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BCTYII

Anrebpa sIK HayKa MOYMHAETHCS 3 YMIHHS JI0JJaBaTH, MHOXUTH,
MIJTHOCUTH JI0 CTYIEHs il yucia. dopMalibHa, ajae oJpa3y He OUYEeBUJIHA,
3aMiHa 4yuces OyKBamH, J03BOJISA€ JISITH 32 aHAJIOTIYHUMU MpaBUIaMU B
paMKax y3arajibHEHUX alreOpaidyHuX cUCTeM. TakuM 4hHOM, anredpa siK
HayKa Ha Cy4aCHOMY e€Tali IpPHUCBSYEHA B OCHOBHOMY  OIMCaHHIO
KOHKPETHUX Ta aOCTpakTHUX anreOpaiyHux CTPYKTyp: TPy, Kijelp,
MOJIiB, MOJYJIB, BEKTOPHUX MPOCTOpPiB 1 Take iHie. [lig abcTpakTHORO
00OJIOHKOIO OUIBIIOCTI aKCIOMAaTUYHMX TEOpidl anreOpu XOBaKOTHCS
IJIKOM KOHKPETHI 3a/ladi TEOPETUYHOTO XapaKTepy, PO3B’SI3aHHS SKUX
MPUBOIUTH J0 BXJIMBUX Yy3araJlbHEHb. Y CBOIO YEpTy, PO3BUHYTa TEOPis
Ja€ IMITYJIBC Ta 3aCO0M JI0 pO3B’si3aHHS HOBUX 3adad. CkiaJHa B3a€MO/Iis
TEOPETUYHHUX 1 TMPUKIAJHUX AaCMEKTIB Teopli MpUTaMaHHA BCId
MaremaTuili. Ajnredpa € BaXXJIUBUM PO3JA1IIOM MaTeMaTUKU. MeToau 1IbOro
PO3JIUTY 3aCTOCOBYIOTHCS SIK Y HIKIIBHOMY KypCl, Tak 1 B JOCIHIIKEHHSIX
0araThb0X MUTaHb CYYaCHOI MaTeMaTUKH.

Teopis MaTpullb — OJHa 3 OCHOBHMX CKJIAJOBUX YaCTHUH JIIHIMHOI
anreOpu. BoHa Mae 0GaraTto 3acTOCyBaHb HE TUIBKM B aireopi, a il B
reoMeTpii, MaTeMaTUYHOMY aHaji3i, Teopii audepeHIiaTbHuX pPIBHIHB,
Teopii UMOBIPHOCTEN Ta, MO CyTi, y OyAb-sAKiil MaremaTuuHii Teopii. Kpim
TOTO, Il TEOPIsl ITUPOKO BUKOPUCTOBYETHCS 1 B 1HIIUX HAyKax, 30Kpema,
€KOHOMIIIl Ta IHXKEHEepHik cmpaBi. OTxe, 0e3 Teopii MaTpulpb He
00XOJUTHCS BHKIAJaHHI MaTEeMaTHKH HE TUILKHM B IIeJaroridHuX, ajie i B
TEXHIYHNX, BIiChKOBUX Ta 1HIIHX 3BO.

VYnepiie Matpulls mijg Ha3Bo «MariuHuil KBaapar» 3rayeTbes 1 y
CraponaBuboMy Kwurai. IlomiOHI kBagpaTu Ti3HilIE OyJIM BIJIOMI
apaOChbKUM MaTE€MaTHKaM.

VY dKocTi OKpemoi Teopii Teopis MaTpHullb po3Modayia aKTHUBHUM
po3BUTOK B cepeauHi XIX cTopiydsi B HAYKOBUX TPYyHAax 1pJIaHIICBKOTO
marematuka 1 ¢isuka Binesima I'amuibTona — (1805-1865 pp.) Ta
aHriiickkoro  Marematuka ~ Aprtypa  Kemi  (1821-1895  pp.).
dyHIaMEHTaIbHI Pe3yJIbTaTU Teopli MaTpHllb HajeKaTh HIMEIBKUM
marematukaM Kapny Belepmrpacy (1815-1897 pp.), @®epaunanny ['eopry
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®pobeniycy (1849-1917 pp.) Ta dpaniy3bkoMy MaremaTuky  Mapi
Enmony Kaminb XKopaany (1838-1922 pp.). CydacHuid TepMiH «MaTpUIsD)
BIIEpIIIC 3aCTOCYBaB aHrilchkuii mMatematuk Jxeitmc CinbBectp (1814-
1897pp.) y 1850 pori.

Jlo po3B’SI3Ky CHCTEM JIHIMHUX anreOpaiuHuX pIBHAHb 3BOJATHCS
YUCJCHHI TMPAaKTUYHI 3aBaaHHA. Hampukman, cucremMu — JTIHIMHAX
anreOpaiyHuX PIBHAHb € BAXKJIMBUM IHCTPYMEHTOM TMPU PO3PaAXyHKY
CKJIAJIHUX €JICKTPUYHMX JIAHIIOTiB.  MOXHa 3 TIOBHOKO IiJICTABOIO
CTBEp/I)KYBaTH, IO pIIIEHHS CHUCTEM JIIHIMHUX PIBHSAHb € OJIHIEIO 3
HaWMOMIMUPEHIUX 1 BAKIJIUBUX 3aBJaHb O0YUCIIOBAIbHOI MATEMATHKH.

VYnepie MeTol po3B’ 3Ky CUCTEM JIIHIHHUX pIBHSAHD (MeToj paH-uyeH
—  «BUOYIOBYBaHHS  4WCE€I 1O  KIITUHAM»)  ONHCAaHUM B
TaBHbOKUTAHCHKOMY TpakTaTri «JleB'ATh KHUT TIPO MaTeMaTHYHE
muctentBo» (II cromitrs g0 H.e.). Cucrema aBOX (TpbOX) JIHIMHUX
PIBHSIHB 3 JIBOMa (TphbOMa) HEBIJOMUMHM B IIbOMY TPAKTaTi 3aMMUCYETHCS Y
BUTJISIII MAaTPHUIll, CTOBIII SIKOi CKJIaJieHl 3 KOe(DIIIEHTIB MPH HEBIAOMHUX 1
BUIBHUX 4YJIEHIB, 1 PO3B’SI3Y€ThCS METOJOM BUKIIOUEHHsS. Lleld meron
3ayMIIaBcs HeBigoMuUM B €Bpomni ax 10 KiHus XIX cromitra. Y 1849 pomi
BUJATHUN HiMenpkuid wMatematuk Kapn Tayc (1777-1855  pp.)
OOTpYHTYBaB METOJ[ TMOCJIJIOBHOTO BUKIIIOYEHHS HEBIJJOMUX CHUCTEMHU
JIHIAHKUX PIBHSIHB, 1110 3rOAOM OJepkaB iM's sik Meto] ['ayca. @akTU4HO,
i7es Metoty ¢aH-ueH 1 Mmetoay [ayca 30iratotbcs. Metoa [Mayca € oguum
3 HAWOUIbII MOIIMPEHUX MPSAMHUX METOJIB PO3B’SI3KY CHUCTEM JIIHIMHUX
anreOpaiuyHUX pIBHAHb. BiH € YHIBEpCAIBHUM 1 3aCTOCOBYETHCS MJIS
PO3B’sI3yBaHHS JIIHINHUX CUCTEM 3 OYJIb-SIKUM YUCJIOM PIBHSHb.

Y HaBYaIbHOMY TOCIOHHMKY  BHMKIIQJICHO  TEOpII0 MaTpullb Ta
MOB’s3aHy 3 HEIO0 €JIEMEHTapHy TEOpil0 CHUCTEM JIHIWHUX anreOpaiuHux
piBHsiHb. [loCiOHMK CKJIaJaeThbCsi 3 BCTYIy, JBOX YacTHH, CIIHCKY
BUKOPHUCTAHOI JIITEpaTypHu, MPEAMETHOro MoKaxuwmka. llepma wactunHa
«AnreOpa MaTpullb» BHUCBITJIIOE HACTyIHI TUTAaHHS: BUJIU MAaTpUIb,
omepaili HajJ MaTPUISIMHA Ta iX BJIACTHUBOCTI, €JIEMEHTApHI MEPETBOPEHHS
PSAJIKIB Ta CTOBOIIIB MaTpHIlb, OOCpHEHA MATPHIIS TOIIO. Y APYTiil YacTHHI
«EneMeHTapHa Teopis CUCTEM JIHIHHUX aireOpaiyHUX PiBHIHBY



PO3TJSSHYTO OCHOBHI BIJJOMOCTI PO CHCTEMH JIHIMHUX anredpaidHux
pIBHSIHb, KJacU]IKaIll0 CUCTEM JIHIMHUX PIBHSIHb, METOAMU PO3B’SI3aHHS
CUCTEM JIHIMHUX PIBHSHB, 30KpeMa, meToj ['ayca, Moaudikalio MeToaa
I'ayca — meron Xoppana-I'ayca, meron Illtudens. Ilpuaineno ysary
pPO3B’S3aHHI0 MATPUYHUX pPIBHSHb Ha OCHOBI Merody ['ayca 1 mertomy
M tudens.

KoxxHa wacTWHa HaBYAIBHOTO TIOCIOHHMKA CKJIAJAETHCS 3 TPHOX
po3nutiB. KoxeHn po3ain po3outo Ha naparpadu. [lepimii po3aut MiCTUTh
HEOOXIJTHUM TEOPETUUYHUN MaTrepiayi, UIFOCTPOBAHUN NPUKIAAAMU IS
Kpallloro 3aCBOEHHS, Ta KOHTPOJbHI 3alUTaHHS JUIsi CaMONEPEBIPKHU.
Hpyruii  po3ain  KOXXKHOI YacCTUHU MICTUTh TPAKTUYHUN MaTepiai:
MPUKIAIU PO3B’S3aHUX BMOpPaB 1 3a7a4 3 TMOSICHEHHAMH 1 3aBIaHHS IS
caMocCTiiiHOT poOoTu. TpeTi po3ALIM 4YacTUH MOPONOHYIOTh 3aBJAHHS B
TECTOBiH (HOpMi JIJI1 cCaMOTIEPEBIPKH 3 BIIMOBIISIMH.

Takum YWHOM, MH TPONOHYEMO IIOYMHATH BHUBYCHHS JIHIHHOI
anreOpu came 3 Teopii MaTpUIlh, OCKIJIBKHU II€ HE BUMarae BiJl CTYJEHTIB
0araTtbOX J0JATKOBUX 3HaHb. KpiM TOTO, y BUKJIAJEHIN TEOPil MPAKTUYHO
HE BHUKOPUCTOBYIOTBCS aOCTpakTHI TOHSTTA, [IJIs SIKUX TMOTpiOHA
I0JaTKOBa HABUYaJlbHA TIJCOTOBKA Ta II€BHI HABUYKU aOCTPAKTHOTO
MUCJEHHA. 3 1HIIOro OOKy, TICAS BHBYEHHS TeOpli MAaTpullb Ta
€JIEMEHTapHOI Teopii CUCTEM JIHIHHUX PIBHSAHb CTYJIEHTH 3HATUMYTh
OlJIbllIe KOHKPETHUX MPUKIIAIIB IPYII, Kilellb, BEKTOPHUX MTPOCTOPIB TOLIO,
10 TOJIETIINTh BUBYECHHS BIAMOBIHUX TEOPIii.



Yacruna 1. AJIEBPA MATPUIIb
Po3zain 1. MaTtpuui Ta onepanii HaJl HUMH (TeOpPeTUYHI BiIOMOCTI)
§ 1.1.1. IToGynoBa MaTpuui Ta ii CTPYKTYPHI eJIeMEeHTH
O3nauenna 1.Mampuyero posmipuicmio M Ha N (3anucyemvcsi mxn)
HA3UBAEMbCS NPAMOKYMHA MAOIUYs, WO CKIA0AEMbCs 3 MmN OICHUX uucer,
po3mawiosanux ¢ M paokax i N cmoenysx.

BYI[B-HKa MaTpHuIl 3alIUCYETHCA B BCIIMKHUX KPYIITIUX OYKKax 1 MO3HAYa€ThCs

20—31j

BEJIMKMMH JIATUHCBKUMHU OykBamu. Hampukian, Matpuus A:(O 5 o 3

po3mipHocTi 2x4. [lepmuit BuMip M=2 BKa3zye KUTbKICTh PSIIKIB MAaTpPHIll A, IpyTHid
BUMIp N=4 BKa3ye KiJIbKICTb i CTOBIIIIIB.

Jlns  Toro, mo6 Oyno 3pydHilie mpaioBaTd 3 MaTpPULSAMH, B HHUX
BIJIOKPEMJTIOIOTh PSAKK 1 CTOBMI. Psiiku Matpuill po3MipHOCTI MxN HYMEpPYIOTh
3ropu JIOHU3Yy HaTypaJlbHUMHU uyuciaamu Bif 1 go M. CToBHLI MaTpulli HyMEpPYIOTh
3miBa HampaBo uuciaamu Bim 1 mo N. Yucma, 3 SKUX CKIAQTAEThCS MAaTPHIIA,
HA3MBAIOThCS 11 eneMeHTaMu. EneMeHTH MaTpulll MOo3Ha4aroTh MaJoO0 JJATUHCHKOIO
OyKBOIO, fIKa CIIBHAAAE 3 IM’SIM MaTpull, OpU4oMy Iisi OyKBa NMOBMHHA MaTH JBa
iHaekcu. llepmmii 1HAEKC BKa3zye HOMEpP psiKa, a APYTMd — HOMEp CTOBIILS, Ha

HepeTI/IHi SKHUX 3HAaXOAHUTBCA CIICMCHT. HaHpI/IKHaILI

1 -1 0 3
2 12 4 6

F=13 -3 9 0.
7 -7 -2 8
10 11 -4 5

Ile matpurst po3mipHocTi 5x4. EneMeHT f,, 3HAXOAUTHCS HA TEPETUHI TPETHOTO
. 1
psiAKa 1 yerBeproro crosmusd, tomy f,, =0, f,,=-7, f,, =5 Towo. IHaekcu enemenra

HE MOXXKHA MIHATH MicIsiMH. JIOBUIBHUN €IEMEHT MaTpHIll F I103HAYaloTh f”.,

BKA3yIOUYH TPAHUIIl 3MIHU 1HIAEKCIB i=1, 2,...m, j=1, 2,...,n.



Temep Mu MOXXEMO [aTH 1HIIE O3HAYEHHS MATPHIl, BHUKOPUCTOBYIOUHM ii
3araJbHUI BU/I.
O3nauennsa 2.Mampuyero pozmipuicmio M Ha N HA3UBAEMbCA NPAMOKYMHA

maoauys uoy:

8, & 8y,
8y Ay a,

A= ",
a a a

enemMeHmamu AKoi € 4uciua.
Cepen npsIMOKYTHHUX MAaTPHIlh BUIUISIIOTh RIOMHONCUH)Y KBAOPAMHUX MAMPUYD.
O3nauennsn 3.Mampuys, sika mae 00HaKo8y Kinvkicmeb N paokie i N cmosnyis

HA3UB8AEMbCS K8AOPAMHOI0 Mampuyero nopsoky N.

312 0
-2 7 . .
Hanpuknan, matpunsg D = 0 6 & KBaJpaTHA MaTpHULsl PO3MIPHOCTI 4x4,
300 1

a60 MatpuIls 4-ro MOPSAKY.

Kpim eneMeHTIB psIKIB Ta CTOBIILIB, B K8AOPAMHUX MAMPUYAX BUIISAIOTH 11I€ 1
mlaroHan.

O3nauennsn 4.1on106H010 abo nepuioro 0ia2oHANNIO KEAOPAMHOI Mampuyi
HA3U8AEMbCsl 01a20HANb, AKA UOe 3 J1iB020 B8EpXHbO20 6 NPABULL HUJICHIL KYm
mampuyi. Tlobiunoio abo 0pyeoro 0iacoHANNI0 KEAOPAMHOI MAmMpuyi HA3UBAEMbCS
0ia2oHab, AKA U0e 3 118020 HUNCHO2O 8 NPABULL 8EPXHIlI KV MAMPUYI.

Hanpuknaza, roJoBHOIO iarOHAJITIO BUIIIEHABEACHOI MAaTpHlll D € (3, 7, 5, 1),a 1i

1o0IYHa JiaroHaib (3, 6, 8, 0).

PosrnsHemMo MaTpuili CHeuliajJbHOTO BUIY. [X BUKOPHCTAHHS JIEKHUTh B OCHOBI
METO/IB PO3B’S3aHHS TAaKMX THUIOBUX 3a7a4 B anreOpi, K pO3B’S3aHHS CHUCTEM

JHIAHUX PIBHSAHb, 00YMCIICHHS BUSHAYHUKIB, PAaHTY MaTPHI Ta iH.



O3nauenns 5. /liaconanvroio mampuyeio HA3UBAEMbC KAOPAMHA MAMPUYs, 6CI

eleMeHmuU Ko, Kpim eleMenmia 201068Hoi diazoHani, dopigHiooms ().

3 0 0
Hanpuxman: [0 -1 0
0 0 4

O3nauennsa  6.Bepxuvompukymnoro — (HUICHbOMPUKYMHOIO) — Mampuyero
HA3UBAEMbCS KBAOPAMHA MAMPuys, 6cCi ejlemeHmu sKoi nid (Hao) 207108HOI0
diazonannio dopisHiooms (.

BepXHbOTpUKYTHA MAaTPHUL MA€ HACTYITHUM 3arajJbHAN BUJ:

8 8, .. By
0 a, .. a,
0 0 0 a

n
3aysarxcenna. Mnosxcuna 0iazoHanbHUX MaAmMpuysb € NIOMHONCUHOO, SIK MHONCUHU

BEPXHLOMPUKYMHUX MAMPUYb, MAK 1 MHONCUHU HUNCHOOMPUKYMHUX MAMPUYD,
moomo  MHOMCUHA  OIA2OHANbHUX — MAmMpuyb €  NEePemuHoM  MHONCUH
BEPXHLOMPUKYMHUX | HUICHLOMPUKYMHUX MAMPUYb, A 6CL PO3NAHYMI MHONCUHU

mampuys € NIOMHONCUHAMU MHONCUHU Keadpamﬂux mampuyo.

BiiblI HIMPOKKM KJIACOM € MHOYKMHA TpaIeli€BUIHUX MATPULb — MIIMHOXHHA
JOBUIBHUX MPSMOKYTHUX MaTpPHUIb.
O3nauennsn 7. Mampuys A  posmipocmi N Ha M HA3UBAEMbCA

Mmpaneyic8uoHoI0, AKU0 80HA MAE MAKUL 3A2ATbHULL 8UO!
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Bci HeHynbOBI €J€MEHTH TpamemieBUAHOI MaTpUIll 3HAXOASAThCS y ii BEpXHIN
YaCTHUHI, PUYOMY TPAHUII TUISTHKU 3 1i HEHYJIbOBUMHU €JIEMEHTaMH, YTBOPIOIOTH
Tpamemilo, MEHIIOK OCHOBOIO JoHM3y. lle He o3Hayae, 1m0 BCEpeaUHI
TpamneuieBUIHOI MUISTHKA HEMae HYIbOBUX €JIEMEHTIB, aje 3a ii MexamMHu BCi

€JIEMEHTHU TpaIlelieEBUIHOT MATPHIIl TOPIBHIOIOTH HYJIIO.

Hanpuxitan:
1 3 -2 6 7
0 2 0 -3 1
00 1 46
0 0 0O 0O

3aysarcenns. 3po3ymino, wo 06y0b-aKa MpUKymua, a momy i 0ia2oHAIbHA MAMPUys,
€ mpaneyicguoHoIO.

O3nauennsn 8. Mampuyi A i B HA3U8aOMbCA PIGHUMU MidHC CODOIO, AKUWO BOHU
Marwmv 00HAKO08I pO3MIPHOCHI, [ iX eleMenmu, Wo CMosimsb HA 8i0N0GIOHUX MICYsX,

cnisnaoarome. llpu ypomy, nuuiyms A=8.

§ 1.1.2. JlonaBaHHs MAaTPHULUb
O3znauennsn 9. Cymoro mampuysb A i B 0OHAKOBUX PO3MIPHOCMEU HA3UBAEMbCS
mampuysi C miel e po3MIPHOCMI, KOJCEH eleMeHm SKOI € CYMOI0 GiON0BIOHUX
enemenmie mampuys A i B. [luwyms A+B=C.
3ayeasicennn. Mampuys C=A+B mooi i mintbku mooi, Koau yi mMampuyi mMaromeo

0OHAKOBI po3mipHocmi mxn, [ 01 00BIIbHO2O (=1, 2,..m, j=1, 2,...,n BUKOHYEMbCS

C a”.+bij.

ij =
Hanpuxitan:
(3 5 —7]4_(4 -2 6]:[7 3 - j

21 0 6 -1 3 8 0 3
BiamiTumo e pas, 1mo 1oaaBaTH MOKHA HE OYy/b-AKi MaTpPHIIi, a TITbKA MAaTPUII 3
OJIHAKOBUMH PO3MIPHOCTSIMH.

Braacmueocmi onepauii 0ooasannusa mampuyp

s 0osinbrux mampuysb A,B, C 0OHAKOBUX POSMIDHOCHEU BUKOHYIOMbCS YMOBU:
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1) Komymamuenicmos onepayii 000a8aHHA: A+ B =B + A

2) Acoyiamusnicmo onepayii 0oooasanns. (A+B)+C=A+(B+C);

3) Icnysanus Hynvoeoi mampuyi:

Icnye mynvosa mampuys 0, maka, wo 0 06y0b-aK0i mMampuyi A, BUKOHYEMbCS
pisHicmb A+0=0+ A= A.

O3nauennsa 10. Mampuya pozmipnocmi MXN  HA3UBAEMbCA  HYILOBOIO
mampuyero i nosnavaemuvcsi cumeonom O, axujo 6ci ii enemenmu dopisnioroms ().
3po3ymisio, o MaTpuili A 1 O TOBUHHI MaTH OJAHAKOBI PO3MIPHOCTI. 3BiJICH BUIHO,
0 Ha BIAMIHY BiJl YHCJIOBUX MHOXHUH, B AKX 4yucio (0 enuHe, MHOXXHHaA BCIX
MaTpullb BOJIOJII€ O€3/114Y4I0 HYJIhOBHUX MaTpHllb. BCi BOHU BIAPI3HAIOTHCS CBOIMU
PO3MIPHOCTSIMHU, aJie BOJIOJIIOTh alIreOpaidyHUMH BJIACTHUBOCTSIMHU, CXOXUMHU 3
BJIACTUBOCTSIMU uunciia (0, ToMy 1 MO3HAYal0ThCsl aHAJIOT1UHO.

4) Icnysanms npomunesncHol mampuyi:

s 0oginbHOI Mampuyi A ICHYE NPOMUNEHCHA MAMPUYs, KA NO3HAYAEMbCA —A,
maka, wjo 8ukonyemucs pienicmos A+ (-A)=—-A+A=0.

B miit piBHOCTI O — 11€ HYJIBOBA MaTpULIs, a MIHYC — HE 3HAK OIeparlii, a MO3HaYeHHs
JUTSI IPOTHIICSKHOT MATPHIILI.

O3nauennn 11. Ilpomunedxxcroro 00 mampuyi A HA3UBAEMbCA MAMPUYsL —A,
AKA OMPUMYEMBCS 3 MAMPUYT A 3AMIHOIO KOJCHO2O ii eleMeHma NpomunieHCHUM

YUCTIOM.

Hanpukiazm, SKIo A = 3 0) oiac[3 0
p ’ =2 a) 2 —a)

Bci 111 BIacTUBOCTI JIETKO TOBECTH CAMOCTIHHO. 3pO3yMiJIo, 110 KOMYTaTUBHUN Ta

acoLllaTUBHUM 3aKOHM MOYKHA MOIIUPUTH Ha OyAb-SKY KUIbKICTh MaTPUILLb.

§ 1.1.3. BigniMmaHHS MAaTPULUb
Oneparist J0/1aBaHHS MATPUIlL € OCHOBHOIO. A orepailisi BiIHIMaHHSI MaTPHIlb €

MOX1THOKO Bij HeT.
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O3nauennn 12. Piznuyero mampuyo A 1 B o00Haxosux posmipHocmeti
nasusaemoca mampuysi  C, maka, wjo C+B=A. Iuwyms C=A-B.

3 O3HAYCHHS BiJIHIMAHHS MATPUIb HE BUIHO, YU ICHYE PI3HHULS JBOX MATPHUIlb, YU
€MHA BOHA, 1 sKa OynmoBa 11i€i maTpuill. OTxe, 1S KOPEKTHOCTI I[bOTO O3HAYCHHS
MOTPiOHO TOBECTH TEOPEMY.

Teopema 1. /[na ooginvHux mampuyb A i B 0OHAKOBUX PO3MIDHOCMEU ICHYE I
€0una ix pizHuys — mampuys C, axa oouucuoemscs 3a popmynorw C = A+ (-B).
ToOto, mist Toro, MO0 Big MATPUIll A BIIHATH MATpUIO B, Tpebda J0 MATPHUIL A
J0JaTH MaTPULIO, IPOTUJIEKHY A0 MAaTpull B. JloBeAeHHA 1€l TEOpEMH AUTUTHCS
Ha JIB1 YaCTUHH, OCKIJIbKY TOTP1OHO BCTAHOBUTH JIBa (PAKTH:

1) maTpuiis , 110 € PI3HUIICIO IBOX MATPHIlb, ICHYE;

2) ug MaTpulls €J1HA.

» IcuyBanHs. {1 1OBeAEHHS ICHYBaHHS JOCTAaTHbO MEPEBIPUTH, IO MATPHL C
3aJI0BOJIHSIE O3HAYEHHS PI3HUIIl MATpHIlh, TOOTO, 110 B CyMi 3 MaTPHUIICI0 B BOHA
Ja€ MaTpuillo A. BUKOpUCTOBYIOUM BJIACTHUBOCTI oOmeparlii 10JaBaHHS MAaTpHUIIb,
mMaemo:B+C=C+B=(A+(-B))+B=A+((-B)+B)=A+0=A.

IcHyBaHHS nOBEAEHO.

€nunicte. J[OBOAUTBCS METONOM BiJ cynpoTuBHOro. I[lpumyctumo, mo Kpim
MaTpulll C ICHyE MaTpHUls D, KA TaKOX € PI3HUIICIO MAaTPUIb Al B. 32 O3HAYCHHSIM
pI3HHUII B+ D = A. PO3risitHeMo B1 piBHOCTI:

(D+B)+(-B)=A+(-B)=C 1 D+(B+(-B))=D+0=D.

BpaxoByroun acoIiaTUBHICTH Olepalliil J0/laBaHHsI MaTpPUIlb, 3aKIOYAEMO, IO JiBI
YaCTUHU ITUX PIBHOCTEH CIIBMAAA0Th, @ TOMY CITIBIAJAI0Th 1X MpaBl YaCTUHH, TOOTO
c=D.<

3ayeasicenna.MampuyaC = A-Bmoodi I minbku mooi, Koauc;=a,—b, 014

006IIbHO20 3HAYEHHA i =1, 2,...m, j=1, 2,..,n.
5 2 0 3 2 -2 2 0 2
Hanpukinan, — = :
396) (7 -5 7) -4 14 -1
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Baacmueocmi onepauyii ionimanna mampuub

s 0osinbHoi Mampuyi A ipHO:

1) A-A=0;
2) A—0=A;
3) 0-A=-A.

L1i B1aCTHBOCTI OYCBHUIHI.
§ 1.1.4. MHOKeHHs1 MATPHULIi HA YHUCJIO

Lst onepartist BIpi3HIETHCS BIJ IMOMEPEIHIX, OCKUIBKA 00’ €KTH, Ha K1 BOHA JII€
B3STI 3 pI3HUX MHOXHH, TOOTO MAarOTh pI3HYy HOPHPOAY, a caMe, MH OyaemMo
BUKOPHCTOBYBAaTH MHOKHHY TPSIMOKYTHHX MaTPHIlh 1 MHOXUHY 4yucen. [Ipu mpomy
YUCJIOBUM MHOXKHUK 3aBXKIM TPAMOTHIIIIE 3aITUCYBATH MEPILIUM.

O3nauenna 13. [[obymxom mampuyi A HQ YUCTIO a HA3UBAEMbCA MAMPUYSL B,
AKA OMPUMYEMBCA 3 MAMPUYT A MHONCEHHAM KOIHCHO2O ii eleMeHma Ha 4ucio o .
Huwyms: B=a-A.
3ayeasricenna. Mampuys B=a-A moodi i mintbku mooi, Koau OJisi O08LILHO20

i=1 2,..m, j=1 2,.,n6UKOHYEmMbCAb, =aa;. IIpu yvomy mampuyi A i B 3a62C0U

Maromv 00HAKOBL PO3MIPHOCI.

4 -2 0 20 -10 0
Hanpuxian, 5- = .
2 1 -3 10 5 -15

Baacmueocmi onepayii MHOMCeHHA Mmampuyi HA YUCTO

s 0oginbHux Olticnux yucen a i f ma 6yOb-AKuUx mampuyvb A i B 0OOHAKOBUX
PO3MIDHOCMEU BUKOHYIOMbCS YMOBUL:
1) 1.A=A;
2) (-1)-A=-A;
3) 0-A=0;
B niBiit wactuni piBHOCTI 0 — 11€ UKCITO0, a B MpaBiii — HyJIboBa MaTpuils O.
4) a(pA) = (af)A — acoyiamusHicmo,

5) (a+ B)A=cA+ fA — oucmpubymusHicms 8i0HOCHO 00O0ABAHHSL HUCEL,
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6) a(A+B)=aA+aB — ducmpubymusnicmo 8i0HOCHO 000ABAHHS MAMPUYD.
BrnactuBocti 4) 1 5) nomupioroThes Ha OyAb-sIKy KUTbKICTh YHCEN, @ BIACTHBICTH 6) —
Ha OyJIb-sIKYy KUIBKICTh MaTpHIlh. BC1 111 BIACTUBOCTI JIETKO JIOBECTH CAMOCTIHHO.
JJist mpuKIiay HaBeAeMO JOBEACHHS BIACTHUBOCTI 5).

» Croouatky TpebOa AOBECTH, HIO PO3MIPHOCTI MaTpullb B JiBIA 1 MpaBii
YacTHHAX PIBHOCTI crmiBmaaaroTh. [loTiM Tpeba BCTaHOBHUTH, 11O PIBHI MK COOOIO 1
ix BimmoBimHi enmeMeHTH. OTxe, BBememo MatpuiliF =(a+f)A, G=aA, H=pA.
Tpeba noBecTH, MO MATPULIAF =G + H .

Hexait matpunst A po3aMipHOCTI mxn. OCKITBKM MHOXEHHS MaTpHIll Ha YUCIIO
HE MIHS€ PO3MIPHOCTI pe3ynbrary, To marpuul (a+S)A, oA, PA MaroTh TI XK
PO3MIPHOCTI mxn. 32 O3HAYEHHSAM JOJAaBaHHS MaTpHIlb, MaTpuls oA+ A icHye 1
Ma€ Ty X PO3MIPHICTh mxn. OTKe, MaTpUIll B JIBiM 1 MpaBiil YacTUHAX HAIIOI
PIBHOCTI MalOTh OJTHAKOB1 PO3MIPHOCTI.
BcTranoBuMO Ternep piBHICTh BIAMOBIIHUX €JIEMEHTIB LIMX MAaTPUILLb.

