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Annoragusi. C TOMOIIBI0 aHATHTAYECKHU MOIYYECHHBIX B OABIKHOM 0asuce ypaBHEHHUIT
JIBH)KCHUsI HAMICHBI Pa3InYHbIC TPACKTOPHUH TNl B HCMHEPIUATIBHBIX CHCTEMax OTCYETa
(HCO) mpu ycrnoBuw, 9TO OHHM ABIKYTCS 11O 33JaHHBIM TPaeKTOpHsM. Perrenne HailneH-
HO# CHCTEMbI YPaBHEHHI IPOAHAIH3UPOBAHO B OJJHOM KOHKPETHOM Cily4ae, KOra poiib
NeCTBYIOIeH CHITBI MIPHHALICKAT chiae TsokecTH. C MOMOIIBI0 YHCICHHBIX METOIOB
HaWJICHBI PEIICHHS YPaBHCHHH, IPUBEICHBI UX IpadHUIecKue UILTFOCTPALMH B HECKOJIb-
KHX YaCTHBIX Cllydasx, koraa Tpaekropur HCO 3amaHbl B BUAE IPSIMOH, OKPYKHOCTH H
OpaxHCTOXPOHBI.
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Abstract. This paper considers a trajectory of the body moving under the influence
of the force F in a non-inertial reference frame (NRF), which is "tied" to a given curve
y = y(x) and is described by a natural movable basis t-n. For this NRF, a system of linear
differential equations is obtained to simulate various types of trajectories resulting from
the action of certain forces. The common Cartesian coordinate system is chosen as a fixed
basis i-j. Several examples of motion along the given trajectories y = y(x) are considered
with gravity as an acting force F. For these specific cases, the analytic expressions for
absolute (in the system i-j), relative (in the system t-n), and translational accelerations
are given. The corresponding trajectories of motion under free fall conditions in terms of
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NRF are constructed. The following trajectories y = y(x) are studied: uneven motion
along a straight line, a brachistochrone, and a circle. Using computer modeling tools, the
results are presented as plots showing the qualitative difference between the trajectories
of the same body in the inertial and non-inertial frames of reference. The considered
limiting cases of motion confirm the validity of the obtained general system of equations
in the NRF.
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BBenenune

3amaua, 0 KOTOPOU MOKAET pedb, OTHOCUTCS K KJIacCy 3aJlad U3 00JIaCTH MEXaHUKH
OTHOCHUTENBHOTO JBIKeHHs. Korjga Ml TOBOpUM O MOABMKHOM Oasuce (cm.: [1-10]),
TO JJs HEMOJIBMKHOTO HAONIONATENsl TPACKTOPHS IBUKCHHUS ONPEACISICTCS KOHIIOM
paaunyc-BEeKTOpa, MPOBEACHHOTO M3 Hayaia HEMOBUKHOU CUCTEMBI KOOPJIWHAT B TOY-
Ky HaOmogeHus. [Ipu 3ToM TpaekTOpHs IBMKCHHS OJDKHA TUKTOBATHCS KOHKPETHO
JIEHCTBYIONIEH CUIION, pOJIb KOTOPO ompeensieTcs TOJIbKO MOCTaHOBKOH 3a1auu.

Bo usbexanue B JalbHEHIIIEM M3JI0KCHUH MYTAHHUIIBI C COKPALICHUSIMHU 3aMETHM,
gto ab6peBuatypsl HCK (HemnepumanpHas cucrema xoopausHaT) u HCO (mennepuu-
ajJbHas CHCTEMa OTCYETa) B HAIlIeM MMOHMMAHHH a0COTIOTHO MIACHTHYHBI.

