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ITPEAI'OBOP

OBaj ymoenuk ,,MEXAHU3MU I1O/bOITPUBPEJHUX MANIIMHA ca penieanM
3ajanumMa’ peAcTaBba IPYro u3lame yiioeHrnka ca uctuM HazuBoM of 2005 rox. YyOeHuk
o0yxBaTa IeJOKYITHO I'PAJIMBO KOje ce Tpefiaje y OKBUPY IpeaMeTa ,, MeXxaHu3Mu TOJbOTPUBPETHIX

mammHa® crygentuMa [lomonpuspenHor ¢akynrera y HoBom Cany, CMmepa 3a MObONPUBPEHY

TEXHUKY, T€ j€ IPBEHCTBEHO HIMa U HAMEHEH.

AHanu3upaHu NpUMepH U PelleH! 3aaly cy NOKa3aH! Ha MEXaHU3MHUMa KOjHU ce KOpPUCTE Ha
NOJLONIPUBPEHAM MalllMHaMa, Te YIIOEHUK MOXe Aa Oyje KOpUCTaH OHMMa KOjH Cce y NPaKCH, Ha

Ouo KOju HauKH, 0aBe OBUM MallliHAMA.

Yubenuk cagpxku 16 nornasma: Pa3Boj mexanuzama, OcHoBHu nojMoBu, CreneH ciobope
KpeTamwa, [lyTame MexaHuzama, YcloBU (PYHKIMOHHCAHa MeXaHW3aMa, YBOJ Yy KUHEMATHUKY
aHanu3y Mexanuszama, [Ipommpeme knu3Hux naposa, Merona Acype, Kappanos 3rino6, [Togusau
MeXaHHu3aM TpakTopa, [ImaHeTapHu MPEeHOCHUIM CHAare, YBOJ Y MUHAMUYKY aHAIU3y, JeqHaunHe
KpeTama MexaHmzama, OnpebuBame MOTOHCKE culle, Y paBHOTEXKEHhEe MexaHn3ama u bperactu
MeXaHU3MH.

M3a Teopujckor fiena cBakor Moriaabiba U TEMATCKUX jeJMHULA AT Cy PELICHU IPUMEPHU ca
noTpeOHUM oOjaumebuMa. OBakaB MPUCTYI U3Jarawby MaTepuje oMoryhasa CTyJeHTUMA JaKIle

CaMOCTaJTHO YUCHC.

3axBaNHOCT 3a U3[jaBawbe IPBOI M3Aamka OBOI YHOEHNKA AYIYjeM peleH3eHTUMa: Ipod. Ip

Muonpary 3nokomuiy, fipod. ip Pagosany [Tonoy u npod. ip Bypu Epuerosuhy, 3aTum Koneru

npo. np dparom PagomupoBuhy, Kao 1 Konerama Koju Cy CBOjUM Cyrectdjama JONpPUHENH fa

KibHra Oyfie KBaJIUTETHHU]A U CTYICHTUMA IPUCTYIIaYHY]a.

[ToceOHO ce 3axBaibyjeM cTyaeHTMa CMepa 3a NObONPUBPEHY TEXHUKY KOjU Cy IPOBEpaBaIi

aHATMTHYKE peJalyje 1 pelleha 3aaTaka.

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

Hosu Cap, 10.09.2015. ro. AyTop
ITpoc. np Papojka I'nuropuh
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0. BAIIATAK U BHAYA] MEXAHU3AMA I10/6bOIIPUBPETHUX MAIIMHA

0. BAJATAK 1 3HAYAJ MEXAHU3AMA ITO/bOITPUBPETHUX
MAIINHA

MexaHu3Mmu cy pesaTUBHO Milajja HaydHOOOpa30BHA AUCLUIUINHA KOja CE HarJo pa3Buia TeK y

20-TOM BEKy.

Mexanu3mu nMajy 3aaTak jia MpeHecy KpeTame U CHAry Off IOTOHCKOT eJleMeHTa (01 MOTopa
WX HEKOT JIPyror W3Bopa OOPTHOT MOMEHTa U OOPTHOT KpeTawa) 0 M3BPLIHUX PAJJHUX JIEN0Ba

MallIXHA ¥ 1a IpH ToMe 00aBe HEKU, HaMa KOPHUCTaH paf.

3axBabyjyhu pa3Bojy MexaHu3ama pas3Buiie Cy c€ BPJIO Pa3NUUUTE MOJbONPHUBPENHE MAIIMHE
KOje MOTy 1a 00aBe CKOpO CBe arpoTeXHUYKe onepalnyje U TUME Jla 3aMeHe YOBEKa Y TelKoM (-
3MYKOM pajly. Jour camo mpe 1me3eceTak rofrHa BeoMa BeJuKU Opoj pajjoBa y MOJbONPUBPETHO]
IPOM3BOJIKY 00aBJbaH je PYYHO, Kao IITO je ceTBa, KOcH0a, CaKyIJbake yceBa, yToBap, HCTOBAp
Ut

JlaHac cy cBe Te omepaiyje MOTIYHO MEXaHU30BaHE, TAKO JIa jellaH YOBEK MOXKE caM Y TOKY
ropure fa odpabyje oko 200 ha moy parapckum Kyntypama. Tume je BeoMa cMameH OpOj CTaHOB-
HUIITBA KOjU ce 0aBU MOJHONPHBPEHOM MPOM3BOAHOM. Y pa3BUjeHHM 3eMibaMa, 3axBajbyjyhu

l'IOTIIyHOj MEXaHN30BAHOCTU MOJbOIIPUBPENHE TPOU3BOAKE, CAMO OKO 5% craHoBHHMIITBA 0aBH ce

TNOJbONIPUBPETHOM IPOU3BOAKHOM, Ca TGHHCHI_[I/IjOM CMambCHha OBOT MMPOIICHTA.

JemHa o TrIaBHUX CTAaBKMX IOJbONIPUBPEIHE IIPOU3BOAKE MO OOMMY, CIOXEHoIhy u

TPOIIKOBMMA j€ IOJbOTIPUBPETHA TEXHNKA (MEXaHU3AIH]a ).

Ha ou ce MOJbONPUBPETHE MAIIIMHE MOTJIE IIPABUJIHO OHa6paTI/I, KOpUCTUTH, OIpZKaBaTH, pa3Bu-
jaTI/I 1 BbUMa ynpaB/baTd MOpa C€ IMOCEN0BATH TEMCJbHO 3HAKLE U3 PA3JIMIUTUX Cp}’HlIaMeTaJIHI/IX u

IPUMEHEHIX HAYYHOCTPYYHHUX OONIACTH.
Jemna on Tux obnactu cy u Mexanuzmu uin [IpumemeHa MexaHuKka Kako ce TMOHer/ie Ha3uBa.

[ToTpeOHO npef3Hame 3a yuewme NpeaMeTa “MexXaHu3MH NOJbONPUBPEHUX MalIMHA” ¢y U3 Mate-

matuke, Mexanuke, OTIOPHOCTU MaTepujaa uT.

3aparak npeameTa “MexaHU3MH NMOJLONPUBPEHUX MAIIMHA® je fla CTYEHTU Hayye yJIory u
(byHKIHjy OCHOBHUX 1 MOCEOHMX MEXaHM3aMa y MOJbONPHBPEHIM MalIMHaMa, Kao ¥ MOTyhHOCTH

HUXOBOT IpUJIarohasama ycJIoBUMa pajia y by epuKacHUjer 1 paloHaIHujer Kopulrhema.

OcHOBHE ¥ 1OCeOHN MeXaHU3MU NOJbONIPUBPEIHUX MalllMHA dHAJIU3UPAHU CYy U ITPOYYCHU Ca

crenehux acmekara: cTeneHa MOKPET/bUBOCTH, YCIOBA (DYHKIMOHMCAKkA, HAUMHA KpeTama (myTa-
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0. BAIIATAK U BHAYA] MEXAHU3AMA I10/6bOIIPUBPETHUX MAIIMHA

1ha), Op3uHa, yop3ama, ciiia Koje ux onrepehyjy, morpeGHe MOTOHCKE CUile, CTelleHa KOPUCHOCTH,

ycj10Ba pajia, YpaBHOTCXKCHOCTU UT]I.

Kao noce6Hn MexaHM3MH NOJbONPUBPENHUX MalllMHA aHAIU3UPAHU CYy: MOJU3HU MEXaHU3aM
TPaKTOpa, KApJJaHOBO BPaTHUJIO, IIFIAHETAPHU NPEHOCHUIIU Y TPAHCMUCHU]U TPAKTOpPa, Operactu Me-
xaHu3MHi UTA. OBM MEXaHU3MH Cy NOCMAaTPaHU M aHAJIM3MPAHY Y CTBAPHOM OKpPYXewY Y KOjeM
(pyHKIMOHUILY U aHATTUTUYKY j€ ie(PHNCAH BUXOB YTULA] HAa KBAJIUTET 00aB/bamba PAJHUX OIepa-
nuja.

Tako npoydeHn MexaHU3MH 1ajy JOBOJBHO 3Hama Jla CTYJIEHTU MOTY [la aHAJIM3UPAajy paji CBaKoOr

Pyror MexaHu3Ma U 1a MOTy fla Ta IPUJIarofie MallliHU ¥ arpOTEXHUYKKUM ONepaliyjama.

[Ipeamet “MexaHu3Mu NOBONPUBPEAHUX MALINHA" j€ OIILITE CTPYYHY MPEAMET KOjU Aaje HEO-
[IXOHO NpeA3Hame 3a Npaheme CTPYYHO-aIUIMKATMBHUX NpefMeTa, Kao mro cy I[loroHcke
MmamuHe, [losponpuBpeinu TpakTopy, MammHe 3a paTapcky Ipou3BofikY, MaliHe 3a croyapcky
Npou3BOAKY, MaiHe 3a Bohapcky NpOU3BOJILY UTH.

Pa3Boj MexaHm3zama Kao W JAPYrux CIMYHUX AUCUUIUIMHA OMOTYhHO je Jla ce JIBajleceTH BeK

YECTO Ha3MBa BEKOM MGX&HH?»&III/Ije.



1. PABBOJ MEXAHU3AMA

1. PABBOJ MEXAHU3AMA

[IpBu oOnuIM MPOCTUX MAIllMHA ¥ MeXaHW3aMa I0jaBUIM CYy ce JaBHO, Kajla ce YOBEK M0YEe0
OaBUTH JIOBOM M 3€MJbOPajilboM. buia cy TO jefHOCTaBHAa M NPUMHUTHUBHA CPEACTBAa KOja Cy MY
omoryhaBasa Jakim paj;: KJIuH Yy pa3HAM BapujaHTaMa (HOX, CeKupa, Uria uTy.), momyra (mirar),
KOIUbE, JIYK U cTpena, OyMepaHr, CTpMa paBaH UTH.

ITouerak pa3Boja Hayke O MallMHaMa M MEXaHM3MHMMa a0 je BEJUKH TPUKM HAYYHUK U
¢dunozod Apucroren - Aristotel (384-322. ro1. mpe H. €.) KOju je TPOydIaBao KpeTame u ie(hMHACA0
Op3uHy M cuily Kao Yy3pok kpeTawa. Cune u Op3uHe cabupao je y BUAy mapajiesjorpama u Ha Taj
HauKH Ie(pUHCAO j€ [0jaM BEKTOPCKE BEJUYMHE.

[IpBu onucanu mexanuzmu patupajy us Il Beka npe H.e. Y To f06a Ouie cy mo3HaTe pasHe
ajlaTKe MOf MIMEHOM IPOCTE MAIIKMHE, KAo IITO Cy: TOYAK, KOTypaya, BUTIIO, BOJCHUL[A, 3aBPTath,
MyX ¥ 3yTYaHUK, KaTamyJATH UT. AHAIM30M U OCTBapPEHEM OBHUX HampaBa OaBWIIU CYy CE MO3HATH
IpYKK MaTeMaTHyapy 1 pu3ndapy Tora BpeMeHa.

Hajnosunaruju je Apxumen-Arhimed (287-212. ron. mpe H. €.) KOju je mpoy4aBao apuTMETHKY U
TeOMETPH]Y U IIPBU e AepMHICA0 OCHOBHE 3aKOHE KpeTamwa ! pajia nonyra u Korypava. [locraBuo
je Temelbe MexaHWKe (CTaTHKe, XHAPOCTATHKE W TMPaKTUYHE MexaHuke). Hampasmo je Buime
MalINHA: 32 HABOJbaBaE, PA3INUUTE BOJHE HAIIPABE, INIAHETAPAHE MEXaHU3ME UTH.

A

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

Xepon - Heron (250-150. rop. mpe H. €.) je TpoummpHo oBe
3aKOHE ¥ J1a0 NPBY KMHEMATH4Ky M JUHAMUYKY aHAIU3y Ha
BpeTeHy M 3ymyaHuky. Hamucao je Buie KmUra U3 MEXaHUKE:
[Topusne ™mammue, IIneymaruka, Bojue wmammue u Tearap
ayromaTa. IberoB Opojau oOpTaja je mnpeTeya MeXaHHYKUX
pauyHapckux MamHa. Onucao je IpUHIAUI pajia NapHe MallliHe,
KOjy je Tek y 18. Bexy eHrnecku ¢pusnyap Llemc Bar — James Watt
(1736-1819.) Hanpaswo.

Hamu pa3Boj Teopuje MeXaHW3aMa ¥ MalllMHA TEKao je
YIIOpEao ca pa3BojeM ApyLITBA. 3acTO] HANPETKAa HayyHe MUCIH
OO je eBUEHTaH Off IoYeTKa HOBE epe ma cBe o ckopo XIV
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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 CajipKi OMHCEe BOJICHMIA, TeCTepa M YETBOPOIOMYKHOT MEXaHM3Ma, KOjH JlaHac
1Ma BeoMa IMPOKY npuMeHy. therose ckuiie MexaHn3aMa HaroBeIITaBajy, Taja cMeny jejy, fa ce
roMohy MallliHe MOJNETH.

Jleonappo na Bunum - Leonardo da Vinci (1452-1519.
rojl.) IMao je W3BaHpeNaH MHTYUTHBHY Jlap 32 MAIUHE U a0
je 3HayvajaH JONMPUHOC Yy Pa3BOjy 3yMUACTUX MPEHOCHUKA 3a
MUMOWJIa3Ha BpaTmna. HampaBuo je Buime Xupayinmukux
MallHa, MallIiHA 32 AU3abe TepeTa, eleBaTopa, MalliHa 3a
ceuewe apBa uty. [lopex Tora gao je m3BaHpenHe upeje 3a
Pa3Boj HOBUX MaIlIMHA KOj€ Cy Ce TeK IOcie TPUCTA U BHINE
TOJIMHA peajn30Baje, HIIp. XeTUKONTED.

Wramujan T'eponnmo Kappano — Geronimo Kardano
(1501-1576. roxn.) MmaTeMaTnuap u Jiekap, 6aBHO ce TPEHOCOM
cHare W OOpPTHOT KpeTama M HAmpaBHO je 3rIaBKacTy
crojHuly Kojy je Xyk - Hook npe tora gedunucao. Y ganac
MMa IOUPOKY NPUMEHY Ha BO3WINMA, TPAaKTOpUMAa HUTH.
(KapmaHOBO BpaTWiIo). 3HaYajaH je HEroB JONPUHOC Y
pa3Bojy MexaHM3aMa 3a MJIMHOBE M yacoBHHKe. KapmaHo ce
P e e OABHO MATEMATHKOM U /120 j¢ HAYMH pelNaBama jeHaunHa
WG, vrei 1 dachine aar Wit | Tpeher crenena.

U3 pykotiuca Buaapa oe I'onexypa (1235. 200.)

Jleonapoo 0a Burnuu (1452-1519. 200.) Kapoano (1501 -1576. 200.)

O Teopuju MexaHH3Ma Kao HayIy MOKe ce ToBopuTH Tek off cpenune X VII Beka, Kajia Noumby
CACTEMATCKa HUCTpaXXuBamba Y o0jacTd KHHEMAaTHKE paBHOI' W NOPOCTOPHOI KpeETama.
Haj3anaxenuju pajoBn m3 Tora fo0a Cy pajjoBH MIBajIapCKUX MaTeMaTHyapa bBepHyimja -
Bernoulli (16-1748. ron.) u Jleonapma Ojnepa - Leonard Euler (1707-1783. ron.). Bepuynu je
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1. PABBOJ MEXAHU3AMA

MpOy4yaBao PaBHO KpeTawme U MpoOieMe TPEeHYTHOT Moja
oboprama. Ojnep je Hajsehu feo kuBoTa mpoBeo y Pycuju u
aHANMU3UPao je mpobieMe MPOCTOPHOT KpeTawma KPYTOr Tena
noj yrurajeM cuia. baBuo ce TeopujoM mpeHoca KpeTamwa u
CHare W 3aKkJbYUHoO Jja je HajmoBOJbHHjU OOMMK Ooka 3yOaia
3y[YaHUKa €BOJIBEHTA. 3HAayajaH je M0 CBOjUM JOCTUTHYhNMa U3
o0nacTu MalllMHA, MeXaHW3aMa U TeopHje CTaOUIHOCTU
enactuuHux Hocaya. Huje My cmerano pga momycnen, Beh of
cBoje 28. rofinHe, OcerHe BPXYHCKA OCTBApema.

Ojaep (1707-1783 .200.)

Y ToM nmepuofy je 3HauyajaH MO  CBOJUM
nocrurHyhuma u3 061acTy MallliHA ¥ PYCKH HayYHUK M.
B. JlomoHnocos - M. B. JTomonocos (1717 - 1765. rop.) no
KOMe Ce JIaHaC Ha3MBa YyBEHH MOCKOBCKU YHUBEP3HUTET.

3artuM ce nojasibyje eHraecku ¢pusuyap Llemc Bar —
James Watt (1736-1819. rop.) ca CBOjUM 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 pao Behu gonpuHOC HayUu CBOjUM
HOBUM TIONYKHMM MeXaHW3MHMa (Iapajieiorpamuma)
HEro caMOM [TAPHOM MaIIAHOM.

Llemc Baiu (1736-1819. 200.)

[TpBO BO3WJIO Ha MapHM MOTOH HANPaBUO je eHrlecku uHxewep Puuapy Tpesutka - Richard
Trevithick (1771-1833. rop.). ¥ ucro Bpeme [lopn Credancon - George Stephenson (1781-1848.
rojl.) UIMao je BHIIE TOKYIIaja M3pajie MapHe JOKOMOTHBE M CMAaTpa Ce TBOPIEM KEJbe3HHIKOT
TpaHcnoprta. PagoBu Tpesutke u CredaHcoHa BeoMa cy yOp3ainu pa3Boj MONYKHUX U APYTHX
MeXaHu3ama.

Bosuno na iiapnu iio2on
Tpesuitika (1803. 200.)
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Jlokomoiuusa Citieharcona
(1816. 200).

®pannycku Bojuu nHXewep [acmap Monx - Gaspard
Monge (1746-1818. Toi1.) 120 je BENWKH ONPUHOC Y Pa3Bojy
HayKe W TEXHHKE MACjOM fla Ce MAllWHEe W HEeHH JAEJOBH
IPTajy y OPTOTOHATHUM Npojekiujama. Kao BojHU HHXKEmhep
HAIpaByo je BULIE BOJHUX HAIpaBa U 1a0 3Ha4ajaH JOIPUHOC
y pa3Bojy MexaHn3ama u mammHa. [lopen Tora paguo je Ha
TEeXHMYKOM 00pa3oBamy IMPOKMX HAPONHMX Maca, IITO je
MOTIPUHEIIO 3HATHO OpXKeM pa3Bojy TEXHUKE W HayKe.

Taciiap Mowxc (1748-1827. 200.)

OcHuBau "TexHnuke MexaHuke" Kao HayyHe oOnacTu je ¢ppannycku Matemarudap [lonkener
— Poncellet (1788-1867. rox.). OcHuBa moce6aH HACTAaBHU MPEIMET U3 TEOPHje MEeXaHM3aMa MO
Ha3uBoM: "[IpumemeHa MexaHuka Ha MamuHe ", Koju Apxku Ha Cop6oHu y ITonurexHnukoj mKoau
y [Tapu3y. [TonkeneT je mocTaBuo TeMelbe TeopHje EBOIBEHTHOT U IUKIOMIHOT 03y0Ibeba.

Y ToM nepuopy mpoydaBambeM 3aKOHA KpeTawma 4IaHOBa MeXaHW3aMa 0aBHO ce (hpaHIyCKU
¢duzmuap Amnep - Amper (1775-1836. ron.) 1 mao 3amax y pa3Bojy KuHeMaTnke MexaHuzama. Opa
(panycka mkona nMana je Benuku yruuaj y Enrneckoj, Hemaukoj u y Pycuju.

Haj3nauajuuju enrnecku uHxewep u apxeosor je npogecop Podepr Bumuc - Robert Villis
(1800-1875. rox.). [pskao je mpefaBarmba O MalllMHAMa M MEXaHW3MHMa Ha Koseny y KemOpuiy u
Hamicao je BuIllle KibUra o MexaHusmuma. bberoBa kmura "Principles of Mechanism"
IpefcTaBbaja jeé KOMIUIETHO IITHBO 32 MPEAMET KOju ce YBOAHO y HacTaBy. [loceOHO cy BaxkHa
HEroBa IIpOoyyaBama KpeTama IUIAaHETApPHUX IPEHOCHMKA CHare M paj Ha CUCTEeMaTH3alyju
MEXaHu3ama.



1. PABBOJ MEXAHU3AMA

Ioukeaneiu (1788-1867. 200.) Buauc (1800-1875. 200.)

Pa3Bojy ose puciumiune y XIX Beky y Hemaukoj MHOro cy ponpusenu HayuyHuuu Peyrekc,
Bypmecrep u I'pyonep. IIpBu ce cMaTpa TBOpleM HeMauke ILIKOJE O TEOPHjH MEXaHU3ama, jep je
Hamnwmcao u fanac caBpemeny kwury "Theoretische Kinemtik".

Bypmecrap je mao 3HavajaH JONMPUHOC Pa3BOjy MeTofa 3a
CHHTe3y MexaHu3ama. [lo3HaT je HeroB arjiac MHONYXHUX
MeXaHH3aMa KOju ce KOPHCTH y CTBapamy HOBUX M MPE/CTaBIba
MUOHUPCKO JIENO U3 00J1aCTH FEOMETPHUjCKE CHHTE3E MEXaHU3aMa.

OcHnuBau pycke mkone Ono je yyBeHu Martematuyap II. JIL.
Yeoumes - Yebpmues (1821-1894. rop.). [lo3Hat! cy meroBu
pajoBu M3 O0ONacTU CTPYKTYpe W CHHTe3e MexaHm3ama. [lao je
AaHANMUTUYKU WU3pa3 3a ofpebuBame cCTeneHa NOKPETIbLUBOCTH
MeXaHU3aMa KOjH Ce ¥ laHaC KOPUCTH.

Bypwmecitep (1840-1927. 200.)

Paj Ha mpoyuaBamwy 3anoueTux npodaema YeOuieBa HACTaBUIM CY TIO3HATH PYCKU HAYIHUIIN:
Kykoscku, Acyp, brex, Comos u ip.

IToyeo je Opxu pa3Boj MeTOfja 3a aHANM3y U CHHTE3y MeXaHHM3aMa, 4eMy j€ HApOYUTO
nonpuHeo H. E XKykoscku - H.E. XKykosckuii (1847-1921. rox.) mro je y6p3ano ommuTé pas3Boj
MexaHu3ama.

KykoBcku ce cMmaTpa OocHuUBaueM U oueM pycke asujauuje. [lo3HaTa je mweroBa MeTopa
pENyKOBaHOI MexaHu3Ma IOMohy Koje ce ofipebyje moTpeOHa cHara Ha IMOTOHCKOM 4YJIaHy
MEeXaHU3Ma.
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Yebuues (1821-1894. 200.) Kykoscku (1847- 1921 200.)

Y To BpeMe yTHIaj pycKe LIKOJIE Ha Pa3BOj MEXaHM3aMa je 010 BeoMa 3HauajaH. Hayunuk JI.
B. Acyp - Acyp (1878-1920. rop.) paauo je Ha cucTeMaTH3aLMjU ¥ KNacH(UKALMji MEXaHU3aMa,
IITO je a0 HOBU 3aMax pa3Bojy MallliHa 1 MexaHu3ama. Y To BpeMe je paguo H. Y. Mepuanos,
KOjH je 3Ha4ajaH 110 CBOJUM PaJilOBIMa O aHAJIM3K IPOCTOPHUX MEXaHU3aMa.

Ipodecop un nyunuk B. I1. T'opjaukun - B. I1. Topstakun (1868-1935. rop.) ocHuBa KaTeqpy Ha
nHcTuTyTy MU CIT (MOCKOBCKII MHCTUTYT HHXKEHEPOB CEIBCKOX03IHCTBEHOTO IPOM3BOJICTBA) Y
MockBu Ha TumupjazeBckoj akaeMuju Hayka Ha KO0joj Ce TpOy4yaBajy MeXaHU3MU
TMOJbOTNPUBPEHNX MallMHA U OCHUBAY je MHCTHTyTa 3a UCHUTHBAH-E NMOJbONPUBPEHUX MAIIKHA.
[To3HaTu cy WmEroBu pajoBH U3 TEOpHje KETBEHMX MallWHA, Teopuje paja miyra uth. [Jao je
jenHaunHy 1o Kojoj ce oppebyje ormop mmyra. IluoHup je y mnpoydyaBamy MexaHH3aMa
NOJbONPHUBPEIHNUX MAIIINHA.

Acyp (1878 - 1920. 200.) Topjaukun (1868-1935. 200.)
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Op nnejage caBpeMeHUX HayUYHMKA HAjIO3HATH]€ MECTO 3ay3UMa
akagemuk U. U. Apro6omescku - Y. . Apro6onesckn (1905-1977.
roni.). theroBu pamoBu 00yxBaTajy LENOKYIHO TONpYydYje Teopwuje
MexaHu3aMa M OCHOBa MHAyCTpHjcke poboTuke. Akagemuk M. U.
AproOoibeBcku je 00jaBuo OpoOjHE pajioBeé U KHHUIEe KOje Cy
NPEBEJICHE HA CBE CBETCKE je3UKe.

Apiiobomescku (1905-1977. 200. )

3HavajaH IOMPUHOC Pa3Bojy TEOpHUje MeXaHM3aMa J1ao je W Hall HayuHuk bpanncnas Wmuh ( -
1976. ron.), npocpecop Mammuckor ¢akynreta y beorpany), moceGHO CBOjOM ONMIITOM TEOPUjOM
PElyKOBAaHOT MEXaHHM3Ma, M0 YeMY je y CBETYy MO3HAT, KOjOM je MOTBPAMO MeTofy 2KyKOBCKOT.
O06jaBuo je Tpy KIUTe U3 OBE 00NACTH.

Op caBpeMeHHX Hay4yHHKA MO3HAT je xonanbanud Jako6 [lutep - Jacob Pieter, koju pagu y
CA]l. T'opune 1956. Hanmcao je 4yBeHy Kmwury "BuOpauuje y MammHCTBY" Koja je M KOJ Hac
IpeBEJIeHa.

HoBa epa y mpoyyaBawmwy MexaHM3aMa MoO4YeNa je OCHHMBameM MebyHnaponHe HaydHe
denepauuje UPToMM 3a TMM (Teopuja mammna u mexanuzama) 1969. rogune y ITosbckoj mo
uaeju Apro00oJLEBCKOT KOj1 je OMO HheH NpBHU npeaceanuk. Tpehu konrpec ogpxan je 1971. rop. y
Kynapuma (Jyrocnasmja). OcHuBameM oOBe pefiepanuje O3HAUeH je movyetak MehyHapomgHOr
THUMCKOI pajia Ha NpOy4yaBamby MeXaHH3aMa ¥ MallliHa, a MOCeOHO IOKPETameM Yacomluca
Mechanism and Mashine Theory. AktuBan unan Jyrocnosenckor komutetra UdPToM-a je Ouo
Ham npocecop Tomop IlanTenuh ca Mammnckor ¢akynrera y beorpajuy, Koju je gonpuHeo
Pa3Bojy U IPAKTUYHOM CTBAPaky BEIUKOT OpPOja HOBUX MEXaHU3aMa.

OBpe cy yKpaTKO HaBeIeHM CaMO OHM KOjU Cy Haj3HayajHUje JONPHUHENU pa3Bojy HAyKe O
MalrHaMa 1 Mexausmuma. tbuxos 0poj je ganeko Behu, Heku cy MO3HATH, a HeKU Oe3umenu. Cu
3ajeIHo cy 3acnyxHu a ce 20-TH BeK Ha3MBa M BEKOM MeXaHU3allyje IITO jeé OMOryhuiio cTBapame
BEJIMKOr Opoja pa3iMYUTUX PafHUX M TEXHOJOIIKUX MAIlMHA, KOjeé YMECTO 4OBEKa, 00aBibajy
3aMOpHE U TEUIKE MOCIOBE.

Pa3Bojem unopmaTuke 1 pauyHapa U BHUXOBA MPUCTYNAYHOCT IIMPOKOM KPYTry cTBapanana,
pa3Buhe ce ¥ yHanmpeguTH MEXaHU3MHU ¥ MAILIMHE 10 TEIIKO NPEABU/bUBIX I'PAHUIIA.
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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, 3yIYaHUK, Iy>KHH IPEHOCHUK UT.

Tokom pa3Boja TEXHUKE M HAyKe MEHA0 ce MojaM M 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). Mima
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
4JIaHOBA, MO yHanpe] YTBphHEHOM 3aKOHY, KOja MPOH3WIa3e U3 FeOMETPHjCKUX M KHHEMATHIKHX
Be3a m3Mel)y uianoBa Mexanm3ma.

MexaHu3Mu UMajy HIMPOKY MMPUMEHY Y CBUM, I1a U y NMOJbONIPUBPEHUM MamiuHama. To cy, Ha
npuMep: KITUIHK, YeTBOPOMONYXHM (ca BeNMKUM OpojeM TpaHcdopManuja u MoAugHKanumja),
KYJIMCHY, 3yYacTH, IUIaHETapHH, OperacTy, 3allOpHU U APYrd MeXaHu3Mu. 3axsasbyjyhu, usmeby
OCTaJIOT ¥ Pa3BOjy MEXaHU3aMa, CaBpeMEHEe IOJbONPUBPEIHE MALIMHE MOTY Jla 00aBe, TOTOBE CBE
arpoTeXHUYKeE onepanyje Npy NPOU3BOY NOJLOIPUBPEHUX KYITYpa.

KnunHu MexaHu3aMm je cacTaBHE 160 MOTOpa ca YHyTpauimuM caropeBameM (SUS) (ci. 2.1a)
KOjU TOIJIOTHY €HEPryjy HacTaly caropeBambeM ropruBa TPaHC(OPMHUILE Y MEXAaHUUKH Paj| U IIPU
TOME MPABOJMHUJCKO KpeTame KIWIa NpeTBapa y KPYKHO KpeTawe KOJEHACTOr BpaTuia
(pamuiuie) Koja MpeKo TPAHCMUCUOHOT ypehaja MOroHM TOYKOBE TPAKTOpa WM GUIIO KOT IPyror
BO3MJIA.

I[Tpu npoyyaBamwy MexaHu3aMa HENPAKTUYHO je BUXOBO NpHKa3uBamke NoMohy doTorpaduja,
CKHIAa WM KOHCTPYKLMOHMX ILIpTexXa, Beh ce KopucTu miemaTcku HauuH Lprama. llemaTckn
HpTeXu ce UpTajy noMmohy rpacuykux cum060a, Off KOjUX Cy HeKH Ne(pUHUCAHN HAI[MOHATHUM U
MebyHapoIHUM CTaHAapAuMa, 0K Ce OCTAJIM, Matbe BULIE, Ha OfipeheH HauKH yjeHauyeHo UpTajy y
CBETCKOj 1 Hamoj muteparypu. Ha ci. 2.1 mox a) npuka3ana je portorpacuja MOTOpa ca KIUITHAM
MEeXaHU3MOM, 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 MoOpa ja uma crnefche
YJIaHOBE: HENOKPETaH, IOTOHCKH, criojHu U pajHu. Ca OpojeM 1 obenexaBahe ce HEMOKpETaH YlaH
(mocrosbHm unan) u Owhe mpadupan. Mexann3zam Moxe fa Oyfe CIOjeH ca MOCTOJLEM Ha BHINE
MecTa, OJHOCHO J]a UMa BUILE HEIOKPETHUX YJIaHOBA, MEHYTUM TO j€ CaMo jefiaH, a He HOBU 4JIaH, Te
he ce cBu oGenexaBatu OpojeM 1. CBaku MexaHM3aM MoOpa fla UMa jeflaH NMOTOHCKU YIaH U
obenexaBahe ce 6pojem 2. Heku MexaHnm3Mu (IU1aHeTapHM) MOTY MMATH BA U BHINE MOTOHCKHUX
ynaHoBa. KuHeMaTuuke Be3e ulaHOBa Ha3WMBAjJy ce KMHEMAaTWYKMM Taukama U oOenexasahe ce
BEJIMKUM JIATUHUYHUM clioBuMa A, B, C...

Kop xmmumuor mexanu3ma (ci. 2.1) HenokpetHu uiaH (1) je cry6nuHa y Kojoj ce kpehe kium,
Kao u ocJoHar paaunuie. [Toroncku wiaH je kmun (2), cnojHu Kiunwava (3), a pajgHu 4WiaH je
pamwimna (4). OBaj MexaHW3aM TIpefcTaB/ba 3aTBOPEH KHHEMAaTWuKW JjaHau. [lopen oBumx,
MEeXaHU3MHI MOTY OMTH M Y OTBOPEHOM KHHEMATHIKOM JaHIy (ci1. 3.9) kojy 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) l0Z0HCKU 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 KJIUI 1 KIMMBady, Ocurypayn (ci. 2.2), nexaju, onpyre, hiayum,

OlA

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
KOHCTPYKTUBHE o00mmKe (ci. 2.3).
Moxe Outu jegHOAENHA WU
IBOJIETHA. CacraBau IEJIOBH
KIIMIbaye Cy: TOPEbU JIE0 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).

Cnepnehn mpumep MexaHu3Ma Ha MOJHONPHUBPEJHNM MalllMHaMa, KOju he ce y OBOj KHbU3M
AQHAITM3UPATH je TIOIM3HA MEXaHN3aM TPAKTOpa KOjH CIaja TPAKTOp ca MPUKIbYIHOM MAIIMHOM (CIL.
2.4). To je cnoskeHu MPOCTOPHN MEXaHM3aM, KOjH C€ CacTOj! U3 KYJIHUCHOT MEXaHM3Ma TPOIINPEHOT
ca BHIIE MOJYXHMX MEXaHu3ama. YJiora My je Jla HOCH MPHUKJbYYHY MAIIMHy U J1a 3ajeHO ca
XUPAYJIMYHAM CHUCTEMOM pETyIHIIe HEH MOJN0Xaj y ONHOCY Ha TpakTop u 3emibumute. Of
MOAM3HOT MEXaHM3Ma 3aBUCH KBAJIUTET Pajja MPUKIbYYHE MALIMHE W YKYNaH CTENeH KOPUCHOCTH
TpaKkTOpA.

[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 crosbaiimbi KHHEMAaTHYKH YlaH MOJM3HOT MeXaHW3Ma
TpakKkTOpA.

Ca. 2.4: [1oousnu mexaHuzam wipakimiopa: CAUKA, CKUUA U KUHeMATUYKA 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 jeHOr WK BUILE KaplaHOBHX 3ri1000Ba (cnojHuna A u B)
Koju oMoryhaBajy MOTOH ca jeHOT Ha IPyro BpaTWJIO KOja ce CeKy 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 NMPUKJbYYHE MALINHE Y OJHOCY HAa TPAKTOP M KOH(UIypalujy TepeHa
(3emibumITa).

Ca. 2.5: Kapoanoso epaitiuno; cauka, CKUuya U KUHeMatiuiKka uiema
2. il0Z0HCKO 8paitiuno, 3. mehyspaitiuno, 4. 20reHo 8paitiuLo

[InaneTapHM TPEHOCHWIM CHare, Kao M CBU OCTAJNU MPEHOCHUIM CYy BEOMa 3aCTYIUbEHU Y
HOJbONpUBpeHUM MammHama. [loceOHO MMajy BeNuKy NMpUMEHY Y TPAaHCMHUCHOHUM ypebajuma
CaBpeMEHUX TPaKTOpa, jep 3ajeHO ca APYIuM eJleMeHTIMa OMOryhaBajy ayToMaTH30BaHy IPOMEHY
cTemeHa mpeHoca 6e3 Tpekuia Toka cHare (mop onrepehewmem). [ndepennujannu miaHeTapHu
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2. OCHOBHU II0OJMOBH

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 12
= B B
‘F'HA’

N2 e N
| 7V N = |
4_I|I?A

"

Ca. 2.6: Jugpeperuyujasnu iinaneitiapru ilpeHOCHUK: CKUYA U KUHEMATUYKA UleMd

2. l0ZOHCKU 3YIYAHUK, 3. KOHUYHU 3yU4aHuK, 4 u 5. 3yiuanuyu caideauitiu, 6 u 7. CyRuanu
3yinanuuyu, 8. Hocay caitieauita, 9, 10, 11 u 12 3yiinanuyu 3a il020H iio4ko6a

OBO cy camMO HEKHM NpUMEpU MeXaHW3aMa KOjU HMajy NPUMEHY Ha MOJbONPUBPETHUM
MaliHaMa, a kKoju he ce aHanmM3upaTé y oBOj Kmu3u. PYyHKIMOHUCAHE MEXaHU3aMa Yy OKBUDY
MallliHa, 3aBUCH Ofl BeTOBHUX CTPYKTYPHHUX, KHHEMATHUYKNX ¥ IMHAMUYKUX mapamerapa. Heku of
OBHX ITapaMeTapa y TOKY pajia ce MOTY MemaTH, YMe ce MeXaHI3aM Ipunarohasa ycaoBAMa pajia
(3emspmIIITY, KYITYpH, cKIoMy Ombaka uTA.) CTora je GUTHO 3HATH NPUHLMIE ¥ 3aKOHATOCTH pajia
MeXaHn3aMa Kako OW ce MallliHa Y IeJTMHHA IPABIITHO U (DYHKI[MOHATHO KOPHUCTHIIA.

2.1. KunemMaTH4ku 4J1aHOBH

KuHeMaTnyky WiIaHOBM Cy BPJIO PA3IMYUTH TI0 CBOM KOHCTPYKTHBHOM H3IJIEAy, MO
KNHEMATHIKO] YII031 Y MEXaHU3MY U 110 HAUMHY CIIajarba ca PYIuM WIAHOM (KMHEMATHIKO] BE3H).
3aBuCcHO 0] Tora oMOryhaBajy pa3InuuTe BPCTe KPEeTarba ! jaBibajy ce pa3imInTe BPCTE TPEHa.

Ha cn. 2.7 npukazanu cy rpacudku cuMOOIM HEKHMX Off Hajuemhe KopuImheHWX diaHOBa
MexaHn3ama. Knm3aun nmajy MoryhHOCT 3a KJIM3HY M pOTAlMOHY Be3y ca IPyruM YiaHOBUMA (CII.
2.7 a, bu c). liprame HEMOKPETHUX OCTIOHAIIA Ca POTALMOHOM BE30M MPHUKA3aHO j& Ha MCTO] CIUIIH
nox d), e) u f), a ca cheprom u nosaycpepHom Be3oM nof g) u h). TlonyxHu unaHOBU ca JBe
pOTaIOHe KMHEMATHIKe Be3e TpruKaszaHe cy Nof i) u j) a ca Tpu Bede nop k). lllemarcko nprame
IMITMHAPUYHUX M KOHWYHKX 3yITYaHUKA Y JiBa TIOTJIeNja MPUKa3aHo je mof 1) 1 m), a TaHYaHWKa TO]T
n), 0K je OperacTy unaH NpuKasaH Moj p) Ha ci. 2.7.

A A EI A A A Ag A
e e A R B Ay A4S
a) b) c) d) f) a) h)

€)

B B Bo — P — T
7 Y
o C { \
4 9 @ ) (Ao )
A ) A[D Ao . . D \'\../'/ I
i) i k) ) m) n) p)

Ca. 2.7: I'pagpuuru cumb0oau HeKUX KUHEMATUUYKUX YAAHO8A
a, b, c)xkauzauu; d, e, £, g, h) ocaonyu, 1, j, k) ioayxcHu poiiayuoru 4aanosu; 1) yuauHOpu4HuU
3YUHAHUK, M) KOHUYHU 3YHYAHUK, 1) AAHYAHUK,; p) Opezaciliu 4aaH
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2. OCHOBHU II0OJMOBH

2.2. KuneMaTH4yku napoBu

Y KHHEMaTHYKOM CMHCIY €JIEMEHTApHH JIEIOBU MEXaHU3aMa HUCY WIaHOBM Beh KMHEMaTHUKy
naposu. Kunematnuku nap caunmbaBajy iBa wiaHa, of Kojux 6ap jefian Tpeba ja je mokpeTas. Beza
YJaHOBA Y KMHEMATHYKOM Iapy je pa3iuyuTa 1 3aBUCHO Off TOra MOTY, jeflaH Y OAHOCY Ha JIpYrH fa
ce pa3nu4uTO Kpehy: poTanuoHo, KIM3HO Uiy cnoxkeHno. KnuneMaTnuku nmapoBu Mory ja ce kpehy
CaMo Y je[IHO] paBHH, Tajla Ce Ha3MBajy PaBaHCKU WU Y IPOCTOPY, T€ Cy MPOCTOPHU KMHEMATHYKU
NIapOBH.

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 jla KiM3a MO HEMOKPETHOM uiaHy 1, mim
0oOpHYTO ako ce ocmoboau wiadH 1, a ykounm wiaH 2, Tafa he uman 1 umMaTu camo KJIM3HO
(TpaHCIaTOpHO) KpeTame yHyTap wiaHa 2. be3 063upa Koju je unaH nokpeTas 1 wim 2, peaTuBHO
KpeTame u3Mehy BUX OcTaje MCTO (HEMpOMemeHO). TpaHCIaTOpHH KMHEMAaTH4ku map 2, 3 (ciL.
2.8b) nma 06a mokpeTHa unana. [la 6u ce opemia BpcTa pelaTUBHOT KpeTawa n3Mehy mokpetHux
YJIaHOBA 3aMHUCIIH CE /1A j€ jeflaH HeTOKpeTaH, Hip. uiaH 2. OUuurieiHo je Aa Kiu3au 3 MoXke caMo Jia
KJM3a 1o 4iany 2. To ucTo Baxku ako ce 3aMUCIIHM Jla je HeMOoKpeTaH knu3ad 3, Tajja he ce unax 2
TPaHCIATOPHO KPETaTH YHyTap unaHa 3.

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

PaBaHcku mapoBu ca CIOXKEHHM KpEeTaweM MMajy U POTALMOHO M TPAHCIATOPHO KPETambe
(cmoXeHO) jeTHOT WIaHa y OfJHOCY Ha pyru y jefHoj pasuu (ci. 2.8f,g). CipernyTn 3ynuy Ha iBa
crpernyra 3ymuanuka (ci. 2.8f) Knu3ajy ce u KOoTpibajy jenau mo 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 pyru Mory Aa ce kpehy camo y jenHoj pasuu. [lap 1,
2 je TpaHCIATOPHU, IOK CY OCTAJIU POTALMOHH.

B 3
A
5 3 B2 C 2 B 2 2 3 D 2
A 1 3 A
/77&"/‘; Ad™2 A B 1
a) b) c) d) e) ) 9)

Ca. 2.8: PasaHcku KuHemaiiuyku ilaposu
a, b) wipancaaiiopnu; ¢, d, e) poiayuonu, 1) 3yiuacitu; 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 xenukonHor 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 (CIOKEHO) KpeTame, Kao M YWiaHoBH 2 1 3 mapa 1og d).
[Monycepun u ceprn maposu (ci. 2.9b,c) omoryhaBajy WwiaHOBAMAa pPOTAMOHO KpETame Y
IPOCTOPY y ABE UIIU TP PABHU.

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

Ca. 2.9: [IpocitiopHu KuHemaiiuiKu iaposu
a) xeauxouonu, b)iioaycgepuu, c)cghepru, d) poiiayuoru
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2. OCHOBHU II0OJMOBH

[Tpocropru yetBOpomonyxHu MexaHmzaMm (ci. 2.10) mma dYeTHMpn KMHEMAaTHyKa Tapa.
Kunematnuku nap 1, 2 u 4, 1 cy poranuonu paBaHcku, nap 2, 3 je npocTopHu cepHy, a 3, 4 je
NPOCTOPHHU NoaychepHH Tap.

2.3. Hyxy 1 BUIIM KHHEMAaTHYKH IAPOBH

[Tpema BenMuMHU JOAUPHE NOBPIIMHE KHHEMATUYKK IAPOBY ce flene Ha Hike U Buile. Hipku
MIapOBU Cy OHU Koju ce MehycoOHO oaupyjy no noBpiuHA. To cy Kiau3uu naposu (ci. 2.8a,b i ci.
2.9d), xenukoumnu nmaposu (cn. 2.9a) urn. Kop Hukux maposa Tpewe je Behe, Te je moTpeGHa u
Beha eHepruja 3a meroBo capnajjaBame. CTENeH KOPUCHOCTU HIKMX IapoBa je€ Mami, Kao H
crenuUyHN NPUTUCAK, T€ CE MOTY KOPUCTUTH MaTEPHUjay ca MalbUM BPEJHOCTUMA MEXaHUUKUX
KapaKTepUCTHKaA.

A Buiii KMHEMaTHIKA TTAPOBH CYy OHU KOJ| KOJUX CE YIaHOBH
2 MebycoOHO oMpyjy MO Majioj MOBPUIMHU (TAa4KW, JTUHHH). Y
) OBE MapoBe chajajy 3ymyactu u Operactu maposu (ci. 2.8f,g).

A

Opnukyjy ce MamuM TpemeM U BEJTUKUM  crequ(puIHIM
npuTHciuMa, Te ce u3pabyjy opg Matepujana 3a Behum
Bpe€aHOCTUMA MEXaHNYKUX KapaKTCpUuCTUKa. Crenen
KOPHMCHOCTH je Behn Hero Koj| HIKUX KHHEMATHIKUX TapoBa.

Ca. 2.10: Ilpocitiopru mexanusam
2.4. PeBepcnOmIHN 1 HpEBePCHOMTHI KHHEMATHYKH APOBH

[Tpema cBOjcTBY OOpHYTOCTH KpeTawma KMHEMATHUKM IApOBH CE [iele Ha PEeBEpCUOMIHE 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.

"""‘_.--‘- -
i -~
e e
’ !
. AN
.! \
| :
. \
2 N e Ty "_ 2 \
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VN X 8 1
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A ////\ A’ 1
1
a) 6)

Ca. 2.11: Hpesepcubuaru Kunamaiiusku 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
MOI‘thOCTI/IMa Kp€Takba KHHEMAaTUYKUX TapOBa U MCXaHNU3Ma y UCJIUHU.

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 [0jeINHAYHUX HErOBUX YIaHOBA.

Ca. 3.1: Citleiiern cn0600e Kpeitiarba jeOHoZ
UpPOU3BODHOZ HAAHA Y UPOCIUODY

3.1. Crenen c1000€ KpeTama KHHEMATHYKHX NapOBa

UYuM ce [1Ba 4aHa croje, OMI0 KOjoM KHHEMATUUKOM BE30M Y jeflaH KHHEMAaTHUKU Tap, jefan
JpyrOM OTpaHUYaBajy KPEeTame, OJHOCHO CMambyje UM ce Opoj CTENEeHH clno00fie KpeTama. 3aBUCHO
Ofl BpCTe KMHEMAaTHuyKe Be3e, KWHEMATHYKM IMapoBH MOTY Jla UMAjy jeflaH, fiBa, TPH, YETHUPH H
MAaKCHMAJIHO IIET CTENeHH cno0ofie KpeTawa. KnHeMaTuuku nap He MOXe Jla UMa LIECT CTENEeHH
cnobofie kpeTawa. Takohe, He MOXke OUTH cTeneH cno0ofe KUHEMAaTUUKOr T1apa jeJHaK HYyIH, jep
npecraje OUTHU nap, Beh je HemoMuyaH YaH.

KuHeMaTHYKnM napoBuMa ca jeTHHM CTeNeHOM clI000/e KpeTama je Ofy3eTo TeT (O] YKYITHO
IIECT), TAKO I CE jeflaH WIaH y OHOCY Ha IPYTH MOXe KpEeTaTH CaMo Ha jeflaH Off [IECT Ha3HAYEHUX
pa3NMUNTHX KOMIIOHEHTAHUX KpeTawa. HasmBajy ce mapoBuMa mpBor pepa. TpanciaTtopHu
KNHEMaTHYKH TApOBH Ca jEeJHAM CTENeHOM ciobofie KpeTama (ci. 3.2) mmajy MoryhHOCT camo
TpaHcnauyje mno ocu Y WM 1o npasiy wiaHa AB. Ako ce 3aMHIIVBEHO YKPYTH jelaH 4llaH, HIp. 2,
Tajia he unan 3 umMaTH caMo TpaHcIalyjy, WM OOPHYTO, AKO CE 3aMUIIIbEHO YKPYTH WiaH 3, Tajia he
ce uwlaH 2 MohM KpeTaTH caMoO TPaHCIaTOPHO. TpaHCIaTOPHO KpeTawme MOXKe OUTH U MO IPYTUM
ocama WIH 110 APYTUM TIpaBLuMa.

