HNpeasHo TBbpPAO T10. BuioBe ABMKEHHS HA HAEAJTHO TBBPAO Tsi10. OCHOBHU
KUHEMATUYHU BeJMYUHHM IPH IBYMEPHO BbPTEHE — bI'bJI HA 3aBbPTaHe, bIJI0BAa CKOPOCT,
bIJIOBO YyCKOpeHue. PABHOMEpPHO ABHKEHHE M0 OKPBKHOCT — OCHOBHH 3aKOHU

HNneanHo TBHPAO Ts1J10. BujioBe 1BMKEHHs HA WIE€AJTHO TBHP/IO TAJIO

Jocera pasriaexaaxme Tejara KaTo MaTepHalHM TOYKU. B MHOro citydan ToBa HE € JOCTaTBhUHO J100pO
npuOIIMKEHNEe IPU ONMCBaHE Ha JIBUKEHMETO U OCOOCHO Ha CUJIMTE, KOMTO AeHCTBAaT Ha TsioTo. Hamp. Hue He
MO’KEM J1a ONMILEM CHJIMNTE HAa TPUEHE, ChIIPOTUBIIEHHE, €IaCTUYHOCT U JIp., J€HCTBAIllM Ha MaTepHUaIHa TOUKa,
3all0TO TaM C€ B3MMaT IpeaBuja ¢Gopmara W pa3MepuTe Ha Tejgara M TAXHATa MPOMsSHA B Ipoleca Ha
B3aumojeiicteue. OT Jpyra crpaHa HHME BBBEIOXME IOHATHETO MeEXaHW4YHa cucreMa (5 BBIPOC), KaTo
CBBKYITHOCT OT MaT€pUaJIHU TOYKH, KOMTO CH B3aMMOJEHCTBAT C MEXaHWYHMU cuid. Ho BCAKO peanHo Tsio
MOJKE /1a C€ MPEACTAaBU TOYHO IO TO3M HAYMH — KAaTO ChBKYIIHOCT OT MaT€pUaIHHU TOUKH T.€. KATO MEXaHUYHA
cucreMa. AKO Pa3CTOSIHUATA MEXy MaTepUaHUTE TOUYKH B €IHO TSUIO HE CE IPOMEHAT C BPEMETO (T.€. TO He
ce neopmMupa) HUE IO HapUYaMe UeaaTHo TBBPAO Ts10. TakoBa Ts10, pa3dupa ce, He ChIIeCcTBYBa. ToBa CHIIO
€ MOJieJl, KaKTO MaTepHajHaTa TOYKa, HO TOM ce JOoOJIMXkKaBa IOBEYE JI0 PEAJHUTE Tejla U U3IMOJI3BAHETO MY
[I03BOJIsIBA JOOPO OMUCAHKME HA MHOTO MO-TOJISIM KJIaC PEaJIHU MPOLECH B CPAaBHEHHE C MOJEIa HAa MaTepraaHa
Touka. Hamp. Hue Beye MOkeM J1a OIIMCBaMe BbPTEHETO Ha TejlaTa OKOJIO POM3BOJIHA OC.

JIBIDKEHHSITA, B KOUTO Y4acTBa €HO TSUIO (KOraTo TOBOPHUM 3a TSUIO IIe pa3OupamMe UaearHo TBBPAO TSIIO),
Haif-o0110 Morar Jia ce pa3ensaT Ha J1Ba BUJA — MIOCTHIATENHO (TPAHCIALMOHHO) U BbPTEIUBO (POTALMOHHO).
[TocTpnaTenHo ABMXKEHHE UMaMe, KOraTo BCUYKU TOUYKH OT TSUIOTO CE€ JIBWJKAT IO €JHaKbB HAUMH U ONMCBAT
€/IHAaKBU TPACKTOpPUU. AKO BbB BCEKM MOMEHT OT BpeM€ MMa IIOHE €JHa TOYKa OT TSIOTO, KOSATO OCTaBa
HEMNOJIBUKHA, Ka3BaMe, Y€ TSAJI0TO U3BBPILIBA BHPTEINBO JBUKECHHUE.

