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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.

(TantneTnaramiuaa naAnTa  Tin muetromimaus ¢ Are®pay  HAIIDABIEHA HA ODMIDOBALIIE
IOKYMEHT NOAMUCAH p p (hopmrp

| SNEKTPOHHOW NOAMUCHIO
'Ceptucbukat: 12000002A633E3D113AD425FB50002000002A6

[ | Bnageneu: Lllebayxoea TaTbAHa AnekcaHgpoBHa TL1aHHPYeMbI€e Pe3yIbTaThI

00yUeHH 110 JHCLIHIUTHHE

nTHUKaTopa (MOITY JT10), Xap aKTepH3Y IOIHE
3Taribl GopMHpPOBaHHA

KOMIIETEHLHI, HHJHKAaTOp OB

NeictenTened: ¢'20.08.2021 no 20.08.2022
KOMIISTEHIIHH A




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 NJ-2onk2 YmMmeer IIPHMEHSTE | AESTEIIBHOCTH.

Ipode CCHOHAIIbHOM COBOKYITHOCTB HeOOXOMMMBIX

IesITellbHOCTH 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,

CAMOCOBEPDHICHCTEOBAHHIO H CAMOPDCAIIIT3AIlITH .
AOKYMEHT NoanmncAH

| SNEKTPOHHOW NMOANMKCHIO

Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

+Bnapeneu: LleG3yxoBa TateAHa AnekcanapoBHa y H IIOJIVHEHHOI'O B XOAC CAMOCTOATCIIBHBIX

‘Aeiactentenen: c 201082021 no 20.08.2022 'OPHBIX 3aHATHAX, ITPH HAIIHCAHHIT 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.)
Kopr
CTYJICHTOB Cpencra H KOoHTaKTH
peam3yeMbIX
KOMITETEHII] TEXHOJIOTHH ast pabota
OLIEHKH CPC C Bcero
IIpeIogara
TEJIIEM
1 cemecTp
OIIK-2 IloaroToBKa K NeKIFIM | KoMImiekr 2.43 0,27 2.7
(U]1-1,2.3) 3aJaHHH H
BOITPOCOB IIO
TeMaM
I CLIHITIIHHBI
OIIK-2 IlogroroBka K KoMrmiekr
(U]1-1,2.3) MIpaKTHYeCKHM padoTaM | 3aJaHHH H
BOITPOCOB ITIO 4,80 0,54 5.4
TeMaM
JTH CIIHITIIHHBI
OI1IK-2 CaMOCTOSTEIIBHOE KoMrmiiekr
(U1-1,2.3) I3YUYEHHE JINTEPaTyPhI IT0 | 3aJaHHI H
TeMam 1-7 BOITPOCOB I10 17,01 1,89 18,9
TeMaM
ITH CIIHITIHHBI
Hroro 3a 1 cemectp 24,3 2,7 27
OIIK-2 IloaroroBka K Borpocsl Kk
(U1-1,2.3) IK3AMEHY IK3AMEHY 24,3 2,7 27
HToro 48,6 5,4 54

4.“0])11[[(][{ BBINOJIHEHHSA CaAMOCTOAT €JIbHOH pﬂﬁﬂ'l'bl CTYACHTOM

4. 1. Memoouueckile pexomenoayiil no pabome ¢ y4ebHoil numepamypoii

[Tpn pabore ¢ KHHTOH He0OXOMHUMO ITOA00paTh JIHTEPaTYPy, HAYYHTHLCS IIPABHIIEHO €€ YHTaTh,

BecTH 3amucH. Jlnsg moxbopa InuTepaTypel B OHONMHOTEeKEe HCIIONB3YVIOTCSA al(aBHTHBII H

CHCTEMATHYE CKII KaTaJIOTH.

BaXHO TIOMHHTH, YTO PallMOHAIBHBIE HABBIKH Pa0OTHl ¢ KHHIOH - 3TO Bcerja OONbIIas
BKOHOMH I BpEMEHH H CHIL

[IpaBIBLHEIN ITOAO0P YUEOHHKOB PEKOMEHAYETCS IIPENoAaBaTelleM, YHTAKOIHM JIEKIIHOHHBIH

] AOKYMEHT MOANWUCAH Ke YKa3zaHa B MeTOJQHYECKHX pa3paboTKax IIO
ANEKTPOHHOW NOAMUCHIO
|Ceptudpmkars « 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

XOJIHTE K CIEAVIOIIEMY BOIIPOCY TOJIBKO ITOCIIE
Nencreutened: ¢ 20.08.2021 no 20.08.2022
HPdBIUIbHOL'Q YACHCHIA 1IPCAbIAYILICLIO, OIIMCblIBdA Hd 6‘_’;-"I%JE1I‘E BCc BBIKIIAJAEKH H BBIYICIICHHA (E TOM

HHCIIE TS, KOTOPBIC B }”IE@HIIKE OITYIICHDBI IO Ha JICKIITHH JaHBI I CaMOCTOATCJIIBHOI'O ELIEG,[[E],).



[Ipn mzydyeHrm 1mroOOH MUCHMIUIMHEL OOJBIIVIO H BaXKHVIO POIIb HIPAcT CaMOCTOSTEIIbHAs
HHIHBHAYaJIbHASI padoTa.

Oco0oe BHHUMaHHe CIeAyeT OOpaTHTh Ha OIpPEeAelIcHHe OCHOBHBIX ITOHSATHH Kypca. CTYIEHT
IOIDKEH ITOAPOOHO pazOHparTh IIPHMEPEI, KOTOPEIE ITOSCHSIOT TAaKHE OIPEAEIIEHHS, H YMETH CTPOHTH
aHAJIOTHYHBIE IIPHMEPHI CaMOCTOATENIbHO. HyXHO IT0OHBAaTBHCSA TOYHOIO IMPEACTABIIEHHS O TOM, YTO
H3y4Yacelllb. [IolIe3HO COCTaBIIATHL OIMOPHBIE KOHCIIEKTHL. IIpH M3yUYeHHH MaTepHala II0 Y4eOHHKY
MOJIEHO B TeTpaJAH (Ha CIIEIHAIIbHO OTBEJECHHBIX ITOJIIX) JOIIONHATH KOHCIEKT JISKIpHi. TaM ke
CIIeAyeT OTMEYATH BOITPOCHI, BRIJIETIEHHEIE CTYASHTOM JJISI KOHCYIIBTAIHH C ITPEITOAaBaTEIEM.

BBIBOIBL, ITIOIYUYEHHBIE B Pe3YIbTAaTe H3YUEHIS, PEKOMEHIYETCS B KOHCIIEKTE BRIJEIISATE, YTOOHI
OHH ITPH IIePEeUYNTHIBAHHH 3aIlHCcell JIyUIlle 3aITOMHHAIINCE.

OIIBIT ITOKA3bIBAET, YTO MHOTHM CTYAeHTaM ITIOMOraeT COCTABIIEHHE JIHCTAa OMOPHBIX CHIHAJIOR,
COZepKalllero Ba’KHEHIIIHe H HaHOolee 4YacTo yIIoTpeOnsgeMble (DOPMYIBl H IMOHSATHSA. TaKoOH JIHCT
IIOMOraeT 3allOMHHTh (DOPMYIIBI, OCHOBHBIE IIONOJKEHHS JIEKIHH, a TakK)Ke MOJKET CIIYJKHTb
IIOCTOSIHHBIM CITPaBOYHHKOM JJIS CTYAEHTA.

UTeHHe HaAyyHOro TeKCTa SBJISeTCS YacThIO IIO3HABATEIBLHOH JeATelIbHOCTH. Ee 1emp —
H3BIIEUYEHHE H3 TeKCcTa HeoOXOAHMMOH HH@opmaipm. OT TOro Ha CKOIBKO OCO3HAHHA YHTAOIIHM
COOCTBEHHAI BHYTPEHHS YCTaHOBKA ITPH OOpallleHHH K IIeYaTHOMY CIIOBY (HaHTH HYKHBIE CBEICHH,
YCBOHTh HH(POPMAIIHIO ITOJTHOCTHIO WIH YaCTHYHO, KPHTHYECKH ITPOaHaIH3HPOBAaTh MaTepHall H T.I1.)
BO MHOI'OM 3aBHCHT 3()(PeKTHBHOCTh OCYIIECTBIIIEMOr O JEHCTBH L

BRIZIETISIOT uembipe 0CHO6HbIE YCIMAHO6KI 6 YWMEHUI HAYUHO20 meKcmd.:

HH(})OPMAITHOHHO-TIOHCKOBBIH (3aJaya — HAHTH, BRIJIEIMTH HCKOMYEO HH()OPMAITHIO )

yCcBaHBaroImas (YCHIHSI YHTaTeIsd HaIllpaBIeHBI Ha TO, YTOOBI KaK MOJKHO ITOJTHEE OCO3HaTh H
3aIIOMHHTE KaK CaMH CBeJICHHS H3lIaracMble aBTOPOM, TaK H BCIO JIOTHKY €0 pacCy kI cHHH)

aHAIIMTHKO-KpPHTHYecKass (YHTaTellb CTPeMHTCS KPHTHYECKH  OCMBICIHTL  MaTepHal,
IIPOaHAIM3HPOBAB €T 0, OIPeJe/INB CBOe OTHOIIEHHE K HEMY)

TBOpYecKas (CO3JaeT Yy YHTaTelIsI TOTOBHOCTE B TOM WIH HHOM BHJIe — KaK OTIIPABHOH ITYHKT
IUIS. CBOMX PacCYKIAcHII, KaKk oOpa3 IS ISHCTBHSA 110 aHAJIOTHH H T.II. — HCIIOIB30BaTh CY KICHHSI
aBTOpa, XOJ €ro MEBICIEH, Ppe3yiabTaT HaOMmOAcHHSI, pa3paloTaHHYIO0 METOMHKY, MJOIOIHHTE HX,

ITOJIBEPIrHYTh HOBOH ITPOBEPKE).

