MHNHOBLPHAYKHN POCCHUA

DenepallbHOE rOCYAAPCTBEHHOE OI0)KETHOE
00pa30BaTEIbHOE YUPEXKICHUE BBICILIETO O0OPA30BAHMS
«Tynpckuii rocy1TapCTBEHHBIN YHUBEPCUTET

I/IHCTI/ITYT HpI/IKHa,ZlHOﬁ MATECMATUKH U KOMIIBIOTCPHBIX HAYK

Kadenpa «IIpuknannas matemaTika u nuHGOpMaTHKa»

VY TBepkIeHO Ha 3aceaHnU Kadeapsl
«IIpuknaaHas MaTeMaTHKa U HHPOPMATHKA
24 suBaps 2022 r., npotokon Ne 5

3aBeyromuii }};e on
///ip M.B. I'pszes
) Yo

METOINYECKHUE YKA3ZAHUSA
110 CAMOCTOSATE/ILHOM padoTe CTYAeHTOB
10 AMCHHUIIAHE (MOAYJII0)
«AJredpa 1 reoMeTpHua»

OCHOBHOI1 MpodeccHOHANBLHOI 00pPa30BaTEIbHOI NMPOrpaMMBbI
BbICIIIET0 00pa30BaHUA — IPOrPaMMBbI 0aKajJaBpuaTa

10 HAMPABJICHUIO MOJTOTOBKH
01.03.02 ITpukaagHas MaTeMaTHKA U HH(POPMATHKA
C HaIPaBJICHHOCTHIO (TIpodusiem)
I[MpuxkiaagHas mareMaTuKka 1 UHPOPMATHKA

®dopma oOydeHus: OuHas

N nentudukamonasiii Homep obpazoBatenbHoi mporpammbl: 010302-01-22

Tyna 2022 ron



Pa3paboTunk MeTOAMYECKUX YKA3AHUI

Jlapun H.B., nonient kad. [IMull, x.d.-m.H., 1011eHT %L%

(DUO, dondcHocmy, yueHas cmeneHs, yueHoe 36anue) (noc)ﬁucz))



3aaHue HA CAMOCTOATEIBHYIO PadoTy

OCHOBHOE 3a/laHH€ Ha CaMOCTOSITENbHYIO PabOTy CTyAEHTa — H3Y4YEHHUE
OCHOBHBIX METOJIOB M allllapaToB JUHEHHON anreOphl M aHAJIUTHYECKOU
re€OMETPUH.

dopMa OTYETHOCTH

ITIo ocHOBHBIM TEMaM, Ha JICKIUAX ¢ IPAKTHUYCCKHUX 3aHATUAX HNPEAYCMOTPCHBI
THUIIOBBIC paC‘IéTBI H BOIIPOCHI B 9K3aMCHAIIMOHHBIX ouireTax.

KpaTkasi TeopeTnyeckasi cCipaBKa

[TpoGyieMbl COBPEMEHHOIO MaTEMAaTHUYECKOTO MOJEIUPOBAHUS B IMPHUKIAIHBIX
o0nacTsX TpeOyIT OT CTYAEHTA BIAJEHUE TaKUMX MOHATHH, KaKk aireopanyeckue
CTPYKTYpBl, JIMHEWHbIE MPOCTPAHCTBA, JIMHEHHBIE OMNEPATOPBI, MAaTPHUIIbI,
€BKJIUJIOBBbI, YHUTAapHbIE, a(@PuHHBIE MPOCTPAHCTBA , KBAJpaTUYHbIE (POPMBI,
CKaJSIPHOE, BEKTOPHOE M CMEIIAHHBIE IPOM3BEICHUSI BEKTOPOB, CHCTEMBI
JMHEWHBIX YPaBHEHUH , )KOPJIaHOBBI (POPMBI MATPUIL U T.1.

OTu 3HaHMS HEOOXOJUMBI Ui JajbHEHIIEro M3y4yeHUs JAUCLUILIIMHBI
"mMaremaTtuueckuii  aHanus," @OyHKIMOHaNbHBIM aHamu3" , "JluckperHas
matematuka" , "Ilpuknannas anredpa” , "HucneHHsiii MeToabl".



PexomeHganum no BHINOJHEHUI0 THIIOBBIX pacqéTOB.

TunoBoii pacuér No 1

3aganus tunoBoro pacuéra Ne 1 Haxonasrcs B ( Kysnenos JI.A " CoopHUK 3a1a4
0 BBICIIEH MaTeMaTuke . TUroBble pacd€Thl : YueOHoe rmocodue. 9-¢ u3ganue, -
CIIb.: JIanb 2007, 240 ctpanun), riasa | X Ananurudeckas reoMeTpusl.

Yka3aHnusi K 3aIaHUSIM.

3agauva 1.
Hanucats pasnoxeHne BeKTOpa X MO BEKTOpam p q 7

¥=(-1,2,3) p=(0,1,1) g=(1,0,1) #=(1,0:-1).

Yka3zanue.
Heo6xo1uMo coCTaBUTh JIMHEHHYI0 KOMOMHAIIUIO BEKTOPOB P q T , 4epe3
KOTOPYIO BBIPAXKaeTCs BEKTOP X ; IOCTPOUM BEKTOPHOE PABEHCTBO
X =o p +Bq +yr. B koopauHatHoOi hopMe 3TO BBITIISIUT TaK:
(-1,2,3) =a0,1,1) +8(1,0,1) +vy(1,0,-1).
DTO HEPABEHCTBO YKBUBAJIEHTHO CUCTEME YPABHEHUH :

B+y= -1
a=2
a +f—y=3

pelInB €ro, HailAéM KOOPAMHATHI MCKOMOTO pPa3joXKEeHUs , a, 3HAYUT, U Camo
pazlioKEeHHE.



1)

3)

4)

3apaya Ne2.

KonnnHeapHbl M BEKTOPbI CiM C2, MOCTPOEHHbIE NO BEKTOpam an b?
a=(1,-2,-3), b=(2,0,1), ci=2a+4b, co=2b-a

YKa3saHue.

HanTtn KoopaunHatbl BekTopoB C1 u C;
Ci=2(1,-2,-3)+4(2,0,1)=(10, -4, -2)

C=2(2,0,1)—(1, 2, 3)=(3,2,5)

2) HaliTn BeKTOpHOE npounsseneHune. Eciv oHo paBHO HyNeBOMY BEKTOPY, TO
Cin CoKONNMHEapHbI, B MPOTUBHOM C/ly4ae HEKOJI/IMHEAPHDI.

