MexanuyHa eHeprusi. Pa6ora Ha mocTtossHHA U npoMenyuBa cujia. Momuoct. Kunernuna
eHeprus NMpHu NoCThIATEJHO IBH:KeHne. Bpb3ka Mexay padoTa 1 KHHEeTHYHA eHeprusi

MexannuHa eneprus. Pabora na cusia. Momnoct

ILI/IHaMI/I‘-IHI/ITe BCJIMYHWHU, KOUTO BBBCAOXMC HOOTYK, OIMMCBAT OOCTAa IMBJIHO MCEXAHWUYHOTO IABHIKCHHUC. B
MHOT0 cliyyau o0ayde, ToBa OMUCAHKHE € MHOTO CJI0KHO M TPYI0eMKO. To MOe ChIIECTBEHO J1a C€ OMPOCTHU, aKO
BBBEJ/IEM €J/IHA JIpyra XapaKTepUCTHKA Ha TenaTta — eHeprus. EHeprusta € mbpBUYHO, (PyHAaMEHTAITHO MOHATHE,
Ha KOETO HE MOJXKE JIa Ce JaJie TOYHO OnpeieieHue (ChIno KaTo UMITyJica, IPOCTPAHCTBOTO WM BpeMeTo). Tst ce
BBbBCXKJa BBHB (1)I/ISI/IKaTa KaTO KOJIMYCCTBCHA MspKa 3a Pa3JIMYHHUTC (1)OpMI/I Ha ABWXCHUC HaA MaTCpuAaATa U
CbOTBETHUTE UM IMpEBpBIIaHMUS U B3auMojeiicTBus. EHeprusita e ckajgapHa BeTMYMHA U OOUMKHOBEHO C€
o3HauaBa ce ¢ E. 3a paznuynure GopMu Ha JBMKEHHE Ha MaTepusTa BbB (PU3MKATa Ce BBBEXKIAT U PA3IUYHU
BUJOBC CHCPIrus — MCXaHWYHA, TOIJIMHHA, CICKTPOMArHuTHA, AApCHA U OP. OHpCI[eJISIHeTO Ha CHCprusATa Ha
€HO TSUIO BUHATU € CBBP3aHa C ONPEIEIICHH YCIOBHOCTH WIH NPEABAPUTEIHU JOITyCKaHus. ToBa € CBbp3aHo C
YCIOBHOCTTa IpU M30MpaHe Ha OTIpaBHA CHUCTeMa. 3a Hac obOade, BUHATW € OT 3HAUYEHHWE HE KOHKpETHAaTa
CTOMHOCT Ha €HEeprusAra B JAJ€H MOMEHT, a U3MEHEHUETO M 3a JaJ€H MHTEPBAJI OT BpeMe, IPU KOETO TE3U
YCJIIOBHOCTH Bede OTHaaar.

Haii-npoctusaT BuA €Hepruss € MEXaHW4YHaTa, KOSATO XapakTepu3upa MEXAHMYHOTO [BWKEHHUE U
B3aUMOJICHICTBHME Ha Tenara. Ts 3aBUCH OT TIXHATa CKOPOCT (KMHETUYHA) M B3aUMHO Pa3IOJIOKEHHUE
(motenmnmanya). I3MeHeHHETO Ha MEeXaHMYHATa €HepPrusl Ha €IHO TSJIO € CBbP3aHO C JEHCTBUETO HAa BHHIIHU
CHJIM BBPXY HEro. 3a KOJIMYECTBEHO ONMMCAHWE HA TOBAa M3MEHEHHE CE BBBEX/a MOHATHETO padoTa Ha Cuia.
PaGorara BuHaru e cBpp3aHa ¢ MpoMsHATa HA HAKAKBa €HEPrus U 0OOpaTHO — MPOMSHATA HAa EHEePrusaTa BUHATH
€ CBhp3aHa ¢ U3BbpIIBaHe Ha paboTa. PaboraTa chIlo € ckajnapHa BeTUYMHA U ce 03HaudaBa ce ¢ A. Paborara Ha
CHia BbB (pM3UKATa Ce CBHP3Ba C MPEMECTBAHETO HA JAJICHO TS0 (WM YacTH OT TSUIOTO €/IHA CIPSMO JIpyra)
[0J1 ACHUCTBUE HA MPUJIOKEHA CUJIA.