JUis  MOBUIBHOTO  i=1, 2,..,m, j=1 2..n0yxe f, =(a+p)-a;, 05 =a-a,
h; = B-a; . 3BIICH BUIHO, IO f, =(a+ f)-a; =« a; + B-a; AJd JOBUILHOIO i=1 2,..,m

, =1, 2,..,n. 4

§ 1.1.5. MHoXeHHs1 MAaTPULIb
[TepemHOXyBaT MOXHaA HE OyAb-sKI MATPHIll, a TUIBKH MaTpPHIll 3 TMEBHUMU
O0OMEKEHHSIMH Ha TX PO3MIPHOCTI.
O3nauennsn 14. /[obymkom mampuyi A pO3IMIPHOCMI mxn HA MAmMpuyio B

posmipHocmi NXP HA3ueaemvcst mampuyst C posmipHocmi MxP, KOJHCEH eNeMeHm

SAKOL € CYMOI0 BCIX eneMeHmis i-20 psiOKa Mampuyi A, NOMHOINCEHUX HA 8IONOBIOHI
enemenmu  j-eo cmoenys mampuyi B. Tobmo, C; = ayby; +a;,b,; +...+a,b, ons
008IMbHUX i =1, 2,...m, j=1, 2,...,p. IIpu ypomy nuuyms:C=A-B.

Martpuiii A 1 B MOXXHa MHOXKHTH TIJTBKH B TOMY BHUIIAJIKY, KOJIH MPU HAMTMCAHHI

MIJIPST PO3MIPHOCTEH MAaTpuIlb A 1 B CEpeIHI YMClIa CHiBHaAarTh. Tojl KpakiHi
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qrclia Jal0Th PO3MIPHICTh AOOYTKY IMX MaTpuilb. OTxke, N10OyTOK MaTpullb A-B
ICHY€ TIJIbKU Y BUIAJKYy, KOJU KUTbKICTh CTOBIMIIIB MAaTPHUIIl ACIIBIAIA€ 3 KUTbKICTIO
PAIKIB MaTPHIIL B .

3aysarcennn. J[o6ymox 6yOb-aKux 080X KEAOPAMHUX MAMPUYL OOHO20 | MO20 JHC
HOPAOKY 3a8HCOU ICHYE T € Mampuyero mo2o i nopsaoky. [nwumu croeamu, onepayis

MHOMNCEHHS MAMPUYb 3AMKHYMA HA MHONCUHI 8CIX MAMpPuyb NOPSIOKY N .

Ilpuknao 1. Hexail MmaTpuiiss A Ma€ po3MIpHICTh 4X3, & MATPUIISI B — PO3MIPHICTh 5
x4. Toxl noOyTok MaTpuili A Ha maTpulio BHe icHye (4x3 1 5x4, 3#5), a 1oOyTOK
B- A IcHye (5x4 14x3, 4=4) 1 € MaTpuIileto po3MiIpHOCTI 5X3.

Ilpuknao 2. Hexaii matpulis A Mae po3MIpHICTh 2X3, a MaTpullsi B — PO3MIPHICTh
3x2. Toal noOYTKHM IMX MATPULb ICHYIOTh, IPUYOMY MATPULISI A-B MAa€ PO3MIPHICTh

2x2,aB-A — 3x3.

2 2 5
o 2 0 -3
Ilpuknao 3. Hexaii matpuis A:(1 A J Ta MaTpuls B=|1 -4 3.
- 0 -1 8

Martpuis A mae po3MipHICTb 2x3, a MaTpulls B — po3mipHicTh 3x3.

Martpuiii B- A He icHye (4omy?), a MaTpHuIlsl C = A-B ICHY€E 1 Ma€ PO3MIPHICTh 2X3.
O0YHCIMMO OKPEMO KOKHUM €JIEMEHT MaTPHUIIl B - A.

3riiHO 3 0O3HAYEHHSIM, €JIEMEHT C;; € CYMOIO BCIX €JIE€MEHTIB MEPIIOro PsiaKa MaTPHUIl
A, TOMHOXKEHHX Ha BIJIMOBIIHI €JIEMEHTH MEPIIOro CTOBMIS MaTpuili B. ToOToO,

€, =2-2+0-1+(-3)-0=4.

EneMeHT ¢, € CyMOIO BCiX €JIE€MEHTIB MEPIIOTO PsAIKa MaTPUIll A, TOMHOKCHHUX Ha
BIJITIOBIJIHI €JIEMEHTH JAPYTOro CTOBIIIS MAaTPHIll B. T00OTO,
C,=2-2+0-(~4)+(-3)- (-1) =7.

AHaJIOT1YHO

C,=2-5+0-3+(-3)-8=-14.

EneMeHT c,, € CyMOIO BCiX €JIEMEHTIB APYToro psjKa MaTpPHIll A, TOMHOKEHUX Ha

BIIMOBITHI €JIEMEHTH IEPIIOTro CTOBMII MaTpulli B.To0To,
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C,=1-2+4-1+(-1)-0=6.

EnemMeHT c,, € CyMOIO BCIX €JIEMEHTIB APYTrOro psJiKa MaTpPHIll A, TOMHOKEHUX Ha
BIJIMOBIAHI €IEMEHTH Jpyroro cropmist Matpuili 8.Too6To,

Cp =1-2+4-(—4) +(-1)-(-1) = -13.

C,y =1-5+4-3+(-1)-8=9.

4 7 -14
Taxum yuHOM, MaTpUL C=A-B = :
6 -13 9

1 2 -1 8
11 0 4. Hexaii = , B= :
Ipukna exa Matpuus A (_1 ?J (_ A 7)

Matpuii A 1 B — kBagpaTHi MaTtpuui 2-To NOPSAKY, TOMY ICHYIOTh 100yTKHM AB 1
BA.

Hexaii C = A-B, Toal

c,=1-(-)+2-(-4)=-9,

c,=18+2.7=22,

Cy =(-1)- (1) +3(—4) =-11,

C, =(-1)-8+3-7=13.

-9 22
Takum YUHOM, MaTpulA C =A-B = 11 13 .

[TepeBipUTh CaMOCTINHO, IO U1 MAaTPULb A 1 B BUKOHYETBCS PIBHICTB: A-B=B-A.

Osnauennsn 15. /[si mampuyi A i B nasusaromvcs nepecmasnumu, sxujo 0ns
HUX 8ukoHyemwcs pisnicme A-B=B-A_ fxwo s ya pienicmo ne euxomnyemocs, mo
Mampuyi Ha3uBaOMvbCsl HenepecmagHUMU.

Teopema 2. /[na mozo, wob mampuyi A i B Oyiu nepecmasHuMu, HeoOXiOHO,
wob 60HU OYIU KEAOPAMHUMU MAMPUYAMU OOHO20 | MO20 JHC NOPAOKYN .
» 3a ymoBOIO, MaTpuili A 1 B nepectaBHi. OTxke, ICHye iX 100yTOK A-B, a TOMY 3a
O3HAYCHHSIM MHOXEHHS MaTpUIlb, MAaTPULIA A TIOBHMHHA MAaTH PO3MIPHICTH MHaN, a
MaTpulsl B — PO3MIPHICTh NHaP. AJie K ICHye 1 MaTpuus B-A. A TOMY, KUIbKICTb

CTOBIMIIIB MAaTPUIll B TMOBHHHO CITIBIIAJIaTU 3 KUIBKICTIO PSJKIB MaTpuili A. Mu
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JIOBEJH, 10 p—m. 1O/l 32 TUM K€ O3HAYCHHSIM MHOXEHHSI MaTPHUIlb, MATPHUIIS A- B
Ma€ pPO3MIpHICTH m Ham, TOOTO MOPSAOKM, a MATPUIA B-A Ma€ MOPSIOK n.
OCKITBKH A-B=B-A , TO MaTpulll A-B 1 B- A TIOBUHHI MAaTH OJIHAKOB1 PO3MIPHOCTI.
3B1/ICH BUILJIMBAE, 110 m=n, & TOMY MaTpULl A 1 B MAalOTh OJUH 1 TOH K€ MOPSJIOK n.
<

3ayeasricennn. Cnisnaoanms nopsaokie KeaopamHux mampuyb A 1 BHe €

00CMAmMHbBOI0 YMOBO0I0 011 MO20, oo yi mampuyi 6y1u nepecmasHuMu.

Bracmueocmi onepauii mHodceHHA mampuyp

Hexau o— Oiticne uucno, A, B, C, D maxi mampuyi, wo IiCHYIOMb Mampuyi
xoua 6 6 00Hil 3 yacmuH HasedeHux pisHocmetl. ToOi BUKOHYIOMbCA
1) (A-B)-C=A-(B-C) — acoyiamusnicmo MHONCEHHSL,
2) (A+B)-C=A-C+B-C; D-(A+B)=D-A+D-C — niguti i npasuii oucmpubymuemi
3AKOHU MHOMNCEHHSL BIOHOCHO 000ABAHHA MAMPUYb,
3) a(AB) =(aA)B = A(aB) — acoyiamusnicms;
[Ipu noBeneHHSIX YMOB OyAeMO BBaXKaTH, 110 ICHYIOTh MATPHIll B JIIBUX YaCTHHAX
HaBeJeHUX piBHOCTEH. CaMOCTIMHO JOBEITh III TBEPJKEHHS, BBaXKAIOYH, IO
ICHYIOTh MAaTpHIll B iX MpaBUX YacTHHaAX. Temep mepeieMo Oe3mocepeaHbo [0
JOBEICHHS KOYKHOI 3 IIMX BJIACTUBOCTEH.
» 1) Hexaii matpuust (A-B)-C icHye 1 mae po3MmipHICT, mHagq. Lle o3Havae, 1o
ICHYIOTh MaTpHIll A-B 1 C, IPUYOMY 32 O3HAYECHHSIM MHOKEHHS MATPHUIlb MaTPHILSL
A-B TIOBUHHA MaTH PO3MIPHICTh MHA p, @ MATpUld C— PO3MIPHICTh pHA g. 3a TUM
K€ O3HAUCHHSM MATPHUIlI A TOBHHHA MaTH PO3MIPHICTH mHan, a MAaTPUISd B —
PO3MIPHICTh nHA p. Toai MaTpuill B-C ICHYE 1 Ma€ PO3MIPHICTh n Ha q. 3BIACH
BUILTMBAE, 1110 MaTpuIls A-(B-C)icHye i Tex Mae po3MipHICTh M Ha (.
BBeneMo mo3HadyeHHsA: G=AB, H=GC, U=BC, V=AU. Mu goBeau, 110 KOJH
MaTpullsl U ICHY€E, TO ICHY€ 1 MaTpullsl V, MPUUOMY Il MATPUIll MAIOTh OJHAKOBI
PO3MIPHOCTI. 3aJIMIIAIIOCH JIOBECTH, IO JUIA AOBUIBHUX 1=12...m, 1=12..q

BUKOHYETBLCA h, =V, .

18



3a O3HAYCHHAM MHOKCHHA MATPUIb Ma€EMO!
n p p n
gikzzaij'bjk ) hi|:Zgik'cmZZ(Zaij'bjk)'Ckl-
j=1 k=1 k=1 j=1

3 iHII0TO OOKY

p n n P
Ui =ijk Gy Vy =D @y Uy =D '[Zbik 'Cklj.
k=1 j=1 j=1 k=1

MHOXHUK, 110 HE 3aJIKUTh BiJ 1HAEKCY MiJICYMOBYBAaHHS, MO>KHA BHOCUTH IIiJ1 3HAK

cyMd. Y BuUpa3l eneMeHTa h, MHOXHHUK ¢, HE 3aJeXUTh B 1HIEKCY
iJICYMOBYBaHHSI |BHYTPIIIHBOT CyMH. AHAJIOTIYHO, ¥ BUpa3i €IEMEHTa v, MHOXKHUK

a; HE 3aJEKMTh BiJl iHAEKCY MiJCyMOBYBaHHS KBHYTpilIHBOI CymH. A ToMYy,

p n n p
hy=D_> a;-by-Cyr vy =D > a;-by-Cy, hy=v, IIg JoBUIBHHX i=12.m, 1=12,.q.

k=L j=1 =1 k=L

Otxe, U =V.

2) JloBenemo pyry 3 HaBEIEHUX Y BJIACTHBOCTIPIBHOCTEW, BBAXKAIOUH, 1110 MATPULIS
D-(A+B) icnye. Ilepury piBHICTb 10BEITh CAMOCTIHHO.

3a 03HAaYEHHSMHU MHOXEHHS Ta JOJaBaHHsS MaTpHUllb, MAaTPULlE D TOBHHHA MaTu
PO3MIPHICTh MHA N, a MaTPULll A Ta B— OJHAKOBI po3mipHOCTI NHa P. Toal maTtpuii
D-A 1 D-B MalOTh OJHAKOBI pO3MIPHOCTI M HaP, a TOMY ICHYE iX cymMa D-A+D-B,
MIPUYOMY BOHA MA€ Ty 5K PO3MIPHICTb M Hap.

BBenemo mo3HaueHHI:G=A+B, H=D-G, U=D-A, V=D-B, W=U+V. Mnu
JOBEIW, IO MaTpullli H 1 W MawTh OJHAKOBY mnoOymaoBy. JloBememo, 1110
CHIBIAAAIOTh BCl iX BIANOBIAHI €IEMEHTH: h, =w,, UIS AOBUIBHUX 1=12,.,m,

k=12,..,p.Maemo:
Oy =ay +by- My =2y 0y =3 dy- (A +by) =3 (dy -y +dyp ) =3 dy-ay + 3 dy by .
j=1 j=1 j=1 =t =1
3 iHmoro OOKy, u, = Zdij Ay Vik = zdij Py Wy =Uy v =hy A JIOBUTBHHUX
[ -1

i=12,..m, j=12,.p.
3) Bynemo BBaxkatw, mo Matpuils «-(AB) icHye, a Tomy icHye 1 maTpuist AB. OTxe,

HeXal MaTpUIll A Ma€e PO3MIPHICTH MHA N , a MaTpUIlsl B— PO3MIPHICTH NHa P. 3a
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O3HAYCHHSIM oOImeparii MHOXXEHHS MaTpuill Ha 4Yucio, marpuisg «-(A-B) wMae

po3MipHicTh Mua pP. Jlerko mepeBipuTH, MO ICHYIOTH 1 MalOTh Ty X MOOYIOBY

matpulii (eA)B 1 A(eB). JloBeaemo, 1110 1 BIJMOBIIHI €JIEMEHTH ITUX TPhOX MaTPHUIIb

CIIBIIAAAIOTh.

Baegemo IMO3HAYCHHS: U =a(AB), V =(ah)B, W = A(aB) . Toni

U :a.(znl“aij .bij:an:a.a” b, =Zn1“(a-aij)-bjk =Zn1:aij -(a-bjk). 3BiICKM BHIHO, IO
= = = =

U, =V, =W, , JUIs TOBUIbHUX 1=12,...m, k=12,..,p.

3ayeasicennsn. Onepayis MHONCEHH MAMPUYb HE KOMYMAaAMuseHa.

§ 1.1.6. TpancnioHyBaHHSI MATpHII
Onmneparrisi TpaHCIIOHYBaHHSI MAaTPUIll TAKOXK BIJPI3HAETHCA BiJ] MOMEPEIHIX ONepariini
THUM, 1110 BOHA JIiI€ HE Ha JIBa, @ HA OAUH 00’€KT, TOOTO € He OIHAPHOIO, a YHAPHOIO
anreOpaidHoI0 OIeparli€ro.
Osnauennsn 16.Mampuys B Ha3u8acmvcs mMpaHCNOHOBAHOK 00 MAMPUYi A, AKULO

Ix enemenmu noe ’sA3aMi pIGHICMIOb. =a. Ol O008LILHO20 i=1 2,..m, j=1 2,..n.
ji ij ] l L] J ] L] l

Martputis, TpaHCIIOHOBaHA 0 MaTPHUIll A, TIO3HAYAETHCS A .

OcCKUIBbKY TIEPIINIA 1HAEKC eJIeMEHTa BKa3ye HOMEp HMOTro psjaka, a Jpyruil — HOMep
CTOBIILIS, TO MPH TPAHCIIOHYBaHHI KOKHUM PSJIOK MATPULl A CTa€ CTOBILIEM 3 TUM
K€ HOMEPOM TPaHCIIOHOBAaHOI MaTpuill A’ . BilMOBIAHO KOKHUN CTOBIICIb MAaTPHII
A CTa€ PAIKOM MAaTpuill A'3 THM ke HOMepoM. [Ipu 1boMy MIHSIFOTBCS MICISIMU 1
BUMIpU MaTpullb. T00TO, SKIIO MaTpHUls A PO3MIPHOCTI MXN, TO MaTpuis A’

PO3MIpHOCTI NXM.

Hanpukinan, Ko MaTpuns A=| — , TO.i AT =

A N w
A~ 00N

~» © O
5N -
A A B b
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Baacmueocmi onepauii mpancnonysanua mampuuyi

s 0osinbHoeo Oilicno2o yucia o i 0Y0b-AKUX mampuyb A I B GIONOBIOHUX
PpOo3MipHOCmell 0I5l iICHY8AHHA CYMU MA 000YMKY GUKOHYEMbCA:
1) (A =A;
2) (A+B)' =A" +B;
3) (A-B)'=A"-B';
4) (aA) = oA :
5) (A-B)' =BT - A"

JloBenemo BrnacTuBicTh 5). BaactuBocTi 1)-4) 1oBemiTh CaMOCTIHHO.

.
» 5) Hexaii maTpuiis (AB) icHye 1 Mae po3MmipHicTh pxm. Toai maTpur A-BTakox
ICHye 1 3a O3HAQYEHHSIM TPAHCIOHOBAHOI MATpHULI Mae€ pO3MIpHICTH MxP. 3a
O3HAYCHHSM MHOXKCHHSI MaTPHIlb, MATPHUIE A Mae po3MipHICTh MXN, a MaTpuis B —
. . T . . T
po3mipHicTh NXP. Tenep BuaHO, mo MaTpulis B mae po3mipricTs pxN, MaTpuis A

.
— po3mipHicTs NXM, a Matpumi B' - A" i (AB) _ PO3MIPHICTH PXM.

JloBegeMo, 110 1X BIAIMOBIIHI €JIEMEHTH CITIBIIAIaf0Th.

.
Baenemo mosHauenns: G=AB H =(AB) ,U=B" V=A" W=B"-A"=U-V Toni
Oy :Zakj'bji hij =0 :iji'akj

= ) = . TyT BHKOpPHUCTaHO O3HA4YEHHS TPAHCIIOHOBAHOI

MaTpuIli Ta  KOMYTaTUBHICTb  MHOXEHHS  4uceld. 3 IHIIOTO  OOKy

V\’ikzzuij'vjkzzbji'akahik ) i1 k=12
L i- JUIS JOBUTBHUX ' =H&r P K=4e..M o

§ 1.1.7. Creninb MaTpuii
OCKUIbKM TpU MHOXKEHHI MaTpHIb OJHOTO 1 TOTO X MOPSAKY MH OTPUMYEMO
MaTpHIIl TOTO K MOPSAJKY, TO MOYKHA BBECTH n-WUU CTEMiHb KBAIPATHOI MaTPHIIl JJIs
OyIb-SIKOTO HATYPaJIbHOTO YUCIIA N .
O3nauennn 16.Hexaui A — xeadpamua mampuys. byoemo esasxcamu.

Al=A, A’=A-A,..., A"=A"1. A, 0e NeN.
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Baacmueocmi cmenena mampuui
s Oyov-axoi keadpamuoi mampuyi Al 008inbHux HamypanvHux uducen K|l
BUKOHYEMbCAL:
1) A A = Al AR = A
2) (Ak)l :(Al)k — A9
3)Axwo mampuyi A i B nepecmashi, mo (AB)* = A“.B.
[{i BiacTUBOCTI JIETKO OTPUMATH, BUKOPHCTOBYIOUM BJIACTUBICTH aCOIIATUBHOCTI
MHO>XEHHSI MaTpUIlb. 3BEPHITh yBary Ha Te, IO KOJIU MaTPUIll A 1 B HENEpPECTaBHI,
TO BJIACTHUBICTH 3) HE BUKOHYETHCH.
3aysarxcennn. byov-saki 0ea cmenens oouiei i mici oc mampuyi € nepecmagHuMu
Mampuysimu.
3ayBaXK€HHsI BUILJIMBAE 3 BJIACTUBOCTI 1) MHOXKEHHSI MaTPUIIb.

BBOJATh He TiNbKM HATypabHi CTENEHi JOBiNbHOI KBaJpaTHOI MATpHIi A. li
HYJIbOBHI CTEMIHb BBOJUTHCS 3a JIOMOMOTOK0 OJHIET 3 MAaTPULlb CHEHIAIBHOTO BUAY,
a came, OoIMHWYHOI Marpuill E, ssiky Mu posrisiHeMo Hmwkye. Big’eMmHi cremeHi
KBaJpaTHOI MaTpHUlll BBOJATH 3a JOMOMOTOI0 OOEpHEHOI Marpulll, ska Oyne

PO3NIAIa€ETHCA HHIKYC.

§ 1.1.8. OquauyHa MaTpuuUs

Y MHOXHMHI MaTpHIlb BHUIUISIOTH ITJIMHOXKHHU MAaTpPHIlh, SKI BOJOJIIOTH
JESKUMH CeU(pIYHUMU BIACTUBOCTSAMHU, a00 TAaKUX MATPHIlb, IO MOJETIIYIOTh
PO3B’sI3aHHS TUX YU IHIIMX KJIAClB TUMOBUX 3aAad. Tak, oquHUYHA MaTPUIIS BOJIOAIE
anreOpaidyHUMH BJIACTUBOCTAMHM, CXOKUMH 3 BJIACTHBOCTSIMHU umclia 1, yepe3 mio i
OTpUMaJa BIANOBIIHY Ha3BY.

O3nauennn 17. Oounuunoro mampuyero E Hazueaemvcs K6a0pamua Mampuys
nopsoky N, 6ci enemeHmu 20]106HOI Oia2oHani sKoi OopisHiotoms 1, a 6ci iHwi

enemenmu Oopienioroms ().
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Oounuuna mampuys Mae maxKuii 3a2aivHutl 6uo. E =

0O 0 .. 1
3aysaxncenna. J[na enemenmis oounuunoi mampuyi euxomyemocse; =1, €, =0,npu
i=j; 1, J=1 2,.,n.
Ha Bigminy Bix uncna 1 oMMHUYHMX MaTpUIb ICHYe O3y, BC1 BOHM MAlOTh Pi3H1
nopsanku. BkaxkeMo Ha ocHO8HY en1acmugicmb OTUHUIHUX MATPULLb.
Teopema 3.Icnye oounuuna mampuysa E, maxa, wo 011 0yOb-axoi mampuyi A
nops0Ky N UKOHYEMbCS PIBHICHb
A-E=E-A=A.
» Jlns icHyBaHHA AOOYTKY MaTpull E-A, NOTpIOHO B3ATH MaTpuIio EToro x
nopsAKy n, 1o 1 MaTpuils A.Criouatky J10BeieMo piBHICTh E-A=A. [l 3pydHOCTI

IO3HAYMMO MaTpulio E-A gepes B. [lns 3HAXOIKEHHS €IEMEHTa b; Bi3bMEMO i-Mii

PAIOK MaTpHIIi E i j-ui CTOBIIEIIb MaTpHIl A, Ma€eMo:
bj=€,-8;+€, 8,;+..+€-a;+..+€,-a,=€,-8;=8;, Ui JOBUIBHUX ij=12,.,n.
Martpuiist B=A. AHAJIOT1YHO MOKHA JTOBECTH, 10 A-E=A. 4

Teopema 4. Oounuuna mampuys nops0ky N €OuHa.

» €naunicTh iCHYBaHHS MaTpulll £ OyJIeMO JOBOJUTH METOJIOM BiJl CyPOTHBHOTO.
Hexaii icHytOTh JBI OJJMHUYHI MATpUIll MOPAJIKY N, mo3Hauumo ix Eil E,, E1#E;.3a
BJIACTUBICTIO OJIMHUYHOI MaTpuIll Maemo: E; = E; -E, = E>-OTpuMaiu CynepeyHiCTh,
TOMY Hallle IPUMYIIEHHS HE BIpHE, TEOpeMy J10Be/IeHO. 4

Takum 9uHOM, BITHOCHO MHOXCHHS, Yy MHOXXHHI MaTpPHUIlb OJMHWYHA MATpPHUI E
BIJIIrpa€ Ty K POJb, O 1 yuciao 1 y uyncnoBiit MHOkuHI. [1o aHanmorii 31 cTreneHsIMu
JTOBUIBHHUX 4YHCEeN JJIs Oyab-SKOi KBaJpaTHOI MAaTPHIll A 3a O3HAYCHHSIM BBaXKalOTh
A’ =E, ne E— onuHMYHA MaTpHUL TOrO XK MOPSAAKY, L0 1 MaTtpuus A.
3aysascenna./[ns mampuys, wo He € KGAOPAMHUMU, OOUHUYHOT MAMPUyi He ICHYE
(Maemo Ha yeasi, wo He ICHYE Mampuyi, KA B80JI00I€ OCHOBHOW GILACMUBICIIO

mampuyi E).
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JliificHo, Hexall 4 — MaTpuisl po3Mipy mxn 1 iCHye maTpuus E Taka, MO
BHUKOHYIOTBCSI YMOBH: A-E=E-A=A.

Axmo AE=A 1 Matpuns A po3MIpHOCTI mx N, TO PO3MIPHICTh MaTpulll £ CKilagae
nxn. Sxkmo EA=A, To po3mipHicTh MaTpulii E — mxm. Matpuiis E icHye TITbKU MIPH

yMOBI N=M, T006TO, MaTpulis £ TUIbKU KBaJpaTHa.

§ 1.1.9. Cxansipni MmaTpuui
PosristHeMo 1m1e oJiiH Ki1ac MaTpHIlh CIIEIiaTbHOTO BUTY.
O3nauennsa 18. Cransapnoro mampuyero HA3UBAEMbCS KEAOPAMHA MAMPUYS
nopsoKy N, ci elemenmu 20108HOI 0ia20HA AKOI OOPIGHIOMb 0OHOMY [ MOMY MHC

OIUCHOMY YUCTY «, A 8CI IHWI eleMeHmU OOPIBHIOIOMb HYIIO.

a 0
. . 0 o
CKa]l}lpHa mampuyst Mae maxkuu 3a2aibHuu 8uo: o -E =
0 0 .. «a

Jlerko OayuTH, 10 OJUHWUYHA Ta KBajJpaTHa HYJIbOBAa MATpPUIll € CKAIIPHUMHU.

CkansipHy MaTpUIl0 3 4YHCIOM ¢ Ha TOJIOBHIM JiaroHalli MOXKHAa OTPUMATH,

MMOMHOXUBIIIK OJWHUYHY MAaTPHUIIO BIAMOBIJHOIO MOPSJAKY Ha YUCIO «. Tomy

CKaJISIpHY MATPUIIIO 3 YUCIIOM ¢ Ha TOJIOBHIN JiaroHali Mo3Ha4yaTh «-E .
Bracmueocmi ckanaprux mampuuyp

Jlns 006inbHUX, OlliCHUX Yucen a i B, | HAaMypaibHO20 YUCIA N BUKOHYEMbCAL:
Da-A=(aE)A= A(cE), 0e A—006ibHA KEAOPAMHA MAMPUYSL,
2) (aE)" = aF ;
3) oE + fE = (a + P)E;
4) oF — E = (@~ P)E;
5) (cE)(/E) = (¢p)E;
6) (oE)" =«"E.
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Brnactuocrti 1) 1 5) BUIUIMBAIOTH 3 BIACTUBOCTI 3) MHOKEHHS MAaTPHIIh 1 TeOpeMu 2.
BrnacTtuBicTs 6) BUIUIMBA€E 3 BIACTUBOCTI 5). [HINI BIACTHBOCTI CKaJSPHUX MATPHUIb
BUIUIMBAIOTH 3 O3HAYCHB BIJIMOBIIHUX OIEparlii.

Brnactuicte 1) roBopuTh mpo Te, MO MHOXEHHS MaTpulli A Ha 4YHCIO «
PIBHOCHJIbHE MHOXXCHHIO I1€1 MaTpHIll 371iBa a00 crpaBa Ha CKaJsIpHY MaTPHIO 3
YHCJIOM ¢ Ha OJIOBHIM J1aroHalil.

Hlono muTaHHA MPO MEpPEecTaBHI MATPHIl, TO CKAISPHI MATPHUIl 1 TYyT BIAIrParOTh
BaXJIUBY poJib. Lle BUIHO 3 HACTYITHOI TE€OpeMH.

Teopema 5. /{na moeo, wob mampuys B Oyna nepecmasHoro 3 6y0b-AK0I0
mampuyero A nopsadky N HeobOXiOHO i docmamHbo, Wob B0HA OYIA CKAIAPHOIO
mampuyero moao # nopsoxy n.

» HeoOxignicte. Hexail maTpunsgs B mnepectaBHa 3 OyIb-IKOIO MaTpUICIO A
nopsinky N. OTxe, s maTpullb A Ta B BHUKOHYETbCsS pIBHICTH A-B=B-A. 3a
3ayBaKeHHsM 1.5 matpuusg B moBMHHA OyTHM KBaApaTHOIO, TOpsaky N. Jlus

NOBUILHMX (DIKCOBAHUX uMceni, j=1 2,.,n BBeIeMO MaTpuuio E;nopsaaky N, mis
AKOi €JIEMEHT €; =1, a BCl iHII €JIEMEHTH JOPIBHIOIOTH HyIo. Matpuui Buny E;
Ha3uBalOTh eneMeHTapuumu. Hexait martpuns C=B-E;, D=E;-B. Bcranosumo,

AKUW BHUJIl MarOTh 111 Matpuill. JloBUIbHUI eneMeHT c, MaTpuili C € CyMOIO BCiX

€JIeMEHTIB k-TO psaka MaTpuili B, MOMHOXKEHUX Ha BIAMOBIAHI €JIeMEHTH |-TO

CTOBIIIA MaTtpuil E.. Ane »x Bci cToBoiyd MaTtpuild E,
1]

i» KPIM ] -TO CTOBIILIS, HYJIbOBI.
Takum ynHOM, 1J1 €IeMeHTIB MaTpuili C Oye:

¢;#0,¢y=0, k=12,...,n, 1=12,.ml=j.
Haragaemo, mo TyT iHAeKC j (iKCOBaHUM. A TOMY €JIE€MEHTH BUIY C, YTBOPIOIOTbH

j -uii croBOens MaTpulll C. O6unciaumo 1i exemMeHTu. Maemo,

C..
N =by,-€;+b, € +.. by +..+b, e =D €

Taxum uunOM, C; =b, g NOBINBHUX k =12,..,n, IHAEKCH i1 j € (PIKCOBAaHUMM.

Otxe, j-uii croBmenb MaTpuilli C CIIBIAJAE 3 i-UM CTOBIIEM MaTpuIll B, pemira

CTOBMIIB MaTpuili C— HYJIbOBl. AHAJIOTIYHO, MOXXHA JOBECTH, IO i-UH PATOK
25



MaTpulli D cHiBmajgae 3 j-uUM pAOKOM MaTpulll B, a BCl 1HII 11 PSIIKH — HYJbOBI.
Orxe, d;=b; mia poBulbHHMX |=12...n, ingekcu i1 j— ¢ikcosani. Ingekc k €
OyAb-AKAM HaTypaJbHUM YHCIOM BiJ 1 10 N, ToMy Npuk =ioTpumaeMo: C;=b;.
Amajoriubo, moknasmm | = j, orpumaemo d; =b;. 3a ymosoro, matpuni C 1 D

CHIBMaJal0Th, C =D, OCKUIbKM MAaTpulld B mepecTtaBHa 3 OyAb-sIKOIO MaTPHUIIEIO
IOpAAKY N, B TOMY YUCHi 1 3 Marpunero E;. 3 03Ha4€HHs PIBHOCTI MaTPUIb MA€eMO:

ij o
Tenep noknagemo k =j orpumaemo ¢;=b;. 3 inmoro 60xy B MaTpuui D Bci

PAOKM, KpiM i-ro, HyIbOBI, a ToMy IpH i# jd; =0. OcKinbku 3HOBY Cj; =d;, TO

ji >
3BIJICH 3aKJII0YAEMO, IO IpH i = j Oyxe by =0.

