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1. HaumeHoBaHHe JUCIHILTHHBI

«Aurebpa v TeOMeTpHsI».

2. TlepeyeHb IUIAHMPYEMBIX Pe3y/IbTaTOB OCBOEHHsI 00pa3oBaTe/TbHOM

nporpaMmmsbl (HEpE‘lEHb KOMHETEHH“ﬁ) C YKd3dHHEM MHUKATOPOB UX JOCTH)KEHUA

H IVIAHUPYEMBIX pe3y/IbTAaTOB Oﬁy‘-IEHI/IH no AucCIuIlInHe

Kopg HaumenoBanue WNHavKaTopsl OCTUKEeHUS Pe3ynbTarhl 00yueHus (YyMeHUS U

KOMIIET | KOMITeTeHL|U! KOMIIeTeHLIUU 3HaHUS), COOTHECEHHbIE C

eHLUU WH/JVIKaTOpaMu JJOCTUKeHHUs

KOMITeTeHLIUU

ITKH-2 | CriocobeH c JeMoHCTpUpyeT 3HaHue 3HATh: basoBrie TIOHSITUS
TOMOLL[bIO 0a30BbIX MaTeMaTHUeCKUX MaTemMaTU4YeCKux MoZieseu,
MaTemMaTUuecKou | Mogesel, MpUMeHsIeMbIX B TPUMeEHsIEMbIX B pa3/IMYHbIX paszesax
MO/ie/I1 peluaTh pas/IMuHbIX TIpeMeTHbIX anreOpbl ¥ TEOMETPHH.
TOCTaBJ/IEHHYO obmacTsx. yMmeTb: [leMOHCTpUpOBaTh anrebpo-
TeOPeTUUYeCKY!o reoMeTpuyecKue MaTremaTU4yecKue
WJ/TU TIPUK/Ia/IHYO YTBEPXKJEHUs] OCHOBHBIX  pasfiesioB
3ajauy, anreOpbl UM TeOMEeTPUH,  BbIEJIsIs
peann30BbIBast [JIaBHble  CMBIC/IOBble  aCreKTbl B
aJIrOpPUTM JlOKa3aTesbCTBax.
pelleHus B BUje ApantvpyeT U pUMeHsieT 3HATh: Cyl1ecTByronye
MPOrpamMMHOI0 CyLLeCTBYIOLLUE MaremMaTHUuyeCcKrue MOZe/u JJ1s1 pelleHust
MOZYJISA MareMaThyeCcKue MoJesu JJist TOCTaB/IEHHOW MPUK/IaIHOM 3a/aui.

pellieHus TIOCTaBIeHHOM
TIPUKJIaZIHOW UK
TeopeTHUUeCKOM 3a/jauu.

yMeTb: ApanTupoBathb
MaTeMaTHuUeCKre MOZEe/H /sl pelleHUst
TeopeTHYeCcKOl 3a/1auu.

Bnazneet meTomosioruen
MareMaThyecKoro
MO/Ie/TUPOBaHUs [1J1s1 PelleHust
npo¢eCcCUOHAIbHBIX 3a/au.

3HATh: CyecTByronue
MaTemMaThuyecKre MoJie/y Jijisl pelleHust
MOCTaB/I€HHOU NPUK/IAIHOM 3a/lauM.

yMeTh: Vcnonb3oBath
vHCTpyMeHTapul, Python (Jupyter
Note-book) hinti peanu3aluu

aniropuTMa pellleHdst 3aJjad B BHUJE
MpOrpaMMHOT0 MOJyJisi B 006siacTu
MIPUKJIQJIHOTO MAIIMHHOTO 00yUeHwsl.




3. MecTo AUCHMILUIMHBI B CTPYKTYpe 00pa3oBaTe/IbHOM MPOrpaMMbI

MucrunnHa «Anredpa MW TreoMeTpusl» OTHOCUTCS K «LIMK/I MaTeMaTUKH |

MH(MOPMaTUKN».

4. O0beM ANCIUIUIUHGBI (MO/y/15) B 3aUeTHBIX eJMHULIAX M B aKaJeMUYeCKHX
ceMHHaphbI)

Yacax C

BbIJle/IEHHEM o0beMa ayAuTOPHON (JIeKIHH,
CaMOCTOATE/TbHOM Pad0oThI 00yUAOIUXCSA
OuHas dopMa 006yueHust
Bup yueoHo# paboThI o Bcero Cemectp 3
JUCHMITUHE (B3/ewm (B yacax)
yacax)
OO01as TPYAOEMKOCTD JUCIIMILTHHBI 5/180 180
KonTakTHas padora- 86 86
AyauTOpHBIE 3aHATHSA
Jleknum 34 34
CeMuHapBbl, NpaKTHYeCKHe 3aHATHSA 52 52
CamocTosTe/IbHasA paboTa 94 94
Bup Tekyliero KOHTpOJIs KonTponbHas KonTponbHas
paboTa paboTa
Bui mpomMe)xyTOUYHOM aTTecTaljuu JK3aMeH JK3aMeH




5. Cojep)kaHHe JUCHHUILUIHHBI, CTPYKTYpPHPOBaHHOe MO TeMaM (pa3jesiam)
AMCOMIUIMHBI C yKa3aHHMeM HX 00bpeMOB (B akKajjeMHYeCKHX 4Yacax) U BHJOB
y4eOHBIX 3aHATHH

5.1. CopeprxaHue AMCIUIIUHBI

Tema 1. CucremMbl TUHEHHBIX a/IredpandyecKux ypaBHeHH

Pa3BepHyTasi 1 MaTpuuHasi (OpPMbI 3alTMCU CUCTEMbI JIMHEHWHBIX anreOpandyeCcKUX ypaBHeHUN
(CJIAY). PaBHOCUTBHBIE TPe0Opa30BaHUsI CUCTEMBI M COOTBETCTBYIOI[E UM 3/ieMeHTapHbIe
nipeobpa3oBaHuUs CTPOK pacllMpeHHOU MaTpUL{bl (metop,
sympy.Matrix().elementary_row_op()). CrylneHuaTble ¥ peAyLMpOBaHHbIe CTyIleHUaThbie
¢dbopMbI MaTpuLl U WX peanr3auysi B sympy (Metozsl sympy.Matrix().rref() (Row echelon form)
u sympy. Matrix().echelon_form()). Teopema o mnpuBegsenuu CJIAY K peayLiMpOBaHHOM
cryneHuatod ¢Gopme. WNccnemoBanve CJIAY Ha COBMECTHOCTb. YCJ/IOBUE COBMECTHOCTH
nuHeliHOM cucTteMbl (TeopeMa KpoHekepa-Kamnenim). Haxoxgenve pemenuit CJIAY metogom
laycca-Koppana. IlpuBefeHHass cuctema. MHOXXECTBO pelleHWW OJHOPOAHOW CUCTEMBI.
dyHiaMeHTalbHasi MaTpulla U (yHAameHTanbHass cuctema peieHuit (D®CP) npuBeseHHOU
cucteMbl. CTpyKTypa OOIIlero pereHdsi MPOU3BOJBHONW CHUCTEMbl JIMHEMHBIX YpaBHEHUH,
MaTpuuHas (hopma ero 3anucH.

Tema 2. MaTpuLbl 4 onpeae/IuTe/ !

OmnpezesieHre YMC/IOBBIX MATPHI] U pa3uuHbie (OPMbI UX UCTOMKOBaHUs. CTOMOIbI, CTPOKH,
T/IaBHas ¥ 1obouHast [uaroHanu (/151 KBafpaTHbIX Matpuil). CioykeHre MaTpUI] U YMHOXKEHHEe
Ha YMC/I0, CBOMCTBA JIMHEMHBIX Oornepauyi. TpaHCIIOHUpOoBaHWe MaTpulibl. CBOMCTBA onepalyu
TPaHCTIOHUPOBaHUsl. VIHJeKCHbIe 0003HaueHWsI 37IeMEeHTOB MaTpHI| U OIeparuid Hajl HUMHU.
Matpuipi-cTon0I[bI ¥ MaTpULIbI-CTPOKU. [Ipou3BefieHWe MaTpHI], TIPaBWIO «CTPOKAa Ha
cronber». CUMBOJI CyMMUPOBAHUS U €T0 CBOMCTBA. [IpsiMasi cyMMa MaTpHI] U TIPOM3Be/leHHe
Kponekepa matpur]. O6paTHast MaTpuija. S7ieMeHTapHbIe peobpa3oBaHus CTPOK (CTOJIOIOB) B
TepMUHAX YMHO>K€HHUSI MaTpull. BerumciieHre oOpaTHOW MaTpHI[bl METOAOM 3JeMeHTapHBIX
rpeoOpa3oBaHUM CTPOK TIpUcoeAHeHHOW Matpuibl (MeToy [I'aycca -)Kopgaana). LU -
pas3JioyKeHue obpaTtumoi MaTpULIbI. Peanuszanus B sympy (meTop,
sympy.Matrix().LUdecomposition()). Csnen KBagpaTHOM MaTpulibl. PaHr MaTpulibl |
y/leMeHTapHble TpeoOpa3oBaHusi. MUWHODBI TIPOM3BOJBHOTO TMOpsAKa. basucHBIE MHHOP.
Teopema o 06a3ucHOM MuHOpe. MeTos OKAWMMJISIIOIIMX MUHOPOB. MaTpuipl Azamapa.
OcHOBHBIE METO/IbI MaTPUUHOM anreOphl, peair3oBaHHble Ha Python B 6ubmmorekax sympy u
numpy .



OrmpefienieHue ieTepMHUHAHTa (OTpe/iesuTesist) KBaJpaTHOM MaTpULIbl. MUHOPBI €r0 3/IeMeHTOB
U ux anrebpanyeckue [OMONHEHUs. Pa3/io)keHWe OIpeJe/uTessi 10 TMPOU3BOIBHOM CTPOKe
(cronbiry). CpotictBa ompegenutenedi.  Orpesenutens BanpgepmoHaa.  BerumcieHue
oripefiesUTe el MyTeM HAaKOTUIeHUs HyJ/leld B CTpoke (cTosiOue). [leTepMUHAHT KakK WHAWKATOP
JTMHENHOM 3aBUCHUMOCTH CHUCTeMbI CBOMX CTOOL0B (cTpoK). ®opmysisl Kpamepa. O600611eHne
TeopeMa Jlariaca.

[TepecTaHOBKM U UX CBOMCTBa. VIHBepcusi, UeTHOCTb, TIOPSIIOK IlepecTaHOBKU. BekTop
VIHBEPCUM, TIPaBbIA U JieBbld BeKTOp UHBepcui. Teopemsl [1.A. Mak-Marona u [I. ®oara — M.
I1. HIyuen6ep>xe. KombuHaTOpHO-aHa/IMTUUECKOE OTpe/ie/ieHHe JieTepMUHaHTa. Peanu3aius
Ha Python kiacca Permutation B sympy .

Tema 3. AnredbpanuecKne CTPYKTYPbI

OrmpesiesieHrie U 37ieMeHTapHbIe CBOWMCTBA rpymi. EJUHCTBEHHOCTb €AWHUIIBI U 0OPaTHOTO
yemeHTa. CUMMeTpuueckass rpynma. [loarpynmbl W HOpPMajibHble — TOATPYMIIHL.
'omomopdu3msl 1 pakToprpyrnsl. Teopema o roMomMopdu3sme.

Onpenenenue Konblja. Kosblio BeiueToB. My/IbTUIIZIMKATUBHASA PYyIIa Ko/blja BblueToB. [lose
BBIUETOB 110 NpocToMy Moy/t0. [Tosie pauoHanbHbIX pobeid. [Tose feiicTBUTENBHBIX YHCEI.

Tema 4. ITosie KOMIIJICKCHBIX YHCeJT

KomrmiekcHble umc/ia U efcTBUS HaJ, HUMU. ['eomeTpryecKast MHTepIIpeTalysi KOMIUIEKCHBIX
yrcen. Moaynb W apryMeHT KOMIUIEKCHOTO uucia. TpuroHomerpuueckass ¢Gopma
KOMIUIEKCHOTO YMC/la. YMHOXKeHUe U fieJieHhe KOMIUIeKCHBIX Uucesl B TPUTOHOMETPHUUeCKOn
dopme. Popmyna MyaBpa. KopHu n-oii creneHd U3 KOMIUIEKCHOTO uucia. ['eomeTpuyeckoe
Tipe/icTaB/ieHue KOpHeill. PellleHre ypaBHeHUI BHUJa WN =Z HaJ| TI0JileM KOMILIEKCHBIX YHCes.
[TokaszaTesnbHasi (opma 3anuMcCyd KOMIUIEKCHBIX uuncen. dPopmyna Oiinepa. BekTopHbie
TIPOCTPAHCTBA HaJ, T0JIeM KOMIUIeKCHbIX umces. Komriekcudukalys U OBelleCcTBIeHHUe.
KommniekcHasi u [ieficTBUTe/IbHAsE pa3MepHOCTb. MaTpuuHoe TpeficTaBieHre U chepuueckoe
n3obpaxeHue KomruieKcHbIX umces. Cdepa Pumana. Peanusaijusi OCHOBHBIX orepaLiviii Haf
TI0JIeM KOMIT/IEKCHBIX urces Ha Python B 6ubmoTtekax sympy u cmath .

Tema 5. Hauasia anre0psI MHOTOUIeHOB

CrerneHb MHOrOY/IeHa, CBOWCTBa CTerneHU. Teopema O [e/leHWHA C OCTAaTKOM B KOJIbLie
MHorouneHoB. HOJl MHorouneHoB. PaciimpeHHbil anroputM EBKIuia U ero peanv3aijusi Ha
Python (metop ged() u gedex() B sympy ).

OcHoBHasi Teopema anrebpbl B KOJblle MHOTOWIEHOB HaZ T0JIeM KOMIUIEKCHBIX UHCeJl.
Teopema 0 pa3/no)keHHe MHOTrou/eHa C KOMIUIEKCHBIMHA KO3(¢HllieHTaMu Ha JMHeWHbIe



MHOKUTenu. Popmynsl Buera. MHorowieHbl C JlelicTBUTeNbHBIMUA KO3 (UIIIEHTaMHU.
MHorousieHbl OT HeCKOJIbKMX TlepeMeHHbIX. JjieMeHTapHble CUMMeTpPUUecKUe, CTelleHHble U
TI0JIHbIE OJJHOPO/IHbIE CUMMeTprUUecKre MHOTouieHbl. @opmMysbl HetoToHa. OCHOBHas TeopeMa
J7Isl CUMMeTpHUUYeCKHUX MHOTOU/IEHOB U ee peanu3aljusi Ha Python (Metoz symmetrize() B sympy
). [UCKpUMUHAHT W pe3y/JbTaHT MHOTOWIEHOB, MU WX OCHOBHbIe CBOMCTBa. Peanu3arusi
BLIUMC/IEHUI JUCKPUMHUHaAHTa U pe3y/bTaHTa MHoOrouseHoB Ha Python (metogsl resultant() u
discriminant() B sympy ).

