Jexknun AHAJITUTUYECKASI TEOMETPUS] VuuoB A.E.,VmEoB E.A. TemaO5 2025/26

JIMHUM Ha IIJIOCKOCTU 1 B IIPOCTPpaHCTBEe

ITycrs nana mexaprosa cucrema koopauuar { O, g1, o} Ha ILUIOCKO-
CTH W YHUCJIOBOE MHOXKECTBO (), SIBJISIIOIIEECS] TIPOMEKYTKOM (BO3MOXKHO,
GECKOHEYHBIM) BEIECTBEHHON OCH.

Onpenenenue Bymem roBopuTh, 9TO Ha IJIOCKOCTH 33JIaHA Napa-
4
4.1.1 mempuuecku aunus L Bexrop-byuknmeit 7 = F(7)
(nrm B KOOpAMHATHON hopme

SRHRE
J Y Fy(r) |’
roe Fy(7), Fy(T) — HempepbiBHble, CKaJSIPHLIE

dyukuun aprymenta 7 € ) ), eciu

1) Y19 € Q Touka 79 = F(79) nexur Ha L;

2) nyist 060l TOUKH T, Jexkarei na L, 1o € 2
TAKOE, UTO BBIIOJIHEHO paBeHCTBO 7o = F(7p).

WHoria JinHUS Ha IJIOCKOCTU 3aJaeTCsl B Bujie ypaBHeHust G (x, y) =0,
KOTOpOE II0JIydaeTcd IIPU UCKJIIOYCHUU I1apaMeTpa 7 U3 CUCTEeMbl ypaBHe-
HU
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[lpumep
4.1.1

1) Ipsimast sinHus, HAIPEMED, 3aaeTCsd BEKTOP-DYHKIMei

T =71y + Ta, rAe a — HaIpaB/IAIONMI BEKTOD, & Iy —
PaJInyc-BEKTOP OJIHON M3 TOYEK ITOU MPSIMOU.
Crasisiprast dopMa 3aJlaHusl MPSIMONA B 9TOM CJIydae
UMeeT BUJ,

{ = To + Tha, T € (—00,+00)

Yy =1yo+ Ty
TO €CTb

{ Falr) = o, T € (=00, +00),

Fy(1) = yo + Tay

WM 7K€ Ar + By + C = 0, |A + |B|] > 0,
¢ G(z,y)=Az+By+C.

2) B upsiMmoyrosibHOli cucremMa KOOPAMHAT OKPYKHOCTD pa-

auycoM R ¢ IIeHTpOM B TOYKe IapaMeTpu4ecKu

MOXKEeT OBITh 3aJJaHa TaK:

{ x = w9+ RcosT, re0,27),

y=19yo+ RsinT
TO ecThb
F.(7) =z + RcosT,
F,(t) =yo+ Rsint ’

WA 7K€ (x —20)* + (y — yo)*> = R?,
¢ G(z,y) = (z—x0)* + (y — %0)* — R*.
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Onpenenenue
4.1.2

Onpernenernue
4.1.3

JIuHust HAa3BIBAETCH AA2€0PAUYECKOT, €CIN ee YPaB-
HeHUe B JIEKAPTOBON cUCTeMEe KOOPIUHAT UMEET BU/JT

m
Z akxmqu = 0,
k=0

TJie Py U Qi — IeJible HEOTPUIATebHbIE UHNCIIa, a
YuCaa (i, He PABHBI HYIIO OJTHOBPEMEHHO.

Yucmo N = rn[ax ]{pk + qr } Ha3BIBAETCS NOPAIKOM
k=[0

)

an2e0PAUMECK020 YPaBHEHUA, YKA3AHHOIO B OIIpe/Ie-
sgennu 4.1.2; Te MAKCUMyM HaXOAWTCH 10 BceM k,
JIJTIsT KOTOPBIX o, 7 0.

Haumenvuwuti 13 OPsAIKOB aaredpandecKux ypaB-
HEHUi, 3aJal0luX JaHHYI ajredpandeckyro Jid-
HUIO, HA3BIBAECTCS NOPAIKOM AA2e0PAUMECKOT NUHUL.
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[Ipumeps! anredbpandeckux JHHII HA IJIOCKOCTH PA3IUIHBIX ITOPSIKOB

npuBejiensl B Tabur. 4.1.1.

Tabauma 4.1.1

HaszBanwue YpaBHeHUe ITopsanok
[psamas Az +By+C=0, |A|+|B|>0 1
Ksanparnas napabosa r—1y>=0 2
lMunepbosta zy—1=0 2
«JlekapToB HCT> 224+ y3 =32y =0 3

4
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Teopema Ilopsgok anredbpanveckoil JMHUYA HE 3aBUCUT OT BbI-
4.1.1 6opa JekapToBOii cucTeMbl KOOPAWHAT.

JoxkazaTenbCTBO.

ITycrs asrebpandeckas jauHus L wMeeT B MCXOnHOM («cra-
poit») cucreme xoopmuuar { O, §i, o} mnopsanok N u ypas-
wenne G(z,y) = 0. IlepeiizieM K «HOBOIi» CHCTEME KOODJIUHAT

oo
{ 0 y 9159 2} .
DopMmyIibl mepexoia, coraacuo coornomenusm (1.8.2), umeror
BUJ
— ! /
Ty = o) +owy;+ b,
/ /
Ty = 0917] + 020ys + B2,

[I09TOMY ypaBHEHUe JinHUU L B «HOBOI» cucTeMe KOOPJUHAT
Oymer

G(onzy + o12yy + f1, 0212] + 022y + B2) =0,

nopsok koroporo N'. OTkyzna B cuity onpesenenus 4.1.2 cie-
ayer, uro N > N’ | To ecTb npu nepexoje K «HOBOIl» CHCTe-
M€ KOODIWHAT MOPSIOK ajaredpandecKoil KPUBOH MTOBBICUTHCS
HE MOXKeT.

IIpumensiss aHajJOruYHbIE PACCYK/IEHUS JIss ODPATHOrO Iie-

eX0/Ia OT CHCTEMBI KOODJINHAT o, q ! K CcHucreme
9 1 2

{0, §1, g2}, mosyaum N’ > N u okonuaresbuo N’ = N.

Teopema gmokaszaHza.
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Bameuanue 4.1.1. Qurypnl Ha IJIOCKOCTH MOYKHO 33/1aBaTh, UCIIOIb3YS
OrpaHUYEHUs TUIIA HEPAEEHCME.

MlpuMep 1) B upsiMOyrosibHOM crcTeMe KOOPUHAT Habop yCJIoBuit
4.1.2

x>0,

y =0,

z+y—3<0

3ajlaeT MPSMOYTOJIbHBIN TPEYTrOoJbHUK, KaTeThl KOTOPOI'O
JIe2KaT Ha OCAX KOODAWHAT U MMEIOT JJINHBI, DaBHBIE 3.

