanuzoBanHbIC
Ha Python B 6ubnmorekax Ssympy u numpy.
Pexomenayemble HCTOYHMKH:

[8.1 - 8.3]

Kontposs
HaIMUUA W
BbIOOpOYHAs
IIPOBEpKA J10-
MaIllHETo 3a-
JaHUs.

Pa3nea 7.
Ksagpatnunsie u Owiun-
HelHbIe (HOopMBbI

Jlunelinple uncnoBble QYHKIMH ((QYHKIMOHAIBI, (POPMBI)
Ha JIMHEWHBIX NPOCTpPAaHCTBax. buinHeWHbIEe M KBajpa-
TU4HbIe (popMbl. PaHT M MHAEKC KBaJpaTUIHON (OPMBI.
KBanpatudansie hopMBbI U CKasIpHOE TPOU3BEIICHNE.
PexoMeHn1yemMble HCTOYHMKH:

[8.1 - 8.3]

KonTpons
HAUIAYHAS |
BBIOOpOYHAs
IIpOBEpKa J10-
MaIllHero 3a-
JTAHWS.
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Paznen 7.
Ksagpatnunsie u Owiu-
HelHbIe HOpMBI

M3MeHeHne MaTpHIlbl KBaApaTUYHON (OPMBI IIPU 3aMEHE
0azuca. [IpuBeneHue kBagpaTUIHOM (POPMBI K HOpMah-
HOMY BUAY MeTonoM Jlarpanxka.

Pexomenayemble HCTOYHHKH:

[8.1 - 8.3]

KonTpoas
HAIMYUA U
BBIOOpOYHAS
IpOBEpKa J10-
MaIlHEro 3a-
JJAHHUS.

Pazpea 7.
KBagpatuunsle u Owiu-
HelHbIe (HOpMBI

[TpuBenenue KBaapaTHYHOW (GOPMBI K KAHOHHYECKOMY
BUY IPY ITOMOIIIM OPTOTOHAIBHOTO IIpeoOpa3oBaHusl. 3a-
KOH MHepuuu KBagpaTuuHbix Gopm. Kpurepuii Cunbse-
CTpa 3HaAKOONPEAEICHHOCTH KBaJPAaTUUYHOH (hOPMBI.

PeKOMeH)IyeMLIe HCTOYHHUKMHU:
[8.1- 8.3]

Kontpous
HAJIMYUS U
BBIOOpOYHAS
IpOBEpKa J10-
MAIlHEro 3a-
JAHHUS.

Pasznea 8.
KpuBble M IOBEPXHOCTH
BTOPOT'O MOPsIIKA

[TapameTpuueckue ypaBHEHUS KPUBOM Ha INIOCKOCTH. 3a-
MedarenbHble Kpubble. Iloctpoenne kpusbix. Kpussie
BTOpOTo mnopsjka. KaHoHHYeckoe ypaBHEHUE OKPYKHO-
CTH. DJUINIIC, €r0 KAHOHUYECKOE YPAaBHEHUE U CBOWCTBA.
HccnenoBanue (opMbl 3JUIMIICA 10 €0 ypaBHEHHUIO.
OKpy’KHOCTb KaK 4acTHBIN ciaydail amunca. [Tapamerpu-
YecKue ypaBHEHHUs dJummnca. ['mnepOora, ee KaHOHHYE-
CKO€ ypaBHEHHUE. u cBoiicTa. CompspkeHHas runepooda.
HccnenoBanue ¢opmbel rumnepodonsl. Ilapamerpuyeckue
ypaBHeHMst rurepOonsl. [lapaborna, ee kaHOHHMYECKOE
YpaBHEHUE U CBOMCTBA.

Pexomenayemble HCTOYHMKH:

[8.1-8.3]

Kontpous
HaIMYUA W
BbIOOpOYHAs
IIPOBEpKA J10-
MaIllHEero 3a-
JaHUs.

Pa3znea 8.
KpuBsle um mnosepxHOCTH
BTOPOr'O MOpsIKa

Uccnenoanune Qopmbl mapabonsl. OOlee ypaBHEHHE
KPUBOI BTOPOTO TIOPSIIKA U €T0 MPUBEACHUE K KAHOHUYC-
ckomy Buny. Knaccudukaiys KpuBbIX BTOPOTO MOPSIIKA.
PexomenayemMble HCTOYHHKH:

[8.1-8.3]

KonTpoib
HAIMYASL |
BBIOOpOYHAs
pOBEpKa J10-
MalllHero 3a-
JTAHUS.

Pazgean 8.
KpuBsle m mnoBepxHOCTH
BTOPOrO MOpsIKa

[ToBepxHOCTH BTOPOTO MOpPSIKA M UX KAHOHUYECKUE
ypaBHeHus. [loBepxHocTn Bpamenud. [{unuaapruyeckue
noBepxHocTu. KoHnueckne noBepxXHOCTH. MHUMBIE TMO-
BepxHOCTH. Diuuricou1. [ unepoonmonasl. [Tapadbomonasr.
Meron cedeHuil AJig MCCIIEIOBAHUSI M MOCTPOEHHUS TO-
BEpXHOCTEW BTOporo mopsnaka. OOmiee ypaBHEHHE I0-
BEPXHOCTH BTOPOTO TMOPSAKA U €ro MpUBEIECHUE K KaHO-
HUYECKOMY BUJLY.

Pexomenayemble HCTOYHHKH:

8.1 - 8.3]

KoHnTpons
HAIMYAS |
BBIOOpOYHAs
IpoBEpKa J10-
MalllHero 3a-
JTAHUS.
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6. IlepedyeHb y4eOHO-MeTOANYECKOTO O0ecedeHHsI JIsl CAMOCTOSITEIHLHOM pa-

00THBI oﬁyqamumxcsl o ITMCOMIIJIMHE

6.1.

Hepeqenb BOIIPOCOB, OTBOAMMBIX Ha CAMOCTOATECJIBHOC OCBOCHME JUCIIA-

IUVIMHBbI, (POPMBI BHEAYAUTOPHON CaAMOCTOATEIbHON Pad0ThI

HanmeHoBaHHE TEM
(pa3aesioB) aMCIH-
IIMHBI

Ilepeuens BOpPOCOB, 0TBOAUMBIX HA
CaMOCTOSITe/IbHOE OCBOCHHUE

®opMbl BHEAYIUTOPHOM ca-
MOCTOAITEJILHON padoThI

Paznen 1.

CucreMbl JTHHEHHBIX
anredpanvecKux
ypaBHEHUH

Peanuzauus B sympy

OCHOBHBIX MeTO10B pemeHust CJIAY
(MeTo1BI sympy.Matrix().elemen-
tary_row_op()). sympy.Matrix().rref()
(Row echelon form) u« sympy.Ma-
trix().echelon_form()).

Pemenue CJIAY ¢ ucnoian3o-
BaHUEM HHCTPYMECHTApHS
«Jupyter Notebook»

Pa3nea 2. Matpuibl
U OTIpE/ICIUTENH

OcHOBHBIE METOJBI MATPUYHOW  al-
re0Opebl, peanu3oBanHbie Ha Python B 6u6-
JMoTeKax Sympy u numpy.

Pemenne 3amay  Marpu4yHOU
areOpbl C  UCHOJIb30BAHUEM
UHCTPYMEHTApUs «Jupyter
Notebook»

Pasznen 3. AnreOpa-
UYECKHUE CTPYKTYPHI

[Toarpynmsl 1 HOpMaJIBHBIE TOATPYIIIIHL.
I'omomopdusmel u pakroprpymrsbl. Teo-
pema o romomoppuszme.

Pemenue 3amau pasgena guc-
IUIUIMHBI, CBI3aHHOU C anreo-
pandecKuMu CTPYKTypaMu, C
UCIIOJIb30BAHUEM HHCTPYMEH-
tapus «Jupyter Notebook»»

Pazpea 4. [Tone xoMm-
IUIEKCHBIX YHCET

Peanu3aiyss OCHOBHBIX OIEpamyii HaJ
10JIEM KOMIUIEKCHBIX urcell Ha Python B
oubmmoTekax Sympy u cmath.

Pemenue 3aa4 C KOMIIJICKC-
HBIMH 4YHUCJIaMHU C UCIIOJIB30Ba-
HUEM MHCTPYMEHTapHs
«Jupyter Notebook».

Pazgen 5. Hauama
anredppl MHOTO4JIE-
HOB

Peanmauml anre6pbl MHOT'OYJICHOB Ha
Python B 6uGnmorekax Sympy u numpy
(metombr gcd(), gedex(), symmetrize(),
resultant() u discriminant() ).

Pemenne 3amay, cBsI3aHHBIX C
anreOpoil MHOTOWIEHOB C HC-
MOJIb30BaHWEM HMHCTPYMEHTa-
pus «Jupyter Notebook».

Paszned 6. Jlunelineie
OTIepaTophl B JIMHEH-
HOM TIPOCTPAHCTBE

Mertobt charpoly(), eigenvects(),
eigenvals(), nullspace(), diagonalize(),
peanu3zoBanHbie Ha Python B 6uGnmore-
Kax Sympy u numpy.

Pemenne 3amad, CBsS3aHHBIX C
JMHEVHBIMU OIlepaTopaMu B
JIMHEHHOM IIPOCTPAHCTBE C HC-
IIOJIb30BAaHUEM HHCTPYMEHTA-
pus «Jupyter Notebooky.

Pa3znen 7. Ksanpa-
THYHBIE U OWINHEH-
HbIEe (OPMBI

Peanu3zanus KBaJpaTUYHBIX U OWIIMHEH-
HeIX (opm Ha Python B Oubnmorekax

sympy u numpy.

Pemenue 3aaa4 110 TEMEC
«KBagparuunsie popmbI» € uc-
IMOJIb3OBAHUCM HHCTPYMCHTA-
pus «Jupyter Notebooky.

Paznen 8. Kpussie u
MOBEPXHOCTH  BTO-
poro mopsika

Uccnenoanue hopmer o0IIeT0 ypaBHe-
HUE KPUBOH U TOBEPXHOCTH BTOPOTO I10-
psKa W ero NpHUBeIeHHEe K KaHOHHYE-
ckoMy Buay Ha Python B OmbOmmorekax

sympy u humpy

Peanusanus anroput™ma npuse-
JeHus oOIero  ypaBHEHHUS
KpPUBOM W TOBEPXHOCTH BTO-
poro mopsjaka K KaHOHHYE-
CKOMY C HCMOJb30BaHUEM HH-
cTtpymeHTapust «Jupyter Note-
book».
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6.2. IlepeyeHb BONMPOCOB, 3aJaHHii, TeM IJsl MOJATOTOBKH K TeKyIIeMYy
KOHTPOJIIO
IIpumepHbIe 3aJaHUSA KOHTPOJbHOM PadoThI

1. UccnenoBath, mpu KakuX 3HAUEHUSX MApaMeTpoB @ U [f CUCTeMa JHMHEHHBIX
YPaBHEHHUH SIBISIETCA a) OINpPEAENICHHOW; b) HEONpeaeNIeHHO; ¢) HECOBMECTHOM.
Haiinure oOmiee perieHne B TeX ciaydasix, KOTJa 3TO BO3MOXKHO.