4.2. Memoouueckiie pexomeHOayiil N0 NOO20MOBKe K NPAKMUYECKUM 3AHAMUAM

I[JIH TOI'O0 YTOOBI IMPAKTHYCCKHE 3dHATHA ITPHHOCHIIH MAKCHMAJIBHYIO IIOJIb3Y, HeoOXOqHMO

ITOMHHTE. HTO VIIDAKHEHHE H DETNIEHHE 34/TaY TIDOBOJIATCH 11O BEIYHTAHHOMY H4A JICKIITIX MdTCPHAITY H

[OOKYMEHT NOAMNUCAH
| INEKTPOHHOM MNOANMUCBIO MHbHEIX BOIIPOCOB JIEKIHOHHOIO Kypca. ClIeayeT
CepTudmkar:  12000002A633E3D113AD425FB50002000002A6
1Bnanenel; lilebayxosa farkaHa AnexcahaposHa [OI'0 MaTepHala C OIPeIdelIeHHON TOYKH 3PEHHS
| QencrenTenen: ¢ 20.08.2021 no 20,08.2022 jp[;[};) OH 6};';[3'1* 3aKPEIIIThCA Ha IMPAaKTHYECKHX

3dHATHAX KdK B PE3VIILTATC Gﬁﬂ}"}I{I[EHH_H H aHA4JOi3a JICKIMOHHOI'O MATCPHAIId, TdaK H C IIOMOIIIBIO



pPELIeHH ITPOOIEMHBIX CHTYAIlHi, 3aJad. [IpH ATHX YCIOBHSIX CTYAEHT HE TOIIBKO XOPOIIO YCBOHT
MaTepHall, HO H Hay4YHTCS IIPHMEHSATh €r0 Ha IPAaKTHKe, a TaKKe ITOJIYYHT JOIIOIMHHTEIbLHBIH CTHMYII
(M BTO OYEeHb BaKHO) JIJII aKTHBHOH ITPOPa0OTKH JIIEKIIHH.

CremyeT IIOMHHTb, YTO pellleHHe KaXmaoH y4yeOHOH 3aJauyH JOKHO JOBOJIHTBLCSI JO
OKOHYATEeJIBHOTO JIOTHYECKOIO OTBETa, KOTOPOro TpedOyeT YCIOBHE, H II0 BO3MOKHOCTH C BBIBOJIOM.
[TomyJyeHHBIIT OTBET clIeAyeT MPOBEPHTH CIIOcO0AMH, BRITEKAIOIMMH H3 CYIIeCTBa JAHHOH 3aJauH.
[TonesHo Taxke (ECIIH BO3MOXKHO) pellaTh HECKOJBKHMH CIIOCOOAMH H CpPaBHHTh IIOIY4YeHHBIE
pe3ynbTaThl. PerieHne 3agad JaHHOTO THITA HYKHO ITPOJOIDKATh 0 MPHOOpEeTEeHHS TBEPABIX HAaBBIKOB

B HX PCHOICHHH.

4.3. Memoouueckiie pexomeHOaijiiil N0 caMonpogepre 3HAHLULL

[Tocie H3y4eHHS onmpeAeleHHOH TeMBI I10 3aIHCcsIM B KOHCIIEKTe H YYeOHHKY, a TakKe pellleHH S
JOCTaTOYHOIO0 KOIHYECTBA COOTBETCTBYIOINMX 3aJla4 Ha IMPaKTHUYECKHX 3aHITHIX H CaMOCTOSTEIBEHO
CTYJIEHTY PEKOMEHAYETCS, IIPOBECTH CaMOIIPOBEPKY YCBOEHHBIX 3HAHHI, OTBETHB Ha KOHTPOJIBbHBIE
BOITPOCHI TI0 H3YYEHHOH TEME.

B crmy4yae HeoOXOAHMOCTH HYJKHO eIlle pa3 BHHMAaTellbHO pa30o0paThCcs B MaTepHalle.

MHorma HeZOCTaTOYHOCTh YCBOEHHS TOIO MM HHOI'O BOIIPOCA BEISICHAETCS TOJBKO ITPH
H3YUEeHHH JallbHEeHIIlero MaTepHala. B »TOM ciIyyae HaJO0 BEpPHYTHCS HazaJ H IIOBTOPHTH IUIOXO
YCBOEHHBIH MaTepHall. BaKHbIH KpHTEpPHH YCBOEHHS TEOPETHYECKOI0o MaTepHajla - YMeHHE pellarh
3aJaudl HJIH ITPOHTH TeCTHPOBAaHHE II0 IPOHAEHHOMY MaTepHany. OJHaKo cjaeQyeT ITOMHHTB, YTO
MIPaBIJIBHOE PeIleHHe 3aJaul MOXKeT TIIONYYHTBCS B Ppe3ylbTaTe IPHMeHeHHS MeXaHHYeCKH

3ay4eHHBIX (POpMYII Oe3 IIOHHMAHHS CYIITHOCTH TEOPETHYECKHX ITOTOKEHHIH.

S.KoHTpoJib caMOCTOATEILHOI PA00ThI CTYIEHT OB

B paMKaxX peHTHHIOBOH CHCTEMBI YCIIEBAEMOCTE CTYAEHTOB IT0 KaKIOH JHCIIILIIMHE
OLIEHHBAETCA B XOJIe TEKYIIEr0 KOHTPOJIS M IPOMEKYTOUYHOH aTTeCTal[HH.
Texkymun KOHTPOJIb

PelITHHroBasl oleHKA 3HAHHUH CTY/IEHTA

No By 1eSTenbHOCTH CTYIEHTOB CpoKH KommuecTBO
TI/II BBITIOJIHEHH OaJUIoB
s
l. [ IpakTH4YeCcKOE 3aHATHE S5 5 Hexensd 15
). I IpakTHyeckoe 3aHsgTHE 10 10 Hegensa 20
3. IIpakTiyeckoe 3aHgarue 15 15 Hegens 20
. SHEKTPOHHOM NOTIACHIO cemecTp 55
| Ceptucpukar:  12000002A633E3D113AD425FB50002000002A6 Hroro 35
Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

" ¢ 20,08,2021 no 20.08.2022 .
i N 40180 O M KOHTPOIb YCTAHABIHBAETCS PaBHBIM 55.

TEK}"H_[EE KOHTPOJIbHOC MEPOIIPHATHE CHHTACTCA CAdHHBIM, CCIIH CTYIACHT ITOJIVHILII 3d HEI'O HE MCHCC



00% OT VYCTAaHOBJIEHHOIO JUIS 53TOr0 KOHTPOIS MakKCHMalIbHOro Oamia. PeHNTHHIOBBIN Oai,
BBICTABIISIEMbBIIL  CTYJAEHTY 3a TeKyIllee KOHTPOIBHOE MEPOINPHSATHE, CHOAaHHOE CTYAEHTOM B
yCTaHOBIIEHHBIE I'Pa(pHKOM KOHTPOIbHBIX MEPOIIPHSATHIL CPOKH, OITpeJeIIeTcs ClIe YoM 00Pa30M:

Ypoeeus evinonvenus konmponvrnozo | Peiimunzoentii dann (6 % om MAKCUMAIbHOZO
3A0aHUA danna 3a KOHmMpoJibHoe 3a0 aHue)
Omauynulii 100
Xopouuuii 80
YooenemeopumenvHuiii 60
Heyooenemeopumensuoiii 0

HpﬂMEH’I}’Tﬂ‘IHﬂH ATTECTAIINA

[IpoMmexyTouHass arTecTalsa B (OpMe HK3aMeHA IIpelyCMaIpHBAeT ITPOBEICHHE
00s13aTeNIbHON 3K3aMEHAIHOHHON ITpoleAYprl H oleHHBaeTcsa 40 Oajmramu u3 100. B ciyuyae
€CIIM PEHTHHIOBBIH Oaril CTYAEHTa II0 IHCI[HIUIMHE II0 HTOraM ceMecTpa paBeH 00, TO
ITPOrpaMMOH aBTOMAaTHUYECKH AO0aBIISAETCS 32 IIpeMHAIbHBIX Oallia M BRICTABISETCS OI[EHKA
«OTIITHYHOY». IIONMOKHMTENBHBIN OTBET CTYJEHTAa Ha 5K3aMEHE OIEHHBACTCS PEHTHHTOBBIMH
OaruraMu B guartasoHe oT 20 mo 40 (20 # Soxs # 40), oreHka Menbine 20 GalllioB CUHTAeTC
HEYJIOBIIETBOPHTEIIFHOH.

[IIkama cCOOTBETCTBHA PEHTHHIOBOI'O Oairia 3K3aMeHa S-0alUIbHOH CHCTEME

PeliTHHToBbIN 02171 M0 JHCIIHILTHHE OneHka Mo S5-0a/LILHOM CHCTeMe
35-40 OTJIHMYHO
28 — 34 XOpo1Io
20-27 Y IOBIETBOPHTEIILHO

MToropas oleHka I10 AUCIIUIMHE, H3Yy4aeMOH B OJHOM CeMecTpe, OIpeJelsaeTcs II0
cyMMe OaruioB, HaOpaHHBIX 3a pa0OTy B TeUEHHE ceMecTpa, H 0aJUIOB, ITOTYYEHHBIX IIPH cade

SK3aMEHa!
IIxana nepecuema peiimiin2oo20 b6ania no OUCHLUNILIHE
& OleHKy no 5-banivHoil clicimeme
Peitmunzoentil 0 i1 no 0OucyuUniIuHe OueHKa no 5-0 ibHOIL cucmeme

88-100 Omniiyno

72-87 Xopouio

353-71 Yooenemeopumenvuo

<33 Heyooenemeopumenwvno

6. Crmcox JIuTEpaTyphbl

AOKYMEHT NoanmncAH
I INEKTPOHHOW NOANMMUCHLIO
| Ceptudukar: - 12000002A633E3D113AD425FB50002000002A6

| [ = rtocobne / E. B. Horak, T. B. PsazanoBa, Y. B.
|Bnapeneu. Lebayxoea TateAHa AnekcaHgpoBHa

| 10ypr: Ypanbckui (pelepallbHbII YHHBEPCHTET,
|DevicTeuTerien: ¢ 20.08.2021 no 20.08.2022 ww.1prbookshop.1u/69589 html
6.2. IlepeyeHb JOMOJIHHUT €JIBHOH JIUTEPATYPLI:



Bricirag maremarnka. Tom 1. JImHenHas amrebpa. BekTopHas anredpa. AHaIHTHUYECKAs TEeOMETPH S
yueOHHK/ A. II. 'ocrtomapukos, E. A. Kaprioa, O. E. Kapnyxuna, C. E. MaHcypoBa; IToJi peJaKifHei
A. II. I'ocmomapukoB. — CasHkr-IleTepOypr: HaipoHanbHBEIH MHHEPAIBHO-CRIPHEBOH YHHBEPCHTET
«I'opabmin, 2015. — 105 ¢. — PexumM poctyma: http://www .iprbookshop.rw/71687 . html

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
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Nencreutened: ¢ 20.08.2021 no 20.08.2022
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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 HanuMe HOBAHHE TeM JHCIHI/IMHBI, HX KPATKOe COJAepP:KAHHE O0beM I3 HHX np aKTHYeCKAS
TeMBbI Hacob NMNoaroToBrKa, 4Yacob
THCIH
ILJIHH

bl

1 cemecTp
OCHOBHBIE anredpanyecKHe CTPYKTYPBI. OIlepaiiy H 1.5 1.5
1 anreOpel. Mopdn3mel. AnreOpbl ¢ OJHOH OIlepalHeH:
IIOIYTPYIOIBI, MOHOMJIBI, I'PYIOIRI. AJTEOPEl ¢ ABYMSA
OIepaIfisMH. KOJIbI[A, IO
2 [lome  KOMITJIEKCHBIX  4YHCEI. JleficTBHSI ~ HaJ 1,5 1.5
KOMIUIEKCHBEIMH YHCJTaMH
D OpMEI IIPeCTABIIEHNS KOMIUIEKCHBIX YHCE] 1.5 1.5
JleliCTBHS HaAJl MaTPHI[AMH 1,5 1,5
BerumciieHHe — OIPeIENHTENEH  PasjIoKeHHEM  IIO 1.5 1.5
sIIeMeHTaM CTPOKH (cTonlra)
OOpaTHas MaTpHIla 1.5 1.5
PaHr MaTpHIIBI 1.5 1.5
HMccinenopanne CHCTEM JIMHEHHBIX VPaBHEHHH Ha 1.5 1.5
COBMECTHOCTB
4 PerlieHrie  HEBBIPOXKIAEHHBIX  CHCTEM  JIHHEHHBIX 1.5 1,5
YpaBHEHHI MeTOAOM Kpamepa
4 PerleHne  HEBBIPOKIAEHHBIX  CHCTEM  JIHHEHHBIX 1,5 1.5
B YPaBHEHHI MATPHYHBIM METOOM
NOKYMEHT DD,H”HCAH METOJIOM 1,5 1,5
ANEKTPOHHOWM NMOANMUCHIO
|| Cepruchukar: -~ 12000002A633E3D113AD425FB50002000002A6
Bnapeneu; Lebayxoea TateAHa AnekcaHopoBHa ABHCHIH. 1,5 1.5
— | OdeicteuTtened: ¢ 20.08.2021 no 20.08.2022 15 15
i o AA AL awraadaara W 'u'i.i.-—-i.r"-.i-\.i_n"ii_ii. -'.i.'-.iH a'_r'--i.'-.-'.'-u.r'i.r"-.-i-\.i.'--'_ii.- - HJHG}I{EP]IIE 2 2
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

! AOCKYMEHT MNOAMNNCAH OTTOTIOXKHBEIM H O003HAYaeTCs. -a.
SNEKTPOHHOWM NMNOANUCHIO

CepTucbukar:  12000002A633E3D113AD425FB50002000002A6 C OmNepallMeH CIOXKEHMA + 3aJaHa €IIE OJHa
'Brapeney! ' LlleBayxoea TatbaHa AnekcaHaposHa [ CBs3aHa C + JIHCTPHOYTHBHBIMH 3aKOHAMH:
r g Mo0BIX abe & K H Oxa=ax0=0

';ﬂ,emmamenemcED,{IS.EDE‘I rH:_:J 20.08.2022 2 CIIH B KOJIBIIE (K ,+, *) JTOTIOITHHTEIBLHO JULS

TIPOM3BEIEHH * BRITTOIHAETCS aCCOI[HATHBHELI 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.

AccorHaTHBHOE YHHTAPHOC KOJIBIIO, B KOTOPOM Ka K bIH HEH}U’[EEGﬁ JJIEMEHT a HMECT

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.

HE.FII’:.' C(bﬂphﬂ[pﬂEﬂTL IPEACTABIICHHC ITOJIC KOMILIICKCHBIX YHCCIL, EBIp&ﬁGT&TB YMCHHE BBIIIOJIIHATH
IeHCTBHS HaJl KOMIITICKCHBIMH YHCIIaMH

Codeporcarue:

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

H300pakeHHE KOMITJIEKCHOI'O YHCIIa Ha ITIOCKOCTH XOY,

CIIOKCHHC, BEITHTAHHE, YMHOXCHHE, JCJICHHE KOMIUICKCHBIX HHCCII.
T eopemuiecKkdna uacmb.

YnopsoueHHas ITapa JBYX JeHCTBHTEIbHBIX YHCET (X, V) HA3BIBAETCSI KOMMICKCHBIM YLIC/IOM
z =(x, ). MHOXecTBO KOMIUIEKCHBIX Uricen 0603HauaeTcs 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
, urcrto (0.0) ecTh MefiCTBHTEIBHOE 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 —Zz =X =Xy, Y = Ye.
OOKYMEHT NOArMcAH HBIX YHCell He BBOIHTCAL.
3NEKTPOHHOW Nnoanncbio 5 s
axaeTcd B ImiockoctH XOY Touxonm M ¢
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6 P ,
'Brageney: ' “llleBayxosa Tatbsna AnekcaHaposHa ro HaXxofxurcs B Touke O(0,0), a KOHEI[ B TOUKE

o

Nencreutened: ¢ 20.08.2021 no 20.08.2022 1l KCH bLMLL YLLCT ML

[Tycts ganst 2 =Xy, 1) 1 25 =(%,,7,), Torna



1]

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

z XXtV Vs Xa) - X V9
I A2 M2 2.1 [.V2
o A . k) 32 #U

~+

2, .2 2 4,2
22 o Xy T X5 + )5

z =x + 1) — anreGpanyeckast (popMa 3aIlHCH KOMILIEKCHOIO YHCTIa, TOTAA
7| £z, ={.r| +f_}-*-])i{_r1 +f_1,-!3) :(x] i:r?]ﬂ(y] i_],-!:_):

e

Z| "2y =(Jr.1 +f;1,.-*1) -(_r.z +f).’2) =XpX, Hix p, +

. 2 ‘
+ !',':2]”1 + !r __]’-!1‘__1;2_ :{.-}1:1 ..-"r:)r = -J,ll 1‘2 J + r( "tl r]r.’j + *""1:2_}[1 )-
KomrunekcHele uncna Z =(x, v) =x+iv u =

=(X,= ¥) =X - [y y KOTOPHIX IeiiCTBHTEIILHBIE

HdCTH PdBHBI, 4 MHHMBIC OTIIHYA4IOTCA 3HAKOM, HA3BIBAKOTCA 63aliMHO COHNPAMNCEeHH bIMI

KOMFIJIEKCHO CONPANCEHHDBIMIL.

HeTpyaHO BHAETH, UTO |z| ==z = /x + y* , 4TEZ == arg z (kpoMe 4Hcen z =x < III HUX
arg z =argz =7,

JleneHne KOMIIIEKCHBIX YHCEN B aJreOpanyecKoH popMe

I e B B BuD U0 o SR 5 N
= 2,2 2,2
2 1 X3+ )3 X342

ﬂEﬁCTEHTEJ]LHﬂH yacTh X =Rcz ® MrmMMag dacts Y =lm=z xomimiekcHoro umcia

BBIPDAAAKOTCH HCPE3 COIIPAKCHHBIC KOMIIIICKCHBIC YMHCIIA CIIEAYIOIITHM GﬁpﬂBGMZ

T4z Z~-Z Zz-C
CImz =i =
2 2 i
[IprmMep. I1okazate, Uto z; +z, =z +z,.
Periennie: J[okakeM 3TO paBEHCTBO, HCITONB3YS OIPeAeIEHHE
[IprMep. HafiTH mpoH3BeleHIEe H YaCTHOE YHCENl Z; =2~ 3 H 2, =-4 +1i,
PemieHmue:

Rez =

Zo =(2- 3= 444) =-R+2i+12i- 3" =-8+14i +3 =-5+14i,

[

-3 (2-30-4-4) 8- 27412/ +3i° - 8+10i- 3

-
<~ |

z, - dwd - a+i-a-4) (- 4)° - ;2 4+ B
- 11+10; 11 107 1l .
— =- + :——+E;:
55 s 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
-11-106 11 10
13 13 13

(1- 2)(2- 31)
(3- 4i)(4- 5i)

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

HQIMEQZ BBIUHMCIHTE 3HAaUEHHE BBIPAKCHIHA

(1-20)2-3i) _ 2-3i-4i+6i° _ 2-7i+6i~ _ -4-7i _ 4+7i _
(3- 4i)(4- 50)  12-15i- 16i+20i2  12- 31i+20;2 - %-31  8+31Li
(A +T70(8- 31 32- 1247+ 56i- 217i% 249- 68 249 68
C(8+31)8- 31 64 - 961;° 1025 1025 1025
NOKYMEHT NOoAanmcAH

' SNEKTPOHHOW NOAMUCHIO
Ceptudpmkat: . 12000002A633E3D113AD425FB50002000002A6

iBnageney; Lebayxoea TaTbAHa AnekcaHapoBHa

|

Nencreutened: ¢ 20.08.2021 no 20.08.2022
B){-1T1~53) .

2. OHPEI[EJIHTL MOJAVYIIb KOMIUICKCHOI'O HHCIIA.



. . _ ‘ -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
TTONSIPHBIE KOOPAHHATEL A/ M @ CBSI3aHBI (pOopMyIIaMH X =0Cosg, ¥y =ppsing:

{oA = . - - ‘Jx
l[{-:r :"\fl-x-‘_ +_-,I|"'IH = '!I'-:E:_"r-rq":l T -
X
TIDI‘,I[E], KOMIUICKCHOC YHCIIO MOHO 34l CaThk B BH/JIC

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 IMTAaBHOe 3HaUeHHe <1+€(z), omnpenengemMoe ycioBHeM ~ 77 < AgZ =7 [pHYEM:

HMMeroT MecTOo CIICAYIOOTHE COOTHOIIICHH A

: . 1/ . X
te(Arg(2)) Y sin(Arg(2)) = ——— : cos(Arg(z)) =

X AR

g 1.

