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3tmarue [o3HaqeHH, eJreMeury Br.r3uaqutKa aii, Ae i - uolaep pfi.qKa,

I -HOMOp CTOBnqfl, ua ueperuni -srux siH 3HaxoArrEcr.

,(lanonalr, ulo c[onyqae nisuft nepxuifi Kyr Br,r3HaqHr.rKa 3 npaBr,rM

fOpxttlil ryt r aiauu nuxnirr.r KyroM - no^i.tHon 4iaronallro.
Balcrnsocri rrlcHaqHuris :

l, BrsHaqHux ne guinurrcr, ,KUro fioro pa4ru gauinutu ni4noniguvrr.ru
0t0rIqxMr{:

l, | |

l'll at2 ortl lon azt attl
t=lazt a22 rztl=larz ct2z azzl.

lIl
lott ct32 attl lo3 u23 a33 

t

2, f,nqo y Bu3uaqur.rxy repecraBnru uicq.auu 4aa c.ronnqi (a6o 4napfAfll), to BH3HarrHur sN4iHI{Tr 3HaK Ha flporr.rJrexHr,rfi. IIpu rlronry fioro
r6oorloTHa BeJII{rtr{Ha ne guinrce.rucx.

3. flrqo y Br{3HaqHr.rry vic'rmca ABa o.quar(oBi crounqi (a6o pagr<lr), r:o
tBrrtr aHsxa,ruur gopiuuroe Hyrro.



6) O6vucnuvo Brr3HaqHI'IK 3a [paB[rnoM TpI'IKyrHI'IKIB:
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.f,r sItAHo, orp[IMaJII{ oguu i tofi xe pe3ynbrar.

3, PosrraA sllgHaqHfiKis 3a eJIeMeHraMrr 6yAr-rroro pa.qra (a6o

crosnur).
Mittopon M ,, eteweuru a 

i j BI43HaqHIrKa I?-ro nop'Axy Ln, Ha3lrBa-

eTbcf, BLI3HaqIrur n-1-ro [oprAKy, rrrfi yrroproe,rcq is AaHOro B[3HaIIHI'IKa

A, r pesynrrari nnrpecaloBaHn, i-ro pr4xa ra jr-ro croBnllfl, ua nepetuui

{KLIX 3HaXOALITbC' eJIeMeHT a . ..

Aneefipaliuauu donocaennnu A;i etewreur! Aii Bil3[aqHura A nasu-

BaerLc, fioro lriuop, ssuufi is sHaroN'I (-1)'*', to6to:

Aii=?1)'*'.Mij.
6yAr-xxr.lil Br{3HarrHr.rK gopieurce cyrvri go6yrrin eleueu'riB AerKoro

pa4ra (a6o cronnqa) na anre6pai'uri AonosHeHHfl qux eflerraeHTis'

Hanpnxla.q, po3KJIaA BI'I3HaqHI4Ka 3-ro nopegry 3a eneMeHTaMu IIepmo-

ro prAKa Mae B[rJIrA:
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O6.r[crr.rru Br.r3uaqur{K po3KJra.qaHHrM 3a eJreMeHTaMr4
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1 2 -ll
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PolItrlor. Posxrageno Br43HaqHr.rK 3a eJreMeHTaMr.r nepuoro prAKa:

,ll. z -t. 3)- 2.ls. z - r +l+ (- r). [2. z - z. 4] = r . | - 2. 2- l . l = - 4 .

1.2. Mnrpnul i Ix pracrusocri

lo, Mampuqerc poorraipy mxn Ha3vBaer6c, rprMorytua T a6nr,rqq, qo
0lntAncTlf,c, g erenaeHris a ij, Ta uicTu:rr m ptgrin i n cTonnqia. Koxny

TaIy ta6lrqlo 6epyrr n xpyrni AyxKr.r a6o noAsifiHi nepruralrni pr.rcxra i
n0rHt{nmrb r rorc-H e6yAr BeJrr.rroro 6yxaorc Jrarr,rH cb(oro anQ aairy.
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flpu o6uucleHHi srrsHaqnuxis sI{utrx nopagrin 4oqilrno, BLIKOpLICTo-

ByrcqH 7-rr,ry nnacrunicrr s[gHaquuxia, Ao6urucs roro, ulo6 sci e;1e[4eHru

rroro-ne6yAE pr,qKa (a6o crornrlr), oxpill oAHoro, cTaJILI HyJlrlvlu. B qroruy

Br{naAKy ,ra"urrr* 6yge lra oAr4H IIOpffAOK MeHrrre [oqaTKoBoro. Tarafi

MeTOA O6qI{CIenn., sugHa.{Hr.rxis Ha3[rBa€TEC' Uemodou novuilceHfln

nopadxy.

... amz m

B croporeHoMy 3an r.rcy Marpr.rrlfl rro3Haqaer6c,

A-lr,) a6o ,=llr,,ll, i=1,2,...,n) i =1,2,...,n.

ftraeuettru a!. HastBatorbc, eJreMeHraMr,r Marpxrli: iu4erc z - osHaqae,J

ll6taCp plAr0r o Jt - lroMep croB[rlq, ua neper:uui -rKux ctoirr eneMeur.

tlnlo 4o6ytKy qficra pr4riu m Ha v.vcrro ctoruqin n Ha3vBato"tb

lflrnlloil t'latp[qi i nognaqaroth mxn.
Mttpnur, a rxifi qucro prgxin gopinuroe qucny croBrqia, nasuraetrca

XlllPiln aoro. Kirrsricrr pa.qria (a6o crornqin) r<aagpatnoi ruarpuqi Ha3HBa-
nrbtl noprd&oil,

Metpuqr, s rrifi pcroro oAr,rH prAoK, Ha3r.rBaer6c, Marpr{qerc-prAKoM, a
ItBtpllryr, y lroi rcroro oAriu croBtreur, - Marpr.rqerc-croBrrrleM.

ml

=(-1)1+l all +(-r)1*3 ,*l::" ":r:)



Oduauquoro Marpr,rqerc n -ro noprAKy Ha3nBaerbc, KBaAparHa Marpu-
qr, y rI<oi Ha rorosuifi Aiaronani porrauroaaui o4r.rnuqi, a perlra scix eae-
iraeHris AopiBHlo€ Hyrro
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lo r ...01

E,=l ... ... Itt
[0 0... 1)

BngHa.{uuK oAunu.{Hoi rraarpuqi 6ygr-rroro floprAKy AopisHroe
oguuuqi.

Kragparua Marpr.rqr Ha3r,rBaerbc, mpuKymHoru, .rrKrrlo rci elerraeuru, r1o
cro.rrb Hrrxqe (a6o nuqe) rorosHoi giarouaai, gopinurcrctr uyarc.
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('r, ctz "r,l
| 0 c". a t

C =l 
- -22 " "rnl.nt 

Il, o ...c I

\ nn)
Eygr-.arifi rnagparnifi rr,rarpr.rqi

( o' at2 ',, )tt
A =lo2t 

azz "' oz^ 
|nll

tt
Iorl on2 "' an n)
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susHavvuKott (demepninanmow) \ie\ r'aarpuqi i nognaqaeT rcr cuunolorra A,

Kragparnift r',rarpr.rqi An eip'nosip.ae rusnauHrar A,
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A =l 2t 22 2n
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,'', 30, Ilnifiui ouepaqii HaA MarpurlrMu.
l, onepauii dodaeaaru-s ado eidniuaruH.fl Marpuu.. BBoA.nr6c, .rilrrn glx

rlf,pllqE OA]rAr(oBoro porrraipy. Hexafi sa4aHi rvrarpuqi A i B pozMipoM mxn
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. Qnon Qtlluuqen) deox mampu4b A*rn i B^*, oAHaroBoro poerr,ripy

mf,Iasrgr MarpHrI, C.*n.roro x posrraipy, erreMeHrr{ aroi 4opiaurcrcrr

lfiftl (plfnuqru) aiAnosiAHr.rx ereNaenris Marpr.rrrb A^rn i B.*n,

(orrrbn otztbtz atn!bt, 
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ozztbzz "' aznrb2n 

I(,,-ll
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l, fioAymxon nampu4i A**n ,, qucna ), Ha3usaembcn ,rrampuqn,

.i,,flan;U lxol ompumaai z eneuerumie nampu4i A*xn ltHocrceHH.fln Ha

ttu. li
( 
^o, 

Xo,, 1o, , \
Il.o- ).a )a I

1 A 

'*' =l ":' "' ':' I

lro -, to -, ... to , ,)
t, Onopaqlr ilHoilceuut uarpzqi Ha Marpr,rqrc BBoAr{rr,c{ .riarrcu gla

tlfoAxattfi,lx MarpHrlb. MaTpnqx Ar*, :f,azuF,aer:oct yzzodctceHoro 3 MarpHrlerc

t61pr rrulo rtnrricrr cronuqia rr.rarpr.rqi I gopinnroe rirrrocri pxgrir uar-
FIql l, firtuo ur yMoBa He BuKoHyerrcx, (ua.rpnqi xeyero4xeni), ro vuo-
*txHI Tlmx MoTpr{rlb HeMOxJr}rBe.

8l6lnxon dcox mampu4o A*rn i Br*p, zadanux y uusHave*oty
;cpilry (l - ncprua, .B- gpyra) Ha3r.rBa€rLc, Marpr.rurr C *rp, KoxeH ejre_

ratHf ffol Cl 7 Aopiauroe cyrr,ri 4o6ytxin eae^.teuris i -ro pr4xa uarpu\i A
gt rhnoelaHl oneueuru / - ro croBnqr rvra.rpuqi B :
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c 3 t= ct3tbtt+ qt Zb Z1+ a3 3 b 3Y

flpux.naA 1.5. o6qr.rcnur; 

Tr;T 
uarput\r Ar*t' B t t = Crr, rrtuo

n,,, =f', 
o, 

i l, ,,,., =[ - il
[: 6 s) 

rxr 
[ ,.,|

Porstnlox.

r$,
tlkiri,** -Hrnprraal
r*,ii.::'rl.& :,t

r.r*i

I - oluaqae noruinrtu uicqruu
ix nyuepaqii. Tpaucuouonaua

6 -4\
2 tl.
3 o)

lo. o6opncHa Marpr{u,
ilqXlxoto ilampuqero no niguourenHro Ao 3alaHoi xnagparHoi uarpz-

d #fgfllgfLor rara KBaAparHa Marpr.rqr, ulo ro3uaqae.rrct A-l ,rKa 3aAo-
*ltrra plrnocrru

" A.A-r=E i A-|.A=E.
Irt toro, u1o6 rnagparHa Marpuqq A v,ar,a o6epueny ruratpuqrc l-1,

Nxlelo, uo6 r'aatpuqt A 6yta nerrpogr.er,oro, to6ro, rqo6 ii"rusnauuun
AI't0 , To.{i o6epueHa Marpaq, Br.r3gaqaerBcx ea Qopuynoro:

l,:^:;l t :l [::i]

('" Az' l")

A-t = 1 .l o,, Azz u,, 
I.on 

l^rr, orr, "' o,,)
(r.4)

?ftru q[HoM, AJr{ 3Haxo.qxeuua o6epuenoi rr,rarprqi l-1, neo6xi4uo
rut{mf, o6qilcnfirr.r Br.r3uaqur.rr rvrarpr.rqi A, i nepexoHaer;cr, ulo Marpnq,

fniitol*alla (a,a + 0), notil.r safir4caru rpaucroHoBaHy Marpr.rqrc Ar . fiarri,
lll |Jlflifxtfi TpaHclououauoi rrlarpaqi raviulnu ix anre6paiuHr,rMlr roroB-
flaHHtilr. g norim orpr{MaHy Marpr.rqrc potgilllru ua alrlnavnnx A7.

c3rL = A3*3'B3rr

t2

.-.r&6*_.

t3



1.3. Pors'qrox cucreM .niuiftnnx pinnrnr
Po:r.nnrerr.ro rpu cnoco6u po:s'.r:xy crlcreM niniftnax pirurur: sa $op-

MyJraMH Kpauepa, Marpur{Hr.rM cnoco6onr, MeroAoM fayca.
Hexafi AaHa cr.rcreMa ainifinnx piruxur

' A-r.A.x=A-| .B.

Bpaxonynun, rqo go6yror A.A-l=E, ge E
TGrlO

X = A-1. 8.

. _. 'l'tt6To, u1o6 poan'rsarr.r crrcreMy (1.5), ueo6xigno suaftr:u Marpr4rlro
f-', oGrpttofly Ao Marp].rqi ,rcrevr I i uovsoxurl.r ij'Ha Marpr.rrl.] sirrHux
$anir (Atr, po:rair 1.2;.

Itgpnylry (1.7) Ha3aBarcrL MampuqHa, 3anucorn pose,ntxy cucme*a
f,Iffff (1,5) a6o por e't3tottr rltampuquozo piennunn (l .6).

10, Polr'rgor cHcreM ainifinr.rx piruxur uemodom fayca.
o{Hru r Hafi6ilrru flpocrax uerogin posr'asry crcreM niuifiuux pir-

HIHI € Mo'ro^ 6c'JnocepeAHboro B[KJrroqeHH.,r uenigorr,rux, a6o ue.rog layca.
llrl xctoa daryerucr Ha eJreMeHrapHr.rx reperBopeHH{x crrcreMr.r pinurur,
16O npootl rrro, po3ur r{ penoi rvratpr.rr1i.

Pttrtunpelroro Marpr.rqep cr{creM, ninifinux pieu.aHr (1.5) uasanarou
tl?Flllhl roe$lrlienria cucreMr{ (1.5) s AoAaHr.rM rrle oAHr.rM c.rornqeu riar-
lllt {l!aHlr, trnfl niA.qilr€r6c, pr.rcxoro:

( ot at2

,1, =l 
o" a22

[,;; o .,,

. lllA oncr*ellrspgr.rMr{ [eperBopeHHrM]r posrrrnpenoi va.rpuqi ualor:r na
yrrrl r

l) ltopoornrronry 6yAr-exlrx ABox prgrir rnrarpnqi;
t) x6oxolrrrr rroro'He6y4L plrAKa ruarpuqi na 6y4r-.arce, ai4vinue ni4

Ildl tlxofioi
tl Aolennrrrlr Ao 6yAr'sxoro prAKa rua:rpr.rqi ai4uori4Hr.rx ,{regis iuuroro

Pilff, llOMllOXCtlHx lta oAHe i re x qucao.

l)U almody fayco noaxra€ B roMy, ulo6 sa AoloMorolo eJreMeHrapHr.rx
naplftopllt} ttlrxBcc'rH po3rur.rpeHy Marpr{qrc 4o piruocunrnoi rraatpraqi rpra-
ItiiBFO (n6o 4lnrollalr rHono) But ils1y .

. llgtltt [o orpnuauift rpnryruifi posurapeuifi rr.ra.r:puqi ri4uouner:rcr
phttocxlttttc $lrctcMa lriHifiuux pinnnrr, s qroi uocrigo"ro ,ru*o4mrcx rci
r;rlnoxl,

ax+ll 1qx +2l 1

ax + +122
ax++222

ax=
lnn

ax2nn (l.s)

b.t'
b)

- oAHHr,IrIHa MaTplrqr,

(r.7)

(1.8)

ax
nl

+ax++I n22 ctxnnn

lo. [pra posr'rsxy crrcreMr.r (1.5) :a Qopuynamu Kpauepa, uerigorrai
3Haxo.qqrbcff is cnissi.qHoureHr :

al L2 A
n*t= T, *r= T, ..., xn= f,-,

Ae A - Br,r3HaqHr,rK cr{creMr.r, crra4enlrfi io roe$iqieutir upu ueri4or.tttx,
L1, L2,...0 An - BLI3HaTTHI{Kz nesiAolaux, xri orpunyrcrr is ru3uaqnuxa A

gal.riHoro ftoro uepruoro, Apyroro ..., n-ro croBnrl, niAuosiAHo croBIrIIeM
sinrHlrx qrenis.

flpn posn'.rlKy cr{creMr,r Moxyrb sycrpirucr rplr HacrylrHi nuna4rLr:

a) L * 0 - cucrenra cyrr,ricua, nrae egnunfi posnorsox;

6) L = 0, are 6ygs xxuit A-+ 0, cucreMa uecyuicHa, piurenr HeMae.

a) A = 0, A,-A^-...-A =0 - cucreMa HeBu3Haqeua, to6to uae
12n

uecxinuenuy 6egri.r poan'mxin (snogurrcx .qo ri.nrroc'ri pinHrur, MeHuy 3a

ri,lrxicrr uenigonrlrx).

2o. Pogs'rsoK cr.rcreMu niniftnux pienxnr (1.5) nampurrnurt cnocoflou.
.fl Kqo ssecrrl rrrarpuuui no3HaqeHut

,B

TO Cr{CTeMy MOxHa 3aIIfiCaTr{ MaTpr,rqH[M plBHrHHrM

A'X = B. ( 1.6)

florrlsoxHlro o6ugni rracruH[ qrono piruauu.a ua o6epuery nratpuqro I -l

t)

rl
x1

x2

X,

l4 15



1.4. Porntnror TrrtroBrrx npurc.na.qir cauocrifinoi po6oru no porqi.ny I

1. 3nafiru cyMy MarpI,IIIb

(2 4) (t 2\
At,z=l 5 -21. Br,r=13 -l l.(-r 6) [s 3)

Porn'rsox. 3riAuo sKagisox po:4iny 1.2, 20,l onepaqir lodaeauw
Marpr,rrlb BBoAI,rrbc, rilrru AJL MaTpI{IIb oAHaKoBoro posrrlipy. Cyuoru deox
J|tampuqb A i B oAHaroBoro poruipy Ha3l{Baerbc, Marpl,tq, C Toro x po-
cuipy, eJIeMeIITu rxoi 4opirurolorb cyMaM siAnosiAHI,Ix elerrleurin warpnqr A
i B:

2. 3uafi'ru pieuuqro MaTpLIIIE

( z l 4\ (q o l)Az*=l-z 3 7 )' Bz*r =[: s -2}
Porn'cgor. 3riano sxasisor posAiry 1.2, 20 , I ouepaqir eidruiuaruan

Marpr,rrlb BBoAr.rrbc, rirrxu AJL Marpl.tub oAHaroBoro posuipy. Pitauqen
\oox nampuqo A i B oAuaronoro posrvripy Ha3rlBaerbc, Marpl{q, C toro N
porrr,ripy, eJreMeHrllaroi gopinurorotr pisnr.rqaN.r siAnosiAHnx eleuentiB Mar-
pu\t A i B:

go6yror Marpurlb C = A.B i C = B.A, rKrrro ue Mox-

J'l! erosn qr uarpuqi B.

xacMo!

( z+r 4+2\ (l 6\
c3*z= At*2+ B3r2=l '*' -z-r l=l t -3 l'

[-,.i 6+3) [o s)

c2r3= Azr3- B2*3=(', :

l ( 3'\ (-t 4\
(z 4 r), B=l ,l' g A=(-5 t z), n=l z -t l;, [-sJ [,2)
't (2, o) (26.
[i,rl r=l-: -: : l' 4 A=l_; ;], = ( ; 1),h. (s 2-8) \-'/
F . t-7 4) (t 4\ (4 l 3\

[, I '),r=l-; ; l' ,te=l ; -;1,,=[-l i ;l
\ 3 -s) [, 6) (5 -2 t)

alritor. SriAso sxagisor posgiry 1.2, 20 3, onepaqir rwuouceuufl
lplltlt MOXJ|UBa Jrr{rue AJrr y3roAxeHr.rx MarprrlB.

I tyao Brasago suu1e, dotymxou deox ,Mampuqb A**n (Ae m-

tflhr n - qucro ctoanqin) i B r* p, 3ailatilx B neBHoMy nops.uKy

fu a - Apyra), Ha3r{Ba€rbc, Marpr,rq.fi C r* o, KoxeH ereuenr groi

$fc oyr*ri go6yrrir erenreutis i -ro pxgra naarpr.rqi I na nignoni4ni

. ,(:: ljluaqucno,r=3.3. 3Hafirn 4o6ytor r',rarpr.Iqi A =l 2 3

[o t-23)
Porstccor. 3riAno srasisox pos4iny 1.2, 20 2, dotymxou uampuqi A

Ha vucno )L Hasnsaerrc, Marpuu, ),'A, etev,enru sroi orpldMylorb 3 ene'

NaeHris uarpr.rqi A nruoaceuntw na qucno ),:

r-o 4-t\_(-2 r 3)
3-s 7+2) [-s -2 e)

(3.3 3-4 3.7 3.1) (e t2 2t

B=),..t=lt.z 3.3 3.s t-zl=l a s ls

[:.+ 3.1 3.(-2) 3.3) [t2 3 -6

,, dul1;3, 8rrr, rilrricrr cTonuqir rr,ra,pr.rqi I gopinnroe riarrocri

I# xltprUi B , \nn = nu =3), rvrarpr.rrli ysro4xeni i rrlarprzqr

il

i1

t **I&.fro6xl.qno gsafirlr 4o6ytox C = B.A,.ro rraa.rprqi B3rt, Arr,
il!k rfrcixtnl ln =nn=l), i C = B . A = C, *r, MaraMe 3 ptarcu i 3 cronnui

a Ctlt, MarHMe oAIIH p.sIol( i ogzn croBleIIE

( s)
c = A.B =(2 4 l) I s l= (r,, )= (rr),

[-sJ

r 1,3 + 4. 5+1.(-8) = 6 +20 -8 = 18.

t6

.,"-

t7



at3

az3

q33

5. .flxrqo sci ereN.reHrfi AerKoro croBnII, (pa.qKa) y BI,I3HaqHIrKy 4opin-
Hrororr Hynro, To raxufi sugHaquaK TaKox 4opiruroe uyllo.

6. -f,xrqo sci ereN{eurr,r oAuoro croBrq, (px.qra) siAnosiAuo nponopuifini
eJreMeHTaM iuuroro croBflq.r (prara), r:o tarufi BLI3HaTIHIIK gopirnroe nynro.

7. -fxuo Ao KoxHoro eJreMeHTy AerKoro croB[II, (px.qra) BI,I3HatIHIrKa

AoAarr.r nianori.qni eJreMeHrr,r iuuroro croBnu, (prara) nouHoxeui na 6yAr-
,Ke qrrcJro, To Br.r3raqrur ne gMiHurrc.s:

4, -frulo sci ereN{eHtLI AerKoro croBrII, (a6o px4ra) BIl3HaqHI{Ka

tttictrT r sararrHl,Ifi MHoXHI{K, ro fioro MoxHa B}IHecru 3a 3HaK BLI3HaqH[Ka:
Anre6paiuna cyr'.ra rcix urecrr, 4o6yrr<in 4opinnrce slsHa.ru[xosi.

t'+tt u+, rr+, tr-tr x_tr tr_n

= dll q22 a33 * qlL a23 a 3t * al3 a2l q3Z _

- ot3 qz2 q3t - att a23 a3z - atz azt a3l .

Bt|rxaqxux 3-ro noprgxy MoxHa o6qucau.ru sa npa,unoJfi mpurEmnuxie.
. llptr qboMy Br.r3'avurx 4opinuroe anre6pai.rnift cyui ao6yixiu ereMe'-

fllr potraluoBaHHx ua roaoruifi, uo6i.rHift 4iarouaarx i y neprur.ilrax pinHo-
6lfnrx tpuxyruurin 3 ocHoBaMlr, [apilreJrbur.rMfi Aiaronan.flrra. 

'

f,o6yrrn eaenaeu,rir, po3TarrroBaHr.rx Ha ronosuifi 4iarouani i y
laplullHBx piauo6iunax rpr.rxytullrir s ocgoBaMr.r [apaneJrbHxMu \fi, lepyrtcn
h rgrrou (+), a eaeveH,in, po3rarrroBa,r.rx ua uo6iquifi aiaronani i y
tlPultlHBx piaHo6iuur,rx rpuryruuxin 3 ocgoBaM[r [apaJreJrbH]rMr,r ifi, * is

I o1 k atz ctr3

t=lort kazz az3

I o1 kotz a33

atz

az2

(r.2)

A=

all*ka12 an artl l r,tl
a21+ka22 azz q23l=l ozt

a3fka32 a32 %31 l*,

alz

a2z

432

2o. ooqucaeuH.f, su3ua.rsuris.
l. Bugna.rHllK nepulozo nopndxy 4opirnroe caMoMy eneMeHTy

L= orr'
2. Busna\Hux lpyzozo nopndxy o6.rucnroerrcr sa tfoprraynoro

ctlz ctts I *orr.

a22 a23l*l*o,
a32 a33 loo*

or, I l,r,
orrl=l ou

ryl lo,,

at2 at3

azz az3

432 433

arl .!31 lll
+ iltt I o,, atz

A.l o, a2z

I 
ol a32

a13

423

q33

[=

= ct I ct 22- a 2lal2.
(l.l)

lz -31Ilpurclal 1.1. O6qncnr.rrl,r BI43HarrHI,Ir A =I l.
14 -s I

porn'ngor. 
^ 
=li -; I 

= z. (- s)- +.(-:)= -to +12 =2.

2. O6qr.rcnenH, Br.r3uaqur,rris 3-ro [oprAr(y Br.rKouyrorbc, 3a rrpaBr{JroM
Capprcca, 3a flpaBr.uroM rpuryruuxin a6o fioro po3KJraAaHHrM 3a eneMenTaMn
pr4rca (a6o ctonnrlx).

flpn o6uncrerui oucuartuuxa 3-zo nopndxy sa npaaanow Cappruca go
Hboro nprflucyrorrc, 4na nepuri crosuqi crpaBa (a6o .qna ueprui px4ru
ruusy). ,{o6ytxtr eaeuenrin, rqo Jrexarb ua giaronarrx, [apaJreJrbHr{x FoJroB-

uifi,6epyrrcr is sHaroM (+), a go6yrru ereueurir, qo nexarb sa Aiaroua-
JIrx, ilapaneJurrx no6iqsifi - is guaxoM (-)),

= arr a2z o33 * qr2 q23 q 3r* qr3 q2r q32 -
- qr3 422 q3r- arr a23 a32- arz a2r q33 

.

Ir 2

Ilptraaa 1.2. 06qucrurr.r Br.r3HaqHr* A = l: 2
I

143

-t
I

2

C) ff npmnnou Capproca; 6) sa rpaBr.tJroM rpr.rrytnr.rxin.

Potttlror. a) O6uuctruv,o Br,r3HaqH

I 2 -1
32 I
43 2

r{K 3a npaBrrJroru Capproca:

t2
1 )-
43

r I, 2, 2 + 2. l . 4 + (- l). 3. 3 - (- r). 2. 4- l. l. 3 _ 2. 3. 2 =

a

a

=4+8-9+8-3-12--4.



OCKIJIbKI,T

"tt =3.2= 6i rt2=3.4=12; 
"13=3.1=3;

"21 =5.2=10; r22=5-4=20; 
"23 =5.1=51

cr, = (-t)'2=-t6i 
"y=(-8). 

4=*32; cr, = (-a).1= -8.

6) A*3, B3*zi nn=ru=3, ruarpurli ysrogxeui i C=A.B=Cro,T o6ro

(-z 4\
c = A.a=(-5 3 2)l z -r l=(rrr cr)=(zt -le),

I r 2)
ocrilrru

crr = (-S).(-:)+ 3.2+2.1=15 +6+2=23;
cr, = (- S). + + 3. Q t) + Z. 2 = -20 -3 + 4 = -19 .

f,**o 8312, a A1y3, ro xiarricrr croanqin uarpr.rqi B, He 4opinuroe

rirrrocti p.agria uarpuqi A,lrr=2+ nn =l ), rurprrli ne y:rogxeni i one-

paqir nruoxeulas C = B. A He Mae ceucy.

e) Atxl, B3*3; flA=nB=3, uarpuqi yrrogxeni i C=A.B=Crrr
(z r 4\

C=A.B=(I 2 4)l-6 -7 I l=(t t ctz ct3)=1zz r r+),

[ 5 2 -8)
ocximxu

ct = 7 .2+2.(- 6) + 4.5 = 14 -12+20 = 22;

ct2 = 7.1+2-(-7)+ 4.2 = 7 -14 +8 = l;
ct3 =7'4+2'9+4 '(-8) =28+18-32 =14.
.IIruIo .83r3, Al*3; flB=3*nn=1, rtrarpuqi He y3roAxeHi i ouepaqir

MHoxeHH.f, C = B.A He Mae ceHcy.

,) Azr2, Bzr* tlA=nB=2, uarpugiy:rogxeni i C-A.B=Crrr:

c = A , =(-: :) (; ',)=(i:', ::)=( 1: _:;),

t8

2.3+ 6.5=6+30 =36;
2,7+6.4=14+24=38,
-t.3+1.5=-24+5--19;
-t,7+1.4= -56+ 4=-52.
C e B'A, B2rZ, AZxZi ftu=fru=2, uarparli ysrogxeui i

,2+1.(-s)=6-56 =-50;*rt,6+7.1=18 +7=25i
3,2+ 4.(- g)= to -32 = -22;

*rr.6+4.1=30 +4=34.
, D3*2, flA=fi,=3, uarpuqi ysro4xeui i C = A. B=C rr, :

iiJI
c=B'=[-:] 

" ^ 
"=lz':,

"12

"zz

"32

612
l0 20

-t6 -32 :l

a=(3 ',) r 2 u)=(.," c,r)-(-so 2s)
, \ 5 4./ ( -8 t) ["r, czz ) \-zz 34 )'

( "rt crz) ( t -42 )=[,;; ii)=l-'r ru )'

:.1.(-?)+t.(-l+7.3
.2,4+1.6+7.(-8)=
l'!.(- 7') + s.(-4)+ 6. 3 =
:!'4+5.6+6.(-8)=

C - D,A, B3*2, Azxz,

?),2+ 4.8 = - t4 +32 =tB;
7).t+4.s=-7+20=13;

il . (- 7\,7 + 4. 6 = - 49 + 24 = -25 ;

=-14-4+21 =3;
8+6-56=-42;

-56-20 +18 = -58;
32+30-48=14.

hB =frA=2, ua.rpwqi ysro4xeni

ct2 cr:) ( lg 13 -25)
c22 ,r,l=l +o 26 8 l.
ca2 ,rr) [-rr -37 -27 )iJ(; :t=(,;':,

-7
,r*
t

f r *;r""..^," ,. -

t9



czt = (-4) 2 + 6.8 = -8 + 48 =40 ;

"zz =(-+)'t+ 6.5=-4+30 =26;
czt = (- l).1 + 6'6 = -28 +36 =8;
cat = 3.2 + (-8)'S = 6 - 64 = -58 ;

ca2 = 3 l+ (-t).S = 3 - 40 = -37 ;

ca3 = 3.7 + (-S).0 = 2l - 48 = -27 .

e) A3y2,83x3, flA=Z*nu=3, uatprqi He y3roAxeHi, onepaUix r'ruo'

xeuru C = A.B He Ma€ ceHcy,

.flrulo C=B'A, 83r3, AZ*Z; no=nn=3, r'ratpuqi ysrogxeui i

C=B.A=Cr*r:

ocKlnbKI4

cll = 4.1+ 1.3 + 3'2 = 4 + 3 + 6 = 13 ;

c12 = 4'4+l' (- S)* 3'6 = 16 - 5 +18 = 29;
czr = (-t).1 + 3.3 + 2.2 = -1 + 9 + 4 = 12;

czz = (-t) + + :. (- S)+ 2 - 6 -- -4- 15 + 12 = -7;
cal = 5.1+ (-Z).3+1.2=5-6+2=l;
ca2 = 5'4 + (- 2)'(- 5)+1'6 = 20 +10 + 6 = 36'

Ui npr4KJraAlr ni4mepAxyrorb, IIIo pe3ynbrar .qo6yrry.ABox I\{arpI'IIIb

3arrexgrb giA roro, B ,KoMy noprAKy B9HI'I flepeMgoxylorbc, I B 3araJlbHoMy

"'^l-i 11 t; :J lii Alti',1)

Br.rnaAry A.B*8.4.

5. .{aua Marpl{q, 3uafitn o6epneny *arpr.rqro I -1.
(t 2 3)

,=l , -1 -3L
[o z t)

Pogr'flsorc. 9x sxasaHo n porgini 1.2, 40, AJL 3HaxoAxeHH, o6epneuoi

rvrarpnqi A-l ueolxilno cfiorlarKy o6'{Ecrnru BI'I3HaqHuK rr'ratpuqi A, L1 i

nepeKoHarlrcr, qo Marpl4q, IleBlrpoAxeHa (A7 * 0), norirtl 3anI'IcarI'I TpaHc'

noHoBany Marpr{qrc AT , ftail sci eret\,reu'rl'I rpaucfloHouauoi ua'rpu ui A't'

saN4iHnrlr ix anre6pai.rHl,IMl4 AonoBHeHHf,MH, a noriu orpuMaHy Marpl{!-1rc po'

egiauru ua ausuaunur 47.

20

lflhr.*,,,.

(s 4

r-t.f l-r+ -rl
\8 6 -;]

B[3HaqHr{r( 4,tr 3a fipaBuaorvr Capproca:

It 2 3

rn=lz -l -3
l+21

t2
,)1_

42
! + Z, (- 3). 4 + 3. 2. 2- 3 . (- r). 4 -t . (- 3) . 2 - 2. z. t =

=-f-24+12+12+6-4=1.
$ MArpHrIi LA=l#0, .ro6ro Marpr.rq, HeBr.rpoAxena i rrlae

l_o TpaHcnoHoBaHy Marpuuro - Marpr.rqro, a arifi pqAxrl Mar-
Il otognqrM[ 3 Tr{Mlr x HoMepaMr.r

(t 2 4\
,qr =l z -l 2l

t3 -3 tl
MaTpHqrc orpuMa€Mo ea t}opr',ryaoro:

. (',, A, r,r)
n'= ul::', :,, 1,:,',)

uarpxqi A, A,j - anre6pai.uri gononuenHx, axi 4opin-
rxi otpur,ayrorb [pu Br,rxpecJrrcBaHui j-ro prgrca i 7-ro

uarpuqi AT ,ysmi ig suaxoN4 (- l),*/.
22
3l -4; lrr=(-l)t# -ll

-rl=-''
t2l

| -q.3 -31
2l

l=-5^
-11

2

J

l;? ll-',
trrer

Az=?r)Hl::l= r,

t4l
: rl=-tt' Arr=(112+3

r33=(-r)3€ 
I

4

-11
6_ii[,i

2t



6. Kopr.rcryrovucr {opuynarr,u,I Kpanrepa, posn' t3arn cficreMll pirHxHr :

. [:x, + 2x, = 12; z\ lr*, - 2x, = 4; . I r, + xt = 3;

"'tor, - *i= 5; u'Iu*,-ai=g, "tr, +2xi=6.

Po3nts3oK. a) O6tucluuo BI.I3HarrHuKI,I cllcreMLI

or= 
I

t22
5 -l

o =1 " l=r.(-r)-z . 4=-3-8 =-rl4 -rl
=tz.(-r)-2.5=-22; or=l'o : I

*0;

3.5-12'4=-33.

Toai sa $opr'rynarrru Kpauepa MaeMo:

A..A| _-LL _o. z _-33 _,
*=-=--=L. *^=-=-=J,ra-11 2A-ll

Bitnoni.qr: x--2; y =J.

l: -216) a=l 1 1l=3.(-q)-(-z).6=-12+12=0;' 16 -41
lq -2o'=l , -4

=+ (-+)-(- z).e=2*o; 
^, =l: ;l=, s-4 6=3*o

Bianosiar: Cucreua necyuicna, posn'rsrir [Ie Ma€.

e) a-

o, = 
1 2 ')=3 2-r 6 = o; A ,=l: ll=, 6-3 2=o

I lll=1.2-l'2=0'221

Bignosiar: Cucrerua HeBr{3Haqeua, uae uecxiutenHy 6eani,r posn'r:xia.

7. Y vaficrepui 6ygireruroro qexy Br{roroBJrrrcrr grepi i sixua.
Ha aurorosaeuna gnepi Br,ITparrarorb 3 gormu, a Ha Br,rroroBJreHu,

sirua - I gorury. Burpar:u po6ouoro qacy Ha ix surorosaeHHs siAuosiArro
gopiuuororr 5 ro4ru i 3 roAunu. Bigorrao, qo B rrrx,qeHr rraaficrepui rocraB-
JIrrcrE 90 Aoulor i po6ouafi qac cKraAae 190 roAr.rrr.

Cuactu taxufi uaan rr{xHeBoro Br,rroroBJreHHr 4oepefi i riroH, npu
rrouy nonnicrro Br{Kop[croByrorbcfl pecypcu (Aorurr.r i po6ovufi uac).

22

i",

flosua.ruMo {epe3 .r1 i x2 xiarxicrr oAr{HHqb rr.rxueBoro
i nixon ni4uoaigno. 3a yvoaon sagari cKJraAeMo cr,rcre-

, [r*, + x2 = 90,

[Sr, +3x2= 190.

uarpuqi I

qto cr{creMy Marp[qur.rM cnoco6orrl. 3auuureuo ii u rr,rarpr.r_

x = A-,.8, o" ,=(; l), ,=(,;3), .=(::)
I sHafi.qeMo o6epueny Marpuurc A-l . gtrt rlboro croqar-

ls llo, =1, ,l=r.3-l.s=9-5 =4+0.

lptHortoHoBaHy Marpqqro i suafi4elao anre6paiuui AonoBHeHHr:

tr _(3 5)
^-r l;Ir 3)'

{)l+t.3 = 3; An= Gl)l+2.1= -t;
,5=-5, A22=Gl)2*2.3=3.

potttrcox clrcreMr.r sa r[opuynoro X = A-1. B

xr=20i xz=30.
$r nosHoro BuKopr.rcraHua pecypcia B rr.rx,qeHr neo6xi.uno

1ltpofi i 30 sixoH.

(1)

Blo gjt_t posr'rtry 3aAaq raKoro rr.rny 3pyrruo Br,rKopr.rcroBy-
Onool6. O6.rucrr.rsuu oAr.rn pa3 o6epneny rraarpurlro i slri-

q! pccypcr (neHni, tl.rxueni, rraicavni), orpr.rMy€Mo Kox-
(l) ri.qnosi.qunfi ntau Br{rycKy upo4yrqii.



1.5. 3aeAaHHfl AJIfl caDlocriftnoi podorr no porqi.ny I
1. 3nafi'ru cyMy MarpI{IIb

\ , (: :l ,J; -;l 6\ A=(, s -2) Tz I 1)
"'=[1 :] '=l;-l o'^=lo 2 3,J''=[' -3 z)

2. 3uafirw pirnuqro MarpIiIIL

,,,=(-:::),, (:: ;) ,[i :) ti ;]

3. 3Hanrr,r 4o6yror< ruatpuqi 
^ 
=l: 1 ', ll ,u ,,.ro z = ,.- 
[o t -z ,)

4. O6'{ucrrrn 4o6yrox MarpnqL C = A'B i C = B'A yncwo

a) A = (2 4 t),, =[ i] 61 A=(-5 , ,, u=l-),jl

e) A=(7 z 4),,=l-Z -) ;.l, ,, o=(-l i), , =(i 'o),

Is 2-B)

, u=('r; :),'=[-", X)' " ^=l) :J '=[-i )1]
5. ,{nr 3aAaHI,Ix vratpuqrl :nafttu o6epneni ruarpnqi l-l:

.,,=[i i ;), ,,,=li 
", 
i] ^^=l; ;;]

6. Kopuctyrour,I cr t[oprraynauu Kpauepa, po3B' x3atu cllcreMl{ pi nu r rr :

,{i:":'i; =i," ,{i:,I?; =i" ,,{':l 
--'7 

=n,:

24 25

flfrnoaUi Br,rroroBrrrrou cyrlinrny i nopoxur.rcry qerny. Ha ix
IlTpaqa€rrcr 3m i 2w lratepiany siAnosiAuo. gac,rqo

lil BttroroBnenur cyqinrnoi a6o [opoxHr.rcroi qeuu oAHaKo_
I I xa, Bi.qor"ro, qo geuuufi sanac narepiary - 1200 rr, a po6o-

20 xs.
nItH AeHHOTO Br,rroroBJreHH' KOxHOTO Br,rAy rtrerJrr,r, npu .nxifi

IorBcfl pecypcu (lratepian i po6ovrfi vac).

T[noBoro nprr(JraAy 3aBAaHHfl 1 PIp
cxcreMy aare6paivul,rx pinu.aur

lr*, + 3rz x3 = 5,

13r, 2*z + x3 = 2,

[4r, x2 + x3 = 5.

Kpouepa, 6) uatpu.ruuu cnoco6ou, e) lre:rogorrl layca.

crcreMy sa rfopvynaruru Kparuepa, sri uarcu Burrs1:
A, A" A"

Xr =l', xz=-f , ,, =i, (1.9)

c[cTeMI{ pinu.ffrr; L1, L2, A3 - B}r3Ha{Huru neni4orr,rzx,
f mxlnorc fioro nepruoro, Apyroro i rperroro croBflrl, ni4no-
r lhrnux qaegis.

lf,lHaquuru A, A1, Lz, L3 i o6quclalro ix:

.l 
-f 

l-r,,- 2)'t +3't'4+(-r) 3'(-1) -(-r) .(-2) 4-

C Il -2't'(-l)-3'3'l=-4+t2+3-8 +2-9=-4.

-l I

ll. 5, (-2).r +3.1.s +(-l) 2.(_r)_(_l) .(_2).s _

il -5'l'(-l)-3.2.1=-10+15 +2 -10 +5 -6 = -4.



Teuep suafi4errro uerigoui x1, x2, x3 3a +opMylauu (1.9)

Ar -4 az -g ^ a3 -12
=-=1. --=-=-=1' v =- =-=?' a -4 ' z a -4 r A -4

BiAnosiAr: x l=l; x 2= 2; x 3=3.
6) Posn' rxerrlo crcreMy pian.rnr Marpr.rqnr.IM cnoco6ou.
Ilosuaqr.rN4o tepez A Marpr.rqrc saAaHoi cllcreMrl pinnxHr, ueper X

Marpr{qp-crorneqr uerigor,aux i ueper B - rrrarpuqro-croBneur simnux qneHin:

(z 3 -l) (',) f s)
IA=1 3 -2 il, "=1,, l. u=l ,1.
[+ -r t) [,,.J [rJ

9xrqo cucreN,ra ninifiHr.rx pirnrur B Marpl{quoMy nurrr.qi 3afiucyerBcx,

A' X =8, to uatpuqr ueeigouux 3uaxoAurbc, is pinn.ennx X = A-l' B .

,(aa suaxo4xeHH, Marpr{qi nesiAot\,rl,rx X, :uaftgevo o6epueuy Marpnqm
(ana. posail 1.2) i nortruoxunao ii na Marpllqrc-crosneqr sirrnux.IaeHie.

Ocrinrru MarplrrIf, A HeBr,rpo4xena (.rr 6yno Br.r3Haqeno paniruo,

(L="L1= -4 *0 ), ro grr nei iqrye o6epne ua uarpngl" A-l .

O6epneuy Marpxrlrc A-l slafileNto n nacryuuifi nocri4ounocti:

l) 3anuruelao rpaHcroHoBaHy Marpr,rrlrc - MarpHIIIo Ar , a nriil ptaru
nrar:pr.rqi I saMiHeHi ii crornqxruu 3 rr{Mr.r x HoMepaMI,I:

( 2 3 4\
-l IAt=l 3 -2 -t l.

