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3ameepooceno Ha 3acioanni Kageopu uWOi MamemMamuxu,
npomoxon Ne 10 6io 01 bepesns 2024 poky.

B aBTOpCHKIN penakiiii.

Buma maremaruka. 3mictoBuit monynb 1. JliniiiHa anreGpa.
B55 AmnanituuHa reomeTpisi : METOJIMYHI BKa31BKY Ta 3aBJAaHHS 10 BUKOHAHHSI

PO3paxyHKOBO-TpadiyHOl / YK, \K B. BO)KOHOK‘, H. B. bonaapenko. —
Kwuis : KHYBA, 2024. — 60 c.
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HaBEJICHHAM HEOOX1THUX (HOPMYJI 1 CTUCIUX TEOPETUUHUX BIIOMOCTEH.

[Ipusnaueno nnst 3m00yBadiB meprioro (OakamaBPChKOTO) PIBHSA
BUIIIOI OCBITH 3a chemianbHicTio 192 «byniBHUITBO 1 IMBUIbHA
THXEHEPI.
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3AT'AJIBHI IIOJIO’KEHHA

Metoauuna po3poOka € TMEpHIO0 YAaCTUHOK KOMIUIEKTY 30ipHUKIB
IHIUBIIYaIbHUX PO3paxyHKOBO-rpadiuHUX pOOIT 3 BHUIIOI MaTeMaTUKH 3a
temamu «JliHiitHa anreOpay», « AHAJIITHYHA TEOMETPIsD).

MeTta HaBYaNIBHOTO BHJAHHS — HAJaTH CTyJAeHTaM (yHIaMEHTaIbHI
3HaHHS 3 JIIHIMHOI anreOpu Ta aHAJIITUYHOI reoMeTpli, sIKi € OCHOBOIO JJis
MOJIaJIBIIIOT0 BUBUEHHS 1HIIUX PO3IUTIB BUIIOT MAaTEMAaTUKH Ta ii 3aCTOCYBaHb y
TeXHIYHUX Ta CHEHIAIbHUX AUCIUILIIHAX; (OpMYyBaHHS MaTeMAaTHYHOI 1HTYILIii
Ta JIOTIYHOTO MHCJICHHS y BHUBYEHHI Ta 3aCTOCYBaHHI MAaTEeMAaTHYHHUX METOJIIB

JUTsl BUPILIEHHS po(eCcIiHUX 3a1ay.

3aBmaHHA HABUaJbHOTO BHJAHHSA — PO3BUHYTH NPAKTHUYHI HAaBUYKU
pO3B’si3aHHS 3a/ad 3 BUKOPHCTAHHSM IMOHATh Ta METOMAIB JIIHIHHOT anredopu
(cucTemMu JNIHIMHUX PIBHSHb, alredpa MaTrpullb, BU3HAYHUKH, BJIACHI BEKTOPHU
TOIIIO) Ta AHAJITUYHOI reoMeTpii (MpsMi HA TUIONIMHI Ta B MPOCTOPI1, TUIOIINHH,
KpUB1 JpPYyroro MHOPAIKY TOLIO); (OPMYyBaHHS YSBIEHHS IPO T'€OMETPUYHI
00’€KTH Ha IUIOIIMHI Ta B NPOCTOPl, a TAKOXX HAaBYaHHS METOJaM iXHBbOIO
aHAJITUYHOTO OIHUCY.

[HauBiyanbHa pO3paxyHKOBa po0OTa OXOIUIIOE TaKl PO3AUIA 3 KypCy
BUINOI MAaTEMAaTHUKH: KOMIUICKCHI YHCJIa, €JIEMEHTH JIHIMHOI Ta BEKTOPHOL
anreOpu, eIEMEHTH aHAIITUYHOI T€OMETPIi Ha TJIOLIMHI Ta B TPOCTOPI.



3ABJIAHHSA PO3PAXYHKOBO-TPA®IYHOI POBOTHU

1. 3aBaanHs 10 po3aiay
«JliniiiHa aareopa»

3apaannsa 1. BukoHaTtu 1ii HaJ KOMIIEKCHUMH YUCIaMU B aireOpaidHin

dopmi.
_2i5). 10 _2i" it (2-i
» (1-2i°)-(2+1") L, 22 ( _ )
o 3—2j ! 2+1 1+ 2i
. . 11 =7
> 2+|5_1_|3. 113 4 |_ +1+3|_ ;
. 15 :
13. : + T 243 2-i%
.12+2' 3 ° 2-i® 3-2i
1+1 3+41° 1.15. — + —
1.4. ; —m, 3-2I 2+1
- _ L 2oF 107
s (1+2°)-(2-30) i S 1+
3+4i° 3 5+i 1o (-1-1)
4+ 4-i 117 - —
16. _ : 1-2i S5+1
4+i° 1-4i° 4i 2 i1
. 40 - 20 1.18. — ;
17. L+i° Nl 3+4i" 3+4°
2—i3 2+1 10 —2+i_ i15 .
1.8. 2+'5+4.3+2_'; o 1-2i7 —4+3i
2+3i° 3-4i 1.20. - — —
1.9. =+ -, 2+3l 1+1
3-4i° 2+3 2 40 _
- -3 3-3l ' (_1_|)
1+i° |-(2+3|) 1.21. —+ T
1.10. - S 1-2i 7
ems L, 6 2-3
- (3-2i )-(3+2|)_ﬁ_ 22 gt
o 4-3i 5 2.3 3-4°
1.23. — -
3+41  -2+3i



2+51° 5+2i
1.24. —+ , 1.29.
5-2i 2-5i°
2-3i° 4-i°>
1.25. + ) 1.30.
4—-i -2-3i
—2+5i° 5+2i°
1.26. — —: 1.31.
5+2i 2+5I
L7 —4+P_+—1+3W_
i ani 132
7i® 240
1.28. — ;
—2—i 2+i’
3apaanaa 2. Buxkomarm nmil  Hag
TPUTOHOMETPUUHIN Popmi.
1-i2.(V3=i)
2.1. (a-1) ( 5 ) ; 2.7.
(1+i)
(—1+if-(L-J§03
2.2 T 2.8
J§@+D e
(1_\/§|)10
2.3. =
(1—08(1+J§) 2.9
-\ 20 \°
b (-1-1i) -(J§+|).
4, = :
(\/g —i) 2.10.
1-i)" - (L+3i)
T VBN )
32-(\@+i) 2.11.
. (1+i)" - (-1+3i)
e \16
\/5(1—\/§|) 2.12.

F2(1+i)+1—2i_
2—i 1+2i

i"-(1+i) 2-i
2-i  3-2i

2-2i  i®

i 2420

i (1-i) 1-4i
1-4i B

KOMIUICKCHUMHU  4YHCJIaMH

(1+0)(-1+ \/§i)7 |
@+J§f4 |
(—L+08(L+J§)5_
8(-1-3)
o
(—1—04(1—J§)w
(1+J§f |
(Lnfw@+dﬁf’
(—1+if~(1+«ﬁ§)7_
T
@+J§f-a—0“_

(1+i)9

B



2.13.

2.14.

2.15.

2.16.

2.17.

2.18.

2.19.

2.20.

2.21.

2.22.

2(—1—\@)5

(—1+i)4-(1+\/§i)5;
(—1+\/§i)6 -(1+i)13.

4(1-i)"

)
4(\/§+i)7

(1+i)12 '(\/g—i)4 )

]
(2+i)-(\B-i)

(1+i 0 -(—\@+i)8.

8 1+\/§i)10

4(-1-i)"

(1+i) -(—1—J§i)6;

() A
16(1+f|) |
(2" - (1-i)’

(1+\/§i)12-(1+i)3;
4(\/§+i)4

(i) (i)
(ﬁ)n-(l—i)ll

(1o B (-1evE)

2.23.

2.24.

2.25.

2.26.

2.27.

2.28.

2.29.

2.30.

2.31.

2.32.

4(\@4)5

(1+i)8-(\/§+i)4’
(20)" - (1+i)

(1+x/§i)12-(—1+i)6;
(i) (8]

]
16(—1+ J§i)5

(1-i)*-(1+ ﬁi)7 |
(@) (1)

(—1+i)4-(\/§+i)7’
(i)

ERIG
(V3-1)’

(1+i)20 (\/_+i)5’
(1+|)3 (1+\/_|)

(1-i)"
(@) (18]

o
(-1

(—1+i)° - (—1-i)°



3aBaannsa 3. Po3B's3atu piBHSIHHS.
31 2°=-3J3-3i; 317. 2°=—-4-4J3i;
32. z'+7-T7i=0; 318. z°-3-3i=0;

5 __ -1 3
3.3 24_3\@ 3 3.19. %:1+\/§i;
Z .
34, = 1+1=0; 320, N22° =27-27i:

35. 7°-3/3-3i=0: 321. 7°-5+53i=0:
36. 2°=2-2i: 322. /27 =8+8i:
3.7.  z*-3+4/3i=0; 3.23. 7°=-5+53i;

5 __ Qi 5
38. z°=8-8I; 3.4 E—:l—h
39. 722+3J3-3i=0: 4

A 325. 7*=-5-53i:

z -
310. o +1+i=0; 326. z'+4-4i=0;

3 _ . 2
ST _4+4\/§I’ 3.27. Z—: 3_|_|’
312, 28 =-T7/3+7i; 7

5 _ 4 ai-
313. 2°—4+43i=0: 328. 2°=-4-4i;

3 . .
314, 7°=1-+/3i; 329. z°-7\3+7i=0;
330. 7' =4+4i;
331, 2°=6-63i;
332. 7°—6+/3+6i=0.

315, 2°+4-4J3i=0:
Z4
3.16. = —1+/3i;

3aBnanns 4. 3HaliTW 3HAYEHHS MapaMeTrpa a, 3a SIKOTO BH3HAYHHK
JIOPIBHIOE HYIJIIO.

1 2 31 0 2 31
a 3 4 2 a 3 4 2
4.1. ’ 4.2, ;
2 1 1 3 2 -1 1 3
3 2 2 4 3 2 20
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5.32.

2 2 3 1
1 -1 0(X=|3

-1 2 1 -3

3aBnanns 6. Po3B’s13aTu cucteMy JIIHIMHUX PIBHSHB:

a) metogoM ["aycca; 0) 3a popmynamu Kpamepa; B) MATpUIHUM METOJIOM.

6.1.

6.2.

6.3.

6.4.

6.5.

2%, +3X, +4X; =12,
X —9X, + X3 =33,
A% + Xy =T,

(X — 2X, +3X, =14,
12X + 3%, —4X; =-16,
3%, —2X, —5X; =8,
(X, +5X, —6X, = —15,
13X% + X, +4x%; =13,
(2% —3X%, + X3 =9;

2X, + X, + X3 =2,

/\

3%, +3X, +2X;3 =5,
(X, — Xy + X3 =3,

(3% — X, +Xg =11,

\

OX, + X, +2X; =8,

| X, +2X, +4X; =16;

14

6.6.

6.7.

6.8.

