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Tpoxouga
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bonbLUON MHTEPECHbLIN KNAacc COCTaBNAKT
TpaHCUeHAEeHTHbIe KpUuBble

1 n !
K HUM OTHOCATCA rpaduKu | f {\

TpI/II'OHOMeTpl/I‘-IeCKI/IX SO Sroliz-das3 Mo 3‘)628 9V57

doyHKuMM (cuHycouaa,
TaHreHcouga), L U
norapudpmmnyeckou i
doyHKLUMN, NoKasaTenbHou
doyHKUUN, ;
rmnepobonmnyecknx o
dOYHKLUMN, a TaKKe MHOIo
Opyrux NMMHUN, KOTopblie Z
OyayT pacCMOTPEHbLI B
nanbHeEULWeM.
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TpaHcueHOeHTHasa KpmBag

0.013,

Jlorapupmunyeckas
cnupanb (1 ?
& 2
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Jlorapndpomunyeckas
cnupanb _9 0

TpaHcueHAeHTHasi KpuBasi - 3TO KpuBasi, ypaBHeHUe KOTOpoW B
AEeKapTOBOW CUCTEMe KOOpAMHAT He AABNSieTcA anrebpanyeckum

( B Apyrux cucremax KoopauHaTt MOXeT ObITb anredbpanyeckmm.)



KBagpaTtpuca

KBagpaTtpuca (mnmn KBagpartpucca) — nnockas
TpaHCUEHOEHTHAas KpuBagd, onpegensemas
KnHemaTtudeckn. OTKpbITa, No coobuleHunto MNpokna
[napnoxa, codouctom 'mnnnem (V Bek 4o H. 3.),
MCronb3oBariacb B aHTUYHblE BpEMEHA AA PeLLIEHUS
3afaJ KBagpaTypbl Kpyra U Tpucekummn yrna.
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YpaBHeHUA

B nongpHbIX KoopaAnHaTax:
2R

T SIn

p =

B NPAMOYTOJIbHbIX KOOPANUHATax MOXXHO 3aliCartb
YpaBHEHUNE KBaApPaTpUChl B CrieayroLem BUAeE.

Yy
“eoh




TpakTpuca

TpakTpuca (nMHuUA BnevyeHna) — (oT nar. trahere —
TalWNTb) — Nriockasl TpaHcUueHOeHTHaaA Kpueas, ans
KOTOPOW OJIMHa OTpe3Ka KacaTelnbHOW OT TOYKU
KacaHUA 00 TOYKM NepeceyeHnsa ¢ PUKCUpOBaHHOM
NpaAMOUn ABNAETCA NOCTOAHHOW BENMNUYNHOMW.

Takyto NIMHMIO OMNKMCbIBAET NPeaMET, BOoYalLUmMmncs Ha
BEPEBKE ANMHbI @ 3a TOYKON, ABUXYLLENCH MO OCU
abcuucc. TpakTpuca Takke sIBAEeTCH YacTbio KPUBOW
NOroHN NPWY PaBHOW CKOPOCTU OOTOHSIOLLIENO U
yberatoulero.




YpaBHeHuUs

[lapameTpunyeckoe onmcaHue:

{
A 1 (ln t.g;2— + cos 1‘)

— @ -sint

YpaBHeHMe B OeKapTOBbIX KOOpAUHAaTax:

a — +\/a* — y° ‘,9 -
=4+ |aln -y aé — y-
Yy




LlenHas nuHus

LlenHaa nnuma — nnHnsa, dopmy KOTOPOW NPUHUMAET rmbkas
OOHOPOAHAaA HepacTaXuMas TshKenas HUTb U uens (oTcroga
Ha3BaHWe) C 3aKpenyeHHbIMU KOHLLaMN B OOHOPOAHOM
rpaBMTaLMOHHOM MOJSe.

ABngaeTtca nNnockou TpaHCLEeHOEHTHOW KPMBOW.

YpaBHeHne B NeKapTOBOW
cucTeme KoopauHaT

R T e S #
5 A ) 2 1 0 1

. - T
r/a —Tr/a >

y=—(e'“+e '")=a ch—

A a




KpaTkaga ncropmyeckaqa cnpaBka

[loBepxHOCTb, 06pa3oBaHHas BpalleHMEM Oyrv LIENHOM JIMHUK
BOKpYyr ocu OX, Ha3bIBAeTCSA KaTEHOUAOM.

LlenHble nMHUM NCnonb3ylTcs B pacyeTax, CBA3aHHbIX C
NpoBMCaHMEM NPOBOLOB, TPOCOB U T.N. PopMy KpMBOWU
npoBucaHus BriepBble paccmatpuan . anunen (1638),
KOTOpbIN cunTan ee napabonon. ctnHHas doopma KpnBou
HanaeHa I. Jlenbnuuem, A. n . bepHynnu, X. l'toureHcom.

