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1 IlpuHnun HamMeHbINIEro JAeiicTBUS

Ilouemy MBI BAPYT paccMOTpeNH IPUMED C TAKUM CTPAHHBIM (DYHKITHOHAIOM U
3a4eM HaM BOODIIEe OHAJ00MIACh BCSI 9Ta TEOPHUs C [IONCKAMU MUHAMYMOB B 0a-
HaXOBBIX ITpocTpaHcTBax? VHTepec HaIl BIIOJIHE MIPAKTUIECKU 1 0ObICHSIETCS
IIPUHITUIIOM HAUMEHBINEro JefCTBHS.

1.1 ®PopmyaupoBKa

IIpunanun Famunbrona: Beakas (meranuveckas) cucmema (¢ 0606uénmvimu
KOOPOURAMAMY 1, - . . , §n) TAPAKMEPUSYEMCA HeKOMOPol PyHKyues

L(Qla"'vqnvqla"'vc]nvt)

NPUYEM QUHAMUKG Cucmemvs onpedeasemcs darnnol dyrnkyuet caedyrowum ob-
pazom. Ecau 6 momenmos epemen ty vty cucmema sarnumana nososxcenus, g



u qM) coomeememeenio, mo peanvias mpaexmopus deusicerus cucmems ()
00CMABAAET, HOUMEHBULEE BO3MONCHOE 3HAMEHUE PYHKUUOHANAG

Sla(t)] =/tlL(q, q,t)dt

(o]

cpedu 6cex 603moncHur mpaekmoputs q(t) marux wmo q(ty) = q'° u q(ty) =
qV. Oynxyus L naszvieaemces razpamoicuarom, o Gyruryuonan S deticmeuem.

KoneuHo ke cpa3y BO3HHMKaeT MHOXKECTBO BOIpocoB. Kakoro kJjacca Tpa-
extopun (t) paccmarpusarorcsi? HackoJbKO KOPPEKTHO M OJJHO3HAYHO OIpe-
nenena ¢yuknust L mo cucreme? Jlnsg kakmx BOOOIE CHUCTEM 3TOT MPUHITAL
crnpasenymus?! Kak mHaxomnTh dyuknmio L ais 3aganHoi cucteMbl! OTKyma OH
Gepércs?

YTo 110 3TUM IIyHKTaM MOXKHO cKa3arh. CaMblil IJIaBHBIN U MHTEPECHBIN KO-
HEYHO Ke Tocyeauuii Bornpoc. CTporo roopst, IPpUHITAI HAMMEHBIIETo JTeHCTBUS
He Oepércsi HIOTKY/1a, TO €CTh OH HE BBIBOJAUTCS, & "BBIIAETCs"KaK pa3yMHBII
€I0CO0 IKCTPAITOJIANUIN HAIIETO ONbITa HAOIONEHUN 38 OKPYIKAIOIIMM MUPOM.
To ecrb npunnun Famuibrona sBisiercs "3akonom upupoabl". IIpu Takom mo-
BOJILHO HESICHOM (DYHJIAMEHTE MPUHIIMII HAMMEHBIIEro JIEHCTBUST TeM HEe MeHee
[TOKa3bIBAET Ha IIPAKTHUKE yIUBUTEIbHYIO YHUBEPCAJIBHOCTE. [loMuMo Kitaccude-
CKOI MEXaHUKHU OH INUPOKO M YCIIEITHO MPUMEHSETCS B OITHKE, JIEKTPOJMHA-
MUKe, PEJIITUBUCTCKON MEXaHUKE, TEOPUU CTPYH.

