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BBEJAEHHUE

OcHOBHasi 1edb JaHHBIX METOAMYECKMX YKAa3aHUM — H3y4YCHUE
TEOPETUYECKOI0 MaTepuajia W OBJIAJICHUE HaBbIKAMHU pELICHUs 3aJa4y Ha
TeMy «KHHEMaTHUKa TOYKU».

JUJ11 OCBOEHUSI TEOPETUUECKOI0 MaTeprasa He0OX0IMMO 03HAKOMUTHCS
C KPaTKMMU CBEICHMSIMH U3 TEOPUH PEKOMEHIyeMOU JmTepaTypsl. OTBETHI
Ha BOIIPOCHI IIOMOTYT CTYIE€HTAM 3aKpPEIUTh TEOPETUYECKYIO YacTh pa3ena.

ITpennaraemass  pa3paboTka IpelHAa3HA4Y€HA Ui ayJUTOPHOIO
KOHTpPOJISl TEKyIIeH YCIeBaeMOCTHU CTYAEHTOB, a TakXke g OO0ydyeHus u
CaMOKOHTpPOJII BO BHEAYAUTOPHOE BPEMs IPU IOATOTOBKE K IMPAKTUYECKUM
3aHATUSIM U DK3aMEHaM.

KPATKHUE TEOPETHYECKMUE ITOJIOKEHUA

KunemaTuka TOYKH — pa3zesl KHHEMATUKU, B KOTOPOM HCCIEAYETCS
MEXaHUYECKOE JIBUKEHUE MAaTCPUATBHBIX TOYEK.

OnmHOW W3 BaXHBIX XAPAKTEPUCTHUK JIBWKEHUS TOYKH SABJSECTCSA
TPACKTOPHS €€ IBUKEHUS, T.€. TCOMETPUUECKOE MECTO ITOCIIEIOBATEIIbHBIX
(c TeueHHEM BPEMEHHM) MOJIOKEHUH TOUKH B IIPOCTPAHCTBE.

JlpyruMr KUHEMATUYECKUM XAPAKTEPUCTUKAMU JIBMKCHUS TOYKH
ABJISIFOTCS. CKOPOCTh U YCKOPEHUE.

CkopocTb1o TOYKH HAa3bIBACTCS BEKTOpHas BEJINYMHA,
XapakTepu3yrouasi ObICTPOTY JBUKEHHUSI TOUKH 110 TPACKTOPUH.

CKOpOCTh TOUKH HAITPaBJIEHA M0 KACATEIbHON K TPAEKTOPHHU.

M
Envanna namepenns ckopoctu B cucreme CHU —merp B cekyHay [:) :

YckopeHHeM ~— TOYKH ~ HA3BIBA€TCS  BEKTOpHAs  BEIUYMHA,
XapaKTepU3yIolass K3MEHEHHE ¢ TeUCHUEM BPEMEHH MOJYJIS M HaIlpaBIICHHUS
CKOPOCTH TOYKH.

Enunuiia usmepenust yckopeuust B cucreme CHM — MeTp Ha CeKyHIy B
kBazpare (M/c).

Eciu mnpu JBMKEHHHM TOYKH II0 TPAeKTOPUU MOAYJIb CKOPOCTH

du
BO3PACTaeT C TEYEHUEM BPEMEHU (E >0), To Takoe ABUKCHUEC HA3bIBACTCS

du
YCKOPEHHBIM, a TIpH E:COHSP 0- paBHoyckopeHHbIM. Eciu Momysib



)
CKOPOCTH NpPU JABWKEHUM TOYKH YMEHBIIAETCS (E<O)’ TO JBUKCHUE

du
Ha3bIBACTCs 3aMeqJIEHHBIM, a [pH a=const< 0- paBHO3aMeIJIeHHBIM.

U
IIpu U = const %t =0) ABM)KCHUE HA3bIBACTCSI PABHOMEPHBIM.

CymectByer 3 crnocoba 3ajJaHusl JBWKEHUS TOUYKHU: BEKTOPHBIH,

KOOPAWHATHBIN U €CTECTBEHHBIM.

1. BekTopHBIN C110CO0.
[Ipr BekTOpHOM cmocoOe JBMKECHHE TOYKH 3a7aeTcsd 3aKOHOM

M3MEHEHHs PaJiyc-BEKTOpa BO BpeMeHu r =r(t) (puc.7.1).

z.ﬂ.

