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BBEJAEHHUE

OcHOBHast 1edb JaHHBIX METOJUYECKUX VYKa3aHUM — U3Y4YCHUE
TEOPETUYECKOTO MaTepralia U OBJIAJICHUE HABBIKAMHU PEIICHHS 3a1a4 Ha
Temy «KuHEeMaTHKa TOUYKW.

JI71s1 OCBOCHMSI TEOPETUUECKOT0 MaTepralia HE0OOX0UMO O3HAKOMUTHCS
C KPaTKMMH CBEJCHUSIMU U3 TEOPUU PEKOMEHIYEMOM JutepaTypbl. OTBETHI
Ha BOIIPOCHI IIOMOTYT CTYJICHTaM 3aKPEMUTh TECOPETUUECKYIO YacCTh pa3jiea.

[Ipennaraemass  pa3paboTka TMpeIHA3HAUY€HA JJIS  AyJUTOPHOIO
KOHTPOJISI TEKYIIEH YyCHEBaeMOCTH CTYJEHTOB, a TakXe g OOydYeHHs U
CaMOKOHTPOJII BO BHEAYJUTOPHOE BPEMS MPU MOATOTOBKE K MPAKTUYECKUM
3aHATUSAM U DK3aMEHAM.

KPATKHUE TEOPETHUYECKHE INIOJIOXKEHUSA

KunemaTuka TOYKH — pa3aesl KHHEMAaTUKU, B KOTOPOM HCCIIEAYETCA
MEXaHUYECKOE JIBUKCHUE MAaTEPUATBHBIX TOYEK.

OmHOW W3 BaXHBIX XAPAKTEPUCTHUK JBWIKCHUS TOYKH SABJSETCSA
TPACKTOPHS €€ IBUKEHHS, T.€. TCOMETPUUECKOE MECTO ITOCIIEI0BATEIBHBIX
(Cc TeueHUEM BPEMEHH ) TOJIOKEHUM TOUKH B MPOCTPAHCTRE.

JIpyruMr KUHEMATHYECKUM XAPAKTEPUCTUKAMU JIBMKCHUS TOYKH
ABJISIFOTCSI CKOPOCTh U YCKOPEHHeE.

CxopocTbio TOYKH Ha3bIBACTCS BEKTOpHas BEJINYMHA,
XapakTepu3yroliasi ObICTPOTY JIBUKEHUSI TOUKH 110 TPACKTOPUH.

CKOpOCTh TOUKH HAITPABJIEHA MO KACATEIIbHON K TPAEKTOPHHU.

M
Envanna namepenns ckopoctu B cucreme CHU — meTp B ceKkyHIy (;J :

YcKkopeHMeM ~— TOYKHM  HA3bIBAE€TCS  BEKTOpPHAs  BEJIMYMHA,
XapaKkTepHU3yollas H3MCHCHHE ¢ TCUCHHEM BPEMEHHU MOJIYJIS M HaIlPaBJICHUS
CKOPOCTH TOYKH.

Enununia usmepenust yckopenus B cucreme CH — MeTp Ha CeKyHIy B
kBazpare (M/c°).

Eciu npu JIBMKEHHMM TOYKH TI0 TPACKTOPHUH MOJIYJIb CKOPOCTH

dv
BO3PAaCTAECT C TCUCHUEM BPEMEHU (E >0), To Takoe JBUXEHUE HA3bIBACTCS

dv
YCKOPEHHBbIM, a IIpHU EZCWSDO_ PaBHOYCKOpPEeHHBbIM. Eciu MOayJib



dv
CKOPOCTH TIpH JBHKEHHHM TOYKH YMCHBIIIACTCS (E<0), TO JIBUKEHUE

dov
Ha3bIBACTCS 3aMeIJIEHHBIM, a TIpH azconst<0- pPaBHO3aMe/lJIEHHBIM.

_ dv
ITpu v = const (a =0) IBM>KEHUE HA3bIBAECTCS PABHOMEPHBIM.

CymectByeT 3 cnocoba 3ajJaHMsl JBMIKCHHS TOYKH: BEKTOPHBIMH,

KOOPAWHATHBIN U €CTECTBCHHBIM.
1. BekTopHbIi c1oco0.

[Ipu BekTOpHOM crHoco0€ JBMXKEHHWE TOYKU 3aJa€TCi 3aKOHOM

M3MEHEHH PaJyCc-BEKTOPa BO BpeMeHu I =r(t) (puc.7.1).

Z.ll.