Hasiee, B HAIIUX NPUIIOKEHUSX, JJisd (KOHCEPBATUBHBIX) CHCTEM KJIACCHYE-
CKOM MexaHWKN (yHKImeil L WiIu JIArpAHXKHAHOM CHCTEMBI OyJIeT sIBJISITHCS
Pa3HOCTh KMHETHYECKOH M IIOTEHIMAJIBbHOW SHepruil cucrembl. 1o ecTb 00b-
€KTOM MUHMMU3AIUN SIBJISETCS CPeJIHee PA3HOCTH KUHETHYECKOW ¥ IIOTEHITH-
aJipHON Hepruii. TyT cpa3sy MOXKHO y»Ke 3aMeTHTh HEKOTOPOE MPEUMYIIECTBO
snarpamkesa (opmamaMa mnepes; HbI0TOHOBBIM. DHEPrun Kak KUHETHIECKAs,
TaK U [MOTEHINAJIbHAS SIBJISIIOTCS BEJIMYNHAMIA CKAJISIPHBIMU WX HAMHOI'O ITPO-
e TpeoOPA30BBIBATH IIPU 3aMEHAX KOODJIMHAT, YeéM BEKTOPHBIE YCKODEHUs U
cuibl BXoJsnue B ypasuenus Hoiorona. Kpome Toro, Her HuKaxux TpeboBaHuit
K "mHEpIumaIbHOCTH " KOOPINHAT B KOTOPBIX MbI paboraeMm. KcTh KoHEUHO U Mu-
HYCBI, CUCTEMBI C HEMOTEHIUAJbHBIMU CUJIAMHU THUIA TPEHHUS U3 PACCMOTPEHUS
BBIIAJIAIOT.

To uro jarpaHKuaH 3aBUCUT TOJBKO OT KOODJIWHAT, CKOPOCTEH W BPEMEHU
U He 3aBUCHUT OT CTAPIIUX [TPOU3BOIHBIX OTBEYAET TOH »Ke uzee 4ro u y Hbro-
TOHA — JIJIsi OJTHO3HAYHOI'O IPEJICKA3AHUsI BCErO OY/IYIIEro MOBEIEeHUs] CUCTEMBI
JIOCTATOYHO 3HATH €€ KOOPJAMHATHI U CKOPOCTU B HAYAJILHBIH MOMEHT BPEMEHHU.

Hy u mocnennee 3amedyanne MHTErpajibHbIC (DYHKIIMOHAJBI, 3aBUCHIIIE OT
KOOD/IMHAT U UX IEPBBIX IMPOU3BOIHBIX HE SIBJISIIOTCS IK30TUKOU UMEIOIeil oT-
HOIIIeHnEe TOJIBKO K MEXaHNYEeCKHM CUCTEMaM HNJIN BOO6HI€ 3a/lavaM HMCKJIIOYU-
TeJIbHO (PU3MIECKOr0 MPOMCXOXKIEHNsI. BecbMa MHOIO 9HCTO T'eOMeTPUYEeCKUX
38189 O HAXOXKJEHUM KPaTJIallINX KPUBBIX WJIM TOBEPXHOCTEH MUHUMAJIBHON
ILIOIIAIU OIKCHIBAIOTCH "JlarpaHkuanaMu ' MMEHHO TAKOTO BHJA, Mbl MU 3aii-
MEMCSI TTO3KeE.

1.2 IlpeapicTopusi U HABOAMAIINE COODpPaKeHUS

e YKe B JIpeBHEil I'peruu ObLI MU3BECTEH 3aKOH OTPAXKEHUs CBETA — yIOJ
najieHnsl paBeH yriry orpakerus. [IbITasch 00bICHUTD 9TOT SKCIIEPUMEH-



TanbHBIN (haxT [epoH mpemIoXKuI Caeayonyo SKBUBAJIEHTHYIO (HhOpMY-
JINPOBKY: M3 BCEX BO3MOXKHBIX ITyTeH JIyd CBETa BLIOMpPAET KpaTdalIinii.
Ha deprexke ¢ IIOMOIIBIO JIEMEHTAPHON cuMMeTpun (OTPasKeHUsI) JIErKOo
YBHU/IETH YTO PABEHCTBO YIJVIOB JE€MCTBUTEIBHO OTBEYAET KpaTJyaiiiemy 1Iy-
TH.

Bcrasurns KapTHUHKY

Cneay}omnl‘/’l mar Toxke CBA3aHHBINA C T€OMETPUUIECKOI OITUKON 9TO 3aKOH
Cuemmyca. Ha rpanume 1ByX mpo3padHbIX CPEJ YroJl MaJIeHUs] CBETA Ha
HOBEPXHOCTH CBA3aH C YyIVIOM IIPEJIOMJICHUS KaK

sin a1 N9 U1

sin ap ni Vo
IIe (v1,2 COOTBETCTBYIOIIUE YIJIBI, 711 o IIOKa3aTeIN IPEJIOMJICHUS CPel, &
V1,2 CKOPOCTH CBeTa B JaHHBIX Cpelax.