X1 +axy, +2x3 =1,
X1+ —a)x, +x3=1,
2x1 + (2a — Dx, + ax; = L.
2. UccnenoBaTh cUCTEMY Ha COBMECTHOCTD C UCIIOJIb30BaHUEM TeopeMbl KpoHekepa-
Kanemnm
X1 +3x, +5x3 +7x4 +9x5 = 1,
X1 — 2x5 + 3x3 — 4x, + 5x5 = 2,
2x1 + 11xy + 12x5 + 25x, + 22x5 = 4.
3. [lycth mana cucrema cToI010B

2 -1
) EA N ’
Al = JAZ = | 3 1A3 = | _2 ;b =
1 1 _o 2
3 2

MOXHO J¥ TIPEACTaBUTH CTOJIOCI] b B BUIE NHHEHHOW KOMOWHAIIUHA CTOJIOIIOB
A4, A,, A3? Ecnu na, npuBECTU TaKO€ pa3oKEeHUE.
4. Halinutre ®CP u 3anummrte, ucnonszys P@CP, obuiee pernieHue OJHOPOIHOU
CUCTEMBI:
X1+ x, —2x3 + 2x, =0,
3x; + 5x, + 6x3 —4x, = 0,
4x, + 5x, — 2x3 + 3x, =0,
3x; + 8xy + 24x3 — 19x, = 0.
5. CocTaBbTe OJTHOPOJHYIO CUCTEMY ypaBHEHUH, 11 kotoporr @CP cocrout u3
1 0

E1= ’E2=

0 1
2 3
1 2

6. Ucnonp3yss @®CP oaHOPOIHOM CHCTEMBI, HAAUTE 00IIee PEIICHHE HEOTHOPOTHOM
CHUCTEMBI, 3aITaHHOM MaTpHIiei A 1 cToI0moM b:
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X~
Il

-8 -—13

-2 -1 -2 -3 (:g\
-6 -2 —4 -5\, | o
-4 -1 -1 -2 1

N W W -
|
(@)
|
o

7. HaiimuTe MHOTOWICH YeTBEpTOU cTernenu f (x), IUisi KOTOPOTro

f(=3)==77f(=2)=-13,f(-D) =1f(1) = -1,f(2) = -17.

8. Ilycthb
1 0 1
A=[-1 1 1)
2
0 0 1

Haitnure Takoe n € N, uro0br (A — I3)" = 03 u wucnoyib3ys OMHOMHAIBHYIO
bopmyity, Berarcaute A™ Ui BceX HENbIX MOJI0XKHUTEIbHBIX N.
9. Haiinure mpousBenenne Kponekepa A @ B nByx matpui A u B, Trie
0 1 0 2 1
A=<1 0 0>, B=(7 _,)
0 0 1

Becermramm A @ B = B ® A? OrBeT HE0OOX0MMO 000OCHOBATE.
10. Haitnure Bce matpunibl B € M, (RR), KOTOpble KOMMYTHPYIOT C MaTpHUIIEH

4=(5 )

1 -9 13
A= (12 -3 9 )
3 4 5

B BHUJE CYMMbl CHUMMETpUUECKOM B u kococummerpuueckod C wmaTpui c

11. IlpencraButh MaTpuiLy

BEILECTBEHHBIMU KOA(UIIMEHTAMH.
12. JInst CMMMETPUYECKON MaTPHUIIbI
11 33 5
A= (33 7 —2)
5 -2 9
HaiiiuTte yHUNOTeHTHYI0 Matpuily U € M;(R) u auaronampHyto marpuiyy D €
M;(R) Takue, uto UT - A- U = D.
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13. Jns manabix matpuin A u B HaliauTe 37eMeHThI b3, U bys:

1 2 3
o -1 1 B
A=, [ o | B=PusAs(=2)Ms(=2)- An(D) - P A
-1 2 -3

14. TlpeacraBbTe MATPHUILY

11 2 3
A= (—4 5 —6)
7 8 9

B BHJIE IPOU3BEICHUSA dIIEMEHTApHBIX Matpull P;j, M;(a), Aj; ().

15. Ilycth

=G =@ =)

Haiinure x u3 ypasaernus CT Ax = b.

16. Ilycth
3 -1 2
A= (5 -2 3 )
-1 0 -1

a) [Mokasxute, uto A3 = 03; 6) Ucnons3sys a), Haiigure (I; + A) L.
17. Haitnute matpuny A, eciu

_ 2 1
T _ 1 _
(AT —21)"t = (% . 0).
18. cnonb3ys MeToj 3JIeMEHTapHBIX TpeoOpa3zoBanuii (Meron ["aycca-Koppana),
HaiiauTe o6paTHyIo Matpuiy A1 x matpue

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

19. Ilycts marpuna A € M, (R) takosa, uto A> = A. [lokaxkuTe, 4TO MaTpUIa
(I, — 24%) — obpatuma u Haiinute (I,, — 24%)71.

20. Jl;ist MaTpuUIbt

1 1 -2 2

3 5 6 -4

4 5 =2 3

3 8 24 -19
Haiinute oOparumyto matpuity U takyto, uto UA = rref (A)

21. Ilycts A, B € M, (R) takosel, uto A + B =1,  A? + B? = 0,,. [lokaxute, 4T0
A u B ob6partumsl, mpuuem (A~ + B~ = 27,

22. Ilycts A € M,,(R) Takosa, uto A~1 = I,, — A. Tlokaxure, urto A® — I, = 0,,.

A=
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23.

24,

25.

26.

217,

28.

29.

Martpuny
6 -2 —4 4
3 -3 —6 1
—12 8 21 —8
-6 0 —-10 7
MpEJICTaBbTE B BHJEC Npou3BeAcHUs AByX matpul, A = LU, roe L — HWKHIA

A=

TpeyrojbHas MaTpuna, a U — BepxHsis TpeyroiapHas Matpuia, (LU — paxTopuzamus
(Lower—Upper (LU) decomposition)).
Paznaras no BTopoMy cT001ly, BBIYUCIUTE ONPEIETUTED

5 a 2 -1
4 b 4 -3
2 ¢ 3 =2
4 d 5 —4

Hcnonp3ys ameMeHTapHbIe MpeoOpa30BaHusl, BHIYHCIUTE OMPEICTUTENb:

1001 1002 1003 1004

1002 1003 1001 1002

1001 1001 1001 999 |

1001 1000 998 999
[TokazaTp, 4TO KBaJapaT IUIOMAAN MapaieIorpaMMa, TOCTPOSHHOTO TI0 pajuyc-
BekTopaM Touek P(a;b) u Q(c;d) B NpsSAMOYroibHOW CHCTEME KOOpAMHAT,
BbIpaxaetcs 1no popmye
g2 — p2 = |@® +b? ac+bd

ac+bd c*+d*|

BeiBectu Qopmyny s odbema TeTpadapa ¢ BepmmHamu  A(Xq; Vi Z1),

B(x2; Y25 23), C(X3; Y35 Z3) U D (X4; Ya; Z4):

X1 Y1 7z 1
v=tae[ X2 72 71
6 X3 V3 Zz 1

Xy Yo Zy 1

He packpbiBas onpenenuTesib clieBa, MOKaXUTe, YTO

aa, +as; Pfas;+a, ya, +a, a, a, as
abz + b3 ﬁb3 + bl ]/bl + bz = (1 + C(’B]/) b1 b2 b3 .
acy, +c3 Pecz3+c; Yoty €1 C2 (3

ITycTh X, y, Z HOMAPHO Pa3IUYHbI U
x3+1 x? x
y+1 v* y|_,
z3+1 z? z

[Tokaxwure, uto xyz = —1.
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30.

31.

32,

33.

34,

35.

36.

Breraucnuts OIIpCACIINTCIIb

3 2 0 0
1 3 2 0
0O 1 3 0
0O 0 O 3
PeinTe ypaBHEHME:
1 x x? x™
1 a a? al
1 a, a3 ay| =0
1 a, a2 .. at

Breruncnute onpenenurens Mopsijika n, 3JIEMEHTbl KOTOPOTO 3aJaHbl YCIOBHEM:
a;; = min(i, j).
Brerancnute onpenenutens Mopsiika N, 3JIEMEHTHl KOTOPOTO 3aJaHbl YCIOBHEM:
a;; = max({,j).

HaiinuTe 3HaueHust A, mpu KOTOPHIX MaTpUIIa
31 1 4
( A 4 10 1 \‘
1 7 17 3
2

MMEET HAUMEHbIIMK paHr. YeMmy paBeH paHI NpPU HAWICHHBIX 3HAYEHUSIX
napameTpa A ¥ 4emy OH paBeH MPU APYTUX 3HAUCHHSX A.
Haninure panr matpuiis

1 2 -1 2
2 -1 2 5
1 10 -6 1

IIPU pa3INYHBIX 3HAYCHUSX A.
J{ns maTpuibl
1 2 3 4 5
6 7 8 9 10
A=|11 12 13 14 15
16 17 18 19 20

HaiauTe: a) 0a3MCHBI MUHODP C HAMMEHBIIINM 3HauyeHWEeM; 0) paHr MaTpHIlbI,
COCTABJICHHBIN U3 BCEX 0a3MCHBIX MHHOPOB.
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37.

38.

39.

40.

41.

42.

43.

44.

45,

I[lycts A = (a;5) € My (R) —matpuua nopsaxka n, A = det(A) — ee onpenenurens.
IIycts adj(A) — npucoenunennas marpuna, adj(A) = AY = (4; j)T, 3mech A;j —
anreOpauvecKoe JIONOIHEHHUE K JIEMENTY d; ;. [lokaxuTe, uto ecin A — obpatuma,
TO CIIPaBEJIMBO PABEHCTBO
adj(adj(A)) = A2 - A.