2) B opmonopmuposannoli cucremMe KOODIMHAT HEPaBEH-
crBo Buga 2+ y? — 4 < 0 ompenesser Kpyr paamycoM 2
C LIEHTPOM B HadaJjle KOOpAUHAT.
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PaccmoTpuM Teneph ciydail JUHEM B IpocTpaHcTse. IlycTh mama mpo-
crpaHcTBeHHasi cucrema kKoopauHat { O, §1, g2, g5 |-

Onpenenenue
4.1.4

Bysiem roBOpHTE, ITO B IPOCTPAHCTBE 3a/1aHa NApa-
mempuuecku aunus L Bexrop-byuknmeit 7 = F(7)
(unm B KoOpAMHATHON hopme

T F.(7)
17, =1 v || =] Fu(r) |,
2 Fy(7)

rae Fp(7), Fy(7), F.(T) — HeIpepBIBHBIE, CKAJISP-
Hble QYHKIUHM aprymenta 7 € ) ), ecian

—

1) V1o € Q Touka 7y = F(79) nexur ua L;
2) nyist 1060 TOUKY T, Jexkarei na L, 3o € 2
TAKOe, UTO BBIIIOJHEHO PABEHCTBO 7o = F'(1)) .

WNuorma nuaus B IPOCTPAHCTBE 33/1a€TCsI CUCTEMO yPaBHEHMIT

G(z,y,2)=0,
H(z,y,2) =0,

KOTOpad IMOJIyIaeTCsd UCKJ/IIOYCHUEM IMapaMeTpa 7 U3 COOTHOIIIEHU N

x = F.(1),
y = Fy(7), T €,
z=F.(1),

WUJIN K€ PaBHOCUJIbHBIM YpaBHEHHEM, HaIIpUMeEp, BU/Ia

G*(x,y,2) + H*(2,y,2) = 0.
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Mlpumep 1) B nekaproBoii cucreMe KOOpAMHAT ajiredpandecKas Jiv-
4.1.3 HUA BTOPOI'O IIOPAIKA 2%+ y2 =0 Vz gsigercd npsamoit
B IIPOCTPAHCTBE.

2) B OpTOHOPMUPOBAHHON CHCTEME KOODJAUHAT GUHMOGAH
Aunus (IIPOCTPAHCTBEHHAs CIUPAJIL) paguycoM R u ¢ ma-
rom 27wa MOXKeT OBITh 33/IaHa B ITAPDAMETPUICCKOM BUJIE

x = RcosT,
y = RsinT, T €1[0,2m),
z = ar,

z
xr = Rcos —,
a
oz
y = Rsin —.
a

WJIN K€ CHUCTEeMOM
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IloBepxHOCTH B IPOCTPaHCTBE

ITycts nmeercst npocTpaHcTBeHHast cucreMa kKoopausar { O, §i, ga, §3} u
) — MHOXKeCTBO yIOpsiioueHHbIX nap uucen { ¢; 0 }, 3ajannoe yciosus-
v a < p < B, v<0<4.

Onpegeneﬂne By,ueM TOBOPUTBH, YTO B IIPOCTPAHCTBE 3a/laHa Napa-
4.2.1 MEMPUYECKU TOBEPTHOCMY S  BEKTOP-(DYHKITHEH

—

7= F(p,0) (umm B koopauHaTHO dopme

Z Fi(p,0)
7, =1l v || =] Fyle,0) ||

rne F,(p,0), Fy(p,0), F.(p,0) — nempepbIBHbILE,
CKaJIpHBIE (DYHKITAN, 3ABUCAIIAE OT IBYX MePeMeH-
ueix {p, 0} € ), ecin
1) mng 060l ynopsAnOYeHHON Iapbl YUCET
{©,0} € Q touka 7y = F(py,0) mexur ua
[TOBEPXHOCTH S

2) nyist 1060 TOYKU T, Jexaieil Ha S, cyiue-
cTByeT mapa umcen {pg, 0y € Q} Takmx, uro

’F() = ﬁ(g@o, 90) °

MHorma IIOBEPXHOCThL B IPOCTPAHCTBE 3aJaeTcd B BHUJE ypaBHEHUS
G(z,y,z) = 0, KOTOpPOE MOJIYYIAETCA UPU UCKJIIOYEHUN g, By U3 crucTeMbl
YPpaBHEHU

T = F33(<p03 90),

y=Fy(po,b0),  {v0,00} € Q.

z = F.(¢0,00)

)
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TlpuMep 1) Ilnockocts S B NPOCTPAHCTBE 3aj1aeTcs, HAIpHMeD,

4.2.1 BeKTOP-byHKITIei = 7‘0—|—<pp—|—9q, IJie p U q — HAnpasasi-
1ougue (T.e. HEKOJUJIMHEAPHBIE U NapaJlie/bhbie S) BeKTODHI,
a ;0 — PaJMyCc-BEKTOP OJHON M3 TOYEK 3TOMH IIJIOCKOCTH.
CkasngpHas GopMa, 33JaHIs [IJIOCKOCTH B 9TOM CJIyHdae HMe-
eT BHJ

T =z + py + 0,
y=yo+¢py+0q, ¢ 0€c(—00,+00).
Z = 2zo + PP +0q.,

2) B npamoyezoavroti cucreme Koopauuat cdepa pajuycom
Zo
R c neHTpOM B TOUKE || Yo || HApaMETPUIECKH MOXKET ObITh

20
3ajIaHa, TaK:

x =z9+ Rcospsind,
y=1yo+ R sinpsinb, p € [0,2m), 0€[0,7],
z=2z9+ Rcosb,

nm ke ypasaerneM  (z—x0)%+(y—yo)2+(2—20)% = R?.

10
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Onpernenernue
4.2.2

Onpenenenne
4.2.3

IloBepxHOCTH HA3BIBAETCH GA2€OPAUYECKOT, €CTTU €€
YPaBHEHHE B JIeKapTOBOil cuCTeMe KOOPJAUHAT UMeeT
BU/,

m
Z akxpkymczrk =0 ,
k=0
TAE Pk, qx U Tk — IeJble HeOTPUIATEJIbHbIE YUCTIA, a
YHUCJIa (¢ HE PaBHBI HYJIIO OQHOBPEMEHHO.

Yuciao N = kn%ax ]{pk + gr + 71} HaA3BIBaeTCs NoO-
=[0

5

PAIKOM GN2e6PAUYECKO20 YPABHEHUA, YKABAHHOIO B
ompenenennn 4.2.2; T/1e MaKCUMyM HaXOJUTCS IIO
BCceM k, Jjist KOTOPBIX a 7 0.

Haumernvuuti m3 mOpsiIKOB aaredOpPanIecKux ypas-
HEHU, 3aJaI0MUX JAHHYIO aJredpandecKyro Io-
BEPXHOCTH, HA3BIBACTCS NOPAIKOM GA2eOPAUMECKOT
NOBEPTHOCTU.

