1 Cwucrembl JUHENHBIX YpaBHEHUIA
PaccmorpuMm cucremy JImHEHHBIX ypaBHEHU

a1, + A12T2 + -+ ATy = bl
(2171 + Q22T + * + + + AopTy = bg

QAp1Tq + Q22 + -t Qpn, Ly — bk

Peweruem crucreMbl HA3bIBAETCA TaKOM YIIOPSIOUYEHHBII HAOOD €1, Ca, . . . ,
C, YUCEJI, YTO NPU TOJCTAHOBKE C; BMECTO I; KarKJ0€ ypaBHEHUE CUCTEMbI
obpalaeTcss B TOXKJIECTBO.

Pacwupennoti mampuueti cucmemov, Ha3bIBAETCsT MaTPHUIA

ai;pr A2 ... Qip b1
ao1 A22 ... Q9pn bg
Q1 A ... Qpp bk

YHUBepCaJTbHBIM CIIOCOOOM peIleHUs] CUCTEM JINHEWHBIX YPABHEHUI ABJIsA-
erca metos Laycca (MeTO OCIEI0BATEILHOTO UCK/IIOUEHNsT HEN3BECTHBIX ).
Marepuas 1o gaHHOMY pasjieny MoxHO Haiitu B (3], §3, r1. 1; [6], §1, 2.

DJieMeHTapHbIe MPeoOpPa30BaHUs CTPOK MAaTPUIIbI

1. IlepecTtanoBka JIBYX CTPOK.
2. YMHOXKeHHe CTPOKU Ha HEHYJIEBOEe JHCJIO.

3. Ilpubasiienne K 0JIHON CTPOKU JPYTOii, yMHOXKEHHOI HA HEKOTOPOE YNC-
JIO.

He tpyano mokasarh, 9TO, IpUMeHsISI K PACIIHPEHHON MaTpHUIE CUCTe-
MBI 3/IEMEHTapHbIE IPE0OPA30BAHUs CTPOK, MOJYIUM PACIIUPEHHYIO MaTpPH-
Iy 9KBUBAJIEHTHOI CUCTEMBI, T.€. IMEIOIIEil TO K€ MHOYKECTBO PeIeHHi, ITo
u ucxomHas. OcHoBHas ujesa Meroma ['aycca: sjaeMeHTapHBIME IIPeoOpa3oBa-
HUSIMUA TIPUBECTH PACIIMPEHHYI0 MaTPUILy CUCTEMBI K CTYIeHIaTOMY BUTY.
st ynoberBa Mbl OyjieM 3allMChIBATH BCE ITPEOOPa3oBaHusi, KOTOPBIE IIPO-
u3BeeM HaJl MaTpuieil. B Kpyrisix ckobkax OyjeM mucaTh HOMepPa CTPOK.
Hamnpuwmep, obosnadenue (2) + 3(4) orBeuaer mpeoOpa3oBaHUIO, KO BTOPOIi



CTpPOKe TpubaBJ/IsieTcs YeTBepTasd, yMHOKeHHas Ha Tpu. OOpaTuTe BHIMAaHUE,
YTO MEPBBIM HOMEPOM UJIET Ta CTPOKA, KOTOpas u3Mensiercs. B jannom ciy-
Jae U3MEHsIeTCsI BTOpasi CTPOKa, YeTBeprast — 0e3 udmenenuii. [lepectanoBky
cTpoK 003HavmM Tak (1) < (5). YMuoXKeH#ne cTpokn Ha 4ncio — (3) - 2.

3aMeTnM, ITO BBIYUTAHUE CTPOK MOXKHO PEAIM30BATH TPETHUM 3JIEMEH-
TapHBIM TPe0OPA30BAHKUEM, JIJIsI 3TOIO JOCTATOYHO K OJHON CTpOKe Nnpuda-
BUTD JPYIYIO, YMHOKeHHYIO Ha —1. YT0OBI pa3euTh CTPOKY Ha HEHYJIEBOEe
qncao k, J0CTATOYHO yMHOMKHUTL 3Ty CTPOKY Ha uucio k~1. Oueparun Bbl-
YUTaHUe CTPOK U JIeJIEHNe CTPOKU Ha HEHYJIEBOE UHCJIO Mbl Oy/IeM TaK¥Ke MC-
1oJ1b30BaTh. Kire ojHO mpeobpasoBaHne, KOTOPOe MbI OyJIeM UCIO/IH30BATD,
9TO yJjajieHne CTPOKHU, MEJUKOM cocrosiieil u3 nyseil. CTpoka Takoro BH-
Jia cooTBeTcTBYeT ypaHenuio ) = () m HUKakoi MHMOPMAIUU O MHOYKECTBE
penienunii cCucTeMbl HE HECeT.

3agaga 1. Memodom [aycca pewums cucmemy AUHEGHBT YpasHeHuTl

$1—21’2+l’3+3$4:2
2.’1]1—3332+2133—.T4:1
$1—4$2+ZL’3+171’4:6

ﬂonasammwmeo. PacmnpeHHaH MaTpuIiia HaIllell CUCTEMbI UMEET BT

1 -2 1 3|2
2 -3 2 1|1
1 -4 1 17]6

[IpuBesieM MaTpuIly K CTyIeHYATOMY BU/LY.

121 3[2) /121 3] 2
9 3 2 —1]1 | @20, [ g 10 —7|-3 |
1 -4 1 17]6 1 -4 1 17| 6
1 -2 1 3| 2 1 -2 1 3] 2
0 10 —7|-3 |22 (o 10 —7|=3
0 -2 0 14| 4 0 00 0|-2

[Tocnennsiss CTpOKa MaTPHIBI COOTBETCTBYET IPOTUBOPEYMBOMY ypaBHe-
HUIO
0-29+0-294+0-234+0-24 =—2,

IIO9TOMY HCXOJHasl CUCTEMa HE MMeEeT peHleHI/IfI.



OrBer. Pewenutl nem.

]

Bagaua 2. Hatmu memodom Laycca pewenue cucmemv, AUHETHLT YPasHe-
HUll

1’1+2£L’2+$3:2

1’2—333:—4
2$1+l’2+61’3:1
I1+3I2=—2

Pewenue. PaCIHI/IpeHHaH MaTpuiia Hallell CUCTeMbl UMEET BU I

12 1 2
01 —-1]-4
21 6] 1
13 0|-2

DJIeMeHTapHBIMU TPEe0OPA30BAHUSIME CTPOK ITPUBEIEM PACIITUPEHHY IO MaT-
PHUILY K CTYIICHYATOMY BHJIY.

1 2 1 2 (8)-2.(1) 1 2 1 2 (3)43(2)
01 —-1|—-4 (4)—(1) 0 1 —-1|—-4 (4)—(2)
2 1 6 1 0 -3 4|-3
1 3 0]-2 0 1 —-1| -4
1 2 1 2 1 92 1 9
01 -1 —4
— | 01 —-1| —4
0 0 1] —-15 00 1115
00 O 0

Yucmo HEHYEBBIX CTPOK B CTYIEHYATOM BHJE PACHIUPEHHON MaTpPHUIIBI
paBHO TPeM, PaBHO YUCJIY IepeMEeHHBIX. 1.0. BCe NepeMeHHbIe T1, To, T3 —
IJIaBHBIE, CHCTEMa MMeeT eJIMHCTBeHHOoe pereHue. Haiinem ero, juid 3Toro
ITOJIYIUM HYJIN HaJI TJIABHOM JUaroHaJsbIo.

