OT1BeTHBI

OT1BeTHI K 3a7a4e 1

1.1. Tpu. 1.2. Tpu. 13, x,, x5, x5.

1.4. 2; 0; —2; cBOOOHBIC YICHBI CHCTEMBI HE COJCPKAT HEU3BECTHBIX U 3aIHUCHI-
BalOTCS OOBIYHO B IIPABBIX YACTAX ypaBHEHHH.
1.5. VpaBHeHHs Ha3BIBAIOT TUHEWHBIMH, €CIIM OHHU MPEICTABISIOT COOOW THHEN-

Hyl0 KOMOMHALMIO HEU3BECTHBIX X, X,, Xj JAHHOH CHUCTEMBI;
ax, +bx, +cx; =d,rnea, b, ¢, d —3agaHHbIC HOCTOSHHBIC YHCIIA.

IIpusHak JMHeHO- Bce Hen3BeCTHBIE B INHEMHOE ypaBHEHHE BXOIAT
ro ypaBHeHHA B MePBOii CTENMEeHN 1 MEXAY co00r
He MepeMHOKAITCS.

1.6. KagpaTHas.
1.7. Cucrema TpEX NUHENHBIX YPABHEHHI C TPEMSI HEU3BECTHBIMU X, X,, X3,

WJIK KBaJgpaTHas CUCTEMaA JIMHEHHBIX ypaBHeHI/Iﬁ TPETHEro nopAaaKa.

1.8
Omnpenesenne  oc- | MaTpuna, cocraBleHHas M3 KOI(Q)(UIMEHTOB NPH He-
HOBHOIi MaTpHIBI | H3BECTHBIX, HA3bIBACTCS OCHOBHON MaTpPHUIIEH CHCTEMBI.

CHUCTEMBI

1.9.
Omnpenenenne pac- | Marpuia, noixydeHHass U3 OCHOBHOH NpHcoOeIUHEHHEM
IIHPEHHO MAaTpH- | cT0JI0LA CBOOOIHBIX YJIEHOB, HA3BIBACTCS DPACIIHPEH-
bl CHCTEMBbI HOM MaTpuUEN CUCTEMBI.

1.10.
Perrennem crucTeMbl TMHEHHBIX YPaBHEHUI Ha3bIBAcTCS
OnpeneneHue  pe- | Takasd COBOKYNHOCTh 3HAYeHUIl HeM3BeCTHBIX, NpPH
mwenus CJIY MOACTAHOBKE KOTOpPOl BMECTO HEU3BECTHBIX B KaXII0€
ypaBHEHHE CHCTEMbI, BC€ ypPaBHEHMs CUCTEMBI 00pa-
LIAIOTCS B TOXK/IECTBA.

[IpaBuio TpeyroabHUKOB:
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1.13. YT06bI nONYyunTH ONpENENUTEND, CTOAMMI B uncautene Gopmyisl Kpa-
Mepa JUIsl HAXOXK/IEHNS! HEM3BECTHOTO X, , HaJ0 B ONpPEAEIUTENe OCHOBHOH

MaTpHLbI CUCTEMBI Hepablil CTO0E 3aMeHUTH CTOJIOII0M CBOOOIHBIX UJIe-
HOB.

1.14. Jlns Toro, 4to0bl coctaButh Tabmuiyy Capproca, Hy>KHO K 33aHHOMY OIpee-
JIUTEITEO TPETHEro MOPS/IKA IOMUCAT CIIPaBa MEPBBI U BTOPOH CTONOIBI U B3STh
C TeM ’Ke 3HAKOM INPOU3BeJAeHHUs] dJICMEHTOB IJIABHOI IMATOHAJIU U DIICMEH-
TOB, PACIOJIOKEHHBIX HAa MPSIMBIX, MAPAUICIBHBIX TJIABHOM AWMArOHANM, U €
RPOMUGONOIONCHBIM 3HAKOM — HPOU3GEOEHUs DIIEMEHTOB HOOOUHOI Jua-
20HaU W DIIEMEHTOB, PACIIOJIOKEHHBIX Ha TMPSMBIX, MapalieNbHbIX M000Y-
HOW JMaroHayiy (CM. puc.).
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1.15. YToOBI MOMYYUTh OMPEACIIUTENb, CTOAIIMN B unciutenne Gopmyinsr Kpame-
pa A4 HaXxOXKIEHHS HEM3BECTHOIO X,, Halo B ONpEJIENHUTENE OCHOBHOM

MAaTpULBI CUCTEMBI 6MOpoli CT0/10el 3aMeHUTh CTOJI010M CBOOOAHBIX YJIe-
HOB.
1.16. YToOBI MOITyYUTH ONPEACIIUTEND, CTOAMMKA B ynciauTene Gpopmyisr Kpame-

pa AJjid HaXOXKACHUSA HCEHU3BCCTHOI'O x3 , HaJg0 B ONPCACIUTECIIC OCHOBHOM

MaTpULbl CUCTEMbl mpemuil C€TOJ0el 3aMeHMTb CTOJIOLOM CBOOOAHBIX
YJIEHOB.

1.17. Cymmoit aByx matpun 4 = (ay-) u B= (by) C OJIMHa-
KOBBIM KOJIMYECTBOM /1 CTPOK M 71 CTOJIOLIOB HA3bIBA-
ercss matpuna C = (ci]-), JJIEMEHTBl KOTOPOW paBHBI

Omnpenenenne
CyMMBI AByX | CYMME COOTBETCTBYIOUIMX 3JICMEHTOB CIIATACMBIX MaT-
MATpHIL. puIL: cl-j:ay-+b!/, (121,2,...,m; ]:1,2,...,n.).

O6o3nauenne: C = A+ B.

1.18. a) CymMma naHHBIX MaTpHIl HE CYIECTBYET, T. K. OHH PAa3HBIX Pa3MEpOB.
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0) C=A4A+B:

1.19.

