MoMeHT Ha UMITYJICA HA TSJ10. 3AKOH 32 H3MEHEeHHe H 3alla3BaHe HA MOMEHTA Ha
umnyJica. Ceodoanu ocu. ’Kupockonu. EKBMBajIeHTHU BeIMYMHHA NPU NOCTHNATEJIHH U
BbPTEIUBH JBHKEHHS

MomeHT Ha uMIyJica Ha TsJ10. 3aKoH 3a H3MeHeHHe U 3ana3BaHe HAa MOMEHTA HA ummyJica

JloTyk BBBEOXME MOYTH BCHYKHM BEIWYWHU IIPH BBPTEIMBHUTE IBIDKCHHWS M BUISIXME, Y€ BCHYKH TE ca
€KBUBAJICHTHU Ha HKAKBH BEJIMYMHU IPU MOCTHIATENHUTE ABMKeHU. OcTaHa Jja BbBEIEM OIIE €Ha MHOIO
Ba)KHA BEJIMYMHA — MOMEHT Ha mMmmynca. Ts TpsOBa Ja € €KBUBaJICHTHAa Ha UMITYJICA NPH IOCTBIIATEIHI
JBIDKEHHS M aKO CJIe/IBAME aHAJIOTUATA, KOSATO HAIPaBUXMeE, 3a Hes ChIO TPIOBa Aa MOkeM ja hopMynupame
3aKOH 32 3ara3BaHe.

MOMEHTBT Ha umiryica E IIpU BBPTCHE Ha TSJIO OKOJIO ITOCTOSIHHA OC MOXKEM Jia BbBEAEM I10 JIBa HaAYMHA.
Or €lHa CTpaHa UMIIYJICHT 110 ONPEACICHUEC € CBBbP3aH C MacaTa U CKOPOCTTaA. CJ'IeZ[OBaTCJ'IHO E , KaTO aHajor
Ha uMmiIryjica —p , MOXEC Jda C€ BBBEJC 110 HOHO6CH Ha4YuH, KaTO CC€ HU3IO0JI3BAT €KBUBAJICHTHUTC BCIIMYMHHU Ha
MacaTa — HHEPYHUAT MOMCHT U Ha CKOPOCTTa — bIJIOBaTa CKOPOCT. ToBa e [BeKTOpHa BCJIMYUHA, ITPOU3BEACHNE

Ha MHEPYHMSI MOMEHT | Ha TSUIOTO CHIpsIMO J1ajieHaTa OC Ha BHPTEHE U BIJIOBATA MY CKOPOCT ( CIIPSIMO ChIIATa
oc
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Commented [I1]: Moment Ha uMmysica crpsMo oc -
omp
[ C d [I12]: MomenT Ha ummmysica cpsamo oc - hopmya ]

Ot apyra cTpaHa MOXeM Jia H3Hoin3BaMe (akTa, ye TBBPAOTO TSUIO € CUCTeMa OT MaTepHANIHU TOUKH U Ja
MOJXOANM, KaKTO IIPH ONpeJeIsHe Ha KUHETUYHATA €HEPIUs — IbPBO Ja OIMpeleIMM MOMEHTA Ha UMITyJIca Ha
e/lHa MaTepuallHa TOYKa, a CJeJ TOBa Ja CyMHpAaMe 110 BCUYKU TOYKH OT TSJIOTO (MOMEHTBT Ha MMIIyJca €
BEKTOpHA BEJIMUMHA U 3a Hes TpsiOBa 1a € B CHUJa NPUHIMIBT Ha CYNEPIO3UIHATA, ChILO KaKTO 3a MMIIyJICa,

cujiatTa 1M MOMCHTA Ha cvmaTa). ‘MOMCHTLT Ha uMiIryJjica Ii Ha MaTepuajHa TO4kKa ¢ Maca Mi 1 CKOPOCT Vi , KOATO

C€ JIBUKH 10 OKPBIKHOCT C paauyc Ri , 1€ OIMPEACIMM aHAJIOTUYHO Ha MOMEHTaA Ha CuJlaTa — KaTO BEKTOPHO

npon3BeneHne Ha Ry m p;=m,V, :
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‘BJIHAAT MOMEHT Ha HUMITyJICa L 1IC MOJYYMM KaTO BEKTOpHA CyMa OT MOMCHTHUTE Ha HMIIyJica Ii Ha
OTJACIHUTC TOYKH Z‘

