Hneanno TBBPAO THJIO. BuaoBe 1BUKEeHUS HA MIEATHO TBBPAO THJIO. OCHOBHH
KUHEMATUYIHU BCJIMYMHHU ITPUA IBYMEPHO BLPTE€HE — bI'bJI HA 3aBbPTaHE, bIJIOBaA CKOPOCT,
'bIJIOBO YCKOPEHHE. Panﬂomepﬂo ABHKEHHE MO0 OKPBKHOCT — OCHOBHH 3aKOHH

HeanHo TBHPAO Tsi10. BuaoBe IBHKEHHsI HA HIEATHO TBHPIO TS0

Jocera pasriexaaxme TeiaTa KaTo MaTepHAIHA TOYKH. B MHOro ciy4au ToBa He € HOCTaThYHO JOOPO
NPUOJIMIKEHUE MTPU OIMCBAaHE Ha JBM)KEHHUETO U 0COOEHO Ha CHIIMTE, KOMTO JeHCTBAT Ha Tsu10TO. Harp. Hue He
MOJKEM [1a OIMILEM CHUIIUTE Ha TPUEHE, CBIIPOTHBICHHUE, CIACTHYHOCT | Ap., AeiiCTBAIM Ha MaTCpHAaJIHa TOYKa,
3aI0TO TaM C€ B3WMAaT OpeiBuA (opMara W pa3MepuTe Ha TelaTa M TAXHATa NMPOMSHA B Mpoleca Ha
B3ammozeiicteue. OT Apyra CTpaHa HHE BBBEIOXME MOHITHETO MEXaHHYHA CHCTEMa, KaTO CHBKYIMHOCT OT
MaTepUalHN TOYKH, KOMTO CH B3aMMOICHCTBAT ¢ MEXaHWYHH Cwid. HO BCSKO peasHo TS0 MOXe 1a ce
MPEACTaBH TOYHO IO TO3M HAYMH — KATO CHBKYIHOCT OT MaTepPUAIHH TOYKH, T.€. KaTO MEXaHHWYHA CHCTEMA.

KO pa3CTOSHHATA MEKAY MATEPUAIHUTE TOYKHA B €IHO TSJIO HE Ce NMPOMEHIT C BpeMeTo (T.e. TO He ce
nedopMupa) HUE TO HapHYaMe HJICaTHO TBBPIO TSU'[O‘ (UTT). TakoBa 14110, pa3bupa ce, He cbliecTByBa. ToBa
CBILO ¢ MOJEN, KaKTO MaTepuajHaTa TO4Ka, HO TOil ce H0oOJMmKaBa IOBeYe A0 PCATHUTE Tela ¥ M3MOJI3BAHETO
My IO3BOJISIBA J0OOpPO ONMHCAaHHE HAa MHOrO IMO-TONSAM KJIAc PeajHH MHPOLECH B CPaBHEHHE C MoOZeNa Ha
MarepuanHa Touka. Hamp. Hue Bede MOXKEM Jia OIHCBaMe BPTEHETO Ha TelaTa OKOJIO MPOM3BOJIHA OC.

JIBrKeHHATa, B KOUTO y4acTBa €IHO TSUIO (KOraTo TOBOPUM 3a TSUIO I pa3dupame HICATHO TBBPAO TAIO),
Hail-00110 MOraT [ja ce Pa3[AelsiT Ha JBa BUAA — MOCTHIATENHO (TPAHCIAMOHHO) H BBPTEIUBO (POTAL[IOHHO).
IlocTpnaTenHo ABMKEHHE UMaMe, KOraTO BCHUKH TOYKU OT TSJIOTO Ce ABMIKAT MO €JHAKBB HAYMH U OIUCBAT
€HAKBU TPACKTOPUH. AKO BBB BCEKH MOMEHT OT BpPEME HMMa IMOHE €IHAa TOYKAa OT TAIOTO, KOATO OCTaBa
HEIOJBIDKHA, Ka3BaMe, Ye TSUI0TO M3BBPIIBA BHPTEIUBO JIBIKCHHE.