[-, I t)
O6epueny Marpr,rqrc MoxHa orpr,rMarrr :a r$oprr,rynoro:

, (n, Arz l,r)
a-r = L l t^ Arr. nrr l,^nlo, Ar, ,rr)

l,e LA -Br{3HaqHr.rKr'larpuqi l,
A 

i j arre6paivui AotroBHeHHr, rxi gopiuurororb B[r3HaqHr,rKaM, rrl0

o'rpuuaui BrrKpecnroBauscl,r i-ro pr4ra i 7-ro croruq, rpaucrroHoBanoi uar.

puqi, nseri ig suarora (-t)'*,.
3nafi geuo anre6paiuni AorroBHeHH,r rpaHcrroHoBa lrroi uarpurfi AT :

26

I tr,

27

-ll

4

I

4l

-ll

--t; Arzl-r'" 
I -i 1l=_r' r,r=(-l)1+3 

I -; 
-?l 

= t'

l*r, 
,u=tf'l:1.,=u, Arr=(-t)2#l 

? il=-r,
-si 42=?t*l', 1l=ro Arr=(-t)38j|1 :l=-,,

(-t -2 r\
A-t=Ll t 6 -sI-4[' s t4 -',)

piaxrur Bu3Harra€TEc.r cuinui4nourenu.ru

lil=*[ i ,i-iit;] +[;ii
tHlqCHHf, C1t C2, C3i

'5+(-2).2+1.5=-4;+6,2+(-s).5=-8;
+14,2+(-13).s=-12.

gOfrf iCft C1, C2, C3 u[rcJroBi 3HarreHHr, oTpr,rMaeMo:

x='r-;l=[i]
-41\ -12

Il= l; xz=2; x3=3.

onCTeMy pinrrur Mero,qoM layca.
polltlllp€Hy MarpHrlro ctrcreMr{

(2 3 -r
tr=lt -2 r

(.+ -r r

lfifxrrrrpni neperBopeHH.,r, uo6

rorQlqlenr 411 pinruau o4uuuqi

secrr,r ii Ao rprrKyruoro

o6uyaunao xoerlirlienrr,r

;l
rIp[r



,(r.r qroro:
a) norrainrerr.to MicIIcMLI nepruufi i .4pyr[fi prAKIl, a noriM siAHiN{eN'Io is

neptuoro pr4Ka Apytl4ft. Pesynrta'r 3a[u[reMo savicrr rrepruoro prAKa:

,*&,,,1, EEKTOPHA AJTTEBPA

_ l.l, Bonropni i crcalrpni BeJrr.rq[Err. porrclaAaunq BeKTopa Ba
FillfrrturMr ocsMu

, lo, Oeno"si susnaqensq.

Eanrqnga Ha3r'rBaerr,cr cKdn-flpHo,, {Krrlo BoHa Br{3Haqaerbcr csoiM
tlliEffN lHaqeHHrM, i rexropuoro, ,Krr{o gax ii nlrruaqeHH, 3aAaerrc.fi rle fr
fr3ittH,- 

Im ieKTopH BBaxarorEc, pienuuu, ,Krrlo BoHr.r Maror' oAHaKoBy
lltipiy, ntpanenbui oAnH oAHoMy i ognarono uauparrl.rreai.

. J* Irr lorropx Ha3r.{Baror6c, npomaneflcHrMr, flKtt\o BoHu Marorb oAHa-
*frfXnxy, napanerrbui i uporunexno xanpxlueui.
,l .-Era r6r(Topu Ha3r.rBaror6c, xonineapruumu, ,Krrlo Bour.r po3rarrrosaHi Ha

l$I nprulil (a6o napaJrerrbHr.rx np.auux), He3aJrexHo nig toro, qr.r HarprM_
Hl rcHH oAttaroBo, uu ix uanpaua uporurexui.
. {ruo BGKTopu Jrexarb n oguii nnorqzni a6o n naorqu,ax, rapaJreJrLHr.rx

lll Sottob, TO BOHU Ha3r{Barorbc, KownnaHapHuwa.

" Btffiop, AoBxuHa (uogynr) xxoro gopinHroe o.qr.rHr.rqi, uasuoaerrc.t
*xllxtn BGKtopoM.

1 . i0, PoruaA Ber(ropa ga 6agncou i,j,Z.
lhrmouo npxMor(yrHy AeKaproBy

ffilfll IoopAHr{Br a npocropi i pasorra

r lgl ?pr oAnuurrHi Be*ropr.r i,j,i,
naillllEl trlx cnianaAae 3 roqarxoM

ryUifr I rxl Hrnprr'.rneni siAuoriAHo
llCI0aal Ox, Oy, Oz (puc.2.l).

Crgtema rpbox BeKropi" i, j, i,

(3 -2 1

lz 3 -l
[o -r 1

6) rignir,aeuo ri.4 gpyroro prAKa flepmflfi, nolrauoxenuit sa 2. Pesylrrar
3arrurrreMo saN4icru Apyroro prA(a:

(1 -s 2

-lo 13 -s
[o -r r

a) nianirrlenao rig rperroro pxgra nepurufi,
Tar 3anr.rrueMo gauicrr rperboro prAra:

Pesyrr-

(t -s 2

-lo 13 -s
[o D-7

e) nounoxuvo apyrrafi pxgor na 19, a

ri4 orpullanoro rperl,oro prAra apyruft i
rperboro prAKa

ril
3Aificnurr,Io sroporuuft xi4 r'.reto4y

cI,ICTeMy 3a pO3IrlrrpeHOrO MaTpI'IIIeK'
I-ayca, riguoauauru piruocurr,uy

l r, 5*z + 2x, - -3,
I1 l3x, - 5*l = 11,

| ^- - 12.t *r3

3 ocrasuroro piruauua MaeMo x3=3.
fligcraaareuo 3HaqeHH, x3 r.{p}re piruxunr i snaxognrvo x2:

13xr-5'3=ll 9 xz=2.
fligcranrxrcvr,r 3HaqeHH, x, i x3 B nepue pinnruua 3HaxoAEMo ,1:

xt-5'2+2'3-'-1 => rl-1.
BiAnoriAr: xl=li xZ=2i x3=3.

,\
;t
s) il

-J

1l

5

I
)
uounoxenuft sa 4.

-3 \
11 I -

Ir7)
tpetiii ua 13. florir'l si.qHiNaeMo

pe3yJrbrar 3anLrrueMo saN{icrr

(t -s 2

-lo 13 -s
[o o 4

Puc.2.l
f [Xllgf h0r AoxopToBHM rprMoKyrHr.rNl 6asucoN{.

- *lTlr.rrnn Berrop n npoctopi MoxHa rroAarr.r y nurragi cyMH rpEox
llffiPllr oAHH LKr{x po3rarrronasr.lfi B3.qoBx oci O x, Epytltit ns4oax oci
frJ lrpffU - eiAogx oci oz:

Z = qxi * rr) + a,i , (2.r)
aar

X lil p/t = oflltHtt{ui rerTopu, axi Haupar,.raeni argorx KoopAr.ruarur.rx ocefi,
llyJyft = allroetclii nexropa Ha KoopAr.rHa.rni oci.

l{oaynl torropa 7 4opirnroe

l;l=G
28

*"

29

+ol+o] (2.2)



.f,ru1o vepes d, B , y no3Harrurr.r xyrr,r, xri yrBoprc€ u"nrop f
Hr,rMr{ HarrprMaMr,r KoopAr,rHaTHr{x ocefi, ro $oprraynu

3 AOAar-

(2.3)

(2.8)

t
c=

t)a+b = {o** br; ar+ bri or* br}.

i
,)

AarorE Br.rpa3r.r AJm HanprMuzx rocuuycin BeKTopa q qepe3 fioro upoexqii.

Mix nanprnrHr.rMr,r Kocr,rHycauu icnye garexnictr

"or2 
a+"or2 B+cosz y=1. (2.4)

30. Aii HaA BerropaMu.

1. Anre6paiuHa cyMa oexropia
+ > / \) I \> t \+
a I b = \or+ b*) i + \ay+ br)i + \a"+ b") k. (2.5)

2, MnoxeHu, BeKropa Ha qncJro

).2 = )"a..1 + ).o..j + n-i. (2.6)xy
3. -flnqo Alxr, !1, rr) i n(*r, lz, rz) - Koop,ql,r,arl{ roqarky i risqr

nerropa, 'ro4i

- npoerqii BeKropa Ha KoopAr{HaT:ni oci Br{3Haqarorbcr cninnignoureu-
H'MII

a x= xZ- xp a r= !2- ly a z= 22- zl; (2.7)

- MoAyJrb BeKTopa Br{3Haqaerr,ca aa $opruyaorc

cosa=pi1' 
"os0 =yfi' cos/=i;T'

l;l=w,
- uanpruni Kocr,ruycr,r Br,r3Haqaror6c, BHpa3aMLt

cosa= 
-r,=i', cosB='+, cos/='+ e.9)
lal lal laltttttt

40.1. gm 3Haxo.qxeHH, BeKropa i{r*r"rrcrl n<un iopi"ro. "yri
ABox BeKrop n*of or; ar; arl l"t{t*; or; brl,ueo6xiAno repe,ecrr.r noqaro*

BeKropa 6 s riHerlr BeKropa a i no6y.qyrarr,r Bexrop c rar, qo6 fioro noqa-

T or cninnagaB 3 rroqarKoM BeKTopa i, u *ir"rt" - s xinqerra ,"*ropu 7
(pnc.2.2).

.,*
ftopo, 7, sxutrt gopiource piruurli ABox Berropit i i

lxxfi cnoayvae xiueqr Bexropa 7 s xinrlela BeKropa
(Iltxoro noqarry (puc. 2.2):

Pu,c.2.2

(2.1 0)

)
b Hasusa-
.>
a , ilpgBe-

++rll
d= a-b=lar-b*;ar-br;or-brJ. e.ll)

flp6yrxorr.r BeKropa i ,u ,r"ro ), uagusaerscfl Be*rop E = li,+
tot(Topy a, taxufi rqo

+l
b =1)"a- L--"x'

'I

a..; ).a _ l. tz.tz)y' z r

I i i 
"rirnaAarorb; 

txwo 1, < o -".' Imlo I > 0, HattprMrr nemopin

ISru [mopln npoturexui.

lrtrl. Porntr3or TrrnoBrrx npur.na4is caDrocriftHoii po6oru rro po-{r l.t
' irlrrfirncyMyBer(roptsi = s?+roi -zi i E =i +zj +ei.
:. ?cu'rror. a+b =(5+I)i +(10+2)j+(-2+6)T.=ei+nj++-f .

l, lgrflts xoopsr.urarr.r Berropa 78, ,n 1o A(l; - 3; 2), B(- 3; 2; 4).

Llltllox. flpoerqii BeKropa fr ,uxoop4uuar:ui oci

.. d"= x2- xi ar= !2- !1) az= 22_ zl.

lrr-!-l=-4i ay 2-(-3) -5; a==4-2=2 = 7Et-4;5;2|.

30

-.ry&;..
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3. 3nafiru aiscraur ruix roqravu A$; - a; - 1) i B(- l; 2; - 3).

Polr trlorc. Cropucrauurncr <[oprnrynorc 2.1 l, orpIIMa€Mo

o =17;l= =

16+36+4 = J-s6 =zJu.

4. Haaexropu*i{l;1; ai i Et-rr7;1} noSygoeauuil naparerrorpaM
+++'

ABC D. AB = a ; AD = b . 3:c,afiT,uBeJIIrqlIHy i uaup.nr,a fioro aiarouani lC.
Pols'slor. Is roqru ,4 siArraAeN.{o BeKropLI i,E i no6yAyerrro napa-

JreJrorpaM ABC D (puc. 2.3).

,(iarouarr lC.qopiruloe cynai nexroprrZ iB
7e =; ai =1t+(-z))?+(r+z))+(++t)? =

=i+gj+Sk. A
.(onxuua liarolr.ail AC

C

lfrl= ,F. =J-so=.ffi'=3rft'.

+
a

P:ac.2.3

HanprrraH i roclrHy cu snafi genao sa i[oprr,rynarrr u (2.3)

5
COST=:.' 3Jr0

= 6o0, 
l7l = r,

B

Hogaronai c:repxui AB i BC ruapHipuo sar<pirueui B roqxax A, B,
. 3naET z cuau, xr<i 4io:rr ua crepxHi, frKlr\o a = 600, a aara ni4-

I roqrli B rawraxy P =100 H .

txrox. YMosa urapuipuoro sarpiunenux o3Haqae, qo o6uana
Moxyrr 6yrz r:inrxlr poerrruyri a6o crr.lcuyri, to6ro cunu Fnu i
Alrctr ua :rouxy .B s 6oxy qux crepxniB MoxyrB 6yru uaupxlrneui

Itlogx crepxuia. 3nagxa upo ruapuipne saxpinleuna xiurlin cr:epxuin
lrulo, Ha[puKJraA, crepxeur AB xopcrKo saxpiueuufi s :roqqi l.

0tGpxn, BC ssaraai MoxHa o6ifi.ruct, ocr<ilrxz crepxeHb AB i cau
laHrax!

lllll Plruogiroua ncix rprox cxrr, rpr,tKrraAeHlrx r.rouqi .B gopiauroe uy,rro.
f,oponecerr,ro cr4Jrr{ rapaaeJrbHo caMrrM co6i i no6ygyaro rpr*yrHr.rK cr.rJr.

A1

Puc.2.5

Tlr rr LAPST rprMor(yrHr.rft i sa yrr.ronorc:agavi Kyr a = 600, ro
tEIT9TXMO

Frr= Pctga = 100.0,58 =58 11; FBC=
P 100

-=_=ll4H.
cosa 0,87

€rcpxeur AB pornrruy.rnft cuaoro 58.11 , crepNeut BC wucuyruir
€rfraro ll4 H.

cos.,=*Lt cosB=-L,3Jlo 3Jlo

5. Berropra a i b y'roopuorb Kyr A
l- -l

3naii,u la-bl.tt
Polg'slox. 3po6ururo prcyroK (2.4)."3riaso

TeopeMr.r rocunycir Ma€Mo:

l; -il' =l;i' .lil' - rl;l l; l*',
fli4crannxrouu qllcros i 3H aqeHHr, orpr.rMaeMo

r+ -r2l; -il' = 52 + 82- 2 .5 .}cos 6o 
o 

= 25 + 64tt

l; -il= J* =,

P

l;l=*

+
a

Pnc.2.4

-80!a

(-q)2 *a2 +(-z)2

32

=49.
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7. Eaer<rpr.r.ruuft rixrap sarorc 30 11 uiAsi[Ienltft Ao creni Ha II]Hy

AB i noriv npr.rrrraerLcx go criHrn Mory3Koro BC (puc.2,6).

Bnsaaqlrrrl Harrr rrrnypa i naor:ysru, rxulo niAouo, qo Kyr a = 600

xyr B = 135o.

,r'&1,

Puc- 2-6

StsAanHq 4ln caurocrifiHoi po6oru uo porgi.ny 2.1

B3ACMHO

roqaroK A(3;2;-l) i rineqr B (l;5;a) BeKropa 7E . guairru
pa Ha KoopArrua:rui oci, ioro vogylr i uanpxnaui Kocr{Hycr.r.

pisnuqro aexropir i ={2;a;-l} i'b ={4;-3;5}.
+

AaHuMlr nexropiu a = {3;'+|.>
Dorropa c =2q+5b.

Si i B = {- l; O; -2} stariru

BerHrrHHy i uaupar,,rri Kocr,rHycr,r
.>

pinuo.qirovoi R .rpuox clln
4|, F z {- 6;2;t }, i s {a;2; e }.
rrxropax i {l; l; 4} i'b { -2;7 ;l } no6ysouanufi naparerorpau

'-++t al AD = 6. 3uafirr,r Berrr,rqlruy i nanparra ftoro giarouail BD,
+

Barorc P, nignirueuufi ua uur:qi .qo EepyxoMoi rovxu, yr:pu-
.|>

cr,rJroro p n uoaoxeuui, npu ,KoMy Hr,trxa yrBoproe

ryr a=45o.3naftrr.r Benr{irr.rHy ropr.r3oHraJrbuo\ culra Q i

90o -a=30o, flpr{ Bepurr{Hi C, pianufi 180o-75o =105o,3HaqrrrL ryr upui

oepuruni C, nopinnroe l80o -105o -30o = 45o.

Bpaxoeyrouu, rqo sin105o =sin75o,3a reopeMoro cnuycin MaeMo

T
A

T" P

gurrn 7.
I ,, F ,, F3 npr*ruoeHi go o4niei :roqru i rrraror:r B3a€MHo

. Harrp.f,Mrr. Br.rgsaqn:ru MoAynE ix pinno4iro.roi, ,Krrlo

l=rra lFrl=zu.

sin 45 
o sin 30 

o

3siaxu

. .-o
rn=p!:==21,9H; r,

sm /f,

. --osln /5

=p 
sin3oo =$.5H.. --osln /f

f,Ct raroro P=600 jt1 uepeupaur-,r€rEc{ na rpoci uepes upipoy
fl. f,xntr Harflr rpoca B Murb, Koar.r rypr.rcr 3HaxoAr.rrbc{ flocepe-

lloJIoBHHr,! rpoca yrBoproptr ruix co6oro ryt 1600.

160 0

->
P

34

Puc.2.7



2.2. CrcalltpHufi 
^qo6yror 

qrox nercropir

lo. Cxaanpnum 0o6ymxom ABox BeKropiu i i B ,urrru.r".r rr.roi
rre gopinHroe 4o6yrry ix uo4ynir Ha KocrrHyc xyra uix ulruu:

i B=l ;l l;l "o,r (2.r3)

KyT on vix rex'ropa ** i i b ,urrru"rr",
Ky"t Q, Ha st<trit cniA [oBepuyr]r oAuH 3

rexropir AJrff Toro, rqo6 ix HalprMr,r s6iraruc.f;
(puc. 2.8). HaAani nig xyrou ruix BeKropaMH
posyuirzrvrer"ro Ky't (p, ulo 3aAoBonrnre yuoni
0 < e < z.

2o. Baacrusocri cxampnoro go6yrxy.

+ + *2 t+12l. a.a=a =laltt
))++

2, a.b = 0, rxulo a = 0
+.t+

3. a.b=b.a

b

Puc.2.8

+ I + +\ - .4 Z l'o *'r)='o.'b +'q.2.
5. (*'r) 'b =, .(*'u) = *(; t).

+++i
a6o b=0, a6o aLb.

a b +a b ia bxx yy zz

(2.r4)

BpaxyBaHHr[,1

(2.1s)

+2 +2 +2 ------6. i =j =k =l; i.j=j.k=k.i =0.

3o. 3anuc cKaJrrpHoro 4o6yrxy qepe3 rpoeKqii aex'ropio, u{o uepeMHo.
xyroTLc{.

.Bxqo 4ra BeKroprr Z i b ,uuri B KoopAr{Harnifi r[opui cnoiur.r rpoexr
qixuu na oci xoop4unar

i = {o .; o ,; o ,}, 6 = {br; br; b,},
'ro cKon puufi dotymox qux rerropin gopinnroe cyrr.ri 4o6yrxif,oguofirr.reuuul
npoexqifi nerT opir, uo uepeMrroxyrorbc,

-o.'b=o b +a b +a bxx yy zz
40. Kyr Nrix Asoraa BeKropaMr.r. 3 pianrnnr (2.13), s

(2.14) rrnlnaae
*o.tb

cosp=l7lE=
b2+ b2+ b2xyz

36

po6ora

37

Kyra Mlx ABoMa Hanp{MaM}r n npocropi Aopinurce cyr,li .qo6yr_
Hlrx HarrprMHnx r<ocnHycia qux uanpauir

t90s(p = cos a I cosa 2 + cos B, cos p, + cos /l cos y 
2.

n ep n e n d u xynnp ru o cmi I e ox uatp nuia

cosa I cos d 2+ cosp, cos p, + cos 2/t cos y, = 0 .

(2.16)

(2.17)

(2.18)

(2.19)

(2.20)

(2.21)

,++
ierc nerropa a fla BeKTop b *taguaaerrcf, qlrcJro

?'-l*,[;,;..l,nPiq=lat 
[ ]

,r-i =Z'i' 'Tir
, YMosa napaflanbuocmi i nepnenduKyn.npHocmi rerropiu

i{o"; ay; az} },'{ b*t br; b,},,oti:
yMoBa napanenbilo cmi uexropis

Q* 
=o, =o,bx b, br'

nepn e n d u xynnp ru o c mi nerropiu

a"b, + arb, + arb, = 0.

MGxaHi.rHufi ruict cranxpnoro ro6yrry.
+

rigoruo, qo po6ora A, cutru F
uarepialruoi r:oqru 3 [oqa-

+
Eotcopa s, rrufi yrBoplo€ 3 Bex-

*yT A (pnc.2.9) sopinnroe

n =lil | 
;l *, ",

(2.r3) A=i.i. Puc.2.9
+

4opianrce cranrpHoMy .qo6yrxy Be(ropa c[rrr.r F ua+
r s . B rlboMy cyrb Jilexavirtuozo enicmy cKanrpHoro



2.2.1. Pols'qlor rtrIIoBnx npnx;ra4in cauocrifinoi po6orx
porsiry 2.2

1. 3Hafirr.r craarpuufi go6yror BeKropiB zi -zB i Z + +ta .

Pols'nlor. 3naxoAuno
l++\/++\+)+++.>++
\2a -3b)'\c +4d)=2a'c t8a'd-3b'c -l2b'd.

2. 3nafiril crarrpuuft 4o6yror nertopin i =i -Zj +i
)>)>
Q=i+j-4k.

Pols'nlor. CraaxpHr.rft go6yrorc nertopin sHafi.ueNao sa r[oprvry

(2.14) z rpaxynanuru 20, 6
+>p' q =1' l+(-3)'l+l'(*4) = 1-3 - 4 =-6.

3.!onxr.*rr.rnertopia i iE sopiaurcrctr lll=t, lil=5 iryr
/"\

BeKropaMl,t I o,b l= 150o. 3nafiru ix cralxpnufi 4o6yr:or.
\/

Pors'nloK. Cropucryaanurucr Qopnaynorc (2.13) orpuMaeMo

+ + ( -E\
2.5 =8.5.cosl50o =40.1 -+ I =-20J3.l2)

4. 3nailrn ryr p uix BeKropaMH 'o =l *'j -qi i E =i -zj +zi .

Polntsrox. Cxopucranruucr i[opuynorc (2.15), orpllMaeMo

..\ .> +
il_ a.b 3.1+4.1+(-l).0 7 7'l=l;1p1=m=dp f;

,+lryra rraix BeKropaMr.r a i b $ailgeMo 3a {opvyloro (2.15)

+77flP-o=J26.-=-'b Js, J,
Moxra po3n' l:aru upoc:riure, 3acrocoByroqlr Soprrlyly (2. I 9)

: _ (r? ++j +3) (?.i) 3+4 7-: ,l?.t' O O
trP.

b

f,Klrx suaqenlnx d i B nerropr.r i{atorz} i E{z;-s; F}

Bextopr -o{r*; oyr or} i E{ort br; b,}e xoaineapuurraa,

ct cl,. a

xyz

J'
i 3l i E {Z;- S; l} - rorineapHi, rpr{qoMy Marcrb o4Haronufi

1.1+1.(-2\+(-4).2 -9
+t
a.b

foopAr,ruarr,r roliueapn r,rx rexropin npouopqiftHi. Torr.ry 3 yMoBr.t

[. B rlrorr,ry BnlaAKy Ber(ropr.rr* = 3 auuaunae, ulo d, = -15, p =

),=3>0.
'lforasatu, qo uotl.rpuryruur is Bepur.rHaMr{ A(-3;-2;1),

i AGa;I8;8), D(U;8;3) e KBaAparoM.

Pogrl*repro BeKTopr,r

?"U - (- 3);8 - (- 2); a - I ) = {to; lo; 5 },

lr {- + - 7; (18 - 8; 8 - 6)}= {- l;10;2},
{- 4 - (- la); (18 - 8;8 - 3)} = {10; l0; 5 },

{- t4 - (-:); (s - (-2);3 - l)} = {- I l; to;2}.

l;llrl ,lt ,lp.e)\r, lG ,F 2

,=*""or(-€)=,rr'. I' t 2)
5. 3Hafiru upoexqiro BeKropa Z=*+lj-I, Ha HanprM BeKropr

+)+b=i+ i.
Pogs's3or. 3riAno Sopuyau (2.18)

npii 1;1""{;,;)

39



lfrl=
TO

Q v,ixuuv,w.

6. B nrour.rni

E{1,-4;12}, trruit

4.3sailruxyr p nix BeKropaMrr Z =zi
5. 3aAani HarrprMr.r q(+So;4So;90o ) I

-3'i +5'k ii =i -'i *3'k.
t r(+so ;9oo; 45o ). sruu*

,[1 =15, l;tl=,lG.G.r'
lnl=lftl=ldl=lnl

Kpilr qroro

Vh 7b=10.(-u)+10.10+5.2=0 = 7b tfr i 7n tfr.
Torray vourpuryrulrK ABC D e KBaAparoM.

8. 3nafitu po6oty, .,rKy BrrKouye cnlru F{A;\2} ua neperrtirqe

tr{z;q;-}.
Posn'qsor. Po6or:a, f,Ky BI,IKoHye .rnu F na AinqHui IIrJIrxy i aopir'

uroe ix cKarrrpHoMy .qo6ytxy A =i ' 1, ,ory

A = 6. 2 +l - 4 + 2.(- 1) = t+ (oa. po6orra).

2.2.2. Sar,aaHnfl AJrfl cauocriftnoi po6otu no porai.ry 2.2

1. 3'rcyoaru, ur,r xoJriueapui nexToprn i i l,f;KIIIo raK, To t{H Ma}ort

BoHrI oAuaKoruft uaupxt'r. flre ai4nourennx ix AoBxI4H:

oli{q;5;_2},B{+;s;z};6)-a{2;-1;l},E1+;z;_z1;
oi {a;3;-2}, B{s,a;-+}, dZ{-4;2;0}, E {2;-t;0};
ilZ {3;o;2}, Bt3;2;o}; "ti{2;4;6}, Et:;6;e}.
2. tln nepnengr.rryrrpni BeKropil i ,i ,.,I(ilIo:

++++a)tr{2;0;-3}, it {t;q;z}; O i {o;4;t}, q{1;-2;8};
uli{t;0;-z}, i t-z;s;oh ,ti {t;-t;z},i {z;-z;r}. 

,

3. 3aAano pov6 ABCD. ,{onecur, ule fioro Aiarosani neperuHalorrcl

nig nprlurna KyroM.

+
xOy zaaittu BeKrop a, IlepreuAl,trynrpuufi

Ma€ 3 HrrM OAHaKOBy AOBXr4Hy.

40
41

= 15, 3safitr.r KoopAr.rHaru Ber(ropa i = *i + yj + ,tr , ,*^o aiH nepneu-
+)++)'+

BeKropaM a= i -2j +3k i b=2i +6k, a cxalapuufi go6yrox
+>)++d i nexropa c= i + j +2k aopianroe -1.

3safirr.r Koop.qr.r'arr.r BeKropa i = *i + yj + ,'k, ,n*o aiu nepneH-.>>'>--r)}.>luft nexropy a=Zi - k; cxantpwrft 4o6yrox Berropa / i rertopa
f+>++

f ,t 4opianoe l, a npoexqix nercropa 7 sa ,er.op 6=Sj= -+E

po6ory, rKy B,rKoHye "rnui=zi -:j *tr ,uneper'rirqenui
aI

2J +sk.

Pocs'rlorc Trr[oBoro np[rcJraAy taBAaHHtr 2 pIp
3xailru any'rpiurni Kyrr{ ZA, lB i ZC rpuxyrur.rKa, 3aAaHoro

A(3;z;-s), 8(6;-+;7), C(-2; B;-3) i uepexouaruca, rqo ix
I 800.

3nafi4er,,ro KoopAlrHarr.r nerropin 78, ft , fr , i rporr.r-=+ + .+
BeKropu BA, CA, CB, npaxonyrctru, ulo KoopAuuarr,r ocrannix

npotrnexui KoopAr{HaraM ocuoBHr,rx nerropin
I

7E=l* r- x 1i ! s- ! 1) z r-, ul.
3; -a-(-z);7 -(-s))={:; -6; t2}, il={-3;6; -12};

2-3; 8 -2; -3-(-s)]={-s; 6;2}, &=15;- 6; -2};
2-6t S-(-q); -t-t i=i -s; t2; -10}, "i = {r, -12; r0}.

,qoBxr.ru r4 crop in rprrKyrH r.rxa s a Soprrayaoro

lnl=
=.mt =13,75;

= rl2 = JA = 8,06;

l=,lw 9 +36 +144

(-s)2+62+22



3nafiAeuo kocr,ruyc ryra rvix BeKTopaMu sa $oprraynoro

a b +a b +a b

t \--l---++l AB.AC
cos Zr=cos 

IAB,AC )=ry1
= 

-ts 
11r 1o')+z+ =,,."-, = - 0,244 ;110,84 110,84

z A = arccos (- 0,244)= I 800- 760= I 040.

216
= 0,895 :

241 ,27

r.7;7 .mv;?xyzlxyz

I -.-*"..-- I g,l .sc
cos tB =cos 

[Br 
,r" 

)=Wl=
24 + 72 +120

241 ,27

Z B =arccos 0,895 = 260 30l

t A I 
- -I --+ '-'+ I CA 'CB

zC =cos I cA ,cB l------[- '--J 
la Ila I

s.8 + (- 6).(-tz)+ (-z).to
8,06 .17,55

40 +72 -20 92
=- ^ 650;t4tAs @-u'

ZC =arccos 0,650= 4goZOl .

flepenipra: ZA+ lB + ZC =1040+260 3Ot+490 30/ = 1800

Bisnonisr: lA=1040; ZB =260 30t ; ZC = 490 3Ot .

:.(-s)+(-o).0 +12.2

13,75.8,06

-3. (-8)+6 12+ (-12). (-10)

13,7s .17,s5

42 43

nuil ,qo6yrorc 4nox nerropiu
+++

I(oM[JraHapHux nerropin o, b , c Ha3lrBa€.rbafl. npilooto,
+ni 6ypanunra r uauparui ui4 nertopa a go ,e*ropa 6

pyxy 6yparuura yrBopro€ rocrpzfi r(yr 3 Harp.flMoM

x xyr: rynufi, to rpifixa Ha3r.rBaersc, nieon.

lodymxou ABox BerTopin a x 6 nasnsaerrc;r BeKTop

HacTyIIHuM yMOBaM:

Bexropa 7 aopi,,,oe l;l=l;l lIl ,*r, * o=(Z,ll,rr.rrt
.'} -> ->c flep[eHAr,rKylapuuft Ao r(oxuoro o nextopir a i b, ro6ro

Lb:
+++

c, Mae rarrft uanpaM, rrlo BeKTopu o , b i c ytaoprcrorB
lcrtopiu. Berropnuft 4o6yror fio3uaqarorr o.{Hr.rM ig clnursoris:

+ 
' > I+>l

c = axb =la b).

aracrl,tsocti Berropuoro 4o6ytry
.) + l+ +\d)1b=_lbxa),

L,troxHlrris nerropuni
BHaK Ha nporulexH*rfi.
.)+

axb

bxaA*0 i b*0, a nextopnufi

f .0, To ,qaHe pirurnu, Br,r3Haqae

BeKTOplB.

MHoXHI{K MoxHa Br{Hocr,rru 3a 3uar( Ber(TopHoro 4o6yrry

Puc.2.10

3aAOBOJIbHTIOT6

++->kxi = j.

ti *i = il; "i).
I go6yrox ruae posuogiarny anactnrictr

i "(f * i)= i,E +i *i .

flo6yrxu oA]rHr.rqHEx rextopiu (oprin)

+?+++++++-
l- hxk= 0; ixj-k, jxic=-i,



3 
o . ,rulo leKmopu tadanl npoeruiarran na oci roopA 

^ru, i{o ,; o ,; o ,

i i{ t ..; t -.; t -1. 
ro eeKmopuufi dodymoxBll3Haqa€rbcr ra $opr,ryrorot x' )' zt'

a xb =

+++li i kl
a a ol'x y zl
b b blx y zl

4 
o . f eonrerp u,ttuit suicr nerropnoro go6yrry.

Mo4ynr l;"il ,**puoro so6ytry ;
AopiBrrro€ [noqi napaJreJrorpaMa, no6y.uo-

++
BaHOTO Ha Bexropax a i b , siAHeceHux Ao

cniruroro no.rarry, ro6ro

(2.24)

Ilaoura rpuKyrlrtlKa ABC, gopir.utoe

norostaHi naouli napaaeJrorpaMa

r^ =;l zE" acl=f,t

5o. oisuqHi AoAdrru

L Morr.reur "rn^F, npurlageuuil.qo
toqru l, pirnr.rft BeKropuoMy Ao6ymy sex-

ropa OA ua uertop F:
+++
M =OAxF.

2. lllsrAricr" J ,or*, P TsepAoro

rila, rxe o6epraerucx 3 KyroBoro runu4ricnb
Br{3Haqaerbc.a $opuy.rroro Efi nepa

i =i"i .
,+

3. .frqo eJreKrpoH, 3 3aprAoM e pyxa€rrc, si urnu4xicrro t9 s NaarHir

to = | 
;"il

>.}ij
AB ABxy
AC ACxy

nay uoni noctiftnoi Harpyxeuocri 3, ,o Ha erlexrpoH 4ie cuna { lop"ruo

7 =2(i,.E)., C\ )

(2.23)

(2.2s)

Pogstqlorc rurroBrrx upnr.naAir canrocrifiuoi po6oru rro

BeKropr.r i{z;q;t} i }{- l;2;5}.3naftrr KoopAr Harr,r
++

go6yrxy ax b.
!mox. CropucraeMoc, rfopruyloro (2.23)

i iil
NoopAr,rHarn BeKTopHoro go6ytxy

*or"[ 
=tlg; l6; lo ].

3 Bepur,rHaMr.r A (l; 0; 6 ) ,

:1,)=

I ll, I i I lt.l-i il, =rti + roi + toi

:ll;.;; il;,=

_: l,. l_ 
j

O6qucnuTr,r flJrorqy rpr{Kyrur{Ka

+
k

AB

AC
z

2)iC{7;3;a).
treor. 3na[4eMo croqarry KoopAr,rnaru rexropia 7E i ft
t;5-0; -2-61={3;5;-8}, fr={7 -t;3-0;4-6}={ 6;3;-2}.
lHaxoAxeHHa nloqi rpr{r(yrur.rxa cKop}rcraeMocx Qopvynoro (2.2 5)

).>)rl
I -42i -2tk)l=, l+2 + (- 42)2 + (- 2t)2 = 24,5 (xn. oa.).

KoopAlrnarn BeKTopa c, ,Krrlo nigouo, u1o niu [epneHAHKy_
.>+
a{l;0;3}, b{-2;4;-3 } i yruoproe s siccrc Oy rocrpufr

ilogynr gopinnroe 39.

Ocrinrru Bexropr i i o*b roriueapui, ro

)-li : il t: -:F-l-i
= A(-ni -* + 4E) .
.)

JIE BeKTOpa C , Suaxoguuo x

')r"'
Puc.2.l2

tz,, HaBKOno nepyxOrraOi Oci

. lll,l C n)3 + ( z)2 + +2 = | tl. J t6s = | tl. rt, .tr = t3 .

45



Iocrpufi Kyr mix aerropo, I i ilccrc Oy 6yae cos e =fr,

orxe, A.= -3. Tarrna qr.rHoM, i=36i +Sj -ntk.
4. flosnaqusruz qept'r p ryr rvrix BeI(ropaMI,I 

to i B, Bupagvru
qepe3 Berropur.rfi i cranrpnr.rfi go6yrru qux rertopin

Pogs'nlor. Mogynr BeKropuoro ao6ytry gnox rex'ropir

l;.il=lrll;I,"
Cranxpur.rfi Ao6ytor gaox aexropin

5.,{ano: 
| 
} 

| 
= ro, 

lE l= 
r, i .'b = 12. o6qncrr., 

I 
Z "i I

Pocs'flsox. CraarpHufi Ao6yror 4aox rerr:opin

a'b 12 -3 = o<90= cosP=FIT.[= rol--i < Y/ \ /\

l;,, I

3riano nonepesuroisagaui tga =# - I 
; *i 

I 
= i''tteq.

Bupasuuo tgg v.epea cosg

t+tgzp= 1- > tgzp=L-l=+-r=*-r=* =co{ecoJs*ee
OcraroqHo Ma€Mo:

l, "il='o.E ru, = n. t = rc; l', "il =,u.

'o B=l;l lrl "o,r.
flogirunmu nepruufi Br.rpa3 Ha Apyrufi, orpuu

lr"iltc4=+.
a.b

'o i=l;llrl*.p

4
tcQ=1

46 47

3an4annr g.lr canrocrifiuo'i po6or.n uo por4ily 2.3

BeKroprr li l= 
r, lil=ze t l; x El=n. o6,tucnur*t i .i.

)'
BeKropr.r i{lr-l;2} i i{t;z;-l}. 3uafiru xoopAnuaru ix

t+
Ao6yrry axb.

rouru A(4;l;4), B(3;4;l), C (5;4; 3 ). 3Hafttr.r Koop.quuarr,r

so6yrxy 7E "fr .

rpr{Kyrur.rKy 3 Beprur,rHaMu A(3;l;4), B(7;-4;4), C(3;5; I )

F {rt -4; 5 } upuxaaAe,a Ao rorrKr.r BU;-2;3). Busuauuru

B(2;4;0 ). Busnavurn
cr4tu siAgocrro Toqxr,r

cuar riguocuo rorrKr.r A(3;2; -l).

nanpruui Kocr,rHycr.r MoMeHry rliei
).

i$;q;-2) npuxna.qeua Ao ro.rrr.r l( 2;- l;-2).3uaircu
qlel cr,rJrr Bl.qHocHo floqarky KoopAr,ruar i fioro uanp.rnrui

lrrr.r cr{Hyc ryra, nxnit yrBop*rer'c, BeKTopaMr.r i i E ,

4;-4;2j, i ={2;3;6};
{2; - a; - 4}, E = {2;t; -2}.

P C, uepueu4rlrylrpuufi Ao ue*opin i{ot-2;-3},
ryr. 3uafirr.r fioro xoopgxna.ru,

F{z;z;9} npr.rrra4eHa Ao roqKr.r

i yrroproe s siccrc Oy rynuia

,p, i i B ,.u.rro nepre,Arr*yJrrpni. 3rarovr, *o lil=r,
",,,, | 

(r; -;), (, -:ft)|.

"i iE yrBoprororL Klr tp=1",lil=r,lil=r. o6qr.rc-



2.3.3. Pors'q3oK TrlnoBoro rrprlKnaAy saBAaHHfl 3 PfP

1. O6qncnr.rrl,I [JIoIuy napanenorpaMa, [o6yAoBanoro Ha ,"*rrpo* i
6, qruo:

q ; = {1,5,2}; 6 = {- 1,1, -l }.
+l

Porntsson. Ilaoua napaJleJlorpaua, uo6y4orauoro Ha BeKTopax 4 i b

griAno r[opr*ryrr.r (2.26) aopiruroe MoAyJIIo ix rertopnoro 4o6yrry
l+ +l

S^=ldxblvl 
I

3nafiAenro aerropnufi 4o6yror< nerropin Z i i
+ l+ +\ / + +\ + +

a) axb =\p +2t ,|"(:p -q )=px3p -px(t +2qx3p -2qxq =

=o-i,i -3ixzi -o =-i"i -6(;"; )=t(i"i )=-ri"i

a) 
*o=|+zi; i =ri-la,|71=, ; lil=z; [r rJ = L ;

ToAi nnoula rrapanenorpaMa

'o 
=l 7,i 

I 
=l-,i"il=rlil 

| 
; l"{;,;l =

BiAnosiAu: 7 rn. oA.

7 .r' 2.i = 7 (^r. oA.),

6) flrwo BeKropu saAani csoiN,I[ npoexqiruu sa oci xoopAllHar, ro
rILoMy Br.rraAKy ix nexropnrafi go6y'ror o6quclroerrcr sa Qoprraynoro (2.25)

1

-t

l+ + +li i k
++laxh=11 5 2

I

l-1 l -r

5 2lt
r -rl' - -',1 

;.11, ll r =

=(-s- 47 -Fr-(-2))7*(r-(-s))t =-7i -i +6k.
Toai nnoula [apuureJrorpaMa

to =17,i l= (-7)2 +(-l)2 *6' = /-86 (xs. oa.)

BianoniAr: JG *9,27 ru. op^.

48

Plac.2.l3

l+ +\
go6yrr<y 

.BeKropa \; "i )cKanrp,o "u 
u"*rop L

(; "i) ; , a6o iz, .

:Topr.r 3aAaHo csoiMr,r (oopAr,tuaraMu, ro uiruaur.rfi go6yrox
gopinnroe Br,r3HarrHr.rKy rperroro [oprAry, lruff cxaagaaaic" s

nufi 4o6yrolc rpbox rercropir

dodymxon rp'ox Ber(rop rr i , i i Lagr"ae.6c, qr4cJro,

(2.26)

toopAr.rHar nertopia, Ir1o flepeMHoxyrorrc,

Qt ay o'l
bx b, brl'
c* "y ,rl

l++\+
la xb I'c -\/

+++
lllBeKropax a,b i c
!ninruoro noqarxy:r.l;r; 

I

(2.27)

socri Lriurauoro 4o6yrry
E uiuranorray 4o6y,rxy uouiusr:u uicqruu Aoaiasgi ABa MHox-

go6yror guiur.rtr 3Har( Ha uporzaexnufi

(; 
";) ; = -; (; 

";).qxxliqnifi trepecrauoBrIi lrHoNnprris NaiuraHr.rfi 4o6yror ne

(; ";); =(; ";); =(i*;) ;
o , b , c KoJnnnqHopni ^to1i i rinrxu .rogi, rolu ix naiura-

IO€ HyJrro.

nrfi gnaict uiuranoro go6yrxy
+++

Hluasoroaolyrxyabc
b6tcuy napareaenine4a,

(2.28)

,,lf --

Y\c

i TplrKyrHoi
IOCyIoaaHoi

nipauign
rra BeKTOpaX

ct

(2.2e)

49



2.4.1. Pott's3or TIlnoBrlx np[rcnaAis caDrocriftnoi po6oru no
tairry 2.4

rpuKyrHoi rrpr{3ME, [o6yAoBaHoi Ha BeKr

itrr-l;2I i Br{3Haqnrr.r opieuraqiro tpi

uiruaHono go6yrry sHaftAeN,ro sa r[oprrly

1. O6qucnnrlr o6'eu

i{t,-z;z},8{t;t;-2},
nerropin n npoc,opi.

Potsts3or. 3Haqenu-s
(2.27)

I -3 2

3 I -2
2-t 2

orxe, BeKTopu ronrnaauapri.

='1 l-i :l-(-') l; 
-il.'l',l++\+

la xb ).c =

= l' (2 -2) + 3' (6 + 4) +2' (-3 -2) =0 + 30 - l0 = 20.

Ocrinrrn nairuasr.ri Ao6yTox nextopin AoAaTsifi, ro BoHI{

npauy rpiftry.
06'eu rpr,rrytnoi [pI{3MrI .qopinnroe uorosfiHi o6'euy napaleaeni

uo6ygoranoro Ha rlflx BerTopax
1l+ +\+

Vnp=T\a xb )' c = 10 1ry6. oa.).

2.,{oaecru rouurauapnicrr nerropir i{+;S; s}, E{Z;z;z
'r{-3;-2;-a}.

