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I. [TonspHasi cuctema KoopauHar

Onpenenenue 1. CucteMoil KOOPAMHAT HA NAOCKOCHU HA3bl8AEMCS
pynkyus K, kasxcdoi nape uucei (u,v) cmasauias 8 coomsemcmaue
mouky naockocmu. [Ipu amom napa wucea (u,v) Ha36l8aemMcs KOOP-
nuHatamu mouku' K(u,v) 8 cucmeme koopounam K.

13nech K(u,v) — 310 3HaueHue hyHKiUU K, 3T0 0603HAUEHHE HE HMeeT HUUero 0OIIero ¢ TPaauIIHOH-
HBIMH 7151 reoMeTpHH 0603HaueHusiMu THna «touka M (1; 2)». To ectb K(u, v) Ha10 3/1eCh BOCTIPUHUMATD,

Kak o0o3HaueHue tuna f(x,y) u T.10..



I. [TonspHasi cuctema KoopauHar

Onpenenenue 1. CucteMoil KOOPAMHAT HA NAOCKOCHU HA3bl8AEMCS
pynkyus K, kasxcdoi nape uucei (u,v) cmasauias 8 coomsemcmaue
mouky naockocmu. [Ipu amom napa wucea (u,v) Ha36l8aemMcs KOOP-
auHatamu mouxu IC(u,v) 6 cucmeme koopournam K.

B HekoTOpbIX npuaokeHusax Tpedyercs, uToObl K Oblia B3AUMHO OJ1-
HO3HAUHOW (DYyHKIMEH, HO Mbl TOr0 OFpaHUUEHHUS] HAKJ/A/bIBaTh He OY-
neM. Takum 06pa3omM, B HEKOTOPbIX CUCTEMAX KOOPAMHAT (Hanpumep, B
paccMaTpUBaeMON HUXKE MOJISIPHOM CUCTeMe KOOPAMHAT) OJIHA U Ta 2Ke
TOYKA MOXKET UMETb MHOI'O PA3HbIX AP KOOPAUHAT.



I. [TonspHasi cuctema KoopauHar

Onpenenenue 1. CucteMoil KOOPAMHAT HA NAOCKOCHU HA3bl8AEMCS
pynkyus K, kasxcdoi nape uucei (u,v) cmasauias 8 coomsemcmaue
mouky naockocmu. [Ipu amom napa wucea (u,v) Ha36l8aemMcs KOOP-
auHatamu mouxu IC(u,v) 6 cucmeme koopournam K.

B 1mikoJsie Bbl mosHaKOMUJINChL C APAMOYEONbHOL 0eKapnoBoil Cu-
cmemotl Koopourant. HanoMHuM, 4ToO OHaA BBeJeHaA CJEAYIOLIUM 00-
pa3oM: Ha MJIOCKOCTH 3a(PUKCUPOBAHbI JIBE€ B3AUMHO MePHEHAUKYJISPHbIE
0CH, HasbiBaeMble 0ObIuHO ocsiMu Oz u Oy. Kaxxnoi Touke ocu cOOTBET-
CTBYeT HeKOTopoe uucJjio. [IpsiMoyrosibHast iekapToBa cucTeMa KOOpPJIu-
HaT Ka)<JI0U nape JeHCTBUTENbHBIX UUCeN (', %) CTABUT B COOTBETCTBUE
TOUKY MJIOCKOCTH, MPOEKUHUSIM KOTOPOH HA OCH COOTBETCTBYIOT UMCJIA T
(nmpoekuus Ha ocb Ox) U y (npoeKius Ha ock Oy).



I. [TonspHasi cuctema KoopauHar

Onpenenenue 1. CucteMoil KOOPAMHAT HA NAOCKOCHU HA3bl8AEMCS
pynkyus K, kasxcdoi nape uucei (u,v) cmasauias 8 coomsemcmaue
mouky naockocmu. [Ipu amom napa wucea (u,v) Ha36l8aemMcs KOOP-
auHatamu mouxu IC(u,v) 6 cucmeme koopournam K.

Mo2kH0 cKa3aTb U TaK: NpAMOYTOJIbHAsA 1€KapTOBA CUCTEMA KOOPAHUHAT

KaxJ101 nape 1eHCTBUTEbHbBIX UMCE (T, Y) CTABUT B COOTBETCTBHE TOUKY
- — — —

MJOCKOCTH € paguycom-BekTopoM OM =x i +y j,r1e i — OopT ocH
Ox, TO €CTb BEKTOP €IMHUUHOM JIJIMHBI, COHAMPaBJEHHbIA ¢ ocbio Ox, U
H

j — opt ocu Oy, TO €CTh BEKTOP €IMHUYHOK JUIMHBI, COHANPaBJEHHbIH

¢ ocbio Oy.



Onpepeaenue 2. [[ycmo Ha naockocmu 3agukcuposara oco (Ha-
36l8aeMas MOJSIPHON OCbIO), HA KOMOPOU 3ahuKkcuposanHa mouxKa
O (Has3blBaemas NOJWCOM NOJASIPHOU cucTeMbl KoopauHat). [lo-
JSIPHOW cCUCTEMOW KOOPAMHAT HA3blBACMCSA cucmema KoopouHam,
Kaocdoll ynopsadouenHotl nape uucen (p,p), ede p > 0, cmasauas
6 _coomsemcmaue maxkyio mouxy M naockocmu, paduyc-sekmop
OM Komopotl obpaszyem ¢ NOAAPHOLL 0CbI0 Yyeor p (Yeoa, Kak 0ObLy-
HO, OMCYUMbLBAEMCA NPOMUB YACOBOU CMPEAKU) U umeent OAUHY

—_—
‘OM‘ = p.

Y

noJisipHasi OCh



I.1. KaHoHHMYeCcKOoe COOTBETCTBUE MEXKAY MOJSAPHOMN CHU-
CTEMOM KOOPAMHAT U NMPSIMOYTOJIbHOM 1€KAapPpTOBOU CHU-
CTEMOM KOOPJAMHAT

OOBbIYHO C TOJISIPHOW CHUCTEMOH KOOPJAMHAT CBSI3bIBAETCS MPSIMO-
yroJibHasi IeKapToBa cucTeMa KOOPJIMHAT: ee HauaJio COBMAAAET C MOJI0-
coM, ocb Ox COBMajaeT ¢ NoJsipHOH ochlo, ocb Oy 06pasyeT ¢ ocbio Ox
yroJi % (OTCUMTBIBAeMbI, KaK 0ObIYHO, TPOTHUB YaCOBOM CTpeJKu!).

A

M




I.1. KaHoHHMYeCcKOoe COOTBETCTBUE MEXKAY MOJSAPHOMN CHU-
CTEMOM KOOPAMUHAT U MPSIMOYroJbHOU J€KAPTOBOM CHU-

CTEMOM KOOPJAMHAT

1/ 1lpu 3TOM, OueBMAHO, KOOPAMHATHI (p, ®)
J TOYKM M B MOJSIPHOH CHCTeMEe KOOpPIH-
P HaT CBSI3aHbl C JIEKAPTOBLIMH KOOPAUHATAMH
O] <p (2, y) 2TOl TOUKH COOTHOLLEHUSIMHU:
X
T = pCos — - e
e <p7 r' =pcospl +psingj. (1)
y = psing

Kpome TOro, oueHb Ba)KHbIMH SIBJISIIOTCSI COOTHOLLUEHHSI p = /22 + 12,
_ Yy
tgp = (nmpux # 0).



[.2. KpuBble BTOpOro nopsiaka
MbI paccMOTpUM 3Jaaunc, runep6oay u napadody.



1.2.1. daaunc

Onpepnenenue 3. [1ycmo a,c — 08a NOAOHUMEAbHOLX YUUCAQ, NPU-
yem ¢ < a, U HA NAOCKOCMU 3adukcuposarsol dse mouku Fy u Fy
(nasvieaemole POKYcaMm ), paccmosue mercoy Komopoimu pasHo
2¢. DNIUINCOM HA3bLBACNICA MHOMECTBO MAKUX MOUeK NAOCKOCHIU,

CymMMa paccmosaruil om Kaxooi u3 Komopolx 00 poKycos pasna 2a
(cm.puc. 2 upuc.9).



1.2.1. daaunc

Onpepnenenue 3. [1ycmo a,c — 08a NOAOHUMEAbHOLX YUUCAQ, NPU-
yem ¢ < a, U HA NAOCKOCMU 3adukcuposarsol dse mouku Fy u Fy
(nasvieaemole POKYcaMm ), paccmosue mercoy Komopoimu pasHo
2¢. DNIUINCOM HA3bLBACNICA MHOMECTBO MAKUX MOUeK NAOCKOCHIU,
CyMMa paccmosaHxuLl om Kaxooi us komopolx 0o hokycos pasHa 2a
(cm.puc. 2 upuc.9).

HanomHum, 4To MHO>KECTBO TOYEK IIJIOCKOCTH, 0OJafarolluX HEKO-
TOPbIM CBOWCTBOM @ HA3bIBAOT r€eOMETPUUYECKUM MECTOM TOYEK CO
CBOWCTBOM .



1.2.1. daaunc

Onpepnenenue 3. [1ycmo a,c — 08a NOAOHUMEAbHOLX YUUCAQ, NPU-
yem ¢ < a, U HA NAOCKOCMU 3adukcuposarsol dse mouku Fy u Fy
(nasvieaemole POKYcaMm ), paccmosue mercoy Komopoimu pasHo
2¢. DNIUINCOM HA3bLBACNICA MHOMECTBO MAKUX MOUeK NAOCKOCHIU,
CyMMa paccmosaHxuLl om Kaxooi us komopolx 0o hokycos pasHa 2a
(cm.puc. 2 upuc.9).

OueBUAHO, UTO OKPYXKHOCTb paauyca R sIBJSIeTCS YaCTHBIM CJyda-

eM 3JIJIMIICA: 3TO 3JUJIUIC, OTBEUAIOUIMA 3HAUCHUAM apamMeTpoB a = R,
c = 0.



1.2.1. daaunc

Onpepnenenue 3. [1ycmo a,c — 08a NOAOHUMEAbHOLX YUUCAQ, NPU-
yem ¢ < a, U HA NAOCKOCMU 3adukcuposarsol dse mouku Fy u Fy
(nasvieaemole POKYcaMm ), paccmosue mercoy Komopoimu pasHo
2¢. DNIUINCOM HA3bLBACNICA MHOMECTBO MAKUX MOUeK NAOCKOCHIU,
CyMMa paccmosaHxuLl om Kaxooi us komopolx 0o hokycos pasHa 2a
(cm.puc. 2 upuc.9).

[IpuONMKEHHO HAPUCOBATH 3JIJIUIIC MOXKHO C TOMOIIBK JA0BOJIBHO
MPOCTOrO MPUCIIOCOOJICHHS: BOTKHEM B JIMCT OyMaru JBe OyJIaBKU Ha pac-
CTOSIHUU 2C U TIPUBSI?KEM K HUM HUTKY JUIMHOU 2a. Tenepb OTTAHEM HUTKY
OCTPHUEM KapaHjallla, U MPOBEJIeM JINHHUIO, YIEPKHUBAA HUTKY HATAHYTOH.
[Ipu 3TOM KapaHaaul NpouepTUT YacTh JIyTH SJUIMIICA.



1.2.1. daaunc

Onpepnenenue 3. [1ycmo a,c — 08a NOAOHUMEAbHOLX YUUCAQ, NPU-
yem ¢ < a, U HA NAOCKOCMU 3adukcuposarsol dse mouku Fy u Fy
(nasvieaemole POKYcaMm ), paccmosue mercoy Komopoimu pasHo
2¢. DNIUINCOM HA3bLBACNICA MHOMECTBO MAKUX MOUeK NAOCKOCHIU,
CyMMa paccmosaHxuLl om Kaxooi us komopolx 0o hokycos pasHa 2a
(cm.puc. 2 upuc.9).

YpaBHeHue 3JJMIca B NPSIMOYTroJibHOW J€KapTOBOM cUCTEMe KO-
opAMHAT. BbiBOJ ypaBHeHHUs J1I0OOU KPUBOH HAJ0, PA3yMEeTCsl, HAUH-
HaTb C BBEJIEHUSI CUCTEMbI KOOPJMHAT. B 1aHHOM cJiyyae Mbl BBeJIeM Mpsi-
MOYTOJIbHYIO JIEKAPTOBY CUCTEMY KOOPJAMHAT CJAEIYIOLIUM 00pa3oM: ee
LIEHTp MOMECTUM MocpeauHe Mexay gokycamu Fi u Fy, ocb Ox Gyner
MPOXOJNTb uepe3d 3TH (POKYChl, CM.pHcC. 2.



Puc. 2.
| — nupekrtpucel sJiunca, = = =+

QlIs

2 2
2 — sqmrnc, L, + z =1;
a
Fi(—¢;0), F5(c; 0) — dokychl saaunca;
r — (POKYCHOE pacCTOSIHHUE;

d — paccTosinue oT M J10 THPEKTPUCHI.



1.2.1. daaunc

Onpepnenenue 3. [1ycmo a,c — 08a NOAOHUMEAbHOLX YUUCAQ, NPU-
yem ¢ < a, U HA NAOCKOCMU 3adukcuposarsol dse mouku Fy u Fy
(nasvieaemole POKYcaMm ), paccmosue mercoy Komopoimu pasHo
2¢. DNIUINCOM HA3bLBACNICA MHOMECTBO MAKUX MOUeK NAOCKOCHIU,
CYyMMa paccmosiHuil Om Kaxcooi u3 Komopslx 0o poKycos pasHa 2a.