-1
c

I

Puc.1. BekTopHslil cioco0 3agaHus ABMKCHUS TOUKH

TpaekTopueil TOUYKM B 3TOM cllydae SBISIETCS Tojorpad ee paamyc-

BEKTOpA.
CKOpOCTh TOYKH:
dr -
U=—2=r, 1
i (1)
Y CKOpEHHE TOUKU:
do _d°r _
a=—=——_—_-=¥Y 2

2. KoopanmHaTHBIN CI10c00.
[Ipy  KOOpAMHATHOM  CIIOCOOE  JBMIKCHHE  TOYKHM  3aJ1aeTCs

KOODAMHATAMH, KaK QYHKIMSIMH BpEMEHN
X=fi(t); Y =%, Z=10). (3)




OTH ypaBHEHHMS ONPEACIISIOT 3aKOH ABHUKCHHUS TOUKH (pHUC.2).

=

Z

Puc. 2. KoopauHaTHbIN c1oco0 3aaHus ABMKEHUS TOUKH

[Ipy KOOpAWHATHOM CMOCOO€ HAXOJUM TMPOEKIMU CKOPOCTH Ha
KOOP/IMHATHBIE OCU

Uy =—=X, Uy=—=VY, UV,=—=2, 4
X dt Y ar " YT (4)
CKOpOCTh TOUKH
_\/U2+U2+U2 (5)
= X yTVz
_ Ux. _VYy, _Ug
a HAITPaBJISIIONINE KOCUHYCBI - COSO =—=; COSB=—>; cosy=—%,
v v v
AHAJIOTMYHO HAXOJIUM MPOEKIIUM YCKOPEHHUS HA OCU KOOPAUHAT
. :dUX:dzx:X_ a :de:dzy:y_ . :duzzdzz: (6)
X ot dt2 Y ot dt2 7t dt2
YCKOpeHue TOUKHU
a—\/ax+ay+az, (7)

ay ay az
a HaIPaBJISIOIINE KOCUHYCHI - COSOq =—; COSP; =——; COSy; =—*=.
a a a

3. EcrecTBeHHBII CI1I0CO0.




[Ipu ecTecTBEHHOM cIOCOOE U3BECTHO HAYAJIO OTCUYETA HA TPACKTOPHH,
HampaBiicHue JBWKeHHS (puc.3) W 3aKOH JIBWOKCHUS TOYKH BJIOJIb
TPaeKTOPUU B BUJIE:

S = (D). (8)

Puc.3. CkopocTh U YCKOpPEHHE TOYKH IIPU €CTECTBEHHOM CIIOC00€
3aaHUs JBUKEHUS TOYKHU

JUIs HaxoXXIeHUsT CKOPOCTH IIPU €CTECTBEHHOM CIoco0€ 3alaHus
IOBW)KEHHS CJIEAyeT BBIYMCIUTH NPOU3BOAHYIO OT 3aKOHA W3MEHEHUS
IyTOBOM KOOPJUHATHI:

ds_
U=—=S o
Breipaxkenne (8) ¢ yuerom (9) maeT BO3MOXKHOCTH IOJIYYHTHh 3aKOH

N3MCHCHUA HpOfII[CHHOF 0 TOUYKOM IIyTH OT BPCMCHH.

t t
S:J.Udt:J.\/sz'FUzydt. (10)
0 0

Jluneiinoe yckopenue mouku, KaK W JIMHEWHYI CKOPOCTb, MOKHO
MPEACTABUTH
B BHUJ€ CYMMbI COCTAaBJISIOLIMX NPOCKIUN HA OCH JEKAPTOBOM CHUCTEMBI
KOOpPAMHAT:
a=ay+ay, (11)
a MPOEKIUU YCKOPEHUS PaBHBI MEPBBIM MMPOU3BOIHBIM OT COOTBETCTBYIOLINX
MPOEKIUKA CKOPOCTEN IO BPEMEHU

ay=—2%; ay=—>. (12)

[TonHOE yCKOpEHHE TOUKHU BBIUUCIISIETCS 10 (popmyie:

a= \/azx"'azy- (14)
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BripaxkeHnss mpoeKUuril JIMHEWHOTO YCKOPEHHS Ha JEKapTOBBI OCH
KOOpAWHAT HECYyT HWH(POPMAIMI0 TOJNBKO 00 W3MEHEHHH OCEBBIX
COCTABJIAKOIIIUX CKOPOCTH.

XapakTep W3MEHEHUsS BEKTOpa CKOPOCTU OIPEACISIIOT MNPOCKIHH
BEKTOPa YCKOPCHHUSA HAa €CTECTBEHHBIE OCH KPHUBOM, MO KOTOPOW IBHUKETCS
TOYKa. KacaTGHBHYIO
Y TJIAaBHYO HOPMAJIb.