=
=

]
|

k

=

Puc.l. BexktopHslil crioco0 3aaHus IBUKEHUS TOUKH

TpaekTopueil TOUKHM B 3TOM cllyyae sBJseTca rogorpad ee paauyc-

BEKTOpa.
CKOpOCTh TOUKH:
_dar -
v=—=1I
dt
Y CcKopeHHue TOUKMU:
L do dir .
aAa=—=——=1Y
dt  dt?

2. KoopanHaTHBII CII0C00.
[Ipy  KoOpaMHATHOM  CIIOCOOE  JBYMDKCHUE

KOOpJAMHATaMU, KaK QyHKIMSIMU BPEMEHU

1)

(2)

TOYKHU 3a4aCTCA

X=fi(t); Y="1,(); Z="1(1). 3)



DTH ypaBHEHUS ONPEICSISIFOT 3aKOH JIBYKCHUS TOYKH (pHC.2).

&

Z

Puc. 2. KoopauHaTHBINA c1oco0 3agaHus ABMXKECHUS TOYKH

HpI/I KOOPpAHMHATHOM croco0e HaxoguM IPOCKOHUHU CKOPOCTH Ha
KOOPpAHMHATHBIC OCH

dx dy . dz
Vy=—=X, Vy=—=VY, VL, =—=1, 4
X dt T 4)
CKOpoCTh TOUKH
\/UX+Uy+UZ : (5)
Lx . Ly . Lz
a HaIPaBJIAIOIIHE KOCUHYCBI - COSoL=—>; COSP=—>-; COSy=—=.
L L L
AHAJIOTHYHO HAXOJIUM MHPOSKITUU YCKOpeHI/IH Ha OCH KOOPJIMHAT
doy d%x doy g N dv, d?z
axz—dxz—zzx; ay = e 2y y; a,=—2=* === (6)
Ut ot dt gt dt g
Y CKOpeHHE TOUKHU
\/ax+ay+az , (7)

a a a
a HATPABIIAIONINE KOCHHYCHI - COS0y =—X; COSPy=—-; COSy; =L,
a a a

3. EcrecTBEHHBIN CIIOCO0.




[Ipu ecrecTBEeHHOM CIIOCOOE U3BECTHO HAYalI0 OTCUETA HA TPACKTOPUH,
HalpaBJI€HUE JBWXEHUS (puc.3) W 3aKOH JIBUKEHHUS TOYKM BJOJb
TPACKTOPUU B BUJIE:

S = f(t). (8)
5(1)

Puc.3. CKOpOCTB N YCKOPCHHUC TOYKH IIPpU CCTCCTBCHHOM crrocooe
3alaHusA ABHKCHHSA TOYKH

Jlnsg HaxOoXXAEHHS CKOPOCTH IPH €CTECTBEHHOM CIIoco0e 3aJaHusd
JIBWKEHHUSI CJICyeT BBIYMCIWTH MPOU3BOJHYI0 OT 3aKOHA M3MEHECHUS
JyTOBOU KOOPAWHATHI:

ds
v=—=
dt

Bripaxxenue (8) ¢ yueroMm (9) maeT BO3MOXXHOCTH MOJYYUTHh 3aKOH
M3MEHEHHUS MTPONEHHOTO TOUKOM MyTH OT BPEMEHHU:

t t
s=[vdt = [,/u°x + vyt (10)
0 0

Jlunetinoe yckopenue mouku, KaKk W JIMHEUHYIO CKOPOCTb, MOKHO
MIPEJICTaBUTh
B BUJIE CYMMBbI COCTAaBJISIOIIUX MPOCKIHMH Ha OCHU JCKAPTOBOM CHUCTEMBI
KOOpJIMHAT:

3 (9)

a MPOEKLUHNHU YCKOPEHUS PABHBI IIEPBBIM MMPOU3BOJIHBIM OT COOTBETCTBYHOILIUX
IPOEKUUNA CKOPOCTEN IO BPEMEHU:
dv dv
ay=—2; ay=—27. (12)
dt dt
[TonHOE yCKOpEHHE TOUKU BBIYUCISETCA 10 (hopMyIie:

a=,/a’x +a2y. (14)
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BripaxkeHrus: TpOEKIUK JIMHEMHOrO YCKOPEHWs Ha JEKapTOBBI OCH
KOOpJAMHAT HECYT HWH(POPMALMIO TOJBKO 00 H3MEHEHHH OCEBBIX
COCTaBJISIFOIIUX CKOPOCTH.

XapakTep HM3MEHEHUSI BEKTOpa CKOPOCTH OMNPEACNSIOT MPOEKIINU
BEKTOpa YCKOPEHHUS Ha €CTECTBEHHBIE OCH KPHUBOM, MO KOTOPOM JIBMXKETCS
TOYKA: KaCaTEJIbHYIO
Y TJIaBHYIO0 HOpMaJlb.