MO»KHO cOCTaBUTb BEKTOPHOeE ypaBHeHne aC: + BC, =0; a(10, -4,-2) +B(3,2,5)=(0,
0, 0) -> NoAy4YMM CUCTEMY YPaBHEHUN:

10a+3 =0
—4a+2=0
—2a+58=0

Ecnu ona umeet HenyneBoe pemenue, To C; u CoxkomnnHeapHsl. B
MIPOTUBHOM CITy4ae - HET.

MOHO COCTaBMUTb OTHOLLEHUA OAHOUMEHHbIX KoopauHaT C1 u C. Ecam oHKM paBHbI, TO
KONIMHEapHbl, €C/IN HET, TO He KONAMHeapHbl. B Hawem cnyyae 10/3 # -4/2. 3HaunT He
KON/IMHEPAHbI.



3apaya Ne3.

HalTu KocnHyc yrna mexay sektopamum ABu AC.

YKa3saHue.

1) Haxoaum ABu ACB KoopAauHaTHOMW popme:

AB = (-1,-1,-5), AC=(2, 2, -4)
X1X2+Y1Y2+Z17Z2 —2-24+20 _ 4x+2

2) Bocnonb3ayemca ¢popmysion cosa = = =
) y bopmy VXIX1+Y1Y1+Z122* VX2X2+Y2Y2+Z2222 ~27+\/24 9




1)

2)

3apaya No4.

Bblumcantb nnowaab napannenorpamma, NnoCTPOEHHOro Ha BEKTOpax au b.a=p +q,
b=2p—q, |p|=1, |a|=3, yron mexay pu q=m\6

YKa3aHue.

Haxoanm BeKTopHOe npounsseseHne BEKTOPOB au b.
axb=(p+q)(2xp-q)=px2p-pxq+gx2p-gxqg=0-3pxq—-0=-3pxg
Hangém moaynb Bektopa -3p x g

|-3p xqg| =3|p|x |q]| Sinm\6 =4,5.
MNnowaab napannenorpamma pasHa 4,5.



3apaya Nob5.
Kommranapusl ju BekTopsl a,b,c. a=(2, 1, 1), b=(0, 1, 0), c=(-1, 1, 1).
Yka3zaHnue.

1) Haiiném cMernraHHOe MPOU3BECHIE BEKTOPOB a,b,C:

2
0
-1

(a,b,c) = =3;

(WU
_ O =

2) JlemaeM BbIBOA: Tak Kak (a,b,C)#0, ToO BEKTOpbI HE KOMITJIAHAPHBHI.



3agaua Neb6.

Beraucnuth 006EM TeTpaspa ¢ BepIiimHaMu B TOUKax A1A, A3z Ay M €ro BBICOTY,
ONYIIEHHYIO U3 BEPUIMHBI A4 Ha TpaHb Aj Az As.

Ykazauue.

1) Haiiném cMmerianHOe Mpou3BeacHHE BEKTOPOB A1A, , A1Asz, Ai1A4 . I[lonmydeHHBIH
pe3yabTaT pa3nenuM Ha 6. ITO U OyJIeT UCKOMBIN 00BEM.

2) Haiiném BekTOpHOE IIpOU3BeicHHuE BEKTOPOB A1A2 X A1 Az, 3aTeM HalWIEM ero MOAYJIb U
pasienum pe3ysbTaT Ha 2. DTo U OyAET IUIOa b OCHOBAHUS TETpadapa.

3V

3) Jlns HaxOXAEHUS BBICOTHI BOCHOJIBb3yeMcs hopmyion H =



3anaua 7.

Haiitu pacctostaue ot Touku Mo 10 TIII0CKOCTH, TTpoxoAsiei yepe3 Touku Mq My
Ms .

Yka3anue.
[Tycte Mo uMeeT koopauHATHI (XoYo Zo), M1 (X1y1Z1), M2 (X2Y222), M3 (X3Y3Z3) .

1). Haitnem ypaBHEHUE MJIOCKOCTH, IPOXOJIAIIEH Yepe3 TPU TOUKHU:

x0—x1 y0—yl z0-—1z1
x2—x1 y2—-yl z2-2z1| =0
x3—x1 y3—-yl z3-1z1

[Monyuynm ypaBHeHHE Buaa: ax+by+cz+d=0

axo+byg+zcy+d
0tD0Yo 0

2
VaZ+b2+c?

2). Haitnem paccTosiHue OT TOUKH J0 IIOCKOCTH MO (popMyie X =



3ajaua 8.

Hanucate ypaBHEeHUE TIIOCKOCTH, TIPOXOIAIIEH Yepe3 TOUKY A NepHeHAUKYISIPHO

BekTopy BC.

Yka3zanue.

1). Haitnem xoopiHaThI BEKTOpa BC.

2). Bocrionb3yemcst hopmyIioi ypaBHEHHUS TIFIOCKOCTH, MMPOXOISAIICH Yepe3 TOUKY
A (Xo Yo Zo) mepriermukysipao BC = (8,0,C) :a(X-Xo) + b(y-Yyo) + ¢(z-20)=0.



3ajaua 9.

Haiit yron Mexnay mioCKOCTAMM.
Ykazanue.

Kocunyc yria Mexny miockoctsmu ax+by+cz+d=0 u a;x+b,y+c,z+d;=0
aai{+bbi+ccq

2 2 )
VaZ+bZ+cZ+" |aZ+bi+c?

IIOMCHATH 3HAK Ha HpOTHBOHOJ’IO)KHBIﬁ.

HaXOoJUTCs 1o popMyie COS o = Ecnu cos a>0 , To Hano



3aaaua 10.

Haiitu koopaunatel Touku A, paBHOyaajaeHHoi ot Touek B u C ;A (X,0,0), B (-2,-
4,-6), C (-1,-2,-3).

Yka3zanue.

[Tonp3ysch ycIoBHEM 3a/1au, COCTAaBUM YPaBHCHHUE: \/ (x+2)2+4+36=
JE+1D2+4+9.

Pemum ero: (X+2)*+4+36=(x+1)>+4+9 .
X2+HAX+A+4+36=X3+2x+1+4+9 .
2x=10-40 .

X=-15.

Hckomas Touka umeer Bua: A (-15,0,0) .



3aaaua 11.

[Tycts K — ¢ 1ienTpoM B Hauajie koopauHaT. BepHo 11, uto A MpUHAIICKUAT
mwiockoctu o ?A (0,3,-1), a: 2x-y-+3z-1=0, k=2.

Ykazanue.

YpaBHeHHUe 00pa3a MIIOCKOCTH O TIPU JIAaHHOW TOMOTETHH ¢ Ko3dduiimeHTom K
umeet Bua: 2X-y+3z-k*1=0. [ToacTaBiM KOOPAMHATHI TOYKHU B ITOJTyUYCHHOE
ypaBHeHue: 2*(0-3-3-2=-8. -8 He paBHo 0, 3HAUUT A HE TPUHAIICHKUT 0.