AHaJIOriyH1 MipKyBaHHs CIPABENIMBI I OyAb-AKOi MaTpHLi E; N-ro mopsaxy.
Takyum 4MHOM, BCI €JIEMEHTH T'OJIOBHOI J1arOHaji MaTpulll B cCHiBmajaroTh, BCI 1HIII
€JIEMEHTH MaTpHIll B JOPIBHIOIOTH HYNIO . MU 0BEJH, 110 MaTpULld B cKaispHa.

HocraTHicTb. JloBenemo, 1mo Oynb-sfiKa CKaJspHa MaTpulsd «-E TOpSAKY n
MepecTaBHa 3 JOBUIBHOI MAaTPULECI0O A TOTO X MOPSAJKY. 3 TEOPEMH 2 1 BIACTUBOCTI

3) omeparlii MHOKEHHSI MaTpULlb Oye (oE)-A=a-(EA)=a-(AE) = A-(aE). 4

§ 1.1.10. EnemMeHTapHi IepeTBOPEHHA MATPHLI

Hexait A — noBUIbHA MaTpUI PO3MIPHOCTI mxn. Byns-skuil ii psaok, B3ATUN
OKpPEMO, MOXHa PO3MJISIIATH SK MATPHIIO PO3MIPHOCTI 1XN, a CTOBMYHK — SIK
Matpuio po3mipHocti Mxl. Tomy psiaku (CTOBIILI) MaTpUIll MOXXHA JOJABATH,
BIIHIMATH, & TaKOK MHOKHMTH Ha YKCJIa 3T1IHO O3HAYCHBb BIATIOBITHUX OMeEpariii Haj
MaTpUIISIMHU.

Oznauennna 19. Jlinitinoro komobinayicro psokie mampuyi A HA3UBAEMbCA
PAOOK, AKUL OOPIBHIOE CYMI OesiKUX psoKie mampuyi A, NOMHONCEHUX HA OOBILIbHI
Oitichi wucna. Lfi 4ucnosi MHONCHUKU HA3UBAOMbCA KoeiyicHmamu AiHItUHOL

KOMOIHayil.
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Yacrimie 3a Bce JMiHIMHY KOMOIHAIIO PSJIKIB MaTpulll A 3alUCyIOTh 3aMICTh
ACSIKOTO psiAKa Ti€l X MaTpuii A, OTPUMYIOYH HOBY (KaXyTh IEPETBOPEHY)
Marpuilio B. Bka3aHe nmepeTBOpeHHsS] CHMBOJIIUHO 3aITUCYIOTh Tak: A— B (200 A~B).
Haz cTpinodykoro CUMBOJIIYHO BKa3yIOTh JIIHIMHY KOMOIHALIIO PAIKIB MAaTPUIl A 1Te
MicILle, SIKE€ BOHA 3aiimMae B MaTpull B. BpaxoByrouMm Mo3HaueHHs PSAKIB MaTpUIll
1€ IEPETBOPEHHS MaTPULl CUMBOJIIYHO 3aMIUCYETHCS TaK:

ok +ak, 4.+ K, K .

B ocTanHbOMY 3ammci 31iBa 10 CTPUIOYKY BUMTUCAHA JIIHIHHA KOMOIHALIIS PSAIAKIB
MaTpuIll A 3 Koe]illleHTaMu «;,q,,...,a,,. BOHA 3alMUCY€TbCS 3aMICTh i-TO psjaKa
MaTpuili A, TaKuM YUHOM OTpUMaeMo maTpuiio B. BigmiTuMo, 1mo He Bci
Koe(ilieHTH JiHIMHOT KOMOIHAIll MOBUHHI OyTH BIJMIHHI BiJl HYJS. AHQJIOTIYHO

BBOJIATHCS JIIHIMHI KOMOIHALli CTOBIILIB MATpPUIl 1 MEPETBOPEHHS MAaTpHIl 3a iX

JOIIOMOTI'O10.
Hanpuknan :
2 1 0 -3 2 1 0 -3
5 7 -2 4|—uteteol 122 27 14 13| 2%
-1 0 3 3 -1 0 3 3

2 1 2 -3
-22 27 -50 -13
-1 0 -7 3

3a3Buuai, Mpu Mnepexojii BiJ OJHI€T MATPHUINl A0 1HIIOI OJpa3y BUKOHYIOTh HE
OJlHE, a JIeKilbKa MepeTBOPEHb. 1X 3IIHCHIOITH IS OTPHUMAHHS SKOMOTa OiNbIIOT
KUIBKOCT1 HYJI1B Ha TOTPIOHOMY MICIIl Y MaTpHIL.

Bci nepeTBOpeHHS MaTpHIlh 3BOJIATH 10 TPHOX HAMMPOCTIIINX, SIKI 1 HA3UBAIOTh
eJIeMEHTapHUMH TTIEPETBOPCHHAMHI MATPHIII.

O3nauenna 20. EnemenmapHum nepemeopeHHsIM mampuyi  1-e0  pooy

HA3UBAEMbCSL MHONCEHHSL 0€sK020 PAOKA Mampuyi Ha OiticHe Yucio o #0.

Enemenmapnum nepemeopenuam mampuyi 2-20  poody HA3UBAEMbCSL
000a8aHHsl 00 00HO20 PAOKA Mampuyi IHUO020 ii PAOKA, NOMHONCEHO20 HA OesKe

OllICHe YUCI0.
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Enemenmapnum nepemeopennsm mampuyi 3-20 pooy HA3UBAEMbCS NepeMIiHa
MICYAMUOBOX PAOKIE MAMPUYL.

EnemenTtapHue nepeTBopeHHs 1-ro poiy Haja psAKaMyd MaTpHIll CUMBOJIYHO
MMO3HAYAIOTh TaK: o -k, — k. . [Ipy miboMYy i-Hif pATIOK MAaTPHUIll TOMHOXKHUTBCS HA YUCIIO
a , a THII PAJIKA HE 3MIHATHCS.

EnemenTtapHe mnepeTBOpeHHs 2-TO pOAYy HaJl pAAKAMH MATPHUIIl CHMBOJIYHO
MO3HAYAIOTh TaK: K +ak; —k;. [Tpu 1bOMY 110 i-TO psiiKa MaTPHIN JOJAETHCS ii J-Hid
PAJIOK, TIOMHOXXCHHH Ha YHUCIO ¢ . [HINI PSOKM  MaTpHil, BKIOYHO 3 J-MM, HE
3MIHSATBCH.

EnemenTtapne mneperBopeHHs 3-TO pojy HajA psJIKaMU MaTpHUIll CHMBOJIYHO
NO3HAYal0Th Tak: k; —>k;,k; >k;. IIpy mpoMy 3po3ymino, mo i-uii Ta j-uil psagku
MIHSIOTBCSL MICIISIMH, a 1HII PSAJIKK 3aJIMIIAIOThCS Ha CBOiX Miciax. [Ipu mepexoi
B1J1 OJIHIET MATPHUIIl JI0 1HIIOI YaCTilIe 32 BCE BUKOHYIOTHCS JEKiIbKa MEPETBOPEHD 3

METOI0 HaJaTH MOTPIOHUI BUTJIA OJTHOMY 31 CTOBIIIIIB MaTPHIII.

-2 91 ks =k 12 2 k,—3k;—k: 1 2 2
Hanpuxnmag:| 3 5 7|—%2 5| 3 5 7| Kok 510 1 1| terl¥eok |
1 2 2 -2 9 11 0 13 15
1 2 2 12 2
(~1)ky—>k,
0 —1 1|__Y2Bkok 0 1 -1l
0 0 28 00 1

AHanoriyHo BBOJASATH €JIEMEHTAPHI IEPETBOPEHHS 1 HAJl CTOBIISIMUA MATPUILIL.
§ 1.1.11. 3Bepennss MmaTpuui 10 TpanewieBUIHOI opmu
Teopema 6. byov-sxy mampuyio 3a 00NOMO2010 NepeMiHU MICYAMU i CTMOBNYis,
a maxkodc eneMeHmapHux nepemeopeHb HaAo ii pAOKAMU MOJICHA 36ecmu 00

mpaneyiec8uonoi popmu.

» Hexaii nana qoBUIbHA HEHYJIHOBA MATPUIIST A PO3MIPHOCTI MXN
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Ay 3y ... A

a a

m2 mn

Minsitoun MicisIMH 1i psAAKY, a IPU MOTPeOl 1 CTOBIILII, 3 HEl MOXKHA OTPUMATH
MaTpuLl0 B, Taky mo enemMeHT b, =0. Bignimemo Bif ii apyroro psjaka nepuini
PAZIOK, TOMHOKEHHUI Ha yucio b,,/b . Jlerko nepeBiputH, 110 B OTpUMaHIA MaTpHIIi
NEepIIUNA €JEeMEHT JAPYTroro psjika IOPIBHIOE HYIIO. AHAJOTIYHO MOCTYMHUMO 1 3
IHIMMHA psakamMu. ToOTO BHUKOHAEMO B MaTpHIll B eleMEHTapHI MEepeTBOPEHHS
JIPYroro poiy, skl CHMBOJIIYHO MO3HA4yarThCcs Tak:k —b, /b, -k —k ,ae i=2,3,...,m,
IIPH 1IbOMY BiJ i-TO psi/iKa MaTpHUIll B MM BITHIMEMO ii EPIINAN PSIOK, TOMHOKCHHUM
Ha yucio b,/b,. Ilpu oMy 3MIHATBCS BCl PAJIKM MATpUlll B, Kl MOYHMHAIUCH 3
HEHYJIbOBOTO ejieMeHTa. He3MIHHUM 3aJIMIINTBCS TAaKOX 1 NEPIIU PsIOK MaTpHUIll
B. OTpuMaeMo MaTpuio C, BCl €JIEMEHTU MEPUIOro CTOBMIA SKOi, KPIM MEPIIOTO

eJIeMeHTa, IOPIBHIOIOTH HYJIIO, 1 ¢, =h, .

Cll C12 ClS Cln

0 ¢, Cp .. Gy

C=| 0 ¢ Gy .. Cg
0 c, C C

m2 m3 mn

byaemo BBaxkatu, 1mo B MaTpulll C HEHYJIbOBI €JIEMEHTU € HE TUIbKU B
nepIoMy psAJIKy, 1HaKIIIe BOHA BxKe TpanerieBuaHa. He pyxaroun nepiioro psaka i
MEPIIOro CTOBMI, IOMIHAEMO MICISIMU 1HII PSAKKA ab0 CTOBMI MaTtpuli C Tak,
00 B OTpUMaHii Matpuill D eneMeHT d,, HEe JOPIBHIOBAB HYJ0. Bix BCix psaKiB
MaTpuIll D, MOYMHAIOYH 3 TPETHOTO BIAHIMEMO ii IPYTUil PSAIOK, TOMHOKEHUN HA
gucno d,/d,,, i=3,4,...m. B oTpumaniii maTpuill BCi pPSIKH, TOYHHAIOYHA 3
TPEThOro, OyayTh MOYMHATUCH JABOMA HyJsMu. [lepun nBa psiaku matpumi D
OynyTh TaKUMH XK, K 1 B MaTpuiiC . [Ipogosxkyroun gaii mpouec, OTpUMaEMO 3

PEIITOIOT panelieBUIHyMaTPHITO. 4
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Ha mpaxTuiil 3BeieHH MaTpUIll JO TpanelieBUaAHOT GOpMH, TIO CYTi, TOBTOPIOE

e JO0BCACHHA.

Hampuxian:

13 0 -1 1 3 0 -1 1 30 -1
2 4 5 2|_kSkoks 1 2 5 4| Kok ) 2 5 4
5 11 10 3 0 -4 10 8 0 00 O

Yacrime 3a Bce, HyJIbOBI PSAAKMA B TpPANELi€BUIHIA MaTpPHIll BHKPECIIOIOTH,
OCKIJIbKM BOHU HE JOTIOMAraroTh MPHU PO3B’S3aHHI 33/lady. 3 OCTAHHbOI'O MPUKIATY
BHJTHO, 1110 KOJIM B TPAIEIIEBUAHIN MaTPHIIl ACKiIbKa PSAAKIB MPOMOPIIiifHI, TO BCI iX,
KpIM OJHOTO MOKHa BHKPECIHTH, TOMY IO iX MOKHa 3pOOUTH HYIh0BUMHU. [Ipu
[[bOMY €JIEMEHTapH1 NMEPETBOPEHHS, 3aBISKUA SIKUM DPSIIKA BUKPECITIOIOTHCS, MOXKHA
HE BKa3yBaTH.

Osnauenns 21. /[sa psoxku (cmoenyi) mampuyi HA3u8arOMbCs NPONOPYIUHUMU,
AKWO OOUH 3 HUX MOJNCHA OMPUMAMU 3 THUO20 MHOMNCEHHAM HA O08ilbHE OlliCHe
HEeHYb08e YUCIIO.

3BeJICHHS MaTPHUIIi A0 TpamnelieBuaHo1 (OpMH MOJETTIYE PO3B’sI3aHH 0araThox
3a/1a4, 30KpeMa 1 po3B’sA3aHHs CUCTEM JIIHIMHUX PIBHSHb.

§ 1.1.12. O6epHena maTpuus

SAx Mu 3HAEMO, BIACTUBOCTSIMU, AaHAJIOTIYHUMU BJIACTHUBOCTSIM unciia 1 y Oy/b-
AKIA YMCTIOBIA MHOXHUHI, Y MHOXHUHI BCIX MaTpHIlb MOPSAKY n, BOJIOAIE OJMHUYHA
MaTpHUIlsl E TOTO X MOPSAKY n. Haramaemo, mo Bci €IeMEHTH TOJIOBHOI JliaroHai
OJIMHUYHOI MaTpHIll JIOPIBHIOWOTH 1, a Bci 1HIN ii €JIEeMEHTH OAWHUYHOI MAaTpHIIl
OpiBHIOOTH 0.

k1110 9ncno a0, TO 0 HHOTO iICHY€ 0OOEpHEHE YHCIIO, SIKE MO3HAYAETHCA K a
4 1 .. .
, TpHYOMY a’=-. Jlns BBeleHHS OOCpHEHOI MATpHIIl MOKHA BHKOPHCTATH
TBEP/KEHHS, aHAJOTIYHE TOMY, HIO0 JOOYTOK YHClIa a Ta OOEPHEHOro A0 HBOTO
4ucia, J0PIBHIOE 1.

Oznauennna 22. Obepuenoro mampuyero 00 Mampuyi  n-20 HOPOKY A

HA3UBAEMBCA MAMPUYA, SIKA NO3HAYAEMbCA A_l, npuiyomy ons yux mampuyo NOBUHHI
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BUKOHYy8amucv pignocmi: A-A'=A"-A=E, Oe E— 00OUHUYHA MAMPUYs NOPAOKY
n.

OcCkinpKy ormeparlisi MHOXKEHHS MaTpHUIlb HE KOMYTAaTHBHA, TO CYTTEBUMH €
oOuIBa MOPSAKHU 3aITUCY MHOKHUKIB. 3 TOTO (DaKTy, 1110 MaTpUIll Al A'TiepecTaBHi 3a
03HAYCHHSM, BUIUIMBAE, 1110 BOHU OOW/IB1 TOBUHHI OYTH OJHOTO 1 TOTO X MOPSIKY n .
OTtxe, oOepHEHA MaTPHIS iICHY€E TITBKH IS KBAAPATHOI MAaTpHIll A, MPUIOMY BOHA
MOBUHHA MaTH TOH XK€ MOPSAOK, 110 1 MaTpuist A. [li3HilIe Mu nepekoHaeEMOCH, 110
HE BC1 MaTPHIll BOJIOIIOTh OOEPHEHUMH MATPUIIMH.

O3nauennsn 23. Mampuys A, sAKka mae obepHeHy Mampuyio, HA3UBAEMbCA
000pPOMHOI0.

Teopema 7. Arxwo mampuys A obopomua, mo icHye €Ouna obepHeHa Mampuys 00
mampuyi A.

» JloBoauThCS METOJIOM Bij cynpoTuBHOro. Hexai matpuiist A 060poTHa 1 Mae
7Bl 00EpHEHUX MATPHIIL, SIKi TTO3HAYUMO SIK Al'l Ta Ag'l. Maemo:

A=A E=AT A AH) = (A A) AT =E - Ayt = Ayt Mu otpumann, mo
MaTpHIll piBHI, TOOTO OOEpPHEHA MATPUIIA, SKIIO BOHA ICHYE, €11HA. 4

[ToOyayBaT 00€pHEHY MATPHIIO JO MATPHIl A 32 LIEI0 CXEMOK HEMOKIIMBO,
OCKIJIbKM OTeparlisi AUICHHS] MaTPULIb HE BBOJIUTHCS.

OCHOBHOIO METOIO IIOTO MYHKTY € 3HaXO/DKEHHS CrIoco0y Mo0ya0BH 00EpHEHOT
Matpuill 10 Marpuili A. [loOynyBatu oOE€pHEHY MATPHUIIO O MaTPHUIll AMOXKHA
JEKUTbKOMa Croco0aMu, B I[bOMY PO3IUIL MH PO3IVITHEMO CHOCIO eleMeHmAapHux
nepemeopets s Mo0y10BU 00EPHEHOT MaTPHIIL.

Omnuiemo 1ei crnocid kpaTko, 6€3 TEOPETUIHUX JI0BE/ICHb.

JInst 3HAXOHKCHHST OOCpPHEHOI MaTpuIli A™ i JaHOi KBaJpaTHOI MaTpHINl A
HEOOXI1THO:

1) sammcatm martpuiio Buay (A|E), me E — OXMHMYHA MaTpUUs Till Ke

PO3MIPHOCTI, IO 1 MATPHUIISI A

31



2) eNeMEHTAapHUMHU TIEPETBOPCHHSMHU PSAIKIB 3BOJUMO MATPHUIIO A [0
OJIMHUYHOI MaTpHIll E, TOJl 32 BEPTHUKAIBHOIO JIIHIEI0 OyAe 3HAXOIUTHUCH

nrykaHa mMaTpuns A,

. 2 8
Ilpuknao 5. 3naiitu o0epHEHY MATPULIIO 111 MATPUIL A= [1 3}.

3anuieMo Matpuilro Buay (A|E), 1e E — onuHUYHA MaTpHIis. EneMeHTapHUMH
MEePETBOPEHHSAMH PSI/IKIB 3BEIEMO MATPUII0 A J0 OJMHUYHOI MaTpuill E, Tomai 3a
BEPTUKAIILHOIO JIHI€I0 0y/1€ 3HAXOAUTUCH MATpHIsT A,

[2 g1 0

130 1) " [npyruit psagox nomHONwITH Ha 2]~

x2

BiJ IpyToropsaka

2 81 0y |0 ]
2 60 2 ~ | BITHIMAEMO TIEP UK P SIOK,PE3yJIbTAT| ~
(2-@) 3aIMCy €MO Y Ipy THIP 110K

(2 8|1 Oj
prFPH/I pSIJIOK TIOMHOXKHIIA Ha 4]

o
|
N
R
N

2 0|-3 8
0 -8-4 8

{;{0 IIep LIOT'O P siIKa JOAATIN AP Y THIP s110K, P CSYJ'IBTaT:|

3aIMcaIn y Nep KK P 510K

0O -8-4 8 JIP Y THHAP 51TOK ITOTUTFITA Ha (- 8)

3
= 4
-3 8
,Tomi At=| 2 _1 .
140 21 -2
2

(2 8|1 O] TIep I P 51 TOK TOIUTHITH Ha 2
(-8)

[lepesipka :

AA71_281—3 8
1 3)2l1 =2

L[ Eaee 2eeet siJ 3 oo 2
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KoHnTposbHi 3antuTaHHs
1. Jlaiite o3HaueHHs MAaTpHUIll PO3MIpHOCTI mxn. BummimiTe ii 3aranpHuil BUI Ta
HaBEIITh JACKUJIbKA MIPUKJIIAJIIB MATPHUIh PI3HUX PO3ZMIPHOCTEH.
2. CKiUTbKM CTOBIIIIB Ma€ MAaTpHUIll po3MipHOCTI 3X5? CKUIBKH €JIEMEHTIB Mae
KOJKEH 3 11 CTOBILIB?
3. CKIIbKM 1HJICKCIB Ma€ €JIEMEHT JOBLIbHOI MaTpuIll? Skuit 3 1HAEKCiB BKa3zye Ha
HOMED psAZIKa, a SKUK Ha HOMEp CTOBIIISI MATpPHIIl, HA TIEPETHHI STKUX 3HAXOIUTHCS
€JIEMEHT?
4. Uum BiZpi3HSIETHCS KBaJpaTHA MATPHII BiJ TPSIMOKYTHOI? J[s SKMX MaTpuIlh
BUKOPHUCTOBYETHCS TIOHSTTS TIOPSAIOK MATPHIIi, IO BOHO O3HAYAE?
5. CKITbKH €JIEMEHTIB MICTUTh MaTpHUIls: a) po3MipHOCTI 7x3; 0) po3mipHOCTI MXN;
B)ITOPSIIKY 87
6. JlaiitTe o3HaYeHHsS TOJOBHOI Ta MOOIYHOI JiaroHajel KBaJapaTHOI MAaTpPHIIL.
HageniTe npukitag kBagpaTHOT MAaTPHIll Ta Ha3BITh il JlarOHAI.
7. 1llo moxkHa cKa3aTH MPO IHACKCH €JIEMEHTIB TOJIOBHOI JiaroHali Oyab-sKOi
KBaJPaTHOT MaTPHIIi?
8. SIk1 MaTpull HA3UBAIOTHCS PIBHUMH?SKI TBEpIKEHHS MOTPIOHO JOBOIAUTH IJIA
BCTAHOBJICHHS PIBHOCTI MaTPHIIh?
9. JlaliTe o3Ha4YCHHS CyMH JIBOX MaTpHIlb, HaBeaiTh npukiamu. CdopmymroiiTe Ta
JIOBEJIITh BJIACTUBOCTI JJOJIaBAHHS IBOX MATPHIIb.
10. fxa maTpuilsi Ha3MBa€ThCA HYIHOBOIO? CKUIBKK ICHYE HYJIBOBUX MATPHILh?
Hagenith npukiiagy pi3HUX HYJIbOBUX MAaTPHULIb.
11. o Take mpoTwiexHa maTpuls 10 Matpuul A? Sk ii orpumatu? Hasemith
MPUKIIAIH.
12. JloBeniTh METOJIOM B1J] CYMPOTUBHOTO, 1110 MAaTPUIS, IPOTUIIEKHA 10 MATPUILIl A,
€IMHA.
13. 3anumnTh KOMYTaTUBHUN Ta AacoOILlaTMBHUN 3aKOHHW oOIepallii J0JaBaHHS

MaTpuilb. Y1 NOMIUPIOIOTHCS BOHU Ha OyAb-sKY KUIbKICTh MaTPUILb?
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14. [laiiTe o3Ha4yeHHs PI3HUII ABOX MaTpHIlb. SIKi BIACTUBOCTI IIi€i omeparii?
Hagenite npukiagu.
15. Yu icaye cyma (pi3HUIISA) IBOX JOBUIBHUX MaTpHUIlh?
16. Ax momMHOXWTH MaTpuillo Ha yucio? HaBemite mpukiagu Tta chopmysroinTe
BJIACTUBOCTI 1€l omepaiii. JloBemiTh KOXHY 3 HHX. 3rajaiTe Ha3BH IIHUX
BJIACTUBOCTEM.
17. Illo po3yMiroTh mij omepariiero TpancnonyBanus matpumri?  Chopmymroiite Ta
JIOBEJIITh BJIACTUBOCTI 111€1 orepartii.
18. Yu cmiBmagamTh: a) PO3MIPHOCTI TPAHCIIOHOBAHWX MAaTpHIlb, ©) MOPSAKH
TPAHCIIOHOBAHUX MaTpPUIIb?
19. [aiiTe o3HaueHHA AOOYTKY JABOX MaTpullb. UM MOXKHA TEPEMHOXKHUTH JBI
noBUIbHI Matpuui? Bunumite (opmyiy st 0oOYMCIEHHS TOBLIBHOTO €JIE€MEHTa
TO0OYTKY JIBOX MaTPHIIb.
20. HaBenith npukiaau MaTpUilb A Ta B, TAKUX 1110

a) MOOYTKH A-B Ta B-A HE ICHYIOTb;

0) 100yTOK B- AICHYE, A-B HE ICHYE:

B) 10OYTKU A-B, B-A ICHYIOTh. Yu € HaBe[eH1 BaMU MaTpULl IEPECTABHUMU?
21. Yu koMyTaTUBHA Omeparlisi MHOKEHHSI MaTPHUIIb?
22. Slka HeoOXxigHa yMOBa MOBUHHA BUKOHYBATHUCH JUIsl TOTO, 100 JIBI MaTpHIll OyJIu

nepectaBHUMU?YH € 1151 yMOBa 1O0CTaTHHOO?

23. Hexaii maTpuus A= (a

bj . O0UHnCITITEA®.
c d

24. HaBeniTh BJACTUBOCTI ONEpaLii MHOKEHHSI MaTpUIb Ta JOBEAITh KOXKHY 3 HHX
CaMOCTIIfHO, TIPM YMOBIi, IO ICHYIOTh MAaTpHIll 3 TPABUX YACTUH HABEJCHUX
PIBHOCTEH.

25. HaBenith O3HAYCHHS HATYpPaJIbHOTO CTEMEHs KBaJpaTHOI MaTpuiii. Ski HOro
BJIACTUBOCTI? 3 SIKOT BIIACTHBOCTI OTepallii MHOKCHHSI MaTPUIlh BOHW BUTUIUBAIOTH?

26. Uu nepecTaBHi JiBa CTEICHsI OJIHIET 1 Ti€T )X MATPUIL?
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27. Slkuil 3aranpHUl BUJA MarOTh MaTpUIll: a)HYJbOBa; 0)ONWHUYHA;, B) CKAJISIpHA;
r)eIEeMEHTAapHA;  J)JlaroHajbHA;  €)BEPXHBOTPUKYTHA,  K)HIKHBOTPUKYTHA;
3)TpanenieBuaHa? HaBeaiTh NpuKiIaan KOKHOTO 3 IIMX TUITIB MAaTPHIIb.

28. Ski 3 mepepaxoBaHUX Yy TMOMEPEIHBOMY MUTAaHHI MaTpPUIb HaJIeXaTh [0
MHOXXHHH KBaJI[paTHUX MAaTPUIL?

29. SIxa MaTpHIIs € HYJIbOBUM CTEIIEHEM JOBUIBHOI KBaAPATHOT MATPHILi?

30. Ckinpku iIcCHYy€ OTMHUYHUX MaTpullb? HaBeaiTs mpukiagm.

31. SIkor0 OCHOBHOIO BJACTHUBICTIO BOJIOJIE€ OJMHHUYHA Matrpuilsd. JloBemiTh 110
BJIACTHUBICTb.

32. Yu € ckanspHOO Oy/ab-sIKa HYJIbOBA MATpULA?

33. Slkuii THI MaTUME MaTpPULIS, TPAHCIIOHOBAHA J0 BEPXHbOTPUKYTHOI?

34. Yu € TpaneuieBUIHO HUKHbOTPUKYTHA MaTPULIS?

35. Sk BBOAATHCS JIHIMHI KOMOIHAIIT PAJIKIB 1 CTOBHINB MaTpuli? Sk B JMiHINAHIN
KOMOiHaIlli Ha3WBaIOTHCS YMCIIOBI MHOKHUKH. HaBeniTh mpuKIagu.

36. JlaiiTe 03HauYEHHS €JEMEHTAapHUX MEePEeTBOpPEHb Marpulil. HaBeniTh npukiiaau
€JIEMEHTapHUX NEPETBOPEHD PSIJIKIB Ta CTOBIIIB MaTPULI.

35. SIki psinku (CTOBIILT) MAaTPULl HA3UBAIOTHCA MPONOPLUIAHUMHU?

36. HaBenith mnpukiagu MaTpHilb, Y SKHX MPOMOPIIKAHI: a) JaBa pSAAKW;0) aBa
CTOBIII; B) TpH cToBmili. Ha3BiTh KOE}illi€EHTH MPOMOPIIIHHOCTI B HABEJCHUX BaMU
MPUKIaIax.

37. Un € mnpomopuifHUMHU OJHAKOBI pSAKKA MaTpuii? Koo Tak, TO Ha3BITh
KOoe(DiliEHT MPONOPLIAHOCTI.

38. HaBexiTh npukiag MaTpull Apyroro NOpsSAKY 3 MPOMOPILIHHUMU paikamMu. Yu €
MPOTOPIIIHUMH 11 CTOBIIIII?

39. Slka MaTpuus Ha3UBAETHCSI OOEPHEHOI0 MATPUILEIO A0 MaTpull A? fIka maTpuis
Ha3UBAETHCS 000OPOTHOIO?

40. [lo mo>kHa cKa3aTu MPO PO3MIPHICTE OOEPHEHOI MAaTPHIIll JTst MaTpuill A?
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Po3zain 2. [IpakTnyHa yacTUHA
Heobxioni meopemuuni 3nanus. nowsmmsa mampuyi, uou mMampuysb, onepayii Hao
mMampuyamu ma ix enacmueocmi, ob6epHeHa Mampuys, elemeHmapHi nepemeopenHs
MaAmpuysb, 3HAXO0NCEHH O00OepHeHoi mampuyi 3a O00NOMO20I0 eleMEeHMAPHUX

nepemeopensv, Onepayisi mpaHcnoHY8aHHs Mampuyi ma ii 61acmueocmi.

§ 1.2.1. Ilpukiaaau po3B’si3yBaHHsI BIIPAB Ta 3a1a4

2 01 3 7 2
Ilpuknao 1. 3unaiitu 24+5B, skmo 4={6 3 7|, B=|1 0 5]|.
9 5 1 2 4 8

CnoyaTky 3HalIeMO MaTPUILIL:

4 0 2 15 35 10
24A=|12 6 14|, 5B=|5 0 25].
18 10 2 10 20 40

Jlomaemo MaTpwILi:

4+15 0+35 2+10 19 35 12
2A+5B=| 12+5 6+0 14+25|=|17 6 39/|.
18+10 10+20 2+40 28 30 42

19 3H 12
BignoBigb: 24+5B=[17 6 39/|.
28 30 42

Ilpuknao 2. 3naiitu 100YTKU 4B 1 BA, SIKIIO BOHH 1CHYIOTb.

1 3026

2 1 57 4 81

1) 4= 3 0 , B= )
7 4 2 6 3216 4

58 1 9 3

BceraHoBUMO po3Mip MaTpullb: 4-2x4, B—4x5. JIOOyTOK 4B ICHYE, Tak SK
YUCJIO0 CTOBOIIB (4) MaTpulll 4 JOPIBHIOE YUCTY PAAKiB (4) mMarpuii B. Matpuis

NOOYTKY 4B Ma€ po3Mip 2x5.

36



AB :(Cll Clz C13 Cl4 ClSj.

2x4 45 Cy Cp Cp Cy Cyx
2x5

Jlns toro, mo0 OTpUMATH €JIeMEHT C,MOTPIOHO €JIEMEHTH IEPIIOro psijaKa
MaTpHlll 4 TMOMHOXXHUTH Ha BIAMOBIIHI €JIEMEHTH MEPIIOro CTOBIISA MATpHUIll B Ta
OTpUMaHi 100yTKU CKIIACTH:

C,=2-1+3-5+1-3+0-5=20.

Jlns Toro, mo0 OTpUMATH €JIeMEHT C,, MOTPIOHO €JIEMEHTH IEPIIOro pPsaKa
MaTpulll 4 TOMHOXXUTH Ha BIAMOBIAHI €JIEMEHTH JPYroro CTOBMIA MATpPUIl Ta
OTpUMaHi 100yTKU CKIIACTH:

C,=2-3+3-7+1.2+0-8=29.

