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3TO oneyaTku, HanaeHHble Apkaanum Kysabmuuém NoHomapeHKo.
OHM 6b1AN UCnpPaBieHbl BO BTOPOM U34aHUM.



1. VIPOIIEHHE VYPABHEHHH KPHBBIX BTOPOI'O
HHOPAAKA.

YpaBHeHie BTOPOI CTENEHN OTHOCHTEABHO MPAMOY T OJABHbIX JeKap-
ToBbIX KoopauHar Touku M (z,y)

Az + 2Bay+ Cy* + 2Dz +2FEy+ F =0 (1)

( A, B,C,D,E, F — semectsennbie ucaa, A* + B* + C? # 0),
KOTOPOE OpejedeT HeKOTOPYo KPIUBY 0 BTOPOT 0 NOP# AKa, TpedyeTca
¢ MOMOINBIO TIPeoBpasoBaniis KOOPAUHAT NPUBECTH K KAHOHHYECKOMY
BHY.

[ToBepHeM OCH KOODAMHAT Ha YO ¢ BOKDYI' Hada/la KOOPAUHAT —
rouxu . O6osraduy z', ¥ Koop MHATH To4k M B “HOBOH~ cHCTeMe
koopaunat O(z',y'). ”Crapeie” KoopauHaTsl &, y Oy AyT CBA3AHKL C a2,
Y COOTHOWEHHAMM

x = 2z'cosa—ysina, (2)
y = z'sina+ycosao.

Toc/e HoICTAHOBKY YTUX BhIpaXkeHul B ucxognoe ypasuenue (1) u He-
CAOKHBIX NMPeobpa3oBaHUN 101y 1UM

Az + oB'z'y + C'y'? +2D'x' + 2E'y + F =0, (1.1)
rie

A" = Acos®a+ 2Bsinacosa + Csin? a,

B = (C— A)sinacosa + B(cos® a — sin? a),

F  m Asin? o — 2Bsin acos a + Ceos® o, (3)

D) =  Decosa+ Esina,

E' = —Dsina+ Fceosa.

B KaHOHMYIECKUX YPABHEHUAX DJIUICA, [ANepOOIBL, Tapadobl HeT Cla-
raeMoro, CoJepKAaIero NpousBejenne KoopaaHat. lpupabrsem B’ ny-
mo. Tocte jenerns oferx dacTel HNOAYYEHHOIO ypaBHEHUA Ha cos? «
oAy 4aem

Btg?> o — (C — A)tga — B = 0.

DTo ypaBHeHHe oTHocHTeabHO tg . Ero pemenus

C—A=x(C—-A)+48°
283

g o =



ONPEAENAIOT ABa B3aUMHO NepHeH UKy IsSpHble HallpaBiledus. BospMeM

AlA OMPENENeHHOCTH NOJMOKATeaAbHOe petnerne. Ecau, nanpumep,
B > 0, To sTo

LY o =

C—-A+./(C—- A2 +452

2B ;
PaccMaTpuBaeMoe ypaBHEHHE OTHOCHTENLHO (O UMEET CHETHOE MHOIKE-
CTBO pemeHmﬁ. ﬂ.}lﬂ Hallux ueﬂeﬁi A0CTaTOTHO JHIIL O1HO U3 HUX:

C—A+./(C—-A)? +4B2

o = arcityg 55

i xhy el
Buraucaum Teneps cos o = (\/ 1+ tg? Oz) , Sina = tg a-cos o, 3aTeM

no dopmyaam (3) — A’, C’, D', E'. Ypasuenue (1.1) npumer Buj
Ae? 4+ C'y? +2D's' + 2F'y + F = 0. (1.2)

IIpn sToM MoXeT okazaTheA, 4To ob6a koaddunuenra A’ u C' oTanvnbl
OT HyAs WIU OJWH U3 HUX BMecte ¢ B’ obparurca B myan. [losTomy
Oy leM pacCMaTpUBAThL COOTBETCTBEHHO [BA CAYYIad.

1-11 cayqan. [lycres A’ - C7 # 0.

Ecan xoTes oaus us xoadduuuento 1D mam [/ we pasen Hy.mo,
cllefaeM NapaielbHBLIH TTeEpEeHOC MOBepHYTON cucTeMmbl 0z'y':

g = Finm
{u’ = y+b. (4)

I

ITogcrasum BhIpaxenus (4) B ypaBuenue (1.2), mouydum

AT+ C'y +2(Aa+ D)VF+2(C'H+ EYg+F =0, (1.3)
rue
F=Ad?*+0Cb +2D'a+2E'b+ F. (5)
[Momoxum
A'a -+ D! = 3 o a = _D—j)
{ O 4 B T g RRIPERRR AR _é

IIpn TakoM BEIGOpE a U b ypaBHeHHe (1.3) sanuurercs B BH e
=2 nl
A'E? 4+ Cy° = —F. (1.4)

2



B »rom ypasaennu A’ u €/ MoryT 6bITH O/JHOT O W/IM PASHBIX 3HAKOB.

[ycte A’ m C’ oxnoro snaka.
Ecin ¥ = 4, 10 ypaBHeHmE_(l.ll) onpejedseT TOIPKO OHY TOHYKY
0(0,0) B cucreme kopgunaT O T Y. 1 BEcim F' # 0 u ero 3@aK NPOTHUBO-

nonoxen snaky A’ u C’, To ypasaeauo (1.4) cooTBeTCTBYET HILIHNC

F
s

<~
I

[ . g o
— + = =1 c¢ noxyocamn @ =
b

Ecan smaxu I, A’ u €’ coBmajaor, To ypapHenue (1.4) onpegenser
MycTOe MHOXKECTBO.

ycts A" u C’ pasHBIX 3HAKOB.
Ecan F = 0, To ypasuenne (1.4) onpegeaseT mapy nepecekarommxcd B

ToYKe O NPAMBIX.

. A > 0, "
JleAcTBUTENBLHO, NPH o o< 0 ypasHenne (1.4) npuHuMaeT
BIL )
2 2
(vs)’ - (¢=9)’ =0
T.e B _
(\ﬂqff— \/—C’@) : (\/A'?r?+ \/—C’Tg) =0,

/A ~

JAE 4 —Cg = [,

VAT —-+/-C'y = 0.
[Mpu f A <. 0, HMeeM aHAJOIMYHO

Sk o :

I
=

V-AZ-/Cy = 0.

~t/

2-# cayaai. [ycre A" - C' = 0.
Ecim C7=0, A’ # 0, ypasuenwne (1.2) sanuceiBaercsi B BUje

[mf—l-\/é7§

Az?+ 2Dz +2E'y + F =0. (6)

[Iycts E' # 0.

1 Koopaunarh Todkn O B MCXOJHOH cHCTEME Oxry MOXHO HAWTH, UCHIOAb3YA
pasencTsa (4) u (2).



A'F 4+ 2(Aa+ DYE +2(C"b + EYg+F =0, (1.5)
rae F onpemeneHo paBeHCTBOM (5), npugaem €’ = (.
. . Ha42 =" 4%
OJIOKHM | = ~ T
44’(1 "I‘ l)l = 0,
Ala? +2Da+2E'6+ F 0,
OTKY 12
- B
@ = e
B e e A'a2+2D'a+F'

2E'
ITpun Takom BeIGOpe a u b ypasuenne (1.5) npumer Bi

Fan ~t/ ,

-2 ‘ e 1 / 2 ¢ VN
B == ——2—/17y, rae C' = E' — @—,—(‘A’a +2D'a+ F)= E}

KOTOpOe olipeendeT napabo/ty, CAMMETPHYHY O OTHOCUTENLHO ocl O,
BePIIMHA KOTOPOU coBlagaeT ¢ Toukon O.
Ecim ' = 0, To ypasuenue (1.2) sanunierca B Bije

A'2? 4+ 2D's’ + F =0,

WJIH g e
(az’+D ) ~F'=0, F'= (P— ) L
Al ’ A A’

Ecam F’ < 0, To »To ypaBHeHHe onpejendeT NycToe MHOXKECTBO;
ecau I > 0, — mapy napajjeJbHbLIX TPAMBIX
JE'+%+»/F7:OHJ:’—}—Q—:——\/F7:O;
ecrn F' = 0, — napy cauBmmxcsa npaMoix ' + % == {},

A = 0,

AHAJOTHYIHO pacCMATPHBACTCA CAYTAl { ct o

B stom caydae npu D' # 0 ¢ HOMOIIBIO MAPANIEILHOIO HEPEHOCA

b= iy
(4), rae , TOJIydaeM napabouy
5, | i __ ' 42B b F
o 2D
D - A’ ! /
=2 __ - ' ™ / = 2 Y nl r s
= ——26;.17, npudem ) = [ — 2[;57(6 ¥ 4280+ Fl=1).



Ecan ) = 0, umeeM:

- / = nl
npu F' <0 | F/' = (%) — éi,— 1yCTO€ MHOMXKECTBO;

npu F’ > 0 — napy napajjiefbHbIK TPAMBIX
't , E' T / B’ Tl . i
Yy +-77+ F’—OI’I,U +7jr—\/Ff—- ;
7
npu F/ = 0, — mapy CAuBIOUXCS MPAMBIX v + = = 0.

[TpuBegem npumepnl IpeobpasoBaHusd ypaBHEHWH.

ITPUMEP 1.
[lpuBecTn K KAHOHHYECKOMY BH/IY ypaBHEeHUE

52 + dzy + 8y* — 32¢ — 56y + 80 = 0,

yKazaTh THM KPUBOH, UM OIpe/elaeMoNn, HaWTH KOOPAUHATHI BEPIINH,
$oKycoB U ypaBHEHHA TUPEKTPUC B MCXOJHOM CUCTeMe KOODAUHAT, CJle-
JaTh YepTeX KPUBOH B DTOU CUCTEME.

