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IHPEATI'OBOP

Yub6enuk , MEXAHU3MU [TOJbOIMTPUBPEIHNX MAIIMHA ca pemenum 3aganuma‘
MpeICTaB/ba HOBO M3Aame ca UCTUM HazuBoM of 2015 roxa. Yybenuk oOyxBaTa IETOKYITHO

TpajiiBo Koje ce Tpefaje y OKBUPY MpeaMeTa ,,MexaHn3Mu MoJbONPUBPEHIX MAllINHA CTyIEeHTUMA
[Tomonpuspennor dakynarera y HoBom Cany, Cmepa 3a mobONPUBpPEHY TEXHUKY, TE je

NPBEHCTBCHO lbMaA U HAMCHEH.

Yubenuk cagpxku 16 nornasma: Pa3oj mexanumzama, OcHoBHE mojMoBu, CremneH ciobofe
KpeTamwa, [lyrTame Mexanuzama, YcloBu (DyHKIMOHHCAWka MEXaHW3aMa, YBOJ Y KMHEMAaTHUUKY
aHanu3y MexaHmsama, [Ipommpeme kiau3Hux naposa, Merona Acype, Kappanos 3rino0, [Toausan
MeXaHHu3aM TpakTopa, [lmaHneTapHu MpeHOCHUIM CHAare, YBOJ Y MMHAMUYUKY aHAIu3y, JeqHaunHe

KpeTawa MexaHuzama, OnpebuBambe MOrOHCKE cuile, YpaBHOTEXEHhe MexaHu3zama u bperactu
MEXaHU3MU.
W3a Teopujckor fena cBakor IOIJaB/ba U TEMATCKUX jeIMHULA AT Cy PEIIEHU NPUMEPHU ca

noTpeOHNM oOljalimbebuMa. OBakaB NPUCTYI U3JIarawby MaTepuje oMoryhaBa CTyleHTUMA JIaKIIe

CaMOCTaJTHO YUCH:C.

AHanu3upaHu NpUMepH U pelleHy 3aaly cy IOKa3aH! Ha MEXaHU3MHUMa KOjH ce KOpPUCTE Ha
NOJbONPUBPEHIM MalllMHaMa, T€ YIIOEHUK MOXe Jja OyJe KOpUCTaH OHMMA KOjU ce y Ipakcu, Ha

OuIo KOju HauKH, 0aBe OBUM MallliHAMa.

3axBaJHOCT 3a MPBO U3amka OBOT yibeHuka oa 2005. ro. ayryjeM perieH3eHTuma: npod. ap

Muognpary 3nokomnuuy, ipod. ip Pamoany [Tonosy| u npod. ap Bypu Epuerosuhy, 3atum kosnern

npod. ap parom PagomupoBuhy, Kao u Komerama Koju Cy CBOjUM CyrecTHjaMa JONPUHEH fia

KibHra Oyfie KBaJIUTETHHU]a U CTYIEHTUMA IPUCTYIIAYHK]a.

[ToceOHO ce 3axBaibyjeM cTyaeHTMa CMepa 3a NObONPHUBPEHY TEXHUKY KOjU Cy TPOBEpaBali

AHAJIUTHYKE penaunje N pelICha 3a/iaTaka.

Ayrop he Outu 3axBanaH 3a CyrecTyje 1 KOHCTPYKTHBHE IPUMENOE.

Hoswu Cax, 10.08.2020. rog. AyTop
[Ipod. np Papojka 'muropuh
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0. BAIIATAK U BHAYA] MEXAHU3AMA I10/6bOIIPUBPETHUX MAIIMHA

0. 3AJATAK 11 3BHAYAJ MEXAHU3AMA ITIO/bOITPUBPETHUX
MAIINHA

Mexanu3mu Cy pe€laTuUBHO MJ1aJia Haqu006pa3OBHa JUCHHUILINHA KOja CC HarJio pa3Buja TEK Yy

20-ToM BeKy.

Mexanu3mu NMajy 3afaTak jja MpeHecy KpeTame 1 CHATy Of IIOTOHCKOT elleMeHTa (Off MOTopa
WM HEKOT APYror M3BOpa OOPTHOT MOMEHTa M OOPTHOT KpeTama) /0 W3BPIIHUX PAJHUX JET0Ba

MallliHa 4 [ia TpyA TOME obaBe HCEKH, HaMa KOpUCTaH paf.

3axBalbyjyhu pa3Bojy MexaHH3aMa pa3BWIE CY c€ BPJIO PA3NUUUTE MOJbONPUBPEHE MAIINHE
Koje Mory fa o6aBe CKOpPO CBE arpOTeXHHWYKE OMepaldje W THME Ja 3aMeHe YOBEeKa Y TEIIKOM
¢uzuukom papgy. Jom camo mpe ocamjieceTak — TOAMHA BeOMa BeJIMKH Opoj pajoBa Y
MOJbONIPUBPENHO] TPOU3BOMIKBY 00aBIbaH je PyyHO, KA0 LITO je CeTBa, Kocuaa, Cakylbambe yCeBa,

yTOBap, UCTOBAp UTH.

HaHac cy cBe Te omnepanyje MOTIYHO MEXaHU30BaHE, TAKO Jia jeflaH YOBEK MOXe caM Y TOKY
rogude fa obpabyje oko 200 ha mom partapckum kyntypama. Tume je Beoma cMameH Opoj
CTQHOBHMIITBA KOjU ce OaBM MOJbONPUBPEHOM IPOM3BOAKOM. Y Ppa3BHjeHHM 3eMJbaMa,
3axBa/byjyhu TIOTIYHO] MEXAHW30BAHOCTH IOJbONPUBPEAHE IPOU3BOMKE, CaMO OKO 5%
CTQHOBHMIITBA OaBM C€ MOJbOIPHUBPEJHOM IPOM3BOAKOM, Ca TEHJCHLUMJOM CMamemha OBOT

IpoLEHTa.

JeuHa O T[JIaBHUX CTaBKUX MOJbOIIPUBPEIHEC IIPOU3BOAKLE 110 O6I/IMy, CJIO)KGHOH_Ihy u

TPOLIKOBUMA j€ TOJLONPUBPE/IHA TEXHUKA (MEXaHU3a1H]a).

Ja O ce NOJbONPHBPEAHE MAIIMHE MOIJE MPABMIHO OfadpaTH, KOPUCTUTH, OJP>KaBaTH,
pa3BujaTH ¥ HUMa YIOpaBbaTH MoOpa ce IMOCEJOBaTH TEMEbHO 3HaWme M3 Pa3IMYUTUX

(byHpamMeTanHuX U IPUMEHEHUX HAYYHOCTPYYHUX 00JIACTH.

Jenna op Tux obnacrtu cy u Mexaunszmu nin [IpuMemeHa MexaHuka Kako ce MOHET/Ie Ha3uBa.
[Torpe6GHO Tpen3Hame 3a yuewe npeaMeTa MexaHW3Mu TOJbONPUBPEHUX MAIWHA Cy U3

Matematuke, Mexanuke, OTIOpHOCTH MaTepujaja uTy.

3agarak npegMeTa “‘MexaHW3ME TOJBONPUBPEHAX MAIIMHA" je 1a CTYJACHTH Hayde YIOry u
(OyHKIMj)y OCHOBHMX ¥ TMOCEOHMX MEXaHM3aMa Y TMOJbONPUBPEIHAM MalllMHaMa, Kao W
MoryhHOCTHMa HUXOBOT HpuiarobaBama yclioBUMa pafa y UMby e(UKACHUjeT U PalMOHANHU]eT

Kopuurhema.



0. BAIIATAK U BHAYA] MEXAHU3AMA I10/6bOIIPUBPETHUX MAIIMHA

OcHOBHY ¥ TIOCEOHNM MEXaHM3MH TOJHONPUBPEHAX MAIMHA AaHATU3UPAHHU Cy W NPOYYEHH ca
cnenehux acmekara: cremeHa MOKPETILMBOCTH, YCIOBAa (DYHKIMOHMCAMkAa, HAUMHA KpeTama
(myrama), 6p3uHa, yOp3ama, ciia Koje ux onrepehyjy, noTpeGHe MOrOHCKE CUile, CTENeHa KOPHC-

HOCTH, YCIIOBA Pajia, ypaBHOTEKEHOCTU HT.

Kao moceOHM MexaHW3MH MOJbONPUBPENHUX MALIMHA AHAJIU3UPAHU CY: TMOJU3HU MEXaHU3aM
TPaKTOPa, KAPJAHOBO BPATUIIO, IUIAHETAPHU NIPEHOCHUIM Y TPAHCMUCH]U TPAKTOpa, Operactu Me-
xaHm3Mu uTd. OBM MEXaHU3MU Cy NMOCMAaTpaHU U aHAM3UPAHU Y CTBAPHOM OKPYXKEHY y KOjeM

(DyHKUMOHUIY U QHAUTUYKY je ie(PMHNUCAH BHUXOB YTHIA] HAa KBAIUTET 00aB/baba PaJHUX ONep-

alyja [eJOKYIHOT MAIMHCKOT arperara.

Tako npoyuyeHr MexaHu3MH Jiajy JOBOJBHO 3Hama Jia CTYIEHTH MOTY Jla aHAJU3UPajy paj CBUX
[PYrUX MeXaHu3ama U a MOTY Jia UX NIPUJIarojie MalldHaMa ¥ arpoTeXHUYKKUM ONepalyjama, mTo

j© KpajmH IHJb.

[Mpeamer “MexaHu3mMu MOJLOIPUBPETHUX MAIIMHA” j€ OMIITE CTPYYHHU MPEMET KOjH flaje Heo-
MXOHO TIpef3Hame 3a mnpaheme CTPyYHO-aINIMKATHBHUX NpefMeTa, Kao mro cy Iloroncke
Mairae, [losbonpuBpe U TpakTOpy, MammHe 3a patapcky Npou3BoiwY, MalmHe 3a CTo4apcKy

NpoU3BOAKY, MaiHe 3a Bohapcky IpOU3BOJIILY UTH.

Pa3Boj MexaHm3aMa Kao W APYrux CIMYHUX AUCHUIUIMHA OMOTYhHO je Jla ce JIBajleceTH BeK

YE€CTO Ha3uBa BEKOM MeXaHI/I3aHI/Ije.



1. PABBOJ MEXAHU3AMA

1. PABBOJ MEXAHU3AMA

[IpBu oOnuIM MPOCTUX MAIllMHA ¥ MeXaHW3aMa I0jaBUIM CYy ce JaBHO, Kajla ce YOBEK M0YEe0
0aBUTHU JIOBOM U 3eMJbOPailbOM. buia cy TO jefHOCTaBHAa M NMPUMHUTHUBHA CPEACTBA KoOja Cy My
omoryhaBasa Jakim paj;: KJIMH y pa3HUM BapujaHTaMa (HOX, CeKupa, Uria urj.), momyra (mrrar),
KOIlJbE, JIYK U CTpesa, OyMEpaHr, CTpMa paBaH UTH.

[Touerak pa3Boja Hayke O MallMHaMa M MEXaHM3MHMMa a0 je BEJUKH TPUYKM HAYYHUK U
cdunozod Apucroren - Aristotel (384-322. roy1. mpe H. €.) KOju je TPOydIaBao KpeTame u ie(hpMHACA0
Op3uHy M cHily Kao y3pok kpeTawa. Cune u Op3uHe cabupao je y BUAy mapajiesjorpama 1 Ha Taj
Hau¥H Jie(pUHCAO je T10jaM BEKTOPCKE BEJMUMHE.

[IpBu onucanu mexanuzmu patupajy us Il Beka npe H.e. Y To f06a Ouie cy mo3HaTe pasHe
anaTke Ioj UIMEHOM IIPOCTe MalluHE, Kao HITO Cy: TOYaK, KOTypaya, BUTIO, BOJAEHUIA, 3aBpTakb,
IY)K U 3yIYaHUK, KaTalyJITH UTA. AHAJIN30M M OCTBaPEHEM OBMX Halpasa OaBUJIM Cy CE O3HATH
IpYKK MaTeMaTHyapy 1 pu3ndapy TOra BpeMeHa.

Hajno3natuju je Apxumen-Arhimed (287-212. rop. mpe H. €.) KOjH je TpoyYaBao apuTMETHUKY U
reOMETPU]y U TIPBH je NepUHIUCA0 OCHOBHE 3aKOHE KpeTama 1 pajia moayra u korypaua. [loctasno
je TeMelbe MexaHWKe (CTaTHKe, XHAPOCTATHKE M NPaKTUYHE MexaHuke). Hampasmo je Buime
MallliHa: 32 HABOJ[HaBabe, Pa3IMUNTE BOJHE HANIPABE, IIJIAaHETAPAHE MEXaHU3ME UT/.

43 - >

Apucitoitiea (384 - 322. 200. uipe H. e.) Apxumeo (287 - 212. god. pre n. e.)

Xepon - Heron (250-150. rop. mpe H. €.) je TPOLIAPHO OBE
3aKOHE M fla0 NpBY KMHEMATUYKy M AMHAMUYKY aHalIM3y Ha
BpeTeHy M 3ymyaHuky. Hamucao je Buile KmUra U3 MEXaHUKE:
[Topuzne mammne, [Ineymatuka, Bojue mammne u Tearap
ayromaTa. IberoB Opojau oOpTaja je mnpeTeya MeXaHMYKUX
pauyHapckux MamuHa. Onucao je NpUHIMI paja NapHe MalluHe,
KOjy je Tek y 18. Bexy eHrnecku ¢pusnyap Llemc Bar — James Watt
(1736-1819.) HanpaBmo.

Hamu pa3Boj Teopuje MeXaHW3aMa M MalllHA TEKao je
YIOPENIO ca pa3BojeM PYLITBA. 3aCTO] HAPETKa HayYHE MUCIU
OO je eBUEHTaH Off IoYeTKa HOBE epe ma cBe o ckopo XIV

3

Xepon (250-150. 200. uipe H. e.)



1. PABBOJ MEXAHU3AMA

BeKa. Y TOM Neprofy Huje OWII0 3HaUajHUX OTKprha HUTH BEJIMKOT pa3Boja HayKe.

Oxko 1235. rommae Bumap ne Ienekypa - Villar de Gennekura nammcao je Tpakrar o
MallliHaMa KOji CafipXXi OIMHCe BOJICHHIA, TeCTepa M YETBOPOIOMY>KHOT MEXaHM3Ma, KOjH JaHac
1Ma BeoMa IMPOKY npuMeHy. therose ckuiie MexaHn3aMa HaroBeIITaBajy, Taja cMeny uiejy, fa ce
roMohy MallliHe MOJNETH.

Jleonappo na Bunuu - Leonardo da Vinci (1452-1519.
TOJI.) IMao je W3BaHpeaH MHTYUTHBHH J1ap 3a MaIllFHE U J]a0
j€ 3HavajaH JONPUHOC y Pa3BOjy 3yMYacTHX MPEHOCHUKA 32
MHMOWIa3Ha BpaTwia. HampaBno je BuIe XuApaylInmyKux
MallliHa, MAIllHA 32 IU3abe TepeTa, eleBaTopa, MallnHa 3a
ceuere pBa uty. [lopen Tora fao je m3BaHpenHe Heje 3a
pa3Boj HOBHX MallIMHA KOje Cy Ce TeK MOCJe TPHUCTA W BUIIE
TOMHA peajn30Bae, HIp. XEIUKONTED.

Wranujan T'epornmo Kappano — Geronimo Kardano
(1501-1576. rox1.) MaTemaTnyap u jekap, 6aBuO ce MPEHOCOM
cHare W OOpPTHOr KpeTawma M HAmpaBHO je 3IJIaBKACTy
crojuuny Kojy je Pobept Xyk — Robert Hook (1635-1703.
roj.) npe tora aecunucao. M fanac uma mmpoKy NpuMeHy
Ha BO3WINMA, TPAKTOpMMa HUTHA. (KapAaHOBO BPATHIIO).
s 3HayajaH je WEeroB JONPHMHOC Yy Pa3BOjy MeXaHW3ama 3a
Y e ek MIHHOBE I YacoBHuKe. KappaHo ce GaBHO MaTeMaTHKOM H
ey vres 1o nchme gant WE | Jlao je HAuMH pelllaBama jeHaunHa Tpeher crenena. Xyk je
neduHICcao 3aKOH eJIACTUYHOCTH Tea.

AT fant oy

?h\f ot mgxm&‘
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U3 pykoiiuca Buaapa oe I'onexypa (1235. 200.)

Jleonapoo 0a Bunuu (1452-1519. 200.) I'eponumo Kapoano (1501 -1576. 200.)

O Teopuju MexaHu3Ma Kao Hayl MOXe ce ToBopuTHu Tek off cpefune X VII Beka, kajja mounmwy
CHCTEMATCKa HUCTpaXKuBama Yy OONAacTH KHMHEMaTHKEe PAaBHOI M MPOCTOPHOT KpeTama.
Hajzanax<enuju pagoBu u3 Tora jo0a cy pajoBy 1IBajuapckux MaremMatndapa Joxana bepnynuja -
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1. PABBOJ MEXAHU3AMA

Johan Bernoulli (1667 1748. ron.) n Jleonapna Ojnepa - Leonard Euler (1707-1783. ron.). bepnyin
jé TmpoyvaBao paBHO KpeTawme W mpobiieMe TPEHYTHOT Iolia
obpramwa. Ojnep je Hajpehm feo XuoTa mposeo y Pycuju u
aHaIM3Mpao je mpobieMe MPOCTOPHOT KpeTawa KPYTor Teja
noy ytuiajeM cuia. baBuo ce TeopujoMm mpeHoca KpeTawa U
CHare M 3aKkJby4ymo fla je HajIoBOJbHUjU OOJMK OOKa 3ybaia
3yIyaHUKa €BOJABEHTA. 3HauajaH je 1o CBOjUM OCTUTHYhUMa U3
o0nacTu MalllMHa, MeXaHM3aMa U TeopHje CTaOUIHOCTU
enacTuuHUX Hocaya. Huje My cmerano pa momycnen Beh of
cBOje 28. rofnHe, AOCETHE BPXYHCKA OCTBApEHhA.

Jleonapoo Ojaep (1707-1783 .200.)

Y ToM nmepuofy je 3HauajaH MO  CBOJUM
pocruriyhuma mu3 obnsactu (U3UMKE U MalIMHA PYCKU
HayuHuk Muxaui JlomoHocos - M. B. Jlomonocos (1717
- 1765. rom.) mo koMme ce faHac Ha3WBa YYBEHH
MOCKOBCKH YHUBEP3UTET.

3atuM ce nojassbyje eHraecku gpusudap Llemc Bar —
James Watt (1736-1819. rop.) ca CBOjuUM YyBEHUM
[apajaenorpaMoM X HOBOM KOHCTPYKLHMJOM IapHe
MmammHe. Tume je ocTBapeH XepOHOB MOKYIIA]
KOHCTpyKIje mapHe MaiuHe jour u3 Il Beka mpe H. e.
Bar je cmaTpao fa je gao Behu gonpuHOC Haylu CBOjUM
HOBUM TONY)XHMM MeXaHW3MHMa (IapajieiorpaMuma)
HEro caMoOM MapHOM MAIIAHOM.

Llemc Baiu (1736-1819. 200.)

[TpBO BO3WJIO MapHU NOTOH Ha HANpaBUO €HINecKu MmKewep Puuapn Tpesutka - Richard
Trevithick (1771-1833. rop.). ¥ ucro Bpeme [lopn Credancon - George Stephenson (1781-1848.
rojl.) UIMao je BHIIE TOKYIIaja U3paje MapHe JOKOMOTHBE M CMaTpa Ce TBOPLEM KeIbe3HMYKOT
TpaHcnoprta. Pagosu Tpesutke u CredaHcoHa Beoma cy yOp3anyd pa3Boj MOJY)KHUX U APYTHX
MexXaHu3ama.

Bosuno na iiapnu iiozon
Puuapo Tpesuitixa (1803. 200.)




1. PABBOJ MEXAHU3AMA

Jloxomomuea [lopua

Cmedghancona (1816. 200).

Opanirycku BojHH WHXewmep [acmap Mowx - Gaspard
Monge (1746-1818. rom.) mao je BEIUKH JONPHHOC Y
pa3Bojy HayKe M TEXHHMKE HJCjOM Jia Ce MAalIMHE U HHCHU
JIEJIOBM TIPTajy y OPTOTOHATHUM TIpOjeKIrjaMa, IITO je
YHEJIO MOTIIYHY PEBOJIYLIH]Y Y TEXHHYKOM LPTaky U U3PAIH
TEXHUYKE KOHCTPYKIIMOHE JTOKYMEHTAIIN]j€ U3 CBHX O0JIACTH:
MAaIIMHCTBA, apXUTEKType, TpalheBHHApPCTBA, caobOpahaja,
nej3aKHe apXUTEKType, Menuopanuja utn. Hbemy y wgacr
Hanptay reometpujy HazuBamo 1 MOHI omeTpujom.

Kao BojHE HHXewep HAalpaByo je BUIIIE BOJHUX HAMpaBa
¥ JJa0 3HayajaH JONPUHOC Yy Pa3BOjy MeXaHW3aMa U MalliHA.
ITopep Tora pajguo je Ha TEXHMYKOM 00pa30Bamy IIMPOKUX
HApOJHUX Maca, IITO je MONPHHENO 3HATHO OpXKeM pa3Bojy
TEXHUKE U HayKe.

I'acmap Monx (1746-1818. rox.)

OcnuBau "TexHnuke MexaHMKe' Kao HayyHe oOmactu je (ppaHuycku wmaremaruyap JKan
Bukrop Ilonkener — Jean Victor Poncellet (1788-1867. rom.). OcHuBa moceb6aH HacTaBHU
IpeaMeT U3 TEOpHje MeXaHn3ama Noj Ha3uBoM: "[IpruMemeHa MexaHuKa Ha MalllHe ", KOju [IpXKu
Ha Cop6onu y Ilonurexnumukoj mkonu y Ilapusy. Ilonkener je mocraBuo Temelbe TeOpHje
€BOJIBEHTHOT ¥ UKJIOUIHOT 03yO/bemba.

Y ToM mepuofy Npoy4yaBambeM 3aKOHA KpeTama WIAaHOBA MeXaHW3aMa 0aBHO ce (PpaHIyCKH
¢dusumuap Amnep - Amper (1775-1836. ron.) u jao 3amax y pa3Bojy KuHemaTuke Mexann3ama. OBa
(paniycka mkona nMana je Benuku yruuaj y Enrneckoj, Hemaukoj u y Pycuju.

Haj3nauajuuju eHrnecku umXemwep u apxeouor je npogecop Podept Bumuc - Robert Villis
(1800-1875. rom.). [IpKao je mpenaBama O MallMHAMa M MEXaHW3MUMa Ha Kouseny y KemOpuny u
Hamucao je BHUIIE Kwura o MexaHmdmuma. bberoBa kmwura "Principles of Mechanism"
IpefcTaBbajla je KOMIUIETHO LITHBO 3a NPEeAMET KOjU ce YBOAuO y HacraBy. [loceOHO cy BaXKHa
BEroBa IpoyyaBawkba KpeTama IUIAHETapHUX NPEHOCHMKA CHare M paj Ha CUCTEMaTU3aluju
MexXaHu3ama.
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Kan Buxmop Ilonxenem (1788-1867. 200.) Pobepm Bunuc (1800-1875. 200.)

PazBojy ose pucuummune y XIX Beky y Hemaukoj MHOro cy ponpunenu HayuHuuu Peyrekc,
Bbypmecrep u I'pyOnep. IIpBu ce cMaTpa TBOplEeM HEMauKe ILIKOJIE O TEOPHjU MEXaHU3aMa, jep je
Hamucao u anac capemeny kwury "Theoretische Kinemtik".

Bypmecrap je mao 3HauajaH JONPMHOC pa3BOjy MeTofa 3a
CHMHTe3y MexaHm3ama. [lo3HaT je MeroB ariac MONY)KHUX
MeXaHH3aMa KOju ce KOPHCTH y CTBapawy HOBUX M MpPENCTaBIba
MUOHUPCKO JIeN0 U3 00TACTH FeOMETPHjCKE CHHTE3€ MEXaHN3aMa.

OcHuBau pycke mIKoje OWO je YyBeHHM  MaTeMaThyap
Maduyrnj Yebumes — I1. JI. Yebwrmer (1821-1894. rop.).
[To3HaTH cy HWEroBW pajioBU M3 OONACTH CTPYKTYpPE M CHHTE3€
MexaHu3ama. [Jao je aHanmuTHYKM M3pa3 3a ofipebuBame creneHa
MOKPET/BUBOCTH MEXaHU3aMa KOjH Ce U JaHAC KOPHCTH.

Bypumeciuap (1840-1927. 200.)

Pan Ha mpoyyaBamy mpoOieMa Koje je 3amodyeo YeOuileB HACTABUIU Cy NMO3HATH PYCKU
HayuHuuu: Kykoscku, Acyp, biex, ComoB u ap.

IToyeo je Op)Ku pa3Boj MeTOfa 3a aHAIM3y U CHUHTE3y MEXaHM3aMa, YEMY j€ HApOYUTO
nonpuaeo Hwukonaj Kykoscku - H.E. XKykosckuii (1847-1921. rop.) mro je y6p3aio ommrTu
pa3Boj MeXaHU3aMa.

KykoBcku ce cMmaTpa OcHuUBaueM M oleM pycke asujauuje. [lo3HaTa je mweroBa MeTopa

pENyKOBaHOT MexaHm3Ma ToMohy Koje ce ofpebyje morpeOHa cHara Ha MOTOHCKOM WIaHy
MeXaHu3Ma.
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THagnymuj Yebuwes (1821-1894. 200.) Huxkonaj Kykoscku (1847- 1921 200.)

Y TO BpeMe yTuuaj pycke IIKOJIEe Ha pa3Boj MexaHu3ama je 0Mo BeoMma 3HayajaH. HayuHuk
Jleonnn Acyp - JI. B. Accyp (1878-1920. rop.) pajuo je Ha cucTeMaTH3auMji ¥ Kiacuukamnuju
MexaHU3aMa, 1ITO je /1aJlo HOBU 3aMax pPa3Bojy MalllMHA ¥ MexaHu3amMa. ¥ To Bpeme je paauo H. 1.
Mepuanos, Koju je 3Ha4ajaH 110 CBOJMM PajioBUMa O aHaJIM3K IPOCTOPHUX MEXaHU3aMa.

Ipodecop n nyurnnk Bacunmj ['opjaukun - B. I1. Topstukun (1868-1935. rox.) ocHuBa Kateapy
Ha wuHetutyty MMUMCIT  (MOCKOBCKMI — MHCTUTYT HMHXXEHEPOB  CEIbCKOXO3SHCTBEHOTO
npoun3BofcTBa) y MockBu Ha Tumupja3eBckoj akaieMuji HayKa Ha KOjoj ce Mpoy4aBajy MeXaHu3MH
TMOJbOTPUBPEHUX MallHA U OCHUBAY je MHCTHTyTa 3a UCIUTHBAH-E NMOJbONPUBPEHUX MAIIKHA.
[To3HaTu cy WeroBd pajioBU U3 TeOpHje >KETBEHUX MallMHA, Teopuje paja miyra uth. [Jao je
jenHaunHy 1o Kojoj ce oppebyje ormop mmyra. Iluonup je y mnpoydyaBamy MexaHH3ama
HOJbONPUBPEHNX MAIIINHA.

Jleonuo Acyp (1878 - 1920. 200.) Bacunuj Iopjaukun (1868-1935. 200.)
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Op niejajie caBpeMeHNX HayYHUKA HAjIIO3HATH]E MECTO 3ay3UMa
akagemMuk VBan Apto6omeBcku — M.M. Aptobonescku (1905-
1977. rop.). HberoBu papgoBu o0OyxBaTajy LEIOKYIHO MOPYyYje
TeopHje MexaHu3aMa 1 OCHOBA MHAYCTPHjCKE POOOTHKE. AKaIeMHUK
N. . Apro6osmeBcku je 00jaBuo OpOjHE pajjoBe U KHIUrE KOje cy
NpeBeJieHe Ha CBE BEJIMKE CBETCKE je3MKe.

Hsan Apitiobomwescku (1905-1977. 200. )

3HavajaH JOMPUHOC Pa3Bojy TEOpHje MeXaHM3aMa J1ao je U Hall HayuyHuk Bpanucnas Wnh ( -
1976. ron.), npocecop Mammuckor ¢akyiarera y beorpajy), moceGHO CBOjOM OMIITOM TEOPUjOM
PENYKOBAHOT MEXaHU3Ma, M0 YeMy je Yy CBETY MO3HAT, KOJOM je MOTBpAuO MeToay 2KyKOBCKOT.
0O06jaBuo je TpU KIUre u3 OBe 00JIaCTH.

Op caBpeMeHNX Hay4YHUKA MO3HAT je XoianhanuH JakoO [Tutep - Jacob Pieter. ['ogune 1956.
Hamucao je 4yBeHy Kiury "Bubpaiyje y MalmmHCTBY " K0ja je 1 KOJ Hac TpeBefieHa.

HoBa epa y mpoyyaBawmy MexaHM3aMa MoOdYesia je OCHHUBameM MebyHaponHe HaydHe
denepauuje UPToMM 3a TMM (Teopuja mammna u mexanuzama) 1969. rogune y ITosbckoj mo
uaeju ApTo0o/bEBCKOT KOju je OU0 HeH NpBHu npeceaHuk. Tpehu Konrpec ogpXan je 1971. rop. y
Kynapuma (JyrocnaBuja). OcHuBameM oBe pefepalje O3HAYeH je moveTak MehyHapomHor
THUMCKOI pajia Ha MNpOy4yaBamy MeXaHH3aMa ¥ MalliHa, a NOCeOHO IOKPETameM Yacomuca
Mechanism and Mashine Theory. AktuBan unan Jyrocnosenckor komutetra UdPToM-a je Ouo
Ham npocecop Tomop IlanTenuh ca Mammnckor ¢akynrera y beorpany, Koju je gompuHeo
Pa3Bojy U IPAKTUYHOM CTBAPay BEJIUKOT OpPOja HOBUX MEXaHU3aMa.

OBpe cy yKpaTKO HaBeeHM CaMO OHM KOjU Cy Haj3HayajHUje JONPHUHENU pa3BoOjy HayKe O
MalrHaMa 1 Mexausmuma. tbuxos 0poj je ganeko Behu, Heku cy MO3HATH, a HeKU Oe3umenu. Cu
3ajeIHO cy 3acnyXHu fa ce 20-Tu BeK Ha3MBa M BEKOM MeXaHu3allyje 1ITO je OMOTYhMIIo CTBapame
BEJIUKOr Opoja pa3NUuUTUX PAJHAX M TEXHONIOIIKUX MalldHA, KOje YMECTO 4oBeKa, 00aBibajy
3aMOpHE U TEUIKE MOCIOBE.

Pa3Bojem unbopmaTuke u pauyHapa U BHUXOBA MPUCTYIAYHOCT IIMPOKOM KPYTry CTBapanana,
pasBuhe ce 1 YHalpeauTH MEXaHU3MU 1 MAIIUHE JI0 TEUIKO NMPEBUAbIUBUX ITPAHULA.
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2. OCHOBHA ITIOJMOBH

Peu mexaHW3aM moTuue Off TpUKe peud 4Ny V@ UWITO 3HAYM PAfUTU MAIIMHOM U Off
JaTUHCKE mechanismus Koja 03Ha4aBa yHYTPALIbH CKIION MalllMHE KOjU U3BOAM HEKO KpeTame. Y
nucaHoM O0JIMKY MexaHu3Mu ce nomuwby y 111 Beky npe H. €. u mpefcTaBibany €y NPOCTe MALIUHE:
CTPMY paBaH, KIIiH, KOTypauy, 3aBpTakb, 3yITYaHUK, IIy>KHU IPEHOCHUK UTI.

TokoMm pa3Boja TEXHUKE M HAyKe MEHWA0 ce MojaM U jeduHuLyja 3a MexaHuzMme. JlaHac ce
cMaTpa Jia je MexaHu3aM CacTaBHU JIeO CBaKe MalllMHe YMjU je 3afaTak ja o0aBu Heku paj. [Ipu
ToMe 00aBiba TpaHchOpPMAIHjy BPCTE KpeTama (HIIP. POTALMOHOT Yy MPABOJIMHUJCKO U OOPHYTO)
y4ecTByje y TpaHcOpMaluju eHepruje u pajia (HIp. TOIUIOTHE Y MEXaHUIKH paj 1 oopatHo). Mma
BHIIIE IepMHUIIM]a 32 MEXaHU3aM, HAjIIPUXBATIbUBH]a je cnefieha:

MeXaHH3aM je MOKPeTHH ie0 OHI0 Koje rpyne MeXaHHUKHX cucTema (mpudopa, cnpasa, ypebaja,
MalIfHA...) KO Kojer Kperame jeHOT WiaHA W3a3uBa TauHO ofipeheHa Kperama CBHX OCTAIHX
YIaHOBA, MO yHanpe] YTBphHEHOM 3aKOHY, KOja MPOH3WIa3e U3 FeOMETPHjCKNX M KHHEMATHIKHX
Be3a m3Mel)y uiianoBa Mexanm3ma.

MexaHu3Mu uMajy HIMPOKY MIPUMEHY Y CBUM, I1a U y NMOJbONIPUBPEHUM MamiuHama. To cy, Ha
NpuMep: KITUIHK, YeTBOPOMONYXHM (ca BeNMKHM OpojeM TpaHcopManumja u MoaugHKanumja),
KYJIMCHY, 3yYacTH, IUIaHETapHH, OperacTy, 3allOpHU U APYrd MeXaHu3Mu. 3axsasbyjyhu, usmeby
OCTaJIOT ¥ Pa3BOjy MEXaHU3aMa, CaBpeMEHe IOJbONPUBPEIHE MALIMHE MOTY Jla 00aBe, TOTOBE CBE
arpoTeXHUYKeE onepanyje Npy NPOU3BOYU NOJLOIPUBPEHUX KYITYpa.

KnunHu MexaHu3aM je cacTaBHE 160 MOTOpA ca YHyTpauimuM caropeBameM (SUS) (ci. 2.1a)
KOjU TOIJIOTHY €HEPrHjy HacTaly caropeBambeM ropruBa TPaHC(OPMHUILE Y MEXAaHUUKH Paj| U NIPU
TOME MPABOJMHUJCKO KpeTame KIWIa MHpeTBapa y KPYKHO KpeTawme KOJEHACTOr BpaTuia
(pammiuie) Koja MpeKo TPAHCMUCHOHOT ypehaja MOroHM TOYKOBE TPAKTOpa Wi GUIIO KOT IPyror
BO3MJIA.

[Tpu npoyyaBamwy MexaHu3aMa HENPAKTUYHO je BUXOBO NpHKa3uBawke MoMohy oTorpaduja,
CKHIAa WM KOHCTPYKLMOHMX ILIpTexXa, Beh ce KopucTu miemaTcku HauuH Lprama. llemaTckn
HpTeXu ce HpTajy noMmohy rpacuyukux cum060a, Off KOjUX Cy HeKH Ne(pUHUCAHN HAI[MOHATHUM U
MebyHapoIHUM CTaHAapAnuMa, 0K Ce OCTAJIM, Matbe BULIE, Ha OfipeheH HauKH yjeHauyeHo LpTajy y
CBETCKOj 1 Hamoj mureparypu. Ha ci. 2.1 mon a) npukasana je portorpacuja MOTOpa ca KIMITHAM
MEeXaHHU3MOM, NIOf b) CKHIIa, a MOJ| C) leroBa KHHEMaTHYKa IeMa.

EnemenTapHu cacTaBHM KHMHEMAaTHUKH JEJOBM MeXaHM3aMa Ha3MBajy Ce YJIAHOBUMA U
oOenexaBahe ce apanckuMm OpojeBuma 1, 2, 3 uta. CBaku MexaHu3aM Mopa ja uMa crnefeche
YJIaHOBE: HENOKPETaH, IOTOHCKH, criojHu U pajgHu. Ca OpojeM 1 obenexaBahe ce HEMOKpETaH YlaH
(mocrosbHM unan) u Owhe mpadgupan. Mexann3zam Moxe fa Oyfe CIOjeH ca MOCTOJLEM Ha BHIIE
MecTa, OJHOCHO J]a UMa BUILE HEIOKPETHUX YJIaHOBA, MEHYTUM TO j€ CaMO jefiaH, a He HOBH 4JIaH, Te
he ce cBu oGenexaBatu OpojeM 1. CBaku MexaHM3aM MoOpa fla UMa jeflaH MOTOHCKU YlaH U
obenexaBahe ce 6pojem 2. Heku MexaHm3Mu (IU1aHeTapHH) MOTY MMATH BA U BHINE MOTOHCKHUX
yjnaHoBa. KuHeMaTuuke Be3e ulaHOBa Ha3WMBAjJy c€ KMHEMAaTWUKMM Tauykama U oOenexasahe ce
BEJIMKUM JIATUHUYHUM clioBuMa A, B, C...

Kop xmmumuor mexanu3ma (ci. 2.1) HenokpetHu unaH (1) je cry6nuHa y Kojoj ce kpehe kium,
Kao U ocJoHar pagunuie. [Toroncku wiaH je kmun (2), cnojuu Kinunwava (3), a pajgHu WiaH je
pamwinna (4). OBaj MexaHW3aM TIpefcTaB/ba 3aTBOPEH KHHEMAaTWUKW JjaHau. [lopen oBumX,
MEeXaHU3MHI MOTY OMTH M Y OTBOPEHOM KHHEMATHIKOM JaHIy (ci1. 3.9) ko Kojux cinobopan wiaH (5)
HEMa JeTHO3HAYHO KPETaME.
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Ca. 2.1: Cauxa, cKuya u KUHeMAUYKA Wema KAUUHOZ mexanudma mouiopa SUS
1) Heilokpeitinu 4aaH (citiybauHa u ocaoHay, paouauue), 2) l02Z0HCKU 4AaH (Kauil),
3) kauiiraua, 4) koaeHacitio 8paitiuao (paouauuya )

Ja Oum KiIuODHM MexaHuW3aM [PaBUIHO 00aBbao CBOJY (YHKIM]Y Y MOTOpPY, IOpPENR
KMHEMATHYKKX YIaHOBA Ma ¥ ApYTe IeI0Be KOjU CE Ha3UBajy €JIeMEHTH Wi f1e10BH. To cy KnunHu
MPCTEHOBH, OCOBMHMIIA KOja Claja KU 1 KIMMBady, Ocurypayn (ci. 2.2), nexaju, onpyre, hIayujm,

OlA

a) ckuya b) 2pagpunku cumbon

Ca. 2.2: Kauii mottiopa SUS ca cacitiasHum deaosuma

1. ocuzypauu, 2. ocosunuua, 3. y/oHU UPCilieHOBU,
4. 3anitiueHU UpCiieHo8Y, J. iieao KAuia

B
b) 2pagpuuru cumbon

Ca. 2.3: Kauiirvaua moitiopa SUS

1. mana iiecnuya, 2. 6eauka ilecHuya, 3. mana waypa, 4.
geauKa waypa, 5. 3aspiars, 6. HA8piiKa, 7. ocuzypay

11

racoBH, yKajl, JAHIM 3aBPTHU UTI.
OBH eNeMEHTH HEMajy KHHEMATHUKY
ylIory y MexaHusMmy, Beh cBojum
MIETOBalbeM YTHUY fla MEXaHW3aM
OCTBApH 3a/]aTO KpeTawe U PyHKUH]Y
y MOTOpPY WIH HEKOM JpYyrom
ypebajy.

Knun motopa (cn. 2.2) cacrojux
ce m3 BuIIe fenoBa: ocurypada (1),
ocoBuHunle (2), BUIIE KIUITHUX
npcreroBa (3), (4) m camor Tena
kimuna (5). OcoBuHUIIA Craja KITHI ca
KIUNBHAa4yoM U oMoryhaBa 3rio0HY

Besy. KiunmHm  mpcTeHOBH  CY
HEONXOgHH 300r 3anTHBama W
[oJMa3uBamba. MebyTum, Ha
KMHEMaTU4Ko]  MIeMH, THe  ce
aHANM3Upa CaMO KpeTame, KIHI ce
NpHKa3yje IIeMaTcKu 0e3 cacTaBHUX
nenosa (ci. 2.2b).

Knunmwaua wMoTopa cmaja
KIMT ¥ PAIMIIAIy ¥ UMa Pa3jinduTe
KOHCTpYKIIMOHE o6mmke (ci. 2.3).
Moxe Outu jegHOAENHA WU
IBOJIETHA. CacraBHi IETIOBH
KIMIbaye Cy: TOPEbU JIEO ca MaJioM
necHumM (1), MOWwH €0 ca BEITMKOM
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necHuIoM (2), Mana yaypa (3), Benmuka uaypa (4), 3aBpram 3a cnajame (5), HaBpTka (6) 1 ocurypad
(7). Knunmava ce Ha KMHEMATHUKOj IIEeMH TIpuKasyje Oe3 HaBeleHuX JeoBa, Beh Kao u apyru
TIOJTY>KHY YJIAHOBH Ca JIBe KWHEMaTHIKe Tauke A (Maja necHuna) u B (Benmka necHuia).

Cnenehn nmpumep MexaHW3Ma Ha ITOJBONPUBPENHAM MallMHAMA, KOju he ce y OBOj KHU3H
QHAITM3UPATH je TIOIM3HA MEXaHN3aM TPAKTOpa KOjH CIlaja TPAKTOp ca MPUKIbYIHOM MAIIMHOM (CIL.
2.4). To je cnoskeHu MPOCTOPHN MEXaHM3aM, KOjH C€ CacTOj! U3 KYJIHUCHOT MEXaHM3Ma TPOIINPEHOT
ca BUIIE MOJYXHHUX MEXaHM3aMa. YIora My je a HOCH NPHKJbYYHY MAIlMHy ¥ Aa 3ajeflHO ca
XUPAYJIUYHAM CHUCTEMOM pETyIHIIe HhEH MOJN0Xaj y ONHOCY Ha TpakTop u 3emibuiute. Of
MOAM3HOT MEXaHM3Ma 3aBUCH KBAJIUTET Pajja MPUKIbYYHE MALIMHE W YKYNaH CTENeH KOPUCHOCTH
TpakTOpa.

[Toroncka rpyna 2 u 3 noauxke ABe 0wme Nonyre 6 U 9 u jegHy ropwy 7, KOje Cy clojeHe ca
NPUKIbYYHAM TPOYIJIOM Opyba 8, Koju je crosbaiimbyi KHHEMAaTHYKH WIaH MOJU3HOT MEeXaHW3Ma
TpakTopa (3aTo je HAlPTaH UCIIPEKUAAHOM JINHUJOM).

<

Ca. 2.4: [1oousnu mexaHuzam wipakimiopa: CAUKA, CKUUA U KUHEMATUUYKA uema

1. fiociiomHu waaH, 2. xuopayauuku yuaunoap, 3. kaui, 4, 11. pamena, 5, 10. iloousre iioayze, 6, 9.
00me [lony2e, 7. 20pba il0ay2a, 8. UPUKBYYHU Hipoy2ao opyha

KappianoBo BpaTuiio ce cacToju U3 jeHOT WM BUILE KaplIaHOBHX 3r1000Ba (cnojHuna A u B)
KOju oMoryhaBajy MOTOH ca jeHOT Ha IPyro BpaTWIO KOja ce CEeKy Moj| HeKuM yrioM o (cir. 2.5).
KappnaHoBo BpaTuno ce KOpHUCTH 3a NPEHOC KpeTawa Ha Beha pacrojama, 3a NMOrOH aKTUBHUX
pajHUX OpraHa NPUK/bYYHUX MAIlMHA Off MOTOHCKUX M 3a Apyre cauyHe notpebe. Omoryhasa
NOTpeOHy NMOKPETIBMBOCT NPUKJbYYHE MALIMHE Y OJHOCY HAa TPAKTOP M KOH(UIypalujy TepeHa
(3emsbuinTa)

Ca. 2.5: Kapoanoso épaitiuno; cAuKa, CKUya U KUHeMAiu4iKa uiema
2. il0Z0HCKO 8pailiuno, 3. mehyspaitiuno, 4. 20reHo 8paitiuLo

[InaneTapHM TPEHOCHWIM CHare, Kao M CBU OCTAJNU MPEHOCHUIM CYy BEOMa 3aCTYIUbEHU Y
HOJbONpUBpeHUM MammHama. [loce6HO MMajy BenuKy NMpUMEHY Y TPAaHCMHUCHOHUM ypebajuma
caBpeMEHUX TPaKTOpa, jep 3ajeHO ca APYI'uM eJleMeHTIMa OMOryhaBajy ayToMaTH30BaHy IPOMEHY
cTeneHa mpeHoca 6e3 Tpekuia Toka cHare (mop onrepeherem). [ndepennujannu mianeTapHu
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2. OCHOBHHU IIOJMOBH

NPEHOCHUK (AupepeHnyjan) ce KOPUCTH 3a MOTOH TOYKOBA TPaKTOpa M ApPYrux Bosuna (ci. 2.6).
OBaj MexaHu3aM oMmoryhaBa fla cé TOYKOBU TPaKTOpa NOTOWEHU JEHAM NPEHOCHUKOM OOphy
pasnuuuTuM OpojeM o0pTaja NpH cKpeTawy y KpuBuHU. Taja ce yHyTpallmbu TOYKOBU 0Ophy
CIOpHje, a CIoJballlbu OpiKe.

Tho 12J
= g B
Jpa
ik
N2 228
| = V¥ N = |
‘_|||?A.

o

Ca. 2.6: [lugpepenyujanru iinaneitiapHu iipeHOCHUK CHAZe: CKULA U KUHeMAUU4Ka uema

2. UOZOHCKU 3YIYAHUK, 3. KOHUYHU 3YU4aHUK, 4 u 5. 3yiuanuyu caiveauiiiu, 6 u 7. CyRuanu
3yiunanuuyu, 8. Hocay caiieauiua, 9, 10, 11 u 12 3yiinanuyu 3a 0201 Wio4Ko6a

OBo cy caMo Hekd MNpUMEpH MeXaHW3aMa KOji HMajy NPUMEHY Ha MOJbOIPHUBPEHIM
MallMHaMa, a Koju he ce aHamusupatu y oBOj Kibi3u. PyHKIMOHHWCAHE MEXaHW3aMa Y OKBHUPY
MalINHA, 3aBUCH Of] HETOBUX CTPYKTYPHUX, KWHEMATHUKUX M AMHAMUYKNUX MapameTapa. Heku on
OBHX IIapaMeTapa y TOKY paja ce MOTY MemaTH, YAME ce MeXaHh3aM Ipuiarohasa ycloBiuMa pajia
(3emsbuIITY, KYATYpH, CKiony Ouibaka uty.) Crora je GUTHO 3HATH NPUHIMIE ¥ 3aKOHUTOCTH Pajia
MexaHu3aMa Kako OM ce MallMHa y NEJIMHU NPaBUIHO M (PYHKIMOHAIHO KOPUCTHIA H
IpUIAroAuiia pagHoj onepanrju U OUIbLIH.

2.1. KunemMaTH4ku 4J1aHOBH

KuHemMaTHyky 4laHOBM Cy BpIIO PA3NUYATH IO CBOM KOHCTPYKIIMOHOM W3TJIEfy, IO
KNHEMATHYKO] Y031 Y MEXaHU3MY U 110 HAUMHY CIIajarba ca PYruM WIAHOM (KMHEMATHIKO] BE3H).
3aBucHO off Tora oMoryhaBajy pa3InunTe BpCTe KpeTama 1 jaBibajy ce Pa3InIuTe BPCTE TPEHA.

Ha cn. 2.7 npukazanu cy rpacudkn cuMOOIM HEKHX Off Hajuemhe KopuimheHuX diaHOBa
MexaHn3ama. Knm3aun nmajy MoryhHOCT 3a KJIM3HY M pOTAlMOHY Be3y ca IPyruM YaHOBMMA (CII.
2.7 a, bu c). llprame HEMOKPETHUX OCIOHAIIA Ca POTALMOHOM BE30M MPHUKA3aHO j& Ha MCTO] CIIUIIN
nox d), e) u f), a ca cheprom u nosycpepHom Be3oM nof g) u h). TlonyxHu unaHOBU ca JBe
pOTaIOHe KMHEMATHIKe Be3e TpuKaszaHe cy Nof i) u j) a ca Tpu Bede nop k). lllemarcko nprame
IMITMHAPUYHEX U KOHYCHUX 3YITYaHWKA Y JiBa TOTJIea IPUKa3aHo je nop 1) u m), a TaHYaHWKa TO]T
n), IOK je OperacTu Wian HpI/IKa3aH HOII p) Ha ci. 2.7.

/ /O /C. .D 'A°’+
\./ —

D) J) p)
Ca. 2.7:1T; paqbwmu cuM60/lu HeKUx KuHeMamquux wzcmoea

a, b, c)kauzauu; d, e, 1, g, h) ocaonyu, 1, j, k) ioaynHu poitiayuoru 4aanosu; 1) yuauHopuyHu
3YUYAHUK; 1) KOHUYHU 3YHYAHUK; 1) AAHYAHUK, p) Opezaciliu 4aaH
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2. OCHOBHHU IIOJMOBH

2.2. KuneMaTH4ku napoBu

Y KHHEMaTHYKOM CMHCIY €JIEMEHTApHH JIEIOBU MEXaHU3aMa HUCY WIaHOBM Beh KMHEMaTHUKH
naposu. Kunematnuku nap caunmbaBajy iBa wiaHa, of Kojux 6ap jefian Tpeba ja je mokpeTas. Beza
YJaHOBA Y KMHEMATMYKOM Iapy je pa3iuyuTa ¥ 3aBUCHO Off TOra Kako MOTY, jeflaH Y OfHOCY Ha
JPYTH fa ce pa3InuuTo Kpehy: poTaluoHo, KIU3HO UM cloXeHO. KnHeMaTHyky mapoBy MOTY f1a ce
Kpehy caMo y jefHO] paBHHM, Tajja Ce HA3WBAj)y PAaBAaHCKM WM Yy MPOCTOPY, T€ Cy MPOCTOPHU
KUHEMaTHYKK APOBH.

Hexu npumepu paBaHCKUX KHHEMATHUKUX [TApOBa NPUKa3aHu cy Ha cil. 2.8. PaBaHCcKu Kiu3HH
MApOBHU Cy TAKBH /I jeJlaH YJIaH Y OJHOCY Ha IPYTU MOXKe Jia ce Kpehe caMo TpaHCIaTOPHO Y jefIHO]
paBHm (ci. 2.8a,b). Kmuzau 2 (cn. 2.8a) Moxe caMo jia KiM3a MO HEMOKPETHOM 4iaHy 1, wiu
0oOpHYTO ako ce ocmobogu wiaH 1, a ykounm uwiaH 2, tafa he uman 1 umMaTu camo KJIM3HO
(TpaHCIaTOpHO) KpeTame yHyTap wiaHa 2. be3 063upa Koju je unan nokpetas 1 wim 2, peJaTHBHO
KpeTame u3Mehy BUX OcTaje MCTO (HEeMpoMemeHO). TpaHCIaTOpHH KMHEMAaTHyku map 2, 3 (ciL.
2.8b) nma 06a mokpeTHa unana. [Ja 6u ce opemia BpcTa pelaTUBHOT KpeTama n3Mehy mokpetHux
YJIaHOBA 3aMHUCIIH CE /1A j€ jeflaH HeTOKpeTaH, Hip. uiaH 2. OuurieiHo je Aa Kiu3au 3 Moxke caMo Ja
KJM3a 1o 4iany 2. To ucTo Baxku ako ce 3aMUCIIHM Jla je HeMOoKpeTaH knu3ad 3, Tajja he ce unan 2
TPaHCIATOPHO KPETaTH YHyTap unaHa 3.

Poraumonn paBancku map omoryhaBa poTaloHO KpeTamwe je[JHOT WIaHa y OHOCY Ha IPYTH Y
jemuoj pasuu (ci. 2.8c,d,e). Ako ce 3aycrau unas 3 (ci. 2.8¢,d) Taja he ce wian 2 poTanuoHO
KpeTaTh OKO WwiaHa 3 y jeaHo] paBHU. VICTO penaTHBHO POTalMOHO KpeTawe fo0Hja ce ako ce
3aMUILBEHO YKOYHM YJIaH 2.

PaBaHcku napoBu ca CIOXKEHHM KpEeTaweM MMajy U POTALMOHO M TPAHCIATOPHO KPETame
(cmoXeHO) jeTHOT WIaHa y OfJHOCY Ha pyru y jefHoj pasuu (ci. 2.8f,g). CipernyTu 3ynuy Ha iBa
cipernyra 3ymuanuka (ci. 2.8f) knu3ajy ce u KoTpibajy jenau no apyrom. Takobhe ce u 6per 2 (ci.
2.8g) KM3a M KOTpJba MO WIaHy 3.

Knunan mexanusam (ci. 2.1c) je paBaHCKHM MeXaHM3aM M MMa YKYITHO YETHPU KMHEMaTH4Ka
napa: 1,2; 2,3; 3,4;u 4,1 Koju jefan y OgHOCY Ha Ipyru Mory Aa ce kpehy camo y jenHoj pasuu. [lap 1,
2 je TpaHCIATOPHU, JOK CY OCTAJIU POTALUOHN.

B 3
A
5 3 B2 C 2 y 2 2 3 5 2
A 1 3 A
/77&"/‘; Ad™2 A B 1
a) b) ¢) d) e) W/ )

g
Ca. 2.8: PasaHcku KuHemaiiuyku ilaposu

a, b) wipancaaiiopnu; ¢, d, e) poitayuonu, 1) 3yiuaciiu; g) bpezacitiu

[TpocTOopHM KuMHEMaTHUKM NAPOBHU Cy OHU APOBH, IJIE jeflaH YJIaH Y OfHOCY Ha IPyId MOXe fa
ce kpehe y mpocropy (ca1. 2.9). Kop xenukonaHor napa (HaBpTKa 2 1 3aBpTam 3) 4IaHOBH ce Kpehy
y iBe MehycoOHO ynpaBHe paBHH, Kao W KO poramuoHor mapa nox d). Hasprka 2 y ogHOCy Ha
3aBpTam 3 MIMa POTALMOHO M TPAHCIATOPHO (CIIOKEHO) KpeTame, Kao M YWiaHoBH 2 1 3 mapa 1og d).
[Monycepun u ceprn maposu (ci. 2.9b,c) omoryhaBajy wWwiaHOBAMAa pPOTAMOHO KpETame Y
IPOCTOPY Y AABE UIIU TP PABHU.

2 A J—
N T~
A O §3B ’(2‘@35\ {@?‘ —|:3 ’
a) b) ¢ d)

Ca. 2.9: [IpocitiopHu KuHemaiiuiKu uaposu
a) xeaukouowu, b)iioaycgepnu, c)cghepru, d) poiiayuoru
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2. OCHOBHHU IIOJMOBH

[Tpocropru yetBOpomonyxHm MexaHmzaMm (cia. 2.10) mma dYeTHpn KMHEMaTH4yKa Tapa.
Kunematnuku nap 1, 2 u 4, 1 cy poranuonu paBaHcku, nap 2, 3 je npocTopHu cepHy, a 3, 4 je
NPOCTOPHHU NoJychepHH nap.

2.3. Hyxy 1 BUIIM KHHEMAaTHYKH IAPOBH

[Ipema BenmunHY OAMPHE MOBPIIMHE KAHEMATHYKK TIAPOBH Ce JieNe Ha HuKe U Buie. Huku

MIapOBU Cy OHU Koju ce MehycoOHO oaupyjy no noBpiuHA. To cy kiau3uu naposu (ci. 2.8a,b i ci.
2.9d), xenukoupau naposu (cin. 2.9a) utn. Kon Huxux naposa tpeme je Behe, Te je motpedHa u Beha
eHepruja 3a HberoBo capnafaBame. CTeneH KOPUCHOCTH HIKUX TApOBa je Mabi, Kao U CIIeU(pHIHA
NpPUTHCAK, TE€ C€ MOry KOPUCTUTH MaTepHjall ca MamUM BPEIHOCTUMA MEXaHHUKUX
KapaKTePUCTHKA.
- By KMHEMaTHIKA TApOBH CY OHU KOJ| KOjUX CE YIAHOBH
MebycoOHO oMpyjy MO Majioj MOBPUIMHU (TAa4KW, JTUHHH). Y
OBE MapoBe chajajy 3ymyactu u Operactu maposu (ci. 2.8f,g).
Onnukyjy ce ManuM TpemeM H BEJIUKUM  CHenu(pUIHIM
npuTHciuMa, Te ce u3pabyjy opg Matepujana 3a Behum
BpEJHOCTAMA  MEXaHWYKMX  KapakTtepuctuka.  CremeH
KOPHCHOCTH je Behu Hero Koj| HIKMX KHHEMAaTHIKIX TapOBa.

Ca. 2.10: Ilpociuopru mexanusam
2.4. PeBepCcHOIIHN 1 HPEBEPCHOWTHE KHHEMATHYKH NAPOBH

[Tpema cBOjcTBY OOpHYTOCTH KpeTawma KMHEMATHUKM IApOBH CE [ielle Ha pPEeBepCUOMIHE U
npesepcuounHe. PeBepcuOuiTHg napoBu cy OHY KOJ| KOjUX C€ IPOMEHOM IIOCTOJLHOT YllaHa He MEHba
BpCTa KpeTama. Y OBY IPYIy CIIajiajy TPAaHCIATOPHHU, POTAIMOHH, XeIMKOUAHH 1 Ipyru naposu. Ha
npuMep, KON KIM3HOT KMHeMaTHJKor mapa (ci. 2.8a) mehycoOHO pemaTmBHO KpeTame u3meby
waHoBa he 6uTn ucro, 6e3 063upa f1a i he mocTobHY (HEMOKPETHN ) WiaH outy 1 wiu 2.

WpeBepcnOWIHE MApOBH CYy OHU KOJ| KOJUX Ce MEHa BPCTa KpPeTama MPOMEHOM MOCTOJLHOT
ynana. Ha npumep, KWHEMaTHYKY TTap KOjH Ce CACTOj! U3 TOIYKHOT WiaHa 1 1 Touka 2 (ci. 2.11) je
npeBepcuOunat. Y mMpBoM ciyyajy Kaja je uiaH 1 HemokpeTaH, a Toyak 2 ce Kpehe KoTpibambeM 6e3
KII3ama, MyTama OWJI0 Koje Tauke Ha 00Oy TOUKA je IUKIouaa. AKO je ToYak 2 HeMmOKpeTaH, a
MOKpEeTaH NMOJNyXHY 4naH 1, Tafa he myrama Tauke Ha IITamy OUTU €BOJIBEHTA.

a) 0)
Ca. 2.11: Hpesepcubuanu kunamaiiuyku iap

a) iWouak ce Kowipspa 6e3 Kaudara o Upasoj auHuju (yukaouoa), 6) pasa ce KOMPHA HO
{ouKy (esongeHitia)
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3. CTEIIEH CJIOBOJIE KPETABA

3. CTEIIEH CJIOBOJE KPETAIbA

Crenen cnobofe kperama (SSK) wim cremeH MOKPET/HUBOCTH jé OCHOBHHM IIOfaTak O
MOFthOCTI/IMa Kp€Takba KHHEMaTUYKUX TapOBa U MEXaHU3Ma y HCJINHA.

CnobopnaH 1 He3aBUCaH WiaH y MPOCTOPY MMa HIECT CTENEHH ClOoOOfie KpeTamwa, Tj. ILEeCT
HE3aBUCHUX KOMIIOHEHTATHUX KpeTamwa, TPH TpaHciauje no ocama X, Y u Z U Tpu poTanuje oko
wux (cm. 3.1).

Jeman HazaBucaH uwinaH (c1060/1aH, HAje Y KOHTAKTY

ca IpyruM) Hema (PYHKIK]Y Y MAIlIUHY U YBEK je Y TOAUpY

Ca HCKUM JIpPYI'UM WIaHOM WUJIA TPYruM JCJI0OM MallnHE.

g Crorahemo nocmarparu kperatme n ogpebusari crenex

v X cno6ope KpeTama KUHEMATHYKHX 1APOBA M MEXAHU3MA Y

\/—X IEJINHN, a HE OJIBOjJEHO KpeTame M CTENeH clobofe
KpeTama N0jeINHAYHUX HErOBUX YIaHOBA.

Ca. 3.1: Citleiiern cn0600e Kpeitiarba jeOHoZ
UpPOU3BO/LHOZ HAAHA Y UPOCIUODY

3.1. Crenen c1000€ KpeTamba KHHEMATHYKHX NapoBa

UYuM ce [1Ba 4aHa croje, OMI0 KOjoM KHHEMATUUKOM BE30M Y jeflaH KHHEMAaTHUKU Tap, jefan
JPyrOM OTpaHUYaBajy KPEeTame, OJHOCHO CMambyje UM ce Opoj CTENeHH clno00fie KpeTawa. 3aBUCHO
Ofl BpCTe KMHEMAaTHuyKe Be3e, KWHEMATHYKM IMapoBH MOTY Jla UMAjy jeflaH, fiBa, TPH, YETHUPH H
MAaKCHMAJIHO IIET CTENEeHH cnolofie KpeTawa. KnHeMaTuuku nap He MOXe fla UMa LIeCT CTeNEeHH
cinobopie KpeTawa. Takobe, He MoXe OUTH CTeNeH co00/ie KWHEMaTUYKOT Tapa jefiHaK HyJH, jep
npecraje OUTHU nap, Beh je HemoMuyaH 4naH.

KuHeMaTHYKnM napoBuMa ca jeTHHM CTeNeHOM clI000/e KpeTama je Ofy3eTo TeT (O] YKYITHO
IIECT), TAKO /I CE jeflaH WIaH y OAHOCY Ha IPYTH MOXe KPEeTaTH caMo Ha jeflaH Off IIeCT Ha3HAUeHUX
pa3NMUNTHX KOMIIOHEHTAHUX KpeTawa. HasmBajy ce mapoBuMa mpBor pepa. TpanciaTtopHu
KNHEMaTHYKH TApOBH Ca jEeJHAM CTENeHOM ciobofie KpeTama (ci. 3.2) mmajy MoryhHOCT camo
TpaHcanyje o ocu Y uiM 1o npasiy wiada AB. AKo ce 3aMUIIUbEHO YKPYTH jeflaH 4iaH, HIIp. 2,
Tajia he unan 3 umMaTH caMo TpaHcialyjy, WM OOPHYTO, AKO CE 3aMUIIVbEHO YKPYTH WwiaH 3, Tajia he
ce ulaH 2 MohM KpeTaTH caMoO TPaHCIaTOPHO. TpaHCIaTOPHO KpeTawme MOXKe OUTH U MO APYTUM
ocama WIH 110 APYTUM TIpaBLuMa.

B
B
2 3 Ad 2 ad? * 1 ’
a) b) c) d)

Ca. 3.2: TpancaaiiopHu KuHemMamiuyKu daposu ca jeOHUM citieileHom c10000e Kpeitiarba

ITap ca cn. 3.2b Ha3uBa ce KyJIMCHU [ap ¥ TO CY HIIP. KJIUI U XUAPAYIUYHY LUIHHAAP KOjU UMajy
LIXPOKY NPUMEHY Ha NOJbONPUBPEAHIM MalllHaMa. TpaHCIaTOpHK NApOBU MOTY UMATH Pa3/IMyuTa
KOHCTPYKIIMOHA pellieka (Pa3iuInuTi OOIUIH WIAHOBA, PA3TMIATH IONPEYHH PECEIH UTL. ).
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3. CTEIIEH CJIOBOJIE KPETABA

Poraunonn KuHeMaTHYKu NMApOBHU ca je[HUM CTEINEHOM ClI000fie KpeTawa MMajy MOryhHOCT
caMo jefiHe poTalje, peJaTUBHOT KpeTawa jeJHOr 4iaHa OkKo Apyror. To 3Hauu ako ce YCIOBHO
jellaH uiaH yKpyTH, pyru iMa MOTYhHOCT caMo poTanuje oko wera. Ha ci. 3.3. npukasanu cy camo
HEKM KMHEMAaTUYKU POTALMOHM [TAPOBY Ca JEAHMM CTEIIEHOM CI000JIe KpeTamba KOjU MMajy HIUPOKY
NPUMEHY 1 Ha TIOJLONIPUBPEHAM MallliHamMa. BpaTuia, ocoBiHe, pOTOPH UT/. IPEACTaBIbajy ce Kao
Ha OBOJ CJIMIIK MOJ] @) ¥ b). 3ymyanuiy, )pUKIMOHN TOYKOBH U IPYTU IPEHOCHUIIM CHAre K 0GPTHOT
Kperama (moy d), Kao u Gperacta ocoBuHa (IIO] €), MMajy jefaH CTeNeH cIobo/ie KpeTama y OHOCY
Ha HEMIOKPETHH WIaH (CBOjy TEOMETPH]CKY OCY) OKO Koje ce 0Ophy.

Ry
/\

e) )] i)

Ca. 3.3: PoitiayuoHu KuHemMaitiuiKu ilaposu ca jeOHUM CilleileHoM c10000e Kpeillara

KunemaTHukn mnapoBu ca [iBa cTeleHa cJ1000fe Kperama, Takobe HMajy NmpuMeHy Ha
NOJHONPUBPENHAM MalllMHAMa W Ha3WBajy ce mapoBmMa fApyror pepa. To cy mapoBm Kojuma je
Ofly3€TO YETHpPU CTeNeHa cIo00fe KpeTama, Tako [ia jeflaH Y OfHOCY Ha JPYTH YIaH MOTY Jia ce
Kkpehy Ha fBa pa3nmuura KOMIIOHEHTanHa HauuHa (cn. 3.4). YriaBHOM je TO KoMOWHaluja
TPAHCIATOPHOT ¥ POTALMOHOT KPETama.

Rx
A
AN

g
Ca. 3.4: Kunemaiiuuxu iiaposu ca 08a citieiieHa ca0600e Kpeitiarba

Ha oBoj ciiunm 3.4 nopy a) u b) npefcTaB/beHn ¢y HIIP. TPEHOCHUIIN WM TOYKOBH KOjH ce 06phy
OKO CBOje OCe M aKCHjaJHO Cy NMOMEPJbUBU MO BPATHJIy WM OCOBMHM Ha Kojoj ce Hamaze. CBe
3aBpTambCKe Be3e MMajy JBa cTereHa cinobofe Kperama (mop ¢). Kapaanos 3rinob ca rpaHIYHIKOM
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3. CTEIIEH CJIOBOJIE KPETABA

(mop d), mma niBe poramuje. [IBa crperHyTta 3ymuannka (wim ¢ppukimona todka) (mox f) jeman y
OJTHOCY Ha IPYTH UMajy JiBa CTENeHa cno0ofie KpeTamwa, POTalyjy ¥ peaTuBHO Kin3ame. Takobe, n
OperactTi KMHeMaTH4KM map, (moj g) WMa JiBa cTemneHa cnobofe Kperawa (Oper y OfHOCY Ha
noau3ay).

KuHeMaTHYKNM NapoBHMA ca TPH CTeNeHAa CJI000/le KpeTama OJy3€TO je TpPU CTENeHaA, Off
YKYIIHO IIeCT M Ha3uBajy ce maposuma Tpeher pema. To cy mapoBu Koju umajy KOMOMHALW]jy
TPaHCIATOPHUX W POTAalMOHUX KpeTawa (ci. 3.5). KapmanoB kunematiuku 317106 (1o b) ca Tpu
poTtanyje, oko oca X, Y U Z uMa IKUpOKYy NPUMEHY Ha KapfiaHOBOM BpaTWiy KOje ce KOPUCTH 3a
TIOTOH aKTHBHUX PAJJHUX OPraHa MoJbONPUBPEHMX PUKIbYYHAX MAIIIUHA Of TPAKTOPA.

Kappanos 3rno6 omoryhasa IpeHOC KpeTamwa ca BpaTuia Ha BpaTUIO KOja ce Hajase MOf
HEKUM YIJIOM M oMoryhaBa MpWIarofybMBOCT MPUKJbYYHE MAIIMHE W TPAKTOPA Pa3IMuYUTUM
KOH(pUTYpanujama TepeHa (3eMIbHIITa, MOJIIOTE ).

Rz
I/ )/’ RyQZ)-@és ["RX
2 ) N 37 T

Ca. 3.5: Kunemaitiuuku ilaposu ca iipu citieileHa ca0600e Kpeiliarba

KuneMaTHYKn napoBu ca YeTHPH cTeneHa cli0Go/ie KpeTama (I1apoBU YETBPTOT pefia) HEMajy
Behy mpakTuyny npumeny. Hbuma je opgy3eTo ABa crtemeHa cno0Oofe KpeTamwa, Off YKYIHO IIecT.
Tunuyan map 4eTBpPTOr pefia je Basbak Ha mwioun (ci. 3.6). Bamak y offHOCY Ha HEMOKPETHY MIIOYY
MMa JIBe TpaHcianyje no ocama X u Y 1 iBe poTanuje oko oca Y u Z.

KuHeMaTHYKn napoBu ca NeT CTeNeHH cJ00oJe KpeTama (ApOBH METOT pefja) Hemajy
NpakTUYHY npuMeHy. [IpuMep KMHEMaTHUYKOT Mapa MeTor pefia je jJonrta Ha mwiovn (ci1. 3.7). Jlonra
y OTHOCY Ha IIOUYy MMa JiBe TpaHcanuje u Tpu poTtanuje. CaMo He MOXe la IMa TPaHCIAIH]y MO

ocH Z jep Ou ce pa3aBOjuiIu U pecTani OUTH KUHEMATUUKHY Hap.
Rz

Rz S
T
Ry 2 Ry
3 VR
" v
| X
2 |
2
Ca. 3.6: Kunemaiuuuxu iiap ca yeiuupu Ca. 3.7: Kunematuuyxu iap ca ieit
cinieitera cn0600e Kpeiliara citieiieHu c100600e Kpeitiarba

Crenenu CJIO6OJ16 KpeTaba HOjGJII/IHa‘-IHI/IX KMHEMATUYKUX MapOBa yTUYY Ha CTCICH CJIO6OJ16
Kpe€Tabkba MEXaHU3Ma.

3.2. Crenen c1000/€ KpeTama MexaHu3amMa

Crenen cnobope Kkperama Mexanusma (SSK), Tj. creneH nokpeT/bHBOCTH MEXaHU3Ma MOKe ce
nepuHACATH HA TPU HAUMHA.
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3. CTEIIEH CJIOBOJIE KPETABA

1. Iloa SSK nogpasymesa ce 6poj wiaHOBa y MeXaHU3MY Koje, ceM nocTo/ba (41ana 1) Tpeda
y4BpCcTHTH (YKPYTHTH) a 04 110 MeXaHH3aM 0CTao KpyTa ¢urypa.

AKO ce Koj| KITUITHOT MeXaHu3Ma (ci1. 3.8) yUBpCTH MOTOHCKY WIaH 2 OYMIJIE[HO je Aa ce Hehe
Mohu KpeTaTH WwiaH 3, a caMuM TUM U wiaH 4. AKO ce ocio0oiu wiaH 2, a YKPyTH 3, HEe MOTY ce
KpeTatu 4wiaHoBu 2 u 4. Mlcto he ce fecuTn ako ce yKpyTH uiaH 4, HeroKpeTHY he OUTH unaHoBY 3 1
2. N3 oBe kpaTke aHanu3e NPOM3MIA3U Jia YKPYheweM jeHor, Ouio Kojer MOKPETHOI YlaHa,
MeXaHu3aM MpecTaje OUTH MeXaHu3aM, Tj. IocTaje KpyTa (urypa, mTo 3Hauu jja OBaj MeXaHU3aM
MMa jeflaH cTemneH cirobone KpeTama (SSK=1).

[Mpoumpenu yeTBOpONmoNyXXKHM MexaHu3zaM (1. 3.9) ca WwiaHOM 5 WMa jefHy MOTEHIHjaJHy
KHHeMaTnuky Be3y (3r06 E). Ako ce ykpyTu noroscku uiaH 2 Hehe ce Mok KpeTaTy 4naHoBY 3 1
4, nok he ce u gjasbe Mohu KpeTaTy 4jaH S, IITO 3HAYM a MeXaHu3aM uMma Buuie off jegHor SSK.
Mexanu3zam he nmocratu Kpyra purypa, TeK ako ce Nopef WiaHa 2 YKpyTHU U YiaH S, IITO 3Ha4y fia
MexaHu3aM nma asa SSK.

Kiuman mexanmszam (cin. 3.8) mpepcraBiba 3aTBOPEH KMHEMATHUYKHM JIaHAI, a TPOIIMPEHH
YETBOPOIIOJYKHI MeXaHu3aM (ci1. 3.9) je OTBOpeH! KWHAMATHYKY JIaHAIl.

C

X C
VA \ 1
Ca. 3.8: Kauitnu mexanuzam ca jeoHum SSK Ca. 3.9: HoaymrHu mexanuzam ca 0ea SSK

2. Tlox SSK mnoppa3zymena ce opoj NOrOHCKHX YIAHOBA Y MEXaHU3MY, YHjUM KpeTameM 01 ce
CBH OCTAJIN WIAHOBH KPETaJIN jeTHO3HAYHO N0 yHANpex oapehenoM 3aKomy.

[Torpeban Gpoj MOrOHCKUX YIaHOBA MEXaHM3Ma, fla Ou ce MeXaHHu3aM jeflHO3HAuYHO KpeTao,
onipebyje ce BU3yedHO W moMohy cTpykTypHe (hopmyne Uebumepa (YeObrmmmen, 1821 — 1894.
TOm.).

Crenen cnobofie KpeTama BU3YEIHO ce ofipehyje Ha HauMH KaKo je TO peyeHo Moy Taukom 1.
K mexanu3am ca cit. 3.8 Tpe6a ja Ma jefjaH MOroHCKY WwiaH, 6uno kinum 2 ( ko Mmotopa SUS)
WM 4naH 4 (KOJ MyMIH, Iipeca UT/.) 1a f1a Ce CBU OCTaJM IIOKPETHN YJIAHOBH jeTHO3HAUHO Kpehy.
Mexanu3am ca ci1. 3.9 Tpeba 1a uma JjBa MOrOHCKA WiaHa, YIaHOBHU 2 U S, WK WIAHOBH 4 1 5 1a 61 ce
110 MEXaHU3aM je[IHO3HAYHO KPETAO.

CrpykrypHa popmyna YeOnmesa 3a ogpebusame SSK nma onrru o0mnuk:

5-m

SSK=(6-—m)(n—1)= D (6=m=i)Pi, ororrrirrmsemrsssessisessnsnssinees (3.1)
i=1

e je: m — Opoj MOYETHHX OTpaHMueHa, N — YKymaH Opoj WiaHOBa MeXaHW3Ma (TIOKPETHH H
HETOKPETHN); 1 — pel KNHEMaTHIKOT Tapa; P; — 6poj KNHEMaTHYKKX TapoBa i—TOT pefia.

CBaky MexaHHM3aM CacTOju Ce M3 BHIIE KMHEMATUUKMX [ApoBa PA3NUUUTUX PERoOBa KOju
onpebyjy SSK mexanusma. Kunematuuku map mpBor pefa opy3uma Mmexanusmy net SSK; map
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3. CTEIIEH CJIOBOJIE KPETABA

fpyror pefa ongysuma Mmexanusmy yetupu SSK; tpeher pepa opyzuma tpu SSK; yerBpTor pena

Ofly3HMMa JIBa U TIETOT pefia oay3nuMa Mexanu3my jefan SSK.
AKO je MexaHuW3aM NPOCTOPHM, 0€3 MKAaKBUX JPYTMX MOYETHHX OTpaHUuCHa y KpeTamwy,

OJTHOCHO Kajia je Opoj moueTHNX orpanndema m=0, jenHaunna (3.1) he mmarn o6muK:

SSK =6(n—1)=5P —4Py —3P3 —2P4 —P5, coviiiiiiiiiiiiiiccs (3.2)

rie je: Py- Opoj kuHemaTtnukux naposa ca jefauM SSK; P, - Opoj KMHEMaTHUYKUX IIapoBa ca JiBa
SSK; P3- 6poj kuHeMaTtnukux naposa ca Tpu SSK; P4- Opoj KMHEMATHYKUX MAapoBa ca YETHPU
SSK 1 Ps - 6poj kuHeMaTHukux naposa ca net SSK.

Jepnaumna (3.1) MoXXe mMaTH 1 pyre oGMMKe 3aBUCHO Off Opoja MOYETHUX OrpaHnuema. AKO
MeXaHU3aM y CTapTy MMa jeJHO orpanuyewe (m=1) tajga jeqHaunna 3a onpebuBamwe SSK riacu:

SSK =5(n—1)=4P] =3Py —2P3 =Py . oo (3.3)
Kajpia Mexanu3aM UMa [IBa OrpaHiyerba (m=2) jeiHaunHa nmMa 00JIHK:
SSK =4(n—=1)=3P] —=2P) —P3. v (3.4)

3a paBaHCKe MEXaHU3ME KOJ KOjuX je Opoj MOYETHUX OrpaHHYEHa y KpeTamy jeHaK TpH
(m=3) jepraunHa 3a onpebuBame SSK jenHaka je:

SSK =3(0 1) = 2P| =P ccceeeeeeessesccseeeneeessssssmssssessssssssmnsssessssss oo (3.5)

[ToyeTHo orpanmueme (m) mpencraBiba OpOj Pa3IMUMTHX KOMIIOHEHTATHHX KpeTama Koja
MeXaHM3aM He MOXe Jia uMa, 300r BpcTe KMHEeMaTHUKKX Be3a u3Meby umaHoBa. AKO MexaHu3aM
HeMa MOYeTHHUX orpaHnuera (m=0), Kao HIop. MPOCTOPHH MexaHu3aM ca ci. 3.10, Kkoju Moxe fja uma
CBE TpHU TpaHCalyje U CBe TpU poTanuje oko oca X, Y u Z, taja je m=0.

YeTBOpPOMONYKHI paBaHCKM MexaHu3aM ca ci. 3.11 uma y crapTy Tpu orpannuema (m=3) jep
HE MOXE Jla ce Kpehe TpaHCIaTOpHO 1O OcH Y ¥ pOTAaLMOHO OKO oca Z 1 X, jep O y NPOTUBHOM
U3alllao U3 BEPTUKAJHE paBHU KOjy oApebyjy oce X u Z v npectao Ou OUTH paBaHCKK MEXaHU3aM.

Yeroponony:xun Mexanuzam (ci. 3.10) je mpocTopHn MexaHu3am, Te ce 3a ofpebuBame SSK
KopucTH jeHaunHa (3.2). MexaHn3aMm nma 4eTupy wiaHa (n=4), iBa KHHEMATHIKa T1apa ca jef{HIM
crerneHOM crnobogie kpetama Py=2 (1,2 u 4,1), jenan map ca fjBa cremeHa cioboye Kpetama Py =1
(3,4) u jenau map ca Tpu creneHa cnodose Kperawa Py=1 (2,3), e je:

SSK = 6(n —1)— 5P| —4Py —3P; —2P4 —P5 = 6(4—1)—5-2—-4-1-3-1-2.0-0=1.

Mexanuzam uma jegan SSK, mto 3Hauu fia je motpeOaH jefilaH IOrOHCKH YJaH, 11a f1a ce OCTalu
YJIaHOBY Kpehy jeflHO3HaYHO, 3aBUCHO Off KPeTama MOTOHCKOT Y/laHa ¥ FeOMETPHjCKUX BPEAHOCTH
CBHX 4jaHoBa MexaHu3Ma. Koju he unaH OMTH NOTOHCKH, Y CTPYKTYPHOM Tornefy Huje OutHo. U3
TEXHMYKUX Pa3jora HajumorofHuje je fa MOTOHCKM YiIaH MMa pOTALOHO KpeTame, 3aTHM

TPAHCIATOPHO U TEK OHJIA YJIAH Ca CIIOKEHUM KPETAmEM.
Mexanmusaum ca ci1. 3.11 je paBancku jep mMa MoryhHOCT /1a ce Kpehe camo y jenHoj paBHE (KOja

je nedunucana ocama X u Z). Crora ce 3a ogpebuBame SSK kopuctu jennauuna (3.5). 3a oBaj
Mexanu3aM je n=4, Pj=4 (1,2;2,3;3,4u4,1) u P, =0, Te je:
SSK =3(n—1)—2P| =Py =3(4—1)-2-4—0=1.

Kama Oum ce 3a paBanckum MexaHum3am ca ci. 3.11 kopucrtuna jegHauMHa 3a MPOCTOPHU

Mmexanu3aMm (3.2) pesyarar 6u 6uo SSK= —2. To 3Haum ga 6u TpebGano yKpyTHTH [[Ba YlIaHA OBOT
MeXaHHU3Ma, 1a ce He Ou caM off cebe KpeTao, LITO CBaKaKo He MOXe OUTH.
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3. CTEIIEH CJIOBOJIE KPETABA

Ca. 3.10: SSK iipocitiopHoz mexaHusma Ca. 3.11: SSK pasanckoz mexanuama

CreneH c1o00jie KpeTamwa KIUIMHOT MeXaHu3Ma ca ci1. 3.8 je
SSK=3(n—-1)-2P; - Py =3(4-1)-2-4-0=1,jepjen=4, P|=4(1,2;2,3;34u4,1)u Py =

Crenen cnobopie KpeTawma MPOLIMPEHOr YETBOPO3IJIOOHOr MexaHu3Ma ca ci. 3.9 je:
SSK =3(n-1)-2P; —Py =3(5-1)-2-5-0=2,jepjen=5, P;=5(1,2;2,3;3,4;3,5u4,1)u P, =0. 1a
O ce MexaHH3aM KpeTao jeJHO3HayHO Tpeba fa Oyay ABa MOrOHCKA uiaHa: 4wiaH 2 u 5 unn 4 u S.
Kaya 6u 610 TOroHCKY 4iIaH caMo 4JiaH 2, Tajia 0| ce WiaH 5 KpeTao mpou3BoJbHO (Heonpeheno).

Mexanu3am ca ci1. 3.12 je paBancku Koju uma: n=6, P; =5 (1,2;2,6;2,3;3,4;3,5)u P, =2 (4,1;5,6),
Te je: SSK=3(n—-1)—-2P; — P, =3(6-1)-2-5-2=3.Ilo gpyroj aeprHULMj1 TPOU3UIIA3H [ja OBA]
MexaHu3aM Tpeba fa UMa TpU IOTOHCKA 4iIaHa Kako OM ce ocTalu KpeTaau jeJHO3HAYHO.
AHanu30M MOTYHHOCTH KpeTarba CBAKOT YWIaHa MOXKe Ce 3aKIbYYUTH J1a TO He MOKe Outy, jep he ce

MEXaHHM3aM JeJJHO3HAYHO KpEeTaTH aKO MOTOHCKHA WiaH Gyjie caMo jefjaH, HIp. WiaH 2. MebyTI/IM
KpeTame unaHoBa 4 u 5 Hyje jegHo3HayHo. OBM 4naHOBH he ce 0OpTaTé OKO CBOJUX OCa YTaOHUM

Op3MHaMa o4 U 5 4YUje BPEJHOCTH MOTY OMTH pa3luyuTe U HUCY OUTHE 3a (PYHKIMOHUCAHE

MexaHm3ma. YmanoBu 4 m 5 mory yak m fja ce He obphy (ma ce ykpyre), omeT 6u MexaHU3aM
(byHIMOHKMCA0 OOPTakEM CaMO OIOHCKOT YilaHa 2, je[JMHO ca NoBehaHUM TpeweM Kiu3amwa u3meby
yjaHoBa 4, 1 u 5, 6. 3Hauu f1a cy ipyra jiBa cTeneHa co0ojie KpeTamwa YCTBapU BPEJHOCTH YTaOHUX
Op3uHa unaHoBa 4 1 5, IITO MOXe, a U He MOpa OUTU OMTHO 3a (PYHKIMOHUCAE CAMOT MEXaHU3MA.

Oga j1Ba creneHa cnobofie KpeTamwa ce Ha3uBajy puktuBHuM SSK.

Ca. 3.12: SSK mexanuszma

Ha commu 3.13 npukasaH je Mexanu3aM ypebaja 3a mpukibyumBame opyba Ha TpakTop
(mopm3HM MexaHm3aM TpakTopa). CBH TPaKTOPH KOjU CE CEPUjCKH MPOM3BOJIC UMAjy UCTY OBAKBY
CTPYKTYpY WIAHOBA, C TOM Pa3/lUKOM Jla HEKH UMAjy ABa XHU[payJryHa LIMINHApPA U MOTY OUTH Ha
Pa3MUYUTIM MECTHMA NTOCTABIbEHN.

MexaHu3zam je CIIOXKEH jep ce cacTOju U3 [iBa je[IHOCTaBHUja MEXaHu3Ma KOjU MOTY 3ace0HO fia
(yHKIMOHUIIY U f1a ce aHanu3upajy. [IpBu jeqHOCTaBaH MeXaHU3aM MpeJCTaB/bajy WiaHoBy 1, 2, 3,
4,5,6,7u 8. Ipyru jeqHocTaBaH MeXaHW3aM cauMmbaBajy wianosu 1, 9, 10, 11, 7, 8 u noroncku
KM Koju Om Ouo y Be3u ca unaHoM 11. Unan 8 je cnosbHU unaH U OH Y (PU3MYKOM CMUCIY HE
npunaga oBoM MexaHu3Mmy. To je ujaH KOju ce Hana3u Ha NPHKIbYYHO] MAlIUWHU; Ha3WBa Ce
NPUKIbYYHU TPOYrao WM mupamupa. MebyTum, mogu3Hu MexaHu3aM je y OyHKUMjU TeK Kajia je
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3. CTEIIEH CJIOBOJIE KPETABA

IPUKIbYYEHO Opybe Ha TpakTop, Te€ Ce CIOJbHU WiaH § y CTPYKTYPHOM, KMHEMATHYKOM U
JMHAMIYKOM CMUCITY CMaTpa CaCTaBHUM 4JIAHOM OBOT MEXaHU3MA.