Onpepaenienne
NMPOU3BEAeHUS
MaTPHIIbI
HA YHCJI0

1.20. AA = —1(
1.21.

Omnpeaenienune
NMPOU3BEAeHUS
MaTpPHIIbI-
CTPOKH Ha MaT-
puuy-croJder

HJIn

(“11 ap

122. C=(-1 2 0 4

1.23.
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0 -1 3 4) (043 —1+4 3003
2 -3|+|-5 0|=|-2-5 -3+0|=|-7 -3
5 6 1 -2) (541 6-2 6 4

[IpousBenennem Marpunpl 4 = (a U) Ha 9yuciao A Ha-

3bIBACTCS MATPULA, Y KOTOPOH KaXKIbIH 3JEMEHT pa-
BEH MPOU3BEJICHUIO COOTBETCTBYIOIIETO 3JIEMEHTa MaT-
purbl A Ha 9uCIO A :

Mzﬂ(aij)=(/1aijl [i:l,z, mj

j=L2,..., n

2 0 -1 (12 =10 -1:(-D) (-2 0 1
1 0) (=13 —-1-1 -1.0) (=3 -1 0/

[IpousBecHrEM MAaTpPUIBI — CTPOKH, HMEIOMICH 7
CTONOIIOB, HA MATPHUILY — CTOJOEI, IMEIOMIHNNA CTOIBKO
K€ CTPOK, HA3bIBAETCSI MATPHULIA, COCTOSIIIASL U3 O/1-
HOT'0 3JIeMeHTAa, KOTOPbIil paBEH CyMM€ NMPOU3BEACHUI
COOTBETCTBYIOIINX 3JIEMEHTOB IMEPEMHOXKAEMBIX MaT-
pu: Alxn -B

nxl = Clxl >

bll
a,, b?l =(ay by, + by +...+ay,b,,).
bnl
B =(=1-042-2+0-(-4)+4-3)=(16).
3

YciaoBue cyue-
CTBOBaHUSA
Npou3BeACHUS
JBYX MaTpPHIY

1.24.

Onpenenenne
TepecTaHOBOY-
HBIX MaTPHIL

IIpousBenenne matpunr A-B  CyLIECTBYET TOJBKO B
TEX CIydasxX, KOrJa 4YMcJ0 CTOJ0IOB MaTpuubl A
PaBHO 4YMCJIY CTPOK  MaTpumsl B, TO ecTh
Apsn * Buxp = Cpyxp-  1lpu dTOM Matpuia — mpousse-
JICHUE UMEET YMCIIO CTPOK MAaTPUIbl A4 M YUCIIO CTONO-
1I0B MaTpulibl B .

KBanmpaTtHele MaTpuisl, HNpPOW3BeleHHe KOTOPbIX
KOMMYTATHMBHO: AB = BA, Ha3bpIBalOTCsl NEPECTaHO-
BOYHBIMH.

1.25.
[IpousBeneHreM MaTpuLbl A:(ai]-), UMeEIoILIEH
MCTPOK M 7 CTOJNOIOB, HA  MAaTpPHILY B:(by-),
Onpenesennue AMEIOMIYI0 7 CTPOK H p CTOJOIIOB, HAa3hIBACTCS MaT-
Npou3BeAeHUs puna C = (cij), MMeEIoIasi m CTPOK U p CTOJOIOB, y
MAaTPHIL

KOTOPOW DJIEMEHT ¢; PaBeH CyMMe MPOU3BEACHUN

9JIEMEHTOB [ — W CTPOKU MaTpulbl 4 U j— ro CToio-

1a Matpuuel B,

ij in®nj>

i=12,...,m
TOeCTh ¢y =apby; +apnby; +...+a;,b .

j=12,..., p.
lpoussenenne Marpui 0003Ha4aeTCs A, - B, = C,y)p -

mxn

3ameuanmue. HpaBI/IHO YMHOXEHHUS MaTPULl MOXHO JIETKO 3allOMHHUTH, €CJIN

c(popMyIIMpOBATh €r0 B CICAYIOLIEM BHE: JIEMEHT c; Marpuipl C, CTOsI-
WA Ha TIepeceYeHn! i — 1 CTPOKM M j — ro crojlia, ecTh CKaJIsipHOE IPo-
M3BE/IEHUE I — il BEKTOP — CTPOKHM MaTpuil 4 U j — ro BEKTOp — cTojlua

Martpunsl B .

1 01
010 0-1+1-0+0-1 0-0+1-1+0-0 0-1+1-0+0-1
1.26. A-B= 01 0|=
1 01 1-1+0-0+1-1 1-0+0-1+1-0 1-1+0-0+1-1

(010
2 0 2)
1.27. Marpuy B Hedb3s YMHOKHTH HAa MaTpuily A, Tak Kak 4HCIO CTOJOLIOB

MaTpulsl B He PaBHO YHCIY CTPOK MAaTpHULbI A .
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1.28.
Onpenenenne
eIMHAIHOI
MaTPHIIbI

1.29.
Onpenesnienne
oOpaTHoii
MaTPHIIbI

1.30.
Teopema cymre-
CTBOBaHUSl 00-
paTHOl MaTpH-
bl

1.31.
Onpenenenne
HEBBIPOIK/IEH-

KBasparhasi marpuiia, Ha rJIABHOW THATOHAJIH KOTO-
poii Bce 3J1eMEeHTHI PaBHBI eIHHHIIE, 2 BCE OCTAIb-
HbIe 3JIEMEHTBI HYJIM, Ha3bIBACTCS CIMHUYHON MaTpH-
el u 06o3Havyaercs OykBoit E .

OGpartHo# ast MaTpullbl A Ha3bIBAECTCS TaKasi MaTpHUIla
A7", 4To MX mpoM3BenCHHE PABHO CIMHUYHON MATpH-
me: A-A'=4"-A=E.