Polrtscor. Yl{osa KoMrInaHapHo "ri iif= 0. [epeuipurrao i'i':

435l++\+
\a xb ).c )'))

-3 -2 -4
8+a)-3'(-(-4

l=. l- : 1l , l-: -'^1.,1-1
8 +6)+ 5' (-4+6) = -16 +6+ l0 = 0,

3. 3aAano BeKropr{ i{-tr-t;2} i TU;-2;2}.3uafi'ru

BeKrop i{*t y-,2}, arqo crar.rpuuft go6ytor i'i =-7, nerrop

nepneHAuKynxptmir, oci Ox, a lriuranufi 4o6yrox x a b =2.

Poln'Rlor. 3anNureuo BeKropr.r i I i ,"p", ix oprr
++ti.}.>++a=-l i -lj +2k; x =x i +yj +zk.

.++
Buropxctonyrcqil yMoBy a. x = -7, otpnrvtaeuo pirn-runr

50 51

zi)(.i * yj *,i) = -t. *72 - r. yl' * z,i' = - x - y * 2 2 = 1,
x+y-22=7.

++.+
aerr:opur.rfi 4o6yrox c =ctx x
l+ + ->
li j kr>Ix=l-l -l 2

l, v z

| -6r-z*)j +fy+x)i =-(z+zy)i +(z+2x)j +@-y)i .

BeKTop c fleprreHAr,rrynxpnufi Ao oci Ox, ro npoeruia c,
gict Ox 4opiauroe nylo, ro6ro c * = -(2! + z) = g.
t.> )
x ab= 2 uaeuo:

tl=t-; :1.1-: :1,.1-; -;
pirunuri o6'eAnaeuo B cr{creMy

| , + y - 2z = 7,

I ,r* z=0,
lZ*+4y+32=2.

Uyra€Mo sa r[oprraynavr.r Kpauepa, 3nafi Aerrao Br,r3HaqHrr K cr/rcreMu

=l;' :l'1-: -;t, 
=

z=2x+4y+32=2.

:11 
.l-:

-2ll I

rlo 2 --r.2.3+1.1.2+(-2).0 . 4-(-2).2.2-

llZ 4 -l'l'4-l'0'3 = 6+2-0+8-4-0= t2*0.

++
c =aX

cl{creMlr ue 4opinnrce HyJrK), To cr,rcreMa uae eguuufi
B[3HaqHuKuA.A .4.x' y' z

ll l
A =lo 2zl

lz4

2l 1r t -21

;l'"' ^,=l:: ll='''

HorlAouufi BeKrop i = {2;l; -2}.



2.4.2.3ar.aaHur AJrr canocrifinoi po6oru no por4i.ny 2.4

1. O6qucnuru r',rimauuft go6yror 3aAaur{x rerropin:

2. O6qucnuru, ,Koro rpifirorc (nparoro a6o ninorc) e rpifira rerro
qKruo:

+++a) 6 =(l;2;1). b =(2;1;1), Z =(t;t;Z).
+|-6) it =(l;-l;2), b =(-2;l;l), 6 =(1;-2;2).

3. Bc'raHosr.rrr,r, qH KoMrrJrauapni nerrop, i , 'b, f , ,**o,
--)a) a{5;-l 3}, b {2;l;2 }, "{3; -l;-2};
---6) a{3;l;-l}, b{t;2;-3}, c{3; - a;7 }.

4. O6qncnuru o6'eu napaletenine4a, no6y4onauoro Ha 3aAaHr.rx
+tt

pax a, b, c:

a)i =ti ++j, E =-tj +i, i =zj +si;
->++++.>,++'+++

6) a=2i+ j+3k, b=3i+ j+2k, c=i+3j+k.
+++tt}}|

5.Haner,opax a--2i+ j-k, b=3i-2j+4k i

uo6ygonauo uaparereniueg. 3nairu ftoro sucory, onyueHy+)
yrBopeHaBeKropaMu a i c.

6. Bcranosr.rrr,r, qu yrBoproror' BeKrop, Z ,'b,l 6urr" na vnoxuni
nercropia, xrulo:

o Z = {2;3; -t}, }=11; -l; 3}, ? = {l; 9; -11 h
+l-

6) a = {3; -2;l}, b ={2;1;2}, c :{3; - l; -2}.
7. \oxasatu, qo Bexropu i,i,i yrBoprororb 6asuc i po3Krracrr.r B

+
d no qronay 6asucy arqo:

+-++
a = {0;1;2}, b ={-l;0;3}, c = {l;2; - 5}, i = {0;3;0
i = {z;1; -3 }, i={3;-2;r}, ? = 1- t;0;2}, A = {-2;2;1

+'++)++.>.>+.>.>a)a=i, b=j, c=k; 6)a=k, b=j, c=i;
+.>+.>,>.>|+|'>++

e) a= i+2j+k, b= i+2j-k, c =8i +6j+4k;
,1 i = (t; 2;3), E = G;t;2), i =(z;t;t).

.>+
c =3 i -

Ha rpaHb,

a)

6)

52
53

Poln'sroK TrrnoBoro rrpurcJraAy 3aBAaHHfl 4 pfp
2.3. O6qr.rclu'rr,r o6'eu rerpaeApa

rpaui ABC, *ryo A(-2,1,-3);

); C (5, o, - t)t D (lo, 2, 7).
3po6nnao cxeruaT uqnufi pr,lcyHoK

rerpaeApa, srigHo (2.3 1)
I l->++t,, = elAB 

AC AD 
l. Puc.2.14

BeKTOpX

r { 4 - (- 2); 3 -t; 2- (- :) } = { 6; 2; 5 };
r { s - (-z); 4 -r; -l * (-3) } = {t; z; z };

{ to - (- z);2 - t;7 - (- 3) } = { t2;t;to }.

1

= = 16.3.10 +2.2.12 + 5.7 .t_6',
- 5 .3 .12 - 6.2.1 - 2.7 .t}l =

+48+35-180 -12-140 1= lt-url =ll,s(ry6.oa.).

rtpafi ABC gopinuroe uorosuui ulouli uapalerrorpaMa, no6ygo-
-> -i - -..,| ->lorropax AB i AC. Ilogna.rrr4o aertopuufi go6ytox AilxAe+

MoAyJrB Ber(ropa P gopirnroe naoqi napaleJrorpaMa

,l:;l rl::l.Ili :l=

lp=l22
1

,! tzt+ 529+ ft = !

= 0,5.25,807 = 12,90 (re. os.).

= ll,5 xy6. o4.; S AaC= 12,90 ru. og.Yr

(-tt)2+zz2++2



3. AHA,'IITI4IIHA TEOMETPI.fl HA IJIOIqIIHI

3.1. florxnna i nanpru algpirra. flo.qi.n ni.qpirra B saAaHoMy

uenni. Il.noura rpHKyrHnKa i unoroxytnura. Ilenrp rvrac

lo. .{onxnua ei4pisxa Ha naouuui

(puc. 3,1), 3araHoro KoopAI{HaraMu cBoro

noqarKy e\*rt) i xinqs aVy4)gopinurce

a =l(*r-xr)2+(tr-t)' . (3.1)

flxulo noqaror ni.qpirra cnisnaAae s

noqarKoM KoopAr{Har, ro Qoprrryaa (3.1)
MAC BI'ITJI'.4 Puc.3.l

20. Hexail a
ruu ocefi Ox i Oy,
cia ix xyrin

i B - xyru, rri yrnoprce rigpisor 3 Ao.qarHI,IML
T o4i uanprrrrr.r siApisra Br.r3Haqalorbc, 3aBAaHHrM t<ocrl

x2- xt
; cosB=

lz- lr

AB nonotauo ro ), = I i roopAu

cosd =
(*r- *r)'*(rr- rr)'

30. Koopgr.ruarr.r rot{Kr.r M (x; y), rra girurr uigpizor AB
.AM

ureHHi 

- 
= ). ytaxolnrbc, 3a Qopvynar.,ruMB

*r=#,
-flrqo roqxa M tir,urt ri,qpiror

roqxu M 4opiaurcrcm

*r=$,

!,* 1!,Yu=ff' (3'-l)

,,:W.tM 
2

(3.s)

Ha [poAoBxe9.xryo ), - qlrcJro nig'elrue, To roqKa M suaxogtrsct
siapiera AB i noxitrHa3gBaerbc, gosHiuruir\a.

40. flnoqa rpr,Kyr'lr*a 3 Bepilr.r,aM,r Alx1, l1), n\*r, 4), C\*r,
o6qr,rcarcerscx :a r[op*rynoro

*2+y2

(*r- *r)'*(yr- yr)'

54
55

mt+ m2+...* *, (3.11)

no KoHrypy rpr,rryrHr.rka B,il A lo B i rc
roAI{HIruKoBoi cr:piaru, To qr.rcJro ,S AoAarue,
nnoua Tpr.rKyTHr,rKa - BeJr[rlrr{Ha Ao.qaTHa, TO

*rb, - rr)* *16, - ,r)* r, (r, - ,)l (3.6)

C, uroua
isarure -

flpaBa qac-

- /2)=0, (3.7)

C posraurorani na ognifi

,6) 6epemcx sa a6comoruorc BeJrr,rrrr.rHoro.
TpuKyrHuKa 4opinurce Hyrrlo, ro s rfoprrayla (3.6) naxo-

i(rr- t3) + xrlrr- tr)+ r, (rr
Toro, u{o 'toqxu A, B i

Mxoro*yrHr.rKa 3 Beprrr.r'auu Mr(xr,\), Mr(*r, /r), ...
(3.2)

(3.3 )

s siA

(3 .8)

r ?oqrax A(x' t1), a\*r, tr), cl*r,/3 ) po:ruirue,i wacu

To Koop.(rrHarr,r UeHTpa Mac 3uaxolrr6c.rr 3a <bopr"ry-

+ m^x

* l;;

+ m2+ m3

.I0QplttHarn rreHrpa

t; t[opr'ryaaruu

l. . l;: i:l'

v _ mtlt* mzlz* mslt 
. (3.9)

mt+ m2+ m3

finocroro oguopi4noro rpr.rxyrHlrKaMac

-S*' (3. I 0)

va'repia,rruux
3 MACAMU mv

lllilTpa Mac cucreMr.r, ,Ka cKJraAacrbc, 3 ,?

Mrlx2,lr), ... M nl*,,/, ) nianoniano

oa {opr,,ryaarr,ru

*,,,*m xnn _ mtlt* m2!2* ...* m n! n



3.1.1. Porsofl3oK THnoBIrx rrprrrJraAis caMocrifi"oi po6ot,
r4i.ny 3.1

1. 3agauo touru A(-l;-3) i B(4;2).3uaieru goaxlruy nitpie
ft oro uanprrr.ru i r<ocr.luyclr.

Pors"rlorc.,{onxuuy ni4pisra, 3aAaHoro KoopALIHaraMI4 cBoro
r<iuu.s gHaxoArrMo 3a {oprrayroto (3.1):

o
2

HaupxlrlHi KocHHyclr 3HaxoAr.I

4 = | ABI = J U- (- I ))2 + (2 - (- 3))2 = J rs + rs = .F0' = s J, .

$oprrayaauu (3.3):

cosP=U=
sJ2

4-(-l)
COSd=-=

sJz

I:
Jz

o
2'

3siArr.r ryr r,aix AB i rcl,aruraM HarlprMoM oci Ox gopianroe

auix ABi sicuo Oy - 0 = 45o.

2. fiovec"ru, ulo qorr.rpr,rKyrHr.rK s Bep[TLIHaMLI y roqKax A{l;5
B(-2;l), C(l; -2), D(4;2) enaparctorpaM.

Porstclor. BiAouo, uo trorr.rpr.rKyrHr.rx, y ,Koro upo,urexni cro
nonapHo pinui, e flapaJreJrorpavrou,,{ouegenro pinuicru flporl,IaexHIIx
AB i CD, (BC i DA).3uafiAeuo AoBxltHLI qnx cT opiu:

drr--W=JGz-t)\(t-s),
dcD=W=@
Orxe, AB = CD.

Aualoriuuo,

a r" = rl (* r- * r)2 + (, 
"- 

r r)' = J ( r * ? z))z + (- 2 - t)2 =tiIE = 3

dDA=W=Jffi$=yld=:
3Harrr{rb BC = DA,

Ocr<irrxu uporurexui cropour,r pinui, ro qorr.rpnKyrur.rr ABCD ena
JlenorpaMoM, rqo i rpe6a 6yro 4onectu.

56

.qirurr aigpisox Nrix ro.rraNau A(-l;8) i

f[Jrr snaxogxeHH, KoopAr,raar roqKrr, rra Aiaur:r ni4piron y
3

t, cropucraenocr eopuynolo (3.4)

-5

- 5.

c (2; s).

?Ovxy C, rxa ginzru aigpisor Mix ro.rKarvu A(-2;0) t
1= -2.

tt yuonoro sagavi rouru A i B posrauroaani ua oci Ox,
ltt roqKn C cropuc.raeMoc, repmorc s $opuyn (3.4):

. r+1.q a+1.:
,_ 2__n _ 2 - _.

r+1 r+122

-2+(-2\.4 -10
t+ (-2) - I

uyxanoi rovru C(l0;0).

7 6-4.;, lo=n-=|.

3 BepurrrHaMr.r A(-2;0), B(6;6), C(l;-4) rurna-
AD, ficercpucu AE , o6.{ucat,tru flnouy rpr.rKyrHr,rKa

MBc, BBaxaro.{u fi oro o4nopigur.rrra.

?rr rK ruegiaua AD pirrwrr ni4pisor< BC ronorraM
r I I rooplugaru roqKu D :uaxograrrao sa $opvylarr.ru (3.4)

uo.Eiasu

+ z)' * (t - o)2 =],,t1
iE lirurr cropouy BC

Hi npotulexuarr,r

8E
a-2 ).

EC

SotfrHnu nigpisriu AB i AC

57
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(6+2)2+(6-0)2ln1= =10; lACl=

3siAra 1=y= 2 i roopAlHarl'l rorIKI{ E, :ri4no (3.4)
5

6+2.1 8 6+2'(a) 2
-t-----. sn---b t+2 3' l+2 3

,{oaxuna licexrpucu AE

l,tr,1=

flnoqy rprIKyrHI,IKa 3HaxoAI,IMo ra t[oprr.ry.norc (3.6), aaaxatoqu Koo

Harr.rroqKr4 An(xr,./1 ),rouru.r B za(x, y2),C-w(xr, !3),
1

s =il -2.(e +4)+6 (-+-o)+t (o-o)l= 25 25(ru. os.).
2'

KoopAuuatu ueHrpa Mac 3HaxoAl{rr,ro ra r[opuylauu (3.10)

-2+6+l 5 0+6*4 2*"=T=7) l"=T=7.
6. 3aAano rpr{ BepIrr{HLI raparleJlorpaua A(l;l), B(2;2), C(3;-

3nafi rr,r KoopAr.rHarr.r,rerneproi BeprlI,IHI,I.

Pors'sror. ,{iaroHani napaJleJlorparr.ta r rouqi neperflHy E aint
rouoJraM (puc.3.3).

-fiKulo siAol'{i roopAuuaru rotor A i C,
3naxoAlrMo sa Sopnayrarrau (3 . 5 ) KoopAI,IHarLI
r:oqru E

--_ l+3 _.. -._ l-l _r,, -- 
_ L. v _- - v,2"2

fiati, 3a IIuMu x $oprtlyaanau

3HaXOAIIMO KOOpAI,IHaTII rO'rru D

^ 2+x ^ 2+y
-22'

ssiAKu 3HaxoAI,tMo x=2, y=-2.

3uauuru, D(2;-2).

(1+2)2+(-4-e)2

(1.,)',.(? o)'=+o

o
1-

58

Puc.3.3

59

(2i l), B(-l;3), C(-2;5) posrraiqeni giAuosi.qgo Macr.r

KoopAr.ruarr.r rIeHTpa Mac x c, ! " 
uiei cucreMr.r.

SHBXOA)(eHH' KOOpAr.rHar rIeHTpa Mac cucTeMr,r, cKopr{c-
(3.e)

-l)+30'(-2) 50.1+ 20.3+30.5=0,2; !^=-- ::-"::- ':"" " =2.6+30 /c 50+20+30

gict Ox upoxogr.rrL B3AoBx crepxu.f,, [p]rr{oMy
onlrnaAae 3 qeurpoM ruapa Baroro 20 r. Koopgr.rnara

** trtoxe 6yru snaftgena sa Qopr',ryloro (3.9)

20.0 + 80. 50
- Tw \!Mrr.w 20+80

MAC CTepxH, 3uaxoAlrTbc, nocepe4uHi
noqaTKy r(oopAr,ruar. Buaxarovu, qo B

cTepxH, Ha
qifi roqqi

aara urapia,

'rtrlt'

tera crepxux 100 r, a n :rouqi x2= 40 cu
lllcxoAl.rMo rleHrp Mac cucreMr,r

100.25+100.40fo.lffiffi-=32,5 (onr).

{l roxarb rouxu A(2;l), A(0; 5), C(-l;7) na osuifi

Soprrryaoro (3.7)

?)+0,(7 -l)+(-l). (l -s) = -4 +0+ 4 = 0.

Blottll{B Toroxuo gopinuroe HyJrro, ro roqKr.r Jrexarb Ha

IlJlol{y rt'.flTr.rrynruxa e Bepur.rHaMr.r Mr(2;3),
-li-ll, Mt (-t;- 5), MsU;-2).

{opmyny (3.8) aar n'aruryr:urlra

l.l:: i,l.l:: ;,).1:: i; l.l;;
HITI Bepurr.rH



s =lt2'

=lrs
:, ',1.1-i -"1.1-i -ll.l;'

+ 6) + (2+ 8) + (20 -l) + (2 + 20) + (12 + 4)l= 38,5 (rr. or.).

v

_:l.l:
gar cauocriftnoi po6o.ru no por4ily 3.1

AD sh rovrn l(3;-4) ao cepeAuHrr ai4pisra
i2) i C(s;a).

IptMifi s riuqrrvru
u ro"IraM[ C

11. 3nafiru Koop,qr.rHarri rIeHTpa
lrac ([epuu (pr,rc. 3.4), .sKa cKraAa€rbc,
r oguopi4Hr.lx crepxuir.

Pogr'ssor.
Tax sr cT:ep>xui ognopigui, ro

Maca KoxHoro crepxufl nponopqifina
fioro AosNl.+ri /r, ro6'ro m r= P l r.
rc P- ninifinarycrr.rHa.

Buroprcronyroqra Aaui puc. 3.4,
snafi4euo Macy KoxHoro crepxur i
fioro UeHTp Mac. ,{aui sanecenro r
ra6luqrc.

4+B

_lhplsox nis To.mu A(-2; -l) ao .ro.{ru B(l;2). Ao
hotplGno fipoAoBxuril B roMy x nanprrrai, qo6 gorxaua

B roqKax A(3;2) i B(t2;8) posai-
i D. BnsHaqr,rrr4 KoopAuHarr.r rorroK

- 5 ) snaxogrrrcx rpysz rig-
KoopAr.rHarr,r rIeHTpa rraac rliei

1 MrZ 3

Puc.3.4

I{enrp Mac c}rcreMr.r 3 rrrecrr{ r,aarepia.rrriilrx rorror Mf ... , M6

AeMo 3a $opuylarrau (3. I I )
p (z . t,s + 4 . 0 + 5 . 1,5 + 1,5 . 0,7 5 + 1,5 . 1,5 + 2,5 . 0,7 5)

l.B pos4ineno Ha rpr{ piaui uacrauu. 3agaao ,ro.rxu

2l -3).3Hair:r KoopAr.rHarr.r rinqin sigpisrca AB .

thplsor ri4 tovru A(l;-l) ao to.rrn B(-4;5). Io
o llpoAoBxr,rrr.r B ToMy x uauprrrai, ulo6 fioro Aoe_
?

cropiu rpr.r(yrur{Ka ABC: M(l;3), p(-2;0),
ru iloro Bepur.ru.

ii rlnqrr'ru B roqrax A(-3;2) i B(a;-5).uinurucr
X = -3. 3nafiru KoopAr,rqarr,r :rourz no4ily.

ueHrpa uac o4uopi4Horo crepxux s riuqatru
tr(- t; t ).

li-3) iB(s;3) upuxla4eui uapanenrui curn, niguo-
AB suafiru roq(y, 4o .rxoi Ep[KJra-H , Ua uigpisry

-l;0), B(-2;4), c(4;
50 i 70 r. Bflgua.rurr

x=
c

* 0,99 .

6icerrpucr.r AK s rpr.rryrHr4ry 3 Bepr[r.rHaMr.r

v
rleHrpa

Ill grna.[aer6cq

pQ+4+5+1,5 +1,5+2,5)

p (3. 0 + 4 - 2 + 5 . 2+ 1,5. 2 +1,5.1 + 2,5.1)
= lr43 ,y=

p(3+4+5+ 1,5+1,5 +2,5)

6t



3.2. flpxrua.ninis na n.nouluni

flp.arrry riniro na naoquni niguocno cucreMlr [prMoKyrHI,Ix
Koop.ulrHar MoxHa 3a{aru pirnnrvrr.r cnoco6anrr i n pesylrrari otpuuaru
nugu pinu.ruux npxrraoi.

lo . 3azaauturu picrunrunnu npnuot ua uouluui Ha3l{Baerbc, piannrux

Ax+ By *C = 0.
Pograquer\4o rroJroxeHH, uprt',roi (3,12), rorI,r 4exxi

HroroTb Hynro.

l, C = 0, Ax + By = 0, llparr.ra flpoxoAl'rrb qepe3 flor{aroK KoopA}I

rar,K toqra O (0;0) saaoronLHre uboMy pirurnnro.
2, B = 0, Ax+C=0 a6o x = -ClA. flpxrraa po3ra[IoBaHa napaJlerl

oci Oy Ha BiAcraui - C I A siA Hei.

3. A=0, By *C = 0 a6o y - -CIB.I{e pirHnrn.r BI,I3Har{ae n

raparrerrEHy oci Ox Ha eiActaHi - C I B siA Hei.

4. C = 0, B - 0 a6o Ax =0. flpqNaacnirna4ae zsiccto Oy.
5.C = 0, A=0 a6o By =0.llpxrraacnirnagae csiccrc Ox.

2 
o. PisHxHHx npnntot s sadanun Rymonuru xoeQi4ienmou

Y = kx+b, (3. I 3)

Ae k=tgrp - xyronuir xoer[iqienr nprrraoi,

Q - Ky"t Haxurry npruoi Ao AoAarrroro Hanpr-
rr,ry oci Ox, b - BeJrr{rrrrna ni4piexa, arnfi
nigruHae rprMa Ha oci Oy (puc.3.6).

a O -.3". PieH.ffHHq npnuot e eidpitxax Ha ocnx
xy
_L- 

- 
I

ab
ge a , b - ni4pirru, qri siArNHae npfiMa Ha ocrx KoopAr.rHar (puc. 3.6).

40. PisExHHx npnno'i, nxa npoxodumb.repq, dei moqxu e(nil i B(x2,

!-!t 
=*-'r. (3.1

!z- lt *2- *r

50 . Hopnanone pierunnrun npnuot
xcosd+ysna-P=0, (3.1

Ae p - AoBxr.rHa nepneHAr4KyJrrpa, onyqeHoro Ha flprMy 3 fioqarKy
Har, A - KyT, rxlrfi nigpaxoByeTbc, nig gogarnoro Ha[prMy oci Ox n

(3. l 4)

ltranbHe piauruua np.rnaoi (3.12) ao HopMarrrHoro BlrAy,
I ilono Ha uopuyrovufi MHoxHr.rK

u=L.
tl *a sz

Ao nepfleHAr.rKynrpa p (puc. 3.6).

HM 3Ha(y simuoro qreHa

(3.17)

C. fxuro C = 0, 'ro(3.12

xoe<birlienrra Ao

a

Pr.rt.3.6

1.

slrlicr uepinuocT i nepuroi cr:eueui.
I tflnaAxy nepiunicrr nepuoi cteueni Ax+By+C>0
0 lrgnoqae uinuroquuy, flr(a trpu C * 0 scraHoBJrroerbc,

c.
r 0 I ,y = 0 gnax C cninnagae ig euarou uepinuocri, .ro

lhnorl,qae fiouy, nrnrcva€ roqaroK KoopAr,rHar; ,Knro x
ilaplBHocri, ro riAnosi.qua fioruy uinnnoulnna He BKJrrcqa€

f,rrqo C = 0, ro cli4 opieuryraruc.a Ha 4orirruo

llIrql gar npruoi ninii
ftAaHl garaJrbnnMr.r piunrrruanru A rx t Bry + Cr= 0 i

T0 (ynt *tlrrc quilu nptJwuJwu 3uaxoAurbc, sa $oprr,ryaoro

- ArB,
(3. r 8)

+ 8P2

lllfHl piBHrHHrMu

I y. kz, + bz, (L2)
(3,18) rrrae Br.rrnrA

,k2
(3. 1e)

rfAlr (p - xyr,trcuit Pgc. 3.7

lpnlof L2 Ao nPtuoi

EtFlrxolo.

nprMHx

Blll
-l1

r J- a6o
B2

62 63

kt = kz' (3.20)



y=-x+5, a6o x+Y-5-0.
lli4c'rannnovlr B orpr,rMaHe piBHrHH, rprMoi KoopAI{HarL

saNaicrr rroroqHnx KoopAr.rHar, orpl{MaeMo

2+3-5=0, ro6ro

Tar xr KoopAlruarlr ro\xu A
lp.8Ma npoxoAr.rTr, qepe3 rlro ToqKy.

fli.qcrasrrroqil s pinuxuur
KoopAr4uarr.r roqru "8, orpr{Ma€Mo

3+5-5*0, ro6ro 3*0.
KoopAuua'ru roqru .B He 3aAo-

BoJrbunorb piruauurc, orxe, nprMa He

npoxoAlrrb uepes rovxy .8.
Bigorrao, uo noJroxeuur np.rnoi

BU3Har{aeT6C' ABOMa TOTIKaMI,I, XXi
HaJrexarb ifi. 3a yrraororc ga1aqi nprMa
rpoxoAr{rb qepe3 roqKy C(o; s).
Tarox Mr{ BcranoBuirr{, rqo flprMa npo-
xoAHrr qepe3 roqry l(Z;2).

flo6yayerrao qi roqru i nporegerno

3. Y rpr.rryrHr.rKy 3 Bepur.ruaMr.r A(-2;0 ), B(5; 3 ),
pinnaHHn cropoHr{ BC i v,etiar.u AD.

Pomtslor. Kopncryrovucr pinuruuru npruoi, qKa flpoxoAlrrb
Ani roqru (3.15),3HaxoArrMo pinuruux croponu BC

,= -=-- a6o x-),-2=O(BC).
-1-3 t-s

MeAiaHa Airl.rtr flporr,rJrexHy cropouy
tuo (3.5) KoopAl.ruaru ro.rxr D

xB+xC 5+l
'o=T=T=t,

ta+tc 3+(-l)-'D=- .2,-=T=''
Kopncryrovucr pinuruuru (3. 15)

3HaxoAr.rMo pinnruur uegiauu AD

TOI{KI,I
a6o x-5y*2=0 (AD).

rrepe3 rotrKy M (2;3 ) napanearno nparraifi

a) pirnaune upauoi 3 3aAaHr.rM (yroBuM roe$iqien-
uprruoi; e) pinnenna npxvoi y ri.4pisxax Ha oc_sx.

3uaft.qeuo ry'rouufi roeQiqieur raganoi nprrraoi

3aAoBoJrbu.rrlorr pinn.ruurc npxuoi,

9_____ eB5

4

J

2

I

Puc. 3.9

rrepe3 H[Ix fiprMy.

rrorroJraM (pr.rc. 3.10), rorvry,

v

a3x+2; y

napanerrrHa gaaanifi, torray ii xy.ronnfi xoerfiqieHr

fioto (3.23) MaeMo:

y-3=10-rl.' 4'
tlo piBHflHHf, .qo 3araJrbHoro piruaHnx npatroi:

-12=3x-6 > 3x-4y*6=0.
nr np.ruoi r ni4pisxax Ha ocrx:

3l=-x+-:42' o, =1

lx-4y=-6. -3* *4Y =l =66

I
t,

6 uaprr

(2)

, .nri rigT unae [prMa Ha ocrx Ox i Oy

npf,Mrlx, xxi npoxogmr rrepe3 -rotry A(4;2 ) i si-
xyra rpr,rr(yrur.rx rJroulerc S = 2 rr. oA.

[prMa, ,Ka [poxoAlrrb qepe3 ro'rry l, ri4tnuae ua
OB=a i OC =b (puc.3.ll), rogi pirnauu.r

(l)

lhouo, ulo

irrl

,o
-b-

66

Pnc.3.10

67

Pac.3.ll



Tar .flr npffMa npoxoAuTb qepe3 'rotry A, ro i1 roopAl.Iuau
prororb piru-rnu-r np.mtroi s roroxuicrr

42| 
-l;--; - ''

fligcrauxrcvll B ue pirHruur b=-!,orpl.rMa€Mo

a2+2a-8=0, s rKoro 3HaxoA:aMo ql=-4, ar=2. '1ooi

fliAc:rarnnovu a, b, i a, b, n (l) snaxogr.rnro

rnagpa:rue pinHr

bf l, bz--2.

x , ! _,
-4 I
xy
2-2

x-4y++=o (/r);

x-y*z=o (lz).

Tarurra qr,rHoM icuye gni npxui, ari sagooorrHrlorb yruoni ragaui.
I

6. Craacru piruauur uprnaoi, ,Ka npoxoAurr qepe3 touxy l(l;
siAAaneHa ri4 novarry KoopAr{Har na siAcraur, pinny 2 og.

PorstqloK. fligcranunrul4 KoopAI,IHaru roqKLI A i sHaqeHHr

B HopManbHe pinuxHur nprvoi (3.16), orpr.rMa€Mo

cosa+/Tsina -2=0, a6o l"orr*€16, = r.22
3 ocraHnroi piruocri 3HaxoAlrMo

sin30ocosA+cos30o sind=rirr(:oo+a)=t = a=600

li_
2

2=0, a6o x+liy-4=
To.qi pinnanna upxuoi:

xcos60o+ ysin60o- 2 = 0;
1x.-+ v
2

7 . 3saircu ninurorqunu, .mi sagonorbHrrorb nepiruoctru :

d) x-3y+2<0; 6) 2x+y+5>0; e) 4x-3y>0.
Polrtnlox. a) Tax sr riarnufi qJreH He 3aAoBoJrLHre uepirnocri

x=0 i !=0, ro uisnnoqfiHa, rKa Br{3Haqaerbcr uepiruicrrc, He Mr

noqaTKy KoopAHHar.
Ha nnouluni xoy 6ygye\io croqarry np.flMy x-3y+2=0. fitt 4

BBaxaloqu x=0, ! =0, ggaxo.quMo rorlKu flepernHy nprltoi 3 ocrMI,I

1ran x=-2, ?=2/3 i npoeo4arr.ro vepes Ui rorrrn np.sMy (p2c.3.12).

Bi4rr.rirrarrro ninulouluny rrrrpr{xoBxoro, rra BKa3y€ nanprru nig
B CrOpOHy, npoTnnexHy noqaTKy KoopArrHaT.

68 69

(3)

f -0,,y=0
' li.qnosiaae

IIIBtIJIO.

IIprMr

-3 = 0, rxi
ItlpiaHoctru
Iaparelrni.

, tlAuiqaeuo
qJICHA.

fl
BIAIIO-

y enrnagi
ItoMa napa-

2x+y+5>0
v

2

lx-3y>0

Puc.3.l3

rowy A(-3;4)

(3.23) i 3anurrre-

+),'+5>o
roopAr.rHar.

x-3y+2<0
tt x=0,
!=0,

l2),

IIp.rMy

fiar ruona-
!lSsuenao Puc. 3.12u(o;t).

lll0 cy[eperruu srr,ricty uepinuocr:i.

ryyxaHa niruaorquua He BKJrroqa€ nn6panoi rotxu M , i
nolHHHa 6yta naupaureHa B cropouy, rrporr.rnexHy

r IIIo g AaHoMy BrilaAr(y ninnaorquna sxrroqae i

llti gi,quosiAae cucT err.ri uepiruoc.refi

lx-2y+3>0,l'

l*-2y-3<0.

IIprMa
B IUyr(aHy o6lacrr.

nprMrrx, xxi upoxogarr qepe3

firpno Ao nprnaoi 2x - y- 3 = 0.

plBHflHEqM nyqKa flprMI,IX
g qeHrpoM n.rovqi I

y-4=k(x+3).



YMosa nepne ul uxynnpruo cmi npr.llux

ArAz+ BtBz=0 a6o or= -!.
k2

2.To\xa fleperfiHy ABox nprMI,Ix, 3aAaHI{x 3araJIbHI'IMI{ plBHTHHTML

* =C 
r.Br- C rBr: 

1, - 
ArC r- Arc, 

. (3.
ArBr- ArB, " AtB2- A2Br

3. Pisuxrru., flyqKa rprMux.

(3.2t

(3.24

Ilyuxorra rrprMlrx, xri npoxo4.arb qepe3 3a.qaHy touxy M(xo', !g), u

Barorb cyrynnicrr scix flprMr,rx, rri npoxo4rr:b qepe3 IIrc Tor{Ky

!-Io=t\*-,0). (3.2

PirnrHnq nyqKa upqMr.rx, uo npoxoArrr qepe3 ToqKy fleperllHy
rr prM r.rx, 3 aA aH r.rx 3 araJr b H r,I MI{ p iruxuurrr.u,t (3 . | 2), M a€ BI{ rJIfl A

5. PisHrEHq
pinnxuuxruu (3.12)

6icerrpuc xyrin

Arx+Bpt+C,

Mtx nprMI,IMH, qKl

A"x+ B,y+C"
=*# ,tm

Arx + Br! + Ct + ).(,l,rx + Br! + Cr)= 0,

Tyr naparrae'rp ), neyuzua.IeHl,Ifi .

4. Bi4craurni4saganoi'rourr.r M(xn;./6)aoupxrraoi Ax + By * C = 0

o =lA*o* 
BYo*cl

(3.2

gaAaHi 3araJrr,H

(3.2,[m
3nax < * > ctasurrcr, ,Krrlo croponlr Kyra 3HaxoAxtbcfl g oAuiei cr

Hrr BIA nor{aTKy KoopAl,rHar, a ( - ) - flKlqo cTopoHLI Kyra 3HaxoArTlc,l
pisni croponu si.q noqarry KoopAr,rHar (ro6to, ,KuIo [oqarox KoopAI,IHar
xoAr,rrr,c, uix c:ropouaura).

6. 3 pinHrnur npauoi, ,Ka npoxoAnrb
po3raruyBaHH, rpbox rorroK u r\*r; l1).
oanifi npxr'aiii

qepes Aei rourra -rnrirae yv
ttr(*r;l2), u.\xr;l3)

!{!t 
=*t-\

!z- lt *2- xl

A2+ 82

64

(3.

IlGilo
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TunoBrrx npurc.naqir canrocrifinol po6oru no po_

O(0;0) i A(a;0). Ha ui4pisxy OA tolysosauo
flKoro reperaualorEc, a rourqi E(0;3). Hanzcaru

fi napalenorpaua.
bt(H ToqKa E tsflr^-

Hy .Eiarouaneir napa-
npoBecrn s roqor O

I i siAr,'racru sia
i AE, ro orpt4-

nnfl napaJreJrorpaMa

OA cnis-

, i glanouaar OB - s

h plrHenHr

I x=o (oB).
lllpSflcaEHa oci Ox i rigrauae ua oci Oy ri4pisor, piunifi
ITplnxruHr 6yrc y=6 (CB).
I ctopona AB si1rularcrb Ha KoopAr,rHarHr.rx ocrx ni4-

i.3 I a=4, b =6 oAnnuqsru, nigctau*our.r.nri n pie-
Ha ocrx (3.14), orpr.rMaeMo

Itrrrll 3x + 4y -12 =0 (AC) i 3x +2y -12 = O (AB).
nPoxo.q[Tb qepe3 floqaroK KoopAr,ruar i naae piauxHHr
Ioo0iqieHt

il:HocriorprMyeMo y=-lx a6o 3x+2y-O (OC).2"
IllHtlr npruoi, ,Ka yrBoproe s siccrc Ox xyr l35o i nepe-
iiesul C(0;5). 3'acyuaur, qr EpoxoArrrL rry rrprMa rrepe3

5 ), no6y.qysarr.r rprMy.

yt{oEH 3a.qaqi sunar.rBae, uo ai4pisor, aruft ri4ruuae
k = tgl35o = - l. ToAi sai - 5, ryroszfi roeQiqieuT

XY-xv
-+a= l; --r!= l,4346

o



flpnnegeruo pinurnur nprMoi 2x - y - 3 = 0 .qo pinnxuur npxrraoi r

rouurra xoeQiqieurorrr ! = 2x - 3, 3siArlr ryT onuft roeSiqienr nparrtoi ft =
-frrqo nprrvri napalerrui, ro ix xytoni roe$iqienrn pinni (3.20). n

raBJrf,roqu u piruxnux flyqKa rIprMLIx xytorufi roe<[iqienT fr = 2,
piauann.a upauoi, naparerruoi gauifi

y-4=2.(x+3); y-4=2x+6; 2x-y.+10=0.
Braxopucroryroqu yMoBy nepneHAl{Kyrlrpnocti nprMllx (3.21), zu

I
ALIMo KyroBI.Ifi roer[iq ient repreHAllKyJlrpnoi np.airroi k = - r. 

fl i.qcrasr

qefi roediqien, n pinuannx flyqra [prM[Ix, orp[MaeMo pirnnurr up.r

nepneHAr.rKy JrxpHoi 4an ifi
Iy-4= -:.(x+3); 2y-8=-x-3i x+2y -5 =0.' 2'

10. Hanucaru piaurnux npxuoi, napanelrnoi [prMI,IM 2x*y-2=
2x+ y -5 =0, po3rarrroBauoi rraix suur.r i rxa Airurr nigcranr uix nu

siauorileHHi 1/5.
Porrtslor. BisrMeN{o ua nepruifi upxrtlifi rotxy A, a6cquca xroi

uaupuraag, x = 0. Toai opAr{Hara
roqru A rpinu.ruu-rnprrraoi !=2.

flpoeegerr,ro g qiei ro.rrr.r uep[eH-
Al.rKynflp Ao reperr.rHy 3 Apyrorc
nprMoro rro.rqi B (puc. 3.l4).

Kyronlrfi roe$iqienr nprMux
k=-2, orxe, ryronnfi roer[iqieHr
nepneHAr.rr<yn npa k nu =l I 2. flitcras-
Jrrroqfi fioro i roopgnHaru roqxu ,{ s
piruanua nyqra rprMrrx (3.23),
3HaxoAHMo pinHruur lteprreuAr,rKynrpa

Iy-2==(x-0), a6o x-2y+4=0 (AB).
2'

Poen'rsyrcuu piuurnua uepleHAr,rKyJrrpa cnirruo s pinuruuau
nprnaoi, 3HaxoAr,rMo roury ix neperuuy :

{x_2y*4=0, Bfg,.ll).
l2x+ y-5=0. \5'5l

Hexaft roqra C girr.rru aigpisor AB y ilgwouen*ti ), = l/5, toAi,
no (3.4), ii roop.ur.luaru

Puc.3.14

70

'i

7t

l6

t+1
5

= 012;

h = -2 (npxr'la [apaJreJrLga saAaErN{) i roopAuuar:u
nyqra npflMr.rx, 3HaxoAr{Mo pinnanur utyrauoi uprrr.roi

t-2.(x-0,2), a6o 4x+2y-5=0.
llplutlHu i ryru rpr{r(yrHr{Ka, cropoHrr xroro sa4ani
3-0; 7x -y+19 =0; 

-3x+y+l 
=0.

Bepr[rru L ABC e roqKaMrr neperlrHy nprur.rx i
po3n'.rsry cllcreM pinuaur, ari cua4arorbc.,r 3

!,* 1!" 2+!'Y
r,-=-- 5 5 -",l+2 I,*,

-3=0,_ x=0;
--)*l=0. l:-1.

I
I
;

0,_ x=-3; l*-3y
0. Y=-2. [:x + y

/ * 19 = 0, x=-2;
y+ l=0. /=5.

nopuoi cr{creMr,r -
A(-3;-2), 4pyroi

f(-Z;5). 3 puc.3.15

fl rlqnosiAa€ repue
- Apyre, BC -tpete.
lA cxopucraeMoc{

uta A,B,
llPtMoI AB , a ta A,

ttl npar',roi lC.

-3) 20
llllllllll_=-= )

-l) to

Puc.3.15

ZA=arctg2=63030/

ZB =90o.

180o, ro

l'(- 3)- r.r
I#--35

l'3+(-g).t )

I Tplll(yrHr{Ky 4opirnrce

r lt0o- 63o3ot - goo =260 30/



12. 3uaitru KoopAr.rHaru TorroK fieperr{Hy
Bepmr,rHu xxoro l(3;0), B(- l;-2), C(1;2).
pr.rcr.r nnyrpiruHroro xyra B.

Pocs'q3or. Me.qianu neperltHa-
Ior6c, s oAHifi 'roqqi, rra Ainu'rr ix
y ni4uoureuni ll2 nig nporulexuoi
cropoHlr, .rrKy BoHr.r 4irxrr [onoJraM.

Ilo6y.qyeN{o LABC i nponegerrao

r'regiauy 3 rorrKr{ C (puc.3.16). Koop-
AnHarr.r roqxN D 3uaft4errlo, ,K Koop-
Ar.rHarr.r cepeAr.rHr.r si\pizra AB :

xA+xB 3+(_1)
22''

-. _!,q+!a _0+(-2)_ ,_=T=T=--

Cropuctanurlrcr piruxnuaru npruol, ,Ka npoxo1r{tr uepes gni
(3.15),3anuilreMo piru.anHa ctopin AB i BC:

Hexaft rci ue4iauu fieperr{HarorBcx u rovqi

Harr.r ror{or C i D,i ni4noureuu , A=! =2,ro
ED

rr.r rorrKr.r E nepe'ruuy ve4ian BF i CD:

xr+).xo l+Z.l lg+).y,
L l+ ) l+2 l+).

!-!l _ *-*n 
, ,,-0, = 

*-3 
..