[Tycts A, B € M, (R) — kBagpaTHbIe MaTPHUIIBI BTOPOTO MOPSIIKA, IPHYEM
AB = BA. BepHo 11 cieayoliee paBeHCTBO

det(A™ + B™) = det(A™) + det(B™) + tr[(Aadj(B))"], n € N?
OTBeT HEOOXOAUMO 0OOCHOBATH.
[Tycte A € M,,(R) BbIpoXIeHHas KBajapaTHas Mmarpuiia nopsaka n. Jlokaxute
HepaBeHcTBo rank(adj(4)) < 1.
[Tycte A € M, (R) xBagpatHas Marpuma mopsiaka n, npudem adj(A) = 0,.
[Toxaxwure, uro rank(A) < n — 2.
[IpuBenute npumep HeHyseBoil matpuilbl A € My (R) (’memMeHTsl KOTOPOH Bce
OTIIMYHBI OT HYJISA), Y KoTopoit adj(A) = 0,.
Haiinnute 4nciio ”HBEPCH U ONIPEIEIUTE YETHOCTD NTEPECTAHOBKU

1 2 3 . n—1 n

n n—1 n-2 .. 2 1 |
[lycte m € S,, pa3ioxkeHa B TMPOU3BEICHUE HE3ABUCUMBIX IHKJIOB JJIMH
1,15, ..., L. TlokaxuTe, 4TO CUTHATYpy IMEPECTAaHOBKH MOXKHO OIPEIEIUTH 10

dbopmyie
£, = (_1)Z7c”=1 (le=1)

1 2 3 4 5 6 7 8 9
I[Iycre mw=|2 6 9 4 7 5 8 1 3 | Haiinure BekTOp

unBepcuit V (1r), mpasblii BekTop unBepcuii R (1), neBbiii BekTop uuBepcuit L().
Haiinure (i) — r; + l;. Yemy paBubl -1y ¥ V5?
Haitngure nepectaHOBKY, KOTOpasi UMEET BEKTOP MHBEPCUU

V(r) ={8,3,1,4,3,3,2,1,1,0}.

46. HaiimuTe mepecTaHOBKY, KOTOpasi UMeeT MpaBbiii BekTop nHBepcuit (Lehmer cod)

47.

48.
49.

R(m) = {5,1,5,3,3,1,2,0,0};
Haitnure nepectaHoBKY, KOTOpast UMEET JIEBBIM BEKTOP UHBEPCUI
L(m) ={0,0,0,2,1,3,3,7,6}.
Kaxkoit MakcuManbHbII NOPSAIOK MOKET UMETh MEPECTAaHOBKA U3 S,77
Haiinure 3nauenust [ v k Tak, 4TOOBI MPOU3BEICHUE
A4706301i{A5507, 024031
BXOJWJIO B ONPEAETUTEND 7/-0r0 NOpsAJIKa CO 3HAKOM IUIIOC.
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50

o1,

52,

53.

54,

55,

56.

57,

58.

59.

60.

61.

. C KakuM 3HaKOM BXOJIUT B ONPEACIUTENIb MOPSAKA N MPOU3BEICHUE AJIEMEHTOB
IMOOOYHOM quaroHain?
HatinuTe konnuyecTBO 2jeMeHTOB #X MHOKECTBa
X ={m € Sqy:ind(m) =11,N(m) = 7}.
[IpencraBpTe KOMIUIEKCHOE YHUCIIO B aJiredpandeckon popme
(—1+iV3)®  (—1-i/3)15
(1-1)20 (1+1)20

Pemmts cuctemy ypaBHeHH Ha nojiem C
{|Z2 —2i| =4,
lz+1+i|=|z—1—1i.

27

[ycth e=e7, a=¢c+e?>+¢e* b=¢e3+¢>+ &% Ilokaxkute, uto a u b
ABIAIOTCS KOPHAMH KBaJpaTHOrO TpexuieHa z2 + z + 2.
N300pa3nuTh Ha KOMIIEKCHON MJIOCKOCTH MHOXECTBO TOYEK, yIOBIETBOPSIOLIUX
YCIIOBHIO:
0< arg% < %
[Tycte A u C nelicTBUTENbHBIE, @ B —KOMIUJIEKCHBIE TOCTOSIHHBIE U IIYCTh
AC < |B|?. Ilokaxwure, 4TO ypaBHEHHE
Alz|>+Bz+Bz+C=0, (A>0),
SBIISIETCSl YPAaBHEHHEM OKPYKHOCTH, a TAKKE HAUTHU IIEHTP ITOW OKPYKHOCTH H €€
panuyc.
[Ipunagnexat U TOYKU Zq,Zo,Z3,Z; HA KOMIUIEKCHOW TIJIOCKOCTH OJHOM
OKPYXHOCTH, Tne z; = —1+4i, z, =—2+4i , z3=9—61, z, = —6 + 3i?
Ecnuy 3T TOUKM nekaT Ha OJHOU OKPYKHOCTH, TO HAUJUTE LIEHTP U PaguyC TaKOU
OKPY>KHOCTH.
Paznenure mHorounen f(x) ¢ ocratkoMm 7(x) Ha MHOrouieH g(Xx) u mpoOBEphTE
paBeHCTBO f(x) = h(x)g(x) + r(x):
f(x) =2x*—3x3+4x*—-5x+6, g(x)=x*>-3x+1.
ITycte f,g € R[x]. Haligure wambompmmii obmmii nemmrens d = HOA(f, g).
bynyt mu f u g B3aumuo mpocteiMu? Haiinure Takske MHOTOWISHB U(X) U V(X)
takue, uto f -u + g - v = HOA(f, g) = d, ecnu
f(x) =x*—10x%+1,
g(x) = x* — 42x% + 6x% + 4v2x + 1.
Omnpenenuth anreOpanyecKyro KpaTHOCTh BceX KopHel mHorowieHa f € C[x], rme
f(x) =x*+ (3—8i)x3— (21 + 18i)x? — (33 — 20i)x + 6 + 18i.
[Ipu xakux a u b muorounen f(x) = x>+ ax®+ b umeer nBOIHOH KOpeHb,
OTJINYHBIN OT HYJISA?
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62.

63.

64.

65.

66.

67.

68.

69.

70.

71,

72.

Pa3noxuTh Ha TMHEWHBIE MHOKHUTENN HAJ| MOJIEM KOMITJIEKCHBIX YHCET
f(2)=2z8—1-—1.
Haitgure 3HaueHNME CHMMETPHYECKOTO MHOTOWIEHA F OT KOpHEN ¢; MHOTO4JIeHa
f(x),ecmn F = Yigicjca (c7¢) +¢7¢?), f(x) =3x*+2x3 +5x2 +x + 7.
Haiinute Bce 3HaueHMsI mapameTpa a € R, mpu KOTOpoM ypaBHEHHE
xM—2x10 +x% —2x3 + 11x2 —16x+a =0
UMEET KpaTHbIC KOPHH.
Haiiti Bce 3naueHus napamerpa b € R, mpu KoTopsix MHOTOUIEHBI f(x) 1 g(X)
UMEIOT OOIIHE KOPHH, eCITH
flx) =x3—-5x*—-7x—1, g(x) =x3—8x%+9x + b.
Haiinure Bce pemeHuss CHCTEMBI YpaBHEHUI
x2+(x—4)y—-2x+y*+3=0,
{x3—x2+(x+7)y—5x+y3—5y2—3 = 0.
Hycte  f(x) =x*—10x2+1 u g(x) = x* — 4vV2x3 + 6x% + 42x + 1.
Haiinure dynkuuum u(x) u v(x) takue, uro fu + gv = Res(f, g).
PaznoxuTe Ha TMHEWHbBIC U KBAAPATUYHBIE MHOKHUTENIN HAJI TIOJIEM BEIIECTBEHHBIX
uycen MEorowtet f(x) = x12 + x8 + x* + 1.
[TpoBepbTe, uTo MHOTOWIEH f (X1, X5, X3) SBISIETCS CHMMETPUICCKAM U BBIPA3HTH
€ro B BUJI€ MHOTOWIEHA F OT 37IeMEHTapHBIX CAMMETPUYECKUX MHOTOUYJIEHOB, €CIIH
[y, x2,x3) = (31 — x5 — x3) (3, — %1 — x3) (3x3 — X1 — x3).
IIycTh ey, ... e, — cTangapTHeli 6asuc V = R*. I[TycTb BEKTOPHI €, ... €4 ¥ X 33/1aHbI
CBOMMH KOOpJMHATaMu B Oasuce (e):
e; ={1,2,—1,-2},e; ={2,3,0,—1},e5 = {1,2,1,4}, e, = {1,3,—1,0},
x ={7,14,-1,2}.
[Tokaxkute, 4TO CHCTEMa e, ..e, — TaKke 0asuc mpocTpaHcTBa V, Haiigure
marpuity nepexona C = C ).’y Hailanre Taxke KOOpAUHATHI BEKTOPA X B 3TOM
0asuce.
[ycte ey =1,e; =x,e, = x%,e3 =x3,e, =x* — cranpapraeii  Gasuc
npoctpancTBa MHorouieHoB V = R,[x]. PaccmoTrpum cemeiicTBo (cuctemy)
MHOTOYJICHOB &), ... €4 U P, (x):
eg=1,e1=((x—-"7),es=(x—-7)es=(x—-7)3e,=(x—-7)%
Py(x) =1+ 2x — 3x2 + 4x3 — 9x*.

[Tokaxxte, 4TO CUCTEMA €y, ... €, — TAKIKE OA3KC POCTpaHCTBa V, HAIUTe MATPHILY
nepexoga C = C () (e Haiinute koopaunatet P, (x) B 3TOM Oaszuce.
Haiinure 6asuc cymmel L, + L, u nepecedenus L, N L, AuHEHHBIX 000J0UYEK
L, L, cucrem BekTopos npoctpanctea V = R*:

L =(a, ={1,2,1,-2},a, ={2,3,1,0},a; = {1,2,2,-3}),

L, =(b; ={1,1,1,1}, b, = {1,0,1, -1}, b3 = {1,3,0, —4}).
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73.

74,

75.

76.

77,

78.

Haiimute 6a3uc cymmsl L, + L, u mepeceuenust L, N L, mognpoctpancTB L4, L,
npocrtpanctea V = R*:

Ly ={(a; ={1,2,0,1},a, = {1,1,1,0}),

L _{Bxl—xz —3x3 =0,

27 |x, —3x, = 0.

ITycTs L, u L, — moanpocTtpanctsa V = R*:

Ly ={(a; ={1,1,1,1},a, = {0,1,1,1}),

L _{x1+2x2+4x3—3x4 =0,

27 3x; + 5x, + 6x3 — 4x, = 0.
[Toxaxwure, uto V = L, @ L, u npeacrasetre x = {1,2,3,4} B BUIE CyMMBI
x=y+2zy€L,z€L,.
JIuneitnoe nognpoctpanctso L € V = R> 3anano B Buje
L={a={x,y,x+y,x—v,2x} €V =R5%x,y € R}
Hatigure Tpu moanpoctpanctsa Ly, L3, L, € V, HU 01HO 13 KOTOPHIX He paBHO {0},
takue, 9oV =L, @ L, @ L; D L,.
IlycTh
L ={f € Ry[x]: f(6) = 0}.
a) Haiimure 0a3uc nmoanpoctpancra L; b) Jlonmonnute B m.a) 6a3uc no Oasuca
Bcero npoctpanctBa V = R, [x]; ¢) Haiigute npsimoe nomonaenue L, k Ly,
T.c. Ry[x] = L; @ L,.
[Tycts «apsmas» L; BV = R* 3anana B Buge
L; = {x, = 8t,x, = 4t,x3 = 3t,x, = —3t,t € R}.
[IycTe "runepmnockocts” L, 3a1ana B BUJI€ ypPaBHEHUS
Ly = {(x1,%5,%3,%4) €EV:2x; —2x, — x3 + x4, = 0}.