6.9.

6.10.

(2% — X, — 3%y =9,
1 X + 95X, + X3 =20,
3%, +4X, +2X; =15
(X — X, + Xy =1,
12X +2X; =4,

3% +2X%, =3

(2% + X, + 3%, = 7,
12X +3X, + X3 =1,

| 3X, +2X, + X3 = 6;
(3%, — 2X, + 4%, =12,
13X +4X, —2X5 =6,
(2% — Xy — X3 =-9;
(3%, + X, + X3 = 4,

1% +3X, + X3 =6,

X + X, +3%X; =0;



6.11.

6.12.

6.13.

6.14.

6.15.

6.16.

6.17.

6.18.

6.19.

(3% — X, + Xy =12,

.

X, +2X, +4X; =6,
15X, + Xy +2X%5 =3;

(2% — X, +2X3 =3,

.

X+ X, +2X3 =4,
A% + Xy + 4%y =3,
(2% — X, +3X; =4,
S X 3%, — Xy =11,

| X —2X; +2X3 =1,
(3x, +3X, +4x%, =4,
5%, — X, +8X%; = 20,
(4% +9X; — X3 =—8;

.

(2% — X, +2X;3 =8,

IX Xy + 2%, =11,
(A% + Xy +4Xg = 22;
(X +4X, — X; =6,

5X, +4x; =20,

(3% — 2%, + 5% =—22;

N

(% —2X, + 3%, =3,

-

2%, +3X, — X3 =13,
(3% — X, —2X%3 =8;

(3X, + X, — 2%y = =2,

N

X, +2X, +3X3 =7,
(2% +3X%, + X3 =1;

(4% + X, — 3%, =9,

/-

X, + Xy — X5 =2,
8% +3X, —6X; =12;

15

6.20.

6.21.

6.22.

6.23.

6.24.

6.25.

6.26.

6.27.

6.28.

(%, +3X, =6,

1% — X, — X3 =0,

2X, + 2%, +3X5 =—2;
(3%, + X, + X3 = —4,

1 —3X; +5X, +6X5 =36,
| X — 4%y —2X%3 =—19;
(8%, +3X, —6X; =—4,
1%+ Xy — X3 =2,

(A% + Xy — 3%y =5
(Tx + 4%, — Xy =13,
13X, +2X, +3X; =3,
(2% — 3%, + X3 =—10;

)
X, +4X, — X3 =-9,

-

4%, — X, +9%X3 =2,
13X, — 7X3 =—6;
(3%, +2X%, + X3 =7,
19X + X, — X3 =4,
(2% — X, —3X3 =-11;
(4%, — X, =6,

13X, +2X, +5X; =14,
| X —3X, +4%; =-19;
(3%, +5X, +6X; =8,
13X + X, + X3 =4,

X —4X, —2X3 =-9;
(2% +3X%, + X5 =1,
19X —2X, —3X3 =5,

3X + X, + X3 =7;



6.29.

6.30.

.

(8%, +3X, — 6%y = —4,
X, + X, — Xg =2,

(4% + X, — 3%y =5
(3%, — 2%, +4X3 =21,
3% +4X, —2X; =9,

2%, — X, — X3 =10;

~

6.31.

6.32.

-

2%, — X, —3%X; =0,
13X +4X, +2X; =1,
X, + 9%, + X3 =—=3;
(X —2X, +2X5 =2,
12X + X, +3X3 =10,

3% —4X, +6X%; =0.

.

3aBnanHs /. 3HalTH QyHAAMEHTAIbHY CHCTEMY PO3B’SI3KIB OJHOPIAHOI

CUCTEMU PIBHSHb.

7.1

7.2.

7.3.

7.4.

7.5.

7.6.

.

.

.

(6%, +3X, + 2%, +3X, =0,
AX, + 2X, + X3 +2X, =0,
(2% + X, + X3+ X, =0;

(X, + X, +3%X, — 2%, =0,
2%, +2X, +4X; — X, =0,

| X, + X, +5%X; —9X, =0;

(% + X, + X3 + 2%, =0,

X, —2X, —3X%3 + X, =0,
3% — X3 +5X, =0;

(2% +2X, + X3 — X, =0,
3% + X, +X, =0,

=X+ Xy + 2% +2X%, =0;
(2% —3X, + X3 —2X, =0,
6%, —9X, +3%; —6X, =0,
(4% —6X, +2X%; —4X%, =0;
(X, +3X%, +9%;, — X, =0,
2X, —2X, — (X3 +2X, =0,

| X, —5X, —16X; +3X, =0;

16

1.7. 5

7.8. S

7.9.

N

7.10.

-

7.11. S

7.12. <

(X — X, + X5 — 2%, =0,

X, + X, —2X%3 — X, =0,

| X —3X, +4X; —3%, =0;
(3%, —5X, + 2%, +4X, =0,
% —4X, + X3 +3%X, =0,
15X, +7X, —4X%X; —6%, =0;
(6%, +3X, —2X; +4X, =0,
X +4X, —3X; +2X, =0,
X, + X, — X3 —2X, =0;
(3%, + 2%, —2X;3 — X, =0,
X, + 95X, —3%; —2X, =0,
X+ Xy + X% =0;

(3%, + X, — 8%y + X, =0,

X, +11x, —12x; —5x, =0,
| X, =Xy +2X5 +3X, =0;
% +3X, —5X; +9X%, =0,
2%, — 2%, —3X3 — X, =0,

| X, —OXy +2X%3 +3X, =0;



7.13.

7.14.

7.15.

7.16.

7.17.

7.18.

7.19.

7.20.

7.21.

(X — X, + 2%, + X, =0,
15% —2X, + 5% +4x, =0,
| —2X; + X, — X3 —2X, =0;
(2% —2X, —3%X3 — 7%, =0,
I X+ X, —2X5 +4%, =0,

| X — 9%, +2X%3 —16%, =0;
(2% +3X%, + X3 — X, =0,
12X, —5X, —3X; + X, =0,
|—2X +3X; +2%X;3 — X, =0;
(X, +2X, — 3%, +10x, =0,
1% —2X, +3%; —10x, =0,
| X +6X%, —9%;3 + 3%, =0;
(8%, + X, + X3 — X, =0,
33% — 3%, —2X%3 + %, =0,
15X, +4X, +3X%; —2X%, =0;

2%, — Xy +3X3 — X, =0,

.

X, +9X, — X3+ X, =0,

| X, +16%;, —6X5 +4X%, =0;
(5%, — 2X, + 3%y —4X, =0,
1% —4X, —3X; +2X, =0,
6% +2X, — 2%, =0;

(X, —3X, + X3 — X, =0,
97X +2X, — X3 —2X, =0,
(2% 93X, +2X%3 + X%, =0;

.

(—2X, + Xy + X3 +2X, =0;
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1.22.

1.23.

7.24.

7.25.

7.26.

1.27.

7.28.

7.29.

7.30.

-

N

2% + X, = X3 + 71X, =0,
=X+ Xy = 2X3 + 2%, =0;
2% + X, —3%X3 + X, =0,
3% — X, +2X%3 =X, =0,

| X — 2%, +9X3 — 2%, =0;
3%, — X, +12X; — X, =0,
—2X; + X, —10%; + X, =0,
X +2X%3=0;

4%, —2X, +3X; + X, =0,
—2X, — X, —2X3 + X, =0,
(X +2X, + X5 + 4%, =0,
2X, — Xy +3X3 + X, =0,
(2% — X3 +2X%, =0,

X, — X, +2%X3 — X, =0,
3% + X3+ X%, =0;

(—3%, + X, + 2% — X, =0,
2% +3X, — X3 + X, =0,

| X — 2%y +3%X3 + 2%, =0;

A% + TX, +12X%; — X, =0;



3% —2X, — X3 —2X%, =0; 3%, —3X, —12x, —4x, =0.
3aBpnanna 8. JloBecTu, 10 BEKTOpHU c::i, B, E YTBOPIOIOTH 0a3uc

3. prt :
BGKTOpHOFO IPOCTOPY R , 1 3HAUTH KOOpI[I/IHaTI/I BeKTopa d B uromy Gasmuci.

8.1. a=(3-15),b=(20-1),c=(-153), d =(-6;12,-5);
8.2. =(1,51)6=(2 25)6:( -3,-1,0), d =(0;2;6);
83. a=(-134),b=(41-2),c=(2-31),d=(11-12);
84. a=(5-21),b=(-32,-3),c=(0;1;4), d =(8,-38);
85 a=(213),b=(-1-31),c=(L-5-7), d=(86,-4);
86. a=(312),b=(212),c=(-125),d=(123);
8.7. a=(LL3),b=(-32-1),c=(-342), d =(-464);
88. a=(124),b=(-4-31),c=(2-12), d=(-2,-43)
89. a=(2,2,3),b=(34-1),c=(-111),d=(785);
8.10. a=(13;3),b=(-31-2),c=(-3;3,-1), d =(-6;4;,-3)
8.11. a=(113),b=(121),c=(-411), d =(-2,1114)
8.12. a=(2;18),b=(2-31),c=(L-12), d=(2-6,-3);
813. a=(L21),b=(22-3),c=(-LL14), d=(-3-22);
8.14. a=(L21),b=(2-11),c=(-11-3),d=(45-7);
8.15. a=(2;2,3),b=(4;-3-1),c=(-6;1-1), d =(0;0;2);
8.16. a=(L32),b=(-2-13),c=(32-1), d=(-1912);
8.17. a=(121),b=(-41-2),c=(2-31),d=(5-6;2)
8.18. a=(2,13),b=(2-31),c=(L21), d=(-1-12);
8.19. a=(12;3),b=(L-3-1),c=(-4;2-1), d =(12;6)



8.20. a=(1-2,1),b=(0;3;2),c=(LL2), d =(3-6;2)

821. a=(L-2,2),b=(21%-1),c=(3-L3),d =(7;13);
8.22. a=(2-51),b=(-112),c=(3-1-2), d =(6;-10;2);
8.23. a=(21-3),b=(L-2-3),c=(-231), d=(1L-5-14);
8.24. a=(3;-11),b=(531),c=(0;-21), d =(-42,0);
8.25. a=(L2-2),b=(-21-1),c=(1-3-3),d=(24;2)
8.26. a=(-121),b=(131),c=(3-23),d=(0;-L4);
8.27. a=(3-12),b=(-2,2-1),c=(L41), d =(5-13;2)
8.28. a=(L12),b=(2-2-1),c=(2-3-2),d=(124);
829. a=(3,-10),b=(231),c=(-L43), d=(237);
8.30. a=(2;-14),b=(-132),c=(L-2-1),d =(2-3;2)
831. a=(L21),b=(2-13),c=(0;3-1), d=(-212;-6);
832. a=(541),b=(-352),c=(2-L3),d=(7;234)

3ananns 9. 3HaWTH BiAacHI 3HAYEHHS 1 BJACHI BEKTOPH JIIHIHHOTO

oreparopa, 3a1aHOr0 MaTpUIICHO.