X. l'onreHc npegnoxun tTepmuH «LlenHaa nnuHua»



[ IlpumeHeHne

ApKu
[lepeBepHyTaqa uenHasa NMHUA — naeanbHaa popma Ans apok.
OpHopoagHas apka B popMe nepeBEPHYTON LENHON NTUHUN
MCMNbITLIBAET TOMNbLKO AedopMaunm cxaTtus, HO He n3noma.

MocThbl
[opOaTbin MOCT UMEET popMmy, BIN3KYIO K LIEMHOW NTMHUWN.

CToUT 3aMEeTUTb, YTO LienNb NOBECHOIo MocTa MMEET hopmy
napabonbl, a He LIeNHOW NUHUN. ATO CBA3AHO C TEM, YTO
NPONET MOCTa HAMHOTO TsKernee Lenw.



LINKNOWIOA

Linknonaa (ot rped.— Kpyrnbin) — nnockag
TpaHcUueHOeHTHas Kpuagd. Linknonga onpenensaerca
KMHEMATUYECKU KaK TpaeKkTopua oukcnpoBaHHOU
TOYKWU Mpou3800sLUel OKPYXXHOCTWN paguyca f,
KaTsaLencss 6e3 cKorbXXeHns no rnpsiMomn.




YpaBHeHUA

[TpmMeM ropnsoHTanbHYy OCb KOOPAMHAT B Ka4ecTBe
NpAMOU, NO KOTOPOU KaTUTCA NpounsBoasilas
OKPY>XHOCTb paguyca r.

o Llnknouga onucbiBaeTcs napamMeTpru4eCcKumm

ypaBHeHusIMK: X =t =rsint,
Yy = r — rcost.

o YpaBHeHme B AEKaAPTOBbIX KOOPANHATAax.

r—
T — 7 arccos \/27‘3/ — y?
-

o Llnknonga MoxeT ObITb MonyvyeHa Kak pelleHme
angpgepeHLmnanbHOro ypaBHeEHNUS:

dy - 2r—vy
dx y




Y umknounabl Macca
NoOONbITHEULLNX CBOUCTB.
Oka3sbiBaeTcsl, Hanpumep, 4YTo
LUKronaa siBrnseTca KpuBou
HaubbicTpenwero cnycka. MHave
roBops, CKaTbiBasiCb MO CHEXXHOW
ropke, npodgunb KOTOPOWU
BbINOJSIHEH B BuAe LUKrouabl,
Mbl OKaXXeMCsl Y OCHOBaHUA
ropku oObicTpee, 4Yem B criy4ae
Apyrov hopmMmbl ropKu.
TpaekTopusa KOHLA MafATHUKA, KaK
U orpaHuYMBaroLLme ero
OokoBble "WeKu", npeacTaBnsaloT
n3 ceda uuknouvay




ApxumenoBa cnupanb

ApxunmepoBa cnupanb — MNnockas
KpuBas, Tpaektopus Toukm M (cm Puc.
1), KOTOpPasa paBHOMEPHO OBUXETCS
BAosb nyya OV

c Ha4yanom B O, B TO BpEMS Kak cam
nydy OV paBHOMeEPHO BpallaeTcs
Bokpyr O.

[Opyrumun crioBamun, pacCcTtosiHme
o0 = OM nponopunoHanbHo yrny

nosopota ¢ ny4a OV. S
/
[MoBopoTty nyya OV Ha OOuH U TOT Xe A\

Yron COOTBETCTBYET OHO W TO e
npupatleHme p.




BbluncneHune anvHbl gyru ApxmumMmegoBOW Crnivpanm

BeckoHeuHO Manbiv oTpesok ayru df paseH (cm. Puc.):

dl = \/dp? + dh>

roe dp — npupatleHue paguyca p, npu npupatleHum yrna ¢ Ha d@. [ns 6eckoHe4yHo Marnoro
npupaLleHusa yrna do, cnpasesmneo:

dh® = (pde)°

[MoaTomy:

dl = \/dp* + p*d¢?
TakKak p = KQ u
dp = kdo
nnu

dl = \/k2dg? + k2¢%de?
dl = kdgy/ 1+ ¢?

,D,i wina gyivi & paona vinic Pally oOT dl no d(P B ripeagenax ot 0 00 .