_,'II.IJI Jl__' + ‘}_ £
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 :
21| =|z2|, Arg(z) =Arg(z5)+2m (n =0,x1.22,..)
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)).

ToecTs,
2125 = z,| |za|, Arg(z,z,) =Argz, -Argz,.
DTO MPaBWIO PACIIPOCTPAHSIETCSI Ha JEOOOe YHCIIO COMHOXKHTEIeH. Ecim Z; =z, =... =Z,,, TO
IOITYIHM ghopmyny Mvaepa
z" =p"(cosng +isinng).
.. OOKYMEHT NOAMNUCAH =
INEKTPOHHOW NOoArNnnMCbio |
Ceptucukar: 12000002A633E3D113AD425FB50002000002A6 MIUICKCHBIX HCCII
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
L 3. =2 :|‘-l|:1:,
HOeicteuteneH: ¢ 20.08.2021 no 20.08.2022 B B




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

8 == | = |mL =
- . a_--.__. a_I = T

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

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

_ . (cos@, cosqy, +SIN @ SIN ¢, ) +1(SIN ¢, COS¢, - SIN @, COS . )

Je2 COS™ g7, + 51N~ ¢,
0.
=— {cos(g. - @, ) +ism(g. - ¢)).
/7
ToecTs
2 o2 L PO B e
| Arg — =Argz, - Arez,
22 =2 -2
H3zeneuenus uz KomMnae KCHO20 YUCIA KOPHS N-0ll chleneHil
—mT Largz+2ak . . argz+ 27k
;J(Lmrp+hlnq‘) * | COs ; + 781N » ,

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

17 { g gy io o ) Hargz, +arzz- )
E] Zz :‘,f?]fffl;l JI.]E[“'J :;J]Jﬁ': 'L"g "l"l" —;J]Jﬁ'j E[q T :EI 'E: o (g, = "

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

7

T
: pﬂf 2 ﬂ; |
L =(pe' T =p e =]z e
r Iral iy arg =+2.m .
7 =t pe’ =aip e =J{:a': e o ,rme k=012,...n-1
[IokazaTebHAd (1)}’]—]I{L[HH KOMIUICKCHOI'O IICPEMEHHOI'O = __f {2} —¢~ SBISETCS HEpIIG,[[H‘IECKGﬁ

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

[IprMep: KoMIDIEKCHOE YHCIIO z =- 2 + 230 TIpeICTaBHTh B TPHIOHOMETPHYECKOH (popMe.
Pemenne: 3nech x =—2, v =2~/3 . [lo popmyne » =|7 =yx? +y7,
jromy 1ach NOKYMEHT MOANWUCAH
SNEKTPOHHOW NOANMUCHLIO ,.
CepTudukar: 12000002A633E3D113AD425FB50002000002A6 =4 +12 =4,
BEnapeneu; lLlebayxoea TateAHa AnekcaHapoBHa
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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-:
T .| 27
z =4| cos| =— + 2k | + isin + 27 k=05,
3 3
ITprmep: IlpeacraBuTh uncna z; =- 1 +i+/3, z, =1- {~/3 B TPHTOHOMETPHYECKOIT (pOopMe.

7 x-'lfj i~ .
= =3, HO V>0, x<0, TOo ecrh

A

Pemenme: Tak kak :M':{' )2 +((3) =2, ¢ =-

2 2 L. 2 ; — NE) —

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 al . a)

TO eCThb ¢ =- — , TO 2, =2|c08| - —|+ismn|- —||[.
3 3 3]

. “|
[IprMep: Hant , TPEABAPHTEIIBHO 3aIlHCaB KOMIUIEKCHBIE YHCTIa B
Z~Zn

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 ],

, T .. T A 4 a .. 7T
Z) =~2(cos +isin ), zo =2(cos _+isin ) zy =2(cos _ +isin_).
4 4 O 6 3 R
Cile1oBaTelbHO,
T, . T T S 4 . O T, . T T
Zy *Zy =2(cos—+isin ) 2(cos=+isin =) =4(cos(=+ ) +isin(— + ) =
6 6 3 3 6 3 6 3
a .. T
24{cus?+r511’1?}.
,_ NOKYMEHT NOAMNUCAH

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



i, T
_ N2(cos  +isn )

N2 T T A S
= (cos(—- =) +isin(—- =))
52, e .- A il ' 2 4 2
3 4(cos— +isin—)
2 2 ’
'~
W 2 i _— T
— -(cos(- =) +isin(- —)).
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,

2a .. 2o ] Y
t; =cos—— +isin— =—(- 1 +i+/3),
3 2
d= . . 47 1
i, =cos—— +isin— =—(-1- i/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

ST IRIPN (EY0%
El) [ - J ? 6) A

L+ {] - 1‘)
2. Hauitu MOZYIIb H apryMeHT KOMIUIEKCHOT'O YHCIIa

. S o _
a) | +;7'%%,06) - cos _ +isin __ B) (1+4)"

i -6
(1= iv3) %
7 7
3. BrimonmauTe apH(pMeTHUYEeCKHEe JeHCTBHSA HaJ, KOMIUDIEKCHBIMH YHCIIaMH. M300pasHTe HaljeHHBIE
YHCIIa Ha KOMITIIEKCHOH TUIOCKOCTH.

] a3 - 6042

121“2'EV+72+*
\ (2-'-6+9 TN -2 45
I 7 . | 3
(2+3) - (2-3)° (2-4) -3
13, 2 - il 1.4 2
V48 1+) R YA
s (- 20 +(1+20)° 161ﬁ3{2+aﬁ
SV 4 ied) T (1430714
1.7, 4/- 128 + 12873 . g 113
8475,
1.9 h.‘t.-"f— &+ ES-JH . 110 ;II'_ 1 f‘*-."“%
TN 32
1.11. 4/- 128 - 71283 . 1.12. 4/- 8- 83
|I — |6 T .
113 ;Il(l +"~.,-":3£.) - 60+ 2§ 114 _h_“'l(' 1+ ‘*-.:'35) |
N (- -6+9 \ 2
SNEKTPOHHOW NOONMCHIO '
CepTtudumkar:

[
A= 128 - 11284/3

.

12000002A633E3D113AD425FB50002000002A6
Bnageneu;

LleBGayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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ll 3;) : (4 4.} ,
1J9.Jh+”m)‘6“+m. 12&3ﬁ2 2i)" +72 +4i

.\|| {2 - I‘-'}?I - 6 + q‘[ \l (I _ Ef): +5}+
|I — 3 kE
191 ;||(1 +"~.,-":3'i) - 60+ 2{ 1 99 ﬁI||(2 +3i)% - (2 - 3)
\I (2-4)-6+09

-\II 48 (1 +E.“]'_[:l

| 3 j(l +-1,-"§i) - 60+ 2;

A _ .-}.-1 2 .
194 3:'(2 20" +7 +4.=.

\V (2-0-6+9 V-2 +5
-1+ EJ f( :__)h .
1.25. ¢ Vot 126, .1 +V3i) - 60420
\ 2 V(2--6+9
e -2_(._ A2 I";I__*j_%
Lz?.ﬁﬁz**%} 2.;h) | LES.:”’ i =
\| 48 (1 +4)" \| (- 147

4 300pa3snuTe HaHAEHHBIE YIClIa Ha KOMIUIEKCHOH IUIOCKOCTH

a)Jh+qu-60+ﬂ
V (2-4%-6+9
2= 21" +72 + 4

6)Y (-2 +5 7

Iﬂﬁﬂ2+xF-(2fﬁF_
Vo481+4)"

3

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, ttoa, a,  a,, o d,
A= nam A =

liI'l'.'.I ﬂi.‘.‘] T ﬂﬂ"i' ﬂﬂ:"] ﬂl": " ﬂl:"."

HJIH KOPOTKO MaTpHITy 00o3HavarwT 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 e CTPOeHHs, SIIeMEHTHI KOTOPOil PaBHBI CyMMaM COOTBETCTBYIOIIHX 3TIEMEHTOB MaTPHIL A
H B, T.e. ecti A = ||ay||, B = ||b||, ToA + B =C =||¢;].

- 4 ‘ 1 -2 5 7 2 1 -3
HMED:. A = ) — . TOTIa
PHNED 4 1 3 1 -2 4 A
(1e9 21 2_ 2% (2 _ 1 9]
AOKYMEHT NOAanmcAH
SNEKTPOHHOW NOONUCHIO |
C - 12000002A633E3D113AD425FB50002000002A6
epTUpUKaT IATPHI[EI C OQMHAKOBBIM YHCIIOM CTPOK H C
Bnapeneu: lLlebayxoea TateAHa AnekcaHOpoBHa
| H MaTpHI[ MOKET ORITH PacIIpOCTpPaHEeHO Ha
(JJdevcrenrened: c 20.08.2021 no 20.08 2022 JBBEIX GTpGEI—]I]IuI.

PazHocTrio B - A MaTpHil B n A (OJHHAKOBEIX CTPOEHHI) Ha3bIBaeTCs TaKas MaTpHIla X, 4TO
A+X=B.



. y 21 4 B_"a
aTripHuMeD, —x_ 5 3 I}a =
'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
P -2 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

NOKYMEHT NMNOoAanncAH
| ANEKTPOHHOW NoarMMCbiO
|Ceptudmkar:
'Bnapeneu;
I
tdencreutenex: ¢ 20.08.2021 no 20.08.2022

3amauya 4. JlaHbI MaTPHIIBI

lLlebGayxoea TateAHa AnekcaHapoBHa

A=,

12000002A633E3D113AD425FB50002000002A6

D=(-1,2,3), X=.



