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Jekuia 14.05.2020

3BEJEHHS 3ATAJIBHOT'O PIBHAAHHS KPUBOI IPYTOI'O MOPSJIKY J1O
KAHOHIYHOI'O BUTI'JIAAY

Haranaemo, 10 3arajbHE piBHﬂZHHH KPHBHX OPYIroro IlopAaaKy Mac BUIIAL.

2 2 , _
X" +a,y +2a,xy+a,x+ayy+a,=0.

xw.«:lp:.urm?.«r;m thopaa u:imﬁm:r popua
Ha ocHoBi knacudikamnii kBajpaTHYHUX (OPM MOXKe 3JI1HCHIOBATHCH
Knacugikailis reOMETPHYHUX 00pa3iB, 1110 TM BI/IMOBIIAIOTh.
I. 3uakousnavena: K (x)>0,abo K(x)<0,a6o0 4 -4,>0 —

KpHUBa CIINTHYHOTO THUIY : emmnc (KO0JIO), TOYKA, YSBHHIA

P yz
emne — +=5=-1.
a b

II. Hectporo 3nakosusnaveni: K(x)=>0, K(x)<0,a60 4, -4, <0 -

KpHBa rinepboiiyHoro THmy : rinepbosa, mapa npsMux, 1o
MEePETHHAETHCS.

III. 3nakoneBusHaueHi: 4, -4, =0 —

KpuBa napadoniuyHoro Ty : napadoia, napa napaieibHHUX
NPAMHX, Mapa NpsSMHX, [0 HePETHHAIOTHCA, [apa MpsSMHX,
110 CMIBNA/IAK0Th, YSABHI MpsimMi — .

Eyﬂb—ﬂl{e piBHHHHH KpHB-O.l' MOJKHA 3BECTH JI0 KAHOHIYHOTO BHUTTIAOAY 34

JOIIOMOI'OH TAKHX KpOKiBI

ay 4ap

1. Cxknactu maTpuiio A kBagpatuunoi gpopmu: A :[ } 3ayBakKMMO, 11O

a1 Axp
matpuud A 000B’A3KOBO CHMETPHYHA.

2. 3HaliTH A, Ta A, — BJIAacHI 3Ha4YCHHA MaTPHUL Ta BIANOBIAHI IM BJIaCHI BEKTOPH

€].€;
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J|&,| i 3amucatu cronui 3 koopauHar Bekropis A =, h, = ==

E _[kll] Eo _[hIZJ
1 202
kzl h22

Bekropu A 1 h, cKiIajaloTh napy NeprneHJAMKYJSIPHUX BEKTOPIB J0BXKUHOIO 1,

3. 3HaiiTu |E:',

B3/I0BJK SKMX TPSAMYBATUMYTh HOBI KoopauHaTh oceil OX,; ta OV,.

My hy
4. Cknactu Matpulw B =
hyy

3po0UTH TepEeTBOPEHHS KOOPAMHAT X Ta Y:

y By
5) IlizcTaBuTH BUpa3H VIS X 1Y 4Epe3 X; Ta Y, Y PIBHIHHS KPHBOI.

Mpuknan. 3secty piBHAHHA HiHii 2x° + 6xy +21° +2x -2y +3=0 10

KaHOHIYHOTO BUTJISY 1 300pasHTH KPHBY.
Po3B’s13aHHs.

1. Matpuia kBagpaTuunoi popmu 2x° + 6xy +2° Mae BUIIAS

2 3
A=

3 2
2. lllykaemo BiacH1 3HAYCHHS
2-4 3

3 2-4

3BiAkH A, =—1, A, =35, A -4, <0; orTke Maemo rinepOouHui THIT.
3HAXOAMMO BiAIMOBIAHI BIaCHI BEKTOPH:

3x+3y=0 . 1
- i A, =—1 Maemo , TOOTO ¢, =
3x+3y=0 -1

*»

-x+y=0 . |
- s A, =5 MaeMo , T00TO €, =
x=y=0 |



e - R

3BepHeMO yBary Ha Te, o €, L €,. Came 11l BEKTOPH 1 BU3HAYAIOTh HAMIPAMOK
HOBUX KoopauHatHux oceit OX,, OY, (puc. I).

3. 3HaAX0 MO |E£1| = \/E ; é’2| = \/E . Cxnagaemo matpuuio T 13 KoopAHHAT BEKTOPIB:

y 1 1 11

N ¢ |2 |.e |2 2 2
| - 2 ,T

_ = 1 = =
V2| 1| V2 | 1

1
2 2 2 2

ITepeTBOpIOEMO KOOpAMHATH:

e Ol )

1
X :ﬁ(xl + yl)

TOOTO

y=%(_x| +y|)

5. [ligcraBuBLIM BUpa3K AJI X T4 Y Y PIBHAHHA KPUBOI (Harauaemo, 1o
KBajpaTHuHa (popMa NEPETBOPUTHCS HA —X, + 5, ), y JAHOMY BHIIA/IKY MATHMEMO

2 6 2 2 2
E(x] "'.]”1)2 +E(_x1 +,V|)(x1 +y,)+5(—x] "'.]”1)2 +E(x1 +yl)_ﬁ(_x] +y1)+3=0

a60 —x? +5y2 +2V2x,+3=0 x> —242x, - 5p2 —=3=0
3aIMIIHIOCH 3pOOHTH Mapaie/ibHe MePeHECEHHS
2 ¥ X, — '\/E - X
(x,—v‘E) -5y =5 { ’
n=Y

VY koopauHatax XY mMaTuMeMO PIBHSIHHS rinepOoiu
2 2

x*—5y=5 abo %—yTzl (puc. 2)

Puc.2.