Kacamenvnoe yckopenue TOYKM 8, XapaKTepHU3yeT OBICTPOTY
W3MEHEHUS CKOPOCTH IO BEJIMYMHE W HaxomauTcs auddepeHInpoBaHHEM
CKOPOCTH IO BPEMEHH:

4 - dv
~ todt

Bektop @, HampaBisieTcsi no Kacameavhou k mpaekmopuu. OH
COHANpPABJICH C BEKTOPOM CKOPOCTH INMPH YCKOPEHHOM JBIKCHHH TOUYKH U
MPOTUBOTIONOKEH €My B Cilydae 3aMeUICHHOro ABWXKeHusd. Eciu Todka
JIBKETCA C TIOCTOSIHHOM CKOpPOCTBIO, TO KacaTelIbHOE YCKOPEHUE
OTCYTCTBYET.

Hopmanvnoe yckopenue @, XapakTepu3yeT H3MEHEHUE CKOPOCTH IO
HarpasiieHuro. J[ig ero pacuera npuMenseTcs Gpopmyna

(15)

ap=—-. (16)
P
TJI€ p — paanyC KPUBU3HBI TPACKTOPHUHU.

BekTop HOpMalbHOTO YCKOPEHHS @, BCETJa HANPABISIETCS K YeHmpY
KPUBU3HbL Mpaekmopuu, TO €CTh MO TJIaBHOW HopMmaiu. [lpu nBMXKeHUU
TOYKH TI0 TpsiMoit @, = 0 .

BekTop TOMHOTO YCKOpPEHUSI TOYKH paBEH TE€OMETPUYECKON cymMme
KacaTeJIbHOTO M HOPMAJIBHOT'O YCKOPECHHIMA

a=a;+an. (17)

Ha pucynke 4 mnokazaHbpl HaNpaBJICHUs BEKTOPOB CKOPOCTH U
YCKOPEHHI TOYKH B CIIy4ae €€ YCKOPEHHOTO JIBHKCHHUS.

[lockonpky KacaTelbHOE U HOPMAJIbHOE YCKOPEHHS B3aWMHO
NEPIEeHIUKYISAPHBI, TO TIOJHOE YCKOPEHHUE TOYKH PACCUUTHIBACTCS 10

dbopmye:
a=+a’; +a’n. (18)



CnenoBareyibHO, MOJHOE YCKOPEHHUE
TOYKM PaBHO HYJIO TOJIBKO B Ciydae
OJHOBPEMEHHOTO OTCYTCTBHUS KacaTeJIbHOW U
HOPMAaJIbHOM COCTAaBJISIIOIINX, TO €CTh NpPH
JIBUKEHUHM TOYKH IO MPSIMOM C TOCTOSIHHOMU
CKOPOCTBIO.

Puc.4

BOITPOCHI JJIs1 CAMOKOHTPOJIA

1. Yrto Takoe KMHeMaTHKa?

2. OCHOBHBIE KHHEMAaTHYECKHE XapaKTePUCTUKHU JBUKCHUS?

3. Kakue cnocoOpl 3a1aHus ABMIKCHUS TOYKH CYIIECCTBYIOT, H B UM
3aKJIFOYAETCsI OCOOEHHOCTD KaXKI0I'0 M3 3THX CIIOCOOOB?

4, Kak omnpeaensieTcs CKOPOCTh TOYKHM ISl Pa3IdYHBIX CIOCOOOB
3aJlaHUA OBIDKEHUS ?

5. Kak omnpegensiercss yCKOpeHHE TOYKM TIPU €CTECTBEHHOM,
BEKTOPHBIM ¥ KOOPAWHATHOM CIIOCO0aX 3a/IaHMs JBIKCHUS?

6. B kakux ciaydasx HOpManabHOE YCKOPEHHE TOYKH PAaBHO HYJIIIO?

/. Korma kacaTenbHO€ YCKOPEHHE MPU KPUBOJWHEHHOM JABMKCHUU
PaBHO HYJIO?

NPUMEP PEHIEHUA 3ATAY
[IporwiutrocTprpyeM METOAMKY PELICHUS 33/1a4 Ha CIECIYOLIEM ITPUMEPE.

HCXOI{HI)IG JAHHBIC. 3aKOHbI U3MCHCHHA KOOPAWNHAT TOYKH, M:

2t

Xx=1-2co0s : y=23in%t+l.

OnpenenuTh: TPACKTOPUIO TOYKH; MOJOKEHUE, CKOPOCTh, YCKOPEHHE U
pagnuyc KPUBHU3HBI TPACKTOPHUH, COOTBETCTBYIOIIIME MOMEHTY BpemeHu t;=1
C.

