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1. O0mue moJiokeHHA

CamocrosrenpHasd paborta - IUIaHHpyeMas yueOHas, yueOHO-HCCIedOBaTelIbCKasl, Hay4dHO-
HCCIeJoBaTeIbCKass paboTa CTYJIEHTOB, BBEINIONIHSEMAs BO BHeayJAHTOpPHOe (ayAHTOPHOE) BpeMs IIO
3aJIaHHIO U IPH METOAIYECKOM PYKOBOICTBE IPEIOJaBaTENISL, HO 0€3 €ro HEMOCPEICTBEHHOIO YUACTH
(IIpH 4aCTHYHOM HEIIOCPEeACTBEHHOM YYAaCTHH IIpeItoflaBaTelIsd, OCTABILIOINEM BeIVIIYIO POIb 3a
paboTOH CTYIEHTOB).

CamocTtosrenbHag padora cryaeHTOB (CPC) B BVY3e sgBIgeTcS BaXHBIM BHAOM Y4eOHOH H
HaYYHOH JIEATEIFHOCTH CTYAcHTa. CaMOCTOSITEIbHAS padoTa CTYIEHTOR HI'PAET 3HAYUTEIIFHYIO POIIb B
PERTHHIOBOH TEXHOJIIOTHH OOYUYEHHS.

CamocTosTenbHas paboTa SBISeTCS Ba)kHeHImel (OpMoOHl YCBOeHHS 3HaHHH. B Xxoje
CaMOCTOSITEIIbHON PalOTHl CTYIEHTHI YSCHSFIOT 3HAHHS IO KOHKPETHOH TeMe Y4eOHOro MarepHaria,
3aKPEIUISIOT M YTOYHSIOT VK€ H3BECTHHIE H OCBAaHBAIOT HOBBIE KaTeropud. CTalKHBasCh C
HEJIOCTATOUHO TIOHSTHBIMH BIIeMEHTAMH TEMBI, CTYIEHTBI CTPEMSICS HaXOMUTh OTBETHl HIH
(PHKCHPOBATh BOIIPOCHI JUIS IIOCTAHOBKH H YSCHEHHS HX Ha KOHCYIIBTAI[HH C ITPEIOIaBaTelIeM HIIH BO
BpeMS ITPAKTHYECKOT'O 3aHSTHSIL.

3ajaun caMOCTOSTEIIbHOH pabOTEl COCTOSAT B CIEAYIOIEM:

1. Pa3sBUTE TOrHM4YeCcKOe U alTOPHTMHYECKOE MBIIIUIEHHE.

2. BripaGoraTrs MepBHYHBIE HABBIKH MaTeéMaTHUYECKOrO HCCIEJOBAaHHS IIPHKIIaJHBEIX BOIIPOCOB.

3. BrrpaboraTk HAaBBIKH JOBEICHHS PEMIEHHSA 3alauyd O TIPHEMIEMOIO IIPAKTHYECKOIO
pe3ylbTara — 4HCIIa, I'padHKa, TOYHOIO KadeCTBEHHOI'O BBIBOJAa C IIPHMEHEHHEM aJeKBaTHBIX
BBIYHCIIHTEIBHBIX CPEJICTB, TAOIMII, CIIPABOYHHKOBR.

4. BripaboTarh YMeHHE CaMOCTOSTEIIPHO pa3zbHuparhCd B MaTeMaTHYECKOM allIiapare,
IIPHMEHIEMOM B JIMTEPATYPE, CBSI3AHHOH CO CIIEI[HAIILHOCTBIO CTY/ICHTA.

5. Hayuures onepuporars aOCTpakKTHBIMH OOBEKTaMH M aJcKBAaTHO  VIIOTPeOIIATh
MaTeEMaTHUYECKHE TIOHSTHS M CHMBOIBI JUJI1 BBIpAXKEHHS KOIHYECTBEHHBIX M KaueCTBEHHBIX
OTHOIIIEHH.

CaMocrosreibHasd pabora CTyAeHTa I10 Y4eOHOH [JHCHHIUIMHE «Asmredpa» BKIIOYAEeT
IIOATOTOBKY K IPAaKTHYECKHM 3aHSITHSIM M BBIIIOTHEHHE IPAKTHUYECKHX 3aJ[aHHI, CaMOCTOSTEIIBLHOE
H3YUeHHE TeM Y4eOHOrO MaTepHaia II0 PEKOMEHIYEMOH IIHTepaType H C HCIIOIb30BAHHEM
HH()OPMAI[HOHHEIX PECYPCOB.

CamocTogfemeHad, RAGpTa MO JIHCIMIIIIHE «AnreGpa» HaNlpaBlIeHa Ha (pOpMHPOBAHHE

SNEKTPOHHOW NQAMNUCHIO
GG LIRS e ONHR €T B MM - 7 1, 500060000043E
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ITnaHHpyeMbIe PE3YILTATHI
Oy4eHH 110 JHCLMIUTHHE
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OIIK-2: CriocobeH N/-1onx2 3Haer  HeoOxXomumele | [IpmmMeHseT HeOOXOJHMEBIE

HCITONIB30BATh MaTeMaTHYeCKHE METOJIBI IUIS | MaTeEMaTHYECKIHE METOMABI IS
HeOOXOIHMBIE pereHNs 3a]1a4 O0eCIIeYEHH S | PelleHHs 3a71a4
MaTEMATHYECKHE METO/IBI 3AIIHTHL HH( OpPMAL[HH. PO eCCHOHAIIBHOM

IUULSL pEIlleHHs 3a1ay N-2onk2  YMETE: IIPHMEHSTE | AESTEIIBHOCTH.

Ipode CCHOHAIIbHOM COBOKYITHOCTB HeOOXOMMMBIX

IeTebHOCTH, MaTEMaTHYECKHX  MEeTOHAOB  JUIA

pelIeHHs 3a1au oDecIleueHH
3AIHTHI HH() OPMAL[HH.

-3 o2 Hangenen HABBIKAMI
ITPHMCHCHHA COBOKYIIHOCTH
He00X0IHMBIX MATCEMATHYCCEITX

MCTOI OB I PEIICHITA 34044
oOecIieuyeHH 3allHThI I]H(fl)DpMElI_[I]II.

2. Hean u 3232498 CAMOCTOATEIHLHOH PA00ThI

Beayimas e opraHu3aiii H ocyiecTBiIeHHSI CPC coBItagaeT ¢ 1enbro 00yUYeHHS CTYIeHTa —
¢opmupoBaHHe HaOopa OOIIeHAaYYHBIX, Mpo(eCCHOHAIBHBIX M CIEIHAIBHBIX KOMIIETEHI[HIA
Oyayiiero 6akaaaBpa IT0 COOTBETCTBYIOIIEMY HaITPaBIEHIIO ITOATOTOBKH

[Ipn opranmzaipin CPC BaXKHBIM H HEOOXOJHMBIM YCIOBHEM CTAHOBSATCSA (POPMHPOBAHHE
YMEHHS CaMOCTOSTEIIbHOH PaboThl I ITPHOOPETEHHS 3HAHMH, HABRIKOB H  BO3MOKHOCTH
OpraHM3anuyd y4yeOHOH H HAYYHOH JeSTeIbHOCTH. llenpro camMocTOSATEIbHOH paloThl CTYAEHTOB
SIBJIIETCS OBIIaficHHe (PYHAaMeHTaJIbHBIMH 3HAHHSMH, ITpogeCCHOHAIbHBIMH YMEHHSMH H HaBBIKAMH
HESTEIIPHOCTH IO  IPO(IIIO, OIBITOM  TBOPYECKOH,  HCCIIEJOBAaTEIbCKOH  JeSTEIIEHOCTH.
CamocTosrelbHag padoTa CTYAEHTOB CIIOCOOCTBYET Pa3sBHTHIO CAMOCTOSITEIIBHOCTH, OTBETCTBEHHOCTH
H OPraHH30BAaHHOCTH, TBOPYECKOr O IOAXO0Ja K PEIIeHHIO ITpo0jieM yuyeOHOro M ITpo(eCCHOHAIEHOTO
YPOBHSL.

Sagadyanvii CPC IBISIIOTCS:
- CHCTEMATH3AI[MS H 3aKpeIlIeHHE ITONYUYEHHBIX TEOPETHYECKHX 3HAHHH H IIPAKTHYECKIX
YMEHHI CTYAEHTOB,
- yIrIyOleHHE H PACIIHPEHHE TEOPETHYECKHX 3HAHH,
- (popMHpOBaHHE yMEHHH  HCIIOIb30BaTh HOPMATHBHYIO, IIPAaBOBYIO, CITPAaBOYHYIO
ITOKYMEHTAI[HIO U CIIEIHAILHYIO JIHTEPATYPY,
- PasBHTHE II03HABATEIBHBIX CIIOCOOHOCTEH M AKTHBHOCTH CTYIEHTOB. TBOPYECKOH
HHHI[HATHBBI, CAMOCTOATEIIbHOCTH, OTBETCTBEHHOCTH H OPraHN30BaHHOCTH,
- (OpMHpPOBaHHE CaMOCTOSTEIIBHOCTH MBIINIEHHS, CIIOCOOHOCTEH K CaMOpPa3BHTHIO,

CAMOCOBCPHICHCTBOBAHHIO H CaMOPCAJIH3dIITIH,
AOKYMEHT MNOgnncAH

! Emﬂ?’ﬂFﬁ@ ?fﬁl‘ﬂ'fé}gﬁﬂﬁi“éﬂb CKITX YMEHHIH,
CepTudukar: CO000043E9ABEBOS2205E7/BASO006000004

onenenen: S ALY S EARTS * WAt Eprana, cOGpaHHOTO M IIOTYyYEHHOrO B XOAE CaMOCTOSTENbHEIX

W‘EEJ{@&MEME@% ITPAKTHYCCKHX H HﬂﬁﬂpﬂTﬂpI{E}IK 3aFTHAX, TIPH HAIIHCAHIIT KYPCOBBIX H



BBIITYCKHOH KBaIH()HKAI[HOHHOH pPaboT, g 3(PQeKTHBHOH IOATOTOBKH K HTOIOBBIM 3ayeTaM H

SK3aMEHAM.
3.T exnoJioruueckasi KapTa caMOCTOAT eJIbHOH PadoThI CTY/IEHTA
OO0BEeM YacoOB, B TOM YHCIIE
BHJ IeITembHOCTH (acTp.)
Komer
CTYJICHTOB Cpencra H KoHTakTH
peam3yeMbIX
KOMITETEHII] TEXHOIOTHH ast pabota
OLIEHKH CPC C Bcero
IIpeIogara
TEIEM
1 cemecTp
OIIK-3 Iloaroroeka K nekipsaM | Komriekr 1.35 0.15 1.5
(UI-1, U]1-2, 3aJaHHH H
1J1-3) BOITPOCOB IIO
TeMaM
JUACILIMITIHHEI
OIIK-3 Iloaroroeka K Komrmiekr
(UJI-1, U]1-2, | mpakKTHYeCKHM padoTaM | 3aJaHHil H
JI-3) BOITPOCOB IIO 1.8 0.2 2
TeEMaM
JUCLIMITIHHBI
OIIK-3 (CaMOCTOSITEIILHOE Komriekr
(MJ-1, UJ]-2, | m3ydeHHe IHTepaTypPhI IO | 3aJlaHHI H
J1-3) TeMaM 1-7 BOITPOCOB ITO 9 ] 10
TeEMaM
JUCLIMITIHHEI
Hroro 3a 1 cemectp 12.15 1.35 13.5
OIIK-3 IloaroroBka K Borpocsl Kk
(UJ-1, U]I-2, | 3x3amMeHY IK3AMEHY 24,3 2,7 27
JI-3)
HToro 48,6 5,4 54
Hroro 3a 1 cemectp

4.1_[0])11[[0[{ BbINOJTHEHHS CaAMOCTOAT eJIbHOH pﬂﬁﬂ'l'hl CTYIACHTOM

4. 1. Memoouueckiie pexomenoaytil no pabone ¢ yuebHolil 1umepanypoii

IIpn paGore ¢ KHHTOH HEOOXOAHMO ITOA00paTh IHTEPATYPY, HAYUHTHCS ITPABIIBHO €€ YHTaTh,
BecTH 3armcH. JIng T1ogbopa JIHTepaTyphl B OHONIHOTEKEe HCIIONB3VIOTCS al(paBHTHBIA H
CHCTEMATHYE CKII KaTaIOTH.

BaXHO TIOMHHTH, YTO PallMOHAJIBHBIE HABBIKH PAa0OTHl C KHHIOH - 3TO BCerja OOIIbIIas
BKOHOMM I BPEMEHH H CHIL

OOKYMEHT NMoanncAaH

prru@ﬂ%ﬂl}ﬁ}ﬂfﬂ@ﬂﬁ@@]b}ﬁwﬁmn{nﬂ _PEKOMEHJYeTCs TPETLofiaBaTeneM, HTaIOMHM TIEKITHOHHBIH
2C00000 IESABBBO52205E7BA

Iéypt:: Heoﬁmnmﬂaﬂ THTEPATYPA MOXKeT OBITh TaKKe YKa3aHa B METOAHYECKHX pa3padoTKax II0
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M3yyass maTepuan 1mo y4eOHHKY, CIEAYET MEPEXOAUTE K CIIEAVIOIIEMY BOIIPOCY TOILKO ITOCIE
MIPaBIJIBHOIO YSCHEHHS ITPEAbIAYINErO, OIMHCHIBAs Ha OyMare BCE BBIKIIAJKH H BBEIUHCIEHHST (B TOM
YHCIIe Te, KOTOphIe B YUeOHHKE OITYIIeHbl HIH Ha JIEKIIHH JaHbI I CaMOCTOSTEIIbHOTO BEIBOJIA).

[Ipn msydyeHHH 1mrOOOH MUCIHHMIUIMHEL OOJBIIVIO H BaXHVIO POIIb HIPaeT CaMOCTOSATEIIbHAS
HHJIHBHIYaIbHASA padoTa.

Ocoboe BHHMaHHE CIeayeT OoOpaTHTh Ha OIMpeJelIeHHe OCHOBHBIX ITOHATHH Kypca. CTYIEHT
IOIDKEH ITOAPOOHO pazOHparh IIPHMEPEI, KOTOPBIE ITOSCHSIOT TAaKHE OIPEACIIEHHS, H YMETH CTPOHTH
AHAJIOTHYHBIE IIPHMEPEI CAMOCTOATEIBPHO. HyXHO J1OOHBATBHCS TOYHOIO IMPEACTABIIEHHS O TOM, YTO
H3y4yacelnb. [IoMe3sHO COCTaBIATH OIOPHBIE KOHCIIEKTHL. [IpH M3ydYeHHH MaTepHana II0 Y4eOHHKY
MOJIe3HO B TeTpagH (Ha CIIENHAJIbHO OTBEJEHHBIX IIOJISX) JOIIONMHATh KOHCIIEKT JIEKIpii. Tam ke
ClIeqyeT OTMEYATh BOITPOCHI, BRIJIETIEHHEIE CTYASHTOM IS KOHCYIIBTAI[UH C ITPEITOAaBaTEIIEM.

BBIBOJIBL, ITOIYUEHHBIE B PE3YIILTATE H3YUEHHS, PEKOMEHIYETCS B KOHCIIEKTE BRIJIEIISATE, YT OORI
OHH ITPH IIEPEUNTHIBAHNHN 3aIMCEN JIYUIlle 3aIIOMHHAIINCE.

OIIBIT ITOKA3BIBAET, YTO MHOTHM CTYJAEeHTaM ITIOMOIr'aeT COCTABJIEHHE JIHNCTAa OIMOPHBIX CHTHAJIOB,
coJZleprKaIlero BaKHeHIITHe H HaHOollee 4YacTO YIOTpeOnseMble (DOPMYIIBI H ITOHATHSI. TakoH IHCT
IIOMOraeT 3allOMHHTh (POPMYIBI, OCHOBHBIE ITIOJIOKEHHS JIEKI[HH, a TaK)Ke MOXKET CIIYKHTb
ITOCTOSIHHBIM CITPaBOYHMKOM IS CTYAEHTA.

UTeHHe HayyHOro TeKCTa SBIISETCS YaCcThIO ITO3HABATEIIBLHOHM JESTEIIRHOCTH. Ee 1emp —
H3BJIEYEHHE H3 TeKCTa HeoOXOXMMOH HH(opmaimr. OT TOro Ha CKOJIBKO OCO3HAHHA YHTAFOIIHM
coOCTBEHHAsI BHYTPEHHSS YCTaHOBKA ITPH OOpallleHHH K ITe4aTHOMY CIIOBY (HAHTH HYKHBIE CBEJIeHHS,
YCBOHTHh HH()OPMAIIHIO ITOIHOCTHIO HIH YaCTHYHO, KPHTHYECKH ITPOaHAIM3HPOBAaTh MaTepHal H T.II.)
BO MHOT'OM 3aBHCHT 3()(PeKTHBHOCTEH OCYHIECTRIIIEMOr O JEHCTBHAL

BRIJIETISIFOT uembIpe 0CHO6HbIE YCIMAHOSKIU 6 YMEHUU HAYYHO20 meKcmd.

HH(OPMAIHOHHO-ITIOHCKOBHIH (3aJ[aya — HAHTH, BBIAEINTh HCKOMYIO HH()OPMAIIHIO )

yCBaHBaromas (YCHIHS YHTATellsl HalpaBIIeHbl Ha TO, YTOOBI KaK MOKHO ITOJIHEE OCO3HATh H
3aIlOMHHTh KaK CAMH CBeJIEHHS H3IaracMble aBTOPOM, TaK H BCIO JIOTHKY €0 PacCyKIeHHH)

aHAINTHKO-KPHTHYECKass (YHTAaTenh CTPEMHTCS KPHTHYECKH OCMBICIHTR  MaTepHall,
IIPOAHAIIH3HPOBAB €0, OIPEAEIIMB CBOE OTHOIIEHHE K HEMY)

TBOpYeCKas (CO3MaeT Yy YMTATENS FOTOBHOCThE B TOM HIIM HHOM BHJIE€ — KaK OTIIPABHOH ITYHKT
IS CBOMX pacCyKIeHIH, KaKk oOpas IS JEHCTBHS 110 aHAJIOTMH M T.II. — HCIIOIB30BaTh CYKICHHSI
aBTOpa, XOJ €ro MBICIEH, pe3yiabTaT HaOIMOAeHHI, pa3paloTaHHYIO0 METOIHKY, JOIOIHHTL HX,
MTOJIBEPrHYTh HOBOH ITPOBEPKE).

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMWMCLIO

Ceprdndialllent oo evkBe PetceMEHOMMLDIIe 110020 06Ke K NPAKMUYECKUM 3AHANUAM

Bnaneneu: LUEEIJ&IDBE TaTesada AnekcaHapoBHa

,HJIH TOI'O HTOOBI IIPAKTHHUCCKHC 3dHATHA IIPHHOCHIIH MAKCHMAJIBHYIO IIOJIb3Y, HeO0OXOMHMO

TEQMEHIE - HTO AR HGHHS 1 PCIHICHIIC 3a4aY ITPOBOJATCH IO BEIYHTAHHOMY HA JICKIITIX MdTCPHAIIY H

CBA3dHBI, KdK ITPABHIIO, C ACTAJIbHBIM pﬂSﬁDpDM OTACJIBHBIX BOIIPOCOB JICKITHOHHOI'O KYPCa. CHE,[[}"ET



MTOJYEPKHYTh, YTO TOIBKO ITOCIIE YCBOEHHUS JIEKI[HOHHOI'O MaTepHalla C OIpeAelIeHHOH TOYKH 3PEHHS
(a HMEHHO C TOH, ¢ KOTOPOH OH H3IIaraeTcs Ha JIEKISIX) OH OYAET 3aKpellIIThCS Ha IPAKTHYECKHX
3aHSATHSAX KaK B pe3yllbTare OOCYXKAEHHS H aHalM3a JIEKI[MOHHOIO MaTepHalla, TaK H C ITOMOIIBIO
pelreHus MpoOIeMHBIX CHTYaILHi, 3agad. [IpH 3THX YCIIOBHSX CTYIEHT He TOIBKO XOPOIIO YCBOHT
MaTepHAIl, HO H Hay4YHTCS IIPHMEHSATh €0 Ha IPaKTHKE, a TaKKe ITOIYYHT JOIIOIHHTEIbHBIH CTHMYII
(M 5TO OYeHb BaKHO) JJ15I aKTHBHOH ITPOPaOOTKH JIEKIHH.

CllefyeT IIOMHHTb, 4YTO PENIEHHe KaXAO0H VY4eOHOH 3aauyd JOIDKHO JOBOJHTBLCS JO
OKOHYATEIBHOIO JIOTHYECKOIO OTBETAa, KOTOPOro TpeOyeT YCIOBHE, H II0 BO3MOKHOCTH C BBIBOJOM.
[lomy4yeHHBIH OTBET cllefyeT IPOBEPHTHL CIIoco0aMH, BEITEKAIOIHMH H3 CYINECTBa JAHHOH 3aJ[adH.
[Tone3Ho Takke (eclIM BO3MOKHO) pellaTh HECKOIBKHMH CIIOCOOAMH H CPaBHHTh ITOITYYEHHBIE
pe3ynbTaThl. PellleHe 3aa4 JaHHOTO THIIA HY»KHO ITPOAOJIKATh A0 MPHOOPETeHHS TBEPABIX HAaBBIKOB

B HX PCIIICHHIH.

4.3. Memoouueckiie pexomeHoayiil o camonpoeepke 3HAaAHLLL

[Tocrie n3yyeHHS OInpeJelIeHHOM TeMEI IT0 3aIHCcsaM B KOHCIIEKTE H YUeOHHKY, a TAaKXKe PEIeHHS
JOCTAaTOYHOI'0 KOIHYECTBAa COOTBETCTBYIOIIMX 3aJady Ha IPAaKTHYECKHX 3aHSATHSIX H CaMOCTOSTEIIbHO
CTYAEHTY PEKOMEeHAYEeTCS, ITPOBECTH CaMOIIPOBEPKY YCBOSHHBIX 3HAHHI, OTBETHB Ha KOHTPOIIBHBIE
BOITPOCKI IT0 H3YYEHHOH TEME.

B ciydae HeoOXOAHMOCTH HYKHO €Ill€ pa3 BHHMAaTelIbHO pa300paThbCcs B MaTepHAIIE.

MHorma HemzoCTaTOYHOCTE YCBOEHHS TOIO HIIM HHOTO BOIIPOCA BBISCHSETCS TOJBKO IIPH
H3yYEHHH [JaJbHEHINEro MaTepHala. B »ToM ciydae HaJ0 BEPHYTbCS Haszal H IIOBTOPHTH IDIOXO
YCBOEHHBIH MaTepHall. BaKHbIN KpHTepHH YCBOEHHS TEOPEeTHYECKOIO MaTepHajla - YMEHHE pellaTh
3aJlaydl HIIH IIPOHTH TeCTHPOBAHHE II0 MNPOHAEHHOMY MaTepHalny. OJHaAKO CIeQyeT ITOMHHTB, 4YTO
MPaBIIIbHOE pelIeHHe 3aJadyd MOJKeT TIIONYYHThCS B pe3ylIbTare IPHMeHeHHS MeXaHHYeCKH

3ay4eHHBIX (POPMYII O€3 IMOHHMAHHS CYIIHOCTH TEOPETHYECKHX ITOMIOKeHHH.

S.KoHTpoJb caMOCTOATEILHOH PA00THI CTY/IEHT OB

B paMKax peHTHHI'OBOH CHCTEMEBI YCIIEBAEMOCTE CTYIEHTOB IT0 KaKJIOH JUCIHILIHHE
OILIEHHBAETCS B XOJe TEKYIIErO KOHTPOIS H ITPOMEXKYTOUYHOH aTTECTAI[HH.
Texkymum KOHTPoOJIb

PelITHHIroBasi OlleHKA 3HAHHH CTY/JIEHTA

No B neSarelIbHOCTH CTYIEHTOB CpokH KomuuecTBO
TI/TI NOKYMEHT MOAMNMCAH BBITTOJTHEHH OarrioB
3NEKTPOHHOW MOAMMUCHIO q
lananened: | IPDAKTEEL He S5 Henena 15
D.. I IpakTiye ckoe 3aHsaTHe 10 10 Heemna 20
e cranprblRAKTIBISCKOG BARSATHE 15 15 Heptens 20
Hroro 3a 1 cemecTp 33

Htoro 55




MakcHManpHO BO3MOXHEBEIH OaUl 3a BECh TEKVIIHMH KOHTPOIL YCTAHABIHBACTCS PaBHBIM 3.
Tekylnee KOHTPOJIbHOE MEPOITPHATHE CUHTACTCS CHAHHBIM, €CIIH CTYIEHT ITOIYYHII 33 HETO HE MEHee
60% OT YCTAaHOBJIEHHOI'O IS HSTOr0 KOHTPOIS MaKCHMAJIbHOro Oarwia. PenTHHroBeIH Oaii,
BBICTABIISIEMbBII  CTYJAEHTY 3a TeKVIlee KOHTPOIBHOE MEPOINPHSATHE, CHOAaHHOE CTYAEHTOM B
yCTAaHOBIIEHHBIE I'PapHKOM KOHTPOIbHBIX MEPOIIPHATHIL CPOKH, OIpeJelIIeTCs CIIe YoM 00Pa30OM:

Ypoeeus evinonvernus konmponavnozo | Peiimuncoentit 0ann (6 % om MaAKCUMAIbHOZO
3a0aHuA danna 3a KOHmMpoJibHoe 3a0 aHue)
Omunudnvlii 100
Xopouuuii 80
Yooenemeoprumenvrutii 60
Heyooenemeopumensuoiii 0

HpﬂME?ﬂFTﬂ‘IHﬂH ATTECTAIINA

[IpomexyTouHasg arTecTalisa B (OpMe HBK3aMeHa IIpeJycMaTpHBAaeT ITPOBEICHHE
00s3aTelIbHON 3K3aMEHAIHOHHOH ITpoleAYpPrl H oreHHBaeTcsa 40 Gaymramu u3 100. B ciyyae
€CIIH PEHTHHIOBRIH Oall CTYAEHTAa IO MAHCIHHIUIMHE II0 HTOraM CeMecTpa paBeH 60, To
ITPOrpaMMOH aBTOMAaTHYECKH A00aBIISAeTCS 32 IIpeMHAalIbHBIX Oallila M BRICTABISETCS OL[EHKA
«OTIIMYHO». IlOJIOKHMTENBHBIH OTBET CTYAEHTAa HA 5K3aMEHE OIEHHBAETCS PEHTHHIOBBIMH
OannamH B guanazoHe oT 20 mo 40 (20 # SHxz ¥ 40), orieHka MeHbIne 20 0anIoB cUMTaeTCS
HEYIOBIIETBOPHTEIILHOH.