Mpuknaa 2. 3Bectu piBHAHHA Jdinli X +6xy+9y° —12x—6y - % =0

KaHOHIYHOTO BUTIIATY 1 300pa3suTH KPHBY.
Po3B’A3aHHA.

1. MaTpuns kBaapatuunoi gopmu x° + 6xy +9y” Mae BHIIAL

I 3
A pu—
3 9
2. lllykaemo BJ1acHI 3HAYEHHSI:
1-4 3|
3 9-4]
3Biaku A=0, =10, 4, - A4, =0 - napaboniuuuii THI.

3HAX0/IMMO BIJINOBIJIHI BJIACHI BEKTOPH:

x+3y=0 - 3
- st =0 maemo 3 0’ T00TO €, =

x+9y= —

-Ox+3y=0 ~ (1
- 15 A,=10 Maemo , TOOTO € =

3x-y=0 3
e Le,

—

3HaXO0IUMO |é',‘=»\,'10; é,|=+10 , cxnagaemo marpuuro T 13 croBmuiB

KOOPJAMHAT BEKTOPIB:

T=

Sl:_,_u
= <
=

e . €
—_— l —_—
NIRRT

[TepeTBOpIOEMO KOOPAHHATH:

X —TI] 1 (31

v - Y _\/E -1 3
1

T00TO x=m(3xl+yl)

Y :L(_IJ + yl)
J10
5. IlizcTaBUBIIK BUPA3H IS X MaAy Y PIBHAHHS KPUBOI y TAHOMY BHIAIKY
MaTHUMEMO:
el el l 1
0x; +10y; =12(3x, + », )—=—6(—x, +3»,)—=-0,75=0,

V10 Jio

30 30
——=y,———x,—-0,75=0
VNI
BanuIIKMAOCh 3p0OHTH MapaielibHe epPeHeCeHH

23y, 9 9
10| y, — L4 ~3J/10x, —0,75 ==
[}' 2410 4-10] ‘ 4

abo 10y,




A=

10[},‘ er2—3r1 +3 abo 10( ﬁ)Z:3M(x,+ﬁJ

1y

x, +
\/? MaeMo piBHSHHS napabomu 10Y° = 310X
S T

[Tapabona cumerpuuna BigHocHo OX. T. O B cucremi OX, Y, Mae koopauHaTH

Y KoopauHaTax

2
>

p———

Puc.3.

3BEJEHHA 10 KAHOHIYHOI'O BUT JIAAY
3AT'AJIBHOI'O PIBHAHHSA HOBEPXHI JIPYI'OI'O ITOPAAKY
Y TPUBUMIPHOMY IHPOCTOPI:

8,,%,° +8y,Xy" +BggXy” + 28X Xy + 2,5 % Xg + 28,,X,X; + 28,X, +28,X, + 23X, +a=0.

1)

Po3riasiHeMo crodatky CyMmy 4iE€HIB JIPYyroro CTENeHs B JIIB1 4acTUHI PIBHSHHS.

Jlerko momMiTuTH, 110 1€ € KBaJpaTUIHa GopMa 3 CHUMETPUIHOIO MATPUIICIO

a1la12a13
a12a22a23 .
a13a23a33



Binomo, 1110 icHye OpTOroHaJIbHE MEPETBOPEHHS ITpocTopy V, 3 Marpuuero C, ske
MEPEBOUTH JIaHy KBaApaTU4YHy GOpMy 10 CyMH KBaJpaTiB
X2+ X7+ A2
ae A, A,,A; — XapaKkTepUCTU4YHI KOpEeHI MaTpuii A, X, X,,X;- TpooOpa3sud BEKTOpa
(X, X5, X;) TIpU LIbOMY TIE€PETBOPEHHI.

[Ticiast 1bOTO OPTOTOHATILHOTO MEPETBOPEHHS PiBHAHHS (1) MaTuMe BUTIIAL

X+ A% + A%+ 2b,x! + 2b, X}, + 2b,x} +a=0. (2)
[TpunaiimMHui ogHE 13 UKcen A, A,, A, BIIMIHHE B HyJIsI, 00 1HAKIIIE MaTPHILSL
A 0 0
A=C.|0 4, 0|cC
0 0 4

Oyna 6 HyJIb0BOIO, 1 3a7aHe piBHIHHSA (1) Oyno 6 miHiHUM. [Tpunyctumo, mo A, #0. Toxmi
MOYHa TO30yTHUCS WICHA 3 X, y PIBHSAHHI (2) 3a I0MMOMOIO0 HACTYIMHOTO MEPETBOPEHHS

KoopauHart.

b
K =X X X=X (*)

JificHO, M1ICTaBUBIIH 111 BUPA3U A0 (2), OTpUMAEMO PIBHSHHS
X 4+ A, X074+ 24X+ 2b, x5 + 2b,x] +a’'=0. (3)
Sxuo Takox A, =0 14, =0, TO, ABIYl BAKOHYIOYH NIEPETBOPEHHS, aHAJIOT1YHI OCTAHHBOMY,

OTPUMAEMO PIBHSHHS BUTIISTY
X+ A,%," + ,%° +h=0. (4)

PiBHsiHHA (4) Ha3MBa€ThCSd KAHOHIYHMM DIBHAHHSIM  IICHTPAJbHOI IOBEPXHI
JIpYroro nopsaky. Tum moBepxHi Ta ii BIACTUBOCTI 3aJI€XaTh BiJl 3HAYEHHS KOC(III€HTIB.

