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§ 1. IIpuBenenne KPUBBIX BTOPOI0 NMOPSAKA K KAHOHMYECKOMY BUIY

O6HII/IM YPaBHCHUEM JIMHUU BTOPOr'oO IOPpsAJKa HA3BIBACTCA YpaBHCHUC
BuUaa

ay X7 +280,XY + 8y, Y2 + 283X + 28,5y + 855 =0, (1.1)
B KOTOPOM I10 KpaiiHell Mepe o1H 13 KO3(QOHUIMEHTOB 8,1, 85, 8y, OTIH-

YeH OT HyJs (T.e. afl +3122 +a222 #0). Koopduuuentsr a;, a,, a,, Ha-
3bIBAIOTCA KOA(M(GUIMEHTAMH TPYMIbBI CTAPIIMX HYICHOB, KO3()(UIUEHTHI
&3, Ay3 M Qg3 — KodduuMeHTaMu JUHEHHOM 4acTu ypaBHeHus (1.1).

Koopdumuent a3; Takke Ha3bIBAIOT CBOOOJHBIM — HYJIEHOM YpPAaBHEHHs
(1.2).

ITocraBum cnenyrouryro 3agady. HaliTm Takyro HEKapTOBYIO CUCTEMY
KOOpAWHAT, B KOTOpoil ypaBHeHue (1.1) mpuMeT HACTONBKO MPOCTON BU,
YTO TeOMEeTpHUYecKas XapaKTepUCTHKa JIMHWHU, OMPEAENIeMON 3TUM YypaB-
HEHWEM, He OyIeT MPEACTaBIATh 3aTpyAHeHM. Tak Kak mepexox OT OMHOM
JIEKapTOBOW MPSAMOYTOJIHOW CHCTEMBI KOOPAWHAT K JAPYTOH MOXKET OBITH
OCYIIIECTBIIEH HEKOTOPBIM NapaJIIEIbHBIM IIEPEHOCOM CHUCTEMBI KOOPAUHAT
Y TIOCIIEAYIOIIETO MTOBOPOTA, TO JJIsl PEIISHHsI TIOCTaBIEHHON 3a/1aul HeoO-
XOJMMO 3HAaTh, KaK MpeoOpa3yrorcs KoddduiueHTsl ypapaenus (1.1) mpu
HapajuieIbHOM MIEPEHOCE U ITOBOPOTE.

Kaxk m3BectHo, crapbie (X, Y) u HOBBHIE (X', Y') KOOpauHATHI Toukd M mipu
HapajieIbHOM MEPEHOCE CBA3AHBI COOTHOIICHUSIMU

_ A
X=Xy +X;

!

Y=YtV

[oncrasmss Beipaxkenus (1.2) ans X u y B neByto dacth (1.1), momyuaem
ypaBuenue jmHud B cucremMe O'X'Y'. OgeBMIHO, 3TO ypaBHEHHE HMEET

(1.2)

B
81 (X')? + 28, XY + 8, (Y')? + 287X + 283y +a%, =0, (1.3)
rie
a3 =ay X +a, Yo +ay3;
3 = aypXg + 8 Yo +ay;s; (1.4)

b2 2
g3 = &y Xg +2815X Yo + 8 Yg + 283X, + 28y3Y( + A3



OcymecTBisisi HapaielbHBI TMEepeHOC KOOpAMHAT, HOBOE Havalo
O'(Xg,Yp) MHOrIa MOXHO BBIOpATh TakK, 4ToObI B ypaBHeHuH (1.3) ncuesnu

4JIeHBI IEPBOH CTENEHH, T.€. TaK, YTOObI KOIDQHUIMEHTHI 8j3 U 8); PaBHA-

JIUCh HYJIIO:
a1 X +apYo tay3 =0;

15
aypXg + 8, Yo +ay; =0. (5)

Torma ypasuenue (1.3) npumer B HoBo#i cucteme O'X'y" Bu:
a;,(X)% + 28y, X'y +ay, (y)? + a3, =0. (1.6)

OueBuano, ecau (4, b) — mpousBoaBHAS TOYKA, MPUHAISKAINAS JIHHHH,
ompezensemMon ypaBHeHueM (1.6), TO U CHMMeETpHUYHAsI € OTHOCUTEIBHO
O’ touka (—a, —b) meXUT Ha 3TOMH JHUHUH, T.€. BCE TOYKU JAHHOM JTMHUH

pacronaraloTcsi CMMMETPHYHO OTHOCHTEIBHO toukn O'. Touka
O'(Xy,Yp), obnajaromias yKa3aHHBIM CBOWCTBOM, HA3bIBA€TCS IIEHTPOM

JTAHHOW JIMHUM.
TakuMm o0pa3oM, T HaXOXKJICHHs KOOpAHHAT (X, Y,) HEHTpa TaHHOK

JIMHUHK He0OXOAMMO HAiTH pelieHre cucteMsbl (1.5).

YpaBuenus (1.5) Ha3BIBAIOTCS YpaBHEHUSMH IIEHTPA JHMHUH BTOPOTO
TopsKa.

Ecnmm ypaBHeHHsS IeHTpa MMEIOT €AMHCTBEHHOE PEIIEHUE, TO JMHHIO
BTOPOro MOpsiAKa Ha3blBalOT LieHTpanbHOU. B cuiny teopembl Kpamepa
MMeeM: JIJIsl TOro, 9ToObI KpuBasi, onpeaensiemas ypaBHerueM (1.1), Obiia
LEHTPaTbHOH, HEOOXOANMO U JIOCTATOYHO, YTOOBI OMPENETUTENb CHCTEMBI

8y 8y
2
Paccmotrpum manee moBOpoOT AEKAPTOBOM MPSMOYTOJIBHOM CUCTEMBI KO-
OpIMHAT Ha yroi §.
Kak n3BecTHO, IOBOPOT CUCTEMBI KOOPAMHAT Ha yroi ¢ 3axaercs Gop-
MyJIaMu

(15) J,= OBbLIT OTJIMYEH OT HyJIS.

{xzx’cosw—y’sin(p; wL.7)

y=X'sing+ y'cosq.
[oncrasmsis Beipaxenus (1.7) ans X u y B neByto 4dacth (1.1), momyuaem
ypaBHeHue JMHUM B HOBOM cucreme O'X'Y. OdeBMIHO, 3TO ypaBHEHHE
MMeEeT BH/I



&), (X)? + 28], X'y + a5, (Y)? + 28] X + 285y + 855 =0, (1.8)
rae
aj, = a,, 05> ¢ + 28,, COSPSIN @ + Ay, SiN? @;
a], = —ay; COSSIN @ + &y, (Cos® @ —sin? @) + a, OSSN ¢;
al, = ay; Sin% @ — 2a,, COS OSIN @ + Ay, COS? ; (1.9)
aj3 =8y, COSP + 8,3 SINQ;
53 = —8y3SINQ + 8,5 COS Q.

Bcernma MokHO BBIOpaTh yrojl (0 MOBOPOTA CHUCTEMBI KOOPAMHAT TaK,
4YTOOBI TIOCNIE Mpeodpa3oBaHus B ypaBHeHuH (1.8) mcues djieH ¢ nmpousse-
JICHHEeM TEeKyIMX KOOPJMHAT, T.€. TaK, 4To0bl B ypaBHeHuu (1.8) a, =0.