[Tokaxwure, uro V = L, @ L, v HaiinuTe nipoekiuu y € L, u z € L, BeKTOpa
x = {1,2,3,4} Ha 3TH MOAMPOCTPAHCTBA NIPH MPOSKTUPOBAHNH, TTapaJLIeTLHOM L
u L,, T.e. npeacraBpTe X BBUAE X =Y + 2,y € L,Z € L,.
[lycts nuneinblii omepatop ¢@:V — V B mnpoctpanctBe V B 0asuce (e) =
(e1, €4, €3, €4) IMEET MATPHILY:

0
(e) >
e
A<p=3

6

_ DN =

Haiinute maTpuily aToro oneparopa B 6asuce
(e)Y=(e;=ej,e;=e,+eye3=e; +e,+es,e,=¢€;+e,+e;+e,).
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79.

80.

81.

82.

83.

84.

IlycTh uHElHBIHA onepaTop B mpoctpancTse V = R3 nMeer B 6asuce
(") = (e1 ={8,-67},e; ={-16,7,—13},e3 = {9,-3,7})
MaTpuLly

1 —18 15
4D -1 =22 20
¢ 1 —-25 22
Haiinute ero marpuiy Afpe”) B Oasuce

(") =(ef ={1,-21} e = {3,-1,2},e§ = {2,1,2}).
BersicHUTE, MOXHO JIM1 MaTPULLY Afpe) JMHEWHOTO OIleparopa IIPUBECTH K

nuaroHasibHOMY BuAy. Haiimute coOcTBeHHBIE 3HauYeHHs, COOCTBEHHBIN Oa3uc,
MaTpUIly MEPEXOJAa U COOTBECTBYIOIIMKM BHJ MATPHULBI JUHEHHOIO OIEpPATOpa B
HOBOM 0asuce.

7 =12 6
10 —-19 10
12 -24 13

Haiinure MUHUMAJIBHBIM MHOTOWIEH MATPULIBI

-3 7 -6 -1 8 -3 -2
/1 -5 8 -3 -5 4 -5
1 3 -4 6 -2 0 8
-1 11 -12 9 3 -3 9
-3 11 -12 5 8 —4 6
-3 2 1 -4 4 1 —7
\1 -5 6 -2 —4 3 =2 /

C noMo1ipio mpoliiecca OPTOroHAIM3aMU IOCTPOMTE OPTOHOPMUPOBAHHBIN 0a3u3
JIMHEHHON 060I0UKH CUCTEMBI BEKTOPOB IpocTpaHcTBa V = R*:

L={(a; ={21,3,-1},a, ={74,3,—-3}, a3 = {1,1,—-6,0},a, = {5,7,7,8})
Haitgure mnpoekuuio BEKTOpa X HAa MNOANPOCTPAHCTBO L W OpPTOrOHAIBHYIO
COCTaBIISIIONTYI0 Bektopa x, ecmu x = {7,—4,—1,2} u L 3agaHo cucTeMOi
YpPaBHEHUH

3%y +2x, + 2x3 + x4 =0,
X, + 2x, + 2x3 —4x, = 0.
Haiinure paccrossaue ot Bektopa x = {3,3,—1,1,—1} mo moampocrtpanctsa L,

{le + Xy + X3 + 3x4 = 0,
L:

3aJJaHHOTO BHJIC
L ={x=(x1,%3,X3,%X4,X5): 2X1 — 2Xx5 + 3x3 — 2x4 + 2x5 = 0}.
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85.

86.

87.

88.

89.

90.

91.

92.

93.

94,

Haitnure yron mexnay Bektopom x = {2,2,1,1} u moanpocTpaHcTBOM L, 3aJaHHOTO
B BUJ€ JTUHENHON 000JI0UYKHU

L=(a, ={34,—4,—-1},a, = {0,1,—1,2}).
Haiinure coOCTBEHHBI OPTOHOPMHUPOBAHHBIN 0a3MCc U MATPHUIy B 3TOM Oasuce
CaMOCOMPSKEHHOTO OTNepaTopa ¢, 3aJJaHHOTO0 B HEKOTOPOM OPTOHOPMHPOBAHHOM
0asuce (e) maTpuriei

17 -8 4
40 -8 17 —4
¢ 4 -4 11

Haiinute oproronansHoe npeoOpa3zoBaHue, MPUBOAIICE KBAAPATUIHYIO (HOpMY K
TJIABHBIM OCSIM

f(x1,%5,%3,%,) = 3x% + 8x;%, — 3x5 + 4x35 — 4x3x, + X7.
Omnpenenure THIT KPUBOW BTOPOTO TMOpsiiKa, €€ KAHOHWYCCKOE ypaBHEHUE H
HaIMTe KAHOHMYECKYIO CUCTEMY KOOPIUHAT, €CITU KPUBAs 33]]aHa ypaBHECHHEM

5x2 + 4xy + 8y? — 32x — 56y + 80 = 0.
Omnpenenure THII KPUBOW BTOPOTO MOpsKa, €€ KAaHOHWYCCKOE ypaBHECHUE H
HaIMTe KAHOHWMYECKYIO CUCTEMY KOOPJIMHAT, €CIIM KpUBasi 3aJ1aHa ypaBHCHUEM
5x2+ 12xy — 22x — 12y — 19 = 0.

JIJIss TIOBEPXHOCTH BTOPOTO TMOPSIKA, 3aJIaHHOW B YETHIPEXMEPHOM TOYCUHOM
CBKJIMJOBOM TIPOCTPAHCTBE, HaWIUTe €€ KaHOHWYECKOE YpaBHCHHE U
KaHOHHYECKYIO CUCTEMY KOOpJIUHAT
2X1Xy + 2X1X3 — 2X1X4 — 2XpX3 + 2X5X4 + 2X3X4 — 2Xy — 4x3 —6Xx, +5 = 0.
[Ipn kakux 3HaueHusx mapamerpa A KBaapatuuyHas ¢opma Q(x) sBIAETCS
TIOJIOXKHUTEIIHHO OMPEISIICHHON, SCITH

Q(x1, %5, x3) = xZ + 4x2 + x5 + 2Ax;x, + 10x,x3 + 6x,x3.
[Ipn kakux 3HaueHusx mnapamerpa A kBaapatuyHas ¢opma Q(x) sBIAETCS
OTPHIIATEIILHO OTPE/ICIICHHOM, eCITH

Q(x1, %5, Xx3) = Ax{ — 2x5 — 3x3 + 2x,%5 — 2%, X3 + 2XX3.
DKBUBAJICHTHBI JIM HAJ[ TTOJIEM BEIISCTBEHHBIX YHCE KBapaTHUHbIe GopMbI Q; U
QZa rae

Q; = 2x? + 9x5 + 3x% + 8xyx, — 4x,x3 — 10x,x3;
Q, = 2x; + 3x2 + 6x35 — 4x;x, — 4x,x3 + 8x,%37

HccaenoBarh cucTeMy Ha COBMECTHOCTD C HCIIOJIb30BaHHEM TeopeMbl KpoHekepa-
Kanennu
Xy +3x, +5x3 4+ 7x4 +9x5 = 1,
X1 — 2Xx5 + 3x3 — 4x, + 5x5 = 2,
2x1 + 11xy + 12x5 + 25x, + 22x5 = 4.
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95. Berunciute onpeaeIuTeNb MOPsIKa N, JIEMEHTh KOTOPOTO 3a/JaHbl YCIOBHEM:
a;j = min(i, j).
2mi

96.Ilycts e =e7, a=c+e?>+¢e* b=2¢e3+¢>+ &% Tlokaxute, uto a u b
SABJIAIOTCS KOPHAMHU KBaJIPaTHOTO Tpexuiena z2 + z + 2.

97.Mycte  f(x)=x*—10x>+1 u gx) =x*—4V2x% + 6x% + 4/2x + 1.
Haiinure dynkuuum u(x) u v(x) takue, uro fu + gv = Res(f, g).

98. BeisicHuTe, MOXHO JH MAaTpPHILY Afpe) JMHEWHOTO OIleparopa IIPUBECTH K
nuaroHasibHOMY BuAy. Haiimute coOcTBeHHBIE 3Ha4YeHHs, COOCTBEHHBIN Oa3uc,

MaTpHIy TIepexoja U COOTBECTBYIOIIMA BHJI MATPHIIBl JIMTHEHHOTO OMepaTropa B
HOBOM Oa3uce.

7 =12 6
10 —-19 10
12 -24 13

99. DKBUBAJICHTHBI JIX HaJ TIOJIEM BEIIECTBEHHBIX UMCEN KBapaTUIHbIe (GOPMBI Q H

QZ) rae
Q1 = 2x% + 9x27 + 3x3 + 8x,x, — 4x1x3 — 10x,x3;
Q, = 2%, + 3x2 + 6x2 — 4xyx, — 4x,X5 + 8x,%37

Kpumepuu b6annvroti oyenku pa3nuunsvix popm mekyuje2o KOHmpois ycnesaemo-
CMuU co0epiHcamcsi 8 COOMBEMCmMBYIUUX Memoouyeckux pekomenoayusx Kagpeopul
AHANU3A OAHHBIX U MAWUHHO20 00yuenuss Daxkynivbmema uHGOPMAYUOHHBIX MEXHOIO0-

Ul U aHaauza OOIbUUX OAHHBIX.