!a-!t xB-xA' -2-O -l-3'
!-!a _*-rr r r-(,-rl=r-1-r),
tc-!n xc-xB' 2*(-2) l-(-l)'

Ikct=-2; kx=-i

Kytosi roe$iqienrr repneHAr.rKyrrapin 4o qr.rx cropiH eua
r[optrtyrarrau (3.21)

fliAcrasrrrcqu suafiAeui gnaqeHAs KyroBr{x xoeQiqieHrio i
toqor C i A e piwttnHr flyrrKa nprMr.rx (3.23),3naxoAr{Mo pinHann.r
gr.rrynxpir Ao rp.sM!{x AB i BC:

MeAlaH l Br.rcoT TprrKyTil

Hanr,rca'ru piauaun.n

Puc.3.16

E. Tar xx riAorvi

MO}KCMO 3HA}ITI,I

2+2.(-t)
l+2

y =2x (

y -2 = -2x +2; 2x + y - 4 = 0 (CL).

y=-**1, x+2y-3=0 (AK).'22'

r);

- 3);

v
2y

, Btlcor cnimuo, 3HaxoAI,rMo KoopAr,IHara to'txu M:
-4=0,
- 3 = 0. *r=1t !u=7'
ctopiu AB i BC B 3ararrurroMy nr.rurgi:

r2y-3=0 (AB). y=2x; 2x-y=0 (BC),

BF ryra

'r-l.y+0
22 + (-t)2

x-y- l=0 (Br').

rlprMr,rx, [apaJreJrEHlrx nparraifi 3x+ 4y -7 = 0 i
ll3;- l) na rpa o4uHzqi.

lB gsait1euro sa $opuynoro (3.26):

(* -2y-3) Jt = - (2x - il. JT ;

ryronufi roer[iqieHt nprvoi y=

(3.23), upoBeAeMo qepe3 roqKy

a-)tJ--x+-. k---.444
A nptv,y, napa-

,y+l = -|O-s1; 3x+ 4y-5 =0. (r)

v x-3 x 3
I

-.,- +' '-r-r' xl xoopArnarr.r roqKlt ua ruyrauifi npxrr,rifi. ToAi siAc-

(l), sHaxogr.rr'ao

le nprMoi, ,Ka rrpoxo.qurr qepe3 "rotxy A, 3naxoAr.rrbe,

4horaarrroqr.r B qro {oprrayny 3HaqeHH, d =3 i roe$i-
y+2 _x+1.
4 2) Itr+Bv+cl#:, ,ti+ a2

, _13*+ay-51

Jlb, MaeMo:

r3t+4y-5)3x+4y-20=0;
+4y-5)) 3x+4y+ l0 =0.

.;ilXrxxr flprMr,rx, xri poataruorani no pisui cropour
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3.2.2.3an'nauHc Aflr canrocrifinoi po6orr.r no por4ily 3.2

1. 3nafira pianrHur npruol, ,Ka npoxoAllrb rrepe3 rowy A(2;2

yrBoproe s siccrc Ox xyr 60o.

2. 3:r.airru ryroanfi roeQiqienr nprrraoi i ni4pisor, srrfi soua si
ua oci opAlruar, -rKrrlo ni.qolto, qo np.ffMa [poxoAHTB qepe3 roqKr A{2;-
B(-l;8).

3. flepenipr.m[, qI{ JIexarB na oAuifi npxnaifi rpu gani Tor{KLt:

a) A(1;2), B(2;4), C(3;6); 6) D(2;3), E(-2;t),F(3;4).
4. Ilprrraa neperr{Ha€ sics Ox s Aeqrifi to.{qi C i npoxogurr

rovxu l(- 2;5), B(3; -3). 3nafiru KoopAr.rHarr ro.{xu C.

5. flo6yayoarr.r o6racru, Koop,qLIHarLI rorloK xroi 3aAoBoJIt,H

I Z* - y + 4 < 0;
cucreuiuepinHocrefi ], + 5 > 0;

I

fx/5 + y/3 < I.
6. 3nafirn o6nacrr, xxa rignori4ae cr.rcrevi Hepinuocreii:

-2y+3<0,
-2y-3>0.

7. 3:aaili:iu ryr naix [prMr,rMrr:

a) y=-2x, ! =3x*5; 6) 4x+2y-5=0, 6x+3y+l=0.
8. 3uaii'rn siAcraHr siA 'roqxr:

,t) A(-2;-3) so npxnaoi 8x+15y +27 =0;
6) B(2;5 ) ao npxvoi 6x + 8y -7 .

9.,(auo rprrKyrHur 3 Bepur.rHaMu A(4;6), B(-3;0), C(2;-
3uafi'ru pianruH.a 6icerrprcu AD, sucoru CE i roury ix neperuuy.

10. flpmrra npoxoAlrrb rrepe3 rorrKy M (2;3) uapane,rruo

5x-2y*7 =0. Crracru ii pisni angu: a) pinurHux npxuoi 3 3aAaHr.rM

aranr xoetpiqieHroM; 6) aaranrue pinnruua uprrraoi; a) piruruur npxrrroi r
pl3Kax Ha ocf,x.

1l.9epe:l roqKy neperrrHy rrprMHx 2x-y *3=0 i x+y-2=0
Becru nprMy, repneHAr.rxylrpny nprrr.rifi 3x-4y-7 =0.

12. Cxnac'nr piauaxur npxnaoi, rra flpoxoAr,rrb qepe3 TorrKy
rprMLIx 2x-3y * 5 = 0 i 3x + y -7 =0 i napa,relrua npxtrifi ! = 4x+

lx-2v+3>0- lxa\4 6l I
lx-2y -3>0. lx

I

I
!

i

ii
l
I

t1

\l
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TrrnoBoro rpur(rraAy 3aBAaHHs 5 pfp
qru Bepur.rH rplrKyrHr.rKa ABC: A(-8;-Z), A (q;-n),

l) aonxuuy cropoHr.r AB;2) pirnruu.a c'ropin AB i BC ra
3) ryr B a rpagycax; 4) pirurnux Br.rcorr{ CD i ii

Ht l'leAiaHx AE i xooptuHarr{ roqKr.r K, ueperuny uiei
o CD; 6) pigHauHa np.auoi KF, l.xa npo*o4rr" ,.pe,

aropoui AB.

l, Ill/tc'rs,," d .v.ix roqraMr{ ,l\x'11)i alx,12)B}r3Haqa-

ItnUtry A(-8; -3), B (+; - tZ) i .qonxuua qopouu AB

-llll +(-12 -(-3))2 =,fWAr = 15 (o.q.4orxuuu).

plettrtttrn nprrrloi (3.15), .,rKa rpoxoAr.rrr rrepe3 roqKr.r* l2)r

1*(-8)' -s
lr-l,r-24; 3x+ 4y +36 = 0. (AB).

o0Tltnr(' piurrrHua aiguocuo

.r+8 y+3 x+8
1234

r*(-s)
l-'

r.llr'44:
ta ll5tt 

"v 
-- ;

y+3

-=

=loi .y =-1r

r-4
i-'

| -4'

aJ
rrilxr.r k Aa =-i= -0,75 .

4 ' 11 2 '

x-2y-68=0 (BC).
1l

ssi.axa kBC =r=5,5.

f {l,lt) xoop,rlunarr.r roqox -B i C, o.rpr.ruaeuo pirx_anur

plettrttttn rrprrrloi 3 KyroBHM
/, 3HaxoAr.rMo pinH-anH_a

xoe([iqieurorrr:

=o(AB) i
L, t^o L, sa

y+12

x - 34,

C t ylropro(l'r,c, nprMlrrrau 3 x + 4 y + 36
(ff'),1t'lArro (3.18), ailpaxoayrovra ryr ri4

Ar=11, Bl=-2, Ar=3, Br=4. ToAi
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3HaxoAHMO:

tgzB=\',+-1 l?),=3=z; zB=l,llpan. a6o zB=630- 3.tt+4.(-2) 2s

3HAUTI,I II
nparr.rux (3.21)

fligcrauunuru n pisnxunx ryqxa rprMux (3.23) KoopArrHarlr roqK[
sHafireHufi xyronufi roe$iuies,:, orpr,rMa€Mo piauruur sucoru CD:

y-to=ftr-t), 3y-30=4x-32; 4x -3y -2 = 0 (c

,{oaxr,rny Br,rcor[r CD strafir^eNro, rx ri4ctanr siA tovxu C(8;10
npxuoi AB 3x+4y+36=0 sa i[opvynoro (3.25), Ae r0=8, -yo=10, I
B=4,C=36'.

,_13.8+4.10+361u-: = + = 2o (oa' 4orxn,n)'

5. IJ]o6 sHafiru pinnauna neAianu AE, suzlnau:aMo cnoqarKy
rr.r roqKr.r E, nxa e cepeAr.rnoro cropoHr.r BC. Cxopr.rc'ryaanurlrcr <[o

noAiry rigpisxa Ha gri pinui qacrr.rHr,r (3.5), orpur'aaerr,ro

4+8 -12 +10

4. Bucora CD nepneHgr.rxyJrflpHa croponi AB.l\o6
r<oe$iqienr, cKopucra€Moc, yMoBolo trep[eHAr.rKyJrrpHocri

l14,-_ncD-- r*--4-1

*r=a-=6; !, =--=-l; E(6;-
fligcraeunurlr a (3,15) KoopAr.rHarrr ro.{oK .l i E, snaxoAurrao

ueAiann:

y - (- 3) 
= 

, - (- 8).

- I - (3 ) 6 - (- 8 )'
x-7y-13=0 (AE).

y+3 r+8 Y+3
2 14' 1

KoopArauaru ro.rxu
lianux*7y-13=0
B AaHoMy Br.rfla.qKy Al= 4,

K neperr.ruy Brrcorr.r 4x-3y-2=0 (CD)
AE , zuairge*ro sa Qopuyl on (3 .22), BBaxaroq

Bt= -3, Ct= -2; AZ=1, B2= -7, C2= -

To6ro K (- l; - 2).

32+ 42

76

tplMa napaJ.re.rrbHa c:roponi AB, ro ii' ryroru fi roe-
xoerliqienry np-ruoi AB. tlitc"raszrruN n (3.23)
r( i ryronr.rfi rcoe$iqienr k Ur= -3 I 4,orpr.rMa-

l))l 4y+s= 3x+4y *11=0 (KF).

lfiOoTg CD, uegiaua AE, nptua KF no6ygonaui n
tlr prc.3.l7.

v

l0

8

6

4

x+8
7'

. t0

-12

B

Puc. 3.17

Jtr ll oA. AoBxrrHr.r;

-2!-09=O(BC), kac

eD.20 oA. AoBxr.rur{;

+lt'0 (,(?).

2) 3x+4y+36=o(AB),

=5,5; 3) Z B =63"30/ ;

5) x-7y-13=O (,aA);



KpIEnuntr Apyroro
MOKyTHr.rx KOOpAr,rHaTax

HCBiAoMI.IMI,I

3.3. Kpnri Apyroro flopflAr(y B rrpqMoKyrHifi 4ercapronifi
KOOpAT{HaT

floprAr(y Ha3r.rBarorbc, rcprni, pinuxuufi ,Klrx B

3a.rlarcrLc, piauruHrrnlu apyroi c'reneui r

Axz +2Bxy +Cy2+2Dx+2Ey +.F = 0.

Icuye rpu raKr,rx rr,rnI,t Kpr,rBrrx: ,Krrlo

l) A.C - 82> O, rpura eainrrnquoro rrrry;

2) A.C - 82<0 - rinep6oriuHoro rr.rny;

3) A.C - 82=0 - napa6oaiuHoro rr.rry.

-fxrqo r 3ararrbuoMy pinnxuui apyroi creneni (3.28)
KBa.qparax noroqHrrx KoopAr,rHar pinui nrix co6oro A = C ,

nororrHr.rx Koop.qr,rHar rigcyrnift B = 0 i D2 + E2> AF ,

piruxurru xola,
Koop,unuaru roqoK rrpu A > 0, qri rexarr acepe4lrui KoJra Bu

urrcx uepinnicrrc

Axz+Ay2+2Dx+2Ey+F <0, (:

KoopALIHarr.I Torrox, xxi rexarr lonui roaa, - nepinnicrrc

Axz+Ayz+2Dx+2Ey+F>0.
lo . Konon Ha3r,rBarorb reoMerpr,rqne rr,ricqe rovox,

gauoi rouru, flKa Ha3lrBaerbc, IIeHTpoM KoJra.

Kanosique piruruu.n KoJra Ma€ BlrrJrrA

(**r)2+(y-b)2=R2,
te (a;b) - Koop.qrrHaru ii qeu:rpa, lt - pagiyc rona (puc.3.l8).

ct

Puc. 3. 1 8 Puc.3.l9

78

C(R;0)

KOJIA:

Lf,to 12+y2
l(oopAr,rHar

l/i,ro *2+y2-
KOOpAT{Har B

= 2Rx. I]enrp Kona po3raruosaHzfi
B AoAarHoMy Ha[prMy no oci Ox

2Ry. llewp Korra po3raruosauufi

AoAarHoMy lrarprMy no oci Oy

roei[iqieuru
ureu s go6

ro rle plBH,

plBHoBlAAaneHnx

Puc.3.2l

ulnoa Ma€ Br{rJrrA

t*f ='
o2 b2 

L' (3.32)

r(oopArrHaTH

eninca cnie-

(3.33)

It x2+y2=R2 - xasonivne pionxnua rcora. I-{eurp
}lil n noqar:xy KoopAr,rHar.

reoMerpr,rrrue uicqe :rouor, cyMa ni4crauefi
qiei nnoulunu, xri ua3uaaror6c, $orycaruu, e

llAotaxi nix ([orcycarrar.r rl+ 12= 2a, a - const

v
Brl t M (x; y)

Bz'- t'

drsolGrlnca,
anlnca posraurouani sa oci 0x, ix

fnfyoxn llAcraHr 3B'r3aua g nisocrl4u

c2= a2

O, r roqxax Ar(a;O), AzG a;0), viu, oy a

-r), Ul Toqxr{ Hasr.rBarorrc, oeputuuottu eninca.
Puc.3.20. I rlll-2b uasusalorrc, ni4nonigno eenuxoro i



Mipa ni.qxr.ureHHq erinca siA rora xapaKrepl,I3yerbc, BeJII{q[HoIo t,
Ha3r{Baerbc, ekcqetmpucumemoJw eninca i 4opirurce siAuomeHH}o

$oxycuoi nigcraui Ao AoBxr{Hr4 serrxoi nisoci

.-c

Ocxi,rrra y eainca c < a,To eKclleuTpl{curer erinca t < 1.
t{uu ueHrue 3HaqeHH, t ,'tutv. 6n[x'Ie eaiuc sa r[opvoro Ao KoJIa.

,\upexmpucawu eninco nasunarcrrc.n nprlri dp d2, nxi n

ct
fioro rrrarifi oci i siAAaaeni sia Hei ua ri4craui d = *-.t

aO5-. I inepoonon Ha3vBaeTbcfi reoMerpaqHe MlcIIe roqok,
BeJrr.rqr.rHa pisHuqi siAcraEefi ffKrrx Ao ABox AaHLIx roqoK nrolquHlt, uo I

BarorBc, $oxycalru, € BeJIr{qI4Ha craJla i Meurua ai4craui rr,rix $o
tt- 12= 2a, a - const (Prac. 3.22).

Puc.3.22

KaHoni'{He pirurnux rinep6onr.r Mae BI4TJITA :

)2x- y _rj--;-t,
d" b'

!,e a - Iificna fliBocb; b - ytr:aa niBocr riuep6olz.
Toqra M pyxarouucr no rinep6ori, uecrinveHHo BiAAaarrc.rucr ni4

prrrr4Hr,r, Heo6MexeHo Ha6rnxaerLc, Ao oAHiei 3 IIp.ENrux, ,Ki npoxoArrl,
rIeHTp crrMerpii, i uasurarorbcr acuMnmo maMu ziruep 6oJtu.

PisHsHHs acr4Mlror riuep6ola
bf-1'.
a

M (x; v)

F1(c;0)

80

Plfnlil glAcraui nil 4oxyca Ao Ar.rpeKrpr.rcr4.

porraurooaui

Qoryora ni4c:raHr

ua oci Ox, ro ix
3s'.{3aHa g .(iftcsoro

KOOpAr.rHaTa

a i yxnHoro

e2=a2+b2
llcr x B Tor{Kax

(3.37)

A ,(a;o), A .r(- a;o ). r1i rovrr.r

(3.3 8)

dacpdoaa.

ilncpdonu t Ha3r.rBaerrcr oiguorueuur $orcycHoi
ntBocl

ce'-.
a

d I C, To er(crleuTpr,tcrrrer rinep6onn e > l.
Ha3uBarorbc, nptv.i dp d2, tapatenrui y.a-

HeBlAcraHi d=+s
e

reoMerpr4 qHe uicqe r:ouor, pisHoriAAa,re-

Qorycorrl i ni4 4auoi rtpauoi, _rrKa Ha3r,r-
uepes {oryc (puc. 3.23).

(r, v)

_p
2

Puc.3.23.

nlplGonH, aiccro curraer:pii sroi e ai* Oy
xoopAHUar, Mae BrrrJrfA:

x2=2py, (3.3 e)

'(o,i



iilil
i

lli
l

I

(Dorarssnft pa4iyc AosiarHoi rouru napa6oru M(x;y) o6vucr
sa Sopruynoro

Y napa6om.r oAr{H {oryc

x--p12.
Excqerumpucamem napafonu aopirnrce siAHoruenHro

Hoi 'ri ro.rxu .qo Qoryca Ta go nignonignoi grEperrpucu. Ha
rIeHHr, eKcrreHrpr{curer napa6oru gopinnoe oAuur.rrli t = l.

PisHqHHr x2 = 2p!, p > 0, e rauouivur.rna pirHrnnru napa6onn r

KaMI,I, rqo uaupaareui uropy (plrc. 3.24, a), a pinuanua *2 = -2py, p
pinHrnuarr,r napa6oru, 3 sirrauu, qo HalpaBJreni sHag (pnc.3.24,6).

,*L.'2

F(Lr;o)'

V
a) e)6)

Puc.3.24

llapa6ola, ranoniqne piruxuna txoi y2 =2px,
O x i porr:amoraHa crpaBa sia oci Oy , (puc.

y2 = -2px, p>0- anisa nig oci Oy (puc.3.24, e).

.frqo napa6ona cuMerplrvua np.auifi, napaaearnifi oci Oy, a x
Harr,r Beprrr{Hu napa6onu C(xg;lg ),To pinxrun, Ma€ Br.rrJrrA:

G-*")'=rp(y-y"). (

.f,xqo napa6oJra cuMerpr{uua upxrtrifi, napanenruift oci Ox, a

Harr4 Beprur,rHr.r napa6oru C(xg.!c ), ro pinuxuur Mae BrrrnrA:

(, - ,r)'= ro (, - r" ).

tlfnoBrrx upr.rxna4ir cauocrifinoi po6oru ro po-

A(0:a) i B(l;-2),riHii y=3!'-1?' 2x-l
oTxe, I oAHa

BI.IICTAHI N

IIlAcraBr

p > 0, cuuerpuun
3.24, z), a rap

^ 3.12-4
-74-3-l' 2.1-l

lllJtor(HrE aauifi ainii.

lgtIra Hanexurr 4axifi ninii, ro ii'roopguuau.r 3a.qo-
.ninii. fliAcraBrrreMo r pinuxuux saAaHoi riHii
.f, / KoopAr{Harr{ ToqKH l. O.r:prlrraaerr,ro:

. 3.02-4
4 =-- 4.

2.0 -r
orxe roqka A uatexurt aanifi liuii.

roqru B n pinuauna niuii, orpr,rvyeluo:

napa6on y2 = 4x; y = !*2 .

4
noperxuy HaJrexr,rrr o6orr,r niuisM, ro ii roop-
y g rlnx piaHrHr. I_{e osuavae, uro KoopAuHarr,r

gll0TCMr{

lx,

'**0,
4*=L*a.

t6 '('-*")=0,
r4l/t=0, !2=4.
nlpcTllt{arcrEc, B roqKax o(o;o) i A(a;a).

- KoIra i x+y-0-alnllr (r -3)2+ !2 =l
h nrponrxy.

ToqoK neperr{Hy AaHr.rx ainiE ueo6xiano
[Itpersopurtao pinu.ruur npxlroi ! = - x i ni-

*2 -6x +9 + x2=l: *2 -3* + 4 = 0.

f,lllxrr, sHaxoAHMo

F=*.+
82 t3



Ocriruxu ,l -7 e yrBHe qucro, ro cr.rcreMa He Ma€ gificuux pose,
orxe, gaui ainii se neperuHarorbcr.

4. 3laaitr:a piouauux rpaerropii rouxu M , rxa B KoxHr.rfi uonresr
3HaxoAr.rrbc, n4rivi 6nuxue go rouqi A(l; l), nix go ro\ui B (7; - 2) .

Pors'qlor. flosuaqunao vepes (x;y) rooparnarr,r rotrKr.r M .Toli
.qM =rle-\2+(y-r)2 ; BM =J@_t)2+(y+2)2 .

3a ynoeorc sap\i 2AM = BM , ro6ro:

+kr- \2 + (y- l)' ]= @ -7)2 + (y +2)2.
Posrpunarourr AyxKr.r i cnpoqyrovr,r, orpr.rMa€Mo

(x+1)2+ (y-2)2=20,
r:o6:ro rpaer<ropiero rovr<u M exoto 3 rleHrpoM r rovqi O(*l;Z) i

R= {fr =2Ji .

5. Cxracrlr piruxHux KoJra, ,Ke npoxoAr,rrb qepe3 Tprl 3aAa
A(t;t); B(0;2) i C(2;-2).

Pocr'ssor. PisHxHHr rrryKaHoro KoJra Mae rpr ueni4olafix napaMer
b i R, xxi cnig Bu3*aqilTu. fli4cranlxro.ru r<oop4r.rna.u,r roqoK ), B i
pinHxunx xoaa (3.29), orpr4Ma€Mo cr,rcreMy rprox pinuaHr siAHocHo u
xrux a, b. R;

-2a+6b+6=0; 2a-6b =6.
4 - 4a + a2 + 4 + 4b + b2 - a2 - 4 + 4b - b2 = 0;

-4a+8b+4=0; 4a-Bb=4; a-2b=1.
Posn'lsyrouu o'rpuuaui pirnauua, 3naxoAr.rMo a = -3, b = -2,
Orxe, piruruH{ rrryKauoro Kora Mae Br,rfnrA:

(x + z)2 + (y + z)2 = 25 .

l1-o12*(t-o)2=pz.
I

I (o-o12+(z- t)2= pz.

lQ-r)'*(-z-t)2= pz.

Biauinrelro 3 ocraHHboro piau.auna cnoqarKy nepue, noroM
pirHr uH.r. Orpra laaeuo :

4 - 4a + q2 + 4 + 4b + bz -1 + 2a - o2 -l + 2b - b2 = 0;

84

r $oxycia eriiuca .qo rcinqis fioro senrrKoi oci si_

i. 2 . C*ruarrl raHoHi.rue piuu.aunx eliuca.

OA*OB=a, OFr=c,To gani ri4craui gn,qsagi

rt;
.2,

-c2,
Plr-

Puc.3.25

I
-.2'
sll,

Pv,c.3.26

ll roop.
IIXO[lcro plnxruu.r (3.3 5), orpr.rMaeMo

fin yl-g, y=3,orxe, a=6, b=3.

x2 ,2r*{- = I25' 16

qtpcs roqKy u(tz,:.6) r Mae acrrMnrorrl

flnep6onu.

plrrraur
suai:

tlrJl:

v2
-L= l.

I

A >\\ B
a o-c ? q



8. CxracT n pinHanux rinep6oau, {orycu .nxoi lexa.ru y BepurnHax

x2 y2

100 64

Po3stscorc. 3a ytrororo sa4avi:

BeJrr.{Ka nisocr elinca OF =10.
3ri4uo (3.33), OA2=l0O -64=36,
0A=6.

,{nx rinep6onu, rri.qHo (3.37)

c2=a2+b2=100, a sriguo (3.38)

d=+e =+6,i ,=9=10.
€act

3 Anox ocranuix pinnoc, eft, 3rraxoAr.rMo

ct_
-=6 =t

3Havrarr,

6, =9; 6e2=10; e =
€

Ocxiruxu a2+ b2=100, ro b2=100 - a2=100-60 =40.
3Havu'rs, rxyKaHe piouxunx rinep6onra Mae Br.rrJrrA:

L-L=r.
60 40

9. !\nx napa6olu x2=2py snafiru AoBxrlHy xopArr, .xra n
rrrpHa Ao oci Oy i npoxogurr uepes Soryc.

Poce'q3ox. <Dor<yc napa6onu Mae KoopAr{Harr,r

a=6ei e=9
cl

*o:
Ja

M Ma€ KoopA,Harr, u ( *,L) i

\'2)
Hanexrrr uapa6oni (puc.3.28). Toai

*'=2p.t,a6o xr=p = r(rtt)
3uavurt, AoBxr{Ha noJroBr,rurl ilIyKa-

uoi xopgr.r 4opinurce p, or.xe, MN = 2 p .

) a=6r=6#=!d;

po6oru uo porgi.ny 3.3

AoBr{, BcragoBr.rrr.r, rK po3rarxoBani si.qHocHo

-0 roqrn: AU;3); B(-t;z); C@;9).
IOJI€, rxrrlo nigorr.ro, rqo rcinqi oAuoro s ii'4iarnrerpir
-4) t B(- 6;2).

IOIS 3 rleHrpoM o Tovqi C(-2;3) i .axe ropxa-
0.
rort, trre npoxoAr.rrr qepe3 roqry A(7;9) i .rop-

*i o).

PJurnnr eninca, rxqo siu npoxoAr{rb qepe3 rorr-
lf, r iloro oci curr.rer:pii cninnagarorr s ocrMr.r Ko-

lGpluHH i Qoxycin, o6.{[crr,rru ercrleHrprrcfi_

laAaHa pionaun.au 3x2 + 4 y2 = 12 . 3uailru
tOopAllHaTH Bep[r[rH, Qorycia, ercqeur:pncur:er i

lHt _plrxruur rinep6oar.r, y xxoi yxnua ninocr
l:514, Hauncaru piruanur acuMrror i 4apex-

plrnnxHn rinep6olu, r[oxycr.r xroi posrr.riqeui Ha
5gfro noqarxy KoopAlrHar, trKrrlo ii ercqeurpucl.r_
IttPttilpncBMu 4opionroe 8/ 3.

cnuerpuuuoi rignocno oci opguuar, ar-
qepe3 roqKu M(-3;6) i N(2;-4).

DaPt6onn, rrqo aiAorrro, rqo uicr ii cnlretpii
- 3 llOqATKoM KoopAHHar, i ni4craHu ai4

Puc.3.27

t03 A=*.
e

, ?,t) Hexan

lz,d\2)

86

Puc.3.28
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3.3.3. Pose'q3oK Tr.rnoBrrx npnr.naAir 3aBAaHb 6r7 Pf,P
1. flpunecru Ao KaHoni.rHoro B,uLy piruxuux

,2+y2+6x-4y+9=0.3uafirra KoopAr.rHaru ftoro qeurpa i pa4iyc. Il
AyBarr{ KoJro.

Po3n t slorc. flpr.raegerr,ro pi nuxHHr KoJra Ao
siAHiNaeN.ro 3 H6oro KBaAparr,r rroJroBlru
xoeiliqienrin npu neni4orvrux x i !,
rcaro (af z)2 =9 i (- 412)2 = 4, d

noriu rrgilrlrrao uosHi r(Ba.qpara

(x2 + 6 x +9) + Q,,2 - 4 y + l) - 9 - 4 + 9 = 0;

(x+3)2 +(y-z)2 =4 =
(x+3)2 +(y-2)2 =22, |-

O'rxe. ueHrp KoJra 3HaxoAursc, I
a rovqi C (-l;Z). a patiyc R=2. _t

BiqnosiAr: (x + 3)2 + (y -Z)2 = 4 .

2. flpunec,r.r Ao xanosiqnoro sr,rAy

4 x 2 + 4 y 2 - 8 x + 4 y - 77 = 0 . 3uafiru KoopAr4uarrr
flo6y4ynaru xoao.

Pora'sgorc. Posgtlunto Bcl qJreHLI

3aAaHoro pirurHu.a na r<oe$iqieHr rpfi
x2 a6o 1? 6u*rK BoHr.r ognaroni).

Orputuaeuo

..2, 2 ^ +v_]_1=0.x +y -zx 
4

IIoriNa s risifi .racrflui pianrnna
AoAaMo i ri4uinreuo KBaAparr{ rroJroBr,rH
xoe{iqien,isnpuxiy:

1x2 -2 x + t) + (y2 + y + +) -r - 1 - ! = o,4' 44
rsirxr, 1r-r)'z+(l *;)' =r'

Otxe, roop4nuarr.r rleHrpa Korra C (1; -0,5), apaaiyc R=2.

BiAnosiar: (x -l)2+ (y + 0,5)2 = 22 .

pimrxuHx reoMerpr4quoro vicqx rorroK, niguoureuux ni-
Ao rorrrr.r A(3; 0) ra Ao nprMoi x = 6 gopinnroe urEcay

uane piruruH, npr{Becrr.r Ao rasouiquoro Br.rAy. 3nafirlr ui-
naru ![orycin F p F, i uo6y4yraru Kpr{By.

flo6y4yeruo rotxy A(t;O) i npnMy r=6. Hexafi M(x;y)
IuyKauoro reoMerpnqHoro lricqr roqoK. OnycuElro rrepfleH-

Io x = 6 i sl,tsuaquN{o KoopAr,rHarrr roqKr.r B. Tax ,K ToqKa
axagauifi upxnaifi, ro ii a6cquca 4opinuroe 6, a opguuara -

raHoHiqsoro Br4Ay: A

-3 -2
Psc.3.29

pinuanux

fioro qeurpa

Puc. 3.30

M (puc.3.10). 3a yMoBoro gaAa.ri ry =:.MB lo
\I L

r)z * v'
o6nasi

MA; MB=6-x ) 
-=MB

rlacrr.rHr,r octannroi pinuoc, i

6-x G
1L

B KBaApar i euxouaelro

z-4
I

=-
2

:) z(e-a*+*2*y2)=36-t2x+x2

*2 u2

-+?=l 
- rauouiunepiaurnxs e.rinca.189

i b=rf6=3. 
"2=o2-b2 ) c=3 = Ft,z=1t:;o).

B (6; v)

Puc. 3.31

(3 * r)2

88

*rr. {*{ =r; q =J18 = 4,42, b = 3i F,,r.= (t:;o).



4. Crracru xauoHi'{He pinHauux reoMerpr,rqHoro lricqa roqoK,
IrreHH, ni4crauefi ,Knx Ao toqru l(8,0) ra 4o npxvoi x = 4,5 Aopi
1, = 4/3.3safiTu KoopAlrHarrlr rlorycia F, repurun C; ercqeu'rprrcrrer
pinuxnnx acr,rMlror Kp[rBoi. BrEsua'{urfi ToqKr,r flepeuruy xpuroi s

I{eHTp .f,KOrO 3HaxO.qI{TLC, B rIOqaTKy KOOpAI,IHaT, a KOJIO npOXOAI]tTb

Qoxycu. flo6yaynarr,r acuMflrorr,r, xprauy i rono.

Pols'cloK. 1) [o6y,qyeN,ro roqKy ,n(t;O) i npn',ry x =.4,5.
M (*; y) AosimHa rorrKa rrryKarroro reoMerpr,rrrnoro Nricus touor (puc.3. I I ).

3'eAnaelaoroqru I i M,a uoTiunpoueAeMoflepfleHguryttp M
np.rruoi x = 4,5. TaK qKTo.rxa B Jrexlrrl ua sxasauifi upxnrift, ro ii'
x ,= 4,5 o a opArruara gopinnroe opAr.ruati ro\ru M , ro6ro !B= ! M .

3a yvororo galaqi A Ml M B = 4 I 3.

Orpaurye nao:

AMMB=x-4.5 = 
-=MB x-4,5

fliAseAeNao o6nAsi qacrr.rur,r orpr,rMaHoi pinnoc:ri u rnagpar i nux
neperBopeHHr:

(t,- *)2 +,!2 =t: > s(e+-t6x+xz+ y2) =rc(*2-9x+20,25)
(x - a,s)2 e

9x2 -144x+576+9y2 =16x2 -144x+324 3 7 x2 -9yz =252
22

= 
- += I - rauoui'rue pinnxuur rinep6olu.36 28

3uavurr, niroci rinep6 orlri ct =tR =6; O =,t-Zt =2 fi = 5 ,

3nafigenro KoopArrHarr.r rforycin Ft,, rinep6onu i pagiyc xona

"2=o2+b2 
> c2=36+28=64 = c=g

Bugna.{r4N.{o KoopAr,rHarlr Beprxr.rH rinep6onr.r

O6qrlcrunao eKcrleHTplrcuter rinep6oru :

b
3nafiAeuo piruruu.t acrlMnror ! = !-x;

a

3anurueuo piru.ruue *oru ,2 * y2 = 82 ,

= Fr,z=(+8;0); .i?

xc"=!. a=+ 6; C (l

e=9=!=1.3a6
JN1r:+"6

@- *)2 + v2(t-*)2 + y2;

90

.7 E t 0,88 x; x1,2=*7,2,

H, TorroK neperuHy KoJra 3 rinep6onoro po3n'xxeuo cuc-

[x2 + y2 =64: l*2 * r' =+{ ={
lzt*2 -say2 =loo8; lt*2 -ey'

64; 
l.r,

- )\).1

> 16x2=828 ) x\2=*,m=t J5l,7s =*7,2.

orpI,IMaHe 3HaqeHH, x n piru.ruHr KoJra, 3HaxoAr,rMo:

=64 = y2 =12,25 :> yLz=!.,[1225 =+ 3,5.

roao i rinep6ory

x; y)

Puc.3.32

22
u'-! =1.36 28

b=5,29; F\z=(tS; O);

!r2=4 3,5.



ci-zr;L :s!=+
lTy,

Ilpoerqii goainruoro nigpisra Ha KoopAvHarni oci BrrpaxarorLc,
fioro gonxuuy i nonxpuufi xy, sa $oprvrynarr.ru:

x2- xt = d cose, !z- lt = d sine. (:

flonxpuufi ryT ai4pisxa ro KoopAr.rHar:av fioro xinur i floqarKy
rrarorbc, sa Qopruynoro:

!.- lr
tgQ=4. (:

x2* xl

2o. PosrrqHeuo gerri ,rinii, pinnrnH, rKr.rx
KOOpAnHar.

l. p=R, qelo;2x)- xono 3 rleHrpoM B

2. Kpusy, uo ofiucyerrcq rorrKoro
M xona r pa.qiycou r, a:re r(orr,rr6c,
6es rossauuq ggosHi rro KoJry piauoro
pa1iy ca, Ha3r,rBaror6 rcap d iot d o ro.

PisHqHHq rap.uioiar,r a nonrpnifi
cucreui KoopAurrar Ma€ BuA (puc. 3.35)

p=2r(l+cosp). (3.48)

Bi4ui'rnuo, tl1o uaena xpuroi
nos'q3aHa 3 T[rM, rqo'ri'rfoprr.ra HaraAye
cepqe.

3. Cnipano Apxineda - rle rpaeK-
Topix rouru, rqo pinuovipHo pyxaerbc.,r
(s runu4xicTrc el) nsgorx np.avoi, rra
pinnovipuo o6ep:raerrca (s rytororo
uralrgxicuo at) nauroro ra.qanoi rovru
* noJrloca.

ii pinnxnru B noJupHux KoopAr{-
uarax (pr.rc. 3.36)

P=AQ, (3.4e)

Aa a= Ola - rapaMerp cnipani.

x2+ y2

n norrpnift cu

l pa,qlycoM, plBHr4M

P =2r(l+

Puc. 3.35

P=aQ

r-

enrccmKoga poSa
MHOXT,THOrc OCHOB flepneHAr,r-

x 3 Bepur,rHr,r Onpn-
nigpisor craaoi roBxr.rur.r,

I1o cTopoHax uboro
(puc. 3.37).

rcpunoiuler B rronflpHr,rx

(3.50)P = r sin2cp,

KOJIa, B 
'Ke 

(BnUCaHO)

qo pinuxuux p=rsinkg Puc. 3.37
nulpcmKo 6y p o3y, rlpfit{oMy

lIcJIIocroK, .rrrr1o fr - Henapue qr{cJro, i 2fr nenrocror, xxulo f -
Toro po3a nosnicrrc poorr,rirqyerrcr ncepeguui roaa pagiyca r.

Eepnynni yrBoproerbc{ MHoxr.rnoro scix roqox flJrorrlr{-
3 ,Kr{x go6yrox

p2 = 2a2 cos2tp.qBOX 3aAaHr,rx roqoK

lclHqnHoro cr:a.noro i

noronuuu ai4-
Tot{KaMH (ptrc. 3.38).

reunicra,u B

ATAX MA€ BI,ITJI.'IA
Puc.3.38

@s2p. (3.51)

flprrr<rta,qu Aerr[x ninifi, pienannr nxlrx sagaui flapaMerpuqHo.
x = QQ), y =VU), ge / - napauerp, Ha3r.rBalorbc, rapaMer-

n rpunoi. ,{lx roro, u1o6 orprrvrarr pinuanux rpunoi n
XoopAl{Harax, 3 ABox [apaMerpr,rqHux piruxur ueo6xi.quo ru-

t.
I plBHrHH' KOJra

t, tel0;2r,). Q.52)

ui piauruu.a elinca
r 6rin ,, t elo;znl. Q.sz)

x prBHrHH.flX eJItIICa

I xytot'.t, txuit yrBoproe

! licuo a6cquc (puc. 3.39).

p = rsin2cp

94

Pnc. 3.36
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Puc.3.39



2. flpr.rrecrrE pinuxHu.r rpnnoi *2-8*-4y+28=0 4o xauouiu
Br{rn.,rAy. 3ll^ait'tu napaMerp p xpunoi, KoopAr.rHarr.r Beprrrriur.r C, rpoxyca
p inn.auux Ar.rpexrpr.rcu. flo6yAyra:rra xpuuy i ii' 4r.rpercrpncy.

Pogs'sgorc, ,{o4avro i siAuiN{eNao e rieifi qacruHi piun.run.r rn
nofloBr{Hr.r xoe$iqieura fiepeA .r i nepemopurr.ro orplrMaHe pinuruux

(*'*s*+16)- 4y-16+28=0 = (x-4)2= ay-n :

(* - a)2 = 4(Y -3)'
flopirurorcvra orpr.rMaHe piruxuua g rasouiqsrEu pirn.auuxv

(3.4 1)

3HaXO.[r.rMO:

BiAnosiAr: fIapa6o.ua,

HqHHrIIrpeKTpUCil y=).

(*-*r)2 =2p(y-!c),

p=2i xC=4) !6=3.
Koop4uuatu rforyca Br.r3HaqarorEcr, rK

x F = xC= 4i ! F =0 
" 

* pl2)=3+l=4,
PisHsHH.f,AlrpeKrpr{cu y = (y c - plZ) =3 -l = 2;

Pr.rc.3.33

P = 2; xC =4, !C=3i

ro6ro

92

F (a;a);

93

Bl Apyroro nopqAKy r nolrpuift cucreui KoopArrHar.
pinnnnnx rlJrocxrrx KprrBrrx

qaCTO AOBOAUTrC, MaTLI CnpaBy 3 Kpr,IBI,rMa Ua nlOrqUUi,
l{MI{ ApyrorO noprAKy, 3OKpeMa 3 KpI,IBuMr.r TpeTbOrO, rreTBepTO-
noprgrir. Hafiqacrirue BoHu onr{cyrctr 4eaxi rpaemopii pyxy

F (a;a),

bHrrorr, neBHr{M yMoBaM. Y 6inrruocri ruuagrin piau.auu.a
nopxgria MoxHa saflvc,arv B fioJrrpnr{x xoopguuarax a6o r

Butitap:, uo lcrorHo cnpouye rug piau.rur i uo6ygory

0yAoru Kpr.rBr,rx n nonapnift cr.rcreui KoopAr.rHar sagarorr nenui
I gHaxo.uqrr ni4uorigni 3HaqeHH, p. Ailfl spyunocri pe3yrrLrarr,r
llHocrrL r ra6luqro. flo6yayraaruu niguonigai Toqxr.r, i cnony-
ilrnMyrorb rpa$ir rprnoi.

HA CUCTeMa r(oopAuHaT
nloull,rsi sa([ircynaru rovxy

I npor'.riur Op (rompuy aicr),
nonnpHy cucmen y xopdu-

noJloxeHH, goninrnoi ro.rrz
Bl{3Haqa€rbc.f, ii si.acrauHro

tourr,r O, a raKox KyroM

tftttfi yrnoproe npol,z,inr OM Puc. 3.34

Op.
Kyr e orpr.rMyrorb [oBoporoM uonrpnifi oci nporr.r roAr.rH-

go s6iry s npolz.euev- OM .

p I p uasunatorb nontpvuuu xoopduuqmsila rcw<u M (p; rp)

O nonrpuoi cacreMr,r KoopAr4Har sbiraerrcx 3 noqarKoM
lcxaproroi cr{creMu Koop4r{Har, a noJrrpHa sicr - s AoAarHriM

a6cquc, ro rrprMoryrni xoopAnHari x, y -ro\ru M Bprpaxa-
l KoopAr,rHarr{ P, e sa Qopruynaruu

x=pcos(p, y=psinrp. (3.43)

xoopAr{Harr,r Br.rpaxarorrc, qepe3 up.elroryrni sa $opnrynanalr

p- g = ardgL
x

! {opr'ayl (3.44) inogi 3pyr{Ho sal,riHr,rrz ABoMa

(3.44)

HacTynHr,rMa

M (p; rp)

x2+y2



3. Acmpoida - ue rpaer,opir
$ixcoranoi rorrrr,r Kora pagiyca r,
rra Korr.rr6c, 6eg KoB3aHH, tto
nnytpirunift croponi xona pagiyca
R = 4r (pr.rc. 3.40).

flaparr.rerplrvni pinuruur
actpoi4r,r MaroTB BLtt ils.Al

x=Rcos3I; y=Rsin3r,
0<t<2n. (3.54)

4.$uxaoida - qe rpaercropir,
tpinconanoi rouru xolapa4iyca r,
,Ka Korr,rrbc, 6es rosgauuq y3AoBx
npxvoi - oci Ox (pr.rc. 3.41).

flapanaetpr.runi pinuxnu.a
qurroiAr,r Marorb Br4urrA:

x = r (t-sin /); y = r (l-cos r),
0<t<21t. (3.55)

Pinnquur gtap.atvx KpllrBux B

noJr.rrpHr.rx KoopAHHarax i naparuerpuv-
HoMy Br,rrJrfi.qi upr.rregeui r T a6auqi.

.(erxi runu Kpr.rBrrx na u.nouquni,3aAaHrrx

B IIOJITpH r.rx KOOpAr.rHaTax :

Kono P = R, rP e lO; Zttl;
KaPdioida P =2r(l+cosp);
Cnipano Apxilteda p = aQ;
VomupooxnearocmKora posa p - rsin2tp;

Jlenruicxama Bepnynni p2 = 2a2 cos2g;
uapaMerpriqHo:

Kono x=qcost, ! =asint, 0 <t <2tri
Eninc x=acost, !=bsint, 0<t<27t;

Acmpo'idu x = .R cos 
3 
/ ; .y = R sin 

3 
/ , 0 < t < 2tc;

IJurarcida x = r(t-sin l); y = r(l-cos r), O< t <21T.

x = Rcos3 /,

.y = rRsin3 r.

Polrtqsor rnrroBnx npurclra4in cauocrifinoi po6oru rro po-

4exaproai KoopAr{Harr.r roron ,a(z;Z), a(1,-t),* *
KOOpAr4Harax,

3acrocoryrcuu rfoprraynu (3 .43), suaxoAr.rMo :

* A= p cose - z. 
"o, ! = z (- ))= -t

.2r'l=psng=2.Sin.:=2

.*'({)=3 0=o; yB

*=lr,
Pnc. 3.40

x = r(t - sirrt), .y = r(1 - cos

=: 'i"(-f)=: r

rouor< l(-2;0),

-l) =-3;

i-T =Ji; snea += -E-,J-, 2'
qu=-t,a(JT;-+)

3aAaHapiunauurrr,t p= 1

Trr*ra Heo6xi4Ho: a) nofYsY,,aru

cos(pu=#=+,

IIoqI{EaloqI, sit Q-0 rc e=2n, sagaroqv 3Ha!,eHHq (p

piruauux 4auoi rpr.ruoi n npauoxyrnifi 4exap-f,; O snamn

KoopAr{Har, s rxifi floqaroK cuionagae 3 [oJrrocoM, a noAarHa
3 [oJrrpHolo riccro; e) no orpuvrauouy piaurHH]o Brr3uar{lrrlr,

/-r;lT)
B(0;-3).