3ajaua 12.



Hanucate kaHOHMYECKOE ypaBHEHHE MpsiMOit: 2X-3Y-2Z+6=0; X-3y+z+3=0.
Ykazanue.

1). HaiftTu HampaBmstoIuii BEKTOP MPSMON MepeCceueHUs TII0CKOCTeN Kak
BEKTOPHOE MPOU3BEACHNE NX HATPABIIIOMINX BEKTOPOB. B TaHHOM ciryyae:

ik
2 -3 —2|= -9i-4j-3k
1 -3 1

MO>KHO U3MEHHTD 3HAK ¥ TOTJIa oay4duM BekTop p = (9,4,3).

2). Haiitu 0o0111y10 TOUKY JBYX IUTOCKOCTEM. /{7151 3TOro Hajio pemuTh CUCTEMY
YPABHEHUN:

{2x—3y—22+6

X—3y+z+3=0 ITycte z=0, Torma

{2x—3y=—6
x—3y=-3

{x = -3
y=0
Oormiast Touka A umeet koopaunatsr: (-3,0,0) .

3). Bocrnonb3yemcsi opMyIoil KAHOHHYECKUX YPaBHEHUHN TIPSIMOIA:

x_ax":y _by °:Z_CZ°. B namem cinydae moayuum: (X+3)/9=y/4=12/3.

3agaua 13.



Haiitu Touky nepecedeHus NpsiMOU U TIIIOCKOCTH.

7 Y22 2 oxy+72-3=0.
3 1 -2

Yka3zanue.

1). Touky nepecedyeHust MOKHO Pa3bICKUBATh, pelllas CUCTEMY YPABHEHUIA:

2x+y+7z—3=0

x—=7 y—3
3 1
y—3 z+1
1 =2

2). Ecnu Hanmcath mapaMeTpuiecKrue ypaBHEHUS JTAHHOW MPSMOIA:

2x+y+7z—3=0

x=3t+7 v=3t+7
y=t+3 ,To noiy4uM Cireayrouyr CucTeMmy: -
z=—1-2t y=t+3
z=-2t—-1

Pemum eé: 2(3t+7)+(t+3)+7(-2t-1)-3=0;
6t+14+t+3-14t+7-3=0;

-7t=-21; t=3.
x=3%*3+7
y=3+3
z=—-2%x3—-1

Hckomas Touka mepeceucHust uMmeeT KoopauHathl: (16, 6, -7).

Tunosoi pacuer Ne2




3ananus tunoBoro pacuera Ne2 naxoaurcst B ( Kysnenos JILA " COopHuK 3a1au
0 BBICIICH MaTeMaTHKe . TUNoBbIle pacdy€Thl : YuebHoe nocodue. 9-e uznanue, -
CIIb.: JIanb 2007, 240 ctpanun),rnaBa X. JMHEHas anredpa

Yka3zanud K 3a1aHUSIM.

3agaua 1.

OO6pa3yer Jau JIMHEHHOE IPOCTPAHCTBO 3aJJaHHOE MHOXKECTBO, B KOTOPOM
OTIpeJieJICHbl CyMMa JIFOOBIX 2JIEMEHTOB a M B U IIPOU3BEICHUE JIFOOOTO AJIEMEHTa a
Ha J11000€ NEUCTBUTEILHOE YHCIIO O ?

Yka3zanue.

HpI/I OTBCTC Ha 3TOT BOIIPOC HGO6XOI[I/IMO IIPOBCPHUTH BLIIIOJHCHUC aKCHUOM
JIMHEHHOT'O IIPpOCTPaHCTBA. Ecnu xoTs ObI OJHAa U3 HUX HC BBIITIOJIHACTCIA , TO
MHOJKCCTBO 3aJaHHBIMH OIICPpallUsAMHA JIMHEHMHOE IIPOCTPAHCTBO HC 06p33yeTc;1.

Ipumep.

MHOKECTBO BCEX BEKTOPOB TPEX MEPHOTO MPOCTPAHCTBA , T/ie cymMmma a D 6= a X 6

1
H IIPOU3BCACHUC O0OBIYHOE O — .
a

[TpoBenem akcuomy KOMMYTaTUBHOCTH: d D 6=ax6, e D a=-axs
cjieIoBaTeIbHO, . MHOXKECTBO JIMHEWMHBIM MPOCTPAHCTBOM HE SIBJIAETCS.

IHpumep.

MHO0KeCcTBO BceX MOJ0KUTENbHBIX hynkuuid, tae f (t) @ g(t)=f (t)-9(t), a * f
(t)=[f (t) ] * mpoBepum, 4TO MHOXKECTBO abeseBa rpyma.

1. 3aMKHYTOCTb. T.K. IPOU3BEIAECHUE MHOKECTBEHHBIX (YHKLIUN €CTh (DYHKIIUS
IIOJIOKUTEINIBHAS , TO 3AMKHYTOCTB JOKa3aHa.

2. ACCOI_II/IaTI/IBHOCTB . T.K. IIPOU3BCACHUC YNCCII aCCOLITMAaTHUBHO, TO OTCIOAA
CJICAYCT N ACCONNATUBHOCTDH OIMPCACICHHOIO TaAKUM 06pa30M CJIOKCHUA.

3. Hanuuue HENTpanbHOTO AIIEMEHTA.
B kauecTBe TaKOro MOKHO B35ITh €AMHUYHYIO (DYHKIIUIO T.€. B CMBICIIE
HAILIETO CIIOKEHMS POJIb HYJIEBOI'O 3JIEMEHTA BBIIIOIHACT €AUHUYHAS
byHKIMS.

4. Hamuuume oOpaTHOTO dJIEMEHTA.



Jlist 1060ro f M3 HALIEro MHOYKECTBA B KAa4eCTBe -f MOKHO B34Th U f 1.
f ~! > 0 u Bcerna cymecTByeT B €JMHCTBEHHOM YHCIIE.

5. KommyTtatuBHOCTH . KOMMYTATMBHOCTB CJIOXCHHUS B HAIIIEM CMBICTIE
BBITEKACT U3 KOMMYTAaTHUBHOCTH YMHOKEHHS YHCEIT.
TakuM 00pa3oM Mbl KMeeM abesIeBy TPYIIITY MO CI0KEHHIO.
[TpoBepsieM BBIMOJTHUMOCTh AKCHOM YMHOXCHHUS Ha YHCIIO.
1. 3amkuyTOCTB T.K. f (t) > 0, T0 [f (t) ] ¢ > 0 mpu mr060M o € R,
3aMKHYTOCTb JJOKa3aHa.
2. 1-f=f .1k 1- f(t)=f 1(t) = f(t) ,T0 5TO CBOMCTBO UMEET MECTO.
3. a(B-f)=(o B) - f.1x o (B~ f(t))=[fP(t)]* ,To mo cBOliCcTBY cTemeHei
[FE()]*=f*f(t) =|a ] f T.e paBEHCTBO BEPHO U CBONCTBO JOKA3aHO.
4. (oa+B)f= of ®BL. T.x. (a+B)F=[f(t)]**?, To o cBOliCTBY cTemeneit
[f(t)]*P=F*(t)-fP(t)=afPPf. CaoiicTBO MOKa3aHO.