[Ipy MOCTHIATENHOTO JBH)KCHHE BCHYKH TOYKH OT TSJIOTO C€ JBMJKAT €HAKBO. B TakbB ciydail HU €
JOCTATBYHO JIa ONHINEM JBH)KEHHETO CaMO Ha e[Ha TOYKa OT TSJIOTO, T.e. B TO3HM Cily4ail HHE MOXEM Ja
MPEeICTABHM TIOTO KAaTO MaTepuaiHa Toduka. TpsOBa camo qa ci u3bepeM MECTOIONOKEHHETO Ha Ta3H TOYKa
Taka, Y€ Hali-IIbJIHO @ OTrOBaps Ha JBIKEHHETO HA TSUIOTO. Tas3u TOYKa HapuvaMe LEHTHP Ha MacuTe (LCHTHP
Ha UHepuUus) Ha Tsu10To. ToBa ¢ TakaBa BhoOpakaeMa Touka C, B KOSITO, aKO MOCTABMM MaTepHallHa TOYKA C
Maca, paBHa Ha Macara Ha TSUIOTO, TS L€ CE ABIDKH IO CHUIMS HAYMH KaKTO JaJCHOTO TSU10. Ta3u Touka MOXKe
Jia IPUHAISKH Ha TSUIOTO, HO MOXE M J1a € U3BBH Hero. Hamp. HeHThPBT Ha MaCUTE HAa XOMOT€HEH IPBCTEH ce
HAMHpa B [CHTHhPA HA MPHCTEHA, T.C. HE € TOYKA OT Hero. MeCTOMOMOKEHHETO Ha Ta3h TOYKA CE OMpPEeneis OT

HeWHus paguyc-BeKTop I, (dur. 1) u xapaxTrepusupa pa3npeneleHueTo Ha MaCUTe B TSIIOTO:
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KBJIETO Mj U I; ca CbOTBETHO MacaTa U Pajnyc BEKTOPHT HAa MaTepuaiHaTa

n
TO4YKa C HOMEp i, a m=2mi € Macata Ha TAJI0TO. CJ'ICJIOBaTeJ'IHO

NOCTBIIATCIIHOTO ABUXKCHHUE HA TAJIOTO MOXKE Oa CC OIMUIIC IO ITO3HATUA HU
Jocera Ha4yuH KaTo JBMJKCHHE Ha MaTepuhajlHa TOYKa ¢ maca M, paauyc-

BEKTOp I, U CKOPOCT:

-

dt

l_[pI/I BBPTCIUBUTE ABUIKCHHUSA TOUKUTE OT TAJIOTO C€ JABHIKAT IO PA3jIMUCH HA4YWH, NAOPU HAKOU OT TAX
OCTaBaT HENOABUXXHU 3a IMO-MaJIbK WUJIM IO-T'OJISIM IIEPUOA OT BpEME. AKO HCKame Jla OIMUIIEM NBUKCHHUETO Ha
TSUIOTO C MO3HATHTE HH BEJIMYMHHU (paluyc-BEKTOp, MIPEMECTBaHE, CKOPOCT, Maca, CHla M Jp.) Ie TpsiOBa Ja
OomHMcBaMe IBM)KEHHETO Ha BCSAKA OTJENHAa TOYKa. Te3u ABIKEHUS BUHAru ca KpHBOHHHeﬁHH U TAXHOTO
OMHCaHue € MO-CI0XKHO. 3aTOBA HHE IIIe pasrieaamMe €aUuH YaCTEH cny-{ai/i Ha BBPTCIUBO ABUKECHUC — BBPTCHE
OKOJIO TIOCTOSIHHA OC WJIM T.Hap. ABYMEPHO BbpPTeHE. T03M BHUI BHPTEINBO ABMKCHUE € U HAil-4ECTO CPEIIaHus
B OWTa U TEXHHKATA. Hapnqa CC IBYMCPHO BBPTCHE, 3alllOTO BCSAKA MAaTCpuaiHa TOUKA OT TSJIOTO CC ABUXHU B
paBHUHA, HEPIICHAUKYJIIPHA Ha OCTa Ha BBPTCHE. HpI/I TOBAa TOYKHUTC ONHUCBAT OKPBKHOCTHU C IICHTPOBE,
JIeKaN Ha OocTa. 3aToBa IIC BHBEIEM OCHOBHUTEC KHHEMATHYHH BCJIMYNHU, XapaKTepUusupamu BbPTCIUBUTE
JABUIKCHMSA, KaTO U3I10JI3BaM€ IBUKCHHUE Ha MaT€prajiHa TOYKa 110 OKPBIKHOCT.