Jlnst 000 KBagpaTHOM MaTpuilbl A, ONpPENeTuTeIh
KOTOpPOH HE paBeH HYJIIO (detA;tO), CYyILIECTBYET

€IMHCTBEHHAA 00paTHas MaTpHIa A

Martpuia, omnpeneauTesb KOTOPOW He paBeH HYJIIO,
Ha3bIBAETCSl HEBBIPOKIEHHOM.

2 (0)-;

3. (4,) =((3) f] .

o4 =12
’ 310 1)

0 Benomuute, uto A, = (=1)""/ M
|- Bemo e, uto A; = -

[IpoBeprM, IpaBHIIEHO T HaiiieHa oOpaTHAs MaTpHIIA: A 4=
3-142-0 3:(-2)+2-3
0-(-2)+1-3

a3 2)1 -2} 1
3lo 1o 3) 3

_1(3
310

1.34.
1 Ay Ay
4’ :dei Ay Ay
Ay Ay

0-1+0-1

0) (1
3) (o
A31

A32 ’
A33

Oj
=F.
1

OO0paTHas MaTpHuIa A7 MaTpuIBl A UMeeT BHJ

—4

rae detA=| 2

3

0
-1
2

1

3 =

2

= 8+4+3+24=39 =0, To ecTb MaTpulla A — HEBBIPOXKICHHAS, U, 3HAYUT, CY-

HOM M BBIPOK- | Marpuna, onpeaenuTens KOTOpOH paBeH HYJI0, Ha- o -1 3 0 1
JIEHHOIi MATPHI | 3BIBACTCA BBIPOKICHHOI. mectByer Matpuiia A . Haxomum: 4, = ik -8, Ay =- , o =2
0 1 2 3 -4 1
o —1 . 43, =1, 4 =5, 2 = =-11,
1.32. Yro6hl HaiiTu o6paTHyo it A Matpuily A, MOKHO JA€HCTBOBATH Clie- 13 3 2 3 2
JIYIOITUM 00pa3oM: -4 1 2 -1 -4 0
1. BbruucauTh onpenenauTens MaTpuubl A (detA # O). Ay = 5 3 =14, A45= 3 ) =7, 23 = 3 2 =8,
Ecmm det 4 =0, To matpunia 4 He uMeeT oOpaTHON A7 ] 2 |
2. CocCTaBUTh COI3HYIO MAaTpPHUIly U3 alreOpandecKux OMOJHEHHH COOT- g ] -— — —
BETCTBYIOLIMX 3JIEMEHTOB MATPHILBI A : A,-j). _4 0 Lo 39 39 39
A33_ =4.TOFJI8. A =— 5 —-11 14 |= i _E E
3. TpaHCIOHHPOBATH COIO3HYIO MAaTpHILy, TO €CTh 3aMEHHUTh CTPOKH Ha 2 -1 . e 4 39 39 39
CTOJIOIIBI C TAKUMHU K€ HOMEpPaMHU: (A[j )T . 7 8 4
4. Pa3genuTh TPaHCIIOHMPOBAHHYIO COIO3HYIO MATPHUILy Ha OTIPEIEITHUTENb 39 39 39
4. ) CrenaeM NpoBepKy:
Matpulbl A : Ail:ﬁ: ! ( U)T 8 ) 1
det4 detd - — — — 1 0 0
1 -2 -4 01 39 39 39
1.33. 1L detA:O 3:3—0:3:&0. A4 = 2 -1 3 5 11 14 150 0|=E.
3 22 39 39 39 0 0 1
7 8 4

39 39 39
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-8 2 1Y-4 o0 1 1 00
W 4 4= 1| 5 —11 14| 2 -1 3|=|0 1 0|=E,
7 8 4\ 3 2 2) (o o0 1

TO €CTh 0OpaTHasi MaTpHIla Hai/leHa BEpHO.

OTBeTHI K 3a7a4e 2

2.1. Cucrema COCTOHT U3 YETHIPEX YpaBHEHUIL.

2.2. B manHOi cucTeMe ypaBHEHUH AT HEM3BECTHBIX.

2.3. 3amaHa cucTeMa YeThIpEX JIMHEHHBIX YpaBHEHHUI C ISATHIO HEU3BECTHBIMHU.
2.4 Anroputm 1. B3amaue 1.0, (cm. c.9).
2.5.r=Rang A = Rang B =n.

2.7. CoBMecTHa, HEOTpEACTIEHHA.
2.8.00m1ee pemeHne cUCTeMbl JHHEHHBIX YPABHEHHI MOXHO IOIY4HTh, Py-
KOBOJICTBYSICh, HAIIPIMED, CIIECIYIOMINM IUIaHOM:

a) BbIOpaTh 0a3ucHBI MUHOP (OOBIYHO 3TO MHHOP, HOJ TJIABHOW IHArOHAJBIO
KOTOPOT'O — BCE HYJIN);

0) nepenecTy cBOOOHBIE HEM3BECTHBIE K CBOOOHBIM WIEHAM, TO €CTh B IIPaBbIE
YacTH YPaBHEHHUI;

B) 0o0OpaTHBIM X0moM MeToza ['aycca BEIpa3suTh Ga3HCHbBIE HEH3BECTHBIE yepes
CBOOOIHBIE HEN3BECTHBIE.

-1 1 2
29. M,.= 0 1 2| =1+ 0— 0a3uCHBIi MUHOD JUII CUCTEMBI, KOTOpas pe-
0 0 -1

2.6. r=Rang A = Rang B <n.

maercst B kagectse npumepa. M, #0; r = Rang 4 = Rang B =3.

2.10. x,, X5, X,— HeusBecTHbIe, KOA(DGUIMEHTH IPU KOTOPHIX BOILIH B Oa-
3UCHBII MHHOP IIpHMeEpa.