[IspBO mIe pasrienaMe Hal-IPOCTHS Ciydaid — CHiarta, JelcTBalla Ha TsUIOTO, € MOCTOSHHA (KakTo IO
rojemMuHa, Taka u no nocokal). [lox pabora Ha enHa MOCTOSIHHA CHUJIA, IPU MIPEMECTBAHE HA JAJCHO TS0 Ha

OnpcCACIICHO pPa3CTOAHUC, CC pa361/1pa BCJIMYHMHATA A, paBHa Ha IIPOU3BCACHHUCTO OT MOJYyJIa Ha CHJIaTa F )

MOAYyJia Ha IPpEMECTBAHCTO Ar m KOCHHYCa Ha bI'bJia OL MCXK/Y ITOCOKAaTa Ha BECKTOpa Ha CHUJIaTa U IMOCOKAaTa Ha
BCKTOpa Ha MPEMCCTBAHCTO, MJIM KA3aHO HAa MATCMATH4YCCKU €3UK, TOBa € CKaJJapHOTO IMPOM3BCACHUC Ha

BCKTOPHUTC E 158 E
(1) A= |E| |ﬂ| cosa = F.Ar.

Ot nepununmonnara ¢popmysa (1) ce Biwkaa, ye MepHaTa eauHMIa 3a padota € [N.m] win, ako pasnuiem
noapo6Ho N — [kg.m?/s?]. Tasu exuuuna e Hapeuena mxayi [J].
Ot (1) MOokeM J1a HarpaBUM HSIKOJIKO BayKHU M3BOJIA:
1. paGora ce BBpIIM caMO TOraBa, KOrato JIeiicTBa Cuiia ¥ MIMaMe MPeMeCTBaHe Ha TSIIOTO (He HEMPEMEHHO
MO/ IEUCTBUE CaMO Ha Ta3H CHJIA);
2. u3BbpIIeHaTa paboTa € anreOpruyHa BeTUUMHA U MOXKE Jia ObJe MOJOKUTENHA, OTPHULIATENIHA WU HyJa,
B 3aBHCHMOCT OT [TOCOKATa Ha CHJIaTa CIPsSMO TIOCOKaTa Ha mpeMecTBaHeTo (¢ur. 1);
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MPaBOBI'BIHUK S = FCOSa.‘Ar‘: A. CnenoBarenHo, paborata Ha cuiata F Moxke nma ce mpencraBu

rpaguyHO KaTo IJIOINTa NOA TpadukaTa Ha NpoeKuuAra F, MeXIy HaAyalHOTO TNOJOXKEHHE I, U
KpanHoTO I, .
AKO Ha eJHO TsUTO JeCTBAT MOBEYE OT €Ha CuiIa, obmara paboTa, KOATO N3BBPIIBAT BCHUKU CHIIU € paBHA

Ha aireOpuyHaTa cyma OT pabOTHUTEe, U3BBPIICHU OT BCSKA CHJIAa MOOTAENHO (BMXKAA ce, KaTo Ce MPUIOKH
MIPUHITUIIA HA CYTIEPIIO3HIIMATA 38 CUIIUTE M CE MMAT TPEIBH/I CBOMCTBATA HA CKAJapHOTO MTPOU3BECHNUE):
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CrnenoBarenHo paboTara € aJWTUBHA BEIMYMHA M MOXEM Ja s IpecMirame KaTo pabora Ha
paBHOCiCTBAIATa HA BCUYKH JICHCTBAIIN HA TSUIOTO CHIIH.

KakBo mie ce mpoMmeHnu, ako cujiaTa He € mocTtosiHHa? B
TO3U CIy4ail rojleMHuHara Ha cujata F u preasT o Moxe aa ce  Fy
MPOMEHST BbB BCEKHM MOMEHT OT Bpeme. Torasa npoekiusira F;
HsJMa Ha € KOHCTaHTa M rpadukara me ObJe HIKaKBa KpUBa
muaus  (pur. 3). Ho ToBa HE mNpOMEHS CHIIHOCTTa Ha
MOCTICTHUST M3BOJI, KOWTO HalpaBUXMe — paboTara € paBHa Ha
wiomra oA TrpadukaTa MEXIy HAYaTHOTO M KpaWHOTO
MOJIOKEHHE Ha Tsu10TO. TpsiOBa camo Aa MpecMeTHEeM ILIOIITa

