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BCTYII

[TociOHUK MICTUTH TEOPETHYHUN MaTepiai, /€ MoJaHi OCHOBHI (hOpMYJIH,
TEOPEMH, O3HAYEHHS, K1 MIAKPIIUIIOIOTHCS BEJIMKOI KUIBKICTIO IPHUKIAIIB.
Takox € 3HayHa KUIbKICTh MOKPOKOBUX QJITOPUTMIB, Kl CTaHYTh Y HPHUIOAi
CTyJICHTaM TpU PO3B'A3aHHI MPAKTUYHUX 3aBllaHb. Y KIHII KOXKHOI TEMH
MICTATBCSI 3aBJIaHHS, HEOOXIJHI JJisi MPOBEACHHS NPaKTUYHUX 3aHATh. Kpim
TOTO, 3 KOKHOi Temu nojaHo 100 BapiaHTiB 3aBJaHb JUIsl KOHTPOJIHHUX POOIT.

VY nociOHMKY BMIIIEHO 3HAYHY KUTBKICTh JOKJIAIHUX PO3B’sA3aHb MPUKIAIIB,
IO JIa€ 3MOTYy BUKOPHCTOBYBATH MOro JJisi CAMOCTIMHOTO BHMBYEHHS JIIHIMHOI
anreOpu, 30KpeMa CTyZACHTaMH 3a04HOI (H)OPMU HaABYAHHS.

Y mociOHMKY HaBEACHO MPUKIAAM 3aCTOCYBaHHS MATEeMAaTHYHOTO MaKeTa
Wolfram Alpha 1o po3B’si3aHHs 3a7a4 J1HIKHHOI anreopu.

[TociOHMK MOXXe OyTH PEKOMEHJOBaHUM CTYyJEHTaM IMEPIIOTO KypCy s

O11bI €(heKTUBHOTO 3aCBOEHHS JICKIIMHUX MaTepiatiB.



1 MOHSATTS MATPUIIL AJTEBPATUHI 1T HAJI MATPALISIMH

JIoBUIbHA MHOKHMHA YUCEJN, PO3TAIOBAHUX Y BUIIISLAL NPSIMOKYTHOI TaOJIHII,
10 CKJIAJIAETHCS 3 M PSAIKIB 1 71 CTOBIIIIIB, HA3UBAETHCS M X N — Mampuyero ado
mampuyero po3miprocmimxn .

Matpuiii 3a1MCyIOTh TaK:

a, 4ap a,
A= a, a4y a,, ,
aml am2 amn
a, 4ap a, a, 4, a,,
a a a a a a
21 2 2 21 2 2
abo A= ", A= "
_aml am2 amn_ aml amZ amn
Jie @; — eIeMEHTH MATPHILL; i — HOMEP PS/IKA; j — HOMEp CTOBIILIS.
IlIpuxnao 1.
12 -1 7
5 0 1

Buau maTpuub

JAkmo m=n , TO MaTpHUL HA3UBAETbCA KEAOPAMHOIW, A YHUCIO N
Ha3MBAaIOTh MOPSIKOM MaTpPHLIL.

MaTtpuiist po3MipHOCTI m X 1 Ha3UBAETHCA 6EKMOP-CHIOGNUEM.

MaTtpuiist po3MIpHOCTI 1 X 7 HA3UBAETHCS 6EKMOP-PAOKOM.

Martpuilsi Ha3WBAa€THCS HYAbOGOI, a00 Hy1b-Mampuyero, SKIO BCl ii

CIICMCHTH I[OpiBHIOI-OTB Hy.]'IGBi. Hy.TIBOBa MaTpULA TO3HAYAETHCA CUMBOJIOM 0.

0 0O
0=0 0 O
0 0O

KBagpaTna MaTpuist HA3UBAETHCA OiA2OHAIBHO), SIKIIO BOHA MA€ BUTIIAL:



0 0 .. a

nn
JliaroHanbHa MaTpHILs, YC1 JlarOHalbHI €JIEMEHTH AKOi PIBHI MIX CO0OI0,
HA3UBAETHCS CKAIAPHOIO.
CkansipHa MaTpHIls, BCl JiaroHaJIbHI €JIEMEHTH SIKO1 JIOPIBHIOIOTH OJIMHMIII,

Ha3UBAETHCS 00uHuyHow. Ilo3HavaeThcs Taka MaTpunAa CUMBOJIOM E.

1 0 .. O

o1 .. O
E =

0 0 .. 1

Jiaronanb, sika 3'€lHy€ BEpXHIN JIBUH €JIEMEHT KBaJApaTHOI MaTpHIl 13
HUKHIM MPAaBUM Ha3UBAETHCS 207106HOI0 diazonannto Matpulli. JliaroHanb, sika
3'€IHy€ HWKHIN JIIBUN 13 BEPXHIM MIPABUM, Ha3UBAETHCS HOOIUHOIO Oia2OHAILIIO

MaTpHuIii.

CumBoJa X

VY Maremaruili 4acTo JOBOAMTHCS 3HAXOAUTH CYMH BEJIMKOI KUIBKOCTI

JIOJIaHKIB, TIPU YOMY BCl JOJIAaHKHA MAalOTh OJHAKOBHUI BUIJISAJ, BIAPI3HSIOTHCS

n
Juiie iHaekcamu. JlJis Takux CyM IPHUHHSTE Take MO3HAYEHHS: CHMBOJ Z ,
=1

HICISL SIKOTO 3HAXOJMUTHCS JNEIKUW BUpPA3, IO MICTUTH 1HACKC k, O3HAYA€E CyMy

TaKuX BUPa3iB I8 YCiX 3HAUCHB 1HJEKCY k Bix [ mo n. Hampukman,

n
dYa=a+a,+..+a,,
k=1

n
z apf =ap+ap+..+a,p,.
k=1

Innexc k Ha3UBAETBCA [HOEKCOM RIOCYMOEY8AHHs. 3BUYANHO, SIK 1HJIEKC
M1JICYMOBYBaHHS MOXe OyTH 1 Oy/ib-sKa 1HIIa OyKBa.
3ayeaccennss 1. MHOXHUK, 110 HE 3aJI€KUTh Bl 1HAEKCY MiJACYMOBYBaHHS,

MO>Ke OyTH BUHECEHHI 3a 3HAK CYyMHU.



Z”:aPk = aiPk .
k=1

k=1

3ayseadcenns 2.
2B+ =2R+20
k=1 k=1 k=1

3ayeadxcenns 3. JIBa 3HAKU CyMH MOXKYTbh OyTH NIEPECTABIICHI.

m n

Zn:iplk = ZZP/Q

k=1 i=1 i=l k=l

Jii Hag MaTpUUSAMHA

Mmuooscennn mampuyi na yucno. 11106 TOMHOXUTH MAaTPUIIFO HA YHUCIIO a00
YUCII0O HA MAaTPHIIO (aA = Aa) , TOTPIOHO TMOMHOXXUTH KOXHHUH €IeMEHT
MaTpHIIl Ha 1€ YUCJIO.

Ilpuxnao 2.
s 2 -1 0) [ 52 5-(—1) 50 (10 5 0
3 2 -3) (53 52 5(3) 15 10 -15)
VY pe3ynbTaTi MHOXKEHHSI MATPULIl PO3MIPHICTIO 71 X 1 Ha YUCIIO OTPUMAEMO

MaTPUIIKO PO3MIPHICTIO m X 71 .

Jooaseanna mampuys. CymMOI0 JTBOX MAaTPHUIb OJHAKOBOI PO3MIPHOCTI
HA3MBAETHCS MATPUIIST AHAJIOTTYHOI PO3MIPHOCTI, €JIEMEHTH SKO1 JOPIBHIOIOTH
cyMaM BIJIMOBIAHUX €JIEMEHTIB (E€JIEMEHTIB, sIKI CTOSITh HAa OJHAKOBUX MICIISIX)

MaTpHIIb, 110 JTOAAFOTHCS.
(a“ ap) a13}+£b11 by, b13]_£a11+b11 a, +b, a13+b13]
ay Ay A4y b, by, by @y +b,  ay+b, ay+by
Ilpuknao 3.

3 2 1 5 3 -1 3+5 2+3  1-1 8 5 0
+ = == .
-1 2 -3 1 2 3 -1+1 2+2 -3+43 0 4 0

Piznuyero 06ox mampuyp OJHAKOBOI PO3MIPHOCTI HAa3UBAETHbCS MaTpPUL
aHAJIOTTYHOI PO3MIPHOCTI, €IEMEHTHU SIKOi JOPIBHIOIOTH PI3HUISM BIJIOBIIHUX
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€JIEMEHTIB MaTpPHUIlb 3MEHITYBAaHOTO 1 BiJI' €MHUKA.

Ilpuxnao 4.
1 0) (0 7) (1-0 0-7) (1 -7
2 4) (3 9) |2-3 4-9) |5 -5

Tpancnonysanna mampuyi. SIKIIO PSIAKA  MaTpuIi A  3amucaTH
CTOBHIIMHU, 30epiraroyu MOPSJIOK, TOOTO MEPIIMK PSJIOK 3alucaTd IEPIINM
CTOBIIIEM, OPYTUH PSAJOK — APYTHUM CTOBIIEM 1 T.JI., TO OTPUMaHAa MaTpPHII
Ha3MBACTHCS TPAHCIIOHOBAHOK 10 MATPMIl A 1 Mo3Ha4aeThes A’ .

IMepexin Big Matpuni A 10 Marpumi A' Ha3MBa€ThCA OIEPAIi€ro
TPaHCIIOHYBaHHSI.

OT1xe, IKIIO

a, 4y a,
A= dy Ay a,,
aml amZ amn
TOM1
a4y a,.
AT = a,, a4y a,
aln aZn amn
Ilpuxnao 5.
2 3 4
5 . 2 0
Axwo A= ., mo A" =| 3 -1
8 9 1
0 {2 4 -7 2

2 3
Ilpuxnao 6./]lano mampuyi A:(7 4}, B:(



r 2 7 I 7 2 7 2 14 4 21
A +2B= +2 = + =
3 4 -2 3 3 4 -4 6 -1 10

Muoxcenna mampuyi Ha Mampuyio.

Pe3ynbpratom 100yTKY IBOX MAaTPHUIlh € MATPHULISL.

Hexan
all alZ aln bll blZ blr
a a a b, b, .. b
21 22 2 21 22 2
A= "1, B= '
aml amZ o amn bnl bn2 o bnr

Toni matpunst C = AB UIyKa€eThCS 32 alTOPUTMOM:

1. IlepeBipsieMO 4YM MOXHAa TEPEMHOXKHUTH BIAMOBIAHI Matpuii. [lepmumii
MHOXHUK TTOBUHEH MaTH CTIJIbKHU CTOBIIIIIB, CKIJIBKU PSAKIB Y IPYTOro.
JIBI MaTpHill HA3UBAIOTHCS Y3200MHCEHUMU, SKIIO KUIBKICTh CTOBIIIIB
NEePIIoi MATPUIl JOPIBHIOE KUTBKOCTI PSIIKIB IPYTOl MATPHIII.

2. BuzHauaeMo pO3MIpHICTh pe3yibTyrouoi maTtpuil. KiabKicTh psIIKiB
MaTpUII-T100yTKY JTOPIBHIOE KIIBKOCTI PSJIKIB MEPIIOrO MHOKHHKA, a
KUTBKICTh CTOBMIIIB JOPIBHIOE KUTBKOCTI CTOBIIIIB JPYTrOr0 MHOXHUKA,
TOOTO PO3MIPHICTH PE3YIBTYIOUOI MATPUIll BU3HAYAETHCA 32 (OPMYIIOIO
(mxn)-(nxr)z(mxr).

3. OOUHCITIIOEMO KOXKHUN €IEMEHT MaTPUIli-I00yTKY 3a (OpPMYJIOI0

n
¢, = Zaikbkj . (1)

k=1
ToOTo, SKIIO MIYKAEMO €JIEMEHT, SIKUM CTOITh Y i -TOMY PSAKY 1 j-TOMY
CTOBMIIl HEOOXITHO TOYJICHHO MEPEMHOXHUTH E€JIEMEHTH i -TOTO PsIKa

NEPIIOr0 MHOKHUKA 1 j-TOTO CTOBIILS APYroro MHOKHUKA 1 OTpUMaH1

JTOOYTKH JO/IaTH.

Ha puc.] cxemMatnyHO MOKa3aHO SK YTBOPIOETHCS €JIEMEHT MAaTpHII, sIKa €

JTOOYTKOM JIBOX MATPHIIb.



//\

Pucynok 1 — CxemaTnune 300paxxeHHs] MHOKEHHSI MATPHIIb

Hpukaad 7.
Y Do P i B G

BaacTuBocTi aiil HaaQ MATPUIAMHA

I3 o3HaueHsb Aill Ha MATPULIIMU BUILIMBAE

l. 1-4=4-1=4,0-4=4-0=0;

2. 0ba=a-0=0;

3. a(pA)=(a-p)A=(4a)f = A(ap);

4, A+B=B+ A4,

5. A+(B+C)=(A+B)+C;

6. (a+pP)A=aAd+pPA, Ala+p)=aA+ [A,

7. A+0=0+4;

8. a(AB)=a(A4B);

9. (A+B)C=AC+BC, C(A+B)=CA+CB;

10. A(BC)=(4B)C.

11. SAxmo A — keadpamua mampuys, a E — oounuuna, mo A-E=E-A=A.

12.V 3aranbHOMY BHUNAAKY MHOJCEHHA MAampuyb He KOMYmMamueHe:
A-B#B-A Slkmo x ;s A 1 B BUKOHY€ETbCS PIBHICTE AB = BA, TO
MaTpulll Ha3UBAKOTLCS nepecmasHumu (komymamusnumu). Illpu qomy A
1 B KBaJpaTHI MaTpPHULll OTHAKOBOI PO3MIPHOCTI.

IloHATTS PIBHOCTI MATPHID
JIBi Marpuii piBHI TOAI 1 TIIABKM TOJl, KOJM BOHHM MalOTh OJIHAKOBY
PO3MIPHICTB 1 iX BIIMOBIAHI €JIEMEHTH OJHAKOBI.
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[ToHATTS PIBHOCTI MAaTPUIh 3aCTOCOBYETHCS MPHU PO3B’I3yBaHHI MATPUUHUX
PIBHSIHB.

llpuknao 8. Hexati 3a0ano mampuune piGHAHHS

35 -2 0
+2X = .
I 2 1 -3
3natimu mampuyro X.
-2 0 35 -5 -5
2-X = — = :
1 -3 1 2 0 -1
Y= (xu 12 ] .
X21 X22
To0i 3a o3HaueHHAM pIGHOCMI MAMPUYb

2-x,=-5, 2-x,=-5,
2-x,,=0, 2-x,,=-1.

Maemo

33

36ioku X = 21
0 ——-

2

3aB1aHHA 119 PO3B'sI3aHHA

-2 7 9 -3 2 10
1. 3naiitu cymy F = +

5 4 5 7 -1 -14
1 7 4 -2 3 8

2. Nano matpuni A=|5 2 -1|, B=|8 0 -—4|.3naiiTu:
9 0 8 1 35

a) A+B, A-B,

0) 24+ B",

B) A-B.

11



3. 3amgani matpuii 4 ta B.3Haiitu: A+ B, 24", A-3B, aKuio:

1 8 -1 -7
a) A=l 0 9[,B=|0 1 |;
7 1 6 -1
5 7 9 1 4 1 -8 1
6)A=| 4 3 -1 0|, B=|0 1 -2 3|
2 4 4 -3 2 5 11 7

4. 3anani matpuili 4 1 B.3HalTu AB Ta BA , SIKIIO:

1 0 2 2 7 1
a) A=|0 -1 3|,B=|3 2 -4
4 0 5 1 -3 5
0 7
110
6) A= ,B=|3 4|
3 15
10
3
B) A=|4|,B=(5 -2 3);
2

ol ol )
0 o 0 O

5. 3anmani Marpumi 4, B ta C. 3HaiiTH A(BC), (AB)C 1 IOKa3aTH, II0

301
A(BC)=(4B)C 4=|5 6|, B=|> >
> FHERO: o a2 o)

12



2 BUBHAYHUK MATPHUIII

Buznaunukom (aeTepMiHAHTOM) KBaJpaTHOI MaTPHIll HA3UBAETHCS YHCIIO,
AK€ CTAaBUTbCA Yy BIAMOBIAHICT, MaTpulli 1 Moxe OyTu oOuuciene 3a ii
eneMeHTamMu. BusHauHuk (nerepmiHaHT) MaTtpuii 4 Mu OyAeMO MO3HAa4YaTH
det A, abo sKIIO HEOOX1THO 3aMKCaTH €IEMEHTH, TO MO3HAYaTUMEMO MPSIMUMU

JHISIMU TI0 O0Kax IIi€l MaTPHIIi:

a“ alz al3 al
dy; Ay Ay

.............

a

a 4, 45 ... a

Hexaii a; — NOBUIbHUI €IEMEHT KBaJPaTHOI MaTpuill 4 . SIKIIo BUKpeCauTH
PSAAOK 1 CTOBIELb, Y SIKHX CTOITh LEH €JeMEeHT, TO AICTAaHEMO KBaJpaTHY
MaTpUIIO, Ha TMOPSAOK MEHIIy 3a mouarkoBy. Llii maTpuii BignmoBigae
BU3HAYHUK, AKUH HA3UBAETHCSA MIHOpOM eneMeHTa a . I103HayaeTbCs MIHOp

M,

e
OznaueHHs. BuzHauHNKOM (IeTepMiHAHTOM) MaTPHIL
a, ... a,
gl o .

a a

nl nn

IOpAOKY n > 1 Ha3MBAETHCS YUCIIO

det A=Y (-1)" a,M,, @)
k=1

ne M, — MIHOp eleMeHTa @, . MaTpuls Nepuoro MopsaKy CKIAaJaeTbes 3

OJIHOTO YMCJIA 1 11 IETEPMIHAHT JOPIBHIOE IILOMY UHCITY.

Anzcedpaiunum O0ONOBHEHHAM CIEMEHTA d; HA3UBAETHCS JOOYTOK MIHOPY
i+j
enementa a; Ha (—1) ', T06TO
_ i+
4, =DM, . 3)
Toni 3rigHo 3 O3HAUEHHSM JAeTepMiHAHTA

13



detA=) a, 4, . 4)
k=1

BaacruBocTi BUBHAYHUKIB

1. BusHauyHuK HE 3MIHUTHCS BiJ] 3aMiHM DPSAKIB CTOBIISIMH 1 CTOBIIIIB

pPAAKaMHU 3 OJJHAKOBHMMH HOMCPAMMH.

det A=det A",

2. Ilpu nepecTaBisHHI y BU3HAYHUKY JIBOX OyIb-SIKUX CTOBIIIIB a00 PSI/IKiB
3HaK BU3HAYHHKA 3MIHIOETHCS Ha MPOTUIICKHMM, a aOCONIOTHA BEJIMYMHA HE
3MIHIOETHCS.

3. BuznayHux 3 JaBOMa OJHAKOBHMH CTOBMISIMU (psAIKaMU) JTOPIBHIOE
HYJTIO.

4. Bu3HAUYHUK AOPIBHIOE CyMi JOOYTKIB €JIEMEHTIB OyJIb-SKOro 3 MOro

CTOBMIIB (Ps/KIB) HA 1XH1 aireOpaiuHi JOMOBHEHHS:

detA=Ya, 4, . (1<i<n); 5)
k=1

detAzzn:ak].Ak]., (ISan). (6)
k=1

®dopmynu (5) Ta (6) Ha3UBAIOTHCS PO3KIIAIOM JIETCPMiHAHTA 3a €JIEMEHTaMHU
psnka abo CTOBIIIIS.