[IIxama cOOTBETCTBHSA PEUTHHIOBOIO Oarria sK3aMeHa J-0alUIbHOH CHCTEME

PelTHHIoBbIi 0211 M0 AUCIHILIHHE OneHka nmo S-0a/LILHOH CHCTeMe
35-40 OTJIHMYHO
28 — 34 XOpoIIIo
20-27 Y IOBJIETBOPHTEJILHO

MToropas olneHka I10 AUCIIUIMHE, H3YYa€MOH B OJHOM CeEMECTpPE, OIPEJEIIIeTCS II0
cyMMe GauioB, HaOpaHHBIX 3a paOOoTy B TeUeHHe ceMecTpa, H 0aJUIOB, IMOTYYEHHBIX IIPH cAade

SK3aMeHa:
[Ixana nepecuema peiimiin 206020 bania no OUCHLUNILHE
& OyeHKY no S-banisHoil cucmeme
Peiimurnzoentil 01 no oucuuniuHe OuerHka no 5-0 IIbHOU cuUcmeme
88-100 Omnidno
72-87 Xopouto
53-71 Yooenemeopumenvuo
[IOKYMEHT NoArBeali Heyooenemeopumensto

IANEKTPOHHOW NOANWUCEKO
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Horak, E. B. Bricimaa mateMaTtHka. AmreOpa: yuyeOGHoe rmocodne / E. B. Horak, T. B. Psa3anora, . B.
Hopak;, nmon pemakimeii T. B. Pa3anoBa. — ExaTepnHOypr: Ypanbckui (elepaIbHbIH YHHBEPCHTET,
OBC ACB, 2015. — 116 c. - Pexxamv goctymna: http://www .1iprbookshop.ru/69589 html

6.2. IllepeveHn JOMOJIHHT eJILHOH JIMTEPATYPHI:

Bricimasg Marematnka. Tom 1. JImHenHas anreOpa. BekropHas anreOpa. AHaIHTHUYECKAsS T€OMETPHSL
yueOHHK/ A. II. 'ocrtomapukop, E. A. Kapriora, O. E. KaprmyxmHa, C. E. MaHCypoBa; IToJi peJaKifHeit
A. II. I'ocmomapukoB. — CaHkr-IleTepOypr: HaimoHanbHBEIH MHHEPAIBHO-CRIPHEBOH YHHBEPCHTET
«I'opabLiy, 2015. — 105 ¢. — PexumM pocryma:; http://www .iprbookshop.rw/71687 . html
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BBEJIEHHUE

1. Ileanb 1 328294 H3YYeHHSA THCIIHILITHHBI

[lenp [OHCIIOUIMHEL  (OpMHpOBaHHe HabOopa oOmenpodeccHOHATBHBIX  KOMIIETEHIHIA
OakanaBpa 1o HarpapiaeHHIO IToAroToBKH 10.03.01 MudopmaloHHas 6e3011acHOCTD.

3agayH OCBOEHHS JHCHHIUINHBL. (DOPMHPOBAHHE ITPeACTaBIIEHHI O POJIH H MeCTe MaTeMaTHKH
B COBPEMEHHOM MHpe, STallaX Pa3sBHUTHS, VHHBEPCAIBHOCTH €€ TIIOHSTHH M IIPEICTABICHHH,
(OpMHpOBaHHE YMEHHI HCIIOIb30BaTh HEOOXOIMMBIE MaTeMaTHYECKHE METOBL A1 PEIICHHSI 3aJa4
podeCCHOHATIBHOH JeSTeIhbHOCTH.

2. OdopyaoBanne H MATEPHAJIbI
IIpakTiyeckue padoThHl IO JHMCIHMIUIMHE «AJredpa» IIPOBOAITICS B YUeOHOH ayIHUTOPHI C

MYIIbTHMe IHa 000pYyAOBaHHEM: IMPOEKTOP, KOMITLIOTED, SKPaH HACTEHHBIH.

3. HanMeHoBaHHe NPAKTHIECKHX padoT

No HauMeHOBAHHE TeM AHCIHHHIIJIHHBI, HX KPATKO0€ COOdePAAHHE O0beM 3 Hux IMPpAKTHYECKAH
Tembl Hacoe NoaroToprAa, Yacobe
THCIH
ILLTHH

bl

1 cemecTp
OcHOBHBIE alre0paHdecKHe CTPYKTYphl. OnepaiH H 1,5 1,5
1 anreOpel. Mopdn3mel. AnreOpbl ¢ OJHOH OIlepalHeH:
ITOTYTPYIOIBI, MOHOHJEI, I'PyIOIbl. AITeOpEl ¢ JIBYMS
OIepaIHsIMH: KOJIbIIA, OIS
2 [Tome  KOMIIEKCHBIX  uHcel.  J[eHiCcTBHSI  HaJ 1,5 1,5
KOMIUJIEKCHBIMH YHCIIaMA
DopMEI ITpeicTaBIeHHS KOMITIEKCHBIX YHCelT 1,5 1,5
JleficTBHSI HaJl MaTpHI[aMH 1,5 1,5
BerumcaeHHe — ompejielIMTENIell  pas3lokKeHHEM 110 1,5 1,5
sIIeMeHTaM CTPOKH (cTonlra)
OOpaTHas MaTpHI[a 1.5 1,5
PaHT MaTpHIIEI 1.5 1,5
Hccnemopanne cHCTEM JIHHEHHBIX VpaBHEHHH Ha 1.5 1,5
COBMECTHOCTh
4 PemeHne  HEBBIPOXKAEHHBIX  CHCTEM  JIHHEHHBIX 1.5 1.5
YpaBHEHHI MeTOAOM Kpamepa
4 Pemennie  HeBBIPOXKAEHHBIX  CHCTEM  JTHHEHHBIX 1,5 1,5
YPaBHEHHIT MATPHYHBEIM METOJIOM
4 | PemenyE SHGIEMO BHlgIHEIX  ypaBHEHHIT MeTOZOM 1,5 1,5
CEpTHd}HEETF&E_’ﬂﬂﬂﬂGdE'rEEL-’-"-.BBBQEEEDEETBAED*]DE*]EIGDDJSE
Snapenelt CreTERiET T EITRER " OqHOPOMHBIX — YPAaBHEHHMI. 1,5 1,5
DyHIaMeHTaIbHasI CHCTEMA PEINEHHH
Ao eI ITHETE " ONEPAIH  HaZl BeKTOopaMH. PazTokeHHe 1.5 1,5
BEKTOpa IIO OpTaM KOOPAHMHATHEIX OceH. [|eHCTBIA




HaJ[ BEKTOPaMH, 3aJaHHBIMH ITP O KI[HSMH

5 CKallsIpHOE, BEKTOPHOE M CMEIIAHHOE ITPOH3BEICHI 1,5 1,5
BEKTOPOB

6 BekTopHbIe MpoCcTpaHCTBAa H HX ITPOCTEHIIIE CBOHCTBA 1.5 1,5

6 JIMHelTHO 3aBHCHMBIE H JHHEHHO He3aBHCHMBIE 1.5 1.5
CHCTEMBI BEKTOPOB BEKTOPHOTI'O IIPOCTPAaHCTRA

6 PasmepHOCTE M 0a3HC BEKTOPHOr O ITPOCTPaHCTBRa 1,5 1,5

7 CoOcTBeHHBIE BEKTOPHI H COOCTBEHHBIE 3HAYEHHS 1,5 1,5
JIMHENHBIX OIePaTOpOB

Hrtoro 3a 1 cemectp 27 27

4. Coep:kaHue NpPaKTHIECKHX padoT

Ilpakmuueckoe 3anamue 1. OcHoéHble anzedpauueckue cmpykmypsl. Onepauuu u aazeopsl.
Mopghuzmsr. Anzebpst ¢ 00HOU onepauueill: noayzpynnsl, MOHOUObL, Zpynnel. Anzedpsl ¢ 06yms
onepauuaAMu. Koisld, noJiA.

I[ens: BeIpaboTaTh IMpeAcTaBiicHHe 00 OCHOBHEBIX alredpanyeCKHX CTPYKTYpPaX H HX CBOHCTBaX
Coodepicarue:

OMHapHas OIeparyis,

IIONYIPYIIIA, TpyImIa, abejlera IpyImia, KOIbI[O, TOJIE.

Teopemuueckan uacms:

B MaremMartHke M pasiIMYHBIX €€ IIPHIIOKEHHSIX BaKHYIO POJIb HI'PArOT TaKHEe MaTeéMaTHYECKHE
OOBEKTBI, KOTOPBIE HAa3BIBAIOTCSA alreOpanyecKMMH CTPYKTYpaMH. B IIHPOKOM CMBICIIE ITIOJ
anreOpanyecKoil CTPYKTYPOH ITOHHMAIOT BCSKOE MHOXKECTBO, Ha KOTOPOM 3aJlaHbl HEeKOTOPBIE
orneparpy (T.e. 3aKOHBI, CTAaBSIIHE B COOTBETCTBHE OJHOMY HJIH ITape 3JIEMEHTOB IO ONpeAelIEHHOMY
MIPaBIITY APYIOH 3IEMEHT ), 00IaJaromHe OnpeaeléHHBIMH CBOHCTBAMH.

DOIBIIIMHCTBO CBOHMCTB M PE3yIbTaTOB 00 53THX MHOKECTBAX IIONYYAOT, OIMHMpasich Ha
KOHKPETHYIO IIPHPOAY BIIEMEHTOB 3THX MHOXECTB M Ha KOHKPETHBIH CMBICII OIEPAIlMI HaJ HIMH. B
TO K& BPeMSI MHOTHE PE3YJIbTaThl MOJKHO ITOIYYHTh HE3aBHCHMO OT ITPHPOABI 3THX MHOXKECTB H
KOHKPETHOI'O CMBICTIA OIEPAIHI, a HCXOIS TOIBKO U3 CBOHCTB 3THX OIEPAL[HI.

Cpean TakHX CBOHCTB OIEpalHil paccCMaTPHBAOTCS. aCCOIMATHBHOCTh, KOMMYTATHBHOCTD,
TUCTPHOYTHBHOCTh, HAIIMUHE CIEIHAIBHBEIX 3IIEMEHTOB, OONIAMAOIHX OIPEAEIIEHHBIMH CBOHCTBAMH
(HyleBOH, eIHHHYHBIH (HEHTpaIbHEIH), OOpaTHBIH 3eMEHT K JaHHOMY H T.1.).

B 3aBHCHMOCTH OT KOJIMYeCTBa OIepalHd M CBOHCTB, KOTOPBIMH OHHM OOJIaJ[ar0T, PasIIH4aror
CIIeIVIOIHe anrebpanyecKHe CTPYKTYPHL.

Ilonyepynnoii Ha3pIBaeTCsI MHOXeCTBO (7, Ha KOTOPOM 3ajJlaHa OMHapHas OoIlepalisd * (4acTo eé
Ha3BIBAIOT YMHOKEHHEM H 0003HAYalOT * ), JJISI KOTOPOH BHITIOIHSAETCS CBOHCTBO aCCOIIHATHBHOCTH,
T.e. A1 mo0HX a,b,c € G (akb) ¢ = ax(bkc) . Eciin B monmyrpylmie MMeeTcsI HeHTPaIbHBIH
BIeMeHT e (HyJIeBOH, eJHHHYHEIH), T.e. TAKOH, YTO ake=e*xa=a I IMoooro a€G, To noayrpyima G
HasbIBAETCS yHumapHoii (TIOTYTPYTOION ¢ HYJIEM, MOIYTPYIOION ¢ efuHHIeH). Eclm B momyrpyImie
BBITIOIHSAETCS KOMMYTATHBHBEIH 3aKOH, T.e. €ClIH M MOOBIX a,bE(G axb = b*a, TO IOIyIpyIdIa
HasbIBACTCA Kommym amiieroii (HIIH abeneeoil).

YHHUTapHas MOIYTPVIIIA Ha3kIBAETCS 2pynnoil, €CIIH I o0oro a& (G CyIIeCTBYET OOpaTHEIH
seMeHT b &< @G, T.e. Takoil, UTO axb = bxa = e. ECIH JONOIHHUTEILHO BBIIIOTHIETCSI CBOCTBO
KOMMYTAaTHBHOCTH, TO TI'pPYINIa Ha3bIBAeTCA KommymamueHoii (NN abeneeoii), H B 3TOM CIIydae
OOBIMHO TIPHUMEHSETCS AIIHUTHBHAS CHMBOIIMKA, T.€. OIepaiisa oOo3HavaeTcs +, HEHTPaIbHBII
3J1eMeHT 0, Gﬁgmﬁmﬁ&a Ha3bIBAIOT ITPOTHBOIIOIOXKHEIM H 0003HAYaeTC . -a.

Ceprucnkd CTTH 0B 0 AOSTESBOIL o EPVA sdoboszet) HAPSAY C Ollepallfiell CIOoKeHHSI + 3ajlaHa eIllé OJHa
63§15 572509 62 Ml § 003§ 63 219 (o3 24 Loee, Sald 6 i 3 + ), KOTOpas CBSI3aHa C + JHCTPHOYTHBHBIMH 3aKOHAMH:
(a+b)xc=(axc)+(bxc) , ax (b+c)=(axb)+(a*c) mnamo0eX abec & KHu Oxa=ax0=0
I et or09.082@2m0 K 081923 K HasbIBaeTCa koavtjom. EcaH B Komblle (K , +, ) JOIOIMHHTENBHO IS
ITPOM3BENECHNS * BBITIOIHSETCS aCCOI[HATHBHEBIN 3aKOH, T.€. €CIIH

(ax b) kc=ax(bkxc) mnamobHx ab,c & K,



TO KOIBI[O HA3BIBAECTCS accoyuamiuéHuvim. A eCIIM KPOME TOTO CYIIECTBYET €UHHYHBIN 3IIeMeHT 1, T.e.
TAaKOH, UTO l*a = akxl=a 11 moboro a€ K, TO KOJIBIIO HA3BIBAETCS yHumapH sim (WIH KOIBIIOM C 1).
Ecim B KOJBIIE BBIOIONHSETCA KOMMYTATHBHBIH 3aKOH [ >*, TO KOIBI[O HA3BIBAETCH
KOMMYMAMUGH bIM.

AcCOIMAaTHBHOE YHHTApHOE KOJBI[O, B KOTOPOM Ka)KIbIH HEHYIEBOH 3JIEMEHT @ HMEET
OGpaTHBIH @', T.e. TAKOIl, UTO a*a ' = a'*xa = 1 HasbIBaeTCsI menom. KOMMYTaTHBHOE TENIO HA3BIBAETCS
nonem.

Bonpocet u 3a0 auu:
1 ABasteTcs mi creayromee MHOXKECTBO TPYIMION, KOIBIIOM, ITOJIEM OTHOCHTEIIBHO CIIOKEHHS YHCENT U
YMHOXEHHS YHCETL:

- MHOJKECTBO JIEHCTBHUTEIILHBIX YHCET,

- MHOKECTBO palfHOHAIFHEIX YHCET,

-MHOJKECTBO I[EJIBIX YHCEIL,

-MHOJKECTBO HEOTPHIIATEIBHBIX PaI[HOHAIILHBIX YHCEIL,

-MHOJKECTBO HATYPaIbHBIX YHCEI,

-MHOKECTBO HEOTPHIIATEIBHBIX JeHCTBHTEIbHBIX YHCETT,

-MHOJKECTBO YEeTHBIX I[ETIBIX YHCETL,

-MHOKECTBO HEOTPHIIATEIBHBIX IIEIIBIX YHCE,

-MHOJKECTBO IIPOCTHIX YHCEIL,

-MHOKECTBO KOMITIIEKCHBIX UHCEN?

2.Yto Takoe OHHapHASA Orepafis?

3 JlafiTe orpefierieHHe IPYIMIOHIA.

4 Kakas OHHapHas oInepalfisa Ha3bIBAaeTCs KOMMYTaTHBHOH , aCCOILIHAaTHBHOH ?

5.UT0 Takoe HEHTPAIbHBIH 3JIEMEHT, CHMMETPHYHBIH JIEMEHT ?

0.Kak Ha3pIBaeTCs CHMMET PHYHEBIN , HENTPAJIBHBIH 3JIEMEHT JUIS CIIOKEHHS? IS YMHOKEHHS?

7. JlafiTe orpeaerneHHs IMOYTPYINILL, T'PYIIIEI H ITOATPYIIIEL. [IpHBeHTE IIPHMEDEHI.
8 Kompia. Temna. [loma. /laite onpeneneHue. [IpuBeanre mpHMepHI.

IIpakmuueckoe 3anamue 2. [lone komniekcHoix unce. /[eiicmeus HaA0 KOMIWIEKCHLIMU YUCIAMIU.

Ilens: chopMHpoBaTh ITpecTaBIIcHHe ITOIe KOMIUIEKCHBIX YHCEN, BBIpaOOoTaTh YMeHHE BEITIONHSTH
IeNCTBHS HaJl KOMITIEKCHBIMH YHCIIAMH
Codeporcarue:

KOMIUIEKCHOC HICJIO, MHIIMAAd CIHHIId, PABHBIC KOMIIIICKCHBIC HHCJIA, COIIPAKCHHBIC KOMILUICKCHDBIC
HHCIIA.,

H300pakeHHE KOMITJIEKCHOI'O YHCIIa Ha ITIOCKOCTH XOY,
CIIOJKeHHE, BEIUMTAaHHe, YMHOKEeHHE, JelIeHHEe KOMIUIEKCHBIX UM CETL
Teopemuueckan uacms:

YnopsgodeHHas Iapa JABYX JEeHCTBHTEIBHBIX YHCEN (X, V) HA3bIBAETCS KOMIICKCHBIM YLICAOM
z =(x, ). MHOKeCTBO KOMIIEKCHBIX YHCE 0603HauYaeTca C .

Uncma Buaa (x, 0) — 5To AeficTBHTENbHBIE yHcla, yrcna Buga (0. 1), rme v #0 ectdh umcTo
MHHMBIe yncia, yucio (0.1) mamvas egmHmia 1 od6o3Havaercs / =(0.1) rorma (0, ») =»(0.1) =iy
, urcno (0.0) ecTh HefiCTBHTEIBHOE YHCIIO HYIIb.

Yucno x =Rcz HazeBaeTcs deiicmeumenvHoii (BEIECTBEHHON ) YaCThI0 KOMIUIEKCHOTO YHCIIA
z =(x,»), auncmo ¥ =IMz muumoii YACTBIO KOMITIEKCHOTO YHCIIA.

J[Ba KOMIDIEKCHBIX YHCIIA Z, :{Jr] :.}--‘]] H 25 :(Ig jjf‘;): HA3BIBAKOTC I PAEH biMLL, ECIIH PaBHBI HX
IEeHCTBUTEIIbHEIE H MHHMBIE YACTH, T.€.

2] =22 < X =Xy, N =)

COOTHOIACHHTEHD OPBIMEANICHBITIE TSI KOMIIIEKCHBIX UHCEII HE BBOIHUTCS.
ONEKTPOHHOW MNOANWUCHIO_

Cepruburd OMIIIIEKCHOG s WHCTIO e i0aadobedbds= X + 77 M300pakaercst B ImockoctH XOY Toukoit M ¢
KOOPIHHATHNEI (e 1) - THIOe BERTOPOM, HAYaIIO KOTOPOTO HaXOAHTCSI B Touke (J(0,0), a KOHEIl B TOYKE
M(x.).

Nencteutened: ¢ 19.08.2022 no 19.08.2023 ﬂeﬁﬂﬂiﬂim H.{_‘Ia KOMILIEKCHBIMU YUHCTAOMLL

IIycTh maHbI Z| :(Il ,}’]) H 2o :(.‘:g_..}‘g]:, TOI'Zla



1]

iz: :(:‘C] ifftz "-};J. i_]‘:z]n
7y vZr =(X) X5 = VIV, X Vo X)),

.Il.ji:-j'l'"lf' };2 XA }:] - “Tl 1 q

Z

| _ 2TV 2. Yo | .
i e e e PP RS
| Xy T Xy + )3

z =x +iy — anreGpanieckas Q)Gpma 3aITHCH KOMIJIEKCHOI'O YHCIa, TOrJa
Z| "2y =(Jr.1 +r;1,.-*1) -(_r.z +f).’2) =XpX, Hix p, +

X '_}11*')+!'(L1]r’~ “1"2«1}1)'

KomrmnekcHble 4umcia =2 :(Iﬁ .1":} =x+iy g =z —(_,J;, s ¥ } =X -y . ¥ KOTOPBIX I[EﬁCTEHTEHBI{BIE
HYdCTH PpaBHBI, d MHHMBIC OTIHYAIOTCA 3HAKOM, HA3BIBAIOTCH 63aliMHO CONPAMNCEeHHbIMIL HIII
KOMIIEKCHO CONPAMCEHHDBIMIA.

+ ‘F',':E.]’"l + fi_]r-’lj;z :{.ﬁ

HeTpyaHO BHAETH, UTO |z| ==z = /x + y* , 4TEZ == arg z (kpoMe 4Hcen z =x < III HUX
arg z =argz =7,
JlenneHHe KOMIJIEKCHBIX YHCeTl B anreObpanye cKOH (popmMe
zZ Z1 "2 Xy X, T ¥ Vs X2V = X
1:]_2:]i 11'. 4 [ ]2.-
Zy  ZIq 7In ‘{j + 5 Xy + V3

I[EﬁGTEHTEJ]LH&H yacTh X =Rcz ® MHMMag dacts VY =lmz xomimiekcHoro umcia =
BBIPDAAAKOTCH HCPE3 COIIPAKCHHBIC KOMIIIICKCHBIC YMHCIIA CIIEAYIOIITHM GﬁpﬂBGMZ

Re 7 :E""rfn Im = =.=,':_ z_z-°
2 2 2§
[IprmMep. I1okazate, Uto z; +z, =z +z,.
Perienme: JlokakeM 3TO paBEHCTRO, HCITOIb3YS OIPeIelIeHHE
Zptz, =(xy b ) - Wy s ) =(x - v ) (X, - iy ) =2 2,
[IprMep. HafiTH mpoH3BeleHIEe H YaCTHOE YHCENl Z; =2~ 3 H Z; = 4+£
PertieHue:

22, =(2- 3= 444) =-R+2i+12i- 3i" =-8+14i +3 =-35+14i,
2.3 (2-3-4-47) -8-2i+12i+3i° -8+10i-

z, - 4+f (-a+il-a-4) (- 4)° - ;2 4+ B
- 1L+10i 11 lor 1L
= —- —+ =- —+ 21,
5 5 5 5
zy =4+ (C4+002+3) - 8-12i+2i+3i7 _-8-10i-3 _
o 2-3i (2-30(2+3)) 22 _ (3;)2 4+ 9
-1-106 11 108
13 13 13

(1- 2i)(2- 3i)
(3- 4i)(4- 5i)

Perrenme. Mcmonesys Ipasiia pacKpeITHS CKOOOK M BBEITIOITHEHHS AEHCTRII HaJ
KOMIUIEKCHBIMH YHCIIAMH, ITOJTY UM

HQIMEQZ BBIUHMCIHTE 3HAaUEHHE BBIPAKCHIHA

(1- 2i)(2-3i) _ 2-3i-4i+6i° _ 2-7i+6i~ _-4-7i _ 4+7i _
(3- 4i)(4- 50) 12-15i- 16#+30f2 _1:3- I +2027 - %-3G R+3L
@+ 7i8- 31 32-124i+56i- 217i°  249- 68 249 68
(R +310(8- 31i) 64 - 961i° 1025 1025 1025

Bonpocst u 3a0 @2MEHT NOANMCAH
ANEKTPOHHOW MOAMNMCLIO

]Ce@h&‘mé@ﬂ%@mmd 3E9ABBBY52205E7BA500060000043E

@"ﬂﬂ%ﬁ_—_u_ i meﬁaymsa TateAHa AnekcaHgpoBHa

'L— w_-.+1|

EH TETTE!I'IE!H I:J-EL E?EEIEE no 19.08.2023
B ( 1 ’\.. ‘!l

2. OHPEI[EHHTL MOJYIIb KOMIUICKCHOI'O THCIIA.



. . _ ‘ -4 - 2§ 7=
a) z =2-31.6) z=-7T+2i.B)z=3-4i;r) z=13-i;0) 2= —e) Z =——.
-3-1 | +7;
IIpakmuueckoe 3anamue 3. @ opmol npeodcmasieHUa KOMNJIEKCHBIX YUCeIL.

Ilens: BBIpaOOTaTh YMEHHE IIPeJCTABIIATh KOMIUDIEKCHOE YHCIO B (pOpMe, TpeOyeMOH IS PelleHHs
3aJaun

Codepocarue:
MOJIYIIb, ApT'YMEHT KOMITIIEKCHOT'O YHCIIA,
TPHTOHOMEeTPHYECKas H IMMoKazaTeIbHas (DOPMBI 3aITHCH KOMIUIEKCHOT'O YHCIIA,
BBITIOITHEHNE JEHCTBHH HaJ KOMIUIEKCHBIMH YHCIAMH B TPHTOHOMETPHUYECKOH M ITOKA3aTeIIbHOH
(popMax.
Teopemuueckan uacms:
B IoISpHONH cHCTEME KOOpPAHHAT IIOIOKEHHE TOYKH Ha IUIOCKOCTH OIPEHelsIeTCs ee
paccrosHHeM /’ or momtoca O: |OM| =g (. NOISIPHBIH pafHyc — BeKIOp TOYKH) H YITIOM @,

o0pa30oBaHHBIM OTpe3koM OM monsapHOH ochklo Ox (@ MOISPHBIH YIOJI TOYKH). YTOJ @ CUHTAETCH
ITONIOAUTEIBHEIM IIPH OTCUYETE OT IONISPHOH OCH ITPOTHB YaCOBOH CTPEIIKH.

Ecm Hayano I[EK&pTGEGﬁ HPHIMIG}TGHBHGﬁ CHCTEMbBI KOOPAHHAT COBMCCTHT C ITIOJIFOCOM, d OCb

Ox HAaIIpaBHUTh IO ITOJSIPHOI OCH, TO IPSMOYTOIBHbIE KOOPAMHATHL x H v ToukH M (X.)) H ee
MOISIPHBIE KOOPAHHATHEL £/ H @ CBS3aHBI d)ﬂpM}ﬂElhﬂ[ X =0Cosg, ¥y =ppsing:

B 1
£ :'\."-’L"_ ‘F{I‘;‘ﬂ — .
X

Torga KOMIDIEKCHOE YHCIIO MOKHO 3aIiicaTh B BHJIE
z =x+iy =p(cos@+ising).
Ota (popmyIia JaeT TPHIOHOMETPHYECKYIO (POpMyY KOMITIEKCHOT'O YHclIa. [IpH sToM,
z| =p = | =y/x* + 37 Ha3BIBAETCA MOOYIEM KOMIIEKCHO20 YUCAA, a YTOII & =82 — apeymenmom

KOMIIeKCcHO20 Yticna. YTOII ¢ =/ATZZ orpefiendeTcs HeOJHO3HAYHO, a C TOYHOCTHIO JO CIIaraeMoro,
KpaTHOTO 2.7 :

Argz —margz + 2k, &K =0, 2.,
rae arg(z)ecTh ITTaBHOe 3HaUYeHHe Arg(z } , OIPEJEISIEMOe YCIIOBHEM ~ T < Alg Z =7 [pHYEM:

HMMeroT MecTOo CIICAYIOOTHE COOTHOIIICHH A

, V - by
1o(Arg(z2)) —_' sin( Arg(z)) = = - cos{ Are(z)) = — =

_JL' ,‘J' X + v < “n..." s ¥ -

JIBa KOMIUIEKCHEBIX YHCIa = H Z, PaBHBI TOTAa H TOIBKO TOIJA, KOrAa X MOAVIIH PaBHEIL, a
HX apryMEHTHI JIHOO PaBHEL, THOO OTJIMYAIOTCSA Ha BEJIMYHHY, KPaTHYIO 2.7 :
|z, | =|za|, Arg(z)) =Arg(z5) +2m (n =0,21,22,.)
Ymnooicenie xomnnexcuvix yicen e mpuzoHomempiide ckoii popme
Z, "I, = (cosgy +isIngy ) 04 (COsSE, Fising, ) =

; .7 . . . . . o
=0, 2, (COS gy CO3 g, +17 sing) sing, +i(cosg, sing, +sing cosg,)) =

=102 (cos(gy + @) +isin(gy +@n)).

