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BBEJIEHHUE

1. Ileanb 1 328294 H3YYeHHSA THCIIHILITHHBI

[lenp [OHCIIOUIMHEL  (OpMHpOBaHHe HabOopa oOmenpodeccHOHATBHBIX  KOMIIETEHIHIA
OakanaBpa 1o HarpapiaeHHIO IToAroToBKH 09.03.02 « MHpopMaIOHHbIE CHCTEMBI H TEXHOIOTHHY .

3agayH OCBOEHHS JHCHHIUINHBL. (DOPMHPOBAHHE ITPeACTaBIIEHHI O POJIH H MeCTe MaTeMaTHKH
B COBPEMEHHOM MHpe, STallaX Pa3sBHUTHS, VHHBEPCAIBHOCTH €€ TIIOHSTHH M IIPEICTABICHHH,
¢ OpMHpOBaHHE YMEHHH KOHCTPYHPOBAHHA H aHAJIH3a MaTeMaTHYeCKIX MOJEIEH 00BeKTOB, CHCTEM H
MIPOIIECCOB ITPH PellleHHH 3aJiad, CBS3aHHBIX CO cepoit OyayIiei mpodecCHOHAIbHON AeSTeIbHOCTH,
OBIIAJ[eHHE HABBEIKAMH TOYHOIO M CJKAaTOr0 BBEIPAXKEHHS MATEMAaTHYECKOH MEICIH B YCTHOM H
ITHCHBMEHHOM H3II0KEHHH, C HCIIOIIBL30BAHHEM COOTBETCTBYIOIIEH CHMBOIIMKH.

2. OdopyaoBaHHe H MATEPHAJIBI

IIpakTHueckre paloTHI 110 AUCIHIDIMHE «Anredpa» IPOBOAITCS B YUeOHOH ayIHTOPHH C
MYJIbTHMeHa 000PYA0BAaHHEM: IIPOEKTOP, KOMITLIOTED, SKPaH HACTEHHBII.

3. HamMeHoBaHHe NPAKTHYIECKHX PadoT

No HauMeHOBAHHE TeM AHCIHHIIJIHHBI, HX KPATKO€ COTEPAAHHE OodbeM H3 Hux NMPpAKTHYECCKAH
TeMBbI Hqacob NnoaroToBra, 4Yacob
THCIH
IIJIHH

bl

1 cemectp
OcHOBHBIE anreOpanyeckHe CIPYKTYphl. Onepaii H 1.5 1.5
1 arreOpel. Mopdu3mel. AnreGphl ¢ OJHOH OIlepalfHei:
MTOTYTPYINIBL, MOHOHJBI, I'PYIOIbl. AIreOphl ¢ JIBYMS
OIepaIHsMH: KOJIbIIA, TTOJIS
2 [Tome  KOMIUIEKCHBIX  4Hcel.  J[eHCTBHSI  HaJ 1,5 1,5
KOMIUIEKCHBIMH YHCIIaMA
MDOpMEI ITpeICTaBIEHHS KOMITIEKCHBIX YHCEIT 1.5 1,5
3 JleHcTBHSA HaJlT MaTpHI[aMH 1,5 1,5
3 BrrumcieHne — onpelielIHTeNNeH — paslIoKeHHEM  IIO 1.5 1.5
sIIeMeHTaM CTPOKH (cTomnlIia)
OOpaTHas MaTpHIla 1.5 1,5
PaHT MaTpHIIEI 1,5 1,5
Hccrnenopanie CHCTEM JIMHEHHBIX VPaBHEHHH Ha 1,5 1.5
COBMECTHOCTD
4 Pemiennie  HeBBIPOXKAEHHBIX  CHCTEM  JITHHEHHBIX 1,5 1,5
ypaBHEHHH MeTOJIOM Kpamepa
JOKYMEHT NMOANUMCAH MHeHHBIX 1.5 1.5

SNEKTPOHHOW NOAMUCHIO
| CepTtudumkar: 12000002A633E3D113AD4 25FBS0002000002A6

Bnapeneu: Liebayxoea TatbAHa AnekcadapoBHa MCSTOJOM 1,5 1.5

| deicteuteneH: ¢ 20.08.2021 no 20.08.2022
| (_TICTEeMEL HIHEHHEI OHODOIHBIX

CD}"H,[[E]LIEHTEHIBHHH CHCTCMaA pEH_[EHI]IuI

. L ABHEHIII. 1,5 1.5




> JIMHEeHHBIE OIlepal[HH HaJ BeEKTOpaMH. PaznokeHue 1,5 1,5
BEKTOpa II0 OpTaM KOOPIHHATHHEIX OCeH. J[eHCTBHA
HaJ[ BEKTOPaMH, 3aJaHHBIMH ITPOEeKI[HIMH

S CKaJIIpHOE, BEKTOPHOE H CMEIIAHHOE ITPOH3BEIEHHS 1.5 1.5
BEKTOPOB

6 BeKTOpHEBIE IIPOCTPAHCTBA H HX ITPOCTEHIIIE CBOHCTRA 1,5 1.5

6 JINHEHHO 3aBHCHMBIE H IJIHHEHHO HE3aBHCHMBIE 1,5 1,5
CHCTEMBI BEKTOPOB BEKTOPHOTIO ITPOCTPAHCTBRA

6 PasmepHOCTE M 0a3HC BEKTOPHOI' O IIPOCTPAHCTRA 1,5 1,5

7 CoOCTBeHHBIE BEKTOPHI H COOCTBEHHBIE 3HAYEHHS 1.5 1.5
IIMHEIHBIX OIePaTOpOB

Hroro 3a 1 cemecTp 27 27

4. Coep:kaHue NpakTHIECKHX padoT
IIpakmuueckoe 3anamue 1. OcHo6Hble @izedpauueckue cmpykmypol. Onepauuu u aizeopeol.

Mopghuzmsr. Anzebpst ¢ 00HOUIL onepauuieil: NOayYzpynnsl, MOHOUObL, Zpynnel. Anzedpol ¢ 06ymA
onepavuamMil: Kousud, noJA.

Ilens: BEIpaOOTATH IMpeAcTaBlIcHHE 00 OCHOBHBIX anre0paiieCKHX CTPYKTYPaxX H HX CBOICTBAX
Cooepacanue:
OHMHapHas OIepals,

MTOIYTPYIIIa, TPyIdia, aberaeBa I'PyImia, KOIIBIIO, ITOTIE.
Teopemuueckasn uacme:

B MaTeMaTHKe H pa’IHYHBIX €€ IIPHIIOKEHHSIX BaKHYIO POIIb HI'ParoT TaKHe MaTeMaTHYeCKHE
OOBEKTBI, KOTOPBIE HAa3bIBAIOTCA alnreOpanyecKHMH CTPYKTYpaMH. B IIHPOKOM CMBICIIE IIOJ
anreOpanyecKoil CTPYKTYPOH ITOHHMAIOT BCSKOE MHOXKECTBO, HAa KOTOPOM 3aZlaHbl HEKOTOPBIE
oneparyi (T.e. 3aKOHBI, CTaBSI[HEe B COOTBETCTBHE OJHOMY HIIH ITape 3IIEMEHTOB IO ONpPeJeIEHHOMY
MIPaBHITY APYTOH 3IIEMEHT ), 0OIaJaroIHe OMpPeaeTIEHHBIMI CBOHCTBAM.

BOIBIIMMHCTBO CBOMCTB M  Pe3yiIbTaTOB 00 5STHX MHOXKECTBaX IIONVYAOT, OIMHMpasch Ha
KOHKPETHYIO IIPHPOAY BIEMEHTOB 3THX MHOXKECTB H HAa KOHKPETHBIH CMBICII OIepallHi HaJ HHUMH. B
TO K& BpPeMSI MHOTHE Pe3YJIbTaThl MOJKHO ITOIYYHTh HE3aBHCHMO OT ITPHPOABI 3THX MHOXKECTB H
KOHKPETHOI'O CMBICTIA OIIEPAIHH, a HCXOAS TOJIBKO M3 CBOHCTB 3THX OIIEPAL[HIA.

Cpemnl TakHX CBOHCTB OIEpal(iii pacCMaTPHBAIOTCS. acCCOIMATHBHOCTh, KOMMYTATHBHOCTD,
TUCTPHOYTHBHOCTD, HAaIMUHE CIIELHAIBHBIX BIIeMEHTOB, OOIaJaroIHX OIPeAeIEHHBIMH CBOHCTBAMH
(HyIIeBOH, e JHHHYHBIH (HeHTpalbHbII), 0OpaTHBIHN 3JIeMEHT K JaHHOMY H T.JI.).

B 3aBHCHMOCTH OT KOJIMYeCTBa OIlepalHH M CBOHCTB, KOTOPBIMH OHHM OOJIaIar0T, PasIH4aroT
CIIeAVIOIIHe anreOpanyecKHe CTPYKTYPHI.

IIonyepynnoii Ha3bIBaeTCSI MHOKECTBO (7, Ha KOTOPOM 3aJjaHa OMHapHas oreparisd * (4acTo eé
Ha3bIBAIOT YMHOKEHHEM H 0003HAYaroT * ), JUIS KOTOPOH BBHITIOIHSETCS CBOMCTBO aCCOIHATHBHOCTH,
T.e. JUId mMoOmX ab,c € G (a*b) *c = a*(b*c) . EcH B IOIYIPyIllle HMeeTCsI HeHTpPalIbHBIH
BIeMeHT e (HyJIeBOH, eJHHHYHLIH), T.€. TAKOH, YTO a*e=e*a=a 11 IMo0oro acG, To noayrpyrmma G
Has3bIBACTCA VHumapHoil (TIOIMYTPYINION ¢ HYIIEM, IOTYTPYIOION ¢ eQHHHIEH). EcH B moIyrpyrmie
BBITIOJIHACTCS KOMMYTAaTHBHBIH 3aKOH, T.€. eClH I 0oObX a,beG a*b = b*a, TO MOIyrpyIdia
Ha3bIBACTCSI xommym amiiéroii (WITH abenegoil).

YHHUTapHas MOIMYTPYIIIA Ha3bIBACTCS 2pynnoil, €CIIH I o0oro ae G CYIIECTBYET OOpaTHEIH

AamenmenT h €& (7 Te Takoii_urtn akh = h¥*a = o ECIH JOIOJHHTEIBHO BBIIOIHSIETCS CBOHCTBO
AOKYMEHT NOAMNUCAH

] SAEKTPOHHOW MOAMUCHIO ramuenoil (WL abeneeoii), 1 B 3TOM CIy4ae
|CepTudukat: | 12000002A633E3D113AD425FB50002000002A6 OIIE PaLfH s o0o3HauvaeTca +, HEf[Tpﬂ_‘IILHL]ﬁ
:Bnaneneu: Lebayxora TateaHa AnekcaHOpoeHa OTTONIOKHBIM H O003HAYACTCSI -a

NevicTeuteneH-c 20.08'2021 no 20.08.2022 C OIEpAIfEH CIIOKEHMI T 3aJaHa €eIlNe OXHa
Olecpamyri. IIPON3BEACHHE * (HIH © ), KOTOpas CBfA3aHa ¢ + AHCTPHOYTHBHBIMH 3aKOHAMH:

(a+b)*c=(a*c)+(b*c) , a* (b+c)=(a*b)+(a*c) pmnga moOBIX ab,c & Kn 0*a=a*0=0



s mrodoro a & K, to K HaswIBaeTcs xoasyom. Ecim B Komblle (K | +, *) JOIIOJHHTENBHO JUIS
IIPON3BEACHHS * BBIIIOIHAETCS ACCOLHATHBHBIN 3aKOH, T.€. €CIH

(a* b) *c=a*(b*c) pm1amoOeX abc & K,
TO KOIIBIIO HA3BIBAETCA accoyuamiiéHviM. A €CIIM KPOME TOTO CYIIECTBYET €MHUHHYHBIH 3IIeMeEHT 1, T.e.
TaKoMH, uTo l*a = a*l=a 111 moboro ac K, TO KOJIBI[O HA3bIBAETCS VHuMmAapH bim (MITH KOIBIIOM C 1).
Ecimi B KOJBIIE BBIOIONHSETCA KOMMYTATHBHBIH 3aKOH JJI *, TO KOIBI[O HA3BIBAETCH
KOMMYMAMUGH bIM.

AccCOIMaTHBHOE VHHTApHOE KOIBI[O, B KOTOPOM Ka’KIbIIi HEHYIIEBOH 3JIEMEHT a HMEET

OOpaTHBI @', T.e. TAKOIL, YTO a*a' = a’'*a = 1 Ha3bIBaeTcA menom. KOMMYTATHBHOE TEIIO HA3BIBAETCS
nonem.

Bonpocwet u 3a0 auu:
1 SBnsteTcs mi cremyrolee MHOXKECTBO I'PYIMIOH, KOIBIIOM, ITOJIEM OTHOCHTEIIBHO CIIOKEHHS YHCEN U
YMHOXEHHS YHCEL:

- MHOJKECTBO JIEHCTBUTEIILHBIX YHCEI,

- MHOKECTBO paIfHOHAILHEIX YHCET,

-MHOJKECTBO I[EJIBIX YHCEIL,

-MHOKECTBO HEOTPHIIATEIBHBIX PaIfHOHAIILHBIX YHCEIL,

-MHOJKECTBO HAaTYPaIbHBIX YHCEI,

-MHOKECTBO HEOTPHIIATEIBHBIX JeHCTBHTEIIbHBIX YHCETL,

-MHOJKECTBO Y THBIX I[ETIBIX YHCETT,

-MHOKECTBO HEOTPHIIATEIBHBIX IIEIIBIX YHCE,

-MHOKECTBO IIPOCTHIX YHCEIL,

-MHOKECTBO KOMITIIEKCHBIX UHCEN?

2.Yto Takoe OMHapHAasa OIepaiis?

3 JlanTe ompeaeneHHe TPYIOION/A.

4 Kakas OMHapHas ornepalfisa Ha3bIBaeTCs KOMMYTAaTHBHOH , aCCOIIHATHBHOH ?

5.UT0 Takoe HEHTpPAIbHBIH 3IIEMEHT, CHMMETPHYHBIH SJIEMEHT?

0.Kak Ha3pIBaeTCSd CHMMETPHYHBIHN , HEUTPAIIBbHBIH 3JIEMEHT JUIS CIOXKEeHHS? 1 YMHOXKEHHS?

7. JlanTe ompeaeIeHH ITOIYTPYINILL, TPVYIIILI H ITOATPYIIIEIL. [IpHBeaHTe IIpHMEDEI.
8. Kompira. Tena. [loma. [anite orpegenerue. IIpuBeanre mpuMepHl.

IIpakmuueckoe 3anamue 2. Ilone komniekcHoix uncen. /[eiicmeus Ha0 KOMWIEKCHLIMU YUCIAMU.

Ilens: chopMHpOBaATH ITpeCTaBIIeHHE ITOJe KOMIUIEKCHBIX YHCEN, BEIpa0OTaTh YMEHHE BEITIOIHSTH
IeNCTRHS HaJl KOMIUIEKCHBIMH YHCIIaMI
Cooepacanue:

KOMIUICKCHOC HICJIO, MHIIMAAd CIHHIId, PABHBIC KOMIIIICKCHBIC HHC]IA, COIIPAKCHHBIC KOMILUICKCHBIC
HHCIIA,

H300pakeHHe KOMIIJIEKCHOI'O YHCIIa Ha ITIOCKOCTH XOY';
CIIOJKeHHE, BEIUMTaHHe, YMHOXKEeHHe, JelIeHHe KOMIUIEKCHBIX UH CETL
Teopemuueckan wacms:

YTopagoueHHas Iapa JByX JEHCTBHTENBHBIX YHCEN (X, V) Ha3BIBAETCS KOMIIEKCHLIM YUCIOM
z =[x, ¥|. MHOXeCTBO KOMIUTIEKCHBIX Urcel 0603HayaeTcsa C .

Uncna Buza (x, 0) — s10 fgeiicTBUTENbHEIE uncia, dicia Buaa (0.1) rme v = 0 ectp uHCTO
MeHMBIe yHena, yrcno (0.1) svrommvas equrrma u o6osHauaeres ¢ = (0.1) . tormga (0, y) = »(0.1) = iy
, unicnio (0.0) ectp meficTBHTENBHOE YHCIO HyJIb.

Uucno x = Rez HaswIBaeTcs delicmaumensroil (BEIECTBEHHON ) YaCThI0 KOMIUIEKCHOT'O YHCIIA
z =|x, ,ayucio ¥ = Imz yuimoii 4acThI0 KOMITIEKCHOT'O YHCIIA.

AOKYMEHT TIOAMNMWCAH | [_sz, W _] , HA3BIBAIOTCS paeH bimil, ECITH PaBHBI HX
SNEKTPOHHOW NOANUCHIO |

{Ceptudbikar:  12000002A633E3D113AD425FB50002000002A6
Bnapeneu: Llebayxoea TaTbAHa AnekcaHopoBHa Caa W = Vs

HBIX YHCCII HE BBOIHTCH.
Nencreutened: ¢ 20.08.2021 no 20.08.2022 A



KomrimekcHoe wmeno z = (X,¥)=x+iy wuszobpaxkaercd B IUtockoctH XOY Touxoii M c
KOOpJAHHATaMH (x,y), THOO BEKTOPOM, HAYalI0 KOTOPOIO HAXOAHTCSI B Touke (J(0,0), a KOHEI[ B TOYKE

M(x,y).

,ZZEI?CHIE-’HE HAO KOMMIEKCH bIMIL YUCTIAMIL

HyCTB HaHBI = :{_Ilﬂ_}:‘] ] H =9 =|.}:“‘:.1‘1’}| , 1014
Z| _Lq—(f]_;‘:z _}1 12)

Zy 2y = (XX5 — YV, X Vs X ) ):.