=1
2

3
A
)

a

Ca. 3.2: TpancaaiiopHu KuHemMaiiu4Ku aposu ca jeOHUM CitielieHom ca0000e Kpeiliarba

ITap ca cn. 3.2b Ha3uBa ce KyJIMCHU [ap ¥ TO CY HIIP. KJIUI U XUAPAYIUYHY LUIUHAAP KOjU UMajy
LIXPOKY NPUMEHY Ha NOJbONPUBPEAHIM MallHaMa. TpaHCIaTOpHK NApOBU MOTY UMATH Pa3IMyuTa
KOHCTPYKTHBHA pelliekha (pa3nuyuTu 00U WIAHOBA, PA3INYUTH ITONPEYHN MPECSIH UT]. ).
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3. CTEIIEH CJIOBOJIE KPETABA

Poraunonn KuHeMaTHYKu NMApOBHU ca je[HAM 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). 3ymyanui, pUKIMOHN TOYKOBH U IPYTU IPEHOCHUIIM CHATe K OOPTHOT
Kperama (moy d), Kao u Gperacta ocoBuHa (IIO]] €), MMajy jefaH CTeNeH cIobo/ie KpeTama y OHOCY
Ha HEMOKPETHH 4JaH (CBOjY TEOMETPHJCKY OCY) OKO Koje ce 00phy.

Ry
2 C TN
[0))
3 2
A
c) d)
oC
’ % AX2 B A2 s
$ TR % &
A B A E!
€) f) 9) h) i)

Ca. 3.3: PoitiayuoHu KuHemMaitiuiKu ilaposu ca jeOHUM CilieileHoM ca0000e Kpeillara

KunemMaTHykn mnapoBu ca [iBa cTeleHa cJ1000fe KpeTama, 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
Kpehy Ha 1Ba pasnmuMrta KOMIIOHEHTanHa Kperawma (ci. 3.4). YTiIaBHOM je TO KOMOWHauuja
TPAHCIATOPHOT ¥ POTALMOHOT KPETama.

Ca. 3.4: Kunemaiiuuxu itiaposu ca 08a citieiieHa ca10600e Kpeitiarba

Ha oBoj cimuu 3.4 1oyt a) 1 b) npejicTaB/beHn Cy HIP. TPEHOCHUIM WM TOUYKOBH KOju ce 00phy
OKO CBOj€ OCe M aKCHjaJHO Cy NMOMEPJbUBU MO BPATHJIy WM OCOBMHM Ha Kojoj ce Hamaze. CBe
3aBpTambCKe Be3e MMajy JBa cTereHa cinobofe Kperama (mop ¢). KapaaHos 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 TpU CTENeHa, 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 IPUKIbYIHAX MAIIIUHA Off 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 ).

. R > e ) Ny
2 S ) 2)'8 Rx
5 &,
a

Ca. 3.5: Kunemaitiuuku ilaposu ca iipu citieiteHa ca0600e Kpeiliarsa

KuneMaTHYKN NapoBu ca YeTHPH CTeneHa c00o0/ie KpeTama (IIapOoBH 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
MpaKTUYHY npuMeHy. [IpuMep KHHEMaTHUKOT apa MeTor pefa je jgonTa Ha mioun (ci. 3.7). Jlonra
y OTHOCY Ha IIOYy MMa JiBe TpaHcianuje u Tpu poTanuje. CaMo He MOXKe a MMa TPaHCIALHU]y 0
ocH Z jep Ou ce pa3aBOjuiIu U pecTani OUTH KUHEMATUUKHY Hap.

Rz o B
T ”
Ry - Ry : Ry
3 7N
= A
| Tx
2 y
2
Ca. 3.6: Kunemaiuuuxu iiap ca yeiuupu Ca. 3.7: Kunemaiiuyku tiap ca iieit

cinieitera cn0600e Kpeiliara citieiieHu c100600e Kpeitiarba

Crenenu CJIO6OJIC KpeTaba HOjGJII/IHa‘-IHI/IX KMHEMATUYKUX MapOBa yTUYY Ha CTCICH CJIO6OJIC
Kpe€Talkba 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
y4BpCTHTH (YKPYTHTH) a 0¥ MeXaHH3aM 0CTao KpyTa ¢urypa.

AKO ce Koj| KITUITHOT MeXaHu3Ma (ci1. 3.8) yUBpCTH MOTOHCKY WIaH 2 OYMIJIE[HO je Aa ce Hehe
Mohu KpeTaTH WiaH 3, a caMuM TUM U WiaH 4. AKO ce ocio0ou wiaH 2, a YKPyTH 3, HE 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,
MEXaHM3aM Mpecraje OUTH MeXaHU3aM, Tj. TOCTaje KpyTa (pUrypa, ITO 3HaYM 2 OBAj MEXaHU3aM
MMa jeflaH cTemneH cirobone KpeTama (SSK=1).

[Mpoumpenu yeTBOpONmonyXXKHM MexaHu3zaM (1. 3.9) ca WwiaHOM 5 WMa jefHy MOTEHIHjaJHy
KHHeMaTnuky Be3y (31106 E). Ako ce ykpyTu noroHcku uiaH 2 Hehe ce Mok KpeTaTy unaHoBY 3 1
4, nok he ce u gasbe Mohu KpeTaTy 4jaH S, IITO 3HAYM 1a MeXaHu3aM uMma Buule of 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 mexanmzam (cin. 3.8) mpepcraBiba 3aTBOPEH KMHEMATHUKM JIaHAI, a TPOIIMPEHH
YETBOPOIIOJYKHI MeXaHu3aM (ci1. 3.9) je OTBOpeH! KWHAMATHYKY JIaHAIl.

3

Ca. 3.8: Kauitnu mexanuzam ca jeoHum SSK Ca. 3.9: HoaymrHu mexanuzam ca 0ea SSK

2. Tlox SSK mnoppa3zymena ce Opoj NOrOHCKHX WIAHOBA Y MEXaHU3MY, YHjUM KpeTameM 0u ce
CBH OCTAJIN WIAHOBH KPETaJIH jeTHO3HAYHO N0 YHaNpex oapehenoM 3aKkomy.

[Torpeban Gpoj MOrOHCKUX YIaHOBA MEXaHM3Ma, fla Ou ce MeXaHHu3aM jeflHO3HAuYHO KpeTao,
onpebyje ce Bu3yeHO 1 ToMohy cTpykTypHE hopmyne Yebumea (Yeoumes, 1821 — 1894. ron.).

Crenen cnobofie KpeTama BU3YENHO ce ofipebyje Ha HAaunMH KaKo je TO PeYeHO MOl TAYKoM 1.
Kounun mexannsam ca cii. 3.8 Tpe6a ja uMa jean moroHcku wia, 6uino ki 2 ( kop motopa SUS)
WK WiaH 4 (KOf MyMITH, Tipeca WT.) Tla JIa Ce CBU OCTaJIM MOKPETHH WIAHOBH jeJHO3HAYHO Kpehy.
Mexanu3zam ca ci. 3.9 Tpeba ja MMa JiBa IOTOHCKA YJIaHa, YIAHOBH 2 1 5, WK YJIaHOBH 4 1 5 1a Ou ce
11€0 MEXaHMU3aM je[[HO3HAUHO KPETao.

CrpykrypHa popmyna YeOuiea 3a ofgpebuBame SSK nma oniru o6nuk:

SSK:(B—m)(n—1)—5§:n(6—m—i)Pi, ........................................................ (3.1)
i=1

e je: m — Opoj MOYETHHX OrpaHWYeHa, N — YKyNaH Opoj WiaHOBa MeXaHW3Ma (MOKPETHH 1
HENIOKPETHN); 1 — peji KHHEMATUUKOT napa; P;— Opoj KUHEMaTUYKKX TapoBa 1—TOT pefia.

CBaku MexaHM3aM CacTOju ce W3 BHIIE KMHEMAaTHYKUX IapoBa Pa3jIMYUTUX pefioBa KOju
onpebyjy SSK mexanusma. Kunemaruuku map npsor pefa opy3uma Mmexanusmy net SSK; map
fpyror pefa onysuma Mexanusmy yetupu SSK; tpeher pepma opyzuma tpu SSK; yerBpTor pena

Ofly3UMa JIBa U IETOT pefia ofy3uMa Mexanusmy jegan SSK.
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3. CTEIIEH CJIOBOJIE KPETABA

AKO je MexaHHM3aM NpPOCTOpHH, 0€3 MKAaKBHX JPYIUX MNOYETHUX OrpaHUYECHA Y KpEeTamy,
OJIHOCHO KaJia je 6poj moueTHUxX orpanndema m=0, jennaunna (3.1) he umaru o6muK:

SSK =6(N—1) 5P — 4Py —3P3 —2P4 = P5, w.oovovosrccceeeessscceoeesssseeeeeee (3.2)

rae je: Pp- Opoj kuHemaTuukux naposa ca jefHuM SSK; Po- Opoj KMHEMaTHUYKUX IapoBa ca fiBa
SSK; Pg3- O6poj kuHemaTtnukux naposa ca Tpu SSK; P4- Opoj KWHEMAaTHUKUX [TApOBa ca YETUPH
SSK u Ps - 6poj kuHemaTrukux naposa ca net SSK.

Jemnaunna (3.1) Moxke UMaTH ¥ ipyre OOJIMKe 3aBUCHO Off OpOja MOYETHUX OrpaHuYCHha. AKO
MeXaHU3aM y CTapTy MMa jefHO orpannyeme (m=1) tajga jeqnaunna 3a onpebuBame SSK raacu:

SSK =5(N—1) —4P; —3P2 —2P3 =P . eceeerrrriiccccccecs (3.3)
Kana Mmexann3am nma jBa orpaHnueha (m=2) jeqHaunHa uMa 00JIHK:
SSK=4(N—-1) =3P —2P9 —P3. it (3.4)

3a paBaHCKe MeXaHU3Me KOJ KOjux je Opoj MOYETHHX OrpaHMyeHma y KpPeTamwy jeHaK TpU
(m=3) jeqnaunHa 3a ogpebuBame SSK jenHaka je:

SSK =3(N—1) = 2P| P eooooooesscceeeeesssceeeessssmssesssssmssessessssseeessssnsseeeo (3.5)

[ToueTHo orpanmueme (m) mpencraBiba OpOj Pa3IUUMTHX KOMIIOHEHTATHHX KpeTama Koja
MexaHu3aM He MOXe Jla UMa, 300r BpcTe KMHEMAaTHYKHUX Be3a u3Mehy unaHoBa. AKO MeXaHHU3aM
HeMa IoYeTHHX orpannyerma (m=0), Kao HIp. IPOCTOPHE MeXaHu3aM ca ci1. 3.10, Koju MoKe J1a uMa
CBE TPY TPaHCJalHje U CBe TpH poTtauuje oko oca X, Y u Z, Taja je m=0.

YeTBOPOMONYKHA PaBaHCKH MeXaHU3aM ca cil. 3.11 uMa y crapty Tpu orpaHnderma (m=3) jep
HE MOXe Jia ce Kpehe TpaHCIaTOpPHO 1O OcK Y ¥ POTALMOHO OKO oca Z 1 X, jep O y NPOTUBHOM
13al1a0 U3 BepTUKAJIHE PaBHU KOjy ofpebyjy oce X u Z u npectao 61 OMTH paBaHCKM MEXaHU3aM.

Yeroponony:xun Mexanusam (ci. 3.10) je mpocTopHu MexaHu3am, Te ce 3a ofpebuBame SSK
KOpHCTH jegHaunHa (3.2). MexaHn3am nMa 4eTnpu wiaHa (n=4), iBa KNHEMaTHIKa Mapa ca jelHIM
creneHoM cnobope kperawa Pj=2 (1,2 u 4,1), jeman map ca iBa cremneHa cinoboye Kperama Py =1
(3,4) m jeman map ca Tpu crenena ciaobone kperamwa P3=1(2,3), Te je:

SSK =6(n—1)—5P; —4P, —3P3 —2P; —P5 =6(4—1)-5-2-4.1-3.1-2.0-0 =1.

Mexanu3am uma jegan SSK, mito 3Ha4u f1a je noTpebaH jefjaH MOrOHCKY 4JIaH, 11a Jja Ce OCTallu
4JaHOBM Kpehy je[HO3HAUHO, 3aBUCHO Off KpeTamba MOTOHCKOT YIaHA ¥ T€OMETPHjCKUX BPEHOCTH
CBHX 4iaHoBa MexaHu3Ma. Koju he unan OMTH MOTOHCKH, Y CTPYKTYPHOM Torneqy Huje 6utHo. V3
TEXHUYKUX Pa3jora HajImorofHMje je ja TOTOHCKM 4YilaH ¥MMa pOTAlMOHO KpeTame, 3aTHM

TPAHCIATOPHO 1 TEK OHJIa YIAH Ca CIIOKEHUM KPETamEM.
Mexanusam ca ci. 3.11 je paBaHcku jep mma MoryhHOCT fia ce kpehe camo y jeHoj paBHu (Koja

je medunucana ocama X u Z). Crora ce 3a onpebuBame SSK kopucrtu jegnauuna (3.5). 3a oBaj
MexaHm3aM je n=4, P;=4 (1,2;2,3;3,4u4,1) u P, =0, Te je:
SSK =3(n—1)— 2P —P; =3(4-1)-2-4-0=1.

Kama 6m ce 3a paBaHcku MexaHm3aMm ca ci. 3.11 KopucTuna jeqHauWHa 3a TMPOCTOPHH

mexanu3aMm (3.2) pesyarar 6u 6mo SSK= —2. To 3Haum 1a 6u TpeOGaIO YKPYTUTH /IBa WIaHA OBOT
MeXaHH3Ma, 1a ce He Ou cam off cebe KpeTao, ITO CBaKakKo He MOXKe OUTH.
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3. CTEIIEH CJIOBOJIE KPETABA

Ca. 3.10: SSK iipocitioproz mexanusma Ca. 3.11: SSK pasarckoz mexanusma

Crenen cnobofie KpeTama KJIUIHOT MeXaHu3Ma ca ci1. 3.8 je
SSK =3(n—-1)—2P; —Pp =3(4-1)—-2-4-0=1,jepjen=4, Py=4(1,2;2,3;34u4,1)u Py=

Crenen cnoOojie KpeTawa INPOUIMPEHOr YEeTBOPO3rJIOOHOr MexaHm3mMa ca ci. 3.9 je:
SSK =3(n-1)-2P; -P» =3(5-1)-2-5-0=2,jepje n=5, P;=5(1,2;2,3;3,4;3,5u4,1) u Pp=0.la
Ou ce MexaHu3aM KpeTao jeflHO3HayHO Tpeba fa Oyay Ba MOTOHCKA 4iaHa: uiaH 2 u S unu 4 u 5.
Kaya 6u 610 TOroHCKY WiaH caMo 4iiaH 2, Tajia Ou ce WiaH 5 KpeTao mpou3BoJbHO (Heonpeheno).

Mexanu3aum 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; — Py =3(6-1) — 2-5-2=3. I1o apyroj aepuHNIM]j1 TPOU3UIIA3H []a OBA]
MexaHu3aM Tpeba Jla MMa TpU IMOTOHCKA YllaHAa KakKo OM ce OCTald KpeTajad jeHO3HAYHO.
AHanu30M MOTyhHOCTH KpeTarba CBAKOT YWIaHa MOXKe Ce 3aKIbyYUTH Jia TO He Moxke oury, jep he ce

MEXaHW3aM je[JHO3HAYHO KPETATH aKO NMOrOHCKM WIaH Oyje camo jejlaH, HIp. WiaH 2. MebyTHM
KpeTame 4laHoBa 4 u 5 Huje jeqHO3HayHO. OBHU 4IaHOBU he ce 0OpTaTH OKO CBOjUX OCa YTaOHUM

Op3nHaMa ®4 ¥ ©5 YHMj€ BPEJHOCTH MOTY OUTH pa3iMyuTe U HUCY OMTHE 32 (PYHKIUOHUCAHE

MexaHn3ma. YnmanoBn 4 m 5 Mory 4Yak u ja ce He oOphy (ma ce ykpyre), omeT OM MeXaHHW3aM
(byH1IIMOHKCA0 OOPTakEM CaMO TIOTOHCKOT WIaHa 2, je[JMHO ca MoBehaHuM TpemeM Kin3ama nusmeby
ynaHoBa 4, 1 u 5, 6. 3Hauu f1a cy ipyra jiBa crenexa cnobojie KpeTamwa YCTBApU BPEJHOCTH YTAOHUX
Op3uHa WiaHOBa 4 U 5, ILITO MOXKE, a U He MOpa OUTH OUTHO 3a (PYHKIMOHUCAKE CAMOT MEXaHU3MA.

Oga iBa cTeneHa cnobofie KpeTamwa ce Ha3uBajy puktuBHIM SSK.

Ca. 3.12: SSK mexarnuzma

Ha coumu 3.13 npukasaH je Mexanu3aM ypebaja 3a mpukibyuuBame opyba Ha TpakTop
(mopm3HM MexaHm3aM TpakTopa). CBH TPaKTOpPH KOjU CE CEPUjCKH MPOM3BOJIEC UMAjy UCTY OBAKBY
CTPYKTYpY YJIAaHOBA, C TOM PA3JIMKOM JIa HEKHM UMajy Ba XHU[payJInyHa IMIMHAPA U MOTY OUTH Ha
Pa3MUYUTIM MECTHMA TOCTABIbEHN.

MexaHu3zam je CIIOXXEH jep e CacTOjU U3 [iBa jJe[IHOCTaBHUja MEXaHU3Ma KOjU MOTY 3ace0HO fa
(yHKIMOHNIY U f1a ce aHanu3upajy. [IpBu jeqHOCTaBaH MEeXaHU3aM MPEJCTaB/bajy 4iIaHoBy 1, 2, 3,
4,5,6,7 u 8. JIpyru jeqHoctaBaH MEXaHHW3aM cadumbaBajy wianosu 1, 9, 10, 11, 7, 8 u moroncku
KJIMI Koju Om Ouo y Be3u ca unaHoM 11. Unan 8 je crosbHU unaH U OH Y (PU3MUKOM CMUCIY HE
npunaga oBoM Mexanusmy. To je unaH Koju ce Hala3u Ha NPHUKIbYYHO] MAIIWHW; Ha3WBa ce
NPUKJbYYHU TPOYyrao uim nupamupa. MebyTtum, nogusnu MexanuszaMm je y (pyHKUUMjH TEK Kaja 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.

a) b)

Ca. 3.13: Cinieiier cn10600e Kpeitiarsa HoOU3H0Z MeXAHUIMA UPAKIiopa

[Nopu3Hn MexaHW3aM TPaKTOpa je MPOCTOPHH, MehyTHM MOXKe ce cMaTpaTH jia je CBaK| Off /1Ba
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 Py =0, Te je:

SSK=3(n-1)-2P; —P», =3(8-1)-2-10-0=1.

Jennaunna YeOumea kopuctu ce 3a onpebuBame SSK u mnaneraprux mnpenocHuka. Ha ci.
3.14 mpukaszaH je jeqHOCTaBaH ENMMIMKIMYHM IUIAHETAPHA MPEHOCHUK (jelaH 3yMYaHUK je
HEMoKpeTaH) 3a Koju je n=3, P;=2(1,3;2,3) u Py =1 (1,2), e je:

SSK=3(n-1)-2P; —Pp =3(3-1)-2-2-1=1, mTO 3HauM [ia je [OBOJbHO MOKPETaTU HOCay
caTemTa 3 WM 3yITYaHUK CaTEJINUT 2, 11a 1a ce MeXaHu3aM jellHO3HAuHO Kpehe.

3a audepeHnjarHy IaHeTapHU NPEHOCHUK (CBU 3yMYaHWIM Cy mokpetHu) (ci. 3.15) je:
n=4, P;=3 (1,2; 1,4; 34), Pp=1 (2,3), Te je: SSK=3(n—-1)—2P; —P» =3(4-1)-2-3-1=2. 3a 0Baj
MeXaHHu3aM TMOTpeOHa Cy fiBa MOTOHCKA 4YlaHa fa OW ce jeJHO3HAYHO KpeTao W Hajyemhe Cy TO
CYHYaHH 3yITYaHNK 2 ¥ HOCAY caTesnTa 4.

[ ]2 1.3
B_ B
|| il -+
3 0]

? LELL L
J— i 7777 7777

! 2 -2
Ca. 3.14: SSK eiiuyuxauqno? inaueitiapHoz Ca. 3.15: SSK ougpepenyujanno?

UpEeHOCHUKA UAAHEINAPHOZ UPEHOCHUKA

3a cIoXeHH! TIaHeTapHH MpeHOocHuK (ci. 3.16) ykynman 6poj WiaHOBa je n=>5 jep Cy 3ymIaHunu
caTenuTd 3 M 4 Ha NCTOM BpATWIIy M padyHajy ce Kao jefaH wiaH. bpoj KnHeMaTnukux maposa ca
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3. CTEIIEH CJIOBOJIE KPETABA

jemumm  SSK je P=4 (12; 63; 6,1; 51) a ca mBa Pp=2 (32; 45), Te je
SSK =3(N—1)—2P, —Py =3(5-1)-2-4-2=2.

3a onpebuBame cremeHa c1o601e KpeTama CIOKEHUX IUIAHETAPHUX MPEHOCHWKA, MOXE Ce,
ceM jenHaunHe YeOuiesa, KOpUCTUTH ciefeha jenHaunHa:

SSKzno_km, ............................................................................................... (3.6)

TJie je: n,- Opoj MOKPETHHUX 3yIMYaHUKa CIOXEHOT INIaHETaPHOT IPEHOCHUKA, K, - OpO] OIBOjeHMX
IJIaHeTapHUX AU(EPEHLMjaTTHIX [Py,

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 [NTaHETAPHU IPEHOCHUIM, Te je SSK =ng -k, =4-2=2.

Cnenehu npumep je audepeHIyjanHy IaHETapHU NIPEHOCHUK 32 MOTOH TOYKOBA TPaKTOpa
(Bo3mita) (ci. 3.17). OBaj Mexanu3aM oMmoryhasa pa3nuuut 6poj oOpTaja TOYKOBa TPAKTOpa IITO je
HEOIXOJIHO IpH KpeTamwy Y KpuBUHU. Off MOTOpa TPAKTOPa A0J1a31 MOTOH Ha KOHUYHY 3yITYaHUK 2
KOjU je CIPEerHyT ca 3ymyaHukoM 3. 3ymyaHuk 3 U Hocay caTeauTa 8 cy y uBpcroj Be3u. Hocau 8
IOTOHM 3yIMYaHWKe caTejauTe 4 ¥ S5 KOjU Cy CHPErHyTH ca LEHTPAJHUM 3ymyaHunuma 6 u 7.
LlenTpanuu 3ymyaHuiy 6 u 7 cy Ha UCTUM BpaTUIMMa ca TOYKOBMMA TPAKTOpa MU MX TOTOHE
NPEKO 3yMyaHuKa.

[penocHuK nMa 6 3ynmyaHuka u 4 miaHeTapHe rpyne: N =6 (3ymuanumy 2, 3,4, 5,6 u7) u

km=4 (2,3,4,6; 2,3,4,7, 2,3,5 6mu?2 3,5 7). llpema jennauunn (3.6) mobuja ce:
SSK =ng — Kk, =6—-4=2. MexaHu3am nMa JiBa cTerieHa ciio0ojie KpeTamwa, OffHOCHO IIpU 00pTamy
3ynyaHuKa 2 3ymyanuim 6 u 7 Mory fia ce oophy ca paznuuutium OpojeBrmMa oopTaja.

() 1 2 ()
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Ca. 3.16: SSK caoxceroz Ca. 3.17: SSK ougheperuyujaano? iipeHocHuKa ipaxkiiopa

UAAHEIAPHOZ UPEHOCHUKA

3. Ilop SSK mnogpasymeBa ce 0poj pa3IMUMTHX KOMIOHEHTAJIHHX KpeTama 4WIAHOBA
MeXaHH3Ma NPH KPeTamby jeJHOT IOrOHCKOT WIaHAa

AKO MexaHHM3aM MMa jeflaH MOTOHCKM 4JlaH YMjUM KpEeTambeM Ce OCTalu 4jlaHoBU Kpehy Ha
BHILIE PA3IMYUTUX KOMIIOHEHTAJHUX KpeTama, TaKaB MeXaHW3aM MMa BHUILE CTENEeHH cao0ofe
KpeTama.

[Tpommpenn yeTBOponoONy:KHU MexaHu3aMm ca ci. 3.9 mma aBa SSK, jep ce mpu kperamwy
IIOFOHCKOT unaHa 2, unal 5 Kpehe Ha HeoipebeH HauuH, a yi1aHoBu 3 U 4 Ha odreden, jeHO3HAYaH
HAYKH.
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3. CTEIIEH CJIOBOJIE KPETABA

Wctn mpumep je mucpepeHnmjamHu NpeHOCHHK TpkTopa (cim. 3.17) xoju mMa fiBa cremeHa
cinobosie KpeTamwa (pasnuuuTe Op3uHe 0OpTama 3ymyaHuka 6 1 7 — TOUYKOBA) 3a jeflaH MOTOHCKH
YJIaH 2.

Cnenehu npumep 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. VMmajy 1mmpoky npumeHy, u3Meby ocTajor M 3a NOTOH aKTUBHUX DajlHUX OpraHa
NPUKJBYYHAX MallMHA O TNPHKIBYYHOI BpaTWia TpakTopa. KapmaHoBo BpaTtmino mMa jemad
MIOTOHCKHY YJIaH 2, a pa3MIuTa KOMIOHEHTAIHA KpeTamwa (pasmuuute SSK), 3aBUCHO 071 TOra Kako
jé TOlEHO BpaTwiio 3 U 4 CII0jeHO 3a paJiHy MaIlHY.

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

SSK =6(n—1)— 5P, — 4Py —3P3 —2P; —P5 =6(3-1)~5-1-4-0-3-1-2-0-0=4, e je P;=1 (1.2),
Po=0, P3=1(1,3) u P4 =P5=0. [IpBu cremneH cnoboje KpeTama je 00pTame MOrOHCKOT WiaHa
1, a npyry, Tpehu u 4eTBPTH Cy MOTEHIIMjaJIHA KOMIIOHEHTAIHA KpPeTama rombeHor wiana (3).

CreneH cio0ojie KpeTamwa KapaHoBOT BpaTuia ca ci. 3.18D je:

SSK =6(n—1) 5P, —4Py —3P3 — 2Py —P5 =6(4—-1)-5-2-4.0-3-2-2-0-0=2, rjic je P =2
(1,2;4,1), Pp=0m P3=2(2,3;3.4).

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

yria oL UITO je OMOryheHO KOHCTPYKIIUjOM YIEXKHUILITeHha YaHa 4.

3 A 2 A 2 A
2 o A ﬂ@i\c ol x‘ﬂ@< 3
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Ca. 3.18: Kunemaitiuuxe weme kapoanosoz 8paitiund

Kapna ce kapgaHoBO BpaTWJIO KOPHCTH 3a TOTOH PAHUX OpraHa NPUKJbYYHE MAIIUHE Off
MPUKJBYYHOT BpaTHia TPAKTOPa, Tafa ce FOBEHU WiaH 4 3ajeHO ca MAIIMHOM MOXKe TIOMepaTu
(cm.3.18c), re je SSK jenmnak:

SSK =6(n—-1)-5P; —4P» —3P3 —2P4 —P5 =6(4-1)-5-1-4.0-3-2-2-0-0=7,
rieje Pp=1(1,2), Pp=0m P3=2(2,3;3,4).

Cenam cremneHu cinobofie KpeTamba 3HAUd J1a MeXaHu3aM oMoryhaBa MPHKIbYYHO] MAIIVHU,
OJIHOCHO 4JIaHy 4, ceflaM pa3IuYuTHX KOMIOHEHTAHUX KpeTamba. OBONUKY OpOj KOMIOHEHTATHUX
KpeTama (cefiam) je mooujeH 300T 1Ba KapiaHoBa 3r106a A u B 0Ko KOjuX ce ocTany WiaHOBH MOTY
poTtupaTu ca no Tpu poraiuje. Konuku he 6utu ctBapas creneH cio0o/ie KpeTama KapaaHOBOT
BpaTuia, oJ1 MOTeHIHjaTHuX 7, ca cii. 3.18¢, 3aBucH o1 BpCTe MPUKJbYYHE MAIIMHE M HAYMHA
MPUKJbYUMBaba MAIIMHE 32 TPAKTOP.

Kapa je kapganoBo BpaTuno Teseckorcko (ci. 13.18d) SSK jepnax je:

SSK =6(n—1) —5P; — 4P, —3P3 —2P; —P5 =6(5—-1)~5-2-4-0-3.2-2-0-0=8,
e je n=5, P1=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 Ofl MpHUKJbYuYHE MaliuHe U ycnoBa paga. Ha ca. 3.19. mpukasan je Tpaktop y arperary ca
NPUKIbYYHUM MalllMHaMa NPy KpeTawy Ha pa3nuuuToM Tepeny. Ha oBom npumepy uckopuiihene
Cy IeT, Off YKYIHO 8 MOTYhHOCTH Pa3MMYMTUX KOMIIOHEHTATHUX KPETatba.

KappanoBo BpaTuiio omoryhapa npuK/bYIHO] MAIIMHK, YHjH CE AKTUBHU PAJJHUA OPTaHU TIOTOHE
Ol TpaKTOpa ca KapjlaHOBUM BpaTHUJIOM, a ©UMa poTalujy oko oca Z, Y u X ¥ TpaHcaauujy mno ocu X

(3a Temeckomncko BpaTuio). [letu crenen cinobope 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
KOjJy ll020HU KApOAaHOo80 8PAtiUL0

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 €a acleKTa CTeleHa
c7100071€ KpeTama.

Hexka je 3amat ocHoBHE Mexanm3aM (ci. 3.20a) u mopatHu (cn. 3.20b) koje Tpeba crnojutu y
jenaH CII0XKeH, TIOJ] YCIIOBOM Jia CIIOXKEHH MEXaHI3aM IMa jeflaH cTelleH ciobope Kpetama (SSK=1)

OcHoBHU MexaHW3aM je dYeTBopomodyxHu koju umma SSK=1. JlojaTHu MexaHuzam je
KHHeMaTnyka rpyna tpehe kmace (IMa Tpu MOTEHIWjaJlHE KMHEMAaTHUKE Be3e) UMjU je CTeNeH

crnobone kperamwa: SSKy=3(n-0)—2P; Py =3(4-0)-2-3-2-0=6, e je n=4, P=3 (5,6; 7,6;
8,0)u Pp=0. JomaTHu MexaHn3aM HeMa HEMIOKPETHHX WIAHOBA, Te je Y jeqHaunnn 3a SSK (n—0) .
JenHaunHa 3a popMupame ClI10XEeHUX MEXaHN3aMa II1acu:

SSK =SSK g +SSK g —2-F | coieeeeeescceeeeeesseceeeeessssseeeesssssseeessssmseees e (3.7)

rae je SSK — crenen cnobofie KpeTamwa CIOXEHOT MexaHu3Ma, SSK, - creneH cinobofie KpeTawa

OCHOBHOT MexaHm3Ma, SSK - 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 YCIOB 3a
(hopMupame CIOXKEHOT MEXaHN3Ma jeTHaK:

AHamM30M OBHX YCIOBAa MOXE Ce 3aKJbYUHTH fla he TOTyXKHH MeXaHW3aM Hajuelrhe MMaTH
jeflaH cTerneH cnobofie KpeTamwa ako UMa napas 6poj 4iaHoBa.
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3. CTEIIEH CJIOBOJIE KPETABA

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

_ SSKg+SSKg —SSK

f 3.

Ca. 3.20: Dopmuparbe cA0HEHOZ MEXAHUIMA
a) 0CHOBHU MexarHu3am, b) 000ailiHu- KuHemaltiuiKa 2pyiia, ) CAOHeHU MEXAHUIAM

AKO ce loflaTHa rpyma CIOju 32 OCHOBHU MEXaHM3aM ca TpU KMHEMaTHuKe Bese, Aobuhe ce
CITIOXKEHN MEXaHM3aM ca jelIHIM CTeTIeHOM c1obof1e KpeTtama (ci1. 3.20c). Te KkuneMaTHuke 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, rye 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 Pp=0.
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4. IYTABE MEXAHU3AMA

4. TYTAILE MEXAHU3MA

IIpu pagy MexaHu3amMa HEroBM UNAaHOBM ce Kpehy @O pasinuuuTEM IyTamama:
NPaBOJIMHU]CKUM, KPYKHMM, KPUBOJMHUJCKAM WM HEKUM ciloxeHuM. [lo3HaBame myramwa u
3aKOHUTOCTH HHXOBE NPOMEHE je MOTPeOHO fla OM ce cariefao paj MeXaHu3Ma, Berosa yjora y
MaIlMHHY U ja OU ce OfpeuI KUHEMaTUYKY TapaMeTpH MEXaHU3Ma.

[Tytame ce Mory ogpeuTy rpauykKuM U aHATUTHYKUM METOJIOMA.

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

I'pachuuke meTope cy jeHOCTaBHE, NperieHe U BudyenHe. Hepocratak oBUX MeToOfia je Taj
HITO TAaYHOCT NOOMjEHUX MyTawa 3aBHUCU Off NPEUU3HOCTH LpTawa. [locToju Buie rpauykux
MeTOJIa 3a ofipehuBame MyTama, a Hajje[HOCTaBHuja je MeToia mecrapa.

MeTtopioM 1iecrapa ce ofpebyjy TpeHyTHHU MONOXaju MEXaHU3Ma U MyTambe Tayaka MexaHu3ma
y TOKY jefHOr 1esor pagHor nuknyca. [Ipumena Merope mecrapa 6uhe npyuka3aHa Ha KJIUITHOM
Mexanusmy (ci. 4.1), rae Tpe6Ga ogpenutn nyTamwy wiana 4 (tauke C) y 3aBUCHOCTH Off KpeTamba
TIIOTOHCKOT unaHa 2, (of myTame Tauke B) M TO y HEKOM TPEHYTHOM MOJOXKajy U y TOKY jeHOT

HOTITYHOT Paj{HOT IUKJyca (jeHOT MOTIYHOT 00pTaja MOrOHCKOT YllaHa 2).
ITocTynak oppebuBama TPEeHYTHOT MOJOXKaja MeXaHW3aMa 3a 3ajjaTH TPEHYTHH MONOXKa]

MOTOHCKOT 4JlaHa 2, KOju je fAeuHucan yrioM ¢, npukaszas je Ha ci. 4.2. Unan 2 ce o6phe oko
HEIMOKPETHE Tauke A, Te je myTamwa Tauke B kpyxHuna sg paaujyca R = AB. Knuzau 4 moxe fa

ce kpehe caMo TpaHCIaTOPHO, Te je MyTawa Sc Ha mpasly X —X. JlykuHe uimaHoBa 2 u 3 cy
koHcTaHTHe (R =const, L=const,), Te ce y oTBop miecrapa ayxune L, u3 Tauke B Hanpra nyk u

T/Ie ceve myTamwy X —X , 106uja ce tauka C.

Ca. 4.1: Kunemaitiuuka uiema KAUiiHo2 Ca. 4.2: O0opebhusarve itipeHyilinoz iloaoxaja
MEXAHUIMA KAUUHOZ MEXAHUSMA

OnpebuBame TyTama 3a jeJaH MOTIYH pajJHU IMUKIYC TpuKas3aH je Ha ci 4.3. Ilopgenu ce
nyTama Tauke B (KpykHHUIA sp) Ha jemHak O6poj menoBa, Hip. 12 u obenexku ca B, B2 no B12 y
cMepy obprama moronckor winana 2. lllto je Behu Opoj momespaka noOujeHe myTawe he OuTU
tauHuje. [JoBoibHA je TayHOCT ca 12 mojesbaka. Y OTBOp LIecTapa y3Me ce AyXHMHa KiuNamaye
(myx BC) u u3 cBake Tauke B1, B2 o B12 nampra ce ayK y 4ymjem Ipeceky ca mpaBmeM X — X
nobujajy ce ogrosapajyhe Tauka C, onHocHo o C1, C2 no C12. Ha Taj HauuH ce 1o0ujajy fBaHaecT
TPEHYTHUX [10JI0Kaja MEXaHU3Ma.
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4. IYTABE MEXAHU3AMA

[Ipu onpehuBamy myTama MOTPEOHO je OIPEIUTH Kpajikhe, TAaKO3BaHE ,,MpPTBe" MOJI0XkKaje
MexaHusMa. Kpajibu mosiokaju ¢y OHU IOJI0Kaju Kajla Tauyka, OJHOCHO WIAH MEHa MpaBal]
KpeTama. Kpajibu nonoxaji KIUITHOT MeXaHU3Ma Cy OHH KaJia ce WIaHOBH 2 U 3 Haby Ha MCTOM
npasuy. To cy nonoxaju obenexenu ca l u 7.

3a jegan notnyH o0pTaj moroHckor uiana 2 ox 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 KAUILHOZ MEXAHUIMA 30 jeOaH HOMIYH PAOHU YUKAYC

UYnaHoBM MeXaHM3Ma MOTy OUTH Pa3IMYUTO KOHCTPYKTHBHO M3BE[EHH, 3aBUCHO Off YJOre U
(byHKUM]je y MALIIMHK, KO HIP. IPOLIMPEH YllaH 3 KIMIHOT MeXaHu3Ma ca TaukoM D koja uma yiory
Jla MPHUKYIUba OMIbHY Macy y nipecu 3a ceHo (ci. 4.4). Tlyrama Tauke D o6uja ce Ha OCHOBY MyTama
(momoxaja) Tauaka B u C 1 Ha OCHOBY KOHCTAaHTHOCTH pacTojaia BD u CD. Ojipesie ce myTame
Tavaka B u C 3a 12 monoxaja Kao y IpeTXOmHOM mpuMepy. Y TpeceKy JIyKoBa pacTojama BD
CD u3 cake Tauke B n C go6ujajy ce Tauxe D.

Ca. 4.4: Oopebusarve iiyitiarse iiauke D dpoutupenoz 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) kpyxnmua pagujyca Ry = AB. Pamuu wian 4 o6phe ce 0KO HemoKpeTHe Tauke D
TaKo fia je myTama Tauke C (Sc ) leo KpyxKHuue pagujyca Ry = DC . M3 3aaTor mooxaja 4nana 2
u Tauke B mecrapom ce Hanpra nyk noiynpeunnka BC u e mpeceue myramy (Sc ) mobuja ce
TPEHyTHHU NoJ0kaj Tauke C, a TUMe ¥ TPEHYTHHU 110J10Ka] ylaHoBa 3 u 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.
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Ca. 4. 6: Kpajru iionoxcaju lyitiarea 4eiti6OpoioayHHOZ MEXAHUIMA

¥3ajamHa 3aBHCHOCT myTama Tayaka B u C 3a 1eo pagHu HuKIyc Aobuja ce Tako IITO ce
TOIeT KPYKHAUIA TOTOHCKOT WiaHa 2 (Sg ) Ha jeaHak 6poj enoBa (Kao y MPEeTXOMHOM IIPUMEPY ).
[Mopessum ce obenexke ca B1, B2 jo B12 y cmepy o6prama norouckor wiana 2 (ci. 4.7). Y oTBop
mrecrapa y3me ce ayxkuHa wiana 3 (mysk BC) n u3 cBakor nogeska B1, B2... ce HaupTa nyk y unjem
ce mpeceky ca myramwoM Tauke C (Sc ) nobujajy 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 jayka 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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B —~—o—" BI]
B10

Ca. 4.7: Hociuyiiax ypitiarba iyitiarba 4eitl6opoiloayHHOZ MEXAHUIMA 3 JeOaH
{OMIYH PAOHU YUKAYC

U

Ca. 4.8: yiuarse itiauaka IpooOyHceHUX YAAHOBA HelBOPOUONYHCHOZ MEXAHUIMA
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Y cnydajy ga ce MexaHm3aM, 3aje[HO ca MallMHOM Kpehe y OoffHOCcy Ha HEKy HOJJIory
(3emipHINITE, T W CIMYHO), MyTakhe Tauaka MEXaHU3Ma 3aBUCE Off KpeTama HhErOBUX YIAHOBA Y
OKBHPY M€XaHHU3Ma 1 IIPEHOCHOT KPETamha MALINHE Y OTHOCY Ha 3eMJbHULITE. Y TOM CIy4ajy NyTame
Tayvaka ce ofpebyjy y ase ¢ase. [Ipsa ¢asa je ga ce ofpeu Nonoxaj y OKBUPY KpeTama MEXaHU3Ma
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 YeTBOPONOIYKHI MEXaHU3aM ca
NPOIIMPEHUM YIaHOM 3 Ha KOMe ce Hajla3u Tauka E Koja 3axBaTa MOKOLIEHY Macy, Mella je u
npeBphe. Mexanu3am 106uja IIOTOH Off WiaHa 2, KOjU C€ HaJla3W Ha TOUKY MalllMHE U 3ajeIHO ce
ca UM 00phe ucrom yraonom O6p3uHOM. MamuHy (IIpeBpTad ceHa) Byde TPAKTOP ca PajHOM
Op3uHOM Vi .

Ha ycty HauwH Kao y IpeTXOAHUM IIpUMepuMa Ofpefie ce nyTamwe Tayaka B u C y oksupy
KpeTama MEXaHW3Ma 3a JIBaHaecT MoJjoxkaja nmoroHcke tauke B. [Tomoxkaj Tauke E pgobuja ce y
MpOJyKeTKy umaHa 3 Ha pacrojamy BE Koje ce He Mema. OBH IONOXaju Cy OBGeTeXeHH
Kpyxuhuma n oznavenn ca 1', 2', 3'... 12' (cxn. 4.9b).

C

FTA 7777777 7777777777777 7% 7
A D

a)

b)

Ca. 4.9: Oopebusarve iiyitiare itiauke E Ha mexanusmy 3a iipespiliare ceHa
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Ha ce mammua He Kpehe ose Tauke 1', 2', 3'.. 12' Ou ogpenune nytamy Tauke E Ha kpajy
nonyre 3. Mebyrum, MammHa ce kpehe HEKOM pajJHOM Op3MHOM V, Te ce mojioxkaj Tauke E
noMepa. AKO ce YCBOJU Jla ce MallliHa Kpehe jeHONNKO NPaBOJIMHU]CKU 0e3 Kn3awba TOYKa, MyT
Koju Tipebe 3a jenan nmomepaj MOroHcKor uiaHa ofipebyje ce nmpema jegHaunHu X =V -t', rje 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' = o I7ie je t BpeMe 3a jefiaH IyH o0pTaj TOYKa ¥ MOTOHCKOT

. . 2n .
ynaHa 2. Bpeme t po0uja ce npema jefHaunHu t =—, I j€é ® yraoHa Op3MHa MOTOHCKOT 4iaHa 2
(O]

. : Y . L
¥ 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 U3 MOfieoKa 2' y cMepy KpeTama
Mmanmee (Op3uHe V) 1 mobuja Tauka 2 (03HaueHa ca kBajpatmhem). M3 mogesbka 3' HaHece ce
BPEIHOCT 2X , U3 TMo/iesbKa 4' BpegHocT 3X (Y MpaBlly KpeTama MalliHe) U TaKo pefioM fia Ou ce
no6uie Tauke 3,4 UTH. ¥ Aa OM ce MTOHOBO BPaTUIIM HA MOYeTaK Ha mojaesbak 1=13' (sl. 4.10).

CnajameMm Tavaka 1, 2... 13 gobuja ce mytawa Tauke C 3a NpBU MNOTIYH OOpPTaj MOTOHCKOT
ynaHa 2, Tj. qo0Ouja ce mpsa “nersba’ . TlocTymak ce MOHaB/ba TAKO MITO CE y NPaBIy KpeTama
MallmHe, cajia u3 nojiesbka 1=13' Hanece BpeHOCT 12X , U3 mofiesbka 2' BpeIHOCT 13X 1 Tako pefiom,
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, yTuue ¥ pajHa Op3uHe TPaKTopa Vy M yraoHa Op31MHA OTOHCKOT YaHa MEXaHU3Ma.
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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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¢pese u fpyre camyHe MamumHe 3a o0Opajy 3emsbumnra. OONMK MyTame W BENMYKMHA OficEYeHe
IacTuie 3aBucu off MehycoGHOT olHOCa 0OMMHE Op3MHe WiaHa MeXaHu3Ma (HoXKa) 1 pajgHe 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 3emibuita. Ha npBoj ey je pagHa Op3uHa Beha Hero 1To 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
TnpaBall KpeTamwa Apibaue Op3uHoM Vi (ci. 4.12).

KBanurer paja knarehe apsbaye 3aBucH Off MyTamba KIMHOBA U MehycOOHOT Ipekianama THX
nyrama. [lyrama jegHor kiumHa kiatehe ipibaye mobuja ce Ha OCHOBY momepaja "a" m "b" 3a
BPEMEHCKU MHTEpBAl At KOjHU ce, Kao KOJj MEXaHW3Ma 3a IPEBPTambe CeHa, MOXE OflPEUTH Ha
OCHOBY 3a/IaTHX BPEJHOCTU pajHe Op3uHe TpakTopa M kiarehe apspaue V, M 3aKOHA IPOMEHE
Op3uHe Knahemwa kiauHOBa Vi . [lomepaj "a" mpefcraBba nomepame Tauke A Ha KJIHHY Y NPaBLY
KpeTama KJIMHOBa, a "b" y npaBiy KpeTama ipjbaue (ci. 4.13).

[lyrama HOKeBa KiaTehe pibaye je mofecuBa jep 3aBUCH Off OfHOCca Op3uHe Kiahewa u pajHe
Op3KHE MalllHe, OIHOCHO TPaKTOpa KOjH je HOCH ¥ IIOFOHK. 3ajaTak KOPUCHUKA je Jia 0Be Op3uHe
NPUJIArofu yciaoBrMa Kopuithemwa, kako 01 o0paja 3eMibuiTa Ouna mro 60iba.

a A Vk
Ca. 4.12: Ilyiuarwe Hoxesa Kaailiehe Ca. 4.13: Oopebusarve iiyitiara KAUHOBA
opsvade Kaaitiehe Op.vaye
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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 Vy KOju HOCH M MOroHu kocaumny (ci. 4.14). Ilyrawa ce nobuja crajamem
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
koopauHata "X" m "y". Koopamnara "x" 3aBucu o 6poja HOKeBa Koce, MyTame Kin3ada 4 (Tauke
C) u 3akoHa mpoMeHe meHe Op3uHe. Koopnunara "y" mpepcraBba myT Koju TpakTop mpebe 3a
BpeMe At. [Iyrame ce mpeknanajy (mpacdupanu neo) 1ITO ]e noTpeOHO f1a Ou cBe OmMibKe Ouie
curypHo oficeueHe. OONMK myTama cedyMBa HOXa s,: u sp(cn. 4.14) u wuxoBo MehycoGHO
IpeKaname 3aBUCH Off Op3MHE KpeTama TPAaKTOpa Vy, FEOMETPHjCKHUX MapameTapa KIMIHOT

MéeXaHu3Ma, Op3uHe 0OpTama MOTOHCKOT YllaHa 2 1 Opoja HoXeBa.

. b
Is” v, G"
D EH
" / G < "
LL] F I lll’
i y
ol ® D" F
P —
D S
 —
B §'=21/N -

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

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

[Tyrawa mpcTujy je KpyXHHUA Koja ce fedopmule 300r Kpetawa TpakTopa. [Tomepaj “x
ofpebyje ce 3aBUCHO Off Opoja MpcTujy U Op3uHe Oo0pTama, a "y" 3aBUCHO Off Op3MHE KpeTama
TpakTopa V, y TOKYy BpemaHa At. Tauka A W3 MpBOOHWTHOT TOJ0XKaja HAILIa OU Ce y TOJI0XKajy
A' Ha pacTojamy “X”, Ia ce MalllMHe 3ajeTHO ca TpakTopoM He kpehe. Kako ce mammHa kpehe,

tauka A he ce Hahu y kpajmem nonoxajy A" Ha pactojamy "y".

Vi

Ca. 4.15: Ilyiare iipcitiujy 2pab.ou 3a iipasy
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4. IYTABE MEXAHU3AMA

4.2. AnanuTHuKa MeToia 3a oapehuBame nyTama

AHanmuTHyka METOJia 3a offpebuBame MyTama CBOM CE HAa aHAIUTUYKO OfipehuBame 3aKoHa
nyTa KUHEMaTUYKKX Tayaka y (PyHKIjH 10J0Kaja ¥ KpeTamha MOTOHCKOT YIaHa.
[a 6u ce oppeamo 3akoH myTa Kim3ada 4, ogHocHO Tauke C kyiumHOr MexaHusma (ci. 4.16)

Tpeba ofpeautu KoopauHaty 'X" Tauke C y (yHKUMjU yria ¢ MOJ0XKaja MOTOHCKOT YllaHa 2.
YcBajajy ce cnefehe o3nake: AB=R, BC=L, BD = Liu %: A
Y

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

Tauka C kpehe ce camo y npaBily KOOpAHHATE X TE je:

XC =AB +BC=AB-COSQ+BC COSY . woorroeerererressssceersrsssscseesssssseeeee (4.1)

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

¢. W3 jemmakoctd KareTe BB  IPABOYLIHX TPOYITIOBA ABB u BBC cnemu ja je:

. . . . R
Rsing=Lsin¥. Kaga ce oBa jeqHauMHa mofean ca AyXXMHOM L W yBefie 3aMeHa fia je T =\

nobuja ce maje A-sing=sin¥. Kako je: cos¥ = Vi-sin? ¥ 0Ba je[THAKOCT CE MOXKEe HaNMCaTH:

1
cos‘}’:\ll—xzsinch:ﬁ—xzsinchﬁ. ...................................................... (4.2)

Haxkon oBora, uzpa3s (4.1) uma o0JuK:

Xc =AB'+B|C=A_B«COS(p+%‘(1—XZSin2(pF.