Tema 6. /InHeliHbIe oniepaTopbl B IMHEHNHOM MPOCTPAHCTBE

OrnpenenieHre JTMHEMHOTO (BEKTOPHOIO) MPOCTPaHCTBa. IIpocTeuive ciefCTBUSI U aKCMOM
JIMHEMHOro mpocTpaHcTBa. JIMHelHasi 3aBUCMMOCTh BeKTOPOB MpocTpaHcTBa. basuc v 3ameHa
6a3uca. JIuHelHbIe TOATIPOCTPAHCTBA — ONpejesieHHe W mpuMepbl. CymMMa U TiepeceueHue
noznpoctpaHcTB. [lpsamas cymma nogmnpocTtpaHcTB. OripefiesieHVe JMHEUMHOrO OmMeparopa.
Martpuiia JMHeMHOTro orepatopa B (ukcupoBaHHOM 06asuce OmpejesieHue JIMHEHMHOTO
oTOOpa)KeHUsI  JIMHEWHBIX TpOCTpaHCTB. IIpeobpa3oBaHuWe JIMHEWHOrO IPOCTPAHCTBA.
KoopguHaTHast 3amuch JIMHEWHBIX IIpeoOpa3oBaHuM. V3MeHeHWe MaTpHIlbl JTMHEMHOTO
npeoOpa3oBaHus TIpu 3amMeHe Oa3uca. CymMMma W TIpOM3Be/leHHE JIMHEHWHBIX OTOOpaKeHWH.
N3omopdusM JMHENHBIX MPOCTPAaHCTB. VIHBapuaHTHbIe TMOJIPOCTPAHCTBAa. 3afiaya o
CoOCTBEHHBIX BeKTOpaX JIMHEMHOTO rpeobpa3oBaHusi. COOCTBeHHBIE UMC/Ia, CIIEKTP JTMHEHHOTO
oriepatopa. CobcTBeHHbIe TOANPOCTPAHCTBA. XapaKTepUCTUUeCKU MHOTOUJIEeH JIMHEMHOTo
oriepaTopa M ero MHBapUAaHTHOCTb OTHOCHUTENBLHO 3aMeHbl 0a3uca. CBOMCTBa COOCTBEHHBIX
BEKTOPOB U COOCTBeHHbIX 3HaueHW. ['‘eomeTpuueckass u anrebpandyeckasi KpaTHOCTb
COOCTBEHHOTO 3HaueHWs. J[MaroHa/bHBIA B MAaTpHIbl TpeoOpa3oBaHus. JIWHeWHbBIE
oriepaTopbl MPOCTOM CTPYKTYyphbl. KpuTepui [uaroHaIu3MpyeMOCTH MaTpHULbl JTUHEWHOTO
orneparopa. Teopema [I'amunbroHa — Kom. [loHdATMEe MHWHUMAaABHOIO MHOIOY/IEHA.
CobcTBeHHBIE 3HAUeHHsT W COOCTBEHHble BEKTOPbl HEOTPUIlATe/IbHBIX MaTpuil. Teopema
@®pobenuyca-IleppoHa. BekTopHBIE TPOCTPAHCTBA CO  CKa/JsSPHBIM  TIPOW3BEIeHUEM.
OproroHamusauuss I'pamma — IlImumara. OpToroHasbHble W 3PMUTOBBI  MaTPUILbI.
CamoconpsbkeHHbIe orniepaTtopbl. MeToasl charpoly (), eigenvects (), eigenvals (), nullspace (),
diagonalize (), peasm3oBaHHbIe Ha Python B 6ubmoTekax sympy ¥ numpy .

Tema 7. KBagpaTununbie u OunHeiiHbIe GOpMBI

JIuHeliHble 4ucIOBble GYHKUUU ((PyHKLMOHANbL, (OPMbI) Ha JIMHEMHBIX MPOCTPAHCTBAX.
bunuHeliHble 1 KBaZpaTHuHble (opMbl. PaHr U MHAEKC KBaZpaTUUHOU (opmbl. KBaspaTuHble
(GopMBbI U CKanspHOe rpou3BeZieHue. Vi3MeHeHre MaTpuLbl KBa[paTUUHOM (DOPMBI IIPY 3aMeHe
6a3uca. [lpuBefeHre KBaZipaTWUYHOM (hOopMBI K HOpPMalbHOMY BHAY MeTojoM JlarpaHka.
[IpuBeneHve KBagpaTUYHOW (OPMBbI K KAHOHMYECKOMY BHJY MPU IOMOLLM OPTOTOHA/TIBHOIO



npeoOpa3oBaHus. 3aKOH UWHepLUM KBajpaThuHbix (opm. Kputepuii CunbBecTpa
3HaKOOIIpe/leJIeHHOCTH KBa/IpaTUYHOM (DOPMBI.

Tema 8. KpuBble 1 N0OBepXHOCTH BTOPOro NMOpAAKA

[TapameTpuyeckre ypaBHEHHsI KPUBOU Ha IJIOCKOCTU. 3aMmeuaresibHble KpuBble. ITocTpoeHue
KpuBbIX. KpuBble BTOpOro nopsifjka. KaHoHndeckoe ypaBHeHHE OKDY>KHOCTH. JJUIUIC, €ro
KaHOHWYeCKoe ypaBHeHWe U cBokcTBa. VccnenoBaHue ¢GOpMbI 3/IIUICA 10 €r0 YpaBHEHHUIO.
OKpy)KHOCTb KakK YaCTHbIM (Jiyyau >jaurca. llapameTpuueckue ypaBHEHUSl 3JUIMIICA.
l'uriepbosia, ee KaHOHMUECKOe YypaBHeHWe. U cBodcTBa. ComnpspkeHHass rurep6oiia.
WccnenoBanue dhopmel rumnep6osbl. [TapameTpuueckue ypaBHeHust rurnepOonbl. [lapabona, ee
KaHOHUYEeCKOe ypaBHeHHe U cBoicTBa. VccnenoBanve dopmel mapabonbl. OOiiiee ypaBHeHHe
KPHBOM BTOPOTO MOPsJKa 1 ero rpuBefieHre K KaHoHuueckoMy Buy. Knaccudukaiysi KpuBbix
BTOPOI'0 MOPS/KA.

[ToBepxHOCTU BTOPOro Mopsifka ¥ MUX KaHOHUUYeCKue ypaBHeHUs. [IoBepXHOCTH BpallleHUs.
[umuHapuyeckre noBepxHOCTH. KoHMueckue I10BepXHOCTHM. MHUMBIe I10BepXHOCTH.
Onmuncouz. T'unepbosougel. Ilapabomowabl. MeTon ceueHuid [ WCCIAeOBAaHUS U
TIOCTPOEHUsI TIOBEPXHOCTell BTOporo rmopsiika. OOijee ypaBHeHHe TMOBEPXHOCTH BTOPOTO
TIOpsi/iKa Y ero IrpuBejieHre K KAHOHUUeCKOMY BUJLY.



5.2. YueOHO-TeMaTUYeCKHH IJIaH

Tpymo0eMKOCTb B yacax
KonTtakTtHasi paboTa - AyauTopHast
Ne | HaummeHoBaHMe Tem(pa3zesoB) pabora Camocrosi
/1 JUCLIUTIMHBI Bcero O6imas, 5 CeMuHapshl, TeJbHadA
T JleKuMM | TIpaKTUYeCK pabora
- vie 3aHATUS
1 CucreMbl TMHEHHBIX ) 18 10 4 6 8
areOpanyecKUx YpaBHEHHUM
2 Martpulibl U onpejenuTeny 24 12 4 8 12
3 Anrebpanueckue CTPYKTYPbI 18 8 4 4 10
4 [Tosie KOMIJIEKCHBIX YMCeT 20 10 4 6 10
5 Hauana anrebpbl MHOTOUIEHOB 24 12 4 8 12
6 JII/IHefIHbIe orepaTophl B 29 12 4 8 10
JIMHEHOM MPOCTPAHCTBe
7 KBagpatuuHbie 1 OUIMHeHHbIe 78 10 4 6 18
(dhopMeI
8 Kpussle v rioBepxHOCTH 26 1 6 6 14
BTOPOT0 MOPsiZiKa
Wtoro 180 86 34 52 94




5.3. CojepxaHue ceMUHApPOB

HaumeHoBaHHe TeM
(pa3paesioB)
JUCHUILTHHBI

ITepeyeHb BONPOCOB /11 00CY)K/I€HUA Ha
ceMHHApax, NPaKTHYeCKHUX 3aHATHAX

®opMbI NIPOBE/eHUs
3aHATHH

CucTeMbl TUHEHMHBIX
arebpanyecKux
ypaBHeHUM

Pa3BepHyTas v MaTpuuHasi GOpMbI 3aKUCH CUCTEMBI
NMHeWHBIX anrebpanueckux ypaBHeHud (CJIAY).
PaBHOCH/TbHBIE TIPe0Opa30BaHus CUCTEMBI U
COOTBETCTBYIOLL[E UM 3JleMeHTapHbIe
nipeobpa30BaHus CTPOK PaCUIMPEHHON MaTPULIBI
(meton sympy. Matrix(). elementary_row_op()).
CryneHuaThle ¥ peJlyLIUpOBaHHbIe CTyIeHYaThble
(hopMbI MaTpUI] U UX peanu3aliusi B Sympy (MeTobl
sympy. Matrix(). rref() (Row echelon form) u sympy.
Matrix(). echelon_form()). Teopema o ripuBezsieHuu
CJTAY K pefyLMpOBaHHOM CTyIieHUaTou gopme.
UccnegoBanue CJIAY Ha COBMECTHOCTBh. ¥ CJIOBHE
COBMECTHOCTH JIMHEMHOMW CHCTeMbI (TeopemMa
Kponekepa-Kanennm). Haxoxxgenue pemenny CJIAY
MetogoM ['aycca-’Koppana. IIpuBesenHas cucrema.
MHOKeCTBO pellleHH 0/[HOPO/IHOM CUCTEMBI.
dyHJameHTaIbHasi MaTpuLa U PyHJameHTaIbHast
cucteMa peteHuii (PCP) nprBeieHHOW CUCTEMBI.
CTpyKTypa 0011[ero pelleHHst TPOU3BOJIbHONM CUCTEMBI
NMUHEeWHBbIX ypaBHeHUM, MaTprUUHasi popma ero
3arnucH.

KoHTponbs Hanuuus u
BbIOOpOUHast TPOBEpKa
JIOMAIITHeTo 3a/laHusl.

Marpunsl 1
orpefiesuTeNnn

OrnpefienieHre YMC/IOBBIX MAaTpPUL] U pa3/MuHbIe
(hopmbI uX UCTOIKOBaHMSL. CTOJOLIbI, CTPOKH, T/IaBHast
¥ MoOoYHast AUaroHau (s KBaIpaTHBIX MaTpPHLY).
Cro’keHre MaTpUL] U YMHOKeHHe Ha UMCII0, CBOWMCTBA
JIMHeNWHBIX onepalui. TpaHCIOHMpPOBaHYe MaTpPHLIbI.
CaolicTBa orepalnyuy TPaHCTIOHMPOBAHHUSI.
[Tpon3BesieHye MaTpuL], MPaBU/IO «CTPOKA Ha
ctonber». [Ipsimasi cymma MaTpHI] U TIPOU3Be/IeHHe
Kponekepa matputl. ObpaTHasi MaTpuLia.
OneMeHTapHbBIe TIpeoOpa30BaHus CTPOK (CTOMOIIOB) B
TePMHHAaX YMHOXXeHUs MaTpuLl. Beruncienue
o0OpaTHO MaTPHILIbI METO/IOM 3/IeMeHTapPHbIX
ripeobpa3oBaHuii CTPOK MPUCOeJUHEHHOW MaTpHL{bl
(metopn INaycca — XKopgana). LU — pa3nokeHue
obpaTtumoti Matpulpl. Peanu3sarus B sympy (MeTog
sympy. Matrix(). LUdecomposition()). Cneg,
KBa/IpaTHOM MaTpuLibl. PaHTr MaTpuLipl U
3/IeMeHTapHbIe 1peobpa3oBaHusi. MUHOPBI
MpPOM3BOJILHOTO Nopska. basucHsili muHOp. Teopema
0 6a3ucHOM MuHOpe. MeTo OKaMJISTFOIIINX
MUHOPOB. Matpuiipl Anamapa. OCHOBHBIE MeTO/IbI

KoHTpo/b HamMuus u
BLIOOPOUYHast IPOBEpKa
JIOMAIITHero 3a/laHusl.
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MaTpUUHOU anreOpbl, peasM3oBaHHbIe Ha Python B
6ubnmorekax sympy u numpy. Oripe/ienieHue
JleTepMUHaHTa (orpejenuTesisi) KBapaTHOU
MaTpuLibl. MUHODBI €ro 3/1eMeHTOB U UX
anrebpanueckue omoiHeHus1. PasnoxkeHne
oTIpeZie/TUTeIs 110 MPOU3BOJILHOM CTpPOKe (CTOoJIONY).
CaoiicTBa onpegenurtened. Onpeaenuresnb
Bangepmonza. Beruriciienue onpesenuresneit myrtem
HaKOIJIeHWsI HyJIed B CTPOKe (CTosib1e).
[leTepMUHAHT KaK MHAWKATOD JIMHENHOW
3aBUCUMOCTH CUCTEMBI CBOMX CTOJIOIIOB (CTPOK).
®opmysiel Kpamepa. O60611ieH1e Teopema Jlaraca.
[TepectaHoBKY M uX CBOMCTBA. VIHBepcusi, UeTHOCT®,
MOPs/IOK NlepecTaHOBKU. BekTop nHBepcuid, paBbiii U
neBbll BeKTOp MHBepcuk. Teopewmsl I1. A. Mak-
Marona u [I. ®oata — M. I1. IllytieH6epike.
KoMOrHaTOpHO-aHaIMTHUECKOe OTpe/ieieHre
JleTepMrHaHTa. Peanu3sanus Ha Python knacca
Permutation B sympy.

Anrebpanueckue
CTPYKTYPBI

OrnpefienieHre 1 371eMeHTapHbIe CBOMCTBA IPYMIL.
EIWHCTBEHHOCTh eIMHUIIBI K 00pPaTHOTO 3/IeEMeHTa.
CummMmeTtpuueckas rpymrma. OnpesesieHre KObLa.
Kosb11o BeueToB. My/IbTUIIIMKATUBHAS TPyTIa
KOJIbLia BbIYeTOB. [1oJie BbIUETOB 110 IPOCTOMY
mopy.o. ITosie paroHanbHBIX [pobeii. [Tomne
JleICTBUTE/IbHBIX YHCe/I.

KoHTponb Hanuuus u
BbIOOpOUHast TPOBEPKa
JIOMaIlHero 3aJaHusl.

TTose KOMIJIEKCHBIX
qucesn

KomriiekcHble unciia U elCTBUS HaJl HUMU.
['eomeTprueckasi MHTepIIpeTaLys KOMILJIEKCHBIX
ynces. Moy/ib U apryMeHT KOMILJIEKCHOTO YHC/Ia.
TpuroHomeTpuueckasi hopMa KOMILIEKCHOTO YMUCJIa.
YMHOXeHue U [iefleHre KOMIUIEKCHBIX UMcesl B
TpUroOHOMeTpuueckoi popme. Popmyna Myaspa.
KopHu n-o¥i cTerneny U3 KOMITJIEKCHOTO YMC/IA.
['eoMeTpruecKkoe mpe/icTaB/ieHe KOpHel. PeliieHue
ypaBHEHUI BU/la HaJ| M0JIeM KOMIL/IEKCHBIX YUCEJI.
[Toka3zaTtenbHas (popma 3anucy KOMITJIEKCHBIX UKCeT.
®opmyJia Ounepa. BekTopHble pocTpaHCTBa Haf,
110JieM KOMIUIeKCHbIX unces1. Komriekcudukanus u
oBellecTB/eHUe. KomriekcHasi U [ielcTBUTeIbHast
pa3MepHOCTh. MaTpuuHoe npe/icTaB/ieHue U
cdeprueckoe n300paXkeHHe KOMIJIEKCHBIX UHCEIT.
Cdepa Pumana. Peanu3aiiyisi OCHOBHBIX OIeparjvii Haj
ToJieM KOMIUIeKCHBIX umces Ha Python B
6ubmoTekax sympy ¥ cmath.