Z) | XX Ve Y X0
. y 2 2 o |-2*0.
<2 Xyt ¥a X5 + ¥

Z =X+ 1y — anreGparreckas GOPMA 3aIIHCH KOMIIIEKCHOIO YHCIIa, TOIZa
itz =(x wlIJrIu iy ) =l x| iy £,

| x5 ”J’r'— X1X7 + x5

z -z =X + iy
| f,\fz__];’l | ar Y1V —':.JL Xa— ¥ Vs | | f'::_,\flh_]r"z XAV I
z =(x,—¥)=X—1iV y KOTOpPHIX AeHCTBHTEIILHbIE

-

KomruiekcHble yHena Z = (X, ¥)=x+iv u =
YAaCTH PaBHBI, a MHHMbBIE OTIIHYAIOTCS 3HAKOM, HAa3BIBAIOTCSI G3QUMHO CONPANCEHHbIMU W
KOMIWIEKCHO CONPAMNCEHHDBIMIA.

HeTpymHO BHAETH, UTO |z| =[5 = /x* + »°, AIgZ = —arg z (xpome umcen z = X <0 I HUX

arg =z = arg = = .?E')_
JlenmeHne KOMIUIEKCHBIX YHCEll B alredpanye CKOH QJGPME
'f] "X T 1—"1 ) 1}”' 1 1. [ I]_F:

- .
=1 =] 2 AL ) v
o o 3 9 9 9
. e = .= =
2y Z7I4 Xy + )3 Xy + V5

ﬂEﬁGTEHTEJ]LHﬂH yacTh X =Rcz ® Mmmmag yacte Y = Imz xomMIDiekcHOro wmcia =

BBIPDAAAKOTCH HEPE3 COIIPAKCHHBIC KOMIIIICKCHBIC YHCIIA CIICAYIOITHM GﬁpﬂBGM.

z 4z Zz —z zZ—Z
Rer = CImz =1 = .
2 2 2

lIprmMep. 11okazate, 4TO z; + 2z, = z; + 25,
Perienne: JIokaKeM 3TO paBEHCTBO, HCITOIb3YS OIPEAcIIeHHE
Iy 2y =(x s )=+ v ) =(x —iv ) H (s — iy, ) =2, + I

[Iprmvep. HaiiTu mmponsBeieHIe H YaCTHOe YHCell Z; = 2—3f u 2, = —4+1i

PermeHue:
212, =2 =] -4 i) =8+ 2 +12i - 3" =8+ 14i + 3 =5+ 14,
—R—2i+12i =3i* —8-10i—-3

zp  2-3 (2-3i)-4-i) 2 B
7, =447 [—4+ill-4—i] | 4']3 j2 4 +1
I1110: 11 10: 11
= = = —— 1;
5 5 5 5
o —d=i [=44i)(2430) —-8-12i+2i+3i" -8-10i-3
z, 2-3i (2-3i)2+3i) 22 _{3;)2 449
C=11=100 11 10
13 13 137

- R (1—24)(2 —3i)
HMCED. BIYHICIIMNTD 3HAYUCHIC BhIPAXKCHILA o
DHMED b (3 — 4i)(4 — 5i)

PellieHue . I/ICHDHLB}"H ITPpaBHIIA PACKPBITHA CKOOOK H BBIIIOIIHEHHS JeHCTBHI Ha/l

fo T AOKYMEHT NOAMNVCAH .
SNEKTPOHHOWM NOgnNUChIO 6T 4 77 4+ 7
Cepmcblnr{far: 12000002A633E3D113AD425FBS50002000002A6 L 20{_3 — YBERT — Q31
Bnapeneu: lLebayxoea TateAHa AnekcaHapoeHa
— 68 249 68§
ﬂemc_mm.enem c 20.08.2021 no EG.DE.EG?;E_. 6L, 25 1025 1025

Bonpocet u 3a0 auu:



] .BEIUHCIINTS:

a) [~3—1i ﬁ;

6) I —~3+1il;

B) (-1+1+/3)"

2. OnpegenuTh MOAYIIL KOMIUIEKCHOI'O YK CIIA:

a) 2=2—-3i,0) z=—7+2i;B) z=3-4i;r) z=13—-i.n) z= 4-2 . e) E:L.
—3—i 1 +71

Ilpakmuueckoe 3anamue 3. @ opmsl npeocmaAsleHUA KOMNIIEKCHBIX YU CEIL.

Ilens: BRIpaOoTaTh YMEHHE ITPeJCTABIIATh KOMIUIEKCHOE YHCIIO B (popMe, TpeOyeMOH I pelleHHS

RalauH

Coodeparcarue:

MOAYJIb, dAPI'YMCHT KOMIIJIIEKCHOI'O HHCIIA,
TPHIOHOMCTPHYCCKAA H ITOKa3aTCJIbHAA (I)GPBIBI 34ITFICH KOMITICKCHOI'O HITICIIA,

BBITIOIIHEHHE JIEHCTBHIT HaJ KOMIUIEKCHBIMH YHCIAMH B TPHTOHOMETPHYECKOH M IIOKA3aTEIIbHOM
(popMax.
Teopemuueckan uacmes:

B TIIOIApHON CHCTEME KOOPAMHAT IIONIOKEHHE TOYKHM Ha IUIOCKOCTH OIPEHelsIeTCa €€
paccTosHeM /A2 or momoca O: |OM| =, (/ nonsgpHbIil pafHyc — BEKTOP TOUKH) H YIIOM @,
oOpa30oBaHHBIM OTpe3koM OM TonsapHOH ochklo Ox ((p MONSPHBIH YIOII TOYKH). YTOJI (¢ CUHTAETCH
ITONIOAUTEIBHEIM IIPH OTCUYETE OT IONISPHOH OCH ITPOTHB YaCOBOH CTPEIIKH.

Ecim Havyaimo JeKapTOBOH IMPSMOYTOIBHOH CHCTEMEBI KOOPAHHAT COBMECTHT C ITOIFOCOM, a OCh
Ox HAaIIpaBUTh IO TTOJSPHOI OCH, TO IPSIMOYTONBHBIE KOOPAMHATHL x H v Toukn M (X.)) H ee
TTONISIPHBIE KOOPAHMHATHI A M (0 CBI3aHBI () OpMYIIaMH X =pCos@, y=ps51me:
\

=

i S _
p=x 1ty Ig .
X

Torma xoMITIEKCHOE YHCIO MOJKHO 3aITHCcaTh B BHJIE
Z=Xx+iy= plcos@+ising).
Ota popmMyna JaeT TPHIOHOMETPHYECKYIO (hopMYy KOMITIEKCHOIO uHcla. [IpH 3ToM,
zl = p = p|=+/x" + ¥ Ha3BIBACTCS MOOYIeM KOMWIECKCHO20 YllClA, a YTOI @ = ATZZ — ap2ymeHmom
KOMIIeKCHO20 Yucia. YTOII @ = Argz onpeensieTcs HEOAHO3HAYHO, a C TOYHOCTHIO JIO CIaraeMoro,
KpPaTHOIO 2.7 :

Argz =argez + 2k, A=0,%£1,+2....

rae arg(z)ecTh IMTABHOE 3HAYeHHe 1+ (z), opelensgeMoe YCIIOBHEM — 7 < argZ = 7 TIPHYEM:

HMnMeroT MecTO CIICAVYIOOTHE COOTHOIIICHIA

Y cos( Arg(z)) = ﬁI

| : T .
AXT A+ YT

ig(Arg(2) =, SMAR(D) = =g

X AXT YT
I[EE], KOMIUICKCHBIX YHCIIA < H <> PaBHBI TOI'Jda H TOIBKO TOIr'Jd, KOI'Jda HX MOAVIIH PaBHEIL, a

HX apryMeHTHI THOO PaBHBI, THOO OTIIHYAIOTCS Ha BEMHYHHY, KPaTHYIO 2.7 :
|z, | =|z2]|, Arg(z)) = Arg(z,)+2m (n=0,£1.%£2,..)

VmHoiMceH1Ie KoMIIEeKCHBIX YiiCel 6 MPlUZOHOMempLYe cKoll hopme
I, Iy = o (Cosey Hising, ) p,(cose, tising,) =
= 0 0~ (COS CO8¢r, +1™ 8ing, 8in @, +i(COS @, 8in @, +Sin @, cos @, )) =

= 2~ (cosley +@- ) +Hisin(ey + @5 )).

i NOKYMEHT NMNOoAanncAH
SNEKTPOHHOWM NOoANUCHLIO
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 Eg} = 4 Fgz A Pz, .
Bnapeneu: lWebayxoea TateAHa AnekcaHapoBHa

[CII0 COMHOKHTeleH. Eci 2, =2 =...=Z,, TO
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F

z' = (cosn@+isinng).
= |._—er|ﬂ , A'pgzﬂ — F!AI}_{E + 2;1%: (J(i.f — U.,i—l:iz,..} )

— i

ToecTs,



CBOHCTBa MOAVYILA KOMILUICKCHBIX Y CCII

=~ |2, 2. == |2, HIEENEEY N
_|3|” — = 6 Rcz| = |z In"lzl = :l
» = =1 _ . 5
5. — 5D ioj
74 ‘zj
= i

Ilenentie xomMnIeKCHBIX YliCeN @ MPLI2OHOMempUYecKoll popme
. pcosp ~isme,) po (cose +ising Ncose, —ising,)
P, (cos@, tising,) p, (cose, tising, )(cos@, —ising, )

—_—

=

f—

zZ,

£ (CoS @ cos@, —sIn @ SIN @, )+ /(510 @, COS@, —SIN @, COS Y. )

Cos™ ¢, 181N~ @,

£
2 - TS |
= 2 (cosigp. — ¢,) +isin(p. — 9, )
-
ToecThb
Z Z V) PR P
— ) _.:’_I-}:q ~ —_ .;’1?{1;1 _.{1.?{‘]}.*2_
Za ‘Lz -7
Hszeneueniis 13 xoMnae KcHo2o yiicic KOpHA -0l chienexid
N ——— o argz+2ak .. argz+ 2k
A 2(Ccos@+1sIn@) = 3 -.’|LC—L_}:'1 ; =+ 7 811 » ;

rae A = O 1L2.....n—1.
Ora GopMyla JaeT POBHO 7 PAIHYHBIX KopHeil mpu & = 0.1,2,....n —1.
TGT-H{H:, COOTBCTCTBVYIOIIHEC 3HAYCHIAM f{/z , ABJIAIOTCHA BEPHIHHAMI ITPABHIIBHOI'O 71-YI'OJIbHIKA,

BITHCAHHOI'O B OKPYKHOCTB pajiiyca R =%/|z ¢ IIEHTpOM B Hayalle KOOPIHHAT.
JlokazaHO, YTO Ha KOMIUJIEKCHEIE CTEIleHH ITOIOKHTENIbHBIX YHCEI PacIPOCTPAHSIIOTCS BCE

ITpaBHIIA ﬂEﬁGTEIH‘i CO CTCIICHSAMI H
E: — é_‘.'_,'('+l'-__'|- — Ej-l’ i Ei] — EI.!L {C'U'r':_p + fh-”-l _l:) .

Ecmn x = 0, To mMeeT MecTo ¢hopmyna Diinepa:
e” =cosy—isin .

Hcmmone3yss dopmyny Dinlepa, MOTYYHM elle OZHY (pOpMY 3allHCH KOMIUIEKCHOTO YHCIA —

TAr=Zz

i P
P =|zle™'F =|Ef£

ITOKa3aTENbHYIO.
z=z(cose+ising)= ze'" =z
OrepallHH HaJl YHCIIaMH B ITOKa3aTeJIbHOH (o

pMe

e+ ) | ‘f_,.f'{_argq -arg z-

Y e |7
._.I =

Ty e — ;:']}r}z 'EI

{ i {04
ZpcZy =gt e = s e e
AR o N AN M ~ ‘: ‘ . N
e Y b _Fl 'E*'H‘w' -3} _ l {Js[;irg:z —arg =, )
- i+ | A c
2 et 71

L EHES B
i -f"lhu:_

2

N | -
= | &

= = (') = ple
4o 1 2 arg =+ 2Aw _
ctme £ =0,1.2,....,n— 1.

i

”E = f{ﬂ J,{Jff" (i ’{,; e ! — f{l.“l :| e
[lokazaTemmHas (1)}’]—]1&[}[}1 KOMIUICKCHOI'O IICPEMCEHHOI'O = f(z)=¢" SBISTCA HEpHG,[[H‘IEGKGﬁ

C TIEpHOIOM 2 7ki, TaK KaK
Flz 4 2akiy=¢ "™ =¢ - 7™ =" (cos2ak +isin2mk) = ¢°,

NOKYMEHT NOANMUCAH
ANEKTPOHHOM NOAMUCHIO
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MpeJCTaBHTh B TPHTOHOMETPHYECKOH (popMe.
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r=2) 1 (243) =Va 112 =4

[To popmymam
X X | 1
COosS@pP=—=— SINg@ == = :
y / ¥ / 2
A X + 1 y X + 1
MoIy4aeM
2 1. 3
COSP = ——=——3 8NP =——

l I I“"..
Tak Kak :.:Ds.;.a?:—z TO P = +HI’DE*D‘-=L EJ 27k, Te.

n;’e?—i 2ak, ke ”Z

.J'
IJie Z — MHOKecTBO LielibIx uncen (0, 1, £2, ...).

[Iockonmeky ¢ npHHamIexkuT II yeTBepTH, TO {r?:Argzzé,?rﬁLZ:zk‘ a ITIABHOE 3HAYEHHE

-~

e

apryMeHTa (? = -7

[TosTOMY YHCIIO = B TPHT OHOMETPHYECKOH (pOopMe HMeeT BH]

2 .27
4(Lu¢.—ﬂr I sin T}_
3 3

M 02KHO HCITIOIIB30BATh H APYTHE 3HAYCHHA AI’g:Z
;

(27 (2T .
z=4 cc-s‘ K |+ fsIn + 24k ||, k=0,£1,12, ...
L3 J 3
[Ipumep: [IpefcTaBuTh UHcHA z, = —1 +i+/3, z, =1 —i+/3 B TPHTOHOMETPHYECKOI (GopMe.
i
— N3 o ~
Perenme: Tak Kak _M{_l'ﬁ | |I_ﬁ;'3_l|‘ ~2, teQ, :—T:«.-'B:. Ho V=90 x<0, To ecTh
2 f"/ J 2 3 \I ﬂ- : : — : H,-'ig II'_ 0
el :3;’3’ TO z; = LCUQE;T'FEQII]E rll , a " ,\“:— {| =-,.,|"'1|| — 9, I;Q@EZ_T:"U'B:.HG V= , ;i::‘;:-(]:
7T Ty .. T
TO eCThb @y = ——, TO 25 = 2| CO8| —— |+isIn| —— | |
3 | 3 3
=
lIpiMep: Hantu — , IpeABApPHTEIBHO 3aIHicaB KOMIUIEKCHBIE YHCIIa B
=223
Tp}H‘GHGM&TpIHEGI{GH(prME ecltH 2] =1+, z, = =J3+imzy =143

PertleHne: YUHTHIBASI yro, — 7 <@ =7 . HalaeM M'D,[[EJIL H apI'YMCHT KdzKJ0I'0 KOMIUICKCHOI'O
HHCIIA.

5 5 T

ISz, o =17+ 17 , P =mcfg1—ij
— | 7
[

I = -5, =All3] £17 =2 H 7 = dIclg —= =

A 22 -2 J\I.Ii“'3| +1 ’\..3' 6’
|I B

NIz oy =17 +{V3]7 =2 M @3 = areigy3 =,

T ormga 3ajgaHHbIe YHCIIA B TpHI‘GHGMETpH‘IEGI{Oﬁ QJGPME HMCEIOT BH ],

-y s .. AT s .. AL i .. A
7 =al2lcos—+isin—) 7. =Meos —+i8IN—), 27 = 2(CO8— +isSIn—).

AOKYMEHT NoarnnMcAH 6 - 3 3
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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PR i A
w"E{L:nH4+::~‘.1n )

E] oL
= — = . (cﬂs 1
- r .. T 2
B 4(cnsi+f51[1i)
2 2 ’

—

NG

T . i
= — - (cos(——) +I1sin(——)).
- (cos(=2) +isin(= 7))

[IpiMep. Hafitu = 1

O+2a . O0+2

PenieHue. V1 = Acos0 +isin0 = cos . + {sin X

I[Ipn & = 0.1.2 momyyarorcs KOpHH

ay =cos0+7sin0 =1,

27 277 1 s
¥y = COS—— +isIn = —({—14+17i+3),
! 3 5 N
. .4 1
m'z:uh—ﬂ+iam—ﬂ——( 1—i/3).
3 3 2

[Ipn k=3 @y =cos2x+isin2r =1 yro coBImamacT ¢ oy Bce IMocaeayromue KOpHH OYIyT

ITIOBTOPSATHCS, TAaK YTO Pa3IHMYHBIX KOPHEH OyIeT TOIBKO TPH.