YuuteBas (1.9), as onpeaeneHus yria ¢ IoaydaeM ypaBHCHUE:
2 : 2
a,,SIiN“ @+ (ay; —a,,)sinecosp—a,,cos“ e=0.
Ecmu @y, #0 (uHave HeT HaJJOOHOCTH B IIOBOPOTE CHCTEM KOOPJAMHAT), TO
[OCJIEHEE YPaBHEHHE IIPUBOJUTCS K BULY

a,t9°0 — (a5, —ay;) tgp—ay, =0, (1.10)
Otkyna

_Ap-ay i\/(azz —ay,)” +4ap, _
28y,

Ormerum, uto tg@; -tg@, =—1. Oro o3Hauaer, uTo 11a ypaBHenus (1.1)

tgo (1.11)

BCCriaa HaﬁHYTCH JBa B3aMHO OPTOI'OHAJIBHBIX HAIIPaBJICHHA, OIPCACIIAC-
MBIC yrimamMu ¢ U ¢, , TaKHC, YTO, IOBOPAYHBAsT KOOPAHMHATHBIC OCH Ha

OIMH MX 3TUX YIJIOB, B HOBOH CHCTEME KOOPIMHAT MOJYYUM ypaBHEHHE
JIMHWH, B KOTOPOM OTCYTCTBYET WIEH C MPOU3BEACHUEM TEKYILIUX KOOPAH-

Hat (T.e. 8j, =0). ITocie moBopoTa Ha yrox ¢, TaHrEHC KOTOPOTO OMHpese-

ner o gopmyne (1.11), ypaBHeHrEe IMHAN IPUMET BH]T

a1 (X)% +ah, (y)? + 283X + 285y + a5, =0.
Kosddurments aj;, a5, &3, 85y onpenensior no Gopmynam (1.9), npen-
BapHUTEIBbHO OMPEAEIUB SINQ 1 COSQ IO M3BeCTHOMY tg(:



tgo 1
1+ 1% +\1+tg20

3HaKH B 3HAMEHATENAX 3TUX (HOPMYJ BBIOMPAIOTCS POU3BOJIBHO, HO 00sI-
3aTENIbHO OJJUHAKOBBIMHU.

Kak yxe orMmedanoch, Bce KpUBbIE BTOPOrO HOpPsIIKA IOAPA3AEISIOTCS
Ha J1Ba OOJNBIIMX KJlacca: IEHTpajbHbIE M HeleHTpanbHbie. KpuBbie, s

sing = COSQ = (1.12)

KOTOPBIX ONPEETHTENb J, = A G #0, SABIAIOTCA UCHTPAIBHBIMU, a
8, 8y
KpHBBIE, JUI KOTOphlX J, =0, — HeneHTpanbHeIMK (MM Tapabomude-

CKHUMH).
3ameuanme. HerpyaHo nokasaTb, YTO BEIMUUHBl J, =a;+a, H

&1 ap
d, dp

OTHOCHUTENBHO MPEoOpa3oBaHUM JEKApTOBOW TMPSAMOYTOIBHON CHCTEMBI
KOOpAMHAT.

LlenTpanbHble KPHBBIE B CBOIO O4YEpE/b B 3aBUCUMOCTH OT 3HakKa J,

SIBJISIFOTCSI MHBapUAHTaMHU JIMHUU BTOporo mopsiaka (1.1)

JenATCs ele Ha aBa kiacca: mpu J, >0 KpuBbIe Ha3bIBAIOTCSA KPHBBIMH
SJUIANITHYECKOro ThIA, a Ipi J, <0 — KpUBBIMHU TUNEpOONTNIECKOro THIIA.

Hrak, BCe IMHUU BTOPOTO MOPSAAKA B 3aBUCHMOCTH OT 3HaKa WHBapHaH-
Ta J, JENATCA Ha CIEIYIOIIHEe TPH THIIA:

SIUIANITHYECKUH THII, ecn J, >0;

runepbonmdeckuii Tam, ecmm J, <0;

napabonuyeckuii Tam, ecm J, =0.

OueBnaHO, THII JIMHUU HE MEHSETCS NPU M3MEHEHUH JIEKapTOBOW CHC-
TeMBI KOOpIMHAT. Toraa crpaBeainBa CIeayromas Teopema.

Teopema. Jlnst mo00# KpUBOIM BTOPOTO MOPSAIKA, 3aJaHHOW B AEKapTO-
BOIl mpsMOyTONBHOM cucteme koopauHaT OXy ypaBHenuem (1.1), cymre-
CTBYET Takas JeKapToBas MpsAMOYyroibHas cucrema xoopaunar O'X'Y', B

KOTOpOﬁ 9TO YPABHCHHUEC NPUHUMACT OAUH U3 ACBATU BHUIOB:

2y

1) —+— =1 —smmrnc (puc. 1);
a® b?
XZ yZ

2) —+ b_2 =—1 — MHUMBIH 2J1IHIIC;
a

7



3) — +-5 =0 —onna Touka;
a® b
2 2
4) — — = =1 — runepbona (puc. 2);
a“ b
2§
5 —- b_ =0 — mapa mepecekaromuxcs npsaMeix (puc. 3);
a
6) )72 =2pX — mapaboina (puc. 4);
7) )72 ~a?=0- napa napauie/ibHbIX npsiMeIx (Y =a u §y=-a);
8) )72 +a?=0 - rapa MHUMBIX Mapajuie/IbHbIX MPSIMBbIX;
9) §2 =0 — napa COBNABIINX MPSMbIX.
¢
é
== ~_ |
! |
-a K] z
l 0
l 1
IS ity __6 ,,,,, I
Puc. 1 Puc. 2
~  f P
Y=—zx\Y ¥
N:_g_ %’ ~2
% a y'=2px
4|
: | - x
-a’ | a x
N ’
| |
-4
Puc. 3 Puc. 4



PaccmorpuM npuMepsl IPUBEACHUS] KPUBBIX BTOPOTO MOPsAKA K KaHO-
HHUYECKOMY BHIY. /{7151 3TOro pacCMOTpPUM OTAEIBHO CIIy4ail LIEHTPAJIBHON
JMHUY ¥ CITy4Yail HelleHTpalbHOW TMHUH (TapaboNuyYecKuil Cirydaii).

l. Cnyuait yenmpansnoii nunuu

Ipumep 1.1. IlpuBecTn K KaHOHWYECKOMY BHJY YpaBHEHHE JIMHUU

BTOPOTO TOPSIIKa 5x° + 8xy + 5y2 —18x-18y+9=0 wu mocrpouts ee oT-
HOCHTENHHO MEPBOHAYAIBLHON CHCTEMBI KOOP/INHAT.