Pewenue.

|. Ananumuueckoe pewernue 3a0ayu

1 Onpeoensem ypaeunenue mpaekmopuu mouxku auvarumuyecku. Jns
ATOTO UCKIIIOYUM U3 3aJIaHHBIX ypaBHEHUM nBuxeHus Bpems t. [lockonbky B
3aIaHHBIX BBIPAXKEHUSIX BpPEMS SBISETCS apryMeHTOM (QYHKIUHA CHUHYC U



KOCHHYC, TO BOCIIOJI3YEMCSI ~ M3BECTHBIM  TPUTOHOMETPUUYECKUM
TOXKIECTBOM:

sin2a+coszoc:1

B Hamewm ciryuae

sinn—t:y—_l; coszn—tzl_—x.
3 2 2
sinzn—t+coszn—t=1
3 3

2 2
CnenoBaTenbHO (yT_lj + 1_—X =1 % -x-1=0.

2
(y-1)?
Orcroza HaxOmuUM: X :T_l - YPaBHEHHMEM TPAEKTOPHHU SABIISAECTCS

napaboia.
.t o
Tak kak —1£sm§£1, TO JBMKECHHUE TOYKU IIPOUCXOIUT HE IO BCEU

napabose, a o e€ ygactky -1<y<3.

JIJ1s1 TOCTPOCHUM TPACKTOPHUH COCTABUM TaOJUIly 3HAYCHUN KOOpAUHAT
Xuy:

X -1 0 1 2
% 1 -0,5 -1 -0,5 3

w

B macmrabe cTpouM TpaeKTOPHUIO JBHKEHUS TOUKH.
2 Onpedensiem  KoopouHamsl  Ogudcywetica  mouku M,

coomeemcmeyrowue momenmy epemenu t;. lloacraBnss 3HadyeHue t; B
3aJJaHHBIC YPABHECHUS IBWKECHUSI, HAXOVM:

X =1-2 cos? T_ 0,5m; Yy = 25in£+1: 2,73 m.
3 3

N300paxkaeM Ha  TpaeKTOPUH TOYKy M; ¢  TOJyYCHHBIMHU
KoopuHaTaMu (puc.5).
3amMeuaHme: 37eCh M Jajiee MPU pacyeTax YUCICHHBIX 3HAYCHWHA BEIIMYUH

apryMEHT TPUTOHOMETPHYCCKMX (YHKIUH CIEAyeT IIOJCTaBIATH B
pajanaHax.

3 Onpedensem nuHelHyr0 cKopocms mouku. Jlnsg 3Toro BHayaie
HaXOJMM 3aKOHBI H3MEHECHUS OCEBBIX MTPOEKIUN CKOPOCTH:



dx 4n  mt . mt) 2n . 2nt.
Uy =— =——— COS—| —sin— |="=sin=—;
dt 3 3 3
dy 2n_ mt
Uy =—=——C0S—.
dt 3 3

Torma CKOpOCTh TOYKHU

2 2
4 .02 4 2 . o 2mt t
U:w/ozmzyj n°Gn2 2t 4T cosﬂ_t:_ws.nz?hcosﬂ_.

9 3 9 3 3 3
B MomeHT Bpemenu ;=1 ¢, nonyvaewm:
2T . 2T

Uy, = ?sm 3 =1814 wmlc;

Ly, :EcosE =1047 wmlc.
3 3

/\E
—
—
=

-2

Puc.5. I'paduk pynkmmm x=f(y)

B cooTBeTrcTBUM C pe3ynbTaTaMy pPacyeTOB Ha PUCYHKE H300pakaem
BEKTOp cKopocTu. JlJist 3TOro B BEIOpaHHOM MaciiTtade, Hanpumep, B 1 cm — 1
CM/C, U3 TOYKU M7 OTKJIabIBAEM COCTABIIAIOIINE BEKTOPA CKOPOCTH Uy H Vy.
3aTeM MyTEeM CIIOKEHHUS COCTaBIISIIOIIMX TOJIy4aeéM BEKTOpP CKOPOCTH V.
[Ipu npaBUIBHBIX pacueTax M MOCTPOCHUSX ATOT BEKTOP JOJKEH JIeXKaTh Ha
KacaTeJIbHOM K TPACKTOPUU JABUKEHUS, YTO U MOJYYHIIOCh HA PUCYHKE O.
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4 Cmpoum epaghux ¢pynuxyuu v = f(t). On n306paxen Ha pucynke 6. Ha
y4acTKEe OT Hayajla ABMKEHHUA A0 MoMeHTa BpemeHu t = 0,63 ¢ ckopocTh
TOYKH YBEJIMYUBAETCS, CJIEIOBATEIBHO, B 3TOT MPOMENKYTOK BpPEMEHH
IBUKEHHE TOYKM YCKOPEHHOE, a Ha uHTepBajie or t = 0,63 ¢ no t = 1,57 ¢
CKOPOCTb YMEHBIIIAECTCS, 3HAYUT HAa HEM JBWIKCHHE TOYKH 3aMeEJJICHHOE.