2.11. x;, xs—cBobOoaHble HeusBecTHble npumepa. Koadduuuenrsr mnpu cso-
OOJHBIX HEM3BECTHBIX He BOUILJIU B 0a3UCHBIN MUHOD.

2.12. Pemienue Ha3bIBaeTcst 00MIMM (B 00IIEM pelIeHHH 0a3HCHBIE HEU3BECTHBIE
BEIPaKEHBI Yepe3 CBOOOTHBIC HEN3BECTHBIE).

2.13. Bce cBOOOIHBIE HEM3BECTHBIE MOXHO IPUPABHATH HYJIIO WM KaKHM-
HUOYIb IPYTUM TOCTOSIHHBIM 4HciaM. Hanpumep, cBoOOIHBIE HEM3BECTHBIE

x,=0, x5=0, Torna 6a3uCHBIC HEM3BECTHBIC IMONyJaTCs: X, =1, X;=3,

x 4= 0. DTo yacTHOE pelIeHne MOKHO 3aMHCaTh U B BUJIE€ MATPHIIBI CTOIOLA:
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X, 0

X, 1

x5 |=13].

X, 0

X 0
2.14.

Cucrema NMHEHHBIX YpaBHEHUI Ha3bIBaeTCs OJHOPOIHOIA,
Omnpenesenne €CII CBOOOJHbIE YWIeHbl BO BCEX YPaBHEHMSX 3TOW CHC-
CcoJry TEMBI PaBHBI HYJIIO.

AX = 0 — marpuunag 3anuck COJIY.

2.15. Cucrema OJHOPOIHBIX JHHEWHBIX YpaBHEHHWH BCETJa COBMECTHA, IIO-
CKOJIBKY MMEeT TaK Ha3bIBaeMO€ TPUBMAIBHOE PELIeHHE, KOTJla Bce Hen3-
BecTHbIE paBHbI Hym0: X =0, = A-0=0. Panru ocHOBHOH u pac-

IIMPEHHON MAaTPHIl CUCTEMbI OJHOPOJHBIX JIMHEHHBIX YpaBHEHHU BCerna
PaBHBI, TaK KaK BHIYEPKHBAHKE HYJICBOTO CTOJOIA CBOOOIHBIX YJICHOB HE
HW3MEHSET paHra MaTpHIbl, Mo3ToMy Io Teopeme Kponekepa — Kamemn
COJIY Bcerga coBMecTHA.

2.16.

DOyHIAMEHTAJbLHOH CHCTEMOM YacTHBIX pelleHMil cuc-
Onpenenenue TE€MBbl OJHOPOAHBIX JIMHEWHBIX YPAaBHEHHHM  Ha3bIBAeTCS
OCYP COJIY cHUCTeMa JIMHEHHO He3aBMCHMbIX YACTHBIX pelleHMid,

YHCJIO peHIeHPII:I B KOTOpOfI PaBHO YUCITY CBO60,HHI>IX HCHU3-
BE€CTHBIX CUCTCMBI.

Ecnmu n — uncno Hen3BeCTHBIX cuUCTeMBI, 7 — e€ panr, To ®CYP COJIY momkHa
coJiepkarb k = n — r JIMHEHHO HE3aBUCHUMbIX YaCTHBIX PELICHUH.

2.17. dyHIaMeHTaNbHYIO CHCTEMY YaCTHBIX PELICHHWH MOJy4aloT 00bIYHO, MO-
CJIeZI0BaTEJILHO NTPUPABHUBAS CBOOOIHBIE HEU3BECTHBIE DJIEMEHTaM CTPOK
eIMHUYHON MaTpuiel E mopsanka k=n—r.

3ameuanne. OCYP COJIY MOXKHO IMONYyYUTh TaKXKe, IPUPABHUBAST CBOOOIHEIC
HEU3BECTHBIE 3JIEMEHTaM CTPOK IPOM3BOJIHOM KBaJpaTHON MaTpHIBl A MOpsi-
ka k=n-r,ecmu det4A=0

OrtBerthI k 3a1a4e 3
3.1. B uncnurene GopMyInbl 3alMCaHO CKAISIPHOE MPOM3BEICHUE BEKTOPOB AB
u CD.
3.2. B 3namenHaresne (opMyJIbl 3aliCaHO TPOU3BEICHHUE IJIHH BEKTOPOB AB u
CD.
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3.3. Kocunyc yrna mexny Bekropamu AB u CD paBeH OTHOLIEHHIO CKAISIPHOIO
TIPON3BEICHHS 3THX BEKTOPOB K IPOU3BEACHHIO [UTHH 3THX BEKTOPOB.

3.4. KoopaunaTbl BeKTOpa AB waxonmsar, BHIUUTAS W3 KOOpIMHAT TOYKH B,

SBIISIOIIEHCS KOHIIOM BEKTOpa, COOTBETCTBYIOIIHME KOOPAWHATHI TOUKH A,
SIBJISIFOLLIEHCS] HAYallOM BEKTOpa.

3.5. 4B = (yl —xl) 17+(y2 —xz) j-i—(y3 —x3) k.

3.6. CxansipHoe npou3BeeHue JIByX BEKTOPOB B OPTOHOPMHUPOBAHHOM Oa3uce
pPaBHO CyMMe MPOU3BEJICHUI OJTHOMMEHHBIX KOOPAWHAT 3TUX BEKTOPOB.

3.7. (4B, CD) = (-2)-5+5-4+(~4)-1=6.

3.8. ltuHa BeKTOpa B OPTOHOPMHUPOBAHHOM Oa3mce paBHa KOPHIO KBaAPATHOMY

U3 CYMMBI KBaJJpaTOB KOOPAMHAT 3TOr0 BEKTOpA.

3.9.