Lenps HacTosmiel paboThl — onpeneneHre GopMbl TeX TPaeKTOPUi, B KOTOpbIE OY-
IyT neGopMUpOBaThCA TPACKTOPUH B HEMOABIDKHBIX CHCTEMaxX KOOPIUHAT MPH Iepe-
xone k HCO. [MomuepkHeM, 9TO HA B OJJHOH W3 M3BECTHBIX HaM ITyOJHKAIIMA COOTBET-
CTBYIOIIETO PEUICHUS MBI HC OOHAPYKUJIHM, U B CHIy MPAKTUYCCKOW 3HAYMMOCTH TON
3aJ1a4i MBI OCTAHOBHMCS Ha €€ PEIIeHUH 110 BO3MOKHOCTH Hanboee moapoOHo.

OcHOBHBIC YPaBHEHHS

[pearnonoxum, 9TO UMEETCsl HEKOTOpast 33/1aHHasi ByMEpHAasl KpUBasi, Orpesesic-
Mast ypaBHeHHeM Yo = Yo(Xo). [IycTh Ha 3TOit KpHBOI B MPOU3BOIBHOI €¢ TOUKE BHIOpaH
MOJIBYDKHBIN 0a3uc T—N, T/ie T — eAUHUYHBIA BEKTOP KacaTeNIbHOH, a N — eIWHUIHBIN
BEKTOp HOpPMAJH K 3TOH KpuBoil (prc. 1). OTMeTHM, YTO METOA TOABIKHOTO Oasmca
OBUT HEOTHOKPATHO arpoOUPOBaH MPH PELICHUH Pa3IMYHOrO PoJa 3a1ad, psii KOTOPBIX
MOAPOOHO OMHUCaH, HanpuMep, B myOmukarmsx [11-13].

Crnenys puc. 1, 3aga1uM Ha TNIOCKOCTH XOY KPUBYIO

Ry (t) = i, (t)+Jys (1), (1)

10 KOTOPOW MOJKET NepeMenaThcsi MTHOBEHHBIH noBmkHbIN 06asnc HCK, xapakrepu-
: dR, (t

3yeMBIll OpTaMH T-N, €O CKOPOCTBIO V, = |R0(t)| = d—ot() , Tie t — abCoNMOTHBIN MO-

MCHT BPEMCHH B HEPCIATUBUCTCKOM HpI/I6J'II/I)KeHI/II/I (VO <K C, C — CKOpPOCTh CB€Ta

B BakyyMme). Be3ne manee miisi COKpaIleHus! 3aiCH sIBHAs 3aBUCHMOCTD BCeX (YHKIMI
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oT BpeMeHu t Oyner omyckarbes. [Ipy 5TOM KpHBH3HA KPHBOW HM3BECTHA W 33J1A€TCS
ypaBuenuewm [ 14, 15]

_ |Xoyo _YOX0| _

(%+%ﬁ

K )

Yo =Yo (x)

Puc. 1. CxemaTnueckoe H300pakeHHEe MOCTAHOBKH 3a/[a4u. 3/1ech KpHBas Yo = Yo(X) cuuTaeTcs
ronorpadom BextTop-yrkmn Ry (t) =ix, (t)+ jy, (t)
Fig. 1. Schematic representation of the problem formulation. Curve yo = yo(x) is a godograph
of a vector-function Ry (t)=ix,(t)+jy,(t)

[TocKoNbKY €AMHUYHBINA BEKTOP KacaTeIbHON B COOTBETCTBHU C pUC. 1 MOXeET OBITh
pasnoxeH no 6Gasucy i, j COINIACHO COOTHOIICHHIO T =iCOSa + jSino , rae o — yron

MEXAY KacaTellbHOI K KPHBOH U MOJIOKHUTENLHBIM HANPaBICHHEM OCH OX, TO, HOJIB3Y-
o . . dr

SCh M3BECTHOW (opmynoi nuddepeHnnansHOi reoMeTpun d—: Kn [15], roe ds —
S

nquddepeHIan JUIMHBI JyTd KPUBOU, JJIsl €IUHUYHOTO BEKTOPA HOPMAJU HAMeM, 4To
n =—isin o+ jcos o . CienoBaTebHO, s 00pATHOTO MPEOOPa3OBaHUS UMEEM

©)

Byz[eM CUYUTaTh, YTO TOYEYHOE TEJIO MACChl M HAXOJAUTCS B HpOHSBOHLHOI;'I TOYKEC

i=1cosa—nsina,
j=Tsina+ncosa.