Commented [I3]: MomenT Ha uMITysica Ha MaTepUaiHa TOYKa
CIIPSIMO TOUKA - ONPE/ICIICHHE

Commented [I4]: MomenT Ha nMITyiica Ha MaTepUaNHa TOYKA
CHPSIMO TOUKA - (hopMyITa
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Commented [I6]: MomeHT Ha UMITysICa Ha TAJIO CIIPSIMO TOYKA -
hopmyna
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{ Commented [I5]: MomenT Ha nMmyica Ha TAIO COPSIMO TOYKA -

Tasu popmyInpoBKa e h0-06ma ¥ MOXKE JIa CC M3IO3Ba MPH BBPTEHE HA TAIOTO CHPSMO MPOU3BOJIHA OC
WIH TIPU TPUMEPHO BBPTEHE COPSIMO Touka. Moke 1Oa ce MOKaxe, 4e MpPH JBYMEPHO BBPTCHE [BETE
dhopmynupoBku (1) u (3) ca exkBuBaneHTHH. [Ipy BBpTEHE HA TSUIO OKOJIO MOCTOSHHA OC BCHYKHM MaTEpUAHU
TOYKH OT TSJIOTO C€ JABIKAT IO YCIOPEAHH OKPBKHOCTH. Karo mmame mpeaBHI, 4Ye MpPH ABWKCHHE MO
OKPBIKHOCT CKOPOCTTA (a CIICIOBATEIHO U UMITYJICHT) HAa MaTepHaHATa TOYKA € MePIeHANKY/IIPHA Ha pagmyca

Ha OKPBKHOCTTA, TOJIEMHUHATA Ha BEKTOpa E ot (2) me 61!
4) L. =Rp, sing =R p =Rmy, =mR’w=l0.

Ot cBolicTBaTa Ha BCKTOPHOTO IIPOU3BCACHHUC U OT BPbB3KATA MCKIY JIMHEWHATa W BIJOBaTa CKOpPOCT
clieBa, 4€ BEKTOPHT (O € HACOYEH B IIOCOKATa Ha BEKTOPHOTO IPOU3BEACHUEC Ri XVi , a CJI€OOBATCIIHO U Ha

Rixp, (v, u p, ca xonmuHeapHu), T.e. Bekropure, nebunupanu B (1), (2) u (3) ca exHomocounu. Torasa
MOJKEM Jia 3anuiieM (4) ¥ BbB BEKTOPEH BHJI U Ja CyMHpaMe 10 BCUYKH TOYKH:
l=lo

n n
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Twi KaTO MOMEHTBT Ha uMIryjica L moxe Jla C€ NMPeACTaBy KaTO BEKTOPHO IIPOU3BEICHUC, TOW € aKCHaJIeH
BCKTOpD (C’bH_IO KaKTO BI'bJIBT HA 3aBbPTAHC, bIJIOBATa CKOPOCT, BIJIOBOTO YCKOPCHUC U MOMCHTA Ha cnnaTa). Or

(1) cnenBa, ye TO3M BEKTOP € €IHOIOCOYEH C BIIOBATA CKOPOCT () M CHLIO € HACOYEH [0 OCTA HA BbPTEHE.
MepHata eqUHHIA 33 MOMEHT Ha uMIyica e [kg.m?/s].

Heka na HaMmepuM IbpBaTa IPOU3BOAHA HA MOMEHTA Ha umirynca L mo Bpemero:



(5) aL_do o W
dt  dt

I/ISHOHBBaXMe OCHOBHOTO IUHAMUYHO ypaBHeHHe Ha B’preHI/IBI/ITe JBUKCHUA. BI/I)K[[aMe, qe HpOMS[HaTa Ha
MOMCHTaA Ha I/IMHyJICa C BpCMeTO ce OI'IpeI[CJ'IH oT B’prHHIHHT MOMCHT Ha cuJjiara M (C’bH_IO KaKTO
dp _
dt
OCHOBHOTO JUHAMHUYHO YPAaBHEHUEC HA BBPTCIIMBUTC ABUIKCHUS. AKO 0606L[II/IM (5) 3a ME€XaHM4YHa cucrema oT

(dbopmynupoBkata Ha BTOpHs NpuHIMO Ha HroTOH 4pe3 mmmysca F). ®opmyna (5) e mpyr u3pa3 Ha
Tena (CHIIOTO, KOETO HAIPaBUXME 3a BTOPUs HPHUHIMI Ha HIOTOH), Ha KOATO JeHCTBAT N BBHIIHM cHH F;,
CBH3/1aBaIlH BEPTAIIN MOMEHTH M, Iie momydnM:

dl &
E—Z;Mi.