Kacamenvnoe yckopenue TOYKA @, XapaKTEPU3YeT OBICTPOTY
N3MCHCHUA CKOpOCTI/I II0 BCINMYMHC W HaAXOIAUTCA I[I/I(l)(I)CpCHI_[I/IPOBaHI/ICM
CKOpOCTH 110 BpeMeHI/I:

a =3
T dt

Bekrop @, HampaBiseTcs no Kacamenvhou k mpaekmopuu. OH
COHaHpaBHGH C BCKTOPOM CKOpOCTI/I HpH YCKOI)CHHOM JABHMKCHUU TOYKH U
HpOTI/IBOHOHO)KeH eMy B cnyqae 3AMCAJICHHOI'O ABUXCHMUII. ECHI/I TOYKa
ABHUKCTCA C HOCTOHHHOﬁ CKOpOCTBIO ) TO KaCcaTCJIbHOC YCKOpeHHC
OTCYTCTBYET.

Hopmanvroe yckopenue @, XapakTepu3yeT H3MEHEHHE CKOPOCTHU IO
HarpasJieHu1o. J[yig ero pacuera npumensieTcs Gpopmya

(15)

an=—o-: (16)
P
IJie p — paanyC KPUBU3HBI TPACKTOPHUHU.

BeKTOp HOPMAJIbLHOIO YCKOPEHHSI @y, BCETJa HANPABIAETCS K YeHmpy
KPUBU3Hbl mMpaekmopuu, TO €CTh MO TIaBHOW Hopmanu. [Ipu nBMXKEHUU
TOYKH 10 TpsiMoit a, = 0 .

BekTop MNOJHOTO YCKOpEHHUsI TOYKH PAaBEH T'€OMETPUYECKON CyMMe
KacaTeIbHOTO U HOPMAJIBbHOTO YCKOPEHUH

a=a +ap. (17)

Ha pucynke 4 1moka3aHbl HampaBJeHHUS BEKTOPOB CKOPOCTH U
YCKOPEHUH TOYKH B CITydae €€ YCKOPEHHOTO JIBHKCHUS.

[lockonpky KacaTelbHOE M HOPMAJbHOE YCKOPEHHS B3aUMHO
NEePIEHIUKYJSAPHBI, TO TIOJIHO€ YCKOPEHHE TOUYKH PACCUUTHIBACTCS TIO

bopmyie:
a=+/a’ +a’n. (18)



CrienoBaresbHO, MOJHOE YCKOPECHHUE
TOYKA PABHO HYJO TOJbKO B Cllyyae
OJTHOBPEMEHHOTO OTCYTCTBUS KacaTeJIbHOU U
HOPMAaJIbHOM COCTAaBJISIIOIINX, TO €CTh IIPU
JIBWKEHUHM TOYKH IO MPSIMOM C TOCTOSIHHOM
CKOPOCTBIO.

Puc.4

BOITPOCHI JJIs1 CAMOKOHTPOJIA

1. Yrto takoe kmHeMaTHka?

2. OCHOBHBIC KHHEMAaTHICCKUE XapaKTCPUCTUKH JIBIKCHUS ?

3. Kakwue cnocoOpl 3a1aHus ABMKCHUSI TOUYKH CYIIECTBYIOT, U B UYEM
3aKJIFOYAeTCsI 0OCOOEHHOCTDh KaXKJI0I'0 U3 3THUX CIIOCOO0B?

4. Kak omnpeaensercs CKOPOCTh TOYKH I Pa3JdYHBIX CIOCOOOB
3aaHus BVOKEHUS ?

5. Kak omnpenensiercss yCKOpeHHME TOYKM TIPU €CTECTBEHHOM,
BEKTOPHBIM U KOOPJIWHATHOM CITOCO0aX 3aTaHUs JBMKCHUS ?

6. B kakux ciaydasx HOpMalIbHOE YCKOPEHHE TOUYKH PAaBHO HYJIIO?

/. Korna kacaTenbHO€ YCKOPEHHE MPU KPUBOJUHEHHOM JABUKCHUU
pPaBHO HYJIIO?

HNPUMEP PEHIEHUA 3ATIAY
[IporwiutrocTprpyemM METOAMKY PEIIEHHUS 3aa4 Ha CIEAYIOLIEM ITPUMEPE.

I/ICXOI[HBIG JAHHBIC. 3aKOHBI U3MCHCHUS KOOpAWHAT TOYKH, M.
Tit . Tt
X=1- 2:0523 ;Y= 23|n§+1.