5 0 -2

9.1. 4 2 -2|; 9.4.
4 0 -1
1 2 2

9.2. 1 0 3 9.5.
1 3 0
2 -1 0

93. |-1 2 O0]; 9.6.
1 -1 2
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0 -2 2

0 2 O

1 1 3
3 2 2
-1 0 -1¢;
0O 0 1
3 -2 1
O 1 1]|;
0 -2 4
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-4 4
3 0 |;
2 5

-1
0
2

-1 0

4

2 1 0

2

-1 2

—6
3 |;
4

—6
7
0

0
-1
2

—2
3
0

3
4
2

4
5

9.29.

9.30.

5 0 -3
~1 -3;

6 0 -4

3 0

4

6

—2

R
-3

-1

4 O

9.31.

9.32.

4 2
-3 2|;
4 3
5 30

1
0
0

-6 4 0};

-6 3 1

9.25.

9.26.

9.27.

9.28.
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2. 3aB1aHHS 10 PO3aiTy
«AHAJIITHYHA TeOMeTPis»

3apaanns 10. Buznauuty, 3a ssikux 31adedb M, N mpsmi |1 1 |2
a) mapaJieibHi; 0) IepIeHINKYIISAPHI; B) CIIBIAAI0Th; I') 3HAUTH BIJCTaHb MiX
napajieIbHUMHU MPSIMUAMH.
10.1. ‘mX+6y+n=0; 1,:3x+my—-2=0;

l,
102. L :mx+7y+n=0; |,:2x+my—-5=0;
103. 1l :(Mm+D)x+5y+2n=0; |,:3x+my—-4=0;
104.  l,:(Mm-2)x+3y+n+2=0; l,:x—my—-2=0;
105. L :(m+4)x+2y+n-1=0; I,:2x+my—-6=0;
106. L :(m—-4)x—y+n-2=0; I,:3x+my—-5=0;
107 l:(Mm+2)Xx+4y+n-3=0; 1,:3x—my+4=0;
108. L :(M+5x+4y+n+1=0; |,:x+2my—-3=0;
109. |l :mx+3y+n-3=0; 1,:3x+(M+1)y—-n=0;
10.10. L :(M-2)x+5y+n—-4=0; |,:x-(m+1)y—-6n=0;
1011, kL :(m-3)x+y+n-4=0; l,:x-(Mm+1)y—-6n=0;
10.12. L :(M+3)x+2y+n-5=0; I,:2x-(M+2)y—-4n=0;
1013. L :(Mm-D)x+y+n+2=0; I,:3x-(Mm-1)y-2n=0;
10.14. l,:(Mm-2)x+3y+n-3=0; L, :x+(M+1)y+2n=0;
10.15. l:(Mm+3)x+2y+2n-1=0; L,:Xx-my—-6+n=0;
10.16. I, :(m-)x+4y+3n-4=0; I,:x-(M+2)y—-n=0;
10.17. l,:(m=3)x+y+n—-4=0; l,:x—(m+1)y-6n=0;
10.18. I, :(m-=5)x+2y+2n-3=0; |,:x—-(M+2)y—-n-1=0;
10.19. L :(m+2)x+y—-n—-4=0; L :x+(Mm+)y+2n=0;
10.20. L :(Mm+PYx-y+n-3=0; l,:x—(Mm-1)y-3n=0;
1021, L :(Mm-6)x-y+n-2=0; L, :x+(M+2)y—-n-1=0;
10.22. |l :mx+2y+3n-2=0; L, :x—-(m+4)y—-2n=0;
10.23. l:mx—-y+2n-5=0; L :x+(M+2)y+n=0;
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1024. L :(m-D)x-y+2n-1=0;
10.25. I :(2m-)x+y—-n-3=0;
10.26. |,
10.27. I, :(M=3)x-y+2n—-4=0;
10.28. | :mx+2y+n-2=0; I,
10.29. |l :(m-)Xx+2y+n=0;
10.30. | :mx+3y+2n-1=0; I,
10.31. L :(M+3)x+2y+n-5=0;
I

10.32.

L i(M+4)X+2y+n-1=0;

l,:2x-my-n+1=0;
I, :x-(Mm+)y—-n=0;

mx—y+3n-1=0; L,:x-(M-1)y-n-1=0;

I, :X+my-n+1=0;

X+(M+2)y+2n-1=0;
, :X—(M-)y-n-2=0;

X+(M+3)y+n=0;
l,:2x—-(M+2)y—-4n=0;
l,:2Xx+my—-6=0.

3apanns 11. Hexaii touku A, B,C — sepmmnu tpuxyrauxka ABC.

3HalTH:

a) 3aranbHe piBHAHHA i foBxkuny cropoan AB ;

0) KaHOHIYHE PiBHAHHA 1 HoBxkuHy Bucotn CH ;

B) mapaMeTpuuHi piBHAHHA Megiann AM ;

r) Touky neperuny sucotu CH Ta meniann AM :

1) PiBHSAHHS NPAMOI, IO MPOXOAUThH yepe3 Touky C mapanenbHO 10 CTOPOHH

AB:

e) kyt A;

%) oty Tpukytauka ABC .

11.1. A(=2;4), B(3;1), C(10;7) ;
11.2. A(-3;-2), B(14;4), C(6:8);
11.3. A(L;7), B(-3;-1), C(11;-3);
11.4. A(L;0), B(-14),C(9;5);
115. A(L;-2), B(7;1),C(3;7);
11.6. A(-2;-3), B(L;6), C(6:1);
11.7. A(=4;2), B(-6;6), C(6;2) ;
11.8. A(4;-3), B(7;3), C(1,10);
11.9. A(4;-4), B(8;2), C(3;8);
11.10. A(-3;-3), B(5,~7), C(7;7) ;
11.11. A(L;-6), B(3;4), C(-3;3) ;

11.12. A(-4; 2), B(8;-6), C(2;6) ;
11.13. A(-5;2), B(0;-4), C(5;7) ;
11.14. A(4;—4), B(6;2), C(-18) ;
11.15. A(—3;8), B(-6;2), C(0;:-5);
11.16. A(6;-9), B(10; -1), C(-4:1) ;
11.17. A(4;1), B(-3;-1), C(7;-3) ;
11.18. A(—4; 2), B(6;-4), C(4;10) ;
11.19. A(3;-1), B(1L3), C(-6;2) ;
11.20. A(=7;=2), B(~7;4), C(5;-5) ;
11.21. A(-1;—4), B(9;6), C(-5;4) ;
11.22. A(10;-2), B(4;-5), C(-3;1) ;
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11.23. A(-3;-1), B(-4;-5), C(8;1) ; 11.28. A(1;,-3), B(0;7),C(-2;4) ;
11.24. A(-2;-6), B(=3;5),C(4;0) ; 11.29. A(-5;1), B(8;-2),C(%;4);
11.25. A(-7;-2), B(3;-8), C(—4,6) ; 11.30. A(2;5), B(-3;1),C(L 3) ;
11.26. A(0;2), B(-7;-4),C(3;2); 11.31.A(0;2), B(5;2),C(-L0);
11.27. A(7;0), B(1,4),C(-8;—4); 11.32. A(0;6), B(2;-1),C(-2;3).

3apaanns 12. Jlano koopaunatu Bepiun terpacapa ABCD. 3uaiitu:
a) nosxuny peopa AB;
6) piBusauns mpsmoi AB ;
B) piBusuus mwiomuan ABC;
r) kyT Haxuny pedpa AD no mnommnn ABC;
1) mromy rpani ABC;
e) 00’em terpaeapa ABCD;
k) piBHsHHA BucotH DE | omymenoi 3 Bepuman D na rpans ABC;
3) nosxuny Bucotu DE;
) npoekuito E Bepmmnn D na mnomuny ABC;
k) Touky D', cumerpuuny touni D Bimnocno rpani ABC;
1) IUIOIIMHY, IO TPoXoauTh 4yepe3 pedbpo AD mepnenauxymnspro 10 miommuu

ABC.

12.1.  A(2;4;3), B(3,1,5),C(4;9;3), D(3;6;7) ;

12.2.  A(9;5;5), B(-3;7;1), C(5;7;8), D(6;9;2) ;

12.3. A(0;-2;-6), B(3;6;0), C(1,-6;-9), D(0;-1,1);
12.4. A(-2;,-6;-2), B(3,0;6), C(-1-9;-6), D(-2;1,-1);
125. A(-3;,-2;-4), B(3;6;-1), C(-6;-6;-3), D(4;-1,-4) ;
12.6. A(0;7;1), B(2;-15),C(1,6;3), D(3,-9;-8) ;

12.7. A(5;5;4), B(1,-1,4),C(3;5;1), D(5;8;-1) ;

12.8. A(6;11), B(4;6;6),C(4;2;0), D(1;2;6);

12.9. A(-3;-3;-1), B(0;3;7), C(-2;,-6;-5), D(-3;4;0) ;
12.10. A(-2;-1;-3), B(4;7;0), C(-5;-5;-2), D(5;0;-3) ;
12.11. A(-5;-3;-1), B(3,0;7), C(-8;-2;-5), D(2;-3;0) ;
12.12. A(-2;0;-2), B(6;3;4), C(-6;1,-5), D(-10;5) ;
12.13. A(0;-2;0), B(8;4;3), C(—4;-5;1), D(1,5;0) ;

12.14. A(2;2;-2), B(5;10;4), C(3;-2;-5), D(2;3;5);
12.15. A(6;-2;2), B(9;4;10), C(7;-5;-2), D(6;5;3) ;
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12.16.
12.17.
12.18.
12.109.
12.20.
12.21.
12.22.
12.23.
12.24.
12.25.
12.26.
12.27.
12.28.
12.29.
12.30.
12.31.
12.32.

A(=2;-2;0), B(4;6;3), C(-5,-6;-1), D(5,-1,0) ;
A(-2;0;2), B(4;3;10), C(-5;1,-2), D(5;0;3) ;
A(0;-3;-1), B(8;3;1), C(-4;-6;0), D(1; 4;-1) ;
AL L-3), B(4;9;3), C(2;-3;-6), D(1,2;4) ;
A(=3,-2;-1), B(3;7;2), C(-6;-5,0), D(4;-1-1) ;
A -3;1), B(4;3,9), C(2;-6;-3), D(1,4;2) ;
A(-3,-11), B(3;2;9), C(-6;0;-3), D(4;-1,2);
A(2;-4,-2), B(10;2;1), C(-2;-7;-1), D(3;3;-2) ;
A(-2;2;-4), B(110;2), C(-1-2;—-7), D(-2;3;3) ;
A(-1,0;-2), B(5;8;1), C(-4;-4;-1), D(6;1,-2) ;
A(0;-2;-3), B(8;1;3), C(—4;-1,-6), D(1, -2;4) ;
A(-2;-2;0), B(1;4;8), C(-1-5-4), D(-2;51) ;
A(-4;-2;0), B(2,1,8), C(-7;-1,-4), D(3,-2;1) ;
A(3L4), B(-16;1), C(-11L6), D(0;4;-1) ;
A(3-12), B(-1;,0;1), C(L,7;3), D(8;5;8) ;
A(3;54), B(5;8;3), C(1,2,-2), D(-1,0;2) ;
A(0;4;5), B(3;-2;1), C(4;5;6), D(3;3;2).