Bonpocet u 3a0 auu:

1. Haltu neHCcTBHTEILHYIO H MHHMYIO YacTH YHCIIa

|1—|—,{}
(110
+1 ]—I]
2. Hanitu Moy b M apryMeHT KOMIUIEKCHOI'O YHCIIa
S S o
a) 1+, 6) —cos 7 tisino, B) (14451 i3]

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

11 |.1 + m@jnlﬁ — 60+ 2§ 19 ||||:2 24+ 72 + 4
\| ﬂ2—r? —6+9; | '\II |1—2: 500
K 2
12+3i)" —(2-3i° 12— =3
1.3. f'+ f | T '} . 1.4, 2| i -
\| 481+ \l —1+i)
s _H||,_| - 2i|° Igr[lfz;-?}"‘ | e ol 3 2+ 2i)°
Vo 441+ V143714
1.7. va.ha'F— | 28 + 71 28%-“:3 : 1.8 4 ||II1 T i'-"‘u';g
V32
4-"|I o -"'II . II_ 3 -'"i_
1.9 s I i £ ST 110 1; 1q;w3
iy
1.11. :La"— 128 — 71 283 . 1.12. :l,e"— 8 —i8/3 .
¢ .-,{_.l ] i _. . 'i_rl
\| ﬂ2—£| —6+9i \ 2
[NOKYMEHT MOANMWCAH TN
ANEKTPOHHOWM NOANWUCHIO 1.16. 4/—128 —i128+3
Ceprtudmkar:  12000002A633E3D113AD425FB50002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
||| —21 (14 2i)

1.18. 2
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|H+wm|_50+m HZ—%#+7“+m

1.19. |- _ 120
\| ﬂ__Z—t_,I —6+9 \| |,_|—.LI S5
ff b . ~
LZLLNL+43L—60+2E_ 122&w2+3” ﬂzrfﬂ
NﬂZ—ﬂj—ﬁ—% V48 (1+4)

_9 9
123hﬂy+wm|_60+h_ 194 HZ ri+7 +m_
\l 12—i]" —6+9i \| 11— S 45

1.25. 411- 1+’ﬁ"] 1726 _||,1—|—“u3£| —60+2z.
Voo Ntz—n —6+9i
© — lj_ i
|97 ﬁH2+{% 12 ;ﬁb | |98 i)’ |
V48 (1+4) \| —1+4)

4 300pa3snuTe HaHAEHHBIE YIClIa Ha KOMIUIEKCHOH IUIOCKOCTH

||l-|—ﬂ.,::f| — 60+ 2§

| |
&4

\ (2= —6+9i

12-2i)" +72+4i

3 ~ ,
6)v 1-2i) +5i

12+3r| —(2-3i)°
B) |-

48, 1+ f_}

IIpakmuueckoe 3anamue 4. /[elicmeus HA0 Mampuuamul.

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 TaOlnHila M3 m - 1 YHCETI, COJAep KaInas m — CTPOK H #u CTOIOIOB Ha3bIBAETCS
mampuieii 1 0003HaAYAETCS

| s _ N
Iﬂl]l HIE al;.' HIJ MJZ II:Id!lH
a, —d,, o d,, a, ad, s,
A= HIH A =
ﬂi.‘.‘] ﬂ!.‘.‘j o ﬂ.ﬁ"a' "'-._ lf:!I.I.""| ﬂ.l"j e lt‘:!I.I LIA _.r"

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

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

A + B TOro ke CTPOeHHS, AIIeMEeHTHI KOTOPOH PaBHBI CyMMaM COOTBETCTBYIOIIHX 3JIEMEHTOB MaTpPHIL 4
HB, Te ecrmAd= ||ag|| B=bil|, To4A + B=C=||el|.

—2 21 =30
[Tpumep: A = ., B = | TOrIa
.f1_ e @ I IS S S e 190
NOKYMEHT NOOnUCAH | ‘

SNEKTPOHHOW NOANMUCHIO

C - 12000002A633E3D113AD425FB50002000002A6
ePTHEHAT IATPHIIBI C OJHHAKOBBIM YHCIOM CTPOK H C
Bnapeneu: lLlebayxoea TateAHa AnekcaHOpoBHa

| Ul MaTPHI[ MOJKET OBITH PaCIIPOCTPAaHEHO 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.



. S_(2 14 B_(s 5 7 .

anmpuMep, 4 =| 301 = 2 1 4) orja
305 7y (2 1 4y (1 4 3

X=B-A= -1 . =] ‘
2 -1 4) -2 3 1) {4 -4 3,

Martpuiia O, Bce 31eMEHTHI KOTOPOH PaBHBI HYIIXO HA3bIBACTCS HYIIEBOH MaTpHIleH. O4YeBHIHO, 4
+0=4, 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
3TO YHCIIO KaKABIH 3JIEMeHT MaTPHIIBI:

| allasl|=|leasll
L (2 -0 Lo a2 1) (6 -3
[IpumMep. - BEREN) a =3, & ‘L-F‘T' s Lo '5.]'

0) YMHOXEHHE JBYX MaTPHII.

YMHOKeHHE MaTPHI[BI B Ha MaTpHIYy 4 BO3MOXKHO TOJIBKO B TOM CIIy4yae, KOrja YHCIIO CTOJIOIOB
B MaTpHIIE B paBHO WHICIY CTPOK B MaTPHIIE A.

OnemMeHT MaTpHII C = B - A, pacIolIOKeHHEBIH B i-OH CTpPoKe H j —oM cTonoIe (T.e. C;;) paBeH
CYMME ITPOHM3BEICHII JIEMEHTOB i — OH CTPOKH MATPHILI B HA COOTBETCTBVYIOIIHE 3JIEMEHTEI j — IO

CTONIOI[A MATPHIILI 4.
ClieayeT OTMETHTh, YTO YMHOKEHHE MAaTPHI[ HE KOMMYTAaTHBHO, T.€. AB + BA.
120 (-2 1
:'/I: B:
Harprmep "rl BJ W ‘H 3 aJ
HNmMmeeMm
(R |1 2'““’—2 1 ""1-[—2)+2-3 1-1+2-5 [ 4 113
i -1 303 5) | =-1.(-2)+3-3 1-(-DH+3-5) =11 14)
po g -2 lHl 2 ‘ —2-1=1-1 2-.(=2)+1-3} (-3 —1'"‘]
”_[_3 5h=1 3) \3-145-(-) 3-2+5-3 J_.h_—z 21,

AB + BA
Bonpocst u 3a0 auu:
3amava 1. J[aHBI KBaJpaTHEIE MATPHIIBI 2—0r0 MOPSAKa
A= H B=.
Brrurncimre crieQyrolie BeIPaKeHHIS:
a) ;
0) .
3amava 2. JlaHBI MaTpPHIEL
A=, B=, C=, D=, F=.
BrerumcimiTe creayroInHe MaTpHYHEIE BRIPaKeHHS (eCIH KaKas—HHOYIb OIlepalfis He OIpe/ielieHa,
OOBSICHHTE, IIOUEMY):
a)
0) ;
B) |
r),
1)
e) .
3amava 3. J[aHBI KBaJpaTHEIE MAaTPHIIBI 2—0r0 IOpsSaKa

AOKYMEHT NoanmncAH B=.
| SNEKTPOHHOW NOAMMUCHIO
|Ceptudpmnkar:  12000002A633E3D113AD425FB50002000002A6

"Bnapeneu; lLlebayxoea TateAHa AnekcaHapoBHa
|
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3amava 4. JlaHBI MaTpPHIEL
A=, B=, C=, 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. Boiuucnenue 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.
f'ﬂll ty, ﬂ'..\
a, d,, o a,,
A=] ” ]
'k_f'{ul {f}'”: o d wi S

OrnpeaenuTellb, COCTABIECHHBIH H3 BIEeMEHTOB KBaJpaTHOH MaTpHILI (0e3 IlepecTaHOBOK)
Ha3bIBAETCS ONPEAEITHTEIIEM MaTPHIBL A.

ﬂ.’” ﬂIJE - -:.’Ii:_,

. L - e,

&f oo - if
Rl i 2 na

BEIL-IET]?]IMI: HTO HC KBaJPpdTHAA MATPHI[da HE HMCECT OIIPCACIOITCIIA.
YHCIIO a1 as» - a» ay» Ha3bIBaeTCs OIIPEACIIHTCIIEM BTOPOI'O ITOPAAKA H 0003HaYaeTCsI CHMBOIIOM

(o dyp
- = Uy Uy Uy
) fas
NOKYMEHT NMoanncAH | _
SMEKTPOHHOW NMOoAnmUchLIO HCJIO.
Ceprudmkar: . 12000002A633E3D113AD425FB50002000002A6
Bnapeneu; lebayxoea TateAHa AnekcaHapoBHa
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CxXeMaTHYeCKH dmpwna AJI S BEITHCIICHILA OIIPCACIIMTCIIA TPEThET O ITOPAAKA BBITTIIIHT TaK.



(i, iy 5y

OHPE,I[EJ]IITEHL TPETBETO IIOPAAKA TAKKE PABCH CYMME HPGHBEE,I[EHI]IUI JJIIEMEHT OB HEI{GTﬂpﬂﬁ
CTPOKH (cTOIOI1a) Ha anreOpanyecKHe JOIMOITHEHH I STHX SIIEMEHTOB, T.€.
A=a, A, +a,A,, +a A5 A=a, A, +a, A, +ay, A,

A=a, Ay +andy, +as A,y A=apd, +ayd, +a, Ay,

Harprmep, pa3inokeHHe OMpeIeHTels IT0 SJIeMeHTaM ITepBOI CTPOKH:

. ey - ol - w142 ) o5, . R e, s
A=a, (—1) +a,, (1) ta, , (—1)

(! ed

d,, d,,

.2

11 V3 ] ey

=l (on @y = Ugn Uy )=y (o sy =y Uy ) F el (s gy — Uy sy )=
Tl TRyt Ty Uy — 0y Aty — Aty — 3y s,
PasnokeHHeM IO 3JIeMeHTaM CTPOKH HIIH GTGH@HH MOHO BBITHCIIHTE OITPCIACIIHTCIIb IHO00ro

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

1 -1 2 3
1 —1 4 1 —1 4
] 1] —1 4 ol | | o
| | - Y3 1 30 D DY 2 1 3y
203 1 3
1 O 5 3 0 5
3 0O 5
1 1 4 1 1 —1
20 D" 2 3 303D Y2 3 1 =15 0 3 4 01151

had
AN
Ak
-

F1I(S54+0—9 12— 04+101+2{(154+484+9-36—-3—-10)=3(0—=24+43-9_0—1) =

=13—6+2-(=17)=3-9=13—-6—-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 2
2 =3 I
2 =3 1 _ .
0 s X A=a, A4, =1-|5 3 3=24 30136112 36 60= 54
. — 2 —
_ 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) .
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2 3 5 1 I 1 1
3agaya 3. BerumciuTh onpefermmrend: a) 10 4 21.0) x v =2|,B) 1+ a I 1.71)
1 O 1 - - | 1+ /A
_ 1 -1 2 3 -2
-5 1 —4 1
] 1 -1 2 1
1 4 1 5 N | . 1
4 1 —g —1°®|°2 -
3 2 1 > 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, t, A(A)=\|a, a,, a.|+0
"\a.‘al ':"-'{3.‘-' al.‘w} H HYCTB ey o,
OO6partHOit MaTpHIeil A GyIeT MaTpHIa:
KA ‘42I ‘4.“ )
A A A (A, A4, A,
A, A, A, 1 ) "
:14—| _ |2 22 3. — — ‘,4_? A;-.;-. ‘,4_"’? \
A A A Al T T
Al_‘: ‘413 A \ 4, 4y 4,
A A A

rje Alj ecTh arreOpaHyecKoe JOMOIHeHHe 3JeMeHTa al] onpefenuTrelrs A = A (A).
[TpuMmep. Haiitn oOpaTHYIO MaTpHITy A, eciH
2 2 3
=| 1 —1 0
—1 2 1,

hs

A1

Perenne: HanjgeM orpeieIuTenbh MaTPHIIBL

2 2 3

A 1 I Nl — 2 1 A 2 n.__ 7 —
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-1 0 1 0 1 -1
A = = —1 A, == =—1 A = =2
2 1 - — 1 ] —1 2
2 3 2 3 2 2
A, =— = (2-6)=4 A, = —5 4. = — 5
- 2 1 - —1 1 - N
2 3 2 3 2 2
10 : 10 S §
ClegoBaTelIbHO,
_ 3
l(A” Ay A —1 4 3 (1 —4 3"
E ;4[:_-‘ /43';- :433 Ll _l :’.’ 3 :‘ ] _5 _3
A = L\A'; A, AJ;,J — L] -6 —4) -1 & 4
IIpoBepka: A A-1 =E
2 2 3y 1 -4 =3 2+2-3 —-8-10+18 —6-6+12"
1 -1 0] 1 —5 —3|=] 1-1+40 —4+540 —34+3+40 |=
-1 2 1)A-1 6 4 ) L=1+2—-1 4—-10+6 3—6+4
‘1 0 0)
=0 1 0 =7
0 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?

o '8 ﬁ] . r“‘41“‘*‘ " 931
. PENTE MAaTPHYHOC YPABHCHIIC l | o .; « \Hil 8; = [155;‘.
3 -1y L (4 (19
S |=1 s}

R_I 2/} xl'} '%.15;*

"2 06 1Y (7]

\ 3 1; . ﬂ;‘ k_l4£

IIpaxkmuueckoe 3anamue 7. Panz mampuul.
Ilens: BEIpabOTATh YMEHHE ITPHUMEHSTH AJITOPHUTMBI BEIUHCIIEHHS PaHTa MaTPHI[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

AOKYMEHT NoarnmncAH
SNEKTPOHHOW NOANUCHLIO
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[l MuHOpP Topsaka S Ha3BIBACTCS 6aA31CH bIM,

+ 1 paBHBI HYITIO FJTH MHHOPOB ITOpsaka § +1 vy
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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 IIOpAJIKa § + 2, a, CIIeIOBATENIBHO, H BCeX OONIBIIIX ITOPSITKOB.

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
UL MaTpHIml 4 pasMepoB M X A cripaBeinBo cooTHommeHne O < #(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 mopsaka, 1 Best poleqypa IIOBTOPSIETCAL.

[Iprmep. Haitti panr Matpuiipl 4 MeTOZOM OKaIMIISIOIIX MHHOPOB.

| - =
R [ = = = \‘_
— I — .
1 2
BerbepeM MHHOpP BTOpOro mopsgika 47-. = = O, CyIIecTBYET TOIBKO OAWH MHHOP TPETHETO
TTOPSAKa, OKaiiMISIFOIIIT BEIOPaHHBIIL MHHOP M . BBIUHCIINM €TO.

| IR |
Mo=-2 5 H=(-11-3-7+2-40-31+3-7- -

" - =
P h s

Jea 3 4000 I o Ene 35 024 42045 0 ER 28

3HauHT, MHHOP A 5 GasHCHBIN, a paHT MaTPHII 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 an e dayy,)
4 1y Uz .. Uy,
N B, Dy /

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

AOKYMEHT NoanmncAH
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by by b, by, by,

0 by oo by by o by,

=] 0 0 h”- h, o] br i ':
0 0 0 0 0 |

L0 0 .. 0 O .. 0

B KOTOPOM «JHArOHAIbHBIE» HIeMeHTH Dy{.P55.....0,.. OTIHMYHBEI OT HYII, a SIIEMEHTHI,
PacIONOKeEHHBIE HIJKE «JIHArOHAIBHBIX», PABHBI HYIIIO. YCIOBHMCS Ha3bIBaTh MATPHIY /3 TaKOIoO
BHJIa TPeyTONbHOH (HHAaYe, ee HAa3bIBAIOT JHArOHAIBHOH, TpaIlellHeBHIHOH IIH JecTHHYHOMH). [locme
IIPHBEIEHNSI MaTPHIIBI 4 K TPeYroJIbHOMY BHIY MOXKHO Cpa3y 3aImHcarh, uto #(A) = r.

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

j{}l ] f:"l 2 - l‘f"-':ll.n'

0 JFFE-Z - hf’r
N =by by b, F 0?

0O 0 ... b,

a 000 MHHOD ITOpSAKa ¥ + | COAepAKHUT 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 .

[Ipymvep: Halitn paHT MaTpHIEL 4 METOLOM 31I€EMEHTaPHBIX IIPe00pa30BaHHIL:

N | — — = -1
J —
| — s =
L -]

= - [ | 1 -

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.