[Ipy mocThNAaTENHOTO ABM)KEHHE BCHUYKU TOYKH OT TSUIOTO CE€ JBMXKAT €1HAKBO. B TakbB ciy4ail HU e
JOCTaThbUHO Ja OINHUIIEM JBM)KEHHETO CaMO Ha €JHa TOYKa OT TAJIOTO T.€. B TO3M Cllydall HHE MOXEM J1a
IIPEJCTaBUM TAJIOTO KaTO MaTepuaiHa Touka. TpsOBa camMo Aa cu u30epeM MEeCTOMNOIO0KEHUETO Ha Ta3| TOYKa
TaKa, 4ye Hal-II'bJIHO Jja OTrOBaps Ha JIB)KEHUETO Ha TAI0TO. Ta3u Touka HapuyaMe LEHTHP Ha MacuTe (LEHTHP
Ha MHepLus) Ha TsnoTo. ToBa e TakaBa BhoOpakaema Touka C, B KOATO, aKO I1OCTaBUM MaTe€pHalIHa TOUYKA C
Maca, paBHa Ha MacaTa Ha TSJI0TO, TS LI C€ JBMXKM IO CHIIUSA HAaYMH KaKTO JaJACHOTO Tsul0. Ta3u Touka MoOke
Jla IPUHAJIEKH Ha TAJIOTO, HO MOKE U J1a € U3BBbH Hero. Hamp. HeHThpBhT Ha MacuTe HA XOMOTEHEH MPBCTEH Ce
HaMupa B LIEHTHbPA HA MIPHCTEHA T.€. HE € TOYKA OT HEro. MeCTONOI0KEHUETO HA Ta3U TOUKA CE ONpEneis OT

HelHus paguyc-BekTop I, (¢dur. 1) n xapakTepusupa pasnpeeseHUeTo Ha MacUTe B TSJIOTO:

Zn:miﬁ i z

KBAETO M U rl ca CbOTBETHO MacaTa W paanyC BCKTOPBHT HA MATCpUAIHATA

n
Toyka ¢ Homep I, a M :Zmi e Macara Ha TsI0TO. ClemnoBaTenHo
i=1
MOCTHIATEIIHOTO ABUKEHUE HA TAJIOTO MOXE Jla C€ OMHUIIE MO MO3HATUS HU
J0cera Ha4YMH KaTo JBM)KCHHE Ha MaTepuaiiHa Touka ¢ maca M, pammyc-

BCKTOp I, U CKOPOCT:
-
dt

HpI/I BBPTCIMBUTC ABWIKCHUSA TOYKHUTC OT TAJIOTO CC ABUXKAT IO PaA3JIMYCH HAYUH, JOPHU HAKOU OT TIAX
OCTaBaT HCIOJABWIKHU 3a MO-MAJIBK HJIK IMO-TOJIAM IIEPUO OT BPEME. Axo nckame Ja OImMImeM ABHXKCHHETO Ha
TAJI0OTO C IO3HATUTC HU BCIMYHMHHU (paI[I/ch-BeKTOp, MNpEeMCCTBAHE, CKOPOCT, MacCa, CHJia U ,Z[p) e Tpﬂ6Ba Ja
OnmrucBaM€ JIBHMIXCHHCTO Ha BCiIKa OTACIHA TOYKa. Te3u JABMKCHHUS BUHArm ca KpHBOJ’IHHGfIHH N TAXHOTO
OTHCaHME € T0-CI0KHO. 3aTOBa HUE e pasrjiicaamMe CaAuH 4aCTCH cnyqaﬁ Ha BbPTCIUBO JABUKCHUC — BBPTCHC
OKOJIO TTIOCTOSIHHA OC WJIW T.HAp. IBYMEPHO BbpTEHE. T03M BUJ BHPTEIUBO JABUKECHHUE € U HA-4ECTO CPEIIaHUS
B Outa u TexHukara. Hapuua ce 1ByMepHO BBpPTEHE, 3aI0TO BCSIKA MaTepHaliHa TOYKa OT TSJIOTO CE JABHIKHU B
paBHUHA, MEPNEHAUKYISpHA Ha ocTa Ha BbpTeHE. I[Ipm TOBa TOYKUTE OMUCBAT OKPBAKHOCTH C ILIEHTPOBE,
JICKal Ha OCTa. 3aroBa ¢ BbBCACM OCHOBHUTC KMHCMATUYHU BCIIMYMHU, XAPAKTCPpU3UPpAIIU BHPTCIUBUTEC
ABUXKCHUS, KaTO U3II0JI3BaAMC€ IBMXKCHUEC HA MaTCpHUaiIHA TOYKA IO OKPBIKHOCT.