Pemenne. OTmernM, 4TO B ciydae HeHTpanbHOH nuHuu (J, #0) Ha
HpakTHKe y100Hee CHavYana CAenarh napauielibHbI IePEHOC CHCTEMBI KO-
Op/IMHAT B LIEHTP, & 3aT€M MOBOPOT CHCTEMbI KOOPIUHAT BOKPYT IIEHTpa. B
- 9
4 5 7

CrenoBatenbHO, JaHHAS JIMHHS SIBIISIETCS IEeHTpanbHON. KoopauHaTh
LIEHTpa JTUHUM OMpPENEeNTUM U3 cucTeMbl ypaBHeHu# (1.5), koTopas B naH-
HOM CIIy4ae UMeeT BH]

HaleM ciydae J, =

SXy +4Y,—9=0;

Pemas 5Ty cucremy, Haiinem X, =1, y,=1. Ilepenecem Hauyano Koopau-
Hat B Touky O'(L; 1), coxpaHsisi HampaBJIeHHE OCeil KOOpIUHAT. Y paBHEHHE
JaHHOM JIMHHM OTHOCUTEIHLHO HOBOM cucreMbl koopauHat O'X'Y' mmeer
B 5(X)% +8Xy' +5(y')? +aj,; =0.

HamoMH#iM, 9TO MpH MapajuielbHOM MEPEHOCE CHCTEMbI KOOPIUHAT B
LEHTp JTUHUH cTapiire Kod(hGUIMEeHTH B ypaBHEHUH JIMHUU OCTal0TCA 03

N3MCHCHH:A, YJICHBI HGpBOfI CTCIICHHU HCYC3aloT, a CBO60,Z[HLII>1 YJICH BBIYHM C-
JISISTCS TIOACTAaHOBKOU B JIEBYIO 4aCTbhb HCXOAHOI'O YpPaBHCHHUA KOOpAWHAT

LIEHTpa BMECTO TEKYIIUX KOODIMHAT: a5 = 5.1 +8-1.1+5-12 -18-1—

—18-1+9=-9. CrnenoBaTenbHO, OKOHYATEIHHO YPAaBHEHNE TAHHOW JINHUH
HOpPUMET BH]

5(x)? +8x'y' +5(y")> —9=0. (1.13)

Jlanee crnemaeM MOBOPOT CHCTEMBI KOODJHMHAT Ha yroJil ¢, TaHIEHC
KoToporo BbluMcIMM 1m0 Qopmyine (1.11). B namem ciyuae

9



+\4.42

tgp = W =+1. Beibepem nr000e U3 MONyYEHHBIX 3HAUYCHHUN, HATIPU-

Mep tg(pzl U BBIYUCIIUM sin(p u Cos¢p mo ¢opmynam (1.12). [omyunm

sinp = ; COSQ = . Ecim tgp=1, T0 SiNQ 1 COS( HUMEIT 0/H-

HaKOBBIC 3HAKH.
BeiOepeM nonokuTenbHbie 3HaueHus: Sing u CoS¢ . Toraa mpeobpaso-

BaHUC MMOBOPOTAa CUCTEMBI KOOPJUHAT UMCCT BU/]

[MoncraBum oti 3Hadenust X' u Y B ypaBHenwue (1.13). ITocie ynpomieHus

MTOITyY1M 9x? +)72 —-9=0 wm )?2+y?:1.

Hanutn kaHOHMYECKOe ypaBHEHHE DJUIHIICA, MOJTyOCH KOoToporo a=1,
b =3. Lentp smmunca vaxoaurcs B Touke O'(L; 1) OTHOCHTEIBHO MEPBO-

HavyaJbHOM CHCTEeMBI KoopauHAT. OCH CHMMETPHHU DIUTHIICA COBIAIAIOT C
ocsimu cructeMbl O'KY , mpuyem Gonbias ock coBmanaer ¢ ockio O'Y, a

Mmanas ¢ ockio O'X. M306pasum 5Ty mHHI0 (pHC. 5).




Ipumep 1.2. IlpuBecTn K KaHOHWYECKOMY BHJY YpaBHEHHE JIMHHUU
BTOpOTO MOpAAKa

7x2 +16xy — 23y% —14x —16y —218=0

Y OCTPOUTH €€ OTHOCUTENIBHO NepBOHAYAIbHOM CHCTEMBI KOOPAUHAT.
7 8
8 -2
orpenenser HeHTpajdbHyl0 JUHHUIO. KOoOpauHATBHl IIEHTpa OMpenesuM H3
cucteMbl ypaBHeHu# (1.5), KOTopast B JTaHHOM ClTy4ae UMeeT BUJ:

Xy +8Yyy—7=0;

Pemenue. Tak kak J, =

3‘ =-225#0, T0O pmaHHOE ypaBHCHHE

Pemas 51y cucremy, Haiinem X, =1, y, =0.
Iepenecem navamo koopaunat B Touky O'(1 0), coxpaHss Hampasite-
HHUE oceil. YpaBHEHUE TaHHOM JIMHUU B HOBOU cucteMe koopauHat O'X'Yy'’
n2 "t n2 ’
oyner umersb Bux 7(X')” +16x"y' —23(y’)” +a3; =0.
3aech (Kak ¥ B IPEIBIAYIIEM IIPUMEpPE) TIPH MapauieILHOM ITepeHOCe
{x:1+xﬁ
’
y=y
cTapmme Kod((OUIUEHTH B ypaBHEHUH JIMHUU OCTArOTCS 0€3 M3MEHEHUs,
YJICHBI IIEPBOI CTENIEHN HCUYE3al0T, a a3y B cuiry Gopmyisl (1.4) mmeer BUA

aj, =7-1%-16-1-0-23-0-14.1-16-0-218 = 225,
Torna okonyarenbHO B cucreme koopauHat O'X'Y' ypaBHeHHE Hamen
JIMHUHU TTPUMET BHT
7(x)% +16x'y' —23(y")? —225=0. (1.14)

Jlanee caemaeM MOBOPOT CUCTEMBI KOOPIMHAT HA Yol (), TAHT€HC KOTO-
poro BemucauM 1o Gopmyne (1.11). B wamem cmygae tgo=

 23-7+4/(30)2 +4-64 —30+34

16 16

1
, orciona (tgo), =—4; (tgo), = r

1
Bri0epem mo60e U3 momyueHHbIX 3HaYeHHH, HanpuMep tg Q= 2 1 BBIYHC-

11



1 4
——, COS(p =——=— (BO3b-
7 =g

MEM 3HAYCHUS sin(p n COS([) HOJ'IO)KI/ITGJ'ILHI)IMI/I). CI[CJ'IaCM IMOBOPOT CHUC-

auM Sing u CoS¢ mo dopmymnam (1.12) sing=

TEeMBbI KOOPAMHAT 10 (hopMysIaMm:

IMoncrasisist 5tv 3HaueHust X' u Y’ B ypaBHenwue (1.14), momyunm
7 ~2 ~ o~ ~2 16 ~2 ~~ ~2
— (16X —8XY+ Y7) + —=(4X" +15Xy —4y~) -
17 ¢ y+y9)+ ¢ y—-4y7)
—§(>~<2+8>~<y+16yz)—225=0.

ITociie ynpouieHuil npujieM K ypaBHEHHUIO

25 9

OTO ecTh KaHOHWYECKOE YpaBHEHHE TUIIEPOOIBI, AEUCTBUTENbHAS TO-
JIyOoCh KOTOPOM paBHA 5, a MHUMas — 3, IPHYEM ACHCTBUTEIBbHAS MTOITYOChH
coBmajaer ¢ oceto O'K, a MHEMas — ¢ ockio O'Y . LleHTp rumep6osb Haxo-

murest B Touke O'(L; 0) oTHOCHTENBHO ITEPBOHAYAILHON CHCTEMBI KOOPIH-

Hat. JTa KpuBas H300pa’keHa Ha puc. 6.