Ca. 3.13: Citieiien ca10600e Kpeiliarsa oOU3H0Z MEXAHUIMA UPAKTLopa

[Topu3Hu MexaHU3aM TPaKTOPA je IPOCTOPHU, MEHYTUM MOXKe ce cMaTpaTH Jia je CBaky Off /Ba
jeHOCTaBHA MEXaHW3Ma YCJIOBHO paBaHCKM U fAa ce Kpehu y fBemMa NpuOIMXKHO TapajeHUuM
paBamMa (ci. 3.13b). 3a Tako ycBojeH MexaHm3aM umamo ja je: n=8, P;=10 (1,2; 2,3; 3,4; 4,1; 4,5;
5,6,6,1;6,8,7,1;7,8) u P, =0, Te je:

SSK =3(n—1)-2P| - P, =38—1)—2-10-0=1.

Jennaunna YeOumea kopuctu ce 3a onpebuBame SSK u mnaneraprux mnpenocHuka. Ha ci.
3.14 mpukaszaH je jefHOCTaBaH ENUUUKJIUYHM IJIAaHETAPHM NPEHOCHUK (jeaH 3yMuYaHUK je
HemokpeTaH) 3a koju je n=3, P; =2 (1,3;2,3) u P, =1 (1,2), Te je:

SSK =3(n—-1)-2P —P, =3(3-1)-2-2—-1=1, mWTO 3Ha4u Ja je JOBOJbHO MOKPETATH HOCAY
caTenuTa 3 WK 3yMYaHuK CaTeIuT 2, [1a 1a Ce MeXaHu3aM jeJHO3Ha4HO Kpehe.

3a audpepeHiyjanHu IaHeTApHU IIPEHOCHUK CHare (CBH 3YIMYaHHUIU CYy MOKpeTHH) (ci1. 3.15)
je: n=4, P;=3 (1,2; 1,4; 34), P,=1(2,3), Te je: SSK=3(n—-1)-2P —P, =3(4-1)-2-3-1=2. 3a
OBaj MexXaHU3aM NOTpeOHa cy /IBa IOTOHCKA 4iaHa fia OM ce je[[HO3HAYHO KpeTao U Hajuyelrhe cy TO
CYHYaHH 3yITYaHUK 2 ¥ HOcay caTesuTa 4.

2
B_|
| 3 | 4
74 LLLL
A A
7777 7777
1 2
Ca. 3.14: SSK eiiuyuxauuHoz iinaneiiapHo2 Ca. 3.15: SSK ougpepenuyujasno?
UpPEeHOCHUKA CHaze UAAHEIAPHOZ UPEHOCHUKA CHaze

3a CIIoXeHN IUIaHeTapHU MpeHOCHWK cHare (cn. 3.16) ykyman Opoj wiaHoBa je n=5 jep cy
3yIMYAHWIM CAaTEeIMTH 3 ¥ 4 Ha MCTOM BpaTWIy M padyHajy ce Kao jefjaH wiaH. bpoj KnHeMaTHIKux
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nmapoBa ca jemuuM SSK je Pj=4 (1,2; 6,3; 6,1; 51) a ca mea Pp=2 (3,2; 45), Te je
SSK =3(n-1)-2P -P, =3(5-1)-2-4-2=2.

3a ofpebuBame cremneHa cao60y1e KpeTama CIOXKEHNX IUIAHETAPHUX TPEHOCHUKA CHAre, MOXKe
ce, ceM jefiHaunHe YeOuiiesa, KOpUCTUTH ciefeha jeflHaunHa:

SSK =11 = Kipys  covresecmmmerseeesssssessmssosesssssssssmmssossesssssssmsssssesssssssmmssssesees e (3.6)

Tfie je: ny- OpOj MOKPETHUX 3yIUaHMKA CIOXEHOr IUIAaHETApPHOI NMPEHOCHUKA cHare, k- Opoj
O/IBOjE€HMX INIaHETAPHUX AU(EPEHIU]aTHUX TPYTIa.

3a npumep ca cmuke 3.16 je: n, =4 (3ymuanuuu 2, 3, 4 u 5) u k,, =2 . Mexanuzam ce Moxe
paculaHUTU Ha JBe IUTAHETapHe Ipyle: y MpBOj Ccy 3ymuaHuiy 2, 3 U Hocay caTenauTa 6, a pyroj
3ynuaHuny 4, 5 u Hocau 6. OOe miuaHeTapHe rpyre MOjeMHaYHO MOTY fa (DYHKIMOHHIIY Kao
OfIBOj€HM [TaHETApHU IPeHOCHUIM, Te je SSK =n, -k, =4-2=2.

Cnenehu mpumep je nudpepeHuujanHu IMIAHETAPHU MPEHOCHUK CHAre 3a TMOrOH TOYKOBA
tpakTopa (Bo3mna) (ci. 3.17). OBaj mMexaHmzam omoryhaBa pa3muyuT Opoj oOpTaja TOYKOBa
TpaKToOpa IITO je HEONXOJHO NMpHU KpeTawy Yy KpuBuHU. O MOTOpa TpakTOpa [0ja3u MOrOH Ha
KOHYCHHM 3yIYaHUK 2 KOjU je CIPErHyT ca 3ymyaHukoM 3. 3ymyaHuk 3 M HOcay carenuta 8 cy y
yppcToj Be3u. Hocau 8 moronu 3ymuaHuke carenute 4 M 5 KOjU Cy COPETHYTH ca LEHTPATHUM
synmyanuimma 6 u 7. LlenTpansu 3ymuanuiy 6 1 7 ¢y Ha NCTUM BpaTUIMMa ca TOUKOBUMA TPAKTOpa
WM UX TIOTOHE TIPEKO 3yMUaHuKa.

[peHocHuK mMa 6 3ymyaHuka U 4 MiaHeTapHe rpyme: n, =6 (3ymuanumy 2, 3,4, 5,6 u7) u

k=4 (2,3,4,6;, 2,3, 4 7, 2,3,5 6u?2 35 7). [Ilpema jequaunnu (3.6) gobuja ce:
SSK =n, -k, =6 -4 =2. MexaHu3am uMa JiBa cTeneHa ci1o00fie KpeTamwa, OfHOCHO P 00pTamby
3ynyaHuKa 2 3ynmyanuim 6 u 7 Mory fia ce oophy ca paznuuutium OpojeBrmMa oopTaja.

() 1 2 ()
- D 3L
-1 . T4 - ® — = ~
e 7
&&= 1.
.+ Le ] s b1 |
~ _ ~
DY B Y P, ~ '3 ~
A 7t ~ | ~
e e
2—1 — ~ ~
Ca. 3.16: SSK caoxcerno? inaneiiapHo? Ca. 3.17: SSK ougpeperuyujannoz
UPEHOCHUKA CHaze UPEHOCHUKA CHaze

3. Ilop SSK mnogpasymeBa ce 0poj pa3IMUNTHX KOMIOHEHTAJIHHX KpeTama 4WIAHOBA
MeXaHH3Ma NPH KPeTamby jeJHOT IOrOHCKOT WIaHAa

AKO MexaHHM3aM MMa jeflaH IOTOHCKM 4JlaH YMjUM KpEeTamheM Ce OCTalu 4jaaHoBU Kpehy Ha
BHIIIE PA3IMYUTUX KOMIIOHEHTAJHUX KpeTama, TakaB MeXaHW3aM MMa BHUILIE CTENEeHH cao0ofe
KpeTama.

[Tpowmmpenn yeTBOpONONy:KHU MexaHu3aMm ca ci. 3.9 mma aBa SSK, jep ce mpu kperamy
MOTOHCKOT 4JaHa 2, wiaH 5 kpehe Ha HeofipeheH HauwH, a YwiaHoBU 3 1 4 Ha ojpeleH, jefHOo3HaYaH
HAYKH.
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Wctn mpumep je mucpepeHnmjamau NpeHOCHHK Tpkropa (ci. 3.17) xojm mMa fiBa crereHa
cinobofie KpeTamwa (pasnuuuTe Op3uHe 0OpTama 3ymyaHuka 6 U 7 — TOUYKOBA) 3a jeflaH MOTOHCKH
YJIaH 2.

Cnenehu nmpumep je KapganoBo Bpatmio (ci1. 3.18) koje omoryhaBa mpeHOC OGPTHOT MOMEHTA 1
OOpTHOT KpeTama ca BpaTuia Ha BPAaTWIO Koja Cy MOJl HEKUM YIJIOM O KOjU ce ¥ TOKY paja Moxe
MewaTu. MMajy mmpoky mpuMeHy, u3Mehy ocTajmor W 3a TMOroH akTHBHHX pajHHX OpraHa
NPUKJBYYHAX MallMHA O TNPHKIBYYHOI BpaTWia TpakTopa. KapmaHoBo BpaTtmino mMa jemad
MIOTOHCKHY YJIaH 2, a pa3MIuTa KOMIOHEHTAIHA KpeTamwa (pasmuuute SSK), 3aBICHO 071 Tora Kako
j€ TOBEHO BpaTUiIo 3 U 4 CIOjeHO 3a pajiHy MaIliHY.

CreneH cioboie KpeTama KapfanoBor Bpatuina (ci. 3.18a) je:

SSK = 6(n—1)—5P; —4Py —3P3 —2P4 —P5 =6(3—1)—5-1-4.0-3-1-2-0-0=4, rie je P;=1 (1,2),
P, =0, P3=1(1,3) u P4 =P5 =0. [IpBu cTeneH ciodoe KpeTama je 00pTame MOTOHCKOT WiaHa
1, a npyru, Tpehu u 4eTBPTH Cy NOTEHIMjalHa KOMIIOHEHTAIHA KpeTamka rOmbeHOor uiaHa (3).

Crenen cnobofie KpeTama KapilaHoBOT BpaTuJia ca ci. 3.18b je:

SSK =6(n—1)—5P, —4Py —3P3 —2P; —P5 =6(4—1)-5-2-4-0-3-2-2-0-0=2, rjje je P;=2
(1,2;4,1), Py=0m P3=2(2,3;3.4).

[IpBu crenen cnobopie KpeTamwa je 00pTame MOIOHCKOI WilaHa 2, a IPYrH je NIPOMEHIbUBOCT

yria oL UITO je OMOryheHO KOHCTPYKIIUjOM YIEXKHUILITeHha YaHa 4.

2 A ) A 2 A
2 A AL 3G L G By
N2 e i | e 7R N
i i\f e (>\§J—4 1 %\};—2
a) b) ¢) d)

Ca. 3.18: Kunemaitiuuxe weme kapoanosoz 8paitiund

Kana ce kapgaHoBO BpaTWIO KOPHCTH 3a TOTOH PaHUX OpraHa NPUKJbYYHE MAIIUHE Of]
IPUKJBYYHOT BpaTWila TPAKTOPa, Taja Ce FOWBEHN WiaH 4 3ajeJHO ca MAIIMHOM MOX€E IIOMEpaTu
(cm.3.18c), re je SSK jenmnak:

SSK =6(n—-1)-5P —4Py —3P3 —2P4 —P5 =6(4-1)-5-1-4-0-3-2-2-0-0=7,
rieje P=1(1,2), P,=0m P3=2(2,3;3,4).

CenaM cremneHu cino0ofe KpeTamwa 3Haud f1a MexaHu3aM oMoryhaBa IpHKIbYYHO] MAIIMHY,
OJIHOCHO 4JIaHy 4, cefiaM pa3IMYuTHX KOMIOHEHTATHUX KpeTamba. OBONUKY OpOj KOMIOHEHTATHUX
KpeTama (cefiam) je mooujeH 300T 1Ba KapiaHoBa 3ri106a A u B 0Ko KOjuX ce ocTany WiaHOBH MOTY
poTupati ca o Tpu potauuje. Konuku he 6utn ctBapan creneH cinobojae KpeTamba KapaaHOBOT
BpaTuia, 0J1 MOTCHIMjaTHUX 7, ca ciI. 3.18c, 3aBUCH 011 BPCTE MPHUKJbYYHE MAIIMHE M HAaYWHA
MPUKJbYUMBaba MAIIMHE 32 TPAKTOP.

Kapa je kapmanoBo BpaTuno teseckoncko (ci. 13.18d) SSK jennak je:

SSK = 6(n—1)—5P; —4Py —3P3 —2P4 —P5 =6(5-1)—5-2-4.0-3-2-2-0-0=38,
e je n=5, Pj=2(1,2;34), P,=0u P3=2(2,3;4.5).

Ha nu he ce ykynaH 6poj pa3nuuuTuX MOryhix KOMIOHEHTAIHUX KPETakha OCTBAPUTH, 3aBUCU
U Off IPUKJbYYHE MalMHe W ycnoBa paja. Ha ca. 3.19. npukasan je TpakTop y arperaTy ca
NPUKIbYYHUM MalllMHaMa NPy KpeTawy Ha pa3nuuuToMm Tepeny. Ha oBoM npumepy uckopuuihene
Cy IeT, Off YKYITHO 8 MOTYhHOCTH Pa3TMYUTUX KOMIOHEHTATHUX KPETatha.

KappanoBo BpaTuino omoryhasa NpUKI/bYYHO] MAIIMHW, YMjU CE aKTUBHU PaJJHA OPraHK IIOTOHE
Ol TpaKTOpa ca KapjlaHOBUM BPaTHUJIOM, a ©UMa poTalujy oko oca Z, Y u X ¥ TpaHcaauujy mno ocu X

(3a Temeckomncko BpaTuio). [letu crenen cinobopie KpeTama je 00pTame KapaaHOBOT BpaTHIIA.
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3. CTEIIEH CJIOBOJIE KPETABA

Ha Taj HaumH je omoryheHo ja ce TpakTOp M INPUK/bYYHA MalIMHA MOTY KpeTaTd IO
pa3NuuUTOM TEPEHY KOjeM ce Ipuiiarohasajy.

ltz

/_
gﬁ\%

Ca. 3.19: CitieiieH ilokpeiti/bu8ociiii UpUKpbYUHe MAUUHE Y 0OHOCY HA UPAKOP
KOJy ll020HU KaApOAaHOo80 8PAiliuL0

3.3. ®opmupame cI0KeHHX MeXaHu3aMa

dopmupame CIOXKEHHX MEXaHW3aMa Off BHLIE JeAHOCTABHHX, 3aBUCH Of] >KEJbEHOI CTENEHA
cnobofie KpeTawa, KNHEMAaTHUKUX M IMHAMUYKKX [I0Ka3aTelba, yaore U (pyHKUyje y MalllHU UTH.
Y oBoM noriassby aHanusupahe ce opMIpamE CIOXKEHUX MEXaHU3aMa CaMo ca acleKkTa CTeleHa
c7100071€ KpeTama.

Hexka je 3amaT ocHoBHE Mexanm3aM (ci. 3.20a) m nompatHu (cn. 3.20b) koje Tpeba crojutu y
jenaH CII0XKeH, TIOJ] YCIIOBOM Jia CIIOXKEHH MEXaHM3aM Ma jeflaH cTelleH cirobope Kpetama (SSK=1)

OcHoBHU MexaHW3aM je dYeTBopomonyxHu koju umma SSK=1. JlojaTHu MexaHuzam je
KMHeMaTnyka rpyna tpehe kmace (IMa Tpu MOTEHIWjaJHE KMHEMAaTHUKE Be3e) UMjU je CTEeNeH

crnobone kperamwa: SSKy=3(n-0)—2P—-P, =3(4-0)-2-3-2-0=6, e je n=4, P;=3 (5,6; 7,6;
8,0)u P, =0. JomaTHu MexaHn3aM HeMa HEMIOKPETHHX WIAHOBA, Te je y jeqHaunnn 3a SSK (n—0) .
JenHaunHa 3a popMupame ClI10XEeHUX MeEXaHn3aMa II1acu:

SSK =SSK g +SSK =2-T, coovesesceeeeeeeessssssssmsseeeessssssssssseeessssssssssseeeeeens (3.7)

rae je SSK — crenen cnobofie KpeTamwa CloXEeHOT MexaHu3ma, SSK - creneH ciaobofe KpeTawa

OCHOBHOT MexaHm3Ma, SSK 4 - cTeneH cinobofie KpeTama NolaTHOT Mexanu3Mma (rpyme) u f — 6poj
KNHEMAaTHYKKX Be3a.
Kako je Hajuenrhe notpe6HO Jja creneH cnobofie KpeTama CIOKEHOT 1 OCHOBHOT MEXaHHU3Ma

oyne jeman (SSK=1) m (SSKo=1), mpomsmnasu ja je TpH OBAKBAM 3aXTE€BMMa YCJIOB 3a
(hopMEpame CIOXKEHOT MEXaHN3Ma jeTHaK:

AHamM30M OBHX YCIOBAa MOXE Ce 3aKJbYUHTH fla he TOTyXKHH MeXaHW3aM Hajuelrhe MMaTH
jeflaH cTerneH cnobofie KpeTamwa ako UMa fnapas 6poj YiaHoBa.
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3. CTEIIEH CJIOBOJIE KPETABA

Bbpoj knHemMaTnuKux Be3a 3a mpumep ca ci. 3.20 gobuja ce Ha OcHOBY jegHaunHe (3.7):

_ SSK, +SSK4—SSK

f 3.

Ca. 3.20: Dopmuparbe cA0HEHOZ MEXAHUIMA
a) 0CHOBHU MexaHu3am, b) 000ailinu- KuHemaitiuika 2pyiia, ¢) CAOHeHU MEXAHUIAM

AKO ce loflaTHa rpyma CIOju 32 OCHOBHU MEXaHM3aM ca TpU KMHEMaTHuKe Bese, Aobuhe ce
CITIOXKEHN MEXaHU3aM ca jelIHIM CTeTIeHOM c1obof1e KpeTtama (ci1. 3.20c). Te kunemMaTHuke Bese ¢y y
taukama E, F u G. Y cnyuajy fa ce fofaTHa rpyna cioju 3a OCHOBHHU ca JIBe KHHEMaTHUKe TauykKe
noOuhe ce MexaHu3aM Kao OTBOPEHM KMHEMAaTHYKY JIaHAl] ca fIBa CTEIeHa CII000]e KpeTama.

Crenen cno6osie KpeTama (hOpMUPAHOT CIOKEHOT Mexann3Ma (ci1. 3.20c) jeqHax je:

SSK =3(n—0)—2P; —-P, =3(8-0)-2-10-2-0=1, e je n=8, P;=10 (1,2; 2,3; 3,4; 4,1; 2,5; 3,7,
4.8;5,6,6,7,6,8) u P, =0.
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4. IYTABE MEXAHU3AMA

4. IIYTAIb E MEXAHU3MA

[Ipu pagy MexaHW3aMa HETOBM WIAQHOBM ce Kpehy 1O pasnuuuTuM MyTamama:
NPaBOJMHUJCKUM, KpPYXXHHUM, KPUBOJMHUJCKAM WM HEKUM cjoxeHuM. Ilyrame unaHoBa
MeXaHM3Ma YTU4y Ha TO, HIp. Aa Ju he ce NOKOCUTU CBaka CTabJbHKa MIIEHULE, TOKYIIUTH
CBO CEHO M ToMe cianyHO. [To3HaBamwe MyTama 1 3aKOHUTOCTH HUXOBE IPOMEHE je IOTPEOHO U 32
TO J1a OM ce caryiefiao paji MEXaHu3Ma, BEeroBa yJiora y MalliHu U ia O ce OffpeIi KUHEMATHUKK
napaMeTpu MeXaHu3Ma.

[TyTame ce MOry offpeiuTH rpahuuKuM U aHATUTUYKUM METOOMA.

4.1. I'pacmuka metopa 3a onpehusame nyrama - Metona mecrapa

I'padmuke merope cy jeqHocTaBHe, nperaegue u BusyenHe. Hegocratak oBux MeTopia je Taj
IITO TAYHOCT AOOUjEHHMX IyTama 3aBUCU Off MPELUU3HOCTH HpTawa. [locroju Buile rpaduykux
MeTofia 3a ofipebuBame MmyTama, a HajjefHocTaBHMja je MeTopa mecrapa.

Meropnom 1iecrapa ce ofpebyjy TpEHyTHH IOJI0Kaju MEXaHU3Ma U IyTalke Tayaka MEXaHu3Ma
y TOKY jelIHOT LeJior pajHor uukiayca. [Ipumena Merope mecrapa Ouhe mprukazaHa Ha KJIUTTHOM
mexaHu3my (ci. 4.1), rae TpeGa ogpenutn nyTtamwy wiana 4 (tauke C) y 3aBUCHOCTH Off KpeTama
MIOTOHCKOT WiaHa 2, (off myTame Tauke B) 1 TO y HEKOM TPEHYTHOM TIOJIOXKAjy M Y TOKY jE€IHOT

HOTITYHOT PaJIHOT IUKJyca (jelHOT OTIMYHOT 00pTaja MOrOHCKOT YliaHa 2).
[Tocrynmak oppebuBama TPEHYTHOT TOJOXKAja MEXaHM3aMa 3a 3a[aTH TPEHYTHH IOJOXKa]

IIOrOHCKOT 4IaHa 2, KOJU je Ae(pMHKUCAaH YIJIOM (@, IIpHKa3aH je Ha ci. 4.2. Ynan 2 ce oOphe oko
HENOKpETHE Tauke A, Te je myTama Tauke B kpyxHuia sg paaujyca R = AB. Knuzau 4 moxe fa

ce Kpehe camo TpaHCnaTOpHO, Te je MyTawa sc Ha mpasly x —x . JlyxuHe wiaHoBa 2 U 3 cy
koHcTaHTHe (R =const, L=const,), Te ce y oTBop miecrapa ayxune L, u3 Tauke B Hanpra nayk u

IJie ceue myTamy x —x , goouja ce tauka C.

Ca. 4.1: Kunemaitiuuka uiema KAuiHo2 Ca. 4.2: Oopebusatbe iipeHyitiHOZ iloa0xaja
MEXAHU3MA KAUUHOZ MEXAHUIMA

OnpebuBame nyTawma 3a jefaH MOTHYH pajHU LUKIYC TpuKas3aH je Ha ca 4.3. Ilopgenu ce
nyTama Tauke B (KpyxXHuna sg) Ha jeHak Opoj jaernoBa, Hhp. 12 u obenexu ca B1, B2 o B12 y
cmepy oOprawma noronckor umana 2. lllto je Behu Opoj mopesbaka noOujeHe mytamwe he OuTu
tayHyuje. [JoBosbHA je TayHOCT ca 12 mojaesbaka. Y OTBOp ILecTapa y3Me ce JyXHHa KIuNambaue
(myx BC) m u3 cBake tauke B1, B2 go B12 Hampra ce nyk y 4mjeM mpeceky ca MpaBIEeM X — X
noo6wujajy ce ogrosapajyhe tauka C, ognocno of C1, C2 no C12. Ha Taj HauuH ce [o0Oujajy ABaHaecT
TPEHYTHHUX N10JI0XKaja MEXaHU3Ma.
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4. IYTABE MEXAHU3AMA

[Ipu onpehuBamy myTama MOTPEOHO je OIPEIUTH Kpajibe, TAaKO3BaHE ,,MPTBE"* MOJIOXKaje
MexaHusMa. Kpajibu mosiokaju ¢y OHU TOJI0Kaju Kajla Tadyka, OJHOCHO WIAH MEHa MpaBal]
KpeTama. Kpajmwu nooxaju KIMIHOT MEXaHW3Ma Cy OHHU KaJla ce€ 4jaHOBM 2 U 3 Haby Ha ucToM
npasuy. To cy monoxxaju obenexxenu ca 1 u 7.

3a jegan nmoTnyH o0pTaj MOrOHCKOT uiaHa 2 o 360°, ykynan xop knumna je 4R, ogaocHo 2Ry
jenHoM u 2R y ipyrom cMepy.

IIpema poOujeHuM myTamama Clefd 3aKby4yak fla ce NPH jeAHONUKOM KPYXKHOM KpETamy
IOTOHCKOT 4llaHa 2, pajHu unaH 4 kpehe OCUUIATOPHO NMPABOJMHUJCKH, OJHOCHO IPOMEHIbHBO
NPaBOJIMHU]CKH.

-~
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Ca. 4.3: Oopebusarve iiyitiarba Ma4axka KAUUHOZ MEXAHUIMA 30 jeOaH HOMIYH PAOHU YUKAYC

UYnanoBu MexaHW3Ma MOTy OMTH Pa3lnYdTO KOHCTPYKLIMOHO W3BEJICHH, 3aBHCHO Of yJIOre
(byHKUM]je y MALIIMHK, KO HIIP. IPOLIMPEH YllaH 3 KIMIHOT MeXaHu3Ma ca TaukoM D koja uma yiory
Jla IPUKYyIUba OMIBHY Macy y mpecH 3a ceHo (ci. 4.4), ma HemTo momepa, Mema u cii. [lyrama
tauke D mobuja ce Ha OCHOBY myTama (mosoxaja) Tadyaka B m C u Ha OCHOBY KOHCTaHTHOCTH
pacrojama BD u CD. Opnpene ce nyrame Tayaka B u C 3a 12 monmoxaja Kao y NPeTXOTHOM
npuMepy. Y Ipeceky yKoBa pacTojama BD n CD u3 cBake Tauke B u C o6ujajy ce Tauke D.

e e —

ey

[

Ca. 4.4: Oopebusarve iiyitiarwe iiauke D ipouiuperoz KAUIHOZ MeXAHUIMA
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4. IYTABE MEXAHU3AMA

Ha cn. 4.5. npukaszan je mocrymak ofpebuBama TpeHyTHOr mnonoxaja tayaka B u C
4eTBOPONOJYKHOT MexaHu3Ma. IToroncku 4nan 2 oOphe ce 0KO HEMOKPETHE Tauke A, Te je MyTamba

Tauke B (sg) Kpyxnmga pamujyca R; = AB. Pamuu wnan 4 o6phe ce 0KO HemoKpeTHe Tauke D
TaKo fia je myTama Tauke C (sc ) leo KpyKHuue pagujyca Ry = DC . M3 3aaTor mojoxaja 4nana 2
u Tauke B mecrapom ce Hanpra nyk noiynpeunnka BC u e mpeceue myramy (sc ) mobuja ce
TPEHyTHHU NoJ0%kaj Tauke C, a TUMe ¥ TPEHYTHHU 110J10Ka] ylaHoBa 3 4.

Ca. 4.5: Oopebusatbe ipeHyitiHOZ ilon0xaja
4ei8o0POUONYHCHOZ MEXAHUIMA

Kpajwu nmonoxkaju Tauke C, (unana 4) nobujajy ce kaga ce wiaHoBH 2 u 3 Haby Ha mcrom
npasiy (ci. 4.6). To cy Tako3BaHe “MpTBe” TauKe Y KOJUMA WIaH 4 MEa CMep KpPeTamba.

Ca. 4. 6: Kpajru iionoxcaju lyitiarea 4eiti6OpoioayHHOZ MEXAHUIMA

¥3ajamHa 3aBHCHOCT myTama Tayaka B u C 3a 1meo pagHu muKiyc gobuja ce Tako IITO ce
TOIeN KPYKHAUIA TOTOHCKOT WiaHa 2 (sg ) Ha jeHaK 6poj enoBa (Kao y MPETXOMHOM TIPUMEPY ).
[Mopessum ce obenexe ca B1, B2 jo B12 y cmepy o6prama norounckor wiana 2 (ci. 4.7). Y oTBop
mrecrapa y3me ce ayxkuHa wiana 3 (mysk BC) n u3 cBakor nogebka B1, B2... ce HaupTa nyk y unjem
ce mpeceKy ca myramwoM Tauke C (sc ) gobujajy Tauke C1, C2 go C12.

Ha ocHOBy HanpTaHuX NyTama, MOXE Ce 3aK/bYUUTH Ja he ce Npu jeSHOIUKOM KpPYXKHOM
o0pTamy IOrOHCKOT YjIaHa 2, 4aH 4 00pTaTH OCLUIATOPHO KPYKHO, a YllaH 3 CIIOXKEHO.

YeTBOPOMONYXXHI MEXaHU3aM Ca BPJIO Pa3NUuUTUM MofuuKanujama, Tpancopmanujama u
NpOIIMpeHhIMa YWIAHOBA UMa HIMPOKY MPUMEHY, jep YJIAHOBU M TAaUKe HAa HHMa MOTY UMATH BPIIO
paznmunTe myTame (ci. 4.8).

Ilyrame Tayaka B u D oxpebyjy ce kao y nperxonnom npumepy. Tauka C Hanasu ce yBek Ha
npasuy B u D u joGuja ce Ha ocHOBY pactojama BC mm CD Koja ce He Memajy. Tauka G ce
nobuja y mpeceky jyka nonynpeynuka BG u3 Tauke B u nyka DG u3 tauke D. Tauke F u H cy Ha
npasuy wiana 3 ( BD ) Ha pactojamiMa DF 1 BH Koja ce He Memajy.
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By —~—o—" BI1
B10

Ca. 4.7: Hociuyiiax ypitiarba iyitiarba 4eitl6opoiloayHHOZ MEXAHUIMA 3 JeOaH
{OMIYH PAOHU YUKAYC
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Ca. 4.8: yiuarse itiauaka IpooOyHceHUX YAAHOBA HelBOPOUONYHCHOZ MEXAHUIMA
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Y cayuajy ma ce MexaHm3aM, 3aje[HO ca MAIIMHOM Kpehe y OJHOCY Ha HEKy MOMJIOrY
(3emipHINITE, T W CIMYHO), MyTakhe Tauaka MEXaHU3Ma 3aBUCE Off KpeTama HhErOBUX YIAHOBA Y
OKBHpPY M€XaHHU3Ma 1 IIPEHOCHOT KPETamha MALINHE Y OTHOCY HA 3eMJbULITE. Y TOM CIy4ajy MyTame
Tavaka ce ofpebyjy y nBe ¢ase. [IpBa ¢a3a je fa ce ofpe/iu Mon0xaj y OKBUPY KpeTama MeXaHn3Ma
u pyra ¢asa je 1a ce Ofpe IOMEPaj 3aBUCHO Off KPETamba MAIIMHE Y OAHOCY Ha MOJJIOTY.

Ha cn. 4.9a npukasas je MexaHu3am 3a ipeBpTame ceHa. To je 4eTBOPONOIyKHI MEXaHh3aM ca
NPOLIXPEHUM YJIaHOM 3 Ha KoMe ce Hajasu Tauka E Koja 3axBaTa MOKOIIEHYy Macy, Mella je u
npeBphe. Mexanu3am 06uja IIOTOH Off WiaHa 2, KOjU C€ HaJla3W Ha TOUKY MalllMHE U 33jeIHO ce
ca UM o0phe ucrom yraonom O6p3uHOM. MamuHy (IIpeBpTad ceHa) Byde TPAKTOp ca PajHOM
Op3UHOM V.

Ha ycty HaunH Kao y IpeTXOAHUM IIpUMepUMa Ofpefie ce nyTamwe Tayaka B u C y okBupy
KpeTama MEXaHW3Ma 3a JIBaHaecT MoJjoxkaja nmoroHcke tauke B. [Tomoxkaj Tauke E pgobuja ce y
NPOJYXETKy ulaHa 3 Ha pacrojamy BE Koje ce He Mema. OBM NONOXajH Cy OGENeKeHH
Kpyxuhnma u o3nauenu ca 1', 2', 3'...12' (ci. 4.9b).

C

b)

Ca. 4.9: Oopebusarve iiyitiare itiauke E Ha mexanusmy 3a iipespiliare ceHa

31



4. IYTABE MEXAHU3AMA

Ha ce mammna He Kpehe oBe Tauke 1', 2', 3'.. 12' Ou ogpenune nyTtamy Tauke E Ha kpajy
nonyre 3. Mebyrum, MammHa ce kpehe HEKOM pajJHOM Op3MHOM Vv, Te ce mojioxkaj Tauke E
noMepa. AKO ce YCBOJU Jla ce MallliHa Kpehe jeHONNKO NPaBOJIMHU]CKU 0e3 Kn3awba TOYKa, MyT
Koju Tipebe 3a jegan nmomepaj MOroHCKor uiaHa ofipebyje ce mpema jefHauuHu x = v, -t', Tjie je t'
BpeMe 3a OMepaj MOrOHCKOT TOYKa Of] je[{HOT 10 APYror I0JI0XKaja, Off YKYIHO ABaHaecT. Bpeme t'

. . t . . .
ofipebyje ce Ha OCHOBY jefiHaunHe t' = R I7ie je t BpeMe 3a jefiaH IyH o0pTaj TOYKa ¥ MOTOHCKOT

. . 2n .
ynaHa 2. Bpeme t po0uja ce npema jeflHaunuHu t =—, IJI€ j€ » YraoHa Op3MHA MOrOHCKOT 4iaHa 2
(O]

. . A% . o e
¥ TOYKA MallWHe. YTaoHa Op3mHa ce fobuja u3 jeHaurHe co=R=r. Y wucroj pa3mepu y Kojoj je

t

HalpTaHa KMHEMaTUyKa IlleMa MeXaHU3Ma HaHece ce BPEJHOCT X W3 MOfleoKa 2' y cMepy KpeTama
Mmanmee (Op3uHe v, ) 1 mobmja Tauka 2 (03HaueHa ca kBajpatmhem). M3 mogespka 3' HaHece ce
BpEHOCT 2X , U3 TMojiesbKa 4' BpegHocT 3x (Y MpaBlly KpeTama MallliHe) U TaKO pefioM fia Ou ce
no6uie Tauke 3,4 UTH. ¥ a OM ce TOHOBO BPaTUIIM HA MOYeTaK Ha mojaesbak 1=13' (sl. 4.10).

CnajameM Tavaka 1, 2... 13 gobuja ce myrawa Tauke C 3a NpBU MNOTIYH OOpPTaj MOTOHCKOT
unana 2, Tj. qobuja ce npsa “nersba’ . TlocTymak ce MOHaB/ba TAKO IITO CE y NpPaBIy KpeTama
MallnHe, cajia u3 nojiesbka 1=13' Hanece BpeHOCT 12x , U3 MOfieJbKa 2' BpeIHOCT 13X M TaKO pefioMm,
I'7ie ce 3a ipyru o0pTaj MOrOHCKOT WiiaHa 2 fo0uja ipyra netsba.

Op o6nuka nyTtawe Tauke E 3aBucu KBaJquTET pacTpecama ceHa, Koju Tpeba jia je Takas fia ce
mro Opxke M KBaJUTeTHHje Tpocyind. M3 mpeTXofgHOr ce BUAM Ja Ha OONMK MyTame, MOpen
MeXaHU3Ma, yTu4e ¥ pajHa Op3uHe TPaKTopa v, M yraoHa Op3MHA IOTOHCKOT YaHa MEXaHU3Ma.

Ca. 4.10: Oopebusatve ilyiuare iiauke E Ha mexanusmy 3a iipespiliarse ceHa
Upu Kpetaryy mpaxkuiopa

[Tyrame umaHOBa MexaHM3aMa YTUYY Ha KBamuTeT oOpajie 3eMJbHINTa (yYCHTHEHOCT,
pacCTpPeceHOCT U CJ1.) KO HHM3a MAllliHa, Kao HITO Cy pPOTalMOHE KOMayuile, pOTAlOHN alloBH,
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tpese u fpyre cniuyHe MaimHe 3a o0pajy 3emubuinTa. OOMMK MyTawme M BENUYMHA OficEYeHe
macTuie 3aBuck o MehycoGHOT ofHOCa 0OMMHE Op3uHE WiaHa MeXaHu3Ma (HOXKa) U pajjHe Op3uHe
MainuHe (Op3uHe KpeTama y OHOCY Ha MOJIory ). 3aBUCHO Off Opoja HOKeBa POTAIMOHE KOAYKIIe
¥ y3ajaMHOT OJIHOCa OOMMHe Op3MHE HOKeBa U pajHe Op3uHe Konauwmie (ci1. 4.11) mocTuxe ce Marba
uny Beha ycutmenoct 3emibuinta. Ha npBoj ey je pagHa Op3uHa Beha Hero 1wTo je To Ha ipyroj,
cTora cy IJIacTUlle 3eMJbUIITa Behe y TPBOM IpUMEDY.

Ca. 4.11: Iyitarse HoXcesa poitiayuoHe Kolla4uuye

[Tpuksby4HO BpaTUIIO TPAKTOPA OrOHM KIMHOBE KiaTehe Apibaye Koju ce Kpehy nmonpeyHo Ha
npaBall KpeTamwa Apibaue Op3uHoM v (ci. 4.12).

KBanurer paja knarehe apsbaye 3aBucH Off MyTamba KIMHOBA U MehycOOHOT Ipekianama THX
nytama. [lyrama jefHor kinnHa kinatehe fpipade [obuja ce Ha OCHOBY oMepaja a u b 3a BpeMeHCKH
MHTEpBal At KOju ce, Kao KOJf MEXaHH3Ma 32 IPEBPTAkE CEHA, MOXKE OfIPEIUTH HAa OCHOBY 3aJjaTUX
BPEIHOCTH pajHe Op3uHe TpakTopa W kinatehe apspade v, M 3aKOHa MpomeHe Op3uHe Kiahemwa
KJIMHOBA v . [ToMepaj a mpejicTaBba moMepame Tauke A Ha KJIMHY Y IIpaBLy KpeTama KIMHOBA, a
b y mpaBiy KpeTama apsbade (ci1. 4.13).

[lyrama HOXKeBa KaTehe pibaye je mofecuBa jep 3aBUCH Off OfHOCcA Op3uHe Kiahewa u pajHe
Op3KHE MalllHe, OIHOCHO TPaKTOpa KOjH je HOCH ¥ IIOTOHK. 3afaTak KOPUCHUKA je Jia oBe Op3uHe
NPUJIArofy yCaoBuMa Kopulithewa, Kako 01 00pajia 3eMIbHIITa Ouia ITo 60Iba.

s

a

Ca. 4.12: Ilyiuarse Hoxcesa Kaailiehe Ca. 4.13: Oopebusarve iiyitiarba KAUHOBA
opsvade Kaaitiehe Op.vaye
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4. IYTABE MEXAHU3AMA

O6nuK nyTame ceyewa crabibuka Oubaka 3aBucH, nopey obnuka ceunsa Hoxka (DE u FG) n
off MyTame Kim3aya (Koce) KIUMHOT MEeXaHN3Ma, 3aKOHa IPOMeHe Op3uHe Kin3ava u pajjHe Op3uHe
KpeTama TPakTopa v, KOju HOcH W ToroHu Kocaumny (ci. 4.14). Ilyrama ce mobuja crnajamem
TPEHYTHHX M0JI0Kaja Tayaka ceunBa Hoxa F, G npu kpeTamwy HOXa ¢ 1eBa Ha iecHO 1 Tayaka D, E
IpH KPETamy C JIeCHA Ha JIEBO. | peHYTHH IOJIOXaj Tauke ceunBa Hoxa (G’) mobuja ce Ha OCHOBY
KooppuHata X u'y. KoopiaunaTa x 3aBucu o 6poja HOXKeBa Koce, yTame kKim3aua 4 (Tauke C) u
3aKOHa pOMEHE WbeHe Op3uHe. KoopauHarta y npefcrasiba IyT KOju TpakTop npebe 3a Bpeme At.
[Tyrame ce mpeknamajy (umpacdupanu neo) mTo ]e noTpeOHO fja Ou cBe OWJbKE OWie CHIYpHO
oficeyeHe. OONMMK MyTama cEYUBA HOXA SE U SD (cn. 4.14) n wuxoBo MehycoOHO MpeKnanamwe
3aBUCU Ofi Op3MHE KpeTamwa TpPaKTOpa v,, F€OMETPUjCKHX MapaMeTapa KJIMIHOI MEXaHW3Ma,
Op3uHe 0OpTama MOTOHCKOT YslaHa 2 1 Opoja HOXeBa.

. b
Is” -, G"
D EH
...’/ G' -— _ L
LL] F I llly
g y
ol ® D" F
P —
D Sg
 —
B §'=21/N -

Ca. 4.14: Kauiinu mexanuzam kocaquye 3a ceHo U ilyitiarbe cewusa Hoxa

Cnepnehu mpumep, rje off mMyTama 4YIaHOBA MEXaHM3Ma 3aBHCH KBAJHUTET pajia MAIIWHE CY
rpabibe (mpeBpTau mokomieHe Tpase) (ci. 4.15). Kako he ceHo OMTH CKYIJBEHO y OTKOCE WIIH
pacTpeceHo U NPEBPHYTO 300T MOTpele Cylliema, 3aBUCU Off yTawba IPCTHjy Koju ce oOphy oko
CBOje oce u Kpehy ce Hampe 3aje[HO ca TPAKTOPOM.

[Tyrawa npcrujy je KpyKHHUIA Koja ce jaedopmuiie 300r KpeTawa TpakTopa. [lomepaj x
ofpebyje ce 3aBucHO ofi Opoja mpctujy u Op3uHe OOpTama, a y 3aBUCHO Ofi Op3MHE KpeTama
TpakTopa v, y TOKYy BpeMaHa At. Tauka A W3 MPBOOWTHOT MOJ0XKaja HAILIa OU Ce y TOJI0XKajy
A' Ha pacTojamy X, Jla ce MallluHe 3ajeJHO ca TpakTopoM He kpehe. Kako ce mammna kpehe,
tauka A he ce Hahu y kpajmbem nonoxajy A" Ha pacTojamy y.

Vi

Ca. 4.15: Iyiare iipcitiujy 2pab.ou 3a itipasy
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4. IYTABE MEXAHU3AMA

4.2. AnanuTHuKa MeToia 3a oapehuBame nyTama

Ananuruuka METOa 3a OJIprI/IBaHJG IyTakba CBOIU CC HA AHAJTIUTHUYKO OI[pCbI/IBa}be 3aKOHa

nyTa KUHEMaTUYKKX Tayaka y (PyHKIHJH 10JI0Kaja ¥ KpeTamha MOTOHCKOT YIaHa.
[a 6u ce oppeamo 3akoH myTa Kim3ada 4, ogHocHO Tauke C kyiumHOr MexaHusma (ci. 4.16)

Tpeba ofpenuT KoopauHaTy X Tauke C y pyHKIM]H yriia ¢ MoJioxKaja MOTOHCKOT yilaHa 2. Y cBajajy
— — == R
ce cnepehe o3nake: AB=R,BC=L,BD=L; n fzk .
Yy

Ca. 4.16: O0opehusare 3akoHa UYa KAULHOZ MEXAHUIMA AHAAUTULKOM MEULOOOM

Tauka C kpehe ce camo y npaBIily KOOpAUHATE X T€ je:

xC:AB'+B'C:E3-coscp+B_C-cosw. .............................................. 4.1)

U3 jennauune 4.1 Tpeba enuMUHKUCATH yrao \ , OAHOCHO TpeOa ra u3pa3uTu y (pyHKUUju yria

¢ (momepaja moroHckor uiana 2). M3 jeqnakoctn KateTe BB NpaBOyraux Tpoyriaosa ABB u

BB’C cnenu fa je: Rsingp=Lsin¥. Kaga ce oBa jeqHaunHa mojenu ca AyXXuHOoM L u yBene
. R . . ) . . [ ] .
3aMeHa f1a je T =\ pmobmja ce gaje A-sing=sin¥. Kako je: cos¥ =+v1- sin> ¥ oBa JEMHAKOCT

Ce MOXKe HalucaTu:
1

cosW =41 ~32 sin? Q= (1 ~32 sin? P o e (4.2)

Hakon oBora, u3pa3s (4.1) uma o0uK:

- 1
XC =AB’+B'C=H3'COS@+%'(1—X2 sin? (pF.
Ogaj u3pa3 3a myT tauke C je TakBoOr 00NMKa A2 OM MPW KacHUjeM aHANIU3Mpamwy Op3uHE 1
yop3amwa Tauke C go0uny ayrayko ¥ KOMIUIMKOBAHO pelliewe, Te ce jefHaurnHa (4.2) pasBuje 1o
OMHOMHOM pefly 4Hju je OCHOBHU OOJIHK:

@=b" = " a0 —[ " ]an ol [ M ]an2b2 — mpeje n=.
j
0 I 2 2

Kapa ce jeqnaunHa (4.2) pa3Buje mo GWHOMHOM pefty obuja ce:
1) L 1y !
cosy =| o |12 ~(k2 -sin? (p)o —| 2|12 ‘(XZ sin? (p)l +..=
0 1

=l—lX2 -sinz(p+l7»4 -sin4(p+...
2 8
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4. IYTABE MEXAHU3AMA

bunoMHu Hu3 je GeckoHavaH 1 off 6poja HEroBHX YCBOjeHHUX YJIaHOBA 3aBUCH TAYHOCT pellena.
Tpehn wnan nperxonHe jemHaumue (4.3) je Mame BpENHOCTH, TaKO Jia Ce€ MOXe 3aHEMapHTH

1 . .
(§7»4 -sin? ¢ ~ 0). Hepenuu unanoBu u3 OMHOMHOT pefia (Y€TPBTH, NETH UTH.) UMajy jOII Mambe

BPEJHOCTH, TaKO Jla Ce 3aHEeMapyjy W ycBajajy camo NpBa JiBa WwiaHa jenHauuHe (4.3), mTo je
IOBOJHHO 32 TAYHOCT MHKEHEPCKUX POpavyHa, Te IMaMo fIa je:

cos =l—%k2 SSINZ Q. oo (4.4)
3ameHoM u3pasza (4.4) y m3pas (4.1) umamo ja je:

XC=R-cos<p+L-(1—%7»2-sin2(p). ........................................................... (4.5)

AKO yBeieMO 3aMeHy f1a je sin? Q= %(l —c0s2¢) M YBPCTUMO Y IIPETXOJIHY jefiHAUNHY, fo6uhe

ce Kpajmbu u3pa3s 3a nyt tauke C:

2 2
XC =RCOS(p+L(1—T+TCOSZ(p). ......................................................... (4.6)

JeqHaumHa 32 xC MOXe MMAaTH M JApyrauju OOJMK, aKO CE€ He KOPUCTU OMHOMHHM HU3.

Mebytum, n3pa3 (4.6) je kpahu u mOrofgHUju 32 KWHEMATHUKY U AWHAMUYKY aHAIHU3y KIHMITHOT
MeXaHu3Ma.

Xop knuna "s" mpema ci. 4.15 jennak je s=L+R—x¢, uiju je rpapuukyu mpukas ar Ha
mujarpamy (ci. 4.17).
ExcrpemHe BpeiHOCTH TIyTa 100Hjajy ce Kajia ce MPBU U3BOJI yTa MO BpeMeHy (jefHaunHa 4.6)

. dx .
U3je[JHa4y ca HYJIOM (d—C =0). Y aHanu3upaHoM NpUMepy KIUITHOT MeXaHh3Ma TO je:
t

=R+L, X0, =LoR. s (4.7)

C max

MakcuManHa BpeJHOCT XOfa Kiuma "s" jefHaka je pasiuld MaKCUMajHE U MUHVMAJHE

BpenHocT KopauHate "X Tauke C:

S=XC, .~ XCpin = 2R (4.8)
3a jeman mornyH o6praj moroHckor wiaHa 2 (360°), Tauka C Ha kummy mpebe myT of
s(3600)=2-2R=4R.
A
s (m)
AT TN
T
E 4 .
5 o~ Ca. 4.17: Hujazpam
= T o iyiia Kauia KAUHo2
<4 MexaHuama
I I I I I I I >
90 180 270 360

O6pTaI—L€ IIOTOHCKOTI' WIaHa (PO
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5. YCJIIOBU YHKIITHOHUCABA MEXAHU3AMA

5. YCI0OBA @ YHKIIMOHNCAIbA MEXAHU3AMA

Ja 6u MmexaHmn3am (yHKIMOHKCAO (f1a 61 ce KpeTao) Mopa MPETXOIAHO UCIYHUTH HEKE OCHOBHE
reomeTpujcke yciose. Koju cy To ycioBm 3aBHCH Off MeXaHU3Ma, MehyCOOHUX I€OMETPUjCKUX U
KMHEMAaTHYKUX Be3a HEroBUX 4iaHoBa. OBU YCJIOBH Cy Pa3JIUUUTH 32 PA3IMIUTE MEXaHU3ME
¥ IPOU3MIIa3e U3 KPYTOCTH TOjeINHIX WIAHOBA M HAYNHA HUXOBOT KPETamha.

AHanu3upajMo ycnoe Koje Tpeba fla 3aJJ0BOJbH YETBOPOIONYKHI MexaHu3aM (ci1. 5.1) na 6u
ce 4iaH 2 KpeTao jeHONMKO KPYKHO (fa MMa TMOTHyH 00pTaj), WiaH 4 OCHUIATOPHO KPYXKHO
(MpOMEHIBUBO KPYKHO), & WIaH 3 1a IMa CIIOXKEHO KpeTame (TPaHCIaTOPHO 1 poTauoHo). OBakaB
HAUMH KPeTamba YIaHOBA YETBOPOIIOTYKHOT MEXaHN3Ma Ha3MBa ce MPBOM HHBEP3UjOM.

JlyXuHe WIaHOBA Cy O3HaueHe ca: AB=a, BC=b, DC=c u AD=d. M3 KoHCTpyKIHje
YeTBOPOYIJIA CIIEIH J1a je:

AFEDFC> A, s (5.1)

[FeomeTpujcku ycoBu (DYHKIMOHMCAka MeEXaHW3Ma Jo00uWjajy ce m3 Kpajmux ('MpTBEX")
NoJIoXkaja MeXxaHu3Ma. Y OBOM NPUMEPY KpajibK TMON0XKaju MEXaHU3Ma Cy OHU Kajja ce Ha MCTOM
npasily Haby wiaHoBu 2 u 3 (au b) mwunanopu 2 u 1 (au d).

Ca. 5.1: Hauun kpeitiawa 44aH08a YelliBOPOUOAYHCHOZ
Mmexanusma (iipea uneep3uja)

[Tocroje mBa mosoxaja y kojuma he ce unanosu 2 (a) u 3 (b) Hama3uT Ha KCTOM TpaBIy (CII.
5.2). I3 mpBor moJioxaja ciefu ia je OTHOC y>KMHA WIAHOBA jeTHAK:

atb<c+d;c<a+b+d,d<a+b+C. s (5.2)
3a ipyru noJyioxaj Clefiu a je:

DHC>d; CDH AL s (5.3)

Ca. 5.2: [1oaoxcaju 4eitieopoioayHHOZ MEXAHUSMA KAOA Ce YAAHOBU
2 (a) u3 (b) naby Ha ucitiom iipasuyy
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5. YCJIIOBU YHKIITHOHUCABA MEXAHU3AMA

Takobe, mocroje aBe MoryhHocTi Kaja he ce wianoBu 1 n 2 (a u d) Hana3uTu Ha UICTOM
npasly. 3a OpBU NI0J10Kaj ca cnuke 5.3 Baxe ciefaehu ogHoCH:

a+d<b+c,b<ct+d+a, c<d+a+b. e, (5.4)
3a ipyru noyioxaj Baxu jia je:

Lo I TRl o 1 o SRR OPRRRRPRRRN

Ca. 5.3: [loaoxcaju 4eitiBopoioAYyHHOZ MEXAHUIMA KAOA Ce
yaanosu 2 (a) u 1l (d) Haby Ha ucitiom iipasyy

W3 npeTxoiHe aHaM3e Ha3HAYEHHUX OJHOCA MOXKe Ce 3aKIbYunTH ciefiehe:
— unad 2 (a) je Hajkpahu unaH,
— unaH 1 (d) je Hajayxu unaH n
— a+d<b+c.

AKO Ccy HCIyHheHa OBa TPH YCIIOBa IIOTOHCKY WiaH 2 (a) KpeTahe ce jeJHOIMKO KPYKHO, PaTHH
wiaH 4 (c) kperahe ce ocnuIaTOpHO KPYkHO, a crojuu wiad 3 (b) umahe cnoxeHo kpetamwe (u
TPaHCIATOPHO W KPYKHO). OBaKBO KpeTame YETBOPOMOJYKHOT MEXaHM3Ma Ha3WBa CE HEroBa
NMPBOM HHBEP3HjOM.

AKO ce 3apXW HCTH OJfHOC JyXKHHA YJIAHOBA YETBOPOMOJYKHOT MEXaHM3Ma Kao Y
NPETXOHOM npuMepy ca ci. 5.1, amu ce unas 1 (d) ocnno6onu, a 3a MOCTOILHY YJIaH Ce YCBOjH YJiaH 2
(a), robmheMo Ipyru HAUMH KpeTarba YIaHOBa OBOT MEXaHU3Ma. Y OBOM CIIy4ajy IIOTOHCKY WiaH he
outn unau 3 (b), cnojau wiaH je 4 (c), a pagan wiad je 1 (d). AHanm3oM KpeTama (IpTameM
MyTaka) OBaKO TPaHC(OPMHUCAHOT MEXaHM3Ma JI0JIa3M ce JI0 3aKJbyuKa f1a he ce wiaH 3 KperaTu
JEMHOIMKO KPYKHO, unaH | MpOMEeHIBUBO KPYKHO (IIyTama je MOTIMyHa KPYXHHIA), a wiaH 4 he ce
KperaTu ciokeno (cn. 5.4). OBakaB HaUMH KpeTama WIAHOBA YETBOPOMOJYKHOT MeXaHW3Ma
Ha3WBa Ce HEroBa IPYroM HHBEP3UjOM.

Ca. 5.4: [lpyza uneep3uja 4eiti6OpOUOAYHHOZ MEXAHUIMA

Axo 61 nocrosbHE wiaH 6o uian 3 (b), a moroncku wiaH 2 (a) (cn. 5.5) pobuno 6u ce ucro
KpeTawme Kao Koj mnpBe uHBep3uje. To je apyra MoryhHocT 3a pmoOujame NpBe WHBEP3HjE
YEeTBOPOMOJYKHOT MexaHn3Mma. Uman 2 Ou ce KpeTao jeHOIUKO KPYXKHO, WiaH 4 OCHUIATOPHO

KPY>KHO, a 4JIaH 1 cI0XeHO.
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5. YCJIIOBU YHKIITHOHUCABA MEXAHU3AMA

AKO ce yCcBOjH J1a je MOCTOJbHY ulnaH 4, J1a je MOTOHCKY uJiaH 3, Tajia je pajHu 4iaH 1, a cnojHu
wiaH 2 (UCTH je OIHOC Iy>KMHA YIaHOBa U3 MpBe uHBep3uje). LlprameM myTama Ha3HAUCHUX Tauaka
oo O ce 70 3aKkJbyuka f1a moroHcku wiaH 3 (b) He Moxke fa mMa 1eo oopraj, Beh ce kpehe
OCIJTATOPHO KPYXHO Kao ® paguu wiaH 1 (cm. 5.6). OBaj HaumH KpeTama dlIaHOBA
Y4ETBOPOINOJY>KHOT MeXaH3Ma Ha3uBa ce TpehoM nHBep3HjoMm.

Ca. 5.5: [Ilpyza mozyhHociu iipse uneep3uje Ca. 5.6: Tpeha uneep3uja
YeUBOPOUONYHCHOZ MEXAHUIMA YellBOPOUONYHHOZ MEXAHUIMA

Kapa 61 ce uzjeHaumse Ay>KuHe WiaHOBA YETBOPOIOIYKHOT MEXaHi3Ma TaKo Jia je a=c 1 b=d,
Tajia 01 ce YIaHOBHU 2 1 4 KPEeTaJ jeTHONNKO KPYXKHO, a uaH 3 TpaHcnaTopHo (ci. 5.7). OBakaB
HAUMH KpeTama Ha3MBa ce YeTBPTOM HHBEP3HjOM UYeTBOPOIOTYKHOT MEXaHM3Ma.

HpeTxonHa aHalli3a YK33Yje Ha TO Ja CBakKa NpPOMEHA VyJIOI'C 4YjlaHa y MEXaHU3My, Kao 1
IpoOMCHa FGOMeTpI/IjCKI/IX OHOCA, yTHYE€ HAa HAYMH KpE€Takba YJIaHOBA YETBOPOMOJIY>KHOI'
MCXaHHU3Ma, IITO UCTO BaKU U 3a CBAKU IPYI'I MCXaHU3aAM.

B b
2 3 c /-4

@,

®y g Ca. 5.7: Yeitispitia uneep3uja
A d D H4elllBOPOUOAYHHOZ MEXAHUIMA

Ha uctu Haumu ofipebyjy ce ycinoBu (yHKUMOHUCaWa U ApYrux Mexanuzama. Ha nmpumep 3a
KJIUIHA Mexanu3aM (ci. 4.1, crpana 27) jeiiHu yCIoB je a My>KuHa Kiummbade 3 Tpeda fa Oyje Beha
Ol yXHHe noroHckor unasa 2 (BC > AB) jep y IPOTHBHOM TIOTOHCKH UTaH 2 He 61 MOTao fja ce
OKpEHE 3a MOTIYH KpyT (27).

YcnoB (yHKIMOHKCaka IIaHeTapHOT Mexann3Ma (ci. 3.15, crpana 22) mpousmiasy U3 Tora jia
3ymuanuk catenut (3) Tpeba fja ce 3ajefjHo ca HocaueM (4) oophe OKO IeHTpaIHOr 3ymyaHuka (2).
Ila 61 ce 3yITYaHNK caTENUT TaKo KPETao Tpeba fia je pacTojame AB jeHAKO 30MPY MOMYIPEUHHKA
CIIPETHYTHX 3yITYaHUKA, Tj. AB=R 2 +Rj3.

O ycnoBuma (pYHKIMOHKMCAKA JAPYTHX MeXaHu3ama Ouhe peuyd y JalbeM TEKCTy IIpu
KUHEMATHYKO] ¥ IMHAMUYKO] AHAIIM31 MEXaHU3MA.

39
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6. YBOAY KHHEMATHUYKY AHA/IN3Y MEXAHU3AMA

Y KHMHEMAaTHUUKO] aHaJIM3U MeXaHW3aMa [pOyvyaBajy ce KHHEMAaTHYKd [apaMeTpu |
KNHEMaTHYKH TOKa3aTesbl pajia MeXaHW3ama. Y KWHEMaTHYKe MapaMeTpe Crajajy myTame s,
Op3uHe v yraoHe Op3uHe , yOp3ama a M yraoHa yOp3ama € KMHEMAaTHYKUX Tavyaka M 4JIaHOBA
MexXaHn3ama.

Kunematnuku moka3aTelbu TpEACTaB/bajy YCBOjEHE BEJIUYUMHE JIOOMjeHE Ha OCHOBY
KNHEMaTHIKKUX ITlapamerapa KojuMa ce AeuHMIIE KpeTame W pajy MexaHm3ma. To cy, Hmp.
IPEHOCHH Of{HOC NPEHOCHMKA 1, KOe(UIHMjEHT MOBPATHOT XOfa OCHMIATOPHOr MexaHu3Mma k,
KoeullujeHT pacnopiesie ontepehema TOUKoBa TPAaKTOpa A UTH.

6.1. Metope 3a onpelyuBame KHHEMaTHYKHX NapaMeTapa MeXaHN3aMa

ITocroje Tpu rpynme merofa 3a ofpebuBame KUHEMAaTHMUKUX IlapaMeTapa MeXaHW3ama:
rpacuuke, rpaoaHaIUTHIKE U aHATUTHYKE.

Y rpaduuke Merofe crajajy: MeTofla KJIM3HUX Op3uHAa ¥ METOfja OKPEHYTHX Op3uHa.
I'pachuuke MeTOfIe HUCY TIOTOJ{HE 32 AHAIM3Y LIEJOKYIHOT MeXaHu3Ma, Beh BeroBux nojefuHayYHux
KHHEMATHUKKX apoBa. TayHocT 0o0KMjeHnX pellea rpauukuM METOIaMa je HefJOBOJbHA.

I'padgoananmnTnike Merome cy morogHe 3a ofpebuBame KHHEMAaTHUKHX IapameTapa
LIEJIOKYIIHOT MeXaHu3Ma. [JoBObHO cy BU3YeNHE jep JoOUjeHa pellea 1ajy jacHy CIUKY KpeTamwa
CBaKe TayKe M CBAKOI WIaHA MeXaHum3Ma. TadHOCT JOOHMjeHHX pellerma 3aBUCH Of MPEU3HOCTH
HpTama u Moxe fja Oyfe JOBOJbHA 3a MHXKEWepcKe npopauyyHe. MebyTuMm, fobujena peuiemwa ce
OffHOCE 32 TPEHYTHE IMONOXKaje MEXaHM3Ma, a He 3a Ie0 jeraH pagHu mukiayc. OBe MeTone HHUCY
NpUKIAHE 3a CHUHTE3y, ONTUMHU3ALMjy WM TMOfellaBakba MeXaHu3aMa Y IUby HUXOBOT
npunarohaBama ycinoBuMa paja. Y rpagoaHaJuTUUKe METOJIE CIajiajy:

- METOfa TPEHYTHHUX I10JI0Ba,

- MeToja 1aHa Op3uHa 1 yOp3ama,

- MeTopa fofaTHe Tauke (MeTofa Acype) u
- METOfa LEHTPaHEe CINYHOCTH.

MeTopa TpeHyTHHUX TIOJIOBA je HEMpETJIeIHa U CIIOKEeHH]ja O] METOJIe T1aHa Op3uHa 1 yOp3ama.
Metopa fofaTHe Tauke (MeTofa Acype) U METOfia IEHTPATHE CIMYHOCTH KOPHCTE CE 3a MCTE BPCTe
npobiemMa (3ajaTaka) W yCTBapyW MpecTaBibajy METOAY ITaHa Op3WHa U yOp3ama 3a crenuduiHe
Mexanm3Me. ['padoaHanuTuuke MeTOAe HUCY JOBOJBHO MpETrNefiHe M TOTOJHE 3a MPOCTOpPHE
MeXaHU3Me.

AHaJIMTHYKE METOJe CacToje Ce Yy aHAIUTHUYKOM JeuHUCAly KMHEMAaTHUKHUX MapameTapa
Tayaka ¥ WIAaHOBAa MeXaHW3Ma Y (DYHKIWjH KpeTawma MOTOHCKOT 4YiaHa, Kopucrehu
nudpepeHInjaTHi pavuyH, BEKTOPCKY aHajimu3y, KoMIulekcHe OpojeBe uTaA. OBe MeTofe uMmajy
IPETHOCT Hajl rpahOaHaTUTUIKUM, jep JIajy CACBUM TayHe BPEJHOCTH U TIOTOJIHE CY 3a ofipehnBarme
KMHEMaTUUKKX TapameTapa 3a 1eo paguu nukinyc. [ToceOHO cy pomuie o u3paxkaja MojaBoM U
MAacCOBHUM KopuIhemeM pauyHapa. AHaJIUTHYKE METOJIE Cy MOTOAHE 3a A0OWjambe ONTHMATHUX
pe€II€Ha, KakKO PpaBaHCKHUX TAKO W IPOCTOPHUX MCXaHM3aMa M 3a KHUHCMATU4KYy dHAJIU3y
MeXaHn3aMa y by HBUXOBOT MOOOIbIIIAkha U IpuiiarohaBama ycnoBuMa pajia, jep ce momohy mux
MOXeE JIa CHMYJIUpa paj] MeXaHNU3Ma.
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6.2. Y3ajamuu ogHOC Op3uHA U YOp3ama TaYaKka Ha MeXaHH3MHMA

Kao yBon y MeTopie 3a ofpehnBame KHHEMAaTHUKHUX ITapaMeTapa MexaHn3aMma ananmsupahe ce
y3ajaMHa 3aBHCHOCT OBUX NIapaMeTapa Ha YIaHOBUMA ¥ KUHEMATHYKUM MTapOBHUMA.

Kperame Moke OUTH pa3aIuduTO 3aBUCHO 0J1 00JIMKA MyTamke M0 KOjoj ce Teslo Kpehe u o1
npomene Op3une. Ilpema o00nMKYy TmyTame KpeTambe MOXe OWTH TPaBOJMHH]CKO
(TpaHCTIATOPHO), KPYXKHO, KPHBOJWHHUJCKO M CIIOKEeHO. [Ipema mpoMeHm Op3uHE KpeTame
MOX€E OWTH jEIHONMKO, Kaja je Op3uHa cTamHa (HENPOMEHJbHMBA) M IPOMEHIBHUBO.
[IpoMeHIBMBO KpeTame MOXKEe OWTH jeTHAKO W HEjeIHAKO MPOMEHJBHBO, 3aTHM MOXKE OUTH
yOp3aHo u ycnopeHo. UnaHoBM MeXaHHM3aMma, OJHOCHO JICJIOBH MalllMHa MMajy CBE BPCTE
HaBelCHUX Kperama. OBae he ce aHamm3WpaTtd MNPaBOJIUMHHUJCKO, KPYKHO, JEITHOIHKO H
jeIHaKO MPOMEHJBPUBO KpeTame (YOp3aHO U YCIIOPEHO).

JeaHo/IMKO NPaBOJMHIjCKO KpeTame je TaKBO KpeTame KOJ Kojer ce Op3uHa He Memba,
a myTama je mpasa JIuHuja. edunncano je n3pasom:

et e e (6.1)

- s
vV=-—

t
rze je: v(m/s) - Op3uHa KpeTama, s(m)- npeheHu myT 1o MpaBoj JIMHUJU U t(s) BpeMe Tpajamba
KpeTtama. [IpaBan Op3uHE je UCTH Kao MpaBall KpeTama, a CMep je Yy CMepy KpeTama.

JenqHako MpPOMEH/bMBO NMPABOJMHHjCKO KpeTame je TaKBO KpETame KOJI KOjer ce
Op3uHa Mema (ToBehaBa wiM cMamyje) 3a jeaH CTajlaH H3HOC KOjer Ha3uBamMo yOp3ame HiTu
yCIopeme, a IMyTama je MpaBa JHHUjA. JeTHAKO MPOMEHJBHBO TPABOJIUHH]CKO KpPETarkhe
onpeheno je qBemMa jeTHaYNHaAMA:

-2

rae je: v(m/s) - Kpajwa Op3uHa, vy(m/s) - moderHa Op3uHa, a(m/ sz) - yOp3ame wiu

ycnopewe. [IpaBary yop3ama 1 ycropema je/IHaK je MpaBIly KpeTama. 3HaK 1mIyc (+) KOpUucTu

ce Kaja je KpeTame jeTHaKo yOp3aHo, a 3HAaK MUHYC (-) 3a jeTHAKO YCIIOPEHO KpeTame.
JeTHOIMKO KPY:KHO KpeTame MMa 3a IyTamby KPYXKHHUIY, a TePUHHCAHO j€ CTAITHOM

yraoHOM Op3uHOM m(ﬁzs_l), OoOMMHOM Op3uHOM Vv(m/s) ¥ HOPMAaJHUM YyOp3ameMm
S

an(m/sz) (cn. 6.1a).

JenHaumHa Koja JNeQUHHMINE jETHOJIMKO KPYKHO KpETame aHAJOTHA je jeHAYMHU 32
jETHOJMKO TPABOJIMHHUJCKO KPETamhe M MpEACTaBba IPOMEHY yIJia Yy jeOUHUIM BPEMEHa.
WNHTen3uTeT yraone Op3uHE jeHAK je:

rae je: w(s_l) - yraona 6p3uHa, ¢(rad)- npel)eHn MyT MO KPY>KHUIU U3PAXKEH YIJIOM U t(S)
BpEMeE Tpajama KpeTama.
WuTensurer oOnMHe Op3uHE MPH KPYKHOM KpETamy jeaHaK je:

VER e, eoeeeeeeeeeeeeeee oo e e e e e e s e s (6.4)
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rae je R(m)- pamujyc oOprama (monynpeuHuk kpyxHwuie). [IpaBary oOumHe Op3uHE je
yIpaBaH Ha pamujyc oOpTama (TanrenTta Ha KpyxHuiy) (v L AB), a cMep je y cMepy yraome
Op3uHE ©.

Hopmanno yOp3ame a, MNpH jJeAHOIHMKO KpPY>KHOM KpeTamy jaBjba ce 300r MpoMeHe

nytame. MHTeH3UTET ce oapel)yje Ha OCHOBY jeTHAYHMHE:
2
v
aan-m2 WIH Bp S pr et (6.5)

Hopwmanzo yop3ame uma npasai pagujyca ooprama (a, / AB), a ycMepeHo je mpeMa Tauku
obprama (A).

JeagHako yOp3aHO KpPY:KHO KpeTame je TaKkBO KpeTame TIJle Ce yraoHa Op3WHa
nosehaBa 3a yraoHo yop3ame €, Te ce mope oOMMHe Op3uHEe v W HOPMAJIHOT yOp3ama a,
jaBJba W TAHTEHIMjalTHO yOp3ame a;, a MyTama je KpykHuma. OBo KpeTtame aeduHucano je

JIBEMa OCHOBHUM jelHauMHaMa, aHAJIOTHO IPAaBOJMHUJCKOM jeHAKO YOp3aHOM KpeTamy.
WuTensurern yraone 6p3uHe u nmpel)eHor myTa H3paXkeHOT YIIIOM ¢ CY:

e -t

0=0g+et U O=0,-t+ >

rae je: co(s_l) - Kpajiba yraoHa Op3uHa, o, (s_l) - mo4YeTHa yraoHa Op3uHa, 8(5_2 ) - yraoHO
yop3ame. CMep yraoHor yOp3ama je HCTH Kao CMep yraoHe Op3HHe.
OOuMHa Op3uHa v ¥ HOpPMaJHO yOp3ame a, Ce Yy MOTIYHOCTH (MHTEH3UTET, IpaBall U

cMmep) onpel)yjy UCTo Kao KO/ JeHOIUKOT KPY>KHOT KpeTama.
Tanrenuujanno yOp3ame a; jaBjba ce 300r yraoHor yoOp3ama. MHTeH3UTET

TaHTeHIMjaJIHOT yOp3ama ojapelyje ce nmpema jeTHaunHu:

At T R . e (6.7)

Tanrenuujanno yop3ame nMa mpasail yrpaBaH Ha paaujyc oOprama (a; L AB), a cmep je
y CMepy yraoHoT yop3ama (ci. 6.1b).
Hopmanno u TaHreHnujamHo yop3ame Cy KOMIOHEHTE pe3yiTyjyher yop3ama a, 4uju ce

MHTEH3UTET ojipehyje mpemMa jeHaunHu a = \la% + atz .

JelHAKO yCIOpeHo KPY:KHO KpeTame j¢ TAaKBO KpeTame IJie C€ yraoHa Op3uHa cMamyje
3a YraoHo YCIIOpEeHE€ €, T€ c€ mopes oOMMHEe Op3MHE W HOpPMaJHOT yOp3ama jaBiba M
TaHTeHIMjaJIHO ycnopewme a;. OBO KpeTame AeUHUCAHO je ABEeMa OCHOBHMM jeJHAUMHAMAa,
aHAJIOTHO TIPABOJIMHK]CKOM jeTHAKO yOP3aHOM KpETamy:

8-t2
O=0y—&tHQO=0, t— S e (6.8)

TanrennujanHo ycrnopeme UMa Ipasall yIpaBaH Ha paaujyc ooprama (a; L AB), a cmep
je y cMepy yraoHor ycmopema (ci. 6.1¢). YraoHo ycnopeme uMa cMep CymlpoTaH oOf cMepa
yraone Op3uHe.

Ha cn. 6.1 o3HaueHu cy HaBeJeHNW KHHEMAaTUYKH TTapaMeTpH poTaluje Tauke B y ogHocy

. -A A -A -A
Ha IIeHTap poTanuje A: VB, aBn, aBt 4 aB .
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a)

Ca. 6.1: Kunemamuuku napamempu Kpyj*CHO2 Kpemared

Cl0KeHO KpeTame MOXE C€ pacwIaHWTH Ha JBa KOMIIOHEHTAJIHA KpeTama,
TpaHCIATOpHO U poTtaunoHo. Heka unan 3 Tpeba fa ce momepu U3 MOYETHOT NOJOXaja AB 'y
Kpajiu ApBy (ci. 6.2). [IpBu 1eo KpeTama je TpaHCIATOPHH 710 ToJioXkaja ABj, rae obe Tauke
1Majy UCTy Op3MHY U UCTO YOp3ame, HAKOH Yera y pyroM ey KpeTama, Tauka B porupa oko A,
KOja MUpYje 1 TaKO 4iaH 3 1oN1a3u y nonoxaj A,Bj.

apBt

Ca. 6.2: O0HOC KuHematliu4Kux iapameiiapa ose iiauke
Ha ucitom yaany (auke B iipema A)

Kpajmwa 6p3una tauke B ofipebyje ce u3 jeqnaunne:

-~ - A
VB S VA VB ) eveeeeeeeeeiiiiiiueeeeeeeeessissiseseesssesssmisssssessssssssmmmmssesesseessonns (6.9)

e je VB penaTuBHa oOMMHa Op3uHa Tauke B y omHocy Ha A. IlpaBaim penatnBHe 0OMMHE

Op3uHe je ynpaBaH Ha WiaH 3 y TOM IOJIOXajy (Gﬁ L BA), a 1eH HHTCH3UTET je vﬁ =BA- 3.
AKo je mo3HaTa Op3uHa Tauke A U pejaTUBHA yraoHa Op3KMHA ®3 MOXE Ce OfpeIUTH HEemo3HaTa
Op3uHa Tauke B.

Yop3ame Tauke B jegnaxko je:

- - A=A
AB = QA TABA T ABL,s ceeeerrrrrrrrrrrreeeesiiiiiirrereeeeessiisarreeeesssssssnirerseeeeessns (6.10)

. ~A -A :
rfe je aBn HOpMalHO yOp3ame Tauke B y ofHOCcy Ha A, a aBt TaHTeHIUjaJIHO yOp3ame Tauke By

. A — .
onHocy Ha A. IlpaBan HopManHOr yOp3ama je mapajenan ca wiaHoM 3 (aBp//BA), cMep je on
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( A)Z
. . v
tauke B mpema A, jep Tauka B porupa okOo A, a MHTEH3UTET je agn: % AN

— : . SA =
agn =BA- m% . [TpaBar TaHreH@jaIHOT yOp3ama je ynpaBaH Ha unas 3, (aBt L BA ), uHTeH3uTET

je agt = BA -£3,a CMep je y CMepy YraoHOT yOop3ama wiaHa 3, Tj. y cMepy &3.

Hcru opHoc Op3uHa u yOp3ama MOXKe ce YCIOCTaBUTH Y Clydajy Kaja je MO3HATO KpeTame
tauke B, a Tpaxu ce 3a A, Tj. Kajja 4iaH 3 y moJjoxaj fiBa foja3u poranujomM tTauke A oko B (ci.
6.3):

VA S VB AV ) oo ©6.11)

-B
IIevA penaTuBHa oOMMHa Op3uHa Tauke A y ofHocy Ha B, mma mpaBar ynmpaBaH Ha 4iaH 3
B — . —
(vA L AB), a 1beH HHTEH3UTET je vﬁ =AB-w3.
YOp3ame Tauke A je y OBOM Clyuajy:

. - B -B
AA TAB T AAN T AALs  cereerrrrrrrrrrreeeeeesiiiietreereesesssiiirreretessssiaiirarrreeessens (6.12)

. -B -B -
e je: aAn HOpPMaJHO yOp3ame Tauke A y ofHOcy Ha B, a aAt TaHreHuujanHo yop3ame Tauke A

- B — -B —
y onHocy Ha B. IlpaBuu oBux penaTuBHUX yOp3ama cy aAn / AB, aAt L AB, a UHTEH3UTETH Cy

NG

B
= U a, =AB-g3.

4 An E
B
> B
A
- A
AR \
vB Rt
AL .- B =B»
Al

Ca. 6.3: O0HOC KuHematliuuKux fapameitiapa 08e iia4xe Ha UCIoM 4aany (iauxe A ipema B)

PeanutusHe Op3une u yop3ama u3meby Tayaka A u B, Ouno fa porupa tauka B oko A win

. —~A -B -A -B -A -B
OOpHYTO, Cy WCT€ CaMO CYINPOTHHX CMEpOBa, Tj. VB =—VA, aBn=-aAn, aBt=-—aAt,

- —-A =B - -A -B

M3 =B =—WA U €3 =€B = —€A .

Opnocn Op3una n yOp3ama, KOju cy MOKa3aHU HA YJAHY Ca CJI0KEHMM KpeTameM,
MOTY ce YCIOoCTaBuTH caMo u3Mehy Tauaka Koje nmajy 3Ky Be3y, Tj. u3mehy Tauaka na
MCTOM YIaHy WIH KaJa KJIH3ajy jeqHa no Apyroj.

IMocmaTpajmMo MehycoOHM offHOC KpeTama Tayaka Ha wiaHoBuMa 2 u 3 (ci. 6.4). Tauka B
HCTOBPEMEHO TIpUIaja iaHy 2 u 3, Te ce MOTy HallMcaTH je/IHaunHe:
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-~ A - - =C -~ A A - - -C -C
VB VA +VB, VB =V(C + VB H 3a yOp3amwa aB—aA+aBn+aBt, aB =aC +aBn +aBt, JIOK CE

HUKaKO HE MOT'y OBC ]eﬂHa‘-II/IHC HamnucaTu I/ISMbe Tauaka AuCj J€P Cy Ha pa3INYUTUM YJIaHOBUMA.
B

Ca. 6.4: OoHoc kpeitiarba iiauke B
A

Kop xnHeMaTHykux mapoBa ¢ TPaHCIATOPHAM YIAaHOBHMA (Ci. 6.5), Tauke KIM3ajy jefHa Mo
pyroj, T€ ce MOXE HANUCATH fia je:

- -Al
VA2—VA1+VA2, ......................................................................................... (6.13)

. —Al
IJIe je VA2 peJaTHBHA KiM3Ha Op3MHA Tauke A) y OHOCY HAa A| M HMa IIpaBall MapajelaH ca

. —~Al
MPABLEM KIIN3aka, T]. VA2 //X —X U

-Al
aAz—aA1+aA2, .......................................................................................... (6.14)

-

I7le jé aA2 pelaTUBHO KIU3HO yOp3ame Tauke A, y OJHOCY Ha A| M UMa IpaBal] MapajeaH ca

. Al —— . .
NpaBLEM KiIn3amwa, Tj. aA2 // x —x . Ynan 1 je HemokpeTaH Te Cy penaTUBHE KOMIIOHEHTE jefiHaKe

-Al - -Al
aTCoNyTHUM Op3MHaMa 1 yOp3ambuma: VA2 =VA2 M aA2 =aA2.

Kon TpancnaTopHor Kperama (ci1. 6.5) Kaja je 4aH o KoMe ce BpIIX Kin3ame npas (wiaH 1)

Tajia CBe TayKe Ha WIAHOBMMA MMajy MCTE aliCONyTHE M pellaTuBHE Op3MHE U yOp3ama:

- -Bl -Al -Bl -Al
VB2 = VA2 aBZ =aA2, VB2 =VA2 U aB2 =aA2.

X

* 7

Aq Ca. 6.5: Kpeiuarwe Kau3noz KuHemaiuu4xoz uapa
-Al ~Al
VA2 aA2

Kapa HenmokpeTHu unaH mo KoMe Kiu3ad KJIW3M HUje npas, Beh je Heka KpuBa JIMHM]a, HIIP.
KpyXxHuua (cn. 6.6) Op3uHe 1 yOp3ama Tauke A, Ha KIHM3a4y Cy:

- -Al
VAz—VA1+VA2, ......................................................................................... (6.15)

-

I7le je VA2 pellaTHBHA KIM3HA Op3uMHA Tauyke Ap Yy OFHOCY Ha Ajp, UMa IpaBal IapajejaH ca
NpaBLEM KJM3amba, Tj. NapajesHa je ¢ TAHFeHTOM Ha KPYXXKHHUIlY MONyIpeyHuka R y Taukum A

Al -
(va2 LAj0)m

- -Al -Al
aAz—aA1+aA2n FAADE S  crevererseresee ettt r bbb et aebe s erens (6.16)
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-

Ifie je aA2n HOpPMAJHO yOp3ame Tauke Ap y OJHOCY Ha Aj, IMa [paBall napanesaH ca pajijycom

. ~-Al — . -Al .
oOprama y Taukn Aj ca cMepoMm Ka IneHTpy porammje (ka taukd 0), (aa2n /Aj0); aa2t je
TaHTeHIMjanHo yOp3ame Tauke Ay y OHOCY Ha Aj, MMa IpaBall yIpaBaH Ha pajinjyc oOpTama y

Al —— .
tTaukd A (aA2t L Aj0). UaTen3uTeTn yop3ama ce onpebyjy Ha cnepehu HauuH:

(4L
Al 7102 = VA2 Al

A2n = 277 A00 Wy =A10-83.
-BI1

5 Az VB2 ~Al LAl

2 , 2 B, aA2t VA2
1 Al

N AL LAl
Y AA2n
Ca. 6.6: O0HocC Kpeitiarba Kaoa je
0 HeUOKPEUar YAaH KPYXCHULYA

Oe

Cpaka Tauka Ha wiany 2 (ci. 6.6) ¥WMa pa3nuuuTe ancojyTHE U penaThBHEe Op3uHE 300T
pa3IMYUTOr pacTojama off Tauke (. bp3une n yop3awa tauke By u A, HuCy ucre.

Bp3nna Tauke A3 y OfHOCY HA A, KYJIHCHOT KHHEMATHUKOT mapa (ci. 6.7) je:

- - -A2
VA3 S VA2 T VA3, eeereerreereereereenseeseereessesseeseessessessesseessensesseeseesensesteessessessesseensons (6.17)

. —A2 .
Ifie je VA3 pejaTHBHA KJM3Ha Op3MHa Tauke A3 y OfHOCY Ha A, KOja MMa IIpaBall napaesaH ca

A2 —
npaBieM Kim3ama ( VA3 /CD).
YOp3ame Tauke A3 Yy OHOCY HA A) je:

- - . A2
QA3 T AA2 FAK FAAZ ) eerereerereerereeeeet e ettt et ettt ettt eae s s st teasasena (6.18)

.o -A2
I7ie je ak KOPHOJMCOBO yOp3ame, a aA3 peNaTHBHO KIM3HO yOp3ame Tauke A3 y OfHOCY Ha A
A2 —
(ap3//CD).

Kopuoancoso yoOp3ame ce jaBba m3smely nBe Tauke Koje kim3ajy jenna mo apyroj a

HCTOBPEMEHO 32jeTHO POTHPAjy HEKOM YTA0HOM OP3HHOM O .

WHTeH3uTeT KOPHOIMCOBOT YOp3ama je:

B e S 6.19
k 2°Va3

VA3 ak

Bs A3 'Xfﬂz EkT 'X(*’z ;ﬁ ‘ 'Xfﬂz
L e B .,k
2 7R el
Cn. 6.7: Kyauchu KuHemaiiudKku iap - KOpuoAucoso yop3arse
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Kopuonncoso yop3ame je yipaBHO Ha pelaTUBHY KJIU3HY Op3KHY Tauke A3 y OJHOCY Ha A,

- A2 . . - —
(ak L VA3) Tj. ynpaBHO je Ha mpaBall Kim3ama, ak L CD. CMep KOpHOJIHMCOBOT yOp3ama 3aBUCH

-A2 . .
Ofl cMepoBa ®y U VA3 U ofpebyje ce Ha HAUMH KakKo je TO MoKa3aHO Ha ciuuy 6.7. Cmep

KOPHOJIUCOBOT yOp3ama je OHaj cMep Tjie CTpesulia yraoHe Op3uHe “‘yaapu” y CTpeNuly KIn3He
Op3uHe u okpeHe je 3a 90°.

Kapa je kynuca kpuBa JiuH#Ija, HIIP. Ie0 KpyXHuIe (ci1. 6.8) Taja ce Op3uHa Tauke A3 ofpebyje
npema jefHauuHuU:

~ - A2
VA3 S VA2 F VA3,  coveeeeeeieeeetetesses s es et sasse sttt esesessasesesesessssssesesesesensasans (6.20)

. —=A2 . —A2
I7le je VA3 pelaTHBHA KiIu3Ha Op3MHA M MMa IpaBal] TAHTeHTEe Ha KPYXHHLY, Tj. VA3 L Aj0.

YOp3ame Tauke A3z jeHAKO je:

~ . . LA2 -A2
QA3 =AA2 FAK T AA3N FAA3L,  corverrerereeeiererereseseessesesesesessesssesesessssssenesenas (6.21)

.- - - - —— =A2
Ifie je ak KOpUOJIUCOBO yOp3ame, Ma npasal ak L VA3, OTHOCHO ak // A0 ; aA3n je pellaTUBHO
. . A2 ——
KIM3HO HOPMAJHO yOp3ame MMa MpaBal HapajiesaH ca pajujycoM oOprama, Tj aA3n /A0,
. . -A2 . .
YCMEPEHO je Ka IEHTpY poTanyje Ka Tauku 0 U a3t je pelaTUBHO KJIN3HO TAaHTEHIUjalHO yOp3ame

. . -A2  —
YIIPaBHO je Ha paaujyc oopTama, (aA3t L Ap0).

A2
. : A2 A2 (VAS)Z L aA2 _ Ay
Wutensuteru ce ogpebyjy u3 penauyja: ap =2 -9 VA3 @A3p = a3, =A20-¢3.

A50
ak
A2 -A2 ;k ®
AZ aA3t VA3
A -A2
aA3n VA3
01

Ca. 6.8: Kyauchu xunemaitiuuxu iap ( Kyauca je 0eo KpyIHuye) - KoOpuoaucoso yop3aarbe
6.3. Merona niiana Op3una u yop3ama

Meropa mana Op3uHa 1 yop3ama cacToju ce y [pTamy IlaHa Op31Ha 1 I1aHa yop3ama mpeMa
jenHaurHama Koje feduHuIy MehycoOHe KnHeMaTHiKe 3aBUCHOCTH Tayaka Ha MCTOM WIaHY W
K/In3ajy jeana no apyroj. Camo y oBa fiBa ciyyaja MOTY C€ YCIIOCTaBUTH jeIHAUMHE Koje AeuHuIy
KUHEMaTHUKy Be3y u3Meby Tauyaka M Koje ce KOpHCTe Yy MEeTOAM IaHa Op3uHa u yop3ama. Oa
METOJla IMa IIMPOKY NPMMEHY 3a paBaHCKe MEXaHU3Me, 0K 3a MPOCTOpHE Huje morofHa. [Toctymak
ofipebnBamba KMHEMAaTHUKUX TapaMeTapa METOJOM IUIaHa Op3WHa M yOp3ama MOKa3aH je Ha
YETBOPOIOIYKHOM MeXaHu3my (ci. 6.9) .
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3amarak 6.1: Onpenutu Op3uHe u yOp3ama KMHEMaTHUYKHX Tauyaka Kao M yraoHe Op3uHe U
yraoHa yOp3ama unaHoBa MexaHum3ma (ci. 6.8). Jlatm mopmaum cy: AB=0,15m, BC=032m,
CD=0,26m, AD=043m, ¢ =60°, 0y =205\ 1 £, =0.