OnpenenuTh. TPACKTOPHUIO TOUKH, IMOJ0KEHNE, CKOPOCTh, YCKOPEHHE U
paauyc KpMBHU3HBI TPACKTOPUHU, COOTBETCTBYIOIIME MOMEHTY BpeMmeHH {;=1
C.

Pewenue.

|. Ananumuueckoe pewerue 3a0auu

1 Onpeoensem ypasuenue mpaekmopuu mouxku araiumudecxku. J{ns
ATOTO MCKIIFOYUM W3 3aJJaHHBIX YpaBHEHUHU ABWKEeHUS BpeMs t. [lockonbky B
3aJIaHHBIX BBIPAKEHUAX BpPEMS SBISICTCS apryMEeHTOM (QYHKIHWN CHHYC U



KOCHUHYC, TO BOCIIOJIb3yEMCS N3BECTHBIM TPUTOHOMETPUYECKUM
TOXIECTBOM.
sirfa + s a =1
B Hamem cinyyae
nt -1 nt_ 1-x
_y—4i. col Mt -

sin—=2_= ==
3 2
sin® = + cof — =
N2 4 02
CnenoBaTenbHO (y_lj +1—X =1 M—x—1=0.
2 2 2
_(y-9)?

Orcrona HaxoouM: X = -1 - ypaBHEHUEM TPACKTOPHUU SBISACTCS

2
napadoa.

- ﬂt L4
Tak kak —1< SII’]ESl, TO JBVMKECHHUE TOYKHU IIPOUCXOIUT HE IO BCEU

napaboJie, a o e€ yyactky -1<y<3.
JIJ1st TOCTpOCHUH TPACKTOPUHU COCTABUM TaOJIUIly 3HAYEHUN KOOPIUHAT
XHY:

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

w

B macmitabe cTpouM TpaeKTOPHUIO ABMIKCHHS TOUKH.

2  Onpeoensiem  KOOpOUHaAmMvl ogudicywetica ~ mouku M,
coomgeemcmayrowue momenmy epemenu ;. IlonactaBnss 3HaueHue t; B
3a/JaHHBIC YPABHECHUS JBIKCHUS, HAXOIUM

X =F 2C0522:O,5|4; Y1 = Zsinﬂ+ 1= 2,73 m.
3 3

N300paxkaeM Ha  TpPaeKTOPUH TOUYKY M; C  IOJYYCHHBIMH
KoopauHatamu (puc.5).
3amMeuaHue: 37cCh U Jajice NMPU pacuyeTax UYUCICHHBIX 3HAYCHUH BEITUYHH
apryMEeHT TPUTOHOMETPHUYECKMX (DYHKIMH claeayeT IMOJACTaBIsATh B
paauaHax.

3 Onpeodensiem nuHeuHyro ckopocmv mouku. JIJisi 3TOro BHauale
HAaXOJUM 3aKOHbI U3MEHEHUS OCEBBIX MTPOCKIIMH CKOPOCTH:



Torma ckopoCcTh TOYKU

L =1/u2x +U? y\/4n2 22m 4T[2 szm 2T |in2 2T 4 o2 T

3 3 3 3
B momeHT Bpemenn t;=1 C,HOquaeM.
2N . 2T

Uy, :?s ?—1,814 mlc

2T TT
Uy, —?cosg 1047 wmlc.

Puc.5.'padux pynxmmm x=f(y)

B cooTBeTcTBUU C pe3yibTaTaMHU pacue€TOB Ha PUCYHKE H300pakaem
BEKTOpP CKOpoCTHU. /{7151 3TOr0 B BHIOpAaHHOM Maciitade, Hanpumep, B 1cm — 1
cm/c, U3 TOYKH M; OTKIAIBIBAEM COCTABIIIOIINE BEKTOPA CKOPOCTH Uy U Uy,

3aTeM IyTEM CIIOKEHHUS COCTABISIONIMX IIOJy4aeM BEKTOP CKOPOCTH .
[Ipy npaBUIIBHBIX pacueTax W MOCTPOECHUSIX 3TOT BEKTOP JOJHKEH JIEKATh HA
KacaTeJIbHOW K TPACKTOPHUU JABUKEHUS, YTO U MOJIYYMUIIOCh HA PUCYHKE O.
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4 Cmpoum epaghux ¢pynxyuu U = f(t). On uzo0paxkeHn Ha pucynke 6. Ha
y4acTKe OT Hayaja JABWXKEHUs 0 MoMmeHTa BpemeHu t = 0,63 ¢ ckopocThb
TOYKHA yBEJIUYUBACTCS, CIEIOBATEIbHO, B JTOT MPOMEKYTOK BPEMEHH
JIBKEHHE TOYKM yCKOpeHHOoe, a Ha uHTepBajie oT t = 0,63¢c not = 1,57¢
CKOPOCTh YMEHBINAETCs, 3HAYUT HAa HEM JABWIKEHHWE TOYKH 3aMeJICHHOE.