[ Commented [I1]: Mxeano tBbpo 5110 - onpeneneHue

Commented [WU2]: Pajnyc-BekTop Ha LeHTBbpa Ha MachTe
(MeCTOIONOKEeHNE MPH TTOCThIaTeNnHo ABmkenne) Ha UTT —
hopmyna

Commented [MU3]: Cxopoct Ha 1ieHTbpa Ha MacuTe (CKOPOCT pH
nocrenarento asmxenne) Ha UTT — dopmyna




OCHOBHU KHHEMATHYHHU BeJIUYNHHA NpH IBYMEPHO BbPTE€HE — bI'bJI HA 3aBbPTaHe, bIJ10Ba CKOPOCT,
‘bIJIOBO YCKOpPEHUE

Heka mppBo 12 U3sICHMM 3a110 He € YI00HO JIa ce M3IO0JI3BaT BbBEICHUTE OT YoV IVe
Hac BEJIMYMHH, OMKCBAIIU NOCTHIATEIHUTE BU)KCHHsI Ha MaTepHajHa TOYKa, o'
KaTto MpeMecTBaHe, CKOpocT, yckopenue. Ha ¢ur. 2 e npeacraBeHO BbPTEIUBO
JBIKEHHE Ha Ts10 0KoJo mocrosinHata oc OO'. Toukute 1 u 2 ce Hamupar Ha
€IMH PAZNYC U Pa3CTOSHUTO MEXAY TAX TpsiOBa 1a OcTaBa HEM3MEHHO. 3a eIHO
IIBJIHO 3aBBPTaHE Ha TSJIOTO OKOJIO OCTa Te TPsiOBa Jia ce BbPHAT B HAYAIHHUTE
cu nosnoxkenust. [IpemectBanero Ha Toukute e Obae 0, T.. HE MOXEM Ja ro
M3M0JI3BaMe KaTO XapakTepUCTHKa Ha ABmkeHuero. OT apyra CTpaHa TOYKHTE
ca M3MHUHAIM PasiIMyHM ITBTHINA S1 U S2 (ABJDKMHUTE HA JBETE OKPBKHOCTH),
Th KaTo pajiiyCUTe Ha OKPBKHOCTUTE, [0 KOMTO CE JBMKAT, ca pasandHu. Tbii
KaTO BCHYKH TOYKH HU3BBPIIBAT €JHO ITBJIHO 3aBbPTAHE 32 €IHO U CHIIO BPEME,
CKOPOCTHTE Ha JBETE TOYKH CHIIO Ca PA3IMYHH, T.€. HE MOXKEM Ja U3I0JI3BAME
M CKOPOCTTa KaTo 00II[a XapakTepucTHKa Ha BbpTeHeTo. ClienoBaTenHo TpsaoBa dur. 2
Ja TOTBPCHM TaKMBa XapaKTEPUCTHKU Ha IBW)KEHHETO, KOMTO ca OOIHU 3a
BCHUYKH TOYKH OT TSUIOTO M MOTAT Jia CIY)KaT 3a OIMHMCAaHHE HAa BBPTCHETO. YIOOHO € Ja ThPCUM BEIHYMHH,
KOHTO Ca aHaJOTHYHM Ha BBBEICHUTE J0CEra pajnyc-BeKTOp, MPEMECTBaHe, CKOPOCT U YCKOPEHHUE, CBBP3aHH C
TSIX 110 CXOJICH HAuYMH, 33 JIa MOXKEM JIa 3I0JI3BaMe BPB3KUTE (3aKOHHTE), MOJIyYeHH AO0TYK. Te3u BEIMYHHU 11e
Hapr4yame bIrIIOBH (BIIIOBA CKOPOCT, BIIIOBO YCKOPEHHUE), a BbBEICHUTE J[0Cera BEIMUYMHH — JTMHEHHH.