OBaj m3pa3 3a nmyT Tauke C je TakBor obnuka fa Oy NMpH KacHUjeM aHanu3upawy Op3uHE U
yop3ama tauke C JOOWIHM yrayko W KOMIUTMKOBAHO pellieie, Te ce jeqHauynna (4.2) pasBuje mo
OMHOMHOM pefly Uuju je OCHOBHH OOJIHK:

@-b)" =" a0 - " ]an Tt [ M a202 - mpeje n=
0 1 2 2

Kapa ce jennaunna (4.2) pa3Buje no 61/IHOMHOM peny nobwuja ce:
1

1

cosy =| 2 12. (kz sin (p)o— 2 1 2 (k2 -sin (p)1
0

=1—%k2'sinch+%7»4-sin4cp+...
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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 . -
(57»4 -sin® ¢ ~0). Hepennu unanoBu u3 OGMHOMHOT pefia (YETPBTH, NIETH UTH.) UMajy jOII Mame
BPEJHOCTH, TaKO Jla Ce 3aHEeMapyjy W ycBajajy camo NpBa JiBa WwiaHa jenHauuHe (4.3), mTo je

TOBOJbHO 3a TAYHOCT UHXKCHCPCKUX ITPOpavYyHa, TC UMaMO Jia je:

coswzl—%kz-sinz(p. ................................................................................. (4.4)
3ameHoM u3pasza (4.4) y m3pas (4.1) umamo ja je:

xc=R-c05(p+L-(1—%x2-sin2cp). ........................................................... (4.5)

AKO yBeIeMO 3aMeHy f1a je sin? Q= %(1— C0S2() M YBPCTUMO Y NPETXONHY jeHAUMHY, JoOuhe
ce Kpajmbu u3pa3s 3a nyt tauke C:

32 92
Xc =Rcoso+ L(1—7+Tcos 20) . e e (4.6)

JemHaumHa 3a Xc MOXe MMaTH M Jpyraudju OOJMK, aKO ce€ HE KOPHUCTU OMHOMHH 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—Xc, unju je rpapuukyu mpukas gar Ha
mujarpamy (ci. 4.17).
ExkcrpeMHe BpeHOCTH myTa I00Ujajy ce Kajia ce TPBU U3BOI ITyTa 0 BpeMeHy (jenHaunHa 4.6)

. dx .
U3jeJIHAYH ca HYJIOM (d_tc =0). Y aHanmu3MpaHOM IIPAMEPY KIMITHOT MEXaHW3Ma TO je:
XCmax = R+L, Xc iy =L-R.

MakcuManHa BpeJHOCT XOfa Kiuma "S" jefHaka je pasiui MaKCUMajHE U MUHUMAJHE
BpenHOCTH KopauHate "X Tauke C:

S=XCo ™ XCpin = 2R o, (4.8)
3a jeman motnyH o6praj moroHckor wiaHa 2 (360°), Tauka C Ha kummy mpebe myT of
S(360°) =2-2R=4R.
A
s (m)
AT TN
= |
E ~ Ca. 4.17: Hujazpam
= T o [yiia Kauia KAUiHo2
= 1 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 ycnose. Koju cy TO ycnoBM 3aBHCH Off MEXaHH3Ma M HEroBHX MehycoOHHMX
KMHEMAaTHyKuX Be3a. OBH YCIOBM Cy Pa3IMUMTH 33 Pa3IMUATe MEXaHW3Me M TpOHM3WiIa3e u3
KPYTOCTH IOj€[IMHAX YJIAHOBA M HAUMHA HUXOBOT KPETamba.

AHanu3upajMo ycnoe Koje Tpeba Jla 3aJJ0BOJbH YETBOPOIONYKHI MexaHu3aM (ci1. 5.1) na 6u
ce 4jaH 2 KpeTao jeHONNKO KPYKHO (fa MMa TMOTHyH 00pTaj), WiaH 4 OCHMIATOPHO KPYXKHO
(MpOMEHIBHBO KPY3KHO), a WIaH 3 1a IMa CIIOKEHO KpeTame (TPaHCIaTOPHO U poTauoHo). OBakaB
HAUMH KpeTamba YIaHOBA YETBOPOIIOTYKHOT MEXaHN3Ma Ha3MBa ce MPBOM MHBEP3HjOM.

JlyxuHe wiaHoBa cy o3HaueHe ca: AB=a, BC=b, DC=c u AD=d. M3 KoHcTpyKmje
YeTBOPOYIJIA CIIEIH J1a je:

D FC A, s (5.1)

[FeomeTpujcku ycnoBH (DYHKIMOHUCAWa MeXaHW3Ma Jo00uWjajy ce m3 Kpajmux ('MpTBEX")
NoJoXkaja MexaHu3Ma. Y OBOM NPUMEPY KpajiK TMON0XKaju MEXaHU3Ma Cy OHU Kajja ce Ha MCTOM
npasily Haby wiaHoBu 2 u 3 (au b) munanopu 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 ciIefiu ia je OTHOC y>KMHA WIAHOBA jeHAK:

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

DA C>A; CDH A e (5.3)

Ca. 5.2: [1oaoxcaju 4eitieopoioayHHOZ MEXAHUSMA KAOA Ce YAAHOBU
2 (a) u 3 (b) naby Ha ucitiom ipasiyy
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5. YCJIIOBU YHKIITHOHUCABA MEXAHU3AMA

Takobe, mocroje aBe MoryhHocTi Kajia he ce wianoBu 1 2 (a u d) Hana3uTu Ha UICTOM
npasiy. 3a OpBY N0JI0Kaj ca ciuke 5.3 Baxe ciefehu oHoCH:

a+d<b+c, b<cH+d4a, C<ad+a+D. e (5.4)
3a ipyru noyioxaj Baxu jia je:

[0 [ IRl o 2SRRI

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

W3 npeTxoiHe aHAM3e Ha3HAYEHHUX OJHOCA MOKe Ce 3aKJbyunTH crefiehe:
— unaH 2 (a) je Hajkpahu 4naH,
— unaH 1 (d) je Hajoyxu unaH n
— a+d<b+ec.

AKO Ccy HCIyHheHa OBa TPH YCIIOBa IIOTOHCKY WiaH 2 (a) KpeTahe ce jeJHOIMKO KPYKHO, PaTHH
wiaH 4 (c) kperahe ce ocuIaTOPHO KPYKHO, a cnojuu wiaH 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
IPETXOHOM puMepy ca ci. 5.1, amu ce unas 1 (d) ocnno6onu, a 3a MOCTOILHY YJIaH Ce YCBOjH YiaH 2
(a), robmheMo Ipyru HAUMH KpeTarba YIaHOBa OBOT MEXaHU3Ma. Y OBOM CIIy4ajy IIOTOHCKY WiaH he
outn wian 3 (b), cnojuu unad je 4 (c), a paguu wiad je 1 (d). Ananu3om kperama (LpTameM
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
IonuIo O ce 70 3aKkJbyuka jia 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
Y4ETBOPOINOJYKHOT MEXaHU3Ma Ha3uBa ce TpehoM nHBep3HjoMm.

Ca. 5.5: [Ilpyza mozyhHociu iipse uneep3auje Ca. 5.6: Tpeha uneep3uja
YeUBOPOUONYHCHOZ MEXAHUIMA YeBOPOUONYHCHOZ MEXAHUIMA

Kapa 61 ce uzjeiHaumie Ay>KuHe WiaHOBA YETBOPOIOIYKHOT MEXaHl3Ma 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.

HpeTxouHa aHalli3a YK33Yje Ha TO Jla CBakKa NpPOMEHA VYJIOI'C 4YjlaHa y MEXaHU3My, Kao 1
IpOMCHa I‘GOMeTpI/IjCKI/IX OHOCA, yTHYE€ Ha HAYMH KpE€Takba 4YJIaHOBA YETBOPOMNOJIY>KHOI'
MCXaHU3Ma, IITO UCTO BaKU U 3a CBAKU IPYyI' MCXaHU3aM.

B b C
of2 2 c/f-4
Wy ®4 Ca. 5.7: Yeitispitia uneep3uja
A d D H4elllBOPOUOAYHHOZ MEXAHUIMA

Ha ucrn Haumu ofipebyjy ce ycinoBu (yHKUMOHUCaWma 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 unana 2 (BC > AB) jep y IPOTHBHOM TIOTOHCKH UTaH 2 He 61 MOTao fja ce
OKpEHE 3a MOTIYH KpyT (270).

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= Ro +R3.

O ycnoBuma (pYHKIMOHKMCAKA JAPYTHX MeXaHu3ama Ouhe peuyd y JalbeM TEKCTy IIpu
KUHEMATHYKO] ¥ IMHAMUYKO] AHAJIM31 MEXaHU3MA.
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6. YBOO Y KHHEMATHYKY AHAJIN3Y MEHANIZAMA

6. YBO1Y KHHEMATHUYKY AHA/IN3Y MEXAHU3AMA

Y KHMHEMAaTHYKO] aHaJIM3U MEXaHHM3aMa I[pOoydyaBajy Cce€ KHUHEMAaTH4YK¥ IapaMeTpu U
KMHEMaTUUKK 1OKa3aTelbu paja MexaHu3ama. Y KMHEMAaTHUKe MapaMeTpe chajajy myrame "s',
Op3une "v", yraoHe Op3uHe "®", yOp3ama "a" m yraoHa yoOp3ama "¢" KMHEMaTHYKHAX Tadyaka ¥
YJJaHOBA MEXaHU3aMa.

KunemaTnuky mnokas3aTe/bi TNpEACTaBbajy YCBOjeHE BeNWuYMHE [00MjeHe Ha OCHOBY
KUHEMaTHYKKUX TapaMeTapa Kojuma ce fie(huHuIIe KpeTame U paj Mexanu3ma. To cy mpeHocH:
OJIHOC TPEHOCHMKA, KOe(UIMjeHT MOBPATHOI XOAa OCHMIATOPHOT MEXaHW3Ma, KoeuiujeHT
pacnopene ontepehemwa TOUKOBa TpakTOpa UTH,.

6.1. MeTope 3a ogpehuBame KHHeMaTHYKHX IapaMeTapa MexaHu3ama

[Tocroje Tpm rpyme Mmeroma 3a ofpehnBambe KMHEMATHUKMX TapamMeTapa MeXaHW3aMa:
rpacguuke, rpaoaHaTUTHYKE 1 aHATUTHYKE.

Y rpajgmuke Meroae cmajajy: METOfa KIIM3HUX Op3MHAa M METOfa OKPEHYTHX Op3uHa.
I'pachuuke MeTOsIe HUCY TIOTOJIHE 3@ AHAIKM3Y LIETOKYIHOT MEXaHU3Ma, Beh BEeroBux N0jeJUHAYHNIX
KHHEMaTH4KKX apoBa. TayHocT 0o0KMjeHnX penieka rpauukuM METOIaMa je HEJOBOJbHA.

IpadoananmnTnuke MeTofe Cy TOrofHe 3a ofpebuBambe KUHEMAaTHUYKUX Iapamerapa
LENOKYITHOT MeXaHu3Ma. [{oBObHO cy BU3yenHe jep Ao0ujeHa pellema f1ajy jacHy CIUKY KpeTama
CBaKe TaykKe M CBAKOI 4llaHA MeXaHW3Ma. TauyHOCT AOOMjeHUX pellera 3aBUCH Off MPELU3HOCTH
HpTamba U Moxke Aa Oyle MOBOJbHA 3a MHXKEHWEpPCKe npopauyHe. MebyTuMm, noOujeHa peuiemwa ce
OfIHOCE 3a TPEHYTHE IONIOXKaje MEXaHU3Ma, a He 3a 1eo jenaH pafHu Lukiyc. OBe MeTojie HUCY
NpUKIAHE 3a CHUHTE3y, ONTUMHU3ALMjy WM IOfellaBakba MeXaHu3aMa y IMby HUXOBOT
npuiarobaBama ycnosuma pajia. Y rpadoaHaluTHuKe METOfE Crajajy:

- MCTOa TPCHYTHHUX I1OJIOBA,

- MeToja maHa Op3uHa 1 yop3ama,

- MeTopa oaTHe Tauke (MeTona Acype) u
- METOofa LEHTPAIHEe CITMYHOCTH.

Meropa TpeHyTHUX 110JI0BA j€ HENPETJIeHa U CII0KEHHU]a Off METOJIe IJIaHa Op3uHa 1 yOp3ama.
Mertona foatHe Tauke (MeTofa Acype) 1 MEeTOAa EHTPAHE CTMYHOCTH KOPHCTE Ce 32 UCTE BPCTe
npobiema (3aaTaka) W yCTBap MpecTaBibajy METOMY IIaHa Op3uHa U yOp3ama 3a crenuduiHe
MexaHu3Me. ['pacoaHanuTuyke MeTOAe HUCY JOBOJBHO MperiefjHe M IOTOfHE 3a MPOCTOpPHE
MeXaHU3Me.

AHanuTHYKe MeToje CacToje ce y aHAIUTHYKOM feuHUcamy KMHEMaTHYKUX HapaMeTapa
Tayaka ¥ YJaHOBa MeXaHW3Ma Yy (PYHKUMM KpeTawa MOrOHCKOr uiaHa, Kopucrehu
nugepeHnujaTHl payyH, BEKTOPCKY aHaimM3y, KoMIuleKcHe OpojeBe uta. OBe MeTofe uMajy
NPEeHOCT Hajl TpachOAHANUTUYKKM, J€p J1ajy CACBUM TauyHE BPEJHOCTH 1 NOTOfIHE CY 3a ofipehuBame
KUHEMaTHYKKUX MapameTapa 3a Leo pajHu uukiayc. IToceGHo cy pomute o u3paxaja I0jaBOM U
MAacOBHUM KOpHIThemheM pauyHapa. AHAIUTHYKE METOfEe Cy MOTOHE 3a JA00Hjamke ONTUMATHUX
pellema, Kako paBaHCKMX TaKO U IPOCTOPHUX MeXaHM3aMa M 3a KUHEMaTH4Ky aHanu3y
MeXaHn3ama y by BHXOBOT MOOOJbIIaka U puiiarohaBama ycinoBruMa paja.
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6. YBOO Y KHHEMATHYKY AHAJIN3Y MEHANIZAMA

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 Moxe OUTH pa3auvmuTO 3aBUCHO 0J1 00JIMKA MyTarke M0 KOjoj ce Teslo Kpehe u o1
npomene Op3une. Ilpema o0OnMKYy TmyTame KpeTame MOXe OWTH MPaBOJMHH]CKO
(TpaHCIaTOpPHO), KPY)KHO, KPUBOJIMHHUJCKO M CIOXEHO. [IpemMa mpomMeHH Op3uHE KpeTame
MOXE OWTH jeIHONMKO, Kaga je Op3uHa cTanHa (HEMpPOMEHJbMBA) M IMPOMEHJBHUBO.
[IpoMeHIBUBO KpeTame MOKe OWTH jeHAKO W HEjeIHAKO MPOMEHJBHBO, 3aTHM MOXKE OUTH
yOp3aHo u ycnopeHo. UnaHoBM MexaHHM3aMma, OJHOCHO JICJIOBH MallliHa MMajy CBE BPCTE
HaBelICHUX Kperama. OBae he ce aHamu3WpaTtu MPaBOJIUMHHUJCKO, KPYKHO, JEITHOIHKO H
jeIHaKO MPOMEHJBHUBO KpeTame (YOp3aHO M yCIIOPEHO).

JeaH0/IMKO NPaBOJMHUjCKO KpeTame je TAKBO KpeTame KO Kojer ce Op3uHa He Mema,
a myTama je npasa JuHuja. edunncano je nu3pasom:

V =

Y (6.1)

n—rl(nl

rze je: v(m/s) - Op3uHa Kpetama, s(m) - npeheHu myT 1o npasoj JIMHUJU U t(S) BpeMe Tpajamba
KpeTama. [IpaBar Op3uHE je UCTH Kao MpaBall KpeTama, a CMEp je Y cMepy KpeTama.

JenqHako MpPOMEH/bMBO NMPABOJMHHjCKO KpeTame je TaKBO KpeTame KOJI KOjer ce
Op3uHa Mema (moBehaBa WM cMambyje) 3a jeJlaH CTajJaH H3HOC KOjer Ha3uBaMo yOp3ame WK
yCIopeme, a IMyTama je NpaBa JHHUjA. JeTHAKO MPOMEHJBHBO TPABOJUHH]CKO KpPETarmhe
onpeheno je qBema jeTHaYMHAMA
> 32

rae je: v(m/s) - kpajmwa Op3uHa, Vo(m/s) - moderHa Op3uHAa, a(m/sz) - yOp3ame wiu

ycnopeme. [IpaBai| yop3ama 1 ycropema jeHak je mpaBily KpeTama. 3HaK mi1yc (+) KOpUcTH

Cce KaJia je KpeTame jeIHaKO yOp3aHo, a 3HaK MUHYC (-) 3a jeTHAKO YCIIOPEHO KPETAE.
JeqTHOIMKO KPY:KHO KpeTame MMa 3a IyTamby KPYXKHHUIY, a TePUHHCAHO j& CTAITHOM

yraoHOM Op3uHOM m(ﬁzs_l), o0MMHOM Op3uHOM V(M/S) W HOPMAaJHUM YyOp3ameMm
S

ap(m/s?) (cu. 6.1a).

JenHaumHa Koja JNeQUHHMINE jETHOJIMKO KPYKHO KpETame aHAJOTHA je jeJHAYMHU 32
jETHOJMKO TIPAaBOJIMHH]CKO KpETame M MpPEACTaB/ba IMPOMEHY yIjla y jeIUHHIU BpEMEHa.
WNHTen3uTeT yraone Op3uHE jeHAK je:

rae je: (o(s_l) - yraoHa Op3uHa, ¢(rad)- npeheHu myT MO KPYKHUIM U3PAKEH yrioM U t(S)
BpEMeE Tpajama KpeTama.
WuTensurer oOnMHE Op3uHE MPH KPY>KHOM KpETamy jeHaK je:

VR, oottt s (6.4)
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rae je R(m)- paamjyc oOprama (monynpeuHuk KpyskHuile). IlpaBai; oOumHe Op3uHE je

yIpaBaH Ha pamujyc oOpTama (TanreHTta Ha Kpyxuuiy) (VL AB), a cMep je y cMepy yraome
Op3uHE ©.

Hopmanno yOp3ame ap MpH jJeAHOIMKO KpPY>KHOM KpeTamy jaBjba ce 300r MpoMeHe
nytame. MaTeH3uTeT ce oapel)yje Ha OCHOBY jeTHAYHMHE:

2
an =R-®° wm an :VF' ................................................................ (6.5)

Hopwmanno yop3ame nma npasai pajujyca ooprama (ap // AB), a ycMepeHo je npema Tauku
obpTama (A).

Jennako yOp3aHO Kpy:KHO KpeTame je TakBO KpeTame IJI€ Ce yraoHa Op3uHa
nosehaBa 3a yraoHo yop3ame €, Te ce mopeq oOMMHe Op3uHE V U HOPMATHOT yOp3ama ap

jaBJba W TAHTEHIMjalTHO yOp3ame at, a myTama je KpykHuma. OBo KpeTtame aeduHucano je

JIBEMa OCHOBHHUM jeHauWHaMma, aHAJIOTHO IPAaBOJHMHUJCKOM jeIHAKO YyOp3aHOM KpeTamy.
WuTensurern yraone 6p3uHe u mpel)eHor myTa H3pakeHoT YIIIOM ¢ CY:

e-t?
O=0g+et U Q=0g t+ g —————————— (6.6)

rae je: oo(S_l) - Kpajiba yraoHa Op3uHa, mq (s_l) - MMoYeTHa yraoHa Op3uHa, 8(3_2) - YraoHO
yop3ame. CMep yraoHor yop3ama je HCTH Kao CMep yraoHe Op3uHe.
OOumHa Op3uHa V W HOpPMaIHO yOp3ame ap ce Y NOTHYHOCTH (MHTSH3HWTET, NMpaBall u

cMep) oxpeljyjy UCTO Kao KOJ jeTHOIUKOT KPY>KHOT KpeTamba.
Tanrenuujanno yOp3ame at jaBjba ce 300r yraoHor yoOp3ama. MHTeH3UTET

TaHTeHIMjaJTHOT yOp3ama oapelyje ce npema jeAHaYHHuU:

atZR‘S. ............................................................................................ (67)

TanrennumjanHo yop3ame Ma rpasall yrpaBaH Ha paaujyc ooprama (a; L AB), a cMep je
y cMepy yraoHor yopsama (ci. 6.1b).
Hopmanno u TaHreHnujamno yop3ame Cy KOMIOHEHTE pe3yiTyjyher yop3ama a, 4uju ce

UMHTEH3UTET o/ipehyje mpemMa jeHaunHu a = \la% + at2 .

JelHAKO yCIOpeHo KPY:KHO KpeTame j¢ TAaKBO KpeTame IJie C€ yraoHa Op3uHa cMamyje
3a YraoHo YCIIOpeHme €, T€ ce mopes oOMMHEe Op3MHE W HOpPMaJHOT yOp3ama jaBjba M
TaHTEHIMjaJTHO ycropeme at. OBO KpeTame Ae(pUHUCAHO je JBeMa OCHOBHHMM je€AHAYHMHAMA,

AQHAJIOTHO MPaBOJIMHU]CKOM jeTHAKO YOp3aHOM KpeTamy:
€ t2

0=0g—ctHp=wmy-t- 5T s (6.8)

TanrenujanHo ycrnopeme UMa mpasail yIpaBaH Ha paaujyc ooprama (a; L AB), a cmep
je y cmepy yraoHor ycropema (ci. 6.1C). YraoHo ycnopeme UMa cMep CyIpoTaH O cMepa
yraone Op3uHe.

Ha cn. 6.1 o3HaueHu cy HaBeJJeHH KHHEMAaTHYKH ITapaMeTpH poTaiyje Tauke B y ogHOCy

. -A A -A -A
Ha IIeHTap poTauuje A: VB, aBn, aBt 1 aB .
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a)
Cn. 6.1: Kunemamuuku napamempu Kpyj*CHO2 Kpemared

CloKeHO KpeTame MOXE CE pacwiaHHUTH Ha JBa KOMIIOHEHTAJHAa KpeTama,
TpaHCIATOpHO U poTtaunoHo. Heka unan 3 Tpeba fa ce momepu U3 MOYETHOT NOJOXaja AB 'y
Kpajiu AoBo (cit. 6.2). [IpBu 1eo KpeTama je TpaHCIaTOPHH 10 mojioxkaja A1Bq, rme 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 fonasu y nonoxaj AsBs.

Ca. 6.2: O0HOC KuHematliu4Kux dapameiiapa 0se iiauke
Ha ucitom yaany (auke B iipema A)

Kpajmwa 6p3una tauke B ofipebyje ce u3 jeqnaunne:
-~ - -A
VB S VA 4 VB 1 eeeeeetteeeee e e e e e e e e e e e e eae e e e e e e e e e raaaeeeeeeeeaaanaaans (6.9)

rae je VB penaTuBHa oOMMHa Op3uHa Tauke B y omHocy Ha A. IlpaBaim penatnBHe oOMMHE

Op3uHe je ynpaBaH Ha WiaH 3 y TOM IOJIOXajy (\7@ 1L BA), a 1eH HHTCH3UTET je vé =BA- 3.
AKo je mo3HaTa Op3uHa Tauke A U pelaTUBHA yraoHa Op3KMHAa ®3 MOXE Ce Of[peUTH HEemo3HaTa
Op3uHa Tauke B.

Yop3ame Tauke B jegnaxko je:

- - =A -A
AB = AA T ABN T ABE; ceeeeerererereteeteeerttetteteeeetee——————————————————————————————————————. (6.10)

. =A -A -
re je aBn HopMaiHO yOp3ame Tauke B y ofHOcy Ha A, a aBt TaHTreHIUjaaHO yOp3ame Tauke By

. A = .
omHocy Ha A. IlpaBan HopMamHOT yOp3ama je mapajeiaH ca wiaHoM 3 (apn//BA), cMep je of
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( A)2
Tayke B mpema A, jep Tauka B porupa oko Ajp, a HHTCH3UTET je a’g‘n = BI’BA I

— : : A —
a’é‘n =BA.- mg . [IpaBar TaHreHujaIHOT yOp3ama je ynpaBaH Ha unas 3, (apt L BA ), unTeH3uTeT
je aé‘t = 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):

vy (6.11)

-B
IIleVA penaThBHa oOMMHa Op3uHa Tauke A y ofHocy Ha B, mma mpaBar ynmpaBaH Ha 4iaH 3
B — . —
(vA L AB), a 1heH HHTEH3UTET je vi =AB-o3.
YOp3ame Tauke A je y OBOM Clyuajy:

. . -B -B
AA ZAB FAAN FAAL,  ceeverererrreeeieeeeeeeteeeaeetteeeeeeee———————————————————————————————————— (6.12)

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

B - -B
y onHocy Ha B. IlpaBuu oBux penaTuBHUX yop3amwa cy aAn // AB, aat L AB, a UHTEH3UTETH Cy

G Y

B
= U a, =AB-g3.

4 An E
B
3 ¥
A
A
- ® .
VBX S H
A e BI:BZ
A

Ca. 6.3: O0HOC KuHemaiuuKux dapameitiapa 08e iia4xe Ha UCIOM 4aany (itauxe 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 HUCTE caMO CYNpPOTHHX CMEpoBa, Tj. VB =-VA, aBn=-aAn, aBt=-aAt,

- -A -B - -A -B

M3 =0OB =—WA U €3 =¢B =—¢€A.

Opnocn Op3una n yOp3ama, KOju cy MOKa3aHU HA YJIAHY Ca CJI0KEHMM KpeTameM,
MOTY ce YCoCTaBuTH camo m3Mehy Tauaka Koje nmajy 3Ky Be3sy, Tj. u3mehy Tauaka na
MCTOM YIaHy WM 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 HalluCcaTH jeIHaunHe:
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-~ -~ A - -  -C -~ - A -A - - -C -C
VB =VA+VB, VB =VC+VB 1 3ay0p3awma aB =aA +aBn +aBt, aB =ac +aBn +aBt, JJOK ce
HHMKAKO He MOTY OBe jeflHaurHe HanucaTh u3Mehy Tauaka A u C jep cy Ha pa3inuuuTiM 4WIAHOBUMA.

B

Ca. 6.4: OoHoc kpeiuarsa iiauke B

A

Kopn xnHeMaTHykux mapoBa ¢ TPaHCIATOPHAM YIaHOBHMA (Ci1. 6.5), Tauke KimM3ajy jefHa Mo
pyroj, T€ ce MOXE HANUCATH fia je:

vAz = (/Al + C/ﬁlz ) eereeteeteeeeeteatetaeateatetartateatetant e eatestet et et enteteneerententeeeneas (6.13)

7l je VA2 pejaThBHA Kiu3Ha Op3uHa Tauke Ao y OffHOCY Ha Aq ¥ HMa IIpaBall MapajeliaH ca

. ~Al
NpaBLEM KJIM3amwa, Tj. VA2 [/ X —X 1

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

I7le je aA2 pelaTUBHO KIU3HO yOp3ame Tauke A, y OJHOCY Ha A; M UMa IpaBal] MapajenaH ca

. Al —— . .
NpaBleM KiIn3ama, Tj. aA2 // X —x . Unan 1 je HemokpeTaH Te Cy pejlaTuBHE KOMIIOHEHTE je[lHaKe

-Al - -Al
aTCoJyTHUM Op3uHama u yop3amuma: VA2 =VAZ U A2 =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
VBZ = VA2 aBZ _aAZ VB2 =VA2 U aB2 =aA2.

X

* 7

Aq Ca. 6.5: Kpeitiare KAU3HOZ KUHeMAMUYKO?Z iapa
-Al ~Al
VA2 aA2

Kapa HenmokpeTHu unaH mo KoMe Kiu3ad KJIW3M HUje npas, Beh je Heka KpuBa JIMHM]a, HIIP.
KpykHuna (cin. 6.6) Op3une u yop3ama Tauke Ay Ha KiM3ady Cy:

VA2 = \*/Al + C/ﬁlz L eeeeeeeeeeeee e e —eeateateteeateatetartaraatertert e eatent et et eaeneeeeeanen (6.15)

Ile jeVA2 pelaTHBHA KiW3HA Op3uHa Tauke Ao y OfHOCY Ha Ajp, UMa IpaBal IapajeiaH ca
NpaBLEM KiM3ama, Tj. NapajesHa je ¢ TAHFeHTOM Ha KPYXXHHUIlYy nomynpeynuka R y taukm Ag

Al ——
(vA2 LA0)m

-Al -Al
aAz aA1+aA2n FAAZL S creverereereee e ettt b ettt sr et tens (6.16)
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. -Al .
I7ie je aA2n HOpPMAaIlHO yOp3ame Tauke Ay y OHOCY Ha Aq, UMa IpaBal] apaenaH ca pajujycom

. -Al — Al
oOprama y Taukn Aq ca cMepoM Ka 1neHTpy porammje (ka taukm 0), (aa2n //A10); aa2t je
TaHIeHIMjanHo yOp3ame Tauke Ap Y OIHOCY Ha Aq, IMa IpaBall yIpaBaH Ha pajijyc oOpTama y

AL —— .
taukn A1 (aA2t L A10). Uarensuretn yOp3ama ce onpebyjy Ha cnefehn HaumH:

varf _
AL p0ead V82 oA A,

aA2n A0 Hanot
-Bl
B Az vey ~Al - Al
2 : 2 B, A2t VA2
1 Al
Al ~Al
a
. A2n
Ca. 6.6: O0HocC Kpeitiarba Kaoa je
0 HeUOKPEUar YAaH KPYXCHULYA

0

Cpaka Tauka Ha wiady 2 (ci. 6.6) WMa pasnuuuTe ancojyTHe W penaTHBHE Op3uHE 300T
pa3nIMUYUTOr pacTojama off Tauke (. bp3une n yop3awa tauke By u Ao HuCy ucre.

Bp3unHa Tauke A3z y omHOCY HA A9 KYIMCHOT KHHEMATHYKOT mapa (ci. 6.7) je:

Y
VAZ S VA2 F VAT, eerererrereerteessessestesssessessessesessessessessosessessosssessossossoessessossoens (6.17)

I7ie je VA3 pelaTHBHA KIW3HA Op3MHA Tauke A3 Y OHOCY Ha A, , KOja MMa Ipasal| napajeiaH ca
A2 —
npaBieM Kim3ama ( VA3 // CD).
YOp3ame Tauke Ag yofHOCY HA Ay je:

- - -~ -A2
AAZ ZAA2 FAK FAASZ,  covrerrerereereeresestertsesestestereaestestetsestesteeeresseseeneenenns (6.18)

.= -A2
I7ie je ak KOpPHOJMCOBO yOp3ame, a aA3 peNaTUBHO KIM3HO yOp3ame Tauke A3 y ofHOCY Ha Ao
A2 —
(ap3//CD).
Kopuoancoso yoOp3ame ce jaBba m3smely nBe Tauke Koje kim3ajy jenna mo apyroj a
HCTOBPEMEHO 32jeTHO POTHPAjy HEKOM YTA0HOM OP3HHOM O .
WHTeH3uTeT KOPUOIUCOBOT YOp3ama je:

ag =2-07 -vﬁ%. ............................................................................................ (6.19)

VA3 ak

B; Az . !ﬁmz akT nﬂmz ;ig ‘ Tmz
Commi o ] . .
2 S W Al
Cn. 6.7: Kyauchu KuHemaitiudxu iiap - KOpUoaucoso yop3arse
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KopunonucoBo yop3ame je ynpaBHO Ha pellaTHBHY KJIM3HY Op3uHY Tauke A3z y ofHOCY Ha A),
- -A2 . Sq—
(ak LVvA3) Tj. ynpaBHO je Ha mpaBall Kim3ama, ak L CD. CMep KOpHOIHMCOBOT yOp3ama 3aBUCH

-A2 . .
Ofl cMepoBa ®» U VA3 U ofpebyje ce Ha HAUMH Kako je TO MoKa3zaHOo Ha ciuuy 6.7. Cmep

KOPHUOJIMCOBOT yOp3ama je OHAaj cMep IJie CTpenulia yraoHe Op3uHe “yaapu” y CTpenully KIu3He
Op3uHe u okpeHe je 3a 90°.

Kapa je kynuca kpuBa JiuH#ja, HIIP. Ieo KpyxHuIe (ci1. 6.8) Taja ce Op3uHa Tauke Az ofipebyje
npema jefHauuHuU:

- -A2
VA3 VA2 FVAZ ) ceeeteeeieeereetsseetssesteseeetssestasestesesessssestssessasesestssessasessssesenes (6.20)

. —A2 . -A2
I7ie je VA3 pelaTWBHA KiM3Ha Op3WHA M MMa MpaBal] TAHTeHTEe Ha KPYXHHIY, Tj. VA3 L Ao0.
YOp3ame Tauke A3z jeHAKO je:

- -A2 -A2
aA3 aAz FAK F QAN T AAS S wereerrreerreterereeeeeetseetesereesereetesestesesseseessenens (6.21)

- - A2 I}
Ifie je ak KOpUOJIUCOBO yOp3amwe, Ma npasal ak L VA3, OfHOCHO ak // A20; aA3n je pelaTHBHO
. . ~A2 ——
KJIM3HO HOPMAJHO yOp3ame MMa IpaBal] IapajeiaH ca pajujycoM oOprama, Tj aA3n // A0,
. . -A2 . .
YCMEPEHO je Ka IeHTpy poTanyje Ka Tauku 0 1 aA3t je pelaTUBHO KIN3HO TaHTeHIUjalHO yOp3ame

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

2
. . A2 ( 3)2 A2 AT
Nurensurery ce onpebyjy u3 penanmja: ag =2- 03 - Va3, ah A3n i apg =A20-¢3.
ak
~A2 -A2 - ®~
A, aA3t VA3 ak =
S AD -A2
aA3n VA3
0e

Ca. 6.8: Kyaucru kunemaitiuuxu iap ( Kyauca je 0eo KpymHuye) - KOpuoaucoso yop3aarse
6.3. Merona niiana Op3una u yop3ama

Meropa mana Op3uHa 1 yop3ama cacToju ce y [pTamy IlaHa Op31Ha U I1aHa yop3ama mpeMa
jenHaurHama Koje feduHuIy MehycoOHe KnHeMaTHiKe 3aBUCHOCTH Tayaka Ha MCTOM WIAHY HIIH
K/In3ajy jeana no apyroj. Camo y oBa fiBa ciyyaja MOTY C€ YCIIOCTaBUTH jeIHAUMHE Koje AeuHuIy
KUHEMaTHUKy Be3y M3Meby Tayaka M Koje ce KOpHCTe Yy MEeTOAM IlaHa Op3uHa u yop3ama. Oa
MeTOJla IMa IIMPOKY NPUMEHY 3a paBaHCKe MEXaHU3Me, 0K 3a MPOCTOpHE Huje morofHa. [Toctymak
ofipebnBamba KMHEMAaTHUKUX TlapaMeTapa METONOM IUIaHa Op3WHa M yOp3ama MOKa3aH je Ha
YETBOPOIOIYKHOM MeXaHu3my (ci. 6.9) .
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3amarak 6.1: Onpenutu Op3uHe u yOp3amba KMHEMaTHYKUX Tayaka Kao M yraoHe Op3uHe U
yraoHa yOp3ama wiaHoBa MexaHmsma (ci. 6.8). Ilatu momamm cy: AB=015m, BC=0,32m,
CD=0,26m, AD=0,43m, gy =60°, 0p =205 1 £, =0.

C

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

lcm

YcBoju ce moropHa pasmepa, HIp. U = ¥ HalpTra KUHEMaTHyKa MLIeMa JaTor

Mexanu3ma (ci. 6.9).

[Tnan Op3uHa ce 1pTa Ha OCHOBY jeflHAYMHA Koje fAeuHuiry MehycoOHu ofHOC Op3uHa Tayaka
Ha ucToM unany. [lounme ce o MOroHCKOr YiaHa 2 jep je ’eroBo KpeTamwe Mo3HaTo. IHTeH3uTeT
Op3une Tauke B je:

VE =AB 09 =015M 20 ST =3M/S. eoovooreoeeereeesecceeesesesseeeeesssscreee (6.22)
IpaBan, oBe 0OMMHE Gp3WHe je ynpaBaH Ha wiaH 2, (Ha yX AB), a cMep je HCTH Kao cMep
1m/s
yraone Op3uHe oy . Opabepe ce morogHa pasmepa 3a IpTamwe IaHa Op3uHa, Hiop. U, = Sem i

Tauka P,, Kao moyerak mana Op3uHa. Ha nmmany 6p3una (ci. 6.10) Op3uHa VB je peficTaBbeHa ca
IYyXH m =6cm.

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

Yy S (6.23)

Wurensurer penatuBHe Op3une Tauke C y ogHOocy HAa B Moxe ce ofpenuTu U3 penauuje

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

-B . e . .
npaBall Op3uHe VC J1a je yrpaBaH Ha 4iaH 3, OqHOCHO Ha ysk CB. Crora je moTpeOHa joI jeHa
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 (vp =0):

T = VD £+ e, (6.24)

Penarusna 6p3una Tauke Cy ogHocy Ha D je vg = DC- w4. MebyTum, uHTEH3UTET Ce, 3a cajia
HE MOXE OJpe[IUTH jep je HEMO3HaTO 4. [IpaBal oBe Op3uHe je ynpaBaH Ha 4iaH 4 OfHOCHO Ha

nyx DC. Y npeceKy rpauuku npejicTaBbeHux jefuaunna (6.23) u (6.24) nobuja ce Gp3uHa Tauke
C (Tauka c ) unju ce MHTEH3UTET ofipehyje u3 penanuje:

Ve zm.uv :3,7cm-%=1,85m/5.

W3 nnana 6p3uHa (cn. 6.10) ogpebyjy ce cBe ocrane KHEMAaTHUKe BETMUNHE, TE je:
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=bc-U, =43cm- %—215m/s
2cm

Cwmep Op3une \7C nobuja ce n3 BekTopcke jepHaunte (6.23). Caga ce MOXe OffpefIuTH yraoHa

Ve 215

Op3uHa uiaHa 3, m3 = —= 0 "

=671s1,a cMep ce ofpebyje U3 ycioBa a cy CMEPOBH YraoHe
-B .

Op3uHe ®3 W pejaTuBHe 0OuMHE Op3uHe VC uctu (ci. 6.11). Ha uctu Haums ce onpebyje yraona

ve 1 85

Op3uHa unaHa 4, Tj. ®4 = =026

=7 113 , @ CMep W3 jeTHAKOCTH CMepPOBa yraoHe Op3nHe m4 U

o0uMHe Op3uHe Gc. PenatuBHa Op3una Tauke C y ofHocy Ha D jefHaka je HEHOj anconayTHO]

BPETHOCTH VP =V )iepie 6psmna Tauke D myma (vp =0).
P c =Vc)Jepjeop y D

byJB
C
% 4
C o4
3 B
B o S D
Ca. 6.10: I1aan 6p3una (3a0aitiak 6.1) Ca. 6.11: Oopebusarbe cmeposa

yzaorux 6p3uHa (3adaitiak 6.1)

Y6p3ama ce goOujajy npema jeHauMHaMa 3a yop3ama 1 Ha OCHOBY ILTaHa yop3amwa. Pepocnen
nycama jeJHauMHa 32 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, €2 =0, Te je
WHTEH3UTET yOp3ama Tauke B:

ag =AB- 2 =015m-20% s1=60M/SZ ..oovooeeeeeeeeeree e (6.25)

Ipasar yopsama ap je mapanermad ca umasoM 2 (/BA), a ycMepeHO je mpema LeHTpY

poramuje, on Tauke B mpema A. YcBoju ce pasmepa 3a ILpTame IJIaHa YyOp3awa HIp.

10m/ 52 . '

Tom U TouyeTHa Tauka P, . YOp3ame Tauke B je npefcraBmbeHo ca iyku Paa =6c¢cm .
cm

Yo6p3ame Tauke C oapebyje ce Ha OCHOBY /iBe jefiHaunHe, mpeko Tayaka A u D (cm. 6.12) ucro
Kao u Op3une. [IpBa jennaunHa 3a yop3ame tauke C je:

ac =ap +agn +agt ........................................................................... (6.26)

Uaz

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

e
ag c) _ (215 9) _ 14,44 m/s?
N CB 0, 32

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

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

- - -D -D

AC ZAD FACH FACE . crvereerereetrrerterereetsestssesteseeetssestssesessesessssessasesessesenessons (6.27)

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

2 2
al = (ve) = (185) =1316m/s? , TIpaBail je mapanenan ca uianoM 4, a y cmepy ofi Tauke C ka

Ch cp 026
D. Wnrensurer penaTHMBHOr TaHTeHIujamHor yoOp3awma Tauke C mpema D oppebyje ce u3

jefiHauKHe agt —¢,4 -CD, a nipaBai je ynpasas Ha una 4. Kako je HeIO3HATO yraoHo yop3ame ¢4 ,

TaHTEHUUjAIHO YOp3ame Ce, 3a cafla He MOXe Of[pefuTH.
Jennauune (6.26) u (6.27) ce Ha muIany yOp3amwa rpauuKy NpejCTaBe U y BUXOBOM MPECEKY

mobuja Tauka C Koja ImpefcTaBiba BpX yop3ama Tauke C.
W13 nnana yop3ama go0ujajy ce ocTajie Hemo3HaTe BPeHOCTH, OHOCHO HHTEH3UTET yOp3ama

. -B -D
tauke C, TaHreHlujanHa yop3awa acCt, aCt 4 yraoHa yop3ama uianosa 3 u 4:

— 2 - 2

ac =Psc -Uy =6,2cm-10 m’s =62 m/s2, agt =noC -Uy =3,1cm-10 m/s =31m/52,
D - 10 m/s? 2 agt 31 2
acy =N1C -Ug =61cm- =61m/s®, e3=—=—+-=96875“1
cB 0,32

ag _ 61 2
g4 =—==——=234,61s"“, acmepoBu cy faTu Ha ci. 6.13.

CD 0,26

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

Ca. 6.12: [1nan yopsarsa (3adaitiak 6.1) Ca. 6.13: O0pebusarwe cmeposa y2aoHux
ybp3aara (3aoaitiax 6.1)
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oOujern cmepoBr Op3uHa 1 yOp3ama IaTh Cy U Ha KWHEMaTHIKOj memu (ci. 6.14). Moxke ce
3aKJbYUUTH JIa IPH jETHOIMKOM KpeTamy IIOTOHCKOT WiaHa 2, unaH 3 ce Kpehe ycrnopeHo (cynpoTHu
Cy CMEpOBH yraoHe Op3nHe w3 W yOp3ama €3 ), a WiaH 4 yOp3aHO (UCTH Cy CMEPOBH yraoHe Op3uHe
w4 M yOp3ama &4 ).

[lo6ujeHe BpefHOCTH KNHEMATHIKIX IIapaMeTapa cy 3a 3afjaTi TPEHYTHH TI0JI03Ka] MEXaHU3Ma.
Y HEKOM JIpyroM MoJioxajy oBe BpeHOCTU he OUTH Apyrauuje Mo MHTEH3UTETY, NPaBLy U CMepY, a
ofipeauiie O ce Ha UCTH HAUMH, LpTajyhu MOHOBO My1aH Op3uHa U yOp3ama 3a Taj APYrH MoJoxkaj.
OBo npejicraB/ba HEOCTATaK METOJiE IIaHa Op3uHa 1 yOp3ama. [Ipyru HejoctaTak 0Be METOJIE j€
Taj WTO J0OMjeHa pellewa 3aBuce Off CyOjeKTHBHE Mpelu3HocTH oHor Ko upta. Crora Tpeba
YCBOJUTH pa3Mepe 3a LipTawe I1aHa Op3iHa U 11aHa yOp3ama Tako jia ce JoOUjy KpyIHHUje CIIHKE.

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

6.4. Knunnu mexannzam

Knvman MexaHn3am uMa BeoMa MIPOKY MPUMEHY Y MOTOPUMA €a YHYTPAIIbUM CarOpPEBabeM,
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 o ueMy he KacHuje OUTH peyn.

3aparak 6.2: OgpenuTu KMHEMATHUKE NMapaMeTpe KJIMIHOT MeXaHW3Ma 3a jelaH Le0 pajHu
yKiyc (jepan notnyH o0praj moronckor wiasa 2 - 360°). laru mopauu cy: AB=02m,
BC=05m, BD=0,2m, ¢y =45°, 0y =10s L 1 &5 =0.

YcBoju ce norofHa pazmepa U = (il My HalpTa KHHeMaTnyka mema (ci. 6.15).
cm

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

WNurensurer Op3ute Tauke B je:

1. vg =AB - =0,2m-10 st =2m/s.

51
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IIpaBai oBe Gp3uHe je ynpasan Ha wian 2 (VB L AB), a cMep je CTH Kao cMep yraoHe Gp3uHe

1m/s
2. Onabepe ce norogHa pasmepa, HOp. Uy = Sem 3a 1pTame MIaHa Op3uHa U Tayka Py Kao
cm
noveTak miaHa 6p3uHa. Ha nnany Op3una, Op3una V—B je mpecTaBbeHa ca AyKu m =4cm (cm.
6.16).
bp3una tauke C ozpebhyje ce Ha ocHOBY Op3uHe Tauke B jep ce Hamasze Ha UCTOM WjaHy 3, Te
je:
- - -B
2. VC =VB +VC.
WuTten3uret penaTuBHe Op3uHe unaHa 3 oapebyje ce u3 penamuje vg -CB- ®3, MebyTumM, 3a

cajia je HeMo3HaT Kao U CMep, jep je Hemo3Hata yraoHa Op3uHa 3. [To3Hat je camo mpasar fia je

-B  — . . . .
yIpaBaH Ha 4naH 3, oqfHOCHO Ha iy CB (vc L CB). Crora je noTpe6Ha joul jefHa jeAHAuYUHA 32
6p3uny Tauke C. Onpebyje ce u3 ycnosa ja anconytHa Op3uHa tauke C Tpeba jia je mapanenHa ca

TpaBIEM KpeTama Kin3ada X — X :
3. vellx—x.

Ha ocHOBy HaBeJieHMX jefHauMHA IIpTa ce MuaH Op3uHa. MHTeH3uTeTn Op3umHa nobwujajy ce
MHOXEHEM OiroBapajyhux ofcevaka ca miaHa Op3uHa ¢ pa3MepoMm 3a Op3uHe, Te je:

— 1m/s B — 1m/s
ve =Pyc-Uy =37cm-——=185m/s, vA =bc-U, =3cm-——=15m/s.
c=mv v 2cm c v 2cm

Cwmep Op3une \73 noOuja ce u3 BEKTOpcKe jeHaunHe 2. IuTensureT yraone Op3une unauna 3 je

— . -B
S 0—2 =3s7%, CMep je MCTH Kao U cMep Op3uHe VC (TMOKa3aH Ha cKuliy 1. 6.18).

Ca. 6.16: [1aan 6p3una (3adaitiax 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 Tauyaka HalasuTH Ha uctoM mpasiy. Crora ce Op3umHa
tauke D (moTeHIujaHa KUHEMATHYKA Be3a) 100Kja 13 Mponopiuje:

4 BD_bd g BDbC 23 150 reje vp =Pyd-Uy =35cm-1™S _175mys.

"BC bc BC 5 2cm

Yo0p3amwa ce 1o0Oujajy Ha cIUYaH HAUMH Kao 1 Op3uHe IpeMa jeflHaunHaMa 3a yop3ama Koja ce

2
rpacuyku npejcrase y pasmepu Uy = 102m—/s. (cnm. 6.17).
cm

KpeTamwe unana 2 je jefHONMKO KPY>KHO Te Tauka B uMa camo HopmaiHo yOp3ame:
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5.ag =AB-03 =0,2m-10 st =20mis.

Ogo yOp3ame je mapanestHo ¢ wWianoM 2 ( ap// AB) ycMepeHo je Ka IIeHTpY 06pTarba, Ka TauKn A.
Yop3amwe Tauke C je:

- - -B -B
6. ac =aB +acn +act,

B (VB)Z 157 2. ;B
Cn = % :ﬁ=4,5 m/s“; acn//CBy cmepy of Tauke C ka tauku B (Tauka C

rie je a

penaTUBHO poTHPa OKO Tauke B); 5% 1 CB. [Ipyru ycnoB 3a yop3ame tauke C je:
7.acl/x—x.
Yop3ame Tauke D gobuja ce mponopuujom:
BD _b'd . BD-bc'_ 2285

8. —=— =b'd
BC b'c BC 5

=114cm.