I[aﬂee MNPpOUCXOAUT YCPCAOBAHNUC 3TUX BUAOB JABUKCHUA.
3

\/

2

0 1 2 3 4 5 t.c 6

Puc.6. I'padux pysxmmum v = f(t)

5. Onpeoensiem nuwneunoe yckopenue mouku. J[as 3TOro Haxoaum

OCCBBIC COCTABJIAIOIINEC YCKOPCHHA:
_duy 2m 0 2nt 2n 472 2mt

ay=—> oS c
dt 3 3 3 9 3

doy 27‘5( : nt)n 2n° . mt
ay =—=—|-SN— | -—=——SIN—.

dt 3 3)3 9 3
B momenT Bpemenu t1=1 ¢, nonydaem
2
ay, = ﬂcosﬁ =219 mlc?;
19 3
27:2 T 2
ay, ==———sin-=-190 wm/c".
1 9 3

JIuHeiHOE YyCKOpEHUE TOUKH Haiiiem 1o ¢popmysie a= Jalx+ a2y :
a=(-219)2 +(-190)% =29 w/c?.

BekTopbl &, 8y,ay H300pakaeM Ha PHCYHKE 5, BbIOpaB HOBBIN

MaciuTaba, Hamp. lem — 2 m/c’.

6. Bwluucisem npoekyuu  JUHEUHO20  VYCKOPEHUs MOYKU  HA
ecmecmeentbvle ocu KoopouHam. 3aBUCUMOCTb KacaTelbHOI'O YCKOPEHUS OT
BPEMEHHU UMEET BUI:

11



2mt 27t 27 it it . 4nt . 2mt
do o 2sin——Cc0S—— — — 2¢c0S—Sin—— 2 2s8iIn—— —sin——
3 3 3 3 33_T 3 3

T~ 4 =—
dt 3 . 9 [
2\/sm22 M cos? ™ \/3|n22’ﬂ+0052“t
3 3 3 3
Lyay +VLya
uiu 1o hopmyre: a; =[6-a/v a, =| XXy y%
L

KacarenbHOe yckopeHue oT BpemeHnu u t)=1 c:

47 27
2 2sin— —sin—
a =" 3 8 2849 wmlc?
9 \/ 2 2T 2T
sin© == + cos” =
3 3

3HaK «MHUHYC», TOJYYHUBUIWWCSA IIPU pPaCUETe, MOKA3bIBAET, YTO B
paccMaTpuBaeMbli  MOMEHT BPEMEHU JIBUJKCHUE TOYKHA  SIBIACTCA
3aMEJIJIEHHBIM.

[Tockonbky a:\/azT +a2n, TO
= JaZi—a2y, =\(29) —(-2849)> =0541 w/c?,
Lyay —oyax‘
v h

win o opmyne:  ap =[vxa/vjap =

N3o00paxkxaeM Ha PHUCYHKE BEKTOpPHI KacaTeIbHOTO W HOPMAaJIbHOTO
YCKOPEHUH @, 8, B TOM € MaciiTade, B KOTOPOM paHee H300pa)kaiuch

BEKTOPHI yckopeHui (B 1 cM — 2 m/c2). BekTop KacaTeiabHOTO YCKOPEHUs
HaIlpaBJICH MO KacaTeJIbHOU K TPAeKTOpHUHU JBMKeHUs. [IoCcKoJbKY B Harein
3a/lauye KacaTesIbHOE YCKOPEHHE IMOJYy4YUIIOCh OTPULATENIbHBIM, TO OHO
HalpaBJI€HO B CTOPOHY, MPOTHBOIOJOXKHYI HAIPaBICHUIO BEKTOpA
ckopoctd. HopManbHO€ yCKOpEHHE HaIlpaBJICHO MNEPHEHIUKYISPHO
KacaTeIbHOMY K IIEHTPY KPHUBHU3HBI TpaeKkTopuu. BekTopHas cymma
KacaTeJIbHOTO M HOPMaJIbHOTO YCKOPEHMH OKa3ajach paBHa BEKTOPY
MOJIHOTO YCKOPEHHS, MOJYYEHHOIO 4Yepe3 OCEBblE MPOEKUUHU. ITOT (HaKT
MOATBEPIKIAET MPABUILHOCTh PACUETOB.