MTak, Mbl XOTHUM NOJY4UTh YypaBHeHUEe KpUBOM. [[pumenum crpare-
rMI0 COCTaBJE€HUS] YPABHEHUH.



1.2.1. daaunc

Onpepnenenue 3. [1ycmo a,c — 08a NOAOHUMEAbHOLX YUUCAQ, NPU-
yem ¢ < a, U HA NAOCKOCMU 3adukcuposarsol dse mouku Fy u Fy
(nasvieaemole POKYcaMm ), paccmosue mercoy Komopoimu pasHo
2¢. DNIUINCOM HA3bLBACNICA MHOMECTBO MAKUX MOUeK NAOCKOCHIU,
CYyMMa paccmosiHuil Om Kaxcooi u3 Komopslx 0o poKycos pasHa 2a.

[ IpuMeHHM cTpaTeruio cocTaBjaeHUsl ypaBHEHUM.
Ymo nado naimu?



1.2.1. daaunc

Onpepnenenue 3. [1ycmo a,c — 08a NOAOHUMEAbHOLX YUUCAQ, NPU-
yem ¢ < a, U HA NAOCKOCMU 3adukcuposarsol dse mouku Fy u Fy
(nasvieaemole POKYcaMm ), paccmosue mercoy Komopoimu pasHo
2¢. DNIUINCOM HA3bLBACNICA MHOMECTBO MAKUX MOUeK NAOCKOCHIU,
CYyMMa paccmosiHuil Om Kaxcooi u3 Komopslx 0o poKycos pasHa 2a.

[ IpuMeHHM cTpaTeruio cocTaBjaeHUsl ypaBHEHUM.
Ymo nado naimu? YpaBHeHHE JIUHUH.



1.2.1. daaunc

Onpepnenenue 3. [1ycmo a,c — 08a NOAOHUMEAbHOLX YUUCAQ, NPU-
yem ¢ < a, U HA NAOCKOCMU 3adukcuposarsol dse mouku Fy u Fy
(nasvieaemole POKYcaMm ), paccmosue mercoy Komopoimu pasHo
2¢. DNIUINCOM HA3bLBACNICA MHOMECTBO MAKUX MOUeK NAOCKOCHIU,
CYyMMa paccmosiHuil Om Kaxcooi u3 Komopslx 0o poKycos pasHa 2a.

[ IpuMeHHM cTpaTeruio cocTaBjaeHUsl ypaBHEHUM.
Ymo nado naimu? YpaBHeHHE JIUHUH.
B kaxkom sude npedcmasum omsem?



1.2.1. daaunc

Onpepnenenue 3. [1ycmo a,c — 08a NOAOHUMEAbHOLX YUUCAQ, NPU-
yem ¢ < a, U HA NAOCKOCMU 3adukcuposarsol dse mouku Fy u Fy
(nasvieaemole POKYcaMm ), paccmosue mercoy Komopoimu pasHo
2¢. DNIUINCOM HA3bLBACNICA MHOMECTBO MAKUX MOUeK NAOCKOCHIU,
CYyMMa paccmosiHuil Om Kaxcooi u3 Komopslx 0o poKycos pasHa 2a.

[ IpuMeHHM cTpaTeruio cocTaBjaeHUsl ypaBHEHUM.
Ymo nado naimu? YpaBHeHHE JIUHUH.
B kakom sude npedcmasum omsem? YpaBHeHHE JIUHUU — 3TO



1.2.1. daaunc

Onpepnenenue 3. [1ycmo a,c — 08a NOAOHUMEAbHOLX YUUCAQ, NPU-
yem ¢ < a, U HA NAOCKOCMU 3adukcuposarsol dse mouku Fy u Fy
(nasvieaemole POKYcaMm ), paccmosue mercoy Komopoimu pasHo
2¢. DNIUINCOM HA3bLBACNICA MHOMECTBO MAKUX MOUeK NAOCKOCHIU,
CYyMMa paccmosiHuil Om Kaxcooi u3 Komopslx 0o poKycos pasHa 2a.

[ IpuMeHHM cTpaTeruio cocTaBjaeHUsl ypaBHEHUM.

Ymo nado naimu? YpaBHeHHE JIUHUH.

B kakom sude npedcmasum omsem? YpaBHeHHE JIUHUU — 3TO
ymaeepocdenue 0o Koopounamax ee nPoU3BOAbHOU MOUKU.



1.2.1. daaunc

Onpepnenenue 3. [1ycmo a,c — 08a NOAOHUMEAbHOLX YUUCAQ, NPU-
yem ¢ < a, U HA NAOCKOCMU 3adukcuposarsol dse mouku Fy u Fy
(nasvieaemole POKYcaMm ), paccmosue mercoy Komopoimu pasHo
2¢. DNIUINCOM HA3bLBACNICA MHOMECTBO MAKUX MOUeK NAOCKOCHIU,
CYyMMa paccmosiHuil Om Kaxcooi u3 Komopslx 0o poKycos pasHa 2a.

[ IpuMeHHM cTpaTeruio cocTaBjaeHUsl ypaBHEHUM.

Ymo nado naimu? YpaBHeHHE JIUHUH.

B kakom sude npedcmasum omsem? YpaBHeHHE JIUHUU — 3TO
ymaeepocdenue 0o Koopounamax ee nPoU3BOAbHOU MOUKU.

Bsedem nepemennole.



1.2.1. daaunc

Onpepnenenue 3. [1ycmo a,c — 08a NOAOHUMEAbHOLX YUUCAQ, NPU-
yem ¢ < a, U HA NAOCKOCMU 3adukcuposarsol dse mouku Fy u Fy
(nasvieaemole POKYcaMm ), paccmosue mercoy Komopoimu pasHo
2¢. DNIUINCOM HA3bLBACNICA MHOMECTBO MAKUX MOUeK NAOCKOCHIU,
CYyMMa paccmosiHuil Om Kaxcooi u3 Komopslx 0o poKycos pasHa 2a.

[ IpuMeHHM cTpaTeruio cocTaBjaeHUsl ypaBHEHUM.

Ymo nado naimu? YpaBHeHHE JIUHUH.

B kakom sude npedcmasum omsem? YpaBHeHHE JIUHUU — 3TO
ymaeepocdenue 0o Koopounamax ee nPoU3BOAbHOU MOUKU.

Bsedem nepemerHole. BosbMeM Npou3BoJIbHYIO TOUKY M Ha 3JJIdICe,
1 0603HAUMM €€ KOOPJMHATHI (X, Y).



1.2.1. daaunc

Onpepnenenue 3. [1ycmo a,c — 08a NOAOHUMEAbHOLX YUUCAQ, NPU-
yem ¢ < a, U HA NAOCKOCMU 3adukcuposarsol dse mouku Fy u Fy
(nasvieaemole POKYcaMm ), paccmosue mercoy Komopoimu pasHo
2¢. DNIUINCOM HA3bLBACNICA MHOMECTBO MAKUX MOUeK NAOCKOCHIU,
CYyMMa paccmosiHuil Om Kaxcooi u3 Komopslx 0o poKycos pasHa 2a.

[ IpuMeHHM cTpaTeruio cocTaBjaeHUsl ypaBHEHUM.

Ymo nado naimu? YpaBHeHHE JIUHUH.

B kakom sude npedcmasum omsem? YpaBHeHHE JIUHUU — 3TO
ymaeepocdenue 0o Koopounamax ee nPoU3BOAbHOU MOUKU.

Bsedem nepemerHole. BosbMeM Npou3BoJIbHYIO TOUKY M Ha 3JJIdICe,
1 0603HAUMM €€ KOOPJMHATHI (X, Y).

Cocmasum ypasHeHue. 3Hauerue KAKOU BeAUUUHb. BbLUUCAUM
dsyms cnocobamu?



1.2.1. daaunc

Onpepnenenue 3. [1ycmo a,c — 08a NOAOHUMEAbHOLX YUUCAQ, NPU-
yem ¢ < a, U HA NAOCKOCMU 3adukcuposarsol dse mouku Fy u Fy
(nasvieaemole POKYcaMm ), paccmosue mercoy Komopoimu pasHo
2¢. DNIUINCOM HA3bLBACNICA MHOMECTBO MAKUX MOUeK NAOCKOCHIU,
CYyMMa paccmosiHuil Om Kaxcooi u3 Komopslx 0o poKycos pasHa 2a.

Cocmasum ypasHeHue. 3Hauerue KAKOU BEAUUUHb. BbLUUCAUM
dsyms cnocobamu? 1o onpeneseHuto 3JJIMIICA HAM CJIeyeT ABYM CIO-
cobaMHu HalTH CYMMY PacCTOSIHUH OT TOUKH M 10 (POKYCOB: C OJIHOH CTO-
POHBI, OHO PABHO 2a, a C JIPYrOM CTOPOHbI, €ro JIEMKO HAUTH C MMOMOLIbIO
KOOPAMHAT TOUKU M.



1.2.1. daaunc




1.2.1. daaunc




1.2.1. daaunc

M(z,y)

Fl(—C, 0) € FQ(C, 0)

[FM| =+/(z+c)2+y2, |FM|=



1.2.1. daaunc

Fl(—C, 0) € FQ(C, 0)

M| =/ (z+c2+y2  [BRM]=/(c—a)+y?



1.2.1. daaunc

Fl(—C, 0)

r  Fy(c,0)

[FM| = /(2 + 0 + ¢

[TosTomy

2a = /(x + )2 + 12

|F5M| = +/(c — )2 + 42

+ /(e =) +y?.

(2)



1.2.1. daaunc

M(z,y)

Fl(—C, 0) € FQ(C, 0)

M| =/ (z+c2+y2  [BRM]=/(c—a)+y?

[TosTomy

2a = /(7 + )2 + 32+ /(c—2)2 + % (2)
B npuHLme, 370 y»Ke H ecTh HCKOMOe ypaBHeH#e. O HAKO Hero Moka «He

TOBApHbIH BU»: TPOMO3JKHI U HeKpacuBbIH. [ Ipeobpasyem 310 ypaBHe-
Hue K 6oJiee y1oOHOH hopMme.



1.2.1. daaunc

2a = \/(7 + )2 + 32+ /(c— 2)2 + y% (2)
[TpoBesiem ecTecTBeHHbIE PEOOPA3OBAHUS: <YEJUHUM» OJIUH U3 KOPHE
U BO3BeJieM 00€ YaCTH MOJyUYHBIIErocsi ypaBHeHHUsl B KBaIpaT:

<\/(x+c)2+y2>2: (2@—\/(c—x)2+y2)2. (3)




1.2.1. daaunc

2a = \/(7 + )2 + 32+ /(c— 2)2 + y% (2)
[TpoBesiem ecTecTBeHHbIE PEOOPA3OBAHUS: <YEJUHUM» OJIUH U3 KOPHE
U BO3BeJieM 00€ YaCTH MOJyUYHBIIErocsi ypaBHeHHUsl B KBaIpaT:

<\/(x+c)2+y2>2: (2@—\/(c—x)2+y2)2. (3)

OTMeTuM, U4TO MoJIyuuBlIeecs: ypaBHeHHe Oy1eT PaBHOCHJIbHO HCXOJHO-
My YpaBHEHHIO (2) (UTO HeyacTo ObIBAET MPH TAKOM HE3KBUBAJIEHTHOM
npeoOpa3oBaHuH, KaK BO3BeJieHHe B KBajpar). PaBHOCUJIbHOCTb 3TOrO U
MCXOJIHOTO YPABHEHUH CJIeyeT U3 CJIEYIOLIMX TeOMeTpUUecKux coobpa-

. pr—
»KeHUU: TaK Kak FQFl‘ < a, TO



1.2.1. daaunc

2a = \/(7 + )2 + 32+ /(c— 2)2 + y% (2)
[TpoBesiem ecTecTBeHHbIE PEOOPA3OBAHUS: <YEJUHUM» OJIUH U3 KOPHE
U BO3BeJieM 00€ YaCTH MOJyUYHBIIErocsi ypaBHeHHUsl B KBaIpaT:

<\/(x+c)2+y2>2: (2@—\/(c—x)2+y2)2. (3)

—
Tak Kak ‘FgFl‘ < a, TO

— —
‘FlM‘ :a—‘F2M| _



1.2.1. daaunc

2a = \/(7 + )2 + 32+ /(c— 2)2 + y% (2)
[TpoBesiem ecTecTBeHHbIE PEOOPA3OBAHUS: <YEJUHUM» OJIUH U3 KOPHE
U BO3BeJieM 00€ YaCTH MOJyUYHBIIErocsi ypaBHeHHUsl B KBaIpaT:

<\/(x+c)2+y2>2: (2@—\/(c—x)2+y2)2. (3)

—
Tak Kak ‘FgFl‘ < a, TO

— —
‘FlM‘ _ a—‘F2M| _ a—‘FgFl + FlM‘ >



1.2.1. daaunc

2a = \/(7 + )2 + 32+ /(c— 2)2 + y% (2)
[TpoBesiem ecTecTBeHHbIE PEOOPA3OBAHUS: <YEJUHUM» OJIUH U3 KOPHE
U BO3BeJieM 00€ YaCTH MOJyUYHBIIErocsi ypaBHeHHUsl B KBaIpaT:

<\/(x+c)2+y2>2: (2@—\/(c—x)2+y2)2. (3)

e
Tak Kak ‘FgFl‘ < a, TO

— — —_— —
‘FlM‘ _ a—‘F2M| _ a—‘FgFl n FlM‘ > a—|F2F1‘—‘F1M‘ S



1.2.1. daaunc

2a = \/(7 + )2 + 32+ /(c— 2)2 + y% (2)
[TpoBesiem ecTecTBeHHbIE PEOOPA3OBAHUS: <YEJUHUM» OJIUH U3 KOPHE
U BO3BeJieM 00€ YaCTH MOJyUYHBIIErocsi ypaBHeHHUsl B KBaIpaT:

<\/(x+c)2+y2>2: (2@—\/(c—x)2+y2)2. (3)

e
Tak Kak ‘FgFl‘ < a, TO

— — — — —
‘FlM‘ _ a—‘F2M| _ a,—‘F2F1 n FlM‘ > a—|F2F1‘—‘F1M‘ > _ ‘FIM‘



1.2.1. daaunc

2a = \/(7 + )2 + 32+ /(c— 2)2 + y% (2)
[TpoBesiem ecTecTBeHHbIE PEOOPA3OBAHUS: <YEJUHUM» OJIUH U3 KOPHE
U BO3BeJieM 00€ YaCTH MOJyUYHBIIErocsi ypaBHeHHUsl B KBaIpaT:

<\/(x+c)2+y2>2: (2@—\/(c—x)2+y2)2. (3)

—
Tak Kak ‘FgFl‘ < a, TO

— — — — —
‘FlM‘ _ a—‘F2M| _ a,—‘F2F1 n FlM‘ > a—|F2F1‘—‘F1M‘ > _ ‘FIM‘

CJieioBaTeibHO, MPU BO3BEJIEHUH YpaBHEHUS (2) B KBAJIpaT «IOCTOPOH-
HUX>» PEeILIeHUH He BO3ZHUKAECT.