Tyx L

k
Z | j © ITBJIHKST MOMCHT Ha UMITyJICa HA MEXaHIMYHATA CHCTEMAaTa OT K tema, T.e. BekTOpHaTa cCyma
j=L

OT MOMCEHTUTEC Ha UMITyJICa Ij Ha OTACIIHUTE TECJIa OT CUCTEMATa. CJ'IGJIOBaTeJ'IHO, InpoMsHaTa Ha MOMEHTAa Ha

HUMITyJICa Ha MCXaHHWYHATa CUCTEMa MOXKE a 61)[[6 npeau3BuKaHa caMo OT HeﬁCTBHe Ha BBHIIHHU CHUJIU. AKO

—_— — n —
cucremara ¢ 3atBopeHa (F=0,=>M,;=0= ZMi =0), MOMEHTBT Ha UMIIyJICAa ¥ HsMa Ja Ce IPOMEHS C
i=1
BPEMETO:
dL . -
e 0, L = const ‘

OJyYEHOTO PaBEHCTBO M3pA3iBa BAKOHBT 32 3aIa3BaHE HA MOMEHTA HA HMITyNca. B 3aTBOpeHa MexaHHYHA
CHCTEMa MOMEHTBHT Ha HMITYIICa Ce 3aIa3Ba (He Ce IIPOMEHS C BPEMeTo) .

3aKOHBT 3a 3alma3BaHe HA MOMEHTA Ha nMIryjiica (33MI/I), 3aC€JHO CHC 3aKOHUTE 3a 3alla3BaHC Ha UMIIyJICa U
€Heprusara, € ¢€4Ha OT Hall-BaXKHUTE U Haﬁ-mnpoxo M3I0JI3BaHW 3aKOHOMEPHOCTH B MLsdjaTa (I]I/ISI/IKa
(BJ'[}OL[I/lTeJ'IHO B KBaHTOBaTa MCXaHHKa, aTOMHATa U sAJpeHaTra (1)1/[31/1](3., (bHSPIKaTa Ha €JICMaHTapHUTE LIB.CTI/II.II/I).

CB00OOIHM OCH. )KI/[[)OCKOHI/L ExBUBaJIeCHTHU BeJIMYMHHU NnpH NOCTHNATEJIHU U BbPTECJIUBH ABHKCHUA

3aKOHBT 3a 3ara3BaHe Ha MOMCHTA HA MMITYJICA MMa MHOTO NPUWIOKEHHs B MexaHukara. llle pasriename
HAKpaTKO €IHO OT TAX — XKHUPOCKOIA, HO MPEIM TOBA 1€ BbBEAEM €HO APYTro BaXKHO MOHATHE — CBOOOIHA OC
Ha BbpreHe. EjHO Ts10 MOXKe &a ce BbPTU OKOJ0 0e30poil MHOro ocu, MHUHABAalM IIpe3 LEHThbpa My Ha
uHepuus. Oka3zBa ce o0aue, ye cpel BCHYKM BB3MOXKHU OCH CHLIECTBYBAT TAaKWBa, KOMTO 3ara3Batr
OpHEHTALUATA CH B IIPOCTPAHCTBOTO NPH OTCHCTBUE HAa BHHIIHO Bb3aelcTBUe. Te3n ocu ce Hapuyat cBOOOIHU
ocH Ha BbpTeHe. JoKa3aHO e, 4e 3a BCSAKO TAJIO CHINECTBYBAT TPH B3aUMHOIEPICHIUKYIAPHA CBOOOJHHU OCH.
VYcroiiunBocTTa Ha BBPTEHE Ha TSUIOTO HE € €IHAKBa 3a TpuTe ocd. Hali-ycToHUNBO € BBPTEHETO Ha TAIOTO
OKOJIO OCTa, CHPSIMO KOSTO TO MMa HAai-TOJNSAM HHEpPYEH MOMEHT. AKO BBHIIHA CHJIA OTKIOHH TSUIOTO IIPU
TaKoBa BBPTCHE, B HETO CE MOPAXKIAT LEHTPOOEKHH CHJIM, KOMTO I'o BphINaT oOpatHO. ETO 3a110 npy BCHYKH
MEXaHU3MHU M CHCTEMH Ha BBPTCHE B ITPAKTUKATA € MHOTO Ba)XKHO Jia c€ MOAOHpa MOAXOIIA OC, OCOOCHO IPH
BBPTEHE C TrOJIIMA BIVIOBA CKOPOCT. 3a Jla ce 3alas3d IO0JIOKEHHETO Ha OCTa HENPOMEHEHO, Hal-uecTo ce
M3MO0JI3BAT JIarepH, KbM KOMTO Ts ce 3akpenBa. Korato BbPTEHETO ce M3BBPIIBA OKOJIO HEHNOAXOAsINA OC,
BB3HUKHAJIMTE TOJIEMH LICHTPOOEKHHU CHIIM IIPH OBP30 BHPTEHE MOTAT Jia JOBEJAT 10 O'bBAaHE MM CUYIBaHE Ha
ocTa.