Hcxoaioe ypaBHenue — ypapHerme suga (1), rae
A=5 B=2 C=8 D=-16, F=-28, F = 80.

Mocie moBOpoTa Ocell KOOpAMHAT Ha yrod o (oM. (hopMy.Ibl (2))
NPUXO1MM, KaK yKa3aHo BhIle, K ypaBHeHmio Buja (4)

2g° o — 3tg o — 2 = 0, oTHOCHTENLHO g,

KOPHH KOTOpOro tg « = 2ntga = _1;

T ) g c y m 1 S 2
110X > V== Y = 2 . . >0 = e Ny = —=.
H»odbMGM tga = 2, @ = arctg2. Torga cos a 75 Sina = 7
Mcnoab3ys pasencTsa (3), HAXO{UM
] o2 - 5 5
A = Heosia +4sinacosa +8sin“a = 9,
- a9 . D)
(. t= 5sin? o — 4sin acos o + 8cos® o = 4,
D' = —16cosa — 28sin « 2 —%,
B = 16stn o — 28cos « = i Iy
16 8 7=

Wcxognoe ypasnenue npumer B (1 Bk

o . 144 8
0z’ + 4y"* — —=2' + —

v i

y + 80 =0.



BeInoaHuM napasiensunii nepenoc (4):
pf -

Hif = -+ a,
/ Ul

0. .= e

: 8 1 i
97 + 45 — 18(a — —=)T+8(b + —=)F+ F1 = 0
Y ( \/5) ( \/g)y 1
rae Fq = 5a? + 462 — 1\;—;(1 4% %b’ + 80 = 0. [Ipupasusem mHyIo Kosgh-
uuueHTH MpU ZF, I, HOJLYYHM

Byaem nMeTn:

3

o B
g = 75
ol ol b
b e 7=
[locaennee ypaBHeHne npuMeT BHI
=8 =
9% + 47° — 36 = 0, wam %——F%:l. (7)

Takum 06pazoM MBI BBIACHUJIN, 9TO HCXOJHAS KPHBAA — SJUIHIC ¢ GOJIb-
IO HOXYOCHIO ¢ = 3 U Mautol b = 2. DoKYCH HILIUICA JekKAT HA OCH
O7. Jlias TOro, 4T06bI HAPUCOBATD ZIUIATIC B HCXOJHOU CUCTEME KOOP-
AUHAT, BEIPA3AM, NCHOAL3YA hopMyJabl (2) u (4), ” crapbie” Koop iUHATHI
x, y Jepe3 "HOBHIE T, V:

# = {3

y = C+REF+0- %%
WIH E
L T—27 <
¥ = top + 2,
i (8)
e 4y
Yy = —:/—-S—‘F?)

Orcioga BuTekaeT, 9To Touka O B cucreme OXy UMeeT KOOPIHHATEI 2
1 3. dad Toro, 9To6b HAYEPTUTH HJLTHIC, OIIPEAEJEHHBIA YpaBHEHUEM
(7), HapuCcyeM BHadaJe OCH KOODAUHAT OF u —O—ii: nosepHeM ocu Oz
u Oy sokpyr Toukn O(0,0) Ha yroa « = arctg2, noayaum ocu Oz’ n
O’y , 4epes Touky O(2, 3) nposegem ocu O F u O § napanieanuo Oz’ n
O'y', B cucteme OF Y HAPHCYeM BULIAIC ¢ MOAYOCAME 2 1 3. (Cwm. Puc.

1). 2

2()’1"I\*I("2'I"I/‘II\/[, HTO SJAJHUIIC ITepeceKaeT OCh Oy B TOYKaXx C opiJnHaTaMu 2ub.
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BepumHnt 5/THTi-
ca — Toukm A’, A’
B cucreme O F Y Ume-
o koopaunaTol A’ (0, 3),
A"(0,-3). Nx koop-
TUHATHL B CHCTEMe
Oxy naxoaum 1o dop-
myaam (8):

=23 4
B = g + 2,
_ 2:04(%3)
L =" =
T.e.
A2 - —5’——,3—|— 3—),
Puc. 1. v i
A2 + %‘%— %).

TouHo Tak )Ke MOJIY-
yaeM KOOpAuHaThl POKYCOB F'a F":
. = +/aZ — b2 = /O — 4 =+/5, F'(0,/5), F"(0, —/5) B cucTeme OzY,
F'(0,4), F""(4,2) — B cucreme Ozy.
YpaBHeHUA JUPEKTPHC B CHCTEME 52’?3@ AMET BUL: Y = :}::%, T2,

2

y==x%, WK Y = 95:, T W = :i:%.‘ITo@;I 3allcaTh YpaBHeHWA 1H-
% : 5

pekTpuC B cucTeMe Oy, BLIPA3UM J epe3 &, Y U3 PaBEHCTB (8). Hoay-

UM Y = :Ef‘;j_gﬁji, W ypaBHEHHS AUPEKTPUC 3alULIyTCA B C/Ie/ylomeM

BU E: i%ﬂ:i%,'r.e. 22 —y+8=0wmu 2z —y—10=0.

HHPUMEP 2.
YpaBHenune
22— 2zy+y? — 10z — 6y +25=0

IPUBECTH K KAHOHHYECKOMY BUY, HAWTH KOOPAMHATHL BEPIIHHLL, do-
Kyca, HAlMCATh ypaBHeUe JUPEKTPHUCH, CAeJaTh YepPTex KPHUBOH B H1C-
XOJHOH CHCTeMe KOODAUHAT
IToBepHYB OCH KOOPAWHAT Ha yrod o (cM. ¢popMy.bl (2)) u npu-

paBHAB Hya10 Koadduument B’ npH NpousBejeHHH KOOPAWBAT 'y
MPUXOJUM K YPaBHEHHIO

o tg?a =1

{

= ! ) - = & 1 X
. BuibepeMm pelienue o = q Toraa cosa = sina = - HUcnoabsys

D

b

7



paBeHCTBa (3), IPUXOHM K ypaBHEHHIO
/2 = 0. /% |
2y"% — 8v2x' 4+ 2/2y 4+ 25 = 0.
Boimosnum mapajmienbHuil nepenoc

¥ i EdE,
v =g+,

MOJNY UM
25 — 8V2T + 2v2(V2b + )7 + 26 — 8v/2a + 2v/2b + 25 = 0.
Ilpupasuaem Hy/a10 KO>MOOATHEHT NTPH Y 1 CBOGOTHLIN YieH YpaBHeHN:

V2b + 1 0,
262 — 8v/2a +2v/26+ 25 = 0,

OTKY/la HAXO UM

0 1

i = L
3

- ¢

ITpu Taxkom BEIGOpE @ 1 b TOcAe/Hee ypaBHeHHe 3aMHCHIBACTCA B BH €
2 58 =
7> = 41V/2F,

onpejendeT napaboay ¢ ockio cuMMeTpun (O F U mapaMeTpoM p = 2V2.
Kak u Bbie, ucnoin3ys gopmyast (2) n (4), ycranapiuBaeM CBA3L
MeXK Yy KOOpAUHATaMu r, Yy U X, Y:

E (F+a)cosa — (+ b)sina,
Y (F+a)sina+ (F+b)cosa, y = TH

Il

Hauano koopjuHAT HOBOH cucTeMbl — Touka O(2,1) B cucteme Ory.
Brmoaaum depTek aHAJOTHIHO TOMY, KaK 3TO OBLIO CeJaHo B ITPH-
mepe 1 (Cwm. Puc. 2.). OrMeTny nonyTHoO, 9TO paccMaTpuBaeMas Ma-
paboaa kacaerca ocu Oz B Touke (0,5), T.K. HCXOHOE ypaBHeHUe TTpU
y = 0 npuauMaeT dopmy x2 — 10z + 25 = 0 u umeer IBa OJIMHAKO-
BRIX KOpHA * = 9. llpn y = 0 gaHHOe B yc/aoBUHM ypaBHeHUe HMEET BH [
y? — 6y + 25 = 0, He UMeeT BelleCTBEHHBIX PENIeHNH U, CJIe0BATENBHO,
napaboJa He TepecekaeT ock (Jy.



|

"t

X% BepimmHa mapabodbs —-

CY touxa O(2,1) B cicreme

/" Ozy. Poxve F(v/2,0) B

cucreme OZY u F(3,2)
— B cucreme Oxy. Ypas-
HeHNe AUPEeKTPHCH: F =
—£, Te. T = —+/2 B cu-
creme O T g. M3 paencTs

—_ r4+y—3
(9) naxoqum T = ===,

e T ¥ 1, cjaejloBaTedbHO, YpaB-

HeHue JUPEKTPUCH B CH-
creme Quzy wWMeeT BHJ
TS = i TE,

Vz :
x+y—1=0.