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, ..,

=y (Qga iy = Uy llyy )= s (U oy = Uy oy ) Far (s Ay = Uy Uy ) =
— ) Aoalyy T Ay oy TGOy = U oy = Gl tyy = 3y U
PﬂBHG}KEI‘HIEM 11O SJIEMCHTaM CTpﬂIﬂ[ HIIH GTGH@HH MOXHO BBIYHCIIFTE GHPEI[EHHTEJ]L J]IG@GFD

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 5 3 0 5
3 ] 0 5
1 1 4 1 1 -1
+2 D72 3 3+3-D"Y2 3 1| =HS5+0-3-4-0+15+
3 1 5 5 1 0

+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 =
BrIuricimre crieQyroIHe BbIpaKeHH:

a)

6)

B) .

IIpoBepbTE, UTO .
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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 2 3

4

A —1 1 - 1 Ml —_ D A 2o v D —_ 1 =i
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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 E— —=-6
: 2 1 = -1 1 - -1 2
2 3 2 3 2 2
A, = =3 4., =- =3 4, = =-4
- -1 0 : 1 0 1 -1
ClegoBaTelIbHO,
A 1 14'| 1I -
o e -1 4 3) (1 -4 -3
E Al:- ’431 *’43: Ll - 1 5 3 | = 1 -5 =3
A" = A, A, A, ) = - -0 -4 |- 6 4
IIpoBepka: A A-1 =E
2 2 31 -4 -3 2+2-3 -8-10+18 -6-6+12
1 -1 0 1 -5 -3 =| 1-1+0 -4 +5+0 -3+34+0 | =
-1 2 1]l-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?

2 p "8 6] v "’41“ [ 93
. PENTE MAaTPHYHOC YPABHCHIIC B 2; < -,\ 48 — 155
‘3 -1} . [4) (19)
X - = |
12 19 15
2 6] I | ‘ 7
-7
-3 1 0] [(14]

!

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] i ai;.f': o gf].f'.f
M f-_.....r'_,._ — Hf’:.ﬁ ﬂf‘:.f: ﬂﬁ':-.fx |
A
rr. 7 s P
NOKYMEHT noanncAH i F
SNEKTPOHHOW MOANUCHIO TAHHOTO ITIOPSAKA .S, CKOJBKHMH CITOCOOaMH
|Ceptudmkar: —12000002A633E30D113AD425FB50002000002A6 oR f !- f
'Bnapeneu; llebayxoea TatbAaHa AnekcaHOopoBHa 1 S12 S 20 S5

<H MHHOp TIOpAZKa S Ha3bIBACTCSA OA3LCHUIM,

(dencreurenen: c 20.08.2021no 20,08.2022 +1 PaBHBI HYIIHO HIH MHHOPOB ITOpSAKa S + ] Yy

MaTpHIbl 4 BOOOIIIE 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 NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



by b o b, b . b,
0 b by bs i b,
B=l0 0 h.'"r' J-E:]IJ'_."+I 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 ‘
= — -— [ | ] == =

Pemenne: ITloMeHsIeM MecTaMH IEPBYIO H BTOPYIO CTPOKY (T.K. TIEPBBIH 3JIeMeHT BTOPOH CTPOKH —1 H
¢ HeH OyJeT yA0OHO BBEIIOIHATE MpeoOpa3oBaHs). B pesyibpTare MomyyHmM MaTpPHILY, SKBHBAJIEHTHYIO
ITaHHOH.

S N | — — = — =

B |
—_— i —_ == ——
x —
- — -
i

— _ — i — =

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= o [ | — e -
- e - == = [ S
- — ] —==

BEeIuTeM H3 YeTBEPTOIl CTPOKH BTOPYIO. I1pH 3TOM HMeeM:
b RS

== - [ ] | |

-
= B [ ] — - ——t
- - - o o= - =

=2 _B= i D= =5 =

[Tolmy4yeHa MaTpHIla TPEYTOIBHOIO BHAA, M MOXHO cAelaTh BRBOX, uto /{(A) =2 1. e. ymcay
HEHYJIEBBIX CTPOK. KOPOTKO peleHne 3aaui MOKHO 3aIlHCaTh CIIEYIOIIHM 00pa3oM:

14|

oo T T [
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BBIUHCIIHTE PaHI’ MATPHILIBI ABYMA CITIoco0aMH; ¢ ITOMOIIBIO AJNICMCHTAPHBIX HpEGﬁpﬂBDEElHIIﬁ I
MEeTOJOM OKaHMIIeHHS MITHOPOB.

] -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
9 41 -10 37 55 6 -18 -9 -17 -1
P 5 -4 13 0] - 4 -1 o -7
4=|-2 0 4 J 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

— — — —_— —
—m—

f— — — — e — T — — — — ——— e — fa— =

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,
XiaXow.oa X, —HEU36ECHIHBIMIL.
CHCTeMY MOKHO 3aITHCaTh B MaTPHYHOIM (hopMe:

Ax =b
typ dip - dyy, X by
o ay ax .. as, | X | b
rae A = ox=| T, b=
o e Uy ) err . mhm )
Ecmu b =b, =... =b,, =0 10 cHcTeEMa HA3LIBAETCA 0OHOPOOHOIL, B TIPOTHBHOM CIydYae OHA
] LOKYMEHT NOONMWUCAH [ mampuijeii cucmemot. Pacuupenroit mampuiyeil
SNEKTPOHHOW MOANUCHIO 7 A, K xoropoH mo0OariIeH (cIIpaBa) CTOIOEI]

jCEpTHEbHHEITZ 12000002A633E3D113AD425FB50002000002A6

g Al
'Bnapgeneu; LLlebayxoea TaTbAHa AneKkcaHapoBHa addThb B JaJIbHCHIIICM CHMBOIIOM ( | ).

:EHIIIUI, HES HMCIOIIasd HH OJHOI'O PCIICHIA,
1Aeucteutenen:c 20.08,2021 no 20,08 2022 I XOTY OFI OJHHM PeENIEHHEM, Ha3bIBacTCsA
COBMECHIHOIL.



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

[lepBy10 CTpOKY MaTpHIBI OyJAeM CUHTATh BeAyIIeH (TIepBHIi 3I1eMeHT CTPOKH PaBeH 1), OHa He
OyAeT MEHAThCS IPH ITpeo0pa3oBaHHSIX. bByaeM cTpeMHTHCS IPHBECTH MATPHIY K TPeyrOIIBHOMY
BUAY. 1 Toro 4yroOBl B IIEPBOM CTOIOLE MATPHIBI ITOIYYHTH HYJIH, BBEITIOIIHHM CJIEYFOIIHE
npeoOpa30BaHHS. M3 BTOPOH CTPOKH BBIYTEM IIEPBYIO, YMHOJKEHHYIO Ha 2, a OT TPeTheil BBIUTEM
nepByro. [loTydyrM MaTpHITY, PABHOCHIIBHYIO JJAHHOM:
i )
1 2 3 -1
O -5 -5 0O
0 -5 -5| 4
YroOBl MOMYYHTh MATPHIy TPEYTOJIBHOIO BHJAA, HEOOXOIHMO BEIUYECTh H3 TPEThEH CTPOKH
BTOPYI0. OKOHYATEIILHO ITOITY4aeM:

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

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

T NOKYMEHT NOONUCAH [ECTHA.
] SNEKTPOHHOWM MOAMUCHIO
(CepTucukar:  12000002A633E3D113AD425EB50002000002A6

‘Bnapeneu: ebayxoea TaTeAHa AnekcaHgpoBHa

MECTHOCTD:

Nencreutened: ¢ 20.08.2021 no 20.08.2022



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, X5 X, )
- 2x, + 3x, - 2x; + x, =0;
2x, + x, + 3x; - x, =0,
5 - 3x, + 2x, - 2x, =0,
) 13x, + 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

a1 di12 ... ain
) do1 doo ... don
NOKYMEHT NMNOoAanncAH
SNEKTPOHHOWM NOANUCHLIO
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 ... @nn
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

| - HASBIBACTCH OCHOBHOH MElTpI]l[EfI (H.'IIH ITPOCTO
Henctentenen: ¢20.08.2021 no 20.08.2022

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 NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



- = 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 ap e ay, 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.
TGI‘,I[E], CYHOICCTBYCT GﬁpﬂTHﬂH MATPHITa A | . [ loMHOKHB MATPHYHOC YpPaBHCHIC fj . 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 MCTOIa Faycca HMEET GI‘pﬂHH‘-IEHHGE HPIMEHEHIIEZ OTHM MCTOIJOM MGI‘}"I‘ 6BITL pE:H.[EI—[BI TOJIIBKO

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.

- - = = W — —— = m 1 =4

- B - 1 ] == = —_— = - = =1 1 - =

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 A4 =1 2 3| =-30.
4 3 2
OOpaTHYIO MaTpHIY 4~ ! cOcTaBHM OJHHM H3 METOJIOB, OITHCAHHEIX B ITYHKTE 3.
] ] |
6 30 30
] I 7 8
A =- 2 - L —
3 15 15
] 19 [ 1
[IOKYMEHT MOAMWUCAH 0 0 30,
SNEKTPOHHOW NOAMUCHIO M JIHHEHHBIX YPAaBHEHHH ITOJTYYHM
Ceptucmkat:  12000002A633E3D113AD425FB50002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



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) . QI] +3J|:.‘j + X, =1 ;6) 3 2.1‘] -I":":IE - 4.1‘3 IQU;E) *3.1’1 +4_1': - LX, :11;
2x, +x, +3x, =11 3x, - 2x, - 5x; =6 3x, - 2x, +4x; =11
r) 1s™r, = == T =202 - 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:

HpﬂEI‘H‘IEGI{H AJI PCOICHHA CHCTEM JTHHEHHBIX }’I)E]BHE:HI]I”I HaIle BCCI O ITPHMEHACTCA METO/T
Faycca:, COCTOSIIHH B ITOCIIEOBATEIFHOM HCKIIOUEHHH HEH3BECTHBIX.