W




Ipumep 1.3. IlpuBecTn K KaHOHWYECKOMY BHJY YpaBHEHHE JIMHHUU
BTOpOTO MOpAAKA

12xy + 5y —12x— 22y +17 =0 (1.15)
n HOCTpOI/ITB €€ OTHOCUTCIIBHO HCpBOHa‘-IaHI)HOI\/'I CUCTEMBI KOOpI[I/IHaT.
6
6 5

HO, JaHHas JIMHUS ABIseTcd IeHTpanbHOU. KoopauHarsl neHTpa ompene-
UM u3 cuctemsl (1.5), koTopas B HallleM ciy4yae UMeeT BUJ

6y, -6=0;

Pemenue. Borunciaum uHBapuant J, = =-36#0. CnenoBareib-

Pemas sty cucremy, Halinem X, =1, y, =1.

CrenaeM mapaulelibHbIA TIEPEHOC CUCTEMbI KOOP/IMHAT, TPHHSB 338 HO-
BOE€ Ha4ajo cucteMsl koopauHat Touky O'(L; 1) :

{x =1+x;
y=1+y" Y1y
IMoncraBmnsist OTH 3HAYCHUS X U Y B ;
3amanroe (1.15), mocne ymporie- |

|

Huil momyunm 12Xy’ +5(y')2 =0 4

=0 / /

mwm Y'(12x"+5y") =0. ¢ ‘0 &S

CrnenoBaTenpHO, TIOTy4YaeM ITa- | £
py IepeceKarouxcs — IPSMBIX e ,'

y'=0 u 12x"+5y"=0. OtHoCcH- ; 42x,+5#, 5

TEJIbHO TIEPBOHAYAIBHON CHCTEMBI
KOOpDOMHAT 3TH IHPSMBIE HMEIOT
Bum: Y—1=0 u 12x+5y-17=0. Puc. 7
Orta kpuBas H300pakeHa Ha puc. 7.
Hpumep 1.4. IlpuBecT K KAHOHUYECKOMY BHUIY YpPaBHEHUE JIHHUU
BTOPOTr'O MOpsAKa
5x2 + 4xy +8y? —32x —56Y +120 =0. (1.16)

2
2 8

JISieT UEeHTPaJbHYI0 JTUHUIO. KOOpAuMHATH LIEHTpa ONpenesiM U3 CUCTEMBI
ypaBaenuit (1.5), koTopas B HaIlleM CiTy4ae UMEeT BH/I:

Pemenue. Tax xak J, =‘ ‘ =360, To naHHOE ypaBHEHHUE Onpele-

13



SXy +2Y, —16=0;

Pemas 5ty cucremy, Halinem X, =2, y,=3.

[Tepenecem Hauano koopauHat B Touky O'(2; 3), coxpaHsis Hampasiie-
HHE oceil. DTo mpeoOpa3oBaHue MapayIeNbHOrO IepeHoca 3axaercsa (op-
MyJaMH

X=2+X";

y=3+Y"
[oncrammnsst aTu 3HaueHus X U Y B ypaBHeHue (1.16) 3amaHHON KpUBOH,
ocyIe MPeoOpa30BaHUM MOTYUUM:

5(x')? +4xy' +8(y')? +4=0. (1.17)
Janee caenaem moBopot cucteMsl koopaunat O'X'Y' Ha yrom ¢, TaH-
I'eHC KOTOPOro Beruucisercs mno ¢popmysiam (1.11). B Hamem cinydae

349116
4

1
tgo , (l9ge), =2; (tg(P)zz_E-

Bribepem moboe U3 MONyYeHHBIX 3HaYeHWH, HarpuMep tgg =2, u BHI-

c sing cosp 1o dopmymam (1.12): sing 2. Cos@ L
YUCITIM u i mynam (1.12): =—; =—

5 5
(Bo3bMeM 3HaueHHs1 SINQ U COSQ MOJOKUTEIbHBIMHU). Torma mpeodpaso-
BaHUE MOBOPOTA CHCTEMbI KOOPIWHAT Oy/IeT UMETh BH/I:

X2y

!

!

y=—©=+

IR &
sl &

[Moncrasisst otv 3Hadenus X' u § B ypasuenue (1.17), momyunm:
2@—2m2+g@-2w92+m+§cm+yf+4=0
[ocne npeoOpa3zoBaHnii OKOHYATENBEHO HOIYYUM
45%2 +209% +20=0
9%°

WIH — e+ =-1.
1 y

OTO0 KAHOHHUYECKOE YpPaBHCHUC MHUMOI'O JJIJIUIICA.
14



1. Cnyuait neyenmpanvroil Kpueoi

[pumep 1.5. IlpuBecT K KaHOHWYECKOMY BHJY YpaBHEHHE JIMHHUU
BTOpOTO MOpAAKA

9x? + 24xy +16y% + 30X +40y —25=0 (1.18)
Y TOCTPOUTH €€ OTHOCUTENIBHO NepBOHAYAIbHOM CHCTEMBI KOOPAUHAT.
12
Pemenne. Tak xak J, = 192 16 =0, To JaHHas KpUBAs HE SBIISCTCS

HeHTpaibHON. OHa NMPUHAUISKHT K Napaboindyeckomy Tuny. B mapabomnu-
YECKOM CiIydae yMpOIICHWE YpaBHEHUS JIMHUKA BTOPOrO TIOPSIKA BCEraa
HaYMHAIOT C MIOBOPOTA OCEH KOOpAWHAT HA yroil ¢, TAHTEHC KOTOPOTO BHI-

7+49+576

yucnsgercs no popmyne (1.11). B namem ciydae tg(p:T:

7425

24 ; (tg(p)1=%; (tgo), =—% BeiGepeM 111000€ W3 MOIYYEHHBIX

3HAYEHUM, HATTpUMED tg(ng , ¥ BBIYHCIUM SINQ u COSQ 1o hopMmyaam

. 4 3 .
(1.12): SIn(p=g; C05(p=g (Bo3bMeM 3HAuUCHHUS SINQ U COSQ MOIOKH-

TeIpbHBIME). Torma mpeoOpa3oBaHUE MTOBOPOTA OYAET MMETh BHI:

34y
5 5
5 5

[oncrassis 9Ti 3Ha4eHus X u Y B ypaBHeHue (1.18), momydanm
9 2 24 16 2
—(BX' -4y ) +—=(BX -4y )(4X" +3y") + —(4x"+3y")“ +
5 y)"+ o y'X y)+55( y)
+%(3x’ —4y") +4—50(4x’ +3y’)-25=0.

[Tocie  oueBMAHBIX  MpeOOpa3oBaHMN  OpPHAEM K  YPaBHEHHIO
(X')2 +2x'=1=0, koropoe 3amnumiem B Buze: (X’ +1)2=2.
D10 mapa mapaIeNbHbIX MPAMBIX: X’ =\V2-1u X' =—/2-1. Taxas

KpHBas n3o0paxkeHa Ha puc. 8.