SAdJAHHUNE 1

[IpueecTH K KAHOHWYECKOMY BHJY JaHHLIe HUXKe yDaBHEHUA, yKa-
3aTh THIEl KPHBLIX, HMH OIIPefedAeMbIX, HAWTH KOOP/UHATHL BEPIIWH,
HOKYCOB W HANHCATH YPaBHEHMA NUPEKTPHUC (a A runepbodbl — H

a(,HMHTOT) cledaTh depTexkd KPHUBHIX B HCXOJHOU CHUCTeMe KOODJH-
HAT.
Ne
EapHaHTa YpaBHeHNA KPUBBIX
327 + 10zy + 3y* — 14z — 2y — 13 =0,
i 92 — 24zy + 167 — 200 + 110y — 50 =0
25¢° — 14ry + 25y° + 641' — 64y — 224 =0,
2. 2 _dzy+4y’ —2r—6y+2=0
ix +Alzu+ 12 + 16y 36=10,
3. —21J—}—y —6z —10y+25=0
21.1, + 24zy + 14y* + 18z — 4y — 139 =0
4, r2—235'y+ y2—63;'~2y+9::0
4z° + 20zy — 11y* + 8z + 20y — 1 =0,
5. 22 4+ 2zy +y* — 162 4+ 16y +32 =0
3622 — 24zy + 29y° — 96w + 82y — 91 =0,
6. 2 + 2xy + y2 — & +4=0
1122 + 24zy + 4y° + 42z + 64y 4+ 51 = 0,
7. 3;2+23;y+y2 4+ 16z — 16y — 32 =20
522 + 6zy + 5y° +4r — 4y —4 =0,
8. 922 + 24zy + 16> — 2302 + 110y — 475 =0
2552 — ldzy + 25y° — 128z + 128y — 32 = 0,
9, 4;732—433y+y2——3x+4y——7=

9




2522 + 14xy + 25y° — 64r — 64y — 224 =0, |
10. 9% — 24y + 16y” + 22 — 86y +39 =0
522 — 6zy + by” — 162 + 16y +8 =0,
11. 22+ dzy+ 4y’ + 60 —3y+15=0
xg—xy+y2—2$*29—2:0;
12. 92 + 24zy + 16,2 — 40z 4 30y =0
3z° + 10zy + 3y* —2x — 14y — 13 =0
13. 162% + 24xy + 9y — 7Tz + 26y — 34 =0
252° — 14xy + 25y° — 64z + 64y — 224 = 0,
14, 16x% — 24xy + 9y° + 110z — 20y — 50 = 0
dry + 3y° + 162 + 12y — 36 = 0,
15. z? + 2zy+y® — 10z + 6y + 25 =0
142* + 24zy + 21y* — 4z + 18y — 139 = 0,
16. r? —2xy+yt +4r —8y4+7=0
3r® — 102y + 3y* — 162 + 16y + 24 = 0,
iy, 4r° +4zy+y* — 20— 6y —5=0
295° — 24ry + 36y° + 82x — 96y — 91 = 0,
18. 2 —2zy+ 4y +102 — 2y + 13 =0
4z° + 24xy + 11y* + 64z + 42y + 51 = 0,
19. 2+ 2vy+y’ —8x —12=0
41z° + 24xy + 9y° + 24z + 18y — 36 = 0,
20. 4+ 2zy+ 4y +10x+2y+13=0
3z° 4 10xy + 3y* + 2z + 14y — 13 =0,
71, 9z% + 24y + 16y° + 462 — 22y — 19 =0
251° — 14zy + 25y° — 64z + 64y — 224 = 0,
29, 9x° 4 24zy + 164> + 70z + 10y — 75 = 0
dzy + 3y° — 162 — 12y — 36 = 0,
23. * +2ry+y* —8r 48y —16=0
14x° + 24zy + 21y” + 4z — 18y — 139 =0,
24. e + 2y 4y —6r+2y—11=0
9z% + 24zy + 41y” + 18x + 24y — 36 = 0,
25. #? —2zy+y* —8y+4=0

2. HPABHJIO JIOINHTAJA. ?
BBesleM BHavajge moHATHE ~HeolpeaedeHHOCTSH . ['oBOpsAT, YTO BHIpa-

KeHue :’fg; mpu ¢ — b (b € R, b = +00, b = —o0) npeacrasiger
06010 HeolpeAeJeHHOCTEL BU1a 8”, ecan lim u(z) = 0 m limv(z) = 0,
:r—+b r—b

727 ecan lim u(x) = oo m hm v E) =

r—b

STnitom ge Jlonurans (1661-1704)-ppanuysckuii MaTeMaTHK, 4iaeH [lapuxckoi
AH.
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AHAJIOTHIHO ONPEJENsAIOTCA OCTAlbHbIe NATL TUIOB HeOlpe/eleHHO-
creit: 70-00”, " 0o —00”,71%°7, 7097 ”ooo” (cooTBeTcTBeHHO, U(T)-v(Z)
ecTh HeonpeaenenHocTh Buga 0 - oo” npw & — b, ecam lim u(z) =0 n

r—b
limiu{z) = oo;
r—»b
u(x) — v(x) — HeompejeneHHOCTL ~ 00 — 007, eCiIH hrr?) u(z) = +oo u
L=
lim v(z) = +oo wmm lim u(z) = —oo u lim v(x) = —o0;
z—b r—b r—b
u(z)'®) — meonpegerennocts 71°°7, ecam lim u(z) = 11 lim wlE) =
z—+b z—b
sor 70% ecam limu(z) = 0w limv(z) = 0;  "oo, ecim lim u(z) =
r—b z—b r-—+b
oo n limw(z) =0.)*
x—b
[pasuio Jonurans wenocpejcTBeHHO NPHUMEHAETCH NI PACcKPbl-

THA HeollpeeJeHHOCTed BH,1a %” w7
s g oo

u(z) _ — Iim u'(x) u'(x)

lim — ecan lim cynlecTByeT B QYHKIIUN U
T—+b U :13) r—b v (2)’ z—b v () < ¥ 24 i
v(x) yZOBAETBOPAIOT HEKOTOPHIM yeaosmaM (Cu., nanpuMep, [3-6]).
sin me
IMPUMEP 1. Hasitu lim ———, n,mé&N.
=T SIN NT
sinmz "% (sinmz) m ..  cosmex m cos mm
lln’] s— = 1 ke s —_— ]_lm PR T o em———
zom SINNE z—n (sinne) n r—r COS N n cosnmw
D _qymtn |
n
o N , B
NMPUMEP 2. Hatirtu lim —, pu, a€ Ry, a> 1.
r—+co a¥ '
Mycte n — 1 < pu < n, nEN
xﬂ N oo wﬂ_'l n o0 N
lim — 2 lim ( "y = im —— 2
r—>+oo a¥ z—++oc (4 ) [na z—+oc  a¥
it —1Y/ —2 oo
g @ D) ety
—— lm , — ; Ilm —— = =
Inaz—too (a®) In?a o4 a”
4 e
(p—1)...(p—n+1 , Ll
plp—1).. (p ) 1m & 0
n” a z—+o0  a”

[lia packpbITHA HeoIpe qeﬂeHHOCTeifI IPYIrUX TUMOB ClelyeT IIpe-

re » O ” 00 )
BapHUTeJAbHO r1peo6pa,30BaTb HX K BHAY ' g Wi HanpnMep. nycrThb

)7

u(z) - v(x) ecTh HeompejeaeHHOCTL BUAa 70 - 00 npm r — b. 3anmmiem

4Touno Tak ke ONpPejeIsioTcd TH HeonpefeJeHHOCTH Tpu & — b—0, z — b+ 0,
b e R.

5 3HaKk paBeHCTBa Mepel NPeJeioM OTHOUIEHHA IIPOU3BOAHBIX MOXKHO HAIMCATH
AL TTOCJE TOro, Kak 6ymeT YyCTAaHOBAEHO, 14TO DTOT Ipejea cylecTByerT.
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u(x)

u(z) -v(x) B Buge u(x)-v(z) = ——. HMeeM 11pu & — b Heonpe neaen-
v(w)
» 0
BOCTE
v s 9 02 na—— viLxr
Naa meonpeeaenHoctein 7197, 707 oo’ BHIpakenune u(z) (z)
in u(x)
npeobpasyerca K BHIY u(x)“("’) — ev(®)inulr) — 37T | B cuiry Hempe-
. . v(z) i i—n:%%
PBIBHOCTH HOKa3aTelbHON GyHKInu uMeem lim u(z) = g ¥
: r—b
: , . -1
IIPUMEP 3. Haittu lim (sin 22)" 7.
r—+0
-1 » n0n llm li‘?—w
. S ; 0 inx
Nmeem lim (sin Zx)ln ¥ = g =3
r—+40
v . 100 Nl gy LN 2cos 2x
. Insin2z 2> (Insin2x) L N
. L —— 2  lim = lim 25 =
r3+0 Inr z—+0  (Inz) r>t0 1
, .
j xr ” %:: : xr ’ ‘
2 lim = 2 lim ——(—)—7 =2 hm ——— =1.
r—+0 1g 2% r—+0 (tg 2;8) e

3AAAHHWE 2 (Yacrs 1.)

Hcnoansysa npasuio Jlonurais, HAUTH 1Ipeenb

Ne
BapUaHTa [Ipenenn
. sinz —arctg(w — ) . T
L 1). lim : 2). lim (Inx) :
T (1‘ = 71')3 r—1
. sin2r —2x , - B
2 Ll B e, 2). lim (In 2$)tg(l £8]
-0 ) Sy
] tg2r — 2z . —In"tx
3. 1). lim st f ; 2). lim (ctgz) iy "8,
0 T T340
irs g — DO T . ctgmw(l — )
4, 1). lim sk urrsmr’ 2). im (tgﬂ) :
z—0 Y i z—1 4
9
. tg2x — 2arcsinx . o Y
5 1). lim ¢ ;M( , 2). lim (ctgzx)lnz +1,
-0 X r—=>+0
T
" 13, Hi arcsin 2x : Qarcsz'na':, 2). lim ((?tgfﬁ) tg?
-0 i =1 4
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3x —arctg3x

(V]