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

2 2
— 10 m/ _
ac =Py Uy =28em % _14mis? | ap = Pyd'- Uy =3350m-20™S" 1675 ms?,
cm 2cm
B — 10 m/s? 5 . ag, 14 )
agy =Nac-Uy =28cm- =14m/s® 1 e3====—=28s “.
CB 05

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

-+

I/AC ¢ ac

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

Hob6ujene BpegHocTu Op3uHa U yOp3ama Cy 3a TPEHYTHH MOJI0Kaj MeXaHu3Ma KOju je 3ajiaT
yriaom ¢». Ilpu kpertamwy, MexaHuzaMm he ce Hahm y jpyrom nonoxajy, Te he BpegHOCTH
KUHEMAaTHYKKX TapameTapa outu apyraduje. Crora je HOTpeOHO OpEUTH OBE BPEHOCTH 32 BUILIE
TOJI0XKaja Kako Ou ce carneao jefiad neo uukayc (mormnyn oopraj ox 360 ©). M3 Tor pasnora Hanpra
ce MexaHu3aM y 12 pa3imuuTHX MoloXkaja ca moMakoM off mo 30° u o0Oenesku Kao Ha CKUI| (CIL.
6.19), rae ce ucTroBpeMeHo 100ujajy U MyTarmbe Ha3HAUCHUX Tavyaka.
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Ccl11._CI2

...... e C1
C3 >-é:|2.§I
SC

Ca. 6.19: KauiiHu mexanusam y 08aHaeciti pazauyuitiux
iUperyiiHux ilonoxcaja (3aoaiuax 6.2)

Ha wctn HaumH Kao y MPEeTXOfHOM MOCTYIKY HAlpTa ce JBaHAeCT IUIaHOBa Op3uHa 3a 12
Pa3IMYUTHX MOJIOXKAja KOj MMajy 3ajeJHIYKY [oYeTakK miana Op3uta y Tauku P, (ci. 6.20). Cnoje
ce BaHaecT BpxoBa Op3mHa Tauke B (Tauke b1, b2, b3...) mro npexcrama 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, vp (emurca).

Ha uctun Haums Kao u xoporpad Op3una goduja ce xoporpad yop3ama, Tako LITO ce HALpTa
JIBAHACCT TUIaHOBa yOp3ama OJf UCTOr moveTka, Tauke Py (cnm. 6.21). CnajameM BpxoBa Op3uHa
tauke B (cmajamwem Tavaka b'l, b'2, b'3...) nobuja ce xomorpac yop3arma Te TauKe U TAKO UCTO 3a
ocTaje Tauke.

clep, «¢2 P,
aiy d2
/1
" S b

¥ bl

c3 P,
3
b3

" oy 0_ r—_— -
bl
Ca. 6.20: Xooozpagh 6p3una kauiinoz mexanusma (3aoaitax 6.2)

Ca xoporpaca 6p3uHa u yop3ama MOry ce Ofipe/IuTH BPEJHOCTH KUHEMAaTHUKUX lIapaMeTapa 3a
Ouno Koju ApYrd TPEHYTHU Mojoxkaj. Xoporpad Op3uHa u yOp3ama Ha NperjefiaH HauuH [aje
y3ajaMHy 3aBUCHOCT KUHEMATHYKUX TapaMeTapa YIaHOBAa M KWHEMATHUKUX Ta4aKa MEXaHU3MA.
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b'10

Ca. 6.21: Xooozpagh yop3arwa kauitnoz mexanuma (3aoaitiax 6.2)
6.5. AHaJIMTHYKA MeTOa

AHanuTHYKa METOfla cacToju ce y JepMHUCalhy 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 oxpebuBame Op3uHe 1 yOp3ama KIuIa KIUMHOT MexaHu3ma (ci. 6.22, Tauka C) moTpeGHO
je npe Tora iehuHICATH jelHAYNHY MyTa Y HEIOKPETHOM KOOPAMHATHOM CHCTEMY, LITO je T00ujeHO
paHuje npu ofjpebuBamy nyTama (jenHaunHa 4.6, crpana 35):

22 )2
Xxc =R -cose+BC l—T—i-T-COSZ(p C e (6.28)

P

Ca. 6.22: O0pebusare 3aKona iyilia KAUNHOZ MEXAHUIMA
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=~ . . . . dXC
bp3una tauke C, vCc uMa caMo MpOjeKIHjy MO OCU X Te je N0 AeUHULUU: Vo =—=.

dt
He3aBucHO npeMeHIbIBa je yrao mosioxaja (poranuje) IoroHcKor Wwiana 2 (¢) a He BpeMe (t) crora

ce 0Baj U3pa3 MOMHOXM U Tofienu ca do Te ce goduja: Ve = dxc do _do dxc ®2 xc ,jep
dt de dt do do
je cii_(tp = ®7, T€ je HaKOH uepeHnnpama jenHaunte (6.28) mo yray ¢, 6p3una tauke C jegHaka:
. A
Ve =—R-m2(sm(p+?sm 20) . et (6.29)

. . dv .
Yop3ame Tauke C je no fepuHunnju: ac = d_tc AKO ce 0Baj n3pa3 MOMHOXKM 1 mofienu ca do

dv—c-d—(Pzd—(P-dV—Cz ® dV—C Haxkon paudepentupama jenHaunne (6.29) mo

nobuja ce: ac = it o dt do 2 do

yray @ nobwuja ce:
ac =-R -m% (COSP+ N COS2MD) . oottt seseaeeas (6.30)

[Tapamerap A je nedpunucan y nornassby 4, Tauka 4.2 v mpeficTaBba A = 'S:(E:; = % .
Bpenmnoctu Op3una knuna (tauke C) ce kpehy on Hyse (0) 10 HeKe MaKCUMAaJTHE BPETHOCTH.
Excrpemna BpenHoct Op3une knuna (tauke C) gobuja ce kafa ce weH MPBH U3BOJ 10 BPEMEHY

W3je/IHayuy ca HyJIOM, Tj. U3 yCIIOBA /1A je: d:j/—tc =0=-R- mg(COS(p +X-C0S2¢).

Kako Hema cmucna na napamerapu R u o OyZay jenHaku HyJH, Ipou3uia3u aa tpeba aa
je cosp+Xi-cos2¢p=0. Ako ce yBeme 3amMeHa COS2¢= cos? (p—s.in2 ¢, UMamMo maa je
COSQ+A- (cos2 [0) —sin? ¢)=0. Ako yBemeMo 3aMeHy Ja je sin? p=1- cos? ¢ y TMPEeTXOIHU
U3pa3 U HaKOH cpehuBama UMaMo 1a je 2. - cos? Q+Cose+A=0.

PemaBamemM OBe KBaapaTHE jeHaYMHE MO COS¢ J00OHja ce Ja je COSQp=A. 3aMEHOM

cose =AYy jemHaunny (6.30) u HakoH cpehuBama nMOOHjeHOT U3pa3a UMaMo Jia Cy eKCTPEMHE
BpeaHOCTH Op3uHe Tauke C:

VCmaX :iR(DZ(l“F%}LZJ. ......................................................................... (6.31)

Y koM nonoxkajy wiana 2 (yraa @) he OuTu eKcTpeMHe BpPEeJHOCTH Op3uHE V(e 3aBHCH O]

napamerpa A. 3a 3agarak 6.2, rae je A=0,4 exctpeMHe BpeHOCTU Op3uHe Kiuna Ouhe mpu yriy
0=66,42° 1 ¢=293,58°. Takohe u 00nuK KpuBe NpoMeHe yOp3ama KIIKIa 3aBUCH Of] TapaMeTpa A.
Cpenma BpeffHOCT Op3uHe KiuIa KiaunHor Mexann3ma (Tauke C) qodwuja ce:
Vesreg _25_2S _2:2:AB:n_2-AB-n
T 60 60 30
n

,rfie je n(o /min) - 6poj 06pTaja MOrOHCKOT YlaHa

110 MUHYTH.

dac d¢ dac © dac 0
- = 2- =U.

ExcrpeMue BpeiHOCTH yOp3atba 1o0ujajy ce u3 ycaosa da je:
dt dt do do

[pBu u3Box jeanaunne (6.30) o yroy ¢ je djl—c =-R- m%(sin @+2\-sin2¢p)=0.
¢
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OgBaj m3pa3 he Outw jemHak HyIH ako je Sing+2i-sin2¢ =0, o03upoM 1a R 1 ® Hema

CMHUCIa Ja Cy jeaHaku Hyiau. lIlpetxogHm  m3pa3  TpaHCHOPMHUIIEMO  Kao
sing+2L-2sing-cose =0, ogaocHO SiN@(L+4A-cose)=0. OBaj he uzpaz Outn jeHAK HYJIH

ako je sine=0 u 1+4r-cose=0. Crenu na je sing=0 3a momoxaje mog yrimom ¢=0° u
¢=180°. VHomemeM BpemHoctd yrinoBa ¢=0" u ¢=180° 3a ekcTpeme y jeqHauWHy 3a

yop3ame Tauke C (6.30) umamo n1a je:

=R-05(l+1)na =R 05(L-1). e (6.32)

3cmax(0°) Crmin(180°)

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:

Xp =R -coww@(l—%xz -sinz(pJ n
yp =R-sin _BD-osin (6.33)
D ¢ ey .

[Tpojexuuje Op3une Tauke D cy:

VDx :dX_D.d_(Pz—o)Z(R -sincp+ﬁ-%k2 -sin 2(pj,

dt do

dyD d(p BD
Vpy =2 — =R -0, C0S0| L === |. oot 6.34
Dy dt  de ®9 (P[ BCJ ( )

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

apx =—@§(R : cos(p+ﬁ-%l2 -COSZ(pj,

apy =-R- m% sin (p[l—%} L ettt ettt ettt (6.35)
a yopzame Tauke D je:
aDz\/(aDX)2+(aDy)2 e (636)

Yraona Op3una u yraono yop3ame 4iana 3

Yraona Op3uHa 1 yraoHo yop3ame, 110 AeprHULIj1 100uja ce Kao IPBU U APYTU U3BOJ yIriia
NoJI0Xaja o BpeMeHy. YTao nojoxkaja unana 3 , W na ocHoBy cnuke 4.15, ctpana 34 je:

SINW = A -SINQ . ettt (6.37)
HudepenuupameM OBe jelHAUNHE TI0 BpeMeHy jo0uja ce:
A-COSQ- do
cos y d_\u = X-COS(p-d—(p,r;[eje d—W: ®3, T CIEMH 1a je m3 S | S
dt dt dt Cos
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R (6.38)
\/1—73 -sin? [0)
YraoHo yOp3ame uiaHa 3 je o jepuHuLnju: €3 = dd% ,Te je:
2
-\ A7 )-sin
o3h-?) ? (6.39)

s

Capma ce mory ofpeauTH penathBHa yOp3ama Tauke C y opgHocy Ha B: agn = BC- w3,

g = BC-¢3. Penatusna o6umua 6p3una tauke C y ogHocy Ha B je VC BC-w3.

Excrpemne BpeqHoCTH yraone Op3uHe wiaHa 3 1o0ujajy ce U3 yciioBa:
dm —K mz(l—XZ) Sln(p

\/7%2 sin cpf

Ogaj u3pa3 he OuTH jeqHAK HYJIH aKO je —A - (”2‘; kz) sine =0, oqHOCHO Kaja je sine=0,

Tj. mpu yriaoBuma on ¢=0° u ¢=180°. 3ameHom BpemHocTH yrioBa ¢=0" u ¢=180° y
jennaunau 6.38 3a yraony Op3uHy wiaHa 3 m00Hja Cel ®3max =A-®wp H @=180° u
O3min =—A-©2.

ExctpeMHe BpemHoCcTH yraoHor yop3ama uiaHa 3 1001jajy ce U3 yciaoBa.
1

dog  —1cosg-w3(1-22)-L-22sin? ¢)2 - (L+2-12 sin? g)
dt (1-22sin? ¢)®

=0. U3 oBe jegHauuHe cieau Aa cy

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

Kopucrehn nperxonne u3pasze of (6.29 mo 6.32) 3a CEO jenaH pajHM HUKIYC 3a TOJOXKaje
TOrOHCKOT wiaHa 2 faedunucane yriaom ¢ o 0° mo 360° ca mpupamrajem of 30° goOujene cy
BPEIHOCTH KOje cy iaTe Ha iujarpaMuMa ci. 6.23 u ci. 6.24. uy tabenu 6.1.

N

Ve(m/s)
2,16
~ 7 / 1,2
8 L VCmasz'(DZ 1+—%
Q 2
o 1
=
£l
= s s 270 ¢, ()
E -_0 9!0 T 1 Iy 360 [d
<
=
5
T 1.2
1 VCmax = R-o> 1+5?\.
2,16 !

Ca. 6.23: [Ipomena 6p3ure Kauila KAUIHOZ MeXAHU3MA 3a CEO jeOan paoHU UUKAYC
(3aoaitiax 6.2)
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aC(m/sz)/
28 ]
23,30+
18,66+ A0 max :R-@%(1+k)
13,984 -
933 1
4,66 +

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 (3aoaitaxk 6.2)

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

®° xc (m) | vg (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 mpejicTaBUTH 1 BUTy 3aTBOPEHE BEKTOPCKE KOHTYpe (ci. 6.25) 3a Kojy ce MOXKe HamucaTu
jeflHauMHa:

Ly + L0+ L3404 =00 coeeeeeeeeesmmmsssssssseeeeeessssssssssssssssssssss s (6.40)

CkanapHu 0oONUK TIPETXOJ{HE BEKTOPCKE jefiHaunHe (TpojeKiyja je[HaunHe Ha 0Ce X M y) UMa
00nuK:
Licosqy +Locoseo +Lgcosgpsz+Lgcospq =0

Lisingg + Losingo + L3sin@g + Lgsingg =0. i, (6.41)
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Kaxo je yrao ¢ =180°, To he 6urn sin; =0 u cos¢q = —1. Taga Ha ocHOBY jegHaunse (6.41)

creu fia je:

ce:

L3cosp3z =Ly —Lycosey —Lgcosgy,
L3Sine3 =—LoSIiN02 —L4SINM4. oot

Ca. 6.25: YeiligopoilonyHHU MEXAHUIAM KAO
3aiUB0PEHA BEKIUOPCKA KOHIULYDA

Kapa ce yBeny 3ameHe 3a:
L1 —Locosepy =q u Losingy =u, Taja he jenHaunna (6.42) uMat 0OMK:

L3cose3 =0—L4C0S@y4,
L3SIN@3=—U—L4SINMg. i

OG6e jemHaunHe (6.43) ce MOgUTHY HA KBAJIpaT Ia ce cabepy, HaKOH yera ce nodmuja:

L%:q?'—2-q-L4COS(p4+U2+2-U-L4Sin(p4+Li. ............................. (6.44)

—L23+q2+u2+L24
2-q-L4

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

COSQgq —tgv-Sin@g =a WM COS(Pg4 + V) =@:COSV. orererrrrerereeerreeneennn. (6.45)

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

MONIOKaja MOTOHCKOT uiaHa 2, ¢p. AHAJIOTHO TPETXOMHOM MOCTYNKy u3 jepHaumne (6.43)

eNMMUHHUILIE CE YTA0 (g4 , KAKO 01 ce J0OMO0 yrao ¢3:

. u .
OflaKJie je: CoS(3 ——Sin@g =
q

2 2 ; 2 2 2 ; 2
L =(@—L3zcosg3)” +(L3sinez +u)” =q° —2qLzcose3z + L3 + 2L 3 -usingg +u”,
2

q2 +ul - L24 + L3
. YBojpe ce cienehe 3ameHe:
2qL3

2 ,.,2 2,2
q°+u” —-Ly +L3

=CcHu u_ tgv , HaKOH uera ce oomuja:
2qL3

COS (3 —tgVSiN @3 =C MM COS(P3 + V) =C-COSV . corirrieeecicnenereieeaenennes (6.46)
W3 jennaunne (6.46) onpebyje ce yrao monoxaja wiana 3, ¢3.

3a oppebuBame yraonnx 6p3mHa noTpeOHO je Hahym npBu U3BOJ jenHaunHe (6.42) MO BpeMeHy

—Lgsincpg%z Lzsin(pzdditz+ L4sin(p4ddit4,
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do3 doo d
L3005(p3%= L2COS(p2T—L4COS(p (;[14 ...................................... (6.47)

d .
Kako je d;ptz =y, % =m3 U dd% = 4, NMPETXO[HA jeaHaunHa he Outu:
—L3wgsing3z =Lomosingy + LgmsSineyg,
—L3w3C0503 =LompCOSP2 + LA®ACOSPL . wovvvverreiereiriiianns e (6.48)

Ilogenu ce mpBa jegHauMHAa ca JAPYTOM U HAKOH
sinpg  Lowosingo +LawgSingy . . .

= w Lowo sin — =LgmwgSsin — oflakne je:
c0503  Lyty COS0p + Latog 00504 20025IN(@3 — 02) = L4004 5in(¢4 — ¢3) ]

cpebuBamwa fpoOmja  ce:

LoSIN@3=02) et (6.49)
Lasin(eg —¢3)

W4 =0

Ha ucty HauuH ce U3 jefiHauMHA MOXe UCKIbYUUTH ®4 Aa Ou ce [oOuIa yraona Op3uHa o3 :

03=0 L2 S!n((p2 = ¢a) bbbt et (6.50)
L3sin(eg —93)

Jla ©u ce oppenmuna yraona yoOp3ama noTpeOHO je Hahu NMpBU W3BOJ je[HAUMHE 32 YraoHe
opaune (6.49 1 6.50) mo Bpemeny "t":

- Lgmg cosp3 — L3egsingpg = chog CosQy + L4co£21 COSQ4 + Lgegsinoy,
ngg singp3 —L3e3Ccosg3 = —Lzmg singy — L4mi Singg +LgeqCOSQy,
dwy

r7ie je T g2 =0, mowTo je wy =const. MHOXemEM TIpBE je[HAYMHE ca COS@3, a Apyre ca

—Sin @3 ¥ HaKOH cabupama fodwuja ce:
; 2 2 2
—L4e4sin(@3 —04) = L3og + Lo - o5 cos(@2 — 93) + L40y cos(pg — 93) . ... (6.51)
U3 oBe jeqHaunHe n06uja ce yraoHo yop3ame unana 4, g4 :

2 2 2
w5l CoS(@2 —@3) + w3l 3 +wyL4C0S(@4 — ¢3)
Lgsin(e3 —¢4)

€4 =

W3 npeTxofHuX jelHauMHA MOXeE ce eJMMUHUCATH YraoHO yOp3ame €4 M HAKOH cpehuBama
jeflHaumHa jo01ja ce yraoHo yop3ame uiana 3, €3:

2 2 2
_ 05L2c05(92 —9g) + 0yl g +03L3C08(03 —94)
L3sin(e4 —93)

6.6. OcunaTopHO KyJIMCHH MEXaHH3aM

OcumiaTopHO KyJucHE MeXaHm3aM (ci1. 6.26) ofimKyje ce pa3inuuToM Op3WHOM KpeTamwa
yaHa 6 y TOKY jeHOT paJiHOT IUKJyca (jefHOr MOTIyHOT 00pTaja MOrOHCKOT WiaHa 2). Y jemHOM
cMepy Op3uHa 4iaHa 6 je Mama, a y cynpoTHOM Beha, Te ce Ha3uBa Op30-NOBPAaTHH MEXaHU3aM.

Vma npuMeHy KOfi IOrOHa KIUMHUX MyMIIH, KOMIIPECopa, riofanuua uty. Mima Bulie pa3nuuuTux
pelIema OCIIIATOPHO KYJIMCHOT MEXaHU3Ma.
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Jla Ou ce MOrOHCKY YjiaH 2 MOrao 0OpTaTH jeJHOMKO KPYKHO, WlaH 4 OCIUIATOPHO KPYKHO, a
YJ1aH 6 TPAHCIATOPHO, MOPa GUTH HCIYH:eH YCIIOB (hYHKIMOHMCA:A 12 je R < AC .

Mexanuzam he 6uTH y KpajliM TON0XajlMa Yy OHOM TPEHYTKY Kajia ujiaH 4 Oyjie y nonoxajy
TaHTEHTE Ha MyTaky WIaHa 2, Tj. KaJja YWIaHOBK 2 1 4 Oy/1y IO/l IPaBUM yriioM (ci1. 6.27).

[TokazaTesb pajia OCHMIATOPHOT KYJIMCHOT MeXaHu3Ma je KoeduiujeHT npomene op3une "K",
KOjH ce ie(prHHUIIIE KaO:

Ca. 6.26: Kunemaiiuuka wema ocyusaitiOpHoO KYAUCHOZ
MEXAHUIMA

W3 npasoyrmnor Tpoyraa CD"H (cn. 6.27) cneqm pa je: D'"H=CD"-siny, a U3 mpaBOyrior
L R
tpoyria AB'C cnepu fa je: siny = —.
poy Au 12 v AC

Xop kmi3ava 5 (Tauke D) je: D'D"'=2-HD'=2-CD-siny . Yrao noBpaTHOr ¢p U PAIHOT @r
xofia oipebyje ce u3 penanuje:

R
=2 AICCOS= , Of = 2L = (). +eererrerrerreresreseessesesessessessssessessessessssessens 6.55
Pp AC @ ?p ( )
Koeduuujent npomene yraone 6p3ute "k" jennax je:

271—2-arccosi rc—arccosi
k=2r _ AC _ AC _m—arc cosh L eeeerreeeaee (6.56)

R R
®p 2-arc cos — arc cos — arc cosi

Kajia ce ycBoju jaje A = R
YCBO] J ol
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U3 jepnaunne 6.56 OUMITIENHO j€ f1a je BPEHOCT YIUIa IOBPATHOT XOfia ¢, Mamba (@p < ¢ ), Te

je Op3uHa npu noBpatHOM xony Beha. Bp3uHe u yOp3ama unaHoBa OBOI MeXaHH3Ma ofjpheHe cy
rpac0aHATMTHIKOM U AHATUTHIKOM METOJIOM.

Ca. 6.27: Kpajrwu itoaoxaju oCUuAqitiopHo KyAUCHOZ MeXaHuama (3aoaitax 6.3)

I'padoanannTuka metoaa

3agarak 6.3: OnpenuTu KMHEMaTHUKE MTapaMeTpe OCHUIATOPHO KYJIMCHOT MEXaHMW3Ma ca CII.
6.25. latu nogawy cy: AB=0,2m, CD=0,6m, CB=0,46m, AC=0,28m, ¢p=45", oy =105 u
€2 =0.

[Tnan 6p3uHa ce foOKja HA OCHOBY je[IHAUMHA!

1. vg =AB-wp =0,2m-10 st =2ms.

Tpasar oBe Gp3uHe je ynpapaH Ha wiaH 2, (Ha AB )y cMepy yraoue Gp3uHe oy. Ofabepe ce

1m/s
NOrofiHa pa3Mepa 3a LpTame miaHa Op3unHa Uy, = > U Tauka Py, Kao MmoyeTak IjaHa Op3uHa.
cm

bp3una Tauke By oppebyje ce Ha ocHOBY Op3uHa Tayaka B u C jep ce Hana3e Ha HCTOM YJaHy, T€
je:

- - -B . -B  —
2. VB4 =VB + VB4, Teje vp4//CB4,

- - -C . -C -

3. VB4 =VC + VB4, neje ve4 L B4C.
Bbp3una rauke D ogpebyje ce mponopuujom:

CBy _Pyby Ny CD-Pyby _058-35

4, =4 - VA
CD Py CBy 0,45

=45cm.

bp3una tauke Dg onpebyje ce Ha ocHOBY Tauke D u 1a uMa npasai napasenaH ca KiIu3ameM
(IIFG):

- -~ =D . -D ——
5. VD6 =VD + VD6, I'ie je VD6 // EDG,

6. vpe I/ FG .
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VB4 _ 18 _ 41

Yraona Op3uHa unana 4 je: o4 = ——

Ha ocHOBY npeTxofiHuX jelHaYMHA HALpTa ce TiaH Op3uHa (ci1. 6.28) U3 Kojer ce u3pavyHajy
MHTEH3UTETH CBUX Op3MHA.

FG
d
~CB Ca. 6.28: I[1nan 6p3uHa ocyunaitiopHo KyAUCHOZ
MexaHusma (3aoaitax 6.3)
//ED

JennauuHe 3a yOp3ama cy:
7. ag = AB- w3 =0,2m-10? = 20 m/s?.

2
Onabpana pa3Mepa 3a IutaH yop3ama je Uy = 10 m/s

. YOp3ama ocrajiux Tauyaka ofpebyjy ce

npema jeflHauYlMHama:
- - - -B
8. a4 =aB +ak +aB4,

. -B
e je ak=2-m4 'VE4 =2-4.085=6,8 m/sz, ap4 //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
rje je ap4n // BAC, ap4t L BAC, ag4n= _B4) =£45=7,2m/32.

Yo6p3ame Tauke D ofpebyje ce mponopimjom:

CBs _Pds _ gy CDPaby 0583
CD P CB,4 0,45

10. =3,86¢cm.

bp3una Tauke Dg onpebyje ce y ogHocy Ha Tauky D u Tpeba fga uma mpasal napanesaH ca
npasieM Kiu3ama (// FG ):
R - =D . -D | ——
11. aps =ap +ape, rae je ape // EDG,
12. ape /I 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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o5 /IFG ap6 = ag
VB4

Py

04

-+

ak

Ca. 6.29: Odpebusarbe KOpUOAUCOB02Z
ybp3arsa (3adaitak 6.3)

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

AHaJINTHYKa MeToa

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

unana 4 (yrma ) y hyHKImju monoxaja noronckor 4unana 2 (yria ¢). Ha ocHoy cii. 6.31 cienu fa
je:

ANY = == ===, e 6.57
v B' C+R-coso ( )
Kako je yraona Op3una uiana 4 g4 = (:j—\j[l maepeHnmparmeM jeHaunne (6.57) o BpeMeHy
no0bwuja ce:
g B G0 _dody_ Gy A Ring
dt de dt do do do AC+R-coso

o)
—COSQ+| —
AC AC

(1+R-COS(pj2
AC

k-COS(p+k2
(1+1-cos)

co4=co2-C052\|/~ . YcBajace f1aje ALCZX ,Te je:

0)4=0)2-C052\|I-

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

cos? v = 7 CpebuBameM oBor u3pasa joduja ce:

l+tan® vy
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2
cos? Y= 5 1 5 = (L+2-cosg) 5 - Yraona Op3uHa Kynuce 4 Ha OCHOBY NMPETXOTHUX
1+ A% -sin“ @ 1+2A-COSQ+ A
(1+1-cosp)
u3pasaje:
04 =02 M2+ cose) R TSRS (6.59)
1+2)-cos@+A
D
R -sin
3
BV

R-cosg

Ca. 6.31: Tpenyiunu ii040x#aj OCYUAATIOPHO KYAUCHOZ
MmexaHuama (3aoaitak 6.3)

1

OGumua 6p3una Tauke D je Vp = @y - CD . Bpsuna Tauke Dg u wiana 6 (ci1. 6.26) jenaka je:

VD6 =%XD6 =%(CD-sin\|/)=CD-m4 COS=VD -COSY .  oeeerrrerrrrennne, (6.60)

Yraona Op3uHa Kymuce 4 jefHaka je Hymu kaga je A+cos@=0, OJHOCHO Kaja je
R . n n :
COSQ=—A= vk aToje y "MpTBEM'" MOJNOXKajuMa MEXaHN3Ma Kajja Cy WIAHOBH 2 1 4 O] IPaBUM

YIJIOM.
YraoHno yop3ame kynuce 4 obuja ce auepeHiupameM yraone Op3uHe o BpEMeHy:

_dog dp _do dog _  dog_ o 1 -kine (6.61)

2 =Wy .
e de dt de dep (1+2x-c05cp+x2)2

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

€4

kaga je ¢=0° m ¢=180°. MakcumanHa yraoHa Op3uWHa wWiaHa 4 TpPH pagHOM X0y je:

© = Mr+1) _ ®7 ,a TIPH IOBPATHOM XOJIy je:
4max/ =0 1+27\'+7\'2 A+l
AL-1)

Camax/g=180° ~“2° 2 T 9253 1

JujarpaMcku pukas yraone Op3uHe 1 yraoHOT yOp3ama KyJuce OCIMIaTOPHO KYJIUCHOT
MeXaHM3Ma 3a [e0 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: Y2aona 6p3una kyauce oCuusaillopHOZ MEXAHUIMA Y TOKY jeOHO2
PaoHozZ yukayca (3aoaitax 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 OCUUAAILOPHOZ 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 U =

0,Im
cm

. [Toroncku unan 2 ce oOphe jefHOMMKOM yraOHOM Op3MHOM

®y =10 s7L. [ToTpebHo je onpeaut Op3uHe 1 yOp3ama OCTANNX YWIAHOBA M KHHEMATHUYKHX Tayaka.

Ca. 6.34: Kunemaitiuuxa wema (3aoaitiax 6.4)
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bp3una Tauke B Ha noroHckom 4nany 2 je:
1. VB =A_B-(D?_ =2m/s,
1ml/s

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

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

2.vc=vB+VvC,raeje vc LCB,

3. VC /I 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, T/D=T/E=T/C.

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

- I . ~E  ——
5. VE6 =VE +VE6, Ifie je VEe L EgG ,
- -~ -F
6. VE6 = VF + VEG6 .
. -F o ——
bp3una tauke F je nyna, a veg L EgF.

Yraone Op3uHe ynanoBa 3 u 6 cy:

B F
V, V,
w3 = C=CB =383s, wg = E=EI(§ =0,4545s1, a cmeposu cy ogpebenn Ha ckun (ci1. 6.38).

c=d=e

Ca. 6.35: [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 Uy = (cn. 6.36). YOp3ama ocraqux Tauaka

ofipebyjy ce npema jefHauMHaMa:
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- - -B -B
8. ac =aB +acn +act,

. B (VE)Z 2 2B == -B ==
Iaeje acy =§=4,03 m/s“, acn // CB ycmepeno of tauke C xa B, a act L CB.

9.ac//x—x.
10. 5D :EE :5c.
- - - -E -E
11. ag6 =aE +ak +ag6n +aE6t
raeje ag =2-og - VEG = 2,36 m/s? , 4 CMep je moka3aH Ha ckuuy (ci. 6.37). Hopmanna komnoseHTa

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

E (VEG)Z

~E — . .
aggn = EG_G =14,38 m/sz, agen //EgG ycMepeHo je op Tauke Eg ka Tauku G. Tanrennujanza

-E
KOMIIOHEHTA PeJIaTUBHOT KIM3HOT yOp3ama Ma paBal] TAHTeHTe Ha KpY:XKHuIy, aget L EgG .

_ (Vgs)z

. -F -F —
rae je agen // EgF ycMepeHno o Tauke Eg ka Tauku F, aEGn e =0,03 m/sz, a aget L EgF.

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

6
act aEet
Yraona yop3amacy: e3=—=H gg=—>.
yop Y. €3 cB %6~ &
-B
®6
ak
-E
VE6
Ca. 6.36: [1nan yop3aara (3a0aitiak 6.4) Ca. 6.37: Oopebusarbe KopuoaUco80z

ybp3arsa (3adaitiak 6.4)

B 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

69



6. YBOO Y KHHEMATHYKY AHAJIN3Y MEHANIZAMA

3aparak 6.5: Onpenutu Op3uHe M yOp3ama KMHEMATHYKHUX Tayaka, yraoHy Op3WHY U YTraOHO

yOp3ame unana 5. [Jatu cy nogauu: U = 11()0—ch, wy =20 stu g2 =0 (cxn. 6.39). [Ipenopyuene

1m/s _1Om/s2
05cm

asmMepecy Uy =—— n U, =
p pecy Uy Tem a

Ca. 6.39: Kunemaitiuuxa wema (3aoaitiax 6.5)
JeqHauyuHe 3a Op3uHe
1. vg =AB-0 =0,2-20=4m/s, vg L BA,
-~ - -B . -B
vc =VB +VC, gde je vc LCB,
Qcﬁx—x,
VD =VC,

-~ -~ =D s
VE =VD +VE, gde je v LED,

o o A wwN

-~ 4  -F F
VE =VF+VE, gdeje vg LEF.

Camo y monoxajy kajaa je moroHcku wial (2) nox yriom ox 90° 6p3une Tauaka C u B cy
ucre (ci. 6.40), nok y apyrum mnonoxkajuma Hucy. Camo cy Op3uHe u yop3ama tadaka C u D
y CBUM II0JI0KajuMa UCTe.

VB=Vg=Vp
b=c=d

Ca. 6.40: ITnan 6p3una (3adaitiax 6.5)

HNHTeH3uTeTH Op3MHA
. 1m/s . . )
Pa3mepa 3a mian 6p3una je Uy, = Tom 13 Kojer ¢y ozpelyyjy MHTEH3UTeTH Op3uHa:

— Im/s
Ve=vp=vp=P,b-U,=4cm-
C D B \% \% 1cm

=4ml/s,
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1m/s =28 m/s,
m

Vg =Pye-U, =28cm-

VE =ed-U, :4,1cm.m=4,1m/s,
lcm

VE=VE=2,8m/s u

B_
vC_Om/s.

Yraona Op3una

D
v
_E _ Al ~18,63s7, a cMep je y cMepy

WuTen3uteT yraone Op3uHe ujaHa S je og =
ED 0,22

KpeTama Kaszajbke Ha caty (ci. 6.42).

Ilnan yop3ama

[nan yOp3ama ce mobuwja Ha OCHOBY jeqHauMHa 3a yOp3ama Kopuctehu pasmepy
_10m/ 52
7 05cm

7. ag :A_B-cog =0,2-20° =80 m/s?, e je: ap//AB y CMEpY Ka Tauku A.

- - -B -B
8. ac =ap +acn +act,

I V- /R
PenatnBHO HOpMaIHO yOp3atbe je ag, = B =m=0m/s , act LCB.

9. gc//x—x
- - D -D
10. ag =ap +aEgn +akt,
-D  — D 2 -D —
rae je: agn //ED y cmepy ka tauku D, aEn _\VE) =ﬂ=76,40 m/sz, agt L ED.
ED 0,22
-~ - -F -F

11. ag =af +agn +agt,

R vE] (287 2 -F —
rae je; agn//EFy cMmepy ka tauku F, aF = \"E) =" _=417m/s°, agt L EF.
e ] En y 197 En EF 0188 Et

HNHuTen3ureTn yop3ama

2
) 10m/s ) )
Pa3mepa 3a ruian yop3ama je Uy :T, U3 Kojer cy oapelyjy MHTEeH3uTEeTH
,oCMm
yOp3ama:
2
— 10m/s 2
ac =ap =P;¢c"-U,; =225cm-——=45m/s“,
C D a a 0.5cm
2
— 10m/s
ag =Pge'-Uy =2,698cm-———— =54m/s?,
0,5cm
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_ 2
aEt =ne'- Uy :3,00cm-w:60m/32.
0,5cm

Yraono yop3ame

a
VYraono y0Op3ame wiaHa 5 je €g :%:%:272,728'2, a cMep je y CyInpOTHOM

cMepy 011 OKpeTamba Ka3aJbke Ha caty (cit. 6.42).

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

[Tocmatpajmo knu3HM KuHeMmatnuk map 2 u 1. Unan 1 je, Hop. Bohuia mo kojoj Kiu3a

wiaH 2. UnaH 2 je Kiin3ad KOjH je MPOIIMPEH ca MOy KHUM JeJIOM KOjH je 3aBapeH 3a Kin3ad
— KMHEMaTH4Ke Tauke AoBo.

AXoO ce 3aMUIIJbeHO NPOIIMpPH 4laH 1 ca paBHM 7y ¥ Aofa Tayka By mcmop Tauke By (cm. 7.1

JIeBO), peNIATUBHO KpeTame n3Mehy tauaka A»Aq n BBy je mcro, Te cy Kiu3He Op3nHE 1 KITM3HA

-Al -Bl -Al -Bl
yOp3ama ucra: VA2 =VB2 1 aA2 =ap2. 10 UCTO Baxu u Kana cy o0a 4jaHa MOKpeTHa, HITp. Kajia

-A2 -B2 -A2 -~
ce TPOIIMPU WIaH 2 ca mp Tajja je VA3 =VB3 M aA3 = a|33 (cn. 7.1 pecno). OBakaB HauWH

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

-Bl

-B2
VB2 VB3
~BI - -B2
aBp2 aB3
~Al ~A2
VAZ\ VA3
~Al ~A2
ap2 4A3

@2
Ca. 7.1: Ipouwuperse KAUBHUX KUHEMATUUYKUX UaApO8a

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

Ynan 4 xnn3a no wiany 3, Te ce MOXe NPOIMPHTH YwiaH 3 Ha 4 u 00pHYTO, wiaHa 4 Ha 3, jep
NPeACTaB/bajy jelaH KHHeMATHYKH nap.

Y cnydajy ga HUCY jelaH KMHEMAaTWUKW map (fja Kiu3ady HHje 3aBapeH 3a WwiaH 4) OBaKBO

NPOLIUPEHE e HE OM MOTJIO KOPUCTUTH, jep He 01 OUII0 UCTO PEJaTUBHO KpeTame n3Meby Tauaka
C4C3u DyD3.

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

AKo ce npoumpu uinas 3 Ha 4 ca paBHU 13 j00Hja ce Tauka D3 mcnop tauke Dy Koje Kiu3ajy

jemHa mo apyroj ucto kao Tauke C3u Cy (ci. 7.2 1€B0). Y 0OBOM CiIy4ajy MOTY ce mucatu cienehn
u3pasiu 3a Op3uHe:

-C3 - -D3
VC4 =VC3 + VG4 1 VD4 = VD3 + VD1,
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-C3 -D3
roe cy pCJIaTI/IBHG KJIM3HE 6p3HH€ HCTE VC4 =VD4 1 I/IMa]y IpaBall MapaljicjiaHn Ca IMpaBOEM

KJIn3ama, vc4, VD4 //ﬁ.
- -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 uUcTe pelaTHBHE Kiu3He Op3MHE VC4 =VD4, a
UHTEH3UTET J€ ag :2"”3"’84:2"”3'\’82' PenatuBHa knm3Ha yOpas3ama cy HcTa 1O

-C3 -D3 -C3 -D3
UHTEH3UTETY U 110 IpaBLy, aC4 =ap4 U ac4,ap4// BE.

[To moTpe6u, 3aMUIITLEHO ce MOKe MPOMMPUTH WiaH 4 Ha 3 ( 7ty ), HIp. o Tauke E wimm B, Tako
ce foOuja pukTUBHA Tauka B4 Koja knu3a no tauku B ucto xao mro knusajy Tauke Cg3 u Cy. 3a

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

VB4 =VB + VB4 U aB4 =aB +ak +apd,
r7ie je T/E4,5|34//BE, ak =2-o3 'VE4, 5k L\?E4,Tj. 5k 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
tauaka Dy u B, C4 u B, 3atum m3meby B, u Cg, jep Tauke HUCY HA UCTUM YIAHOBUMA HUTH
Ku3ajy jefHa no apyroj. Ilo motpebu nmpommpemwe unana 4 moxe Outu u 1o Tauke E rue Ou ce
nobuna tauka Eg.

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 +VCa VD4 =VD3 + VD1,

-C3 -C3 -D3  -D3

ac4 =ac3+akc +aC4n +aC4t, U aD4 =aD3 +akd +aDan +aDat.

ArnconyTHe U penaTuBHE Op3uHe U yOp3awa usmeby trauaka C4 u C3 u usmeby Tavaka Dy u
D3 HUCy UCTe HM N0 MHTEH3UTETY HU IO TPaBlly, jep Te€ TaykKe POTUPAjy Ha pa3IMuyUTUM
pagujycuma Re u Ry.

HWcro 61 0BO BaxkmIlo  3a ciyyaj fja ce nmpoluupy uiaH 4 Ha 3 Taga Ou ce jobusa Tauka By umje
penatuBHe Op3uHe U yOp3ama y OHOCY Ha TauKy B HuCy ucTe Kao penaTuBHe Op3uHE U yOp3ama
u3meby Tauaka C4q u Cg.
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7. [IPOIIMPEBE K/IU3HUX KUHEMATHUYKHUX [TAPOBA

-B
VB4 B

.B |-B

By
aB4t| aB4n

©A

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

3agarak 7.1: Opnpenutu Op3uHe W yOp3ama KMHEMAaTHUKUX Tayaka M WIAHOBA MEXaHU3MA.
HOatu nomamu cy: AB, =012m, B,C=037m, CD=008m, DE=0,25m, Xxg=047m,

YE =-0,08m, ¢y =120°, ¢4 =138°, wp =10s1 1 &5 =0.
01lm
1cm
a 6u ce ogpenune Op3uHe Tpeba HAUPTATH IUIaH Op3WHA MpeMa jeHaunHama 3a Op3uHe.
Bbp3uHa noroHcke Tauke B, jefHaKa je:

KunnemaTtuuka mema je Haipratna y pasmepu Uj =

1. vgp =ABjy -®wp =1,2m/s, rje je Op3uHa VB2 1 AB;.

Bp3una Tauke B3 MOXe ce offpeluTH MpeKo Tauke Bo (mo3HaTa je) m 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) m mpeko Tavaka B3 u C, anmu cy u muxoBe Op3mHe, 3a caja
Heno3Hate. [Ipounsunasu fa 3a tauke D u B3 mMaMo caMo 1O jefHY jefHAYMHY 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 unaH 2 Ha 3 unu
o6puyTo 3 Ha 2 (ci. 7.5). [Ipyra MoryhHOCT npolimpea 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 Dy. OBakBUM MpoIIMpemheM 100Hja ce UCTO PeNaTUBHO KpeTame u3Mehy
tayaka D (D no Dy ) utauaka B (B3 mo By ). buno 61 ncnpaBHO NpoIIMpemhe paBHA 1) 10 TaUKe
C (moOunu 6u tauky Cop), MehyTum, He O ce MOTJa OfpeluTH HeHa Op3KHa jep He0CTaje oI
JE/laH yCIOB.
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Ca. 7.5: MozyhHociuiu iipouiuperba KuHemaiiuuko? iapa 2 u 3 (3aoaitiax 7.1)
a) ipowiuperse uaana 2 Ha 3, b) iipowuperse ynana 3 na 2

3a ycBOjeHO IIPBO NPOIIKMPEE UlaHa 2 Ha 3 ca paBHU mp OApeau ce Op3uHa Tauke Do npema
jeflHauMHaMa:

2.Vpp =AD5 -y =0,20m-10 s™* = 2,9 m/s, rae je vp2 L AD5
- - -D2 D2 e
3. vD=VD2+VD , raeje VB%//B,C.
JenHaunHe 3a Op3MHE OCTANUX Tayaka cy:
4. VD =VE + VD, IJie je penaTuBHa 00MMHA Op3KHA VELE u vp =DE-wy4.
. . -D , -D - .
5. VB3 =VD + VB3, I'lie je penaTiBHa oOuMHa Op3uHa VB3 L B3D, a mo MHTEH3UTETY jejHaKa
je Vgs =B3D 3.
~ - ~B2 . -B2 ——
6. vB3 = VB2 + VB3, gde je vB3 //B3C
-~ - -B3 R S J— . . B3 =
7.vCc =vB3+VC ,rAeje vC L CBg,amnouHreHsurery jefHakaje Vs~ = CB3-03.
-~ - D : -D :
8. vc=vp+vCc, rie je penatuBHa oOumHa Op3uHa VC L CD, a 1O UHTEH3UTETY je
Vg Zﬁ-mg.

Yraone Gp3uHe wiaHOBa 3 1 2 cy ucte (w3 = w; ) jep je Kiau3ay 3aBapeH U MPEefICTaBba €0

ysaHa 2. To ucro Baxu 1 3a yraoHa yop3ama 4i1aHoBa3 u2,Tj e3 =¢2.
Wure3utetn Op3uHa ce noOuWjajy m3 miaHa Op3umHa (cn. 7.6) KOju je HAUpPTaH y pa3Mepu

1m/s .
Uy = Tom ° TAKoTO CE ofroBapajyhu ojiceuIy MHOXE ca pa3MePOM 3a OP3UHE Te H3HOCE:
vp =Pyd-Uy = 4,7Cm-11m—/8= 4,7mls,vc =4,4m/s,vps3 =3m/s,vg3 =3,6m/s,
cm

VB =33mis,vps =41mis, vRZ =41m/s m v@ =08ms.
Vp _ 47

=L ~1880s1, a CMep je faT Ha

Yraona 6p3uHa uwiaHa 4 fobuja ce U3 penaiije wg =
p noomuj penanuje w4 DE 0,25

caunum 7.7.

Jepnauune 3a yOp3ama cy:

9. agp =AB» .(022 =012m-10%2s1 =12 m/sz, rie je yopsame ap2// BoA ca cMmepoMm Ka
LIEHTpPY poTalyje, Ka Tauku A.

YcBojeHo npoumpee uiana 2 ca TaukoM Do KOpHCTH ce U TIpu ofipebuBamwy yop3ama.

10. ap2 = AD» -co22 =0,29m-10% s71 = 29 m/s? ,T7Ie je ap2/l DoA ycmepy o Tauke Do 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)

S
11. ap =ap2 +ak1 +ap ,Iaeje ag1 =2-®3- VD =2.10-41=82 m/s? . IIpaBan u cmep oBor

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

E (VE)Z

2
-E -E -E —
12. aD —aE +apn +apt,Ijeje app = (4’7) =88,36 m/sz, apn // DE y cmepy ox

DE 0,25

-E J—
tauke DkaE,a apt L DE, aEt =DE-¢g4.

D 2
-D =D ( )2 -D
13. a53 aD +aB3n +aB3t,I7eje aBSn BBSD :%:32,02 m/sz, ap3n // B3D y cmepy
3 ’

-D oo
kaTauku D. YOp3ame a3t =0,jepje e3=¢€p =0.
- - - -B2 . -B2 ——
14. aB3 =aB2 +ak2 +aB3,Imeje aky =2-®3 -vgg =2-10-41=82 m/sz, ap3 //B3C.

- -B3 -B3 ( 83)2 -B3  ——
15. ac —aBs +acn +act ,rje je: agﬁ Yc =35,02 m/sz, acn // CB3 y cMepy Ka Tauku

~B3
B3, act L CB3.

2
D

- - -D -D . (VCJ -D -
16. ac =ap +acn +act,rjaeje: a& = = 82: -8m/s2, acn // CD y cMepy Ka Tauku D,

-D
act LCD.
10 m/s2

[Ipema jeqnaunHama 3a yOp3amwa kopucrehu pazmepy Uy = 05 om HalpTa ce IaH yop3ama

(cn.7.9).
WuTen3uretn yop3ama ce fo0ujajy u3 miaHa yop3ama MHOXEHEM Oficedaka ca pa3MepoM 3a

yOp3ama:

— 2
ap =Pad -Ug =130m-1(());nclrsn =260 m/sz,ac =254 m/sz,agf =6m/32,agt = 244 m/s?.
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E
a
YraoHno yOp3ame unana 4 fo0Ouja ce U3 penayuje 4 = % = % =976572 , a cMep ce oouja
3 jeTHAKOCTH CMEPOBA TAaHT'€HIIU]aJTHOT U YraoHOT yOp3amwa npema cauuu 7.10. YraoHo yOop3ame
wiraga 3 gobuja ce u3 penanyje a3 = agf = =0,jepije 583 =0
R ] peJanyj 3_@—0,37— »JEP ] t =
-E
Dy 2Dt
ak|
&
-

3 N 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. nato je na ci.7.11. Jlobujenu npaBuu O6p3uHa u yOp3ama Mmokasyjy
1a, TIPU jJeTHOJIMKOM KpeTamy TOTOHCKOT wiaHa 2, wiaH 3 he ce kpeTartu jeTHOIuKO, a 4iaH 4
yOp3aHO KPYIKHO.

[pommpewne KIM3HOT KMHEMATUYKOT Mapa YBeK MOXKe OMTH Ha J[Ba Pa3iIMiATa HAUMHA.
3aparak 7.1 je peureH npommpemneM wiana 2 Ha 3 (ci. 7.5a), a MOXe ce PeInTH U MPOLINPEHEM
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 jefHa 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 KMHEMAaTUUKUX Tayaka M WIAHOBA MEXaHM3MA.
01lm
lcm

[Mopamm cy matm Ha KMHeMaTWukoj memu (ci. 7.12) Koja je Hauprana y pasmepu U| = u

wy =105 1 ey =0.

Tauka B je Ha moronckom uiany 2, Te je leHa Op3uHa No3HaTa:
1l.vg =AB-®7 =0,9m/s.
3a tauke C3 m C4 1MMa MO jefaH ycnoB 3a Op3uMHE NPEKO MO3HAaTHX Tavyaka. Tauka Cj

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: Kunemaiiuuxa uiema mexanuama — mozyhHociiu iipowupersa (3aoaitax 7.2)

[TpBa MoryhHocCT je fa ce npoumpu yiaH 3 Ha 4 ca paBHUM ©3 1 foOuina Ou ce Tauka D3 koja Ou
kim3ana no D ucro kao Tauke C3 u Cy4 (ci. 7.12 neBo). Y oBoM cnyyajy 6p3uHa Tauke D3 6u ce
ofipeniia Tpeko Op3nHa Tavaka B m D, a 3aTum 6u ce onpenuna Op3mHa Tauke C3z (mpeko B u
D3 ). Ha xpajy 6u ce fo6wuia 6p3una Tauke C,4 npeko Tavyaka C3 u D.
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Hpyra MoryhHocT je f1a ce mpoiypy 4iaH 4 ca paBHU 74 Ha 4iaH 3 1o Tayke B rje ce nobuja
Tauka B, Koja mo B kim3a kao tauka C3 mo Cy (cn. 7.12 pecno). Bp3una tauke By ce oxmpebyje
npeko B u D, 3aTum ce ogpenu C4 npeko By u D n Ha Kpajy C3 npeko Tadaka Bu Cy.

YcBaja ce ipyra MOryhHOCT pOLIUpPEHA TE Cy jeHaUNHeE 3a Op3KHeE:

2 VB4=VB+VB4a,  VB4/IDCa,
3. \734=T/D +T/[B)4, \754 J_@
4 VC4=VD+V[C)4, \784LC4_D,
5. Vc4 V|34+vgi, VC4J_C4B4,

~C4 ~C4
6. VC3 vc4 +V(C3, VC3 /IDCy4 m

-B -B —_—
7. vc3 = VB +V(C3, vc3 LC3B.