11
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[Ipumepsr anrebpanmdecKux MOBEPXHOCTEN PA3IMIHBIX IOPSIKOB IIPUBEIE-

HbI B Tabma. 4.2.1.

Tabauma 4.2.1

Ha3zBanwue YpaBHeHUE ITopsamok
Ax+By+Cz+ D =0,
IImockocTh Al +|B|+|C| > 0 1
IIpsimoit KpyroBoit ITUIUHID 22 +9y2—-1=0 Vz 2
Cdepa 2?4+ +22-9=0 2
TlM'unepbommaeckuit napabdoson,t zy+2=0 2

12
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Teopema ITopsigok anredbpamdeckoil IOBEPXHOCTH HE 3aBUCUT
4.2.1 OT BBIOOpA /IEKAapTOBOM CUCTEMBI KOOPJAMHAT.

JoxkazaTenbCTBO.

Amnayiornano nokazareabeTBy TeopeMb 4.1.1.

Teopema gmokaszaHza.

Bameuanue 4.2.1. Tesa B upocrpancrse (paBHO Kak 1 (BUIYPHI HA [LJIOC-

KOCTH) MOYKHO 3aJIaBaTb, UCIOJb3ys YCJIOBHs THIIA
HEePAGEHCMNE.

Hampumep, map pajgimycom R ¢ 1IeHTPOM B HadaJje KO-
Op/IMHAT MOYKET OBITH 3aJIaH HEPABEHCTBOM

22 +y? 4+ 22 < R%.

13
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Lnauaapuyeckue
1 KOHNYEeCKNe MOBEPXHOCTH

ITycts B IpocTpaHcTBe 3a7aHbl cucreMa koopausaar { O, §1, G2, Gz} #
HEKOTOpast JIMHUS r=F (¢) € Q, Koropyo OyIeM HA3BIBATD HANPAGAS-
roweti. IIpoBesieM depes KaxK Iyl TOYKY HAIPABJSAIONIEH JTUHUK MIPSIMYIO,
HA3bIBAEMYIO 00pasyrouieti, TapaJIeIbHYI0 HEKOTOPOMY (DUKCHPOBAHHOMY
HEHYJIEBOMY BEKTODY a.

Onpernenernue COBOKYITHOCTH BCEX TOYEK IIPOCTPAHCTBA, JIEYKAITIX
4.3.1 Ha 00pa3yIONINX TAHHOTO BU/A, HA3BIBACTCS UUAUH-
dpuneckoli NOGEPTHOCBIO.

Puc. 1. llninaapuyeckas MOBEPXHOCTD

14
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CocraBuM ypaBHeHNe [[IINHIPUIECKOIT IOBEPXHOCTH B 001meM Buge. Bo
BBEJICHHBIX 0003Ha4eHnsAX (cM. puc. 1):

r=F(p)+ KM,

a 110 OIPEJIeJIEHUIO UINHIpuIecKoil mopepxuoctu KM = 0a wu, ciejo-
BaTeJIbHO, YPAaBHEHUE 3TOW IIOBEPXHOCTH B BEKTOPHOI (hopMe mMeeT BT

;(<p,0):13(g0)+9¢; p€eN, §e (—o0,+0).

N Fo(p) N Ay
[Iycts B KOOpAMHATAX || F' (gp)” =1 Fyle) || u lla|| =|| ay
I Fy(@) g az

Tora mocsie nckrodenus 6 moJrydaem

w_Fx(<P):y_Fy(<P) Z_FZ(SD).

Qg Qy a,

15
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[lpumep Ipamasn Kpy206a.8 YUAUHOPUYECKAR NOBEPTHOCTIVD, IS KO-
4.3.1 TOPOIl B OPTOHOPMUPOBAHHOI CUCTEMe KOODUHAT
— HAIIPaBJIAIONIEN CIIY2KUT OKPYKHOCTb paJinyca 3, Jie-
XKalast B IJIOCKOCTH, MePIeHIuKy/IsipHoit ocu Oz, ¢
IEHTPOM B HadaJjle KOOPJUHAT,
— a 00pPaBYIOIINMH SIBJIAIOTCS IPSIMbIE, IEPIEH UK YIIIP-
HbIE 3TOH IIJIOCKOCTH,

T = 3cosp,
3ajlaeTcd CUCTEMON yCJIOBUMA Yy =3siny, TOCKOIbKY
z=40,
B pacCMaTpPHUBAEMOM CJIydae
. 3cos . 0
F(o)|| =1 3sine || u |la]| =] O
e O e 1

3aMeTnM, 9TO eC/Id U3 JAHHON CHCTeMbl UCKJIIOUUTDH U I1a-
paMeTp ¢, TO HOJYUINTCs ypaBHeHne Bujga 2 +42 =9 Vz.
OTkyna ciefyer, 9TO JaHHAs ITOBEPXHOCTH aJjrebpante-
ckas, mopsaka N = 2.

16
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IIpoBesieM depe3 KaxKIyio TOUKY HANPABAANOULEV JIMHAU 00pa3Yyowyro
IPAMYIO MHA4Ye, YeM B IMJINHJIPUYECKOM CJIydae: IyCTh 00pa3yromast mpsi-
MasI IPOXOUT Yepe3 HEKOTOPYIO, He IPUHAJJIEXKAIIYIO HAIIPABJIAIONIEHN JTH-
Hur, GUKCUPOBAHHYIO TOUKY A (Ha3bIBaeMyIO 6epuiunotll), pajuyc-BeKTOD

KOTODOit 1, .

Onpernenernue COBOKYITHOCTH BCEX TOYEK IIPOCTPAHCTBA, JIEYKAITIX
4.3.2 Ha 00pa3yIomuX JAHHOTO BU/Ia, HA3BIBACTCST KOHUYE-
cxoll N08EPTHOCTMIBIO.