- —_— =] — -

h | —— g |
— = === ——
- _
l g | —= = = |
= [ |

_ — 1 — =

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

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

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

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

(C, —2C,), x Tperbeil crpoke IpuOaBMM IepByio(C, +C,), a M3 TpeTheil BBIUTEM IIEPBYIO,

yMHOKeHHyI0 Ha 3 (C'; —3C). TlomyyaeM MaTpHIly, paHI KOTOPOH COBITaJaeT C PaHTOM JaHHOIT
MaTpHIBEI. O003HAUYHM ee TOH ke OyKBOH A :

= = | — ==
- - = = = S .
- [ — ==

BeIuTeM H3 4eTBEPTOIl CTPOKH BTOPYIO. I1pH 3TOM HMeeM:
r© a — =

a —_ — —

= -1
| = "= | | =y =

———— _—
| | =5 - i = == = . BE= .
l_ - - = = g

[TolmydyeHa MaTpHIla TPEYTOIBHOTO BHIA, M MOXHO CHENaTh BeBOA, 4ro 7 (A)=2 T. e. umcay
HEHYIICBBIX CTPOK. KGPGT KO PCHICHHEC 3adYH MOKHO 34ICAaTh CJICAYHOIITHM GﬁpﬂBGMZ
o = 0 ] " = 4 0

S = >
| | | |

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

1 —6 2 4 { O | 2 -7 13 0
A=]-3 18 -6 —12 —24|- 4= 7 7 6 3 12
O 6 7 23 1) —16 —11 =17 56 -36
"3 7 -5 K 11> "3 15 —9 20 7
4=2 -2 -5 1 0. A=]3 —I —6 l 2
.9 41 —-10 37 55 6 —18 -9 17 -1,
O 5 -4 13 0 (1 4 -] 0 —7"
A4 2 0 4 ] 2. 4=| 3 5 —14 2 2
.0 =10 4 -27 -2 16 55 —103 64 —21,
3 2 -9 8 16 2 7 12 0 9°
A=|1 2 =3 6 12|:4=|-2 4 o6 11 8§
5 06 =19 20 40, 2 29 48 22 43,
3 -5 2 4 2 I 5 —12 3 7)
4= 6 4 1 L], 4=]2 5 6 9 0
15 —11 7 20 7 5 20 —30 0 21

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

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

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

= — — — — j— — j— —_— — —-— =

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:

AXx =56
' A R
tdyy dypz - dyy, X b
| aa an . ay, B2 | b
rae A= o ox=| 7|, b=
kﬂml o e g / Xy '\hﬂi'
Ecmu b, =0, =...=b,, =0, T0 cHcTeEMa HA3BIBAETCA 0OHOPOOHOIL, B TIPOTHBHOM CIydYae OHA
] LOKYMEHT NOONMWUCAH [ mampuijeii cucmemot. Pacuupenroit mampuiyeil

| SMEKTPOHHOW MNOANUCHIO 7 A, K xoropoH mo0OariIeH (cIIpaBa) CTOIOEI]
‘Ceptuchukar: 12000002A633E3D113AD425FB50002000002A6

g Al
'Bnapgeneu; LLlebayxoea TaTbAHa AneKkcaHapoBHa El'LIa'EL B JalIbHEHIICM CHMBOJIOM ( | ).
“HHH, HC HMCHOIMad HII OJHOI'O PCIICHHA

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)Yy =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
pacuiupennoti mampuyst. 1o20a, eciu pane Mampuiysl ciicnemsl paeer yiucay Heuszeecmuwix (F'=1H1),
mo cucmemMd iLmMeernl EaHHCHIEEHHGE PeuleHrlie. ECJIH HCe pPdHZ MAdmpuifsl ClcTieMbl MeHbUie YHlCd
neuseecmuvix (I'<M) mo cucmema umeem beckoHeuHoe MHONCECNIGO peuleHllll, a UMEHHO!
Hexomopvim I —F HewzgecmubvimM MONCHO NpLOasamsv NpouU360abHblEe 3HAYEHUA, M020ad OCNIAGULLEeCS
' Hewszeecmuuvix onpedenancs yice eOuHCcnieeHHbiM 00pa3om.
IIprmvep: HMceneqoBaTk CHCTEMY JIMHEHHBIX VPAaBHEHHI Ha COBMECTHOCTH:

_——— = e ——— -

— —_— - - —_— | |

- —— - — — ——

PerrreHne: 3aIrmuImneM CHCTeMY YPaBHEHHI B BHJIE PacIHPeHHON MaTPHIIHL:

2 —1 1| —2°
| 2 3 —1 |
.1 —3-2 3
[IoMeHsIeM MeCTaMH IIEPBYIO H BTOPYIO CTPOKH MAaTPHI[BI:
(1 2 3 —1)
2 -1 1| =21

. 1 —3 =2 3 )
[TepByIO CTPOKY MaTpHIBI OyJIeM CUHTaTh BeXyIeH (TIEpBEIH 3IIeMeHT CTPOKH paBeH 1), OHa He

OyIeT MEHAThCS TP ITpeoOpa3oBaHMUSIX. byaeM CTPEMHTBCS IIPHBECTH MATPHIY K TPEYIr OIIBHOMY

BUAY. /118 TOro 4roOwrl B IIEPBOM CTOIOIE MATPHILI IIOIVYUHUTR HYIH, BBIIIOIHHUM CIIEIYIOIIHE

npeoOpa3oBaHHA. M3 BTOPOH CTPOKH BBEIYTEM IEPBYIO, VMHOKEHHVIO Ha 2, a OT TPeTheill BBEIUTEM

NePBYIO. [Tomyuyrm MaTpHIY, PABHOCHIIEHYIO JAaHHOM:

2! 2 3| —1)

0 —5 —=5 0|
.0 —5 —5| 4,

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

1 2 3| —1

0O -5 =5 0 |
. 0 O 0O 4
PaHr pacimpeHHOH MaTpHIBI CHCTEMBI PABEH 3, PAHTI OCHOBHOM MAaTPHI[BI CHCTEMBI PaBEH 2,

'E

' IOKYMEHT MOOMNUCAH [ECTHA.

) SNEKTPOHHOW NOAMUCHIO
\Ceptudbmkar: 12000002A633E3D113AD425FB50002000002A6

‘Bnapeneu: LleBayxoea TateAHa AnekcaHgpoeHa
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2x, + x, + 3x, = 1,
X, — 3x, + 2x; + 9x, = 5]
X, + x, + x; = 3
x, + 2x, — 3xy, = 1.
2. OmpeaenuTs KOIHYECTBO PEMIEHHH OJHOPOJHOH CHCTEMBI JIMHEHHBIX YPABHEHHH:
—Xx, + X, — x, = 0,
a) § .
—2x, + 3x, — 2x, + x, = 0O
2x, + x, + 3x; — x, =0,
|3x, + 2x, — 2x, = 0,
0) %
3x, + x, + 9x;, — x, = 0,
4x, + 2x, + 7x; — 2x, = 0.

IIpakmuueckoe 3anamue 9. PeuieHile He6blp0XMHCO CHHBIX CUCIEM 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:

Cuncrema n MMHENHbIX EHFEEDEHLIECI{H}{ ‘y’paBHEHHﬁ cCn HEWN3IBECTHBIMWA MMEET BN

-

anX)t apxat+ ...+ anXx, = by
anx;+ amnxs+ ...+ anX, = b

dn1 X1 + dn2 X2 + ...+ dnnXn — bn

3mech ax 1=1, ....n, k=1, ..., n) — Ko3pPHIMEHTEI CHCTEMBI, X, X2, ..., Xy — HEH3BECTHBIE
U by, ..., by — CBOOOIHBIE YUTIEHHI.

COBOKYIIHOCTh N 4YHCED X;°, X,°, ..., X, Ha3pIBaeTCS PEeIIeHHEM CHCTEMBI, €CIIH IIPH
MOJICTAHOBKE HX B KaXJ0oe YypaBHEHHE BMECTO HEH3BECTHBIX BCE YpaBHeHHSA OOpaIlaloTcsd B
TOXKIEeCTRa.

CHcTeMa }prIBHEHI]fI HA3BIBACTCAH CGEME:CTHGﬁ:, eCIIH OHa HMeeT XOTS OBl OHO PELICHIIC. Ecmau

CHCTCMa pEH_[EHIIﬁ HE HMCSCT, TO OHd HA3bIBACTCSA HeCOBMECTHOH.
KBagpaTHaa MaTpHL[a [TOPAJIKA N

NOKYMEHT NMNOoAanncAH ... din \|
SNEKTPOHHOWM NOANUCHLIO
Ceptucbukar: 12000002A633E3D113AD425FBS0002000002A6 ... @
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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COCTABJICHHAA H3 KGB(b(l)I]l[HEHTDE IIPH HCH3BCCTHDBIX, Hd3bIBACTCAH OCHOBHOH MElTpI]l[EfI (HJIH IIPOCTO

MAaTPHIIEH ) CHCTEMEL
MaTpHia riopsagka nx(n+1)

(511 ai12 ... ain b1 \
a1 a7 ... ann b-
ApaE:Lu —
a,rﬂ anj ann bn

COCTABJICHHAA H3 KGB(l)(I)IEL[HEHTGE IIPH HEH3BCCTHBIX H cTobia cBOOOIHBIX HIICHOB, HA3BIBACTCH

PacCIHPeHHOH MaTPHIIEH CHCTEMBI.
PaccMOTpHM CHCTEMY 11 THHEHHBIX anredpaHuecKHX ypaBHEHHI ¢ N HEH3BEC THhIMH

[ ayuxi +apxe+ ... +anx, = b
anX) +anpxst ... +amnxn = b
amXi +amXs+ ... +apXn = b,

e

Teopema (rmpaBmno Kpamepa). Ecinn onpeennrens MaTpHIBL CHCTEMBI OTIIHYEH OT HYJLI, TO CHCTeMa
HMeeT pelleHHe H IIPHTOM TOJIBKO OJTHO. 3TO PeIlleHHe OIpeenseTcs (DOpMYIIaMH:

AL .
—, THIE A — OIMPESACIIMTCIIb MAaTPHIIBI CHCTCMbBI H Ay — OITPCACIIMTCIIE MATPHILBL, ITOJIIYHACMOH

X, =

M3 MaTPHIIBI CHCTEMBI 3aMeHOit k—oro cTom0I1ia ¢Toa0110M cBOOOHEIX YJIEHOB.
[IpuMep. PelmmuTh cHCTeMY YpaBHEHHH, HCITOIL3YS (popMymsl Kpamepa.

X+2y—3z=275
< 2x -3 p+z=3
dx+y—2z=10
Perenne: HalgeM OCHOBHOM H JOIIOJIHHTEIILHBIE OIPEIEIIHTEITH.
1 2 -3
A=|2 3 1|=6-64+8-36-14+8=-21
4 1 2
5 2 -3
A =3 =3 1|=30—-9420—-90—-5+12=—-42
10 1 2
1 5 3
A =2 3 1= 6 60120136 10+20=0
a4 10 =2
1 2 5
A =12 3 3= 3011012460 3 40=21
4 1 10
ITo popmynam Kpamepa nmeem
.1’.=ﬂ'" =_42=2; 1|_.-‘=ﬂ'r — 0 = (); zzﬁf — 21 = 1.
A =21 A =21 A =21

OmeT: x=2,y=0,z=-1.
Bonpocwet u 3a0 auu:

_| 01 IOKYMEHT MOANUCAH
.. SNEKTPOHHOWM MOAMUCHIO
{Ceptuchukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu! Ulebayxoea TateAHa AnekcaHgpoBHa

COAYVIOOIHX CHCTCM JIHHEHHBIX ElJII‘EﬁpﬂIIIIEGIﬂD{

-
;: .J.-"[- —I_ 4_-]:*\ _2‘1--1 — l l
‘Hencreutened: ¢ 20.08.2021 no 20.08,2022 I 2 3

(24X, + X, +3x =1 [3X, —2X, =5Xx; =6 3x, —2x, +4x, =11

-
A



==  — m m= 1)

IIpakmuueckoe 3anamue 10. Peuienue HeEbIPONCOCHHBLIX CUCMEM JIUHEUHLIX YPAGHEHUI
MAMPUYHBIM MEn1000oM.

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

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

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

A-X =8,

'

@y dyp e dpy ) (x)) by

{?1] ﬂzz {TE Iz bz

A= ; , X = . B =
o, o ey J “\”]:.Fi' Y '\h.r! J
BYI[EM Hp CHITOIIAal'aTh . YyTO OCHOBHAaH4d MﬂTpI I11a A HEEBIPG AJICHHAA.

TGI‘,I[& C}"H.[ECTE}"ET GﬁpﬂTHﬂH ManI]l[a A I+ HGI'&-H‘IGH{IIE MﬂTpI[LIHGE }”IJHBHEHI[E jj . X = B Ha

MaTpHILy _4 ' cleBa, IMOIYYHM ()OpPMYIY, Ha KOTOPOH OCHOBAaH MaTPHYHBIH METOJ PEHICHHS CHCTEM
JTHHENHBIX YPaBHEHHII:

X =418
SanMedaHIE., OTMETHM, YyTO ME],TPHLII{BIﬁ MCTO/[ PCUHICHHA CHCTCM JTTHHeHHBIX }priBHEHIIﬁ B OTIIHMYHE
OT MCTOIa Faycca HMECT OI'PaHHHUCHHOC IIPIMCHCHHE. 5THM MCTOJOM MOI'VT OBITD PEIICHBI TOJIBKO
TakKHe CHCTeMbl JTHHeHHBIX }"pElBHEHI]ﬁ:, Y KOTOPBIX, BO-IICPBbLIX, HHCIO HCH3BCCTHBIX PABHO YHCIIY
}"pElEHEHI]IuI:, d BO-BTOPBIX, OCHOBHAA MdTPHIId HEBBIPOKIACHHAA.

[ Ipimvep. PellTh CHCTEMY JIMHENHBIX YPAaBHEHHH MaTPHYHBIM METOIOM.

-= - - — = m— _ —a— TEe e 1 =i
— B - ¥ —u_ - — B p——_ -

— — 1 - =

3ajaHa CHCTeMa TPEX JTHHEHHBIX YPaBHEHHI ¢ TpeMSI HEH3BECTHRIMH A - X = B, rze

5 —1 —1 X 0
A=]1 2 3 LX=|x |, B=|14]
4 3 2 X 16

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

5 —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 o= L —
3 15 15
] 19 [ 1
NOKYMEHT MOJANUCAH L0 10 30
SNEKTPOHHOW NOAMUCHIO M JIHHEHHBIX YPAaBHEHHH ITOJTYYHM
CepTtudukar:  12000002A633E3D113AD425FB50002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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1 | )

|
5 -1 -IV| 6 30 30| /1
|

x=l1 2 3[|-1 -7 31,
315 15
4 3 2] 0 19 11| 3y

L6 30 30

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

-

'33:.'] +2x, +x, =5 - X, —2x, +3x, =6 2x, —x, —x, =4
a) 12x, +3x, +x;, =1 ;6) ¢2x, +3x, —4x; =20; B) ¢3x, +4x, —2x, =11;
2x, +x, +3x, =11 |3x, —2x, —5x; =6 3x, —2x, +4x, =11
r Yo I = =RI = = )

— —— g = | '} _ Tm_— — ] = __

=
= - = - =& - - —_— = - - ==
I_ . g - Tm_— I ___=

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

Coodeparcarue:

METOJ ITOCIIEL0BATEIBLHOIO HCKITFOUEHH I HEH3BECTHEIX.

Teopemuueckan uacmes:

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

—_— - — — = —_ —_— = = = - —

— a—

— — - — - - — —

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

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

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

3. IlepeMeHa MecTaMH JIBVX YVPaBHEHII.

[Tycte Temepp «,, # 0 .(Ecnn «,, =0 ,T0 MBI IIOMEHIeM MECTaMH IIEPBOE YpaBHEHHE 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 TIOCTIEAHEMY YPaBHEHHIO IIPHOABHM IIEPBOE, YMHOXKEHHOE Ha ( — - ). IIpu sTOoM
11 11

ITOIIYHHM CHCTCMY

—— - — -
-

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

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

Nencreutened: ¢ 20.08.2021 no 20.08.2022 - - -



BO3MOXHEI [Ba CIIy4as
a) =1. Torga mocnegHee ypaBHEHHe IIOCIEeIHEH CHCTEMBI HMeeT BHI. C,.X, =4,
- u.l'“.‘
OTKyHa X, = . M3 IpemiocieqHer0 ypaBHeHHS HaxXOmHM X, ;, H T.J. H3 IepPBOr0O YpPaBHEHHS
-

CHCTEMBI HAXOIHM X, .
b) ¥ <. TormacucremMa HMeeT OeCUHCIEeHHOe MHOKECTBO PEIIeHHIH.

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.

—— — —_— — —_— [—

H!

i ———

- —

Pemrenrie. PaccMOTpHM pacIIMPeHHYO MaTPHILY
—1 1 10

[

[

[

e

151

LA
_

[

\. —3 4
3
YMHO KB IICPBYIHO CTPOKY Ha — ?: 3dTEM YMHOXIHB IICPBYIO CTPOKY Hd —

b

1| Lh

, HaKOHEIL,

YMHOHB IIEPBYIO CTPOKY HA — | , CIIOKHM IIEPBYIO CTPOKY ITOCIIEJOBATEIILHO CO BTOPOH, C TPEThEH H
C YETBEPTOH CTPOKOH. Ilomyurm

2 1 -1 1 1)
0 T 7 9 1 21 =1 1 |
7 79 0o -7 7 -9 |
B~ 0 5 L 7] (o -3 3 1 —7
2 2 2 2 L0 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 . CriepBa YMHOKHM BTOPYIO CTPOKY Ha — = H CIIOKHM C TPETHEH CTPOKOH,
2
3aTeM YMHOKHM BTOPVIO CTPOKY Ha — = H CIIOKHM C YETBEPTOH CTPOKOH. IIomyynMm
e _ 3 |
2 ] | ] ] a1 ! 1
O =7 7 27 ; o -7 7 -9 1
20 52
B~ 000 = == ~ 0 0 0 20 -52 ~
10 19
10 19 O 0 0 -
g o0 0 —-— — X 7 7 )
\ 7 7 )
21 1 1 I Yy (2 1 -1 1 1 0
o -7 7 — 9 1 0 A 9 1
0 () () 20 —52| |0 0 0 20 =52
0o o0 o —-10 19) o 0 0 0 7 )

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

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

[IOKYMEHT MOANVUCAH
ANEKTPOHHOW MOAMNKCHIO
12000002A633E3D113AD425FB50002000002A6

lebayxopa TaTeAHa AnexkcadipoBHa

1 HECOBMECTHA.
‘aBHEHHI.

—— |

CepTtudmkar:
Bnageneu;

Hencrentenex: ¢ 20.08.2021 no 20.08.2022 - ——
PemeHue. VP dCCMOTPHM paCcHOTpPpCHHYIO MaTPHITY CHCTCMBI




1 2 =3 5 I3

I 3 —-13 22 -1
=

3 5 | 2 5

2 3 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, HAKOHELl, YMHOKHM IIEPBYIO CTPOKY Ha (
— 2 ) M CTIOKHM C YeTBEPTOH CTPOKOH. Ilomyunm

1 2 =3 5 1 Y (1 2 -3 5 |

O 1 —-10 17 =2 0 1 —10 17 =2
E~lo 21 10 —17 2 |7|loo o o o

0o -1 10 —-17 2 ) lo 0o 0 o0 o0

BTopyro MaTpHIy MBI ITOIYYHM CIIOKHB CIIEpBa BTOPYIO CTPOYKY C TPeThel, 3aTeM CJIOKHB
BTOPYIO CTPOUKY ¢ 4eTBepToi. HyneBrle cTpoukH BeIOpaceBaeM. OcTaeTcs CHCTEMA YPaBHEHHI

[ =, = 2~ — 3x, + S, = 1
1 R Pd~, + 1 7o, = (*)

Bynem cunraTh X, H X, CBOOOJHBIMH HEH3BECTHBIMH, O0O3HAYAI HX: X, =& X, = f7
3 BTOpOro ypaBHeHH A CHCTEMBEI (*) HaHAeM X,

X, =10ax-17/5-2

[logcTaBHB X, B IIEPBOE YpaBHEHHE, ITOTYYHM:

X, +2(10a -174-2)-3a+5F =1 wm

X, +200-345-4-3a+55 =1 nnu

X, =—17a+295+5 .