CamoTecTrpoBaHue.
KoHTponbs Hanuuus u
BbIOOpOUHast TPOBEpKa
JIOMalLIHeTo 3a/laHus.
3aueT 1o KOHTPOJILHOU
pabore.

Hauasa anre6psr
MHOTOU/IEHOB

CreneHb MHOTOU/IEHA, CBOMCTBA CTerneHU. TeopeMa o
JIeJIEHAU C OCTaTKOM B KoJible MHOTouieHoB. HO/J
MHOrouieHoB. PacivpeHnHsiit anroputMm EBknuza u
ero peanu3aiys Ha Python (meton ged() u gedex() B

KoHTpo/b HamMuus u
BLIOOPOUYHast IPOBEpKa
JIOMAIITHero 3a/laHusl.
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sympy). OcHOBHasi TeopeMa ajireOpbl B KO/bLIe
MHOT'OU/IEHOB HaJl, T0IeM KOMITJIEKCHBIX UKCer.
TeopeMa 0 pa3yioykeHre MHOTrou/ieHa C
KOMIT/IEKCHBIMU KO3 (UL[MeHTaMU Ha JTMHEHHbIe
MHOXUTeu. @opmyiiel Bueta. MHOrouseHsl ¢
JleiCTBUTE/IbHBIMU KO3 uiieHTaMy. MHOT0U/IeHbI
OT HEeCKOJIbKUX TepeMeHHbIX. DjieMeHTapHbie
CUMMeTpHUYeCcKHe, CTelleHHbIe Y MOJTHbIe OJHOPO/IHbIe
CMMMeTpuYecKue MHOrouieHsl. @opmysisl HeroTOHA.
OcHoBHas TeopeMa [1J11 CAMMETPHUYeCKUX
MHOT'OU/IeHOB U ee peanu3aiius Ha Python (MeTos
symmetrize() B sympy). JIMCKDpUMUHAHT U pPe3y/bTaHT
MHOI'O4/IEHOB, M1 MX OCHOBHbIe CBOMCTBa. Peasnu3aliys
BBIUMC/IEHUN JUCKDUMHWHAHTA Y pe3y/IbTaHTa
MHorouseHoB Ha Python (MeTogpi resultant() u
discriminant() B sympy).

JIuHeliHble oriepaTopsl B
JIMHEeHOM
TIPOCTPaHCTBe

OrnipeziesieHre TMHENWHOTO (BEKTOPHOTO)
npoctpaHcTBa. IIpocTeiiilive ciefCcTBUS U aKCUOM
JIMHEMHOT 0 TIPOCTpaHCTBa. JInHeitHasi 3aBUCUMOCTh
BEKTOPOB IMpocTpaHcTBa. basuc u 3ameHa 6a3suca.
JIuHeliHble NOANPOCTPaHCTBA — ONpe/iesieHre U
npuMmepsl. CyMMa U nepeceueHre TOIIPOCTPaHCTB.
[Tpsimas cymma nognpoctpaHcTB. OnpefiesieHue
JIMHeNHOTro orneparopa. Marpuija TMHeNHOTro
orepaTopa B (pukcupoBaHHOM basuce OmpeeseHne
JTUHEMHOTO0 0TOOpa)keHUsI TMHEMHBIX IMPOCTPAHCTB.
[Tpeobpa3oBaHue TMHEMHOTO TIPOCTPAHCTBA.
KoopauHaTHas 3armmch TMHEMHBIX MTPeoOdpa30BaHUM.
V3meHeHMe MaTpUL{bl JIMHEHHOTO Mpeobpa3oBaHus
nipu 3ameHe 6a3uca. Cymma U npouv3Be/ieHre
JTMHEWHBIX 0TOOpakeHui. VI30MOphHU3M TMHENHBIX
MpOoCTPaHCTB. VIHBapuaHTHbIE MOANPOCTPaHCTBA.
3azilaya 0 COOCTBEHHBIX BEKTOPAX JIMTHEHHOTO
ripeo6pa3oBanyst. CoOCTBeHHbIE UKCIa, CIIEKTP
nmHelHoro oriepatopa. CoO6CTBeHHbIe
MOATNPOCTPAHCTBA. XapaKTepHUCTUYeCKU MHOTOU/IeH
JIMHEeHOT 0 orepaTopa U ero MHBapUaHTHOCTH
OTHOCHTEJILHO 3aMeHbl 6a3uca. CBoiiCcTBa
COOCTBEHHBIX BEKTOPOB M COOCTBEHHBIX 3HAUEHHUH.
'eomeTpuueckasi 1 anrebpanyeckast KpaTHOCTb
coOCTBEHHOrO 3HaueHus1. /J[uaroHanbHbIN BUJ
MaTpHLIbl peoOpa3zoBaHus. JIMHeltHbIe oriepaTopbl
MIPOCTOU CTPYKTYpbl. Kputepuit
JIMaroHa/IM3uPyeMOCTH MaTpPULIbl IMHEMHOTO
orniepatopa. Teopema "amuibToHa — K3/u. [ToHsATHE
MHUHUMAaIbHOTO MHOTOUieHa. COOCTBeHHbIe 3HAUeHUsI
1 cOOCTBEHHBIE BEKTOPhI HEOTPULIATETbHBIX MaTPHII.
Teopema ®pobennyca-ITeppoHa. BekTopHbie
TIPOCTPAHCTBA CO CKaJISIPHBIM INIPOM3Be/IeHHEM.

KonTtposb Hamvuus u
BbIOOPOUHas ITPOBEpKa
JIOMalIlIHero 3a/laHusl.
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Oproronanuszauus ['pamma — HImuara.
OpToroHanbHble 1 5PMUTOBBI MaTPHULbL.
CamoconpsbkéHHble orepatopsl. MeTtozel charpoly(),
eigenvects(), eigenvals(), nullspace(), diagonalize(),
peanu3oBaHHbIe Ha Python B 6ubmorekax sympy u
numpy.

KsazpatuuHnsle u
OwTHelHbIe (hOPMBbI

JIuHeliHble urcoBble GYHKIUU (QYHKI[MOHAIBI,
(opmbI) Ha TMHEMHBIX TIPOCTPaHCTBax. bumuHeliHbIe
Y KBa/ipaTUuHble (hopMbl. PaHT 1 UHEKC
KBaZipaTUuHOM dopmbl. KBasipaTHuHbie (POPMBI U
CKassipHOe Tipou3Be/ieHue. V3MeHeHre MaTPULIbI
KBa/IpaTUUHOM OopMBI TTPH 3aMeHe Oa3rca.
[TpuBeseHre KBa[paTUUHOU (HOPMBI K HOpMaTbHOMY
BUAYy Metoaom Jlarpanxka. [IpuBegenue
KBa/IpaTUUHOM (pOPMbI K KAHOHUUYECKOMY BUAY TIPU
TOMOILIM OPTOTOHAJIBHOTO TIpeoOpa3oBaHUsl. 3aKOH
HMHepLUY KBaZipaTUUHbIX hopM. Kputepuii
CunbBecTpa 3HaKOOMpeeIeHHOCTU KBaZpaTUYHOM

(hopMbI.

KonTtposb Hamvuus u
BbIOOPOUHas ITPOBEpKa
JIOMalIlIHero 3a/laHusl.

KpuBbie v oBepxXHOCTH
BTOPOTO TOpsifjKa

[TapameTpuueckuie ypaBHeHHUsl KDMBOM Ha MJI0CKOCTH.
3amMeuaresibHble KprBbIe. [IocTpoeHe KPUBBIX.
Kpussle BTOpOro nopszka. KaHoHnueckoe ypaBHeHue
OKDPY>KHOCTH. DJIJTUTIC, er0 KAHOHMUECKOoe ypaBHeHHe
u cBoiicTBa. Mccieiopanue hopMbl 3/TMTICA TI0 €0
ypaBHeHHI0. OKPY>KHOCTb KaK YaCTHBINM CTyuait
snnunca. [TapameTrpuyeckue ypaBHeHUs 3/UIMIICA.
['unep6oa, ee KAHOHUUECKOE YpaBHEHUE. U
cBoictBa. ConpsbkeHHasi Turiepbona. ViccineqoBanue
dopmbl Turnep6osbl. [TapaMeTpuueckrie ypaBHEHUs
ruriepboiiel. [Tapabosia, ee KaHOHUYECKOe YpaBHeHHe
U cBoricTBa. VicciemoBanue hopMbl apadbosibl.
OO011iee ypaBHeHMe KPUBOM BTOPOTO MOPSJIKa U €r0
ripuBe/ieHre K KAHOHUUYeCKOMY BUY.
Knaccudukaiysi KpUBbIX BTOPOTO MOPSiIKa.
[ToBepxXHOCTH BTOPOTO MOPSIIKA U UX KAHOHUYeCKHe
ypaBHeHUs1. [ToBepXHOCTH BpalljeHUsl.
LunuHgpuueckre oBepxHOCTH. KoHUueckre
TMOBEPXHOCTU. MHUMBIE TOBEPXHOCTU. DJITATICOU],
'unep6onouzbl. [Tapabosonzapl. MeToj ceueHud /st
WCCie/JOBaHUsI U TIOCTPOEHMUsI TOBEPXHOCTel BTOPOTo
nopsizika. OOl1jee ypaBHEHHEe TTOBEPXHOCTH BTOPOTO
TIOpsi/IKA U ero NprBeJieHNe K KAHOHUYECKOMY BUJY.

KonHTponbs Hanuuus u
BbIOOpOUHast TPOBEpKa
JIOMaILHero 3aJjaHusl.
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6. IlepeueHb yue0HO-METOAMUECKOIr0 oOecIeueHHsl /I CAMOCTOATEe/TbHOM
PadoThI 00yJaKOIUXCS MO JUCHUIUTHHE

6.1. IlepeueHb BOMIPOCOB,

OTBOAMMBIX Ha CaMOCTOSITe/IbHOE OCBOEHHe
AMCIUILUINHBI, (OpMBI BHEQYAUTOPHOI CaMOCTOATETLHOH PadoThI

HaumeHoBaHue TeM IlepeueHb BONPOCOB, 0TBOAMMBIX Ha ®dopmblI
(pa3pesioB) CaMOCTOATe/IbHOe 0CBOeHHE BHeay/JUTOPHOM
AUCIUIUTHHBI CaMOCTOATEe/TbHOU
padoThI
CucTeMbl TMHEMHBIX Peanu3alusi B Sympy OCHOBHBIX METO/IOB PelleHust Pemenue CJIAY c
anrebpanyecKrx CJTAY (metogp! sympy. Matrix(). VICII0/Ib30BaHUeM
ypaBHeHU elementary_row_op()). sympy. Matrix(). rref() (Row | uHCTpyMeHTapus
echelon form) u sympy. Matrix(). echelon_form()). «Jupyter Notebook».
Martpuiipl 1 OcCHOBHbBIE MeTO/Ibl MAaTPUYHOM anreOphl, Pemenue 3asau
oTipeie/IuTeNn peanu3oBaHHbIe Ha Python B 6ubmmorekax sympy u MaTpPUYHOU anreOpsI ¢
numpy. VICTI0J/Tb30BaHUEM
VHCTPYMeHTapus
«Jupyter Notebook».
Anrebpanueckue [Toarpyrnbl 1 HOpMasbHbIe MO PYIIIIBL. Perienue 3asjau paszena
CTPYKTYPBI 'omomopdu3amel u (hakToprpymrel. Teopema o JUCLIUIIVHBI,
romomopu3me. CBSI3aHHOM C
anrebpanyeCKUMU
CTPYKTypamy, C
VICTI0/Tb30BaHUEM
VHCTPYMeHTapus
«Jupyter Notebook».
[Tosie KOMIIEKCHBIX Peann3anisi OCHOBHBIX OrepaLjiii Hafl 1oJiemMm Perienue 3az1au ¢
yucesn KOMIIJIEKCHBIX urces Ha Python B 6ubmmoTtekax KOMILJIEKCHBIMHA
sympy u cmath. YKCIaMH C
WICTI0JTb30BaHUEM
WHCTPYMeHTapus
«Jupyter Notebook».

Hauasa anre6psr

Peanm3anus anre6pbl MHOTOYIeHOB Ha Python B

Perienue 3azau,

MHOT'OU/IEHOB 6ubsmoTrekax sympy u numpy (Metozsi gcd(), CBSI3aHHBIX C alreOpou
gcdex(), symmetrize(), resultant() u discriminant() ). MHOT'OU/IEHOB C
WCTIO/Tb30BaHUEM
WHCTPYMEHTAapHsI
«Jupyter Notebook».

JIvHeliHbIe orepaTophl B
JIMHeHHOM
MPOCTPaHCTBe

Metozapb! charpoly(), eigenvects(), eigenvals(),
nullspace(), diagonalize(), peanin3oBaHHbie Ha Python
B OMO/IMOTEKAaX Sympy ¥ numpy.

Pemtenne 3azay,
CBSI3aHHBIX C
JINTHeNHbIMHU
oriepaTopaMu B
JIMTHeHOM
TIPOCTPAHCTBeE C
KCII0/Ib30BaHUEeM
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VHCTPYMeHTapus
«Jupyter Notebook».

KsazpatruuHssle u
OowTHelrHbIe (hOPMBbI

Peasu3aius KBaIpaTUUHbIX U OUMMHEHHBIX (HOPM Ha
Python B 6ubsMoTekax sympy 1 numpy.

Perienue 3azau ro teme
«KBagpatruHble
¢bopmbI» €
VICII0/1b30BaHVeM
VHCTPYMeHTapusl
«Jupyter Notebook».

KpuBble ¥ TOBEPXHOCTH
BTOPOTO TIOPsi/IKa

WccnenoBanue ¢popmel 00111eT0 ypaBHEHHE KPUBOH U
TIOBEPXHOCTH BTOPOTO TOPSIZKA U €r0 TIpUBe/ieHHe K
KaHOHWUeckoMmy Bualy Ha Python B 6ubimorekax

Sympy ¥ numpy.

Peanu3anusa anropurma
TpvBe/ieHus 00IIIero
ypaBHEHHsI KpUBOU U
TIOBEPXHOCTH BTOPOTO
ropsiika K
KaHOHUYeCKOMY C
WCII0/Tb30BaHUEM
WHCTPYMEHTapHUsI
«Jupyter Notebook».
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6.2. IlepeyeHb BOMPOCOB, 3a/jaHM, TeM /JA MOATOTOBKH K TeKyIIemMy
KOHTPOJII0

[Tpumepsl 3a/1aHNi KOHTPOJILHOM pabOThI

1. Hccnenopate, OpPH KAKHX 2HAYEHHAX [apaMeTpoE « H S CHCTeMa THHeHHEX
VpAaEHEHHH FBIAETCA a) ONpeJeleHHOH; b) HeonpegeneHHOH, C) HECOBMECTHOH.
HafiguTe odlnee pelleHHe E TEX CTy4adx, KOTAA 3TO BO3MOMEHO.