Puc. 2. Konndeckasi moBepxHOCTD

17
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CocraBum YpaBHeHnue KOHUYECKOM IIOBEPXHOCTU B O6H_Lel\l BHUJIC. Anano-
I'M9HO TUJINHAPUYIECKOMY CJIy4dal0, BO BBEJICHHBIX 0003HAYECHUSIX

P = F(o)+ K
(cM. puc. 2), a 10 OUpeJIeNIeHAI0 KOHUIECKOH OBEPXHOCTH
KM=9- (?0 - ﬁ(w))

U, CJIe0BaTe/IbHO, YPABHEHUE ITO IIOBEPXHOCTU B BEKTOPHOI popme mme-
eT BUJ,

;(@,9) :ﬁ(¢)+9 (;(] —ﬁ((p)) €N, e (—o00,+00).

o () . To
IIycts B KOOpMHATAX F((p)” = | Fy(o) u ||l =1 wo || -
I Fy(p) I 20

TOIr'/la ITOCJIe MCKJIIOYCeHUA 0 moJryaeM

e—Fe(p)  y—Fylp)  z-Fi(p)

xO_Fz(SD)_yO_Fy(SD) 20— F.(p)

18
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Mlpumep Ipsamas Kpy206as KOHUMECKAHA NOBEPTHOCD, JIJIST KOTOPO
4.3.2 B OPTOHOPMUPOBAHHOH cuCTeMe KOOPAUHAT
— HaAIPABJISIONICH CIY>KUT OKPY>KHOCTH PaJIUyCcoM 3,
JIeXKaIas B IUIOCKOCTH, MEPIEeHIUKY/ISPHON OCH arl-
IJIMKAT, C MEHTPOM B HadaJe KOODIUHAT,
— a 06pa3yIOIUMU ABJISTFOTCS IPSIMbIE, TPOXOJISAIINE T~
0
= 0
¢ -1
3ajaercs cucreMoii ycaosuii (cMm. upumep 4.3.1):

pes BepmuHy || 1

r—3cosp y—3sing z

— € (0,27).
—3cos —3sing -1’ v €(0.2m)

SaMeTI/IM7 9TO €CJI U3 IIOJIYICHHbIX COOTHOIIIEHU TaK-

7K€ HCKJ/IIOYUTH U IIapaMeTp @, TO IOJIyYUTCAd ypaBHEHUE

BUIAQ
LU2 y2
— 4 1)?2=0.
gtg -G+

Otkyna ciefyer, 9TO JaHHAs ITOBEPXHOCTH aJjrebpante-
cKasi, opsiika N = 2.

19
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JInaun BTOPOTO IIOpdAKa Ha IIJIOCKOCTHA

Bri6op 6asuca mim cuCTEMbI KOODJIUHAT SIBJISIETCS CyObeKTUBHBIM (DaK-
TOPOM, TO €CTb OH 3aBUCHT OT TIpedePeHIIHi TOIb30BaTE ST KOOPJAUHATHOTO
METOJIA.

[Toaromy B ciydae HEOJHO3ZHATHOCTH BHIOOPA CUCTEMBI KOODIUHAT BO3-
HUKAET €CTeCTBEHHAsT TIOTPEOHOCTD B METOJIAaX, MO3BOJISIIONINX CPABHUBATH
OIIMCAHUS TEOMETPUYECKAX OOBEKTOB, BHITIOJHEHHDBIE B PA3HBIX CHCTEMaX.
[IpumepoM TOMOOHOTO WHCTPYMEHTAPHS SIBISIOTCS (HOPMYAbL Nepexoda,
paccmorpennbie B § 1.8.

[TonaTwo, aTo ncmoab30Banme Hop-

MyJI [Iepexojia TPUBOJIUT K JIOMOJIHU- :
TEJIbHBIM 3aTPaTaM BBIYUCIUTEIHHBIX D

pPecypcoB, U IOTOMY JIAHHOE OOCTOsI- M‘”
TEJIbCTBO MOYKHO CUUTATH HEJIOCTATKOM ’
KOOP/IMHATHOTO METO/IA. 7

OjHako, ¢ JIpyroit CTOPOHBI, CBOOO- /
1y BBIOOPA CUCTEMBI KOODIMHAT MOYKHO - ' = \
HCIIO/IB30BATh JIJIsl YIPOIIEHUs TOCTa- :

HOBKU 382491 U /UM METOJA PEIICHHUS. Puc. 3

Hampumep, obbeM  mupaMuanbl
ABCD, y x0TOpOii U3BECTHBI KOOPJUHATHI BEPIIUH U IJIOCKUE YIJIBI IPU
BepinHe D IpsiMble, IPOITE HAXOMUTCS B cUcTeMe KoopauHat { Da'y'z'},
vyem B cucreme {Azyz} (cum. puc. 3).
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B srom maparpade MBI PACCMOTPHM METOJI, TO3BOJISIONIH HAXOUT
OPTOHOPMHPOBAHHYIO CUCTEMY KOODJMHAT, B KOTOPOH AHAJIMTHIECKOE OIIH-
CaHWe TEOMETPHIECKOr0 OObEKTa — IJIOCKOH JIMHUU BTOPOTO MOPSJIKA —
CYIIECTBEHHO YIIPOIIEHO [0 CPABHEHHIO ¢ o0muM ciydaeM. dTo, B CBOIO
09€peJib, TIO3BOJISET OBJErIUTh NCCJIEIOBAHNE CBOMCTB TAKOrO OObEKTA.

[IycTh Ha IUIOCKOCTH JIaHA OPTOHOPMUPOBAHHAS CHCTEMa KOODJIMHAT
{ O, €1, €& } u Hekoropas nuuus L.

Onpezenenue Ecim nuansa L sBisiercss ajrebpamdeckoil JuHUei

4.4.1 BTOPOI'O TIOPSAJIKA, TO (B COOTBETCTBUU C OLPEIEIe-
uugamu 4.1.2 u 4.1.3) ee ypaBHeHUE B JAHHON CHCTEME
KOODJMHAT MOXKET UMETh BHU]]

Az? +2Bxy + Cy? + 2Dz +2Ey+ F =0, (4.4.1)

rie yucyia A, B u C' He paBHBI HYJIIO OJJHOBPEMEHHO,
a T U Y CYyThb KOODJMHATHI PAJINYCA-BEKTOPA TOYKH,
mpuHaiexarieit L.
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[Tockombky kK03 durmentsl ypapuerus 4.4.1 3aBucar or BbIOOpa cH-
CTEeMBbI KOODJIMHAT, IIPU HCCJIEJOBAHUU CBOWUCTB JIMHUII BTOPOTO IMODSIIKA
11e71ecO00pPa3HO MIPEIBAPUTEIBLHO MEPEHTH K JIPYTroil cHcTeMe KOODIMHAT

{ O, e, e } , B KOTOPOU BUJ[ ypABHEHUSI JJUHUU OKA3bIBAETCS HauboLee
NPOCMbIM.

Teopema  Jlasa narob0oif JIMHWM BTOPOrO MOPSAKA CYIIECTBYET

4.4.1 OPTOHOPMUPOBAHHAs CUCTEMA KOOPJAMHAT, B KOTO-
poii ypasuenue 31oii quanu (npu a >0, b > 0, p > 0)
uMeeT OOWH U3 CJEeAYIOIIUX AeBATA (HA3BIBAEMBIX
KAHOHUYECKUMU) BUSOB:
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Tadbauma 4.4.1

Tun gauann || Duumnrudeckuil | ['unepbosmuecknit| I[lapabonnaecknit

Bug aunun A>0 A<O A=0

2 y/2
IIycreie MHOXKE- = + e -1 y? =—a® Va'
CTBa

2y
M3zonupoBanubie —+5=0

a b?
TOYKHU
Cosnaiarorue 2 =0 Va
psIMbIE
/2 /2
x
Hecosnagaromnue — = y__ 0 y? =a® Va'
a b?
[IpsIMbIE
Kpusbre Danunc Tunepbona IHapaboara
22y , 22y , J? = 2pa
b a2 b
A B 9
rae A = det B Cll = AC — B*. MbI Tak>ke morpedyemM, 4ToObI

AJ1d KAHOHUYIECKOTO ypaBHEHUA 244UNCAG BBIIMIOJIHAJIOCH G > b.
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IJoxkazaTenbCTBO.