AHaJIOTIYHO:

C;=2-0+3-4+1-1+0-1=13
C,=2-2+3-8+1.6+0-9=34
C:=2-6+3-1+1-4+0-3=19
C,=71+4-5+2.3+6-5=63
C,=7-3+4-7+2-2+6-8=101
Cp=7-0+4-4+2-1+6-1=24
Cp=72+4-8+2-6+6-9=112
Cy :7-6+4-1+2-4+6-3:72_

(20 29 13 34 19
163 101 24 112 72/

Marpurst 106ytky B A He icHye, Tak K 4uClio cTOBOIB (5) MaTpuIli B HE

4x5 2x4
JIOPIBHIOE YHUCITY PSAIKIB (2) MaTpHIIl 4.

20 29 13 34 19

BignoBigb: AB =
63 101 24 112 72

J , MATPUIISL B4 HE ICHYE.
1

2) 4=|-2|, B=(4 8 0).
3
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CriouaTtky BCTAaHOBHUMO PO3MIp MaTpHLb: 4-—3x1, B—1x3. JJOOYTOK 4B ICHYE,

Tak sK 4ucio ctoBOIiB (1) mMarpuii 4 aopiBHIOE uyuciy psakiB (1) marpuri s.
Marpunst 100yTKy 4B Ma€ po3MIp 3x3.

1 14 18 10 4 8 0
AB=|-2|-(4 8 0)=| (-2)4 (-2)8 (-2)0|=|-8 -16 0.
== (3 34 38 30 12 24 0

JIoOYTOK B4 iCHYE, TaK SIK YHCJIO CTOBOILIB (3) MaTpullli B JOPIBHIOE YHUCTY PSAKIB
(3) matpuri 4. Matpuis T0OYTKY B4 Ma€ PO3MIP 1x1.

1
BA=(4 8 0)|-2|=(4-1+8-(-2)+0-3)=(-12).

13 3«1
it 3

Ix1

4 8 0
Bigmnosine: 4B=|-8 -16 0|, B4=(-12).
12 24 0

Ilpuknao 3. 3HaiiTh 3HaYCHHS MHOTOWICHA f(x)=4x? —2x+3 BiJ MaTpHUI 4, SKIIO
6 2
A= .
4 1
6 2)(6 2 6 2 10
f(A)=4-A-A-2-A+3-E=4- : -2 +3- :
4 1)\4 1 4 1 0 1

Po3B’s5xeMO 1moeTarHo:
6 2)(6 2) (6:6+2:4 6-2+2.1) (42 14
4 1)\4 1) \4-6+41-4 4.-2+1-1) (28 9)
44214_16856 262_124 310_30
28 9/ (112 36)’ 4 1) (8 2/ 0 1) 0 3/
. 168 56) (12 4) (3 0) (159 52
Tomi: f(A)= - + = :
112 36 8 2) (o 3/ \104 37

. . 159 52
BiamoBias: f(A)= )
4 A ( ) [104 37}

b .
Ilpuxnao 4. Jlosectu, mo Matpuis 4 = (a d) 3a7J0BOJIbHSIE PIBHSIHHIO
c
x* —(a+d)x+ad —bc=0.
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JoBenemo, 1o

b b b 1 0 0O
PR P _@rd)[® P |+ (ad-bo). - .
c d c d c d 01 00
a’+bc ab+hd ~ a’+ad ab+db N ad —bc 0 (00
ac+dc bc+d? ac+cd ad+d? 0 ad —bc 00

a’+bc—a’—ad +ad —bc ab+bd—ab—-bd +0 (00
ac+dc—ac—cd +0 bc+d?—-ad—-d?+ad —bc 00

0 0)_[0 0 110 1 ITOTP1I0OHO OYJI0 TOBECTH
0 0) 0 0) P Y '

Ilpuknao 5. 3naiiTn o0epHEHY MaTPUILIO JIsl TAHOT MAaTPHILL.
1) A= (2 8].
1 3

3anumemo Matpuiro Buny (A|E), 1e E— omuHUYHA MaTpuus. EnemeHTapHuMu
MEPETBOPCHHAMH PSAKIB 3BEIEMO MATPHUII0 A 10 OJUHUYHOI MaTpHUIll E, TOJI 3a
BEPTUKAJILHOIO JIHI€I0 Oy/1e 3HAXOAUTHUCH IIIyKaHa MaTpulld A~ .

(2 g1 0

1 30 112 ~ [):[pymﬁ PAIOK TIOMHOXWIA Ha 2]~

BII IPYroro psijiKa

~ | BIIHIMaeMO TNepLi pPSAAOK, pe3yibTaT |~

2 81 0
2 60 2 .
(2)-) 3aIMCYEMO Y APYTHA PSIIOK

2 8|1 O
0 -2-1 2

j ~ [L[pymﬁ PAAOK ITOMHOXHIIM Ha 4] ~
x4

0 -8-4 8

2 0]-3 8 JI0 TISPIIOTO PSIAKA IOJTH P Y THH P SITIOK, p €3y JIbTaT
3anucaTi Yy Mep A PsiIoK

(2 8|1 O} 2 |:HepHIHI>'Ip}I,I[OKHO,Z[iJIPIJIHHaZ }

0 —-8-4 8)(8) |napyruit psnox noxituim ua (-8)
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3 3

2y 2y
1 . -
( 0 12 , TOml A% = 12 :1( 3 8)
011 12l -2
2 2
[epeBipka :

L (2 8)1(-3 8
A'A= . — =
1 3)2(1 -2
_1(2-(-3)+8:1 2:8+8:(-2) 120 (T ),
- 2(1-(-3)+3-1 1-8+3-(-2)) 2l0 2) |0 1)
: : 1(-3 8
BianoBige: 47 == .
AHOBIA 2[1 —zJ
2 30
2) A4=|1 -1 4|
3 11

3 01 00 2 3 0100
1 -1 40 1 0| ~|2 -2 80 2 0]~
2 1 10 0 1), (6 2 20 0 2

2 3 01 0 oY (6 9

0
~|0 -5 8-1 2 0|~
6 2 2

o O
N
(&)
N 0o
° L
N
N O

o
|
6]
(o)

-1 2 0| ~|0 -5 7-1 2 0| =~
-3 0 2 0 -7 2-3 0 2

o
|
~
N

10 15 0(5 0 O 10 0 242
0 -15 24-3 6 0|~|0 -5 8|-1

0 -7 2-3 0 2 0 -7 2-3
(0)+(2)

o N O
N O O
l

10 0 242 6 0 10 0 242 6 0

0 -3 5|-7 14 0|~/0 -5 8|-1 2 0| ~

0 -35 10-15 0 10 0 -7 -46]-8 -14 10),
(3)-(2) '

[6903 0 0Y (2 3 01 0 oY°
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5 0 12|11 3 0 115 0 276|123 69 O
0O -5 8|-1 2 0 ~1 0 -5 8 |-1 2 0|~
0 0 -23-4 -7 5 0 -7 -276|-48 -84 60
x12 (1)+(3)
x23
5 0 121 3 O 115 0 276(23 69 O
0O -5 8|-1 2 O ~l 0 -5 8 |-1 2 0|~
0 0 -23-4 -7 5 0 -7 -276/-48 -84 60
x12 (1)+(3)
115 O 0 |-25 -15 60 "3 115 O 0 -25 -15 60
0 -5 8|-1 2 0 ~| 0 -115 184|-23 52 O |~
0 0 -23-4 -7 5 0 0 -184-32 -56 40
x8 (3)+(2)
25 15 60
115 0 0 ]-25 -15 60) .45 (1 0 0 115 115 115
' 55 10 40
0 -115 0 |-55 -10 40((115~|0 1 O 116 1156 115 ~
0 0 -23-4 -7 5):23) |0 0 1 4 7 5
23 23 23
25 15 60
115 0 0 |-25 -15 60) .45 (1 O 0 115 115 115
' 55 10 40
0 -115 0 |-55 -10 40|:(115)~]|0 — :
) 115 115 115
0 0 -23-4 -7 5)(23 |0 1 4 7 5
23 23 23
25 15 60) (5 3 12
115 115 115 23 23 23 -5 -3 12
aro| 20 100 40 A2 B 1), g
115 115 115 23 23 23| 23
e I . b
23 23 23 23 23 23
[TepeBipka:
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2 3 0)(-5 -3 12
AAt=Ll1 _1oalf1r 2 |-
31 1)4 7 -5
2-(-5)+3-11+0-4  2-(-3)+3-2+0-7  2-12+3-(-8)+0-(-5)
_1 1-(-5)+(-1)-11+4-4 1-(-3)+(-1)-2+4-7 1-12+(-1)-(-8)+4-(-5)|=
3.

23 3-(-5)+1-11+1-4 (-3)+1-2+1-7 3-12+1-(-8)+1-(-5)
23 0 0) (1 00
1o 23 ol=o 1 0
23
0 0 23) |0 01
-5 -3 12
Bignosinp: At=—[11 2 -8
4 7 -5
2 -1 3
3)A=|1 4 0].
1 -5 3

2 -1 31 0 O 2 -1 3|1 0 O 2 -1 31 00
1 4 001 0|~(0 9 -3-1 2 0(~|0 9 -3-1 2 0

1 -5 30 0 1 0 -9 31 0 2 0 0 O0}-2 2 2
g;-Z—{l} (3)+(2)

-2—(1
OTpumanu HyJIbOBUN PSAIOK Y MATpHIll, fKa CTOITh 31iBa. Lle cBimuuTh npo Te, Mo

JUISL JaHOT MaTPHIll AMATPHIl A ge icHye-

Ilpuknao 6. 3HaTH PO3B’SI30K MATPUYHOTO PIBHSHHSL.

2 6 4 7
1) X = :
4 3 7 6
PiBHSHHS A-X = BMae po3B’si30k X = A™-B, akmo icHye matpuns A, s
PO3B’A3KY 3a/aul BUIIMCYEMO MATpUIll A 1 B Ye€pe3 BEpTUKAIbHY JIIHIIO, a MICIs
€JIEMEHTAPHUMHU TEPETBOPEHHIMU PAOKI6 MATPULII0O A MPUBOJUMO O MAaTpHIl E,
TOJI1 32 BEPTUKAIBHOIO JIHIEO Oye CTOSTH LIyKaHa MATPHUIIS X .
2 64 7\ (2 6|@ 7) (18 0[]30 15)° (1 0
37 6 0 -9-1 -8 0 -9-1 -8 01
(2)-(1)2 (1)3+(2)-2 (-9) 9

3
1

©|loo| o
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_1(30 15

~18( 2 16
. 2 6) 1(30 15 1(2-30+6-2 2-15+6-16 1(72 126 4 7
[Tepesipka: L= =— = = :
4 3)18\ 2 16) 18(4-30+3-2 4-15+3-16) 18126 108 7 6

) . 1(30 15
BiamoBigek: X = — .
AHOBA 18(2 16)

20 {5 56 )

PiBHSHHA X -A=B Ma€ poO3B’s30K X =B-A", gkmo icHye Marpuisgs A, s

X

Il
OlFR,rw|u
Ol | o

PO3B’S3KY 3a7]a4l BUITMCYEMO MATPUIIIO B TiJ MATPUIICIO A, a TTOTIM eJIeMEHTapHUMHU
MIEPETBOPECHHSIMU CHI08OUI6 MATPHITI0O A TPUBOJUMO JO MATPUI E, TOMI IIiJ

TOPU30HTAJIBLHOIO JIIHIEKD Oy/1€ CTOSITH IIyKaHa MaTpULS X .

7 ®) (7 0 14 0

-3 1| |2 | o2 || 01
4 8 4 44 || 140 44 || 140

22

3 -2 3 -23 -63 -23 14
(2)7-(1)3 (1)y2+(2)3 14 2 _@ _é
14 2

10 22
x| 9 3| 1[N 4
-~ =7 2l-9 -23

2 2
[TepeBipka:
1(20 44N (7 3) 1 20-7+(-3)-44 20-3+(-1)-44 \
2(-9 -23) -3 -1) 2(-9-7+(-23)-(-3) -9-7+(-1)-(-23))
_1(8 16) (4 8
206 -4) (3 -2/
: : 1(20 44
B X == .
1IIIOB1Ab: X 2(_9 —23j

Ilpuxnao 7. 3naiity 3Ha4eHHs QyHKINT f(x)= gx +2

-11

. . ( 2 3]
B1Jl MaTpUILl A= :
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3navenHs QyHKIi f(A)=(3A+2E)-(5A—4E)™, ne

1) 3A+2E=3-(_21 ‘I’jm-(; 2}:(_63 2%((2) 2):(_83 2}
sniees(% 0y 902 5 95 %)

3) Tenep mykaemMo MaTpuLo (5A—4E)™*:

6 151 0*5~ 30 755 0) (30 75 o*"~ 6 151 o*‘”~
-5 10 1), (-30 60 6 0 815 6 0 815 6) .
(2)+1)
1486 6 90
486 1215/81 -90) (486 0 |6 —90Y 1 0286 286 .
~ ~ - 9T0H1
0 122575 90 0 121575 90 ),. \0 1 75 90
W-2) 1215 1215
1 15
e Tarl 1(1 -15
5A-4E)t=|81 81 _ >~ _
( ) 5 6 | 815 6
81 81
8 9 1 -15 53 —66
4) £(A)= S _ 1 .
3 5)815 6 ) 81\22 —45
. . 1(53 —66
BiamoBigs: f(A)=— )
ATOBIIL: (A) 81(22 —45j

Ilpuxnao 8. llepeBipuTH cCHpaBeUIUBICTb TBEPKEHHS (A-B) =B'-AT, SKIIO

2 3
, B= .
i

Matpuist A Ma€ po3Mip 3x2, MaTpuisd A'—2x3, B—2x2, BT —2x2.

A=

R W N
o N B

2 1 5 11
2 3
A.B:32-15:819
¥ 22 11 0 2 3

3x2

T 5 8 2
(A;;B) 2(11 19 3)°

BT.AT=21'231=582-
222 233 3 5)\{1 2 0 11 19 3

2x3
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§ 1.2.2. 3aBaanHs 151 cCaMOCTiiHHOI podoTH

1. 3najitu:
1 0 3 2 7
4 -2 1 -8 0
1.1 3A+2B, skmo A= Ta B-= .
7 3 0 5 3
5 -4 ~4 1
57 3 -4 0O 1 -9 3
1.2 2A—EB,}IKHIO A= Ta B= .
3 21 -1 0 1 -8 2 5
) 7 0 3 8 5 -4
1.3 gB—A,;[Kmo A=|-5 4 1| Ta B=|1 -3 6
1 2 -3 2 7 9
6 9 3 2
0 4 1 6
14 —1A+B,5n<mo A= Ta B= )
2 3 5 9 4
2 1 0 2
4 18 6 32 1 3 6 5
15 5A+9B,sKkmoO A={0 12 1 2 |Ta B=|4 2 0 1
8 4 10 7 7 5 4 9
3 2 9 7 4
1.6 EB—4A,5H<Luo A=|5 12|Ta B=|3 5]|.
7 6 11 9
18 9 14 23
1.7 ﬂA+ZB A= Ta B= :
7 3 12 7 5 9
1.8 9A+EB,HKH_[O A= 286 Ta B= 100535 .
5 5 4 7 75 20 45
3 2 0 4 1 5 3 2
7 5 1 2 4 7 6 5
1.9 11A-7B, gkmo A= Ta B= .
6 9 4 1 9 3 01
0 3 8 7 2 7 5 2
6 3 7 3 61
5 01 0 3 5
1.10 2A+§B,;n<mo A= Ta B= :
3 2 8 1 2 7 9
4 5 9 1 0 6



2. 3naiiTi 100yTKNAB i BA, AKI110 BOHM iCHYHOTh:

-1
4 1.
6
1 375 2
0 8 2 317
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1
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7 4 01
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|
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— < AN~

M O O O

-

1 2
4 31|, B
7 6
3. 3naiiTi BCi MOKINBI JOOYTKH ABOX MATPHIb:

6 2 1 3
0 7 4 8

2.9 Az[

7 4 7 9 8
3 6 11 2 1|

5 7 1 09

|

™M AN O

2.10 A[

|

1 06 57
2 4 81 3[,G=
0 2140

|

Z’D

N O O

© O ™~

O N ™M

o M~ <«

47



4. 3HaiiTH 3HAYEeHHS MHOT04JIEHA BiJl MaTpHULi:
2 . 50
4.1 ano MHorounen f(x)=2x?+5x—1. 3naitu f(A), axkmo A= . :
3 0 2
4.2 lano muorouneH f(x)=3x—7x2+9. 3uaiitu f(A), skmo A=|5

. 1 3
4.3 Jlano MHorounen f(x)=-2x°+3x—4.3Halitu f(A), aKmo A:( ; 4}_

5 -1 0
4.4 JTano muorouneH f(x)=—x*—x+3. 3uaiitu f(A), skmo A=4 0 1
0 2 -1

3 1
4.5 JTaHO MHOTOUJICH f(x):% +5x-2. 3naitu f(A), AKII10 A:£ ) Oj'

5. /i naHUX MaTpUUb 3HAWUTH O0EpHEHi MATPHII METOAOM eJieMEeHTAPHHUX

IePETBOPEHD:
1 0 2
51 A:(z i), B=|1 2 2]|.
2 1 4
5 4 1
52 A=|1 2 6,B=(2 j]
0 30
3 1 0
53A_(7 ij, B=|6 2 4
9 -3 3
3 5 0
54A=(8 4), B=|7 2 4.
4 2
1 -3 1
6 2 8
55 A= 10,32@ Sj
0 2 0
1 3 3
56 A=|1 4 2,52(33
1 10 4
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34 1
5.7 A=(1 EJ,B: 5 1 —-4/|.

2 7 9
1 -1 1
58 A=|5 7 —3,8:(4 _ZJ.
2 -1
1 0 2
o 4 0 5
5.9A=(7 ],B: ~2 2 0].
1 3
0 3 1
2 1 -2
5.10 A=|4 2 —8,8:[_93 26)
30 1 B

6. 3HaiiTH PO3B’AA30K MATPUYHOIO0 PIiBHAHHS 32 [ONOMOIOI0 €JIeMEHTAPHHX

NepeTBOPEHb, 3POOUTH MEepPeBipKy:

6.1 [ 3j-xz(5 7]. 6.2 x.[° ?’J:[l 8}.
7 4 2 3 5 4 -2 3

6.3 (8 ‘Zj.x:[‘l 3). 6.4 x.[ 1 3}(4 7).
9 0 7 4 -2 5 0 1

65 [’ ZJ.xz(‘l ZJ. 66 x.|* 2]:(1 3).
5 9 8 1 2 1 0 5

6.7 x@ ‘81):(‘79 f) 6.8 (j _72].x=[g 15°j

6.9 x-£5 8}
6 -3

7. 3uaiiTu 3Havenns pynkuii f(X)Bix maTpumi A:

7.1 1= 212, A:(3 OJ.

X— 5 -2
5- 5 -8
72 1= 2%, A:(Z 6].
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5
3

2
1

’ A= [
8.IlepeBipuTH CIPaBeNIUBICTH TBEPIKEHHS (A- B)T =BT . AT, sikmo:

2x—4
3x-3

7.5 f(x)=

}_

7 4 7 9 8
3 6 11 2 1
5 7 1 09

|

.8

310
5 4 9

8.4 A:(

3 9 10 6 5
2 8 1 3 4
07 2 4 2
358 01

{

8.6 A

< N0 o

o O O ©

8.7 A
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Po3zain 3. 3aBananus 1Jis camMonepeBipKu

VY po3auii HaBelleHI TECTOBI 3aBAaHHS 3aKpUTOi (HOPMH, SKI MPU3HAYECHI SK IS

NEPEBIPKU TEOPETUYHOTO MaTepially, TaK 1 AJisl IEePEeBIpKH MPAKTUIHUX 3HAHD 1 YMIHb

CTYJIEHTIB. Y KiHIIl KO’KHOTO 13 3aBJaHb HABEJCHO YOTHUPH BIIIMOBIJII, OJHA 3 IKUX €

MIPaBUJIBHOIO.

1. Hexaii Marpuis A Ma€ pPO3MIPHICT 2x4, TOai MaTpumsl A' MaTHME
PO3MIPHICTB:
A b B r
1x4 4x2 1x2 2x4
2. Hexaii marpurs A Mae pPO3MIPHICTD 2x3, TOAI MaTpuils A’ MaTuMme
PO3MIPHICTB:
A b B I
2x3 1x2 3x2 1x3

3. Sxmo matpunii A i1 B maioTe ogHaKkoBy po3MipHICTh 3X4, TO HaJ HUMU
MO>KHA MPOBECTH ONEpPaliio:

A b B r
) IIOMHOYKUTH IIOMHOKUTH
1 B A A noB
nmogumT B Ha AnaB nomat A 1o Bua A

4. Skwmo matpuii A Ta B MawoTh OAHAKOBY PO3MIPHICTH 5%4, TO HaJ HUMHU
MO>KHa MPOBECTHU ONEPaliio:

A b B r
nomimaTi B Ha A BlHATH Big B IIOMHOKUTH IIOMHOKHUTHU
MaTpUII0 A A naB Bua A

5. Sxkmo matpuri A ta B mawTh  posmipHOCTI 5%4 Ta 4X3 BiAMOBITHO, TO HAJ

HUMHU MO>KHA TMPOBECTH OTEpalliio:

A b B r
BITHSTH BIJ
nominnTH B Ha A MaTpHI A IMOMHOKHUTH ITOMHOKHUTH
AHaB Bna A
Marpuio B
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6. JIBi matpuni A Tta B MoxHa monaBatu, SIKIIIO BOHH:

A b B r
IPSAMOKYTHI BUPOKEHI KBaJpaTHl OAHAKOBOTO
P Y P P po3Mipy

7. 11106 3HaiiTu (ij)-uil eneMeHT qo0yTKY MaTpHilb A- B, MOTPIOHO:
A b B r
TIOMHOKHTH IOMHOYXHUTH TTOMHOXHTH TIOMHOXHTH

€JIEMECHTH i -TO
psiiKa MaTpuIl A
Ha BIAMOBIIH1
€JIEMEHTH | -TO
CTOBIIIISI MaTPHIII
B, oTpuMaHi
pe3yJbTaTH 10JaTh

€JIEMECHTH i -TO
CTOBIIIIS MaTPHITL
A Ha BIAIIOBIIHI
€JIEMEHTHU | -TO
psllKa MaTpuill B,
OTpUMaHi
pe3yabTaTH J10JaTH

€JIEMECHTH i -TO
psiaKa MaTpuIl A
Ha BIIIIOB1IHI
€JIEMEHTHU | -TO
CTOBIILISI MATPHITL
B, oTpuMaHi
pe3yabTaTh
BIHATHU

€JIEMEHTH | -TO
psiiKa MaTpuIll A
Ha BIJIITOBIIHI1
€JIEMEHTH | -TO
CTOBIIIISI MaTPHIII
B, oTpuMaHi
pe3yabTaTH JI0aTH

8. Ilpu TpaHCHOHYBaHHI MAaTPUIIl MIHSIOTHCS MICIISIMU:

A b B r
MEpIINA 1 OCTAaHHIN | MEepIIUi 1 OCTaHHIN | TMEepIINi pAJIOK 3 KOYKHHM PAJIOK 3
CTOBIILIL pAIKU MEPIINM CTOBIIEM BIJAIIOBITHUM
CTOBILIEM
9. Marpuirto MO>KHa JJOJJaTH IO TPAHCTIOHOBAHOI JI0 HEl, SIKIIO BOHA €:
A b B r
MaTpHIEIO- KBaJPaTHOIO MPSIMOKYTHOIO MaTpPHULEIO-PIAKOM
CTOBIIEM

10.Hexaii MmaTpunss A Mae po3MipHIicTh 4%3. Jo Hei MOXkHA J0aTH MaTPHIO B,

AKIIO0 B Mae po3MipHICTb

A b B r
3x3 4x4 4x3 3x4
11. Ins kBagpaTHOT MaTpUIll AOOEPHEHOIO € MaTPUIIS Al Taka, 110:
A | b | B | r
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A-A'=E

A+A'=A"+A=E

A-AT=AT.A=E

A=-A"

12.11pu MHOKEHH1 MaTPHIIl Ha YHCIIO HA 1€ YUCJIO MOTPIOHO MOMHOXKUTH:

A

b

B

r

BCl €JIEMEHTH
MaTpHIl

BCl €JIEMEHTHU
OJIHOTO psJIKa 1
OJIHOTO CTOBIIIIS

BCl €JIEMEHTH
OJIHOT'O CTOBIIIIS

BCl €JIEMEHTU
OJTHOTO PsKa

13. [IpsamokyTHI MaTpuill A 1 B OJIHaKOBO1 PO3MIPHOCTI MOXHa:

A b B r
IIOMHOXUTHU IIOMHOXUTHU . .
IMoOaUIMTH A Ha B omatu Ai BT
A Ha B A Ha B' a 08

14. Hynn0BOIO Ha3UBAETHCA TaKa MATPULIS, Y SKOI:

A

b

B r
BCl €JIEMEHTH BCl €JIEMEHTH BCl €JIEMEHTH )
i . BCl €JIEMEHTH €
MIEPIIOTO PSAKA € | JOBUIBHOTO PSAKA € JIOBLJIBHOTO S
HYJISIMHA HYJISIMH CTOBMIIS € HYJISIMU Y
15.O1MHUYHOIO MATPULICIO HA3UBAETHCS:
A b B r
KBaJpaTHa

MaTpuls, BCl
€JIEMEHTH MEepUIOro

MaTpHuiis, BCl
€JIEMEHTH SIKO1 €

KBaJpaTHA MaTPHILIS,
Ha T'OJIOBHIN
JlaroHal SKoi

MaTpuls, BCl
€JIEMEHTH TEPILIOTro
psIKa SIKO1 €

CTOBITYHKA SIKOT € OIMHUISIMH CTOSITh OJAWHHUIII, a
. OJIMHUIISIMH
O THHUIIMH BCI 1HIII €JICMEHTH —
HYJII
2 -2 10
16.06uucoutu C =(3A+B)B  gxujo A= ,B= :
’ 0 1 1 3
A b B r
6 4 1 -18 1 -10 6 3
2 -8 7 18 18 -8 18 8

2
17.006uncoutu C =—-2A(A+ B), aKximo A=(3 j

B:(_Zl ;j

01

A

|

b |

B |
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(—26 —34) (26 Oj (26 —10} (26 IBJ
C= C= C= C=
2 -8 0 -8 0 -8 0 8
4 2 1 1)
18.06unciautu C =(A-2B)A, sxmo A= 0 1], B=[_1 J :
A b B r
(—6 —4) (4 4} (8 4) ( 6 lBj
C= C= C= C=
2 -4 0 4 8 3 -13 8
19.06uucoutu C = A(2A+3B), K110 Az( ! 2], B:(_2 1} :
’ -1 1 -1 -3
A b B r
(—14 7 j (26 0 ] (26 —10) [14 14}
C= C= C= C=
-1 -14 0 -8 0 -8 0 -8
. 2 1 2y,
20.3naiitu f(A), gxmo f(A)=x"+x+2, A= ik
A b B r
-1 -7 6 0 2 6 14 14
f(A)= f(A)= f(A)= f(A)=
Weg ) | res 5 w5 e) | el
o 1 2
21.3naiitn f(A), sxmo f(A)=x2+2x—3,A=£ ) J :
A b B r
-2 -2 -2 8 2 6 4 14
W Y | e g | e
N 2 3
22.3naiitn f(A), sxmo f(A):x2+x+2,A:[ L o
A b B r
5 5 -2 8 2 6 5 15
f(A)z(—4 —2} f(A)z[—4 —2} A= 2} f( ){_5 5}

23.3naiitn f (A), sxmo f(A):x2—3x+1,A:(21 3} :

A |

b
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O A I IO A B IO S I IR
24.06uncautu (1 (1))3
A b B I

5 1)

(5 )

G 1)

25. O6qHCJII/ITH((1)

A

B

(5 1)

(5 )

(o 1)

. (3 4
26. BkazaTu MaTpuilto, o0epHEeHy 10 MaTpHIIi [2 3] )

b

B

% 3)

=3

3

(-3 4
27. Bkazatu Matpuilto, 00EpHEHy 10 MaTPHII ( 3 ]:

2 -3
A b B r
1 -4 3 -4 3 -4 3 4
Ry I S I N
1 -2 -1
28. Bkazatu matpuiito, o0epHeny Ao Matpuii (3 1 2 |:
1 2 2
A b B r
-2 2 3 1 3 -1 -1 -2 -1 -1 2 1
-4 3 -5 -2 1 2 3 -1 2 -3 -1 -2
5 -4 7 1 2 1 2 -2 -1 -2 -2
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29. Bkazatu matpuilto, ooepHeHy 1o matpuiii [0 1 1

11 -1

0 0 1
A b B r
11 -1 1 -1 2 -1 -1 1 1 00
01 1 0 1 -1 0 -1 -1 1 10
0 0 1 0 0 1 0 0 -1 -1 11
30.Bkazaru maTpuilto, oOepHEeHy 10 Matpull | -1 2 3|:
4 -1 1
A b B r
11 -1 -5 1 -9 2 1 0 -5 1 -3
01 1 11 22 6 1 2 3 11 -2 6
0 0 1 -9 2 5 4 -1 1 -9 2 -5
-5 1 -3
31.Bkazatu maTpuilto, 0OEpHEHY 10 MaTPHUIl -2 6 |
9 2 -5
A b B r
11 -1 2 1 0 2 1 0 -5 1 -3
01 1 -1 2 3 1 2 3 11 -2 6
0 0 1 -4 -1 1 4 -1 1 9 2 -5
, . 1 3 3
32. Bka3zaTu po3B’sS30K MaTPHYHOTO plBHHHHH(z 7} X = (4) :
A b B r

S7




b

o)

A b B r
3 1 7 7
X = X = X = X =
" o y ¥
, . 35 1
35. Bka3zaTtu po3B’sS30K MaTpHYHOTO PIBHSIHHSA (1 2} X = (J :
A b B I

, . 8 3\y,_(4 0.
38.BkazaTtu po3B’sI30K MATPUIHOTO PIBHSIHHS (2 1) X = ( 0 — 1).
A b B r
3 3 3
4 4 -4 -4 —4 -4 4




95 -

(—37 1)

3 7
A b B r
(0 5 _ (0 =5 _ (0 =5 _ (10 =5
X_(—1 -2 X_(1 2) X_(—1 —2) X_(—1 —2)
, . I\, (3 0.
40.BkazaTtu po3B’ 30K MAaTPUYHOTO plBH;IHH;I(7 2) X = (5 B 1) :
A b B r
(1 1 (1 1 (1 1 (-1 1
X = (1 4) X= (1 —4) X= (—1 —4) X = (—1 —4)
2 3 2
41. Jlna nanux mMatpuib A= (1 3), B=(7 9}, C=|3| cepen mogaHux J00yTKiB
1
BKa3aTH BCl ICHYIOU1 JOOYTKH JIBOX MaTpHULIb:
A b B r
AB, BB, BA AB, CA, BB AB, AC BB, BA, BC
3 2 3 2
42. ]I 1aHuX MaTpHIlh A:(3j’ B=(7 OJ’ C=|3|cepen mogaHux ITOOYTKIB
1
BKa3aTH BC1 ICHYIOU1 TOOYTKH IBOX MaTPHIIb:
A b B r
AB, BB, BA' BB, BA, BC' BA, BB, CA' BB,B'A, A'C

43.Matpunis A mae po3MmipHicTe 4x3, marpurs B — 5x3. Bkazatu mo0yTtox
MaTpulb, IKUI 1ICHYE:

A

b

B

r

AB

BA

A'B

ABT

44 Matpunis A mae po3MmipHicTe 4x2, matpuilsi B — 2x2. Bkazatu mo0yTtox
MaTpHIlb, KU HE ICHYE:

A

b

B

r
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BA BA' A'B AB'
45.51x010 BIACTUBICTIO HE BOJIOIE ONEpallisi MHOKEHHS MaTpUIb:
A b B r
JTUCTPUOYTUBHICTh | JUCTPUOYTUBHICTH
: : . B1JIHOCHO BiJIHOCHO
KOMYTaTHUBHICTh acoIllaTUBHICTh ..
JOJIaBaHHS BiTHIMaHHS
MaTpUIlb MaTpHIlb
46.Cepen noaHuX TBEPKEHb BKa3aTH HEBIPHI:
1. (A+B)'=A"+B'
2. (AB)'=A"B"
3. (AB)*=B*A™
A b B r
Cl TBEP/I>KCHHS :
YL TBEPAY 2 2i3
BipHIi
_(—1 3 : .
47.Jlano marpuio A= s 1) Bkazatu Buj Matpuiii A micisi HACTYITHOTO

HEPETBOPEHHSA: APYry CTPOKY MATpHIl MOMHOXWIA Ha 2 Ta BIJHSIM BiJ HEi
Iepu1y CTPOKY, IOMHOYKEHY Ha 3.

b

B

G 1)

(+ )

(1 )

48. Jlano matpuiro A= (

-2
-3 4

3 : .
). Bxaszatu Bua martpunl A micias HAaCTYITHOTO

NEPETBOPEHHA: JIPYTy CTPOKY MAaTpPHIl MOMHOXWIM Ha 3 Ta AOJaiNM il /0

MIePIIOi CTPOKH, TOMHOXEHOT Ha —2.