@
L-:/k\/1+qb2dq>

k
L—Eloxl-}-o--l-ln(o-l—\l+o )]




Cnupanu B npupoae v
TeXHUKe

Crimpany B HaIleH )KU3HU
BCTPEYAIOTCS HA KAXXJAOM YIIIY
OT IMPOCTHIX BEHTUIATOPOB U
TUCKOB, JIO IIAYTUHBI U BUHTOB
MOTOPHBIX JIOJIOK.




Cnvpanu B npupone v
TeXHUuKe




Crupaju B Ipupoae U TeXHUKe

BOJNIOTHbLIN
KO3EN

BUJNIOPOI



CnuparnbHble ranakTuku

WWW.GEE.RU



'Mnepbonunyeckasa cnupanb — nNnockas TpaHCUeHAEeHTHasd
KpuBas.

YpaBHeHUe runepbonmyeckon cnmpanu B nofsipHON CUCTEME
KoopauHaT sBNsieTca obpaTtHbIM ANns ypaBHEHUA ApXnmMeaoBom
cnupanu n saanucelBaeTca 1ak: p =a ?




YpaBHeHue runepbonmyeckon cnupanu B AeKapTOBbIX
KoopauHaTtax:

r = pCoSQ, Yy = pSin Q,

[NapameTpuyeckas 3anncb ypaBHEHUS:

cost sin t
a y=a

r=4da

]

Cnnpanb MMeeT acMMNTOTY y = a: Npu t CTPEMALLIEMCS K HYIHO

opAvHaTa CTpeMUTCS K a, a abcumcca yxoauT B
DEeCKOHEeYHOCTb:

: . cost
imr = a lim
t—( t—0

— IX;I,

, . sint
llm vy = alim
t—0 t—0 ¢




JIOTAPUDOMUYECKAA CITNUPAJIb - nnockas

TpaHCUeHOEeHTHasa KpuBasi, nepecekarLlasd Bce pagnychol-
BEKTOPbI NOA4, O4HUM U TEM Xe yrriom U (puc.1). YpaBHeHue B

NONSAPHbLIX KOOpAUHaTaXx: . O
p=ae

Mpna>1wn @ —> + oo
norapugomMmuyeckas

cnuparnb pa3BepTbiBaeTCs NPOTMB Xo4a
4acoBOW CTPENKN, Npu @ —> —®©
cnupanb 3aKkpy4ymBaeTcad Mo xoay
4aCOBOW CTPETSIKH,

CTPEMSACH K CBOEN aCUMMTOTUYECKOM
Touke O.

Ecnun a < 1, norapndpomnyeckasd
cnuparnb 3akpy4ymBaeTcs NpoTUB Xo4da
4acOBOW CTPENKMN. Puc. 1.




Jlorapunopomuyeckasa cnuparnb
OTHOCUTCS KMEeBaAoCcnMpansm.
Jlorapnpmmnyeckas cnupanb
nepexoanT B-cebs npn IUHENHbIX
npeobpa3oBaHUSAX NIIOCKOCTW:

ee OBO0Ta, nNofepa — Takke norapnmMmmnieckas
cnupanb. [1pn ctepeorpaduyeckon NPOeKLnin»
MNII0CKOCTU Ha cdpepy. norapmdmmnyeckas cnmpanb
nepexoanT B nokceagpommio. Jlorapmngmmnyeckas
crvparb LUMPOKO UCIONb3YEeTCA B TEXHUKE:



JNorapndpmunyeckas cnupanb
BbINOMHSAET npodounb

: BpalLlaloLmMxcs HoOXen n gpus,
‘ 3ybyaTbIx nepegay u ap.

AN

Pre. 3.

[1lo norapudmmnyeckon cnmpanu
oYyepyeHbl HEKOTOPbIE PAaKOBUHBbI,
no gyram, OfiN3KNM K
norapudpmuyeckon cnupanm,
PACMNOSI0OXKEeHbl CEMEYKU B
NOACONHYXe, YellyUKU B LUMLLKaX
nT.Ao.




Knotonga nnn Cnupanb KopHio —
KpuBagq, y KOTOPOWU KPpUBMU3HA U3MEHSAETCSH NMMHENHO KaK OYHKLMSA

/R~ L& R-L = const

OHa 1cnonb3yeTcsd Kak nepexogHas gyra B JOPOXHOM
cTpouTenbcTBe. Korga y4yactok 4oporn nMeet qoopmy
KrnoTtouabl, pynb NnoBopaymMBaeTcs paBHoOMepHO. Takas doopma
O0pOorn no3BosiseT npeoaosrieBatb NOBOPOT 6€3 CyLEeCTBEHHOIO
CHMXeHusa ckopocTu. Knotonga npumeHsanack KopHio ans
obreryeHms pacyeTta audpakummn B NpuKnagHbix 3agadax.