5. a(fPg)=afPag. T.x. a(fPg)=[f(t)-g(t)]* To mo cBOWCTBY CTeICHEH
[f(t)-g()]*= f*(t)-g%(t)=af@ag. CoiicTBO moka3aHo. Takum 0Opa3oM JaHHOE
MHO>KECTBO C JIaHHBIMH OTE€paLUSIMU 00pa3yeT JMHEHHOE TPOCTPAHCTRO.

3ajaua 2.



HccenenoBars Ha JIMHEMHYIO 3aBUCUMOCTh CUCTEMY BEKTOPOB.

Yka3aHue.

HccnenoBanre JIMHEMHON 3aBUCUMOCTH CUCTEMY BEKTOPOB MOYHO CBECTH K
3a/1a4€ O HAXO0K/ICHUU HEHYJIEBBIX PELICHU HEKOTOPOU OAHOPOIHON CUCTEMBI
JIMHEWHBIX YPABHEHUM.

Hpumep:a=(-2, 1, 5), b=(4, -3, 0), ¢=(0, -1, 10).

Ykaszanue:
1) CocraBuTh JHHEHHYIO KOMOWHAIIMIO JAHHBIX BEKTOPOB M MPUPABHSITH €€
HyIeBOMY BekTopy ad + b+ yc =0
2) 3amucath JaHHBIC PABEHCTB B KOOPIMHATHOM BH/IC U MMOJYIUTH CHCTEMY
JMHEHHBIX ypaBHeHU. B Hamiem ciaydae nonyuum: a(—2,1,5) +
8(4,—3,0) +y(0,—1,10) = (0,0,0)

—2a+4 =0

Cucrema umeet Bua: & — 36 —y = 0 . Pemum ee u nmonyuum S +y = 0.
5a+ 10y =0

Cucrema umeet HeHyneBoe perieHue npu f = 1,y = -1, a = 2.

Ecnu cucrema 3anucana B KOOpJIMHATHON (popMe, TO MOKHO Cpa3y BBIYUCISATh
OIIPENENNTENb MATPHULIBL, TIOCTPOECHHOM TaHHON CUCTEMOI BEKTOPOB. B Hamem

-2 1 5
ciysaed= 4 -3 0 =60—20+0—-0-0-—40=0. Torna nenaem
0 -1 10

BBIBOJI O JINHEMHOM 3aBUCUMOCTH. B IPOTUBHOM Cilydae cuctema JUHEUHO
HE3aBUCHMA.

Tpumep:e(x), sh(x), ch(x) ra (-00,+0).

Yka3anue:
1) Bocnosb3oBaThes onpeneanTesieM BpoHCKoro:
e* shx chx e* shx chx
()" (shx)" (chx)' =e* chx shx.
(e*)" (shx)" (chx)" e* shx chx
T.x. B onpeaenuTese ABe CTPOKU OJMHAKOBBIC, TO OH paBEH HYJIIO MPHU
Bcex x€(—0o0, +00). 3HAUNUT CUCTEMA BEKTOPOB JTHMHEHHO 3aBHCcHMa. B
MIPOTUBHOM Cllydae — JUHEWHO He3aBHcUMa. B Haliem ciiyuae cucrema
JINTHEVHO 3aBUCHUMA.



2) MOXHO pacCMOTPETh CHCTEMY (DYHKIIMI IPH KOHKPETHBIX 3HAYCHHSIX
nepeMeHHo#. T.K. uMeeM TpH PYHKIIMH, TO HAJO B3STh TPH 3HAUCHUS
nepemenHoi. [TycTh ecTh cuctema pynkmmii 1, tg(X), Sin(xX)aa odmactu
onpenenenus pynkuuu tg(X). [Tycts X=0, TOrIa MOTyIUM TPONKY YHCE

. V2
1,0,0. Ilycts x = %, TOTJa UMEEM TPOUKY 1,1,7. Ilycts x = %, TOTAa

1 0 O
V2
IIOJIyYUM TPOUKY 1, %, % CocraBuM onpenenurens A= 11 2.
V3 1
1 2= =
3 2

7

1 V6
Beraucnnm ero. B Hamem cityyae 4 = ST e * 0. BeiBoa: cucrema

BekTOpoB 1, tg(X), sin(X) muneitno HezaBucuma. Eciim 4 = 0, o
TPeOYIOTCS TOTOTHUTEIBHBIC UCCIICIOBAHHUS.

3) Ecnu umeetcst cuctema (yHKIIHA, 3a1aHHBIX HA OTPE3KE, TO ONPEICIIUB
Ha HEM CKaJISIPHOE IPOU3BEICHUE, MOKHO IMMOCTPOUTH OMIPEACIIUTEID
['pama. B cnydae ecnv OH paBeH HyJIIO — CUCTEMa JIMHEWHO 3aBucuma. B
MPOTUBHOM ClTy4ae — JMHEWMHO HEe3aBUCUMA.



3anaua 3.

HaiiTu oO1iiee peiieHue Juisi TaHHBIX CUCTEM YPaBHEHUN U IIPOAHATIU3UPOBATH €TI0
CTPYKTYpy ( IoKa3aTh 0a3uc MPOCTPAHCTBA PEIICHUN OJTHOPOIHOMN CUCTEMBI,
YCTAHOBUTH Pa3MEPHOCTh MPOCTPAHCTBA, BBIACIUTH YACTHOE PEIICHUE
HEOJHOPOJIHOM CUCTEMBI).

X1 —x24+x3—-2x4+x5=0
IIpumep x1 + x2 — 2x3 — x4+ 2x5=0
x1 —3x2+4x3—-3x4=0

Ykazanue

1) Haiigem paHTr MaTpHIIbI CUCTEMBI YPaBHECHUI

1,-1,1,-2,1 1,-1,1,-2, 1 1,-1,1,-2, 1
(1, 1,—2,—1,2) ~( 0,-2,-3,1,1 >~( 0,-2,-3,1,1 >
1,-3,4,-3,0 0,—-2,3,—-1,-1 0,0,—6,—2,—2

r=3;

2) BblmenuM HeHyJIeBOM MUHOP MATPHIIBI M ITPeoOpa3yeM CUCTEMY:
x1 —x2 +x3 = 2x4 + x5
{Xl + x2 — 2x3 = x4 + 2x5
x1 — 3x2 + 4x3 = 3x4
Pa3mepHOCTh MOAMPOCTpAHCTBA pellieHui paBHa N-r=5-3=2.