5.Cyma [00YyTKIB YCIX €JIEMEHTIB OyAb-SKOro CTOBHIS (pslka) Ha
anreOpaiuyHi JOMOBHEHHS, IO BIAMOBIJAIOTH €JIEMEHTaM JPYroro CTOBIISA
(psinka), HOPIBHIOE HYIIIO.

6. Buznaunuk, y Koro BCciMa €JIEeMEHTaMHU JICSIKOTO CTOBIIIA (PsAAKa) € HYIII,
JOPIBHIOE HYJTIO.

7. MHOXHHK, CHITBHMM IJI1 BCIX €JIEMEHTIB JIESIKOTO CTOBMIS (psijiKa),
MO’HA BUHECTH 32 3HAK BU3HAYHUKA.

8. SIKII0 KOXKEH €JIEMEHT JESKOTO CTOBIIS (pslika) BUSHAYHUKA € CYMOIO
JBOX JTOJAaHKIB, TO BU3HAYHUK PO3KIIAJIAETHCA HA CYMy JBOX BU3HAYHUKIB, y
SAKUX BCl CTOBNII (PSAKK), KpIM CYMapHOro, Takl 3, $SIK 1 y BHXIJHOTO
BU3HAYHWKA, a Ha MICIl CyMapHOTO CTOBIIA (psSaKa) pO3MIIIEHI CTOBIIII
(pAIK¥) BIAMOBIIHO 3 MEPIIMX 1 APYTUX JOIAHKIB.

9. Sxmro nesxuit cToBmelb (PsA0K) BU3ZHAUYHHMKA € JIHIMHOK KOMOIHAIIEI0

THIITUX MOro CTOBIIIIB (PSIAKIB), TO TAKUI BUSHAYHUK JIOPIBHIOE HYJIIO.

14



Hacnioox. Bu3HauHMK, €JIEMEHTH JBOX CTOBIIIIB SKOT'O BIJIIOBIIHO
MPOTIOPIIiiiHI, TOPIBHIOE HYJIEBI.

10. BusHayHuK HE 3MIHUTBHCA, SIKIIO /10 OY/b-SIKOTO MOT0 CTOBMI (psIKa)
JIOIaTH TOBUIBHY JIIHIMHY KOMOIHAIIIIO PEIITH CTOBIIIB (PSIAKIB).

Hacniookx. BuzHayHUK HE 3MIHUTHCS, SKIIO JO €JIEMEHTIB SIKOTO-HEOYIb
Horo ctoBmug (psiaka) 10AaTH BIAMOBIIHI €JIEMEHTH 1HIIOTO CTOBMI (psJiKa),

IIOMHO>KEH1 HAa OIHE 1 TE€ caMe€ YHUCIIO.

BuszHauHuK MaTpuUi APYyroro nopsigky

3actocyemo gopmyny (2) mayisi oOYMCIEHHS BU3HAYHUKA MATpPUIl APYroro

MOPSAIKY

Toni
M, =a,, M,,=a,
1 BUBHAYHUK MaTPULIl APYTOro HOPSAKY OOUUCITIOETHCS 38 POPMYIIO0
a, a
11 12
=dyy Gy —dp - dy. (7
a21 a22
Otxe, 00 3HAUTU BU3HAYHUK MATPUIll JPYroro MopsiaKy, HE0OX1THO BiJ
TOOYTKY €JIEMEHTIB TOJIOBHOI JllaroHajl BITHATH JOOYTOK €JIEMEHTIB MOOIYHOT
JlaroHalil.
Ilpuknao 9.

17
=0-1-3-7=-21.
0

BuzHayHMK MAaTPHULi TPETHOI0 NOPSAKY

JIj1s MaTpuLi TPETHOro NOPSIAKY

3aMuIIeMO MIHOPH JIJIsl €JIEMEHTIB MEPIIOTo PsiKa

15



a a a a a a
2 Uy 21 Uy 21 Uy
M, , M, , M,
ay, ds ay  dy ay dj
Toni
_ 1+1 1+2 1+3 —
detA=(-1)"a M, +(-D)"a,M,+(-1)"a,M, =
_|9n ap ay Ay a, dy
=da, —4ap +a; .
dy, A3y a3 dsg ay  dy
To6TO

det A = a,,a,,a;; + a,0,,05) + 0130,,Gy) — A30,,05 — Ay, 0y05, — A0y Ay . (8)
Ileii MeToj OOYMCIEHHS BHM3HAYHUKIB TPETHOrO IOPAAKY HA3MBAEThCH

Memooom po3Kaady 3a elemenmamu paoka (aoo cmosenus).

IIpaBuia 064nciIeHHs] BUBHAYHUKIB TPETHOr0 MOPSIAKY
1. Merogom po3kiaay BU3HAUYHUKA 33 €JIEMEHTaMH i -T'0 psiika abo j-ro
cTOBMIA (BUKOPHCTOBYIOUH (popmyu (5) abo (6).

2. 3a IpaBWJIOM TPUKYTHUKIB.

CxemMaTHyHO TPaBWJIO TPUKYTHUKIB MOXXHA 300pasutu Tak. llepmimii
JOJAHOK I1i€l PIBHOCTI € J0OYTKOM €JEMEHTIB, PO3MIIIEHUX Ha TOJIOBHIM
niaroHani. J[Ba HACTYNMHHMX JOJAaHKH € JOOyTKaMH €JIEMEHTIB, JBa 3 SIKUX
JeaTh Ha MpsAMiH, 10 MapajeibHa TOJOBHIM qiaroHanmi, a TPeTiil y BeplIuHI
noOiyHoi aiaronani. [Ipudomy Bci Tpu 100yTKM OepyThCs 31 CBOIMU 3HAKaMHU.
HactynHi Tpu M0#aHKM YTBOPIOIOTHCS AHAJIOTIYHO, ajie 3aMiCTh €JIEMEHTIB
rOJIOBHOI JiaroHajngi MOTpiOHO B3ATH €JIIEMEHTH, SIKI CTOATh Ha TMOOIYHIM

niaroHani. I Bci JoOyTKH 3amucaTH 13 MPOTUJICKHUMH 3HAKaAMHU.
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Otxe,

detd=|a, a, ay|=0a,,0,05;+0a,0,,05 + Q130,05 —
dy A Ay

—a30,5,05 — 4)1Ay305, — A)rdy s

Ilpuxknaol0.
1 2 3
detd=|-2 1 1|=1-1-1+2-1-3+3-(-2)-2-3-1-3-1-1-2-2-(-2)-1=
3 21

=1+6-12-9-2+4=-12.

3. 3a npasuiom Capproca (MpaBUIO JONUCYBaHHS CTOBMIIB). [IpaBuiio
TPUKYTHUKIB MO’KHA 3aMIHUTH MPABUIIOM, sIKE Mepeadadae TOMUCYBaHHS JIBOX
NEPIITUX CTOBIMIIB CIIPaBa BijJ BU3HAYHUKA. JIETKO MOMITUTH, IO CITIBMHOKHHUKHU
KO’KHOTO 3 IIECTH JOJAHKIB MpaBHJa TPUKYTHHUKIB TEIep PO3MIIIYIOTbCA Ha

NpsIMUX, K1 TapaJieNbHI TOJIOBHINA Ta TOOIYHIN JIlarOHAJISIM.

OO0uuc/IeHHSI BU3HAYHUKIB 71-T0 MOPSAKY
1. Po3knao eusnaunuka 3a eremeHmamu psaoxie abo cmosnyis. lleit crocio

MOJIATa€ B TOMY, IO HAa OCHOBI BIACTUBOCTI 4 BHU3HAYHHUK 7 -TO TOPSAKY

PO3KJIaal0Th Ha anreOpaidyHy cyMy #BU3HAYHUKIB (n — 1) -ro nopsiaKy. Koxuui
3 YTBOPEHHMX BU3HAYHUKIB (n—l) -T0 MOPSAKY PO3KIANal0Th Ha anreOpaidHy
CyMmy (n —1) BU3HAYHUKIB (n—2) -TO TOPSAIKY 1 TaK Jdajl JOTH, TOKH He

JTICTaHyTh BU3HAYHUKH, SKI MOXKHA OOYHCIMTH BXKe Oe3mocepeaHnbo (Ie

17



BU3HAYHUKU Jpyroro abo TPEThOro MOPSAKiB). SKIIO HpU LbOMY JAEsKi
eIEMEHTH psaka abo CTOBMIA, 3a SKUMHU PO3KIAJAETHCS BHU3HAYHUK,
JOPIBHIOIOTH HYJIIO, TO JIOJAaHKH, IO BiAMOBIIAIOTH IUM €JIEMEHTaM y PO3KJiaji
BU3HAYHUKA, BUMNANal0Th. TOMy [OIIUIBHO PO3KIAAAaTH BU3HAYHUK 33 TUMH

psaaKaMu ab0 CTOBIIISIMU, SIK1 MICTATh HAUOTBITY KUTBKICTh HYJIB.

Ilpuknao 11. Obuucnumu u3HAYHUK

1 2 3 4

56 70
det A= )

2 110

0O 0 2 3

Leti 6UBHAUHUK MOJCHA 0OYUCTUMU WLISIXOM PO3KAAOY 1020 3a eleMeHmamu
paoka yu cmosnys. Haiimenwa xinokicms onepayiti 06yoe, aKujo po3xiaoamu
BUSHAYHUK 3a elleMeHmamu OCMAaHHb020 paoka uu cmosnys. Posxiademo yetl

BU3HAYHUK 3A eJleMerRmdamMul OCnarHHb020 pﬂdm.

1 2 4
2 3 4 1 3 4
5 6 4+1 442
det A= =0-(-D*"'6 7 0+0-(=D*?*5 7 O+
2110
110 210
00 2 3
1 2 4 1 2 3
+2-(=D"|5 6 O[+3-(-D**5 6 7|=
2 10 2 11
=-2(0+20+0-48-0-0)+3(6+15+28-36-10—7) =44,

2. Metoa e(peKTUBHOTO IOHMKEHHS MOPSAKY (METOJ 3aHYJICHHS).

OO0uuncneHHs neTepMiHaHTa 1-TO TOPAJIKY 3BOJASTH 10 OOUYMCICHHS OJHOTO
BU3HAYHUKA 7 —|-TO MOpSAKY, 3pOOMBIIN (32 HACHIIKOM 3 BiacTuBocTi 10) y
NESKOMY CTOBMI (PSAAKY) YCl €I€MEHTH, KpPIM OJIHOTO, PIBHUMHU HYJIIO 1 Jaii

CKOpPUCTATHCH BJIACTHUBICTIO 4.

18



Ilpuknao 12. O6uuciumu 8u3HA4HUK.

30 -10 120 80
-5 3 34 -23
11 3 -7
-9 2 8 —15

det A=

Bunecemo 3 nepuwioeo psioxa 10 (3a eracmusicmio eusnaunuxis). A nomim
nocnioogno 6ydemo oOomuoxcysamu Ha I, 2, 3, i dodasamu 00 Opyzozo i

mpemvo2o psaoka. Tooi 3a enacmugicmio 6U3HAYHUKIE MAEMO

3 -1 12 8
det4A=10 v02 .
4 0 15 1
-3 0 32 1
Ompumanuii  U3HAYHUK MOJICHA PO3KAACIU 34  eleMEeHmamu  0py2020
CMoGnysi.
4 2 1
det4=10{4 15 1.

-3 32 1

Leti usHauHuK MONCHA OOYUCIUMU 3a OONOMO20I0 Memooy MPUKVIMHUKA

abo 3a 00NOMO2010 PO3KIAOY NO eJleMeHmax psoKa Y Cmoenys.

4 2 1
0 13
det4=10{0 13 0:10-‘ 30‘=10-7-13=910.
-7 30 0

3aBIaHHA 119 PO3B'sI3aHHSA

1. O0UYHCINTHA BUSHAUHUKH:

4 1 a—-b a+b
a) ; B) ;
-2 3 a+b a->b
cosa —sina . -1 3 2
sina cosa | |2 8 1;
1 1 2
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3 4 -5 0 x O
mi8 7 -2 e)lx 1 x|

5

2 -1 8 0 x O

2. Po3B's13aTH piBHAHHS:
0 x x+2 -3

a) 0.
x 0 x—2 Xx

l; ©)

3. MerogoMm edeKTUBHOTO TOHIKEHHS TOPAIKY (METOAOM 3aHYJICHHS)

O0YMCIINTH BU3HAYHUKU:

2 0 1 2 1 5 1
a)|l 1 2[; 321 2
B) :
1 2 1 1 2 3 4
1 1 5 1
2 1 1 8
1 -3 -6 9
0) ;
o 2 2 =5
1 4 6 O

20



3 IOHATTA OBEPHEHOI MATPHUIII

KBanparna matpuusg nopsiiky n Ha3UBAETbCA HEGUPOOIHCEHOI0, SKIIO 1i
BU3HAYHHK HE JIOPIBHIOE HYJIO. Y BUIAJKY, KOJM BU3HAYHUK JOPIBHIOE HYIIIO,
MaTpPHIIS HA3UBAETHCS BUPOKEHOTO.

Martpuis A~ Ha3UBAETHCSA 0OepHeHoI0 10 MATPHILIL A , SIKIIO
AA"' =A"'A=E ©9)
OueBHIHO, 110 MATPUIli 4 Ta A~' KBaIpaTHI MaTPHUIl OJHOIO MOPSIKY.

Teopema. SIkmio mMatpuns A HEBUPOIKEHA, TO oOepHeHa Marpuis A~

icHyE€ 1
A4, 4, ... A4,
-1 — 1 A12 A22 An2 , (10)
det 4
A4, A4, ... A4,

e A,.j — anreOpaiuHi IOTTOBHEHHS €JIEMEHTIB a;.

Jlosedenns.

Ha mizncragi 4 Ta 5 BnacTuBOCTEN BU3HAYHUKIB OTPUMAEMO

4, 4, .. 4, agay, ... 4,
-1 _ 1 AlZ A22 An2 . a21 a22 a2n
det 4
Aln A2n Ann anl an2 ann
Aa,+4,a,+..4.a,....... Aa,+4,a, +..+4,a,
1 | Apay + Aypay +.Aha,. Apa,, + Apa,, +...+ A4a,, |
4 151 00 USRS PRRSP
4.a,+4,a,+..4 a,........ A,a, +4,a, +..+A4 a,
det A 0 . 0 1 0 ... O
1 0 detd ... O 0O 1 .. 0
= = = E
detA| ... i,
0 0 det A 0 O 1
AHAJIOTYHO MOKa)XEeMO, 1110
AA"' = E
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1 2
Ilpuxnao 13.3uaiimu obepreny mampuyro 0o mampuyi A= (3 4}

detA=-2; 4,=4;4,=-3; 4,,=-2; 4,=1.

A—l_ 1 A11 A21 _L_ 4 -2 _ —2 1
detA\ 4, 4,) -2 \-3 1 3/2 -1/2)

Tooi

3aBIaHHA 119 PO3B'sI3aHHSA

1. Inst 3a1aHuX MaTpuUllb 3HAWTH OOEpHEH1 (SKIIO 1€ MOXJIHUBO). 3pOoOUTH

MIePEBIPKY.
I 0 2 2 7 1
A=|0 -1 3|,B={3 2 4
4 0 5 1 -3 5
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4 CACTEMM JIHIHHUX AJITEEPATYHUX PIBHSHD

3anuinemMo CucTeMy m aiaredpaiyHuX piBHSAHB 3 71 HEBLIOMUMU
a,x,+a,x,+..+a,x =b,

ay X, +ayX, +...+a,x =b,,

: (11)
a,x+a, ,x,+..+a, x =b,
y AKiii KoeQillieHTH ¢ i BUTbHI WieHu b, BiloMi, @ X;, X, ,...,X,— HEBIIOMI.
Po3B's3ati cucteMy — 11 O3Hayae 3HAWTH TaKl YHCIOBI 3HAYCHHS

HEBIJOMHUX X[, X ,..., X

n

, AKl TIEPETBOPIOIOTh KOXHE pIBHSHHSA CUCTEMHU Ha

TOTOXKHICTb.
all a12 aln
a, ay .. a,
Martpuns A4 = HAa3UBAETHCS MATPULICIO CUCTEMU.
aml am2 amn
bl
b, .
Matpuniss B = HA3MBAEThCS  MATPUIEI0  (CTOBIIEM)  BUIBHUX
bm
€JIEMEHTIB.
xl
X, ,
Marpuns X = HA3UBAETHCSI MATPUIICIO (CTOBMIIEM) HEBIJJOMHUX.
X

n
[TpueanaeMo 10 MaTPHI CHCTEMH CTOBIIEIb BUIBHUX €JIeMeHTIB. JlicTaneMo

TaK 3BaHy PO3LINPEHY MATPHUILIO

all a12 o aln bl
e a, a, .. a, b,
aml amZ amn bm



BuxopucroByroun o3HaueHHsI JOOYTKY MaTPHIb CUCTEMY MOXKHA 3alHCaTH
y Burian AX = B. lla popma 3anucy cucteMu Ha3UBAETHCS MATPUUHOIO.

Cucrema miHIHHUX anreOpaidyHuX PIBHSHb MOXKE HE MAaTH PO3B'S3KIB, MOXKE
MaTH €IMHUIN PO3B'SI30K 1 MOKE MaTH 0€3J114 PO3B'SA3KIB.

Cucrema JHIAHUX pIBHSHb HAa3UBAETHCA CYMICHOM, SIKIIIO BOHA Mae
PO3B'SI30K, 1 HecymicHO0, SIKIIIO BOHA HE MA€ PO3B'SA3KIB.

Cuctema n JHIHHMX PIBHSIHR 3 n  HEBIAOMUMH  Ha3WBa€ThCS

He8UPOOMNCEHOI0, SIKIII0O MATPULISL CUCTEMHU HEBUPO/IKEHA.

Cucrema Ha3WBAETHCS OOHOPIOHOMO, SKIIO BCl 11 BUTbHI YJICHHU bl,(i :l,m)

JTOPIBHIOIOTH HYJIO. SIKIIIO X04a O OJiHEe 3 YKcel BIAMIHHE Bij HYJS, TO CUCTEMA

HA3UBA€ETHCSI HEOAHOPITHOIO.

MaTtpuyHuii ciocid po3B’si3yBaHHsI CHCTeM JIIHIHHUX PIBHAHD

3anuieMo CUCTEMY PIBHSHb

x =b

In""n 1°

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

ay X, +ayX, +...+a, x, =b,, (12)

a,x +a,x,+..+a,x,=b,
B MaTpUUHIN Popmi:
A-X=B. (13)
Po3p’si3atn cuctemy piBHSHb (12) — 1e oO3Hayae 3HAWTH CTOBIICIH
HEBIIOMHUX X , sIKE 3aJI0BOJIbHSIE MaTpU4He piBHSHHA (13).
Teopema. Slxkmo Bu3HauHUK Matpuili 4 cucremu (12), He HOpIBHIOE
HYJIEBI, TO PO3B’SI30K CHCTEMH iCHYE, TPUUOMY

X=4"B, (14)
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Jlosedenns.

Cnpaspi, A(A"'B)=(A4")B=EB=B.

o # moTpiOHO OyJI0 TOBECTH.

Ha miii Teopemi IpyHTyeTbCcS MaTpHUUHUN CHOCIO PO3B’A3YBaHHA CHUCTEM
JTIHIAHUX PIBHSIHB.

IIpuxnao 14.Po38’azamu cucmemy pi6HAHb MAMPULYHUM MEMOOOM.