Omnpepnenenne BexkTopsl, nexamye B 0QHOH WM NapajulejbHbIX IJIOC-
KOMILTIAHAPHBIX KOCTSAX, Ha3bIBAIOTCS] KOMIUTAHAPHBIMH.

BEKTOPOB

3.10.

YcaoBue KOM- | CMelIaHHOE TIPOM3BEICHNE HEHYJIEBBIX KOMILUIAHAPHBIX
ILUIAHAPHOCTH BEKTOPOB PABHO HY.JIIO.

BEKTOPOB

3.11.CMemiaHHOe NpoOU3BeAeHNE TPeX BEKTOPOB MOIyYar0T, YMHOXKAas BEKTOP-
HOE MPOU3BEJNICHNE JIBYX BEKTOPOB Ha TPETUIl BEKTOP CKAJISPHO.

3.12. B oproHOpMHpOBaHHOM 0a3uce cMelIAHHOE NMPOU3BeAeHUEe PABHO OIl-
penenuTeNto, CTPOKaMH MIIN CTOJIOLAMHI KOTOPOTO SBJISIFOTCS KOOPAMHATHI IIepe-
MHO>KaeMBIX BEKTOPOB.

OOBIYHO TEPBOM CTPOKOH ONPENENUTENs 3aIUCHIBAIOT KOOPJMHATHI IIEPBOTO
BEKTOpA, BTOPOM CTPOKOM — KOOPAMHATHI BTOPOI'O BEKTOPA, a TPEThEN CTPOKOH —
KOOPAHMHATHI TPETHETO BEKTOPA, €CIIM CUUTATH BEKTOPHI CIIEBA HAIIPABO.

[Tone3Ho MOMHUTB TaKKe CBOMCTBA CMEUIAHHOTO TPOU3BEICHUS:

1) npu nmepecTaHOBKe JBYX JIOOBIX COCEAHHX BEKTOPOB CMEIIAHHOE ITPOU3BE-
JICHUE MEHsIeT 3HAK Ha [TPOTHBOITIOJIOKHBIN;
2) mpu HUKJIUYECKO# TiepecTaHOBKe (TMOCHEIHUN BEKTOP CTAaBUTCS BIIEpPEIH
NIEPBOT0) CMELIaHHOE ITPOM3BECHNE He H3MEeHSeTCsl, TOCKOJIbKY IPH 3TOM JIBa
pa3a mepecTaBiIsIOTCS COCEIHIE BEKTOPHI.

3.13. Bextopel AB, AC, AD He KOMIUIaHAPHBI, TaK KaK UX CMEIIAHHOE IPO-
M3BEJCHUE HE PaBHO HYJIIO.
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3.14.

I'eomeTpuyeckuii MopayJib CMEIIAHHOTO IPOU3BEAECHUS TPEX BEKTOPOB
CMBICJI CMEIIAHHOIO | paBeH 00beMYy HNapajesenumnena, MOCTPOCHHOTO Ha
NPOU3BeACHUS 9THX BEKTOpax Kak Ha pedpax. OOBIYHO BEKTOpHI MpH-

BOJAT K 06meMy Ha4daly.

3.15. O6bEM nupamubl V5, MOCTPOEHHOM Ha BEKTOPAx AB, AC u AD paBeH

OJTHOW 1IecTOl 00BEMa mapasuienenunena V', moCTPOSHHOTO HA 3TUX JKE BEK-

TOpax Kak Ha pebpax, To ecTb J/, = éVl = é‘(TB, AC, E)‘ )

3.16.
I'eomerpuueckuii Moayab BEKTOPHOIO IIPOU3BEIEHUS UUCIIEHHO DPaBEH
CMBICJI BEKTOPHOIO | INIOIIAAH NMApa/LIeIorpaMMa, MOCTPOSHHOTO Ha Iepe-
NPOU3BEACHUS MHOKa€MBIX BEKTOpaX KaK Ha JBYX CMEKHBIX CTOPOHAX.
OOBIYHO BEKTOPHI IIPUBOAAT K 00LIEMY Havay.
I'eomeTpuyeckuii IMosi0BMHA MOAYJISI BEKTOPHOTO IPOU3BENEHUS YUCIIEH-
CMBIC/I BEKTOPHOIrO | HO paBHAa IVIOLIAAM TPeYroJbHUKA, TOCTPOCHHOTO Ha
NPOU3BEACHUS MEPEMHOXKAEMBIX BEKTOPAX KakK Ha JIByX CMEXHBIX CTO-
pOHAax 3TOro TpeyroabHUKa. OOBIYHO BEKTOPHI IIPHUBOASAT
K o0mieMy Havamy.

3.17. B oproHopMHpPOBaHHOM 0a3uce BEKTOPHOe NPOM3BeJAeHHE HAXOJST,

HUCIIOJIB3YS OPEACINUTECIIb, B 1-oi CTPOKE KOTOPOI'0 — OPThL l N j, k I[eKapTOBOP’I

CUCTEMBI KOOPAMHAT, BO 2-0U CTPOKE — KOOPAUHATHI JIEBOTO U3 MEPEMHOKAEMBIX
BEKTOPOB, a B 3-ei CTPOKE — KOOPAMWHATHI IIPABOTO U3 MEPEMHOXKAEMBIX BEKTO-

pos. Hanpnwmep, d =(a,,a,,a;),b =(b,,b,,b;), Torna BexropHoe npouns-

BEICHNE 3TUX BEKTOPOB B HeKapTOBOﬁ CHUCTEME KOOpAUHAT MOXXHO HAWTH TaK:

I A R P B
a,b|= =792 93| G DL g Y2,
[a> ] a, a, a, lb2 b3 Jbl b3 b1 b2

b, b, b
X4+ Ax Y+ Ay z 4+ Az
308, xSt A Yty zat g
K= KT e T

OrtBeThI k 3a1a4e 4
4.1. YpaBHeHHEe NPAMOM, IPOXOsLICH Yepe3 ABe JaAHHbIE TOUKH:
X=X _ V7™ Va
Xp=X4 VB~ V4

A(an)’A) u B(xBayB):
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4.2. Koopannarel BekTOpa HopMaiu N =(nx,ny) K IOpsAMOM MOXHO HalTH

KaK Ko3hpuyuenmol npu x u y 6 0duiem ypagHeHun SToN mpsIMOK:
nx+n,y+c=0.