ToecrTs,

2125 = zy| |za|, Arg(z,z,) =Argz, -Argz,

DTO MPaBWIO PACIIPOCTPAHSIETCSI Ha JEOOOe YHCIIO COMHOXKHTEIeH. Ecim Z; =z, =... =Z,,, TO
IOITYIHM ghopmyny Mvaepa
=" =p"(cosng +isinng).
Toects, = | ACO VLD oz + 22k (A =0, +#2.0)
Ceptucbmkar: 2C0000043E9ABBBA52205E7BASIDDBTRBE MO YIISI KOMIUIEKCHBIX UH CE]
Bnageneu:  lWe6ayxosa TaTbsHa AnekcaHapoBHa
=l ==l 2. 2z =|z|?, 3. Imz, =l==a],

‘f. vliTﬁﬂren_er_T,n?na 2022 no 19.08.2023 - ., 6. Rez| =|z|, 1mz| =||

5. 1=

== ‘E'}
= i

‘-’Ez ?EO

e




—_— — = | —~ —
7_ 52 +_|‘ ‘_““'“3:-2 +|;|

8 ‘__-ﬂ - o ‘ "-T:_\_|""_:| -
— a_I =
> . -

enenile kOMNIEKCHBIX YllCeNl 8 MPLI2OHOMempliyeckoii popme
_ P (cosg, +ising,) o (cosg, +ising. J(cosg, - ising,)

z, o (cosg, +ismeg,) . (cosg, +ising, cosg, - ising,)

©. (cos@, cos, +sIn @ SIN ¢, ) +1(51n ¢, COS¢, - SIN @, COSE. )

Je2 COS™ g7, + 51N~ ¢,
0
=— {cos(g. - @, ) +ism(g. - ¢)).
£
Toectb
2 U e L — g e
| Arg — =Argz, - Arez,
=) <2 -2
H3eneuenus 1z KkomniaeKCHO20 Yucia KOPH3 1n-otl cnieneil
— argz + 27k .. argz+ 27K
;J(anp + 51N @) =14/ T| COS + 751N
3

7 n )
rome £ =0.1.2,....n- 1.

Ota (opMyna JaeT POBHO # Pa3THYHBIX I{DpHEﬁ mpu £ =0.1.2,....n - 1.

ToukH, COOTBETCTBYIOIIHE 3HAUEHISIM %/ = , SBIISIOTCS BEPIITHAMH ITIPABIILHOTO #1-YTONbHIKA,

BITHCAHHOTO B OKPYKHOCTb pafiyca R =%/|z ¢ I[eHTPOM B Hauaie KOOP/IHHAT.
JlokazaHO, YTO Ha KOMILUIEKCHBIE CTEIIEHH ITOIOXKHTEIbHBIX YHCENl PaclpOCTPaHSIOTCS Bce
IIpaBHiIa AEHCTBHIL CO CTEIIEHSIMH H

= 3k

e” =& ="' oY =&t (cosy +isin V).
Ecmn x =0, To mMeeT MecTo ¢hopmyna Siinepa:
eV =cosy +isin .
Hcrnonp3ysa gopmyny Dilllepa, IMOTYYHM ellle OJHY (opMy 3allHCH KOMIUIEKCHOI'O YHCIIa —
ITOKa3aTeIbHYIO.

R R

{'A]'g:-

z =z(cosg +ising) =ze'" =|ze =|z]e""&
Ornepaniy Haj 4HCcIIaMH B II0Ka3aTeIbHOIH (hopMe
7oz = e =iy N =pips RAAEN 2y Az, ER TR

- L : - |
=] :."E’-"l"{“'J _.I'(jl _Em’q-ﬂj ‘ l‘{}:[;irg:’:-;lrgzgj

7

i

: pﬂf o |
—{,{s‘f_’ h _‘I..J.Irfm-;: :|# o inaarE
Iral iy arg =+2.m

|'; HII’ J.i.-': l A P - rl[e k :U...I.._.z,..., IF}I- - J. .

=R fet =g ﬂ e =JﬂL.": €

[TokasaTempbHas QYHKIHSI KOMIDIEKCHOTO IIEPEMEHHOIO = f(z) =¢” SBISeTCS IePHOINYECKOIT
C TIEPHOIOM 27tki, TAK KaK
Fz+ 2aki)y =™ "™ =¢° ™™ =¢"(cos2ak + isin 2k) =7,
T.e. f(z+27ki)=[(z).
Ecau z =0, 10 27 =] U ™™ =].

HEIMEQ KoMIuiekcHOe YHCIIO =z =-2 + 7*\,’ 3¢ IIPEACTABHTL B TpHI‘OHGMETpH‘IEEI{GH d)DpME

Pemenne: 3nech x =—2, v =2~/3 . [lo popmyne » =|7 =yx? +y7,
Ioy"1acM AOKYMEHT MOANVCAH

SNEKTPOHHOW NOANWUCEIO f _ _
Ceptudomkar: ECEI'[I'[I'[I'MSEE,&BBBQEEEDEETBASD*]*}EUE:E!QW&E]j —+ (2.5;'“3 ]—} —. a";]. + 12 =4.
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa '
[To popmymam
Heicteutened: ¢ 19.08.2022 no 19.08.2023 . . Y Y
cosg =" = — (sing =- = = ﬁ
’ 7 | I.II 2 27 v 7 _ 2 ;2



ITOIIYI4dCM

I
Tak KaK cos¢g =- 5 TO (¢ =Farccos

2
=L+ 2k, k€7
IJle Z — MHOKeCTBO LelbIxX uncen (0, =1, +2, ...).
i
[Tockoneky ¢ TipHHAIIeXHT Il UeTBepTH, TO ¢ =Argz :5,;; + 2.7k, a TTIaBHOe 3HAYeHHE

2
apryMeHTa ¢ = _ 7.

—_

[TosTOMY YHCIIO = B TPHT OHOMETPHYECKOH (pOpMe HMEET BHJ

2 . 2T
z =4(cos + S1n ).
3 3
M OXHO HCITOIB30BATh H IPYTHE 3HAYECHHS ATg-:
g .| 2
z =4| cos 1 + 27k | +isin 3 + 2 A =0,H,12,...
A _

[Tprvep: IIpeacTaBHTh yHcIa z; =- | +i+/3, z, =1- i3 B TPHTOHOMETPHUECKOIT (pOopMe.

|I I : -.""I'IIIFS ||I_ -
Permrergie: Tak Kak " :WI{_ E _I_(wag) =2, Ilgqg, =- T =+/3, HO ¥V~ U, X =< U:, TO €eCThb
2 2 2 ,- — HB -
I;I;Ql :—.,-T:' TO Z =7 COs—a +r1s1nm—;r , a s :_1\"!1.:'. +[_ '\.."3):_ -9, Ig-i;:{;z — 1 :,.\.-'3: HO V¥V ﬂ:{}: X }0:
T x|l .| a)]
TO €CTh ¢ =- , TO Z7 =2\ cos| - —|+isin|- — ||
3 3 3
- <1
HQIMEQ: Hantn , IIPEABAPHTCIIBHO 3aICaB KOMIUICKCHBIC HHCJIA B
ZaZq

2
TPHICOHOMETPHYECKOI popMe, ecit Z; =1 +i, z, =3 +i H z; =143/,

Pernenue: YUUTEIBASA 4TO, - 7 < ¢ =4 HalieM MOJIEIIb H apryMeHT KaKJ[0ro KOMIUIEKCHOTO
YHCIIA:

L - i s
A z, i =v1°+1° =42, ¢ =arcigl = 4
| Yy _ I_ s
A 7, p, :ﬁhf'(.w-'j]"‘ +1° =2 M §p =g —— = -,
£ £ "~._-'I_ (]
I e s

A 2,y =1 +3P =2 m @y =arcigy3 =

—

Tormga 3agaHHbIe YHCIIA B TpHI‘GHDME:TpH‘IEGI{Dﬁ Q)OPME HMCIOT BH ],

.r s S/ £ .. A a .. T
Z) =~2(cos +isin ), zo =2(cos _+isin ) zy =2(cos _ +isin_).
4 4 O 6 3 R
Cile1oBaTelbHO,
a .. T | T ... T | a7 R S
Zy 'Zy =2(cos—+isin—) -2(cos—+isin —) =4(cos(—+ —) +isin(—+—)) =
6 6 3 3 6 3 6 3
S
24{c05;+r511’1?}.
[IOKYMEHT NOANNCAH
Torma SNEKTPOHHOW NOANUCHIO
Ceptuchmkar: 2C0000043E9ABBBI52205E7BA500060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023



i, T
_ Nv2(cos  +isin ) :

.\.‘," s 5 A Lo . e A
— 4 y (cos(— - ?)+fsu:1(1- —) =
Tz e I Z : £ .
23 4(cos— +isin—) -
2 2 ’
~
*M";, .-?I- . v ..-"T
=— -(cos(- =) +ism(- —)).
4 4 :
[TpiMep. Hatitn 3/1 .
Y — O+2a .. 0+27%
Penrenne. 1 =3/cos0+ismm0 =cos + i s1n .
[Ipn & =0.1.2 momyyarorcs KOpHH
cty =cos0+isin0 =1,
20 . . 2o 1 i
zy =cos—— +isin— =—(- 1 +i/3),
3 2
d= . . 47 1 .
(ty =cos—— +iIsin— =—(-1-1+3).
3 3 2

[Ipn k& =3 o5 =cos2x +isin27 =l yro coBIAmacT ¢ ¢y Bce Imocaemyromme KOpHH OYIyT
TIOBTOPSATHCSA, TaK YTO PA3IMYHBIX KOPHEH OYIeT TOMBKO TPH.

Bonpocet u 3a0 auu:

1. Haltu neHCcTBHTEILHYIO H MHHMYIO YacTH YHCIIa

- 1+
a 0 .

)[_IHJ -0) (1-4)°
2. Hauitu MOZYIIb H apryMeHT KOMIUIEKCHOT'O YHCIIa

; A S .
a) 1 +;'%,0) - cos S isin B) (1+0% (1= iy3)°.

3. BrimonmauTe apH(pMeTHUYEeCKHEe JeHCTBHSA HaJ, KOMIUDIEKCHBIMH YHCIIaMH. M300pasHTe HaljeHHBIE
YHCIIa Ha KOMITIIEKCHOH TUIOCKOCTH.

11 Llll(l +f~..,-"3;')ﬁ - 60+ 2; 19 II'(2- 2 +72 + 4
N - -6+9 TN G- s

| J 7
| ) - (2-35)°
[ 230 - (2- 30

| 2
(2- ) -3
1 = 14, 2— 2 2
V48 (1+7) \ (- 144)°
| BERE A3 | - _ ~ )3
s :“.(1 2i) +[1T21} | e 33 (2+_5_;)
44 (1+4) V (1+3)°14
1.7. 4/- 128 + 11283 . o 1 +i3
8455
].9 h.‘t.-"f— & +f8-xﬁ"3 i 1 10 ;II'_ 1 f%“‘l%
R Y
1.11. 4/- 128 - 71283 . 1.12. 4/- 8- 83
|I .o . I . ."'_'1
- J(l +-\,-'3.Jj - 60+2i 14 Ha(- 1++3i)
\' (2- - 6+9 Vo2
A

EHEW
CepTudmkar: ]ECL&I'OQL L B2

1.16. 4/- 128 - 1283 .
#Ejﬁrﬁﬁﬁ‘%ﬁ?ﬁﬁﬁ‘ﬁﬁﬁﬁﬂ_ﬁﬁﬂﬂﬂﬂ{]JSE
Bnapneneuy; Tergama -eﬂtaﬁ':\:l,pbﬁé
1.17. /- &;.

Nencteutened: ¢ 19.08.2022 no 19.08.2023

LlleBayx

18 E:fl - 2i) + 1 +2;)
44 (1+4)



1.19 ;.'r(l +31) - 6042 (2- 20" +72 +4i

1l : 1.20. 3| (- 2)°
\I (2-7)-6+9; \| - 2i)° +5;
II 3) (- 42 32
]”21.;ﬁ1*hﬂ3ﬂﬁ_ 604—2[_ ]”22_ﬁ“2ii%} -(zf;h)
\I' {2 - ;:'}'1 - 6+9 \I 48 [1 +I.*]__
123 ,Illl(l +-v’§i)h - 60+ 2§ 194 I|'[2_ 1) 472 + 4
23« _ 24 3,

'V (2-7)V-6+9 '\ (1-2i)° +5

| |I — 6
125 4|( 1+‘~'3*‘J_ 126 ;Il(l+-w"3i) - 60+ 2

\ 2 .\Il (2-7)V - 6+9;
(2+3i) - (2- 34) (2- )7 -3
P e S )

4 300pa3snuTe HaHAEHHBIE YIClIa Ha KOMIUIEKCHOH IUIOCKOCTH
| — h
3" - 60+ 21
El) 11 A ,
\I {2- J!J' - 649
(2- 2" +72 +4i

3

6)3\1: (-2 +5
IQHK2+MF-(2-EF
Vo4 (144)"

IIpakmuueckoe 3anamue 4. /[elicmeus HA0 Mampuuamil.

HEJII’:.' ELIPH@GTE],TL YMCHHE IIPHMCHATE aJITOPHTM BBIHIOIIHCHIA IeHCTBHH HaJ MATPHIIaMH Had
ITPAaKTHKE

Codepocarue:
ITOHSITHE MaTPHIIBI, BHIALI MaTPHIIL,

dJITOPHTMBI CIIOKCHHA MaTPHIT, YMHOXKCHHA MATPHIIBI Hd THCIIO, YMHOKCHITA MATPHIT.
T eopemuieckana 1acmb.

[IpsmmoyronpHass TaOnnia U3 m * 1 YHCEN, COAEpKamas /7 — CTPOK H » CTOJIOIIOB Ha3bIBAETCS
mampuieii 1 0003HaAYAETCS

o ty, ~ooa, a3 t, -~ d,

a, d,, o4, a, a,, - d,
A = I A =

liI'l'.'.I Hﬁ'-': T HJT'!' w ﬂl:"] ﬂl:"': " i? ATEIT

HJIH KOPOTKO MaTpHIYy 0003HavarT A= || a; |, i=1.2,....,m,j=12,....n
CIIOKEHHE MATPHIL

IIyCTh JaHBI 1B MAaTPHIBL A H B OQMHAKOBOI'O CTPOEHHS. MX cyMMOH HaswsIiBaeTca MaTpuila C =

A + B TOro ke CTPOeHHS, AIIeMEeHTHI KOTOPOH PaBHBI CyMMaM COOTBETCTBYIOIIHX 3JIEMEHTOB MaTpPHIL 4
HB, Te ecrmAd= ||ag|| B =||b;|, To A4 +B C =|esll.

-2 5] (2 1 -3
[Ipumep: A ‘ 4 3 3= 5 4 | Toraa
+1 5~

et VCAH
aﬂ%%@%%aw

Cepucmkar: 2C0000043E9ABBBI52205E7BAS00060000043E 7
Bnanenbd TMETIAN0: HEQ. - CKAAABIBALD MOKHO TOJIPKO MATPHI[BI C OJHHAKOBBEIM YIHCIOM CTPOK H C

OJHHAKOBBIM YHCIIOM CTOIIOIIOB. ﬂEﬁCTEHE CIIOKCHHA MATPHI[ MOKCT OBITH PacIIpOCTpPaHCHO Ha
@IMM@E@Q@H@}&@Q@‘@&ICH& ClIal'aCMbBIX OOHHAKOBBIX CTpGEHI]ﬁ.

PazHocThio B - A maTpHil B n A (OJHHAKOBEIX CTPOEHHI) Ha3bIBaeTCs TaKas MaTpHIla X, 4To
A+X=B.




. y 2 1 4] o _"3
aTripHuMeD, —x 5 3 Ixa =
'3 5 7 2 1
X =B- A= -
2 -1 4] [-2 3

5 7]
‘ Torma

H sl

MEI,TPHI_[EI, O:. BCC 3JICMCHTBI KOTOPOH PdBHBI HYJIFO HA3bIBACTCA H}"JIEEGH MEITPI]]_[EII O‘IEEILI[HID:. A

+0=A4. A-A=0.

PasHocTh O — A4 o0003HauyaeTcs yepes —4. Marpuiia —4 Ha3bpIBaETCSH HPOomMiEONON0HCHOLE MATPHIIE

A.
YMHOKEHHE MATPHIL.

a) YMHOKEHHE MaTPHIIBI Ha YHCI0. YTOOR YMHOKHTE MaTPHITY Ha YHCIIO 0., HaJ0 YMHOXKHTH Ha

3STO YHCIIO I{El}K,I[BIﬁ SIIEMEHT MaTPHIIEL.
(9
_ |“'

[Ipumep. 4 = cx =3, A =3

S T (W
AN

0) YMHOXEHHE JBYX MaTPHII.
YMHOXKeHHE MaTPHIBI B Ha MaTpHIy A4

.-'_?

[ ay || =1 aay]
-1 6

5719

- 3"

—

15|

—

.
3

BO3MOMHO TOIIBKO B TOM CIIVHAC, KOI'Td THCIIO CTONOI[OB

B MaTpHIle B paBHO YHCITy CTPOK B MaTpHIIE A.

OnemMeHT MaTpHIll C = B - A, pacnooKeHHbIH B i-OH CTPOKE H j —OM cTONOIE (T.e.

C;) paBeH

CYMME ITPOH3BEJIEeHHI 311eMEHTOB i — OH CTPOKH MaTPHILI B HAa COOTBETCIBYIOINHE 3IeMEHTEHI j — IO

CTOIOIAa MATPHIIBLI 4.

ClieyeT OTMETHTD, YTO YMHOKEHHE MAaTPHI[ HE KOMMYTAaTHBHO, T.€. AB # BA.

Hampimvep A :[] 2 n B= -2
-1 3 .3 5]
HUmeeMm | |
b 2-2 L) [ LD +23 0 1l+2 5 _[' 4 11‘|
A-B = — . o =
-1 31103 5] |-1(-2)+33 1(-DH+3-5] |-11 14
H-A:_l l"‘“'l 2'”:*'-2~l-l~l 2{-2)+1-3‘|:"'-3 -1
3 51-1 3) 13- 1+5-(-1) 3-2+5-3 | |-2 21|
AB + BA4

Bonpocet u 3a0 auu:

3amava 1. JlaHBI KBagpaTHEIE MATPHIIBI 2—0r0 IOPSAKa

A= 51 B=
BrrunicimiTe cleQyIOIHe BEIpaKEHH:
a)
0) .
3amava 2. JlaHBI MaTpPHIEL
A=, B=, C= D=, F=.

Brerumcmire CIICOVIOIIHE MaTPHYHBIC BBIPAKCHITA (ECHH I{EII{EIH—HIIﬁy,I[L OIICpaliAa HE OIIPCACIICHA,

Gﬁ'LHGHIITE: HG‘IENI‘_’;")Z
a)
0) .
B)
r) .
)
e) .

3amava 3. J|aHBI KBaJApaTHEIE MAaTPHIIBI 2—0r0 IOpSAKa

[OKYMEHT MOANVUCAH A=

[T ANEKTPOHHON I'IDiI'IHEbI’D
%% EID[MEE

llleGayxoea TaTeAHa AnexkcaHgpoBHa

BIYHCITT

epTHd}hHaT

@,qeneu
0) ;
&I)zHCTEMTenEH: c 19.08.2022 no 19.08.2023
3amauya 4. JlaHbI MaTPHIIBI

H B



BeIwricimite cleayiOmpe MaTPHYHBIE BBRIPpaKeHHS (eCIH KaKas—HHOYAb OIlepalliis HE OIIpejellcHa,
OOBSACHHUTE, ITIOYEMY):

a) 2;

6)

B) |

r);

1) |

e) .

3amava 5. JlaHBI KBagpaTHBIE MAaTPHIBEI 2— Or'0 IOPSIKa

A= 151 B=

Berumicmre , H.

3amava 6. J[aHBI MaTpPHIIEI

A=, B= C= D= F=

3amaua 7. BerumcianTe CcHeAyIOIIHE MaTPHYHBIE BBIpaKeHHSA (eCIH KaKas—HHOYAb OIlepal[Hs He
oIpejieieHa, OOBSICHHTE, IIOUEMY ):

S ) )

IIpakmuueckoe 3anamue 5. Boiuucnernue onpeoenumeeil pasiodceHuem no JjieMeHmam cmpoKu
(cmonouya).
Ilens: BEIpaboraTh YMEHHE IIPUMEHSTE AJITOPHTM BBIUHCIIEHHS OIPEAEIIUTEIS N-TO MTOPSAIKa
Cooepacanue:
MIHOP, aJIre0panyecKoe JOIIOIHEHHE 3IIEMEHTA
AJICOPHUTM BBEIYHCIIEHHS OIPEAEIIUTENS N-T'O MTOPSAKa
Teopemuueckana uacms:

BEIYHCIIEHHE ONPEAETUTENEN

Ecim B MaTpHIle YHCIIO CTPOK PABHSETCS YHCIY CTONOIOB, T.€. m = n, TO MaTpHIla Ha3bIBAETCS
K8aop anHoil.
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OrnpeaenuTellb, COCTABIECHHBIH H3 BIEeMEHTOB KBaJpaTHOH MaTpHILI (0e3 IlepecTaHOBOK)
Ha3bIBAETCS ONPEAEITHTEIIEM MaTPHIBL A.
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BEIL-IET]?]IMI: HTO HC KBaJPpdTHAA MATPHI[da HE HMCECT OIIPCACIOITCIIA.
YHCIIO a1 as» - a» ay» Ha3bIBaeTCs OIIPEACIIHTCIIEM BTOPOI'O ITOPAAKA H 0003HaYaeTCsI CHMBOIIOM
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OrnpeaenTenb TPETHETO TOPSIKA TaKKe paBeH CyMMe ITPOH3BEJEHHH AIeMEHTOB HEKOTOPOH
CTPOKH (cTONOIa) Ha anreOpandecKie JOIIOITHEHH S STHX SIIEMEHTOB, T.€.

A=a A, +a,A,. +aA5: AN =a A, +d, A, +ay Ay
A=da, Ay +andy +andsyy A=apd, +anAd, +ay, Ay,
A=u, 4, +ta,. A, +ua, A, A=u A, +a. A, +a,, A,
Harpimvep, pa3inoxkeHHe OIpefelNTeNd 110 3IIeMeHTaM IIePBOIl CTPOKH:
AR/ SUZ . |t s R (7 S
AN =a, (-1 o ClHa, -1y 7 Cota,, (- T =
.., a.. B o, d., i, ..,

=0l (@€l = Ul V= (U g = Uy s ) Fal (U gy = Uy sy ) =

PasmnoskeHHeM IO 3IeMeHTaM CTPOKH HIIH cTONOI[a MOKHO BBIUHMCIIHTD QITPEACIIHTCIIb TH000ro

ITOPAIKA. B xadecTBe IIPHMEPd PaCCMOTPHM OIIPEACIIHTCIIE HCTBCPTOI'O ITOPAAKA H Pa3JIOKRHM €I'0 ITO
JJIEMEHTAM HEPEDﬁ CTPOKH.

I =1 2 3
1 -1 4 1 -1 4

1 1 -1 4 - N o

| I=1-1"" 13 1 3l+(-D«-D2 1 3+

2 3 1 3
1 0 3 3 () 5

3 ] 0 5

1 1 4 1 1 -1
+2 (-2 3 3+3(-D"2 3 1| =1(5+0-3-4-0+15)+

had
AN
Ak
-

+1{(54+0-9-12-04+10)+2{(15+5+9- 3G6- 3-10)- 3(0- 2+34+9-0-1) =

=13-6+2(-17)-3-9=13-06-34- 27 =-54

PacCMOTpeHHEBIH OIpeAeHTENh MOKHO BEIYHCIHTL JAPYTHM CIIOCOOOM. A HMEHHO, YMHOKHM
SIIeMEHTHI TIEPBOH CTPOKH Ha (-1) M CIOXKHM C 3JIeMeHTaMH BTOPOH CTPOKH, 3aTeM YMHOKHM
BIIeMEHTHI IIePBOH CTPOKH Ha (-2) H CIIOKHM C COOTBETCTBYIOIIHMH 3JIeMeHTaMH TPeTheH CTPOKH H,
HaKOHELl, YMHOKHM 3JIEMEHTHI IIEPBOH CTPOKH Ha (-3) H CIIOKHM ¢ COOTBETCTBYIOIIHMH C 3IIeMEHTAMH

YeTBEPTOH CTPOKH. T Oorja IOJIy4YHM OIPEENHTENb 4-I0 IOPSIKa, B IIEPBOM CTOJIOIE KOTOPOrO CTOST
HYJIH, KPOME IIEPBOH CTPOKH, T.€. HMEEM OITPEAeIHTEND:

1 -1 2 3
2 -3 ]
0o 2 -3 1 | |
o s - 3 =a, A, =1-5 -3 -3=24-30+36+12- 36- 60 =-54
D - -
4 -6 -4
0 4 -6 -4

Bonpocet u 3a0 auu:

3amauya 1. JlaHbl KBaJgpaTHBEIE MAaTPHIEI 2— Oro ropsiaka A= u B =
BrIumcmiTe cieayrolie BeIpaKeHI:

a)

6)

B) .

IIpoBepbTE, UTO .

3amaua 2. /laHbL KRAARATHHLGMQATPHUIL 3— 0 MOpSAIKa

A= ¥ B 2EKTPOHHOM MOAMMCHIO

geim vrkar: 20000004 3E9AB8B952205E FBASDD060000043E
Rl
a) |
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IIpoBeprTE, UTO .



2 3 5 1 I 1 1
3agaya 3. BerumcmmTh onpefermmrendn: a) ! 4 - 2/.0) |x v z|;B) 1+ a I 1.1
-1 0 1 X =z 1 1+ 7/
_ 1 -1 2 3 -2
-5 1 -4 1
] 1 -1 2 1
1 4 -1 5 N | \ S
4 01 -8 1872 )
3 2 1 -2 3
3 2 6 2
-2 ] 3 4 3

IIpakmuueckoe 3anamue 6. Obpamuas mampuud.

I[ens: BEIpaboraTh YMEHHE IIPHUMEHSTH aJITOPUTM ITOHCKA OOPAaTHOH MaTPHIIBI
Codepocarue:

oOparHasi MaTpHIIA,
MaTpHIIA,

aIICOPUTM ITOHCKa 0OpaTHOH MaTpPHIIHL.

Teopemuueckan uacmes:

[IycTe 3aaHO HEKOTOPOE YICIIO a H ITYCTh CYIIECTBYET TaKOE YHCIIO m, YTO am = 1. Ymncmo m B
3TOM CJIydyae HasbIBaeTCsd OOpaTHBIM A a. EciiH, Telneph, pacCMOTPHM KBaAPaTHYIO MATpPHIY N-—TO
IopsaKa, TO eqHHHYHAas MaTpuia E Oyaer urpars poib eQUHHIEI. ECTECTBEHHO ITOCTABHTEH BOIIPOC O
CYILECTBOBAHMH OOpaTHOH MaTpPHIIBI, T.€. TAKOH MATPHI[LI, KOTOPas B IIPOM3BEAECHHH C JAaHHOH JacT
eIMHHYHYIO MaTpHILy E.

[Tycts A — KBagpaTHas MaTpHIla n-ro rnopsaka. KBagpatHas maTprija X (TOro ke IOpSaKa 1)
Ha3pIBaeTCa oOpaTHOM 1 A, ectt AX = XA =E.

KBagpaTHass MaTpHI[a N-TO IIOpsSAKa Ha3bIBaeTCsI OCOOEHHOH (BBIPOKIAECHHOH), ECIH ee
OIpeJieNINTelNlb paBeH HylIro. Eciam ke A (A) £ 0, To A HazbIBaeTcsI HECOOCTBEHHOH (HEBBIPOKIEHHOH)
MaTpPHIIEH.