C

Ca. 6. 9: Kunemaitiuuxa uiema 4eiui80pOUONYICHOZ MEXAHUIMA
(3aoaitiax 6.1)

. 0,lm
YcBoju ce norogHa pasmepa, Hop. Up :1 U HalpTa KHMHEMaTHyKa IIeMa [JaTor
cm

MexaHu3ma (ci. 6.9).

[Tnan Op3uHa ce 1pTa Ha OCHOBY jeflHAYMHA Koje fAeuHuiry MehycoOHu ofHOC Op3uHa Tayaka
Ha McToM unany. [lounme ce o MOroHCKOr YjaHa 2 jep je ’eroBo KpeTamwe Mo3HaTO. IHTeH3uTeT
Op3une Tauke B je:

VB =AB @) = 0,15mM20 71 Z3M/S. oo (6.22)
IpaBan, oBe 0OMMHE Gp3uHe je ynpasaH Ha wiaH 2, (Ha AyX AB), a cMep je nctu Kao cmep
1m/s
yraone Op3uHe o, . Onalepe ce morogHa pas3mepa 3a lpTamwe MmaHa Op3uHa, Hip. Uy, = 5
cm

Tauka P, Kao mouerak miana 6p3uHa. Ha nmany Op3una (ci. 6.10) O6p3una VB je peficTaBbeHa ca
IyXH ﬁ =6cm.

bp3una tauke C ozpebyje ce Ha ocHOBY Op3uHe Tauke B jep ce Hanasze Ha uctoM uiany 3, Te
je:

O (6.23)

Wurensurer penatuBHe Op3une Tauke C y ogHOocy Ha B Moxe ce ofpenuTu U3 penanyje

vg = CB- w3, MebyTuM, 3a caja je Hemo3HaTa BPEHOCT yraoHe Gp3mHe 3. Ilo3HAT je camo

-B . - . . .
npaBall Op3uHe v(C J1a je yrpaBaH Ha uwiaH 3, oqHOCHO Ha ysk CB. Crora je moTpeOHa jor jeqHa
jemHaunHa 3a 6p3uny Tauke C . Onpebyje ce npeko Tauke D jep ce Tauke C u D Hanaze Ha ucTom
yany 4, a mo3zxara je Op3una tauke D (v =0):

-~ - =D

VO S VD F VC + ertveeieetet sttt sttt st s s s be st stess st ese s ebenssbensssensaserens (6.24)

Penarusna 6p3una Tauke Cy ogHocy Ha D je Vg = DC- m4. MebyTum, uHTEH3UTET Ce, 3a cajia
HE MOXE OfJpe[IUTH jep je HeMO3HaTO 4. [IpaBal oBe Op3uHE je ynpaBaH Ha 4iaH 4 OHOCHO Ha

nyx DC. Y npeceKy rpaduuku npejicTaBbeHux jefHaunna (6.23) u (6.24) nobuja ce Gp3nHa Tauke
C (Tauka c ) unju ce MHTEH3UTET ofipehyje u3 penanuje:

1 m/s

2cm

W3 nnana 6p3uHa (cn. 6.10) ogpebyjy ce cBe ocrane KWHEMAaTHUKe BETMUNHE, TE je:
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6. YBOO Y KHHEMATHYKY AHAJIN3Y MEHANIZAMA

.lm/s
2 cm

ve =be-Uy =43cm =2,15m/s.

Cwmep Op3uHe Vg nobuja ce n3 BekTopcke jepHaunte (6.23). Caga ce MOXe OffpefiuTH yraoHa

VE 2,15 -1 .
Op3uHa unana 3, ®3 = 503 6,71s™, a cMep ce ofpebhyje U3 ycmoBa 1a cy CMEPOBH yraoHe

-B .
Op3uHe ®3 W pejaTuBHe 0OMMHE Op3uHe vC ucty (ci. 6.11). Ha uctu Haums ce onpebyje yraona

. ve 1,85 -1 .
Op3uHa unana 4, Tj. o4 = e 026" 7,11s™ , a cMep U3 jeJHAKOCTH CMEPOBA YraoHe Op3uHE g U

o0uMHe Op3uHe :/c. PenatuBHa Op3una Tauke C y ofHocy Ha D jefHaka je HEHOj anconayTHO]
BPETHOCTH (Vg =V ) jep je Op3una Tauke D Hyna (vp =0).

b B

C
% 4
C 4
3 3B
B o8 ¢ D
Ca. 6.10: I1aan 6p3una (3a0aitiak 6.1) Ca. 6.11: Oopebusarbe cmeposa

yzaorux 6p3uHa (3adaitiak 6.1)

Y6p3ama ce goOujajy npema jeHaurMHaMa 3a yop3ama 1 Ha OCHOBY ILTaHa yop3amwa. Pepocnen
nHcama jeJHauMHa 3a yOp3ama je UCTU Kao 1 Kof Op3uHa. Y Op3ame IOrOHCKOT WiaHa 2 cacToju ce
caMo 13 HOpMallHOT yOp3ama Tauke B mpema A jep je yraono yop3ame unaHa 2 Hyja, €y =0, Te je
WHTEH3UTET yOp3ama Tauke B:

ag = AB- @2 = 0,15m-20% §™1 = 60 M/5% erreerreeeeeeeeeeeee e (6.25)

Ipasar yopsama ap je mapanenad ca umaHoM 2 (/BA), a ycMepeHO je mpema LeHTpY
poramuje, o Tauke B mpema A. YcBoju ce pasmepa 3a Uprame IUlaHa yOp3ama HIIp.
_10m/ 52
~ lem
Yo6p3ame Tauke C onpebyje ce Ha OCHOBY /iBe jefiHaunHe, mpeko Tayaka A u D (cm. 6.12) ucro
Kao u Op3une. [IpBa jennaunHa 3a yop3ame Tauke C je:

U, U ToyeTHa Tauyka P, . YOp3ame Tauke B je npefcraBmbeHo ca iyku Pya =6cm .

- - -B -B
AC ZAB FACH FACE . oeeeeeeeereuurnaeeeseeereeueenaaeseeeeereeenaaereeesereennaaarees (6.26)

WHTeH3uTeT penaTuBHOr HOpManHor yOp3awa Tauke C 'y opHocy Ha B je:

B 2
B (V )2 2,15 2 -
acy =% = % =14,44 m/s”, mpaBal| je mapanengaH ca 4iaHoMm 3, ay cMepy o Tauke C

npema B. VIHTeH3uTeT penaTUBHOT TaHreHIMjanHor yop3amwa Tauke C y ogHocy Ha B ofpebyje ce
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6. YBOO Y KHHEMATHYKY AHAJIN3Y MEHANIZAMA

U3 jeHaunHe agt —¢3-CB, a mpasar je ynpasaH Ha wial 3. Kako je Hemo3HaTo yraoHo y6p3ame

€3, TAaHTCHI[MjaJIHO yOp3ame ce, 3a cajia He Moxe ofipeuT. [Ipyra jenHaunHa 3a yop3ame Tauke C
je:

~ - -D -D

AC ZAD FACH FACE . crrereeeereetrestereeetsestssesteteestssestesesessesessssessesesessesensssens (6.27)

WHTen3urer penaTMBHOr HOpManHor yop3zawa Tauke C y opgHocy Ha D je:

2 2
D _ (ve) = (185) =13,16m/s, npasail je mapanenad ca uiaHoM 4, ay cmepy of Tauke C ka

a = —=
Ch ™ cD 026
D. Wnrensurer penaTHMBHOr TaHTeHIujamHor yoOp3awma Tauke C mpema D oppebyje ce u3

jeqHauYnHe al —¢ .CD, a ipasatl je yrpasas Ha unad 4. Kako je Hemo3HaTo yraono yop3ame ¢4,
] Ct = &4 p Jje ynp ] y yop 4

TaHTEHUUjAIHO YOp3ame ce, 3a cafla He MOXe Of[pefuTH.
Jeqnaunne (6.26) u (6.27) ce Ha mIaHy yOp3ama rpauuku NpecTaBe U y BUXOBOM MIPECEKY

noOuja Tauka ¢ Koja ImpefcTaBiba BpX yop3ama Tauke C.
W3 nnana yop3ama gobujajy ce ocraje Hemo3HaTe BPeHOCTH, OfHOCHO HHTEH3UTET yOp3ama

. -B -D
tauke C, TaHreHlujanHa yop3ama aCt, aCt U yraoHa yop3ama uianosa 3 u 4:

— 2 — 2
ac =Pyc -U, =6,2cm-10m/S =62m/s?, agt =njc -U, =3,lcm-10m/S =31m/52,
lcm lcm
— 2 a 1
al =nje Uy =61 om 125 _61mys?, ey =—Cto 2L _g68752 4
lIcm CB 0,32
D
a
=Gt 6L =234.61 s2 , A CMEpOBHU Cy J1aTH Ha c1. 6.13.
CD 0,26

CMepoBH yraonux yop3ama ofjpeheHu cy u3 ycioBa fia Cy CMEPOBHU YTaOHUX W TAHTEHIWjaTHUX
yOp3ama uCTH.

=B
acy

&3 C

Ca. 6.12: I[1nan yop3arsa (3a0aitiax 6.1) Ca. 6.13: O0pebusarwe cmeposa y2aoHux
ybp3aara (3aoaitiax 6.1)
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6. YBOO Y KHHEMATHYKY AHAJIN3Y MEHANIZAMA

oOujern cmepoBr Op3mHa 1 yOp3ama IaTh Cy U Ha KWHEMaTHIKOj emu (ci. 6.14). Moxke ce
3aKJbYUUTH /I IPH jETHONMKOM KpeTamy IIOTOHCKOT WiaHa 2, unaH 3 ce Kpehe ycrnopeHo (CynpoTHu
Cy CMEpOBH yraoHe Op3nHe w3 1 yOp3ama €3 ), a WiaH 4 yOp3aHO (UCTH Cy CMEPOBH yraoHe Op3uHe
04 M yOp3ama &4 ).

[lo6ujeHe BpefHOCTH KNHEMATHIKIX IIapaMeTapa cy 3a 3afjaTi TPEHYTHH TI0JI03Ka] MEXaHU3Ma.
Y HEKOM JIpyroM MoJioxajy oBe BpeAHOCTU he OMTH Apyrauuje Mo MHTEH3UTETY, NPaBLy U CMepy, a
ofipeauiie O ce Ha UCTH HAUMH, LpTajyhu MOHOBO MyiaH Op3uHa U yOp3ama 3a Taj APYrH MoJIoXKaj.
OBo npejicraB/ba HEOCTATaK METOJiE I1aHa Op3uHa 1 yOp3ama. [Ipyru HejoctaTak 0Be METOJIE j€
Taj WTO J0OMjeHa pellera 3aBuce Off CyOjeKTHBHE Mpelu3HocTH oHOor Ko upTa. Crora Tpeba
YCBOJUTH pa3Mepe 3a ipTame I1aHa Op3KHa U 11aHa yOp3ama Tako fia ce JoOujy KpyIHHUje CIIHKE.

Ca. 6.14: Cmeposu 6p3una u yopaarba
(3aoaitiax 6.1)

6.4. Knunnu mexannzam

Kiiman MexaHn3aM nMa BeoMa MIMPOKY IPUMEHY: Y MOTOPHAMA €a YHYTPAIIHIM CarOPEBAmbEM,
3a [IOTOH IyMITH, KOMIIPECopa, peca Uty. JeAHOCTaBHE je KOHCTPYKIHUje, MEhyTHM HheroBu 4IaHOBH
UMajy Benuke npoMeHe Op3uHa U yOp3ama y TOKY jeJHOr oOpTaja Te ce jaBlbajy Beluke
UHEpIHjaHe CUJIE KOje ce Ha offpeheH HaulH ypaBHOTEXKaBajy o0 ueMy he KacHuje OUTH peyn.

3amarak 6.2: OnpefuTu KUHEMATHUKE NMapaMeTpe KJIMIHOT MeXaHW3Ma 3a jelaH Le0 pajHu
mukiayc (jemaH motmyH oOpraj moroHckor wiaHa 2 - 360°). atu nopgamu cy: AB=0,2m,
BC=0,5m, BD=02m, ¢, =45", @y =10s" 1 £, =0.

. 0,lm
YcBoju ce noropHa pasmepa Uy = 0
cm

¥ Hal[pTa KHHEMaTHyKa 1mema (ci. 6.15).

Ca. 6.15: Kunemaiiuuka wema KAuiiHoZ mexanusma (3aoaitax 6.2)

Wurensuter Op3uHe Tauke B je:

1. vg =AB -0 =0,2m-10 sT=2mvs.
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IIpaBar oBe Gp3uHe je ynpasan Ha wian 2 (vB L AB), a cMep je HCTH Kao cMep yraoHe Gp3uHe

1m/s
®y . Opnabepe ce norogHa pasmepa, Hop. Uy = Sem 3a [pTame MaHa Op3uHa U Tayka Py Kao

noverak miana 6p3uHa. Ha mmany Gp3uma, Gp3uHa vy je MpecTaBbeHa ca fyxu Pyb=4cm (c.
6.16).

bp3una tauke C ozpebyje ce Ha ocHOBY Op3uHe Tauke B jep ce Hamasze Ha UCTOM WjaHy 3, Te
je:
- - -B
2. VC =VB +V(C.

Wuren3uter penatuBHe Op3uHe unaHa 3 ofpebyje ce u3 penanuje Vg = CB- w3, Mehyrnm, 3a

cajia je HeMo3HaT Kao U CMep, jep je Hemo3Hata yraoHa Op3uHa o3 . [To3Hat je camo mpasar fia je

-B - . . . .
yIpaBaH Ha unaH 3, ogHOCHO Ha Iy CB (vc L CB). Crora je noTpe6Ha joul jefHa jeHauYnHA 32
6p3uny Tauke C. Onpebyje ce u3 ycnosa ja anconytHa Op3uHa tauke C Tpeba ja je nmapanenHa ca
MpaBIEM KpeTama Kn3ada X — X :

3. ve//x—x.

Ha ocHOBy HaBeJieHMX jefHauMHA IIpTa ce MuaH Op3uHa. MHTeH3uTeTn Op3umHa nobwujajy ce
MHOXEHEM OIroBapajyhux ofcevaka ca mjiaHa Op3uHa ¢ pa3MepoMm 3a Op3uHe, Te je:
1m/s 1m/s

chﬂ-UV=3,7cm~ =1,85m/s,vg=E-UV=3cm- =15m/s.

2cm 2cm

Cwmep Op3une \72 noOuja ce u3 BEKTOpcKe jeHaunHe 2. InTensureT yraone Op3une unauna 3 je

- . -B
w3 ==C==3g71, CMep je UCTH Kao 1 cMep Op3une v (MOKa3aH Ha CKUIu cit. 6.18).

Ca. 6.16: [1aan 6p3una (3adaitiak 6.2)

Kapna ce Tauke Hanmasze Ha MCTOM uJaHy Ha jeJHOM IpaBly, Tafa he ce Ha miaHy Op3uHa U
yOp3ama BpXOBH Op3WHa W yOp3ama THX Tauaka Hala3uTH Ha uctoM mpasiy. Crora ce Op3umHa
tauke D (moTeHIujaHa KWHEMaTHIKa Be3a) 1001ja 13 mponopiuje:

4 BD_bd :>_d=B 'bczgzlﬂcm,TejeVD=m~UV=3,50m'lm/S

== — =1,75m/s.
BC be BC 5 2cm

Yop3amwa ce 1o0Oujajy Ha cIuYaH HAUMH Kao ¥ Op3uHe IpeMa jeflHaunHaMa 3a yop3ama Koja ce

2
rpacuyku npejcrase y pasmepu U, = 102m—/s (cn. 6.17).
cm

KpeTamwe unana 2 je jefHONMKO KPY>KHO Te Tauka B uMa camo HopmaiHo yOp3ame:
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5.ap=AB-03=02m-10 s =20m/s.
Ogo yOp3ame je mapanestHo ¢ wWianoM 2 ( ap// AB) yCMepeHO je Ka IIeHTPY 00pTatba, Ka TauKn A.
Yop3amwe Tauke C je:

- - -B -B
6. ac =aB +aCn +acCt,

B _(Vg)z

2
. -B
e je aq, —§:%=4,5 m/sz; aCn //CBy cmepy o tauke C ka Tauku B (tauka C

penaTUBHO poTHPa OKO Tauke B); Qgt 1 CB. [Ipyru ycnoB 3a yop3ame tauke C je:
7.ac//x—x.
Yop3ame Tauke D gobuja ce mponopuujom:
g BD_bd _ - BD-bc'_ 2285

=b'd'

 — == =1l14cm.
BC b'c BC 5

Wutensuretn yop3ama A00Hjajy ce ca miaHa yop3ama MHOXKEHEM OIroBapajyhux ofcevaka
pa3MepoM 3a yop3ama:

Joms* 10 m/s2

ac =Pac"-U, =2,8cm =14 m/sz, ap =P,d"-U, =3,35cm- =16,75m/s?,
cm 2cm
B — 10 m/s> o, ag 14 5
ac; =np¢'-Uy =28cm- =14m/s” 1 e3====—=28s ~.
cm CB 0,5

Cwmep yraonux Op3uHa u yop3ama ofpeheH je npema ckumu (ci. 6.18).

-

//AC ¢ ac

-C
aBt

Ca. 6.17: I[1nan yop3ara (3aoaitiax 6.2) Ca. 6.18: Odpebusare y2aoHux opauna u yopsarsa
(3aoaitiax 6.2)

Hob6ujene BpegHocT Op3uHa U yOp3ama Cy 3a TPEHYTHH MOJI0Kaj MEeXaHW3Ma KOju je 3ajiaT
yriaom ¢, . Ilpu kpertamwy, MexaHuzaM he ce Hahm y jpyrom mnonoxajy, Te he BpegHOCTH
KMHEMAaTHYKKX TapameTapa outy apyraduje. Crora je HOTpeOHO OpEUTH OBE BPEHOCTH 32 BUILIE
TOJI0XKaja Kako Ou ce carneao jefad neo uukayc (mormnyn oopraj ox 360 ©). M3 Tor pasnora Hanpra
ce MexaHu3aM y 12 pa3imuuTHX Moiioxkaja ca moMakoM off mo 30° u oOenesku Kao Ha CKUIM (CIL.
6.19), rae ce mcToBpeMeHo 100Mjajy U MyTarme Ha3HAUCHNX TavyaKa.
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Ca. 6.19: KauiiHu mexanusam y 08aHaeciti pazauyuitiux
iuperyiiHux ilonoxcaja (3aoaiuax 6.2)

Ha wctn HaumH Kao y MPeTXOfHOM MOCTYNKY HalpTa ce [BaHAeCT IUIaHOBa Op3uHa 3a 12
Pa3IMYMTHX MOJIOXKAja KOj MMajy 3ajeJHIYKK [oYeTakK Mmiana Op3uHa y Tauku Py, (ci. 6.20). Cnoje
ce JiBaHaecT BpxoBa Op3mHa Tauke B (tauke bl, b2, b3...) mro mpexcraba xogorpad Op3uHe
tauke B (kpyxnuna vg). Cnoje ce BpxoBu Op3una tauke C (tauke cl, c2, c3...) u nobuja
xoorpac 6psuna tauke C (qyx c3,cl1). [Tponopuujom ce pobujajy Tauke d1, d2, d3... unjum
crajameM ce Joouja xogorpad 3a rauky D, vpy (enurca).

Ha uctun Haums Kao u xoporpad Op3una goduja ce xoporpad yop3ama, Tako LITO ce HALpPTa
JIBAHACCT TUIaHOBa yOp3ama Ofi UCTOr moveTka, Tauke P, (cm. 6.21). CnajameM BpxoBa Op3umHa
tauke B (cmajamem Tavaka b'l, b2, b'3...) noduja ce xonorpac yop3ama Te Tauke U TaKo MCTO 3a
ocTaje Tauke.

clep, c2
iy dz
¥ bl b2
c3
V
b3 ) e N
bl

Ca. 6.20: Xooozpagh 6p3una kauiiHoz mexanusma (3aoaitax 6.2)

Ca xoprorpaca 6p3uHa u yop3amwa MOTY ce O[peAUTH BPEHOCTH KMHEMAaTHUYKHX TapaMeTapa 3a
Ouno Koju ApYrd TPEHYTHU mojoxkaj. Xoporpad Op3uHa u yOp3amwa Ha NperjefiaH HauuH [jaje
y3ajaMHy 3aBICHOCT KHHEMATHUYKHX IIapaMeTapa WIAHOBA M KHHEMATHYKHX TaYaKa MEXaHU3Ma.
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b'10

Ca. 6.21: Xooozpagh yop3arba kauiinoz mexanuama (3aoaitax 6.2)
6.5. AHaJIMTHYKA MeTOa

AHanuTHYKa METOfla cacToju ce y JepMHHUCalhy KpeTama Tayaka M 4JIaHOBa MeXaHU3Ma y
yHKIMj1 KpeTamwa norouckor ynana. [1o necdpununuju, npBu u3Boj MyTa Tauke MO BPEMEHY jelHaK
je Op3uHu Tauke, a APYrd M3BOJ MyTa Tauke MO BpeMeHY jefiHaK je yOp3amwy Tauke. [IpBu usBop
yriia poTaiuje o BpeMeHyY je yraoHa Op3uHa, a APYrd U3BOJ yriia poTalije 0 BpEMEHY j€ YTaOHO
yOp3ame.

6.5.1. bp3une n yop3ama KJIMIHOT MeXaHH3Ma

bp3una u yop3ame kauna (tauke C)

3a opgpebuBame Op3uHe 1 yOp3ama Kiua KIUMHOT MexaHu3ma (ci. 6.22, Tauka C) noTpeGHO
je mpe Tora ie(huHICATH jelHAYNHY MyTa Y HETOKPETHOM KOOPAMHATHOM CHCTEMY, IITO je T00ujeHO
paHuje npu ofjpebuBamwy nyTama (jeqHaunHa 4.6, crpana 35):

— 32 2
xc =R -cosp+BC 1—7+T-00s2(p C e (6.28)

P

Ca. 6.22: O0pebusare 3aKoHa iyilia KAUNHOZ MEXAHUIMA
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dxc

o
He3aBucHO npeMeHIbIBa je yrao Mmosioxaja (poranuje) IOroHcKor Wwiana 2 (¢) a He BpeMe (t) crora
dxc do d¢ dxc
o do T d do

bp3una tauke C, ;C MMa caMoO IPOjeKLHjy MO OCH X Te€ je MO AeUHULMjH: VC =
. . dxc .
ce 0Baj U3pa3 MOMHOXU U Nofienu ca de Te ce goduja: ve = @ = = jep
¢

je ((11—(5 = ®) , T€ je HaKOH nepeHnnpama jegHaunte (6.28) mo yray ¢, 6p3una tauke C jegHaka:

ve =—R-oy(singp+ % SSIN2Q) . oottt (6.29)

. . d .
Yop3ame Tauke C je no fepuHunmju: ac = % AKO ce 0Baj n3pa3 MOMHOXKM 1 nofienu ca do

dve do _do dve _
dt do dt do
yray @ nobwuja ce:

nobuja ce: ac = ® d:l]—c Hakon mudepeniupama jennauuse (6.29) no
¢

ac =—R-m§(coscp+k-cos2(p). ................................................................... (6.30)

[Tapamerap A je nedpunucan y nornassby 4, Tauka 4.2 v mpeficTaBba A = g=g = % .

Bpepnoctu Op3una kimna (tauke C) ce kpehy op Hyne (0) 1o HeKe MakCUMalHEe BPETHOCTH.
ExcrpemHa BpepgHocT O6p3uHe kimna (tauke C) pobuja ce Kkaja ce WweH NpBH U3BOJ IO BPEMEHY

W3je/IHayuy ca HyJIOM, Tj. U3 yCIIOBA /1A je: dZi/_tC =0=-R- m% (cos@+A-cos2¢).

Kako Hema cmucna na napamerapu R u o OyZay jenHaku Hynu, Ipou3uiasu aa tpeba aa
je cos@+Xi-cos2p=0. AkKOo ce yBeme 3amMeHa cos2Q= cos? (p—sin2 ¢, UMamMo maa je
COSQ+A- (cos2 ©— sin? ¢)=0. AKo yBeneMo 3aMeHy Ja je sin? o=1- cos? ¢ y OpeTXOOHU
U3pa3 U HaKOH cpehuBama UMaMo 1a je 2 - cos> Q+cose+A=0.

PemaBameM OBe KBajapaTHE jeHaYMHE MO cos@ JOOHja ce Ja je cos@=A. 3aMEHOM

cosp =AYy jennaunHy (6.30) u HaKoH cpehuBama 100UjeHOT U3pa3a UMaMoO J1a Cy €KCTPEeMHE
BpeaHOCTH Op3uHe Tauke C:

V(max ZiR-mz(l-i-%?\,Zj. ......................................................................... (631)

Y koM nonoxkajy wiana 2 (yraa @) he Outu eKcTpeMHe BPEeHOCTH Op3uHE v 3aBHCH O]

napamerpa A. 3a 3agarak 6.2, rae je A=0,4 exctpeMHe BpeHOCTU Op3uHe Kiuna Ouhe mpu yriy
0=066,42° 1 =293,58°. Takohe u 00nuK KpuBe NpoMeHe yOp3ama KJIKIa 3aBUCH Of] TapaMeTpa A.
Cpenma BpeffHOCT Op3uHe KiuIa KiaunHor Mexann3ma (Tauke C) qodwuja ce:
voaq =32 2:2-AB-n _2-AB'n
T 60 60 30
n

,T7ie je n(o /min) - 6poj 06pTaja MOTOHCKOT YIaHa

110 MUHYTH.

dac _%‘dac_m -daC—O

Ekcrpemue BpenHOCTH YOp3ama o0ujajy ce u3 yciaosa da je: 2
dt dt do do

[IpBu u3Box jemunaunue (6.30) o yriay ¢ je d:ll—c =-R- co% (sin@+2X%-sin2¢)=0.
¢
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OgBaj m3pa3 he OutH jemHaK HyJIH aKo je sin@+2A-sin2¢ =0, 003upoM 1a R 1 ® Hema

CMHUCIA Ja Cy jeaHaku Hyiau. [IpeTxogHm  w3pa3  TpaHCHOPMHUIIEMO  Kao
sin@+2\-2sin@-cos@ =0, ogHOCHO sin@(1+4A-cos@)=0. OBaj he u3pa3 OUTH jeTHAK HYJIU

ako je sing=0 u 1+4L-cose=0. Creau na je sing=0 3a momoxaje moj yrimomMm ¢=0" u

¢=180°. YHomemeM BpemaHocTH yrioBa ¢=0" u ¢=180° 3a ekcTpeMe y jeIHAuWHY 3a
yop3ame tauke C (6.30) umamo 1a je:

a
Cmax

(Oo)=R.m§(1+x)ua )=R-m%(l—k). ....................... (6.32)

Cmin(lSO°

bp3una u yop3ame tauke D

bp3una u yop3ame tauke D (cn. 6.22) se opebyje Ha ucTH HauUMH Kao U Op3uHa U yOp3ame
tauke C. JegHaunHe KpeTama Tauke D cy:

XD =R-coscp+@(l—%k2 sin? (p) u

— R
=R SO =BD = SIN M . ettt 6.33
YD ® =c e (6.33)

[Tpojexuuje Op3une Tauke D cy:

dxp do . == 1,2 .
Vpy =—— —=-0,| R-sing+BD-—A" -sin2¢ |,
Dx dt  do 2[ ¢ 5 ¢
dyp do BD
Vphy =~ —— =R M5 COSQ| I === |. oot 0.34
Dy =" Tap ™2 q’[ BCJ (634)

bp3una Tauke D je: v = \/(VDX )2 + (VDy)2 .
[To ucrom npunuumy oxpebyjy ce npojexuuje yopsama tauke D, Te je

apx =—w§(R . coscp+@‘%l2 -c0s2(pj,

apy =—R-m§ sinq{l—%}, ....................................................................... (6.35)
a yopsame Tauke D je:
ap = \/(aDX )2 + (.’f,lDy)2 et eeeeeeeeeeeeieeeeeeeaeieeeeaeieeeeaeiee e e eaaaaaaanes (636)

Yraona Op3una u yraono yop3ame 4iana 3

Yraona Op3uHa U yraoHo yop3ame, o Ae(pUHUIMj1 f00uja ce Kao MPBH U IPYTH U3BOJ yIiia
NoJI0Xaja o BpeMeHy. YTao nojoxkaja unana 3 , W na ocHoBy cnuke 4.15, ctpana 34 je:

SINW = A SIM Q. ottt ees (6.37)
HudepenuupameM OBe jelHAUNHE TI0 BpeMeHy jo0uja ce:
do
A-cos@p-—-
cosw- ¥ 3 coso. 90 oo GV _ o or o
Y-——=L-COSQ-—,TJe je = o3, Te Clefii fla je w3 = WK
dt dt dt cosy
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03 =2 08 D ettt (6.38)

l—kz-sinch

YraoHo yOp3ame uiaHa 3 je o jepuHuInju: €3 = ddi ,Te je:

—k-w%(l—lz)-sin(p

€3 = SRR
\ (1 ~32 .sin? (p)3

Capa ce mory ofpeputn penartuHa yOpsama tauke C y opsocy Ha B: as =BC-w3,

agt = BC- ¢3. Penatuna oGumna Gp3una Tauke C y ogHocy Ha B je Vg - BC-w3.

Excrpemne BpeqHOCTH yraoHe Op3uHe wiaHa 3 mo0ujajy ce U3 yciioBa:

dm3 -\ m2(1 Kz) sm(p

\[ —2 -sin (p)3

OBgaj u3pa3 he OuUTH jeqHAK HYJIH aKO je —A - m% (1 e ) sing =0, 0OJHOCHO Kaja je sinp =0,

Tj. mpu yriaoBuma on ¢=0° U @=180°. 3ameHoM BpemHOocTH yrioBa ¢=0" u ¢=180° y
jenHaunau 6.38 3a yraoHy Op3uHy wiaHa 3 100Hja C€: O3max =A@y H @=180° u
O3 min = —A 0.

ExctpeMHue BpemHocTH yraoHor yop3ama uiaHa 3 1ooujajy ce u3 ycioBa:
1

doy  —hcos-ws(1-22)-(1-32sin? 9)2 -(1+2-22 -sin” )
dt (1—7»2 sin? (p)3

=0. W3 oBe jeqHauuHe crieau aa cy

eKCTpEMHE BPEHOCTH YraoHOT yOp3ama wiaHa 3 kaga je ¢=90" u ¢=270°

Kopucrehn nperxonne u3pasze of (6.29 mo 6.32) 3a ceo jenaH pajHu HUKIYC 3a TOJOXKaje
TIOroHCKOT wWwiaHa 2 faedunucane yriaoMm ¢ o 0° mo 360° ca mpupamrajem of 30° goOujene cy
BPEIHOCTH KOje Cy flaTe Ha iujarpamMuma ci. 6.23 u ci. 6.24. mny tabemnu 6.1.

ve(mss) ¢
2,16
~ 7 / 1,2
8 1 VCmasz'(DZ 1+—=%
> 2
he 4
Z
B L
= s s 270 ¢, ()
E -_0 9!0 T T i 360 Cd
a0}
ot 4
5
& T 1.2
1 V(Cmax Z—R-(D2 1+5?\.
2,16 !

Ca. 6.23: [Ipomena 6p3ure Kauila KAULHOZ MEXAHUIMA 3a C€O jeOaH PAOHU UUKAYC
(3aoaitiax 6.2)
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aC(m/sz)/
28 ]
23,30+
18,66+
13,984
933 1
4,66 +

A0 max :R-@%(1+k)
L

90 v 180 270 ©(0)

0 T T T T 360
4,66 1
9331 |
12

\ i e
13,99

yop3ame kimna (tauke C)

4Cmin :R'(D%(l_k)

Ca. 6.24: [Ipomena yop3arba Kauiia KAUUHOZ MEXAHUIMA
3a ueo jeoaH paonu yukayc (3aoaitax 6.2)

Tabenaa 6.1: Bpeonociliu KUHeMaMUYKUX apameiiapa KAuilHoz mexanusma (3aoaitax 6.2)

®° xc (m) | ve (m/s) | ac vp (m/s) ap 3 €3

(m/s?) (m/s?) s 52

0 0,400 0 28,000 1,200 23,200 4,000 0
30 0,369 1,346 21,320 1,541 19,849 3,532 17,557
60 0,287 2,078 6,000 1,964 13,362 2,116 35,269
90 0,183 2,000 7,999 2,000 12,419 0 43,081
120 0,008 1,385 -13,999 1,702 15,574 2,116 35,269
150 0,027 0,625 -13,320 1,349 16,826 3,532 17,557

180 0 -0,003 -12,000 1,200 16,800 4,000 0
210 0,022 -0,653 -13,320 1,349 16,826 3,532 17,557
240 0,008 -1,385 -13,999 1,702 15,574 2,116 35,269
270 0,183 -2,000 7,999 2,000 12,419 0 43,081
300 0,287 2,078 6,000 1,964 13,362 2,116 35,269
330 0,369 -1,346 21,320 1,541 19,849 3,532 17,557

360 0,400 0 28,000 1,200 23,200 4,000 0

6.5.2. bp3une n yop3ama 4eTBOPONOJIYKHOT MEXaHU3Ma

I[a Ou ce ofpenuniie 6p3I/IH€ n y6p3aH>a YETBOPONOJIY>KHOI' MEXaHU3Ma dHAJIMTUIKOM METOJOM

Tpeda ra npejicTaBUTH 1 BUTY 3aTBOPEHE BEKTOPCKE KOHTYpe (cIl. 6.25) 3a KOjy ce MOXKe HalucaT
jeflHauMHa:

]:1+i2 +I:3 +]:4=0. .................................................................................. (640)

CkanapHu OONUK TIPETXOJ[HE BEKTOPCKE jefiHaunHe (TpojeKiyja je[HaunHe Ha OCe X M y) UMa
00muK:
Ljcos@)+Lycospy +L3cospz+Lgcospy =0

Lising) +Lysingy + L3sin@3 + Lgsingg =0. v, (6.41)
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Kako je yrao ¢ =180°, 1o he Guru sin ) =0 u cos@; = —1. Taga Ha ocHOBY jeHauune (6.41)

creu fia je:

ce:

Lzcosp3z =L; —Lycospy —Lgcos@y,
L3sin@3 =—Losingy —LgSIN@4. oo (6.42)

Ca. 6.25: YeitigopoiioaynHU MEXAHUIAM KAO
3aiBOPeHa 6eKIOPCKA KOHUUYpa

Kapa ce yBeny 3ameHe 3a:
Li—Lycosgy =q u Lysingy =u, Taia he jeqnaunna (6.42) umatu 00JImK:
Liycosp3z =q—L4gcosoy,

L3SinQ3 =—U—L4SIMMg. oot ssesenne (6.43)
OG6e jemHaunHe (6.43) ce mOgUTHY HA KBAJIpaT Ia ce cabepy, HaKOH yera ce nodmuja:
L23 =q2 —2-q-Lgcosqyg +u? +2-u-Lysingyg +L%l'

—L23+q2+u2+L24
2-q-Ly

YBejie ce 3aMeHa 3a: —a o= tgv . Hakon oarosapajyhe 3ameHe gobuja
q

COSP4 —tgv-sin@g =a WM COS(P4+V)=2-COSV. rmrrerrcrrrerreennns (6.45)

U3 jepnaunue (6.45) MoXe ce OAPEIUTH yrao IOJ0Xaja PaHOT WiaHa ¢4 Y (PYHKUUjH yria

MONIOKaja MOTOHCKOT uiaHa 2, ¢p. AHAJIOTHO TPETXONHOM MOCTYNKy u3 jemHaumne (6.43)
eNMMUHHUILIE CE YTA0 (g4 , KAKO 01 ce J0OMO0 yrao @3 :

2 2 . 2 2 2 : 2
Ly =(q—-L3cos@3)” +(L3sing3 +u)” =q~ —2qL3cos@3 + L3 +2L3 -using3 +u~,

. u . qz-kuZ—L%tJrLZ3
OJlaKJIE je: Cos(p3 ——sin@3 = . YBogie ce ciaenehe 3amene:
q 2qL3
q2 + u2 - Li + L% u )
=c U — = tgv , HAKOH yera ce fjobuja:
2qL3 q

Cos (@3 —tgvsin @3 =c WA cos(p3 +V)=C-CoSV.

W3 jennaunne (6.46) onpebyje ce yrao monoxaja wiana 3, ¢3.
3a oxfpebuBame yraonnx Op3uHa noTpeOHoO je Hahu npBu U3BOJ jetHaunHe (6.42) 110 BpeMeHy t:

: d ) d ) d
-L3 smw%sz s1n(p2%+ Ly sm(p4%,
dos3 dop dog
L2cos@r—==—=L1C0oS0) —5 — L4 COSOU .  tooerrereeerrerereereesresresesnees 6.47
3008¢3 2cos@y— & —Lycosgu— (6.47)
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Kako je d((iﬁzco dﬂ:w I/Id(ﬂ

S 3M = 5= 04 NpeTXOfHa jeiHaunHa he ouTu:
—L3o3sing3 =Lywy singy + Lywysingy,
—L3®3c0803 =Lomy cos@r + L4004 COSP4 . overervrecrernnnee e (6.48)

IMopgenu ce npBa jegHaunHa ca JpyroM U HakKOH cpebuBama foOuja
i L i +L i . : :
SINP3 _ Z2®2 SN2 T 1404 SNPL Loy sin(@3 — @p) = Lgog sin(p4 — ¢3) ORaKie je:
cos@3z Lowycosgy +Lgmgcospy

ce:

G ) (6.49)
L4sin(@4 — ¢3)

04 =0

Ha victu HauuH ce u3 jefHaurHa MOXKe UCKIbYUUTH o4 fia Ou ce o0usa yraona Op3nHa o3 :

N L (6.50)
L3sin(pg4 —93)

®3
Jla 6u ce onpegmna yraona yOp3ama MOTpeOHO je Hahw MpBM W3BOJ jeHAUMHE 3a YraoHe
op3une (6.49 u 6.50) mo BpeMeHny t:
- L3m§ cos@3 —L3e3zsings = Lzmg cosQy + L4(x)§r cos@y + Lyegsingy,
L3w§ sin @3 —L3ez cos @3 = —sz% sin @y — L4wﬁ sin@g4 +L4€4 cos@y4,
. d . .
e je % =gy =0, IOIWITO je ®) =const. MHOXEWEM IIPBE jeJHAYMHE Ca COS (3, a [pyre ca

—sin @3 ¥ HAKOH cabupama fo0uja ce:
—Lygg sin(@3 —@4) = L3co§ +L, ‘co% cos(py —@3) + L4(931 cos(@g4 —@3). ... (6.51)
U3 oBe jegqHaunHe 106uja ce yraoHo yop3ame unana 4, g4 :

B w%Lz cos(pp —@3) + w% L3+ 603&4 cos(pg4 — ¢3)
Lysin(@3 —¢4)

€4

W3 npeTxonHuX jeHauMHA MOXeE Cce eJMMUHUCATH YraoHO yOp3ame €4 M HAKOH cpebuBama
jeflHaumHa jo01ja ce yraoHo yop3ame uiana 3, €3

2 2 2
5L cos(pn —¢4) + 0y L4 + 0313 cos(93 —94)
L3 sin(@q —¢3)

6.6. OcunaTopHO KyJIMCHH MEXaHH3aM

OcuunatopHO KyJIHCHH MeXaHu3aM (Ci1. 6.26) OfIuKyje ce pa3imuuToM Op3MHOM KpeTarmba
yaHa 6 y TOKY jeHOT paJiHOT IUKJyca (jefHOr MOTMyHOT 00pTaja MOrOHCKOT WiaHa 2). Y jemHOM
cMepy Op3uHa 4iaHa 6 je Mama, a y CypoTHOM Beha, Te ce Ha3uBa Op30-NOBPAaTHH MEXaHU3aM.

Mma npuMeHy KOJi IOrOHa KIUMHUX MyMIIH, KOMIIPECopa, riofanuua uty. Mima Bulie pa3nuauTux
pelIema OCIIIATOPHO KYJIMCHOT MEXaHU3Ma.
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Jla Ou ce MOrOHCKY YjiaH 2 MOrao 0OpTaTH jeJHOMKO KPYKHO, WlaH 4 OCIUIATOPHO KPYKHO, a
9J1aH 6 TPAHCIATOPHO, MOPa GUTH HCIYH:EH YCIIOB (hYHKIMOHMCAR:A 12 je R < AC .

Mexanuzam he 6uTH y KpajliM TOI0XKajlMa Yy OHOM TPEHYTKY Kajia ujiaH 4 Oyjie y nonoxajy
TaHTEHTE Ha MyTaky WIaHa 2, Tj. KaJja YWIaHOBH 2 1 4 Oy/1y IO/l PaBUM yriioM (ci1. 6.27).

[Toka3aTed pafa OCHMIATOPHOT KYJMCHOT MeXaHW3Ma je KoeuuujeHT npomene Op3une Kk,
KOjH ce ie(pMHULIE KAO:

Ca. 6.26: Kunemaitiuuka uiema oCYusaitlOpHo KYAUcCHo2
MEXAHUIMA

W3 mpasoyrmnor Tpoyriaa CD"H (ci. 6.27) cnegm aa je: D''H =CD'"siny, a U3 MpaBOYIJIOT
tpoyrna AB'C cnenu fa je: siny = R .
AC
Xop kmm3ayva 5 (tauke D) je: D'D''=2-HD'=2-CD-siny . Yrao IOBPaTHOr ¢, U PAJHOT ¢y
xofia oipebyje ce u3 penanuje:

R
=2 ATCCOS=— , O = 20— Mpy . eevreereeeesresresseessessesseeseesessessesssessessesseas 6.55
Pp AC Or ?p ( )
Koeduimjent npomene yraose Op3use k jegHax je:

R R
2m—2-arccoS—=—— T —arc cosS—
C _ m—arccosi

Pr AC A
K=, - ) e (6.56)
Pp 2-arccos R arc cosi arc cosi
AC AC

Kajia ce yCcBoju ia je A = R
AC’
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U3 jepnaunne 6.56 OUMITIENHO j€ [1a je BPEHOCT YIUIa IOBPATHOT XOfia ¢, Mama (@p < @), T€

je Op3una npu noBpatHOM xony Beha. Bp3uHe u yOp3ama unaHoBa OBOI MeXaHH3Ma ofjpheHe cy
rpac0aHATUTHIKOM U AHATUTHIKOM METOJIOM.

Ca. 6.27: Kpajrwu itoaoxaju oCUUAQitiopHo KYAUCHOZ MeXaHUu3ma (3adaitiak 6.3)

I'padoanannTuka metoga

3agarak 6.3: OnpenuTu KMHEMaTUUKE MTApaMeTPe OCHUIATOPHO KYJIMCHOT MEXaHMU3Ma ca CII.
6.25. Jari mogamu cy: AB=0,2m, CD=0,6m, CB=0,46m, AC=0,28m, ¢ =45, 0 —10s' u
€7 =0.

[Tnan 6p3uHa ce foOKja HA OCHOBY je[IHAUYMHA:

1. vg =AB-@, =0,2m-10 sT=2ms.
Tpasar oBe Gp3uHe je ynpapaH Ha wiaH 2, (Ha AB)y cMepy yraoue Gp3uHe ©,. Ofabepe ce

1
TMIOTOJTHA pa3Mepa 3a [pTame MmiaHa op3uHa Uy, =

s
U Tauka P, Kao moueTak IjaHa Op3uHa.
cm

bp3una Tauke B4 onpebyje ce Ha ocHOBY Op3uHa Tayaka B u C jep ce Hana3e Ha UCTOM YJIaHY, TE
je:
- -~  -B . -B
2. VB4 =VB + VB4, Imeje vB4//CB4,
- - -C Y o p—
3. VB4 =VC + VB4, I1eje vB4 L B4C.

Bbp3una rauke D ogpebyje ce mponopuujom:

by _ g CD:-Pby 05835 o

CD P CBy4 0,45

bp3una tauke D¢ onpebyje ce Ha ocHOBY Tauke D U 1a ©Ma npasai napasenaH ca KiIu3ameM
(//FG):

- -  -D . -D ——
5. VD6 =VD + VD6, I'ie je vDe // ED6,

6. vD6 // FG .
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Yraona 6p3uHa wiaHa 4 je: oy = YBa 18 _ 41
CB; 045
Ha ocHOBY npeTxofiHuX jelHaYMHA HALpTa ce TUiaH Op3uHa (ci1. 6.28) U3 Kojer ce u3pavyHajy

MHTEH3UTETU CBUX 6p3I/IH8..

VD6 = VE de /IFG

T~—LCB Ca. 6.28: [1nan 6p3uHa ocyuAaitiopHo KyAUCHOZ
Mexanuama (3aoaitiax 6.3)

//ED

JennauuHe 3a yOp3ama cy:
7. ag = AB-03 =0,2m-10? =20 m/s”.

10 m/s2

Opnabpana pa3mepa 3a mwiaH yopsama je U, = . YOp3ama ocrajux Tauyaka ofpebyjy ce
npema jeflHauMHama:
- - - -B
8. aB4 =aB +ak +aB4,
: -B
e je ax =2-04 'vg4 =2-4.0,85=6,8 m/sz, aB4 //CBy . IlpaBanm m cMep KOPHOJIUCOBOT

yop3ama onpebyjy ce npema ckumm (ci. 6.29).

- - -C -C
9. aB4 =aC +aB4n +aB4t,

C 2
. -C — -C —_— (V )2
e je aB4n //B4C, ap4t L B4C, ag4n= BT4C =%=7,2m/s2.

Yo6p3awe Tauke D oxpebyje ce mponopiumjom:

By Ry gy CD by 0383

10 D
CD P,d' CBy4 0,45

=3,86cm.

bp3una Tauke D¢ onpebyje ce y ogHocy Ha Tauky D u Tpeba ga uma mpasal napanesaH ca
npasieM Kiu3ama (/ FG ):
- - =D . -D  —
11. aps =ap +aDe, rAe je apg // ED6,
12. 5D6 //FG .

Cae ocraiie Tauke Ha WiaHy 6 mMajy ucte Op3uHe 1 yOp3ama Kao i Tauka Dg .

Ha ocHoBy jemnaunHa 3a yOp3ama HalpTaH je miad yop3ama (ci1. 6.30) omakie cy onpehenn
MHTEH3UTETH.
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_B /I/FG ;D6 = ;E
VB4

Py

o4

-

ak

Ca. 6.29: Oopebusarbe KOpUOAUCOBOZ
ybp3arsa (3adaitiak 6.3)

Ca. 6.30: I1aan yop3ara ocuuaaitiopHo KYAUCHOZ MEXAHUIMA
(3aoaitiax 6.3)

AHaJINTHYKa METO/A

Jla Ou ce aHAMUTUYKUM TyTeM Ofipefiuiie Op3uHe U yop3ama NoTpeOHO je feuHuCcaTH MOI0Ka]

wnana 4 (yrma ) y yHKImju mo0kaja noronckor 4nana 2 (yria ¢). Ha ocHoy cii. 6.31 cienu a
je:

Kako je yraona Op3uHa uiana 4 g4 = (31_\1/ miaeperumparmeM jeHaunne (6.57) o BpeMeHy

nobwuja ce:
(04:d_w.@:d_(p.d_\vzg)z.d_Wzmz.d_arCtan_R&’onaKneje
dt dp dt do do do AC+R -coso

o)
—-COSQP+| —
AC AC

(1 + R COS(pjz
AC

2
w4=w2.cosz\,,.%L@+7~2_
(1+7vcos<p)

co4:(o2-cos2\y- . YcBajace f1aje ALC:X , Te je:

Yrao y Tpeba enMMHMHHMCATH M M3PA3UTH ra y (YHKUMjU yria MOTOHCKOT 4laHa ¢ Te je:

cos? v = 7 CpebuBameM oBor u3pasa goduja ce:

I+tan” y
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2
cos? V= 3 ! 7 = (L+2-cos ) 7 Yraona Op3uHa Kynuce 4 Ha OCHOBY NPETXOJHUX
1+ A -sin” @ 1+2A-cosp+ A
(1 +A-cos (p)2
u3pasaje:
04 =) M2+ cosp) T e (6.59)
1+2A-cosp+A
D
R -sin
3
BV

R-cosg
Ca. 6.31: Tpenyiuinu ii040x#aj OCYUAATLOPHO KYAUCHOZ
MmexaHuama (3aoaitak 6.3)

1

OGumua 6p3una Tauke D je vp = wy - CD . Bpsuna Tauke Dg 1 wiana 6 (ci1. 6.26) jepnaka je:

VD6 =%XD6 =%(CD-sin\|/)= CD -4 -COS=VD -COSY . ovrrrerrrrcrrenene (6.60)

Yraona Op3uHa Kymuce 4 jefHaka je Hymu Kaga je A+cos@=0, OJHOCHO Kaja je
R . [1] n b
cosQ=—-A= =’ aToje y "MpPTBEM" MOJNIOXKajuMa MEXaHN3Ma Kajja Cy WIAHOBH 2 1 4 IO IPaBUM

YIJIOM.
YraoHno yop3ame kynuce 4 nobuja ce auepeHiupameM yraone Op3uHe o BpeMeHy:

_dog do_do dog _ doy_ o ap?-thing (6.61)

2
dt do dt de do 2 (1+2x.coscp+x2)Z

ExcTpeMHe BpeHOCTH yraoHe Op3uHe unaHa 4 ce goOujajy u3 ycioBa fia je g4 =0, OJHOCHO

kaga je ¢=0° m ¢=180°. MakcumanHa yraoHa Op3uWHa wWiaHa 4 TNpPH pagHOM X0y je:
o oy MAtD)

4max/@=0° ~ 2 1+27\'+7\'2_ 251

M=)

Pamax/o=180° = *27 T2 T P25 T

, 2 TIPU TIOBPATHOM XOfY je:

JujarpaMcku pukas yraone Op3uHe 1 yraoHOT yOp3ama KyJuce OCIMIaTOPHO KYJIUCHOT
MeXaHM3Ma 3a [Ie0 jeflaH PajHu UKIYC IPUKa3aH je Ha ci. 6. 32 u 6. 33.
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604(5_1) A

0%3 60 90

|
W

.

t

L
2

yraoHa Op3uHa Kyiuce 4, o4
L
i

|
\o]
o
t

O] =W®0H —
4max/@=180° 25 _

4,165 \ /7
0 1 | 1 1 1|50 180 2|]0 L 1 I 36

120 240 270 300 330

A
® =0y ——
4max/(p:00 2 X+1

-25

) ()

Ca. 6.32 : Yzaona 6p3uHa Kyauce oCUUAAIMIOPHOZ MEXAHUIMA Y HIOKY jeOHO2
PaoHozZ yukayca (3aoaitiax 6.3)

e A( 572) P

567

I~
(e
=

)
[
o

30 6|0

90 120 150 210 36

YraoHo yop3atbe Kyauce 4, 4
3
g <)

L
)
L

-567

180 240 270 300 330

¢, (0)

Ca. 6.33: YzaoHo yop3aare Kyauce OCUUNAIIOPHOZ MEXAHUBMA Y TLOKY jeOHO2
PaoHOZ yukayca (3adaitiax 6.3)

3aparak 6.4: ['eomeTpujcKku ofauy MeXaHu3Ma JJaTH Cy Ha KWHEMATHUKOj memH (ci1. 6.34) Koja

je HanpTaHa y pasmepu Up :M. [Torouncku unan 2 ce oOphe jefHOMMKOM yraoOHOM Op3MHOM

2

cm

®y =10 s7L [ToTpebHo je oppeauT Op3uHe 1 yOp3ama OCTANUX YWIAHOBA U KHHEMATHUKKX TaYaKa.

Ca. 6.34: Kunemaiuuuka wema (3aoaitiax 6.4)
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bp3una Tauke B Ha morouckom unany 2 je:

1. vg =AB-0; =2m/s,
1 m/s

a Ha ruiany Op3uHa (ci. 6.35) Hanprana je y pazmepu Uy, = Som
cm

Ocrane 6p3uHe ce Jo0ujajy mpeMa jefHaunHaMa:
- - -B . -B —

2. vc=vVB+v(C,raeje vc LCB,

3. ve//x-x.

Unan 4 iMa TpaHCIATOPHO KpeTame Mo mpasly X—X. CTora cBe Tauke Ha 4iaHy 4 uMajy ucre
Op3uHe Kao u yop3ama, Te je

4, CD:GE:QC.

Unan 6 je mo oOnmuKy feo KpyxkHuue paaujyca R ca nenrpom y tauku G. bp3una tauke Eg
ozpebyje ce npeko Tauaka E u F:

- -~ -  -E —
5. VE6 =VE + VE6, I'ieje VE6 L E¢G,

-~ - -F
6. VE6 = VF + VEG6 .

: -F  —
bp3una Tauke F je Hyna,a vEe L EgF .

Yraoue 6p3une ynanosa 3 u 6 cy:
B F

V, V
03 = C=(]; =3,83 s , 06 = E=]216? =0,454 s , @ CMepoBH cy ofpehenn Ha ckuiu (ci. 6.38).

c=d=e

Ca. 6.35: I[1aan 6p3una (3aoaitiax 6.4)

YOp3ame Tauke B je:
7. ag =AB-03 =0,2-10% =20 m/s%.

10 m/s2

YcBojena pasmepa 3a miaH yop3ama je U, = (cn. 6.36). YOp3ama ocraqux Tauaka

ofipebyjy ce npema jefHauMHaMa:
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-B -B
8. ac —aB +aCn +acCt,

B (Vg)z

. -B B —
e je ac, =ﬁ =4,03 m/s2, aCn // CB ycmepeHno op tauke C ka B, a act L CB.

9. ac//x—x.

10. ED:QE:;lc.

-E -E
11. agg =ag +ak +aE6n +aE6t »

raeje ax =2-og- VE ¢ =236 m/s?, a cMep je mokasaH Ha ckui (ci1. 6.37). HopmanHa KOMIOHEHTa

~E . . . .
peNaTHUBHOT KIIM3HOT YOp3ama aEen CE jaBiba jep je WiaH 6 Kpus (eo KpyxkHHuIe panujyca R) te je

E (‘%6)2

~-E R ) .
aggn = m =14,38 m/s’ , aE6n //EqG ycmepeHo je on Tauke Eg ka Tauku G. TanreHumjanna

-E
KOMIIOHCHTA PCJIaTUBHOT KJIM3HOT y6p3aH>a 1Ma npaBall TAHI'CHTE Ha KPYKHULY, aE6t 1 E6G .

~  .F -F
12. agg =aF +aE6n +aE6t ,

(hef
~F -
rfe je aE6n //E6F yeMmepeHo of Tauke Eg ka tauku F, aE6n "E6 =0,03 m/s? ,aaget L EgF.

EgF
ag aE6
Yraona yop3amacy: €3 = —tu gg = —=2L .
yop Y. €3 = CB T EF
-B
@6
ak
-E
VE6
Ca. 6.36: [1nan yop3aawa (3a0aitiak 6.4) Ca. 6.37: O0pebusarbe Kopuoauco8oz

ybp3arba (3adaitiak 6.4)

Ee -F
o3 3 VES k6t
©6 €6
ve - 2 6 Ca. 6.38: Odpebusare cmeposa 6p3uHa u
ybp3arsa (3aoaitiax 6.4)
-B
acCt F
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3aparak 6.5: Onpenutu Op3uHe M yOp3ama KMHEMATHYKHUX Tayaka, yraoHy Op3WMHY U YraoHO

yOp3ame unana 5. [latu cy nogamu: Uy = 110 cm
cm

, 0 =20 sy €7 =0 (cn. 6.39). [Ipenopyuene

2
1m/
pasmepecy Uy = > u U, =M
lIem

0,5cm '

Ca. 6.39: Kunemaitiuuxa wema (3aoaitiax 6.5)

JeqHauyuHe 3a Op3uHe

1. vg=AB-», =0,2-20=4m/s, vg L BA,
N R -B B —
vC =VB+v(C, gdeje vc LCB,

;C//x—x,

2.

3.

4. ;/D:;/c,

-~ D D —
5. VE=vD+VE, gdeje v LED,
-~ . ZF O -F —
6. VE =VvF+VE, gdeje v LEF.

Camo y nosoxajy Kaja je moroHcku 4iad (2) nmox yriaom ox 90° 6p3une tauaka C u B cy
ucte (ci1. 6.40), nox y npyrum noyioxkajuma Hucy. Camo cy Op3uHe u yop3ama tagaka C u D
y CBUM II0JI0KajuMa UCTe.

VB=Vg=Vp
b=c=d

Ca. 6.40: Ilnan 6p3una (3adaitak 6.5)

HNHTeH3uTeTH Op3MHA
. 1m/s . .
Pa3mepa 3a muian 6p3una je Uy, = Tom’ 13 KOjer ¢y onpelyyjy MHTCH3UTeTH Op3uHa:
cm

— 1
Vc=VD=VB=PVb-UV=40m- m/s=

4m/s,

cm
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vg =Pye-Uy =2,8cm-1m/S =28 m/s,
lIcm
Vg :a-UV =4,1cm-1m/S =41m/s,
Icm

VEzVE=2,8m/s 51

VEzOm/s.

Yraona Op3uHa

D
\%
YE _ 4l 18,63 s'l, a cMep je y cMepy

WHTeH3uTeT yraone Op3uHe wiaHa 5 je o5 = 022

KpeTama Ka3aJjbke Ha caty (ci. 6.42).

Ilnan yop3ama

[nan yOp3ama ce mobuja Ha OCHOBY jeqHauMHa 3a yOp3ama Kopuctehu pasmepy
2
10m/s

U :
a 0,5cm

7. ap :H}mé =0,2- 202 =80 m/sz, e je: ap // AB y CMepYy Ka Tauku A.

-~ - -B -B
8. ac =aB +acn +act,

B)2 V)

. v 0) 2 -B
PelaTHBHO HOPMAJTHO YOp3ame je ab =( C =—( =0m/s“, act LCB.
P yop I acn CB 0,40 ct

9. ;C /X —x

-~ - -D -D
10. ag =ap +agn +akgt,

2 -D —
CAV 76,40 m/s%, ag; L ED.

. -D f— D VE
rae je: agn //ED y cMmepy ka tauku D, ag, = uﬁ

0,22
- - <F -F
11. ag =aF +agn +AaEt,
B E 2 -F
rae je: agn//EFy cmepy ka Tauku F, aEn - \VE/ _ (28) =417 m/s’ , agt L EF.
EF 0,188
HNHuTen3ureTn yop3ama
2
. 10m/s ) .
Pa3mepa 3a ruian yop3ama je U, = 0Sem U3 Kojer cy oapelyjy HMHTEH3UTEeTH
,5cm
yOp3ama:
2
— 10m/
ac =ap =P,c" U, :2,25cm-&:45m/52,
0,5cm
— 10m/s2 2
ap =Pue"-U, =2,698cm-——=54m/s”,
0,5cm

71



6. YBOO Y KHHEMATHYKY AHAJIN3Y MEHANIZAMA

.10m/52
0,5cm

D

ag; :60m/sz.

=ne'-U, =3,00cm

Ca. 6.41: Ilnan yopzama (3aoaitiak 6.5)

Yraono yop3ame

. a’Et 60 -2 .
VYraono yOp3ame wiaHa 5 je €5 :=:E:272’728 , @ CMep je y CyHpOTHOM

CMepy O] OKpeTama Kazajbke Ha caTy (ci. 6.42).

Ca. 6.42: Oopebusarve cmeposa 6p3una u yopaarsa (3aoaitax 6.5)
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7. INPOIMUPEILE KIIMZHUX KNHEMATUYKUX ITAPOBA

[TocmatpajMo kiu3HM KuHeMatnuk map 1 u 2. Unan 1 je, Hnp. Bohuia mo Kojoj Kiu3a
yiaH 2. Unan 2 je KiIn3ad KOjH je MPOILINPEH ca MOy KHUM JeJIOM KOjH je 3aBapeH 3a Kin3ad
— KHHEMaTHYKe Tauke A>Bj.

AXoO ce 3aMHIIJbeHO NPOIIMPH 4liaH 1 ca paBHM 7y W A0fa Tayka By ucmop Tauke By (cm. 7.1

JIEBO), peNaTUBHO KpeTame n3Meby Tauaka ApA| u ByBj je ucro, Te cy Knu3He Op3uHE U KIHU3HA

-Al -BI1 -Al -Bl
yOp3ama UcTa: VA2 =VB2 U aA2 =aB2. 10 UCTO Baxu 1 Kajja cy 00a 4jaHa MOKPETHA, HIIP. Kajia

. A2 -B2 -A2 -B2
ce TpOIIMPH 4yaH 2 ca m, Tajia je VA3 =vB3 M aA3 =aB3 (c1. 7.1 mecHo). OBakaB HayumH

3aMUIIJLCHOT MMPOMUPEHA YIdHOBA KITU3HUX TAapOBa KOPUCTHU CE IPU pCllaBalkby 3aaTaKa.

-B1 B -B2

VB2 3 VB3
— >
~BI B -B2
aB2 3 2 aB3
Ty
-Al Aj A2
VA2 C N VA3
> O [ oD >
2 N

;Al ) 2 A2

A2 ap3
()

Ca. 7.1: Ipouwuperse KAUBHUX KUHEMATUUYKUX UaApO8a

[TpuHUMD npoMpuBa®ka YaHOBA KIW3HUX KUHEMAaTUYKUX T1apoBa II0Ka3aH je Ha CIuLu 7.2.

YUnan 4 kau3a no wiany 3, Te ce MoXxe MpomMpuTd 4wian 3 Ha 4 U o0pHyTO, WiaH 4 Ha 3, jep
NPeACTaB/bajy jelaH KHHeMATHYKH nap.

Y cnydajy ga HUCY jelaH KMHEMAaTHUKW map (fja Kiu3ady HUje 3aBapeH 3a WwiaH 4) OBaKBO
NPOLIUPEHE Ce HE OM MOTJIO KOPUCTUTH, jep He 01 OUII0 UCTO PEJIaTUBHO KpeTame n3Meby Tayaka
C4C3 u D4D3.

Ca. 7.2: [Ipunyuii upowiupersa 4AaH08a KAUSHUX KUHEMAUYKUX Uapo6a

Axo ce npommpy wiaH 3 Ha 4 ca paBHA 73 AoOuja ce Tauka D3 mcnop Tauke D4 KOje Kiu3ajy
jemHa mo apyroj ucto kao Tauke C3u C4 (ci. 7.2 1€B0). Y OBOM CiIy4ajy MOTY ce mucatu cienehn
n3pasu 3a Op3uHe:

S o R -~ -D3
VC4 =VC3 +VC4 U VD4 =VD3 + VD4,
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-C3 -D3
rae Cy pCJaTUBHC KIIU3HC 6p31/IH€ HUCTC VC4 =VD4 U I/IMa]y IpaBall MapaljicjiaHn Ca IMpaBOEM

-C3 -D4 —
KIInm3ama, vC4,vD4 //BE.
- -C3

Jennaumne 3a yOp3awa wu3Meby OBHX Tayaka Cy: ac4 —aC3 +ak +ac4, n
- - -~ -D3
ap4 =ap3 +ak +ap4.
-C3 -D3
KopuonucoBa ybp3ama cy ucTa jep cy uUcCTe pelaTHBHE Kiu3He Op3MHE V(4 =VD4, a

WHTEH3UTET je aj :2-w3-vgi:2-m3-vgi. PenatuBHa xnm3Ha yOpaszamwa Cy HCTa IO

-C3 -D3 -C3 -D3
HHTEH3UTETY U 10 IPaBLUy, aC4 =aD4 U aC4,aDp4 // BE.

[To moTpe6u, 3aMUIITLEHO ce MOKe MPOMMPUTH WiaH 4 Ha 3 ( 7ty ), HIp. o Tauke E wimm B, Tako
ce foOuja pukTUBHA Tauka B, Koja knu3a 1o tauku B ucto xao mro knusajy Tauke C3 u Cy. 3a

oBaj mpumep (ci1. 7.2 iecHo) Mory ce nmucatu cneehe penaumje:
-B -B

VB4 ;B +VB4 U 5B4 —aB +£k +aB4,
r7ie je 354,534 //BE, ap =23 'Vg4, ;11( L\?E4,Tj. ;11( 1 BE.

Y npBoM nipumMepy (ci1. 7.2 1€BO) HE MOTY ce TICAaTH jeiHaYnHe 3a Op3uHe u yOop3amwa n3mehy
tayaka Dy u C3, D3 u C4, jep OBe Tauke HUCY HAa MCTUM WIAHOBMMA, HUTH KJIU3ajy jef{HE 110
npyroj. He moxe ce mpommmputu unan 4 Ha 5 wiu 4 Ha 2 jep y TOM ciyyajy He Ou Ouia ucra
peJlaTuBHA KpeTawa n3Meby NpoIIMpeHnx Tavyaka.

Y npyrom npumepy (ci1. 7.2 IeCHO) He MOTY Ce MUCATH jefiHaurHe 3a Op3uHe u yop3ama u3Mehy
tayaka Dgy u B, C4 u B, 3atum u3meby B4 u Cj3, jep Tauke HUCY HA UCTHM YJIaHOBUMA HUTH
Ku3ajy jefHa no apyroj. Ilo motpebu nmpommpemwe unana 4 moxe Outu u 1o Tauke E rue Ou ce
nobuna tauka E4.

AKO je unaH 1o KOMe KJi3a4 KJn3a KpyBa JIMHHja (Ha mpuMep KPYyXHHMIA) Takohe ce Moxke
npoimpuTy WiaH 3 Ha 4 u 06pHyTO (ci1. 7.3 neBo). Tayia je ogHOC Op3uHa u yOp3ama jaeuHuCcaH
jeflHaunHaMa:

~C3 - -D3
VC4=VC3 +VCh VD4 = VD3 + VD4,

~ -3 -C3 -~ -D3 -D3
aC4 =aC3+ake +aC4n +aC4t, M aD4 =ap3 +akd +aDan +aDdt.

ArnconyTHe U penaTuBHE Op3uHe U yOp3awa usmeby trauaka C4 u C3 u usmeby Tavaka Dy u
D3 HHUCYy WCT€ HU [0 MHTEH3UTETy HU IO MpaBlly, jep T€ Tayke POTHPajy Ha pa3nUuUTHM
pagujycuma R, u Ry.

HWcro 61 0BO BaxkmIlo  3a ciyyaj fja ce nmpoluupy uiaH 4 Ha 3 Tajga Ou ce jobusa Tauka By umje
penatuBHe Op3uHe U yOp3ama y OHOCY Ha TauKy B HuCy ucTe Kao penaTuBHe Op3uHE U yOp3ama
u3meby Tauaka C4 u Cj3.
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-B
VB4

-B
aB4t

©A

Ca 7.3: [Ipowuperbe KAUSHUX KUHEMATUUYKUX HAPO6A KAOd je 4AaH KPUBa AUHUJa

3agarak 7.1: Opnpenutu Op3uHe W yOp3ama KMHEMAaTHUKUX Tayaka M WIAHOBA MEXaHM3MA.
Hatu nomamu cy: ABy =0,12m, B,C=037m, CD=0,08m, DE=0,25m, xg=047m,

yE =-0,08m, ¢r =120°, 4 =138, @y =105 m g5 =0.

. 0,lm
KunemaTnuka mema je Hatprasa y pazmepu Uj = Lo’
cm
a 6u ce ogpenune Op3uHe Tpeba HAUPTATH IUIaH Op3WHA MpeMa jeHaunHama 3a Op3uHe.

Bbp3uHa noroncke Tauke B, jeHaKa je:
1. vgy =AB, @y =1,2m/s, jie je Gp3uHa v2 L AB, .

Bp3una Tauke B3 MoXe ce ofpeluTH MpeKo Tauke B, (mo3HaTa je) n mpeko tavaka C u D (Ha
HCTOM Cy 4llaHy 3) aju Cy HHXOBE BPEHOCTH Hemo3HaTe. bp3una Tauke D ce mMoxke onpenutu
npeko E (weHa Op3uHa je mo3HaTa) W mpeko Tavaka By u C, anmu cy u muxoBe Op3mHe, 3a caja
Heno3Hate. [Iponsunasu fa 3a tauke D u B3y uMMamo caMo 1O jefHY jeJHAYMHY KO]y MOXXEMO
HalpTaTH Ha [UIaHy Op3MHa.

Ca. 7. 4: Kunemaiiuuka wiema (3aoaitiax 7.1)

Ha 6u ce gobuna jour no jefHa jefHaunHa 3a Tauke D m B3 mpommpu ce unan 2 Ha 3 unu
o6puyTo 3 Ha 2 (ci. 7.5). [Ipyra MoryhHOCT npoimpemka Wwiana 3 Ha 2 He 61 KOPUCTHIIA, jep HeMa Hil
jenHa no3Hata MoryhHocr 3a tauke C u D Ha unany 3. Crora ce npolupu 4jaH 2 ca paBHU 7T J10
tauke D u fobuja Tauka D,. OBakBUM MpOIIMPEHEM 100Hja ce UCTO PeNaTHBHO KpeTame u3Mehy
tavaka D (D no D, ) u tauaka B (B3 mo B ). buno 6u ncnpaBHO npoimpemse paBHA 1ty 10 TaUKe
C (moOunu 6u tauky Cjp), MehyTum, He O ce MOTJa OfpelUTH HeHa Op3KHa jep HeoCTaje oI
JE/laH yCIOB.
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Ca. 7.5: MozyhHociuiu iipouiuperba KuHemaiiuuko? iapa 2 u 3 (3aoaitiax 7.1)
a) ipowuperse 4aana 2 Ha 3, b) iipowuperse yaana 3 Ha 2

3a ycBOjeHO IIPBO NPOIIKMPEE UlaHa 2 Ha 3 ca paBHU 7, OApeau ce Op3uHa Tauke D) npema
jeflHauMHaMa:
2.vpy =ADj @, =029m-10 s"' =2,9m/s, rae je vp2 L AD,

-~ -~ D2 vy ——
3. vD=vD2+VD , Ieje vB2/B,C.

JeI[Ha‘H/IHG 3a 6p3I/IHC OCTAJIUX Ta4daka Cy:

. - -E ) -~ —
4. vD = VE + VD, I'lle je peiaTiBHa oOumHa Op3nHa vE IDE U vp =DE-wy.

— - - . _’D )
5. VB3 = VD + VB3, I/l je penaTtiuBHa o6uMHa 6p3uHa vRB3 L B3D, a 0 MHTEH3UTETY jeflHaKa
Je vg3 =B3D-w3.
- - -B2 . -B2 —
6. VB3 = VB2 + VB3, gde je vB3 //B3C

- - -B3 . -B3 . . B} =
7. vC =VB3 +VvC ,raeje v¢ L CB3,aIo UHTEH3UTETY je[iHaKa je Ve = CB3 - 3.

- - - . D —— .

8. vc=vD+v(C, re je penatuBHa oOumHa Op3uHa vC L CD, a TO UHTEH3UTETY je
V2 =CD 3.

Yraone Gp3uHe wiaHOBa 3 1 2 cy ucte (w3 = w; ) jep je Kiau3ay 3aBapeH U MPEefICTaBba €0
ysaHa 2. To ucro Baxu 1 3a yraona yop3ama 4laHoBa3 u2,1j €3 =¢;.

Wure3utetn Op3uHa ce noOuWjajy m3 miaHa Op3umHa (cn. 7.6) KOju je HAUpPTaH y pa3Mepu

I m/s .
Uy = Tom’ TaKo IITO CE OArOBapajyhu oficeynin MHOXE ca pa3mMepoM 3a Op3HHE T€ U3HOCE!
cm

1 m/s

VD =§1‘UV =47cm- =4,7m/s,vc =4,4m/s,vp3 =3m/s,vg3 =3,6m/s,

lcm

VES =3,3m/s, Vg% =4,lm/s, ng =4,1m/s u Vg =0,8m/s.
Yraona Op3uHa unaHa 4 gobuja ce U3 penaugje wg = ;=]])5 _ ;;75 _18.80 S-l’ a cMep je faT Ha

caunum 7.7.

Jepnauune 3a yOp3ama cy:

9. agp =ABj - m22 =0,12m- 102 571 = 12 m/s? , Te je yOp3ame aR2 //BoA ca cMepoM Ka
LIEHTpPY poTalyje, Ka Tauku A.
YcBojeHo npoumpee uiana 2 ca TaukoM Dy KOpUCTH ce U TIpu ofipebuBamwy yop3amwa.

10. apy = AD» -co22 =0,29m-10% 5™ =29 m/s?, r7ie je ap2 // D, A ycmepy of Tauke Dy ka
Tayku A.
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Ca. 7.6: [1nan 6p3una (3aoaiuak 7.1) Ca. 7.7: O0pebusatbe cmepa y2aome
Op3une (3aoaitiax 7.1)

- D2 )
11. aD —aDz +ak1+aD ,raeje ag) =203 - VD2 2-10- 41—82m/s . IIpaBan u cmep oBor

: -D2  ——
KOPHOJIUCOBOT yOp3amwa ofapebyje ce mpema ckumu (ci1. 7.8),a ap //B3C.

E 2
-E -E (V )2 -E —
12. ap =ag +aDn +aDt , 1€ je agn I]))E (?)’;)5 =88,36m/s, apn // DE y cMepy ox

-E —
Tauke DkaE,a apt L DE, agt =DE-¢g4.

D 2

-D -D ( )Z -D -

13. aB3 = aD +aB3n +aB3t,7eje ag3n BB3D (3 2‘ =32,02 m/s> , aB3n // B3D y cMepy
3

-D .
kaTauku D. YOp3ame a3t =0,jepje e3 =€ =0.

- Y J—
14. aB3 =aB2 +ak2 +aB3,IjAeje agy =2- 3 VE% =2-10-4,1=82m/sz, aBp3 //B3C.

~  -B3 -B3 ( 33)2 ~B3
15. ac =ap3 +aCn +acCt , 7€ je: 32131 e ) _ 35,02 m/sz, aCn // CB3 y cMepy Ka Tauku

-B3
B3 , aCt 1 CB3.

2
D
- - -D -D . (VCJ -D —
16. ac =ap +acCn +acCt,rjeje: ag, =2 :M:Sm/sz, aCn // CD y cMepy Ka Tauku D,

CD 0,08
-D
act LCD.
2
. 10 m/s
[Ipema jeqnaunHama 3a yOp3amwa kopucrehu pasmepy U, = ————— HalpTa ce Ij1aH yop3ama
(cn.7.9).

WuTensutern yop3ama ce 1o0Kjajy U3 m1aHa yop3ama MHOXKEHEM Oficeyaka ca pa3MeEpOM 3a
yOp3ama:

—_— 2
ap =Pyd U, =13cm. 100

= 260 m/s> ,ac = 254m/s2 g§—6m/s aDt—244m/s

0,5cm
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E
a
YraoHno yOp3ame unaHa 4 fo0Ouja ce U3 penayuje 4 = % = % =976s72,a cMep ce nobuja
W3 j€[HAKOCTH CMEPOBa TaHT€HI[MjaJTHOT 1 yraoHOT yop3ama npema ciui 7.10. YraoHo yop3ame
B3
ynaHa 3 gobuja ce U3 penanyje €3 = da =0,jepje 533 =0
37CB3 037
-E
Dy aDt
A ajn
D H
Va2 > B2
v
3 D o VB3 E
Ca. 7.8: O0opehusare kopuoaucosux Ca. 7.10: Oopebusarbe cmepa y2aonoz
ybp3aara (3aoaitak 7.1) ybp3aamwa (3adaitak 7.1)

Ca. 7.9: I1nan ybp3arva (3aoaitiax 7.1)

Pememe 3amatka 7.1. naro je na ci.7.11. Jlobujenu npaBuu O6p3uHa u yOp3ama mokasyjy
1a, TIPU jeTHOJIMKOM KpeTamy TMOTOHCKOT wiaHa 2, wiaH 3 he ce kpeTatu jeTHOINKO, a 4iaH 4
yOp3aHO KPYXKHO.

[pommpeme KIM3HOT KMHEMATUYKOT Mapa YBeK MOXe OMTH Ha J[Ba Pa3iMiATa HAUMHA.
3aparak 7.1 je peureH npommpemneM wiana 2 Ha 3 (ci. 7.5a), a MOXe ce PeIuTH U MPOLUINPEHEM
wirana 3 Ha 2 (ci. 7.5b).
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[Tpu npommpewy Wwiana 3 Ha 2, TauKa A3 Ce MOXKe OfPEIUTH MPeKo Tauke A (KIIU3ajy jeiHa mo
PYToj W MO3HATO je KpeTame Tauke A) m Moxke npeko tayaka C m D, anu cy muxoBe Op3uHe
HENO3HATE.

To 3HauM [a OBaKBO MPOIIMPEHE, MAKO je MPUHIUINjENHO Y Pefly He MOXKe JaTH pelleHe
3ajarTka.

Ca. 7.11. Pewierve 3a0aitixa 7.1

3agarak 7.2: Onpenutu Op3uHe U yOp3ama KMHEMAaTUUKMX Tayaka M WIAHOBA MEXaHM3MA.
0,1 m
lem

[Nopgauy cy gaTu Ha KMHeMaTUukoj memu (ca. 7.12) Koja je HanpraHa y pasmepu Uy =
(0 =105 u €2 =0.

Tauka B je Ha moronckom uiany 2, Te je leHa Op3uHa No3HaTa:
1. vg =AB- 0 =0,9m/s.

3a Tauke C3 u C4 ¥Ma IO jefjaH ycloB 3a Op3MHE NPEKO MO3HATUX Tadaka. Tauka C3
onpebyje ce npeko B, a Tauka C4 npeko D.

Hepocraje jomr no jeHa jefHaumHa Koje ce 100ujajy npolmpeneM wiana 3 Ha 4 uiu oOpHyTO 4
Ha 3.

Ca. 7.12: Kunemaitiuuxa uiema mexanuama — mozyhHociiu iipowupersa (3aoaitax 7.2)

[TpBa MoryhHocT je fa ce npoumpu yiaH 3 Ha 4 ca paBHU 73 1 foOuina Ou ce Tauka D3 Koja Ou
kim3ana no D ucro kao Tauke C3 u C4 (ci. 7.12 neBo). Y oBoM cnyuajy 6p3uHa Tauke D3 6u ce
oxpeamna npeko 6p3uHa Tayaka B u D, a 3atum 6u ce ofpeanna Op3uHa Tauke C3 (mpeko B n
D3 ). Ha kpajy 6u ce mo6una 6p3uHa Tauke C4 npeko tayaka C3 u D.
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Hpyra MoryhHocT je fa ce mpoiypy 4iaH 4 ca paBHU 74 Ha 4iaH 3 1o Tauke B rje ce pobuja
Tauka B, Koja mo B kim3a kao tauka C3 mo Cy4 (cn. 7.12 pecno). Bp3una tauke By ce ompebyje
npexo B u D, 3atum ce ogpeau C4 npeko B4 u D n Ha kpajy C3 npeko Tayaka Bu Cy.

YcBaja ce ipyra MOryhHOCT POLIKPEHA TE Cy jeHAUNHE 3a Op3KHE:

- -B -B —
2 VB4 =VB+VB4, VB4 //DC4,
-D -D ——
3. VB4 = VD +VB4, vB4 L B4D
- - -D -D —
4 vc4=vVD +V(C4, vc4 L CyD,
~B4
5. Vc4—VB4 +V(C4, VC4J_C4B4,
- ~C4 -C4 —
6. Vc3 =v(Q4 + Vc3 , Vc3 //DC4 m
-B -
7. VC3 = VB + Vc3 , vc3 L C3B.
. . Im/
[Tnan Op3uHa je HaLpPTaH IpeMa NPEeTXOJHUM je[HaurHaMa y pasmepu U, = s (cn. 7.13)

OflakJIe ce MOTY OfIpE/ITH MHTEH3UTETH Op3nHa U yraoHe 6p3ute (ci. 7.15).
JenHaumHe 3a yOp3amwa ce NIy UCTUM PEIOM Kao U jenHaunne 3a Op3use. [1nan yop3ama (ci.

IOm/s2

7.14) HanpraH je y pazmepn Uy =——.
0,5cm
8. ag =E-w22 =9 m/s’

- - - -B . _
9. ap4 =aB +ak, +aB4, gde je ay, =2-04- VB4 5260m/s m4=%=9,39s l,
4

-B — .
aB4 // DC4 . CMep KopronmcoBor yop3ama Aat je Ha ckuim (ci. 7.15 neBo).

-D -D ( )Z
10. aB4 —aD +aB4n +aB4t, I7E je ag4 B4 =29,12 m/s? aB4n //B4D n
n B4D
-D -
aB4t L B4D
D
-D  -D ( )z -D
11. ac4—aD+ac4 +ac4t,rneea C_ =2215 m/s? ,aC4n//C4D 1
n ‘] Cdn — C4D n 4
-D S
ac4t L CyD.
B4)2
-B4 -B4 B4 Vca , B4
12. aC4 —aB4 +aC4n +aC4t, rjaeje acan :—B=32,11 m/s”, aC4n //C4By 1
4B4

B4
ac4t L C4B4.
-~ -C4 ~C4 —
13. ac3 —ac4 +ak2 +aC3,rmeje agy =2y - Vgg =52,60 m/s? aCc3 //DCyq

B

-B -B ( )2 -B —— -B _

14. ac3 = aB +aC3n +aC3t, raeje a&n (?3]3 =32,11 m/s? ,aC3n //C3B mac3t L C3B.
3

Ha ocHOBy noOujeHux perniema Op3uHa U yOp3ama MOXe ce KOHCTATOBATH JIa CE WIAHOBU
3 u 4 y 3anarom TpeHyTKy kpehe ycnopeno (ciu. 7.15, noine).
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by

Ca. 7.13: I[1nan 6p3una (3aoaitiax 7.2)

o4
- C4
o vC3
-B akl ~
VB4 a0

Ca. 7.15: Kopuoaucosa ybp3arba u cmeposu uzaouux 6p3una u yopaara (3aoaitiax 7.2)
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7. [IPOIIMPEBE K/IU3HUX KUHEMATHUYKHUX [TAPOBA

3aparak 7.3: Onpenutu Op3uHe W yOp3ama KMHEMAaTHMUYKUX Tayaka W 4YIaHOBA MEXaHU3MA.
0,Im

l'eomeTpujcku nmopamy cy gaTu Ha ci1. 7.16 pazmepom U = . Ocranu mogauu cy: oy =10 sl
cm

€7 =0.
JeqHauuHe 3a Op3uHe cy:
1. vg =AB- 0y =3m/s, Tjic je Op3uHa vB L AB,
. ve =AC-0y =53 m/s, Tje je Gp3uHa ve LAC,

2
- ~  -C -C —
3. VE=vC +VE, VE LEC,
. -~ +F -F —
4. vE =VvF +VE, VE LEF,
- _d .
5.ED_C . d=2cm.
CE ce

Ca. 7. 16: Kunemaitiuuka uema (3aoaiax 7.3)

Ja 6u ce gobuna jou no jefHa jeqHaunHa 3a Tauke Gs U Gg NMpOIIMpH ce 4iaH 5 Ha 6 ca
paBHU 75 ¥ Jofaje ce Tauka D5 umje ce 6p3mHe ofpebyjy npeko Tayaka Du B.

- - -D -D ——
6. vbD5 =vD +VD5, VD5 //BGs,
. - -B -B -
7. vD5 =VB + VD5, vD5 L DsB.
bp3uHe ocranux Tavyaka jefiHake cy:
- ~  -D5 -D5 ———
8. VG5 =VD5 + VG5, VG5 L GsDs,
- - B -B _
9. vG5 =VB + VG5, vG5 L G5B.
- - -G5 -G5, 6 ——
10. vG6 =VvG5 +VG6, VG6 //BG5 1

N - -D -D ——
11. vG6 =vD +vG6, vG6 L GgD.

82
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IMnan Op3una (ci. 7.17) Hauprau je y pasmepu Uy = 115& Yraone Op3uHe cy 1O
,Scm
C F B
\% \'% \4
UHTEH3UTETY: ®3 - _E _ 6,22 s_l, 04 ==E=10,80 s_l, 5 =g=7,99 s u
EC EF GsB

\%
wg ==25 =799 s = o5, a cMepoBu ofpebenn Ha ckunu (ci. 7.19).

Ca. 7.17: I1aan 6p3una (3aoaitiak 7.3)

JenHaumHe 3a yOp3ama cy:

12. ag = AB- mzz =30m/s2, r7ie je yOp3ame ap //BA YCMEPEHO Ka TaukKh A.
13. ac :E-mzz =53m/s>.

10 m/s2

[Tnan yop3ama (ci. 7.18) HanpTaH je y pasmepu U, = s .
,5cm

C
- - -C -C . (v )2 -C  —
14. ag =aC +aEn +aEt, IAe je agn :EL_C =17,42 m/sz, agn // EC y cMepy ka Tauku C u

o
agt LEC.

F
e i
15. ag =aF +aEgn +akgt, rae je agn // EF y emepy ka tauku F ( aEn =-El —77.02 m/s2 ),a

EF
-F —
art L EF.
16. C:ng:m':Z,OSCm.
CE c'e'

~ - - =D : :
17. ap5s =ap +akl +ap5, TAEje ag] =25 'VBS =9.40 m/s2 ,acMmep je onpebeH Ha cnuim
7.19.

&3
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- -B  -B S : S —
18.  aps=aB-+apsn +apst, Ije je  apsn/DsB 'y cmepy ka Tauku B

(Vgs)z

a =27

-1 ~-B _—
=2530m/s" " ),a apst L DsB.

-B -B
19. aG5 —aB +aG5n +aGst, Iaeje aG5 //G5B y cMepy Ka Tauku B

&S

( aGsn = G_5B

~11,05m/s%).a a6t L GsB.

i
—

D

-D5 -D5 (V

20. aGs =aDs +aGsn +aGst, THE je aggn =2
GsDs

) -D5 ———
=14,56m/s”, ags5//GsD5 y cMepy Ka

-D5 -
Tauku Ds,a aGst 1 G5Ds5.
- ~ - -GS .
21. aG6 =aGs5+ak2 +aGe, e je axy =205 Vgg =940 m/sz.

