XapMOHMYHM TpenTeHHUsl. YpaBHeHUe HA IBH:KeHHe. OCHOBHU BeJMYHHU — aMILJIMTY/A,
¢pa3a, yecToTa, Nepuoa, Kpbropa yecrora. Kunemaruka Ha XapMOHUYHU TPeNTEHUS —
0TMeCTBaHe, CKOPOCT, yCKOpeHHe

XapMOHI/I‘IHI/I TpeNnTeHUs. YPaBHeHI/Ie Ha IBH)KCHUC

B mnpupogara MHOro dyecro ce HaOmogaBaT NPOLECH, NMPU KOUTO JajieHa CUCTeMa ce€ Bpblla B
II'bPBOHAYAJIHOTO CHU CBCTOSIHUE CJEJ OIpeneieH mnepuoa oT Bpeme. [lpumepu 3a TakuBa mpolecu ca
JIBUKEHHETO HAa Maxallo, ABM)KEHHETO Ha TOIKa, ITyCHAaTa OT HSAKaKBa BUCOYMHA KbM 3eMsTa, ABUXKEHUETO Ha
€JIEKTPOHUTE B aToMa. Bceku TakbB IpOLEC, KOWTO €€ XapaKTepU3upa C OIpeJieleHa MOBTOPSEMOCT BbB
BpPEMETO, C€ Hapuya NEpPUOJMYEH Ipolec uiau TpenrteHe (konebanue). [Ipy BCcuUUKM TpenTeHus, HIKaKBa
BEJIMYMHA C€ M3MEHsS TMEPUOJUYHO C BPEMETO — TOBA MOXKE Ja ObJe pa3CTOSHHE OT JajeHa TOYKa, BI'hJ Ha
OTKJIOHEHHE, CHJIa, eJIEKTPUYEH 3apsij, HalpekeHHe, TOJIeMUHa Ha eJeKTpUYeH TOK M Jp. B 3aBucuMoOCT OT
MpOMEHsIIaTa Ce€ BEJIMYMHA, Pa3riiekJaMe PAa3IU4YHU BHUJIOBE TPENTCHUS — MEXaHWYHH, €JIEKTPOMArHUTHH,
eJIeKTpoMeXaHuyHu U 1p. IIbpBo Ie pasriename mo-noApoOHO MEXaHMYHUTE TPENTEHMsS, a MO-KbCHO LI
0000IMM TONTYYCHHTE pe3ylITaTd W 3a CJICKTPOMAarHUTHUTE — TOBa Ca JBara BUAA HaW-IIHPOKO
pasnpoCTPaHEeHU B MIPUPOJIaTa U TEXHUKATA TPEHTCHHUS.

Tpentenusita ce pa3iensaT Haii-oOIIO Ha JBa BUJA — CBOOOIHU W NMPHUHYJEHU TpenTeHus. Hait nHampen e
pasriiename Hal-mpocTus (AOHSAKbB/IE Ueannu3upaH) ciydail Ha CBOOOJHU TPENTEHHSI — CBOOOTHO HE3aTHXBAIIO0
TpenTeHe. B To3u ciydail Hue nmpeHeOpersaMe CUIUTE Ha TPUEHE M CHIIPOTHBJICHUE HA Cpelara, KOUTO MOoraT
Ja JTIOBeJAT O HaMaJsiBaHE Ha €HeprusAra Ha TpenTsmara cuctema. CBOOOJHUTE HE3aTUXBAILM TPENTEHUS Ce
HapuyaT XapMOHUYHH TPENTEHHUS U TIPHU TSAX BCIKO CHCTOSIHUE HA TPEMTSIIIaTa cucreMa (Hamp. 3a MaTepraHaTa
TOYKa TO C€ OIpeness OT paJuyc-BEeKTOpa U CKOPOCTTa I) ce MOBTaps Mpe3 €IHAKBU WHTEPBAIUA OT BPEME.
VYpaBHEHHETO Ha JABWKECHHE HAa TAKOBA TPENTEHE CE U3pa3siBa 4Ype3 HalH-MPOCTUTE MEPUOTUUHU QYHKIMH — SIN
u Cc0S. TakoBa TpenTeHEe OOMKHOBEHO MMa CaMO €/IHa CTEeNeH Ha cB00OojAa (Hamp. TpenTeHe Ha MaTepHuaiHa
TOYKa, 3aKaueHa Ha MPYKUHA, Ce M3BBPILIBA CaMO IO €Ha MpaBa), 3aTOBa I Pa3rIIekKIaMe CaMO EJIHOMEPHO
nBUKeHue (mpomsiHa) 1o u3dpana oc X. B TakbB ciiydail ypaBHEHHETO Ha JABM)KEHHE HA €IHO XapMOHUYHO
TpenTeHe e Obae:

(1) x(t)=Asin®(t)= Asin(ot+¢) nm

(2) x(t)=Acos®(t)=Acos(wt+¢),
KBJCTO X € BCIMUMHATA, KOSATO CC MMPOMECHS ICPUOIAUIHO (TOBa MOXKE 1a 6’I)I[e OTKJIOHECHHE Ha TOII4YC, IOJIEMHUHA
Ha TOK U JIp.), a A, ® U ¢ ca KOHCTaHTH.

OCHOBHH BeJIMYUMHH — AMILINATYAA, (ha3a, yecToTa, NEPHOA, KPBIOBA 4eCTOTA

Hexka na pasriiename no-noapoOHO BEIMUMHUTE, KOUTO y4acTBaT B ypaBHEHHETO Ha JaBuxeHue (1) wim (2).
KoHcraHTaTa A ce Hapu4a aMIUTUTY/Ia Ha TPENTeHeTo. ToBa € MAKCUMAIHOTO OTKJIIOHEHHE Ha BeJTMYMHATA X OT
PaBHOBECHOTO ¥ TMOJIOKEHHE (OTHpaBHATa cHCTeMa OOMKHOBEHO ce u30upa Taka, Y€ B PaBHOBECHOTO
nonoxxenue X=0) u ce U3MepBa B ChHIIUTE CAWHMIM, B KOMTO Ce M3MepBa X (KO pasriekaame TpenTeHe Ha
TOITYe OKA4YeHO Ha MpYKUHA — [M], ako TpenTeHeTo € Ha Maxaio — [rad], npu eleKTPOMarHUTHUTE TPEITEHHS
moxe 1a e [V], [A], [C] u ap.). AprymeHTsT Ha Sin min €oS — D=wt+@ — ce Hapuya (asa Ha TpenTeHero. Ts ce
IPOMEHS BB BCEKH MOMEHT OT BpeMe W ONpejeNs ToJIeMHHATa U 3Haka Ha BennynHaTa X. CTOWHOCTTA @ Ha
¢dazara B HavyaiHUs MOMEHT Ha TpenTeHeTo t=0 ce Hapuya HavanHa Qasza. da3ara u HavanHata (asza ce
u3mepBar B [rad]. Bennunnata @ (KoeUIMEHTHT Mpen BpeMeTo t B ypaBHEHHETO Ha JBIDKEHHE) CE€ Hapuya
KpbroBa (IMKIMYHA) YECTOTA U 38 XaPMOHUYHUTE TPENTCHUS € XapaKTePUCTHKA CaMO Ha TPENTSAIIaTa CUCTeMa
3a pa3nuka oT A ¥ @, KOUTO, KaKTO 1€ BUIUM MO-HATATHK, 3aBUCAT OT HAYAJTHHUTE YCIIOBHS Ha TPENTEHETO.
Mepnara u exaununa e [rad/s], Teii kato @t TpsOBa 1a ce m3mepna B [rad] cpmio xkato @ u ®@. Trit kato npu
XaPMOHUYHUTE TPENTEHUSI BCAKO CHCTOSHHE HA CHCTEMaTa Ce MOBTaps Mpe3 PaBHU HHTEPBAIM OT BpEME,
MOYEM J1a BbBEJIEM U OIlle JIBE BeTMYMHU — iepuoa 1 u uecrora f. [lepron e nHTEpBaIBT OT BpeMe, 3a KOETO ce
U3BBPIIIBA €THO IIBJIHO TPENTeHe (Hal-MaJIkOTO BpeMe MEXIy JIBe MPEMUHABAHUS HA CUCTEMAra Mpe3 eIHO U
CBIIO CHCTOSHHE), @ YeCToTara € OpOAT IBJIIHM TPENTEHHs, KOMTO Ce M3BBPIIBAT 3a eauHHUIa Bpeme. OT
OIpe/ICTICHUATA Ha JIBETe BEIMYMHH C€ BUXKIa, ue Te ca perunpodnn f=1/T. Kato usnons3BaMe onpeaeaeHueTo
3a mepuog (X(t)=x(t+T)) u B3emem mpeaBun, 4Ye SIN U COS ca MEPUOTUYHH (QYHKIMH C TEPUOI 27
(sina=sin(a+27)), MoXxeM J1a HAMEPHM Bpb3KaTa MEXKIy KpbroBara 4ecToTa M, mepuoabT 1 u dyectorara f Ha
TPENTEHETO:

X(t) = Asin(ot +¢) = x(t+T)= Asin(m(t+T)+(p)



sin(ot+¢) =sin(ot+e+2r) =sin(o(t+T)+¢)
ot+e+2n=0(t+T)+0

ol =27
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T

Bwxname, ye Bpb3Kara € ChlllaTa KAKTO MEXKIY BIVIOBaTa CKOPOCT, IIEpUOAA M YECTOTAaTa IPU PaBHOMEPHO
JBM)KEHUE IO OKPBKHOCT. To3M (akT 1ie 00sSCHUM MO-HATaThK, KOraTo TOBOPUM 32 BEKTOPHOTO MpE/CTaBsIHE
Ha XapMOHHUYHO TPEITEHE.

KunemaTnka Ha XapMOHUYHH TPeNTEeHHs — 0OTMECTBaHe, CKOPOCT, yCKOPeHHe

H_[e pasriacgaMe OCHOBHUTC KHHCMATHMYHU BCIIMYWMHHM HaAa C€AHO XAPpMOHHYHO TPCIITCHC, Ha Oazatra Ha
MEXaHWYHO TPENTEeHe, Halp. ABWKCHWE HAa MaTepualiHa TOYKa, OKaueHa Ha NpYyXHHA (T.HAp. MPYKUHHO
Maxaio). B To3u ciydaii BenuunHaTa, KOATO C€ MPOMEHS MEPUOJMYHO € OTKIOHEHHETO Ha MaTepHUaIHaTa TOUYKa
OT PaBHOBECHOTO M TIOJIOKCHHE, T.€. T W3BBPIIBA MEXaHWYHO JBWKEHHE IO €JHa OC (C eIHa CTENeH Ha
cB0OO/a), KOSTO MOXeM Ja m3bepeM 3a X. 3aKOHBT U 3a JABWXKEHHE Moxe na Obae Hamp. (1). Benumunnara X
HapyyamMe OTMECTBaHE Ha MaTepHajHaTa TOYKa — TOBa € KOOpAMHATaTa M Mo octa X BbB BCEKHM MOMEHT OT
Bpeme. CKOpPOCTTa Ha TOYKaTa MOXEM Jla HAMEpUM KaTo ITbpBa MPOM3BOIHA HA KOOpAUHATATa (OTMECTBAHETO)
10 BPEMETO:

(3) v= ((jj)t( = mACOS(mt+(p) = coASin((ot +(p+72rj.

Bukname, de CKOpOCTTa CBINO C€ M3MEHS 110 MEPUOIMYEH 3aKOH, TS C€ MPOMEHS ChC ChIAaTa YE€CTOTa, HO C
pa3nuyHa HadaiHa ¢asza, (Q+7/2) BMECTO @ U ¢ aMILTUTYAa MA.

Twhit KaTo CKOPOCTTA CHIO CE M3MEHS C BPEMETO, JABHKEHHETO CE€ U3BBPIIBA C YCKOPEHUE &, KOETO MOKEM
J1a HAMEPUM KaTo ITbpBa MPOM3BOIHA HA CKOPOCTTa V (BTOpa MPOU3BOIHA HAa KOOPAMHATATA X) 110 BPEMETO OT

3):
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OTKBJIETO CE€ BWXJA, Y€ JCHCTBUTEIHO YCKOPEHUETO H ¢ur. 1

OTMECTBAHETO ca B MpoTHBOGaza (KOrato OTMECTBAHETO

JOCTHTa MaKCHMaJHaTa CH CTOWHOCT, YCKOPEHHETO CBIIO MMa MaKCHMMalHa CTOHHOCT, HO B oOpaTHa Ha
oTMecTBaHeTO Tocoka). 3aBucumoctute (1), (3) u (4) Ha OTMECTBAHETO, CKOPOCTTA M YCKOPEHHETO Ha
TpEeNTSAIIaTa MaTepraiHa TOYKa OT BPEMETO MOXKeE Jia ce MPeACTaBAT u rpaduyno (¢dur. 1, B cirydas HayaaHaTa
daza @ ¢ m30pana na 6pae 0, X=Asin®t, 3a onpocTsiBaHe Ha rpadukara), KbAETO SICHO ce BMXKIa (Ha30BOTO
OTMECTBaHE Ha BEIMYMHHUTE X, V U &, a ChII0 U (akTa, 4e X 1 a ca B MpoTuBO(asa.