Axmo h=0, To MaeMo PiBHIHHS KOHYCa

AXE+ A, X5 + A,x5 =0,
AKWAW y BUNTAAKy A, >0, 1, >0, 4, >0 BUPOJKYETHCA B TOUKY X, =X, =X, =0,
[Tpu h=0 piBHAHHIO (4) MOXXHA HagaTH HOPMY

k Il m

hi (s k=—;,|=—£,m=—%.HCHO, mo k=0,1#0,m=0.

1 2 3
Axmo Bci koedimienTu k,I,m — m0aaTHI, TO TOBEPXHIO HA3UBAIOTH €JINCOII0M,
SKIIO JBa JOJATHI —OJHOMOPOKHUHHUM Trinep0o0JioioM, SKIIO OJWH JOJATHUHN -
JABOIOPOKHUHHUM Tinep0o10i1om.
OTxe, y BUNIQJKY, KOJIK BC1 XapaKTEPUCTHUUHI KOPEH1 MaTpUIll A BIIMIHHI BiJ HyJs
(a0 panr kBagpaTuyHOi GopMuU piBHUH 3), 3aBKIU MOXKHA 3BECTU 3arajbHe PiBHSIHHA (1)
710 KAHOHIYHOTO PIBHAHHS (4) LIEHTPaJIbHOI MOBEPXHI APYrOro MOpsaKy.



Jlo Takoi >k ¢popMu MOKHA 3BeCTH PiBHSHHSA (1) B OKpeMHUX BUIAJIKAX 1 TOJI, KOJIA
OJIVH YM JIBa XapaKTEPUCTUUHI KOPEHI MaTPUIll A JOPIBHIOIOTH HYJO. Tak, piBHsHHS (3)
npuiiMe dhopmy (4), K110 OTHOYACHO 3 A, =0 BUSABUTHLCA b, =0, a 0qHOYACHO 3 A, =0 OyJe
b, =0. B nux “BUpoKeHUX’ BUMAJKaX JICTAEMO PIBHIHHS HUJIIHAPUYHUX TTOBEPXOHbD.

OTxe, B 3a3HAYCHUX BUMAAKAX OTPUMYIOTHCS PIBHSHHS BHUTISAY (3), B SIKOMY
YUCJIO KBaJpaTiB piBHE paHTry Marpuii A. BianmoBigHI MOBEpXHI Ha3WBaIOTh
LHEeHTPAJbHUMM B 3B’SI3KY 3 TUM, IO JIJIsl HUX iCHY€E IIeHTp cumeTpii. CripaBi, piBHAHHSA
(3) HE 3MIHIOETHCS TIPH IEPETBOPEHHI CUMETPIi BITHOCHO ToUkHu 0O(0,0,0).

3aIUIIA€TBCA PO3TJISTHYTH BUIIAJIKM, KOJU OJHE 3 yucel A,,4, abo oOuasa
JOPIBHIOIOTH HYJIIO, & BIAMOBIIHI KoedilieHTH b,,b, BIAMIHHI BiJ HYJIS.

Hexait cmouarky A,=0, 4, #0, b,#0. Tomi piBusHHsa (3) MOXHa 3BecCTU
MEPETBOPEHHAM THITY (*) 10 BUTTISY:

%7+ A%, +20,X, +¢=0.

Jlani, BUKOHAEMO MEPETBOPEHHS

- o 9~ . Cc -
X=X, X = 2_2_b2’ X3 = X3
1 OTPUMAEMO PIBHSHHS
A X+ A X2 +20,%X, =0, (5)
X' & XZ b b
abo 2%, = +-=2, (p=—-2,9=—--2).
P z Ay

Ile piBHsSHHA eqinTH4YHOTO (TIpu pq>0) YK rinepooJiYHOrO

(mpu pg <0) mapaodoJioina. [ToxiOHuit pe3ynabTar gicraemo npu A, =0, 4, #0,b, #0.

Hexaii, napemri, A, =4, =0, ajie X04 oAHE 3 uucen b,, b, BIAMIHHE BiA HYJI.

PiBusinns (3) HaOyne BUTTISILY:
A% +2b,%, +2b,%x, +b=0"
Bukonaemo mniHiliHe IepEeTBOPEHHS

b

s . ) ~ - .
X =X, Xz—_TX2+ X3y X3 =-— 2 3

r=4b,” +b2 .

Jlerko mepeBipuTH, MO 11€ IEPETBOPEHHSI OPTOTOHAIBHE 1 IEPEBOIUTH MOTIEPETHE

= |wU
=2

l
(=2

N

l

PIBHSIHHS B HOBE:

A X2 —21%, +b=0.