12 1] 2\ @@ /120[ 17\ /100 5
01 —1| -4 | 25, [ o1 0]=19 | 22 [ 091 0]=19
00 1|-15 00 1|-15 00 1|-15



T = 55
Termrepb MOXKHO cpa3y BBIMACHIBATH OTBET { To = —19
T3 = —15
BruimosiHIM 11pOBEPKY, 10/ICTABUM 3HAYEHUS IIEPEMEHHBIX B UCXOIHYIO CHU-
CTEMY.
55 4+2-(—19) 4+ (—15) =2=2
—19—(—-15)=—-4=—-4
2:554+(—=19)+6-(—-15)=1=1
5543 (—19) = -2 = -2
Bce ypaBuenus cucrembl 0OpaTUINCh B BEPHBIE PABEHCTBA.
Otser. (55, —19, —15).
[

Bapgaua 3. Hatmu memodom laycca obwee pewenue cucmemuvt SUHETHDLE
YpasHeHU T

2[L’1+7ZL‘2+3I3+ZE4:6
3$1+5$2+2[E3+2£L‘4:4 .
9x1 + day + 23+ Try = 2

Pewenue. PacmupenHas maTpuiia Halieil CUCTEMbl UMEET B/
7 3 1]6
5 2 214
9 4 1 7|2

DJIeMeHTapHBIMH TPe0OPA30BAHUSIME CTPOK ITPUBEIEM PACIITHPEHHYIO MaT-
PHUIlY K CTYIICHYaTOMY BHJY.

273 1[6) 121 —1f2)
35 2 2/4 |23 [ 3592 9ofyg | 280
941 7|2 941 7|2

—1o21 =12 =1 2 1 =12
011 5 —1/10 | @29 ¢ 11 5 —1]10 | =23,

9 41 7] 2 0 22 10 —-21]20

2
10 )°

o
—_
—_
(@
|
—_
—_
o

(-1 21—l
0 11 5 -1




[Iepemennble £ U x5, OTBEYAIONTNE TIEPBBIM HEHYJIEBLIM 3JIEMEHTaM B ITep-
BO# U BTOPOil CTPOKE, COOTBETCTBEHHO, ABJIAIOTCA IJIABHBIMU, OCTAJIbHBIC IIC-
pEeMEHHbIE T3 U T4 — CBOOOJHBIMH. BbhIpa3uMm TyiaBHBIE IIepEeMEHHBIE Uepe3
c¢BOOOiHBIe. J[JIst 9TOr0 B pacIHIupeHHON MaTpUIlEe MOJYIUM HYJIN HaJ| TJIaB-
HOU JIMaTrOHAJIBIO.

-1 21 —-1] 2 (2)+11 -1 2 1 =1\ 2 (1)—2(2)
- -
5 1 | 10
0 11 5 —-1110 01 T 1|1
-1 0 & —2|&\wy (10 —L 2[-2
_
01 =2 L 1 01 2 _1| I
11 11 | 11 11 11 11
[Tepeiijiem K ypaBHEHUSIM U BBIIIAIIIEM OTBET.
1 9 _ 2 _ 1 9 2
$1—ﬁ$3+ﬁl’4——ﬁ $1—ﬁ$3—ﬁ$4—ﬁ
5 T, _ 10 <~ _ 5 1 10
x2+ﬁm3—ﬁx4—ﬁ xg——ﬁ$3+ﬁ$4+ﬁ
1 9 2
T1 = 773 — 77T4 — 77
OTBer. o 53 117 i
Ty = —17%3 + 17T4 + 7

2 Omnpeaenuresm

Hanomuum, 910 onpejieiure/ib BTOPOro U TPETHErO MOPSJIKA BBIUUC/ISIETCS
1o popmysram:

11 Q12
Q21 Q22

= 11022 — Q12G21.-

a1; Qa2 Q13
Qo1 Q22 Q23 | = Q11022033 +T Q12023031 1A130A21A32 —(13G22031 — Q12021033 —A110A23032.

a31 a3z G33
1 -2
Bamaua 4. Buuucasums onpedesument Mampuibl 3 5 )

Pewenue. il)) _g =1-5—-3-(-2) =11



Orser. 11.

O
1 =2 0
3apaya 5. Buwuucaums onpedeaumens mampuuyo, | 3 5 —1
5 T 2
Pewenue.
1 -2 0

3 5 —1|=1524370+(=2)-(—=1)-5-0-5-5—1-(—1)-7T—3-(—2)-2 = 15.

OTBer. 15.
O]

Boeramciienne ornpejiesuTesisi MO ONPEIEIEHNIO0 BhI3bIBAET PAJI 3aTPY/IHE-
HU, CBSI3aHHBIX, B OCHOBHOM, C OOJIBIIIIM YHCJIOM CJIaraeMbIX B OIPE/IEICHIN.
Ucnonb3ys ceoiictBa onpeesutes (cMoTpu §3, 1. 3 [3]), MOKHO BBIUUCIUTH
ero, He npuberag K omnpeaenennto. OTHUM U3 TAKAX CIHOCOOOB BBIUMCJ/ICHUS
SIBJISETCS NIPUBEJICHAE MATPUIILI IIPU IOMOIIH 3JIeMEHTAPHLIX IIpeodpas3oBa-
HUI K TpeyroJibHOMY BHLY (Yrosi HyJsel HaxXoauTcs Jubo HUkKe, JTUOO BBIIIe
riaBHol uaronasu). Oupeenres Bepxue(HUKHe)-TPeyroJIbHON MaTPUITbI
pPaBeH MPOU3BEJICHUIO SJIEMEHTOB, CTOSIINX Ha TJIABHON jauaroHasu. Hamom-
HUM, 9TO IIPHU 3JIEMEHTAPHBIX IPE0OPa30BAHUAX OIPEIC/INTE/bh U3MEHUTCS
CJIEJTYIOIUM 0Opa30M.

1. Ilpu nepectaHoBKe MecTaMu JIIOOBIX JIBYX CTPOK MATPHUIIBI OIPEIC/TH-
TeJIb MeHdeT 3HaK Ha ITPOTUBOIIOJIOXKHDIM.

2. Ecym Bce 3j1eMeHTBI HEKOTOPOI CTPOKU MATPHUIILI YMHOXKUTH HA YUCJIO
k, To ee ompejieUTe/Ib YMHOKUATCA Ha, k.

3. Ompeseuresb MATPHUIBI HE U3MEHUTCS €CJIM K OJIHON ee CTPOYKE IPU-
6aBUTH JPYIYIO €e CTPOUKY, YMHOKEHHYIO Ha JII000€e YHUCJIO.

Bamaua 6. [Ipusederuem K mpey2osvHOMY 6UDY BHIMUCAUMD ONPEICAUMEAD

1
4
7

co Ot N
O O W



Pewenue. DaementapHbIME TPeOOPA30BaAHUSAME CTPOK IIPUBEIEM MATPHUILY K
TPEYTOJILHOMY BU/LY.

12 3[eum |1 2 |12 B
45 6|9ZW 0 23 69209 3 _¢
789 0 -6 —12 0 0 0

Onpenenuresb TPEYTOAbHON MATPUILI PABEH IIPOU3BEICHUIO 3JIEMEHTOB
MAaTPHUIBI, CTOSIIMX Ha TJIABHOI Juaronasn. B namewm ciaygae 1-(—3)-0 = 0.

Orser. 0.