M (X,Y) (cm. puc.1), rae xoopmuuatst (X, Y) ornocsres k HCO, a mabmonarens
IIBIDKETCS BMECTE C HEil M HAXOUTCS B €€ HauaJle.
Touku M (X,y) n M(X,Y) no ceoeMy cMbiciTy COBNIaJAIOT, HO TEpBAs OTHOCHT-

¢s K MHEPIMAIBLHOM cucTeMe KOOpauHaT, a Bropas — k HCK.
Kak cremyet u3 aToro pucynka, mia Henoasmkao CK, xapakTepu3yeMoil opTaMmu
i—j, panyc-BeKTOp MOXHO IPEACTaBUTh B BHAE cyMMbl R =R, +r,rae r =tX +nY .

IMTocne muddepennmpoBanus Bekropa R nmeem
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VabszR:R0+r’ (4)

riae V,,, —abCcoIIoTHAs CKOPOCTh IBIKEHUS Tena oTHocuTensHo MCO i—j.
. dR,
Cornacuo (1) umeem R, = o V, T, e V, — CKOPOCTb JABMKEHUS MOJBHKHO-

ro 6a3uca T-n B MICK mo 3amannoit kpuBoit R, =iX, + Y, . A Tak kak ' =X +nY , T0

IIPpOU3BOJHAsA OT HETO

'=%(TX+nY)=rX+nY+tX+nY. (5)
[lepBbie nBa ciaraeMbiX B (5) BIIOJHE MOHATHBI, a JUIS OCTaJBHBIX C Y4eTOM (op-
dr dr 1l
Myibel — = —— = Kn , umeem
ds dtv,
2—: =V, Kn,
(6)
dn
— =-V, Kr.
dt

[Moncrasinss (6) B (5), HaxoAUM
P =X +nY +v, (nX 1Y) =1(X =V, KY )+n(Y +v, KX ). @)

[Mosromy, cormacao dopmyse (5), ¢ yuetoM (7) aOCONFOTHAS CKOPOCTh MaTepUAITb-
HOW TOYKH OyneT

Ve =X +0Y +[ 7(1-KY)+nKX v, = A
=1 X +(1=KY)v, J+n(Y + KX v,), ©
rJe IepBble [Ba CJIAraeMblX OMNHCBHIBAIOT OTHOCHTENBHYIO CKOPOCTH JIBHIKCHHS
(Vg =X +nY), a Bexrop [7(1-KY)+nKX ]v, mpencrasmser coGoii mumciinyio
cBa3p ckopoctn Tema B cucreme HCK (T—N), aBmkymerocs BROIb KPHBOH
R, =X, + ]y, , co ckopoctbiO V, = |RO| .
Jnddepenmmpoanne popmyst (8) maer R = ﬁo +¥,rme R= a,,, — abcomoTHOE
yckopenue B MCO i—j. ITepBoe ciiaraemoe B IpaBoii 4aCTH MOYKHO ITPEACTABUTH KaK

ROZ%(VOT)ZVOT'FVg Kn, 9)

. 2 .
TIae V, — TaHI'€HIIMAJIBbHOE YCKOpPEHHUE, a V K - HEHTPOCTPEMUTECIIBHOC, BTOPOC Clia-
0 0

raemoe ¢ ydetoMm (8) u (6) gaer

¥ =Y 7 / d(VOK) 2 2
F=Xt+Yn+<-1| 2V, KY+Ty+v0K X |+

. d(v,K
+n[2v0 KX +%X—VSKZYJ},

rje cymMMma Xt+Yn omuchiBaeT OTHOCHTEIBHOE yckoperane B HCK 1-n. TlosTomy
¢ yaerom (9) u (10) umeem