Xy +axs + 2x3 =1,
—x;+(1l—a)x. +x3=1,
2x; 4+ (2a—1)x; +axz = .

2. HMecne 0EaTE CHCTEMY Ha COEMECTHOCTE ¢ HCIIOMB30EAHHEM TeopeMel KpoHekepa-

Kanennu

Xy — 2%, + 3x3 — 4x, + 5xg = 2,
2:{'-]_ + 11.1': + 1.2.1'3_ + 253:4 + EEIE = 4,
3. IlycTe JaHa CHCTEMa CTOJIOLOE

[?:1 + 31:2 + 51'3 + ?I4 + ng = 1,

2 -1
-1 1
,Azz 3 "5‘13= _2 |b=

1
2
! 1 -2

Alz

[ B D B2

3

MoxsH0 mH nDpeIcTAaBHTE cTOI0en b B BHIOE MTHHEHHOH KOMOHHAITHH CTOJIOIOE
Ay, A5, A;7 Ecnia 43, NOpHEECTH TAK0E PazIoKeHHE.
4. Hasigure ©CP ®H zanumute, Hcnons:ya $©CP, odmee pemenHe ogHOpoIHOH
CHCTEMBI
X+ x, —2x3+2x, =0,
3x; + 5%, + 6x5 — 4x, = 0,
dx; + 5x; — 2x5 + 3x, = 0,
3x; + 8Bx, + 24x5 — 19x, = 0.
. CocTaeeTe 0gHOpPOJHYVEO CHCTEMY ypaBHeHHH, 114 koTopol ©CP cocToHT H2
1 0

lE2=

LM

0 1
Ei=1, 3/
1 2

6. Hcnonezyva $CP ogHOpoIHOH CHCTEME], HAHIHTE 00I0ee pelIeHHE HEQOHOPOJHOH
CHCTEMEI, 2303aHH0H MaTpHOeH A H cTonduoM b:
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1 -2 -1 -2 -3 -
(3 -6 -2 -4 -5 |, [~
A=\s -6 —4 -8 -13)°7| 77
2 —4 -1 -1 -2

7. HafigeTe MHOTOWIEH 9eTBepToH cTeneHH [ (), 114 KOTOporo

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

8. IIyciw
1 0 1
1
A=|-1 1 s |
0 0 1

Haiigpre Takoe n € M, gtodel (4 — ;)" = 07 H HCOONBIYVA OHHOMHATBHYED
dopmyay, BEMECTETE A" 114 ECEX NENEIX TONOEKHTEILHELX 1.
9. Hafigute npouseegesne Kpouexepa A ) B npyx matpun A ® B, rae
0 1 0 5 1
H=(1 0 u), B=({ _,)
0 0 1
Beermama A (0 B = B () A7 OtEeT HeOOXOIHMO 000CHOEATE.
10. Hafizure Bce MaTpHUsl B € M, (R), KOTOpEIE KOMMYTHPYIOT C MaTpHIEH

=G5 3

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

E BHIS CYMMEl CHMMeTpHUecKOH B H KococHMMeTpHOeckKoH ( MaTpHI C
BEIeCTECHHBIMH KO3(DHITHEHTAMH.
12. 18 cHMMeTpHEIeCKOH MaTPHIIEL
11 33 5
A= (33 7 —2)
5 =2 9
HaHIHTE VHHOOTeHTHVIO MartpHOy [ € M3([R) H IHaroHanbHYH MaTpHOy D €
Mz(R) Takme, ato U7 - 4- U = D.
13, Tna gauaerd MaTpHn A € B HalIHTe 3TeMEHTEL Dya H Dag:

11. IlpeacTaEATE MATPHITY
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14

15.

16.

17.

18.

19.

20.

21

22.
23.

1 2 3

0 -1 1

-2 1 0
-1 2 =3
IlpeacTaesTe MATPHITY

B = P:s ) AH(_E:' ) Ma'[_z} : -"]'-1.3'[1] ) Pu- - AL

11 2 3
Az(—4 5 —5)
7 8 9

E BH/E IPOHIBEEHHT SNeMEHTapHR MaTpun Fy; M; (o), A (a).

15

[Iycts
- 2 1y Ao 0 2 1
A~ :(3 1)": ' :(1 4)‘5 = (1}

Hafimure x |3 vpaeEerna O Ax = b,
[Iyvete

3 -1 2

A= (5 -2 3 )

-1 0 -1
a) [TokazwmTe, 910 A* = 05; 0) Henonesva a), gafimare (1; + A)~L.
Hafigute Matpany A, ecos

(AT — 21)-1 = (2_1 o)

Henmonssys MeToq 3meMeHTapHBIX NpeodpazoBaHHH (MeTog [aycca-Aopaana),
HaHTHTE 00paTHYVE MaTpHy A~' K MaTpHIe

1 -3 6
A= (2 -5 9 )
3 —8 16

TTvers marpuna A € M, (R) takoea, 910 A% = A. [ToKaEHTE, 9T0 MATPHIIA
(I, — 2A%) — obparuMa H HafiguTe ([, — 2471,

g MaTpHIEL

11 -2 2

3 56 -4

4 5 -2 3

3 8 24 -19

HaHIHTe o0patHMye MaTpHIy U takyio, 910 UA = rref(4)

IIycte A, B € M,(R) Takoeer, uT0 A + B =1, A® + B® = 0, [ToxasuTe, 9TO
A u B obpataMer, npageM (A~ + B~4)" = 27

IIycte A € M, (R) takoea, 910 A~ = [, — A Tlokasmte, a0 A° — [, = 0,,.
Marpuy

A=

18
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L]

30.

6 -2 =4 4

3 -3 -6 1

-12 8 21 -8

—6 0 —-10 7
IpedcTaBETeé B BHIE NpOHIBedeHHA JBVX MaTpHI, A = LU, roe L — HIDKHIA
TPEeYTOIbHAT MaTPHOA, 4 U/ — BepXHAA TpeyronsHad MaTpHna, (LU — dakTopHsamma
(Lower—Upper (LU) decomposition)).

. Paznaraa mo eTopoMy CTOMIONUY, BEIYHCIHTE OIIPeIeIHIENE
5 a 2 =1
4 b 4 -3
2 ¢ 3 =2
4 d 5 —4

. HEH(}J'IBE}-'H MIEMCHTAPHEIE HpﬂﬂﬁpEEDBEBHH, EB[HHCIHTS OIIPEIEITHTEID.

1001 1002 1003 1004
1002 1003 1001 1002
1001 1001 1001 999
1001 1000 998 999

. ITokazate. 9To KBaJpaT IUIOMMATH NapallelorpaMya, NoCTPOSHHOIo 10 PagHyC-

eexTopad To9eK Pla; b) ® Qlc;d) B OpAMOYTONBHOH CHCTEME EKOOPJHHAT,
ERIpAEASTCE IO hopuyae
§2 — A% — a®+ b? af+b,,d.
ac+bd ¢ +d°

.Breects dopMyTy g14 o0BeMa TeTpasgpa ¢ EBepmHHaMH A(xy; Vi Zy),
B(x2; ¥2; Z2). C(x3; ¥a; 23) H D(x4; Va5 Z4):
x3 oz 1
v=2ldet| 2 Y2 %2l
& X3 V3 23 1
X4 Ya Z4 1

. He packprieasd onpeaenHTeI: CICE3, DOKLEHTIE, 910
aa; +az faz+a; yag +as a; d; ds
aby + by Fba+by ybhy+b|=(1+afy)|b1 by bsf
ac;+c3 feogteop yop+os €1 €z €3
. IIycTe x, ¥, Z IOIAPHO Pa3THIHEL H
¥ +1 x? x
D S S 1
z2+1 22 z

IlokazuTe, 910 ¥y = —1.
BeMHCIHTE ONpeIeTHTe s

19



31

32.

33.

34.

35,

36.

3T,

3 2 0 0
1 3 2 0
1 3 0
0 0 0 3
Pemmate vpaeHeHHE:
¥ ox® L x"
1 a, af .. aj
1 a, a3 .. af|=0.
1 a, a: .. a®

BHYHCIHTE oOpelelHTeN: NOPAOEA N, 3IEMEHTEl KOTOpPOTO 23JaHEl VCIOBHEM:
a;; = min(i, j).
BHYHCIHTE OnpelenHTeN: NOPAOEA N, AIEMEHTEl KOTOPOTO 33JaHEl VCIOBHEM:
a;; = max(Lj).

HafiguTe sHa9eHnd A, IpH KOTOPERIX MaTPHIIA
3 1 1 4
A 4 10 1
1 7 17 3
2 2 4 3

HMeeT HAHMEHBINHH paHr. YeMy paBeH paHr [OpH HAHJEHHBIN 3HAYCHHTL
HapaMeTpa A H 9eMy OH PAB€H IIpH APYTHX HAYEHHAN A.

HafiguTe pasr MaTpHIIEL
1 A -1 2
2 -1 4 5
1 10 -6 1

IPH Pa3THIHEIX 3HATEHHAY 4.

Jn MaTpPHITEL
1 2 3 4 5
6 7 8 9 10
A=|11 12 13 14 15
16 17 18 19 20

HaHOHTe. a) 0a3HMCHEIH MHHOP C HaEMEHBIOHM 3HA9eHHEM, 0) paEl MATpHIEL
COCTAEJIEHHHH H3 ECEX 0aIHCHEIX MHHOPOE.

IIycte 4 = (ay;) € M, (R) —marprna nopaaxan, A = det(4) —ee onpenensTens.
ITycte adj{A) — npacoeanRenHas Matpna, adj(A) = AY = (4;;)7, sgecs 4;; -
anmredpanTdecKoe JONOMHEHHE K 3NeMeHTy a;; [TokawuTe, 910 ecni A — obpaTHMa,
TO CHIPABEITHED PAREHCTED
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38.

39.

40.

41.

42.

43.

44.

45,

adj(adj(A)) = A""% . A.

IIycte A, B € M5([R) — KEagpaTHEIE MATPHIE ETOPOTO IOPATKA, IPHIEM
AB = BA. BepHo IH cIeIyIOLIee PaEeHCTED

det(A™ + B™) = det(A™) + det(B™) + tr[(Aadj(B))"], n € N?
OTEET HEOOXOIHEMO 0DOCHOEATE.
IIycte A € M, () BEIpo#IeHHAY KBaOpaTHAd MaTpHOA nopagka n. JoKaEHTe
HepaseHCTEO rank (adj(4)) < 1.
IIycte A € M,(R) xBagparHad MaTpHua mopagka n, npEaeM adj(Ad) = 0,
TlokaxuTe, 90 rank(4) <n — 2.
TlpueegHTe mpHMep HeHviaerod martpHusl 4 € My(R) (3neMeHTEI KoTopoH Bee
OTIHYHE OT HyI4), V KoTopoH adj(d) = O,
HafiguTe 96C10 HHEEPCHH H ONpeelHTe Y4eTHOCTE NepecTaHOEKH

1 2 3 we N—1 n
(n n—1 n—2 .. 2 1).
Ilycte mE S, pa:loxeHAa B [OPOHIBEICHHE HEeIaBHCHMEIX NHEIOE JIHH
I, 12, e, Ly TIOKZEHTE, 9T0 CHTCHATYVPY MEPEeCTaHOBKH MOZEHO ONpPeIeIHIE MO

toprryze
e = (—1)Zk (e,

1 2 3 4 5 6 7 8 9
IIycts H=(2694?531 3). Hafimure  BexTOp

HHEepcHE V(m), npasmi eexTOop HEEepcHH R (7T), NeBEId BeKTOp HHBepCHE L(m).
Hatigure m(i) — n; + I;. Yesy pasHel [ -i5) H vg?
HafizuTe nepecTaHOBKY, KOTOPAT HMeeT EeKTOD HHESPCHHA

V(m) = {8,3,1,4.3,3,2,1,1,0).

46. HafiqeTe mepecTAHOBKY, KOTOpPAd HMeeT Mpasslil BekTop HEBepcHil (Lehmer cod)

47.

48.
49

20.

51

R(m) = {5,1,5,3,3,1,2,0,0};

HafizuTe nepecTaHOBKY, KOTOPAT HMeeT JIEERIH BEKTOD HHESPCHHA
L(m) = {0,0,0,2,1,3,3,7,6}.

Kakol MakcHMATEHEIH NOPAI0K MOEET HMETE IIEPECTAHOBKA H3 577

HafizuTe 3Ha49eHHA [ H kK Tak, 9TO0EI IPOHIESICHHE
fg70g3tlyAsslyE ez

EXOJHIC E ONpEeIelHTelE /-0r0 HOPAIKa CO THAKOM IUIHC.

C Kak®M 3IHAKOM BXOJHT E ONpPEeIelHTelds NOpPAIKA N IpPOHIEeIcHHE JIEMEHIOR

IoO0uHOH JTHATOHATHT

HafigHTe KOTHYECTED 3IeMeHTOE Y MHOESCTIBA

X={meSgind(m) =11, N(m) = T}
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52.

33.

34,

35,

36.

57,

58.

50.

60.

61.

62.

63

IIpeacTaEbETe KOMIONEKCHOE IHCIIO B AMTedpandeckon dopue
(=14ivE)H | [=1=i{vE3)1¥
[:J__!'}:.'.lr [L+i] 20 "

PeIlHTE CHCTEMY VPABHeHHH HaJ moneM ©
{|z= - 2i| =4,
lz+1+i]=|z—-1-1i].

21
I[lycte e =e7, a=c+e"+¢&* b=¢c%+g"+ % Iloxaxure, 910 a H b

ABIAHOTCA KOPHAMH KBATPATHOTO TPEXTIeHa 2° + 2 + 2.
Hz00pazHTE Ha KOMIUIEKCHOH IIIOCKOCTH MHOEECTEQ TOYEK, YIOETeTEOPAROITHY
VCIIOEHED:
0 =< arg;%_': < g
ITyets A 1 C JeHCTEHTEABHBIE, 3 B —KOMILTEKCHEIE IOCTOAHHEIE H IVCTE
AC < |B)?. TlokaxnTe, 9T0 YpaBHEHHE |
AlzP+Bz+Bz+C=0, (4>0)
ABTIAETCA YPAEHEHHEM OKPVAKHOCTH, A TAKCEEe HANTH NeHTP 3TOH OKPYAHOCTH H ef
pamHyC.
IlpuHagne®aT nTH TOUKH Z,,Z.,Z;.Z, HAa KOMIUIEKCHOH IUTIOCKOCTH OJHOH
OKpVEHOCTH, Iae 7, = —1+4i, z,=—-2+4i , 2, =9—6i, z, =—6+ 3i7
ECIH 3TH TOYKH JIe#aT Ha 0JHOH OKPYEHOCTH, TO HalIHTE HeHTp H pagHyC TakoH
OEpPVEHOCTH.
Pazgemste MHOro9aeH f(x) ¢ oCTATKOM 7(X) HA MHOTOYNEH §(X) H IPOBEPEIE
paeeHcTED f(x) = hix)g(x) + r(x):
flx)=2x*—3x +4x>-5x+6, g(x)=x>-3x+ 1
IIvery f.g € R[x]. Hafigure Hamdoapmui obmeH jemarens d = HOL(f, g).
byayT mH f H g B2aHMHO ODpocTEIMH? HafiqHTe Takke MHOTOYIEHEL U(X) H v(X)
Tagme, 910 fru + g v =HOM(f.g) = d, ecm
flx)=x%—=10x* 41,
gix) = x* = &/2x% + 6x% + d2x + 1.
OnpeeTHTs AMredpaldeckVi0 KPAaTHOCTE BCeX KopHel MHorodneHa [ € Cx], rae
fx)=x*+(3-80)x®— (21 +180)x> — (33 — 20i)x + 6 + 18Bi.
[Ipu kasEx a ® b mMHorowreH f(x) = x°+ax®+ b HMeeT OBOHHOH KODEHE,
OTITHIHEIH 0T HYIIA?
Paz2103MWTE HA THHEeHHEIE MHOZHTENH HAT N0IeM KOMIIIEKCHEIX THCEN
flz) =z —1—1i.
HafiguTte 3HageHHe CHMMETPHIECKOTO MHOTOTIEHA F OT KOpHeH ¢; MHOTOWIEHA
f(x).ecmu F = Fyciejes (cfcf +cicf), flx)=3x+2x° +5x° +x +7.
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38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

40,

50.