Kaprunky BcTaBuUThH

Iloznuee @epma OBLIO 3aMeYEHO, YTO U DTO HAOJOJIEHHE MOXKET OBITH
cOpMyJIMPOBAHO B TepMUHAX MUHUMHU3AIUU - U3 BCEX IyTel CBET IBU-
raeTcs MO TOMY, KOTOPBIN IMPOXOINTCS 33 HANMEHBITEE BPpEMs. JTO ecTe-
CcTBEHHOE 0000IIEeHNe MPEIbIAYINEero Caydas B KOTOPOM MUHUMYM JJIAHBI
JIOCTUTAJICS OYEBUIHO OJHOBPEMEHHO C MUHUMYMOM BDPEMEHHU.

3ameuanue: Koneuno ke nu @epma, nu CHe/umyc UMeIU YUCTO YMO3PU-
TeJIbHBIE IPEJICTABICHUS O CKOPOCTH CBETA B PA3JIMYHBIX CPE/IaxX, U3Me-
PUTH UX HUKAKUX BO3MOXKHOCTEH B TO BpeMs He 66110, To ecTh hopMaIbHO
3aKOH [PEJIOMJIEHUsI TOBOPUT JIMIIb O TOM, 9TO OTHOIIIEHUE CUHYCOB PABHO
KAKO-TO KOHCTAHTE, HO CMbICJI 9TOfl KOHCTAHTHI JIECTBUTEILHO OBLI 11O~
HSIT U JIEKJIADUPOBAH SIBHO y2Ke B Te BpeMeHa. KcraTu, yIoMsiHy THIi BBIIIE
3aKOH OTPAXKEHUsI ObLIT TOJIyI€H IIPUMEPHO 32 THICATY JIET 0 N300PETEeHUS
HACTOSIINX 3€PKAJI.

Bor npumepno Ha TakoMm dyHIaMeHTe B 18 BeKe HAYAJNCH MOMBITKA Pac-
MIPOCTPAHUTD UIECH MHUHUMAJBLHOCTH C UCIOJIL30BAHUEM OINTHKO-MEXAHW-
YEeCKUX aHAJOTHH Ha pa3jIndHble MOJEIHN KJIACCHIECKOW Mexanukw. Jlesr-
TeJIBLHOCTD 3Ta 3aHAIA 3HATUTEILHOE BpeMsI, TOTpeboBaIa MHOTUX YCUINIH,
u yrounenuit. Haj npobsiemoit paborasu Jleitbuui, Moneprtion, Diisep,
JlarpaH:K U OTHOCHUTEJILHO OKOHYATEbHAs (POPMYJIAPOBKA OBLIA MOJLyYe-
Ha [aMubTOHOM.

Emé omun mpumep. Ilo HeloTony, ecn Ha MaTepHaIbHYIO TOYKY HeE Jeit-
CTBYIOT HUKAKWE CHUJIBI, TO JBUTATHCA OHA OYJET PABHOMEDHO M IIPSIMO-
smHeitHo. J[71s1 ymobcTBa paccMOTPUM OJHOMEPHYIO 3aJady, OOIMMil CoIy-
vyail HUYeM He oTamdaercd. VTak, TOYKa BBIIE/INIAas B MOMEHT BPEMEHH
HOJIb U3 Ha4aja KOOPAMHAT CO CKOPOCTBIO Uy OY/IET JBUTATHCH 10 3aKOHY
Z(t) = vot u monanér B MomenT BpeMenu 1 B TouKy vg Ha ocu O,. YTBEp-
JKJIEHHe — U3 BCEX BO3MOXKHBIX Tpaektopuil z(t) takux uro z(0) = 0 u
z(1) = vy peasbhas (ykazaHHAs BBIIIE) JAET MUHUMYM (DYHKIHOHAJIA