(10)
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a. =a. + Y / d(VUK) 2102
abs — Apet T T VO—ZVO KY+TY+V0K X [+
(11)
+n£v2K+2v KX +MX—VZK2Y]
’ ° dt 0 '

3|

Bocnone3oBaBmMch BTOPEIM 3ak0HOM HploTOHa a,, = —, M3 OOLIEro BhIpaXke-

Hud (11) momyyaem

arel = E - amov ’ (12)
m
e OTHOCUTEILHOE YCKOPEHHE @, = Xt +Yn , a nepenocHoe
.od(v, K
Aoy = T[VO—ZVO KY +%Y +V2 szj+
(13)

.od(v, K
+n[v§K+2vo KX +MX—V§KZYJ.
dt

Ecnu Teneps noacrasuts ¢popmyisl (12) u (13) B tuammyeckoe ypaBHeHue Hpro-
TOHA ¥ CIIPOEKTUPOBATH €r0 Ha OPTHI T, N, TO MBI IIPUAEM K Cllenyrouiel cucteMe aud-
(hepenunansupix ypasHenuit B HCK:

. . d(v,K
X=Xy oy, KY—MY—vé K?X,
m dt (14)

. F .od(v, K
Y=-"-VvIK-2y, KX—MX +V) K%Y,
m dt

VYpaBrenus (14) mo3BONSAIOT HAM OTBETHTH Ha BONPOC, KaK OYIeT BHITJISAICTh TPa-
EKTOpHUs JBIKCHUS B MOJBIDKHOM 0a3uce T—N, eCly TPAeKTOPHs JBIKSHHUsT HAOII0/1a-
Test, Haxosmierocs B neHTpe 6aznca HCK, Ham n3BecTHa.

AHanu3 ypaBHeHuii 1Bu:keHHs (14) B HEKOTOPBIX YACTHBIX CJIYYasixX

Bynem npennonarats, 4To Halle TEJIO ABUXKETCS MOJ BO3AECUCTBUEM TOJIBKO CHJIbI
mpkectd F = mg=-mgj (puc. 2). B kauectBe mepBoro npumepa Tpackropuo R, (t)

3aJaiiM B BHUE MPSIMOI, TI0 KOTOPOH WHepIHaibHas CHCTeMa KOOPIUHAT IBUKETCS
C TOCTOSIHHOM cKOpocThio. [Tockonbky ee kpuBuzHa K = 0, a ckopocTh IBHXEHHS

V = const, To, KaK ¥ JOJDKHO OBITh, MEPEHOCHOE YCKOpeHue mucuesaer (&, =0), u
. F
(bopmymna (12) cBOIMTCA K OYEBUIHOM: &, = - = Ay,
st cuitet Tsokect F =mg ee npoeknuu Ha 6a3uc HCK T—N TakoBsI:
F. =-mgsina, F, =—mgcosa.
[TosTromy cructema (14) cCHIIBHO YIIpOIIaeTCs, ¥ B pe3yIbTaTe HMEEM:
X =—gsina,
.. J (15)
Y =-gcosa.
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Pewienue naHHO#M cucTeMbl ypaBHEHUN JUIsl pa3InYHBIX 3HAYEHHUH yIJia ol IOKa3aHo
Ha puc. 3.

M(x, y).
v
R(t) F=mg
il [r®
Vo = Xtga+b
n T
i
b R (1)
et 3

Puc. 2. [ToaBxHbIH 6a3uC TN ABIXKETCS MO MPSAMOR Y, = Xtgo + b

Fig. 2. The movable basis T—n moves along a straight line y, = X,tga. +b

y
15
T
o=—
2
1.0
o= i
) 0.5
a=0
i 0
X -5 -4 -3 -2 -1 0

Puc. 3. Tpaexkropun asmxenus tena B HCK (BblaeneHHble TMHUH) IPH HAYAIBHBIX yCIOBHUSX:
X(0)=0,Y(0)=1 X'(0)=0,Y'(0)=0
Fig. 3. Trajectories of the body in a non-inertial frame of reference (heavy lines)
at initial conditions: X (0)=0,Y(0)=1, X'(0)=0,Y'(0)=0

PesynbraT mocTtpoeHUs MOATBEpKAAeT KOPPEKTHOCTH ypaBHeHui (14). [leiicTBu-
TEJIFHO!