/. DOH] OLEHOYHBIX CPEICTB /JIsl NMPOBEAEeHUS MPOMEKYTOYHOH aTTecTauuu
o0yyaromuxcst o AUCHHUIIHHE
[lepeyeHb KOMIIETEHLIMI C YKa3aHUEM MHJIUKATOPOB UX JOCTHXKEHHS B IIpoLiecce
OCBOEHUSI 00pa30BaTEIbHOM MPOrpaMMBbI CoaepKUTCS B pasnene 2. «[lepeyens mia-
HHUpPYeMBbIX pe3yJbTATOB OCBOCHHSl 00pPa30BaTe/]bHOIl NMporpaMMbl (NepeyeHb
KOMIIeTEHIIUI1) ¢ YKa3aHUEeM MHAUKATOPOB MX JOCTHKEHUS] U MJIAHUPYEMbIX pe-

3yJbTaTOB oﬁyqunﬂ o JTUCHUILIHHE)>.
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Tunosblie KOHTPOJIbHbIC 3aJaHUA WIN UHbIC MaTCpHAaJIbI, HQOﬁXOI{HMLle JJIA

OLHCHKHN MHAUKATOPOB NO0CTU/KCHUH KOMHeTeHHHﬁ, yMeHI/Iﬁ W 3HAHMH

Haume- Haume- Pe3yabTarsl 00yue- TunoBble KOHTPOJIbHbIE
HOBaHUe HOBaHMe HWH- | HUSA (YMeHHs ¥ 3HAHMS), 3ajaHus
KOMIIETEeH- | JHUKATOPOB COOTHECEHHbIC C HHIM-

197071 AOCTHKEHHMSI | KaTOPpaMHU JAOCTH/KeHUS

KOMIIETCHIIMH | KOMIIETCHIMU
[MKH-2 1.lemoHcTpu- | 3Hams GazoBbie ToHATHS | [[pUBeIUTE  OCHOBHYIO  TEOpEeMy
Croco0eH c | pyeT 3HAaHHME | MATEMaTHYECKUX MOJE- | CHMMETPUUYECKUX MHOTOUJICHOB H
IIOMOIIIBIO 0a30BBIX MaTe- | JieH, IPUMEHSEMBIX B pa3- | MPOWLIIOCTPUPYHTE €€ Ha mpuMepe
MaTeMaTHu- MaTUYECKHUX JUYHBIX pas3genax ajl- | CAMMETPUYECKOTrO MHOIO4JIEHa
4eCKOW Mo- | MoJieNiel, mpu- | reOpbl ¥ FeOMETpUY; f(x1,%2,%3) = x3x, + x3x5 +
JIenu pe- | MEHSIEMBIX B xg x1 + xlxg + x2x33 + x3x13 ,
matk  MO- | pa3JIuYHbIX MpPEJICTaBUB €ro B BHUAE SIBHOIO
CTaBJICHHYIO | IIPCAMCETHBIX MHOT'OYJICHA OT  DJJIEMEHTAapHBIX
TeopeTnye- | 00JacTsIX. CHUMMETPUYECKUX MHOT'OUYJICHOB.
CKYI0  WIH
MIPUKJIIA]-
HYIO 33]a4y, Ymemv»  nemoncrpupo- | Ilycte A € M,,(R) BbIpOXIEHHAS
peanu3oBbI- BaTh aireOpo-reoMeTpu- | KBagpaTHas MaTpula NopsAlaka n.
Bas  airo- YecKkue maremarnudeckue | JJokakure HepaBeHCTBO

pUTM peliie-
HUS B BHJIE

IIpOrpaMm-
HOTO  MO-
YISt

2.Anantupyer
U TpUMEHSIET
CYLIECTBYIO-

e  Marema-
TUYECKUE MO-
nend Ui pe-
IIEHUsI I0CTaB-

JIEHHON  IIpHU-
KJIIAJHON WU
TeopeTHye-

CKOW 3aJ1a4u.

3. Bnageer Me-
TOHOJOTHEH
MaremMaTuye-
CKOT'0 MOJIEJIHN-
poBaHUsS NI
pelIeHus po-
(beccuonanb-
HBIX 3a]1a4.

YTBEP)KJICHHUSI OCHOBHBIX
pas3zenoB anredpsl U reo-
METpHUH, BBIJICIAS TJIaB-
HBIE CMBICIIOBBIE ACIIEKThI
B JI0Ka3aTeJIbCTBAX.

3namp CyIECTBYIOIINE
MaTeMaTHYECKUE MOJICIIH
JUIs1 PEIICHUs] TIOCTABIICH-
HOU NPUKIJIAJHON 3aa4u;

Ymems aJarTUPOBaTh
MaTeMaTHYECKHUE MOJIEIHN
JUISL pELIeHUs] TEOpeTHYe-
CKOI1 3aa4n.

3Hamp METONOJIOTHIO Ma-
TEMATHYECKOTO MOJIEIIH-
pOBaHMsSI ISl PEIICHUs
npodeccuoHaNbHBIX —3a-
mad anreOpsl U TeOMeT-
puu;

rank(adj(A4)) < 1.

Haiinure OpPTOTOHAJIBHOE
npeoOpa3oBaHHe, NpUBOAIIEE
KBaJPaTHUHy0 (HOPMY K TJIaBHBIM
ocaM fxy,xp,%3,%4) = 3x2 +
8x,x, — 3x% + 4x3 — 4x3x, + x2.

IIpuBenqure TpUMEP  HEHYJIEBOU
matpuiiel A € My(R) (3:memMeHTHI
KOTOPOH BCE€ OTJIMYHBI OT HYNA), Y
kotopoit adj(A) = 0,.

Kakoii MakcuManbHBI  MOPSIIOK
MOJKET UMETh MEPECTAaHOBKA U3 S,77?
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Ymems»  ucnonwizoBath | Halinure HamOounbiiee 3HaYCHHE
UHCTPYMEHTApHIA Mi- | onpenenuTens MIECTOrO IMOPSAKA,
crosoft Excel, R, Python | cocrasiaennoro u3 uncen —1, 0, u 1.
(Jupyter Notebook) mis | (Peamu3oBarh aaropuT™ pelieHHs B
peanu3aly  AITOPUTMA | BUE IPOTPAMMHOTO MOJIYJIs).
pelieHus 3amad4 B BHIE
POrPaMMHOTO MOJYJISI B
o0JIaCTH  MPHKIIAJHOTO
MalTUHHOTO 00Yy4eHHUSI.

IIpuMepHBIe BONPOCHI AJIS1 MOATOTOBKH K IK3aMEHY
. JlaiiTe ompenelieHUe CUCTEMbl 1M JTUHEHHBIX alreOpanyecKuxX ypaBHEHUH € 1
Heu3BecTHbIMU. Kakas CJIAY Ha3biBaeTcsi OJHOPOJIHOW, HEOIHOPOIHOM.
[IpuBenute cooTBeTcTBYyrOIME npuMepbl. MoxeTr au HeonHopoaHas CIIAY
Ax = b ObITb HEONpPEACNCHHON, €ClM CTONOIBl €€ MaTpUIlbl JIUHEHHO
HE3aBUCUMBI (JTUHEHHO 3aBUCHUMBI)? OTBET HEOOXO0IUMO OOOCHOBATH.
. Ciopmynupyiite onpenenenue penyuupoBaHHon ctyneHuyaroi popmsl CJIAY.
Chopmynupyiite Teopemy o mnpuBenenun CJIIAY k  peaynupoBaHHON
cryneruaroir ¢opme. Moxker nu HeomHopomHas CJIIAY Ax =b OwiTh
COBMECTHOM (HECOBMCETHOM), €clii COOTBETCTBYyIomIast ojHoponHas CJIIAY
ABJISIETCS OTpeiesieHHoN (HeomnpeaenenHon)? OTBeT HeoOX0aMMO 000CHOBATS.
. Jlaitite onpenenenue panra marpuiibl. Chopmynupyiite Teopemy Kponekepa-
Kanesum. CoBmectHa wnum HecoBmectHa CJIAY, ecimm  cronOmer  eé
pacCHIMpPEHHON MaTPHUIIbl JIMHEWHO HE3aBCUCHUMBI (JTUHEHHO 3aBUCHUMBI)? OTBET
HE00X0AMMO 0OOCHOBATb.
. Jlaiite  ompeaencHue  QpyHmameHTanpHOM — cucTembl  pemeHuit  (OCP)
onHopoaHoit CJIAY. Cdopmynupyiite TeopeMy 00 00IIeM BHAEC pPEIICHUS
onHopoaHoit  (HeomHopoauoi) CJIIAY. IlpuBenutre COOTBETCTBYIOIINE
npumMepsbl. Halinute @®CP 0gHOPOIHOTO ypaBHEHHS

2x1 + 3x, — 3x3 + 4x, — 7x5 = 0.
. JlaiiTe ompeneneHue MaTpUILl pa3Mepbl M X N U cHOPMYIUPYHUTE OCHOBHBIC
omepanuu Haj HuMmH. Kakue MaTpuilbl Ha3bIBAIOTCS CHUMMETPUUYECKUMU,

KococuMMeTpuuceknuMu? [IpuBenute COOTBETCTBYIOMIKE NpUMEPBL. MOKHO 11
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KBaJIpaTHYI0O MAaTpHIy MpPEACTaBUTh B BHJAE CYMMbl CHMMETPHUECKOH U
KococuMMeTpuueckoi MmaTpuir? OTBET HEOOX0AUMO 00O0CHOBAThH

6. [aiite ompeneneHue NPOU3BENEHUS MaTpull U CHOPMYIUPYHTE OCHOBHBIE
cBoiicTBa mpousBeneHuss matpull. CyIIecTBYIOT JId HEHYJIEBBbIE KBaJpaTHBIC
Matpuilel A u B Ttakue, uto A - B = 0?7 OtBeT HE00X01uM0 000CcHOBaTh. Kakwue
MaTpPUILBI HA3bIBAIOTCA KOMMyTHpYyromumu? Bepro mu pasenctso (A - B)T =
BT - AT? OrBeT HEO6XOIMMO OOOCHOBATE.

7. Haiite ompenenenue npsiMoit cymMmMmbl D u mpousBeneHus Kponekepa & s
matpuil. [lpuBeauTe COOTBETCTBYIOIIME TMPUMEPHI TNPSIMOH CYMMBI U
npousBenenuss Kponekepa marpui. Bepuo mu tr(A ® B) = tr(A) - tr(B)?
OTBeT HEOOXOIUMO 00OCHOBATE.

8. Kakue wmatpuipl HaszwpiBatorcsa obpatumbiMu? Chopmynupyiite OCHOBHBIE

CBOMCTBA JJIs1 0OOpaTHBIX MaTpuil. JJokaxxuTte (a b) 1 = — (d _b)
it Y pHiI. c d ad-bc\—c q

9. Chopmynupyiite MoHsATHE HNEMEHTaApHON MaTpuIilbl. Jlokaxkurte, 4To
Pt =Py Mi(a)™t = M; (%) [4j(@)] " = 43 (-a).
IIpuBeauTE COOTBETCTBYIOIINE TPUMEPBI.

10. Chopmymupyiite anroputM (¢ 00OCHOBAHWEM) BBIYHCICHUS OOpaTHOM
matpuilsl (Meton ["aycca-XKopnana). [IpuBeauTe cOOTBETCTBYIONIUHN TTPUMED.
11. ChopmynupyiiTe  KpuTepuii  OOpaTUMOCTH  MATPHUIBI TPU  TTOMOIIHU

MPOU3BEICHUS AIEeMEHTapHbBIX MaTpull. [IpuBeuTE COOTBETCTBYIOIIUNA TPUMED.