WTtak pa3MEpHOCTb YCTaHOBJICHA U PaBHA JABYM.
3) Haxoxum 6a3uc moanmpocTpaHCTBa PEHICHHH.

[Tycts x4=1; x5=0.

Tornma nonyun cucremy:

x1+x2—-2x3=1
x1 —3x2+4x3 =3
PemmM ee u HaiineM x1=5/12; x,=0; x3=7/12

{ Xx1—x24+x3=2

. . 5 7
[TepBbIit 6a3UCHBINM BEKTOP UMEET BU/I; (E; 0; Py 1; 0). MoxHoO ero

3aMEeHHUTH Ha Oosiee yA0OHBIN 1iis Beraucienuid: (5, 0, 7, 12, 0)

[Tycth x4=0; x5=1.
x1—x2+x3= -1

Toraa nonyunm cucremy: {xl +x2 —2Xx3 = —2  pemuM ee U HalaemM
x1—3x2+4x3 =0

x1= -1; x.=0; x3=0.

Bropoii 6a3ucHbIi BekTop umeer Bua: ( -1, 0, 0, 0, 1).

Hrtak pasMepHOCTh TOANPOCTPAHCTBA PELICHUN PaBHO IByM. ba3ucHblie

BEKTOPHI MoanpocTpancTea umerot Bua: (5,0, 7,12, 0), (-1,0,0,0, 1).



x1+x2—-—3x3—4x4 =1
IIpumep.{4x1 + 5x2 — 2x3 — x4 = 3
3x1+4x2 +x3+3x4 =2

1)BbIsicCHUM COBMECTHOCTH CUCTEMBI.
Haiinem paHr paclumpeHHON MaTPULbI CUCTEMBL:

1,1,-3,—4]|1 1,1,-3,-4] 1 1,1,-3,—4
(4,,5,—2,—1 3>~(0, 1,10, 17 —1>~(O, 1,10, 17

3,4,1,3 12 0,1,10,17 1-1 0,0,0,0

1
_1)
0

WTak, paHr OCHOBHOW MATPHIIBI PABEH PAHTy PACIIMPEHHOW PABEH ABYM. 3HAUYMUT
cuctema coBmecTtHa(T. Kponekepa- Kannenn)

Takum 06pa30M MOJKHO 3aMCHUTBb UCXOIHYIO CUCTEMY 97 paBHOCHHBHOﬁI

{X1+X2—3X3—4X4=1
4x1 4+ 5x2 — 2x3 — x4 = 3

x1+x2—-—3x3—4x4=0

PaCCMOTpI/IM IMPUBCACHHYIO CHCTGMY:{4X1 +5%x2 —2x3 — x4 = 0

N3 BBIIIEPACCMOTPEHHOTO CIEAYET, YTO €€ paHr paBeH IByM. Cle10BaTENbHO
MOAITPOCTPAHCTBO PELIEHHUMN ABYMEPHO.

Haiinem oO1ee pelieHre 0AHOPOIHOM cUcTeMBI. [t 3Toro Hajo HallTu ee Oa3uc.

Pemast mpuBeneHnyo cuctemy npu Xs=1, x4=0 u x3=0, X4=1, momyuum 6a3uc:

(13,-10,1,0), (19,-15,0,1)

Oomee permenne nmeet Bua: x= o13,-10,1,0+p(19,-15,0,1)

x1 =130+ 19

B xoopauHarax: x2 = —10a =150
X3 =
x4 =

Pasznoxum B o01en cucreme x3=0; x4 =0.

X1+XZ =1

Toraa nonyunm cucremy: { 4r: + Sy, = 3
1 2 =

PemmB eé, naiinem x1 = 2; xp = -1.



Yacroe pemenne nmeet BUI: X1 = 2; X2 =-1; x3=0; x4=0;

OOmiee perneHne HCXOHONW CUCTEMbI IMEET BUI :

x= a(13,-10,1,0) + £(19,-15,0,1) + (2,—1,0,0);

x; =13a + 196 + 2;

X, = —10a — 156 — 1;
X3 = Q,

x4 = B;

B xoopaunatHOU hopme:



3ajnaua 4:

Haiitu koopauHaThl BekTopa X B 6asuce (e] , €, €3), €ClIM OH 3ajaH B 0asuce (€, ,
€,, €3).

[Tpumep:
e; =€ + €, +11e;
% = (1,10,10) & ==& - &
ey = —& + & +&
Yka3anus:

1) Haiinem maTpuiy nmepexoaa P oT mepBoro 0asrica Ko BTOpOMY:

1 1 11
p=[= -1 0|

10

-1 1 1

2) Tpancnonupyem eé€:
11

1 5 -1
PP=l1 -1 1)
11 0 1
3) Haiigem oOpaTHYIO K HEW:
11 1
1 _ N
10 10
PYl=| -10 -12 2 |
11 & 4
10 10

4) HaxomuMm KOOpIWHATBI BEKTOpa X B HOBOM Oaswmce:

11 1
V1 X1\ /Y1 1 10 1w0\/1
y2 | =(P")? Xz) (Yz =| —-10 -12 2 10 | =
y3 X3/ \Y3 11 2 10
10 10

=| —10 —120 —20 —150
121 131

—_— %
10

11 1
11 + 10 +24%10
10

HMckombie KOOpAHWHATBI UMCIOT BHU

Y11= 11; y2:-150; y3=131.



3agaua S.

[TycThb X = (X1, X2, X3). SBISIOTCS JIU TMHEHHBIMH CIIEAYIOIINE TPEe0Opa30BaHUS:
AX = (X3; X1-X3; X2+ Xa);

BX = (1 X1- X3 X2+ X3);

CX = ( X1; X1 — X3; X2 + X3);

Yka3zanus:

Jiig Toro, 4ToOBI IPe0Opa3oBaHre ObLIO JIMHEWHBIM HEOOXOIMMO U JOCTaTOYHO,
yTOOBI KOMIOHEHTHI 00pa3a umenu Bua: Ax1 + Bx2 + Cx3.

[Tostomy C — nuneitHoe mpeoOpazoBanue, A, B — Her.