T 1). hm . , 2). lim (ctg2z)ine+2.
T xz—0 T z—>+40
. arctglz — 2arcsinx e s . .'
8. 1). lim - - , 2). lim (ctgx)tg aE
z—0 b m—)-}
- N
. .. arctglr —2sinzx , . 1\ in" (sinz)
9. 1). lim d = ; 2). lim (—) .
x—0 T r—=+4+0 \X
- - Ty
W s arcsin 2x — Asanx . . p GO =
10. 1) lim 22222 T 2). lim (1—z) 2.
z—0 xr z—>1-0
T
. tglx —2sinx o . . dn(tg(—— =
11. 1). lim 4 2 - : 2). lim (arcsin) (g 4 ))
x—0 T~ T x—=+40 ]
. . 3
. 8Inx —arcsing A i A T
12. 1). lim - ; 2). lim (sinz)in®+2,
3—=0 b G z—40
. .. 2x —arcsinlx . ok
13. 1). im g : 2). lim (cosx)ln( inz),
o z—0 xr =5 -0
',’2 Qll 8
14. 1). lim il TZ(COS:E), 2). lim (—inz)".
=0 T z—4+0 /
5 (sz'n:L‘)Q 3
x° —In = 9% T
15. 1). lim — , 2). lim (ln—) inz
z—0 & z—+40 x
tgmr
16. 1). lim arcsin ‘L_ SmdL, 2). hm (tg—rr—) 4
’ =0 1-3 r—2 ‘2‘2’1
. arctg3dz — 3tga , 9 T
17. 1). lim et 1“3 g:r, 2). lhm (—arctgx) :
z—0 X Cz=rtoo \T
1
18, 1). lim tg3z — szrcsin:z:’ 2. Tim (s'in 3:)”172'
xz—0 x° T x=0 &
1
19. 1). lim i 33; vl L : 2). lim arcsin & ‘T) ;5.
=0 T x—0 T
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1
I rctg 3z — 3sin ) lax N3
20. i i 2 : 2). lim (_)z :
a0 " a4
1
\ ny — ; : arctg e ¢
21, 1). lim L e s arctgr’ 2). lim (—————g )‘T
x50 i C x=0 r
1
o |t > S 21 : EHE -
22. 1). lim e 4n(cosx)’ 2). lim L+ 2 i3
z—0 X z—30 A
t t -
23 . e 2). lim (e** —1)inw,
x—0 X z—>+40
1
T sin 2z — 2arct : 2 .
24, 1). lim sl ol . bt g:t’ 2). lim (——arccosz’) W,
z—0 X =0 \ T
. 5. sm3r —3arcsinx R ctg 2w
A5 1). lim 5 : 2). lim (cos ) ,
- 20 T £—3»0

3. IOCTPOEHHE TI'PAPHKOB ®YHKIIHH.

st uccaefoBanud PYHKIUNA U NOCTPOEHUA ee IpadrKa MOXKHO Pe-
KOMeOBaTh NpeaiaraeMylio HuXe CXeMYy:
1. HayTi o6aacTs onpegenenus Dy dbynkunu (ecau oHa He 3agana).’

2. IlpoBepuTs, sibasieTca Ju (PYHKUUA T€THOU, HEYETHOW, MEPU (U Ie-

CKOM 1AM He 06/1aaeT STHME CBOHCTBaMH.. B CHIYy CHMMETPHH JOCTAa-
TOYHO MCC/AeJOBaTh YeTHYIO W HEYEeTHYIO (PYHKIWMU TOJBKO AJAA Heo-
TPHIATENbHBIX 3HAYEHUH apryMeHTa U3 ee 0OJacTH OIpejeldeHus, Te-
PHOUYECKYIO — TOJbKO Ha KAaKOM—IHOO0 IMIPOMEXYTKE 3HAYEHAN aply-
MeHTa JVIMHOW B oguH mepuod. Ecan ygaeTcs BBIACHHTH, 9TO I'paduk
uMeeT Kakylo—aubo Apyryio cCUMMETPHIO, TO 5TO HaAO HCIOAb30BaTh
/IS yMeHbIIeHns ob6hbeMa Hcc/ie T0BAaHHM.

3. Boiacuurh noBegenne PpYHKIUN HA TPAHUIE MHOXKECTBA 3HAYEHUH

6B kavecTse o6aacTu onpegelcHud GpyHKIUHN HAXOAHUM ee 06JacTb €CTEeCTBEH-
HOI'O OIpe&JEeNeHU, T.€. MHOKECTBO BCeX BelleCTBEHHBIX 3HAYEHUH apryMeHTa, 118
KOTOPHIX d)yHKHHﬂ HMeeT BellleCTBEeHHBIC 3HAYEHW .

"I'pacpuky 4eTHON U HeYeTHON hYyHKLUHI CHMMETPUYHBI OTHOCHTEILHO OCH Op-
OUHAT W Ha4dajla KOOPIHHAT COOTBETCTBEHHO, MpadUK MePHOINIECKON (hyHKIIUH
COCTOUT M3 NMEPUOIUIECKH TOBTOPAIOIIEHCA €TI0 YaCTH.
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apryMeHTa, Ha KOTOPOM HcciefyeTcs HyHKINA (»TO MHOXECTBO Hal-
1eHO B IyHKTe 2.). B 9acTHOCTH, HAWTH aCUMITTOTEL, €CIM OHH HMeIOT-
CA.

4. Haimi HYIM U HHTEPBAJBI TIOCTOAHCTBA 3HAKA (DYHKINK, BEIMHCIHTH
OpAHHATY TOYKH TlepecedeHnd ee rpadpuka ¢ OCbIO OPJUHAT.

5. Ucnoabayd NpOR3BO,JHYIO TEPBOTro NopAgKa (hyHKIHH, HaUTH WHTEP-

BaJbl MOHOTOHHOCTH (PYHKINH U €€ SKCTPEMYMBI.
6. C TIOMOIIIBIO TPONABOHON BTOPOI'O MOPA KA HAWTH WHTEPBAJbl BbI-

NYyKJIOCTH, BOPHYTOCTH U TOYKHK Neperuba rpaduka QyHKIHH.

Nanee, HAHECTH HA KOODAUHATHOW (WIOCKOCTH ACHMITOTHI U BCE
noaydeHHble BbIlE XapaKTepHble TOYKH (Hyan, TOUYKHW DKCTpeMyMa o
T.JT.) 8 BmecTe ¢ baeMeHTaMH rpaduka (1 yTOYHEeHHA OT/IeAbHBIX Ha-
cTell rpaduka KeTaTeNbHO HOCTPOUTh, KPpOMe XapaKTepPHbIX, HaueH-
Fible JOMOJHUTEILHO TOYKH), BCe DTH TOYKH COENUHHUTH AuHmer (au-
HUAMY, €CAu Ipaduk COCTOUT U3 HECKOIBKWX qacTel), y9uTHIBad Xa-
pakTep HaMeHeHHd (YHKIUHU (BozpacTaHue, yOBIBaHUe, BHIITYKIOCTh,
BOT'HYTOCTb).

[IpuBegeM npuMepbl TOCTPOEHUA I'DAPUKOB.

HPUMEP 1.

o _ (2+3)°
UccregopaTs GyHKIHIO Y = ——15 U NOCTPOUTSH €€ rpaduk.
(z+ 2)
1. /lannas (byHKINA ONpefelena BCIOLY, KpOMe TOYKH ¥ = —2, clelo-

BaTerbHo, Dy = (—00, —2) U (=2, 00).
2. PYHKINA He ABIAETCH HU 4€THOW, HW HEYETHOM, HeNepHO JNIeCKas.

Hceaeyem ee Ha Been Dy,

3. lh}l y = +oo. Byjem mckaTh ypapHeHne IPAMOJIHHENHOH acHM-

r—r 00

ot . (437 .
nroTul B Buje y = kxr + b, k = lim Y=~ lim —-‘—-—-———l—; = 1,
2—y+00 I gl o gz:'(;n -+ 2)‘

, ) z 4= 8)° , he? + 23z + 27

lim (y—kz)= hm £—~———‘——)5 —z ) = lim : = B.
z—r+00 z—+oo \ (2 + 2) r—sdoo  xi44dr+4

TowHO Tak ke IPoBepATcs, 9TO NpU & — —00 IpaduK GYHKIUN UMeeT
TY XK€ CaMylo acUMIITOTY.

/:[a,.llee, T.K. hmﬂ:oy = —|—-OO, TO X = —2 — BepTHKaJ/JbHad aCHMII'TOTA.
T——2

8 B Toukax nepernba caeayeT HAHECTH KacaTelbHbIE K IPaduKy, 14 4eTo Nped-
BAPUTEABLHO BHYHUCINTE COOTBETCTBYIOUINE 3HATEHW nepEoi NPOU3BO JHOMN.
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4. byrkuus obpamaeTcs B Hy/Ib IPH & = —J. JTa TOYKa et o6aacTh

onpegejenus (ByHKIUA HA HaCTH (—00, —-3), (-3, -2), (-2, +o0).
CocrapiasgeMm TabJInILy

Wurepsan || (—oo, —3) | (=3,-2) | (—=2,+0o0)
SHaK ¥y — .
D )
Haxoqum ¥ - T—(:lj—?l)—- Acao, 9T0 Dy = D,,.

(z+2)°
HO,ZIOBPI/ITGJIBHBIG Ha SKCTpeEMYM TOYKHW — JIMIIIb CTalMOHapHEBEIE TOYKH,

T.e. TOYKH, B KOTOPHIX NPOM3BOHAs MEePBOrO MOpsA/Ka paBHA HYJIO.
OT1o Toukn ¥ = —3 u & = 0. Onu geasar obaacTs onpejenenus y Ha

qactn (—oo, —3), (=3, —=2), (—2,0), (0, +oc).
CocraBuM TabAHILY

Nurepsan (—o0, —3) (—3,-2) (—2,0) (0, +o¢)
3nak vy’ e s - 4
7 /" N o
y (Bospactaet) | (Bozpactaer) | (yObiBaeT) | (BospacTaet)
Ilpn z = -3 Ipu =0
HET DKCTPEMYMa. min y.
3amMedaHue f iy = YL = 24—7
6.
Haanee, y"' = 6—x~i_—3—— D= Dy o =0 upu 2 =—3.