51,

adj(adj(4)) = A"« A.

[Iyvete A, B € M, (R) — kBagpaTHEIe MaTpHOE! ETOPOTO MOPAJKA, IPHIEM
AB = BA. BepHo 1H cleqyOINes PAREEHCTEOD

det(A™ + B™) = det(4A™) + det(B™) + tr[(dadj(BE))"*]. n e N?
OTeeT HeoDXDOHMO 0DOCHOBATE.
[Ivete A € M, (R) ERpoZOeHHAd KEaOpaTHad MaTpHU2 mopigea n. JokzzHTe
HepaeeHcTEO rank(adj(A)) < 1.
IIycte A € M,;(R) xeagpaTHad MaTpHIA Dopadka n, npedeM adj{d) = 0,.
[ToxazwTte, 910 rank(4) < n — 2.
[IpueegraTe mpuMep HeHynAeeoH MarpHoel A € M, (R) (3meMeHTE KoTopo# Ece
OTMHYHE] 0T HyI4), ¥ KoTopol adj(4) = 0,.
HafiauTe THCI0 HHEEPCHH H ONPeJenHTe 9eTHOCTE NepecTaHoRKH

1 2 3 w n—1 n
n n=1 n=2 . 2 1 )
[Tycte wE€ S5, palokeHa B IPOH3BEIeHHE HE3aBHCHMEIX DHENOE JIHH

[y 15 .. 1. Tlokag@Te, 9T0 CHTHATYpPY OepecTaHOBKH MOKHO ONpPeelIHTh IO
Popuyae

1 2 3 4 5 6 7 8 9
Ilycte :'r=(2 6 9 4 5 8 1 3). Hafigare  BexTOp
HHEEepCcHH IV(1T), IpaEsId EeKTOp HEBEpCHE R (), TeERIH BEKTOp HHEepCcHE L(m).
Hafipure w(i) —r; + [;. Temy paeset [ -1 5, B 057
Hafignte nepecTaHOBKY, KOTOpad HMEeT ESKTOD HHESPCHH
F(m) ={8.3.1433211.0}
HafgaTe nepecTaHOEEY, KOTOpad HMeeT NpPaELH BEeKTOp HHEepcHH (Lehmer cod)
R(m) ={5.1,5,3.3,1,2.0.0};
Hafiante nepecTaHOBKY, KOTOpad HMEET JIEEEIH EEKTOP HHESPCHH
L{m) ={0.0,0,21,3.3.7.6}.
KaxoH MaxcHMANEHEIH DOPAT0K MOEeT HMETE IepecTaHoBKa H2 5.7
Hafigute zHag9eHAd | H k Tak, 9T00E IPOHIEEICHHE
Qa7 gty ilssfyplogyy
EXOJHTIOC E ONpededHTens /-0r0 DOpPAIKa CO 3HAKOM ILTHC.
C xaxPM 3HAKOM EXOIHT E ONpPeJeTIHTEN: NOPATKA N NPOHIBEIEHHE ITEMEHTOE
NoDOIHOH THATOHLTHT
HafapTe RoIHIeCcTEC 3IeMeET0oE #.5 MHOEECTED
N={mel;ind(m)=11LN(m) =7}
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64.

65.

66.

67.

68.

69.

70.

71.

T2

73.

Hafignte Bce 3Ha9eHHA NapaMeTpa a € R, IpH KoTopoM VpaEHEHHE
xM —2x10 4 x¥ 2% + 11x* —16x+a=10
HMEET KPaTHEIE KOpPHH.
Hafiti Bce zHa9eHEHA napamerpa b € B, npH KoTopex MHOTOIIEHE f(x) H gi(x)
HMERT 00IMHE KOPHH, ECTH
flx)=x*=-5x*—Tx—1,g(x)=x*—8x+9x + D
HafiguTe BCe pelleHAA CHCTEMEI VPABEHEHHA
P x—4y—-2x+y*+3=0,
{x*—x"'+{x+?]}-'—5x+}-'=—5y= -3=0
[Iycte f(x)=x*—10x"+1 ® glx)=x*—42x° +6x° +4/2x + L
Hafigure @vERDHE u(x) B v(x) TasHe, 910 fu + gv = Res(f. g).
PaznozmTe H2 THHeHHEIE H KEAIPATHIHEIE MHOZHTEIH HAT NOIEM BEEIIECTECHHEIX
gHcen MEorowIeH fx) = ¥ +x¥ 4+ x4 4+ 1.
IIpopeprTe, 9T0 MHOTOWIEH [ (X, X5, X3 ) ABIACTCA CHMMETPHIECKHM H EEIPA3HTE
€T0 E EHJE MHOTO9IeHA F 0T 3/1eMeHTapHED CHMMETPHIECKHX MHOTOMIEHOE, 8CITH
flxn Xz x3) = (3x, —xp — x5 )(3x; —x; — x5} (35 —x, —x).
ITycts €, ... €, — CTaHOapTHEIH Dasuc V = B* IIyCIb BeKTOPEL €, ... €, H X 2aJaHEl
CEOHMH KOOPAHHATAMH E DazHce (e):
e; ={1.2,—1,-2}e; ={23.0,—1}.e; ={1.2.14}. e, = {1.3.—-1.0},
¥ = {714, —12}
Tloka#mTe, 910 CHCIEMA €,,..€, — TAKKe 03a3HC NpocTpaHcIBa IV, HaHguTe
MarpHny nepexofa C = O,y .+, HalimuTe Tarse KOOPIHHEATEL BEKTOPA X B 3TOM
Dazmce.
Ilycte e, =1.e, =xe,=x"e; =x%e, =%x% — CTaHJapTHEIH ODasHC
npocIpancTea MeOorodneHoE V = R, [x]. PaccMoTpEmM ceMeHCTEO (CHCTEMY)
MHOTOYIEHOE €y, ... €, H Py(x):
gp=le,=(x=Thes=(x=TV.eg=(x=7P e, =(x=T"
Pi(x)=1+42x—3x" + 4x® — 9x*,

Tloka®Te, 9T0 CHCTEMA €, ... €, — TAKKE 0a3HC TPOCTPaHCTEA V, HAaHIHTE MATPHIY
nepexoda £ = (i, .ry- Hadoute koopamsate! Fy (x) B 3T0M bazHce.
Hafigute dazHc cymuel L, + L. u mepecedenna L, N L. THHEAHEX 000J049eK
L,.L. CHCTEM BEKTOpPOB mpocTpaHcTEa Vo= RS-

Ly ={a; ={1.21. -2}, a, ={2.3.1.0},a; = {1.2.2, -3}).

L.={b, ={1.1.1.1}, b, = {1.0,1, =1}, b; = {1.3.0, —4}).
Hafigute dazuc cymMel L, + L, H mepecedernd L, n L, nognpoctpadcIe L. L,
npocTpancTEa V = R*:
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Ly ={a, = {1201} a, = {1.1,1,0}},
L= {3:::1 — X, —3x; =0,
= x.=3x,=0.
74 IIvcte L, B L, —mognpoctpanctea V = R4
L, ={ao, ={1.1.11}L a, = {0.1.1.1}}.
L _{x1+2x3+4x3—3x¢=ﬂ.
2T 3x, 4+ 5x, + 6x; —4x, =0,
TlokaszmTe, ato V = L, & L, m npeacraeste x = {1,2,3.4} B BHAE CYMME
x=y+zyeEL,z€L.
75. JImnefinoe nognpocTpancTeo L € V = R® 3amano B BHIE
L=fa={x.yv.x+yx—y.2x}eV=R*xyeR]L
HaiigaTe Tpu mognpoctpanctea L., Ly, L, € V, BHH 0fHO B2 KOoTOpEIX He paeHo {0},
TagHe 9oV =L, B L. B L, DL,
76. IIycte
L={f e B [x]:f(6) =0}
a) Hafigute 0azuc moanpocTpancTea L b) Jomomsnte B ma) 0azEc go OasHca
ecero npoctparcTea IV = R, [x]; c) Hafaute npamoe gononsenne L, k Ly,
1e. By[x] =L, B L,.
77. IIycte «mpaMady L, & V = R* zagana & suge
L,={x, =8t.x, =4t x;, =3t x, = —3t.t e B}
ITyets "runmepnnockocts” L. 337aHa B BHE VPAaBHEHHA
Lo ={(x;. %2, x5, x,) €EV:2x, — 2x, — x5 +x, = 0}.
Iokasmre, 910 V = L), & L, 5 HafiquTe npoekuHe v € L, H Z € L, BeKTOpa
x = {1,2,3.4} Ha 3TH NOANPOCTPAHCTEA IPH NPOEKTHPOBAHEH, TAPATTEIEHOM L
HL. Te NpeacTaBRIe XEEHAE X =V +zZ, VE L,z € L..
78. IIycte mHHEHHEIH onepatop @:V — V B mpoctpanctee IV B DazHce (e) =
(ey. e, €5, ;) HMEET MATPHITY:

0 1 2 3

5 4 0 -1
A¥=13 2 0 3

6 1 -1 7

HafimaTe MATpHOV 3TOTD ONEpaTopa B DazHce
(e'y=1(e, =e,.e,=e,te,e5=¢,+e.+ese,=¢e +e.+e;+e,
79 ITycTe THHEHHEIH onepatop B mpocTpadcTee V' = B® mveet B DasHce
(e') =(e, ={8.—6.7}.e; ={—16.7.—13}e; = {9.-3.7})
MATpHITY

25



80.

81,

82,

83.

84

85,

1 —-18 15
-1 =22 20
1 —-25 22

(e _
Ay, "=
L3
HazfiguTe ero MaTpHIY Af: ) B Bazmce
(e")y=(e) ={1.-21} el ={3,—12} ey ={2.1.2}).
BrIACHHTE, MOXKHO JH MaTPHITY .45:] THHEHHOTO ONEpaTopa IOpPHBECTH K
IHATOHATEHOMY EHIY. HafineTe coDCTBcHHEIE 3HA9eHHA, COOCTEEHHEBIH 0azHC,
MAaTPHIY [EPEX0Ja H COOTESCTEVIOIIHH EHI MaTpHUEl JHHEHHOIO ONEpaTopa E
HOEOM DazHCe.

7 -12 6
10 —19 10
12 =24 13

HafiguTe MHHAMATEHEIR MHOTOYIEH MATPHIIE]

-3 7 -6 -1 B8 -3 —2\1
1 -5 B -3 -5 4 -5
1 3 -4 6 -2 0 8
-1 11 -12 & 3 -3 9
-3 11 -12 & 8 —4 6
-3 2 1 -4 4 1 -7
1 -5 6 -2 -4 3 —2);

C noMomEk nponecca opTOrOHATHIAIHH NOCTPOHTE OpTOHOPMHEPOEAEHEIH 03313
MHHEHAHOH 000M0MEH CHCTEME] EEKTOPOE HIpocTpancTtea V¥ = RY:

L={a,={213-1}.a, ={743. -3} a; ={1.1, -6.0} a, = {57.7.8})
HaligiTe mpoeknHio BEeKTOpa X HA NOJOPOCTPAaHCTEC L H OpTOTOHAIBHYED
COCTABNAKIVEY BEKTopa X, ecmE x ={/.,—4, —1.2} ® L 33a7aHo CHCTEMOH
VpaEHeHHH

L:d3x, + 2x, +2x; + x, =0,
T 2x. +2x5 —4x, = 0.
Hafinure paccrosHse oT eekrtopa x = {3.3,—1.1,—1} mo nmogmpocTpaHcTea L,
33TAHHOTO BHIE
L={x={x;.2,, x5, x4, %5 ): 2x;, — 2x, + 3x; — 2x, + 2x; = 0}
HafiguTe vron Mex gy eektopoM ¥ = {2,2,1,1} E noanpocTpaHCTEOM L, 331aHHOTO
B BHJe JHHeHHOH 000I09EH
L={a, ={3.4—4 -1} a,={01-12}.

Ex1+x:+xg+3x4=ﬂ,
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B6.

B7.

BE.

80,

00.

01.

02.

03.

04.

05.

Haiigute coOCTESHEERIH OpPTOHODMHPOEAHHHH 0a3HC H MATPHIY E 3TOM Da3HCE
CAMOCONPIHEHHOTO OIEPATOPA ¢, 33TAHHOTO B HEKOTOPOM OPTOHOPMHPOEAHHOM
0azHce () MaTpHOeH

17 -8 4
A 4 -4 11

HafiguTe opToroHaisHOe IpecdpaioeadHe, OPHEQIANEE KEAApaTHIHYE Dopuy K
TJIAEHEIM OCAM

Flxy %0 %3,%,) = 327 + Bxyx. — 3x3 4+ 4x3 — dxgx, + x5
OnpegemnTe THO EpPHECH ETOPOTC MopiAdka, ef KAHOHHYECKOE VPABHEHHE H
HaliTHTe KAHOHHYECKVED CHCTEeMY KOOPHHAT, €C/IH KPHEA4 23373Ha YpaEHeHHeM

Sx + dxy + 8y® —32x — 56y + 80 =0.
OnpegemnTe THO EpPHECH ETOPOTC MopiAdka, ef KAHOHHYECKOE VPABHEHHE H
HalTHTE KAHOHHYECKVED CHCTEMY KOOPJHHAT, €C/IH KPHEAT 33703Ha YPaEHEHHEM
S5x2 +12xy —22x— 12y —19 =10,

Jnd MOEEpXHOCTH ETOPOTC HOPAJEA, 33T3HHOH E HETHIPEXMEpHOM TOIEIHOM
CEKMHIOEOM [POCTPRHCTEE, HAHOHTe €€ K3IHOHHYECKOE VpABHEHHE H
KAHOHHIECKVH) CHCTEMY KOOpPIHHAT
2%, %, + 22, x5 — 2x,%, — 2x.%5 + 2x,%, + 2xx, — 2%, —4x; —6x, +5=10.
IlpE EKakdmx 3Ha9eHHAX OapaMmeTpa A KeagpatwuHas dopma (J(x) sBngercs
MOI0EHTENEHO ONpeJeNleEHOH, eclH

Q(x), X0, x5) = x5 +4x3 + x5 + 2Ax, 2%, + 10x, x5 + 6x.x5.
Ilpp KakHx 3HA9EHHAX DapaMeIpa A KBagpatudHat dopMa ((x) sBngerca
OTPHOATEIRHO ONpPedeIeHHOH, ECH

Q(x,. X2, x5) = Axf — 2x5 — 35 + 2%, %, — 2x, x5 + 2x.x,.
JXKEHEANEHTHE] TH HAJ [IONeM BeINecTECHHEIX 9HCEN KBaIpaTHaHEEe dopMEl ), H
Q.. rae

Q, = 2x] 4+ 9x3 + 3x3 + 8x,x. — 4x,x; — 10x.x;;
Q. = 2x, +3x3 + 6xF —4x,x, — dx, x5 + Bxaxy?