12. Chopmymupyiite anroput™ LU paznoxenust oOpatumoit matpuiisl. [IpuBeanre
COOTBETCTBYIOIINI IPUMED.

13. IlpuBenuTe omnpezaeneHus: onpeaenauTencii HeOONbINX TOPSAKOB I MaTPHUI
(n=1,2,3). [IlpuBeauTe TreOMETPUYECKHH CMBICT (C  OOOCHOBAaHHEM)
ompeaeauTeNen msin =2 un = 3.

14. JlaiiTe ompenenHue MHUHOpa W alreOpanvecKkoro JOIMOJIHEHUS K 3JIEMEHTaM
Mmatpuubl. [IpuBeanure xopakTopHOE ONMpeesieHuEe ONPENSIUTENs] MAaTPHUIIBI M-

oro nopsinka. Chopmynupyiite Teopemy Jlammaca o pa3nokeHUH OMpPeeTUTeNs
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o CTpOKe WM ctonoiy. Haiinure Z}‘zl aijAkj,k # i. OTBET HEOOXOIUMO

000CHOBATb.

15. lIpuBegute QopMyny g HaXOXJICHHS OOpaTHOM MaTpHUIBI  4Yepe3
npucoeanHennyto matpuny adj(A). Haiigure A - adj(A). OtBeT HEOOXOAMMO
000CHOBATH.

16. IlpuBenuTe  OCHOBHBIE  CBOMcTBa  ompeaenuteneid. Ilyetrb A —
KOCOCUMMETPHUYECKasi MaTpHIla HeUeTHOTO Nopsaka. Haiimure e€ onpenenurens.
OT1BeT HE00X0AMMO 000CHOBATE.

17. Chopmynupyiite u nokaxure hopmyisl Kpamepa.

18. Mlaitte ompenenenne muHopa k-oro mopsinka. [IpuBeautre coOTBETCTBYIOIINE
npumMepsl. Ilyctes A € My, ,, (R). CKkonbko pa3aM4YHBIX MUHOPOB k-0ro mopsiaka
MOKeT ObITh? OTBET HEOOXOIUMO 0OOCHOBATb.

19. Jlaitite ompeneneHue paHra MaTpullbl, UCHOJB3Yysd MOHATHE MUHOpa. Kakoi
MUHOpP Ha3biBaeTcs 0azucHbeIM? Chopmynupyiite TeopeMy 0 0a3UCHOM MHUHOPE.
B uem cocTout meTos okaMIsitomnx MUHOpoB? [IpuBenuTe COOTBETCTBYIOIIMIA
puMep.

20. [laiiTe ompeneneHUE MEPECTAaHOBKA M3 N 3ieMeHTOB. [IpuBeauTe OCHOBBIE
ompepanuu HajJ TepecTaHOBKaMU (yMHOXKEHHME, OOpaTHas TMEepeCTaHOBKA).

Pemmre OTHOCUTENBHO ITEPECTAHOBKU X YPABHEHUE

s132197G2145s 6

21. CopmynupyiiTe NOHATHE HHBEPCUH TIEPECTAHOBKU, CHTHATYPHI TEPECTAHOBKH.

ToX =T, n=(

Kakas mnepectaHoBka Ha3bIBaeTcsi 4YeTHOW (HeueTHOW)? YUTO Ha3bpIBaeTcs
nopsiikoM rnepectanoBku? [IpuBeauTe COOTBETCTBYIONINE TPUMEPHI.

22. JlaiiTe KOMOWHATOPHO-AaHAJTUTUYECKOE OIPECICHUE ONPEICTUTeNss N -0ro
nopsinka matpuiibl. [IpuBenuTe COOTBETCTBYIONIME TPUMEPHI ¢ 0OOCHOBAHUEM
dbopmybl onpenenuTeNne s n = 2,n = 3.

23. JlaiiTe ompeeneHre BEKTOpa HHBEPCUH, TTPABOTO U JIEBOTO BEKTOpPA HHBEPCHIA.
Kak cBs3aHbI 3J1€MEHTHI NMEPECTAHOBKH C KOMIOHEHTAMU BEKTOPOB MHBEPCHUIA?

[IpuBenuTe COOTBETCTBYIOIINE IPUMEDBL.
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24. IlpuBenuTe aJrOPUTM OMPEIEICHUS TMEPECTAHOBKH IO BEKTYPY HWHBEPCHUHU.
[Tycts JaH BeKTOp d = {4;6;1;0;3;1;1;0}. Halimute mepecTaHOBKY 7T, HJIsi
KOTOPO# BekTop uHBepcuit V(1) conagaer ¢ d. CKOJIBLKO TaKUX MEPECTAHOBOK
CYILIECTBYET?

25. JlaiiTe onpenenenue uHaekca nepecraHoBku. Chopmynupyiite Teopembl Max-
Marona u ®oara-lllynenoepxe. [IponumrocTpupyiTe TEOpeMbl Ha MpHUMEpPE
CUMMETPUYECKOMN TpymNMbl S,.

26. JlaifTe ompejaelieHME KOMIUIEKCHOTO 4YHuciaa B anredpandeckoit Qopme.
[IpuBenuTE TPUTOHOMETPUYECKYIO W TIOKA3aTEIbHYIO (POPMBI KOMIUIEKCHOTO
yrcna. BeiBenute Gpopmyy miomnaay napamienorpaMMa ¢ BepIIHHAMH B TOUKax
Z1 U Z5 KOMIUIEKCHOU TJIOCKOCTH.

27. BeiBenute popmyIibl 1l U3BJICUECHUS KOPHS N-OM CTENEHU U3 KOMIUIEKCHOTO
Yyclia ¥ TPHUBEIUTE TEOMETPHUYECKYI0 HHTEPIIPETALHUIO O PACIOJIOKEHUH T
3Ha4eHUM KOpHA. Kakol KOpeHb Has3plBaeTCd MNPUMUTUBHBIM. [IpuBenure
CBOWCTBA IPUMUTHUBHBIX KOPHEH.

28. BriBenure dopMyibl 11 chepruyeckoro n3o0paxeHus: KOMIUIEKCHOTO YHCIIa.
Haiinure chepuueckoe nzobpaxeHue KOMIUIEKCHOTO Yncia Z = 3 + 5i.

29. Jlaiite ompeaelnieHne HauWOOJbIIEro OOIIEro  JCNUTENsE MHOTOWICHOB,
HAaUMEHBIIET0 O00Iero KpaTHOro MHorowieHoB. [lpuBeaute mHMHEHOE
paszioxeHue Hanbosbiero oodmero aenurtens. Kakrne MHOTOWICHBI Ha3bIBAIOTCS
B3aUMHO TmpocTeiMu? I[lpuBeanTe COOTBETCTBYIOIIME MpuMepsl. Haiinure
MHOTouIeHbl U(X) u V(X) Takue, 4To

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

30. [lakiTe ompenenceHre HEMPUBOIMMOTO MHOTOWICHA. byeT a1 HEpHUBOIUMBIM
MHOroueHoM Hag R Muorousnen suaa x* + 42 OtBer HE06XOAUMO 06OCHOBATS.

31. Maiite omnpeneneHue anreOpanvyeckoil KpaTHOCTH KOPHS MHOTOYJIEHA.
[IpuBenute cooTBeTCTBYIONME MTpUMEphl. CHOPMYITHPYITE OCHOBHYIO TEOPEMY
anreOpbl KOMIUIEKCHBIX uncen. SABmsietrcs iau nosie C anredpandeckn 3aMKHYThIM?

OTtBeT HEOOXOAUMO 00OCHOBATH.
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32. Ilpusenurte (c BbIBOIOM) popmyssl Buera anst MHOTOUsIEHA
f € Clz], deg(f) = n.

33. [IpuBenure cBoiicTBa (C JOKA3aTeNbCTBOM) KOMIUIEKCHBIX KOpHEH st
MHOTOUYJICHOB ¢ BemlecTBeHHbIMH Kodddummentamu f € R[z],deg(f) = n.
Paznoxute Ha MHOkuUTeNM Ha R MHorounen x° — 1 € R[x].

34. JlaiiTe ompeneneHWEe MHOTOYJIEHA OT HECKOJIbKUX TmepeMeHHbIX. Kakoi
MHOTOYJIEH Ha3bIBaeTcsi cummeTpuyeckum? [IpuBeanTte BhIpaXKeHHUS OCHOBHBIX
CUMMETPUYECKUX MHOTOUYJICHOB.

35. IlpuBenure GOpMyNIBI  DIEMEHTAPHBIX CHMMETPUYECKUX MHOTOUYJICHOB
S (%1, X3, ., Xp). YKQKUTE UX B IBHOM BUJIE Ui cioydasi n = 4, k = 4.

36. [IpuBenure dbopmynsl HpioTOHA, KOTOpBIE CBSA3BIBAIOT MHOTOWIEeHb HbloTOHA
(cTemeHHBIE CYMMBI) C JJIEMEHTapHBIMH CHMMETPUYECKUMHU MHOTOUJICHAMHU
Sk (X1, X3, o) Xp).

37. llpuBenuTe OCHOBHYIO TEOpPEMY CHMMETPHUECKUX MHOTOWIECHOB U
OPOWJUTIOCTPUPYTE €€ Ha MNpuMepe CHMMETPHYECKOTO  MHOTOWICHA
fxy,x,%3) = 3%, + x3x3 + x3x; + x,%5 + x,x3 + x3x3, npencrasus ero B
BHUJIC SIBHOTO MHOTOYJIEHA OT DJIEMEHTAPHBIX CUMMETPUIECKUX MHOTOUIICHOB.

38. Jlaiite ompenmencHUE TUCKPUMHUHAHTA MHOYOUYJIEHA MN-OM CTENEHH C
KOMIUIEKCHBIMUA ~ KO3((UIIMEeHTaMU W TPUBEIUTE OCHOBHBIE CBOMCTBA
IUCKpUMHHAHTa MHOrosieHa. [lpuBenute dopmyny 1 omnpeaeneHus
TUCKPUMUHAHTA MHOTOYICHA M TOJB3ysICh dOTOHW  (opMyJiol  HaiauTe
JUCKpMMUHAHT MHorounena f (z) = z3 + az + b.

39. JlaiiTe ompenesieHHe pe3yJbTaHTa ABYX MHOTOWICHOB N-OW U 1M-OH CTEICHEH.
[IpuBenure OCHOBHBIE CBOWCTBA pe3yJIbTaHTA MHOIO4WICHOB. Hannure
mMHorowrensl u(x) wum v(x) Takme, uro f(x)u(x)+gx)v(x) =
Res(f (x); g(x)), rne

f(x) =x*=10x2+1,g9(x) = x* — 4V2x3 + 6x2 + 42x + 1.
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40. [/laiiTe ompenelieHWE JIMHEWHOTO TIPOCTPAHCTBA W TMPUBEIUTE MPUMEPHI
JMHEWHBIX TPOCTPAHCTB. SIBIIAETCS M JUHEWHBIM IMpocTpaHcTBoM V) = {f €
R4[x]: f(5) = 0}, V, ={f € Ry[x]: f(5) = 2}? OTtBer  HEOOXOIUMO
000CHOBATb.