TO €CTh, /s Beex Z(t) ¢ yKa3aHHBIMU MPAHUIHBIMA YCJIOBUSMHU BBIIOJIHSI-
erca S[x(t)] = S[Z(t)] = v3. Hy meiicTBuTeIbHO, TaK Kak

oIy 9aeM

/O L)t = v

¥ HEPABEHCTBO KOTOPOE HAJO JI0KA3aTh IIPEBPAIAETCS B

/01 P2 (t)dt = v = (/01 i:(t)dt)

mwin B 60jiee TPUBBIYHOM hopme —

1//01x'2(t)dt2 /Oli(t)dt

M3BECTHOE HEPABEHCTBO MEXK/Iy CPEIHUM KBAJIPATUIHBIM U CPEIHUM apud-
MeTrmdecKnM. 10 eCTb peajibHasl TPAEKTOPHUS JBUXKEHUsI CBOOOTHOI 9aCcTu-
bl JAETCS MUHUMAJILHON SKCTpeMaabio QyHKIIMOHATIA S.

2

1.3 VYpaBuenus diijiepa-Jlarpanka

TTonpoGyeM Teneph NPAKTHYECKU MTPUMEHUTH HAIM METO/IbI aHAIN3a B OaHaXO-
BBIX IIPOCTPAHCTBAX K IMOUCKY IKCTpemaseil byHKIMOHAIA JIEHCTBAS MEXAHU-
qeckoil cucreMbl. Ul Ha IEPBOM K€, IPAKTUIECKH HA HYJIEBOM IIIAre Mbl BCTPE-
YaeM KPUTHYECKOe MPeNsTCTBHE — MHOXKecTBo dbyHnkmii q(t) ragkoctn CF ¢
rparmansivu yeaosusivu q(ty) = q© u q(t) = q(Y me o6pasyor BexTOpHO-
ro, U cJIeloBaTeIbHO GanaxoBa mpoctpancTsa!l Hu nx cymma, HE nmpomsseenue
HA YUCJIOBOIl MHOXKUTENb HE SIBISIOTCS JIOMYyCTUMBIMHA TPAEKTOPUSIMHU CHCTE-
MBI TAaK KaK HE IMOJXOIAT II0J[ I'PaHWYHBbIE yCaoBust. [IpobjeMa KOHEUHO, HO
He o4YeHb cTpallHas. /leJ0 B TOM, 9TO Ha MBI Ha CaMOM JieJle B JAHHOM CJIy-
4yae UIeM Ycaoshuili akcmpemym. BCIIOMHUB, WM 3/IEMEHTAPHO [TPOBEPUB, 9TO
fi(a®) = alto) —a@ u f2(a(t)) = q(t1) — V) asasmorcs xopomumu, nerpe-
pLIBHBIME 1 Toragkumu dynrkmmonazamu Ha CF[tg, t1]. MBI MOXKeM 3aMeTHTB,
YTO B NPHUHIAIE HAMMEHBINETO JEHCTBUS TOBOPUTCS O MOUCKE YCJIOBHOIO IKC-
TpeMyMa orpanuvenusi byHKunoHaga S Ha (1o)MHOr00Gpasne M B 6aHAXOBOM
npocrpancree CF[tg, ]

M = {Q(t)‘fl (a(®)) =0, f2(a(t)) = 0} C C*[to, 1]

To ecTh HA caMOM flejie HAC MHTEPECYIOT IKCTPpeMasn (hyHKIHOHAIA S | - (Hom)
mHOroobpasue M COBEPIIEHHO aHAJIOTUYIHO caydao R™ 3agaércsa HAOOPOM riiaji-
KuX yHKIWI (DYHKINOHAIOB) U TEXHUKA [IOMCKA YCJIOBHOIO HKCTPEMyMa TO-
JKe TMEPEHOCUTCS M3 IBKJIAJIOBA IIPOCTPAHCTBA MPAKTUYIECKH 0€3 M3MEeHEHHt.
Kak MbI moMHEMM, Tak OHa JlaBajach MeToioM MHOXKuTeseil Jlarpamxka. Meron
YCIIENTHO aJaTHPYETCs U Ha OECKOHEYHOMEPHBIN aHaIn3, Mbl PACCMOTPUM ero
[I032K€e, HO B MHTEPeCYyIoIeil Hac 3amade MHOroobpasue M ycTpOEHO HACTOJIb-
KO TIPOCTO, UTO SKCTPEMAJIM MOXKHO 3JIEMEHTApHO HAWTH B J100, He m300peTast
ODIIYI0 TEOpHIO.