HeeneaoraTs cHCTEMY HA COBMECTHOCTE C HCTIONB30OEAHHEM TeopeMul KpoHexepa-
Kanenms

Xy +3x, + 5xy +Tx, +92x5; =1,

Xy — 2%a + 3% — 4x, + 5x5 = 2,

2xy + 11x, + 12x5 + 25x, + 222, = 4.
BrYHCIHTE OOpeJeIHTen: DOPATEA N, IEMEHTEl KOTOPOTO 3aJaHEl VCIOBHEM:
a;; = min(i, j).
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06.

7.

08.

00,

21
Ilycte e =e7, a=¢e+&°+¢&* b=g*+¢"+ % Tlokaxure, 970 @ H b

ABIAEOTCA KOPHAMH KEaJPaTHOTO TpeXwiIeHa z° + z + 2.

[Iyete flx)=x*—10x>+1 ® g(x)=x*—4#2x°*+6x° +42x + 1L
Hafigate ¢yvermms u(x) B v(x) Takme, 910 fu + gv = Res(f.g).

BriacHHTE, MOZEHO IH MaTpHLOYV Af;] THHEHHOTQ ONEpaTopa IPHEECTH K
IHATOHATEHOMY BHAY. HalaWTe CODCTEGHHEIE 3HA4eHHA, COOCTESHHEIH 03sHC,
MATPHIY MEPEX0Ja H COOTBECTEVIOIDHH EHJ MATpHOE! JHHEHHOTO OIEpaTopa B
HOBOM DazHCE.

7 —-12 &
10 —19 10
12 -24 13 )

JXEHEATSHTHE] TH HAJ IIONEM BelleC TECHHEIX 9HCE KEATpaTHIHEIEe GopMEl (), H
Q.. rae

Q, = 2x] 4+ 9x3 + 3x3 + Bx,x, — 4y, x; — 10x,x;;

Q. = 2x, +3x3 +6x5 — 4x,x, — 4x, %, + 8x.x,7
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7. MOHJ OI€HOUHBIX CPe/ICTB /I/is IPOBeIeHHsI MIPOMEXYTOUHOH aTTeCcTaluu
00y4JaroIHUXCS M0 JUCIUTUTHHE

[TepeueHh KOMITETEHI[MH C yKa3aHWeM WHAWKATOPOB WX JJOCTVKEHUS B Ipoliecce
ocBOeHUs1 00Opa3oBaTe/lbHOM TMpOrpaMMbl  COZIeP)KUTCS B pasgene 2. [lepeueHb
naaHupyemblX pe3yAbmamos 0c8oeHusi 06pa3oeamenbHOU npozpammbl (nepeueHb
KomnemeHyuli) C yKd3aHueM UHOUKAMOPO8 UX OOCMUNCEHUsl U NAaHUpPYeMblX
pe3ynbmamos obyueHusi no OUCYunIuHe.

TunoBbie KOHTPO/IbHBIE 33/JaHUA WX MHbIE MaTepHaJsibl, He00X0AUMBIE /I OLleHKH
HH/IMKATOPOB JOCTI)KeHHs KOMIeTeHLUH, yMeHHH U 3HaHUM

ITKH-2 Cnioco6eH ¢ moMoIIbH0 MaTeMaTHYeCKOH MO/Ie/IH PellaTh MOCTAB/JIeHHYI0
TeopeTHUeCcKyl0 WIN NPUK/IaJAHYI0 3a/iauy, pea/Iu30BbIBasA a/IfOPUTM pelleHHs B BU/e
NPOrpaMMHOr0 MOAYJIs

1) JemoHCcTpUpYeT 3HaHUEe 0a30BBIX MaTeMaTHYeCKUX Mo/eieil, NPUMeHsIeMbIX B Pa3/THYHBIX
npeJMeTHbBIX 00/1aCTAX.

Pe3ynbTarhl 00yyeHns (yMeHHsI U 3HaHHSA), COOTHECEHHbIe ¢ HHAUKATOPAaMH AOCTI)KeHH
KOMIIeTeHI[UH

3HaTb: ba3oBhie NOHATHS MaTeMaTUUeCKUX MOAEHEﬁ, IMPUMEHSAEMBIX B PA3/IMUHBIX pd3[e/iaX af[l"66pbl
" reoMeTpun.

Ymetb: [leMoHCTPHpOBaTh anrebpo-reoMeTpuUecKre MaTeMaTHYeCKHe YTBEePKAeHHUs] OCHOBHBIX

pa3aejioB aJ'IFE6pr " reOMeTpHH, BbIAe/IdAAd I'/laBHbIe CMBIC/IOBEIE€ aCII€KThI B J0OKA3dTe/IbCTBAX.

TunoBbie KOHTPOJIbHBIE 3d/ldHUA

1. TIpuBeanTe OCHOBHYIO TEOPEMY CHMMETPHYECKIX MHOTOWISHOB H IIPOIIITIOCTPHPYIITE e€ Ha
IIpHIMepe CHMMETPHYECKOT0 MHOTOUIeHa

_ .3 3 3 3 3 3
f(x1,%2,%3) = x1%; + X3%3 + X3%; + X1X; + X5X3 + X3X7,

npeacTaBIB €ro B BHAS ABHOI'O MHOTI'OYIICHA OT 3JIEMCHTApHBIX CHMMCETPHYCCKIIX
MHOTOYJICHOB.

2. ITycts A € M, (IR) BeIpOXIEHHAS KBa/IpaTHAsS MaTPHIa IOpAIKa N.
JoxaxuTe HepaseHCTBO rank(adj(4)) < 1.
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2) AjanTupyeT U IpUMeHseT CyleCTBYIOIMe MaTeMaTHYeCcKue MO/e/Td A1 peleHHs
NOCTaB/IEHHOM MPUK/Ia/{HOHM W/IM TeOPeTUYeCKOH 3a/jauH.

Pe3ysibTaThl 00yueHus (yMeHUs M 3HAHHUS), COOTHECEHHbIE ¢ HHANKATOPaMH J0CTIKEeHHUs
KOMIIeTeHI[UM
3uartb: CyliecTByOIIMe MaTeMaTUUeCKe MO/Ie/ [ijIsl pelllieHus T0CTaB/IeHHOW MPUK/IaJHOM 3aau.

YMmeThb: AAaHTHpOBaTB MaTeMaTUuueCKrue MoJe/in 4Jid pelieHud TGOPETHHECKOﬁ 3a/ia4uu.

TunoBbie KOHTPOJ/IbHbIE 3a/ldHUA

1. HaiiguTte opToroHanbsHOe IIpeodpa3zoBaHIle, IPHBOgANIee KBaIpaTIYHYIO (OopMy K ITIaBHBIM
ocaM f(xq, X, X3, %) = 3xF + 8xyx, — 3x7 + 4x3 — dxyx, + x7.

2. TlpuBemuTe npuMep HeHyneBol MaTpHusl A € M, (IR) (3:1eMeHTBI KOTOPOIl BCE OT/IHYHBI OT
Hy&4), y KoTopoil adj(A) = 0,.

3) BiajeeT MeTo/0/10rHeil MaTeMaTHYeCKOro MO/ie/IMPOBAHMKSA /I/Ifl pelleHusI
npodeccroHaNBHBIX 3aiay.

Pe3yibTaThl 00yueHus (yMeHUs M 3HAHHUS), COOTHECEHHbIE C HHANKATOPaMH J0CTIKEeHHUs
KOMIeTeHI[UH

3narb: CyliecTBYIOIIMe MaTeMaTUUeCKHe MO/Ie/NH [Ijisl PellleHus TIOCTaB/IeHHOW TIPUK/Ia[HOM 3aiauM.
Ywmern: Ucnonbs3oBath uHCTpymeHTapuid, Python (Jupyter Note-book) asst peanusauyu anroputMa

penieHud 3ad4 B BUJe IIPOTPAMMHOTO MOAYJIA B objlactu MPpUK/IaJHOI'0 MAIITMHHOT'O O6y‘-I€HI/IH.

TunoBblie KOHTPOJ/IbHBbIE 3adHUA

1. Kakoll MaKCHMATIBHBII IOPAI0K MOKeT IMETh IIepecTaHOBKa 13 S, 7
2. Haiignre HanOoOIbIIee 3HAYEHIE OIPEIeINTENS eCTOTO IOPAIKA, COCTABIEHHOI'0 3 JHCEeN
—1, 0, u 1. (Peanu3oBaTh alTOPUTM pPENICHUS B BIJIE IIPOTPAMMHOTO MOTYIIA).

ITpumepHbie 8onpochl 019 NO020MOBKU K 3K3AMeHy
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. JafiTe onpegeneHHe CHCTEME! M IHHeHHEIX aNreOpaHdecKHX VpPaBHeHHH C N

HeH2BeCcTHEIMH. Kakas CJIAY HazwpeaeTcd OJHOPOJHOH, HEOIHOPOIHOH.
[IprEegHTe COOTEETICTEVIOIIHEe OpHMepHl. Mozer 1H HeogHopogHas CJIIAY
Ax =b OBTE HeolOpedeleHHOH, €cCIH CTOIONEl €€ MATPHIE! JHHeHHO

He3aBHCHMEL (THHeHHO 3apHCHME])? OTEET HEOOXOIHMO 000CHOBATE.

. ChopMynHpyHTEe OmpegeneHHe peIyIHPOBAHHOH cTymenIaToi dopmer CIIAY.

ChopuymupyiiTe Teopemy o mnpueegeEnn CJIAY ¥ peIyIHpPOBAHHON
cTynerdarod dopme. Momer o HeogmopogHas CJIAY Ax = b Owre
COBMECTHOH (HeCOBMCETHOH), ©CIH COOTBETCTBVIOAd ogHopomHas CJIAY

ABIAEeTCA ONpeleleHHoH (HeonpeaeneHHoiH)? OTBeT He0OX0IHMO 00OCHOBATE.

. HafiTe ompenenenne padra Matpuusl. Chopuymapyite Teopemy KpoHekepa-

Kamenma. CoeBMecTHa HIH HecoeBMecTHa CJIAY, ecaH crombmer e
PACITHPEHHOH MATPHIEI THHEHHO He3aBCHCHMEI (THHeHHO 3aBHCcHMED)? OTBeT
HeoOXogHMO 0D0OCHOEATE.

Hafite onpemeneHHe (QVHIAMEHTATRHOH cHcTemel pemenuid ($CP)
ogmopoaHof CJIAY. ChopuyaspyviiTe TeopeMy o0 o0lieM BHIS pelIeHHT
ogHopodHoil (Heogmopommofl) CJIAY. IlpHBegHTe COOTEETCTEVIOIIHE
npmvepel. Halimure ©CP ogHOpOIHOTO YPREHEHHT

2xy + 3x; — 3x3 +4xy, — Txg = 0.

. JafiTe onpegeneHHe MaTPHOEL PasMepsl M X N H chOPMyIHPYHTE OCHOBHEIE

ONEPAlTHH H3T HHMH KakHe MATpHIE! H33BRIBAOTCH CHMMETPHUSCKHMH,
KOCOCHMMeTpHUCeKHMHE? [IpHEeIHTE COOTESTCTEVIOMHEE NpHEMepEl. MoxHo 1H
KEATPAaTHYH MATPHITY MpPeJCTAEHTE E BHAE CYVMMEI CHMMETPHYSCKOH H

KOCOCHMMETPHYIESCKOH MaTpHL? OTEET HeOOX0JHMO 000CHOEATE

. Jafite ompegencHHe IPOH2ESIeHHA MaTpHI H cQOpMyIHPYVATE OCHOBHEIE

CEOHCTEAZ MPOHIBEJeHHA MaTpHI. CVINSeCTEVIOT TH HEHYV/ISBbIE KEAIPATHEIE
MaTpHUE A H B TagHe, 910 A - B = 07 O1ReT HE0DXO0OHMO 00OCHOBATE. KaKHe
Ma - 7B A-B)" =
MAaTPHIE HA3BIBAIOTCH KOMMYTHPVIOITHMHT BepHO TH paBeHCTEO ( )=

BT . AT? Otger He00X0IHMO 0DOCHOEBATE.
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. Jaiite onpegenenne mpaMof cyMudel B B mponzeegenna Kporexepa &) gna
uMarpHl. IIpHEegHTe COOTBETCTEYVIOIIHE [PHMEPE! MNPAMOH CYMMEI H
npouzeegeHHd Kpoxexepa matpur,. Bepuwo mm tr(d & B) = tr(4) - tr(B)?
OTEET HEOOXOIHMO 0DOCHOEATE.

8. KagHe MaTpHUOBI HazmEBaTCAd oOpaTEMemMH? CdhopMymHpVHTE OCHOBHEIE

croicraa zan g sanpn, Jowaaee (2 1) = A (4 )

9. ChopMyTHpYHTE MOHATHE 3MeMEHTapHOH MaTpHITEL JJOKAEHTE, 9TO
Py =Py Mi(a)™ = M, (2); [4u(@)] = Au(-a).
[IpHEEgHTE COOTEETCTEYIOIIHE IPHMEPEL

10. ChopuymEpyHETE amropHTM (C  0DOCHOBAaHHEM) EBHYHCIEHHA O0OpaTHOH
heatpmumer (metox Iayeca-Kopaasa). [IpHEEIHTE COOTECTCTEVIONIHI IPHME.

11. ChopuymapyiiTe EpHTepHH  O0pPaTHMOCTH MATPHUE IIPH  IOMOLIH
NPOH3IBEIeHHA ATeMEHTAPHEIX MaTpHI. [IpHEeJHTE COOTEBETCTEVIOIIHH IPHMED.

12. Chopuymapyiite anroputy LI paznoxenns oOpaTHMOHR MaTpHIEL [IpHEEIHTE
COOTESTCTEVIOIIHA MpHMED.

13, IlpreegnTe OompedeIcHHA ONpPEeIcIHTEIcH HeDOIBIIHX IOPAIKOE IIA MATPHII
(n=1,2,3). IIpHEeguTe TeOMETPHUSCKHH CMEICT (C  ODOCHOBAHHEM)
ompedenHIeIeH Jman = 2Hn = 3.

14, Hafite onpedeTHHE MHHOPZ H alreOpaHUIecKoro JONOITHeHHI E NIEMEHTaM
MaTpHUEL [IpHEEIHTe KodaKTopHOE ONpeAeAcHHE ONPEIEeIHTENA MATPHIEL 7l-
oro nopagka. ChopuymapyiTe Teopemy Jlanmaca o pasIoXeHEH OMPeIeTHTENT
0 CIpPOKe HIH cromony. Hafmmte Ej-‘“ a;;Ag;, k # 1. OTBeT HeoOXOZHMO
00OCHOEATE.

15. ITpueegute  GopMyTy O18 HaXOEISHHA OOpaTHOH MaTpHIEI Hepes
npHCcoeIHHeHAYI0 MaTpHIy adj(A). Hafgute A - adj(Ad). OtBer HeobxogmMo
00OCHOEATE.