[oJrrpHl KoopAr,rH arr,r B(l;-1), sa4anux n

l*oopAr,rHarax.

3acrocoryrcura {oprraynr.r (3 .4 4), (3 .45 ), 3uaxoAtrMo

singn= t= o, cos(pA=j = -t.
M gHaqeHHrM cuHyca i rocznyca 3HaxoAr{Mo, u\o gA= lt.

a nonapnifi cucrerui KoopAr.ruar A(2; x).
t(oopAuHarrl roqrcu B 6yayru:

(-2)2 + o2
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Pogs'qcor.
(puc.3.42).

a) Crnarevo ra6ruuro i no6yayeruo aiuirc no

n Qoplaynu x i y zavicru p i tp nigcraamru orpuuaui Bupasu
iro /, ro orpr4MaeMo:

t =2Rcos2t = R(l+cos2 t); y = p(t)srn/ = 2Rcostsin/ =Rsin2/.

{x=n(t+cos2r),
|._y=Rsin2r.

6) MiN AeKaproBr,rMn i uolapnuuu

x=psin(p, y=pcose;

p=rffi, *q=+.
J *'* v'

lli4crarnxrcvu qi anaueua, B .qaHe
pienxnHr, orpuMa€Mo

l-,l x'+ y'

KoopAr,rHaraMu icuye 3s'q3ox

v

rpuaoi B rrprMor(yruxx KoopAuHarax, .flt<ruo BoHa

lx=-2+t,
I Y =t+zt.

TI,I plBHrHH'
qHo:

Puc.3.42

1-2x a 1=--. 4x'+4v'=7-4x+4
2

tmorc, 3nafigeMo s fiepruoro pianxunx fiapaMerp ,:
I=x*2,

ftono s Apyroro pinuxnnr. To4i orpurraaeuo:

!=l+2(x+2); 2x-y +5=0.
arur nprlroi ,riuii.

Sarganna g.rra cairrocriftnoi po6oru no posai.ny 3.4

noJrrpHl KoopAr4HaTlr
rBaApara is croponoro a = l,

4x=l-4v2: *=!-r'.4'
a) Orpurr,taue piauxunx e pinuxunau rrapalor,u.

4. 3safiru uapaMerpr,rrrHe pinnxun-a Kona x2 + y2 = 2 Rx , rKrrlo flon
nicr cninna.4ae s siccrc Ox, anonoc auaxo4r,riuc, B noqarKy KoopAr,rHar.

Posp'sgox. Mix geraptoeur\au i [o,'rflpHr{Mr{ KoopAr.rHaraMu icuye
xuicru:

B

ta 6yge
p =2Rcostp = 2Rcos/.

no Ha pr{c. 3.43 ( O -nonroc).
n npoer<qii ni4pisna ua
oci, ,KrrIo ei,qoN,ra fioro

d = 6 inor.rpuufi Kyr q =l2}o.
t nollpuafi ryr ri4pisr<a,

3 rorrK, Mr(lrzJT) ,
(t' lT)

i roqxu Ur(l;O) i Mz(3;5).3nairrE

,(,1.\ y' .,)=,, ffi:
Puc.3.43

.222x=pcos(p, y=ps,n(p; x +y =p
.sxocTi napaMerpa npufiueno nonrpuzfi Kyr e= /, ro4i pinurHHl

Bicr, xra npoxoAr,rrr qepe3 rorrKn A(-l;2),
B,

ptBHrHH' Kpr,rBr,rx B nprMoKyTHr{X KOOpAHHaTax :

-t2+2t+4, y=t*7; 6) x=l+2cost, !=-3+3sinr;
z) x =2Rcos2t, y= Rsin2/.
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npoexqiro ai4pisra

B(3;5) i uanparne-

/

t+4lz 2
lx +y
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4. AHAJIITI{TIHA IEOMETPI.fl B TIPOCTOPI

4.1. Il.norunua

1 
o. OcnosHi piauaun.u [Jrorrlr{Hr.r

l. 3aeatorue piennrunn nnouluHu
Ax+By+Cz+D=0, (4.1)

r,e N {A, B, C} - Berrop, nepneHAr.rKy-

lnpuufr nlorqzni (puc.4.1) (rexrop
uopuani).

Pogrr.rHeNro .{acrxosi BI{rIaAKll
piouxunr (4.1).

I.Hexaft sirrHuft qlen D=0,
rogi oT pulraerrao pirHruu, [Jrolqr.rHlr,

Ax+By+Cz=0,
.fir(a npoxoAr.rTb qepe3 noqaroK KoopAHHar.

oci Ox;
6) B=0; Ax+Cz*D=0-

oci Oy;
e) C=0; Ax+By*D=0-

oci Oz .

III. Hexaf oAran is xoer[iqienrin
a) A=D=0; By+Cz=0-

vepes ricr Ox;
6) B=D=0; Ax+Cz=0-

tepet ilu, Oy;
e) Q=D=0; Ax+By=g -

tepez nia, Oz .

II. Hexaft ognu ir roeSiqieurie A, B, C gopinnroe uynrc, D + 0:
a) A=0; By+Cz*D=0- pianrunr rroqaHr,r,.flKa r

IV. Hexafi 4na is r<oerliqiel'ris A, -8, C .qopiaHrororb Hyrrro i D +0
a) A = B:0; Cz+D:0 - pisH.suu, rrnou{r,rHa, rKa rraparrerrEHa

6) A= C =0; By + D = 0 - pieHsHH, flJroxlr.rHu, qKa [aparerlHa
e) B =C =0; Ax+D =0- pisHqHH, nJrotrlr4Hr,r, {Ka napaJreJrrHa

V. Hexafi:
a) A = B = D = 0; C z=0 - pieussutnr,o:rquuu xOy ;

6) A=C = D=0; By=0 - pisHqHutnno]gluwu xOz;
e) B : C : D : 0; Ax=0 * pinnxnulrtlolllulau yOz.

fr {,s; n;

' opn ano n e p i 6 HtH H, nn ot4u Hu

ycosB + zcosy - p = 0, (4.2)

xr{Ha aeprreH AuKy ilflpa, IIpoBe-

nJrorqHHr, 3 noqarKy KoopAr,rHaT;
ryru, xrci qefi nepueugr.rKyrrrp

3 AOAaTHr,rMr,r Halp{MaMrr KopAr{-
x, !, z , niguoni4Ho (p2c.4.2).

npHBeAeHH,,I 3araJrbHOrO plBHrH-
(4.1) ao HopMarrbHoro Br,rAy,

noMHoxtlrr,r fioro na HopMyro-
K

Puc. 4.1

plBHrHH' IIJIOUI,IHI4, 
'Ka 

[apaJt

pinurHHr nJIou-luHlr, fiKa [apaJr

A, B, C 4opinnroe nynro i
pienauux rrJrorrIHHI,I, rKa

(4.3)

3HaK HopMyloqoro MHoxHI4Ka rroBr.rHeH 6ytrn nporunexHr4M 3HaKy
i (4.1). flxuro D = 0, ro s*ax M rr.roxe 6yru 4onirlulzl,r.
lI 3araJIEHe piruxuux rIJIoIqI,IHLr, KocLIHycH HanprMHux rytin i

P B HopMaJrbnorvry pinuxnni nlorluuu 3HaxoArrEc,:a {opnay,rarr.ru

=A.M; cosB=B.M; coS/=C.M; p=lD.Ml. (4.4)

It{rHHx nnouluwu e eidpizxax Ha ocnx

(4.5)
D=0:
tI g - siApisxu, qxi BlATI4Hae [nOqIIHa Ha KOOpALIHaTHIIX Ocfrx. X, y, Z

xyz
-J-j- 

r- - |

abc

plBHrHHr IIJIOIqLrHr,r, 
'Ka 

II

plBHrHH' UJIOIIII4Hr,r, 'Ka 
IIpOX

PleHcHHr nnouluvu, frKq npoxodumo qep* daruy moqKy

4) i nepneuduxynnpua danotwy 6eKmop! fu 11, a, cy

Alx - xo)* aly - to)+ clz - zr)= o.

Efl nnouluHu, xxa npoxodumb qepq mpu movKu

4), M3(xr, !3, z3)

x-x v-v
*2- *t !z- !t
*3-rt !l-lt

(4.6)

it\(*1,y1,r),

z-z
I

2l
'z 't

A; B;C|

Puc.4.2

otMp-
/o

100
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-0. (4.7)



6. llapauerpzuni pinnrur:rr nJrorrlHlrH, ,Ka npoxoArrrb rrepe3 rprr rorr

I 
x = xr+ uQz_ x, )+ o (rr_ ,, ),

] , = ,r*u(yz- t1)+ u(rr- rr),
Iz = zr+,Qz_ rr)*rQr_ rr),

l,e u i u - napaMerplr.

2o. Ocnosui saga.ri ua flJrorqr.rHy

l. Kyr uicrc deoua nnot4aHarwu Arx + B,

Arx+Bry+Crz+Dr=0 lopisuroe Kyry uix ix

ff, {u, Bt, ct}, i ta, Br, cr}:

y+Ctz+Dt=
BeKTOpaM14

Nr'Nz
cos(P= 

lIlEl 
=.

A:
tla2+82+c2

ArAr+ BrBr+ CrC,

3nar < * > rignoei4ae ru6opy rocrporo Kyra, 3HaK ( - ) -Tyfioro Kyl

2. Hanplrr,rui KocnHycH Hoptlra,ri BH3Haqalorbcx sa Sopuy,rauu:
^Bnnc /{ :

tJa'+82+C2
C

.raena D pir
ut (4.1). flrcqo D = 0, T o suar 4oailrHufi.

3. YMoea ndpone,ilbHocmi nrrot:1lu

Ar Br Crj = --_-.r_ = 
-. 

(4.1
A2 82 C2

4. Yrraoea n ep n eru duxynnp ruo cmi finoulr{H

ArAr+ BrBr+ C1C2 = 0. (4.1

3o. BiAc:ranr siA roqru l$U*!o,r)Ao nnouxHr.r Ax+By+Cz+l)

, _lO*o* Byo+Czo+ Dl

J ,t'* 82 + C2
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fi + al + c? 
'l 

,al+ al+ c|

(4.8)

(4.e)

1.1. Pors'qsor Tr{roBr{x npurcnagir cauocrifinoi po6oru ro po-

llo6ygyearlr nJrorqr,rH H, :agan i pirH.runav r.r :

3x+2y+42-12=0; 6) 2x+3y-6=0; e) 2z-3=0;
5x-2y=g' d)2x-y*32=0.

txsox. a) 3 4auoro piruxuxa
luo nJrorrlr{rra He npoxoAHrb qepe3

Koop.qlrHar (D + 0) i neperunae
ToqKax nci rpu roop4r,ruarui oci.

3HaxoAxeuu.f, rigpi:ria a, b, c,
pinu.auux sagauoi rrJrorqrrHr4
pinuxnnr rrJrouIr,rHr,r y nigpi:-

+ 4z -72=0; 3x+2y + 4z =12;
Puc.4.3

42-*4'=1, L*!+1=r.
l2t2 4 6 3

o=o; ?+!=,, !*Z=t.

0craHHroro pinunrul 3HaxoAr.tMo, rrlo a= 4, b=6, c=3.
Ha, flKa rpoxoAr.rrL uepea suafi4eui roqxu A(4;0;0), B(0;6;0),

3) i 6yae ulyKaHoro (puc. 4.3).

Tar gr D=-6 *0, gaHe pia-

3anLrcaTI,I B TaKOMy Br4fJrflAl:

(4.t

a-3, b = 2. BiAKnasuru qi uigpi:-
argux ocrx i a'eaHasrxu ix

npoeKurlo rxyKaHol nJto-

f,l nronluHy xOy (puc.4.4).Tax

. nJrorqr,rHa napaJreJrbHa oci Oz .

Tcx xr A= B = 0, ro 4aHa nro-
illpalerrua xoop4r.ruarHifi n,ro-

, flepetnopaMo AaHe pinu.rnna

-3 = 0; 2z =3; z =3/2
Ha si.(ruHae Ha oci Oz

Puc.4.4

a c3l2 (puc.4.5).

103
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z) 5x-2y=0, ,=)*.
B 4auouy pinnxuui C-D=0,

orxe, [JrorquHa npoxoAr,rrr ueper aicu
O z . fleperutona sagauoi rrJrorrlr{Hr.r 3

lrrorrlxHolo xOy 6ype npxrr.ra, pir-
HxHHq qKoi 5x -2y = 0 (puc. 4.6).

d) flnorqlrna flpoxoAr,rrL qepe3

rroqaroK KoopAr,rHar (D = 0), orNe
a - b - c - 0. 3nafi4errao pieuxuH-a
ninifi neperuny (cni4n) salauoi u,ro-
UILIHI,I 3 KOOpAUHaTHLIMH [J'IOUU,IHaMIL

Hexafi x=0, roAi 3z-y=0 a6o z ,KII{O /=0, to

)
z=-=x; fr,KuJo z =0, to 2X-y =0 i / =2x. Tetep y II!'IoqIIHax

3

(x = 0), xOz (y = 0), xOy (z = 0), no'rpi6uo ro6yAyBarrz orpurraaui n

i vepes Hux flpoBecru sa1aHy [noulrny.

2.3a4auo pien-ruu.a nJrorrlraHr,r 4x-2y+42-12=0. llpasecru qe pin

wt: a) p^o HopMaJrLHoro uugy; 6) 4o pieuruu-a nroulxHr,r e ri4pisrcax ua

Pole'qlorc. a) 3uafi4euo uoplryrouuft MHoxHHK aa Soprr.rynoro (4.3):

t\
I

l._
I

tl

P =2.

6) IlepeneceMo eirrHrafi rrreH B fipaBy
piunxnax. Togi orpuuaelro:

I
\l

\l \

Puc.4.6

ilacr[Hy i posgi,rrzrrao na

1

J

M

Tar qx D < 0,ro M 6epetto 3i 3HaKoM (+).
floMuoxueurr{ IaHe pinHxnna ua M , orpr,rMa€Mo:

Z*-!v+Z:-2=o-
a a' a
JJJ

2^t2
Ae cosa - -. cosp - -;. cos lz = -.J53

xvz
-r..:r-- 

I

3 -6 3

b =-6; c =3.

+2+(-z)2++2

Bigpisxu Ha ocsx a = 3;

104
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Hanucaru a) saralrue pirurHul i 6) naparterpuuui pinu.auH, rrJrorqu-
npoxoArrrb r{epe3 rpn ro\xu A (1;1;0), B(3;2;-1) i C (2;-1;4).

'rcor. a) 3aralrHe pinuruux rrJrorquHr{, ,Ka npoxoAr,rrb qepe3 Tpr.r

lusHarra€rbc.a pinu.aunru (4.7). lliacraBrr{rotrr{ KoopAr,rnarr.r AaHHx ro-
MO:

5/2

2x +32 =

x-l
3-1
2-1

-0;
y-l
2-1

-1-l

z-0
-1-0
4-0

x-l y-1
2l
t-2

z

-1
4

- 0;

l)[r +-(-l) (- z)]-(y *\12 4-(-l) .tl+ z[2.(-2)*1.1]= s.

(r- l) . 2 - (y-1). 9 + z. (-5) = 0;

2x-9y-52*7 =0.
.{la orpurrraHH, n apaMerpuq H}rx pinn.aur rrJroturrHr.r, n i4cranuuo r<o-

roqoK y $opvryru (4.8)

lx=1+u(l-t)+u(z*t); ( x=t+2u+D;

lr=, +u(z-l)+u(-t-t); a6o ]r=,+u-2u;
Iz=0+a(-t-O)+u(+-O). lz=-u+4u.

Craacru pinuxnux nrou1uHa, rqo npoxoAr,rrr, qepe3 rowy A(2;-1;3)
sHa n,rorquui x - 2y + 4z - 5 = 0.

PisH.{HH.s rrJrorrluHr.r, .flKa npoxoAlzrb qepe3 AaHy rorrKy Mae

A(x - 2) + B(y+ 1) + C (z -3) = s.

roqu yMoBy rrapaJ.renbHocti n,rouluu (4.11), ri4cranurvo
l, B, C 3Har{eHH, r<oeQiqienrir il sagauoro piruxuua nrourr,rHn:

1 .(x - 2)-2. (y + 1) + 4(z -3) = Q

x-2y+42-16=0.
Cxracrr,r piruxuua nJronlr,rur,r, flKa npoxoAr,rrb qepe3 TortKy

ti - l) i nepueusur<yrrnplaAo BeKropa fr{:; O; 2}.3naiiru uanpauui
IInouII{Hr.r.

Inlor. CroprrcraBrrrrcL r[opuy,roro (4.6), orpuuaenao pinrrrlrrrr

3(r-l)+0(y-2)+2(z+1)=9, a6o 3x+22-l=0



,{rr rurna.rennx xyrie, ari yrnoprce Beroop nopvrali i {l;O;Z}
rauoi nnoulr.rulr 3 ocrMrl KoopAr.rHar, BuKopr{craerr.ro ipoprvryay (a.10).
Kopeu, 6epe'rrcx AoAarHr.rM, [poruJrexur{M 3HaKy D = -1. O6qucauvo
uarxy ropinr:

,lw=Jm=JG.
Toai

cos a=# =0,8321, a =33o48t ; "orl=7| =0, f= 90o;

cos /- +=0,5547, f *35o48/.
Jl3

5. CxlacTu pirnlun.r rrJroulr,rnr,r, qo [poxoAuTr r{epe3

Mr(l; '2;2) i M 2(2; 0; l) i napanenrna nextopy i = {Z; -l; a}.

Po3n'ssox. Ocrilrxu rrJrorrluua npoxoAtrrb qepe3 TorrKu Ml i M
BOHa [apaJren6Ha BeKTopy

B =@r= {(,, - ,, )' (r, - ,r), Qr - ,r)}= fi; z; -r}.

orpiu qroro myr(aHa nnourr,rHa rraparrerr;Ha Berropy Z = {Z;- L a },
:}ff++

Bexrop N=aXb flepreHAr,rryJrtpluir go uerr:opin a i b (puc.
rouy uiu nepueuguxylrpunfi

+
uyranift uloquui. Berrop N
suafi4euo sa i[oprraynoro (2.23):

B uaurouy BxuaAKy

l++)li i k
+->->lN=axb =la a ct

l'Yzlb b blxyz

l+ + +
l, j k

->lN=|3 -l 4
IIr 2 -l
I

= ? [(-,)

Puc.4.7

(-t) - 4. 2l-j' tl. (- r)-+. rl +? ( 3. 2 -(-t)

= -71 +tj +77t, to6ro fr {-lt;t}.
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9z+5=0

H,ff TyKaHOIO rrJrOrrIHHr,r, .f,Ka npoxoAr{TL qepe3 Tor{Ky

12) s nexropou uopr'rari fr{-rr7;7} *raeBr.rrarA:

7.(y+2)+7.(z-Z)=O = 7x-7y-72-7 =Oi x- ! - z -l=0.
pinuxunr [JrorrluHr,r: a) ara npoxoAr,rrr rrepe3 sic;o Ox i rouxy

6) xra uapanenBHa oci Oz i npoxoglrm qepe3 rorrKu (t; O;t) I

'rror. a) Koxua nJrorqrrua, rqo npoxoAr{Tb qepe3 aics Ox Br{3Haqa-

By+Cz=0.
ulo6 nnoullrna npoxogaJra rrepes rotrKy (l;2; - 3 ). Iliacra-

uaru qiei TorrKr,r B Bltrrle3raAaue pirnrnn.r, orpr,rMa€Mo:

2B -3C =0. a6o B =3C'2
IIry KaH e pi o u.r H rr fiJrorqr.r Hr,r M a€ Br.rrJrrA :

7y+Cz=0;:y+) =!+z=0; 3; 3y+22 =0.
2 )
rrJrorqr.IHa, ,Ka napaaeJrrua oci Oz , Br.r3uaqaerrcx pioH.ruuau

Ax+By+D=0.
IuyKaHa rrJroulrrHa rpoxoArrrb qepe3 rorrxr.r (1; 0; 1) i (-] 1;3), to:

! e* B.o+ D=0,
l-z,l+ B+D=0.

' - - A; B =3A. Orxe, ruyraue pinuruur nnorqr{Hu

Ax+3Ay- A=0,

x+3Y-1=0.

, xr<i 3 Hacrynur,rx flap IJIoIIIT.IH [eperxualorrcr, napaJle-
:

6y+32+5=0
Ey-42-6=0
y+32-6=0

2x-3y+z-5=0;
3x+4y-22+3=0;
*x+2y-z+2=0i
2x-32+l=0.
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Pols's3ox. a) llepeeiprarr,ro yMoBy

At 
=u, =c,A2 82 C2'

YMosa napaJrenr;Hocri n,rouquu ue
IOTbCr.

naparreJrbHocri n,rourv n (4. I I )

4 -6 3

-=-*-.2-3 1

B I,IKOHyeTLCT, IIr'rOlIIr4Hr,r

6) Ilepeeiprzvro yMoBy naparrenbuocri naorquu (4.1l)

6=8=-1=(:), A=+=(-2).3 4 -2 D2 3

Ynaon a napaJreJrBHocri uorquu Br.rKoHyerbcr, trJr orqr{H r.r n apalenr u i.

a) PinHxun.a pinuocunrui, ocrilrru nci roeQiqieutu nponopqiftui, a

3 =-6= 3 =(-3), 
D'--6=(-3).

-1 2 -t D) 2

floumoxnsur4 Apyre pinuxuu-r na xoeQiqieHr: npouopqiiaocri

tr
.t1

l.,

il,
tii

$i

Ii

ir
ill

iri

'l

orpr,rMaeMo rreptrre pirurnux, orxe, [JrorquHu s6ina]orrcx.

z) fleperipr.ruo yMoBy [apaJreJrrHocri nlorqun (4.11)

6=o=j=(a). D, 
=5:ra.,2 o -3 

\J'l' D^- l-t-''
Bi4rr.ri'runro, u1o neptrle is cninni4nou"r"'rurrauro yMoBHo, flpore

0
cnpaBeAnr,rBe. Bi4uoureuux 

0 
Jrr.ttrre o3Ha.rae , qo flnou1r,rHrr rra

oci Oy . OT xe yvora (4.11) anrony€rr,c.{, rrrrorrlrlHrr napalelrui.

8. BcT anoszrr4, qH flepfleH4r.rxyaxpni rrJrorrlrlHr,r:

a) x+2y-32 +5=0 i 3x-y+22 +1=0;
6)2x+3y-42*l=0 i 5x-2y+z+6=0.
Poss' qlox. a) fleper ipr.ruo yMoBy rreprreHAr.rKy JrapHo cri uo u1u n (4. I

ArAr+ B$2+CrC, = 0; 3.1+2.(-t),+ (-S).2*0,
OTxe, IIJIOIqUHLI He fiepneHgr.rXynrpui.

6) 2. 5 +3 .(-2) + (- 4)'1 = 0,
orxe rrrourrHu B3aeMHo nepnen4urynapui.

r08

3sairru ri4cranr sia roqKr.r M (2;3; - a)
-32+15=0.

'mor. Bi4craus auafi4euo sa ([opnay,roro (4.13)

Axo+ Byo+ Cr0l _12.2+6 3+ (-3). (-a)+ls 
IW

11JIOIqI,IHI,I

49
-n

7

0. 3uafiru rigcraur rr.liN napaJreJIbHI.IMI{ TTJTOIILIHaM}I

-42 +12 = 0 i 4x +2y - 4z * 6 = 0.
tnsor. Lllyxaua ri4craur 4opinuroe nigc:rani rig 6ygr-rxoi tovr<lt,

na olsift 3 flJroulr,rH 4o iuutoi. Bisrl,revo na nepu_rifi nlorquui ro.r-
Anr 3pyr{Hocri poapaxynry x = 0 ) ! =0.ToXi z =3. BiAcraur

M (0;0;3 ) ao apyroi nJroilIr.rHr.r 3HaxoAlrMo sa $opuy.noo (4.13)

l+.0+z o+(-+) :+ol_

42 +22 +(-4)2

.2. 3angannr .qna cauocriftHoi po6oru no pos4iny 4.1

Crnacru pinuaunx rrJrorqr{Hu, qo ni4ruuae ua oci Ox uigpiaor

I nepnen4axyrrrpHa Be*ropy fi {rt -ztt}.
Cxaacru pinnxnux nJroulr.rHtr, uo npoxoAr,rrb qepe3 ror{Ky

l; 2) i nepueHAr.rKyJrrpua Bexropy fr1+; :; - r1.

Craacru piru.ruux flroilIr.rHr.r, uo npoxoAr,rrr qepe3 TorrKr4
0), il(l; -l;2), P(0;l;-1) i :nafirr.r Kyrr.r, yrropeni BeKropoM
I ocrMfi KoopAriHaT.

3uafiT u ni4craur BiA roqKr{ M (2; - a; l) Ao rJrorrlr{Hr.r

4z=0.
Bcrauoeuru, xxi s uacrynHux rrap nnorIHH [eperr,ruarorbcr, napaJre-
i!6irarcrrc.s:

d-

lx-2y*52-4=0
2x+4y-62-2=0
-6y+32*l=0
r+8y -7 =0

6 _1

6

i -6x+4y+102-8=0;
i x+2y-32+1=0;
i - x+6y +32 +l=0;
i x+2y-7 =0.

109



6. Bcranosfi:ru, qu repleH4ury,rrpni nJrouILrHr{:

a)2x-y*42*5=0 i 3x+2y+z-4=0;
6) x+2y*32+4=0 i 6x-3y-22t1=0.
4.1.3. Pors'q3oK THnoBoro rpur(JraAy 3aBAaHHfl 8 PfP
1. 3aAano KoopAr{Harr,r rovor Mr(-3;-6; 2), Ur(t;-Z;O), ur(-l;5;

tut o?3;-4; 3 ). rlorpi6no :

1. Hanracaru pinruuua [Jrorrlr4Hr.r: a) ilt - rr1o fipoxoAr,rrb qepe3 Torrry

nepneHAr.rKyJ'rrpuo Berropy MtMz;6) ilz- ulo [poxoAurb rrep* roury Mo

rlerlrHo BeKropaM MlM2i MrMr; u) n l- uro EpoxoAr,rrb rrepe3 rouru Mrll,t[,

2. llepeeiprart4) 't.t4 Br,rKoHyerEc.fl yMoBa flepleH.qrrxynrpuocri ulou
Il l, Il z, i napanemuocri urouluu II 2, II 3.

3. 3naftrz ni4c'raur d si!.ro\xu M o rc nnouuuu II ,.
Pogr'qgor. l. a) Pisu*rH, rrnoulr.rur,r II , tx.a flpoxoArrrr rrepe3

U olx o; I oi , o) n.pn"*r4rnyrrrpHo BeKropy fr {,q,; n;C} rraae aurna.q (4.6):

Al* -rr) + B("v - yo) + clz - zo) = o.

3a uertop noprvra,ri npzfiueuo BeKrop M rMi={+; +;-Z}.
3arr.rinusruu n pirurnni nyqKa r,'roquu (1) xoet[iqienru A, B, C

tavu 4, 4, *2, i nigcraumuru gauicrs x6, !g, z0 (oop.qr,rHarr{

M oG3;-4; 3), orpr4MaeMo pinuxuua nrouluuu 11,:

+(x-(-:))+ +(y -(-+))+(*z)(z -t)r=0, 2x + 2 y - z +!7 = 0

6) Koopguuarr.r Berropa {, n.pn"ror.rKynrpHoro BexropaM

M rM, suafigevo g o6qlrcaesur ix uer<ropuoro 4o6yrry.

Bragsaquvo Koop.qr,rHarr,r BeKTopa @, :

Toai:

l;; il,
17 I ^ ^ .l=i(4.(-10)-tt (-2))-;@.(-ro)-2.(-z)) *i1+ rr-
lYr -l A a -Ll' l, 11 -rol =-,t i +xi +xi. 4={-,t, 36;36}.

110
x - 2 y - 2 z -S = 0 (Z:); 2. Bnrouyeruc.a

anr4ueMo pinuruur nlouluun 11 . :

(x-(-:))+:e(y-(-+))+36(24)=0 :, x-2y-22+r=o (II z) .

l) Pien.runx rrJrorrlr4nu, ,Ka npoxoAr.rrb rrepe3 rotx:a M rl*1, !r, r, ),
x2, !2, r, ), M r\"3, !3, z, ), ,llaenurlu^l,(4.7):

r-(-3) y-(-6) ,-21
1-(-3) -2-(-6) o-21=

-r-(-3) 5-(-6) -8-21

' '1
x2-xt !z-!t z2-zl
x3-xt !z-!t z3-zl

fligcraaranruu r (3) rooparaHarr,r ro.roK M ,, M z, M ,, orpuvaevo:

x+3 y+6 z-2
4 4 -2
2 tl -10

Blr3HaqHI{K 3a eJIeMeHTaMI,I flepruOro prAKa:

'(-ts)-(y+0) (-?f,)+(r-z).Za=o > -l8x+3 6 y +36 z+e0 = 0 +
x-2y-22-5=0. (If3).

. 3anrarueuo yMoBy rrepreHAr4KyrrrpHocri ulorqun II , i II ,:
z+BPr+C rC 2=0 * 2.1+2.(-Z)+(-t).(-Z)=0 -nuronyerrcr.

Yt{osa raparrerrbHocri nloullru II z i II 
3

n, -', =',A3 B3 C3

- 0.

a
-z

BI4kOHVeTbCr.
a'_L

(3)

- 0.

(l)

t-2(2, 
)

--+MrM 
z

. Bigcraur ri4 rouru M o\*0, !0, zo )ao.rrorqrnu Z, gaAasoi pi-
Ax + B y + C z * D = 0,suafigeuosa([oplrynoro (4.13):

l,,lxr+ayo+Czo+Dl

I fi+e2+c2
Bruroqr a pinnxuur (4) :nafiaeui 3HaqeHH, roe$iuieHris lr,

, Dzi KoopAr.rHarr.r ro,txu M a(-l;-a;3) MaeMo:

.(-:)+( 
_z) (-+)+(-z) g+(-s) 

| 
= 

| -:l =1=z(o4. 4onNr,r,r.r.)
12 +(- 2)\(1 ,ti 3

eiar:1. a) 2x+2y-z+17=O (Zr);

(4)

6) x-2y-22+l=0
3. d =2 o,u..[oBxr4HH.



4.2. Ilptlna riuiq p npocropi. Braemne po3TaruyBaHHr npamoi
IIJIOIUI{HII

lo. OcnosHi pirHrunx npxnaoi ninii s npocropi

l. llprna nini., e npocropi B saeanbtowy euanndi 3aAaerbc, fieperur
.qBOX IIJIOilII,IH:

IOr*+Bty+CrzrD,=0;
lAr*+82!*Crz+D2=0.

2. Kauoniqve pienaann nprrraoi

floroxenns uparr.roi o npocTopi

MOXHa BI'r3Haq[IT[ TaKOX AaHO]O TOqKOTO

Mg(xg, !g, zg), rIIo JIexI4rE ua np-arr.rii i

HarprMHr,M BeKropoM i {*: ,; p}
(puc. 4.8). To4i orpurraaeuo ranoniqne
plBH.qEH' fiprMol

x-x0 !-lo ' '(l (4. 1s)

Ae ^=l'r: :,), "=-li: :,), p=

npoexqii HarprMHoro BeKropa ? {*; n; p}, xxuit

A, Brl
A, 'rl'

flpoxoAr,rrb qepe3

uo\s, h, zs).

-flrcu1o ognu is roe$iqienris m, n, a6o p piauuir uy.nrc, (uanpu

m = 0 ). To cr.rcreMa

x-xo 
=!*lo _r-ro

onp

Toroxlla cucrevi x - xo= 0,

repneHAr,rKyJr npua oci Ox .

-flruqo rri-ne6yAr .4ra xoer[iqienr:r.r gopirnrororr uynrc, (Hanpra

m=n=0), To
x-xo !-lo z-ro

CHCTeMa =-=- fOTOxHa CI4CI

x - xr= 0, y - !o= 0, ze R i[p'Ma napanenbHa oci Oz'

!-lo '-'o=-, lBrIEOMyBUnaAr(ynp

t12 113

(4.14)

flrIqosrraueuuux(4.15)pos4inuru,u,=l@,TooTp!IMae-

!-lo ,-ro - x-xo !-lo z-z^
---:. avu (+.tO,n P cosrr cosB cosf

JJ
y- Ky'tt4, yrnopeni nprMoro 3 ocrMrr KoopAuHar Ox, Oy, Oz sig-

Lrqurr4 cosa, cos p, cosy Ha3uBarorrc, Hanptu HaMu KocuHlcaJltu
I i o6qracnrororrclr 3a rfopruynarralr:

mcos,r=-=
,t

cosB =!-=
s

coqT= P = P'JW
Ifapanempuuni pieaaaan npxrraoi, rra rrpoxo.qrrrb

\+
!g, zg) n uanprui BeKropa s{m; n; p} r',rarors Br4rJ.rf,A:

X= *O+t.m; ! = lO+t.n;, = rO*t. p,
rlapaMerp.

(4.17)

qepe3 TorrKy

(4.18)

(4.1e)

(4.20)

{. PisurrrHs npnvoi, -txa npoxodumo qepes dei zadorui moqKu

h, !r, ,r) i ur(xr, !2, ,z)
x-xr _ !-lt _ Z-Zr
x2- xt !Z- lt 22- zI

o. Ocnosui sa4avi ua npxuy aiuiro
Kymnicrc deoua nptwurtu, rri sagaui rauoiriqsrlru piauxnuxuu
r-r0 !-lo z-zo

nl

+

Pt

x-xo !-lo z-zo
mz n2 Pz

mtmz+ ntnL+ prp2

1d.7rt ld.-,,re3
( + ) BiAfloBigae ru6opy rocrporo Kyra,3HaK ( - )) - rynoro Kyra.



*'(;-r)=sinp=+

2. Yrraoea napanenbilocmi nptuux

t=+=*
3. Yir.rora n ep n e u d u xynn p u o c mi nps;rt ux

mtm|+ ntn2+ p1p2 = 0.

3o. -fxrqo nprMa 3aAaHa KaHoHi.ruur.l pinnaunru
x-xo !-lo z-zo

mnp
Ax+By+Cz+

, a nJIoIqlIHa 3araJrbllHM ptBHrHHrM

D = 0, .ro:

l. KoopAr,ruarv roqrr4 neperr.rHy npxuoi i nloulunu 3HaxoAr.rrrc{ 3a
pMyJraMlr:

x= xO+t. m; y= yO+t.tx) z = zO+t. p,

Ae rapaMerp

2. Kyt rraiN

Axo+ Byo+Czr+ D

Am+ Bn+Cp
rp.rrMoro i naorqunoro (puc. 4.9)

(4.23)

(4.24)

n; p\

Puc.4.9

Am+ Bn+C
(4.2s)

3aax nu6upaerLc, TaKlrM qrrHoM, u1o6 ryr 6ya rocrpulr, ro6ro sinp>
3. PisHqHHq ryr{Ka rroturn,.ari npoxoArrb qepe3 EprMy ix neperuuy

Arx + Br! *Crz * Df ).(Arx + Br!*Crz-r Dr)=0. (4.26)

4. Ylrora napoilenbHocmi npnttoi i naoulauu
Aw+Bn+CP=O. (4.27\

5. YNroea nepneruduxynnpaocmi r,ptwoi i uoquull
ABC
mnp

t14

i.{t; n; c}

A2+82+C2 *2+ r'* p'

-_---------

4.2.1. Po3r'qsorc TrrrroBux npur.na4ir cauocriftnoi po6oru no po-
4.2(4.21)

(4.22)

1. [o6ygyrarr.r npxlri:

^,12*-3y-32+4=0; x-2 y znt t h\ 

-=_=_

'Ir+2y+ z-5=0. 2 -4 3'
Polstslor. a) Bigorrao, ilIo rroJroxeuua upxrr,roi MoxHa Br,r3Harltrrr.r ABo-

, rlo HaJrexa:rr ifi. Torr.ry uz sHafi4etro cnigra np.auoi (rofto :ro.rxu
uy npluoi s KoopAr4HarHaMr.r rrJrolqruauu) na arux-ue6ygr IBox Koop-
r.rx rrJrorqr,ruax, Ea[pr.rxJra1 xOy i xOz, a noriu qepe3 orpr]Maui aai

npoBe.qeMo rrryKaHy [p{My.
3uafiAeruo rorrKy neperuuy nprrraoi 3 KoopA?rHarHoro flrour.rnow xOy.

z = 0, otpututyeMo cr.rcreMy pinuxHr:

12* - 3y + 4:
I
I x + 2y - 5 =

3HaxoII,IMo x = I o y = 2. Orxe,
2;0) - rorrKa neperr4ny npxlroi s

w xOy.
Tenep saaft4eMo ror{Ky fleperuHy

3 KOOpAr.rHaTHoro nnoxlr.tHoro
flox;rarruu ! =0, orpr,rMaeMo

pinnrnr

l2x - 3zi
I r+ z

4 = 0;
5 = 0, Pnc.4.l0

x=2,2, z=2,8. Orxe
;0;2,8) - rovxa neperr.rHy 3

HarHoro nnorquuorc xOz.
ro\ru M i Nnpoae-

KaHy rpnMy (pnc. 4.10).

Auarorivno, xrrqo z=0,
?=4=0, gsiArr.r T=0,
, ro6to x =2, ! = 0. Orxe, Puc. 4.11

; 0 ) - rovxa neperr,rHy 3 Koop.qr.rHarHoro finorurrH oro xOy .

r=0, r:oAi i=i=-I, ssiArr.r !=4, z=-3. Orxe, F(O;a;4)-

J

/2

/, T---_ ix -3-i-----l--

(4.28)
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roqKa nepeTr.rHy 3 KoopAr.rHaTHolo nJ.rotqt4Horo /oz.
r{epes rovru E i F uponoAr.rMo trryr<afiy nprMy (puc.4.ll).
2. Cx,racru raHoni.{He piruxnna npnrraoi ninii

8 -4
5t

oTpHMaeMo

Posr'q3ox. Hexafi rO= 0,ToAi

[-0, - z * 6 =

I y - 3z * 5 =
srigxr.r ! o= l; , o= 2 .

f8x-4v- z*6=l"t-[)x+ y-Jz *5=

Cropzcranurr{cb rerep $oprvrynoro (4. I 5)

l-+ -rl ls -ltm=l r -:l=13; 
n=-l; -rl=re; p-
x _y-l _r-2
13 t9 28

3. Hauucaru pinuauux npxrr.roi, .,rKa [poxoAlrrb
-( "-3 z

[JIouIxHI,I x+2y-32-2 3 rrprMrrMrr ^ i='._ =--5t2
Pogstqlor. 3aruurenao piax-auur nepuroi npanroi n

nnx4i
x-5 y-3 z

-:- 
=- =

-5t2
D x=5-5t; y=3+t; z=2t.

.(a.r suaxogNeHH.f, ToqKr.r [eperr,rHy nprrr,roi 3 flJrorqr.rHoro, ni4c:raauuo
pinuauux n pinHauHr rJroruuur.r i suaft4errao napauetp /.

5-5t+2(3+t)-3.2t-2=0; -9t =-9; t=1.
3niAnu KoopAr.rHarr.r rorrK[ flepeTuuy M, uepruoi npxnroi 3 fiJ'rotrlr{Ho}o

x=5-5.1=0; y=3+l=4; z=2.1=2. Mt(0;4;2).
flaparraetpavni piruxuux Apyroi np.alroi 6yayrr
x-7 v-l z*l-:=--=-=t = x=7 +5t; y=l+4t;541

7 +st +2(t+4r)-:(-r +t)-2=
[eperr.rHy M, lpyroi nprrraoi

x=7 +5.(-l)=2; y =l+4.(-l) =-:; z =-l+Ct)=-2. Mr(2;-3;-2),

0;

0.

0;
0,

fligcraaa.arcur.r ix n pinu.auH, rJrou{r,rHrt

3HaxoALIMo, r{o / = -1, i roopguHarr,r rorrKr.l

nr'IoIIILIHOTO

116
117

Bur<opucroryrouu pirnrnur nprvoi (4.19),,Ka npoxoArrrr vepes 4ri
, oTpI,tMaeMo:

x-0_y-4=,1 . !=y-4_r-2
2-O -3-4 -2-2' 2 -7 -4'

4. Cxr,acrn pieuxnux np.auoi, uo rpoxoAnrr qepe3 rovxy Mo(1;0;-3)
rno risiiEeperr.rHy nJrotqr.rH x+2y-z*3 =0 i 3x -y-42*2=0.

Pols'flsor. flepentroxyroqr.r BeKTopHo BeKTopr.r uopnrani 3aAaHr,rx nro-
, 3uaxoArlMo BeKTop, napaaearnufi ninii ix neperr.rHy:

| 2l+
lk =3 -11i -il?-ll :ili.

qepe3 ToqKr{ [epeT]l
, x-7 y-l z*1

541
IIapaMeTplrrrHoMy

=y'y', xN, =

, ,+ , \t , .+ + t +=(-8-t)i -(-4+3) j+(-l-6)/r =-ei +j-tk.
PisH.rHHr npxrraoi, .,rxa rpoxoArrrr qepe3 rouxy Mo(l;0; -3) raparre-

.>
BeKTOpy ,t, Ma€ Br{rJIr.q

*-l _y _z+3
-91-7

5. 3nafiru xyr, rrufi yrroprororu npal.ri

,-l=y+3_2. x+l_y-5 z-2
z 6'=i; T=T= 6

Posn'slox. Kyr rrlix rpflMuMH 3HaxoAr.rMo :a r$oprr,ryilorc (4.20)
2.3+6.2+9.6 72 1)

-- -tL-nnn. ^^o^^/

,8.6'.r' h\rr, 6, ,lnt ,l-4, 77

6. Cxrac:ru pirnxuu.a rpaexropii pyxy roqKrr M , flKa, Maroqr{
w Mr(l;2;l), pyxaerrca npxrraoninifino i pirnor,ripuo

i = {a; 4;2} d runn4ricrrc eJ = 18 u/c.

Poss'sgox. flopiruroro'rr MoAyJrB BeKropa
+
q, rrlrft 4opinuroe

oro runugrictro d=l8 u/c 6avralro, rqo n xrocri
+

B3rrr,r BeKTop B Tpr{ pa3rr 6ilrmufi, uix a, ro6ro

IIOqAT(OBE

B Harrp"rrMy

HaIIp,rMHoro BeKTopa

'Is 4q={tZtZ6}.
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7. 3safitl.r roqKy reperuuy

2x+y-z-7=0.

fligcrannxrovr orpulaani Bupa3il x, !o Z n pinurnur [JrotrIHHn, 3H

A[Nro niAnosi4ne suauenn, fiapaMerpa l:
2.2t+t+2-(31-l)-7 =0i 2t-4=0; t=2.