JIg HaX oK IeHHSI 00paTHOH MaTPHIBI, pacCCMOTPHM MaTPHILY TPEThETO ITOPSIKa

BBEIPOKACHHAA MATPHId, IIPHCOCAHHCHHAA MATPHIld, TPAaHCIIOHHPOBAHHAA

() t, i e, i, o
A=|a, a, a, A =la, a., a.| #0
maﬁl "'f'{_‘ﬂ.‘-' (“33 H ]_[}"CTB sy s
OO6partHOit MaTpHIeil A GyIeT MaTpHIa:
| A ‘43” ‘4.“
& ‘& ‘&‘ | f.i” .frij] f.i'.:]
A, A, A, 1 ) "
;4 | — |2 LL e - — ‘,4’? Aﬂm ;4.:',., )
A A A A T T
A y 4 A. A, A,
13 723 gk L = S
A A A

rje Alj ecTh arreOpaHyecKoe JOMOIHeHHe 3JeMeHTa al] onpefenuTrelrs A = A (A).
[TpuMmep. Haiitn oOpaTHYIO MaTpHITy A, eciH
[ 2 2 3
A =] 1 -1 0
-1 2
Perenne: HanjgeM orpeieIuTenbh MaTPHIIBL

. > 2

= e -
TOVMEHT ot ¥ =2 - 0-2=7170

4

A =1

- 1 SNEKTPOHHOW NOAMNMUCHLIO
Cepti T. ECDGDGGdE'-EELEEBBQEEEDEETBAEDEIDEEEIEIDDJSE

Bnanendd AX QAHM A5 OP ARG e GR 6 LI OITHEHHL
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-1 0 1 0O 1 -1
A, = =- 1 1, =- =-1 | — =2
2 | -1 1 -1 2
2 3 | 23 2 2
A, =- =-(2-6) =4 A4, = =5 4 =- —=-6
: 2 1 = -1 - -1 2
2 3 2 3 2 2
A, = =3 4., =- =3 4, = =-4
- -1 0 : 1 0 1 -1
ClegoBaTelIbHO,
A A, A, ,
o e -1 4 3) (1 -4 -3
E Al:- ’431 *’43: Ll -1 5 3 | = 1 -5 =3
A" = ‘4'3 A?} ASF ) = . -6 -4 - & 4
IIpoBepka: A A-1 =E
2 2 31 -4 -3 2+2-3 -8-10+18 -6-06+12)]
1 -1 0 1 -5 -3 =| 1-1+0 -4 +5+0 -3+34+0 | =
-1 2 1/0-1 6 4 - 14+2-1 4-10+6 3- 6+4
1 0 0]
=0 1 0O|=F
0O 0 1]

Bonpocet u 3a0 auu:
1 .3amaHa KBagpaTHas MaTpHIla 3— I'O IOPSAKA, HAHTH OOPaTHYIO MaTpHILY.

3 an "

2 MoxeT 11 MaTpHIla HMETh JIBE OOpaTHBIX?

‘8 6] ‘41 |
3. Penmts MaTpHYHOE YpaBHEHHE ‘ X - ‘ ‘ =

1 2] 7 48] 155
‘3 -1} [ 4] 19}
X - :[ ‘

§ 2J 19] " 115]
2 6] I 11 (7]
PR

-3 1 m‘ 14
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IIpaxkmuueckoe 3anamue 7. Panz mampuul.

I[ens: BEIpaboTaTh YMEHHE IIPUMEHSTEH aJITOPHTMBI BRIUHCIIEHHS paHra MAaTPHI[bI
Coodepicarue:

MITHOP MaTPHIIbI, paHI” MATPHITEL, SJICMCHTAPHDBIC HpEGﬁp&BGEﬂI—]I[H MATPHII, CTYIICHYATad MaTPHIIA,
MEeTO/I, OKAaHMIISFOIIHX MIHHOPOB, METOA 3JIEMCHTAPHBIX HpEGﬁpﬂBOEﬂHIIﬁ.
T eopemuieckana 1acmb.

PaccMOTpHM HEKOTOpYIO, He obsazamensHo keadpamuyio MaTpHIly .4 . BriGepeM Kakme-
HUOYIb .5 HOMEPOB CTPOK £y4f5+...0iy H ¥ HOMEPOB CTOIOIOB /14 f2seevs Js.
Onpenenenne. Munopom nopsoxa S MaTpHIlbI 4 (COOTBETCTBYIOIHM BRIOPAHHBIM CTPOKaM

H GTDH@HH&I) HAa3bIBACTCA OIIPCACIIMTEIIL IIOPAIKA Y ) GﬁpﬂSGEﬂHHLIﬁ JJICMCHTAaAMI, CTOMIIHNIT Ha
IICPECCUCHHH ELI@I)EIHHLIX CTPOK H CTGJI@I_[DE:. T.€. HHCIIO

ﬂf‘] /1 ai:.f': U gf].f'.f
vy e _|Tha Qg i,
M s = |
it
i:rf . ﬂf '_ 4 E '::Iri' r
OOKYMEHT UDﬂHHCHH 54 A2 o g

Kaxrad " MdipHia sMee cromxo Mimopos frarHoro mopsjka .S, CKOTBKHMH CIIOCOGAMIt
Ceprudmkar: 2C0000043ESABBBY52205E7BAS00060000043E

MOJHO, BLIOPATh:HOMEPACTRQH oskg » £ o ++-» L H CTOTIOLIOB f1» f2srees Jq.
Omnpenenenne. B marpriie .4 pasmepoB fH XH MHHOD TOpSJKa .S Ha3bIBAETCS OaA3lCHbIM,

SO OH OETHMEH OF Hy#H 9528 BCE MHHOPEI ITOpSAKa § + | paBHBI HYIIIO HIIH MHHOPOB ITopsaka § +1 vy
MaTpHIBI 4 BOOOIIE HET.



SICHO, 4YTO B MATpHIIE MOKET OBITh HECKOIIPKO PasHBIX Oa3sHCHBIX MHHOPOB, HO BCe Oa3HCHEIE
MHHOPBI HMEIOT OJHH H TOT K€ IOPSHOoK. JIeHCTBHTENBHO, eCIIH BCE MHHOPHI IIOpAIKa S + | paBHEI
HYIIIO, TO PaBHBI HYIIIO H BCe MHHOPBI ITIOpAJKa § + 2, a, CIIeIOBATENIbHO, H BCeX OOMIBIIIX ITOPSTKOB.

Onpexpenenue. Paveom manmpuyst HA3BIBAETCS IOPSAOK OAa3HMCHOIO MHHOpa, WIH, HHAYe,
CaMbIF OOIBINON TOPSZOK, I KOTOPOrO CYINECTBYIOT OTJIMYHBIE OT HYJII MHHOPBEI. ECIH BCe
3JIEMEHTHI MaTPHIIEI PABHBI HYIIFO, TO PaHT TaKOH MAaTPHIBI, IT0 OMPEAETIEHIIO, CUNTAIOT HYIIEM.

Panr Matpriml 4 6ymeM o6o3HayaTh cMBOIIOM # (1) . W13 ompeeneHus paHra clIeqyeT, YTo
U1 MaTpHIml 4 pasMepos M XA cripaBeinBo cooTHommenne O =7(A) =min(m,n)

PaccMoTpHM CITOcOOBI BEIMHCIIEHHS PaHTa MaTPHIIBI:

a) Memoo oxaiiMasiouux MUHopoe

[Iycts B MaTpuIle HafigeH MuHOp M A -TO Topsyaka, OTIIHYHEI OT HYyIS. PacCMOTPHM JIHIIb
Te MuHOpPEI (A + 1) -ro mopaaka, KOTopkle comepkaT B cebe (okaiwistror) MHHOP M : eclH Bce OHH
PaBHEI HYIIFO, TO PaHT MaTpPHIEI paBeH /A . B IIPOTHBHOM ClIydae CpeaH OKaHMILIIOIIIX MHHOPOB
HaiieTcs HeHynepoi MuHop (A + 1) -ro mmopsaka, 1 Best poleqypa IIOBTOPSIETCAL.

[Iprmep. Haitti panr Matpuiipl 4 MeTOZOM OKaIMIISIOIIX MHHOPOB.
_[ ~_ > s 1J

= i

BriOepeM MHHOP BTOPOrO IMopsaka M. = =0 CyIiecTBYeT TOJIBKO OXHH MHHOP TPETBETO

1
TTOPSAKa, OKaiiMISIFOIIIT BEIOPaHHBIIL MHHOP M . BBIUHCIINM €TO.

M, =f 2

=1 R I.

F=-03T+240-0+3 7 -2
-3 7

SRR I B A Sy T e LR B R R R P

3HauHT, MHHOP M 5 Ga3sHCHBIN, a paHT MaTPHIBI PaBeH ero Mopsuky, T.e. #{ A1) =2.

SIcHO, yTO NepeOHpaTh TaAKHM CIIOCOOOM MHHOPEHI B ITOHCKaX Oa3HCHOIO — 3ajiaya, CBS3aHHAS C
OOIBIIHMH BBIYHCIIEHHSIMH, €CJIH pa3Mepbl MaTPHII He OueHb Majbl. CyYINECTBYET, OJHaKO, Oollee
IIPOCTOH CITOCO0 HaXOKAEHHS PaHra MaTPHIBI — ITPH ITOMOIIH 3JIeMeHTaPHBIX ITpe00pa30BaHHIA.

0) Memoo snemenmapm vix npeobpazoeariiii

OnpefeleHHE. JneMeHmapHviMil Hpeobpazoeanusmil  mampuiysl HA3BIBAIOT CIeTYIOIIHE
IpeoOpa3oBaHHU
1) yMHOKeHHe CTPOKH Ha 4HCJIO, OTJINYHOE OT HYILT,
2) mpuOaBIIeHHE K OJHOH CTPOKE APYTOH CTPOKH,
3) INepecTaHOBKY CTPOK,
4) TtakHe e IMpeoOpa3zoBaHH CTOIOI[OB.

[Ipeobpaszopans 1 H 2 BEITIOTHSIOTCS ITOIEMEHTHO.

KoMOHHHpY4 IpeoOpa3zoBaHH S IIEPBOrO H BTOPOI'O BHIA, MBI MOKEM K IIFOOOH CTPOKE ITPHOAaBHTH

ITHHEHHYIO KOMOHHAIHIO OCTAIbHBIX CTPOK.
TeopeMa. DnemenmapHsie npeobpaz06an1Ia He MeHsIIoN PaH2a MAmputybl.

Unes IPAKTHHYCCKOI'O MCTOdd BEIMHCIICHHA PdaHI'dA MaT PHIIbL

™

ay ap oy,
4 = 1y Uz .. Uy,
| a a a

il pil 2 L

3aKITIOYAETCSI B TOM, UYTO C IIOMOIINBIO BIEMeHTAapHBIX ITpeoOpa3oBaHMil JaHHYIO MaTtpury .4
IIPHBOJIST K BHIY

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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by b by b e by,
U J]EE EJE i bl__,.l“ +1 we F:'_" #
B = 0 0 h.'r h! e+ hf'n -
0 0 0 0 0
0 o ... 0O 0 .. 0

B KOTOPOM «JHArOHAIbHBIE» HIeMeHTH Dy;.055,....0,,. OTIMYHBEI OT HYII, a BIEMeHTHI,
PacIONOKeEHHBIE HIJKE «JIHArOHAIBHBIX», PABHBI HYIIIO. YCIOBHMCS Ha3bIBaTh MATPHIY /3 TaKOIoO
BHJIa TPeyTONbHOH (HHAaYe, ee HAa3bIBAIOT JHArOHAIBHOH, TpaIlellHeBHIHOH IIH JecTHHYHOMH). [locme
IIPHBEIEHN ST MaTPHIIBI 4 K TPeYroJIbHOMY BHIY MOXHO Cpa3y 3aImcarh, uto #(A) =

B camom gene, #(A) =r(B) (T.K. pIeMeHTapHbIE IIPeoOpa3oBaHHsI He MEHSIOT paHra). Ho y
MaTPHILI /3 CYINECTBYET OTIIMYHBIH OT HYILI MHHOP IOpsaKa 7 :

f}l 1 E:'] > . ‘{-]| ¥

{_} f_}-}z .- !ll}z'
: by, by by 20,

0 0O ... b,

a M0O0H MHHOP ITOpSAAKa # + | coJepKHT HYJIEBYIO CTPOKY H IIO3TOMY PaBeH HYIIIO.

CopMyTHpPYEM TEIEPh NTPAKTHYECKOE MPAaio eviytic/ieHs panza MaTPHIIBI 4 ¢ TTOMOIIBIO
SIIEMEHTAPHBIX IIPeOOpa3OBaHHIl IS HAXOXKIEeHHS paHra MaTpHIBl .4 CcleQyeT ¢ ITOMOIIBIO
AIIEMEHTAPHBIX ITPeoOpa30oBaHHil IIPHBECTH €€ K TPeyrolbHOMY BHAY /3. Torma paHr MaTpHIml A
OyZeT paBeH YHCIIY HEHYIIEBBIX CTPOK B ITOIYUYEHHOH MaTpHIle /3 .

[Iprmvep: HafiTh paHr MaTpHIGI 4 METOLOM SIIEMEHTaPHBIX IIPe0o0pa3OBaHHIlL:

a — —_ = -—

- | E—
— 1 — —_— o= — B ‘
= — -— [ | ] == =

Penterme: [ToMeHsIeM MeCTaMH Hepﬂyfo H BTOPYIO CTPOKY (T.K. IIEPBHIH 3IeMEHT BTOPOH CTPOKH —1 H
¢ HeH OyJeT yA0OHO BBEIIOIHATE MpeoOpa3oBaHs). B pesyibpTare MomyyHmM MaTpPHILY, SKBHBAJIEHTHYIO
ITaHHOH.

— 1 — —_— = — =
1 ] — =

O603HaYNM 7 -TyIO cTpoKy MatpHibl — C; . HaM HeoOXOIUMO IPHBECTH HCXOJHYIO MATPHILY

K TPEeYTrolIbHOMY BHIY. IlepByio cTpoKy OyaeM cUMTaTh BeAyINei, oHa OyIeT y4acTBOBaTh BO BCEX
IpeoOpa30BaHH X, HO caMa OcTaeTcs 0e3 H3MeHEeHHH.

Ha mepBoM 53Talle BBIIIOIHHM IIpeo0pa30BaHH, ITO3BOINISIOIHE IIOTYYHTh B IIEPBOM CTOJIOIE HYIIH,

KpPOME IIEpBOrO 3jJeMeHTa. /IS 3TOro H3 BTOPOH CTPOKH BBIYTEM IIEPBYI), YMHOKEHHYIO Ha 2

(C, - 2C,), x Tperheil crpoke IrpuOaBMM IepByio(C, +C|), a W3 TpeThbeil BBIUTEM IIEPBYIO,

yMHOKeHHyI0 Ha 3 (C'5 - 3C). TlomyyaeM MaTpHIly, paHI KOTOPOH COBITaJaeT C PaHTOM JaHHOIL
MaTpHIBEI. O003HAUYHM ee TOH ke OyKBOH A :
i a

== TE= —_ | | —
- e - == = [ S
- - [] — - - —

BEIUTEM H3 YeTBEPTOIl CTPOKH ETc:pon HpH 5TOM HMEEM:

-
= B [ ] — - ——t
- - - o o= - =

=2 _B= i D= =5 =

[Tolmy4yeHa MaTpHIla TPEYTOIBHOIO BHAA, M MOXHO cAelaTh BRBOX, uto /{(A) =2 1. e. ymcay
HEHYIIEBBIX CTPOK. K(}p(}TI{G pelleHne 3aJa4i MOKHO 3aITHCaTh CIeXYIOIHM 00pa3oM:

1 —
A —
<l

= : - = 3 =4
_ _}_1_;.[1‘£7MEHT ﬂﬂCAH_i_
= - > 1 ONEKTPOHHOWM MOAMUCBIO, | o

CEpTHd}HHaT ECDDGt}GdBEE,&BBBQEEEDEETBAEDDDEﬂﬂﬂDDJSE

—F

= I
Bna;ueneu, 1 LUEEJ;U':DE!,E[ |TEITI:HHE AI'IEHEEH,.':LTDEHE — 1 - _ =
L ]

T L] L] LA
o - 1 = = =

Lk LA
Lk g

Nencteutened: ¢ 19.08.2022 no 19.08.2023
Bonpocet u 3a0auu:



BBIUHCIIHTE PaHI’ MATPHILIBI ABYMA CITIoco0aMH; ¢ ITOMOIIBIO AJNICMCHTAPHBIX HpEGﬁpﬂBDEElHIIﬁ I
MEeTOJOM OKaHMIIeHHS MITHOPOB.

1 -6 2 4 8 [ 2 -7 13 0]
A=|-3 18 -6 -12 -24|.4=| 7 7 -6 3 12
0O 6 7 23 11 =16 -11 -17 56 -36|
3 7 -5 8  11] 3 15 -9 20 7)
A=2 -2 -5 0l-A=[3 -1 - 6 l 2
L9 41 -10 37 55 6 -18 -9 -17 -1,
P 5 -4 13 0] - 4 -1 o -7
A=|-2 0 4 ] 2. 4=| 3 5 -14 2 2
L0 -10 4 -27 -2 16 55 -103 064 -21
'3 -9 8 16| 2 7 12 0 9]
A=/1 2 -5 6 12|:4=/-2 4 o 11 8
5 6 -19 20 40| 2 29 48 22 43|
'3 -5 2 4 2] ‘'l s -12 3 7
4=| 6 18 1|.4=[2 5 6 -9 0
15 -11 7 20 7 5 20 -30 0 21

IIpakmuueckoe 3anamue 8. Hecnedosarnue cucmem JIUHEUHBIX YPAGHEHUIL HA COBMECHHOCHb.
I{ens: BrIpaboraTh YMeHHE Hecneaoparsk CJIY Ha COBMECTHOCTh

Coodepacarue:

COBMECTHAS M HecoBMecTHas CJIY, onpeaeneHHas 1 HeorpeaeneHHas CJIY, omgHopoaHas CJIVY,
TeopeMa KpoHekepa-Kareriy, TeopemMa o urcie pereHm CJIY.

Teopemuueckan uacms:

JImHelHEIM ~ (OTHOCHTEILHO HEM3BECTHBIX X|.-X»2....,X, ) Ha3bBalOT alre0paHvyecKoe
ypaBHEHHE IIEPBOH CTEIlEHH, T.€. YpaBHEHHE BHOA ¢ X +d.x> +..+a,x, =b rHoe ¢y,....c,.D —
ypcia. CucreMa /71 IMHEeHHBIX YPaBHEHHH ¢ /1 HEH3BECTHBIMH HMEET BH]L

——

— — e — . — — — ——— e —

B o0mieM cioydyae YHCIO YpaBHEHHH B CHCTeEMe He 0OS3aTelbHO COBIIAJaeT C YHCIOM HEH3BECTHBIX:
1 mMoxeT OBITH MeHBINe, paBHO WIH Oomnbine umcna F2. Uncna ¢, (BellleCTBEeHHBIE HIIH

KOMIUIEKCHBIE) HA3BIBAIOTCI ko3 @rajuenmamut  cucmemst, ; — c@obOOOHIMU  yleHaMlL,
X|aXoaeien X, — HeLU36ECIHLIMIL.
CHcTeMy MOKHO 3aITHCaTh B MAaTPHYHOH (hOpMeE:
Ax =b

typ g dy, X by

a1 23 A2n A2 b,
rome A = , X = , b=

a a a X b

M 2 i L o

Ecmu b =b, =... =b,, =0 10 cHcTeEMa HA3LIBAETCA 0OHOPOOHOIL, B TIPOTHBHOM CIydYae OHA

Ha3bIBACTCS HeonHo roinddkarprary A HasBIBAIOT mampiujeii cucmemsl. Pacuwipennoili mampuigeil

qucmemst gﬁﬁﬁ@ﬁ%ﬁ%&ﬁﬂwmﬁgm MaTpHIy .4, K KOTOpoH JoOaBieH (CITpaBa) cTONGeIL

CBOBOIHBIN MIEHOBfva TalcyEpMATPHIY OyaeM 0003Ha4YaTh B JaubHeimeM cumBoioM (A | H) .
Onpenenenne. CHcTeMa JIHHEHHBIX YpaBHeHHI, He HMeIoMas HH OJHOIO PelleHHs,

HazbIBAsLcsd o enogecwsetl. CHcTeMa, oOnagarornasd Xorsd Ol OJHHM pellleHHEM, Ha3bIBAcTCS
COBMecHIHOI.



OTHOCHTEJIBHO KaXKIOH CHCTEMBI IMHEHHBIX VPaBHEHHI MOI'YT OBITH ITOCTABIIEHEI CIISIVIOLIIE
BOITPOCHI:
1) CoBmecTHa 3aJaHHas CHCTEMa HIIH HeT?
2) B cmydae, ecl cHcTeMa COBMECTHA, KaK OIPeJelINTh, CKOJIBKO OHa HMeeT pPelleHHH — OJHO HIH

HECKOIILKO?!

Borpoc 0 COBMECTHOCTH CHCTEMEBI THHEHHBIX YPaBHEHHI ITOITHOCTBIO PelllacTCs CcileTYIOIeH
TEOPEMOH.
Teopema Kponekepa-Kanemnn. /[na moeo umobwvt cucmema iuHeliHblX YpaeHeHull bviia coeMecnia,
HeobxooumMo iU OOCMAMOYHO, UMOobbl pane Mampuijsl Moil cuchmemvl Obll pageH pawey ee
pacuipennoti mampuyot, m.e. ymobor ¥(A | b)Y =r(A).

EcCIIH COBMECTHOCTH CHCTEMBI JIMHEHHBIX YPaBHEHHH YCTAHOBJIEHA, TO BO3HHKAET BOIIPOC O
TOM, CKOJIBKO OHa MMeeT pelleHHil. OTBET O YMCIEe PEIEHHH CHCTEMBI JTHHEHHBIX VPaBHEHMIT JAcT
CIIeQVIOIIas TEOpEMaA

Teopema (0 uywmcne perneHuii). Ilyecms ona cucmemst . jqunelinvix ypaenenuii ¢ 1
Hell36eChIH blMIL GbINOJIHEHO YCI06le COBMEeCIHOCHILL, M.e. paHe P mampuiysl cucnmemsl pagex paney ee
pacuiupennotii mampuyst. 1o20a, eciu pane Mampuiysl ciicnemsl paeer yucay Heuszeecmuwix (I —H),
mo cucmemMd iLmMeernl EaHHCHIEEHHGE PeuleHrlie. ECJIH HCe pPdHZ MAdmpuifsl ClcTieMbl MeHbUie YHlCd
nHeuzgecmuvix (1'<Il), mo cucmema umeem 6GecKoHeuHOe MHOINCECBO peUleHUTl, A LUMEHHO:
Hexomopvim 1= F HewzgecmubvimM MONCHO Nproasanmsv NpouU3607abHble 3HAYEHUA, M020ad OCNlAGULLeCS
' Hewszeecmuuvix onpedenancs yice eOuHCcnieeHHbiM 00pa3om.
IIprmvep: HMceneqoBaTk CHCTEMY JIMHEHHBIX VPAaBHEHHI Ha COBMECTHOCTH:

_——— = ——— -

S —— - —_— —— B —_ u

- — - ——

PerrreHne: 3aIrmuImneM CHCTeMY YPaBHEHHI B BHJIE PacIHPeHHON MaTPHIIHL:

2 -1 | - 2)
| ) 31 -1 |.
1 -3-2 3
[IoMeHsIeM MeCTaMH IIEPBYIO H BTOPYIO CTPOKH MAaTPHI[BI:
] 2 3 - 1)
2 -1 1| -2].
1 -3 -2 3

[TepByIO CTPOKY MaTpHIBI OyJIeM CUHTaTh BeXyIeH (TIEpBEIH 3IIeMeHT CTPOKH paBeH 1), OHa He
OyIeT MEHAThCS TP ITpeoOpa3oBaHMUSIX. byaeM CTPEMHTBCS IIPHBECTH MATPHIY K TPEYIr OIIBHOMY
BUAY. /118 TOro 4roOwrl B IIEPBOM CTOIOIE MATPHILI IIOIVYUHUTR HYIH, BBIIIOIHHUM CIIEIYIOIIHE
npeoOpa3oBaHHA. M3 BTOPOH CTPOKH BBEIYTEM IEPBYIO, VMHOKEHHVIO Ha 2, a OT TPeTheill BBEIUTEM
NePBYIO. [Tomyuyrm MaTpHIY, PABHOCHIIEHYIO JAaHHOM:

(] 2 3| - 1)
O -5 -5 0
0 -5 -5]| 4,

YroOBl IMOTYYHTh MATPHIY TPEeYTOIBHOIO BHJAA, HEOOXOJHMO BBEIYECTh H3 TPEThEH CTPOKH
BTOPYI0. OKOHYATEIILHO ITOITYYaeM:

(] 2 3] -1
O -5 -5 0
O 0O O 4

\ - /
PaHr pacImMpeHHO MaTPHIBI CHCTEMBL PaBEH 3, PAHI OCHOBHOI MATPHI(bI CHCTEMBI PaBeH 2,

1.e. r{A|H) #richvyonempBarebHO, CHCTEMA HECOBMECTHA.
EKTPOHHOW MOANWCHIO

%&I&E&Q‘ GCES{%H :E'-.BBEQEEEDEET%AEGDﬂEﬂﬂﬂﬂﬂdSE .
b eose1OBaTix CHCTEMYA TEHHEHHBIX YPABHEHII Ha COBMECTHOCTB!
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2x, + x, + 3x, = |1,
) - x, + X, - x, = -1,
- 2x, + Xx; + 5x, = 3,
X, - 3x, + 2x; + 9x, = 5
X, + x, - 3x; =-1,
6) - 2x, + x5, - 2x, 1,
x, + x, + x; = 3
Cox, + 2x, - 3x, = 1.
2. OmpeaenuTs KOIHYECTBO PEMIEHHH OJHOPOJHOH CHCTEMBI JIMHEHHBIX YPABHEHHH:
|- x + X, - X, 0,
VY 2x, - x, - - 0
X, X 5 X3 X4 ’
- 2x, + 3x, - 2x; + x, =0;
2x, + x, + 3x; - x, =0,
3x, + 2x, - 2x, =0,
3%, + Ox, - x, =0
n..jl-:l 'Y:E + - ..rr} J;ri]_ — -
dx, + 2x, + T7x, - 2x, = 0.

IIpakmuueckoe 3anamue 9. PeuieHile He6blp0XHCO CHHBIX CUCHEM JIUHEUHBIX YPAGHEHUIL Mem o0 oM
Kpamepa.
Ilens: BBEIpabOTATh YMEHHE IIPHMEHSATH aJITOPHTM BBEOIOIMHEHHMS MEHCTBHIL Hal MaTpHIlaMH Ha
ITpaKTHKE
Cooepacanue:
HeBRIpOXKAecHHasa CJIY, TeopemMa Kpamepa,
AJITOPHTM ITOHCKA PEIEHHI HEBRIPOXKIAeHHON CJIY .
Teopemuueckan uacmes:
CuctemMma n NMMHENHBLIX anrebpanyecknx ypaBHEHUW C h HEU3BECTHLIMU UMEET BUQ
anxi+apxat+ ...+ anx,= b
ay X1+ anxa + ... + anx, = b

dn1 X1 + dn2X2 + ...t dnnXn — bn

3mech aix 1=1, ....n, k=1, ..., n) — KO3pPHIMEHTEI CHCTEMBI, X, X2, ..., Xn — HEH3BECTHBIE
M by, ..., b, — CcBOOOIHBIE UIEHHI.

COBOKYIIHOCTL N 4HCEN Xi°, X2, ..., Xo HA3bIBAeTCS PEIEHHEM CHCTEMBI, ECIIH IIPH
MIOJICTAHOBKE HMX B KaXJ0¢ VYpaBHEHHe BMECTO HEH3BECTHBIX BCE YpaBHEeHHS oOpallaloTciI B
TOYKIECTRA.