T axrm Gﬁp&BGM: IaHHag cHcTeMa HMeeT OecUHcIeHHOE MHOXKECTBO pEH_[EHI[ﬁ:
J.""—I l Few 1+ 29055 1+ = f [

Tve =1 Qe — 1T o8 — = "-I‘f_—l}‘-);l

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

3x, +2x, +x, =5 X, —2x, +3x;, =6 - 2x,—x, —x,=4
a) +2x, +3x,+x, =1 ;0) ¢2x, +3x, —4x; =20, B) 93x, +4x, —2x, =11
2x, +x, +3x, =11 3x, —2x, —5x; =06 3x, —2x, +4x, =11

2x, +4x, +4x, +6x, =18
dx, +2x, +3x; +7x, =24
3x, +2x, +8x, +5x, =13

T) -

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

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.
DyHOAMEeHMAbHAA CUCMeMd PelleHULIL.

Ilens: BEIpaboTaTh YMeHHE HaXOUTh (PYHAAMeHTaIbHYIO0 cHCTeMy permeHui CJIY
Codeparcarue:

CHCTeMa JIMHE MHBIX OJHOPOIHBIN YpaBHEeHHH, () yH[aMeHTalIbHasI CHCTEMA PEIIeHHH.
Teopemuueckasn uacme:

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

OJHOPOMAHBIX YPAaBHEHHH, €CIIH BCEe HX CBOOOHBIE WIESHEI PABHBI HYIXO. Takas CHCTeMa MMeeT BHL:
NOKYMEHT NOONWUCAH

SNEKTPOHHOW NOAMNUCHLIO - - - __

Ceptudumkar: 12000002A633E3D113AD425FB50002000002A6 — - - = -

|Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa .

NeicTauTernieH: ¢ 20.08 2021 ro 20.08.2022 3CETAa COBMCECTHA, TdK KdK OH4 BCCIA4d HMECT,
ilU KparHech Mepe, Hylicboe (i 1prsraishos) peiicHHE (0 0; ...; 0).



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

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

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

PerreHHs CHCTEMBI THHEHHBIX OMHOPOAHBIX VPaBHEHII O00NIaJar0T CIEAVIOIIIMMH CBOMCTBAMH:

1. Ecmu crpoka e = (kik.,....kn) —  pemennme cucremMer  (*), TO
H cTpoka Ae; = (Ak; Aks,..., Ak, )— Takke pellleHHe 3TOH CHCTEMBI.

2. Ecmm ctpokm e; = (kiks,....ky ) mw e, = (I1[2,...,l, ) —pemeHua cucreMsl (*), To IpH

MIOOBIX € H C; HX IHHeHHasS KOMOHHAIH
Ci1 € TCxE2= ((‘:1 k1 +C> f1 Gl kj + C» fg R o3 kn +Cs fn)
TaICKE PEIIEHHE JaHHOH CHCTEMBI.

YOeIuThCs B CIIPABEIIIMBOCTH YKA3aHHBIX CBOMCTB PEIIeHHH CHCTEMBI JIMHEHHBIX OIHOPOIHBIX
ypaBHEHHH MOJKHO HEITOCPEACTBEHHOH ITOACTAHOBKON HX B YPaBHEHHS CHCTEMEI.

M3 chopMymHMpoBaHHBIX CBOHCTB CIeAyeT, YTO BCSKas JIMHEHHAas KOMOHHAIIHS PeIlecHHI
CHCTEMBI JIHHEHHBIX OJHOPOJHEIX VPABHEHIHI TAKKe SABISACTCS PEIIEHHEM 3TOH CHCTEMEBI. IloaToMy
MpeJCcTaBIIsIeT HHTepeC HalHTH TakKHe JIHHEHMHO He3aBHCHMBIe pellleHHS cHcTeMbl (), uepes
KOTOpPBIE€ ITHHEHHO BREIPAKAIHCh OBl BCE OCTAJIbHEIE €€ PEIIEHHU .

PertieHus €5 €;, ..., € HAa3BIBAIOTCA JIMHEHHO HE3aBHCHMBIMH, €CIIH HX ITHHEHHAS KOMOHHAIIS

Aert+ Aze; +...+ Ae, PaBHA HYIIIO, TOIBKO IIPH YCIOBHH YTO A= A, =....= A, =0.

Onpenenenue. CHCTeMa JIMHEHHO HE3aBHCHMEBIX PEIIIEHHI €. €1, ..., €k  HasbIBaeIcH
(pyHIaMEHT aITbHOH, eCIIH Ka)KJ0e PpellleHHe CHCTeMEI () SBIIsIeTcs JTHHEHHOH KOMOHHALEH PeIeHH €,
2, ..., Ck.

Teopema. Ecmm panr r MaTpuipl KO3(P(HIIHEHTOB IIPH IIEPEMEHHBIX CHCTEMBI JTHHEHHBIX
OJHOPOJHBIX YpaBHeHHH (*) MeHbINle 4HClIa IepeMeHHBIX 1, TO BesAKas (PyHJaMeHTalbHas CHCTEeMa
PEIeHHH CHCTEMEI (*) COCTOHT H3 N — T  PellleHHi.

OOImHM pellleHHeM CHCTeMBI (*) JIMHEHHBIX OJHOPOJHBIX YPaBHEHHH HA3bIBAETCS MHOKECTBO
BCEX €€ PeIleHMI, 3alliHCaHHBIX B BHIE: Cie; +Ces + ...+ Cxe€yx, THAE €, €y, ..., e — Jrodad
(yHIaMeHTalIbHAS CHCTEMA PEILIeHHI, Cy, Ca, ... , Ck — IIPOH3BOIBHBIE YHCIAa K Kk =n—T .

OO011ee pellleHHe HEOMHOPOMHOH CHCTEMBI 1N JIHHEHHBIX VPaBHEHHH C 1 IIEPEMEHHBIMH PABHO
CyYMMe OOIIErO PEeINeHHS COOTBET CIBYIOIIEH €l CHCTEMBI OJHOPOMHBIX IIMHEHHBIX YVPAaBHEHHH H IIPO-
HM3BOIIBHOI'O YACTHOI'O PEIIEHHS 3TOH CHCTEMBEI.

lIpuMep. PelmTs OJHOPOAHYIO CHCTEMY JTHHEHHBIX aJIre OpanyecKHX VpaBHEHHII

—= __EmlT — 1 _

— | —_—

= i — g —— T = o I

. B - = ;_'\-\_____ —_ = == == _

Pemenue: OIpeaemMTeh CHCTEMBI A = 2 —3=11=0_ 1osroMy CHCTEMAa HMEET

e IMHCTBEHHOE HYJIEBOE pellleHHe: X =y =Z = 0.
IIpumep. Haritu of1nee pelreHne CHCTEMBI JTHHEHHBIX aJreOpanyecKiX YPaBHEHHI H 3aIlcaTh
(P YHIAMeHTAIBHYIO CHCTEMY PeIlle HHIt:

=T g — . e —

=
— = g _ - - — - R — =

= | - Te_" g = —_— - = B _ =

3004 —1
OOKYMEHT MNOAMWUCAH —3  5|=0, TI05TOMYy CHCTEMa HMEeT
SNEKTPOHHOM NOAMUCHIO ] 4
(CepTucukar:  12000002A633E3D113AD425FB50002000002A6
(R T QfebaModaca i AR B bar UTENDb M3 KO3((HIIHEHTOB IIPH HEM3BECTHBIX X|
 hettcranrentit & 20.082021 ho 20.08.2022 '0 3TOT MHHOP MOKHO IIPHHSTH 3a Oa3HCHBIH.

[Iockonpky rang A = 2, n = 3, BO3BMEM IIEPBEIE JIBA YPaBHEHHS CHCTeMBI M HaHIeM ee oOIee
pEIIeHHE.



JJ'-":- gy —+— <N v — o = ),

g B, 1 Soxg Cn.

B kadecTtBe 0a3HCHBIX HEH3BECTHEIX BO3bMEM X; H X; H IICPCMCECTHM HIICHBI C X3 B IIPABbIC YdCTH

YPaBHEHHI:
[Bxy +dxva — X3,
-]_ %y — S e —_= e

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

ﬂ'] 4 3 (_'.'1
’ﬂl = _ :—3{,‘[ +20f_'l :]7['1; l\g = _ :—]5[31 — ) :—lﬁ{?].
—5¢; —3 1 —5¢
OTCrO1a HaXOIHM, UTO
—17¢, 17 —16¢; 16
Al = — 15 ¢l A2 = — 15l A3 =]
—-13 13 —13¢; 13
L7 16
HUtak x) = 1—,,{‘1:. Xq = 1_‘5% X3 =¢] - O0Ilee pellleHHE.
2 -
17 16
[lomaras ¢; = 1, MOMy4YHM 4aCTHOE PEIIEHHE X| = 13 Xq = 13 x3 =1
2 2
17/13-¢ ) 17/13)
Umi B MatpmuynoM Buuae X =|16/13-¢ |=¢;+|16/13 |, TakuMm oOpazoMm, (dyHIaMeHTaIbHasI
.a LY
17/13)
CHCTEMA PeIIeHHH COCTOHUT M3 €HHCTBEHHOI O BeKTopa ¢ =| 16/13
. 1 s
17 16
OtBeT: o0I1ee pelieHue X = 13 € Ay = 3 €l X3 =10,
2 -
17 16 )

LJE c; - IIPOU3BOIIBHOE YHCIIO. €] = : IJ - Q)}fHﬂﬂhIEHTﬂJ]LHﬂH CHCTCMa pEEH_[EEHI]ﬁ.

L1313
Bonpocwet u 3a0 auu:

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

- . - S [ T
e g 4:-_6)
25 B=

—_ -
El-) | _—a - = i - a -_=
J— -

_m —_ = ey

— —_— i = s
- = g — —_ - — e L R T =5 o E)
m Tm
m Tm

_= - —_— e —_— L == T

a = - L] - = - —_— 'I = - —_ m— L -

IIpakTHyeckoe s3anarne 13. Jluwueiinvie onepauun Hao eexmopamiu. PasnoosiceHue eexkmopa no
opmam KoopouHamHeIx oceil. /[elicmeus HaAo 6eKmopamil, 3a0AHHLIMU NP OCKUUAMIL.

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

Coodeparcarue:

BEKTOP, HYJIEBOH BEKTOP, KOIUIMHEAPHBIE BEKTOPEI, paBHLIE BEKTOPEHI,

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

Teopemuueckan uacmeo:

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

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[ BEKTOpPa 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. ACCOIMAaTHBHOCTB. IS JIHOOBIX BEKTOPOB A, b H ¢ BBIIOIHIETCSI PABEHCTBO
a+(b+c)=(a+b)+c
3. IIpuGaBIIeHHE HYIEBOIO BEKTOPa K TFOOOMY BEKTOPY @ He MEHSET IOCIENHETO: a + 0 = a.

4. CyMMa BEKTOPA @ H IIPOTHBOITONIOKHOIO BEKTOPA w« ' 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 IIOCIIEAVIOMIErO, TO CyMMa &, +d, +..+4a .,
OyIET IPeACTABIATh COOOH BEKTOP, HAVIIMH H3 Hayajla BEKTOPA = 1 B KOHEI[ BEKTOPA z .

a+a,+a,+..+a

2. BeluuTtanme BeKTOPOB

PasHOCTBIO IBYX BEKTOPOB @ H b Ha3bIBAeTCS TAKOH TPETHIl 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 IIapajuleliorpaMMa; €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
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[IponszeeaeHneM oo a (WIIH @ 0)) BEKTOpPa @ Ha BellleCTpeHHoe YHCIIo (U Has3kIBaeTCSI BEKTOP
b, KOIHHEAPHBIH BEKTOPY =z, (IpPHYEM BEKTOp b HMeeT JIHHY, PaBHYIO ‘ o ‘ A ‘) H
HMEIOIHIT HaIlpaBIIEHHE, COBIAJAIOIIEe C HaIlpaBIeHHEM BeKTopa waB ciaydae Oy 0 m
IIPOTHBOITOJIOKHOE HaIlpaBJIeHHe B cirydyae Ol < 0.
['eoMeTpHYECKHIT CMBICII OIEpPallHH YMHOKEHHS BEKTOPA Ha YHCIIO MOXKHO BEIPA3HTh TaK. ITPH
YMHOKEHHH BEKTOpa = Ha 4HciI0o O BEKTOp = pacTsruBaeTcs (CxmMaercsa) B Ol pa3s.
[Tpu stom, ectm Ly 1, To =« pacrsaruBaercs, eci 0< OL <1, TO BEKTOP =@ CIKHMAaeTCI H
BEKTOP 0. z1 COXPaHSeT TO JKe HallpaBJIeHHE, UYTO H BEKTOP a .
Ecrmt ke Ol ¢ 0, TO BEKTOPp a pacTSTHBACTCS ITPH ‘ o ‘} 1 ¥ ciKmMaeTcs TIpH ‘ o ‘{ 1l u
IIPH 3TOM IIPOHCXOIHT H3MEeHEHHE HAITPaBJIEHHS Ha IIPOTHBOIIOIOKHOE .
Ornepanlisa YMHOKEHHS BEKTOpa Ha YHCIO 00MafaeT CIeIYIOIMHMH CBOMCTBAMH:
. OA(at+tb)=0a + O b (pacupeleIHTEI,HOE CBOHCTBO YHCJIOBOTO COMHOKHTELT
OTHOCHTEIHLHO CYMMBI BEKTOPOB).
2. (& + B a=oa + Pa (pacHpeelHTeIbHOE CBOHCTBO BEKTOPHOIO COMHOKHTEIS
OTHOCHTEIILHO CYMMBI YHCEI).
3. a(fa)=(ap) a (coueTaTeIbHOE CBOICTBO YHCIIOBEIX COMHOKHTENEN).

Tak Kak 1o OMNpe[elIEHHIO BEKTOP €CTh HallPpaBIEHHBIH OTPE30K, a IPOSKIIMH HaIlPaBIeHHOIO
OTpPe3Ka Ha OCH KOOPJHHAT HaxXOAST KaK Pa3sHOCTH OJHOHMEHHBIX KOOpPAHHAT KOHI[Aa H Hadala
HaITPaBIIEHHOIO OTpe3Ka, TO TOYHO TAaKXkKe HaXO[ST ITPOEKIHH BeKTOopa Ha KOOpPAHHATHBIE OCH. OTH
MIPOEKIMH H HAa3bIBAIOTCS KOOPAHHATAMH BEKTOPa.

Hamprumep, mmycte maHel ToukH A(3, -2, 5) u B(-1, 2, 3). Torma xoopJHHaTaMH BeKTOpa A3
OyayT: -1-3=-4; 2-(-2)=4, 3-5=-2 n o6o3HauaroT AR ={-4, 4, -2}.

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

OTMeTHM, 4YTO JAeHCTBHSI HaJl BEKTOpaMH MOKHO ITPOH3BECTH B KOOPAHHATAX.

[IyCcTh JaHBI BEKTOPHI B KOOPAHHATAX: a ={X;,V,ZI} H b = {Xi, V1, Z2}.

Torma: a + b ={X1+Xo, ity Z1+ 2}, a -b ={X-X, Vi-V2, Z1-Z2), AL a = {0x, U
Vi, (121}.
Bonpocwet u 3a0 auu:

3amaua 1. ITo marHbemM BekTopaM \s\up8(® u \s\up8(® nocmpoume sekmopbi \s\up8(®, \s\
up8(®, \s\up8(®-t-

\B‘

3agaua 2. Ilo maHHBIM BekTOopaM \s\Up8(® u \s\up8(® mnocTpoiiTe BEKTOPHL, U .

/C?/' \E‘

3agauva 3. KakoMy YCIIOBHIO JIOJDKHBI YAOBIIETBOPATE BEKTOPEI \S\UP8(® u \s\up8(®, uT0oORI BEKTOPEI
\s\up8(® u \s\up8(® Oru1H KommHHeapHBL. Kakoi reOMeTpHYECKHH CMBICI HMEET 3TO YCIIOBHE?
3agaua 4. OnpenenuTe KOOPAHHATH Havyada BekTopa \S\Uup8(®, ecii ero KoHel[ COBITaJacT ¢ TOYKOIT .
3amauya 5. Ilycte B Hekoropom Oazmce \sS\Uup8(® u \s\up8(®. Halimure KOOpAHHATHI BeKTOpa \S\
up8(® B 3TOM Oa3zmHce.
Borpockr:

1. UYTO Ha3pIBaeTCA reOMETPHYECKHM BEKTOPOM?

2. Kakue BeKTOpPEI CUHTAOTCS PABHBIMHI?

3. Kax ormenengeTcd TTHHA BeKTOoDA?
NOKYMEHT NOANUCAH
SNEKTPOHHOW NOONMCHLIO
Ceptudukat: ' 12000002A633E3D113AD425FB50002000002A6

Bnageneu: lebayxoBa TatbAHa AnekcaHnpoBHa [?

)

Nencreutened: ¢ 20.08.2021 no 20.08.2022
O ivairiG DU UpDbl Mdsbibaiv i kobi bianapiripiv ! KaK oImpeensgercs 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
MEKIY HIMH.

(ab) |a -|b

MoOXHO maTe APYroe OIpeldclieHHe CKalSpHOIO ITPOM3BEACHISA IBYX BEKTOPOB. M3 TeopHu
IIPOEKIII H3BECTHO, UTO

o = |.:.:. cosd map-hH = |f:-| COs A

Cosd, TOC O — Yrold MCO:KAY BCRTOopaMH

T.0. CKaJIAPHOE IIPOMU3IBEIACHHE JBYX BEKTOPOB €CTb HHCIIO, PaBHOC IIPOH3BCACHHIO JIIIHHBI
OJHOI'O H3 3THX EEKTGPGE Ha ITPOCKITHIO APYTOI'0 BEKTOPA Ha HEPEBIH BEKTOPD.
LLH"J] = b

np el Uil (ab) —|u np- h.