]

Bapaua 7. [Ipusederuem x mpeyzoavHomy 6UdY SHIHUCAUMD ONPEIEAUMEND
MAMPULDL

1 0 -1 1
1 3 1 0
A= 2 1 0 2
3 —1 1 1
Pewenue.
_ (2)—-(1) _
1 0 11 5y —2() 1 0 1 1
dot A — 1 3 10 (4)=3(1) 0 3 2 —1 (2)=0)
2 1 0 2 0 1 2 0
3 -1 11 0 —1 4 =2
1 0 —1 1 (3)-3(2) 1 0 -1 1 i 1 0 -1
o1 2 0j@e» |01 2 0|®WHxEEe |01 2
- 0 3 2 —1 o 00 —4 -1 o 00 —4 —
0 -1 4 —2 00 6 —2 00 0 =
=—(1-1-(—4)-3") =—14.
OTtBer. —14.
O]



Emie omauM ¢rocoboM BBIMHCIICHUS ONPEIEIUTENs ABIISETCS METOJL Pas3-
JIOZKEHHsI [0 CTPOKe (110 CTOJIONY ).

OrnpeiesmuTe b MATPUILHI, TOTydatomieiicss n3 A BeIMepKUBaHUEM i-0if CTPO-
KH U j-TO CTOJI0Na, obo3HadaeTca M;; 1 Ha3bIBAETCS MUHOPOM MATPHILB A,
COOTBETCTBYIOIIUM 3JICMEHTY ;.

Bemmuauna A;; = (—1)" M;; HasbiBaeTcs aneebpauieckum 00noaneHuem
SJIEMEHTA Q.

[Iycte A — matpuria pasmepa n Ha n. Popmysa pasioKeHUs MO -TOH

CTPOKE
det A = aﬂAil + aigAig + -+ CLmAm

Qopwmyia pa3IoXKeHUd 110 j-TOMY CTOJIOILY
detA = alelj + (IszQj R anjAnj.

Bamaua 8. Buiuuciums munop Mss u aszebpauneckoe donoanenue Aszgy 0as

1 -1 4 2
-1 2 5 1
MAMPULDL 3 10 92 —1
0O 11 -1 9
Pewenue. Tlo onpenenenuto M3y ecTb Olpe e uTe/ b MATPHUIIBI, TIOJTY9€HHON
(-1 4 2
. -1 2| 5 1
BBIYEPKUBAHUEM 3-€if CTPOKHU U 2-T'0 CTOJIONA U3 MATPHUIIBI 3110 5 1
0| 11|-1 9
1 4 2 . 1 4 2 (s 1 4 2 oo
Myp=| -1 5 1 @)+ 0 9 3 2)=B) _ 0 -1 9 (3)£9(2)
0 -1 9 0 -1 9 0 9 3
1 4 2
=—]0 -1 9|=—(1-(-1)-84) =84.
0 0 &4
A32 = (—1)3+2M32 = —8&4.
OtBer. —84.
m



Bamaua 9. Pasnooicus no 6mopoti cmpoke, SbUuUCAUMY ONPEICAUNEAD

2 -1 3
a b ¢
2 0 1

2 -1 3
boe|= (-1 a “01 i"+(—1)2“-b ‘; i’"+
2 0 1
243, | 2 —1
e DT | = e (1= 3:0) 4 (2:1-3:2) — - (2:0— (<1)-2) =
=q —4b — 2c.

Orser. a — 4b — 2¢c.

Metoa Kpamepa

Erte oM criocobom perieHust CUCTEM JIMHEHHBIX yPABHEHUHT SIBJISETCS TIpa-
susto Kpamepa (emorpu [3] §3, rur. 3). Paccmorpum cucremy JIMHEHHBIX ypaB-
HEHUil, y KOTOPOH 9MC/I0 HEM3BECTHBIX PABHO duC/Ty ypaBHeHuit. O603HaIIM
qepe3 A MaTpuily KO3 UIMEHTOB TPU HEUM3BECTHBIX. [IpemomokuM, 1To
det A # 0. Torya cucrema nMeeT eMHCTBEHHOE PEIIEHNE U ero MOXKHO HailTh
CJICJIYIONUM 00pa3oM: T = %, To = %,. cy Ty = %, rne A =det A, A; —
OIIpe/Ie/IUTE/Ih MATPUIIBI, TOJIYIeHHOM n3 A 3aMenoii i-ro cTo/ib1a, cToab1IIoM

CBOOOTHBIX YJICHOB.

Bagauga 10. Pewums cucmemy aunetnvr ypasrenuts memodom Kpamepa:

2x1 4+ 3z + 5x3 = 10
31’1 +7SL’2 +4LE3 =3
J]1+2.T2+2£L’3:3



Pewenue. Haitnem omnpejennress MaTpUIlbl KOAMDMUIMEHTOB IIPU HEM3BECT-
HBIX:

A= =1

— W N
N~ W
N &~ Ot

Onpegenure/ib He paBeH HyJII0, IO3TOMY, PEIIeHAe CUCTEMbI €IMHCTBEHHO.
Haiimem A1, Ag, As:

10 3 5 2 10 5 2 3 10
A= 3 7 4]1=3 Ay=|3 3 4|=-2; A3=(3T7 3|=2
3 2 2 1 3 2 1 2 3
ITo dopmysie Kpamepa nmeem
A 3 Ay =2 Az 3
= —-—_— - = —-———_ — —2 = - - .
nE=RxNTTh =R I i T

Otser. (3, —2, 3).

10



3 Auredbpa marpuil

Mampuua — 3T0 psAMOyTOJbHas Tabuia duces. PazMepoM MaTpUIbl Ha-
3BIBAETCS IUCJIO €€ CTPOK U IUCJIO CTOJIOIOB.

a1 A2 ... Qin

ao21 A22 ... Q92pn
Aan =

Q1 Ao ... Qpp

HeiicTBuga HaJ MaTpullaMu

Besgkyro MaTpUIly MOXKHO YMHONCAND HA YUCAO, IJIA STOIO KAXKBINA JIEMEHT
MaTpHUIlbl HY2KHO YMHO2KUTDH Ha 3TO YUCJIO.

Cymmoti nByx marpury A = (a;;) 1 B = (b;;) omuHaKOBOrO pasmepa k X n
HaszbiBaeTcss MaTpuiia Cly, = (¢;5), Takas, 910 ¢;; = a;; + bj.

Ecnu uncio cronbuos marpunbl Ayy, PABHO YHUCIY CTPOK MATPULBLI By
(To ectb . = §), TO onpejiesieHo ymnosicerue A - B. Pesynbrar yMHOXKEHUS
A - B ectb marpuna C = (¢;;) pasmepa k X t, 1y KOTOPOit

Cij = Qibij + aigbaj + -+ + inbyp;.

OpHa n3 0coObEHHOCTE OnepaIu yMHOXKEHUST COCTOUT B TOM, UTO IIPO-
U3BeJIEHNEe MaTPUIl B OOIEM CjIydae HEKOMMYTaTUBHO, TO ectb AB # BA.
[Ipuegure npumep Ttakux matpuit A u B, uro AB # BA. Ksagparnas
MaTPHUIIA

1 0 ... 0
B — 0 1 0
0 0 ... 1

pasmepa n X 1 Urpaer poJib eJIUHUIILI 110 YMHOXKEHHUIO B MaTPHUIAX, TO €CTh
JUTST JTIOO0H MaTpHIbl Ay

A-E;=E,-A=A.