2x, +x, +2x,=0
X +2x,+x,=3
3x,—x, +2x,=-3

3anuwemo mampuyi A, B, X :

2 1 2 X
A=|1 2 1 5 B=|3 ) X = Xy
3 41 2 -3 X,

3Hatioemo susHauHUK Mampuyi cucmemu ma ii aneedpaiuti 0ONOBHEeHHs..

4,=5 A, =—4 A, =3
detA=—3=0 4,=1 A,==2  4,=0
A, =-T  A,=5 A, =3

Omoice, obeprena mampuys 00 Mmampuyi cucmemu 6yoe mamu 8ueiso.

5 -4 -3
=L 2
-7 5 3

Po36’a30x cucmemu pignans 3naiidemo suxopucmosyouu pigHicms (14):

5 -4 -3)(0 5-0+(—4)-3+(-3)-(-3)
x=a'B=1|1 2 o||3|=L 1:0+(-2)-3+0-(-3) |=
=705 3)(3) Tl -7-045-3+3-(-3)
-3) (1
LN vy
-3
6) (2

Toomox,=1,x,=2,x,=-2.
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Metox Kpamepa
Posristnemo cucremy

a,x, +a,x, +..+a,x =b,

1n""n

a,x, +a,x, +...+a, x, =b,,

a,x, +a,x,+..+a, x =b
3anumiemo ii y BUTIISAII
x4 +x,4 +..+x A =B,
ne A — i -Tuil CTOBIelb MaTpHILli CHCTEMH.
Tenep 3HaiiieMO BU3HAYHMK MATpHIIl, SKY AICTAHEMO 3 MATpHULIl CUCTEMU

A, IKIIO  TIEPIIUN CTOBICIb MaTpHIll 4 3aMIHUTH Ha CTOBMEIbh BUIBHHUX

€JIEMEHTIB:

det(B,A4,,4;,....4,)=det(x 4, + X, 4, + X; 4.+ X, 4,,4,, 4;,... 4,) =
=det(x,4,,4,,4;,....4,) +det(x,4,,4,,4;,.... 4, ) + det(x, 4,, 4,, 4;,.... 4, ) +
+det(x,4,,4,,4;,.... 4, ) =x, -det( 4, 4,,4,,...,4,) = x,det 4

AHAJIOTIYHO OTPUMAEMO, TITO

det(A4,,B,4,,...,A,)=x, det 4
det(4,,4,,B,...,4,)=x,det 4

det(4,,4,,4;,....B)=x,det 4

[Toznaunmo Matpuito cucremMu det A=A, a nerepMiHaAHTH MaTpHIilb, IO
OTPUMYIOTh HIJISIXOM 3aMiHH i -TOT'O CTOBIILA Ha CTOBIICIIb BUIbHUX €JIEMEHTIB, A..

Tom

s hopmyna HazuBaeThes popmynoro Kpamepa.
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Ilpuknao 15.Po3s’sazamu cucmemy pignanob memooom Kpamepa.

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

3x,—x,+2x;,=-3

3anuwemo mampuyi A, B :

2 1 2 0
3 -1 2 -3
3uatioemo susnaynuxu A , A, A, 1 A;:
2 1 2
A= 2 1|=-3#0
3 -1 2
0 1 2
A=|3 2 1(=-3,
-3 -1 2
2 0 2
A, =1 3 1|=-6,
3 3 2
2 1
A, =1 2 3|=6
3 -1 3
Tooi
xlzﬁ—_—S:I;
A =3
xz—ﬁz_—6:2;
A 3
Ghil6
A 3
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Metoa I'ayca

VY pasi, SKIIO cucTeMa JIHIHHUX PIBHSIHb MA€ BEJIUKY KUIbKICTh HEBIIOMUX,
KOpHUCTyBaTuCh (popmynamu Kpamepa He3pydHO, OCKUIBKM BOHH BEIYTh [0
rpomizakux oburciaeHb. Ha mpakTuill 4acTo 3aCTOCOBYIOTh METO]I BUKIIFOUCHHS
HeBioMuX, a00 meTon [ayca.

Hexaii Mmaemo cucTemMy piBHSHb

@, X, + apX, + a,x, = b,
Ay X, + X, + Ay, = by,

Ay, X, + a3, X, + a3y X, = ;.

3 ApYroro piBHSHHS BHKIIOYMMO X,, a 3 TPETbOIO X, Ta X, . I LbOro

: a
nepuie piBHSHHSA ITIOMHOXKHMO Ha ymcno | ——2 | . Il[o6 BuxmownTH X, 3
a
11

. a . .
TPCTHOI'O PIBHAHHA, IIOMHOXHWMO IICPIIC HA 3L, TOI[I A0 TPpETHOI'O PIBHAHHA
a
11

a . .
J07aMO TIepIlie MOMHOKEHe Ha | ——L | (3MIHIOETBCS TOH PAAOK, JO SIKOTO

ay,
J0a€EMO, TOOTO TpeTiil). OTpUMAEMO CUCTEMY BUITY
apX, + a,X, +ax, = by,
3k * B3
0 +ayx, +ayx, =0,
sk * &
0 +a,x, +a,x; =b;.

*

a  , b’— yMOBHE IO3HAYEHHS HOBOTO TI'POMI3JIKOrO BUpa3y, SKMH yTBOPUBCS

mn 2
HiCJsl IEPETBOPEHb.
{00 mno30ytucs X, y TpPEeTbOMY pIBHSIHHI, MOTPIOHO JApyre piBHSIHHS
a, | . :
IOMHOXKHUTH Ha | ——= |1 JojgaTu 0 Tperboro piBHsAHHA. Ilpu npomy Oyne
ay
3MIHIOBATHUCS TPETE PIBHAHHSA (T€, 0 SKOTO JIOAAEMO). Y pe3ysIbTaTi OTPUMAEMO

CUCTEMY
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ay X, + a,Xx, + a3x; = b,
* * *
0 +ay,x, +ayx,=Db,,

*k

0 + 0 +a,x,=b.

kK

as,, b;" — HOBI KOE]II[i€HTH, 10 YTBOPUIUCS MIiC/Is IEPETBOPEHD. 3 OCTAHHLOTO

. : b; . .
PIBHSIHHS BU3HAYa€MO HEBIIOMY x, = ——. 3HalifiecHe 3HAYEeHHs X, MiJCTaBIAEMO
a
33

B JIpyre pIBHSHHS CHCTEMH, 3BIJKH 3HaXOAUMO X,. [lam 3HalifieH1 3HaYyeHHsS
HIACTABIAEMO y MEpIIe PIBHAHHSA CUCTEMM 1 3HaxonuMmo X, . [lns 3pydHOCTI

BUKOHAHHS M JUIsl CUCTEMM 3alMCYIOTh PO3LIMPEHY MaTpuito. | nmpoBoasTh
BKa3aHi Jii HaJ eJeMEHTaMH PSJIKIB po3mupeHoi MaTpuill. IToTiM po3mmpeny
MaTpPUIIO 3aUCYIOTh y BUIJISAI CUCTEMHU BXKE 3 YTBOPEHHMH Koe(illleHTaMH
[P HEBIJJOMMX Ta BUIbHUMHU WICHAMHU.

3ayeaocenns. BuieHaBeneHuil MeTOJ TOCIIIOBHOTO BUKITIOYECHHS
co * sk .
MOXHa 3fiiicHioBat 3a ymoBH a;, #0 , a,#0 , a,;#0 . Skmo BkazaHi

Koe(DIilieHTH JOPIBHIOIOTH HYJO, TO BHWJIYYHUTH MOXHA Ti 3MiHHI, SKI MalOTh
Koe(DiieHTH, IO HE TOPIBHIOIOTH HYJIIO.

3ayeasicenns. 3a HEOOX1THOCTI €JIEMEHTH CTOBIIIIIB PO3IIUPEHOI MaTPHIIL
MOXXHA MIHSATH MICISIMU, TIPU 1IbOMY HaJl KoedillieHTaMU POOJISATh MO3HAUYCHHS
3MIHHO1, 0 AKOI HaylexkaTh 1l KoedimienTH. {0 3MiHy BapTO BpaxoByBaTH B
OCTaTOYHIM CUCTEMI JIIHIMHUX PIBHSIHB IIPH BIIITYKAaHHI BIIIOBIII.

Ilpuknao 16.Po3sé’a3amu cucmemy pisHsanb memooom I ayca.

2x, —3x, +4x,=3

X +2x,+x,=4.
x, +3x, —3x, =1
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Sanuwemo PO3UMUPEHRY MAMPUYIO CUCHIEMU MA BUKOHAEMO NEPEMBOPEHHA.

2 -3 4 3 1 3 3 1 I 3 -3 1
A={1 2 1 4|=zj1 2 1 4|=z/0 -1 4 3|=
1 3 3 1 2 3 4 3 2 3 4 3

1
3

1

I 3 31 1 3 3
=0 -1 4 3 0 -1 4
0 -9 10 1 0 0 -26 -26

12

[Tepeiinemo 10 CUCTEMHU PIBHSIHbD:
x, +3x, = 3x, =1
—x, +4x, =3
—26x, =-26

x=1, x,=1, x=L

Yacto mpu BKa3aHUX MEPETBOPEHHIX BUHUKAIOTH IPOOOBI KOEQIIEHTH TpU

HEBIZJOMUX, SIKI € HE 3pYYHHUMH IS TOJANbIINX MaTEeMaTHUYHUX OIeparlii.

PosrnsHeMo 1HmIMK MiAXiJ 10 3acTOCYBaHHS MeToay layca 10 po3B’si3aHHS

CUCTEM PIBHSHb, /I MO’KHAa YHUKHYTH IPOOOBUX KO€(]ILi€HTIB MPU HEBITOMHUX -

CXEMY «EITUHOTO JIJIECHHS». AHAJOTIYHO B OCHOBI I[LOI'0 METOJIy MOKJIaJCHE TE,

o0 OyJb-SKUH PAJOK CHCTEMH PIBHSIHb MOKHAa MHOXHTH Ha JOBILJIBHE YHCIIO

(OKpiM HyJIs1), @ TAKOXK T€, IO PAJIKH MOXKHA J0JIaBaTH MK COOO0I0.
[TocTaBUMO 32 METy y CUCTEMI

a,x, +a,x, =b

ay X, +ayx, =b,

BUKJIIOUUTH 3MIHHY X, 1 HE OTpUMAaTU NpU LBOMY ApoOOBI yHciaa, TOOTO He

BUKOHYBATH OTIEPAIIIIO AICHHS

—0,,a,,X, — 4y A, X, =—ay by

ay,a, X, + a,,a,x, = a,,b,

(a,,ay, —aya,)x, =a,b, —a,b,

CnpoOyemo 3aCTOCYBaTH TaKUM METO] BUKJIFOUEHHS TSI OLIBIIOT KITBKOCTI

3MIHHUX 1 Pi1BHsSIHB. J1JIsI IIbOTO 3aMUIIIEMO HACTYITHUN aJITOPUTM:
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1.3anmucyeMo cucteMy cXeMaTUIHO Y BHUTJISA/II TaOIuUII

X X ... X b
a, 4ap ... a, b,
a, dy ... a,, b,
anl an 2 e ann bn

2. Bubupaemo y Tabnuili Bemyduidl eneMeHT (3a Beayuuil Kpaie OpaTu
BEpXHIN JIIBUI €JIEMEHT, BEIyUri €JIEMEHT HE MOXKE JJOPIBHIOBATU HYJIIO)

3. Buxmiouaemo 3MiHHY MOpu SIKif CTOITh Beay4uil eneMmeHt. Jljis 1boro
dbopMyeMo BHU3Y TaONMUIIO, SKAa HE MICTUTh pPsAIKA 1 CTOBIIS BEIYy4OTO
eneMeHTa. EneMeHTH HOBOI TaONMIl IIYKAEMO 3a MPAaBUIOM NPSIMOKYTHHKA:
MPOBOJAMMO YSBHI JIIHIT Yepe3 PSJOK 1 CTOBMEIb BEAy4Oro ejleMeHTa 1 JIiHii
4yepe3 pSAAOoK 1 CTOBICIb €JIEMEHTA, 110 MIHSETHCS. Y TBOPUTHCA MPSIMOKYTHHK.
Jlami MHOXUMO BEIy4YHil €IeMEHT Ha €JIEMEHT, IO MIHSEThCA 1 BiAHIMAEMO

N0OYTOK €JIEMEHTIB, 1110 CTOSTh Y IHIIUX BEpIIMHAX NPIMOKYTHHUKA. ToOTO
' — —_
a';, =aa; —a,a,
e —_
b'; = ayb, —a,b,
4. TloBTOprOEMO MYHKTU 2 1 3, JOMOKU HE OTPUMAEMO TAOJUIIO 3 OAHUM

€JIEMEHTOM Y JIIB1il YaCTHHI.

) : \ Y )
[ls1 Tabnuus exBiBalieHTHa piBHSHHIO a' x =b' | 3BIOKHM 3HAXOAMMO
3MIHHY X, .
5. PosrnsHemMo mnomepeAaHI0 TaOMWIIO 1 3 PIBHAHHS, SKE BUKIIOYAIH,

3HAXOJMMO 3MIHHY, AKY BUKJIIOYAIH.

6. [ToBTOpIOEMO MYHKT 5, IOMOKH HE 3HAUIEMO yC1 3MIHHI.

31



3aBaaHHd 11l PO3B'AI3aHHS

1. Po3B's3aTtu cuctemu piBHSHb MAaTPUYHUM METOIOM

2x,—x, =—1 2x, —x,=-1
a) 31X, +2x, —x;=-2 B) <X, +2x, —x; =—2
X, +x;=-2 X, +x,=-2
B: x,=x,=x;,=-1. B: x,=x,=x,=-1.
4x, +2x,—x,=0 4x,+2x,—x,=0
0) 1x, +2x, +x;, =1 r) 39X, +2x, +x, =1
X, —Xx;=-3 X, —Xx;=-3
B: x,=Lx,=-Lx;=2. B: x,=Lx,=-Lx; =2.

2. Po3B'si3aTu cuctemu piBHSHB 3a qorioMororo ¢popmyn Kpamepa

—3x, —2x, +5x, =-16 —3x, —2x, +5x, =-16
a)<x, +4x, =—6 B) 1 X, +4x; =-6
2x, +6x, +6x, =8 2x, +6x, +6x, =8
B: x,=2;x, =0;x, =-2. B: x,=2;x, =0;x, =-2.
—2x, +2x, —x, =8 —2x, +2x, —x, =8
0) 12x,-2x, =4 r) 12x,—2x,=4
—X, —X; =2 —X, —X; =2
B: x,=-2;x,=2;x,=0. B: x,=-2;x,=2;x,=0.

3. Po3B's13atu cuctemMu piBHSHB MeTOJI0M ["ayca
—X; = 2%, =X, ==5 3x,+2x, - 2x,—x, =6
a) 12X =X, +x; =2 6) =X, +2x, —x, =—4
2x,—x,=0 =3x,+3x, = 2x, = 2x, =2
B: xlzl;xzzl;)%:z. x1+3x2—2x3+3x4:7

B: x,=Lx,=-1,x,=-3,x, =1.
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5 YMOBA CYMICHOCTI CUCTEMU AJITEEPATYHUX PIBHSIHb.

Panzom wmatpuii A (mo3HavaeThcsi rang 4 ) Ha3WBAETbCS HAMOLIBIINN

MOPSAZIOK MOPOKEHUX HEI0 BHU3HAUHUKIB, IO BIAMIHHI BiA Hynd. SKmo yci

BU3HAYHUKH MOPSAKY k TOPIBHIOIOTH HYIO, TO rang A < k.

bazucnum minopom Matpuil Ha3UBAETHCS OyIb-SKUI BIAMIHHUNA BiJ HYJS
MIHOp, OPSIOK SIKOTO JOPIBHIOE PAHTY 1i€i MaTPUILIL.

OcHOBHUI METON 3HAXO/KCHHS paHTy MATPHUIll — Memoo 006iOHUX
minopie. Minop k+1 mopsaky, mo MICTUTh y co0l MIHOp k& TOPAIKY,
HA3UBAETHCS OOBITHUM MIHOPOM. SIKIIO y MaTpuilli A iICHY€ BIAMIHHUHN BiJl HYJIS
MIiHOp k-TO MOPSAIKY, a yCi 00BiAHI MIHOPH JOPIBHIOIOTH HYJIIO, TO rang A=k .

Ilpuknao 17.3uatimu pane mampuyi.

1 -3 5 4
A=2 -6 4 3|.
3 9 3 2
Maemo
-3 5
, = # 0.
s

Hna M, 066i0numu 6y0yms auwe 06a MiHOpu:

1 -3 5 3 5 4
M,=]2 -6 4/,M:=|-6 4 3|
3 9 3 9 3 2

KooiceH 3 aKkux oopisnioe Hymo. Tomy rang A=2, a exazanuu minop M, modnce
Oymu npuiHAmMUU 9K OA3UCHULL.

Teopema Kponexepa-Kaneni. Jlns Toro, mob cuctema m JTIHIAHAX
PIBHSIHB 3 7 HEBIJOMUMHU OyJia CyMICHOIO, HEOOXI1THO 1 JIOCTaTHBO, 100 paHT
MaTpPHI[l CUCTEMH 1 paHT PO3IMIUPEHOT MATPHUIIl CUCTEMH OYyJIH PiBHI.

Skmo rang A=rang A =7 i r =n, TO CUCTEMa Ma€ €AMHUI PO3B'A30K, SKIIO
r<n, TO CUCTEMa Ma€ HECKIHUCHHY KUIbKICTh PO3B'S3KiB, IO 3ajie’KaThb BiJl

n —r JOBUIBHUX MapaMEeTPiB.
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JIJIss OTHOPIAHOI CUCTEeMH pIiBHSHb rang A =rang B, ToMy BOHa 3aBXIH

CyMICHA.
MeToau po3B'si3aHHS BUPOIKEHUX CUCTEM PiBHAAHb

I. MeTon nepeTBOpPEHHS y HEBUPOIKEHY CUCTEMY PIBHSHB

1. IlepeBipsiemo BukoHaHHs Teopemu Kponekepa-Kamnemni.

2. Busnauaemo Oyab-skuil Oa3uCHUN MiHOp. 3MiHHI, SIKI CTOSITh TPHU
koe(imieHTax 0a3uCHOrO0 MIHOPY, HA3UBAIOTHCA OA3UCHUMH. YCI 1HII
3MiHH1 HA3UBAIOTHCS BUIBHUMH.

3. Bupansemo yci piBHSHHA CHUCTEMH, KOC(IIIEHTH SKUX HE BXOMSTH Y
O0azucHuil MiHOp (11l PIBHAHHS € JIHIHHOK KOMOiHaI€l Oa3uCHUX
PIBHSIHB 1 HE BIUTMBAIOTh Ha PO3B'S30K).

4. TlepeHocuMO y MpaBy 4YacTHHY YCi BUIbHI HEBIOMI pa3oM 13 ix
koepdiieHTamMu. Y pe3ynbTaTi OTPUMAEMO HEBUPOKEHY CHUCTEMY, SIKY
PO3B'I3yEMO MaTpUYHUM MeTo/oM, MeTogoMm Kpamepa abo meromom
["ayca. OTpumaeMo 3Ha4eHHsI 0a3MCHUX HEBIIOMUX K (PyHKII BUIBHUX

HeBimomux. [Ipu 11boMy BUTBHI HEBIZIOMI — JOBUTHHI YHCTIA.