1. IlpeaBapureabHO 3aMeTHM, 4TO 6€3 MOTEpPHU ODIIHOCTH MOYKHO
CYNTATH BBIIOJHEHHBbIMU ycjoBus: B >0u A > C.

HeitictBurensio, ecan B < 0, TO MOKHO U3MEHUTH 3HAKU BCEX
K03ddurmenTos B ypasuenun 4.4.1.

Ecimm xe A < C, To, nepeiiass K HOBOI OPTOHOPMUPOBAHHOI
cucTeMe KOODJIMHAT, JIJIsi KOTOPOii ¢y = €s, ey = €1, 00" = 0,
MBI TIOJIYYUM JKeJIaeMOe COOTHOIIEHUE, TOCKOJBKY TPU TaKOM
nepexoJjie CIpaBe/JIUBLI paBeHcTBa = = ¥, y = 2’ B cuiy
yrBepKaenuii § 1.8. 3ameTum Takke, 9TO 1pH ITOI 3amene A
HE MEHSIeTCsI, TIOCKOJIBKY

C B A B
det B A = det B C =A.

2. Ecm B = 0, To nmepexonuM K IyHKTY 4 Ha c. 125.

Ecim xxe B > 0, To BbibupaeM HOBYIO OPTOHOPMHPOBAHHYIO
crcTeMy KOODJIMHAT { O e, eo }, TIOJIyIaeMyIo U3 MCXOTHON

IIOBOPOTOM IIDOTUB 9aCOBOM CTPpeJIKN BOKPYT TOYKU O na yrosua

0 < a < 7, Taxoit, 9r06b1 KO3(DMUIMEHT IPU ITPOU3BEICHIN

2’y okazaycs paBHBIM HYJIIO.

BriBesiem mpasmiio BeiOOpa sroro yria. jist Takoro moBopota

(cm. § 1.8):
e = €1 cos a + €3 sin a,
ey = —ersina—+ ey cosa,
o0 = 0.

Torma dopmyser mepexoga oT { O, €1, € } K { o, 6_;1, ey }
Oy/1yT UMeTDb BUJ

r = x'cosa—1y sina,
y = 2'sina+1vy cosa.

IloncraBisis BeIpazkeHUsT «CTAPbIX» KOODJUHAT UePe3 «HOBBIEY,
nony4daeMm ypasaenue 4.4.1 B Buje
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2
A (x/ cosa—y' sin a) +2B (m' cosa—y’ sin a) (m' sin o+’ cos a) +

2
+C (x/ sin a4y’ cos a) +2D (:E' cos a—y' sin a) +
+2E(x/ sina + g/ cosa) +F=0

nin kKe

A/$/2+2B/x/y/+c/y/2+2DI$/+2E1yl+F/:O,

rie
A = Acos? a + 2B cos asin o + C'sin® a,
2B’ = —2Asinacosa+ 2Bcos?a — 2Bsin? a + 2C sin a.cos «,
' = Asin? @ — 2Bsinacos a4+ C cos? o

U3 yenosua B’ = 0 caenyer: 2B cos2a — (A — C)sin2a =0,

T
T.€. OKOHYATENLHO: ¢ = - TIpHA A=C wnmm xenpu A>C

2B 1 2B

tg2a = —— = _acrtg———
g ot A_C — « 2acrgA_C,

TO €CTb UCKOMBII yroJ HaliIeH.

3aMeTHM, 9TO yroJl TaKxKe MOXKeT OBbITh HaliJIeH U3 PaBHOCUIIb-

HOTO ypaBHeHHs — tg2 o + tga—1=0.

Voeumcest, 9TO IPU TAKON 3aMeHe KOOPJIUHAT BeJIMYUHbI A 1
A+ C coxpansiior cBou 3HadeHus . JlefcTBUTEIBHO, U3 COOTHO-

IeHuit )
Lbetg?2a=14 [22C o
C = =
& s 2B sin? 2«

us
u HepaBeHCTBa 0 < o < 1 IOJIy9aeM

) 2B A-C
sin 2 = u cos2a =

AB* + (A - C)? VABT+(A-0)?
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YuuThBas MOIy4YeHHbIC PABEHCTBA, U3 BLIPAsKEHUS JJId 3Hade-
Husa A’ umeem

, 1+ cos2c . 1 — cos2a
A=A——+ Bsin2a+(C—— =
2 2
A+C 1
= ——+4 =\/4B?2+ (A - C)2.
2 2
AHaJIOruYHBIM 00Pa30M IOJIyYaeM, U4TO
A+C 1

Ternepsr HAXO UM

r Al 0 Al
A—det’ 0 o |l=AC =
2
A+c\ 1, ,
_<2 ) _1(43 +(A—C))—
_ 2 _ A B _
=AC - B det‘B C =A,

TO €CTh BeJIM4YMHa A He MEHSETCS NPH BBITOJHEHHON 3aMeHe
cucreMbl KOopJauHaT. TakyKe OYeBMJIHO, UTO IPU 3TOM BBIIOJI-
nstercst paeacteo A’ +C'= A+ C.

4. B mappmeiiimx paccyzkaeHusix OymeM mojarath, 9o B =0, u
paccmorpuM otnenbHo ciaydan A # 0 u A = 0 jyis ypaBHeHUs
Buma Ax?+Cy?+2Dx+2FEy+F=0.

IIycte A # 0. 910 o3nauaer, uto A # 0 u C # 0 u ypaBHeHue
JINHUU MOKET OBbITh MEPENUCAHO B BUJIE

2 2
aloi®Y ol B\ D P,
I+Z + y+6 fq‘i’?* .