X=Xp Y=V
m n

4.4. Hamo BOCHIOJIB30BATHCS YpaBHEHHEM IPSMOM, MPOXOIAIIEH depes ABe TOU-
ku (cM. oTBeT 4.1)

4.5. Oro ypaBHEHHE NPSMOMH, IPOXOIAIIEH Yepe3 1BE JaHHBIE TOUKH.

X=X _ V= Va

m n

4.3.

4.6.

OTBeTHI K 3aJa4€ 5

5.1. YpaBHeHHE INIOCKOCTH, IPOXOSAILEH uepe3 TPH JaHHbIC TOUKH:

¥ =Xy Y=V 2724 A(XA’yA’ZA)’
Xp=Xy Yp—V4 Zp—Z4 =0, €M  B(x,,y,.z,),
Xe=Xy Yc—Vua Zc—Z4 C(xc,verze) -

5.2.06mee ypasuenne miaockoctu umeer Bun Ax + By +Cz+ D=0, rze

N =(A4,B,C) — mnepneHAUKYISPHBIN INIOCKOCTH BeKTop. s Toro, 4To0s! 1mo-

Jy4UTh o0lIee YpaBHEHHE ITIOCKOCTH U3 IPEbIIYIIEro ypaBHEHNs, HY’)KHO TIpH-
BECTH IIOJIO0HBIE CllaraeMble, BBIYUCIHNB ONPEISIIUTENI BTOPOTo MOPsIKa U pac-
KPBIB CKOOKH.

5.3. KoopamHaThl HOPMAJIBHOIO K TUIOCKOCTH BEKTOPa PaBHBI Kodhuuuen-
mam npu REPeMenHbIX X, Y, T 6 00ujem ypasHeHuu 3Toil IOCKOCTH:

nx+ny+nz+d=0, N=(n,n,n).

5.4. Bextop N mapaieneH HpsMOW &, TO €CTh SBISETCS HANPABJISIKOIIUAM
BEKTOPOM IpsIMOIl « .

55, XX YTV _Z7Ep

m n p

5.6. YpaBHeHusT [psAMOM  Ha3bpIBAIOTCSI KAHOHMYECKMMM  YPaBHEHUSIMHU.
5.7. HyxHo BbIOpaTh mapaMeTpuuecKue ypaBHeHus npsimoii. [Tapamerpuue-
CKHE ypaBHEHHS MOXHO ITOJIYYHUTh U3 KAHOHMYECKUX, IPUPABHAB KaXKIyIO APOOb
napameTpy f:
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x=mt+xp,
y=nt+yp,
z=pt+XxXp

5.8. Hano moacraBuTh KOOPAMHATHI 3TOM TOYKM B YpaBHEHHUS IUIOCKOCTU p U
npsiMoil ¢. Ilpu 3TOM NOMKHBI MOJNYYUTHCS TOXKAECTBA, €CIU KOOPIWHATHI
TOYKH HalJI€HbI IPABUIIBHO.

59.z=0:N=k,0ep.

5.10.Hy>xHO moacTaBUTh KOOPAMHATHI TOUYKH B YPAaBHEHHUS NPSIMON « M MOIy-
YUTH TOXKAECTBA.

511. y=0:N=/,0¢ep.

512. x=0:N=i,0ep.

5.13. Ecan ypasnenue mwiockoctd p: N, x+N,y+N_z+ N, =0, a xoopau-
HATbl TOYKU D(x DsYVDsZ D), TO PacCTOSHHE p(D, p) OT TOYkH D 110 TIOCKO-

CTH p MOXHO HalTH 1o dpopmye:

N, xp+N yp+N,zp+N

p(D,p)J e 0‘-
ANy +Ny+N;

5.14.

IpaBuio Haxoxae- | YToOBI HAWTH paccTOSHUE OT TOYKHU JO INIOCKOCTH, HAI0
HHSI PACCTOSIHMA OT | B 00Illee YpaBHEHHUE IUIOCKOCTH MOACTaBUTh KOOPAHHATEI
TOYKH 10 IUIOCKO- | 3TOM TOYKH U MOJYJIb MOJIYYEHHOIO YKcia pa3AeuTh Ha
CTH JUTHHY HOPMAJIHOTO K TUIOCKOCTH BEKTODA.

5.15. PaccrosiHue MeXIy TOYKOM M IJIOCKOCTHIO MOXKHO HAaWTH TAaK)Ke, BBIUMC-
JUB JJIHHY BEKTOpa, 0Opa30BaHHOTO 3TOW TOUKON M TOUKON IepecedeHHs Iep-
MEHAUKYJISIpa U3 3TOM TOUYKHU K TUIOCKOCTH U MJIOCKOCTH.

OTBeTHI K 33124€ 6
6.1.
Onpenenenne jau- | YpasHeHue F(x,y)=(0 Ha3bpIBaeTcsl ypaBHEHHEM JIMHUN L
HHHU HA TIOCKOCTH (B 3amaHHOI cHCTeMe KOOPIWMHAT), €CIH ATOMY YypaBHE-
HUIO YJIOBJIETBOPSIIOT KOOPAWHATBHL X M ) JIO0OH TOYKH,
Jiexared Ha JTMHUU L, ¥ He yJIOBIETBOPSIOT KOOPIUHATHI
Mo00¥ TOYKH, HE JIeKaIIeH Ha dTOW JTMHHH.