Marpumna E HaszbBaeTcs edunuvHot Mampuyed.

Onepanust mparcnonuposarue IpUMeHNMa, K 10001 MaTputie Ayy,. Ona
3aKJIFOYAETCS B TOM, UTO CTOJIOIBI MATPHUILI A CTAHOBATCS CTPOKAMHU W Ha-
obopot, crpoku — crojbmamu. Obo3HaUaeTCs onepals TPAHCIIOHNPOBAHUSI

11



BePXHUM HHJICKCOM !, Hampume . Herpyano 3ameruTs, 4To Ha MecTe ij
eKcoM !, At. He 0 32 , 9TO e

marpunbl Al ctouT s1ement a;; MaTpuipl A.

2 -1 0 -1
Bapaua 11. Jlasa mampuy A = ( ), B = 5 2 | uC =
-1 2 8
2 1
-1 0 3
2 1 5 BUIYUCAUMD BHAYEHUA BbLPAANCEHUTL:
0 —4 1
1. A-B
2. Al Bt 4 2C?
Pewenue.
-1 0
1.A-B:(_? _;g) 52 | =
2 1

(2 (-D)+(-1)-540-2 2:-0+(-1)-240-1\ [ =7 =2
- —1- (=) +2-5+8-2 —1-0+2-2+48-1 ) \ 27 12 )0

2. Beranesnu suadenne poipazkenna Al - BY 4 2C? no geffcTBua.

2 —1 15 o —240 10—-2 4-1
ABt=| -1 2 < 0 9 1): 140 —5+4 242 | =
0 8 0+0 0+16 0+8
-2 8 3
= 1 =10
0 16 8
-1 0 3 -1 0 3
C? = 2 15 2 1 5 |=
0 —4 1 0 —4 1
14040 040—-12 —34+0+3 1 12 0
= —24240 041—-20 64+5+5 | = 0 —19 16
0—840 0—-4—4 0—-20+1 -8 -8 -—19
Ob1mee 3HaveHNe BHIPAYKEHUS:
-2 8 3 1 12 0 -1 —4 3
AL-Bt42C? = 1 =1 0 |+ 0 —19 16 | = 1 —20 16
0 16 8 -8 -8 —19 -8 8 —11

12



7 9 -1 -4 3
OrBer. 1. < 97 19 ) 2. 1 —20 16
-8 8 —11

OoOparHasi MaTpuIia

Marpunia A HasbiBaeTcs 06pamumotl, €ciau CymecTByeT Takas MaTpura B,
uro AB = BA = E. Marpuna B nHasbiBaercst obparHoil K Marpuie A u
oboznavaerca AL,

Kpurepwnii obparumoctu. Marpuna A obparuma Torjaa u TOJIBKO TO-
ria, korma det A # 0. Bosee Toro, obpaTHast MaTpuiia MOKET OBITH BBIUHC-
JieHa 110 (opmyiie

t

A A .. A,
~ det A ’
An A ... A,

riae A;; — aarebpamdeckoe JOIIOTHEHHE.

Bagaua 12. C nomowwio anrzebpauveckuts donosneruts Hatimu oopammuyo %
MAMPUE

o 1 0 0
3 -2 -2 2
A= -1 4 0 0
o 1 1 =3
Pewenue. st Bbrauciaenns oOpaTHON MaTpHIlbl HAM HEOOXOIMMO HAWTH OIIpe-
nemmrenb det A u anredbpandeckue gonosHerus Aqjq, Aqo, ..., Aug.
Omnpenenurens det A HaliieM pas/ioXKeHUEM TI0 TIEPBOi CTPOKE:
1
s 2 -2 3 3 -2 2
det A = =1-(-1)"*2.] -1 0 0|=—-(-2+6)=
-1 4 0 O 0 1 -3
o 1 1 -3
= —4.
Borancium anredbpamntieckue JIOMOJTHEHUSI:
-2 -2 2
Ay = (1) 4 0 0 |=-16.
1 1 =3

13



<t [ap) — . .
_ _ _ o <t
I [ I . S | n I S = 3 S
o I Il I Il Il I
o™ oM AN O Il I o~
_ (. oOm oo m ™ o\ | o\
o™ _ | o o _
o <~ — N < _ o~ o~
_ O o= o o~ < _ o~ ™~ o~ _
o _ _ _

— O — o MmO —_HO O A0 O — ™ o~
_ | _ < — _ _ _ _ o) o) o _
K R K K K R K K K R K K
+ ¥ + n + + - n - - + n
— — — [a\] o [a\] N o [xp) ™ o™ <t
—~ —~ —~ —~ —~ —~ —~ —~ —~ —~ —~ —~
— i — — — — — — i — — —
L L L L L L L L L L L L
I I Il I I I I I I I Il I
[a\] [2p] <f — o [2g] <f — ()] (22 <f —
— — — [\l [\ (] [\l [ap) ™ o ™ <t
< < < < < < < < < < < <

14



0 00
Ap=(-1)"2.] 3 —2 2|=0.
-1 00
0 10
A= (-1)*3.] 3 —2 2|=2
~1 40
0 1 0
Ay = (-1 3 —2 —2|=2
~1 4 0

Tenepb MBI TOTOBBI BBITUCHIBATL OOPATHYIO MATPUILY:

A An Az Ap

a1 . Aig Agp Ay Ay
~det A Az Axy Asz Ays
Ay Ay Asy Ay

=l O© O

B[O O
N=I= O O

W 00—

OtBer. A~ ! =

W 00
[

Bl O
[

NN O O

BlERlw O O

]

AJtbrepHaTUBHBIN cI0CO0 HAXO0KIEHIsT 0OpATHOI MaTpHUIlbl — MeTo 1 2K op-
nana—laycca. CrpaBa, depe3 BepTHKaJILHYIO 9€pTy, OT JaHHOH Mmarpunm A
HPUITAIIEM eIUHIIHYIO MaTPHILy TAKOIo »Ke pa3mepa. JleiicrBys Bceil MaTpu-
ueﬁ OEeJINKOM, dJIEMEHTapHbIMHA HpeO6pa’30BaHI/IHMI/I CTPOK IIOJIYIUM Ha MeCTe
Matpuiibl A equHnYaHy0 Marpuily. Torjga mpunucanHas CIpaBa e mHITHAS
MaTpHIia mpeobpasyercs B Marpury AL,

(A|E) — (E|AT)

Bagaga 13. C nomouynvio asemenmapHusz npeobpadosarut Hatmu 06pamHyo

K Mampuye

-6 —1 1
3 10
1 -1 2

-1 11

LW s =
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Pewenue. Tlpunumem K marpuiie A eIMHITIHYIO MaTPHUILY.

) |

SO O
S o - O
oS — O O
— O O O
— O O
‘I_Al‘l_*l

—6
3
1
—1

1
1
4
3

(AlE) = (
C moMOIIIBIO SJIeMEHTapHBIX TpeobpazoBanuii crpok mMarpuity (A|E) mpu-

BeaeEM K BHU/LY, KOI'/la Ha MeCTe€ MaTPpUIbL A crour CAMHNYHaAd.