B (x+2)¢ ¢ - '
"TMogospurenbraa’ Ha Hepernd Todka — = —3. Kak u Bbie, moJy-
qaeM HHTepBaabl (—oo, —3), (=3, —2), (=2, +00). Cocrapum Tabjiuiy

Uurteppar || (—oo,—3) | (=3,-2) | (=2, +o0)

3uax y"’ — +- -+
y (Bbimykaa) | (Bormyra) | (Bormyra)
[Ipu @ = —3 neperub.

SaMedaHue Hep = 0l—a)-= 1.

(Cwm. mpejy ayiyto Tabauiy.)
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[oaydeHHbIe pe3yabTaThl MOKHO, yao6CcTBa paju, CBECTH B Tab/IH-

1y ?
x —00 -3 -2 0 400
-2—-01|-240
e R 27 :
Y —00 0 400 +00 = + o
y i ~ 0
o =0 1
Jame- Acumm- | Ilepe- PaspuiB min | Acumn-
qaHmne TOTA rud TOTA
y=z+5 y=xz+5
. |
’//" - ] N
~ — U

Hanecem na KOOprﬂ[I/IHaTHOIjI IVIOCKOCTH aCUMIITOTHI U XapaKTepHbIE
TOYKH BMECTE ¢ COOTBETCTBYIOUINMHU HJEeMEHTaMU r*pa(mea

i

I 1 Y

—

z

93ammcs —OF HuKe o3HAYAET, YTO CACBA OT PACCMATPUBAEMOU TOYKH QyHKIUA

oTpMviaTenbHa, a clipaBa noJiouTEeJAbLHA. AHaAJOI'MYHO 1 O £ ()+ .
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CoequHAM TIOIyUeHHbIE TOYKH IIABHBIMU KPUBLIMH, YIATEHIBAsA Xa-

pakTep u3MeHeHHs GYHKIUN Ha KakKJOM M3 MHTEPBAIOB (—o0, —3),
§ ¢ \ 5
(—3,-2), (—2,0), (0,400).

HPUMEP 2.

5 3
Hccaenosars dyuknuio y = 2z — 3Va? U NOCTPOUTH €€ Ipaduk.

1. Dy = (—00,+00).

2. PyHKINA HI YeTHaf, HU HedeTHas, Henepuoaudeckada. Mccaeny-
eM ee Ha Dy.

3. lim y = #+oco. Bygem uckaTh ypaBHeHue MPSIMOANHEHHOM aCHM-

r—Eoo
+ Bt ek = lim Lo m 25
OTOTH IPA £ — +ooBBHAe y = kz+b,raek = lim == lm 2—-3—==
P AcY » T r—+oo & z—4o0 \"/5
2 b= liI_{.l (y — kz) = —oco. Urak, npu £ — +oc rpaduk ynkuuu ne
=100

UMeeT aCHMITOTEHI ¥ = & + 5. AHajJorUIHasg CUTyallud U OIpu £ — —00,

3 3 I3 , ;
4. Haxomqum ry/u byakunn: 2z —3vVae2 =0 & Va2 (Jr—1.5) =0,
oTKyJa noaydaem ¢ = 0 u & = %7 = 3%.
Cocrapiasiem Tabauny |
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Hurepsaa || (—o0,0) | (0, 20) (%Z,+OO)

SHaK y — — +

1 e —1
5. Haxomum ¢ =2 — 2%: = 2—\—/%53_ , - By = Dy3{0}. Noge-

3PUTEABHBIE HAa DKCTPEMYM TOUKHM : ¥ = | — cTalvoHapHad TOYKa H
iz = {0, PR, lirg y = 00, a (yHKUHA y HelpepblBHa B Touke ¥ = 0.
r—x0

Do saadnt, 9To B Touke (0,0) rpaduk dyHxuuM MMeeT BepTHKAIb-

HYIO KacaTeJbHYIO.
CocTaum TabIUILY

NuTepBan (—o0, 0) (0,1) (1, 4o0)
Suak + — +
s pY &
y (BospacTtaer) | (yOblBaeT) (BospacTaeT)
Jamedanne || [lpu 2 =0 mazx y. Mpun =1 min y.
Ymaxr — y(O) =1 Ymin — y(l) = =],
i
|
A ¢ 1 2 2 1/
6. /lamee, y" = Do = B, TR, g 2 U ma Lyw,

= 3 == e
Sr/x  3/xd
TO Yy BOI'HYTa Ha 9TOM MHOZKeCTBe.

B Bugy He6oblIoro o6beMa HCCAeJ0BaHIi ero pe3yabTaThl He Oy-
neM opOpPMJISITH B BH e Tabaulbl, a Cpasy HaHeceM XapaKTepHbIe TOUKH
1 HayepTuM Tpaduk GyHKIAN.

Bamevanue. Ormernm, uro B Touke O(0,0) rpadux umeeT BepTH-
KaJdbHYIO KacaTelbHYO.
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s
|3

HPHUMEP 3.
HccaeioBaTh GyHKIMIO Yy = Sina + £8in 2% 1 TOCTPOATH €€ I'pa-
PuK.
1. Dy = (—o0, +00).
2. dynxnug nedeTHas, 2w — nepuojuieckas. [looTomy nocraTodHo He-
cl1ejoBaTh ee Ha npoMexyTke [0, 7).
3. y(0) = y(m) = 0.
4. y=0<sinz(l+cose)=0& i ; on S:: ?EE’;ZU

Ha cermenre [0, 7] conepxarca auuib Hyau ¥ = 0 u ¥ = 7. Ha unrep-
saje (0, m) y > 0.

5.y = cosx + cos2x = 2cos %xcos f;r

v =0npn z = %ﬂ'(l—l—?k‘) nzx=mn(l+2l), k,1 €Z. Ha cermenre [0, 7]
coJiepkKaTCA TOMBKO [ABa HYId T = %7r n x = m. Nmeem Tabauny

- = T o
HurepBan (—o0, 5m) (37, )
3uak y’ 4 s
y (BoapacTaeT) (ybbiBaeT)
JamMedaHne Ipw z = %’J‘F max y
¢ TOPU3OHTAILHON KAacaTeThHOH.
— afloy . 83
Ymaw = y(im) = BB =13,
6. y' = —sinx — 2sin2x = —sinx(l 4+ 4cos x).
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, ‘
Hysna 4, npunammexanme cermenty [0, 7] 21 = 0, 22 = arccos(—3

1)3

1.82 1 x5 = 7. Cocrasasem TabANILy

UuTrepnad (0, 22) (29, )
3nax y"’ - kX
- g
y (BBITLYK.Ta) (BormyTa)
[lpu z = x» neperud.
SaMedaHue || Ynep = y(x2) = sinxy 4 0.5sin 229 = 0.73

o

! .
ynep .

= o/ (£3) = cos Ty + cos 2xs 2 —1.125,'° /' (0) = 2, ¢/ () = 0.

[MocTpouM rpaduk CyKeHHs HUCXOAHOU (DYHKUAH Ha IPOMEKYTOK

[0, 7).

=

|
|
ne

Hcroab3yd Hede THOCTL (hbyHKIUH, IPOJOJKIAM ee I'paduK Ha Npo-

108 pouqke nmeperuba (ro,y(r2)) yroa HakaoHa KacaTeabHoW K ocu Ox papeH
—arctgy’ (r2) =2 —0.844 pagnana.

)
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MeXYTOK [—m, 0):

JTa YacTh rpaduKa, COOTBETCTBYIOMAA IPOMEXKYTKY [—, 7|, mpo-

, [-37, —7), [-bm, =3m), ...

JoJaXKaeTca jadee

aa (mydn], (3, brl, - ..

SAJAHHUE 2. (Hacts 2.)

Ne ITo monnon cxeme mMCCAefOBATH HYHKIUN
BapHaHTAa M IIOCTPOMUTHL HX I'paduKu.
 — 3)° : B
1. 1). gy = g—_2—§2, 2). y=sinzx+ é—sm&r,
2
3). y =2z + 3z5.
5 Tt ESln 42 - z?
» Y= \/.E ) 'y_373_13
2
3). y=2%¢™"
z—3
3. l).y=4 —, 2). y =cosx — —cos2x,
).y so2p ).y 5 .
3). y=a3(x —2)5.
4, 1).y=—l—+———8—— 2).y=(.1:—5)\/3x2
‘ 2 (3—=z)?’ :
3).y=x+e .
5. 1). y = xze%, 2). y= £ {2 “7.72_7
(x 4+ 1)°
3). y = ——~—.
)- Y (z — 2)2
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2% (x — 1)

. | I
A L) g= T +T’ 2. y=sny — 5 5 2z,
3). y= o/ (x42)? — Va2,
sin (v — 3) z°
A LY = —— 2). Yy = —m———,
g 1)y SN T )y 2(x +1)?
3). y= {/(z + 6)z°.
8 Li. 3= 2’ 2). y= zin’ z
- V=GR y=aln 5
3). y= {/23(z + 3).
i zt
9. D.y=(z+1)e=-T, 2k g = —‘)—7;(_:1:—{—5)2,
3). y = 3V cos 2z.
, 3z -1 +1 . :
10. 1). y = ol o= lg — 8w TP,
3). y = sinw_
o sin(r+2)
Inz +3 T
% 1 2 S e 2 . e e
o )y 1022 °’ )y (x —1)2’
2. = V(r - 1)2(z — 3)2.
2
12. 1 = z 102$+16, 2). y=x — arclgr,
p” ;
3). y= 3/ (z+1)2e”7.
15. 1) = %;—:—%—2-, 2). y =cosw — 3608 3z,
3). y=2x+3+v/(z+1)2.
. inz + 1 zt
14, 1) g 0 g, e el
) * \/E ) y xe -+ 1
3. y= vz2e .
15, 1. o= 4(;:12")2 ; 2). y =sinz + %sin 2z,
3). y= 2%z + 2)°