I[anee NPpOUCXOOUT YCPCAOBAHUC OTUX BUAOB IBHUIKCHUSI.
3

VA
EUimE.

Puc.6. I'padux pysxmmm L = f(t)

5. Onpedensiem nuHeuHoe yckopenue mouku. J[as 3TOro Haxoaum
OCEBBIE COCTABJISIFOIINE YCKOPCHMUS:

_duy, 2t 2mt 2T[_4T[2 21t
ay COS——=——C0S—;
d 3 3 3 9 3

_duy 21‘[( T[t) n_ o2m . Tt
ay=—>=— — |==-=—s8n—
dt 3 3)3 9 3
B momenT Bpemenu t;=1 C,nonyyaem
4 om 2
axl :?COS?z_Z,lg mlc ,
L 218 . T 2
Y1 - _?S”]g—_l,go ]l/l/C

JInneitHOE yCcKOpeHNe TOYKHU HAWIEM 110 hopMylie a= a2x+a2 :
y

a=y(- 219 +(- 1907 =29 wm/c.
BekTopbl @, 3y,ay wH300pakaeM Ha PHCYHKE O, BBIOpaB HOBBI

Macmraba, Hanp. lcm — 2mlc?.

6. Buluucisem npoexkyuu  IUHEUHO20  YCKOPEHUs  MOYKU  HA
ecmecmeenuble 0cu Koopounam. 3aBUCUMOCTh KacaTeIbHOTO YCKOPEHHUS OT
BPEMEHH UMECT BU/I;

11



21t 21t 21 Tt . Ttm 4nt 21t
n—cCcoSs— — —

'[ - = - 1
d 3 : :
2\/S|n22m+0052m ° \/SanZT[tH:osZT[t
3 3 3 3
Uyay+Uya
WK TI0 opMmyTIe: a =[0@/V ar=l—— y% :
v

KacarenpHOe yckopeHue ot Bpemenu u t)=1 C:

. 4n . 21
2sIn— —sin—
_ 3 3

9 .
Js.nz%cos,z"
3 3

3HaK «MUHYC», TOJYYHBUIWWCSA TPH pacUETe, ITOKA3bIBAET, YTO B
paccMaTpuBaeMbli  MOMEHT BPEMEHH JIBDKCHHUE TOYKH  SIBIISIETCS
3aMEIJICHHBIM.

[Tockonpky a=+ a’t +a’n, TO
an, = alL—aly =( 29 -(- 2849% = 0541 w/c?,

Wi 110 hopmyiie: an, =|0xa/uf; a, :‘ :
oo

a =-2849 m/c?

N300paxkaeM Ha PHUCYHKE BEKTOPHI KacaTeIIbHOTO M HOPMAaJIbHOTO
YCKOPEeHUH 3, d, B TOM K€ MaciiTade, B KOTOPOM paHee H300pa)xaiuch
BEKTOPBI yckopenuii (B 1 cM — 2 m/c2). BekTop KacaTeabHOro YCKOPCHHS
HAIIPaBJICH IO KacaTeJIbHOH K TPacKTOPHH JBMKCHHS. [I0CKOJIbKY B Hallen
3a/1aue KacaTelIbHOE YCKOPEHHWE IMOJYyYHJIOCh OTPHUIATCIbHBIM, TO OHO
HAIPaBJICHO B CTOPOHY, TIPOTHUBOIOJIOKHYIO HAIMpPaBICHUIO BEKTOPA
ckopoctd. HopMmanabHO€  yCKOpPEHHE HANpaBICHO  IEPICHIUKYISAPHO
KacaTeJbHOMY K IIEHTPY KPHUBHU3HBI TpacKTOpuH. BekTopHas cymMma
KacaTeIbHOTO ¥ HOPMAJILHOTO YCKOPEHHH OKa3ajach paBHa BEKTOPY
MIOJIHOTO YCKOPCHHMS, TOJYUYCHHOTO Yepe3 OCEBbIC MPOCKIMH. DTOT (akT
MOJATBEPIKAACT MPABHILHOCTH PaCUETOB.