Orxe, roopAr,rHarlr roqKr.r M 6yayrs

x=4, y=4, z=5; M$;a;5).
8. Hauucaru pirn.aunx rrJrorrlr4Hr4, {Ka rrpoxoAr.rrL qepe3 ninirc ueperur

rrrorqr{H x+2y-32-l=0 i 2x+y-32-4=0 irouxy M(2;-l;3).

x + 2y - 3z -l + ).(2x + y -32* 4) = O.

fli.qcran.nanur KoopA[Harr{ Tor{Kr,r M v piautuu, flyqKa, 3HaxoAr.rMo
gnoni4ue 3HaqeHH, rapavetpa ),

z + z. (-r) - z. 3 - l + .1(2 2+ (- l) - 3 . 3 - 4) = s. .A. = - r.
fli.qcranrmovu 3HaqeHH, 2 a pirnruu, [yErxa flJ'rorur{H, orprr

IrryKaHe pienruua

x+2y*32-l+(*t).(Zx+y-32-4)=0; x-y-3=0.
9. Harrucaru piunxnnx uorqlrnu, rKa flapturenrxa oci Ox i npoxo

qepe3 roqKlr M ,(2; - \ a) i M ,(5; 2; - 3) .

A(x -2) + B(y +t) + C(z - 4) = 0.

Tax xr uryKaHa rrnoqlrHa rrapaJreJrbHa oci Ox, ro upoerqix uopla
Horo Ao rrroulr,rHr,r BeKropa ua qrc aics 4opinnroe uy,rrc, .ro6ro A = 0. (2)

Ocxi,mrcu flJrorqr,rHa flpoxoAurb rqe i .repes rotry M, To MaeMo:

A(s-2)+B(2+1)+C(-3-4)=0. 3A+38-7C =0. (3)

3ri4uo r[oprrayna (4.15), piaxrHur rpaerropii pyxy 6y.ue Marr4 Br{rJrrA:

,-1= y-2 _z-l uae posa'l3oK, ,Kulo Bri3uaqur,rK gopinnroe

y +l , - 4l
0 0 I=0,
3 -71

Ctrc'reua pinnrnr (l-3)

t2

M nptuoi

6

x _y-2 _z+l
213 l [Jqoxlu

x-2
I

3

Posp'qlor. 3 anr.rurevo piruru na nprrr.roi B n apaMerplrrrnoMy aur,rxgi :

x y-2 z+l
-=-=-=t' x=2t, y=t+2, z=3t-1.213

-,{: -?l-,,.,,11 -;1. G-qli il=,, 7v+32-5=o

A(x - 3) + B(y - 2) + C (z + l) = s. (1)

Ocximru nrour,rHa napaJreJrbHa 3aAaHr.rM rrp-rrMr,rM, ro is yrnlonn (4.27)

2A+38 -2C =0 (2) i 4A+ B +3C = 0. (3)

Cucreua pinuxur (l-3) vrae po3a'laoK, f,KUro Bu3Havuur 4opiauroe
Po3e'sso rc. Cr<opll craaruucr piruauurM fl ytrKa flJrorqr.rH (4.26), zan

Po3s'sgor. PieHgHu.fl rrJrorrluHr.r, flr(a flpoxoAr.rrb qepe3 rcuxy M r 6yrc

(1)

10. Harncar:lr piaurunr nJrolquHr.r, AKa [poxoAr{TL rrepe3 ToqKy

3;2;-l) i napa,rerrna rprMLIM 4=1='--7 i *J 
=y!2 ='!3 .'23-24t3

Polr'ggorc. PieH.rnlr-s flJrolqr.rHu, ,Ka [poxoAuTb qepe3 rotxy M nr 6yAe

y-2
J

I

)(g+z

?l='' 
('-')li

)-(y-z)(a+t)+(z+t)(z-12)=s. nx -t4y -t0z - 15 = 0.

11. Buguaqurlr Kyr llix nprMoro, ,Ka npoxoAr,rrr r{epe3 TorrKH

2;6) i Mr(3;6;-6),i nroquuoro 2x - y -22 -l = 0.

Polstsgox. PisHqHHs npalroi, ,Ka rrpoxoAtrrb qepe3 rotxu M, i M2,
(4. I 9), Ma€ Br.rrJr.,rA :

x-0 y-2 z-6 x

-=-=

x-u y-z z-o x y-2 z-o

-=-= 
_=-=_

3-0 6-2 -6-6' 3 4 -12

2 z-6

Kyt rrai

SincP=

x fiprMoro i nloulluloro 3uaxoAr4Mo sa Qoplrynorc @,25):

2.3*r.4+(-z).(-rz) 262
?;af,-QY ,F*o'*|oy 3 13 3'

-',1- t - rli - 
il. o . rli 

1 l= 
o,

=1; Q = 620
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12. Cr<nacru piuuxunr nJrorq[H[r, .[Ka [pOxoAt{TL rrepe3 [prMy

[8x+2y+32 +6=0, x+l y-4 z-l1 naDaJlenbHo flDrMlfr 

- 

= :- = 

-
l3x+4y+ z+l=0, 2 3 -2'

Pols'fl3orc. 3anzrueuo pinn.rHna nyqKa nrorqlru @,26)
8x + 2y * 3z * 6 + 1.(3x + 4y + z +l) = O.

Br.r6epe*ro 3 rlroro flyrrKa [rorqr,rHy, ,Ka rrapaJreJrrua Apyrifi upnulifi
ruafi4euo 3HarreuH.rr ),,3ar,uuueuo pianruua flyqKa flrorqtln o eurna4i

(t+il.)x+(z+ U")y +$+ )")z+6+ ).=0.
B r.rroplrcto nyrcqu yMoBy rr apaJr eJrbHoc.ri nprrvroi i ulonlnnu (4,27 ),

2(8+3).)+3(2+4)")-2(3+ ).)= 0, sai4ru 2=-1.
fligcrael.erovlr 3uarreHHfi 2 a piauxun, fiyqKa rrJrorrlr4H, orpr.rMaeMo

raue piruxuu, rrJroulr.rHr.r :

8x+2y+32+6+(-l)(3x +4y+ z+l)=0. 5x-2y +22 +5 =0.
13.3nafitn aigctaur aig rouxn M(2:3; I) ao upnaoi Z

x+5 _ y-4 _z-3
I -3 -2

Pola'qlox. 9epes sagany roqKy M npoae1ervro naoquny P,
AI,IKyJIrpHy Ao Aanoi upnuoi. llorir"r sna[4eMo rorrKy neperr.rHy N uiei
rrllrnu 3 fiprMoro Z. Bi.qpisoK rl1]y' e nepneuAr.rKyJrrpoM, rrpoBeAeHr,rM 3

M lo Aauoi npruoi, ocrroBoro rroro 6yge :ro.rra N, Hafiropoturoro ai
nro siA ro\rcil M Ao Aauoi upruoi 6y4e gonxuHa flepreHAr,rryttpa MN
[poBeAeHoro 3 TorrKrr M uanprwy L.

Hannrueuo piaurnnx rrJrorqraHr{, qKa flpoxoAr.rrb qepe3 rotxy M ;

A(x-2)+ B(y -3)+C(x-l) = o.

Brgnaquuo roe$iqientu A, B, C rar, rqo6 rJroulr{Ha (1) 6yna uepn
yaryfiflpra 4o npxrrroi Z. Cropr.rcraeMoc, yMoBoro fiep[eu.qr{kylapnocri n
rr,roi i urorquuu (4.28)

A=B 
=CI -3 -2

Bnaxarcuz, Uo A=1, B=-3,C=-2i ui.qctannrrouu
pinuxuux (l), orpauaelro pinu-auur flJrorrluHu P:

x-2-3'(y-3)-2(z-l)=0; x-3y-22 *9 =0.

Teuep sHafiAeN{o rorrKy
rueMo piBHrHna nprnroi z
+5 v-4 z-3

2. Hanucatu pianxunx
2;r;-t) i M2@;-3;2).

3. 3nafitu npoexqiro

Deperr.rHy qie'f n.noquxu 3 AaHoro rp.rrMoro.
B napaMerprunifi Qopnai:

+ x=t-5, y---3t+4, z=-2t+3.

fli4craanarovr,r qi gnaqenua n piuuauul trirorqltHr{ (2), otpurr,raer',ro:

t -5-3.(4*3t)-2(3-2t)+9 =0; l4t -14=0; t =1.
Orxe, to.rra flepernHy trnorrluHu (2) s upxrr.roro L v.arlav^e Koop.q[rHarr4

x=l-5=-4; !=-3+4=l; z=-2*3=1.
Tenep suafi4enao ni4craur uix ABoMa roqKaMr.r M (2;3; l) i
4;1; 1):

,..._
lMNl= I 1z + +12 +(3 -l)2+ (t -l)2 = J6 =zJfr .

4,2,2.3araaHHfl AJrf, canrocrifixoi po6oru no porgifly 4.2

1. Otpravatr.r napaMerp[ rrH e pi aHruHr np.anaoi

*-2 _!-iJ= r.34
upxvroi, flKa fipoxoAr,rrl qepe3 TorIKr,t

M roqKr.r M o0;2;3) Ha nrrorrruHy

y+z-6=0.
4. Ilp.arraa L npoxo4nrr qepe3 rorrxy (2;l;-l) i toury reperraHy

x-3 y z+l

-=:=D 
snrorquHoro P: X-y+Z*l=0.2-l 1

(r)

3HaqeHHt

(2)

'3nafiTu Kyr, xxnft yrBopne ttp.fiMa L 3 rrJroultruoro O
!-z*3=0.
5. 3nafiTr.r upoexqiro npxuoi

I x-3y- z+4=0,
i ^ Ha nnorul4Hy 3x +2y + z -7 = 0.
l2x-4y+32-2=0,

6.3HafiuE aigcraur d siA ro.rxu M(l;2;-l) ao npxrr,roi

*-3 
=y-2 _z-2

t20
t2l



4.2.3. Porr'q3ox TrrnoBux npnx.naAin roBAnHL 9, 10 pfp
l.3aAano upxvry i KoopAr{Harn rottoK. t, Hanucatra rasoniqni

HrHHr: a) upxlroi, ,Ka 3aAaHa neperr4troM ABox nJrorqfin, 6) nparraoi,
B uaruouy Blrna.qKy m l= 6 , nr= -14,

= 10. Koctruyc rocrporo ryra gogarnifi, ,rouy

61+(-la) 4+(-e).10

6'.(-Af-C* lP.4r.to,

Biqnoni,qs: t. d ! - Y+5 =':7'6 -14 -9
2. 3agaui np;rMa B npocropi

piD.

ilt0 n2: 4,

Q=43o.

I IJIOTULIHa

lpoxoAlrrL uepe: saAaui ToqKH. 2.3aatirn rocr.pufi ryr rvrix qr,rMr, [pqMr4MH.

l4x + 3v - 2z + 7 = 0.

tr" - 3v + 6z+ 9 = o, ut(3;l;-2)' M''(4;5:8)'

Poln'slor. 1. a) 3Hafigeuo rry-ue6yA6 ror{Ky ua 4auifi npxrr,rift. ,{rtt
IIEoro BBaxaevo s o6ox piru.ururx x = 0 i posn,rxerrlo crrcreMy piruaur

( 1r, -'r- - -1
l-3y + 6z = -9, 'r -

Tarcun qr.ruoM, roura M o (0; -5; -4) naneNr.rrr gauifi nprrraifi.

Hanpaunufi BeKrop i .rafia"ro aa $opr,ry,rorcr

++
i (3. 6 -(-2). (-3)) - j (4 6 -(-2).2)+

++++
+k(4. (-3)-3.2)=t2i -2sj -t9k

ro6ro siH Mae KoopAr.rHarlr ?02;-Zg;_t8), a6o, cKoporr.rBrrrr ua cnia

MHoxHr.rK (2), orpuvaero i{e;-t+;-e }.
To4i sanr.rureuo xauoniqne pirrranur npxuoi, qt<a flpoxolr.rrr r

rouxy Mor uanpxrrai u.nropu i

Q= arccos 0,7314; g = 0,7502 pas; e = 43o

-140
=-- -n 

n1l I

J3t3.Jt17

-. x-3 y-l z+2
; wl 

- 

= 

-
l4t0

x+4 y-3 z+2

-=_=_
-J O - I

' q.r=lj ': :l=

-y-42 -13 =0.
3uafirr.r: 1) rovry neperuHy npxnroi i nlorqranr.r; 2) rocrpnfi xyr
ro i ulorqunoro.

Poln'slox. 1) Tourcy fleperr.ruy npxuoi i naoulllur.r snafigeuo ra {opuy_(4.23)..{n.a qroro Br.r3Haqr.rMo napaMerp / ea Qoprr.rynow (4.2\.
B uaurorrly Br4fiaAKy

2. Kyr uiN 4noua rprMrrMrr auafigeuo sa $oprr,ryaoro (4.20)

coSP = *
mtm2+ ntnz* PtPz

t-;--T-;
tlmi+ni+pi

Tenep enafigeMo KoopAtruarlr rot{Krr neperrlHy npxrrroi i nnoquHu

-4+1.(-3) - -7; ! =3+1.6=9; z =-2+1.(-7)=
2

)
) I-ocrprefi xyr uix nprMoro i nlorqlruoro Br{3HaqrlMo aa Qop.ay,roro

fligc:rar,rxtovta .rt,rcrosi 3H aqeHHr, 3H axorr{Mo :

smP- lz. (-:)+(-t). (o)+(-a) (-z)l
= 0,3601.

z2 + (-r)2 + (- q2 . J e 12 + a2 + (t)2
g=0,3684Paa; Q=21o7t .

Bi4norisr: 1) x = -7; y =9; z = -9. 2) e=27071 .

x y+5 z+4
-=-=-6 -14 -9

, 6\ PisH-{rrr{s nprrr,roi, sK.a [poxoAr.rrb qepe3
Mt6y lv rt) i Mr(xr, !2, z2) Mae BLrtr.nA (4.1g).

u r(3; l; - 2), M, (4.;5; 8), rovy rryKaHe pinu.auna

*-3 
=y-l =z-(-2) - rdi.4-3 5-t 8-(-2)',

ABI SaAaHl

3a yuororc

x-3 y-1 z+2

-=-=_
1410

t6.....::
Jr.Jsq

z (-:)+(-r) o+(-+) (-z)

lAm+ Bn+C pl

{mG@

*l+ "]+ pl

t22
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4.3. Ilorepxni 4pyroro nopflAKy

3ararrne pinuxuua nonepxui Apyroro [oprAKy Mae Br{rJrrA:

artx2 + a22y2 + orrr2 + 2(arrxy + a,xz + anyz)+

+2larox + ozq! + aroz)+ r44 =0. (4.2g)

Msoxusa tovox (r; y; z), rrrci 3aAoBorrbHrlorr pirnruuro (4.29) u
6yru : crfeporc, e,rincoi4ou, rinep6onoiAon, napa6oloi4orvr a6o KoHycoM.

lo. Cqepa. I-{e norepxux, ,Ka yrBopeHa o6eprannrM KoJra (a6o ni
HaBKOJIO IrrOrO AlaMeTpy.

PisH-nHHq csepr.r s rleHrpoM n rovqi Uolxo; y0; z0) i paaiycou R >0
MAE BI,IrJISA

(, - ro )' * (, - to)2 + (, -, o)2 = n'.
-f,r<rqo c$epa Mae rleurp B [oirarxy KoopAr.rHar, to ii pinn.auua

x2+y2+22=R2.
Ha3vBalorb xaHoniqqau.

20. Enincoid. Kauonique pinHnrux e,rincoiga Mae Br.rrJrrA

*2 y2 ,2

-r-J- 
- I

a2 b2 
"2ge o,b, c > 0 -nisoci erincoiAa

(puc. 4.12). 3oxpeua, flKu\o q = b, ro
MaeMo enincoid o6eprauua

a, b, c > 0 -niaoci oAHonopoxHuHl.roro rinep6oloiga.
3oxpelra, .sxllo a = b , ro MaeMo oAHonopoxH uvuuit rinep6onoih o6ep-

t, nruit yrBoproerBc, o6epraHuru))xz
Ll a.-7.. =1. UIOlzac

si xOz nasxoro oci
inep6onu).
flepepis oAuorropoxHunuoro rinep-

(4.34)nirouuHero z -q e elin-
a uepepisu fioro nrtorquuattu x = h
p - rinep6o.narr.rr,r.

flepepisu oAHonopoxHuuuoro rinep-
iaa KoopAr{EarHr.rMr{ [,'roul]rHaMr.r
Barorr, zonoenuuu. 3 ix gonorrrororo
uo so6paxyraru pauuit rinep6onoi4
.4.13).
Kanoniqse pinnaHux oAHo[opox-

rinep6onoiga Moxe rarox Marr,r Puc.4.l3

22 'r))

JrexHTb y

Oz (ytzuoi

ToAi giAnosiguzfi riuep6o,roia e

nrv na sicr Oy a6o Ox.

40 . \eonopoctcuutttrufr einepfuonotd.

tturtrtuit rinep6onoig, HacaA-

fi na nicr Oz , - ye MHoxr,rHa rotroK

;z), xi 3aAoBoJrbHrrorb xasosiq-

vzvxz
a+-T=l aao i- ,* ,=1.ocDac

piunanHro (puc. 4.14)
222xvz

;+7-- = -1, ('1.i5)
ahc

sxui,t yrBoproerEc, o6epraHu.ru
11

erinca : - +!- = l. Hasrcoro oci Oz.))q' c'

xanouiuuorrly piruxuHro (puc. 4. l3)

x2 y2 ,2

-+" 
_--l

a2 b2 c2

(4.33)

Puc.4.l2

(4.30)

(4.3 1)

(4.32)

30 . O d n o no p o ttcu u nn uil zin ep 6 on oi\. 04nonopoxn uarrufr, rinep6on
wacagxeuwit na sicr Oz, - qe MHoxr4Ha ,oto* (x;y;z), .axi sagononrH

, b, c ) 0 -aa4ani napaMerpr,r.

3orpeva, ,Krrlo a = b,'to MaeMo

uugui,r rinep6onoi4 o6ep-

t---;>/-\
----.=tb 

-2

x ({i
--l--rt-Lr1

\
-,*.,
z--_

124

(4.34)
rxufi yrropneucr o6eprau-
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MATA BI,ITJI'A

22ZX
HrM rifiep6on" a-i=l, utro Jrexr,rrr, y unoquni xOz, uaxxotro oci 0:

cq
(gifi cHoi oci riuep6onr.r).

llepepis .qBoropoxnr.rnuoro rinep6onoi4a (4.35) nrorqu*oro z=q E

nopoxHbolo MHoxr.rHoro (qar), a6o r:oqroro (q=r), a6o enincou (qrr),,
nepepisu fioro r;roullrnaMla x=h i y =p - rinep6oJraMr.r.

Kauoui.rHe pinuxuna ABonopoxHlrnuono riuep6o,roiAaMoxe, raKoxt
222xvz

I
1)'r^

abc
ToAi nianoeignr.ril rinep6onoi.q e HacaAxeHr.rM na nicr Oy a6o Ox.

50. Eninmuraaufi napa6onoid.
Eninrfl.{Hr.rft napa6onoig, uaca4xenufi

Ha sicr Oz, - ye MuoxrrHa rouor (x;y;z),

rri aa.4onoauHrlorb rauoHiuuovy pienauHrc

(puc.4.15)
22xv

z =-*n, e36)
al)

ae a, b> 0 - saAaHi napaMerpr{.

3orperr.ta, ,Krqo a = b, ro MaeMo

napa6onoig o6eprauua, arlrfi yrno-

proerrc.fl o6eprauuxu HaBKoJro oci Oz
)

x
napa6otu, =-, ulo,lexrzrL y iltotr1uui xOz.

a

HEoro MHoxr{uorc (y < 0), a6o rorrKo}o (y=0), a6o eriucov (y>0), a nr

22
nepepisu uJIoTIII{HaMLI x:0 i /=0 - ni4noaigHo, napa6olaun ,= .rl- i ,=\,

b'd
Kanouique piaHauur erinru.ruoro napa6oroiAa Moxe raxox Marr,r Bll

22zv
2 .2cb

Togi oi4roeiguuir napa6o,ro'r4 c uacaAxerrHM Ha sicr Ox a6o Oy.

Puc.4.15

Ilepepis eainruquoro napa6o,roiga (4.36) nnoquHoro z=y e a6o ropoxr

,, .,

xzl=-i+a
ac

60. finep1oniunurt napa6onoid
ivur.rft uapa6oloig, Haca4xe-

na sicr Oz , - ge MHoxr,rHa roqoK

y;z), xxi ea4oao,rbHrrorr Kauo-

nonay pinuxuuro (prac. 4. l6)

(4.37)
Pnc.4.16

, b > 0 - sagaui rapaMerpr,r.

flepepisu qieinonepxni nrouluuavu x=h i y= p e rapa6olarr.ru, nno-
to z=0 - naporc rprMlrx, a flJrorrlr{Ho}o z=q* 0 - rinep6onarrau.

KauoHi.rue pira-runx rinep6olivuoro napa6onoiga Moxe raKox Maru Br4rlrrA

22xz
t- 2 2'ac

ToAi siAnosiguuir napa6onoiA e HacaiqxeHr.rM na sicr Ox a6o Oy.

60. Ilunirudp. I{r.rningpor\a, a6o qlrninApr.rrruoro rroBepxHe}o Ha3r,rBarorb
Io, yrBopeHy nprMoro (rnipnoro quningpa), uo pyxaerlc, B3AoBx 3a-

rcpr.reoi (uanpxrr.ruoi quniu1pa), ,Ka nepneHAraKyJr.r{pHa gaAanifi naounsi
puKJraA, z = 0) i, pyxarcuucr, 3aJrrrua€Trcfl rrapa!'reJrbHoro Aasift oci

rctag,oci Oz).
-fixrqo uipua qr.rninApa rrepneuArrKyJr.rrpHa nnoquui xOy, ro pirurnnx

iu4pa s6iraeruca : pinuanHxrr,r ii'uanpauuoi.
,[exri rnnn :raxux quningpin npuae4eui na pnc. 4.17 - 4.L9.

z

Pnc.4.18

127

)))
-yxzarJu T--tr--=-1.hac

22xv
1')

AD

22zv
v---!-e- 1 )

c b.

J

126

Puc. 4.17 Puc.4.79



Kpyroer.rfi qnningp uae xanouique pinurHHe:

*2+ y2- R2.

Erinr:uqnuft qu,riu4p (puc.4.17) uae xauosiqse piourunx:

*2 v2

-+ 
" - 1.

q2 b2
fiuep6onivnufi rluainAp (puc. 4.18) naae xauouique pinu.anux:

22yx
', 1

DA

Ilapa6oaiunzfi qz.nin4p (puc. 4.19) rr,rae rauouique pinunrux:

x2=2py.

7o. Rottycon a6o xouirtttoto
no6epxHetu Ha3ABarOT6 IIOBepXHrO,
yrBopeuy pyxoM up.rvoi (tnipuoi
xouyca), u1o [poxoAr.rrb rrepe3 3a1ary
rouxy (aepuruny rouyca), i neperauae
3a,{aHy rJ'rocKy r<pary (uanprrr,ruy xonyca).

KaHoHi.rge pinuxunx eriuru.rHoro
KoHyca (puc. 4.20) Mae Br.rrJrtrA

x2 y2 ,2

-+?--: 
=0. (4.42)

a2 b2 c2
ge a, b, c > 0 - napaMerpr,r Kouyca.

flepepis Konyca nroulr,rHolo z = qr

- --:-, - ,2 . y2 q2
e e"rtncoM 

7* u, 
=7' s'rcui,

Jrexr,rrE y rlifi nnorquni Ta nsaxaerbcs. HafipflMHoro Konyca.
3orpeua, flKrIIo q, Har]prMHa e KoJIoM, ro6t.o a = 6, .ro xouyc

ro'tb Kpyzo8aM.

llepepis KoHycarrrrorqrzHaMr4 x=0 i !=0 e napaMu np.,rMrrx

i z = * 9 r, *o Jrexarr nignonigno y nJrorqr,rHax yOz i xOz .
a

(4.38)

(4.3e)

(4.40)

(4.41)

4,3.1. Pogetqrox rrrnoBrlx npur;ragiu cauocriftuoi po6oru no
.ny 4.3

1. flo sa4auolry piau.rnuro f (x; yl z) = 0 eusHa.rilrg eug uorepxui i
a,turil ii posrarrryBarrHx s cucreN4i Koop.quHar:

' * y' * 12 -2* + 4y - 6z + 5 = 0; 6) 4x2 + 4y2 + 522

x2 +5y2-422-20 =0; e) 4x2+ y2-22 =o; d1 x2+ z2
2-4, -5 =o; cr) y2 -8x+3=0.

Po3r'qcox. a) ,{ononnurr,ro .qo noBHax rragparin MuororrJreH s ainifi qa-

2?)x'+ y'+ z'-2x+ 4y -62 +5 = 0;
2^2)x- -2x +l + y' + 4y + 4 + z' - 62 +9 -l- 4 -9+5 = 0;

(x - 1)2+ (y + 2)2 + (z -3)2 = 32 .

3anainrroqu *l =*-l; yl =y*2; zl = z-3, orpuxry€Mo, ruo s cucreN4i

,u, *l , yl , ,l ,rxa suiuqena eignocno clrcreMrr x, !, z [apaJreJrLHr,rM

coM B ToqKy 3 KoopAI,IHaraMrr x0= 1; !O=-2; zO=3, gaua noBepxH,

Oirrru npocre pieuaunx Br.rrnrAy

{*')' * (r')' * {'*')' = ,' .

Tarlrrvr qr,rHoM, gaue pirnxuu, Bu3Harrae c$epy s UeHTpoM n ro.rqi

-2)) ipasiycoN.r R=3.

6) flepeueceMo simHufi qreH
r. Togi 6y.qeuo ua:rr.r:

)11
4x2+4y2+522=20; x'+Y'*!=t.

54
.{aue pirnxuutr Br,r3uaqae enincorA o6eprauax (4.33) uarxoilo oci Oz s

n a=b=JT; c=2.

a) flepeueceNlo sirrHufi qJreu B flpaBy qacrrlny u noginuMo Ha Hboro
. Togi otprErr.raeuo:

5x2 +5y2-422=zo; x2+Y2 
-L=t.

.(ane pinrxuH, Br.r3Haqa€ olHotropoxH utrrtufr riuep6o,ro'r4

HaBKoJro oci Oz s risocqN{fi a = b =Z; c = 1[5 .

-20 = 0;
*!=0;

B npaBy qacTriHy I noAlJrnMo Ha Hbofo

Puc.4.20

.C,
z-L-

h
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o6epraunx



e) flepereoprzMo Bripa3 niguocHo z , ro1i Marr{MeMo:

.1 .224x2+y2-22=0; z=,x: *l'1t22
,(aue pirH.auH, npeAcraBnse erinrl,rqHHfi napa6oloig (4.36).

d) Ilepernopr.rMo Br.rpa3 si4nocuo

y, rogi Marr{MeMo

x2+22*!=0; y=x2+22.
Hesaxro nouituru, uo qe

pinn.ruua npeAcraBrrre napa6onoi4
o6eprauux s eicuo o6eprauut Oy
(puc.4.2t).

e) Ocri,rrru srr.riusa x ri4cytHx,
ro piuraunr

y2-4r-5-o; ,=!y'-14' 4
npeAcraBr'rre uapa6oliuulrfi rllrniu4p
s :rnipuoro, [apaJreJrr,Horo oci Ox

(puc.4.22).
flepepis uapa6oniunoro qu-

nin4pa nJrorrluHoro yO z yrnopwe
napa6ony, BeprrrHHa xxoi suaxogntr-

c.a n rovqi 3 KoopAr4Haroro z =*1.
4

rr) Ocri,rrru guisna z ilgcyr-
Hfl, TO BLIpa3

y2-8x+3; *'=1,r'*1,8" 8'
npeAcraBJr.fl e uapa6o,riunnft quniu4p

s reipnoro, flapaneJrrHoro oci Oz
(puc. 4.23).

flepepis napa6onivuoro qu-
nia4pa nfloulr{Horo xOy yrnoproe
napa6ony, Bepur.rua qroi sHaxo-
Ar,rrbc.rr B rotrqi 3 KoopAr,rHarolo
x =3 /8.

Puc. 4.21

Puc.4.22

Puc.4.23

130

t3r

2. BcraHosr.rr[ rroBepxHro, rKa Bil3rraqaerrcr piulrruuxt.rtt:

a7 4x2 + 9 y2 +1622 -l6x +36y +322+ 59 = 0;

6) *2-4y2+422 +2x+8y-7 =0;
,1 x2 -16y2 - 422 -llx - 64y + 242- 75 = 0 ;

z) 5x2+2y+322-9=0.
Potr'ssor. a) Ocxi.nrrr pinuanHr ne uicrl.rrr go6yrrio KoopAr,rHar, ro

s fioro Ao npocror-o Br.rrJrrAy gAificurcer:rc, 3a AofioMororc fiapaJre-
fiepeHocy. Bu4ilurr,ro norui xragparu:

4xz + 9 y2 + 16z2 -l6x + 36y + 322 + 59 =

+l*2 - a* + +)+slt2 + +y + +)+rcVz +zz +t) -rc -36- 16 + 5e = 0;

a(x -2)2 +9(y +2)2 +16 (z +t)2 =s .

Bsaxarc.ru x/ =x-2; yl =y*2; zl=ztl,tuaxogriMo, rqo s cucreN4i
ttlHar x',!',2', rvirueHifi si.qHocuo

M B TOtIKy 3 KOOpAr.IHaTaMn Xn=2;
cr{cTeMII x, !, Z napuIeJIbHr.IM ne-

lo=-2; ,o=-1, sa^aua noBe,-

Taruu qr{HoM, gaue pinnrnnx e e,'rincoiAou (4.32) 3 rreHrpoM r rouqi

-2;-1) i nisocxN,rr a = 3 / 2, b = l, c = 3 / 4.

6) Pisar,:aut ne uicrnrs go6yrrin KoopAr,rHar. BnAinllnro norni xuagpa-

4y2 + 4 z2 + 2x + B y - 7 = x2 + 2x + I - +(y2 - z y + t) + a z2 - I + 4 - 7 = 0 ;

(x + l)2- a(y -t)2 + 422= 4.

Bsaxarcqu xl =x+l; yl =!-l; zl -z,orpprMaeMo piauruur noropxrri

Mae 6inrur npocre piaurnH.n:

+(-'l *e(r'Y.rc(.tf =e, a6o W=*(''r)' *,('')1, =,.(3/2)' t' (3/ 4)"

i roop4lruar xl , ll , zl ,r.,rLiryenifrrignocno cucreMr{ x5 !, z u$p$.

nepeHocoM B rorrKy 3 KoopAr.rHar u-, ol (-l; 1; 0).

(.')' - o(y')' * oQ')' = o, ry (r')' *(,')' =,,



ocr<i,rrra B qLoMy pinurHxi roe$iqienrn np, (rl )' , (r,)'aoourri,,
L\2

np, ()r'l - aig'euHufi, 'ro gaHe pinHruHl BH3Har{ae ognouopoxnunuull

rinep6onoig (4.34),po3raruoBaHufi ns4oox o"i Ol yl .

a) Blr4inrzrvo s rinifi qacruni nonHi rna4parn:

*' -16y2 - 422 -tox -64y +242 -i5 =

*'-to* +2s -t6(y'* +, * o)- o(r'- az +s) *2s + 64+ 36 - 75 = 0:

(, - s)2 - t6(y + z)2 - +(z- 3)2= o.

Beaxaro.ru x/ =x-5; yl =y+2; z/ =z-3, orpr.rMaeMo pirururrt

uonepxui s cuc'rerui KooprrrHar xl , ll , z/, rrraiqenift riguocuo cucreMlr .r,

y, z ilapanerrBulrM [epeHocoM B rorrKy Ol (s;-z;Z).

Iloginuauru pieurunx (1) na (-16) otpnr,aaerr.ro:

It_.w__(,')'=o
1416

I-{e pinuauux eJrin'rfi.rHoro KoHyca (4.42) 3 Bepr[r.ruoro n ro.trli

ol (s;-z;z) i uaupxrrauoro, ,Ka neprreuAuKyrrrpua oci ox .

e) fiate pinurunx lricruru 4ni roopguna.rN n gpyrifi creneui i oguy r
nepurifi creneui, orxe, pinnaHH-rr Br.r3Harrae elinruquufi napa6oloia (4.36),
flepeuurueno fioro s nrar,rn4i

5x2+2y+322-9=0; 5x2+322 =-2(r-2)\- 2)\- 2)
flontiuaevo, *o "ap.rru napa6onoiga po3raruoBaHa a rovqi s roo

,/ o \
rauu O'l0;i;0 | i ro"o nopoxHHHa o6epueua B cropouy ni4,errauux a

\'2' )

pAHllu,

Hartelll

y. Jilrrqo uosnaquru xl=x; yl
pinnauu.a napa6o,roiga

9t
= y -r, z' = z. To orpr{MaeMo rcaHoui'rfi

(*')' -(,')' - -.,,2/5 ' 2/3 'v '

132 133

4,3.2.3anqaHufl Arq camocrifiuol po6oru no por4i.ny 4.3

1. IIo saAaHouy pirurHuw "f (x; y;z)= 0 srgHaqr.rru nr.rg norepxui i
aquru 'ri' po3TaruyBaHHs g clcrcvi Koop.qr,rHar. Bugsaqutlr nepepisu qux

Brx rrJrorqr.rHatv.u xOy, xOz, yOz:

*2 + y2 + z2 -2x + 4y - 6z -2 = 0; 6) 36x2 +9 y2+ 422

x2 + 4y2 - 36 12 - 36 = 0; z) 4x' * g y2 - 36 12 + 36

,2 + y2 - 4z = 0; e) 4x2 -9y2 _ 3622= o.

2. Bcranosaru, {Ky noBepxHro Brr3Haqarorb HacrylHi piruruu_r:

-36 = 0;

0;

2x

6

,2 ,2 ,2 ,2
-i+4=t; 6) ': - "-- = -l; a) 2x2+ y2 = z; a) y2-9 =0.86912

3. PisH-sHHx uoaepxui 3x2 + 4y2 _ 822 -l8x+ 8y + 322 +23 = 0 gnecru

rauoniqnoro rugy i rusuaqr.rrr.r, ,Ky [oBepxHro BoHo 3aAa€. 3uaftru roJroB-
epepr3r.r qrel rroBepxHl.

4.3anucaru piauxuur nonepxui, yraopeuoi npu o6eprauHi uasxo,'ro oci
(yaruoi oci) rinep6oru4,.rrKa Jrexr,rrr n u.rrorquni xOz,tv,ae rIeHTp B rrorrar-

KoopALIHar, yaany ninnicb a= 4, excrleHrprrcurer 312. BusHa.{uru run
xHl.

:



x2 + x3

x2

xz + 2x,

+2xr*13
* x2 * x3

* xZ t x3

+ x2 +2xa
+2xr+ x3

+ x2 +2x,

-2*z- x3 =2,
+ xz -Zxr-1,
+4xr-5xr-2.
+ 2x, - 4x, = -1,
+2x, -3x3 = l,
- 3*z * 4x, = -3.

+2xz+ x3 -2,
+2xr+ x3 =1,
+ xz*2xr=5.

+x2+2xr=0,
1n3 L,

-xZ*2xr=-3.
+2xr-3*t- 0,
+3xr- x3 --4,
+2xr- x3 =-).
+ x2*2xr=11,
+3xr+x3=9,
+x2*x3=5.

+ 2x, * 2x, = 11,

+2x2+ x3-9,
+Zxr+ x3 -8.
+2xr- x3--6,

x2*4xr=-19,
xZ*2xr=-3.

lz*,

t;l

i;
Irr

I 3*,

11'

l r*,

t:;
t,,
1;
| ^.,lrrr
t,,

{,i

{i

1.16.

1.18.

1.20.

1.22.

1.24.

1.26.

1.28.

-2*z*3xr= 2,
+ 3x, - 4rz - -2,
-2rz* 4xr= 4.

h+ 3x3= -4,
+ 3xr- x3= 11,

- 2*z + 2x, - -7.

x1

.x1

2rt

2*t

2*t

xl

x1

-xl
3*t

2*t
xl

xl

_a

_.,
-6.

-4,
=5,

=0,
1

- -1,

=1.

+ 4x, - 2*l - -7,
xZ* X3= 4,

-2xr+ x3= 4.

h+ 2\= l,
+ 3*z- x3= 2,

- 2x, + 2x, - -2.

+Zxr- 13= 2,
+ 4xr+ x3= -4,
+ xr+ 3x3= -9.

_J

5,

2,

= 6,

- 13,

= 14,

=1,
= 4,

- 8,

{:i:

{'l

f,r,

-3,

J

1.30.
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=4,
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3ABAAHH,fl Ao po3pAxyHroBo.rpAolrlHoi posorlr

3auAanun I

Pogs'q3aru cr4creMy anre6paivnux pianrus: a) sa r[opuyaarr,ru Kparr,repa;
6) v,arpuuuuLu cnoco6oru; a) nterogorrl layca.

+2xr*x3
+3xr*x3
+ x2 tx3
+ x2 + x3

+ xZ +2x,
+ 3x, + 2x,

2*z- x3 =
xz *2xt =

-2*z - x3 =

- 5*z + 3x,
+2x, + x3

+ 7x, x3

+2x, + x3

x2 - 2*t
+ 3x, + x3

+3xz+3xr=-
+ 2x,

+4x, +5-r, =-
+ x2 -3*s
+x2x3
+ 3x, - 6*l

I 3*,
1.2. { ,,

lr*,
l*,

t-4. I ,,,
t,.,

,6 {-r.,
[ ,.,

I 3*,

1.8. ],,
lr*,
l*,

r. ro. .{ : ,,
l, *,

lrrr-3*z*x3--1,l.l. 1rr, + x2 -x3 = 2,

L4rr -2*z*x3 = 3.

f*t + 3x, + 2x, = 10,

1.3. jr,+ x2 +3x, -10,
|.r, + 2x, + 2x, = 9.

l*,, + xz + x3 = 4,

1.5. 1r*, + 3x2 + x3 = 3,

[3rr -3*z-2xr--2.
l2*, xz .r3 = l,

1.7. jr, +2x, +3x, =5,
I rr + 3x, + 4x, - 6.

lr*, 2*z + x3 - -3,
1.9. 1r, + x2 x3 = 7,

lZ*t + 2x, x3 = ll.

ftr, +'3x, - 6x, = 13,

t.tt. 
J 

x, + x2 x3 - 2,

L4rr+ x2-3*l =6.

f*r+2xr-3*s-7,
1.t3. 

] x, + 3x, x3 = 3,

[rr + 2x, x3 - 3.

( 
-'t*| '^1

r.rz. ] _ ,,
[ -,,,

l4 *,
r.r+. ] ,,

lr,,



3asAaHHq 2

3nafiru nnyrpiurHi rcyru ZA, ZB i ZC rpurcyrw,rxa, 3aAaHoro Bepux.
uavu A, B , C i nepeKoHarr{ca, u1o ix cyMa AopiBHroe 180o.

2.1. A(1; 2; -3),
2.2. t(q; -Z; z),
2.3. A(2; r; -2),
2.4. .a(-Y 2; -t),
2.s. ,t(*+; -z;0),
2.6. .t(s; l; *t),
2.7. A(1; -5; 4),
2.8. A(1; -4; s),

2.e. A(t; 2; -3),
2.10. A(2; 3; -1),
2.11. A(2; 1; -3),
2.12. A(-t; -2; l),
2.8. A(2; -1; 1),

2.14. A(t; z; +),
2.1s. A(2; -8; -1),
2,16. A(2; -6; 5),

2.17. A(-l; 2; 3),

2.18. AO; -6;2),
2.19. A(2; 3; -l),

A(t; -t; 3),

A(-1; 2; 2),

A(1; 4; 2),
A(t; 5; -t),
A(s; -s; t),
A(2; t; +),
A(4; -t;2),
A(3; t; -t),
.t(-t; z; s),

A(t; -3; 2),

t(-z; t; 1),

B(0; -1; 2),
n (t; s; z),
a(t; -+; -z),
a(t; +; -s),
a(-y -z; +),

a(s; z; o),
B(0; t; -2),
B(2; t; 4),
B(3; -t; 4),
a0; s; -2),
B(-1; t; 4),
a(-+; -z; s),

B(3;2; -2),
a(-! -z; s),

a(+; -e; o),
n(-y z; t),
a(o; -z; +),
B(r; -t; 6),

a(s; t; -z),
a (-z; +; z),

a$; -z; -z),
n(-Z r; -z),
B(3; -2; 4),

B(4; 3; 2),
B(-1; 2; 3),

B(3; 2; -t),
B(2; 5; -2),
a(-z; -r z),

B(4; 2; -t),
B(5; 2; -t),

136

C(3; 4; 5).
c(6; s; 4).
C(a; t; 2).
C(t; r; *1).
C(3; 2; 1).
c (6; a; 3).
c(2; -3; t).
c(e; z; t).
C(-a; 2; r).
C(a; \ 2).
C(a; 2; 1).

C(- 8; -2;2).
c(s; -1; 2).

C(-2; 1; 3).
C(r;-s;-1).
C(2; -s; -1).
c(3; 2; s).
C(-2; 2; 3).
c(a; -\ t).
C(a; 2; -t).
C(a;3;1).
C(2; -t; -t).
C (2; -3; t).
C(-r; 6; l).
c(s; 2; -a).
C(-t; 2; -3).
C(t; -3; -2).
c (s; 4; 1).

C(6; \ -a).
C(3; t; -3).

2.20.

2.2t.

2.22.

2.23.

2.24.

2.2s.

2.26.

2.27.

2.28.
2.29.

2.30.

3aaArHHn 3

o6qr.rcluuE rnouy naparrerorpaMa, rro6y,rlonauono Ha BeKropa* 7 i 7, ,nu,o,

a) a=p-3q; b=p+2q; 7l= r'

++
6) , ={1,2,3}; b

a) a =3 p+q; b = p

-r_-t

-2q

6) o ={2,-3,1}; b ={-1

6) 7 = t- 4,2,1j; i ={r,

1, 4,1 ].

lil= o'

2, -3j.

-2,-4j.

li l=,,

=3;

_a-

_ 4.

:5'

il=,,l;,;)=i

'l [*"*) z
n l=,, lr,, )=,

[-".) 3r

lo'n )= 4

l;;) +

[ *".) r

lo'' )=T

" [.",] 2n=:; 
(,0 )=-f 

.

(;,;)=*

a)a = p-2q; b =2p+q;

a) a = p-3q; b =p-2q;

il=r,li

6) i ={1,3,-r}, i ={2

a) a=4p+q;b=p-3q;l

6) i:{0,*r,-u}, i ={r,

++
6) , ={5,4,6}; b :{

++
=3 p-2q ;

,-1,3).

7l=s' 
I

q

q

t;

>
q

a) a=3p-4q;b =p+2q; p

-3,-2j.

- 1;

3).
+>->

=2 p-3q; b

+7,8]; b -

+
a) ct

6)a

il--,,

{4,5,6}.
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l; l= ,,1;;)=*

lil=,,(;,;)=+

il=, 
[;;] =+

lil=,,(;,;)=*

lil=,,(;,;)=+

[*"') 2 z

l''' )= 
-r-

lil=,,(;;)=*

+ + ) l+l
b =3p+4q; I nl=z;

6. a) i = 4'p + z q, i =3-p+ri, lil = r, 
I il=r, (;;)= +

6) i ={3, -2,+}; i ={-7,8,-6}.
++>->

7. a) i =z'p-zq,[ =ri-ui,lil=r, I il=r,f;,;]=+
o)i={7,6,s};i={u,r,oyt. ' 

("'l 3

s. a i =zi +si, i =ri-oi,lil=r, 
I il=r, f;,;)=+

6)i={3,-2,1};i=1-5,4,-4}.' [ ) 6

s.o i =sp-zi,i =+i-ui,lil=,, lil=r,l;,;)=+t,
6)i=1-2,-1,3];i={4,5,-6}. \ /

,.ai =ti-ti,i =zi*zi, l;l= ,, l;l=r,(;,;)=+
6) i ={7, -9,3}; i ={-8, to,-4 }.