D?> E?
O6oznauum P = 0 + o F, Torma, nepeiiis K HOBOIA

OPTOHOPMUPOBAHHOI CHCTEMe KOODIUHAT
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—

6/1 = €1,
6_;2 = €27
B D E_
OO/ = —Zel — 562
TIOJIyIUM
.7;/2 /2
+ Y
P P
A c
1,/2 y/Z
+ =0
O] Al

¥ MBI IIPUXOJIUM, TAKAM 00pa30M,
X ypaBHEHUII:

2 12

)

Y €T )
2t~ @teETh
.’L‘/2 y/2 .7;/2 y/2
2 e 0 @ eEsh

Ax'? + Cy'? = P. Orkyna ciejyer, 9ro

npu P #0,

mpu P =0,

K OAJHOMY U3 IIECTU CJICAYIO-

/2 y/2
.%'/2 y/2

IlepBble IATH U3 ITUX CIAYIAEB COMAEPKATCI B (DOPMYTHUPOBKE

TEOpPEMBI, & IIeCTONl CBOAUTCI K

IATOMY YMHOXKEHHUEM obenx

JacTeil ypaBHeHHs Ha —1 ¢ OCJIEIyIOMUM Iepe00O3HAYEeHNEM:

r=y ny=2a.

5. Ilycte A = 0. D71o oznauaer, uro AC = 0, T0 ecrb JmbO
A =0, mu6o C = 0 (uo e Bmecte!). IIycte A = 0 (ecom 310 HE
TaK, TO B3aUMHO [epeobo3HaYMM IepeMennble ' u y' ), Torga
ypasuenne muann Cy? + 2Dz + 2Ey + F = 0 MoxkeT GBITH B

cuny C # 0 3anmcaHo B Buze

2

— —F —-2Dzx .

ol EY _E
te) T T

2
E
IIpu D = 0 nonyuaem C (y + C) =

E2
— — F', To ecTb OHO
b

C
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u3 Tpex ypasmenmit  y2 =a?, y?2 =0, y?=—d’.

Ecim xxe D # 0, To ypaBHEHHE MOYKHO IIPUBECTU K BHJLY

2
E 2D 1 [ E?
vtel e\ aple

U, TaKuM obpaszoM, aubo Y2 = 2pz’, mbo y'? = —2pz’, rme

p > 0.

IlepBbiit u3 3TUX CiIydYaeB yKa3aH B (DOPMYJIMPOBKE TEOPEMBI, a
BTOPO#l CBOJUTCA K IIEPBOMY 3aMEHOI KOODJIUHAT:

ey, = —¢€

_;1 _}1 ) r = —LL'/7

€2 = €2, y = Y
oo’ 0 ’

u, TAKUM o6pa30M, JJIsl JIMHUKW BTOPOT'O IIOPAJKa Ha IIJIOCKOCTH
IIOJIYY€HBbI BCE IE€BATH KAHOHUYIECCKUX CJIyYdacB.

Teopema gmokaszaHza.
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3aMevaHUd .

1. B Teopeme 4.1.1 651710 TTOKA3aHO, 9TO TOPAJIOK aaredpa-

MYEeCKOU JIMHUM, B TOM 4YHUC/Ie U IS PacCCMaTPUBAEMbIX B
Teopeme 4.4.1 cyuaeB, He MEHSIETCS TIPU 3aMEHE CHCTEMBI
KOODJUHAT.

. U3 JA0Ka3aTeJIbCTBa T€OPEMbBbI TaK2Ke CJIe/lyeT, 9TO II0OBO-

POT ¥ TapaJjeJbHBII epeHOC OPTOHOPMUPOBAHHON CH-
CTeMbl KOODJIMHAT He JIOIYCKAIOT IepeMeIeHns YpaBHe-
HUS JIMHUU BTOPOT'O HOPSIIKA U3 OMHON CTPOKU TAOJIHITHI,
IpUBeIEHHOI B (hopMyinpoBKe TeopeMbl 4.4.1, B IpyTyIo.
Bosee Toro, B nanbHeiimem Gyjer nokasaHo (cm. § 5.4),
YTO HUKAKOW 3aMEHOM OOIIeil JIeKapTOBOH CHCTEMBI KO-
OpAMHAT HEJIb3s MePEMECTUTH JIMHUIO BTOPOTO MOPSIKA,
HaXOJIAIIYIOCsT B OJHOM M3 KJIETOK TAOJIMIBI B yCJIOBUAU
TeopeMbl 4.4.1, B JIpYI'YIO KJIETKY.

. HyCTOe MHOZKECTBO SJIJIMIITUYIECCKOI'O THIIa MHOI'Ja HaA3bI-

BAIOT MHUMbBM IAAUNCOM, & IIyCTOE MHO2KECTBO mapabo-
JITYECKOTO THUIA — NAPOT MHUMBIE NOGPAANENOHBIT MDA~
MDUT.

AuropuTM J0KazaTenbcTBa TeopeMbl 4.4.1 MOXKHO uc-
[I0JIb30BATh KaK JJIs HAXOXKJIEHUs] KAHOHUYECKOI'O BHJA
YPaBHEHUS JIMTHUU BTOPOTO TOPSIJIKA, TaK U JIJI TTOCTPOe-
HUST KAHOHUYIECKOU CUCTEMBI KOOPJIUHAT, TO €CTh CUCTEMBI
KOODJ/INHAT, B KOTOPO# JaHHAs JUHUS BTOPOTO MOPSIKA
“MeeT KAHOHUYIECKUIT BU.

WccireroBanre KOHKPETHBIX CBOMCTB PA3JIMYHBIX TUIIOB JIMHUN BTOPOIO
NOPsIJIKa IPUBOJIUTCS B IIPUJIOXKeHUH 1.
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IloBepxHOCTHM BTOPOTO MOPSAKA
B ITPOCTPAHCTBE

ITycTh B IPOCTPAHCTBE JAHBI OPTOHOPMUPOBAHHAS CHCTEMA KOOPIMHAT
{0, &1, €3, €3 } u HekoTOpas IOBEPXHOCTH S.

Onpernenernue
4.5.1

Ilycts moBepxHOCTH S sBJIsIeTCsT aJarebpamIecKoin
[OBEPXHOCTHIO BTOPOTO MOPSIJIKA, TOrAa (B COOTBET-
cTBUM ¢ onpenenenusyu 4.2.2 u 4.2.3) ee ypaBHeHUIEe
B JAHHOI CHCTEMe KOOPAMHAT MOYKET MMETDh BT

An12® + Asoy® + Asz2®+
+2A12£Ey —+ 2A13.’EZ + 2A23y2+ (451)
+2A147 + 2A04y + 24342+ Ags =0,

rae uncna Ay, Az, Asz, A1z, A1z, u Asz He pas-
HBI HyJIIO OJHOBPEMEHHO, a T, Y U Z CyTh KOOpJAUHA-
THI PaJyca-BeKTOPa TOYKHU, IpUHaIexKaleit S.
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Kak u B 11ockoM ciyuae, Koaddunuentsl ypasuenus (4.5.1) saBucar
OT BBIOOpA CHUCTEMBI KOODJMHAT, [IO9TOMY IIPUA UCCJIEJOBAHUUA CBOUCTB I10-
BEPXHOCTEH BTOPOT'O MOPSIIKA 1EIeCO0OPA3HO IPEIBAPUTEIHHO IepeiiT B
Ty CHCTeMY KOODJIMHAT, JIJIsi KOTOPOIl ypaBHEHME TIOBEPXHOCTH OKA3bIBaET-
cst HanboJtee TIPOCTHIM.