3aBgannsa 13. BuxopucToByrouMm Teopit0 KBaapaTUYHUX (GOpPM, 3BECTH

PIBHSHHS KPUBOI JPYyroro MOPSAKY J0 KaHOHIYHOTO BUTIIsALYy. Pesynbratu

MPOUTIOCTPYBATH TpadivHoO.

13.1.
13.2.

13.3.

13.4.
13.5.
13.6.

13.7.

13.8.

13.9.

7x% — 24/3xy +5y? + 24/3x—10y = 3;
X2 —6xy + Y2 —4x—4y+12=0;

2x2+4xy+2y2+8x+4y+%:0;

2X° +2Xy + 2y +4x+2y =1;
X? —8xy + y* —20x+20y +1=0;
7x% —6/3xy +13y? — 28x +12/3y +12=0;

—x2+2xy—y2+2x—4y+%:0;
3x% —2xy +3y? —4x—4y =12;

2X° —4xy+2y2—4x+8y+%=0;
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13.10. 2X* +5Xy+2y°—6x—-3y—8=0;
1311, X2 —xy+y?—-2x—-2y—-2=0;
13.12. 2X° +4xy+2y? +8x+6y+1=0;
13.13. Tx? —2xy+7y? —48x—48y+144=0;
13.14. X* —4xy—y? —4x—-2y+2=0;
13.15. X°+2Xy+Yy°—8x—4y+1=0;
13.16. 2X* —2xy+2y? —2x—2y+1=0;
13.17. X% +2xy+ Y2 —2x-3J2y+4=0;
13.18. 5x? +8xy+5y*—8x—-10y—4=0;
13.19. 2x% —4/3xy —2y? +12/3x+12y —54=0;
1320. X?—4xy+y?-2x+4y=1;

1321, 9x*—4xy+6y° +16x—-8y—-2=0;
13.22. 3x?+2xy+3y* —12x—4y+1=0;
13.23. 3x° —4xy+3y* +4x+4y+1=0;
13.24. 3x* —2xy+3y* —6x+2y+1=0;
13.25.  9x% —24xy +16y? +20x+110y =50;
13.26. 2X°—2xy+2y*+6x—-8y—-3=0;
1327. —2X° +2Xy—2y? —6Xx+6y+3=0;
13.28. X?+4xy+4y? —20x+10y =50;
13.29. —4x*+2xy—4y® +10x-10y+1=0;
13.30. 3x° —2xy+3y?+4x—4y=12;

1331, —X*—4xy—y? —4x-2y+2=0;
1332, —3x*+4xy—3y? +6x—4y+2=0.
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PO3B'A3AHHA TUITIOBOI'O BAPIAHTA

3agaui 10 po3ainy
«JliniiiHa aaredpa»

3agaya 1. Buxonatu il HaJ KOMIUIGKCHUMHM YHUCJIaMHU B anreOpaidHiil
dbopmi

'8. . \2
(3 ZI) +(i—1)3.
1+2i
Po3B’si3anHs1. BukoHaeMo riepeTBOpeHHs
i°.(3-2i)° 5 4 4 (3-2i)° 5
i—1)° =!i® =(i?) =(-1 :1}:— i—1)° =
1+ 2i +(i-1) {I (I) (=) 1+2i +(i-Y)
- .2 -
B e VLI R B S
1+ 2i 1+ 2i
_ - _ - . ._ - .2
G 12_|)(1 2_|)+2i+2:5 10 -12i+ 241 . _
(1+2i)(1-2i) 12— (2i)’
-19-22i . -19-22i+10i+10 -9-12i 9 12.
= " 1 di+2= = =-2_5j,
5 5 5 5

3amaua 2. Buxonarm il  Hag  KOMIUIEKCHUMHA  YHUCJIIAMUA B

TPUTOHOMETpUUHIN Popmi
-1 (1)
(1+i)’ |

Po3p’A3aHHs. 3anuIIeMO KOXKHE 3 KOMIUIEKCHUX 4YHCEN Z; =l—i\/§,

Z, =— 3+1, Z3 =141 y mpuconomempuuniii popmi
z=r(cosg+ising),
e r=+a’+hb? - MOOyIb KOMIUIEKCHOTO uucna Z=a+Dbi, g=argz -

20J106He 3HAUeHHs apeyMeHm)y KOMIUIEKCHOTO 4ucia, —7 < algzZ < 7z. ['onoBHe

SHAYCHHA apryMCeHTY MOKHA BU3HAYHUTH 34 IIPABHUIIOM!
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b
arctg—, saxmo a >0,
a

arctg9+7z, axmo a < 0,b>0,
a

argz:<arctgg—7z, axmo a < 0,b <0,
a

%, sxmo a=0,b >0,

—%, ﬂKmanO,b<0.

Jas 2, =1— i\/§ JTICTAEMO

_ |2 2 _ —\/§_ oz
rl_\/l +(—\/§) =2, ¢1—arcth_arctg(—J§)_—§,
T - T
Z, =2| COS| —— |+IsIn| —— | |.
({5 isn(-5))
Jns 2, =—+/3 +1 micraemo

. 2 2 _ 1 _ T _572'
rz_\/(—\@) +1° =2, ¢2—arctg_—\/§+n_—g+n_?,

( or .. 572)
Z, =2| COS— +1sIn— |.
6 6

Jst Z; =141 nicraemo

r,=v12 +12 =4/2, gogzarctgl:%,
T . . T
z,=2| cos=+isin= |.
i ( 4 4)

3a gpopmynoro Myasepa

2" =(r(cosg+isin (p))n =r"(cosng +isinng)
IICTAHEMO

z) = (1— i\/§)6 =2° Ecos(—%zjnsin(—%jj -
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= 2°(cos(—2x ) +isin(-27))=2°(cos0+isin0),

4 . .
z§=<—x/§+i) :24(cos4§7[+isin465ﬁj:

=24 [cole—ﬁJrisin 10—”) =24 cos(—z—ﬁjﬂsin(—z—”j ,
3 3 3 3

(\/E)B(COSST”HSin 87”): 2% (cos0+isin0).

.\8
zg =(1+1)
3a  gopmynamu 0obymky ma uwacmku JJi1 KOMIUIEKCHMX YHCEN
z, =1 (cosg +ising,), z, =T,(Cosg, +ising,),  sagamnx vy
TPUTOHOMETPUYHIN Hopmi

47, :rl-r2(COS(¢1+(02)+iSin((01+(02)),

Z, f c
—1:—1(COS(¢1—§02)+|Sm((01_¢2))’
Z, L

3HalgeMO

o) (i) 220 a0 5]

(1+i)8 2*(cos0+isin0)

2ol el ) 2[4 )

=25 _2°\3i=—32-32.f3i .

3agaua 3. Po3B'si3atu piBHSHHS

® ~1+i/3=0.
Po3w’sizamnst. Ockimbku Z° =1— i3 = Z(COS (_%j Fisin (_%jj 0

3a hopmynoro oouucnenns kopenie N-20 cmenens 3 KOMHIEKCHO20 YUCIA

Q/_:Q/F(cosmﬂsin(wrz”k], ae k=0,1,...,n-1,

n n

ICTAaEMO
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zk:{:%/E(cos_ﬂ/gi_;z”k+isin_ﬂ/3;2ﬂkj, e k=0,1,2.

OTxe, KOpEHSIMHU PIBHSIHHS €:

20:3/5 cos(—z)ﬂsin(—zj , 21:35(0035—”+isin5—ﬂj,
9 9 9 9
Z, =§/§(cos%+isin %) =3/§[cos(—%j+isin(—%n.

3agaya 4. 3HaiiTu 3HaYCHHS MapamMeTpa a, 3a AKOTO BHU3HAYHUK JOPIBHIOE

HYJIIO
3 1 2
4 0 -1
-1 a -2 1|
3 2 4 1

Po3B’si3anHsi. OOYUCIMMO BU3HAYHUK MEMOOOM 3HUNCEHHS NOPAOKY, 110
0a3yeThCsl HA 3aCTOCYBAaHHI TEOPEMH IPO PO3KJIAJ] BHU3HAUHMKA 3a €JIEMEHTaMU
nesikoro psaka (crosmus). Ilpu mpoMy, 3a3gaiieriib HAKOMUYYeEMO HYJI B
JESKOMY PSAKY (CTOBMIIO), BUKOPUCTOBYIOUM BJIACTHUBOCTI BU3HAUYHHUKA MPH
3aCTOCYBaHHI €JIEMEHTAPHUX MEPETBOPEHB /10 PAIKIB (CTOBIIIIIB) BUSHAYHUKA.

BukoHnaeMo, HanpuKIa, MEpEeTBOPEHHS 3 TPETIM PSAKOM.

Jlonamo [0 MEepHIOro CTOBMISI OCTaHHIM CTOBIELb, a /0 TPEThOTO —
OCTaHHIM CTOBICIb, TOMHOKCHUM Ha 2

1 3 1 0 1310
1 4 2 3 4 4 2
1 a -2 1 |0 a0 1
3 2 4 1 |4 26 1

OTpuManii B TpPETbOMY pANKY JBa HEHYJIbOBHUX €JE€MEHTH. Po3kmamemo
BU3HAYHHK 32 TPETIM PAIKOM. 3aKPECIHMBIIHM TPETIM PATOK 1 MOYEPTOBO APYTUN
CTOBIIELIb 1 YETBEPTHUIl CTOBIIEIb, OTPUMAEMO

1310
s 44 o 110 131
—a-(-1"%-13 4 2[+1-(-1)""* |3 4 4

0 a 01
4 6 1 4 2 6

4 2 6 1
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Tenep 3amumIIOCh OOYHMCIUTHA JIBa BU3HAYHHKK TPETHOTO TMOPSAKY.
[lepmmmii 00YUCINMO 38€0eHHAM 00 MPUKYIMHO20 8U2IA0Y, NIPYTUN — 38 NPAGULOM
MPUKYMHUKIE.

BukopucroByroun OCHOBHI BJIACTUBOCTI BHU3HAYHUKIB, 3BOJMMO TEPIIHMA
BU3HAYHUK JIO0 TAKOTO BUTJISATY, KOJU BC1 €JIEMEHTH, SIK1 3HAXOIATHCS 10 OJIUH 01K
BiJl TOJIOBHOI JliaroHaJIi, IOPIBHIOIOTH HYIIO. TO/1 BU3HAYHHK JTOPIBHIOE TOOYTKY
€JIEMEHTIB I[i€1 AlaroHaii.