. ot i = ,i -i, i =z| - oi,lil=;, lil=r, (;,a)= I
6) i = 12, 3, 4|; i = 1-1, -5, 6 ].

+ + -
. a i = 3i + qi, i =i -ra,l;l=r, lil=r, [;:;]- f
6) i ={3,-z,t}; i ={-1,2,-3i.

,,ti =si+zi,i =ri-oi,lil =,, lrf =:, 
[;:;]=+,

6) i ={1, -3,2}; i = {5, _ 2, 41.

s ).

=).

).

4:

).

I

)

4;

lr5

t=
I

4

_^

)

il
1,,

l=

.9

I

+
p

8.

-3 q;
+

2p

b

+
b-

'l
(

t;

=t2,-r,-r], i =1-
+>+..>t'

=2 p*3q; n =4p-5q

-2,1], i ={5,

-f1-1/r

p

++
6) o ={1,-2,-5}, b -

3.12. a) a =4p-5q; n =6p-7q;

6) a={3,r,-t}, b={-4,
++>++)

3.13. a) a =2p-3q; b =5p+6q

++
6) r-={4,-2,6}; b={-

3.14. a) a =5p+4q; b =3p-2q;

a al
-L' t l.

-rl="

3, -8l.

l= 
o,

2,6

;l=

b ={ -6, 4,7 }.

i - oi,lil=,,

i ={-7,-8, 5}.

a ={5, -3,_+},
++>->
a =6p-7q; b =5

Llq

3.8. a) a= p-3q;

6)a
.>

a)a3.9.

6) a ={3,

3.10. a) a =4 p-5q;

6) , ={5,6,7};

3.11. a) a =3 p-Q; b =p-4q;

6)

3.15. a)

6)q



+ +'+
3.24.a)a =4p-q;

+
6) a ={2,

+++
3.25.a) a =5p-2q;

6) a ={3,1,

+++
3.26.a) a =3p+2q;

6) a ={1,

++
3.27. a) a =p*2q;

6) a ={7,

3.28. a) i = 4i *i, i =z'o-'q, 
I

6) , ={9,7,5};

+++++t
3.29. a) q =p+3q; b =3p+4q;

6) a = {1,3,

+++
3.30.a) a =5p-3q;

6) q ={7,5,

[*^-) 7r

le's )= i

[; 
;)=b

(*^*') 2t

le'q )=T

(;,a)=I

(;a)= *

[*^- ) r
1r'0 )= T

(-"* ) E

le'q )= Z

+ + - l+t
b =3 p *Zq, 

I 
pl=l;

b = { 4,3,

+ + l+l=2p*o; lnl=3;

i ={2,-3,5}.

A(1; 3; s),
A(-4; 2; 5),

.t (t; z; +),

A(2; 1; 3),

A(-1; -5; 2),

A(0; -1; -2),
A(5; 2; 3),

A(-2; 0; 4),

A(2; -t; 3),

A(4; 1; 9),

A(7; -2; t),
A(2; z; t),
A(9; 4; -1),

,t(t; s; -t),
.t(-z; +; t),
d(+; -t; 3),

,t(*r; z; 2),

A(3; 5; t),
A(t; -3; s),

B(5; 2; 8),

a(z; -z; o),

8(6; -t; -2),
a(-\ s; -2),

\-6; o; -3),

a(-z;3; s),

a(z; s; t),
B(-t; t; 1),

B(t; 2; -1),
B(-t; 5; 3),

a(z; o; -3),
a(+; t; -2),
a (z; z; t),
B(-3; 6; 4),

B(t; -6; 2),

B(-2; t; 5),

aQ; +; -t),
a(-z; z; *+),

a(-+; t; 2),

B(4; -t; 3),

B(3; 5; 2),

B(t; -4; 6),

C (- l; 0; 1),

C(-9; 5; 8),

C(3; 5; 1),

C(7; -3; 2),

C(3; 2; -t),
C(1; -5; -8),
C(t; 7; -4),
C(a; 8; 3),

C(3; -7; t),

C(z; -z; +),

C(5; 2; 6),

C(6; 3; -7),
C(3; 2; -4),
C(-2; 9; 3),

C(3; -2; 0),

C(0; -7; -t),
C(6; -2; 1),

C(7; 0; -3),
C(z; -t; t),
C(3; t; 5),

C(5; -2; 6),

C(4;7; -2),
C(2; 3; 7),

A, B, C, D i nflorrry

D(a; 7; -3).
D(s; 2; -a).
D (a; 9; -3).
D(-6; 3; 6).

D(a; 6; -7).
D(a; -6; 3).

D(-3; a; 9).

D (t; -4; 6).

D (-a; 2; s).

D(-L; 0; 7).

D(9; a; -s).
D(7; s; -3).
D(s; -2; 7).

D(-a; 8; s).

D (2; s; 8).

D(1; 2; 9).

D (t;1; 8).

D (t; -t; 4).

D(6; 3; -2).
D(a; 7; 8).

D(2; -l; 3).

D (3; 6; 2).

D(6; -1; 8).

3asAaHHs 4

O6qlrcnraru o6'eu rerpaenpa yr 3 BepuruHaMr,t

fioro rpaui ABC, nxryo:

++t
b =4p-q; il=r'

, 6,3 j.

b
++

=3p-4q;

4,2I.

b = { 3, -4, I ).

b

b

-5,6 l.

+++
b =4p-2q;

b

b

l"nl= tt

lil=,,

l ,l: ', . A(2; 4; 6),

t. A(a; \ 7),

. A(-3;2; 5),

I

={6,3,4},

A(5; -1; 3), B(4; l; -2),

t4l



4.24. A(4; 2; 3),

a.zs. A(3; -5; 1),

a.26. A(2; -1;'4),
4.27. A (t; :; S ),

a.zs. A(5; -2; 4),

4.2e. A(6; 1; 3),

4.30. A(7; 2; 5),

-2).
B(4; -2; 3), C(-l; 6; 2), D(8; -7; s).

B(-5; t; 6), C(-8; 3; -4), D(t; -2; 7).

B(7; -2; 8), C(-l; 6; 9), D(3; 7; 2).

B(-3; t; 6), C(2; 3; 4), n(e; -z; -t).
n(z; 4; -t), C(7; *9; 2), a (-:; s; s).

B(3; 1; *4), C(9; -2; 6), D (-S; 3; -l).

3asAauHs 5

3a4auo KoopAanaru Beprrr,rH rpr4KyrurrKa A, B , C .

3uafiru: 1)4oaxr.ruycropour.r AB;2) pirHxunr c,l.opiu AB, BC iixr<yrorri
noe(fiqienrlr; 3) ryr B B rpaAycax; 4) pirurnrx Br{corrr CD i ii AoBxr.rHy;
5) pinuxnnr ve4iauu AE i roopguuarr.r rorrKu -1( neperuuy qiei uegiauu r
Br{cororo CD;6) pinuxuux nplrraoi KF, r.xa rpoxoArarr qepe3 roirKy K napa.
JrerrrHo cropoHi AB. 3po6uruprrcyuoK.

5.1. A(-10;3), B(8;-6), C(0;8).
s.2. A(-9;8), B(6;-7), C(a;9).
s.3. A(-7 ;10), B (2; - 8), C (a ; 8 ).
s.4. l(-8;8), B(7;-7), C(s;9).
5.s. A(-e;7), B(3;-s), C(s;s).
s.6. A(-8;5), B(10;-a), C(2;to).
s.7. A(-9;6), B(6; -9), C g;7).
5.8. A(-9;10), B(0; - 8), C (2; S).
s.e. A(-8;5), B(7;-10), C(s;6).
s.to. A(- g; z), B(3;-9), c (9; 5).
s.rr. A(-10;1), B(8;-8), C(0;6).
s.t2. A(-7;5), B(8;-10), C(6;6).
s.t3. A(-9;8), B(0;-10), C(2;6).
s.14. A(-6;8), B(9;-7), C(7;9).
s.1s. A(-8; 6), B(4;-6), C(10;8).

t42

t43

z. a(11;o),

5. 16.

5.17 .

5.1 8.

5. 19.

5.20.

5.21.

5.22.

s.23.

s.24.

5.2s.

s.26.

5.27.

s.28.

5.29.

5.30.

A(- 8;3), B(10;-6),
A(- 7 ; e), B(8 ; -6 ),
A(- s; to), B( 4; - 8 ),

,t(-to; s), B(s; - t0),
A(- 8; 4), B( 4; - 8 ),

A(-10 -t), B(8; - l0),
,t(-t;t), B(8;-8),
A(- 7;8), B(z;-10),
A(-10;8), n(S;-t),
A(-e;s), B(3;*7),
.t (- t; t), B(10; -8),
-n (- s; s), B(6; - lo),
A(- 5;8), B(4;-10),
A(- 6; s), B(9;-10),
I (- 8; 8), a(q;-q),

C (2;8).
c(6;10).
C(6; s).
c (3; 6).
c(10; 6).

c (0; a).
c(6;8).
c(a;6).
c (3; e).
c(e;7).
C (2; 6).
c (a;6).
c (6; 6).
c(7;6).
C(10;10).

,. Ali,o), ,= ], ,=
,,1 2

2.A(1;0), x=3, f,=

3asAaHHs 6

l llparecr:u Ao rauoniquoro Br,rAy pirnruua xpunoi. 3uafi.ru KoopAr4Ha-
i1 qen, pa, pa4iyc i uo6y4yaa, r.r KprBy.

2. Cxtacru piunruu.n reoMerpr,rrrHoro uicqx roqoK, niguoruenna aiAc-
efi qxux Ao roqxlr A(x;O) ra go np-rlroi r = c aopieHroe qrcry a. Orpra-
e pinnruux fipr.rBecrr,r.qo rcanosiquoro Br{Ay, suaftrn uisoci a i D, rcoop-

rfoxycin Fl , Fz i no6y.qyraru i(prrBy.

I. 4x2+4y2-12x+32y+57=0. 2. A(1; 0), x =2, € =
I--.:

Jz
G1z
r"{r
1.....:

Jz
t;{r
2

l. 16x2+16y2+64x-8y+1 = 0.

l. 4x2 + 4y2- 8x + 4y -31 = 0.

l. 9 x2 + 9 y2 + 6x + 54y + 46 = 0.
4

c-

{r

I



2.

2.

2.

2.

2.

6.s. 1. 4x2+4y2+24x+12y+9=0 2. A(Jz;O),*:|, ,=!
Jz 2

6.6. 1. l6x2 +16y2 -8*+64y -79=0.

6.7. 1. 9x2 +9 y2 -36x + 6y - 44 = 0.

6.8. 1. 4x2 + 4y2 -4x -24y+21= 0.

6.9. 1. *2+ y2+ 6x + 4y -3 = 0.

6.10. 1. l6x2+16y2+48x_ 16y -24=0. 2.

6.11. 1. 4x2+4y2+24x+4y+21= 0. 2.

6.12. l. 9xz +9 y2 -6* +36y - 44 = 0. 2.

6.13. 1. 8lx2 + 8ly2 + 54x + 54y - 63 = 0. 2.

6.14. l. *2+y2+8x-l0y+32=0. 2.

6.15. 1. 9 x2 +9 y2 + 54x - 6y +l = 0.

6.16. l. 4x2 + 4yz + 4x - 40y+85 = 0.

6.17. l. l6x2 +16y2 -96x -8y +l = O.

A(t;0),

,q(J 3, o),

e(l zt o),

A(2;0),

,s(la, o),

.q\a, o),

A(2;0),

a(,[s; o),

a(Ji; o),

,q(l s; o),

x

x

x

x

x

I

2

113=-r={)
,,1 2:-

r-:'
{5
2
I'l6
I

G,
lL

1

l.
2---:,
Jt
l.

: 

-.Cil t

G
1L:-.
r:lt
r-:

J5

J8

I
---=.
lc1L

ll-F.
J8

t

$:

€=

e=

€.

t=

e=

€=

c-

:=

€:

e

€

t

t

t

€

- 4,

5-F,
J3

5_F,
t1

\l .

6-.-;

l.
7

2'

7

c'vr
7-7,

,,1 2

8--7,
Js

')

8

l3
5_F,
t1

\l .

6
--=.
Jt
6

2. A(2;0),

z. e(J5; o),

x

x

x

x

x

x

144
145

.18. l. 4x2+4y2+40x-4y+l=0, z,e(Jz;0), r=*, r=1.' Jz 2

19. l. 64x2+64y2-32x+64y-44=0. z.

l. 25x2 +25y2 + 10x + 50y -74= 0.

l. 16x2+ 16y2+ 8x - 64 y+ I = 0.

1. x2+ y2+4x*2y+l = 0.

1. 4x2+ 4y2+l2x -16y -11 = 0. 2.

l. 4x2+ 4y2+8x -12y -3 = 0.

l. 4x2+ 4y2-32x +20y +53 = 0.

26. l. 4x2+4y2+20x_ 8y+13 = 0. 2.

1. 4x2+ 4y2+16x -12y + 9 = 0. 2.

8. 1. l6x2+16y2- 48x +16y -24 = 0. 2.

l. 4x2+ 4y2-32x -20y +73 = 0. 2.

l. 4x2+ 4y2+20x +16y +25 = 0. 2.

7

2.

2.

2.

2.



7.1. l. A(2,0), .x=0,5, ).=2
7.2. r. A(2,0), x=t,
7.3. l. A(2, 0), x =1,5,

7.4. 1.

7 .5. 1.

A(3,0), x=1,

A(3, 0), x =2,

A(4, 0), x =1,

A(4,0), x=1,5,

7.6.

7.7.

7.8.

7.9.

1.

l.

1. A(4, 0), x =2,

l. A(4, 0), x=2,5,

7.10. 1. A(4, 0), x =3,

x =1,

x =2,

7 .11.

7.12.

A(s,

A(s,

A(s,

t.

t.

0),

o),

7 .13. t. 0), x =3, 1= 2. *2- 6x + 4y +17 = 0.

L l(8, 0), l.

3anaanHc 7

l. Cxlacru (auoHi.rHe pinHruHr reoMcrpurrHoro uicqx rouor, ai4uo-
IIIeHH, aigc'raneft ,Kr.rx Ao roqxu A(, n,0) ra Ao rrpffMoi x = b gopinurcr,

)". 3safiru KoopAr,rHarr.r Soxycia F, aepruurrr.r C, ercqeurp[cr.rrer e, i piu-
HrHIr-fl acr.rMn'ror xpuaoi. BngHaqnrt.t KoopAr,rHarr.r ro.ror B flepernHy xpunoi r
KOJTOM, UeHTp 

'KOrO 
3HaXOAr4Tr,Cq B nOqaTKy KOOpAI,IHaT, a KOflO npOXOAlrTt,

uepes ii'{oxycu. flo6y4ynaru acrrMnroru, rpuay i xolo.
2. flpurecra piruruux rpuroi 4o xauouivuoro BrrAy. 3uafiru napaMerp

p rpuaoi, KoopAr{Har}r Bepur.rHu C, Soryca F i piauxnn, Ailperrpr.ror.
llo6y4yrarr.r Kpr.rBy ra ii' guperrplrcy.

2. x2-4x-4y+12=0.
2. x2-2x+4y-ll=0.
2. x2+8x-8y+8=0.

.15.

,16.

.t7.

.18.

r. A(6, o),

r. A(6, 0),

t. A(6, 0),

t. A(6, 0),

t. A(6, 0),

t. A(6, 0),
.11

t,
.,

r;vr
.t.= Ji .

"ll
t;

1L

"llA:-.l'
"ll

)
)"=2.

"Gl=-.

,Ex=4, n=7.

x =1, l" = JZ.
x=1,5, ).=2,

x=2, l=r[3,
x=3, A=Jr,

x=3.5. ),=2fr.
11

2. x2+2x-By-23 =0.

2. x2-4x-4y+8=0.
2. *2-6x+8y*1=0.
2. x2+2x+4y *9 = 0.

2. x2+4x-8y-20-0.

2. *2-6x-4y+13=0.

2. x2+2x+4y*5=0.

x2+4x+4y+12=0.

x2+6x-8y -15 = 0.

x2+2x-4y+5=0.

2. x2+4x+8y+20=0.

2. x2+6x+4y+17=0.

*2-2x-8y-23=0.

x2+4x-4y*8=0.

x2+6x+8y+25=0.

2. *2-2x+4y+9=0.

2. *2-4x-8y-20=0.

t,
2

---=

,lt
l.
G

{J

t,
_a
-L

.20. x=4,

2. x2+6x-8y-15=0.

2. x2+6x-4y+13 =0.

2. x2+2x-4y+9=0.

2. x2+4x+8y-4=0.

2.

*2-2x+8y+9=0.

*2-4x+4y+12=0.

'6x-8y-15=0.

'2x-4y+5=0.

-4x+8y+12=0.

A(6, o),

t. A(7,

t. A(7, 0),

t. A(7, 0),

t. A(7, 0),

26. t. A(8, 0),

27 . r. A(8, 0),

2.

2.

2.
2r[,
---=-

lz
,b 2.

. 21,
)/4t= 

-
t=

{5
2--:

{J
t=

{5.
r=

J5T.lL
,E
-{r

*2

2x

*2

2.

2.

2.

2.

2.

2.

x=3,

8. r. A(8, 0),

o),

C{r
G

llL

2la
r=

{5
2



3asAaHHr 8

3a4ano Koop.quHaru rotox M, M, M, Mo.Heo6xiFto:
L Hanucara pinnanux naoull,rnn: a) If , - rKa npoxo.qr.rrE qepe3 rotxy M 

o

fleprreulilKynrpuo BeKropy M tM Z;6) il z - ,Ka rrpoxoAr,rrb qepe3 rotrcy M 
o

raparreJrbHo BeKropaM @, I @, o fr, - txa rpoxoAr.rrE r{eps3 roqKx

MLM2M3

2. llepeniparu, qr,r BrzKoHyerbc, yMoBa flep[e,Ar.rKynxpuocri rnorlult
il l, il 2i naparenrnocri uorquu il 2, il 3.

3.Haircu nigcranr d siA roqru M o lo nlouunu Zr.
Mr(z; t; 5), ur(6; -t; 7), ur(z; t; 4), M.FS;
Mr(5; -r; -4), ur(9;3; -6), Mr(1;4; -8), M4(s;
Mr(l; -4; 3), M26; t; -2), Mr(3; 2; 4), MoF5;
ur(2; 3; 5), ur(l; 4; -3), Mr(4; 5; t), uo$;
Mr(-l; 1; -5), Mr(3; 5; -7), trr(t; 6; -3),
Mr(-q; 2; -l), ur(r; 6; -2), M,(-3; 5; r),

Mr(2; -4; 3), Mr(r; 5; -2), ttr(+; 2; r),
Mr{-l; 4; -5), M20; -2; 3), ur(z; -l; 5), M4O; 2; -4).

ryQ; -r; 4), ur(2; 4; -r), ur(4;7; -2), M4$; -1; 8).

M10; -3; 4), M2(z; t; 6), Mr(*t;-4;3), Mo7; -2; -s).

ur(t; -4; 3), ur(2;3; -2), ur(3;2; -t), Mo$; *7; -s).
tlr(3; 2; -1), ur(5; 6; -2), ur(t; 2; -3),
ur(s; -2; 3), Mr(t; 5; 2), Mr(3;-2;-t),
Mr('2; 1; 4), Mr(3; 2; l), tv[.(t; -4;3),
ur(4; -1; 3), ur(3; -4;2), M3Q; -3; 4),

M1?3; r; 2), ur(2; 5; -4), ur(r;3; -2),
Mr(r; 3: 4), ur(-z; a; 2), ur(2; 4; 3),

ttlr(2; - 4; 3), Mr(-t;3; -5, Mr(-2;2; -t),

148

{r**3y-22-3 = 0.

I r +3y+ z = 0.
(a; -6; -3), Mz? l; 1;0). M1

2; -9).

l; 3).

1; -3).

-7; 3).

2; a).

-9;6).

.29.

.3 0.

Mr(4; -r;
ur(4;
ttl, (3;

M$;
tr,Ir(-2;

Mr(4;

Mr(-z;

Mr(t;

ur(2;

Mr(2;

Mr(2;4; -3),

ur(t:3; -6),

Mr(8; 3; l),
Mr(5; t; 4),

tt[r(2; 3; -2),
ur(8; 3; -1),

ur(2; 8; -1),
Mr(5;7; -l),
Mr(2; r; 4),

ur(Z;6; -l),
Mr(3; 4; -5),

Mr(3; 2; 8),

M3l1;3; 4),

Mr(-2; 5; r),

Mr(2; 6; -2),
Mr(2; 3; 6),

u.(S; 4; 2),

ur(5; 6; 4),

ur(3;9; -9),
Mr(3; 4; -2),

ur{3; 2; 4),

M3$; 3; 4),

M3(4; 3; 6),

Mt\; -3;2),

tr,to$; -1; 9).

uoQ; -l; 7).

l,t o0; -5; -a).

M o$; -7; -5).
Mo0; -6; 5).

Mo(6;7; 2).

uo1; 2; 6).

uo\; -6; 3).

M o6; -l; -7).

uo$; -7; 1).

uoQ; -7; a).

Mt(5; 9; 1).

uo(7;
Mol-7;

M4?7; -1; s).

Mo?5; -7;1),
Mo?8;7; -sl.
M,FT;3; -2).

Ma(3; 9; 8).

MoGr; 7; 9),

uo(6; 5; 7).

3asAaHHs 9

3al,asa [prMa 3ararbHlrMlt pinuxuurrrar.r i roopguuau.r ABox rolror.
iano: 1. Hanuca'rn xanoHiqsi pinnruux: a) npxrraoi, ,Ka 3aAaHa nepe-

HoM .qBox nJrorqlru, 6) npxuoi, rqo flpoxoArirb irepe3 saAaHi ToqKr4.
. 3uafiru rocrpuft xyr rraiN rlr,rMr{ nprMr.rM}r.

.1. [-r*+y- z-3=0,
I x - y -32 - 5 = 0.

9.2.

Ml

lx+2y+ z

t, - y+32
(2; a; -e), Mz

I x- Y+
l-2x+3y-

(- z; z; r), Mz

! x -2y+
[3x + y + 2

2; - 4; -7), Mz

[ * * 2y - 3

l2x+ y-
G; - 6; r), Mz

Mr

9.6.

Mr(

-9 = 0,
+ I = 0.
(-t;:; -t).
2z-4 = 0,

2z+8 = 0.
(-3; -2; 2).

z-7=0,
z + 6 = 0.
(-3;2; -6).
z+12=0,
z * 5 = 0.
(-l; -l; -2).

r (* 4; 2; -3), Mr(-r;-3; s).

. {O*-y+32+6=0,
[3x + y + 2z - | - 0.

r G 2;3; 4), MzFt;2; -3).

s. [r*-y-22+l -0,
[3x+y- z+5 - 0.

r (a ; - 2; r), M2F3;-r; -5).



( 2x
t. <

[-x
, (+; z;

+ y- z-5=0, s.z'.{3*- y+22*1=0,
+3y+ z-3=0. lZx-3y+ z+7=0.
-5), M z(l;l; 3), MrG2;4;3), ur(3; l;-2).

y+32+5 = 0, g3o.{2x - y + z + I = 0,

+2y+ z-3=0. |.-r+y+32-9:0.
;5), M r(1;1:3). Mr(4;-2;L), M20;3;9).

lx
e. l[-x
t (2; - z

3anAaunq 10

3a4ano nprMy a npocr:opi i nnouluny. 3nafitr.r: a) rouxy reperl{Hy IIpr-
i nrorquuu; 6) nyt rtaix nprMoro i nnou{uuoro

8=0,
ll = 0.

,-a;3).

7 =0,
2=0.
2; -2).

4=0,
3 = 0.

2; -l).

x+4 y-3 z+2t-

-3 6 -7
x-y-42-13=Q.

x-1 y-l z+6a_

-2 1 4 )

+3y-22-1=0.
z+7
-5

- 0.

x+3 y+l z-6

-=-=-
2 -3 -4'

x-y+62-13-0.

x-y*22-18=0.
x-3 y+2 z+ltt

2 -1 -3
+2y-Zz+11 =0.

x-t7 v-l z-Btn atv.a. 4 I -3'
2x+3y-z-9=0.

x-l _y-6
t2

+ y - 2z + 7

10.4.
x-5 y+6 z-2

3 -Z

-x*2y+42-10 =0.

10.6.

- 2 x + 4 y - z - 11 = 0 .

x+8 y-3 z+7tn o

5 1 3'
x-t3y+72-10 - 0.

x-4 v-7 z-l
10.10.-=j-3-.162
2x*y+32-4=0

x-2 y-3 z+4ln la _

-1 I 3 '

3x+2y+42-'7=0.

z -8x+5 _Y+3
-1 -2

x+l Y-8 z-4

-=-
2 -3 -t'

-0,
-0.
-2).
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l-2x+3v+ z*2=0,
9.10. {

L ,+3y+22*l = 0.

u, (6; 1; - 2), Mz?3;2; -t).
I x+ y- z-3=0,

9.12. I
[4x+3y+52-l = 0.

tutr(2; -1; 1), MzG3;5;-a).

l-2x+ y- z*2=0,
9.14_ I

[ ,+ 4y-22+6 = 0.

M, (2; -r; -2), Mr(-4;-2;-1).

(3x-2y+ z-l =0,
9.16. I

[-r+ y+22-7 =0.
MtG4;t;3), MzGl;2;r).

I x+2y-32-l=0,
9.18. {

l2x+2y+ z-5=0.
Mr(4; -3; l), M2G2;t;-2).

(3x-y+22+8=0,g_9. 1 "

l2x + y - z - 5 = 0.

M r G 2; 2; 3), Mr(-l;-1;-2).

[2x - y + z - 4 = 0,
9.1 t. {

[3x + y+52-2 = 0.

M r G 2; l;2), M2el;5; -3).

( 3x +2v+ z-B = 0,
9.13. {

l-2x+ y+22-7=0.
M r (4; t;3), MzFl;2;2).

l2x-3v+ z-6=0,
9.1s. l

lx- y-22+5=0.
M r ? 6; t; 2), Mr(t;-2; -r).

I x-2y- z-7 =0,
9.17 . I

l2x+ y-32+7 =0.
MrG 4; *1; l), Mr(-l;-3;-2).

I

I

+
-t:'- t,

+

-l;

+

.t;

,1;

z

z.
(-

z

(-

z-
z-
, (1

z

Z

(1

4

2

z

2

2

J

2

x-2y- z+l=0, 9.20.I x-2y+
-3x+ y+22-5=0. [-3x+ y-a
4; -t; t), M2el;2;3). M r G 4; r; t), M,

2x- y- z-l=0, 9.22.{3x+2y-3x+2y+ z =0. I x- y+2
-2;-r), M2e3;l;0). Mr(6;a;-7), M,

x-2y+22-2 = 0, S.Z+.[2* 
* y-

-x+3y- z-3=0. I x- y+2
-4;-2), Mr(l;-l;3it. Mr(2;-2;2), M,.

2x+ y- z*5 = 0, e.26.[-3x + y*
-5*!y-22+9=0, I 2*- y+:
; - r; 2), Mr(-r;-2; 5\. M, (2; - l; -3), M.

{
(_

{
(q;

{
)-

{
(2

9.19.

M

M

9.2

M

9.25.

M1



.r+l y-3 z+5
3 *4 2 '

x+2y*52+15-0.

10.15. 
r+3 =Y*2 -'-3.-2 3 1

4x-2y+z-8=0.
x+5 y-l z+4IrltT .................._=:_=_
3 I -2'

7x+3y-22-4=0.
x-3 y+l z-2ln lo _ = :_ = _
I 2 -3'

.r+5y-22*ll-0.

rc.21. x-3 =Y-2 _r-4.
2-l 3)

x+3y+52-l=0.
x+5 y-1 z-2

3x-y+42+12-0.
x-4 y+l z+31A1a 

-=--=-
-1 2 5 '

x-2y+52*ll-0.
x*l y+2 z-4
2-l 3'

7x+4y+z-2=0.

rc.20. x+2 =y-3 :r+5.
4 I 3'

-6x+2y+32-16 =0.
x+4 y-3 z-llnaa _=-=_

-l 3 6 )

3x-2y+42-l=0.

_1 a

v _1
10.14. 

* ' =
5

x-3
10.24. 

- 
-

1

y+4

y+l z+3

-=-
42'

z *l=-
J

10.23.

2x+4y+72*l=0.

rc.25. x -2 - Y +7 -'- 5

2-3 1

x-2y+42-72=0.
x-l y-2 z-6lA11 _=- __

4 3 2'
4x+y+62-ll-0.

x-9 y+3 z-7I n ao

5 -3 1 '

-x+5y-22-6=0.

3x+y+62-9=0.

10.26. 
x-5 -Y+6 -'*2.-1 4 3 '

7x-3y-52*5=0.
x-7 v+310.28. = L- -a

-6 *l
3x-4y+82+l:0.

10.30. 
r+5 =y-3 -'*2.3 -2 4

4x-y+22*5=0.
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@OPMYJIU 3 EJIEMEHTAPHOI MATEMATIIKU

L Creneui i xopni
^frulo a>0, D>0,ro:

-ha

mnm+nA Q =Q ;

<Doprrryln cKoporleHoro MHoxeHH,

(atb)z =o2 +zob+b2 -KBaApar cyrvrn a6o pioHr.rqi;

o2 -b2 =(a-b)(a+b) - pioHr,rur xna4par:ir;

(a + bf = a3 +3a2b +3abz + D3 - xy6 cyvru;

a3 + b3 = (a + t)(o' - ab + b') -cyva ry6ir;
(o-b)'=o3 -3o2b+3ab2 -b3 -ry6 pi:nuqi;

o3 -b3 =(a-b)(o2 +ot*b') - pisur.rqa ry6in.

3. Kaagpanre piruaunx

-f,xqo 11 i x, - ropui KBaAparnoro piruxnux o*2 +bx*c=0,ro

xl,2 = ; qxz +bx+r=o(*-xr)(x-x).

a*:a'=a'-n) b''Y =on'n; \[V =o+, r*o; ao =l;

\f;i=4la.4lb, n.r,t; ,Pr=Fr, neN.
1=;' n*o;

2a

4. Jloraput[uu

-frcqo y>0, z)0, a>1, a*1,'ro:.

logoy=x <+ a*=! - Br{3HarreHHr.norapuonaa;

alogo 
y -/ - ocHoBHa norapnQl.riuua roroxuic.rr;

log,(y . z)=logo y +loga z - norapu$ra 4o6y, xy;

,"r,(1)=,", oy-to;,z - norapugM qacrKr{;

rog,(yo)= kbgoy - norapu(prr'r creneui;

- los.- v
logo y ='JY (c > 0, c + 1) - r[opuyira repexo.qy;

LOgc A

_llogoy=; L, !*lt 8) logoa=7; 9) logol=0.
loe--. a

)

)

)

)

)

)



l)

5. OcnosHi rpr.rroHoMerpaqui roroxuocri
. ) 1 sinA cosasrn' 4 +cos'A=l; 2) tga=2.. 3) ctga=#;

cosa slna

rl .l4) l+tg'a=+: 5) l+ctgza=*; 6) tga.ctga
cos- a stn'z-

6. 3Ha.{eHHs rfyurqifi AerKr4x apryueuria

q, rpaA 00 300 450 600 900 1200 I 350 150 
0

a, PaJr 0 7r l6 7t /4 7t /3 El2 2n /3 3n l4 5x l6
sln a 0 U2 Ji rz J-s rz J-s rz Ji rz 1/2

cos a I Jl rz J-z rz U2 0 -t/ 2 -JT rz - J-z rz

tga 0 JT rz 1 J-3 -J1 -l -Jl n
ctgd, J3 1 Jl rz I - J-z rz -l -li

1)

J)

sin2a = 2sin a cos a;

2ts.astnza=*)
l+tg"a

7. Ilo4nifini apryMeHrH

2) cos2a = 
"o"2 

d - stn2 a;

4) sn2a=l-'g'ao, 5)
1+ tg'd

8. (Dopuynu 3Hr.rxeHH, creueui

r I +cos2al) cos'd=-i
2

. 1 l-cos2a2) stn- d=--

9. Bi4uoruenHq s AosimHoMy rpr,rryrHlrKy

1g0 
0

lt

0

-l
0

.(ogarox 2

Ta6.urEu.a rpr,rroHoMerpuvHux {ynrqifi sin *, cos x.

tg2u=ry
l-tg'u

Teopeua cunycin

sina _ snf _siny

Teoperwa rocuuycin

a2= b2+ 12-2b""ora

Kyr,
rPaA.

sln.x cos .r Kyr,
rpaA.

stn, cos ,r Kyr,
rPaa.

srn x cos.,

0 0 1,0000

1 0,0175 0,9998 3t 0,5 150 0,8572 6l 0.8746 0.4848

2 0,0349 0,9994 32 0,5299 0,8480 62 0,8829 0,469s

3 0.0s23 0.9986 i5 0,5446 0.8387 63 0,8910 0,4540

4 0.0698 0.997 6 34 0.5592 0.8290 64 0-8988 0,4384

5 0,0872 0,9962 35 0.5736 0.8 r92 65 0,9063 0.4226

6 0, 045 0,9945 36 0.5878 0.8090 66 0.9135 0.4067

7 0 219 0,9925 5t 0,6018 0,7986 67 0,9205 0,3907

8 0 392 0,9903 38 0,6157 0,7880 68 0,9272 0,3746

9 0 564 0,9877 39 0,6293 0,777 | 69 0.9336 0.3584

0 0 736 0,9848 40 0,6428 0,7660 70 0,9397 0,3420

1 0 908 0,98 l6 4l 0,6561 0,7 547 7l 0,9455 0.3256

2 0,2079 0,978 I 42 0,6691 0,7 431 72 0,9511 0,3090

J 0.2250 0-97 44 43 0,6820 0.7314 73 0.9563 0.2924

4 0.2419 0-9703 44 0,6947 0,'t193 74 0,9613 0,2756

5 0,25 88 0,9659 45 0,707 | 0,7071 75 0,9659 0,2588

6 0.2756 0,9613 46 0.7 r93 0.6947 76 0,9703 0,2419

7 0.2924 0.9563 47 0.73t4 0.6820 77 0.9744 0.2250

8 0.309 0.951 I 48 0,7431 0,669 I 78 0,9781 0,2079

9 0.32s6 0.9455 49 0.7 547 0.6561 79 0,9816 0, 908

20 0,3420 0,9397 50 0.7664 0.6428 80 0.9848 0. 736

2t 0.3 5 84 0.9336 5l o.7771 0,6293 8l 0,9877 0, 564

22 0,37 46 0,9272 52 0;7880 0.6157 82 0.9903 0. 392

23 0,3907 0,9205 53 0,7986 0,6018 83 0.9925 0. 219

24 0.4067 0.9 135 54 0.8090 0.5878 84 0.9945 0 045

25 0,4226 0,9063 55 0,8192 0,5736 85 0,9962 0,0872

26 0,4384 0,8988 56 0,8290 0,5592 86 0,9976 0,0698

21 0,4540 0,89 10 57 0,8387 0.5446 87 0,9986 0,0523

28 0.4695 0.8829 58 0.8480 0.5299 88 0.9994 0.0349

29 0,4848 0.8746 59 0.8572 0.5150 89 0.9998 0,0 175

30 0,5000 0,8660 60 0,8660 0,5000 90 0,0000

t54

155



156

Ta6r.u4t rpr.rroHoMerpuunoi $yurqii tg x.

Kyr,
rpar.

Kyr,
paA. tgx

Kyr,
rpar.

Kyr,
paa. tgx

Kyr,
rpaa.

Kyr,
par. tgx

0 0 0

1 0.02 0,0175 31 0,54 0.6009 61 1,06 I,8040
2 0,03 0,0349 32 0,56 0,6249 62 08 1,8807
J 0,05 0,0524 33 0,58 0,6494 63 0 1,9626
4 0,07 0,0699 34 0.59 0,67 4s 64 2 2.0503
5 0,09 0,0875 35 0,61 0,7002 65 3 2,1445
6 0 0 0,1 05 I 36 0-63 0.7265 66 5 2,2460
7 0 2 0,1228 37 0.65 0.7 536 67 7 2,3559
8 0 4 0,1405 38 0.66 0,7813 68 9 2,47 5t
9 0 6 0,1584 39 0.68 0,8098 69 20 2.6051
0 0, 7 0,17 63 40 0.70 0,839 I 70 22 2.7 47 5

0, 9 0,1944 4t 0.72 0,8693 71 ,24 2,9042
2 0.21 0,2126 42 0,73 0.9004 72 26 3,0777
-) 0.23 0,2309 43 0,7 5 0.9325 73 )1 3,2709
4 0,24 0,2493 44 0.77 0,9657 74 ,29 3,487 4
5 0,26 0,2679 45 0.79 0000 75 3r 3.7321
6 0,28 0,2867 46 0,80 0355 76 ?? 4,0 r 08

7 0,30 0.3057 47 0,82 0724 77 ,34 4,331s
8 0.31 0.3249 48 0,84 I 106 78 ,36 4,7046
9 0,3 3 0,3443 49 0,86 r 504 79 ,38 5,t446

20 0.35 0,3640 50 0,87 1918 80 40 5.6713
21 0.37 0,3839 51 0.89 2349 81 41 6,3138
22 0,38 0,4040 52 0,91 2799 82 1,43 7,1154
23 0,40 0,4245 53 0.93 3270 83 t.4s 8.1443
24 0,42 0,4452 54 0.94 3764 84 1.47 9,5144
25 0,44 0,4663 55 0,96 4281 85 1.48 I1,430
26 0,45 0,4877 56 0,98 4826 86 1,50 14.3 01

27 0-47 0,5095 57 0,99 ,5399 87 1.52 19.08 r
28 0.49 0.53 l7 58 1.01 6003 88 1.54 28.636
29 0,51 0,5543 59 1.03 6643 89 1.55 57,290
30 0,52 0,577 4 60 I,05 7321 90 1,57

,IloAarox 4
,Iloaatox 3

ocrasni qrQpn
Honrepn lfln inqusiAyaJrburrx 3aBAaHb

HoMepa sarirosoi KHr.rxKr{

Horr.repu ang i uausi.qyaJrbHux saBAaHb



.{ni octanui qv(ppu

+

HoMepa sarironoi KHHxKlt

Houepu gnx in4uni4yaJr6Hr,rx 3aBAaH6 i ocrauui uu$pr HoMepa 3aJIir(oBoi KHI{xKt{

Horr,repu aas i HAIIaiAyaJIbHI{x 3aBAaHB10.20

10.22
10.23
t0.24
10.25
10.26
t0.21
10.28
0.29

10.30

10.6
10.7
10.8
10.9

r0.2t
10.22
10.23
10.24
10.25
10.26
10.27

10.2
10.3
10.4

l0.s
10.6
10.7

.30

10.8
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Bianosiai Ao 3aBAaHb AJrs caMocrifiuol po6oru

,,[: 
;],

(-6 -4
+.,1 | rr n

(ls l0
/ 8 -6\

olse orl
[:o 36 )

.Qrena i ue uae l-l. 6. a) x=1, y=2; O crrcreMa uecyuicua, posa'r:xir He uae; e) cucreMa He,

BrBHaqeHa. 7 .200 ot. cyuiarnoi i 300 oa. nopoxnucroi rlermt.

Pocaifl 2.1

r li*'tl=l;-rl=rz. z. (AB), =-2, (AB)y =3, (AB),

-2 ^ 3cosa=ffi; cosP=7;-,cos/= 5

J:e
3. a-b=-2i+7j-6k

, lil= zs; "o"o=*: cosp=Lt 
"o"y=!. r lBl= ,[16: *,o=-ft, ,o,o=ft;

,(;

-s\

:i)'

(t44 t2
I

3. 1102-6(-12 8 -4

6) (-s e ); e) (37 3s *), .) (:; _li), ' (1 ;;
(-1-n 26\ (| I-l\

5.,) A-' =+l s u - zo l;a u-'=+l s 4 .7l;,),u'p,* u,po-
" [-t 1l -ts ) '[-r -z 4)

=s; lfil='6,+++q.c=i-8j.

oo,r=-L , lbl=lFl,l7l =lrlil a snl=,5 H e lFrl=,,,,, *.

Pocair 2.2
l. a) He roliueapui, 6) ue roniueapui, a) pirnouaupaueai, a) nporuaexno nanpa-

rrlaHi, d) ue xoriueapui, e) pinnonanpaueni. 2. a) nepneHlr.rxy.nrpni, 6) repneHAr{Ky.rrp-

X! r) nc nepneu4urcyrrpui, e) ne nepneu4nryrrpui. a coyp=-!. 5. e=60o,
J+ rs

**.*f(f;.ii) , i=-tl*'* s i=qi+rr)+r? s. A--toA po6oru.

Poraia 2.3

t.i=t:o , l(,:-?)"(i-ri)l=oo r (I.i)'=: 4'o,i={-3;s;7}

r{6;-4;-6} 6 ,=lBl=, t.it={-a.r;4} 8 li,l=nt "o,o=!
',eosr=-] t lill=15; cosa =1, coso=-f,, 

"o, r=f,. rc. a

O sine-- . rr.|=-r,s? +-oi +zi.

160

6 d=Ji

t6l

Poula 2.4

l. a) l, A -1, e) -20, z)18. 2. a)ilsy, 61 npany. 3.a)uerounraHapui,

6) xorunrauapu i. 4. a) V = 51 xy6. ot.; A V= 13 ry6. ot. 5. h =+ 6. a) ueyrBopro-

rcrr,d)yrBoprororb. l.a)i =f,*\*'", 6)i =-i-i.
Pocair 3.1

r. lADl=1. 2. c(6;4), D(e;6), lABl=r0,sz. 3. A(-2;1), B(a;-s). a. C(e;tt).
s. C(7;8).6. A(-a;r), B(6;5), c(0;-1). 7. C(7,s;-8,5). 8. C(l;-2). e. c(3,8;0,6).
10. c(i;-1). 11. lAKl=4. t2. Q @;1,7e).

Porai.n 3.2

4 rz=)6-2);6)5x-2y-4=o; a) *.3,

r. 3onni; ncepe,qraHi; Ha xo.ni. , i:'i;;';. \2 =zs. 3. (x+2)2 +(y-t)2 =e,1.

a. (x-a)2 +(y-s)' =25. 5. k.+=r, n,(J-r,to), .e,|!G;o); a,(o' F), a,(o;- J-s);

{,,(.Jro,0); "={t .=+ 6 Eninc; o=2,6=!1;

, *-+=r) y=-l*; x=8.2 r +-+='.e.y=2*2

t. r[

9=300'.

+3t;

z

3z

1,,(tu o); x=+4

2 
=2Ox.

Porain 3.4

*,+),l+,+), "(+,+),(*,+), . = -3 Y =39
,7

4 tlp,M,M.=|. 5. a) napa6or4 6) rolo, e) ednc, a) xoro.
)

Posain 4.1

l. 2x-3y+z=0. 2. 4x+3y-z+l=0. 3. 3x+22-l=0; a*33o48t, F=90",
y -35o48t . 4. d = 4. 5. a) cninnalarcrr; 6) napalenrui; a) nepeunarcrtct; e) na-
parelrni. 6. a) nepneuguxy.nxpni; 5) ue nepnen4urynnpui.