CkalnspHoe IPOH3BeleHHe BEKTOPOB 00IaaeT CIIeIYOMIHMH OCHOBHBIMH CBOHCTBAMH:
1. CkamsipHOe IIPOH3BEJEHHE JBYX BEKTOPOB a H b o0parmaercs B HYIIb B TOM CilIy4ae, KOrja II0
KpaHHEH Mepe OJHH H3 BEKTOPOB SABRIISIETCS HYJIEBBIM HIH €CIIH BEKTOPEI ITePIIe HANKYIISIPHEL.
2. CkampHOe IIPOH3BENEHHE IBYX BEKTOPOB @ W b paBHO IIPOM3BENEHHIO IIHH 3THX BEKTOPOB,
eCIIH JJaHHbIe BEKTOPEHI ITapaljIelIbHEI, T. €. ¢ = 0.

(a b HlEchSD

al - [l

OTcrofja CleqyeT, YTO CKAISIPHOEe IIPOM3BelleHHe BEKTOpa Ha CaMoro ceOs paBHO KBaapary
JUTHHEI 5TOTO BeKTOpa, T. €. (a-a| )
3. CxalspHOe IIPOH3BEAEHHE JBYX BEKTOPOB 0GTIaIaeT IePEMECTHTENBHBIM CBOHCTBEOM YMHOKEHHS
1’1 L*:r] = | ba '
4. CI{aJIF[pHGE MPOM3BEIEHIE OONMANaeT PACIPENENUTETFHEIM CBOMICTBOM OTHOCHTENBHO CYMMBI
BEKTOPOB: Ll—l—h] L—1L1Lll+|lj(_,i

[IycTs maHBI JBa BEKTOpa B KOOPIHHATAX: « ={X,, ¥, Z |4 b =1Xx,,V,.z,;. CKaIsIpHOe
IIPOM3BEIEHHE 3THX BEKTOPOB PaBHO CYMMe IIPOH3BEEHHIT HX OTHONMEHHBIX KOOPIHHAT.

BekxTopHOE ITpou3BeieHHE BEKTOPOB
BeKTOpHBIM IIpOH3BEJIEHHEM JBYX BEKTOPOB ¢ i« /> Ha3bIBAeTCS TAKOH TPETHH BEKTOP o,

KOTOPBIH 00JIafaeT CIEIYIOIMMI CBOHCTBAMIU:
1) ¢ L awuc L H,TOECTh BEKTOP  TNEPIEHANKYIIIPEH K IDIOCKOCTH, TAE JIeKaT BEKTOpa « i« /7
2) JmHa BeKTOpa ¢ YHCIEHHO paBHa IUIOM[AAH ITapalUleNlorpamMMa, MOCTPOEHHOTO Ha BEKTOpax

a

ct e b Te |lo=lal-|pblsineg., rne @ — vron mewny BekTOpaMu 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

| = ) h " = ot H
[eicteuteneH: ¢ 20.08.2021 no 20.08.2022 IOM ¢ [“ ] LLALE €& = & X< 1)
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1. BekTopHOE IIPOH3BENEHIE ABYX BEKTOPOB « x4 £ PAaBHO HYJIIEBOMY BEKTOPY B TOM H TOIBKO B

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

ITPOHM3BEJIEHHE JIFOOOr0 BEKTOPAa HA CaMOro ceds, T.e. [cm] = 0.

2. BekTopHOe NMPOHU3BEJACHHE JIBYX BEKTOPOB aHTHKOMMYTATHBHO, @ HMEHHO!

lm’::-l = [bf}f

3. BekropHOe IpoH3BeJieHHE OOIagacT CBOHCTBAMH COYETATEIIBHOCTH OTHOCHTEJIPHO YHCIIOBOIO
MHOKHUTE. rl-*lm"':-] = Ir;.:fu * h] LI lf.f - f;:'r’::'l.

4. BEeKTOpHOE IPOH3BEIEHHE BEKTOPOB OONAJacT PacCIIpeIelIUTEIbHBIM CBOHCTBOM OTHOCHTEIIBHO

BEKTOPOB.
BeKTOpHOE IMPOH3BeeHI e BEKTOPOB B KOOPAHHATAX
[IycTh BEKTOPHI « 2« H3aJaHbl B KOOPAMHATAX d =X, ¥,,Z;(, D =|X,.¥,,2,;. Torma

.:.'-'.'|—r-['l. =] . oo ._ 1% |

[TprMep. ITycTh JaHBI BEKTOPEL ¢t =12, — 1,4 2 b =13, 1, 0/

|.-r.-'s| =2 =14 =0+2 =12 +3 =4 ==4 +12 =5/

110
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

= {x,V .2 0.0 =4{x,.%,.2.}.¢c = {x,,1,.2,}. Torma cMellaHHOE IIPOH3BEAEHHE STHX BEKTOPOB
MOKHO BEIYHCIIHTB IT0 (POPMYIIE:

X, Vv, Z
([ab]le) =|x, ¥, =
X, V. Z,
MHorune 3agaun reoOMeTPHH, (PH3HKH, MEXaHHKH PEIaroTCsI MeTOJaMH BEKTOPHOH alreOpHI.
[IpuMep. BeIMHCIHTE, KaKyl pa0dOTy 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;-2+3} = {1. -6; 1}

Torma BemuHHA HCKOMOH pa0oTa paBHa CKaISPHOMY IIPOH3BeIeHHIO ( /~ +.5'), T.€.
W=(fFr 5)=31+(-5)(-6)-2-1=31.

[TpuMep. Haiith yrom, o6pa3oBaHHEIIT BEKTOpaMH: « ={3,0.-4} n A={-1,1,-2}.
3.(-D+0-1+(—4)-(-2) 5 1

0+47 - JE1)TH 1P +(=2) Ve Ve

Pemerrie. 5% = T

,,ul_‘.r
[IppmMep. JlaHBI KOOpPAHHATHEL BepImMH TpeyrombHHKa A4(1,2,0), B(3,0.,-3) u (C(5,2,6). Haiitu
TJIONTab 3TOr0 TPEYT OJIbHHKA.
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Ceptuchukar: 12000002A633E3D113AD425FB50002000002A6

B AR W A4C".

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa e, €. €.
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—12¢, —12¢e, +8e, —12¢, = —12¢, — 24e, + &e,



Hrak, | 4B-4C = = {-12,-24,8}.
HaitigeM MOIyIh BEKTOPHOTO IIPOH3BEICHILT
[AB-AC] = d |- J(12) 1 (-24) 18 =144 - 576 1 64 — V784 — 28.

1 . |
Mckomas roromanas TPEYTOINbHUKA: S, . = , ‘l AB - AC ]‘ =, -28 =14 kB. en.

[IpuMep. BeraupciHTh 00BeM TeTpa’Apa, BepIIHHBI KOTOporo Haxomsarcsa B Toukax O(1,1.2),
A(2,3.-1), B(2,-2,4), C(-1.1.3).
Pemmenme. TeTpasap IOCTPOEH Ha BeKTOpax -4, OF n @C  HalileM KOOPAMHATHI 5THX

BEKTOPOB: (24 = {1.2,—3}, OB — {1.—-3.2}  OC = {—2.0.1} . Torjga HCKOMBII 00BEM:
1 2 -3
: 1= == 1 _ 1 1 _ 5
——04-08-0C] == 1 =3 2|==-3-8+18-2-_.5-=
6! ‘ ) 6 & &
-2 0 1
5
V= ky0. ex.
O

[IpuMep. BEIUHCIHTE MOIYIIL BEKTOpa 2 = {6,3,-2}.
Pemtere. Ecimt faH BEKTOP < = {X, ¥, 5}, T0 | ez | = /¥ +»* + z* . ClleioBaTeIbHO, HMEEM
[ex | = /67 +37 +(-2) =~/49 =7,
[IpuMep. BEIUHCIHTS HAIPaRISIOIHE KOCHHYCHL BeKTopa ¢z = {12,-15.-16}.
Pemmterye. | ez | = /127 +(—15)° + (~16)" =+/625 =25,
X 12 Vv —15 z —16
cosae= _ = __cosffi=_ = T =— cosy= _ =
la| 23 la| 25 la| 23
[TpuMep. BeKTOPEL ¢z H 7 00pa3yroT yrom ¢ = 60°, mpHieM | ¢z | =5 u | A | = 8. OnpeaemmTh |
+ H|H|a- bH
Pemenmie. PaccMOTpHM cKalsSIpHOE IMPOH3BeJleHHE (2 + 72 ) H (cx + &) T €.

. 1
“=25+2.5-8- 5 +64 =129,

L Taa

(a+b6)Y=(ada)t2(a b)Y+ (b H)=|al +2|al||s|cos60"+ | L

CIEJOBATENBHO |z + A | = 129 .
AHATOTHYHO, PACCMOTPHM ( ¢z - /)’

PR 1 _
(- b)Y =|al-2(a B)+|b[ =25-2:58.  +64=49. a - b|=49 =7,

Bonpocet u 3a0auu:

Bamaya 1. OnpelenuTs, IIPH KaKHX 3HAYEHHSIX O, H B BEKTOPH « ={-2, 3, B} u AH={a, -6, 2}
KOJUIHHEAPHBI.

3amava 2. JlaHBI TpH BekTOpa 2~ = {3.,-2,1}, « = {-1,1,-2}, ,~ = {2,1,-3}. Haiitu paznoxeHHe
BEKTOPa ¢ = {11,-6,5} 110 Gasucy 2, <, ».

— _ yra S y _

3agaya 3. BEeKTOpPHl « H /4 0O0pasyroT VIOl ¢ = e 3Has, 4TO |z | = /3, | /| = 1, BEIUHCIIHTE
VIO G MEXIY BEKTOpaMH 7> = ¢ + b H @ = - b .

3amaya 4. BEIUUCINTE MPOEKIIHIO BEKTOPA ¢z = {5,2,5} Ha och BeKTOpa A = {2,-1,2}.

3amaua 5. JlaHBI BepImHbI TeTpasapa: 4(2,3,1), B(4,1,-2), C(6,3,7), D(-5,-4,8). HaliTi JUINHY ero
BEICOTHI, OIIYII[EHHOH H3 BEPIIHHEBI L.

3agaya 6. HaiiTh opT BekTOpa o = 3¢, +4e, —12e,.

3amaya 7. HaiiTH Belm4YHHY IUIOMIaAH ITapajUlellorpaMMa, CTOPOHAMH KOTOPOTO SBIISFOTCS
BeKTOpHl « = {1,-3,1} u & ={2,-1,3}.

3ajaya 8. BBIYHCINTL BHYTPEHHHE YITIBI TpeyroilbHHKa ¢ BepmmHamu A(1;2:1), B(3;-1.7) u
C(7.4,-2). YOeaHUTBCS, YTO ATOT TPEYIOJIbHHK paBHOOeApeHHBIH. ClenaTh YepTeX.

OOKYMEHT MOANUCAH 1(2:-5;3) 1 BeKTOPHI, COBITaJAFOIIHE C JBYMS €0

| SNEKTPOHHOW MOANUCHIO |
|Ceptucukar: ~ 12000002A633E3D113AD425FB50002000002A6 1 OCTAIIPHBIC BEPILTHBI H KOOPAHHATH BEKTOPA

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencrentenen: ¢ 20.08.2021 no 20.08.2022 HMeM ABYX EE:I{TGPDE? DM3HUeCcKHil CMBICTI
CKaJIPHOT O ITPOH3BCICHILI BEKTOPOB.
2. (OCHOBHBIE CBOJCTBA CKAJIAPHOTI'O ITPOH3BCACHH A BEKTOPOB.



Kak ompeensercs CKallsIpHOE IIPOU3BEAEHHE IBYX BEKTOPOB B KOOpPAHHATaXx"

Kak HalTH yroj MeXIay ABYMS JaHHBIMH BEKTOPaMH ¢z H 5 ?

YT0 HazeIBAETCA BEKTOPHBIM ITPOH3BEAEHHEM ABYX BEKTOPOB?

['eoMeTpHYECKHIT H (PH3HYECKHIH CMBICII BeKTOPHOI'O ITPOH3BEACHHS JIBYX BEKTOPOB.

7. Kak MOXHO HAaHTH IUIOIIAIb TPEYTOJIIBHHKA, B TPEXMCPHOM IIPOCTPAHCTBE, C€CIIH H3BECTHBI
BEPHIMHEBEI JaHHOI'O TPE}TGHLHI]I{&?

8.  Kax HaHTH BEKTOPHOE IIPOH3BEACHHE ABYX BEKTOPOB B KOOPJHHATAX?
0.  Kak HailTH OpT BeKTopa « = {x, v, z}?

10.  OCHOBHBIE CBOHCTBA BEKTOPHOI'O ITPOH3BEIEHHS BEKTOPOB

11. CwMerraHHOe IPOM3BEAEHHE TPEX BEKTOPOB. | eOMEeTPHUYECKHI CMBICII.
12.  OCHOBHEIE CBOHCTBA CMEIIIAHHOI'O ITPOHN3BEIEHI S BEKTOPOB.

13.  CMerraHHOe IPON3BeAeHHE TPEX BEKTOPOB B KOOPIHHATAX.

O

IIpakTHyeckoe 3anarue 15. BekTopHbBIe IPOCTPAHCTBA H HX IIPOCTEHINHE CBONCTBA.
Ilens: chopMHpOBaTh ITPeACTARIEHHE O BEKTOPHEIX IIPOCTPAHCTBAX H HX CBOMCTBAX
Codepocarue:

BEKTOPHOE IIPOCTPAHCTBO HAJ ITOJIEM BEINECTBEHHEIX YHCETL, IIPOCTEHIIIME CBOHCTBA BEKTOPHBIX
ITPOCTPAHCTB.

Teopemuueckana uacms:

Omnpeaenenue. [lycte V - NPOH3BOIBHOE HEIYCTOE MHOKECTBO, BJIIEMEHTBI KOTOPOrO MBI
OyJZieM Has3bIBaTh BeKTOpaMH, K — Imome, aleMeHTHI KOTOPOro MeI OyZeM HasbIBaTh CKamsgpamii. [1ycTs
Ha MHOXKECTBe V OIlpelelicHa BHYTPEHHSA OHHapHasd ainreOpanyeckas OIeparfis, KOTOPYH) MEI
OyzieM O0O3HA4yaTh 3HAKOM + M HasbIBaTh CIIOKEHHEM BEKTOpPOB. IIyCcTh Takke Ha MHOKECTBE V
OIpeJielieHa BHEINMHAS OHHapHas areOpaHyeckas oOIepalisa, KOTOPYIO MbI OVIEM Ha3bIBaTh

YMHOXKCHHCM BCKTOPAd Hd CKAIIAP H 0003HaYaTh 3HAKOM YMHOKCHIAL l[p}"I‘I]MII CIIOBAMI1 OITPCACIICHDBIL

IBa OTOOpaKeHHS:
VxV >V, ¥x.veV, (X,v) ox+tvyveV :
KxV -2V, VAeK VxeV, Az oA xeV

MHoxecTBO V BMecTe € HSTHMH JBYMSI alnreOpaHYecKHMH OIlepallHSMH Ha3bIBAeTCs
BEKTOPHBIM ITIPOCTPAHCTBOM HaJ IToneM K, eCIIH BEIITOIHSIOTCS CIIEAYIOIHE AKCHOMBI:

1. CrmokeHHe acCOIHaTHBHO, T.€.

Ve, wv.= = NV, [::+jr)+z=x+(jr+z) _
2. CyIecTBYET HYIIEBOH BEKTOD, T.C.
= V:¥FX eV, x 1+ 0=01X = x_
3. Jlis mo60oro BEKTOpa CYIIECTBYET IIPOTHBOITOIOKHEIH MY
o=V, dyv = VI x4+ v W+ X O
BeKTop Y, IPOTHBOIIOIOKHEIN BEKTOPY X, OOBIYHO 0003HaYaeTCsI —X, TaK UTO
TN = V, EI: x] = Vi x I: }:jl — | x)+x=0

4. Cr1oxxeHHe KOMMYTAaTHBHO, T.¢. VX.Y €V, X+y=y+Xx,

. YMHOKEHHE BEKTOPA HA CKAJISP ITOMUHHSETCS 3aKOHY aCCOIHATHBHOCTH, T.€.
Vo,peK, Ve eV, (wplz= o pxl ,
IJ€ IIPOH3BEIcHHE of3 eCTh IPOH3BEAeHHE CKAISPOB, OIPEIeIIEHHOE B IToje K.
r . —
. Vx eV, 1T-x=x_ 715e ] -5T0 emunmiia moinsa K.
7. YMHOKEHHE BEKTOPA HA CKAJISIP AHCTPHOYTHBHO OTHOCHTEIIFHO CIIOKEHHS BEKTOPOB:
VheE, Vx,y eV, ll,r15{+}'] = Ax+ Ay .

8. YMHOXKeHIe BeKTOpa Ha CKAIISp JUCTPHOYTHBHO OTHOCHTEILHO CIIOKEHHS CKATISIPOB:
Vh,pu €K, VeV, [A+pjx=2Ax+px.
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R OKYMEHT NORMMGAH V  HaJI T110JIeM BelllecTBeHHBIX wHcel R
] SNEKTPOHHOW MOAMNMUACKID OM.
CepTudukat: - 12000002A633E3D113AD425F B50002000002A6 TPOCTPAHCTE.)
Bnapeneu; llebayxoea TateAHa AnekcaHapoBHa ~ -
>THHCTBEHHBIN HYIIEBOH BEKTOP.
NeiicTeuTenex: ¢ 20.08.2021 rio 20.08.2022 TOPp HMECT €IHHCTBCHHBIH IIPOTHBOIIOIOKHbBIH
EMY.