JKupockomsT IpeAcTaBIsBa MACHBHO TAJIO, KOETO MOXKE JIa CE BBPTH C TOMsIMa BIVIOBA CKOPOCT OKOJIO Hal-
ycToiiunBaTa cu cBoOoIHa oc. Thil kaTto MMa ronsiMa Maca (CHOTBETHO TOJISIM MHEPYEH MOMEHT) M TojsiMa
BIJI0BA CKOPOCT, MOMEHTBHT Ha MMIIyJICa Ha XHUpockona € MHoro roisM. ITopaxu 33MU Toit ce ctpemu na He
IPOMEHS MOMEHTA Ha MMITyJIca CH M 3aTOBa TPYIHO MOXKE J1a Ob/ie OTKIOHEH OT CTAOMIHOTO CH BEPTEHE OKOJIO
cBOOOHATa OC. AKO BBHIIIHA CHJIa CE OITUTA JIa IIPOMEHH IOJIOXKEHHETO Ha OCTa Ha BbPTEHE, Bb3HUKBAT T.HAp.
JKMPOCKOIUYHH CHJIM, KOUTO C€ CTPEMST Ja 3amassaT nosoxeHuero u. [Ipu ToBa ce HabmrogaBaT MHTEPECHU U
HeOOMYaiHU Ha MPBHB MOTJIE SIBJICHUS, KOUTO 00ave Moay4aBat JIOrH4HO obsicHeHue upe3 33MU. CpoiictBoTo
Ha JKMPOCKOIA Jia 3ama3Ba IOJIOKEHHETO CH Ha OCTa Ha BBPTEHE C€ M3MO0JI3Ba OCHOBHO B HaBHTaLUsiTa, B
YCTPOHCTBA KAaTO >KHPOKOMIIACH, >KHPOXOPH30HTH U Jp., KOUTO HMAaT €IHO OCHOBHO IPEAMMCTBO IIper
MOZOOHUTE ypeIy ¢ MarHUTHA CTPENIKa — He Ce BIUSAT OT HAJIMYUETO HA JKEIIe3HH IIPEAMETH. A TOBa € 0COOCHO
Ba)KHO, KaTO CE MMa IIPE/BH/I, Y€ II0BEYECTO OT CHhBPEMEHHHTE IIPEBO3HU CPECTBA MMAT CTOMAaHEH KOPITYC.
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Commented [I7]: 3axoH 3a 3ama3saHe Ha MOMEHTA Ha HMITYJIC -
dopmyma
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Commented [I8]: 3axon 3a 3ama3sane Ha MOMEHTA HA UMITYJICA -
opmymHpoBKa
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‘HaKpaﬂ e npeacraBuM BCUYKHW BBBEACHU BEIWYWMHU IIPU MNOCTBHIIATCIHU W BBPTCIUBU ABHUKXCHUS B
Ta6m/1ua, KaTO Ha BCEKH pea Cca AaJICHU CbOTBCTHUTE €KBHUBAJICHTHU JINHEWHU U BIVIOBU BEJIIMYUHU M OCHOBHU