1.2.1. daaunc

(\/(x+c)2+y2>2: (Za—\/(c—x)2+y2)2. (3)

YnpocTtum ypaBHeHue (3):

1?4 2zc+ A+ y? = 4a® —dar/(c — )2 + 2 + & — 2cx + 2+ 97,



1.2.1. daaunc

(\/(x+c)2+y2>2: (Za—\/(c—x)2+y2)2. (3)

YnpocTtum ypaBHeHue (3):

1?4 2zc+ A+ y? = 4a® —dar/(c — )2 + 2 + & — 2cx + 2+ 97,

a\/(c — x)2 + 12 = a* — xc.



1.2.1. daaunc

ar/(c — )2 +y? = a* — xc.

BHOBb BO3BeeM 006€ uacTH MoJIyUUBLIErOCH YpaBHEeHUs B KBaapar. [Ipu
9TOM, BOIPEKH OMAaCeHUsIM (KOTOpPbIe Mbl Pa3BEUBATh HE CTAHEM ), Mbl 10-
JIYYUM PABHOCUJIbHOE YPABHEHHE



1.2.1. daaunc

ar/(c — )2 +y? = a* — xc.
BHoBb BO3BeieM 06€ uacTH MOJyUHBIIEroCst ypaBHeHus1 B KBajapat. [1pu
3TOM, BOIIPEKH OMaceHHsIM (KOTOPbIe Mbl Pa3BEeMBATh HE CTAHEM ), Mbl 10~
JIYUUM PABHOCHJIbHOE ypaBHEHHE

a’ (02 — 2cx 4z + yQ) = ot — 2a%zc + 22,



1.2.1. daaunc

ar/(c — )2 +y? = a* — xc.

BHOBb BO3BeJleM 00€ YacTH MOJIyUUBILIErocsl ypaBHeHUs1 B KBaapar. [1pu
9TOM, BOIPEKH OMAaCeHUsIM (KOTOpPbIe Mbl Pa3BEUBATh HE CTAHEM ), Mbl 10-
JIYUUM PABHOCHUJIbLHOC YPaBHEHHE

a’ (02 — 2cx 4z + yQ) = ot — 2a%zc + 22,

OTKY/1a



1.2.1. daaunc

ar/(c — )2 +y? = a* — xc.

BHOBb Bo3Be/ieM 00e 4acTH MoJIyuyuBLIErocsl ypaBHeHus B KBaapar. [lpu
9TOM, BOTIPEKH OTMACeHUSIM (KOTOpPbIe Mbl pa3BeUBATh He CTAHEM ), Mbl [10-
JIyUUM PABHOCHUJIbHOE YPABHEHHE

OTKY/1a

Beenem

a’ (02 —263:—1—:1:2—1—:9/2) — 2a°zc + 2%,

ob6o3HaueHue: b =+/a?> — ¢>. Torna moJyuuM, uTO ypaBHe-

HUe (2) 5KBUBAJIEHTHO YPABHEHUIO

%:1 (4)

@M| 8




1.2.1. daaunc

2 2
%+%:1 (4)

OHo Ha3biBaeTcsi KAHOHUYECKUM YPABHE€HHUEM 3JIJIMUIICA B J€CKAPTOBbIX
KOOpAHHAaTax.




1.2.1. daaunc

Cl?' y
A 4
CLQ b2 ( )
OHO Ha3bIBA€TC{1 KAHOHUYE€CKHM YPaBHEHHUEM 3JIJIUIICA B JE€KAPTOBLIX

KOOpJIMHATaX.
OTmeTuM, uTOo napamerp b UMeeT NMPOCTOH reOMETPUUYECKHH CMBbICII:
3TO, OUEBHJIHO, OPJIMHATA TOUKHU MepeceueHus aJunca ¢ ocbio Oy. Jlei-
CTBUTENbHO, ocb Oy uMmeeT ypaBHenue x = (. Ho npu x = 0 nosyuaem
0 Y’
b2
60J1b1u0ﬁ MOJYOCbIO 3JUIMNICA U MAJIOW MOJYOCbIO 3JJUICA.

= 1, otkyna y = +b. Hucsa a v b Ha3bIBAIOTCS, COOTBETCTBEHHO,



1.2.1. daaunc

YpaBHeHue aagunca B NoJsipHOU cucTeme KoopauHar. [losspHyto
CUCTEMY KOOPJMHAT BBEJEM CJEAYIOLIMM 00pa3oM: MOJI0C MOMECTUM B
OJIMH U3 hOKYCOB, HANIPUMeD, B 1e8bLil POKYC F7, a MOJsIPHYIO OCb yCTUM
uepes okyc Fo.

M

F N F

Ommemun, 4mo deKkapmosa NpAMOY20AbHASL CUCeMA KOOPOU-
Han, 8 KOMOPOL Mbl NOAYUAAU YPABHEHUE IMO20 INMNCA 8 NPeObl-
dywem pasdene, [He A8A4emci| KAHOHUYECKU CBA3AHHOLU C 88€-
OeHHOl cetiuac Hamu cucmemoi KoopouHam.




1.2.1. daaunc

F N F

e
Bo BBeneHHOl HaMu MoJsipHOU cucTeMe KoopauHat |Fi M| = p. lnuny
—
BekTopa F5 M MOKHO BBIUHCJUTD C [TOMOLLBIO TEOPEMbl KOCHHYCOB:



1.2.1. daaunc

F N F

e
Bo BBeneHHOl HaMu MoJsipHOU cucTeMe KoopauHat |Fi M| = p. lnuny
—
BekTopa F5 M MOKHO BBIUHCJUTD C [TOMOLLBIO TEOPEMbl KOCHHYCOB:

| M|* = (2¢)* +p* — 2+ 2c- p - cos .



1.2.1. daaunc

F N F

e
Bo BBeneHHOl HaMu MoJsipHOU cucTeMe KoopauHat |Fi M| = p. lnuny
—
BekTopa F5 M MOKHO BBIUHCJUTD C [TOMOLLBIO TEOPEMbl KOCHHYCOB:

| M|* = (2¢)* +p* — 2+ 2c- p - cos .

Takum o6pasom, U3 onpeneaeHus JJUICA [10JydaeM, CPABHUBASA CYM-
My paccTosiiuii oT M 10 POKYyCOB ¢ UHCJIOM 2a:



1.2.1. daaunc

F N F

e
Bo BBeneHHOl HaMu MoJsipHOU cucTeMe KoopauHat |Fi M| = p. lnuny
—
BekTopa F5 M MOKHO BBIUHCJUTD C [TOMOLLBIO TEOPEMbl KOCHHYCOB:

| M|* = (2¢)* +p* — 2+ 2c- p - cos .

Takum o6pasom, U3 onpeneaeHus JJUICA [10JydaeM, CPABHUBASA CYM-
My paccTosiiuii oT M 10 POKYyCOB ¢ UHCJIOM 2a:

20 = p+/(2¢)2+p2 —2-2c-p-cose.



1.2.1. daaunc

F N F

2a = p++/(2¢)2+ p2 —2-2c- p- cos .

«YelMHUM» KOpPeHb W BO3BeJIeM 3TO ypaBHeHHe B KBazapat. [losyuum
ypaBHeHHe (9KBHUBAJIEHTHOCTb 3TOT0 YpaBHEHHSI HCXOJHOMY Mbl MPOBe-
pSITh He OyJieM)



1.2.1. daaunc

F N F

2a = p++/(2¢)2+ p2 —2-2c- p- cos .
«YeMHUM» KOPEHb M BO3BEIeM 3TO ypaBHeHHe B KBajpar. [losyunum
ypaBHeHHe (9KBHBAJIEHTHOCTb TOr0 YPAaBHEHHST UCXOAHOMY MbI [TPOBE-

pSITh He OyJieM)

(202 +p*—2-2¢-p-cosp = (2a— p)?,



1.2.1. daaunc

F N F

2a = p++/(2¢)2+ p2 —2-2c- p- cos .
«YeIuHUM» KOpeHb M BO3BEIEM 3TO ypaBHeHHe B KBaipart. [losyuum
ypaBHeHHe (9KBHBAJEHTHOCTb TOr0 YpaBHEHHsI HCXOJHOMY Mbl TPOBE-
pSITh He OyJieM)
(202 +p*—2-2¢-p-cosp = (2a— p)?,

(2¢)* + p* —2-2c- p - cos = 4a’ — dap + p*.



1.2.1. daaunc

F N F

(2¢)? + p* —2-2¢c- p-cosp = 4a* — 4ap + p*.

Bblpa}KaH U3 MOCJIEAHETO YPABHEHUS p, TOJIyHAEM



1.2.1. daaunc

F N F

(2¢)? + p* —2-2¢c- p-cosp = 4a* — 4ap + p*.

Bblpa}KaH U3 MOCJIEAHETO YPABHEHUS p, TOJIyHAEM

CL2—62

P = ;
a — CCOos P



1.2.1. daaunc

M
¥
Fy N Iy
a® —
P = ;
a — CCOS

[Tostoxkum € = <. Unesio € HasblBaeTCsl IKCUEHTPUCUTETOM 3JLIHIICA.
ITO YHUCJIO XapAKTEPU3YET «BBITSIHYTOCTb» 3JUIMICA: JJIs1 OKPYXKHOCTH
(To ecTb npu ¢ = 0) 370 unco paBHo 0, ¢ pOCTOM 3TOro YMcJa OTHOLLIe-
HHe OOJIbILION MOJIYOCH K MaJio# yBesimuuBaercs. KMtak, nojayuaem KkaHo-
HUYecKoe ypaBHEHUe 3JJUICa B MOJISIPHBIX KOOPJAMHATAX (€CJIU MOJI0C
B JIeBOM hokyce):



1.2.1. daaunc

M
¥
Fy N I
a® — ¢
P = ;
a — CCOS

[TosioxKHUM € = g. Uucio € Ha3biBaeTCsl 3KCUEHTPUCUTETOM 3JIIHIICA.
ITO YUCJIO XAPAKTEPU3YET «BBITSIHYTOCTb» 3JJIMICA: JIJIST OKPY2KHOCTH
(To ecTb nipu ¢ = () 3T0 uncJ0 paBHO 0, ¢ POCTOM 3TOro UMCJa OTHOLIE-
Hu1e OOJIbIION MOJIYyOCH K MaJIOd yBesimunBaercs. Mrtak, nosyyaem KaHO-
HUUYEeCKOe YpaBHEHUE 3JJIMUICA B MOJSPHBIX KOOPJMHATAX (€CJIH MOJIOC
B JIeBOM (poKyce):

2 2
. 5)




1.2.1. daaunc

M
/ﬂ\
F N F
(a* =) Ja
P= T —ccosyp ()

Ec/iu nossipHyto 0Cb HaMPaBUTh B MPOTUBOIOJOXKHYIO CTOPOHY, HJIH Te-
pPEMECTUTb MOJIIOC B npassli GoKyc, To ypaBHeHHE OYJIeT UMETh BUL



1.2.1. daaunc
M

I\
Fi N F
o= L))o (5)

Ec/iu nossipHyto 0Cb HaMPaBUTh B MPOTUBOIOJOXKHYIO CTOPOHY, HJIH Te-
pPEMECTUTb MOJIIOC B npassli GoKyc, To ypaBHeHHE OYJIeT UMETh BUL

(a* = ¢*) Ja

I +ecosyp

p:



[.2.2. Tunep6oaa

Onpepneaenue 4. [Iycmo a,c — 08a NOAOHUMENOHOLX UUCAQA, NPU-
yem (8 omauyue om onpeodeseHus IAAnNca) ¢ > a, U Ha NA0CKO-
cmu 3agurkcuposarvl dse mouku Fy u Fy (Hasoieaemole PoKycamu),
paccmosnue mexdy komopoimu pasHo 2c. lmnepooaon nasoisaem-
C MHOMCECMBO MAKUX MOYEK NAOCKOCMU, a0COMI0THAsS BeJUYMHA
Pa3HOCTU PACCMOAHUL 0N KaxOol U3 Komopolx 0o oKycos pas-
Ha2a (cm. puc.5, a makoce puc.9).