B camoM jele Kak yCTPOEHO KacaresibHoe mpocTpanctBo T,M K Kpusoii
(bynkmun) ¢ € M? CoBepieHHO aHAJOTMYHO KOHEYHOMEDHOMY SBKJIHIOBY
CJIy9alo KacaTeJbHOe TpocTpancTBO K { f1 = 0, fo = 0} B TOUKE ¢ COCTOUT BEKTO-
POB CKOpPOCTel KPHUBbIX Jieskaimux B M, To ecTh u3 Beex BekTopos h € CF[tg, 1]
JIIIST KOTOPBIX

(6£1),(h) = (6f2) ,(h) =0

B Hamewm ciydae 09€BHHO (6f1)¢(h) = h(tg), a (6f2)gp(h) = h(t1). To ecTb Ka-
caTeJIbHOE TPOCTPAHCTBO K J1I000# TouKe MHOT00Opas3us M cocTout n3 GpyHKIHit
(xkpuBbIX) h(t) Takux qro h(tg) = h(t1) = 0 u Ham Hajso HafiTu Takoe ¢ € M
4T06BI BhIIONHANOCH 05, (h) = 0 mst Beex h € T,M C T,C*[to, t1]. C noBbIME
YTOYHEHUSIMH O IIOBEJCHUN /i MOYKHO JOBECTH BBIYHCICHHS IIPUMEPa ¢ KOTOPOI'O
MBI Ha9aJIM JIEKIUIO JI0 6oJIee IPOCTOr0 U HATISAIHOTO BHIA. VTak:

h(t) + L(q’.q’ ‘)

t1 . .
5S,(h) = / 9L(¢.4,1) h(t) | dt =
to 0q q=¢ 04 q=¢

BTOpOE cJjiaraeMoe 0epéM I0 JIacTsIM
t1
"l OL(q,q,t d (OL(q,q,t OL(q,q,t
-/ ( (@61 h(t)_d< 4.1 ) pio) v (2D )|
to q q=¢ i q q=¢ q q=p to
BHEMHTETPAJBHOE CJIAraeMoe PABHO HYJIIO U3 TPAHUYHBIX yCJIOBUil Ha h

_ / oL@.a 0| _d <8L<q7q,t> ] )]h@dt

dq ot g
D70 yKe OYeHb XOPOINWil BUJ JJIsi (DYHKIIMOHAJA, OT h.

q9=¢

ITpennoxxenune 1 Jlunetinud GyHKyUOHAA

20e a(t)

€ COto, t1] pasen ny.aro mosicdecmeenrio s ecex h € CF[tg, t1] maxux
ymo h(ty) =

h(t1) = 0 moeda u moavko mozda koeda a(t) =0

Joka3aTenbCrBo - 04eBUIHO (yIPayKHEHUE).

CaencrBue 1 Ecau q(t) = o(t) axempemans dyrxyuonana deticmseus
t1

sla] = [ Da.a

6 xaacce q(ty) = q@, q(t1) = qM) (mo ecmv 6 oepanuvenuu na mrozoobpasue

M), mo
(quqw d (wqqt)))
dq dt oq

Hannoe coommowenue wasvieaemces ypagreruamu duaepa-Jlazparorca. Ono 6y-
dem HAWUM OCHOBHDBLM UHCTPYMERTNOM 6 PEWEHUY 30004 AGZDAHHCEGOT META-
HUKY.

=0

q=¢

Yro BCE 9TO 3HAYUT U KaK 3TO paboraer?