3aKOHHU. Commented [I9]: ExsuanenTHy BETUYMHN PH TIOCTHIATENHI

¥ BbPTEIUBHU JBUKCHHS

TlocThnaTeNIHO JBUIKEHUE B’preJ’II/IBO JIBUKCHUC

MPaBOJUHEHHO IBIYKEHHE

OKPBIKHOCT

Pannyc-extop r [m] ‘bren cnpsmo oc 6 [rad]
IIpemecTBane dr [m] ‘bren Ha 3aBBpTaHE d—q) [rad]
Ckopoct v [m/s] ‘briosa ckopoct ® [rad/s]
Vckopenue a [m/s?] ‘briioBo yckopenue o [rad/s?]
3aKOH 32 ABMWKCHHE MIPH 3aKOH 32 ABWKCHHE MIPH

PaBHOMEPHO X=X, vt PaBHOMEPHO JBHKEHHE 10 0=0¢,tot

3aKoH 3a JBHKEHHE I1PU
PaBHOITPOMEHIIMBO
HPABOJIMHEHHO JIBI)KCHUE

1
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3aKoH 3a IBHKEHHE I1PU
PaBHOITPOMEHIIMBO
JIBVKEHHUE 110 OKPBIKHOCT

3aKOH 3a CKOPOCTTA IpU

3aKoH 3a bIiIoBaTa CKOpPOCT

PaBHOIIPOMEHJIUBO v=y,tat Tpy paBHOIIPOMEHJIUBO o=0,tat
HPaBOJIMHEHHO JIBHXCHHE JIBI)KCHHE 10 OKPBXHOCT
Maca m [ka] MHepueH MOMEHT | [kg.m?]
Cuna F [N] MOMEHT Ha cuia M [N.m]
Nmyic p [kg.m/s] MoMeHT Ha umITyIca L [kg.m%s]
OCHOBHO TMHAMHAYHO dp - - F OCHOBHO TMHAMUYHO il — - ™
ypaBHEHHE Ha ap_ F, a=— ypaBHEHUE Ha BbPTEIUBO —=M; a=—
nocrbnarento apwkenne | It m JBIDKCHHC dt I
3aKoH 3a 3ama3BaHe Ha dP B 3aKoH 3a 3ala3BaHe MOMEHTa dL ~
HMIIyJICa B 3aTBOPEHA — =0, P =const Ha MMITyJica B 3aTBOpEHA — =0, L =const
MEXaHHUYHA CHCTEeMa dt MEXaHHYHA CHCTEMa dt
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Kunernuna eHeprus T= 2 mv? Kunernuna eHeprus T= ) |’
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Pabota

¢

dA=M.de, A= j Mde
¢

Bpb3kute MeXIy OTACIHHUTE JWHEHHM M BIIOBHM BEIWYMHU IpPU JBYMEPHO BBPTEHE Ca pasriefaHd
OJIpOOHO B CHOTBETHHUTE BBIIPOCH.

[To3HaBaHETO HA CHOTBETHUTE EKBHBAJICHTHU BEIWYWHU NP MOCTHIATEIHN U BBPTEIUBH JBHKCHUS MOXE
Jla HU YJIECHH B MHOTO Clly4al — Hamp. BHISXME, Y€ 3aKOHHUTE 3a JBIDKEHHE M CKOPOCTTA IPU ABHXKEHHUE I10
OKPBXKHOCT (PaBHOMEPHO W PpAaBHOIPOMEHJIMBO) MOraT Ja c€ MOoJy4YaT OT ChOTBETHUTE 3aKOHH IIPU
MPaBOJIMHENHHO JBIXEHHE (PAaBHOMEPHO M PAaBHOIPOMEHJIMBO), KaTO CE 3aMEHAT JMHEWHHUTE BETUYHHU ChC
CBHOTBETHHTE BIUIOBU. [lo ChIMA HaumH MOraT Ja ce MOdydaT M OCHOBHOTO AMHAMHUYHO YpaBHEHHE Ha
BBPTEJIIMBUTE ABMKCHUS, KHHETUYHATA €HEPTHUs HA BBPTALIO Ce TAJIO U Ap.