[ Onpeoenum paduyc Kpusuznvl mpaekmopuu 6 mouxe M . Jns aToro
U2
UCIIONIb3yeM popMyiTy ap = o N3 He€ monyyaem:

12



W3 omnucanus peuieHus CJleayeT, YTO IMOCTPOCHHE Tpaduka C
HAaHECEHWEM BEKTOPOB CKOPOCTEH M YCKOPEHHH TMO3BOJSET NPOBEPHUTH
MPaBWIHHOCTh aHAJTUTUUYECKUX pacueToB. [Ipu 3TOM JOKHBI BBITOIHATHCS
CJIEIYIOIIIHE YCIIOBUS:

— TOYKa C KOOpJMHATAMU X , Y1 JOJDKHA IMOMNACTh HA M300PaKEHHYIO
TPaeKTOPHIO;

— BEKTOP CKOPOCTH Uj , MOCTPOEHHBIN KaK JUAroHaib MPsSMOYTOJIbHUKA
CO CTOPOHaMH Uy ¥ Uy, , JOJDKCH OBITH HAIPABICH BJOJb KAacaTeIbHOM K

TPACKTOPHUH B TOUKE C KOOPJAUHATAMU X1 , Y1 ;
— BEKTOPbI YCKOPEHUH, MTOJTYYECHHBIE KaK JUArOHaIN MPsIMOYTOJILHUKOB
CO CTOPOHAMH ay, ,ay, U 8, , 8p, , NOJDKHBI COBIIACTb.

Il. Yucnennoe pewenue 3a0avu c nomowubo KOMNLIOMEPHOU
npoepammuou cpedst MATHCAD

Jliis aToro orkpoeM Mathcadu moAroToBuM B OKHE peIaKTHPOBAHUS
3aJJaHUE HA BBIYUCIICHHUE.

Jns  3amycka (OpMyJIBHOTO peAakTopa JOCTaTOYHO YCTAHOBUTH
yKa3arejib MBIIIM B JIFOOOM CBOOOJIHOM MECT€ OKHAa pEIaKTUPOBAHUS MU
LICTIKHYTh JIEBOM KHONKOW MbImU. [loSBUTCS Kypcop B BHAE MaJ€HBbKOTO
KpacHOro KpecTuka. Ero MOXXHO mnepeMeniath KJIABUIIAMU TEPEMEIICHUS

Kypcopa.

BeoauM mcxomnble ypaBHeHus asrokenus x(t), y(t), u ti, ucmonn3ys
omnepaTop MPUCBaMBaHUS .=, KOTOPBIM MPUMEHATCS JJIs 3aJaHus 3HaUYCHUIN
IIEpPEMCHHEBIM.

[ToaroTOBKa BBIYUCIUTEIBHBIX OJIOKOB o0sierdaetcs Ojarojaps BHIBOTY
1a0JioHa TpU 3aJaHUM TOTO WJIM WHOTO omeparopa. s 3Toro cimyxar
NAJIATPBI MAaTEMATHYECKUX CHMBOJIOB M IIA0JIOHOB ONEepaTOpOB M (YYHKITUH.

BbIUnCICHHST BBITIOTHSIOTCS ITOCUMBOJIBHBIM HAO0OPOM JIGBOH 4YacTH
BBIYMCIISIEMOTO BBIPAKEHUS M YCTAHOBKOM IOCJE HEro OIeparopa BIBOAA —
3HaKa «=» (DaBHO).

HuddepennupoBanne ¢yHkimi X(t) u y(t) IpoucXoAUT ¢ MOMOIIBIO

dl
— 1 H —7
d d 1 n o n
oreparopa dn I Ha mna”Henu Marematuyecku aHanmus'. A
CUMBOJIHOTO BBIBOJIa TOJYYEHHOTO OTBETa BBECTH oOIeparop ' — ', s

YHCJICHHOI'O BBIBOJA - OIIEPATOPK=>.
AHaJIOFI/I‘-IHO, C IIOMOIIBKO CHUMBOIJIBHBIX PCAAKTOPOB, OIIPCACIACM

MOJIYJI & U & YCKOPECHUU U painyC KPUBU3HBI TPACKTOPUH .
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JIMCTUHT BBIUMCIICHHUI TTPUBEJICH HA PUCYHKE /.