1.4 DaeMeHTapHbIe IPUMEPHI

Csob6oanasn yactuna TpaekTopus uactunel B R? 370 mapamerpusoBaHHAS
kpubas q(t). Kunernaeckas sneprua T = md?/2, noTeHnuaabHON HEp-
run wer U = 0. Jlarpamxuan L(q, q,t) =T — U = m¢? /2. Borancsem:

oL _, 9L _ .
oq oaq M4

VYpasuenus Jittepa-Jlarpanxa:

d

= (m@) = —md =0
dt

Permenne - nuHeitnbie byukmun q(t) = ag + vt. [locrosiHuble (BeKTOpa) a9
U V OLPEJEIAIOTCS U3 TPAHUIHBIX yCJIOBHIA

t—to

1 =0

KaK # IIOJIO2KCHO, JaCTHUIIA ABUTaCTCA PAaBHOMEPHO U HpHMOJIHHefIHO.

Yacruna B nnorennuane Tpaexkropusa vactuipt (t). Kunernyeckas sneprust
Ta ke camast T = md?/2, norenmmanbras sueprun U = U(q). Jlarpan-
wman L(q,q,t) =T — U =m§?/2 — U(q). Beraucasem:

oL  oU Bi_ . doL

9~ oa~ "V 9q =" Gog ™

Vpasuenus Jittepa-Jlarpanxka:
—VU —mg =0<+= mq=-VU

Iosmyunnn y»xe m3BecTHBIN BTOPOI 3ak0oH HBIOTOHA IjIs MOTEHIMAIBLHOMN
cuitbl. JInddepennuaibioe ypaBHEHIE BTOPOTO MOPSIIKA, PEIIEHNE OIpe-
Jesidercs TPAaHUYHBIMU YCJIOBUAMU.

HeszaumoeiictBytomue gacTuiibl /Ipe sactumst B R? ¢ TpaekTopuavu qq (t)
u qo(t) coorercreerHo. "O6meit koopauuaToii"Gymer croaber q(t) =
(q1(t),qz2(t)) Kuneruueckas sueprus T(¢) = mid3/2 + mad3/2, noren-
mmasbHol sueprun mer U = 0. Jlarpamxkuan pasen L = T = my¢3/2 +
ma3 /2. Camraen:

a—L—O 3L_<m1<']1> daL_<m1611>
dq 1 0q \ medx )’ dtoq \ med

VpasHenus Jiiyiepa-Jlarpanxka:

midqi -0

ma2q2
1 YaCTHUIBI OISITh JBUTAIOTCS PABHOMEPHO MPSMOJMHEHHO M HE3aBUCHMO
KaK ¥ JIOJI?KHO OBITh.



2 Pazsb6op 3agad

XoporIo, IpOBepMIIN Ha TPUBUAJIBHBIX M3BECTHBIX IIPUMePax, BCE COBIAJIAET C
U3BECTHBIMU U3 JIPYTUX OJIXOJI0B PEIYJIbTaTaMM, TOJbKO CUYUTATH TENEPDh JI0JIb-
e U CJIoXKHee, B 4éM ke Bbirojga? Ilompobyem pa3obparh Kakyo-HUOYIb MEeHee
TpUBHAIBHYIO 3aa1y. CHadaa BCIIOMOTATEIbHOE BBIYHUCJIEHUE JIJIs MATEMAaTH-
9EeCKOro MadTHUKA

2.1 MaremaTndyecKuii MassiTHUK

Kaprunka

O6001mEHHON KOOPAMHATON Ha3HadaeM ) yroj OTKJIOHEHWsI OT BEPTUKAJIH.
TpaekTopusi cucTeMbl COOTBETCTBEHHO nMeeT By 6(t). Jluneiinas ckopocTh ua-
cruipl pasHa [0, Kuernueckast sueprust T’ = m(lé)2 /2, noTeHInAaIbHAS SHEPIHsT
(¢ Tounocrbio s10 KoucTauThl) U = mgh = —mgl cos . Jlarpanxuam:

2
L= m@ + mgl cos 6
Cunraem:
o0 dt \ 96

Vpasuenue Jiiyiepa-Jlarpanxka:

L L . L ..
a— = —mglsinf Z—a = mi?0, d (8 ) =mi?*f

mZQé—l—mglsinG:O(:)é—i—%sinO:O

U3BECTHOE YpaBHEHUE HEJIMHENHOTO (MaTeMaTI/I‘IeCKOI‘O> MasdTHHUKA.