[Ticast ubOro mepeTBOPEHHS

~ ~

- b
X=X, X = 2+E’ X3 =Xg

MPUBOJUTH /10 PIBHSIHHS:

A X2 —2r%, =0, (6)
abo
(1=—),

o2

_ X

2)(2 -1
|

SKOMY BIAMOBi/Ia€ NapadoiyHui HUITiHIP.
PiBusiaHs (5) 1 (6) € YaCTHHHUMY BUTIAAKAMU PIBHSIHHS

AL + Uy =20U,, (7)

B SIKOMY A, 1 - XapaKTepUCTUYHI yuciaa MaTpuIll A (3 SIKMX OJIHE MOXE OyTH HYJIEM), « -

sSKach KOHCTaHTa, a U,,U,,U, — KOOpPJAWHATU JOBUIbHOI TOYKHU IOBEPXHI B JESIKIH

OpTOTOHAIBHIN cucTeMi KoopauHaT. PiBHsHHS (7) HAa3UBalOTh KAHOHIYHUM DPIBHSIHHIM

HeyeHmpanbHoi TOBEPXH1 APYroro MopsiaKy.
[lpuknan. Hanucatu kKaHOHIYHE PIBHSHHS MOBEPXHI APYTOro MOPsAKY

AXZ +AXZ —8X; —10%, X, + 4X X, + 4X,X, —16%, —16X, —8x, +72=0,

BU3HAYUTH 1i TUN 1 3HAWTU BIANOBIIHE HEBUPOJKEHE MEPETBOPEHHS (200 KAHOHIYHY

CUCTEMY KOOPAMHAT).

Po3B’sga3aHHS.

a) 3BeJIeMO CIOYaTKy A0 KaHOHIYHOTO BUIIISIAY (CyMH KBaJpaTiB) KBaJApaTHUHY (GOpMY

2 2 2
4x; +4x; —8x5 —10X, X, + 4%, X; +4X,X,.

4 -5 2
A=|-5 4 2 | — MaTpuld JaHO1 KBaJIpaTU4YHOI (popmu.
2 2 -8
4-14 -5 2
XapakTepucTU4HE PIBHSIHHSA: | -5 4 2 |=0.
2 2 -8-41

XapakTtepucTudHi KopeHi: 4 =9, 4,=-9, 1, =0.

OtpuMaeMo: 4x,° +4x2 —8x2 —10X,X, + 4X, X, + 4%, X, =9x? —9x,



0) IlepetinemMo 10 “HOBHUX’ KOOpIWHAT X,, X,, X, B JIBIA 4acTUHI (3amMIIEMO JiHIHHY

Xl
YaCTHHY B TOMY X KaHOHI4HOMY 0asuci):  —16x, —16x, —8x, =[-16,-16,-8]-| x, |, ne
X3
Xl Xll
X, |=U| x, |,
X; X;

U — maTpuIls mepexoay Bif “craporo’ 6a3ucy 10 KaHOHIYHOTO.

Bitachi BekTopu (opTOHOPMOBaHUHM Oa3HC):

112
2o 32 3
i . | 3 1 22
U=|-— —  Z|l=—2|-3 1 22
V2 32 3] 32 5
Y 0 -4 2
0 - =
32 3
X, 3 1 22| [x

Toni | x, Yz 1 a2 X, |, a6o
3V2 .
X5 0 -4 2 X3

1 S .
X, = ——(3% + X, +2+/2x
1 3\/5( 1 2 3)
1 S .
X, =m(—3x1 + X, +2\/§x3),

X, = (—4X, +~/2X;).

[TincTaBiasieMo 1 OTPUMYEMO:



X, 3 1 22| [x

[-16; —-16; -8]-|x, |=[-16; —16; —8]-%/_ 3 1 242 x, |=-T2x,.
X, N2l 4 2 X,

9x;% —9x}? — 72X}, +72=0.

B) BrKOHa€EMO 3CyB 3a 3MIHHOIO X, !
— 72X, + 72 =—T2(x; —1) = -72x;, TC X, =X, Xp =X,y Xg=X;—L1.
PiBHSIHHS TOBEpXHI: 9x,> —9x,> — 72X, =0.
KanoHiuyHUN BUTIIST PIBHSHHS TTOBEPXHI:

— 2 =x,.
g8 8 °

Lle piBHAHHS cinepboniuno20 YuniHopa.

r) Pe3ynbryroue jniHiliHE TEPETBOPEHHS:

X, :—12 (3%, + X, + Zﬁx;) +§,

3V
X —i(—Bx" + X, + 2\/2x")+g
2 3/2 1 2 3 3’
1 ; 1
Xy =——=(-4X, +2X;) +—.
o=y 4 20 5

KaHoHIYHA cHCTEMA KOODMHAT:
(221
[TouaTok: 3'3'3)

Oaszuc:

JlogaTkoBY iH()opMAaLLiI0 111010 KPMBHX TA MOBEPXOHL JMB. HIKYE.




Jlekuis 21.05.2020

OJJHOYACHE 3BEJJEHHS 2X KBAAPATUYHUX ®OPM 10
KAHOHIYHOI'O BUIJISAALY.

Oznauennn 7.7. HopmaibHuM BUrnsiiom kBajapatudHoi gopmu (7.1)
HA3UBACTLCA TaKWii 11 KAHOHIYHHUIT BHUIIAN, B SKOMY KOE(DILIEHTH TIPH
KBaJIpaTax HeBIIOMUX (HE BPAXOBYIOUHM HYJILOBUX) JOPIBHIOIOTH +1.

Teepoocenns 7.7. Axmo F(x) - njoBuibHa, a G(X) - 10J]JaTHO O3Ha4eHa
dopmu Ha L") To icHye NiHiiiHe HEBUPOKEHE MEPETBOPEHHS L, 110 3BONTH
obuaBl (opmMu J10 KaHOHIMHOTO BHUTIAAY (a dopmy G(F) HaBITH 0
HOPMaJIBHOT'O BUIJISIALY ).