]Qaﬁ.n [paeka Eu,q Bcraeka th_pMET MycTpymentel  CumBoneHble onepatun  OkHo Cngaﬁkza

1w H S Y

s BB oo

e =550 |wes @ |

) (=118 2 (BT

armal v[AriaI v[l[] v” B 7 O |§ = | iz i= : = = = eeasofnent stk
YpaBHEHUA [ABWUHEHWA
O o i
wt) = 1-2-cos| w-— | y(t) = 2-sig w-— |+ 1 tl=1
vo3) L
wtly =05 w(tl) = 2732
CropoCTe TOUKK
Pty Ipevecknit
4 ) et 2-mw-cos; et |
T-CO§| — — Y %
) - DA 1 Ly » ———2 @ gy o e
dt LE 3 dt 3 7 L © }\
3 o w2
e v o= 1.047
UK = d—x{ti} vx = 1.314 HE dﬂ}{ti} uy=hl d 9 X
dtl
B T ok
3 3 B I K
Vo= aJuxT 4+ vy i
|
v = 2004 T b X
YekopeHue TouKn
k] = a
2 i z ‘Tr-t\!‘ e |'(?E-f\|
- 4 cosl — | 4ot -sin/ T | 2-w -siny | o AL
e 2 |\ = 1 2 | i 5 i
—(t) = = = — ¥t = — e =20 iU
dt* 9 g - 9 2
a Y
= = CyumBONnbHDE
ax = L u(t1) ay = L y(e1)
del del” — " Muodifiers
ay = —1800 float rectangular  assume
=l solve simplify substitute
2 bl factor expand coeffs
a=.lax +ay
collect Series parfrac
a= 2501 faurier laplace zirans
KacatensHoe ycKopeHue HopmansHoe ycropeHue invfourier  inviaplace invatrane
UK 2K + UY-ay gpas | VN U | 3 3 MY — Ml — [n| =
ar = |—————— ’ 1 anl =./a —ar o :
@ explicit cambine confrac
ar = 2849 an = 0,548 anl = 0548 s
a
— L“
P an p=13

s moctpoenuss rpadukoB ¢ynkmmii x=f(y) m v= f(t,) BBeaéMm
napameTp t, Kak JUCKPETHBIM pacueTHBIN MHTEpBAN BpeMeHH, ¢ mmarom 0,1 n
Ha TAHEJM UHCTPYMEHTOB "I'paduk” 1ienkaeM Ha KHOMKE ¢ M300paKeHUEM
rpadguka — Ha 3KpaHe MosIBUTCS 11a0yoH rpaduka. Beeaém B MecTo BBOJIA 1O
ocu X u Y - x(t)) m y(y) - uma He3zaBucuMoro aprymenra. OTBeném oOT

Puc.7. JIuctuHr BBIYUCIICHUNA
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rpadka yKa3aTellb MBIIIH U IIeJIKaeM JICBOH KHONKOH — rpad)uK TPpaeKTOPHH
ABWKEHUS OyneT moctpoeH. [anee, anaornyHo, nocrpouM Tpaduk U = f(t,).
Ecim Bel xoTHTE IMpocMoTpeTh MaTpuily 3HaueHuH x(t) u Y(to), To cpasy
Hmke rpaduka x=f(y) BEIBOAMM HX 3HAYEHHMS C IIOMOIILIO OIIepaTopa BhIBOIA
— 3HaKa «=» (paBHO). CrnpaBa B TaOIMIIE WMEETCS IT0JI0CA MPOKPYTKH, C
TIOMOIIIBIO KOTOPOH MOKHO MPOCMOTPETh 3HaueHUs t, B uHTepBaie ot 0 10 6.
JIMCTHHT ¢ TOCTPOCHHBIMU rpaduKaMy PUBEJICH Ha pUCYHKE 8.

®aiin [paeka Bwg Boraska ®opmar  Wecorpymentel  Cumsonsheie onepaunn  Okno  Cnpaska
~BEHSGRAY|IBE|[0 | HD S| EC||we v ] =[12)<2 (Z[B[®) | b= & o @ &

iables Times New Roman 10 | E u | | | = = = — == fx xf xfy xfy

2=001.6

e n T - = et
(A {=2Y)
— st —— | | 2 s — 1 |

P
4-mw-cos = 3 2-w-co
ey = e s
L 3 / \

(2 =

-0.978
-0.914
-0.809
-0.669

-0.5 2

()

-0.309 7o
-0.105 T
0.105 AT
0.300 e
0.5 2.732
0.660 E7
0.809 00T

0.914 7.456
0.978 5.089

Puc. 8. Co3nanne n1ekapToBbIX Ipa)MKOB

BreiBeneM Ha meyath rpadukn Gyuaknwi x=f(y) u v = f(t). Ha rpajuke
dyukmii x=f(y) ormernuts Touky M;(X,y) U B COOTBETCTBUH C pe3yJIbTaTaMU
pacueToB, BBIOpAHHBIM MacIITaboM, H300pa3uTh BEKTOpa CKOPOCTEH H
YCKOPEHUU.
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Hopaook evinonnenusa padbomaot

1. O3HaKOMHUTBCS C TEOPETHUECKONW YaCThIO M MPUMEPOM BBITTOJTHCHHSI
3aJIaHus.
2. AHaTUTUYECKN OTPEICIUTh TPACKTOPHIO TOYKH, PACCUUTATH €€
CKOPOCTh M YCKOPEHHE II0 3aJaHHBIM YPAaBHCHHSIM JBIKCHUS
Tabaunbl 1.
3. HucneHHo, ¢ TMOMOIIBIO KOMIBIOTEPHOW MPOTrPaMMHON  Cpeibl
MATHCAD, pemutsb Tyxe 3a1ady.