15



IIpumep 1.6. IlpuBecTn K KaHOHWYECKOMY BHIY YpaBHEHHE JIMHUU
BTOPOI'O MOpsJIKA

9x2 — 24xy +16y% — 20x +110y —50 =0 (1.19)
nu HOCTpOI/ITI) €€ OTHOCUTCIIBHO HepBOHaanBHOﬁ CUCTEMBI KOOp)II/IHaT.
9 -12

Pemenne. Tak xak J, = =0, To naHHas KpuBas He ABIACTCSA

-12 16
neHTpabHON. OHA MPUHAMISKAT K TapabonmdeckoMy Tuiry. B mapabonu-
YEeCKOM cllydae yIpOIIeHHE YpaBHEHHS JUHWK BTOPOTO IMOPsIKAa BCErna
HAYMHAIOT C MOBOPOTA OCEH KOOPJAWHAT Ha yroji (, TAHTEHC KOTOPOTO BbI-
gucinsercs mo ¢opmyne (1.11). B mamem cayqae

g _ 7+N49+576 7+25 (tgo) ——ﬂ'(tg ) _3
R 24 0 VAT T PRy
Bribepem mo0oe 13 momydeHHBIX 3Ha4eHuH, Hampumep g = % , ¥ BBIUHC-

o b

. . 3
auM SING u COS¢ mo ¢opmyrne (1.12): SIn(p=g; COS(p=— (BO3bMEM

3HAYeHHsA SINQ W COS(Q TMOJOXKHUTEIbHBIMHU). Toraa mpeobpazoBaHKe MO-
BOpOTa OyJ1eM UMETh BUI:

X=4_X_3_y;
5 5

XLy
5 5

16



[oncraBnsst 5T 3HaYeHUs X U Y B ypaBHeHue (1.19), momyunm
24

2% (4x' —-3y")? - > (4x' =3y")(3X' +4Y') + %(3% +4y")? -
—%(4% -3y + %(3% +4y")-50=0.
[Nocne oueBHaHBIX TPeoOpa30BaHUi MPUAEM K YPaBHEHHUIO
Y2 +4y +2x' —2=0.
Briernsist monmHbliA KBaapar mo Y', moaydum
(y' +2)? +2(x' =3)=0.
Ilocne nmapaJijieJIbHOro rnepeHoca
{x’ =3+X
y'=-2+§

MpHJIEM K KAHOHUYECKOMY YPaBHEHHIO 1MapaboIibl




§ 2. IIpuBenenne ypapHeHHs IOBEPXHOCTH BTOPOT0 MOPSIAKA
K KaHOHUYeCKOMY BHIY

[TycTs B mpocTpaHCTBe 3a/laHa IPSMOYToJbHAS AEKapTOBa CHCTEMa KO-
opauHaT Oxyz .
OO6muM ypaBHEHHEM alTreOpandecKol TOBEPXHOCTH BTOPOTO MOPSIKa B
cucreMe koopauHaT OXyz Ha3blBaeTCs ypaBHEHUE
841 X% + 8y, Y2 + 8g32° + 28y, XY + 28y5XZ +

(2.1)
+28y3Y7 4+ 284X + 28y, Y + 28342 + 344 =0

IIpu yCJIOBUH |a11| +|a22| + |a33| +|a12| + |al3| + |a23| >0.
Teopema. [1n1s1 m060ro ypaBHEHHS anreOpandecKoil MOBEPXHOCTH BTO-
pOro MopsAaKa CYyIIECTBYET MPSIMOYTOJIbHAS JEKapTOBa CHCTEMa KOOPIWHAT

éxyz, B KOTOPOU OHO MPUBOJIUTCS K OTHOMY U3 CJIEAYIOIINX BUJIOB:

g2 g2 32
ye Z
1) — +%+— =1 — ypaBHeHHE DIUIHIICON/IA;
2 g2 2
a C
2 g2 72
ye Z
2) —+-— +— =-1 — ypaBHEHHE MHUMOTI'O JJUIUIICON/IA;
272 2
a c
2 g2 32
y=-  Z )
3) 2z + bz + a2 0 — ypaBHEHHE BBIPO’KACHHOTO IUIAIICONA;
g2 g2 32
y= £ .
4) 2 + [YRp) =1 — ypaBHEHHE OJHOIOJIOCTHOTO THIIEPOOIIONIA;
2 g2 72
y- £ )
5) 2 + e =-1 — ypaBHEHHE IBYIIOJIOCTHOT'O THIIEPOOIIONIa;
g2 g2 92
X Z
6) —+ Y _o- ypaBHEHHE KOHYCa;
22 2
a c
)~(2 y2
7 ZI= —+ b ypaBHEHHE AIUTUITHYECKOTro apadoronsa;
a
)~(2 G2
5 y
8) 7= 2 b ypaBHEHHUE TUIepOOIMIECcKOro mapadboron/ia;
a
g2 2
y
9) — +- =1 — ypaBHEHHE IUIUNTHYESCKOrO [IMINH/IPA;
a? b2
)~(2 72
y )
10) —+ v —1 — ypaBHEHHE MHIMOTO 3JUTUIITUYECKOTO [IMITUHIPA;

18



)~(2 y2

11) 2Z b =1 — ypaBHEHHE THIIEPOONNIECKOTO IUIHHPA;

12) §2=2px (p>0) — ypaBHeHHE MapabOIMUECKOTO IUIMHIPA;
)~(2 y2

13) 2Z b =0 — ypaBHEHHUE Maphl MEPECEKAIOIMUXCS TIOCKOCTEH;
)~(2 yZ

14) 2 + o7 =0 — ypaBHeHHE Tapbl MHUMBIX IEepeceKaronuxcs mioc-

KOCTEH;

15) §2-a?=0 (a>0) — ypaBHeHHe Mapbl MApajIeIbHEIX MIOCKO-
CTEH;

16) y2+a?=0 (a>0) — ypaBHeHHe Iaphl MHUMBIX HapaJIeNbHBIX
MJIOCKOCTEM;

17) §? =0 — ypaBHEHHE Maphl COBMANAIONTNX IIOCKOCTEH.

VYpasaenusa 1 — 17 Ha3pBalOTCS KaHOHHMYECKHUMH YPaBHEHHUSIMH ajreo-
panvecKnx TIOBEPXHOCTEH BTOPOro MOpSAKA, a CHCTeMa KOOpAWHAT

OXyZ — xkaHOHUYIECKOM.

VYpaBHenune | ompenenser MOBEPXHOCTb, HA3BIBAEMYIO DILIIHIICOUIOM
(cM. acku3 moBepxHOCTH Ha puc. 10); ypaBHEHUS 4 U 5 ONPEIENIIOT OIHO-
(puc. 11) u gymonocTHEIH (puc. 12) rumepOonon s, ypaBHEHHE 6 — KOHYC
(puc. 13); ypaBHenus 7 u 8§ — smumnrudeckuid (puc. 14) u runepbonnye-
ckuit (puc. 15) mapaGonouasr; ypaBHeHus 9, 11 u 12 — smammruyeckwii
(puc. 16), tumepbonuueckuii (puc. 17) u mapadommaeckuii (puc. 18) mu-
JUHJIPBI;, ypaBHeHUE 13 ompenenser mapy HepeceKaronuxcs MIOCKOCTen
(puc. 19); ypaBuenne 15 — mapy mapajuienbHbBIX mmiockocTed (puc. 20);

ypaBHenue 17 — miockocts OXZ  KaHOHMYECKOHW CHCTEMbI KOOPAHHAT
(puc. 21); ypasnenue 14 onpenenser npsamyo — ocb OZ  KaHOHHYECKOM

CHCTEMBI KOOPAMHAT; ypaBHeHHEe 3 ompexernser Touky O — Havamo KaHo-

HHUYECKOM CHUCTEMBI KOOPAUHAT; ypaBHeHuUs 2, 10 u 16 onpenensatoT mycroe
MHOXECTBO TOYEK, T.€. HET HM OAHOW TOYKU NPOCTPAHCTBA, KOOPAHHATHI
KOTOPOMH yJIOBJIETBOPSIIOT KAKOMY-THOO U3 3TUX YPaBHEHHH.