OCHOBHH KMHEMATHYHY BeJIMYUHU MPH JIBYMEPHO BbPTEHE — bI'bJI HA 3aBbPTaHe, BIJIOBa CKOPOCT,
BIJIOBO YCKOPEHHeE

Heka mepBO 12 U3CHUM 321110 HE € YIOOHO Ja ce U3MOI3BaT BEBECHUTE OT S/,
HAC BEJIMYHMHHM, OIMCBAIIM MOCTHIATCIIHUTE JIBMKCHHS HAa MaTepHaliHa TOYKa, o)
KaTo MpeMecTBaHe, CKOPOCT, yckopeHue. Ha ¢ur. 2 e npeacTtaBeHO BbPTEIUBO
JBIDKEHUE Ha Ts10 0KoJo nmocrosiHHata oc OO'. Toukute 1 1 2 ce HaMupaT Ha
€IMH PAJNyC U PA3CTOSHUTO MEXK]Y TSIX TPsSOBa Ja OCTaBa HEU3MEHHO. 3a €IHO
II'BJIHO 3aBBbPTaHE HA TAJIOTO OKOJIO OCTa Te TpsOBa Ja ce BbpHAT B HAYAJTHUTE
cu nonoxkenus. [IpemecTBanero Ha ToukuTe 1me Ovae 0 T.e. HE MOXKEM Jia TO
M3IOJI3BaMe KaTo XapaKTePHUCTUKA Ha ABMKEeHHeTo. OT JApyra cTpaHa TOYKHTE
ca U3MHHAIM Pa3jMYHU MBTUIIA S; U S (IBIDKHHUTE HA JABETE OKPBHIKHOCTH),
TBHH KaTO PaJIMyCUTE HA OKPBKHOCTHUTE, 110 KOUTO CE JIBHXKAT, ca pa3InuHu. Thit
KaToO BCUYKU TOYKH MU3BBPIIBAT €IHO II'BJIHO 3aBbPTAHE 32 €THO M CHIIO BPEME,
CKOPOCTHTE Ha JIBETE€ TOUKH CBIIO Ca PA3JIMYHH T.C. HC MOXKEM Ja M3I0JI3BaMe U
CKOpPOCTTa KaTo 00IIa XapaKTepUCTHKa Ha BbpTeHeTo. CieroBaTeHO TpsiOBa /1a . 2
MOTHPCUM TaKHWBa XapaKTEPHUCTUKH Ha JABMIKCHHETO, KOMTO Cca OOIIM 33 BCHUKH
TOYKH OT TSUIOTO M MOTAT Ja CIyXKaT 3a ONMKMCAHWE Ha BBPTEHETO. YJA00HO € Ja ThPCUM BEJIIMYUHH, KOUTO Ca
AHAJIOTMYHU Ha BHBEACHUTE JIOCEra pajinyc-BEKTOP, MPEMECTBAHE, CKOPOCT U YCKOPEHUE, CBBP3aHH C TAX IO
CXOJICH HA4YWH, 33 J]a MOXEM Ja HM3I0J3BaMe BPB3KHUTE (3aKOHUTE), TOTYYCHH AOTYK. Te3u BEIWYMHH I
Hapu4aMe bIJIOBH (BIIIOBAa CKOPOCT, BIIIOBO YCKOPEHUE), @ BbBEACHUTE JI0CETa BEJTMUUHY — JIMHCIHHH.