CHcTeMa YpaBHEHHIT Ha3bIBAaeTCSI COBMECTHOIL, €CIIH OHA HMeeT XOTS Obl OJHO pelleHHe. Ecin

CHCTCMaA pEH_[EHIIﬁ HE HMECT, TO OHd HA3bIBACTCA HECOBMECTHOH.
KBasipaTtHaa MaTpHL[a [TOPAKA N

ai11 812 ... a8ain
do1 doo ... don
OOKYMEHT NoarmmcCAH A —
SNEKTPOHHOW OLNTMCBH)
wbukaT 2C0000043E9ABSBI52205E7BAS00060000043E
Bnanenay IlleBavxora TaTeaHa ANEKcaHADORHE dnl dn? ... dAnn

COCTABJICHHAA H3 KDB(b(l)I]l[HEHTGE T[pII HCH3BCCTHBIX, HA3BIBACTCAH DCHOEHGﬁ MﬂTpI]l[Ef[ (H.'IIH ]’[pDGTD
MATPHLEH ). CHCTEMBL 19 05 2023
MaTpHLa mopsamxa nx(n+1)
Apal:Lu - ( aiy a2 ... ain | b ]



a1 a2 ... an b,

dni dn2 ... dnn bn

COCTABJICHHAA H3 KGB(b(bIEL[HEHTGE IIPH HEH3BCCTHBIX H cTonlbIa cBOOOIHBIX HIICHOB, HA3BIBACTCH

PacCIIMPeHHON MaTPHIIEH CHCTEMBI.
PaccMOTpHM cHCcTeMy n JIHHEHHBIX anredpaHuecKHX ypaBHEHHI ¢ n HeH3Bec THhIMH

anxitapxat+ ...+ anx, = by
anX, +anxo+ ...+ apx, = bs
amx; +apxs + ... tax, = b,

Teopema (mmpaBmo Kpamepa). Ecin onpegenurens MaTpHIBI CHCTEMBL OTJIMYEH OT HYJLI, TO CHCTEMA
HMeeT pellleHHe H IIPHTOM TOJIBKO OJHO. 5TO pellleHHe ONpeensaeTcs (POpMYTIaMH:

A

Xy — . , IS A — OITPEACIIHTCIIb MATPHIIBI CHCTCMEBI H A — OIIPEACIINTCIIb MATPHIIBL, ]’[OH}"‘IHEMDﬁ

M3 MaTPHIIBI CHCTEMBI 3aMeHO# k—oro cTos0ia cToa01oM cBoOOHBIX YJIEHOB.
[Ipumep. PermmuTh cHCcTeMY YpaBHEHHH, HCITOIB3YS (popMymsl Kpamepa.

| x + 2y - 3z =5

2x-3p+z =3

h'—'L?r. + -2z =10

PermeHnie: HaitgeM OCHOBHOH H JOIIOJIHHTEIIbHBIE OITPE ST EIIH.

1 2 -3
A=2 -3 1 |=6-6+8-36-1+8=-21
4 1 -2
5 2 -3
A =[3 -3 1[|=30-9+20-90-5+12=-42
1 1 -2
1 3 -3
A =2 3 1 | =-6-60+20+36- 10+ 20 =0
a4 10 -2
1 2 5
A_=|2 -3 3 =-30+10+24+60-3- 40 =21
4 1 10
ITo popmymam Kpamepa nmeem
_1’.:&'“ :-42 =2 1.-':&"' — D =(): E:;\: = 21 =- |
A - 21 A =21 A= 21

OreeT: x=2,y=0,z=-1.
Bonpocet u 3a0 auu:
Hcmmone3yss dopmyasl Kpamepa, HaiiTH pellleHHS CIeAVIOMHX CHCTEM IHMHEHHBIX ajreGpanyecKHX

YPaBHEHHH:
3x, +2x, +x, =5  x,- 2x, +3x, =6 [ 2x, - x,-x, =4
a) 12x, +3x, +x, =1 :6) 12x, +3x, - 4x, =20, B) {3x, +4x, - 2x; =11
2x, +x, +3x, =11 3x, - 2x, - 5x; =6 3x, - 2x, +4x; =11

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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- = 1)

IIpakmuueckoe 3anamue 10. Peuienue HeEbIPONCOCHHBLIX CUCMEM JIUHEUHLIX YPAGHEHUI
MAMPUYHBIM MEn1000M.

I{ens: BEIpaboTaTh YMEHHE PEIIATh HEBRIPOKACHHBIE CJIY MaTpHYHEIM METOL0M
Codeporcarue:

dJITOPHTM PEIICHHA HEBBIP O JICHHBIX CJIY MATPHYHBIM MCTOJOM.
TEﬂpEHIHIIECKﬂH yacmaos.

IIycTes gaHa cucreMa /1 JIHHEeHHBIX YpaBHeHHH ¢ #1 HEeH3BECTHBIMIU:

A-X =85,
'
ay iy e gy X by
{?1] ﬂzz {TE Iz bz
A= ; , X = Y —
o o ey Xy x_ hn ]
B}*’,I[EM IPEAITONIAaraTh, YyTO OCHOBHAaH4d MATPHIa A HEBBIPOXKIACHHAS.

Torma cymecTtByer oOpaTHas MaTpHIila 4~ ' IIOMHOXMB MaTpH4yHOe YypaBHeHHe ., -X =B Ha

MaTpHIly 4~ ' cleBa, IOIYYHM ()OpPMYIY, Ha KOTOPOH OCHOBAaH MaTPHYHBIH METOJ PEHICHHS CHCTEM
JTHHENHBIX YPaBHEHHII:

X =4'.R8
BEIIvIE‘IEH-]IIE. OTMETHM, HyTO ME],TPHLII{BIﬁ METO/I pE:H_[EHI[H CHCTEM J’JIIHEf]HLII’i }priBHEHIIﬁ B OTJIHYHC

OT MCTOJIa Faycca HMECT OI'PaHHHUCHHOC IIPIMCHCHHE. 5THM MCTOJOM MOI'VT OBITH PEIICHBI TOJIBKO

TaKHe CHCTeMbl JIHHEHHBIX }*'pElBHEHI]IuI:, Y KOTOPBIX, BO-IICPBbLIX, HHCIO HCH3BCCTHBIX PABHO YHCIIY
}"pEIBHEHI]ﬁ:, d BO-BTOPBIX, OCHOBHAA MdTPHIId HEBBIPOKIACHHAA.

[ Ipimvep. PellTh CHCTEMY JIMHENHBIX YPAaBHEHHH MaTPHYHBIM METOIOM.

= g — _—

= w0 - T e 1 —10i
- B == 5 ] = -

— - p—_ - — | T ==

3ajaHa cHCTeMa TPEX JTHHEHHBIX YPaBHEHHI ¢ TPpeMSI HEH3BECTHRIMH A X =5, rxe

(5 -1 -1 X (0]
A=1 2 3|[.X=|x| B=14]
4 3 2 X 16

(OCHOBHAas1 MaTPHIIda CHCTCMbI }prlBHEHI]IuI HEBBIPOAKICHHAA, ITOCKOIIBKY ee OITPCACIIMTCIIb OTIIHYCH
OT HYIIA.

F
1
1
—
1
—

det A =

1 2 3| == 30.
< 3 2
OOGpaTHYIO MATPHILY 4~ ! cOCTaBHMM OJHHM H3 METOOB, OITHCAHHBIX B ITYHKTE 3.

] ] [
6 30 30
A |- l - 1 i
| 315 15
] 19 [

AOKYMEHT NOAMMUCAH 6 30 30

cepril Q. %@g%ﬁgﬁ%ﬁﬁgﬁ%ﬁggemm CHCTEM JIHHEITHBIX YPaBHEHHIT TTOITYYHM

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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L |
5 -1 -101 6 30 30| (1
x=l1 2 3||-L .71 81|,
315 15
A R U I
6 30 30

Bonpocet u 3a0 auu:
1. Pemurs cucteMy JIMHEHHBIX YPaBHEHHI MaTPHUYHBIM METOLOM:

3x, +2x, +x; =5 x, - 2x, +3x, =6 2x, - x,-x;, =4
a) 12x, +3x, +x, =1 :6) 12x, +3x, - 4x, =20, B) {3x, +4x, - 2x; =11;
2x, +x, +3x, =11 [3x, - 2x, - 5x, =6 3x, - 2x, +4x, =11
r) 1w = == :::-:_: - 1)

— — — = e — || - Tm_

- _
e — - S e _— — A=

IIpakmuueckoe 3anamue 11. Peuienue cucmem JTUHEUHbIX YPASHEeHUIL Memoodom [ aycca.
I[ens: BrIpaboraTs yMeHHE pernate CJIY metomom ['aycca

Coodepacarue:

METOJ ITOCIIEL0BATEIBLHOIO HCKITFOUEHH I HEH3BECTHEIX.

Teopemuueckan uacmes:

[IpaKkTHYeCKH JJI PEIeHHS CHCTEM IIMHEHHBIX YPAaBHEHHMI Yallle BCErO ITPHMEHSIETCS MEeTO/I
['aycca, COCTOSIII B ITOCIIEAOBATEIIEHOM HCKITIOUEHHH HEH3BECTHBIX.
IIycTh 3a1aHa cHUCTEMA JIMHEHHBIX alIreOpanyecKHX VpaBHEHHII:

—— — — — — — — J— —_ —_— - — — — =

— — - . — - - - — —

B}",I[EM HPGIIBEG,I[HTL HaJ CHCTEMOH CIICOAVIOIIIHC BHEMEHTHPI{BIE ]’[pEDﬁpElBGEﬂHHH

1. BreryepkuBaHHe ypaBHeHHS Buja O x, +0 -x, +--+0 5 =0

2. [IpnbGaBneHHe K OJHOMY VpPaBHEHHIO JPYIrOoro VYpaBHEHHS, YMHOXKEHHOIO Ha
IIPOH3BOIIBHOE YHCIIO.

3. IlepeMeHa MecTaMH JIBVX YVPaBHEHII.

[Tycts Temepp «,, #0 .(Ecim «,, =0, 70 MBI ITOMEHSEM MeECTaMH IIEPBOE YpPaBHEHHE C TEM

ypaBHEHHEM, TIJe KO3(pQHIMEHT IIpH X, OTIHYeH OT HYyI). McKIoYHM Temepb -X, H3 BCeX
ypaBHEHHI CHCTeMBI, HAUHHAS CO BTOporo. IS 3TOro Ko BTOPOMY YpPaBHEHHIO ITPHOABHM IIEPBOE

[?EI
ypaBHEHHE, YMHOKEHHOE Ha (- y , YMHOKEHHOE
4
11
{IE ] 'ﬁr'm'l
Ha (- . ) M T.JI. K TIOCIIEAHEMY YPaBHEHHIO IIPHOABHM IIEPBOE, YMHOKEHHOE Ha ( - - ). IIpu sTOoM
11 11

ITOIIYHHM CHCTCMY

|
!
|
|

Jlanmee, TIpHMeHHB Te K€ PacCYXKIEHHS K IMOTYYeHHOH CHCTEMeE, HCKIIOYHM H3 YpPaBHEHHI,
Ha4MHA C TPEThEr0 X, H T.JI.
[Tpomormkast 3TOT mpolecc, MBI IIPHAEM K OJHOMY H3 JIBYX CIIy4aeB:

| ﬁbﬁﬁr@a—ﬁmmwmpe,uemHHﬂm Imara ITOJIYVUMTBCSA CHCTEMa, COJEpXKallas VpaBHEHIE
F'DH M nognuckio

BHIE, % 1 0 A R O T & 70, Tora Hala cHCTeMa He HMeeT PElIeHIM, T.¢. HeCOBMECTHA.
Bnaneneu) — WeSoy Gl  eHTTENA HES COIEPKUT ypaBHeHHe Buga U X, +0 -, +--+0 x, =6 y ¢ #0. Torzma

PaHO HIH ITO3JHO MbI T[pII,I[EM K CHCTEME
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BO3MOJKHEI JIBa CIIyyas
a) I =n. Torga mocnegHee ypaBHEHHe IIOCIEeIHEH CHCTEMBI HMeeT BHI. C,.X, =4,
o,
OTKyIa <X, :{:— M3 mpeariocneqHero ypaBHEHHS HaXOOUM X, ; H T.J. H3 IIEPBOrO YpaBHEHHS
CHCTEMBI HAXOIHM X, .
b) 7 <# . TormacHcreMa HMeeT OeCUHCIEHHOE MHOKECTBO PEITIEHHI.
Jameyanne. C IMPaKTHYECKOH TOYKH 3PEHHS IPOILECC PEIIEHHUS CHCTEMBI MOKHO OOIETYHTE,
€CIIM BMECTO ITpeoOpa3oBaHMII HaJ CcaMOH CHCTEMOH ITPOHM3BOAHNTEL ITpeoOpa3zoBaHMS Ha/l
COOTBETCTBVIOLIEH PACIIMPEHHON MAaTPHI[EH CHCTEMEI.

[IprmMep. Pentmte cHCcTEMY METOZLOM ['aycca.

—— — —_— — S —_— [—

-
—— — - - — — ——] —
—_—

- -

Pemmenre. _I_’aﬂcMﬂTpIm pacumpermyf(; MAaTPHILY

"

2 1 -1 ] 1
3 -2 2 -3 2
B =
5 | -1 2 -1
2 -1 1 -3 4
3 5
YMHOXHB TIEPBYIO CTPOKY Ha - —-, 3aTeéM YMHOXHB IIEPBYIO CTPOKY Ha - —, HAaKOHEI,

YMHOHB IIEPBYIO CTPOKY HAa — 1, CIIOKIHM IIEPBYIO CTPOKY ITOCIIEJOBATEIILHO CO BTOPOH, C TPEThEH H
C YETBEPTOH CTPOKOH. Ilomyurm

2 1 -1 1 |
0 - 77 9 1 2 1 -1 1 |
) 79 0O -7 7 -9 |
S D e L eI B R
2 2 2 2 o -2 2 -4 3
0 -2 2 -4 3
B rocinegHen MaTpHIle MBI YMHOJKIUIH BTOPYIO H TPETHIO CTPOKY Ha 2. Jlanmee 1 M 2 CTpOKH
3
ocrasIsieM Oe3 H3MeHeHH . CIiepBa YMHOKHM BTOPYIO CTPOKY Ha - —~ H CIIOXHM C TPeThbel CTPOKOH,
2
3aTeM YMHOXHM BTOPYIO CTPOKY Ha = —- H CIIOKHM C YeTBEPTOH CTPOKOH. [lomyurm
2 1 -1 ] ] TR 0 [
O -7 7 '23 }52 o -7 7 -9 1
B~ 00 EE ~ 0 0 0 20 -52 ~
10 19
o 0o o -2 D o0 0y
.x 7 7. " |
2 1 -1 1 | 2 1 -1 1 1)
o -7 7 -9 1 o -7 7 -9 1 |
0 () () 20 -52| |0 0 0 20 - 52 |
0o o o -10 19 (0 0o o o -7|

| .
IIocie gHior0 MATPHIY MBbI ITOJIYVHIII, YMHOMXIHB TPETBIO CTPOKY Ha Py H CIIOZKHB C UCTBCPTOH

Lrern’

CTpﬂI{Gﬁ. Ilocme gHaA HETBCPTAA CTPOKdA O3HAYACT, HTO MBI HMCCM YPABHCHIIC.

0%, +Qderd i Adhrmests 7

CepmbnkgTe A OBEATE AL O e’ eKA3aTIHOMY  BEIIIe CHCTEMA HECOBMECTHA.

Bnaneneu: llleGayxoea, TaTteAHa AnekcaHgpoBHa —
[Iprmep. Permith MeToqoM [aycea cHCTEMY YpaBHEHII.

—— |

— — — o B - — - f— — _— |
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PerieHie. PacCMOTpHM pacIpPeHHYIO MAaTPHITY CHCTEMBI
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YMHOKHM CIIEpBa IEPBYIO CTPOKY Ha (- | ) M CIIOKHM CO BTOPOH CTPOKOH, 3aTeM YMHOKHM

IIEPBYIO CTPOKY Ha ( — 3 ) M CIOKHM C TPeThel CTPOKOH H, HAKOHEILl, YMHOKHM IIEPBYIO CTPOKY Ha (
- 2 ) M CIIOKHM C YeTBEPTOH CTPOKOH. Ilomyunm
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BTOpyio MaTpHIily MBI IIOTYYHM CIIOKHB CIIEpBa BTOPYIO CTPOUKY C TPETBhEH, 3aTeM CIOXKHB
BTOPYIO CTPOUKY C UeTBepTOH. HylneBrie CTpOUKH BRIOpackBacM. OCTAaeTCs CHCTEMA YVPaBHEHHI

Y €

Bynem cunraTh X, H X, CBOOOJHBIMH HEH3BECTHBIMH, 0003HAYAT HX. X, —¢£ X, =fF

3 BTOpOro ypaBHEeHHS CHCTEMEI (%) HaleM X,

x, =10 - 1765~ 2

[IofgcTaBHB X, B IIEPBOE VPABHEHHE, ITOIYUIM:

X, +2(10ax - 175 - 2)- 3+ 56 =1 wm

X, +20c-345-4- 3+ 56 =] nnu

x, == 17 +296+5

T aximM Gﬁp&BﬂM: JaHHAaAd CHCTCMa HMCECT OecUHCIIeHHOEe MHOKECTBO pEH[EHI[ﬁ:
|'.":I — 1 Fwer +— 299~ 2+ 5

1 v =10 — 1706 - = I'TEE(H}

Bonpocet u 3a0 auu:
1 PenmmTe cHCTEMBI JIMHEHHBIX YPaBHEHHIH MeTOAOM ['aycca:

3x, +2x, +x, =5 X, - 2x, +3x, =6 2x, - x,-x;, =4
a) 12x, +3x, +x, =l ;6) 12x, +3x, - 4x, =20;B) {3x, +4x, - 2x, =11
2x, +x, +3x, =11 3x, - 2x, - dx; =6 3x, - 2x, +4x, =11

2x, +4x, +4x, +6x, =18
dx, +2x, +5x, +7x, =24

3x, +2x, +8x, +5x, =13

r) -

2x, +8x, +7x, +3x, =6

2 SIBISIEOTCS MU CHCTEMEI VPaBHEHII, COOTBETCTBYIOIHE MaTpPHI[aM, ITOTYYAIOIIIMCS B Pe3VIIbTaTe
BJIEMEHTAPHBIX IIPeo0pa3zOoBaHHMH CTPOK PACIIHMPEHHOH MAaTPHIBI, SKBHBAIEHTHBRIMH? OOOCHYHTE
OTBET.

Ilpakmuueckoe 3anamue 12. Cucmemsl  JIMHEUHBIX  O0HOPOOHBLIX  YPAGHEHUIL.
DyHOAMEeHMAIbHAA CUCMeMd PelleHULIL.
Ilens: BEIpaboTaTh YMeHHE HaXOUTh (PYHAAMeHTaIbHYIO0 cHCTeMy permeHui CJIY
Codeporcarue:

CHCTeMa JIMHE MHBIX OJHOPOIHBIN YpaBHEeHHH, () yH[aMeHTalIbHasI CHCTEMA PEIIeHHH.
Teopemuueckana uacms:

CHcTeEMa M JIHHEHHBIX }"pElBHEHI]ﬁ C N IICPCMCHHBIMH HA3bBIBACTCA CHCTEMOH ITHHEHHBIX

OJHOPOAHBIX ‘_’;’pﬂBHEI—HIﬁ: eCIIH BCce HX CBOOOJHBIE WIEHBI PaBHBI HYIIIO. Takast cucTeMa HMeeT BHI;

AOKYMEHT MOAMWCAH
_ 9NEKTPOHHOM MOANMCHIO_ O o . -

Ceprudinkar. -2C0000043EIABSBIS2ZU5E 7BAS00060000043E - a - a - T T - - T -

—a — — — fr— — E— — -

F{f,ﬂ,&ﬂéu:‘_ IWeGsyXbea TateAHa AnekcaHapoBHa - B

CHcTeMa JTHHEHHBIX OTHOPOAHBIX }"I)EI,EHEHI]I‘T BCCI'/la COBMECTH4A, TdK KdK OH4a BCCI'Jlda HMCCT,
Necteutenex: ¢.19.08.2022 no 19.08.2023

ITO KpaHHEeH Mepe, HylleBoe (M TpHBHanbHoe) perneHHe (0; 0; ...; 0).



Ecmmu B CJIY m =n ., a ee onpelelHTelb OTIIHYEH OT HYJS, TO TaKas CHCTeMa HMEeT TOJBKO
HyJIeBOe pellleHHe, KaK 3To cleayeT H3 ¢opMmynl Kpamepa. HeHymeBrle pemneHHS, cleJO0BaTEIbHO,
BO3MOJKHBI JIHIINb JJISI TaKHX CHCTeM JIHHEHHBIX OJHOPOAHBIX YpPaBHEHHI, B KOTOPBIX YHCIIO
ypaBHEHHII MeHBIIEe YHCIIa IepeMeHHBIX, WIH IIPH HX paBeHCTBe, KOIJa OIIPeJelIHTellb CHCTEMBI
PaBeH HYIIIO.

WHave: cucmema nuneiinvix 0OHOPOOHBIX VPAGHEHUIL UMeenl HeHYileevle peuleHiss moz2oa i MoabKo
mo2oa, xo20a pane ee Mampiijvl Ko3p@Lupiennoe npi nepemMeHHvX MeHbule YLCAd HepeMeHHbIX, M.e. Hpll
rang(A4) < n.

OO003HaYMM pelleHHe CHCTeMEBI Yepe3 X; = K, Xo = ko,.....Xa = ki, B BHJIe CTPOKH e; = (ki ko,
LK ).

PerreHHs CHCTEMBI THHEHHBIX OMHOPOAHBIX VPaBHEHII O00NIaJar0T CIEAVIOIIIMMH CBOMCTBAMH:

1. Ecmu crpoka e = (kik.,....kn) —  pemennme cucremMer  (*), TO
H cTpoka ie; = (Aky 2K-,..., Ak, )— TakKe peleHHe 3TOH CHCTEMEI.

2. Ecmm ctpokm e, = (ki k.,....ky, ) mw e, = (I, /-,...,I, ) —pemeHusa cucreMsl (*), To npH

TIOOBIX C; M € HX IHHeHHasd KOMOHHAIH A
Ci €] TC:Er= (01 k1 +C» f1 L1 kj + C» fg R kn +C- fn)
TAKCKE PEIIEHHE TAHHOH CHCTEMEL.

YOeaHUThCA B CIIPABEIIMBOCTH YKAa3aHHBIX CBOHCTB PEIeHHH CHCTEMBI JIMHENHBIX OJHOPOIHBIX
YPaBHEHHH MOKHO HEIIOCPEACTBEHHOH ITOACTAHOBKON HX B YPABHEHHS CHCTEMBI.

M3 chopMymHpoBaHHBIX CBOMCTB CIeAyeT, YTO BCsAKas JIHHEHHasd KOMOHHAIHI pelIeHHH
CHCTEMBI JIMHEHHEBEIX OJHOPOJHBIX YPAaBHEHHMH TaKKe SABIISETCS PEIIeHHEM 3TOH CHCTeMEI. IloaToMy
NIpeficTaBIsIeT HHTepec HaHTH TaKHe JIHHEHHO He3aBHCHMBIe pelleHHS cHcTeMsl (*), depes
KOTOPEBIE JIMHEHHO BREIPaKaJIHCh OBl BCE OCTANIbHBIE €€ PEIIEHHS.

PelrieHHA €, €2, ..., € Ha3BIBAIOTCH JIHHEHHO HE3aBHCHMBIMH, €CIIH HX JIMHEHHAS KOMOMHAIIS

pae1t+ ho€r t...+ Ji€e PaBHA HYIIIO, TOIBKO ITPH YCIIOBHH YTO A= Ar=....= h = 0.

OmnpeneneHue. CHCTeMa JIMHEHHO HE3aBHCHMEBIX PEIIIEHHI €, €y, ..., &  Ha3bIBACTCA
(pyHIaMeHTalTbHOH, eCITH Ka)KJI0e PpellleHHe CHCTeMBI (*) SBsIeTcs THHeHHOH KOMOHHALEH pellleHH €,
Sz, ..., Ck.

Teopema. Ecmm panr r Marpuipl KO3(D(HIIHMEHTOBR IIPH IIEPEMEHHBIX CHCTEMBI JTHHEHHBIX
OMHOPOJHBIX YpaBHeHHIT (*) MeHbINle YHCIIa IMEepeMeHHBIX N, TO BcsAkas (yHJaMeHTaIbHas CHCTEMa
PEIeHHH CHCTEMEI (*) COCTOHT H3 N — T  PellleHHI.

OOImHM pelleHHeM CHCTeMbI (*) JTHHEeHHBIX OJHOPOJHBIX YPaBHEHHH Ha3bIBAeTCS MHOKECTBO
BCEX €€ PeIleHHH, 3allHCaHHBIX B BHJE. Cie; +C:ex + ... FCk€x, THAE €1, €2, ..., € — JIodad
(yHIaMeHTalIbHAS CHCTEMA PELIEHHH, Cj, C1, ... , Cx — IIPOH3BOIBHBIE YHCIA U K=n—T .

OO011iee pellleHHe HEOJHOPOJHOH CHCTEMBI 1M JIMHEMHBIX VPaBHEHII C N IIEPEMEHHBEIMH  PaBHO
CYMME OOIIErO PEINeHHS COOTBET CIBYIOIIEH €H CHCTEMBI OJHOPOIHBIX IIMHEHHBIX VPABHEHHH M IIPO-
H3BOJIBHOI'O YaCTHOT'O PEIIEHHS 3TOH CHCTEMBI .

lIpuMep. PenmTs OJHOPOAHYIO CHCTEMY JIHHEHHBIX aJIre OpanyeCKHX YPaBHEHHI
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PermeHne: OIpelenuTEh CHCTEMBI A = 2 -3 =110 1mo3TOMy CHCTEMa HMEET

e IMHCTBEHHOE HYJIEBOE PEllleHHEe: X =Y =Z = ().
lIpuMep. Hantu of11iee pereHne CHCTEMBI THHENHEIX alreOpanyecKHX YPaBHEHHH H 3aIlcaTh
(yHIaMEHTAIILHYIO CHCTEMY pEIlle HHH:
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PereHue . no MENmAeEs CcHcTeMbl A =1 -3 5|/ =0_ 103TOMy CHCTEMa HMEET
ANEKTPOHHOW MOANMUCLIO 4 4

Ceptudukar: ECDDTJt}GdSEEABBEQEEEDEETBAEGDDEDDDDDdSE
@ﬁﬂﬁﬁﬂﬂ%aiﬁi@ﬂﬁﬁ%ﬁ@eﬁ@%ﬂﬂﬂ. Tak xak OITPpEACIINTCIIb H3 HGB(l)(bI]I[HEHTGE ITPH HCH3BCCTHBIX X

=-9-4=-13+0_ 70 5TOT MHHOpP MOXHO IIPHHATL 3a Oa3HCHBIIL.

3 =
H X, HEC PpaBCH HYJIIO [l 2
Nencteutened: ¢ 19.08.2022 no 19. é.EDEE -

IJockonpky rang A = 2, n = 3, BO3BMEM IIEPBEIE JIBA YPaBHEHHS CHCTEMBI M HaHJIeM ce OoOIIee
pellleHHE .
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B xauecTBe 0a3MCHBIX HEM3BECTHEIX BO3BMEM X; H X, H IIEPEMECTHM YJIEHBI C X3 B IIPABLIE YaCTH
YPaBHEHHI:

|3y + da —oxa.
| =g S —— Sxa.

Pemrasg 3ty cucteMy o opmyinaM Kpamepa H 3aJaB CBOOOTHOI IepeMeHHOH X3 3HAUEHHE X3 =
¢; (C; — MPOH3BOIIBHOE YHCIIO), IIOITYYaeM

ﬂ'] 4 3 (_'.'1
’ﬂl — _ —- 31‘2','[ +20f_'1 :]71{1: ﬂ.z — _ —- ].SEI - O —- lﬁ{?].
-5¢; -3 1 - 3¢
OTCrO1a HaXOIHM, UTO
- 17¢) 17 - l6ey 16
N =3 5 2 = —5 ¢ X3 —C
- 13 13 - 13¢; 13
L7 16
HUTak x; =l—,,f:‘1:. Xy :1_‘5{:1’ X3 =¢; - OOIIEe pelleHHE.
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17 16
[lomaras ¢; = 1, MOMy4YHM 4acTHOE PEIIEHHE X| :l_"’ X3 :l_*"" x3 =1,
2 2
17/13 ¢ | 17/13
Umi B mMatpmuynoMm Buuae X =|16/13 ¢ | =¢; -[16/13|. TaxkuMm oOpazoMm, (yHIaMeHTaIbHasI
I I L
17/13]
CHCTEMA PeIlleHHH COCTOHUT M3 eQHHCTBEHHOI O BeKTopa ¢ =| 16/13
-
17 16
OTBeT: 0o0I1ee peleHHe X| :l” € A :1’4{:1* X3 =0,
2 -
17 16

rJie ¢; - IPOH3BOIBHOE YHCIIO. €] =

TREL | ] - ()yHIaMeHTallbHas CHCTEeMa PEIIleHHIA.
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Bonpocet u 3a0 auu:

Hanru oO1ee pelieHHe CHCTEMBI JIHHEHHBIX anreOpanyecKHX VYpaBHEHHH H  3aIlicaTh
(yHIaMEHTAIILHYIO CHCTEMY pEIlle HHH:
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IIpakTHyeckoe s3anarne 13. Jluwueiinvie onepauun Hao eexkmopamiu. PasnoosicenHue eexkmopa no
opmam KoopouHamHeIx oceil. /{elicmeusa HA0 6eKmopamil, 3a0AHHLIMU NP OCKUUAMIL.