19



Puc. 14

20



L7y

Puc. 20
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ITox mpuBeneHMEM ypaBHEHUsI HOBEPXHOCTHU 2-To mopsaka (2.1) x ka-
HOHHMYECKOMY BUY Oy/IeM MOHMMATh PEIISHUE TAKOW 3a/1auu: s yKa3aH-

HOT0 ypaBHEHMsI HAWUTH KaHOHUYECKYIO cucTeMy koopauHaT OX§Z (T.e.

MOJY4UTh (QOpMYJIBI TIPeoOpa3oBaHus MPSMOYTOJILHON JEKapTOBOM CHUCTE-
MBI KOOPJAMHAT B MPOCTPAHCTBE, COOTBETCTBYIOIINE MEPEXOAY OT HUCXOJ-
HOM cucTeMbl KoopauHaT OXyZ K KaHOHMYECKOHM CHUCTEME KOOPAMHAT

OXyZ) u TOT BUJ KaHOHUYECKOTO YPAaBHEHHS, K KOTOPOMY MPUBOIUTCS

HWCXOJHOE YpaBHEHUE B HAMJIEHHOW CUCTEME KOOPAUHAT éxyz .

['pynmna cnaraempix 2-ro mopsiaka B ypaBHeHuu (2.1)

3 1X2 + 8y, Y2 + 85322 + 281Xy + 2843XZ + 2832 (2.2)
o0pa3yeT KBaJpaTHUHYI (YHKIMIO (WM, COTJIACHO TEPMHUHOJIOTHH, MPH-
HATOW B KypcCe JIMHEHHOHN anreOphbl, KBaIpaTUYHyO (GopMy) OT mepemeH-
HBIX X,Y,Z.

Jnst mpuBenieHusl YpaBHEHHS ITOBEPXHOCTH 2-TO TOPSIIKAa K KaHOHHYe-
CKOMY BUIy HEOOXOIMMO PEIINTh CIEMYIONTYIO 3a/1a9y: HAWTH TaKylO CHC-
Temy koopauHaT OX'y’'z’, B xortopoil kBamparuuHas ¢opma (2.2) mmeer
BHJT

P N2 Al (w2 1al (772
a1 (X)° +an(y) +ag(z) (2.3)
(ap =a3=a3=0; |aj;|+[az,|+[ags]>0)
(T.e. IpUBENEHA K BUJIY «CYMMBI KBaJ[paTOB» BCEX KOOPAWHAT C YMCIIOBBI-
MH K03 PHUITESHTaMH TIPH HUX ).

B xypce nuneitHON anreOpbl AOKa3bIBAeTCs, 9TO Takas CHCTEMa KOOp-
JMHAT CYIIECTBYET JJIsl IPOU3BOJILHOW KBaJPATHYHOH (OPMBI H paccMarT-
pHUBAIOTCS OOIIME METOJIBI €€ HaXOXKICHUSI.

B HEKOTOpBIX HECIIOKHBIX YAaCTHBIX CIydasX yJaaercs HAWTH TaKyro
cucremy koopaunat OX'y'z’, B koTopoli kBagpaTtuuHas ¢popma (2.2) ypas-

HeHus (2.1) mpuBeneHa K «CyMMe KBaJpaToB», W 0€3 HWCIOIB30BaHUS 00-
IFIX METOJIOB JIMHEHHOW anreOphl, a 3aTeM HalWTH KaHOHUYECKYI0 CHCTEMY
KOOpIMHAT Ul 3TOr0 YpaBHEHHUs MOBEPXHOCTH. PaccMoTpuM Takue mpu-
MEpBHI.

pumep 2.1. [IpuBecTH K KAHOHUYECKOMY BUIY YpaBHEHUE U MOCTPO-
UTh 3CKU3 TIOBEPXHOCTH

4x2 —y? +97%2 —16x+6y+8=0. (2.4)

Pemenne. 3aM€TI/IM, 4TO JId JAHHOrO YpaBHCHUA I'pYIINa Clara€MbIX
2-ro nopdaka B I/ICXO,I[HOﬁ CUCTEMC KOOpAUHAT Y>KC MMCCT BUA «CYMMbI
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kBazparoBy (2.3). Jlanee cienyeT BBIAEINTH MOJHBIE KBAPAThI IO KAXKI0M
KoopauHaTe, s kotopoit &; #0 (i=1, 2, 3). B nanHOM cirydae monHsie
KBaJpaThl MOTYT OBITh BBIJEIEHBI 110 KaXKI0H KOOPIHHATE:

4(X? —Ax+4)—4-4—(y? -6y +9)+9+922 +8=0;
4(x-2)? —(y-3)2+9z2 +1=0.

[epetinem k cucreme koopauHat O'X'y'z’ ¢ momolrsio Mpeodpa3oBaHuUs,
OIpENeNIeMOro (GopMyIaMHu:

"y 9
! .
y'=y-3
7'=12
(370 MpeoOpa3oBaHHWE COOTBETCTBYET IEPEXOAY K CHUCTEME KOOpAMHAT
O'X'y’'z', momydeHHOW M3 MCXOMHOM HMapaUICIbHBIM MEPEHOCOM, a KOOP-
JWHATHI HaYyajia 3TOM cHCcTeMbl KoopauHaT O’ B MCXOOHOHN cHUCTEME KOOp-

muHat: O'(2, 3,0)). Toraa npeodpazyeMoe ypaBHeHHE IpUoOpeTaeT BU/
A(x)? = (y)? +9(z)? +1=0. (2.5)
3ameTHM, 9TO KBaJpaTU4Has (hopMa 3TOrO ypaBHEHUS MOXKET ObITh MTPHBe-
JleHa K BUIY KBaJpaTHIHOW (DOPMBI KAHOHMIECKUX ypaBHEHHH 4, 5 i 6.
JI1s 5TOro OCTATOYHO MEpeHTH K Takoil cucreme koopauHat OX§Z, B

KOTOPOH KO3(Q(QUIUEHTHI KBaAPaTHYHOH (GopMbI &1 U 8y, OyAyT HMETh

OJMHAKOBBIN 3HAK (3TO MOXKET OBITH AOCTHTHYTO, €CIIH B (2.5) «IIOMEHSTH
MeCTaMuy, HallpuMep, BTOPYIO B TPEThio KoopanHaThl). C 3TOM 1ENbIo HC-
MoJb3yeM MpeoOpa3oBaHUEe KOOPJMHAT, COOTBETCTBYIOIIECE IMEPEXONy OT
cucrembl koopauHat O'X'y’'z" k cucreme koopaunat O'XY7Z , monmy4deHHOU

Iy 5!