Heka mppBO n1a HaMepuM aHajornyHa (€KBUBAJICHTHA) BEJMYMHA HA ZZ_Z/
panuyc-BekTopa. OT eaHa cTpaHa ToBa TpsOBa Ja € BEIMYUHA, KOSTO O EP
OIMCBA MECTOMOJIOKEHUETO Ha MATEPHATHUTE TOUKU TPHU JBIKEHUE IO 0,
oKkpBmxHOCT. OT Jpyra — ja ce MpPOMEHs M0 €IHAKbB HAYMH 332 BCHUKU Lt
TOYKH OT TSUIOTO, 33 J]a MOXKEM JIa ONKMCBAME BBPTEHETO Ha TSJIOTO KAaTO (P: N 02
10 (T.e. HeiHaTa HmpoMsiHa Jla OTroBapsl Ha mpemecTBaHeTo). TakaBa )P
BEIMYMHA € BI'BIBT (), KOWTO CKIIIOYBA TpaBaTa, MEPIECHANKYISIpHA Ha / X
OCTa Ha BbpPTEHE M MUHAaBallla [Ipe3 TOYKaTa, ¢ MpeaBapuTeHO U30paHa
oc X (paguyc-BeKTOPBT ce OIpeJiesislle CpsiMo Touka). B naneH MoMeHT —
t1 To3u BruJ MOXE fa Ob1e @1 (dur. 3), a B tp (MOKa3aH ¢ MyHKTUD) — Q2. (0]
3a 5a HampaBUM CBOTBETCTBHETO C PaJHyC-BEKTOpa MO-IBIHO, TpsAOBa ST7 77
BI'BIBT @ CHIO J1a € BEKTOpHA BennunHa. Hampasiennero Ha 6 € 1o ocTa . 3

Ha BBPTCHE, a IMOCOKaTa My CC OIIPCACIIA TakKa, Y€ KaTo MOIJICAHEM OT
BbpXa Ha BEKTOpaA, Aa BMIKAAMC TOYKATa OTMECTCHA OT OCTa X B mocoka o6paTHa Ha 9aCOBHHUKOBATa CTpPCJIKaA.

onemMuHaTa Ha BEKTOpa (0 € paBHA Ha FOJIEMHHATA Ha BI'bJia @. MepHaTa eIMHMIIA 32 BI'BJI € pajuaH [rad].
AKO MarepuajlHa TOYKa €€ JBWXKH IO OKPBIKHOCT (¢ur. 3) B ykazaHaTa ChC CTpeska MocoKa, B 1aJIeH
MOMEHT OT BpeMe 1; ToukaTa ce € HamHupana Ha bI'bJI @, OT X, a B MOMEHT t, — Ha BI'bll ¢, . EcTecTBeHO € na

BBBEJIEM BEJIMYMHA EKBUBAJICHTHA HA IIPEMECTBAHETO (Ar = r2 - r1) KaTo pas3jivKa MEX]y MECTOIOJIOKEHUATA B
MoMeHTHUTe {1 1 !

(1) Ap=0¢,—¢,.

BennunHara Ep, onpezeneHa ¢ (1) ce Hapu4a BI'bJ Ha 3aBbPTAHE M CHUIO CE U3MEpPBa B paanaHu. Kakro
Ka3axMe IM0-rope, BCUYKH TOYKU OT TSAJIOTO CE 3aBbpPTAT HA €IHAKBB BI'bJ, 3aII0TO PA3CTOSIHUIATA MEXKAY TIX
TpsiOBa na ocraBar Heu3MeHHHU. ClieJoBaTeIHO Ep MOJKE J1a CIY)KH 3a XapaKTepUCTHKa Ha BBPTEHETO Ha

ISI0TO TsU10. TOM CHIO € HACOYeH IM0 0cTa Ha BhpTeHe (Ha ¢ur. 3 A € u3MecTeH MajKo Ha/SICHO OT OCTa 3a