) . Im/s
[Tnan Op3uHa je HaLpPTaH IpeMa NPEeTXOJHUM je[HaYrHaMa y pasmepu U, = 1
cm

(cn. 7.13)
OfIaKJIe Ce MOTY OfIpE/IUTH HHTEH3UTETH Op3uHa 1 yraowe op3ute (ci1. 7.15).
JenHaunHe 3a yOp3ama ce MUY HCTHM PEOM Kao 1 jeiHaumHe 3a Op3ute. [Lnau yop3ama (i1

10m/s2

7.14) HaupraH je y pasmepu U, = 0B

8. ag = AB-wp? =9 m/s?

- - - =B . _
9. ap4=ap+ak, +ap4, gde je ak1=2-m4-vg4=52,60m/52, m4=|;—ig=9,395 1,
4

-B - .
ap4 // DC4 . CMep KopronmcoBor yop3ama Aat je Ha ckuim (ci. 7.15 neBo).

-~ - D -D . (v )2 5 Jpp—
10. a4 =ap +aB4n +aB4t , T je ag4n = % =29,12m/52, apan //B4D n
4

-D -
a4t L ByD

D
-D =D ( )2 -D =
11. ac4 aD +acC4n +acat, rueje aC4n: CCD =2215 m/s? ,acan/IC4D n
4
-D —
ac4t L CyD.
B4 )2
-B4 -B4 B4 (Vc4] , B4
12. ac4 aB4 +ac4n +ac4t, rjeje ac4n:C—B=32,11 m/s”, aC4n //C4By 1
4Byg

B4 —
acst L C4B4.

- - - -C4 . -C4  —
13. ac3 =acs4 +ak2 +ac3,Iieje aky =2-wg -vgg =52,60 m/s? u acz//DCy

P v Y b
14. ac3 =aB +ac3n +acst, raeje aESn = % =3211 m/s? ,ac3n//C3B macst L C3B.
3

Ha ocHoBy mo0ujeHnX pelera Op3uHa U yop3ama MOKe ce KOHCTaTOBATH Jia CE YWIAHOBU
3 u 4y 3anarom TpeHyTKy Kpehe ycnopeno (ci. 7.15, mone).
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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 uzaonux opauna u yopaarsa (3aoaitiax 7.2)
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3aparak 7.3: Onpenutu Op3uHEe W yOp3ama KMHEMAaTHMUYKUX Tayaka W 4YIaHOBA MEXaHU3MA.
l'eomeTpujcku nmopamy cy gaTu Ha ci1. 7.16 pazmepom U = % . Ocranu mogauu cy: oo =10 sty
€2 =0.

JeqHauuHe 3a Op3uHe cy:

1. vg = AB-wy =3m/s, e je Gp3una v L AB,

2. vc =AC- 0y =53m/s, rje je 6p3una vc LAC,

3. VE = Ve +VE, VE LEC,

4. VE =VE +VE, VE L EF,

5. 0%

D _ = cd=2cm.
CE ce

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

Ja 6u ce gobuna jou no jefHa jeqHauynMHa 3a Tauke G U Gg mpolmpy ce 4iaH 5 Ha 6 ca
paBHH 75 W joiaje ce Tauka Dg umje ce 6p3mHe ofpehyjy mpeko Tauaka D u B.

- . D -D —
6. vD5 =VD +VD5, VD5//BGg,
- - -B -B —
7.VvD5 =VB +VD5, VD5 L DgB.

bp3une ocTanux Tayaka jefiHaKe cy:

v - -D5 -D5
8. VG5 =VD5 + VG5, VG5 L G5Dg,
- - B -B ——
9. vG5 =VB + VG5, VG5 L GgB.
- -~ -G5 -G5,——
10. vGe =VG5 +VG6, VG6 //BGg 1

- . -D -D -
11. vGe =VD +VG6, VG6 L GgD.
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Inan Op3una (ci. 7.17) Hauprau je y pasmepu U, = i;;ﬁ Yraone Op3uHe cy 1O
C F B
% v v
UHTEH3UTETY: ®3 =_E 622 s_l, 04 ==E=10,805_1, 5 =85 _79957! 1
E EF GsB
VD
0g = % =7,99s71 = o5, a cMepoBu ofpebenn Ha ckunu (ci. 7.19).

Ca. 7.17: I[1aan 6p3una (3aoaitiax 7.3)

JenHaumHe 3a yOp3ama cy:

12. ag = AB- m22 =30 m/s? ,T7Ie je yOp3ame ag // BA YCMEPEHO Ka TaukKh A.
13. ac =AC-my° =53m/s? .

10 m/s.2

[Tnan yop3ama (ci. 7.18) HanpTaH je y pasmepn Uy = TEom

C
- - -C -C . (v )2 -C  —
14. ag =ac +aEn +aEt, raeje a(E:n :%:17'42m/32’ agn // EC y cmepy ka Tauku C u

-C —
agt L EC.

N Y R— F (vE)2 5
15. ag =aF +agn +akt, rae je agn // EF yCMepyKaTa‘JKHF(aEn: = =77,02m/s“),a

~-F  —
agt L EF.
16. C=D=£:>ﬁ':2,050m.
CE Clel
- - - D : :
17. aps =ap +ak1+ap5, Thaeje ak =2- o5 -VBS =9,40 m/s? ,acMmep je onpebeH Ha cnuim
7.19.
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7. [IPOIIMPEBE K/IU3HUX KUHEMATHUYKHUX [TAPOBA

- - B -B U - R—
18. aps=aB+apsn+aDst, TIne je apsn//DsB 'y cmepy ka Tauku B

B
(aB (VD5)2 _2530m/s ™)), a ap.t L DB
D5n D_5B = 49, , Dst 5b.

- - -B  -B N - P—
19. ags =aB +aGs5n +aG5t, rjae je ags // GsB y cmepy ka Tauku B

(a2 (\%5)2 11.05m/s%),a aa.t | GoB
a =————=11 m/Ss—),aa .
Gb5n G5B GSt 5

D5
D5 (Ves)z

- - -D5 -D5 . -5 —
20. ag5 =aps5 +aG5n +aG5t, TAE je agsy = 6D =14,56 m/sz, aG5//GgDg y cmepy ka
5Y5

-D5  ———
Tayk® Ds,a aGgt L GgDsg .
~ - - -G5 .
21. age =aG5+ak2 +aG6, Imeje aky =2 oy -vgg =9,40m/s?.

- - =D =D . -D | ——
22. age6=aD-+aGen+aGet, rae je agen//GgD 'y cmepy Kka Tauku D

_ (Vge)z

Y J—
(a86n ="5p =l4,56m/52), a aGgt L GegD. Ha ocnoy mnana Opsuna (ci. 7.17) m mnana
6

yop3ama (ci. 7.18) onpebyjy ce naTeH3uTeTH Op3MHA U yOp3ama, yraone OGp3uHe U yOp3ama, Kao u
HBUXOBH cMepoBH (ci1. 7.19).

5P,

Ca. 7.18. I1aan ybp3arva (3adaitiax 7.3)
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-
ak1

vD5 vGo

a
s k2 ®5

Ca. 7.19: Cmeposu yzaorux 6p3una, yop3arwa u KOPUOAUCOBUX
ybp3awa (3adaitak 7.3)

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

I'eomeTpujcky mopanu cy aatu Ha ci. 7.20 pasmepom U = i(lz—rr: . Ocrany nopany cy: oo =20S"

n gp =0 (sl. 7.20).

1

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

JenHauuHe 3a Op3uHE Cy:
1. vg = AB-®y = 4m/s, e je Gp3una v LAB,

- - B -B —
2. VB4 =VB +VB4, VB4 //CBy,
3. 934 /ICD,
4. Vc =VD = VB4 (wnan 4 ce kpehe TpaHCIATOPHO).
3atauke Eg u Eg MOry ce HanmmcaTy caMo MO jefiHa jeHaYnHa PeKOo Tayaka uuje cy Op3uHe

no3Hare, 3a Tauky Eg mpeko Tauke D, a 3a tauky Eg npeko rauke F. Ilomro ce Tauke Eg 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 ng) W gob6uja Tauka Dg. Bp3uHa Ttauke Dg ce

ozpebyje npeko Tayaka D u F:

- -~ -D -D , — - -~ ~F -F @—
5. VD6 =VD +VD6, VD6 //FEg 6. VD6 = VF + VD6, VD6 L DgF.
bp3une ocranux Tavaka cy:

- -~ <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 LEgD.
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[Tnan G6p3uHa (ci. 7.21) HaupTaH je y pa3mepu
1m/s
lcm
Op3uHa U CBU OCTAJIU TapaMETPU.

Uy = 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- oa22 =80 m/s? , Tme je yOp3ame ap//BA ca CMEpPOM Ka Tauykn A

)

1Om/s2

Uy =—"°>
(Ua 0,5cm

12. 554 = 55 + 554 , Tye je 554 //?4(2.
N3meby Tauaka By u B Hema kopuosmcoBor yop3ama jep uiaH 4 Hema yraony 6p3uny (kpehe ce
TPAHCIATOPHO).

13. a4 //CD

14. ac =5D =5B4

- - - -D _ 3
15. ape =ap +ak1 +aD6, Ineje ak =2- g .VBG =11716 m/sz, g =ﬁ=15,835 1,
6
) Jp—
ape // FEg .
- - -F  -F
16. apg =aF +ape6n +apét, I7ie je aD6n 1 D6F y cMepy Ka Tauku F,
o/
VD6
ar =2 5029m/s aD6 1 DgF

- - <F  -F Y S p—
17. ag6 =aF +aEgen +aEge6t . rae je agen // EgF y cmepy ka Taukn F,
&S
E6
E6F
-D6 -D6

~-D6
18. ag6 =ap6 +aE6n +aE6t , agen // EgDg y cMepy ka Taukn Dg,

( E6n = 7520m/s ), aEenLEGF

o LB
- - - -E6 . -E6  ——
19. ag5 =age +ak2 +aE5, IfAeje aky =2- g -vEg =117,16 m/sz, ags // FEg .

Cmeposu KOpI/IO.TII/ICOBI/IX yOp3ama ofipebenu cy npema cnuuy 7.23.

-D
20. aE5 —aD +aE5n +ags5t,
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D
o o o
agsn // EsD y cmepy ka Tauku D, aESn = % = 60,16m/52, agst L EgD.
5
Ha ocHoBy miana 6p3uHa (ci1. 7.21) n nnana y6p3ama (cn. 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 ['eoMeTpHjcKM MOJalld MEXaHU3Ma JaTH Cy HAa KMHEMAaTU4KO] IIEMH Koja

HaIpTaHoj y pasmepu U| = 10c
L
0,5cm

(cm. 7.25). Toroncku wiman 2 ce oOphe jeaHOTHMKOM

YraoHOM Op3MHOM ®7 =5 s7L, Onpenutn Op3uHe U yOp3ama KWHEMAaTHUKHX Tadaka, yraoHe
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OpsuHe M yraoHa yOp3ama uwiaHoBa 3 u 6. Ilpemopyuene pasmepe cy U\,=12m/S
cm

_Im/ %

7 05cm’

Jla Ou ce 3agaTak peuno noTpedHo je MPOUIUPUTH diiaH S Ha 6, uiau uiad 6 Ha 5, kKako Ou
ce oIpeausic KWHeMaTHYKe BeJanyrHe wiaHa 6 (ci. 7.26).

Ca. 7. 25: Kunemaiiuuxa wema (3aoaitiax 7.5) Ca. 7. 26: Hauun npowupersa (3aoaitiax 7.5)

JenHauuHe 3a Op3uHe

1. vg =AB-wy =0,36-5=18m/s, vg L BA, AB=AB-U| =18cm-

-~ - _-B

-B — - —
vc =VvB +Vvc, vc LBC, vc L CD,

- - -C -C —
VE =VC +VE, VE 1LEC,

- - -E -E —
VE6 =VE +VE6, VE6//GFg ,

N . ~-E6 -E6 ——
VF6 =VE6 +VF6, VF6 L FgEg,

2.

4. Ve =VB+VE, VE LEB,

6. VEg = VG +VEs, VEs L EgG,
8.

© N o w

- - -G -G —
VF6 =VG +VF6, VF6 LFgG,

~ - “E -E — -~ -~ _-F6 -F6,6 ——
10. vE=VvE +VE, VE LFE, 11. ve=VFe+VF , VF //GFs.
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—

VB

b
Ca. 7.27: Ilaan 6p3una (3a0aiuak 7.5)

HNHTeH3uTeTH Op3MHA
im/s -— Im/s

ve =P,c-Uy, =3,63cm- =181m/s, vg =P,e-U, =59cm- =295m/s,
C=Mv v 2cm E=TV v 2cm
vgzﬁ-UV:G,lcm-Mza%m/s, vg=E-UV:3,63cm-1m/S=1,81m/s,
2cm 2cm
VEE3=%-UV=6,33cm-1m/5=3,16m/s, v(E:=§-UV=3,60cm-1m/5=1,8m/s,
2cm 2cm
E =— Im/s G — Im/s
vig =fe-Uy, =1,70cm- =0,85m/s, vgr =egg-U, =0,693cm- =0,345m/s,
F v 2cm E6 ~ %69 Vv 2cm
vEg =ege- Uy =6,320m-12r2r/ns=3,16 mis, VES =Tfeeq - Uy =0,47cm. LM/S _ 6 935 mis,
E— Im/s
veg =Pyfg - Uy =0,675¢cm- =0,337m/s.
F6 vie Yv 2em
Yraone Op3uHe
VB 3,05 \Y 0,337
®3 = —C > _508s7, éz'—zo,ms'l a cMepoBu cy Ha cauy 7. 30.
CB 06 GFs 048

Jennaunne 3a yop3ama

12. ap :E-mg =0,36-52 =9m/s?, rae je: ap // AB y cMepy Ka Tauku A.

. .B -B ( )2 3052

13. ac_aB+aCn+aCt, a =155 /2

v
14. ac aD+aCn+aCt, agn C 181 -— =61 /2

CD 054
B -B g ( )2 3162
15. aE—aB+aEn +aEt, ag, = B 0624_1600 m/s?
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C 2
e T
16. ag =ac +agn +agt, ap. =—4— _91m/s
E C En Et En EC 0356
- - -G -G G (E6)2 0345
17. apg =ag +a +ag6t, a _025m/s
E6 G E6n E6t E6n — EGG 0.48

-~ - - -E
18. aE6 =aE +akl +aE6, Ak =2 0p-Vog =2-07-316=4,42 m/s?(c1. 7.28),

(F6)2 03377 —0,25m/s?

-G -G
19. apg =aG +aren +arét, a%n

FsG 0,46
_E6 -E6 g ( £ 02352 )
20. a aEe +a +a , a = =— =0,184 m/s“ (cn. 7.29),
F6 =aE6 +aF6n +aF6t, gy = p = 3 ( )
E 2
- - =-E -E g (v,:)2 0,85
21. aF =ag +afn +aft, ag, = _24m/s
F=aEg +afn +aFt, ag, FE 03

~F6
22. aF=aFe+ak2 +aF , akp=2-0g-VE =2-0,7-316=4,42 m/s?(cn. 7.28).

Q
ke —~Fé

VFE

E
VE6 Oy
Cd6 0‘)6

Cn. 1.28: Oopehusare cmeposa kopuonucogoe yop3area

Yraona yop3ama:
B

a
_4ct _2016 _ o562

CB 06

B — 1m/32 -2

acy =nq¢-Uy =10,08cm - SEom =2016m/s™“,
G
~a 012
F6t

0265 , @ CMepoBH cy narty Ha cauuu 7. 30.

FGG 046 P YA H

CMmepoBu Op3uHa 1 yOp3ama MeXaHu3Ma u3 3a7arka 7.5 natu cy Ha ci. 7.31.

Ca. 7.30: Odpebusarse cmeposa yzaonux 6p3una u yopaara (3aoaitiax 7.5)
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~ A0

w
0
L
o]

t

Oy
Pa
fo

OF

=3

w

Ca. 7.29: I1aan ybp3arva (3adaitiax 7.5)
Hanomena: 3602 mane seautune popmaitia kivuze ilnaw yopaarsa je okpenyiti 3a 90° y
CYUpOMIHOM cMepy 00 00pitiarba Ka3asmke HA Cailly Y 0OHOCY HA C80] CIUBAPHU H0A0MHCA].
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Ca. 7.31: Cueposu 6p3una u ybp3arba (3adaitiax 7.5)
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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
tauka D ce Moxe ofpeauti npeko D1, nok npexko B unmu C He MoKe jep cy 3a cajja bUXoBe 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, S1 u Sp, a u3albepe ce caMo jefiHa,
6110 K0oja MoryhHOCT, y OBOM ipuMepy Tauka S (cir. 8.1 mecHo).

Sofp 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:

VS =VB + T/sB , TOLITO je Op3uHa Tauke B Hemo3HaTa meHa BpeHOCT ce U3pa3y NpeKo Tauke A, Te
je: VB =VA + VB 110BO ce YBPCTHU Y IPETXOJHY je[HAYKHY TE je:

1. Vs=VA+VB +VS,
e o0e penatiBHe oOuMHe Op3uHe Tayaka B y ogHocy Ha A u S 'y ofHocy Ha B umajy ucre npasue,
1. V8, VS L AS.

bp3una Tauke S ce oppebyje u mpeko C Te je: VS =VC + \7% , a Op3uHa Tauke C je
VC =VE +VC M Kaja ce OBaj M3pa3 yHece y NPeTXOHHU 1o0uja ce:
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- - -E -C
2. V§=VE +VC +VS,

r7ie 06e penaTuBHE OOMMHE OP3UHE MMAjy UCTH TIpaBal] T/CE:, \7% LSE.

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:

-~ -5 U S —

3. VvD=Vs+VD, rgeje u vp L DS,

4.Vp IIX—X.

Ha ocHoBy Tauke D Mmoxke ce ogpenutu 6p3una Tauke B unu C, cBe jefHo, Te€ je:

- - =D . -D  ——
S.vB=VD+VB, raeje v LBD u

- = =A . .
6. VB =VA + VB (0OBajenHaunHa je Ha Ii1any Op3uHa Beh npejicTaB/beHa).
Ha kpajy ce onpebyje 6p3una tauke C Te je:

- -  -B . -B  —
7.vc =vB+VvC,raeje vc L CB

- - -E . .
8. vC = VE + vC (0Baj m3pa3 je Beh mpejicTaBIbeH Ha TIaHy Op3WHA).

Ca. 8.2: [1nan 6p3una (meitiooa Acype)

LES

Ha ucru Haunn kao u Op3une onpebyjy ce u yOp3awa. IIpBu u3pa3 3a yOp3awe Tauke S

. - - -B -B .- - =A -A .
ofipebyje ce u3: as =ap +asn +ast , e je aB =aA +apn +aBt, TE CE 3aMEHOM io0uja:
- - A -B -A -B
9.as=aA +aBn +asn +aBt +ast .
- : -A -B  —
PenatuBHa HOpMasHa ¥ TaHTeHIMjalHa yOp3ama nMajy usmeby cebe ucre npasue: apn,asn // SA

A -B —
U apt,ast L SA.
WHuTen3uretn 06a HOpManHa yOp3ama ce MOTY OfPEAUTH Ha OCHOBY BPEJHOCTH W3 IUIaHA

A (VQ)Z B_(Vg)z.

Op3UHA A . =~—4— U dqg, ==
p Bn BA Sn SB

.+ - =C -C . - - -E -E
Hpyru u3pa3 3a yOp3ame Tauke S je: as =ac +asn +ast, Ile je ac =ag +acn +act 4

3aMEHOM Yy IPETXOJIHU U3pa3 Aobuja ce:

- - -E -C -E -C . -E -C — -E -C —
10. as =ag +acn +asn +act +ast, rjaeje acn,asn //SE u act,ast L SE.
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8. METOLA ACYPE

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
S (VD)

- - -8 -S R - —
11. ap =as +apn +apt,raeje apn // DS, ap =-——, apt L DS,
DS

- - =Dl . - -Dl ——
12. ap =ap1+ap , raeje aD1:0, ap /I x—x.

D
- - -D -D ) (V)Z»D——-D—
13. ap =ap +apn +aBt, I1eje agn: % ,aBn//BD, apt L BD nu

- - A -A
14. ap =aA +aBn +aBt-

B
- - -B -B . (V)Z»B—-»B—
15. ac =aB +acn +act,raeje agnz % ,acn//CB, act L CB

E
- - -E -E . (V)Z»E—aE—
16. ac =ag +acn +act, rueje aCE:n: & ,acn//CE, act LCE.

/J.SD
dl

Ca. 8.3: I[1aan yop3arwa (meitiooa Acype)

Yraona Op3uHa u yraoHo yop3amwe uiaHna 3 1o0uja ce Ha OCHOBY jeIHAUMHA:

JD B D ,B
w3 =—b=—C ygy=—BL=_Ct 3cmepnpema ckimm (ci. 8.4).
BD CB BD CB
-B
act -B
vC
C
®3
83 3
. b Ca. 8.4: Oopebusarve cmepa yzaore bp3ume u yopaara 4aana 3
-D
VB
-D
aBt
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8. METOLA ACYPE

3aparak 8.1: Onpenutu KMHEMaTHYKE NapaMeTpe MexaHm3Ma Tpecada. [lo3Hatu M Cy MONIAIH:
AD=0,09m, CE=013m, DF= 030m EG=0,25m, FG=052m, HG=0,45m, FH=013m,

HI=040m, Al=0,46m, oy =105 =const, g3 =30°, @4 =225° u @5 =30° (cn.8.5).

Ca. 8.5: Kunemaimiuurxa wiema mexanusma
ipecayqa (3aoaitiax 8.1)

Jennaunne 3a Op3une Tauke D u E cy:

1.vp=AD-0y =0,9m/s, vp LAD u 2. Vg =vp =09m/s, vg LCE.

Bpauna Tauke F ce onpebyje npeko tauke D (beHa Op3uHa je mO3HATA) M MOXKE TIPEKO Tayaka
G u H anu cy wuxose Op3uHe HenosHate. 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 Mo3HATY jefHAUUHY
(mpexko Tauke I), a Moxe u ipeko Tayaka G u F anu cy muxose 6p3une, 3a cajia, Hero3Hate. [TomTo
cy Tpu tauke F, G u H Ha jenHom unany (7) 3a Koje uMa 10 jefjHA TTO3HATA jeJHAUNHA, KOPUCTH Ce
metopia Acype. Tauke Acype ce 1o0Hjajy y peceKky npapana 4iaHosa 5, 6 u 8. YcBojeHa je Tauka S

nobujena y npeceky wianaSu 8.J GJIHa‘II/IHe 3a Op3uHE Cy:

-~  -D -F -D ~F -1 -H -1
3. vs VD +VF +VS, THAeje VF vsJ_SD 4, vs V|+VH+VS rne]evH vs J_SI

-S . =S -E .
vG:vs+vg,rne]evGLSG, 6.vG:vE+vG,rne]evGLGE,
-G -G — - - =] Y [
7. vH_vG+vH rne]evHLHG 8. VH =V|+VH, rieje VH L HI,
~H . - - =D . -D —
9. V|::V|-|+V|:,r;[e]e V|: 1LFH wu 10. vF =vD +VF, raeje VE LFD.

W3 nnana 6p3una (ci. 8.6) rae je pazmepa Uy, = % ofipebyjy ce uHTeH3uTeTH Op3UHA U

vpP 0,066

yraoHux Op3uHa. IHTeH3uTeTH yraonux Op3uHa cy: og = FII:D 03 =0,22s '1

vﬁ 144 1 VE 0,266 1, Vy 0583

=—=—==—"""=311s"; 0g===2=—-=10645"; 0g =—= =222 _1457s7. Yraona
HG 045 GE 0,25 HI 04
. . ®p AE
Op3uHa 4iaHa 4 gobuja ce U3 pesanyje 3a MPEHOCHH OJHOC —= = —,
©4

g =22 CD _10:009 50,1

AE 013
OnpebuBame cMepoBa yraoHnx Op3nHa MOKa3aHo je Ha e (ci. 8.8).
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8. METOLA ACYPE

Ca. 8.6: I1aan 6p3una (3aoaitiax 8.1)

1 m/s2

Y6p3ama ce jo6ujajy u3 miana yopsama (ci. 8.7) Koju je HaupTaH y pazmepu U, = Tom

JennaunHe 3a yOp3ama Cy:
11. ap =E)~m% =0,09-10% =9m/s?, rie je ap // AD y cMepy Ka Tauki A.

12. ag = CE- mﬁ =013-6,92° =6,22m/s?, rie je ag //CE y cmepy Ka tauki C.

-~ - -D -F -D -F -D -F  —
13. as =ap +aFn +asn +aFrt +ast, arn,asn // SD y cMepy ka Taukama D u F, unten3uretu

D (VI['—))Z 2 _F (Vg)z 2.:D -F —
HOpPMaJIHUX YOp3ama Cy: ag, =ﬁ=0,0147 m/s< , agy, =?=1,217 m/s©; afFt,ast L SD

~ -~ -1 -H -l -H
14. ag =a| +aHn +asn +aHt +ast,

.=l -H  —
rfe je: aHn, asn //Sly cmepy ka Taukama [ n H, nHTeH3uTe TH HOpManTHuX yOp3ama cy:

L f Whf
v v S -H  —
' (H —0,849m/s? , aH S/ _1281m/s?; apt,ast LSI.

A = Hi Sn ~ SH
- - -5 -5
15. ag =as +agn +acGt,
S 2
.S =2 S (VG) 2 S =<
raeje: agn // GS y cMepy Ka Tauku S, ag, = s =5586m/s, agt L GS.

- - -E -E
16. ag =ag +agn +acGt,



8. METOLA ACYPE

e . _WEf ) E e
raeje: agn // GEy cmepy kataukun E, a5, :EZO'Z% m/s®, act L GE.

- - -G -G
17. aH =aG +aHn +aHt,

. 2 JIHG G (Vﬁ)z 2 2% e
raeje: aHn // HGy cmepy ka tauku G, app = G =4,355m/s“, aHt L HG.

-1 -1

18. aH =a| +aHn +aHt .

Y R Y I —
rae je: aHn // HI y emepy ka rauku [, aHt L HI .

-~ - -H -H
19. aF =aH +aFn +aFrt,

H
L i -
rae je: afn // FHy cmepy ka tauku H, aEn = FF_ =1,335 m/sz, art L FH.
-~ - -D -D
20. aF =ap +afn +aFrt,
. -D  — -D  —
rae je: afn //FDy cmepy ka tauku D, aft L FD.

WHTEeH3uTeTH YraoHuX yop3ama cy:

D E G
a a a
g5 =Ft 113 376652, gg=0t o 88 _35552 oo 0H_ 1 50552
FD 0,30 GE 025 HG 045
I
_ Ayt _03

~°-0,7557%,a cMepoBH cy ofipebenu Ha caui 8.8.

€ —
8 HI 04

Ca. 8.7: [1nan ybp3amwa (3adaitiak 8.1)
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8. METOLA ACYPE

-1 og

Ca. 8.8: Oopebusarve cmeposa yzaonux 6p3una u yopaarsa (3aoaitiak 8.1)

3aparak 8.2: OnpenuTu 6p3uHe 1 yOp3amba KWHEMATHYKUX Tavyaka M WIAHOBA MEXaHW3Ma (CII.

8.9). JaTtu cy mopgamm: U :(i’i—rr:’ oo =10 sty €2=0.

bp3una noroxcke Tauke B je:
1. vg =AB-wy =2,8m/s, vg L BA.

bp3una tauke B4 Moxe ce ofpeuty npeko tauke B, tauka C npeko Cq; u D mpeko F. 3a cse
Tpu Tauke By, C u D Hemocraje mo jefiHa jefHauuMHa, Koje ce [o0Mjajy mMpollupemeM diaaHa 4
TaykoM Acype S. Y npeceky OKpeHyTHX Kiau3HuxX Op3uHa u3Meby Tauaka C u Cqp, kao u usmeby

tayaka B u By 3a 90 © no6uja ce Tauka S. 3naun, Tauka S je JoOMjeHa HA OCHOBY YjaHOBa 3 1 5 Te
je:

- - -B -B4 . -B -B4 —
2.VS=VB +VB4+VS ,Taeje VB4,VS L SBy.

-~ - -C -C . -Cl -C  —
3.vs=vc1+vCc +Vvs,raeje vc ,vs LSC, vep=0.

Ca. 8.9: Kunemainiuuxa wema mexasusma
(3aoaitiax 8.2)

Bp3uHe ocranux Tavyaka cy:
-~ -~ -8 - p— -~ _F . -F  —
4. vp=vs+vp,raeje vp L DS, 5.vD =VF+Vvp,raeje vp L DF,

-~ - D . -D — - —
6. vc =VvD +VvC,Taeje vc LCD, 7.vec I x=x,
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8. METOLA ACYPE

8. —_—— = = mzzcm.

DC dc
DB4 db4

Pa3mepa 3a miau 6p3una (ci. 8.10) je Uy, = ;T:; , U3 KOjer cy ofipehy]y uHTEeH3uTeTH Op3UHA.

C F
v v

WHTeHn3ureTn yraoHux Op3uHa cy: wg = D=|21 =2,697 s'l, 0 = D=||3: =4,375 st , 4 CMEPOBH Cy JaTH Ha
ciunu 8.11.

[Tnan y6p3ama (ci. 8.12) ce qobuja Ha OCHOBY jelHauWHA 3a yOp3ama Kopucrehm pasmepy

10m/s?
Ug=——.
lcm

9. ap =H3-co§ =28 m/sz,rneje: ap // AB y CMepy Ka Tauku A.

- - - B4 -B -B4 . .
10. as =ap +ak +asn +aB4 +ast ,Iraeje: ak =2-wy -VE4 =10,51m/52,CMep]e onpebhen

B4 2
B4 _\Vs 2 B4
Ha ckui (ci. 8.13), ag, = 8 =14m/s“, asn //SB4y cMepy Ka Tauku By u
4

-B -B4 ——
aBp4, ast LSB4.

(06 vD

Ca. 8.10: I1aan 6p3una (3aoaitiax 8.2) Ca. 8.11: Oopebusarse cmeposa y2aoHux bp3una
u ybp3aarva (3aoaitiax 8.2)

- - -C -C -C
9. as=aci1+asnp +ac +ast,

C (Vg)z

. -C |, — -Cl -C —
rae je ag, :?:3,05 m/sz, asn //SC y emepy ka tauku C, ac , ast L SC.

- - -8 -S
10. ap =as +apn +apt,

R S (v%)2 R —
re je: apn // DS y cMepy Ka Tauku S, ap, = oS =3,02m/s“, apt L DS.

Ve S

. -F -F
rae je: apn // DFy cmepy ka Tauku F, aEnz oF =3,61m/52,aDtLDF.

)

- - =F =F
11. ap =af +apn +apt,

T
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8. METOLA ACYPE

- - D =D
12. ac =ap +acn +act,

D
L, o .
rae je: acn // CDy cmepy ka Tauku D, agn -1 CJ =552 m/sz, act LCD.

CD
13. 5(; /Ix—-x,
14, P& _ 9C . Gby —492cm.
DBy d'by

act -2 4pt -2
Yraona yOp3ama cy: €4 = oo =136,845"°, ¢gg= oF 180s™“, a cMEpOBM CH IaTH HA CIIULH

8.11.

c' ac
Pa
aB4 g
4 P J_F
0)4 aD
ak <D ,
VB4

Cn. 8.13: Kopuonucogo Ca. 8.12: I1aan ybp3arba (3aoaitiax 8.2)

yop3sarve (3adamax 8.2)

3agarak 8.3: Onpemutu KuHemaTWuke napamerpe Mexanmsma (cim. 8.14). Jlatu mopamu cy:

01m 1
U =——,m=20s"1 g9 =0.
L 1cm 2 2

bp3uHa Tauke B Ha moroHckom unany 2 je:
1. vg =AB-wp =2m/s, vg L AB.
Tauka S ce no0uja npolKMpenheM Be3HUX unanosa 3 u 5 e je:
~ -~ B -C . -B -C —
2.VS=VB +VC +Vs ,raeje vc,vs L SB,
-~ - -Dl -D . -Dl -D  —
3.vs=Vvp1+VD +VS,raeje vp ,vs LSD, vpp =0.
Capia ce onpehyje 6p3una Tauke E (mpeko Koje Huje foOujeHa Tauka S) y ofHOCY Ha Tauke S u
F:

- - =S . =S  —
4. VE=vVs+VE,rneje VE L ES,

- - “F . F
S.VE=VF+VE,Teje VE L EF.

101



8. METOLA ACYPE

. O R
bp3una tauke F ce qo6uja u3 npeHocHOr ofjHOCca WjiaHoBa 2 u 7: L2 _T7

= o7 =125_1,Te
o7 R

je Vg =GF-w7 =2,7m/s. Bp3uHe ocTaaux Tayaka cy:

= e p—
6. vc =VE +VvC, raeje vc L CE,

- - -B . -B —
7.vc =vB+VC,Taeje vc L CB,
EC_& _ ed-118 cm.

ED ed

8.

Ca. 8.14: Kunemamiuuxa wiema mMexausma
(3aoaitiax 8.3)

Pa3mepa 3a nan 6p3una je Uy, = ZL/S , M3 Kojer cy onpehenn uarensuretn (ci. 8.15).
cm

ve 4 ve 4
WHTen3uTeTn yraoHux Op3uHa cy: o3 = B =441s", g ====2,20s" 1

F
\Y
og =E=EF=8,695'1.

8.15: I1aan 6p3una (3adaiiax 8.3)
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8. METOLA ACYPE

9. Inau y6p3ama (ci1. 8.16) ce mobuja Ha OCHOBY jeHaYMHA 32 yOp3ara Koja Cy HallpTaHa y

10 m/s2
2cm

. o1 Tauke B ka A.

B2

-B -C -B -C (VcJ ’

10. as_aB+aCn +asp +act +ast , rae je: aCn: — —=839m/s” ,
CB

pasmepu U, =

— R — -B —
ag =AB- m% = 40 m/s? ,raeje: ap // AB ycmepy acn // CBy cmepy op Tauke C nmpema B,

\ -C — -C .
agn = SSTC = 0,62 m/s? , asn //SC y cmepy op Tauke S npema C ( yOp3ame asp je CynpoTHOT

-B -C
cMepa off yop3ama aCn ), act m ast cy ynpasHu Ha npasan BC.

D
- - =D -D1 -D _ (V)2 D, —
11. as =ap1+asnp +ap +ast, rneje: aSDn =SSTD=1,48 m/sz, asn //SD y cmepy ofi Tauke

-D1  -D
Smpema D, ap u ast cy ynpasHa Ha npasar SD.

-S -S
12. aE —as+aEn +agt,

. S (VE)2 2 =S — -S —
rae je: ag, = ? =2,91m/s“, agn//ES ycmepy op Tauke E mpema Su agt L ES.

~-F  -F
13. aE _a|:+aEn +aEt,

vEf
. v N ~F
rye je: aEn :%:0,20 m/sz, agn // EF y cmepy on tauke E npema Fu agt L EF.

- - -E -E
14. ac =ag +acn +act,

. E (Vc)2 2 :E -E
raeje: acg, :E:Z,SG m/s©, acn // CE y cmepy op tauke 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 (Kim Ipeko 6p3uHe Tauke Dy )

EC e c'
"ED ed
Yraona yOp3ama cy:

B E F
a a a
Ct -2 Ct -2 Et -2
€9 =—=18605“, 4 =—==73,725 " U ¢ =—— =86,905 “, a cMEpOBH Cy JaTH HA CJIULH CJI.
3 CB 4 CE 6 EF P ya B

= e'd = 2,2cm.

8.17.
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8. METOLA ACYPE

- 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: Oopebusarbe cmeposa yzaonux bpauna u yop3aarsa (3adaitiak 8.3)

3amarak 8.4: ['eoMeTpHjCKH MOJAIM MEXaHU3Ma JIaTH Cy Ha KMHEMAaTH4YKOj IIeMH (CII.
10cm

Tom " [ToroHncku unman 2 ce obphe jemIHOIUKOM
cm

8.18) koja Hampranoj y pasmepu U| =

yraoHOM Op3uHOM 7 =10 s7L, Onpenutu Op3uHE Ha3HAYHMX Tadaka, yop3ame Tauke D,
1m/s
2cm

yraony Op3uHy M yraoHo yOp3ame unana 4. Ilpemopydene pasmepe cy Uy =

_1Om/s2
a7 1em

3a tauke C, D u F Mory ce HammcaTu camo 10 je[iHa jelHa4rHa HA OCHOBY KOj€ C€ MOTY
onpenutu Op3uHe M yOp3ama. Jla Ou ce moOuie jomr mo jenHa jenHaunHa, wiaH 4 Tpeba
npouputu TaukoM Acype S (ci. 8.19).
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8. METOLA ACYPE

Ca. 8.18: Kunemaitiuuka uiema mexanusma Sn. 8.19: Oopehusarwe mauxe Acype
(3aoaitiax 8.4) (3aoaitiax 8.4)

Jennaumne 3a Op3uHe

1. vg =AB-w, =0,20-10=2m/s, vg L BA.
- - -B -C
2. V§=VB+VC +VS ,
- - -F1 -F
3. V§=VEL+VE +Vs,
~ - =S
5. vD=vs+vDp,
-~ -  -E
5. vD=VE+VD,
-~ - -B -B —
6. vc=vB+Vvc, vc LCB,
- - -D -D —
7.vc=vp+Vvc, vc LCD,
-~ - -C
8. VE=vC +VE,
9. VE/Ix—x (c. 8.20).

Cn. 8.20: I1nan 6p3una
(3aoaitiax 8.4)
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8. METOLA ACYPE

HNHuTen3uTeTn Op3uHa

— Im/s
ve =Pyc-Uy, =4,2cm- =21mls,
C v v 2cm
vp =Pyd-U —78cm-1m/s—39m/s
D \% Y , 2em 1 )
— Im/s
v =P,f-U, =9,85cm- =4,92m/s,
F v v 2cm
vg=a-UV:6,70m-1m/5:3,35m/3,
2cm
vg=E.UV=o,36cm-1m/5=0,18m/s,
2cm
vg=§-UV=2,414cm-1m/5=1,2o7m/s,
2cm
vg=§-u\,=6,37cm.1m/5=3,18m/s,
2cm
VSD=£-UV=4,780m-1m/5=2,39m/s,
2cm

VE =de-Uy, =39mis.

Yraona Op3uHa

Vb _ 39

OE 0 o7 " =14,44 s , @ CMEp je y CYIIpOTHOM CMepYy 0J1 00pTama Ka3aJbKe Ha carTy.

W5 =

Jennauune 3a yop3ama

10. ap =H3-o>§ =0,20-10% = 20 m/s?, e je: ap /| AB y CMepYy Ka Tauku A.

- -B -C -B -C
11. as—aB+aCn +asp +act +ast,

Vef o MEf 10072
aB V€ 08 _o1gmys?, oS VST 20T 45582,
CB 0,18 n SC 011
F 2
12. as —af| +asn +aF +a , a =36,11m/s“.
S =aFL+asn +aF +ast, dgy =" 028
S 2
13. ap =as +apnp +a , a D =——_=27,2m/s",
D =as-+apn +aDt Dn = ps 021
-E -E g [vp] 39° 2
14, ap —ag +apn +a , app = =—"—=5432m/s".
D =4E +EDn TEDL EDn = H 70 28
HNuTen3ureTn yop3ama
ap =Pad- Uy =2,72cm-20M/S _g 6 mys2
3cm
E ——= 10m/s 2
ar, =P,f5-U; =2,67cm- =8,9m/s
ct—'a a 3cm
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8. METOLA ACYPE

E
a
VYraono yop3ame je &g =% =%= 485572, a CMep je Y CYNpOTHOM CMepy Of cMepa

oOpTama Ka3aJbKe Ha cary.

d!

/!

s

Ca. 8.16: I1aan yopsarwa (3a0aitiax 8.4)
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9. YBOA Y AMHAMUYKY AHAJIU3Y MEXAHU3AMA

9. YBOAY IMHAMMNYKY AHA/IN3Y MEXAHU3AMA

JIuHamMpuKa aHAMM3a MEXaHM3aMa MpOyvaBa KpeTama MEXaHM3aMa M y3pOKe TOT KpeTama.
¥3pok IpoMeHe CTamba MeXaHH3aMa, OMII0 MHUpPOBamba WK KpeTama cy cuie. Kajg kaxeMo cuie,
MHUCIFMO ¥ HA MOMEHTE ¥ CIIPETOBE CHIA.

Mexanu3mu ce Kpehy 1oy iejcTBOM cuia ¥ MOMeHaTa (CIperopa) cuia, Te ce y ANHAMHUYKO]
aHamm3u ofipehyje y3ajaMHa 3aBUCHOCT cijia KOje eJyjy Ha MeXaHu3Me 1 BIX0Ba KpeTatba.

OCHOBHY IapaMeTpH KOjUM Ce OIHUCYje AUHAMUYKO CTalbe MexaHu3zama cy: cuie (F), MomenTn
cuna (M), pan (A), caara (P), enepruja (E) utn. [Topen ocHOBHUX TapameTapa TUHAMUYKO CTakhe
ce OIHcyje ¥ MoKa3aTe/buMa Kao IITO je CTENeH KOPUCHOCTH (1)) UTH.

Ha wmexanm3me femyjy: pajHe cmie, CHIe TeXHHA WIAHOBA MeXaHM3aMa, CHUIe Tpema,
MHEpIHjaliHe CHJIe, CHIe PUTHCAKA Y KHHEMATHYKUM Be3aMa, OTIIOPH CPEIMHE M TIOTOHCKE CHIIE.
Cune ce MOTY NOAIETINTH Ha CIOJBALIE (OTHOPH CPEANHE, TEXNHE M TOTOHCKE CUIIE) M YHYTPAIIhe
(cume Tpewa, WHEpUWjalHE CWIEe W CUIE TNpPUTHCAKa Yy KHHEMAaTHYKuM Be3zama). [Ipema
JlanamGepoBOM TNpPWHIWIY HHEPLHMjaHE CUJIEe Ce NpH JUHAMAYKO] aHANM3M MOTY CMAaTpaTd
cnojpallkbuM cunama. Crosballlibe Cuie M3a3MBajy peakuyje y MEeXaHH3My, OJHOCHO H3a3HBajy
VHYTPAIIHE CHIIE.

Cune Ha MEXaHU3MIMa MOXKEMO TIOJIENTUTH Ha KOPHCHE (pajiHa M MOTOHCKA CHJIa) U HEKOPUCHE
(TexxmHe wmaHoBa W oTnopu cpeaune). Cuiie Tpema W MHEpUUjalIHE CUile MOTy OWTH U
KOpPHUCHE M HEKOPHCHE, 3aBHCHO J0 MEXaHU3Ma.

9.1. Pagne cune "F"

Papne unu texHosomike 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 paf. PajHe cune Mory OuTH cTajqHe U MPOMEHIbUBE 3aBUCHO OfI PAJIHE yJIOTre MeXaHu3ama
(cm. 9.1). Kop Mmexanm3ama koju cy ontepeheHn HenmpoMeHIbIBO (CTaTHO ), KO KOJHX je Y TOKY pajia
MeXaHH3Ma pajHo ontpeheme cTaTHYHO, pajjHa CHJIA je KOHCTaHTHA (IOf a), aKo ce 3aHeMapH
MEepHOJl YXOflaBama U 3ayCTaB/baba MEXaHU3Ma 1 MallMHE. Y NEPHOAY YXOfaBama U 3ayCTaBIbaba
ontepeheme je yBeK NPOMEHJbHMBO, alll Tpaje KpaTkKo, Te ce KOi BehuHe MexaHm3ama Moxe
3aHEMAPUTH.

Mexanu3am mpece 3a CEHO Ha NMOYETKY je HeonTepeheH, a Kako ce HaKylba OUIbHA Maca Kojy
MexaHu3aM caluja, pajjHd OTIOP pacTe, CBe 0K ce 0ajla He HalpaBy, Kaja je OTIOp MaKCUMAaNaH i
Kaja nouyntbe HoBU 1uKnyc (mog b). [logu3nn MexaHW3aM ca HOLIEHNM PacTypauyeM MHUHEPATHOT
byOpuBa Ha moueTky paja uMma Hajsehy pagny cuiy. M36anuBameM MuHepaaHor 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 3eMJbMILITA, TE€ j€ NPOMEH/bHBO
pagHo ontepehewme mopu3HOr MexaHu3ma. PajHe cunme Mory OWTH MPOMEHIbUBE M MO CMEpY
JleNoBamka, Kajja MEXaHn3aM, Ha IIpUMep HEeIlTO Typa, a 3aTHM Byde (€).

WHTeH3uTeTn pajHUX cuia Cy YIJIaBHOM MO3HATH, KAO M KapakKTep HHXOBE MPOMEHE.
MebyTum, Ko MHOTUX MeXaHW3aMa IOJbONPUBPEHNX MallFHA HE MOTY C€ YBEK ca CHTrypHollhy
NpeABUAETH BPEIHOCTH PafHUX OTIOPA, KA0 HU 3aKOHUTOCTU HUXOBE npoMere. [lomonpuspente
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MaIIfHE 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,
yIiaBHOM onTepeheHn NPOMEHbUBIM PAJTHAM CHIIAMa.

F(N)A F(N)ﬂ F(N)“ F(N)'ﬂ F(N)“

s (m)

s (m)‘; s (m)‘; s (m)= s (m)-;

a) b) c) d) e)
Ca. 9.1: IIpumepu iipomere paoHux cuaa y oKy jeOH02 paoH02 YUK.Ayca

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 YCMEpEHe Ka Jl0jle, a UHTEH3UTETH ce ofjpebyjy kao mpousBoj Mmace u
rpasutaugje: G=m-g, rje je g= 9,81m/s?. TexuHe WIaHOBA MEXaHU3AMA enyjy y BbUXOBUM
cpenuuTuMa. TexkuHe cy y IpUHIMIY HEKOPUCHE CUIle, Koje ce He Mory u3behu, Beh caMo cMambuTH.
Kapa je Mmexanu3zam manux rabapuTa, TeXXHUHE ce MOTY 3aHEMapUTH.

9.3. Cune tpema "F."

Cune tpewa F ce jaBmajy u3meby genosa koju ce mehycoOHO kpehy. Y mpuniumy cy
HEKOPHUCHE CHIIE, KOje C& MOTY CMAalUTH OAroBapajyhuM KOHCTPYKTHBHUM OOJIMKOM JIEeNI0Ba KOjU ce
Kpeby, onrosapajyhum MarepujanimMa i aieKBaTHUM TIOJIMa3UBABEM.
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 Tejla Ha MOJIOry (YIpaBHO]j CHIH
NPUTHCKA Ha TIOJIOTY) U

— KOe(ULHjEeHT Tpewa NpH KiIu3amwy "1 "' He 3aBUCH Off BEIMUUHE AOJMPHUX MOBPIINHA TENa,
Beh caMo o BpcTe MaTepwjana, CTeNeHa XpamaBOCTH JOAMPHUX MOBPIIMHA M HA4yMHA
MOAIMa3UBabA.

Hauun oppebuBama cuna Tpewa 3aBUCH Off BpCTe KpeTawa u3Meby JONUPHHUX MOBPIIKHA.
Kapa ce jaBiba Tpeme Kim3ama (ci1. 9.2a) cuna Tpemwa je jefHaka:

rne je Fn (N) — cuia xoja ienyje HopMasiHo (ympaBHO) Ha OBPIIMHY Ha KOjOj e jaBiba Tpewe, [ (-)
— KOe(ULMJEHT TPEHHAa KIN3ama.
Kapa ce jaBiba Tpeme KoTpibama (ci1. 9.2b) ciia Tpema jenHaka je:

R (9.2)
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rfe je f (-) — KoeuiujeHT Tpemba KOTpibamba, Koju ce ofjpebyje eKcriepuMeHaTaHo.
Kon kmHemaTmukux 3rio6HEX mapoBa (ci1. 9.2¢) jaBiba ce CJI0XKEHO Tpeme (Kim3ama o
KOTpJbama), a CUJIa Tpema ce ofipebyje eKxnepuMeHTaNHo.

Ay
= v, 2 .
Ft yFn 3 T YFn 3
a) b) c)

Ca. 9.2: Tperwe kauzara
a) kausarbe, b) Koitipwarse, ¢) cA0NceHO Kpeiliatbe

Ha BpepgHoCcT KoedumujeHTa Tpema | YTHUY MHOTOOPOjHM (pakTopm: BpcTa MaTepHjaia
NORMPHUX IIOBPIINHA, KBAJIUTET OBPIIMHCKE XpalaBOCTH JOAMPHUX IIOBPIINHA, BEINYUHA 3a30pa
m3Meby JOIMpHIX MOBpIIMHA, HAUMH MOAMAa3MBamka, BPCTa Ma3nBa U Op3WHA KiM3ama. BpegHocT
Koe(unmjenTa Kim3ama L ofpebyje ce eKnepuMeHTalIHO Ha CTpMoj paBHH (ci. 9.3).

Ca. 9.3: Koegpuyujeniu itiperba kausarba 1

Kapa je cuia Tpemwa Mama o komnonente F' (F < F') Terno ke knu3uTu no crpmoj paBau. 3a
BpefHocT K > F' Teno he mupoBatu, a kaja je K =F' Teno Ha cTpMoj paBHY he OUTH Ha rpaHULK
Kim3ama. [Ipema jemHaumanm (9.1) mmamo fa je R = F''u, a Kajia je rpanmna knm3ama (R =F')
nobwuja ce na je F'=F'"u, ogakine je:

3Hauu f1a KoeUIUjeHT Tpebha KIn3ama L IpeJicTaBlba BPEJHOCT TAHI'€HCa YIila Haruba cTpme
paBHH, Kajia he Teso OUTH HA TPAHUIU KITH3aHha.