I. Eciu mpsimast Yo = Yo(Xo) ropusoHTansHa, oo = 0, TO U3 BEPUIMHBI JBIKYILCHCS
HCK 1-n magenue Tena BUIHO €CTECTBEHHBIM 00pa30oM, T.€. 0 BEPTHKATLHON TIPSIMOA.

. T
Il. Ecniu mpsimast Yo = Yo(Xo) BEpTHKaIbHA, TO €CTh Yrojd O OpsAMOM (oL = 3 ), TO

HCK t—n nBmxeTcs mapaiieNsHO HaJaloieMy Telly, M €ro TPaeKTOpHs MaJeHUs TaK-
K€ BOCIIPUHUMAETCS KaK MapaulenbHast mpsMast.
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T
I11. Ecyin ipsimast Yo = Yo(Xo) MIMEET yrosl HaKIIOHA, CKaKeM, O = 3 TO U IMaJEHHE

tena B HCK TN BUOWTCS 10 HAKIIOHHOM MPSIMOIA.
Kak MBI TONIBKO 4TO yOeamnuch, Tpaekropuu Tena B HCK t—n npu ee paBHOMep-
HOM JIBIDKEHHUHM IO 3aJJaHHOI MpsIMO HE 3aBUCAT OT BEJIMUMHBI CKOPOCTH 3TOTO JBH-
JKeHHs, nockonbKy npu V = const HCK, no cytu, sBnsgercs nHepunoHHo. PaccMoTpum
Teneps Takou ciydail. ITycTs Teneps V # CONSt, HO IBHXKEHUE IPOUCXOIUT O MPSIMOH.
Torna cuosa K = 0, a u3 (12) u (13) cunenyer, uto a,, =VT, 4 ypaBHEHHE ABUKCHUS
B HCK 7-n cranoBuTCs TakuM: @, =FM ™ —VT . C yu4eToM NPUBEIEHHBIX BBILIE PO~
ekiuii Bekropa F = mg na ocu TN (14) 3anumryTcs B BUE:
X =—gsina.—V,
. (16)
Y =—gcosa.

Pemenus ypaBuenuit (16) muist AByX 3aKOHOB U3MEHEHHSI CKOPOCTH V(t) IIPOUILIIIO-

CTpUpOBaHHI puc. 4, 5.

x —400 300 -200 100 0  x-160 -120 -80 —40 0

Puc. 4. lI3meHeHne CKOpOCTH MOJUUHSAETCS Puc. 5. I3MeHeHne CKOPOCTH NOTUUHSIETCS
3akoHy V =-50C0St, HauanbHbIE yCIOBHS 3akony V =1%/3 . Hauanbuble ycnosus
X(0)=0,Y(0)=1,X'(0)=0,Y'(0)=0 X(0)=0,Y(0)=1,X'(0)=0,Y'(0)=0
Fig. 4. Velocity variation according to the law  Fig. 5. Velocity variation according to the law
v =-50cost at initial conditions v =t*/3 atinitial conditions
X(0)=0,Y(0)=1,X'(0)=0,Y'(0)=0 X(0)=0,Y(0)=1,X'(0)=0,Y'(0)=0

Paccmotpum Tereps ciydvait, korna HCK t—n aerkercs o Opaxuctoxpose (puc. 6),
a caM MTHOBEHHBIM 0a3nuc T—N HAaXOAWTCS B IEHTPE MacC IBIDKYIIETOCS IO JIMHHUU
HaMOBICTPENIIIETo CITyCKa Tela.