3agaua 6:

[Tycth X = (X1, X2, X3). AX = ( X2 — X3, X1, X1 + X3); BX= (X2, 2X3, X1).
Haiitu ( 3B + 2A2)X;

Yka3zanue:

3anuiiem npeodpazoBanuu A u B B MaTpuuHOM BU/IE:

0 1 -1 01 0
A={1 0 0 ) B=|0 0 2
1 0 1 7 0 0

Torna

0 1 —-1\/0 1 -1 0 0 -1
A2:(100100:01—1;
1 0 1/\1 0 1 1 1 0
0 1 0 0 0 -1 0 3 0 0 0 -2
3B+2A2=3(002+201—1)=006)+02—2=
1 0 0 1 1 0 3 00 2 2 0
0 3 -2
:<024;
5 2 0
0 3 -2\ /X1 3%, —2X3
0 2 4 |[X])=]2x, +4x3];
5 2 0/ \X3 5%, +2x,

Takum 0Opazom:

(3B + ZAZ))_( = (3X2 — 2X3, 2X2+4X3, 5X1+2X2).



3angaua 7.

Haiitu maTpuity 1uHeiHOTo oneparopa B 6azuce (€1°,62°,63°), rae €1'=6;" - €'+

b

€, E’=-8+ B’°-2 8’ ; €’=-8 12 € + €, ecau oHA 3a1aHa B 0a3uce

0 1 1
(€1,62,83) A=——1 0 1
1 -1 1

Yka3zanue.

Ecmu €’ = Pe, rue P — matpuia nepexoza ot 6asuca e kK 6a3ucy €1, TO MaTpHIa
oneparopa A B 6asuce € B 6azuce ¢’ Oyaer umers Marpuny B=(PT)1A(PT).

1 -1 1
B namem cnywae P={ -1 1 =2,
-1 2 1

1 -1 -1
P'=({—-1 1 2 ; |; Haiiném (PT)™L.

1 -2 1
1 -1 -1
X=—1 1 2 =1-2-2+1+4-1=1;
1 -2 1
Au= _12 i|:5; A12:|_11 i|:'3; A13:|_11 _12|:1;
An= :% }|Z3; AzFH _11|:2; A23:|i :1|:1;
Aa= :é _11|=’3; A32=|—11 _21|=’1; A33=|—11 _11|=0;

5 -3 1
Martpuia u3 JOMOJTHEHUN UMEET BUI: ( 3 2 1)
-3 -1 0

Tpancnonupyem e€ u Bce 3neMeHThl paznenuM Ha X. [Tomyunm oOpaTtHyto

5 3 -3
marpuny (PT)*=| =3 2 —1 ). Torna
1 1 0

5 3 -3 0 1 1 1 -1 1
B<—3 2 —1) (—1 0 1) (—1 1 2>=
1 1 0 1 -1 1 1 -2 1



B

(

—6
-3
-1

-9
-3
0

8
-2
1

-2 15
-9
3

2
-2

5
—2

I

)

1
-1
1

-1 1
1 2
-2 1

)

(

-9
-3
0

-2 15
2 -9
-2 3

)



3anaua 8.

JlokazaTh TUHEHHOCTh, HANTH MaTpuIly (B 6asuce 1, j, k), o0pas u szpo

oIiepaTopa MPOEKTHPOBAHMUS Ha IIOCKOCTh X - V32=0.(ct)
Ykazanue.

[TycTb (Xo, Yo, Zo) KOOPAMHATHI MPOU3BOIBHOM TOUKH TIOCKOCTH. [IpoBeném uepes
He€ NMPAMYI0, IEPHEHAUKYISIPHYIO TaHHOW INIOCKOCTH. JTO 03HAYAET, YTO
HaIPaBJISIONMN BEKTOP TNIOCKOCTH MOKHO B3SITh 32 HANPABIISIOMIUA BEKTOP

npsMoii: B HameM ciydae: (a,0,6)=(1,0, -v/3); 3anmmem ypaBHeHHs IpsSMOii B
napamMeTpUIeCKOM BHJIC:

x=x04+t
y =50
z=2z0—+/3t

Haiiném TouKy nepecedyeHus npsiMoM C IJIOCKOCTHIO 0.

x=+3z=0
x =a0 +t; y=y0
z =2z0—+/3t

JlemaeM MOACTaHOBKY U MOJIyYUM:
(Xo+t)-v3(z0-V/31)=0;

Xo+t-v/32o+3t=0:

At=+/320—Xo;
_¥3, 1
= " Zo - 4Xo

V3. 1
Takum obpazom: X= Xo+=-Z0 - 7 Xo; Y=Yo

V3 1 V3 3 V3 1
72=7¢- —7Z0- —Xo)=—Xo- —Zo+Zo=—Xg + -2
o\/§(4o40)404oo4o4o



OT0 TUHENHBIN orlepaTop, T.K. €r0 KOMIIOHEHTHI SBISIOTCS JIMHEHHBIMH (popMaMu
OT NEPEMEHHBIX Xo, Yo, Zo. Hatném sapo. s 3T0oro pemmm oneparopHoe
ypaBHeHue A X = 0.

B xoopauHaTtHOM (hopMe MOTyUYUM CUCTEMY OJIHOPOJHBIX YpaBHEHUI:

inxo +¥50=0
4 4

y0 =0 {4/§x0+z0=0
y0=20

Ikﬁxo +10=0
4 4

Panr MaTpHulbl CUCTCMbI <\{)§ 2 (1)) PaBCH OIBYM. 3Ha‘II/IT, IMPOCTPAHCTBO

. - _ V3 _
pelieHu, T.€. 1Apo, ogHoMepHo. Haiinéwm ero. Ilycts Zp=-1, Torna Xo=7 Yo=0.
ba3uc snpa umeer Bu: (?, 0; —1). 3HauuT, AP0 — 3TO MHOMKECTBO PaJUyC-

V3
BEKTOPOB BHU/IA: (?7»; 0; -1), AeR.
JInst HaxoxkIeHHs 00pa3a HaJo0 MOCTPOUTH ero 0azuc. JJig 3Toro A0MoJIHUM 0a3uc

anpa 1o 6azuca Bcero npoctpanctsa: (1 0 0); (0 1 0). Marpuna uckoMoro

oreparopa B 0asuce I, J, k uMeeT BU/I:

X

0 1 0 |Tormaobpa3sl DOMOTHUTEIBHBIX BEKTOPOB OyAyT Oazrcom oOpaza
V3 1

>0 =

4 4

oreparopa.

3 V3 V3 3 V3
0N/ (7 [ 0 T\ oy g0
0 1 0 O|={0}) |0 1 O 1]1=11
3o 1/ \&) \w 5 1/ \o
4 4 4 4 4

Takum 00pazom, 6azuc oOpasza UMEET BU:

3 3
(Z’ 0, Z)’ (0,1,0), a 06paz-3To MOAMPOCTPAHCTBO, TOPOKICHHOE STHMH BEKTOPAMH.



3agaya 9

Haiiti coOCTBEeHHBIC 3HAUCHUS U COOCTBEHHBIE BEKTOPHI OTIEpaTOPa, 3aIaHHOTO
4 -3 3

mMartpunen (1 2 1|
1 1 2

Ykazanue.