3 YACK,¥VxaeaV,aAax 0O« 0 gy x =0



4 V= eV, (—1)x= —x
[IprMephl BEKTOPHEBIX ITPOCTPAHCTB.
1) MHOXecTBO YHCIOBBIX BelleCTBEHHBIX (PYHKIHIL OJHOH ITepeMeHHOH, HEIIPEPBIBHBIX Ha
nHTepBane (0; 1) oTHOCHTEIIbHO OOBIMHEIX OIlepallHil CIOKeHH I (PYHKI[HI H YMHOKeHHSI (PYHKIHH Ha

YHCIIO.
2) MHOKeCTBO MHOTOWIEHOB OT OJHOH OVKBBI ¢ Ko3(pdrameHTaMH 13 Mol K OTHOCHTEIBHO

CIIOKEHHS MHOTOWIEHOB H YMHOKeHIS MHOTOWIEHOB Ha CKaJIsp.
3) MHOXecTBO KOMIUIEKCHBIX YHCEI OTHOCHTEIIbHO CJIOKEHHS KOMILJIEKCHBIX YHCEIl H
YMHOKEHHS Ha JeHCTBHTEIILHOE YHCIIO.
4) MHOXeCTBO MaTPHI[ OJJHOI'O H TOIO K& pa3Mepa C AlIeMeHTaMH H3 IToJIsI K OTHOCHTEIBHO
CIIOKEeHHS MaTPpHI[ H YMHOKeHHS MaTPHII Ha CKaJIsp.
CHeIVIOIHH IIPHMED SBISeTCSA BaXKHBEIM YaCTHBIM CIIy4yaeM IIpHMepa 4.
5) IIycth n €N - IIPOH3BOIBEHOE HATYpaldbHOEe YHCIIO. O003HAUYHM Yepe3 K® MHOKECTBO BceX
CTOIIOIIOB BBICOTEI 1, T.€. MHOKECTBO MATPHI] HaJ IToiaeM K pasMepa n <1 .
MHOKeCTBO K* SBISETCS BEKTOPHBIM ITPOCTPAHCTBOM HaJ ITodeM K M Has3bIBAcTCS
apH(pMeTHYECKHM BEKTOPHBIM IIPOCTPAHCTBOM CTOJIOI[OB BBICOTEI N HAJ moneM K.
B 4acTHOCTH, eCIIH BMeCTO IIPOH3BONIBHOTO IO K B3ATH IT0JIe IeHCTBHTEILHEIX YHcel R |
TO BeKTOPHOe IIPOCTPAaHCTBO R HAa3bIBAeTCS BeEIeCTBEHHBIM apH(METHYESCKHM BEKTOPHBIM
IIPOCTPAHCTBOM CTONIOI[OB BBICOTHI 1.

AHAaJIOTHYHO, BEKTOPHEIM ITPOCTPAHCTBOM SBISETCS M MHOJKECTBO MAaTpPHIl Han ImoneM K
pasMepa 1xn WM, HHaue, CTPOK MIMHBI n. OHO o0O0O3HAyaeTcsd Takke Yepes K% H TaKxke
Ha3bIBaeTCI apH(PMeTHIECKHM BeKTOPHBIM IIPOCTPAHCTBOM CTPOK JIHHBI 11 HaJ IToiaeM K.

CHCTeMBI BEKTOPOB BEKTOPHOI'O IIPOCTPAHCTRA.
OnpeneneHnie. CHCTEMOH BEKTOPOB BEKTOPHOI'O IIPOCTPAHCTBA Has3bIBAIOT THO00E€ KOHEUYHOE
HEITYCTOE MHOJKECTBO BEKTOPOB ATOr0 IIPOCTPAHCTRA.
OOO03HAUEHHE: 1€]1-€2---»En 1.
OnpeneneHne. BrIpaxeHHue
L€ + OyEr+...+

n®n .

rae  ®q.0.....0, €K - ckamaper momg K, €1.€2.....€, €V — BeKTOpPEI BEKTOPHOIO
IIPOCTPAHCTBA V, HAa3bIBAETCS JIHHEITHOH KOMOHHAIIHEI CHCTEMBI BEKTOPOB 1€1- €2 ---» €5y v . CKaISPHI
OLq,0D,..., 0y HA3BIBAIOTCA KO3 (PHIEHTAMI 3TOH JTHHEITHOH KOMOHHAIHH.

OnpeneneHue. Ecmi Bce kKo3(ppHIFIEHTH THHEHHOH KOMOHHAIIMH PaBHBI HYIK, TO TaKylO
TTHHEHNHYIO0 KOMOHHAIHIO Ha3bIBAIOT TPHBHAIBHOH, B IIPOTHBHOM CIIyYae — HETPHBHAJIEHOM.

[Tprvep. ITyctp 1€1,€2. €3 cHCTEMa M3 TPEX BEKTOPOB BEKTOPHOro IpocTpaHcTBa V. Toraa
O:e7+0:e9+0-23
— TPHBHAJIbHAS THHEHHAS KOMOHHALS JAaHHOH CHCTEMBI BEKTOPOB;
—e1+0-e7 +0-29
— HETpPHBHAIbHAS IJHHeHHAasd KOMOHHAIMMS [JaHHOH CHCTEMBI BEKTOpPOB, T.K. TIEPBBIH
KO3 (HITHEHT 5TOI KOMOHHaImH ¢ =—1+0

Onpenenenue. Ecnu KakoH-mHOO BEKTOP X  BEKTOPHOIO IIPOCTPAHCTBA V MOXKET OBITH

HPEI[GTEIBHEH B BHIIC.
X = Oq€1 + [I.EEQ-I-...-F[I.HEH ,

TO TOBOPST, YTO BEKTOP X JIMHEIHO BEIpakaeTcs Yepe3 BEKTOPHI CHCTEMBI 1€1-€2.....€n 1. B
ATOM CITyYae FOBOPST TaKiKe, YTO CHCTEMA 1€1. €2, ..., € ¢ JIHHEHHO ITpeICTaBIIIeT BEKTOP X.
J' Ir___. ] , I- ] W
IIppmep. Ilverp €1 = | €2 =| | |f — cHCTeMa H3 JABYX CTOIOIOB apH(PMETHYECKOIO
OOKYMEHT nNoanncAH
SNEKTPOHHOW NOAMUCHLIO -
1Ceprudmkat: 1 12000002A633E8D113AD425FB50002000002A6 BEICOTEI 2. Torga ctomber x :‘ | ‘ TIHHEIHO
Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa o 13 /

1 4 CHCTCMaA CTGJI@I_[DE JIMHEHHO IIPEACTAaBIICT
I.,Eleﬁmamenew ¢ 20.08.2021 no 20.08.2022
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" 1y 24300
x =2e) —3en =2 ]—3 |= ‘:
2 3 -

Bonpocet u 3a0 auu:

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

HHCEII, HMCHOIIHE ITPEACII. k —>on

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 =aj}

qHCell, HMEIOIIHe OJHHAKOBHIH Ipejiel a = R kor

: OHPEI[EJ]IIM CIIOMCHIC

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

a) JlokakHTe, 4yTO eclH 4 = (0, TO MHOXKECTBO A He SBISeTCS BEKTOPHBIM ITPOCTPAHCTBOM.
Kaxas akcrmoMa BeKTOPHOT'O IIPOCTPAHCTBA HE BEIIIPOHSETCS?

0) JlokaxmTe, 4TO eclIi a = (0 |, TO MHOXKeCTBO A SBJIAETCS 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

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

¢ E PP
S (1 - "0
IIprMep. IlycTe J[m = , €2 = ] B sToM ciyuae HyIeBOH CTONOEL] MOKHO

2 .y

ra
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JIHHEHO BBIPA3HTDb YCPE3 CTGH@L[BI CHCTCMBEBEI HE OQHITM CITOCOOOM:
s I ™ i
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YT100H pa3igiidaTb STI CITOCOOBI TTHHEHHOIO IMPEACTaBIICHHA HYIICBOI'O BCKTOpPa BBCACM

CIICAVIOIIEES OIIPCACIICHHE.
O11 PEJCIIC HHE. ECITH BBEITTOIHSETCS PAaBEHCTBO
OJOKYMEHT NOANNCAH

ANEKTPOHHOW NOANUCHIO
Ceprucbukar: 12000002A633E3D113ADA25FB50002000002A6 ,  TO TOBOPAT, HTO CHCIEMa

Bnapeneu: lLleb3yxosa TarbaHa AnexcaHApoBHa HalabHO. EciH Ke B PaBEHCTBE XOTHA OBI OOHH H3
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] C2..n By TIPEACTABIIACT HYJIEBOH BEKTOP HETPHBHAIILHO.



M3 1ocnemHero ITPHMCEPd Mbl BHAHM, HTO CYIICCTIBYIOT CHCTICMBI BCKTOPOB., KOTOPBIC MOI'YI
ITpEACTaBIATh H}*’HEEGﬁ BEKTOP HCTPHBHAJIbHO. 5k CICAVIOIICIO IIPpHMCPd MBI VYBHAHM, YTO
CYHIECTBYHOT CHCTCMbBI BEKTOPOB, KOTOPBIC HE MOI'YT IIPCACTABIIATD H}"JIEEGﬁ BEKTOP HETPHBHAJILHO.
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J — CHCTEMa JABVYX CTOJIOI[OB H3 BEKTOPHOI'O ITPOCTPAaHCTBA RE.
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rae <. = R HeusBeCTHbIe ITOKa KO3(p(HIHeHTHI. McImons3ys IpaBiiia YMHOKEHHS CTOIIOIa
Ha CKalsp (YHCIIO) M CIIOKEHHS CTOJIOLIOB, ITOJTYYaeM PaBEHCTBO:
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3 onpeienieHH s paBeHCTBA MATPHI] CIIEAYET, YTO e =0 1 =0

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

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

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

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

[IocnenHee ompeneneHie MOKHO JaTh B O0JIee pa3sBEPHYTOM BHJIE.

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

JTHHENHO 3aBHCHMOMH, €CIIH HAaHAETCSI TaKOH HEHYIIEBOH HaOOp CKalsApoB IT0a K
(L1, 0o,y )= (0,0, ...,0) :

qTO
aje| +aqer +...+a,e, =0
Ho storo HEAOCTATOYHO, yTOOBI BBISICHHTE JIHHEHHO 3aBHCHMAS HIIH K& IIHHEHHO He3aBHCHMAS
HdHHAA CHCTCMd BCKTOPOB. N3 OIIpEACIICHHA CIICAYCT, 4YTO JIHHEeHHO He3aBHCHMAas CHCTeMA BEKTOPOB
HE MOKCT ITPEACTABIIATD H}"JIEEDﬁ BEKTOP HCTPHBHAJIBHO, d TOJIIBKO TPHBHAJIBHO. HDBTDI\J}" I TOI'O,
YTOOEI }fﬁe,[[HTLGH B JIIHHEHHOH HE3aBHCHMOCTH JAHHOH CHCTEMBI BCKTOPOB, HYXHO PdACCMOTPCTDb

IIPeACTaRIEHHE HYIIS IIPOH3BOIBLHON IIMHEHHOH KOMOHHAIMEH 3TOH CHCTEMBI BEKTOPOB:
O=0oje1+arer +..+an €,

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.

CHeavyIOoIHe TEOPEMBI JTAar0T HECKOIBKO KPHTEPHER JITHHEHHON 3aBHCHMOCTH H COOTBETCTBEHHO
TIHHEHOHN HE3aBHCHMOCTH CHCTEM BEKTOPOB.

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

CHcTeMa BEKTOPOB BEKTOPHOI'O ITPOCTPAHCTBA SBISIETCS JTHHENHO 3aBHCHMOH TOrJa H TOIBLKO
TOTa, KOIAa OJHH H3 BEKTOPOB CHCTEMBI JIMHEMHO BEIPAKAECTCS Yepes3 APYTHE BEKTOPA STOH CHCTEMBI.

CIleICTBHE.

1. CucremMa BEKTOPOB BEKTOPHOIO ITPOCTPAHCTBA SBISIETCS JIHHEHHO HE3aBHCHMOM TOorja H
TOIILKO TOrJa, KOrZa HH OMHH H3 BEKTOPOB CHCTEMBI IIHHEHHO HE BBIpakKaeTCs dyepes 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 3a0auu:

"1 an 1
1. Jlokaxure, yro cucrema ) =1l =|1[13=|2|r gBIgeTCcqd NHHEHHO HE3aBHCHMOM.
i ‘xlﬁ ‘u.zﬁ W
SIBIISIETCS I 3Ta CHCTEMA ITOPOXKIAFOINEH?
(31 (4 (10
2. Jlokaxure, YTO CHCTEMA +g1 =|3 gy =|14| g3 =9 |y SBISETCS JTHHEHHO 3aBHCHMOH.
8 10 2)

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

K03 (HIIHEHTAMH, CTENeHh KOTOPHIX HE TIPEBBIMIAET 2: R »[x] ={ax? +bx +c¢|a,b,c e 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} SBISIOTCI IIHHEHHO
3aBHCHMBIMIL. SIBJISIFOTCS JIM 3TH CHCTEMBI ITOPOMKIAFOIIIIMHI?

r..-'_] II_.-']H." I_.'I'-l'l"'
4 Jlokaxure, uyro cHcremMa 45 =|1|f2=|1|f3=]2 | gBIgeTCI HMHEHHO HE3aBHCHMOM.
i %3 vy 3
SIBIISIETCS M 3Ta CHCTEMA ITOPOKIAFOINEH?
| 3 40 1Y
5. Jlokaxure, 4TO CcHCTEMA <& =[5 g2 =|14|. g3 =9 |r SBISETCS ITHHEHHO 3aBHCHMOH.
)
xH_;‘ .hl(]f 2/

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

KO3 (h(HIIHEHTAMH, CTEIIEHb KOTOPBIX HE TPEBBIMIAET 2: Ro[x | — {ax~ +bx +c|a.b,ce R} .

a) JIokakHTe, YTO CHCTEMBI 1. x. x g dlx—1,(x =17 SGBISIOTCS JIHHEITHO
HEe3aBHCHMBIMH. SIBISETCA I 3Ta CHCTEMa ITOPOXKIAOIIEH ?
0) JloKakHTE, YTO CHCTEMBI {1, x +1,2x.x~} H {x -+l x~,x~ —x+1} SBISIOTCS JIMHEIHO

3aBHCHMBIMH. SIBIISTIOTCS JIH 5TH CHCTEMBI HGPD}I{,I[EIIDH_[HMI?

IIpakTHyeckoe 3anarue 17. Pazmeprocms u 0asuc 6eKmopHozo npocCmMpanHcmed.

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

Coodepacanue:

N-MEPHOE IMHEHHOE IIPOCTPAHCTBO, PA3MEPHOCTH IIPOCTPAHCTBA,

PasIOkKeHHE BEKTOpA 10 0a3HCy,

Iepexo K HOBOMY OasHCy.

Teopemuueckan uacmes:

Bekrop «,, HasbIBaeTcsid JHHEHHOH KOMOHHAIMEH BEKTOPOB &> ¢l5..... ¢,  BEKTOPHOI'O
IIPOCTPAHCTBA R, eCIIM OH paBeH CIIEAVIOIIEH CYMME:
a,=Ada | +A,a, +..+ A, 4, ,, T0e A, ...n A, | — IIPOH3BOILHBIE JIEIICTBHTEIIbHBIE YHCIIA.

BeKTopel ¢, -.... ¢, BEKTOPHOI'O IIPOCTPAHCTBA R Ha3BIBAIOTCS JIUHHEUHO 3A6UCUMbBIMIL, ECITH

CYIIECTBYIOT TakKHe uHcaa A.A.,....A, , HE paBHbIE OJHOBPEMEHHO HYIIO, YTO HX JIMHEeHHAad

:| [OKYMEHT MOATNMUCAH
ANEKTPOHHOW MOAMUCHIO
Ceptucdpukat: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lieGzyxoBa Tateana AnekcaHgpoBHa COp IONYYaAeTCS TOJIBKO ITPH A =0, Vi=1, 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 — 35TO MAKCHMAaJIbHOE YHCIO COJEPKAIMIXCSI B HEM JIMHEHHO
He3aBHCHMBIX BeKTOpoB. O003HaYaeTcs pa3sMepHOCTh dim ®.

COBOKYITHOCTE 1N JINHEHHO HE3aBHCHMBIX BEKTOPOB N-MEPHOI'0 ITPOCTPAaHCTBA R HAa3BIBAETCS da3ucom.
Teopema. Kaxnaeni BeKTOp x = R MOXKHO IIPEJCTaBHTh H IIPHTOM €JHHCTBEHHBIM 00pa3oM B BHJIE
JTHHENMHOH KOMOHMHAIINH BEKTOPOB OasHca.

Taxad ;mIHelHas KOMOMHAITHA

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

HA3LIBACTCS pazjlodceHUuem 6ekmopa X 110 0a3HCy €,.€5.....¢,,a YHCIA X, ,X5,...,X, —
KOOPJAHHATAMH BEKTOPa X OTHOCHTEJIbHO 3TOro 0asmca.

Teopema. Ecm €,.€5.....€, — CHCTEMA JIMHEHHO HE3aBHCHMEBIX BEKTOPOB ITPOCTpaHCcTBa R M mrob0om
BEKTOP a B HEM JIMHEHHO BEIPAKAETCSI UEPES €, €5 5.--» €, » TO IIPOCTPAHCTBO R SBIISETCSI N-MEPHBIM, a
BEKTOPBIL €€ ... €, —eTr0 0a3HCcOoM.

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

Crapelii €,.€-.....€, H HOBBIH € 1,€ 2,....¢ ».KaXIpli M3 BEKTOPOB HOBOro 0a3Hca MOMKHO
BBRIPA3HUTH B BHJE IIMHEHHON KOMOHHAIMH BEKTOPOB CTaporo dasmca:
*
rl:::} I. - {::I-l | EII —|_ Ex —|_ {E.Ir'_lﬁj,l".' %

=

€:=a,e +..+da,.e,.

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

“OTa CHCTEMAa O3HAYaeT, YTO IIEPEXOJl OT cTaporo 0asrca K HOBOMY 3aJaeTCcs MaTPHIlEH Ilepexojia
A= (a, )i, j=1,n).Ora MmaTpHuia HeocoOeHHas (T.e. HEBEIPOKIEHHAS), 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.