S. 3a Ta3m men paznensMe IMpeMecBaHeTo Al Ha OTAEIHU r ‘ﬂ‘ r2 r

MaJIK{ y4acTbhIIH C TOJIEMUHA ‘Al’i‘ (dwur. 4), B KOUTO MOXKEM Ja prr. 3

cmsiTamMe, 4ye cwiara K e mnocrosHHa (TS € pas3id4yHa B
pasIMYHUTE y4acThbIM, HO MOCTOSHHA BBbB BCEKH €IUH OT TsX). Taka BbB BCEKU €AMH OT MAJKHUTE y4acTbLU

MoxkeM Jia mpuwiokuM (1) 3a mpecmsitane Ha pabotara A;. OOmiara pabora 3a MpeMecTBaHE Ha TSUIOTO IE
MOJIY4YHM KaTO CyMUpPaMe BCUYKU paboTH A;.

@) A~Y A=Y FAr.

Bwxkname, ye mimomra mnonydeHa OT (2) Malmko ce ‘Al’i‘
pasiMyaBa OT ICHCTBUTENHATA ILIOL] 1o rpadukara (pur. 4). £ ©
r
ToBa € mulomra moj HadyneHaTa JIMHMS, KOSATO HE IOKpHUBA

TOYHO TIJIaJiIkaTa KpHBa. Ha konkoTo moBede ydacTbhu ‘AI’I‘

pas3enM IpeMECTBaHETO, TOJIKOBA MO-TOYHO 1€ MTPECMETHEM
pabGorara A (Thii KaTo HadylneHaTa JMHHUS BCE IOBEYE ILE ce
nobnmxaBa 110 KpuBaTta). AKO MOXEM Ja  pa3Jeinum
IpeMecTBaHEeTO Ha Oe3KpailHO MHOro O€3KpaifHO Malku

y4qaCTblI ‘dl’,‘, 3a BCCKH OT TAX M€ CC HU3IBBPINN HAKAKBA r ‘E‘ r2

Oe3kpaitHo mManka padora dA = F.dr,, a ako cymupame BCHYKH ¢wur. 4

Te3n paboru JA;, Ime moaydMM TOdYHATa CTOMHOCT. TakoBa
CyMupaHe Ha Oe3KkpaifHO MaJKy BEIMUYMHU CEe U3BBPIIBA Upe3 HHTETPUPAHE:

h o)
©) A:jfﬁ :jF,dr .
] ]
dopmyna (3) e obobmenue Ha (1) 3a mpousBonHa cuia. Bikaame, 4e ako cuiiata € mocTosiHHa, Fr me 6b1ae
KOHCTaHTa M MOXEM Jia s U3HECEeM Ipe]] HHTerpaa;

A= Frrjzdr =F.rff =F (rp-1)= Fr‘ﬂ‘ :‘EHE‘cosa.



Paznuunu cuim Morar Ja U3BBPIIAT elHA U ChlIa paboTa, HO 3a pa3IMYHO BpeMe. BenuunHaTa, KOSITO HU
naBa e()eKTMBHOCTTA HA CHJIaTa C€ HapW4a MOIIHOCT M ce JepHHUpa Karo paboTara, W3BBPIICHA OT dajcHa
CHJIa 3a CIUHHMIA BpEME:

dA
P=—.

dt
Kakro ce Bmkaa ot popmyiiata, MepHaTa eauHMIA 3a MOIHOCT ¢ [J/S]. Ta3u enqunuia ¢ Hapeuena Bat [W].
KuHernyHa eHeprus Npu NOCTHIATEIHO ABHKeHHe. Bpb3ka Meskay padoTa H KHHETHYHA eHeprusi

Hexka na mpecmetHem paboTara Ha CHIla B HAW-IIPOCTHS CIIy4ail — TSUIOTO € HEMOABIIKHO U MYy JIEHCTBa caMO
enHa cwia F . 3a Maxpk uHTEpBan ot Bpeme dt, npemecTBaHeTo Ha TsUIOTO e Obae dr, a CKOpocTTa My Lie
HapacTHe ¢ dV. 3a ToBa Bpeme cuiiaTa Ie u3Bbpin padora dA:

(4) dA=F.dr = Fdr = madr :m%dr :m%dv:mvdv,

TBHH KaTo cujaTa U IPEMECTBAHETO ca €AHONOCOYHM (COSa=1) u MoXeM Jja pa3MEHUM MIPOU3BOJHUTE Ha I U V.
W3pwpuieHara paboTa 3a KpaeH HHTEpBa OT BpeMe, 3a KOWTO cKopocTTa ce mpomeHs ot 0 110 V, me Obe:
2
mv
——0.
2

B mo-o0mmsaT ciydaii, koraro HavajgHata ckopocT Ha Tsuioto He € 0, a e Vi (HO cmiara neicTBa B
HAIpPaBIIEHUETO HA CKOPOCTTA), a KpaifHaTa — Vo, 32 paboTara Iie MOoJTyYuM:

v omv; my

Vi 2 2
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m
(5) A:jdAzjmvdv: m_[vdv=—v2
0 A vy 2

BI/DK,I[aMe, (S pa60TaTa Ha cujarta F CC ABsABa pasjidKa OT IBC CAHOTUIIHH BCJIMYUHU — IIPOU3BCACHUCTO Ha
Macata U KBaapara Ha CKOPOCTTAa Ha TAJIOTO, Pas3sACJICHO Ha 2, T.C. MOXEM Ja g MPEACTAaBUM KaTO pasjiiKa OT
CTOMHOCTHUTE Ha CJlHa U Cbhbllla BEJIMYKMHA B MOMCHTUTC OT BPEMC tl u tz, B KOUTO TAJIOTO UMa CKOPOCT CbOTBCTHO

Vi 1 V2. Cpiiata 3aBUCUMOCT (5) ce Ioy4yaBa M KOraTo cujara i HadyajgHaTa CKOpPOCT HE ca B €JHO HalpaBJICHUE.
2

mv
Ta3u BenuunHa (T) HapU4yaMe KHHETUYHA €Heprus | Ha TS0 ¢ Maca M, KOETO € JBUKU ChC CKOPOCT V:

2
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2

OT ompeneneHueTo € sICHO, Ye KHHeTUYHATa €HEprusl ce U3MepBa B CHIIUTE €IWHUIM, KAKTO U paboTaTta —
mkaynu. Bukna ce cblno, 4e TS € cKajapHa BeJIMYMHA — HE 3aBHCH OT MOCOKaTa Ha CKOPOCTTa, a CamMo OT
rojemMuHara . Thi KaTo CKOPOCTTa Ha TSIOTO 3aBUCH OT U300pa Ha OTIpPaBHA CUCTEMA, B KOSITO pasriexaame
JBIKEHUETO, TO U KHHETUYHATA MY €HEprusl ChIO 3aBUCH OT TO3M M300p (KaKTO Ka3zaxme IMo-rope obade, HUE
ce MHTepecyBame OT MpOMsHATa Ha €HEeprusTa, a Ta3u MPOMsHA Beue He 3aBUCH OT M300pa Ha OTIpaBHA
cucTeMa).

Karo u3nonsBame onpenenenuero 3a T (6), MoxkeM J1a 3anuiieM (5) B CIeIHUS BUI:

2 2
A=%— m;/l =T,-T,=AT,
WJIM 32 MHOTO MaJTbK MHTepBal oT Bpeme dt (4):
dA=dT =mvdv,

OT KOETO clieiBa Bpb3KaTa Mexky padorata A Ha cunata F u mpoMsHara Ha KWHETUYHATa €HEPrUs Ha TSUIOTO:
paboTaTa, M3BbpIIEHA OT BBHIIHATA CHJIa BbPXY CBOOOJHO TsJIO, € paBHAa Ha MpOMsSHATa Ha KWHETHYHATa
eHeprusi T Ha TAJI0TO (TS MOXe Jla ce yBelIMYaBa WU J1a HaMallsiBa, Thid KaTo B OOLIMS cly4yail cuaaTta Moxe J1a
CKJII0YBA MMPOU3BOJIEH BI'bJ C ITOCOKATA HA IBU)KEHUE HA TAJIOTO).

KunetnuHara eHeprus, CbIIlo KakTo U paboTaTa, € afIUTUBHA BEIMYMHA. AKO UMaMe MEXaHWYHa CHUCTeMa OT

N Temna, BCIKO € Maca M; U CKOPOCT Vi , o6maTa KHMHCTHUYHA CHCPIrusA Ha CUCTCMATa € CyMa OT KUHCTUYHUTC

CHCPIrrUU HA OTACIIHUTC TCJIA:
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