A

B

r

(3 9

(5 )

(553 18)

49.Jlano matpuiro A= (

-1
4

3 . .
1). Bkaszatu Bun Marpumi A Ticis HacTYITHOTO

NEePETBOPEHHS: JAPYrUil CTOBICIL MATPHUIll MOMHOXWIW Ha -3 Ta JIOJaidu 10
HBOT'O MEPIINN, TOMHOXECHUMN Ha 5.
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A b B r

(7 ) G ) | G ) 1 Gy )

-2 3 . .
_3 a) Bkazatu Buzx maTpuil A micias HACTYIHOIO

MEePETBOPEHHS: JPYTHUi CTOBIICIH MATPHUIIl TIOMHOXHWJIN HA -3 Ta BIIHSIM HOTO
B1JT TIEPIIOTO CTOBIIIIA, ITI0 IOMHOXKCHHH Ha 2.

50./lano marpuito A= (

A b B r

) 5 o (e =)

61




Biagnosiai Ha 3aBaanus:

Ne | BigmoBins | Ne | BimmoBias | Ne | BimmoBigs | Ne | BimmoBias | Ne | BiAmOBIOb
1 b 11 B 21 b 31 b 41 b
2 B 12 A 22 r 32 B 42 B
3 B 13 b 23 r 33 b 43 r
4 b 14 r 24 r 34 r 44 A
5 B 15 B 25 b 35 A 45 A
6 r 16 b 26 b 36 B 46 B
7 A 17 A 27 B 37 b 47 r
8 r 18 B 28 A 38 b 48 A
9 b 19 A 29 b 39 B 49 r

10 I 20 B 30 I 40 B 50 B
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Yacruna 2. EIEMEHTAPHA TEOPISI CACTEM JITHIHHUX
AJITEBPAIYHUX PIBHAHb

Po3zain 1. Cucremu JiHITHUAX ajreOpaivHuX piBHIHb
§ 2.1.1. Anre0OpaiuHi piBHAHHA Ta iX cucremMu. OCHOBHI BIIOMOCTI

[cropuuno anreOpa po3BUBanach sIK HayKa, MPUCBAYCHA PO3B’SI3aHHIO PIBHSAHD
Ta ix cuctem. lle B CBOIO YEPryBHKIHMKAIO MOSBY HOBHUXAIreOpaidHMXO00 €KTIB,
30KpeMa MaTpullb Ta BU3HAYHUKIB.

O3nauennsn 1. Aneebpaiunum pigHAHHAM HA3UBAEMbCSL PIGHICMb, 8 SAKIU IOOMI |
HeGIiOOMI  YUCIO6I  BEIUYUHU NOG A3aHI 080MA OCHOBHUMU  aAn2eOpaiyHumu
onepayismu: MHOXCEHHAM Ma 000ABAHHSIM.

JloaHKH, 3 SAKUX CKIATAEThCS alreOpaiuHe piBHSAHHS, HA3WBAIOTHCSA WICHAMHU
[[bOTO PIBHAHHS. AJNreOpaiuHe piBHSIHHS HA3UBAETHCS JiHitiHUM a00 PIBHSHHAM 1-TO
CTYMEHS, SIKIO KOKHHUM HOTo 4YjieH MICTUTh B SIKOCTI MHOXKHHMKA HE OLIblIe OJHIET
HEB1JIOMO1, MPUYOMY TEPIIOro CTyIEHs, ad0 He MICTUTH iX B3arami. UieH, akuii He
MICTUTh HEBIJJOMHUX, HA3UBAETHCS BUTBHUM YJIEHOM LIbOTO piBHSHHSA. YacTimie 3a Bce
MOT0 3aluCyIOTh Yy MpaBiil YaCTUHI PIBHAHHS, a BCl 1HIII YIEHH 3aUCYIOTh y HOTO
7iBi 4YacTuHi. UMCIOBUI MHOXXHUK, SIKUM € Yy KOXXHOMY YJIEHI PIBHSHHS, KpIM
BUIBHOT'O WIEHA, HA3UBAETHCS KOS(DILIIEHTOM L[LOTO PIBHSHHS.

JIiHiliHe pIBHSHHS Ma€ TaKy Ha3BY yepe3 Te, IO PIBHSAHHS MEPIIOTrO CTYyNEHs
BiJl IBOX HEBIJIOMUX 3 T€OMETPUYHOI TOUKH 30PY 3aJa€ MPAMY JIHIIO Ha TUJIOUIUHI.
Hanpuknan, piBHSHHS 3x+y—-z=7, TOOTO piBHIHHA 3X+1-y+(-1)-z=7 m™mae
koedimieHTH: 3, 1 Ta —1 1 BIIbHUM YJieH 7.

[ToniGH1 cioBecHI O3HAYEHHsI 3 TOYKM 30py MaTeMaTUKH HE3py4H1 s
BUKOpUCTaHHA. Tomy, 3a3BWYai, HANalOTh O3HAYEHHS, BUKOPHUCTOBYIOUH, TaK
3BaHUH, 3arajgbHuil BUA 00’ekTy. Tak, miHilHE PIBHSIHHS BiJl OJHIET HEBIIOMOI Mae

3arajbHUM BU/I;

ax+b=0,
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ne a, b — BimoMi piiicHI YwWcna, 1Me 3aluCylOTh Tak:a, beR,x — HeBigoma

BEIIMYMHA, 0 TaKOX € MINCHUM YUCIOM. lle piBHSHHS y3arajabHIOETHCS MUISIXOM
301IBIIIEHHS] CTENEHl HEBIIOMOI ab0 30UIBLMICHHAM KUIBKOCTI CaMHUX HEBIIIOMHX
BEIIMYMH, a00 THM 1 IHIIUM CITOCOOOM OJHOYACHO. Tax, JiHIiHE PIBHSIHHS BiJ JBOX
HEBIJIOMHUX Ma€ BHUL:
ax+by+c=0,

Ie x,y— HeB1IOMI BEIMYMHHU, a,b,c<cR.

[Ipy BenuKid KITBKOCTI HEBIJIOMHUX iX 3pydHillle MO3HA4YaTH OJHIEID OYKBOIO,
asne 3 pizHUMHU HoMmepamu. LI HOMepu Ha3MBAaIOThH 1HIAEKCAMU 1 MUIIYThH iX BHU3Y 3

npaBoro O00ky Bijn OykBu. Hampukmnan: x;, X,,..,X,. Kpanku Bka3zyroTs Ha Te, 10 s

00’€KTIB BIJ TPETHOTO /10 MEPEAOCTAHHBOTO MPOMYIIEHO. AHAIOTTYHO 1HIEKCYIOThCS
1 BIJIOMI YUCJIOBI BeTWYWHU. BykBa Moke MaTH 1 JeKiabKa iHACKCIB. Tak, NiHilHE
PIBHSIHHS B1Jl YOTUPBHOX HEBIJIOMUX MA€ 3arajbHUN BU/I:

axX +a,X, +aX; +a,x, =b.

[Ipn TeopeTMYHUX MIPKYyBaHHSX BUKOPUCTOBYIOTh PIBHSHHS BiJ OYIb-AKOi
CKIHYEHOI KUIBKOCTI N HEBIIOMHX. TakuM 4YWHOM, MOKHA HAaBECTH IHIIIE,
€KBIBaJICHTHE, O3HAYEHHS JIIHIMHOTO PIBHAHHSL.

O3nauennsn 2. Aneebpaiunum JIHIUHUM — PIGHAHHAM 6I0 N HeBi0OMUX
HA3UBAEMbCA PIBHANHA BUOY:

a,x,+a,x,+..+a x,=h. (1)
Jiticni uucna a,, a,,..,a, HaA3UBAIOMbCA Koeiyienmamu ybo2o pieHsaAHHA. [iliche

yucno b nazusaemocs 11020 GinbHUM UNeHOM. [JIUCHI YUCAA X, X,y X, € HEBIOOMUMU

BeNUUUHAMU.
[lepeiinemo 10 cUCTEM JIIHIMHUX PIBHSHbD.
O3nauenna 3. Cucmemoro M JHiHIUHUX PIBHAHL 80 N HEGIOOMUX HA3UBAEMbCS
cyKynHicms (2), wo cknaoaemocsi 3 M JMIHIUHUX PIBHAHL 6I0 OOHUX | mux dice N

He8IOOMUX.
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a X, +a, X, +...+a,x =b
a, X +a,X,+...+a, X =b,

(2)

(A X +a,,X, +...+a, X = b

n
2X +3X, + X, — X, =4
Hanpuxman: <x —3x,+7%x,-2x,=0 . Ile cucrema TpboX piBHSHB 3 4YOTHpMa
—5% +3%X;+8x, =—-1

HEBIJJOMHUMHU.

3po3yMmio, 110 JjIs PO3B’sI3aHHS 111€1 CUCTEMU MOYKHA BUKOPUCTOBYBATH TUIBKU
BIJIOMI BEJIMYMHHU, TOOTO Koe(ilieHTH abo BUIbHI wWwieHH piBHAHB. [li 4ywmcna
PO3TaIIOBYIOTh y CHEIiaTbHUX TaOIUIIX. Tak, CTOBIMYMK, IO CKIAAAETHCS 3 MPABUX
YaCTHUH PIBHSIHb HA3UBAETHCS CTOBIIIEM BUIBHUX YJICHIB CUCTEMHU 1 3aIIUCYETHCS B

BUTJISAIL:

-1
KoeditienTr piBHSHB 3py4YHO 3aNIUCYBATH y BUTIISLII TAOJUYKU, HE MTOPYITYIOUH

1X B3a€EMHOI'O pO3TalllyBaHH:

2 31 -1
1 -3 7 -2
-5 0 3 8

s Tabnuisl HA3WBAETHCA MATPUICIO KOe(DIIiEHTIB a00 TPOCTO MATPHIICIO
CUCTEMHU JIHIMHUX pIBHSAHB. SIKIIO K BHUKOPUCTOBYIOTH BCl YHCIIOBI BEJIMYMHU
CUCTEMH, TO 3aMUCYIOTh TAOIUIIIO:

2 31 -1 4
1 -3 7 -2 0
-5 0 3 8 -1
s TaOnuis Ha3UBAETHCS PO3LIMPEHOI0 MAaTpULICl0 cucTeMu. [Ipu po3B’si3aHH1
CUCTEMHU 3pYyUHIillle IEPETBOPIOBATH MAaTPHUIIl CUCTEMH, HI’K CaMy CHCTEMY.

O3nauennn 4. Mampuys, wo ckiadoaemuvcs 3 Koeghiyicumie cucmemu JiHIUHUX

pieHanb Hazusacmuvcs mampuyero yici cucmemu. Cmosneyb, wjo CKIAOAEMbCS 3
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BIILHUX UNeHI8 BCIX PIBHAHL, MOOMO 3 iX NPABUX YACMUH, HA3UBAEMbCSA CMOBNYEM

ginbHUX unenie. Mampuys, ska ompumana 3 mMampuyi cucmemu JIHIUHUX DIGHAHb

NPUNUCYBAHHAM CNPA6A CMOBNYA BLIbHUX UAEHI8 HA3UBAEMbCA POZUUPEHOIO

mampuyero yiel cucmemu.

3aysarxcenna.llpu nompebi, HegioOMI cucmemu JNIHIUHUX PIBHAHL  MAKOMC

3anucyioms cmoenyem. Hexaii oano cucmemy ninitinux pisHsane eudy (2).Tooi
X

. X . .
cmoeéneyb Hegidomux Oyoe mamu 6uo: X =| ’|,cmoeneyb  GilbHUX  UNEHIB

\ d; Ci
2 a21 a22 ce a2n

6u2ﬂﬂdamuMe maxk:B=| . , Mampuysa cucmemu. A= , po3uiupera
bm aml amz amn

&, a, ... &, b

a a ... a b
Mampuuﬂ:A': 21 22 2n 2

ml

O3nauennn 5. Poszs’sizkom cucmemu M JLiHIUHUX PIGHAHL 3 N HEGIOOMUMU
HA3UBAEMbCL  6NOPAOKOSanull Hadip N Oilichux uucen (a,,a,,....,a,), AKI npu
nioCmMaHo8yi 3amicms BGIONOBIOHUX HEBI0OMUX NePemBOpPIOIOMb KOMCHE DIGHSHHSL
cucmemu Ha pieHicms (IMOMOIICHICD).

BropsinkoBanuii HaOip BIAPI3HAETHCA BiJl OyJb-SKOi 1HIIOI MHOXXUHHM YHUCEN
THM, IIIO YKCJIA, 3 IKUX BIH CKJIAJA€ThCS, HE MOYKHA MIHATH MICIISIMH.
3aysascennsn. Bnopsiokosanuii Haoip (a,,c,,...,a,) € po36’sizkom cucmemu (2) mooi i
MINbKYU MOOI, KOJIU BUKOHYEMbCSL CUCTEMA PIBHOCEU.:

a0 +a,a, ...+ a,a, =b

a0 + 8, +...+a,,a, =b,

a,o +a, .o, +...+a o, =b
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BinHOCHO KITBKOCTI PO3B’A3KIB CUCTEMU JIHIMHUX PIBHSAHB AUIATHCSA HA YOTUPU
THIIH.
1) Cucmema M niHiliHUX Pi6HAHbL 3 N HEGIOOMUMU HAZUBAEMBCA CYMICHOIO, AKULO
B0HA MA€E X0Ua O 0OUH PO38 A30K.
2)Cucmema HA3UBAEMbCSL HECYMICHOIO, IKUWO 80HA HEMAE PO38 S3KIE.
3) Cymicha cucmema HA3UBAEMbCS BUHAYEHOIO, AKWO 80HA MAE EOUHUL PO38 A30K.

4) CyMiCHCl cucmema HA3UeAEnbCAad HE6UIHAUCHOI0, AKUIO 60HA MA€E Oinvle 00H020

PO38 S3KY.

Hanpuxnan:
2%, +4%, =7 .

1. Cucrema |- 07 HEMAa€ pO3B’SI3KIB, TOMY 10 7#9, a TOMy JaHa cuUcTema
2X, +4%, =9

HECyMiCHa.

3% —X,=1

€ BIOPSIAKOBAHUM
9X, +2X, =9

2. JIerko mepecBiTYUTUCH, IO PO3B’SI3KOM CI/ICTGMI/IZ{

HaOip (1, 2). MokHa JoBeCTH, 110 Il CUCTEMa HEMA€E 1HIIUX PO3B’s3KIB. TOMy BOHa

CyMiCHa 1 BU3HAUYECHA.

BiaHOCHO NpaBUX YaCTUH CUCTEMHU JIIHIMHUX PIBHAHD JIIISATHCA HA JBA TUIIU.

O3nauennsa 6. Cucmema M JiHIUHUX Pi6HAHL 3 N HEBIOOMUMU HA3UBAEMBCS

O0OHOPIOHOI0, SAKUWO BOHA MAE HYILOBUL CMOBNEYb GLIbHUX YeHI8, IHaKue cucmema
HA3UBAEMbCSL HEOOHOPIOHOI.
TakuMm 4MHOM, BCI PIBHSHHS OJHOPIAHOI CUCTEMH MAalOTh HYJbOBI NpPaBl YaCTHUHHU.
Axmo x Xxoua 0 oJHA 3 MpaBUX YacTWUH BiamiHHA Big 0, TO cucTeMa JIHIMHUX
PIBHSIHb Ha3WBAETHCSI HEOHOPIAHOIO.
OTtxe, OTHOPIJIHA CUCTEMA JIIHIMHUX PIBHSIHb Ma€ TaKUM 3arajlbHUN BU/I;
A1 "Xy tapx;++ay,x, =0,
Ayq X1+ Ay Xy + -+ Ay x, =0, @)

A1 X1+ Ao "Xy + o+ Ay "Xy =0
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O3nauennn 7. Hynobosum po3e ’si3kom 00HOpionoi cucmemu M JHIHIUHUX DIGHAHD
3 N HeBIOOMUMU HA3UBAEMBCSL YUCA0BULL HADIP, wjo cknadaembcs 3 N uynis (0,0, ...,0).
byov-axuii po3eé’sa30x 00Hopionoi cucmemu, axuil Micmumas xoua 6 00He YUCo, Wo He
OOPIBHIOE HYIO, HA3UBAEMbCSL HEHYILOBUM D038 SI3KOM YIEI CUCTEMU.
3aysarxcenna. byov-axa oOHOpiOHa cucmema CyMICHQ, MOMY WO 80HA MAE xoya O
00UH, a came, HYLOBULL PO038 A30K. Tomy 00OHOPIOHI cucmemu NIHIHUX PIBHAHbL ADO
MOXNCYMb Mamu OOUH [ MINbKU OOUH PO38°A30K — HYIbOGUl (Oymu CYMICHUMU 1

BU3HAYEHUMU), ADO Mamu 6e3iY po36 3Ki6 (0ymu CyMIiCHUMU | HEBUZHAYEHUMU).

P03B’s13kM HEBU3HAUEHO1 OJHOPIAHOI CUCTEMH JIHIMHUX PIBHSHb MAIOTh NEBHI

BJIACTUBOCTI.

Bracmugicms 1. Cyma (pizHuys) 060X po38’°s13Ki6 0OOHOPIOHOI cucmemu  AIHIUHUX

PIBHAHb € PO38 A3KOM YIEL CUCTEMU.

Bnacmugicms 2. J[oOymokx po36’sa3Ky 0OHOPIOHOI cucmemu  JIHIUHUX DIGHAHb HA

008iNIbHe OTliCHe YUCTO € PO38 SA3KOM YIEL cucmemu.

Bnacmugicms 3. Jlinitina xombOinayisi 3 008iNbHUMU KOe@iyicHmamu po3e sa3Kie

OOHOPIOHOI cucmemu NIHIUHUX PIBHAHD € PO38 SA3KOM YIEL cucmemu.

» Hexaii gaHo 1aBa po3B’si3ku  omgHOpigHOT cuctemu (2) (aq,ay,-,a,) i

(b1, by, ++,by), A € RnoBibHE gilicHe 4HCIO. Bi3bMeMO JOBUIBHE pIBHSIHHS

cuctemu (2):

Qg Xy + Ay Xy + ot QX = 0,0 = 1,-,m.

[lizcTaBisoun po3B’sI3KM CUCTEMH y JIaHE PIBHAHHS OTPUMAEMO YHCIIOBI PIBHOCTI:
A ay +apra,+--+a,-a, =0,
ail-b1+ai2-b2+---+ain-bn = 0.

JlomaBim 111 piIBHOCTI OTPUMAEMO:

a1 (ay +b) +ap-(ay+ b))+ +ay, (@, +b)=0,Vi=1,-,m.

Lle o3Hauae, mo ynopsaxkoBanuii HaOip (a, + by, a, + by, -+, a, + by,) € po3B’sI3KOM

cuctemu (2), BIacTuBIiCTh | T0BEIEHO.

JIms moBemeHHS BIIACTUBOCTI 2 MAaeEMO:
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ap-(Ara))+ ap-(Ara))+-+ay-(4-a,) =0
a6od-(aj aqytap-a,+--+a,-a,) =0.
Ile o3nagae, mo (Aaq,Aa,, +,4a,) € po3B’s3koM cuctemu (2), BIACTHBICTH 2
JIOBEJICHO.
BnactuBicte 3 € y3araJibHEHHSM BJIacTUBOCTEH 1 1 2, MPOMOHYEMO JTOBECTH ii
CaMOCTIHHO.
3ayeasicennsn. Po36 ’sa3KucCymMicHOI HeBUSHAYEHOI HEOOHOPIOHOI cucmemu JIHIUHUX

pi@H}ZHb He Maromb MmaKux 61acmuéocmel.

§ 2.1.2. PiBHOCW/IBbHI CHCTeMH JiHIHHUX PiBHAHD

O3nauennn 8. [ei cucmemu JAiHIUHUX PIBHAHb HA3UBAIOMBCS PIBHOCUTLHUMU,
AKWO 0Y0b-AKULL PO36 'S30K NEpuioi cucmemu € po38 sI3KoM Opy2oi cucmemu, i
Hagnaxku: 0y0b-AKUll po368 130K 0py2oi cucmemu € po38 s3KoM nepuioi, abo oouosi yi
cucmemu HeCyMICHI.

Lle o3HaueHHs1 MOKHA CPOPMYIIFOBATH MTPOCTIILIE.

O3nauennn 9. /i cucmemu JAiHIUHUX PIBHAHb HA3UBAIOMBCS PIBHOCUTLHUMU,
AKWO MHONCUHU IX PO38 'S3KI6 Cnignaoaiomo.

PiBHOCHIIbHI CUCTEMHU MOXKYTh MaTH Pi3HY KUIbKICTh PiBHSIHB, ajieé 000B’I3KOBO
MarOTh OJJHAKOBY KUIbKICTh HEBIJIOMUX.

ScHo, 10 A pO3B’A3aHHS CUCTEMHU JIIHIMHUX PIBHAHb HEOOXIAHO ii IKUMOCH
YUHOM IE€PETBOPIOBATU. BUSCHUMO, 5K X 3 MEPETBOPEHb CUCTEMH MPUBOIATH JI0
PIBHOCUJIBHOI CUCTEMH PIBHSHb.

Teopema 1. I[lpu 3mini nosHauenb HeEGIOOMUX OMPUMAEMO CUCHEM),
pienocunvry oanitl. Ilpu yvomy, cucmemu JAiHIUHUX PIGHAHb MAOMb OOHY i My JiC
poswupery mampuyro.llpu 3mini iHOeKcié HegIOOMUX cucmeMu JIHIUHUX PIBHAHb (2)
OMPUMAEMO HEPIBHOCUNbHY CUCEMY, ale PO36 A3KU YUX CUCEM GIOPI3HAIOMbCS
MINbKU PO3MAULYBAHHAM 8 HUX NeGHUX uucen. Mampuyi yux cucmem 8i0pi3HAIOMbCA

8I0NOBIOHUM PO3MAULYBAHHAM IX CIMOBNYISB.
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» 1)Hexaii nepma cuctema Mae Bup (2), a qpyra cucTeMa OTpHMaHa 3 Hei 3aMiHOK0
HEBIIOMUX X, X, ,..., X, BIJMOBIAHO HEBIAOMHUMH Y,,Y,,...,Y,. IPO3YMLIO, MO OyIb-
AKUI 4MCIoBUM HaOip, KU MEPETBOPUTH HA PIBHOCTI PIBHSHHS MEPIIOT CUCTEMH,
NEPEeTBOPUTh Ha Ti K PIBHOCTI 1 PIBHSHHS JPYroi CHUCTEMH 1 HABMAKW. 3TiJTHO
O3HAYEHHS III CHUCTEMH pPIBHOCWJIBbHI. 3pO3yMiJO, IO BOHH MAalOTh OJHAKOBI
PO3IIMPEH] MaTPHIIi.
2)Hexait nepiia cucrema mae Buj (2), a B IPYrid CUCTEMi IHJICKCH i, j MIHSIOTHCS
MicsiMu. J[7ist 3pydHOCTI Oy/1eMo BBakat, o i =1, j=2. Takum 4uHOM, Ha BIAMIHY
BiJl mepioi, B APYTrid CHUCTEMi HEBiAOMa x, IO3HA4YeHa 4Yepe3 Xx,, a X,—4epe3 X, .
OCKUIBKY B pYTiii CUCTEMI JIOJAHKU 3HOBY PO3TAIIOBYIOTH 3a 3pOCTAaHHSM 1HJIEKCIB,
TO B KOXXHOMY PIBHSIHHI JAPYTroi CUCTEMH MepIIi ABa JOJIAaHKH MIHSIOTHCS MICHSAMH.
OTtxe, MaTpHLs APYTrOi CUCTEMH BIJIPI3HAETHCS BIJ MATPULI MEPIIOi CUCTEMHU THUM,
10 B HIA MIHSAIOTHCSA MICISIMHU TI€pIIi JBa CTOBMIN. SICHO, 10 OyIb-SIKUM PO3B’ 30K
MEepIIOi CHUCTEMH CTaHE PO3B’A3KOM JIPYroi CHCTEMH, SIKIIO B HHOMY IOMIHATH
MICIISIMU TIEpIIIi JIBa YKcia 1 HaBnaku. [IpoBecTu nqoBeieHHS AJisl JOBUIBHUX 1HJIEKCIB
i, j HEBOXKKO CaMOCTIHHO.

[HI11 MepeTBOpPEHHSI CUCTEM JIIHIMHUX PIBHSIHbB, SIK 1 JJI1 MAaTpPUIlb, 3BOJASTH JI0
O1JIBIII TPOCTUX, €JIEMEHTAPHUX MEPETBOPEHD.

O3nauenna 10. Enemenmapuumu nepemeopeHHamu cucmemu JiHIUHUX PDIGHSAHb
HA3UBAIOMb
1) MHOdICENHHS DesiKo20 PIBHANHHS cucmeMu Ha 0Y0b-sKe HEeHYIboge OlliCHe YUCTO,
2) 000asarHs1 00 0esaK020 PIGHAHHS CUCMEMU THUO20 iT PIGHAHHS, NOMHONCEHO20 HA
008i1bHe OTlCHe YUCTO;
3) nepemina micysmu 080X PiGHAHb CUCMEMU.

Teopema 2. Enemenmapui nepemeopeHHsi CUCMEMU  NPUBOOSIMb OO
PIBHOCUNLHOI cucmemu TIHIUHUX DIGHSHD.
» JloBenmemMo TeopeMy TUIBKM JUIsl €IIEMEHTApHOTO TiepeTBopeHHs 2). [ummi
eJIEMEHTapHI TIEPETBOPEHHS MAlOTh MPOCTIIINK BHJ, TOMY IS HUX JIETKO JOBECTH

TeopeMy caMocTiiHO. OTXKe, Hexal replia CuCTeMa Mae BUJT
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_
a, X, +a, X, +...+a,X =b
) a, X +a,X,+...+a, X =Db,

: ©)

A% +a.,X, +...+a, X =b
a Jpyra cucreMa OTpHMaHa 3 Mepmioi cucteMu (3) MUISIXOM JTOJaBaHHA 10 ii i-TO
PIBHSHHS J-TO PIBHSHHS, TOMHOYKEHOTO Ha YUCIIO ¢ . TaKUM YHHOM, Jpyra CUCTeMa
BIJIPI3HSAETHCS Bl IEPIIOT TUIBKUA BUIOM i-TO PIBHSHHSI.

[1lo6 3’sicyBaTH BHI IIbOTO PIBHSIHHS, 3alMIIEMOI-€ 1 j-€ PIBHSHHS TepIIoi
CUCTEMHU. 3 3arajibHOTO BUY (3) JIETKO 3710TaaTUCh, IO Il PIBHSAHHS MAaTUMYTh BH/I;
i-€ PIBHSIHHS: a,X, +a,X, +...+a,X, =h,,

J-€ PIBHAHHSA: @, +a;,X, +...+a;,X, =h;.
Tenep BUAHO, 1110 i-€ PIBHSHHS JPYroi CHCTEMH MOBUHHO MAaTH BUJI:
(X +a,% + ot X, )+ (@ +a,% +..+ax, )=b +a-b,
abo x:
(ail +oc-aj1)x1 +(ai2 +o¢-aj2)x2 +...+(ain +a-ajn)xn =b +a-b;.
Bci iHmIi piBHSIHHS 000X CHCTEM, BKIIFOYHO 3 J-MIM, CITIBIAIAI0Th.

JloBenemo Ttemnep, mo OyIab-SKHU PO3B’SI30K (a,a,,...,@,) TEPIIOT CHCTEMH €
PO3B’sI3KOM 1 Apyroi cuctemu. JlificHO, eit BIOpsAKOBaHUI HaOIp MPHITIICTAHOBIN B
KO’KHE PIBHSHHS TEPINOl CHCTEMH IEPETBOPIOE HOro Ha piBHiCTh. Tomi i-e 1 j-€
PIBHSIHHS TIEPILOT CUCTEMH MEPETBOPATHCS HA PIBHOCTI:

a,o +a,a, +...+a,a, =b,
a0 +8,,0, +...+ 3, =b;.
IToMHOXXUBIIM OOWJBI YAaCTMHHM JIPYTroi PIBHOCTI Ha « 1 JOMABIIM 1i JO TEPIIoi
PIBHOCTI OTPUMA€EMO PIBHICTE!
(a0 +a,0, +..+a,a, )+ a'(ajlal +a,,a, +. t ajnan): b+a-b;.
A 1e i 03Havae, MO BIOPSAKOBAaHUN HAOIp («y,a,,...,a,) € PO3B’I3KOMI-TO PIBHSHHS

napyroi cucteMu. OCKITBKM BCl 1HIIN PIBHSHHS IIMX CHCTEMH CIHIBIAJIal0Th, TO IeH

HaO1p € PO3B’SI3KOM 1 IPYroi CUCTEMH.
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Tenep nexail BopsiaKoBaHUN HAOIP (¢, c,,...,ar,) € PO3B’I3KOM APYTOi CUCTEMHU.
Tpeba moBectu, 1m0 BiH € PO3B’A3KOM mepiioi cucteMu. [Ipu mimcraHoBHI YMcend
IbOTO HAOOPY B i-€ 1 |-€ PIBHSHHS JPYTrOi CHCTEMHU OTPUMAEMO PiBHOCTI:

(ai1+a'ajl 1+(ai2+a~aj2)a2+...+(ain+a-ajn ,=b +a-b;,
a0 +a,a, ... +aa, =b;.
[ToMHOXUBIIM OOMABI YaCTUHU JAPYroi piBHOCTI HA ¢ 1 BIAHSABIIM i1 BiJ HEpUIOi
PIBHOCT1 OTPUMAEMO PIBHICTD:
a,o +a,a, +...+a,o, =b,.
A 1e i 03HaYae, o BIOPSAKOBAaHUN HAOIp (ay,a,,...,a,)€ PO3B’A3KOMI-TO PIBHSHHS

nepioi cucteMu. OCKUIbKH 1HII PIBHSHHS [IMX CUCTEM CHIBINAJA0Th, TO LeH HAOIp
€ PO3B’S3KOM 1 MEpIIoi CUCTeMH. TaKuM YHHOM, Hallll CHCTEMHU PIBHOCHIIbHI. 4

3aysarcenna. Enemenmapui nepemeopenHs cucmemu JiHIUHUX PIBHAHb NPUBOOAMD,
8I0N0BIOHO, 00 eNeMEeHMAapPHUX NepemeopeHb Nepuiozo, 0py2020 i mpemvo2o pooy

po3wupenoi mampuyi yici cucmemu, i HABNAKU.