Ilpuxnao 18.
3x,—x, +5x, =2,
X +x, +2x, =—1,

—2x, +2x, —=3x; =1.

Mampuys cucmemu

PO3UIUPEHa MAmpuys
3 -1 5 2
1 1 2 -1
-2 2 3 1

A*
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3 -1 5

detA=1 1 2|=0 . =4#0= rangd=2

b

_1‘

-2 2 3
3 -1 5 3 -1 2
1 1 2|=0,][1 1 -1|=0=rangd’=2.
-2 2 -3 -2 2 1

rangA = rangA”

Omoxce, cucmema cymicHa.

3 -1
[1 . ] —0a3uUCHUll MIiHOD.

X,, X, —0a3ucHi HegiOOMi, X, —BilbHA HEGIOOMA.

3x, —x, +5x; =2, 3x, —x, =—2-5x;
—
X, +x, +2x, =—1. x +x,=—1-2x,

3a memoodom Kpamepa.

A=4,
-2-5x;, -1
= =-2-5x,—-1-2x,=-3-Tx,
—-1-2x, 1
3 —2-5x,
, = =-3-6x,+2+5x;=—1—-x;
1 —-1-2x,
xlz%:_3 +47x3,x2:%:—1+x3,x3=x3—()06ijleelluCJZO (napamemp)

II. Meton I'ayca.

[Ipu po3B’si3aHHI CUCTeMH JIIHIMHUX PIBHAHb METOJ0M [ayca moxe OyTu
JIeKUJIbKa BaplaHTiB po3B’s3kiB. BpaxoBytouu teopemy Kpowuekepa-Kanerni,
OIUILIEMO IX:

1. Cucrema IniHIMHMX pIBHSHB 3BeNacs A0 TpUKyTHoro Burisimy. Lle

BUMAJOK, Komu rang A=rang 4 =r, r =n. Cucrema MaTUMe €IWHHUA

pPO3B’A30K.

2. Cucrema JHIMHUX PIBHSHB 3Bejacs 0 BUIIISAY Tparelii, TOOTO 4HCIIO
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piBHSIHBb cucTeMu (7 ) MeHIne umcia HeigoMux (n): r<n. Y miBii
YacTWHI pIBHSIHb BHOMPAEMO HEBIAOMI, BU3HAYHUK CKJIaJCHUN 3
Koe(dimieHTiB pu HUX # 0, a KUTbKICTh HEBIJOMHUX JOPIBHIOE KUTBKOCTI
piBHsSHB. LI HeBioMi Ha3WBarOThCS Oa3MCHUMH. Pemity HeBIIOMHUX
MEePEeHOCUMO pa3oM 3 Koe(dillieHTaMu Yy TMpaBy YacTUHY PIBHSHHSA,
BBKAEMO iX CTAJMMHU 1 HA3MBAaTUMEMO BUIBHUMHU. YTBOPEHY CUCTEMY
MOXKHa po3B’si3atu MetogoMm Kpamepa. Hamarouum BUTIBHUM HEBIAOMUM
pI3HUX 3HAYEHb 3HANWIEMO MHOXKUHY PO3B’SI3KIB.

3. ¥V mpoteci po3B’s3yBaHHSI CUCTEMH OTpUMalid potupivusd Bugy 0=C.

VY 11pboMy BUNAKy CHUCTEMA PO3B’SA3KIB HE MAE.

II1. Metox lNayca (cxema «€QUHOTO AUIEHHS»).

AJNTOpPUTM aHAJIOTIUHUH, SIK 1y pa3l HEBUPOIKEHUX CUCTEM PiBHSIHb.

[lepeTBOpeHHSI pOOUMO, AOTIOKH Y TaOIUIll HE 3aTUIITUTHCS OAUH PSAIA0K a0
OJIMH CTOBIIEIIb (CTOBMEIh BUIBHUX €JIEMEHTIB). MOXKIMBI TaKl CUTYaIlii:

1. SIkmo mijx 9yac mepeTBOpPEHHsS y JiBiM 1 mpaBiii yacTWHax TaOMuUIll ycCi
KOe(IIIEHTH EIKOTO PsKa JTOPIBHIOIOTH HYJIO, TO IIeH PSAI0K MOTPIOHO
BUJIAJIUTH B yCIX TaOMUISX, TaK K PIBHSHHS, SIKE MU OTPUMAEMO 3 HbOTO,
HE BIUIMBAE Ha PO3B'S30K.

2. SIxkmio mig Yac NMEepeTBOPEHHs yCl KOEQILUIEHTH AESKOro psika y JiBId
YacTUHI TaOJIMLl JOPIBHIOIOTh HYJIO, @ y MpaBiil 4acTHHI KOE(ILi€HT
BIIMIHHHH BiJ HYJIS, TO CHCTEMa HECYyMiCHA.

3. SIKmo 3amuIIMBCS OOUH DPSIIOK, SKMM MICTUTh OAMH €JIEMEHT Y JIiBId
YaCcTHHI, TO CUCTEMa Ma€ OJUH PO3B'A30K. B 1HIIOMY BUMAAKy cuUcTemMa
Mae 6e3114 pO3B'SI3KiB.

4. SIkiio 3aaumInBCA OOMH CTOBHENDL 1 X04Ya O OJUH €JIEMEHT BIAMIHHHUI Bij
HyJIsl, TO CUCTEMa HecyMicHa. B 1HIIIOMy BUIIaIKy cHCTEMa Ma€ po3B's30K,
KWW 3HAXOJUMO MOYMHAKOYM 3 MEPEeAOCTaHHbOI TAOIUIll, BUKPECIUBIIH

yC1 PSAJIKHA KPIM TOTO, 10 BUKITFOYAITH.
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Ilpuknao 19.

2x, +x, =3,
X —x,=1
8x, +7x,=2.
X X, b
2 1 3
1 -1 1
8 7 2
-3 -1
6 -20
66+0.
Omoice, cucmema necymicHa.
IlIpuxnao 20.
2x, +x, =3,
X —x, =1,
4x, —x, =
x x, |b
2 1 3
1 -1 1
4 -1 5
-3 -1
-6 -20
0

Omoce, cucmema cymicHa. 3uaroemo ii po36 s3Ku.
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1-
x2 :E,
2x, +l—3,
3
4
X =—.
3
Lo 4
Bionogiov: x, =—, x, =—.
3 3
Ilpuknao 21.
—2x, +4x, =-2,
x, —2x, =1,
3x,+x,=3.
x x, |b
2 4 -2
1 -2 1
3 1 3
0 0
-14 |0

—14x,=0, x,=0, -2x,+0=-2, x, =1.

Bionosiow: x, =1, x, =0.

Ilpuknao 22.
{—le —3x, +4x, =5,

X +x, +x,=-2.

Xoox, x |b
2 -3 4 |5
1 1 -2




x, —6x, =—1;

x, =—1+6x;;
2x, +3-14x,=35;

x, =—1-"7x;.

Bionosiov: x, =—1-"1x,, x, —6x, =—1,x;, = x;, x; —0oginvHe uucio.

3aBaaHHd 11l PO3B'SAI3aHHS

1. 3HaiiT paHr MaTpULll CUCTEMU JIIHIHHUX PIBHIHb

4x, +2x, —x,=0 3x, +2x, —2x,—x,=6
a)ex, +2x, +x;=1 , 6)<—x1+2x2—x4:—4
X, —Xx;=-3 =3x, +3x, —2x, —2x, =2
X, +3x, = 2x, +3x, =7
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6 OJHOPIJTHI CACTEMM JIIHIMHUX PIBHSHb

VY 3aranbHOMY BUIJISIII OJTHOPIJIHA CHCTEMA JIIHIMHUX PIBHSHB 3aMMHCYETHCA
TakK:
a,x, +a,x, +..+a,x, =0
ayx, +a,x, +..+a,x, =0

(15)

a,x +a,x,+..+a, x =0

[ls cucrema 3aBXIM Ma€ HyJIbOBUH PO3B’S30K, SIKUA HA3UBAETHCA
TpUBiAIbHUM. PO3TIssHEMO MUTaHHS PO HETPUBIAIBHI PO3B’s3KU cucTeMu (15).

Teopema (npo HETpUBIAIBHI PO3B’SI3KH OJHOPIAHOI cucTeMu). OqHOpIIHA
cuctemMa (15) Mae HeTpuBialibHI PO3B’SA3KM TOAl 1 TUIBKM TOMAl, KOJIM PaHT
MaTPHUIIi Ii€T CUCTEMHU MEHIIIHH 32 YUCIIO HEBIJJOMUX.

Hoeedennsa. Heobximnicth. Hexait cucrema (15) mae HeTpuBianbHI

: 0 .0 0 o .
PO3B’A3KH, TOOTO ICHYIOTH YHCHA X, ,X,,...,X,, CEpeA SKUX NpUHANMHI OJHE
BIJIMIHHE BiJI HYJISI, TakKi, 1110
0 0 0
x A +x,4,+..+x A4 =0,

ne A,A4,,..,A — croBnmi wMarpumi cuctemu. lLle o3Hawae, mO cTOBMII
A,4,,...,A niHiiHO 3aJeXHi, BHACIIIOK YOrO0 HA MIACTaBI TEOpPEMH IIPO

0a3uCHMII MIHOP BOHU HE BCl MOXXYTh OyTH 0a3MCHHMH, TOMY PaHT MaTpull A
MEHILNH 32 7.

HoctaTtHicTh. Hexait panr » matpuili 4 MeHIui 3a n. Toi, BIAMOBIIHO 110
TeopeMu Npo OasucHuil MiHOp, croBmnui A,4,,...,A, niHiiHO 3anexHi. Lle
: 0 0 0 .
O3Hayae, M0 ICHYIOTh YHCia X, ,X,,...,X,, CEPe/ IKUX Xoua O OJHE HE JOPIBHAE
HYJIIO, 1 CIIPaB)KY€ETHCS PIBHICTD:
x4 +x0A2 +.+x°4 =0
1“1 2 n‘n = Y
0 0 0 . o
[HmMMM cnoBaMu, yMcaa X, ,X,,...,X, JalOTh HETPUBIATBHUN PO3B’A30K

cuctremu (15). Teopemy noBesieHO.

Bbynemo 3anucyBatu po3B’SI3KM OJAHOPIAHOI CUCTEMHU Yy BUTJISAAl CTOBIILIB 1
no3HauaTu OykBOrO X 3 iHAEKCaMH.

J171s pO3B'sI3KIB OJJHOPITHOT CUCTEMH CTIPABKYIOThCS TaKi BIACTHBOCTI:
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1. Sxuio crosnens X, € po3B’a30k cuctemu (15), To 11t Oynb-sIKOrO YKcia
a cToBIelb X, TakoX € po3B'sa3koM cuctemu (15).

JoBeaenns. 3anumemo cucremy (15)y marpuunit popmi

AX=0. (16)

Ockinbku X ;€ po3B’ 30K MATpU4HOTO piBHAHHA (16), TO

AX,=0.

Tomy migcraBuBmm 3amicte X B (16) croBmeup «X, , Ha OCHOBI

BJIACTUBOCTEH orepaliii HaJ MaTPULISIMU, MAEMO
A(aXO) =aAX,=a0=0,
1o i Tpeba 0yJIo JOBECTH.

2. dxmo X, 1 X, - poss'sa3ku cucremu (15), To i croBnenp X, +X, €
po3B'si3koM cuctemu (15).

CnpaBi, OCKIJTbKU

AX, =0, AX, =0,
TO, BIJITIOB1IHO JIO BJIACTUBOCTEH omepalliil HaJ MaTPUIIMU, MAaEMO
A(X, +X,)=4X,+ AX, =0,
1o i Tpeba OyJio JOBECTH.

Hacnioox. bynp-sika niHiliHa KOMOiHAIliS PO3B'SI3KiB OJTHOPITHOI CHUCTEMHU
JIHIAHUX PIBHSHb TAaKOX € PO3B'SI3KOM IIi€1 CHCTeMH, TOOTO, SIKIIO CTOBIII
X, X,,....X,— pO3B’S3KH, TO CTOBIIEIb

X, +e, X, +...+c, X,

TaKOXK € PO3B'SA30K (¢|,C,,...,C,— NOBUIbHI YHACNA).

IHoHATTSA 3araJIbHOr0 Ppo3B'A3KY OJHOPIAHOI CHCTEMH JiHIHHUX PiBHAHD

Hexail nano omHOPIAHY CUCTEMY JIIHITHUX PIBHSHB:
a,x, +a,x, +..+a,x, =0
ay X, +a,x, +..+a,x, =0

(17)

........................................

a x+a x,+..+a, x =0

mn*n
abo B MaTpuyuHiil popmi

AX=0. (18)

I3 BrmacTuBOCTEW pO3B'A3KIB CHCTEM JIHIMHUX OJHOPIAHUX PIBHSHB
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BUILIUBAE, MO 3 OyAb-SIKHX JBOX YAaCTHHHUX PO3B'SI3KIB I[I€i CHCTEMU MOKHA
micrati Oe3id po3B’S3KIB Il€1 CHCTEMH SK PI3HI JHIAHI KOMOIHAII IUX
pO3B’sA3KiB. Y 3B’S3Ky 3 IIUM BHUHUKA€ MHUTAHHS, YA HE MOXKHA BCl PO3B’SI3KH
cucremu (17) momatu sAK JiHIMHI KOMOIHAIIl KIJTBKOX TEBHHUX PO3B’S3KIB.
BusiBnsieTses, crpaBii, 3aBXIM MOXHA 3HAaWTH Tak 3BaHy (yHIaMEHTaJbHY
CUCTEMY pO3B’A3KIB, XapakTepHy THUM, IO KOXHUH po3B'si30k cucremu (17) €
SIKOFOCH JIIHIHHOIO0 KOMOIHAIII€10 PO3B’A3KiB (yHIaAMEHTAIBHOI CHCTEMU.

[izkom 3po3ymisio, O (PpyHIaMEHTalIbHA CHCTEMa pO3B’S3KIB Mae OyTH
JIHIMHO HE3aJIe)KHOK CHUCTEMOIO CTOBMIIIB, 00 1HAKIIE OJWH 3 PO3B’S3KIB cam
OyB OM J1HIAHOIO KOMOIHALIEIO THIIMX PO3B’A3KIB I[IE] CUCTEMU PIBHSAHb, TOMY
1oro MosxkHa 0yJi0 O BIAKUHYTH.

3azanvrum po3s’sizxom cuctem (17) Ha3UBAETHCS PO3B’SA30K, IO 3aJIEKHUTh
BiJl IOBUIBHUX CTajuX, 3 KOO MPHU BIAMOBITHOMY BHOOpPI IIMX CTAJIMX MOKHA
nictatu Oyap-skuii po3B’si3ok cuctemu (17). IHmmmm crmoBamu, 3aranbHUI
PO3B’SI30K — 1I€ JIiHIiHAa KOMO1HAIS (yHJaMEHTAIbHOT CHCTEMHU PO3B’SI3KIB.

HaBenemo nesxi MipKyBaHHS 3 THUTaHHS MPO 3HAXOJHKEHHS 3arajibHOTO
po3B’s3Ky cuctemu (17).

[Ipunyctumo, K 1 paHiiie, 10 paHT 7— MaTpPUIll CUCTEMU A MEHIIUH 3a
YHUCIJIO HEBIAOMHUX 71 1 0a3UCHUN MIHOP PO3MILIEHUHN Y BEPXHBOMY JIIBOMY KYTKY
cuctemu. Tonl mepul 7 psiIKiB MAaTpULIl CUCTEMH € OA3UCHUMH 1 32 TEOPEMOIO
npo Oa3uCHUN MIHOP KOXXHUN PSAOK MaTpulll, MmouumHatouud 3 (r+1)-ro, €
JIHIAHOIO KOMOIHAIEI TEepIIMX 7 PsAKIB 1i€i maTpuili. MOBOW0O CHCTEMHU
PIBHSIHB 1€ 03HAYaE, 1110 KOXKHE 3 PIBHSAHb CUCTEMH, MMOYMHaouu 3 (r + 1)-ro, €
JIHIMHOK KOMOIHAIl€0 (HACTIAKOM) MEPIINX 7 PIBHSIHb CUCTEMH, TOOTO Oyib-
SAKUWA PO3B’A30K MEpIIUX 7 piBHSAHb cuctemu (17) Oyae po3B’S3KOM 1 PEIITH
PIBHSIHB I[IET CUCTEMU.

Takum 4MHOM, AJIS 3HAXOJKEHHS BCIX PO3B’S3KIB CUCTEMH JOCUTH 3HAWUTHU
BC1 PO3B’SI3KHU JIMILIE TIEPIIUX 7 PIBHAHD CUCTEMH.

PosristHemo mepini » piBHSAHb CUCTEMH, 3aMCABIIH 1X Y BUTJISII:

apXy T T aLX, =0 Xy~ T4 X,
Ay Xy T T Ay X, = =0y (X~ T 0y, X

(19)
ApX) oA X, ==, X, —..— A, X,

\

X

200
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, To cucreMa (19) nmepeTBOPUTHCS y KBapaTHY CUCTEMY 7 JIIHIMHUX PIBHSHB 3 7

HEBIJOMUMH X,,X,,...,X,, IPUUOMY BU3HAYHHK LI1€1 CUCTEMU € OAa3MCHUIA MIHOP,

0 BIAMIHHMEM BiJg HyJs. Taka cucreMa Mae €IUMHHN PO3B’SI30K, SKHUMA

BU3HauaeTbesl (opmynamu Kpamepa npu BHOpaHUX CTaUX C;,C,,...,C

n-r

[To3naunmo yepes X, PO3B’ 30K CHUCTEMU (19) npu
¢=1 ¢=0 .. ¢_ =0, gepes X, — posp’s3ok cucremu (19) mnpu
¢=0, ¢,=1L, ¢=0, .., ¢_,=0irT g, gepe3 X, — po3B’I30K CHUCTEMH
(19)mpu ¢, =0, ¢,=0, .., ¢, . =1.

Mo:xHa noBectd, mo Bci i po3s’sisku X, X,,...,X,  piBHsIHHA (18) (um
cuctemu (17)) € niHIAHO HE3ANEXKHI 1 OyAb-SIKUN 1HITUN PO3B’SI30K

X=cX +c, X, +..+¢c, X _, (20)

1€ C;,Cy,...,C,  — NOBUIbHI cTasl. Ot1xe, (20) € 3aranbHUNA pO3B’A30K CHUCTEMU

(17).

3aBIaHHA 119 PO3B'sI3aHHSA

1. Po3B’s13aTi OMHOPIAHY CUCTEMY JIIHIHHUX PIBHSHb:

x, +3x,+2x,=0 2x, —3x,+x,=0
a) 33x,+4x, +3x;,=0 0)y x+x,+x=0
2x, +x,+x,+0 3x,—2x,+2x,+0
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73ACTOCYBAHHSA WOLFRAM ALPHA

Jlns BBenenns marpuii yWolfram Alpha koxen psaok momimaemo y GirypHi
IY>KKH {}, BITOKPEMIIIOIOUM €JIEMEHTH KOMaMH. PSaKu BiTOKPEMITIOIOTHCS OJUH

BiJl OJIHOTO TaKOX KOMaMH, 1 yCsi CYKYMHICTh PSJIKIB Takox OepeTbca y (pirypHi
IyXKHd, ToOTO Matpunss A=| a,, a,, a,, | BBoguthcs y cucremy Wolfram Alpha
y BUTJISII

Hay»a,,a,54,1a,,,05, 0,31 ,{a5,,05, a5

Jlii Hag MaTpUIIMU BUKOHYIOTBCS 3a JOTIOMOTOIO omeparopiB +, -, * abo -

TpaHCIOHYBaHHS BUKOHYETHCS KOMaHAOO transpose.