T
n3 cucrembl O'X'y’'z' moBoporom miockocty O'y'z" Ha yron (p=§ (och

Bpamieruss O'X' MpH 3TOM OCTAeTCs HEMOIBHKHOM ):

<
Il

XI.
Zl.

N <
Il

!
_y .
B s10i1 cucreme koopauHaT mpeodpazyeMoe ypaBHEHHE

482 +992 72 +1=0
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MNPpUBOAUTCA K BULY
22 yZ 2'2

DO

YTO COOTBETCTBYET KAHOHMYECKOMY YPaBHEHHUIO IBYIOJIOCTHOTO THIIEPOO-
nousa (KaHOHMYECKOE ypaBHEHHUE 5, 3CKU3 TOBEPXHOCTH CM. Ha puc. 12).

Takum oOpa3om, cucrema koopauHaT OXYZ sBiSETCS KaHOHUYESCKOH

JUISL paCCMOTpEeHHOro ypaBHeHus (2.4). ®opmyibl peoOpa3oBaHusl KOOP-
JIMHAT, COOTBETCTBYIOIIETO MEPEXOMy OT MCXOMHOH CHCTEMBI KOOPAWHAT

Oxyz K KaHOHHYECKOH éxyz AMEIOT BUI:

IIpumep 2.2. IlpuBecTr K KAHOHMYECKOMY BUJY ypaBHEHHE W IOCTPO-
WTh ICKU3 TIOBEPXHOCTH

y2 +2X2+2X+2y+22+2=0. (2.6)

Pemienue. B 3TOM ypaBHEHWHW TpyIia claraéMplx 2-TO TOpsAKa He
IPUBEJICHA K «CyMME KBaJIPaTOB», Tak Kak &, =1#0 .

B ciyuae, xoraa Tonbko ofuH u3 Ko3GdUuueHToB @,,, d;;, d,; HE pa-
BEH HYII0, MOXKHO TIPEITIOKUTE CISMYIONIHNA CIIOcCO0 MPHUBEACHUS KBaJpa-
THuHOH (opmbl (2.2) Kk «cymMme KBanapaTtoB». Jlomyctum a3 #0,
&y =8y3 =0. Torma rpynma cnaraembIX 2-Tro MOpsAAKa COIEPKHUT KBaJapa-
THYHYIO QOPMY OT TIEPEMEHHBIX X, Z: 8y4X? +28y3XZ +ag32%, KoTOpas

MOXeET OBbITh MPHBEICHA K «CyMMeE KBaapatoB» KoopauHat X', Z', ecin
WCIOJIB30BaTh VI 3TOr0 Npeodpa3oBaHue KOOPAUHAT, KOTOPOE COOTBETCT-
BYET IEpPEeXoay OT cHcTeMbl KoopauHaT OXZ Ha MIOCKOCTH K CHCTEME KO-

opaunar OX'Z', moBepHYTOM OTHOCHTEIBHO MCXOIHOM (CM. CIIOCO0 MpHUBE-
JIeHUST KBaJPATHIHOH (OPMBI 8;1X2 + 281,XY + 8y, Y2 B 00IIEM ypaBHEHHH
avHUM  2-TO0 mopsaka Ha twiockoctH (1.1) K «cymMMe KBaapaToB»
a1 (X)? +ax(y)? (&, =0), koropeiii paccmorper B § 1). dopmysI
TAKOro npeobpa3oBaHKs KOOPIMHAT UMEIOT B (och BpameHust Oy ocra-
€TCS HeIOIBHIKHOM ):
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X =X'cos¢—z'sin;
y=Y, (2.7)
z=x'sing+2'coso,

1€ BCJIMYHUHA yrna ([) MOXKET 6I)ITI) Haﬁ[[eHa nu3 ypaBHCHI/Iﬂ, AHAJIOTUYHOI'O
(1.10):

2
33tg°¢p —(ag3 —341)tg 0 — 343 =0, (2.8)
a HanpaBJIEHUE MOBOPOTA TIpU ¢ > 0 COBIAIAET C HAPABJIEHHEM TT0BOPOTa

OT BEKTOpa 1 K BEKTOPY K HMCXOIHOI CHCTEMBI KOOP/IMHAT.
B paccmatpuBaemom ciyyae ypaBHeHUE (2.8) BBITVIAIUT TakK:

tg?p-1=0 = tgo==+1.

Ecmm mns tg 9=1 B cootBercTBUU C (hopmynamu (1.12) BeiOpaTs 3HaUe-
. 1
HUSI SINQ =COSQ = % (a 3TO COOTBETCTBYET 3HAUEHUIO () = g ), TO TIpe-

o0pa3oBaHKE KOOPIMHAT MPHHUMAET BU:

! !

J2
y=Y’
X' +27
= .
2
[lonmcranoBka ¢opMmyn 3TOro mpeodOpa3oBaHWsS KOOPAWHAT B ypaBHEHHUE

(2.6)

"2 +2(—X'_ ZIJ(—X'”'}z(—X’_Z'Ju '+2[—X'+Z'j+2:0
(y) N N 7 y A
HpI/IBOI[I/IT €ro K BI/II[y:
(X)2 +(Y)2 = (2)2 +2J2x' +2y' +2=0.

=1

CrnenoBatenbHo, B cucreme koopauHat O'XYZ' rpynma cnaraemsix 2-ro

X =

MopsiIKa TpHBEIEHA K «CyMMe KBaapaToB». [lanee, BBIAEIMM IOJIHBIE
KBaJpathl M0 nepeMeHHbM X', Y u z':

(X)2 +2d2X +2) -2+ ((y)2 +2y +1) —-1— ()2 +2=0;
(X +42)2 +(y' +1)? - ()2 -1=0.
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[epetinem k cucreme koopauHaT OX{Z C MOMOIIBIO MPeoOpa3oBaHUs,
ornpenensemMoro ¢opMmyinaMu (apajuIeIbHBI TEPEHOC CHUCTEMBI KOOPIH-

HAaT):
K=x +/2;
=y +1
=17

B »T0#1 cucreme koopAaMHAT TpeoOpazyeMoe ypaBHEHHE MPHBOAUTCS K

BULLY

2 2

S 72
YTO COOTBETCTBYET KaHOHWYCCKOMY YPABHCHUIO OJHOIIOJIOCTHOI'O THIICP-
6onona (kaHOHWYECKOE ypaBHEHHE 4, 5CKHU3 TIOBEPXHOCTH CM. Ha puc. 11).