- - -D -D . -D —
22. aG6=aD+aGén+aGet, TIme je aGen/GgD 'y cMmepy Ka Tauku D

(8S

(aP aGen = GeD =14,56m/s?), a aG6t L GgD. Ha ocHosy nmana Gpsuma (ci. 7.17) u nmana

yop3ama (ci. 7.18) onpebyjy ce naTeH3uTeTH OGp3MHA U yOp3ama, yraone OGp3uHe U yOp3ama, Kao u
HBUXOBH cMepoBH (ci1. 7.19).

P

Ca. 7.18. I1aan ybp3arva (3adaitiax 7.3)

84
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vD5

-
ak1

+ G5
- vGo
aK2 ®5
o5

Ca. 7.19: Cmeposu yzaorux 6p3una, yop3arwa u KOPUOAUCOBUX
ybp3aara (3adaiuax 7.3)

3anarak 7.4: Ogpenuty Op3uHe U yOp3amba KNHEMATHYKUX Tayaka U WIaHOBAa MEXaHU3Ma.

I'eomeTpujcky mopanu cy aatu Ha ci. 7.20 pasmepom Uy, =

n gy =0 (sl. 7.20).

0,Im

lcm

. Ocrany nopany cy: my =20 g1

Ca. 7. 20: Kunemaiiuuka wema (3aoaitiax 7.4)

JenHauuHe 3a Op3uHE Cy:

1. vg = AB- 0y =4m/s, Tjie je 6p3uHa vB L AB,

2. VB4 =VB +VB4, VB4 //CBy

3. vB4//CD,

4, ;/c = QD = ;134 (unan 4 ce kpehe TpaHCIIATOPHO).

3atauke E5 u Eg MOTy ce HanmmcaTy caMo MO jefiHa jeHaYMHa PeKOo Tayaka uuje cy Op3uHe

no3Hare, 3a Tauky Es mpeko Tauke D, a 3a tauky Eg npeko tauke F. ITomro ce Tauke E5 u Eg
Hajla3e Ha WIAaHOBMMA KJIM3HOT Iapa, MOTY ce NPOLIMPUTH U TaKO AOOUTH jOLI IO jefiHa NOTpeOHa
jennaumua. [Ipommpu ce wiaH 6 Ha 5 (paBaH mg) W gobOuja Tauka Dg. Bp3uHa Tauke Dg ce

ozpebyje npeko Tayaka D u F:
- - -D -D — -
5. vD6 =VvD + VD6, vD6// FEg
bp3une ocranux Tavaka cy:

6. ;D6 =VF +

-F -
vD6, VD6 L DgF.

-F

-~ - -F -F — ~ - -D6 -D6
7. VE6 = VF + VE6, VE6 L EgF 8. VE6 = VD6 + VE6 , VE6 L E¢Dg ,

~ - -E6 -E6 — ~ - D -D  ——
9. VE5 = VE6 + VE5, VE5 // FEg 10. vEs =vD + VE5, VE5 L E5D.
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[Tnan G6p3uHa (ci. 7.21) HaupTaH je y pa3mepu
Im/s
lIcm
Op3uHa U CBU OCTAJIU TAPaMETPU.

U, = U3 Kojer cy ofpebeHu UHTEH3UTETH

Ca. 7.21: I1aan 6p3una (3aoaitiax 7.4)

JennaunHe 3a yOp3ama Mullly ce HCTUM PEIOM Kao U 3a Op3uHe.
11. ag=AB- 0322 =80m/s>, rme je yOp3ame ap//BA ca CMEpPOM Ka Tauykn A

1Om/52)

U =
(Ua 0,5cm

- - =B -
12. aB4 =aB +aB4, e je ap4//B4C.
N3meby Tauaka By u B Hema kopuosmcoBor yop3ama jep uiaH 4 Hema yraony 6p3uny (kpehe ce
TPAHCIATOPHO).
13. ap4//CD
14. ac = ED = 5]34
- - - =D : _
15. ap6 =ap +akl +aDe, TAeje ag] =2-0g 'VB6 =ll7,l6m/sz, 04 =%=15,83S 1,
6
-D  —
ap6 // FEg .
- -F -F
16. aD6 =afF +ape6n +aDe6t, TE je aD6n // D6F y cMepy Ka Tauku F,

(VFD6)2

F
a —
(*Don DgF

-F _
=50,29m/ 52 ), aD6n L DgF

~F ~F

17. aE6 = 51: +aEe6n +aEget , 7€ je aE6n //E6F y cMepy Ka Tauku F,

(S
VE6
E6F
-D6 -D6 -D6 —r

18. aE6 = aD6 +aE6n +aE6t, aE6n // EgDg y cMepy Ka Tauku D,

-F _
= 75,20m/s2 ), aE6n L EgF

(aE6n

i
A -D6 —_—
(aD6 —YE6) _6016m/s2), apst L EgDg

- -E6 -E6 —
19. aEs —aE6 +ak2 +ags5, rAeje axy =2- g - VE? :11716m/s , ag5// FEg .

CMepoBu KOproncoBuxX yop3amwa ofpehenu cy npema ciaunu 7.23.

-~ <D -D
20. aE5 =ap +aE5n +aE5t,
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_@%f

-D - -D S
aEsn /EsD ycMepy Ka Tauki D, aDs = o =60,16m/s”, ag5t L EsD.
5

Ha ocHoBy miana 6p3uHa (ci1. 7.21) n nnana yop3ama (ci. 7.22) MOTy ce OipeiuTH UHTEH3UTETH
Op3uHa 1 yOp3ama 1 CMEpOBH YraoHUX Op3uHa 1 yOp3ama (ci1. 7.24).

ak2

Ca. 7.22: I1aan ybp3arva (3adaitiax 7.4)

®6
-D
VD6 %6
akl
a2\
Ca. 7.23: Oopehusare cmeposa Ca. 7.24: Oopehusarve cmeposa y2aoHux
Kopuoaucosoz yopaarsa (3aoaiax 7.4) Op3uHa u yopsara (3adaitiak 7.4)

3aparak 7.5: ['eomMeTpHjCcKM MOJAlld MEXaHU3Ma JaTH Cy HAa KMHEMAaTU4KO] IIEMH Koja

. 10 cm
HaupTaHo] y pasmepu Uy = 05
cm

b

(cm. 7.25). TloroHncku umaH 2 ce oOphe jeIHOJIMKOM

yraoHOM Op3MHOM ®) =5 s Onpenutn Op3uHe U yOp3ama KWHEMAaTHUKHX Tadaka, yraoHe
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Op3uHe M yraoHa yOp3awa wiaHoBa 3 u 6. Ilpemopyuene pasmepe cy U, = lzm/s
cm
Im/s?
a= :
0,5cm

Jla 6u ce 3aaTak pemmo moTpeOHo je MPOIIMPUTH YWiaH 5 Ha 6, win wiaH 6 Ha 5, Kako Ou
ce oJpeaniie KHHEMaTHYKe BeJIMYuHe wiaHa 6 (ci. 7.26).

Ca. 7. 25: Kunemaiiuuxa wema (3aoaitax 7.5) Ca. 7. 26: Hauun npowupersa (3aoaitiax 7.5)

Jennaumnne 3a 6p3une

-~ = — 10
1. vg =AB 0, =0,36-5=1,8m/s, vB L BA, AB=AB-U =18cm-———=36cm,
,5cm
- - -B _B — - J—
2. vc=vB+vC, vC LBC, 3. vc LCD,
-~ - -B -B — -~ - -C -C —
4. vVE=VvB+VE, VE LEB, 5. VE=vC +VE, VE LEC,
~ - -G -G ~ - -E -E —
6. VE6 =VG +VE6, VE6 LE¢G, 7. VE6 = VE + VE6, VE6//GFg,
- - -G -G  — ~ -  -E6 -E6 —
8. VF6 =VG +VF6, VF6 L FgG, 9. VF6 =VE6 +VF6, VF6 L FgEq,

~ - -E -E — -~ - -F6 -F6 —
10. vE=vE+VF, VE LFE, 11. vPE=vF6+VF , VF //GFg.
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—

VB

b
Ca. 7.27: Ilaan 6p3una (3a0aiuak 7.5)

HNHTeH3uTeTH Op3MHA

Im/s ‘lm/s

ve =Pyc- Uy =3,63cm- =181m/s, vg=Pye-U, =59cm =2,95m/s,
2cm 2cm
vB=cb-Uy =6,lcm- lm/s 3 05 ms, v =cd- U, _363em /S g1 ms,
cm 2 cm
vBoob Uy =633em 25 _316mis, vE = Uy =3.60em - 225 Z 1 g s,
2cm 2cm
VE =f_e‘UV =170cm- 12m/s =0,85m/s, Vg6 =e6_g-UV =0,693cm- Lm/s =0,345m/s,
cm 2cm
VE6 =e_6e-UV =6,32cm- Lm/s =316m/s, VEg =fgeq - Uy, =0,47cm- Im/s =0,235m/s,
2cm 2cm
vpg = Pofg - Uy = 0,675 cm - /S — 0337 s
cm
Yraone Op3uHe
ve 3,05 v 0,337
®3 R 06 =—F6 2220 07057 a cMepoBH cy Ha caunu 7. 30.
CB 06 GF, 0,48

Jennaunne 3a yop3ama

12. ap :E-mg =0,36-52 :9m/s2, rze je: ap // AB y CMepY Ka Tauku A.

B 2

- - -B -B B (VC) 3.05 )

13. ac =aB +acn +act, a, =———=—""—"—=155m/s”,
C=aB+acn+aCt, acy == p=="(%

D 2
- - -D -D D (VC)2 1,81 2
14. ac =ap +acn +acCt, a~, = =——=6,lm/s",
¢ Cn At Acn =7op T 0,54

15 EE—5B+QE +£E al —(VE)2—3’162
' nTAEL SEn T T ERT T 0,624

&9

—16,00 m/s2,
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C

- -C =C B (VE)Z 1,82 2
16. aF =aC +afn +a , a ————=9,1m/s”,
E C En Et En~ EC 0356

2

- -G -G G (VE6)Z 0,345

17. aE =aG +aE6n +aE6t, a =0,25 m/s?
6 G 6n 6t Eé6n — E6G 048

- - .  -E
18. age =ag +akl +ag6, ag| =2-c06-VE6=2-07-316=442 m/sz(cn. 7.28),

- -G -G (v )2 03372
19. aF6 =aG +aF6n +aF6t , al%n F6 =0,25 m/s?

F¢G 0,46
- -E6 -E6 ( re) 02352
20. aF6 =aE6 +aF6n +aF6t, apey = FFE = ’030 = 0,184 m/s? (ci1. 7.29),
66
s W s o
21. aF_aE+aFn+aFt,aFn = 03 =2,4m/s

-F6
22. aF—aF6+ak2+aF , Ak =2-0g- VF =2.0,7-316=4,42 m/s? (cm. 7.28).

G ~F6
VF
.

VE6 Qg

Cn. 7.28: Oopehusare cmeposa kopuoaucogoe yop3area

Yraona yop3ama:

B
a
gy =t 20164302
CB 0 6
2
B _—— Im/s )
a~, =ni¢-U, =10,08cm- =20,16 m/s™~,
Ct ! a 0,5cm
al 0,12
F6t
=0,26572, a cMepOBH Cy KaTH Ha cui 7. 30.
F6G 0 46 P Y
CwmepoBu Op3uHa 1 yOp3ama MexaHu3Ma U3 3a7atka 7.5 natu cy Ha ci. 7.31.
‘r V6
v I T

Ca. 7.30: Odpebusarse cmeposa yzaonux 6p3ura u yopaara (3aoaitiax 7.5)
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N
7]

No)

L
S

t

g
K

TN

~

Nl
|
C

w
Ca. 7.29: I1aan ybp3arsa (3adaitiax 7.5)

Hanomena: 3602 mane seauture popmaitia kivuze ilnaw yopaarsa je okpernyiti 3a 90° y
CYUpOMIHOM cMepy 00 00Opiliara Kasasmke HA Cailly Y 0OHOCY HA C80] CIBAPHU HO10HCA].
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Ca. 7.31: Cueposu 6p3una u ybp3arsa (3adaitiax 7.5)
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8 METOJIA ACYPE

8. METOJA ACYPE

Mertona Acype ce kopucté 3a kuHemaTuuky rpymy III kinace, kaga Huje KMHEMaTHUKU
ofipebeHa, OTHOCHO Kajla TpU TauKe Ha MCTOM 4JIaHy UMAjy caMo IO jef[Hy NMO3HATY jeJHAaUMHYy 32
onpebuBame Gp3uHa n yop3ama (ci. 8.1). Merona Acype ce cacToju y mpommupery Tor unasa (3)
KOjU MUMa TpU KuHeMaTHuke Bese ca Tpu Tauke B, C u D uuje cy Op3uHe HEno3Hare.

Heka cy no3nare Op3uHe n yOp3ama Tayaka A u E. bp3una tauke B Morna 6u ce ogpenutn
npeko A u npeko Tayaka C u D, mehyTum muxose cy 6p3uHe Heno3Hate. To HCcTO Baxu U 3a TaUKy
C yuja ce Op3uHa Moxe ofpenutu npeko E, anu He moxke npeko B unu D jep cy Heno3nate. bp3una
tayka D ce moxe onpeautu npeko Dy, nok npeko B unu C He MoxXe jep cy 3a cajia bUX0oBe Op3uHe
Hemo3HaTe. 3HauH, Kajia UMaMo TpH Tauke, y oBoM npumepy B, C u D 3a koje ce Moxe HanucaTu
caMo TIO jeIHa TI03HATA jeJIHaYMHA 3a Op3KHe, a Hana3e ce Ha jeJHOM unany (3) KOopucTH ce MeTofia
Acype.

Kunematnuku Hemo3HaT unaH (3) ce mpormmpyje ¢ TaukoM S (Tauka Acype) Koja ce pobuja y
npeceky IpaBalja Be3HUX YWIAHOBA, aKO Cy MONYXKHH, a KaJa Cy KINU3HHU y IIPECEKy NpaBlLa KiIu3ama
okpenyTor 3a 90°. Ha Taj HauuH ce yBek go0ujajy Tpu Tauke S, S| u Sp, a u3albepe ce caMo jefiHa,
6110 Koja MoryhHOCT, y OBOM mipuMepy Tauka S (ci1. 8.1 mecHo).

a7 E E

Ca. 8.1: Kunemaitiuuka 2pyiia iipehe kaace (Meitiooa Acype)

Tauka S npunapa unany 3, Te ce MOy MHCATH jeHAYMHE 32 Op3uHe u yop3ama u3Mehy Tauaka
B, C, Du Sjep cy cBe Ha uctom unany. bp3una Tauke S ce ogpebyje u3 jennaunte:

- - -B .
VS =VB + VS , IOWTO je 6p3uHa Tauke B Hemo3HaTa meHa BPETHOCT ce U3pasu MPEeKo Tauke A, Te
jé: VB =VA + VB ¥ OBO C€ YBPCTHU Y IPETXOJHY je[HAYKHY TE je:

~ - A -B
1. v§=vA +VB +V§,

e o0e penatiBHe oOuMHe Op3uHe Tayaka B y ogHocy Ha A u S 'y ofHocy Ha B umajy ucre npasue,
. ~A -B  —
T). VB, v§ L AS.
. .- = =C .
bp3una tauke S ce oppebyje m mpeko C Te je: v§=vC+vs, a OpsuHa Tauke C je

-~ - -E . :
VC =VE + VC M Kaja ce 0Baj U3pa3 yHece y MPeTXOHA o0Hja ce:
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- -E -C
2. vs VE +VC + VS,

: -E -C  —
rfie o0e penaTuBHE OOMMHE Op3MHE UMajy UCTH NpaBal, vC, vS L SE.

Y npeceky jenHaunne (1) u (2) Ha numany 6p3uHa (cn. 8.2) nobuja ce 6p3uHa Tauke S. Capa ce
MOXe TIpeKo Tauke S onpenutn 6p3mHa Tayke D (OHa Tauka mpeko Koje ce Huje Aobmia Tavka
Acype S) Ha OCHOBY U3pa3a:

-~ - -8 . =S —

3. vD=VvS+vVD, rgeje u vp L DS,

4, \7]) /X —X.

Ha ocnoBy Tauke D moxe ce ofpenutu Op3uHa tTauke B unu C, cBe jenHo, Te je:

) . =D —
S.vB=VvD+VB, raeje vB LBD u
T :

6. VB =VA + VB (0Ba jeiHaunHa je Ha I1aHy Op3uHa Beh npeycraBbeHa).

Ha kpajy ce onpebyje 6p3una tauke C Te je:

- - -B . -B  —
7.vc =vB+vC,raeje vc L CB

- - -E . :
8. vCc = VE + vC (oBaj m3pa3 je Beh mpejicTaBIbeH Ha TIaHy Op3WHA).

1SD

Ca. 8.2: [1nan 6p3una (meitiooa Acype)

LES

Ha ucru Haunn kao u Op3une onpebyjy ce u yOp3amwa. [IpBu u3pa3 3a yOp3awe Tauke S

- +B -B - - A -A
onpebyje ce u3: as =aB +aSp +ast,I7eje aB =aA +aBnp + aBt, T€ CE 3aMEHOM J100uja:

-A -B -A -B
9.as=aA +aBn +aSn +aB¢ +ast.
- : -A -B  —
PenatuBHa HOpMasHa U TaHTeHIMjalHa yOp3ama uMajy usmeby cebe ucre npasue: aBn,asSn // SA
A -B —
" aBt,aSt L SA.
WHuTen3uretn 06a HOpManHa yOp3ama ce MOTY OfPEAUTH Ha OCHOBY BPEJHOCTH W3 IUIaHA

A (V/}g)z i aB :(Vi)z

Op3uHA a 27
P B~ BA ~ Sn sB

-C -C - -E -E
Hpyru u3pa3 3a yOp3ame Tauke S je: as —ac +asn +ast, Ime je ac =ag +aCn +act 4

3aMEHOM Y IPETXO/IHU U3pa3 fobuja ce:

-E -C -E -C
10. as = aE +aCn +aSn +aCt +ast, e je aCn,asn //SE u aCt aSt 1 SE.
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Y mpeceky jemnaunna (9) u (10) moGumja ce Ha mWwiaHy yb6p3ama (cn. 8.3) yOp3ame Tauke S.
Yo6p3amwe Tauke D onpebyje ce u3 jeqHaunHa:
2
S
. _(b)

a =
Dn DS

~ - -8 =S . -8 — N —
11. ap =as +aDn +aDt, 7€ je apn /DS, ,apt L DS,

- -D1 .- -DI —
12. aD =ap] +ap , rjeje aD1=0, ap //x—x.

D
-~ -D -D (V)Z»D——-D—
13. aB =ap +aBn +aBt, IVeje agn ];BD ,aBn//BD, aBt LBD u

-~ -A -A
14. aB =aA +aBnp +aBt.

T T 7] e
15. a =aB +aCn +aCt,neje a \e a //CB act LCB
C Cn +aCr.TAeje ag, === Cn C

- -E -E (E)z -E  — -E —
16.ac—aE+acn+aCt,rne]eagn: M6 ,acn//CE, act LCE.

//lSD
dl

CE

Ca. 8.3: I[1aan yop3arwa (meitiooa Acype)

Yraona Op3uHa u yraoHo yop3amwe uiaHna 3 fo0uja ce Ha OCHOBY jeIHAUMHA:

D B D B
\' \ a
o3 =B _YC g 2Bt act

g3 = , a cMep pema ckunu (ci. 8.4).
BD CB BD CB

-B
act -B
vC
C
®3
83 3
. b Ca. 8.4: Oopebusarve cmepa yzaore 6p3ume u yopaara 4aana 3
-D
VB
-D
aBt
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3aparak 8.1: Onpenuri KMHEMaTHYKE > TapaMeTpe MeXaHn3Ma Tpecava. ITo3naTu i Cy Topauu:
AD=0,09m, CE=0,13m, DF=0,30m, EG =0,25m, FG =0,52m, HG=0,45m, FH=0,13m,

HI=040m, Al=0,46m, oy =10s™" =const, ¢y =30°, @4 =225° u ¢5=30° (c1.8.5).

Ca. 8.5: Kunemaimiuurxa wiema mexanusma
iipecaya (3aoaitax 8.1)

Jennaunne 3a Op3une Tauke D u E cy:

1. VD=E-OJ2=0,91’H/S,;DJ_EI/I 2. VEZVD=0,9H’I/S,;E L CE.

Bpauna Tauke F ce onpebyje npeko tauke D (beHa Op3uHa je mO3HATA) M MOXKE TIPEKO Tayaka
G u H anu cy wuxose Op3uHe Heno3Hate. bp3una tauke G ce ofpebyje npexo E u Mmoxe npeko F u
H, anu cy muxose Op3uHe Heno3HaTe. Takobe, n Op3uHa Tauke H uma jeiHy no3HATy jefHAUUHY
(mpexko Tauke I), a Moxe u ipeko Tayaka G u F anu cy muxose 6p3uHe, 3a cajia, Hero3Hate. [TomTo
cy Tpu tauke F, G u H Ha jenHom unany (7) 3a Koje uMa 10 jefjHA TTO3HATA jeJHAUYMHA, KOPUCTH Ce
metopia Acype. Tauke Acype ce 1o0Hjajy y peceKky npapana 4iaHosa 5, 6 u 8. YcBojeHa je Tauka S
nobujeHa y nmpeceky uiana S u 8. JeqHaumHe 3a Op3UHE CY:

~  -D -F -D -F -~ -1 -H -1
3. VS VD + VF +V§, rne]e VF ,VS J_SD 4. VS VI+VH+VS rne]e vVH, VS J_SI
-~ -S )
VG—vs+VG rne]evGLSG 6.VG=VE+VG,FH6]CVGJ_GE,
S -G — - - -l -l —
7. VH—VG+VH rne]evHLHG 8. VH =VI+VH, rieje vH L HI,
~-H . - - =D . -D —
9. VF=VH+VF,F;[e]e VF ILFH wu 10. vE =vD + VE, raeje v LFD.

W3 nnana 6p3uHa (ci1. 8.6) rae je pasmepa Uy, = Lﬂ ofipebyjy ce uHTeH3uTeTH Op3UHA U
cm

0,066

yraoHux Op3uHa. IHTeH3uTeTH yraoHux Op3uHa cy: ®s = L =52 03 =0,22s
D
G E I
v v v
0y =t L4 g1 2 Y6 0266 sl g =T _ 0983 4sr 1 Viaoma
HG 0 45 GE 0,25 HI 0,4
. : @y AE
Op3uHa 4naHa 4 gobuja ce U3 pesanyje 3a MPEHOCHH OJHOC —= = —,
04
D -
04 = - C .CD _10- 009—6,9251.

AE 0,13
OnpebuBame cMepoBa yraoHnx Op3nHa MOKa3aHo je Ha e (ci. 8.8).
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Ca. 8.6: [1aan 6p3una (3ao0aitiax 8.1)

lm/s2

Y6p3ama ce jobujajy u3 miana yopsama (ci. 8.7) Koju je HaupTaH y pazmepu U, = | .
cm

JennaunHe 3a yOp3ama Cy:
11. ap =AD- co% =0,09-10° =9 m/s”, rae je ap // AD y cMepy Ka Tauki A.
12. ap = CE- (042‘ =0,13-6,922 = 6,22 m/s>, rae je ag //CE y cMepy Ka Tauku C.

- - - -F -D -F -D -F —
13. ag =ap +aFn +asn +aFt +ast, aFn,asn / SD y cMepy ka Taukama D u F, unrenzuretu

[Bf (&S
\4 v D -F —
HOpPMaJIHUX YOp3ama Cy: aFDn =FFTD=O,0147 m/s2 , agn :SSTF:Lz” m/sz; aFt,ast L SD

~ - I -H -I -H
14. ag =aj+aygn +asn +ayt +ast,

. -1 -H  —
7€ je: aHn,aSn /Sy cMepy ka Taukama [ u H, nHTeH3uTe T HOpManmHuX yOp3ama cy:

I (1)2 0,849 m/s? , all (V'IS{)Z 1281 m/s2: at.ae L ST
a = — =V, m/s ,a = =1, m/s ;aHtaaSt .
Hn = oy Sn Sy

-~ . -8 =S
15. ag =as +aGn +aGt,

S (V%)Z

N — N —
raeje: aGn / GS y cMepy Ka Tauku S, aG, = oS =5,586m/52, aGt LGS.

-~ - -E -E
16. aGg =ag +aGn +aGt,
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R s LS e
raeje: aGn / GE y cmepy ka tauku E, aGn ZEZOJ&S m/s“, agt L GE.

-G -G
17. aH —aG +adn +aHt,

. -G —_— G (VI(_}I)Z -G —_—
raeje: aHn / HGy cmepy ka tauku G, ay, = e =4,355m/s“, agt L HG.

SO | -1
18. aH—a1+aHn+aHt,

: — o =
rye je: aHn //HI y cmepy ka Tauku I, agt L HI.

-H -H
19. aF —aH +aFn +aFt,

o a0 FH H (VE)Z 2 M
rae je: afn // FHy cmepy ka Tauku H, ap, = H =1,335m/s“, aft L FH.

-D -D
20. aF —aD +aFn +aFt,
. — -D  —
e je: aFn // FDy cmepy ka Tauku D, aft L FD.

WHTEeH3uTeTH YraoHuX yop3ama cy:

D G
a a a
AR 13 566672 g =Gt 88 3505 N (R
FD 0,30 GE 0,25 HG 0,45
I
At 03
eg = ? 04 =0,75s"“, a cMepoBu cy ofipehenu Ha cnuny 8.8.

Ca. 8.7: [1nan ybp3amwa (3adaitiak 8.1)
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-1 og

Ca. 8.8: Oopehusarve cmeposa yzaonux 6p3una u yopaarsa (3aoaitiak 8.1)

3aparak 8.2: OnpenuTu 6p3uHe 1 yOp3amba KWHEMATHYKNX Tavyaka M WIAHOBA MEXaHM3Ma (CII.

8.9). Jatu cy mopgamu: U =?’1—m, oy =10 slu €7 =0.
cm

bp3una noroxcke Tauke B je:
1. vp =ﬁ3‘w2 =2,8m/s, :’B 1 BA.

bp3una tauke By Moxe ce ofpeuty npeko tauke B, tauka C npeko C; u D npeko F. 3a cse
Tpu Tauke By, C u D Hemocraje mo jefHa jefHauuMHa, Koje ce fo0Mjajy MpolIupemheM diaHa 4
TaykoM Acype S. Y npeceky OKpeHyTHX KiIu3HuX Op3uHa u3Meby Tauaka C u Cjp, kao u usmeby
tayaka B u B4 3a 90 © no6uja ce Tauka S. 3naun, Tauka S je JoOMjeHa HA OCHOBY YjaHOBa 3 1 5 Te
je:

-~ - -B -B4 . -B -B4 —
2. v§S=VB +VB4 +VS ,THeje VB4,vS LSBy4.

~Cl -

N o . -Cl -C —
3.v§s=vClr+vC +vs,raeje ve ,vs LSC, v =0.

Ca. 8.9: Kunemainiuuxa wema mexasusma

(3aoaitiax 8.2)
Bp3uHe ocranux Tavaka cy:
-~ -~ -5 S - -~ -F . -F  —
4. vp=vs+vD,raeje vp L DS, 5. vD =VF+vD,rjeje vp L DF,
- - <D . -D — e
6. vc =vD +vC,Taeje vec LCD, 7.vellx—x,
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8. i:d— = dby =2cm.
DB4 dby

Pa3mepa 3a miau 6p3una (ci. 8.10) je Uy, = 12m_/s , U3 KOjer cy ofipehy]y uHTEeH3uTeTH Op3UHA.
cm

C
v v

WHTeHn3uTeTn yraonux Op3uHa cy: wg4 = D=]é =2,697 57! , Mg = D=]1)3 =4375 57! , 4 CMEPOBH Cy [JaTH Ha
ciunm 8.11.

[Tnan y6p3ama (ci. 8.12) ce qobuja Ha OCHOBY jelHauWHA 3a yOp3ama Kopucrehm pasmepy

2
1
U, = Om/s .
lem

9. ag = AB- (o% =28m/s?, e je: ap // AB y CMepy Ka Tauku A.

-B4 -B -B4 .
10. as—aB +ak +aSn +aB4 +ast ,raeje: ax =2-wmy - VB4 1051m/s , cMep je oapeben

B4
B4 ("s )Z

-B4 —
Ha ckui (ci. 8.13), ag ? =14 m/s? , aSn //SB4y cMmepy Ka Tauku B4 1
4

-B -B4 —
aB4, ast L SB4.

(06 vD

Ca. 8.10: I1aan 6p3una (3aoaitiax 8.2) Ca. 8.11: Oopebusarse cmeposa y2aoHux bp3una
u ybp3aarva (3aoaitiax 8.2)

-C -Cl -C
9. as —ac1 +asp +aC +ast,

Cl -C  —
e je aSn SC = 3,05 m/s? a3n //SC y emepy Ka Tauku C, acC , ast L SC.

-~ -8 =S
10. aD—as+aDn+aDt,

S
s = -
raeje: apn // DS y CMepy Ka Tauku S, aDn DS =3,02m/s“, apt L DS.

U

-F -F
11. aD —aF +apn +aDt,

F
o WEf P
rae je: apn / DFy cMmepy Ka Tauku F, aFDn = II))F =3,61 m/s? ,apt L DF.
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-~ -D -D
12. ac—aD+acn+aCt,

D

. -D  — ( )2 -D  —

e je: acn // CDy cMepy Ka Tauku D, al - e =552 m/s2 ,act LCD.
] y py Cn

CD
13. gc//x X,
14, — DC de = d'b'y =492cm.
DB4 b'

act -2 apt %)
Yraona yOp3ama cy: €4 = C=D =136,845"7, gg= oF =180s™“, a CMEpOBM CH IaTH Ha CIIMLH

8.11.
c' ;C
Pa
;B4 Ve
4 $ 1F

0)4 ab

ak ¥ '

- De d

VB4
Cn. 8.13: Kopuonaucogo Ca. 8.12: I1aan ybp3arba (3aoaitiax 8.2)

yop3amwe (3adamak 8.2)

3agarak 8.3: Onmpemutu KuHemaTWuke napamerpe Mexanmsma (ci. 8.14). Jlatu mopamu cy:
0,lm

,0)2=2OS'1 u g =0.
lem

UL =

bp3uHa Tauke B Ha moroHckom unany 2 je:
1. vg =AB- 0y =2m/s, vB L AB.

Tauka S ce no0uja npolKMpenheM Be3HUX unanosa 3 u 5 e je:
-  -B -C -B -C  —
2. VS VB + VC + VS, Teje vC, VS LSB
-D1 -D . —-DI
3. Vs =VD1 +VD +VS ,TAEJe VD ,VS J_SD, vp; =0.
Capia ce onpehyje 6p3una Tauke E (mpeko Koje Huje foOujeHa Tauka S) y ofHOCY Ha Tauke S u
F:
-S
4, VE —Vs + VE, 7€ je VE LES

-F .
5. VE=VF+VE,FH€]€ VE_LEF.
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. [0) R -
Bp3una Tauke F ce 00uja 13 MPEHOCHOT OIHOCA WIaHOBA 2 1 7: —2 = R—7 = o7 =125 e
w7 2
je vp = GF-w7 = 2,7m/s . Bp3uHe ocTaux TauaKa cy:

-~ -  -E . -E —
6. vc =VE +v(C,raeje vc LCE,

- - -B . -B  —

7.vc =vB+vC,Taeje vc LCB,

g EC ¢ _ d=118 cm.
ED ed

Ca. 8.14: Kunemamiuuxa wiema mMexausma
(3aoaitiax 8.3)

Pa3mepa 3a nnau Op3uHa je Uy, = lzﬁ , m3 Kojer cy onpebenn narensuretn (cin. 8.15).
cm

Vg -1 VC -1
WHTEH3UTETH YraOHUX Op3uHa Cy: 03 = ===4,41s", 04 ====2,20s"" 1
CB CE

F
\'%
wg=—L =8,69s7.
EF

8.15: I1aan 6p3una (3aoaitiax 8.3)
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9. Inau y6p3ama (ci1. 8.16) ce mobuja Ha OCHOBY jeTHaYMHA 3a yOp3ara Koja Cy HallpTaHa y

2
1
pasmepu U, = 0m/s . og Tauke B ka A.
2cm
()
-B -C -+B -C B C

10. as —aB +aCn +asn +acCt +ast, rfe je: Ay, === -839m/s? |
CB

J— . - J— -B —
ag = AB- m% = 40m/s?, e je: ap // AB ycmepy acn // CBy cmepy opf Tauke C npema B,

C (Vg)z

g — -C .
ag, = < 0,62 m/s”, asn //SC y emepy opf Tauke S npema C ( yOp3ame aSp je CympoTHOT

-B ~-B -C
cMepa of yop3ama aCn), aCt M ast Cy ynpasHu Ha npasai BC.

D

D1 =D (V )2
D _VS/ _y48m/s?

SD

-D -D  —
11. as = aDl +aSp +ap +ast, e je: ag, = , aSn //SD y cMepy Off Tauke

-D1 -D
Smpema D, ap u ast cy ynpasHa Ha npasari SD.

-~ .S -S
12. aE—as+aEn+aEt,

b
. \d R — -S  —
e je: a%n = % =291 m/s? , aEn //ES y cmepy on Tauke E npema Su agt L ES.

-~ -F -F
13. aE—aF+aEn+aEt,

oo oF (VE)Z 2 F o EF X TP
rae je: ap, = = =0,20m/s“, agp // EF ycmepy o tauke E npema Fu agt L EF.

~ -E -E
14. ac—aE+a(3n+aCt,

o 4B (Vc)2 2 -E -E  —
raeje: agq, = E =2.86m/s“, acn //CE ycmepy optauke Cnpema Eu act L CE.
-B -B
15. ac —aB +aCn +act.
Osga jenHaunHa je Beh HalpTaHa npu ofgpebuBamwy Tauke S.
Y6p3ame Tauke D ce obuja nponopuujom (Km Npeko 6p3uHe Tauke Dy )

16. E__C=e__c e'd=22cm.
ED e'd
Yraona yOp3ama cy:

B F
a a a
Ct -2 Ct -2 Et -2
g3 ====18,608s“, g4 ====73,728“ " g === =86,905"“, a CMEpOBH Cy JaTH HA CJINIH CII.
3 CB 4 CE 6 EF P ya B

8.17.
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- 4 EF
aE
1EC Pa - f
aF
d
an
ac
bY
[8a)
N
J_BC s' - ¢
Ca. 8.16: I1aan ybp3arva (3adaitiax 8.3
-F -B
aft C_vc
E ¥ —
VE
b 4_C act
£6 ~E [ T3
E vC e
04 3
6| o6 o4 L3
a
Ct Iy
F

Ca. 8.17: Oopebusarse cmeposa yzaoHux opauna u yop3aara (3adaitiax 8.3)

3anarak 8.4: ['ecoMeTpHjCcKH MoAaM MEXaHW3Ma JATH CYy Ha KHHEMATHYKO] IIeMH (CII.
10cm

8.18) koja HaupraHoj y pasmepu Up = . Iloroncku unman 2 ce oOphe jenHOIMKOM

lcm

yraoHOM Op3WHOM ) =10 s7L. Onpenutu Op3uHE Ha3HAYHHX Tadaka, yop3ame Tauke D,

Im/s
yraony Op3uHy U yraoHo yOp3ame unana 4. Ilpemopyudene pasmepe cy Uy = 5
cm
2
U, = 10m/s .
1 cm

3a tauke C, D u F Mory ce HammcaTu camMo 10 je[iHa jeHa4nHa HAa OCHOBY KOj€ C€ MOTY
onpenutu Op3uHe M yOp3ama. Jla Ou ce moOumie jomr mo jeiHa jenHauyMHa, wiaH 4 Tpeba
npomupuTi Taukom Acype S (ci. 8.19).
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Ca. 8.18: Kunemaitiuuka uiema mexanusma Sn. 8.19: Oopehusare mauke Acype
(3aoaitiax 8.4) (3aoaitiax 8.4)

JennaumnHe 3a Op3uHe
1. vg =AB-0©, =0,20-10=2m/s, vg L BA.
-B -C

2. ;S=;B+VC+VS,
~ - ~F1 -F
3. V§ =VF] + VF +V§,
~ - =S
5. VD=VvS+VD,
~ - -E
5. VD=VE +VD,
~ - -B -B —
6. vc=vB+vCc, vc LCB,
~ - 4D -D —
7. vc=vD+vc, vCc LCD,
- - -C
8. VFE=vC +VF,
9. vE//x—x (ci. 8.20).
d
.F
Vo VF
Cn. 8.20: I[1nan 6p3una
. (3aoaitiax 8.4)
VB b
Pv —VC
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HNHuTen3uTeTn Op3uHa

VC=PVC-UV=4,2cm-1m/s—2,lm/s,
2cm
— Im/s
Pyd-U, =78cm- =39m/s,
cm
— 1
vp =Pyf-Uy =985cm- ™5 _ 402 s,
2cm
— 1
ngcd-UV=6,7cm- m/S=3,35m/s,
2cm
— 1
ngcb‘UV=0,36crn- m/S=O,18m/s,
cm
v§ =sc-Uy =2.414cm Im/s 1907 mss
2cm
vg =sf-Uy =637cm Im/s 3 18ms,
2cm
v =G5 Uy =478 om- 5 _ 0 30 s,
cm
E _3. _
vp =de-Uy =39m/s

Yraona Op3uHa

vg 39

ﬁ 0 7 =14,44s 57 , 2 CMEp je y CYIpOTHOM CMepy O]l 00pTama Ka3asbKe Ha cary.

w5 =

Jennauunne 3a yop3ama

10. ap =H3-(o§ =0,20-107 :20m/52, e je: aB // AB y CMepY Ka Tauku A.

-B -C -B -C
11. as—aB+aCn+asn+aCt+aSt,

C
e o L
B _Ve) 018" o 2 e bS] 12077 oo

a a
Co ™ cB 0,8 Sn o sc 011
F 2
-F -F1 -F F V)2 318 2
12. a5 =aF] +aSp +aF +a , g, = S/ -2 =36,11m/s“.
S =aFl+asn +aF +ast, Agy =T o=
S 2
- -S -S S (V )2 2.39 )
13. ap =as +apn +a , an. = D/ _ =27 927 2m/s ,
D =as+aDn+aDt, apy =~ o= ="7)
E 2
~E ~E VD 3,9 2
14, an —aE+aD +aDt, af =D/ _ > =54,32m/s”.
D " PhTTDE 0,28
HNuTen3ureTn yop3ama
— 1
ap =Pd-U, =2,72cm 01 _ g 06 mys?
3cm
al =P,f5-U, 2,67 em- 105 g9 mys2

3cm
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8 METOJA ACYPE

E
a
VYraono yOp3ame je &5 =%=%:485 s72,a CMep je Y CYNpOTHOM CMepy Of cMepa
DE s

oOpTama Ka3aJbKe Ha cary.

/

S

Ca. 8.16: I1aan ybp3arva (3adaitiak 8.4)
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9. YBOA Y AMHAMUYKY AHAJIU3Y MEXAHU3AMA

9. YBOA Y INHAMMNYKY AHA/IN3Y MEXAHU3AMA

JInHaMyuyka aHanu3a MexaHW3aMa MpoyvaBa KpeTama MeXaHh3aMa M y3pOKe TOT KpeTama.
Y3poK IpOMEHE CTamba MeXaHW3aMa, OMJI0 MUPOBamka WM KpeTamwa cy cuie. Kag kaxemo cuie,
MHUCIIMO 1 HA MOMEHTE U CIIPETrOBe CUla.

Mexanm3mu ce Kpehy moj iejcTBOM cuila ¥ MOMEHaTa (CIperoBa) cuiia, Te ce y AMHAMUAYKO]
aHanu3u ofipebyje y3ajaMHa 3aBIUCHOCT CHJia KOje JIEY]y Ha MEXaHU3ME U HBHXOBOT KPETama.

OcHOBHE NapaMeTpy KOjUM ce OIACYje JUHAMHUYKO CTalke MexaHu3ama cy: cune F, MoMeHTn
cuna M, pap A, chara P, enepruja E utn. ITopen ocHOBHUX mapameTapa AMHAMUYKO CTambe ce
OliCyje W TMoKa3zaTe/bUMa Kao WLITO je CTEeNeH KOPUCHOCTH T, JUHAMHYKH KOe(UIIHjEeHT
pacniozene ontepehema Tpakropa Ag UTH.

Ha Mexanusme penyjy: pajHe cuie, cUje TEXHHAa WIAHOBA MEXaHHM3aMa, CHIIE TPEma,
MHeplyjajHe CUile, Culle MPUTHCAKa Y KHHEMAaTHUYKUM Be3aMa, OTIOPHU CPEJIMHE U MOTOHCKE CHIIE.
Cune ce MOTY NOAIETINTH Ha CIOJBAIIE (OTHOPH CPEAINHE, TEXNHE M TOTOHCKE CUIIE) M YHYTPAIIhe
(cume Tpewa, WHEpUWjalHE CWIe W CWIe MNpPUTHCAKa Yy KHHEMaTHYKuM Be3zama). [Ipema
HanamMOepoBOM NpHHLMIY HHEPLMjaJHE CHIE ce NpH AUHAMUYKO] AHAIM3M MOTY CMaTpaTH
cnombalimbuM cunama. Crosballke cuile U3a3MBajy peakiyje y MeXaHu3My, OJHOCHO H3a3WBajy
YHYTpAIllEbe CUIIE.

Cune Ha MEXaHU3MIMa MOXKEMO TIOJIENTUTH Ha KOPHCHE (pajiHa M MOTOHCKA CHJla) U HEKOPUCHE
(TexxmHe wimaHoOBa M oTnopu cpeaune). Cuiie Tpema W MHEpUUjaHE CUile MOTy OWTH U
KOpUCHE U HEKOPHCHE, 3aBUCHO JI0 MEXaHU3MA.

9.1. Pagne cune F

Papne unu texHonomike cune F cy one KopucHe cuie 300r KOjUX MEXaHU3MU 1OCToje U Kpehy
ce. To cy otnopu Koje MexaHu3aM Ipu KpeTamwy Tpeda fia caBiaja u a npu Tome 00aBu HeKH, HaMa
KOpHCTaH paj. PajHe cune Mory OuTH cTajqHe U NPOMEHIbUBE 3aBUCHO OfI PAJiHE yJIOTre MeXaHn3ama
(cm. 9.1). Kop Mmexanm3ama koju cy ontepehern HenmpoMeHIbIBO (CTaTHO ), KO KOJHX je Y TOKY pajia
MeXaHu3Ma pajHo ontpeheme cTaTHYHO, pajjHa CHJIA je KOHCTaHTHA (IOf a), aKo ce 3aHeMapH
MEepHOJl YXOflaBama U 3ayCTaB/baba MEXaHU3Ma M MAllMHE. Y NEPHOAY YXOfaBama U 3ayCTaBlbaba
ontepeheme je yBeK NPOMEHJbHMBO, alll Tpaje KpaTkKo, Te ce KOi BehuHe MexaHum3ama Moxe
3aHEMAPUTH.

Mexanu3am mpece 3a CEHO Ha NMOYETKY je HeonTepeheH, a Kako ce HaKylba OuIbHA Maca Kojy
MexaHu3aM caluja, pajjHi OTIOP pacTe, CBe 10K ce 0ajla He HalpaBy, Kaja je OTIOp MaKCUMAaNaH i
Kaja nouyntbe HoBU muKnyc (mox b). [ogu3nn MexaHW3aM ca HOLICHNMM PacTypauyeM MHUHEPATHOT
byOpuBa Ha moueTky paja uMma Hajpehy pagny cuiy. M36anuBameM MuHepaidHor hyOpuBa pagHu
OTIIOp ce cMamyje a O Ha Kpajy 6mo jemHak Hynu (mox ¢). Ortnop muyra npu opamy (mop d) je
BEOMa MPOMEHIbUB 300T Pa3NUUYUTE CTPYKTYpe M CAOUjEHOCTH 3€MJbMINTA, TE€ j€ NPOMEH/bHBO
pagHo ontepehewme mopu3HOr MexaHusma. PajHe cunme Mory OWTH MPOMEHIbUBE M MO CMEpY
JleNoBamka, Kajja MEXaHn3aM, Ha IpAMep HEIlTO Typa, a 3aTHM Byde (€).

WHTeH3uTeTH pajHuUX cuia Cy YIJIaBHOM MO3HATH, KAO M KapaKTep HHXOBE MPOMEHE.
MebyTum, Ko MHOTUX MeXaHW3aMa IOJbOIPUBPEHNX MalllHA HE MOTY C€ YBEK ca CHTrypHollhy
NpeABUAETH BPEIHOCTH PaHUX OTIOPA, KA0 HU 3aKOHUTOCTU HUXOBE npoMere. [lomonpuspente
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9. YBOA Y AMHAMUYKY AHAJIU3Y MEXAHU3AMA

MaIlIfHE Cy Y KOHTAKTy Ca HEXOMOT€HHM MaTepHjannMa: 3eMJbUIITEM, OMbHOM MacoM, 3pHACTUM
NPOM3BOAMMA UTH. 3EMIBHLITE je HEYje[lHauUeHe BIaXKHOCTH U Ca0MjeHOCTH Ha je[IHO] UCTO] NapLesn
1 y TOKY jefHor ucror npoxopa. [Topes Tora, nosonpuBpeHe MalldHe Y TOKY paja Hauiaase Ha
HETOXKeJbHA CTpaHa TeJjla 1 mpuMece (KaMeH, 3a0paHi JIe0 MallliHe UT.) IITO H3a31Ba IIPOMEHIbIBA
ynapHa ontepehema. Crora MoXeMO CMaTpaTé Aa Cy MEXaHM3MH MOJbONPUBPEHUX MAIINHA,
yIJIaBHOM onTepeheHn NpOMEHbUBAM PAJTHIM CHIIAMa.

FOV FOV4 FOV4 FOOA FOO

s (m)

sm) s(m) s(m) s(m)

a) b) c) d) e)
Ca. 9.1: [Ipumepu iipomere paoHux cuaa y oKy jeOH02 paoH02 YUKAyca

a) ciuaiuuyre, b) iipomenmuse ca iloseharbem, ¢) UpomeHmuse ca oladarem, d) jeOHOCMEPHO
ApOMeHbUBE, €) HAUSMEHUYHO TPOMEHbUBE

9.2. Texxune G

Texune G cy cuie Koje ce jaBibajy 300r Maca 4JIaHOBa MEXaHW3aMa U yTHUIAja 3eMJbUHE TEXE.
YBek cy BepTUKalHE M YCMEpEeHe Ka Jl0jle, a UHTEH3UTETH ce ofipebyjy kao mpousBoj Mace u
rpasutanuje: G=m-g, rae je g=9,81m/ s?. TexXnHe WIAHOBA MeXaHH3aMa enyjy y BbUXOBUM
cpenuuTuMa. TexkuHe cy y IpUHIMIY HEKOPUCHE CUIle, Koje ce He Mory u3behu, Beh caMo cMambuTH.
Kapa je Mmexanu3zam manux rabaputa, TeXKHUHE ce MOTY 3aHEMAPUTH.

9.3. Cune tpema F,

Cune tpewa F; ce jaBmajy u3meby aenosa koju ce mehycoOHO kpehy. Y mpuniumy cy
HEKOPHCHE CHIIE, KOje Ce MOTY CMalHTH OAroBapajyhuM KOHCTPYKTHBHIM OOJIMKOM JIETIOBA KOjH ce
Kpeby, onroBapajyhum Marepujaniuma 1 aieKBaTHUM IOIMa3UBAbEM.
OcHoBHe 3akoHe 0 Tpewy fao je Kynou (Charles Augustin Coulomb, 1736-1806. rop.) Koju
riace:
— OTIOp Tpewa je KoJIMHeapaH ca Op3MHOM ally je CYPOTHOT cMepa,
— WHTEH3UTET OTIOpa Tpema je cpa3MepaH MPHUTHUCKY Tela Ha TOJIOry (YIpaBHO]j CHIH
NPUTHCKA Ha TIOAJIOTY) U

— Koe(HUMjeHT Tpewa NMpH KIU3amkby |1 HE 3aBHUCH Off BEIMUYNHE JOANPHUX MOBPIINHA TEJa,
Beh camo o Bpcre MaTepwjana, CTENEHa XpamaBOCTH JOAUPHUX MOBPIIMHA M HAYMHA
MOAIMa3UBabA.

Hauun oppebuBama cuna Tpema 3aBUCH O BPCTe KpeTama m3mehy TOAMPHUX MOBPILIKHA.
Kapa ce jaBiba Tpeme Kim3ama (ci1. 9.2a) cuna Tpemwa je jefHaka:

Ft ZFn B P P PPN (91)

rne je F, (N)— cuna koja ienyje HopMasiHo (ypaBHO) Ha MOBPIIMHY Ha KOjOj e jaBiba Tpewe, W (-)
— KOe(hUILjEHT TPea KIN3ama.
Kapa ce jaBiba Tpeme KoTpibama (ci1. 9.2b) ciia Tpema jenHaka je:

Ft = Fn . f PR P PP P P PP RRY (92)



9. YBOA Y AMHAMUYKY AHAJIU3Y MEXAHU3AMA

rfe je f (-) — KoeuiujeHT Tpema KOTpibamba, KOji ce ofjpehyje ekcrnepuMeHaTaiHo.
Kon kmHemaTmukux 3rio6HEX mapoBa (ci1. 9.2¢) jaBiba ce CJI0XKEHO Tpeme (Kim3ama o
KOTpJbama), a CUJIa Tpema ce ofipebyje eKnepruMeHTAaIHO.

~__ X )]
F v ®3
2 Ny v 9 V. t -, p £ 'a
< 2 3 3
Ft Fn 3 Ft y Fl’l 3
a) b) c)

Ca. 9.2: Tperwe kauzara
a) kausarbe, b) Koitipwarse, ¢) caoNceHO Kpeitiarbe

Ha BpepgnoCcT KoedumujeHTa Tpema | YTHUY MHOTOOPOjHM (pakTopm: BpcTa MaTepHjaia
NOMMPHUX IIOBPIINHA, KBAJIUTET IOBPIIMHCKE XpalaBOCTH JOAUPHUX IIOBPIINHA, BEINYUHA 3a30pa
m3Meby JOIMpHIX MOBpIIMHA, HAUMH MOAMAa3MBamka, BPCTa Ma3nBa U Op3WHA KiM3ama. BpegHocT
Koe(unujenTa Kim3ama L ofpebyje ce eKnepuMeHTalIHO Ha cTpMoj paBHH (ci. 9.3).

Ca. 9.3: Koegpuyujeniu itiperba kausarba 1

Kapa je cua Tpemwa Mama o komnonente F' (F; < F') Tesno ke knu3uTu no crpmoj paBau. 3a
BpeaHocT Fy > F' Teno he mupoBaty, a kaja je F; =F' Teno Ha cTpMoj paBHY he OUTH Ha rpaHuLK
Kim3ama. [Ipema jemHaumanm (9.1) mmamo fa je Fp = F''u, a kajia je rpanmna knm3ama (F =F')
nobuja ce ga je F'=F'"u, opakie je:

3Hauu f1a KoeUIUjeHT Tpebha KIn3ama | IpeJicTaBba BPEJHOCT TAHI'eHCa YIila Haruba cTpme
paBHH, Kajia he Tes10 OUTH HA TPAHUIM KITH3aHkha.

[Tpn KoTpsbamy TOYKA MlechOpMUIIIE ce MOJIOTa, Te CHJIa Tpemwa Aenyje y Tauku A (ci. 9.4).
Otnop u peakuuja nogsore je cuina F' Koja genyje y Tauku A ¥ jefjHaKa j€ CIOJballlkho] CUI F
KOjoM Touak jenyje Ha momiory (F'=F). Cuna tpema npema jegnaumnu (9.2) je F =F''f. U3
napajnenorpama cuia, cliefiu ja je cuna tpema F, = F'sino, ofakie je:

Fi  F'sina _

_F F' cosa

BEOL. ettt (9.4)

Bpepnoct mapaMeTpa X je Beoma Manla y OfHOCY Ha MOJYNPEYHHK To4yka R Te ce moxe
YCBOJUTH Jla TAaHT€HC YIJIa oL IPeficTaB/ba OHOC IapaMeTpa X 1 Nojynpeunnka R ofakie cnepu fa
j€ Koe(bullujeHT Tpemha KOTPpibaba jeHaK:
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BpepHocT KoeduimjeHTa Tpewha KOTpibaba je Mamba Off Tpema Kim3ama (f < ).

Cune Tpema cy, yrJIaBHOM HEKOpPHCHE W 3HATaH JIeO EHEpruje ce KOPHUCTH 33 HHXOBO
caBiajaBame. MebyTuMm, y HEKHM cClydajeBUMa C€ HAMEPHO WM3a3MBajy, HIpP. KOJ KaWIITHUX
NPEHOCHUKA, (PPUKIMOHUX TOUKOBA, (DPUKIMOHUX JIAMEJIACTHX CIIOJHUIIA UT]. T/Ie Ce CUJIOM TPeHha
npeHocu oOpTHU MoMeHT. Cuiie Tpewma HaMEepHO Ce W3a3MBajy M KOJl KOYHHIIA Tie ce KOPUCTe 3a
CMamee Op3UHE WK 3ayCTaBIbakhe MEXaHU3Ma 1 MAIlIMHE.

Ca. 9.4: Koepuyujeni itiperba koitipsarsa

9.4. Unepuujanne cune F;

Wuepuujanue cune F cy yHyTpallilke cuie Koje ce jaBibajy NpH mojaBu yOp3ama. [Ipema
HanemMOGepoBOM MPUHUUIY MOTY C€ CMaTpaTH chnojballmbuM cuinama. [Ipm Kperamy unaHOBa
MeXaHHu3Ma YBEK Ce jaBibajy yOp3ama, ma mpema ToMe U uHepuujanHe cune. [Ipema apyrom
IbyTHOBOM 3aKOHY MHepLHujanHa cuia F jeHaka je IpoM3BOAY Mace wiaHa U yOp3ama HEroBOr
CpequIITa:

rie je: m (kg) — Maca TIOKpETHOT WiaHa MEXaHHW3Ma, a(m/sz)- yOp3ame CpefiuiITa MOKPETHOT

YJaHa MEXaHU3Ma.
MoMeHT uHepuujanHe CUe je:

-

Mi = g €, mrvveeeeseeeeesssssssssssssssmmssssssssesesessss s ssmmssssssseseesss e (9.7)

e je: Jg (mm2 -kg) - aKCHjaJTH MOMEHT MHEPIMje CPEUIITA TIOKPETHOT YiIaHa. s(s_z) - yraoHO
yOp3ame 4aHa MEXaHU3Ma.

WuepiyjanHa cuia uMa UCTH TpaBall Kao yop3ame CpefiuiiTa, a CyIpoTHOT je cMepa. [Tomoxaj
HalaJHe Tauyke WHeplUjalHe CHUIe 3aBUCH Off TOra KakBO KpeTame HMMa 4YiaH, Aa JH je:
TPAHCIATOPHO, JEAHOIMKO KPYXKHO, IPOMEHIBUBO KPY>KHO WITH CIIOXKEHO KPETaHE.

Hanagna Tauyka wHepuujajgHe CUJie WiaHa ca TPAHCIATOPHMM KpeTameM je y CPEeluIuTy S
(rexwmry) unana (ci. 9.5). [TpaBai uHepIHMjaiHe CUlle je mapajesiaH ca MPaBIeM KIH3amba.

Hananna Tauka vHepuujaigHe Cujie WiaHa KOjU UMa jefHOJTHKO KPYXKHO KpeTame je Takobe y
cpenumity S unana (ci1. 9.6). OBaj wiaH UMa caMO HOPMAJHO yOp3ame, Te je MHepIujanHa Cuia y
NpaBIly WiaHa, a CyIPOTHOT je cMepa off yOp3amwa CpefIuIITa.

3a wiaH Koju IMa MPOMEH/LHBO KPYXKHO KpeTame (ci1. 9.7) HamajjHa TauKa ce IoMepa n3 Tauke
S y Tauky K 3060r Tanrennujansor yop3ama. M3 jeqHakocT MOMEHaTa 3a Tauky S gobuja ce:

MZF D ZJg 6. rveeeeeeeeeeseseessessssssssmsssssssssseeessessssssssssssssnssssssseeee (9.8)
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MowMmeHT uHepuuje jefHak je: Jg = p2 -m, e je: p (mm) - MONyNpeYyHNK MOMEHTA NHEPIIH]e.
[TonynpeyHuk MOMEHTa HHEPILHje Maca p 3aBUCH CaMO Off paclopefia Maca Ha €JIEMEHTY, a He Off
EroBOI KpeTama, a jJo0Huja ce eKCIEepUMEeHTAJTHUM MepewmeM. [locToju Buime Meroma 3a
oflpebuBame MONyNpeuyHHKa MOMEHTa WUHEpLHje, a HajjeJHOCTaBHUja je MeTofa KJiaTHa.
[MTonynpeyHuk MOMEHTa MHEpPLHje NehHHAUIIIE Ce Y OTHOCY Ha HEMIOKPETHY ocy (OcaoHan A) uiu y
OJTHOCY Ha HEKy Of Tauaka Ha WiaHy.

v

Ca. 9.5: Unepyujanna Ca. 9.6: Unepyujaana cuna Ca. 9.7: Unepyujaana cuna Ha
CUNA HA KAUSHOM YAAHY HA YAGHY €A JeOHOAUKUM YNaHY Ca UPOMEHDUBUM
KPYICHUM Kpellarbem KDYXCHUM Kpellarbem

Axo ce y jennaunny (9.8) yBene 3aMeHa 3a MHepaNyjaiHy CUITY, aKCHjaTHi MOMEHT MHEpIHje 1
A

a
yraoHo yOp3ame gobuja ce: m-ag-h = p2 -m % TanreHumjanHo yop3ame cpeuiTa S ce MoXe

M3pa3uTH Kao: a?t =ag-sina (cm. 9.7), Te npeTXoHN M3pa3 HaKOH cpehuBama je h = SZI_SOL- 2.
Pacrojame e uzmeby Tavaka S u K jegnHako je: e =— KOje ce yHece y MPETXO[HY jeTHAYuHYy U
sina
o2
nobuja fia je: e = el Tapa je pactojate HanagHe Tauke UHEPIMjaIHE CUIIE jeTHAKO:
_ 2
AK = ASH e e (9.9)

W3 jemraunne (9.9) ce MOKe 3aKIbYUNTH Jla OJNOXKA] HAa[HE TaUKe MHEPIUjaHe cuiie (Tauke
K) He 3aBucu o KpeTamwa 4iaaHa, Beh 3aBucH caMo off pacnopefia Maca Tora unana. Tauka K ce
Ha3uBa XajreHCOBUM LIECHTPOM OCLMIIOBaMA.

HamajHa Tauka mHEpuyMjaiHe Culie Ha WIaHY ca cI0XKeHHM KpetameM (ci. 9.8) je y Tauku N
KOja 3aBHCH O oJoxkaja cpeguiira S, Tauke K u yOp3amwa Tauaka Ha uiany. Tauka N ce joouja
TaKO LITO Ce U3 CPEMIUIITA WIaHa (Tauke S) MoByYe Mpasal yop3ama OHE TauKe Ha WIaHy Y OJHOCY
Ha Kojy je medmnucaH (ofmpebeH) MOIympevyHuK
MoMeHTa uHepuuje p. Heka je y oBom mpumepy
MOJYIPEeYHNK MOMEHTA MHepuuje p feuHuca y
OJIHOCY Ha TaukKy A.

Ca. 9.8: Huepuyujanna cuna Ha 4AaHy ca CAONCEHUM
Kpeliaroem
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W3 Tauke K ce moByue nmpasar Koju craja Bpx yop3ama Tauke A (2, ) u cpepuiura S (mpasar
yOp3ama ESA) ¥ IJIe ce ceve ca TpaBleM yop3ama Tauke A (ap ) U3 Tauke S g0o0Hja ce HamajHa

tauka (N) usepuujanse cune F . [Tpapan uHepiujaiHe cujie je HCTH Kao i yOp3ama CpefiiiITa ag,
a CyIIpOTHOT cMepa.

Wuepimjante cuie ce y TOKY jeIHOT paHOT MUKITyca MEhajy 10 MHTEH3UTETY, TIPABILy U CMEPY,
OHAKO KaKO Cce Mewajy yOp3ama. YTJIaBHOM Cy HEKOPHCHE CWJIE U TeXHba je fia Oyay LITO Mame.
MehyTum, moHekaj ce HaMEpHO CTBapajy ycloBu fja 6yny Behe, jep ce Kopucre 1a 06aBe HaKu paj,
HIIP. 32 pacTpecame cllaMe Ha ClIaMOTpecy KUTHOT KoM0OajHa, 3a cenapalujy 3pHa y Tpujepuma u
CIIMYHO.

9.5. Cunte npuTHCaKa y KHHeMATHYKHM Be3ama F ,

UnaHoBM MeXaHU3Ma Kao U CBU APYTH JICIOBH Y MalllMHaMa JIeJyjy jelHA Ha ipyre ofipeheHum
IpUTHCIUMA (CHIaMa).

Cusle IpUTHCAKA y KHHEMATHUKHM Be3aMa F12 3aBUCE Off [IEjCTBA CIIOJbAIIHHX CHIA I BPCTE
KnHeMaTHJKuX Be3a. [Ipema Tpehem HbyTHOBOM 3aKOHY (3aKOHY aKije W peakije) CIoballlbhe
CUlie M3a3UBajy YHYTpallie, Tj. M3a3WBajy cuiie y KMHeMaTHukuM Be3ama. [Ipu Tome je cuma
peakuuje F2 mcra 1O HANagHO] TAYKH, MHTCH3MTETY M HANAJHO] JHHH]A Ca CHIOM aKIjije Fl, a
CYIPOTHOT cMepa Off K€, Tj. Fi=-F3 .

Peakiuje Ha crioibamime cuile MM CUJIe MPUTHACAKA Y KNHEMATHYKAM Be3aMa Cy pas3jInyuuTe 3a
pa3nMynTe BpCTe KHHEMATHUKUX Be3a.

3a TpaHcIaTOpHE KHHEMATHYKH Nap KOjH IMa Y TAYKA A POTAIOHY MOTEHIUjaIHy Be3y (WIaH
3) (cn. 9.9a) wnaH 2 npuTKcKa wiaH 1 ca cuioM ?2,1 ,a unaH 1 fieyje Ha 4iIaH 2 ca CUJIOM 131,2 . OBe
JIBE CUJIE Cy YIpaBHE Ha IpaBal] KIM3amba X — X , ICY]y Y CPEAMIITY WIaHa, y TAYKH A, ACTE CY 1O
NpaBLy ¥ HHTEH3UTETY, & CyPOTHUX CY CMEPOBA, Tj.

131,2 = —132,1 e e e ee— e e et e e e e et et et e e et et et et e st et et e e st et entereste s eneeresaenes (9.10)

To mcTo BaXn ¥ Kaja je WiaH 1o KoMe ce Kim3ad Kinu3a nokperad (ci. 9.9b). Cune npuTrcka
JIeNyjy y KHHEMAaTHYKOM 37100y A, yIIpaBHE Cy Ha IIpaBall Kin3amwa 1 ofiHoc je F32 =-F23.

o3 =
N\

< | B

N
2
\éA {

\T F2
a)

b

b)
Ca. 9.9: Peaxuuje y itipancaaitiopHOM KUHEMATHYKOM Hapy
ca HOWEHUUJANHOM DOTLAUUOHOM BE30M

3a mpoyxeHu TpancaaTopHu Kunematnyku nap (cn. 9.10) mopen cune mpuTucka y Tauku A

KOja je yIpaBHa Ha IpaBal] Kiu3awba X —X, jaBlba C€ U MOMEHT CUJIe Ha HEKOM pacTojamy L.
Peakuuja u 0BOj KMHEMAaTHYKO] Be3M u3paxaBa ce cwioM F21=-F|2 ¥ MOMEHTOM cuje
Mj | =F 5 -L. OBakBa peakuuja ce jaBiba 1 Kajia je WIaH 0 KOME Ce BPIIM KIIU3ahe HENOKPETaH

(cn. 9.10a) nmm mokpetaH (ci. 9.10b).
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F
2 . 2,3
B
X vA X
N * ) L ‘F \1
FZ,I 1,2
a) b)

Ca. 9.10: Peaxuyujey iipo0yxceHOM PAHCAAUIOPHOM KUHEMATIUYKOM Hapy

3a porannonn papancku Knemarnaku nap (ci. 9.11) cuia nputrcka y KWHEMaTHIKO] Tauku B
Jienyje y paBHU, a OCTalld apaMeTpH CUJIE 3aBHCE Off CloJballker onTepehema. AKO ce pacTaBu

OBaj nap Ha 4jaHoBe 2 1 3, Tajia ce 1o0uja f1a je cuia y Tauku B jegHaka 133,2 = —?2,3 . Koju mpasarg

1 CMEp UMa Culia F3’2 3aBUCH O]] CIIOJbAIllIILET onTepehe}La.

B B B
3 3
2> C 2> 1ZW) F2,3 C
A A
a) b)

Ca. 9.11: Cuae iipuitiucka y pagancKkom polayuoHOM KUHEMATUUYKOM Hapy

3a operactu KuHemMaTnuku nmap (ci. 9.12) mpaBai cuiie IPUTHCKA je yIpaBaH HA TEHTEHTY Y

OJIMPHOj TauKu n3Mehy 1Ba unana, a cuie cy jeHake 153,2 = —1523

Koj 1unuHIpuyHuX 3yIYaHdKa ca MpaBUM 3yIIUMa pe3yJaTaHTa OOMMHE M PaJujaiHe CHe
fieqyje Mof yIJIOM JOAUPHHUIE O Y OJHOCY Ha TEHTEHTY MONUPHUX KPYXKHHIA t, Tle UMaMo f1a je
F2,3 = —f:3,2 (cnm.9.13).

Y omreM ciyyajy, Moxe ce pehu Kafa cy JofupHe NOBPILIMHE HEKE KPUBE, CHJIE IPUTHCAKA CY
yIpaBHE Ha TAHTEHTE Ha Te NOBPLINHE.

Fo
(e > t
. B
F 5 5
JIAS
Ca. 9.12: Cuae iipuiuucka usmehy Ca. 9.13: Cuane iipuitiucaka uamehy
Opezacitio? KuHematiuwkoz apa 3yiuacitio? KuHemaiu4koz iapa

9.6. Otnopu cpeaune F

Cune ycnen otnopa cpefiuHe 3aBuce off Op3uHe, oOnMKa wiaHa (Tena) Koju ce Kpehe m of
cpefiHe y Ko0joj ce Teno kpehe. Ako ce MexaHn3aM Kpehe y Ba3fyLIHOM IIPOCTOPY CUJIE OTIIOpa Ce
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Mory 3aHeMapuTi. MebyTuMm, ako ce kpehe y HeKoj cpefiuHu ca (pIyuoM WU Y CIUYHO] CPEIUHH,
Taja ce Cuie OTIOpa He MOTY 3aHEMapuTU. Y TOM CIyuyajy Cuie OTIopa cpefuHe ofpebyjy ce
eKCIIEPUMEHTAJHO.

9.7. Iloroncka cuia Fp

IMoroncka cuna Fp je oHa cuila Koja ce J0OBOJIM Ha IIOTOHCKU 4/IaH U Koja nokpehe cBe ocraine
yjaHoBe fla o0aB/bajy Heku paj. Iloroncka cuma Fp Tpeba fa caBiaja CBE OcTaje CUIE Ha
MeXaHI3My (pajiHe Cuie, TeXHHe, CUIe Tpema, OTIOpe CpeinHe W MHepuwmjamue cuie). IIpasaig
MIOrOHCKE CHJIe 3aBUCU Off TOra Kako ce Kpehe moroncku uinaH. TeXHWUYKHU je HAjIOrofHHje fa
MIOrOHCKY 4llaH OyJie OHAj KOjU MMa jeJHONMKO POTAlMOHO KpeTame, 3aTHUM OHaj] YlaH KOjU UMa

TPAHCIATOPHO KPETambe, 1a TEK OHJJa OHAj YWIAH KOjU UMa CIIOKEHO KepeTambe.
Kaja moroHckn wiaH nMa jeJHONMKO KPYXXKHO KpeTame (ci. 9.14), mpaBal MOTOHCKe CHIle je

ynpaBaH Ha oroHcku wiaH (Fp L AB) a cMep je y cMepy yraone Gp3uHe IOTOHCKOT WiaHa o . Ha
OCHOBY TNOTOHCKE Cuile ofipebyje ce MOroHcku OOpTHU MOMEHT Mp =Fp-AB 1 NOroHcka cHara
Pp =Mp -® . CMep NOroHCKOT OOPTHOT MOMeHTa Tpeba Jia je CympoTaH Off cMepa pagHOT MOMEHTa
MR Koju Tpeba ja ce caBiaja (ypaBHOTEXN ).

Y cnydajy fja je HOTOHCKM WIaH ca TPAHCIATOPHUM KpeTameM (KJIUIMHE MEXHH3aM MOTOpa
SUS) Tapa je mpaBai; MOrOHCKe CHJIE MapajieliaH ca mpaBieM Kim3ama (ci. 9.15). [Toroncka cuna
Tpeba f1a je Beha wiu jefHaka pajgHoO] CHIIH (fp > l?R ), @ MOrOHCKa cHara je Pp =Fp-v, e je v

Op3uHa KpeTamwa KINIa.
[ToroHcka cuiia Kao ¥ MOTOHCKA CHara MOTy OWTH KOHCTaHTHE BPETHOCTH (IIOTOHCKO BPaTUIIO

eNIeKTPOMOTOpA) WK ipoMeHsbuBe (Kiun motopa SUS).

- ->
S v
Fr R -
X x Tp
Qﬂ- 9.14:11 O20HCKaA CUNa HA Ca. 9.15: Ilozoucka cHaza Ha
POUMAUUOHOM UOZOHCKOM HAARY UIPAHCAQULOPHOM HOZOHCKOM YAAHY

9.8. 3aganu TMHAMIYKE aHAJIN3€E MEXaHH3aMa

OcHOBHH 3aj1a114 TMHAMUYKE aHANU3€e MEXaHU3aMma Cy:

- Opnpebusame napamerapa kperamwa (Op3uHe, yOp3ama) ako Cy IO3HATE CHJIe KOje JIeNyjy
Ha MeXaHu3aM Wi le(puHUCAE MHAMIYKUX je[IHAUNHA KPeTamkha MEXaHU3Ma,;

- OnpebuBame moTpeOHE MOTOHCKE CHJIE aKO Cy MO3HATH MapaMeTpl Kperama (Op3uHe,
yOp3ama) 1 Cuie KOje Ha Kera JIeNyjy u

- YpaBHOTeXeHe HHEPILHjATHUX CHIa MEXaHU3MA.
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10. MIOAN3HN MEXAHUN3AM TPAKTOPA (Mexannzam
3a IPUKJbyYHBam-e opyha Ha TpakTop)

Y 1nosbONpPUBPEIHOj MPOU3BOMEHU TPAKTOP C€ KOPUCTH Y arperary ¢ NpuKJbYIHUM opybuMa u
MamHaMa. Crajame TpakTopa ca IPUK/bYYHUM opybeM 06aBiba ce moMohy MOJM3HOT MeXaHu3Ma
Tpakropa. [TocToje yeTnpy pa3nuunra HaUMHA TPUKIBYUMBaba Opyba 1mo3aau Ha TPAKTOp | TO Y:
jenHoj, nBe, Tpu uiam y yetupu Tauke. Opyba Koja ce 3a TpakTOp NMPUKIbYYY]y YV jeAHO] TauKu
Ha3WBajy ce BYUYCHA, y JIBE TauyKe MOJYHOIIEHA, y TPU Tauyke HOIIEHA, a Y YeTHPU TayKe KPYyTO
NpUKJbydeHa opyba.

Koju he ce HaunH NpUKIbYINBaba KOPUCTUTH 3aBUCH Off BPCTEe Opyba, ByJyHOT OTIOpa, HAUMHA
perynanyje pexxuma pana opyba, mace opyba utn. lllupoky npumeHny mmajy HoleHa opyba 360r
HU3a MPETHOCTH HaJ| ByYEHUM M MOJIYHOILIEHNM, K0 LITO Cy: jeAHOCTAaBHUjM TPAHCIIOPT, Mamba Maca
opyba, jemHOCTaBHHMje KOHCTpyKIHje, 60Jbe MaHeBapcKe CMOCOOHOCTH TPAKTOPCKOT arperara,
Mama IMOTpOIIka TOpUBA, KBaAMTETHHja oOpaja Ha KpajeBAMa 3aroHa U Opxke KpeTame
TPAKTOPCKOT arperaTa Ha KpajeBuMa 3aroHa.

[Topu3Hn MexaHW3aM TPaKTOpa Yy KMHEMATHYKOM U JUHAMUYKOM CMHCIY HajBHILE 3aXTeBa
Tpeba J1a NCIYHM Kajia je arperaTupaH ca HoleHuM opybem, Te he ce y 1aboj aHammu3u ocMaTpaTu
y arperarty ¢ HOLIEHUM opybem.

10.1. CtpykTypHa aHa/IM3a H HAMEHA

[Topu3Hu MexaHKW3aM TpaKTOpa CMEILITEH je 03l TPAKTOpa, MehyTuM Moxke OUTHU UCTIpE U
ca 004HMX cTpaHa TpakTopa. [lofu3H1 MexaHn3aM TpakTopa Moxe OMTH: MEXaHUUYKH, EIeKTPUYHY,
IIHEYMAaTCKM, XUApayIuyky M KoMOuMHOBaHM. Ha TpakTopuma, Koju ce CepHjcKH IPOHU3BOJE,
KOPHCTHU ce€ KOMOMHOBAHU XUAPAYIMUKO MEXAHUYKHU MOAU3HU MEXaHU3aM.

Op HauMHa IPUKJbYUMBaba Opyha Ha TPAKTOP 3aBUCHU paJ] TPAKTOPCKOT arperata (TpakTop +
opybe), oiHOCHO 3aBHuce cneehn nokasaresmu paja:

- ofpXaBame 3ajlaToT pexXuMma paja opyba (pagne Op3umHe, NyOWHE paja, pagHOT 3aXBaTa,
OTIOpA 3eMJBHIITA UTH. );

- KBaJNHUTET HM3BOHEHA arpOTEXHUUKHX oOnepanuja (KBaJMTET Opama, CTENEeH 3aopaBamba
OWIbHE Mace, CTEIEH YCUTHEHOCTH 3eMIbUILTA, YjeJHAUEHOCT CETBE MO AyOUHH, INUPUHU 1
pasmaxy y peny utx.);

- BEK Tpajaa TpakTopa 1 MPUKIbYUHOT 0pyba;

- IOY3[aHOCT TPAKTOPCKOT arperara;

- YKyIaH CTeleH KOPUCHOCTH TPaKTOopa;

- €KOHOMHMYHOCT M3BObema arpoTeXHUUKUX ONepalija;

- MOryhHOCT IpuKJbyuuBama ca opybuma pa3auyuTix Mpou3Bohaya;

- ]JefHOCTaBHOCT U KOM(OPHOCT IpH IPUKIbYUUBAKY OpYbha Ha TPAKTOp UTH.

Benuku neo enepruje MoTopa TpakTopa KOPHCTH Ce NpeKo Mofu3HOr MmexaHumsma. [Ipema
onmTuM npoueHama 1o je u o 50%, a Kajja ce KOpUCTe M XUAPAYIMUYKH U3BOAM 32 CHOIbAIIHbE
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NoTpollaye, OHfia je Taj mpoueHaT u Behu. V3 HaBeeHOr ce BHUY KOJHMKO j€ BaXKHO NPAaBUIHO
NPUKIBYYUTH OpYbe Ha TPaKTop.

[Topu3Hy MexaHM3aM TPAKTOpA j€ CaCTaBHU €O XUAPAyJIMYKOr CUCTEMa 3a MPHUKIbYYMBAHE
opyba Ha Tpaktop (ci. 10.1). [Togu3HM MexaHM3aM ce CacTOju W3 J{Ba MCTa YETBOPOIOIYKHA
MexaHu3Ma: npBu oOpasyjy wiaHoBu 1, 4, S m 6, a gpyru 1, 9, 10 u 11. Kaga je Ha TpaxkTop
NPUKIbYYEHO opybe, Tj. Kajia je MOAU3HU MexaHu3aM Y (PYHKIHUjU, IPUKIbYYHH TPOYrao opyba je
CIIOJbAILIbY YIIaH 8 U OH j€ y CTPYKTYPHOM, KHHEMATHYKOM U JUHAMHUYKOM CMUCIY CACTaBHU €0
NOAU3HOT MexaHu3Ma Tpakropa. [Ipukibyunu Tpoyrao 8 craja ce ca yjaaHoBuma 6,7 u 9.

Ca. 10.1: Cxuua ioousrnoz
Mexaru3ma paxkiiopa

[ToroHcky 4JIaHOBM TOJAU3HOT MEXaHHW3Ma Cy XUApayJwuyku tmmuaaap 2 u kmun 3 (e 10.2).
[Topu3Hn MexaHmW3aM TpakTopa (DYHKIMOHUIIE TAaKO IITO ce KOMaHJHOM pyuuioM (12) momepa
Kimn pa3Bopiauka (11) y momoskaj ga yibe noy nputuckoM of mymne (10) mponasu ao mumHapa (2),
nomepa kimn (3) Ha rope, ycleq yera ce mopuxe pame (4) Ha rope ¥ TaKO MOAMKE MPUKIBYIHO
opybe. Kaga ce momohy pyunne (12) momepn Kiaun pa3BofgHHKA Y Kpajibyu JIEBU MOIOXKA]j, yibe U3
nymre ce Bpaha Hazag y pesepBoap (9), a pame (4) 3ajeHO ca TPUKIbYYHUM oOpyhem ycier
COIICTBEHE TeXmHe crymTa ce gone. [Ipu Tome ce yibe n3 numHpa (2) MOTHCKYje y Pa3BOHAK 1
pesepBoap.

[Nopu3Hu cucreM MMa 3ajjaTak Aa ayTOMATCKU peryimile 3afaty AyomHy oOpapme, (3agatu
TOJIOXKa]), 3aaTH OTIOp NMPUKIbYYHE MAIMHE WM MCTOBPEMEHO W 3aaTy AyOuHYy (IONOXKaj) 1
3ajatu otnop. Ha cn. 10.3 mokasaH je XujipayInuku CHCTEM 3a NPUKIbYuNBambe opyba 3a Tpakrop,
KOJ[ KOJer ce UCTOBPEMEHO MOKE PEryJIucaTy MoJI0XKaj i Chjla OTIOpa MPUKIbYYHOT opyba.

[Tomepamem cenekrtopa (13) Ha ose mwim Ha rope ofpebyje ce mponeHTyanHo yuenrhe faBava
y cucTeMy ayToMaTcke perynanmje. Ako ce cenekrop (13) Hamaszum y monoxkajy maToMm
MCTIPEKHUJAHOM JIMHH]jOM, ayTOMAaTCKK he ce perynmcaté camo monoxkaj (nyomHa) opama, oK he
CHJIa OTIIOpa OWTH MPOMEHIbHBA 3aBUCHO O] cabujeHocTH 3eMibuInTa. AKO ce cenekrop (13) Hanas3u
y MOJOXAajy AaTOM MYHOM JIMHHMjOM, ayTOMaTCKM he ce peryiamucaTé camMo cujia OTnopa, gok he
nyOuHa Outu mpoMeHsbuBa. CBaka mpoMeHa, OUIIo MoJioKaja OuiIo OTIOpa, yTuue Ha cabujame uin
pacrepeheme onpyre (gaBaua 11), mrto u3a3ua nomepame nonyra (15), (10) u (4) u o nomepama
kiuna (3), mTo cBe 3ajefHO MOBOAM IO MOJM3alba WM CHOYIITamka MOJyra Ha KojuMa ce Hajasu
NpUKJbYYHA MaIMHA. Y crydajy fa gobe ao nosehanor otnopa (cune F) onpyra (11) he ce caburn,
noayra (10) 3aporupatu, a mosyra (4) momeputu y jeBy crpany. Ha taj nauus he ce monyra (4)
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3aporupartu oko ocionna C y jeBy crpany u nohu he o nmopgusama nonyra (6), (7) u (8) u go
M3[[M3akba IUIyTra, a THME U JIO CMakberba OTIOPa 3eMJBHIITA.

Ca. 10.2: @ynkyuoraana wema il0OU3HOZ CUCitiemMa UPaxKiiopa
1. peaaitiugHo HelloKpeillan 4aaH, 2. Xuopayaudxku yuauroap, 3. kaui, 4. pame, 5. loousna
ilonyza, 6. 00tba iloay2a, 7. 20pka iloayza, 8. cilowauki Yaau (UpukmyH iipoyzao opyhba), 9.
pesepsoap y.va, 10. itymiia, 11. pazeoouux, 12. komanona pyquuya’
1.

Ca. 10.3: Kunemaitiuuxa utema xuopayauskoz cuciilema 3a puxmy1usarbe opyha Ha pakiiop

1. peaaitiuro HellOKpeliHU YAaH, 2. XUOPAYAUUKU UUAUHOAD, 3.XUOPaYAudKU Kauil, 4. pame, 5.
{lo0u3Ha iloayza 6. 00tba iloayaa, 7. 20ptba iloay2a 8. upukmyUHU poy2ao iayza, 9. iaymHo
iweno, 10. pezyaayuona iionyza, 11. Oiipyza - 0asau pezyaauuje cuae oiiiiopa, 12. ceaexitiopcka
ilonyza, 13. ceaexitiop, 14. komaHOHa pyuuya 3a ayimiomaiicky pezyaayujy, 15. iloayza,

16. pazeoonuxk, 17. iiymiia, 18. pesepsoap yma, 19, 20. xuopayauuxu 600086u

I Tepmunu cy nepunucanu craugapgoM SRPS.M.11.012 (Ypebaj 3a npukibyunBaibe opyha Ha
TPAaKTOp). Y JIUTEpapTypH, KA0 U Y IPAKCH KOPHUCTE CE U APYTY TEPMHUHA.
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[Topu3Hu MexaHn3aM TpaKTOpa je Ha CBUM U3BEJJIEHUM KOMEPLMjaTHUM peliehiMa IPOCTOPHH
noJy>kH1 MexaHu3aMm (ci. 10.4), OfHOCHO CII0KEeH OTBOPEH KMHEMATHIKH JIaHAIl, a Kajia je CIOjeH ca
CIIOJbALIBEM WIaHOM (8), TmpefcTaB/ba 3aTBOPEH CIOXKEH KMHeMaTH4ku jaHal. MebycoGHO ce
pa3nuKyjy Mo TOME IITO MOTY MMAaTH jeflaH WK JBa MOrOHCKA LMIKH/PA U [0 MECTY IJIe Ce OHU
Hajase.

L
T

~a

1
1
1
J 1
Ca. 10.4: Kunemaitiuuxa wema oOU3HOZ MEXAHUSMA TUPAKILOPA
H- Zopra ocaona iauka, F, M- 0orwe ocaoHe iauke, I - Zopra UpukmyyHa iayvka,
G, O- Oowe iipuxknwyune iiauke, A, F, M, H, Ru C- ocaone itiauke

[Monn3Hn MexaHW3aM TpakKTopa je CIoxXeH npocrophn Mexanm3am (ci. 10.4 um 10.5) koju ce
CacToju U3 peBepCUOMITHUX KUHEMAaTHUKUX TapOBa HUXKET pefja. Moxe ce paculiaHuTH Ha OCHOBHU
MeXaHM3aM, KOjH TpeJICTaBIba YeTBOPOINONYKaH KYJIMCHI MeXaHu3aM, Kojer YnHe 4wiaHoBu 1,2, 3, u
4 n nopatHe Mexanusme. [logaTHu MexaHu3mu cy Tpu kuHematmuke rpyne Il kmace, kojy unne
ynaHoBu 5, 6, 1, 3atum 10, 9, 1 u 7, 8, 1. Kunemaruuke rpyne 4, 5, 6 u 9, 10, 11 xpehy ce y
NpUONIKHO NapanejHUM paBHMMAa M UMajy MCTY yJIOry M (PyHKUH]y, T€ Ce jefiHa Off OBE JiBE
KHHEMATHUKe TPyle MOXe cMaTpaTH macuBHOM. M3 ToOr pasnora ce oBaj NPOCTOPHU MeXaHHW3aM
MOXe€, y KMHEMAaTHYKOM CMHUCIY, YCBOJUTH M aHAIW3MPAaTU KA0 PABAHCKM MEXaHW3aM ILITO je
npukasano Ha ci. 10. 6.

[Topu3Hu MexaHW3aM TpPaKTOpa, YCJIOBHO YCBOJEH Kao paBaHCKM MEXaHHM3aM je, Takobe
CTIOKEeH MeXaHHW3aM KOjH Ce CcacTOju M3 OCHOBHOT M JOfaTHOT MexaHu3ma. OCHOBHU MeXaHH3aM
ocTaje MCTH Kao Koj TpocTopHor Mmexanmsma (1, 2, 3, 4), a jogaTHM MeXaHH3aM YHMHE JIBE
kuHematuuke rpyne III knace, Tj. unanosu 5,6,1 u7,8, 1.

Y pmameM TeKCTy 3a HaBe[ieHE Ipyle MOAM3HOI MeXaHW3Ma, MOCMaTpaH Kao paBaHCKH,
Kopuctuhe ce cienehm Ha3WBM: TOrOoHCKa KMHeMaTWyka rpyma (wiaHosu 1, 2, 3, 4); mopgu3Ha
KMHEMaTh4Ka rpyna (4iaHoBu 5, 6, 1) 1 KuHeMaTHuKa TpyIna 3a NpuKkJbyunBamwe (unanosu 1, 6,7, 8).