MO-ToJIsIMa MPETNeAHOCT). ToBa € XapaKTepHO 32 BCUYKH BEKTOPHH BITIOBH BEJIMYUHU MPHU IBYMEPHO BHPTCHE
— T€ ca HaCOYCHHW BHHATH IO OCTa Ha BBPTEHE. J{pyro xapakTepHO CBOWCTBO Ha BCHYKH BIVIOBH BETUYMHU (HE
caMmo MpH JABYMEPHOTO BBPTEHE) €, Ue T€ Ca aKCHAIHU BEKTOPH (TICEBIIOBEKTOPHU), 32 pa3iMKa OT JTUHEHHHUTE
BEJIMYMHU, KOUTO Ca MOJIAPHU (MCTUHCKH) BEKTOpU. ToBa B KOHKPETHHUS Cllydyail O03HauaBa, Y€ ako CMEHUM
MIOCOKAaTa Ha BbPTEHE, BCUHUKHU BIJIOBU BEKTOPU CH CMEHST NTOCOKAaTa Ha MPOTUBOIOJIOKHATA.

Crnen kato BBBEIOXME BEIMYMHATA BI'BJI HA 3aBbPTAaHE, KOSTO € €KBUBAJIECHTHA Ha MPEMECTBAHETO MpPH
INOCTBIATCIHUTC ABHXKCHHA, MOXEM II0O ChIIHWA HAYHWH KAaKTO BbHB 2 BBIIPOC Jda BBBCACM CKBHUBAJICHTHUTC
BEJIMYMHU HA JJMHEWHATa CKOPOCT U JIMHEWHOTO YCKOPEHHUE.



‘brinosara CKOPOCT HHU ITOKA3Ba KakK CC NPOMCHS BI'bJIBT HA 3aBbPTAHC C BPECMCTO. Cpe,uHaTa bIJIOBA CKOPOCT

<(0> CC Oomnpceaciisd OT bI'bJia HA 3aBbPTAHC 3a CIMHUIIA BPCME!:

@ (o)= i‘t"

Ts cbIIo € BeKTOpHA BEIUMYMHA U MIOCOKATa M ChBIIaJa C MOCOKATa Ha bI'bjla Ha 3aBbpTaHe A@ (110 ocTa Ha
BbpTeHe). OT (2) ce BWXK/aA, 4e ce u3MepBa B paauaHu B cekynaa [rad/s]. Cpeanara brioBa CKOPOCT, ChHIIO

KaKTO U CpcaHaTa JIMHEMHA CKOpPOCT, HC € MHOT'O I/IH(i)OpMaTI/IBHa BCJIIMYMHA (H'bJIHOLIeHHO MOXKEC aa CC€ U3I10JI3Ba
caMoO IIpHu PaBHOMEPHO ,I[BI/I}KCHI/IG 110 OKp’b)KHOCT) 3aTroBa u TYK BBBCXKIaM€ MOMCHTHA BbIJIOBa CKOPOCT (I/IJ'II/I

camMoO BIJIOBA CKOPOCT) ®, Kato rpanunara Ha (2) npu At—0 (T.e. mppBaTa NPOM3BOJIHA HA BIBJIA @ IO
BpeMeTo):

_lim A(P d(P
A0 At dt
’])FJ'[OBOTO YCKOpeHI/Ie XapaKTepH3Hpa HpOMHHaTa Ha bBIrjoBaTa CKOpOCT C BpeMeTO. CpCI[HOTO BI'JIOBO

YCKOPCHUC <OL> € BCKTOpPHA BCIMYHMHA, KOATO CC OIIPCACIIA OT IPOMAHATA Ha BbIJIOBATA CKOPOCT 3a CAWHHUIA

BpEMeE:

@ (a)= AA‘f

Meprara equanna e [rad/s?]. MOMEHTHOTO BIIIOBO ycKopeHue ¢ rpanuuara Ha (3) npu At—0 (rspsata
MPOM3BOIHA HA BIIIOBATA CKOPOCT ( IO BPEMETO):
_lim Aco do

At—0 At dt
BGKTOp’bT Ha BIJIIOBOTO YCKOPCHHUEC CHIIO € 10 OCTAa HAa BbPTCHEC, HO ITOCOKATa MY MOXKE Ja 6’5,[[6 B ITIOCOKaTa
Ha brijioBata CKOpOCT, aKO T CC yBCIIMYaBa, UJIU B o6paTHa IMOCOKa, aKO bIjioBaTa CKOpOCT HaMaJisdBa.