CnoyaTky 10 Ipyroro psjka JoAamo MepIInii, TOMHOKEHUA Ha (—3), 10
TPETHOIO PsAKA — IEpPIIMK, MOMHOKEHUN Ha (—4). Jlani 10 TpeThoro psaka
J01aMO IPpYTHM, IOMHOKEHUHN Ha (—2). Otpumaemo

110 (1 10 |11 0
3 4 2=0 1 2/=[0 1 2[=11(-3)=-3.
4 6 1 |0 2 1] [0 0O -3

JJist Ipyroro BU3HAYHHUKA MA€EMO

1 31
3 4 4/=1-4-6+3-2-1+3-4-4-4.4.1-4.2.1-3-3-6=0.
4 2 6

VY pesynbTari OTpuMaEMo

1 3 1 0
1 1 0 |1 3 1
1 4 0 2
=—a-|3 4 2/-|3 4 4=—a-(—3)—0=3a.
-1 a -2 1
4 6 1 |4 2 6
3 2 4 1

Busnaunuk gopisaioe Hyiro, koau 38 = 0. Omke, 3a 3HaUEHHS MapaMeTpa
a = 0 BU3HAYHMK JOPIBHIOE HYIIIO.

3anaua 5. Po3B’s13aT MaTpu4He piIBHSIHHS

s o)

Po3p’s3anns. (19 3HAXOKEHHS 3 PIBHAHHSA HeBimomoi Matpumi X
MOTPIOHO JOMHOXKWTH 3J1iBa OOM/IBI YaCTUHU PIBHSHHS HA MATPHIO, OOCpHEHY

(1 2
a 1 .
A0 MaTpuIl 5 _3
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Maemo

1 2Y' (5 9
X = -

5 -3) |4 7
O0UHCIIMO 0OepHeHy Mampuyo 3a Gopmyioo

(3 -0

Ay, A\A,

agq
Ayq

ne A — euznaunux Matpuiti A, Aﬁj — aneebpaiuHi 0ONOBHEeHHs IO €IEMEHTIB a:: ,

I, ] =1,2, marpuni A.

1 2
A=

Av=(-1)"(-3)=-3 A,=(-

An=(-1)"-2=-2, A,=(-1)

Toni, oOepHEHA MAaTPUIISI MA€ BUTJIS

J.

1)l+2 . 5

Aot
Ao

)

ij

=-3-10=-183,

5,
1.

242

1

1 2 1 (-3 -2
(5 —3} _——13[—5 1)'
Otxe,
1 (-3 -2)(5 9) 1 (-3-5+(-2)-4 -3.9+(-2)-7)
_——13(—5 1)(4 7)‘——13( 5.5+1-4  —5.9+41.7 j_
23 41
1 (-23 —41\ |13 13
:—_13(—21 —38j: 21 38|
13 13

3agaya 6. Po3p’s3aTu cuctemMy JiHIHHUX PIBHSHB!

0) 3a hopmynamu Kpamepa;

a) metojaoM ["aycca;

2%, +4X, —3%X; =2,

3% — X, —=3%X3 =—1.
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Po3B’si3annsi: a) metoa I"'aycca

3anuimeMo pO3MUPEHY MATPHUINI0 CHUCTEMHU 1 3BEAEeMO ii O TPUKYTHOTO
BUTJISIAY 32 IOTIOMOTOI0 €JIEMEHTAPHUX MEPETBOPEHD PSIAKIB MATPHILI.

JIns uporo 10 ApYyroro psiaka JTOJAEMO TMEPIIAN PSAOK, TOMHOKEHUN Ha

(—2), 10 TPETHOrO — MEPILIMHA, IOMHOKEHUM Ha (—3). Jlati MOMHOXKHUMO TPETii

1

pPAIOK Ha (——j 1 TIOMIHSEMO MICIIIMH JIpYTHM 1 TpeTikl psiaku. Temep 10

TPETHOTO PAIKA JOAAEMO JPYTHA, IOMHOKEHHUI Ha 6.

1 5 -13) (1 5 -1/3) (1 5 -13
2 4 -3[2|~|0 -6 -1-4|~|0 -6 -1-4|-~
3 -1 -3-7/ (0 -16 0]-16) |0 1 0|1

1 5 -13) (1 5 -1|3

~lo0 1 of1|~]0 1 o]t

0 6 -1-4/ (0 0 -1)2

B pesynbTaTi cuctema HaOyBa€ BUTIISTY

X, +5X%, — Xy =3, X =-5-1+(-2)+3=—4
X, =1, 3BigKH Xy =1,
_X3 = 2, X3 = _2.
0) 3a popmysamu Kpamepa
3a popmynamu Kpamepa:
A A A
Xl—_l, X2—_2, X3:_3,
A A A

ne A — BU3HAYHWK CUCTeMH, BH3HAuHHMKH A, A,, AS OTpUMaH1 3 OCHOBHOTO

BU3HAYHUMKA A 3aMiHOO, BIIIIOBIIHO, HEPIIOTro, APYroro Ta TPETHOIO CTOBIIIA
Ha CTOBIICIlb BUTLHUX YJICHIB CUCTEMHU.
OTxe, MaeEMO:

1 5 -1 3 5 -1
A=[2 4 -3=-16, A =|2 4 -3=64,
3 -1 -3 2 -1 -3
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1 3 -1 1 5 3
A,=l2 2 -3/=-16, A,=[2 4 2|=32
3 -7 -3 3 -1 -7
_64_, 6, 32 _

=——=-4 X, =—— = X, =—— =
~16 2" _16 T _16

B) MATPHYHHIT MeTO]

X

3anuiieMo CUCTEMY PIBHSIHb Yy MATPUYHOMY BUIJISII

A-X =B,
e
1 5 -1 X, 3
A=|2 4 3|, X=|x| B=|2
3 -1 3 X —7
P03B’H30K CUCTCMHU B MATPUIHOMY BI/II‘JUII[i ITYKa€EMO 3a q)OpMYJIOIO
X =A".B,

-1
ne AT — oOepHeHa MaTpHIIs, IO 3HAXOAUTHCS 33 POPMYIIOI0

(A A A
A A A
Ay Py A

A — Bu3sHaYHUK OCHOBHOI Marpuui A cucremy, ’Aﬁj — anreOpaiuHi TOMOBHCHHS

710 eNEeMERTiB &, I, ]=12,3, marpuui A.

A, :(—1)1+1, _41 :2‘ =-15, A, :(_1)2+1. _51 :;‘ —186,
A, =(-1)* i :i‘ _
e ra mnr oo
%fFﬁ%;:$ﬂ
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2 4 1 5
— (-1} =14, A, =(-1)". =16,
As=(-1) _1‘ A =(-1)"0 )
1 5
—(1 3+3. =—6,
. -15 16 -11
A‘l_E 3 0 1
l-14 16 -6
Po3B’s130K cuctemMu
X, -15 16 -11)( 3
X =| %, =% 3 0 1 ||2|=
X,  \-14 16 -6 (-7
~15-3+16-2+(-11)-(~7) 64\ (-4
_ 1 -3-3+0-2+1-(-7) _ 1 -16 |=| 1
-16 -16
~14-3+16-2+(-6)-(-7) 32 ) (-2

Otxe, X, =—4, X, =1 X;=-2.

a4 . 3HaUTH HAAMEHTAJIbHY CHCTEM 03B’SI3KIB  OJHOPIIHOIL
3agaua /. 3 y y y ’

CUCTEMU PIBHSHb
X, +2X, +4x%; —3X, =0,
3%, +5X, +6X3 —4x, =0,
A%, +5X, —2X; +3X%, =0.
Po3p’si3anHsi. CrnoyaTKy 3HAaXOJUMO 3arajbHUN PO3B’SI30K OJHOPITHOI

cucrtemu metonoM [ayca.
BunumieMo MaTtpuiro CHCTEMH 1 BUKOHAEMO €JIEMEHTapHI IepeTBOPEHHS

psakiB MaTpuiii. [{o apyroro psaka g0/1a€Mo NepIiinii, TOMHOKEHUN Ha (—3) , 10
TPETHOTO — MEPIIUN, IOMHOXECHUN HA (—4). Jani 10 TpeThoro psakKa J0JaEMO

JIpyTUi, TOMHOXEHUN HA (—3). OTtpumaemo
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1 2 4 -3 1 2 4 -3 1 2 4 3
3 56 4|~-]10 1 6 5 |~|0 -1 6 5
4 5 -2 3 0 -3 -18 15 00 0 O

Maemo, Mo MaTpuis Ma€ JBa HEHyJIbOBI PSIKM MIiCHISA IPAMOTO XOMy
merony I'aycca. Panr matpuni F =2<nN=4, ne N — 4ncno Hepimomux. Tomy
cucteMa Mae 2 bazucui sminni Ta 4—2 =2 ginoni 3minni. 3a 0a3WCcHI 3MIiHHI

BUOEpeMO X, X, , a 3MiHHI, 110 3aJMIIMINACH, X3, X, € BUILHUMH.
CraBuMO y BIJTIOBIIHICTh MAaTPHIIl CIIPOIIEHY CUCTEMY
X +2X, +4X; —3X, =0,
{—xz —6X3 +5X, =0,

ne X, X, —0asucHi 3MiHHI, X5, X, — BIJbHI 3MIHHI.

X, +2X, = —4Xqy +3X,, X, =—4%g + 3%, —2(—6X5 +5X, ),
{xz =—6X; +5X,, X, =—6X5 +5X,,

X, =8X; —7X,,

{xz = —6X; + 5X,.

3azanvuuil po3e’ 130k 00HOPIOHOI cucmemu
ITepenosnaunmo 3miHH1 X3 =C;, X, =C,.

3aranbHU PO3B’ 30K 3aMUIIEMO Y BUTIISAII

X 8¢, —7¢,

X —6¢C, +5C

2 |_| 70T ¢, ¢, eR.
X3 G

Hoknmasum C, =1, ¢, =0 ta ¢, =0, C, =1, 3 3araneHOr0 po3B’s3Ky

OJIEPKYEMO yHOamenmanvHy cucmemy poss’szkie (OCP) — 6a3uc mpocropy

PO3B’S3KIB OJJHOPITHOT CUCTEMHU JIIHIHHUX PiBHSHB!

8 —7

— | -6 — 5
€ = 1| €, =

1
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3anxaua 8. JloBecTy, 1110 BEKTOPH
a=(213), b=(2-31), c=(121)
yYTBOPIOIOTh Ga3HC BEKTOPHOTO MpocTopy R°, i 3HalfTH KOOpAMHATH BekTOpa

d= (0;11; 3) B LIbOMY Oa3uCi.

. p3 - .
Posp’sizanns. basucom 6 npocmopi R 6yne Tpilika niHIMHO He3aIeXKHUX

BEKTODIB. Posristaemo JTHIHHY KOMOIHAIIFO o a+a, b+ 05 C,

oy, a,,a;€R, 1 po3s’smkemo piBHSAHHS ala + a, b+ a3 C =0 BigHOCHO
HEBIIOMUX Oy, Oy , O3. Maemo
4 (2;13)+ a, (2,-3,1)+ a3 (1, 2;1) =(0;0;0).