Paguu nmknyc mopu3HOr MeXaHW3Ma CacTOju ce U3 fiBa Jleia: CHOYIITamba W3 TOPHET
TPAHCHOPTHOT y JOHM PaJHU MOJOXa] M OOpaTHO, MOAM3ala U3 JOHEr PAaJHOr y TOpHU
TPaHCIOPTHH N0JI0%Kaj. MexaHu3aum je ontepeheHuju npy noau3amy y TpAaHCIOPTHHU MONOXKa]j, Te he
ce OBaj fieo MyTame y jalboj aHaam3u pazmarpatu (ci. 10.6).
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Ca. 10.5: Kunemaiiuuxa uiema il0OU3HOZ MEXAHUBMA HIPAKIOPA — UPOCIIOPHU MEXAHUIAM
10.2. Crenen codope KpeTama

Kapa ce mopgu3Hu MexaHM3aM TpaKTOpa MocMaTpa Kao paBaHCKHU, UMa YKYIHO 8 dyinaHosa (7
YJAaHOBA HA TPAKTOPY W jellaH CIOJballllbi Ha MPUKIbY4YHO] Mammuu). Cacroju ce u3 ykymHo 10
KuHematnukux maposa (1,2; 2,3; 3.4; 4,1; 4.5; 5,6;6,1; 6,8; 8,7;7,1). On Tora cy cB KHHEMATHIKH
MapOBH POTALMOHY M3y3€B NMapa 2 u 3 KOju je TPaHCIATOPHH.

CBU KMHEMATHYKN NMAPOBU MMAjy jeflaH CTEIeH cliobofie KpeTama (IPBOT Cy pefia), a CTeNeH
cnobofie KpeTama MexaHn3Ma jefiHaK je:

SSK =3(n—1)-2P| —P, =3(8-1)-2-10-0=1.

3Hauu, fla OBaj MexaHn3aM Tpeba jja uMa jeflaH MOrOHCKH 4JIaH, 1A Jla Ce CBU OCTaJIi YJIaHOBU
Kpehy no ynanpen ofipeheHoj 3aKOHUTOCTH KOja 3aBUCH Off TEOMETPHU]CKUX BEINUNHA U O] KPETamba
noroHckor napa 2 u 3. JlerasbHuja aHanmu3a cTeneHa ciao00fie KpeTawma MOAU3HOT MeXaHW3Ma
TPaKTOpA IaTa je y NoraaBby 3.
120



10. 1IOAU3HU MEXAHU3AM TPAKTOPA

Ca. 10. 6: [100u3Hu mexaHu3am Wpaximopa noCMamipan Kao pasaHcKu:

PAOHU HONOHA], ====-=~-- [UPAaHCUOPIIHU 0A0XCA]

10.3. YcnoBu pynknmonncama noau3HOr MeXaHu3Ma

Ja Om mopgu3Hu MexaHu3aM (yHKUMOHMcAo Tpeba fAa 3afoBojbM ofpeheHe MebhycoOHe
reOMETPHjCKE 3aBUCHOCTU CBHMX YIIAHOBA, KOje Tpeba aHalIuTHuku Aedunucatu. ['eomeTrpujcka
3aBMCHOCT MPOM3UIA3M M3 BEIMYMHA KOje Cy ofjpeheHe KaTeropujoM TpakTopa M NPUKIbYYHHUX
opyba um kpyTocTH unaHoBa. YcBajajy ce caefehe o3Hake 3a BeKTOpe KOju AC(UHUIILY JYKUHE
N0jeIMHUX YIaHOBA U MehycoOHa pacrojama:

Ezé;@:ﬁ;@:é; ﬁ):f; A—ng; ﬁ:f; ﬁi:]; ﬁi:ﬁ; ﬁ:ﬁ; ﬁl:f;
Gl=5; Hi=i; GL=v; Gl=q; LI=w i GH=%.
Tauka J je ueHTap otnopa miyra.

IToroncka KmHEMATHYKA I pyna

[Toroncka rpyma cactoju ce u3 unadona 1, 2, 3, u 4 (cn. 10.7). YcBaja ce ma cy mo3Hare
KOOpJIMHATE OCIOHNX Tauaka A u C 1 Ha jeJHOM TPaKTOpPY ce He MOTy MewaTH (OUII0 O1 CIIOKEHO
TOKYy pajia MewaTH OBE OCJIOHE Tauke). ['eoMeTpujcKa 3aBHCHOCT WIAHOBA OBE Ipyla MOXe ce
M3Pa3uTH je[HAUYNHOM Y BEKTOPCKOM OOJIHKY:

g+e+c=0,ackanapHu o0JIUK OBe jeHaurHe (PojeKIuje Ha oce X ny’) je:

e-cosp—c-sina=0u g—(e-sinf+c-cosa) =0, Te ce U3 OBUX U3pa3a Aobuja yrao p KojuMm
je onpeben nonoxaj unana 4:

2 2 2
. ¢t —g--e
B= T e (10.1)
2-g-e

KoopnuHaTHE cucTeM X, y MOCTaBIbEH je Tako fla oca y MpoJasd Kpo3 OCy 3ajiler TOYKa

TpaKkTOpa, a oca X je Ha moaso3u. Taja ce Tauke D u B mMory fiedununcaTu jefHaunHaMa:
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Xp =Xxc +d-cosB, yp=yc +d-sinf u

XB =XC +€:CoSP, YB=YC FE-SINP . oo (10.2)

[Tpen3Hak F KOPHCTHU ce 3aBHCHO 10 TOTa Jia JiM je 4iaH 4 ycMepeH Ha JI0J1e UM Ha Tope.

HO,III/BHEI KHHEMATH1Ka rpyna

[Tomm3Ha rpyma ce cacToju u3 MOAu3HE U Nowe moiyre (wianosa S u 6), cimka 10.8. [Tomoxaj
oclioHe Tauke fome monyre (tauke F) je oppebeH karteropmjoM TpakTopa H YIVIaBHOM je
HEMpOMEHIbUB, a Tauka D je Beh faedunucana y moroHckoj rpynu. [Jombu rpaHiYHN OJI0XKa] TOHe
nonyre (urana 6) oxpeben je MakcumamHoMm ayomHoM obOpaze a (cim. 10.6), a ropwmu rpaHUYHE
nosoxaj ofpebeH je BUCUHOM Au3ama. [lonoxaj unana 6 neduHucaH je yraoM y KOju ce ycBaja.
KunemaTtnuke Tauke oBe rpymne aeuHUCaHE Cy jeJHauNHAMA:

XG =XF+]-cosy, yGg=YfFT]-siny H
XE =XF+K-Co8Y, YE=YFFK SINY . e (10.3)

[ToTpeOHa ay>krHa OAM3HOT YaHa 5 ¥ BEroB MON0Xaj ofpehyje ce npema:

XE “XD

i=(xg —xp)? +(yp —yg )P 1 8=arctg
YD —YE

IIpukbyyna KuHEeMaTHUKa rpyna

[Tpuk/pyyHa KuHEMaTHUKa Ipyna cacToju ce u3 uinaHosa 1, 6, 7 u 8 u feduHucana je
napametpuma ca ci. 10.9. KoopamHate ocnoHe Tauke ropme moinyre 7 (tauke H) m BucmHa
NPUKIBYYHOT Tpoyria (mapamerap s) ofpebene cy kareropmjoM Tpakropa U IPUKIBYYHOT Opyba.
Kapa je mopu3Hn MexaHHM3aM Y JIOBEM PAJHOM TOJIOXKajy NMPUKIbYIHH Tpoyrao 8 Tpeba fa je y
BEPTUKAIHOM M0JI0XKajy. Jly)KMHe ulaHOBa, HUXOB MOJNOXKA] U OCTAIM MapameTpu ofpebeHn cy
jeflHaunHaMa:

y y
y
K
g
A
1oAY X'
Ca. 10.7: [ozoncka Kunemaifiusxa 2pyiia Ca. 10.8: Modusna kunemaiiuixa 2pyiia
XH —X
rz\/(xH—XF)2+(yH—yF)2 . p=arctg— T E e (10.5)
YH —YF
2,2 2
Z:\/(XG_XH)2+(YH_YG)2 , Gzarccosr;Z—J. ........................ (10.6)
‘Tz
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2242 12
V=arecos—— =, X| =XG. Y =YG +s (y pany unan 8 je BepTuKanas), ... (10.7)
-Z.J
YI —YH 2 2
€ =arcctg—————, uz\/(xl S D04 b 4t © (10.8)
X1~ YH
Tzarcsinzsm(% _G+p+8), E=90"+0—T—P—E€. rrrrrrrrrrrrerereernrernnennns (10.9)

Ca. 10.9: [Ipuxkpyuna Kunemaiiuyka zpyia

Koopnunare nenTpa otnopa, Tauke J y 1ombeM paJHOM T0J10%kajy ofipebyjy ce 3aBUCHO off
IIEHTPAa OTIOPa KOj¥ 3aBUCH OfI BEJIMUMHE U BPCTE Opybha, Te je:

XJEXGHV H YJTTYG = We oo ssesssss e ssssessessensens (10.10)
ITopen HaBemeHuX yciaoBa MOAM3HU MEXaHM3aM TpaKTopa Tpeba Aa MMa KOE(ULHM]EHT
cTpykType 0 Behu of jepiaH:

R B € T (10.11)
YH —YF

Hampepr HaBefieHe jefHauMHe MOTIYHO M jEJHO3HAYHO Je(PMHUIIY MOAM3HM MEXaHU3aM
TPAKTOPA Y IOEEM PAJJHOM TIOJIOXKA]y.

ITpu kperamy MexaHU3Ma U3 JOWBET PAJHOr y FOPHHM TPAHCHOPTHU MONOXKA] KOOpMHATE
ocnonunx tauaka A, C, F u H ocrajy KoHcTaHTHE Kao U fyxkuHe uiaaHosa 4, 5, 6, 7 u 8, 7oK je
HE3aBUCHO NMPOMEHJbMBA JyKMHA ulaHa 3, OOHOCHO mapameTtap c. M3 Tor pasnora KoopAuHATE
tayaka E, G u I, kao u ofroBapajyhu yrnosu mnomnoxaja unanosa 5, 6, 7 u 8 y TOKy Nofu3ama,
onpebyjy ce Ha OCHOBY HCTHX pelnaiija, a mpeMa OCIery BPEeJHOCTH: X0fla Kiauna (mapameTpa c),
BHCHHE [IM3ama J0ke monyre 6, (mapamerpa y), BUCHHE MPHUKIbYYHOT Tpoyria (mapamerpa s) u
TMOJIOXKaja OCIIOHE TauKe FOpH-e MoMyre (ImapameTpa yyy ).

10.4. IToka3zaTe/bu paga NOU3HOT MEXaHM3MA

KuHemaTtnuky 1 fuHAMUYKY MOKa3aTelbl pajia MOAM3HOI MEXaHW3Ma, KOjUM Ce OIHCYje paj
MeXaHu3Ma, (PYHKIMja Y CKIIONY TPAKTOPCKOT arperaTa i KBaJuTeT Paja Cy:
— TPEeHyTHH II0J 00pTama,

- 6p31/IH€ MPUKJBYYHUX Ta4aKa [IpU MPOMEHI HOJIO)Kaja MEXaHu3Ma 110 BUCUHU,

— INPCHOCHU OJHOC MOAU3HOT MCXdHU3MaA,
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y3/ly>kKHa CTaOMITHOCT TPAKTOPCKOT arperara,
MOMEHT IIOHUpamka,

CUJIa IU3ama,

CIIOCOOHOCT NMOHMpaba PaJHUX OpPraHa y 3eMJbUIITE U

CTaOMIIHOCT OfIpXKaBamwa 3ajaTe 1yOuHe paja.

10.5. TpenyTnu nmox ooprama

TpeHnyTHu mon oOpTama MpefcTaBba Tauyky OKO KOje POTHPAjy WIAHOBU TOAU3HE
KuHeMarnuke rpyne (wianosu 6, 11 u 7, ci. 10.5 u 10.10) u Tauky OKO KOje poTHpa MPUKIbYYHA
MammHa (WiaH 8) NpW TMPOMEHM MOJOXKaja IMOAW3HOT MEXaHW3Ma IO BHCHHU. TpEeHyTHH MOJ
o0pTama je ofgpehen nonoxkajem y BepTukanHoj (tauka P) u xopu3oHTanHOj paBHu (Tauka Py, , CIL.

10.5).

TpenyTHM o7 00pTama y BEpTUKAIHO] PaBHU 100M]ja ce y IPeceKy OKPEHYTHUX Op3KHA [IOHhE U
ropwe npukibydHe Tauke (G u ) 3a 90°, ofHOCHO y mpeceky MpaBana 0kbe W ropme momyre. Y
TOKY pajia IOAU3HI MEXaHU3aM MeHa CBO] MOJI0XKa] 0 BUCUHHU, T€ CE MEHA U M0JI0Ka] TPEHYTHOT
nona oOpTamwa, OfHOCHO Tauke P. ['eoMeTpujcko MeCTo Tayaka TPEHYTHOI MOJa Y TOKY jefHOT
pajiHOT MKJIyca Ha3uBa ce nojoua. [1onoxaj TpeHyTHOT 10i1a, OJHOCHO MOJI0XA)j MONOU/E yTHYE

Ha CBC HAIIpE€]] HAaBEJICHE II0Ka3aTCJbE paaa.

Kooppunare TpeHyTHOT noja jo0ujajy ce u3 jBe jeqHauynHe npase Kpo3 Tpu Tauke P, H, 1 u

Ca. 10.10: Iapameitipu ii00U3HOZ MEXAHUBMA U TUPAKIOPCKOZ aZpezaitia

kpo3 Tauke P, F, G Tj. Ha ocHOBY cnefiehux jegnaunHa:

Xp —XF _ YP —VF

u XP~XH _YP-YH

XG—XF YG~YF XI—"XH YI—YH

Pememem jegnaunna (10.12) mo xp u yp mobuja ce:
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<p = (X1 =XH)(YF " XG ~¥G " XF ~YH(XG = XF) +XH (Y1 = YH)(XG —XF)
(y1 -yH)xG —Xp) = (YG ~ YF)(X] =XH)
_Xp(YG —YF)+YF " XG —XFYG
XG ~XF
O yTuiajy mojoxkaja TPEeHYTHOT Moja O00pTawma y BEPTUKATHO] U XOPM30HTAJIHO] paBHU Ha
NoKa3aresbe paja NPUK/bYYHEe MAIIMHE M TPAKTOPCKOT arperarta 6uhe peun y ajbeM TeKCTY.

2

yp

10.6. KnnemaTnuku napamMeTpu NOU3HOT MeXaHH3MA
AHaJINTHYKa METOA
3a aHanuTHYKO ofipehuBame Op3KHA Tayaka ¥ YraOHUX Op3MHa YIaHOBA MOM3HOT MEXaHU3Ma

NOroflHA j€ BEKTOpCKa aHanmm3a, 003MpOM Ja je TeOMEeTpHUjcKe MapaMeTpe HajjeHOCTaBHUje
neUHICaTH KOOPAMHATAMa KUHEMAaTHYKHX TauaKa.

W3 ycnosa fa je 6p3mHa ociione tauke pamena (Tauke C) (cm. 10.11) jeqnaka:
Ve=Vp +\7é3; KaKoje Vg = Va +\7§ +Vk,aVp=0u Ve =0 cremunaje
A | O 7B

Vg +Vk + Ve =0.

WureH3uter Op3une \7§ je V§ —w,-BA , mipaBa je ympasaH Ha paBan AB,acMep y cMepy
yraosne Op3uHe ®;.HTeH3ureT Op3uHe V]CB je VCB — wy -CB, npasar je ynpapan Ha npapay CB,
a cMep Y cMepy yraoue Op3uHe 4. 3aMeHOM oBuX penanyja y jemHaunHy (10.14) nobwuja ce:

mz-ﬁ*+{7K +w4-@*:0, ..................................................................... (1015)

rge je: vk - Op3uHa KpeTama KJHMIAa Yy OJHOCY Ha LWIMHAAp M OBa BPEAHOCT je IO3HATa
dAB
dt

(vg = ). 3Be3quia y eKCIOHEHTY 3HAYM Jla je JaTH BEKTOp YIpaBaH HAa MCTOUMEHY YK,

OTHOCHO E* 1 AB , @* 1 CB HTII.

YA
C 45 ;
D 7
Vly 3
H
Moy ¥ 477~ o W . 8
2 5 ®
8
1
F 6 E
L5
X
77 | 4 -
) >\H‘ /] J
Y
F
- il -

Ca. 10.11: Oopebusarve 6p3uHa KUHEMIUUYKUX (AYAKA
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Ako ce jegraunna (10.15) ckanapHo MOMHOXH ca BekTopoM BC , a 6p3nHa Vi TpeCTaBH Kao

Vg = dAB A , lobwuja ce:
Tdt
oy (AB*- BC)+dA—B L AB-BC+wg-(CB* BC)=0. s (10.16)
dt AB
Kakoje CB* ‘BC=0 u3 NPETXO/IHE je[HAUNHE CIE/IU J1a je:
e
®) = — WJIN U3PAKEHO IPEKO KOpIMHATA
2 AB* BC p p P
0y = _dAB 1 (xp-xp)xc-xp)+(yp-ya)yc-¥yB) (10.17)

dt AB (xg-xa)yc-yB)-(yB-ya)xc—xB)’
YraoHe Op3uHe 4iaHoBa 3 U 2 cy UCTe, OHOCHO, ®3 = ). Ha ciuyan HauuH fgobuja ce u

yraoHa Op3uHa unaHa 4, ako ce jeqHauunHa (10.15) MTOMHOXH cKanapHO ca BEKTOpoM AB, Kako Ou
Ce eNMMIHNCANA ©) .

_dAB 1 o= o
wg=—0"t_ _AB WITH U3PAKEHO MPEKO KOOPANHATA
CB*.AB
04 =-3AB. AB (10.18)

dt  (x¢—xB)(YB-YA)—-(YC —YB)(XB —XA)

AHaNOrHO OBOM IIOCTYIIKY A00HWjajy ce jeHauuHE 3a yraoHe Op3uMHE U 3a OCTaje YJIaHOBE
nofu3Hor Mexann3ma (cir.10.11):

05 =g XD "XCVE “YR) ZOp ZYORE ZXF) (10.19)
(Xg =Xp)(YE —“YF) — (YE —YD)(XE — XF)

g =g XD XOWE ZyD) =D ZYC)XE=Xp) (10.20)
(xg =Xg)(YE “¥D) —(YE ~ YF)(XE —XD)

07 =g XG XV 7Y6) Z06 TYPX =X)L (10.21)
(X1 =xg)y1 —yG)—(y1 —yYH)X1 —XG)

0g =—0 (XG =Xp)1 ~¥H) = (G ~YF)(X1 = XH) e (10.22)
(x1 =xG)(y1 = yH) ~(¥1 = YG)(X1 =XH)
Oo6umnue Op3uHe Tayaka G u J cy:

%

— — 3k —
Vg =wg-PG u Vy=wg-PJ ,amuxoBe npojekiuje Ha ocy Ycy:

VGyZ(Dg 'PGX =g -(XG +

Viy =g -Ply =g (x] +|XP|). ................................................................... (10.24)

I'padpoananurTuyka MmeTona

3aparak 10.1: FeOMeTpI/IJCKe BPETHOCTH TlapameTtapa mopu3Hor Mexanmsma (ci. 10.11) cy:
AB=0,5m, CB= 0,16 m, CD= 0,32m, yp =0,24m, xp =-0,lm, yg=0,76m, yg=0,42m,
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X =023m, DE=0,74m, FE=045m, FG=1m, IH=0,78m, IG=0,76m, GL=04m,
LI=084m, VK3—01m/S 1 a%%-Om/s . IloTpe6Ho je oppenutu Op3uHe U yOp3ama

Ha3HauyeHNX Tayaka 1 wiaHoBa. KunemaTuuka 1mema je HalpraHa y pasmepu Uj =

5cm

Ca. 10.12: Kunemaiiuuxa uiema l0OU3HOZ MeXanuama wpaxitopa (3aoaitiax 10.1)

3a oxipebuBamwe Op3uHa U yOp3ama NOAU3HOr MEXaHKM3Ma MIOrOfIHA je MeTOfa I1aHa Op3uHa 1
yop3ama. [1a 61 ce onpennna 6p3nHa Tauke B Tpeba npormputy unau 2 Ha 3 (¢ paBHE 75 ). Tako ce

no6uja Tauka By (ci. 10.12 pecnHo) koja kim3a no B kao mro kmu3a tauka K3 mo Ky .
Capa je 6p3uHa Tauke B jennaka:

- - -C . ~C  —
1.vB=vc+vB,rejevB LBC u v =0.

-B2 . -B2 -K2
2VB—VB2+VB ,raeje vB =vkK3 =0,Im/s, VB //AB

Mebytum, Op3uHa Tauke B, je HEMO3HATA alli ce MOXKE M3PA3UTHU MPEKO TauKe A:

- - - LA ——

3.vB2 =VA +VB2,Ieje vB2 L Bo)A mvp =0.

Jennaumne 6poj 2 u 3 ce rpacuuky npencrase Ha mwiaHy 6p3uHa (ci. 10.13) u mpeTnocrasu ce
Heka BPETHOCT 3a Op3uHy Tauke B, (Tauka bop ). M3 mpeTmocTaBibeHe BPETHOCTH 3a Op3WHY

tauke B, (byp ) rpacmuku ce mpepcraBu (HaupTa ce) jepHaunna 6poj 2. [lapanemto camoj ce6u

-K2 . . .
noMepu ce Op3WHa VK3 My Mpeceky ca jenHaunHoM Opoj 1 mobuja ce 6p3mHa Tauke B (Tauka b),
Ka0 ¥ CTBApHHU MOJI0Xa] TaUuKe by .

[Tponopuujom ce oapenu 6p3uHa Tauke D:

CD P CD-Pyb  032-2

4 === = P d=—""V-=— =4cm
CB Py CB 0,16
Bbp3une ocranux Tauaka ce ogpebyjy npema cienehum jeHaunHama:
)) . -D  — -~ - =F . -F —
5. VE—VD+VE raeje v LED, 6. VE =VF +VE, rmeje vg L EF,
7 B FG PVg %_FG PVC 138—844cm
FE P FE 0,45
-G . -G — -~ - -H . -H  —
8. V1=VG+V1 , roeje vi LIG, 9.vi=vH +v] , raeje vi LIH,
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| S - - -G . -G —
10. v =vi+vL, tmeje vp L LI, 11. vp =vGg +vL, raeje v LLG.

Ha ocHoBy mnana 6p3una (ci. 10.13) xoju je Hanpran y pasmepu U, = 0.l m/s

nodujajy ce
MHTEH3UTETH Op31MHA Kao U yraoHe Op3uHe:

vg =0, m/s, vp =0,21 m/s, vg =0,2 m/s, vg =0,42 m/s, v[ =0,42 m/s, vi =0,5 m/s,

v
07 =—22 200195, og= 20655, 0g=8=0425", w;=2L=053s" u
AB CD HI
G
V1

wg=—L=021s".
IG

Ca. 10.13: I[1nan 6p3una l0OU3HOZ MEXAHUIMA
(3aoaitax 10.1)

Yo6p3ama ce fo0ujajy Ha CIMYaH HAYMH Kao 1 Op3KHE.

C)Z o)

- - -C -C . C (VB (01) 7 -C | —

12. ap =ac +aBn +aBt, IMeje ag,, =—-—=-"2-=0,062m/s“, aBn //BCy cMepy Ka
B =aC +aBn +aBt, A€ Je ag, 0.14 Bn y cMepy

-C  —
tauku C, agt L BC.

Kako je yraona O6p3uHa unaHa 2 Maiia, MOXe ce 3aHEMapuTH Te je yop3amwe Tauke B y ogHocy

Ha A jefiHaKo:
A A A (VA)2 2 K
e ~ ~ ; _\'B/ _ _ 2 _
13. ap =ap +aK3 +aBn +ap;,Aeje ag, _ﬁ_o,ozm/s , ap =0, aK3 =0 (cn. 10.14,
2
Im/s
U, = 2 ).
cm
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1v

Ca. 10.14: Inan ybop3arsa iio0u3noz mexanuama ipaxiiopa (3aoaitax 10.1)

YOp3ama ocTanaux Tayaka cy:

13. C=D:RLd = @':M:S,:’)cm.
CB P,b' CB
D -D b (Vg)z ) D —
14. aE = aD +aEn +aEt, 7€ je ag, = =5 =0,0021m/s“, agn / ED y cMmepy Ka Tauku D,

-D —
agt LED.

F
- ~F -F ( )2 -F  —
15. aE =aF +aEn +aEt , e je agn M5 =0,08 m/s> agn // EF y cmepy ka tauku F,

EF
-F —
agt L EF.
P,e’  —, FG-Pye
16. Ez_ 2g'=———=06,66cm.
FG P,g' FE
. - -G -G _G(vf’)z y -G —
17. aj=aG +an +ajt, rje je ap, = G =0,033m/s”, aln//IG y cmepy ka Tauku G,
-G —
art LIG.
il
= - -H - N R\ 2 -H —
18. aj=aH +am +alt, rjae je ap, = H =0,226m/s”, aln//IH y cmepy ka Tauku H,
-H —
arg LIH.
G
- -G -G (V )2
19. aL—aG +alLp +aLt, agn L 0019m/s n
LG
Sl (vl)z
20. aL—a1+aLn+aLt,a€n: L/ _0.038m/s
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10.7. IIpenocHu oqHOC NOAM3HOT MEXaHU3MA TPAKTOPA i,

[TpeHOCHU OFHOC NMOAM3HOI MEXaHW3Ma i, IPEACTaBba OHOC BEPTHKAIHE KOMIIOHEHTE
Op3uHe npukiby4yHe Tauke G u Op3uHe Knuna, Tj. oipebyje ce npema nzpasy:
i =
VK
BpemHOcT mpeHOCHOT OffHOCA je IPOMEHIbIBA Y TOKY jegHoT pagHor mukiyca (ci. 10.15). Ito
CY Mambe IIPOMEHE IIPEHOCHOT OJJHOCA, Mabe CY BPEAHOCTH yOp3amba i YCIOPEebha, OJHOCHO Mabe Cy
BPETHOCTH MHEPLUjATHUX CUJIA.

N A

Ca. 10.15: IIpomena iipeHOCHOZ 0OHOCA Y TOKY
JeOHOZ paoHoZ yukayca

Hperocu ogoc 5

BpeMe jeHOr pajHOT IMKTyca  © (s)

10.8. Y31y:kHa cTaOMIHOCT TPAKTOPCKOT arperara (TMHAMHYKH
Koedunujent pacnoeie ontepehema A4 )

Kao xpurepmjym 3a omeHy y3ayXkHe CTaOMIHOCTH TpPaKTOPCKOT arperara ycBaja ce
NMHAMHUYKKM Koe(pUIUjeHT pacrnofese ontepehewma Ay KOju ce Ha OCHOBY Aecunuuyje onpebyje
TnpeMa jeTHaYnHY:

Y.
T (10.26)
Yzd
rae je: Ypq - MHAMUYKO onTepeherse Ha MPEBIM TOUKOBAMA TPAKTOPa,  Y,q - [MHAMHYKO

ontepeheme Ha 3a{lUM TOUKOBUMA TPAKTOPA.
Ha ocHoBy Metope penykimje (MeTofe 2KyKOBCKOT) MOXKe ce HalmcaTH jia je 30up MOMeHaT
CBHIX CHJIa 32 TPEHYTHH I10J1 0OpTarba MOU3HOT MexaHu3Ma jefHak Hyiu (ci. 10.16).

> Mp =-ypq - (L—[xp|)+Gp-(L—|xp|)+(y2d ~ G, Nxp|)-F-b-Gpmx) +[xp[)=0.
13 jepnaqune (10.26) nobuja ce pa je ypd =Aq-yzd ¥ 3aMEHOM y IPETXOAHY jeiHAUMHY Jo0Hja ce

u3pa3 u3 Kojer je AMHaMU4Ky KoeuijeHT pacnopelne ontepehema Aq:

Gp(L—|XP|)+ YZd -|XP|—GZ -|XP|—F-b—Gm(XJ +|XP|)
de(L_|XP|)

A = R (10.27)
rge je: Gp - TCXKHMHA Ha NpEeIHbUM TOYKOBHMA TPAKTOpPA, GZ - TE2XKHNHA Ha 3aJHhbHUM TOYKOBUMA

TpakTopa, Gy, - TeXNHA MPUKIbYYHE MAIMHE, F - OTIOp NPUKIbYYHE MaIuHe (TIyra).
Hunamuuka ontepehema Mpelwbux U 3abUX TOUYKOBA TpakTopa Jo0Hjajy ce U3 MOMEHTHOT
ycloBa paBHOTeXe 3a Tauky 0, wiu 0, (cn. 10.16).

W3 ycnosa paBHOTEXE 3a Tauky O, (ZMOP =0) cieqy Aa je fUHAMUYKO ontepeheme Ha
3a/IMM TOYKOBMMA jeTHAKO:
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:GZ-L+Fy-(L+XJ)+Gm-(L+XJ)—FX'yJ

Yzd L

A A ¢ =
/

X Fy 7 %

/
Y ¥\

Ca. 10.16: Oopebusarse y30yxcHe cilabuaHOCiU PAKiiopckoz azpezailia

JuHammuuky KoeuuujeHT pacnofene onrepehema A4 3aBUCH Off MHOrOOpOjHUX (pakTOpa U
Tpeba la uMa OfroBapajyhy BpEeHOCT, 3aBUCHO Off KaTeropuje TpakTopa, Opoja MOTOHCKUX
TOYKOBA, arpoTEXHUUKe omepauyuje koja ce u3Boau UTA. [la Ou ynpaBmbamwe Ouno oprosapajyhe
Tpeba 1a je Aq = 0,2, a ako cy ¥ Ipembu TOYKOBYM IOrOHCKHM Tpeba Aa je Aq = 0,6. Ako je 3a
TpakTope 6e3 npefimbe Byde (4x2)S, koeduuujeHT Aq < 0,2, TeXe je ynpaBlbambe U MAHEBPUCAHE.
Y ToM cnyyajy NOCTOjU OMACHOCT M Off TPONHEbalkha TPAKTOpa. AKO je 3a TpakTope ca CBUM
MOTOHCKMM TOYKOBMMA (4x4)S mmHamuuku KoeduumjenT mamu of 0,6, Ag < 0,6 Hehe ce
VICKOPUCTHUTH IIPEeJiha Byya 300T HEJOBOJbHE TEXKMHE HA IPEIHbUM TOYKOBIMA.

Ca nosehameM pacrojama b (ci. 10.16) cmamyje ce KoeduumjenT A 4. Hajborme je ma HamagHa
nuHyuja cune otnopa F mponasu kpo3 TpeHyTHU noxn P, jep je Taga b=0, a MakcuMmaiHa je BpeJHOCT
KoeuIHjeHTa Lq .

AKO ce ycBOju BpPEHHOCT AMHAMHUYKOr KoeduljeHTa pacnofene onrepehewma, Moxe ce u3
NPETXO/IHE jE€[HAYMHE OPEAUTH I'PAaHMYHA BPEJHOCT MO3BOJLEHE CHJIE OTIOpa 3eMibuiITa F)
npema crnefiehoj jeqHaunHm:

F;L:Gp ‘L-Gp -x3(0g +L)—7\.d-L(GZ+Gm).
b(Aq +L)

JunaMuuky KoeuLujeHT pacnopene onrepehema A g , Kafa ce HOLIEHH IUTYT Hajla3| U3Haj
MOBPINMHE 3eMJBUINITA Y TPAHCIIOPTHOM MOJIOXKajy, mobuja ce Kajia ce y jeqraunny (10.27) ypcru aa
je cuna ornopa F=0.

Gp-L-Gy, -xjg

Adh = R, 10.29
b G, L+ Gy (x) +L) (1029)

10.9. Cuna pu3ama Ha JOBUM NPHK/bYYHHM TaukaMa Fg

BpenHoct cune nu3ama, Kao U 3aKOHUTOCT IPOMEHE CHUJIE IU3aba y TOKY PajHOT LUKIIyca je
BayKaH IMHAMUYKH MOKa3aTesb MOU3HOT MeXaHi3Ma TPaKTopa Off Kora y IIPBOM pejly 3aBUcH U300p
NPUKJbYUYHE MAIIIUHE.
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Cuna ju3ama Ha TOWMM NPUKIbYYHMM Taukama Fg (cnm. 10.17) ompebyje ce u3 jegHakocTu
pajia, OJHOCHO jeJHAKOCTH CHAre Ha KJIUITY U CHAre 3a IH3ake MPUKIbYIHE MAIIIHHE:

FG =Kl e (1030)
Im

r7ie je: Fg - moroHcka cuiia Ha KIIMIy, 1 - CTelleH KOPUCHOCTH MOJIM3HOT MEXaHU3Ma TPaKTopa.

Hexmapucana BpeTHOCT CHJIE [iN3akha Koja ce Jlaje Y TEXHUIKO] TOKYMEeHTaliji Mpon3Bohava
Tpeba Jja ce OHOCH Ha TauKy KOja ce Halla3| Ha pacTojamy of 610 mm off 10mke NPUKIbYYHE TauKe
(on Tauke G). MehyTum, Kako cy TeXHUIITa MPUKJbYIHUX MAIIMHA HA PA3JIMINTAM PacTOjarmbiMa Off
HaBeJleHOT (1 MameM W Behem) feknapucaHa BpeMHOCT CWe Nu3ama HUje TOBOJbAH M MOY3/IaH
TOJIaTaK 3a ajfieKBaTaH u300p MPUKIbYYHE MAIIIMHE.

Crora je OuUTHO Jja ce offpefie cuila Au3ama Ha PacTojarby A0 TEXMIITA NPUKIbYYHE MalIUHE.

Cua mu3ama Ha HEKOM pacTojamy Off OHUX NMPUKIBYYHUX Tavyaka ofpehyje ce w3 jemHakocTH
MOMEHTA 32 TPEHYTHHU MOJI 00pTamha Ha OCHOBY jeIHAUMHE:

By = TG G X e (10.31)
XJ —XPp

E3
AR

Ca. 10.17: Cuna ousarsa iio0u3Hoz
MEXAHU3MA IUpaxKiiopa

JIMHAMHUYKY YCIIOB arperaTipama je fa TeXMHa HOIleHe TPUKIbyYHe MallnHe Oyje Mama off
culle Ju3ama, OfHOCHO: Gy, < kg .

TexxuHa HOIIEHe MAIIMHE W TIOJIOKA] HEHOT TEXWUINTA HEMOCPETHO YTUYy Ha BYYHH
Koe(uljeHaT KOPUCHOCTU TPAKTOpa, Y3MYXKHY CTAOMITHOCT TPAKTOPCKOT arperata, MaHeBapcKy
COCOOHOCT TPaKTOpa, KJM3ame MOrOHCKMX TOYKOBA TpakTopa M  onTepeheHocT — JienoBa
MOJM3HOT CUCTEMA TPAKTOpA.

AKo ce ycBoju moTpeOHa BpeHOCT IMHAMUYKOT Koe(uimjenTa pacnogiene onrtepehewa A g ,
I03BOJbEHA, TPAaHUYHA BPETHOCT CUJIe (TEXKMHE ) IPUKIbYYHE MalmHe ofipebyje ce u3 jefiHaunHe:

Gp-L-Agn-G,-L

Gy = C e 10.32
™ Ran (L xp)+x (1032

10.10. CnocodnocT noHHpama pagHUX OPraHa NPHK/bYYHe MALINHE Y 3eM/bHIITE

Jla Om pagHu OpraHd NPHKJbYYHE MAIlMHE WMAlW TEHACHIHW]y MOHMpama (ylaxema) y
3eMJbUINTE, 6e3 MPUTHUCKA XUIPAYIHYHOT KJIUIA, MOpa TI0CTOjaTH MO3MUTHBAH MOMEHT TIOHUpamba (Y

cMepy o0pTama Ka3ajbKe Ha caTy), CBe JIOK Ce He IOCTHTHE XeJbeHa yOrHa paja.
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MoMmeHT nonupama je o feUHULH]jU:

T O Y (10.33)

Ma 6u oo 0 MOHMpama PajHUX OpraHa MPUK/bYYHE MAIIMHE Y 3€MIbHIITE, BPEAHOCT
MOMEHTa NOHUpawka Mopa 6uTu Beha of1 Hyle, cBe JOK ce He MOCTUrHE 3ajiaTa pajHa ayouHa a. To
ce MOXe OCTBAPUTH AKO je UCIYIEH YCIIOB [la je Kpak MOMEHTa oHMpamwa Behu o Hyne, b>0.

Kpak MomeHnTa nonupama fo0uja ce U3 jeHaunHe 3a Hajkpahe pacTojame u3Mehy npase Ha
K0j0j Jiexku oTnop 1wiyra F u tpenyTHor mona o6prama P (ci. 10.16)

b tg(@ +M)xp —yp +x5(y] —tg(9+ 1))

m ............................................

Cuna ornopa muyra F, Mmoxke ce ogpeiutu Ha ocHOBY ckpaheHe jeHaunne ['opjaukuna:

FoKA 8 ByfVi, s sssss s (10.35)

e je: ko (N/cm?) - KoedunumjeHT Byysor oTnopa, a (cm) - nyouna oopage, B (cm) - ykynna pagna
mMpuHa obpaae, v, (m/s) - pajgHa Gp3uHa TpaKTOpA.
Jpyru KpuTepujyM 3a OleHy COCOOHOCTH TIOHHMpPAabha PaJHAX OpraHa NPUK/bYYHE MAIINHE Y

(10.34)

3eMJBHIIITE, MOTY OMTH BpefHOCTH yriioBa: @, y (ci. 10.16) m yrma A (ci. 10.9). On TpenyTKa ynacka
pajHUX OpraHa IpUKJ/bYYHE MalIMHE y 3eMJBUIITE, I1a 10 IOCTH3amka pajjHe fyoune a Tpebda fa 6yny
ucnymwenu ciepehu yciosu:

o=y, AZLO0.

BpepHoct yria ¢ 3aBucu off MHOrOOpOjHUX (pakTopa, y IPBOM pey Off OTIOpa 3eMIbUILTA U
obniKa pajHuX opraHa opyba, a jmo0uja ce MCIHMTHBaWmeM (MepermeM). YTao MojoXKaja IeHTpa
OTIOpa IUTyra y OHOCY Ha TPEHYTHH 1oJ 00pTama \, (ci1. 10.16) onpebyje ce n3 jenHaunue:

YP—YJ
XJ = Xp

Y = arctg

10.11. CraduanoCT opKaBama 3aaTe qyonHe oopaje

[la 6u cTabunHOCT ofip>KaBama youne obpaje 6una 3a0oBosbaBajyha, Kao OCHOBHU, TOYETHH
YCJIOB je J1a yraoHa Op3uHa MPUKIbYYHOT TPOYIIIa Oyjie jenHaka vy ((wg =0 ) Wiy mto OJImKe TOj
BPEJHOCTH 3a JIOWHM PajHA MOJIOXKaj MOfW3HOr MexaHm3ma Tpaktopa (ci.10.16), ogHOCHO 3a
MOJI0A] JIOK j€ TUTYT Y 3eMJBUIIITY:

| S e (10.37)

CucreM ayToMaTcke peryjainuje OfipxkaBa 3ajaTe mapameTpe papa (IyOwHy, OTHOp WK
noJnoXaj). MebyTum, ako MOAM3HM MeXaHW3aM TPAaKTOpa Huje ofroBapajyhe TOfEIIeH W HUCY
napaMeTpu M TOKas3aTe/bW paja IpeMa Hampel JAaTUM Ipenopykama, CHUCTEM ayTOMAaTCKe
peryianuje he MopaTu yecTo fia pearyje u Moxe JJohu 10 Tpejama yiba y XUAPayIMIKOM CUCTEMY U
J10 YECTUX KBapoBa M OTKa3a.
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10.12. Ananu3za mel)ycoonux 3aBHCHOCTH MOKa3aTeba paga
HOU3HOT MeXaHH3Ma TPAKTOpa

Y muby ananuse MehycoOHMX 3aBHCHOCTH IMOKa3aTesba paja MOU3HOT MEXaHW3Ma TPaKTopa,
3a ycBojeHu Tpaktop (3amatak 10.1) 3a jegaH pajHu LOUKIYC, PeMa MPETXONHAM jeHAYMHAMA
rpacuuky je nprKazaHa OGp3MHA NPUKIbYYHE TauKe AOWHX MOJYra v M MPEHOCHOT OffHOCA iy, Y
(dhyskumjn O6p3uHe Kauna vk 1 xoma knmma sk (ci1.10.18). Xop kmma s mpepicTaBba pa3iuKy
mMehy MakcuMaiHe 1 MUHEMaNHe BpefHocTH napamerpa ¢ (ci. 10.7).

Bp3nna npukimbyune Tauke G, (v ) je Beha on Op3mme kmmma vy . BpegHocT mpeHocHOT
OffHOCA i,,, HA MOYETKY iU3ama MOAM3HOT MEXaHN3Ma OMajia, a Ha Kpajy Au3ama pacte. Ha Behem
JieJTy IIyTa IPOMEeHa PEHOCHOT O{HOCA iy, CE HE3HATHO Mema, IITO je 100po, jep ¢y Mama yop3ama
1 Mame Cy HHEPIHjaTHE CUIIE.

vi(m/s) | s (m) im | vG(m/s)
Vi
30 /G
0,12 / 0,30
0.10 23 S, 3,5
Vi
0,08 20\ M 7 1300 0,20
0,06 {5 A - ’
0,04 {10 /1 7 mY_ 1251010
) /L‘Sk y
5// A
0,02 %/ 2.0
1 2 3 4 t(s)

Ca. 10.18: IIpomena Kunemaiiuykux iokazaitiesba paoa l0OUSHOZ MEXAHUIMA
ipaxiiopa 3a jedan paoHu yukayc (3adaitiax 10.1)

AHanu3oM NpeTXOfHNUX jeJHaYNHA 32 I0Ka3aTelbe paja NOAU3HOT MEXaHU3MA TPAKTOPa MOXe
Ce 3aKJbYUUTH Jla Ha HUXOBY BPEIHOCT yTHYE MOJIOXKA] TPEHYTHOT moja oOprama. Ha mnosoxaj
TPEHYTHOT 10J1a O0pTamba MOXE Ce YTHLATH Npe NMOoYeTKa paja, OAHOCHO MOXE CE MEXaHU3aM
ONTUMU3MPATH Y (PYHKIH]jHU NIPUKIbYUHE MAILMHE U arPOTEXHUYKUX ONEpalyja.

Kopucrehu mnporpam 3a pauyHap cuMyldupaH je YTHLQA] IOjeAMHAYHUX TE€OMETPUjCKUX
napameTapa MeXaHM3Ma Ha TPEHyTHM nonl oOprawmwa P. OBa aHanm3a mokasyje ja Ha IOJ0XKaj
TPEHYTHOT TMoJIa 00pTama yTHIy mapameTpu: S , Xy, YH» Xf, YF # j (c1. 10.19).

[ToBehaweMm napameTpa s, TPEHYTHH NOJ je OJMXKM 3ailbM TOYKOBUMA ILITO je OTPEOHO 3a
TpakTope 0e3 npeawe Byue (2x4)S. Kaaa je TpeHyTHE 11oa1 P O5yKy 3aiiMM TOUKOBMMA TPaKTOpa
pacrepehyjy ce nmpesibH, a Bullle ontepehyjy 3abi TOYKOBU TPAKTOPA.

[Mosehawem mapameTpa yp , TPEHYTHH TIOJ je ONMKM MPEAHUM TOYKOBHMA TPAKTOpa, (CII.
10.20) mro je 6uTHO 3a TpakTope ca MpeawoM BydoMm (4x4)S. Kaja je TpeHyTHH MON OIMKY
npembUM TOYKOBAMA TPAKTOPA OHU Cy onTepeheHuju, Te je aTxe3uoHa cuila Ha ikiMa Beha 1 Moxe
ce KOPUCTUTH Npefibha Byva.

Ha tpakTopuma y TOKy paja MOTy ce MEHhaTH IapaMeTpu s U Y[ , IOK YIJIIaBHOM He MOTY X[ ,

XF, YF I/I_]
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Jla OM npuKIpy4YHA ManiMHA OWja MPABUIIHO arperaTupaHa ca TPaKTOPOM, IpeMa CTaHAapRy
SRPS ISO 730-1 og 1995. rop. mosoxaj TpeHYTHOr moja OOpTawma y BEPTHKAIHO] pPaBHU
(pacrojame Lpg, cn.10.10) e Tpe6a na 6yae mame o 0,9 pa3mMaka 0COBMHA TPaKTOpA.

[Tonoxaj TpeHyTHOT mosia 00pTama y XOPU30HTAITHO] paBHH (Tauka Py, cn.10.5) Tpeba na je Ha
CUMETPAIIHO] JIUHUJU TPAKTOPa, y CYNIPOTHOM J[0J1a3M [0 KOCE Byye M NojaBe OOYHOr OOPTHOT
MOMEHTa KOji HeypaBHOTEXaBa TpakTOpcku arperar. IIpemopydeHe BpegHOCTH HONIOXKaja
TPEHYTHOT MoJIa 00pTama y XOPU30HTANHO] paBHU (pactojame Lpy, ci. 10.5) mpema HaBegeHOM
CTaHJapAy, 3aBUCHO Of] KaTEropyje NOAU3HOT MEXaHU3Ma TPAaKTopa, Tpeda Aa cy Kao y Tadenu 10.1.

Tabeaa 10.1: BpeoHocitiu XOpU30oHtiaaHo?Z ii0A0Xcaja WiperyitiHOZ iloaa obpiiarba (iipema
citianoapoy SRPS ISO 730-1 od 1995. 200)

XOpHU30HTAIHE Kareropuja mogu3Hor MmexaHu3Ma TpakTopa
[10JI0KAa] TPEHYTHOT
| TPCHY 1 2 3 4

nona oOpTama
Lpp (mm) 1700-2400 1800-2400 1900-2700 1900-2800

AKo je pactojame Lpp, npeBennko, O0uHa cTaOUiaHOCT Bobewa npasua opyba omapa. Ilpu
opamy Opa3jia je HepaBHa U KpUBYAaBa. AKO je OBO pacTojame MpemMaso, MpUKbYUYHO opyhe Moxke
fla 3ay3Me acMMeTpHYaH MOJI0Xa] Y OHOCY Ha TPAKTOP T€ KBAJIUTET paja OlNajia HApOUUTO aKo Cy
opyba Behux gumensuja.

Ha cuny quzama Fg He yTuue monoxaj [ome OCIOHe Tauke (KOOpuHaTe XF, Yf ), HE3HATHO
yTU4y XOpU3OHTajlHe KooppauHaTa Tadaka A u C, AOK cBu octanu mapameTtpu ytudy. [Topen
HaBeJICHUX TeOMETPHjCKUX MapaMeTapa Ha CWly [u3amba yTH4e: CTeNeH KOPMCHOCTU MOJU3HOT
ypebaja 1, 6p3uHa KpeTama KIMa Vi 1 MOrOHCKa cuila Ha kiuny F .

Ca. 10.19: Teomeitipujcku ilokasaitiesu HOOUSHOZ MEXAHUIMA TUPAKTLOPA

YTunaj napamerapa, k u e npuka3sas je Ha cn. 10.21 u 10.22, rge ce Bupu aa ce ca nosehambem
HUXOBUX BPETHOCTH, TIOBehaBa 1 cuiia iu3ama.
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3a jefiHy Te UCTY BPEJHOCT Culle Ha Kuny Fg , Ipu noBehawy napamerapa: €, g, k, yc, N 1 vg
,a CMamewy apamerapa: j , d u y, , HoBehasa ce BpeiHOCT cuiie au3amwa Fg u Fj.

YH
0,99 0,96 0,93 0,90 0,87 0,84 Yp(m)
e — — r— 1,0 ¢
\ \ ‘ I ‘/ | / / 0,8 ém
AN NN WY 06 o &
\ N e 0.4 l:_f(%
g_;\\ ] g E_
02 s
@]
xp(my.0 08 0,6 0,4 0,2
ITopnora

Ca. 10.20: Yiiuyaj yy Ha ipomeHy iipenyitiHo2 iloaa 0bpitiarba

buno Ou Bpao HeNpakTMYHO M KOMIUIMKOBAHO fla C€ Ha TPaKTOpUMa y TOKY pajja Memwa
pacrojame AC (KOOpHMHATE yC M ya ), KAo U jIa Ce cMambyje AyXHHA j, jep je TMMHUTHpaHa
HEOINXOJ[HO BEJIMKUM TOUYKOBUMA TPAKTOPA.

Ha BehuHu cranpapinux TpakTopa MOCTOjU MOTYhHOCT, a Ce€ Off CBUX HANpejl HaBElEeHUX
napaMeTapa Mema caMo Jy>KiHa napamerpa k 1 TO Ha jeJHOCTaBaH HauMH, IITO TpeOa KOPUCTUTH
IpU arperatupamy ca HOUIEHOM MPUKIbYYHOM MamiMHOM. Jour Gosbu edekar OM ce OcTBapuo
CMamemeM napamerpa d, a noseheweM e, MITO je caMO Ha ManoM Opojy TpakTopa JelTUMHUYHO
KOHCTPYKTUBHO TaKO PELIEHO /1a je TO MOryhe 1 OCTBApUTH U TO CaMo IapameTap d.

Wcrpaxusamwa yka3syjy ypaso Ha To ja 6u 6uio o0po, ca acnekra Behe cune qu3ama, ja ce Ha
TPaKTOpHMa MOT'Y MEHaTH apaMeTpu d U e.

ITpu noBehawy mapamerpa k mnoBehaBa ce cuiia Au3ama, aly ce CMamyje BUCHHA U3ama U
IOCTOjY MOTYRHOCT J1a ce IpH IXKEM pajiy IPErpeBsa yibe y XUApayIndHOM CUCTEMY.

FG(N) s Fg (kN) .
k 761
66+ 66
2 56t 0.70 2
5 5 561 160
E 467 8728 = 46+ 140
< <
3 | 0.40 5 361
26+ s | /_\/100
16+ 16L-
0.50 054 058 062066 0550 054 058 0.62 0,66 s(m)
Xop Kimmna Xopn Kiumna
Ca. 10.21: Yiuuyaj iipomene tiapameiupa k Ca. 10.22: Yituyaj iipomene iapameitipa €
Ha CULY OU3aHa Ha cUAy OU3Aara
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11. ITAHETAPHU ITPEHOCHUIINA CHAT'E (MEXAHMN3MMN)

[InaneTapHu NPEHOCHUIM CHAre Cy TaKBU MPEHOCHULM KOJ KOjuX 0ap jefiaH MPEHOCHUK MMa
MOKpeTHY reometpujcky ocy (ci. 11.1, oca B). [InaneTapHe npeHOCHHKE, YIIIaBHOM CAauMIbaBajy
[UIUHAPUYHY 3YITYaHULY €A CIIOJbAIBbUAM U YHYTPALIBAM 3yTYalkeM, Ka0 U KOHUYHY 3yTYaHWUIH.

[InaneTapHu NPEHOCHUK CHAre ce CacToju U3 LEHTPANHOr 3ym4yaHuka 1, KOju Moxe OUTH
HENOKpEeTaH WM NMOKPETaH, 3yMYaHuKa 2 ca MOKPETHOM IEOMETPHjCKOM OCOM KOjU CE 30Be
3y[UAHUK CATENUT M HOcaya 3 KOju ce oOphe M HOCH caTENUT OKO CIIPETHYTOr LEHTPaJHOT
symyanuka 1 (cm. 11.1). Lenrpannu 3ymuanuk 1 Ha3WBa ce W CYHYAHHW 3YIMYAHWK jep 3YIMIAHUK
CaTeNUT KpPyXM OKO mera. [lnaHeTapHM NMPEHOCHMK CHare MoOXe fla MMa BHUIE LEHTPAIHHUX
3yIYaHMUKa, BUILIE CATENINTa ¥ BUILE HOCAYa.

3aBUCHO Off TOra Jja JM j€ LEHTPAJHU 3yITYaHUK HENOKPETAH WUIU NOKPETaH, IUIaHETApHU
IPEHOCHULM CHAre Ce JieNle Ha eMUIUKINYHE U Au(epEeHIHjaTHe IPEHOCHUKE.

11.1. Enuuyk1u4Hn NJIaHeTAPHU NPEHOCHAN CHATe

Enuuyukniyey miaHeTapHU NPEHOCHUIM CHAare Cy TakKBU IPEHOCHHMIM KO KOojux Oap jenaH
LEHTPAJIHY 3YIYaHUK MUpYje. ENNIMKINYHY IaHeTapHU PEHOCHULIU CHAre UMajy jeflaH CTENeH
cno00fie KpeTama

(SSK=1): SSK =3(n—1)—2P; —Py =3(3-1)-2-2—1=1,meje: n=3, P; =2 (2,3;3,]) u P, =0.

LlenTpannu 3ymuanuK | eNUIUKIMIHOT IUIAHETAPHOT MPEHOCHUKA CHAre je HEMOKpeTaH (CII.
11.1). Ca oBMM 3yITYaHHUKOM je COPETHYT 3yIYaHUK caTeNuT 2, Koju ce o0phe 0ko cBoje oce (Tauke
B) koja je mokpetHa. Hocau 3 ce o6phe oko cBoje HemokpeTHe oce (Tauke A) M HOCH CaTEJUT, KOjH
3ajeliHO ca HocaueM 3 potupa (“Tpun’) OKO meHTpanHor 3ymyanuka 1. Hocau 3 porupa yraoHom
Op3MHOM ©3 Y j€[JHOM WA APYTOM CMEpY.

Carenut 2 MMa CIIOXKEHO KPETambe KOje MMa IBe KOMIIOHEHTE YyraoHe Op3uHe:

— PenatuBHy yraony Op3uHy y OfJHOCY Ha CIPETHYTH 3ym4aHuK 1, colz. Kaxko je 3ymuanmk 1
HETIOKpEeTaH, BPEHOCT OBE yraoHe Op3WHe jeflHAKA je HyJIH (ml2 =0)m

— IlpeHocHy yraony Op3uMHY y OfHOCY Ha TaukKy A OKO KOje CaTelluT, 3ajeflHO ca HocayeM 3

porupa (®3 ).
ArconyTHa yraoHa Op3uHa ®; je pe3yJaTaHTa ABe NPETXOHE yraoHe Op3MHeE.
9 — Kako je uenrpanHu 3ynuaHuk 1 Hemokpera,

| B 2 CMEpOBH NIPEHOCHE Op3MHE ®3 M alcoJyTHe Op3uHe
—_
) B ®) -1 M caTesuTa ®, Cy MCTH.
et /3
3
O
/1 3
INY \l L4
Alo —A
A 7777
] Ca. 11.1: Eiluyukauutu iaaneitlapiu ilpeHOCHUK

— CHaze
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11.2. Mucepennujannn naaneTapHu NPeHOCHHIN CHAare

HuepeHnujaany miaHeTapHA NPEHOCHUIM CHAre Cy TaKBU INPEHOCHHUIM KOJ KOJUX CY CBH
IEHTPAIHN 3yMYaHUIM NOKpeTHH. [uepeHnnjanty IIaHeTapHu MPEHOCHUIM CHAre MMajy jBa
crenena cnobope Kperamwa (SSK=2).

LenTpanuu 3ynuanuk 2 je mokpetaH U oOphe ce 0KO CBoje HEMOKPETHE reoMeTpHjcke oce A
ca yraoHoM Op3uHOM @, (cn. 11.2). Hocau 4 o6phe ce 0KO cBOje HEMOKPETHE FeOMETPHjCKE OCe
(A) yraoHoM Op3WHOM ®4 W HOCH caTeiuT 3 Koju ce o6phe oko cBoje mokpetHe oce (B) m oko
LeHTpasHor 3ynyanuka 2. Catenut 3 uma Tpu yraoHe Op3uHe:

— PenatuBHy yraoHy Op3uHY Y OfIHOCY Ha CHPErHYTH 3yITYaHUK 2, (o_,z). Ha oBy Op3uHy He yThue

KpeTawe Hocaua 4, Beh 3aBucu off yraoHe Op3MHE 3yMUaHWKa 2 M BEJIMUYMHE CIPETHYTHUX
3ymyanuka 2 u 3.

— TlIpenocHy yraoHy Op3uHY y OJHOCY Ha TauKy A ca KOjoM, 3ajeflHO ca HocaueM 4 potupa (w4 ) 1
— ArnconyTHy yraoHy Op3uHY ®3, Y OJHOCY Ha HOcay 4 ¥ LEHTpallHU 3yIYaHUK 2 OKO KOjer ce
oOphe.

3 —
5 3
3 Bl |
— 4 Ca. 11.2: [lupeperyujasnu iinaneitiapru
®) / {pPEeHOCHUK CHace
V7774 y774
A A
7777 7777
2 | — 2

3a ucre Ha3HaueHe CMEPOBE VIAOHUX Op3MHA ) U mz, cMep yraoHe Op3mHe Hocada 4, ®
2 3 4

MOXe OMTH y cMepy Ka3albKe Ha caTy WM y CyIpPOTHOM, IIpU 4eMy ce JoOujajy pas3iuduTe
BPEIHOCTH YraoHe Op3MHE caTennTa 3, ©3 .

Ha 6u ce aucepeHujanHu MIaHeTapHU IPEHOCHUK CHAre jeHO3HaYHO KpeTao, Tpeba Aa uma
nBa moroncka wiaHa (SSK=2). Hajuemnrhe je To KpeTame HeHTpalTHOT 3yITuaHnKa 2 1 Hocaya 4.

HuepeHnujaqny MIaHEeTapHU MPEHOCHUK CHAare ca LWIMHAPUYHUM 3yIMYaHUKOM ca
YHYTpallllbuM 3yMuameM Npukas3aH je Ha ci. 11.3. Lentpanuu 3ymuanuk 5 u catenut 3 cy ca
YHYTpAIllbUM 3yMUameM, a IEHTPAJHU 3YyMUaHUK 2 ¥ caTeauT 3 cy ca cnombammuM. OBaj
nudepeHIrjaTHu IIaHeTapHU TIPEHOCHUK CHare, Aa Ou ce jeflHO3HAYHO KpeTao Tpeba fa uma fsa
noroncka unana (SSK=2). IloroHcku unaH je Hajuemrhe HOocay 4 W jegaH Off IEHTPAITHUX
3yIYaHUKA.

Hocau 4 potupa oko cBoje oce (A) yraoHoMm 6p3UHOM o4 Y jeTHOM Wi ApyroM cMepy. Hocau
4 HOcH catenuT 3 Koju “Tpum’ OKO 3yMUaHWKa 2 ¥ YHYTap 3ymyanuka 5. 3ymyanunu 2 u 5 o6phy ce
OKO CBOJUX HEMIOMUYHUX OCa A yraoHNM Op3MHaMa @) U 5 .
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Carenut 3 WMa Tpu yraoHe Op3WMHE: PEJATHBHY YraoHy Op3WHY Yy OJHOCY Ha CIPETHYTH
3yMTYaHUK 2, m%, NPEHOCHY Op3MHY 3ajeiHO ca HocaueM 4, 4 U ancosyTHy Op3uHy ®3. CMmepoBu
peslaTUBHE yraoHe Op3uHe co% ¥ yraoHe Op3uHe [EHTPATHOT 3yITYaHuKa 5, w5 cy uctu (ci. 11.3).

CMep anconyTHE yraoHe Op3MHE CaTENIUTa 3 3aBHUCH Off cMepa oOpTama Hocada 4 1 cMepa |
BPEIHOCTU Op3UHE 3yITYaHUKA 2, ™) ¥ MOXKE OUTH Y J€[[HOM WU PyTOM CMEpY.

Ca. 11.3: I[1naneinapru

OucpepenlujasHu IpeHOCHUK CHaze
Ca YHYUPpautrbum 3yu4arbem

[naHeTapHu NPEHOCHUIM CHAre ¢ KOHMYHUM 3yIYaHUIMMA KOPUCTE Ce, Kajia Tpeba NpeHeTH
OOpTHO KpeTame ca jeJHOT BpaTuiia Ha pyro Koja ce ceky (ci. 11.4).

Caremur 3 oOphe ce: oko cBoje mokpeTHe oce (B) pematmBHOM yraonom 6p3I/IHOM(D:,2,;

IPEHOCHOM yraoHOM Op3MHOM OKO Tayke A 3ajefiHO ca HocaueM 4, @4 U ancoNyTHOM YraoHOM
Op3uHOM 3. CMep oOprama catenuTa 3 3aBUCH Off CMEPOBa O0OpTama LEHTPATHOT 3yTYaHUKA 2 U
Hocaua 4. 3a uctu cMep obprama 3ymyaHuka 2, cMep obprama catenuta 3 (w3 ) MOXe OUTH Y
JETHOM UJIM IPYTOM CMEpY, Kao 1 cMep oOpTama Hocava 4.
[TpeHocHUIM W JpPyrM 4YJIAHOBM IUIAHETAPHUX IPEHOCHMKA cHare oOphy ce, yriaBHOM
JEMHOIMKO, n3y3uMajyhu mepuoy yxofaBarma (IOCTH3aba PAJHOT PEXKUMA) M 3ayCTaB/bakba.
2

QES/ 3
N—— ] 11 >
B
2
N
oh) 1 4 ®3
et I\ A== Ca. 11.4: 1naneitipanu OugepeHyujansHu ipeHOCHUK CHaze
777 PV C KOHYCHUM 3YUHAHULUMA

11.3. IlpegHocTH NIIaHETAPHUX IPEHOCHUKA CHAre

[InaneTapHu NpPEHOCHUIM CHAare MMajy IIMPOKY IPUMEHY Y MOJbONPHUBPENHO] TEXHUIH,
N0CEOHO Ha TPAaKTOpYMA U APYTrMM BO3WJIMMa, 300T HU3a NPEJHOCTH Y OAHOCY Ha IPEHOCHUKE ca
HEMOKPETHUM ocama (KJIACHYHO CIperHyTe TpeHocHuke). [IpefHocTr mianeTapHuX NMPEHOCHUKA

CHare y OfJHOCYy Ha TPCHOCHUKE Ca HEITOKPETHUM FCOMCTpI/IjCKI/IM ocaMa Cy:
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11. INTAHETAPHU NIPEHOCHULIH CHAI'E (MEXAHU3MH)

— PpaBHOMEpHHja pacrnopena ontepehema o 3ynuuma,

— MOTrYyhHOCT NpeHolIeka Beher 0OpTHOT MOMEHTA,

— MoryhHoCT Beher npeHOCHOT OffHOCa 3a UCTH OpOj 3yIYaHuKa,

— jefaH Te MCTH IUIAHETAPHU NPEHOCHUK CHAre Moxe OUTH PEfyKTOp, MyJITUIIMKATODP U

KJIACUYHO CIIPETHYTHU NIPEHOCHHUK,

— Mame rabapuTHe UMEH3HUje U KOMIIAKTHH]ja KOHCTPYKIIMja UTH.

OcHOBHa MPEHOCT IJIAHETaPHKUX MPEHOCHUKA CHATe je Y ToMe IITo oMoryhasajy Behu crenen
crpe3ama (BuIe 3ybama y cpesn) jep Mory umatu Behu 6poj catenura, 1Ba, Tpu u Bute (ci. 11.5),
a Ja ce y KMHEeMaTHUYKOM CMHCIY HUINTa He Mema. Behu crenen cnpesawa omoryhasa
paBHOMEpHH]Y pacnofieny ontepehema u MoryhHOCT peHolewha Behux 00pTHIX MOMEHATa.

Hocau 4 nocu Buiie catenuta 3, 3’, 3”,... v Bullle, 3aBUCHO O] OOPTHOT MOMEHTa KOju Tpeba jia
ce mpeHocu. Ha Taj HauuH ontepeheme ce mpeHocu Ha BHlIe 3yOana KOju Cy UCTOBPEMEHO Y
cipesu, Te OOpTHU MOMEHTH ¥ ontepehemwa Mory 6uTu Beha.

®s
—— ]
L3
syl P
2
AZAA LLL | LLL
777 777 777'A
—3'

Ca. 11.5: [1naHeitiapHu iipeHOCHULU CHAZe A 8UULe CATeAUIIA HA JeOHOM HOCAYY

11.4. 'eomeTpujcku yca0BH (yHKIHOHHCAMA

Jla Ou nnaHeTapHu MexaHU3MH (DYHKIMOHKCANU Tpeba f1a ce UCTYHE Pa3IuYuTH T€OMETPHUjCKU
YCIOBU, 3aBUCHO OfI CTPYKType MexaHu3ma. AHanuzupahe ce ycinoBu (PyHKIMOHUCAHA
eTMMIUKIMIHOT TIaHETAPHOT MPEHOCHUKA CHAre ca TpH 3yMmuaHuka catenmta (ci. 11.6).

[IpBu ycnoB (yHKIMOHNWCAKA IUIAHETAPHOT NPEHOCHMKA CHAre je y3ajaMHa 3aBHCHOCT
NOJTYNIPEYHUKA CIPETHYTHUX 3yTYaHUKA:

Rl =R2 +2R3. ............................................................................................. (111)

W3 oBor ycnoBa ciieu 3akibydak, fia y3ayskHe oce BpaTHiia [EHTPATHOT CYHUYAHOT 3yTYaHuKa 1
BpaTUIa HOCaUa caTeJIMTa, OKO Kojer ce Hocau oophe, Tpeda fja ¢y caocHe (j1a ce MoKJanajy).

Mopnynmn m cBUX CIperHyTHX 3ym4aHWKa Cy MCTH: mj =my =m3. VI3 ofgHOCa fa je cpeqmu
NPEYHUK 3yMYaHWKa jeHAaK MPOM3BOAY Mojylda u Opoja 3ybama (D=m-z) gobuja ce ycmoB
yIaJbeHOCTH 0ca BpaTuia (yclioB KOAKCUjaTHOCTH ) WITH f1a je 6poj 3ybama caTenura (3) jeqHak:

3ymyaHuIy CATENUTH Cy UCTUX BEJIMUYMHA, & HHUXOB OPOj 3aBHUCH Off OOPTHOT MOMEHTA KOjH
Tpeba fma ce mpeHocu. bpoj caremura (3, 3’, 3”,...) je orpannyeH u gobHja ce W3 yclioBa Ja je

pacrojame u3Mehy oca CyceHUX caTelnTa jeJHaKO:
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11. INTAHETAPHU NIPEHOCHULIH CHAI'E (MEXAHU3MH)

BB' > 2-R3 HIH 2BE >D3. cooooooeeeeeeeeeevoovossessssssssssesssesesssssssssssmnnnsnsnns (11.3)

Axo ycBojuMO fa cy carenutd 3 u 3’ cuMeTpuvyHO pacnopehbeHn y opHOCY Ha oOcy
(BB'=BE +EB'=2-BE ), Taia ce u3 npaBoyruor Tpoyria AEB no6wuja:

. .2 . : .
BE:AB-sm%:(RZ +R3)-sin 5 T =%(22 +Z3)-s1nl. Yrao o ogpebyje ce u3 ycnosa fa je
‘s ns

2n . .
o =— ,TIjeje ng - Opoj caremTa.

ng

AKO ce ycBOjU Jla Cy 3YNYaHWI[M HEKOPUTOBAaHM, KOJ KOjUX je BHCMHA TEMEHOT fieja 3ymia
jemHaKa MOJyJ1y 3yIYaHMKa, IPEYHKK caTeInuTa 3 jefJHaK je:

D3=2-R3=m-23+2-m=1(23 +2). coccermmmrrrrrrrrmrrerrerrsrsrresssssssreesseeen (11.4)

Ha ocHoBy npeTxoHux jefiHaunHa joouja ce:

(z5 +Z3)-sin£ S TR (11.5)

Ycnos necunncan jemHaumHoM (11.5) Ha3wWBa ce yCIOBOM YAa/beHOCTH BpAaTHIIa CYCETHUX
caTeJuTa.

Ca. 11.6: Ycaos 6poja caitieauitia

Jla 6u caTenut 3 OMO UCTOBPEMEHO CIIPETHYT ca 3ynmyaHuuyuMa 1 1 2, Mopa OUTH UCITYHEH YCIOB
na cy ayxune nykoBa CD u FG ofpebene jennaunnama:

t- t-
o]0 e G ] (11.6)
ng ng
rfie je: t - Kopak 3y[4aHuKa o JyKy.
. . t- t- .
N3 30upa nykoBa CD + FG po0uja ce jegHaunna: CD + FG = LAY L YUjuM cpebuBamem
ng ng

ce f1o0uja ycIioB MOHTaxKe:

2t TEO OPOJ.  cvreerreeeerieetinetsesetstsstsesetsesetsesetsese st sssssssssssssssesessesssesnes (11.7)

ng

11.5. KunemaTnuku napamMeTpu nJIaHeTapHUX PEHOCHUKA CHATe

3a oppebuBame OOMMHUX U YraoHMX Op3MHA YJNAHOBA IUIAHETAPHUX IPEHOCHMKA CHare u
IIPEHOCHOT OfIHOCA U3Meby BHX, KOPUCTE Ce Pa3Iu4uTe rpahoaHaIuTHUKE U AHATUTHYKE METOJIE:
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— MeTojja TUIaHa OOMMHUX U yraoHuX Op3uHa (rpacoaHamuTHYKa METONIA),

— MeTofa yraoHnx Op3uHa (aHATUTHYKA),

— MeTojia 3aycTaBibama (BumucoBa ananuTuka MeTosa) UTH.

Koja he ce MeToa KOpUCTHTH 3aBUCH Off IUTAHETAPHOT MEXaHM3Ma, MOCTABILEHOT 3aJaTKa
XeJbeHe TAUHOCTH.

11.6. MeTopa niiana 0GMMHHUX ¥ YTAOHHX OpP3HHA

Metopja nuaHa OOMMHUX M YraoHMX Op3WHA CacTOju ce Yy LpTawmy BEJOUUAA 4YIaHOBa
IIaHEeTapHOT PEHOCHKMKA cHare. Benonuaa npefcrasiba TMHKUY KOja craja BpXoBe Op3uHa Tayaka
Ha ucToM 4sany. [lobuja ce crnajambeM BpxoBa Op31Ha [JBE TaUKe WJIM J€JHE TaYKe U TPEHYTHOT Iona
obprama. TpeHyTHE O 00pTama je Tauka Koja Mupyje (6p3uHa TPEHYTHOT T0J1a je jelHaKa HYJIH)
OKO KOje ce Y TOM MoJioxkajy oOphy ocrane Tauke Ha unaHy. OBa MeTOfja ce KOPUCTHU 3a CBE
IPEHOCHUKE: Ca HEIOMUYHUM U IOMUYHUM F€OMETPHUjCKIM OCaMma.

IIpenocHuny ca HEMOMHYHAM reOMETPHjCKHM 0caMa (KJIACHYHO CPErHyTH)

OpnpebuBamba KMHEMATHYKMX [apaMeTapa METONOM IlJlaHa OOMMHHMX ¥ YraoHUX Op3uHa
nokazahe ce Ha KJIITaCHYHO CIPErHyTHM npeHocHunuMa (ci. 11.7). Tpu munuHgpuyHa 3ymyanuka 2, 3
U 4 ca crnoballkbuM 3yIMYakEM Cy PEAHO CIPETHYTM U OOphy ce OKO CBOJUX HENOKPETHUX
reometpujckux oca A, C u E. [ToroHcku npenocHuk je 3ynmuanuk 2. Heka je no3nata reometpuja
MPEHOCHUKA 1 yraoHa 6p3uHa MoroHckor 3ymyannka 2 (R, =0,08m, R3 =0,135m, R4 =0,100 m,
0y =10 s ).

. . 0,Im
[IpBo ce HalpTa KHHEMAaTHYKA 1IEMA IPEMA YCBOjEHO] pa3Mepu, Hiop. U =

lIcm
Haupra ce nunuja cnpezawa AF, 300r mperiaegHOCTH ca jefjHe WK [pyre CTpaHe KMHeMaTH4Ke
mieme. OBa JuHKja cripe3ama MpefcTaBiba JIMHU]Y IJ1aHa OOMMHUX Op3UHA U HA H0] ce MpeHecy U
o3Haue KnuHeMaTuike Tauke A, B, C, D, E u F ca kuaemarnuke meme (ci. 11.7).
Oppenmu ce obumHa Op3KMHA Tauke B Ha NMOTrOHCKOM 3yIMUYaHUKY 2, Jep j€é HETrOBO KpEeTame
3ajaTo: Vg =§3.w2 =0,08-10=0,8m/s. OBa Op3uHa je ynpaBHa Ha pagujyc oOprama AB y
Im/s

cMepy p. YcBoju ce pasmepa 3a Op3uny U, = W HanpTa nyx Bb, Koja y pa3mepu

npeJcTaBba Op3UHy vp :

(vg =Bb- U, =1,6cm-1m/S

=0,8m/s).
2cm

Cnoje ce Tauke Ab u go6uja Bemoma 3ymyaHuka 2 (TOf YIJIOM o) jep je Tauka A TpeHYTHH
1oJ1 oBor 3ymuaHuka. Tauka B ce ucroBpeMeHo Hanasu u Ha 3ym4yanuky 3, Te ce cnoju Tauka b ca C,
jep je tauka C tpenyTHu non 3ymuanuka 3. [Ipopyxu ce nunuja bC u Ha H0j fobuja favka d, jep ce
tauka D Hama3wm Ha 3ymuaHuKy 3 W Tako mpobuja Bemomma 3ymyanuka 3 (mox yriuom ). Ha uctm
Ha4uH ce o0uja BeJIonuia 3ynyannka 4, cnajameM Tauke d (jep Tauka D npunaja u 3ymuanuky 4) u
E (jep je E Tpenyrau nox 3ymuannka 4) . bp3une tpenytHux mosoBa A, Cu E cy jemHake Hyi.

MHoxemeM pa3Mepe 3a 00MMHe Op3KHE U ofiroBapajyhux ofcedaka fo0Oujajy ce MHTEH3UTETU
00MMHUX Op3WHa:

VD =D_d-UV =08m/s, Vg =ﬁ-UV =0,8m/s. Cmep oOnMHe Op3uHe Tauke F je uctu, a
tauyke D cynporan off cMepa oOuMHe Op3uHe Tauke B.
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KunemaTtuuka rema [Inan oOMMHKEX Op31Ha
NPEHOCHARA F VE

f

/>Y

; E
i JIHHH]a [V1aHa
i d vp " OO UMHIX OpsuHa

D

B

B VB b

A TUHH]a TU1aHa
YraoHux Op3uHa
3 0 4 2

IInan yraomnwnx 6p3una

Ca. 11.7: [1nan o6UMHUX U Y2ZAOHUX OP3UHA 3YHHAHUKA CA
HEeUOKPEUUHUM 2€OMEIUPUJCKUM OCAMA

IInan yraonux op3mna o01ja ce HpTameM 100ujeHnx Beaoluaa. Ha mpons3BobHOM pacTojamy
Hal[pTa ce JIMHMUja TJIaHa YTaOHUX Op3MHA KOja je yInpaBHA Ha JUHU]Y MJ1aHa oOuMHuX Op3uHa. Of
tauke P Koja je Ha mpousBosbHOM pactojamy H off nuHmje miana yraoHux Op3uWHa HAlpTajy ce
no6ujeHe BeJIoIm/e MOy YIIIOBIMa o, [3 1 Y.

['me Benmomupa Mo yriioMm o ceuye JIMHUjY IUIaHAa yraoHux Op3uHa Aobuja ce Tauka 2, jep
npejicTaB/ba BEJIONUY 3yIMUaHnKa 2, 3aTo IITO Cy Ha 1oj Tauke A u B. Benomuia noy yriom 3 ceue
NMHA]Y y TAuKH 3, a nof yroM y y Taukn 4. [yxu 02, 03 u 04 moMHOXeHe ca pasMepoM Uy, fajy
ofroBapajyhe yraone Op3uHe NCTOMMEHHX 3yMuaHuKa (®y, ®3 U o4 ). Pazmepa U, 3aBucu of
NPEeTXOHUX pa3Mepa M pactojaka H, a mobuja ce u3 BpPEeAHOCTH yIia o mocMaTpajyhu miax
0O0MMHUX U IU1aH yraoHux Op3uHa. 13 nnana o6umHux Op3uHa ey Aa je:

VB
Bb U U U :
tgaz_Bb - —Y _YB' 'L =y - L U3 mnana yraoHux Op3mHa clIegu jJa  je:
ABer AB  AB-U, Uy
UL

Y =02-U,, Te IpOMU3MIA3M [a je pa3mepa 3a

— UL . —
02=H-tgao=H -0y -—=,aomaBue je o, =02-
g 2 U, AaBJIE ] 2 H-Up
yraose Op3uHe U, jeqHaka:
UV

Uy = OO 11.8
o= (118
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Im/s |
. Is™ .
3a matu npumep (cn.11.7) pa3mepa 3a yraone 6Op3une je:U, = Zcm —— , Te je
1.4 00m 0,28 cm
Aom: ———
lcm
e 1s”! -1 i -1
o3 =03-U,=165cm-—=589s "1 wy =04-Uy, =8,00s .
0,28 cm

Ha OCHOBY IIO3HATUX YIraOHUX 6p3I/IHa MOry ¢ OoIp€aUuTU NPEHOCHUA OTHOCH i, TC je:

i24:°°_2:£: 27em o5 Hiyy=—"2 = 02 _ 27em _ 3.
w4 04 215cm T w3 -03 -1,65cm

Ojiceuak 03 je HEraTMBHOT TPEN3HAKA jep je Ha CYMpOTHO] CTPaH’ Off oficedka 02 , Te je cMep
o0pTama 3yImyaHuKa 3 cypoTaH off cMepa oOpTama 3ylyaHuka 2.

IInaneTapHu npeHOCHUIM CHATE

HMcra oBa MeTopa iiana Op3uHa M yraoHWX Op31MHA OKa3aHa Ha 3y[MYaHUIMa Ca HEOKPETHAM
reOMEeTPHjCKUM 0caMa MOXe ce MPUMEHHUTH U 32 TJIaHeTapHe NpeHocHuKe cHare. [loctynak je fat
Ha eNMUIUKIMYHOM CJIOXEHOM IUIaHETapHOM IIPEHOCHHKY CHAre ca jefHIM CTENeHOM clobofe
kperama (cn.11.8). Crenen cnobopie Kpetama 1o jeHaunnu Yeouiesa je:

SSK=3(n-1)-2-P|—P, =3(5-1)-2-4-3=1, e je n=5(6 2; 3.4; 57 8),
Py =4(,2; 5,1;7,5;8,1) u Py =3(2,3;4,6;7,8). UnanoBu 1 m 6 pauyHajy ce Kao jefjlaH 4WiaH
(nemokpeTHHU cy), Kao u 3,4 1 5, 7 jep cy Ha ICTOM BpaTHITY.

b

. . 0,lm
Heka je reomeTpuja npeHocHuKa 3agara pazmepom Uj = 0
cm

, @ TIOTOHCKHM 4J1aH 2 oOphe ce

CTaJIHOM YraoHOM Op3MHOM ®) =10 s, Carenntn cy 3ynuaHuiy 3 u 4 Koje HOCM Hocad 3.
Carenur 3 "Tpun" OKoO 3ynyaHuka 2, a caTenur 4 "Tpun" yHyTap 3ynyaHuka 6.
Oppenu ce obumHa Op3uHa Tadyke B, npema uspasy vp :Emz =0,1-10=1,0m/s . IIpaBan

oBe Op3MHE je yIpaBaH Ha paBaH LpTamba, yCMEPEHa je Ka HaMa, a Py LpTawby okpeHe ce 3a 90° Ha
JIEBY WIIU IECHY CTPaHy 3aBHCHO Off PACIOJIOKMBOT MPOCTOPA 3a LpTame. Y CBOJEHAa pa3Mmepa 3a

uprawe 6p3uHa je U, =13mi, Te ofceyak Bb (3 cm) mpenicTaBba GP3MHY VR Y YCBOjEHO]
cm

pa3MepH.

Cnoje ce Tauke b 1 A u Tako gobuja Benouupa 3ynmyanuka 2. Tauka B ce Hamasu m Ha
3ynyaHuky 3 umja je oOuMMHa Op3uHa caja nosHaTa. [la Ou ce goOmia BenouuAa 3ymyaHuka 3
notpeOHa je Op3uHa joll jeIHe TaUuKe HA TOM 3YMTYaHUKY WK KHeroB TpeHyTHH noi. Ha 3ynmuanuky 3
ce Hanasy Tauka C, anu je 3a caia, Helo3HaTa beHa Op3uHa. 3ymyanuiy 3 1 4 cy Ha HCTOM BpaTUiy,
UMajy ucTe yraoHe Op3uHe, Te uMajy ucty Benouuay. Ha 3ymuanuky 4 Hanasu ce Tauka D xoja je
TPEHYTHHU MOJ 32 OBAj 3yMUAHUK, jep Ce Halla3W ¥ Ha 3yMUAHUKY 6 KOju je HemoKpeTaH U Op3uHa
tauke D je nyna. Cnajamem Tauaka b u D fo0uja ce Benouupaa catenuta 3 u 4. Ha Benomupu bD je
TayKa ¢ Koja MpejICcTaBiba BpaTUIIO 3ymyannka 3 u 4 u Bpx Hocaya 5. CnajambeM Tauke ¢ ca A (0Ko
Koje ce 06phe Hocau 5) umja je Op3WHa jeHaKa HYJIH, JoOWja ce BeJIoNuIa Hocavya 5 1 3ymyanuka 7,
jep cy Ha ucroM Bparuny. Ha Benonuau Ac Hanasu ce Tauka € Koja ofpebyje oOMMHy Op3MHY Tauke
E xoja ce Hanasu Ha 3ynuanuky 7 u 8. CnajameM Tauke € ¥ TPeHYTHOT nona, Tauke F, obuja ce
BEJIONU/A 3yIYaHuKa 8 M Tauka g Ha 10j.
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MuoxeweM ofroeapajyhux ojcevyaka ca pa3mepoM 3a Op3uHe, A00Mjajy ce BPENHOCTH
OoOMMHMX Op3MHAa Ha3HAYEHHMX Tavaka (vcza-UV=0,383m/s, vg =Ee-U, =0,216m/s,
vg =Gg-U, =0,216m/s).

[Inan yraonux Op3uHa LpTa ce of Tauke P Koja ce ycBOju Ha MpoOM3BOBHOM pacTojamby H
(H=1,7 cm) op nmuuje yraonmx Op3mHa W3 Koje ce LpTajy pobujeHe Benmoumpe. Opcedrm
NOMHOXEHU ca pamepoMm U, mpefcraBbajy yraoHe Op3uHe. Pa3mepa 3a yraone Op3uHe je:

Im/s :
Uy, = Uy __3em _ , T€ Cy yraoHe Op3MHE:
H-Up 1,7'0,17111 0,51cm
Iecm
— 157! -1 = -1
®3=m4=03-Uy =-215cm- =-4,215s °, w5 =07=05-U, =1470s ~, u

wg =08-Ugy =—1,1965"".
[IpeHocHu opHOC Off y7a3HOT MOTOHCKOT 3yMYaHUKA 2 IO M3JIA3HOT TOHBEHOT 8§ jefiHaK je:
wp) 02 50 _

Ihg=—"2=—== -8,33.
28" g 08 0.6
G T g G
_ 8~
D Fb— F N
4 777
C C ¢
34
B 1+ E e
+4 = 6 » B b
. A
D774 7774 I A
7777 Ve — | A
® 5
34 8 lo 57 2
H
(.

P

Ca. 11.8: Meitiooa iinana 0OUMHUX U YZAOHUX OP3UHA HAAHEMAPHOZ UPEHOCHUKA CHA2e

11.7. MeTopa yraonnx o0p3uHa (AaHATNTHYKA METO/1A)

Meropa yraoHux Gp3uHa 3aCHUBA CE Ha aHATMTHYKOM U3pa3y 3a IPEHOCHH OJJHOC IIAHE TAPHUX
TIPEHOCHUKA CHAre KOjH je OTKpUO eHriiecku HayuHuk Bumuc (Villis):

n

Op —® Op O —O

ipy=—t—mm =L (11.9)
Wz — Oy oy Oz O



11. INTAHETAPHU NIPEHOCHULIH CHAI'E (MEXAHU3MH)

r7ie je: i{,‘,z - IPEHOCHN OJJHOC Off IIPEJiIbEr [I0 3a/jiber 3yMYaHHKa PEIaTHBHO NPEMa HOCAdY, oy -
yraoHa Op3MHa IIpefber 3yMYaHMKa INIPeMa HENOKPETHO] OCH, ®,- yraoHa Op3WHa 3ajimber

3ynmyaHauKa IpeMa HEMOKPETHO] OCU, ®p - yraoHa Op3MHa Hocaya IpeMa HeMOKPETHO] OCH, mg -

yraoHa Op3MHA TPEMIHET 3yIYAHNKA PEJATHBHO NMPEMA HOCAuy U o - YraOHA Op3UHA 3ajHer
3yIYaHUKa peJaTUBHO IPeMa Hocayy.

Koju je 3ynuanuk npenmwu, a Koju 331 Y HEKOM IJITaHETAPHOM NIPEHOCHUKY CHAre, CBEjeiHO
je, ycBaja ce, LITO He yTHYE Ha PEIleHE 3a4aTKa.

Jemnaunna (11.9) o6yxBara 3ymuanuke y cnpesu m3mehy kojux je Hocau. Kopuctu ce 3a cBe
IJIaHeTapHe PEHOCHUKE CHAre: eMUIMKINYHE, AU(hepeHLHjaHe, JeTHOCTABHE U CIOXEHE.

3a nnaHeTapHU MPEHOCHUK cHare ca cnuke 11.8 Moxke ce ycBOJUTH [1a je mpefiiby 3yMYaHuK 2, a
3a/ii1 6 UIu OOPHYTO TE je:

5 =22795 (11.10)

1 = S S N
20 wg—ws

W3 oBe jefHaunHE MOXE CE OPEIUTH M5, KAO JeANHN HENO3HAT IIapaMeTap, ako ce PETXOAHO
5 . .
Ofipefiu i o, jepje wg =0.
.5 .
[TpeHocHu ofHOC i3 ¢ e pemaTuBHHI MPEHOCHH OfIHOC u3Meby 3ynyaHuka 2 u 6 y ogHoOCy Ha
HOCay 5 1 OH je UCTH OMJIO Aia ce Hocad S Kpehe iy Mupyje ce OfipeAuTH o5 , Kao JeAMHN HENO3HAT
napameTap, ako ce IPETXOIHO Ofipe/in i; c-Jepje wg =0.