) 1 2) (5 2
IIpuxnao 23.3uaimu? - + :
3 4 -1 3

% WolframAlpha

2 * transpose {{1, 2}, {3, 41} + {{5, 2}, {-1, 3} =
12y 5 2
2[3 4] "[_1 3]

(7 8
3 ll]

7 8
Bionogiow:
3 11
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2 -1\ (1 2

Ilpuxnao 24.3natimu :
3)\3 4

% WolframAlpha s

L2130 0, 2 43, 4 8 |
Bl E e = Browse Examples 3 Surprise Me
Inpust:

2 -1ys1 2
1 3 ] 3 4J
pen 3
-1 0
10 14]

Ilnamua eepcis Wolfram Alpha, xpim pesyiomamy, 0036015€ ompumamu
NOKPOKOBULL PO36 530K 3 NOSCHEHHAMU AHITIUCbKOI0 M080I0. 30Kpema, OJis Yb02o

npukaady npugeoero 10 kpokia:
STEP 1
Multiply the following matrices:
[2 —1] ( 1 2]
1 3/)13 4
STEP 2

Hint: Determine the dimension of the product.

The dimensions of the first matrix are 2x2
and the dimensions of the second matrix are 2=2

9.9

This means the dimensions of the product are 2=2

(: 3z )=
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S1EP 3

Hint: Find the entry in the 1% row and 1%
column of the product matrix. First ook

at the 1% row of the first matrix and
the 1% column of the second matrix,

Highlight the 1* row and the 1¥ column:

STEP 4 Show Intermediate steps

Hint: Multiply corresponding components
of the highlighted row and
highlighted column, then add.

Multiply corresponding components andadd: 2 1 +(-1y%x3=-1 -

Place this number into the 17 row and 17 column of the product:
(2 3 Ha a)=(2' )

1 334/ \ _ _

STEP 5

Hint: Find the entry in the 1% row and Ak
column of the product matrix. First look

at the 1% row of the first matrix and
the 2™ column of the second matrix.

15['

Highlight the 1™ row and the 2" column:

[ s s )0
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STEP & Show intermediate steps

Hint: Multiply corresponding components
aof the highlighted row and
highlighted column, then add.

Multiply corresponding components andadd: 2 2 4+ (- 1yx4 =0 .

Place this number into the 1% row and 2™ column of the product:
[2 —1] 1 2]_[—1 'U'.J

L O A
STEP 7

Hint: Find the entry in the 2™ row and 1%
column of the product matrix. First look

at the 2™ row of the first matrix and
the 1% column of the second matrix.

Highlight the 2™ row and the 1% column:
2Ifr2)_(ro
1 3 /i34 _[_ _]
STEP 8 Show Intermediate steps

Hint: Multiply corresponding componants
of the highlighted row and
highlighted column, then add.

Multiply corresponding components andadd: |1 . 1+3 3=10 .

Place this number into the 2™ row and 1% column of the producr:

[2 —1] 12]_ =, u]
1 3 /43 4/ {10 _
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STEP 9

Hint: Find the entry in the 2™ row and 2™

column of the product matrix. First look
at the 2™ row of the first matrix and
the 2" column of the second matrix.

Highlight the 2™ row and the 2™ column
& “LY(97e _[-1 u]
1 3 Jl3i4}) 10 _
STEP 10 [¥] Show intermed|ate steps

Hint: Multiply corresponding components
of the highlighted row and
highlighted column, then add.

Multiply corresponding components andadd: |1 2+3 4= 14

| ~nil

Place this number into the 2™ row anc column of the product:

Answer:
(316 )= )
-1 0
Bionogion: .
14

s obuucnenns Bu3HayHUKIB B Wolfram | Alpha mMoxxHa BUKOpHCTOBYBaTH

1Bl koManu det 1 determinant. OTxke, 3aIIUTH

det {{a, b}, {c, d}}

determinant {{a, b}, {c, d}}

3YMOBJIIOOTH OHH&KOBHﬁ pE3YIIbTAT:
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det {{a, b}, {c, d}} e

‘ab
c d

ad-bc

% WolframAlpha

determinant {{a, b}, {c, d}} =]

‘ab
cd

ad-bc

3a3Buuaii, nepe oOUMCICHHSAM OOEPHEHOI MATPHIll MOTPIOHO MEPEBIPUTH, UM
icHye BOHa B3araini. JJig 11boro He0OX1IHO OOYHCIUTA BU3HAYHUK MATPHIIL, 1 SKIIO
BiH He JIOpPIBHIOE HYIIO, TO oOepHeHa MaTpulls icHye. Onnak y Wolfram Alpha B
Takiil mepeBipii Hemae HeoOxigHOCTI. Wolfram Alpha aBTomaTu4HO BU3HA4ae, 4u
€ 1151 MaTpULs BUPOHKEHOIO, 1 SKIIO BOHA HEBUPOKEHA, TO O0UHUCIIIOE 0OO0EpHEHY
Matpuiro. SKmo K Taka Matpuls BHUpoikeHa, To Wolfram Alpha Bunae
MOBIIOMJICHHST «matrix is singular», 1 00YHCIIIOE TaKk 3BaHy IICEBI00OCPHEHY
MaTpPHULIO.

Jnst obumcnenHs 3BopoTHoi matpuilli B Wolfram Alpha BukopucroByeTbcs
KOMaH a inverse abo inv.
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Ilpuxnao 25.3unatimu mampuyio, wo obepuerna 00 mampuyi

10 -9 -12
A= 7 =12 11
-10 10 3

% WolframAlpha

inv{{10,-9,-12},{7,-12, 11}, {-10, 10, 3}} 5]

B E B = [

Approximate Torm
-146 -93 -243
1
m[—lfﬂl -90 —194]
-50 -10 -57

_146 _®3 24
3e ale ale
_1\ w194

312 31e 31e
50 _b _s7

319 319 312

Hamucnyswu <Step-by-step solution> ompumaemo 13 Kpokieé 6usHaueHHs
obeprenoi mampuyi memooom I ayca-Kopoana, axuii mu ne pozenadanu y OaHOMY

NOCIOHUKY, ane 3 AIKUM MOJICHA O3HAUOMUMUCL HANPUKILAO V Bikineoii.
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STEP1

Find the inverse:

10 -9 12y
[ 7 -12 11]

-10 10 3

STEP 2

Hint: Append the identity matrix of the same

o -9 -12
size to the right of; [ T e i ]
-10 10 3

To find the inverse, augment the given martrix with the identity matrix and
perform Gaussian elimination:

7" <13 d1.4 1 0

10 -9 -1211 0 D]
-10 10 3 001

STEP 3 Show intermed|ate steps

Hint: Subtract a multiple of one raw from anather,

7
Subtract ﬁ % (row 1) from row 2 |:

0 -8 =121 1 00

0 -2 T I g

5
=10 10 3 0 |

STEP 4 Show intermediate steps
Hint: Add one row to another,

Add row 1 to row 3 !

i -8 12,1 00
B . 37 a7 E i | |
10 5 | 10
o 1 -9:1 01
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STEP 5

Hint: Swap two rows,

Swap row 2 with row 3:

10 -9 -121 1 00
0 1 -9:1 01
0 -2 =Z I 10
mw 5 10
STEP 6 Show intermediate steps

Hint: Add a multiple of one row to another,

57
Add Tk (row 2)to row 3 :

10 -9 -12 11 0 0
01 -9 110 1

0 o -3.,5 1 A
10 10

STEP 7 Show intermed iate steps

Hint: Multiply row 2 by a scalar.

10
Multiply row 3 by -——
319
10 -9 -127 1 0 0
01 -8 1 0 1
0 0 j_S0 10 57
o319 319 319
STEP 8 Show intermed late steps

Hint: Add = multiple of one row to ancther,

Add 9x(row 3)to row 2

10 -9 -12, 1 0 0
R T e . L
|31 31 31e
0o 0o 1 j_s0 14 57
- - ] e =] 310 319
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STEP O Show intermediate steps

Hint: Add 2 multiple of one row to another,

Add 12 x(row 3)to row

o

10 -9 0281 _120 684

T30 310 310

|
0 1 g!-181 _®s 104
i 312 i@ 3=
g o3 I8 47
Vo 31e 310 3@
STEP 10 Show intermediate steps

Hint: Add & multiple of one row to another,

Add 9x(row 2)to row 1|

'
10 g pi_1460 _@a 2430
: 31e 31e 31@
0 1p0y-8 = I
| 318 319 310
‘ ; -
0 01!-=2 & _237
319 119 319
STEP 11 Show Intermediate steps

Hint: Divide row 1 by & scalar.

Divide row 1 by 10 :

146 o3 243

100 E_E’ —3—19 _:E

] 113l @ 194

010 E = =5 o

00 1)- ;';I'J - J—]'"_ 4 %
STEP 12

10 -9 -12
Hint: The inverse of[ 7 -12 11 ]is the
-10 10 3
right part of the augmented matrix.

Read off the inverse:

_146 e _am
[10 -9 _12]—1 319 310 319

7 -12 11 St e e o O
3le ale ale
-10 10 3 50 10 57

312 319 312
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I

Hint: Factor out cormmmon terms.

Simplify by factoring out an appropriate term

Answer;
-146 -93 -243
ﬁ; -131 -90 -194
L -50 -10 -57
-146 -93 -243
Bi()noei()b:Alz% -131 -90 -194
-50 -10 -57

Wolfram Alpha Takox mo3Bosisie 6e3mocepelHb0 00UUCTIOBATH PaHT MaTpHIIl

BHKOPHUCTOBYIOYH KOMAaHIAY rank.

% WolframAlpha

rank {{6,-11, 13}, {4,-1, 3}, {3, 4, -2}} ]

4 -1 3
3 4 -2

rank

6 -11 13]

Cuctema miHIAHUX anreOpaiyHUX pPIBHSIHB PO3B’A3YETHCS 3a JIOMOMOTOIO
koManqu solve. Komanpaa solve € yHiBepcaJlbHOIO KOMaHJOIO ISl 3HAXOKEHHS
pO3B’sA3Ky anredpaidyHuX piBHSIHB Ta iX cucteM. [Ipu oMy IIyKaeTbes po3B’SI30K
K BUPOJIPKEHOI CUCTEMH, TaK 1 HEBUPOKEHO1. J{J1s1 po3B’si3aHHS CUCTEMU JIHIMHUX
anreOpaiyHUX pIBHAHD MaTPUYHUM CIOCOOOM MOKHAa BHUKOPUCTaTH KOMaHIY
LinearSolve.
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Ilpuknao 26.Po3s’s:3amu mampuune pieHaHHA:

5 7 9 2 28
-2 9 1 -1 41
X =
8 9 4 9 —66
8§ -9 8 7 -22

2% WolframAlpha

I

LinearSolvel{{5, 7, 9, 2}, {-2, 9, 1,-1}, {8, -9, -4, 9}, {B, -9, 8, -7}}, {28, 41, -66, -22}]

(5 7 9 2
-2 9 1 -1
g -9 -4 8
g8 -9 8 -7

LinearSoIveI , 128, 41, -66, -22)

-1,4,1,-2

Bionosiov: X =

-2
Ilpuknao 27.3uaiimu po3s 30K cucmemu aneeopaivHux pi6HAHb:

(—5x, —4x, —7x, +6x, =39
3x,+x, +9x; + 5x, =-99
—9x, —3x, —9x; —3x, =105
—9x, +8x, + 6x;, —9x, =31
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& WolframAlpha =

| solve(-5*x1-4%x2-T*x3+6*x4=39, 3*x1+x2+9*x3+5*x4=-99, -0*x1-3*x2-9*x3-3*x4=105, -9*x 1+B*x2+6*x3-9*xd=

B E B e = Browse Examples 3@ Surprise Me
Input interpretation
-5x1-4x%x2-7x3+6x4=39
3x%x1+x2+9%x3+5x%x4 =-99
solve
-0x1-3x2-9x3-3x4=105
-0x1+8x2+6x3-9x4=31
Open code (=
x1=-3 and x2=2 and x3=-8 and x4 =-4
Bionogios: x, ==3,x, =2,x, =-8,x, =—4.
Ilpuknao 28.3natimu po3e’a30x cucmemu aneedpaiyHux piGHAHb:
x,—6x,—7x,=9
—2x, —x, + x; =-31
—8x, —4x, +4x, =-124
solve(x1-6%x2-7*x3=9, -2%x1-%24+x3=-31, -8*x1-4*x2+4*x3=-124) =] |
(= C =S = Browse Examples 3 Surprise Me
Input interpretation:
x1-6x2-7x3=0
solve -2x1-x2+x3=-31
-Bx1-4x2+4x3=-124
Open code /5
Result
¥2=16-x1 and x3=x1-15

Bionogiow: x, =16 — x,, x, = x, =15, x, — dosinvre uucno .
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3ABJAHHSA 1JIA THIIOBUX PO3PAXYHKIB

8

-2

—2 -8

4

-8 -1

-8

-5
=5 -3
4

)
—4|,B
-5

=7

J

=5 1

0

1.1. s 3amanux matpuilb 4 Ta B o6uuciautu 34-2B.

-5 9 4 8 9
B = ;
-2 5 9 11 -5

-8

26.4
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-4 -3 -5 -9 6 1 -8 -9 2 -6 7 -9
871 A=3 7 6 [;B=|3 1 2| 944=3 -2 6 ;B=|-5 -7 3|

-6 9 4 2 1 -4 2 -9 -3 -6 2 -9

-3 2 -5 4 1 =2 -4 5 1 6 -7 2
8.4=5 -8 -9;B=|-9 -5 8 |; 95.4=-9 5 5;B={9 -1 0};

-3 6 -4 6 0 9 8 4 4 -2 -8 4

7 =7 3 9 -3 -1 -7 0 5 5 -6
89.4=(2 3 2 |;B=|-7T -8 -5; 96.4= 3 7 5;B=|4 -3 0

0 -8 4 -8 -2 6 -8 8 4 -8 2

9 0 -1 0 8 0 1 -7 -6 -9 -1 -6
90.4=-5 -6 4 |;B=|-3 41 974=|-7 6 -T[;B=|0 -8 5 |;

I 6 1 -9 -2 3 -3 1 -8 7 -9

2 2 =5 5 6 6 =5 7 7 1 -6 2
914=| 7 0 6 [;B=|-8 -3 0 |; BA4=-1 -5 4 ;B=|8 1 1|

-8 -8 0 -2 -2 -6 -2 5 -5 4 3 -6

4 -7 3 0 6 -1 -1 -7 5 -8 7 -7
924A=|-7 3 -8;B=|-8 -6 -3|; 9.4=-3 2 25;B=|-7T 9 -6

-6 4 8 -3 -8 -3 4 -2 6 1 -8 4

4 9 -4 -5 -5 -4 0 3 -3 -6 5
934=2 2 1 ;B=|-6 & 9| 1004=| 5 7 6 [;B={-9 5 0

-6 -4 4 2 -3 -9 -7 5 -6 -9 1 -6

1.3. 3naittu det4 , detB , detAB , detBA . llepekoHaTucp y TOMY, WIO
det AB=det BA=det A-det B. Matpuiii 4 i B B34TH 13 3aBAaHHs 1.2.

1.4. Jlnsa 3amanoi Matpuili A:

a) obunciutu det A NIISAXOM 3aHYJIEHHS psAJIKa YU CTOBIIIS Ta 32 TEOPEMOIO
pO3KIIamy;

0) 3HaiiTH 0OEepHEHY MaTPHUIIIO.

-4 -2 -9 9 0 5 1 8 -7
1.A=|-9 8 -4 2A=| 5 -1 =2}, 3A=-2 5 6 |;
-6 1 0 -1 3 =5 -7 3 7
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-6
-9 ;
-5
-8 ;
—6

4

1
-1

3

2
-5

-9 0

-5
~7

2
-3
-1

—4

-3

—7

8

-7 =3;

2

-2
1

7 2

8 4 2
2 4

}

—7
-3 ;

-5

1

—6

-8 2

-6
7 4

3

2
-8 81;
-1

=7

6
-9

9

9
=7 1; 22.4
-8

-8

—4
6

5

23.4

24.4

25.4

b

26.4

-9

-6
-6

-8 |;
-1

6

5

-2

-3 |;

-6

4 —1;
-6

=)
4

-1

27.4=16 7

2

28.4

9

}

—4
17

-1

8
6

-2 3

8

-5 5
; 13.4

9

2
-2

6 4

|

5
2 4 6

14.4

7
}; 15.4

-5 8 3

2
-9
-9

-6
-5

6

}; 16.4
} 18.4

—6

3
1

8 —4

2

4.4

5.4=

6.4=

7.A=

94={2 0

-1
8 19.4

-9
8

6
6

-1
1

-6 6
-9

3
-8

-9 -6
4 1
-7 -8
5 J

8
—6

29.4=|9

9
6

1

-1 4 8

30.4

7 4

3

-3

6
3

}; 20.4

6

6
-8 |; 21.4
—7

0
—1
-3

-2
-5

0

10.4

11.4=|8

12.4
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-6 -7 8 8 9 -l 4 6 -3
85.4=| 6 -1 8]; 91.4=|—4 6 6 |; 97.4=| 9 -9 —1];
2 -9 75 7 2
4 -9 -5 1 0 -9 -1 5 4
86.4=| -6 4 6}; NA4=|-7 5 8| 98.A4=|-7 3 —4|;
8 1 -6 2 7 -8 8§ 0 -9
-1 -1 1 4 -1 8 9 9 5
87.4=| 2 -2 8}; 93.4= 3 -5 -3|; 9.4=| -6 -8 1 |;
1 2 —4 2 3 7 9 7 -5
32 -6 9 1 2 3 4 9
88.4=| 3 -5 8|, 9.4=|-8 2 -8|; 100.4=| 2 8 9
4 1 J 9 -3 -3 1 6 -2
4 -5 -1 -5 7 -
89.4=| -4 6 0} 95.4=| -9 6 -8|;
8 5 9 7 3 -8
7 1 6 4 7 —4
90.4=-1 6 3| 9%.4=|6 -7 9|,
7 -7 0 4 9 1

1.5. PosB's3atu 321IlaHi CUCTCMHU TpbOMa MCTOJAMH: MATpUYIHHUM, MCTOIOM

Kpamepa, meronom ["ayca.

(x]1t4xy)+6x3=-25 -2x1+3x9+ x3=-10
1.1.3 -4x1+3xp-5x3=-14 2.1.4 - Xp+3x3=-22
(3x]t4xy+ x3=-27 -2Xx1- X0+ x3=-14
(4x1-3x3-9%x4=77 (-4x1-5x)+5x3+9x%x4=-13
- X] +8xp +5x3-9x4=77 6x] +8xp-3x3-2x4=69
1.2.9 3x1+5x)+7x3+8x4=3 22.9 -6x1 + X9 +4x3+9x4=22
(3X7-3x3-6x4=1 (4 X1 -7TXp-Tx4=-54
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3.1.9

4.1.9

4.2.3

(-5X1+8X2:-40
- X1 -5x9-8x3=81
K—2X2—7X3=59

X]1-8xp)+3x3+8x4=-10

(-3X]1-X2-9%x3-3x4=-79

(6 X1 - 6%y +3x3=30

-9x1- x9+2x3=-31

[ -2x71-9%)-9x3=66
(2x1+9%xy-2x3-5x%x4=-41
-2Xx1-7%xp+3x3=36
3X1-2Xxp-5x3-4x%x4=-12

5.1.93

5.2.3

L -6X]-3x)+7x3+4x4=24

(8x1-7x%xy-9x3=2
-6x1-3xp- x3=-50

(5 x] +4x9+9x3=64
(8x1-3xp)+4x3-3x4=38
-6x1t3xy-x3-8x4=-99

(9 X] +2Xx9-7Xx3-5%x4=46

(—6X1—3X2—5X3+8X4=—124

-2Xx1-3xp+3x3+9x4=-36

-6x] +5x)+9x3-2x4=-101

70

6.1.