3ayeasicenns 7.5. Ha mpaktuill s 0JHOYaCHOTO 3BeleHHs F(X) Ta

G (¥) 1m0 KaHOHIYHOTO BUTIIAIY, CMOYaTKy OyayioTh 0asuc L, B skomy G(X)

Ma€ HOPMATBHUI BHUTJIS 1 3HAXOJATH MATpPHIIIO A dopmu F(X) B LbOMY
Oaszuci. Beaskaroun HoOBHUil Ga3uc opTOHOpPMOBaHMM OaszucoM E", 3HAXOAATH
OpTOrOHAJIbHE MepeTBOpeHHst £, 110 3B0AHTh F'(¥) 10 KAHOHIYHOTO BHTJISTY.
Opronopmosanuii 6asuc B E" 3 BjpacHux BeKTopis dopmu F(¥) € mrykanum. Y
HeOMY wmaTtpuus (opmu G(x) - oauHWYHA, a Mmartpuua ¢opmu F(x) -
JlaroHalbHa.

'S

3anaua. /lani kBaaparuyHi GpopMu
F(X)=x; +56x; +16 x,x,,
G(xX)=x] +26x; +10 x,x, .
[Tokazatu, mo ¢opma G(x) O0AaTHO O3HA4Y€HA. 3HANTH HEBUPOKEHE
JHIMHE MepeTBOPEeHHs, 10 3BOAUTE hopmy G (X¥) 10 HOPMANILHOTO, a (OpMY
F(X) Mo KaHOHIYHOTO BHIJISITY. 3aMicaTH el KaHOHIYHUI BUTJISI.
Po3r’s30k. Cxianemo matpuiio B kBajapatudHoi (hopmu G(x). Maemo

1 5
b= (5 26] ‘
O04HCIMMO KYTOB1 MIHOPH MaTpuill B.

1
A=1>0, A, = =1>0

Orxke, kBajipaTudHa Gopma G(x) € JOJATHO 03HAYEHOH. 3BEIEMO 11 /10
HOPMaJIbHOTO BHTJISTY, 3aCTOCOBYIOUM MeTo/ fAko0i. Bu3HauMMO KaHOHIYHI
KoedIIeHTH

Toxal kBagpatuuna gpopma G (x) Oyae MaTH TaKU HOPMaJIbHUIA BUTJIAL:
GR)=¢1+¢5.



3Haii1IeMO TPUKYTHE MEPETBOPEHHS, IO 3BOJUTH IH0 KBAJIpaTUYHY
dopMy 10 HOPMAJILHOTO BUTJIsI LY

a
',=‘_l3 |2=_5
@y =1 5E=-5,

fi=a, I =
[ =-56 +8&,. ¢ (0 1)'
Bupa3umMo crapi KOOpAMHATH Yepe3 HOBI 3a 10noMororo Marpuii C
(-da) (-6 VE)
X2 €2 \x) \0 1/&,)°
X, =&,=3

X, =& ,.

3uaiiieMo BHIJIS KBaapaTW4HOi Gopmu F(¥) 1 ii marpumi A B
HOBOMY Gasuci f;, f,.
F(&)=(&1-5¢,)" +5653 +16(¢, - 5¢ )¢ 5 =
= &1 10818 5 +25£3 +566 5 +16¢ & 5 -
-8083=4/+6£,5,+¢&;.

A=)

ray: 2 "
Braxkatoun f;, f, OpTOHOpMOBaHMM OazucoM B E°, 3Halizemo

OPTOTrOHA/IbHE TIEPETBOPEHH £, 1m0 3B0AUTh (GopMmy F(¥) 3 MaTpHuelo A
10 KaHOHIYHOTO BHUIIsAny. Jis mbOoro BH3HAYHMMO BJIACHI 3HAYEHHS 1 BJIACHI

OMHHUYHI BEKTOPH oreparopa A, MaTpHIIA SKOTO JOPIBHIOE A .

Maemo
1-4 3 0 A,=-2,
3 1-4" > T |a,=4
st A, ==-2 BI3bMEMO BJIACHHI OJIMHHUYHHI BEKTOP

g =(-1/42, 1/J2), nia 2,=4 Bi3bMeMO BJACHWI OJMHWUYHHI BEKTOP

2, =(1/¥2. 132).
Tom xBagparnuHa ¢opma F(x) B 0a3ucl g,,g, Mae KaHOHIYHHIi
BUIJISLT:

F(x)=-2n]+4n3.

Ksanpatuuna gopma G(¥) B 6asuci f,, /, Maia OqUHHYHY MaTpuLio. B
Oazuci g,,g, Marpuns dopmu G(X) 3aIMMIAETHCA OAUHHUYHOK, TOOTO
G()=n?+n?, a marpuus C, nepexoay Bix Oasucy f,, f, 10 6Gasucy gz,
Mae BUTJISA



C=(—1/JE 1/v2
UV N2
[Ipu nepexoni Bix 0aszucy f,, f, 10 6asucy g,g, KOOPAMHATH BEKTOPIB
MepeTBOPIOTHES 3a (hopmynamu
3 n
[(EI]:CI(??IJ abo §1=_1/ﬁnl+l/ﬁ’?2=§2=1/\E’Fl+l/ﬁ’?2-
2 2
Octarouno Maemo G(X)=n; +n2, F(x)=-2n+4n,
ne
x =& =58y ==1N2n +1/N2n,-5/V2n =5/N2n, =—-6/N2n,-4/V27,,
=1N2q, +1N2n,.
[lepesipka:
F(X)=x{ +56x3 +16x,x5 = (—=6/N2 17, —4/N217,)* +56(1/N2 1, +1/\2 1 ,)* +
+16(-6/2n ~4/N2 0, J/N2n , +1NZn ,)=180 2+ 80 2+ 24n 1 .+ 280 2+
+5617 17 4281 3+ 16(=3n {=3n 17 ;=20 1 ;- 20 3) = 20 [+ 40 3;
G(X)=xi +26x3 +10xx; = (-6/N2 171 —4/\2 1 5)” +26(1/N2 1 +1/¥2 77 5)* +
+10(=6/N2 7 =4/N2n )(1/N2 7 +1/N2n ) =
=18 +8n;+24n 1, +137 3 +26n,n , =300 =200 ;=500 0, =70 +n;
Binnosine: G(x)=n;+n,, F()=-2n;+47;,
11=—6/VE-’?1—4/VE??21 X, =1N2n,+1/N2n,.