[ Onpedenum paouyc kpusuznvl mpaekmopuu 8 mouke My . Jns 3Toro
02
ucIoJib3yeMm hopmyiy a, = —. M3 He€ nosrydaem:
p

_an_200° g0,
P=.2 0541

12



W3 onucanus pelieHdus Ccleayer, 4To IOCTpoeHue Trpaduka c
HAHECEHHEM BEKTOPOB CKOPOCTEH W YCKOPEHUW TMO3BOJSET MPOBEPUTH
MPaBWIHHOCTh aHAJUTUUYECKUX pacueToB. [Ipy 3TOM JOJKHBI BBITIOJIHATHCS
CIEAYIOLINE YCIOBHUS:

— TOYKa C KOOpJWHATAMHU X , Y1 JOJKHA MOMACTh HA U300paKEHHYIO
TPACKTOPHUIO;

— BEKTOP CKOPOCTH VL; , TOCTPOEHHBIN KaK JUaroHalb MIPsMOYTOJIbHUKA
CO CTOPOHAMH Ly, H Uy, , IOJDKCH OBITh HAIPABJICH BIOJb KACATEIBHOU K

TPAaCKTOPHUH B TOUKE C KOOpAUHATAMU X1 , Y1 ,
— BEKTOPBI YCKOPEHUN, TTOJTYYEHHBIEC KAK IUArOHAIM MPSIMOYTOJIbHUKOB
CO CTOPOHAMH ay, ,ay, U dr, » A, , NOJOKHBL COBIACTD.

Il. Yucnennoe pewenue 3adauu ¢ noMoubo KOMIbIOMEPHOU
npoepammuou cpedvt MATHCAD

Jliis sroro orkpoeM Mathcad u moAroToBUM B OKHE pPEIaKTHPOBAHUS
3aJJaHUE HA BHIYUCIICHHUE.

Jns  3amycka (OpPMYJIBHOTO PENAKTOpAa JIOCTAaTOYHO YCTAHOBUTH
yKa3arelib MBIIIKM B JIIOOOM CBOOOJHOM MECT€ OKHA pPEAaKTUPOBAHUS U
HICTIKHYTh JIEBOM KHONKOW MbIU. [losSBUTCS Kypcop B BHAE MAJIEHBKOIO
KpacHOro kpectuka. Ero MoXHO mnepemenmarh KIABHUIIAMHA MEPEMEIICHUS

Kypcopa.

BBomuM mcxomnble ypaBHeHus nerwkenus x(t), y(t), u 1y, mcmonn3ys
orepaTop MprucBauBaHus ":=", KOTOPBIHA MPUMEHATCS JIJIS 3aJJaHHs 3HAYCHUI
TICPEMCHHBIM.

[ToaroToBKa BBIYMCIUTENIBHBIX OJIOKOB OOJerdaercs: 0naroaapsi BHIBOIY
mabJioHa TpW 3aJaHUU TOTO WJIM HWHOTO omneparopa. [[is »Toro ciyxar
MaJTUTPbl MATEMATUYECKUX CUMBOJIOB U IIA0JIOHOB ONEPATOPOB U (DYHKITUH.

BblunciieHust BBITIOJHSAIOTCA IMOCHUMBOJBHBIM HA0OpOM JIEBOM YacTu
BBIYUCIIIEMOTO BBIPAXEHUSI W YCTAaHOBKOM IMOCJIE€ HEro oreparopa BhIBOJA —
3HaKa «=» (paBHO).

Huddepenmupoanne Gynkmui X(1) u y(t) TpoUCXOIUT C MOMOIIBIO

— 01—
omeparopa dm d'  pa namenu "MaremaTnueckuii  aHamus". st
CHMBOJIBHOTO BBIBOJA TMOJIYYEHHOIO OTBETa BBECTH omeparop "—'", mid
YUCJIEHHOT'O BBIBOJIA - ONIEPATOP«=N.
AHQJIOTMYHO, C TOMOIIBIO CUMBOJIBHBIX PEIAKTOPOB, OIpEaesieM

MOZYJIH a; ¥ &; YCKOPEHUN U PainyC KPUBU3HBI TPAEKTOPHH .
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JINCTUHT BBIYMCIICHUN IPUBEJCH HA PUCYHKE 7.