6.2.3

7.1.9

7.2.9

8.1.

8.2. 3

(-4 x1- x9+4x3=31
4x1-Txp+3x3=24

[ -9x] T 6xp+7x3=60
(-3x1+ xp +4x3+2x4=46
3X1-3%x)+9x3+2x477
-3Xx]1t3x9-2x3+3x4723

L X] T5xp+5x3+4x4=33

(6 X1 +4xy+3x3=18
2Xx1-7x9=-40

5 x1 T 6xp-2x3=49
(-6x] +5x)+8x3- x4=0
2x1+7x9-3x3+7x4=89
-4x1-5%x9-9x%x3=-80

44X+ x0+7x3-8x4=-2

-6x] t2x9)+9x3=-7
5x1+3x9-7x3=10

- X]1-8x9-3x3=-5
(4x1-7%x)+7x3-4x473
6x]+t6xy)+ X3 +7x4=-5
- X] T3xp- x3-4x4=0

L-6Xx]+ X9 -5x%x4=6



9.1.93

10.1.

10.2.

11.1.

11.2.

(-6x]+5%xy+2x3=75

-9x1 +9x9+3x3=120

(4 x1-9%xp=-81

(-6Xx] +6x)-8x3+ x4=77
-8x]t8x9+3x3- x4=-32
9x1-8%x9-6x3- x4=43

(5Xx] +2x3-7%x4=-83

(3 X1 +8xy +3x3=45

< -2x1-3xp-5x3=-57

-9x1-9%x9 +4x3=-18

L
(9X1+9X2—6X3+3X4=12

) -6x1 t5xy)+4x3+ x4=53
-5x] +2xp +4x3-2x4=53

(-53X1-9%X9-5%x3+2x4=-80

(-4x]+4x%xy-7x3=73

14x1-9%x-9%x3=9

(8 x] T3 x3=-21
(-4x1+6x)+ x3+8x4792
<7)(1—8)(2+3X3—8X4=—109

- X] - Xp+2x3+ x4=12

L -2X] +5%xp- x3+3x4=49

71

12.1.9

12.2. %

13.1.9

13.2. 3

(9x1 +4x)-8x3=20
8x1-2x9-6x3=0

(8 x] +8xp-6x3=40
(-2X1-2X)+6x3+6x4=-90
9x1+ x3+8x4=6

9x1 +4x9-3x3-4x4=86

L-9X]-2X%x9-4x3-8x4735

(-2x]+3xp=-1
8x]+2xp+7x3=-31

| X] +2xp-8x3=-57
(2x1+9x%xy+5x4=130
-6x]1t3x9-9x4=-78
9xy]+3xy+ x3-8x4=43

14.1. 3

14.2. 9

7 X1+ X9 +5x3+8x4=159

(-2Xx1-6Xx9- x3=25
2x1-9xp-4x3=50

[ -2X71-9%-8x379%4
(-5x1+2xy-T7Tx3-7x4=94
-2Xx1-6xp- x3-4x4=31
7x1-3xp+3x3-5%x4=-10

(4 x]+7x)+8x3+8x4=-104



(5x1+ 8%y +9x3=-48
15.1.3 7 x1 + 8 xp=-67
(9x1+ xp+9x3=-40
(X9 -5Xx3-3x443
-4 x7+6xy+ x4=25

<
15.2. 6x] +8xp-5x3-6x4=113

-2X]-8X)+5x3-7x4=-132

(- 6x1+ X9-9x%x3=100
16.1.93 X1 T Xp +5x3=-43
5x]+2xp+2x3=-25
(4x1+7%xp-3x3+5x4=-48
5x1-7x)+3x3+5x4=-6

<
16.2. -6X]T2x)+T7x3-2x4=-18

(2X]+5X9-3x3-3x4=-24

rX1-|-4X2+4X3=-12
17.1.36 X1 -5xp -6 x3=-48

-3 %1+ xp+3x3=33
(-7x1+5x)+9x3+7x4=-125
- X] t6xp +8x3+7x4=-67

<
17.2. -5Xx1-9%x3-5x%x4739

(-5Xx]+3xp+3x3+ x4=-51

72

(2x1-7%9-8x3=56
-4x1-6xp +7x3=4

[ -6Xx] T7xp-9x3720

(- 8X1-2%xp)+3x3-8x4=61
-4x1+ xXp-3x3+4x4=-13
-5X] t6Xxy-5x3-8x4=63

(9X]-3x9)+5x3+2x4=-35

(-8x1-3x)-8x3=-46
-9x1+5x9-8x3=-100

(8 X1 +7xp-2x372

(6x] +8xy+8x3+3x4798
8x1+9x7+9x3-4x4=71

- X] T3x9-8x3-2x4=-17

20.1. 3

20.2. 3

(3 X1 +5x3- x4=16

(7x1-7%xy)+6x3=-94
7X1-5%x)+7x3=-75
(9x1-8xy+ x3=-133

(2 X1 - X9-3Xx3-6x4=1
-6x] t4x)+6x3-2%x4=-2
-6x1-5%xp-8x3+ x4=58

L-9X] +5xy+ x3+9x4=54



21.1. 3

21.2.%

22.1. 9

22.2. %

(2x1-9%xy-4x3=11

4 x1 +6x9=30

9 X1 +6x5 -3 x3=66
(5x1-5%xp-2x3+9x4=30
8x1 +8x3+9x4=36
5x1+3xp+4x3+9x4=24

(8X] +7X2-5%x3-8x4=-92

(-6x]+5%xy=-58
Txp-9x3=-74
 -2x1=-6
(X1-3Xx)+3x3- x4=-33
6x]+8xp-4x3+9x4=78
-3x1-8%x2-9x%x4=-100

23.1. 9

23.2. %

L-9X]-2x9+7x3+4x4=69

(-2%x7-9%x)+ x3=-5
-6x] +2x9+3x3=14
5 x] T Xp +6x3=-43
(-4x1+9x)+3x3+9x4=-4
4x1+2x)+9x3-5x%x472
-3x] t4x9-8x3-6x4=68

L-5Xx] +9%xp - x3+4x4=34

73

24.1.9

24.2. %

25.1.9

25.2.3

(8x1-2%y- x3=-39
X]1-2xp+ x3=-24

(2 X7 -2xp-8x3=0
(-6X1-5x)+7x3-9x4=111
-3x1-4x2-9x3+4x4=-80
8x]+3xp+7x3+6x4=3

L -5X1-2%x9+9%x3-9x%x4=126

(2Xx1+ X9 -6x3=-22
2Xx1-2xp+6x3=20
(-2Xp-9x3=-23

(X1 -3x)+8x3+9x%x4=-353
X1 t2x9- x3-3x%x4=12
-8Xxy -4 x4=-52

26.1. 3

26.2. 3

(8 X]-6xy+ x3=-100

(-5%x1-6x)+6x3=-69
-5Xx1-9%xp +4x3=-76

(9 x1 +9xy + x3=29

(3 X1 - X9-5%x3-5x4=56
-9x1-5%xp-3x3+8x4=- 141
-5X1-6Xp-2x3-8x4=-7

(8 X] -9X9-Tx3-7x4=67



27.1.3

27.2.3

28.1. 9

28.2. %

(2x] +8x9-2x3=-18
-4x1-x9-4x3=-18
( Xp-4x3=-14
(6x]+3Xx9-2Xx3-6%x4=-7
3X]+5x) +2x3- X472

- X1 -9%x9-6x3+ xyg=14

-7X]+2Xx)+6X3+6x4=-6

(-2Xx1-2%X9+7x3=-83
5X1-9%x9 +4x3=-69

3 x1-7x3=73
(-4Xx]-6Xx)+8x3-4x4=-32
-6x1+7x9-3x3+6x4799
-2Xx] +7X%xp-3x3-8x4=33

29.1.

29.2. %

-

\

-4 X+ X9 +2Xx3-2x4722

X]1-3Xp-2x3=-6
-9xp-5x3=-41
9x1-5xy+6x3=58
(-2x71-T7x%xp-2x3+8x4=16
-3Xx1-5xpt2x3+8x474
- X1 T6Xxp-2Xx3-6x472

L-6X]+ X9+ x3+6x4=0

30.1. 9

30.2. 3

31.1.9

31.2. %

(4x7-4x)+8x3=12

- X1 +3xp +8x3=41
(8X]-5Xxp-7x3=-62
(-2Xx]+4x9-4x3=70
9x1-x3+3x4=-22
6x1-9%x)+8x3-7x4=-102

(2X]-5%x9)+3x3+9xg4=-134

(4x1-9%xy=-11

- X1 -4x9+8x3=0

[ -7x] +6Xx)+6x3=2
(-9Xxp-7Xx3-2x4=-18
6x1-3x)+6x3+9x4=-39
5x1T3xp- x3- x4=71

32.1. 9

32.2. 3

-4X]-4%X)+9x3+6x4=-145

(-3x1-7%xp-6x3=-33
-6Xxy - x3=-46

[ -8Xx71-xp+5x3=-97
(-8x1-4%x7-9x4=-109
3X1-2xp+5x3+4x4=64
2Xx]+7Xp- X3- X477

74

(-8X]-3Xx9-6x4=-94



33.1. 9

33.2. %

-

-2Xx1-4%x) +9x3=-62
- X1+ xp+3x3=-19

L -4Xx]- xp+2x374

3x1+6xy+2x4=34

34.1.9

34.2. %

\

(5X1-8%x9-4x3+9x%x4=-19

(2x1-7x%x9+7x3=27

-6x]1 t6x9)+3x3=-45
-4x1-3xp-5%x375
(4x1-7Tx)+7x3-6%x4=-32
X1 t5xy)+2x3-7x%x4=-33

35.1.9

35.2. %

\

r5)(1-3X2-|-9X3=-31

2x1-8xp t+2x3=4

3x1- x9- x3=19
(-4x1-9%xy+8x3=39
-7X1-2xp+ x3+4x4=26
-3x)+ X9 +7x3+8x4=33

06X -7Tx)+5x3+3x4=-14

(—2X1+2X2+8X3+6X4=20
-3x1-4x9-3x3+t6x4=-48

-7Xx]1+3xp-T7Tx3-4x%x4=-64

-8X]-8X%x9-3x3-6x4=-106

75

36.1.9

36.2. 3

37.1.9

37.2. %

(4x1+2x9-4x3=10
4x1+5xy)+4x3=-25

[ 7x1-6xp+8x3=-154

(- X] +t2Xx3-6x4=-2
6x]+7Xxy-5x3-4%x4=-19
X1 t3xp-6x3+7x4=-10

(4 X1 +5x)+ x3-4x4=7

(-7x1+6x3=-22
-3x1-7x%xp-7x%x3=20

|9 xp=36

(- X1 t4Xxp- x3+3x4=46
- X] +7xp +3x3+8x4=70
-8x1-7Txp +t4x3+2x4=-92

38.1. 9

38.2. 9

(3Xx]+3xp)+4x3-9x4=-23

(8 x1 +4 xy +3x3=3
-2Xx1-2x%xp+8x3=-36

[ -8Xx1-5xp)+8x3=-45
(2x1 +4x)+9x3-4x4=54
6x] +9xp +8x3-2x4=27
-6x1-8xp +9x3=54

(-3Xx]+ X0-4x3+5x4=-17



(5x1+8x9+5x3=11
39.1.96x] +8xp -3 x3=28
L -8X]-3Xxp-8x3=2
(-6x]+4x)+4x3+ x4=15
2x]+8x9+8x3+3xg4=-67

<
39.2. -6x] t5x9-2x3+9x%x4=2

(2X]-9%Xy-4x3-2x4=57

-

- X1 +5xy-5x341

40.1.4 - X1 +8x9=36

[ -8x]1+t5xp+2x3=-15

(- X1+8X2-5X3+6X4=—118
3Xx1-3x9+6x3+3x4=30

<
40.2. -4x1-5%x) T2x3-2x4=17

(-7X]+4x)+6x3+6x4=-133

r6XI+8X2-8X3=-94

41.1. % —5X1+3X2+2X3=17 44.1. %

(2X] T6Xxp-2x3=-32

(3X1- X9-9%x3- x4=110
6X1+7X2+2X3—4X4=0

41.2. % 44.2. 3

5x1t4xy-8x3-6x4=108

(6X]-2X)+6x3+9x4=-38
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42.1.

42.2. %

43.2. %

(3x1+9x9-4x3=15
-7x1+5x3=-1

(-5 X] T9Xxp-6x3=37
(-6X] - X9 +2x3+7x4=22
4Xx1-6Xxy-5%x3-2x%x4=13
-9x1-4xp- x3+5x%x4755

L-2X]+ X9-2x3+5x%x4=-18

(3x]+4x)+8x3=-71
9x1+4xy-7x3=-26

[ -2Xx] T2xp+5x3=-23
(-6Xx]-8xp)+ x3+ x4=53
-4x1 9%y +7x3+8x4796
-5X1-6xp-8x3+ x4=-9

(3X]1-9%X9-9xg4=-57

(3x1+3x9-9x3=-3
3x]+7x3=23
(4x1-7xp)+7x3=12
(-9x1-3x3+7x4=19
-6x]1t6xy- x3+6x4=-54
4x)+ X9 +3x3+9x4=-388

L-2X]-3Xx9-4x3+5x%x4=34



-

45.1. 3

\

45.2. %

-

46.1.

46.2. 3

-

47.1. 9

\

47.2. %

(&

&

r

.

- X1+ x9+2x3=1
-6x1-6xy-7x3=32
3x]T9%x9-3x3=3

(9x1+7xy+ X3 - 6x4=-90

-4x1-2%xp-8x3+8x4=116
4x1+ xp+2x3-3x4=-39
-3 X1 -6xy+3x3+6x4=60

6x1-9xy+4x3=89
-3x1-7x%xp-8x3=42

5 x1 +9x3=16

-3X1-2xp+4x3-7x4=70
X1 -4xy+ x3-7x4=77
-4x71-5%x) +4x3-8x4=109

4xy-2x3=-16

-7X1- Xp +8x3=-8
2Xx1-7%x9=26
-3x1-8xp-2x3=-42
-7X]- Xp-2Xx3- X4=-36
9%y +8x3+5x%x4=-6
-8x1-8xp- x3+ x4=-78

(—3X1—3X2+5X3+8X4=—29
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48.1.

48.2. 3

49.1.

49.2. 3

(-4x1-4%x)+2x3=-44
-2x1t2xy)+4x3=-54

(4 X1 -3xp+4x3=10
(-4Xx1-5%X)-9x3-3x4=40
-2X1-6xp-6x3+3xy4=-1
Tx1+t4xy-3x3+2x4=-33

L -2Xx] +9x3-9x4=65

(-9 x1-2x9=95

-8x1 T4 x9+4x3=40

[ X1 - Xp-2x3=0

(- X1 t9Xxp-6x3+6x4=-29
9x1-3x9-7x3+5%x4729
TXx]+4xy-4x3-9%x4=-67

50.1.

50.2. 3

- 7X]-8%9-6x3=55

(-2x]+ 5%y +9x3=51
-8x1-6xy +9x3=18
(4x1t7xp-4x%x3=5
(-8X1-2Xp-2x3-2x4748
2x1+ Xp-5x3+3x4=-50
TXx1-8%xp-4x3+ xg=-44

(9X]- Xp-5x3+6x4=-88



51.1. 9

51.2. %

52.1.9

52.2. 9

53.1.9

53.2. %

[(-5x1+8x%)-6x3=66
-4x1-5xp +5x379
(4x1-9%xp-4x3=-129
(X1 5% -5%x3-2x4=100
-7X1-2%xp-6x4=4
-9x1 9%y +8x3=-28

(5X]1-4%x9-7Tx3+8x4=-20

r—3)(1-1-2X2—8X3=—39
3x1-6xy-7x3=37

[ -8x1-3x7-8x3=-19
(—8X1—7X2—6X3-4X4=22

5x]t3xp)+3x3-4x4=-31
-5 X] -4 %) +6x3+4x4=66
(4 x3=-32
-9x1-5%9-4x3=53
L -3x1-6xp- x3741
(9x1 +4xy) +5x3- x4=-18
6Xx]+6xy) +5x3+8x4=-7
-4x1-7%xp-8x%x3-3%x4=73
(-6X]-8Xy-Xx3-8%x4=-5

-4x1+2x9-9%x3-4x4=-59

78

54.1.9

54.2. %

[(-2x1-6Xx)-7x3=94
-3x1+t5x9-2x3=-25

[ -8Xx1-9x%xp-6x3795

(3xp +2x3-4x4=-57
2x]1+t3x9+6x3+8x4=-23
TXx]+3xp)+4x3-9x4=-42

55.1.9

55.2.3

~

(- X]1-4Xx)+9x3+8x4=-2

(8X1-2%Xy-4x3=-2
9xy)+2x3=-79
4x1-5%xp-7x%x3=30
(8x1-8xp-8x3-6x4=154
-3Xx]1t6x9-6x3-6x4=-87
6 X1 -3Xxp-9x3+6x4=207

56.1.

56.2. 3

-

(4X]+2Xy- X3-6x4=-28

6x] +4xy-3x3=55
-2Xx1-5x9-8x3=-17

(7X1-6%x)+9x3=-48

(X1 -6Xy+7x3+3x4=59
6x]+9xy) +8x3+3x4=-25
-2X1-3xp+3x3-9x%x4=-50

(7X] +3xp+8x3+4x4=11



57.1.

57.2. 9

58.1.9

58.2. 9

\

(7x1 +6x9-5x3=97
8x1+5xp +8x3=76
L -8Xx1-4xp)+ x3=-90
(3x71-7xp-2x3+9x%x4=-121
Tx1+t4x9-9%x3-4x4=140

8x]+7xp-9x%x3-6x4=182

(2X]-7%x9-2x3=-40

(7x1-2%9-9x3=-283

-8x1 t6x9-3x3=72
6x1-9%xy+3x3=-57
(-9Xxp-4x3+2x4795
-5x]1t5xy)+8xy4=-14
2x]+9x)+5x3+ x4=-98

59.1.9

59.2. %

-

\

(-2x1-8x)+9x3+9x4=-31

(4 x]+4x)+8x3-2x4=-92

X1 -9xp +5x3=35
3x1+5x9=0
2x]1+t4x9-9%x3=-63

4x1t4xy-x3-x4=-17
6x]+8xp-3x3+3x4=-75

(-9X] +9%xp-4x4=-67
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60.1. 9

60.2. 3

61.1.9

61.2. %

62.1.