[.2.2. Tunep6oaa

Onpepneaenue 4. [Iycmo a,c — 08a NOAOHUMENOHOLX UUCAQA, NPU-
wem (8 omauuue om onpedeseHus 3NAUNCA) ¢ > a, U HA NAOCKO-
cmu 3agurkcuposarvl dse mouku Fy u Fy (Hasoieaemole PoKycamu),
paccmosnue mexdy komopoimu pasHo 2c. lmnepooaon nasoisaem-
C MHOMCECMBO MAKUX MOYEK NAOCKOCMU, a0COMI0THAsS BeJUYMHA
Pa3HOCTU PACCMOAHUL 0N KaxOol U3 Komopolx 0o oKycos pas-
Ha2a (cm. puc.5, a makoce puc.9).

YpaBHeHue runep60Jbl B NpAMOYroJbHOW A1€KapTOBOW W MOJSAP-
HOM cMucTeMax KOOpAMHAT. BbIK/JIaJKK B 3TOM cJiyyae MOUTH MOBTOPSI-
I0T COOTBETCTBYIOLIME BbIUHCJIEHHUS, TPOBEJIEHHbIE TIPU TMOJydeHUH hOop-

myJ (4)u (D).



[.2.2. Tunep6oaa

Onpepneaenue 4. [Iycmo a,c — 08a NOAOHUMENOHOLX UUCAQA, NPU-
wem (8 omauuue om onpedeseHus 3NAUNCA) ¢ > a, U HA NAOCKO-
cmu 3agurkcuposarvl dse mouku Fy u Fy (Hasoieaemole PoKycamu),
paccmosnue mexdy komopoimu pasHo 2c. lmnepooaon nasoisaem-
C MHOMCECMBO MAKUX MOYEK NAOCKOCMU, a0COMI0THAsS BeJUYMHA
Pa3HOCTU PACCMOAHUL 0N KaxOol U3 Komopolx 0o oKycos pas-
Ha2a (cm. puc.5, a makoce puc.9).

YpaBHeHue runep060Jibl B NPSIMOYroJbHOM 1€KaPTOBOM M NOJSIPHOH
cuctemMax KoopauHat. I[lostomy mpuBeaemM ToOJIbKO camMu (OPMY.JIb,
OTMETHB, BO-TIEPBbIX, UTO, B OTJIMUHE OT 3JJIMICA, uepe3 b 0003HAUEHO
UHCJIO v/ ¢ — a?, ¥, BO-BTOPLIX, YTO B TIOJISIPHOH CHCTEME KOOPJIUHAT M0~
JIyUUM YpaBHEHHE TOJbKO OJIHOM BETBU TMNEPOOJIbI.



[.2.2. Tunep6oaa

Onpepneaenue 4. [Iycmo a,c — 08a NOAOHUMENOHOLX UUCAQA, NPU-
wem (8 omauuue om onpedeseHus 3NAUNCA) ¢ > a, U HA NAOCKO-
cmu 3agurkcuposarvl dse mouku Fy u Fy (Hasoieaemole PoKycamu),
paccmosnue mexdy komopoimu pasHo 2c. lmnepooaon nasoisaem-
C MHOMCECMBO MAKUX MOYEK NAOCKOCMU, a0COMI0THAsS BeJUYMHA
Pa3HOCTU PACCMOAHUL 0N KaxOol U3 Komopolx 0o oKycos pas-
Ha2a (cm. puc.5, a makoce puc.9).

YpaBHeHue runep060Jibl B NPSIMOYroJbHOM 1€KaPTOBOM M NOJSIPHOH
cucTeMax KOopAuMHaT. B nekapToBo# NpsIMOYTrOJIbHOM CHCTEME KOOP-
JIMHAT MoJydyaeM

2 2
mofo ®




ﬁ { ;
— 4 —b .
Puc. 5

2

1 — runep6osia %j* - % =1

2 — OCHOBHOM NMPSIMOYTOJIbHUK { TasTsa.
—b<y<b’

3 — JIMPEeKTPHCHI rHepoosbl, & = +%;

4 — acuMNTOTHI THIIEPOOJIbL, Y = :tg - T

Fi(—c;0), F5(c; 0) — doxychl runep6oibl;

r — (OKyCHOE pacCTOSIHHUE,;

d — paccrosiHue oT M 10 TUPEKTPUCHI.



[.2.2. Tunep6oaa

Onpepneaenue 4. [Iycmo a,c — 08a NOAOHUMENOHOLX UUCAQA, NPU-
yem (8 omauyue om onpeodeseHus IAAnNca) ¢ > a, U Ha NA0CKO-
cmu 3agurkcuposarvl dse mouku Fy u Fy (Hasoieaemole PoKycamu),
paccmosnue mexdy komopoimu pasHo 2c. lmnepooaon nasoisaem-
C MHOMCECMBO MAKUX MOYEK NAOCKOCMU, a0COMI0THAsS BeJUYMHA
Pa3HOCTU PACCMOAHUL 0N KaxOol U3 Komopolx 0o oKycos pas-
Ha2a (cm. puc.5, a makoce puc.9).

YpaBHeHue runep060Jibl B NPSIMOYroJbHOM 1€KaPTOBOM M NOJSIPHOH
cUCTeMax KOOpAMHAT. Buj ypaBHeHHs JI€BOH U TpaBOW BETBEH THITEp-
0O0J1bl B MOJIIPHOM CUCTEME KOOPJIMHAT B CJIydae, KOTJA MOJC MOMELIEH
B OJIMH U3 (DOKYCOB W TOJIsipHAsi OCb MPOXOJUT yepe3 oba oKyca ume-
eM (rpejarnoJiarasi, UTo MoJisipHasi OCb TOPU30HTAJIbHA U MOJIOXKHUTEJbHOE
HarnpaBJieHHe — cJleBa-Hanpano ), puBeJieH B Tabauie 1.



Tabaunua 1

[Toaroc 8 aesom pokyce
JleBast BeTBb mnepéoﬂbl [IpaBas BeTBb mnep60ﬂbl
__([@=CF)/a (> =) /a
P~ " T¥ecosp P= 1—8cosgp
[Toaroc 6 npason oryce
JleBasi BeTBb runepoOodibl | [IpaBasi BeTBb runepOoJibl

(a*> =) Ja (=) Ja
P= 1 +ecosp P=- 1 —ecosyp
SILGCI), KadK U 1JId 3JIJIUIICA, € = % — 9KCUEHTPUCHTET, OJIHAKO, €CJIH

g sanunca 0 < e < 1, To 11 runepooJibl umeem € > 1.



[.2.3. [lapa6oaa

Onpepenaenue 5. [lycmo p — noAOHKUMEAbBHOE HUCAO, U HA NAOC-
Kocmu 3agurkcuposana mouxka F (nasvieaemas pokycom), u nps-
mas L (Hasvieaemas IMPEKTPUCON ), paccmosHue mexrdy Komopol-
mu pasro p. [lapaboaon nasvieaemcs mHOMECMB0 MAKUX MOUEK
NAOCKOCMU, PACCMOAHUL 0N Kaxc Dol u3 Komopolx 0o hokyca u 0o
dupexmpucol coenadarom (cm.puc. 7).



[.2.3. [lapa6oaa

Onpepenaenue 5. [lycmo p — noAOHKUMEAbBHOE HUCAO, U HA NAOC-
Kocmu 3agurkcuposana mouxka F (nasvieaemas pokycom), u nps-
mas L (Hasvieaemas IMPEKTPUCON ), paccmosHue mexrdy Komopol-
mu pasro p. [lapaboaon nasvieaemcs mHOMECMB0 MAKUX MOUEK
NAOCKOCMU, PACCMOAHUL 0N Kaxc Dol u3 Komopolx 0o hokyca u 0o
dupexmpucol coenadarom (cm.puc. 7).

YpaBHeHue napabo.bl B IPSIMOYTroJibHOW 1€KAPTOBOM CUCTEME KO-
OopAMHAT. DBBenemM npsMOyroJibHyl0 JeKapTOBY CHCTEMY KOOPJHMHAT
caeayromM ob6pasoM: ochb Ox MycTUM uepes oKyc F repreHauKyasp-
HO JIUPEKTPUCE, HaUaJJ0 KOOPAUHAT IMOMECTHM Ha PacCTOSIHUH g OT JIU-
PEKTPUCHI, TOCPeIMHE MeX 1y (POKYCOM M TOUKOH nepeceueHust ocu Oz ¢
JUPEKTPUCOH.



[.2.3. [lapa6oaa

Onpepenaenue 5. [lycmo p — noAOHKUMEAbBHOE HUCAO, U HA NAOC-
Kocmu 3agurkcuposana mouxka F (nasvieaemas pokycom), u nps-
mas L (Hasvieaemas IMPEKTPUCON ), paccmosHue mexrdy Komopol-
mu pasro p. [lapaboaon nasvieaemcs mHOMECMB0 MAKUX MOUEK
NAOCKOCMU, PACCMOAHUL 0N Kaxc Dol u3 Komopolx 0o hokyca u 0o
dupexmpucol coenadarom (cm.puc. 7).

t M(z,y)

p/2|p/2
O|F(p/2,0)

Puc. 6.



[.2.3. [lapa6oaa

B cooTBeTCTBHHU cO cTpaTerueit cocTaBjieHus: ypaBHeHui, BO3bMeM
Ha napaboJsie POU3BOJIbHYIO TOUKy M, U 0003HAUUM €€ KOOPJUHAThI

(x,y) (cMm.puc.6).



[.2.3. [lapa6oaa

B cooTBeTcTBUH CO CTpaTerneﬁ COCTaBJ€CHHUSA ypaBHeHMﬁ, BO3bMEM
Ha HapaGOJIe [TPOU3BOJIbHYIO TOYKY M, U 0003HAUUM ee KOOPAHWHATHI
(x,y) (cMm.puc.6).

[To onpenenenuto napaboJibl MOXKHO JBYMsI CIIOCOOAMH BBIUMCJIHUTD
paccTosiHie oT TouKd M 10 oKyca: ¢ 0JJHOH CTOPOHbI, OHO PaBHO pac-
CTOAHHUIO JIO0 IUPEKTPHUCHI, TO €CTh T + %, a ¢ Ipyrou CTOPOHbI, OHO PABHO

2
\/ (a: — %) + y2. Takum 06pas3om, roJiyuaeM ypaBHEHHE



[.2.3. [lapa6oaa

B cooTBeTcTBUH CO CTpaTerneﬁ COCTaBJ€CHHUSA ypaBHeHMﬁ, BO3bMEM
Ha HapaGOJIe [TPOU3BOJIbHYIO TOYKY M, U 0003HAUUM ee KOOPAHWHATHI
(x,y) (cMm.puc.6).

[To onpenenenuto napaboJibl MOXKHO JBYMsI CIIOCOOAMH BBIUMCJIHUTD
paccTosiHie oT TouKd M 10 oKyca: ¢ 0JJHOH CTOPOHbI, OHO PaBHO pac-
CTOAHHUIO JIO0 IUPEKTPHUCHI, TO €CTh T + %, a ¢ Ipyrou CTOPOHbI, OHO PABHO

2
\/ (a: — %) + y2. Takum 06pas3om, roJiyuaeM ypaBHEHHE

p_ (_]_9)2 2
:1:—1—2 \/a: 5 + y-.




[.2.3. [lapa6oaa




[.2.3. [lapa6oaa

p_ <_]_9)2 2
:1:—1—2 \/:1: 5 + y-.

BoaBeneM JieBy10 U PaBylo UaCTH 3TOIO PABEHCTBA B KBAJIPAT, MOJYyUUM

2 2

x2+xp+%:x2—xp+%+y2.



[.2.3. [lapa6oaa

p_ <_]_9)2 2
:1:—1—2 \/:1: 5 + y-.

BoaBeneM JieBy10 U PaBylo UaCTH 3TOIO PABEHCTBA B KBAJIPAT, MOJYyUUM

2 2

x2+xp+%:x2—xp+%+y2.

PaBHOCHJILHOCTD TMOJIYUeHHbIX YPaBHEHHH NpoBepsaATh He OyneM. [Tocue
MPOCThIX NMpeoOpa3oBaHUi MOJyUMM KAHOHMYECKOe YypaBHeHue napa-
00Jibl B IEKAPTOBbIX KOOPJIMHATAX:



[.2.3. [lapa6oaa

p_ <_]_9)2 2
:1:—1—2 \/:1: 5 + y-.

BoaBeneM JieBy10 U PaBylo UaCTH 3TOIO PABEHCTBA B KBAJIPAT, MOJYyUUM

2 2

x2+xp+%:x2—xp+%+y2.

PaBHOCHJILHOCTD TMOJIYUeHHbIX YPaBHEHHH NpoBepsaATh He OyneM. [Tocue
MPOCThIX NMpeoOpa3oBaHUi MOJyUMM KAHOHMYECKOe YypaBHeHue napa-
00Jibl B IEKAPTOBbIX KOOPJIMHATAX:

y? = 2px (7)




[.2.3. [lapa6oaa

YpaBHeHue napa6oJibl B NoJSIpHOW cUcTeMe KoopauHaT. Bpegem
MOJIIPHYIO CUCTEMY KOOPJUHAT CJEIYIOLIUM 00pa3oM: MOJIOC MOMECTUM
B (hOoKyC, MOJISIPHYIO OCb HAllpaBUM MEPHEHIUKYJISIPHO JHPEKTPUCE, Ha-
npaBJieHHE Ha MOJISIPHON OCH — OT IMPEKTPUCH] K PoKycy. BosbmeM ripo-
M3BOJIbHYIO TOUKY M Ha napaboJie, 0003HAUUM €€ MMOJIsiPHbIE KOOPAUHATHI
uepes p, p (cM.puc.8).