IIycTh 3a1aHa cHUCTEMA JIMHEHHBIX alIreOpanyecKHX VpaBHEHHII:

—— — — — — — — J— —_ —_— -

— —

—_—— - - - —_—— — — — —— —_—

B}",I[EM ITPOH3BOAHTE HAl CHCTEMOH CIICAVIOIIHC 3JICMCHTAPHBIC ]’[pEGﬁpElBGEﬂHI[HZ

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 ), 3aTeM IPHGABHM K TPEThEMY YPABHEHHIO IIEPBOE, YMHOKEHHOE
4
11
{IE ] 'ﬁr'm'l
Ha (- . ) M T.JI. K TIOCIIEAHEMY YPaBHEHHIO IIPHOABHM IIEPBOE, YMHOKEHHOE Ha ( - - ). IIpu sTOoM
11 11

ITOIIYHHM CHCTCMY

—— S — — -

|
!
|
|

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:

TNOKYMEHT NOONUCAH IONMYYHTBCSI CHCTEMA, COJAepiKallas ypaBHEHHE
] SNEKTPOHHOW MOANACHIO HCTEMa He HMeET PellIeHHIL, T.€. HECOBMECTHA.
CepTucmkar: 12000002A633E3D113AD425FB50002000002A6 B
Bnapgeneu:  llleBayxoea Tatbana AnekcaHapoBHa suga O x +0-x, +-+0x, =6 g ¢ #0. Torga

Nencreutened: ¢ 20.08.2021 no 20.08.2022 - - - - - _



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’

CTPGI{Gﬁ. Ilocme gHIA HETBCPTAA CTPOKA O3HAYACT, HTO MBI HMCCM YPABHCHIIC.

AOOKYMEHT noannucAaH
INEKTPOHHOW NOANMNCBIO
Ceprudukar: 12000002A633E3D113AD425FB50002000002A6 1 HCCOBMECCTHA.
Bnapeney: lebayxopa TaTeAHa AnexkcadipoBHa '\ARHEeHII.
OeicTteutened: ¢ 20.08.2021 no 20.08.2022 - T E— -

PenieHre. PacCCMOTPHM PaCHIMPEHHYIO MAaTPHILY CHCTEMBI




L=

VIR
I
»
.
b
|

l
L
3

I3
Ld

4 -7 4

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

1 2 -3 5 | | 2 -3 5 |

O 1 -10 17 -2 0O 1 -10 17 -2
B~lg -1 10 -17 2 |7loo o o o

0 -1 10 -17 2 J (o0 0 o0 o0

4

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

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

r) -

2 JIBISIIOTCS TTH CHCTEMBEI }prIBHEHI]ﬁ:, COOTBCTCTBVIOIIHE MATPHI[aM, ITOIVHAIOIIMIMCAH B PC3VIIBTATC

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.
Teopemuueckasn uacme:

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

OOJHOPOIOHBIX }rDEIBHEHIIﬁ: eCIIH BCce HX CBOOOHBIE WIEHBI PaBHBI HYIIIO. Takast cucTeMa HMeeT BHI;
AOKYMEHT NoarnmncAH

SNEKTPOHHOW NOAMUCHIO — — = - - - -

Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

|Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa

NeicTauTernieH: ¢ 20.08 2021 ro 20.08.2022 3CETAa COBMCECTHA, TdK KdK OH4 BCCIA4d HMECT,

1LV Kparincil MCPT, NYJICTBUT (Ml 1 pribiallbinuc) poliCHHC (0:, 0:, A 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

— el _ - e TR o L

— T —— =- - — —_— = - = — =2 B _
_=_—\-\_-. —_ ) —_— e = wll B= _

IJ
|
N
A

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:

TR ey —— - — — - =a =

- = g _==_I_: = T = mg — = Tp= __
W e g —— _mm - — B e _— = B _

3 04 -1
P NOKYMEHT MOAMUCAH 77 -3  5|=0, mo3TOMy CHCTEMa HMeeT
SNEKTPOHHOW MNOAMNUCHLIO 1 4
[Cepruchykar: 12000002A633E3D113AD425FB50002000002A6 D
R R & T O MO Sl B A A T e HTelb H3 K03 (HIHEHTOB IIPH HEH3BECTHBIX X

'lﬂeﬁmamenewcED.UB.EGE‘I "6 20.08.2022 ‘0 3TOT MITHOP MOXHO IIPHHATE 34 OasHCHBIH.

IJockonpky rang A = 2, n = 3, BO3BMEM IIEPBEIE JIBA YPaBHEHHS CHCTEMBI M HaHJIeM ce OoOIIee
pellleHHE .



J'-i- R S [ e — 0,
I__'C] - 3_\___:- —— -q_-‘l._l' ':."_

B xauecTBe 0a3MCHBIX HEM3BECTHEIX BO3BMEM X; H X, H IIEPEMECTHM YJIEHBI C X3 B IIPABLIE YaCTH
YPaBHEHHI:

{ :J.i_-'l_-l ¥ 4_1': _-"'..'_-_'L -
__"'..':| S -"-2 —_— = -1'_1 -

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

ﬂ'] 4 3 (_'.'1
’ﬂl — _ —- 31‘2','[ +201"_'l :]71{1: ﬂ.z — _ —- ].SEI - O —- lﬁ{?].
-5¢; -3 1 - 3¢
OTCrO1a HaXOIHM, UTO
- 17¢) 17 - l6ey 16
2 B G X2 =5 —7L ¢ N3 =]
- 13 13 - 13¢; 13
L7 16
HUTak x; =l—,,f:‘1:. Xy :1_‘5{:1’ X3 =¢; - OOIIEe pelleHHE.
2 -
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.
A 1D |

Bonpocet u 3a0 auu:

Hanru oO1ee pelieHHe CHCTEMBI JIHHEHHBIX anreOpanyecKHX VYpaBHEHHH H  3aIlicaTh
(yHIaMEHTAIILHYIO CHCTEMY pEIlle HHH:

- 5 —= -

. -
ety 4:-_6)
- = B

a) - _m g ——— = cmg - -_ ==
1 a1 =—= - g = == - — b | ==
= b

d
B
i
f

- L BN R

= g —-—— —_ - — - L R T —— =l [ __ E)
= m T

| S R
o o= = e - - L e S — ——— el e __

—_— 'I == - —_ L -

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,

BBIYHTAHHE BEKTOPOB, YMHOZKCHIC BEKTOPA Ha YHCIIO.
T eopemuiecKkdna uacmb.

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

BekTop Ha3bIBAaeTCS HYJIEBBIM, €CIIH €r0 HayaJlo H KOHEI[ COBMIAJAIOT H 0003HAYAIOT o .
HyneBoii BeKTOp He HMeeT OIpeJelIeHHOIO HaITpaBIIeHHI H HMeeT JIIHHY PaBHYIO HYIIIO.

AOKYMEHT MOANMCAH IH OHHM JeXaT Ha OJHOI IIpsAMoii, mHOO Ha
, SNEKTPOHHOW NOANUCHIO
ICeprudurar 12000002A633E3D113AD425FB50002000002A6 PaBHBIMH, CCJIH BBIIIOJIIHEHBI CJIICAYIOIIHE TPH
'Briagenew; | LeGsyxoea TaTksaHa ANeKcaHapoBHa I TapaiielnbHbl (KOIDIMHEApHBI), 3) BEKTOPEI

1
Nencreutened: ¢ 20.08.2021 no 20.08.2022




CyMMOH a + B JIBYX BEKTOPOB & ¥ B HasbIBaeTCS BEKTOpP, HAVIIHH H3 Hayalla 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 +
|
A —

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

YTO KOHEI[ MPEABIAYILNETO BEKTOPA SBIISETCSA HAYalIOM IIOCIEAVIOMIErO, TO CyMMa &, +4, +...+4a .,
OyIET IPeACTABIATh COOOH BEKTOP, HAVIIMH H3 Hayajla BEKTOPA = 1 B KOHEI[ BEKTOPA z .

ata, v t.. 14

2. BeluuTtanme BeKTOPOB

PasHOCTBIO IBYX BEKTOPOB @ H b Ha3bIBAeTCS TAKOH TPETHI BEKTOP ¢, YTO0 a =b + ¢ H
oOo3HauaeT =a-b= ¢ . UTOOB M3 OJHOr0 BEKTOpPA BHIYECTDH APYTOH, HYKHO HX OTHECTH K OOINEMY

Ha'dally H IIPOBCCTH BCKTOP 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,
] CORITATAOITHI € JHArOHAJIGED STOrO IapalIelIorpaMma,

[NOKYMEHT MOAMNUCAH ;
SIEKTPOHHOW NOANUCHIO 0OIIEro Hayaja BEKTOPOB a H b, a BTOpasa
Ceptucbukar: 12000002A633E3D113AD425FB50002000002A6 (IyIlass U3 KOHIla BEKTOpa b B KOHEL] BEKTOpPa
Bnapeneu: LLlebayxoea TaTbAHa AnekcaHapoBHa ICThL a- b.

Nencreutened: ¢ 20.08.2021 no 20.08.2022

i R N R N N N N R N Ny S e e N PR~




[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 ommenendgeTrcsd IIHHA BeKTOoDA?
OOKYMEHT noanncaH
SNEKTPOHHOW NMOONMUCLIO
Ceptichmkar: -~ 12000002A633E3D113AD425FB50002000002A6

Bnagenel: lebayxopa TaTeAHa AneKcaHpoBHa [?

)

Nencreutened: ¢ 20.08.2021 no 20.08.2022
Gk ke i kst & oo oo bbb i ka7 Kak onmpeiensgeTcs cymma BeKTopos AB u

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

ﬂ;JEE e (ab) =|E - h.

CKaJSIpHOE IPOH3BELEHHE BEKTOPOB 00IafaeT CIIe[YIOITHMH OCHOBHBIMH CBOIICTBAMH:
1. CxaisipHOE IIPOH3BEleHHE IBYX BEKTOPOB a H b o0palmaercs B HYIb B TOM CIy4ae, KOrza II0
KpaitHell Mepe OJMH M3 BEKTOPOB ABILIETCS HYIIEBBIM FIIH €CIIH BEKTOPBI ITEPIIE HAMKYIISPHEL.
2. CKalIpHOE IIPOM3BEJIEHHE JBYX BEKTOPOB @ M b PaBHO IPOM3BEIEHHIO IHH STHX BEKTOPOB,
CCTTH AAHHBIE BEKTOPHI MAPATIIETBHE, T. €. ¢ = 0.