]gaﬁn [paeka Bwa Bcraska ®opmatr  WMuctpymedter  Cumeonedble onepaumn  OgHo  Cnpaeka
B SR Y | Y =

armal A lﬁu’ial

[ [==[T3) <2 (23]t | L

= — a3 fx xf xfy xfsf

ypEEIHEHHH ABUHEHWA

-

it ot
#(ty =1- 2-cosj w-— | wt) = 2-stn wo— | + 1 tl=1
IL‘ 3j I“- 3)
#tl) = 0.3 ¥(tl) = 2732
CropocTe TOUKK
£t Ipedecknid
ety (et 2om-cos! =t
fm-cos| —— |-sin| —— d Wmsk 3 ) o 5
1 3 jl 1 3 jl —ﬁ-‘[t} — .
Sxit) > - ot 3 \
dt a
vx = Lxe) vx = 1814 Rl vy =104

4 Z 4 I = W
=IO om e o

O = 1 s 3 = o
Yood AR T O om

[~
" .
L
= (=
£
(=]
T‘
(=1
-4
(3]
M E N e aow 3

a a2
2 A 2 A 2 et
- 47 -cos| ﬂT: 47 -sin L: 2w zin ﬂ; | (1 I P B - B = £
L) » - — Lyt > - 2 I In Beows
e o 9 t* o
a pl
- . CuMEOABHBIE
ax = iwx(tl} ay = —=y(tl) @
del dtl — - Muodifiers
s 2y = —1.899 float rectangular  assume
;= solve sirnplify substitute
2 2 factar expand coeffs
a:=/ax + ay
collect series parfrac
a=2501 fourier laplace frans
KacarensHoe ycKopeHne HopmaneHoe yckopeHue inviaurier invlaplace imatrans
VI-EX + Uy-ay o | REy vy 3 3 M — Ml [M] =
ar = |— T P U anl =.Ja - ar . .
v explicit cambine confrac
at = 2849 an = 0,348 anl = 0.548 e
a2
— U‘- I
p= p= g

Puc.7. JIuctuHr BRIYUCIICHUNA

s moctpoenust rpadukoB ¢yHkmui x=fy) m v=
napameTp t, Kak TUCKPETHBIA pacyeTHBI MHTEPBaAI BpeMeHH, ¢ marom 0,1 u
Ha TIaHEeJX UHCTPYMeHTOB "I'paduk" mienkaeM Ha KHOMKE ¢ M300pakeHUEM
rpaduka — Ha KpaHe MOoABUTCS mabaoH rpaduka. BBeném B MecTo BBOJA MO
ocu X u Y - x(t) m y(t,) - umMa HesaBucuMoro aprymenra. OTBenéM OT

14
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rpad)iKa yKazaTellb MBIIIM U IIeJIKaeM JIEBOM KHOMKON — rpadHK TPaeKTOPHH
ABWKEHUS OyneT moctpoeH. [lanee, aHamornyHo, noctpouM Tpaduk v = f(t).
Ecnu Bel XotHTe npocMoTpeTh MaTpuily 3Hauenuit x(tp) u y(t,), To cpasy
Hke rpaduka x=f(y) BEIBOAMM HX 3HAYCHHS C IIOMOIIBIO OIIEPATOPa BHIBOIA
— 3Haka «=» (paBHO). CmpaBa B TaOJMIIC MMEETCS I0JI0CA MPOKPYTKH, C
IIOMOIIIBIO KOTOPOI MOYKHO MPOCMOTPETh 3HaueHMs 1, B nHTepBaie ot 0 10 6.
JIMCTHHT ¢ TOCTPOCHHBIMH IpapUKaMHM IIPUBECH Ha PUCYHKE 8.

®aiin [paska Bwg Beraska ®opmar  WHorpymentel  Cupeonedbie onepaunn  Ogno  Cnpaeka

2l gl v | | me = (005 ~]| @ ||[@[F) (==]18) < ET[=p[ ] | b= D &

iables Times Mew Roman 10 | | | | = = = — == fx xf xfy xfy

t2=001.6

W
o=afux” + oy

Fr) (el [ (a2

5_1,.7,;.@55 — lsin — | | 2w-cos, — |
i = | o) o) | [ o3 |
#A= 4 3 )T )

At2) =

-0.978
-0.914
-0.809
-0.669
-0.5 2
-0.309 2.176
-0.105 2.338
0.105 2.486
0.309 2.618
0.5 2.732
0.669 2.827
0.809 2.902
0.914 2.956
0.978 2.989

(£2)

Puc. 8. Co3znanue nekapToBBIX TpauKOB

BreiBeneMm Ha neyath rpaduku Gyuknui x=f(y) u v = f(t). Ha rpajuke
dynkuii x=f(y) ormeTuTh TOUKy M1(X,Y) ¥ B COOTBETCTBHH C pe3ybTaTaMHU
pacueToB, BBIOpAHHBIM MacIITabOM, H300pa3uTh BEKTOpAa CKOPOCTEH U
YCKOPEHUM.