) 2(2)-(4)

SO O -
S o - O
o — O O
T

-6 -1 1

9 2 -1
25 3 -2
17 4 =2

1
0
0
0

@)-(1)
(3)-4(1)
@)-3(1)

|

1 0{01 00
1 10 0 0 1

-1 1/1 0 0 0
-1 2/0 01 0

—6
3
1
-1

1
1
4
3

(4)+4(3)

|8 A e
gy > RN
)
OR) SR
O HID W O =00 O I~ O
— | & = | — _ <
01_*01 cCOoO~O OO HO OO —~ <
CNO Y ONOTF O O w©
co—~o D o — o — >
[ [ [
ocm oo
— - < ™ N X N )
[ [ _ _
FTOoONN T ONAN TN HO O
[ [ _ _
1_.034 ‘I_AO34 1_.O1_A4 1_401_.0
O LI~ O AO0O OO0 ©—~AO O
_ o _ _ _
000 HO0OO0OO0 HOoOOoOO —HO oo

(1H-4)
—

|

-1 1 0 0
0 0 0 -1
1 09 16 -1 -7
0 1128 49 -2 -23

—6
1
0
0

1
0
0
0




1 -6 -1 0|-27 —-49 2 23
0 1 00 1 2 0 -1 (1)+(3)
0 0 10 9 16 -1 -7
0O 0 01 28 49 -2 -—-23
1 -6 0 0|—-18 —33 1 16
0 1 00 1 2 0 -1 (1)+6(2)
0O 010 9 16 -1 -7
0 001 28 49 -2 -23
1 00 0|-12 -21 1 10
0100 1 2 0 -1
0010 9 6 -1 -7
0 0 01 28 49 -2 -23
—-12 =21 1 10
OtBer. A ! = L 20 ~1

O]
Bapaua 14. Pewums mampuunoe ypasrenue
1 2 =2 -4 -2 2
-2 1 3 |- X=| -3 15
-1 1 =2 —6 —4 2
Pewenue. Hano ypasuenne Bumga A - X = B. Ormernm, 4yro rpyOeiimeit

OIIMOKO# ObLIO ObI TPEJIOKUTH JIJIsT HAXOXKIeHUsT HeM3BEeCTHON Marpuia X
nojeiuTh Marpuily B Ha martpuiy A. Onepanun pegeHus MaTpHI] HE Cy-
mectrByer. [losTomy Jutsg HaxoXKjeHusT MaTpuibl X He0OX0JIUMO 00e JacTu
ypaBHeHHs yMHOKNTL Ha A~! cieBa. 3aMeTnM, 9TO BarKHO TO, C KaKOil CTO-
POHBI YMHOXKATh MATPHUIIbI, TaK KaK YMHOXKEHHE MATPHUIL He KOMMYTATUBHO.
[Homyunm

A1 A X=A". B,

OTKY/Ia CPa3y Ke CJIe/IyeT, 9TO

X=A"1.B.

17



OTrmeTnM, UTO JAHHBIN METOJI PellleHre BO3MOXKEH, JIUIIb B CIydae, KOrjaa
det A # 0. B nporusHoM ciydae obpaTHoit MmaTpunpl A~ He cymecrsyer, u
JIAHHBIN MeTOJI He TpUMeHuM. B Harrem cirydae

1 2 —2
detA=|—-2 1 =3 |=1-1-(=2)+(=2)-(=2)-1+2-(=3)-(=1)—
11 -2

—(=1)-1-(=2)=1-(=1)-1—2-(=2)-(=2) = —2+4+6—2+3—-8 = 1.

Haiiyiem A~! meronom ZKopnana-Taycea:

12 =210 0\ 20+ (12 =2[100\
91 3010 | WO [ g5 7121 o | 2™
11 —210 0 1 03 —4|/1 0 1
1 2 —2/10 o0 1 0 0|1 2 —4
0 -1 1]0 1 -2 |22 (o 1 1]0 1 —2 | &
0 3 —4/10 1 0 0 —1/1 3 =5
10 0[12 —4\ e /100 1 2 -4
0 -1 o0]1 4 -7 | 2% 01 0]|-1 -4 7
0 0 —1/1 3 =5 00 1|-1 =3 5

1 2 —4
Takum obpasom A~t= | —1 —4 7 Torma
-1 -3 5
1 2 —4 4 —2 2 14 16 4
X=|(-1 -4 7| =3 15|=] -26 —30 =8
1 -3 5 6 —4 2 17 —21 -7
14 16 4
OTBer. X = —-26 —30 -8
17 —21 -7
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4 KoMILIeKCHbIe YMNCJIa

Apudmeruveckue oreparumn

KowmitekcHBIM UnCJIOM Ha3bIBAeTCsI BbIpazkeHue Buja a + bi, riue a mw b —
BeIIeCTBEeHHbBIE YHCIIa, 3JIeMeHT 4 YIOBIeTBOPseT YCIOBUIO i2 = —1. 3amernm,
YTO JIEMEHT ¢ He NpuHaiekuT R. ¢ Ha3bIBAETCI MHUMOT edunuyed.

Ha mHOX)KecTBe KOMILJIEKCHBIX YHCE/T BBEJICHBI J[BE OIEPAINH CJIOKCHUE U
yMHOKeHue. [lycTh JlaHbl JIBa KOMILUIEKCHBIX YuCIa 2 = a + bi, w = ¢ + di.

Torna
o z+w=(a+c)+ (b+d)i;
o 2w = (ac — bd) + (ad + be)i.

OTHOCUTEILHO BBEJICHHDBIX OIEPAINil MHO?KECTBO KOMILIEKCHBIX IHCIE 00-
pasyer nosie [3, §1, ru1. 5|, Koropoe Mbl Gyjiem ob6o3HadaTh depe3 C.
[TycTh HaHO KOMILIEKCHOE YHCIO Z2 = a + bi. KOMILIEKCHO COIPSzKeHHBIM

K 9HCJIY Z Ha3bIBaeTCcd JUCI0 a — bt m obo3Hadaercs depe3 z. s toro,
w

LITO6I:>I BBIYUCJIUTL BbIpazK€eHUE€ — C KOMIIJIECKCHBIMHA YUCJIaMHW W U 2, HYZXK-
z

HO M 9UCJ/IUTEJ/Ib, U SHaMeHaTe/Ib YMHO2KHUTH Ha KOMIIJIEKCHO COIIPA2KEHHOE K

SHaMeHaTeJIl0, B JJaHHOM CJiyda€ Ha Z.

Bamaua 15. Hatmu 3nauenue 6uiparcenus

6—7i
2—3i

(2414)(1—i) +

Pewenue. BpIosHIM 10 JeCTBUSAM.
L2+0)(1—-4)=2—-2i+i—i2=3—1.
6—7i (6 —7i)(2 4+ 3i) B 12 + 18i — 14i — 2142 1244421

"2-3i  (2—-30)(2+3i) 22 — (3i)2  4—(-9)
3344
13

4 g B34 13(3-0)+ (334 4i) 30130 +3344i _7T2-0i
T T T 13 - 13 13
9
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Tpuronomerpuveckasi popma

JItoboe KOMILJIEKCHOE YHCJIO Z = a + bi MOXKHO IPEJICTAaBUTh B BHUJIE
z = r(cosp + ising), rme —m < ¢ < 7. Takag 3anuch Ha3bIBAETCS MPU-
2onomempueckoti Gopmoti KOMILIEKCHOTO 4ncya z. [IpaBuia, mo KOTOpbIM

BBIYUCJIAIOTCS ' U ¢ JIOBOJIBHO MIPOCTHI, ' = v/ a? + b?, ¢ HaxoauTes u3 JByX

a .
YCJIOBHIT COS ¢ = —, sin ¢ = —. Yucso r HazpBaeTcs Mody.aem KOMILIEKCHOTO

qucsia 2z 1 obo3HavaeTcst depes |z|. Hucsio ¢ Ha3bIBAETCS apeyMeHmMOoM TUC-
Jla z u obo3HavdaeTcsd Uepes arg z. T puronomerputeckas popma yao0Ha 1Ipu
IIePEMHOYKEHNN U BO3BEJIEHUHU B CTEIIEHb KOMILJIEKCHOTO YHCJIA.