IOJIATOK
20.4. KpuBi i noBepxHi y npupogi i TexHiui

Eninc

Horau Kennep (1571-1630) nokasas, o op0iti miaHeTu COHAYHOI CHCTEMU €
enincamu 13 CoHuem B ogHoMy 3 (hokycis (puc. 20.5 ta 20.6).

OnTHYHY BJIACTUBICTL €JIINICA BUKOPUCTOBYIOTH /It NOOYA0BH «rajepei
LWENOTIHHA». Y Takiif KIMHATI CJIOBO, BHMOBJ/ICHE MOWIENKH B OJIHOMY 3 (POKYCIB
MOKHa 100pe novyTy, nepedyBaroyH B mmomy (pokyci (puc. 20.7).

[pyHTYI04MCH HA ONTHYHIN BJIACTHBOCTI, NPALOE 1 MEAUYHUI Npuiag —
mroTpunrtep. BiH BUKOPHCTOBYE YIILTPa3BYKOBI YAapHI XBHIIL s NOAPIOHEHHS
KaMIHHS y HUpKaxX. XBHIII CTBOPIOKOTH B OJATHOMY 3 (DOKYCIB ellirca i BiAOUBAOTh
iX Ha KaMiHelb, po3raloBanuii y apyromy dokyci (puc. 20.8).
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Puc. 20.5 Puc. 20.6



Puc. 20.7

ApKH JIesKMX MOCTIB IHKOJIM OYAYIOTbH
eninTu4HUMH. EninTuyHi mecrepHi BHKOpHC-
TOBYIOTh JUIsl IeAKMX [PUCTPOIB, 30Kpema, Jie
noTpiOHe MOBUIbHE, ajie MOTYKHE 3YCHILIs,
Take sk y nepgoparopi (puc. 20.9).

linep6osa

Komm peakTuBHMI JiTaKk N€TUTh 3 HAA3BYKOBOK ILIBHUJKICTIO, yAapHa XBWJIs
CTBOPIOE 3BYKOBUIT yaap. XBHIIsE Mae KOHIUHY (OopMYy, ajle J0CATae 3€MHOI N0~
BEPXHI AK r'UIKa rinepoou.

["aneeBa komera, sika crana cki1a0Bor0 COHSYHOI CHCTEMH, PYyXAa€eThCsl Ha-
Bk0J10 CoHus eninTuyHo opOiToro. [Hii komern nponitaoTs COHSYHY CHCTE-
MM JIMLIE OJIMH pa3, pyXarw4Hch rinepooiuHo opoiroro 13 CoHueM y (okyci.

Oxo010/KYBaIbHI BEJK1 ATOMHUX CTaHLIi MaKOTh y nepepisi eincu 1 rinep-
0onu (10010 € otHONnOpOXKHHHHUMU rinepdonoigamu) (puc. 20.10). Inkonu ap-
XITEKTYpPHI EPEKPUTTS MAIOTh rinepdoniuny Gopmy.

Bukopucrosyrouu rinepdonu, npaurosana HasirauiiiHa cucrema LORAN
(1o nossu GPS-nasirauii). [{s cucreMa BUKOPUCTOBYE nepejaBalibHi CTaHLIT y
TPbOX TOYKAX 1 HAJICWJIAE OJIHOYACHI CUTHAIM Kopadro abo nitaky. Pi3Huui vacy
MPOXO/KEHHs CUTHANY B MepLiol Ta Apyroi nap nepeaasadis sanucyors. Jlis
KOXHOI apy 004YUCIIIOIOTL PISHULO BULIAIEH KOJKHOIO YjieHa napy Bij Kopadis
abo nitaka. SIKu0 KOkHA napa pi3HULL € CTAJIOK, MOKHA 300pa3sHTH JIBI rinep-
0omu. KoxkHa 3 HUX Mae napu nepeaasadis cBoiMu pokycamu, kopabens abo Ji-
TaK TOJI PO3TALOBAaHUIi HA NIEPeTHHI JABOX IXHIX rutok (puc. 20.11).



Puc. 20.10 Puc. 20.11

[Tapa6oaa

CairiioB1 npomeHi Bi (ap MaimHy, elekTpuyHi Jixrapuku (puc. 20.12), NPOSKEK-
Topu (puc. 20.13) marors napaboniuny Qopmy. [lapaGoniuna anTeHa Ta nonbOBI
MIKPO()OHH, sIKI BHKOPHCTOBYIOTh Ha CINIOPTUBHUX 3MaraHHsX, MarTh rnapabosiyHi
nepepizu (puc. 20.14). OnTryHy BIacTUBICTH napadoiu 30uparTi napajielibHi My4KH
cBimia y (okycl BUKOPUCTOBYIOTH y Teneckonax (puc. 20.15). Jleski x Teneckonu
MaloTh 1 napadosivHi, i rinepooniuui a3epkana (puc. 20.16).