=,

©




OnucbiBaeTca napameTpuyYecKnmMm
yYpaBHEHNAMMU

r=r(k—1) (cosz‘ | CCS(}.;:IW)

. 2sssifl in((k—1)%)
y=nrlk — \ v Sin( | ¢ )T
y=1r(k—1] (smz‘ e

rp,ek — )E roe R — paguyc HenogBWXHOW OKPYXXHOCTH,

I — pagauyc KaTaweunca oKpy>XHOCTH.
Moaynb BenuinHbl kK onpegenseT opmMmy 2unoyuKsiouosl.
[pn k = 2 runoumknonaa npeacraBnaeT cobom agnameTp
HEenoABUXXHOW OKPYXXHOCTKU, NpU k = 4 aBnseTcH
acmpouadodu.



Tpoxouaa
Tpoxounpa (oT rpey. Tpoxo€Idr)¢ — KonecoobpasHbin) — nriockas
TpaHCUeHAEHTHasa KpuBas, onnucbiBaemMmasi napaMmeTpuy4eckumMm ypaBsHEHNSIMU
e X =rt- hsint,
e ¥ =r- hcost.

MpencTaBnset coboi TpaeKTopuio TOUKM, KECTKO CBA3AHHOW C OKPYXXHOCTbIO
paguyca r, Katslenca 6e3 CKoNbXKeHUs Nno NPsAMOoN (B NMpYBEAEHHOM
npumMepe Takom NPSMON ABMNSIETCA FOPU3oHTarNbHas OCb KOOpAWHAT).
PaccTosiHMe ToYkM OT LieHTPa OKPY>XHOCTU — h.

Ecnn h = r Tpoxonga nepexoguT B LUMKNOUAY.

[1pn h > r Tpoxonay HasbIBaKOT YANMMHEHHON LUMKIonaon, anpu h <r—
YKOPOYEHHOW LMKNONAO0N.




[ Mnouuknounaa

MMnouunknouaa (OT rpedecknx cnos UTTO — Nof, BHU3Y U
KUKAOG — KPYT, OKPY>KHOCTb) — MnocKas Kpueas,
obpaszyemas TOYKOMN OKPY>KHOCTU, KaTsaLencs no

BHYTPEHHEN CTOPOHE APYron OKpPYy>XHOCTU 6€e3

CKOJIbXXEeHNA.




anvuukKknoumaa

Jnuuuknounaa (ot rped. £1i — Ha, Haf, Npu N KUKAOC —
KpYr, OKPY>XHOCTb) — MniockKasi Kpueas,

obpasyemast PUKCMpOBaHHOW TOYKOM OKPYXHOCTWN,
KaTALlencsa rno gpyrov OKpyXHOCTH.




YpaBHeHuUSs

Ecnn ueHTp HeENoABUXKHOM OKPY>XXHOCTU HAaxXo4uUTCA B Hayarne
KoopauHarT, ee paguyc paBeH R, paguyc KaTtauweunca rno Heu
OKPY>KHOCTW paBeH r, TO aNuUuuKronga onmcbiBaeTcs
napameTpu4yeckumMmn ypaBHEHNSAMN OTHOCUTENBHO ¥ :

= (R+71)cosp —rcos(a + L)

y=(R+71)sinp — rsin(a+ £Lp)
roe a — yrosi noBopoTa anMUUKNonabl OTHOCUTENBHO LEHTpa
Heno4BMXHOM OKPY>XHOCTU, — MapaMeTp, HO dpakTU4eCcKn aTo
yron HakrioHa oTpeska Mexay ueHTpamu K ocn OX.

MOXHO BBECTM BENMUYMHY] — £ TOrga ypaBHEHUS NPeacTaHyT B
:

4 : s
LS £ \ Souin cos((k+1)p)
BULE : r=r(k+1)(cosg T )
RN C; \ S sin{(k+1)y)
\y—7(A—|—1) sinip—— )




[lpumenHeHue

lNocneaHee ypaBHeHVe BbiPaXaeT Takoe
KuHemaTu4eckoe CBOUCTRBO INMULMKNOUILI: eCriu
Ayra o0bIYHOW INNUMKNOUAL! NepexraTLiBaeTCH
6e3 CkoNbXeHNA NO NPAMON, TO LIBHTP KPUBUIHD
TOMKU KaCaHNA OBUTAETCA NO INNUNCY; UEHTP
INNUNCa NEXUT B TOW TOYKE NPAMON, Yepes
KOTOPY!O NepPeKaTbLiBaeTCA BepLIVHA
ANUUMKNONAb!.
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