CrenoBatenbHO, CHCTEMA KOOPJAUHAT Oxyz SIBIIAETCS KAHOHUYECKOH I

paccMoTpeHHoro ypaBHeHU (2.6). @opMysl mpeodpa3oBaHus KOOPIUHAT,
COOTBETCTBYIOLLErO MEPEXOAY OT UCXOAHOM cHCTeMbl KoopauHat OXyz k

kaHoHn4deckoi OXYZ, MEIOT BUI:

X+Z
X =—=+2;
2
y=y+%
s —X+1Z
i=—r"
7

Ipumep 2.3. IlpuBecTrt K KAHOHMYECKOMY BUJY ypaBHEHHE H IIOCTPO-
WTB ICKU3 TIOBEPXHOCTH

X2 +y2 +72 +2xy—2x2-2yz-1=0. (2.9)
Pemienue. B 5TOM ypaBHEHUUM rpylna claraeéMblx 2-TO MOpsAAKa He
IpUBEAEHA K «CyMME KBAJpPAaTOB», TaK KaK a8y, =—&3 =—dy3 =1#0. B

JAHHOM CJIy4ae He yIaeTcs MPUBECTH KBAAPaTHUHYIO (OPMY YpaBHEHHUS K
«CyMMe KBaJIpaToB» C IOMOIIBIO IIOBOPOTA CUCTEMBI KOOPAWHAT TOJIBKO B
OZIHOH M3 KOOpAMHATHBIX IIOCKOcTel. Ilepexony Kk KaHOHWYEeCKOW cHcTe-
M€ KOOPIMHAT COOTBETCTBYET 00jiee CIOXKHBIM MOBOPOT CUCTEMBI KOOP.IH-
HaT B MPOCTPAHCTBE, KOIIa OCh BpAlllEHWs HE MapajielbHa HU OAHOH M3
0Cel NCXOIHON CHCTEMbI KOOPJIMHAT.

Tem He MeHee, U 7 3TOr0 YpaBHEHUS yIAaeTcs HAaUTH KaHOHUYECKYIO
CHCTEMY KOOpJMHAT dJIEMEHTapHBIMH MeToAaMH. ['pymnma criaraeMbix 2-ro
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nopdaaKa B 5TOM YPaBHCHHUH MOKET OBITH npeacraBjicHa CJICAYHOIUM 06pa-
30M:

X2 +2x(y—-2)+(y-2)2-1=0.
3ameTHM, 4TO JHMHEHHAas (DYHKUIUS KOOPAMHAT AY-+uUZ TpU YCIOBHH

A2 +u? >0 Moxer ObITH MPUBEIEHA K BUIY

Ay +puz =A% +u2 (ycoso+zsing) = A2 +p? Y’ (2.10)

A ok
«W +u2 «MZ +u2

pakeHHe YCOS(+ ZSiNg Kak MpaBylo 4acTb OMHON W3 (GopMyn s mpe-

(rme coso = u Sine= ), €CIIi paccMaTpUBaTh BbI-

00pa3oBaHuUsI KOOPAUHAT

X' =X;

y'=ycoso + zsino;

Z' =-ysine+ zcoso,
KOTOPOE COOTBETCTBYET nepexoay k cucreme OX'y'z’, monydennoit us mc-
xomHoU 1moBoporoM B tiockoct OYz (ock Bpamenus OX ocraercs He-

TTOIBYKHOM ).
Jnst nmuneiiHOW QyHKIMU Y —2Z (U3 pacCMaTpuBaeMoOro ypaBHEHHS) 5TO

npeoOpa3oBaHNe KOOPAWHAT MIPUHUMACT BUT
X' =X;
!

y:

7 =

y-z.

f,
, y+z

W;
a caMo 3TO ypaBHeHHe ¢ yueToM (2.10) BBITTISINT Tak:

2
x2+2\/§x(y_z 2l Y22 10,
NA 2

Bun ypaBuenus (2.9) nocne nepexona k cucteme koopaunar O'X'y'z' Ta-

KOM:
(X)2 + 22Xy’ + 2(y)2 -1=0.
I'pynmy crnaraeMbeix 2-ro TOpsiiKa 3TOrO YPaBHEHUS MOXKHO IPHUBECTH K

«CyMME€ KBaJpaTOB» C IOMOIIbIO npeo6pa30BaH1/I;1 KOOpAUHAT, COOTBETCT-
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BYIOILIETO nepexony kK cucreme O'XYZ, MOBEpHYTOI HA Yroia \y OTHOCH-

NI

tenpHo O'X'Y'z" B utockoctr O'X'y' (ock Bpamenust O'z' ocraercst Hemoa-
BW)KHOI). 3HaueHue tQg\y s yriia MoBOPOTa CUCTEMbI KOOPAWHAT MOXKHO
Haiiti 1o (opmyne (1.11), a 3HaueHus siny U COS\, HEOOXOAUMBIE IS

(dhopmyn npeobdpazopanus koopauHar (1.7), —mo gpopmynam (1.12) (anamno-
THYHO TOMY, KaK 3TO c/ieiaHo B npumepe 2.2). OnHako B JaHHOM CiIydae,
Korja BCA rpyimia cjJiaracMbIix 2-10 InopsaKa nmpuBOAUTCA K NOJIHOMY KBal-
paTy oT TMHEHHON QYHKINH OBYX KOOpAWHAT AX +WY', U ompeneneHus
(bopMyI OBOpOTa MOXKHO BOCIIOJIB30BAThCS U JIPYTMM MPUEMOM, MOI00-
HBIM TOMY, KOTOPBIM NPUMEHSUICS B 3TOM IPUMEPE MPHU MEPEXOE OT CHUC-
Tembl kKoopauHat Oxyz k OX'y'Z'. JleficTBUTENBHO, TOCKOIBKY paccMaTpu-

BacMOC YpaBHCHUEC IPUBOJUTCA K BUTY
(x'++2y)? -1=0,

TO, TIpeodpasyst TUHEHHYI (YHKIWIO KOOpAWHAT mo aHaioruu c (2.10):

X' +~2y
X +42y' =3 i , IOJIyYMM COOTBETCTBYFOIIMI BH]] YPABHECHHS:

B
x’+\/§y’ ? 3
3(7} -1=0.

. 1 2
Hanee, nonaras SIN\yy=——= " COS\y = 3’ orpenenuM GopMyIIbl Ipeod-

3

pasoBaHMs KOOPAMHAT TpH mepexoze ot O'X'y'z" k OXyi:

X -y
-
X ++2y"
—5

>

<t
Il

N

=7.

B cucreme koopaunat OX§I mpeoGpasyeMoe ypaBHEHHE HNPHBOIUTCH K
BUIY



YTO COOTBCETCTBYCT KAHOHUYCCKOMY YPABHCHHUIO TIIapbl IapauICIbHBIX
MJIOCKOCTEH (KaHOHI/I‘{eCKOG YpaBHCHUC 15, OCKH3 IMOBEPXHOCTHU CM. Ha

puc. 20). CnenoBaTenbHO, cucTeMa kKoopauHat OX{Z sBisiercss KaHOHUYE-

CKOW IJIsi pacCMOTpeHHOro ypaBHeHUS (2.9). @opmynbl nmpeobpa3oBaHUs
KOOpAUHAT, KOTOPOE COOTBETCTBYET MEPEXOLY OT MCXOTHON CUCTEMBI KO-

opauHaT OXyZ K KAaHOHUYECKOU O~)~()72 , IMEIOT BUJI;

X:2x—y+z_
. X+y-—-z.
VZT,
Z:y+z
N

3ameruM, 4T0 (OPMYIIBI 3TOr0 MpPeodpa3oBaHMUsI KOOPAUHAT COOTBETCTBY-
FOT ITOBOPOTY MCXOJHON CUCTEMBI KOOPJIMHAT OTHOCUTEIBHO OCH Bpallle-
HUsI, KOTOpas HeE IapajulelbHa HU OJHOM U3 OCel MCXOIHOH CHUCTEMBI KO-
OpAMHAT.
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