18. 1). y= (v —4)y/(x + 1)2, 2). y=¢€" —uz,
3. y= Ly 2
VE R (2 —1x)%
17. 1). y = 10z, 2). y = /22 + 62 + 8)2,
3
z
). y=-+—"—"—.
).y CEE
18 ). y= 22& +1) 2). y=cosx — —sin2x
. e (z—=1)2" . ' L "'
3) g = 8 (r+1)%+ 3/ (x + 3)2.
e (z +1)°
19, 1 y=ge =2 2). Yy = ———==
) y &€ 3 Rake )y 2($+2)2)
3). y= {’/(—35+3)2 -/ (z+ 1)2.
(z +1)° .
20, 1) g= 3 —, 2),y=1—zln"x,
) ¥ =Gy ).y
3). y= 2/(1 —1)2(x + 2)%.
; s 173 2
21 1). y=(1—z)e =41, 3}, y= ~—2—7(3: +5)%,
3. y=33/(z —1)> -2z +2.
MeLilt ~1 _ sin(z+ T)
22, 1= : 2).y= ————
)- ¥ 2 +32z24+3z 41 )- ¥ SN
3).y=(z+4) V(1 -2
. z(z+1) _ sin(z— F)
23. 1). y = ————= 2). 9=
)- (z 42)2° )- ¥ cos I
3). y = Va2e* .
04 1) 52 o B — 05 2 ol
449, )., = : T
3). y = Vr2e' ™%,
e ) ($+3)2 3 5 24
3). y = Vsinz + cos .

24




4. MATPHIIbBI, Ol PEAEAHTENH, CACTEMBI JIH—
HEHHBIX AJIMEFPAHYECKHX YPABHEHHH.

1. Boiuucaenue onpedeaumeanent.
Onpenenurenn 2-ro NOPAJAKa BRIYUCIAIOT 0 TPABHIY:

aj; ai2

= a110a22 — A120d21.
as1 422

OupegemnTenu Goee BEICOKOI'O IOPA KA HAXOAAT, UCIIOAb3Y A HX OCHOB-
HblE€ CBOMCTBA, B YACTHOCTH:

a) O6mmii MHOKHTENb BCEX DIEMEHTOB CTPOKH (CTON61A) MOXKHO BbI-
HECTH 3a 3HaK OlpeeauTels.

6) K nro6oil cTpoke onpelequTens MOKHO TPHOaBHTE JI00YI0 APyTyIo
CTPOKY, YMHOXKeHHYIO Ha Kakoe—au6o wuciao.'! [Ipu sTom onpejenn-
TeJb COXpaHsieT CBOe 3HAYEHHeE.

B) MMeeT MeCTO pasiioKeHHe ONpPeJieTHTeNs 0 BJIeMERTaM 1—1 CTPOKH

aip aiz2 - Qain s
aai as? T a
det A = ol g gk A,
kel
an1 An2 S Ann

j—ro croabua

7
det A=) arjdj, 4j=1,2,--5n,

k=]
rge A;; — andrebpamveckoe JONONHEHWE BJEMEHTa d;; B det A, T.e.
Aiy = (=1)"* M;;, M;; — NONOJHWTEJIBLHBIA MHUHOP, COOTBETCTBYIO-
AN ajj, — ONpe/ieJuTelb nopsika n — 1, noayveHnbin n3 det A BbI-

YepKHBaHHEM CTPOKH W CTOI0IIa, Ha NepecedeHUn KOTOPBIX HAXOAUTCA
DIEMEHT ;.
r) OupegeauTeas ¢ AByMA OJHHAKOBLIMA CTPOKAMH (ABYMS OJMHAKO-
BLIMH CTOJOUAMH) paBeH Hy.JIIO.

[Ipy NpakTHIECKOM BBIMHCIEHIH ONpeJequTeNd CTPEMATCS ¢ IOMO-
b0 CBOMCTBA 6) MOAYINTH KakK MOXKHO Go/blle Hylel B KaKou—HUOY /ib

cTpoke (Mau B KakoM-HEHOY b CTOJOIE), & 3aTeM Pa3JoXKHThL MOJy YeH-
HBI ONpeIelHTeNb 10 IeMeHTaM 3TOH CTPOKH (3Toro croabua).

M Crpoku 1 cToabubl onpegeadTeis PACCMATPHBAIOTCA KAK BEKTOPHL. Crpokn
1 cTog6nb 7 paBHOMPABHEL , T.e. eCIU KakKoe—HUOYy[b CBOMCTBO UMeEET MeCTO [IJi
CTPOK, TO OHO CIIPABEIUBO U 114 CTOAGLOB U HaobopoT.
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HPUMEP.

1 2 -1 0
2 —2
BuyucauTh onpejeanTenb A = Y ?)) 9
]_ 4 —J J
-1 -3 =2 15

BhineceM U3 NocaegHero cro/abna oGuini MEOKHTENb I
1 2 -1 0
2 0 3 —4
1 4 -3 1

-1 -3 -2 3

[pu6aBuM ko 2-My croqbuy 1-if, yMHOKEHHBIH Ha -2, K 3-My - 1-1.

Byaem nmers

| 0 0 0

" 2 -4 5 —4

EESER L  t

-1 -1 =3 3

[Tony4deHHLIN ONpeJeuTeNb PA3JoKIM 1O dleMeHTaM 1-1 crpokmn:

& == G

N e
Ao 1o{=1: 3 -8 1
-1 43 9

[puGasum K 1-it cTpOKe 2-10, yMHOKEHHYK Ha 2, 3aTeM KO 2-11 CTPOKEe
npuGaBUM 3-10, TaKXKe YMHOXEHHYIO Ha 2

i =8
Aegu] 0 B %
ELTE S
PaBJIO)KI’INI Telnepb 9TOT OﬂpeﬂeﬂHTeﬂb IO JJeEMEHTaM 1-FO CTOJI6H?LI
A=5(-1) (~1%* | ¢ T2 |=-5-(1-7=(=2)-(-8)) = 45.

2.0cnosnbie deticmeus ¢ MAMPUYAMU.

OcHOBHBIE [[EUCTBHSL C MaTPUOAMU — DTO CJOXeHHe, BbIMHTaHWE
MATpHIl, YMHOXEHHe MATPUILI Ha YHCJAO, YMHOMXKEHHe MaTpPHIl, HaXO-
XK geHune o6paTHOU MaTPHIE.

[Ipu cioxeHn MaTpUI] 12 cxragpIBalOTCs BCe HX COOTBETCTBYIOLIMEe
DAEMEHTBI, T.€. DJIeMeHTBl, HaXO4AuIHecs B OJHUX U TeX XKe CTPOKax n
B OQHUX U Tex ke cronbuax. Ilycrs

12 CkragmBacMble MATPULILL GOJMKHEI UMETh OJWHAKOBBIC DA3MEPRL, T.€. y HUX
JOJAKHO OBRITH O JUHAKOBOE YHCJO CTPOK H OHMHaAKOBOE 1HCJO CTOJIG]_],OB.
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ayp  apz o Qip by b2 - bin

A 97 daz v Qon B= boy  bos -+ bay

Uyl Am2 - Gmn ' . bml bm2 e bmn
KpatkocT pan 5To 6ygeM B JadbHENIIEM 3aliCHBATH TaK:

A= (ai;),,wn> B = (bij),xp- Ilo onpegenennio A+ B =
apy + byq aig+bis - a1n+biy
asi +ba1  aoo +baa - aon + bop s 5
- LY I/ mxn’
Am1 'll‘ bml Am9 + bmz T Umn '1" bmn
Nanee, A— B =
a1 — by a2 —bia - aip —bip
a1 —ba1  asy —baz -+ azn — ban L S
_‘ Ly ti/mxn’
Am1 — bml Am?2 — me s Omn — bmn

IIpH YMHOXEeHU MaTpHIEI HA YUCJIO Ha 5TO YHCIO VYVMHOXaeTCA Ka-

}qubli‘i 2JeEMeEHT ManHHbI:lB
@y SR ey iy
-9y -Gy -+ O dog

o A= (0-ay),, = , O — YHCJIO.
Q- Uy Q-Qm2 - O-Amnp

HPHMEP.

,[I aHbl MaTpHIBLI

ey 12 3 Cf 0= i _
A—(__Q 4 5),8-—.<3 9 1). Hanrn 34 — B.
. e 1 2 -3 0 —1 2\ _
BA'B‘“‘%'(—Q 4 5)”(3 1)“
3-1 -0 3-2—(=1) 3-(-3)—2 1\ _ 3 7 —11
3-(-2)—-3 3.-4-2 3-5—1 -9 10 14 /°

HpI’I YMHOZXKEHHUH MaTpHIl BEKTOP-CTPOKa JeBOT'O MHOXKHWUTeNA YVMHO-
KaeTcd CKaJdApHO Ha BeKTOp_CTOJI6eH NpaBOTO MHOXUHUTEJA:

[N

[\

-

a1 ayz - Aip biy b2 .- blp
aoy gz - d2n bar  boa - - bzp _ (C_ )

' 5w - 13 m)(p7
Am1 Am2 -~ Amn \ bn1 b2 bn-p

13He HyTaTb C yMHOMXEHUEM OlipejeauTe/id Ha YUCA0: Ha 3TO YUCJI0 YMHOXKACTCH
AL OJHA CTPOKA (mau auirs O guH c:TOJIGeu) onpeneganTe .
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el
MTPUMEP. ( 13‘1)- 9 3

Lo b B =2 5 (1) B
ERERTS EAP

o =G B
T\ -5 10 /

O6paTHOH MaTpuliell 1 KBa paTHOH MaTpulnl A = (a35),. ., TO-
psTka n HaspiBaeTca MaTpuna A~ Takan, aro AT A = A A t=F

§ L 1, ecmm j=n1,
eas B = ldig) 0, ecau j#1i

nxn — CAMHHYHAA MaTpHOa, 05 = {

— cumpoa Kporexkepa.!®

Heo6x0oquMOe B JOCTATOYHOE YCAOBHE CyMIECTBOBAHMA OOpaTHOM
MaTpHIE — ee Heocobennocth (det A # 0).