62.2. 3

(5x1- x3=52

2x1+t5xy+ x3=11

[ -8X] T6Xxp- Xx3=-65
(2X]-2Xp-8%x3- x4=17
-9x71-4x)+7x3+6x4=30
5Xx1+6xp-4x3+7x4=79

L -4x] +3Xxp-5%x3-6x4=30

[(-6x1-3x9-7x3=49
7X1-5%xp)+2x3=-358
(3x]+4xp)+4x3=-19
(-2X]-6X)-8x3- x4=21
-8x1-8xp +t6x3+8x4=-70
6x] +7xy-7x3+ x4=61

L -4X]-3X%xp-8x3+6x4=21

(4x1-4%x)+6x3=-42
-4x1-3xp+7x3=-86

(8 X1 +6x9 +3x3=87
(-8x1+ X9-2x4=-48
X1t 6xy-4x3+3x4=-37
-7Xx1-7%xp- X3-6x4=-37

(6X] +4xp-8x3-5x%x4=19



(-8x1+8xy+ x3=15
63.1.37 X1 - x2- x3=-20

[ -2X]+ xp +9x3=66

(9x1 +4x7+8x3+3x4=100
-5Xx1-8x9-3x3+9x4=-128

<
63.2. -8x] T 6x9 +5x3-7x4=107

(2X]- Xp-4x3-3x%x4=-30

(-8x1+9x%xy-2x3=-28l
64.1.4 -2x] +6xp + x3=-57
13 X1 -4xp - x3=47
(-4x]+5%x)+6x3+4x4=28
9x1 +2x9+9x3+4x4=97

<
64.2. 8x1-7xp+ x3+5x4=14

(-6X)+4x3+9xy4=-15

-

- X1 -8x9-3x3=46

65.1.16x1 t4xp-4x3=-78

L -7 X1 - X9 +9x3=92
(-4x1+8x)+5x3+7x4=-109
- X] t9xp-5x3+6x4=-108

<
65.2. 8x1-7X%xp-2x3+ x4=86

(-4 X]+2Xxp- x3-9x4725

80

66.1. 9

67.2. 3

68.2.

(-9x] +8x%xy- x3=-95
-8x1-2xp +7x3=-119

[ - X1 - X2-6x3=50
(-3Xx1-4%xp-5X3+2x45

X1 +7x9-7x3-6x4=20
-3X1-9xp+5x3+7x4=-15

(3X]1-3xp- x3=-18

(X1 -8%xp+4x3=-54
-9x1-6%x9-2x3=18

[ -8x7] t4xp +9x3=72
(3x1-9%x) +6x3-3x%x4=-18
9x1+8x9+5x3+4x4=169
X]1-9%xy-4x3-7x4=-108

(-9X)+5x3-5%x4=-59

(61 -5%)-6x3=46
2x1-3xp-8x3=46

(2 X1+ Xp-9x3=68
(X]1-4X%X9-8x3-2x%x4=-49
X1 t7x9-8x3-3x4=-122
5x1-6%xp- x3+4x4=42

(X]-2Xp- X3-7x4=-47



(3x1-8x9+7x3=-147
69.1.43 X7 -6xp-9x3=7
k—5X3=45
(-4Xx1-4%x)-X3-5%x4=-73
-9x1-4x9-6x3+9x4=15
69.2. 3
—5X1+4X2+5X3—8X4=—62
(X1-9%2-7%x4=-99

70.1. 9

70.2. 3

71.1.9

71.2. %

(5x1-5%x9+7x3=36

-3x1 t8x9 - x3=14
(-3x1t7xp-4x3=-12
(-6x1-T7Xxy-4x4=-21
-6x1 t7x9-8x3- X479
-3x] +5xp+5x3+2x4768

(-3X]+ X9-9%x3-7Tx4=-22

(8x1-2x%x9-6x3=10

-5x)+8xp- x3=-3
13 x7-7xp+9x3=35

(- X1 +9x9+5x3+8x4=37
7Xx1-4%xy+5x3+5x4=40

-4Xx1- Xp-9x3+4x4=-63

(4 x] +4xp +8x3-9x4=60

81

72.1.9

72.2. %

73.1.9

73.2. %

(-9x1-6Xx)+5x3=83
-2X1-2x%xp-6x3=36

(9 X1 +3Xxp-6x3=-66

(- X1-9x)+6x3+ x4=-42
5x1-7%X9-3x3+5x%x4=-26
-3x1-9%x0-9x3+5x4=-112

(-3X]-7%X9-2x3+4x4=-59

(5x1-4%xy+5x3=11
4x1]+2xp+6x3=2

(6x] +7xy+ x3=-69
(-2Xx1-3%xp-7x3+ x4=26
5x1-8x%xy)+5x3-3x4731
7Xx]+ Xp-4x3-6x4=15

74.1. 3

74.2. 3

(- 7X]-4x%x3-8x4=-93

(7x1-4%xy-7x3=-119

-8x1 +8xy + x3=104
(3x1-7x%xp+8x3=0
(2X1-7X)-4%x3-2%x4=-75
X1 t7xy-8x3=-52
-9Xx1-5%x9-2x3-2%x4=-40

(0X]-2X)+5x3-T7Tx4=-23



75.1.

75.2. 9

76.1. 9

76.2. 3

77.1.9

77.2. %

-

\

-

\

-

(&

&

.

-5x1+9x)+9x3=-43
- X1 +t2xy-x3=-16

k—7X1+8X2—8X3=—60

r

-2X]+2Xp)+5Xx3- x4=-45
8X1-8x%x9-3x3-9x4=117
-5X1-5xp +T7x3+6x4=-55
-6x] +6x3+3x4=-69

2x1+7x9-5x3=24
3x)+7xp+5x3=81
4x1+2x9+6x3=68

(9X1+7X2—7X3—7X4=9

4x1-3xp+2x3+8x4=68
4x1+3xp-6x3+7x4=22
9x1+3x4=78

5x1+4x)+9x3=-48
3x1-8xy+2x3=68
9x1+ xp +8x3=-4

(2X1-9%X)+7x3+6x4=-65

3X1-2x9)+7x3-9x%x4=74
3X1+4X2+9X3+7X4:—32
-9x1-8xp) t6x3+8x4=-358

82

78.1.9

78.2. %

79.1.9

79.2. 3

80.1.

80.2. 3

-

- X1 -8x9-5x3=106
-3 X7 - X9 -6x3=62
\—2X1—5X2—7X3=100
(4X1—3X2+2X3+8X4=—64
X] t6x9-6x3-5x4=21

3 x3-4x4=45

- 7Xx] +6Xxy+5x3=92

(5X2—8X3=81

2x1-4xp+ x3=-23
(-9Xxp-5x3=-10
(—2X1+8X2+5X3+8X4=76
-6x1-3xy+ x3+ x4=28

- X1 -5xp +7x3+ x4=17

(9X]1-2%x9- X3-6%x4=-69

(3x1-4x%xy=51
-2x1+7xp+8x3=-100
(7 x1-4X%xp-9x3=132
(-8x1+7x)+8x3-7x4=-20
-4x1+ Xp-9x3+6x4=167
5x1-8%x9-9%x3-9x%x4=-94

- X] T6x3+9x4=42



81.1. 9

81.2. 3

(4x1-3x9=-15
2x1-x3=-9
k—9X1+ X7 - 3 x3=60
(9X1—2X2+2X3—9X4=—66
5x1-7x9+2x3+8x4=-103

5x1-7xp+5x3-7x%x4=-109

82.1. 3

82.2. 3

-

(-5X1+4x)+9x3+3x4=-9

- X]+t2xy-6x3=-4
-7X1- X9-3x3=-46

L -7 xp+7x3=14

(—3X1+4X2—2X3+8X4=—39
-5X]1+t5x9-3x3+6x4=-16
4x)1+2x)+2x3-5x4=-4

83.1.3

83.2. 3

\

L-6X] +T6Xx)+9x3-5x4=54

r3X1+5X2+ x3=-35

6x]+9x)+3x3=-66
5x1-2x9- x3748
(x1+7x)+5x3-3x4=-1
2x1-8xp-4x3-3x4722
7x1+ xp+9x3+6x4=109

(-8X]-3xy)+4x3+2x4=-28

83

84.1. 3

84.2. 3

85.1.3

85.2. %

86.1.

86.2. 3

(-7x1-2x9+2x3=15
3Xx1-3xp+2x3=3

[ - X1 T 7xp+6x3=51
(6x]-9%X)-5x3+2x4=-1
2x1t4x9- x4=50

X1 -4xp+ Xx3-5x%x4722

(3X1-9%x9-2x3+3x4=-45

(2 X1 -5%9-2x3=60

X1 t8x9-3x3=-36

9x1 +7xp+6x3=-101
(-2X]- Xp-2x3-7x4=54
-9x1-3xp+8x3-8x4=157
-8x] +7xp+5x3+8xy4=- 8l
(4 x1 +8x3-4x4=100

(7x1+7xy+ 8x3=69

-2x1 +8x9-9x3=-80
(9x] t6xp-6x3=-3
(3x1-6%x)+4x3-3x4=41
2x1+t3xy)+2x3-8x4=-47
2X]- Xp-T7x3-5%x4=-83

(-8X]-X2-3x3-2x4=-77



87.1.

87.2. 3

88.1. 3

88.2. 3

89.1. 3

89.2. 3

(5x1+9x9-4x3=97
-9x1 t2x9)+6x3=-91
k8X1—7X2+4X3=—24

(6 X1 - Xy +6x3 +4 x4=-39
-6x1-4x) +3x3-2x4=78

X]1-6xp-4x3+3x4=-385

- X]- Xp+5x3+8xy4=-27

(-9x1-5%p=0

- X1 -3x)+6x3=-16

[ -2X1-5%xp-7x3=-42
(-6Xx]1-2%xp-8x3=-4

X1 +7x9-9x3+7x4=37
-7Xx1-4x)+3x3+ x4=-14

(4 X]-6Xx9-7x3+4x4792

(-2x7-4x%x)+2x3=8
-3xp-4x3=23

|7 x1 -3x3=34
(9%x1-7X)-6x3-5x%x4=-114
- X1 -8x9 +6x3=110

2X1+T7x)+7x3-4%x4=-19

L X]-2Xxp +5x4=34

90.1. 9

90.2. 3

91.1.9

91.2. %

(5Xx1+6x)+ x3=42
-7x1+7xy-4x3=-51

(7 X1 -3x%xp-9x%x3790

(X1 +7xp+2x3-5%x4729
3x1t+ x9p+9x3-7x4=-46
-4x1-8xp-3x3-3x4721

(5X]+2Xx) +9x3+8x4=-112

(5X1- X9 - x3=10
-5x1-4x)+9x3=-61
(9Xx1-6%x9+9x3=-33
(-6x]T4X%xy+6x3+9x4=33
9x1 +9xy+ x3+3x4=105

- X1 -8xp+4x3-8x4=-110

92.1.

92.2. 3

L-6X]+2Xy- x3-8x4=-15

(-3x]+6%xy-4x%x3=-7
4x1+5%xy)+2x3=-36
(4x1-2xp-9x3=14
(-7x1+7xy- x3+7x4=-65
-6x1 t9x)+3x3-9x%x4=-54
-2X1-9%9 - x3+7x4=58
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(X] T9%X9-8x3-6x4=-15



93.1. 9

93.2. 3

94.1. 9

94.2. 3

(-7x]+2%xy-T7Tx3=-2
4 xy - 5x3=39

(2 X7 - xp+8x3=-20
(3x]+9x3-5x%x4=-288
-9Xx1-5%xp-5x%x3-6x4796

-2Xx1-T7Xxp-T7Xx3-5%x4=56

(2X]-3X)+6x3-T7x4=-62

(-9x1+9x%x3=-90

- X1 -3X%x9-9x3=77

L -6x] t3xp-2x3=15

(-8x] +3xp+9x3+ x4=-88
-2X1-2xp-2x3+8x4=-14
4x1-6x3- x4=59

95.1.9

95.2. %

\

(-53X]- Xpt5x3+6x4=-69

r4)(1-7X2+7X3=-19

- X1 T 8Xx9-6x3=7

8x1+ x9-3x3=-19

(3x]1 +3xy) +8x3-5x%x4=-77
8x1-7x9-8x3-5x4=111
2Xx1-5%xp-4x3-9x%x4771

(-6X]+T7x)+7x3-7x4=-91
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96.1. 9

96.2. 3

97.1.9

97.2. %

98.1.

98.2. 3

(-8x1-7xp+7x%x3=-69
4xy)+7x3=-10

(- X]1-2Xp-x3=-6
(4x1]+ xp-3x3+2x4=15
-8x9-2x3+9x4=12

- X1 +2xp +7x3-3x4=27

(-0X]-4X9-5%x3-9x4=-72

(6 x1 -7 %y +9x3=34

- X1 -8x9-6x3=-115

[ -5x] t4xp+ x3725

(- X] T 6Xx3-6Xx4=3
6x]+7xy-4x3-8x4=-163
-2x] t4x9 +4x4=10

L -9X]-2X9)+7x3-3x%x473

(4x1+8xy-5x%x3=-26
-5x1-4x-3x3=-17
(7x1t6xp-3x3=-19
(-5x1+3x)+7x3-4x4=47
5x1-5x%x9+8x3- x4=70

6 X1 +3xy+4x3+3x4=57

(X] T6X)+5x3-8x4=117



(2x1-9%x)+3x3=-8 (-5%x1-7xp-4x3=-57

99.1.94 X1 T xp - x3=40 100.1.16 X1 -6 xp +4x3=-18

5x1-6xp+4x3=8 K2X1—5X2—X3=—24

\

(-4X1-5X)+9%x3-2x4=-79 (7x1-3%x)+5x3+7x4=-85

-9x1+5x9-6%x3-9%x4=-2 - X1 -7%X9-6x3+3x4=-31

) 3
P2 oxi+axy-9x3+ xg=19 00 J6x;+9xp +8x3+ 6 x4-33

L - X]1-9X2-9%x3-9x%x4=105 (2X]-4x)+2x3-5%x4=-42

1.6. 3naiiTu 6a3uCHUM MIHOD 1 paHT MaTpuIli A.

0 5 -3 1 -3 -9 7 2 5
lA=[2 -5 3| 74=-6 9 8 |; 13.4=|-3 -6 —9|;
-1 0 0 5 6 -1 6 -2 4
1 0 4 0 -1 1 4 5 -7
24=[1 -1 -1/ 8.A=|9 -7 —6|; 14.4=|7 -5 4|
8§ -9 -5 9 -8 -5 30 -3
2 3 8 8 1 8 8 7 -9
3.4=-5 -4 1|; 94=l 6 1 8| 15.4=|-7 8 —6|;
3 7 7 2 0 0 0 -9 -9
2 -6 1 3 -8 4 2 -8 3
4.4=-5 -3 -1/ 104=]1 4 -2 164=| 1 1 -1|;
-1 =3 0 5 0 0 6 6 0
3 6 0 2 6 6 -9
54=9 -7 2 |; 11.4=|-8 7 -9 17.4=| 3 2 3
4 -4 1 -4 -6 1 -4 0
5 1 6 5 9 -7 8§ -2 -8
6.4=-8 -7 1 |; 124=|-1 9 1 |; 18.4=|3 -5 -81|;
5 -1 -6 3 3 -5 2 8 8
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1.7. 3HaiiTu yci po3B'a3Kd CUCTEMH

=3x; +9x, +6x3 =72

3x1 —3x2 = _18

2y + 8%y =22

—2x1 +x2 +X3 :_17
—2x1 - SXZ + 3X3 = 21

—2x1 + 6X2 + 4X3 = _42

—8x; —8x, +9x; =41

. —6)61 _8X2 +4X3 = —26

—2x1 + SXZ + X3 = _25
. 4x1 - 4X2 + 4X3 = 80
_xl - QX3 = _25

8xl_6.X2 +X3 =11

10. —7x1 +5x2 _X3 = _8

_xl - 7X2 - 4X3 = 49

90

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

—8x; —8x, —9x; =164

8x1 - 6x2 - X3 = _25

2x1 - ZXZ - 2X3 = 6
le + 3x2 + 7X3 = _65

xl - 4x2 + 7.X3 = _9
3x1 + 8x2 + x:), = _7

5x; +2x3 =33

6x1 + 2x2 + SX3 = 10
le + 2x2 + 7X3 = 5
—8)61 + 8x2 = —120

2x1 +8x2 +8X3 = —12
2x1 +7x2 +7X3 = _10

—3x2 - 3X3 = 6

3x1 _.X2 +2X3 = _10
—6x1 + 7.X2 + .X3 = _5



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

—4x; +9x, +5x; =33

_2xl - 3x2 - SX3 = 23

—2x1 + 2X3 = O
_xl _2X2 _X3 :_14

—6x1 + 6x2 - 6.X3 = _36
3x, —5x, =30

xl +9x2 _4X3 = _23
2x1 +6XZ _2X3 = _16
xl —3x2 +2X3 :7

3x1 + 3X2 = 6

—3x1 - x2 - 2XS = _9

—4x1 + SX2 + 3X3 = _19

91

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

3x; +2x, +6x3 =25

4x1 —x2 +9X3 = 46
xl - 2x2 = _5

7x1 _7.X3 = _14
—8x1 - 2x2 _8X3 = 46

x; +4x, —5x3 =26

—x2 _X3 :_7
xl —2x2 _X3 = —24
_2xl _xZ _3X3 = 13

3x1 —3x2 +8X3 = 12
_3XZ +2X3 = 0
3x +9x, =12

6x1 + x2 - 7X3 = 8
=5x; +4x, +x3 =32
3x1 - 7x2 + 4X3 = _56

_xl +x2 _4X3 = _15
S5x; +5xy —Txy =42
—6x1 - 4X2 + 3X3 = 27



41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

=2x; —8xy + x5 =47

2x1 - 6x2 = _54
—8x1 - 6x2 + SX3 = 1
8x1 - 6XZ - 3X3 = _87

2x1 _3X2 _X3 =2
_xl +3X2 + ZX3 = 5

=2x =Xy —x3 =—1

2x1 —x2 _3X3 = 9
6x1 + 6X2 - 6)(:3 = 66

x; +5x, —6x3 =30

6x1 + SXZ - 7X3 = _35

6x1 _sz _X3 :—41

—2x1 + ZXZ - .X3 = 10
3x1 - .X2 = _26

—9x1 - x2 = _78
le —3x2 _8X3 = 46

—2x1 - x2 + S.X3 = 1
—3x1 - 3X2 - 4X3 = 48
7x1 + SXZ - 6X3 = _50

92

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

—4x; +5x, —3x3 =23

7x1 _9XZ + 4X3 = 71
_xl + 3x2 + 8X3 = _5

8x1 - 7.X2 _S.X3 = _39
—8x1 + SX2 + 3X3 = 49

_S.X2 - SX3 = 25

—6x1 - x2 + 7.X3 = _7
—4x1 + 9x2 - SX3 = _53
—2x1 + 6X2 - 4X3 = _34

—8x; —7xy +4x; =90

3x1 _4XZ _9X3 :7
xl _XZ _3X3 :2

—2x1 + 3X2 + 6X3 = _5

—2x1 + 8.X2 + 6X3 = _26
_xl +3x2 +2X3 :_11
3x1 - 7x2 - 4X3 = 29

3x1 + 7XZ + 8X3 = 96
3x1 + 3XZ + 4X3 = 36
—4x, —4xy = —60

2x1 - 7X3 = 66
6x1 - 4x2 + 3X3 = 42



61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

_xl - 2XZ = _7

5x1 + 7x2 + 7X3 = _109
4x1 + 9X2 - 8.X3 = _77

Tx; — x5 +4x3 =54

7x1 + 3x2 - 9X3 = 77
—2x; —3xy =22
x1+9x2+9x3:11

—3)(1 - 2x2 - 7X3 = O

—x2 - 3X3 - _8

9x1 _3X2 _6.X3 = 15
le _S.X2 =5

xl_X2 :1

—3x1 + ZXZ + SX3 = 27
7x1 _6XZ +X3 = 23

—4x1 + 8x2 - X3 = _65
_3xl + 3x2 = _27
_le +x2 +X3 :_16

93

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

—4x, —5x3 =36

3x1 + 3x2 + 2X3 = 23
6X1 - 9x2 - X3 = _34

—3x1 _3X2 +X3 = _35
—2x1 —8x2 +8.X3 = _108
8x1 +5.X2 +.X3 =51

—Tx; +4x, +6x3 =11

9x; —5x, +4x; =104
—7x2 - 7X3 = 7

—4x; +5x, +9x3 = -21

2x1 + 2.X2 _3X3 = 10
2x1 - 6X2 - X3 = 66
6x1 - ZX2 - 7.X3 = 86

_le _8XZ +3X3 = _17

—7x1 - x2 - 6X3 = _85

8x1 + X2 = 16



81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Xy +2x;3 =18
2x1 +6XZ _2X3 = 6
_xl +7X3 = _57

xl +x2 = _1

_le - xZ + 2.X3 = _7

X +7xy +2x;3 =—15

4x1 - 8x2 + ZX3 = 68
4x1 + 9x2 + 3X3 = _26

—9x1 —5x2 _4X3 = 140
le + x2 = _48
—4x1 + X3 - 25

—6x1 - 7.X2 - 7X3 = _68

—7x1 - 8x2 - 6X3 = 41
—6x1 - 3X2 - 9X3 = 66

xl +7x2 +6X3 = 32
_le - 7x2 - 2X3 = _48

94

91.