§ 2.1.3. MeToa mOC/IiIOBHOT0 BUKJIIOYEHHSI HEBIIOMMUX PO3B’SI3aHHS
CUCTEMH JiHIHHUX PiBHAHb
OnumemMo yHiBEepCaIbHUM METOJ PO3B’SI3aHHS CUCTEMU JIHIMHUX PiBHSAHB. BiH
HA3WBAETHCS METOJIOM IOCHIIIOBHOTO BUKJIIOYEHHSI HEBioMUX abo meroaoMm [ayca.
BiH 3pyuHuii 115 IPaKTUYHOTO BUKOPUCTAHHS 1 JIETKO PEai3yeThCSl Ha KOMIT FOTeEpI.
Meton 3BOAUTHCS 10 3aMIHM CHUCTEMH JIIHIMHUX PIBHSHb MPOCTIIION, alie
PIBHOCHJILHOIO 1l CUCTEMOIO.
HaBenemo mnocCHiAOBHICTh KpOKIB, TOOTO anroputM meroga [ayca, sxuii
MPU3BOJUTH J0 PO3B’sI3aHHS OyAb-SKOi CyMICHOT CUCTEMH JIIHIMHUX PIBHSHbD.
Anzopumm memooa I'ayca
1. Bunucamu poswupeny mampuyio 6uxioHoi cucmemu. Ilpusecmu ii 0o
mpaneyiesuonoi opmu, 3anuuiaroyy Ha micyi ocmauHiu cmoeneys. Buxpeciumu 6

OMPUMAHIT MAMPUYi 8Ci HYIbOBI POKU.
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2. Axwo mpaneyicguona mampuys micmums psOOK, 6Ci eleMeHmu sIK020, Kpim
OCMAaHHBLO20 OOPIGHIOIOMb HYIO, MO CUCMEMA HECYMICHA, | Npoyec 3a8epuLycmuCsi.
Axwo orc maxozo psaoka Hemae, mo :
3. Bunucamu Hogy cucmemy NiHIUHUX PIBHAHb MAK, WOO Mpaneyie8uona Mampuysi
oyna ii pozwupernoo mampuyero. Buxiona i Hosa cucmemu pieHOCUNIBHI.
4. Hexati I — kinbkicmb pigHAHb HOB0I cucmemu (ye Yucio y nooarbuomy 06yoemo
Hazueamu pamwzom cucmemu), a N — Kiivkicms ii Hegioomux. AKkwo r=n, mo Ho8a
cucmema euznavena. Po3s’sazyiouu ii 3Hu3y 0ocopu, 3HaAX0OUMO EOUHUL PO38 SA30K
BUXIOHOI cucmemu.
5. Ilpu r<n, 6ci HegiOoMI GenUYUHU, KPIM OOHI€I (3a GNACHUM BUOOPOM), WO
NPUCYMHI Y OCMAHHbOMY DIBHAHHI, HA3UBAIOMbCA GLILHUMU napamempamu. Y ecix
PIBHAHHAX HOBOI cucmemu 0O00AHKU, WO MICMAmMb 8IIbHI napamempu,

nepenecmu y npasi 4acmuHu, MiHAYU NPU YbOMY 3HAK.
6. Ilpuceoimu eGinbHuM napamempam OO08LIbHI 4UCN08] 3HaueHHs. Po3e’azyrouu
OMpUMAaHy cucmemy 3HU3Y 0020pU, OMPUMAMU 3HAYEHHS Deumu HegiOOMUX.
Bnopsaokosanuii Habip ompumanux 3HayeHb Ma 3HAYEHb BLIbHUX NApPAMempis i €
D036 "SI3KOM BUXIOHOT cucmeMmu.

CTOCOBHO IILOTO QITOPUTMY MOTPIOHO 3pOOUTH JBa TMOSCHEHHS. Tak, y
MEepIIOMY MYHKTI IbOTO QJITOPUTMY WIEThCS TPO Te, M0 HYIHOBI PAIKH Y
TpaneuieBUIHIA MaTpulll BUKpechoThes. Lle BimOyBaeTbest yepe3 Te, 10 PSIOK
(0,0....,0,0) y HOBI#f cucTemi 1aB Ou PIBHSIHHAO- X, +0- X, +...+0-x, =0. SIcHO, 110 Oy 1B~
SAKUW BIOPSAKOBaHUN HaOip uyucen € Horo po3m’siskoM. OTxe, Take pPIBHSIHHS HE
BIUIMBA€ HA MHOXXUHY PO3B’SI3KIB CHCTEMH, TOMY MOK€ OyTH BHKpecieHa 3 Hei.B
APYrOMy 3K TYHKTI QJrOPUTMy BKa3aHo, IO psiaok tumy(0,0,..0,0), me b=0,
MPUBOJUTH 0 HECYMICHOCTI BHXigHOI cucTeMu. J[ificHO, 3 Takoro psjaKa MOKHA

OTPUMATH PIBHSAHHSA: 0-X, +0- X, +...+0-X, =b, sIke HE Ma€ PO3B’S3KIB.

Ilpuknao 1.
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X, —2X, +6X; +2X, =5,
3%, +4X, —2X, +2X, =3,
—7X, + X, +3%; +4x, =0,

X, —9X, +3X; — X, =5.

3rigHO 3 MYyHKTOM | aJropuTMy BHUIIMIIEMO PO3IIMPEHY MATPHUIIO IHE€] CHCTEMH 1

MpUBEIEMO 11 10 TpamnerieBUaAHO1 GopMHu.

1 -2 6 2[5 (1 -2 & 2| 5) i,
3 4 -2 2|3 L7kgk |00 10 -20 -4| -12] oo,
-7 1 3 4|0 0 -13 45 18| 35
1 -5 3 -1] 5 0 -3 -3 -3] 0
1 -2 6 2| 5 1 -2 6 2| 5
0 -5 10 2| 6| k3l [0 1 1 1| 0| fpigs
0 -13 45 18| 35 0 -13 45 18| 35
0 1 1 1] 0 0 -5 10 2| 6
1 -2 6 2| 5 1 -2 6 2| 5
0 1 1 1) 0 g3 |0 1 1 10 0| 5 sa
0 0 58 31| 35 0 015 7| 6
0 015 7| 6 0 0 58 31| 35
1 -2 6 2| 5 1 -2 6 2|5
0 1 1| 0| ew |0 1 1 1|0
59 > .
0 015 7| 6 0 015 7|6
0 0 0 59| 177 0 0 0 1] 3

BigmiTuMo, 1110 BIAMOBIAHO A0 HAIIOI TEOpii, 3aMiCTh MEePEI0CTaHHBOI MATPHII

ciig Oyno 6 orpumaru Al Marpuui. CnoyaTKy y mHomepeaHid MaTpull MOTpIOHO

YEeTBEPTUI PAJOK MOMHOXKUTHM Ha 15, a MOTIM B OTpUMMAaHIi MaTpPHIIiBIJ HOBOIO

YETBEPTOro PsIKa BIAHSATH TPETIH pANOK, MOMHOXeHUM Ha 58. To6TO TeopeTnyHO

CIOYaTKy Tpebda OTpUMaTH MaTPULIIO, BUKOHABILW MEPETBOPEHs: 15k, — K, , @ IOTIM 3

HEi OTpUMAaTH MaTPHIIIO 3a JOMOMOTrOI0 MepeTBOpeHHs: k, —58k, — k,. Ha mpakrtui

11 IBa MEPETBOPEHHS NEPILOTO Ta JPYroro poay 00’€IHYIOTh B OJHE: 15k, —58k, —> K,

[lepmmii myHKT aJiroOpuT™My BUKOHaHO. [lepelinemo 10 MOro Ipyroro myHKTY.

Bunwuiiemo no tpamnemieBuiHIi MaTpulll HOBY CUCTEMY, PIBHOCHIIbHY JaHI1H:
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X, — 2X, +6X; +2X, =5,
X, + X3 + X, =0,
15%, + 7%, =6,
X, =3
KinbKicTh piBHSIHB ITi€1 CHCTEMH CITIBIAAAE 3 KUTHKICTIO 11 HEBIIOMUX, TOMY OCTaHHS
cucTeMa — BU3HauyeHa. Po3B’s13yrouH ii 3HU3Y AOTrOpU, MAEMO:
X, =3.
[TizcTaBnsroun 11e 3HAYCHHS B MIEPEIOCTAHHE PIBHSIHHSI OTPUMAEMO:

15x, =6—7-3=-15,

[lizcTaBisiioun 3HAYEHHS X, 1 X, B IPyre PIBHSIHHS MA€EMO:
X, =—2.
Hapemnrri, mijicTaBisiou 111 3HAYEHHsI Y TIEpIIe PiBHSIHHS, OTPUMAEMO’
X =1.
OTxe, OCKIJIBKU OCTaHHSI CUCTEMa PIBHOCHUJIbHA BUX1AHIN, TO BUXIJIHA CUCTEMA

Ma€ €IMHUNA PO3B’ 30K (1, -2, -1, 3).

Jlist mepeBipku Tpeba MiJACTaBUTH 1LIeW PO3B’SI30K B KOXKHE 3 PIBHSHb BUXIJIHOI
CUCTEMH:
1-2.(-2)+6-(-1)+2-3=5,
31+4-(-2)-2-(-1)+2-3=3,
~7-1+(-2)+3-(-1) +4-3=0,
1-5.(=2) +3-(-1)-3=5.

UYepe3 rpomizaki OOYMCIICHHS, MPH PO3B’SI3aHHI CHUCTEM JIHIAHUX PIBHSHb
MeToaoM ['ayca, yacom TparisieTbCsd HEMaIO NOMWIOK. ToMy MOTPIOHO 000B’A3KOBO
poOUTHU TIEPEBIPKY.

Ilpuknao 2.

2X, + X, —3X; +4X, + 3%, =0,
—3X, +2X, + 7%, +3X, — X; =—10,
X, — X, —4X; 4+ 2X, + 2% =3,
X, + X, —4X; +11X, + 6%, = —4.

75



Bunumemo po3mupeny MaTpHITIO BUX1THOI CHCTEMH 1 3BEIeMO ii IO Tparneiie€BUIHOT

dbopmu.

2 1 -3 4 3| 0 1 -1 -4 2 2| 3

-3 2 7 3 -1 -10| f3% [-3 2 7 3 -1| -10| K-2ajk
4 1 4

1 -1 -4 2 2| 3 2 1 -3 4 3| 0

1 1 -4 11 6| -4 1 1 -4 11 6| -4

1 -1 -4 2 2| 3 1 -1 -4 2 2| 3

0 -1 -5 9 5| —1| %3k o -1 -5 9 5| -1

0 3 50 -1 -6 0 0 -10 27 14| -9/

0 2 09 4| -7 0 0 -10 27 14| -9

[lepeTBopenHs k, —k, —k, Aano O HYJIbOBUM PSIOK, IKUI Tpeba BUKpecauTu. Tomy

TpareieBUIHa MaTPUIIS Ma€ BUTJISI
1 -1 -4 2 2 3
0O -1 -5 9 55 -1|.
0O 0 -10 27 14| -9

HoBa cucrema BHUTIIIIA€ TaK:
X, — X, —4Xy +2X, + 2%, =3
— X, —5%X; + 9%, + 5%, =-1.
—10x, + 27X, +14%, =9
KinpkicTe piBHSHB Ii€i CHCTEMH MEHINE 4ucia il HeBioMux. B 1i ocTaHHBOMY
PIBHSIHHI TIPUCYTHI HEBIIOMI X,,X,,X,. 3TIIHO MYHKTY 5 ainroputMy o0’ sSBUMO

BUIBHUMHM [apaMeTpamMu, HAMPUKIIAJ HEBIIAOMI X, 1 X,. Y BCIX PIBHSHHSX OCTaHHbOI

CUCTEMH NEPEHECEMO TOJAHKHU 3 IMMU HEBIAOMHUMHM Yy TIpaBl YaCTHHMU:
X, — X, +2X, =3+ 4X; — 2Xs,
— X, +9X, = -1+ 5X%; —5X,
27X, =—-9+10x, —14x,.

B nmyHKTI 6 anropuTMy ckKaszaHo, IO B SIKOCTI 3Ha4€Hb BUIBHUX MapaMeTpiB MOXKHA

oOupatu A0OBUIBHI yucia. ToMy i 3pydyHOCTI BI3bMEMO: X, = X, =0. OTpuMaemMo

CHUCTEMY.
X, — X, +2X, =3,
-X,+9x,=-1,
27X, =-9.
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Po3B’s13y10un 1i 3HU3Y JOTOPH, 3HAAEMO:

X, =—=,

3

X, =1+9x, =1+9 °(—%):—2 :
[lincTaBnsrouu 111 3HaYSHHSI y TIepIIe PIBHAHHSA, OTPUMAEMO: X, =% :

. . L 5 1
OT1xe, OTHUM 3 PO3B’SI3KIB BUX1AHOI CUCTEMU € 3 -2, 0, —3 0].

[TomiHsBIIM B CHCTEMi 3HAUEHHS BUIBHUX MapaMeTpiB MOXHA OTPUMATH OYIb-
SIKAW 1HIIAN pO3B’ 30K BUX1THOT CHCTEMH.

Bei po3B’s3kM  HEBU3HAYEHOI CHUCTEMHM OOYHMCIUTH HEMOXJIUBO. Tomy B

anroputMmi Metojga l'ayca OCTaHHIM MyHKT HE BHUKOHYIOTh. 3aMiCTh HBOTO
PO3B’S3YIOTh CHUCTEMY 3HHU3Y JIOTOPH, BBaXKAIOUM BUIHHI TapameTpu JIOBUILHUMU
HEBU3HAYEHUMU YHUCIIAMHU.
Osnauennsn 11. Dopmynu, sKi 6upaxdcaromv 3aN1edHCHI HeBI0OMI uepe3 BilbHI
napamempu i nepemeoproioms KONMCHE PIBHAHHA CUCMeMU JIHIUHUX DPIGHAHbL HA
PIBHICMb, HA3UBAIOMBCS 3A2ANbHUM PO38 IZKOM Y€l cucmemu.

3HaliieMo 3arajJbHUl PO3B’A30K HAIIOI CHCTEMU. 3 OCTAaHHBOIO PIBHSHHSA

CUCTCMU 3HAXOJAUMO.

—9+10x, —14x,
o 27

[lixcTaBnstoun BUpa3 sl X, B IEPEIOCTAHHE PIBHSIHHS, OTPUMAEMO!

X, =1-5X; +5X; +9X, =1-5X; + 5%, +9 (—9+10X3 _14)(5)-

27

3BOJSIUM JI0 CMIUJIBHOTO 3HAMEHHUKA, MICIS CKOPOUYEHHS, MAEMO!
—6—-5X%; + X,
X, =— 325,
3
AHanoriyHo, MIACTABJISIOYM 3HAYEHHS NS X,1 X, B IEpIle PIBHAHHS CHUCTEMH,
3HAWJEMO.

45+ 43x%, — 17X
X, = 7 :
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OT1xe, 3arajlbHUM PO3B’SI3KOM CUCTEMHU 3 MPUKIANY 2 €

« = 454 43x, —17X,

1 27 ’
X, = —6—-5%; + X ’
3
—9+10x; —14x,
X, = :
27

3aranbHuN PO3B’ 30K CHCTEMH OyJIeMO 3aliCyBaTH TaK:
(), nexs, xs€R.

[lincTaBnsitoun B 3arajJibHAA  PO3B’SI30K  JOBUIbHI 3HAYEHHS YHCIOBUX
napameTpiB, MOKHA OTPUMATH OYy/b-IKUI PO3B’SA30K I1i€l cucTeMu. Takuii po3B’ 30K
CUCTEMHU Ha3UBAETbCS YACIMUHHUM.

ScHo, 1m0 3araJbHOMY pO3B’SI3Ky CHUCTEMHM MOJKHA HaJaTU I1HIIUA BUJ,

BUOpPABIIN 1HIII BUIBHI TapaMeTpH, HAIPUKIAT X, 1 X, .

§ 2.1.4. Metoa Kopaana-I'ayca

Meron XKopnpana-I'ayca € omuiero 3 Moaudikamiii Merony ['ayca.  Merton
noJisira€ 'y TOMY, IO  MAaTPUIl CHUCTEMM JIHIMHUX PIBHSAHb 3a JOIOMOTH
eIEMEHTApPHUX TEPETBOPEHD PSAIKIB 3BOAMTHCS 0 OJUHUYHOI MATPHIlL. Y I[HOMY
MoJIsiTa€ OCHOBHA BIJIMIHHICTH MiX MeTojoM ['ayca i merogom Kopnmana-I'ayca. YV
pe3yJbTaTi 3acTOCYBaHHS JAaHOTO METOAY €JIEMEHTH CTOBOLS BUIBHUX 4YJICHIB
SIBJIIITUMYTBCSI IITYKaHUM PO3B'SI3KOM CHCTEMH.
Posrasemo manuii MmeTos O1IbII IeTaabHO. [ 1IbOTO 3amMUIIeMO CUCTEMY JIIHIMHUX

anreOpaiuHuX piBHSAHb y MaTpU4HIN (opmi:

a1 Qqp ... Qqp Xq b,
Az1 Q2 ... Qp X2 b,

= (1)
Ain  Azn - Qpn Xn bn

ObuucnroBanbHa cxema Metony JKopaana-I'ayca ckiagaeTbest 3 N €TarniB, B KOXKHOMY
3 SKMX IOCIIOBHO 3 JOMOMOTOIO K-rO psijika BHUKJIIOUYAIOTHCS CIIEMEHTH TIPH

HEBIZIOMIH Xy B KOXKHOMY PSIJIKY MaTpHIli KOedillieHTiB, KpiM K -ro.
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VY pe3ynbTaTi BUKOHAHHA N €TaIiB OTPUMYEMO CHUCTEMY 3 OJWHUYHOIO MAaTPHIICIO

xl b(n)
R | B B S e
0 0 - 1 \bm)/

Temep crToBOelb HEBIIOMHX JIETKO 3HAXOAUTHCSA 32 HACTYMHOIO (POPMYIIOL0;

Koe(DirieHTIB:

S =
_ O
o O

X; = bi(n);i =1,..,n.

Ilpuknao 3. Po3B’s13aTu cucteMy JIiHIMHUX piBHAHB MeTo0M XKopnana-["ayca.

2x—y+3z=13

{3x+2y—52=—1
x+2y—z=9

Cnouarky 3Be1IeMO MaTPHUI[I0 CUCTEMHU J0 CTYIIHYATOrO BUIY METOA0M [ aycy.

3 2 =5-1 1 2 -1I9
(2 -1 3 13) = (O 1 -1 1>
9 4

1 2 -1 0 0 1
OTpumaHuil BUJI MAaTPULl CUCTEMH CBIJYHUTH MPO TE€, IO CHCTEMA JIHIHHUX PIBHSHb

CyMiCHA 1 Ma€ €IMHUI PO3B’SA30K (BOHA 3BEJICHA JJO TPUKYTHOTO BHUY).

Tenep 3a 1ONOMOTH €l1€MEHTAPHUX MEPETBOPEHb CTPOK MATPHIIl OTPUMYEMO HYJI1

3aMICTh €JIEMEHTIB MaTpPHIIl, SIKI CTOSITh BUIIIE TOJIOBHOI JlaroHati:
1 2 -19

0 1 -—-1j1|
4

0 0 1
1)  Jlo apyroi cTpOKH MaTpPHIIi JOJAEMO TPETIO CTPOKY;

Bukonaemo IICPCTBOPCHHA:

2) 1o mepIioi CTpOKHM MaTPHIll T0JJAEMO TPETIO CTPOKY.

1 2 0|13
<0 1 05)
4

0 0 1
3) Bin mepioi cTpoKy MaTpHIli BiTHIMAEMO JIPYTY, IOMHOXEHY Ha 2.

OTpuMy€eMO MaTpULIIO:
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Tomy:

0 1 0|5
0O 0 114
x =3
y=5
z=4

Bignosins: (3; 5; 4).

CcTarTl

Ha3BYy

§ 2.1.5. Meton tudens

B npomy po3aiii MU ONMILIEMO METOJ, SIKUHM Brepiie OyB MpencTaBICHUN y
mBeinapeskoro matemaruka E. llltudens y 1960 poui. Cam aBTop 1aB oMy
«KopnaHoBe BUKIIFOUCHHS.

Lle#t meToq Mae GaraTo 3aCTOCYyBaHb Ta IE€pEBar:

VYHiBepcanpHICTh. 3a HOro JONOMOTOI0 MOKHA 3HAXOAUTH PAHT CHCTEMH
BEKTOPIB, 0a3uc, JIHINHI 3a71€XHOCTI MK BEKTOpaMH; JIONMOBHIOBATH JIIHIAHO
HE3aJIe)KHY CHUCTEMY BEKTOPIB 10 0a3ucy, o0epTaTu MaTpHIIO, JOCIIKYBAaTH
Ta PO3B'A3yBaTH JIHIAHY CHUCTEMYy, OOYHUCIIOBATH XapaKTEPUCTUUHHMA
MHOTOWJICH MaTPHIIl Ta BJIaCHI BEKTOPH.

BiH mae y>xe mpocTy 00UMCITIOBAIBHY CXEMY.

Jlesiki 3amadi po3B'S3YIHOTHCA MM METOAOM OAHoudacHo. Tak mjis JiHIAHOI
CUCTEMHU pIBHSHb I[I€ OJHOYACHE 3HAXO/UKEHHS [IBOX paHriB (MaTpull
KOe(IIIEHTIB Ta PO3MIMPEHOI MaTpHill) Ta KIIBKOCTI PO3B'SI3KIB, a KOJHU
CUCTEMa HEBM3Hay€Ha, TO ©0€3 [O0JaTKOBUX OOUYMCIEHb OTPUMYETHCA

3arajibHUil po3B'A30K.

KopoTtko onumiemo 1ieti Mmeto1. PosrisiHemMo cuctemy JHIHHUX GopM (PIBHSHB):

[y, =a X+t A X+t A X,

Y, =a,X +..+a X +...+a,X, (1)

Vi = QX F et A X ot 8 X,
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e a;— Koe(illieHTH pPiBHSHb (i=12,...m, j=12,..,n), 10610
yi :a'ilX1+"'+a'ian (I :]"""m)' (2)

JloMOBUMOCH 111 PIBHOCTI 3alUCyBaTH Y BUTIISAI1 TaOIHII

X, e X . X

S n

Yo | @y e B . 8y

m

y, |a, .. a, .. a

Yo | @ o s o 8

Ky OyaeMo Ha3uBaTu cxemoro Lllmughens.

CumBonu Y,,Y,,..., Y, HA3UBAIOTbCA  JUI6UMU 6Upa3amu, a X, X,,...,X,—6epxHimu

sUpazamu .

Ocnoena enracmugicmo cxemu LlImughensa nonsicae 6 momy, wo Kodxicen U020
JeUl 8UPAa3 0OPieHIOE CyMi 00OYMKIB eJleMenmia 1io20 psoKy Ha 810N0GIOHI 8ePXHI
BUPA3U.

Hexaif a,#0. MoxHa BukoHaTH mepeTBopeHHs (Y,,X,) 13 TPOBIIHUM

€IEMEHTOM a,. Bupasumo 13 [-0i pIBHOCTI CXEMH 3MIHHY X, 4epes

Xy X0 Yer Xgppneen X0 X = (_arlxl T a'r,s—lxs—l - ar,s+1Xs+1 - arnxn) o
Ane Tomi i Yoo Year Yesgeo Yy MOXYTH  OyTH  BUP@XKEHI  depes
Xiyeres Xg g1 Vs Xougoeens X

y, =% +...+b.y, +..+b, X ):a.,

X = (_arlxl T ar,s—lxs—l o ar,s+1xs+1 - arnxn) L,

Y = (0 X + by, o0 X)) ta

Mu oTprMaeMo B3K€ HOBY TaOJIHUIIIO
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Yo [Py o By By

rs m

mn

Yo | Dy o D o D
3ammc «:a,» 03Havae, o BCI eNEMEHTH by Tpeba po3ALIMTH Ha d, .

Bynemo rosoputu, 1o cxema oTpMMaHa 3 MOIMEPEAHBOI B pe3yIbTaTi IEPETBOPEHHS
HItudens 3 nposionum (2o106HuM, po3dinbHum) eneMeHToM & # 0ske nmepekugae
JTiBHH BHpa3 Y, HaBepX (Ha Micle X,), a BEepXHid BHpa3 X,— HaliBo (Ha Micue Y, ).
[Ipu oMyl -uil psSAOK HA3UBAETHCS MPoGioHUM (PO3AUIBHUM) PSAKOM, a S-Hi
CTOBIELb — MPOGIOHUM CTOBILEM. B SKOCTI NPOBIIHOTO €JIEMEHTa MOXHa B3ATH
OyJIb-SIKUM eJIeMEHT TaOJIHIIi, BIAMIHHUHN B1JT HYJIS.
EnemeHTH mepeTBOpeHOi CXeMH OTPUMYIOTHCS 3 €JIEMEHTIB BUXITHOT CXEMH 3a
HACTYITHUM aJITOPUTMOM:
1. IlpoBigHuii exeMeHT 3aMiHIOETHCs oauHHLEeo (b, =1).
2. IHu eneMeHTH NPOBIIHOIO pPsijiKa TIIbKM 3MIHIOIOTH 3HAK (b, =-a, mpu
J#S).
3. IHIIi eneMeHTH MPOBIHOTO CTOBIIS HE 3MiHIOOTECA (b, =a, mpu i #T1).
4. EneMeHTH, 10 HE JIEKaTb B MPOBIIHUX PSAIKaX, MEPETBOPIOIOTHCS TaK:
b, =a;a, —a,a, (i#r, j#s), ToOTO, mepeTBOpeHUl eNeMeHT @
IPOEKTYETHCS» HA MPOBITHUMN PSIIOK T4 CTOBIEIb, 3HAXOAUTHCS PI3HUILS IBOX

N0O0YTKIB: IEPETBOPEHUI HA MPOBIIHUN MIHYC TIPOEKIIisl HA TIPOEKIIIIO.

a:; —> a

ij is

LT

rj J— rs
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5. Bci oTpuMaHi e1€MEHTH AUIATHCA Ha @, .

Hanpuxnan, po3risiHeMo HACTYIHY CUCTEMY PiBHOCTEH:
Y, ==X +4X, —3X;, — 2X,,
Y, =3X — X, +5X, + 3X,,
Yy =—4X + X, +X,.

JlaHy cucTeMy MO>KHA 3alMCaTH Y BUTJISAII HACTYITHOI CXEMH:

X | X | X | X,
y, | -1 | 4| -3]-2
Y, | 3 | -7 3
v, | -4 1] 0|1

BukoHaeMo mnepeTBopeHHs (Y,,X;) i3 MPOBIAHMM eJeMEHTOM [5], sKuii
3HAXOAUTHCS Ha MEpPeTHHI 2-0i CTPOKH Ta 3-ro croBmus. [Ipym 1poMy 3MIHHA X,

MIHSIETHCS MICISIMHU 13 3MIHHOIO Y, , 1 MM OTPUMY€EMO HOBY CXEMY:

TOOTO
X X | Y2 | X
4 3 1
"5 | 5| 5] s
N T I A
5 5 5 5
Y3 -4 1 0 1

[TosicHuMo, sIK1 IEPETBOPEHHS MU 3pOOUIIH:

1. IlpoBigHMii eeMEHT 3aMiHWIM HA OAWHUIIO b,, =1.

2. Tumii eneMeHTH MPOBITHOT CTPOKK OOUUCITIOIOTHCS 3a (HOPMYJIOIO:

b,,=-a,;, =124
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b,=-a,=-3, b,=-a,=7 b,=-a,=-3.
3. IHnm emeMeHTH IPOBIAHOTO CTOBIIIS OOYHCITIOIOTHCS 32 (POPMYIIOTO:
b,=a, J=13.
by =a;=-3, by=a,=0.
4. ]Jlns mepepaxyBaHHS €JIE€MEHTIB, IO HE JIEKATh B JPYTOMY PSIKY 1 TPETbOMY
CTOBITYUKY, CKOPUCTAEMOCH (POPMYJIOIO:
b, =aya,, —a.a,; (1#2,]#3),
b, =a,8, —a,d, =(-1) x5-(-3)x3=4,b, =a,a,; —a,;8, =4x5-(-3)x(-7) =1,
b, =a,a,;—a,a, =(-2)x5-(-3)x3=-1,
b,, = a8, —8,,8,, =(—4)x5-3x0=-20,
by, = ag,8,; — 85,8, =1x5—(=7)x0=5,
by, =a,a,; —a;a,, =1x5-3x0=5.
5. Bcl oTprMaHi €1€MEHTH JIIAThCA HA 8y, = 5.

TakuMm 4MHOM, OTPUMAHN HACTYIIHY CUCTEMY PIBHOCTEH:

4 1 3 1
ylzgxl—gxz—gyz—gxm
X3 :_§X1+sz+y2_§x4’

3) 3) 3)

Yo, =—4X + X, +X,.

3ayeasricennsn. Ilepemeopenns I[llmughens ne 3anexcums 8i0 KOHKpEmMHO20 MUNY
8upazie X, Xy Xy Vi1 Yore Yy - Lle mooicymo Oymu eexmopu, 3minui, QPyHKYi.

A

Baowcnuso, wob suxonysanuce cniggionowienus (2).
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3apa3 mu Oyaemo 3actocoByBaTu neperBopeHHs Lltudens nns po3s’si3anHs

CUCTEM JIHINHUX PIBHSIHB:

a X +..ta X +..+a,Xx, =h,
A, X+ F A, X .+, X, =D,

2n’n

3)

a X +..+a,X+..+a X =b.
[TepenuiemMo 1aHy CUCTEMY Y HACTYITHOMY BUTJISI1

O=a, X +..+a,. X +...+a,X —b,
O=a,X +..+a,X +..+8, X, —D,,

(4)

O=a,X+..+a,X+..+a. X —b,,

Ta Bunuimemo i Hei cxemy Lltudens. Ilpu mpomy MH BBOOUMO TOAATKOBUUN

CTOBITYHK, SIKMI BIJIIOBIJA€ BUIBHUM YJ€HAM CHUCTCMU:

X | .| X 1

n

Oay . la,|[-Db

0 Ang | e | Ay -b

m

1 sapianm memody
Bynemo BukonyBaTu neperBopenHs LlTudens 1oku MoXIMBO, OTPUMYIOUU Ha
KOXKHOMY €Talll CUCTEMY JIHIMHUX PIBHSAHb, PIBHOCWJIbHY BHXIJHIA. 3 KOXHUM
KPOKOM 4YHCJIO CTOBMIIB Oyae 3MEHIIyBaTHCS Ha OJUHUIIO, TOMY IO HYJIb,
MEePEeKUHYTUN HaBEpX, aHYJIIOE BIAMOBIMHMIA cToBHels. Haramaemo, 1o yMoBOIO
MOJKJIMBOCTI BUKOHAHHS MEPETBOPEHHA (Y, ,X,) € Te 110 IPOBIAHUN €IEMEHT &, HE
JIOPIBHIOE HYJIIO.

Y Hac Moxe BUHHUKHYTH OJIUH 3 TPHOX BI/IHaI[KiBZ
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Hexait uucma d, ,,...,

Xk+1 Xn 1
X1 C\'1,k+1 Cln dl
X | Gkt Con | i
01 0O 0 |d,
0 0 0 | d,

d_ He Bci Hym.

m

TOI[i OTpMdHa CHCTCMa BKJIIOYA€

cynepewnuse piBHSHHA 0=0-X,,,+...+0-X —d, mpu d, #0, ToOTO € HecyMicHO!O,

a TOMY 1 BUX1JHa CCTEéMa HECYMICHA.