Ilens: BEIpabOTaTh YMEHHE BRINIOIHATL JIMHEHHBIE OIEpaliii HaJ BEKTOpaMH, IEHCTBHSI HaJ
BEKTOPaMH, 3aJaHHBIMH TP OEeKI[HSMH

Coodepacarue:

BEKTOP, HYJIEBOH BEKTOP, KOIUIMHEAPHBIE BEKTOPEI, paBHLIE BEKTOPEHI,

CIIOJKEHHME BEKTOPOB I10 ITPAaBHIIY TPEYTOIbHHKA, CIIOKEHHE BEKTOPOB I10 IPABIIIY ITapajiielIorpaMMa,
BBIUHTAHHE BEKTOPOB, YMHOKEHHE BEKTOPA Ha YHCIIO.

Teopemuueckan uacmeo:

HarrpapiieHHEIH OTpe30K OyAeM Ha3bIBaTh BEKTOPOM H 0003HAYATh AR, C4D wiue ., &, ...

BeKTOp Ha3bIBAETCS HYJIEBBIM, €CIIH €r0 Hayalo M KOHEI[ COBNAJAalOT M OOO3HAYAIOT o -
Hy1eBoii BEKTOp He HMeET OIPeelleHHOTO HaITPaBIeH s H HMEET JIHHY PaBHYIO HyIIIO.

BeKTOPRE HahIBA LA IeOTIIHEAPHEIMH, €CIIH OHM JIe)KaT Ha ORHOfl IpsiMOji, GO Ha
ITapadiIes LHBIN OTipSMBEX:22] | Bi ABERTOPA4 HABKIBAIOTCS PABHBIMI, ECIIH BBIIIOTHEHBI CIEAYIOLUHE TPH
yeHSBIr 19 b BeRIOPSE “paBHEL, 2) BEKTOPHL INapallUIeNbHEl (KOJUIMHEAPHEI), 3) BEKTOPEI
HaIlpaBIeHbl B OAHY H TY K€ CTOPOHY.

Rescraeo oS8RI HERTOPOR




CyMMOH a + B JIBYX BEKTOPOB & ¥ B HasbIBAeTCS BEKTOP, HAVIIHI H3 Hayala BEKTOpa a B
KOHEI[ BEKTOpa b TIPH YCIIOBHH, YTO BEKTOpP b TIPIIOKEH K KOHI[Y BeKTOpa =z (IIPaBHIIO
TPeyroJIbHHKA) H 3aIIHCBIBAOT ¢ =a + b.

b

a
C

CroXeHHe BEKTOPOB 00IaIacT CIeAYIOIHMH OCHOBHBEIMH CBOMCTBAMH:

1. KoMMyTaTHBHOCTE: a+ b = b + a

2. ACCOIMaTHBHOCTh. I JIOOBIX BEKTOPOB =z, b H ¢ BBIIOIHIETCS PABEHCTBO
a+(b+c)=(a+b)+c

3. [IpubGaBiieHne HYIIEBOIO BEKTOPA K JIFOOOMY BEKTOPY z HE MEHSET ITOCIETHETO: a + 0 =a.

4. CyMMa BEKTOPA @ H IIPOTHBOITOIOKHOIO BEKTOPA @ ' PaBHA HYIIEBOMY BEKTODY, T. €. a +

1
ad

3 BTOpOro CBOMCTBA CIEAYET, YTO €CIIH JaHbI BEKTOPHL a,.a,. ... a, ., PacIlOI0KeHHbIe TaK,

YTO KOHEI[ MPEABIAYINETO BEKTOPA SBIISETCS HAYalOM IIOCIIEAVIOMIErO, TO CyMMa 4, +4a, +..+4a
OyIET IPeACTABIATh COOOH BEKTOP, HAVIIMH H3 Hayajla BEKTOPA = 1 B KOHEI[ BEKTOPA z .

ata, v t.. 14

2. Beruutague BEKTOPOB

PasHOCTBIO ;[ny BEKTOPOB @ H b HasBIBaeTCs TAKOi TPETHIl BEKTOP ¢, 4YT0 a =b + ¢ H
o003HAaYaeT @ -b= ¢ . YToOH M3 OJHOr0 BEKTOpa BBIYECTH APYIOil, HYKHO HX OTHECTH K OOIIEMY

Ha'dally H IIPOBCCTH EEI{TGP H3 KOHEYHOH TOYKH BCKTOPa — BBIYHTACMOI'O B KOHCHYHYIO TOHUKY BCKTOPA
— YMCHBIIIACMOI'O.

3ameuanne. Hapsgy ¢ IIpaBHIOM TpPeyroIbHHKA YacTO ITOIB3YIOTCHA (PaBHOCHIBHEIM €MY)
IPAaBIJIOM IIapajulellorpaMMa; €CIIH BEeKTOPEL aa H b
MpHBeJeHI K OOmEeMYy Hayaly H Ha HHX IIOCTPOEH
[MapariellorpaMM, TO CyMMa a + b ecTh BEKTOD,
COBITQJAIOIHII € JHArOHAJIGED STOrO IapajlIelIorpaMma,
HIVINEeH M3 OOINero Hayala BEKTOPOB a H b, a BTopad

CepTudukar: ECDGGGM&?&BBEBEEEDEETBAEDDDEﬂﬂﬂDDdEEHHI*QHHJ]L HMHH H3 KOHIIA EEI{TGPH 'h B KOHEII EEI{TGPH
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
=1 CCThb Pa3HOCTh a - 1‘:!

NeAcTBUTENEH: C 19.0@3?02%@&%%%’-5}11,[6 BeKTOpa Ha YHCIIO




[IponszeeaeHneM oo a (WIIH @ 0)) BEKTOpPa @ Ha BeElleCTpeHHOoe YHCIIo (L Ha3kIBaeTCS BEKTOP
b, KOIHMHEAPHBIH BEKTOPY =z, (IpPHYEM BEKTOp b HMeeT JIHHY, PaBHYIO ‘ 1 ‘ A ‘) H
HMEIOIIHIT HaIlpaBJIEHHE, COBIAJAIOIIEe C HaIlpaBIeHHEM BeKTopa waB ciaydae (4> 0 m
IIPOTHBOITOJIOKHOE HaIlpaBjIeHHe B cirydae (L < 0.
['eoMeTpHYECKHIT CMBICII OIEpPallHH YMHOKEHHS BEKTOPA Ha YHCIIO MOXKHO BEIPA3HTh TaK. ITPH
YMHOKEHHH BEKTOpa = Ha 4HcIIO (L BEKTOp = pacTsarueaercs (cxmmaercs) B (L pas.
[Ipu stoM, ectu (X» 1, TO =« pactarusaercs, eciH 0< (L <I, TO BEKTOp = CKHMAeTCqd H
BEKTOP 0. z1 COXPaHSeT TO JKe HallpaBJIeHHE, UYTO H BEKTOP a .
Ecrmt ke (0 ¢ 0, TO BEKTOP a PpacTSITHBACTCS ITPH ‘ L ‘} 1 ¥ ciKmMaeTcs TIpH ‘ L ‘{ 1l u
IIPH 3TOM IIPOHCXOIHT H3MEeHEHHE HAITPaBJIEHHS Ha IIPOTHBOIIOIOKHOE .
Ornepanlisa YMHOKEHHS BEKTOpa Ha YHCIO 00MafaeT CIeIYIOIMHMH CBOMCTBAMH:
1. G(at+tb) =0 a + O b (pacupeleIHTEIbHOE CBOHCTBO YHCJIOBOTO COMHOKHTELT
OTHOCHTEIHLHO CYMMBI BEKTOPOB).
2. (L + B) a=oa + Pa (pacnpegelHTeIbHOE CBOHCTBO BEKTOPHOIO COMHOKHTEIS
OTHOCHTEIILHO CYMMBI YHCEI).
3. ofa)=(uff) a (coueTarenpHOE CBOICTBO YHCIIOBEIX COMHOXHTETIEH).

Tak Kak 1o ONpeJelIeHHIO BEKTOP €CTh HallPpaBIEHHBIH OTPE30K, a IPOSKIIHH HaIlPaBIeHHOIO
OTpe3Ka Ha OCH KOOPJHHAT HaxXOAST KaK Pa3sHOCTH OJHOHMMEHHBIX KOOpPAHHAT KOHI[Aa H Hadala
HAITPABIIEHHOI'O OTpe3Ka, TO TOYHO TAKXKe HAaXOMST ITPOEKIHH BEKTOpa Ha KOOpPAHHATHBEIE OCH. OTH
IIPOEKIMH H HAa3bIBAIOTCS KOOPAHHATAMH BEKTOPa.

Hamprumep, mycth gaHel ToukH A(3, -2, 5) u B(-1, 2, 3). Torma xoopauHaTaMH BeKTopa AR
OyayT: -1-3=-4; 2-(-2)=4, 3-5=-2 n o6o3Havaror AR ={-4, 4, -2}.

B manpHemImeM, KOOPAHHATHL (IIPOEKI[HH Ha OCH) MBI OyZeM 0003Ha4YaTh a ={X, VY, Z}.

OTMeTHM, 4YTO AEHCTBHSI HaJl BEKTOpPaMH MOKHO ITPOH3BECTH B KOOPAHHATaX.

[IyCcTp JaHBI BEKTOPHI B KOOPAMHATAX. a ={Xi, Vi, Zi} H b = {Xo, V2, Z2}.

Torma: aa + b ={X|+ X2, VitV Z1+2Z:}, aa - b ={X;-Xo, Vi -V2, Z1-Z2}, b aa = {UYx, U
yi, Az}
Bonpocet u 3a0 auu:

3amauva 1. ITo marrem BekTopaM \s\up8(® u \s\up8(® nocmpoume eekmopni \s\up8(®, \s\
up8(®, \s\up8(®-+—

\Z‘

3agaua 2. Ilo manHBRIM BekTopaM \s\Up8(® u \s\up8(® mocTpoiiTe BEKTOPH, U .

y \5‘

3agauva 3. KakoMy YCIIOBHIO JIODKHBI YAOBIETBOPATE BeKTOPHI \S\UP8(® u \s\up8(®, uToORI BEKTOPEI
\s\up8(® u \s\up8(® OruIH KOomTHHeapHBI. Kakoi reoMeTpHYeCKHH CMBICII HMEET 3TO YCIOBHE?
3agaua 4. OnpezenuTe KOOpAHHATH Hadyajaa BekTopa \S\up8(®, eciti ero KoHel[ COBITaJaeT ¢ TOYKOMH .
3amauya 5. Ilycte B HekoTropom Oazmce \s\Uup8(® u \s\up8(®. Halimure KoOpAHHATHI BeKTOpa \S\
up8(® B 3TOM Oa3zmHce.
BOITpOCHI:

1. Yro HaspIBaeTCSA reOMEeTPHUYECKHM BEKTOPOM?

2. Kaxkue BEKTOPEI CUHTAIOTCS PaBHBIMI?

3. Kak ompepnensercs JjIHHA BeKTopa?

4. UTO TAKQE OBRESRIOPACHE?
CepriypukdK a RCOTIPE AEHREFO S PECIH NERINVOBEKT OpaMH ?
A UK aktie BERTOPBE HASBIBAIOTCS OPTOr OHAIThHBIMIL?

7. Kakmne BEKTOPEI HA3BIBAKOTC S KOJUTHHEAPHBIMI?
Hercgrrel ke BEKT Op bl HASbIBaIOTC I KoMIUTaHApHBIMH? Kak oIpefensdeTcs cyMmMma BeKTopoB AB 1

BC?



9. Kaxk onpepensercsa cymma BeKTopos AB n ACY

10. Kak ompenensercs mpousBeAeHHE BEKTOPA H JIeHCTBHTEIIFHOIO YHCIIa?

11. Kak ompenensercs pasHOCTh BeKTOpoB AB u AC?

12. KaknMu cBorcTBaM 00/1aJar0T JIMHEHHEIE OIEPaliH ¢ BEKTOpPaMH?

13. UTo Takoe KOOpIMHATHI BEKTOpa B (PHKCHPOBaHHOM OazHce?

14. Kak cII0KHTEH BEKTOPEI, €CIIH 3alaHbl HX KOOPAHHATEI B HEKOTOPOM Oasuce?

15. Kak yMHOXHTE BEKTOP Ha YHCIIO, ECIIH 3aJaHbl IO KOOPAHHATEI B HEKOTOPOM OaszHce?

IIpakTH4yeckoe 3ansTue 14. CrayisipHoe, BEKTOPHOE H CMEIIAHHOE [POH3BeAeHH S BEKTOPOB.
Ilens: BERIpabOTAaTRP YMEHHE IIPHUMEHSATH Ha IIPAKTHKE CKalIsdpHOE, BEKTOPHOE H CMEIIAaHHOE
MTPOH3BEIEHHS BEKTOPOB B COOTBETCTBHH C T'eOMETPHYE CKHMH, (PH3HYeCKHMH ITPHIIOKEHH SIMHI
Cooepacanue:
CKaJIIPHOE, BEKTOPHOE M CMEIIIAaHHOE ITPOU3BEAEHNI BEKTOPOB, CBOHCTBA ITPOH3BEAEHIIT BEKTOPOB
BBIPAKEHHE IIPOU3BEIEHHH BEKTOPOB Yepe3 KOOPAHHATEI
IIPIIOKEHIS TIPON3BEICHII BEKTOPOB
Teopemuueckan uacmes:

CKaIgIpHOE IIPOU3BEIEHIE BEKTOPOB

IIycTe maHEBI JIBa BEKTOpa @ M b . CKaISpHBIMH IIPOM3BEACHUSAMH IBYX BEKTOPOB 2 H b
Ha3BIBAETCS YHCIIO, PABHOE IIPOH3BEAEHHIO JUIHH STHX BEKTOPOB, YMHOXKEHHOMY Ha KOCHHYC VYIJIa

MCHKIAY HIIMH.
(ab

.I}_-,,

cosS, TrOC 9 - YVrod MCIKOAY BCKTOPAMH

MoKHO JaTh APYTroc OIIPpCACIICHIIC CKaIAPHOI'O ITPOM3IBCIACHITT JBYX BCKTOPOB. 5k TCOPHH
HPDEI{L[I]IT H3BECTHO, YTO

n-;-,:,ﬁ :‘; cosF fi‘jJ”E :‘B‘L:Usﬂ,

T.0. CKaJIApPHOCS IIPOH3BCACHHC JIBYX BCKTOPOB CCTB YIHCIIO, PAaBHOC IIPOH3BCIACHIIIO JIJIOTHBI
OJHOI'O H3 5THX BEKTOPOB Hd ITPOCKIIIHIO APYI'OI'O BEKTOP4d Ha ]'[EpEBIﬁ BEKTOP.

(ab) =b

np; a wewe  (ab) =|E np- h.

CI{EIJ'I}I[)HGE ITPOH3BEAEHHE BEKTOPOB oOmmagaeT CIIEAYIOIITHMH OCHOBHBIMI CBOFICTBAMH
1. CI{EIJIFIPHDE ITPOH3BEAEHHE ABYX BEKTOPOB a H b Gﬁpaﬂ_[ﬂETGH B HYIIb B TOM CIIY4Yac, KOI'Zla IIO
Kpﬂf]]—[ﬁﬁ MEPE OAHH H3 BEKTOPOB ABJIACTCA HYIICBBEIM HIIH €CIIH BEKTOPEI ITEPIIEHAHKYIIAPHEL.

2. CkalLIpHOe IIPOM3BENEHHE IBYX BEKTOPOB 4 W b pPaBHO IPOH3BEIEHHIO IIHH STHX BEKTOPOB,

€CIIH JaHHBIC BCKTOPLBI ITaPaJlIICJIbHBI, T. €. (|J' 0
(a

OTcrofla cnefyeT, YTO CKaIsIpHOe IIPOH3BeJieHHe BeKTopa Ha caMoro ceGs paBHO KBajpaTy
JUTHHEI ATOTO BEKTOpa, T. . (a -al =[a|’

3 CK&JIFIPHGE HPGIIBEE,I[EHHE ,[[E}"X EEI{TGPGE GﬁﬂaﬂﬂET HEPEMECTHTEHBI{BIM CEGHCTE'DM }"I\CIHG}I{EHIIH
(ab) =(ba)

4. CI{EIJIF[IJHGE ]’[pﬂHBEE,I[EHIIE GﬁﬂﬂﬂﬂET pﬂCHpE,I[EHHTEJ]LHBIM CBOHMCTBOM OTHOCHTEILHO C}"I\MI
BEKTOPOB: {cl+h:] (L‘.LL) {hLJ

blcos 0O =|a

I

i.

o o
[TycTp maHBI mBa BeKTOpa B KOOpDAHMHATAX: @ = X[, V,,Z;| 4 b = X,, V,, Z, . CKalIsgpHOe
IIPOM3BEIEHHE 3THX BEKTOPOB PaBHO CYMMe IIPOH3BEEHHIT HX OTHONMEHHBIX KOOPIHHAT.

BekxTopHOE ITpou3BeieHHE BEKTOPOB
BeKTOpHBIM IIpOH3BEJeHHEM JBYX BEKTOPOB ¢ i« /> Ha3bIBAeTCS TAKOH TPETHH BEKTOP o,

KOTOPBIH 00JIafaeT CIEIYIOIMMI CBOHCTBAMIU:
1) ¢ Lawuc LbH,TOECTh BEKTOP ¢ TNEPIEHANKYIIIPEH K IDIOCKOCTH, TAE JIeKaT BEKTOpa « i« /7
2) JImHa Eemﬂpa ¢ UHCIEHHO paBHA IUIOIIa[M IMapasUlelorpaMmMa, ITIOCTPOSHHOIO Ha BEKTOpax

ef Lf h T. E: | —E’-’(L LJ‘EIHQ’-, TJE 7 — YOO MEFTY BERTOPREAMM o M .«':r
T NogrncaH —
3) BEKTOp < Wﬂﬁﬂ rBAAKNVE CTOPOHY, YTOOBI KpaTYaHIIMI ITOBOPOT OT IIEPBOrO BEKTOpPA ¢z K

BTOPONLY BERTOPYE A5 S HORPFTORERTOPAC 5 TTPeICTABIITICA ITPOHCXOISIIHM IIPOTHB YaCcOBOH CTPENKH,
Bnageneu MEEJgIDBE TaTesaHa AnekcaHapoBHa

ECHII CMDTPET H3 KOHI[d BCKTOPa ¢: .

BEI{TGPHIDE ITPOM3BEAeHHE 0003HAYAOT CHMBOJIOM ¢ =|ah wuau ¢ =a Xh
acTeuTened: ¢ 19.08.2022 no 19.08.2023 )
aﬂj2 OCHOBHEIE CBOICTBA BEKTOPHOI'O MPOH3BE TEHHT:




1. BekTopHOE IIPOH3BENEHIE ABYX BEKTOPOB « 4 & PaBHO HYJIIEBOMY BEKTOPY B TOM H TOIBKO B

TOM CIIy4Yae, KOrJa 3TH BEKTOPHI ITapalIeIbHBI.
M3 »sTOro CBOHCTBA  CIEAYET, YTO  BEKTOPHOE

ITPOHM3BEJIEHHE JIFOOOr0 BEKTOPAa HA CaMOro ceds, T.e. {ua] =0.

2. BekTopHOe NPOHU3BEJASHHE JIBYX BEKTOPOB aHTHKOMMYTATHBHO, @ HMEHHO!

ab =- PJ{I_

3. BekropHOe IpoH3BeJieHHE OOIagacT CBOHCTBAMH COYETATEIIBHOCTH OTHOCHTEIIPHO YHCIIOBOIO
MHOXHTEIIA. r:f{f.ﬁf?l :{r}:a -hl LI lf.f. f:th.

4. BEeKTOpHOE IPOH3BEIEHHE BEKTOPOB OONAJacT PacCIIpeIelIUTEIbHBIM CBOHCTBOM OTHOCHTEIIBHO

BEKTOPOB.
BeKTOpHOE IIPOH3BEAEHHE BEKTOPOB B KOOPAHHATAX
ACIDIC . - \
[IycTb BEKTOPBI « 2¢ £3alaHbl B KOOPAMHATAX « =X, V.2, D = x,,),,2, . Torma

il _r.|'-|- :I . oo : P ._I |
yEnl [T Ko gy W | .

[IprMep. ITycTh ZaHBI BEKTOPEL a = 2, - 1,4 u b :{ 3,1.0

R B B LT DT L B DLLERE ST

e |ab =c = - 4,12,5].
[TycTh JaHBI TPH BEKTOPA ¢z, 7>, <. ECIIN H3 TpexX BEeKTOPOB IIFOOHIE [[Ba BEKTOPA YMHOKHTH

BEKTOPHO, a 3aTeM ITOJIyYeHHBIH BEKTOP = | «z #> | YMHOKHTBH Ha TPeTHH BEKTOP ¢ CKaJISpHO, TO B
PE3YIBTATE MBI ITOIYUYHM YHCIO, KOTOPOE H HAa3BIBAETCS CMEIIIAHHBIM ITPOH3BEICHIEM TPEX BEKTOPOB
M 0003HAYAIOT: OO ¢z /> ¢, OO ([ cz H ] ).

CMEIIaHHOE IIPOH3BEAEHHE HEKOMIUIAHAPHBIX BEKTOPOB ¢z, /> H ¢ IIO MOAVIIIO PABHO 00BEMY
ITaparIelelHIena, IIOCTPOEHHOIO Ha 3THX BEKTOpax.

CMelIaHHOE ITPOH3BEJIeHHE BEKTOPOB ¢, £ < paBHO HYIIIO TOTJa H TOJBKO TOIZa, KOrjga 3TH
BEKTOPHI KOMIUIAHAPHEI.

CMEIIAaHHOE MPOM3BEIeHHE BEKTOPOB B KOOPJAHHATAX.

IIyCTh JaHBI TPH BEKTOpPa B KOOPAHHATaX

a ={x,, V.2 0. ={x,.¥,.2. 0. ={x,,1,.2,}. Torma cMelaHHOe IIPOH3BEAEHHE STHX BEKTOPOB
MOKHO BEIYHCIIHTB IT0 (POPMYIIE:

X, Vv, Z
([ab]e) =|x, ¥, =z,
X, V. Z,
MHorune 3agaun reoOMeTPHH, (PH3HKH, MEXaHHKH PEIaroTCsI MeTOJaMH BEKTOPHOH alreOpHI.
[IpuMep. BeIMHCIHTE, KaKyr padOTy NPOH3BOAHUT cHila £ = {3, -5, -2} Korjga ee TO4YKa
MIPIIIOYKEeHHS, JBHTAsICh IMPSIMOIHHEHHO, IepeMelaeTcsa H3 IonokeHHa 4 (2, 5, -3) B nojoxenne B
(3, -1, -2).

Periexuie. HaiieM KOOpIHHATEL BEKTOpa S = 48

S =1{3-2;-1-5;-24+3} = {1, -6; 1}

Torma BemmuHHa HCKOMOI pab0oTa paBHA CKAIIPHOMY ITPOM3BEJIEHHIO ( /' - .S ), T.€.

W=(F S§)=3-1+(-5)-(-6)-2-1=3I.

[Ipumep. HaitTh yroi, oOpa3oBaHHEIN BeKTopaMH: < ={3.0,-4} u A ={-1,1,-2}.
3(-D+01+(-4)(-2) 5 !

S H0+4 ey A +(-2) sVe e

Pemmenme. “V5% =

[IpuMep. JlaHBEI KoOpAHMHATHI BeplmH TpeyroimpHHKa A(1,2.0), B(3,0,-3) u (C(5,2,6). Haiitn
TUIOMIaAb 3TOrO TPEYIr OJIbHHKA.

PereHnie. HaimeM KOOpIHHATEL BEKTOPOB 48 H AC .

A8 = {3ndaBodnodronmiced -2, -3}

CepmudugiC_” 250{BebENBpG200pere{ Ao BB Jo43E

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa & & &
i o] "3

HajlimeM BeKTOpHOe NPOH3BEJIeHHEe BEKTOPOB 4B H AC . | AB - AC]| =12 -2 - 3] =
Nencteutenex: ¢ 19.08.2022 no 19.08.2023 4 0 G

- 12e - 12e, +8e. - 12e, =-12¢ - 24e, + &e,



Urak, | 4B - AC |= & ={-12, -24, §}.
HargeM MOIYIIF BEKTOPHOT'O ITPOH3BEIEHI
(A8 -AC]) Fd |=4/(-12)" +(-24) +8° =144 +576 + 64 =784 =28

1 . 1
M ckoMmas toromags TPEVIOJIbHIKA: S, . = , ‘l AB -AC ]‘ =, 28 =14 KkB. eql.

[IpuMep. BerympcimTrs o0beM TeTpasApa, BepIIHHBI KOTOporo Haxomsarcsa B Toukax O(1,1.2),
A(2,3,-1), B(2,-2,4), C(-1.1.3).
Pemenme. Terpasap IOCTPOEH Ha BeKTOpax 4. OF u OC  HalileM KOOPAMHATHI 5STHX

BEKTOPOB. (VA4 ={1.2,- 3} OB ={1.-3.2} OC ={-2,0,1} Torma HCKOMBIIH O0BEM:
_ 1 2 -3
L1y = — 1 | 1 1 _ 5
6! 6 6 & &
-2 0 1
5
V= — ky0. en.
O

[TpuMep. BEIUHCIHTE MOIYIL BeKTOpa «z = {6,3,-2}.
Pemterite. Ecimt faH BEKTOP < = {X, ¥, 5}, T0 | ez | = /¥ +»* + 27 . ClleioBaTeNbHO, HMEEM
|z | = -h-'flﬁﬁ +37 +(-2) =449 =7
[IprMep. BEIUHCIHTS HAIPaBRISIOINHE KOCHHYCHL BeKTopa ¢z = {12,-15,-16}.
PemeHte. | ez | = /127 +(- 15)° +(- 16)" =+/625 =25,
X 12 i v o - 15 z -16
COS (r = =  lCosfy =7 = == LCos)y= =
lal| 25 lal 25 la| 25
[TprMep. BEKTOPEL ¢z H 7 06pa3yroT yroil @ = 60°, IpHYeM | cz| =S5 u | A | = 8. OIpeneimTh |
+ H|\U|la- b
Penrenne. PaccMOTpHM cKalnsgapHoOe ITpon3BelieHHE (¢z + A )H (2 + /) T.E.

—  — ., — — — S _ ; 1
(ax T )y =(aa)T2a b))t (b H)=|ua - =25+2-5-8- 2—|—64=

129,
CIIEJOBATENBHO |z + A |= 129 .
AHATOIHYHO, PacCMOTPHM ( ¢z - 5 )°

2=05-2-5-8- :12+64=49. (@ - | =49 =7.

L R

"+ 2| e|| /] cos60" + |

(o -BY=|al-2(ab)+|B

Bonpocet u 3a0auu:

3amgaya 1. OnpedennuTs, MPH KaKHX 3HAYEHHSIX O H 3 BEeKTOPHI ¢z ={-2, 3, p} u H={a, -6, 2}
KOJUIHHEAPHBI.

3amava 2. JlaHBI TpH BekTOpa » = {3,-2,1}, « = {-1,1,-2}, ,»~ = {2,1,-3}. Haiitu paznoxeHHe
BEKTOpa ¢ = {11,-6,5} 1o Gasucy z, <, .

3agava 3. BeKTOpPH «z U /A 00pa3yioT yron ¢ :Z . 3Hag, 4TO |z | = /3, | £ | = 1, BEIUHCIHTE
YTOII G MeXKIY BEKTOpaMH 72 = 2 T b H o7 = e - B>

3azava 4. BEIMHCIINTE IMPOEKIIHIO BEKTOpa «z = {5,2,5} Ha och BekTOopa A = {2,-1,2}.