BpaxoBytoun yMOBY pIBHOCTI JBOX BEKTOpIB, OTPUMAaEMO CHUCTEMY
JIHIAHUX OJTHOPITHUX PIBHSAHb

204 + 20, + a3 =0,
o, —3a, + 204 =0,
3oy +a, + a5 =0.

OCK1IBKY BUBHAYHUK CUCTEMH HE ,Z[OpiBHIOG HYJIIO

2 2 1
1 -3 2/=10=%0,
3 1 1

To cucreMa Mae eauHui po3s’ssok o =0, @, =0, a;=0. Omxe, 3anani

8EKMOPU JIIHIUHO HE3ANEMHCHI.
Bekrop d = (0;11; 3) poskiajzeHuii 3a OasucoM a, D i C, skmo
d=xa+X,b+X;C, ne X, X,, X3 — HeBigomi uncna (KOOPAMHATH BEKTOpA

d y manomy 6asuci).
3anuiieMo piBHSIHHS

(0;11;3) =% (21;3) + %, (2,-3;1) + x5 (1, 2;2).
HicTaemo cuctemy piBHSHb
2% +2X, + %3 =0,
X, —3X, + 2% =11,
3% + X, + X3 =3.
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OTpumaHy cucTeMy JIIHIHHUX PIBHSIHB PO3BSIKEMO METOI0M [ aycca.

2 2 1|0 1 -3 211 1 -3 2|11
1 -3 211|~|2 2 1|0 |~|0 8 -—3|-22|~
3 1 1|3 3 1 1|3 0 10 -5|-30

1 -3 2|11 1 -3 211 1 -3 2|11
~|10 -2 2|8 |~|0 -2 2/8 |~|0 1 -1-4\|
0 10 -5|-30 0 0 5]10 0O 0 1|2
[Ticnst mepeTBOpEHb MAEMO CUCTEMY

X, —3X, +2X%; =11, X =1

X3 =2, X3 =2.
Po3B’s30k cuctemu X =1, X, =—2, X3 =2.

ykanuii poskiao éekmopa

d=a-2b+2c.

3amaya 9. 3mHailiTu BIacHI 3HAYEHHS 1 BJACHI BEKTOpU JIHIHHOIO

oreparopa, 3aJIaHOr0 MaTPHUIICHO

2 0 -1
A=1 1 -1/
-1 0 2

Po3p’si3anns. 3anuiieMo XapakTEPUCTHYHE PiBHSIHHS |A— /1E| =0,

TOOTO

-1 0 2-2
POBKJ’I&I{&CMO BHU3HAYHUK 3a IPYI'UM CTOBIIICM, OTPUMAEMO
(1-2)-(-1)*((2-2)" -1) =0,
(1-1)(4*-42+3)=0;
(1-2)(2-1)(4-3)=0;
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A=2 =1 2 =3.

Maemo enacni snavenns: Ay =1 — kparne, nokasHuk kpartHocti K =2,

A3 =3 —mpocre, kK =1.

Cucrema piBHAHB Ul BU3HAYEHHS BIACHUX BEKTPIB MAc BUTJIS]
(A-1E)e=0,
abo
(2—2)% —%; =0,
X +(1=A)%, — %3 =0,
X +(2-21)%; =0.
[incraBumo nocninosHo 4, =11 A; =3 B 3anmucany cucremy.

1. 4, =1, k = 2. Cucrema npuiimae Burisin

Posp’sxkeMo cuctemy metoaom [aycca.
1 0 -1 1 0 -1
1 0 -1|~{0 0 O
-1 0 1 0 0 O

Maemo, mo panr marpuni cuctemun F=1<n=3, ne N — wunucmo
Hesimomux. [Ipu nibomy Oyze 1 6asucHa 3minHa i 3—1=2 BinbHi 3miHHi. OTKe,
ICHy€ JIBa JIHIMHO HE3aJCKHUX BJIIACHUX BEKTOPH, IO BiAMOBIIAIOTH BIACHOMY

sHadennio A, =1.
CnpolieHa cuctema piBHSIHb Ma€ BUTJISA

X — X3 =0, X1 = X3,
X, =C, € R, X, =C, € R,
X; =C; € R, X; =C; € R,

ne X, — OasucHa 3MmiHHA, X,, X3 — BIIbHI 3MiHHI. SIKIIO BUIEHMM 3MiHHUM

MOCTiI0BHO Hajath 3HadeHHs X, =1, X3 =0; X, =0, X3 =1, orpumaemo:
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X =0, X =1

X, =1, X, =0,
X; =0, X; =1.
Otxe, QyHmamMeHTalbHA CHCTEMa PO3B’S3KIB OJHOPIAHOI CHCTEMH Ma€e
BUTJISI:
0 1
e=|1|, e=|0
0 1

Ve CyKYIHICTD 81aCHUX 8eKMOpIis, O 8i0n08i0ar0ms 61ACHOMY 3HAYEHHIO

A =1, mae Burimsin

0 1
X, =C|1]+6| 0|, ¢,ceR, |gf+|cy|#0.
0 1

2. 4, =3, k =1. Cucrema npuiimae BUTIISL
—X; — %3 =0,
X —2Xy — X3 =0,
—X, — X3 =0.
Po3B’spxkeMo cuctemy metoaom ['aycca.
-1 0 -1 -1 0 -1 -1 0 -1 1
1 -2 -1|~j1 -2 -1|~|0 -2 -2|~|0
-1 0 -1 0O 0 O 0O 0 O 0 0O

Maemo, mo panr matpuii cucremu F=2<N=3, ge N — uucio
HeBimomux. Ilpu npomy Oyme 2 GasucHi 3minHi Ta 3—2 =1 BinbHa 3MiHHAa.

Otxe, iCHy€e OIMH BIIACHHIT BEKTOP, 1110 BiAIOBiIa€ BIaCHOMY 3Ha4YeHHIO A3 = 3.

Crporiena cuctema piBHSIHb PUWMAE BUTIIS]

X, + %3 =0, X; =—Xs,
X; =C3 €R, X; =C3 €R,

ne X, X, —0a3ucHi 3MiHHI, X3 — BlIbHA 3MIHHA.
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[Ilo6 oTpumaTH (QyHAAMEHTAIbHY CHCTEMY PO3B’S3KIB  OIHOPIIHOI

CHCTEMH, HaJaMO BiNbHIN 3MiHHIi 3HaueHHs Xg = 1:

Ve CyKyIHICTD 81aCHUX 8eKmMOopis, O 8i0n08i0aroms 61ACHOMY 3HAYEHHIO

Ay =3, Mae BurIISII
-1
Xﬂ@:c 1|, ceR, c¢=#0.
1
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3anavi 10 posainy
«AHAJIITHYHA TeOMeTPis»

3agaya 10. Busnauuty, 3a sikux 3HaueHb M, N npsmi
L, :(m+1)x+y+n=0; |,:2x+my+1=0:
a) MmapaJelibHi;
0) nepreHIuKYISApHi;
B) CITIBIIaJIal0Th;
I') 3HAWTH BIACTaHb MK MapajieIbHUMH MPSIMAMH.
Posp’sizanns. Skwo npsmi |, i |, 3amani saranenumun piBHAHHAME
AX+BYy+C,=0i AXx+B,y+C, =0, to ymoBa napanensHOCTI MpsIMAX —
A_E
A B
a yMOBa NEPIEHIUKYISIPHOCTI —

AA, +BB, =0.

_ . m+1 1 _ 2
a) mpami napanenvni, xomu ——=—, 3Bigkm M +mM—2=0,
m
ml - 1, m2 - _2 .
6) Bigmosimwo, mpami | i |, nepnemouxynspmi,  xonu

(m+1)°2+1-m=0,313iz[1<1/1 m:—g

B) IIPsIMI1 30iearomuvcs y pa3l BUKOHAHHS YMOBH

m+l 1 n
2 m 1
3BiICH MAaEMO CUCTEMY:
m+1=2n, |[m=2n-1, m=2n-1,
{1=mn, (2n-1)-n=1, |2n’-n-1=0,

1

i micraemo aBi mapu 3Haven M=1, Nn=1abo M=-2, n=——.

r) i3 MyHKTa &) MaeEMO JIB1 MMapy NMapajesibHUX NPSIMUX
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l:2Xx+y+n=0; 1,:2x+y+1=0
Ta
l:=x+y+n=0; 1,:2x-2y+1=0.

3HailnemMo sidcmani midic npsamumu 3 IEPUIOT MapH.

Ockinpku 3a7aHi MmpsiMi MapaienbHi, TO BiJICTaHb MK HUMH JOPIBHIOE,
HaNpUKIa/l, BiACTaHi BiJ TOBUIbHOI TOUKH JIPYroi IpsAMoi 10 mepiuoi. 3HaXoauMo
noBibHY Touky Ha mpsmii 2X+Y+1=0: mexai X=0, Tomi Yy=-1.
Bincranp Bixg Touku M, (O; —l) mo npsimoi 2X+ Y +N=0 obuncmoemo 3a
dbopmyoro

|A1'XO+Bl'yO+Cl|.

P(Mo’ll): \/m

B 2:0+1-(-1)+n| |n-1

p(|\/|0,|1) W 5

Cnig BiJ3HAYUTH, IO B JAHHOMY BHIIQJIKy BIJICTaHb 3aJICKHUTh BIJI

OT1xe, MaEMO

mmapamerpa N.

3agaua 11. Hexait touxm A(4;3), B(-3;-3),C(2;7) - sepummnn
tpukyrurka ABC . 3uaiitu:
a) 3araybHe piBHAHHA i noBxkuny cropoan AB ;
0) KaHOHIYHE PiBHAHHA 1 HoBxkuHY Bucotn CH ;
B) mapameTpuuHi piBHAHHS Megianu AM ;
r) Touky nepetuny Bucotu CH Ta menianu AM ;
1) PiBHSAHHS MPAMOI, O TPOXOAUTH uepe3 Touky C mapanensHo 10 CTOPOHH
AB:
e) kyt A;
%) oty Tpukytauka ABC .

Posp’szanns. [Tosnaunmo koopauHatu touok A, B, C uepes (Xl; yl),

(XZ; Y, ), (X3; Y3 ), BIITOBITHO.

Ha Puc. 1 nooynosanuii pukytauk ABC .
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Puc. 1

a) OCKiNbKH BigoMi koopauHatu Touok A i B, To Bukopucraemo dpopmyiy

PIBHSIHHS TIPSIMOT, IO MTPOXOAUTH Y€pe3 B TOUKU
X=% _ Y=\

X=X Yo=Y
Orpumaemo pisasuus croponn AB

x-—4 y-3
-3-4 -3-3°

3BIJIKH
—6(x—4):—7(y—3) abo 6X—-7y—-3=0
— 3qzanvre pienanns cmoponu AB.
Hoeoxncury cmoponu AB 3nalinemo 3a popmyioro BigcTaHi MiXk TOUKaMU

|AB| = (%, =%, ) + (¥, V1) =/(-3—4)° +(~-3-3)" =/B5.