2.2 HewuHepnuoHHBI MagTHUK WA MagTHUK O6e3 rpaBuUTa-
107071

Paccemorpum mtockuil 1By3BEHHBIN MasiTHUK B OTCYTCTBHE IpaBuTanun. MoxKHO
JIM TIPUHYAUTEIBHO BPAIAs C MOCTOSIHHOW CKOPOCTBIO TIEPBOE 3BEHO MASTHHIKA,
JOOUTHCS TOTO, ITOOBI BTOPOE 3BEHO BEJIO CeOsT KAK OOBITHBIN MaTeMaTHIeCKU
MasgITHUK B MOJIE Tsi2KecTH 3emyin? MOXKHO JI Bparast ¢ TOCTOSTHHOM CKOPOCTHIO
YACBI-XOUKN JOOUTHCST YTOOBI OHU MTOKA3BIBAJIN IIPABUILHOE BPEMSI B HEBECOMO-
CTH, TO €CTh CO3JIaTh I'PABUTAIIAIO [IPU TOMOIIY BpalneHus! M3BecTHbIN TpuéM
73 HAYYHOU (DAHTACTUKU.

Kaprumky.

Bseném 0000IIEHHYIO KOOPAUHATY # yroJ OTKJIOHEHHS BTOPOI'O 3BEHA Ma-
SITHUKA OT OCH TIepBOro. Torja KOOPAMHATHI YACTHUIBI B IUIOCKOCTA B MOMEHT
BpeMmeHH ¢ OyIyT

x = Rcoswt + [ cos(wt + 0)
y = Rsinwt + I sin(wt + 0)

CKOPOCTH

& = —Rwsinwt — lwsin(wt + 6)
Y = Rw cos wt + lw cos(wt + 0)

Kunernuaeckast smeprust

T =m— =

i+ m
2 2

<R2w2 + 13(w + 6)% 4 2Rwl(w + 6) cos 0)



I'paButanuu n norenrumasta Het, modromy L = T. aee,

L .
?79 = —mRwl(w + ) sind
ZTI; = % (2Rwl cos O + 21%(w + 9))
%%9 = —mRwlsinf - 6 + ml*0

u ypaBHeHue Jiiiepa-Jlarpanxka:

2
sinf =0

mil20 + mRw?lsinf = 0 < 6§ +

HokasbiBaeT npu Rw? = ¢ uTo cucTeMa JeHCTBHTEILHO CHMY/IMPYET MaTeMaTH-
YeCKUN MaATHUK B I10JI€ TAKECTH 3eMJIN.

3 3agaum, KOoTopble HaJA0 yMeTh peIlaTh II0CJIe
3TOM JIEKIIUN:

Bamauya: Hanucamov arnanoe ypasnerus duaepa-Jlaeparorca oas Gynryuoraia
euda

S(q) = / ' L(a,d, & 0)dt

to

3a,uaqa: Buinucams no AAPAHACUAHAM, YPABHEHUA deusicenus

o L(x,it)=1/2e(i? — w?2?)

—z? / e_y2dy
0

Bamauya: Mamemamuueckull MaAMHUK 08U2GEMCA 68 NOAE MANCECTNU 3EMAU
8 sepmukarvoroli naockocmu. Ilrockocmy epauwsaemces ¢ nocmoanHot Yaaosod
CKOPOCTNDBIO W 80KPY2 BEPMUKAALHOT NPAMOT NPOTOOAWET YEPES OUKY Nodseca
MAATMHUKG. Bonucams ypasHeHus dsustcenus, Onpedeaums yeaoeyro ckopocms
NAOCKOCTU NPU KOMOPOTL HUNHCHEE NOAONHCEHUE PABHOBECUA MAAMHUKG CMAHO-
BUMCA HEYCMOTUHUBHLM.

2 22
o L(x,2)=e"" "% +2ze

Bagaua: Buinucams GyrEuuoOnas 0aumb, 1Ha NAOCKOCU U HATMU €20 IKCmpe-
MAAU ONA KPUBDIT, COEOUHANOUUTL 3a0GHHBLE MOYKU.