3agaua 5. JlaHBI BepIIMHEI TeTpasapa: 4A(2.3,1), B(4,1,-2), C(6.3,7), D(-5,-4,8). HaiiTn JJOMHY €ro
BBICOTBI, OITYIIEHHOH H3 BEPIIHHEL D).

3amaya 6. HaiiTh opT BekTOpa & = ¢, +4e, - 12¢,.

3amaya 7. HaliTH BelMYHHY IUIOMIAAH ITapajUIeliorpaMMa, CTOPOHAMH KOTOPOTO SIBIISIOTCS
BEKTOPHI « = {1.-3.1} u A ={2.-1.,3}.

3amaua 8. BBRIUYHCINTH BHYTPEHHHE YITIBI TPeyrolbHHKa ¢ BepmmHaMu A(1;2:1), B(3:-1.7) u
C(7-4;-2). Y OenHohesAE I HOPFORHI PEYTOIIEHIK PaBHOOEAPEHHBIN. CHenaTh YepTeik.
cEpmﬁ%%aE@m%?}%m%@E%% TpeyrombHuKka A(2;-5;3) 1 BEKTOPHI, COBMAAOITHE C IBYMS ETO
@%MEE@EBE?ETE& Ecaquﬁg: = ?3;-2;5}. HaltH ocranpHBIE BEPIIMHEI H KOOPAHHATHEI BEKTOPA
NeitcraBQIIRAEBE 2022 o 19.08 2023

1. YHro HaspIBaeTCd CKaISIPHBEIM IIPOM3BEAEHHEM JBYX BeKTOPOB? MU3HUYECKHH CMBICII

CKaJIIPHOT O ITPOH3BEIEHHS BEKTOPOB.

alaad



OCHOBHEBIE CBOHCTBA CKaJISIPHOIO IPOH3BEIEHN S BEKTOPOB.
Kak onpefiennsieTcs CKalIsIpHOe ITPOU3BEAEHHE BYX BEKTOPOB B KOOPIHHATaX"
Kak HaHTH yrojl MeXIay ABYMS JaHHBIMH BEKTOPaMH ¢z H 7 ?
YTo Ha3kIBAeTCs BEKTOPHBIM IIPOH3BEAEHHEM JIBYX BEKTOPOB?
['eoMeTpHYECKHI H (PH3HYECKHH CMBICII BEKTOPHOI'O ITPOH3BEAEHHS JIBYX BEKTOPOB.
Kak MOXHO HaNTH IUIOINAAL TPEYIOIbHHKA, B TPEXMEPHOM IIPOCTPAHCTBE, €CIIH H3BECTHEI
BEPIIHMHEI JAaHHOI'O TPEYTOIIBHHKA?
8.  Kaxk HaHTH BEKTOPHOE IIPOH3BEAEHHE ABYX BEKTOPOB B KOOPAHHATAX?
0.  Kak HaliTH opT BekTopa ¢z = {x, v, =}?
10.  OCHOBHEIE CBOHCTBA BEKTOPHOI'O IPOM3BEAECHI S BEKTOPOB
11. CMerraHHOe IMPOM3BEIEHHE TPeX BEKTOPOB. | eOMeTpHUYECKHIT CMBICIT.
12.  OCHOBHBIE CBOHCTBA CMEIIAHHOIO IIPOH3BEAEHH I BEKTOPOB.
13. CMerraHHOe IPON3BeAeHHE TPEX BEKTOPOB B KOOPIHHATAX.

NV R W

IIpakTHieckoe 3anarue 15. BekTopHbIE NPOCTPAHCTBA H HX NPOCTEHIIINe CBONCTBA.
Ilens: copmIrpoBaTh ITpeicTaBIeHe O BEKTOPHEIX ITPOCTPAHCTBAX H HX CBOHCTBaX
Cooepacanue:
BEKTOPHOE ITPOCTPAHCTBO HAJl ITOJIEM BEIECTBEHHEIX YHCETL, IIPOCTEHIIHE CBOHCTBA BEKTOPHBIX
IIPOCTPAHCTB.
Teopemuueckas uacms:

Onpegenenrie. Ilycts V - IMPOHM3BOILHOE HEMyCTOe MHOKECTBO, BIEeMEHTHI KOTOPOrO MBI
OyJieM HaspIBaTh BeKTOpaMH, K — Imome, aleMeHThl KOTOPOro Mel OyjieM HasblBaTh CKaisapaMH. 11ycTh
Ha MHOXECTBe V OIpeleleHa BHYTPeHHSIS OHHapHas ajareOpanyecKas OIepalfisd, KOTOPYIO MEI
OyzeM 0003Ha4yaTh 3HAKOM + H Ha3bIBaTh CIIOKEHHEM BeKTOpPOB. IIycTh Takke Ha MHOKeCTBe V
OIpEJIclIcHa BHEINHSII OHHapHas aireOpaHyecKas oOIlepalisd, KOTOPYIO Mbl OyaeM Has3bIBaTh
YMHOKEHHEM BEKTOpPA Ha CKalsgp H 0003HAYaTh 3HAKOM YMHOXEHHS. [[pYTHMH CIIOBAMH OITPEJEIIEHEI
IBa OTOOpaKeHHS:

V>V —= V., Vx.veaV, (x,v)— X+vEV ;
KxV-=1V, YLeEK, Vx E‘J,f}-.,:c] — LXEV

MHOXecTBO V BMeCTe C HSTHMH JABYMS anreOpaHyeCKHMH OIEpPalisaMH  Ha3bIBACTCS
BEKTOPHBIM ITIPOCTPAHCTBOM HaJ ITOIeM K, eCIIH BEIITOIHSIOTCS CIIEAYIOIHE aKCHOMBI:
1. CrokeHHe accOI[HAaTHRHO, T.€.
N, wv.= = V. (:is:+jr)+z :E+(F+E)

2. CyIIecTBYET HYIIEBOH BEKTOPD, T.€.
H=V: VeV, x+0 =0+x —x
3. Jliss mo60oro BEKTOpa CYIIECTBYET IIPOTHBOITOIOKHEIH MY
VxeE VWV, hyeVix+y =y+x =0
BeKkTop v, IPOTHBOIIOIOAKHEIH BEKTOPY X, OOBIYHO 0003HAYAETCS —X, TaK YTO
vx eV, 3- x)e V:ix+(-x) =(-x)+x =0
4. CrokeHHe KOMMYTaTHBHO, T.e. V%Y EV, x+y =y+x
5. YMHOKeHHE BEKTOPa Ha CKalsap ITOJUHHSETCS 3aKOHY aCCOIHaTHBHOCTH, T.€.
Va,pek, "z eV, [:U.BJ:S-: =c¢[:|315-::] ,
r7ie IIpoH3BelieHHe <43 ecTh IPOH3BEeHHE CKAISIPOB, ONpeelleHHOE B IT0JIe K.
6. Vx €V, 1-x =x r17e ] -53T0 equnraia 1moms K.
7. YMHOKeHIE BEKTOpa Ha CKalsap THCTPHOYTHBHO OTHOCHTEIBHO CIIOKEHHS BEKTOPOB:
Vi.EK, Vx,y EV, }.[15{ +}'J =AX + Ay |
8. YMHOKeHIE BEKTOpa Ha CKalsap THCTPHOYTHBHO OTHOCHTEIBHO CIIOKEHHS CKAlISPOB:

Vot €K, U €V, i RS AERS
Ongeg@ﬂ'éﬁﬂéﬁ”mﬂ@ﬂ%g%@e OCTPAaHCTBO V  HaJ IIOINEM BEINECTBEHHBIX uHcel R
205 7BAS0006000

PEE TH&HHETI C0000043E9ABBBOS2 43E

deTCH BEIIGEGLBGIHBIM BEKL OPHBIM IIPOCTPAHCTBOM.
Teopewma. (IIpocTeiirme cBOHCTBa BEKTOPHBIX ITPOCTPAHCTR. )

,Elehmamenewln:' 1@0@% QJ)H?%&EPGGTPHHCTEE C}"I.T.[ECT]E}"ET CAHHCTBCHHBIH HYIICBOH EEUI{TGP. .
2. B BEKTOPHOM IIPOCTPAHCTBEC TTIO0O0H BEKTOP HMMCCT CAMHCTBCHHBIN ITPOTHBOIIOJIOMHBIHN

eMY.



3 VAieK, VxeV, 2 2x =0 = A =0 o x =0
4 V= eV, (= Dxx =-=

[ IprMeps!l BEKTOPHBIX IIPOCTPAHCTB.

1) MHOXecTBO YHCIOBBIX BelleCTBEHHBIX (PYHKIHMI OJHOH ITepeMEHHOH, HEIIPEPBIBHBIX Ha
HHTepBaie (0; 1) oTHOCHTEIIFbHO OOBIMHEIX OITepallHil CIOKeHH S (PYHKI[HI H YMHOKeHHS (PYHKIHH Ha
YHCIIO.

2) MHOKeCTBO MHOTOWIEHOB OT OJHOH OYKBBI ¢ KOo3(pdHImeHTaMH H3 oIS K OTHOCHTEIBHO
CIIOKEHHSA MHOT'OWIEHOB H YMHOKEHIHS MHOTOWIEHOB Ha CKaJIip.

3) MHOXKeCTBO KOMIUIEKCHBIX 4YHCEI OTHOCHTEIHLHO CIIOKEHHS KOMIUIEKCHBIX YHCEII H
YMHOKEHHS Ha JEHCTBUTEIILHOE YHCIIO.

4) MHOXeCTBO MaTpPHI[ OJHOIO H TOTrO Ke pasMepa ¢ 3IeMeHTaMH U3 IToiII K OTHOCHTEIIBHO
CIIOKEHHS MAaTPHI[ H YMHOKEHHS MAaTPHIT Ha CKaJISp.

CHEIVIOIHH ITPHMED SBISETCSA BAXKHEIM YaCTHBIM CIIy4yaeM IIpuMepa 4.

5) IIycts n EN - IIPOH3BOIIBHOE HaTypalbHOEe YHCI0. O003HAYNM Yepe3 K™ MHOKECTBO BeCeX

CTOIIOIIOB BBICOTEI 11, T.€. MHOKECTBO MATPHI[ HaJ roineM K pasmepa n x1 .
MHOXKeCTBO K® SBISETCS BEKTOPHBIM ITPOCTPAHCTBOM HaJ IToleM K M Has3bIBaeTCs

apH(MeTHIeCKHM BEKTOPHBIM ITPOCTPAHCTBOM CTOJIOIOB BBICOTHI 11 HaJ IToiieM K.

B 4acTHOCTH, eCIIH BMECTO ITPOH3BOIBHOIO ITOIIS K B3STh ITONE AeHMCTBHTEIBHBIX YHCET R |
TO BEKTOPHOE IIPOCTPAaHCTBO R" HAa3bIBAETCS BEHIECTBEHHBIM apPH(METHYECKHM BEKTOPHBIM
ITPOCTPAHCTBOM CTONIOI[OB BEICOTHI 1.

AHaJIOTHYHO, BEKTOPHEIM ITPOCTPAHCTBOM SBISETCS M MHOKECTBO MaTpPHI[ Haj IoneM K
pasMepa 1:xn WM, HHAYe, CTPOK MHBEI Nn. OHO OO0O3HAyvaeTcd TakkKe Yepes K* H TaKKe
Ha3bIBAETCSA apH(PMETHIECKHM BEKTOPHBIM IIPOCTPAHCTBOM CTPOK JUIMHEBI 11 HaJ moiieM K.

CHCTEMBI BCKTOPOB BCKTOPHOI' O ITPOCTPAHCTEBEA.
OrmnpeneneHne. CHCTEMOH BEKTOPOB BCKTOPHOI'O ITPOCTPAHCTBA HA3BIBAIOT nr000e KOHEeYHOE

HEITYCTOE MHOeCTBO BEKTOPOB STOr'0 IIPOCTPAHCTBA.
OO03HAYEHHE: 1€1-€2+.-a € | .

OnpeneneHne. BrIpaxeHHe
Lq€q + oo +...+ 0O €y \

rae  oq.0.....00, €K - ckamaper mona K, €q.€2.....€, €V — BeKTOpPHl BeKTOPHOI'O
IIPOCTPAHCTBA V., HAZBIBACTCS JIHHEITHON KOMOHHAIIHMEH CHCTEMEI BEKTOPOB 1C|:C2 ... Cp . CKAILSIPHI
2

Ctq,CD,..., 0ty HAZBIBAKOTCHA KO3 (PHIHEHTAMH 3TOH JIMHEHHOH KOMOHHAIHH.

Onpenenenrie. Ecmi Bce KO3 (HIMEHTH NMHHEHHON KOMOHHAIIMH PaBHBI HYIIO, TO TaKyIO
TTHHEHHYIO KOMOHHAIIIO HA3bIBAIOT TPHBHAIILHOH, B IIPOTHBHOM ClIy4ae — HETPHBHAJIBHOM.
[Tprmep. ITycTh 1€1.€2,C3§ CHCTEMA M3 TPEX BEKTOPOB BEKTOPHOro IpocTpaHcTBa V. Torma

0-e;+0-eq +0 ej

— TPHBHAJIbHAA JTHHEHHAS KDI\I@I]HEH_[I[H ,[[E].I—H{Dﬁ CHCTEMBI BCKTOPOB,
-g1 +0 ep +0 ey

— HETPHBHAIIBHAA THHeHHas1 KOMOHMHAITHSI JaHHOH CHCTEMBI BCKTOPOB, T.K. HEpEBIﬁ

KO3 (HIIHEHT 5TOiH KOoMOHHaImu 1 == 1 #0

Onpenenenne. Ecnn KakoH-HOO BEKTOP X  BEKTOPHOIO IIPOCTPAHCTBA V MOXKET OBITH

IPpSACTABJICH B BHAC.

X = l'l-]E-] + EI.EEE +"'+&I_‘1Eﬂ \

TO TOBOPST, YTO BEKTOP X JTHHEHHO BRIPAXKAeTCSI YePe3 BEKTOPHI CHCTEMBI 1€1.€2....,€n 1. B
HTOM CIIy4ae TOBOPAT TaK’Ke, YTO CHCTeMa 1€1. €2, ..., €y | JIMHEHHO ITPeJICTaBIIeT BEKTOP X.

-

~ v ] "I_ -"_ ]N'
i nonacin . =
[Iprvep s FR6TED }:&‘Ilﬁtﬁz » €2 _‘ .

Ceprvdmkatr: 2C0000043E9ABBB9522 SE7BA500060000043E '
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

BEIICCTBCHHOI'O BCKTOPHOI'O ITPOCTPAHCTBA CTOJNOI[OB BRICOTHI 2. Tormga crombel] x =

— CHCTCMa H3 JBVX CTOIIOIIOB ﬂpH(bMETH‘IEGI{GFG

5 )

13 ‘ ITHHCHHO

BEIpakdaeTea? épese TroaGAsl CHCTEMBI MM JaHHAS CHCTEMA CTOJNOIOB JIMHEHHO IIPEJCTABIISIET
cronderr X. JIeHCTBHTEIILHO,



1 ‘ - 1) ‘ 2 +3
' - 3 =
2I

O '-_4_":}.

Bonpocet u 3a0 auu:

1. O6o3HauuM OYKBOH A MHOXKECTBO OeCKOHEUYHBIX ITOCIIENOBATEIIBHOCTEH BEIIECTBEHHBIX
A={(ap),keN (lm ap)e R‘

k— o

HHCEII, HMCHOIIHE ITPEACII.

OHPE,I[EJ]IIM Ha MHOXeCTBe A IIOKOMIIOHEHTHOE CIIOXKEHHe IIoClIeOBaTelIbHOCTEH M
ITOKOMIIOHEHTHOE VYMHOKCHHE IIOCIICHOBATCIIBHOCTH Ha HYHCIIO. ,HGKEI}H[TE:, yro A SBIsSeTCS
BEKTOPHBIM ITPOCTPAHCTBOM.

2. O6o3HauyuM OYKBOH A MHOXKECTBO OECKOHEYHBIX ITOCIIEAOBATEIIBHOCTEH BEIIECTBEHHBIX
A ={(ap ), keN]| lim ay

S

qyHCcell, HMEIOIIHe OJHHAKOBHIH Ipejiel a € R =ay OTpeeHM CIOKEHHE

Ha A H YMHOKeHHe Ha YHCIIO KakK B 3ajaye 1.

a) JlokakuTe, 4yTo eclIH a =0 | TO MHOXKECTBO A He SBISeTCS BEKTOPHBIM ITPOCTPAHCTBOM.
Kaxas akcrmoMa BeKTOPHOT'O IIPOCTPAHCTBA HE BEIIIPOHSETCS?

0) JlokaxmTe, 4TO eclni a =0 | TO MHOXEeCTBO A SBIIETCS BEKTOPHBIM IIPOCTPAHCTBOM.

IIpakTHyeckoe 3anarue 16. /ImHeliHO 3aBHCHMbIE H JIHHEHHO HE3ABHCHMbIE CHCTE€MbI BEKTOPOB
BEKTOPHOIO IIPOCTPAHCTBA.

Ilens: copmupoBaTh IpelCcTaBIeHHS O THHEHHOH HE3aBHCHMOCTH CHCTEM BEKTOPOB BEKTOPHOIO
IIPOCTPAaHCTBA H acleKTaxX IMTPHMeHEHHS JINHEHHOH 3aBHCHMOCTH (He3aBHCHMOCTH )

Codepocarue:

TPHBHAIIbHOE (HETPHBHAILHOE) IpeicTaBIeHHE HYJIEBOIO BEKTOpa,

JTHHEHHO 3aBHCHMAas (He3aBHCHMAsS) CHCTEMBI BEKTOPOB;

HeOoOXOAHMOE H JOCTATOYHOE YCIIOBHE JIMHEHHOH 3aBHCHMOCTH CHCTEMBI BEKTOPOB.

Teopemuueckas uacms:

Tak xaK IMpOM3BEIcHHE HYIIEBOIO CKalsgpa Ha JIF000H BEKTOP €CTh HYJIEBOH BEKTOP H CyMMa
HYIIEBBIX BEKTOPOB PaBHA HYJIEBOMY BEKTOPY, TO IS IFOOOH CHCTEMEBI BEKTOPOB BBIIIOIHIETCS
PaBEHCTBO

e +0ey+...+0-e, =0
OTcCroZIa CIIeAYeT, YTO HYIIEBOH BEKTOP JIMHEHHO BBRIPAXKAETCS Yepe3 BEKTOPRI IFOOOH CHCTEMEI
BEKTOPOB HWIH, TOBOPS HHAUe, JIF00ass CHCTEMA BEKTOPOB JIHHEHHO IIPEACTABIIIET HYIIEBOH BEKTOP.
' , o

2

1] .
IIprMep. IlycTe J|E1 :‘ S 2€2 = } B sToM ciyuae HyIeBOH CTONOEL] Ul MOJKHO
TIHHETHO BRIPA3HTh Yepes cmnﬁu;bl CHCTEMEI HE OIHHM CITOCOOOM:

1] -1

0-e;+0-e5 =0 ‘+{_} | |

- 2] | 2 ] 0,
HIIH

- ()|
) +L"| —‘ + = ‘

| 2 0
HITH "E’{LE—_R

1 '-1“‘ [« ‘ ‘ I

€] +L ey = + - — +

- 2 2 - 2a) | 2o 0

YT100H pa3igiidaTb STI CITOCOOBI TTHHEHHOIO IMPEACTaBIICHHA HYIICBOI'O BCKTOpPa BBCACM

CIICAVIOIIEES OIIPCACIICHHE.
O11 PEJCIIC HHE. ECITH BBEITTOIHSETCS PAaBEHCTBO

[IOKYMEHT Q@ WeArr e +...+ e, =0
SNEKTPOHHOW MOAMMCHIO |
CepruducdE:  ATPED04BPOMB-BCRE7eK@BPAIIAEHTEI 4] =12 =.. =0y =0 TO TroBOpSAr, 4YI0 CHCTEMa

E-&a c%gﬁ E‘gaymsa TateaHa AnekcaHOpoBHa s
i I’El 2 n « IIPSACTABIBICT HYJIICBOH BEKTOP TPHBHAJILHO. EcimH Ke B PaBEHCTBE XOTHA OBI OOJHH H3

I{GatbthmIIEHmE (L1,042....,0y  He PaBeH HYIIO, TOrJa TOBOPSAT, YTO CHCTEMA BEKTOPOB
Nenctertened: ¢ 19.08.2022 no 19.08. EDEE

1€1. €2, ..., €y ¢ IIpeACTaBILIET HYIIEBOH BEKTOP HETPHBHAIIHHO.



M3 moclefHEero IpHMepa MBI BHIHM, YTO CYINECTBYIOT CHCTEMBI BEKTOPOB, KOTOPBIE MOIYT
IIPEe[ICTABIIATh HyIIeBOH BEKTOP HETPHBHAIBHO. M3 CIEQYIOIEro INpHMEpa MBI YBHAHM, YTO
CYILECTBYIOT CHCTEMEI BEKTOPOB, KOTOPEIE He MOT'YT IIPECTABIIATh HyIlIeBOii BEKTOP HETPHBHAILHO.
i) r{J""“[

[Iprmep. IlycTh { i CHCTeMa JBYX CTOIOI[OB H3 BEKTOPHOI'O ITPOCTPaHCTBA R<.

PaccMOTpHM paBeHCTBO:
1) (0] (o]
o) 1) Tlo)
rae < [3< R HeusBeCTHbIe ITOKa KO3(pQHIHeHTHI. McImons3ys IpaBiiia YMHOKEHHS CTOIIOIa
Ha CKalsp (YHCIIO) M CIIOKEHHS CTOJIOLIOB, ITOJTYYaeM PaBEHCTBO:

I'{_:{.'l ‘ UI‘

i + 5

B 10

3 onpeienieHH s paBeHCTBA MATPHI] CIEAYET, YTO o =0 H [ =0

Taxrm o6pa3oM, JTaHHas CHCTEMA He MOXKET IIPeJACTaRISTh HYJIEBOH CTOIOEI] HETPHBHAIIBHO.

M3 InpHuBeIeHHBIX IIPHMEPOB CIEAYET, UTO CYINECTBYET JBa BHIAa CHCTEM BEKTOPOB. OmXHH
CHCTEMEI IIPEACTARISIOT HYJIIEBOI BEKTOP HETPHBHAIILHO, a APYrHe HeT. OTMETHM EIIle pa3, YTo JIrodasd
CHCTEMA BEKTOPOB IPeACTaBISIET HYIIEBOH BEKTOP TPHBHAILHO.

Onpenenenne. CHCTEMA BEKTOPOB BEKTOPHOI'O IIPOCTPAHCTBA, KOTOPas IPEACTARISET HYIIEBOH
BekTOp TOJIBKO TpHBHAIBLHO HA3LIBAETCS JIMHEHHO HE3ABHCHMOIL.

Omnpenenenue. CHcTeMa BEKTOPOB BEKTOPHOI'O ITPOCTPAHCTBA, KOTOpas MOXKET IIPeJCTaBHTb
HYIIEBOH BEKTOP HETPHBHAIFHO Ha3bIBAETCS JIHHEHHO 3aBHCHMOII.

[IocnenHee ompeneneHie MOKHO JaTh B O0JIee pa3sBEPHYTOM BHJIE.

Omnpegenenne. CHcTeMa BEKTOPOB {€]:€2.-... € | BEKTOPHOI'O IPOCTPAHCTBA V Ha3BIBAETCS

JTHHENHO 3aBHCHMOMH, €CIIH HAaHAETCSI TaKOH HEHYIIEBOH HaOOp CKalsApoB IT0a K
(., Lo,y ) (0,0, ...,0) :

YyTO
ey taqer +.tae,, =0

Ho storo HegocTaToOuHO, YTOOBI BRISICHHTE JIHHEHHO 3aBHCHMAST HIIH JKe JIMHEHHO He3aBHCHMAS
IaHHas CHCTeMa BeKTOPOB. M3 ompeneneHH ClIeqyeT, YTO JIMHEHHO He3aBHCHMAS CHCTeéMa BEKTOPOB
HEe MOJKET IIPeICTAaBISATh, HYJIEBOH BEKTOP HETPHBHAILHO, a TOJIBKO TPHBHAJIBHO. IIoaTOMY 171 TOrO,
yTOOBI YOEAUTHCS B JIMHEHHOH HE3aBHCHMOCTH JAHHOH CHCTEMBI BEKTOPOB, HYKHO PacCMOTPETH
IIPeACTaRIEHHE HYIIS IIPOH3BOIBLHON IIMHEHHOH KOMOHHAIMEH 3TOH CHCTEMBI BEKTOPOB:

(0 =aje) +aoer +..ta e,

Eci 3To paBeHCTBO HEBO3MOKHO IIPH YCIIOBHH, YTOOBI XOTS OBl OMHH KOA(D(HIMEHT 3TOH
JTHHENHON KOMOMHaIMM OBIII HEHVYJIEBOHM, TOrJAa 3Ta CHCTEMA SBJISETCS IO OIPEHeNIEHHIO JIMHEHHO
He3aBHCHMOH.

CHeIVIOIHE TEOPEMBI JAIOT HECKOIIBKO KPHTEPHEB THHEHHOH 3aBHCHMOCTH H COOTBETCTBEHHO
JTHHENMHOH HE3aBHCHMOCTH CHCTEM BEKTOPOB.

Teopema. (HeoOxommmoe H JOCTAaTOYHOE VYCIOBHE JIMHEHHOH 3aBHCHMOCTH CHCTEMBI
BEKTOPOB. )

CHCTEMA BEKTOPOB BEKTOPHOI'O IIPOCTPAHCTBA SBJISIETCS JTHHEHHO 3aBHCHMOH TOrZa H TOJBKO
TOrJa, KOI/la OJHH H3 BEKTOPOB CHCTEMBI JIMHEHHO BEIPAKAETCS Yepe3 APYTHE BEKTOPA 3TOH CHCTEMBI.

CIIeICTBHE.

1. CucreMa BEKTOPOB BEKTOPHOI'O IIPOCTPAHCTBA SBISIETCS JIMHEHHO HE3aBHCHMOH TOr[a H
TOIBKO TOIJIa, KOra HH OJHH H3 BEKTOPOB CHCTEMEBI JINHEHHO HE BRIPAKAeTCI Uepe3 APYTHE BEKTOpa
STOH CHCTEMBI.

2. CHCTeNMR/WBEKTORORBACOIEPKALIlas] HYJIIEBOH BEKTOP WIH JBa PABHBIX BEKTOpaA, SBIISIETCS

JTHHEIHO 3aBH HHOW NOANUCbLIO
Ceptvdomkar, 2C000004 3ESABBBO952205E {BAS00060000043E

Bnaﬂcncuw AR EHHQH ,3d BHCHMOCTH CHCTCMbI H3 OJHOI'O EEI{TGPEI).
CHGTEME],:, COCTOAIIIAasA H3 OJHOI'O BEKTOPA ABIIFACTCA JIMHEHHO 3aBHCHMOH Torja H TOIBKO TOI' o4,

KQI A&, 210T: BEsLOD I HeB0H,
Crencreue. CHcTeMa, COCTOSINASA H3 OQHOI'O BEKTOPA SBISIETCA TMHEHHO HE3aBHCHMOH TOTa H

TOJIBKO TOI'ld, KOI'ld 3TOT BEKTOD HEH}"HEEGﬁ.




Bonpocst u 3a0 auu:

1. Jlokaxure, yro cucrema i) =|1l|,l2 =[1|.I3 =|2|: gBIgeTCqd NTHHEHHO HE3aBHCHMOM.
: 1 : 2 ’
SIBIISIETCS I 3Ta CHCTEMA ITOPOXKIAFOINEH?
) ; 4 -
2. Jlokaxure, 4TO CHCTEMA g1 =|3|.g2 =|14|,g3 =| 9|+ SBISETCS ITHHEHHO 3aBHCHMOH.