M

Puc. 8.



/
~
) M(z;y)
IH’ /// //
/ //
wi
"2
.
\\
\
Puc. 7.
| — nupexrpuca napaGoJibl, x = _%;

2 — napa6oaa, 2pr = y?;
F(p/Q; 0) — ¢hokyc napaboJibl.



[.2.3. [lapa6oaa

CpaBHuBas paccrosiHusi oT M 110 hokyca U 10 TUPEKTPUCHI, MTOJYUUM
ypaBHEHHE

p =P+ pcose.



[.2.3. [lapa6oaa
CpaBHuBas paccrosinusi ot M 110 hokyca U 10 TUPEKTPUCHI, TOJYUUM
YpaBHEHHE

p =P+ pcose.
ITO ypaBHeHHeE JIETKO PeoOpa3oBaTh K BUJLY

_ p
p_l—cosgp (8)

Ha3blBAEMOMY KAHOHHUYECKHUM ypaBHeHUeM napadoJibl B MOJSIPHbBIX
KOOpJIMHATAX.



[.3. HekoTopble ypaBHeHHUSsl, NapaMeTpPbl U JMHUU, CBSI-
3aHHbIE C JJIUNCOM, runep6oJaoi U napadboaou

B sTom pasjieJsie Mbl PE3IOMUPYEM BCE U3JTO2KEHHOE BbIIIEC U ITPUBEIEM
HECKOJIbKO HOBBIX xapakTepucTuk. [1o nmoBony ypaBHeHUH runepOoJibl B
MOJIIPHBIX KOOPAMHATAX CM. TaKKe Tadauiy 1.



[.3. HekoTopble ypaBHeHHUSsl, NapaMeTpPbl U JMHUU, CBSI-
3aHHbI€ C 3JJIUNCOM, runep060J0oN U napadoaou

Tabnuua 2
Kpusas KanoHuueckoe ypagHerue 8 KOOPOUHAMAax
B JI€KapTO- B MOJISIPHBIX
BbIX MoJII0C B JIEBOM (poKyce noJitoC B MpaBoM ¢okyce
2 2
2,y (@ =) /a _(@=)/a
dnmne a2+b =1 r= 1—€cosg0 P= 1+5cosgp
(a*> = %) Ja npaBas _(&®*=¢%) Ja  npasas
22 2 I —ecosp BETBb [ —ccosp BETBb
[unep- | &5 — & =1| p= p=
Sosia a® b (> =¢*) Ja  nesasn (a*—c*) /a  nesas
I +ecosyp BETBb I +ecosyp BETBb
[Tapa- 2 = 2px - P
60J1pa y P P = T=cos %)

3/1eCh 1€KapTOBa U MOJIsIpHAsSt CUCTEMbI KOOPJIMHAT He ABAAHONICA Ka-
HOHUUYECKH CBSI3aHHBIMHU: LEHTP J€KaPTOBON CHCTEMbl KOOPAUHAT JIEXKUT
B LIEHTPe CUMMETPHH J/I51 JIJIMICA U THIIepOOJibl, U B BepllHHE apaboJibl,
a MoJII0C MOJIIPHON CUCTEMbI KOOPJIMHAT — B OJIHOM U3 (POKYCOB.



[.3. HekoTopble ypaBHeHHUSsl, NapaMeTpPbl U JMHUU, CBSI-
3aHHbIE C JJIUNCOM, runep6oJaoi U napadboaou

Jlast ypaBHeHus1 sjumnca b= +/a?— ¢, a st runepOoJibl MMeeM
b=+c?—a? llpu 3TOM 1151 JI/IMIICA @ HA3bIBAeTCsl OOJbLIOH MOJY-
0Cbl0, b — MaJ0# NOJAYOChIO.

DKCLEHTPUCHUTET 3/IJTUIICA U THIIEPOOJIbI PABEH ©, IPHUEM JLJIsT SJIHII-
cal < e <1, a s runepboJbl € > 1.

st napaboJibl HHOTIA yIOOHO MOJIOKUTh € = 1.

Jlast sjknca ¥ runep6oJibl AMPEKTPUCOH HA3bIBAIOTCS MPSIMbIe C

a

YPaBHEHUSIMU & = i%, rae x = —z — JieBasi IMPEeKTPUca 3JIIHICa HH

runepooJibl, r = % npaBasi AMPEKTpUCa (CM.pUC.2, U PUC.D).



[.4. CBOMCTBO IUPEKTPUCHI

Teopema 1 (cBoicTBO AupeKTpuchl). Ecau M — mouka Ha 3aaun-
ce, eunepboae uau napaboae, u uepes r 0603HAUEHO PACCMOAHUE
om Hee 00 baudcatiuieco hokyca, a uwepesd d — paccmosHue 0o 6.au-
wauhueﬁdupexﬂunumunu)umeeﬂhwaﬁnapaeeumneo%%:waededﬂﬂ
napaboaol € = 1.

Jloka3aTteabCTBO.



[.4. CBOMCTBO IUPEKTPUCHI

Teopema 1 (cBoicTBO AupeKTpuchl). Ecau M — mouka Ha 3aaun-
ce, eunepboae uau napaboae, u uepes r 0603HAUEHO PACCMOAHUE
om Hee 00 baudcatiuieco hokyca, a uwepesd d — paccmosHue 0o 6.au-
grcaiiutetl OupeKmpucsl, mo umeem Mecmo pagescmeso 5 = e, ede 0as
napaboaol € = 1.

Jloka3areabcTBO. Bo3bMeM MPOU3BOJIbHYIO TOUKY Ha sJsunce. [lycTsb
ee KOOpAUHATHI — (x,y) W, AJs onpeaeseHHocTd, z > 0 (caydan x < 0
paccMmaTpuBaeTcs aHasoruuHo). Torna Gmkakini K 3TOH Touke hoKyc
“MeeT KoopauHaThl (¢, (), MO3TOMY pacCcTOsIHUE OT 3TOH TOUKH 3JIUICA
710 pokyca paBHO 1 = \/(x — ¢)2 + y2. Jlupektpuca, OJxKailiias K JaH-
HOH TouKe, HMeeT ypaBHeHHe x = . PaccTosiHue OT TOM TOUKH J10 9TOM

—a _
JIUPEKTPHUCHI PaBHO d = Z — .




[.4. CBOMCTBO IUPEKTPUCHI

Teopema 1 (cBoicTBO AupeKTpuchl). Ecau M — mouka Ha 3aaun-
ce, eunepboae uau napaboae, u uepes r 0603HAUEHO PACCMOAHUE
om Hee 00 baudcatiuleco hokyca, a wepes d — paccmOﬂHue do oau-
orcaluiell OupeKmpucol, Mo umeent Mecmo paseHcmso d =g, ede 04
napaboaol € = 1.

Jloka3zateabcTBo. BosbMeM nponsBosibHyto Touky M (x,y) Ha JIMHWH,
IJIs1 ompesieJieHHOCTH, x > (. bumzkaiui K 9Toi Touke hoKyC HMEET KO-
opaunathi (c,0), paccTosinue 10 Hero paBHo 7 = \/(x — ¢)? + y2. Bau-
JKaullasd IMPEKTPUCa HMeeT ypaBHeHHe T = Q Paccrosinue ot 3101 TOU-
KU JI0 3TOW JUPEKTPUCHI PaBHO d = £ — . HoaTOMy, YUUTbIBAsA

8
2
a




[.4. CBOMCTBO IUPEKTPUCHI

Teopema 1 (cBoicTBO AupeKTpuchl). Ecau M — mouka Ha 3aaun-
ce, eunepboae uau napaboae, u uepes r 0603HAUEHO PACCMOAHUE
om Hee 00 baudcatiuleco hokyca, a wepes d — paccmOﬂHue do oau-
orcaluiell OupeKmpucol, Mo umeent Mecmo paseHcmso d =g, ede 04
napaboaol € = 1.

Jloka3zateabcTBo. BosbMeM nponsBosibHyto Touky M (x,y) Ha JIMHWH,
IJIs1 ompesieJieHHOCTH, x > (. bumzkaiui K 9Toi Touke hoKyC HMEET KO-
opaunathi (c,0), paccTosinue 10 Hero paBHo 7 = \/(x — ¢)? + y2. Bau-
JKaullasd IMPEKTPUCa HMeeT ypaBHeHHe T = Q Paccrosinue ot 3101 TOU-

KU JI0 3TOM JUPEKTPUCHI PABHO d = g — . HoaTOMy, YUUTbIBAsA

2 2
pt(1-5) =5 (@) -

a



[.4. CBOMCTBO IUPEKTPUCHI

Teopema 1 (cBoicTBO AupeKTpuchl). Ecau M — mouka Ha 3aaun-
ce, eunepboae uau napaboae, u uepes r 0603HAUEHO PACCMOAHUE
om Hee 00 baudcatiuleco hokyca, a wepes d — paccmOﬂHue do oau-
orcaluiell OupeKmpucol, Mo umeent Mecmo paseHcmso d =g, ede 04
napaboaol € = 1.

Jloka3zateabcTBo. BosbMeM nponsBosibHyto Touky M (x,y) Ha JIMHWH,
IJIs1 ompesieJieHHOCTH, x > (. bumzkaiui K 9Toi Touke hoKyC HMEET KO-
opaunathi (c,0), paccTosinue 10 Hero paBHo 7 = \/(x — ¢)? + y2. Bau-
JKaullasd IMPEKTPUCa HMeeT ypaBHeHHe T = Q Paccrosinue ot 3101 TOU-

KU JI0 3TOM JUPEKTPUCHI PABHO d = g — . HoaTOMy, YUUTbIBAsA

p p 2 2
y2:b2(1—x—2>:b—Q(aQ—x2)=¥(a2—x2)=

a



[.4. CBOMCTBO IUPEKTPUCHI

Teopema 1 (cBoicTBO AupeKTpucsol). Ecau M — mouka Ha 3aaun-
ce, eunepbose uiu napabose, u yeped r 0003HAUEHO PACCMOAHUE
om Hee 00 baudxcatiuieco hokyca, a uwepe3d d — paccmosaHue 0o 6.au-
srcaiuler OupeKmpucol, Mo umeem mecmo paseHcniso % = ¢, ede 044
napaboaol € = 1.

Jloka3aTreabcTBO. Bo3bMeM nponsBosibHyt0 TOUKy M (z, 1) HA JIUHUH,
1U1s1 omipesiesieHHoCTH, x > (. buimekaiiui K 3Tol Touke hoKyC HMeET KO-
opmuHaTthl (c,0), paccTosinue 10 Hero paBHo T = +/(x — ¢)? + y?. Ban-
JKaullasd IMPEKTpUca UMeeT YypaBHeHHe & = %. PaccrosiHue ot 3101 TOU-

KU 10 3TOW IUPEKTPUCHI PaBHO d = % — x. [losTomy, yuuThiBas
2 2 2 2
x b a-—c
2 12 2 2 2 2
y =0 (1——2> =5 (@ —0%) = —— (" = 27) =
a a a



[.4. CBOMCTBO IUPEKTPUCHI

Teopema 1 (cBoicTBO AupeKTpuchl). Ecau M — mouka Ha 3aaun-
ce, eunepboae uau napaboae, u uepes r 0603HAUEHO PACCMOAHUE
om Hee 00 baudcatiuieco hokyca, a uwepesd d — paccmosHue 0o 6.au-
grcaiiutetl OupeKmpucsl, mo umeem Mecmo pagescmeso 5 = e, ede 0as
napaboaol € = 1.

Joka3areabcTBo. [lo3TOMY, yunthiBas
2 2\ (.2 .2
Y :(1—5)(a —:I:),

[10Jiydaem




[.4. CBOMCTBO IUPEKTPUCHI

Teopema 1 (cBoicTBO AupeKTpuchl). Ecau M — mouka Ha 3aaun-
ce, eunepboae uau napaboae, u uepes r 0603HAUEHO PACCMOAHUE
om Hee 00 baudcatiuieco hokyca, a uwepesd d — paccmosHue 0o 6.au-
grcaiiutetl OupeKmpucsl, mo umeem Mecmo pagescmeso 5 = e, ede 0as
napaboaol € = 1.

Joka3areabcTBo. [lo3TOMY, yunthiBas
2 2\ (.2 .2
Y :(1—5)(a —:I:),

[10Jiydaem




[.4. CBOMCTBO IUPEKTPUCHI

Teopema 1 (cBoicTBO AupeKTpuchl). Ecau M — mouka Ha 3aaun-
ce, eunepboae uau napaboae, u uepes r 0603HAUEHO PACCMOAHUE
om Hee 00 baudcatiuieco hokyca, a uwepesd d — paccmosHue 0o 6.au-
grcaiiutetl OupeKmpucsl, mo umeem Mecmo pagescmeso 5 = e, ede 0as
napaboaol € = 1.