[Tpn KoTpsbamy TOUKaA NehOpMUIIIE ce TOJIoTa, Te CHJIa Tpemwa Aenyje y Tauku A (ci. 9.4).
Ortnop u peakuyja nogyore je cuia F' Koja genyje y Tauku A ¥ jefjHaKa je CIOJballlkbo] CUiu F
KOjoM Touak jenyje Ha momiory (F'=F). Cuna Tpema npema jegHaumnn (9.2) je R =F"'f. U3
napajnenorpama cuia, Cleia fa je cuna tpewa F = F-sino, ofakie je:

= F-sin o
fo b o T c 0 s (9.4)
F' F-cosa
Bpennoct mapamerpa "x" je Beoma Mana y OffHOCY Ha MOnynpevyHuk Touka "R" Te ce moxe
YCBOJUTH Jla TAHT'€HC YIJIa O MPEJICTaBIba OIHOC MapaMeTpa "X u noaynpeununka "R" ogakie cnenu

71a je KoeHIHjeHT TPeha KOTPIbakba jeJHAK:
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BpepHocT KoeduimjeHTa Tpeha 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 U MAIlIHE.

Ca. 9.4: Koepuyujeni itiperba koitipsarsa

9.4. Unepuujanne cune "F,"

Wuepuujanue cune F cy yHyTpallilke cuie Koje ce jaBibajy NpH mojaBu yop3ama. [Ipema
HaneMOGepoBOM MPUHIUIY MOTY Ce CMATpaTH CHojballkbuM cuiaMa. [Ipm Kperamy ulaHOBa
MeXaHHW3Ma yBEeK ce jaBibajy yOp3ama, 1a nmpemMa ToMe W uHepumjamue cuie. [Ipema mpyrom
IbyTHOBOM 3aKOHY MHepuHMjanHa cuia F jeHaka je mpou3BOAy Mace 4iaHa U yOp3ama HeroBor
CpequIITa:

Fi = oM, et (9.6)

rae je: m (kg) — Maca mokpeTHOr unaHa MexaHm3ma, a(m/ 32)— yOp3ame CpefuIITa NOKPEeTHOT

YJlaHa MEXaHU3Ma.
MOMEHT nHepuyjaHe CHUJIE je:

Mi = mJg €, wovvvvvvvvsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssennes (9.7)

rae je: Jg (mm2 . kg) - aKCUjaJIHu MOMEHT UHEpIHje CPEAUILITA NOKPETHOT YIaHa. 8(8_2) - YraoHO
yOp3ame ulaHa MeXaHu3ma.

WMuepiyjanHa cuia ©Ma UCTH NpaBall Kao yOp3amwe CpeiuIlTa, a CypoTHOr je cMepa. [Tonoxaj
HamlaJHe Tauyke WHEpLUjaHE CUJIe 3aBHCH Off TOra KakKBO KpeTame HMa 4WiaH, Jja Ju je:
TPaHCIATOPHO, j€THOMKO KPY>KHO, IPOMEHIBIBO KPYKHO UITH CIIOKEHO KPETame.

Hanagna Tauyka vHepuujajgHe cuiie YiaHa ca TPAHCAATOPHMM KpeTameM je y CPEefuIuTy S
(rexxnmry) unana (ci. 9.5). [IpaBan nHepImjanHe cuile je mapajiesaH ca paBIeM KIN3amba.

Hanapna Tauka vHepuujajgHe CUiie YilaHa KOjU UMa je[HOJTHKO KPYXHO KpeTame je Takobe y
cpemuiuTy S unana (ci. 9.6). OBaj umaH UMa caMo HOPMATTHO yOp3ame, Te je MHEepLHjaHa CHla Y
TpaBIly WiaHa, a CyIPOTHOT je cMepa off yOp3armba CpejiuIiTa.

3a WwiaH Koji NMa NPOMEHBbHBO KPYXKHO KpeTame (Ci1. 9.7) HamnajiHa Tauyka ce IIoMepa U3 Tauke
S y Tauky K 3060r Tanrennujansor yop3ama. M3 jeqHakocT MOMEHaTa 3a Tauky S gobuja ce:

Y T (9.8)
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MowmeHT uHepLyje jefiHak je: Jg = p2 -m, e je: p (mm) - MOMyNpeYHNK MOMEHTA NHEPIIH]e.
[TonynpeyHuk MOMEHTa HHEPILHje Maca p 3aBUCH CaMO Off paclopefia Maca Ha €JIEMEHTY, a He Off
EroBOI KpeTama, a Jo0Huja ce eKCIEepUMEHTAJTHUM MepewmeM. [locToju Buime Meroma 3a
oflpebuBame MONyNpeyHHKa 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 UJaHy.

Tl
v
| 21

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

. . sin
M3pa3uTH Kao: aé[ =ag-sina (cm. 9.7), Te mpeTxoHu M3pa3 HaKOH cpehuBama je h :A:Sa-pz.
Pacrojame "e" uzmeby Tauaka S u K jemHako je: e =—— Koje ce yHece y NPeTXOHY je[JHaYlHYy U
sina
i

nobuja fia je: e = s Tapa je pactojate HanagHe Tauke UHEPIMjaIHE CUIIE jeTHAKO:

_ 2

K = S+ 2 e neeseee oo (9.9)

W3 jemraunne (9.9) ce MOKe 3aKIbYUNTH Jla OJNOKA] HAMa[He TauKe MHEPIHUjaIHe cuiie (Tauke
K) He 3aBucu on kperama wiaHa, Beh 3aBucH camo off pacropesia Maca Tora wiaHa. Tauka K ce
Ha3nBa XajrTeHCOBUM LIEHTPOM OCLAIOBAMA.

HamajHa Tauka mHEpuUMjaiHe Culie Ha WIaHY ca cI0XKeHHM KpetameM (ci. 9.8) je y tauku N
KOja 3aBHCH O moJioxkaja cpeguiira S, Tauke K u yOp3amwa Tauaka Ha unany. Tauka N ce jo6uja
TaKo IITO Ce U3 CPEAUIITA WiaHa (Tauke S) MOByUe IpaBal yop3ama OHEe TauKe Ha YIaHy Y OJHOCY
Ha Kojy je medumnucan (onpeben) nomynpeuyHnk MoMeHTa uHeprmje p. Heka je y oBom mpumepy

NOJIYIPEYHUK MOMEHTA HHepLuje "'p" fe(puHUCaH ¥ OHOCY Ha Tauky A.

Ca. 9.8: Huepuujanna cuna Ha 4nany ca cAONCEHUM
Kpeliarbem
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W3 Tauke K ce moByue nmpasar Koju craja Bpx yop3ama tauke A (8p ) u cpepuiura S (mpasar

yOp3ama é?) ¥ IJIe ce ceve ca TpaBleM yop3ama Tauke A (dp ) U3 Tauke S 10o0Hja ce HamajHa

tauka (N) unepiujanue cuiie F. [IpaBan nHepimjaaHe cuiie je UCTU Kao 1 yOp3ama cpefuInTa ag,
a CyIpOTHOT 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. Cune npuTHCaka y KnHeMaTHIKuM Be3ama "F ,"

UnaHoBM MeXaHU3Ma Kao U CBU APYTH JIEIOBH y MalllMHaMa JIeJyjy jelHA Ha ipyre ofipeheHum
IpHUTHCIUMA (CHIaMa).

Culle IPUTHCAKA Y KHHEMATHYKIM Be3aMa F12 3aBICe Off 1€jCTBA CIObAIIAX CIA W 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 mcTa 1O HANANHO] TAYKH, MHTCH3MTETY M HANAJHO] JHHHA Ca CHIOM aKIjije F1, a
CYIIPOTHOT CMEPA Off e, Tj. Fi=—F2.

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) (ci1. 9.9a) wnan 2 mputrcka wiak 1 ca cirom F21, a wias 1 genyje Ha wian 2 ca cuioM F1.2. Oe
1IBe CHJIE Cy yIpaBHe Ha PaBall KIM3amba X — X , Aeyjy Y CPEMIITY ullaHa, y TauKH A, HCTE Cy 10
NpaBLy ¥ HHTEH3UTETY, & CyPOTHUX CY CMEPOBA, Tj.

IE1,2 = —|32,1. .................................................................................................... (9.10)

To mcro BaXkn ¥ Kaja je WiaH 1o KoMe ce Kim3ad Kiu3a nokperad (ci. 9.9b). Cune npuTrcka
fleny]y y KUHeMaTH4YKOM 311100y A, ypaBHe Cy Ha TIpaBal] Kiu3amwa U ofHoc je F32 =—-F2 3.

a) 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 yImpaBHa Ha IpaBal] KiM3awma X —X, jaBlba c€ U MOMEHT CUlIe Ha HEKOM pacTojamy L.
Peakupja u 0BOj KMHEMAaTHYKO] Be3M HU3paxaBa ce cWwioM F21=-F12 U MOMEHTOM cuje
M1 =F 2 -L.OBakBa peakuuja ce jaBiba 1 Kajia je€ WiaH 10 KOME C€ BPLIM KJIU3ahe HENOKPETaH

(cn. 9.10a) nmm mokpetaH (ci. 9.10b).
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b2

B
X YA < X
b Ja,
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 IE3,2 = —F2 3. Koju npasar
W CMEp MMa CHJIA F3,2 3aBUCH Off CIIOIballIiber onTepehemba.
B B

B
3
F3.& Fy3 0 C
b)

Ca. 9.11: Cuane iipuitiucka y pasanckom poilayuoHOM KUHEMATUUYKOM Uapy

3a operactu KuHemMaTnuku nmap (ci. 9.12) mpaBai cuiie IPUTHCKA je yIpaBaH HA TEHTEHTY Y

OMMPHOj TauKy H3Mehy Ba UmaHa, a CUie Cy jefiHake F3,2 = —F2.3

Koy muinuHgpuyHuX 3ymyaHuKka ca MpaBUM 3yIIEMa pe3ylTaHTa OOMMHE M pajjaliHe Cuie
Jienyje TOf YIJIOM AOAMPHULE "ol y OIHOCY Ha TEHIeHTY NOAMPHUX KpYXKHULA "t", Tie uMaMo Jia je
F23=-F32(cm9.13).

Y omnreM ciyyajy, Moxe ce pehu Kafa cy JofupHe NOBPILIMHE HEKE KPUBE, CHIIE IPUTUCAKA CY
yIpaBHE Ha TAHTEHTE Ha Te NOBPIINHE.

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
eKCIIEPUMEHTAIHO.

9.7. Tloroncka cuna "Fp"

IMoroncka cuna Fp je oHa cuila Koja ce J0OBOJM Ha IIOTOHCKU 4/IaH U Koja nokpehe cse 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 TIoroHcku wiaH (Fp L AB ) a cMep je y cMepy yraone Gp3uHe IOTOHCKOT 4iaHa o . Ha
OCHOBY TNIOTOHCKE cuie ofipebyje ce MoroHcku oOpTHU MOMEHT Mp =Fp-AB 1 noroncka cHara
Pp = Mp - ® . CMep moroHckor 06pTHOT MOMEHTa Tpeba Jia je CympoTaH Off CMepa PaJHOT 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 jeHaka pajgHoO] CUIIH (_pr > IER ), @ OrOHCKa cHara je Pp =Fp-v, rjie je v

Op3uHa KpeTamwa KINMa.
[ToroHcka cuiia Kao ¥ MOTOHCKA CHAra MOTy OWTH KOHCTaHTHE BPETHOCTH (IIOTOHCKO BPaTHIIO

eNIEKTPOMOTOpA) WK ipoMeHsbuBe (Kiun motopa SUS).

- ->
S \4
Fr . »
X X FP
Ca. 9.14: [lozoncka cuna Ha Ca. 9.15: Ilo2oHcka chaza Ha
DPOUWAUUOHOM UOZOHCKOM HAAHY IUPAHCAQUUOPHOM UOZOHCKOM YAAHY

9.8. 3aganu TMHAMIYKE aHAJIN3€E MEXaHH3aMa

OcHOBHH 3aj1a114 TMHAMUYKE aHANU3€ MEXaHKU3aMa 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 MOM3HOT 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
perynanmje 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 CIMOCOOHOCTH TPAKTOPCKOT arperara,
Mawa MOTpOllka TOpUBA, KBAJWUTETHHja OOpajjla Ha KpajeBUMa 3aroHa u Opxke KpeTamwe
TPaKTOPCKOT arperaTa Ha KpajeBuMa 3aroHa.

[Topu3Hn MexaHW3aM TPaKTOpa y KMHEMATUYKOM U JUHAMUYKOM CMHCIY HajBHILE 3aXTeBa
Tpeba f1a NCIYH! Kajia je arperaTupaH ca HoleHuM opybem, Te he ce y 1aboj aHanm3u ocMaTpaTu
y arperaty ¢ HOLIEHUM opybeM.

10.1. CtpykTypHa aHa/IM3a H HAMEHA

[Topu3Hy MexaHKW3aM TPaKTOpa CMEILTEH je 03 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, CTENEH YCUTHEHOCTH 3eMIbUILTA, YjeJHAUEHOCT CeTBE MO AyOUHH, INUPUHU 1
pasmaxy y peny utx.);

- BEK Tpajama TpaKkTopa U NPUKJbYUHOT 0pybha;

- NOY3[aHOCT TPAKTOPCKOT arperara;

- YKyIaH CTeleH KOPUCHOCTH TPaKTOopa;

- €KOHOMHMYHOCT M3BObema arpoTeXHUUKUX ONepalija;

- MOryhHOCT mpuKJbyuuBama 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 XUAPAYJIMUYKH U3BOAM 3 CHOIbAllIbe
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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 €0 XUAPAYJIMYKOT CUCTEMA 3a NPHKIbYUYHMBAHE
opyba Ha Tpaktop (ci. 10.1). [Togu3HM MexaHM3aM ce CacTOju W3 J{Ba MCTa YETBOPOIOIYKHA
MexaHu3Ma: npBu oOpasyjy winaHoBu 1, 4, S m 6, a gpyru 1, 9, 10 u 11. Kapa 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
Mexarnuma wpaxkiiopa

[ToroHcky 4JIaHOBM TOJAU3HOT MEXaHHW3Ma Cy XUApayJwuyku tmmuaaap 2 u kmun 3 (e 10.2).
[Topu3Hn MexaHmW3aM TpakTopa (DYHKIMOHUIIE TAaKO IITO ce KOMaHgHOM pyumuoM (12) momepa
Kimn pa3Bopiauka (11) y momoskaj ga yibe noy nputuckoM of mymne (10) mponasu ao mumHapa (2),
nomepa kimn (3) Ha rope, ycleq dera ce mopuxe pame (4) Ha rope ¥ TakKO 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
3ajgatu otnop. Ha cn. 10.3 nokasaH je XujipaylInuku CHCTEM 3a NPUKIbYunBambe opyba 3a TpakTop,
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 cenektop (13) Hanaszu
y MOJOXAajy AaTOM MYHOM JIMHHMjOM, ayTOMaTCKM he ce peryiamucaTé camMo cuja OTnopa, Aok he
nyOuHa OuTu mpoMeHsbuBa. CBaka nmpoMeHa, OUIIo MoJoKaja 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 1O MOJM3alha WM CHYIITamka MOJyra Ha KOjuMa ce Hajasu
NPUKJbYYHA MalMHA. Y ciydajy fa gobe ao nosehanor otnopa (cune F) onpyra (11) he ce caburn,
nonyra (10) 3aporupatu, a mosyra (4) momeputu y jeBy crpany. Ha taj Hauun 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 IIIyTra, a THME H [0 CMaherha OTIOPA 3eMIBHINTA.

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. cilowautki Yaau (UpuKkmyHU ipoyzao opyba), 9.
pesepsoap y.va, 10. itymiia, 11. pazeoouux, 12. komanona pyquuya’
1.

Ca. 10.3: Kunemaitiuuxa uiema xuopayauskoz cucitiema 3a upuxmyusarse opybha Ha pakiiop

1. peaaitiuHo HellOKpeliHU YAaH, 2. XUOPAYAUUKU UUAUHOAD, 3.XUOPaAYAUdKU Kauil, 4. pame, 5.
{lo0u3Ha iloayza 6. 00rba iloayaa, 7. 20ptba iloay2a 8. upukmyUHU Wpoy2zao iayza, 9. iaymHo
iweno, 10. pezyaayuona iionyza, 11. Oiipyza - 0asau pezyaauuje cuae oiiiiopa, 12. ceaexitiopcka
ilonyza, 13. ceaexitiop, 14. komanOHa pyuuya 3a ayimiomaiicky pezyaayujy, 15. iloayza,

16. pazeoonux, 17. iiymiia, 18. pesepsoap yma, 19, 20. xuopayauuxu 60008u

! Tepmunn cy nedpunucanu crangapgom SRPS.M.11.012 (Ypehaj 3a npukibyunsame opyha na
TPaKTOp). Y JUTEPAPTYpH, K0 U Y MPAKCU KOPUCTE CE U APYTH TEPMUHM.

118



10. 1IOQU3HU MEXAHU3AM TPAKTOPA

[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- 2opmwa ocaona iiauka, F, M- 0owe ocaone itiauxe, 1 - 2oprwa UpuxkvyuHna iiauka,
G, O- Oowe iipuxknwyune iiauke, A, F, M, H, Ru C- ocaone itiauke

[Monn3Hn MexaHW3aM TpaKTopa je CIoXeH 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 kuHematuike 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 Tor pasnora ce oBaj NPOCTOPHU MeXaHHW3aM
MOXe€, y KMHEMAaTHYKOM CMHUCIY, YCBOJUTH M aHAIW3MPAaTU KAO PABAHCKM MEXaHW3aM ILITO je
npukasano Ha ci. 10. 6.

[Topu3Hu MexaHW3aM TpPaKTOpa, YCJIOBHO YCBOJEH Kao paBaHCKM MEXaHHM3aM je, Takobe
CTIOKEeH MeXaHHM3aM KOjH Ce CacTOju M3 OCHOBHOT M JOfATHOT MeXxaHu3Mma. 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 NpukibyunBamwe (uianosu 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 NOJI0%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 wiema il0OU3HOZ MEXAHUBMA HIPAKIOPA — UPOCIIOPHU MEXAHUIAM
10.2. Crenen codope KpeTama

Kapa ce mogu3Hu MexaHM3aM TpPaKTOpa MocMaTpa Kao paBaHCKHU, UMa YKyIHO 8 dinanosa (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 M3Yy3€B Napa 2 u 3 KOju je TpaHCIaTOPHU.

CBu KMHEMATHUKH TTaPOBU MUMAjy jeflaH CTeNeH cnobojie KpeTamwa (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.
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Ca. 10. 6: [1o0usnu mexaHuzam Wpaxkimopa noCMamipan Kao pasaHcKiL:

PAOHU HOA0HA], ====-=~-- [UPAaHCUOPIIHU 0A0XCA]

10.3. YcnoBu pynknmonncama noau3HOr MeXaHu3Ma

Ja Oum mopgu3Hu MexaHu3aM (yHKUMOHMcAo Tpeba fAa 3afoBojbM ofpeheHe MebhycoOHe
reOMETPHjCKE 3aBUCHOCTU CBHMX YJIAHOBA, KOje Tpeba aHalIuTHuku Aedunucatu. ['eomerpujcka
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:

AB=¢; CD=d; CB=¢; BD=f; AC=§; DE=i; FG=j; FE=k; EG=ii; FH=T;
Gl=5; Hi=0; GL=v; Gi=§; Li=w i GH=2Z.
Tauka J je ueHTap otnopa miyra.

IToroncka KmHEeMaTHYKA I pyna

[MToroncka 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
TOKY pajia MewaTH OBEe OCJIOHE Tauke). ['eoMeTpujcka 3aBHCHOCT WIAHOBA OBE Ipyla MOXe ce
M3Pa3uTH je[HAYNHOM Y BEKTOPCKOM OOJIHKY:

g+e+c=0,a CKaJIapHU OOJIMK OBE jefJHAaUMHE (MpojeKIyje Ha oce X ny’) je:
e-cosp—c-sina=0u g—(e-sinf+c-cosa)=0, Te ce u3 OBUX U3pas3a gobMja yrao p KojuM
je onpeben nonoxaj unana 4:
2 2 2
. c“—g--e
B =arcsin g
2-g-e

KoopauHaTHE cucTeM X, y MOCTaBIbEH je Tako fla oca y MpoJjasd 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 =Xc +d-cosB, yp=yc Fd-sinf u
XB =XC +€:CoSB, YB=YC FE-SINB . o (10.2)

[Tpen3Hak F KOPHCTHU ce 3aBHCHO /10 TOTa Jia JIH j€ 4JIaH 4 ycMEpEeH Ha JI0JIe Ui Ha Tope.

Hmmmmxmmenmmrmma

[Tomm3Ha rpyma ce cacToju u3 MOAu3HE U Nome moiyre (wianosa S u 6), ciamka 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 (wiana 6) onpebeH je MakcumamHoM nyomHOM 06page "a" (ci. 10.6), a TOpwH TpaHUYHH
nosoxaj ogpebeH je BUCUHOM Au3ama. [lonoxaj unana 6 neduHucaH je yraoM y KOju ce ycBaja.

Kunemaruuke Tauke oBe rpyne aeuHUCAHE CY jeAHAYNHAMA!
XGg =Xg+]-C0sy, Yg=YgF]j-siny u
XE =XE+K-C0Sy, YE=YEFK-SINY . e (10.3)

[ToTpeOHa ay>krHa OAM3HOT YaHa 5 ¥ BEroB MON0Xaj ofpehyje ce npema:

XE — XD

i:\/(XE —XD)2+(YD —yE)2 u §=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 moidyre 7 (tauke H) m BucmHa
NPUKIBYYHOT Tpoyria (mapamerap s) ofpebene cy kaTeropmjoM Tpakropa U IPUKIBYYHOT Opyba.
Kapa je mopu3Hu MexaHHW3aM Y JIOBEM PAJHOM TOJIOXKajy NMPUKIbYYHH Tpoyrao 8 Tpeba fa je y
BEPTUKATHOM MOJI0XKajy. [ly)KiHe ulaHOBa, HUXOB MOJNOXKA] U OCTANM MapameTpu ofpebeHn cy
jeflHaunHaMa:

y oy
y
ke
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 TF e (10.5)
YH —YF
2.2 2
z=\/(xG —xy ) +(yy -y )?, czarccosr;#. ........................ (10.6)
-r-z
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v=arccosZJ2rJ—__r, X| =XG, Y| =Yg +5 (ypany wiaH 8 je BepTukanas), ... (10.7)

.Z.J

g=arcctg L YH u=\/(x|—x|_|)2+(y|—y|_|)2 ) e (10.8)
XI=YH '

T:arcsinzsm(go _G+p+8), E=90"+G—T—P—E. rrrrrrrrrererrrrsnrinnens (10.9)

Ca. 10.9: [Ipuxkpyuna Kunemaiiuyka zpyia

KooppuHnaTe nieHTpa oTnopa, Tauke J y JombeM pajHOM I0J10XKajy ofpebyjy ce 3aBUCHO Of
LEHTPa OTIIOpa KOjU 3aBUCH Of] BEIMUUHE U BpCTE Opybha, Te je:
XJEXGHV H YJSYG —We ettt ssesesnes (10.10)

[Topen HaBefleHMX ycioBa TOAM3HM MEXaHM3aM TpakTopa Tpeba Jla uMMa KOoe(UIUjeHT
cTpykType 0 Behn of1 jean:

p=J1=YG (1
YH —YF

........................................................................................ (10.11)

Hampepr HaBefieHe jefHauyMHe MOTIYHO M jEJHO3HAYHO Je(PUHUIIY MOAM3HM MEXaHU3aM
TPAKTOPA Y IOEEM PAJHOM TOJIOXKA]y.

ITpu Kkperamy MexaHU3Ma U3 JOWBET PAJHOr y FOPHHM TPAHCHOPTHU MONOXKA] KOOpMHATE
ocnonunx tauaka A, C, F u H ocrajy KoHcTanTHe Kao U fyxkuHe yiaHosa 4, 5, 6, 7 u 8, 7oK je
HE3aBUCHO NMPOMEHJbMBA JyKMHA ulaHa 3, OOHOCHO mapameTtap c. M3 Tor pasnora KoopAuHATE
tayaka E, G u [, kao u ofiroBapajyhu yrnosu mnomnoxaja unanosa 5, 6, 7 u 8 y TOKy Nofu3ama,
onpebyjy ce Ha OCHOBY HCTHX penaiija, a mpeMa OCIery BPEeJHOCTH: X0fla Kiuna (mapameTpa c),
BHCHHE [IM3amka J0ke monyre 6, (mapamerpa y), BUCHHE MPHUKIbYYHOT Tpoyria (mapamerpa S) u
TMOJIOXKaja OCIIOHE TauKe FOpH-e MoMyre (ImapameTpa yyy ).

10.4. IToka3zaTe/bu paga NOAU3HOT MEXaHM3MA

Kunematnuky 1 fUHAMUYKY MOKa3aTelbl pajia MOAU3HOI MEXaHW3Ma, KOjUM Ce OIHCYje paj
MeXaHu3Ma, (PYHKIMja Y CKIIONY TPAKTOPCKOT arperaTa i KBaJIUTeT Paja Cy:
— TPEHyTHH II0J1 00pTama,

- 6p31/IH€ TMPUKJBYYHUX Ta4YaKa [IpU MPOMEHN HOJIO)Kaja MEXaHu3Ma 110 BUCUHU,

— INPCHOCHU OJHOC MOAU3HOT MECXdHU3MaA,
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y3/ly>kKHa CTaOMITHOCT TPAKTOPCKOT arperara,
MOMEHT IIOHUpama,

CUJIa IU3ama,

CIIOCOOHOCT NMOHMpaba PaJHUX OPraHa y 3eMJbUIITE U

cTaOMIIHOCT OfipXKaBamwa 3ajaTe nyOuHe paja.

10.5. TpenyTnu nmox ooprama

TpenyTHu mon oOpTama MpefcTaB/ba Tadyky 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
oOpTama je ogpehen nonoxkajem y BepTukanHoj (tauka P) u xopu3oHTanHoj paBHu (Tauka Pp , 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 ropmhe momnyre. Y
TOKY pajia IOJU3HI MEXaHU3aM MEHa CBO] M0JI0XKa] 0 BUCHHHU, T€ CE MEHA U M0JI0kKa] TPEHYTHOT
nona oOpTamwa, OfHOCHO Tauke P. ['eoMeTpujcko MeCTO Tayaka TPEHYTHOI MOJa Y TOKY jefHOT
pajiHOT MKJIyca Ha3uBa ce nojousa. [1onoxaj TpeHyTHOT 101, OJHOCHO MOJI0XAa]j MONOU/E yTHYE

Ha CBC HAIIpE]]I HaBEJICHE II0KAa3aTCJbE paaa.

Kooppunare TpeHyTHOT noja jo0ujajy ce u3 jBe jeqHauynHe npase Kpo3 Tpu Tauke P, H, 1 u

Ca. 10.10: Iapameitipu ii00U3HOZ MEXAHUBMA U TUPAKILOPCKOZ azpezaitia

kpo3 Tauke P, F, G Tj. Ha ocHOBY cnepiehux jennaunHa:

Xp—XF _YP—VYF

4 XP=XH _YP-YH

XG—XE  YG~YF X|=XH  YI—YH

Pememem jegnaunna (10.12) mo xp u yp mobuja ce:
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Xp = (X1 =XH)(YE -XG =¥G - XF = YH(XG =XF)) + XH (Y1 = YH)(XG —XF)
(Y1 =YH)(XG —XF) = (YG —YF)(X| =XRH)
_Xp(YG ~YF)*YFXG ~XE"¥G
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.

yp

10.6. KnnemaTnuku napamMeTpu NOU3HOT MeXaHH3MA

AHaJINTHYKa METOA

3a aHanuTHyko ofipebuBame Op3MHa Tauaka U yraoOHUX Op3MHA YJIaHOBA MOJU3HOI 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 =VR +\7(|:3; Kako je Vg = Va +\7€‘ +Vk ,a Va =0 u V¢ =0 creu fa je

VB + VI +VE 20, sttt (10.14)

WuTensurer Op3uHe \7|3A je VBA —wo-BA , mipaBan je ympasas Ha npaBan AB,acMep y cMepy
yraosne Op3uHe ®7.HTeH3ureT Op3uHe \75’ je Vg’ — wg - CB, npaBar je ynpapan Ha npapax, CB,

a cMep y cMepy yraone 6p3uHe o4 .3aMeHOM OBUX penanuja y jemHaunHy (10.14) pobwuja ce:

wg'ﬁ*+VK +w4-&§*20, ..................................................................... (10.15)

rae je: VK - 6p31/IHa Kp€Tabkba KiHUIa y OAHOCY Ha LUJUHAAPp M OBa BPEIHOCT je IIo3HaTa

dAB .
(vk :?). 3Be3quia y €KCIOHEHTY 3HauM fia je aTh BEKTOp yIpaBaH Ha MCTOUMEHY AYX,
- % - % -
onHocio AB 1 AB, CB L CB wurn.
YA
C 4 B ;
e D 7
H
iy ¥ S ol U , 8
21 5 o g
F 6 E
L5
X
77 | Sy .
o >\H‘ / J
|
XJ F

Ca. 10.11: Oopebusarve 6p3uHa KUHEMIUUYKUX (AYAKA
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Ako ce jegraunna (10.15) ckanapHo MOMHOXH ca BekTopoM BC , a 6p3nHa Vi TpeicTaBH Kao

~ dAB A
Vi = . , mobwuja ce:
K="at ag "%
0 (AB*BC) + YPB. L 2B BC 4 g - (CB* BO)=0. oo (10.16)
dt AB
Kako je CB*. B_(f 0 u3 HpeTxonHejenHaqHHe cequ fa je:
®y = MM H3PaKeHO MPEKO KOPIMHATA
2 AB*. BG Y p P
(g =— dAB 1 (xg—xa)xc-xp)+(yg-ya)yc-ys) (10.17)

dt AB (xg-xa)(Yc-YB)-(yB-YA)Xc-xB)’
YraoHe Op3uHe 4naHoBa 3 U 2 cy UCTe, OHOCHO, ®3 =my. Ha ciuyan HauuH fgobuja ce u

yraoHa Op3uHa unaHa 4, ako ce jeqHauunHa (10.15) mOMHOXH cKanapHO ca BeKTopoM AB, Kako 6u
Ce ENIMMIHNCANA ©).

_ dAj 1 _~ AB-AB
wg=—dt_AB__ WITH U3pAKEHO MPEKO KOOPARHATA
CB*- AB
g =~ 9AB A (10.18)

dt  (xc-xg)(YB-YA)-(YC - YB)(XB -XA)

AHaNOrHO OBOM IIOCTYIIKY A00HWjajy ce jeHauuHE 3a yraoHe Op3uMHE U 3a OCTaje YJIaHOBE
nofu3Hor Mexann3ma (cir.10.11):

o5 =~y XD =XAVE V) = U =Ye)XE =XF) = (10.19)
(Xg =Xp)(YE —YF) —(YE —YD)(XE —XF)

g = —wy XD =XC)VE =YD) =D =¥ )Xg=Xp) = (10.20)
(Xe =XE)(YE — YD) — (YE — YF)(XE —XD)

07 =g X6 XAV Y6 ~06 VR X =X6) - (1021)
X1 =XH)Y1 =YG) = (Y1 = YRH)(X] —XG)

og = —wg JE XDV =YW =0V6 =Y =Xp) (10.22)

(X1 =xc)(Y1 =YH) = (Y1 = Y& )(X| —XRH)
Oo6wumHue Op3uHe Tayaka G u J cy:

— — 3k —
Vg =wg-PG u Vj=o0g- i’ , 2 BbUXOBE MpOojeKImje Ha ocy "y" cy:

VGyZ(Dg'PGX =o0g - (Xg +
Vjy = wg-Ply = og (X3 +|Xp|) ettt e (10.24)

I'padpoananurTuyka MmeTona

3aparak 10.1: FeOMeTpI/IJCKe BPETHOCTH TlapameTtapa mopu3Hor Mmexanmsma (ci. 10.11) cy:
AB=05m, CB=016m, CD=032m, yap =0,24m, xp =-01m, yg=0,76m, yy =0,42m,
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Xy =0,23m, DE=0,74m, FE=045m, FG=1m, IH=0,78m, 1G=0,76m, GL=0,4m,

LI=084m, vﬁgzo,lm/s 1 ag:Om/sz. [TorpeOHO je oppenutu Op3uHe U yOp3ama

. Im
Ha3HAYEHUX Tavyaka 1 ygaHoBa. KuneMaTuuka mema J€ HallpTaHa y pa3Mepu U| = 5— .
cm

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 ogpennna 6p3nHa Tauke B Tpeba npormputy unau 2 Ha 3 (¢ paBHE 7o ). Tako ce

no6uja Tauka By (ci. 10.12 pecnHo) koja kim3a no B kao mro kmu3a tauka Kg mo Ky .
Capa je 6p3uHa Tauke B jenHaka:

- - -C . -C  —
l.ve=vc+vB,rejeve L BC u vc =0.

- - -B2 . -B2 -K2 -B2 —
2.vB=vB2+VB ,Ieje VB =VK3=01lm/s,vp //AB.

Mebytum, Op3uHa Tauke B, je HEMO3HATA alli c€ MOXKE M3PA3UTHU MPEKO TauKe A:

-~ -A LA ——
3.vB2 =VA +VB2,THejeVvB2 L BoA n vp =0.

Jennaumne 6poj 2 u 3 ce rpacuuky npencrase Ha mwiaHy 6p3uHa (ci. 10.13) u mpeTnocrasu ce

Heka BPETHOCT 3a Op3uHy Tauke By (Tauka bop ). 3 mpermocTaBibeHe BpETHOCTH 3a Op3WHY

tauke B, (bop ) rpacuuku ce mpepcraBu (HaupTa ce) jenHaunHa 6poj 2. [lapanemto camoj cebu

-K2 . . .
noMepu ce Op3uHa VK3 ¥ y Ipeceky ca jenHauynHoM Opoj 1 mobuja ce 6p3mHa Tauke B (Tauka b),
Ka0 ¥ CTBApHHU MOJI0OXa] Tauke by .
[Tponopuujom ce oapenu 6p3uHa Tauke D:

CB Pyb CB 0,16
Bbp3une ocranux Tauaka ce ogpebyjy npema cienehum jenaunHama:

-~ - =D . -D  — -~ -F . -F  —
5. VE=VD+VE, reje VE LED, 6. VE =VF +VE, rneje Ve LEF,
7 FG_Pg g FGPR 138 o 00

FE Pye FE 0,45

e ¢ . -G — -~ -  -H . -H  —
8. vi=vg +v| , raeje v LIG, 9.vi=VvH+vVv| , raejev|] LIH,
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-~ L -l — R Y cpp—
10. v =v) +vL, tmeje v LLI, 11. v =vg +VvL, rgeje v L LG.

Ha ocHoBy mnana 6p3una (ci. 10.13) koju je Hanpran y pasmepu U, = 0Llm/s nodujajy ce

MHTEH3UTETH Op31MHa Kao U yraoHe Op3uHe:
vg =01 m/s, vp =0,21 m/s, vg =0,2 m/s, vg =0,42 m/s, v| =0,42 m/s, v| =0,5 m/s,
VB2

0) =
2™ ABy

=0,019st,  wy=2R-06557, wg=-C=042st, w7=-053sT &
CD FG HI

\Y
wg =—=021s"
IG

Ca. 10.13: I[1nan 6p3una l0OU3HOZ MEXAHUIMA
(3aoaitax 10.1)

Yo6p3ama ce fo0ujajy Ha CIMYaH HAYMH Kao 1 Op3KHE.

C

-C  -C ( )2 (0,0)? -C =

12. a ac +apn +a reea 2/ —0062m/s , aBn // BCy cMmepy Ka
B =ac +aBn +aBt, M€ )¢ ag, = BC 014 Bn y cMepy

-C  —
tauku C, apt L BC.

Kako je yraona O6p3uHa unaHa 2 Maiia, MOXe ce 3aHEMapuTH Te je yop3amwe Tauke B y ogHocy
Ha A jefiHaKo:

A
oz, oK oA A oA (VB)2 2 _o K2 _
13. a|3_aA+aK3 +aBn +apy,Aeje aanﬁzo,OZm/s , aA_O,aK3 =0 (cn. 10.14,

1m/s2
4cm

)-

a:
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1v

Ca. 10.14: I[1aan yop3ara iio0u3Hoz mexanuama ipaxiuopa (3aoaitiax 10.1)

YOp3ama ocTanaux Tayaka cy:

D
- - -D -D . (v )2 D —
14. ag =ap +agn +akt, IAe je aEn ~\EJ :0,0021m/52, agn // ED y cmepy Ka Tauku D,

ED
-D —
agt LED.
- - -F -F . F (VE)Z 2 B =
15. ag =afF +agn +agt , rme je ag, = = =0,08m/s“, agn//EF y cmepy ka Tauku F,
~-F —
agt L EF.
16. fE _Fa® _ 5 FGC-Pa® g e6em.

FG Pyo'

. . -G -G .G(VG)2 ) -G —
17. aj=aG +an +ajt, rjge je a ——=0,033m/s“, a|n//1G y cmepy ka Tauku G,

|n: IG
-G —
aig L1G.
H
I v AU
18. aj =aH +aIn +ait, rae je Ay = T =0,226 m/s“, an//1H y cmepy ka Tauku H,
~-H —
ajit LIH.
G
.. 6 -G vef
19. aL =aG +aLn +aLt, afnz LL =0,019 m/s? u

—_ @

g g "I "I G (VL 2
20. aL =a| +aLn +aLt, a,, =—-—=0,038m/s".
n Ln Ll
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10.7. TIpenocHu oqHOC NOAU3HOT MEXaHU3MA TPAKTOPA - iy

[IpeHoCHN OFHOC MOAM3HOI MEXaHW3Ma i MPEACTaBba OJHOC BEPTHKAIHE KOMIIOHEHTE
Op3uHe npukibyuHe Tauke G u 6p3uHe Knumna, Tj. ogpebhyje ce npema uspasy:

i = VV% .................................................................................................. (10.25)

BpemHocT mpeHOCHOT OffHOCA je IPOMEHIbIBA Y TOKY jegHoT pagHor mukiyca (ci. 10.15). Ito
CY Mambe IIPOMEHE IIPEHOCHOT OJJHOCA, Mabe CY BPEAHOCTH yOp3amba i YCIOPeha, OJHOCHO Mabe Cy
BPEHOCTH MHEPIHjaTHAIX CHJIA.

N A

Ca. 10.15: IIpomena iipeHOCHOZ 0OHOCA Y HIOKY
JeOHOZ paoHoZ yukayca

Hperocu ogoc 5

BpeMe jeHOr pajHOT IMKTyca  © (s)

10.8. Y31y:kHa cTaOMIHOCT TPAKTOPCKOT arperara (TMHAMHYKH
Koeunujent pacnoeie ontepehema Ay )

Kao kpurepmjym 3a OLEHY y3lyXHe CTaOMIHOCTH TPAKTOPCKOT arperara ycpaja ce
JIMHAMUYKK KOoe(pulUjeHT pacnofiene ontepehewma Ay KOju ce Ha OCHOBY fAeuHuIHuje ofpebyje
npema je[HaYlHHU:

Y,
ded = e (10.26)
Yzd
rie je: Ypg - AMHAMUUKO onTtepeherbe Ha MPeMlbUM TOUKOBUMA TPAKTOPA, Yz -  [MHAMUYKO

ontepeheme Ha 3a[lUM TOUKOBUMA TPAKTOPA.
Ha ocHoBy Metope penykimje (MeTofe 2KyKOBCKOT) MOXKe ce HalMCcaTH fia je 30up MOMEHAT
CBHIX CHJIa 32 TPEHYTHH I10J1 0OpTarba MOU3HOT MexaHu3Ma jefHak Hyiu (ci. 10.16).

> Mp =-ypg - (L—[xp|)+ Gp-(L—|xp|)+ (yzd — G Nxp|)- F-b-Gm(x; +[xp[)=0.
U3 jepnaunne (10.26) nobuja ce pa je Ypd =Aq - Yzd ¥ 3aMEHOM Yy IPETXOHY jeiHATMHY o0Hja ce
u3pa3 u3 Kojer je AMHaMU4Ky KoeuIjeHT pacnopelne ontepehema Aq:

Gp(L—|xP|)+ Yd -[xp| -G '|XP|—F'b—Gm(XJ +|Xp|)
de(L_|XP|)

A = R (10.27)

rape je: Gp - TCXKHMHA Ha NpEeIHbUM TOYKOBHMA TPAKTOpPA, GZ - TEKHNHA Ha 3aJlbHAM TOYKOBHMA

TpakTopa, Gy, - TeXNHA MPUKIbYYHE MAIIMHE, F - OTIOp NPUKIbYYHE MaIuHe (TIyra).
Hunamuuka ontepehema Mpeawbux U 3albUX TOUYKOBA TpakTopa AoOHjajy ce U3 MOMEHTHOT
ycloBa paBHoTexRe 3a Tauky Op wiu 05 (cn. 10.16).

W3 yciosa pasHoTexke 3a Tauky Op (Z Mop =0) cnenu fa je fuHaMHUKO ontepeheme Ha
3a/[HUM TOYKOBHMA j€[JHAKO:
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Gz L+Fy-(L+X))+Gpm-(L+Xg)—Fxy;

Y
zd L

A A ¢ =
/

X Fy 7 %

/
Y ¥\

Ca. 10.16: Oopebusarse y30yxcHe cilabuaHOCiU PAKiiopckoz azpezailia

JuHammuuky KoeuuujeHT pacnoene onrepehema Ag 3aBUCH Of MHOrOOpOjHUX (pakTOpa U
Tpeba la uMa OfroBapajyhy BpEeHOCT, 3aBUCHO Off KaTeropuje TpakTopa, Opoja MOTOHCKUX
TOYKOBA, arpoTEeXHUUKe omepauyuje koja ce u3Boau UTH. [la Ou ynpaBmbamwe Ouno oprosapajyhe
Tpeba fa je Ag = 0,2, a ako cy ¥ IpeAmbu TOYKOBYM NOrOHCKM Tpeba Aa je Ag = 0,6. Ako je 3a
TpakTope 6e3 npefimbe Byde (4x2)S, koeduuujeHT Ag < 0,2, Texe je ynpaBibambe U MAHEBPUCAHE.
Y ToM cnyyajy HOCTOjU OMACHOCT M Off TMPONHEbalkha TPAKTOpa. AKO je 3a TpakTope ca CBUM
MOTOHCKMM TOYKOBMMA (4x4)S mmHamumuku KoeduumjenT mamu of 0,6, Ag < 0,6 Hehe ce
VICKOPUCTHUTH NIPEeJiha Byya 300T HETOBOJbHE TEXKUHE HA IPEIHUM TOYKOBIMA.

Ca mosehamem pacrojama "b" (cm. 10.16) cmamyje ce koedummjeHT Aq. Hajbome je ma
HamnajiHa TuH#ja cuie otnopa "F" npomasu kpo3 TpenyThu noi "P", jep je Taga b=0, a makcumanHa
j€ BpeHOCT KOoeuIijeHTa Ay .

AKO ce ycBOju BpPEIHOCT AMHAMHUYKOr KoeduljeHTa pacnofene onrepehewma, Moxe ce u3
NPETXO/IHE jE€[HAYMHE OJPEAUTH I'PAaHMYHA BPEJHOCT MO3BOJLEHE CHJIE OTIOpa 3eMibuiITa Fp
npema crnefiehoj jeqHaunHm:

b(Lq +L) '

Hunammuku KoeurujenT pacnopesne ontepehema A gp , Kajla ce HOLIEHH IUTYT HAlla3d M3HAJ
MOBPINMHE 3eMJBUINITA Y TPAHCIIOPTHOM MOJIOXKajy, mobuja ce Kajia ce y jeqraunny (10.27) ypcru aa
je cuna ornopa F=0.

Gp-L-Gpy-X;

AN = o s e (10.29)

10.9. Cuna qu3ama Ha JOBHUM NPUK/BYYHHM TaYKama Fg

BpenHoct cune qu3ama, Kao U 3aKOHUTOCT IPOMEHE CHUJIE IU3aba y TOKY pajjHOT LUKIIyca je
BaXKaH MHAMUYKH MOKa3aTesb MOU3HOT MeXaHi3Ma TPaKTopa Off Kora y IIPBOM pejly 3aBUcH U300p
NPUKJbYUYHE MAIIIUHE.
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Cuna u3ama Ha TOWKMM NPUKIbYYHUM Taukama Fg (cm. 10.17) ompebyje ce u3 jemHakocTH
pajia, OJHOCHO jeJHAKOCTH CHATe Ha KJIUITY U CHAare 3a IU3akhe MPUKIbYIHE MAIIHHE:

Fa =K L e (10.30)
Im

r7ie je: Fk - ToroHcKa cuiia Ha KIIHIY, 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 Tauyaka ofpehyje ce w3 jemHakocTH
MOMEHTA 32 TPEHYTHHU MOJI 00pTamha Ha OCHOBY jeIHAUMHE:

F) TG G T XP) e (10.31)
X]—Xp

E3
AR

Ca. 10.17: Cuna ousarsa iio0u3Hoz
MEXAHU3MA IUpaKiiopa

JIMHAMHUYKY YCIIOB arperaTipama je fa TeXMHa HOIleHe TPUKIbyYHe MallnHe Oyje Mama off
CuJIe u3ama, ONHOCHO: G, < Fg .

TexxuHa HOIIEHe MAIIMHE W TIOJIOKA] HEHOT TEXWUINTA HEMOCPETHO YTUYy Ha BYYHH
KoeuljeHaT KOPUCHOCTU TPAKTOpa, Y3MYXKHY CTAOMITHOCT TPAKTOPCKOT arperara, MaHeBapcKy
COCOOHOCT TPaKTOpa, KJM3ame MOrOHCKMX TOYKOBA TpakTopa M  onTepeheHocT — jenoBa
MOJM3HOT CUCTEMA TPAKTOpA.

AKo ce ycBoju moTpeOHa BpeHOCT IMHAMUYKOT KoeuipjenTa pacnogiene onrepehewa Agp ,
I03BOJbEHA, TPAaHUYHA BPETHOCT CUiIe (TeXUHE ) IPUKIbYUHE MalmHe ofipebyje ce u3 jefHaunHe:

_Gp-L-2gh-Gz-L
hah - (L+X3)+Xxy

mi

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 MPUTHCKA XUIPAYINYHOT KJIUIA, MOpa TI0OCTOjaTH MO3UTHBAH MOMEHT TIOHUpamba (y

cMepy o0pTama Ka3ajbKe Ha caTy), CBe JIOK Ce He OCTHTHE XeJbeHa yOrHa paja.
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MoMmeHT nonupama je o feUHULH]jU:

Mp = F D2 0. ottt (10.33)

Ma 6m ;omnIo [0 MOHMpPamka PAJHUX OpraHa MPUKJbYYHE MAIIMHE Y 3€MIBHINTE, BPETHOCT
MOMEHTa MIOHUPamka Mopa OuTH Beha off HyJe, CBe 10K ce He MMOCTUTHE 3ajiaTa pajiHa nyouHa “a”. To
ce MOXe OCTBApPHUTH aKO je HCIYCH YCIIOB JIa je Kpak MOMEHTa IoHnpama 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(@+A)xp —yp +Xx3(yy —t9(e+2))

m ............................................

Cuna ornopa muyra F, Mmoxke ce ogpeutu Ha ocHOBY ckpaheHe jefiHaunne ['opjaukuna:

F=KA 8 ByfVp 5 oo ssssesss s sssssss s (10.35)

rae je: ka (N/cm?) - koedunumjeHT Byysor oTnopa, a (cm) - nyouna oopage, B (cm) - ykynna pagna
mMpuHa obpaae, Vv, (m/s) - pajgHa Gp3uHa TpaKTOpa.
Jpyru KpuTepujyM 3a OleHy COCOOHOCTH TIOHMpPabha PaJHAX OpraHa NPUK/bYYHE MAIIWHE Y

(10.34)

3eMJBHIIITE, MOTY OMTH BpeHOCTH yriioBa: @, y (ci. 10.16) m yrma A (ci. 10.9). On TpenyTKa ynacka

pajHUX OpraHa IpHUK/bY4YHE MAIllMHE y 3eMIbUILTE, N1a 10 NOCTU3ama pajHe NyOuHe "a" Tpeba fna

Oyny ucnymwenu ciefehu ycnonu:
o>y, AZO0.