41. JlaiiTe ompeneneHue JMHEHHONW 3aBUCUMOCTH U HE3aBUCUMOCTU CHCTEMBI
BeKTOpOB. UYTO  Ha3biBaeTcss 0a3ucoOM  KOHEYHOMEPHOTO  BEKTOPHOIO
npoctpancTBa? Kak onpeznenseTcss pa3MepHOCTh KOHEYHOMEPHOI'O BEKTOPHOIO
npocTpaHcTBa. Haligute pasMepHOCT, U KakOW-HUOYAb 0a3uc JUHEWHOTO
npoctpanctBa V = {f € R,[x]: f(3) = 0}.

42. JlaiiTe ompeselneHne MaTpUIBl Iepexoaa OT OAHOro Oa3uca K JAPYyromy
nuHenHoro mnpoctpadcTBa. ChopMynupyilTe OCHOBHBIE CBOWMCTBA MATPHIIBI
nepexona. [IpuBeaure mpuMepsl MaTPUIILI IEPEXOA.

43. JlaiiTe ompeaeneHue JIMHEHMHOTO MOAMpOCTpaHcTBa. [IpuBeneTe OCHOBHEBIC
IpUMEPHl JIMHEHHBIX TMOJANPOCTPAHCTB. SIBisieTcss M OOBEIUHEHUE JBYX
JUHEWHBIX  MOJANPOCTPAHCTB  JIMHEMHBIM  MNOANPOCTpaHCTBOM?  OTBET
HE00XO0AMMO 000CHOBATb.

44, ]JlaiiTe ompeAeieHne TEPECeUCeHUsl, CyMMBbI JIMHEHHBIX TOJIPOCTPAHCTB.
ChopmynupyiiTe TeopeMy O pPa3MEpHOCTH CYMMBI TMOANpocTpaHcTB. Kakas
cymMa Ha3biBaetrcsi mnpsmon? IlpuBenure npumep CyMMbl HOANPOCTPAHCTB,
KOTOpasi He ABJISIETCA NPSAMOi (¢ 000CHOBaAHUEM).

45. JlaiiTe omnpeneneHne JMHEHHOTO MHOTO00pa3us JIMHEMHOTO npocTpancTra. Kak
OMpeNeNnsieTcss Pa3MEpPHOCTh JIMHEWHOro MHorooOpasus? SAsnserca mu V =
{x ER>:x; —x, + X3 — x4 — 5x5 = 0,x, — x3 + 2%, + 4x5 = 1} nuHeHHBIM
MHoroo6pasuem? Eciau ga, To HalaUTE €ro pa3MEePHOCTD.

46. JlaitTe onpeneneHue JMHEHHOTo oneparopa. YTo Ha3bIBaETCS SIPOM U 00pa3oM
muHelHoro omnepatopa? Kak cBsizaHbl neeKT JTUHEWHOTO orepaTropa U paHr

JIMHEWHOTO ONEPAaTOpa B KOHEUHOMEPHOM JIMHEMHOM MPOCTPAHCTBE.
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47. [laiiTe onpeneneHre MaTpuLbl JMHERHOTO oniepaTopa. Haiiaure panr TuHEHTro
omeparopa, econ  @:R3 > R3,  @(x) = {x;;x; + x5, x; + x, + x3}. Kak
U3MEHHUTCSI MaTpHIla JIMHEWMHOTrO orepaTopa MpH Nepexojie K aApyromy 0asucy?
OTBeT HEOOXOANMMO 0OOCHOBATH.

48. JlaiiTe  ompeAelieHHME  WHBAPUAHTHOTO  JIMHEHHOTO  MOJMPOCTPAHCTBA
OTHOCHUTENIFHO JIMHEWHOTO omeparopa. byayr nu simpo m obOpa3 JuHEHHOTO
ormiepaTopa HWHBApUAHTHBIMU  moanpocTpaHcTBamu? OTBET HEOOXOAUMO
000CHOBATb.

49. Jlaifite  ompeneneHHEe COOCTBEHHOTO BEKTOpa HM  COOTBETCTBYIOIIETO
COOCTBEHHOT'O 3HAYEHUS JIMHEHHOro omnepatopa. UTo Ha3bIBaE€TCA CHEKTPOM U
PE30JIBBEHTOM JINHEWHOIO OIIEpaTopa.

50. JlaiiTe ompemeneHHe  XapaKTEPUCTHUECKOTO  MHOTOYICHA  JIMHEHHOTO
oneparopa. IlokaxuTe, 4TO XapaKTEPUCTUUYECKUN MHOTOWIEH HE 3aBHCUT OT
BbIOOpa Oa3uca.

51. JlaifTe ompenaeneHue COOCTBEHHOTO MOJMPOCTPAHCTBA JIMHEHHOIO omeparopa.
Kak cBs3anbpl anreOpandeckass U IeoMeTpUYecKass KpPaTHOCTH COOCTBEHHOTO
3HaueHus. [IpuBenure npuMep JIMHEMHOTO OIEpaTtopa M COOTBETCTBYIOLIETO
COOCTBEHHOT0 3HAYEHUs, T€OMETpUYECKass KPaTHOCTh KOTOPOTO MEHBIIE €ro
anredpandecKoi KpaTHOCTH.

52. JlaiiTe ompeneieHne AMAaroHaTU3MpyeMoro omneparopa. [IpuBeanre xputepuit
JIUArOHAJIU3UPYEMOCTH.

53. IlpuBenuTe OCHOBHBIE CBOMCTBA COOCTBEHHBIX YHCET U COOCTBEHHBIX BEKTOPOB
JINHENHBIX ONIEPATOPOB.

54. Cdopmymupyiite Teopemy ['amunbrona — Koanu.

55. Jlaiite omnpeneneHMe MHUHUMAJIBHOTO MHOIOYJIEHA MAaTpPULBI JIMHEHHOTO
onepatopa. Kak cBsizaHbl XapaKTepUCTUUECKUM 1 MUHUMAJIbHBIA MHOTOWJICHBI?

56. JlaiiTe ompeneneHne €BKJIMIOBA BEKTOPHOTO MPOCTpaHCTBA. UTO Ha3bIBaeTCs

IUTMHOM BekTopa. Jlokaxkute HepaBeHCTBO Komm—byHAKOBCKOTO.
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57. JlaiiTe onpeeeHre OPTOrOHANBHbIX BEKTOPB. Ilycth V = R3 u mycTs
|l x 1= 3x% + 2x% + x5 — 4x;X, — 2x,X3 + 2X,X3.
Byner nu yka3zaHHOE BBIpaKE€HUE OINpPENENsITh HOpMY BekTopa? Ecmm ga, To
HaWJUTe BCE BEKTOPHI, OpToroHanbueie X = {1;1; 1}.

58. JlaiiTe ompeneneHUe OPTOTOHAIBHOTO M OPTOHOPMHpPOBaHHOro Oazuca. Uro
Ha3bIBAETCSI OPTOTOHAJIBHBIM JOIMOJIHEHUEM K MOANPOCTPAHCTBY E€BKIMAOBA
pOCTpaHCTBA?

59. [IpuBenute TeopeMy oOocHOBaHUS opToroHanu3anuu [ pama—IlImuara.
[IpuBenure siBHbIE (QOPMYJIBI TOCTPOEHUS OPTOHOPMUPOBAHHHOIO 0Oaswuca,
UCII0JIb3Ysl Mpouecc oproroHanusaunu ['pama—IlImuara.

60. Kakas marpuma HasbiBaeTcsi oproroHanbHO#?  [lpuBegmre  mpumep
OpPTOTOHAJIBHOW MATPHULIBI.

61. JlaiiTe ompeneneHne camoconpspKeHHoro onepaTtopa. [lpusenute nmpumepsr ( ¢
000CHOBaHMEM) CaMOCONPSIKEHHOIO M HE CaMOCONPSKEHHOI'O JIMHEWHBIX
oneparopoB. Kakas MaTpuia xapakTepusyeT CaMOCOIIPSKEHHBIN oriepaTop?

62. [IpuBemuTe OCHOBHBIE CBOWCTBA COOCTBEHHBIX 3HAYCHUH M COOCTBEHHBIX
BEKTOPOB CaMOCOIIPSKEHHBIX OIIEPATOPOB.

63. [laiiTe onpesenenne KBaapaTuiHoi GOPMBI, €€ MaTPUIIbI, paHTa KBaIpaTUIHON
dopmbl.  Kakas  kBaapatuyHas ¢GopMa  Ha3bIBaeTCS  HEBBIPOKACHHOU
(BeiposknenHoi). Kak ompenensiercss cuMmMmerpuyHasi OunuHedHas ¢dopwma,
noJIsipHas K KBajgpaTuaHoi opme. s kBagpaTuuHou Hopmbl

Q(x1, X3, X3) = X1X3 + X1X3 + X33
HalUTe CUMMETPUYHYIO OMIIMHEIHYI0 (popMy, NOJIAPHYIO K Q.

64. JlaiiTe ompezeneHre KaHOHMYECKOTO BUAA KBaJIpaTU4YHOU (opmbl. Onuiure
QITOPUTM TMPHUBEACHUN K KaHOHMYECKOMY BUAY KBaJApPaTUYHON (DOpMBI MpH
MOMOILY OPTOTOHAJIBHOTO MPeoOpa3oBaHUs.

65. [laiiTe ompezaelieHHe HOPMAJILHOTO BUAA KBaapaTHUYHOM (opMmbl. UTO Takoe
MOJIOKUTENBHBIA M OTPUUATENbHBIA HMHIEKCH HMHEPUMM M CUTHATYypa

KkBajgpaTuyHOi Gopmel. [IpuBennTe COOTBETCTBYIOIINE PUMEPHI.
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66. ChopmynupyiTe 3aKOH UHEPITUH JJIs1 KBAAPATUIHOUW (hOPMBI C BEIIIECTBEHHBIMU
K03 uUIIeHTaMH.

67. JlaiiTe  ompeneneHue  MOJOXKHUTEIHHO-ONpPENEICHHOW  (OTpUIATEIhHO-
OTIpEICNICHHOM), TMOJIOKUTEIBHO-TIONYOIIPEICICHHOW H  3HAKOMEPEeMEHHOM
KBaJpaTH4HOM (hopMel. [IprBearTe COOTBETCTBYIONINE PUMEPHI.

68. Chopmynupyiite kputepuii CHiibBeCTpa IOJIOKUTEIBHONW OMPEAeICHHOCTH
(oTpuLIaTeTbHOW  OMpENeJeHHOCTH) KBaapatuyHoil  ¢opmel. [IpuBemute

COOTBCTCTBYOIIMC IIPUMCPBLI.