2.

1
X | A
X\ | B

VYci HeBIIOMI MEPEKUHYTI HalliBO, TOMY CHUCTEMa JIHIMHUX PIBHSHb € BU3HAYCHOIO,

X, = f,..., X= [, € pO3B'I3KOM BUX1JHOI CHCTEMHU.

3.

Xk+1 Xn 1
Xl C1,k+1 C1n dl
Xk Ck,k+1 Ck,n dk
0 0 01O
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He Bci HeBigoMi nepekunyTi HaniBo (K <N), ane nporupivus Hemae. Buxinna
CUCTEMa € CYMICHOIO Ta Mae 6e3:1i4 po3B'si3kiB. [Ipu iboMy MU 01pasy oTpuMaln
3arajJbHUN PO3B’SI30K II€1 CHCTEMH

X, = Cp X FooeHCp X o+,

1n“*n

7

X = CprXior oo G X e+,
€ X, ,;yy X, € BUIBHUMH ITAPAMETPAMH.

2 sapianm memooy

Sk 1 B mepmioMy BapiaHTi, MPUBOJAMMO CUCTeMY 10 Buay (4). Bukonyrouu
nepetBopeHHs IlTudens, Ha KO)KHOMY KpoIll MPOBIIHE PIBHSAHHSA BUKIIOYAETHCS 31
CXEMU Ta BMIIUCYETbCS OKpeMo. Jlail MepeTBOPEHHIO MiAJATraloTh HEBUKIIIOUEHI
CTPOKU 3 HyJIsIMHM 31iBa. Takum unHOM, cxema llltudens koxxeH pa3 3MEHIIY€eThCS Ha
OJIHy CTPOKY 1 OJMH cTOBHElb. KOXHE HacTymHe NpOBIAHE PIBHAHHS MICTUTh Ha
OJIHy HEBIIOMY MeEHIIe, HDK nomnepeaHe. llpu nboMy MU OTPUMYEMO CHCTEMY

MIPOBIAHUX PIBHAHb MpaneyiesuoHoi opmu.
VY Hac TakoX MOXK€ BUHUKHYTHU OJIMH 3 TPbOX BUIAIKIB:

1. B oaniit 13 cxem IlItudens 3'4BuThes CynepeuInBuil psjiok, TOMy cucTema oyge
HECYMICHOIO.

2. OcranHs cxema BKJIIOYa€ OUIbIe OJIHIET 3MIHHOI, PU IIbOMY HISIKOTO TPOTUPIUUs
He Mae. CucremMa € HEBM3HAYEHOIO. 3arajbHUl pPO3B'SI30K OyAeMO 3HaXOJIUTH 3a
JIOTIOMOTOI0  3BOPOTHOTO XOoay Metony layca, ToOTO OyneMo BHKOHYBaTU
M1JCTAHOBKH HEBIIOMUX Yy MTONEPEIHI PIBHSIHHS.

3. B mpotieci po3B'si3aHHA HE BUHUKAE MPOTUPIYYS, & OCTAHHS CXE€Ma BKIIIOYAE OJIHY

3MiHHY, TOJIl BUX1J{HA CUCTEMa € BUBHAUYCHOIO.
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§ 2.1.6. MaTpu4Hi piBHSHHS

Hexait A Ta B — wMarpuii BiamoBigHO po3MmipHocTen mMxn Ta kxI.
Heo0ximH010 yMOBOIO pO3B’sI3aHHS MATPUIHOTO PIBHIHHS
AX =B ()
e ymoBa M=k um n=I. Toxni X mae Oytu po3mipy Nnxl|. Aie 11i yMOBU HEe €
nocratHiMu. Hampuknan, skmo A ta B— me xBampaTHi MaTpuil po3mipy N, mpu
boMy Matpuilsi A Mae oOepHeHy, a B He mae. B mpoMy BHMaKy Taki yMOBHU HE €
JIOCTaTHIMHU.
[TpoBenemo nocmuimxenus piBHIHHSA (5). [lepenumemo matpuiito B po3mipHOCTI

mx| y HACTymMHOMY BUTJISI:

L b, . by

B= =(B®,B?,...,,B"),
bm1 bm2 bmI
Mn npencraBmmm  Bsx  cumcremy i3 | crosmmie  B®,B?....,B", ne
BW=| | j=1..,L
b

mj

3aysarcenna. bynb-sxuil psnoxk wmatpumi B, B3gaTHii okpemo, MOXHa
PO3IIISIIATH SIK MATPUIIO po3MipHOCTI 1X|, a CTOBIUMK — SIK MAaTPHIIO PO3MIPHOCTI
mx1. Tomy psaku (cToBmii) martpuili BwmokHa momaBaTd, BiIHIMATH, a TaKOX
MHOKHATH Ha YHCJIa 3TiTHO 3 O3HAYCHHSMHM BIJIIOBIIHUX OIEpalliid HaJl MATPUIISIMU.

3po3yminio, 110 Y TaKUi CrOci0 MOXKHA 3amMucaTy 1 MaTpuLo X !

Xu X o Xy Xij
X=l 1 i =(X®OX@ XDy pe xD =] j=1...L

an Xn2 X

nl nj

BukopucTtoBytoun BU3HAUY€HHS JOOYTKY Ta PIBHOCTI MaTpHIlb, MM MOMXEMO

3anucaTy HACTYITHI MaTPUYHI PIBHSHHS:
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AX @D = B(l),

: (6)
AX® =B®.

Komu mu 3nHaiinemo croBmii Matpuiii X 13 (6), ToAi Mu 1 po3B’spkeMo piBHSHHS (5).

Ane MH MOXEMO TIOMITUTH, 10 (6) — 1ie |crcTeM JiHIMHUX PIBHSHB, SKi MAIOTh OJHY

1 Ty X MatpuIo KoedimieHTiB. /s Toro mo6 My MOIJIM 3HAUTH MATpUIlO X, sKa

3a710BOJIBHSE (5), HEOOXITHO 1 JOCTaTHBO, MO0 yci lcucteM miHIMHUX anreOpaidHuX

piBHSHB (6) OyJIM CyMICHUMH.

Po3p’s3ku 1ux cuctem (CTOBMII MaTpuil X) MOXEMO 3HAXOJIUTH OJHOYACHO,
BUKOpHUCTOBYIOuH Meton ['ayca um merton llrtudens. Hampuxman, skmo mista 3a
anroputMoM Meronaa [layca, cmoyaTky HEOOXIJHO CKJIACTH PO3LIMPEHY MATPHIIO
(A|B) Ta BUKOHYBATH BiJIOBIHI €IeMEHTApHI MEPETBOPEHHS HAJ PSIIKaMH, 3BOISYN
MaTpuiIlio (4|B) 10 TpanemieBUIHOI (HOpPMHU.

Ilpuknao 4. Po3B’s13aTu MaTpUYHE PIBHSHHS
2 3 5 2
X = :
4 6 10 4
2 3 . .
Martpunst A= 46 HE Mae oOepHeHy (MepeBIpUTHU CcaMoOCTiiHO).byaemo

mykatd Xy Burisaai X = [Xﬂ Xlzj =(X W X (2)) .
X1 Xy

JIist po3B’A3Ky 33724l HEOOX1HO PO3B’SA3aTH JIBA MATPUYHUX PIBHSIHHS

AX® =BY 1 AX® =B®@:

23X(1):5
4 6 10)’
23x(2>=2.
4 6 4

Ane OyaemMo po3B’sI3yBaTH HUX OJHOYACHO, TOMY BHUIIHCYEMO PO3LIMPEHY

maTpuiro (A4|B):
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2 3|5 2 q 2 35 2
4 610 4 0 00 0)
(2)-()e

Mu oTpuMaia 1Bl CUCTEMM JIIHIHHUX PIBHIHB, SIKI IIOTPIOHO PO3B’A3aTH:
p p ) p p

5 3
{ZX11 +3X,, =5, = X, =§—§x21.
3

{2%, +3%, =2, = X, :1—§x22.
P03B’s13K0M BUX1THOTO PIBHSHHS € MAaTPHUILT

5 3 3

x=|27 2% 3%
X21 X22

1€ X, , Xp,— JOBUIbHI YUCIIA.

[lepeBipka:

5 3 3
2:0 == =Xy [+3: %X, 2:|1-=X,, [+3-X
(2 3j §—§x21 1—§x22 (2 2 21) . ( 2 zzj z (5 2)
2 2 = .

2 =
4 6 5 3 3 10 4
X21 X22 4'(5—5)(21)4‘6')(21 4'(1—§X22j+6'xzz
5 3 3
: oy -7 Xa 1__X22 . )
BignoBigp: X =| 2 2 2 1€ X,, X,,—A0BLIbHI YHCIIA.

X21 X22

§ 2.1.7. MarpuyHMii MeTO PO3B’SI3aHHS CUCTEMHM JIHIHHUX PiBHAHD
Ile#i Merom 3aCTOCOBYEThCS TUIBKM JUIsI CUCTEM N JIHIWHUX PIBHSHB 3 N

HEBIJJOMUMU BUIY

a; X +a,X, +...+a,X, =b,
Ay Xy +AyX, +...+ Ay, X, =D, ©)

ayX +a,,X, +...+a,.X, =b,
pu yMOBi, 110 OCHOBHA MaTpPHUILsI CUCTEMHU Ma€ 06epHeHy.

Jany cucreMy JiHIMHMX pPIBHSHb MOXHa 3alldCaTH y BUIl MaTPUYHOTO

piBHSHHS A-X =B, 1€ A—OCHOBHa MaTpullsl CUCTEMH, B — CTOBHEIb BUIbHUX
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YJICHIB, X — CTOBMEIb HEBIJOMHX, IpUUIOMYy cucTema (7) 1 BIAMOBITHE MaTPUYHE
PIBHSIHHSL MAIOTh OJIHY 1 Ty K MHOKHUHY PO3B’SI3KiB.
Teopema 4. Axwo mampuys A nopsaoky n mae obepueHy mampuyio, a B-—
008LIbHA MAMPUYSL POSMIPHOCIMI NX P, MO MAMPUYHE DIGHAHHS
A-X =B(8)
Mae EOUHUL PO38 30K BUY:
X=A"B . (9)

P IcHyBaHHS pO3B’A3KY.

SIkiio matpuiss AoOOpOTHA, TO icHYe ennHa Matpuis A™. [lepeBipuMo, 110 MaTPHUIIs
A™.B € po3B’SI3KOM MaTPHYHOTO PiBHSIHHSA (8).

A-(4"-B)=(A-A™")-B=E-B=B— OTpUMaIl TOTOKHICTb.

Po3B’s130k MaTpuyHOTO piBHIHHS (8) iCHYE.

€IMHICTb LILOTO PO3B’A3KY TOBOJUTHCS METOJOM BiJl CYIIPOTUBHOTO.
Hexait matpuii C 1 D € po3B’s3kamu piBHAHHS (8). OTxe, MAaEMO CHUCTEMY
PIBHOCTEH:
A-C=B
D.C=B.

[ToMHOXXMMO OOWIBI YaCTMHM ILUX pPIBHOCTEW 3J1iBa Ha MAaTpHI0 A,
BpaxoByroun acoriaTUBHICTh omepailii MHOXEHHS MaTpullb Ta PIBHICTb
A-At=A"-A=E,ne E—ONMHAYHA MATPHUL IOPSIKYn, MaTUMEMO C=A".-B Ta

D=A'.B,T00T0 C=D. «

Buxopucranns 11i€i TeopemMu 10 po3B’s3aHHsA cucTeMH (7) 1 Ha3WBAETHCA

MAMPUYHUM MEMOOOM PO38 SA3AHHS CUCMEMU JIHIUHUX PIBHSAHD.
5:% —4-x,-11-x, =3,

Ilpuknao 5. Po3B’sKeMO CUCTEMY < 4-X, +3-X, +2- X, =1, MaTpPUYHUM METOIOM.
X 4+ X, + X3 =—2.
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5 -4 -11
Matpuus A=|4 3 2 |o0opoTHa.

1 1 1
1 7 %
2 2 2 : .
A'=|-1 8 —27|(nepeBipTe CaMOCTIHHO).
19 3
2 2 2

Tomy 3a popmyioro (9) po3B’sA3KOM I1i€T CUCTEMU JTIHINHUX PIBHSIHB € CTOBIICIIb:
. 1 -7 25 3 —-54 - 27
X:A’l-B:E- -2 16 -54|] 1 :%- 118 |=| 59
1 -9 31 )(-2 —-68 -34
3a TeopeMoro 4 11eii po3B’ 30K €TUHUM.

Bignosige: (27, 59, —34).

KonTpoabHi 3antuTaHHsA

1. IIlo Ha3uBa€ETHCA CUCTEMOIO M JIIHIMHUX PIBHSIHB 3 N HEBIOMUMU?

2. lllo Ha3uBaeThCs MATPUIICI0O CHCTEMH M  JIHIWHUX PIBHSIHH 3 N
HeBigoMumu? 1[0 Ha3MBaeThCS CTOBMIIIEM BIIBHHMX YJICHIB CUCTEMU JIIHIMHUX
piBHsIHB? Slka MaTpuIlsi HA3UBAETHCS PO3IIUPEHOIO MATPUIICI0 CHUCTEMU
THIAHUX PIBHSHB?

3. BunummiTs:

a) 3araJbHUM BUJ CUCTEMU M JIIHIMHUX PIBHSHB 3 N HEBIIOMUMHU;

0) MaTpHIIIO 1Ii€1 CUCTEMU;

B) ii CTOBMEIH HEBIJIOMHUX;

I') CTOBICIb BUTbHUX YJICHIB,;

1) pO3IIMPEHY MATPULIIO.

4. BumnuumiTe y 3araJbHOMY BHJI CUCTEMY TPbOX JIHIMHUX PIBHSHB 3 JIBOMA

HEBIJJOMHUMH Ta BC1 MaTPHIIL, TTOB’s3aHi 3 HEIO.
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5. SIka cuctema m JiHIHHUX PIBHSAHB 3 N HEBIJOMUMHU HA3UBAETHCS OJTHOPITHOIO?
Bunumrits 11 3aranpHuN BU.
6. HaBenith mpukiaa oJHOPIAHOI CHCTEMH TPHOX JIHIMHUX PIBHSHb 3 YOTHPMA
HEB1JIOMMMH Ta BUIHIIITH BC1 MaTPHIIi, TTOB’sI3aHi 3 HEIO.
7. JlaifTe o3HAYEHHS PO3B’SI3Ky CUCTEMU M JIIHIMHHUX PIBHSAHB 3 N HEBITOMUMH.
8. Slka cucremam JiHIMHUX PIBHSHB 3 N HEBIJIOMUMH HA3UBAETHCS :
a) CYMICHOI0;
0) HECYMICHOIO;
B) BU3HAUECHOIO;
I') HEBU3HAYEHOIO?
9. Uu icHYIOTh HECYMICHI OJTHOPIJIHI CUCTEMH JIHINHUX PIBHSHB?
10.Yu Moxe oHOpiTHA 1 HEOAHOPIAHA CHCTEMa MaTH OJIHY 1 TY K MaTPHUIIIO?
11.SIxuit po3B’SI30K 3aBKAM MAE OJHOPITHA CUCTEMA JIHIMHUX PIBHSIHB?
12.1llo Ha3uBa€ThCS HYJbOBUM Ta HEHYJIBOBUM PO3B’SI3KAMU  CHUCTEMHU
OJIHOP1THUX PIBHSHB?
13. Yu icHYIOTS:
a) HECYMICHI HEBU3HAYEH1 CUCTEMU JIIHIMHUX PIBHSHB;
0) cyMmiCHI BU3HAYEH1 CUCTEMU JIIHIMHUX PIBHSIHB?
14. SIxi BIaCTUBOCTI MalOTh PO3B’S3KM OJHOPIAHOI CUCTEMHU JIHIWHUX PIBHSHB?
15. Yu maroTh Taki X BJIACTUBOCTI PO3B’S3KH CYMICHOI HEOIHOPIHOI CHUCTEMU
niHIAHUX piBHSAHB? [l0sICHITH, YOMY.
16.5ki nBi cucTeMU JIHIHHUX PIBHSAHb HA3UBAIOTHCS PIBHOCHIIBHUMU?
17.Yu1 MOXyTb pPIBHOCUIIbHI CUCTEMHU MATH:
a) pi3HY KUIbKICTh HEBIJIOMUX;
0) pi3HY KUIbKICTh PIBHSAHb?
18. SIxi enemeHTapHI IEPETBOPEHHS CUCTEMH JIIHIMHUX PIBHAHD BU 3HAETE?
19.Yu npuBOASTH €IEMEHTApHI MEPETBOPEHHS CUCTEMHU JHIMHUX PIBHSHB IO
PIBHOCHJIBHOI cucTeMu? SIKIO Tak, TO AOBEIITH 1€ TBEPKCHHS I KOKHOTO

3 TUIB €JIEMEHTAPHUX TIEPETBOPEHb CUCTEMU JIIHIWHUX PIBHSIHb.
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20.111o BixOyBaeThCs 3 PO3MIKUPEHOIO MATPUIICIO CUCTEMH JIIHIWHUX PIBHSAHB MpPU
BUKOHAHHI B 1[Il CUCTEMI €JIEMEHTapPHHUX MIEPETBOPCHB?

21.11lo BimOyBaeTbcsl 3 CHUCTEMOIO JIHIMHUX PIBHAHH NPU BHUKOHAHHI
€JIEMEHTApPHUX MEPETBOPEHb MEpIIOro, IPYroro Ta TPEThbOro poay Hax
pAaKaMU ii pO3MIUPEHOT MaTPHIIi?

22. Ha3BiTh BC1 TNyHKTH QJTOPUTMY PO3B’SI3aHHS CHUCTEMU JIHIMHHX PIBHIHBb
MeTosioM ['ayca Ta nOBediTh, IO BiH MPHUBOIUTH IO PO3B’SI3aHHS BHUXITHOI
CHUCTEMH JIIHIMHUX PIBHSAHD.

23. Slknii psAOOK TOBHMHHA MAaTH BIAMOBIAHA TpaANCI€EBUAHA MATPHIL, SKIIO
cUCTEMa JIIHIHHUX PIBHSIHB HECyMicHa?

24. YoMy B Tpamneui€eBUAHIN MaTpulll, OTPUMAHIM 3 PO3MIUPEHOI MaTpHIll
CUCTEMHU JIIHIHHUX PIBHSIHb, BUKPECITIOIOTh HYJIbOBI PSIIKU?

25. Konu cymicHa cuctema JiHIAHUX pIBHSHB, MATPHUIIO SKOi MPHUBEIACHO K
TpaneneBUJHOMY BUAY, MAE:

a) €IUHUM;
0) 6e3niy po3B’sI3KiB?

26.111o Take BimbHI mapamerpu? Sk iX BH3HAUYAIOTh MPH PO3B’S3aHHI CHCTEMU
THIAHUX PIBHSHB?

27.11lo Take 3arajdpbHUN PO3B’SI30K CHUCTEMH JIHIMHMX PiBHSHB? SIK 3 HBOTO
OTPUMATH KOHKPETHI YUCJIOB1 pO3B’SI3KH ILII€T CUCTEMU?

28. SIkuii po3B’SI30K CUCTEMU JIIHIMHUX DPIBHSHb HA3WBAETHCA YACTHHHUM? Sk
OTpUMAaTH YaCTUHHUN PO3B’S30K?

29. 3anuuIiTh TOBUIBHY CUCTEMY M JIIHIMHUX PIBHSHB 3 N HEBIIOMUMH Y BHUI
MATPUYHOTO PIBHSHHS.

30. loBeniTh, 10 CUCTEMa JIHIMHUX PIBHSHD Ta BiAMOBIJHE MaTPUUYHE PiIBHSIHHS
MAaloTh OJIHY 1 Ty K MHOKHUHY PO3B’SI3KIB.

31.V yomy nonsirae BimMiHHICTH MeToty JKopaaHna-I"ayca Bijg metony ["ayca?

32.1lpu BukoHanHi wmetony JKopmana-I'ayca 3acTOCOBYIOTH —e€J€MEHTapHi

MEPETBOPEHHS CTPOK 200 CTOBOIIIB MATPUIlI CUCTEMU?
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33.11o mu Ha3uBaemo cxemoro 1 neperBopeHHsM Ltudens?

34.5Ixa ocHoBHa BiacTuBicTh cxemu Lltudens?

35.3a sgKkuUMH TIpaBWIAaMH OTPUMYIOTBCS €JIEMEHTH  IEPETBOPEHOI CXEMH
Mtudens?

36. ChopmymntoiiTe yMOBY MOXKJIMBOCTI BUKOHAHHsI IepeTBOpPeHHA (Y,,X,) Y

metoxi Ltudens.

37.Yu 3anexutsb nepersopenss Lltudens Big tumy BupasiB X,..., X, Yy,..., Y, ?

38.0mumiTh aIrOpUTM PpO3B’S3aHHA CHUCTEMHU JIHIMHMX pPIBHIHB METOJOM
tudens. Yum BiapizHAOTHCSA 1 Ta 2 BapiaHT I[bOTO METOY?

39. Sxuii Bun Oyne matu octanHs cxema lltudens, sika orpumana micis
CKIHUEHHOI KUIBKOCTI MEPETBOPEHb 13 CXEMH, WO BIJIMOBIJAE€ HECYMICHIN
CUCTEMI JIHIHHUX PIBHSIHB?

40. Sk 3HAWTH 3arajJbHUM PO3B'sI30K HEBU3HAUYEHOI CUCTEMH JIIHIWHUHN PIBHSAHB 32
nonomororo cxemu [Itudens?

41. Sxa MaTpuIlsd Ha3UBAETHCS 0OEPHEHOIO0 MATPHIICIO 10 MATPHUIll A?

42. SIxa MaTpuIs HA3UBAETHCS 0OOPOTHOIO?

43. Illo MoxHa cKa3aTH MPO PO3MIPHICTb 0OOPOTHOI MATPHIIL?

44, CkiJIbKHU pO3B’SI3KIB ICHY€E Yy PIBHSIHHS A- X = B, SIKIITO MaTpulsg A 06opoTHa?

45. CKUJIbKY pO3B’SI3KiB ICHY€E y PIBHSIHHA A- X = B, SIKIIO MaTpuLsg A HeOOOpOTHA?
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Pozain 2. 1lpakTyHa yacTuHA

Heobxioni meopemuuni 3HanHA.  6UOU cucmem JAIHIUHUX PIBHAHb, eleMeHmAapHi
nepemeopeHHs Mampuysb, OOIPYHMYBAHHA Memoody HOCNI008HO20 BUKIIOYEHHS
Hesidomux (memoo I ayca), memooy Kopoana-I'ayca, memooy LlImughens, oonopioni
cucmemu JIHIUHUX PIBHAHb MA 81ACMUBOCHI IX D038 A3KI8, Memoou po38 sa3V8aAHHSI
MAMPUYHUX DIGHAHD.

§ 2.2.1. Ilpuknaau po3B’A3yBaHHS BIIPaB Ta 3a1a4
Ilpuknao 1.Po3B’s3aTu cucTeMYy JIIHIMHUX piBHAHBL MeTogoM [ ayca.

2x1 —4x, + x3 —4x, = 2

{3x1—3x2+x3—x4=—1
—X1 +5x, —x3+7x, =1

3 -3 1 -1|-1 (1)3 -3 1 -1
(2 -4 1 -4 2)—>(0 -6 1 -10

-1 5 -1 711 0 12 -2 20

(2)<3 -3 1 —1—1)
-8
10

-0 -6 -1 10
1) Jpyry cTpOKy IOMHOXFIJIA Ha 3 Ta Bl HET BIAHSIIM MEPITY CTPOKY, TOMHOXKEHY Ha

_1> @
4 -
2

0 O 0 0

2. TpeTio CTpOKY MMOMHOXKHIJIM Ha 3 Ta JOAAIU MEepIITy CTPOKY.
2) Jlo TpeThoi CTPOKH J0JIaIH IPYTY, IOMHOXKEHY Ha 2.

3anuiiemMo piBHAHHS, 1O BIANOBIAAE TPETIN CTPOYUIl OCTAHHIM MATpPHIII:
0-x,+0x,+ 0-x3+ 0-x, =10
abo 0 = 10.
Lle mpoTupiyusi, TOMy cucTeMa JIIHIMHUX PIBHSHb HECYMICHA.
Ilpuxnao 2. Po3p’s3aTu cuctemMy JiHIMHUX PiBHAHb MeTogoM JKopmana-T"ayca.
X1 —8xy +x3—9x, =6
Xy —4x, —x3—5x, =2

_3x1 + 2x2 + 8.X3 + 5x4 - 4
5x1 + 2x2 + ZX3 + 3x4 - 12
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Buxonyemo nepiry yactuny anropurmy JKopnana-I'ayca.

1) Bin mpyroi cTpoku BiHSIM Tepiry cTpoky. Jlo TpeTbol CTpOKM OJaH TEpIry
CTpPOKY, IOMHOXXEHY Ha 3. Bing d4eTrBepTol CTPOKM  BIJHSUIM MEPILYy CTPOKY,
IIOMHOXEHY Ha J.

2) Ipyry cTpOoKy MOAiIMIM Ha 2, TPETIO CTPOKY Ha 11, 4eTBepTy cTpoKy Ha 3.

3) Jlpyra Ta TpeTsl CTPOKU MPOTOPIIiiiHI, TOMY TPETIO CTPOKY MOKHA BHKIIFOYHTH.
J1o yeTBepTOi CTPOKHU AOJAIH IPYTY CTPOKY, IOMHOXKEHY Ha —7.

4) TpeTro CTPOKY MOAUTIIN Ha 2.

Cucrema piBHSIHB Mae 0€3J114 po3B’s3KIB. 3BEIEMO MATPUILIIO CUCTEMH JI0 BUIY:

1 0 0 =x|*
(0 1 0 **)
*

0 0 1 =
1 -8 1 -9|6 5) 3 =24 0 -28|14
0O 2 -1 21|-2|—-/0 6 0 7 —2)
0 O 3 114 0 0 3 114

5) Ilepury cTpoKy MOMHOKHUMO Ha 3 1 BigHIMEMO TpeTio. Jpyry cTpoKy MOMHOXHMO

14\ /3 0 0 0|6
—2>—><0 6 0 7—2)
4

4 0 0 3 1
6) Hpyry cTpoKy MOMHOXXHUMO Ha 4 Ta 0AAEMO JI0 TIEPIIOI CTPOKH.

Ha 3 1 J0/1aEMO TPETIO.

3 —-24 0 -28
(0 6 0 7
0 3

0 1

7) llepmry cTpoky moainmumo Ha 3, 1pyry Ha 6, TpeTio Ha 3.

1 0 0 0 2
0 1 0 72
6(—3

\O 0 1 ! 4/
31 3

Maemo:
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x1=2

7 1
Xy + gx4 = —§
1 4
k X3 + §X4 = §
Bupaxaemo 3MiHH1 4epe3 00paHy BUIbHY 3MIHHY (TIapaMeTp) Xy
X, =2
7 1
Xy = — gx4 - §
1 4
\xs = — 3% t3

BinnoBines:

3ayeasrcenns./{na 0ano20 npuKIA0y Mampuyio Cucmemu Mampuyo cucmemu 3600Ull

1 0 0 =x x|*
memooom Kopoana-I'ayca 0o euody (0 1 0 *= = ) Oonak, mampuyio
0 0 1 = =xI*

*

1 0 0
cucmemu  ModCcHa — Oy10  3800umu 00  GUOY <* 0 1 0
*x 0 0 1
* *x 1 x 0 Of*
*) abo (* 0 * 1 0*) mouwo.
* *x 0 * 0 1I*

Ilpuknao 3. Pos3p'szatu cucteMmy JIHIMHUX PIBHAHb 3a | BaplaHTOM METOAY

tudens.

k| *
* | * abo
k

*

(2% + X, — X, + X, =1,
3X, — 2X, + 2X, —3X, =2,
5X, + X, — X; +2X, =—1,

55X, —3X, + X, —8x, =1.

[Tepenummemo cuctemy y Burisizi (4) 1 ckimagemo st Hel cxemy L tudens
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2X, + X, =X, + X, —1=0,
3%, —2X, +2X, —3X,—2 =0,
5X, + X, = X, +2X%, +1=0,

5%, —3X, + X, —8x,-1=0.

1 X, X, Xg X, 1
0 2 -1 1 -1
0 3 -2 2 3| -2
0 5 1 -1 2 1
0 2 1 -1 3 -4

B skocTi mpoBigHOro einieMeHTa Oo0MpaeMo Koe(illieHT mpu 3MIHHIA X, B

MIEPIIOMY PIBHSIHHI 1 BUKPECIIIOEMO. AHYIIOETHCS TIEPIIUNA CTOBIIEIID.

EnemMeHnTH npoBiHOT CTPOKH OOUHCITIOIOTHCS 3a (DOPMYIIOHO:

blj:—aij, 1=1,3,4,5,
b11:_a11:_2’ b13:_a13:1’ b.l4:_a14:_1’ b15:_a15:1'

Jlist mepepaxyBaHHSI €JIEMEHTIB, 110 HE JIEKAaTh B MEPIIOMY PSAKY 1 Ipyromy

CTOBITYUKY, CKOPUCTAEMOCH (DOPMYIIOKO:
blj =&, — 8,8 (i #1, J #2),
b, =a,8, —a,8,; =3x1-(-2)x2=7

1 Tak gaii. Bel oTpuMaHi eneMeHTH po3aiuuMo Ha @, =1 Ta 3anunieMo HacTyIHy

TaOIHUIIIO:
2 X, X; | X 1 3 X X 1
X, -2 1 -1 1 X, 1 2 3
0 7 0 -1 4| = 0 10 0 2 | =
0 3 0 2 Xy -3 0 -2
0 0 0 2 -3 0 0 -7




X, | 12 | -11
0 0 | 82 | :(-6)
X, | 0 | -9
X | O -7

bauumo, 1110 mepeTBOpeHa cucTemMa MiCTUTh CyTepewINBE PIBHSIHHS (TPETii PSAA0K)
0-X,—-82=0,

TOMY BHUXI1JIHA CUCTEMa € HECYMICHOIO.

Ilpuknao 4. Posp'sizaty cuctemy JIHIMHUX PIBHAHb 3a 2 BaplaHTOM METOIY

tudens.

2X +2X, — X, + X, =4,
4x, +3X, — X; + 2X, =6,
3

8X, +5X, —3X, +4X, =12,

3%, +3X, —2X; +2X, =6.
[lepenumemo cucremy y BUTIsIL (4):
2X, +2X, =X, + X, —4 =0,

4%, +3X, —X; +2X, —6=0,

8X, +5X, —3X%, +4X, —12=0,

3%, +3X, —2X; +2X,-6=0.

Cxkrnanemo mis Hei cxemy lltudens

1 X, X, Xs X, 1

0 2 [ 1| 1| -4
0 4 3 -1 2 -6
0 8 5 -3 4 |-12
0 3 3 -2 2 -6

[Ipu mepexomi 70 HOBOI cXeMH OOHMpPAEMO B SIKOCTI TMPOBITHOTO €JIEMEHTA
KOE(ILIEHT NPU 3MIHHIA X, B NEpHIOMy piBHAHHI. IIpy 1pbOMy aHyIIO€THCS NEepHIMH
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CTOBIICLIb, a MepIIe (IPOBiHE) PIBHAHHS BUIUCYEMO OKPEMO 1 TAKOXK BHUKIIOYAEMO 3

HacTymHOi cxeMu. OOUHUCIMMO HOBI €JIEMEHTH, CKOPUCTABIITUCH (HOPMYJIIOIO

bij :a‘ija23_ai3a2j (i #1, jil)'

b22 =8yd); — 8,8, = -2, b23 = Qg — A3 = 2, b24 =88, — 8,8, = 0,
b25 =y, — 8y =4,

b32 =8y, — 83,8, = -6, b33 = Qi — Ay = 2, b34 =8g8), —ayay, = 0,
bas = Qg5 — Ay = 8,

b42 =y, —8,8, = 0, b43 =38y — Ay Q3 = -1, b44 =y, —a,8, = 1,
b45 =850, — 85 = 0.