Onpebyje ce Ha Taj HAYKMH WITO ce 3aMHUCIHA Aa HOCAY MHpYje, a 1a ce HEMOKPEeTHH 3YMYaHNK
kpehie. Kana Hocau 5 ycnoBHo mupyje 3ynuanuny 2, 3, 4 u 6 cy KIaCHYHO CIIPETHYTH, OHOCHO
3ynmyanuiy 3 u 4 Hucy Buile catenutu. HemokpeTHu 3ynmuanuk 6 ce ycnoBHO Kpehe, Te je IpeHOCHH
OJTHOC jeJTHAK:

R3 R __0150 035
R, Ry 010 0,09

i§ 6 =123 146=" = —5,833. U3 jepnaunne (11.10) cnenu na je

05 = (”?S =1 ( 12833) =1,463 s~ Howro Cy HOcay 5 ¥ 3yMYaHKK 7 Ha KICTOM BpaTUIy, UMajy
1-1 U
2,6

HCTY yraoHy Op3HHY, T€ je ®7 = o5 =1,463 s7L. 3ymuanuiy 7 1 8 ¢y KIacUYHO CIIPETHYTH T€ je:

. o7 Rg G 6 8
i78 = o Ry OflaKJIe ce fo0uja yraoHa Op3uHa 3yIMYaHuKa §8:
‘R . _
wg=— 2T 27 1,463-0,14 _ ~1,204s™!. Herarusan Ipef3HaK yraoHe Op3yHe 3ylIyaHuka 8
8 Rg 0,17

3Hauy ia ce OH 0Ophe y CypOTHOM CMepy Of TOTOHCKOT 3yITYaHuKa 2 YUju je CMep YCBOjeH 3a
IIO3UTHBAH.

[la 6u ce ogpenwnia yraona 6p3uHa carenura 3 u 4 nocrasu ce jegHaunta (11.10) 3a 3ymuanuke
2,3 v Hocava 5 wiu 3a 3ynuanuke 4, 6 1 Hocaya 5, Te je:

D 0 T S —— 11.11
3 @3 — s ( )

PenaTtuBan npenocHu ofgHoc u3Meby 3ynyanuka 2 u 3 je:
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11. INTAHETAPHU NIPEHOCHULIH CHAI'E (MEXAHU3MH)

ig 3 _®_ Ry OIS0 -1,5, e ce u3 jegHaunHe (11.11) mobuja w3 Kao jeAMHM HEMO3HATH
’ w3 R2 0,100

(O)) +(1)5(i33 —1)

napameTap : ®3 = 3 =—-4,228 s7L,
23
. s (O] 10
YKyIaH IPEHOCHH OfIHOC JefIHAK Je: ip g =—== =-8,30.

-1.204

Paznuka BpepHOCTH ROOMjeHMX TrpapuuKOM M AHANIUTHYKOM METOOM j€ Hacrajga 300T
HEJI0BOJbHE NPELU3HOCTH IPTakha, Ka0 OCHOBHOT HEJJOCTaTKa IpapoaHaIUTHIKE METOIE.

3aparak 11.3: 3a enuukINyHY IUTaHeTapHU peHOCHUK cHare (ci. 11.1 u cn. 11.9) onpepuru
yraoHy Op3uHy caTenuTa 2 ako Cy IaT IOfjall: M3 = 105 ,R1=02m u Ry =0,Im.
3 _ 0] -3

Ha ocnoBy jemnaumue (11.19) mpenocHu ofHOC je: 12 ZH’ WA U3PAKEHO MPEKO

. . -R 1 .
reOMETPHjCKUX MapaMeTapa: 117’ ) :R—2: —%: —0,5. Yraona 6p3uHa 3ynmyanuka 1 je Hyna, Te
) 1 ,
jer ) =m3 1—% :10(1 _%J =30s7. Kop oBor nmmanerapHor mpeHocHUKa cCHare yraosa
i - Y,
1,2

Op3uHa caTennuTa ®, je yBek Beha of Op3uHe HOcaua ®3, a uctux cy cmeposa. lllTo je 3ymuanuk 2
MamH, TO je Op3uHa ® 5 Beha.

I'pacuuxo peiewme 0BOr 3aaTKa MprUKa3aHo je Ha ci1. 11.9.

O,lm’ Uy - Im/s

YcBojene pazmepe cy: Up =——
lIcm 0,5cm

. O6umHa 6p3uHa Tauke B Ha HOcauy 3 je:

VB =(R1 +R2)-(D3 =3m/s.

IOyx Bb npeacraBba OOHMHY Op3uHY
> Tauke B Ha HOcauy 3 u Ha Bpatuiy carenuta 2.
Tpenytau mon carenura 2 je Tauka C 4mja je
b Op3uHa jemuaka Hyan. Cnajamem Tauaka C u b
nobuja ce BeJIOUUa caTeInTa 2 U Ha HOj Tauka

d. Yraona 6p3una catenurta 2 je:

@y =02-Ugy =29,50s 1, e je
U, 157!
U, = = .
H-Up 0,095cm

H Ca. 11.9: I'pagpoananuiuiuyuko oopehusarse
Op3uHa (3aoaitiak 11.3)
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aparak 11.4: 3a pgudpepeHnmjanHu miuaHetapHu npeHocHuk cHare (cim. 11.10) oppemurtu
yraoHy Op3mHy carenuTa 3 (TOBEHOT PajHOT WiaHa) aKo je: o4 = 420571, ®) =105, (o7 je
Mame 01 ®4), Ry =02m u R3=0,lm.
_ - . R . .
[IpenocHu ofHOC je: 13‘ 3 =027094 1‘2‘ 3= ~=3 W3 oBe niBe jenHauyrHe fo0uja ce u3pas 3a
» 03 -0y ’ R»
yraosy Op3uHy caTejura 3:

0)2—0)4-(1-}-1};3]
2

Rz ’
Ry

............................................................................ (11.12)

w3 =

Teje 34 W4 = 20 S_1 s W3/ p4=20 = 40 S_1 ,d3d Oy = -20 S_1 je O3/ p4=-—20 = -80 S_1

3Hauy, f1a 3a HaTpe[ 3ajjaTe NOoAaTKe, Kafa ce Hocad 4 oOphe y cynipoTHOM cMepy Off 3ylT4aHuKa
2, carenut 3 he OuTu ABa MmyTa OpP>KU HETO y CAyyajy Kaja cy Hocay 4 U 3ym4yaHuK 2 UCTHX CMEpOBa
oOpTama. ¥ o0a ciyyaja yraone Op3uHe caTennTa 3 1 Hocaya 4 Cy UCTHX CMEpOBA.

|UU

Ca. 11.10: Y3ajamna 3asucrociii yzaornux 6p3una
(3aoaitiax 11.4u 11.5)

3aparak 11.5: 3a nperxopnu 3agarak (ci. 11.10) oppeautn yraony Gp3uHy carenura 3 ako je

04 = 420571, ®) =40s_1,(c02 jeBehe o w4), Ry =02mu R3=0,lm.

W3 jennaumne (11.12) gobuja ce pa je 3a w4 =20s , w3 =-20 sl ama 04 =-20 571 je

03 =-140 s~!. Buaun lla ce y MPBOM cCly4ajy Kaja cy CMEpOBM 3yIYaHMKA 2 M HOcaya 4 WCTH,

yraoHa Op3HMHa caTejuTa 3 je CYNpOTHOI cMepa M cefaM IlyTa Mamba Hero IpH pasiuyuTHM

CMEpOBUMA 3yITYaHUKA 2 ¥ HOcaya 4.

Ha ocnoBy 3afaraka 11.4 u 11.5 3a jegHocTaBaH miaHeTapHU AUMEPEHIUjATHA MPEHOCHUK
cHare ca Tpu nokpertHa wiana (ci1. 11.10) mory ce u3Bectu cnenehn 3akbydnm:

— IIpomeHOM cMepa UM BPEIHOCTH YraoHMX Op3uHa HOcaya 4 ¥ LEHTPANHOr 3yMyaHWKa 2
IOCTIKY CE€ BpPJIO pa3iMyuTe yraoHe Op3umHe caTenuTa 3, 0e3 NpOMEHe TeOMETPH]jCKUX
BpeaHocTH (Ry =0,2mu R3 =0, m ) (Tad. 11.1).

— 3a ucty BpeHOCT yraone Op3uMHE HOcaya 4, a CympoTHOT cMepa, caTeuT 3 he Outu Ba myrta
Opsku (KosmoHe 1 1 2) wi| y APYroM ciydajy cefam myta 6psku (Kosona 3 u 4).

— 3a ogrosapajyhe BpeHOCTH Op3uHa yiaHoBa 2 U 4, caTenut 3 Moxe fia ce He oophe (w3 =0),
OJTHOCHO J1a ce catenuT 3 Kpehe TpaHCIaTOPHO 10 KPYKHUIM (KOJIoHa S 1 8).

— Ako ce ykoun Hocauy 4 (w4 =0), IPEHOCHUK TIpecTaje OWTH IUTaHETapHU, Beh KIACHYHO
CIIPETHYTH NMPEHOCHUK cHare (KosoHa 7).
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Tabeaa 11.1: Bpeowrocitiu y2aoHux 6p3ura iaaueiiapHo? dpeHocHuKa cnaze ca ca. 11.22

Yraone Op3uHe Paznuunte BapujanTe MehycoOHUX BpeJHOCTH Op31Ha 0OpTama

‘l1aHoBa 1 2 3 4 5 6 7 8

( _1) 10 10 40 40 30 30 10 10
w7 S

( _1) 20 -20 20 -20 20 -20 0 6,666
Wy \S

( _1) 40 -80 -20 -140 0 -160 -20 0
w3 \s

W13 mperxopna iBa 3amatka 11.4 m 11.5 (cn.11.22) mory ce carsenaT BeJquke MOryhHOCTH 3a
fo0Kjamke pa3IMYUTHX BPEAHOCTH U OffHOCAa Op3MHA, JeAHOTr T€ MCTOT IUIaHETApHOT NPEHOCHUKA
cHare.

aparak 11.6: 3a mnaHerapHu MexaHuszam ca ci. 11.23 patu cy OpojeBu 3ybama zj =50,

zZ]1 -z

z) =26 M z3 = 2_12. Henokperas je 3ymuaHuK ca yHyTpaumuM 3ymuameM (1), a mokperan
CYHYaHM 3ymyanuK (2). OfpeanTy yKynaH MpeHOCHN Of{HOC Y /IBa CIy4aja:
a) Kajia je MOrOHCKY WIAH CYHUaH! 3yITYaHUK 2 ca ) =10 sT'n

b) Kajia je IOroHCKY unaH Hocad 4 ca wy =10 7!
3a mpBu cnyyaj mog a) yraoHa Op3mHAa Hocaua 4 gobmja ce W3 peranuje

4 _ 0 —04 _ —2Z
W] — 04 Z)y

=-1,923, ofakie je wy4 = (024 =3,421s7), e j€ YKyIaH MPEeHOCHH OJfHOC
1-1 2.1
. . 0y 10
Kajla je MOTOHCKY YIaH CYHYaH! 3yTYaHNUK, a TOBEHH HOCAY: ip 4 = —= = 3401 =2,923.
QY] ,

Ca. 11.11: 3aoainax 11.6

Y pmpyrom cnydajy mop b) u3 jenHaumne i§1=w=ﬂ=—1,923 nobuja ce nma je

W] — 4 Z)y
W) =My (1 iy 1) 29,235, Te je YKyIaH NPEeHOCHU OfJHOC KaJla je MOTOHCKHU YJIaH HOcay, & TOHCHH

CYHUYaHH 3yMYaHHUK : ig ) = 04 _ 10 _ 0,342.
wy 29,23
W3 osor mpumepa ce mory usByhu cnegehu 3akipyunn: McTu mnaHeTapHE MeXaHU3aM MOXe
OWTH PENYKTOP, CIy4aj MO a) WM MyITHIUIMKATOp, Cly4aj mof b); Y oba cmyyaja cMepoBu
o0pTama M3Na3HOT TOHBEHOT WIaHa Cy UCTH; Y CIy4ajy fla ce YKoun Hocad (4) mpeHocHu1H he ce
KpPETaTH Kao OOMYHO CIPErHYTH (npeCTahe OWTH TIaHeTapHU), Te he NMPEeHOCHW OffHOC OHUTH

iz =‘Z—zl= ~1,923.
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3Haun, oBaj IIaHeTpanu npeHocHuk (ci. 11.11), ¢ Tum aa je HemokperaH 3ymuanuk (1), a
nokperaH (2) uma cnefgehe MoryhHOCTH IpeHOCHOT OffHOCA: i < 1 i > 1.

3agarak 11.7: 'padhuukoM ¥ aHANTUTUYKOM METOJOM OAPEAUTH Op3WHE U MPEHOCHE OJHOCE
CTIOXeHOT TUiaHeTapHor MexaHm3ama (ci. 11.12). latm mopgamum cy: Ry =0,11m, Rz =0,065m,
R4 =0,08m, Rs=0,09m, Rg=0,09m, R7 =0,05m, Rg=0,23m, Rg =0,08m 1 oy =10s".

I'padoanannTuuka meTona:

Oo6umna Op3uHa Tauke B je: vg =Ry -y =0,11-10=1L1m/s. [Ipema ycBojeHo] pa3mepu 3a

oOumHe Op3uHe Uy, = Im/s

HaupTa ce oOMMHa Op3uHa Tauke B.

Ha nnany 6p3uHa cnoje ce Tauke A u b u fo6uja ce Benonuaa 3ynyanuka 2. Tauka B je u Tauka
Ha 3yMYaHuKy 3, Te ce cnoju Tauka b ca C Koja je TpeHyTHH MO 3a 3ymuanuke 3 u 4 (Ha UCTOM Cy
BpaTWIy) M Tako fobuja Bejonuaa 3ymuannka 3 u 4. Ha oBoj Beionwiy je u Tayka € jep je To
BpaTuio 3ynyanuka 3 u 4. CnajameM Tauyaka € 1 A go6uja ce Benonuaa Hocaya 10.

Tauka E je Ha BpaTmiy 3ymyanuka 6 u 7, crora ce croje Tauke € 1 D (TpeHyTHH 1on 3ynmyaHnKa
6 u 7) u gobuja Benonua 3ymuanuka 6 u 7. Ha oBoj Benmoumpu je Tauka f, jep je oBa Tauka Ha
3ymyanuky 6. CnajameM Tauke f ca A pgoOuja ce Benouuaa 3ymyaHuka 9. MHoxemweM
ofiroBapajyhux opcedyaka ca pa3MepoM f00ujaJy ce BPEAHOCTH OOUMHHMX Op3uHAa:
VE =§-UV =13m/s u vp =ﬁ-UV =3,8m/s.

[1nan yraonux Op3uHa je HaLpTaH Ha HAUMH KaKo je Hanpep o0jalimbeHo. Pa3mepa 3a yraoHe

Im/s
. . 0,5cm 1s_l
Op3uHe ofipebena je npema jequaunHu U, = Y J U3HOCH: Uy, = 2 = .
H-Up 0,lm 0,04cm
0,8cm-——
lecm

MHoxemeM oroBapajyhux ojceyaka ca miaHa yraOHUX Op3uHa 100Ujajy ce UHTEH3UTETH:
®3=04=034-Uy=65s"", 0g=w7=-06,7-Uy=—10625 s~ 11 wg=09-U, =188,75s7".

o~ T3 P‘;) D]
7 c
10 1 B| b
- T8 +{c C] f
| Lo FH
_ p7an
A== 77 4]
77
1 5
j
6.7 ol 2 10 3.4 9
P

Ca. 11.12: Oopehusare 6p3una caoreHo? UaaHeillapHo? iipeHOoCHUKa cHaze (3aoaitiak 11.7)

AHaJINTHYKa METOJA:

OBako CIIOXeH IUIaHeTapHU TMPeHOCHWK cHare (cim. 11.12) MoXe ce pacwIaHWTH Ha BHIIE
jeTHOCTaBHUX IJIAaHETAPHUX IPYyIIa 32 KOje ce MOXKe HAMKUCATH je[HaYNHA 33 IPEHOCHU O{HOC Y KOjOj
he ¢urypucaru camo jeman HenosHaT mapamerap. To cy cnefnehe mnanerapue rpyme: 2, 3,4, 5 u
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Hocau 10; 3ymuanuuum 7, 8 u Hocau 10; 3ymuanuiy 4, 5 u Hocau 10 uth. CBaka miaHeTapHa rpyma

TpeOa 1a Ma: IEeHTPAITHU 3YITYaHUK, 3yITYaHUK CATEJIUT ¥ HOCay, a JIa Cy IPU TOME Y CIIPe3H.
[TpBO ce KOpuCTH jeHauMHA 3a MPEHOCHU OJHOC OHE IJIAHETapHE Ipyle Yy KO0joj ce Hajas3u
IIOTOHCKY 3ymyanuk 2 (Tpyna 2, 3,4, 5 m Hocau 10), Te je:

10 ©) —® . ®y ..
5 =%,oname]e 010 = _%0 jepje w5 =0.
w5 — 10 —iys
[TpeHocHu ofHOC U3paskeH MPEKO ATUX MONYIPEYHNKA jeTHAK je:
. Rz R . 1 _
il _Rs Rs 0065 009 _ 6647, meje mpg =—22—=—10___297657",
S R, Ry 011 0,08 1-il0,  1-0.664

Kapa je mo3nara yraona 6p3uHa Hocaua 10 Moxke ce cajla KOPUCTUTH jeJHAUMHA 32 IPEHOCHH
OJIHOC 3a IJIaHEeTapHY rpyny 3ynyanuka 7 u § ca Hocauem 10:

0 —M, OflaKiIe je ®7 = oolo(l—il708) jep je g =0. IIpeHoCHH OHOC U3paXeH MPEKo

78 wg —ong
laTUX OJTYIIPEYHUKA je[IHAK je:
.10 Rg 0,23 . -1 .
= = =4,6, Te je ®7 =29,76(1-4,6) =-107,136s . YraoHa Op3uHa carenuTa 6 je

1 = —=
78 R5 0,05

HCTa Kao ¥ caTeJIuTa 7 jep cy Ha HICTOM BpaTHiy: g = w7 =—-107,136 s7L
Capa ce MOXe KOpPUCTUTH jefIHAUYMHA 32 IPEHOCHY OJJHOC 3a IJIaHETapHY TPpyIy 3ylmyaHuka 6 u 9

ca Hocauem 10: il609 =P67010 4 NPEHOCHN OJHOC W3paXKeH MpPEeKO MOJyNpevHnKka je
7 09 — 0]
. R .
11609 __Ro__008__ 0,888, oake je:
97 Rg 0,09
w6 + @10(i1609 —1) ~107,136 +29,76(- 0,888 — 1) |
wg = S AL ’ ’ =183,92257.
il 0,888

Yraona Op3uHa carenuTa 3 u 4 fobuja ce U3 MIIaHETapHe TpyIe 3ynmyaHuka 4 u 5 u Hocaya 10
(umu 2,3 u 10), Te je:

ilO _ 904 ™0

10
45~ -1

, OJlaKJIe Clefu fAa je g4 =m10(1 45) jep je ®5=0. C mpyre cTpaHe OBaj
w5 — W10 ’

. .10 Rs; 0,09 . -1
IIPEHOCHU OJHOC j&: 1, . =———=——""=—1,125, Te je wgq =29,76{1 —(—1,125))=63,24s .
p mHOCje T4 =P =08 je w4 (1-(-1125))

Yraona Op3uHa carenmta 3 je ucra kKao M careiamta 4 jep Cy Ha KCTOM BpaTUIY:

®3 =04 =6324s7].
11.8. IIpnmena niaHeTapHUX NPEHOCHNKA CHATE Y TPAKTOPHMA

300r notpede ja ce MEXaHM30BaHO 00aBe CBE arpOTEXHUUKE ONepalyje Y MObONPUBPENHO]
NPOU3BO/IKY, CABPEMEHE TPAHCMICH]e TPaKTOpa Tpeba ja oMoryhe:
«  BeJMK Opoj cTeneHa npeHoca,
« ucTu Opoj cTeneHa IpeHoca 3a KpeTame Halpes 1 Ha3af,
« KOHTHHYaJIHa IIPOMEHA CTeIeHa IPeHoca,
« IIPOMEHa CTeneHa npeHoca 6e3 mpekua Toka cHare,
¢ ayTOMAaTH30BaH MPOIEC U3MEHE CTeNeHa IPEHoca,
« Majse rabapuTHe IUMEH3M]E UTH.
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Jla Ou ce WCIyHUIM HaBeJIeHW 3aXTEBH, Y TPAHCMUCHjU TpakTopa Tpeba fa Oymy yrpabeHw,
MIOpef APYTUX U TUIaHEeTApPHH MPEHOCHUIY CHATE.
[InanerapHu mpeHOcHUIM cHare pebe ce KOpHUCTE y TPAHCMHCHjU TPAKTOpa Kao TIIABHU
MEeHa4KH PEHOCHNUIM, Beh Kao OMyHCKY PEHOCHAIH 32:
« IPOMEHY cMepa 00pTama,
«  Of[BOJ CHare,
o NIPOMEHY BpeHOCTH Op3KHa 00pTama,
« TIPOMEHY BPEIHOCTH OOPTHHX MOMEHATA,
« ycknabuBame Op3uHa 00pTama TOYKOBA TPAKTOPA NPU CKPETamY,
+  yIOpaBlbame KOJ TPAKTOpa TyCeHMIapa uT.
Y TpaHCMHCHjU caBpEeMEHHX TPAKTOpPa BeOMa Cy 3aCTYIUbEHH IIaHETAPHU IIPEHOCHUIIU CHAre
300T HI3a PETHOCTH KOje Cy Halpey| U3HeTe.

EnnmykIMYay niianeTApHA PEHOCHUK CHATe 32 3aBPIIHU IOTOH TOYKOBA

AHanu3upany eNUUUKINYHY IJIaHETApHU NIPEHOCHUK cHare ca ciauke 11.11 uma npumeny 3a
MIOrOH TOYKOBA TPAaKTOPa U KOMOajHa.

LenTpanHu cyHYaHHM 3ymuYaHUK 2 je HOTOHCKM KOjU [oOMja IOTOH Of Nu(pepEeHLHjaTHOT
IJIAaHETAPHOT TMPEHOCHWKA cHare W oOphe ce yraoHoM Op3mHOM ) (cm. 11.13). 3ymuanuk 2 je
CIIPETHYT ca BuIlIe catenuta 3 (Hajuemrhe Tpu carenura) Koje HocH Hocad 4 u oOphe ce yraoHoM
Op3uHOM ®4. Touak (t) o6phe ce mcTom yraonom Gp3MHOM Kao W HOcAy 4 jep je YBpCTO 3a mera
crojeH (¢ = wg4).

. .4 )~y
[IpeHocHn OfHOC M3paXeH NMpeKo yraoHux Op3uHa m OpojeBa 3ybana je: i) _—601 . 1
. —Z z z . ()
13 | = 8.8 =21 opakie je yraona Gp3nHa Hocaua 4 (Touka t): wy = 2
’ zy 73 ) | Z]
+ .
Z2

i

Ca. 11.13: [1aaHettiapHu GpeHOCHUK CHA2e 34 TT0ZOH IOYK08a WPAKIopa u Komoajua

Mudepennujanau nianeTapHu NPEHOCHAK CHATe 32 3aBPLIHHA NOTOH TOYKOBA TPAKTOPA

Hpyra BapujaHTa IJTAHETApPHOT NPEHOCHWKA CHAre 3a MOTOH TOYKOBA TPaKTOpa (3aBpILIHU
NPeHoC) je nudepeHIjaHu ITaHeTapHu MPeHOCHNK cHare (ci. 11.14), roe cy cBu 3ymuaHWIM
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11. INTAHETAPHU NIPEHOCHULIH CHAI'E (MEXAHU3MH)

nokpetHu. OBaj MaHeTapHU MPEHOCHUK CHAare MMa JiBa MOTOHCKa 3ymyaHuka 3 u 2. LleHTpanuu
3ynuaHuk 3 jgoOuja MOrOH Off MOTOpa NPEKO TPAHCMUCHje, a 3yMUaHUK 2 Ol XHUPOMOTOpA.
3ymyanuny 5 u 6 cy, 3aNpaBo jeaH NPCTEHACTH 3yIMYaHUK Ca YHYTPAIIHUM (5) U ciosbarimbuM (6)
3yIYameM, Te Cy UM yraoHe Op3uHe ucre (w5 = wg ).

[TpomeHoMm Opoja 0OpTaja MOroHCKUX 3ymyaHuka 2 u 3 go0ujajy ce BpJo pa3iuyuTu OpojeBu
oOpraja Hocaua catenuta (7), OMHOCHO TOYKA TPAKTOPA.

®2

o AT
Xugpomoropa | 6

(o]

3
of et
MOTOpa E p—
77

iy
~1<€

Ca. 11.14: [luheperyujasnu iinaneitiapru ipeHOCHUK CHA2e 34 [020H WOYK08a WpaKitiopa

. . () Zg .
Yraona Op3uHa 3ymuaHuKa 6 go0uja ce U3 MPEHOCHOT OffHOCA ij ¢ = —==——>, OflaKIle je
Towg 22
®) -7 .
04 =—22"%2  Yraona 6p3uHa Hocaua carenurta (7), OHOCHO TOYKA TpakTOpa Ho0Hja ce W3
Z6
. 03— Z4 Z .
IPEHOCHOT OffHOca 3a IulaHeTapHy rpyny 3, 4, S u 7: 135 =237 _ 2455 opakne je
> w5 — 7 Z3 Z4
V4
03 + 05 a1
Z3
w7 = 2
1422
Z3

Mundepenuujanau njianeTapHu NPEHOCHNK CHATre 32 OTOH TOYKOBA TPAKTOpa

Hudepenuujanuu njaaHeTapHu IPEHOCHUK CHAre 3a MOroH TOYKOBA TPaKTOpa U APYTMX BO3UIa
no6uja IOrOH Off KOHMYHOT 3yMYaHUK 2 KOjU ce MOTOHM O MOTOpa, IpeKo Mewaya (ci. 11.15). Ca
KOHUYHMM 3YIYaHUKOM 2 CIIPETHYT j€ 3 KOjH j€ YBPCTO CIOjeH ca HocaueM 8 KOJi HOCH KOHMYHE
catenure 4 U 5 KOjU Tpye OKO LEHTPAJHUX 3ymyaHuka 6 m 7. 3ynmyaHuuu 6 u 7 MOroHe map
3ynuanuka 9, 10 u 11, 12. Ha Bpatuny 3yn4yanuka 10 u 12 Hana3ze ce 3ajibu TOYKOBU TPAKTOPA.

HuepeHnujanuy nIaHeTapHd NPEHOCHUK cHare oMoryhaBa pa3imyuTo oOpTame JIEBOT U
necHor Touka Tpakropa (10 u 12) mako ce TOYKOBH MOTOHE OfT UCTOT BpaTuia (2).

3anarak 11.8: 3a gudepHiyjaaHy MIaHETAPHU PEHOCHUK CHAre 3a MOroH TOUYKOBA TPaKTOpa

ca c1. 11.27 oppegutn yraone Gp3uHe TOuKOBa. JlaTh NOJAIM CY: o, =50s |, GpojeBn 3ybaia
3ymYaHuka zp =15, 23 =72. 24 =25, 24 =27, 29 =16, 210 =65, 211 =29 U Z]p =2]g.
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11. INTAHETAPHU NIPEHOCHULIH CHAI'E (MEXAHU3MH)

W3 npeHocHOr ofjHOCa 3a KJIACMYHO CHPErHyT KOHWYHM map 2, 3 mobuja ce yraoHa Op3uHa
3ym4yaHuka 3:

. () 4 .
i73 =22 53 cnepum pa jer o3 =
w3 72

wy-zy  50-15
z3

=10,41 71 , T€ je yraoHa Op3MHa HOcaya caTejuTa

wg =03 = 10,4157

OJl MOTOpa
> 3R
3
8
h ||| SIN
- - ] -
9 e ANNNNNN TS --/ll
i
4
Ka IIeBOM ,,, ] | 2220 KA JIECHOM
TOIRY T7rr ’l\ 3 7777 TOUKY
10 127]

Cn. 11.15: Jughepenyujannu nnanemapru npeHOCHUK CHA2e 3a NO2OH 3A0RUX MOUK08A
iupaxitopa (3aoaitiak 11.8)
Hucepennuujanuu maaHeTapHu MPEHOCHUK CHAre je CJIOXKEH U3 iBe IJIAHETapHE Tpyle: NpBy
caunmabajy wianosu 3,8, 5,6 u 7, a apyry 3,8, 4,6 u 7. Moxe ce KOPUCTUTH jelHAUMHA 32
MPEHOCHU OJIHOC 32 OWIIO KOjy IUIaHeTapHy rpymy, Hip. 3,8,5,6 u 7:

8. =26"98  peparusan npeHocHu opHoc u3meby 3ymuanmka 6 w7 je:
07 w7 -wg
ig 7= A N N R N © NPETXOJHE jeHaunHe ce Jo0uja aa je:
’ 26 Zs Z6
CO6+0)7=2-0)8=2-0)3. ........................................................................... (1113)

3Hauu fa je 30up yraonux Op3uHA 3ymyaHuka 6 u 7 jeHaK JBOCTPYKO] BPEHOCTH yraoHe
Op3uHe HOcaya §, OIHOCHO KOHMYHOT 3ymyaHuka 3. BpegHocTn yraonux Op3uHa 3ymyaHuka 6 u 7
kpehy ce o MuHIManHe (Kajia je BpeTHOCT HyJ1a) 0 MaKCUMAaITHe BPETHOCTH, T€ je:

0)62() o0 0)622-0)3 nu 60722'0)3 o0 0)720. ................................... (1114)

3a pati npumep (cn. 11.27) cnepu pa je: o+ o7 =2-wg =203 =2-10,41=20,82 s_l, TE ce
IpA ®gmin =0 A00H]a ®7max =2 ®3 = 20,82 s, a IpH ®gmax =2 ®3 = 20,82 571 noduja ce
®7min =0. Bpegnoctu Op3uHa 3ynmyanuka 6 u 7 ce pacnoferbyjy y OKBHPY HUXOBOT 30Hpa J0
2-m3=20,82 s_l , 3ABMCHO CaMo Of] OTIIOpa KOTPJbamwa.

OBaj mexaHu3am omoryhaBa fJia ce JIeBU U JIeCHU TOYKOBHM TpakTopa oOphy pa3amyuTuM
OpojeBuMa 00pTaja, IITO je caydaj Kafga TpakTop ckpehe y kpuBunu. Kojum 6pojem oOpraja he ce
oOpTaTu JeBU, a KOjUM JECHH TOYKOBM 3aBHUCH caMo Off ornopa. Ilpu ckpertamwy Tpakropa y
KPUBHHHU, OTIIOpP KPETamwy YHYTpAIlber TOUKa je Behu off crosballmer, Te ce Cpa3MepHO OTIOPY
cropuje okpehe off cosballmber 3ymyaHuKa.

Hejennak je oTop oOpTamy TOUYKOBa TPAKTOPa YaK M MPU KPETamY 110 NPABOIMHI]CKOM MYTY
10 BUBH, Opamy U CIl., T€ C€ ¥ TOYKOBU 00phy pa3iuyuTOM yraoHOM Op3MHOM. Y cllydajy Kajia cy
pa3nuKe 3HaTHE, OTEXKAHO je YIPaBbabe TPAKTOPOM, T€ CE Y TOM cly4ajy OJOKupa MIIaHeTapHH
nuepeHnrjaTHil PEHOCHUK CHare, Tako LITO ce yKoud Hocau 8. Kapa ce ykoum HOcau 8, 0Baj
MeXaHU3aM npecTaje Aa Oyjie MIaHeTapHu 1 3ymuaHuiy 7 u 6 oOphy ce uctum yraonum Op3uHama.
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11. INTAHETAPHU NIPEHOCHULIH CHAI'E (MEXAHU3MH)

Yraone Op3uHe 3ynmuanuka 9 u 7 cy ucre, Kao u 3ymyanuka 11 u 6 (Ha uCTUM Cy BpaTHIIIMA).
Bbp3une 3ymuannka 10 u 12 Ha yujuM BpaTHIMMa ce Hajla3ze TOUKOBH TpakTopa (ci. 11.15) mobwujajy
ce U3 IIPEHOCHOT OfHOCA:

®9 _ zjg _ 65

910 =~ = E=—4,06,Teje og =220 - 20,82-16

=5,12 s
10 zg z10 65

BpenmHocTu yraonux 6p3uHa ToukoBa Tpakopa (3ymyanuka 10 u 12) cy y uctoM ofjHOCY Kao u
Op3uHe 3ymuaHuka 6 u 7, re je:
®10 + 072 =2-0]omax =2-5,12=10,24571.

HJIaHeTapHI/I NMPEHOCHUK CHAre 3a MNOroH NpuK/bYYHOT BpaTu/jia TpakTopa

3a MOoroH MpUKJbYYHOT BpaTHiIa TPAKTOPA KOPHUCTH ce MiaHeTapHu MexaHu3am (ci. 11.16, a u
b), Koju ce cacToju M3 INHAPUIHOT 3yMYaHUKA Ca YHYTPAIIHBUM 3yMuameM 9, yHyTap Kojer ce
kpehy Tpu catenura 10, Koju "Tpue" OKO LEHTpANHOr CyHYaHOT 3yMyaHuWKa 12 umje je BpaTUiIo
wynsbe. Carenure Hocu Hocay 11 ymje Bpatuno E mponasu Kpo3 mymbe BpaTuio 3ynyanuka 12 u
TIOTOHM NPHUKIBYYHO BPATHIIO TPaKTOpa. [10roHCKM NPEHOCHNK je 3ymiyaHuk 9 Koju o6uja moroH of
CIIOjHUIIE MOTOpa NMPEKO 3ymyaHuka (OBAe HHUCY NMPHKa3aHM) U cTanHo ce o6phe. Ha mpukibydyHO
BpaTwio Tpakropa E cmaja ce kKapgaHCKO BpaTHIIO KOje MOTOHH aKTUBHE PajiHE OpTaHe MPUKIbYYHEe
MallIiHe.

[TpuksbyuHO BpaTHiio ce He okpehe cTanHo. YKIbyuyje ce caMmo Kajia iMa notpebe fia ce morone
aKTHBHH pajHM OpraHW IIPUKIbYYHE MammHe (Kocaumue, Oepaun HTHA.). 3a YKIbyunBame
NPUKIBYYHOT BpaTHiIa TPAKTOpa KOPUCTH ce MONYXKHI MEXaHM3aM KOjU Ce CacTOj! U3 WiaHoBa 2, 3,
4,5, 6,7,u 8.

Kapa ce pyunria 2 Hanasu y nonoskajy Hanpen (ci1. 16a) npeko nosyra 3, 4, 5 u 6 moTHcKyje ce
nonyra 8 Ha fiolie, Ipy yeMy 3ako4u Hocad 11, Tako fja ce npukiby4Ho Bpatuiio E He oOphe. Kapa je
HOcay 3aKoueH o0uja ce KIacuyHo cupesamwe 3ynyanuka 9 u 10 u 3ynmuyanuka 10 u 12, npu yemy ce

3ynmuaHuk 12 o6phe oko cBoje oce "ymnpasHo - mapa3uTckKu" He MoroHehu Hul jefjaH YsiaH.
a) =— b)

9 -
9 T ®]]
72774 B2 y
77]7)7 r ~< | E
11
10 10
PV ucksmyueno PV ykibyueHo

Ca. 11.16: I[1o20H iipukpyuHOZ 8paitiuaa WpaKiiopa
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11. INTAHETAPHU NIPEHOCHULIH CHAI'E (MEXAHU3MH)

Kapa ce pyunna 2 noByde Ha3ap (ci1. 16b) mpeko cuctema nmousyra nofmke ce mojyra 8 Ha rope,
a IIOTKCKY]je moJyra 7 Ha JioJie Ipu YeMy ce 3aKouu 3ynm4yanuk 12, a orkoun Hocau 11. Ha Taj nHauun
ce o0uja eNUIUKINYHY ITIAHETAaPHU MPEHOCHHUK CHAre Koj| KOjer je HeMOKpPeTaH LEeHTPaIHI
3ynuaHuk 12, a o6phe ce Hocau 11 3ajenHo ca catenutuma 10 u o6phe ce NpUKIbYYHO BPATHIIO
TpakTopa E

IInaneTapHu npeHOCHUK CHAre 3a yNpaB/bambe TPAKTOPa ryCeHnyapa

TpakTopu ryceHmyapu, CIMYHO TPAaKTOpUMAa TOYKAIIMMa, MMajy y TPAaHCMHUCHjU BHIIE
IVIAaHETApHUX INIPEHOCHUMKA cHare. KumHemaTWyka IemMa IUIaHETapHOT INPEHOCHUKAa CHare 3a
yIpaBlbame I'yceHuIama jata je Ha ci1. 11.17a akconomeTpujcku usraep Ha ci. 11.18.

OBaj nnaHeTapHM NMPEHOCHMK CHAre cacToju ce M3 BHLIE IJIAHETapHUX Ipylna U omoryhasa
KpeTambe TPaKTOpa TyceHnuapa IpaBO, CKPETame Y JIEBY WIHM Y JIECHY CTPaHy U OOpTame OKO
KHHEMATHUKOr LeHTpa. Mima fBa moroHcka 3ynuanuka 2 u 18. 3ymuanuk 2 gobuja moroH mpeko
TPAHCMUCH]€ Off MOTOpa, a 3yI4aHuK 18 o xugpomoropa.

IIpu kpetamwy TpakTopa mpaBo 00a BpaTuia TOYKOBa Tpeba fia uMajy UcTy Op3uHy OOpTamba.
JleBu TOYak ce Hajma3W Ha BpaTUIy HOcaya 7, a IeCHU Ha BpaTuiy Hocaya 13. [Ipu Tome ce ykoun
3ynyaHuk 16, Te ce moroH goOuja caMo Off KOHUYHOI Mapa MOTOHCKUX 3yMuaHuKka 2 U 3 mpeko
cpeawer Hocaya catenuta 9 xoju Hocu careaure 10. Carenutu 10 moroHe cpefmwyd CyHUYaHU
3ynuaHuk 11 u cpefiiby 3yMMYaHuK ca YHyTpallbiM 3ynuameM 12. 3a 3ymuanuk 12 4BpcTo je crnojeHn
JIeCHU HOocay caTenuTa 13 Ha KojeM ce Halla3u BpaTHUJIO IECHOT TOYKa TpakTopa. Cpeilbl CyHYaH!
3ynuaHuk 11 je Ha LEHTpaTHOM BpaTWiy 4 Ha KOjeM je JIEBM CyHUaHU 3yMUaHUK 5 KOjU MPEKO
carenuTa 6 IOrOHY JIEBM HOCAay 7 Ha KOJEM j€ BpaTHJIO JIEBOT TOUKA.

OJ] MOTOPA _
2
Flg o Id|'°' , .:41|2 164
r 13 15
74 }O g |10
i 3 £ 4
|54 L & 4 yox T
o3 S o3 P —
JIEBH TOIAK 114 14 JeCHH TOYaK

+—17
o
Ol XHIPOMOTOpa—=— |§g

Ca. 11.17: Kunemaiviuuxa wiema UaaHeimiapHoz npeHOCHUKA CHaze 3a Yipasbarbe
wpaxuopa 2yceru4apa
2. Maau i020HCKU KOHYCHU 3YHHYAHUK (00 MOUOPa), 3. 6eAUKU KOHYCHU 3YHUYAHUK,
4. yeHIUpaaHo 8pailiuno, 5. nesu CyHHaHU 3yiU4anuk, 6. nesu caileauitiu,

7. nesu Hocay caitieauiia, 8. HelloKpeliHU 3YUHaHUK Ca YHYUPAULHUM 3yiluarbem, 9. cpeor Hocay
caitieauitia, 10. cpeoru cattieauitiu, 11. cpeoru cyHuanu 3yiuanux, 12. cpeorwu yUAUHOPU1HU
3YUHAHUK ca YHYIUpauLkbum 3yiiuarbem, 13. 0ecHu Hocay caileauina, 14. 0ecHU CyH1aHU 3YHYAHUK,
15. Oecru caitieauitiu, 16. 3yli4anux ca yHywpaurbum 3yiarem, 17. 3yiuanux ca cilombautkbum
3yinarbem, 18. ilo2o0HcKU 3ylHanuk (00 Xuopomouiopa)
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11. INIAHETAPHU IPEHOCHHUIIU CHATE (MEXAHHU3MH)

Ca. 11.18: Akcoromeitipujcku u3zaeo AaHeillapHo2 UpeHOCHUKA CHA2e
3a yupasmare paKiiopa 2yceHu4apa

. (Ol 4 . .
Yraona Gp3uHa KOHHYHOT 3ymuannka (3) je o3 = —2—2 . Hocau catenura 9 je 4BPCTO CIOjeH
73

ca 3y[TYaHuKoM 3, Te je g = w3 . Ha OCHOBY jefiHauMHe 3a NPEHOCHY OffHOC U3Meby 3ynmuanuka 11 u

12 u3meby kojux je Hocau catenuTa 9 fobuja ce jefiHa Off jeflHaUMHA 3a JOOMjalkbe YraoHuX Op3uHa
3ynmyanuka 12 u 11:

01y =20 S THZ e (11.15)
’ w12 —®9 711
Hpyra jenHaurHa 3a foOujambe ®;] U ®)p 7A0OMja ce U3 jeHAYMHE 3a IUIAHETApHY TpyIy
yna”osa 13, 14, 15 u 16 xoja riacu:
R e B
’ 016 —®13 Z14
Nmajyhu y BUpty f1a je o)) =013, ®©]] =014 1 ©1¢ =0 Ha OCHOBY IPETXOHE [IBE jEHAUKMHE
(25 1 26) nobujajy ce yraone Op3nHEe ®]p W ®]] KO je[MHE HETIO3HATE BEJIMIMHE. YTaoHa Gp3uHa
JIECHOT TOYKA JeHaKa je yraoHoj Op3uHM JecHOr Hocauya 13, opgHOCHO 3ymyaHuka 12

((DI[eCHOF Touka — ®013 = ®12 ).

(11.16)

JleBu To4ak fo0Kja NOroH of 3ynuanuka 11 Koju ce Hana3y Ha LEHTPAJIHOM BpaTuily 4 Ha 4ujeM
ce Kpajy Halla3y JIeBU CyHUAHHU 3yITYaHUK 5. 3yMYaHuK S MOTOHHU JIeBe caTenuTe 6, a OHU JIEBU HOCAY
7,jep je 3ynmuaHuK 8 HEMOKPETAH.

W3 jeqHaunHe 3a NpEeHOCHU OJHOC TIJIaHETapHe rpyIe uianosa 5, 6,7 u 8:
T (11.17)

il =
>8 wg — w07 Z5 ’

nobuja ce w7, jep je w5 =mg4 =011 =014 U ©g=0. Yraona Op3uHa JIeBOr TOYKA jefHAKa ]
yraoHOj Op3KHHU JIEBOT HOCAaya 7, OTHOCHO ® jepor touxa = @7 -

¥3 oproBapajyhe BenuuuHe 3ynyaHuka, 00a TOUKa MMajy UCTY BPEAHOCT YTaOHUX Op3MHa, UCTE
CMepOBe 1 UcTe 0OPTHE MOMEHTE, Te he TpakTop ryceHnyap nhu npaso.

IIpu ckpeTamy TpakTopa J1eBO XUAPOMOTOP IIOTOHM 3yIMuaHuK 18, a 3ynyanuk 2 goOuja moroH
npeko Tpanemucuje of Motopa. Cmep oOpTama 3ynmuanuka 18 Tpeba f1a je Takas a ce fobuje cMmep
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11. INTAHETAPHU NIPEHOCHULIH CHAI'E (MEXAHU3MH)

oOpTama 3ynyanuka 12 ucté kao cMep oOpTama 3ynuaHuka 3. Yraona Op3uHa 3ynyanuka 16 Huje

©18 __Z17 e

017 718

BUILIE Je[fHaKa HynH, Beh ce oipehyje u3 ogHoca:

0iR - Z
016 = 017 =—%718 e ——————eeessss s (11.18)

Ha ocHOBY mpeTXoiHuX jeHaunHa (P KpeTamwy MpaBo) 3a aHATM3MpaHe MIaHeTapHe TpyIie,
nobune OU ce BPEJHOCTH YraoHuX Op3uHA CBHMX Ha3HAYEHMX YJNaHOBa M 3ymyaHuka. [lpu
onrosapajyhem cmepy oOprama 3ymyanuka 18, mosehana O6u ce yraona Op3uHa 3ymyanuka 12 u
Hocava 13, ogHoCcHO nosehana Ou ce yraoHa Op3MHa IECHOT TOYKA. 3a Ty UCTY BPEAHOCT, CMambuiIa
Ou ce Op3uHa oOpTama Hocaya 7, OJHOCHO JIEBOT TOYKA TPAKTOPA.

bp3una obOprawa 3ymuaHuka 18 je mpoMeHsbUBA, Te CE HAa Taj HAYMH oMoryhaBa pa3iuyut
OJIHOC YraoHKX Op3uHa JIEBOT U IECHOT TOUKA TPAKTOpPa, 3aBUCHO Of] PAfIfjyca CKPETamba.

IIpu cKkperamy TpakTopa ieCHO XUAPOMOTOP IIOTOHU 3yMYaHUK 18 y OHOM cMepy Jla ce CMambu
Op3uHa 3ymyaHuka 12, ofHOCHO Hocaya 13 Ha uymjeM je BpaTuiy AECHH To4yak. 3a BPEJHOCT
CMamema yraoHe Op3uHe 3ymyaHuka 12 u JecHOr Toyka fojasu o nmosehamwa yraoHe Op3uHe
HOcaya 7 1 JIeBOI TOYKaA.

IIpu porammju TpakTopa OKO KHHEMAaTHYKOI HEHTPAa pyuyula Memwaya je Yy HeyTpaJHOM
TIOJIOKajy, TAKO Jla 3yMYaHuK 2 He JoOuja MOroH (®, =0 ), a INIaHeTapH! MeXaHu3aM 100Hja MOrOH
caMo of 3ynyaHuka 18 mpeko xuppomoTopa. YraoHa Op3uHa 3ymuanuka 16, 1j. 17 onpebyje ce
npema jenHaunad (11.18) u oHa ocTaje HeMpoOMewEHa 3a je[HY Te MCTY BPEJHOCT yraoHe Op3uHE
3ymyanuka 18. Yraone Op3mHe 3ymyanuka 3 u Hocaya 9 cy jegHake Hynn (3 = mg =0 ). Ha Taj
HauuH miaHetapHa rpyma 9, 10, 11 u 12 mpecraje Outu ninaHeTapHa, Beh IOCTajy KiacHYHO
CIPETHYTH IPEHOCHUIH, jep 3yn4yaHuuy 10 HuCy BHIIIE CATEIUTH.

Y jennauman (11.16) 3a ecHy miaHeTapHy Ipyly UMaMo caja JIBe Hemo3HaTe Op3UHE M4 |
13 . VI3 mpeHocHOr OfiHOCa, 3a cajja KjaacuyHo cnpernyre 3ynyanuke 11, 10 m 12 umamo fa je

. () z . . . . .
ijp=— =-212 Y3 oe jegmaumne u jemHaumne Opoj (26), a 3majyhm ga je o)) =4 U
oo 7
®]7 = ®]3 A00Hjajy ce BpeAHOCTU YraoHUX Op3MHA JIECHOT TOYKA, IEHTpAIHOr BpaTia 4 u, Ha Beh
ONHUCAHM HAYWH, JIEBOT TOYKA.
JoOujeHe BpegHOCTH O MOKa3aje ja Cy yraoHe Op3WHE JICBOT M JIECHOT TOYKA WUCTE, aju

CYIIPOTHHUX CMEPOBA LITO T0BOAU JO 00OpTamba TPAKTOPa OKO CBOJ€ CPEAUIIHE KHHEMAaTHIKE OCE.

11.2.9. IInaneTapHn NPpeHOCHHK CHATE 32 TPAHCJIATOPHO KpeTambe

Enuuyukninyey niaHeTapHu IPEHOCHUK CHAre ca je[JHIM HENMOKPETHUM CYHUaHUM 3yITYaHUKOM
1 u nBa 3ynmuaHuka carenuta 2, 3 Ha jelHOM Hocady 4 oMoryhyjy TpaHCIATOPHO KpeTame caTesnuTa
3 mo kpyxHunm nonynpeynnka AC, 1moj ycIoBOM fa Cy LHEHTPANHM 3yMYaHWK | M CIOIbAllbU
catenut 3 uctux BennunHa (ci. 19). [Toronckn
YIaH je Hocay 4 Koju ce oOphe Ha jefiHy WK APYTY CTPaHy YTraOHOM OP3UHOM (4 .

Yraona Op3uHa carenuTa 3 00Kja ce U3 MPEHOCHOT Of{HOCA!

_ o]~y

3 = ol st (11.19)

03 — 04
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11. INTAHETAPHU NIPEHOCHULIH CHAI'E (MEXAHU3MH)

Yraona 6p3uHa 3ymuanuka 1 je Hyna () =0 ). PenaTuBHu npeHocHn ofHoc m3Mebhy 3ynmyannka
1 wm 3 pematuBHO mnpemMa Hocauy 4 (Kaja ce HOcau 3aMHIUBEHO YKOYH) je:

. . R .
ii3 =iy 123 =};—?-R—z-(—1)2 =1 jep cy 3ymuanuuy 1 um 3 uctux BenmumHa. U3 mperxonne
. . . 0- (O] .
jemHaunne (29) nobuja ce gaje 1= Pe—e ofakie cineau iaje m3 =0.
03 — O

[Tpu kpy>kHOM KpeTamy HOcaya 4 Koju Hocu cateuTe 2 u 3, caTenuT 3 HeMa KPYXHO KpeTame,
Beh ce TpaHcnaTopHO Kpehe mo KpyxHoj nyTawu. To 3Hauu fa ce caTeauT 3 CTaaHO Halasu y
JEHOM, XOpH30HTAIHOM IIOJI0XA)y.

W3 Tor pasnora oBaj MPEHOCHUK MMa NPUMEHY 3a OHE MAllMHE M MEXaHU3Me YMjU pajHu
oprany Tpeba ia y TOKy KpeTama CTAIHO OCTAHY Y XOPU30HTATHOM I10JI0XKajy, HIIP. KOJ CajuIuIa
¥ BalWiIIIa MoJbonpuBpeHux Kyntypa (ci. 11.20). [Ipu okperawy Hocaua, carenutu 3, 3°, 37, ...
KOjUX MMa Bulle, Kpehy ce TpaHcnatopHo no Kpyxuuiy. Ha carenutima 3 4BpcTo cy crojeHn
pajiHU OpraHu y BUY MOTHYHULA 32 Babewe, KOjU CTalIHO, Y TOKY KpeTama 3ajip>KaBajy pBOOUTHH
BEPTHUKAHU [I0JI0XKa].

Ca. 11.19: EiiuyuauyHu iipeHOCHUK cHaze 3a Cn. 11.20: Ilpumena iipenocHuka cnaze 3a
WPAHCAAUUOPHO Kpelllarbe {UPAHCAQIIOPHO Kpeitiarbe PAOHUX 0PZ AH CAOUAULe

3aparak 11.9: OppepmuTu NOroH MexXaHW3Ma 3a MeEIIalke 3PHACTHX MOJbOINPUBPETHUX
npoussofa. [lecunucaru norox BpaTuia 1 Ha KojeM ce Hanasze TeroBu 2 u 3, MOJ YCIOBOM fia ce
TeroBu 00phy yraoHuM Op3uHaMa MCTHX MHTEH3HMTETa a CyMPOTHHUX cMepoBa (®3 =—wy ). Ter 2 je
ca BpaTHJoM | UBPCTO clojeH y Tauku A 1 3ajefiHo ce ca kM o6phe. Pacrojama L Terosa 2 u 3 o
Bpatuia 1 cy ucra (ci. 11.21).

Hla 6u ce Ter 3 oOpTao y CympTOHOM cMepy Off Tera 2 u BpaTuia 1, moTpeGHO je a ce OKO
Bpatuia ciaobonHo o6phe. To 3Ha4o fa Ter 3 Huje yBpcTO cnojeH 3a BpaTuno 1 (Tauka C) Beh je Ha
KOTPJbajHUM JIeKajuMa Koju My To oMoryhaBajy. Ter 3 je y uBpcTOj Be3u ca CIOJbHUM MPCTEHOM
Jexaja, a yHyTpallbu IPCTEH JieXkaja je y YBPCTOj Be3u ca BpaTUIIoM 1 1 3ajefieHo ce ca kuM oOphe.
Jlok ce mpcTeHOBH Jexaja oOphy y CYNpOTHHM CMEpOBUMA, KOTp/bame€ Ce OCTBapyje MpeKo
KOTPJhajHUX TeJIa JiexKaja (Kyriuma).

Kperame Tera 3, Kako je 3ajaTKOM MOCTaB/bEHO, MOryhe je OCTBapUTH € E€MMUUKINYHUM
IUTAHETAPHUM TNPEHOCHUKOM CHare ca jaBa carenurta (ca. 11.22). Ha Bpatuny 1 je ueHtpanHu

3ynmyaHuKk 4 xoju ce oOphe MCTOM yraoHOM Op3MHOM Kao M BPAaTHIO U TET 2, wg4 =0 =0y . Y
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11. INTAHETAPHU NIPEHOCHULIH CHAI'E (MEXAHU3MH)

CIIPE3H ca 3yIYaHUKOM 4 je 3yIIYaHuK caTeJIuT 5 KOJH J€ CIPETHYT ca cateauToM 6. Carenutu S u 6
HOIIIEHH HocavyeM 3 “Tpue” OKO 3ymyaHuka 4 u yHyTap HemokpeTHor 3ymyanuka 7. Hocau 3 jey

YBPCTO] BE3HU Ca TErOM 3.
W3 jepnaunHe 3a NpeHOCHU OfHOC u3Meby 3ymuaHuka 4 u 7, penaTHBHO IpeMa Hocauy 3,

3 04 — 03 .
iy7= m 1 PEJATHUBHOT NIPEHOCHOT OJIHOCA M3PaKEHO NPEKO reOMETPUjCKHUX MTapaMeaTapa
. Ds D¢ D D . .
$B2,=25.26.27_27, nobuja ce u3pas 3a yraony Op3uHy Tera 3: 3 = 4 _ M , Jep
4 Ds Dg Dy I-i37 1-145

je Wy =0 =0).

3aMeHOM jelHaKOCTH YraoHMX Op3WHa TEeroBa, ®3 =—w, VY NPETXOfHUM u3pa3 gobuja ce
noTpe0aH IPEHOCHH OJTHOC:

. W -3 b 6 . . D7 )
— 0y =—=5—,Teje iy ; =2, OIHOCHO Tpeba /i je UCIYHEH YCIOB Jja je —— =2, WIK aKO ce
1-iy 4 ’ Dy

YCBOJU II0YETHA BPEAHOCT NIPEYHUKA 3yT4aHuKa 4, Tafjaje D7 =2-Dy.

[Tpeunuuy meby3ynuyanuka catenuta 5 u 6 He yTUUY Ha IPEHOCHH Of{HOC U HbMXOBA BPEJHOCT Ce
no0uja U3 FeOMETPHU]CKOT yCIIOBa /1A je:

D7 D . . D
%:74+D5 +Dg . Y3 oBe jennaunne cnegu na je Dg + Dg =T4.

. . . D
AKO ce ycBOjHu ia Cy 3ym4aHuIM 5 1 6 UCTUX BeIM4uHa jobuja ce aa je: D5 =Dg = T4. Hcru
OfIHOC je 1 3a Opoj 3y0alja OBUX 3yIYaHWKa, jep Cy CBH 3yIYaHUIHU Y COPE3H M MMajy UCTU MOJYJ m

V4
(z7=2-24, 25 =Z6=T4)-

| i:Ter2

) 4

TOTOHCKO BPaTHIO 1=

03

Ter 3

D
Ca. 11.21: Iociuasxa 3aoaitika 11.9
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11. INTAHETAPHU NIPEHOCHULIH CHAI'E (MEXAHU3MH)

B -
TeT 2 | I
1
|2
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|4
...................................... P S foo wm) <o

i 777 TE A /
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i 2
i 3 5
¢ = g
! 74 }6 g
© F

I Ter 3

= -

Ca. 11.22: [1aaneitiapHu iipeHOCHUK CHA2e 34 Meularbe 3PHACIIUX HpOU3800a
(pewterse 3aoaitika 11.9)

11.2.10. CTenen KOpACHOCTH IUIAHETAPHAX PEHOCHUKA cHare (1)

CremeH KOpPHCHOCTH 1 KOJ| TPEHOCHHKAa CHAare ca HEMOKPEeTHMM ocama (KIacHYHO
CIIPETHYTHM) 3aBHCH Off CTama 00pabeHOCTH TOAMPHUX MOBPIIMHA, Olp3KaBamba W MOAMAa3HMBaba.
MebyTum, Koi mIaHeTapHMX IIPEHOCHMKA CHAare CTeleH KOPHUCHOCTH 3aBUCH, ITIOpef Trope
HaBEJICHOT, 1 O

- TOra KOjH je 3yTYaHuK FOWEHN, a KOjH j€ MOTOHCKH,
~ BPEHOCTH yraOHUX Op3MHa,

~ BPEHOCTH PEHOCHOT OJJHOCA,

— BPEIHOCTH OOPTHOT MOMEHTA T,

300r Tora IITO Ha BPEHOCT CTENEHA KOPUCHOCTU IUIAHETAPHUX NPEHOCHUKA CHare yTuye
BEJIMKY Opoj IapameTapa, aHaTUTHIKO OfjpebnBame Hberose BPEHOCTH je BEOMa CIOXKEHO, Te Ce
IPOBEpaBa eKCIePIMEHTATHAM Iy TEM.

[TnaHeTapHu MPEHOCHUIM CHAre MOTY UMaTH BEOMa Majli CTeNeH KOPUCHOCTH, TOJHMKO Ja je
UXOBO KopHIThemhe HeeKOHOMIYHO, MITH TOJIMKO MAITH JIa I0JIa3H 10 CaM03aK0ueHha NPEHOCHNKA,
IITO NPEJICTaB/hba OCHOBHY HEIOCTATAK IJIaHETAPHUX IPEHOCHUKA CHATE.

[ocroju BuIe aHAMMTHYKHX, HYMEPUUKUX M EKINEPUMEHTAHNX MeTofja 3a ofpebuBame
cTeleHa KOPUCHOCTU IUIAHETApHUX NPEHOCHHKA cHare, MehyTum, HUjeHa [0 caja pa3BUjeHa
MeTopa He 00yxBaTa cBe (paKTope KOju yTUUY Ha BPEJHOCT CTEIeHa KOPUCHOCTH.

HpeMa UCTpaXKuBawkbMMa BUIIC ayTOpa MOIr'y C€ U3BCCTU ONIITU 3aK/bY4YlH y BE3U BPEIHOCTHU
CTeneHa KOPUCHOCTH IUTaHETAPHUX IPEHOCHUKA CHAre:

161



11. INTAHETAPHU NIPEHOCHULIH CHAI'E (MEXAHU3MH)

— Hajyruuajuuju napamerap Ha ryouTKe cHare y o3yOsbewy IIaHETApHOT NPEHOCHMKA CHare
(6e3 063mpa Ha CTPYKTYpY), MPeCTaBiba yila3Ha CHara y npeHocHNK. tbeno nmoBehame moBon
1o noBehama cTeneHa KOpUCHOCTH;

- Ilosehamwem ynazHor nmorouckor 6poja oOpraja u noBehamweM Mofyna 3ymyaHuka Aonas3u o
CMambeHa I'yOuTaKa cHare y 03yO/bemy, OJHOCHO 10 ToBehamwa CTeneHa KOPUCHOCTH;

- Hauun nogma3suBama 3ymyaHuKa je HCTO TaKO YTULAjaH (DaKTOp HA YKYNaH CTENEeH KOPUCHOCTH
IUIAHETAPHOT NIPEHOCHUKA CHare. 3a Cillyya) NMOAMAa3MBama IOTANAkEM 3yMUYaHUKA Y Yibe,
BPEJHOCT CTeNleHa KOPUCHOCTH he OMTH Mama HEero npu NOoAMa3uBamy CI00O0HIM NAJOM yiba
Ha MECTO CIIPE3ama;

- Csu mmaHeTapHM peNyKTOpH (cMamewme Op3mHe 0OpTama) MMajy mpu BehuM TPEHOCHUM
OfIHOCHMa BpJIO Majl CTENEH KOPUCHOCTH, aKO je HOcad caTeIuTa IIOFOHCKU 4iaH, a Behe
BPEJHOCTHU aKO j€ MOTOHCKY YIaH LEHTPAIHU CYHUYaH! 3YTYaHHUK;

- Csu MynTummkaropu (nmoBehamwe OGp3uHe 0OpTama) MMajy Mail CTENeH KOPHCHOCTH aKo je
MOTOHCKU 4JIaH LEHTPAHU 3YNYaHUK, a PEJaTUBHO BENMKM aKO j€ IOTOHCKM 4llaH Hocad
CaTEJINTa;

- EnunuknnyHu nnaHeTapHH pefyKTOpH TpeOa fla MMajy MOTOH Off LEHTPATHOTr 3YIYaHHKa, a
MYJITUIIAKATOPU Tpeda Aa MMajy MOroH Of Hocauya carenuta. OBO ce IOCEOHO OJHOCH Ha
IJIaHeTapHe IPEeHOCHUKE CHAare Koju npeHoce Beha ontepehemwa.

3aparak 11.10: 3a nudepeHNMjaTHU IIaHETapHU NPEeHOCHUK cHare (ci. 11.23) matu cy

_ 10mm

mojanu: oy =12 571 , wp=-8 st om UL I'padoananuTHUKOM M aHAIUTUYKOM

~ 1mm
METOAOM OAPEAUTH:

a) obumHy Op3uHe Tauke F,

b) yraony O6p3uHy HOcaya 6 u

C) TPEHOCHH OJTHOC OJ] TIOTOHCKOT 3YITYaHnKa 7 10 U3JIa3HOT TOBEHOT Hocava 6.

Y774 el
A ———
7%
[ 3
4
E4
| 5
Fs
G--
6
.
Y7774
_— L,
B —— 77 C
>
1 Ca. 11.23: [locmaska 3a0amka 11.10
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11. INTAHETAPHU NIPEHOCHULIH CHAI'E (MEXAHU3MH)

I'padoananuruyka MeToaa
bp3nHe Tayaka Ha MOTOHCKUM 3yIYaHULMMA CY: vp =Ry -0y =0,050--8=-0,4m/s u
vg =R7-07=0,182-12=2,184m/s.

Pa3zmepa 3a nprame o6umHuX Op3uHa Uy = 12m > , a pactojasse H=30mm. Ha ocHOBY
cm

ruiaHa Op3uHA U IJ1aHa yraonux Op3uHa (ci. 11.24) nobwuja ce:
-1

vp =FF-Uy =1871em ™5 —0.935m /s, 06 = 06-Ug = 2,08 cm—s— —34757! u
2cm R cm
. 07 7,18
i7 6=t =2 23451,
7.6 =06 = 2.08
w2
A =7 A
] D
D13 dx
E\4 E
e
)
F= V\F
- W/
G 9
6 G
7
A7/
e Y7/
B T C
/A
S 3,4 6 7

Ca. 11.24: Pewerse 3a0amka 11.10

AHAJINTHYKA METOa

VYraona Op3uHa mpcTeHacTor 3ymuaHuka 3,4 moOuja ce W3 TPEHOCHOT OJHOCa

R . . -8
D2 _23 onaxne je o3 =-2 Ry _—8:30
o3 Ry R3 450

ip3= =-0,888 s~!. Vraoua Op3uHA MIPCTEHACTOT

3ynyaHuka 4 je o4 =03 =-0,388 s [IpeHocHM omHOC Of 3ymuaHUKa 7 10 4 pENaTHUBHO

nmpema Hocauy 6 je:
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11. INTAHETAPHU NIPEHOCHULIH CHAI'E (MEXAHU3MH)

. - N -R .
13 4 = 2779 TIpenocuu oamoc je: 12 4 _—Rs Ryq__87 356 =195, Teje
’ W4 — 06 ’ R7 Rj 182 87
0g = 3,481 s~ O6umna Op3uHa Tauke F je
. 12
Vg =Rg 06 =0,269-3,481=0,936 m/s , a IPEHOCHU OJJHOC 17 ¢ =m—7=m=3,44 .
0 3,

3agaraxk 11.11. Enunukiuynu miadHerapHu mexanuzaMm (ci.11.25) moronm Todax
Tpaktopa (t). LlenTpannu 3ymuanuka (2) mobwja mMoroH oj auQepeHIHjaTHOT TIaHETapHOT

MeXaHHM3Ma TpakTopa. YraoHa Op3uHa 3ynuaHuka (2) je o, =551, Pa3mepa mprama je

Up = Sem” OppenuTt yraony u oouMHy Op3uHY Todka (t). 3ajaTak pemnTH aHATUTHYKOM
,Scm
. Im/s
u rpaduukoM MetonoM. Pazmepa 3a uprame miaaHa oOuMHUX Op3uHa je Uy, = 5 .
cm
G
'\& \
F : t
3
B 1
I
4 ? 4
e [0 PR @2
7 7
3T
2.7
NS
v 7

Ca. 11.25: Hocmasxa 3a0amxa 11.11

I'padpuuxa meroga

O6umHa 6p3una Tauke C je ve =AC-my =0,371m-5=1,85m/s, jer je

AC=AC-Up =13cm- =0,371m. Ha ocHOBy mjiaHa OOMMHMX U yraoHUX Op3uHa (CII.

3,5cm
. — Im/s
11.26) nobuja ce: vi =Gg-U, =3,68cm- =1,84m/s n
2cm
. Im/s .
— ) -1 . . U B
o =0t- Uy =3,06cm-—>— ~17895~!, jepje Uy =—¥ = 2em 15
1,71cm H-Up em - Im 1,714cm
3,5cm
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11. INTAHETAPHU NIPEHOCHULIH CHAI'E (MEXAHU3MH)

AHAJIUTHYKA METOAA

W3 nperocHor oHOCA i§1 22704 noOuja ce yraoHa Op3uHa Hocaua 4, wg4 = ®2 ,
®] — 04 1-i3,
. . 4. . .4 —R3 Ry Ry 2,37
ep je o1 =0. IIperocHn omHoC i eIHaK je i,,=—> —=——-=—-"—=-1809,
Jep J 1 P 21 J J 21 R, Rj R, 131
. ak) 5 —1
OJIaKJIC |€ MWy = = =1,77s .
I T T 11809
21
O6umHa Op3uHa TouKa je vi =Ry - w4 =1,037m-1,77s"' =1,836m/s .
G G
'\& J
F /t
,D D
I ! B o
C C
|4 2l
7 e

Ca. 11.26: Pewwerve 3a0amka 11.11

3agarak 11.12: [InaneTapHu enUUIMKINYHU MPEHOCHUK cHare (ci. 11.27) moronu HOcau

(5) yraonom Op3uHOM ®5 =100 s™!. Caremut (6) o6phe ce oko HenmokpeTHOT 3ymyanuka (7), a

catenut (4) obphe ce yHyrap mnpcrenactor 3ynvanuka (3). IlpcteHacTu 3ymuaHuk ca
CHOJPHUM 3yMuameM (2) cmperHyT je ca 3ymuanukoM (8). Jlatm cy NOIyNpeyHHIIH:
Ry =60mm. R3=50mm, Ry=10mm, R5=40mm, Rg=15mm, R7=25mm,
Rg=10mm, Rg =25mm u Rjp =45 mm. AHATUTUYKOM WIN IpadoaHATUTUIKOM METOAOM

onpenutu: obumHe OpusHe Tadyaka D u F, yraone Op3uHe 3ynm4aHuKa W MPEHOCHH OJHOC O]
Hocauya (5) mo 3ymuanuka (10). Ilpu kopumhemy rpadoaHanuTHUKe METOJE YCBOJUTH

pa3mepy 3a 6p3une U, = Im/s

0,5cm
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11. INTAHETAPHU NIPEHOCHULIH CHAI'E (MEXAHU3MH)

I'padoananurnuka meroaa

OOumHa Op3uHa BpaTuia 3ynmuaHuka 4 U 6 je vp=Rs5-w5=0,04-100=4m/s,

Im/s
Uy = . OcTanu KMHEMaTUYKH IIapaMETPH Cy:
0,5cm
Im/s
U. - Uy _ 05cm _ 100cm/s _ls_l_ 157! U - 157!
® H-UL ,,.l6m 05cm-2cm lem  00iem’ ~® 00lcm’
lem 100
— Im/s
vp=Dd-U, =333cm- =6,66m/s, vp =0 (ci. 11.28).
0,5cm
— 1571 -1 — 151 -1
0y =w3=02-Ugy=134cm- =134s ", wg =wg=04-Ugy =2,66cm- =266s
0,0lcm ,0lcm
— 151 -1 — 151 -1
og =09 =08-Uy, =8,00cm- =800s *, w19=010-Uy=437cm- =437s
0,01cm 0,01cm
is10=-25 19 4.
’ oo 437
E -
, /8
"
E
g
N
& 1D
T B
T 4
. L
10 T
5
S
7
A (77771 | 777 ZL
777 777 777
[

Ca. 11.27: [locmasxa 3a0amxa 11.12

AHAJINTHYKA METOA

VYraona O6p3uHa Bpatuia B je vg =R 5 -5 =0,04-100=4m/s.
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11. INTAHETAPHU NIPEHOCHULIH CHAI'E (MEXAHU3MH)

W3 u3pasa 3a npeHocHu ogHOC U3Mel)y 3ynuanuka 7 ¥ 6 pesaTUBHO IpeMa Hocauy 5
nobwuja ce yraona Op3uHa carenuTa 6 u 4:

17,6 = — 05 17’6((06 _('05):0\)7 — 05 17,6 ROTS _17,6 ‘05 =—WM5

-5
054176905 100 +(-0,6) - 100

;2 -0,6
7,6

5 Rg 15
7,6 E o5
W3 u3pasza 3a npenocHu ogHoc u3Mmely 3ynmuanuka 3 u 4 penaTuBHO MpeMa Hocady 5
no6uja ce yraoHa Op3uHa 3ymyaHuka 2 u 3:
;S _®3-05
34 7 04 — 0

=266,665"1, 04 =0g=266,665"", jepje

—0,6.

, (04 —@5)-i3 , +05 =03,  ®©3 =(266,66-100)-0,2+100=1333257",

-1 . . .5 Ryg 10
®y =3 =133,32s *, jepjeiy , =—=—=0,2
2 3 Jep) 3,4 Ry 50
W3 u3pasa 3a npenocuu ogHoc u3mel)y 3ynuanuka 2 u 10 nobuja ce yraona 6p3uHa
3ynuanuka 10:

9l o

. . . Rg Rjg 10 45 . [y .
1 =1rg-1 =——=—-—=0,3,1 =—=0JaKIie je

2,10 = 12,8 °19,10 R, R9 60 25 2,10 ®10 J
opg =22 =132 4571

1210 0,3
[Ipenocuu omnoc wu3mely 3ymuanuka Ha ynazy (5) wu  wumsmazy  (10)
i510 _ s _100_ 0,228. Obumue Op3uHe Ta4yake D u F
’ oo 437

vp =Rj3-m3 =O,050m~133,32s_1 =6,66m/s U1 Vg =0.
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11. INTAHETAPHU NIPEHOCHULIH CHAI'E (MEXAHU3MH)

a
>
O
QJ i
-
0
N N
L A (“’1
=y
s > - ad
>
g}
o
L Wl A WU m (@) < =
N
oW Q]
A \
L m /A || ip] §§
5 Al
- §§ I\D O N \l\
I
- ER I
<T
01
o6}

Sl 11.28: Pewerve 3a0amka 11.12

Hanomena: 3602 mane seaudure popmaitia kibuze iiaarn yop3aarsa je okperyiti 3a 90 °y cyiipoitinom
cmepy 00 obpiliara Kazamke HA CAilly Y 0OHOCY HA €80 CIIBAPHLL T10A04CA].

168



12. KAPJJAHOB 317106

12. KAPJAHOB 3I'/10b

KapnanoB cepHu 3riob6 nmpecraBba jeIHOCTaBaH MPOCTOPHM MEXaHMW3aM KOJUM Ce Crajajy
JIBa BpaTuiia Koja ce CeKy Moy HeKuM yriom o. [Ipu Tome ce 06pTHO KpeTambe u OOPTHH MOMEHT

IPEHOCE Ca je[HOr Ha JAPYro BpaTWIO MOJ YIJIOM 3akpeTamwa o. OBaj 3rino0 je IpBU ONUCAO
Kappano, a npeu npuMenno Xyk, Te ce Ha3uBa M KapfAaH - XyKoB 3r100. Hacrao je on cdepnor

YeTBOPOYIJIa UCTUX BEJMIMHA a=b=C mop yriom ox 90°, ZAOB= ZCOB = ZCOD =90° (ci.
12.1). Ynan a ce Hamasm y BEPTHKAIHOj (X, z), WlaH b y npocdmHoj (y, z), a wiaH ¢ y
XOPU30HTAIHO] paBHH (X, ¥). Oca X Koja ca ocoM y ofipehyje XOpu30HTaIHy paBaH IOMEpeHa je 3a
yrao o ITomepena oca X je o3HaueHa ca x,. Bparuno 1 je geo wiana a Koje nexu Ha OCH X, a

BPATWJIO 2 j€ IE0 WIaHA C U JIEXHU Ha IOMEPEHO] OCH X, . Kajja ce wianosn a, b u ¢ npoumpe 3a

HCTY BPEHOCT Y KCTUM PaBHUMA, 100Hja ce KapAaHoB 317100 (cn. 12.1 gecHo), rjae unaH a npepacra

Y BWBYLIKY 1, unan ¢ y BUIBYIIKY 2, a wiaH b y Kpcrak. Kperak b ce ocnama y BABYLIKE a U C Y
UTIIMYACTHM JIEXKajuMa.

[Ipu o6prawy Tauke BB' Kpehy ce no kpyxuuuu B-3 Koja nexu y mpo¢uIHOj paBHU YIIPABHO]
Ha ocy x. Tauke CC’ ce kpehy mo Kpy:kHUIH Y-y KOja je ynpaBHa Ha XOPU30HTAIIHY PaBaH U YIPaBHA
je Ha ocy xp . Yrao n3meby Kpy:kHuIa - 1 y-y je yrao o oy KojuM ce cexy Bparuia 1 i 2.

\
z z
B BB
a . Hy Y
! b /C 1 Aﬁ"’A
LLL C R —— X \VY4 y/,_' g - X’
77728\ 20 777 \ AN o
R ED777 3 ANTE D7727 e
y | 2 y A B
B'

Ca. 12.1: [lobujarse kap0anosoz cgheproz 3z2a06a

Y umby ofpebuBama y3ajaMue 3aBUCHOCTH KpeTatba Tauaka BB” u CC’ okpene ce nyrama -3
3a 90° (ma JerHe y BepTHKaJHY paBaH) a Ou ce Bujesa y npaBoj BenuuuHd (ci. 12.2), taja ce
KpyXHULA Y-y BUAM Kao enmnca. [locMaTpajMo KpeTame HEKe Tauke Ha KPCTaKy M3 HEHOT
NIOYETHOT NoJIoXkKaja B, y monoxaj B; 3a HEKO BpeMe t ipu ueMy uMa yraony Op3uny o . [lonoxaj
Tauyke By onpebeH je yriaom ¢ Koju ce Buiu y npaBoj BeauuuHu. [Tomepame Tauke C u3 nonoxaja
C, y monoxaj C; ompeben je u3 yciosa fa je £ BOC =90°, te je £ Bj0C; =90°. Bpennocru
YIJIOBa 3aKpeTama ¢ U ¢, Hucy ucre. CTBapHa BpeHOCT yIJIa 3aKpeTamwa @) Tauke C; oxpebyje
ce Ha cnefichu HauuH. [JoBene ce Kpy>KHUIA Y —y Y IIOJIOKA] fia c€ BUIU Y NIPaBOj BEJIMYKMHHU, A HE
Kao enmca (y monoxaj kpyxuuue f3—f ). CrBapan nonoxaj Tauke C y monoxajy 1 (tauka Cig )
nobuja ce y mpeceky KpyXHulle B-pB U IuHUje napajnente ca B'y B, . ¥Yrao £ QOC;4 npefcraBiba
yrao 3a Koju ce nomepuina tauka C, Tj. yrao ¢, . 3Hauu 3a HeKO UcTO BpeMe t Biuibymika 1 he npehu
nyT ie(PMHICAH YIIIOM @] , @ BUbYLIKA 2 YT Ae(PMHUCAH YTIIOM @) .

[TpaBa BenuuuHa npasoyrior Tpoyraa QCyCig fo0uja ce Ha IONPEYHOM IIPECEKy ca paBHU A-
A, Tzie ce myTamwe —f u y—y BHe Kao Ayxu. Ha nonpeynom npecexy ce BUiM U IpaBa BeJIUYMHA
yIJa 3aKpeTama oL jeIHOT BpaTuiia y OfHOCY Ha JIpYro.

169



12. KAPJJAHOB 317106

Ca. 12.2. Oopebusarve liyitiarsa iavaka kapoOanosoz 32400a

12.1. Yraone op3une ® M IPEHOCHN OTHOC 1

Bpennoctu yriosa 3akpeTtama Bubyku ogpebyjy ce ca ci. 12.2:

C . .
QG , tgpy = Q . OnHoc oBa [1Ba yria je tep QG cos a. , OffakJIe ce obuja:

gpy ==
0Q 0Q tgpr  QCis

S (12.1)

cosa

Mucepennupamwem jenHaunne (12.1) mo Bpemeny t jobuja ce:

tgpy =

2 2
coS“ aL - cos
c052 ¢ = : P
1 —sin

o cos? 01

[To pepunnumu je o, =% o =d—(zl . Bpeme kpeTtama dt 00e BUIbYILKE je UCTO, T€ je:

@2 _ 91
dey  dog
W3 jepnaunne (12.2) onpebyje ce yrao ¢, y OyHKIHjH KpeTamba MOTOHCKE BUIbYIIKE 1, (o)) 1
yrila 3aKpeTama o
) o]

cos? (05} cos? @1 -cosa

0] cos> (1 -cosQ
=——"——— ¥ J1aJbuM cpehuBameM

OpHoc yraoHux Op3MHA je MPEHOCHH OHOC 1: i=—— 5
2 cos” @)
ce nobwuja:
o] 1-sin® a - cos? 0]
i=—-= C ettt et bes (12.4)
[ap) cosa.
Yraona Op3uHa BUbYIIKE 2 j€:
®) =0 - cosat e eee s (12.5)

1-sin” o - cos? 03]

Jennaumne (12.4 u 12.5) ykasyjy Ha TO J1a IPEHOCH! OHOC 1 ¥ yraoHa Gp3uHA BUJBYIIKE 2, M)

HEMajy CTalHe BPEJHOCTH 1 []a C€ KOHTHHYAJTHO MEHajy y (PYHKIUjU YIiia 3aKpeTama . .
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ExcTpemne BpefHOCTH YyraoHe Op3uHe BpaTwia 2, ®p [o0uMjajy ce U3 ycioBa ja je

2
& =d%=d%=o,onnocnonpu o1 =0°, ; =90°, ¢ =180° 1 ¢y =270°.
dt
MakcumanHa BpeHOCT yraoHe 6p3une Bpatuia 2 je 3a ¢p = 0° u ¢ =180°:
B 1 . 0]
D) max/0°,180° = @1 5o » @ TIPEHOCHM OHOC i = o COSOL.  werrrrrrnenne (12.6)

MuHuMasHa BpEJHOCT yraoHe Op3uHe BpaTuna2je3a ¢ =90° u ¢ =270°:
0] 1

@) min/90°,270° = @1 *COS 0, & IPEROCHH OfIHOC i = (0—2 =g (12.7)

Mozke ce 3aKJbyUUTH J1a TIPH jeHOIMKOM 00pTamy MOroHCKOr BpaTuia 1 (@) = const ) TOBEHO
BpaTWio 2 ce o6phe MpoMeHILMBO YKja MPOMEHA 3aBUCH Off yIiia 3aKpeTarma o u3Mehy BpaTuna (ci.
12.3). lllTo je yrao 3akpeTama o u3Mehy Bpatuia Behu, mpoMeHa yraone Op3uHe TOBEHOT BPTHIIA 2
je Beha. 3a jeman mornyH o6ptaj (360°) moronckor Bpatuia 1, romeno Bpatuino 2 he ce, Takohe
OKpeHyTH 3a oTnyH 06pTaj (360°), ¢ THM 1TO he ce meroBa yraona Op3MHA KOHTHHYATHO MEHATH
OJl MUHMMAJTHE 10 MaKCHMalHe BpeHoCcTH (ci1. 12.4).

2

JETHOMHKO
0
Y pSaHO/(q //y‘espsaﬂo

YCIOPEHO

Ca. 12.4: [Ipomena yzaore 6p3une 2orbeH0Z 8paiiuia

Yraona Op3uHa romeHor BpaTuia 2 ce Kpehe y oncery:

1 . .
W) =] -coso  JI0 mzzml-m, a IPEHOCHU OJHOC 1= 0 i=cosa.

cosa

[TpoMeHa mpeHOCHOT OffHOCa 3a Pa3NUUYMTe BPEJHOCTH YIia 3aKpeTama o I[pUKa3aHa je Ha
nujarpamy ci. 12.5. Ca mopacToM yria 3akpeTama o pacTe W MpOMeHa MPEHOCHOT OfHOoca i.
Hajseha je npomena 3a yrao o= 45°, a Hajmara 3a o =15° . Kaja nema 3akperama (o = 0° ) Hema
IPOMEHE IPEHOCHOT OJTHOCA, Tj. MPEHOCHH OJJHOC je KOHCTAHTAaH | jefiHAK je jemuHumy (i=1).

[Topen mnpeHocHOr ofiHOCa, OOpTame KapfgaHOBOr 3riio0a fjeduHHIE ce U JPYyruM
noka3saTesbuMa: (pa3HOM pas3IMKOM Y i CTENIEHOM HEPAaBHOMEPHOCTH O.

dasHa pasnuKa Y IpejicTaBba pa3iiKy yrioBa oOpTama BpaTuia:
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2
a’ .
V=Ap=0)7 -9 zT-st(pl. ...................................................................... (12.8)

CreneH HepaBHOMEPHOCTH O MO Ie(PUHULIUjU je[IHAK je:

5= O2max ~ ®2min
o]

=imax —imin = 20 SIN Ol . eevererrieereiieiereneeesenseesesenaas (12.9)

KappaHos 3r106 ce Ha3uBa CHHXPOHHU IPEHOCHUK ca (pa3HOM Pa3IHKOM.

Hill ‘
o =45
141 ©
o =30°

S121 =15°
St » o=
E oa=0°
2 1
[
=y

0,81

0,6 -

0 20 40 60 80 100 120 140 160 180
yrao oGprama ¢°

Ca. 12.5: [Ipomena tipeHOCHOZ 0OHOCA KAPOAH0B02 321004 34
pazauyuitie 8peOHOCIHIU Y210 3AKPeillara O

12.2. YraoHo yop3ame €

[Ipu jemHOMMKOM OOpTamy MOTOHCKOT BpaTuia 1 HEroBO YyraoHO yOp3ame je jelHAKO Hyla
(&1 =0). Mebytum, yraoHo yOp3ame TOBEHOT BpaTwia 2 MOCTOjU, jep ce HepaBHOMEpHO obphe,
IITO je MoKa3ana MpeTXOojiHa aHAIu3a.

Yraona yop3ama 1o fiepuHULHA]A CY:

2 2
TOL_901 g 802 900 st (12.10)
dt dt dt dt

gl =—b =—7"

Yraono y6p3ame BpaTmia 2 gobuja ce nudepeHmupameM u3pasa (12.5) mo BpeMeHy unjum
cpebuBameM ce jobuja a je:

€y = iw% -sin o - tgo - sin’ D] - erevrereremreestsetst ettt eies (12.11)

YraoHo y6p3ame BpaTiia Ba (&) ) IOCTOjH U HEroBa BPEAHOCT 3aBHUCHU Off yIJla 3aKpeTama o
(cm. 12.6). Kao u ko yraonnx Op3uHa, IPOMEHA yraoHOT yOp3ama BpaTiia 2 je Beha mro je yrao
3akpeTama Behn. Kajia je yrao 3akperama jeqnak nymu (o =0°) HeMa IpOMEHE yraoHor yop3ama
Ipyror BpaTuia, Tj. ey =0.