Jloka3aTteabCTBO.
r V(=) +y? \/(:U—sa)2+(1—52)(a2—x2)
- = = £ p—
d @ _ T a— ex
€

Ve2a? — 2za + a?
=¢
a— ex




[.4. CBOMCTBO IUPEKTPUCHI

Teopema 1 (cBoicTBO AupeKTpuchl). Ecau M — mouka Ha 3aaun-
ce, eunepboae uau napaboae, u uepes r 0603HAUEHO PACCMOAHUE
om Hee 00 baudcatiuieco hokyca, a uwepesd d — paccmosHue 0o 6.au-
grcaiiutetl OupeKmpucsl, mo umeem Mecmo pagescmeso 5 = e, ede 0as
napaboaol € = 1.

Jloka3aTteabCTBO.
r Va—PaE @ (1)@ - )
- — = £ p—
d @ _ T a— ex
€
\/€2x2—25a+a2 a— ex

a—&x a—&x



[.4. CBOMCTBO IUPEKTPUCHI

Teopema 1 (cBoicTBO AupeKTpuchl). Ecau M — mouka Ha 3aaun-
ce, eunepboae uau napaboae, u uepes r 0603HAUEHO PACCMOAHUE
om Hee 00 baudcatiuieco hokyca, a uwepesd d — paccmosHue 0o 6.au-
grcaiiutetl OupeKmpucsl, mo umeem Mecmo pagescmeso 5 = e, ede 0as
napaboaol € = 1.

Jloka3aTteabCTBO.
r V(=) +y? \/(:U—sa)2+(1—52)(a2—x2)
- = = £ —
d @ _ T a— ex
€
\/€2x2—25a+a2 a— ex
= £ =& = g’
a— ex a— ex

TaKk Kak a — x > 0.



[.4. CBOMCTBO IUPEKTPUCHI

Teopema 1 (cBoicTBO AupeKTpuchl). Ecau M — mouka Ha 3aaun-
ce, eunepboae uau napaboae, u uepes r 0603HAUEHO PACCMOAHUE
om Hee 00 baudcatiuieco hokyca, a uwepesd d — paccmosHue 0o 6.au-
grcaiiutetl OupeKmpucsl, mo umeem Mecmo pagescmeso 5 = e, ede 0as
napaboaol € = 1.

Joka3areabcTBo. [y runepOoJbl 3TO yTBEPXKACHUE NOKA3bIBACT-
Cs aHaJIOrM4HO, a JJ1s napadoJibl OHO CJIeyeT HEMOCPEACTBEHHO U3 €€
onpeaeJgeHus .



[.4. CBOMCTBO IUPEKTPUCHI

Teopema 1 (cBoicTBO AupeKTpuchl). Ecau M — mouka Ha 3aaun-
ce, eunepboae uau napaboae, u uepes r 0603HAUEHO PACCMOAHUE
om Hee 00 baudcatiuieco hokyca, a uwepesd d — paccmosHue 0o 6.au-
grcaiiutetl OupeKmpucsl, mo umeem Mecmo pagescmeso 5 = e, ede 0as
napaboaol € = 1.

YpaBHeHHe BCEX 3TUX TPEX KPUBLIX B ITOJIAPHBLIX KOOPJAHUHATAX MO2KHO

3anucarhb eIMHO00PA3HO: p = 1= rae a5 napadoJbl € = 1. [pu

£COS P’
3TOM MapameTp k JJIs1 KaxKJI0M U3 3TUX KPUBBIX HMEET BeCbMa Mpo3pau-

HbIH FeOMETPHUUECKHH CMbICJI: 9TO PacCTOsIHUE OT (hOKyca JI0 TOUKH Iepe-
ceyeHHsi COOTBETCTBYIOIIEH KPUBOM C MPSIMOM, POXoisiiilel uepes hoKyc
napaJiJie/IbHO JIMPEKTPUCE.



Puc. 9.

| — acumnroTsl runep6oJbl, y = igaz;
2 2
2 = samne, L 4 4 = 1
a

3 — OCHOBHOH MPSMOYTOJIbHUK 3JIJIUIICA U THIIepOOJIbI;

2 2
4 — runepboda, 27—2 — g—Q = 1 (JieBasi U NpaBasi BETBH ).
Fi, F5 — dokychl snnunca, Fy, Fy — dokycbl runepoodibl.



[.5. Onpenenenre NUHUHA BTOPOTO NOPSAJKA C MOMOLLbIO
9KCLUEHTPUCUTETA U AUPEKTPHUCDI

I/IHOI‘ILEI paCcCMOTPEHHbIE HAMH JIMHUHU BTOPOI'O IMOpPsiiIKka BBOASITCA HE
onpeaeseHusiMi 3, 4, 5, a C TIOMOLIbIO OMNpejeseHUd, OCHOBAHHbBIX Ha

Teopeme 1 0 CBOMCTBE JUPEKTPUCHI.



[.5. Onpenenenre NUHUHA BTOPOTO NOPSAJKA C MOMOLLbIO
IKCUEHTPUCUTETA U NTUPEKTPUCHI

A vMeHHO, paccMaTpPUBAIOTCS JIMHUU, ONpeJle/ieHHbIe CeayIOIMM 00-
pa3oM: MyCThb € — HEOTPULIATENbHOE UUCJTIO (9KCLIEHTPUCHUTET), F' — Tou-
Ka Ha MJ1I0CKOCTH ((pokyc), P — npsiMmast Ha MJIOCKOCTH (JIUPEKTPUCA ), TO-
rjla COOTBETCTBYIOLIAS JIMHUS MTPeICTaB/sieT COO0H reoMeTpUuecKoe Me-
CTO TOUEK, JJIs1 KOTOPbIX Cfi = ¢, rjie d — paccTosiHue OT TOUKH JI0 JIUpeK-
TPHUCHI, 7 — PACCTOSIHUE OT TOUKH JI0 hoKyca.



[.5. Onpenenenre NUHUHA BTOPOTO NOPSAJKA C MOMOLLbIO
IKCUEHTPUCUTETA U NTUPEKTPUCHI

M3 maTtepuaga npeablayiux pasaesnon caeayet, uto npu 0 < € < 1 no-
JIy4aeTcsl 3JIIMIC, Npu € = 1 — napaboJa, npu € > 1 — BETBb I'UInep-
6oJibl, OainxKakias K gaHHomy gokycy. FMiamenenue ¢popmbl JMHKM B 3a-
BUCUMOCTH OT 3HauUeHHsl € (NMpu PUKCUPOBAHHBIX POKYCe U TUPEKTPUCE)
n3oOpaxeHo Ha puc.10.



[.5. Onpenenenre NUHUHA BTOPOTO NOPSAJKA C MOMOLLbIO
9KCLUEHTPUCUTETA U AUPEKTPHUCDI
Hawm nokasaJsioch moJie3ubiM Ha pHUC. 11 [IPUBECTH U3MEHEHHE (bOprI

JIMHUKU BTOPOI'O MOpdAaKa p = T [IPKU USMEHEHHHU 3HAUECHUS € B

— £COS
cJyuae, Korjaa (UKCMpPOBAHO 3HaueHWe rnapamerpa k (a He paccTosiHUe

oT hoKyca 10 IMPeKTPUCH], KaK Ha puc.10).



;0 = % y‘e /7 //N/////%
5 ' e P
| - 3
f_{,.
H:) E‘H P Ha4d
‘i C >~
)}} 2 T
me —

Puc. 10. 3aBucumocTb opMbl JIMHUH BTOPOTO MOPSIAKA p = T—¢cos g O PKCLEHTPHCHTETA (3acukcu-

pOBaHO paccTosiHue m OT (hOKyca 0 AMPEKTPUCHI ).

1 — saJurnc P = m, g = 02, 2 — 3JIMIC P = m%m, g = 05,

3 — napaboJga p = —1%, e=1; 4 — runepboga p = %, e =2
5 — JMpeKTpHca.



N\ MoJisipHast
{0Cb
I =T

Puc. 11. 3aBucumocTb OpMbl JJHHUH BTOPOTO MOPSIIKA p = 7— gkcosgo OT KCLIeHTpUcHTeTA (3aUK-

_ _k
CHPOBAHO UMCJIO K, IMPEKTPHCA HMEET ypaBHEHHe T = —g B CHCTeMe KoopauHat Ozy U ypaBHeHHe

_ k s
P = —zcosp B NOJAPHON cHcTeMe KOOPJIMHAT).

1 — sJutunc p = m, £ = 02, 2 — 3JIMMC P = mlsm, e =0.5;
3— Hapa60ﬂa P = %, £ = 1, 4 — FHHQpéOHa P = 1721(30_8@’ € =2.



1.6. Hnaunapuueckas u cpepurueckasi cCHCTEMbl KOOPAHU-
HaT

HYCTI) B IIPOCTPAHCTBE 3aJaHa MNPAMOYTroJibHaAsA ACKAPTOBaA CHUCTEMA
KoopauHat KC(x, y, z).



1.6.1. Huaunapuueckas cuctemMa KOOpJauHar

Lunnuapuueckasi cuctemMa KOOpAMHAT TPOIHKe uuces (p; p; z) cra-
BUT B COOTBETCTBHE TOUKY MPOCTPAHCTBA C MPSIMOYTOJIbHBIMH JeKapTO-
BbIMU KOOpJIMHATAMMU (; ¥; ), TAe (x;y) — KOOPAUHATHI TOUKU Ha MJIOC-
KOCTH C TOJIIPHBIMH KOOPAUHATAMH (p; ), TJe MoJsipHasi OCb COBIMaaeT
¢ ochlo abcuycc, a MoJIrC — ¢ HadaJoM KoopadHaT. HerpynHo Bbiumc-
JIUTh, UTO MEPEXO0JI OT LIMJIHUHAPHUECKOH B IEKAPTOBY CHCTEMY KOOPAUHAT
OCYILLECTBJISIETCS 10 (POPMYJIAM

T = pPCos _

y=psing , T =pcosp i
T =2z

. 1
+psingp j +zk. (9)



1.6.2. Chepuueckasn cucremMa KoopauHar

Cdepuueckasn cucrtemMa KOOpAMHAT TPokKe unces (r; ;) CTaBUT B
COOTBETCTBHE TOUKY MPOCTPAHCTBA, PaJIMyC-BEKTOP KOTOPOH HMeeT JIJIH-
Hy 7 M 006pa3yeT ¢ 0Chlo aNJIMKaT yroJ @, a poeKis 9TOro pajauyca-
BeKTOpa Ha MmjockocTb xOy obpasyet ¢ ocbio Ox yroJ ¢. [1pu dbukcu-
POBaHHBIX 3HAUEHUSIX TIEPEMEHHBIX 1" = T( H (0 = (o TIOJIyUaloTCsl KPYTH,
Ha3blBaeMble Ha ryiobyce paauyca rg napasreaamu, npu GUKCUpoBaH-
HbIX 3HAUeHHSX MepeMeHHbIX 7 U ¢ MoJydalTcs KPyr, HadbiBaeMble Ha
rinobyce mepuduaramu (HO B MOCJEJHEM CJyuae yroJ OTCUMTHIBAETCS
OT CeBEPHOTro MoJ110Ca, a He oT 3KBartopa’ ). [1pn dhuKcHpOBaHHLIX 3HAYE-
HHSIX TeEPEMEHHBIX ¢ = o U 0 = 0y moJiyuaeM Jiyd, BLIXOASAIIMN U3 HauaJsia
KOOPJIMHAT.

2J{Horna noj 6 NoHUMALOT YroJl MexKJy palyCoM-BEKTOPOM TOUKH U n1ockocmoto xOy.
3¥YT0oJ1 OTCUNTBIBAETCS OT SKBATOPA B CJydae, KOT/a 1oJi # TOHUMAIOT yroJl MeXK1y paauyCcoM-BEKTOPOM
TOUKU U naockoctmoito x0y.



1.6.3. [lepexon ot cepuueckoit B 1eKapTOBY NpsaMo-
YroJibHYI0 CUCTEMY KOOPJAHHAT

[lepexon oT cepuueckoil B 1eKapTOBY NPSIMOYTOJIbHYIO CHCTEMY KO-
OPJMHAT OCYLIECTBJIAETCS M0 popMyJiam

x = 1rcospsinf
y=rsinpsing , 1 =rcospsinfdi +rsinpsinf j +rcosfk.
x =rcosb

(10)



Il1. [loBepxHOCTH BTOpPOTO NOopsaka

Onpenenenue 6. [[losepxrnocmo Il Hasbl8aencsi NOBEPXHOCTbIO BTO-
poro nopsjaka noeoa u moabKo moeoa, K0eda 8 HeKOMmMopoL NPIMO-
yeoavHotl cucmeme koopouram Oxyz OHA UMeem YpasHeHUe

ar’ + By + 2t + pry + qre +ryz Fur oy +wz + 7 =0,

ede xoms 6oL 00uUH U3 KOIpGuyuenmos o, 3,7, p,q,r omauier om
HYAsL.



Il1. [loBepxHOCTH BTOpPOTO NOopsaka

Onpenenenue 6. [[losepxrnocmo Il Hasbl8aencsi NOBEPXHOCTbIO BTO-
poro nopsjaka noeoa u moabKo moeoa, K0eda 8 HeKOMmMopoL NPIMO-
yeoavHotl cucmeme koopouram Oxyz OHA UMeem YpasHeHUe

ar’ + By + 2t + pry + qre +ryz Fur oy +wz + 7 =0,

ede xoms 6oL 00uUH U3 KOIpGuyuenmos o, 3,7, p,q,r omauier om
HYAsL.