92.

93.

94.

95.

96.

97.

98.

99.

6x; —4x; =28

—4x1 - 3x2 - SX3 = 68
—3x2 - 3X3 = 42

—7x1 + 8.X2 + .X3 = _56
_.xl + X2 = _6
—4x1 _3X2 - 7.X3 = 74

9x; —5x, +4x3 =65

2x1 + 5x2 +3X3 = 1
_le + S.X3 = 35

2x; +5xy +2x; =46

5x1 +x2 _SX3 :17
—9x1 + 6XZ + 6X3 = 6

_le + .X3 = _38
xl _9X2 _Z.X?, = 67
2x1 + 2X2 = 2

6x1 +7x2 _X3 :9
8x1 +8X2 :0

2x1 + 7x2 - SX3 = 45

100. le + 7x2 —SX3 = 24



HPUKJIALA PO3B’A3AHHA TUITIOBOI'O PO3PAXYHKY

1.1. Ins 3amanux matpuilb A Ta B o6uucnutu 34-2B.

o)

1.2. Ins 3ananux matpuilb A ta B 3naiitu AB 1 BA.

2222 551
A=| 131 |:B=|034
13-4 455

1.4. Jlns 3apanoi Matpuin A:
a) oouncnutu det A HIISXOM 3aHYJIEHHS PSKa YU CTOBIIIS Ta 32 TEOPEMOIO
po3KiIany;
0) 3HAWTU OOEPHEHY MATPUIIIO.
4-14
A=|3-3-3
-11-3
1.5. Po3B'sa3atu 3amaHi CUCTEMH TpPbOMa METOAAMM: MATPUYHUM, METOJOM
Kpamepa, metonom I'ayca.
- x-22z=7
a)y -4x+4y+52z=-16
5x+2y+3z=-3
(-2x1+3Xx90-2%x3- x4=-7
3x1+ x9-5x3-4x4=-1

S
0) —2X1—4X2—2X3:22

(3X9-2x3-4x4=-12
1.6. 3HaiiTu 6a3ucHU MIHOP 1 paHT MaTpHIl A.
1 5-4
A=|-4-48
593
1.7. 3HaliTH yCi1 PO3B'SI3KM CUCTEMH.
-2X1-2%xp-3x3=-1
5x1-xp+5x3=-9
3x1-3xp+2x3=-10
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3ABJTAHHS Ne 1.1
13 6 5) (3 9) (12 10} (-9 -1
34-2B =3 ~2 - = -
(4 8} (—2 4) (12 24} (—4 8} (16 16)

3ABJAHHA Ne 1.2, 1.3

JlaHo:
2 -2 -2
A= 1 3 1
-1 3 4
5 5 1
B=| 0 3 4
-4 -5 -5
Po3B’s130K:
C11 €12 €13
A-B=| €21 €22 €23
€3] €32 €33

c11 = (-2):5+(-2)-0+(-2)-(-4) = -2

c12 = (-2):5+(-2)-3+(-2)(-5) = -6

c13 = (-2)-14(-2)-4+(-2)(-5) =0

cy1 = 1:5+3-0+1-(-4) =1

cyy =1-5+3-3+1-(-5)=9

cp3=1-1+3-4+1-(-5) =8

c31 = (-1):5+3-0+(-4)-(-4) =11

c3p = (-1)-5+3-3+(-4)(-5) = 24

c33 = (-1) 1+3-4+(-4)-(-5) = 31
2 -6 0

AB=|1 9 8
11 24 31
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di1 d12 ¢13
B-A=| d1 dpp dp3

d3q d3p d33
di1=5(2)+5:1+1:(-1) = -6
dip=5(-2)+5:3+1:3 =38
dy3=5(-2)+51+1-(-4) =9
dy1 =0-(-2)+3-1+4-(-1) = -1
dyy =0-(-2)+3-3+4-3 =21
dy3 = 0-(-2)+3- 1+4+(-4) = -13
d31 = (-4)(:2)+(-5) 1+(-5) (-1) =8
d3y = (-4) (-2)H(-5)-3+(-5)3 = -22

d33 = (-4):(-2)+(-5)- 1+(-5)-(-4) = 23

-6 8 -9
B-A=| -1 21 -13
8 -22 23
22 2
A= | 1 3 1 | =(2)3:(-4)H-2) 1-(-1)F1-3:(-2)-(-2):3-(-1)-31:(-2)-1:(-2)(-4) = 12
13 -4
5 5 1
Bl=| 0 3 4 | =53(-5/+54:(-4)+0(-5)-1-1:3:(-4)-(-5)-4:5-0-5+(-5) = -43
4 55

A]*|B| = 12:(-43) = -516

-2 -6 0
1 9 8
11 24 31

|A-B| = = (-2):9-31+(-6)-8-11+1-24:0-0-911-24-8+(-2)-1(-6)-31 = -516

-6 8 9
-1 21 -13
8 -22 23

B-A| = = (-6)21-23+8+(-13)-8+(-1):(-22)"(-9)-(-9)-21:8(-22)(-13)(-6)-(-1)-8-23 = -516
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3ABJJAHHSA Ne 1.4
Jano:
4 -1 4
A=| 3 -3 -3
-1 1 -3

Po3B’s30K:

3HalieMo JeTepMIHAHT MaTPHIT

4 -1 4 -1 4 4
3 33|=-1-3333]-=
-11 -3 1 -1 -3
-1 4 4
-9 -15
=-1 0 -9 -15 | =(-D(-1) 31 =(-1)(-1):((-9)-1-(-15)-3) =36
0 3 1
3HaiiieMo 00epHEHY MATPHUIIIO:
A1l A21 A3]

A-l= A A1p App A3
A13 Ap3 A33

3 -3
A11=’ A ‘:(-3)-(-3)-1-(-3):12
3 -3
A12=-‘ 14 ‘Z-(3'(-3)-(-1)'(-3))=12
3
A13=) o3 ‘=3-1-(-3)-(-1):o
14
A21=-‘ 3 ‘=-((-1)-(-3)-4-1)=1
4 4
A22=) 13 ‘=4'(-3)-4-(-1)=-8

4
A23=-\ 0 |=-<4-1-(—1>-<—1))=-3

14

A31:) 3 3 :(-1)(-3)'4('3):15
4 4

A32=-‘ s 4 [ 343224
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A33=) 3 3 ‘=4-(-3)-(-1)-3=-9
(12 1s
AL s
Al 12 -8 24
0 -3 -9

3ABJAHHSA Ne 1.5
-1-x-2-z=7
-4-x+4-y+5-7=-16
5-x+2-y+3-z=-3

MATPUYHUHN METOJI
X=A"1B
Marpuns cucremu:
-1 0 -2
A=l -4 4 5
523
Martpuiis BiIbHUX €JIE€MEHTIB:
7
B=| -16
-3
3HaiiieMo JeTepMIHAHT MaTPUIll CUCTEMHU:
-1 0 -2
detA=| -4 4 5 |=(-1)-4-3+0-5-5+(-4)-2-(-2)-(-2)"4:5-2-5-(-1)-(-4)-0-3=54
523
3HaiiieMo 00epHEHY MATPHIIIO:
A1l A21 A3]

Al—="—1 A2 A22 A3
A13 A3 A33
45
=4-3-2:4=2

A”:’ 23

5
A12=-‘ 5 3 ‘z-((-4)-3-5-5)=37
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4
A13=) 5 3 ‘z(-4)-2-4-5=-28

0 -2

Ag1=-| 5 4 |7(0°3-(-2)2)=4
-1 -2

App=| o 4 [FD)3-(2)5=T
-1 0

Ay3=- 5 9 =-((-1)-2-0-5)=2

A31=) 4 s ‘=0-5-(-2)-4=8

12
A32=-‘ 4 s ‘=-(<-1>-5-(-2)-(-4>)=13

10
A33=) 4 ‘=(-1)-4-o-(-4)=-4

| 2 4 8
l——.
A 54 37 7 13
28 2 4
Toni cTOBIELb HEBIIOMUX €JIEMEHTIB JOPIBHIOE:
| 2 4 8 7 1
X=5—4- 37 7 13 || -16 = 2

28 2 4\ -3 4

METO/JI KPAMEPA
Aj
N
210 -2
A=| 4 4 5 |=(-1)4:3+0-5-5+(-4)-2-(-2)-(-2)-4-5-2-5-(-1)-(-4)-0-3=54
52 3
7 0 -2
Ar=| -16 4 5 |=7-4:340-5-(-3)+(-16)-2:(-2)-(-2)-4+(-3)-2-5-7-(-16)-0-3=54
323
A1 s4
XA T 54
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107 =2
Dp=| -4 <16 5 | =(-1)(-16)-3+7-5-5+(-4) (-3):(-2)-(-2)"(-16)-5-(-3)-5-(-1)-(-4)-7-3=108
5 3 3
_f2 108,
Y= AT 54
10 7
Ay=| -4 4 =16 | =(-1)-4(-3)+0-(-16)-5+(-4)-2-7-7-4-5-2:(-16) (-1 )-(-4)-0+(-3)=-216
52 3
_A3_ 216
TAT 54
METO/I TAYCA
X y z b
-1 0 2 7
-4 4 5 -16
5 2 3 -3
4 | -13 | 44
2 7 | -32
54 | 216
-54-7=216
_216 _
27 547
-4-y-13-7z=44
44-13-4
Y= 4 =2
-1-x+0-y-2-z=7
7-2:4+0-2
x=—"7 =1
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1.5.0. Po3B's3atu cuctemy
(-2X] +3x9-2x3-%x4= -7
3x] tXp-5x3-4x4= -1

- 2X1 - 4x9 - 2x3 + 0xgq = 22

L 0x] +3x9-2x3-4x4= -12

Po3B'sokeMo CUCTEMY MATPUYIHUM MCTOJ0M

23 2-1
31 -5 -4
|l 2420
03 -2-4
7
-1
B=l
12
23 2-1 1322
31 -5-4 41 -53
Al oa20| " |oaa2]|”
03 -2-4 4320
13 222
__ | ot — (11-2-8+3-2-9-4-6-11-
0 -4 -2 -2
0 -9 6 8
S11-2-9-6-2-11+4-3-8)=-268
1 -5 -4
A= 1]4-20]=124+5-0-3-4-2-4-
3 2 -4
S4-2-342-0-1+4-5-4=32
3 .54
Alp=-|2-20|=-(3-2-4+5-0-0-2-2-4+
0 -2 -4
+4-2-042-0-3+2-5-4)=-48
31 -4
Ajz3=|2-40|=34-4+1-0-0+2-3-4+
03 -4

+4-4-0+3-0-3-2-1-4=64
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3 1-5
Ajg=-1-2-4-2|=-(3-4-2+1-2-0+2-3-5+
0 3 -2
+5-4-0+3-2-3-2-1-2)=-68
3 -2-1
Ayi=-4-20|=-(3-2-4+2-0-3-4-2-1-
3-2-4
-1-2-3+2-0-3+4-2-4)=-42
-2 -2 -1
Ay=1-2-20|=-2:-2-442-0-0-2-2-1+
0 -2-4
+1-2:-0+2-0-2+2-2-4=4
-2 3 -1
Ay3=-1-2-40]|=-(-2-4-443-0-0+2-3-1+
0 3 4
+1-4-0+3-0-2-2-3-4)=50
-2 3 -2
Aryp=|-2-4-2|=-2-4-2+3-2:-0+2-3-2+
0 3 -2
+2-4-0-3-2:-2-2-3-2=-28
3-2-1
Aj;=|1-54|=3-54+2-4-3+1-2-1-
3-2-4
-1-5-3-2-4-3-1-2-4=39
-2 -2 -1
App=-|3-54|=-(-2-5-442-4-0+3-2-1+
0 -2 -4
+1:-5-0+2-4-2-3-2-4)=42
-2 3 -1
Ay3=|314|=2-1-443-4-0-3-3-1+
03 -4
+1-1-0-3-4-2+3-3-4=11
23 -2
Ayy=-|31-5/=-(2-1-2+3-5-0-3-3-2+
03-2

+2-1-0-3-5-2+3-3-2)=26
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3 -2 -1

Agp=-|1-5-4]=-(3-5-0-2-4-4+1-2-1+
420
+1-5-4-2-4-3+1-2-0)=34
22 -1
App= |3 -5-4|=2-5-0-2-4-2+3-2-1+
220
+1-5-242-4-2+43-2-0=16
23 -1
Agz=-|3 1 -4|=-(2:1-0+3-4-2+3-4-1-
240
S1-1-2+44-4-243-3-0)=-66
232
Aga= |3 1-5|=21-2+3-5-2+3-4-2-
2422
2-1-244-5-243-3-2=112
32 -42 39 34
91 1|48 442 16
AT 2268|6450 11 -66
68 28 26 112
32 -42 39 34 7 1
1| 48 4 42 16 -1 4
X= 268 64 50 11 -66 || 22 || 2
68 28 26 112/ \-12 1
Po3sB'skemo cuctemy merogom Kpamepa
Aj
XI_A
7 3 2-1 1327
11 -5 -4 41 -5 -1
M= w420 " loaa22]|"
123 2 -4 43 212
13 27
0 -11 3 27
= 0 4 oy | = (11°2:16-3:22:9-4-6-27-
0 -9 616

-27-2-9+6-22-11+4-3-16)=268
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2 7 2 -1 17 22

3 -1 -5 -4 4 -1 53
M=l oma20| " |o2na22l|”
0 -12 -2 -4 41220
1722
027 3 11
= | 0 pp | = (-27°2:8-3:2:16+22:6 11+
016 6 8
+11-2-16+6-2-27-22-3-8)=1072
23 7 -1 13 72
31 -1 -4 41 -1 3
M=l ouanol|l " loan2|”
03 -12 -4 43 .12 0
13 72
0 -11 27 11
== g 4o | = (1722842729416 11+
0 9 16 8
+11-22-9-16-2-11+4-27-8)=536
232 7 31 -5 -1 13 -5 -1
31 -5 -1 232 7 322 7
M=l o400 | " |2a22|" 4222
03 -2-12 03 -2-12 30 -2-12
13 -5 -1
SO a0 13 1809410+ 13 4
0 10 22 18
0 -9 13 -9
+4-22-9413- 18- 11+10 - 13 - 9) = -268
268
X17 268~
1072
X2=@=—4
536
X37 268
268
X4=ﬁ=l
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PosB'skemo cuctemy meroaom ['ayca

X1 X9 X 3 X 4 b
-2 3 -2 -1 -7
3 -5 -4 -1
-2 -4 -2 0 22
0 3 -2 -4 -12

-11 16 11 23
14 0 -2 -58
-6 4 8 24

-224 -132 316
52 -22 -126
11792 | 11792

11792 x4 = 11792

_u792
X4~ 11792 ~
- 224 x3 - 132:1=316

31641321,
37 224 7O

“11x9-162+11-1=23

23+16:2-11-1
Xy = 11 =-4

S2X(-34+22-11=-7

-7+34-22+1-1
X] = ) =-]
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3ABJJAHHSA Ne 1.6

Po3B's130K:

3HaiiieMo paHr MaTpuIll A

—4

15
‘ ‘:—5+20:15¢0

Cknagaemo 0OB1IHI MIHOPH

1 5 -4
4 4 8 |=
5 9 .
1 5 -4
~l0 16 -8]=11 N
a a 34 17
0 -34 17

Otxe, rang A=2 .

’ =1-1:(16:17 - (-8)-(-34)) = 0

3ABJAHHS Ne 1.7

3HaANTH yCl1 PO3B'SI3KU CUCTEMH
-2:X1-2X9-3-x3=-1
5-x1-1"x9+5-x3=-9
3:x1-3'xp+2-x3=-10
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Meton I'ayca:

X1 X9 X 3 b

-2 -2 -3 -1

12 5 23

12 5 23

X3 =t
12-x9+5-x3= 23

23-5-x3
X2="1; = 1,917-0,417-t

-2:X1-2'X9-3'x3= -1

-1+3-x3+2:x9
X1 = > =-1,417-1,083-t

t - TOBUILHE YHUCIIO
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IIMTAHHA HA KOJIOKBIYM TA ICIIUT

1. O3nauenns matpuil. Buau matpuiib.
2. Jobyrox wmatpumi Ha uyucio. Cyma, pi3HUIS JBOX MAaTPHIIb.

TpaHcrnoHyBaHHSI MATPULIb.

3. JloOyTok ABOX Matpuilh. [IOHATTS piBHOCTI MaTpPUIIb.

4. BrmacTuBOCTI Aif HAJ MaTPHUIISIMHU.

5. BuzHauyHuk, MiHOp, anreOpaiuHe TOMOBHEHHS (O3HAYCHHS).

6. BiactuBOCTI BU3HAYHUKIB.

7. O3HaueHHS Ta TpaBWiIa OOYKMCIEHHS BU3HAYHUKIB JPYyroro Ta
TPETHOTO MOPSIKY.

8. IlpaBuia 0OUYMCIIEHHS] BA3BHAYHUKIB 71 -TO TIOPSIKY.

9. ObGepHeHa waTpulls, MpUEIHAHA MaTpullsl (O3HAYEHHsS, IpaBUIIa
OOYHCIICHHS).

10.Matpuns CUCTEMH, MaTpUlll BUIBHMX €JIEMEHTIB, pO3LIMpeHa
MaTpulls,  HEBUPOI)KEHA, CyMICHA, HECYMICHa,  OJIHOpIJHA,
HEOJIHOPIAHA CUCTEMH JIIHIMHUX aireOpaiyHuX piBHIHb (O3HAUCHHS).

11.Matpuunuii cnoci® po3B'si3aHHS HEBUPOJKEHOI CHUCTEMH JIHIHHUX
anreOpaidHuX PIBHSHD (3 BUBEIACHHSIM).

12.Meton Kpamepa mjs po3B'si3aHHS HEBHUPOJDKEHOI CHCTEMHM JIHIHHUX
anreOpaiuyHuX PiBHSAHD (3 BUBEACHHSIM).

13.Meron Tl'ayca mms po3B'si3aHHS HEBUPOHKEHOI CUCTEMH JIHIWHHUX
anreOpaiuHuX PiBHSIHB (AITOPUTM).

14.Panr wmatpumi Ta Meroau #oro oOuucieHHs. basucHuil MiHOp
(O3HAYEHHA).

15.Teopema Kponekepa-Karneni.

16.MeTou po3B's;3aHHS BUPOKEHUX CHUCTEM PiBHSIHbD.
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