Kapa je yrao 3akperama Betim o 30° (o >30°), yraona Gp3uHa rOBEHOT BpaTHIIa CE HALJIO
nosehasa Te ce Harso nosehaBajy UHEpLMjanHe CUJIe U MHEPLUjaTHA MOMEHT, 10 T€ BPEAHOCTH Jia
Moxe fohu 0 noma KappgaHosor Bpatuna. Crora je 103BOJ/bEHA IpaHUIA yIila 3aKpeTama o 3a
BpaTHJIa ca je[JHAM 3r1060M MakcumaiHo 110 30° (g, < 30°).
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)

70 1 o =450

2}
N
—~
©»

60

50 |

_an0
40 | a =30
30

a=15°
20

YraoHO YOp3ame TOBECHOT BpaTHIIA

o=0°

0 20 40 60 80 100 120 140 160 180
yrao ooprama ¢°

Ca. 12.6: IIpomena yzaoro? yop3arba 20weH0Z 8pailiuna kapoaHosoz 32106a
3a pazautuitie 8peOHOCIUU Y2Aa 3aKPeillarba o

12.3. IBocTpyKH KapaaHoB 317100

Hepocrarak xapgaHoBor 3ri100a je y TOMe LITO ce TOBEHO BpaThio o0phe MpOMEHIbUBO, TPU
JETHOIMKOM 00pTaky MOTOHCKOT BpaTHiIa IPU YEMY Ce Ha FTOBEHOM BPaTUIy 2 jaBlba HHEPIUjaTHA
cuna u uHepuujanHu MoMeHT. OBaj HEOCTaTaK ce MOXKE EIUMUHUCATH YBOHEHEM jOII jeJHOT
3r100a nof; ofipeheHnM ycrnoBuma:

1. YrmoBu mop KojuMma ce CeKy MOTOHCKO U IOHBbEHO BpaTtuio ca MehyBpatunom (3) mopajy

outn uctu , o = oy (cm. 12.7);
2. Bwmylike Ha MebyBpaTuny Mopajy OuTH y MCTO] paBHU M fAa cy moj yriaom of 90° Ha
BUJBbYIIIKE TIOTOHCKOT 1 FOWbeHOT BpaTiiia (ci1. 12.8) u

3. Csa Tpu BpaTmia MOpajy JIexKaTH y UCTO] paBHH (ci1. 12.8).

AKO je UCTIyHeH TIPBU yCIIOB 1a Cy YIVIOBU 3aKpeTama MOTOHCKOT M TOHEHOT BpATUIla UCTH
(o = a9 ), Taga he ce rombEHO BpaTUIIO OOPTATH jeJHOIMKO KAO U IOTOHCKO. Y KOJIHMKO OBH YIIIOBH
HUCY je[IHAK¥ jaBJba C€ MCTU MPOOJEM HEPAaBHOMEPHOCTH OOpTama IOHEHOr BpaTHia, Kao KOf
BpaTmia ca jefHuM 3riao0oM. Pasnmka yrioBa 3akpeTama MOTOHCKOT M TOHEHOT BpaTuia Ad
jeflHaKa je:

ADUZ 0] =01+ ceerreeeteeetntiettiestie st sebe b sse bbb et sees (12.12)

Y cayuajy Aa je pasimKa yIiIoBa 3aKpeTamba MOTOHCKOT M FOIBEHOT BpaTuia Aol jejHaKa HyJIu
(0) romeno BpaTuio 2 he ce obpraTy jeHOINKO Kao 1 noroHcko 1. Kana je pasnuka yriosa Ao
Beha off HyJne jaBiba ce UCcTH Mpo0sIeM Kao KOJ| JeJHOT 3171003, OIHOCHO TOWBEHO BpaTuilo 2 ce oophe
IPOMEHIBYBO Y (DYHKIMjU BpeiHOCTHU pa3iuke yriaosa. llITo je Beha BpegHocT pasnuke yrinosa Aa.,
TO je Beha HepaBHOMEPHOCT 00pTama rOmbeHOr BpaTuia 2. Pasnuka yrinosa Ao Moxe fa ce Kkpehe
10 30° (Aogy, < 30°), jep IPEKO Te BPEAHOCTH HEPABHOMEPHOCT OOPTama FOKEHOT BPATHIIA je
BEJMKa U jaBuhe ce Hel03BOJbEeHE HHEPLMjaIHE CUIIE KAO0 KOJ| BpaTHJIA €A J€JHUM 3IJI000M.
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Y

I@gl/x]

My =3 = V2 v

3
A

Ca. 12.7: [lsocitipyku kapoaros 32400

Hpyru ycnoB je KOHCTPYKTHBHE NIPUPOJIE KOJU CE MOXKE JIAaKO UCIYHUTH U YBEK CY BUJbYILIKE Ha
MebyBpaTHiIy Tako CIOjeHe Jja ca BU/bYIIKaMa MOTOHCKOT M TOWEHOT BpaTMila 3aKIIamnajy yrao of
90° (cm. 12.8).

Tpehu ycnos je 1a oce cBa Tpu BpaTuia Tpeba ja nexe y ucroj pauu. Ha ci. 12.8 neBo cBa Tpu
BpaTWia JiexXe y jelHO] BEPUKAIHO] PaBHU, JOK Yy TPUMEPY JECHO, BpaTWla JIeXKe Yy jeHO]
XOpHU30HTaNHO] paBHU. O nmpBoM U Tpehem ycnoBy TpeGa BOJUTH pavyyHa IPU MOHTAXH, jep
cIy4ajy Jla HUCY MCIYH-€HA, A0JIa3d 0 HEPAaBHOMEPHOCTH OOpTama MOHBEHOI BpaTWia U IojaBe
VIHEPILMjaTHUAX CUIIA.

Ca. 12.8: IloiupebaH iionoxcaj 0eaosa KapOaHoeoz epaitiuia

12.4. Y 1Bojen KapAaHOB 317100

Yrao 3akperawa BpaTuia of 30°, konuko Moxke jfa Oyje, MOJ YCIOBOM Jia Cy HMCIYHEHA
HaBeJleHa TPU YCJIOBa, YeCTO HUje JJOBOJbaH 3a MoTpede Koje ce jaBibajy y mpakcu. OBaj yrao
3aKpeTama Moxe OuTH 1 Behy, ako ce yBefie jolll jefjlaH KapfaHoB 37100 | oL jeAHO BpaTHiIo. 300r
JEIHOCTaBHOCTH KOHCTPYKIIMje M3BEJIEHO je Tako ja je MehyBpaTuio BeoMa KpaTKo Tako fia Cy
BUJBbYIIIKE MMOTOHCKOT M TOKEHOT BpaTuiia cacBuM 0mu3y (ci. 12.9).

OBakaB 3rno6 ce Ha3uBa yBOjeH KapflaHOB 3700 KOJ KOjer je A03BOJbeHa BPEIHOCT Yria
3aKpeTama jefJHOr BpaTuia y OflHOCY Ha ipyro o 60°, a. < 60° (ca jeqHuM yIBOjeHIM 3rTI000M) WITH
nia je pasiumka yriosa o 60°, Ao < 60° (3a/1Ba yaBOjeHa 3r7100a).
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Ca. 12.9: Yosojen kap0anos 32106: cauka, CKUUA U KUHEMATUUYKA Wema

12.5. OGpTHM MOMEHT H MOMEHT HHepILHje FOmbEeHOT BpaTHia

AKO ce 3aHeMapu Tpemwe Y JIexkajiumMa OCJIOHala IIOTOHCKOT M romeHor BpaTmna (ci. 12.4) n'y
OCIIOHI[IMA KpCTaka U ako ce 3aHeMape MHeplHjalHe CUile, IMaMo J1a Cy CHare Ha MOTOHCKOM M
rOBEHOM Bpatuny ucre: Pp =P,. CHara mpu KpyXHOM KpeTawy je P=M-®, Te Ha OCHOBY
IPETXOHOT M3pa3a MMaMo Jia je Mj-®; =Mj -®) Ofiakiie jeé OOpPTHA MOMEHT Ha TOHBEHOM
BpaTuy M, = M -i. Ha ocHOBY m3pas3a 3a npeHocHu ofHoc (12.4) mMamo jie je OOpTHE MOMEHT Ha
TOWBEHOM BPATUIy jeIHAK:

2

1-sin? o - cos? 03]

My =M,

cosa

[Tpn KOHCTAaHTHOM OOPTHOM MOMEHTY Ha MOTOHCKOM Bpatuiy ( M = const ), OOPTHE MOMEHT
Ha FOBEHOM BpATWy HUje KOHCTaHTaH ( My # const ) Beh ce Mea 3aBUCHO Of] TPOMEHE MPEHOCHOT
ofHoca 1.

[TojaBa yraonor yop3ama rombeHOT BpaTuiia 2 Py jeHONMKOM KpeTawy Bpatuiaa 1 (g =0)
TOBOpPH O [10jaB¥ MHEPLHUjaHE cuile F; ¥ MOMEHTA MHEpLHUjaHe Cue M, ITO je HeJloOCTaTaK OBOT
BpaTuia. MiHepuujaaHa cuiia je mpou3Boj Mace m U yOp3ama a, F; =m-a, a MOMEHT MHepLyjanHe
cune mpou3Boj MoMeHTa uHepuuje I m yraonor yop3awa &, Mj=1-&. AKO ce y NPETXOAHY
JEMHAKOCT YBPCTH HM3pa3 3a yraoHo yoOp3ame romeHor Bpatwia 2 (12.11) umamo fa je MOMEHT
UHEpIHje:

Mjy =%l -e9 =1l '0)% -sina - tga - sin? O]« ererrererereneieneie e (12.14)

W3 jennaunne (12.14) ce Bujiu i je ¥ MHEPIMjATHA MOMEHT Ha TOBEHOM BPATUITY Y TOKY jE[JHOT
o0pTaja KOHTHHYaJHO NMPOMEHJbUB, OHAKO KAaKO CE Mela YraoHo yOp3amwe Yy (yHKuuju yria
3aKpeTama o .

Hcro xao u 3a mMpeHOCHW OJHOC 1, yrao 3akpeTama o Tpeba f1a je y rpanumama o 15°,
MakcumanHo 30°, jep he y HNpOTMBHOM, BPEJHOCT MOMEHTA MHEpLMjANTHUX CHJIA HAa TOHEHOM
BpaTUIy OMTH TOJIHMKA 1a MOXE J1a N3a30B€ JIOM BpaTHIIa.

12.6. IIpumena Ha NO/LONPHBPEHAM MALIHHAMA

Bpatuna ca kapgaHoBMM 3ri000OBMMa HMAjy IIMPOKY IPHUMEHY Ha MOJbONPUBPERHUM
MalIAHAMa, jep MOTY ia IPEHeCy KpeTama Ha BeluKa pacTojama U Jja ce MpH TOME BpaTHiIa CEKy
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HOJ yIJIOM O. AKTHBHU pajHM OpraHu IPHUK/bYYHUX MOJbONPUBPEHUX MAIMHA MOTOHE CE Off
TpaKTOpa MOCPEACTBOM BpaTUiia ca KaplaHOBUM 3r1000BuMa (KapaHoBuM BpaTmwioM) (ci. 12.10 u
ci. 12.11). Axo cy mcmymeHa TpU HaBeJleHa YClIOBa M aKO je yrao 3aKkperama BpaTia Jo
03BOJbeHUX BpenHocTH (¢ 12.7 n 12.8) npeHocH! OffHOC, Ka0 ¥ WHEPIWjaJTHM MOMEHT he 6utn y
I03BOJbEHUM TpaHUIaMa. Y MPOTUBHOM, 0e3 MKAKBOT CIOJballllber npeonTtepehema Moxe gohu 10
npeonrepehema rOBEHOr BpaTHia O Te Mepe fa ce jaBe yhapu U BuOpauuje Koje JOBOfe M0
BeNuKux ourrehewa u noma Bparuna (ci. 12.12).

D

Cn. 12.11: IIpumena kapOoanogux epamuid y no/b0npuspeoHoj mexHuyu.
a) pacunau munepannoe hyopusa, b) npeca, c) camoymosapua npuxoauya, d) pomo-gpesa,
e JyucmepHa 3a 0COKy, f) nHeymamcka cejanuya
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e) D

Cn. 12.12: Owmehera kapoanosux spamuna ycieod. a) npeonmepeheroa, b) neoozosapajyhee
noomasusarea, c) wecmux yoapa, d) 3amopa mamepujana, e) eubpayuja, f), ucxabanoe nexcaja
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13. JETHAYUNHE KPETAIbA MEXAHU3AMA

ITpu kpertawy MexaHu3aM oOaB/ba HEKHM Paji, TaKO LITO CBaKa CIOJbAallllba CHIA HA HEMY
oOaBiba HekH paj. [Tpema Tome, ykynaH paj MexaHu3Ma A, JefHaK je 30Upy pajioBa CIOJballIbUX
cuna Koje Ha ’era fienyjy:

rfie je: n — Opoj CHObAlIBUX CUla KOje AeNyjy Ha MexaHu3aMm, A (Nm) - pajioBu MmojefuHAYHUX
cuna, Koju ce ogpebyjy no popmynu:

dA =Fi ~d;‘i =Fx -dx; + Fiy “dYi, (132)

e je: Fi (N) — cnospanime cuiie Koje fienyjy Ha Mexanu3aM, dri (m) — BEeKTOpH eJIeMeHTapHUX
noMepama HallQJHAX Tauaka CAla Koje fenyjy Ha MexanusaM, Fy, Fy (N) — mpojekuuje

CIOJBALIbUX CUNA HA KOOPAMHATHE OCe X H Y, dyj, dyj (M) — eaIeMEHTapHO oMepathe HaaIHIX
Tayaka Cuia y IpaBluMa KOOPAUHATHHX OCa.

AKO je HamajHa JMHKU]ja CUJIe MOfl HEKMM YIJIOM ¢ Ha IpaBall MyTa, Tajia paj He OCTBpYje Lena
cuna, Beh leHa KOMIIOHEHTA KOja je Iapa’jeliHa ca IyTeM.

EnemenTapuu pag noroscke cuie dAp ¥Ma NMO3MTHBAH NPEA3HAK, a €EMEHTapHU PajiOBH
CBUX OCTaJIMX CHJIa HeraTuBaH. IbuxoB 30up jeiHaK je Hy1u, OfHOCHO MebhyCOOHO ce ypaBHOTEXY]Y.

Hexka Ha MexaHu3aM fienyje noroscka cuna Fy, pagHa cuna F3, Texxuna G3 M uHEpLMjaaHa
cmna Fiy (c. 13.1). YKynan einemeHTapaH paji MexaHu3Ma padyHajyhu u moroucky cuiny Fp jemHak
je 30upy pajoBa OBHX cHja:

Fi4 - COS P4 -dXM +Fi4 -sin(p4 -dyM +F3 - COS 03 -dXF +F3 -sin(p3 -dyF —G3 -dyE +

+Fy -cosgy -dxg + Fp -singy -dyg =0.

Ca. 13.1: Pao cuna Ha mexanuamy (iipumep)

Hla 6u MexaHu3aMm 00aB/ba0o HEKM paji MOTPEOHO je Aa MMa KMHETUUKYy eHeprujy. Kunetunuka
eHepruja MexaHumsma E,, jegHaka je 30Upy KMHETHUKHX EHEpruja MOjeJUHAUYHUX MOKPETHUX
YJaHOBA MEXaHU3Ma:
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KuneTnuka eHepruja nojeiMHaYHAX WIAHOBA MEXaHM3Ma Pa3IMIUTO ce ofpehyje 3aBucHO off
HauMHa BUXOBOT KpeTamwa. Kayia ce unan kpehe TpaHcaaTOpHO, KWHETUYKA EHEPIHja je jefjHaKa:

2
m-v
E=

rje je m (kg) —Maca TpaHCIaTOPHOT 4nana, v (m/s) - Gp31Ha TPAHCIATOPHOT YaHa.
KuneTtnuka eHepruja 4jaHa ca poTalMOHUM KPeTameM jefiHaKa je:

e je J (mmzkg)— MOMEHT MHEpIHje 32 OCy OKO Koje ce uiaH obphe, o (s_l) - yraoHa Op3uHa
POTaIMOHOT YIIaHa.

3a ujaHOBE MEXaHM3Ma ca CIOXEHMM KpeTawmbeM KMHEeTHYKa eHepruja ce oapebyje mpema
jeHaYMHHU:

m~v§ J-o
+

2 2

E=

rje je: vg - Op3uHa cpeuiTa.
YKynaH MexaHUuKH paj| Koju 00aBM MEXaHM3aM y TOKY HEKOT BpeMeHa (oj| mojioxaja 1 o 2)
jeMHaK je pa3nuuy (MPUpAITajy) KHHETHUKE eHePTHje MEXaHu3Ma Y TOKY TOT BpeMeHa:

A ZEm] m B2, e (13.7)

rie je: Eyy - KMHETHYKa eHepruja MexaHusma y nonoxajy 1, E,,» - KuHETHuYKa eHepruja
MeXaHU3Ma y Ionoxajy 2.

KuneTnuka enepruja kiamnaor mexanm3ma (ci1. 13.2a) jeHaka je 30Mpy KHHETUUKHUX CHEPTHja
MIOrOHCKOT YJIaHa 2, CIOjHOT 3 1 Kin3ayva 4:

1 1 1
E:EJZ -0)22 +E(m3 -Vs32 +J3 -6032)+5mc -VCZ.

w72
P, B 0}

l/
(&)
a) b)

Ca. 13.2: O0pebusarse KuHeiliuyKe eHepzuje MexaHu3ama

KuneTtnuka enepruja kanusor npesocunka (ci1. 13.2b) jennaka je:
1 2 1 2 1 2
E==Ji-01"+=Jr 0" +—my-vy“,
5 1M > 202 2 3°V3
rje je: m3 (kg) - Mmaca kauma 3, v3 (m/s) - Gp3una Kanua 3.
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13. JETHAYUHE KPETAIbDA MEXAHU3AMA

AKO Cy KauIIHWIM PaBHU [MUCKOBM KMaMO fla Cy IHUXOBM MOMEHTH WHEpLHje:
Gy -Rlz ) Gy ‘R22 )
Ty kegm” |u Jy = 5 kegm* |, e cy Gy (N) u G, (N) - Texxune kaumnuka 1 u
'8 8
KaulIHUKA 2.
BpsuHa Kauma jefjHaka je OOMMHOj Op3MHM KaumIHEKAa v=R|-0; =R -, (m/s), Te je

I =

KHHETHUYKA eHepmja KauliHor HpeHOCHI/IKa, Kaja Cy KauimHumn JTUCKOBU:
2
R G +G
E= 1 -(1)12 1 2 +G3 .
2-g 2

KuneTnyka eHepruja miianerapsHor npesnocunka (cn. 13.2¢) jennaka je:
E= G2 'VZZ + T2 -m22 +G3 'V32 + I3 ’m32 +1J4 -0042
2-g 2 2-g 2 2
3ynuanuK 1 je HEMOKpeTaH Te HeMa KMHETHUKY eHeprujy. 3ynmyanuim 2 u 3 ¢y caTeauTy, oophy
Ce OKO CBOJUX F€OMETPHUjCKUX OCa YTAaOHUM Op3MHaMa ) M ®3 U 3aje[[HO ca HocaueM 4 OKO Tauyke
A o6uMHEM Gp3MHAMA V5 U V3 KOje cy jeiHake: vy =(R| + Ry )og 1 v =(R| +2R5 +R3)oy.
Jepnaumna Ay, =E —Eo (13.7) npencraBiba OCHOBHY jelHAUMHY KpeTama MeXaHW3aMa Ha

K0joj 6a3upajy cBe MeTofie 3a ofpebuBame y3ajaMHEe 3aBUCHOCTU KpeTama MeXaHW3aMa U y3poka

HUXOBOT KpeTama.
HajnosnaTuje Metone 3a ofjpebuBame y3ajaMHe 3aBHCHOCTH KpeTama MEXaHM3aMa H y3poKa
TOT KpeTama Cy:
- METOJja pacnojelie eHepruje,
- MeTofa iepuBalluje eHepruje u
- MeTofa pefyKuuje.

13.1. MeTopa pacnofene enepruje

Mertopa pacnofiesie eHepruje ce KOPUCTH 32 OHE MeXaHM3Me KOJ KOjUX MOCTOjU JIMHEApHa
3aBUCHOCT Op3uHa TpH moBehawy Op3WHE MOTOHCKOT YiaHa M YMjH 4JIAHOBH NPU KPETamy
MeXaHH3Ma He MEHajy CBOjy Macy U MOMeHTe uHepimje (m,J = const.). OBa MeTOa ce KOPUCTH 32
ofipebuBame noTpeOHEe Op3UHE MOTOHCKOT YjlaHa, Kajia Cy O3HaTe CUJIE KOje Ha MEXaHU3aM JIENY]y.

[Toctynak ogpebuBama norpeGHe Op3KMHE MOTOHCKOT YllaHa MEXaHW3Ma ako Cy IM03HaTe CHje
KOje Ha mera Jienyjy je cnenehu:

a) IlpermocTaBu ce BpeHOCT Op3UHE TIOTOHCKOT WiaHa Vp .

0) 3a oBako ycBOjeHy Op3WHY IIOTOHCKOT 4llaHa ofipefie ce Op3uHe W yOp3arma CBHUX OCTAlIMX
KMHEMATUYKUX Ta4ddKa A YJIaHOBA MEXaHMU3Ma 3a LCO paJHU LUKITYC (JIBaHaeCT TPEHYTHUX
T0JI0XKaja) HEKOM Off METOf]a KHHEMATHIKE aHANH3e.

1) Oppenu ce KNHETHYKA €HEPruja MOTOHCKOT WiaHa Ep ¥ CBUX OCTajmX WwiaHoBa E; 3a 1eo
pannu mukiyc (jepaauynse 13.4,13.5 u 13.6).

n) Oppenu ce yKymHa KMHETHYKa €HEpruja MexaHmsma E, 3a 1eo pajHu UUKIyc (jeHaunHa
13.3).

e) Oppenu ce KoeUIMjEHT paclofie]ie eHepruje ep 3a CBE TPEHYTHE MOJOXKaje MEXaHM3Ma.
Koeduuujent pacnopene enepruje 1o jeUHULM]U TPEACTaB/ba KOJMYHUK KUHETUUKE
€Hepruje MOrOHCKOT JIaHa U KHHETHYKE eHEeprHje HEeJOKYITHOT MeXaHu3Ma:

180



13. JETHAYUHE KPETAIbDA MEXAHU3AMA

ep =§—P e (13.8)

m

BpepHocT KoeduiujeHTa pacnojiese eHepruje ep He 3aBUCHU Off Op3MHe IOTOHCKOT uaHa. AKO

ce 3a HeKM TPEHYTHH MOJIOXKaj MeXaHn3Ma Op3ruHa MOTOHCKOT wiaHa moBeha k myra, y uctom Tom

nonoxajy, 6p31/IHe OCTaMX Tayaka M 4YjJaHOBa MexaHm3Ma mHobehalie ce 3a k yTa, a BUXOBC

KUHETHYKE EHEepruje 3a k2 myTa.

®) Onpenn ce paj CBUX CNOJBALIKHX CHNA W Paji LENOKYMHOT MEXaHM3Ma 3a CBE TPEHYTHE

r)

noJoXxaje MexaHu3ma npema jeHaunHama 13.1 u 13.2.
3a cBaku TPEHYTHH IONOXKaj ofipebyje ce crBapHa Op3KHA IOTOHCKOTr ulaHa ( Vpg, Ops) U3
jeHauYrHe Koja iMa 00JIMK 3aBHUCHO O] BPCTE HETOBOT KpeTama:

2
mp -V :
Eps=ep-Ep = PS 33 ClIy4a] jja MOrOHCKU YjIaH MMa TPaHCIaTOPHO KpETambe, UK
J 2
_ _ P ®pg :
Eps=ep-Ep = — 3a CJIy4a] ja IOTOHCKM WIAH MMa POTALMOHO KpeTame, Uiln
2 2
mp 'VPS J P '(DPS .
EpS =ep-Ey = 2 + 3a C/Iy4a) Ja IOrOHCKHU YJaH UMa CIIOXKEHO
KpeTame.

W3 npeTXoaHuX jeiHauNHa, TPEHYTHE BPEJHOCTH CTBApHE Op3UHE IIOTOHCKOT YJIaHa 3aBUCHO Off

HBETOBOT KpeTamwa UMajy pa3aunyure o0nuke. AKO je TOTOHCKM YJIaH ca TPAHCIATOPHUM KPETamheM
UMaMmo fia je:

AKO ce NMOTOHCKM ulaH kpehe poTalnuoHO, ofipebyje ce cTBapHa BpPEJHOCT yraoHe Op3uHE

IIOrOHCKOT 4JIaHa, WK ce ofpebyje u jenHa u ipyra Op3uHa ako ce kpehe ci1oxeHo.

X)

Hampra ce gujarpam npoMene CTBapHHEX BPETHOCTH MOTPEeOHUX Op3WHA MOTOHCKOT 4llaHa 3a
neo pagau muknayc (12 momoxkaja) (cim. 13.3). JToOujeHe BpETHOCTH CTBApHUX MOTPEOHHX
Op3KHa MOTOHCKOT WIaHa Cy Pa3IMyUTe y CBAKOM TPEHYTHOM IOJIOKAjy MEXaHH3aMa y TOKY
pajiHOT LIUKJTyCa, 3aBUCHO Ofl MEXaHM3Ma 1 33/1aTHX lapaMeTapa.

YcBaja ce jeiHa BpeJHOCT CTBapHE NOTpeOHe Op3UHE MOTOHCKOT uiaHa. 3aBUCHO Off (PyHKIIHUje
MEXaHHU3Ma, MOXeE Ce YCBOJUTH MaKCHMaJlHa BPEHOCT WMJIM HEKa JpYyra, 3aBHCHO Off HAYMHA
aKyMyJaiuje eHepruje, 6uio fa je ca 3aMajieM Wi Ha HeKU APYTU HauuH.

Vp

/ S—T

—

2 4 6 &8 10 12 t(sh

Ca. 13.3: IIpumep iipomere Op3ure Kpeitiarba l0Z0HCKOZ YAAHA
y WOKY JeOHOZ paOHOZ YUK.AYCa
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13.2. MeToaa nepuBanyje KHHeTHYKE €HEPrHje

Meropna nepuBanyje eHepruje KOPUCTU C€ 3a OHE MEXaHHW3ME YMji WIAHOBM IIPU KPETamy
MeXaHH3Ma He MeHajy CBOjy Macy 1 MOMeHTe nHepiuje (m, J = const. ) 1 IOTOfIHA je 3a offpebnBame
NOTpeOHOT yOp3ama MOTOHCKOT YaHa, Kajla Cy I03HATe CUIIE KOje Ha MEXaHU3aM AEJy]y.

Meropna fepuBanuje KHHETHYKE eHepruje 0a3upa ce Ha jeJHAKOCTU [iepuBalyje KMHETHYKE
eHepruje MexaHu3Ma 110 BpeMEHY 1 CHare CIOJballllbuX cuila P; Koje ienyjy Ha MeXaHu3aMm:

dE
d—tm =Y Pl s (13.10)
WM Y pa3BUjeHOM OONIMKY OBa je[[HaYKHA j€ je[JHaKa:
04q mi-V-2 Ji-oaz 1

1 1 : : .
igl vt + = Z‘i P; , HaKOH fiepuBauyje u3pas Joomja 0OJuK:
n n
(mi-Vi-ai—i-J-OJi-Si):zpi. ............................................................. (13.11)
=1 i=1
W3 oBe jenHaunHe ofpebyje ce cHara moroHcKOr 4jiaHa, a 3aTUM BberoBa Op3rHa U yOp3ame.

1

13.3. Merona pegykuuje

MeTopioM penykiyje, KpeTambe LHEeTOKYITHOT MEXaHU3Ma CBOJIM CE Ha KPETambe jeHOT HEerOBOT
YJIaHa, Tj. HA KPETame HEroBor MOrOHCKOT uiaHa. Mory ce peiykoBaTH Mace, Cijie, MOMEHTH Chjla
1 MOMEHTH HHEPLM]ja LENOT MEXaHN3Ma Ha HETOB IOTOHCKHU YJIaH, OJHOCHO Ha HETOBY Je[IHY TAaUKy.
Ha Taj HaumH ce mojefgHOCTaBIbyje fajba aHANW3a MEXaHW3Ma jep Ce aHaau3upa CaMo jefiaH,
penyKoBaHu (MOTOHCKM) YJIaH YHje je KPeTame Y NMHAMHYKOM CMHCIY CKBHUBAJCHTHO KPETakby
LIEJIOKYITHOT MEXaHU3Ma.

PenykoBana cuiia Fg je OHa cuiia Koja Jiediyje y jeHOj Tauky (Tauku pefyKuuje) u Koja he Ha
PENlyKOBaHOM UJIaHy MMATH CHATY je[HAKy CHa3W CBUX CHJIAa I MOMEHaTa CHJIa Koje JIeNyjy Ha CBe

4JIaHOBE MEXaHU3Ma, a oouja ce u3 jefHaunHe Fg - vp = Z P; nmaje:

rzie je: z P; (W) — 30mp TpeHyTHHX CHara CBUX CHJIa 1 MOMEHATa CHJIa KOje JIeNyjy Ha MEXaHU3MY,

VR (m/s) — Gp3uHa Tauke pepyKumje.

PenykoBann MOMeHT MR je OHaj MOMEHT KOjH fieslyje Ha IOTOHCKOM pEeyKOBAHOM YJIaHy M
KOJHU j& EKBUBAJIEHTaH 30Uy TPEHYTHUX BPEHOCTH MOMEHATA Ha LIEIOKYIIHOM MEXaHU3MY:

ZPi
MR = o | oo eeeseesesesesess s ee s sess e (13.13)
OR

e je: og (s') —yraona 6p3uHa peflyKOBaHOT YIaHa.
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13. JETHAYUHE KPETAIbDA MEXAHU3AMA

306up cHara cBUX cuiia Koje Jienyjy Ha Mexanu3am (ci1.13.4) jenHax je:

ZPi=ZFi-Vi-COS(pi+ZMi-OJi, ....................................................... (13.14)

re je: F;, M; — cujie u MOMEHTH KOju JIeJlyjy Ha 1—TH WiaH, vij— Op3uHa HamajHe Tauyke cune F,

-

®; — yraoHa Op3uHa 1—TOr unaHa, @;— yrao uzmehy cune Fi u Op3une vi .

Heka nHa mexanu3am ca ci. 13.4 penyjy: unepumjansa cuna unava 4, Fy4, pagHa cuna Fq n
MOMEHT oTnopa M3, IOK ce ocrane cuiie 3anemapyjy. Ha ocHoBy jennaumue (13.13) nmamo pa je:
Fr -vg =—F4-vc +F4 - vc + M3 - 03, ogakie je:

_ —F4 a7 +Fi4 e +M3 -3

Fr , Tajla je MOMEHT Ha NIOTOHCKOM 4iIaHy jefHak: MR =FR -AB,
VB

a IIOroHCKa cHara nnotpe6OHa jja nokpehe neo mexanuzam: Pp = Mp - @) .

Ca. 13.4: Peoykosana cuna Ha MexaHuamy

PenykoBana Maca mp je OHa Maca Koja je Ha pelyKOBaHOM IIOTOHCKOM WIaHy M KOja uMma
KUHETHYKY €HEPrHjy jeflHaKy KHHETUYKO] EHEPrHji CBUX WIAHOBA MEXaHU3Ma:
2> E;
1
mpg = 22 s eeeseeeeetet ettt (13.15)
VR

re je: z E; —KuHEeTHYKa eHepruja YIaHoBa MEXaHU3Ma.

Y onmirem crnydajy Maca jeflHOT WiaHa ce, IPU aHaIM3U KOHIEHTPUILE Y HerOBOM CPEIUIITY,
MebyTuM Moxe ce pemykoBaTH Ha Omiio koje apyre Tauke (cim. 13.5). Ako macy m u3 Tauke A
penykyjemo y Tauke B n C Ha pacrojamuma L u L) Ha OCHOBY CTaTHUKOT YCJIOBA PaBHOTEXE 32
Tauyky A uMaMmo f1a je: my -Lj =my - L, . 306up peaykoBaHKX Maca jeflHaK je Macu m, mj +m) =m,
OflaKle je :

m-L»y

mi =
=

amacayTtauku C je: mp =m-—mj.
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13. JETHAYUHE KPETAIbDA MEXAHU3AMA

Ca. 13.5: Peoykuuja mace y Ose itiauke

Pe/ykoBaHH MOMEHT HHepLHje JR je MOMEHT HHEepIHje PeAYKOBAHOT YllaHa Hja je KHHEeTHYKa
eHepryja jejHaka 30upy KUHETUUKUX EHEPrija CBUX YIaHOBA MEXaHU3aMa:

rie je: Lr (m)— my>kuHa pelyKoBaHOT (IIOTOHCKOT) YJlaHa.
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14. OAPEBUBAIBE IIOI'OHCKE CHIIE

[Toroncka cmma (cmia Ha MOTOHCKOM WiaHy) Tpeba fa Oyne TOBOJBHO BejimKa fa mokpehe
MeXaHU3aM U Ia IPH TOME CaBNajia CBE CIOJbAIlhe U YHYTPALbE CUIIe HA MEXaHU3MY.

[Tocroju Buiie MeTofa 3a ofipehuBame NOTpeOHE MOTOHCKE CUlle, a Hajuelrhe ce KOPUCTe:

— Meropa KuHETOCTaTHYKE aHANU3E U

— Mertopa penykumyje.

14.1. MeTona KHHETOCTATHYKE aHAIH3E

MerofoM KMHETOCTATHYKE aHajlm3e ofpebyje ce moTpeOHa MOTOHCKA CHUila Kaja je TMO3HATOo
KpeTame MEXaHU3Ma 1 CBE OCTalle CHJIE KOje Ha Ihera JIeNyjy.

[Topepn Tora, MeToOM KHHETOCTaTHUKE aHANU3e 00Mjajy ce cBa ontepehema Koja fenyjy Ha
YJJaHOBE MEXaHM3aMa M Ha KWHEMaTH4Ke TauKe, IITO j€ HEOMXO[HO /ia O ce U3BPIIKO MPOPAYyH Ha

YBpcTOhy, OffpefiiIa Tpeba y KHHEMaTHYKUM Be3ama UTH.

AKO ce MexaHHu3aM IOf 1€jCTBOM CIOJbALlIbKX CUJIa Halla3| y CTalky paBHOTEXe, Tajia he ce y
CTawby PaBHOTEXE HAJa3UTH CBaK¥ KMHEMATHUKH Iap U cBakM KuHeMaTwukyu uinaH. Kopucrehu
CTaTHYKE YCIOBE PaBHOTEXe fla Cy 30Mp CBUX cHia M 30Mp MOMEHaTa CBUX CWJIA jefHAKHU HYyJH

(2131 =0 u ZMi =0) onpebyjy ce Hemo3HaTe cuile Ha MEXaHM3MY, Kao M CHJIa Ha OTOHCKOM
YJIaHy.
[TocTynak kuHETOCTaTHUKE aHaNu3e je cnenehu:
- MexaHn3aM ce pacTaBM Ha KHHEMAaTHYKE NApOBe M WIAHOBE TAKO Ja Cy CTaTHYKH
onpebenn. [Ipu pacraBbamby MexaHu3Ma Ha MapoBe, MOTOHCKH M HEMOKPETHH WiIaH Tpeba
1 cy jefiaH KHHeMaTHIKH Tap;
- Ha pacTaB/JbCHUM KMHEMATUYKUM [IapOBHMa U YWIaHOBHMMa HAHECY CC CBE€ CIOJ/ballllbE€ U
yHyTpauIme cune. [Ipu ToMe f1ejcTBO jeHOT WwiaHa Ha PYTH 3aMemyje ce ofroapajyhum
peakuyjama (cunama NpuTUCaKa y KHHEMaTHIKUM Be3ama);

- 3a cBakM pacTaB/beHN KMHEMTHYKY NTap ¥ WIaH KOPUCTE CE YCIOBH PABHOTEXE (ZFi =0

" ZMi =0). AHann3a MOYMIe Ca KHHEMATHYKUM MApOM KOjU je HajyTaJbeHUju Off
IIOTOHCKOT YJIaHa, jep Ha leMy UMa HajMake HEMO3HATHX CUJIA;

- AHanu3a ce 3aBpllaBa ca IIOTOHCKUM 4YJIaHOM, I[Jie ce ofjpebyje MOroHcka cuia u MoroHcka
CHara.

JloGujeHe BpeHOCTH MOTOHCKE CHJIe M CHare Cy 3a TPEHYTHH MoJoxkaj MexaHuzma. Ose
BPEIHOCTU CE€ MEHajy Y TOKY jefIHOr PajHOT LUKJyca, T€ je NOTpeOHO MOCTyHmak MOHOBUTHU 3a
YKYITHO [IBAHAeCT TPEHYTHHUX IOJIOXKAja MEXaHU3Ma. YCBaja ce MAaKCHMajHa BPEHOCT MOTOHCKE
cuie, WM HeKa JIpyra, 3aBUCHO Off MEXaHU3Ma U HeroBe (PYHKIM]jE Y MAIIMHH.

3apmarak 14.1: 3a mexanuzam ca ci1. 14.1 noTpe6HO je OfpeiuTH MOTOHCKY CUITY aKo je 3ajaTo:

Up = li)cm , ®) =IOS_1,82 =0, mp=02kg, m3=06kg, my=05kg, ms5=02kg,
cm

mg =0,1kg, p3 =0,35-§3, pg = 0,45-@4, Ps =0,45-§5, pagan MOMEHT M3 =10Nm #u

panHa cuna Fg =10 N. Cpeauiira nojeAuHaYHUX YIAHOBA Cy HA CPEJIMHU UCTHX.
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a Ou ce ofipeguie MHEpUUjaliHE CUJIe KOje Jesyjy Ha MeXaHU3My MPETXOJHO Ce MOpajy
ofpenuTu Op3uHe M yOp3ama CBUX Tauyaka M ulaHoBa MexaHu3ma. Kopucrehu meTopy mianHa
Op3uHa 1 yOp3ama, IPeTXOHUM TIPOIIUPEHEeM unaHa 4 Ha 3 ca paBHU T4 A00uja ce miaH Op3uHa U
yop3ama (ci1. 14.2) Koju je HalpTaH y pa3MepH:

_Im/ % _Im/ 52

=—— W
v a
2cm

© 3mm

Ca. 14.1: Kunemaitiuuxa uiema 3a0aitioz mexaHuazma (3aoaitax 14.1)

Ha ochoBy no3natux yOp3ama ofpebyjy ce MHepuujajqHe CHJ€ CBUX IOKPETHHX YJIaHOBA
MeXaHHu3Ma Ipema jeHaunHu 9.6 , nornasibe 9.4.

WuTen3uretn yOp3ama cy: aszzPaS'Z-Ua:9m/s2, as3=6m/s2, as4=7,4m/s2,

ag5 =03 m/s?  u agg =afp = 9,4m/52, a  UHTEH3UTETH MHEpLUUjalHMX  cula  Cy:
Fi2=m2'asz=1,8N, Fi3=m3-as3=3,6N, Fi4=m4-as4=3,7N, Fi5=m5-as5=1,26N n
Fig =mg-age =094 N.

by
Ca. 14.2: I1nan 6p3una u yop3ara (3aoaitiax 14.1)
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Hanagne Tauke, mpaBuu ¥ CMEpOBU MHEpLHUjaTHUX CUJIa ofpeheHu cy mpema YIyTCTBY W3
noriasiba 9.4. u fate cy Ha ci1. 14.3. Pacrojama HanmajiHUX Tayaka MHEPIUjaTHUX CUIIA CY:
2 2 Y
BK3 = BS3 +=—=-=38cm , EK4 = ES4 + =+ =2,5cm 1 CK5 = CS5 + ——=1,68cm .
BS; ES4 CSs

j=ct =)
+

Ca. 14.3: Cuae koje Oeayjy Ha mexanuzam (3aoaitika 14.1)

Jla 6u ce opgpenuna noroxHcka cuna Fp MexaHHM3aM ce pacTaB/ba Ha KMUHEMaTHYKe Mapose S, 6
3aTUM Ha unaHoBe 4 u 3 u Ha kpajy Ha map 1, 2. Kunematnuku nap 5, 6 je HajyaabeHUju Of
TIOTOHCKOT WIaHa 2, Te aHanmu3a kpehe o1 oBor nmapa (ci. 14.4).

Yruuaj unana 1 Ha kiau3ay 6 3amemwyje ce cunoM F12, a yrunaj wiaHa 3 Ha 5 3aMemyje ce
CHJIOM KOja Cce TIpeficTaBjba ca IBe KOMIIOHEHTE, HOpMATHOM Ha wiaH 5 ( F3 5n ) U TaHTeHIUjaTHOM

Ha umad 5 (F35¢). CMepoBn OBHX KOMIIOHEHaTa Kao W cwiae F|2 Cy Hemo3HaTH ma ce
npeTnocranmbajy. Hemosnare cy BpefHoCTH cuna F2, F35n # F35¢, oK cy ocrane nosuare. 13

ycioBa paBHOTeXe MoMeHaTa 3a Tauky C gobuja ce:
ZMC = (F12 _G6)'h6 + (Fi6 _F6)'hi6 +Fs5-hijs—Gs5-hgs=0. ....... (14.1)

W3 oBe jenHaunHe 1o0Mja ce KO Je[MHA HEMO3HaTa BpeHOCT cune F 5 =9,65N . U3 yenosa
paBHOTEKE CBHX CHJIa 32 KHHEMATHUKK nap 5, 6 gobwuja ce:

Zf?i = 131,2 +§6 +Fg +1?i6 +§5 +1315 +133,5t +133,5n =0 e (14.2)

[Ipema ycBojeHoj pazmepu 3a cuine Ug = npeMa jenHaunu (14.2) HanpTa ce 3aTBOPEHN

b

nomuron cuna (ci. 14.5) opakne ce poOwmjajy HemosHate cmne F3sn u F35¢, KaO M HUXOBA

pe3yaTaHTa f3,5 =99N.
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E
F_©6
Sf P Fio
hg %’172
Ca. 14.4: Kunematuuuxu iiap 5, 6 Ca. 14.5: [loauzoH cuara KuHemMaiuuuKoz
(3aoaitiax 14.1) iapa 5 u 6 (3aoaiuax 14.1)

Capja ce Mory aHanm3WpaTH cuie Ha KuHemaTtnukoMm wiany 4 (cm. 14.6). Hamecy ce ce
crosballibe cuiie u nputucuy y Taukama E u D. Cune npurtucaka y tauku E ce mpepcrase ca se

KOMIIOHEHTE ﬁ1,4n u 1?1,4t . Cuna nputucka y Tauku D je 133,4 KOja je ypaBHa Ha WiaH 3, a cMep ce

NPETHOCTABH.
N3 ycnosa paBHOTEXe MOMeHaTa 3a Tauky D nocmatpajyhu camo unan 4 fobwuja ce:
ZMD(4) = _F1,4t -ED+ Gy - hG4 -Fg- hi4 =0, (143)

OfIaKIie je MHTEH3UTET CUIIe Flat =23N.
Ha ocHoBYy ycii0oBa paBHOTEXKE CBUX CHJIA 32 KHHEMATHYKU WIaH 4:

> Fi =F3,4 + G4 + Fig + FLat + F14n =0, oo (14.4)
HAlpTa Ce 3aTBOPEHH IONUIOH CHNIA W J00Wjajy ce Cuile Yuju Cy WHTeH3ureTd F 4=2,4N u
IN
F4=5N(Up=o_—).
mm

- Ca. 14.6: Cune Ha KUHeMTUUYKOM HYAAHY 4
.4t (3aoaitiax 14.)

=

Fia

Cune koje aenyjy Ha unaH 3 mare cy Ha ci. 14.7. Y tauku B fienyje Henmo3Harta cuia uuje cy
KoMnoHeHTe F23n, F23t. 3agatu pajHu MoMeHT Mj3 ce 300r jeJHOCTaBHHjET payyHamba
npejcTaBu ca cwioM Fg Koja je ynpaBHa Ha unad 3, enyje y Tauku B, a BpefHocT ce gobuja u3
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jenHaumne fa je M3 = Fg - BC, opakune je Fg =14,5N. Cua npurucka y tauku C je 1?5,3 = —f3,5 .
HaxkoH Tora Mory ce ofipeliTi Helo3HaTe Ciiie Ha uiaHy 3 Kopuctehu yciioB paBHOTEKe CBUX CHIa
Ha OBOM WJIAHY:

ZE = ﬁ2,3n + ﬁ2,3t + fB + 63 + l?i3 + F4,3 + 135,3 S0, s (14.5)

ITpema ycBojeHoj pa3mepu 3a oBe cuie fia je Up = npema jegnaunan (14.5) Hanpra ce

b

3aTBOpeHH MonuroH cuia (ci. 14.7) omakne ce fobujajy HemosHate cuine F23n u F2 3¢, Kao n

BUXO0Ba pe3yiTanTa F2,3. M3 momurona cuiia MHTEH3UTET OBE cuiie je: Fp 3 =155N.

Ca. 14.7: Cune Ha Kunemaitiuukom 4aany 3 (3adaitiax 14.1)

Hanapna Tauka cune F4,3, OqHOCHO BeH Kpak L go0uja ce 13 MOMEHTHOT YClIOBa PaBHOTEXE
3a tauky C mocMaTpajyhu camo wiaH 3 (ci. 14.7):

ZMC(3) =-F 3¢ ‘BC+ Fp -B_C+G3 -hgz —F3-hjz + F43 -(L +D_C) =0, ... (14.6)

oflakiie ce 1obuja BpegHocT Kpaka L =0,08 m.
Ha noronckom 4nany fenyjy cuine koje cy npuka3ate Ha ci. 14.8. [Toroncka cuna Fp onpebyje
Ce 13 MOMEHTHOT YCJIOBa PAaBHOTEXE 32 TauKy A:

ZMA:F3,2'h3,2 +G2'hG2—Fp-E=O, ........................................................... (147)

onakineje Fp =15N.
[Tputucax y ocnonuy A MOXKe ce OfpefJUTH U3 YCI0Ba PAaHOTEXKE CBUX CHJIA 3a WIaH 2:

Zﬁi(z) =Fip +F32+Fp + 62 FFIon A FL26 =0, oo, (14.8)
. IN
onakne je Fj o =6,4N (Up = o )-
,5mm

OOpTHU MOMEHT Ha IIOTOHCKOM unany 2 je: My = Fp -AB=2,7Nm, a IOroHcKa cHara je
P2 =M2'0)2 =27TW.
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Ca. 14.8: Cune Ha tilozoHckoM waary (3adaitiak 14.1)

3aparak 14.2: 3a nnanetapHun Mexanusam (ci1. 14.9) moTpe6HO je OfpenTH MOTOHCKY CHIy Ha
Hocauy 6, ako je 3a7aTo: g =15 7! ,€6=0, Rp =0,lm, R3=0,15m, R4 =0,05m, R5=0,3m,
Re=0,25m, G3 =20N, G4 =10N, pagau MOMEHT Mo =40 Nm 1 yrao JOJUpHUIIE 3yIYHAHNKA
a=20°.

[IpBo ce ogpene yraone Op3uHe 3ynuanuka. M3 jeqHaunHa 3a MPeHOCHU OJHOC 3a 3yMMYaHuKe Off
5 o 2 3ajeiHO ca HOcaueM 6 o0uja ce yraoHa Op3uHa FrOWBEHOT 3yMuaHuKa 2:
©5 _ws—0s 95 Ry Ry

6 -0 o0 R
0 26032 5

, OflaKIe je my =150 s7L.
R3

Ha victu HaunH 13 jeHaYKHe 32 MPEHOCHN OHOC U3Mehy 3ynmuanuka 2 u 3 mpema Hocauy 6:
6 6

® 03— O - . _

_ié:u, —gz—z, no6mja ce 3 =my =755

oy ©270 o) R3

3/
_ 4
C
6 I°
B+
/\ 2
A= —\
777 [7777
sz

Ca. 14.9: Kunemaitiuuka uiema inaneimiapHo2 mexanuama (3aoaitax 14.2)

Jla Ou ce oppepuia MOrOHCKa cUjla Ha HOcauyy 6 M KMHEMAaTUUKK NPUTHCIY U3Meby duiaHOBa,

MeXaHM3aM ce pacTaBiba Ha mapose: 2 u 1, 3aTuM 3,4 1 5 1 Ha Kpajy MOTOHCKY YIaH 6 U HEOKPETHU
yiaH 1.
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Hajynamenuju nap 2, 3 mMa HajMame HEMO3HATHX CHJIA T€ Ce MPBO aHANM3Mpa OBaj map (CI.
14.10). 3ynuanuk 3 fenyje Ha 3yMYaHUK 2 CUIOM 133,2 KOja je TIOf yIIIoM o Ha TaHreuty t. Kako

HeMa JIpyrux cuiia ouuriefHo je Fi 2 =—F3 7. M3 ycnoBa paBHOTEXE MOMEHATa CBUX CUJIA 3 TAUKY
A:

ZMA =M2 —F3’2 -R2 COSOL =0, et (149)

noGuja ce cunia F3 o =425,7N.

Ca. 14.10: Cune Ha kunemaiiuukom 4aary 2 (3adaitak 14.2)

Ha xunematnuku nap 3, 4 u 5 fenyjy cune xao Ha ci. 14.11. MHepunjanua cuna ynanosa 3 u 4
(ma mcrom cy Bpatuiy) jefHaxa je: F3 4 =m3 4 -ac . YOp3ame Tauke C je HOpMAIHO yOp3are npu

JETHOJIMKOM KPYXKHOM KpeTamy Te je: Fj3 4 =mj3 4 -AC- m% =4300N.
W3 ycnosa paBHOTEXe MOMeHaTa 3a Tauky C (ci. 14.11) mobwja ce:

ZMC =—Fs54 R4 cosa+Fp3-R3C0800=0, ., (14.10)

onakue je F5 4 =1277N.

Henosnara cuna nputucka y tauku C ofpebyje ce u3 ycnoBa paBHOTEXe CBUX CUJIa KOje IENy]y
Ha yiaHoBe 3 u 4:

2?1(3,4) :?13,4 + ﬁ5,4 + 1_56,4 + 63 + 64 + 132,3 =0, e (14.11)

W3 3arBopeHor momurona cmia mpema jegHaumHu (14.11) xoju je HampraH y pasmepu

1000 N .
Up ==~ noGija ce cuna Fo 4 =4350N (. 14.11).
cm P
z B3 1?5,4
Fiz4 L.
G3+Gy
3
t b
Q ........... 3 FiS4
4 . o
3 Fs 4
oL
t
G4 1

Ca. 14.11: Cune Ha KuHemaitiuukom iapy 4, 5 (3adaitiax 14.2)

Ha noroncku unan 6 fenyjy cuie kao Ha ci. 14.12. M3 ycnoBa paBHOTEke MOMEHaTa 32 TauKy
A:
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DM =Fp AC=Fy6 hgg=0. s (14.12)

nobuja ce nmoroHcka cuna Fp =1673 N. Cuna nputucka y ocnoHiy A goOuja ce U3 3aTBOPEHOT
MOJIUTOHA CUJIA IIPEMa jeIHAUNHHU:

ZE(@) =Fp + F4,6 + Fl,6n + F1,6t S0, s (14.13)

onakie je cuia F g = 4500 N .
OOpTHI MOMEHT Ha IIOTOHCKOM 4jiaHy 6 je Mg = Fp - AC =418 Nm, a cHara:
Pe =Mg -0 =6273 W.

F F4,6
£ 4
O & T~
L6 Ca. 14.12: Cune Ha ii020HCKOM Unary (3aoaitiak 14.2)
A lge—>F
T_’ F1,6‘[
F 6n g

1,6t

14.2. OnpebhuBame noroncke cune Metogom penykiuje

Metona penpykuuje mmun meropa JKykosckor (2Kykockmit, 1847-1921. ron.) 6a3mpa ce Ha
pEenyKOBaHOM MexaHu3My. PeykoBanu MexaHu3aMm je miaH Op3rHa TOT MeXaHh3Ma OKpeHyT 3a 90°
y CyIIPOTHOM CMEPY Off CMepa YyraoHe Op3UHe IIOTOHCKOT YJIaHa.

Merona KyKOBCKOT IJ1acH: aKO ce MeXaHH3aM €a jeJHHM CTeNeHOM C10007e KpeTama Moj
/IejCTBOM CHOJbALILHX CHJIA HAJIA3H Y CTamby PaBHOTeXe, OHJia he ce y cTamy paBHOTEXKe HAIA3UTH
0 PpeIyKOBaHH MeXaHH3aM MOCMATPAaH Kao KpyTa cluKa, onTepelieH cno/bammuM cuiama.
Cnosbamme cuiie Ha pelyKOBaHOM MeXaHH3MY /ielyjy OHAKO KaKo CTBApHO Jielyjy Ha MeXaHu3My
0e3 poTupama.

W3 cratnukux ycnoBa paBHOTEXE (Zf?i =0n ZMi =0) 3a TauKy peyKOBaHOT MEXaHN3Ma
nobuja ce moTpeOHa MOTOHCKA CHJIA.

IIpumep 14.2: Heka je no3HATO KpeTamwe U CObAIIBE CUIIE KOje JIeNY]y Ha YeTBOPOIONYKHI
mexanuzam (cn. 14.13). [TorpeGHO je MeTOIOM pelyKije OfpPEeAUTH MOTOHCKY CHITY Ha WiIaHy 2.

HaTu mopamu cy: AB=0,15m, BC=0,32m, CD=0,26m, AD=0,43m, AB=0,15m, ¢y =60°,
™) :205'1, €2=0,my=03kg, m3=0,7kg, my =0,6kg, U pafHi MOMEHT M4 =50 Nm .

CpepuiiTa nojeMHauYHUX 4JIaHOBA Cy HA CpeIMHM UCTHUX. XajreHCOBU LEeHTpH ocuunoBama (K) cy
TIO3HATH ¥ O3HAYCHY HA KHHEMATHIKO] meMu MexaHu3ma (ci. 14.13).
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bp3une u yop3ama cy ogpebenn Ha OCHOBY I1aHa Op3uHa M yOp3amwa NprKa3aHux Ha ci. 14.14

Im/s lOm/s2
R hILEnY
2cm lem

3arum cy ofpeheny uHTEH3UTETH yOp3ama CpeMIITa WiaHOBa MEXaHu3Ma: ag3 =58 m/ s? n

(Uy

agq =32m/ s2.
Bpennoctu umnepuujanHux cuna cy: Fp =mp-agqy =9N, F3=40,6N u F4=192N, a
HHUXOBE HAaMaJHEe Tayke fate cy Ha ci. 14.13.

Ca. 14.13: Kunemaiiuuxa uiema 4eitiBopoinoayHOZ Mexanusma (3aoaitiax 14.2)

Ha xuHeMaTnuky 1memMy MexaHu3Ma HaHeCy ce CBe CIOIballlhe CUJIE, Ka0 U MHEepLHUjalIHe CUIle.
Hanpra ce penykoBanu mexaHuszam (miaaH Op3uHa okpeHyT 3a 90°). 30or Behe TayHOCTH
Moke ce HaupTtatu yBehan (y oBom mpumepy aBa myta) (ci.14.15). Tauka PR Ha3uBa ce
TAQ4YKOM PEAyKOBaHOT MEXaHU3Ma.

Ca. 14.14: I1nan 6p3una u yop3aara (3aoaitiak 14.2)
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Ca. 14.15: Peoykosanu mexanuzam (3aoaitiax 14.2)

Pagan MomeHT My

My
F = =
€~ bc

npefcraBu ce cuwioM Fo  Koja ce ofpebyje u3 jegHauymHe:
=1923N.

Ha ocHOBY yciioBa paBHOTEKe MOMEHATa CHJIa 32 Tauky Pp jmobwja ce:
D Mpr =Fp -PRB-Gj -hgy —G3-hg3 —F3 -hj3 ~Fg -hjg —Fc -PRC+ G4 -hg4 =0, onaxre

je moroncKa cuna Fp = 231N . Pacrojawa h cy Hajkpaha pacrojama u3meby HanagHux auH#ja cuia
1 TayKe pellyKOBaHOT MEXaHU3Ma.

3aparak 14.3: 3a mexaHn3am 3a cemapanyjy 3pHa Off cilame KUTHOT kKomOajHa (ci. 14.16)
OfIpEIUTH TOTPEOHY MOTOHCKY CHJy W TPUTHCKE Yy KMHEMaTHYKMM Be3ama. [laTé cy mopaum:

UL=2lm , 0)2:105_1, mj3 =4kg, m’4:3kg, m:;=3kg, ms =9kg, my =8kg, F3 =120N,
cm

Mg =160 Nm u M7 =30 Nm . XajrencoBu eHTpu unepuujantux cuna (K) cy 3agaru Ha cn. 14.16.
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Ca. 14.16: O0pebusarse il020HCKe CU.1e MEXAHU3MA 3A CEHAPAYU]Y 3PHA HCUIIHOZ KOMOAjHA
(ilociuasKa 3aoaitiKa 14.3)

Hla Ou ce oppeamna TOrOHCKA cWia KopucTmhe ce MeToma pefykimje, a 3a ofpebuBarme
NPpUTHUCAKA Y KHHEMATUYKUM BE€3aMa METOJa KUHETOCTATUYKE aHaJIA3E.

3a nobujare NHePIUjaTHUX CUJIa, TPBO CY METOIOM IIaHa Op3KHA U IIaHa yop3ama oipehenu
KHHEMATUYKH napameTpu Mexanu3ma (ci1. 14.17). Kopumnrhene pa3mepe cy:

2
Uvzlrn/sl/I U lem/s .

Icm a lcm
WHTeH3uTeTH MHEpLHjanHux cuia cy: F3 =144 N, Fi4' =60N, Fi4" =60N, Fs5=378N u
F;7 =328 N, a HanajiHe TauKe, NpaBLy ¥ CMEPOBU Cy iaTH Ha ci1. 14.18.

a) b)
Ca. 14.17: [1aan 6p3una u iinan yb6p3arba (3aoaitiak 14.3)
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Ca. 14.18: Cuane koje deayjy Ha mexanuzam (3aoaitiax 14.3)

PenykoBann MexaHn3aM ca CBUM CIIOJbAllIlbMM U MHEPLUjATTHUM CHJIamMa KOje Ha Hera Jenyjy
npukasaH je Ha ci. 14.19, ogjakie ce Ha OCHOBY MOMEHTHOT yCJIOBa PaBHOTEXKe 3a TauKy PR :

D Fop =Fp-PRO-F3-h3 -Gz -hG3 —F3-hjz ~Fg -hig —G4 -hga +Gyg -hgg +

+Gs-hgs —Fs-hjs —Fp-hp —Fg4 -hjg +Fy-hy +G7-h7 -F7-hj7 =0
nobuja moroncka cuna Fp =366 N. Iloronckn MomeHT je Mp =Fp-AB=128 Nm, a cHara

Pp =Mp -®y =1280 Nm. PagHu MomeHT Ms je mpeicTaBbeH cuiioM Fp :%:NSN, a

MOMEHT M7 cuiioM Fy :%: 250N.

Ca. 14.19: Peoykosanu mexanusam (3aoaitax 14.3)

IIputncnn y KuHeMaTHYKMM Be3ama 100Ujajy ce pacTaBbalbeM MEXaHW3Ma Ha CTaTUUKU
ofpebene kuHeMatuuke napose: 8, 7; 6, 5; 3atum 4, 3 ¥ Ha Kpajy MOTOHCKU 4iaH 2. AHanu3a
MOYUH-E Of] Hajy[lalbeHU]eT Mapa, jep UMa HajMamhe HEMO3HATUX, § OBOM IPUMEPY TO MOXKe OUTHU Iap
8,7 unu 6, 5, cBejeiHo.

Ha ocHoBy ycnoBa paBHOTeke 3a nmap 6, 5 i1a je 36up MomeHTa 3a Tauky D nocmatpajyhu uian
6 jeqHakK: ZMD(6) =H 6t .DE =0, go6uja ce F 6t =0N (cm. 14.20). W3 30upa MOMeHaTa CBHX

cuna 3a Tauky D nocmatpajyhu camo mran 5 go6uja ce jeHaunHA:
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ZMD(S) = _F34,5t '§+G5 -th _FiS 'hi5 = 0,0HaKJIeje F34,5t = 9,14N.

Hemno3uare cuie 1334,511 u 151,6n nobujajy ce u3 jegHaunHe 30Upa CBUX cHja 3a map S u 6:
2135 6= 1334,5t + 1334,511 + 65 +Fi5 + 131,6n +Fp=0. Ha OCHOBY Tpa(uuKkor mpHKa3a oOBe

jenHauuHe (cn. 14.20) nobuja ce F ¢, =380N u F345=635N (U = 1100 ) )
s 4 cm

HWcru moctynak ce moHoBw 3a map 7, 8 (ci. 14.21). W3 jepraunne z M =F gt -1 =0 gobuja

1(8)
ce F gt =0N. U3 jennaynse:
ZMI(7) =Fi47¢ -HI+Fy -HI+G7 -hg7 —F7 -hj7 =0 pobumja ce Fa47;=-2135N. Ocrane

HEIO3HaTe cuane nobujajy ce 3 IMOJINTOHA cuia npemMa jelHauYMHK
2137 g :1334,7t + i:‘:34,7n +13H +67 +1317 +]_F:1,8n =0, opakie je F1,8 =104N u F34,7 — 450 N

Ca. 14. 21: Cune na kunemaitiuuxkom itapy 7, 8 (3aoaitiax 14.3)

Cune xoje penyjy Ha kuHeMaTHuku mnap 3, 4 par je Ha ciauuu 14.22. W3 jepHavune
ZMC(3) =-Fy3¢BC+F5-h3 +G3-hg3 +Fj3 -hj3 =0 nobuja ce F, 3¢ =83 N. U3 jennaunue:
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ZMC(4) =-F734-h734 —Fig -hig + G4 -hGga +F a¢ -hyat +Gg-hGgg +Fig-hig =0 pobuja  ce
F1,4t = 743 N .

Ocrane Hemo3HaTe cuiie Ha KMHEMAaTHYKOM mapy 3, 4 jobujajy ce U3 3aTBOPEHOT NOJMIOHA
cuna npeMa jeJiHaunuHu:

2F7 ¢ =F23n0 +F23t+ F3+G3 +Fi3 + F5.34 + G4 + Fid + FLat
+F1,4n + G4 +Figa +F734 =0

opakneje F 4 =1090N un F,3 =1290N (U =110ﬂ)
b b Cm

Ca. 14.22: Cune Ha kunemaiiuykoM iapy 3, 4 (3aoaitiax 14.3)

W3 ycnoBa paBHOTeXe Jla je 30Mp MOMEHaTa CBHX CHJIa 3a MOTOHCKM 4iaH 2 (ci1. 14.23) 3a

Tauyky A ZM —Fy»-h1» +Fp-AB=0, cienu na je F —F3’2
y A, A =32°h3p+Fp =0, cepm pa je Fp=—=

=387 N. [lo6ujeHe BpeHOCTH

IOrOHCKE cuie Fp [JoOujeHe METOOM KHHETOCTaTUYKE AaHalu3e U METONOM pefyKiuje
(Fp =366 N) Tpeba ma cy ucre. Mebyrtum, 0 Maje pa3jiuke y BpPeHOCTHMA je NOULIO 300T
HENPEUU3HOCTH rpahoaHaIuTHIKE METOJIE.

Y32

Cn. 14.23: Cune na kunemamuuxom napy 1,2
(3a0amax 14.3)
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15. YPABHOTEXEILE MEXAHU3AMA

YpaBHOTEXXEHN MEXaHW3aM je OHa] MEXaHUu3aM YWjH je 30Mp MHEpLHUjaTHUX Chjla 1 MOMEHaTa
MHEPLMjaTHUX CHIA TOKPETHUX YWIAHOBA MEXaHN3Ma JE[JHAK HYJIM: ZFi =0, ZMi =0.

Y cayuajy Aa je MexaHr3aM HeypaBHOTEKEH JI0JIa3u JI0 AMHaMIIKuX onTepehera u Bubpanuja
KOje MOTy OMTH TaKBUX MHTEH3UTETA J]a I0BOJIE 10 OpxKer omreherma, OpsKer 3aMopa Matepujajia u
nomoBa. [Ipo6ieM HeypaBHOTEKEHOCTH MEXaHU3aMa je M3PakeHUj! KOJ| rabapuTHAX U OP30XOIUX
MeXaHU3aMa.

YpaBHOTEXeHme (OanaHCHpambe) MeXaHn3aMa ce 00aBlba y Pa3nuMIuTUM (ha3ama, off HejHOT
pemema 1 u300pa MeXaHW3Ma, KOHCTPYKIUje U TPOjeKTOBaba, MPOU3BOKE, MOHTAKE M HAKOH
onipebeHor neprosia Kopuithema MexaHn3ma (y TOKY eKCIioaTanmje).

Y nepuony cTBapama MeXaHW3Ma NpupKaBajyhu ce CBUX NpaBUiia ypaBHOTEKEHA, MOTY Ce
NIOOUTH OBOJLHO YPaBHOTEXKEHN MeXaHM3MH. MehyTum, y TOKY NpOM3BOJEE U MOHTaXe MOXe
nohu 10 HeypaBHOTERkeHOCTH (fle6aanca) u3 BUIIIE pasyiora.

UnaHoBM MexXHHM3aMa HE MOTY OWTH WJIeaTHOT M XOMEIeHOT pacropefa Maca. BpegHoct
MHEPIUjaliHe CUJle YaHa Koju ce Kpehe jeTHONMMKO KPYyKHO je (hyHKIMja KBajipaTa yraone Op3uHe
(FF=m-a =m R’ ), TaKO Jla ¥ BPJIO Majle HEYPaBHOTEKEHE Mace MMajy 3HATHY BPEJHOCT
VIHEpLWjallHE CUTIE.

[Tpu MOHTaX! MOXe JI0hH 10 Pa3TMIATHX CYOjeKTUBHUX U OOjEKTUBHUX OJICTYIAamkha KOja MOTY
3HATHO JIOBECTH JI0 HEYPABHOTEKEHOCTH MEXaHU3Ma.

Y TOKy pajja MexaHM3aMa JI0JIa3u JI0 pa3NNuuTHX Xabamwa, AeopMmaiuja 1 JOMOBa HETOBUX
YJIAHOBA KOjW MOTY 3HATHO YTUIIATH HA H-ETOBY HEYpaBHOTEKeHOCT. Ha mpumep, HOKeBH poTopa
CHIIAXXHOT KoMOajHa Koju ce oOphy 3HATHMM Op3WHaMa, a y TOKY pajia Hamiasze Ha pasinuuTe
otrnope 300T pa3nuynuTe TyCTHHE OWIbHE Mace, pa3iUynuTe BIAKHOCTH WTJ, TAaKO 2 HEMUHOBHO
1071431 JI0 HUXOBE HeyjeHaueHe NcXxabaHOCTH M HEXOMOTE€HOCTH pacrnopesia Maca. Y eKCTPEMHHUM
cATyanm@jamMma Mory HamhW Ha HEKHM 3a0CTajd TBPAW NpPEAMET W CIMYHO, IITO JOBOAU [0
HEYjeIHaueHOT Kp3amba 1 JIOMa HOXKeEBa.

3aBUCHO OJf TOTa KOJU je YCIOB YPABHOTEKEHOCTH UCHYHEH UMaMO JETUMUYHO, TIOTIYHO U
KOMOWHOBAHO YPaBHOTEXKEHE:

— JlenMMUYHO WIM CTaTHYKO yPABHOTEXKEHE j€ OHO ypaBHOTEXKEHE I7ie je 30Mp CBUX

VHEpLMjaHUX CUNa JeHaK HYJH (ZFi =0), AOK 30Up MOMEHTa HHje jefHaK HYJH
(D M; =0);

— JIuHaMHYKO WM TNOTIYHO YPaBHOTEXEHE jeé OHO YpaBHOTEXEHE IJe je 30Mp CBUX
VHEpIHMjalIHUX CHJIa ¥ 30Mp MOMEHATa CBUX MHEPLMjalHUX CHIA jeHAK HYIH (ZFi =0,

ZMi =0)u
— KoMOMHOBaHO ypaBHOTEXEHE jeé OHO YpaBHOTEXEHe TIfe je 30up MOMeHaTa CBHX
UHEPLUjalHUX CUJa jeflHaK HYNU, JOK 30Up MHEpUMjaHUX CHJIa HHje jeHaK HYIU

(ZMi =0 YFj#0).
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15.1. YcnoBu ypaBHOTeXXKemha MexaHH3aMa

I1pBu yci10B ypaBHOTEXeHa MeXaHU3Ma j€ [1a je 30Up CBUX UHEPLMjaIHUX CUJIA JeIHAK HYJIH:

DUFI =01 oo (15.1)

AHanu3upajMo ITa MeXaHu3aM Tpeba fJa 3afoBObM Aa OM OMO HUCHYyHEH IPBH YCIOB
ypaBHOTeXema, jeqHaunHa (15.1). [TocmMaTpajMo jeHOCTaBaH paBaHCKM KIWIHE MeXaHH3aM (CII.
15.1) ynju yTaHOBYM MMajy pa3IuInTe HHepquanHe CUJIE KOje ce MOT'Y pa3JIOXKHUTH Ha OCe X,y U Z:

dzxi dZZi
Zin =—Zmi dt—z ZFyi zml —5 ZFZ1 z : 2 (15.2)
Ha 6u ce 1o6mo yrao ¢ Kao HE3aBUCHO NPOMEHIbIBA BENNYNHA, jeqHaunHe (15.2) ce moMHOXKe

d . .. .
ca d—(P ¥ HAKOH JlepuBaluje 1001jajy ce u3pa3u 3a KOMIIOHEHTE NHEPIMjaTHUX CUJIa TI0 OcaMa X, Y 1
¢

Z.

2
2 dx
Fi=-o E m; 2‘ —

_ —mZZml oY m; d-‘/l ........................................................................... (15.3)

F,; =0 (3a paBaHCKH MexaHmaM).

30up MHepLUUjaTHuX cuia Tpeda fia je jeaHak HynH,ZE =Fxi + fyi +Fzi =0. Oaj ycios he
OWTH UCTIYH-EH aKO YWIaHOBH U3 jegHaunHe (15.3) Oyny jeqHaku HyIu:
2 2
dox; dx; d“y; dy; .
m; =0, m;—L=0, m; L-0, m; —L- =0, jep HEMa cMHCIa 1A yraoHe
Tt -0, T o, Tu o, T ooy a y

Op3uHe W yraona yop3awma Oyay jemHaku Hymu (o0=#0 m £#0). [la 6u Ounm 3aJOBOJbEHH OBH
u3pasiu, Tpeda fja cy UCIyHEeHH YCIOBY:

S, d"l: n Y m; yl: R, (15.4)

30up Maca CBUX WJIAaHOBAa MEXaHU3Ma je[HaKa je Machd MeXaHM3Ma m (Zmi =m), a 36up
KOMIIOHEHATa MOjeJMHaYHUX MOJI0kKaja CPeMIITa Maca YWIaHOBA MEXaHM3Ma jeflHaK je MOIoXajy

CPEMINTY EeTOKYIHOT MeXaHu3Ma ( z Xj =Xg, Y yi=ys)Teje:

dx; dxs i dys
—= =0, =0, 15.5
2mig, 2 m a0 (1535)

X .
KoopamHate cpenuiira MexaHu3Ma cy: xg =“<=———n yg =“—=~——,
m m

ae je: xj,yj (m)— KoopiuHaTe CpefuInTa Maca MOjeIMHAYHUX MOKPETHUX WIAHOBA MEXaHU3MA;
Xg,ys (m)—KoopauHaTe CpeuITa IeNOKYITHOT MEXaHU3Ma.

Ananuszom jegHaunde (15.5), 063MpoM 1a HeMa CMHCIIa J1a je Maca MeXaHW3Ma jeflHaKa HyJu
(m =0 ) mpom3MiIa3u Aa MPBU U3BOJ MONOXKAja CPEAMIITA MeXaHn3Ma ( xg, yg) IO YUy monoxkaja
TIOTOHCKOT WiaHa (¢ ) Tpe6a fa cy jeHaKu HyJIh:
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15. YPABHOTEXEBE MEXAHU3AMA

s _ou S g,

....................................................................................... 15.6
40 a0 (15.6)
OBgaj ycnoB he OMTH 33JJ0BOJBEH AKO J€:
XG = CONSE M Y§ = COMSL.  euereuerriueriietereteaetseaetsesessesessese s s tsesessesessesessesens (15.7)

Axo je ucnymeH ycnoB u3 jensaunne (15.7) Tapa he v npu wianoBu jeuaunse (15.3) Outh jenHakn
HYJIN.

Jpyrum pe4ynma, 1a 01 30Mp CBHX HHEPIUjaJHAX CHJIA HA MEXaHU3MY OHO jeqHAK HY/H (1a on
0O ypaBHOTEXEH) CpeNIITe MEXaHN3Ma S TOKOM HeroBOr KpeTama Tpeda /ia je HemHOKpeTHO (CI.
15.1).

Ca. 15.1: Ycaosu ypasnoitiexcersa
MEXaHU3Ma

JIpyru ycioB ypaBHOTEKEHOCTH MEXaHH3Ma je f1a je 30up MOMeHAaTa CBUX MHEPIHjATHUX CUJIa
JefHaK HyJIH:

ZMi =2Fi X T =Zmi TS TR D (15.8)

Axo ce jeqraunna (15.8) Hanmie y ckaaapHOM OOIIMKY 32 paBaHCKU MEXaHU3aM UMaMo /1a je:

2.
My; = Zml zZ; - Y1 =0, M Zmi - Zj - ddtzl =0, e (15.9)
Awnanu3om u3pasa (15.9) nobuja ce:
d d
I mj-z;-yj= d Iy, = Zml ZiXj= (pIxz e L (15.10)

rae je: Iy, Iy, (kgmz) - HeHTpu(yraiHu MOMEHT MHEpLHje MeXaHu3Ma 3a oce y u X. [la Ou 6uo
3a/10BOJbeH ycnoB u3 jenHaunte (15.10) Tpeba na je:

Iy, = Zmi -zi-yj=const, Iy, = Zmi “Zj *Xj = CONSt. oerrrerreerreeneanne (15.11)

JIpyrum peunma, 1a 6u 30Mp CBHX MOMeEHATa MHEPUHjaTHUX CHJIA HA MEXaHM3MY OHO jeqHAK
HyJ (72 01 OMO TMHAMUYKH YPaBHOTEXeH) HeHTPpHQ yraiHi MOMEHT HHepHje Maca 13a oce X,y H
Z Tpeda Ja je KOHCTAHTAH WM Jpyravymje pedeHo, oca poramije u oca MHepuUHje Tpeda Aa ce
nokyone (ci. 15.2).

AKO TocMaTpaMmo jefiaH pPOTalMoOHH WiaH (POTOp) M aKO ce IOKIONe Oca poTaldje W oca
nHepuyje (ci1. 15.2a) 06a ycinoBa ypaBHOTEXEHba Cy 3aJ[0BOJbEHA (ZE =0, ZMi =0), Te UMaMO
NOTIYHO JMHAMUYKO YPaBHOTEXEHE poTopa. ¥ ApyroM ciuyuajy (ci. 15.2b) 3ajoBosbeH je apyrn
YCJIOB, a HHUje NPBH (ZMi =0 ,Zfi #0), Te IMaMO KOMOMHOBAaHO ypaBHOTeXeme. Y Tpehem
ciaydajy (cm. 15.2¢)) Kaja ce oca WHepI@je He MOKJama ca OCOM pOTaldje ajd MpoJjia3d Kpo3
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15. YPABHOTEXEBE MEXAHU3AMA

cpefmiiTe poTopa S, 3aJ0BOJbEH je NPBH, & HUje APYTH YCIOB (2131 =O,ZMi #0), Tako fa

IMaMo JISTMMAYHO YypaBHOTEXeme. Y 4eTBproM mnpumepy (cia. 15.2d) wmmamo mnoTmyHO
HEYPaBHOTEXEH POTOP, jep HUje 3a[J0BObEH HUjE/laH YCIIOB, NIOLITO CE OCa HHEPILMja He MOKJIamna ca

0COM poTalyje 1 He Ipoia3d Kpo3 CpefuiITe S (2131 #0, ZMi #0).

oca uHepIuje oca UHepLyje

HHEpIHje WHEPIHje

poramuje  0ca poranuje

a) b) ¢) d)
Ca. 15.2: Oca obpitiara u oca uHepyuje poiiopa
a) ypasHoitiexceH, b) KoOMOUHOBAHO YpaBHOIieH eH, C) OeAUMULHO YPABHOULEHCEH,
d) HeypasHoiliexeH

15.2. MeTopne ypaBHOTEXKeHha MeXaHH3aMa

3aBHCHO Of] CTPYKTYpE, HaMEeHe, BEJIMUMHE ¥ Mace MEXaHW3aMa i BPEJHOCTH HETOBUX Op3uHa 1
yOp3ama [0CTOje BUIIE PA3INUUTHX METO/A 32 yPABHOTEKEHE MEXaHU3aMa.

3aBHCHO Of1 TOra KOj! YCIIOB YPaBHOTEKEHOCTHU Tpeba Jla Oy/ie UCIyHeH HMaMo:

—  JIeJUMHUYHO,

— TOTIYHO U

— KOMOWMHOBAHO YPaBHOTEXKEHE MEXaHN3aMa.

3aBHUCHO Of1 TOra Jia JI¥ PY NMOCTYIKY YPaBHOTEXE A 0/1ajeMO UK Ofly3MMaMO Mace MOCToje:

— MeTojie Ofly3UMama 1

— MeTojie IoflaBama Maca.
W3 yncTo mpakTHYHUX pa3nora yelnrhe ce KOpUcTe METOJIE A0flaBarha Maca.

3aBuCHO 0f1 TOra y K0joj pas3u ce 006aBiba ypaBHOTEXKEHE MEXaHH3Ma IMAMO:

—  KOHCTPYKIMOHO,

—  eKCIepUMEHTATHO (110 n3nacKy u3 abpuKe u off Ipou3Bobhayua) n

—  eKCINIOATAIMOHO.
YpaBHOTEXKEHE MOXKE OUTH:

— HanpoOHOM cTody, 0e3 yTHlaja OCTaNuX JIeI0Ba MallIHE Y KOjOj je MeXaHu3aM yrpabeH u

— Yy CONCTBEHHM JIieXajuMa 3ajeflH0 ca CBUM OCTalUM [IeJIOBUMAa MAIlMHE Y KOjOj je

MeXxaHu3aM yrpabes.

3aBHUCHO Off CTPYKTYpe MeXaHM3Ma U Ofi TOra KOjU Ce YJIaHOBM MEXaHW3Ma ypPaBHOTEXY]Y
MMaMo:

— METOJly CHMETPHYHHX MEXaHU3Ma,

— METOfy INIaBHUX Tayaka i

— METOJy XapMOHH]CKE aHAIN3e.

MeTopia cUMETPUYHUX MEXaHW3Ma CBOAM CE Ha MPOILIMPEHEe MEXaHW3Ma Ca MCTUM TaKBUM,
CHMETPUYHO Y OTHOCY Ha Hhera MOCTaB/bEeHNM, Ulje ce MHEpujanHe cuiie MehycoOHO ypaBHOTEXY]Y
(monummTaBajy). OBaj METOJ| 3aXTeBa MHOTO BHIIIE MPOCTOPA, OTpeOHA je Beha cHara 3a HeroBo

NIOKPETABE, TE CE PETKO KOPUCTH.
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15.3. MeTopa riiaBHiX Ta4aka

Meropa riaaBHUX Tayaka ce KOPHMCTH 32 AECIMMHUYHO YPABHOTEXKEHE MOTYKHUX MEXaHU3aMa.
OBa Meroma mnoppasymeBa ofpebuBame monoxkaja cpegmimuTa Maca (TEXKHINTA) LETOKYITHOT
MEXaHM3Ma, aKO Ce 3Hajy Mace ¥ CPEIUILTA OjeIUHIX TOKPETHUX YJIAHOBA MOTY>KHOT MEXaHU3Ma.

[Tonoxaj cpeauilTa MeXaHu3Ma r S jefiHaK je 30Mpy CpefiuiITa Maca M0jeJUHaYHIX TOKPETHHUX

wIaHoBa MexaHu3ma (ci. 15.3):

rg = 2;1 T (15.12)

Ca. 15.3: O0pebusarbe cpeduutinia Maca Mexanusma

Axko ce jemqHaunna (15.12) moMHOXM ca MacoM MexaHM3Ma m Koja je jemHaka 30upy Mmaca

TOKTPETHNX WIAHOBA M = ) mj =mj +m3 +my K00Hja ce:

;s‘mzz;i-mizfz-mz+;3-m3+;4‘m4, ......................................... (15.13)
OflaKIE je:

. T M 15.mn 4132 -Ma + 14 -

rszzl L L B R e L S (15.14)

m m
AKO pagujyc BEKTOpe TOKPETHMX WIAHOBA W3pa3uMO Kao: r2=ap, r3=Lj+a3,

r4=Lr+L3+aqu yHeceMo X y jennHaunny (15.14), a HakoH cpebuBama no6uja ce:

Tg = M2 ag+lo(m3+my) ms-a3+l-my mg-ag (15.15)
m m m

[TpBu unaH oBe jeHaYMHE je HEKU BEKTOp y mpaBLy r2 u L2 kojer hemo o3Hauutu ca h?

[IPYTU 4JiaH je y MpaBily ;3 u L3 M O3HauaBamo ca 53 utH, Te jepHaumHa (15.15) Ha OCHOBY
jemnaunse (15.7) nma o6muK:

;s =ﬁz +ﬁ3 +B4 = const WA ;s =ﬁ2 +ﬁ3 +ha =0, e (15.16)
rzie je:
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15. YPABHOTEXEBE MEXAHU3AMA

g m-5+im+m - m£+fm
fy-mzeaztlo(my+my) ¢ my-az+lsomy

Bektopu hi onpebyjy rmasre Tauke H; (tauke H,, H3 um Hy, ci. 15.3) mo kojuma je oBa
MeTofia f00KIa NMeE.
MeTopa rinaBHAX Tauaka MMa BHIIIE HEJOCTaTaKa:
- OTpaHMYeHa je IPUMEHA CaMO Ha MOJTyKHE MEXaHU3ME,
- YpaBHOTEXaBajy ce caMO WIAHOBU Ca POTALMOHMM M CIOXKEHHM KPETameM, 0K ce He
ypaBHOTEKAaBajy TPHCIATOPHU YIAHOBH U
- nobujajy ce BenMMKe BPETHOCTH KOPEKIMOHNX Maca y OJHOCY Ha Mace KHHEMaTHJKOT Jiela
MeXaHu3Ma.
[Ipuka3 MeTofe IIAaBHMX TayakKa 3a YpaBHOTEXKEHE MONYXKHHX MeXaHW3aMa JaT je Ha
YETBOPOTOIY>KHOM U KIIUITHOM MEXaHU3MY.

YpaBHOTeme}be YECTBOPOIOJIYKHOI' MEXaHU3MaA

Jla 61 4eTBOPOTONYKHA MeXaHN3aM OHO IeJIMMIYHO YPaBHOTEXKEH, Tpeba a Oyjie 3a10BOJbeH
ycnoB jia je rs = 0, U3 yera npou3uiiasu jia je:

N2 =0, B3 =0 B HA =0, ooooooeeeeooeeeeooeosmsssssssssssssssssssssssssssssssssssssssssssssosseeseeee (15.18)

a3a ycloB fia je rs = const NPOU3UIIA3H 1A je:
E_Z = E—3 = E—4 ZUCOMSE . cuvvreerreerntessseesssessssesste st s st bbbt s st st s snenee (15.19)
L L3 14
Axo ce y jennauuny (15.19) ynecy uspasu (15.17) nobwuja ce:
m2-52+f2(m3+m4) m3-;13 +E3-m4 m4-£4

1 = 11 =—M yujum cpebuBameM ce foduja:
Lo L3 L4
mzi—2=m3 3 1| kaom m33—3=m3 a4, m23—2=m4 24 . . (15.20)
Lo L3 L3 L4 L> L4
AKo 3a OffHOCE TOJIOKaja CPEMUILTA [OjeINHIX WIAHOBA U BUXOBUX JyXKIHA yBeneMo crefiehe
a2 a3 a4 : .
3aMEHe: 6) ==—, 63==- H O4 == K YBPCTHMO Yy TNPETXO[HY jefHAUMHy poOuja ce:
L2 L3 L4
my -Go =m3(c53 —1), mj3-03 = m4(cs4 —1) nmp-G6p = m4(c54 —1), onaKneje:
o) =ﬂ(c3 ~1), o3 =ﬂ(64 ~1)u oy =m((54 S | TR (15.21)
mp m3 mp
A . m3 my
KO 3a OfIHOCE Maca MOKPETHMX WIAHOBA YBEJIEMO 3aMEHE: p3 =—>, pg3=—r N
mjp m3
my . .
P42 =—+ u3jenHaunne (15.21) nobuja ce:
b m2
c c Gy.'C
P32 =2, P43 = PaY SIS = P32 P43 e (15.22)
o3 —1 o4 —1 (03 -1)(o4 ~1)
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15. YPABHOTEXEBE MEXAHU3AMA

Ananuszom jennaumna of (15.18) mo (15.22) mMoxe ce 3aKIbYYHTH Jla HA MOJNOXKA] CPEHIITA
MeXaHU3Ma He yTuuy Op3uHe 1 yOp3ama 4laHOBa MeXaHu3Ma Beh caMo pacrnopesi ’bUXOBUX Maca.

Ananu3om BpepHOCTH W MehycoOHmMX oOfHOCa mapamerapa G W p 33 YETBOPONONYXKHH
MeXaHu3aM, o0ujajy ce pa3auyuTe MoryhHocTu npu Kojuma he outu rs = 0 WM 1§ = const.

IIpBa moryhnocr je:

- -

1.6y =22 >0, 63292 >1 1 642t > 1. e (15.23)
L2 L3 La
Ja Ou Ounu ucCnywmeHH YCIOBH MOJA TauykoM 1. moTpeOHO je unaHoBuma 3 u 4 pomatu
KOPEKI[MOHE Mace my3 U myy4 (mpoTuBTerose) (ci. 15.4) Kako O ce HAKOH TOTa CPEMIITA OBUX

41aHOBA TIOMEPHUIIA y TaUKe S3y M S4y » ONHOCHO fia O ce fodme Behe BpeHOCTH a3 Of L3 1 a4
on L4 (a3 < L3, a4 > L4 ). BpegHOCTH KOPEKIMOHAX Maca my3 W Mi4 KAO W HUXOB MOMOXKA]

(Tauaka S'3 u S'4 ) 3aBHCE Of] PACIOJIOXKUBOT MPOCTOPA | IPYTHUX YCIOBa 0 Kojuma he KacHuje 6uTu

peun. [Tomrro ce unmany 2 He ofaje KOPEKIMOHA Maca, Maca unana 2 (my ) ce pefyKyje Ha Tauke A

n B. Y cayuajy na je cpemmmre S, Ha CpefiMHM WiaHa 2 (XOMOTEH pacrope] Maca) MMamo fia je
my

ma =mpg =-—*= 5

Ca. 15.4: IIpsa mozZyhHociti 000a8aHA KOPEKUUOHUX MACA
4ei80POUONYHCHOM MEXAHUIMY

JIpyra moryhnoct ofjHoca napamerapa ¢ 1 p y Iuby 100Mjamba CTaTHYKE YPABHOTEXKEHOCTU
YETBOPONOJYKHOT Mexanu3ma (ci1. 15.5) je:

2.oy=22 <0, c3=‘i—3<0uc4=i—4<1. ................................ (15.24)
2 3

Jla 6u 6uny 3aJ0BOJbEHU YCIIOBH U3 jenHaunHe (15.24) moTpeGHO je MoaaTu KOPEKIMOoHe Mace
npyrom u tpehem unany (my, , my3 ) Kako OM ce HAKOH TOTa BIX0BA CPEJIUIITA IOMEPHUIIA Y TaUKe
Sou 1 S3y - [Ipea3nak MuHyc (—a2 ) 3Ha4M fla Cy MOJNOXKAjH CPEUIITA KNHEMATHYKOT Jieia YiaHa

2, Tauke S, W TayKe CPEAMINTA HAKOH JI0flaBarha KOPEKIMOHe Mace (Tauke Sy, ) HA CYNPOTHUM
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crpaHama ofi ocionna (tauke A). [TomTo ce wnany 4 He f0aje KOPEKIMOHA Maca, Maca my Ce
penykyje Ha Tauke C u D.