44



0) sanumiemo piBusHHs croponr AB y Bumismi piBHAHHS 3 KyTOBUM
KOe(ILIEHTOM:

6 30
7v=—6x+30 abo y="x_>2
y w0 Yy=oX7

Maemo, mo kyroBuii koedimient mpsmoi AB  K; =?. 3 ypaxyBaHHSIM

ymoBu neprenaukyispaocti npsmux AB i CH xyroBuii koediuienr Bucotu
3HAXOAUMO 3a (popMyII0I0

7

10610 K, = ——.

3amumemo pisusuans Bucoth CH  3a Toukoro C(2;7) i xyroBum

7

koedimientom K, = ——

y—7 XxX-2
~7 6

y—7:—g(x—2) abo

— kanoniune pienanns eucomu CH .
Hoeoncuny eucomu CH 3malinemo sk BiacTaHb Big TOYKM IO IPAMOI 3a
dbopmyIioro

6-2+(- )7+( 3)\ 40
Jo? + 85

B) 3a QOpMyJaMHu CEpEIMHH BIJpI3Ka 3HAXOJMMO KOOpIAMHATH Xy, Yy

ICH|=p(C, AB) =

cepemuan M Binpiska BC:
X, +X3 —3+2 1 Yo +Y; —3+7
X = = =——, = = = 2 .
M 2 2 2 v 2 2

Bexrop AM = (Xy — Xi; Y —yl):(—%—4; 2—3]:(—%;4} -

Hanpsmuuii Bektop npamoi AM . 3a HanpsaMHMII BEKTOp MOMHA B3STH TaKOX

BekTop S = 2AM = (—9; —2).
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Omxe, napamerpuuni piBusHusS Megiann AM | 1o npoxoauts yepes Touky

A(4;3) 3 HaPAMHHUM BEKTOPOM SAM =(Mam i Naw ) =(—9;—2), samucyemo

teR; teR
Y=Y +Nuy L, y=3-2t,

— napamempuuni pieusanns medianu AM .

TakK

r) Jus sHaxomkeHHs koopawHat toukd N neperuny Bucotm CH Ta
memiann AM ckiamaemo cucremy piBHSHb

(y-7 x-2
_7 6 X=4-9t,
IX=4-9t, a6o y=3-2t,
y=3-2t, 7X+6y—-56=0.

\

[TixcraBnstemo Bupasu juist X i Y 3 piBustab memianu AM B ocranme

piBustaas Bucotd CH Ta orprumaemo
7(4—9’[)+6(3—2t)—56 =0,
—75t =10,
2

3Bigku { = ——

15
Maemo, mo X=4-9- —ijzﬁ, y=3-2- —£j=4—9 , TOOTO
15 5 15 15

N (?,%J — mykana mouxa nepemury CH i AM |

1) OCKINEKU TpsAMa, IO MPOXOIUTh Yepe3 Touky C (2; 7), napanenbHa 10
croponn AB, To 3a HOpManbHHMIl BeKTOp IIyKaHOi NpPAMOi GEpeMO BEKTOP
Nag = (AAB; Bas ) = (6; —7) — HopManbuuii Bektop npsamoi AB . Toxi mykane
PIBHSHHS Ma€ BT

Ang - (X—%5)+Bpag - (Y—Y¥3)=0 abo 6(x—2)-7(y-7)=0.
Otxe, pisuanns npavoi CD || AB
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6Xx—-7y+37=0.

e) kyr A tpuxytnuka ABC — kyT Mix BekTopamu AB i AC. Toxi kyr A
3HAXOAMMO 32 (POPMYJIIOIO

cosA_ PB-AC
el Jac]

ne AB- AC — ckanspuuii 106yTOK BEKTOPIB

AB =(%— %Y, — ¥, )=(~7,-6)

AC=(%—%iY;— Y1) =(-2:4).

Tomi
—7-(—2)+(—6)-4 -10 1
COSA= = =— ~—0,2425,
)+ f(2f car VIO A7
sBigxu kym A ~104°.

&) ITnowy mpuxymnuxa ABC 3maiinemo 3a Gpopmyioro

1 1 40
S =—AB-CH =—--485-—=20.
AABC 2 2 /_85

3apaua 12. JlaHo KOOpIMHATH BEPITUH
A(4;7,8), B(-113;0), C(2;4;9), D(1;8;9)

terpaeapa ABCD. 3naiitu:
a) nosxuny peobpa AB;
6) piBusanns npsmoi AB ;
B) piBasuus mwiomuan ABC
r) kyt Haxuny pebpa AD no mnomunu ABC;
1) mromy rpani ABC;
e) 06’em Terpacapa ABCD;
) piBHsHHA Bucotn DE | onymenoi 3 Bepumnn D wa rpans ABC
3) IOB)KWHY BUCOTH DE:
) npoekuito E Bepmmnn D na mnomuny ABC;
k) Touky D', cumerpuuny touni D Bimnocno rpani ABC;
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J1) IWIOMIMHY, 10 NpoxoauTsh dyepe3 peopo AD nepnenmukynspro 1o miomuHu
ABC.

Posp’sizanns. Ilosmaunmo koopamuatu todok A, B,C, D uepes
(X ¥1521)s (%05 Y2:25), (%55 YsiZ), (Xa3 Vas Z4 ), Binnosimso.

Ha Puc. 2 no6ynosanuii Tetpacap ABCD.

Puc. 2

a) 0oeocuny pebpa AB 3maiinemo 3a Gopmysoro BifcTaHi Mik ToukaMu
|AB| = \/(Xz - X1)2 +(Yo — Y1)2 +(2, - 21)2 =
= J(-1-4)° +(13-7)’ +(0-8)" =125 =5,5.

0) BpaxoByroun (popmMyiTy piBHSHB MPSIMOT, 110 MPOXOIUTh Yepe3 /1Bl TOUKU
X=X _ Y= -4

X=X% Yo= Y1 4,—4

pisuanns npsamoi AB mae Burma:
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x-=4 y-7 z-8
5 6 -8

B) piBEsaEHa maomuan ABC sammmemo Sk piBHAHHS IUIOMIMHY, IO
npoxoauth uepes Tpu Toukn A, B, C

X=X Y-y -7
Xp=% Yo=Y Z,—7=0.
X3—=X, Ys— V1 24377

Maemo
Xx-4 y—-7 z-8 |x-4 y-7 z-8
-1-4 13-7 0-8/=| -5 6 -8 |=0,
2-4 4-7 9-8 -2 -3 1
-8 -5 -8 -5 6
X—4 —(y-— +(z2-8)- =0,
wols Fonf2 Feafs

—18(x—4)+21(y—-7)+27(z-8)=0,

3BIJIKHA

6X—-7y—-9z2+97=0

— 3azanvhe pienanns niowunu ABC .

r) kyt Haxuny peopa AD no mnomunn ABC - me kyr @ mik mpsamoro
AD Ta nnomunoro ABC, sixuit 3HaxoauThes 3a GopMyioro

] ‘nABC 'SAD‘
Sina =

— — )
‘nABC"‘SAD‘

ne ‘n ABC -SAD‘ — MOAYJIb CKaJIsIpHOro H00YTKY, NABC = (6; —7;—9) — BEKTOP

mopmani o miommmn ABC, Sap — manpammmii Bektop mpamoi AD,
sap =AD =(1-4;8-7;9-8)=(-31L1).
OTtxe,
6-(—3)+(-7)-1+(-9)-1
(1) o

~ 00,7957,

Jo - (TF - (cof oy + 2 A6 AT
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o ~ 53" — mykanwuit kym naxuny peépa AD oo nrowunu ABC.

n) mwioma rpasi ABC — ne mioma tpukyranka AABC. ITnomy AABC

3HaIeMo 3a hopmyIoro
1 — ——
S asc :E-‘ABXAC‘ ,
ne ABx AC - BEKTOPHUHN JO0OYTOK BEKTOPiB AB i AC.
Koopmunatn BEKTOPIB AB = (—1— 4:13-7:0— 8) = (—5; 6; —8) ,
AC=(2-44-7,9-8)=(-2-31).

Toni BeKTOpHUM 100yTOK OOUUCITIOETHCS 32 POPMYIIOIO

i k| |i j k
ABxAC =|X,s VYas Zag|=|-5 6 -8 =
Xac Yac Zac| |72 3 1
.|6 -8 -|-5 -8 -|-5 6 . . .
: —J- +k- =-18i+21j+27k.
-3 1 -2 1 -2 -3
3B1ICH

J1494  3./166
2

1 2 2 2
ABC T 5 \/( ) + + 5

— mrykana naowa epani ABC .

e) 06’em mempaeopa ABCD 06unciuMo 3 BMKOPHUCTaHHAM MiIIAHOTO
100YTKy BEKTODIB AB, AC, AD sa Gopmyoro
Xag Yas Zpg| |0 6 -8

VABCD:%‘(AB,AC,AD)‘zxAC Vae Zac|=|-2 -3 1|=
3 1 1

Xap  Yap ‘Zap
L5 (3)106.1(-9)+(-8)-(-2)1-(5) (-9)(-9)-

—6-(—2)-1—(—5)-1-1|:%-102:17.
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) mpsiMa, o mictuth Bucoty DE, onmymeny 3 Bepmmun D ma rpams
ABC, neprnienmukynspaa mionmai ABC . 3Bincu Bummsae, 1o 3a HanpsMHUI

BEKTOp MPAMOi SDE MOHA B3ATH HOPMATBHMI BEKTOp NABC =(6;—7;—9)
mnomman ABC.
Toni pisuannus eucomu DE, mo npoxomuts uepes touxy D(1;8;9),
3aMUIIEeMO y BUIJISI
x-1 y-8 z-9
6 7 -9

3) doeacuny eucomu DE snaiinemo 3a ¢popmynoro Bincrani Bix Toukun D

no iomman ABC

|DE| =,0(D ABC)= |AABC X4+ Bpgc " V4 +Cpgc - 24 + DABC| _
\/ Ach + Bch "‘Cch
|6-1+(-7)-8+(-9)-9+97| 34

VB (7 (-0 88

n) npoekuito E Bepmmnn D na mnomuny ABC smaiizemo sk Touky
neperuny Bucotu DE irpani ABC, 106710 3 cuctemu piBHSHB

(X =6t+1,

y=—7t+8,

z=-0t+9,
6Xx—-7y-9z+97=0,
ITincraBnsiemo Bupasu anst X, Y1 Z B OCTAaHHE PIBHSAHHS, OTPUMAEMO

6(6t+1)—7(8—T7t)-9(9-9t)+97 =0,

x-1 y-8 z-9
6 -7 -9 4
6Xx—-7y—-9z2+97=0,

166t =34,
. 17
3BigKkM t = —.
Maewmo, 110
o, 185 o 017 545 o 17 504
83 83 83 83 83 83
TOOTO
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c 185 545 594
83 ' 83 83

— mykaHa npoekyis eepuunu D na nnowuny ABC.