16. IlpeeguTe  OCHOBHEIE  CBOHCTBa — ompefenHrened. Ilycte A —
KOCOCHMMETPHYeCKad MaTpHIA HedeTHoro nopaaka. HaliquTe e€ onpeJeIHTeNE.

COTEET HeOOXOIHMO 0DOCHOEATE.
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17. ChopuymapyiiTe H goraxuTe hopmyisl Kpamepa.

18. [Tafite ompegeneHHe MHHOpPA K-0ro mopAndka. [IpHEeTHTE COOTEETICTEVIOMIHE
npamepsl. IIycts A € My, ,(R). CroTBEO pasmHYHEIX MHHOPOE k-0TO mopafka
MOEeT ORITET OTEST HEODXOMHMO 000CHORATE.

15, Jafte ompeldeneHHE paHra MATPHIE, HCOOIBEIVE MOHATHE MHHOpa. Karoh
MHHOpD HazelRaeTcd 0azucHeM? ChoprymupyiTe TeopeMy o DA3HCHOM MHEHOPE.
B geM cOCTOHT MeToJ OKaHMIAHMHAY MEHOpoR? [IpHEEIHTE COOTEETCTEYIOIIHA
IPHMED.

20. HJafite ompenensHHE NEPecTaHOBKH H3 N 3IeMeHTOE. [IpHEEIHTE OCHOEEE
OIPepalHH HaJ [epecTaHOBKAMH (VMHOEeHHe, O00paTHAad [epecTaHOBKA).
PemuTe 0THOCHTENEHO NEPECTAHOEKH X VP2EHEHHE

HGx:TH:lESILSG)T:lESII-EG)
! 6 4 3 2 1 5/ \3 2 1 4 5 &

21. CiopuyTHpVHTE NIOHATHE HEEEPCHH IIEPECTAHOBKH, CHTHATYPEI TEPEC TAHOEKH.
Kaxas mnepecTaHoEKa HasmBaeTcd 4eTHOH (HeweTHo#)? Yre HasmEBaeTcd
MOpAJKOM NepecTaHOBKH! [IpHEEIHTE COOTEETCIEYIOIIHE IPHMEPEL

22 Jafite KoMOHHATOPHO-aHATHTHYECKOE ONPEIeTIcHHE ONPSISTHISTIA N -0T0
mopAdKa MarTpHOE. [IpHEEOHTE COOTBETCTEVIOINHE MPHMEpPE! C ODOCHOEAHHEM
hOpPMYIEL OIMpeeTHTeNed Ama n = 2,n = 3.

23, JaHTe onpeieneHAE ESKTOPa HHEEPCHH, IIPAEOTO H JISEOT0 ESKTOP2 HHESPCHIH.
Haxk cEAzaHml 37MeMEHTEl NEPecTAHOEKH ¢ KOMIOHEHTAMH EEKTOPOE HHEEPCHH?
IIpuEeaHTE COOTEETCTEVIOIIHE MIPHMEDEL

24 IlpHeequTe ANTOPHTIM ONpEedETCHHA [EPECTAHOEKH [0 BEKTYVDPY HHEEPCHH.
IlycTe gaH BEKTOp a= {4:6;1;0;3;1;1;0}. Hafinure mepecTaHOBEY 1T, A4
KOTOpOH BEKTOP HHEepcHH 1(7) COBIIAZAET C a. CKONMBKO TAKHX [IEPeCTAHOEOK
CYIOECTEYET?

25, MadTe onpegelIcHHe HHASKCA nepecTaHoBkH. Chopuyaapyiite Teopensl Mag-
Marora © Poata-lllynendepxe. [IpoHTHOCTPHPVHATIE TEOpeMEBl Ha I[IpPHMEpPe

CHMMeTPpHYECKOH TPYIIIEL Sy
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26. Hafite onopegeleHHe KOMIUIEECHODO dHHCIA B anredpaHdeckodl  dopue.
IIpHEEIHTe TPHTOHOMETPHUECKYI0 H IOKAZaTeIBHVED GOpPMEl KOMIUIEKCHOTO
THCcAa. BrEeguTe dopMy Ty MIOMATH DTapamIelorpaMMa ¢ BEePIIHHAMHE E TOTEAY
Z; H Z; KOMIDIEKCHOH IITOCKOCTH.

27. Breegute opMYIEI O19 HIBIEYeHHS KOPHA N-0H CTENeHH H3 KOMIUIEKCHOTO
YHCIA H NPHEEIHTE TeOMEeTPHYECKVIQ HHTISpPIpEeTAllHI0 O PaclooEKeHHH 7
JHaYeHHH KopHA. KakoH KOpeHE HAIRIBAETCA NPHMHTHEHERM. [IpHBRegHTe
CEOHCTEA MPHMHTHEHEL KOpPHEH.

28. BrEegute dopMyIsl ana chepHISCKOTe H200paEEHEA KOMILIEKCHOTO THCIA.
Hafigure cheprieckoe H200paEeHEHe KOMIDIEKCHOTO 9HCIA Z = 3 + 5i.

29 afite omOpedeTeHHe HAHOONEBINEro OOMEro JeIHTEId MHOTOWISHOE,
HaHMEHBIIETO OOIIEero KpaTHOTO MHOTOWISHOE. [IpHEeqHTE JHHEHHOE
pPa3ToEeHHe HAHOOMBIIETO OOIIEre JenHTend. KakHe MHOTOWISHE HA3EIEAKOTCA
B3aHMHO npocTevMH? [IpHEEOHTE COOTBETCTEVIOIIHE NOpHMephl. Haiigwte
MHOTOTIeHs U(x) H v(x) TakHe, 94TO

(2x% — 7x? —9x + 63)u(x) + (x* + x* — 19x — 9v(x) = 1.

30. [afite onpeneneHHe HENPHEOIHMOIO MHOTOWIEHA byIeT TH HENIPHEBOIHMEDM
MHOTOTIeHOM Hag B MEorouteH a2 x* + 47 OTeeT HeoOXOIHMO 000CHOEATE.

31 [afite ompegeTeHHe aIredpaHdeckKod KpATHOCTH KOPHE MHOTOWISHA
IIpHEEIHTE COOTESTCTEVIOMHE MpHMepsl. ChopMymHpyHTe OCHOBHYIO TEOPEMY
anredphl KOMIITEKCHEIN 9HCEN. ABIgeTCq T noae C anredpanteckH 3aMEHVTEIM 7
OTEST HEQOXOTHMO 0DOCHOEATE.

32. TlpueeguTe (c BEIBOZOM) hopMy Tl BHETA A9 MHOTOWISHA
f E C[z),deg(f) = n.

33. IlpueeguTe CBOHCTEAZ (C JOKAazaTelbCTEOM) EKOMIUTEKCHBIX KOpHed ams
MHOTOWIEHOE C BeIecTBeHHBIMH EKoabduumentamu [ € R[z], deg(f) = n.
Pazno#uTe Ha MHOEHTeTH Hag R MuEorowten x° — 1 € R[x].

34, [afite onpedgensHHe MHOTOWISHAR OT HEeCKOIBEHX [epeMeHHEIX. KakoH
MHOTOWIEH HAasBIBASTCA CHMMeTpHYeckHM? [IpHEEIHTe BRIPAKEHNT OCHOEBHEIX

CHMMETPHHEECKHX MEHOTOWICHOE.
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35, IIpueegure GQOPMYIEL  SIeMEHTAapHEIX CHMMETPHYECKHX MHOTOWICHOE
Splxy, X9, ., X, ). VEQGEKHTE HX B 9BHOM BHIE Ja cryaaan = 4.k = 4.

16. [Tpueeaute dhopMyasl HeOTOHA, KOTOPEIE CEAZRIEANOT MHOTOWIEHE! HEOTOHA
(cTemeHHEIE CYMMEI) C IeMeHTApHEIMH CHMMETPHYECKHMH MHOTOWISHAMH
SplXy, Xo, o, Xy ).

37. IlpEEEaHTEe OCHOEHVKY TEOpEMY CHMMETPHYSCKHX  MHOTOYISHOE H
NIpOHUBOCTPHPYHTE €€ Ha I[pHMepe CHMMETpDHIeCKOre MHOIOYIEHA
Flxg,%0,%3) = xfx: + x%xa + x%xi + xlxg + x:x% + xgxf, OpedcTAEHE eT0 B
EHI¢ AEHOTO MHOTOYIEHA OT 3IeMeHTapHEIX CHMMETPHYECKHY MHOTOWIEHOE.

38. Mafre onpejelneHHe JHCKPHMHHAHTR MHOYOWIeHA M-0H CIENEHH C
KOMIIIEKCHEIME KO3 OdHIHERTaMH H [OpHEEJHTE OCHOEHEIE CBOHCTEA
JHCKPHMHHAHTAZ MHOTONeHa. [IpHEemuTe GOopMyIV [OI8 ONpeJeleHHA
OHCKPHMHHAHTA MHOTOWIEHa H HONB3VACE 3T0H dopMymod HafgHTe
JAHCKPHMHHAHT MHOrowneHa f(z) = z° + az + b.

39. JafATe ompedeacHHEe pe3yIsTaHTa JBYX MHOTOWISHOE M-0H H M-0H CTeeHEH.
IIpueeanTe OCHOBHEIE CBOHCTER pe3yIBTAHTA MHOTOYIeHOE. HafimHTe
mHorowtensl u(x) ®  v(x) Tagme, wro f(x)u(x) + g(x)v(x) =
Res(f(x); g(x)). rae

flx)=x*—10x* + 1, g(x) = x* — 4/2x® + 6x% + 4/2x + 1.

40. MafATe onpegencHHe IHHEHHOIO IPOCTPAaHCTIEA H I[PHEEIHIE IIPHMEPE
THHEHHBIX MPOCTPaHCTE. SFBIAeTcAd OH THHeHAHENM npocTpaHcTeoM V) = {f €
R, [x]: f(5) = 0} Vo = {f € By[x]: f(5) = 2}? Oteer  HeoOXOoZHMO
DDOCHOBATE.

41. afATe ompegelcHHe THHEHHOH 33aBHCHMOCTH H HE33aBHCHMOCTH CHCTEMEI
EEKTOPOE. UTo  HasmEaeTcd  0a3a3HCOM  KOHEYHOMEPHOTO  EEKTOpHOIO
npocTpancTea? Kax onmpegeniercd pazMepHOCTE KOHETHOMEPHOIC EEKTOPHOTO

OpOoCTPaHCTEA. HaHIHTe pasMepHOCTE H KaKOH-HHOYIE 033zHC JHHeHHOIO

npoctpanctea V = {f € Ry[x]: F(3) = 0}
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42 NMa#fite onpegeIcHHE MATPHOR! IIepexXoda OT OJHOTO 0azuca K JpVroMy
THHEAHOro mpocTpadcTea. ChopMyIHpyiTe OCHOBHEIE CBOHCTBA MATPHIIEL
nepexoda. [IpHeequTe IpHEMEpE! MaTPHIEI IepeXoIa.

43. HMafte ompelencHHEe MHHEHHOIOD NOJNPOCTPaHCTEA. [IpHEeIeTe OCHOEHEIES
IpEMEPE] JIHHEHHEX [IOANPOCTPAHCIE. JBMAeTcd TH 00LeIHHEHHE JEVX
MHHEHHEIX  [OOAOPOCTP3aHCTE — THHEHHEIM — DOJOpoCTIpaHcTEoM?  OTBeT
HeOOXoIHMO 000CHOEATE.

44 Madte onopegedeHHe MNepecedeHHA, CVMMEI JHHEHHEIX DOJNPOCTPAHCTE.
ChopuynmupyiiTe TeopeMy 0 PasMepHOCTH CYMMEI MOANPOCTPaHCTE. Kakasg
CYMMa HaseleaeTcd IpaMoH? IIpHEegHTe OpHMEpP CYMMEI OOANPOCTPAHCTE,
KOTOpad He SBIAETCA MpAMOH (C 0DoCHOBaHHEM ).

45. HafATe onpedeaIcHHE THHERHOTO MHOTOOOPAZHA THHEHHOTO IPOCTPaHCTEA. Kak
OmpeAenaeTcd pazMepHOCTE JHHeHHOro MHOrooOpazua? fAemserca mu V =
[x ERS:x) — X3 + X3 — x4y — 5%z = 0,x5 — X3 + 2xy + 4x: = 1} THHeHHEEMM
MHOT000pazHeM”? EcaH Ja, To HaHIHTE ero pasMepHOCTE.

46. JadTe onpedeIeHHe THHSHHOTO ONlepaTopa. UTo HasHEASTCH AOpoM H 00pazon
THHefiHOro omeparopa’ Kak ceAzaHel JedexT NMHHeHHOrO ONEpaTopa H PaHT
THHEHHOTO ONEPATOPa E KOHEYHOMEPHOM THHEHHOM IIPOCTPAHCTES.

47. Ha#iTe ompeeneHHe MaTpHUEL THHeHHOT O oneparopa. HafiaHuTe paHr THHEHHTO
omeparopa, ectE @ R¥P =R o(x) = {x;x, +xux + 1 + 13} Kax
H3IMEHHTCA MATpHIA THHEeHHOro ONepaTopa NpH Nepexode K JpPyroMy 0azHcy’
OTEeT HeoOxoZHMO 00O0CHOEBATE.

43 ladATe onpejeleHHe  HHEB3apHAHTHOIC  JIHHEHHOIO — IIOANPOCTPAHCTEA
OTHOCHTEIBHO JIHHEHHOrO oneparopa. byayT IH A3po H 00paz IHHeHHOIO
ONEPATOpPa HHEAPHAHTHEIMH  [OJANpOCTpaHCcTEaMH? OTIBeT HeodXOIHMO
00OCHOBATE.

49 Ma#fite omOpegeneHHe CcOOCTEEHHOIO BeKIOpa H  COOTEETCTEYIOMIETO
COOCTEEHHOTO FHAYEHHA THHEHHOTO omepaTtopa. YUTo HAEIBASTCH CHOEKTPOM H

Pe30IBEEHTOH THHEHHOTO ONepaTOpa.
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50, Hafite onOpegeleHHe XapaKTepHCTHUECKOTO  MHOIOYIEHR  JIHHeHHOTO
oneparopa. [lokaxuTe, 9TO XAPAKTEPHCTHYECKHH MHOTOYUIEH HE 2aBHCHT OT
EEIOOpa DazHCa.

1. Hafite onpeielcHHAe CODCTESHHOTO MOJNPOCTPAHCTEA MHHeHHOT® ONepaTopa.
Kak ceazaHml anreOpaddeckas H TeOMETPHYUECKAd KPATHOCTH COOCTEEHHOTO
3Ha4deHHA. [IpHEeIHTE HpHMep NTHHEHHOIO ONEPaTOpa H COOTEEICTIEYROIIEID
cODCTBEHHOIO 3HAUEHHA, TeOMEeTpPHUEeCKad KpPaTHOCTL KOTOpOro MeHBIIE ero
anredpandeckol KPAaTHOCTH.