3 i = !
x=xie 4. tx e =xe +..+txe.

ik

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

p
3 £ g
X, =a X1 +dy X2 +..+td X o,

Xe =@ X1 +ApX 2 4.0+ d, X 0,

HJIH B MAaTPHYIHOH (pOpMe:
X=A4X",
X =(A"YX

x=(x,....X

CKaJIIpHBIM ITPOH3BEJIEHHEM JBYX BEKTOPOB X,) g V=W V) ponriraetes

HHCIIO:

OOKYMEHT NoanncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
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P s el e . o ¥ H'j.i.i.-.i.'[_r'j.i.i_i} A drar '.i.i.'\_i'-h-j..i_.i-:

3. (ax; y)=a(x, ), V& —0ZHOPOIHOCTD,



4. (x,x)0, ecmt x=0.(x,x)=0, ecct x = 0.
JInHelHOe (BEKTOPHOE) IIPOCTPAHCTBO, B KOTOPOM 3a[aHO CKaIISIPHOE IIPOH3BEICHHE 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

CKaJLIPHOTO KBafpaTa: |x| = +/(x.x) waxf X, 4 x,

CBOHCTBA JJIHHBI BEKTOpA:

1. J:| —0<=>x—0;

2. |Ax| =2 -|¥]. 4 — gelicTBUTEBHOE YHCIIO;

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

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

Yron ? MexIy IBYMS BeKTopaMH X H .V OIpefelsIeTcs paBEHCTBOM:
(x, »)

COS (P =
x|

| , e Oigix.

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

OueBHIHO, YTO HYIEBOH BEKTOP OPTOrOHaJeH JMOOOMY APYroMy BeKTOpy. EcIH JBa HEHYIIEBBIX
BeKTOpa OPTOTOHAIBLHEI, TO ¢ = 7/ 2.

BekTopel €,.€5...., €, N-MEPHOr0 €BKIHIO0BA IIPOCTPAHCTBA 00Pa3yIOT OPTOHOPMHPOBAHHBIIT
0asHc, ecnH (¢;.¢;)=0,i = J.

PaccMOTpHM JIBa ITHHEHHBIX IIPOCTPAHCTBA. R " pasMepHOCTH 71 M R ™ pasMepHOCTH 7.
Ecmm 3amaH 3akoH (IIpaBHIIO), IO KOTOPOMY KaKIOMY BEKTOPY x « R CTaBHICSA B COOTBETCTBHE
eJHHCTBEHHBIH BEKTOpP V < R, TO TOBOPSAT, YTO 3aJaH orneparop ( ImpeoOpa3oBaHHE, 0TOOpaKeHHe)
A (X)), IeHCTBYIOIMI H3 R"B R, H 3allHCHIBAOT Y=A( X).

OrepaTop HA3BIBAETCS JIHHEHHBIM, €CIIH IS ITFOOBIX BEKTOPOB ¢, « R" .V A BBIIOIHIIOTCS
COOTHOIIIEHHST:
1. A(a + bYy= A(a) + A(b) — CBOHCTBO AIAUTHBHOCTH;
2. A(Aa) = AA(a) — CBOHCTBO OTHOPOXHOCTH OIEPATOpa.
Bexrop 1 — A4(x) HasbIBaeTcs 00pa30M BEKTOpPa X, a caM BEKTOp X- IIPoo0pa3oM BeKTopa .-

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

Bribepem B R 0OasHuc €,.€,,.... €, . 3alUIIEM Pa3I0KeHHE ITPOH3BOIBHOIO BEKTOpa X IIO
3TOMY OasHCy:

X=X€ +X.¢, +...+Xx ¢ .

=1,/ =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=1,n-TaKKe BEKTOp H3 R".TO €ro MOKHO Pas3lIOoXkHTh II0 OazHCy

E"] .'-":?_.'? ‘:"':-":"_"'r

Fi
.

Ale )=a,.e +a,e, +..+a, e (i=1n)
Torma
AMx)=x(u e, +.. . +a ¢ )+ x, (a0 +. o +a ¢ )+ +x (a,e +.o0+a e)

[leperpyrmipyeM COMHOXHMTEIH B IIPaBOH YacTH, BBIHOCS 3a CKOOKM Oa3HCHBIE BeKTOPHI
IE‘fl » E’I‘: 3= E?!_\ = HDH}’,IHM
A(x) — (@, x, +a,x,+..+a,x e +{a, X +da,,x,+..+a,x,)e, +.la, x +a,.x,+..+a,x e (*

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

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



HIIH B MaTpHYHOH popMme: Y = A4X.
Marpmia 4 = (ea;),(i. 7 =1.7n), Kaxapoi cTOIMOEl] KOTOPOH COCTOHT M3 KOOpAHMHAT o0pasa

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

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

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

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

Y = AX.
rae A- MarpHIa IHHeitHoro oreparopa X = (X, Xyves X, L ¥ = (1, V0,0 ¥, ) .
32 4
I1 ] R ~ 3 6 €L, , e H 1=|—-1 5 o6
pumMep: JIMHeHHBIH ornepatop .4 B R° B OasHce €,.€¢.,€; 3aJaH MaTpHIEH
1 2 6
k p

Hatiti o6pa3 v — A(x) BekTopa X =4e, —3e, +e;.
vy (3 2 44y (10
Pemrenme: ITprmeHgeM GopMymTy Iepexoja: | V, (=] —1 5 6| =3 |=|—13
yo ) L1 8 6/ 1) | —18

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

IIpakmuueckoe 3ansamue 18, CodcmeeHHble 6eKMOpPLL U COOCMEEHHbIE 3HAUECHUA JIUHEUHbIX
onepamopoe.

Ilens: cdopMHpoBaTh IIpeCTaBIeHHe O COOCTBEHHBIX BEKTOpaxX H COOCTBEHHBIX 3HAYeHHSIX
JIHHENHBIX OIEPATOPOB H HX ITPHIIOKEHH SIX

Coodepacanue:

COOCTBEHHBIN BEKTOP, COOCTBEHHOE 3HAYEHIE IIMHEHHOI O OIEpaTopa,

OIpeielIeHHe XapaKTepHCTHYECKOI'O YPaBHEHHS MaTPHIIBL,

AIICOPHTM BBIYHCIEHHS COOCTBEHHBIX 3HAYEHHIT H COOCTBEHHBIX BEKTOPOB KBaAPaTHOH MaTPHIBI A.
Teopemuueckan wacms:

PaccMOTpHM ITHHEHHBIH onepaTop 4, AefCTBYIOLIIIL H3 HEKOTOPOro IPOCTPaHCTBa L B TO ke
ITPOCTPAHCTBO L.
JIroG0H HEHVYIIEBOH BEKTOP X, VAOBIETBOPSIOIUI YPaBHEHHIO:

AX =AX,
Ha3bIBAETCI COOCTBEHHBIM BEKTOPOM IIHHEHHOIO OIleparopa A, IIPH STOM YHCIIO - Ha3hIBAeTCA
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 Ha3bIBaeTCH
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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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"i; :
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
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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-
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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
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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
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HHIHKATOPOB
OIIK-1: CrmocodeH N/I-1onx1 3HAaKOM ¢ OCHOBaMH | [IpHMeHSeT  €CTeCTBEHHOHAVYHBIE U
IIPHMEHSTH MaTeMaTHKH, (H3MKH, | OOINeHHKeHEepHbIe  3HAHMS,  METOJIBI
€CTECTBEHHOHAYYHBIE | BRIYHCIIMTEIBHOH TEXHHMKH H | MAaTeMaTHYeCKOIO  MOJESIIHPOBAHHS B
H OOIIEHH KEHEPHEBIE IIPOrPaMMHPOBAHHSL. Ipo(pecCHOHATLHOH JIeSTeIbHOCTH.
3HAHH L, METOJIBI N-20nx1 Perraer
MaTEMaTHYECKOIO CTaHIapTHBIE
aHalH3a H nmpoeccCHOHATBHBIE 3aJadH C
MO eIIHPOBAHHA, IIPHMeHEHHEM
TEOPETHYECKOr O 1 €CTECTBEHHOHAYYHBIX H
SKCIIEPHMEHTAJIBHOIO | OOINEMHKEHEPHBIX  3HAHII,
HCCIIEOBAHH S B METOLOB MaTEMaTHYECKOrO
mpode cCHOHATBLHOM aHalIH3a M MOJIeTTHPOBAaHH 5.
IeSTeIIbHOCTH

2. Hean u 3232498 CAMOCTOATEIHLHOH PA00ThI

Beayimas e opraHu3aiii H ocyiecTBiIeHHSI CPC coBItagaeT ¢ 1enbro 00yUYeHHS CTYIeHTa —
¢opmupoBaHHe HaOopa OOIeHayYHBIX, Mpo(eCCHOHAIBHEIX M CIEIHAIBHBIX KOMIIETEHI[HI
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(eCCHOHAIBHOIO
YPOBHSL.

Sagadyanvii CPC IBISIIOTCS:
- CHCTEMATH3AI[MS H 3aKpeIlIeHHE ITONYUYEHHBIX TEOPETHYECKHX 3HAHHH H IIPAKTHYECKIX
YMEHHI CTYAEHTOB,

- VIIIyOlleHHE H paclIHpeHHe TEOPETHYECKHX 3HAHHIH,

- (popMHpOBaHHE yMEHHH  HCIIOIb30BaTh HOPMATHBHYIO, IIPAaBOBYIO, CITPAaBOYHYIO

TOKYMEHTAIIHIO H CIIEIHAIbHYIO THTEPaTypYy,

- pasBHTHE IIO3HABATEIIbHBIX CIIOCOOHOCTEH H AaKTHBHOCTH CTYJEHTOB. TBOPYECKOH

HHHI[HATHBEI, CAMOCTOSITEIIbHOCTH, OTBETCTBEHHOCTH H OPraHH30BaHHOCTH,

- (OpMHpPOBaHHE CaMOCTOSTEIIBHOCTH MBIINIEHHS, CIIOCOOHOCTEH K CaMOpPa3BHTHIO,
NOKYMEHT NOAMNUCAH
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3aHSTHH Ha CEMITHApPdXx, Ha ITPAKTHYCCKIX H HﬂﬁﬂpﬂTﬂpI{BIK 3aFTHAX, TIPH HAIIHCAHIIT KYPCOBBIX H



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

SK3aMeHaM.
3.T exnoJioruueckasi KapTa caMOCTOAT eJIbHOH PadoThI CTY/IEHTA
OO0BEeM YacoOB, B TOM YHCIIE
BHJ IeITembHOCTH (acTp.)
Kopr
CTYJICHTOB Cpencra H KOoHTaKTH
peam3yeMbIX
KOMITETEHII] TEXHOJIOTHH ast pabota
OLIEHKH CPC C Bcero
IIpeIogara
TEJIIEM
1 cemecTp
OIIK-1 IloaroToBKa K NeKIFIM | KoMImiekr 2.43 0,27 2.7
(U]1-1,2) 3aJaHHH H
BOITPOCOB IIO
TeMaM
I CLIHITIIHHBI
OI1IK-1 IlogroroBka K KoMrmiekr
(UJ1-1,2) MIpaKTHYeCKHM padoTaM | 3aJaHHH H
BOITPOCOB ITIO 4,80 0,54 5.4
TeMaM
JTH CIIHITIIHHBI
OI1IK-1 CaMOCTOSTEIIBHOE KoMrmiiekr
(U1-1,2) 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-1 IloaroroBka K Borpocsl Kk 24,3 27 97
(UJI-1,2) IK3AMEHY IK3AMEHY
HToro 48,6 5,4 54

4.1]0])!1[[(][{ BLINOJIHEHHS CaAMOCTOSAT €JIbHOH pﬂﬁﬂ'l'bl CTYACHTOM

4. 1. Memoouueckile pexomenoayiil no pabome ¢ y4ebHoil numepamypoil

IIpn pabore ¢ KHHTOH HEOOXOAHMO ITOA00paTh IHTEPATYPY, HAYUHTHCS ITPABIIBHO €€ YHTaTh,
BecTH 3armcH. JIng 1ogbopa JHTepaTyphl B OHONHOTEKEe HCIIONB3VIOTCS al(aBHTHBIN H
CHCTEMATHYE CKHI KaTaJIOTH.

Ba)XHO TIOMHHTH, YTO palfMOHAIBbHBIE HABBIKH PabOTHI ¢ KHHMIOH - 3TO BCerja OONbIIas

JKOHOMITA BpCMCHH H CHIL

AOKYMEHT MOANMACAH TCS IIPEIOJaBaTENeM, YHTAIOIUM JIEKITHOHHBIH
SNEKTPOHHOW NMoAncChbIO
r|CEpTHdJHHET; 12000002A633E3D113AD425FBS0002000002A6 Ke }rKaSaHa B METO,I[I[IIEGIGD{ pmpaﬁﬂma}: 110
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M3yyass maTepuan 1mo y4eOHHKY, CIEAYET MEPEXOAUTE K CIIEAVIOIIEMY BOIIPOCY TOILKO ITOCIE
MIPaBIJIBHOIO YSCHEHHS ITPEAbIAYINErO, OIMHCHIBAs Ha OyMare BCE BBIKIIAJKH H BBEIUHCIEHHST (B TOM
YHCIIe Te, KOTOphIe B YUeOHHKE OITYIIeHbl HIH Ha JIEKIIHH JaHbI I CaMOCTOSTEIIbHOTO BEIBOJIA).

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

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

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

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

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

BRIJIETISIFOT uembipe 0CHO6HbIE YCIMAHOSKU 6 YMEHUU HAYYHO20 meKcmd.

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

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

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

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

MTOJIBEPrHYTh HOBOH ITPOBEPKE).

[IOKYMEHT MNOAOMNWCAH
SNEKTPOHHOW NOANMUCHIO ]
CepTicukar  12000002A633E3D113AD425FB50002000002A6 2 K NPAaxKmudeckim sauaniiim
Bnageneu; lHebayxoea TaTeaHa AneKkcaHapoBHa [HOCIJIM MAaKCHMAIIPHVIO IIOJIB3Y, HEQ@XGI[IE\-IG
|OeiicrauTtenen: ¢ 20.08:2021 no 20,08.2022 ITCS TIO BEIYHTAaHHOMY Ha JIEKIFSIX MaTepHaly H
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MTOJYEPKHYTh, YTO TOIBKO ITOCIIE YCBOEHHUS JIEKI[HOHHOI'O MaTepHalla C OIpeAelIeHHOH TOYKH 3PEHHS
(a HMEHHO C TOH, ¢ KOTOPOH OH H3IIaraeTcs Ha JIEKISIX) OH OYAET 3aKpellIIThCS Ha IPAKTHYECKHX
3aHSATHSAX KaK B pe3yllbTare OOCYXKAEHHS H aHalM3a JIEKI[MOHHOIO MaTepHalla, TaK H C ITOMOIIBIO
pelreHus MpoOIeMHBIX CHTYaILHi, 3agad. [IpH 3THX YCIIOBHSX CTYIEHT He TOIBKO XOPOIIO YCBOHT
MaTepHAIl, HO H Hay4YHTCS IIPHMEHSATh €0 Ha IPaKTHKE, a TaKKe ITOIYYHT JOIIOIHHTEIbHBIH CTHMYII
(M 5TO OYeHb BaKHO) JJ15I aKTHBHOH ITPOPaOOTKH JIEKIHH.

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

B HX PCIIICHHIH.

4.3. Memoouueckiie pexomeHoayiil o camonpoeepke 3HAaAHLLL

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

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

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

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

S.KoHTpoJb caMOCTOATEILHOH PA00THI CTY/IEHT OB

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

PelITHHIroBasi OlleHKA 3HAHHH CTY/JIEHTA

No B neSarelIbHOCTH CTYIEHTOB CpokH KomuuecTBO
S S—
NOKYMEHT MOAMUCAH BBITIOITHEHH OaIU1IoB
| 3NEKTPOHHOW NOANMUCHLIO s
\CepTudbukar: 12000002A633E3D113AD425FB50002000002A6 3 Hemens 15
‘Bnapeneu; tebayxosa TaTeana AnexcaHgpoeHa
| 10 Heemst 20
NeiicTeuTenen: ¢ 20.08.:2021 no 20:08.2022 15 Hepensa 20
| Hroro 3a 1 cemecTp 33
\ Hroro S5




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

Ypoeeus evinonvenus konmponavrnozo | Peiimurcoentit 0ann (6 % om MAKCUMAIbHOZO
3a0aHuA danna 3a KOHmMpoJibHoe 3a0 aHue)
Omunudnvlii 100
Xopouuuii 80
Yooenemeoprumenvrutii 60
Heyooenemeopumensuoiii 0

HpﬂME?ﬂFTﬂ‘IHﬂH ATTECTAIINA

[IpomexyTouHasg arTecTalisa B (OpMe HBK3aMeHa IIpeJycMaTpHBAaeT ITPOBEICHHE
00s3aTelIbHON 3K3aMEHAIHOHHOH ITpoleAYpPrl H oreHHBaeTcsa 40 Gaymramu u3 100. B ciyyae
€CIIH PEHTHHIOBRIH Oall CTYAEHTAa IO MAHCIHHIUIMHE II0 HTOraM CeMecTpa paBeH 60, To
ITPOrpaMMOH aBTOMAaTHYECKH A00aBIISAeTCS 32 IIpeMHAalIbHBIX Oallila M BRICTABISETCS OL[EHKA
«OTIIMYHO». IlOJIOKHMTENBHBIH OTBET CTYAEHTAa HA 5K3aMEHE OIEHHBAETCS PEHTHHIOBBIMH
Oamnamu B auanazoHe oT 20 mo 40 (20 < Ssx3 < 40), orleHKa MeHbIe 20 GalnaoB CUHTaeTCS
HEYIOBIIETBOPHTEIILHOH.

[IIxama cOOTBETCTBHSA PEUTHHIOBOIO Oarria sK3aMeHa J-0alUIbHOH CHCTEME

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

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

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