IIpumep 3K3aMeHALMOHHOTO OHIeTa

IK3aMeHAIIMOHHBIN OmjeT Ne

1. (10) TIpuBeauTe aNropuT™ OINPE/ICICHUS TICPECTAHOBKH 110 BEKTYpPY MHBEpcHH. ITycth
JlaH BEKTOp E} = {4;6;1;0;3;1;1;0}. Haiigure nepecTaHoBKy 7, /Ul KOTOPOH BEKTOp
uHBepcnii v(7) coBnagaer ¢ a. CKOJIBKO TaKMX I€peCcTaHOBOK CYIIECTBYET?

2. (10) Haitre onpexaenenue anreOpandeckoi KpaTHOCTH KopHs MmHorowiena. [Ipuseaure

coorBercTByronme npumepbl. ChopmysmpyiTe OCHOBHYH TeopeMy airedpbl KOMILIEKCHBIX
uncen. SBnsercs mu none C anre6pandeckn 3aMkuyToiM? OTBET HEOOXOAUMO 0O0CHOBATE.

3. (10) Jlaiite ompejciicHHE HOPMAJILHOIO BHja KBajparn4Hod ¢opmel. Yro Takoe
MOJIOKHUTEIbHBIA U OTPHUIIATEIbHBIN HH/IEKChl HHEPIIMM U CUTHATYpa KBAJPATUYHON (HOPMBI.
lIpuBeauTe COOTBETCTBYIOIIUE TPUMEPEL.

4. (10) ITpeacraBbTe KOMIUICKCHOE YHUCII0 B anredpandeckon popme

(-1+4/3)%  (-1-iv3)*

(1— )20 (1+ )20

4 6 3 9 9 3 2 6
5. (10 s = ; D= , C=A.BT,
(10) Taner MaTpuis (7 1 4 g) (4 19 2)

D = AT . B. Haiiaure: 1) makcumym snementoB matpuibi C; 2) CyMMy JI€MEHTOB
marpuiel D.

26 17 24
6. (10) Jlama marpuma: A= | 12 21 11 |. Ilycts Z — coOcTBeHHOE 3HAYEHHE
13 27 22

marpuitel A ¢ Hauboubied MHUMON wacThto. Haiiure Z M COOTBETCTBYHOIIMH ITOMY
cobcTBEeHHOMY 3HAYEHHIO cOOCTBEHHLIH BekTOp X, MepBas KOOpAMHATAa KOTOPOro pasHa 1,
X = (1,U, V). B orsere ykaxure: 1) MHUMYIO 4acTh Z; 2) ISHCTBHTENIbHYIO YacTh U.
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8. IlepeueHb OCHOBHOI U JONOJTHUTEIbHOI YUeOHOI JINTEepaTypPbl, HEOOX0AMMOM
JJIs1 OCBOCHHS TMCHMILIMHBI

a) OCHOBHAasI
8.1. Maremaruka B skoHOMuKe. U.1 : JIuneitHas anrebpa, aHamuTHUECKasi TeOMETPUs
U JJUHEHHOE MpOorpaMMUpPOBaHKe: YUeOHUK ISl CTY/l. SKOHOMUY. criell. By30B / A. C.
CononosuukoB, B. A. babaiines, A. B. bpaunos [u ap.]. — Mocksa : ®uHaHCHI U CTa-
tuctuka; THOPA-M, 2003, 2005, 2006, 2007, 2011. - 384 c. — TeKcT : HEMOCPEATBEH-
HBIH. - To xKe. - URL:
http://Ipvserver190/fulltext/Book/TRUDY %20FA/Mathematics1.pdf (mata oOparie-
Hus: 16.04.2024). - TeKCT : 3JCKTPOHHBIH.
8.2. Coopnuk 3amau no kypcy "Maremartuka B 3koHOMHKE". B 3 u. Y. 1: JIuneitnas
anre0Opa, aHaJTUTUYECKask FTEOMETPUS U JUHEINHOE MPOrpaMMUPOBaHUE: yueOHOE MO-
cobue Juist cTya., 00y4. no criell. "byX. yder, aHanu3 u aynut", "OUHAHCH U KpeauT",
"Hanoru u Hanoroo6moxenue" u "Mupoas skonomuka" / C. B. ITuenunnes [u mp.];
nop pen. B. A. baGaiiuea, B. b. I'ucuna. — Mocksa : ®uHaHchl U ctatucTuka, 2013,
2017. - 256 c. - TekcT : HEMOCPEICTBEHHBIM.

0) TOMOJIHUTEIbHAS:
8.3. Bumnb6epr, 2. b. Kypc anreopsi : yuebnnk / 3. b. Bunbepr. — Mocksa : MITHMO,
2011. — 591 c¢. — OBC VuuBepcuterckas Oubmmorexka online. — URL:
https://biblioclub.ru/index.php?page=book&id=63299 (mara oOpalleHus:
16.04.2024). — TeKCT : 3JIEKTPOHHBIH.

9. IlepeyeHnb pecypcoB HHGPOPMAIHOHHO-TEJIEKOMMYHUKAIIMOHHOH ceTn «UH-
TePHET», He0OXOAUMbIX /IJIf OCBOECHHS TN CHUILTHHBI
9.1. HudpopmauroHHO-00pa3oBaTeNbHbIM MOpTan POUHAHCOBOTO YHUBEPCH-
teta nipu [IpaButensctBe Poccuiickoit deneparuu. http://portal.ufrf.ru/.
9.2. CaliT nemapTaMeHTa aHaW3a JIAHHBIX, PUHATUS pElIeHUN U HUHAHCO-
BbIX TexHoyorui. http://www.fa.ru/org/dep/findata/
9.3. DmnextponHnas Oubnmoreka @DunHancoBoro yHuBepcurera (Ob)

http://elib.fa.ru/
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http://elib.fa.ru/

9.4. DnexrponHO-O6ubMmMoTeyHas cuctema BOOK.RU http://www.book.ru

9.5. DnexTpoHHO-OMOMMOTEYHAsT CUCTeMa «YHUBEpPCUTETCKas OuOmmoTeka
OHJIAMH» http://biblioclub.ru/

9.6. DraekTpoHHO-OMOMMOTEYHAs crucTeMa Znanium http://www.znanium.com

9.7. DnekTpOoHHO-OMOJIMOTEYHass  CHUCTeMa  HW3/1aTelIbCTBA «FOPAUT»
https://www.biblio-online.ru/

9.8. DnexTpoHHO-OMOIMOTEUHAS cucrTema W3/1aTeIhCTBA «JlaubY
https://e.lanbook.com/

9.9. Jlenomas onnaitH-OmOIMoTeka Alpina Digital http:/lib.alpinadigital.ru/

9.10. Hayunas snextponnas 6ubnmmuoteka eLibrary.ru http://elibrary.ru

9.11. IIpoext nemaprameHta Marpuunbiii  Kanekyistop — «MatCale»

https://matcalc.ru/

10. MerToanuyeckne yKa3aHus 1l 00y4AHOUIUXCH 10 OCBOCHUIO TUCHUILINHBI
CamocrosTenbHas padoTa CTYJEHTOB IPOXOAUT B KOMIIBIOTEPHBIX Kiaccax. Opra-
HU3alUU CaMOCTOSITENIbHOM padOThI CIIy)KUT KaJIEHJApHO-TEMATUYECKUH TUIaH U3yde-
HUS IUCLMIUIMHEL. B 3TOM 1u1aHe yka3zaHa TeMaTHKa JIEKIUH U NPaKTHYECKUX 3aHSITHI.
[IpakTuueckue 3aHATUS MPOXOIST, KaK MPABUIO, B MHTEPAKTUBHOM dopme. MHTepak-
TUBHas (hopMa — pelieHne JJabopaTopHbIX (ITPAKTUIECKUX) PabOT MO TeMaTUKE 3aHs-
TUSl B MAJIBIX Tpynmnax (2—4 CcTyAeHTa) ¢ UCTOIb30BaHUEM HHCTpYMEHTapust «Jupyter

Notebook .

11.Ilepeyenb nHGOPMALIMOHHBIX TEXHOJIOTHIi, HCIOJIb3yeMbIX IIPH OCYLIECTBJIe-
HHMHU 00pa30BaTEJBbHOIO NMpPoLeEcca MO0 JUCHUIIMHE, BKJIKYAs NepevyeHb Heo0-
X0AMMOT'0 IPOrPAMMHOI0 o0ecnevyeHust M HHPOPMAUMOHHBIX CIIPABOYHBIX CH-
cTremM

11.1. Komnnexm nuyensuoHHo20 RPoSPpamMmHo20 0becneyeHusl:

11.1.1. [MTakeT opucubix mporpamm, Wolfram Mathematica, MATLAB

11.1.2. AntuBupyc Kaspersky
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https://www.biblio-online.ru/
https://e.lanbook.com/
http://lib.alpinadigital.ru/
http://elibrary.ru/
https://matcalc.ru/

11.2. Cospemennvie npogheccuonanvnvie 6a3bl OAHHLIX U UHDOPMAYUOHHBIE CNpA-

60YHblE cucmemabl.

11.2.1. Nudopmarnmonno-npaBoBas cucteMa «KoHncynabTanT [Imrocy.

11.2.2. HNupopmanmonHo-mpaBoBas cuctema «["apanty.

11.2.3. DnekrponHas sHImKIoneaus: http://ru.wikipedia.org/wiki/Wiki

11.2.4. CucremMa KOMIUIEKCHOTO packpbiTuss uHpopmaruu «CKPUH» -

http://www.skrin.ru/
11.3. Cepmughuyuposanuvie npocpammmusie U annapamuvle CpeoCmea 3aujumaol UH-
Gopmayuu’ - He IPETyCMOTPEHBI.
114, bubnurorexu Python mist opranusanuu pa6ots B «Jupyter Notebooky.
11.5. [lpunoxenuss ¢ ucnonb3zoBanueM  «Wolfram  Mathematicay

https://demonstrations.wolfram.com/

11.6. [Tporpamma «MatCalcy https://matcalc.ru/

12. Onucanue MaTepuaJIbLHO-TEXHUYeCKO# 0a3bl, HE0OXOTUMOI 115 OCylIeCTBJIe-
HHs 00pa30BaTEJBHOIO MPOLECCA N0 AUCHHUIINHE
KomrmbroTepHblii KJIacC, OCHAIEHHBIA CUCTEMON JUHAMUYECKOTO TPOEUPOBAHUA.
J1711 OCBOEHUS TUCIUIIMHBI HEOOX0UM KoMITbtoTep. [Ipr 3TOM BO3MOXKHO UCTIOIB30-
BaHHME KOMITBIOTEPOB B KOMIIBIOTEPHBIX KJIACCAX YHUBEPCUTETA.

Bce N3y4aCMbIC TCXHOJOI'MU AOCTYIIHBI HA JIMYHBIX KOMIIBIOTCPAX CTYJACHTOB.
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