MoO2KHO MOKa3aTh, UTo Jit0O6asi MOBEPXHOCTb BTOPOTO MOPSIJIKA SABJSIET-
cs MO0 UMJIMHAPUYECKOU MTOBEPXHOCTBIO, JIMOO JIJIs Hee HAUIeTCs TaKast
J€KAPTOBA MPAMOYroJibHasA CUCTEMa KOOPJMHAT, B KOTOPOM YpPaBHEHHE
9TOU MOBEPXHOCTH UMEET OJIMH U3 CJICYIOLIMX BUIOB:



Il1. [loBepxHOCTH BTOpPOTO NOopsaka

- 3/2 2’
o L5+ 4o+ 25 = 1 — 3/LIUIICOU;
a b c
z* 92 2 )
® =5 | 25 — Z5 = 1 — OJIHONOJIOCTHBIK TMIIEPOOJIOU,;
a~ b c
> 92 2’ y
¢y o= 1 — JIBYIOJIOCTHBIMA TUNEPOOJION,;
a c
2 2 2
® 5 + L5 — %5 = () — KOHYC;



Il1. [loBepxHOCTH BTOpPOTO NOopsaka

JlJis1 mocTpoeHust 3TUX MOBEPXHOCTEH OObIUHO MPUMEHSIETCS Memoo
22
cewernutl. Hanpumep, pacCMOTPUM 3JUIHINICOUIL: 5 + %2 + & =1.

CeueHus 3TOH MOBEPXHOCTH TJIOCKOCTSIMH x—xo HBJIH}OTCH 3J1-

2 2
Voo Z _1_% 5

JMIICAMH 25 + 2= 1 5. OTH 3JUIMICHl «CKOJIb3AT» T0 3JIJIMII-

a

b
2 2
0
cam Ly ? = 1 — 5. CnenoBatesibHO, noJydaercs (urypa, nojaoOHas
C
H306pa>KeHHoP’1 Ha pucyHke 12. BHellHUW# BUJ OCTaJIbHbIX (DUTYP HU300-

paxkeH Ha pucyHkax 13, 14, 15.



Il1. [loBepxHOCTH BTOpPOTO NOopsaka

Oo6pature BHHMaHHe Ha puc. 13, U3 KOTOPOro BUJHO, KaK U3MEHsIeT-
cst urypa L %2 — Z—j = d npu u3MeHenuu napametpa d. [lpu d > 0
noJiyuaem OILHOHOJIOCTgbIIU/I runiep6osionsl. C yMeHblIeHUEM d <IepeTsK-
Ka»* nocrenenno «crarupaerca». [Ipu d = 0 3Ta «nepeTskKa» rnpespa-
11aeTcs B TOUKY — HauaJio koopauHat. Korna d ctTaHoBUTCS OTpULIaTE N b-
HbIM, «CBSI3b» MEXKJly BepXHEH U HUXKHEH 4acTblo (PUrypbl pa3pbiBaercs,

1 3Ta urypa npeBpaulaeTcs B ABYNOJOCTHbIH rHHep60J10HzL Hanpuwmep,
2

npu d = —1 nosiyuaem ABYNOJOCTHBIHU mnepéoﬂonﬂ + ?é 2—2 = —1,
c
KAHOHHYECKOEe YpaBHEHHE KOTOPOro IOJIy4aeTcs n3 31oro ypaBHEHUSA
2 22
YMHOXKEHHEM 00EHX yacTell papeHcTsa Ha —1:  —L5 — % + % = 1.
a

‘meercst B BUAY 3JIJIUIIC { a
z






Puc. 13.
a) OHHOHO.HOCTHI)II/UI runep6oJon Ly

R
2_5

6) KOHyC ?

B) IIByHOJIOCTHbIH runep6oJon — L




[\]

2
Puc. 14. danuntuyeckuit napabosionsl z = = + % (M300paxkeHa oJiHA U Ta XKe
a
MTOBEPXHOCTD )



[\
[N}

Puc. 15. Tunep6osinyeckuii napabosons z = L %—2 (M300parkeHa 0JiHa U Ta XKe

02
b)

MTOBEPXHOCT



[1.1. [Tapa6oaounabl
b B 5132 y2 332 y2
aCCMOTPHM MOBEPXHOCTH BUAA 2 = —5 + 02 Uz = PRy



[1.1.1. daaunTnuecku napadoouns

z

2 2
B ypaBHeHuH 2 = — + = noJjoxum x = 0.
a’> b

r =0,
B ceueHnuun nosyunm y?
2z

=5



[1.1.1. daaunTnuecku napadoouns

z

1'2 2

B ypaBhennu z = — + - noJioxkum x = .

12
r =0,
B ceuennu nosyunm napaboiy: y?

=5



[1.1.1. daaunTnuecku napadoouns

z

2 2
T
B ypaBHeHuun z = P + %
z = const.
B CeUeHHUH MOJIyUUM
z=1,
2 2
x
1= +Z

a? b

[TOJIOZKUM



[1.1.1. daaunTnuecku napadoouns
2 2
Z

L Y
B ypaBHeHHUH 2= — 4+ =5  T0JIOXKHUM
a’> b
z = const.
B CeUeHHUH MOJIyUUM INAUNC:
z=1,
22 g
—+5=1
a* b




[1.1.1. daaunTnuecku napadoouns
2 2
A

L Y
B ypaBHeHHUH 2= — 4+ =5  T0JIOXKHUM
a’> b
z = const.
B CeUeHHUH MOJIyUUM INAUNC:
z=1,
22 g
—+5=1
a* b




[1.1.1. daaunTnuecku napadoouns

Zu

B  ypaBHeHuu

z = const.

B CeyeHuHu
z =2,
72 2

SR AN

202 202

2 2
L Yy
2294—?

[TOJIYUHHUM

[TOJIOZKUM

dAaunc:



[1.1.1. daaunTnuecku napadoouns

Zu

B  ypaBHeHuu

z = const.

B CeyeHuHu
z =3,
72 2

SRR AT

3a2 32

2 2
L Yy
Z=§+§

[TOJIYUHHUM

[TOJIOZKUM

dAaunc:



[1.1.1. daaunTnuecku napadoouns

Zu

B  ypaBHeHuu

z = const.

B CeyeHuHu
z =4,
72 2

SRR AT

4a? = 4b2

2 2
L Yy
Z=§+§

[TOJIYUHHUM

[TOJIOZKUM

dAaunc:



[1.1.1. daaunTnuecku napadoouns

4 22 g
B  ypaBHeHuun @z = P + 2 MOJIOKUM
Yy = const.
B ceueHun nosyunm
Yy = _17 57
B r? 2,25




[1.1.1. daaunTnuecku napadoouns

2 2
L Y

B ypaBHeHnn z=-—+ 5  [OJOXKHM
a* b

Yy = const.

B ceuenun nosyuum napabony:

Y= _17 57
r? 2,25




[1.1.1. daaunTnuecku napadoouns

B 22 g
B ypaBHeHuun z = P + 2 MOJIOKUM
Yy = const.
B ceuennu nosyunm napabory:
y=-1
¢ 1
z = 2 + %k




[1.1.1. daaunTnuecku napadoouns

B 22 g
B ypaBHeHHUH 2= — 4+ =5  T0JIOXKHUM
a’> b
Yy = const.
B ceuennu nosyunm napabory:
Yy = _07 57
B r? 0,25
Z = ? b2 .




[1.1.1. daaunTnuecku napadoouns
2 2

2 L Y
B ypaBHeHHUH 2= — 4+ =5  T0JIOXKHUM
a’> b
Yy = const.
B ceuennu nosyunm napabory:
y =0,
72

Z = —=.
a’




[1.1.1. daaunTnuecku napadoouns
2 2

i B ypaBHeHuun z = % + % MOJIOKUM
Yy = const.
B ceuennu nosyunm napabory:
y=1
¢ 1




[1.1.1. daaunTnuecku napadoouns

B 22 g
B ypaBHeHuun z = P + 2 MOJIOKUM
Yy = const.
B ceuennu nosyunm napabory:
y =15,
r? 2,25
r=St




[1.1.1. daaunTnuecku napadoouns

OnpeneneHue 7. aaunTHUEeCKUM Mapa-
00JIOUAOM MbL HA308EeM NOBEPXHOCHID,
KOMOPYO MONCHO 8 HEKOMOPOILL NPIMO-

Y20abHOL dekapmosolu cucmeme Koop-
2 2

LY
duHam 3adamo ypasHenuem z = — + ot




[1.1.1. daaunTnuecku napadoouns

OnpeneneHue 7. aaunTHUEeCKUM Mapa-
00JIOUAOM MbL HA308EeM NOBEPXHOCHID,
KOMOPYO MONCHO 8 HEKOMOPOILL NPIMO-
YeoAbHOl O0ekapmosoll cucmeme Koop-
2 2
L )
duHam 3adamo ypasHenuem z = — + R
OueBHJHO, uTO NpU a=0b B CeUeHHUsIX
z = const OyyT MOJyuaThCsl OKPY?KHOCTH.




[1.1.1. daaunTnuecku napadoouns

OnpeneneHue 7. aaunTHUEeCKUM Mapa-
00JIOUAOM MbL HA308EeM NOBEPXHOCHID,
KOMOpPY MONCHO 8 HEKOMOPOU Npamo-
YeOoAbHOUl 0eKapmosoil cucmeme KOOp-
2 2
L )
duxnam 3adamo YpagHeHuem z = — + ==.
a? b
OueBHJHO, uTO NpU a=0b B CeUeHHUsIX
z = const OyyT MOJyuaThCsl OKPY?KHOCTH.

2 2
T
Taknm o6pasom, napaboJionsl z = —; + = MOXKET ObITb MOJIyUeH Bpa-
a‘? a
y =0,
1IeHUeM rapaboJibl x? BOKPYT OCH anmJjukar, T.e. ocu Oz.
z =

a?



[1.1.1. daaunTnuecku napadoouns

OnpeneneHue 7. aaunTHUEeCKUM Mapa-
00JIOUAOM MbL HA308EeM NOBEPXHOCHID,
KOMOpPY MONCHO 8 HEKOMOPOU Npamo-
YeOoAbHOUl 0eKapmosoil cucmeme KOOp-
2 2
L )
duxnam 3adamo YpagHeHuem z = — + ==.
a? b
OueBHJHO, uTO NpU a=0b B CeUeHHUsIX
z = const OyyT MOJyuaThCsl OKPY?KHOCTH.

1'2 2

Taknm o6pasom, mapabosionsi z = — + —; sIBJISIETCs HACTHBIM CJlydaem
a‘ a
MOBEPXHOCTU BpalleHHUS.



[1.1.2. Tunep6oanyeckuin napadogaou
22 P
Tenepb nocTpoUM MOBEPXHOCTh 2 = peRuiL



[1.1.2. Tunep6oanyeckuin napadogaou

Z 2 2
B ypaBHeHuu z = — — = noJioxkum z = (.
a’> b
B ceueHun nosyunm
x =0,
2
LY
==




[1.1.2. Tunep6oanyeckuin napadogaou
2 2

z T
B ypaBHeHuu z = — — = noJioxkum z = (.
a’> b
B ceuennu nosyunm napabory:
x =0,
2
Y
= =5




[1.1.2. Tunep6oanyeckuin napadogaou

2 2
2 L Y
B  ypaBHeHUM 2z = — — >  [0JIOXKUM
a’> b
Yy = const.
B ceueHun nosyunm
Yy = _27
¢ 4
Z=—— —.
a’ b




[1.1.2. Tunep6oanyeckuin napadogaou

Z

2 2
L Y
B  ypaBHeHun 2z = poRa
Yy = const.
B ceuenuu nonyuum napaboay:
Yy = _27
r? 4
Z —_— —_—— — —

a2 b2 )

[TOJIOZKUM



[1.1.2. Tunep6oanyeckuin napadogaou

Z

72 2
B  ypaBHeHun 2z = poh 2—2
, Yy = const.
," B ceuenuu nonyuum napaboay:
/ y=-1,5
z?> 2,25
TET e

[TOJIOZKUM



[1.1.2. Tunep6oanyeckuin napadogaou

Z

2 2
L Y
B  ypaBHeHun 2z = poRa
Yy = const.
B ceuenuu nonyuum napaboay:
Yy = _17
1
Z —_— —_—— — —

a2 b2 )

[TOJIOZKUM



[1.1.2. Tunep6oanyeckuin napadogaou

Z

2 2
L Y

B  ypaBHeHun 2z = poRa
Yy = const.
B ceuenuu nonyuum napaboay:

Y= _07 57

z? 0,25
o

CL2 bQ

[TOJIOZKUM



[1.1.2. Tunep6oanyeckuin napadogaou

Z

2 2
LYy

B  ypaBHeHun 2z = poRa
Yy = const.
B ceuenun nosyuum napabony:

y =0,

72
o

a?’

[TOJIOZKUM



[1.1.2. Tunep6oanyeckuin napadogaou

Z

2 2
L Y

B  ypaBHeHun 2z = poRa
Yy = const.
B ceuenuu nonyuum napaboay:

y =1

1
Z —_— —_—— — —

a2 b2 )

[TOJIOZKUM



[1.1.2. Tunep6oanyeckuin napadogaou

2 2
Z I x y
il B ypaBHeHUHM 2z = — — 5  T0JIOXKUM
A a2 b2
Yy = const.
B ceuenuu nonyuum napaboay:
y =15,
z?> 2,25
z = :

CL2 bQ




[1.1.2. Tunep6oanyeckuin napadogaou

Z

2
» vty
L B ypaBHennn z=-— -5
! a b
» .y = const.
B ceuenuu nonyuum napaboay:
y =2,
r? 4
Z —_— —_—— — —

a’ b2 )

[TOJIOZKUM



[1.1.2. Tunep6oanyeckuin napadogaou

o I Onpenenaenue 8. [losepxrocmos, KOmMo-
DY MONCHO 8 HEKOMOPOLL NPAMOY20Ab-

HOUl dekapmosoll cucmeme KOOpOUHAMm

IQ 2

‘3adamo ypasHeruem z = — + 2 hasel-
' gaemcs runepﬁo.nuqecxum napa6oJioun-

JAOM.