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 \, (ci. 10.16) onpebyje ce u3 jenHaunue:

YP—YJ
XJ—Xp

v = arctg

10.11. CraduanoCT opKaBama 3aaTe qyonHe oopaje

[la 6u cTabunHOCT ofip>KaBama youne obpaje 6una 3a70BosbaBajyha, Kao OCHOBHH, TOYETHH
YCJIOB je J1a yraoHa Op3uHa MPUKIYYHOT TPOYIIIa Oyjie jenHaka vy (wg =0 ) uiy mro O6JImxKe TOj
BPEJHOCTH 3a JIOWHM PajHA MOJIOXKaj MOfW3HOr MexaHm3ma Tpaktopa (ci.10.16), ogHOCHO 3a
TMOJI0KA] JIOK j€ TUTYT Y 3eMJBUIIITY:

D8 = 0. oo e (10.37)

CucreM ayToMaTcKe peryjainuje OfipxkaBa 3ajaTe mapameTpe pama (HyOwHy, 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 melyycoonux 3aBHCHOCTH MOKa3aTeba paga
NOM3HOT MeXaHH3Ma TPAKTopa

Y muby ananuse MehycoOHMX 3aBHCHOCTH IMOKa3aTesba paja MOfU3HOT MEXaHu3Ma TPaKTopa,
3a ycBojeHu TpakTop (3amatak 10.1) 3a jemaH pajHu LOUKIYC, PeMa MPETXONHAM jeHAYMHAMA
rpacuuky je nprKazaHa OGp3MHA NPUKIbYYHE TauKe AOWHX MOJNYra Vg M MPEHOCHOT OffHOCA iy, Y
¢dhyskumjn O6p3uHe Kiuna vk 1 xoma knmna Sk (ci1.10.18). Xop kimma Sk mpeficTaBba pas3iuKy
mMehy MakcuMaiHe 1 MUHEMAaNHE BpefHocTr napamerpa "¢ (ci. 10.7).

Bp3nna npukimbyune Tauke G, (Vg ) je Beha on Op3mme kmmma vy . BpepgHocT mpeHocHOT
OffHOCA i,,, HA MOYETKY iU3ama MOAM3HOT MEXaHN3Ma OMajia, a Ha Kpajy Au3ama pacte. Ha Behem
JieJTy IIyTa POMEeHa PEHOCHOT O{HOCA iy, CE HE3HATHO Mema, IITO je 100po, jep ¢y Mama yop3ama
1 Mame Cy HHEPIHjaTHE CUIIE.

Vi(n/s) [ s (m) im | vg(m/s)
Vi
30 /8
0,12 / 0,30
0.1023 >< 3,5
Vk
0,08 20\ I — 7 1307 0,20
0,06 {5 A< > :
10 / ) iy 25
0,04 A 0,10
5// A k
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 Ion oOprawmwa P. OBa aHanm3a mokasyje ja Ha IOJ0XKaj
TPEHYTHOT ToJIa 00pTama yTHIy mapameTpu: S , X4, YH, Xg, YE 1 j (c1. 10.19).

[ToBehaweMm napameTpa S, TPEHYTHU NOJ je OJMXKM 3ailbM TOYKOBUMA ILITO je OTPEOHO 3a
TpakTope 0e3 npeawe Byue (2x4)S. Kaaa je TpeHyTHE 11os1 P O5vKu 3a/ilMM TOUKOBMMA TPaKTOpa
pactepehyjy ce nmpesiH, a Bullle ontepehyjy 3abi TOUYKOBU TPAKTOPA.

[MoBehawem mapameTpa yp , TPEHYTHH TIOJ je ONMKM MPEAHHM 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 aTXxe3uoHa culla Ha ’biMa Beha 1 Moxe
ce KOPUCTUTH Mpefiibha ByYa.

Ha tpakTopuma y TOKy paja MOTy ce MEHhaTH IapaMeTpu S U Y , OK YIJIaBHOM HE MOTY XN ,

XF, YF 1 J.
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Jla OM npuKIpy4YHA ManIMHa OWja MPABUIIHO arperaTupaHa ca TPaKTOPOM, IpeMa CTaHAapRy
SRPS ISO 730-1 opm 1995. rop. mosoxaj TpeHYTHOr moja OOpTawma Y BEPTHKAIHO] pPaBHU
(pacrojame Lpg,cn.10.10) e Tpe6a na 6yae mame o 0,9 pa3maka OcOBHHA TPAKTOPA.

[Tonoxaj TpeHyTHOT mosia 00pTama y XOPU30HTAITHO] paBHH (Tauka Py, cn.10.5) Tpeba na je Ha
CUMETPAIIHO] JIMHUjU TPAKTOPa, Yy CYNPOTHOM JI0Ja3M [0 KOce Byye M MojaBe OOYHOr OOPTHOT
MOMEHTa KOji HeypaBHOTEXaBa TpaKTOpcku arperar. IIpenopydeHe BpegHOCTH HONOXKaja
TPEHYTHOT MoJIa 00pTama y XOPU30HTANHO] paBHH (pactojame Lpp, ci. 10.5) mpema HaBegeHOM
CTaHJapAy, 3aBUCHO Off KaTEropyje NOAU3HOT MEXaHU3Ma TPAaKTopa, Tpeda Aa cy Kao y Tabenu 10.1.

Tabeaa 10.1: BpeoHocitiu XOpU30oHtiaaHo?Z ii0A0Xcaja WiperyitiHOZ iloaa obpiiarba (iipema
citianoapoy SRPS ISO 730-1 od 1995. 200)

XOpU30HTATHH Kareropuja mogu3Hor MexaHu3Ma TpakTopa
[10JI0XKA] TPEHYTHOT
| TPCHY 1 2 3 4

nosa ooprama
Lpp, (mm) 1700-2400 1800-2400 1900-2700 1900-2800

AKo je pactojawme Lpp mpeBenuko, O0uHa cTaOWIHOCT 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 qu3ama Fg He yTuye mosioxaj ome OcloHe Tauke (KooppuHate XE, YE ), HE3HATHO
yTU4y XOpHU3OHTajlHe KooppauHaTa Tadaka A u C, 0K cBU octanu mapameTtpu ytudy. [Topen
HaBeJICHNX TeOMETPHjCKUX MapaMeTapa Ha CWIy Ju3amba yTH4e: CTeNeH KOPMCHOCTU MOJU3HOT
ypebaja 1, 6p3uHa KpeTamwa KIHMa Vi U IMOrOHCKa cuila Ha kiutny Fg .

Ca. 10.19: Teomeitipujcku ilokasaitiesu HOOUSHOZ MEXAHUIMA TUPAKTLOPA

YTunaj napamerapa, "k" u "e" npukazan je Ha ci. 10.21 u 10.22, rge ce Bugu fa ce ca
noBehameM BUXOBUX BPETHOCTH, TTOBehaBa u cuyia in3ama.
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3a jeaHy Te UCTy BpPEHOCT CUjie Ha Kauny Fy , npu nosehawy napamerapa: "e", "g", "k", yc,

N 4 Vg, a cMamewy napamerapa: " j ","d"u"y, ", nosehasa ce BpegHoct cune qusama Fg u Fj.

YH
0,99 0,96 0,93 0,90 0,87 0,84 Yp (m)
— — f VA 1’0
\ |\ ’ { / 1 / 0,8

/
A A Y, a8
L ) S

=—— o

Oca 3amer TOuKa
TpakTopa

xpm)l® 08 06 04 02
ITogmnora

Ca. 10.20: Yiiuyaj yH Ha ipomeHy ipenyiiHo2 iloaa 0opitiarea

buno Ou Bpao HeNpakTMYHO M KOMIUIMKOBAHO fla C€ Ha TPaKTOpUMa y TOKY pajja Memwa
pacrojame "AC" (xoopmmHaTe "yc" u "ya"), Kao u fa ce cmamyje myxmHa "j", jep je
JUMUTHPAHA HEONIXOJHO BEJIMKUM TOYKOBHMA TPAKTOPA.

Ha BehuHu cranpapinux TpakTopa MOCTOjU MOTYhHOCT, a Ce€ Off CBUX HAmpejl HaBEleHUX
napameTapa Mewa caMo JyXuHa mapaMeTpa "K " M TO Ha jegHOCTaBaH HA4uH, WITO Tpeda
KOPUCTHUTHU MPH arperaTupamy ca HOLIEHOM MPUKJbYUYHOM MamuHOM. Jomr Gosbu edekar Ou ce
OCTBapuoO cMameweM napamerpa "d ", a mopehemem "e ", ITO je caMo Ha MasoM Opojy TpakTopa
IETUMUYHO KOHCTPYKTUBHO TaKO PEIIEHO Ja je TO Moryhe 1 OCTBapUTH U TO caMo napameTap "d "

Ncrpaxusamwa yka3syjy ynpaso Ha To ja 6u 6uio o0po, ca acnekra Behe cune qu3ama, ja ce Ha
TpakTOpUMa MOTy MemwaTh napametpu "d"u'e".

[Ipu noBehawy napamerpa "k " nosehasa ce cuna au3ama, ajli ce CMawbyje BUCHHA AU3amba U
IOCTOjY MOTYRHOCT J1a ce IIpH IyKEM pajiy IPErpeBa 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 & 361
26+ s | /_\/100
16+ 16L-
0.50 054 058 062066 050 054 058 062 0.66 s(n)
Xop Kimmna Xopn Kiumna
Ca. 10.21: Yiiuyaj ilpomene iapameiipa "k" Ca. 10.22: Yiuuuaj iipomene iapameiipa "e"
HA CULY OU3AHA Ha cULy OU3ara
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11. INTAHETAPHUM NIPEHOCHUII (MEXAHU3MMN)

[InaneTapHu NPEHOCHHMIM CYy TakBM IPEHOCHULM KOJ KOjUX Oap jeflaH NPEHOCHUK HMa
IOKpeTHY reoMeTpujcKy ocy (cm. 11.1, oca B). [lnanerapHe mpeHOCHUKE, YITIABHOM CauMEbaBajy
LUNUHPUYHY 3YTYaHULM Ca CIIOJbALIBUM U YHYTPALIBIM 3YITYaheM, Ka0 ¥ KOHWYHH 3yITYaHHULH.

[TnaneTapHu NPEHOCHUK CE CACTOjU U3 LIEHTPATHOT 3yMyaHukKa 1, Koju Moxke OUTH HENOKPETaH
WM TIOKPETaH, 3ylIyaHuka 2 ca IOKpPETHOM I€OMETPHU]CKOM OCOM KOjU €€ 30BE 3yTYaHUK CATEIUT U
Hocaya 3 Koju ce oOphe M HOCH CaTeNUT OKO CIPETHYTOr HeHTpaiHor 3ymyanmka 1 (ci. 11.1).
Lentpannu 3ynyanuk 1 Ha3WBa ce ¥ CyHUaHU 3yMUAHUK jep 3yIMUYAHUK CATENUT KPY>KU OKO HEra.
[TnaneTapHM NPEHOCHUK MOXeE Jia ¥MMa BHIIE LEHTPANHMUX 3yIYaHWKA, BUIIE CATENUTa U BUILIE
HOCaya.

3aBHUCHO Off TOra fa JM je LEHTPAHU 3yMYaHUK HENOKPETaH WIM NMOKpEeTaH, IIaHEeTapHU
NPEHOCHUIIY Ce fleJie Ha eNUIUKINYHE U AU(EPEHIIU]aTHE IPEHOCHUKE.

11.1. EnunukIn4Hu NIaHeTapH| PEeHOCHULH

Envuuuknuysey niaseTapHu NPEHOCHUIHM CY TAKBH IPEHOCHULM KOJ| KOjUX Oap jefjaH LEeHTPaIHU
3yMYyaHUK MUpYje. EMUIuKInyHu nianeTapHy NPEHOCHHUIM UMAjy jeflaH CTeNeH cio0ofie KpeTama

(SSK=1): SSK =3(n—1)—2P; —P» =3(3-1)-2-2-1=1,mmeje: n=3, P, =2 (2,3,31) u P, =0.

LlenTpannu 3ymyaHuk | enmuIuKINYHOT INIAaHETaPHOT PEHOCHNKa je HemokpeTaH (ci. 11.1). Ca
OBHM 3yITYaHUKOM je CIIPETHYT 3yIMUaHHUK caTesuT 2, Koju ce 00phe oko cBoje oce (Tauke B) Koja je
nokpetHa. Hocau 3 ce o6phe oko cBoje HenmokpeTHe oce (Tauke A) 1 HOCH CaTEJINUT, KOjH 33jeTHO ca
HocaueM 3 porupa (“Tpun”) oko nenTpanHor 3ymuanuka 1. Hocau 3 potupa yraoHom Op3uHOM ©3 ¥
JETHOM HJIH PYTOM CMepY.

Catenut 2 uMa ClnOXeHO KpeTame KOje UMa IBE KOMIIOHEHTE YraoHe Op3uHe:

— PenatuBHy yraony Op3uHY y OJHOCY Ha CIPErHYTH 3yMuYaHuK 1, oolz. Kako je 3ymuanuk 1
HEINOKpEeTaH, BPEJIHOCT OBE yraoHe Op3KHE jeflHaKa je HyJH (oal2 =0)u

— IlpeHocHy yraoHy Op3uHY y OffHOCYy Ha Tauky A OKO KOje CaTeJHT, 3ajeJHO ca HocauyeM 3

potupa (®3).
AmncosnyTHa yraoHa Op3MHa ) je pe3ylITaHTa ABE IPETXOAHE YraoHe Op3UHeE.
Kako je uentpanHu 3ynmuaHuk 1 Hemokperas,

5 _
. 2 CMEPOBHU NIPEHOCHE Op3MHE 3 M AINCONYTHE Op3UHE
~ B
®) B 2 - caTenuTa My Cy UCTHL.
et /3
3
O
/1 3
I R 7%
Alo —A _ _ _ _
o 7777 Ca. 11.1: Etiuyukauutu iaaneitiapiu ilpeHOCHUK
1/
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11.2. Mucepennujannn nianeTapHu NPeHOCHUIH

HucepeHiumjanny niaHeTapHA NTPEHOCHUIM Cy TAKBHU MMPEHOCHUIN KOJI KOJHX Cy CBU IIEHTPAITHH
3yMUaHUIU MOKpeTHU. [{upepeHnujanHu miaHeTapHu MPEeHOCHHUIM MMajy JiBa CTemeHa ciaobofe
kperama (SSK=2).

LlenTpanuu 3ynmuaHuk 2 je mokpetaH u oOphe ce 0KO cBoje HEMOKPETHE TreoMeTpHjcke oce A
ca yraoHOM Op3uHOM 7 (ci. 11.2). Hocau 4 o6phe ce 0KO CBOje HEMOKpETHE reOMETPHjCKE OCe
(A) yraoHoM Gp3WHOM ®4 ¥ HOCH caTeiuT 3 Koju ce o6phe oko cBoje mokperHe oce (B) m oko
HeHTpasHor 3ymyanuka 2. Catenut 3 uma Tpu yraoHe Op3uHe:

— PenatuBHy yraoHy Op3uHY Y OfIHOCY Ha CHPErHYTH 3yITYaHUK 2, co%. Ha oBy Op3uHy He yTuue

KpeTawe Hocaua 4, Beh 3aBucu off yraoHe Op3MHE 3yMUaHWKa 2 W BEJIMYUHE CIPETHYTHUX
3ymyanuka 2 u 3.

— IIpenocny yraony 6p3uHy y OTHOCY Ha Ta4uKy A ca KOjoM, 3ajeflHO ca HocaueM 4 potupa (wg ) 1
— ArnconyTHy yraony Op3MHY ®3, Y OJHOCY Ha HOcay 4 ¥ LEHTpaJHU 3yMYaHUK 2 OKO KOjer ce
oOphe.

3 _
5 3
3 Bl |
— 4 Ca. 11.2: [lupeperyujasnu iinaneitiapru
o / UPEeHOCHUK
y7774 s
A A
7777 7777
2 | — 2

3a ucre Ha3HAYEHEe CMEPOBE YraoHMX Op3WHA m) M w%, CMep yraoHe Op3mHe Hocada 4, mg
MOXe OMTH y cMepy Ka3a/bKe Ha caTy WIM y CyIpPOTHOM, IIpU 4eMy ce Ao0ujajy pasiuduTe
BPEJJHOCTHU yraoHe Op3uHe caTenura 3, ®3.

Ha 6u ce auchepeHyjanHy NIaHETapHU NPEHOCHUK jeJHO3HAYHO KpeTao, Tpeda ja uma JiBa
noroucka unana (SSK=2). Hajuenrhe je To KpeTame IeHTpaTHOT 3yTYaHnKa 2 1 Hocaya 4.

JudepeHnujanay miaHeTapHU NPEHOCHUK Ca LMINHAPUYHUM 3yIYaHUKOM Ca YHYTpPAIIHbUM
3ynmyambeM IpHKasdal je Ha ci. 11.3. lleHTpanHu 3ynm4yaHuk 5 U caTenautT 3 cy ca YHYTpalllbhM
3yMyameM, a LEHTPAIHU 3YyMUaHUK 2 U caTelquT 3 cy ca cnobaumwuM. OBaj nudepeHunjaniu
IVIAHETAPHU IPEHOCHUK, fa OM ce je[lHO3HaYHO KpeTao Tpeba Ja ¥Ma [iBa MOTOHCKA 4YjIaHa
(SSK=2). [Toroncku wiiaH je Hajuyenrhe HOcay 4 ¥ jefaH Off IEHTPAIHUX 3yTIaHNKA.

Hocau 4 potupa oko cBoje oce (A) yraoHoM Op3MHOM w4 Y jeHOM UK ipyroM cMepy. Hocau
4 Hocu carenuT 3 KOju “TpuK” OKO 3ylYaHuWKa 2 ¥ YHyTap 3ynyaHuka 5. 3ymuanuuy 2 u 5 oophy ce
OKO CBOjUX HEMIOMUYHUX O0ca A YraOHMM Op3UHaMa @y U o5 .
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Carenut 3 uMa Tpu yraoHe Op3uHe: peJlaTUBHY YraoHy Op3UHY Y OJHOCY Ha CIIPETHYTH
3yMTYAHVK 2, mg , IPEHOCHY Op3MHY 3ajefiHO ca HocaueM 4, w4 U anconayTHy Op3uHy 3. CMepoBH
penaTUBHE yraoHe Op3uHe w% 1 yraone Op3MHe NEHTPATHOT 3yITYaHnka 5, ms cy ucru (ci. 11.3).

Cwmep anconyTHe yraoHe Op3uHE caTenuTa ®3 3aBHUCH Off cMepa o0pTama Hocaya 4 u cmepa U
3
BPEHOCTHU Op3MHE 3y[UaHuKa 2, ®p ¥ MOXKe OUTH Y JeTHOM UIIU APYTOM CMEPY.

Ts
1l |4

cLs L

777 777 _

A Ca. 11.3: [1naneinapru

2 OoughepenyujasHu ipeHOCHUK ca

-+ VHYUUP AU UM 3YUHATbEM
LT

[TnaneTapHu NPEHOCHUIM ¢ KOHUYHUM 3yITYaHULIMA KOPUCTE ce, Kafa Tpeba NpeHeTH 0OPTHO

KpEeTame ca jeJHOT BpaTmiia Ha IPYro Koja ce ceky (ci. 11.4).

Caremur 3 oOphe ce: oko cBoje mokpeTHe oce (B) pematuBHOM yraoHom 6p3I/IHOM(D§;

IPEHOCHOM YraoHOM Op3MHOM OKO Tauke A 3ajefiHO ca HocayeM 4, w4 ¥ alcOIyTHOM YTaOHOM
Op3uHOM 3. CMep oOpTama carenuTa 3 3aBUCH Off CMEPOBA OOpTama LEHTPAIHOT 3yTYaHUKA 2 U
Hocaua 4. 3a uctu cMep obprama 3ymyaHuKa 2, cMep obprama catenurta 3 (w3 ) Moxe 6uTH 'y
JETHOM HJIH PYTOM CMEpY, Kao 1 cMep oOpTama Hocaya 4.

[TpeHocHUIM ¥ ApPYr¥ YIAHOBM IUIAHETAPHUX NPEHOCHMKA OOphy ce, YIJIaBHOM je[JHOJIMKO,
n3y3uMajyhu nepuoy yxofaBama (OCTH3abha PAJHOT PEKIMa) M 3aYCTaBIbakba.

2
& 3
| ~
B
2
<
(0] 1 4 ®3 _ . _
24N == Ca. 11.4: [1naneiupanu ougheperyujasru ilpeHOCHUK ¢
— 0) 17
— el KOHUYHUM 3YUHAHULUMA

11.3. IIpenHocTH n1aneTapHUX NPEHOCHAKA

[1naHeTapHu NPEHOCHUIM MMajy MIMPOKY NPUMEHY Y NOJbONPUBPENHO] TEXHUIM, TOCEOHO Ha
TpPaKTOpKUMa U APYTMM BO3UINMA, 300T HU3a PEJHOCTH Y OIHOCY Ha NPEHOCHUKE Ca HEOKPETHUM
ocama (KJIacHYHO CIperHyTe npeHocHuke). [IpegHOCTH miaHeTapHUX MPEHOCHMKA Y OJHOCY HA
NPEHOCHUKE Ca HEIIOKPETHIM F€OMETPHU]CKUM OcaMma Cy:
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11. INTAHETAPHU IPEHOCHULIU (MEXAHU3MH)

— paBHOMEpHH]ja pacnofena ontepehema no 3ynuuma,

— MoryhHOCT npeHouiewa Beher 0OpTHOT MOMEHTA,

— MoryhHoCT Beher npeHOCHOT OffHOCa 3a UCTH OpOj 3yMYaHuka,

— jefaH Te WCTU IUIaHETApHU MPEHOCHUK MOXe OMTH PEeAyKTOp, MYJITHIUIMKATOP WIH

KJIACUYHO CIPETHYTH NPEHOCHHUK,

— Mame rabapuTHe JUMeH3Mje i KOMIIaKTHUja KOHCTPYKIKja UT.

OcHOBHA TIPEHOCT IUIAaHETAPHUX NPEHOCHUKA j€ Y TOMe LITO oMoryhasajy Behu crenen
crpe3aba (Bulle 3ybana y cipesu) jep Mory umatu Behu 6poj catenura, iBa, Tpu u Buiie (ci. 11.5),
a Ja ce y KMHEMAaTHUYKOM CMHCIYy HHIITA He Mewa. Behu cremen cnpeszawa omoryhasa
pPaBHOMEPHH]Y pacnofiely ontepehema u MOryhHoCT peHolemha Behux 0OpTHUX MOMEHaTa.

Hocau 4 Hocu Bunie carenura 3, 3’, 3”,... u Bullie, 3aBUCHO Off OOPTHOT MOMEHTa Koju Tpeba fia
ce npeHocu. Ha Taj HauuH onTepehewe ce MpeHOCH Ha BHlle 3y0ana KOju Cy MCTOBPEMEHO Y
cipesu, Te OOpTHU MOMEHTH ¥ ontepehema Mory 6uTu Beha.

@3

p— !
L3
syl P
2
AZAA LLL | LLL
777 777 777'A
—3'

Ca. 11.5: [1naneiiapHu iipeHOCHUYU ca 8UULe CATUEAUTIA HA JeOHOM HOCAy

11.4. I'eomeTpujcku ycaoBH (PyHKIHOHHCAMA

Jla 61 naHeTapHU MeXaHU3MM (PYHKIMOHKUCAIN Tpeba Jla ce UCIYHE pa3NuyuTH T€OMETPHUjCKH
YCJIOBH, 3aBUCHO Off CTPYKType MeXaHu3Ma. AHanu3upahe ce ycinoBu (QYHKIMOHHCAHA
eMAIUKIMYHOT IUIAaHETaPHOT IIPEHOCHNKA ca TPY 3yITuaHuKa catenuta (ci. 11.6).

[TpBu ycnoB pyHKIMOHKCAKA ITTAHETAPHOT IPEHOCHNKA j€ Y3ajaMHa 3aBUCHOCT TOJYIPEYHUKA
CIPETHYTHX 3yIYaHuKa:

R1=R2+2R3. s (11.1)

W3 oBor ycroBa ciefi 3aK/by4aKk, fia y3ay>kKHe Oce BpaThIia IEHTPAHOT CYHYaHOT 3yITYaHuKa 1
BpaTUIa HOCava caTeJIMTa, OKO Kojer ce Hocau oophe, Tpeda fja cy caocHe (j1a ce MoKJanajy).

Mopynu "m" cBUX CIperHyTUX 3ymyaHWKa Cy MCTH: M1 =My =mg3. V3 ogHOCa f1a je cpefwu
NPEYHUK 3yMYaHWKa jeJHaK MPOM3BOAY Mopylda u Opoja 3ybama (D=m-z) gobuja ce ycmoB
YAaJbeHOCTH 0ca BpaTuia (yCIOB KOAKCUjaTHOCTH] ) WK fia je 6poj 3ybana carenura (3) jefHax:

3yMuaHuI| CaTeNUTH Cy UCTHX BEJMYMHA, & HUXOB OpOj 3aBUCH Off OOPTHOI MOMEHTa KOju
Tpeba fa ce npenocu. bpoj caremura (3, 3', 3”,...) je orpanuyeH u gobuWja ce W3 ycioBa ja je

pacrojame u3Mehy oca CyceiHUX caTesuTa jelHaKO:
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11. INTAHETAPHU IPEHOCHULIU (MEXAHU3MH)

BB' > 2-Rg HIH 2BE >D3. ooooooooevveeeecesseesesesseosssesssssessssssssssssssessssnnenns (11.3)

Ako ycBojuMO fja cy catenuTd 3 ¥ 3’ CUMETPUYHO pacnopebeH:u y OfHOCY Ha oOcy
(BB'=BE +EB'=2-BE ), Taia ce u3 npaBoyruor Tpoyria AEB no6wuja:

BE=AB-sin==(R, +R3)-sin 2n =Mz, +23)-sin . Yrao o onpebyie ce 13 ycrosa na je
2 2-ng 2 ng
2n . .
o=— ,IfAeje ng - Opoj caTenura.
ns

AKO ce YCBOJH Jia Cy 3yNYaHHIM HEKOPUI'OBAHHU, KOJI KOJUX je BUCHHA TEMEHOT Jiena 3ymia
jelHaKa MOJyJy 3yITYaHUKA, IPEYHUK caTenuTa 3 je[HaK je:

D3=2-R3=mM-23+2-M=M(Z3+2). occcermmmmmmrrrrrrrrrrrsssrrrrrrssrrrssssnrrens (11.4)

Ha ocHOBy npeTxofHux jefiHaunHa joouja ce:

(zo +23)-sin% > (Z342). s (11.5)

YcnoB pedunucan jenHaumHoM (11.5) Ha3mBa ce ycIOBOM yAa/beHOCTH BpaTHIA CYCEIHUX
caTelnTa.

Ca. 11.6: Ycaos 6poja caitieauitia

[la Ou carenut 3 61O NCTOBPEMEHO CITPETHYT ca 3ymyaHuuuma 1 u 2, Mopa OUTH UCIIYHEH YCIOB
na cy nyxune aykoBa CD u FG onpebene jeqnaunnama:

t-zo

CD = s FG=E .......................................................................... (11.6)
T7ie je: t - Kopak 3yImYaHuKa Mo JyKY.

N3 36upa nykosa CD + FG no6uja ce jeqHaunna: CD + FG = tni + tni yujuM cpebuBamemM
ce 1o01ja yclioB MOHTaXe: ° >

%: TEO OPOJ.  cereeerrererrimeteretsesetsesetsesetsese st sesetsese st sese st esessesesesnes (11.7)

11.5. KnunemaTnuku napaMeTpH NJIaHETAPHUX NPEHOCHUKA

3a ofpebuBame OOMMHUX U YraOHUX Op3MHA WIAHOBA IUTAHETAPHUX MPEHOCHUKA ¥ MPEHOCHOT

OJHOCa I/I3Meby BUX, KOPUCTE CC PA3ININTE I‘pa(l)oaHaJII/ITI/I‘{KC " aHAJIUTUYIKE MCTOJIC:
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11. INTAHETAPHU IPEHOCHULIU (MEXAHU3MH)

— MeTojja TIaHa OOMMHUX U yraoHuX Op3uHa (rpacoaHaTuTHIKA METONIA),

— MeToja yraoHux Op3uHa (aHAIUTHYKA),

— MeTofa 3aycTaBibama (BumicoBa ananmutiyka MeTO/Ia) UTH.

Koja he ce MeTopia KOPUCTUTH 3aBUCH Off IUIAHETAPHOI MEXaHM3Ma, OCTABJbEHOT 3aaTKa 1
KEIbeHE TAUHOCTH.

11.6. MeTopa niiana 0GMMHHX M YTAOHHX OpP3UHA

Meropja nuaHa OOMMHUX M YraoHMX Op3WHA CaCTOju Ce€ Yy LpTamy BEJIONUAA WIAHOBA
IJIaHETAapHOT MpeHOCcHUKa. Benounuaa mpencTaBba NUHU]Y Koja chaja BpXoBe Op3WHA Tavyaka Ha
ucToM uiany. [lobuja ce cnajaweM BpXoBa Op3uHA JIB€ TauKe WM jeJHEe Tayke U TPEHYTHOT Moja
obprama. TpeHyTHH O 00pTamka je Tauka Koja Mupyje (Op3uHa TPEHYTHOT MOJIa je jelHaKa HYJIH)
OKO KOje ce Y TOM MoJiokKajy oOphy ocrane Tauke Ha uiaHy. OBa MeTOfja ce KOPUCTH 3a CBE
NPEHOCHUKE: CA HETOMIUYHUM U IOMUYHUM T€OMETPUjCKUM Ocama.

IIpeHocHUIH ca HEMOMUYHAM reOMeTPHjCKIM 0caMa (KJaCHYHO CPerHyTH)

OpnpebuBakba KMHEMATHUKHMX TapaMeTapa METONOM IlJlaHa OOMMHHMX ¥ YraoHUX Op3uHa
nokasahe ce Ha KIIAaCHYHO CIPerHyTHM npeHocHunmMa (ci. 11.7). Tpu uunusapuyHa 3ymyaHuka 2, 3
1 4 ca cnoballlkbiM 3yMYambeM Cy PEIHO CIPErHyTH U oOphy ce OKO CBOJUX HENMOKPETHHX
reometpujckux oca A, C u E. IToroncku npeHocHuk je 3ymuanuk 2. Heka je mo3naTta reomerpuja
IPEHOCHUKA 1 yraoHa Gp3uHa MoroHcKor 3ymyannka 2 (Ro =0,08m, R3 =0135m, R4 =0,100m,
wp =10s71).

[TpBo ce HalpTa KMHEMaTHYKa LIieMa IIpeMa yCBOjeHoj pasmepH, Hiop. U| = (1)(1:—:11
Hanpra ce nunuja cnpe3awa AF, 300r IpernefHoCcTy ca jeHe WM Apyre cTpaHe KMHEMaTHuKe
nieme. OBa JMHHUja Cripe3aa NpefcTaBba JMHH]Y TIJIaHa OOMMHUX Op3KHA U HA KO Ce MpeHecy U
o3Haue KueMaTuuke Tauke A, B, C, D, E u F ca kunemarnuke meme (ci. 11.7).

Oppenu ce obumHa Op3uMHA Tauke B Ha NMOTrOHCKOM 3yMUYaHUKY 2, Jep jeé HEroBO KpeTame

3ajaTo: vg =AB-wy =0,08-10=0,8m/s. Osa Op3uHa je ympaBHa Ha pagujyc oOprama AB y

. Im/s — .
cMepy 2. YcBOju ce pa3mepa 3a Op3uHy U, = U HaupTa ayx Bb, xoja y pa3mepu

NpefCTaBiba OP3UHY Vg :

— Im/s
vp =Bb-U, =16cm-
( B \% 2cm

=0,8m/s).

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. [Tpopyxu ce nunuja bC u Ha H0j fobuja favka d, jep ce
tauka D Hama3wm Ha 3ymuaHWKy 3 W Tako mobuja Bemomma 3ymyanuka 3 (mox yriuom 3). Ha uctu
Ha4uH ce o0uja BeJIoNnuia 3ynyannka 4, cnajameM Tauke d (jep Tauka D npunaja u 3ymuanuky 4) u
E (jep je E Tpenyrau noxn 3ymuannka 4) . bp3une tpenytHux nonosa A, Cu E cy jeqnake Hymm.

MHoxemeM pa3Mepe 3a 00MMHe Op3KHE U ofiroBapajyhux ofcedaka fo0Oujajy ce MHTEH3UTETU
0OMMHUX Op3MHa:

vp =Dd-Uy, =08m/s, vg =Ff-U, =08m/s. Cmep obumne Gp3une tauke F je ncru, a
tauke D cynporan off cMepa oOuMHe Op3uHe Tauke B.
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KunemaTtnuka 1iema ITnan obuMHKUX Op3KHa
MPEHOCHIKA FVF

f
A ¥
E

JIUHHja TTaHa
d D " OGIMHNX Op3iHa
D

Bl

VB b

oo

A JUHUja [1aHa
VraoHux Op3nHa
3 0 4 2

TInaun yraonux 6p3una

Ca. 11.7: [1nan oOUMHUX U yZAOHUX OP3UHA 3YTHAHUKA CA
HEUOKPEUIHUM 2eOMeIUPUJCKUM OCama

IInan yraonux 6p3una 1o0Kja ce pTambeM 100ujeHux Beaouua. Ha mpon3BosbHOM pacrojamy
Hal[pTa ce JMHUja [JIaHa YraoHUX Op3MHA Koja je yIpaBHA Ha JIMHU]Y [UIaHa oOuMHuX Op3uHa. Of
tTauke P Koja je Ha mpou3Bo/bHOM pacrojamy H off nuHuje minaHa yraoHux Op3uHa HaupTajy ce
noOujeHe BeJoLuye Moy YIIoBrMa o, 3 1 y.

I'me Benomupa mop yrioMm oo ceue JIMHM]Y IUIaHa YraoHuX Op3uHa foOuja ce Tayka 2, jep
npefcTaBiba BEJOLUY 3yTUaHuKa 2, 3aTO IITO Cy Ha Koj Tauke A u B. Benouuna nox yrinom 3 ceue
NUHEjyY y TAaUKH 3, a 10j yriaoM y y Tauku 4. Tysxu 02, 03 1 04 moMHOXeHe ca pasmepoM U, aajy
oxiroBapajyhe yraoHne Op3mHe NCTOMMEHHX 3yIMUaHHKa (2, ®3 U o4 ). Pasmepa U 3aBucu of
NPETXOHUX pa3Mepa U pacrojama H, a goOuja ce U3 BpegHOCTH yria o mocMarpajyhu miax
0OMMHUX U I1aH yraoHux Op3uHa. M3 nnana o6umHuX Op3uHa crefu Aa je:

VB
Bb U vg-U U .
tgoc:_Bb ——v B "L :coz-—L. N3 mnnanma yraowux Op3uHa caegu fAa  Je:
ABer AB  AB-Uy Uy
UL

=02-U,,, Te mpousuiasu ia je pazmepa 3a

02=H-tgo.=H- w9 -ﬁ,aonaBneje wy =02 Uy
yraone Op3use U, jefHaKa:
Uy

Ugp = OO 11.8
TR (118)
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1m/s .
3a matm npumep (cm.11.7) pasmepa 3a yraone Op3umme je:U, = 2crr(1) T = 125 , Te je
1,4cm.1’ 0,28cm
cm

_ 1571
®2=03-U, =165¢m-
3 ® 0.28¢cm

~589s 1 1 04 =04-U, =8,00s7L.

Ha ocHOBY no3HaTHX yraoHuX Op3uHa MOTY C€ OfPEIUTH IPEHOCHU OHOCH 1", T€ je:
is 4 :ﬂzzz 2,7¢cm _125 u i23:ﬂ: 032 2,7cm _
" w4 04 215cm ~ w3 -03 -165cm

Ojiceuak 03 je HEraTMBHOT TPEN3HAKA jep je Ha CYMpOTHO] CTpaH’ off oficedka 02 , Te je cMep
oOpTama 3ynmuaHuKa 3 cympoTaH off cMepa o0pTamba 3yrmyaHuka 2.

IInanerapan npenocHUIH

Hcra oBa MeTopa iiaHa Op3uHa M yraoHUX Op31MHA OKa3aHa Ha 3y[MYaHUIMMa Ca HEOKPETHAM
reOMETPHjCKUM OcaMa MOXKe ce NPUMEHUTHU M 3a IJIaHeTapHe mpeHocHuke. [Toctymak je gat Ha
eNULUKIMYHOM CJIOXEHOM IUIAHETApPHOM IIPEHOCHUKY Ca JeJHMM CTENEeHOM Clo0ofe KpeTamwa
(cn.11.8). CreneH cnobogie KpeTama 1o jegHaunnu YeOuiera je:

SSK=3(n-1)-2-P -P> =3(5-1)-2-4-3=1, rae je n=5(6; 2; 34; 57; 8),
PL=4(12;51;75;81) u Pp=3(2346;7,8). YUnanoBu 1 u 6 pauyHajy ce Kao jefaH 4iaH
(nemokpeTHH cy), Kao u 3,4 1 5, 7 jep cy Ha ICTOM BpaTHITy.

. . 01m
Heka je reomeTpuja npeHOCHMKa 3afarta pasmepoM U| = Tom

, @ TIOTOHCKHM 4J1aH 2 oOphe ce

CTaJIHOM YraoHOM Op3MHOM 7 =10 sL. Carenurn cy 3ynuaHuiy 3 u 4 Koje HOCM Hocad 3.
Catenur 3 "Tpun" oKo 3ynyanuka 2, a catenut 4 "Tpuu" yHyTap 3ynyaHuka 6.
Onpenn ce o6uMHa Gp3nHa Tauke B, mpema m3pasy vg =AB-wy =0,1.10=1,0m/s . [Tpapan

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 IMPOCTOPA 3a LpPTame. Y CBOjEHAa pa3Mmepa 3a

nprame Op3mHa je Uy, =13m/s? Te ofceyak Bb (3 cm) mpencTaBba OP3MHY Vg Y YCBOjEHO]
cm

pa3MepH.

Cnoje ce tauke b 1 A u Tako gobuja Benouupa 3ynyanuka 2. Tauka B ce Hamasu m Ha
3ynyaHuky 3 umja je oOuMMHa Op3uHa caja nosHaTa. [la Ou ce goOmia Benouufa 3ymyaHuka 3
notpeOHa je Op3uHa joll jefIHe TaUuKe HA TOM 3YTYaHUKY WK KEeroB TpeHyTHH noi. Ha 3ymuanuky 3
ce Hasa3u Tauka C, anu je 3a cajja, Helmo3HaTa bheHa Op3uHa. 3ynuaHuiy 3 v 4 cy Ha UCTOM 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 Benonupaa catenuta 3 u 4. Ha Benomupu bD je
Tayka 'c" Koja IpejcTaBiba BpaTuio 3ynuanuka 3 u 4 u Bpx Hocaua 5. CrnajambeM Tauke "¢’ ca A
(oxo Koje ce oOphe HOcau 5) umja je Op3WHA jegHAKa HymH, MoOHMja ce Bemomupa Hocaya S |
3ymyaHuka 7, jep cy Ha ucrom Bpatuny. Ha Benmonupum Ac Hanmasu ce tauka "e" Koja ofpebyje
obumHy Op3uHy Tauke E koja ce Hanas3u Ha 3ynmuanuky 7 u 8. CrajambeM Tauke € U TPEeHYTHOT MoJa,

n..n

tauke F, fobuja ce Benonua 3ynyanuka 8 u Tauka "g" Ha 1oj.
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MuoxemeM ofropapajyhux ojcedaka ca pa3mepoM 3a Op3uHe, A00Mjajy ce BpPEIHOCTH
OoOMMHMX Op3MHA Ha3HAYEHMX Tavaka (vcza'UV:0,383m/s, Vg =Ee-Uy, =0,216m/s,
vg =Gg-Uy, =0,216 m/s).

[Tnan yraonux Op3uHa LpTa ce of Tauke P koja ce ycBOju Ha MpOM3BOBHOM pacTojamby H
(H=1,7 cm) op nmuuje yraonmx Op3mHa W3 Koje ce LpTajy pobujeHe Benmoumpe. Opcedrm
IIOMHOXEHU ca pamepoMm U, mpefcraBmbajy yraoHe Op3uHe. Pa3mepa 3a yraone Op3uHe je:

Im/s L
U 3 S
Uy=—2HY =_2CM _ , T€ CY yraoHe Op3uHe:
® H-U_ ;5. 0lm 05icm ¥y P
" 1cm
w2 =wg =03-U, =—215¢cm- 157 — 4215571 s =®7 =05-U, =1470s 1 n
3 4 ® ’ 051cm ) ) 5 7 = >

wg =08-Ug, =-11965"".
[IpeHocHu opfHOC Off y7a3HOT MOTOHCKOT 3yMYaHUKA 2 IO M3JIA3HOT TOHBEHOT 8§ jeflHaK je:

g2 02 50 g4
287 g 08 06
G T g G
_ 8~
o] =L AN
4 77
c C c
3
B B +F E e
+4 = 6 » B b
. A
D7774 777400 = A
4 777 — | A
®) >
34 g8 lo 57 2
H
L

Ca. 11.8: Meitiooa iinana 0OUMHUX U YZA0OHUX OPIUHA HAAHEIAPHO?Z PeHOCHUKA

11.7. MeTopa yraonnx 0p3uHa (aHATATHYKA METOA)

MeTona yraonnx Gp3uHa 3acHUBA Ce HAa AHATUTHYKOM U3pa3y 3a MPEHOCH! OfJHOC TUIAaHETAPHUX
MPEHOCHUKA KOjH je 1ao eHrieckn Hayunnk Bumuc (Villis):
Op —® Op  Op—0
:n p—™n p p_™n
iz = WM — =, (11.9)

Wz = On 0w, ®z7On
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r7ie je: iB,z - IPEHOCHN OJJHOC Off IIPEJiIbEr [I0 3ajjiber 3yMYaHHKa PEIaTHBHO IPEMa HOCAdy, p -
yraoHa Op3MHa Ipefiber 3yMYaHMKa IMPeMa HEMOKPETHO] OCH, ®z- yraoHa Op3WHa 3aJtber

3ymyaHanka IpeMa HEeMOKPETHOj OCH, ®p - YraoHa Op3MHa HOcaya MpeMa HEMOKPETHO] OCH, oaB -

yraoHa Gp3uMHa MpEMH-Er 3yMYaHMKa PeNaTHBHO IpeMa HOCauy M oy - yraoHa Op3HHA 3aiHer
3yM4yaHUKa peJaTUBHO peMa Hocayy.

Koju je 3ymuaHuk mpenmwn, a KOju 3abi Y HEKOM IUIaHETApPHOM IPEHOCHUKY, CBEjEMIHO je,
yCBaja ce, ILITO He YTHYE Ha PeLIeHE 3a1aTKa.

Jepnaumna (11.9) oGyxBara 3ymuanuke y cnpesn m3meby kojux je Hocau. Kopucru ce 3a cBe
IJIaHEeTapHe NMPEHOCHUKE: eNUIUKIINYHE, U epeHIijaTHe, jeTHOCTaBHE 1 CIIOXKEHE.

3a maHeTapHU NPEHOCHHUK ca cauke 11.8 Moxe ce yCBOJUTH Jia je MpebU 3yMYaHuK 2, a 3311
6 unu oOpHYTO TE je:

(5 6 = 2T e e e (11.10)

W3 oBe jeHaunHE MOXKE CE OJPEANTH M5, KAO jeINHA HETIO3HAT MapaMeTap, ako ce IIPETXOAHO
ofpenu ig’B,jepje wg =0.

[IpenocHn ogHOC ig’e jé penaTMBHU NMPEHOCHN OfHOC m3Meby 3ymuanuka 2 u 6 y OgHOCY Ha
HOCay 5 1 OH je UCTH OMJIO Aia ce Hocad S Kpehe iy Mupyje ce OfipeAuTH o5, Kao JeMHN HENO3HAT
napameTap, ako ce IPETXOIHO Ofipe/u ig 6-Jepje wg =0.

Onpebyje ce Ha Taj HAYKMH WITO ce 3aMHUCIHA Aa HOCAY MHpYje, a 1a ce HEMOKPEeTHH 3YMYaHNK
kpehe. Kana Hocay 5 ycnoBHo mupyje 3ynmuanuny 2, 3, 4 u 6 cy KJIaCUYHO CIPErHYTH, OJHOCHO
3ynmyanuiy 3 u 4 Hucy Buile catenutu. HemokpeTHu 3ynmuanuk 6 ce yclnoBHO Kpehe, Te je IpeHOCHH
OJTHOC je[THAK:

R3 Rg _ 0150 0,35

.5 . . . .
i5.=ioq-ipyg=—-"-"53-—2=—""""-.""=_5833. U3 jequaunne (11.10) cnenu na je
26123146 =" R, = 010 0,09 jen (11.10) coepy pa |

05 = ®2 _ 10 =1,463 s Homro Cy HOCay 5 ¥ 3yIYaHuK 7 Ha NICTOM BpaTUILy, UMajy
1-i3, 1-(-5839
ICTY yraoHy Op3uHY, T€ je »7 = w5 =1,463 s7L, 3ymuanuiy 7 1 8 ¢y KIacUYHO CIIPETHYTH T€ je:
i78 = Z—; = —E—j , OlaKJie ce 1obuja yraoHa Op3uHa 3ynyaHuka 8:
‘R . -
wg =-— w7R f = 1'4%3170'14 =-1,204s~}. Heratnsan Ipe3HaK yraoHe Op3yHe 3ylIyaHuka 8
8 b}

3Hauy Jia ce OH 0Ophe y CyipOTHOM CMepy Of IOTOHCKOT 3yIYaHuKa 2 Yuju je CMep YCBOjeH 3a
TO3UTHBAH.

Ila 6u ce ofgpenuia yraona 6p3uHa cartenura 3 u 4 nocrapu ce jegHaunta (11.10) 3a 3ymuanuke
2,3 v Hocaya 5 wiu 3a 3ynmuanuke 4, 6 1 Hocaya 5, Te je:

5 _ @205
23~ o3 —wg

PenaTtuBan npeHocHu ofgHoc u3Meby 3ynyanuka 2 u 3 je:
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11. INTAHETAPHU IPEHOCHULIU (MEXAHU3MH)

ig 3 _®2__Rs__0150_ -15, Te ce u3 jegHaunHe (11.11) mobuja w3 Kao jenMHM HEMO3HATH
J ®3 Ro 0,100

®2 +‘°5(ig 3 ‘1)

i5
2,3

napaMmeTap : ®3 = =—4,228 s,

. — 02 10
YKYHHH NPEHOCHU OTHOC JETHAK J€: 19 g=—-=

' og —1.204
Paznuka BpemHOCTH MOOMjeHHX TpapMuKOM M AHATMTHYKOM METO[IOM je Hacrama 300r

HE0BOJbHE MPEIU3HOCTH IPTamba, KA0 OCHOBHOT HEJOCTaTKa IpadhOaHANUTHIKE METOIE.

=-8,30.

3aparak 11.3: 3a enuukiInyH wiaHeTapau npeHocHuk (ci. 11.1 u cin. 11.9) ogpeauTn yraony
Op3uHy caTenuTa 2 aKo Cy IaTi NOflall: m3 = 105_1, R1=02muRo=01m.

. . . 01—
Ha ocHoBy jemnaunne (11.19) mpenocHu opHOC je: |§’2 e S M3paXeHo INPeKo
' w2 — 03
. 3 —-Ro 0,1 .
TEOMETPHJCKHX IapaMerapa: iy, =R, "0z -0,5. Yraona Op3uHa 3ynuaHuka 1 je Hyja, Te
d 1 ,

jer w2 =m3|1- Si =10(1— %} =305 Kop oBor nnanetapHOr IpeHOCHUKA yraoHa Op3uHa
] ]
12

caTenuTa ® je yBek Beha o 6p3uHe HOcaya w3, a MCTHX cy cMeposa. lITo je 3ymuanuk 2 Mamwu,
TO je Op3uHa ® 2 Beha.

I'pacduuxo peiewme oBOr 3aaTKa MprUKa3aHo je Ha ci1. 11.9.
01m _1m/s

YcBojene pasmepe cy: Uy =——,
) p pecy- i lcm v 0,5cm

. O6umHa Op3uHa Tauke B Ha HOcauy 3 je:

vpg =(R1+R2)'0)3=3m/8.

IOyx Bb npencraBmba oOMMHY OGp3uHY
> Tayke B Ha HOcauy 3 m Ha BpaTuiy carenura 2.

TpenyTHu mon carenurta 2 je Tauka C umja je
b Op3uHa jeqHaka Hyau. Cnajamem Tayaka C u b
nobuja ce BeJoUUa caTeauTa 2 U Ha O] Tauka
d. Yraona 6p3una catenuTta 2 je:

®y =02-Ug, =29,50s 71, e je
Uy 1571
Ug = = .
H-U_ 0,095cm
3 2
H Ca. 11.9: I'pagoananuiuuuko oopehusarse
Op3una (3aoaitiak 11.3)
¥
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11. INTAHETAPHU IPEHOCHULIU (MEXAHU3MH)

aparak 11.4: 3a jaudepenumjanau mnaneTapiu npeHocHuk (ci. 11.10) ompemut yraony
Op3uHy caTenuTa 3 (TOMBEHOT PAJHOT WIaHA) aKo je: w4 = iZOS_l, ®? :105_1, (o2 je Mame of
co4), Ro=02mu R3=01m.

o - . R . .
[IpenocHu ofHOC je: |‘21,3 02704 |‘21’3 = —R—3. W3 oBe e jenHaumHe foOuja ce u3pas 3a

3 — 04 2
yraoHy Op3uHy caTesura 3:
W — 04 (1 + ?j
2
03 = § ettt 11.12
3 “Rs (11.12)
R2

Teje 34 Wg = 20 S_l, 03/ m4=20 = 40 S_:L ,;a3a 0y = -20 S_l je 03/ md=—20 = -80 S_1

3Hauuy, f1a 3a HaTpe[ 3ajjaTe NoAaTKe, Kafa ce Hocad 4 oOphe y cynpoTHOM cMepy Off 3ylTYaHuKa
2, carenut 3 he OuTu ABa MyTa OP>KU HETO y CAyYajy Kaja Cy Hocay 4 U 3ymyaHuK 2 UCTHX CMEpOBa
oOpTama. ¥ o0a ciyyaja yraone Op3uHe caTenanTa 3 1 Hocaya 4 cy UCTHX CMEpOBa.