IMTockonbky F =-mgj, To, cornacuo npeoGpazoBanusm (3), s CHJIbI TSOKECTH

nmeem: F =-mg (Sin o-T+ COSoc~n). [Tpn >TOM MapameTpuyeckoe ypaBHEeHHE Opaxu-

CTOXPOHBI MOXHO 3aMUCaTh CISAyonMM obpasom (cm.: [16]):
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X, () = E(2()(—1t—i-sin 2a),
2 (17)
Y, () = %(l—cos 2a.),

rae 0,57t <a <7, a 3aBUCUMOCTB yIjla 0. OT BPEMEHH B Cllydae JIBHXKEHHUs 10 Opaxu-
CTOXPOHE MOTUMHSCTCS THHEHHOMY 3aKoHy [7-9,12]

a(t) =t/0,5gH " +0,57 . (18)

y M(x, y)

H\ R0/ [YF=mg

r(t)
n
j ()
IA /R e i}
- 1 -
0 i X

Puc. 6. HCK t—n nBikercst no 6paxucTOXpoHe, IIEHTP KOTOPOi HaXOANTCS B IIEHTPE Macc Tela
Fig. 6. The non-inertial frame of reference t—n moves along a brachistochrone whose center
is located in the center of the body mass

C ydeTroM CKa3aHHOTO Tapamerpuueckoe perrerue (17) MOXHO mepenucaTh clie-
JIYIOIITUM 00pa3oM:

X (t) =t O,5Hg’1—0,5Hsin(t\/W)]
Y, (t) =—0,5H (1—cos(tm))!

TA€ BPEMS NBUKCHUSA t mogunHsEeTCS HEPABCHCTBY

0<t<m0,5Hg " . (20)

Cornacuo (19) ckopocts HCK mo 6paxucTOXpOHE ONpPEaesaeTCs B pe3ysibTaTe 3a-

(19)

BUCHMOCTBIO: V = /2gH sin (O,St\/ 2gH ) , @ KpUBU3HA OPaXHUCTOXPOHKI COTIACHO (2)

1
2H sin(O,St 2gH ’1)

vK =,/0,5gH " = const . (21)

CootHomenne (21), crmpaBemmMBOe TONBKO s OpPaxUCTOXPOHBI, OHO CHIIBHO
ynporaet ypasHenus (14). B pesynbrare

X =.2gH 'Y —0,5gH X,

Y =-2gsin (O,St\/ZgH ’1)—\/29H X —0,5gH 7.

u (19) 6yner nomunHsAThHes 3aKkoHy K (t) = . @akTopuszanus TUX

BLIpa)KeHI/Iﬁ aactT

(22)
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Beoas 31eck 6e3pasmepHoe Bpems T =0,5t\/2gH ™ , ypapHenus (22) MOXHO mepe-
MUCATh B CIEIYIOLIEM BHJIE
X"=2Y"-X,
. (23)
Y"=—-4Hsint-2X"'-Y,

e MTPUXH 03HAYAIOT TU(PPEePEHIIMPOBAHHME TI0 T, KOTOPOE MOAYMHAECTCS HEPABEHCTRY
0<1<0,5x.

YucneHHOe pelieHre ypaBHeHui (23) mponIUTIOCTPUPOBAHO Ha pucC. 7.

y

Puc. 7. Pemenne cuctems! ypaBHeHuH (14) mpu HaYaIbHBIX YCIOBHIX
X (0)=0,Y(0)=1,X(0)=0,Y(0) =0 memMOHCTpHpYeT, KaK BBITISINT CBOGOIHOE NaCHHE TeNa
B HCK, nBmxymieiicst mo OpaxucToxpoHe
Fig. 7. The solution to the system of equations (14) at initial conditions

X (0)=0,Y(0) =1, X (0)=0,Y(0) =0 demonstrates the free fall of a body in the non-inertial
frame of reference moving along the brachistochrone

Paccmotpum Teneps moceaanit npumep. Ilycts HCK - paBHOMepHO Bparmaercs
C TOCTOSIHHOM YTJIOBOM CKOPOCTBIO ® 1O OKpYXHOCTH paamyca R (puc. 8). B atom

ciIy4ac V0 = R = const , K= E = const , 4 IBHOKCHUC HAYMHACTCA U3 TOUYKHU A IpOTUB