[1.1.2. Tunep6oanyeckuin napadogaou

o I Onpenenaenue 8. [losepxrocmos, KOmMo-
DY MONCHO 8 HEKOMOPOLL NPAMOY20Ab-

HOUl dekapmosoll cucmeme KOOpOUHAMm

$2 2

‘3adamo ypasHeruem z = — + 2 hasel-
' gaemcs runepﬁo.nuqecxnm napa6oJioun-

IOM.

]

KHoma 3Ty MOBEPXHOCTb HA3bIBAIOT «CEJ-
JIOM> .




[1.2. Hnauuapbl
PaccMoTpuM moBepxHOCTH, 3a7aHHble ypaBHeHUsiMU Buaa f(x;y) = 0,
T.€. yPaBHEHHSIMH, B KOTOPBIX OTCYTCTBYET sIBHASI 3aBUCHMOCTb OT Z.



[1.2.1. Tunep6oanyeckum LHUJIUHAP

5 [IpoBenem CeUeHHEe MOBEPXHOCTH
72 yz

— — 2= = ] MJIOCKOCTBIO 2 = ().

a? b2




[1.2.1. Tunep6oanyeckum LHUJIUHAP

5 [IpoBenem ceueHue MOBEPXHOCTH
2 2

X Y

— — — = 1 nyiockocThiO 2 = 0, 2.

a? b2




[1.2.1. Tunep6oanyeckum LHUJIUHAP

5 [IpoBenem ceueHue MOBEPXHOCTH
22y

— — == = 1 nyiockocthio 2 = —0, 2.

a? b2




[1.2.1. Tunep6oanyeckum LHUJIUHAP

. [IpoBenem ceyeHue MMOBEPXHOCTH
22 g2
— — 75 = lmnockocetbio z = 0, 4.
a b
;'
i
//
!
—
— -=-zZZ:




[1.2.1. Tunep6oanyeckum LHUJIUHAP

5 [IpoBenem ceueHue MOBEPXHOCTH
22y

— — == = 1 nyiockocthio z = —0, 4.

a? b2




[1.2.1. Tunep6oanyeckum LHUJIUHAP
HPOBQ,U,GM ceyeHue HOBerHOCTH
2 2

X Y
— — == = 1 nyockocThio z = 0, 6.

a? b2

Z




[1.2.1. Tunep6oanyeckum LHUJIUHAP

5 [IpoBenem ceueHue MOBEPXHOCTH
22y

— — == = 1 nyiockocthio z = —0, 6.

a? b2

[ B R A

-




[1.2.1. Tunep6oanyeckum LHUJIUHAP

> HpOBe,U,eM CEUCHHE [TOBEPXHOCTH

22y
— — == = 1 nJyockocTthio z = 0, 8.
a? b2

- ——

IR T R




[1.2.1. Tunep6oanyeckum LHUJIUHAP

> HpOBe,U,eM CEUCHHE [TOBEPXHOCTH

22y
— — == = 1 nyiockocthio 2 = —0, 8.
a? b2

-—— = -




[1.2.2. [lapaboanueckum LUAUHAP
. [TpoBeneM ceueHHe MOBEPXHOCTH Y = pa’

MJOCKOCTbIO 2z = ().

-—— -



[1.2.2. [lapaboanueckum LUAUHAP
. [TpoBeneM ceueHHe MOBEPXHOCTH Y = pa’

MJIOCKOCThIO 2 = 0, 2.

-—— -




[1.2.2. [lapaboanueckum LUAUHAP
. [TpoBeneM ceueHHe MOBEPXHOCTH Y = pa’

MJIOCKOCThIO 2 = —0, 2.




[1.2.2. [lapaboanueckum LUAUHAP
. [TpoBeneM ceueHHe MOBEPXHOCTH Y = pa’

MJIOCKOCThIO 2 = 0, 4.

- — =
-




[1.2.2. [lapaboanueckum LUAUHAP
. [TpoBeneM ceueHHe MOBEPXHOCTH Y = pa’

MJIOCKOCThIO 2 = —0, 4.




[1.2.2. [lapaboanueckum LUAUHAP
. [TpoBeneM ceueHHe MOBEPXHOCTH Y = pa’

MJIOCKOCThIO 2 = 0, 6.

-—— -
-~ -~




[1.2.2. [lapaboanueckum LUAUHAP
. [TpoBeneM ceueHHe MOBEPXHOCTH Y = pa’

MJIOCKOCThIO 2 = —0, 6.




[1.2.2. [lapaboanueckum LUAUHAP
. [TpoBeneM ceueHHe MOBEPXHOCTH Y = pa’

MJIOCKOCThIO 2 = 0, 8.




[1.2.2. [lapaboanueckum LUAUHAP
. [TpoBeneM ceueHHe MOBEPXHOCTH Y = pa’

MJIOCKOCThIO 2 = —0, &.

I

/

Ferrr
!




[1.2.3. daauntTnyecKUui UMJIAUHIAP

5 [IpoBenem CceueHue MOBEPXHOCTH
9 2
x Y
— 4+ == =1 njocKocTbio z = 0.
a? b2




[1.2.3. daauntTnyecKUui UMJIAUHIAP

> HpOBe,U,eM CEUCHHE [TOBEPXHOCTH

2 2
T
— + % = 1 y1ockocThio z = 0, 2.




[1.2.3. daauntTnyecKUui UMJIAUHIAP

> HpOBe,U,eM CEUCHHE [TOBEPXHOCTH

2 2
Y
— + == = 1 myiockocTblo 2 = —0, 2.
a? b




[1.2.3. daauntTnyecKUui UMJIAUHIAP

> HpOBe,U,eM CEUCHHE [TOBEPXHOCTH

2 2
X Y
— + == = 1 myockocthio z = 0, 4.
a? b




[1.2.3. daauntTnyecKUui UMJIAUHIAP

> HpOBe,U,eM CEUCHHE [TOBEPXHOCTH

2 2
Y
— + == = 1 myiockocTblo 2 = —0, 4.
a? b




[1.2.3. daauntTnyecKUui UMJIAUHIAP

5 [IpoBenem ceueHue MOBEPXHOCTH
2 2
X Y
— + == = 1 myiockocThio 2z = 0, 6.
a? b
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[1.2.3. daauntTnyecKUui UMJIAUHIAP

5 [IpoBenem ceueHue MOBEPXHOCTH
2 2
X Y
— + == = 1 myockocThio 2 = —0, 6.
a? b

111

Fyrrey




[1.2.3. daauntTnyecKUui UMJIAUHIAP

5 [IpoBenem ceueHue MOBEPXHOCTH
2 2
X Y
— + == = 1 mjiockocThio 2 = 0, 8.
a? b
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[1.2.3. daauntTnyecKUui UMJIAUHIAP

5 [IpoBenem ceueHue MOBEPXHOCTH
2 2
X Y
— + == = 1 myockocThio 2 = —0, 8.
a? b
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[1.3. [loBepxHOCTb BpalleHUs

Onpenenenne 9. [loBepXHOCTbIO BpallleHUSI HA3blBACNICS NOBEPX-
HOCMb, NOAYUEHHAS BPAULeHUeM AUHUL OMHOCUMEAbHO KAKOL-
Aubo ocu 8 cayuae, Koeda AUOO AUHUSL He A8A1encs NAOCKOL, AubOo
OCb He TIePNEeHIMKYJIpHA NAO0CKOCHLIL, 8 KOMOPOLL AeHCUN 3Ma AUHUAL.



[1.3. [loBepxHOCTb BpalleHUs

Onpenenenne 9. [loBepXHOCTbIO BpallleHUSI HA3blBACNICS NOBEPX-
HOCMb, NOAYUEHHAS BPAULeHUeM AUHUL OMHOCUMEAbHO KAKOL-
Aubo ocu 8 cayuae, Koeda AUOO AUHUSL He A8A1encs NAOCKOL, AubOo
OCb He TIePNEeHIMKYJIpHA NAO0CKOCHLIL, 8 KOMOPOLL AeHCUN 3Ma AUHUAL.

[Ipumepamu  moBepxHOCTEH  BpalleHUs  SIBJSIIOTCA  LIAJIMHJP
2

2
2+ y* = R?, konyc — = a” + y*, mapaGosioni pz = x* + y* u 11p.
c



I1.4. JIunenyaTbie NOBEPXHOCTH

[ToBepXHOCTb HA3bIBACTCSH JUHEUYATOM, €CJIU €€ MOXKHO 00pa3oBaTh
JBUKEHHEM NpsiMOi JinHUK (0oOpasytolleit). M3 noBepxHocTell BTOpPOro
Mopsifika JIMHEHUATbIMU SBJSIOTCS LMJIUHAPBI U KOHYCbl. A TakxkKe Oji-
HOMOJIOCTHBIM TUITEPOOJIOUJL U THIIEPOOJUUECKUHU TapaboJIOnl ABJAAKOTCSA
JIMHENYaTbIMU NOBEPXHOCTSIMH.

[ToBepxHOCTb, 0Opasyemast IBUKEHHEM MPSAMON JIMHUHK (06 pasytolLed ),
napaJiyieIbHOM HEMOABUXKHOU MPSAMOM, HA3bIBAETCA LMJIUHAPUYECKOHU.
Besikasa simHMs, KOTOpyto oOpagyroulas rnepecekaer B iloO0M CBOEM 110-
JIO2K€HUU, HA3bIBACTCs HATIPABJISAIOLLLICH.

[ToBepxHocTh, 06pasyemast IBUKEHHEM MPSAMON JIMHUHK (0Opa3sytolLeh ),
MPOXOJISILIEH Uepe3 HeMoJBUKHYIO TOUKY (BEpLIMHA MMOBEPXHOCTH), Ha-
3bIBaeTCsl KOHUUEeCKOM. Beskast (He npoxojsiias yepes BePUIMHY ) JIH-
HUs, KOTOPYIO 00pasyroulas rnepecekaet B JII0OOM CBOEM MOJIOKEHUH, Ha -
3bIBAETCH HAlPaBJISAIOLLCH.



I1.4. JIunenyaTbie NOBEPXHOCTH
OHOMOJOCTHBIA TUNEPOOJIOU U THIIEPOOJMUECKHE nTapaboJion s1B-
JISTIOTCS IMHEWYaTbIMHU MOBEPXHOCTSIMHU, T.€. MOTYT ObIThb MpeACTaBJIe-

HbI B BUJI€ 0O'beMHEHHsI TPSIMbIX JJMHUH. [IJIs1 3TOr0 MOKaxKeM, 4TO MOXK-
. x(z) = k12 + by,

HO MPEJICTABUTb T U ¥, KK JIMHEHHbIE PYHKLMH OT 2

Y(2) = koz + by,

v*(z)  yz) A

npudyeM OyJIeT BbIMOJHATHCS PABEHCTBO " + T3 1




I1.4. JIunenyaTbie NOBEPXHOCTH
[Ipeo6pasyem ypaBHeHHe THITEpOOJIOUIA K BULLY

E-9GD-(-00D)

[Tocsiennee paBeHCTBO OYJET BBIMOJHATHCS, HAMPUMED, MPU KaXKIOM
13 YCJOBHUH, MPEICTABJCHHBIX OJHOU U3 CJEAYIOLIMX CUCTEM YPAaBHEHUH
(31€ech v, 3 — UMCJIOBbIE KOHCTAHTHI):

R B I RCT!

\ Wi 4
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I1.4. JIunenyaTbie NOBEPXHOCTH
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I1.4. JIunenyaTbie NOBEPXHOCTH

y
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(on — 52) b 2ba 3
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I1.4. JIunenyaTbie NOBEPXHOCTH
Takum 06pazom, 0JJHOMOJIOCTHBINA THITEPOOJOU] MOKHO MPEACTABUTL B
BHU/IEC O@’bGILHHeHHH [pAMbIX, 3aIdHHbIX 9TUMHW YPABHEHUSIMUA.



I1.4. JIunenyaTbie NOBEPXHOCTH
AnajioruuHasi cutyauusi ¢ runepOoJiHuecKuM napaboJIoHI0M: €ero
ypaBHEHHE MOXKHO MPEACTABUTH B BUJIE

(DG

T Yy r Yy
[TosToMy, ec/id MOJIOXKHUTD — — = =« HWIH — + b= Q, TO TIOJIYUUM,
a

a
UTO rUNepOOSUUECKUI TapadboJIoOn BKJIOUYACT B CeOs PsIMbIe, 3aJlaHHbIE,
Harpumep, CJeIyIUUMH YPAaBHECHUAMMU:

( a ( a
r=ax—+ — -y, r=ax — -+,
b7 b Y
§ Y=Y wm ¢ Y=Y,
e , 2
Z=Q"+ =Yy =" — —-Y
\ b | b



I1.4. JIunenyaTbie NOBEPXHOCTH

[unepboaoud: a — odnonoarocmmuoli; 60,8 — eunepboauueckuil
napaboaioud (u3obpaxcera 00Ha u ma xe nOBEPXHOCNIL) KAK AUHeluamnioLe
nosepxsocmu
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e-mail: melnikov@k66.ru, melnikov@r66.ru
cauthbl: http://melnikov.k66.ru, http://melnikov.web.ur.ru
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