O6paTHas MaTpHlla HAXOAUTCA IO (popMy.te

A Ay - Am

| A Aoy -0 Aps
A—] . 12 22 n2 1
det A 4 i 5. @, G 0 : ( )

Aln A?n RS Ann

rae -Aij = aﬂre6paﬂ‘qec1<oe AONOJHEHHE DAEeMEHTa d;; B onpeaennTe’nie

det A.

—2 2., —3
HPHUMEP. Haitu A~! gua matpuns A = 2 -3 5}
-3 b —8
—2 2 -3
Ncnoasayem dopmyay (1). Beraucasem det A = 2 -3 D
-3 b —8
[IpubaBum Ko 2-My cToabiy 1-u:
—2 0 -3
det A = 2 -1 5 |. IIpubapum K OociAeqHel CTPOKe IIpeJjno-
-3 2 -8

143 temenT ¢j; MaTPHLLI-IPOM3BEJEHUA PABEH CKAJIAPHOMY NPOH3BELEHNIO -
CTPOKH JI€BOH MATPHULI-MHOKHTEIS H j-I'0 CTOA6LA TPABOIO MHOKUTES.
15 Teonoan g Kponekep (1823-1891) — HeMeLKHH MaTeMaTHK, “1eH Bepaunckon

AH.
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—2 0 -3

CcleTHIO, yMHOKeHHYIOo Ha 2: det A = 2 -1 5 |. 3arem pas-
1 0 2
JOKUM DTOT OHpe/euTelb 110 BleMenTaM 2-ro croadna:
det A o 1
et A= — 1 g b= 1 Naaee,
Lo 4 =g B 1 3 -3 % —3
Au=| 5 _8 1-—'—1,1421:— 5 8 =1,As = _a 5 =1,
2 5 -2 -3 -2 -3
iz 3 g [Them=) g g i 2 5 |7%
2 -3 -2 2 —2 2
;413 = _3 5 = 1,A23 —_ = 2 B == 4: ASS = 2 Y —‘g'
-1 1 1 \
Utak, A~ = 1 7 4
1 4 2

Sameuanue. Huxe nad naxox genns oOpaTHOU MaTPUILBL Oy JeT MCTIOIb-
soal Meroj laycca.l®

3.Cobcmeennbie wucAa U coObCMEEHHBIE BEKMOPLL MAMPUY.

Iycts A = (a;;) — KBajpaTHasd MaTpulla MopAJKa 7.
T 17

nXn

Henyaesolt BekTop X = (21,22, -, £n)
HLIM BEKTODOM MATPHUIE A, COOTBETCTBYIOIIHM cOGCTBeHHOMY (Xa-
PaKTePUCTHYIECKOMY ) YHCIY A HTOH MATPHIBL, €CIH HMEET MECTO pPa-

HasbplBaeTca cOOCTBEH-

BEHCTBO

AX = AX (2)

Nag oTeicKanusa COOCTBEHBIX YUCe] M COOCTBEHHBIX BEKTOPOB Ma-
TPUILI, COOTBETCTBYIOIIMX ITUM YucIaM, IIpeobpasyeM ypaBHeHHne (2):

AX =AX & (A-AE)X =0, rae 0=(0,0,---,0)"

\—w
n
ecTh HYJEeBOM BeKTOp—CcTo/bel.
16 Kapa Ppugpnx aycc (1777-1855) — B IAUMHECA HEMELUKUH MaTeMaTHK,

ACTPOHOM, (PUBUK U I'eO JE3UCT.
17 Byxeoit T, MOMEIWEHHON ClIpaBa Haj| BEKTOPOM, MaTpuueil 6y gem o6o3HaYaTh
pesyabTar Tpancnonuposannd. T.o. paccMarpusaembiit BekTop X €CTh BEKTOP-

croabeir.
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[Mocaennee ypaBHeHWe B KOODAUHATHON (hOPME 3alAChIBACTCA B BU-
1€ OXHOPOTHON CHCTEMBI N JHHENHBIX aarebpaudecKux ypaBHeHHH OT-

HOCHTEJNbHO HEUBBECTHBLIX X1, Lo, -, Ln!
(a1 — Nz1 + @ygds -+ Bats = 0,
asg vy + (a2 — A)re  + <+ Ganly = 1,

Ani¥1 -+ Apo®y =+ =+ =+ (ann.“'A)mn =, il

(3)
Kax xopotno uzpectno (manpumep, [7-8]), ojjHoponHas cHCTeMa JAUHEeN-
HBIX adqreGpaldecknx ypaBHEHUH, Y KOTOPOU YHCIO0 ypPaBHEHHH COBIa-
JaeT ¢ YUCJAOM HeH3BeCTHHIX, NMeeT HeHyJJeBOe pellleHlie B TOM U TO/b-
KO B TOM caydae, KOI'ja olpejeTaTelt cucTeMbl pased Hy110. [looTomy

ai; — A a2 A1p
, W) )
det(A—AE)=| ™ o2 “n =0, (4)
an1 An2 *rr Opn — A

Jepaa 9acTh pasencTBa (4) ABIfeTCd MHOMOYIEHOM CTEIEeHN 7N OTHO-
CUTENLHO A U Ha3bIBaeTCA XapaKTePUCTHIeCKUM MHoTo4IeHoM. Kopnu
XapakTepHCTHIECKOTI'0 MHOTOWIeHA U ABAAIOTCA XapaKTePHCTHIeCKH-
M (co6CTBEHHBIME) THCIaMn MaTpuIbl A. MHo)ecTBO Beex cobcTBeH-
HBIX 4HceJ MaTpHIlbl obpasyeT ee CHeKTp.

[lpy npakTHYeCKOM OTBICKAHHU COOCTBEHHLIX 4HCEN B COOCTBEH-
HBIX BEKTOPOB MATPHIIHL:
a)HAXOAT BCe PelleHnA ypaBHeHns (4), T.e. clexTp MaTpHIILL;
6) 408 KakJoro cOBCTBEHHOIO YACIa A PelaT cucreMy (3).
IHPUMEP. Hantu co6cTBeHHRIE YHCIa U COOCTBEHHBIE BEKTOPHI Ma-

4 =2 1"
Tpunblt A = | —1 3 -1
1 -2 2

SamucHBaeM W PacKPBLIBAEM XapaKTePUCTHIEeCKHN OIpeleauTelb:

4R =2 = 4 X 0 ' =i
detfA—AE) =] ~L =% ‘=fj=] =1 B=% =1
R A 1, —B49% %X

B 1 o B p |

== giox 2-x "] 1 —s4a |SE-ANG-AE-
A)—64+20 —6+204+5- X =4=-NA-A+4H)+2r-1=

30



(A= 1) (1= (A= 42) = (A= DA - 3)(A - 5).
Hrak, Ay = 1, )\, = 3, A3 = b — XapakKTepUCTHUYISCKNE THCIa MATPHIIBI
A. '

Halizem Tenepb cob6cTBeHHBIE BEKTODPHI, COOTBETCTBYIOIIUE DTUM
cOBCTBEHHBIM YUCJAAM.

% : T £2
1. A = A\;. O6oznagnm X (1) = (x1, 29, 23)7 — cobcTBeHHbIN BEKTOD
MaTpHIIBL A, COOTBETCTBYIOUIUH COGCTBEHHOMY YMCAY Aj. SalULIEM CO-
OTBPTCTByIOHJ;yIO CUCTEMY (3) B MalTpHLIHOM BHUJ[€:

(A =X B} - XU = {0,0,0)7,

( e — -1 £1 0
=L &= f)\l —1 . L9 - 0 P

\ 1 2 2 X ,733 . 0
/ J =4 =1 By

. | 2 -1 A =z 0 e
\ 1 -2 1 x3 ) 0

Jz1 — 29 — wy = U,
{ g - Iy + ‘Za 0, pellieHe KOTOPOU ¥1 = Xa = &3 =
¢, rle ¢ — IPOM3BOALHOE HUCI0, He paBHoe Hyao. Mrak, x@) =
(1,1, 1)%.

2. A= Ao. Obo3nagum X2 = (tl,'tz,tg)T — cOOCTBEHHBIA BEKTOP
MATPHIE A, COOTBeTCTBYIOIHH co6cTBenHOMY 4Hcay Az. Cucrema (3)
B MATPHUYHOM BHe JJAA Pac cmannBaeMoro caydas:

(4K By X = i6,0,0)%;

g LB A /1 0
-1 3—- X —1 . tz = 0 —
1 -2 2= ) 0
1 -2 -1 ’tl
2 it ol |
(R RS | iy
ifl = th - t3 = O,
, , PELLIEHUE KOTOpOH numMeer BUA
iy = tl, 7 e ‘
Py = 4 , e = ¢, ¢ — MPOH3BOJILHOE YHUC/O, HE PpaBHOE HY-

mo. T.o.,, X&) =¢(1,1,-1)T

1

3. X = A3. O6oznaanm XB) = (uy, us, u3)” — cobeTBeHHLIH BEKTOP
MaTpULbl A, COOTBETCTBYOWNNA COOCTBEHHOMY “HCIY /\3. Cucrema (3)
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B MATPHIHOM BHJE /I PACCMAaTPUBAEMOIO CJIY9ad:

(A~ XzE) - XB) = {0,0,0)7, T.e.