Bc1 oTprMaH1 eIeMEHTH PO3JUIMMO Ha 8, = 2 Ta OTPUMAEMO HACTYIIHY TaOJIHIIO

2 | X | X X, 1

0 1 |0 ) 2

0 | -3 1 0 4
1 1

0 0 < |3 0

Ha nactymHOMYy KpoI1i B SIKOCTI ITPOBIAHOTO €JIEMEHTa 00UpaeMO KOS(IIIEHT TIPH

3MiHHIN X, B BEpXHbOMY PIBHSIHHI, SIKE Oy/i€ IPYyTrUM MPOBIAHUM PIBHSHHSM.

3 X3 X, 1
X 1
0 0 | -2 - 14 1
1 1 0| = =
0 -3 5 0 2 2

OTpumanu HaCTyIIHY CHUCTEMY 13 POBIJTHUX PIBHSIHb
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(2%, +2X, — X, + X, =4,
— X, + X, =-2,

— 2%, =2,

1, -1
27 2

3HaXO0AMMO 13 OCTaHHIX JABOX PIBHAHBb X, = -1, X,=-1.

[TocnioBHO MICTABISIOYN 3HANACHI 3MIHHI B MEPIII JIBa PIBHSIHHS CHCTEMH,
3HAXOIMMO 1HIII 3MIHHI:

X, =2+X%X; =2+ (-1) =1,
x1:%(4—2x2 +x3—x4):%(4—2x1+(—1)—(—1)):1.

BuxinHa cucrema cymicHa 1 Mae equHui po3B's3ok: (1; 1; -1; -1).

Ilpuxknao 5. Po3B'szatu cuctemy JiHIAHUX piBHSHB MeToaoM LlITudens.

X, + X, + 2%, +3X, =1,
3X, — X, — X, — 2X, =4,

3

2%, +3X, — X3 — X, =—6,

X, + X, +3X%, —X, =—4.
[Tepenumemo cuctemy y BUTISIL (4) 1 CKOPUCTAEMOCH MEPIIUM BapiaHTOM
METOJLY:
X, + X, + 2%, +3%, —-1=0,
3X, =X, =X, —2X, +4 =0,
2%, +3X, — X, — X, +6 =0,

X, +X, +3%, —X, +4=0.

Cxema lItudens, mo BiAnoBigae i cucTeMi, Ma€ HaCTyTHUN BU]I
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2 1
0|l 1|2 |3 ]|-1] 4 x, | -1 | 2| -3]1
0| -4]-7|-11]7]|=
o]l 1]|-5]|-7]8
0 1 | 4] 5
1 4 X, 1
Xg X, X, -6 9
Xs 27 27 | (%) | =
X | 1| -7]6 0 | -153 | 153
0 271 27 | = X, .39 42
o] 6] -3]3
X, | -1 | 4 | -5

4 X, 1 5 1 1
X, 2 -3 X | -51 x, | -1
X3 -9 9 = X3 0 51 = Xq 0
0 -51 Xy o1 X, 1
X, 13 -14 X, | -91 X, | -1

I3 ocTaHHBOI cXxeMHU 0JIpa3y 3HaXOAUMO po3B's130k X, =-1, X,=-1, X, =0, x,=1.

Ilpuknao 6. Po3B's3atu cucteMy diHIMHUX piBHSAHB | BapiantoM Meroay L tudens.
X, — 2%, + X3 + X, =1,
X, — 2%, + X, — X, =—1,
X, — 2%y + Xy — X, =—1.
3BenieMo cuctemy 110 Buay (4)
X, —2X, + X, + X, —1=0,
X, —2X, + X, — X, +1=0,
X, —2X, + X, — X, +1=0.

1 moOyryemo BianoBiAHy cxemy Lltudens
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1 X, X, | X X, 1

0 2|1 1 | -1

0 1 /2|1 |-1)1]|=

0 1 ] -2 |1 5| -5
2 | X | X | % |1 3 X | X 1
x |2 [1]-1]1 x | 4| 2] 0
0| 01O 2 | = X, ] 0] 0| -2
0 0 0 4 | -4 0 0 0 0

I3 ocTanHbO1 Ta6HI/I]_Ii BHUAHO, IO BI/IXiI[Ha CHCTCMaA € CYMiCHOIO HCBHU3HA4YCHOIO.

Kpim Toro, ozipazy oTpuMyeMoO 3arajibHUi 1 PO3B'A30K CUCTEMHU

X1:2X2 — X3,
X, =1,
X,, X €ll.

Ilpuknao 7. Po3B’s13aT MAaTpUYHE PIBHSHHS

2 0 4 6 0
1 -1 -2|X=|0 -3]|.
-1 2 3 6 3

JInist po3B’sI3Ky 3a/1a4i BUIMMCYEMO PO3IIUpeHy matpuiiio (A4|B).

2 0 416 0
1 -1 210 3.
-1 2 3|6 3

. 1
[ToMHOXMMO TIepIIUH PSAIOK Ha > 1+ OTPHMAEMO

1 0 23 O
1 -1 -20 -3}
-1 2 36 3

1) Jo nmpyroro psiaka TOAaEMO MEpIIUd, MOMHOXEHUW Ha -1, a 70 TpeThoro —

MEPLINH.
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1 0 2|3 0
0 -1 -4-3 -3]|.
0 2 5|9 3

2) IlomHOXMMO npyTHil psiioK Ha -1.

1 0 23 O
0 1 43 3.
0 2 59 3

3) Jamni qomanu 10 TPEThOTO PsiAKA IPYTUid, TOMHOXEHUM Ha -2, OTpUMAaJIH.

10 213 0
01 43 3
0 0 38 -3

. 1
4) TToMHOXWIIH TPETIH PSIOK Ha—5 , MAEMO

1 0 23 O 1 0 2/3 0 1 0 05 -2
0 1 43 3|0/0 1 07 -1|0|0 1 0O]7 -1|.
0 0 111 0 0 11 1 0 0 11 1

(2)-(3)4 ®-@)2

I3 ocTaHHBOT PO3MIUPEHOT MATPHUIII MU OTPUMAITH PO3B’ 130K MATPUYHOTO PIBHSIHHS

5 -2
X=7 -1}
-1 1
[lepeBipka:
2 0 4)(5 -2 2:5+0-7+4-(-1) 2-(2)+0-(-1) +4-1 6 0

1 -1 2|17 -1|=[15+(-D-7+(-2)-(-) 1-(-+(-D-(-D)+(-2)-1|={0 -3|
-1 2 3)\-1 1 (-)-5+2-7+3-(-1) ) -(-2+2-(-)+3-1 6 3

5 2
BigmoBige: X =| 7 -1].
-1 1

Ilpuknao 8. JloBecty, 110 MaTpUYHE PIBHAHHSA HE MA€ PO3B'SI3KIB
D ) p p p

2 101 1 -1
1 0 2 1|X=|0 2
31 2 2 1 2
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X X

X X
Bymemo mykati Xy surmsiai X =| 2 [=(X®, X @),
X31 X32

X X

41 42

Bumnmumiemo posmmpeny Matpuitio (4|B) Ta OyneMo BUKOHYBATH €JIEMEHTapHI

MEPETBOPEHHSI HAJ| PAKaMU, 11100 3BECTH 1i 70 TpameuieBUIHOT popmH.

2 1 0 11 1 1 0 2 10 2 10 2 10 2
10 2 10 2(0j2 1 0 11 -1j0j0 1 4 -11 -5

31 2 21 2 31 2 21 2 01 4 -11 4

De(2) (22 (3-(2)
(3)-()rs

10 2 10 2
710 1 -4 -11 -5].
0 0 0 0[0 1

I3 ocTanHBOT PO3MIUPEHOT MATPHUIl MU OTPUMAIU JIBl CUCTEMH JIIHIMHUX PIBHSAHbD.
X, +2Xg, + Xy, =2,
Xpo =4Xg = Xy =5,

0=1.

{xn + 2%, + X, =0,
Xoy —4X5 — X,y =1,

Sx OGaummo, apyra cucTemMa HECyMiCHa, TOMY 1 MaTpU4YHE pIBHAHHS HE Mae

PO3B'SI3KiB.

Ilpuknao 9. Po3B’s13at MaTpuyHE PIBHSHHS

1 2 0 3 1 01
1 01 2|X={2 1 2.
2 215 3 13

[lepenuiiemo piBHSHHS B HACTYITHOMY BUTJISAI

X1 Xp Xy

1203XXX 101

1012X21X22X23=212.

2 2 1 5)7* ¥ ¥ {31 3
X41X42X43
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Bumnumiemo po3mmpeny Matpuilio (A|B) mis qaHoro piBHSHHS Ta 3BeleMo i1 10

TpaneumieBuIHo1 hGopMu

1 2 0 31 01 1 2 0 3L 01 10 2 11 0 1
1 0122120J/0 21 -111100/01 4 -11 11
2 21

53 1 3 0 21 1111 {00 0 0000
-(1) ®-

3anuiieMo TpU CUCTEMH JIHIMHUX PIBHAHD, SIK1 BIJIOBIAI0Th OCTAHHIN PO3MIMPEHOT

MaTpHIL :

1 X, + 2%, + 3%, =1,
B T

5 X, +2X,, +3X,, =0,
=2, + Xy, — X, =1,

3 {xlg + 2X,, +3X,;, =1,
—2Xp5 4+ Xgg — X453 =1.
Koxna 3 cucreM Mae HECKIHYEHHY MHOXUHY pO3B'SI3KIB. 3HaiiieMo 3araibHi

PO3B'A3KU LIUX CHCTEM:

X1 :1_2X21_3X41!
1. Xy, =14 22X, + X,

Xop, X4y €10

X, = _2X22 _3X42’
2. < X5 =14 2X,, + X,

Xp0s X4p €.

Xi3 =1=2Xp5 —3Xy,
3. Xgg =14+ 2X,5 + Xy5,
Xo5, X4g €L

[lykana matpunst X Oyjae MaTH BUI:
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1-2X,,—3X,; —2X, —3X,, 1-2X,;—3X,,
X21 X22 X23

1+2X, + X, 142X, + X,  1+2X,5 4+ X5
X41 X42 X43

TE Xop, Xons Xogy X411 Xgps X3~ JOBUIBHI YHCIIA.

§ 2.2.2. 3aBaaHHs 1151 CAMOCTIiiHHOI podoTH

1. Josectn a) meromom I'ayca, 6) merogom IllTudensi, mo cucrema JiHIHHUX
PIBHSIHb HECyMiCHA.

2Xx—-y—-3z+t=1
X—y+52=2 X—y+2z+t=0

3X+4y—-5z2-2t=3
1.1:{2x+3y-z2=-11.2 y 1.3{2x+2y+z-3t=-1
X+y+z—-4t=-2
3Xx+2y+4z=5 X+3y—-z-4t=3
4X+06y—-62—-Tt=2

X—y—-z+2t=1

X-y+z-3t+d=5 2X—y—-7+5t=2
X—y+az-a=-1 ;H 3t+ 2d = -2 4y +2t 1
X+2y+z-3t—-2d =- X+4y—z-2t=—

14 {3x+y+z-at=—2 150" 16057
4X+3y—-z—-4t+3d =1 X+2y+z2+t=-2

4X+6y—-62-7t=-2
X+5y—-7z2-3t=3

2X+2y—-3z+2t+4d =4 X+3y+2z-4t=3

3y-2z=-3
2X—Yy+z7+5t=3 2X—y—-71=-2 y
X+y—-z=1
1.7{x+3y-4t=1 1.8 {x+y+3z=5 1.9
X+2y+z=1
3X+2y+z2+t=-2 5X+2y+8z=3
X+3y+3z=0

2. JloBectu a) metomom Iayca, 6) meromom 7Kopaana-I'ayca, B) MeToa0M
IHITugens, mo cucreMa JIiHIHHUX PiBHAHb CYMicHA | BU3Ha4eHa. Bumnucaru
PO3B’SI30K CHCTEMHU.

22=2
X+3y+2z=3 3x-6y=1 >2<+y+; 3
2.1 13x+y+z=5 2.2 12x+y-2z=3 pg |XTY¥Ter=
4x+y+4z=-1
—-3X+5y+2z=-2 4x-3y—-z=4
X+y+z2=-2
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2.4

2.7

X+3y+2z2=3 2X—-y—2+5t=12
2X—y+272=2 25 X+4y—-z-2t=-8
X+y=-1 3X+2y+z-t=0
X—-2y+2z=3 X+3y+2z-4t=-8
6X—-5y—-2z+4t+4=0 3y+2z=3
OX—-y+4z-t-13=0 28 5x—-y+2z=4
3X+4y+2z-2t-1=0 3X-5y=-2
3X-9y+2z-11=0 TX—2y+27=5

2.6

X—y—-4z+t=-2
2X—y+271-2t=2
3X+y—-4t=4
4X+6y—-62—-Tt=7
X+5y—-6z-3t=3
2X+5y+4z+t=20
X+3y+2z+t=11
2x+10y+9z+7t =40
3X+8y+9z+2t =37

3. Jdoectu a) merogom I'ayca, 0) meronom Kopaana-I'ayca, B) meromom
IItudgens, mo cucrema JiHiHHUX PIBHAHb CyMiCHA i HeBU3HAaYeHa. Bumucaru

3arajJybHUM pOBB,ﬂ3OK CHUCTEMH Ta 1BA YaCTHHHHUX pOSB’SICiKI/I.

3.1

3.3

3.5

3.7

3%, +5x, +2x3+x, =8 3.2

3X, +4x, + x5+ x,=-5

2x+3y+5z=10
X+4z=11
X+2y+22=3

3.4

X, — X, +X3—X, =5
3X, —2x, + x5 —x, =15

3.6

2X—-3y+1z=5
3x—4y+2z=8
X—y+2=3

3.8

x—2y=2
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X, 4+ 6x, —3x; +2x, =3

X — 2%, + x5 +4x, —2x5 =3

3% + X, +2x3+x, =4
3% + X, —X3+Xx,=—95

4% +3x, —x3+2x, —5x5 =3
3% +2x, =3x3 —x, +2x5 =—1
2x; +x, —5x;3 —4x, +9x; =-5
X+ X, +2x3+3x, —Tx; =4
X, — x5 —1x, +16x; =9



3X, —2x, +5x; +4x, =2
3.9 46X —4x, +4x;+3x, =3
9%, —6x, +3x;+2x, =4

3.10

A%, — 2%, + X3+ X, + 2x5 =1

4. Po3B’s13aTH OXHOPiAHI cCCTeMH JIiHITHNX PiBHAHDb:

— X +x,—3x;+x,=0
4.1 (3% —2x, +8x;—5x,=0
X, —3x, +5x; +3x, =0

43 3X, +x, +2x3+x, =0

X, +2x,—x;3+2x, =0

6X—-5y—-2z+4t=0
OX-y+4z-t=0
3X+4y+22-2t=0
3X-9y+2z2=0

4.5

—-X—-3y+5z2=0
47 <2x+4y—-2=0
X+2y+4z=0

X, — X, +x: =0
497172 4076

4.10 <

5. Po3p’sizaTH MAaTpU4Hi PiBHSHHS

2X—y+22=0

4.2 <x+y=0
X—2y+2z=0
X +3x, —x3—5x, =0

4.4

4.6

4.8

X +3x, —3x3 —5x, =0
—3x; +2x, +3x3+4x, =0

X —2x,=0

X, —x3=0
X, —x,=0
— X, +x;3—x5=0
—X,+x,—x;=0
X3 —X5 =0

—x,+x;=0

(X+y+22=0

2X—-y+22=0
4x+y+4z=0
X+y+z=0
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Po3nin 3. 3aBnanns 1 caMonepeBipKu

1. Skmio cuctema m JiHIMHHUX PIBHSHb 3 N HEBIJIOMUMH HE Ma€ pPO3B’S3KYy, BOHA

Ha3UBa€THCS
A b B r
BU3HAYECHOIO CYMICHOIO HECYMICHOIO HEBU3HAYEHOIO

2. Slkmio cucrema m JIHIMHUX PIBHSHB 3 N HEBIJIOMUMH Ma€ X04 OJIMH PO3B’ 30K,

BOHAa HAa3MBA€THCsA

A

b

B

r

OJTHOP1JTHOIO

CYMICHOIO

HECYMICHOIO

HEOHOPITHOIO

3. Skmo cucrema m JIHIMHUX PIBHSAHBb 3 N HEBJIOMHMMH Ma€ TUIBKH OJUH

PO3B’S130K, BOHA HA3UBAETHCS

A

b

B

r

BHU3HA4YCHOIO

OJIHOP1THOO

HECYMICHOIO

HCBHU3HAYCHOIO

4, Skmo cucremMa m JIHIMHUX PIBHSAHBb 3 N HEBJIOMHMH Mae€ OlIbIIE OJIHOTO

PO3B’s13KY, BOHA HA3UBAETHCS

A

b

B

r

BU3HA4YCHOIO

OJIHOP1JTHOO

HECYMICHOIO

HCBHU3HAYCHOIO

5. CucteMa m JIHIMHUX PIBHSAHb 3 N HEBIJOMUMH Ha3MBAETHCS HEBU3HAYEHOIO,

SIKIIO:
A b B r
. BOHA Ma€ OlJIbIIE, L
BOHA Ma€ €IUHUN BOHA HE Ma€ ) BCl BIJIbHI YJIE€HHU
, , HIJK OJUH )
PO3B’s30K ’KOJTHOTO PO3B’SI3KY , JOPIBHIOIOTH HYJTIO
PO3B’SI30K
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6. Cucrema m miHIHHUX PIBHSHB 3 N HEBIJOMHUMH Ha3WBAETHCS BH3HAUEHOIO,

SIKIIIO:
A b B r
. BOHA Ma€ OlJIbIIIE, . )
BOHA Ma€ €INHUN BOHA HE Mac ) BC1 BUIBbHI WIECHHU
, , HIXK OJIMH )
PO3B’S30K ’KOJTHOTO PO3B’SI3KY , JIOPIBHIOIOTH HYJTIO
PO3B’s30K

7. Cuctrema m JIIHIMHMX PIBHSHb 3 N HEBIJIOMHUMH Ha3WBAETHCS HECYMICHOIO,

AKILIO BOHA!
A b B r
BOHA MAa€ €IMHUN BOHA HE Mae Mae 0e3miu , .
, , , Ma€e mpo3B’s3KIB
O3B’ 130K ’KOJHOT'O PO3B’SI3KY PO3B’SI30K

8. Cucrema m JiHIMHMX PIBHSAHb 3 N HEBIJOMHMH HAa3UBAETHCS OJHOPITHOIO,

SKIIO:
A b B r
. BOHA Mae OlJIblIIe, o
BOHA Ma€ €IMHHI BOHA HE Mae . BC1 BUJIbHI YICHU
, , HDK OJUH .
PO3B’S30K ’KOJTHOTO PO3B’SI3KY , JOPIBHIOIOTH HYJTIO
PO3B’SA30K

9. SIkmo AB1 CHUCTEMH JIHIMHUX PIBHSIHHL MAlOTh OJHAKOBI PO3B’SI3KH, TO BOHHU
9

HA3UBAIOTHCH:
A b B r
PIBHOCHJIBHUMU HEOHOPITHUMH OJTHOPITHUMH HEPIBHOCHJIBHUMU
10.OnHOpigHA cucTeMa JIHIHHUX PIBHSIHB 3 N HEBIJIOMHMHU 3aBKIH:
A b B r

Ma€ € JUHUHN
PO3B’SA30K

HE Mac KOJTHOTr0

PO3B’S3KY

Ma€ Npo3B’sI3KiB

Mae€ xoua 0 oauH
PO3B’SI30K
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11.006paTtu TBepKEHHS, SIKE HE € BIACTUBICTIO PO3B’S3KIB OJHOPIIHOI CUCTEMH

JHIAHUX PIBHSIHB:

A b B Ir
. SKIIO JOBIJIBHHUH
PI3HUIIS JBOX cyma JABOX , L )
) ) PO3B’A30K OJTHOPITHOT OJTHOpITHA
JTIOBUIBHHAX JIOBUIBHUX
, . , . CHUCTEMH ITOMHOKHUTHU cucremMa
PO3B’SI3KIB PO3B’SI3KIB o
o C . Ha sIKe-HeOy1b YUCIIo K JIHIMHAX
OJTHOP1THOT OJTHOP1JTHOT )
, TO OTpUMaHa CUCTeMa | PIBHSHb 3aBXKIU
CHCTEMH HE € CHCTEMH €

PO3B’SI3KOM IT1€T

PO3B’SI3KOM IT1€T

YUCCII TAKOX €

Ma€ HYJIbOBU

PO3B’S3KOM ITi€T PO3B’SI30K
CUCTEMH CUCTEMH
CUCTEMU
3X-3y+2z=2,
12. BkaxiTh p0o3B 30K CUCTEMH PIBHSHb { 4X—5y+2z =1,
5SX—-6y+4z=3.
A b B r
1,-1,-1) 1,1,1) (0,0,0) (-1,1,-1)
3X—-3y+2z2=2,
13.KnacudikyBaTu cucteMy piBHSHB { 4X—5y +2z =1,
5x—-6y+4z=3.
A b B r
) ) ) HEOHOPI/IHA,
HEOJIHOPI1/IHA, OJIHOP1/IHA, OJIHOP1/HA, .
: HECyMICHa,
BHU3HAUYCHA HECyMicHa BHU3HAYECHa
BH3HAYCHA
X+2y+3z2=17,
14. BkaxiTh pO3B’SI30K CUCTEMHU PIBHAHD < 2X+3y - =6,
3Xx+y—-4z=3.
A b B r
1-1-1) @1y (2,11 (2,1,-1
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X+2y+3z2=17,

15.KnacudikyBaTu cuctemy piBHSAHD {2X+3y—z =6,

3x+y—-4z=3.

A b B r
OJTHOPI1/IHA, OJTHOPI1/THA, HEOHOPIIHA, HEOHOPiIHA,
BHU3HAaUYCHA HECyMiCHA BHU3HAaUCHA HEBU3HAaYCHA

X—2y+z=1,
16.BkaxiTh pO3B’A30K CUCTEMU PIBHSIHbB < 2X—Yy—2Z =2,
X—y+2z=3.
A b B r
1-1-1) @11 (2,11 (2,1,-1
X=2y+z=1,
17. Po3p’sa3aTu Ta Ki1acuQiKyBaTH CUCTEMY PIBHSHb < 2X—Y—Z =2,
X—y+2z=3.
A b B r
OJIHOp1JIHA,CYMICHA, OJIHOpI/THA, HEOHOPI/IHA, HEOHOPI/IHA,
BHU3HAYCHA HECyMicHa HEBH3HAYCHA BHU3HAYCHA

18. Po3B’s3aTu Ta ki1acu(piKyBaTu CHUCTEMY PIBHSHb {

3% +2X%, + X, + X, =1,
3%, +2X, — X, —2X, = 2.

A b B r
OJIHOpI/THA, OJIHOpI/THA, HEOJHOpIIHA, HEOHOPI/IHA,
BU3HAUYEHA HECyMicHa HEBU3HAYEHA BHU3HAYEHA

19.Po3B’s13aTu Ta Knacu(ikyBaTu CUCTEMY PiBHSIHBb {

3X +2X, + X, + X, =1,
BX, +4X, +2X, + 2%, =3.

A b B r
HEOHOPITHA, OJTHOPIJTHA, HEOHOpIIHA, HEOHOPITHA,
HECyMicHa HecyMicHa HEBU3HAYCHA BU3HAYCHA
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20.Po3B’s3atu Ta ki1acuiKyBaTh CUCTEMY PIBHAHb {

3%, +2X, + X+ X, =1,
6X, +4X, +2X; +2X, = 2.

A b B r
HEOHOPiIHA, OJTHOPI1/THA, HEOHOPIIHA, HEOHOPiIHA,
HEeCyMicHa HEeCyMicHa HCBU3HAYCHA BH3HAYCHA

21. Po3p’sa3aTu Ta KiacudiKyBaTU CHUCTEMY PIBHSHb {

3%, +2X, + X+ X, =0,
X, +4X, +2X, + 2%, =0.

A b B r
HEOHOpIJIHA, OJIHOPIJIHA, OJTHOPIJTHA, HEOHOPI/THA,
HEeCyMiCHa HEeCyMiCHa HEBH3HAYCHA BU3Ha4YeHa

) . —X, + X, — 2%, =1,
22. Po3B’s3aTn Ta KiIacu(ikyBaTH CHCTEMY PiBHSIHb TR TR
X, =X, +2X; — X, = 2.

A b B r
HEOHOpIJIHA, OJIHOPIJIHA, HEOHOpIJIHA, HEOHOPI/THA,
HECyMiCHa HECyMicHa HEBU3HAYCHA BU3HAYCHA

) . —X, + X, —2X%X, =1,
23. KnacuikyBatu cucremMy piBHIHB NTRTR T,
3%, —3X, +3X, —6x, = 2.

A b B r
HEOIHOPI/IHA, OJIHOpI/THA, HEOJHOpIIHA, HEOHOPI/IHA,
HEeCyMiCHa HEeCyMiCHa HEBHU3HAUEHa BH3HAUEHa

24.BxaxiTh HEBIpHE TBEPXKCHHS:
A b B r
cyMma piiieHb Pi3Hutis pitiens | pi3HUI pillleHb
HEBHU3HA4YECHO1 HEBU3HA4YECHO1 HEBU3HA4YECHO1 .
OJIHOP1IHOT OJIHOP1IHOT HEOIHOP1AHOT OAHOPLAHA
Pl . p P . cucTeMa JIHIHHUX
CUCTEMH JIHIMHUX CUCTEMU CUCTEMH JIHIHHUX .
. C ; PiBHSIHB 3aBXKIH
PIBHSHB € JTHIAHIX PIBHSIHB € )
) - : ) .. CyMicHa
PIIICHHSIM ITi€1 PIBHSIHB € PIIEHHSM ITi€T
CUCTEMH PILIEHHSM II€] CHUCTEMH
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CHUCTCEMHU

25.BkaxxiTh HEBIpHE TBEPHKCHHS:

A b B r
SKIIO PO3B’SI30K
SIKIIIO OJTHOP1AHOT
: OJTHOpiTHA CUCTEMHU JTIIHINHUX
SIKIIO OJTHOP1AHA :
Dy cucrema PIBHSIHB )
cUCTEMA JITHIMHUX . OJTHOpITHA
) JHIAHUIX IMIOMHOKHUTH Ha S
PIBHSIHHSI Ma€ ) N cucTeMa JIHIHHAX
. PIBHSIHHS Ma€ mro0e ilicHe )
HEHYJIbOBHM . PIBHSIHb HE MOXE
, HEHYJIbOBUM YHCJI0, TO i
pPO3B’S30K, TO BOHA . OyTH HECYMICHOTO
PO3B’SI30K, TO OTPUMYEMO
BHU3HAYEHA , .
BOHA PO3B’SI30K M€l
HEBH3HAUEHa CUCTEMH JIHIHHUX
PIBHSIHB
26.BxaxiTh HEeBipHE TBEPIKCHHS:
A b B r
SIKIIIO 3 OJHOT'O
PIBHSHHS
CUCTEMHU SIKIIIO OOM/IB1 )
C o o OOuA SIKIIIO OOMIB1
JTHIAHUAX YaCTHUHHU PIBHSHHS
SIKIIIO TOJATH JIBa IBHSHD BIJHATH | CUCTEMH JIHIAHAX HaCTHHH
: PIBH : PIBHSIHHS
PIBHSIHHS CHCTEMU 1HIIIE, TO PIBHSIHB
s ) CUCTEMU
JIHIMHUX PIBHSHb, OTPUMYEMO IMIOMHOKHUTH Ha . :
TO OTPUMYEMO 1BHOCHJIBbH OJIHE 1 T€X JINCHE JIHIAHMX DIBHAHD
 OTPUMY p y IIOMHOKHTH Ha
PIBHOCHIIBHY CUCTEMY YHCII0, TO ) .
. . OJIHE 1 TE€X MINiCHE
CUCTEMY JIIHIHHIX JHIAHUX OTPUMYEMO .
: ; X YHCJI0, BIAMIHHE
PiBHSIHB PiBHSIHB, TO PIBHOCHIIBHY Bin 0. To
OTPUMYEMO CUCTEMY JIHIMHUX ’
s : OTPUMYEMO
PIBHOCHIIBHY PIBHSIHB
CHUCTEMY
JTHIAHAX
27 .BkaxxiTb HEBIPHE TBEPHKCHHS:
A b B r
ICHYIOTh SIKIIIO OJTHOP1AHA
HEOHOPI/IHI ) .. cucTeMa JIHIHHUX
) ICHYIOTh HECYMICHI )
KOJKHA OJTHOPiIHA CUCTEMU o PIBHSIHHS Ma€
C s . HEOIHOPIJTHI .
cUcTeMa JIHIMHUX JHIAHUX L HEHYJIbOBHH
) . ) ) CUCTEMH JIHIHHUX .
PIBHSIHb CYMiCHA PIBHSIHB, SIKi : PO3B’S30K, TO
; PIBHSIHB
MAaroTh TUIBKHU BOHA
JIBa PO3B’S3KU HEeBHU3HAUYEHa
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Biagnosiai Ha 3aBaanus:

Ne | BigmoBims | Ne | BimmoBims| Ne | BiamoBiab
1 B 10 r 19 A
2 b 11 A 20 r
3 A 12 b 21 B
4 r 13 A 22 B
5 B 14 B 23 A
6 A 15 B 24 B
7 b 16 B 25 A
8 I 17 I 26 B
9 A 18 B 27 b
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- mampuuHuii memoo 89

- Memoo NOCAi008HO20 BUKIIOYEHHS Hegioomux 71
- memoo [lImugens 79

[IpoBignuii enement B cxemi Lltudens 81
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PiBHsIHHSA

- aneeopaiune 62
- TiHiuHe 63

- mampuune 86

Po3B’s130k

- aneebpaiuno2o pieHsAHHA 65

- cucmemu JIHIUHUX PIGHAHb 65

- 3a2AIbHULL PO38 'S30K CUCMEMU JTHIUHUX Pi6HAHbL 76
- YACMUHHUU PO38 130K CUCmeMU JIHIUHUX DIBHAHb 77

Pizuutsg matpuis12

Cucrema niHIMHUX PIBHSHD
- 3aeanbHull 8uenao 63

- cymicHa 635

- HecymicHa 66

- gusHavena 66

- HegusHayeHna 66

- 00HOpiOHa 66

- HeOOHOpiOHa 66

- pigHocunvHa 66

Cyma matpuis 11
Cremiap Matpuii 21

Cxema Itudens 80
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Hasuanvue suoanns

Casacmpy Onvea Bonooumupisna
Axoenesa Onvea Mukonaisna
Jlpazaniok Cepeiti Bonooumuposuu
bonoapesa Onvea Muxonaiena

MATPUIII TA CUCTEMM JIHIMHUX PIBHSIHb

HABYAJIbHHUU [TOCIFHUK

3a penaxiiiero aBTopiB

[Tign. no apyky 11.11.2019. ®opmar 60x84/16.
YM.-npyk. apk. 6,98. Tupax mp.
3am. Ne 2022.
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Opecbkuil HanioHaJbHUI yHiBepcuTeT iMeHi 1. I. MeunukoBa
Csiooymeo cy6'exma suoasnuyoi cnpasu JIK Ne 4215 6io 22.11.2011 p.
Vkpaina, 65082, m. Oneca, Byi1. €1icaBeTUHChKa, 12
Ten. (048) 723-28-39. E-mail: druk@onu.edu.ua
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