6.2.
Omnpenenenne 0K- | OKPYKHOCTBIO Ha3bIBACTCS MHOXKECTBO BCEX TOYEK
PYXKHOCTH IUIOCKOCTH, PAGHOYOQIEHHBIX OM OOHOU MOYKU DTOU

IUTOCKOCTH — IIEHTPA OKPYKHOCTH.
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Mpusnaxk ypasue- | 1. Koaddunmentsr npu kBampatax NepeMEHHBIX X U )
HHUSI OKPY’KHOCTH paBHBI;
2. OTcyTcTBYeT NPOU3BEACHHUE XY TIEPEMEHHBIX.
2 2 2
63. (x—a) " +(y—-b)"=R".
UroOb! IpuBECTH 0011Iee ypaBHEHHE OKPYKHOCTH
2 2 _

apx” +a,X+a,y +ayy+ay =0 K KAHOHMYeCKOMY BHAY,
HYXKHO 6b10€/1umb NOHble K6aopamayl 10 NEPEMEHHBIM X U ).
Hanpumep, npuBeneM ypaBHEHUE KPUBOil

xP=2x+y +6y+6=0

K KAHOHUYECKOMY BUIY:

xP=2x+y> +6y+6=

(X =2x+D) =1+ +6y+9)-9+6=0<= (x—1)> +(y+3)> =4.

ITonydyeHHoe ypaBHEHHE SIBIISIETCS KAHOHMYECKUM YPaBHEHHUEM OKPY>KHOCTH,
paanyc KOTOpPOH paBeH 2, a IIeHTp HaxoauTcs B Touke M (1,-3).

6.4.
Onpenenenne - | DJJIMIICOM HAa3BIBAETCS MHOYKECTBO BCEX TOUEK IIOCKO-
JIMnca CTH, ISl KOTOPLIX CYMMA PACCMOARUIL OT IBYX JAHHBIX
TOYEK JTOMH IIIOCKOCTH, Ha3bIBAEMBIX (JOKYCAMH 3ILIHIICA,
€CTh BEJIUYUHA IOCTOSHHAS, OONbILAS PACCTOSHUS MEX-
1y (pOKycaMH U paBHas 2a.
6.5.
Y
b M(x,y)
—d|—a g |d
Fo 0 F2 X
gupekmpuchl

a— 0onblllas IOJIyOCh IUINIICA,;
b — Manas moyock 3JUTHIICa;
Fi(-¢,0) n F,(c,0)— Qokycsl 3mumca;

2 2 2
c” =a” — b, c— poxycHoe pacCTOsIHUE IIHUIICA;

C
& =—<I, & —9KCUECHTPUCHUTET DILIUIICA;
a
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g —_— - —_—
n=FM, r=FM — dokanbHble pallychl — BEKTOPBI;
- - a
10 OIPEIEIICHUIO n+r |=2a. Ilpsamble x = *— =*d Ha3bIBalOTCS AUpEK-
£
TpUCaMH 3JUTUIICA.
2 2
Xy
Kanonnueckoe ypaBHenue sumica — +-<>-=1.
a

CTposiT 3JUTHIIC, BITUCHIBAsI €TO B NMPSIMOYTOJIBHUK CO CTOPOHAMH JUTMHOH 2a |
2b ¥ ¢ IEHTPOM CUMMETPHHU B Hadalle KOOPIUHAT.
YpaBHEeHHUE UIMIICA CO CMELIEHHBIM IIPH MOMOIIM MapajIeNbHOTO MEpeHoca B
TOUYKy My (X, yy) UCHTPOM HMEET BHU]
2 2
(x—x)"  (¥=¥0) -1
+ =1.
2 2
a b

Uto65I IpuBecTH 00111ee ypaBHEHHE M CA

2 2 —
ay X" +aX+ayy” +agy+ay =0, rIe KO3QOUIUEHTH d|, U d,, JOIDK-

HBI UMCTh OJIMHAKOBBIC 3HAKU, K KaHOHUYE€CKOMY BHUAY, HYKHO ebloenumnp
noJiHble K(zaOpambt 10 MEPEMCHHBIM X U ).

6.6.

Omnpepenenne ru- | I'mnep00.10ii Ha3pIBAE€TCS MHOXKECTBO BCEX TOYEK ILIOC-

nepooJIbl KOCTH, JIsI KOTOPBIX MOOY/Ib PAZHOCIMU PACCIMOAHUN OT
IBYX JaHHBIX TOYEK, Ha3bIBAEMBIX (JOKyCaMH, €CTh BEIH-
YMHa TOCTOSIHHAs, MEHBIIAs PACCTOSIHUS MEXay (oKy-
caMH U paBHas 2a.

6.7.

YA

gupekmpuchH

a —IIefCTBUTENbHASI TOJYOCh THIIEPOOIBI;
b — MHHMasI TONTYOCh TUTIEPOOJIbI;
Fi(=c,0) u F,(c,0) — hokychl TUIepOoIbI;

2 2 2
c”=a” +b” , c— poxycHoe paccTosiHuE rUNEPOOILI;
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C - -

&=—>1, & —D>KCclUeHTpHCHUTET Tunepbonsl; 1 =FM, rn=F,M — do-
a

=2a.

KaJIbHBIC payChl — BEKTOPBDI; I10 OIPCACIICHUIO |/ —7,

a
[psimple x = = — = +d Ha3pIBAIOTCA AUPEKTPUCAMH THIIEPOOJIBL.
&

YpaBHEHUS aCHMIITOT THIIEPOOIIBI UMEIOT BUA: ¥ =+t—Xx.