Heka mppBO A2 HaMepuM aHANIOrWYHa (CKBHBAJICHTHA) BEJIMYMHA Ha 44_4/
pamuyc-Bektopa. OT eqHa cTpaHa ToBa TpsOBa Ja € BEIUYMHA, KOSITO 0 G
OMKCBa MECTOMOJIOKEHHETO HA MATEPHATHUTE TOYKH MPH JBUKCHHE IO (PTZ ] ¢
OKpBXHOCT. OT Jpyra — a ce MPOMEHs MO CIHAKBB HAYWH 32 BCHUKH
TOYKH OT TSUIOTO, 32 JIa MOXKEM JIa OIHCBaMe BBPTEHETO Ha TSAJIOTO KaTO 61

wsuto (T.e. HelHaTa NMpoMsHa Ja OTroBapsl Ha IpemecTBaHeTo). Takapa
BEJIMYMHA € BI'BJIBT (, KOHTO CKIIOYBA IIpaBaTa, NEPICHAUKYJSIpPHA Ha
0CTa Ha BbPTEHE M MUHABAII[A TIpe3 TOUKaTa, C IIPeABapUTENHO u3dpaHa oc
X. B pmameH MoMeHT ti To3u Brea Moxe aa Ovae ¢1 (dur. 3), a B t2

(moka3aH ¢ IYHKTHP) — (2. 3a Ja HAaIpaBUM CHOTBETCTBHUETO C PaIUyC- o}
BEKTOpa IO-TIBJHO, TPAOBa BI'BIABT () CHIIO Ja € BEKTOPHA BEIUYHHA. 4
Hanpasnenuero Ha ¢ € 10 0cTa Ha BbPTEHE, a II0COKATa My CE OIpe/ens dur. 3

Taka, 4e Karo IOTrIEIHEM OT BbpXa Ha BEKTOpa, Jla BHKIAME TOYKarta
oTMecTeHa OT octa X B MOCOKa 0OpaTHa Ha YaCOBHHKOBATa CTpENKa. | OleMHHATa Ha BEKTOpPa () ¢ paBHA Ha

rojieMyuHara Ha bI'bjia @. MepHaTa eMHHMIIa 32 BI'bJI € paauan [rad].
AKO MarepualiHa TOYKa C€ JBHXH MO OKPBHKHOCT (¢pur. 3) B ykazaHaTa ChC CTpENKa IOCOKa, B JIajcH

MOMEHT OT BpeMe t1 ToukaTa ce € HamMpana Ha bI'bJl @; OT X, a B MOMEHT t2 — Ha BI'bll @, . EcTecTBeHO € na
BbBE/IEM BEIMYMHA EKBUBAJICHTHA Ha ITpeMecTBaHeTo (Al =TI, —I; ) KaTo pa3iMKa MeX/y MECTONOJIOKEHUATA B

MomeHTHTe 11 1 12!
1) Ao =0, - ¢,|

—
Bemnunnara A, onpenenena ¢ (1) ce Hapuya bI'bJ Ha 3aBBPTAaHE U CHIIO cC M3MEpBa B pagnaHu. Kakro

Ka3axMe I0-rope, BCHUKH TOUKH OT TSJIOTO CE€ 3aBbpTaT Ha €JHAKBB BI'bJ, 3aLI0TO PA3CTOSHUATA MEKAY TIX
Tps6Ba Aa octaBaT Hem3MeHHH. ClieoBaTelnHO A MOXeE Ja CIYXKH 32 XapaKTepUCTHKa Ha BBPTEHETO Ha