4aCOBOW CTPEJIKH.
IToCKOMBKY Yron oL MEHAETCs HenpepbIBHO oT 0 110 27K, TO cUia THKECTH COTACHO
npeobpazoBanusM (3) mopduHsIETCs CooTHOmEHMO F = —mg(sina-T+cosa-n). Kak

BUJIHO M3 PHC. 8, YrOJl 0L 3aBUCHT OT BPEMEHH JHMHEHHO, U €r0 MOXKHO OINpEIeiUTh
B Buze o = ot. [TepeHocHoe yckopenue, coritacHo dhopmyiie (13), umeer B 3TOM ciydae
BUI:
a (Vo—2V, KY + V5 KZX )+ mK (V5 +2v, X —Vi KY ).
[TosTomy cuctema ypasHeHuit (14) mpuHUMaeT BUA:
{).(' =Fm?+20Y -o’X,

Y =F,m" - o’R-20X +o’Y,

mov = T

(24)
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M(x,y)

F=mg

A

Puc. 8. HCK HenpepbIBHBIM 00pa3oM JBHKETCS IO OKPYKHOCTH, yBIIEKast 32 000 U yros o
Fig. 8. The non-inertial frame of reference continuously moves around a circumference dragging
the angle o with it

C y4eToM SIBHOTO BBIP)KEHHMS /IS CHIIBI TSDKECTH ypaBHeHHS (24) mepexoasr Toraa
B CIICIYIOIIYIO CHCTEMY:

X =—gsina+20Y —o?X,
{ gsina+20Y - (25)

Y =-gcosa—o’R—-20X +o?Y.

Pe3ynbTaT YMCIEHHOTO HHTETPUPOBaHUs ypaBHeHuit (25) mokas3an Ha puc. 9.

y
701

60
50
40

30

il o

100 10 20 30 40 50 x

Puc. 9. Tpaekropus Tena B cucremMe T—, coBepIiaromieit 1,5 o6opora 1mo okpyKHOCTH
paauyca R = 1 ¢ wactoroit = 1, 0<t < 3ne . HayanbHble ycnosus
X(0)=0,Y(0)=1,X'(0)=0,Y'(0)=0
Fig. 9. Trajectory of the body in T—n system making 1.5 turns around the circumference
of the radius R = 1 with a frequency of ® = 1, 0<t <3ne™ at initial conditions
X(0)=0,Y(0)=1,X'(0)=0,Y'(0)=0
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3akiaouenue

B 3axmoduenne paboTsl 0000IINM MTOTydeHHBIE Pe3YIbTATHI:

1. ITonyyena obmas cuctemMa aAubQepeHUNaTIbHbIX YPaBHEHHH, OMUCHIBAIOLIAs
TPAeKTOPHIO IBI)KEHHUS Tela B HEHMHEPLMAIBHOW CHCTeMe OTCcYeTa, OBIDKYLIeHCS 110
3aJ[aHHO# KpHBOii Y = Y(X).

2. [IpoBenieH aHaM3 MOJTyYEHHBIX YpaBHEHUH JJIs1 cBOOOIHO manaromiero (6e3 Tpe-
HUS) TeJa B CIydae, KOTJa HEHHEePIMATbHAs CHCTEMa OTCcUeTa T—N JABMKETCS MO Ips-
MO}, IT0 OPaxUCTOXPOHE U IO OKPYKHOCTH.

3. C IoMOmIbI0 KOMITBIOTEPHOTO MOJICITHPOBAHHS MMOCTPOCHBI TPACKTOPHU CBOOOI-
HO MAJAFOIIET0 Teja B HEMHEPIHAIBHOM cHCTeMe OTcUeTa TN, ABIKYIICHCS MO mpsi-
MOH, OpaXHUCTOXPOHE B OKPYKHOCTH.
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