2 2
Y

KanoHuyeckoe ypaBHEHHE TUIIEPOOIIBI x—z - =1

a” b
CtposT runep0oiy, n300pa3uB MpeABAPUTEIHHO MPSIMOYTOJIBHUK CO CTOPOHAMHU
JUTMHOW 2a v 2b W ¢ IEHTPOM CHMMETPHH B Hadaie KOOPAWHAT,
a 3aTeM BIIMCBHIBAIOT BETBH TMIIEPOOIIBI B YIIIbI MEXKAY aCUMIITOTAMHU TUIEpOo-
JIBl, — TPSAMBIMU, HA KOTOPBIX JIEXKAT JHArOHAIU MPSIMOYTOJbHUKA, — ITOMEIIasn
BEPIIUHBI TUIIEPOOJIBI B TOUKH C KOOpIUHATAMHU (—a, 0) , (a, 0).
YpaBHeHue runepOobl CO CMEIICHHBIM TIPH MOMOIIIH MapayIeIbHOTO epeHoca

B TOUKy My (xy,,p) UEHTPOM UMEET BU;
(x-x)"  =p)' _,
a? b?

UroOb! TpuBECTH 001IIee ypaBHEHHE THIEPOOJIbI

ayx* +a1pX + ayy* +agy +agy =0, e KOIDDHIMEHTB @), H dyy JOIDKHBI

HUMCTh NPOTHUBOIIOJIOKHBIC 3HAKU, K KaHOHUYE€CKOMY BHUAY, HYXHO ébloe-
Jiumbs noJjiHovle Keadpambt 1o NMEPEMEHHBIM X U ).

2 y2
g

l'unepborna, ypaBHEHHE KOTOpOW: — =1, Ha3bpIBaeTCs CONPSAKEHHOM

a2
2yt

II0 OTHOWICHUIO K rumepbone, UMeroell ypaBHeHne  — —<— =1. QOKychl
b

<

COHpH)KeHHOﬁ I‘I/IHep6OJ'II)I PACIIOJIOKCHBI Ha MHHMOM OCH.

6.8.

Onpenenenne na- | ITapaGonoii Ha3pIBaeTCs MHOXECTBO BCEX TOYEK ILIOC-

pab6oJibl KOCTH, KaKIas U3 KOTOPBIX HaXOIUTCS Ha OOUHAKOGOM
paccmoanuu OT TAaHHON mouku W OT JAHHOW npAMOIL,
HA3bIBAEMOW TUPEKTPHUCON M HE MPOXOJAIIeH depe3 ¢o-
KyC.
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6.9.

>

<

Nl

N

guUpEeKmMpuUca
KanoHHuYecKoe ypaBHeHHE napabomsl: y> = 2px .

CTpOﬂT r[apa60J1y, OTKJIaAbIBasAs OAWHAKOBBLIC OTPE3KHU OT TOYCK Hapa6OJ'H)I a0

¢okyca ¢ koopnuHatamu F (g ,0) U 10 AUPEKTPUCHI, yPaBHEHUE KOTOPOU

x= —g . Bepmmna mapaGossr Haxomurest B Touxe O0(0,0).

YpaBHeHue napaboIbl CO CMEIIEHHOH MU IOMOIIY MapajlIebHOTO IepeHoca B
TOuKy My (X, V) BEpIINHOI NMEET BUL
2
(¥ =»0)" =2p(x—xp) .
Yro6bl NPUBECTH 00LIee YPaBHEHUE NApabOIIbl @, X +d,, Y~ +dy,y +dg, =0

K KAHOHMYeCKOMY BUAY, HYXHO 6bl0elmb NOJHbLI Keaopam 10 IePEMEHHON
y Y yIBOEHHBIH TapaMeTp p MO NEPEMEHHOM X.

IMapabora, ypaBHEHHE KOTOPOil: x° =2py , HA3HIBACTCS CONMPSLKEHHOM 10 OT-

o 2 v
HOILICHUIO K NapaboJe, umeromel ypaBHeHne y~ =2px . QokKyc cONpsKeHHOH
napaloJibl pacIojokeH B TO4Ke F (0,%), a ee AMPEKTpUca UMEeT ypaBHEHUE

P
y 5

6.10. 'unep6ona

6.11. [4], rn.I11, §2, c. 88.
6.12. Dnurnc.

6.13. [4], 111, §2, c. 79.
6.14. [4], rn.II1, §2, c. 76, 77.

6.15. KoopauHatTel TOUKU A yIOBIETBOPSIIOT YPABHEHUIO KPUBOIL.
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6.16. x* + y° =R>.
6.17. Ml(xl’yl) ) Mz(xlyyz) ’ Ma(xz’)ﬁ) ) M4(x2,y2) .
6.18. Cm. 6.5, 6.7.

OTBeTHI K 3aa4e 7

7.1. [onspHas cucTteMa KOOPIAMHAT COCTOUT W3 HEKOTOpou Touku O, Ha3bIBae-
MO MOJIIOCOM, U UCXOASIIEro U3 Hee Jiydya OF, Ha3bIBA€MOT0 NMOJISAPHOI 0ChIO.
Kpome sT0T0 3a71aercs ennHMIa MacTada sl U3MEPEHHUS ITHH OTPE3KOB.

7.2. p— 2370 paccTosiHUE OT Touku M 1o nomoca O,

@ — yrojl, Ha KOTOPbIA HYXHO HOBEPHYTh MPOTHB YaCOBOW CTPEIIKH HOJIAP-

HYIO OCh JUI COBMEIICHUS ¢ TydoM OM.

. X
7.3. p:«/x2+y2, sm(p:$, CoOSQP = —, tg(pzz-
x2 + y2 x2 + y2
7.4. KpuBble, ypaBHEHHS KOTOPBIX B MOJSIPHON CHCTEME KOOPAWHAT UMEIOT BHU]I
p=asinkp, p=acoske , Ha3pBaIOT po3amu. [Ipuuem, ecnmu k — detHOE, TO

=

JIETIECTKOB Y pO3bI 2k , a €CIIM YUCIIO kK — HEYETHOE, TO Y PO3bl K JIETIECTKOB.
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