-.8.- .](J_.' -._2;

SIBIISIETCS M 3Ta CHCTEMA ITOPOXKIAFOIEH?
3. OGosHaumM R2[x[— MHOXECTBO MHOIOWIEHOB OT OVKBEI X C JIEHCTBHTEIBHBIMH

I{GB(I)(bI]l[HEHTﬂIvﬂI: CTCIICHb KOTOPERIX HEC IIPCBBIIIACT 2. R y[x] =fax 2 4bx +c la.b,ce R},

a) JIOKaXmTe, YTO CHCTEMBI 1. x.x~} H {l.x- 1,(x- 1)°} SBISIOTCI JIHHEHHO
HE3aBHCHMBIMH. SBISETCA JIH 3Ta CHCTEMA ITOPOXKIArOINE?
0) JIOKakHTe, YTO CHCTEMBI {1, x +1,2x.x~} H {x+1.x°,x" - x +1} SBISIOTCSI IIHHEHHO
3aBHCHMBIMIL. SIBJISIFOTCS JIM 3TH CHCTEMBI ITOPOMKIAFOIIIIMHI?
o 0 n

4 Jlokaxwure, yro cHcrema (f) =[1[.f2 =[1].f3 =2 SBIISIETCS. JIHHEHHO HE3aBHCHMOM.
! 1.-' y 2.-' L 3 ;
SIBIISIETCS M 3Ta CHCTEMA ITOPOKIAFOINEH?
3] 4 1]
5. Jlokaxure, 4TO CHCTEMA &) =|>J|.g2 =|14|, 23 =| 9|, SgBISETCS ITHHEHHO 3aBHCHMOM.
el
& [ ) 2

SIBIISETCA JIM BTa CHCTEMA ITOPOXKIAFOIEH?
6. OO6osHaurM R 2[X]— MHOXECTBO MHOIOWIEHOB OT OVKBBI X C JeHCTBHTEIbHBIMH

KO3 (h(HIIHEHTAMH, CTEIIEHh KOTOPBIX HE TPEBBIMIAET 2: R o[ x| ={ax~ +bx +c|a.b,cER} .

=,

a) JlokakHTe, YTO CHCTEMBI (1. x.x~: H {l.x- 1,(x- 1)<  SBISIOTCS JIMHEHHO
HEe3aBHCHMBIMH. SIBISETCA I 3Ta CHCTEMa ITOPOXKIAOIIEH ?
> 3

0) JIOKaXKHTe, YTO CHCTEMBI {1, x +1,2x, x>} H {x+1.x~,x~ - x +1} SBISIOTCS JIHHEHHO
3aBHCHMBIMIH. SIBIISIEFOTCS JIM 3TH CHCTEMBI ITOPOIKIAFOLIMH?

IIpakTHyeckoe 3anarue 17. Paimeprocms u 0a3uc 6eKmopHozo0 npoCmMpaHcmed.

Ilens: copmupoBaTh IIpe[CTaBIIeHHE O PpasMEPHOCTH H 0a3Hce BEKTOPHOI'O IIPOCTPaHCTBA,
BO3MOXKHOCT SIX IIPAKTHYECKOT O IMPHMEHEHHS H3YUEHHOL O

Coodepacarue:

N-MEPHOE IMHEHHOE IIPOCTPAHCTBO, PA3MEPHOCTH IIPOCTPAHCTBA,

PasIOkKeHHE BEKTOpA 10 0a3HCy,

Iepexo K HOBOMY OasHCy.

Teopemuueckan uacmeo:

Bekrop «,, HasbIBaeTcsid JHHEHHOH KOMOHHAIMEH BEKTOPOB &> ¢l5..... . BEKTOPHOI'O
IIPOCTPAHCTBA R, eCIIM OH paBeH CIIEAVIOIIEH CYMME:
a, =/a | tld, oA a,,THe Aya..y A, - TIPOU3BOIIBHBIE JeHCTBHTEIBHBIE YHCIIA.

BeKTophl ¢, -.... ¢, BEKTOPHOI'O IIPOCTPAHCTBA R Ha3BIBAIOTCS JIUHHEUHO 3A6UCUMbBIMIL, ECITH
CYIIECTBYIOT TaKHe uHciaa A,.A,.....A,, HE paBHBIe OJHOBPEMEHHO HYIIIO, YTO HMX JIMHeIHas

KOMOHMHAIH S pﬁmm%%ﬁyﬂpy:
Lefmdlndn: (0 2choooch g 8aRITA05E7BA500060000043E

Bna,qeneu:B llebayxoea TateaHa AnekcaH

pPRBHA y R
IIPOTHBHOM ClIyuae (T.e. KOrJa HyIb-BeKTOp IOMYYaeTcs TOIMBKO MpH A, =0. Vi =1.n)

BEKTOPBI &5 ,---- &, HA3BIBAKOTCHA JIUHEUHO He3A6UCUMBIMU.
Heicreivitenen: ¢ 19.08.2022 no 19.08.2023

JInmHeltHOE TIpOCTpPaHCTBO R HaszpIBaeTCSA N-MEPHBIM, €CJIH B HEM CYIIECTBYET N JIMHEHHO
HE3aBHCHMBIX BEKTOPOB, a JI0oOble (n+l) BEKTOPOB VYiKe SBILIFOTCS JIHMHEHHO 3aBHCHMBIMH.



Pazmeprnocms npocmpancmeéa — 5TO MAKCHMAaJIbHOE YHCIO COJEPIKAINIXCSI B HEM JIMHEHHO
He3aBHCHMBIX BeKTOpoB. O003HaYaeTcs pa3sMepHOCTh dim ®.

COBOKYITHOCTE 1 JINHEHHO HE3aBHCHMBIX BEKTOPOB N-MEPHOTr'0 IPOCTPAaHCTBA R Ha3kIBAETCS da3icom.
Teopema. Kaxnaeni BeKTOp x € R MOXKHO IIPEJCTAaBHTh H IIPHTOM €IHHCTBEHHBIM 00pa3oM B BHJIE
JTHHENMHOH KOMOHMHAIINH BEKTOPOB OasHca.

Taxad ;mIHelHas KOMOMHAITHA

X =X, -+ Aty + ...+ AL

HA3LIBACTCS pazjiodceHuem 6ekmopa X 110 0asucy €,.¢,.....€,,a YHCIA X, ,X5,...,.X, ~
KOOPJAHHATAMH BEKTOPa X OTHOCHTEJIbHO 3TOro 0asmca.

Teopema. Ecm €,-.€,.....€, - CHCTEMA JIMHEHHO HE3aBHCHMEBIX BEKTOPOB ITPOCTpaHCcTBa R M jmrobon
BEKTOP a B HEM JIMHEHHO BEIPAKAETCSI UEPES €, €5 5.--» €, » TO IIPOCTPAHCTBO R SBIISETCSI N-MEPHBIM, a
BEKTOPBIL €;.€5..... €, = ero 0a3HCcOoM.

llepexona K HOBOMY OasHcy
IIycrh B mpocTpaHcTBe R mMerorcs 2 Gasrcar:

Crapelii €,.€-.....€, H HOBBIH € 1,€ 2,....¢ ».KaXnpli M3 BEKTOPOB HOBOro O0a3Hca MOMKHO
BBRIPA3HUTH B BHJE IIMHEHHON KOMOHHAIMH BEKTOPOB CTaporo dasmca:
'* —
rl:::} I. _{:I.”EII +-v-r+'{l?'|r._|€n3u

e': =a,e +..+a,e,,

Fe

........................ (%)

“OTa CHCTEMAa O3HAYaeT, YTO IIEPEXOJl OT cTaporo 0asrca K HOBOMY 3aJaeTCcs MaTPHIlEH Ilepexojia
A =(a )i, j =1, 7). Ora MmaTpHuia HeocoOeHHas (T.e. HEBEIPOKIEeHHAs), T.K. B IIPOTHBHOM CIIy4ae ee
CTPOKH ( a 3Ha4MT, H Oa3HCHBIE BEKTOPHI) OKa3alHCh OBl ITMHEHHO 3aBHCHMBIMH. OOpaTHBIH IIepexo/]
OT HOBOro 0asHca K CTapOMY OCYIIECTBILIETCS € IIOMOIIBIO OOpaTHOH MaTpHIBL 4 =

HaigeM 3aBHCHMOCTD MEEAY KOOPAHHATAMH BEKTOPA B PA3HBIX 0asHcax.
H}*’CTL X HMCCT KOOPAHHATHI.

X Z_E*]E*'_ + + .KT*,.;E'*H =«1E:IL'E-]'[ + + ‘I_-'.‘EH )

[TogcTaBHM 3HAYEHHSI € 1,¢ 2,...,¢ ». H3 CHCTEMBI (%) B JIEBYIO 4acTh IIOCIEIHETO PABEHCTBA,
TTOJTYUHM:

p
= * *
X, =a X1 +a,x»+..+a X,

X, =a,,x"1 +a,x"2 +..+a,.x".,

f

HJIH B MAaTPHYIHOH (pOpMe:
X =4 X",
k,_x :( A - ] \:' rk-.-

X =(x,,....X

CKaJIIpHBIM ITPOH3BEJIEHHEM JBYX BEKTOPOB X, g V=WV V) ponripaetes

HHCIIO:

[OKYMEHT MNOANWCAH -
(X, V) SAECIHOAHDM MomhiCKIO X, V| :Z X,V

Ceptmudomkatr: 2C0000043ESABEB952205E7BAS00060000043E 4
CHGTETR MRS TGRS s

1. (x.¥) =(»,x) - KOMMyTaTHBHOCTE;

Perereypnas £ S22 P PO2%Y - ueTpHOYTHBHOCTD,
3. (ax: ) =a(x, ¥), Y& - O[HOPOIXHOCTD;



4, (x,x)0, ecmt x #0.(x,x) =0, ect x =0.

JInHelHOe (BEKTOPHOE) IPOCTPAHCTBO, B KOTOPOM 3aJlaHO CKaIIpHOE ITPOH3BeIeHHE BEKTOPOB,
yIOBIETBOPSIONIEE YKa3aHHBIM YeTHIPpeM CBoiicTBaM ( paccMAaTpHBAaeMBIM KaK aKCHOMBI), HA3BIBAETCS
eBKITHOBBIM ITPOCTPAHCTBOM.

JlmmHoi ( HopMOii) BekTopa X B EEI{J]ILI[GEGM HpGG’_[‘pElHGTEE Ha3bIBAETCS KOPeHb KBaJPAaTHBII H3 €TI0

CKaJLIPHOTO KBagpara: |x| =+/(x.x) _%' X, X, ot x,)

CBOHCTBRa JIHHBI BEKTOpa.:
;.:| =0 <= x =0;

2 ,-:_atl =|,-?. -|.r,

3. [(x. )| =¥ || - (HepaBeHcTBO Komm- ByHAKOBCKOro),

4. x + y| =|x] +|»| -( HepaBEHCTBO TPEYT OIMbHHKA).

Yron ¢ MexIy IBYMS BeKTopaMH X H ¥ OIpefelIeTcs paBEHCTBOM:
(x, »)

| , e Oqpor.

COS ¢ =
X

,HEEI, BCKTOPd HA3bIBAKOTCA OPTOI'OHAJIIBHBIMIL, CCIIH HX CKAJIAPHOC IIPOH3BCICHHC PABHO HYIITO.

O4eBHIHO, YTO HYIeBOH BeKTOpP OPTOTOHAIeH IMOOOMY IPYroMy BeKTOpYy. ECIM JIBa HEHYIIEBBIX
BEKTOpa OPTOTOHAIBHEI, TO ¢ —7 / 2.

BekTopel €,.€5...., €, N-MEPHOr0 €BKIHIO0BA IIPOCTPAHCTBA 00Pa3yIOT OPTOHOPMHPOBAHHBIIT
0asHc, ecnH (&,.e ;) =0,0 = /.
PaccMOTpHM JIBa ITHHEHHBIX IIPOCTPAHCTBA. R " pasMepHOCTH 71 M R ™ pasMepHOCTH 7.
Ecmm 3amaH 3akoH (TIpaBHIIO), IO KOTOPOMY KaKIOMY BEKTOPY x & R CTaBHICSA B COOTBETCTBHE
eJHHCTBEHHBIH BEKTOpP V € R, TO TOBOPAT, YTO 3aJaH oneparop ( ImpeoOpa3oBaHHE, 0TOOpaKeHHe)
A (X)), IeHCTBYIOIMI H3 R"B R, H 3allHCHIBAOT Y=A( X).

OriepaTop HA3BIBAETCS JIHHEHHBIM, €CIIH IS TFOOBIX BEKTOPOB «,h & R", VA BBIOIOIHIIOTCS
COOTHOIIIEHHST:
1. A(a + ) =A(a) + A(b) - CBOHCTBO aIIUTHBHOCTH;
2. A(Aa) =AA(a) - CBOHCTBO OXHOPOXHOCTH OIEPATOpA.
Bextop 1 =.4(x) Ha3bIBaeTcs 00pa30M BEKTOpPA X, a caM BEKTOp X- IPoo0pa3oM BeKTopa .-

Eciau nmpocTtpaHcTBa R” M R ™ COBIIAJAIOT, TO oIeparop A oro0pakaeT IPOCTPaHCTBO R” B
cebs. PaccMOTpHM HMEHHO 3TOT CIIYYai.

BribepeM B R 0asHuc €,,€,,.... €, , 3aIHIIEM Pas3lIOKEHHE ITPOM3BOIIBHOIO BEKTOpa X IIO
3TOMY OasHCy:

X =xe +x. e+ +x e.

o

[ IprMeHNM K 3TOMY BBEIPAXKEHHIO JIMHEHHBIH OIepaTop -4 . B CHIIY €r0 JIMHEHHOCTH II0JTyYaeM:
A(x) =x,A(e,) + x, A(e, ) + ...+ x _A(e, ).

[Tockoneky A(e,).i =I|,n -TaKKe BEKTOp H3 R"“.TO ero MOKHO Pas3lIoXkHTh IO OazHCy

E"] .'-":?_.'? ‘:"':-":"_"'r

Fi
.

_;f.(_{el,. )=a,e +a,e, +...+a e (i =1n)

Torma
;IJ[._T.:I =x (u e, ... +a, e )+ x,(ag,cp+ . +a,c )+ . +x (u,e +...+a, e )

[leperpyIminpyeM COMHOMKHTEIM B IIPAaBOIl YAacTH, BBIHOCI 3a CKOOKH OasHCHBIE BEKTOPEL
€, €5 .y €, TIOYUHM:

A(x) =(a,,x, +a,.x, +..+a,x e +(a,x +a,,x, +...+a, x e, +..(a, x +a,x. +.+a, x e (*

) OOKYMEHT UDﬂHHCHH
IANEKTPOHHOW NOANWUCEKO .
Ceprudukk JHOVINOH CTOPOHBL) BERTOPE6000ss3E ( x), HMEIOIIII B TOM Ke 0a3Hce €, ., €5 ..., €, KOOPIAHHATEI
Bnapeneu: LI.IEEJ:-.H(DBEL TateAHa AnekcaHgpoBHa
Vi Voo Vo MOXKHO 3aIlHICATh TAK:

sfe e
ﬂ!zucﬁgmen%H 819 08 7033 no 19 08. 20}23 ( )

PaznokeHne BekTopa Io Oa3zHCy €JHHCTBEHHO, CIIEJOBATEIbHO, IpaBble 4dacTH (*) u (**) paBHEI,
TIOSTOMY:



HIIH B MaTpHYHOH popMme: Y = 4){
Marpmia 4 =(e;),(i. 7 =1. 7). Kaxapoi CcTOIMOEI] KOTOPOH COCTOHT M3 KOOpAHMHAT o0pasa

f’](i‘;-’,-} COOTBCTCTBYIOLICI O 0a3HCHOTO BEKTOpa €; B TOM K€ Oasnce €,,€,,.... €, . HA3bIBAETCH

MaTPHIIEH ollepaTopa 1 B 0asHce €,.€- .---, €, _a PaHT T MaTPHIEI A paHTOM oreparopa 1 .
I
TaxuM oGpa3oM, KaKIOMy JIHHEHHOMY OIlepaTopy COOTBETCTBYET MATpPHI[@A B JaHHOM OasHCe.

HaoGopor, BCSIKOH MaTpHIle N-TO IIOPSAKA COOTBETCTBYET IJHHEHHBIH  OIIEPAaTOpP N-MEPHOIO
IIPOCTPaHCTRA.

BekTop X M ero o6pa3 y =.4(.x) CBS3aHBI MATPHYHBIM YPaBHEHHEM:

Y =AX,
rae A- MarpHIa IHHeitHoro oreparopa X =(x,, Xyvers X, ) ¥ =(V, V5,0 ¥, ) .
3 2 4)
I aul HHBII q 3 0 € e, e, m A=|l-1 5 6
puMep: JIMHEHHBIH oreparop .4 B R° B Oasuce €,.€..€; 3aJaH MaTpHIleH
1 & 6]
Hatiti o6pa3 v =.4(x) BekTopa X —=4e, - 3e, +e;.
v "3 2 4\ 4 10
Pemenme: IIprmenseM GpopmMyny nmepexoma: |V, | =|-1 5 0]/ -3|=|-13
Vs 1 8 6) 1] [-18

OO0pa3 BekTopa X mMeeT BHA; V =10¢, - 13¢, - 18e¢,.

IIpakmuueckoe 3ansamue 18 CodcmeeHHble 6eKMOpPLL U COOCHBEEHHbIE 3HAYUEHUA JIIHEUHBbIX
Onepamopoe.
Ilens: chopmupoBaTh IIpejcTaBlIEHHe O COOCTBEHHBIX BeKTOpaX H COOCTBEHHBIX 3HAYEHHSX
JTMHEHHBIX OIEPATOPOB H HX ITPHIIOKEHH SIX
Coodepacarue:
COOCTBEHHEIN BEKTOP, COOCTBEHHOE 3HAUEHIE JIMHEHHOI O OIlepaTopa,
OITpeIeNIEHHE XapaKTepHCTHYECKOI'O VPaBHEHHS MaTPHIIBL,
AIICOPHTM BBIYHCIIEHHS COOCTBEHHEIX 3HAYEHHIT H COOCTBEHHBIX BEKTOPOB KBaAPaTHOH MaTPHIBI A.
Teopemuueckan uacms:

PaccMoTpHM THHEfTHEIH orepaTop 4, AefiCTBYIONIIT H3 HEKOTOPOTO IIPOCTPAHCTBA L B TO XKe
ITPOCTPAHCTBO L.

JIroG0H HEHVYIIEBOH BEKTOP X, VAOBIETBOPSIOIUI YPaBHEHHIO:

AX =AX,
Ha3bIBAETCI COOCTBEHHBIM BEKTOPOM IIHHEHHOIO OIleparopa A, IIPH STOM 4HCIO - Has3kIBaeTcd
COGCTBEHHBIM 3HAUYEHHEM JIHHEHHOr 0 olepaTopa A, COOTBETCTBYIOIIMM COOCTBEHHOMY BEKTOPY X.
Ecmu 3ajiaH 6a3Hc THHEHHOT O IPOCTPaHcTBa L ¥ B 3TOM GasHce THHEHEBIT omepatop 4 MMeeT
MaTpHILy A, TO IIPHBEIEHHOE BRIIIE YPaBHEHHE MOJKHO IIPEACTaBHTE B MATPHYHOM BHIIE:

Ax =X
(A-1E)x=0.

[Ipu 3TOM BEKTOP X Ha3bIBAe€ICS COOCTBEHHBIM BEKTOPOM MATPHIBI A, a WHCIIO .4 Ha3pIBacTC
COOCTBEHHBIM 3HaUeHHEM MATPHIIBI A, COOTBETCTBYIOIIMM COOCTBEHHOMY BEKTOPY X.
Teopema. MHOKeCTBO COOGCTBEHHBIX 3HAUEHHIT THHEIHOTO olepaTopa A COBIAJAaeT CO MHOKECTBOM
KOPHEH XapaKTEPHCTHYECKOIO YPaBHEHHSI 3TOTO OIlEpaTOpa BHE 3aBHCHMOCTH OT TOrO, B KaKOM
GasHce 3aJaHa MaTPHI[A ollepaTopa A. YpaBHeHHe

ONEKTPOHHOV NOBVCHIO det(A-AE)=0

HASBBACT CS XAPAKTEPHCTITICCKIM YPABACHHEM MATPHIBI A.

'B pa3BepHyTOM BHJI€ XapaKIe pHCTHYECKOe YPaBHEHHNE 3aIHIIETCS CIIeTyFOIIM 0Gpa3oM:



lﬂ” — M '”IE ﬂlﬂ
i & Q.
det _ g _ - 1=,
II‘Ll:lli I:-Er_'E o H!"L E }"

JI1s BEIYHCIIEHHS COOCTBEHHBIX 3HAUYEHHH H COOCTBEHHBIX BEKTOPOB KBAJAPAaTHOH MAaTPHIBI A
IopsaKa N He 00X0HMO:

1. CocTaBHTB XAdPAaKTCPHCTHYCCKOC YPABHCHHE H HAaHTH BCE €ro Pa3/IHIHBIC IIeHCTBHUTEIIbHBIE

'l'_'F!

" i
KOpHH 1’ * ™"k KOTOpbIe H OyIyT COOCTBEHHBIMH 3HAYEHHSMH MAaTPHIIEI.

2. Jng xaxmgoro CcOOCTBEHHOIO 3HAYeHHS Moyy Mgy

JIMHENHEBIX anreOpanyecKiX YpaBHEHHI:

"% HafiTH oOIlee peIleHHe CHCTEMBI

(A-LEx=0
OHO H 6}",I[ET 3a1dBaTh COOCTBEHHEIE BEKTOPEI, KOTOPBIM COOTBETCTBYCT COOCTBEHHOE 3HAUECHHE f;L; :
HDIMED. HalTH coOOCTBEeHHEBIE 3HAUEHH I H COOTBCTCTBYIOIIHE HM COOCTBeHHBIE BEKTOPbBI MATPHIIbI.

0 1 2
A=4 0 1
4 -1 1
Tar rax |
0—4a-1 1-A-0 Z—4i-0 A1 2
det A AF|=det/d 2-0 0 21 1 A-0|=det|4 A1 =
J—ha-0 -1-2-0 1-2-1 3 -1 1-A&

=AY (1 A1 113124.(1) 20 )3 14010 A ()1 )=
=2 -2 +3-8460—4+4L-A=—R"+2°+00-9
TO XapaKTCPUCTHYICCKOC YPADBIICIIHNC MMCCT B
M HRF4+9.-9=0.
Opuu 13 KopHEeN PTOro ypaeHednAa HaXoguTceA MeTogoM noabopa. [lposepum, asasaerca
M YKcyo A =1 XOPHEM 3TOTO VPABHEHMA'
—1'+1"+9-1-9=0 —
BepHoO. BelHeceM B JIBOM 1At TY Y PABHEHMH MHOMMNATRIL (A —1) 3a CRODRY:

s 3 - 2

2=l 0==R (A -D+90. - D)= -A)NA-D =B+ 2)EB-L)A-1)=—(L = 3) (L -1)(L—3).

XapaKTepHUCcTHUeCKOe VpaBHEeHMe, TAKKMM 00pasoM, OPMHMMaeT BU]

043 -1D0=3)=0, oreyra b =-3, hy=1 A, =3.

CDDTBETCTBFIDLLIELH OIHODODIOHAA CHOTEMA JMHEeITHEIX j.r[}E.BHE!I-I[-IITI

—x 1 2 \ax ) (07

1

4 a1 {ax|=]0
3 11 allx) o,

%,

A CODCTEEHHOTO 3HAUeHMA /. L — —J MMeeT Bl

3 1 2z (0

4 3 1 |a|=|0
OOKYMEHT NoarincCAH

SNEKTPOHHOW Nognu :&J -1 4,-' L3, . . A
Gapmcmkar:  2C0000043E9ABSBI52205E7BA500060000043E
Bnapeneuy llleGayxoea TaTeAHa .-':'-..'I'.lw.:.JH,'J.‘.-‘.ESHT'S‘I: fa, - EJJ:_ _ |:|, x, Y g
s dar, + 3, — ey =10, r, |=| o |, ock
[eiticteutenex: ¢ 19.08.2022 no 19.08.2023 ox, —x, +4x, =0 X, o

. .



Taknm UﬁpHHUM MHOMECTBO BLeX coDCTBEHHBIX BERTOPOE, COUTEETULIEYHMLMIN cober-

DCINNIOMY 31Ia49CIIMIO A —3 B ROOPIHMII ATIION {prME IMCCT DMI.
C, '
, El
e ¢, — IMpPOHsEBECJIBHOE ,IEEﬁCTBHTE"J[LH‘JE HHICJAO, He PabBEHOe HY.H.

CreTeMa TWHEHRIX }"‘I’)EHHPHHFT JITA OImpenenasiA cOOCTREHHEOTO RERTOPa, COODTRETCT-

BYHILLE1D CUGE'[HEHHDM}-’ SHA Y= HMH] ;"-,2 -1 , FIMeel Bl

—1 1 2y x) (0O

4 -1 1|, |[=|0].
.3 -1 0/lx 0
‘2 (=)
x, —|-3p , BeT.
LV AR Y

MeoskecrBo Beex toDCTBEHHBIX BEKTOPOB, COOTBETCTBYHINX CODUTBEHHOMY 3HAUEHMIO
A, =1, B ROOPAUHATHOW (hOPMEe UMEET BIJT:

. _c.

-

-3¢, |, ¢, =0.

C,

AHATOTHYHRIM ﬁﬁpﬂﬂﬁm OmpenendeTCd MADHReCTRO RCex cONDCTREHHRIX RERTOPOR, COOT-
BETCTBYIOIL[MX CODCTEEHHOMY 3HaYEeHWIO A, =J !

&

ic,
Ile, c, =0).

¥

be, |
., LI

Bonpocet u 3a0 auu:
1. HaHTH cOOCTBEeHHEIE 3HAYMEHHA H COOCTBEHHEIE ECKTOPEIL. IMPHECCTH K JHATOHATBEHOMY EHIV MaTPHITY

JTHHeHHOI 0 oIIcpaTopa.

f ,._‘|_

1. | —1
1
)

5.1 -1
1

—2 -1} (3 -2 2 (41 -1} (3 -1 -1
3 -1[.2/0 3 0[.3|2 3 -2/.4(0 2 -1
-2 2 0 2 1 1 -1 2 0 -1 2
-1 0) (2 10y (3 0 0) (5 -1 -1
2 0. 6|1 2 0| 7.1 2 -1]. 8|0 4 -1
-1 1) -102) {1 -1 2) lo-1 4

2. Onpe;[enﬂ're SIBIISIETCS JTH MeKTyHapOIHASI TOPTOBIS ABYX cTpaH A 1 b cOamaHCHpOBaHHOH, eCIIH
BEKTOP HaI[MOHAJIBbHEBIX JJOXOJOB X H CTPYKTYPHAs MaTpHIa A 3THX CTpaH

12000000000 0,5 0,9
7000000000 0,7 0,1
. 3
BOITpOCHI:
1. UYto Takoe coOCTBEHHOE 3HAUEHHE MATPHIIBI?
2. Uto Takoe cOOCTBEHHBIN BEKTOP MATPHIIBI?
3. Urto Takoe XapaKTepHCTHYECKHH MHOIOWIEH MATPHIILI?
4. CKOJIBKO pa3sIHYHBIX COOCTBEHHBIX 3HAYCHHH MOKET HMETh MaTpHIia?
5. CKOIBKO pa3sIHYHBIX COOCTBEHHBIX BEKTOPOB MOI'YT COOTBETCTBOBATE OJJHOMY COOCTBEHHOMY

HT NogrimcaH

3Ha"ICHHIO MaTBwHDP NoanUChLIO
CeprOpuKakcHaNTH-BCe coOCTBeHHEBIE BHAYEHIIS MaTPHI[BI?

E.’IH,’ 1Erey

LUleD3ayxoBa |aTeAHa ANeKkcaHapoBHa

5. IlepeveHnb JHUTEPATYPDI, HE00X0JHMOMH /151 OCBOEHHA JHCITHILIHHbBI

MCTEBIAT

3 -
ned: ¢ 19.08.20 19.08.2023
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