CocTaBuM OnpenenuTeNb, MOPOKAAIOIUN XapaKTEPUCTUYECKUI MHOTOUJIEH:

4—-4A =3 3
1 2—4A 1
1 1 2—4

=(4-1)(A2-40+4-1)=(4-L)(N-4A+3)=(4-L)(A-1)(0-3).

= (4-0)(2-0)2+3-3-3(2-1)-(4-M)+3(2-R)=(4-L)(2-1)2-(4-1)

XapakTepucTHueckuii MHOrousieH umeet Bu: (4-1)(A2-4A+3)=(4-1)(A-1)(A-3). Ero
KOpPHU U OyAyT COOCTBEHHBIMH 3HaUYCHHUSIMU oriepaTopa Ai=1, A;=3, As=4. Haitnem
COOCTBEHHBIC BEKTOPBI, COOTBETCTBYIOITNE COOCTBEHHBIM 3HAUCHUSIM.

4—-1 =3 3
PaccmoTpum maTpuity 1 2—A 1
1 1 2—2

DTa MaTpHIIA TIONy4YaeTcst U3 yeaosus AX=Ak A, IpH KOTOPBIX pelIeHNe
ypaBHeHus (A-AE)x=0 HeTpuBHMATILHO, HOPOKIAIOT szipa onepatopa A-AE. D10 u
€CTb COOCTBEHHbIE BEKTOPHI OMepaTopa.

ITycts A=1, Torna (A-AE)X=0 B Buje cucTeMbl TUHEHHBIH YpaBHEHUA BHITIISINT
TakK:

3x; —3x, +3x3 =0
X1 +x,+x3 =0  r=2, 3Ha4UT SAAPO OAHOMEPHO, T. €. MOAIPOCTPAHCTBO IS
X1 +x,+x3=0
cOOCTBEHHBIX BEKTOPOB 11 A=1 omHOMepHO. Halinem ero 6a3uc, sBISIOMIUICS
COOCTBEHHBIM BEKTOPOM.

[Mycts x3=3, Xx2=0. lnst A=1cobcTBeHHbIN BekTOp MMeeT Bu: (-1; 0; 1).
AHJIOTUYHO HaXOJATCSI COOCTBEHHBIE BEKTOPHI JIsl COOCTBEHHBIX 3HAUCHUM A=3,

A=4.



3agaua 10.

[TpuBecTu kBagpaTHUHy10 GOPMY K KAHOHUUYECKOMY BUIY MeTo/10M Jlarpanxa.
X124 2X1 X0+ 2X1 X3+ 2X 22+ 4 XX 3+ 3X 32
Ykazanus.

1) ®ukcupyem nepeMeHHYIO X1 U TPYIIUPYEM ClaraeMble, COJEpKaIINue X1
JIOTIOJIHSAS MOy YMBIIYIOCS CYyMMY JI0 IOJIHOTO KBaJpaTa, Jajee 3TO )KE camoe
HEOOXOMMO BBIIIOJIHUTH JUIsl IEPEMEHHOMN Xo, JOMOJHEHHUE JI0 MTOJIHOTO KBapaTa
TIO3BOJIMT MOJTYYUTh MOCIIEIHEE CIIATAEMOE B BUJIE aXa .

2) BBoauM HOBBIC TIEpEeMEHHBIC JUIs JIMHEHHBIX BBIPAYKECHHI, CTOSIIIIUX B CKOOKaX,
NoJIy4aeM KaHOHUYECKU BUJT KBAJAPATUUHOU (POPMBI.

[Tpumep

X12+2X1X2+2X1X3+2X22+4X2X3+3X32:( X12+2X1X2+2X1X3)+ 2X22+4X2X3+3X32:
= X12+2X1(X2+X3)+ (X2'|'X3)2 - (X2+X3)2+2X22+4X2X3+3X32:

=( X1+X2+X3)? - X2-2 XoX3 - Xg2+2Xo2+4XoX3+3X32=

=( X1+X2+X3)? +X22+2 XoXz+2Xg?=

:( X1+X2+X3)2 +X22+2 X2X3+X32+X32:

=( X1'|'X2'|'X3)2 +(X2+X3)2+X32: Y12+Y22+Y32, rae yi1= Xi1+xXo+Xs, Yo= Xo+X3, Y3= Xa.



3agava 11.

[IpuBectu kBagpaTnyHy0 GOpMy K KAHOHUUECKOMY BUTY OPTOrOHAIBHBIM
npeoOpa3oBaHUEM.

Yka3anue:

1) Haxonat coOCcTBEHHBIE YMCiIa MAaTPUILIbI KBAIpaTUYHON (DOPMBI U
COOTBETCTBYIOIINE UM COOCTBEHHBIE BEKTOPHI.

2) ITo coOCTBEHHBIM BEKTOpaM CTPOSIT OPTOHOPMHUPOBaHHBIN Oa3uc. basuc
MOPOXkIAET MATPUILY 3aMEHBI IEPEMEHHBIX, BBIIIOJHUB KOTOPYIO, OIYyYUM
KaHOHWYECKHUH BUJI KBAAPATHIHON (OpMBI C KOIDUITUSHTaAMH, PAaBHBIMHU
COOCTBEHHBIM YHUCJIAM MATPUIIBI.

[Tpumep:

-3x12+ 9x52 + 3X32 + 2X1Xo + 8X1X3 + 4XoX3.
-3 1 4
Marpuna kBajgpatuunoit Gopmbel umeer Bua:| 1 9 2

Haxonum coOCTBEHHBIE YHCIIA:

30, 1,4
1, 9%, 2 = (-3-1)(9-0)(3-1)+8+8-16(9-)+4(3+1)-(3-1) = (A-9)(9-12)+16-144+16\+
4,2, 3\

+12+40-3+) = OA-A3-81+9A2-119+21A = -A3+9A%+30A-200;
A3-9A2-30A-+200 = 0;

A=10

A=4

A=-5;

Haxo0J1M COOCTBEHHBIN BEKTOP 1Jist A=10

-13 1 4 x1 0
1 -1 2 ) <x2 = <O
4 2 =7/ \x3 0



—13x1+x2+4x3 = 0
[Tomyyum cuctemy ypaBHeHuil: § x1 —x2 +2x3 = 0
4x1+2x2—-7x3 = 0

Haniném panr matpunsr:

-13 1 4 1 -1 2 1 -1 2
1 -1 2 )~{1-13 1 4 |~{0 —-12 30 |~
4 2 =7 4 2 =7 0 6 —15

1 -1 2
~10 —-12 30
0 O 0

r=2;
Paccmotpum cucremy:

{Xl—X2+2X3 =0
4x1 +2x2—7x3 = 0

[Tycts x3=1, TOrma

{Xl—XZ = -2
4x1 4+ 2x2 = 7
{Xl =1/2
x2=5/2

CoOcTBeHHBIN BekTop uMmeeT koopauHatsl: (1v2; 5v2; 1). Eciu ynpocTuts, TO

(15 2). Hopmupyew ero (1/+/30: 5/+/30: 2/+/303).