52. Hafite onpelelcHAe JHATOHATHIHPYEMOTo ongpatopa. IIpHESOHTE KpHTEpPHH
JHATOHATHIHPYEMOCTH.

53. IlpHEEOHTE ODCHOEHEIE CEOHCTEA CODCTEEHHEIN THCEN H COOCTECHHEIX BEKTOPOE
MHHeHHEX OIepaTopoR.

54, CohopuymapyiTe Teopeny [ aMuIsToHa — Kamm

53, Jafite ompefjeleHHE MHHHMAIBEHOIO MHOIOLIEHA MATpPHOE JIHHEHHOIO
oneparopa. Kak cEA3aHE] XapaKTepHCTHIECKHHE H MHHHMATEHEH MHOTOTISHEL!

56. JafiTe onpedeleHHE SEKIHIOEA EEKTOPHOIC NpPOCTPaHCTEA. YTo HasEIBaeTCH
ITHHOH EeKTopa. JJoKaEHTe HEpAEeHCTEO K oME—bBVHAKOECKOTO.

57. IafiTe onpegeTeHHS OPTOTOHATEHEIX BeKTOPE. [Tyt V = R® Hmycrs

Ix 1= 3x7 + 2x35 + x5 — 4xy%; — 2xy%3 + 2X2%5.
byaer 1H yKazaHHOoe BHIpLEKEHHE ONpedeldlk HopMy BekTopa? Eciom ga, To
Hal{THTe BCE EEKTOPEI, OPTOTOHANEHEIE x = {1;1; 1}

538, lafdTe ompemeneHHE OPTOTOHAIBHOID H OPTOHOPMHPOEAHHOIO 0DazHca. Yro
HAa3EIBAETCHA OPTOTOHATBHEIM JOMOIHEHHEM K NOJIPOCTPaHCTEY EBEIHIOEA
OpOCTPaHCTEAT

39 IlpHeegwre TeopeMy oDOCHOBAaHHA opToroHanHzanue [pamz-1lIumEqara.
IlpueeguTe HAEHEIE GOPMYIE MOCTPOSHHA OpPTOHOPMHPOEAHHHOTO 0azHca,
HCIOIB2YA Ipolecc opToroHanHzanyH [ paMa-1Tvuara.

60. Kaxkas MaTpHOa HaseBaeTcH opToroHEadsHOH? IlpHEBemHTe  mpEMEp

DpTOl'ﬂHEL']]’:HOﬁ MATPHITEL
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1. HafiTe ompedeIcHHe CaMOCONPIECHHOTD oneparopa. [IpHEeaHTe IpHEMEpEI ( ©
ODOCHOBAHHEM) CAMOCONPLECHHOTO H HE CaMOCONPTEEHHOIO IHHEHHEX
onepaTopeE. KaKas MaTpHIIA XapaKTepHayeT CaMOCONpAESHHEIH onepaTop?

62 IlpHEeguTE OCHOBHEIE CEBOHCTER COOCTEEHHEIN 3H3SUeHHH H CODCTBEHHEIX
EEKTOPOE CAMOCONPAECHHELL OIEPATOPOE.

63. JafiTe onpeaeneHHe KBaqpaTHIHOH GOPMEL, 88 MaTPHITEL, PaHra KBaJpaTHIHOH
tdopmer.  Kakas kpagpatHgHag GOpMAa  HAIEIBAETCA  HEBBIPOEIEHHOH
(prIposkgeHHOH). Kak onpememdercd CHMMeTpHYIHAd OHIHHeHHaZ dopua,
IOIAPHAA K KEagpaTHIHOH dopme. [14 KEAIpaTHIHOH dopMEL

Q (X1, X2, X3) = x3 X3 + X3 X3 + X2X3
HAHTHTE CHMMETPHUHVIO OHTHHEHHVIO QopMy, DOIApHYIO K (.

64. HafiTe ompeaeneHHe KAaHOHHYECKOT? BHIA KBaJpaTHYHOH dopuel OnHmmTe
ANTOPHTM NPHBSIEHHH K KaHOHHUECKOMY BHAY KEBAIpaTHIHOH GopMEBl mpH
IOMOITH OPTOTOHATEHOTO IPe00paz0EaHHEA.

65. afte ompemencHHe HOPMAIBHOIO BHAA KBAJpaTHYIHOH dopmel. YTo Takoe
MOJIOKHTEIBEHEIH H OTPHIATEIRHEIH HHOSKCHI HHEPUHH H CHTHAaTypa
KEAOpaTHIHOH dopMel. [IpHESIHTE COOTESTCTEVIOMIHE MIPHMEPEL

66. ChopMymHpYHTE 3aK0H HHEPITHH /11 KBAIpaTHIHOH (DOPMEI C BEllleCTEEHHEIME
ko2 bHITHEHTaMHE.

67 IafitTe  oOpegeleHHe  [ONOEHTEIRHO-OIpeIeIeHHOH (oTpHIIATETBEHO-
ONpedeNeHHOH), NONOEHTEIEHO-IIONVONPEIeIcHHOE H - 3HAKONEpPEeMeHHOH
KBaapaTHIHOH dopyel. [IpHESIHTE COOTBETCTEVIOIIHE MPHMEDEL.

68. Chopuymmpviite kpuTepuii CHIBBECTPa NOMOEHTEIBRHOH ONpeIeTeHHOCTH
(OTpHUATeTLHOH ONpeJeNeHHOCTH) EKBagpaTHUHOH dQopumel  [IpHEegHTe

COOTECTCIEVIOINHC IIPHMEDEL.
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8. IlepeueHb OCHOBHOM ¥ [IOMO/JTHUTEJbHOW Yy4eOHOM JIMATEpPATYpPhbI,
He00X0/JUMOi1 /I/If 0CBOEHHUS ANCHMILIMHbBI

OcHogHas aumepamypa:

1. Kpemep, Haym IlleBeneBuu JIuHeitHast anrebpa : yueOHUK U TIPAKTHUKYM Jisl By30B /
H. III. Kpemep, M. H. ®puaman, Y. M. TpuiuH ; niog, pegakuueit H. 1. Kpemepa. 3-e
W3/1., UCTIP. U JI0TT DJIEKTPOH. AaH. Mocksa : FOpaiit, 2026 422 c ( Beiciiee ob6pa3oBaHue
) URL: https://urait.ru/bcode/582873 (nata obparterus: 22.01.2026). Pexxum goctyta:
OneKTpoHHO-OMOMMoOTeUHass  cuctema FOpaiiT, [yia  aBTOpPH3.  TO/b30BaTesei
https://urait.ru/bcode/582873 ISBN 978-5-534-08547-1 : 1639.00. [BUK ID:
RU2fURAIT2{582873]

2. Kpacc, Makcum CemeHoBHMU MaTemaTrKa B S5KOHOMUKe: MaTeMaThueCKue MeTO/bl U
Mogenu : yuebHuk ayis By3oB / M. C. Kpacc, B. II. UynpbslHOB ; OTBeTCTBEHHbBIN
penaktop M. C. Kpacc. 2-e uzf., ucmp. ¥ fon JJeKTpoH. AaH. Mocksa : FOpaiir, 2025
541 c ( Beiciiee obpa3oeadne ) URL: https://urait.ru/bcode/560379 (maTa obpairjeHus:
01.09.2025). Pexxum pocTyma: OAeKTPOHHO-OMO/MoTeuHass cuctema HOpaidt, s
aBTOpU3. TMonb3oBarenen https://urait.ru/bcode/560379 ISBN 978-5-534-16298-1
2559.00. [BUIK ID: RU2fURAIT2f560379]

onosaHumenbHas caumepamypa:
1. COopHUK 3afau 1o Kypcy "Maremarvka B 3koHoMuKe". B 3 u. U. 1: JIuHeiiHas
anrebpa, aHa/IUTAYeCKass TeOMeTpHsI M JIMHEMHOe TporpaMMHpOBaHHe : yueOHOe
rocobue f71s1 CTyA., 06y4. 110 criell. "Byx. yueT, aHamu3 U ayauT", "®UHAHCHI U KpeuT",
"Hanoru n Hanoroob6noxenue" u "MupoBasi 5koHoMuKa" / C.B. ITuemunies [u gp.] ;
nox pea. B.A. babatiieBa, B.b. I'mcriHa MockBa : PUHAHCHI U CTaTUCTHKA, 2017 256 c.
+ Tupax 500 3k3. ISBN 978-5-279-03593-9. [BUK ID: RU\FA\books\62478]

2. OpsoBa, VpuHa BiagyieHoBHa JIuHeiiHas anreOpa v aHa/IMTHYeCKasi TeOMeTPUS [I/ist
KOHOMHCTOB : y4eOHUK W TIPAaKTUKYM Ayis By30B / V. B. OpsoBa, B. B. ¥rpo3os, E. C.
dunoHoBa. DneKTpoH. AaH. Mocksa : FOpaiit, 2026 306 c ( Briciiee oOpa3oBaHue )
URL: https://urait.ru/bcode/583104 (nata obpamjenusi: 22.01.2026). Pexxum mocTyrtia:
OneKTpOHHO-OMOMMoOTeUHass  cuctema FOpaiiT, [yia  aBTOpPH3.  TO/b30BaTesel
https://urait.ru/bcode/583104 ISBN 978-5-534-20042-3 : 1539.00. [BUK ID:
RU2fURAIT2f583104]
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9. ITepeueHb pecypcoB HH(}pOPMAIMOHHO-TE/IEKOMMYHUKAI[MOHHON CeTH
«/IHTEepHeT», HEOOXOAMMBIX /I/ISI 0CBOEHHUS JUCIIUTLTMHBI
1. MndopmaiimoHHo-o6pa3oBaTenbHbIN TTopTan PuHyHUBepcuTeTa: https://org.fa.ru

2. Caur AerapTaMeHTa dHa/In3ad AaHHBbIX, TDUHATUA pEU_IEHI/Iﬁ n CbI/IHaHCOBbIX TeXHOJIOTHM.

3. OnekTpoHHasi Oubmioreka @uHaHcoBoro yHuBepcuTeta (3B) http://elib.fa.ru/
(http://library.fa.ru/files/elibfa.pdf)

4. DnekTpoHHO-60MbmoTeuHas cucrema BOOK.RU http://www.book.ru

5. DNeKTpoHHO-0M6MMOTeuHass cucTeMa "YHuBepcuTeTckas 6ubmioteka OHJIAMH"
http://biblioclub.ru/

6. *DneKTpoHHO-O0MOMMoTeUHast ccTeMa Znanium http://www.znanium.ru/

7. *DNeKTPOHHO-6MG/IMOTeuHas cucTeMa u3zarenscta «FOPAMT» https://urait.ru/
8. *DyeKTpoHHO-0MO/TMOTeUHasT CUcTeMa Hu3aTenbCTBa Jlans https://e.lanbook.com/
9. «[lenoBast oHnaliH-6ub/mMoTeka Alpina Digital http://lib.alpinadigital.ru/

10. Hayunas asiekTpoHHasi 6ubsimoreka eLibrary.ru http://elibrary.ru
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10. MeroauuecKue YyKa3aHHs /s O0y4alOm[UXCS 1O OCBOEHHIO
AUCLMILIUHBI
CamocTosiTesibHast paboTa CTy/eHTOB TPOXOAUT B KOMITBIOTEPHBIX Kiaccax. OpraHu3anuu
CaMOCTOSITe/TbHOU pa60TbI CITYyXKUT Ka]IEH,E[apHO-TeMaTI/I‘-IECKI/Iﬁ TJIaH WU3y4dYeHUsd OUCLUIUIUHBI.
B sToMm 11aHe YKa3dHd T€éMdTHKd J'IEKI.II/IFI " TIPAKTHYeCKHUX 3aHATUH. HpaKTI/IquKI/Ie 3dHATUA
MPOXOAAT, KaK TpaBWIO, B WHTepakTUBHON (¢opme. MHTepakTuBHasi ¢opMa — pelleHue
71ab0opaTopHBIX (MPaKTUUeCKUX) paboT 10 TeMaTHKe 3aHATHS B MajibIxX Tpynnax (2—4 CTyjeHTa)
C UCIMOb30BaHKeM UHCTpyMeHTapus « Jupyter Notebook ».

11. TIlepeueHr uHG(pOPMALMOHHBIX TEXHO/JIOTHHA, HWCIO/Ib3yeMbIX MpPH
OCyIIIeCTB/IeHUH 00pa30BaTe/IbHOr0 MpoLecca Mo JUCHMILIMHE, BK/II0UYas nepedyeHb
Heo0X0JUMOro TMPOrpaMMHOI0 obecrieueHHusi U WHGOPMALMOHHBIX CIPABOYHbBIX
CUCTEM

KommniekT JIMIE€H3UOHHOI'0 MPOrpaMMHOIo o0ecreyeHu:

1. Kaspersky
2. TTakeT ohHCHBIX ITPOrpaMM
3. Cpegna mogenupoBaHusi «MatLab»

CoBpeMeHHbIe Tpo)ecCHOHA/IbHBIE 0a3bl /[JAaHHBIX M HH(OPMAIHOHHBIE
CMpaBOYHbIE CUCTEMbI:

1. VlHpopmarmoHHO-TIpaBoBasi cucteMa «KoHcysbTaHT [lmtoc»

2. NndopmarmoHHo-npaBoBasi cuctemMa «['apaHT»

3. DnekTpoHHas 3HIMKIoneaus: http://ru.wikipedia.org/wiki/Wiki

4. CucreMa KoMIieKCHOTo packpbiTusi iHGopMauu « CKPUH» - http://www.skrin.ru/

CepTuduiupoBaHHbIe NMPOrpaMMHbIe W amnmapaTHble CPeACTBA 3alUThI
uHdopmanmu:

1. He MpeAyCMOTPEHBI

12. OmnucaHue MaTepHA/IbHO-TeXHUYECKOW 0a3bl, Heo0XoAMMoOM /A
0CyIIeCTB/IEeHUS 00Pa30BaTe/IbHOI0 MPOIecca Mo JUCHHUILIHHE
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1. YueOHas ayguTopus [isi IPOBe/ieHNs] YUeOHbIX 3aHSATHM, MPeJyCMOTPEeHHBIX MPOrPaMMOi,
B TOM YHC/ile TPYMNNOBbIX W WHAWBUAYalbHbIX KOHCY/IbTallUi, TEKYIero KOHTPO/IS W
TIPOMEKYTOYHOM aTTeCTalli, OCHalljeHHasi 00opy/oBaHHWEM M TeXHUUeCKHUMHU Cpe/iCTBaMHU
obyuenusi: Mebenb  ayguTopHas — (CTOMBI,  CTy/bsl, [JOCKAa  ayAWTOpHasi), Habop
JIeMOHCTPAI[MOHHOTO 000pyZI0BaHus (TIPOEKTOP, IKPaH)

2. KomnbloTepHbIii Kjaacc [ TIpOBefieHUsT Y4yeOHBIX 3aHATHN, IIpeyCMOTPEeHHBIX
MporpaMMolM, B TOM UHMC/e TPYNNOBbIX W WHAWBUAYAJIbHBIX KOHCY/bTALUM, TeKYIlero
KOHTPOJISI ¥ TIPOMEXYTOUHOW aTTeCTallH, OCHAIleHHBbIM 000py/J0BaHMEM U TEeXHUUECKUMH
cpeactBaMu  oOyueHusi: MeOesib  ayguTopHast (CTO/BbI, CTY/bsi, JOCKAa ayJuUTOpHas),
TepCoHaJTbHbIe KOMITbIOTephI, HAbOp AeMOHCTpaI[MOHHOTO 0060pyAOBaHus (TIPOEKTOP, IKPaH)
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