Tpocu niaBicHUX MocTIB MarOTh popmy napaboun (y pa3si K BUIBHOIO Mpo-
BUCaHHs TPOC MaTHMe (hopMy JaHLIOroBoi JiHii) (puc. 20.17).

Puc. 20.13
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Puc. 20.15 Puc. 20.16 Puc. 20.17




Kappaioiga
Mopmy Kapaloiau Mae jlarpama HanpsamiaeHocTi MikpodoHa 0JHOOIMHOro Ha-
npamiaenHs (puc. 20.18)

Moaudikauii Mikpo(OHIB, 10 MAIOTh 1lie BYKYY HaNpsAMICHICTb, HIK Kap-
AI0IAHI, HA3HBAIOTL cynepkapoioionumu Ta cinepkapoioionumu (puc. 20.19),
npoTe 11 PI3HOBHM, HA BIAMIHY BIA kapoioionux MIKpO(OHIB TaKOXK YYTJIHBI 10
CHTHAJIB 3 MPOTHJICKHOTO DOKY.

Kapaioiny MokHa no0auuTi Sk BIAOHTOK BiJl TOYKOBOIO JuKepesia CBITiIa Y
gaui yopHoi kasu (puc. 20.20).

Puc. 20.18 Puc. 20.19 Puc. 20.20
Huknoiga
Cepen OGaratbOX 4yAOBHX BJIACTHBOCTEH WMKIOIAM HaiiBakKIuBILI ABI — U4

KpuBa € OpaxiCTOXpPOHOI (JIIHICK HAMUIBHALIONO CMYCKaHHS) 1| TAYTOXPOHOIO
(11HI€I0 OIHAKOBOrO 4acy).

BuSBNS€TLCSA, WO KY/IbKa CKOTHTLCS HaHIIBHJIIE caMe LMKIOIIHHM KO-
nobom (puc. 20.21, 20.22); 3"bKk/pkaTH Ha caHYaTax 13 LMKJIOIAHOI rIpKH Hebes-
Me4Ho — a/pKe BCl caHyaTa JOCATHYTh HaiHMKYOI TOYKH OJHOYACHO (pHC.
20.23), He3anexHO Bil TOYKHU CTApTY.

Puc. 20.21 Puc. 20.22 Puc. 20.23

Jlorapudmiuna cnipansb

Y Texuilll 4acTO BUKOPHCTOBYIOTH 00epToBl HOXI. CHila, 3 KO BOHH THCHYTh
Ha po3pi3yBaHMii MaTepian, 3aleKHTh Bl KyTa pi3aHHs, TOOTO KyTa MIXkK J1e30M
HOXKa 1 HanpsAMoM wWBKAKOCTI o0epranus. Jlna cranocti THCKY noTpibHO, mO0
KYT pi3anHs 30epiras cTaje 3Ha4eHHs, a A8 Usoro Tpeda , mod ne3a HOKIB Ma-
au opmy norapudmivnoi cnipani (puc. 20.24).



Y rigpotexsiui 3a norapugMIiHHOK CHIPANII BHTHHAIOTE TPYOY, AKa mii-
BOJMTL MOTIK BOAH A0 jnonarie TypOinu. 3aBaaxu Takiii dopmi TpyOH BTpaTH
eHeprii Ha 3MIHEHHS HANpAMY Tedli y Tpy0l BHABNAIOTLCA HAMMEHIIHMH | THCK
BOJM y TPYOl BHKOPHCTOBYIOTE 3 HaiiOIIBIION BlAAAYEIO.

[IponopuiiinicTe JOBKHHH Jyrd  CHIpaml PI3HALL JOBKHH paalycis-
BEKTOPIE BHKOPHCTOBYIOTE M1J] 4ac NPOEKTYBAHHA 3y0UYACTHX KOJIC 31 3MIHHUM
nepeaaTHUM yucaoM. Jlna usoro GepyTe ABa keaapatH (puc. 20.25), 1 yepes ce-
pelHHy Ta KIHEUb KOXHOI CTOPOHH NMPOBOAATL AYTH OJHAKOBHX NorapHpmiy-
HUX cripaneii 3 MonocaMH y LEHTpax KBajJpaTis, NpHYOMY OJHY cHipalb 3a-
KPYYYIOTE Y Hanpsami 3a FOAMHHHKOBOIO CTPUIKOIO, a APYTY — MNPOTH FOJAHHHH-
koBOI cTpinku. Toal mia yac obepraHHA LMX KBAApaTIiB AyrH chipaneil KoTHTH-
MYTLCA OJIHA MO OJHIM, He KOB3aI04YHCh.

JKusi ictotu 3a3Bu4ail pocTyTh, 30epiraroun 3aransHl oOpucH ceoel dop-
MH, MIPH LLOMY BOHH POCTYTh Y BCIX Hanpamax. AJsie My MOPCHKHX TBapHH
MOKYTh POCTH JHILE B oaHomy Hanpami. [llo6 ne aymke BuTAryBaTHCh y J0B-
JKHHY, IM JTOBOANTLCA CKPYYYBATHCh, MPHYOMY KOKEH HACTYMHHI BUTOK NOAi0-
HHil 10 nonepeaHboro. A Takuil picT MOMKIHBHI THIIE B3L0BK JorapudMIivHOl
cnipani abo AeskuM 1l NpocTOPOBHM aHanoraMm. Tomy Mynual GaraTekox MOIKC-
KIB, PaB/IHKIB, @ TAKOK POTH TIPCLKHX KO3JIB 3aKPy4eH] Y BUTIAA1 JorapHQmiy-
Hol cnipani (puc. 20.26).
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Puc. 20.24 Puc. 2025 Puc. 2026