Sapauga 16. Hatimu mpuzornomempuveckyro hopmy 4ucaq
1—/3i.

Pewenue. Tpuronomerpuaeckas dhopma nmeeT B |z|(cos g +isin ¢). 3ech
|z| — MOIy/Ib KOMILIEKCHOTO YHCIIA, (0 — €r0 apryMeHT.
B namewm ciayqae
1—V/3i

a=1

b=—V3
2| = Va2 + 02 = /124 (—V3)2 =1 =2.

Aprym™menT ¢ TakoB, 9TO

a 1
Cosgpzm:§
b B
Sinp =15y

V1o, y KOTOpOro KOCUHYC U CHHYC NPUHUMAIOT yKa3aHHbIE 3HAUECHUST —

910 yroys ——. Takum obpaszoMm TpuroHomerpudeckas popma duciaa 1 — V/3i

uMeeT BUI
T T
2o (-5) isn (-5)).
CcOS 3 4+ 72 81n 3
%

OtBer. 2 (cos (—%) + 2 sin (— )) .
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O
®opmyna Myaspa

[Iycrs mano KoMIuteKcHOe 9ucio z = |z|(cos ¢ + ising). Torma mis sro-
OOro 1eJI0r0 9mucja n ciupaBeinBa (hopMyia

2" = |z|"(cosnp + isinny).

SBamaua 17. Buuucaiumon
( 24 2i )12”
V3+i)

2421\ (24 20)20
Pewenue. 3amerum, 9ro | ———— - ——
V3+i (V3 +1i)120
Borancsium o opmysie Myaspa 3Hauenusi BbIpazkeHuit (2 + 2@')120

u
120 3y
(v/3 + 0)'?°. s sroro maiizem Tpuronomerpuueckue hOpMbI KayKIOrO 3
OCHOBaHUIA.

1.242¢
2| = V22 + 27 =212

2 V2
cosp=——==—
2 V2
2V2 2
Takum o6pasonm 2 4 2i = 2v/2(cos T 4 isin %)
120 120
Torma o dopmyae Myaspa (2 +2i)'2° = (2v/2)'2°(cos 1 " 4 isin 1 7T)
= 2180(cos 307 + i sin 307) = 280,

LT
. LA
sin ¢ =

2. Ananoruano (v/3 + )12 = 2120(
1207

120
cos% +z’sinz)120 = 2120( T
G ) = 2'2%(cos 207 + i sin 207) = 2129

6 COS 6

7 8in

919, \120 9180
Takum obpazom ( + Z) 2 960

\/5—1-2' o 9120

OTtget. 2.
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N3zBievyenne KopHeii
[Iycte ano KoMILIEKCHOE 1ucsio 2 = |z|(cos ¢ + ising). Torma s mmo-
6oro HaTYpaJILHOIO YUCIIa 1 BCe KOPHU {/Z €CTh 9JIEMEHThI MHOKECTBa

2k 2rk
{|z|;<coss0+_7f+ism¢+_ﬂ)7k —0L..ne 1}‘
n n
Bamaua 18. Zanucamo 6 aszebpauteckoti hopme INEMEHMBL MHOHCECTNEA
vV —16.

Pewenue. st TOoro, 9To0bI BOCIIOIB30BATHCA (DOPMYJION JIJIsT HAXOXKICHUST
KOpHEell 13 KOMILIEKCHOT'O YHUCJIa, HY2KHO IIOJIKOPEHHOE BbIPparXKeHUe 3alucaTh
B TPUTI'OHOMETPHUYECKOiT hopme.

—16 = 16(cos m + isin ).

Torma

1 ok ok
Y16 = {164 (COSHTW—H'SinHTW) ;k:0,1,2,3}

Ilpu k =0, z0:2(cos%+isin%) =2+ V2.

3 3

[pu k=1, z :2(coszﬁ+isinzﬁ) = —V2+iV2
5 5

IIpu k = 2, 22:2(Coszﬂ+isinzﬂ) = V2 —iV2.

7 7
ITpu k = 3, z;;zQ(cosf—{—z’sin—W) =2 — V2.

4
OtrBer. v—16 = {+v2+iv2}.
]

3a,z;aqa 19. H306pa3umb HA4 KOMNAEKCHOT NAOCKOCTU MHOACECTNEO KOM-
NACKCHBLT HYUCEN, ydOSJLGmSOpﬂ’}OWUZE Ycaoeuo

I<|z—1+41i <2

22



Pewenue. Ilycts z =x+i-y € C,rorma |z — 1+ =[(zx—1)+i-(y+1)| =
V(. —1)2+ (y + 1)2. Ipoiinoe nepasenctso 1 < |z—1+i| < 2 sxBuBajenTHO
cucreMe:

(z—1)2+(y+1)2 <4
(z—12+(@y+1)2>1

[TepBoe HEPABEHCTBO CUCTEMBI 3aJa€T BHYTPEHHOCTL KPYyra ¢ IEHTPOM B
touke (1,—1) u pagumycom 2, Bropoe HEpABEHCTBO 3aJ[aeT BHEITHOCTD, Orpa-
HUYHMBAEMYIO OKPY?KHOCTBIO C TE€M ¥Ke IEHTPOM, HO pajnyca 1. Ha komuzekc-
HOM TJIOCKOCTH MHOZKECTBO TOYEK BBITJISIUT KAK KOJIBIO C EHTPOM B TOUYKE
(1, —1) ¢ HaumeHbIUM pajuycoM 1, 1 HAUGOBITIM 2.

Puc. 1: MHOXKeCTBO TOUEK, yI0BIETBOPSIONX HepaBeHCTBY 1 < [z—1+i| < 2

O
Bamaua 20. Hatimu xomnaexcrvie KopHu YpasHeHua
2 —2x+2=0.

Pewenue. Pemenne KBaIpaTHOrO ypaBHEHUA HAJI MOJEM KOMILIEKCHBIX YH-
ceJl C HUTYEM HE OTJIMYacTCsdA OT pelicHrd Ha/Jd MHOXKECTBOM I[eﬁCTBI/ITeHbeIX
qnces1 R. /JIMCKPpUMUHAHT JTAHHOTO KBaJIPATHOI'O yPaBHEHUA

D=(-2?%-4-2=—-4=4-i=(2)%

Kopnu ypasnenuns
2+ 2

2

T2 = =141

OtBer. 715 =1=+1.
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5 AJjrebpa MHOrO4JIEHOB

[Iycts K — KOMMYyTaTUBHOE KOJIBIIO C equHuteii. Mrozou.ierom HaT KOJTBIIOM
K ot nepeMenHoil & Ha3bIBAETCsI BbIPAZKEHUE BUIA () +a1x+a2x2+- cda, "+

.., T1e Ko dunmenTol a; € K 109TH BCe paBHBI HYJIIO, 3a UCKJIIOUEHHEM
KOHEYHOro ux 4umciia. Ha MHOXKecTBe BCeX MHOTOYJIEHOB OT II€PEeMEHHOI T
Ha/JT KOJIBIIOM K BBOJIATCS OIEPAIUN CJIOYKCHUST U YMHOYKEHMUS.