. ITo rpaduky v = f(t) maTh XapaKTECpUCTHKY JBHKCHUS TOYKH.

. OpopMute paboTy, CpaBHHUTH MOJYYCHHBIC PE3YyJbTAThl, CAENIATh
COOTBETCTBYIOIINE BHIBOJIBI.

(ORI S

BAPUAHTHBI 3AJJAHUN 1JI1 CAMOCTOSTEJBHOI'O
PEIIEHUA

AHQJIUTUYECKM W YHCJIEHHO, C  TOMOIIbIO  KOMIIBIOTEPHOU
nporpammuoi cpeasl MATHCAD, no 3amaHHBIM ypaBHEHHUSIM JIBHOKCHUS
TOUKH B KoopauHaTHou popme X = X(t) , ¥ = y(t) (X, Yy — B canTUMEeTpax, t —
B CEKYHJIaX) COCTaBUTh YpaBHCHUE TPACKTOPHH, IMOCTPOHMTH c¢. Haitu
3aKOHbl U3MEHEHUS €€ CKOPOCTH, MOJIHOrO, KacaTelbHOr0 U HOPMaJIbHOTO
YCKOPEHHMH, a Takke H300pa3uTh Ha PUCYHKE BEKTOpa CKOPOCTH H
YCKOPEHHUS U UX MPOEKIIMU Ha OCU KOOPIUHAT.
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Tabmuna 1

Bapuant | YpaBHeHus ABu:keHusi | Bpemsi | Bapuanr | YpaBHeHus qBHKeHHS Bpems
X =4sin (gtj X =3-6sn (gt)
1 o 12 . 1
y= 4~ %os(gt) 1 y= 4~ %os(gt)
X=4-2t 1 X=2t+4 5
2 y:t2—2 13 y:t2—2
TT X=2t+4
X = 12(:05(—t) -
_ (n ) 1 4 1
y =—4cos| —t
6
X=2t+2 _ 3
x=3-1
— %3
4 y=2 1 | 15 y= 2844 1
X=7sn (gt)+2 X =4sin (gt)
0 T 1 16 T 1
X = 7cos(—t)—4 y=2- &os(—t)
3 3
X =5t X :3_—sin3t
6 y:—32+2 1 17 y =2sin3t -4 W9
x:3sin2(gt) X = 2sinth—2
! Tt 1 18 T 1
y= 5c052(—t)—1 y= 4co{—t)—4
6 4
4 3
X=t"-3 X=4+t
8 T, 1 19 T 1
y=2“+4 y=2+2t
X:SSin(gt)+3 x = 3sin (gtj—Z
9 o 1 20 - 1
= 3cog —t |—-2 = 4- 9cos| —t
g {6 j g (6 )
X =-2t X =2cosnt -1
10 y=t2-2 2 21 y = 2sinTit + 2 1/4
x=T7t% -3 X=1t
11 y =5t 1 22 y=7t2+6 1
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poJoJDKeHue Tabm. 1

Bapuant | YpaBHeHus ABu:keHusi | Bpemsi | Bapuanr | YpaBHeHus qBHKeHHS Bpems
x:3sin2(gt)+2 X:GSin(gt)—4
23 o 1 29 . 1
y= 20032(—tj—1 y= &o{—tj+2
3 6
X=3- 6sin(gt) leOsin(gt)
24 o 1 30 o 1
= 2- 2c0§ —t = 4~ &og —t
’ 00{6 j ’ 0{6 )
X = 3t2 _ 2 X= 4 - 2t
25 M 2 | 3 y= 4+ 22 1/2
x=2t% +4 x =4t +1
26 V= 12 | 32 yo—a 1
x:sinz(gtj—l X =12sin ( j
27 - 1 33 1
y= cosz(—tj +1 y = 1X05° ( )
4 6
X =3sin (gtj 4005(1—; )
28 o 1 34 1
= 2 —t|-1 6
Yy 005(4 ) Y= sin (3 )
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