Teopema s nrob60ii MoOBEpXHOCTH BTOPOro MOPSKa Cylile-

4.5.1 CTByeT OPTOHOPMUPOBaHHAadA CHCTeMa KOOPAWUHAT, B
KOTOpPO#1 ypaBHEHIE 3TOM MOBEPXHOCTH MMeEeT OANH
73 CIIeAYIOMUX ceMHAaAuaryu (Ha3bIBAEMBIX KAHOHU-
weckuMu) BUIOB:
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Taobnanwuma 4.5.1

IIycroe N3zonuposannas DJUTUITAYECKANR T~
MHOXKECTBO TOYKa JIMHIP
$/2 y/2 2 ) 22y . 2?2
St gt a=—l | atyt = Tl 1w
2 2 =
b b a2 | b2
IIycroe IIpsmast T'unepbosmmuecknit
MHOXK€ECTBO IAJTIHHID
2 /2 2 12 2 2
x——i—y———l 22 x—+y——0 V2! TV vy
b2 az b2 a2 2 z
IIycroe ITapa nepecekaronuxcsa | [lapabomuaeckmit
MHOXKECTBO ILIOCKOCTEM IWJTHHID
2 2
2 _ 2 ro x ,
= — 2 ! /
T a® Yy, z 2_3/2:0 Vs y'? =2px’ Vz
a b
ITapa coBmnagarommx Konyc
2 o
=0 Yy, 2z
I TTaPaJIJIeIbHBIX
. /2 /2 2
IJIOCKOCTEI € Y z
2 2 o a? + b2 N 2
' =a Yy, z
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Taonwuma 4.5.2

DJLUIICOn, T QUM TUIECKHII OIHOIIOIOCTHBIH
mapaboJIon runepooJIon,I

z'? y/2 22 B 22 yxz ) 22 y/2 22

e - atE e

I'unepbosmmuecknit JBy1mosiocTHBIH
mapaboJIon rurepooJIon,I
m/Z y/2 , :L‘IZ yIZ Z/2
@ p = @ p e

rne a>0,b6>0,¢c>0,p>0.

Jloka3aTenbCTBO.

XoTs BO3MOXKHO JI0Ka3aTh CYIIECTBOBAHNE OPTOHOPMUPOBAH-
HOIi CHCTEMBI KOOPJIMHAT ¢ TPeOYEMBIMU CBORCTBAMMY, IPUMEHUB
IOJTXO/T, AHAJIOTUIHBINA HMCIIOJIH30BAHHOMY IPHU JIOKA3ATEIHCTBE
TeopeMbl 4.4.1, TpeICTaBIAETCS 11€JIECO00PA3HBIM PACCMOTPETH
9TOT BOIPOC B paMKaxX TEOPUHU EBKJIMIOBBIX IIPOCTPAHCTB, TIIe
yTBep:KieHne TeopeMbl 4.5.1 HerocpeICTBEHHO BhITEKaeT u3 60-
Jree ODIIEro cirydasi, pacCMOTpeHHOro B § 12.2.

Teopema mokaszaHza.

I/ICCJIQ,HOB&HI/IG CBOWCTB KOHKPETHBIX TUIIOB HOBerHOCTeI;’I BTOPOT'O II0-

psJIKa MIPUBOIUTCS B MPUJIOKEHUN 2.
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AJ'ILTepHaTI/IBHLIe cucreMbl KOOpAMHAT

B psijie npakTrueckux IpUIOKEeHN OKa3bIBAETCs 11€J1eCO00PA3HBIM HC-
MIOJIb30BAHHUE CUCTEM KOOPJIMHAT, OTVIMYHBIX OT JEKapPTOBOM.

HOJIHpHaH CucCTeMa KOoopAuHaT

[IpumepoM ajbTepHATUBHOI CHCTEMBI KOOPJIUHAT HA MJIOCKOCTH SIBJISI-
€TCST NOAAPHAA CUCTNEMA KOOPIUHAM.

[Tonoxkenwe TOYKM Ha IJIOCKOCTH B
9TOIl cHCTeMe KOODAMHAT 3aaeTCd Ia-
poil yUOpsi/IOYeHHBIX dYncesa {p, @}, rue
p = ’07\/[ , = ZOMzx ynosjerBopsi-
10T orpanndeHusM p > 0u 0 < ¢ < 27.

Touka O HaA3BIBACTCSI NOAIOCOM, &
aya Ox — noaapnoli ocvlo. YTOa ¢
@ X OTCYUTHIBAETCS IIPOTUB YACOBOH CTPEJIKU
o (puc. 4). st mommoca 3TOT yroJl He Ompe-

JIEJISIeTCS.
Puc. 4 DopMyJIBI ITEPeXojia 0T OPTOHOPMUPO-
BAHHOU JIEKaApTOBOU CUCTEMBI KOODJAUHAT K
TIOJISIPHOI M 0OPATHO MUMEIOT CJIEIYIOMIi BIU/I:

X = pcosy, p= /:132_’_y27
:I; .
—, sinp =

Va2 + 2

cosp =

Y

y=psing,
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Ucnosib30BaHue MOISPHON CHCTEMBI KOOPJUHAT MMO3BOJISIET YIIPOCTUTH
ommcanue OODBLEKTOB, 00/aaromux TodedHoit cumMmerpueii. Hampumep,
OKPY2KHOCTb €IUHUIHOIO PAIUyca C IEHTPOM B HadaJjie KOOPIUHAT, UMe-
fOIasi B OPTOHOPMUPOBAHHOM JIEKAPTOBOI CUCTEME KOODIUHAT ypPABHEHNE
2?4+ y? =1, B HmonApHOIt CECTeMe KOOPAMHAT 33JaeTCS YCIOBHEM p = 1.

Bonee Toro, B npuiokennn 1 moka3aHo, YTO B MOJISIPHON cUCTEME KOOP-
JWHAT TPU PA3JINIHBIX TUIIA, JIMHANA BTOPOT'O MOPSIIIKA — JLIUIIC, THIepOoJIa
u apabosia — 3aJaI0TCA OJHUM U TEM K€ YPaBHEHUEM

p(l—ecosp)—p=0, (4.6.1)

e p > 0wue > (0 — HEKOTOpbIE KOHCTAHTHI, HA3bIBA€MbI€ COOTBETCTBEHHO
IKCUEHMPUCUMEMOM T HOKAALHOIM NAPAMEMPOM, W UTO JIJIsT PA3THIHBIX
3HAYEHUN € Tpu (PUKCUPOBAHHOM P ITOJLY IAI0TCSI PA3JIMIHBIE TUIIBI KPUBBIX:
ssututicel ipu 0 < € < 1, mapabouibl ipu € = 1 u runepbosibl npu € > 1.
CoOTBEeTCTBYIOIIME CJIydan MOKA3aHbI HA PUC. 5.