Kpim Toro, y Burnaal norapudmivnol cnipani:

1) 3akpyuyioTeesa TponiuHi wropmu (puc. 20.27);

2) pykasu cnipansHux ranaktuk (puc. 20.28);

3) cyuBiTTA JeAKHX COPTIB UBITHOT KamycTH (puc. 20.29) — e, kpiM TOrO,
npHKnaj GppakTansHoi (caMonoaidHoT) CTPYKTYPH,

4) scTpyd HA3N0raHAE CBOK) HEPTBY. Horo rocTpuii 3ip go3eonse 30epira-
TH CTAJHIl KYT 3aKpy4yBaHHA CIIpani.



| Puc. 20.27 Puc. 20.28 Puc. 20.29

ApximeaoBa cnipaib

Apximes0Ba cripaib A03BOJISC NEPETBOPIOBATH O0EPTOBHIT PyX Y pIBHOMIPHHIH
3BOPOTHO-NMOCTYNanbHMii pyxX. Jlns nporo Tpeda BUrOTOBHTH EKCLIGHTPHK, MpPO-
(1B SKOro CKIaaaloTh ABI AyrH apxiMeaosoi cnipani (puc. 20.30). ITix gac pis-
HOMIPHOTO PyXy LOrO €KCLEHTPHKA CTpUKeHb NM, SAKHii KOB3a€ KIHIEM Y3-
J0BXK Horo npoduiio, pIBHOMIPHO PyXaeTbes TO Bropy, To BHHM3 (Biggans OM
nponopuiifHa BeTHYUHI KyTa MOBOPOTY).

Takuit ekcueHTpHK Ma€ 0HY Bajy, COPUYHHEHY 3arOCTPEHHAMH Y TOYKaX
nepeTuHy cripanieii,— WBHAKICTL PYXOMOI TOYKH 3MIHIOETBCS M 9ac 3MIHIO-
BaHHS HANPAMKY CTPHOKOM, 10 MPHU3BOANTH 0 YAApiB 1 WIBHIKOrO pyiiHyBaH-
HIO MaMHK. [i MOXKHA YCYHYTH, CKOPHCTABLIMCH TJIAJKHM EKCLEHTPHKOM Y
¢dopmi nackanesoro 3asutka (20.31). Lle A03BONMTL IWBHAKOCTI 3MIHIOBATHCS
MJ1aBHO, PHYOMY PIBHOMIPHHIT PyX €KCIIEHTPHKA MEPeTBOPHTLCA HA rapMOHiY-
Hi KOJTMBAHHS CTPHIKHA.

CrnipanbHl KOMOpecopH, 3po0IieHi 3a 0NOMOro0 ABOX BKJIAJACHUX apXiMe-
JOBHUX CIipajeil Toro caMoro po3mipy BHKOPHUCTOBYIOTH /Ul CTHCKaHHS PIIHH
Ta ra3iB (puc. 20.32). Butkn 6anaHcHpHOi MpyKMHH TFOJWHHHKA 1 OOpI3AKH
paHHIX rpaMnIaTiBok Maau (opmy apximenoroi cnipaini (puc. 20.33).

Puc. 20.30 Puc. 20.31 Puc. 20.32 Puc. 20.33

I'BHHTOBA JIiHiA

BiabicTs pociuH, fAKi B IOTbCA (MPHUMIPOM, B'IOHOK, KBAcols), 3aBHBAIOYHUCHL Ha-
BKOJI0 BEpPTHKanLHOI onopH, HalOyBaloTh (OpMM NpaBUX TI'BHHTOBHX JIiHIH
(puc. 20.34). Haromicts, xmu1s HaOyBae dopmu 1iBoi rBHHTOBOT JiHII (puc. 20.35).
®opmy npaBHX Ta JIBHX cripaneii maiots pizui Monexynu JIHK (puc. 20.36).



Puc. 20.34 Puc. 20.35 Puc. 20.36

Koucrpykuii lllyxosa

PociiicekoMy inkenepy B. I'. lllyxoBy HanexuTh ies BHKOPHUCTATH JiHiHvac-
THIi XapakTep OAHONOPOKHUHHOrO rinepdonoiaa y OyaiBuuuTel. Bin 3anpono-
HYBaB KOHCTPYKIII 3 MeTajJeBHX 0aloK, po3TalloBaHHUX AK MPAMONIHINHHI TBIPHI
OJTHOMOPOKHHHHOTO rinepbonoina (obepranns). Taki KOHCTPYKIUIl BHABHIMCH
JIErKMMH, MILHUMH. [X IIMPOKO BUKOPHCTOBYIOTS Bke nmoHaa 110 pokis:

aJUKMroNbChkHii Mask nig XepcoHom, noOyaosanuii 1911 poky (puc.
20.37);

Bexka Ha lllaGonosui 8 Mocksi (1919-1922) (puc. 20.38);

runepbonoifHa myxisceka Bexka nopry Kobe (fAnonis) Butpumana zemie-
Tpyc y 7 6anis 3a mkanow Puxrepa, 2005 (puc. 20.39);

MPOEKT XMapo4ocy «Bopreke» — roreinb, SKHil pO3MICTHTLCS HA MEXKI JI0-
naoucekoro Citi (2004) (puc. 20.40).

Puc. 20.38 Puc. 20.39

Puc. 20.37