PaBHOMepHO ABHKCHHE MO OKPBKHOCT — OCHOBHHM 3aKOHHA

HBI/I)KCHI/ICTO 110 OKPBIKHOCT € Haﬁ-HpOCTHﬂT BU KpHBOHHHGﬁHO ABWXKXCHUC U Ma HCUMOBCPHO TI'OJISIMO
MPUJIOKEHNE B TEXHHMKaTa. B MHOTO OTHOIIEHHS TO € CXOAHO C MPaBOJIMHEWHOTO JIBMKCHHE. 3aKOHHUTE 3a
JBUKEHHE U CKOPOCTTA MPU PAaBHOMEPHO U PaBHOIPOMEHIIMBO JIBH)KEHHUE 10 OKPBKHOCT ca MOAOOHHU Ha TE3U
MPU CHOTBETHUTE MPABOJUHEHHHUTE NBIKEHHUS, KaTO JTUHEHHHUTE BEIWYMHHU Ca 3aMEHEHU ChC CHOTBETHHTE
‘BI'JIOBU. TYK me O6C’I)I[I/IM OCHOBHHUTEC 3aKOHOMCPHOCTH IIPH PAaBHOMCPHO ABUKCHHUEC IIO OKPBXHOCT, a4 IO-
HATaThK IIe pa3rieaMe U PaBHOIIPOMEHINBUTE BUKCHHUSI.

[TepBO 1Ie BBBEACM JBE BEIMYMHH, KOUTO MOTAT Jia ce JACPUHHUPAT cCaMO 32 PABHOMEPHO IBMIKCHHE IO
OKPBKHOCT — TEPUOA U uecToTa Ha BbpTeHe. llepuoabt 7 Ha BBPTEHE € BPEMETO, 3a KOETO MaTepuaaHaTa
TOYKa M3BBPIIBA €/IHA IThIHA OOMKOJKA. 3a TOBAa BpEME TS ce € 3aBbpTsiia Ha BI'by AQ=271. Karo usnonszBame
(2) MoxeM J1a ToydyuM Bpb3Ka MEXK/1y MepHo/ia U roJIeMUHATa Ha BIIIOBATa CKOPOCT:

A(p 27‘C
At T

[TeproasbT, KaKTO BCEKH MHTEpPBAI OT BpeMe, ce U3MepBa B cekyHau. Yectorata f Ha BbpTeHE € BeIMUUHA
pelUnpoYHa Ha Tepuoaa | W ce ompesens OT Opos Ha MbIHUTE OOMKOJIKH, KOUTO HM3BBPIIBA TOYKATa 32
CANHHAIIA BpeMe:

l o

T 2rn
OT OIpEIEIIeHNETO Ce BIDKIA, Ue YecToTara ce n3Mepsa B [s™]. Tasu equuuna ce Hapra ome xepi [Hz].
MoxxeMm Ja MOoJIY4YMM U 3aKOHHMTEC 3a IBUKCHHUEC U CKOPOCTTA, IO ChbIIUA HA4YWH, I10 KOHUTO TH MOJIYUYHUXMCE 3a
pPaBHOMEPHO TPABOJIMHEWHO NBUkKEHHE — TpadudHo (BUkK (ur. 2 or 3 BBIOPOC, KAaTO c€ 3aMEHST JIMHEWHUTE
BEJIMYMHH C BIIIOBH — X—>Q, V—>©) WIH aHATUTHYHO Ype3 UHTETPUPAHE HA ONPEIEICHUETO 3a BrII0Ba CKOPOCT:
o =const —mo yc.]'IOBI/Ie (3a1<0H 3a CKOpPOCTTA) U

(0)=0=""

®= C; , do = wdt, '[d(p cojdt (p| —c0t| ,O— @y =Ap=0t, =@, + ot (3aKOH 3a ABIKCHHE).
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