\y R
o
e >]
2=

e<l

N

~

(

-

7

B R
S
‘__\\“

Puc. 5. Jluanu BTOpOro mopsiika ¢ Pa3HBIMHU 3HAYEHUSIMU €
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ITpoBepuM cIpaBeIIMBOCTL 3TOO YTBEP:KIeHUs, BLIIOJIHUB B ypaBHe-
Hun (4.6.1) mepexos| OT MOJISIPHOM K OPTOHOPMUPOBAHHOM EKapTOBOi Cu-
cTeMe KOOpAuHAT. [leficTBUTENHHO, TIOCKOIbKY

x
= 2 492 =,
p=\z Y u cos @ o

10 ypasHenue (4.6.1) mMoxeT ObITH IPEOOPA3OBAHO K BUJLY
(1 —e*)a? +y* = 2epx +p°.
Eciin € = 1, 1o 310 ypaBHeHue napabosibl. Eciu ke € # 1, T0, BbLIeIUB

IIOJIHBbIE KBaJIPAThI, IIOJIYYM

2 ) )
ep p
o s TV =
1—¢ 1—¢ (1-¢2?)

€T —

Teneps merpymaO 3ameTnTh, uro ipu 0 < € < 1 370 JUMHIIC, 8 TIpH € > 1
— rumnepboJia.
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Hasee, eciin ociaburh orpaHnveHus Ha napamerpsl ypasuenus (4.6.1),
pasperinB UM NPUHUMATH (B CMBIC/IE MPEEIBHOTO IEPexXojia) Kak HyJie-
Bble, TaK M OECKOHEYHO OOJIBIINE IOJIOYKUTE/IbHbIE 3HAYEHUs, TO MOYKHO
[MOJIyYHUTh U APYTUe BUIbI JUHUI BTOPOrO MOPsiKA, YKa3aHHbIE B (POPMY-
JUpoBKe TeopeMbl 4.4.1.

Tax, nanpumep, npu € = 0 MbI umeeM it p > 0 OKPYKHOCTD, & JJIst
p = 0 — U30/IMPOBAHHYIO TOUKY.

Hakomer, mocko/ibKy JIHHHHU IEpecedeHnsi KOHUIECKON TOBEPXHOCTU
HEKOTOPOii IIJIOCKOCTBIO SIBJISIIOTCH JMHUSAME BTOPOrO HODsijika (3T0 M-
JIFOCTPUPYET puc. 6), TO MOXKHO JaTh

Onpernenernue Jlunns, ypaBHEHHE KOTOPOW B MOJISPHON CHCTEME
4.6.1 KOOpAUHAT UMeeT BUJ
p(l—ecosp)—p=0, e p>0ue>0,

Ha3bIBa€TCAd KOHUYECKUM CEYEHUEM.
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Cpepuuecras cucTeMa KOOPIUHAT

B psizie mpakTHYecKuX MPUIIOKEHUH, TPeOYIONIX AHAJIUTHIECKOTO HC-
CJIeJIOBAHUSI IPOCTPAHCTBEHHBIX OO'bEKTOB, UCIIOJIB3YETCsl TAK Ha3bIBaeMast
chepuneckan cucmema KoopouHam.

[Tostoxkenne Touku M B TPOCTPAHCTBE B 3TOM CUCTEME OJHO3HAYHO 3a-
JlaeTCsl IPU [IOMOINU TPoiiku uucest {p, ¢, 6 }, toe (em. puc. 7):

p=|0M|,  ¢=~1POz,
0 =24 MOz.
DTU YUCja YIOBJIETBOPSIOT OI'PAHUIECHUSIM
p >0, 0<p<2m, 0<o<m.

Ucnonb3oBanme chepuaeckoil CACTEMBI KOOPANHAT WHOTIA MTO3BOJISIET
MOy IUTDh O0JIee TPOCTOE AHATUTHICCKOE OMUCAHNE TeOMETPUIECKUX 00b-
€KTOB, 00JIAJAIONMINX TOUYETHOW CUMMETpHEH.

Hamnpuwmep, ypaBaerue cdepbl €IMHIYHOIO PAJIYCa C IEHTPOM B HAUYa-
Jie KOOpJimHAT B chepudecKoii cucreme Oymer umersb Bug p = 1.
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QopMysIbl TIEpexoia MeXJIY OPTOHOPMHPOBAHHON JIEKapTOBOU CHCTe-
MOt KOOPIUHAT U CHePUIECKON UMEIOT CJIeIYIONUit BUT;:

T = pcospsing,
y = psinpsind,

z=pcost,

a I 0OpaTHOrO IMEePeXo1a COOTBETCTBEHHO

po= Vrttyr+22,

€ . Y
COS @ W, SIHQ—W,
z
cosf =

/J;2+y2+22 ’

Puc. 7. Chepuueckas cucrema KOOpuHAT
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Puc. 8. llunmuaapudeckas cucremMa KOOPAWMHAT

HI/IJII/IH,ZLPI/I"-IG CKRad cucTreMa KOOpIOWHAT

B Tex cnyuasx, Korma muccieyeMblit TpOCTPAHCTBEHHBIN 00bEKT 00J1a-
JIAeT 0CEBOI CUMMeTpHUeil, MOYKeT OKa3aThCsl VI0OHBIM IIPUMEHEHUE UUAUH-
dpuneckoti cucmemo, KOOPOUHAM.

B tex ciywasx, Korma mccieyeMblii TpOCTPAHCTBEHHBINH 00BEKT 0018~
JIaeT 0CeBOil cuMMeTpuel, MOXKeT 0Ka3aThCs yI00HBIM TPUMEHEHUE TTHTTH-
JIDUYIECKON CHCTEMBI KOOD/IUHAT.

[Tosoxkerue Touku M B MIPOCTPAHCTBE B 9TOIN CUCTEME OHO3ZHAYHO 3a-
JIaeTCsl TIPU TIOMOIIM YIIOPSZIOUeHHON Tpoiiku uucen {p, ¢, h}, tae (cm.
puc. 8)

p=|O_P, p = /PO,

a h ectb z-KoopannaTta TouKku M.

3HaueHNs 3TUX YHCEJT YIOBIETBOPSIOT ONPAHNICHHIAM
p >0, 0<p<2m, h € (=00, +00).

DopMysbl IEPEX0/1a OT OPTOHOPMUPOBAHHOM JEKAPTOBOIM CHCTEMBI KOOD-
JUHAT K IUJIXHIPUYIECKON 1 00PATHO UMEIOT BT

p = Vr2+y?,

. T . Y
y=psing, cosp = —, sinp=-—Ffo—oor,
Z:h /$2+y2 /J;2+y2

b

h = =z.

T =pcosy,
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