1sU10TO T5U10. TOM CBIO € HACOYeH 10 ocTa Ha BbpTeHe (Ha Gur. 3 A e U3MECTeH MaJKO HaJSICHO OT 0CTa 3a
MO-roJIsIMa MperieqHocT). ToBa € XapaKTepHO 32 BCHYKH BEKTOPHH BITIOBH BEIHYHHH IIPH IBYMEPHO BBPTCHE
— Te ca HACOYCHH BHHATH IT0 OCTa Ha BbpTEHE. J[pyro xapakTepHO CBOMCTBO HA BCHUKH BITIOBH BEHYHHH (HE
caMo IpH IBYMEPHOTO BBPTEHE) €, Y€ Te ca aKCHAJIHH BEKTOpPH (TICEBIOBEKTOPH), 32 pas3inKa OT JINHCHHHUTE
BEJIUYUHU, KOUTO Ca MOJSIPHUA (MCTHHCKHM) BEKTOPH. TOBa B KOHKPETHHMS CIIydall O3Ha4aBa, 4ye ako CMEHHM
MOCOKaTa Ha BbPTEHE, BCHYKHU BIJIOBH BEKTOPU CH CMEHST IIOCOKAaTa Ha MPOTHBOIOJIOKHATA.

Cren kaTo BbBEIOXME BEJIMYMHATA BI'BbJ Ha 3aBbPTaHE, KOSATO € CKBUBAJICHTHA HA MPEMECTBAHETO IPU
MOCTHIATEIHUTE JBIXKCHHS, MOXEM, IO ChIIMsS HAYMH KAKTO TMPH JIMHEHHHUTE BEJIMYMHH, Ja BbBEICM
CKBHBAJICHTHUTE BEJIMYNHU Ha JIMHEHHATa CKOPOCT M JINHEHHOTO YCKOPCHUE.

[ Commented [I4]: brun na 3asbprane - hopmyna




‘briosara CKOpPOCT HH IIOKa3Ba KakK €€ IPOMEHS bI'bJIBT Ha 3aBbPTAaHE C BPEMETO. Cpe;{HaTa ‘bIJIOBA CKOPOCT

<(D> CC onpeeis OT bI'bjla Ha 3aBbpPTAHE 3a €AUHUIIA BpEME!

|(0)= AA‘f

Tsa ChIIO € BEKTOpHA BCJIMYHMHA U ITOCOKATa " ChbBIIaJla C IOCOKAaTa Ha bI'bJia HA 3aBbPTAHC A(p (HO OCTa Ha

Boprene). OT (2) ce BKa, 4e ce m3MepBa B paauanu B cekyHma [rad/s]. Cpennara brioBa CKOpPOCT, CHIINO
KaKTO M CpelHaTa JMHEHHa CKOPOCT, He € MHOI'0 MH(OpMaTHBHA BEJIMUMHA (ITBIHOIIEHHO MOXE J1a Ce U3I0JI3Ba
CaMO NPH PaBHOMEPHO JBHKCHHE 110 OKPBKHOCT). 3aTOBa M TYK BbBEXJaMe MOMEHTHA BIJIOBa CKOpoCT ( (i

CaMo BITIOBA CKOPOCT) ®, Karto rpanunara Ha (2) mpu At—0 (T.e. mbpBaTa MPOU3BOJHA HA BIbIa ( MO

[ Commented [I5]: Cpenna briiosa ckopocr - hopmya ]

BpeMeTO) l [ Commented [I6]: MomenTHa bri10Ba CKOPOCT - ONpEieIeHHe ]
(P d (P y [ Commented [I7]: MomenTHa brioBa ckopoct - hopmyna ]
=lim——
At—0 At dt
I'JIOBOTO yCKOpéHI/Ie XapakTepusupa IMnpomMsHaTa Ha bIjlOBaTa CKOPOCT C BPEMCTO. CpeﬂHOTO BIJIOBO
YCKOpE€HUue <U.> € BEKTOpHaA BEJIMYMHA, KOATO CE€ OIPEACisd OT IpOMsHATa Ha brjioBaTa CKOPOCT 3a €AUWHHIA
BpeMe:
AG) [ Commented [I8]: Cpenno brioso yckopenue - popmyna ]
3) (o) ==
At

Meprata equimma e [rad/s?). MOMeHTHOTo BIVIOBO yCKOpeHHE e rpaHunata Ha (3) mpu At—0 (mbpBaTa
MIPOMU3BOJHA HA BIJIOBATA CKOPOCT O II0 BpeMeTO)‘

[ Commented [I9]: MoMeHTHO BIII0BO yCKOPEHHE - ONpPEEIeHNe ]

— lim Ao dﬁ
A At dt ‘

€KTOPBHT Ha ’bFHdBOTO YCKOPEHUE CHIIO € HACOYEH IO OCTa Ha BBPTCHE, HO IIOCOKaTa My MOXKE na 61),He B
IIOCOKaTa Ha bIjloBaTa CKOPOCT, aKO T C€ yBEInU4aBa, WU B 06paTHa IIOCOKa, aKO bIjioBaTa CKOPOCT HaMaJIsiBa.