(a

OTcrofa ClIefyeT, YTO CKAISPHOE ITPOM3BENEHHE BEKTOpa HA CaMOro ce0s paBHO KBaApary

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 BeKTOpa ¢ YHCIEHHO paBHa IUIOM[AAH ITapaiUleNlorpaMMa, MOCTPOEHHOTO Ha BEKTOpax

ct e b Te lo =la| |blsing, rne ¢ - vron mewny BexkTopamu a 1 .«':r
OOKYMEHT noanncAH —
SNEKTPOHHOW MoanucChbIo _paTIIﬁIII_UI]II ITOBOPOT OT IICPBOIO EEIETOPH ci K
1Ceptudwrar: ~12000002A633E3D113AD425FB50002000002A6 JICA TTPOHCXOJAIIM IIPOTHE YdCOBOH CTPCIIKIL,
(Bnapeneu; Lebayxora TaTeaHa AnexkcasgpoBHa

| c=labh wau ¢ =a =S
NeitcTeutenen: ¢ 20.08.2021 no 20.08.2022 IOM ¢ =|afd uiu ¢ =a X7,

ﬂ} LAV IODINIDL . W DAL L Dl DD LA NIV WY L L EL DS LTI,




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 IIOIIYUYEHHBIH BEKTOP ¢ = | ¢ £ | YMHOKHTh Ha TPETHI BEKTOP < CKaJSpHO, TO B
PE3VYIIETATE MBI ITOIYYHM YHCIIO, KOTOPOE M HA3BIBAETCS CMEIIAHHBIM IIPOM3BEAECHHEM TPEX BEKTOPOB
M 0003HAYAIOT: OO ¢z /> ¢, OO ([ cz H ] ).

CMeIllaHHOE IIPON3BEeHIE HEKOMIUIAHAPHEIX BEKTOPOB ¢z, & H ¢ II0 MOAYIIIO PaBHO O0BEMY
ITapaviesIelmIefa, IIOCTPOEHHOI0 Ha 3THX BEKTOpPax.

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

CMeIIaHHOE IMPON3BEIEHHE BEKTOPOB B KOOPIHHATAX.

[IyCcTh MaHBI TPH BEKTOPA 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
TIJIOINAIb ATOTO TPEYT OJIbHHKA.

Perenre. HarijgeM KOOpaHHATEI BEKTOPOB 458 H AC' .
ANOKYMEHT noanmcAH
3NEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: LLiebayxoea TaTeAHa AnekcaHapoBHa &, € €,

P H Ac - arp- 4cc1=12 -2 -3 =
NeiicTauTeneH: ¢ 20.08.2021 no 20.08.2022 [ B AC: 4B - 4AC] 2

- 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

_ | \| AB -AC‘]‘ g =14k en
2 2
[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

M ckoMmas toromags TPEVIOJIbHIKA: S, . =

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.

2054258 L 464 =
2

L R

(a+BY=(aa)*+2ab)+(BB)=|al+2a| || cos60® + | 5

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

— — s — N — 1 - — ,
(- b6)=|lal -2(a b)+|6|7=25-2-5-8- 5 +64 =49, |z - £ =49 =7.
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. JIaHBEI TPH BeKTOpa 22

{3,-2.1}, ¢ = {-1,1,-2}, - = {2.1,-3}. HaiiTH pa3noxeHHe
BeKTOpa - = {11,-6,5} 1o Gasmucy # '

- 47

S

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. HalTH BelIMYHHY IUIOIMAAH ITapajuIejIorpaMMa, CTOPOHAMH KOTOPOTO SBIISIOTCS
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

s Nl B ~ T

(7 T ROKYMEHT NOAMUCAH ~ 7 1 IO T OApeHHBIH. CIENIaTh Yepreik.
SNEKTPOHHOM NOANUCHIO 1(2:-5.3) 1 BEKTOpPHI, COBIAJAIOIIIE C ABYMS €T

I;CEpTw‘bHHaT: 12000002A633E3D113AD425FB50002000002A6 1 OCTAIBHbIE BEPIIMHBI H KOODIHHATH BEKTOpA
Enapneneu; lLlebayxoea TaTeAHa AnekcaHapoBHa

Nencreurenen: ¢ 20.08.2021 no 20.08.2022
1. Uro HasBIBaeTCd CKaISPHBEIM IIPOH3BEAEHHEM JBYX BeKTOPOB? @MH3HYECKHH CMBICII
CKaJIIPHOTO ITPON3BEIEHNUSI BEKTOPOB.



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 IIPOCTPAHCTBO HAJ IT0JIEM BEIEeCTBEHHBIX YHCETL, IIPOCTEHIIIME CBOHCTBA BEKT OPHBIX
IIPOCTPAHCTB.

Teopemuueckan uacms:

Onpegenenrie. Ilycts V - IMPOHM3BOILHOE HEMyCTOe MHOKECTBO, BIEeMEHTHI KOTOPOrO MBI
OyJZieM HasbIBaTh BeKTOpaMH, K — I1om1e, aleMeHTHI KOTOPOro Mbl OyZeM Ha3bIBaTh CKaispami. I1ycTs
Ha MHOXECTBe V OIpelelicHa BHYTPeHHSII OHHapHasd ainreOpanyecKas OIeparfisd, KOTOPYIO MEI
OyzeM 0003Ha4yaTh 3HAKOM + H Ha3bIBaTh CIIOKEHHEM BeKTOpPOB. IIycTh Takke Ha MHOKeCTBe V
OIpefielicHa BHEINHSAS OHHapHas aireOpaHyecKas OIepaliiis, KOTOPVIO MbI OVIEM Ha3bIBaTh

YMHOKCHHCM BCKTOPAd Had CKaJI\Ip H 0003HaYaTh 3HAKOM YMHOKCHHSL ﬂp}*TI]MII CIIOBaAaMH OITPEACIICHDBL

ABa ﬂTﬂﬁpﬂH{EI‘H[ﬂ:
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:

HU o T T T |."“

| -
e =T

NOKYMEHT NMoanncAH
SNEKTPOHHOW NOANWUCLIO V HaJlT IIOIIEM BCIICCTBCHHBIX YHCCEII R
1Ceprudukat: 12000002A633E3D113AD425FB50002000002A6 M.
Bnapeneuy; llebayxoea TateAHa AnekcaHapoBHa

TPOCTPAHCTB. )
NeiicTeuTeneH: ¢ 20.08.2021 no 20.08.2022 *IMHCTBEHHBIN HYIIEBOH BEKTOP.
Z. B BEKTOPHOM IIPOCTPAHCTBE JITIOOOH BEKTOP HMEET €AHHCTBEHHBIH ITPOTHBOIIOIOKHBIH

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

— TPHBHAIbHAS ITHHeHHas KOMOHHAITHS JaHHOH CHCTeMBI BEKTOPOB;
-g1 +0 ep +0 ey
— HeTpPHBHAIbHAS ITHHellHAg KOMOHHAIHMS MJAaHHOH CHCTEMBI BeKTOpPOB, T.K. IIePBBIMH
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.

-
o " h'

| 1 LI

NOKYMEHT NOAMNMUCAH
SNEKTPOHHOWM MOAMUCHIO
Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu,; Webayxoea TaTeAaHa AnekcaHapoBHa

ACTEMA H3 JBYVX CTOIIOIIOB ﬂpH(bMETH‘IEGI{GFG

5 )

‘ JIHHEHHO

] - 13

BERICOTHI 2. Torma cronber) x =

{gfsTRITRIeH: £ 20,00,2021 na 20.89,2022 A CHCTEMA CTONOI[OB JIMHEIHO IIPeJCTABIIET

A F 8

cronderr X. JIeHCTBHTEIILHO,
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Bonpocet u 3a0 auu:

1. O6o3HauuM OYKBOH A MHOXKECTBO OeCKOHEUYHBIX ITOCIIENOBATEIIBHOCTEH BEIIECTBEHHBIX
A={(ap),keEN ( lim a)ER]

HHCEII, HMCHOIIHE ITPEACII. k— oo

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={(a ), keN| lim ap =a}

S

HHCEII, HMCHOIIIHC OJHHAKOBBIH IIPpEAEITI a & R : : OHPEI[EJ]IIM CIIOMCHIC

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
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TTHHEHHO BBIPA3HTDb YCPE3 CTONOIBI CHCTEMEI HE OJHHM CITOCOOOM:
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YT100H pa3igiidaTb STI CITOCOOBI TTHHEHHOIO IMPEACTaBIICHHA HYIICBOI'O BCKTOpPa BBCACM

CIICAVIOIIEES OIIPCACIICHHE.
O11 PEJCIIC HHE. ECITH BBEITTOIHSETCS PAaBEHCTBO

ONOKYMEHT NOANMNCAH
3NEKTPOHHOW NOANUCHLIO = = =()
Ceptudmkar:  12000002A633E3D 113AD425FB50002000002A6 LT ¥ , TO TOBOpPAI, HYIO CHCTCMa
Bnapeneu: ... . lileG3yxoma Tarsana AnekcaHapoBHa HaabHO. ECI Ke B paBeHCTBE XOTS Obl OJHH H3
Nenctantenet: ¢ 20.08.2021 no 20.08.2022 - TOIla TOBOPAL, HIO CHCICEMa BEKIOPOB

] C2..n By TIPEACTABIIACT HYJIEBOH BEKTOP HETPHBHAIILHO.



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

TaxrmM oOpaszoM, JaHHAs CHCTEMA HE MOJKET ITPEACTARIATh HYIIEBOH CTONIOEI] HETPHUBHAIILHO.

M3 IpHBENEHHBIX IIPHMEPOB CIEAYET, UTO CYIINECTBYET JBa BHIA CHCTEM BEKTOPOB. OJIHIL
CHCTEMEBI IIPEACTABISIOT HYIIEBOH BEKTOP HETPHBHAIILHO, a IPYTHe HET. OTMETHM EIIE pa3, UTo Trdas
CHCTEMA BEKTOPOB IPeACTABIISIET HYIIEBOH BEKTOP TPHUBHAILHO.

Onpexaenenne. CHCTEMA BEKTOPOB BEKTOPHOI'O IIPOCTPAHCTBA, KOTOPas IMPEACTARISET HYIIEBOM
BekTOp TOJIBKO TpHBHAIBLHO HA3LIBAETCS JIMHEHHO HE3ABHCHMOIL.

Onpexpenenne. CHCTEMa BEKTOPOB BEKTOPHOI'O IPOCTPAHCTBA, KOTOPas MOXET IIPEIACTaBHTH
HYIIeBOH BEKTOP HETPHBHAIILHO HA3BIBACTCS JTHHEIHO 3aBHCHMOI.