K) 3Haiinemo Touky D', cumerpmuny Touni D Bimmocmo rpami ABC.
Ockineku DE = ED' | 1o i3 gopmyn 3HaxomkeHHs koopaunar cepeaunn E
Bigpizka DD’ maemo

XE:XD-I—XD,’ E:yDerD,’ ZE:ZD+ZD,
2 2 2
185 1+x, 545 8+y, 5% 9+7,
83 2 ' 83 2 ' 83 2 °
3Biacu XD,:&, yD,:@, ZD,:ﬂ.
83 83 83
287 426 441

83 ' 83 ' 83

! .
TakumM YuHOM, mMouKa D( J cumempuuna mouyi D

gionocro epani ABC.

J) IoLMHA, Mo Npoxomutsh depes pebpo AD nepnenaukymspuo 10
miomuan ABC — e mnonmmna ADE .
Buxopucraemo ¢opmyiy MIOMKUHA B KOOPAUHATHIN (opMi

Anoe (X=X )+ Bape (Y= Y1) +Cppe (2-2) =0,
me NadE = (AADE; Baoe i Cape ) — BEKTOp, IO MEPIEHAUKYISAPHUA 10
miomuan  ADE  (Bektop mopmani), A(Xl; Vi 21) — TOYKa, IO HAJEKHUTh
mnomuni ADE |
BexkTop AD = (—3; 1; l) HanexuTh mykanid miommui ADE i Bextop
HOpMaJti ﬁABC = (6; —7: —9) miomuan ABC  mapanensruii mmommni ADE .

Toxni BexkTop HOpMami NADE = (AADE; Baoe: C ADE) OyaeMo INyKaTH sK

BEKTOPHUI JOOYTOK

i j k
Naoe =Nasc x AD=|6 -7 —9|=2i+ 21]—15R.
-3 1 1
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Maemo

0.

2(x—4)+21(y—-7)-15(z-8)
Tomi
2X+21y—-152-35=0
— pisHAHHA naowuHu, wo npoxooums uepes pebpo AD nepnenouxynapno oo
naowunu ABC .

3agaya 13. BukopucTOByIOUM TEOpiI0 KBagpaTUYHUX (OPM, 3BECTH
PIBHSIHHS KPUBOT IPYTOTO MOPSIAKY 10 KAHOHIYHOTO BUTIISTY

2X% +6Xy + 2y +2x—2y =-3.
Pe3ynpTaTi npouttocTpyBaTi rpadivHo.
Po3B’s13anHs. 3anuiieMo BiJIMOBIIHY KBaIpaTHUHY (HOpMY

Q(X, y) = 2x* +6Xy +2y* +2x—2y +3.
J1J1st KO’KHOT KBaApaTUyHOi (hopMu
Q(X, Y) = ayyX* +2ay,Xy + 8,y + 285X + 28,5y + 84

MOJKHA PO3TJEIHYTHU IBA BU3HAYHHUKHU

a, a ;. Sy A3

s=| " ? A=a, 8, ay
Ay Ay

Q3 Ay dgg

Skmo o >0, to 3amama xpusa eninmuunozo muny, sxkmo O <0 —
cinepboniunozo muny, akmo O =0 — napaboniunozo muny. Ilpu uBOMy, 3a
ymoBu A # 0 maemo eninc, 2inepbony, napabony, BiaIoBigHO.

J{ns Hamoi KpuBoi1

) 3 2 3 1
52‘3 2‘=—5<0 i A=3 2 -1=-25=0.
1 -1 3

OT1xe, KpHBa € TiepooIoLo.

1. Cnouarky nepeiinemo mo Hooi cuctemu koopauuar OXY') saxa
yTBOPIOEThC nosopomom cuctemu koopauHatr OXY  wa oOesxui xym. Jlns
IbOTO:

1.1. 3naitnemMo BiacH1 3HAaYEHHSI MAaTPUII
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2 3
A= :
3 2
XapakTepucTHIHE PIBHAHHS MaTpulli A Ma€e BUTIIS
2-4 3
3 2-4

3Bigku A =—1, A, =5 — BnacHi 3HaueHHsL.

=0, A2 -41-5=0,

1.2. 3HaxoauMO BIJIMOBIIHI BJIACHI BEKTOPHU

3x+3y =0,
wis A, = —1 maemo cucremy il pO3B’30K — BJIACHUIT BEKTOP
3x+3y =0,
— 1 .
el - _l !
—X+Yy=0,
wist A, =5 Maemo cucteMy 0 il pO3B’30K — BJIACHUI BEKTOP
x—y=0,

()

3BepHeMo yBary Ha Te, mo € | €,. Came 1i BEeKTOpPH i BH3HAYAIOTh

HanpsAMOK HOBUX koopauHatHux oceit OX', OY'.
HopmoBani Bi1acHi BEKTOpU NPUUMAIOTh BUTJIS:

1 1

e _& | V2| . & _& |2

R ] R

72 N

1.3. 3anumemMo MaTpUITO MEPEXOTy 10 HOBOI CUCTEMH KOOPJIMHAT

1
2
11
V2 2

[TepeTBOproeMO KOOpAMHATH

Sy

T =




7 N\
< X
N

[l

_|
7\
< X<
N

[l
= %I‘H

N

TOOTO

x=(x+y)
L,
\y=$(—x +Y').

IligcTaBnsieMo Bupasu misi X Ta Y y piBHAHHA KpHBOi. OTpHMaeMo
piBHsAHHSA B HOBuX KoopauHatax OX'Y'.

2 Y)Y+ © X'+ y ) (—X+y')+
(Jif( Y') (Jif( Y)(=x+Y)

2 "y )+
(JEY( Y')
+%(x’+ y’)—%(—x’+ y')+3=0,

(x')2 +2\Ex’—5(y’)2 -3=0.

2. 3anummnocs 3poouty napanenvte nepenecenns ocein OX', OY':

(x')2 +2\/§x'+(\/§)2 —(\/5)2 —5(y')2 -3=0

abo

TOOTO

{X,—\/EZX”, {XIZX”-I-\/E,
' " abo ' "
y =Y y=Yy.

YV cucremi koopaunar OX "Y' martumemo xanoniune pisnsanns cinepbonu

r 2 " 2
2 2 X
(XY -5(y =5, awo LUy
5 1
Omxe, cucrema koopaunar OXY mepeTBoproeThCs Ha CHCTEMY KOOPAMHAT
OX'™" 3a nonomororo piBHOCTEI
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-

X (X"+y")+1,

_1
2
1 o o
Lyzﬁ(_x +y")-1,

SIKi 33]110Th TIEpEHECEeHHs MoYaTKy KoopauHat y Touky O (1; —1) 1 IOBOPOT Ocel

T
Ha KyT Of = _Z (Puc. 3).

w

Puc. 3
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Jlooamox 1
Cxansipauii 100yTOK BEeKTOpIiB

a.b:‘aHb‘-cosgp abo a'b:axbx+ayby+azbz'

KyT mixk BekTopammn artab
a,b, +a,b, +a,b,
2 .2 .2 2 12 K2
\/ax +ay, +a, ~\/bX +by +b;

BexTopHuii 100yTOK BEKTOpPIB

COS ¢ =

—

QY

(@x

i
a
b

X

X

J
ay

b

y

K
a'Z

b

z

Mimanuii 100yTOK BEeKTOPiB

a, a, a,
(ab.c)=|b, b, b,
¢, C ¢

IL1oma napaJenorpama, nodyJ0BaHoro Ha BeKTopax a T1a D
Sap = ‘a X b‘ .
IL1o1ma TPUKYTHHKA, 00Yy/10BAHOI0 HA BeKTopax a Ta b
1 — —
Sup =7 laxb|.

—

00’eM napasiesienineaa, nodyA0BaHOro Ha BekTopax a, b, C

Vy = |(35,6)

napan

—

00’em nipamiau, nodyaoBanoi Ha BekTopax a, b, C

V. :%(5,6,6)

nip
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PiBHsiHHS TpsiMO]

Jlooamok 2

Ha niommHni Y npocropi
3arajabHi Ax+By+C =0, AXx+B,y+C,z+D, =0,
iBHAHHA - .
p n=(A,B)—§eKT0P Ax+B,y+C,z+D, =0,
HOpMal. SIK IIEPETUH JBOX IIJIOIIHH.
PiBnsinns 3 y =kx+D,
KyTOMUM K =tg @ — kyrosuii
Koe(inieHTOM Koedirient
Kanoniuni X—X0 y—yo X=Xy Y—Yo L— 1,
piBHSIHHS m:n’ m:nzp,
S =(m;n) — HaOpSIMHUK gz(m;n; p)—HanpﬁMHHﬁ
BEKTOD, MO(XO; yo) — TOYKa | pekTop, MO(XO; yo;zo) -
IpsIMOT. TOYKA PSAMOI.
IMapamerpu4Hi X = X, + Mt, X =X, +mt,
PiBHSHHA
y =Y, +nt. y =Y, +nt,
Z=17,+ pt.
PiBHsiHHS X=X Y=Y X=X Y=Y, -4
yepe3 JBi - ' - B '
TOUKH X=X Yo% X=X Yo=Y1 4,4
M, (%) i
M, (%:,)

PiBHSIHHA IJIOIMHHA

3arajbHe piBHSIHHA

Ax+By+Cz+ D=0,
n= (A; B; C)— BEKTOP HOPMAJIi.

PiBHsIHHA Yepe3 TpH
Toukn My (X Y1;7,),

Mz(xz;Y2;22) i
M3(X3;y3;23)

X=X Y=Yy, Z-7
X=X Yo=Y Z,—7|=0.
X=X Ys— Y Z3—4
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HaB‘IaJ'II)HO-MGTOIH/I‘IHe BHUIaHH

BULIA MATEMATHUKA

3micToBuii Mmoayas 1
JliniiiHa ajare0Opa
AHaJITHYHA reoMeTpist

MeToau4uH1 BKa31BKU Ta 3aBIaHHS
JI0 BUKOHAHHS PO3PaxXyHKOBO-TpadiuHOT poOoTH
JU1s 3100yBaviB nepuioro (6akaiaBpChbKOro) piBHS BUILOI OCBITH
3a cremianbHICTIO 192 «ByIIBHUIITBO 1 IUBIBHA THKEHEPISH

VYknangaui: ‘BO)KOHOK Karepuna Banepi’iBHal,

Bonaapenko Haranist B’siuecnaBiBHa

Komm’rotepue Bepcranns A. [1. Cenieecmposoi

[Mignucano mo apyky 11. 10. 2024. dopmar 60 x 84 1 6.
Ywm. npyk. apk. 3,49. O6n.-BuA. apk. 3,75.
Enexrponnuii nokyment. Bua. Ne 171/111-24

Bunaseup i BUroToBIIOBAY:
KuiBcpkuil HallioHAIBHUH YHIBEpPCUTET OYIiBHUITBA 1 apXiTEKTypH
npocrekt [loiTpsiaux Cun, 31, Kuis, Ykpaina, 03037

CBiIOIITBO PO BHECEHHS 10 JlepkaBHOTO peecTpy CyO’eKTIiB
BunaBHN4Oi cripasu JIK Ne 808 Bix 13.02.2002