PaBHOMepHO ABMKEHHE 110 OKPBKHOCT — OCHOBHHU 3aKOHH

JIBHXKEHHETO 110 OKPBKHOCT € Hail-POCTHAT BHJ KPUBOJIHHEHHO IBHXKECHHE M MMa HEHMOBEPHO TOJSIMO
MPUJIOKEHHE B TEXHUKaTa. B MHOrO OTHOIICHHS TO € CXOAHO C IMPaBOJMHEHHOTO ABWXKEHHE. 3aKOHHTE 3a
JBIDKEHHE U CKOPOCTTa P PaBHOMEPHO W PaBHOMPOMEHJIUBO JABHKEHHE M0 OKPBKHOCT Ca MOA0OHH Ha T€3U
IpH CHOTBETHUTE NPABOJIMHCHHHUTE ABMKCHMS, KATO JIMHEHHHTEC BEJIMYMHU Ca 3aMCHEHHM ChC CHOTBETHHTE
BIIIOBH. TyK Iie 00CHIMM OCHOBHHTE 3aKOHOMEPHOCTH IIPU PABHOMEPHO JABIDKCHHE IO OKPBIKHOCT, a IO-
HATAThK IIIe pa3rieaaMe i PaBHOIIPOMEHIIMBHUTE ABIKCHHS.

ITepBO IIe BBBEAEM [IBE BEIMUYMHH, KOMTO MOTaT jAa ce Ae(UHHUPAT CaMO 3a PABHOMEPHO ABIDKCHHE IO
OKPBIKHOCT — TIEPHOI M 4eCTOTA Ha BhpTeHe. [lepoxsT T Ha BBPTCHE € BPEMETO, 3 KOETO MaTepHAIHATA
TOYKA M3BBPIIBA EIHA MBIHA 061zn<om<af3a TOBa BpEMe TSI C€ € 3aBbpTsia Ha brbi Ae=27. Karo nsnomssame
(2) MOxxeM J1a TOTYYUM Bph3Ka MEXK/Y [IEPHO/Ia U TOJIEMHUHATA HA BrIIOBATa CKOPOCT:

(@)=0=20_21

At T

IepHOIBT, KAKTO BCEKH MHTEPBAI OT BpeMe, ce u3MepBa B cekyHuu. Uectorata f Ha BbpTeHE e BennuuHa
pELUIPOYHa HA MEepHoAa | M ce OmpeAeist OT Opos Ha IBJIHUTE OOMKOJKH, KOMTO H3BBPIIBA TOYKATA 32
¢/IMHHIIA BpeMe;

1 o
T 21

OT ompeJieeHneTo ce BUAKJIA, Ue YeCTOTaTa ce m3Mepsa B [S™Y]. Tasu equnuma ce Hapida ome Xepr [Hz].

MoskeM J1a TOJyYUM U 3aKOHHTE 32 JIBIXKCHHE U CKOPOCTTA, MO CHIIHS HAYHH, 10 KOATO I'M MOTyYHXME 32
PaBHOMEPHO MPaBOJIMHEWHO JABWKEHHE — rpaduyHO (BIK (GHr. 2 OT 3 BBIPOC, KATO CE 3aMEHST JIMHEHHUTE
BEJIMYUHH C BIIIOBH — X—>(, V—>®) WK aHAJUTAYHO YPe3 HHTETPUPAHE HA ONPEICICHUETO 3a BrIIOBa CKOPOCT:

‘o) Constl no yCJ‘IOBI/Ie (3aKOH 3a CKOpPOCTTa) U

(:;p do = wdt, _[d(p mj.dt (p‘kD —o)t‘0 0—¢, =Ap=0t,|p=0,+ot (3aK0H 32 IBIKCHHE).
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