( 4 — X3 —2 -1 \ Uy 0
-1 3—-)3 —1 . U9 == 0 -~
\ I =2 B=3 ) N\ us 0
( =] =3 1 Uy \ 0
-1 -2 -1 «F ag | = =N
' NS TR uz 0
up + 2uy + wuz = 0, ) i
Uy al. 2'[1,2 _ 3U3 - O, , pelllecHAe KOTOPOH UMeEeT BH
=2 ~ s , rjJe Uy = ¢, ¢ — IPpOH3BOJLHOE YUCAO, HE PaBHOE
Uz = U1

aymo. T.o., X3 =¢(1,-1,1)7.

4. Memod Naycca pewenus cucmem AUHEUHbBIT aseebpauvneckur
yYpasHeHUt.

MeToa I'aycca pemennsa cucTeM JUHEHHBIX adrebpandecKux ypab-
HEHWH COCTOUT B IMOCAeJOBATENBLHOM HCKAOYeHUN Henm3BecTHHIX. [lycTh
CUCTEMA CONEPXKHUT 7N Heu3BeCcTHBIX. Mcnoawbaysd sieMeHTapHBIE Mpe-
o6pa3oBaHid, '° HCKMOYAIOT OJHO H3 HEMZBECTHBIX I3 BCEX YPABHEHI
CUCTEMBI, KpOMe oaHOTO. B noay4denHon cucteme ¢ n — | HEM3BECTHBIM
CHOBA NUCKAIOYAKT OJHO U3 HEM3BECTHHIX U T.1. B KOHIIe KOHIIOB ITPUXO-
JAT K CHCTEME C TPEYTroJAbHON (MAH TpalelneBH HON ) MATPHIIEN, KB
BaJEeHTHON MCXOMIHOW cucTeMe., B 5ToM, KaK TOBOPAT, COCTOUT IPAMON
xoa Metofa ['aycca. O6paTHBIM XOJIOM HA3BIBAIOT pellleHle CUCTeMB,

MOJMY9YeHHON B Pe3yabTe MPAMOTO XO/a.

Sameuanue. [Ipn peluennn cucTeM TUHEMHBIX aiTreOpanvecKnx ypaB-
HEHHH BMECTO CaMOU CHCTeMBl YA0OHO 3allChIBATh PACIIMPEHHYIO Ma-
TPHILY CHCTeMbl ' W COOTBEeTCTBYIOLIME dIeMeHTapHLIE NpeobpaszoBa-

HHA BBITIOJHATL CO CTPpOKaMH 5TOU MaTpHOLI.

18 3 1emenTapHbIe Ipeo6pa3soBaHiA CHCTEeM YPaBHEHUHN — 5To: a) YMHOXeHue ofe-
UX [acTell Kakoro—HuGyIb YPABHEHHMA CHCTEMbI Ha OTJAUTHOE OT HYJAA 4UcIo, 6)
npubaBieHne K KAKOMY—IU60 YPABRHEHUIO CUCTEMBl IPYT'Oro ypaBHEHUA, YMHOXKEH-
HOT'O Ha KaKoe—HHUOYIb 9ucia0 ( NMPpH DTOM, €CTEeCTBEHHO, YMHOXKaKTCA 06e JacTu
ypaBHEHM, CKJAAJBIBAIOTCA JeBble M IpaBble 9acTH yPaBHEHUH COOTBETCTBEHHO),
B) IlepeCcTaHOBKA MeCTaMM KaKUX—AU6G0 ypaBHeHHI CUCTEeMBI. DAeMeHTapHbIe Mpe-

OﬁpaBOBaHH.ﬂ CHUCTEeM NMPUBO AT K DKBUBAJCHTHBIM CHUCTEMAM.
n

19 Marpuneii cucremb E ajjey = by, 1 = 1,2,---,m, 21,T2,*+,Tp — HEU3-
J=1
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IHPHUMEP 1. PemmnTh CHCTEMY ypDaBHEHUN

i
x
o
&

3y + 4z = E,
Yy + ~ = '—]—7
y - 4 = 21

2y — 28 = d.

PacumpeHHaﬂ MaTpHlla 5TOU CHCTEMBI —

By =

N DN =

0O - e

o O

41 1
1] -1 [ltepecraBum mMecTamu
-1 2 ’ 1-r0 u 2-10 cTpoOKHU:
21 5
1-10 CTPOKY YMHOKUM Ha (—2)
U pubaBuM KO 2-u u 3-i,
. 1-10 CTPOKY yMHOXUM Ha (—1)
1 M npubaBUM K I1OCTeJHEN:
9 —
5

BeCTHBIE, Ha3blBaeTCa MaTpuia 4 =

MaTpHLER CHCTEeMbl — A, =

MMocrepgHoN CcTPOKY

1 pa3fesiuM Ha 3
- 1
3 (T.e. YMHOXUM Ha S)
4
- | [lepecraBum 2-10
3 U MOCHeHIOW CTPOKH:
4
2
11 a12 Qin
a21 az2 sridai a2n
Am1 A2 Amn
a11 ajz -+ @1p | b1
a1 @z <+ azn | b2
Al Q2 e Amn b

, pacIIMpeHHON



2-10 CTPOKY YMHOXMUM Ha (—5)

1 npubaBUM K MTOCJEIHEN,

1 =1 = 2-10 CTPOKY YMHOXKHM Ha (—1)
0 1 =] 2 ] ¥ IpufaBUM K TPEeANocIeHEN:
- () —
0 5 2| 3
[TpegnocasHIOW0D CTPOKY
| i1 pasgennm Ha (—2), T <1 11 =1
0 1 < ) MOCJAEHIOW — Ha 7: 0 1 =1 9
0 0 -2| 2 i 0 0 1]-1
O 0 Tl s e

Takuwv o6pazoM NPUILIA K CHCTEMe ¢ JBYMHA OJNHAKOBLIMI YPaBHEHN-
AMA

r — y + z = -1,
i = 12 2,

¥ -1,

z = —1.

OT16paceiBaeM TOC/AelHEe YDaBHEeHUE U NTONYYIaeM CHCTEMY

xr — y + z = -1,
Uy T < = 27
g = =l

. Ha sroMm sakanguBaeTcsd NpaMon xog Metoga I'aycca. O6paTHbId X0/
— pelleHne oc/Ie HeR CHCTEMEL. SHaYeHHe 2 YiKe U3BeCTHO U3 MOoC/Ie]-

Hero ypasHaenus. M3 npejnocaenuero naxomm y = 1, uz l-ro—x = 1.
r = L,

Pemenne MCXOHOU CHCTEMBI MMeeT CJAeTYIOMNH BUL: § = I,
& == ==,

OTMeTHM, 4TO UMeeTCA MHOIO pazpoBuanocTen Meroga aycca (Ges
06pATHOTO X043, ¢ BLIGOPOM IVIABHOTO BJAEMEHTA 10 CToJABLY, Mo BCel
MaTpHie, KOMIaKTHBIT MeTo laycca u gp., cM., nanpumep, [9,10]).

[Ipn ucnoabzoBanum MeToja l'aycca 6e3 obparHoro xojga moiy4da-
0T HYJH He TOJBKO MO/ TVIABHOW [HAI'OHAJBIO MaTPHL, BO3HMKAIOUNX
05 pacUIiPEHHOU MATPHUIIBI CHCTeMbl C IIOMOUIBIO BJeMEHTapPHBLIX Tpe-
ob6pazoBanyil, HO U HAJ TVIABHOW IUATOHANBIO.

Tak B paccmMaTpnBaeMOM TNIpMMepe, HCXOAA U3 CUCTEMBI, ClIpele/id-
emon MaTpuien (*), MOXHO MCKIIOMNTH HEU3BECTHOE Y HE TOJABKO W3
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3-ro u 4-ro ypapHenun, Ho # U3 1-T'0, HEU3BECTHOE Z HE TOJBKO U3 4-T0,
HO n u3 l-ro u 2-ro:

2-10 CTpOKy npubaBuM K 1-#,
YMHOXUM Ha (—1)

¥ pubaBUM K IIPEfIIOC.Te[HEH,

1 -1 1.1 <} YMHOXUM Ha (—5)
0 1 = 92 1 upubaBUM K TOCJIEeIHEN:
' 1 34 —
0 5 2| 3
i g 9] 1
0 | 9 Kax u Bvime, nmoay4vyaeMm
¢ 0 2§ 9 i
0 0 7|-7
3-10 CTPOKY NpubaBUM KO 2-i,
1 0 0 1 yMHOXKUM Ha (—1)
0 1 =], 2 ¥ npubaBuM K MOCTeNHEH:
0 6 1l —
0 0 1/|-1
148 0 1
g 1 9] 1
0 0 1]-1
0 0 0 O

Hcxomoe peaieHne pacHnoJOKeHO ClipaBa OT BepTHKa.JIbHOfI HYEPTLIL.

HPUMEP 2. Pemurs cucremy ypaBHEHHU

£, 4+ 2x9 — 223 — x4 = 0,
2{61 + 3;‘232 s 3 + &4 = 07
3x1 + des + 223 — x4 = 1,

[Tpeo6pasyeM pacHIMpPeHHYIO MaTPHLY CACTEMBI

1-10 cTpOKY yMHOXUM Ha (—2)
M IpubaBUM KO 2-i1 ,

yMHOXKUM Ha (—3)

! % z "ilz ']1 8 U NpubaBUM K [OCJEefHEN:
g - ——p
g 4 2 =11
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(T R B R
-10 CTPOKY YMHOXHUM Ha (—1)
0O -1 3 310 .
g0 2 8 2|1
3-10 ¢TpoKy npnbasum K 1-H,
2-10 CTPOKY YMHOXUM Ha 2
1 2 -2 -l 0 u npubaBuM K 3-1:
0 1 ~x e 0 —‘"')
0 2 8 211
1 8.8 1l o
) 3-10 CTPOKY panfeJnM Ha 2:
o 1 -3 310 S
0 0 2 411
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