Ca. 15.5: [lpyza mozyhHociti 000asara KOpeKUUOHUX Mmaca
H4eltBOPOUONYICHOM MEXAHUIMY

Tpeha moryhnoct 3a cTaTHyKO ypaBHOTEXKEHE YETBOPOIIONYKHOT MEXaHU3MA j& MPOLIUPEHE
4jaHoBa 2, 3 u 4 ca KOPEKIMOHMM MacaMa my, , M3 ¥ M4 TaKo ja ce JoOM]y yKyIIHA CPEAUILTA
YJIaHOBA Ko Ha ci1. 15.6. AHAUTHYKY YCIIOBY KOju Tpeha fia ce 3aJ0BObe CY:

-

3. Gzz_iazz <o,o3:‘i—a33<0no4=3—4:o. ................................... (15.25)

L4
N3 jemnaunne (15.25) cnepu 3akibydak fa unany 4 TpeOa M0aTH OHOJMKY KOPEKIMOHY Macy
my 4 HakoH uera he ykynaH nenrap unana 4 (S,4) 6urny tauku C.

Yerpra MoryhHOCT 3a CTaTUYKO YpPaBHOTEXEHE YETBOPOIONYXHOI MeEXaHU3Ma je
NpOLIMPEHE YIaHOBA 2 U 4 ca KOPEKLMOHMM MacaMa myp, U M4 TaKo fa ce [oO0Hjy yKyIHa
CpefMIITa YWIAHOBA Kao Ha ci1. 15.7. AHaANUTHYKK YCIIOBU KOju Tpeba Jja ce UCIyHE CY:

- - -

4.02:%<0, 1>c3=%—§>0i04=%>1. ........................ (15.26)

Maca unana 3 (mj3) ce penykyje Ha Tauke B u C.
Heka ipyra komOuHaI#ja joflaBamba KOPEKIMOHUX Maca Y€TBOPOIIOIYKHOM MEXaHU3MY, MEMO

YEeTUPU MOKa3aHe, He O Jlana ypaBHOTEXKEH MeXaHu3aM, Beh HampoTHB, joul Buile OU JOLLIO [0
HapyllaBawba YPaBHOTEKEHOCTH.
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Ca. 15.6: Tpeha mozyhHocili 000asarwa KOPeKUUOHUX Maca
YeiUBOPOUONYHCHOM MEXAHUIMY

Ca. 15.7: Yeitiepitia mo2yhHocili 000a8ara KOPEKUUOHUX MaCa
4eliBOPOUONYHCHOM MEXAHUIMY

3aparak 15.1: 32 yeTBOPONONYXXHI MeXaHU3aM OPEAUTU KOPEKIMOHE Mace 4IaHOBa Ipema
Tpehoj MoryhHocTn ypaBHOTEXKCHHa (ca. 15.6) ako je 3agaro:

AB=L;=025m, AS2=0,60m, BC=L3=080m, BS3=0,70m, CD=L4=056m,
CS4=0,15m, my =0,5kg, m3 =1,5kg u my =0,9kg. Cpepuira Maca nojeHAYHUX YIAHOBA
Cy Ha CpEeJIMHU MCTHUX. Y CIIOB YpaBHOTEXEHA je 18 =0.

Ha ocHoBy u3pasa fia je rs = ﬁz + ﬁ3 + ﬁ4 =0 mMamo jaje:

—

ho = mpy -a2u +L2(m3y +myy)

:O’
m
B3Zm3u-a3u +L3 - -myy, 0,
m
e L L (15.27)
m
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T7e Cy: mp, , m3,, my, (kg)— yKynHe mMace umaHOBa HAKOH JI0laBamba KOPEKIMOHNX Maca, Te je:
Moy =My +Myp, M3y = M3 +Mg3 U Mgy =My + Mgy .

O3Hake ajy, a3y M a4y MNPEACTaBIbajy pacTojama CPeAullTa WIAHOBA HAKOH JIOflaBama
KOPEKIMOHUX Maca.

Y tpehem u3pasy jepnaunne (15.27) uma HajMame HEMO3HATHX BEMYNHA, T€ CE PBO KOPUCTH
Taj, U3 KOjer CIEM ia je: myy - a4y =0, Ofjakne cinefu ja je a4y, =0 , jep He MOXe Maca 4YeTBPTOr
yjaHa OWTH jefHaka Hyiu. To 3HAUM fja HAKOH JI0flaBama Mace my4 YKYIMHO CPEeMIITe WiaHa 4
Tpeba ga Oyzie y tauku C.

Kopucrehu cratinuku ycinoB paBHOTEXe unaHa 4 3a Tauky C uMamo fia je:

Mg - CSA = Mg - CS4, eorceieoeeeeeveooeeeseeseeeesssossssssssssssssssssssssssessssssmssssssesssssonnes (15.28)

oflakie ce fobuja my4 =1,68kg u my, =2,58kg .
W3 npyre jepaaunne (15.27) nmamo na je:

m3y -a3y +L3-myy =0,1). m3, -B_S3u +%-m4u =0, e (15.29)

TJie CY IBE HENO3HATE BENUUUHE m3, U a3y . Jpyry noTpeOHy jefHaunHy [0OMjaMO U3 MOMEHTHOT
yCII0Ba paBHOTEXeE 4iIaHa 3 3a Tauky B:

my3-BS3+m3y - BS3u = M3 BS3. oo (15.30)

Ha ocHoBy jegaaunna (15.29 u 15.30) umamo fa je: my3 =3,80kg, m3, =5,30kg 1 BS3y =0,39m.
W3 npge jeqnaunne (15.27) nmamo fa je:

myy -agy +Lo(m3y +myay )=0,Tj. my, - ASoy + AB(m3, +myy, )=0, .... (15.31)

IJie Cy [BE HEINO3HAaTe BeAMYMHE mp, U AS,, . [Ipyry norpeOHy jegHauumHy poOujamo u3
MOMEHTHOT yCIIOBAa PABHOTEKE YJIaHa 2 3a TaUKy A

My - AS2 + Moy - ASIY = M9 - ASD . oo (15.32)

Ha ocroBy jefmaunna (15.31 n 15.32) mmamo a je: my 5 =3,39kg, my, =3,.89kg 1 ASyy =0,50m.

YpaBHOTeme}be KJIHMITHOT ME€XaHu3Ma

Jla 6u ce MeTof[OM IlIaBHUX TavyakKa JeIMMUYHO YPaBHOTEXKMO KITMIIHU MEXaHU3aM OTPEOHO je
M3BPIIUTH CIWYHY aHANU3y Kao KOJI 4YETBOPOMOJYXKHOT MeXaHum3ma ca ci. 15.3. 3a kinumHu
MeXaHn3aM MoCcToje IBe MOryhHOCTH JJolaBala KOpeKIMOoHuX Maca. [IpBa MoryhHOCT je mopaBame
KOpPEKIMOHEe Mace caMo Ha 4llaH 2 1 ipyra MOTyhHOCT JiofjlaBambe KOPEKIMOHKUX Maca Ha YlaHoBe 2 U
3 (cn. 15.8). Ca 0BOM MeTO/IOM MPUOIMKHO Ce AETMMUYHO YPAaHOTEXKaBa KJIMITHA MEXaHU3aM U TO
caMo uJlaHoOBH 2 U 3, IOK ce He ypaBHOTEXKaBa TPAHCAATOPHH WiaH 4.

Baparak 15.2: 3a xnunau Mexanusam (ci1. 15.8) oipeiuTH KOPEKIMOHY Macy 4/laHoBa 2 1 3 ako
je 3amato: AB=L,=030m, ASy=0,60m, BC=L3;=0,80m, BS3=0,70m, m, =0,5kg,
m3 =1,5kg u my =0,6kg . Cpepuiira Maca MojelMHAYHUX YIIAHOBA Cy HA CPEJIUHU UCTHX. Y CJIOB
YPaBHOTEXKEH:A j& rs =0.

Ha ocHoBy u3pa3a na je rs=h2 +h3 =0 mMamo naje:
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15. YPABHOTEXEBE MEXAHU3AMA

hp = 2u42u +Lo(my, +my) =0 nh3 =—3u2u tLama o (15.33)

m m

U3 npyre jepmaunne (15.33) je: ms3, -BS3y + BC-my = 0. Jom jegna notpeGHa jeHaunHa
nobuja ce U3 MOMEHTHOT yCIIOBa PaBHOTEKE UiiaHa 3 3a Tauky B:

Al

miy3 -B_S3 +m3y, -B_S3u =m3 -B_S3 +my B_C ......................................... (1534)
_ Ha ocrosy jegnaunua (15.33 u 15.34) nobuja ce pma je my3=2,22kg, m3, =3,72kg u
BS3y =0,129m.

Ha ucTn HaumH ce MOHOBM MOCTYNak 3a WiaH 2, Teé Ha OCHOBY npBe jepgHaumHe (15.33) m
CTATHYKOT yCJIOBA paBHOTEXKE UjlaHa 2 3a Tauky A 1006ujajy ce ABe je[HaKOCTH:

Moy - AS2y + AB(M3y +M4) =0, coeeeeeeeeeeeeeeeeeeeeeeessssesssseseseeee s (15.35)

'

My - ASY + Moy - AS2Y =M - ASD . oo (15.36)

Ha ocHoBy jemmaumna (15.35 m 15.36) mmamo pma je: myp =2,28kg, mp, =2,78kg
ASyy =-0,46 m.

mgp

Ca. 15.8: YpasHoiuexcerre KAUUHOZ MEXAHUIMA METLLOOOM
21a8HUX avaka (3aoaitiak 15.2)

15.4. MeTopa xapMOHHjCKe aHAIH3e

MeTopia XapMOHHjCKE aHalu3e KOPUCTH CE 3a JIENUMHUYHO YPABHOTEXKEHE TPaHCIATOPHUX
YJJaHOBA MOJNYXKHUX MeXaHu3ama. [Ipy ToMe ce He ypaBHOTEXY]y UlaHOBM Ca PAaTAallUOHUM U

CTIOXKEHUM KPETAHEM.
Y nornasmy 6.51, jegmaumna (6.30) mat je wm3pa3 3a ybp3ame Tauke C Ha KImIy:

ac = m% - AB(cos @ + 1.cos 2¢) (ci1. 15.9). AKo ce 0Baj H3pa3 MOMHOXKH Ca MACOM WIAHA 4 IMaMO fia
je HHepLjaIHa Cuila Ha KJIHMIY jeHaKa:

Fi4=m4-§3-m§-cosq>+m4-ﬁ-m§-XcosZ(p, .................................... (15.37)

. AB
rae je: A = o - OIHOC Ty>KMHA 4YJIaHOBa 2 u 3.

Axo ce mpem wiaH m3paza (15.37) o3Haum ca F{4=m4-ﬁ3-m§-cosq), a qpyra ca

F1'4 =my - AB- co% -\ cos 2¢ ¥MaMo Jia je:
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15. YPABHOTEXEBE MEXAHU3AMA

R S (15.38)

Kako je pmpyrm wian m3pasa (15.38) mMHOro mawmu Of IpBOT (FI';; << Fi'4 ), Fln4 MOXeE ce
3aHEMapuTH, T€ Ce ycBaja U3pa3 3a MPHUONKHO ofjpebuBambe BpEJHOCTH MHEpLUjallHE CUIIE Ha
Ky 4:

Fj4 » my HS@% TCOS (. weteereeettieteie ettt ettt (15.39)

AKO ce ypoBHOTEKaBa caMo IPBH YIaH MHepLyjanHe cuiie Fy4, TO ce Ha3uBa yPaBHOTEXKEHEM

IPBOT pefia, a aKo ce YpaBHOTEKaBajy 06a unaHa Fi'4 u F14 , OHJIA j& TO YPaBHOTEXKEHE IPYror pefia.
Wuepuujanua cuna F4 ce ypaBHOTeXaBa JJ0OaBaleM KOPEKIMOHE Mace my Ha 4iaH 2 4uja
WHEpUUjanHa cuma Fx mMa npasar wiana 2 (1. 15.9) i MOXe ce PaCTABUTH Ha jjBe KOMIIOHEHTE
Fev =F¢ -sing 1 Fyg =F -coso.
Tpeba pmomatu OHOMUKY Macy my udja he XOpU3OHTadHA KOMIOHEHTa OUTH jeHaKa
WHEPLHjaTHO] CUJIU HA KIUIY:

Kopexunona maca my MoXe ce OApEefUTH U3 CTaTHYKE PAaBHOTEXE UllaHa 2, ako ce Ipe Tora
penyKyje Maca KiMna my Ha Tauky B, a 3aHemapu ce maca unana 2 (mj ) Tajia je:

my = m%AB e (15.41)
0]) B 3
A %\\‘ By Ca 159 Ypasnoitiexcerbe meitio00OM XAPMOHUJCKe
E{H ] o amaause

WNuepuujania cuna yenep jopgare Mace my jer Fe =Fp =my -ag‘n —my-AS- co% .
Xopu30oHTaIHA KOMIIOHEHTA oBe cuiie je Fipy = Fy - cos@ =mj -AS- ®° -cos¢ . Kapia ce y oBaj u3pas
yHece my u3 jeHaunne (15.41), HakoH cpebuBama, foduja ce:

Fry :m4-A_B-co§ TCOS( +  wereeeaeiresetstsete ettt (15.42)

Ynopebyjyhn uzpaze (15.39 u 15.42) moxe ce 3aKIbYUnTH fia je:

Feyg = Fig =m4-ﬁ-m§ TCOS(Q . wrreeereeeetieteiettie sttt (15.43)

HonmaBamem ofroBapajyhe kopekimoHe Mace Ha uiaH 2 mpema jepHaumnu (15.41) moxe ce
YPaBHOTEXHUTH HHEpIWjamHa cuiaa Ha kiumny 4 m To cmna mpeor pepa (Fi4 ), Mok ocraje
HeypaBHOTeKeHa cuia apyror peaa ( Fig ).
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15. YPABHOTEXEBE MEXAHU3AMA

MebyTtum, Ha oOBaj HauuH fOOWjeHa je M BepTHKadHAa KoMIoOHeHTa Fky Koja je ocrana
HEYpaBHOTEXEHa, Ka0 M TO /Ia je OCTa0 HEypaBHOTEKEH MOMEHT XOPHM3OHTAlHE KOMIIOHEHTE

My =Fg -AS-sing.
Ha 6u ce uzberao HacTaau mpoOseM 300T MOjaBe BEPTUKAIHE CHJIE ¥ MOMEHTA, KOPEKIMOHa
Maca ce Jiofjaje Ha ABe CTpaHe, CUMETPUYHO, MONIOBUHY my /2 Ha je[jHY, a NOJOBHHY Ha ApYry

crpany (ci. 15.10). Ha Taj HaumH ce 1o0ujajy B UCTE BEPTHKATHE CHJIE % CyIPOTHHUX CMEpOBa

Koje ce MehycoOHO ypaBHOTEXKAaBajy.
FkTH + FkTH YpaBHOTEXYje UHEPIHjaTHY

cuny F4, MebyTuM HamajiHe JMHUje UM Ce HE TOKJIAMajy Te Ce jaB/ba HEYPABHOTEKEH MOMEHT Off

PesynraranTa XOpU30OHTAIHUX KOMIIOHEHTH Fipy =

cuie Fyp. la 6u ce ypaBHOTEXKMO HACTanmm MOMEHT cuine Fy Mopa ce ojaTé HOBa BPETHOCT
KOPEKIMOHE Mace CUMETPUYHO Ha je[IHY U IPYTY CTPaHY.

I[IpBa gogata KOpEeKIMOHA Maca Ha3WBa ce MPBOM XapMOHH)jOM, a Apyra fofaTta KOpEeKIHOoHa
Maca JpyroM xapMoHHujoM. M pame ce MOry jojlaBaTH HOBE XapMOHHj€, 3aBHCHO Off XKE€JbeHEe
NPENU3HOCT! YPaBHOTEXEHa, Te C& W3 TOT Pa3jiora oBa METOfa Ha3mBa MeToma XapMOHHjCKE
aHaju3e.

A
R
2 B C
i © Fi4
F%
l;

Ca. 15.10: YpasHoiuexcerse KoneHACIIOZ 8PATUUAA UPBOM XAPMOHUJOM

Ako je morpeOHa Beha NMpenu3HOCT ypaBHOTEXEHA, Tajja C& YPaBHOTEXYje W APYTU 4WiaH
jemnaunmne (15.38), Tj. ypaBHOTEXKY]y ce U CHJIe APYTor peaa Fig .

HonatHu npoOiieM ypaBHOTEXEHA TPAHCIATOPHOT WiaHa 4 KJIMIHOT MEXaHU3Ma je Taj ILTO je
MHEepLHjajHa cujla IPOMEHIbUBA, Kpehe ce Ol MUHUMAJHE 10 MAKCUMAJIHE BPEJHOCTU 3aBUCHO O]
yOp3ama kiuna 4, mro Ou 3HauMsao0 fa OM W KOpeKLMoHa Maca Tpebana fa Oyfe NPOMEHIbUBA.
[TpakTuyHo TO HUje Moryhe, Te ce Taj MpoOieM pellaBa Ha pyre HauMHe, 3aBUCHO Off TOTa IJie ce
KJIMITHYA MEXaHU3aM KOPUCTH.

Kiman Mexanm3am 3a nmoron Mmotopa SUS cacToju ce U3 Bullle KIMIHAX MeXxaHu3ama (2, 4, 6,
8) koju uMajy 3ajenHMUKM wiaH 2 (KomeHacto BpaTmino). KojeHacro Bpatwio (paamiuia)
oMoryhaBa pa3nuumTe TOJOXaje KIWmoBa (TakroBa pama Mmortopa SUS) Koju mompuHOCe
MehycOOHOM YpaBHOTEXEHY HHEPUUjaIHMX CHJIA HAa KIUINOBMMAa MOTOpa M 0e3 JoflaBama
KOPEKIMOHUX Maca.

BpenHocTn MHepuujanHMX cula Ha KiaunosuMma 1, 2, 3 u 4 cy pasauuure N0 CMEPY U
UHTEH3UTETY U Yy f100poj Mepu ce MebhycoOHO ypaBHOTEXYjy. 3aocTajie HeypaBHOTEKEHE
MHEPLMjaHE CUIIE YPABHOTEXKY]y C€ KOPEKLUMOHUM Macama Koje ce J0fajy CUMETPUYHO Ha 00e
crpase (ci. 15.11).

211



15. YPABHOTEXEBE MEXAHU3AMA

[Tpu pemoHTy MOTOpa, Kajia ce oOpabyje paguiniia BaxHO je ja ce MOHOBO YPAaBHOTEXKM U Ta
YPaBHOTEXKEHOCT MPOBEPH ofipeheHrM MHCTPYMEHTHMA 1 MO ofipeheHOM MOCTYNKY. Y CyIpOTHOM,
300T BEJIMKUX HEYPAaBHOTEXKEHHX CHJIa MOKe OhH 710 JIOMa KOJIEHACTOT BpaTMJia U XaBapHje [esior
MOTODA.

Lo
(O8]

4

]

s
Q ) l
Aﬁ‘ & 7 ’J~,7-rr TLTWTF“WTA

mg -
Ca. 15.11: YpasHoiuexcere koaenacitioz spaiiiuna moiiopa SUS

15.5. YpaBHoTexeme poTopa

[Tox poropom Tofpa3yMeBaMoO WiaH ca OOPTHUM POTAMOHMM KpeTameM. To cy Bparuia,
ocoBuHe, OyOmeBu, nobomm, TuckoBu uth. CBU OBU €leMEHTH HOce Ha ceOH Apyre pasiuduTe
MaIlIMHCKE €JIEMEHTE, Kao IITO Cy MPEHOCHWIM, CIIOjHUIIE, OCUTYpaBajyhn eleMEeHTH W JIpyru
MAILIMHCKY JIEJIOBH ca KOjuMa ce 3ajefHo 0Ophy. JacHo je 1a y OBMM cilydajeBrMa pacropey Maca He
Moxe OuTH miaeaiHo xomoreH. Kako ce o6phy 3HauajHuM yraoHuM Op3mHama mpoOyieM HBUXOBOT
YPaBHOTEXKEHA j€ YBEK MPUCYTaH.

AKO ce y Tauku A jaBM HEXOMOT€Ha W HEYpaBHOTEXEHa Maca m YHjd je TOJIoXKa] Off oce
o0OpTama fepuHUCAH PAJINjyC BEKTOPOM r , A TIONOXKA] Y311y oce Bpatuna pacrojatsem L (ci. 15.12)
Mako je oOprame jegHOMMKO jaBuhe ce uHepuujanmHa cmna Fj Koja je jegHaka:
Fi=-m-apA =m-r-o>. 360r 1I0jaBe HEYpPaBHOTEXKEHE Mace m IOMEPWIO Ce CpeulITe Maca U3
tauke () y mpaBIy pajujyc BeKTopa r.

OBa mMaca m MOXe ce ypaBHOTEKHUTH Ha iBa HauuHa. [IpBU HAUMH je a ce ucra Ta BPEJHOCT
Mace 1012, CAMETPHYHO ca JIpyre CTpaHe Ha KCTOM pacTojamy € (mj =m ), TaKo Aa ce no6ujy ucre
MHEPIUjaJiHe CUJIe CYIPOTHOT cMepa, Koje he ce MehycoOHO ypaBHOTEXKUTH, Fk =Fj (cn. 15.13a).
TomaTa KOpeKIMOHa Maca MOXe OUTH Pa3IMIATHX BPEHOCTH KA0 W PACTOjakbe Ha KOjeM ce Jloflaje
(cm. 15.13b). Ilpu Tome Mopa GUTH 33{0OBOJLEH YCIOB a CY UM MOMEHTH WHEPUHUjATHUX CHIIA
UCTH, OJTHOCHO MOpa OWTH 3ajI0BOJbEH CTAaTHYKH YCJIOB paBHOTEXe 3a Tauky 0, my -R=m-e,
oflaKJe je:

.................................................................................................... (15.44)

Ca. 15.12: HeypasHoitiexcena maca poiiopa
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15. YPABHOTEXEBE MEXAHU3AMA

Ca. 15.13: YpasHoitexcerve mace poiiopa
a), b) 0ooasarbem mace, c) 00y3umarbem mace

Hpyru HauwH je fa ce u3Baau (omy3me) oaroBapajyha maca Tako jja ce CpefjuIiTe Maca moHOBO
Bpatu y Tauky O (cin. 15.13,¢). [IpBu HauwH (oaBame Mace) je MPaKTUIHHU]A Off PYTOT, T€ CE BHUIIE
KOPHCTH.

AKO nMa BUIlle OBAaKBHX HEYPaBHOTEXXEHUX Maca pe3y/lTaHTa UHEPUMjaTHuX cuia Fir Ouhe
jenHaka: FiR = o)ZZmi -ri.

[IpBu ycnoB ypaBHOTEXEHa MeXaHM3aMa WM CTaTHYKH YCJIOB PaBHOTEXeE je fa je 36up
MHEPIWjaTHUX CUNIA jeHAK HYJIH:

L T (15.45)

prrI/I YyCJI0B ypaBHOTe)KeI-ba MEXaHu3aMa I/UH/I III/IHaMI/I‘{KI/I C.HOB dABHOTCXKE je Ja je 36I/Ip
i X Ll

MOMEHATa HHEPLjaIHAX cia MR jefHaK Hym MiR = o Zml =0, OflaKJIE je:
MR = S M55 KT )= 0 o (15.46)

Kopekiuone Mace (MpOTHBTETOBH) MOTY Jia ce JIOAajy Y jeiHO], IBE MM BUIIE KOPEKIMOHUX
paBHu. Konmuko he paBHM Kopekuuje OMTH 3aBHCH Off TOra fla JIM je NMOTpeOHa CTaTH4yKa WIH
JMHAMUYKA YPaBHOTEXEHOCT M 3aBUCH Off IIMPUHE pOTOpa M KEIbeHE MPELU3HOCTH
ypaBHOTEXema. AKO je poTop Maje mmpuae B y ogHocy Ha npeunuk D (kaja je y nuTamy IucK)
ypaBHOTEXKYje Ce y jefiHOj KOpeKIroHoj paBuu (ci1. 15.14,a), a poTOpH ce ypaBHOTEXKY]Y Y JIBE, TPH
WJIM BUIIE KOPEKIMOHUX PABHHU.

B

k2

@m my i

E mQ@i
Q_._i__ ) 4.4 A oAl |

i

i

-
mic! 1 Mo 1y

I I I I
a) b) c)

Ca. 15.14: Kopexuuone pasHu 3a ypasHoiueicerse

B B

[—>

Bpoj kopekuumoHux paBHM MOXe OutTH W Behm Of TpuW, HIp. OcaM TPH YPABHOTEXKEHY
KoseHacror Bpatmia Mmotopa SUS (cn. 15.11).
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3a ypaBHOTEXKEHE JIUCKa IOBOJbHA je CTAaTUYKa YPaBHOTEKEHOCT, pema jeqHaunHd (15.45),
JIOK Ce pOTOPY AMHAMUYKHU YPAaBHOTEXKY]Yy IpeMa jeqHaunHama 15.45 u 15.46.
Cam nmocrynak ypaBHOTEXEHa pOTOpa MOXKe OMTH rpadOAHATUTUYKY UITU AaHATUTHYKH.

I'pacdoanannTHyku NOCTYNAK AUHAMUYKOT YPAaBHOTEXEHAa pOTOpa NpHKa3aH je Ha 3aJaTKy
15.3.

3aparak 15.3: [IluHaMiIuKky ypaBHOTEKUTH Mace POTOpa y iBe Kopekuuone pasHu A u B (ci.
15.15). HeypaBHotexene mace cy: mj =0,06kg, mp=0,02kg, m3=0,01kg u myg=0,03kg.
[TpeuHuny Ha KOjuMa ce Haja3e HeypaBHOTEXEeHe Mace cy: 1j =18 mm, rp) =25mm, r3 =20 mm u
rs =15mm, a BUXOBH TOJOXaju cy ofpehenn yrmosmma: ¢ =270°, @7 =0°, @3=225" u
04 =90°. TIpeuHHIN KOPEKIMOHUX Maca Cy: rA =13 mm u rg =30 mm .

A
Y1 50, 80, 50, 80 , 60 y
- ——_ E ol e 3 E ot a3 T '. m4

I my I

I I £ ey m,
W7 /774 " /74
becd ) e Ao . @ 7z
m@ A m3 B my my

Ca. 15.15: Junamuyko ypasHoiliexcere poitiopa y 08¢ KOpeKuUuoHe pasHu
(flociuaska 3aoaiuka 15.3)

Kopucre ce nBe jeqHaunne 3a paBHOTEXY poTopa. [IpBa jeqHaunHa ce nobuja U3 ycaosa fia je
30Up CBUX MHEPIMjATHUAX CHJIA jefJHAK HYJIH:

léiR =2mi-f1 =m1-f1+m2-;2 +m3-;3 +m4-;4 +mA-;A +mB-;B =0. e (15.47)

YaHOBHU OBe jefIHAYMHE CYy BEKTOPH Y TPaBIy M CMEPY PaJiHjyc BEKTOpA MOjeMHUX Maca. AKO ce
o3Haum ca: Up =my -r1, U2 =my -12 UTH. 067K jegnaunne (15.47) je:

ER=Zﬁi=ﬁ1+ﬁz+ﬁ3+ﬁ4+ﬁA+ﬁB=0. .............................................. (15.48)

Wutensuretn Bektopa U cy:  Ujp=m; -1 =0,06-18=108kgmm, Uj=0,5kgmm,
U3 =0,2kgmm, Uyg=045kgmm, Up = MA -TA =M - 13kgmm u Upg=mpg-30kgmm. Y
jenuaunn (15.48) cy HenosHare fiBe Bemmunae (UA 1 UB ) Te KOPACTAMO APYTH YCIOB PABHOTEKE
Na je 30up MOMeHaTa CBUX MHEPIHMjATHUX CUJIa 332 OMIIO KOjy Tauyky (ycBajaMo 3a paBaH A) jefHaK
HYJIH, T€ je:

ZMi(A) = ml(;i xf1)+ mz(fz xi2)+ m3(;3 xi3)+ m4(;4 xi4)+ mB(;B xiB): 0. ..(15.49)

e cy: Li, L2 ... (mm) — pacrojarba OjeIUHAX HEYPABHOTEKEHNX Maca Off KOPEKIMOHE PaBHH A
3a KOJy Ce IUCA0 IPYT'H yCIOB PaBHOTEXE.

UnaHoBU OBeE jeJHAUMHE CYy BEKTOPH KOjU CE POTAL|jOM [OBOJE Y IpaBall pajiijyc BEKTOpa
NOjeJMHAX HEYPABHOTEKEHHK Maca. MOry ce o3HaunTH ca: Vi =m - r1xL1) u Tako pemom Te
NPETXO/IHA jeJHAYMHA UMa OOJIHUK:
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ZMKA)=\71+\72+\73 +\74 +VB=0. ............................................................ (15.50)

Oppene ce HHTEH3UTETH BEKTOPA Vi, e je Vi=my-1-L;=0,06-18-50 =54 kgmrn2 ,

2

V, =40 kgmmz, V3 =26 kgmm2 , V4=945 kgrnm2 u Vg =mp-30-270kgmm~. Kako y

jennaumuy (15.50) mma camo jeHa Hero3HaTa BennurHa ( VR ) HalpTaMo 3aTBOPEHH TIOJIUTOH OBHUX

BEKTOpA ca yCcBOjeHOM pa3mepoM Uy, cr. 15.16).

10 kgmrn2 (
5 mm

[Tomto je jemHayMHa 3a APYTM YCIOB PaBHOTEXKE IMOCTaB/beHA 32 KOPEKIMOHY paBaH A

(Z:Mi A) ) Tajia he MOMEHTH Maca ca JieBe CTpaHe Off KOPEKIMOHe PaBHU A OWTH IIO3UTHBHE, a ca

JIECHE HETaTUBHE BPEIHOCTU MU OOpHYTO. BekTopr V ca MO3UTHBHUM NIPEA3HAKOM L[PTajy ce y
cMepy pajiijyc BEKTOPA T€ Mace, a ca HEraTHBHUM y CYNPOTHOM CMEPY Ofi PajijyC BEKTOPa Te Mace.
Y oBOM mpuUMepy YCBOjEHO je 1a MOMEHTHU Maca ca JIeBe CTpaHe Off KOPEKI[MOHE PaBHU A 6y11y ca

HEraTHBHIM TPE3HAKOM, T€ CE BEKTOP V| Mace mj LpTa y CyIPOTHOM CMEpY Pajiiijyc BEKTOpA 1 ,
a OCTaJl BEKTOPHU Va2, V3 1 Vg4 Cy HO3UTUBHOI CMEpa Te Ce LPTAjy y NMpaBIlly BHUXOBUX PajIUjyC
BEKTOpa. Y CIIy4ajy jja ce IIOCTaBH jefiHaulHa 3a 301p MOMEHATa CBUX UHEPLUjaIHUX CUIIA 32 PaBaH

B, cBu BekTOpu V OM MManu MO3UTUBAH MPEA3HAK U LPTaiuM OM ce y cMepy HUXOBUX PAfIUjycC
BEKTOpa.

2 1
V4 UA
V5 .
o U =
Vi / 1 Uy
V3 -
18}
v .
B A
1

Ca. 15.16: I1aan sexitiopa VuU (3aoaitiax 15.3)

W3 3aTBOpeHOr ONMKUroHa BekTopa V foduja ce fia je:

. 2
Vg =21-Uy = 69 mm. XM 384 omm? = mpg -30-270 kemm?, opakze je mp =0,017ke.

Smm
Hakon nosnate Mace mp MOXE ce OfPEAUTH MHTEH3UTET BekTopa Upg =mp -1 =0,51kgmmu

HalpTaTH 3aTBOPEHU MOJUTOH BEKTOpA Uca yCBOjeHOM pa3mepoM Uy = O’lskﬂ (cn. 15.16). 13
mm

nojurona Bekropa U fobwuja ce f1a je

Up =21-Uy =66 mm-2HEMM ) 35 kormm = m 4 13 mm , onakre je

5mm
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zm{ﬂ=0’101kg_
13 mm

[TpaBuu kopekiuonux Maca A U B u muUXoBUX pagujyc BekTOpa AoOHjajy ce U3 MOJUroHa
BekTopa U u V u pmaru cy Ha ci. 15.17. BpenHocTy yriioBa nosnoxkaja KOpeKIMOHUX Maca o0ujajy
ce MepermeM 1 u3Hoce ga =102° 1 g =260°.

Ca. 15.17: I[Ipasuu u cmeposu Kopekuuorux maca (3aoaitax 15.3)

AHaTNTHYKH HOCTYHAK CE CBOJM Ha TO J]a Ce MCTH ycIoBu paBHOTEXKE (15.47 1 15.49) Hanmy y
cKalapHOM o0nuKy, ITo he ce nokas3aru Ha 3aatky 15.3, ci. 15.15.

CKaJIapHI/I 00JIIK TIIPBOT" YCJIOBA PABHOTEXKE fa je 36I/Ip CBHUX I/IHepHHjaJIHPIX calia jeHHaK HYyJIHA
(FirR :Zmi ri =0)je:
YiR :Zmi Yi=mp-yp+mp-yy+m3-y3+my-ys+mp-yp+mp-yg=0,
ZiR =Zmi *Ziy=mp-zZ1+tmyp-zZy) +MmM3-7Z3 +My-Z4 +MA -ZA +MB -ZB =0. ... (1551)

W3 ppyror ycnosa paBHOTEXe fia je 30Mp MOMEHATa CBUX MHEPLMjaTHUX CHIA 32 KOPEKIUOHY
paBaH B jeHak Hym uMamo fia je:

Pk
ZMI(B) = (Dzzmi L1 0 O] =05  cerrerrriiitiiiiiiiii e e eaeaes (1552)
0 vyi z

riecy: i , j m k -jeIMHUYHE BEKTOPH IO Ocama X, y u z. M3 jegraunne (15.52) umamo fa je:

2 T 2 %
ZMi(B):(D Zmi-Li-yi~k—m Zmi-Li-zi-Jzo.
Kako Hema cmucna fia je o0, clefu aa je Zmi ‘Li-yj=0n Zmi ‘Lj-z; =0, a y pa3BUjeHOM
00JHKY:

mp-Ly-yp+mp-Ly-yp+m3-L3-y3+my-Lg-yg+mp-La-ya =0,
ml-L1-21+m7_-L2-22 +m3-L3-Z3 +m4-L4-Z4 +mA-LA-zA =0. ... (1553)

KowmmnoHeHTe pajujyc BeKTOopa Maca o ocama y; 1 z; (ci. 15.15) onpebyjy ce mpema u3pas3uma:
y1 =1 =-18mm, y,=0, y3=r3-sinpz3=-1414mm, y4=r4=15mm, 2z =0,
22:r2:25mm,1/1 Z4=0.

W3 jepnaunna (15.53) gobuja ce yrao pajujyc BeKTOpa KOpeKImoHe Mace A:
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mp LA YA _yA _mp-Ly-yj+mp-Lo-yp+m3-L3-y3+my-Ly-y4

t =
EPA mA-LA-zA ZA ml-Ll-zl+m2-L2-22+m3-L3-Z3+m4-L4-Z4
0,6-320-(-18)+0,2-190-0+0,1-140-(-14,14) +0,3-60-15 .
tgoA = =—4,499, opakie je yrao
0,6-320-0+0,2-190-25+0,1-140-(-14,14) + 0,3-60-0
pp =102,6°. Kowmnonenre panujyc BEKTOpa KOPEKIIMOHE paBHH A cy:

YA =TA -sin@p =12,68mm U zp =1p -COsQPA =—2,83 mm. BpegHOCT KOPEKIMOHE Mace mp U3
jennaumse (15.52) je:
myLyyptmy-Ly-yp+my-byys+my-La-ya 0640,
YA-La
W3 jepnaumne (15.51) gobuja ce yrao pajujyc BeKTOpa KOpeKIMOHe Mace mpg , Tj.:

ma =

tgop = L YITTI Yo ¥ M3 Y3 T4 YATTA YA _ 9754, opakne je yrao oy =264°.
mp-zy+mp-zZp+m3-z23+my-Z4 +MA -ZA
Kowmnonenre paaujyc BEKTOpa B cy: yB =1IB ‘sinpg =—29,833 mm u

zZg =18 - cos R = —3,135mm. BpepgHocT Kopekmmone mace mpg U3 jemHaumHe (15.53) je:
B =B B p P B J J
My FMy yp ¥m3-y3Hme-y4HMA YA (g0 kg

YB

mp =

15.6. Mepeme ypaBHOTe:KeHOCTH MeXaHH3Ma

Mepewe ypaBHOTEXKEHOCTH MeXaHHM3aMa CBO[M Ce Ha Mepewe BuOpaluja Koje HacTajy
oOpTameM HeypaBHOTEXeHHX Maca. OCHOBHM IapameTap KOjUM Ce OLelYyje HMBO BUOpanuja u
YPaBHOTEXKEHOCTH MEXaHU3Ma je e(peKTUBHA Op3uHa BUOpanuja Ver :

Vef =L-i‘w (INI/S), oo s ssnnes (15.50)

e je: A (um ) — ammmTyza BuOpanmja, o (s_l) yraoHa 6p3mHa pOTaIMOHOT YliaHa (poTopa).
Awmnutyfe BuOpaunuja MOry OUTH yjeHAaUeHE, paBHOMEPHO NEpPHOAUYHE, a MOTYy OUTH U
pazmmunTEx BpegHoctH (ci. 15.18). Y3umajy ce y 063up MakcuMaHe BpeTHOCTH aMILIATYJIA.
Y cayuajy aa uMa Bullle U3BOpa BUOpanyja Tajia je yKynHa Op3uHa BuOpanyja Veg, JefHaKa:

1,2 2. .2 2 2 2)
Vet = V2 + V3, V2 = \/E(Al-w1+A2-o)2+...An-mn. ............ (15.51)

[Tpu mepemwy nobuja ce yKynHa 6p3uHa BUOpaLyja Vepy, , @ PPEKBEHTHOM aHATIN30M Ha ofipehen
HAu¥H pauyyHajy ce nojeauHayne Op3uHe Budpauyja Very, Vef2 ...

EdekTtuBHa Op3uHa BuOpamnuja ce Mepu pa3iIuuuTHM MOCTyNIUMa M ypehajuma Koju cy
nponucann MebyHapopgnuMm cra”pappuma SO 2372/2373, Hemaukum DIN  45665/45666 u
npenopykama VDI 2056. [lo6ujene BpegHocTy epekTUBHUX Op3uHa ce ynopebyjy ca J03BO/bEHUM
KOj€ Cy NPOIMCaHe HaBEIEHUM CTaHfap/iiMa WX ca NPEeNopyyYeHUM BPEHOCTIMA KOje MPOMuUcyje
npousBobay MallliHe a Koje Tpeda J1a Cy HaBeJIeHE Y TEXHUUKO] JOKYMEHTALU] 1.

OBuM craHfapauMa cy cBe MallliHe U MeXaHU3MU y biMa nofesbenn Ha rpyne: K, M, G, T, D
U S ¥ 32 BUX IPONUCAHE BPEAHOCTH e(heKTUBHUX Op3MHa BUOpayja.
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A
t(s)
\/ \/ BpeMe 00pTama

Ca. 15.18: 3aituc amiiauitiyoa subpayuja

>
)
g

AMIaTya

Ipyna K: To cy mojequHu fenoBu MeXaHM3aMa MOTOHCKMX M paHUX MalldHA KOjU Cy Y
MIOTOHCKOM CTaky NOTIYHO YBPCTO BE€3aHH, HAPOUUTO eneKTpoMoTopu cHare o 15 kW y cepujckoj
HPOU3BOUL.

Ipyna M: MamuHe cpeimix BeluunHa, enekTpoMotopu cHare o 15-75 kW 6e3 HapounTux
(yHIamMeHaTa, Kao U YBPCTO MOHTHPAHU MOTOHCKY JIeJIOBH U pajgHe MarmHe cHare 1o 300 kW ca
OOpTHMM JIEOBUMA Ha TOCceOHUM (PyHIaMEHTUMA.

I'pyna G: Behe mammue nocraBjbeHe Ha KpyTe WM Telike (pyHpameHrte, Behe moroHcke u
pajiHe MallIiHe caMo ca poTHpajyhuM Macama.

I'pyna T: Behe noroncke m pajHe MallMHE caMO ca POTALMOHMM Macama IIOCTaBIbEHE Ha
(byHRaMeHTe ca ManuM Op3MHaMa, HIp. TypOorpyne, Kao ¥ MalliHe Ha JaKuM (DyHIaMEHTUMA.

I'pyna D: KpyTo ynexuiireHe MallHe ca HEyje[lHaueHUM JIEJIOBabEM Maca.

I'pyna S: EnacTuyHo ynexumTeHe MallliHe ca HeyjeIHauYeH!M JIeJIOBabEeM Maca, Kao U 0OpTHE
MalliHe ca OCUMJIATOPHUM Macama, Kao IITO Cy BpaTWja MINHOBA yekuhapa, 3aTUM MalIuHE ca
HEyjeJHaYeHOM IPOMEHIbUBOM HeypaBHOTeXeHolThy, LeHTpudyre, BuOpaTopu, MalIdHE 32
JMHAMUYKO UCIIUTHBAKbE MaTepHUjalia, BAOpALIOHE MAIlIHE IPOLIECHE UHYCTPH]E UT.

3a HaBeJieHe TpyIe JaTH Cy JujarpaMu ca oleHama: JoO0po, ynoTpeOIbUuBO, jOII J03BObEHO U
Heno3BoJbeHo (ci. 15.19).

3aparak 15.4: Porop ce ce oOphe ca n=25000/min. M3mepena ammiutyaa je A =25um.
Mammna cnafa y rpyny M. Oppenutu BpefHOCT BUOpalyja 1 a JIi ¢y Y HUBOY 103BOJbEHUX.
Ipema jennaunnu (15.48) epekTuBHA Gp3MHa poTanmje je:

_ 125 2500314

AV .
of =75 1000 30

Ha ocroBy mjarpama (ci. 15.19) Bugumo fia je go6ujena Gp3nHa joI Y J03BOJLEHIM I'PaHHUIIaMa
3a Kopulllhewe.

15.7. Ypebhajun 3a mepeme ypaBHOTEKeHOCTH MeXaHH3Ma

[TocToju BulIe pa3nuuuTHX MallnHA U ypebaja 3a Mepeme YpaBHOTEXKEHOCTH MalldHA U
MexaHu3aMa. 3aBHCHO Off TOTa KOjH YCIIOB paBHOTEXe Tpeda Jia ce 3aJJ0BOJbY JISIMMO HX Ha ypehaje
3a:

—  CTaTHYKO YPABHOTEXEHE ( ZFi =0)u

— JIMHAMAYKO YPAaBHOTEXKEHE( Z F=0, ZMi =0).
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I'PYTIA MAIIMHA M 6poj o6pTaja/min

Ca. 15.19: [lozeomwere epexitiusne 6p3ure subpayuja 3a mawiure zpyiie M

YpaBHOTEXEHE MOXKE OUTH NOjJEJMHAYHOT MEXaHM3Ma MU Y CKJIOIY Ca MAIIMHOM Y KO0joj je
MexaHu3aM yrpaheH Te ux enumo Ha ypebaje 3a ypaBHOTEXeHe Ha:

— TIpOOHOM CTONy U

— Y COIICTBEHMM JleXKajuma.

Ypebaju 3a ypaBHOTEXEHE Ha MPOOHOM CTOIY fiajy IOY3[JaHE NOAATKE O YPaBHOTEXKEHOCTU
MexaHu3Ma, MebyTuMm 3axrTeBajy JEeMOHTaXy MeXaHM3Ma U3 MalldHE y KO0joj 00aBba CBOJY
¢ynkuujy. Ypebajuma 3a Mepeme y CONCTBEHUM JIeKajuMa Mepe ce BuOpauyje u Apyrux AejaoBa
MallHe, HITO OTeXaBa OTKPHBaWE MECTa M3BOpa IMOjeiMHAYHUX BHOpalja U YPaBHOTEXKEHE

MCXaHHU3Ma U CBUX BbETOBUX YJIaHOBA.
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3aBUCHO Off TOTa KAaKO Cy U3BEJICHN OCIIOHIIN, Ypehaju 3a ypaBHOTEKEHE Jiesie Ce Ha OHE ca :

— KPYTHM OCJIOHIIUMA U

—  Ca eNaCTHYHUM OCITIOHIIMA.

3aBUCHO O] HAUMHA MEPEeha U PETUCTPOBaka AMIUTUTY/A U BuOpaluja ypebaje neamumo Ha oHe
ca:

— MEXaHWYKHUM HauMHOM Mepemba (ci1. 15.20)

—  €JIEKTPOHCKUM H

— KOMOWHOBaHMM HaUYMHOM MEpemA.

EnekToMOTOpOM ce MOroHu UCIUTHBAHU poTop. MHepimjanHa ciiia HeypaBHOTEKeHe Mace m
NpeHocH ce Ha Nexaje A u B u Ha nomyry uuju yrub, Ha ofpebeH HauuH NpefcTaBba AMILTUTYY
HeypaBHOTeXeHocTH. [Toka3aresh HeypaBHOTEXKEHOCTH Cy CHJIe IPUTHCAKA Ha JiesKajuMa Koje ce Ha
pa3NuuUTe HAUUHE PETUCTPY]Y U MEpe.

Ypebaju 3a ypaBHOTEKEHE ce MehycOOHO pa3nuKyjy Mo TOME 3a KOje OIcere Maca poTopa cy
HaMEHEHHU, T€ UX IeIUMO Ha:

— nake ypebhaje 3a porope mace o 10 kg,
— cpenme 3a porope Mace of1 10 o 1000 kg u
— remke ypebaje 3a porope maca mpeko 1000 kg.

Ca. 15.20: Meperve amiinuitiyoa HeypasHoiliexceHe mace

Ypebajn 3a craTHuKO ypaBHOTEKeme ce KOPUCTE 32 YPAaBHOTEXKEHE IUCKOBA U 3a IEIUMUYHO
YPABHOTEXKEHE POTOPA. Y TIIABHOM MMajy KPyTe OCIIOHLE KOJU MOTY OUTH ca: OOPTHUM JJCKOBHMA,
napanejHuM Bobuiama, chepHUM OCTIOHIMMA UTH.

Ocnonuyu ypebaja 3a ucnuTHBame AUCKOBE M POTOpa Tpeba fa MMajy IITO MawHd OTIOP
o0pTamy, jep O Tora 3aBHUCH TPENU3HOCT ypaBHOTEXewa (ci1. 15.21). Mepeme n ypaBHOTEXKEHE
mucka o0aBiba Ce TaKO IITO ce IOCTENEHHM MONAKUM OOpTameM JUCK [OBOAU Y Pa3IUUUTe
nosnoxaje. AKO y CBaKOM HOBOM IIONIOXKajy JMCK OCTaHE Yy CTamby MHpOBama, 3HAUd Ja je
YPaBHOTEXEH.

Y ciyuajy #a ce Ha UCKY OjaBU HEypaBHOTEXKEHA Maca m, yclell leHe TeXuHe poTop he ce
OKPEHYTH JIOK He fobe y momu nonoxaj. [Ipy Tome, HeypaBHOTEKEHA Maca MPUTHCKA OCJIOHIE
ciumama F| u F2 qnja je pesyTaHTa jeHAKA TEXMHN HeypaBHOTEXeHe Mace G . V3 jeHaKOCTH
MOMEHaTa ycief| TeXXUHe Mace U Cuile Tpewa uMamo fia je: G-e=G-f, ogakine je e=f, rje je £
Tpeme KOTpibama. Y CIy4ajy Aa je e < f OBUM IOCTYIKOM Ce He MOXE OTKPHUTH HEYpPaBHOTEXKEHA

Maca 1 TO PEJICTaBIba Ipar OCeTIHUBOCTH OBOT ypehaja 3a Mepeme.
Jla Ou ce ypaBHOTEXWJIa Maca m JIOfiaje ce Ha CYMPOTHY CTPaHy Ha IMOTOJJHOM pPacTojamby
KOpPEeKIMOHa Maca mjy M TIOCTYaK ce MOHOBH. BpemHocT KopekimoHe Mace fo0mja ce u3
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jemHakocT: MoMeHaTa m-AB=my - AC, ofiakle je: my = mAT'éB Muck (poTop) je ypaBHOTEKEH

aKko y OMJI0 KOM TI0JI0Kajy OCTaHe Y MUPOBamy, aKo ce He oOphe.

Ca. 15.21: Cxuya ypehaja 3a ciiaitiuuko ypasHoutiexcerwe poiiopa

Ypebaju 3a fuHAMIYKO YpaBHOTEXKEmE KOPUCTE CE 3a MOTIYHO ypaBHOTEXEwE poTopa. To cy
CJIOXKEHU MEPHHU Ypebaju KOoju Cy HAMEHEHH 3a YPAaBHOTEXKEHE Ha IIPOOHOM CTOJIY U Y COIICTBEHUM
nexajuma. CBU OBHM ypebaju cy ca eneKTpOHCKUM MEpPHHM KOMIIOHEHTaMa KoOje MeXaHUuKe
ocLUJIalMje U cuile MPUTHCaKa y Jiexajuma IpeTBapajy y Hau3MEeHUYHHN eJIeKTpuyHu HanoH. [Topen
TOra UMajy KOMIIOHEHTE ca (PUATepUMa 3a CEJIEKIH]y CUTHAJIA MEPEba Off CTpaHuX curHana. Ckuua
JERHOT Off TaKBUX ypehaja 3a fMHaMUYKO ypaBHOTEXKEHE POTOpa je IprKa3aH Ha ci1. 15.22.

L 8

¥ +-4 A//S
!
7

o o]

Ca. 15.22: Otiwitia ckuya ypehaja 3a OUHAMUYKO YPABHOULEH eHe POIiopa

1. uctiuitiusanu poitiop, 2. UHOYKYUOHU 0a8a4l, 3. eAeKIIPOHCKU KOpeKiliop, 4. lodeulmpusu
Guaitiep, 5. lojauusay cuzuana, 6. UHOUKAYUJCKU UHCTUPYMEHTUU, 7, 8. eAeKIUPOHCKU YCKAAOHULU,
9. ciupobockoiicka aamiia, 10. iodena Ha iupayu

MepHu MeXaHWYKM CHTHAJM ca Jexaja A m B mcrmtuBanor poropa (1) ce mpeTBapajy y
ENeKTPUYHN CHUTHAN y MHAYKIMOHMM paBaunMma (2). EmextpoHcku kopektop (3) opcrpamyje
MehycoOHM yTHIa] HEjeflHAKOCTH KOPEKIMOHUX Maca Ha KOopeKiuoHuM paBHuMma I u II. MephHu
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curHan ce y unrepy (4) mopieniaBa npema 6pojy oopraja poropa. [Ipeko nojaunBaya curnana (5)
CUTHAJ ce OJIBOJM Ha WHIWKALMjCKA WHCTPYMEHT (6) Ije ce OuyuTaBa MepeHa BPETHOCT
HEYpaBHOTEXEHOCTH 1 moTpeOHa Kopekimja Ha paBHuMa [ m II. Crpobockomncka namma (9) ce
Harmaja peko Koua (8) u jobuja uMmysice 3a 6peckajyhe CBeTII0 Off elIEKTPOHCKOT yeKiamuuka (7).

AKko ce omohy jenne namme (9) koja emutyje Oibeckajyhe CBETIIO XKeJbeHe YIeCTaHOCTH, Koja
ce MOXe TOJIelIaBaTH YCKJIAJHUKOM (7) OCBETIIN jelHa Tauka Ha POTOPY M TO TAaKO fia je Op3uHa
O/becKama y MUHYTH jefiHaKa Opojy oOpTaja poTopa y MUHYTH, IpUBKaH he OUTH yTHCcaK fia pOTOp
mupyje. Y ToM caydajy Op3uHa oOpTama poTOopa jefHaka je Op3uHu OibecKama CBETIOCTU
crpoOockorcke jamme. AKo je Op3uHa Oibeckamwa Beha of Op3mHe oOprama poropa mMahe ce
NPUBUJIAH yTHUCAK Ja ce poTop oOphe yHa3aj, unu ako je Op3uHa Oibeckama Mama Off Op3uHe
poropa, porop he ce Kperatu Hampep ca Manom Op3uHoM. [IpuBupgHa Op3uHa 00pTaja poTopa
npejcTaBiba pa3uKy Op3uHa 6ibeckama u 00pTama potopa. OBa mojasa ce Ha3uBa CTPOOOCKOICKU
epekar Koju ce KOpPUCTH 3a OECKOHTAKTHO Mepeme Op3uHe oOpTama W yraoHe MOJoxKaje
HEeypaBHOTEXKEHNX Maca, Kao u y fipyre cBpxe. Jbyacko oko He MOXe Jja perucTpyje Buiie of 16
NpoMeHa y CeKyHAu. TauHOCT Mepema HeYpaBHOTEXEHHX Maca CTPOOOCKONCKHM e(eKTOM je
BeoMa 100pa 1 Kpehe ce yak 10 e ~1um .

Ypebaju 3a Mepeme ypaBHOTEXKEHOCTH MEXaHW3ama ca CTPOOOCKOICKOM JIaMIIOM —HUMajy
YHUBEp3aJdHy NMPUMEHY M KOPHCTE Ce 32 YPaBHOTEXKEHE Ha MPOOHOM CTONY U Y CONCTBEHUM
nexajumMa. PpeKBEHTHOM aHAIM30M [OOWjeHMX MEpEeHHX IMapaMeTapa MOry ce JOLHUpaTH
nojeluHaYHa HEeypaBHOTEXXEHa MecTa M mojefuHauHe BuOpanuje. Ckuia MepHe Tabie jegHor
TakKBOr ypebaja mpukasana je Ha ci. 15.23.

16 17
RUEHEET S A304565, ! 18
M M i
v 2 3 c d 8 ;1 I /
. 2

11 / 7 i 7

pm  mim/s stro. - _.6_._._i._._.3_ - -
=4 : 514

L5 G

Ca. 15.23: Mepna iiab.aa ypebaja ca citipo60CKOUCKOM AAMILOM

1. liokasueay mepere seautute, 2. UpekAOUHUK MEPHOZ Olice2a, 3. UPeKAOUHUK 3a U3OOD MepeHe
geautuHe, 4. iloxazusay paoHoz bpoja obpitiaja UCHUIIUBAHOZ POTHOPA, 5. UPeKAOUHUK 3a U3OOD
pyukyuje ypebaja, 6. iloilieHyuometiap 3a ipomery paoHoz bpoja obpiuaja, 7. ipekaoiiHUK 3a
axmusuparse citipobockoiicke aamiie, 8. iipexuday 3a uzbop gppekesenitinoz oiiceza mepersa, 9, 10.
ipukswpyquu 3a oasave a) u b) 11. iipukwyyak 3a citipobockoiicky aamity, 12. ipuxmyqak 3a iiucay
bpoja obpitiaja, 13. ipuxkwyuak 3a iiucay mMepHuUx eeauyuna, 14. dpukmyqax 3a Hegpuailipuparu
cuznaa, 15. iipuxwyqak 3a uaiipuparu cuzuaa, 16. uciiuiiuearu poitop, 17. citipobockoiicka
aamita, 18. mepHu oasay

[Tpouenypa AMHAMUYKOT YPaBHOTEXKEHA j€ CIOXKEHA, IOCEOHO y COINCTBEHUM JeXajuMma jep
3axTeBa (PPEKBEHTHY aHAJIM3y KOjOM ce OTKpHMBA YTHUIAj BUOpamja Apyrux fenosa mMammue. [Ipn

TOME ce OOMYHO jOII HE 3HA €JACTUYHOCT — KPYTOCT MEPEHOT POTOpa Kao M PYTHX JeJI0Ba y
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CKJIOMNY, IPUTYILIEHha Jiexkaja, KapaKTepUCTUKe (PyHAaMEHTa UT/. IITO jOIII BUIIE OTEeXKaBa MPOLEHY
YpaBHOTEXKEHOCTH MepeHOr poropa. [loctymak mepewma ce CBOAUM HA MOCTaB/bambe MPOOHHX
KOPEKIMOHUX Maca 1 Mepera aMIuuTyaa u 6p3uHa BuOpanuje. M3 pasnuke JoOujeHUX BPEIHOCTH
BUOpaIuja u ynopehusameM ca J03BObEHIM CTaHAAPHUM BpPEJHOCTIMA KOje Ce J1ajy AujarpaMmuma
(cnm. 15.19) wnm taGenapuo (Tab6. 15.1) mporemyje ce ypaBHOTEKEHOCT MCIMTHBAHOT POTOpA W
IIEJIOKYITHOT CKJIONA U MAallIMHE Y K0jOj ce POTOP Hala3H.

3a BuTanHe OOpPTHE [IENOBE MalllMHa POM3BObay je AyKaH f1a, y TEXHUYKO] JOKYMEHTALU]H
KOja MpaTé MaIlMHY, A MOAAaTKe O J03BOJbEHO] BPEJHOCTH MapameTapa ypaBHOTEXeHa U Taj
MOIaTaK je MEpPOAaBaH MPY KOHTPOJIU YPAaBHOTEXKEHA.

Tabeaa 15.1: I'panuune citianoapoxe 8peOHOCTU eheKiliueHUX OP3UHA suOpayuja
Ve (mm/s) 3a 2pyiie mauiuna

O1eHa ypaBHOTEXKEHOCTU I'pyna mammua
K M G T
Hobpo <0,71 <11 <18 <28
Ynorpebsb1BO 0,71-1,8 1,1-28 1,8—-45 28-171
Jow gonymreHo 1,8—4,5 2,8—-171 4,5-11 7,1-18,0
Heponymreno >45 >7.1 >11,0 > 18,0

15.8. [le;10BH MOJbONPHUBPEIHUX MALIMHA KOjH € YPABHOTEXKYjy Y TOKY Kopuihema

[Tocroju HM3 feNOBa HA MOJHONIPUBPEHMM MAaIlIMHAMA, MOYEB Off TPaKTopa, KoMmObajHa,
NPUKIbYYHUX MAILMHA U IPyre TeXHUKE, KOjU Ce KOPUCTE Y MOIbONPUBPENHO] IPOM3BOABY U )y
YPaBHOTEXKEHOCT TpeOa KOHTPONUCATU TOKOM KOpHiThema.

HajoceT/buBuju Ha ypaBHOTEXEHOCT CY OHM JIEJIOBM KOJ| KOjUX CE€ TPAHCIATOPHO KpETame
YJ1aHOBa TpaHcGopMulle y POTAMOHO U 0OpHYTO. To je Kanmau mexanm3am Mmotopa SUS, mymnu,
KoMInpecopa, knatehux kocauuna, npeca utA. [Ipu KuHEMATHUKO] aHANU3KM KIIMIHOT MEXaHU3Ma
(mormaBmwe 6.4., Tabena 6.1, mujarpam cn. 6.23) BUieNM CMO KOJNHMKO Cy BEJHKE MPOMEHE U
BpefHOCTH yOp3awa kinuna. HakoH u3BecHOr BpeMeHa Kopulrhewa, 300r Hen3OexHOr xabamwa
paju ce TeHEepaJHM PEMOHT KOju Mofpa3ymeBa oOpajy KoJjeHacTor BpaTwia. HakoH obGpaje
00aBe3HO je IMHAMIYKO YPABHOTEXKEHE Ha IIPOOHOM CTOIY 3aBUCHO Off KOpEKIUje Ha KIMIOBUMA
(3amene npcTeHoBa u camvHO). Ha KoseHacToM BpaTuiy cy KOHCTpYKTHBHO Beh npensubena mecra
3a JoflaBame KopeKunonux maca (ci. 15.24). Te gogate KopekiuoHe Mace He Tpeba CKUIaTH TOKOM
Kopulithewa KJIMIHOT MEXaHU3Ma, jep he y npoTuBHOM 10hH 10 leroBe HeYpaBHOTEKEHOCTH .

Fk Fk KOPEKIMOHA
2 2 Maca

Ca. 15.24: Kopexuuone mace Ha KOAEHACIIOM 8PALUNY
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15. YPABHOTEXEBE MEXAHU3AMA

CBe OHE poTaloHE JenoBe, OWIO Jla CY BEJUKUX AUMEH3Wja WM fa ce oOphy BelIMKUM
Op3nHaMa, Takohe je TMOTpeOHO KOHTPOJMCATH Ha YPaBHOTEXKEHOCT: OyOam >KUTHOT KOMOajHa,
0f100jHu OUTED, CeUKe 3a OMIbHY Macy, CATHUIIULE, BEHTUIIATOPH, POTOPH NMYMITH, TaPYIH, MIIMHOBU
yeknhapu, poTalioHe Kocauulle, poTHpajyhu [UCKOBY pacuniaya MUHEpalIHUX byOpyBa, peMeHule,
3yMYaHUIM, T0OOIIH, BUTIA UTH.

By6am xuTHOr KOMOajHa je npeynrka oko 600 mm ca 6pojem oopraja on 400 go 1300 o/mun
(cnm. 15.25). Cacroju ce u3 fieceTak 03yO/beHUX Y3[yKHUX JeTBU. [Ipu obpramy, Oybam yaapa y
XUTHY Macy Koja josa3u u3Meby 0yOma u nog0yoma. Y cien yiapa JeTBH 0J1a3H 10 OflBajamba 3pHa
01 cJIaMe Koja MpoImajajy Kpo3 oTBope nogoyoma. 3060r HeyjefHaueHe XKUTHE Mace U IIpUMeca Y 0]
fona3u o xabamwa M Kp3amwa JETBH YUME ce HapyllaBa ypaBHOTexXeHOcT. HakoH omrehema
noTpeOHO je Jla ce CBE JIETBE UCTOBPEMEHO 3aMeHe, a He caMo HajomTehennje. Hakon Tora Tpeba
W3BPIIUTH CTATHYKO YPABHOTEKEHE Y CONCTBEHNM JIeXKajiMa.

Ca. 15.25: Bybars wcuitinoz kombajHa

Pajm nakier 3aopaBama ciiame KOMOAjHH Cy ONPEMIBCHH CEYKOM 3a CJIaMy KOja UMa HOKeBe
Ha OyOmy umjuM oOpTameM ce ciiama cerka u paszbaiyje. HoxkeBu momnasze y gjoaup 3a CTpaHUM
TennMa, yeneq dera ce omrehyjy. [lpu 3ameHn 06aBe3HO ce 3aMemYjy CBU HOXKEBH, WIH Y Mapy
jeman Hacmpam ppyrux. Ceuka 3a cmamy Tpeba MUHAMUYKH Jla C€ YPABHOTEXKH Y CONCTBEHHUM
nexkajuMa. Ha uctu HaumH TpebGa ypaBHOTEKaBaTH POTOPE CHIIAXKHOT KOMOajHa, pOTOpe Tapyra 3a
CKHJIam-e JIICTa KopeHa mehepHe pene uiu 3a fipyre Ou/bHe Mace.

Moaun yeknhap ¥Ma BeNWKY MPUMEHY 3a CHTH-CHE 3pHACTE U JIPyre KOHIEHTPOBAHE CTOYHE
xpaHne. bybam ca HOXKeBIMa nMa Bennke 6pojeBe oOpTaja ox oko 2000 go 5000 o/min, 360r yera je
BeJMKa MHepuujanHa cuia. Hoxesu cy momnoxknn xabawnMma u omrehemnma, Te je moTpeGHO
NTMHAMAYKO YPABHOTEXKABAE Y COTICTBEHUM JIEKajuMa.

OO6pTHH HOXKeBH poTamuoHe Kocauyuume oOphy ce ca oko 3000 o/min Ha uujeM cy oOopy
pacnopebenu HoxxeBu. HoxeBu y TOKy pajia fosase y JOAUP 3a Pa3aIMIUTUM CTPAHUM €JIEMEHTHMA
ycIIefl yera f1oja3u 10 HapyxkaBamwa paBHOTexe. HakoH 3aMeHe HOXeBa 00aBe3HO je AUHAMUUYKO
YPaBHOTEXKEHE Y COCTBEHUM JIEKajUMa.

Behuny oOpTHuX enemeHaTa ca BEeNMKHMM JUMeH3WjaMa U Op3uHaMa, KOju ce KOpHCTe Y
NOJbONPUBPEHUM MalllMHAMa, HAKOH WH3BECHOI BpeMeHa Kopullthewa, Tpeba [UHAMUYKU
YPaBHOTEKABaTH y CONICTBEHUM JIeKajuMa.
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16. BPETACTH MEXAHU3MHU

16. bPETACTU MEXAHU3MHN

Bperactu MexaHu3Mu ce cacToje U3 Tpu KMHeMaThika uinana. [loroncku unan (2) uma o61mk
HeKe KpuBe JuHuje (Opera) 300r yera ce OBM MEXaHHM3MH TakKo HasmBajy (ci. 16.1). Pagun unan
(mopm3ay 3) MOKe UMATH Pa3IMUMTE 3aBPLICTKE Y IM/bY CMalbeHha TPekwa, Kao MTo je Touknh (4)
KOjU HeMa KMHEMATH4Ky yJory y mexanusmy. Ilopej KMHEMaTHUKHMX 4JIaHOBA OBHM MEXaHU3MU
¥IMajy U Ipyre eleMeHTe Koju oMoryhaBajy cTajaH KOHTaKT Opera u nogusaya, Hajueuthe cy To
ompyre.

3aBUCHO Off TOra y KOJUM paBHUMa ce Kpehy HWeroBM KMHEMATUUKM 4YIaHOBHU, Operactu
MEXaHU3MHU MOT'Yy OUTH:

- paBaHcku (ci. 16.1a, b, ¢) u

- mpoctopHH (cn. 16.1d).

[Tpema HauyKMHy KpeTamwa MOTOHCKOT uJlaHa 2 ¥ Tayke Jofjipa Ha OTOHCKOM 4llaHy, Operactu
MEXaHU3MH ce JieJia Ha:

- o6prae (cn. 16.1a, b),

- TpaHncnaropse (ci. 16.1¢c) n

- 3aBojHe (cm. 16.1d).

Ca. 16.1: Bpezacitiu mexanuamu

[ToroHcku 4naH MOXe UMATHU BPJIO pazauyure obnuke npoduina. To Moxe OMTH U KPYKHUIA
ca EKCIEHTPUYHO ITIOCTaBbeHOM ocoM poranuje (ci. 16.2b,c). Ilpm obpramy ekcuentpa (2)
NONYIIPEYHUK pOTalje Ce MEHma Off MUHUManHe R —e [0 MakcuManHe R +e BpegHOCTH, Te ce
Tako Mewa W o0MMHa Op3mHA (Viip =(R—¢€) 7, vipax =(R+€)-®y) Koja ce MpeHocH Ha
nou3ay (3). bperacTu MexaHu3Mu y BUly €KCIEHTPaA MMajy IPUMEHY 3a MOTOH mymiu (ci1. 16.2¢).

Kopn Operactux MexaHu3ama IOAM3a4, YIJIABHOM MMa TPAHCIATOPHO KpeTame. MebyTum,
MOKe ce KpeTaTu 1 poTauuono (ci. 16.2a,d) unu cnoxkeno. Kox Mmexann3ma ca ci. 16.2d o6a unana
ce kpehy poTanuoHo, Te ©MaMo OperacTe NpeHocHUKe. BeHal OperacTux npeHOCHUKa Moxe OUTH
paBaH Wik 03yOJbEH.

Bperacti MexaHu3Mu ce KOpUCTE 3a TaYHO Ie(PUHUCAHO KpeTamwe nopu3aya. Vimajy npumeny
Ha Moropuma SUS, peryinaropuma, myMmrnama, MalldHaMa ca ayTOMAaTCKOM pEryJalijoM HTH.
OcHOBHE HeflocTaTak OperacTux MexaHu3ama je noBehaHo Tpemwe U Bennka cuiia NpuThcka u3meby
Opera u mojusauva, yciej 4era fjojasu jo nosehanor xabama, IITO YTHYE HAa TAYHOCT KpeTama
noau3aya.
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16. BPETACTH MEXAHU3MHU

Kperame moronckor wiana (Opera) je Hajuemnnhe jeJHOJTMKO KDPYXHO, a Kafga ce Kpehe
TPAHCIATOPHO, Tajia IMa HEKO IIPOMEHIBUBO KPETambe.

Panun unan (mopgm3adu 3) MOXe UMATH pa3IMUUTE IPOMEHE Op3MHE KpeTama y TOKY jeJJHOT
pajiHOT [UKIyCa, 3aBUCHO O HeroBe yiore u notpebe y Maumnu (ci. 16.3). Y kpajuum "MpTBEM"
nosioxkajuma Op3uHa Mofu3aya je jefiHaka HyJu.

2 TIOT.

3rom.

Ca. 16.2: Pazauquitiu 06auyu u kpeitiara bpeza u ioou3aya

Kana je kperawe moguszaua jefHakoyOp3aHO, Ma 3aTUM jeJHAKOYCIOPEHO ca IJIMHEApHOM
MPOMEHOM, BEJIMKE Cy BPETHOCTH yOp3ama (ycrnopewa) u nHepuujainux cuia (ci1. 16.3a nunuja 1).
OBaj HegocTaTak ce 00MMKOM Opera MOrOHCKOT YjlaHa MOKe YOJIaKUTHU U Harlie IPOMEHe U yaape
Mano cmamuté (cn. 16.3a nmuHmja 2). [Ipyra moryhHOCT mnpomeHe KpeTama Mofm3ada je
jemHakoyOp3aHo, jeTHOINKO 1 je[HAKOYCIOPEeHO KpeTame (ci. 16.3b), rae cy yonaxeHn ekcTpemMn
yOp3ama, Tj. UHEPIUjaTHUX CUJIA.

v(m/ s)“ v(m/ s)A v(m/ s)‘l v(m/ s)“

t, o (s, 0)= t, (s,f) t, o (s, 0)= t, @ (S,O)=
a) b) c) d)

Ca. 16.3: [Ipomene 6p3ure Kpeitiarba ilo0u3awa y iWioky jeOH0Z paOH02 UUKAYyca

Kapa je npomena O6p3uHe noyu3aya HeiuHeapHa (ci1. 16.3¢) HeMa U3pa3uTUX M PECKUX TPOMEHA
Op3una. O611MKOM Opera MOroHCKOT 4laHa MOXKe ce MocTuhu OMII0 Koja poMeHa Op3uHe KpeTamba
nopu3ayva (ci1. 16.3d) mro u jecte HaMeHa 1 MPEJHOCT OPEracTux MexaHu3ama.

Bperactu MexaHu3Mu UMajy jefiaH WK JiBa cTeneHa ciaobofe KpeTawa. Mexanusam ca ci. 16.1,a
1Ma jeflaH CTeTeH cI000/ie KpTama:

SSK =3(n—1)—2P; —Py =33-1)-2-2—-1=1,reje: P; =2(1,2;3,)) u P, =1(2.3),
a MexaHm3MH ca ci1. 16.1, b, ¢, d umajy 1Ba cremneHa ciobofie KpeTama:
SSK =3(n—1)—2P; —Py =3(4—1)-2-3-1=2, e je: P, =3(1,2;3,4;3,]) u P, =1(2,4).
Hpyru cremeH cinoboye KpeTama je yraoHa Op3mHa Touknha (4) Koja HeMa KHHEMATHIKOT

3Hayaja 3a OperactTd MeXaHHU3aM, TE CE MOXKE CMATpaTH [la ¥ OBM MEXaHU3MHU MMajy jeflaH peallaH
CTENEH cI000JIe KpeTama.
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16. BPETACTH MEXAHU3MHU

16.1. bp3una u yop3ame noguzada

bp3umna xperawa nopuzaua je y (YHKIUjU KpeTama I[OTOHCKOI YjaHa M HErOBOT
reoMeTpHjcKOr 00IHKa, a ofipebyje ce rpacoaHaITUUKUM UM AaHATTUTHIKEM METOflaMa.

Heka noroncku unan uma 061K Kao Ha cil. 16.4 u Heka je HheroBo KpeTamwe mo3Hato. bp3una
Tauyke B3 Ha Mojiu3auy jefiHaKa je:

r7e je: ;Bz - obumHa Op3MHa Tayke Jofiupa Ha Opery kKoja ce Mema 3aBHUCHO OJf pacTojama R
— . - -B

(vp, =AB2 - ;). [IpaBan ose Gp3ute je vB, L AB2, ay cMepy yraose Gp3ute Gpera (2), VB2
3

penaTuBHa Kiu3Ha Op3uHa Tauke B3 y opHocy Ha B,. IlpaBan penatuBHe kiu3He Op3uHE je
mapa’jieliaH ca TaHreHTOM t Ha Oper'y Tauku poaupa (ci. 16.4b).

Hpyru ycnos 3a ofpebuBame Op3uHe nou3aya je:

VBy //B3D . cooerrtersssrssess s s s s s s s e (16.2)

Yop3ame Tauke Bj jejHAKO je:

= - = =By =B

aB; =aB, +aK +aB3n +aB3t s eeereerereee ettt ettt et ettt seneretens (16.3)

. g nd -’Bz
Tjie je: aB, HOpMaJHO yOp3ame Tauke By y ofHOCy Ha A, aK KOpPHOIHCOBO yOp3ame, ap

3n
-B, :
HOpMAIHO yOp3ame Tauke B3 y ofHocy Ha By m a”  TaHreHUHjanHO yOp3ame Tauke Bj y
3t

OfiHOCY Ha B .
IIpaBan HopmanHor yOp3ama 532 je nmapasesaH ca mpaBLeM AB2, YCMEPEHO j€ MpeMa Tauku

A, UHTCH3WTETA ap, :A_Bz-oazz. Kopnonucoso yOp3ame aK je ompebeno Ha cn. 16.4c, a

. B,
MHTEH3UTET J€ ag =2 ™) -VB3 .

-B — .
Hopmanzo yOp3ame Tauke B3 y opHOocy Ha B (aB2 ) uMa mpasan, B3C u ycmepeHo je
3n

. . . ~B —
npema tauku C, a TaHTeHIUjaaHO yOp3ame je yIpaBHO Ha OBaj IpaBal| (aBj 1 B3C) (cn. 16.4d).
t

(&)
v
82 _ B3 B2 _

u ay? =B3C-gy. Tauka C je neHTap KpuBuHE

VIHTEeH3UTETH OBUX YOp3ama cy: a2 =-—2
yop y B3, B,C Bs;

OBOT jiena npocuia opera.

Hpyru ycnos 3a ogpebuBame yop3ama noausaya je:

SN Y OO (16.4)
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16. BPETACTH MEXAHU3MHU

~B2
vV B3 1
<) VB3 am
VB2 b Py
ay
ak B2 aB3
a4B3n
_B2
> B2 a
VB3 B3t
o))
c) d)

Ca. 16.4: Bpaune u y6p3ara iloousava 6pezaciioz MexaHuama
16.2. Cuie Koje nenyjy Ha dperacre MexaHu3me

Ha Operactu mMexaHu3am fiesyjy CBe OHE CUIIE KOje JIeJyjy ¥ Ha JApyre MeXaHu3Me: TEXWHE,
pajiHe cuiie, MHEpIUjaiHe Culle, MPUTHCIY Y KHHEMAaTHIKIM Be3aMa 1 IOroHcKa cuia (cir. 16.5a).

PaznarameM Mexanm3sma Ha kuHeMaTWuku map 1 m 3 u3 ycioBa paBHOTEXe Ja je 30up
MOMeEHaTa CBUX CHJIa 3a TauKy B3 jefHaK HyJuM, JoOuja ce BpEeJHOCT CUile 131,3t (cn. 16.5b). Ocrane
HEMo3HaTe Cuie 1:*1,311 u 1_52,3 nobujajy ce U3 ycioBa fia je 30Mp CBUX CHJia Koje JIedyjy Ha ujiaH 3
jelHaK HyJIH.

W3 ycnosa ia je 30up MOMeHaTa CBUX CHJIa KOj€ JIeNyjy Ha IIOTOHCKY YjlaH 2 32 TauKy A jeHaK
Hyn jo6mja ce moroncka cuna Fp (ci. 16.5¢), a cuie 131,211 u F12¢ W3 3aTBOPEHOT IIOJIMTOHA CHIIA
KOje JIesTyjy Ha uJiaH 2.

9¢ Ty
W

b) )

Ca. 16.5: Cuae koje Oeayjy Ha Opezaciti MeXaHU3am
16.3. bperacTu (HEOKpYIH ) IPEHOCHALH
JlBa Operacra unaHa, Mo ofpeheHuM ycioBUMa MOTY ce€ CIPETHYTH U NPEHOCUTH OOpPTHO

KpeTame ca jemHor Ha npyra (cin. 16.6a). [la 6u nperocuim 0OPTHO KpeTame MOpajy y CBaKOM
TMOJIOXKAjy MMATH 3ajeTHIUKY TofupHy Tauky (C) Tako a cy um oouMHe Op3uHe jegHake (v2 = v3).
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Ha Ou y TOKy cripe3ama YlaHOBH 2 U 3 CTaJHO UMaJU AOJUPHY TauKy, pacTojambe n3mMehy bUXOBUX
oca oOpTama Tpeba fia je jefiHaKo 301py MOoNyNpeyHuKa:

L=R2 +R3. ................................................................................................... (165)

23

T ®©)

a) b) c)

Ca. 16.6: Bpezaciuiu (Heokpyzau) iipeHOCHULU

bBperacti npeHOCHMIM Ce KOpPHCTE Kaja Ce XKEJM, NPH jeJHOIUKOM KPYKHOM KpeTamby
IIOTOHCKOT IIPEHOCHUKA 2, JOOUTH IPOMEHIBUBO KPYXKHO KPETahe TOBEHOT IPEHOCHHUKA 3.

Benar 6peractux npeHocHuka Moxe OMTH paBaH unu o3y0OsbeH. Kajja je BeHal paBaH uMamo
(bpHKIOHE TOUYKOBE, IJIE CE TpeweM n3Meby JoMpHIX MOBPLIMHA NpeHocH oOpTHU MoMeHT. Kana
j€ BeHall MpeHOCHNKA 03y0JheH MIMaMO HEOKpYTIIe 3ymuanuke (ci. 16.6b).

[IpeHOCHM OfHOC 1 HEOKPYIIMX NMPEHOCHUKA HUje KOHCTaHTaH, Beh ce Mewa y TOKY 00pTama,
3aBHCHO Ofl IPOMEHE HBUXOBOT O0INKA ¥ OJTYIPEYHUKA:

i= R2 F COMSE . ruvureraieetseeeeeeeesetessseeesseeesessesststse s eseteese b esebsesetsesebseseseesnas (16.6)
R3

OO6nukoM npoduia NPEHOCHUKA MOTY €€ NOCTHhU BpJO pa3avyuTe NMPOMEHE IPEHOCHOT
OflHOCa y TOKY jemHOT 00pTaja (ci. 16.6b, c). Heokpyriu mpeHOCHUIM ce KOpHCTe 3a Ao0ujame
Pa3MMYUTHX TPOMEHILIBUX MPEHOCHUX OfIHOCA.

3agarak 16.1: Oppenutu reometpujcku oOnuK Operactux npeHocHuka 2 u 3. IloroHcku
NpeHOCHUK 2 Tpeba fia ce oOphe jeHONNKO KPYKHO, a TOKBEH! 3 MPOMEHIBUBO KaKo je 3a7aTo Ha
mujarpamy (ci. 16.7). Pacrojamwe m3meby oca je L =200 mm.

[IpBo Tpeba oppenuTu yraoHy Op3uHY IIOTOHCKOI NPEHOCHUKA 2 W3 yClioBa a Cy OOMMHE
Op3uHe 00a IPEHOCHUKA Y TOAUPHUM TaukaMma MCTe ¥ ja 00a IIPEHOCHUKA jeflaH MOTIYH 00pTaj 2n
Hampage 3a ucto Bpeme T. [Ipebenu nyT y qujarpamy o, T mnpefcTaBiba IOBPUIMHY S UCIOJ KPUBE
IIPOMEHE, T€ Cy NOBPLIMHE 00a IPEHOCHUKA UCTE, Sy = S3.

Kako yraona Op3uHa NOrOHCKOT NpeHOCHWKa 2 Tpeba J[a je cTajlHa HuMaMmMo fa je:
® -T:20'T+¥T,onameje ®) =305\,

Pacrojame T Ha 06a ujarpama nopednu ca Ha jefHak Opoj moyreoka (ocam). Op 6Gpoja moyreoka
3aBHCH TayHOCT pemiewa. Ca aujarpama ce ofipefie yraoHe Op3uHe Ha Kpajy CBaKoOr IMOJeOKa
(momoxaja) u TabenapHo puKaxy (tab, 16.1).

Yrn0Bu 3aKpeTama MOrOHCKOT MPEHOCHUKA 2 To nojeiuHuM nofeouuMa 1, 2, 3... ogpebyjy ce
Ha OCHOBY /1Ba YCJIOBA.
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ITpBu ycioB je a je 30up CBUX yIII0Ba 10 MOjeANHUM ITOJIe0NnMa jefHak 360°,
(922 + 923+ P4 +...=360°).

Hpyra ycioB je fma cy yIJOBH MO TOje[IMHMM MOAEONUMa IPOMOPIUOHATHA HHXOBHM
?22 _S21
360°
u3HOCH Sy =360-30=10800 (cn. 16.7). [ToBpiuuHe cBUX MOfEOKa MPEHOCHUKA 2 Cy MCTE Ta Cy U

NOBpIINHaMa:

, T7ie je Sp YKyIHa NOBpIUKMHA MCIOJ AMjarpama 3a MPEHOCHUK 2, Koja

YIIIOBH 3aKPETamba 10 NOjeMHIM TIONIE0NMA HCTH: ¢ 9 = @3 =P =45°.

o3(s—1)
®H(s—1
2670 40

30 30 é

— /=
20 — 20—6 —

— —] A Ry C R3 B
1041121314[56|7]8 10411(2]314l5]6]7|8 :

=l =l —— @2 L=200 mm N

4590 180 270 360 ¢ (©) 4590 180 270 360 @ (©)
T | T |

Ca. 16.7: 3aoaiuiu Oujazpam iipomere Kpeillara paoHoz 4aana 3
u tociiasxa 3aoaitixa 16.1

YTri0BU 3aKpeTama TOBEHOT MPEHOCHUKA 3 MO MOojeIuHUM mofeonuma 2, 3... oapebyjy ce Ha
VICTH HaYMH Kao0 ¥ 33 MPEHOCHHUK 2, U3 YCIIOBA /1A je:

o 932 S3)
032 +033+934..=360" 1 —= =
360°  S3
360-20 45.5

IHospmmue cy S3=360-20+ =10800, a S3’1:45'20+T:1012,5, Te je

S3,1-360 1012,5-360

=33,75°. Ha wcru HaumH ce fo0Hjajy W oOcCTaje MOBPIIUHE:
S5 10800

932 =

S3,2 =1237,5, S3,3 =1462,5, S3,4 =1687,5 u Tako pemoM, a 3aTUM VIJIOBH: ?3,3 =41,25°,
([)3,4 = 48,75O , (p3’5 = 56,25O , (P3,6 = 48,75o , ([)3’7 = 41,250, (P3,8 233,750 (TaG. 162)

Tabeana. 16.1: Yzaone 6p3ure bpezacitiux ipeHOCHUKA HA KPAjy HOjeOUHUX TOA0XaA]a

(3a0aitiax 16.1)
[Tonoxaju | Yraona Gp3mHa IPEHOCHUKA ®) (s_l ) Yraona Op3uHa MPEHOCHUKA ™3 (s_l )
1 30 25
2 30 30
3 30 35
4 30 40
5 30 35
6 30 30
7 30 25
8 30 20
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[NonynpeyHnuy NpeHOCHNKA MO TIOjeAUNHIM Hofieouma (Tosoxkajuma) ofpebyjy ce Ha OCHOBY

. . . . R
nBe jepHaunHe: L =R, + Ry 1 Ja je IpeHOCHU OJHOC JEIHAK 1= ®2 _ R—3 Ha ocnoBy oBux n3pasa
®3 2

, Te je y NMOYETHOM IONOXKajy 3a ¢ =¢3 =0°

nobuja ce aa je: R3=L-R, u Ry =

0y +®3
o = 20020 _ 80mm, R, . =200—-80=120 mm. Ha uctu HauuH ce ogpebyjy noaynpeynunu
200 30+20 730
. . . 200-25
U 3a ocrame monoxaje. Ha xkpajy momeoka 1 je: Rp;= 30505 - 909mm, a

R31=200-90,9=109,mm u tako pegom uMamo fa je Rp,=100mm, a Rj35 =100mm,
R;3=92,30mm, R33 =100 mm utj1. Kako je fato y rabesn 16.2.

YT0BH 32 NPEHOCHUK 2 Ce MEHAjy y MO3UTUBHOM CMEPY, a 3a MPEHOCHUK 3 y HETaTUBHOM,
npeMa cMepy BUXOBUX YTAaOHUX Op3UHa.

Tabeaa. 6.2: H3spauyHaitiu ilapameitipu 6pezacitiux idpeHOCHUKA HA H04elliKY il0jeOUHUX
ilonoxcaja (3adaitax 16.1)

X Yrao Yrao nonoxaja ITonynpeununy Ha [Tonynpeynnny Ha

c noJoxaja IIPEHOCHUKA 3, @3 MOYETKY TO0JI0XKaja MOYETKY MOJIOXKaja

é NPEHOCHUKA 2 , (~°) npeHocHuKa 2, R NPEHOCHUKA 3, R3
92:00°) (\mm) (~ mm)

1 0 0 80,00 120,00

2 45 33,75 90,90 109,09

3 45 41,25 100,00 100,00

4 45 48,75 107,69 92,30

5 45 56,25 114,28 85,71

6 45 48,75 107,69 92,30

7 45 41,25 100,00 100,00

8 45 33,75 90,90 109,09

HobujeHo peuiewe OperacTux NMPEHOCHHKA, rje he ce MOroHcku 2 oOpTaTé jeJHOJIUKO ca
®y =30 s7!, a romenn NPOMEHJBMBO Ka0 Ha iujarpamy ci. 16.7, mpukasas je Ha ci. 16.8.

2 mor. 3 rom

92,3 mm

107,69 mm L=200 mm

Ca. 16.8: Pewerse 3a0aitika 16.1
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