[locnegHee orpeaeneHe MOXKHO JIaTh B O0JIee pa3BEPHYTOM BHIIE.

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.

'"'_'ﬁh@ﬁéﬁfﬁﬁﬂnﬁdﬂﬂ_m“_ T HYIIEBOH BEKTOPD HWIHM [IBd PdBHBIX BEKTOP4, ABIIFCTCHA

] SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

H3 OJJHOI'O EEI{TGPEI,).
Bnapeneu: WebBayxoea TaTeAHa AnekcaHpoBHa

>TCS IMHEHHO 3aBHCHMOH TOra H TOIIbKO TOI' o4,

tdencreurened: c 20.08. 2021 no 20.08.2022
(_JIeICTBHE. CHGTEMH,:, COCTOAIIaA H3 OJHOI'O BEKTOPA ABJIACTCA TIMHEHHO He3aBHCHMOH TOTrJJd 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
] AOKYMEHT rnoarnnucAH

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: Webayxopa TateaHa AnekcaHgpoBHa COp ITOIIy4YaeTCs TOJBKO IIPH .kll,. =0, V¥ :],n)

INeictaurenen:'c 20.08.2021 rio 20.08.2022 CUMBIMU.
JIMHEHHOE IIPOCTPAHCTBO K HABBIBAETCS I-MEPHBIM, €CIHH B HEM CYIIECTBYET N IJIHHEIHO

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 =‘r=h]€*: + 4 X*HE*H =X e, + ... +*'1":_.-,1€”'

[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:

OOKYMEHT NoarnncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

|Bnagenel; Lebayxopa TaTbAHa AnekcasapoBHa

P s el e . o 5 - ¥ H'ii.i.ﬂ.i.'[_r'ii.i_ij A drar '.i.i.’-._.-:i.-j..i_.i-:

,Zﬂeﬁmamenem c 20.08.2021 no 20.08.2022

3. (ax; y) =a(x, »), Y& - OqHOPOIHOCTD;



4. (x,x)0, ec x #0.(x,x) =0, ecmt x =0.
JIMHeitHOe (BEKTOPHOE) IPOCTPAHCTBO, B KOTOPOM 3alaHO CKaISIPHOE IIPOH3BEIEHIE BEKTOPOB,

YIAOBIICTBOPAIOHMICE YKa3aHHBIM HCTBIPCM CBOHCTBaM ( pPaCcCMATPHBACMBIM KdK ElI{CHGhIE-I):, HA3BIBACTCAH
CBKIIHIOBBIM ITPOCTPAHCTBOM.

JlmuHom ( HOpMOI) BeKTopa X B €BKIHAOBOM IIPOCTPAHCTBE Ha3bIBAETCS KOPEHb KBaJApPaTHBIN H3 ero

I [ A 5
CKaJIIPHOIO KBaZpaTa: x| =/ (. x) = /x~ +x,” +.. +x,

CBOHCTBA JJIHHBI BEKTOpA:
1. J:| =0 = x =0;

2. /x| =|~ -|x|. 4 - #gelicTBUTEIBHOE YHCIIO;

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

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

Vron ¢ MexIy ABYMS BEeKTopaMH X H V' OIpefelseTcs PaBeHCTBOM:
(x, »)

COS ¢ —
a

| , e Oqpor.

J|Ba BEKTOpa HaA3BIBAIOTCS OPTOIOHAJIBHEIMH, €CIIH HX CKaJISpHOEe IIPOH3BEJACHHE PAaBHO HYIIHO.
O4YeBHIHO, YTO HYJIEeBOH BEKTOP OPTOTrOHAlIeH IMOOOMY APYroMy BeKTOpy. EcIH Ba HeHYIEBBIX

BeKTOpPa OPTOTOHANIbHEI, TO ¢ =7 / 2.
BekTopel €,.€5...., €, N-MEPHOr0 €BKIHIO0BA IIPOCTPAHCTBA 00Pa3yIOT OPTOHOPMHPOBAHHBIIT
0asHc, ecnH (¢;.¢;) =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.

=1.,i =1, n.

-

[ 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
.

A4 (e,) =u
Torma

Alx) =x (uj e, o +a ¢ )+ x,(a,e +...+d

e ra,e, +.+a e (i =l n)

e )+ oo+ x (a0 FooFa, e)

iz [i 1 (AN R [ I

[leperpyrmmmpyeM COMHOKHTEIH B ITPaBOH YacTH, BBIHOCSI 3a CKOOKH Oa3HCHBIE BEKTOPHI
IE‘fl » E’I‘: A= E?!_\ = HDH}’,IHM

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

[IOKYMEHT MNOAOMNWCAH
3NEKTPOHHOW NOANMUCHIO | .
CepTucbukar: - 12000002A633E3D113AD425FB50002000002A6 HH B TOM JKe OasHCE €, - € »---, €, KOOPHHATEI
Bnapeneu: LWWebayxora lateAHa AnekcaHapoeHa

Newncreutened: ¢ 20.08.2021 no 20.08.2022
PaznokeHne BekTopa IO Oa3zHCy €JHHCTBEHHO, CIIEJOBATEIbHO, IpaBble dacTH (*) u (**) paBHEI,
ITO3TOMY:



HIIH B MaTpHYHOH popMme: Y = AX.
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:

Yy =AX,
rae A- MarpHIa IHHeitHoro oreparopa X =(x,, Xyvers X, ) ¥ =(V, V5,0 ¥, ) .
3 2 4
I1 ] R ~ 3 6 €L, , e H 1=(-1 5 o6
prMep: JIMHEeHHBIH orepaTtop .4 B - B 0a3Hce €,.€..€: 3aJaH MaTpHIeH
1 & 6]
Hatiti o6pa3 v =.4(x) BekTopa X —=4e, - 3e, +e;.
v 3 2 4y 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 j
(A-1E)x=0.

[Ipu 3TOM BeKTOp X Ha3bIBaeTCs COOCTBEHHBIM BEKTOPOM MATPHIBI A, a YHCIO A HazbIBaeTCH
COOCTBEHHBIM 3HAUEHHEM MAaTPHIIBI A, COOTBETCTBYIOMHMM COOCTBEHHOMY BEKTOPY X.
Teopema. MHOXecTBO cOGCTBEHHBIX 3HAUEHIIT THHEHHOTO olepaTopa A COBIAaeT CO MHOKECTBOM
KOpPHeH XapaKTepHCTHYeCKOIO YPaBHEHHS S3TOr0 OIlepaTopa BHE 3aBHCHMOCTH OT TOrO, B KaKOM
Gasice 3aJaHa MaTPHIfa orepaTopa A . YpaBHeHIe

AOKYMEHT NOANMCAH 1:] =1
QNIEKTPOHHOW NMoAarnncbio
ICeprucpukar. | 12000002A633E3D113AD425F B50002000002A6 [IIbI A
ESI'IEI,D,EJ'IEL.I,Z U]EEEFHGEB TareaHa MEHEEHE?E‘EHE BHeHH e RATTHIIIETCH GHEMH{IM GﬁpﬂBOM
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i & Q.
det| ° L. =0
II‘.LI:HE 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

-'_'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&

=( AX(1 A I113124.(1) 2023 141 &) (L)1 1=
=2 -2 +3-8460—4+4L-A=—R"+2°+00-9
TO XaPaRRTCPHUCTHHCCROC YVPADIICIIMC MMCCT BHIO
2P 4+3E4+9.-9=0.

OamH 13 KopHeI 9Toro ypaBEeHMA HAX0AMTcA MeTodoM nonoopa. Ilposepum, asnaeTca
a1 4KcJIo A =1 XOopHeM 3TOro YpaBHeHHMHA:

—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 FE}HBHEI—IHFI

—x 1 2 \ax ) (07

1

4 A 1 |a,|=|0

3 1 1 Aflxe, ) |0
IJ1A COOCTBEHHOTO 3HaYeHNd /A, — —J HMMeeT BIJ
{3 1 E“FEIH 0
AOKYMEHT NoanncAH
INEKTPOHHOW NoAanMCbiO
Ceprudukar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: llleBayxoea TateAHa AnekcaHapoBHa x, Voo
) r, |=| o |, ockR.
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Takum UﬁpHHUM, MHOMECTBD BUeXx CoDUTBEHHBIX BERTOPOE, COUTEETULIEYHMLMIN cober-
BCIIIOMY 31Ia4CIMIO A, =—3, B ROOPAMIIATIION hopMC MMCCT B

- L u L) % I-:.I 1 ) w
rae c, [MpOHMH3ECJIEHOe JeMCTBIITeJIBEHOE UICJIO, H € da EHOe H 1 1O

CreTeMa TWHEHRIX }-"‘I'IIE'H'HPHHFT JITA OImpenenasiA cOOCTREHHEOTO RERTOPa, COODTRETCT-

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

—1 1 2y x) (0O
4 -1 1|, |=0].
33 -1 ﬂ,-x‘ra_ NU,-

2\ (=B

T, |—|—3p , [BeE.

x5 ) LB

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

. _c.

-

-3¢, |, ¢, =0.

C,

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

&

ic,
Ile,

be, |
., LI

c, =0).

¥

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 1.0y (3 0 0} (5 -1 -1
2 0. 6|1 2 0| 7./1 2 -1|. 8|0 4 -1
-1 1) -1 02 1 -1 2) lo-1 4

2.Onpegenmure, SBISETCS JIH MEXKIYHAPOAHAS TOPTOBIIA ABYX CTpaH A M b cOalmaHCHPOBAaHHOH, €CIIH
BEKTOP HAIMOHAIBLHEIX JOXOJA0B X H CTPYKTYPHAS MaTpHIla A 3THX CTpaH

12000000000 0,5 0,9
7000000000 0,7 0,1
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 Pa3sIHYHBEIX COOCTBEHHBIX BEKTOPOB MOI'YT COOTBETCTBOBATE OJJHOMY COOCTBEHHOMY
| [OKYMEHT MOAONWCAH
SNEKTPOHHOW NoAnuUCbIO | o
Ceprudukar  12000002A633E3D113ADA25FB50002000002A6 {Bl

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa
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