PaccmoTpum A=4; MOJy4rUM CUCTEMY:

—7x1+x2+4+4x3 =0
x1+5x2+2x3 = 0 -
4x1+2x2—x3 =0



Hanném panr matpuisl

-7 1 4 1 5 2 1 5 2 1 5
1 5 2 ~1-7 1 4] ~10 36 18]~ |0 36 18
4 2 -1 4 2 -1 0 -18 -9 0O 0 O

r=2
Paccmotpum cucremy

{X1+5X2+2X3 =0
4x1+2x2—x3 =0

(TpeTbe ypaBHEHHE €CTh JIMHEWHAs KOMOUHALINS 3TUX YPABHEHUM )
[Tycts x3=1. Torma
{xl +5x2 = =2
4x1+2x2 =1
x1=1/2;
X,=-1/2;
x3=1

cobeTBeHHbIH BekTop nMeet Bu: (13v2; -13/2; 1). TTocie ynpomenus u
HOpMupoBanus nonyunm: (1/1/6; -1/6; 2//6)

PaccmoTpum A=-5.

2x1 + x2 +4x3 =
[Tomyuum cucremy : yx1 + 14x2 + 2x3 =
4x1 + 2x2 4+ 8x3 =

co @

Haitném panr maTpuubl:

2 1 4 1 14 2 1 14 2
(1 14 2) (2 1 4) (2 1 4)
4 2 8 4 2 8 0 0 O

T.K. 1 14
21 # 0, 71or=2;

2

)



PaccMmoTpum cuctemy:

{X1+14X2+2X3 =0
2x14+x2+4x3 =0

[Tycth x3=1, TOrna Oyiem paccMaTpuBaTh CUCTEMY:

x1+14x, = -2
2xX1+x, = -4

X1=-2;
X2:0.
[TosryunMm coOcTBeHHbINH BekTop (-2, 0, 1).

Hopmupyem ero (-2//5: 0; 1/7/5).

HOJIyLII/IM MaTpuny nepexoga OT CTaHaAapTHOI'O Oa3uca K 6&3H0y 13 COOCTBEHHBIX

HOPMHUPOBAaHHBIX BEKTOPOB.

1 5 2
V30 /30 +/30
1 1 2
6 6 V6
2 . 1
5 V5

Breimoaaum 3aMCHY IICPCMCHHBIX:

Y1
Y3

2

[N
&l

YR
Sty
SN——

I
all~ gl gl
I

"l
al»-s o ﬁ

Bl



Lyt 2
(x1—m)’1 \/g)’Z W)’3

5 1
[Toyunm Xy = NET Vi — \/—gyz

2 2 1
X3=Zht gyt EZs
CrenaB MoCTaHOBKY B HCXOJAHYIO (hOPMY, MOTYyIMM KAaHOHUYECKHUI BHI:

10y12+ 4y,? - S5y3?



3agaua 12.

HccnenoBath KpUBYIO BTOPOTO MOPSJIKA U TIOCTPOUTH €€.
Yka3zanue.

IIpu uccaenoBaHuK KpUBOi ax?+2bxy+cy?+2dx+2ey+f=0 nano caenats

ClIeayroIIee:
o . a b
1) HaiiTi xapakTepuCTUIECKUE YMCITa KBaJPATUIHON MATPHUIIBI b
C

a) CCJIM OHHU HC HYJICBBIC 1 HMCIOT OAMHAKOBBIC 3HAKHW, 3HAYHUT 3TO

SJUIMIITUYCCKAas KpruBas (SHJ'II/IHC, TOYKaA, MHHMMBIN SHHI/IHC);

6) CCJIKM OHH HC HYJICBBIC 1 UMCIOT PA3HBLIC 3HAKH, 3HAYUT 3TO I‘I/IH6p6OJIH‘IGCKaH

KpuBas (runepbosa, nepeceKaroniuecs npsmbie);

B) €CJIM OJJHO U3 HUX PaBHO HYJIIO,  APYTO€ HET, TO NOJIyYUM HELICHTPAJIBHYIO
KpUBYIO (11apadoJa, napajiesibHble IpsIMbIE, COBIIABIINE MPSMbIE, MHUMbIE

psIMBIE).

B cnydae, eciu kpuBasi ieHTpasibHasi (COOCTBEHHBIC YMCIIa HEHYJIEBbIC WK
a b
b #0), HaxX0IMM KOOPJMHATHI IICHTPA JINHHU.
C

ax+by+d=0
=0

I[J'Iﬂ 9TOro pemacM CUCTCMY YPAaBHCHUU ! {bx + cy +e

[TycTh X, yo ee pemienus. Toraa, BRIMOIHUB TpeoOpa3oBaHre MapaylieIbHOTO
X = Xog +Xx1
Yy=Yoth

BUY: aX12+2bX;y +cy ?+f1=0. Haiins cOGCTBEHHBIEC YUCIa, BEKTOPBI, HOPMHPYS

nepeHoca { , TpeoOpa3yemM ypaBHEHHE KPUBOM BTOPOTO MOPSIIKa K

x x
UX, MOJTYYUM MaTpHILy peoOpa30BaHUsI IEPEMEHHBIX (}’1) = Q(yi) . Ilocne

4ero IOJyYMM YPaBHEHHE KPHBOI B KAHOHUYECKOM BUJIE: AiXo?+ Aoy,2+f1=0;

MOCTPOEHUE OCYIIECTBIISIETCSI B COOTBETCTBUH C MPEOOpa30BaHUEM KOOPIUHAT.



B cnydae HelleHTpanbHOU KPUBOW BBITIOJIHSIETCS IPE0Opa3oBaHUE

X X1 2
(y) =Q (J’1) . OHO MIPUBOJIMT YpaBHEHHE K BUAY: AX1+ PX1+qQy1+f=0; nu

Aay1?+ pxi+ay1+f=0. Jlanee kpuBas MpUBOIUTCA K BULY Y2°=2MX2 ¢ OMOIIBIO
napauIeIbHOTO MePeHOca, KOTOPhIN OyAeT MOJydYeH 3aMEHOM MepeMEHHBIX B

OTHOM M3 ypaBHeHHW. Hanpumep Tak:

(A>0) X1+—X1+ +QY1+f1-— ,
(X1+z%)2: - q(y1t+f2);

_ p
{X1—)’z—§
Y1 =% = f2
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