(ap+ax+--F+ax"+... )+ (bg+bx+---+ba"+...) =
(ap+bo) + (a1 + b))z + -+ (an + by)x™ + ...

(ag+arx+--Faz"+...)(bp+ bz +- - +bx"+...)=

aobo + (aghy + arbg)x + -+ + ( Z abj)x™ + ...
i+j=n

OTHOCHTETBHO BBEJIEHHBIX OIl€paIliii MHOXKECTBO MHOTOYJIEHOB 00pa3yer
KOMMYTaTHBHOE KOJIBIIO C eJuHuIel, obosHadaeMoe depe3 K [z]| (em. rr. 5 §2
131)-

Bynem rosoputs, uro muorowien f(z) € K[z| deaum muorowien g(x) €
K|[z| ¢ ocrarkoM, ecin HaiiyTcs Takme MHOrOWIeHbl ¢(x) u r(x), ITO BBI-
[IOJIHEHO PABEHCTBO

f(x) = q(z)g(x) + r(z),
rJie CTeleHb MHOTOWICHA 7 () CTPOro MEHbIIE CTEIeHN MHOTOWIeHA ¢ () nin
r(z) = 0. Muoro4en r(x) Ha3bIBACTCA OCMAMKOM OT JIEJIEHUST MHOIOWICHA
f(z) ma g(z) (cm. ro. 5 §3 [3]). Hasee B kadecrBe Kobna K OyayT paccMar-
puBatbest Z, Q, R nmm C.

Bamaua 21. ITycmo f(x) = 2* — 5% + 82% — Tx — 19, g(z) = 2* — 3z — 3.
Pasdesumn f(x) na g(x) ¢ ocmamxom.

xt — b’ +8x2 —Tr — 19|22 -3z —3
xt —3x3 — 322 v —2x+5

Pewenue.

— 223 + 1122

— 223 + 62% + 62
5x%—13z
522 —15x — 15

2r —4
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Otser. f(z) = g(z) - (2* — 22 +5) + (22 — 4).
[

Banmaua 22. Hatumu HOJ[ mnoeounenos f(x)u g(x) u ezo aunetnoe pazno-
orcenue, ecau

flr)y=a'+2*—32" —dz—1, g(z) =2* +2” —2 — L.

Pewenue. Haubosbimuit oOmuii jietuTe/b JIBYX MHOTOUIEHOB HaiiJIeM C I10-
MOIIIBIO ajaropurMa EBKna.
[lepserit mar: pasaeanm MHOrowieH f(x) Ha g(x) ¢ OCTATKOM.

xt + 2% — 322 —4x—1‘x3+x2—x—1
:E4—|—m3—a72 - ‘m
— 222 —3z—1

Ocrarok r1(z) = —22% — 3z — 1, npu stom f(z) = x - g(x) + 71 ().
Bropoii mar: nojesmum ¢ ocratkom g(x) Ha r1(z).

3 42— —1‘—2:1:2—33;—1

® + 307 +ix -3z + 5
T 7 3
IO
—
a4t T3
Ocratok 72(z) = —2z — 3, npu srom g(z) = ri(z) - (—32 + ) + ra(2).

Tperuii mar: mojeanm ¢ octaTkoM 71 () Ha 1o(X).

—22% —3x — 1 —%m—%
—22% — 2x §ZE+§

—z —1
-z —1
0

Ocratok 73(x) = 0.

ITo anropurmy Eskinna HOZ(f(z), g(x)) paBen mocse/aeMy HEHYIEBOMY
ocrarky. B mamem caygae HOI(f(z), g(x)) = —32 — 2. Bamerum, aro Tak
kak HOJI onpejieieH ¢ TOYHOCTBIO JI0 yMHOYKEHHsI Ha HEHYJIEBYIO KOHCTAHTY,

To MOxkHO cuntarh, uro HOI(f(z),g(z)) = = + 1.
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Teneps naitnem auneitnoe npejacrasiaenne HO(f(x), g(x)) gepes muOrO-
wiensl f(x) n g(z), To ectb upencrasum HO(f(z), g(x)) B Buze f(x)-u(z)+
g(x) -v(x), tae u(x) n v(r) — MHOrOWIEHBL. [l HAXOXKIEHNST MHOTOYJICHOB
u(z) m v(z) HAZO B OGPATHOM HOPSIJIKE BBIPAXKATh OCTATKH Uepe3 JIeINMOe,
JleJTUTeNb U 9acTHOe. U3 paBeHCTBa, COOTBETCTBYIONIErO BTOPOMY JIEJIEHHUIO:

1 1

HOI(S (o) g(e) =2+ 1= 5+ (960) = (o) (=30 +7) ).

N3 paBencrBa, COOTBETCTBYIOIIETO TIEPBOMY JIEJIEHUIO:
ri(z) = f(x) -z - g(x).

[Mozcrassist B peibly1iiee PAaBEHCTBO BbIPAXKEHNe MHOTOWIeHa 71 () de-
pe3 f(x) u g(x), momyanm:

HOA(f(x),g(z)) =2+ 1= —% : (g(x) + (f(z) —z - g(x)) - (%x — i)) ,
PackpbiB ckOOKM ¥ IIPUBEJIsT 1IO00HBIE TTOJIYIUM, UTO
HOM(/(+), g()) = £(x) - (—§ ; %) f o) (; L %) |

Takum obpasom, B smaeitHoM pasiokennn HO/JL wepe3 muorowiensr f(x)
u g(z):

u(z) = -2z + 5
v(z) =222 — fo — 3.
Otser. HO/(f(z),9(x)) =z+1= f(z)- (-3 +3) +g(2) (32" — g2 — 3).

Cxema 'oprepa (cmorpu 1. 6 § 1 [3]) mosBossier 10BoJIBHO GBICTPO pas-
JICJTAT MHOIOYJIEH Ha MHOIOYWIEH BHJIA & — €, T.e. Ha MHOIOYJIEH IIepBOii
crenern. [lycte nan muorowren f(x) = a, + a,_1x + -+ + apx™ crenenn
n. Cymecrsyer Muorowten q(x) = b, 1 + by_ox + -+ + bgz" ! Taxoit, uro
f(z) = (z —c)q(x) + f(c). Koapdunuentsr b; moxxuO HajiTn 110 dopmyiam

bo = ag;...;bp = bp_1c+ag;...; f(c) = bp_1c+ ay.
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Beraucienne dpopmyn cxembl [opraepa yaobHee MpOBOIUTH B TaOJIUIHON 3a-
TTmce.

ao A | Ay | ... | Ap—1 Qp

’C b():a() bl bQ bn—l f(C)

Bagaua 23. Pasaooicums mnozousen f(x) = 22° — xt + 323 + 227 —x — 1
no cmenenam (x —1).

Pewenue. Paznenum f(z) va (z — 1) ¢ ocrarkom. Mcnosbsyem cxemy [ophe-
pa.

2] —1[3]2][-1][~-1
[1]2] 1]4]6] 5] 4

Tax KaK MBI JIeJTUM Ha MHOTOYJIEH IIEPBOil CTEIEHU, TO OCTATKOM OyJieT
YUCJIO, PABHOE IOC/IEIHEMY YHC/IY BO BTOPO# cTpoke Tabsuibl. V3 Harmmx
BBIYUCJ/IEHUN CJIe/IyeT, YTO

f(z) = (22" + 2 + 42 + 62 +5)(z — 1) + 4.