15



Hopaook eévinonnenusn padomot

1. O3HaKOMHTBCA C TEOPETUUECKON YaCThIO U MPUMEPOM BBITIOJTHEHHUS
3a1aHUSL.

2. AHAIUTHYECKU ONPEACIUTh TPACKTOPUIO TOYKH, PaCCUMTATh €€
CKOPOCTh M YCKOPEHHE MO 3aJaHHBIM YPaBHECHUSAM JIBHXKCHUS
Tabauubl 1.

3. HucneHHo, ¢ TMOMOIIBIO KOMIBIOTEPHOM MPOrPAMMHON Cpeibl

MATHCAD, pemutsb Tyxe 3a1ady.

ITo rpaduky v = f(t) nark XapakKTepUCTUKY JABHKCHHS TOUYKH.

Odopmuts paboTy, CpaBHUTH MOJIYUYCHHBIC PE3yJbTaThl, CHCIATH

COOTBETCTBYIOIIIHUE BBHIBOJIBI.

oA

BAPUAHTHBI 3AJJAHUN 1JI1 CAMOCTOSTEJBHOT'O
PEINEHUA

AHQJIUTUYECKM W YHWCJIEHHO, C  TOMOIINbIO  KOMIIBIOTEPHOMU
nporpammuon cpeapsl MATHCAD, mo 3amaHHbIM ypaBHEHUSIM JIBHKEHUS
TOYKH B KoopauHaTHOH dopme X = X(1) , ¥ = y(t) (X, y — B canTUMeTpax, t —
B CEKYHJaX) COCTaBUTh YpaBHEHHE TPACKTOPHUHU, MOCTpOUThH ee. Hailtu
3aKOHbl U3MEHEHUS €€ CKOPOCTH, MOJIHOTO, KacaTE€IbHOr0 W HOPMAJIBHOTO
YCKOPEHMH, a TakXke H300pa3uTh Ha PUCYHKE BEKTOpPa CKOPOCTH H
YCKOPEHUS U UX MPOEKITMU Ha OCH KOOPAUHAT.
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Tabmnua 1

Bapuant | YpaBHenus nBukennsi | Bpems | Bapunant | YpaBHeHus nBM:KeHust Bpems
X =4sin (gt) X =3-6sin (gtj
1 . 12 i 1
y:4—9cos(—t) 1 y:4—9cos(—t)
6 6
X=4-2t 1 X=2t+4 )
2 y:t2—2 13 y:t2—2
T XxX=2t+4
x:12cos(—tj -
3 6 14 y=2+23in (—tj
(n j 1 4 1
y =—4cos| —t
6
X=2t+2 3
Xx=3-t
4 %3 1 15
y=2t y=2t3+4 1
X =7sin (gtj+2 X =4sin (gt)
5 1 16 1
x:7cos(5tj—4 y=2—3cos(£tj
3 3
X =5t x:3_—sin3t
6 y=-3t2 42 1 17 y=2sin3t—4 /9
x:3sin2(gtj X = Zsin(%tj—z
! o 1 18 T 1
y=5C082(—tj—1 y:4cos(—t]—4
6 4
3 x=t%-3 1 19 x=4+t3 1
y=2t2+4 y=2+2t3
x:SSin(gtjﬂ% X =3sin (gt)—Z
9 . 1 20 . 1
=3coy —t -2 =4-9cos| —t
g {6 ) g (6 j
X =-2t X=2cosmt—1
10 y=t2_2 2 21 y = 2sinxtt + 2 1/4
x=Tt> -3 X=1t
11 y =5t 1 22 y:7t2+6 1

17




pooJDKeHue Taor. 1

Bapuant | YpaBHenus nBukennsi | Bpems | Bapunant | YpaBHeHus nBM:KeHust Bpems
x=3sin2(gtj+2 x:63in(gtj—4
23 (7 1 29 i 1
:2 —t —1 :3 —t 2
Yy COS (3 j y COS(6 )+
x:3—63in(gtj x:losin(gt)
24 . 1 30 - 1
=2-2 —t =4-8cos —t
’ 00{6 j ’ {6 j
25 oot 2 | 31 J— 4s 212 1/2
X =2t% +4 X =4t% +1
26 vt 12 | 32 o 1
x:sinz(gt)—l X =12sin ( )
27 o[ 1 33 1
= “t|+1 =12 =
Y =CO0S (4 )+ y COosS (6 j
X =3sin (gt) x——4cos(g )
28 1 34 1
y:ZCOSth—l yzesin( j 1
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