Posair 4.2

+=+=! z u12,o;\ a e=teoTt4t; z=t.2y -- -l+
+4=0;
- 2 = 0.

1. x=2
( x-3v-5.{
l2x-4y+

l. y-Jrx+Z(f -16)=O . 2. k=-3; b=5. 3. a) nexarr; 6) ue nexarr. 4

C(918;0). 7. a) e=135o; A e=oo. 8. a) d=2; 6) d=4,5. 9. sx-3y-2=0 (AD),

7x+6y+4=0 (cE), F(0,-28). 10.

ll. l2x +9y -17 =0. 12. 4x - y - 9 =0



Posain 4.3
1. a) C$epa; 6) elincoi4; a) oauonopoxxrxHrfi rinep6onoi4; e) 4roxnopoN-

HnHHAf4 rinep6onoia; d) napa6onoi.u; e) ronyo. 2. a) ogHonopoxHr.rHHr.rf rinep6oao'r4 o6e-
praHar; 6) rinep6oaiunufi qu:rin4p; a) eainruvunfi napa6onoig; r) aai napalelrni nlorqranu.
3.,{nonopoNuuuuufi rinep6onoia. 4. O.quonopoxuuuunfi rinep6oloi4 o6epraHH,
*2 v2 ,2

-+--- 
= I.t6 t6 20

Bianosiai ao 3aBAaHb a.rq PFP
3aaaauur I

L.2. xr=2; xr=3; xr=1.

1.5. x,=1 xz=-l;, xr-4.
1.8. x,=l; x,--l' xr-|.
I.11. r,=2; xr=l' ar-1.
1.14. xr=2; xr=-2; 1r=1.

1.17. x,=1; xr=l; xr=2.
1.20. xr=2; xr=l; xr=).
1.23. xr=l; xz=31 x;-1.
1.26. xr=-\ xr=l; xr=-).
1.29. xr=l; xr=-l' xr=).

3apaaHHs 2

2.1. ZA=50o24t ; ZB--85o34t ; Z.C =44o2t . 2.2. ZA=42"27t :lB=85o32t ;lC=52olt .

2.3. ZA=704"581 ;ZB--46o55t :tC=28o7t . 2.4. ZA=90"0d;ZB=2f 7t ;ZC=60o53/ .

2.5. zA=52olt ;ZB=90o00t ;lC=37o59t . 2.6. tA=60"001 ;ZB=10ff54t ;lC=19o6t .

2.7. lA=24o53t ;ZB=17o00t :lC=138o7/. 2.8. tA=27o58t :lB=11f5gt :ZC=35o3t .

2.9. ZA=69o5t ;ZB=46o57t ;ZC=63o58t . 2.10. lA=153'1t ;lB=t6o59t ;ZC=10'0OI .

2.11. ZA=50"55t :ZB=36"581 ;ZC=92o7t. 2.12. ZA=45"00t ;ZB=90"00t ;lC=45o00t .

2.13. zA=90"00t;zB=35o58t ;zC=54o2t . 2.14. ZA=38"4t ;ZB=33o8t :lC=10848/.
2.15. ZA=65o4t ;lB--59o50t ;ZC=55o6t . 2.16. lA=56o6t :ZB=39o53t ;zC=}4olt .

2.17. /A=75o2t;ZB--46"55t ;lC=58o3t. 2.18. ZA=37'571 ;ZB=704"58t ;ZC=43o5/.
2.19. lA=a9o6t;ZB=87o47t ;ZC=49o6t . 2.20. tA=73o9t;ZB=52o52t ;ZC=53o59t .

2,21, lA=75o2t ; ZB =43o 5t ; lC =6lo52t . 2.22. lA=45'53t ;Z8=60o7 
t 
:ZC=74o00t.

2,23, ZA=22o3t ; ZB =70o2t : Z.C --87o55t . 2.24. ZA=25o52t ;Z.B=127'6t;lC=27o2t .

2,25, 1A-9Oo00t ;ZB=68055t ;tC=21o5t . 2.26. ZA=29'59t ;tB=12tr52t ;tC=29o9t.
2,27, 1A-l3lo58t ;ZB=25o00t ;lC=23o2t . 2.28. z.A=tl?o2t;lB=43ott ;zC=t9o57t.
2,29, lA-22o55t:ZB=ll4o3t ;zC=43o2t . 2.30. zA=24"6t ;ZB=65o54t ;ZC=90'00t .
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3.2. a)S=19,80; 6)S =8,66.
3.4. a) S = 5,20: 6)S =12,12
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1.1. xr=1; xr=2; xs=3.

1.4. xr=3; xr=2; xr=1.

1.7. xfl; x2--7; x3--2.

I.10. xr=2; xr= -l; xr=f .

1.13. x,=1; xr=0; xr=-).
1.16. x,=1; xr=2; xr=-2.
1.19. x,=-1, xr=0; xr=1.

1.22. xr=7; xr=-3; xr=-1.
1.25. xr=-2' xr=-3; a.=-!'.
1.28. xr=l; xr=2'ar-3.

3,1, c)Jr10,00; 6)S=12,33
l,t, ,) f .2l.2lt 6)S =17,23

1.3. x,=3; xr=l; xr=2.
1.6. xr=l; xr=-l; xr=J.

1.9. xr=2' xr=2; xr=-3.
1.12. xr=l; xz=1; xs--1.
1.15. x,=1; xr=-l- xr=1.

1.18. x,=1; xr=-2; xr=-1.

1.21. xr=0' xz=2', x;2.
1.24. xr=2; xr=-1' xr--)
1.27 . xr=-l' xr=-2; xr=-).

1.30. r,=-3' xr=2; xr=|.

3.5. a) S =91,92;
3.7. a) ^l = 25,00;

3.9. a)S=44,00;
3.11. a)J=57,16;
3.13. a)S=81,00;
3.15. a) S=46,67;
3.17. a)S=69,28;
3.19. a)S=69,28;
3.21. a)J=5,00;
3.23. a) S = 36,77 ;

3 .25 . a) S = 76,3'7 ;

3.27. a)S =50,00;
3.29. a) S = 75,00;

3.6.

3.8.
3.10.
3.12.
3.14.
3.16.
3.t8.
3.20.
3.22.
3.24.
3.26.
3.28.
3.30.
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4.2.

4.4.

4.6.

4.8.

4.10.

4.12.

4.14.

4.16.

4.18.

4.20.

4.22.

4.24.

4.26.

4.28.

4.30.

3asaaHnq 5

a) S =25,98;
a) S = 67,55;

a) S =33,94;
a) S = 5,66;

a) S =76,21;
a),9 = 66,00;

a),5 = 69,00;

a),S = 93,00;

a) S = 55,15;

a) 
^l = 1t05;

a) S = 57,16;

a).1= 31,18;

a) S =2,83;

6)5 =10,82.
6)S =12,12.
6)3 = 4,90.

6)S =3,74.
6)S =t\zs.
6)5 =24,49.
6)s = 8,31.

QS =7,48.
6).t = 9,80.

6)5 =25,77.
6).r = 3&01.

6) S = 63,36.

6)5 =42,02.

4.1.

4.3.

4.5.

4.7.

4.9.

4.11.

4.13.

4.1 5.

4.17.

4.19.

4.21.

4.23.

4.2s.

6)S =t2,2s,
6)S = 4,90.

6)S =12,12.
6)s = 10,0s.

6)S =3,46.
6)S =3,74.

6)5 =t7,t5.
6)5 =10,82.
6) S = 4r,82.

6)5 =16,40.
6)S =26,44.
6)3 =24,49.
6)S =23,43.

Vr= 31,83 ; S nur= 10,78 .

Vr=28,50 S nc=18,67 .

Vr=35,00; S nrr=34,10.
Vr=7,33; ^!rr.=8,65.
Vr=28,00; S nur=15,3'l .

Vr=54,67; S orr=20,02.
Vr=39,00; S enc=17,33.
Vr--39,00; S nur=26,93.
Vr--21,33 ; S rr"=15,05.
Vr=35,00;,Srr.=10,50.
Vr=9,00; Snr=9,97.
Vr= 6,33; S nor=16,95.
Vr=2,50; Srr"= 15,58.

Vr=33,67: S *c=21,24.
Vr= 46,83 S or"=28,64 .

Vr=10,50; S nu"= 4,95.

vr=18,67; srr"= 1&87.

vr=lo,l7; s nur=3,77 .

Vr=8,50; Snr"=2482.

Vr=26,17; S nrr=23,14.
Vr= 9,33; S ,,c= 9,17.

Vr=5,83; S *r=18,53.
Vr=26,00; S nur=27,28.
Vr=62,17; S nur=27,29.

Vr=3J7; S nr=2,12.
Vr=29,33; S nc=40,72.
Vr= 15,50; S no"=12,90.
Vr=1L67; ,Srr.= 40,05.

Vr= 55,17; S ,*c= 16,56.

Vr=53,67; S n 
"=2I,73.

4.27.

4.29.

5.1. l) AB = 20,12 ; 2) x + 2y + 4 = 0 AB, 7 x + 4 y - 32 = 0 BC, k n= -l I 2,

k nc = - 7 I 4; 3) z B = 33o 42/ ; 4) 2x - y + 8 = 0 CD, CD = 8,94; 5) x + 7 y -11 = 0 AE,

K (- 3; 2); 6) x + 2y - | = 0 KF.

5.2. l) AB =21,21 ;2)x+y+1=0 AB,8x+y-41 =0BC,ker=-1,

BC= -8;3)zB =37"54/;4) x- y+5 = 0 CD,CD = 9,90; 5)x+ 2y-7 = 0AE,

KG\4;6)x+y-3=0 KF
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5.3. 1) AB = 20,12 ;2)2x+ y + 4 = 0 AB,8x - y -24 = 0 BC, k nu= - 2,

knc= 8;3) Z B = 33o42/ ; 4) x -2y +t2 = 0 CD,CD = 8,94; 5) x + y -3 = 0 AE,
K (-2; s); 6)2 x + y-1 = 0 KF.

5.4. L) AB =21 ,21 ;2) x+ y = 0 AB,8x+ y - 49 = 0 BC ,k no= -t,
krc= -8;3)Z B = 37o54t ; 4) x - y+4 = 0 CD,CD = 9,90; 5)x +2y -8 = 0 AE,
K(0;a);6)x+y-4=0 KF.

5.5. l) AB =16,97 ;2)x+ y +2 =0 AB,7x-3y-36 =0 BC,knr= -1,
kur= 7 /3;3) Z B = 68o74t ;4) x- y = 0 CD,CD =t4,t4:5) x +3y-t2 = 0 AE,
,<(3; 3); 6)x+y-6=0 KF.

5.6. l) AB = 20,12 : 2) x + 2y - 2 = 0 AB, 7 x + 4 y - 54 = 0 BC, k ur= -t t 2,

kuc= -714;3)ZB =33o42/ :4) 2x- y+6 = 0 CD,CD =8,94;5)x+7y-27 = 0AE,
K(-\a);6)x+2y-7 =0 KF.

5.7.1) AB =21,21;2)x+ y+3=0 AB,8x+ y-39 =0BC,kon--1,
k rc = -8: 3) I B = 37 

o 
54/ ; 4) x - y + 3 = 0 CD,CD = 9,90 ; 5) x + 2y - 3 = 0 AE,

K(-r;2);6)x+y-t=0 KF.

5.8. l) AB =20,12;2)2x+ y+ 8 = 0 AB,8x- y-8 =0 BC,ken= - 2,

knc=8;3) Z B = 33o42/ :4) x -2y+14 = 0 CD,CD = B,g4 : 5) x+ y - t= 0 AE,
K (- a; 5): 6) 2x + y + 3 - 0 KF.

5.9. l) AB =21,21 ;2)x+ y+3 = 0 AB,Bx+ y -46 =0 BC, kn= -t,
k rc = -8; 3) I B = 37 

o 
54t : 4), - y + 1 = 0 CD,CD = g,g0 ; 5) x + 2y - Z = O AE,

K(0rl); 6)x+y-l=0 KF.
5.10. l) AB =16,9'1 ;2)x+y+6=0 AB,7x-3y-48=0BC,kno=-1,

kur= 7 / 3;3) I B = 68o14/ : 4) x - y - 4 = 0 CD,CD =14,t4;5) x +3y = 0 AE,
r(3;-1); 6)x+y-2=0 KF.

5. 1 1. 1) AB = 20,12; 2) x + 2 y + 8 = 0 AB, 7 x + 4y - 24 = 0 BC, k 
en= -t / 2,

k ur= - 7 / 4; 3) Z B = 33o 42/ ; 4) 2x - y + 6 = 0 CD,CD = 8,94 ; 5) x + 7 y + 3 = 0 AE,
((-3; 0); 6)x+2y+3=0 KF.

5. 12. l) AB = 21,21 ; 2) x + y + 2 = 0 AB, 8x + y - 54 = 0 BC, k 
nu = -1,

k u, = -8;3) Z B =37o54/ ; 4) *- y = O CD,CD =g,90;5)-r+ 2y-3 = 0 AE,
K(1;1); 6)x+y-2=0 KF.

5.13. 1) AB =20,12 2)2x+y+10=0 AB,8x-y-10 =0BC,ket=-2,
kuc=8:3)ZB =33o42/;4) x-2y+10 = 0 CD,CD =8,94;5)x+ y+t= 0AE,
K (- a;3); 6) 2 x + y + 5 = 0 KF.
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5.14. 1) AB =21,21 ;2)x+y-2=0 AB,8x+y-65 =0BC,ken=-1,

k ^- = -8; 3) Z B = 37 
o 

54/ ; 4) tc - y + 2 = 0 CD,CD = 9,90', 5) x + 2y - l0 = 0 AE,
BC

KQ;a);6) x+y-6=0 KF.
5.15. 1) AB =16,97 ;2) x+ y+2 = 0 AB,7x-3y -46 = 0 BC,kn= -1,

k ur= 7 I 3; 3) z B = 68"74/ ; 4) x - y - 2 = 0 CD,CD - 14,14 ; 5) x + 3 y - l0 = 0 AE,

K@;2);6)x+y-6=0 KF.

5. I6. l) AB = 20,12 2) x + 2y + 2 = 0 AB, 7 x + 4y - 46 = 0 BC, k n= -1I 2,

k rc= -7 I 4;3)Z B = 33o42/ ;4) 2x - y + 4 = 0 CD,CD = 8,94;5)x + 7 y -13 = 0 AE,

K (-r 2); 6) x + 2y -3 = 0 KF.

5.17.1) AB =21,21;2)x+ y-2=0 AB,8x+ y-58 =0 BC,k nu= -1,

fr-^= -8; 3)Z.B =37o54';4) x- y +4 = 0 CD,CD = 9,90; 5)x+2y -ll = 0AE
B(:

K(l;5); 6)x+y-6=0 KF.

5.18. 1) AB =20,12 2)2x+ y =0 AB,8x- y-40 =0 BC,k ur= -2,
kac= 8;3) z B =33o42t ; 4) x -2y+10 = 0 CD,CD =8,g4;5) x + y - 5 = 0 AE,

r((0;5); 6)2x+ y-5 =0 KF.

5.19. 1) AB =21,21;2)x+y+5=0 AB,8r+y-30 =0BC,kru=-1,
kur-- *8;3)Z B = 37"541 ; 4) x - y+3 = 0 CD,CD = g,go ; 5)x + 2y = 0 AE

K (- 2;l); 6) x + y + 1 = 0 r(r'.

5.20. 1) AB =16,97 ;2) x+ y+ 4 =0 AB,7 x-3y -52 = 0 BC, ken= -1,

k o"= 7 l3;3)z B = 68'l4t ; 4) x - y-4 = 0 cD,cD =14,14; 5)x +3y - 4 = 0 AE,

,K(a;0); 6)x+y-4=0 KF.
5.21. l) AB = 20,12; 2) x + 2y + 72 - 0 AB, 7 x + 4 y - 16 = 0 BC, k 

ea= -1 I 2,

kuc= -7 /4;3)zB =33o42/;4)2x- y+ 4 = 0 CD,CD =8,94;5)x+7y+17 =0A8,
K(-3;-2); 6)x+2y+7 =0 KF.

5.22. l) AB =21,21;2)x+ y=0 AB,8x+ y-56 =0BC,k,tn=-1,
k uc = -8;3) z B = 37 

o54/ ;4)-, - y + 2 = o CD,CD = 9,90; 5) x+2y -7 = 0 AE,

i((1;3);6)x+y-4=0 KF.
5.23. l) AB = 20,12; 2) 2x + y + 6 : 0 AB, 8x - y - 26 = 0 BC, k,En= - 2,

knc= 8;3) z B = 33o42t ;4) x -2y+8 = 0 CD,CD =8,94;5) x+ y -l = 0 AE,

K (- 2; 3); 6) 2 x + y + I = 0 KF.
5.24. l) AB = 21,21 2) x + y +2 = 0 AB,8x + y -33 = 0 BC, knu= -t,

koc= -8;3)zB = 37o54t ; 4) x - y+6 = 0 cD,cD =9,90;5)x +2y - 6 = 0AE,
K(-2;a);6)x+y-2=0 KF.



5.25. l) AB = 16,97 ; 2) x + y + 4 = 0 AB, 7 x - 3 y - 42 = 0 BC, k,tn= -1,

kur= 7 13;3) z B =68o14/; 4) x - y-2= 0 CD,CD = 14,14: 5)x +3v - 6 = 0 AE,

K(3;r);6)x+y-4=0 KF,

5.26. l) AB = 20,12 ; 2) x + 2y + 6 = 0 AB, 7 x + 4 y - 38 = 0 BC, k n= -l / Z,

kuc= -7 I 4:3)ZB = 33o42t;4) 2x- y +2 = O CD,CD = 8,94; 5)x+ 7v +l = 0 AE,

r(-l; 0); 6) x+2y +L= 0 KF.
5.27 . l) AB = 21,21; 2) x + y + 4 = 0 AB, 8x + y - 38 = 0 BC, k tn = -1,

kuc= -8;3)z B = 37o54/:4) r- v +2 = 0 cD,cD =9,g0;5)x +2v -l = 0 AE,

r(-1;1); 6)x+y=0 KF.

5.28. l) AB = 20,12; 2)2x + y + 2 = 0 AB, 8x - y - 42 = 0 BC, k u= - 2,

k -^= 8;3) I B = 33o42/ ;4) x -2y+6 = 0 CD,CD = 8,94; 5) x + y -3 = 0 AE,

r(0;3); 6)2x+y-3=0 KF.

5.29. l) AB = 21,21; 2) x + y + I = 0 AB, 8x + y * 62 = 0 BC, k r, = *1,

k ur= -8:3) I B = 37o54/ ; 4) x - v -l = 0 CD'CD = 9,90 ;5) x +2y - 4 = 0 AE,

K(2:l);6)x+y-3=0 KF.

5.30. 1) AB =16,97 ;2) x+ y =0 AB,7x-3y -40 =0 BC, k n= -1,

krr=713;3)zB = 68ol4t;4) x- v = 0 CD,CD =14,14;5)*+3v -16 = 0AE '
K$;a);6)x+y-8 =0 KF.
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6.1. r) (i-;)'- e+4)'1=4; c(+;-+).n=z
b = t, c = t, Fr.r= (t 1; o).

6.2. t) (x+4'+(t-+)'= 4; c (- z;l), n=z

b =1.c = JT.F,.,=(*/7, o1

6.3. 1) (r - r)'?+ (r . +)' =e; c (r; - i), " = ,

b = JT, c = t, Fr.r= (t 1; 0).

6.4. r) [,.+)'. 0 +t)2 =+; c(-]; -r), n = z

b =r. c = JT,F,.,=(* .6' o1

6.5. r) (x+3)'z .(r.1)' =r; c(-r; -*),^ = r.

b = lT. " = JT.{., = (t .6' o).

"+.+=r:o=lT.
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6.6. r) (,-l)'*,r* 2)'=e;

b -- JT, c = t, F,.r= (11;0).

6.7. t) (x - zf +(r. *)'= ,,

b = E, " -- li,r, ,= (" 6' o).

6'8' r) (r +) .0 -3)'= 4; c(+;')' 
" = '

b = lT,, =,17,r,,,= (t JT ; o).

6.9. 1) (r +3)2 +(y +2)2 =16' C(-3; - 2), R = 4.

b = J;, c =2, Fr.r=(t 2; o).

6.10. 1) (,-+)' .(r-*)'
b =,trT, " =,lT,r,.r= (* /r, o).

6.11. r) <, *tt' *(t * !)' = a;

b =2, c = JT, F,,=(* 6' 01.

6.12. t) (,-+)' +(y+2)2=v;

b = JT, c = 2, Fr.r= (t 2; 0).

-z),n=t

6.r3. r) (,.*)'.(r.*)' =,, .(-+' -+), - =,

b =2, c = rlT, rr.r=(" 6r o;

6.14. 1) (x + 4)2 + (y - 5)' =s; C (- 4;5), R = 3

b = JT, " = JT,r,.,= (= li, o).

6.15. t) (;+3)2+(r-*)'= r,

b = JT,, = Ji,{,,= (* 6' o).

6.16. 1) (,.;)'. (y-5)'=4;

b = 2, c = 2, Fr.r= (1 2; 0).

6.17. t) $ - 3),. (, - f)' = r,

b = JT, " =JT,.,,,= 
(* 6; o).

.(+'-r),^= t 2)+.+=

c(z;-|),n=:

=o',(-+,+).^=,

'(-',-l).*='

l: a = 2,

,r***=r,o= lT,

"+.+=t:o= 
lT.

,t**l=t,=2,

D+.1=,',=r,

.(-,'|),"=,

,(-+"),^='

"+.+=t;o={i,

"+.+=r;o--lT,

,,*.*=,,o=G,

"+.+=L;a=!f,,

,+.+=r;o=G,

"+.+=t;a=lr,

,+.+=t;o=lv,

"+.+=r;o=,|i,

"+-+=t;a=!f,,

"+.+=t;a=!f,,

"+.+=t;a=!f,.i),^ =,



6.18. 1) 1,*rl, *(r-|)' = zs;c(-s,|), 
^ 

= s

b = G,, =,17, r,.r= $ lT ; o).

6.re. r) (,-+)'. (,.+)'=,, ,(f,-i),"=,
t=JT.,=G,{,,=(./6,,0).

6.20. t) (,.+)'. e + t)2 = o, r(- l,-,), * = z

b =2,c =Ji, Fr.r=[.6,0;

6.2t. t) (, . +)'. (y - z), = o, ,(- l,r), ^ 
=,

t = JT, c = 2, Fr.r= (t z; O).

6.22. 1) (x+2)2+ (y-1)'= a; CG2;r),R=2.

t = Ji. " = JT,{,,= (r ./I, o).

6.23. t) (,.;)'. 0-2),=r, r(-),r),o=r.
t = JV, " = JT,",,,= k lT' o).

6.24. r) (;r + 1)2+ (r - +)' =0, .(-,, f,). * = r.

b = 2, c = $, F,,r=(*&', o;.

6.2s. t) e - 4)2 +(, . +)' = s; c(c;- *). - =,
t = 9,, = tT ,r,,,= (* /l' o).

6.26. t) (,.;)'. 0-t),=o, r(-|,,),^=,
t = $, c = 2, Fr.r= (t 2; 0).

6.27. r) e + 2)2 +(, - +)' = o, r(- r, |), * =,
t = J7,, = JT, F',=(r6' o).

6.28. 1) (, - i)' .(,. *)' = o, r(+, _ 
+), 

- =,
t = J7, " = J e.r,,,= (t .6, o).

6.2s. t) e - 4)z +(, - +)' = q; c(c; 
+), 

- =,
t = G, " = JT. F,,= (t Js' o).

"*.+=t;o=lT.

"+.+=t;a=3,

"+.+=t;a=3,

,, L*L =t: a =3.'9 5

"+.+=t;a=3,

uL+!'=r;o=3.97

,t *L*{=rto=,]7, ,

,>l.l=r',=,|r'.

,t *L*{=rto=JTo,

,> *L*l=tto=,lTo,

,1t-*t-=rto=Ji,

D*.*=r'o=li,
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6.30. r) (,*1)'*o*zf =+, c(-|;-r),*=,
t = JV, c = 2, Fr.r= (1 2; o) . 
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,tL**=r,o=Ji,

7.1. , *-*=t, Fr.r(!2;0), cr,2(tl;0), e =2, y=+r,73x, B (t1,32;tt,s).13
2.(x-2)'=4(y-2): p=2, C(2;2), F(2;3), y=1.

7.2. , *-*=t; Fr.r(!2;0), Cr,2(tl,4l;0), e=t,41, !=!x,B(r1,73;tl).22
2. (x-t)2 =-+(y-3); p=-2, C(r;3), r(1;2), y=+.

7.3. ,. {-{=r, r,.r(]l2;0), C,.r(!1,13;0), e=1,15, y=i0,58x, B(11,94;10,5).3l
2. (x+4\2 =8(y+l); p=4, C(-4;-1), F(-a; \, y=-t.

7.4. ,. {-{=t Fr.r(t3;o), cr,J!1,73;0), e=1,73, y=!t,4rx, B (r.2,2a;fl).
36

2. (x+3)2 =8(y+3); p=a, C(-3;-3), r(-3;*l), r=-s.
7.5., { -{ =r, {,r( t3; 0), C r.r(r2,45;0), e =1,22" y =t 0,7tx,B (12,s3; t1).63

2. (x+3)2 =aU-\: p=2, C(-3;1), F(-3;2), y=s

7.6. ,.*-*=r; {,r(ta;0), c,.r(t2;0), e =2, y=tt,73x, B (rz,6s;t3).412
2. (x+\'=aU-2); p--2, c(-r;2)' F(-t;3)' v=t.

7.7. ,.l-L*=rt Fr.r(t4;0), Cr,r(t2,45;0), e =t,6! y=tt,Zex, B(!3,12;t2,s).

2. (x+2)2 =-8(y-1); p=-4, C(-2;t), F(-2;-1), y=t.

7.8. ,.*-*=r; F,,r(14;0), C1.2(12,83;0), e=t,41, y=t x, B(fi,a6;!2).88
2. (x-1)2 =-8(y +t); p=-4, C (1;-1), F(1;-3), y=r.

7'g''' { -l =" F\z( !4;0), Cr,2( t3,16; 0), e =1,26 v =t0,77 x,B (t3,71; tl,5)'106
2. (x-2)2 =-a0+2); p=-2, C(2;-2), F(2;-3), y=-1.

7 .lo. t. * -4 = t, Fr.r( t 4; 0), c r,r( t3,46;0), e = 1,15, .y = t 0,58x, B (13,87; t l).124
2. (x-3)2 =8(y+3); p=4, C(3;-3), r(3;-l), y=-s.

7.11. 1.4-*=rt F,.r(_5;0), cr,2( t:2,24;0), e=2,24, !=!2x,8(t3;ta).520
2.(r-1)'=+(y-l); p=2, C (l;1), rQ;2), y=s.



7.12. r. * -+ = r, r',,, ( ts; 0), c,.r( t3.r6;0), e = 1,s8, y = rr,z2x,B (ra; r3).

2. (x-2)'?=-s(y+l); p=-4, C(2;-r), F(2;-3), y=r.

7.13. t. *-*=t, {,r(ts;0), clr(13,87;0), e=1,2e, y=l.0,82x, B(t4,s8;t2).
,y,

2.

l5 l0 ' 1,2\--, -,, -t,2\--,- , -)' -
(*-3)'=-aU+2); p=-2, c(3;*2), F(3;-3), y=-r.

7.r4. t. *-+=rt Ft.z(ts;0), q,r( t4,47;o). e=t,12, y=!0.5x, B (!4.e;!t).

2. (x+t)2 =8(y+3); p=a, C?r;-3), r(-l;-l), y=*5.
.a

7.t5. 1. l-L=rt {,r(to;o;, cr.r(t2,4s;0), e=2,45, y=!2,24x, B(x3,32;-s).630
2.(x-2)' =q(y-l); p=2, C(2;t), F(2:2), y=0.

7.16. t. +-*=tt {,,(t6;0), c,,r(t3;0), €=2. y=+r,73x, B(t3.el:il,s).

2.(x-3)2 =-8(y-t); p=-4, C(3;1), rQ;-t), y=3.

7.17. l. *-*=r, { ,(t6;0), C, ,(13,46;0), e=1,73, y=+r,4tx, B (t4,47;+4)
,y,

2.

7.18. l. *-*=rt Fr.r(t6;0), cr.r(+4,24:0), e=1,4r, !=! x,B (rs,20;13).t8 l8
2. (x+2)2 =8 (y+3); p =4, C(-2;-3), F(-2:-l), y =-s.

7.ls. t. *-* =r,{,,( 16; 0), q.r( r4,5& 0), e =r.3\ y =+o,Bsx. B (+5,4s;+2,s).2t 15

2.(*-3)' =4(y-1); p=2, C (3;l), F (3;2), y=s.

7 .20. t. 
*^ - + =r, {,, ( to; o;, c r.r( !4,e; 0), e = 1.2\ y = t 0,7 Lx. B (xs,66; t2).

2. (x+t)2 =-4(y+l); p=-2, c(-r;-l), r(-l; -2), y=0.

7 .21. 1. * -+ =rt {,, ( 16; 0), C r,r( t5,2; 0), e = 1,r5, y = tl,s&', B (+ 5,8 l; + l,s).

2. (x+2)2 =-a0+2); p=-2, C(-2;-2), F(-2;-3), y=-1.

7.22. t. * -* = r, Fr.r( !7 ; 0), c,,r( t2,65; 0), e =2,6s, y = t2,45x,8 (13,6r; 16).'1 42

l. (r+3)'?=8(y+3); p=a, C(-3;-3), r(-3;-l), y=-s.

1.23. t. + - * = rt F,.,( r7 : 0), c,,r( t3,7 4: 0), e = r,87,.y = tl,58x, B (r 4,e; t s ).

l, (r+l)2 =4(y-1); p =2, C (-l;l), F(-t;2), y=0.

t70

7.24. l. * -* =r, F,.2( t7; o), cr,2 ( 14,5& 0), e = 1,51 y =ltr,tS x, B (t5,7 4; .4).2t 28

2. (x+2)2 =-8(y+2); p=-4, C(-2;-2), F(-2;*a), y=9.

7.25. t. *-*=rt Fr,r(-:7;0), q,r( t5,2\o), e=1,32 y=t0,87x, B(t6,32;t3).28 2l
2. (x+3)2 =-4(y+2); p=-2, c(-3;-2), F(-3;-3), y=-t.

7.26. t. {-*=r, {,r(t8; 0), c\2(t4;0), e=2, y=l-r,i3x, B(r.5,2e;r.6).t6 48

2.(r-l)2 =s(y+3); p=4, C (1;-3), F(l;-l), y=-s.
7'27' l' *-*=',',.2( ts;0), c!,,r(14,9;0), e=1,63, v=t1,29x, B (t6,2a;r5)'24 40

2. (x+2)2 =c(y-1); p=2, C(-2;r), F(-2;2), y=0.

7.28. t. *-*=r, {.r(t8;0), c,,,(r5,66;0), e =r,4r, !=!x, B(t6,%;-a).32 32

2. (x+3)2 =-8(y+2); p=-4, c(-3;-2), F(-3;-a), y=s.

7.2s. t. *-*=tt {.r(*8;0), c\2(t6,3zo), e=1,26 y=:-0,77x, B(t7,42;-t3).40 24

2.(x-t)2 =-a(y+2); p=-2, C(r;-2), r(1;-3), y=-t.
7.30. t. *-+=rt {,,(t8;0), c\2(]t6,s3;o), e=1,11y=10,5 8x, B(t7,7s;t2).

2. (*-2)' =e(y+3); p = 4, C (2;-3), F (2;-l), y =-s.
3asaaHHq I

8.1. l. a)2x-y+z+27 =0II ,; 6)x+3t+z+11=0 ilr; e)x+3t+z-10=0IIt.
'2. Br,rxonye'rrcn. 3. d = 6,33.

8.2. l. a)2x+2y-z-9=0 il r; 6) x-2y-22+3=0 Il z; e) x-2y-22-15=017:.
2. Buxonyertcs. 3. d = 6,00.

8.3. l. a) x+y-z+l=0 ilr; 6)7x-3y+42+50=0IIz; e)7 x-3y+42.-31=0IIs.
2. Brroryerrcn. 3. d = 9,42 .

8.4. l. a) x- y+82-37 =0 II r: 6)3x-5y-z-50=0 ilr; e)3x-5y-z+14=0 IIt.
2. Brronyerrcs. 3. d = 10,82.

8.5. l. a)2x+2y-z-14=0 IIl, 6)3x-2y+22-25=0 IIz,
2. Buronyer:rcn. 3. d = 9,70.

8.6. l. a)5x+4y-z+77 =0II ,; 6)x-y+z-8=0II 2;
2. Buronyerrcs.3. d =8,66.

e)3x-2y+22+15=0 IIt.

e)x-y+z+7=0il2.

e) x-y-22=0il2.

e) 2x-z +l=0I1:.

8.7. l. a) x-9y+52+7 =0 IIr; 6)x-t-22-20=0 IIzl
2. Buronyetrcs.3. d =8,16.

8.8. l. a)2x-3y+42+4=0II ,; 6)2x-z-22=0IIz,
2. Buronyerrcs.. 3. d = 10,29 .



8.9. 1. a) 4x+3y-52+23=0IIr; 6)2x-y+z-19=0IIz', e) 2x-y+z+l=0Itr.
2. Burouye, rcs.. 3. d = 8,16.

8. I 0. 1. a) x + 4y +22 +l l= 0 trr ; 6) 2x +3y -7 z - 43=0 II z', e)2x +3y -7 z +35= 0 II t.
2. Br.rronyerrcx.3. d =9,91.

8.1 1. 1. a) x +7 y - 5z +18 = 0 I1r ; 6) x -3y - 4z - 47 = 0 II r; e) x -3/ - 4z -l -- 0 il r.
2. Brxonyerrcr.3. d =9,02.

8.12. l. a) 2x + 4y - z +23 -- 0 II L; 6) 4x -3y - 4z + 45 = 0 II z', e) 4 x -3y - 4z -tO = 0 fr.
2. Buxonye'rrcq.3. d =8,59.

8.13. 1. a)4x-7y+z-30=0 17r ; 6)2x+y-z+18=0 IIz; e)2x+y-z-5 =0 Z:.
2. Burcouyetrcs,.3. d =9,39.

8. 14. l. a) 5x + y -32 +18 = 0 Zr ; 6) 4x + y +7 z + 60 = 0 II z; e) 4x + y +7 z -21= 0 II s.
2. Burouyerrcs..3. d =9,97.

8.15. 1. a) x+3y+z=0IIi 6)5x-3y+42+52=0 ilz; a)5x-3y+42-35=0IIz.
2. BrarouyeT rcx. 3. d =12,30.

8. I 6. l. a) 5 x + 4y -62 +27 = 0 II i 6) 2x +2y +32 -36=0 il z; a) 2x +2y +32 -2 = 0 II r
2. Buronyerr cs.. 3. d = 8,25 .

8. 17. 1. a) 3x -3y + 2z + 6 = 0 II i 6) x + 5y + 6z -88 = 0 II z; e) x + 5y + 6z - 40 = 0 II.t.

2. Buxouyerrcs' 3. d = 6,10.
8.18. l. a)3x-7y+82-39=0 Ilr; 6)2x+2y+z-29=0 IIz; e) 2x+2y+z+l=02:.

2. Brarouyetrcx.3. d =10,00.
8.19. 1. a) x-6y+42-50=0Ilr ; 6)2x+y+z*24=0 IIz; e)2x+y+z-5=0 il2.

2. Br.rronye:rr cr. 3. d = 7 ,76 .

8.20. l. a) 5 x + 2y -9 z +50 = 0 I1r ; 6) 4x - y +22 -27 = 0 II z; e) 4x - y +22 +1 1 = 0 Z:.
2. Burouyetrc.l,.3. d =8,29 .

8.2 l. l. a) 2x + 2y - z -12= 0 II i 6) x - 4y - 6z - 53 = 0 II z; e) x - 4y - 6z +10 = 0 II s.

2. Buxonyerr cs' 3. d = 8,65 .

8.22. 1. a) x - 2y + 2z -5 = 0 I/r ; 6) 2x + 2y + z +17 = 0 II z; a) 2x +2y + z -16 = 0 II 
z.

2. Buxonyerucs..3. d =11,00.
8.23. 1. a) x+ y+32-10=0Zr ; 6) x+5y-22+39=0 IIr: e) x+5!-22-21=0 IIr

2. Braxouyetrcfi.3. d =10,95.
8.24. l. a) x+ y- z+l=0 il r; 6) 4x* y+32 +25=0 II 2; e) 4x- y+32-26=0 II.t.

2. Buronyerrcr. 3. d = 10,00.

8.25. 1. a)2x+2y- r-12 =0 II r: 6) x- y-5=0 il,
2. Buxonyem cfr. 3. d = 7 ,78 .

8.26. l. a) x+4y-22+21=0 II r',
2. Bnronyerr cs.. 3. d = 6,94 .

8.27. 1. a) x - y +22 +7 =0 II t;
2. Buronyerrcs..3. d =9,81.

6)2x-y-z-21=0 IIz;

6)x-y-z-14=0112;

;6)x-y+6=0ilr.

e) 2x-y-z-4=0 ilr.

s)x-y-z+3=0IIt.
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2.

2.

2.

8.28. l. a) x+9y-52+60=0I/, ; 6)3x-2y-32 -35=0 ilr;
Buronyetrcr. 3. d = 8,10 .

8.29. l. a)x+9y-92+90=0I1r I 6)9x-2y-z-91=0 IIz,
Burouyerrcr. 3. d = 7,22.

8.30. 1. a)x+4y+52-46=0 ilr; 6)x-4y+32+28=0 ilr;
Buronyerrcr. 3. d = 9,22.

3asAaHHr 9
x _y-l _z+2.

-4 -7 I '
x y-4 z-l
I -2 --J
x y-3 z+l
-5 I 7

x y+2 z-l
-4 -2 I '
x _ y+3 

= 
r-2.

3 -4 5 '

x y+4 z*1
-5 I 7

x y-l z+3
3 -4 9 '
x y+3 z-2
1 -5 -3'
x y-Z z*3
-l 7 5
x y+l z-l
3 5 -9'
x y+3 z-l
-6 -7 5 '
x y-2 z+l
8 -9 -l '
x y-3 z-2
3 -8 7 '
x y+l z-l
2 -5 -9'
x _ y +l _ z -3 .

7 5 l'
x y-l z-3
-5 -7 1 '
x y+4 z-l
7 1 s'
x_y-2_z-7.
8 -7 -2'

x+4 y-2 z+3
3 -5 8

x-2 y-4 z+9
-3 -1 8
x+2 y-3 z-4

1 -l -7x+2 y-2 z-l
*l -4 I

x-4 y+2 z-l
-7 I -6
x-2 y+4 zt7
-5 6 I

x-4 y+6 z+3
-5 7 3

x-4 y+6 z-l
-5 5 -3
x+2 y-2 z-3

I -3 -5x-6 y-l z+2
-9 1 1

x+2 y-l z-2
I 4 -5x-2 y+l z-l

-5 6 -5
x-4 y-l z-3
-5 I -1

x-2 y+L z+2
-6 -1 I
x+6 y-l z-2

'7 -3 -3
x+4 y-1 z-3
3 | -2

x+4 y+l z-l
3 -2 -3

x-4 y+3 z-l
-6 4 -3
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e) 3x-2y-32+3=0 ilr

e)9 x-2y-z-24=0 ilt.

e) x -4y +32 -19=0 II 
z.

2. a--67"22t .

2. a -- 50o3'lt .

2. a=27ol4t .

2. a=48o4t.

2. a =33olt .

2. a=56ol0t .

2. a-}ool3t .

2. a=62'30t.

z. a=z3oz9t .

2. a =7lo32t .

2. a=2go47t .

2. a=37o26t .

2. a =58o3lt .

2. a=75o43t .

2. a=64o6t.

2. a=42o14t.

2. a=84"23t .

2. a =34o4t .



9.19. l. L=Z!=4. x+4 -v+t ='-1. 2. a=54o49t,-3 I -5 3 3 2

g.20. r. *=+--=. x+4 v-r ='-t. 2. a=85o351.- 7 1 -5' 3 -5 2

g.21. r. !-4=:..,9. x-4 -v+2 -z*t. 2.a=77o00t..-- I -5 7 ' -7 3 I
g.22. l. 2=y-4 - z-l . x-6 - y-4 =z+7 2. a=66n36t.3 -7 -5' -7 -2 5

g.23. l. ., =y1-='1 . x-2 -y+4 ='*2 . 2. a=76ol3t .' -4 -l 1 ' -1 3 5

g.24. l.2=v-5-z-1. x-2-v+2="-2. 
2.a=66o36t .I -5 -3' -l 4 -3

g.25. t. L=.!-::=4. x-2 - v +1 -'-2 . 2. a =72o32t .' -l 9 't ' -3 -l 3

9.26. l. : =, - -- l. x-2 -v+l -z+3 2. a=?1olt.' 2 7 1 -l 4 t

, x y-2 zi3 x-4 y-2 z+5
4-17'-3-r8

g.2g. l. x_y-3_z-2. x+2_y-4=r-3
5 I -7 5 -3 -5

g.29. l. x _y-2 _z+l . x-2 _y+2 =r-5-7-41'-13-2
9.30. l. x _y-3 _z-2. x-4 _y+2 _z-l

-4 -7 I ' -3 5 8

3asaaHxs l0
10. l. a) M(-7;9;-9); 6) d =2ro7t . 10.2. a) M (1;3;2);
10.3. a) M Q;a;6); 6)a=24o6t. 10.4. a)M(2;-4;1):
10.5. a) M (-r;2;3); 6) a = 47'4t. 10.6. a) M (-2;3;s);
10.7. a) M (-\- a;l; 6) a =24ot6t . 10.8. a) M (2; s; - t);
10.9. a) M (5; -1; l); 6)d =30'1t . 10.10. a) M (3:t;-1);
10.11. a) M (-r;o;5); 6)a=32'20/. 10.12. a) M (;a;-\;
10.13. a) M (8,-9;1); 6)a=30o35/. 10.14. a) M(-3;-s,,-2);
10.15. a) M (-1;-5;2); 6)a=49'20/ . 10.16. a) M (3;t;2);
10.17. a)M(-2;2;-6); 6)a=71'55/. 10.18. a) M (t;-3;7);
10.19. a) M (4;1;-1); 6)a=56'St . 10.20. a)M(-6;2;-B);
10.21. a) M (-\a;-2); 6)d=39ors/ . 10.22. a) M (-s;6;7);
10.23. a) M (-2;-1;t); 6)a=16'50t . 10.24. a) M (4;3;-1);
10.25. a)M(-2;-1;3); 6)a=44o26/. 10.26. a) M (3;2;D;
10.27. a) M(-3;-\a); 6)a=s2o17/. 10.28. a) M (t;9; a);
10.29. a) M (-1;3;s); 6)a=42o47t. 10.30. a) M (-2;1;2);

2. a=49o56t

2. a--3lo3t .

2. q=76o441,

2. a =79ol7t .

6) a = 47'14t

6) a =l6o58t .

6) a =38'36t .

6)a=39041/.
6) a =35'47t .

6) d =38o2t .

6)a=59o34t.
6)a=41'5O/.
6)a=25'20/.
6\u=21'22/.
6)a=24'16t.
6)a=37'42/.
6)a=47o4/.
6)d=23o1t.
6)u=63o6t.
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