JTajiee, pacCMOTPUM HYaCTHOE OT TOro jejienus: fi(x) = 2zt + 23 + 422 +
62 + 5. Pazmesmnm ero na (x — 1) o cxeme I'oprepa:

2[1[4] 6] 5
[1]2[3]7]13]18

[Tosrygaem,
filz) = (22° + 32 + T + 13)(z — 1) + 18.

[MoncraBum fi(x) B moydennoe parnee Boipazkenne Jyist f(x). [omxyanres

flx)= (22 +32* + 7o+ 13)(z — 1) + 18)(z — 1) + 4 =
= (22° + 322 + T + 13)(z — 1)® + 18(x — 1) + 4.

Paznenmum muorownen fo(x) = 22° + 322 4+ 7x + 13 ma (z — 1) mo cxeme
[opuepa:

2[3] 7[13
[1]2][5]12]25
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[Torygaewm,

fo(x) = (20 + 52 4+ 12)(z — 1) + 25.

[MoncraBum fo(x) B BeIpazkenue s f(x):

()

Paznenmum muorowten f3(x) = 2x? + 5z + 12 wa (x — 1):

(22° + 50 +12)(x — 1) +25)(z — 1)* + 18(x — 1) + 4 =
= (22% + 52 +12)(z — 1)® + 25(x — 1)* + 18(x — 1) + 4.

2

[1]2

5

7

19

12

[Tonyuaem,

f3(x) = 2z + 7)(z — 1) + 19.

[oncraBum f3(x) B BoIpazkenue s f(x):

f@)=(z+7)(x—-1)+19)(z — 1> +25(x —1)* +18(x — 1) + 4 =
2z +7)(z — 1)* +19(z — 1)* + 25(x — 1)* + 18(z — 1) + 4.

Haxkower, ocraioch pasjenuts (2o + 7) Ha (x — 1):

2

7

1

2

9

[Tosrygaem,

20+ 7=2(x—-1)+9.

IToncraBum B Boipazkenue Juis f(z):

+ +
Nl

Y- D' +19(x — 1) +25(x —1)* +18(x — 1) + 4 =
(z—1D*+19(x — 1) +25(x — 1)* + 18(x — 1) + 4.

Orser. f(z) =2(z—1)°+9(z—1)*+19(x — 1)} +25(x — 1)* +18(z — 1) + 4.
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Muorousien f menysesoii crenenn u3 K [x] Ha3bIBaeTCsS HENpu6oduUMbIM B
K|[z], eciim on He mesnuTcd HU Ha Kakoil muOorowien g € Kz], y Koroporo
0 < degg < deg f (emorpu 1. 5 § 4 [3]). B wacTHOCTH, BCsKUiT MHOTOUICH
nepBoii crenenu HenpuoauM. OCHOBHasi TeopeMa apubMETHKH MHOIOUJIe-
HOB TOBOPUT O TOM, YTO JIFOOOH MHOTOYJIEH MOXKHO IIPEJICTABUTH B POM3BE-
JICHIEe HEIPUBOAUMBIX MHOrOWIeHOB. OIHAKO 3a/[a9a Pa3/I0KEHUs ABIISACTCH
JIOBOJIBHO CJIOKHOI. B 9acTHOM ciiydae, €cjii MHOTOYJIEH HMeeT IeJible KO-
5bUIMEHTHI, TO BCe PAIMOHAIBHBIE KOPHH JIAHHOTO MHOTOJICHA JieXKaT B
muozkectse {£, rie p — sesmrens cBo0OAHOIO UleHa, § — JeIUTENb CTAPIIEro
IeHa}.

Bapgaua 24. Pasaooicums na nenpusodumvie muodicument nad noasem R

MHO20UAEN
f(z) =2*—22°> -1 —6.

Pewenue. Tak xkak MHOrOWIeH f() HEYETHON CTEIEHN, TO OH MMEET XOTs
OBl OJIMH JIEfiCTBUTEIBHBIA KOpeHb. Bee parmoHasibHbie (HO He JIefCTBATE b
Hble!) KOpHM MHOrodseHa co crapimM KoadduimenTom 1 HaXomsTes cpe-
I JenuTesieil cBoboHoro wiena. HermocpencTBennas MOJICTAHOBKA YUCET
+1,42,+3, 46 nokasbiBaer, 4T0 r = 3 ABJIsIETCH KOpHeM MHOro4jeHa f(z),
tak Kak f(3) = 0. Ilpeacrasum f(x) = (z — 3) - fi(z), n Haiigem MuorowIen
fi(z) ¢ momormmpio cxemer ['oprepa.

1[—2][ -1][—6
3]1] 1] 2] 0

Taxum obpasom f(x) = (v —3)(2* +2+2). Muorouren fi(z) = 2®+x+2
HE UMeeT JIeHCTBUTEIBHBIX KOPHE(l, TaK Kak ero quckpuvuaanr D = —7 < 0,
a CJIEJIOBATE/IBHO OH HEITPUBOIHM.

Otser. f(z) = (v —3) - (2® + 2 +2).
[

Bamaua 25. [Ipedcmasums 6 sude cymmo, npocmetiwur nad nosem R pa-

YUOHANOHYIO IPOODL
6x + 4

(z+1)%(2® + 1)
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Pewenue. Pazioxkenune paluoHaJbHON JpoOW B BHJIAE CyMMbI IPOCTERIITNX
OyJIeM HCKaTh C IIOMOIIBIO MeTO/1a HeolpeeaeHHbIX Koddduimentos. [Ipe-
CTaBUM JIAHHYIO JPOOb B BHUJIE CJIEJIYIONIEH CyMMBI C HEOIPEJIeIEHHBIMU KO-

spburmenravu A, B,C u D:
6x +4 A B Cx+ D

= + + :
(x+1)%2(224+1) =z+1 (z+1)2 22+1
[IpuBeiem K 00IIEMy 3HaMEHATE/I0, PACKPOEM CKOOKHU, IIPUBEIEM 110100~
Hbl€ 1 IIpUpaBHAEM YHUC/IUTEJINU:

6r+4=a*(A+C)+2*(A+B+2C+D)+2(A+C+2D)+ A+ B+ D,

JlBa MHOTOWIEHA PABHBI TOTJIA U TOJILKO TOTJA, KOIJia paBHbI KO3(hdu-
IIUEHTHI IPU OAWHAKOBBIX CTEIEHAX, ITOITOMY ITOCJE/IHEE PABEHCTBO SKBUBa-
JICHTHO CHCTEMe:!

A+C=0
A+B+2C+D=0
A+C+2D =6
A+B+ D=4
Permmmv cucremy metomom aycca
1 010|0 10 10/0 10 1010
112 10 . 0 1 1 1]0 _ 01 1 11]0 .
1 01 2|6 00 0 2|6 00 —2 04
11 0 14 01 -1 14 00 0 1|3
1010 0 1000 2
0111} 0 010 0]-1
“loot1to|-2] {001 0|-2
000 1] 3 0001 3
Takum 06pas3omM perreHne CuCTEMbI
A=
= -2
S
D=3
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U TOTIJ/Ia MCXO/IHAs pallioOHAIbHAsS JIPOOHh PACKJIAIbIBAECTCSA B CYMMY IIPOCTEii-
IIAX CJIELYIONUM 00pa30M:

6r+4 2 2 2 —3
(z+1)2(22+1) o+1 (z+1)2 2241

6etd 2 2 223

OTser. (m+1)2—(’—:p2+1) = 241 @Dzl
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