Ca. 11.10: Y3ajamna 3asucrocii yzaornux 6p3una
(3aoaiviax 11.4u 11.5)

3aparak 11.5: 3a nperxopnu 3agarak (ci. 11.10) ogpeautn yraony 6p3uHy carenura 3 ako je
04 = +20s71, 0 = 40s7L, (oo jeBeheog wa), Rp=02mu R3=01m.

U3 jepnaunne (11.12) mobuja ce na je 3a wg =20 s7L, 03 =-20 s!, a3 04 =-20 st je
®3 =—140s" . 3Hauu fja ce y MPBOM Cly4ajy Kaja cy CMEpOBU 3ylYaHMKA 2 M HOcaya 4 WCTH,
yraoHa Op3uMHa caTejuTa 3 je CYIpOTHOI cMepa M cefaM IlyTa Mamba Hero IpH pasiuyuTHM
CMEpOBMMA 3yIYaHUKA 2 ¥ HOcaya 4.

Ha ocHoBy 3afataka 11.4 u 11.5 3a jegHOocTaBaH MaHeTapHu u(epEeHINjaTHl MPEHOCHUK ca
Tpu nokpeTHa wiawa (cn. 11.10) mory ce u3Bectu ciepehu 3akmbyunu:

— IIpomeHOM cMepa UM BPEIHOCTH YraoHMX Op3uHa HOcaya 4 M LEHTPANHOr 3yMyaHWKa 2
IOCTIKY CE€ BpPJO pa3iMyuTe yraoHe Op3umHe caTenuTa 3, 0e3 NpOMEHe TeOMETPH]jCKUX
BpenHocTd (R =0,2mu Rz =0,1m ) (Tab. 11.1).

— 3a ucty BpeHOCT yraone Op3uMHE HOcaya 4, a CympoTHOT cMepa, caTeuT 3 he Outu Ba myrta
Opsku (KomoHe 1 1 2) wid y APYroM cirydajy 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 KPY>KHUIM (KOJIoHa S 1 8).

— Ako ce ykoun Hocay 4 (w4 =0), IPEHOCHUK TIpecTaje OWTH IUTaHETapHW, Beh KIACHYHO
CIIPETHYTH MPEHOCHWK (KOJIOHA 7).

148



11. INIAHETAPHU IPEHOCHULIN (MEXAHU3MH)

Tabeaa 11.1: Bpeonocitiu y2aoHux Op3ura iaaueitiapHoz UpeHocHuxa ca ca. 11.22

Yraone Op3une Paznuuure BapujanTe MehycoOHUX BpeHOCTH Op31Ha 00pTamba
‘l1aHoBa 1 2 3 4 5 6 7 8
( _1) 10 10 40 40 30 30 10 10
02 \S
( _1) 20 -20 20 -20 20 -20 0 6,666
Wy \S
( _1) 40 -80 -20 -140 0 -160 -20 0
03 1S

W3 mperxopna mBa 3amatka 11.4 m 11.5 (cn.11.22) mory ce carsienaTu BeJmke MOTyhHOCTH 3a
no0Mjame pa3IMYUTIX BPEAHOCTH U OIHOCA Op3KHA, JEAHOT T€ UCTOT INIaHETAPHOT IIPEHOCHUKA.
aparak 11.6: 3a mnaHerapHu MexaHuzam ca ci. 11.23 patu cy OpojeBu 3ybama zq =50,
71-1 .
Zp=26 123 = 172 =12 . HemokperTas je 3yITuaHuK ca yHyTpallbuM 3ymiameM (1), a mokpeTtan

CYHYaHM 3ymyanuK (2). OgpenuTy yKynaH MpeHOCH! OJJHOC Y JIBa CIy4aja:

a) Kajia je MOTOHCKY WIAH CYHUaH! 3yIMYaHuK 2 ca wy =10 slu

b) Kajia je TOroHCKY unal Hocau 4 ca wy =10 s7L.

3a mnpBm ciyyaj moj a) yraoHa Op3uHa Hocaya 4 jobuja ce W3 penanyje

. - -z . _ .
|g' 1= D270 _~a_ -1923, opakie je wy4 = ®2_ _ 3,421s l, T€ J& YKyNaH NPEHOCHU OHOC
k) — -4

®? 10

KaJia je MOrOHCKY YJIaH CyHYaH! 3YIYaHNK, a TOBEHH HOCAY: ip 4 = —= = VT 2,923.
0g 3,

Ca. 11.11: Baoamax 11.6

. . . w2 —O® —Z . .
Y nmpyrom cnydajy mop b) u3 jenHaumne lgllzﬁzz—;z—lﬂﬂ nobuja ce pma je

Wy = mﬁ— i§,1)= 29,23 s_l, T€ je YKyIaH MPEeHOCHH OJHOC Kafla je IOTOHCKHU YJIaH HOCay, 2 TOHbEHN

CYHYaHU 3yMTYAHUK : ig 9 = L4 _ % =0,342.
®7 ,

W3 oor mpumepa ce mory u3Byhu cnepgehu 3akmbyuun: McTu miaHeTapHu MeXaHU3aM MOXKe
OWTH pEAyKTOp, CIyvaj TOA a) WIM MYJITHIUIMKATOp, cIydaj moj b); Y oba ciydaja cMepoBH
o0pTama N3Ma3HOT TOWBEHOT WIaHa Cy MCTH; Y CIydajy fia ce YKoud Hocad (4) mpeHocHuIm he ce
KpeTaTn Kao oOmyHO cmperHyTH (mpecrahe OuTH MIaHeTapHu), Te he MPEHOCHM OHOC OWUTH

ipg=—-L=-1923.
Z3
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11. INTAHETAPHU IPEHOCHULIU (MEXAHU3MH)

3Haun, 0Baj IIaHeTpanu npeHocHuk (ci. 11.11), ¢ Tum ga je HemokperaH 3ymuanuk (1), a
nokperaH (2) uma cnenehie MOryhHOCTH TpeHOCHOT offHOca: | < 1! i > 1.

3aparak 11.7: ['pauukoM U aHATUTUYKOM METOJOM Of[pEAUTH Op3UHE U NMPEHOCHE OJHOCE
CTIOXEHOT TuiaHeTapHor MexaHm3ma (ci. 11.12). latm nmopgamu cy: Ro =011m, R3=0,065m,
R4=008m, R5=0,09m, Rg=0,09m, R7 =0,05m, Rg=0,23m, Rg=0,08m u ) =10s7L,

I'padoananntuka meroga:
Oo6umna Op3uHa Tauke B je: vg =Ry -2 =0,11-10=11m/s. [Ipema ycBojeHO] pa3mepu 3a
Im/s
0,5cm
Ha nnany 6p3uHa cnoje ce Tauke A u b u fo6uja ce Benouuaa 3ynyanuka 2. Tauka B je u Tauka
Ha 3yMUYaHuKy 3, Te ce cnoju Tauka b ca C Koja je TpeHyTHH MO 3a 3ymyaHuke 3 u 4 (Ha HCTOM cy
BpaTHIy) U Tako fobuja Bejonupa 3ymuanuka 3 m 4. Ha oBoj Beiomuau je u Tauka € jep je To
Bpartuno 3ynuanuka 3 u 4. Cnajamem Tayaka e u A fo6uja ce senouupa Hocaua 10.
Tauka E je Ha BpaTmiy 3ymyanuka 6 u 7, crora ce croje Tauke € 1 D (TpeHyTHH 11oJ 3yImyaHnKa
6 n 7) u nobuja Besonwa 3ymyannka 6 u 7. Ha oBoj Bemomyu je Tauka f , jep je oBa Tauka Ha
symuanuky 6. CmajakbeM Tauke f ca A pmobmja ce Bejonuga 3ymyaHuka 9. MHoOxemeM
ofiroBapajyhux ojcedyaka ca pa3MepoM J00ujajy ce BPEAHOCTH OOUMHHMX Op3uHAa:

Vg =Ee-Uy =13m/su vp =Ff-U,, =3,8m/s.
[Inan yraonux 6p3uHa je HaPTaH Ha HAYKMH KaKo je Hanpef o0jaumbeno. Pa3mepa 3a yraone

oOumHe Op3uHe Uy, = HalupTa ce oOuMHa Op3uHa Tauke B.

Im/s
. . Uy , 0,5¢cm 1571
Op3uHe ofipeheHa je npema jeqHaunHu U, = nuusHoen: U = = .
H-U_ 01lm 0,04cm
08cm-——
lcm

MHoxemeM oroapajyhux oyceyaxa ca miaHa yraOHUX Op3uHa 100Hjajy ce UHTEH3UTETH:
®3=04=034-U, =655, og=w7=-067-U,=-106255s* 1 g =09-U, =188,755 .

o~ T3 P‘;) D]
7 c
10 1 B| b
- T8 +{c C] f
| Lo FH
774
A== 77 4]
77
1 5
j
6.7 ol 2 10 3.4 9
P

Ca. 11.12: Oopehusarve 6p3una caoreHo? laaneitiaproz? ipeHocHuka (3aoaitiax 11.7)

AHaJINTHYKa METOJA:

OBakoO CJIOXEeH IUIaHeTapHU TpeHOocHHK (cin. 11.12) Moxke ce pacwiaHWTH Ha BHIIE
jeMHOCTaBHUX IJIAaHETAPHUX IPYyIIa 32 KOje ce MOXe HAMUCATH je[HaYNHA 32 IPEHOCHU OIHOC Y KOjOj
he ¢urypucaru camo jeman HenosHaT mapamerap. To cy cnefnehe mnanerapue rpyme: 2, 3,4, 5 u
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Hocay 10; 3ymuanunm 7, 8 1 Hocau 10; 3ymuanunm 4, 5 u Hocau 10 uth. CBaka ninaHeTapHa rpyna

Tpeba ia MMa: LCHTPANHH 3yTYaHHK, 3yITYaHIK CaTeIIUT i HOCAY, a Jja Cy IIPH TOME Y CIIPE3H.
[IpBO ce KOPHCTH jefiHAYMHA 33 MPEHOCHH OJIHOC OHE IUIAHETApHE IPYIE Y KOjoj ce Hanasu
IIOTOHCKY 3ymyanuk 2 (Tpyna 2, 3,4, 5 m Hocau 10), Te je:

|120 =w,ona1<neje 00 = 10 jepje wg =0.
w5 — ™10 1- 2 5

[TpenocH OfHOC U3pakeH MPEKO AATUX MOJTYIPEUHNKA je[IHAK je:

ins _R3 Rs 0065009 6647 reje wgg=—22— =10 _2976572
R, R4 011 0,08 1_i1205 1-0,664

Kapa je no3narta yraona Op3uHa Hocada 10 MoxKe ce cafa KOPUCTUTH je[JHaYMHA 3a IIPEHOCHU
OJIHOC 3a ITaHETapHY IpyIy 3ynmuaHuka 7 1 8 ca HocaueM 10:

I]7-08 _ﬁ, oflakie je w7 =wmigl— i%?B) jep je wg =0. [IpeHOCHN OHOC U3paxKeH MPEKO

JlaTUX MOJTYNIPEYHUKA jeIHAK je:

0 _Re _023_ 46 ¢ ic wy=2076(L-46)=—1071365"1. Yraowa Gpsua catennta 6 je
78 "R,y 0,05

ICTa Kao 1 caTeNuTa 7 jep Cy Ha UICTOM BpaTHiy: wg = o7 = —107,136 s7L.
Capa ce MOXe KOpPUCTUTH jefIHAUMHA 32 IPEHOCHY OJJHOC 3a IJIaHETapHY TPpyIy 3ylmyaHuka 6 u 9

ca Hocauem 10: %09 = w, a TIPEHOCHM OffHOC HU3paKeH MpPeKOo MONyIpevyHnKa je
g — 10
R 0,0 .
%09 -9 __ 8 =-0,888, ogaxkue je:
Rg O 09

wg + wlo(i 6.0 —1)_ ~107,136 + 29,76(— 0,888 — 1)

10 a - 0,888
6 9

Yraona Op3uHa carenuTa 3 u 4 fobuja ce U3 MIIaHETapHe TpyIe 3ynyaHuka 4 u 5 u Hocaya 10
(umu 2, 3 u 10), Te je:

—18392257 1.

wg =

%05 - ﬁ, Oflakyie Cleid Aa je o4 = mlo(l— iﬁ%) jep je wg=0. C gpyre crpaHe OBaj
. R . -
IIPEHOCHH OJIHOC €: |}105 __Rs__009_ ~-1,125, Te je wg=29,76(1—(-1125))=6324s L

R4 008
Yraona Op3uHa carenmta 3 je ucra kKao M careiamta 4 jep Cy Ha MCTOM BpaTUIY:

w3 =04 =6324s571
11.8. IIpnmena nianeTapHuX NPEHOCHAKA Y TPAKTOPUMA

300r notpede fja ce MeXaHM30BaHO 00aBe CBE arpOTEXHUUKE Omepalyje Y MObOIPUBPENHO]

NPOU3BOJIH1, CABPEMEHE TPAHCMHUCH]E TpaKTopa Tpeba a omoryhe:

«  BeJMK Opoj cTeneHa npeHoca,

« uctu O6poj cTeneHa NpeHoca 3a KpeTame Halpes 1 Ha3af,

« KOHTHHYaJIHA IIPOMEHA CTETIeHa MPeHoca,

« IIPOMEHa CTeneHa npeHoca 6e3 mpekuya Toka cHare,

¢ ayTOMAaTH30BaH MPOIEC U3MEHE CTEeNeHa IPEHOCa,

« Maje rabapuTHe IUMEH3Mje UT].
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Jla Ou ce ucnyHWIM HaBEJleHW 3aXTEeBH, Y TPAHCMUCHjU TpakTopa Tpeba fma Oyay yrpabenu,
nopef ApYrux ¥ IIaHeTapHU IPEHOCHUIIU CHare.
[TnaneTapHu nmpeHOCHUIM cHare pebe ce KopucTe y TPaHCMUCHjU TpakTopa Kao TIJIaBHU
MEeHayKy IPEHOCHULH, Beh Kao JONYHCKM NPEHOCHULHM 3a:
« INIPOMEHY cMepa o0pTama,
o OJIBOJI CHare,
o NIPOMEHY BpeHOCTH Op3KHa 00pTama,
o IPOMEHY BpPEIHOCTU OOPTHUX MOMEHATA,
« yckiabuBamwe Op3uHa 00OpTama TOYKOBA TPAKTOpA IIPU CKPETamY,
o  yIpaBJbame KOJ TPAKTOpa IyCEeHUYapa uTH.
Y TpaHCMECHjU CaBpeMEHUX TpakTopa BeOMa Cy 3aCTyIUbEHM IJIaHETapHU NPEHOCHULH 300T
HU3a TIPEJHOCTH KOje CY Hallpej| U3HETe.

EnnuukIn4an niiaHeTapH| PEHOCHNK 32 3aBPLIHHA NOTOH TOYKOBA

AHanu3upaHu eNUIUKINYHY IJIaHeTapHU NMPEeHOCHUK ca cnuke 11.11 uma npumMeHy 3a morox
TOYKOBA TPAKTOpa 1 KOMOajHa.

[lenTpanHu cyHuaHM 3ym4yaHWK 2 j€ TOTOHCKM KOju fo0Mja MOTOH Off AucepeHIujanHor
IJTaHETApHOT IPEHOCHNKA 1 00phe ce yraoHoM 6p3uHOM ) (cir. 11.13). 3ymuanuk 2 je ciperHyT ca
BuIe catenura 3 (Hajuemrhe Tpu caTenuTa) Koje Hocu Hocay 4 u o0phe ce yraoHOM Op3UHOM 4.
Touak (t) oOphe ce mctom yraoHoM Gp3mHOM Kao W HOcad 4 jep je UBPCTO 3a Hera CIojeH

(o =0g).

[IpenocHu opHOC M3paXkeH MpPeKO yraoHux Op3uHa u OpojeBa 3ybama je: igl _02704 4
! W] — W4
. -73 Z z . ®
< I A § , OJIaKJIe je yraoHa Op3uHa Hocava 4 (Touka t): wy = 02
217 72, 2 z
2 3 2 1 2
+ =
Z2

i

Ca. 11.13: [1aaneitiapHu fipeHOCHUK 34 H0ZOH HI04YK08a WPAKIIOpa U KOMOajHA

JIndepennujannu niaHeTapHy NPEHOCHNK 32 3aBPILIHK NOTOH TOYKOBA TPAKTOPA

[Ipyra BapujaHTa IIaHETAPHOT PEHOCHNKA 32 IIOTOH TOYKOBA TPAKTOpPA (3aBPIIHA IPEHOC) je
macepeHImjatHn TIaHeTapau npeHocHuk (cim. 11.14), toe cy cBu 3ymuanuim mokpeTHu. OBaj
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IUIAaHETApHY IIPEHOCHUK MMa JIBa OTOHCKA 3ynmyanuka 3 u 2. Llenrpanuu 3ynmyanuk 3 nobuja norox
Ol MOTOpa MIPEKO TPAHCMHUCHje, a 3yMMYaHUK 2 Off XUAPOMOTOpPA. 3ymyaHuly 5 1 6 cy, 3a1paBo jefjaH
MPCTEHACTH 3yITYAHUK ca YHYTpalibuM (5) 1 crolbaiimium (6) 3ymyameM, Te ¢y UM yraoHe Op3uHe
ucre (g = 0g ).
[TpomeHoMm Gpoja 0OpTaja MOroHCKUX 3ymuaHuka 2 u 3 gobujajy ce BpJo pa3iuyuTu OpojeBu
o6pTaja Hocaua catenuta (7), OTHOCHO TOUKA TPAKTOPA.
@2

o AT
Xugpomoropa | 6

3
of et
MoTopa Bl T —
77

15
~1<€

Ca. 11.14: lupeperyujasru iinaneitiapru ilpeHOCHUK 3a i020H WOYK08A WpaKitiopa

®2 _ 76

YraoHa Op3uHa 3ynyaHuka 6 goOuja ce U3 MPEHOCHOT OfHOCA i g = —% =——>, OflaKJe je
T o Zp
__w2-73 6 7 6ui
0g = . Yraona 6p3uHa Hocauya catenmTa (7), OTHOCHO TOYKa TpakTopa AobHja ce u3
Zg

— z z .

IPEHOCHOT OffHOCAa 3a IulaHeTapHy rpymy 3, 4, S u 7: @5 =
) 05 — ®7 23 74

Mundepennujanau njianeTapHu NPEeHOCHNK 32 NIOTOH TOYKOBA TPAKTOPa

Hudepenuynjanuu naaHeTapHU NMPEHOCHUK 3a MOTOH TOYKOBA TPAaKTOpa U [PYrMX BO3WJIa
no6uja IOrOH Off KOHMYHOT 3yIMYaHUK 2 KOjU ce MOTOHM O MOTOpa, IpeKo Mewaya (ci. 11.15). Ca
KOHUYHMM 3YIYaHUKOM 2 CIIPETHYT j€ 3 KOjH j€ YBPCTO CIOjeH ca HOocaueM 8 KOji HOCH KOHMYHE
catenure 4 U 5 KOjU Tpye OKO LEHTPAJHUX 3ymyaHuka 6 m 7. 3ymyaHuuu 6 u 7 NMOroHe map
3ynuanuka 9, 10 u 11, 12. Ha Bpatuny 3ynuanuka 10 u 12 Hanase ce 3abu TOUYKOBU TPAKTOPA.

Huepennujanny niaHeTapHu NPEHOCHUK OMOryhaBa pas3iMyuTo OOpTame JEBOr U JAECHOT
touka Tpaktopa (10 u 12) mako ce TOUKOBH MOTOHE O KCTOT BpaTuia (2).

3agarak 11.8: 3a nudepHuujanHy maHeTapHu NPEHOCHUK 3a MOTOH TOYKOBA TPAKTOpa ca CIl.

11.27 oppeuTn yraose 6p3uHe TOUKOBA. JIaTH MOJAIN CY: o) =50s |, GpojeBn 3ybana 3ymyaHuKa
Zp=15,23=72.24=175,2 =27, 29=16, 219 =65, 211 =29 ¥ 712 =719.
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11. INTAHETAPHU IPEHOCHULIU (MEXAHU3MH)

W3 npeHOCHOTr OfiHOCA 3a KJIaCUYHO CHPErHyT KOHWYHH map 2, 3 gobuja ce yraoHa Op3uHa
3ym4yaHuka 3:

. 0} z . w9 -2 50-15 _ .
ip3=—2=23 cnemu ja je: mg="222->""2_1041s, Te je yraona Gp3uHA HOCAYA CATE]HTA
’ (03 22 23 72
-1
wg =03 =10,41s . OJl MOTOpa
> 3R
3
8
h ||| SIN
&gz 1~ 6- L&
0l W = 11
1|k
I
Ka JI€BOM 7 8 22 Ka TECHOM
TOUKY 5, l\ 3 7777 TOUKY
10 127]

Ca. 11.15: upepenyujastu iinaneitiapHu peHOCHUK 34 il020H 30 UX I04YK06A
ipaxitiopa (3aoaitak 11.8)
Hudepenuujanty MIaHeTapHU MPEHOCHUK je CIOXEeH U3 [IBe IUIaHeTapHe Tpyme: MNPBY
caunmanajy wiaHoBu 3, 8,5, 6 u 7, aapyry 3,8, 4, 6 u 7. Moxke ce KOPUCTUTHU jelHAUMHA 32
MPEHOCHHU OJIHOC 3 OUJIO KOjy IUIaHeTapHy rpyny, Hop. 3,8,5,6 u 7:

i - 268 PenatuBun npeHocHu opHoc u3meby 3ymuanmka 6 w7 je:
07" w7 -wg
. Zg z z . L
'2 7= ~55. 51 - ST — _1 . VI3 mpeTxofiHe jegHaunHe ce Jo0uja fa je:
' Z6 Z5 Zp
0)6+(D7=2-0)8=2-0)3. ........................................................................... (11.13)

3Hauu ja je 30up yraoHux Op3uHa 3ymuyaHuka 6 U 7 jeHaK JBOCTPYKO] BPEJHOCTH YraoHe
Op3uHe HOocaya 8, OTHOCHO KOHMYHOT 3ynmyaHuka 3. Bpennoctu yraonux O6p3uHa 3ynmyaHuka 6 u 7
kpehy ce ol MUHUMaJHe (Kajia je BpEAHOCT HyJa) 10 MaKCUMAJIHE BPEJHOCTH, T€ je:

0)620 10 0)622-0)3 n 0)722-0)3 o 0)720. .................................. (11.14)

3a gatu npumep (cn. 11.27) cnepn 12 je: og + w7 =2-0g =2- w3 =2-10,41=20,82 s_l, TE ce
IpH ogmin =0 100Hja ®7max =2+ ®3 = 20,8251, a IpH ®gmay =2 ®3 = 20,825+ noduja ce
®7min =0. BpenHoctu Gp3uHa 3ymyanuka 6 u 7 ce pacmopierbyjy y OKBUPY HUXOBOT 30Hpa M0
2-w3 =20,82 st , 3aBHCHO CaMO Off OTIIOpa KOTpJbamka.

OBaj MexaHm3am omoryhaBa fa ce JIEBU U JIECHU TOYKOBHM TpakTopa oOphy pa3nuyuTuM
OpojeBuma 00pTaja, ITO je cyyaj Kafga Tpaktop ckpehe y kpusunu. Kojum 6pojem obpraja he ce
oOpTaTu JeBU, a KOjUM J€CHH TOYKOBH 3aBUCH caMoO Ofi oTmopa. IIpu ckpeTamwy Tpakropa y
KPUBKHHU, OTIIOP KPETamwy YHYTpAIlmber TOUKa je Behy Off crolballlber, Te ce CPpa3sMEPHO OTIOPY
cropuje okpehe o crosballker 3ynyaHuka.

Hejennaxk je otnop o6pTamy TOUKOBA TPAKTOpA YakK U IPU KPETamwy MO MPABONUHU]CKOM MYTY
10 WUBHU, OPay U CI1., T€ C€ U TOYKOBU 00phy pa3auuuToM yraoHoM Op3uHOM. Y ciydajy Kaja cy
pa3iuKe 3HaTHE, OTEXAHO je YIIPaBbalbe TPAKTOPOM, TE CE Y TOM clly4ajy OJOKUpa IIaHeTapHU
nucepeHIjaT i IPEHOCHNUK, TaKO IITO ce YKouu Hocad 8. Kaja ce ykoun Hocad 8, 0Baj MEXaHU3aM
npecraje ga Oyjie MiIaHeTapHy U 3ymyaHuny 7 1 6 o6phy ce ucTum yraoHum Op3uHama.
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11. INIAHETAPHU IPEHOCHULIN (MEXAHU3MH)

Yraone Op3uHe 3ynmuanuka 9 u 7 cy ucre, Kao u 3ymyanuka 11 u 6 (Ha uCTUM Cy BpaTHIINMA).
bp3une 3ymuanuka 10 u 12 Ha yujum BpaTHIMMa ce Hajla3e TOYKOBH TpakTopa (ci. 11.15) mobujajy
ce U3 IIPEHOCHOT OHOCA:

©9 __z10__5

ig'lo =—= =—4,06,Teje w10 = o9 - Zg _ 20,82-16

=51257L,
010 Zg 16 210 65

BpenmHocTu yraonux 6p3uHa ToukoBa Tpakopa (3ymyanuka 10 u 12) cy y uctoM ofjHOCY Kao u
Op3uHe 3ymuaHuka 6 u 7, re je:
@10 + 012 =2 00max = 2-512=10,245

IInaneTapHu NPeHOCHHK 32 MOTOH NPUK/bYYHOT BPATHIIA TPAKTOPA

3a MoroH MpUKJbYYHOT BpaTHiIa TPAKTOPA KOPHCTH ce MIaHeTapHu MexaHu3aMm (ci. 11.16, a u
b), Koju ce cacToju W3 INHAPUIHOT 3yIMYaHUKA Ca YHYTPAIIHBUM 3yMuameM 9, yHyTap Kojer ce
kpehy Tpu carenuta 10, Koju "Tpye" OKO LEHTpaANHOI CYHYAHOr 3yl4yaHuka 12 yuje je BpaTUiIo
wynsbe. Carenure Hocu Hocay 11 ymje Bpatuno E mponasu Kpo3 mymbe BpaTuio 3ynyanuka 12 u
TIOTOHHM MPHUKIBYYHO BPATHIIO TPakTOpa. [10roHCKM MPEHOCHNK je 3ymyaHuk 9 Koju o6uja moroH of
CIIOjHUIIE MOTOpa MPEKO 3ymyaHuka (OBAe HHUCY NMPHKa3aHM) U cTanHo ce o6phe. Ha mpukibydyHO
BpaTmwio Tpaktopa E cmaja ce kKapgaHCKO BpaTHIIO KOje MOTOHH aKTUBHE PajiHE OpTaHe MPUKIbYYHEe
MallIiHe.

[Tpuksbyuno BpaTuio ce He okpehe craiaHo. YKibyuyje ce caMo Kajja uMa noTpeode jja ce moroHe
aKTHBHH pajiHM OpraHW IIPUKIbYYHE MammHe (Kocaumue, Oepaud HTHA.). 3a YKIbyuMBame
NPUKIBYYHOT BPaTHiIa TPAKTOpa KOPUCTH ce MONYXKHHI MEXaHM3aM KOjU Ce CacTOj! U3 WiaHoBa 2, 3,
4,5, 6,7,u 8.

Kapa ce pyunia 2 Hajmas3u y nosnoxajy Hanpep (ci. 16a) npeko mnoayra 3, 4, 5 u 6 mOTUCKYje ce
nonyra 8 Ha fiolie, Ipy yeMy 3ako4u Hocad 11, Tako fja ce npukiby4Ho Bpatuiio E He oOphe. Kapa je
HOocay 3aKoueH o0uja ce KIacuyHo cupesame 3ynyanuka 9 u 10 u 3ynmuyanuka 10 u 12, npu yemy ce

3ynmuaHuk 12 o6phe oko cBoje oce "ympas3Ho - mapa3uTcKu" He MOroHehy H jeflaH YllaH.
) Nows b)

9] 1
wg 12 ®]1
p7774 I P VA Bt
7777\ 7= ==
D A5 LE
A
Mo >0
PV uckmyueno PV ykibyueHo

Ca. 11.16: I1o20H lipuxkpyyHo? 8paitiuaa iUpaxKiiopa
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11. INTAHETAPHU IPEHOCHULIU (MEXAHU3MH)

Kapa ce pyunia 2 noByue Ha3aj (ci1. 16b) npeko cucTemMa nojiyra nojiske ce moayra 8 Ha rope,
a MOTHCKY]je MoJIyra 7 Ha JioJie IpK YeMy ce 3aK0uu 3ymuaHuk 12, a orkoun Hocay 11. Ha Taj HauuH
ce 100uja eNUIUKIMYHY IJIaHETAPHU NPEHOCHUK KOJI KOJer j€ HEMOKPeTaH LEHTPATHU 3yTYaHUK
12, a o6phe ce Hocau 11 3ajegno ca carenutima 10 1 06phe ce npuKIbYIHO BpaTUio TpakTopa E

IlnaneTapHu NPEHOCHNK 32 YNPaBbambe TPAKTOPA ryceHnYapa

TpakTopu ryceHmyapu, CIMYHO TPAKTOpPUMa TOYKAIIMMa, MMajy y TPAHCMUCHjU BHIIE
IUIAHETApHUX INpeHOCHUMKA. KyuHemaTWuyka IIeMa IUIAaHETapHOI IIPEHOCHHKA 3a YIpPaBbake
ryceHuiama ata je Ha ci. 11.17a akconomerpujcku usrien Ha ci. 11.18.

OBaj nnaHeTapHu NPEHOCHUK CacTOjU Ce U3 BHLIE IUIAHETAPHUX Ipyla U OMoryhasa KpeTame
TpaKToOpa ryceHU4apa IpaBo, CKPETake y JIEBY WK Y IECHY CTPaHy U 0OpTame OKO KHHEMAaTHYKOT
nenrtpa. Mima Ba noroncka 3yn4anuka 2 u 18. 3ynuanuk 2 [o0uja MOrOH IPEKO TPAHCMUCH]E Off
MOTOPA, a 3ym4aHuk 18 off xugpomoTopa.

Ilpu xperamy TpakTopa mpaBo o0a BpaTujia TOUKOBa Tpeba Aa UMajy UCTy Op3uHy OOpTama.
JleBn TouYak ce Hanas3W Ha BpaTWIy HOcaya 7, a IeCHM Ha BpaTwiy Hocava 13. [Ipu Tome ce ykoum
3ym4yaHuk 16, Te ce moroH fo0Ouja caMo Off KOHMYHOT Tapa MOTOHCKMX 3ymyaHuka 2 U 3 mpeko
cpeamwer Hocaua catenutra 9 koju Hocu cartenure 10. Carenutu 10 moroHe cpeimwyd CyHUaAHU
3ynyaHuk 11 v cpepimby 3yIYaHuK ca YHyTpalllbuM 3ynuameM 12. 3a 3ymyanuk 12 4BpcTo je cnojeH
JIeCHU HOcay caTeauTa 13 Ha KojeM ce Hajla3u BPaTHJIO AECHOT Touka TpakTopa. Cpefmy CyHuYaH!
3ynyaHuK 11 je Ha LEHTpaJHOM BpaTWiy 4 Ha KOJEM je JIEBM CyHYaHU 3yMYaHUK 5 KOjU IPEKO
carenuTa 6 IOrOHY JIEBH HOCay 7 Ha KOjeM je BpaTHJIO JIEBOT TOUKA.

Ol MOTOpA _
2
M. s b'l'o' B SRS
T 13 s
INA g L10
X | 3 x 1
|54 L = 4 gox T
fox r i3 o3 J — T~
JICBH TOYAK 114 14 JECHH TOUaK
+—17
ko
O XHIPOMOTOpa-=— |8

Ca. 11.17: Kunemaiiuuxa wiema UaaHeitiapHoz MEXAHU3MA 3a Yipasmbarbe Wipakiiopa 2yceHuyapa
2. Maau H0Z0HCKU KOHUYHU 3YHYAHUK (00 MOTIOpa), 3. 8eAUKU KOHUYHU 3YI4AHUK,
4. ueHitipaaHo 8paAliUNO, 5. N€6U CYHHUAHU 3YUHAHUK, 6. 1e6U caileauiil,

7. nesu Hocay caitieauinia, 8. HeOKPeliHU 3YIHYAHUK Ca YHYIUPAUbUM 3Yil4arsem, 9. cpeoru Hocay
caitieauiia, 10. cpeorwu caitieauitiu, 11. cpedrwu cyHuanu 3yianux, 12. cpeorwu yuAuHOpU4HU
3YUUAHUK ca YHYIUpauHUum 3yidarbem, 13. OecHu Hocay cailieauitia, 14. OecHu cyH4uaHu 3yiU4anux,
15. Oecnu caiieauitiu, 16. 3ylivaHux ca yHympawrbum 3yidarem, 17. 3yianux ca ciiomaurbum
3yituarvem, 18. iiozZoucku 3yiiuanuk (00 xuopomoiiopa)
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11. INIAHETAPHU IPEHOCHULIN (MEXAHU3MH)

Ca. 11.18: Akconomettipujcku uzzaeo aaueitlapHoz UpeHOCHUKA 3a Yilpasmarse paKiiopa
2ycenu4apa

®2

. *Zy . .
Yraona 6p3I/IHa KOHHMYHOT 3yIT4YaHHUKa (3) J€¢ o3 =—""". Hocau catenura 9 J€ UBPCTO CIIOJCH
Z3

ca 3ylmyaHukoM 3, Te je mg = m3. Ha ocHOBY jeiHaunHe 3a IPEHOCHU OfHOC U3Meby 3ynmuanuka 11 n

12 m3meby kojux je Hocau catenuta 9 fobuja ce jeliHa Off jeflHauUMHA 3a JOo0Mjabe YraoHuX Op3uHa
3ynuaHuka 12 m 11:

. - A

10 1) = LD S TELZ et (11.15)
' w12 — 09 211

Hpyra jenqHaunHa 3a foOujame 11 U 12 Jo0Mja ce U3 jeJHAYMHE 3a IUIAHETApHY TPYIy

ynaHoBa 13, 14, 15 u 16 koja rnacu:
T e
' w16 — ™3 214
WNmajyhu y Bupty f1a je @12 =13, @11 =014 1 g =0 HA OCHOBY IPETXOHE [IBE jEHAYMHE
(25 u 26) mobwujajy ce yraone Op3uHE 2 M 11 KO jeluHE HETIO3HATE BENMUYNHE. YTaoHa Op3uHa
JIECHOT TOYKa JeHaKa je yraoHoj Op3uHM fecHOr Hocauya 13, opgHOCHO 3ymyaHuka 12

((DI[eCHOF Touka — 013 =®12 )-

(11.16)

JleBu Tovak fo6Kja norox of 3ynuanuka 11 Koju ce Hana3y Ha HEHTPAJIHOM BpaTuny 4 Ha YujeM
ce Kpajy Halla3¥ JIeBM CyHYaHH 3yM4YaHUK 5. 3y[yaHuK 5 OrOHM JIeBe caTenuTe 6, a OHM JIeBU HOcay
7,jep je 3ynmuaHuK 8 HEMOKPETaH.

W3 jenHaunHe 3a IPEHOCHU OHOC INIaHETapHe Ipyne uiaHoBa S, 6, 7 u 8:

.7 05 —07 —Z2g
icg = = ) ereereseereesteesteretete et te et et ese s se et ene et ene s eteneeteneesens 11.17
58 wg — 07 Zg ( )

nobuja ce w7, jep je w5 =wmg4 =w11 =014 U ©g=0. Yraona Op3uHa JeBOr TOYKA jeHaKA je
yraoHOj Op3MHU JIEBOT HOCa4a 7, OTHOCHO ® jepor touka = M7 -

Y3 orosapajyhe BennurHe 3ymuaHuKa, 00a TOUKa NMajy UCTY BPEHOCT YTAaOHUX Op3MHA, NCTEe
CMepoBe 1 UcTe 0OpTHE MOMEHTE, Te he TpakTop ryceHnyap nhu npaso.

IIpu ckpeTamy TpakTopa J1eBo0 XUAPOMOTOP TOTOHM 3ymuaHuK 18, a 3ynmyanuk 2 gobuja moroH
npeko TpaHcMmuchje of Motopa. Cmep oOpramwa 3ynyaHuka 18 Tpeba fa je Takas fia ce joduje cMep
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11. INTAHETAPHU IPEHOCHULIU (MEXAHU3MH)

oOprama 3ynyaHuka 12 uctu Kao cMep odprama 3ynyaHuka 3. YraoHa Op3uHa 3ynmyaHuka 16 Huje

©18 _ 217 e

017 718

BUILIE Je[JHaKa HynH, Beh ce oipebyje u3 ogHoca:

w1y -Z
w15 = w7 = —% e (11.18)

Ha ocHOBY mpeTxofHuX jegHaunHA (P KpeTamy MpaBo) 3a aHAMM3MpaHe IIaHeTapHe TPyIe,
nobune OU ce BPEJHOCTH YraoHMX Op3WHA CBHMX HAa3HAYEHMX UJNaHOBa M 3ymuaHuka. [lpu
ofiroBapajyhem cmepy oOprama 3ynyanuka 18, moBehana Ou ce yraona Op3uHa 3ymyaHuka 12 u
Hocaya 13, ogHocHO nosehasna Ou ce yraoHa Op3uHa IECHOT TOYKa. 3a Ty UCTY BPEHOCT, CMakbuia
Ou ce Op3uHa oOpTama Hocaya 7, OMHOCHO JIEBOT TOYKA TPAKTOPA.

bp3una oOprawa 3ynuanuka 18 je mpoMmeHJbNBA, T€ ce HA Ta] HAYMH OMOryhaBa pa3juyuT
OJIHOC YraoOHKX Op31HA JIEBOT M IECHOT TOYKA TPAKTOPA, 3aBUCHO Off PaJljyca CKpeTama.

IIpu cKkpeTamy TpakTopa {ecHO XUAPOMOTOP IIOTOHHM 3yMTYaHUK 18 y OHOM cMepy Jla ce CMambu
Op3uHa 3ymyaHuka 12, ogfHOCHO Hocaya 13 Ha uyujeM je BpaTuny AECHH To4yak. 3a BPEJHOCT
CMamela yraoHe Op3uHE 3ymuyaHuka 12 M lecHOr TOYKa [ojasy 0 nosehamwa yraone Op3uHe
HOcaya 7 ¥ JIEBOT TOYKA.

IIpu porammju TpakTopa OKO KHHEMAaTHYKOT HEHTPAa pyuula Memaya je y HeyTpaJHOM
TOJIO3KA]y, TaKo Jia 3yIMYaHuK 2 He fo6uja moroH (o =0 ), a IIaHeTapHu MeXaHu3aM JoOHja TTOTOH
caMo of] 3ynyanuka 18 mpeko xugpomoropa. YraoHa Op3uHa 3ymuyanuka 16, Tj. 17 oapebyje ce
npeMa jenHaunau (11.18) m oHa ocTaje HeMpoMemeHa 3a jeHy Te UCTY BPEJHOCT yraoHe Op3uHe
3ymuyannka 18. Yraone Op3mHe 3ymyaHuka 3 u Hocaya 9 cy jeqHake Hyau (3 =g =0 ). Ha Taj
HauuH nuaHerapHa rpyma 9, 10, 11 u 12 nmpecraje Outu mumaHerapHa, Beh mocrajy KiacuuHo
CIPETHYTH MPEHOCHUIH, jep 3ynm4yaHuiy 10 HuCy BUIIIE CATEIUTH.

Y jemnauman (11.16) 3a gecHy IUTaHETAapHY IPYIy IMaMo cajia JIBe Helo3HaTe Op3uHe w4 |
3. VI3 mpeHocHOT OfiHOCa, 3a cajja KjacuyHo cnperHyre 3ynyanuke 11, 10 m 12 umamo pa je

) z . . . . .
11112 =21 A2 ps oope jemHaunmHe ¥ jemHaumHe Opoj (26), a 3Hajyhu nma je w1 =4 #
Toe m
12 = 3 A00Mjajy ce BpeAHOCTH YraOHUX Op3UHa IeCHOT TOYKa, IEHTpalHOr BpaTuna 4 u, Ha Beh
OIMCaH¥ HAUNH, IEBOT TOUKA.
HoGujene BpegHOCTH OM MOKa3ale fla Cy yraoHe Op3HMHE JIEBOT M JIECHOI TOYKA MCTE, Al

CYIIPOTHHUX CMEPOBA LITO T0BOAU JO 00OpTamba TPAKTOPa OKO CBOJE CPEAUIIHE KHHEMAaTHIKE OCE.

11.2.9. IInaneTapHn NpeHOCHNK 32 TPAHCIATOPHO KpeTame

EnunuknunyHy niaHeTapHu NPEHOCHUK ca jeJHIM HEMOKPETHUM CYHYaHUM 3yITUaHUKOM 1 1 1Ba
3yMYyaHuKa caTejuTa 2, 3 Ha jeflHOM Hocauyy 4 oMoryhyjy TpaHCIATOPHO KpeTame caTeiauTa 3 mo
KpYXHUIM nonynpeunnka AC, moj yCIOBOM Jia Cy IEHTPAHN 3YMYaHUK | U COJballlkby CaTenuT 3
uctux BenuunHa (ci. 19). [loroncku
YJIaH je Hocay 4 Koju ce oOphe Ha jeflHy WK [pyTry CTPaHy YTAOHOM OP3UHOM M4 .

Yraona Op3uHa catenuTa 3 1o06uja ce u3 MPEeHOCHOT OJIHOCA:

4 0] —og

= A s 11.19
137 s —wg (11.19)
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11. INTAHETAPHU IPEHOCHULIU (MEXAHU3MH)

Yraoua 6p3uHa 3ynuanuka 1 je nyna (w; =0). PenatuBnu mpeHocHn ofiHOC u3Mehy 3ynmuanuka
1 wm 3 pematuBHO mnpemMa Hocauy 4 (Kaja ce HOcau 3aMHIUBbEHO YKOYH) je:
if3 =i1p-ip3 =E—i-2—2-(—1}2 =1 jep cy 3ymuanuuu 1 m 3 wmcrux BeauuuHa. M3 mperxopne

0-my4 .
———, ofakne cnegu Aaje o3 =0.
03 — o4

[Tpu kpy>kHOM KpeTamy HOcaya 4 Koju Hocu cateuTe 2 u 3, caTenuT 3 HeMa KPYXHO KpeTame,
Beh ce TpaHcnaTopHO Kpehe mo KpyxHOj nyTawy. To 3Hauu fa ce caTeauT 3 CTaqHO Halasd y
JETHOM, XOpU30HTATHOM MIOJI0XKa]y.

W3 Tor pasnora oBaj MPEHOCHUK MMa IPUMEHY 3a OHE MAllMHE M MEXaHU3Me YMjU pajHu
opranu Tpeda fia y TOKy KpeTama CTaHO OCTaHy Y XOPU30HTATHOM II0JI0XKajy, HIIP. KOJ CafiiiInia
¥ BaJlWJIHIIA MoJbonpuBpenHux Kynrtypa (ci. 11.20). [Ipu okperawy Hocaua, carenutu 3, 3°, 3", ...
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 KpeTamwa 3ajip>KaBajy pBOOUTHH
BEPTHUKAHU [0JI0XKa].

jemHaunne (29) nobuja ce gaje 1=

-3

Ca. 11.19: EuuyuauyHu ipeHoCHUK 3a Ca. 11.20: IIpumena iipeHOCHUKA 3G TUPAHCAATUOPHO
MWPAHCAAUUOPHO Kpellarbe Kpeitiarbe - paOHU OP2aH CAOUAULe

3aparak 11.9: Oppemutu NOrOH MeXaHW3Ma 3a MEIIake 3PHACTHX MOJbONPUBPEIHUX
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 (w3 =—wy ). Ter 2 je
ca BpaTWJIOM | UBPCTO CIOjeH y Tauku A ¥ 3ajeffHO ce ca ’uM oOphe. Pactojama "L" Terosa 2 u 3
on Bpatuna 1 cy ucra (ci. 11.21).

Hla 6u ce Ter 3 oOpTao y CympTOHOM cMepy Off Tera 2 u BpaTuia 1, moTpeGHO je ja 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 Be3H 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 OCTBapUTU € E€MMUUKINYHUM
IJTAHETAPHUM MIPEHOCHUKOM ca fiBa catenuta (ci1. 11.22). Ha Bpartuiy 1 je ueHTpanuym 3ynyanuk 4
Koju ce oOphe MCTOM yraoHoM Op3MHOM Kao U BPAaTHIO M Ter 2, mwg =] =wmp. Y CIOpe3u ca
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11. INTAHETAPHU IPEHOCHULIU (MEXAHU3MH)

3yMMYaHUKOM 4 je 3yMuaHKuK CaTeJUT 5 KOju je CIPEerHyT ca careautoM 6. Carenutu S u 6 HOLIEHU
HocayeM 3 “Tpue” oko 3ymuyaHuka 4 W yHyTap HemokpeTHOr 3ymyanuka 7. Hocau 3 je y uBpcToj

BE3HU €A TETOM 3.
W3 jenHauuHe 3a NPEHOCHU OfHOC M3Meby 3ymuaHuka 4 u 7, penaTMBHO Ipema Hocady 3,

3 04— 03 .
Iy7 =———— ¥ PEJATUBHOT MPEHOCHOT OJIHOCA U3PAXKEHO NMPEKO TEOMETPH]CKHUX Mapamearapa

w7 — 03
i3 :E.%-ﬁzﬁ,no@ﬁa ce u3pas 3a yraoHy Op3uHy Tera 3: g = ©4 _ @2 , Jep
4,7 D D D D _.3 _.3

4 Ds Dg Dy 1-147 1-147

je W4 =0 =®2.
3aMEHOM je[IHAKOCTH YraoHUX Op3WHA TEroBa, ®3 =-—@2 Yy IPETXOJHU U3pa3 Aobuja ce
noTpebaH NPEHOCHHU OTHOC:

0y =—22 1eie i3, =2, ogHocHO TpeGa A je UCIVILEH YCIIOB J1a je =7 _ 2, unu aKo ce
2= .3 ] 4,7 =<,00 p ] y y it ] D — &
1-i 4
4,7
YCBOjU IOYETHA BPEHOCT NIPEUHMKA 3yn4yanuka 4, Tafaje D7 =2-Dy.
[Tpeununu meby3ynyanuka catenuTa S u 6 He yTUUY Ha IPEHOCHH OfIHOC U HMXOBA BPEJHOCT Ce

no0uja U3 FeOMETPHU]CKOT yCIIOBa /1A je:

D . . D
%=%+ D5 + Dg . 13 oBe jennaunne cinepu ga je Dg + Dg =74.

. . . D
AKo ce ycBoju fia cy 3ymyaHuIy 5 1 6 UCTHX BenuunHa fobuja ce aa je: Dg =Dg = T4 Hcrtn
OJIHOC je 1 3a Opoj 3y0alja OBUX 3yMUaHUKA, jep Cy CBU 3yMMYAHUIIN Y CIIPE3U U MMAjy UCTU MOAyNI "m"

Z
(27=2-24, 25=Z6:T4)-
B

| i:T€F2

) —
A._ IICEA

\ oo A \
—

o

=

=

E‘

=

o

=)

2

|3 Sl 2

2

)

=

03

| I:TGI‘3

D
Ca. 11.21: INociuasxa 3aoaitika 11.9
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11. INTAHETAPHU IPEHOCHULIU (MEXAHU3MH)

B -
Ter2 l I

: 1

| 2

i —
/_g_\ T

4
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i 4

i o)

i =

E g

o 2,

i 3 5

Q@ = e

; < 1 6 g
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Ca. 11.22: [1naneitiapHu iipeHOCHUK 3G Meularbe 3PHACIIUX [POU3B00a
( pewerve 3aoaitika 11.9)

11.2.10. CTeneH KOPMCHOCTH IUIAHETAPHUX MPEHOCHUKA 1)

CremneH KOpUCHOCTH (T1) KOJ TNpPEHOCHMKA CHAare ca HEMOKPeTHMM ocaMa (KJIacHYHO
CIIPETHYTHM) 3aBHCH Off CTamba 00pabeHOCTH TOAMPHUX MOBPIINMHA, OfpKaBama W MOAMA3HMBaba.
MebyTum, KOf TITaHE TAPHIUX IPEHOCHHUKA CTETIEH KOPUCHOCTH 3aBUCH, TIOPEJ] TOPE HABEJIEHOT, 1 Off;:
- TOTa KOjH je 3y[TYaHuK FOWEHH, a KOjH j€ MOTOHCKH,
~ BPEHOCTH yraOHUX Op3MHa,

BPEJHOCTH PEHOCHOT OfJHOCA,

BPETHOCTH OOPTHOT MOMEHTA T,

300r Tora IITO Ha BPEAHOCT CTEeNEHa KOPUCHOCTHU IJIAHETAPHUX MPEHOCHUKA YTUYE BENUKH
Opoj mapameTapa, aHAJIMTUYKO OfpebuBame HEroBe BPEJHOCTH j€ BeoMa CIOXEHO, Te Ce
NpOBepaBa eKCIEPUMEHTATHUM My TEM.

HJIaHeTapHI/I NPEHOCHUIU MOT'y UMATH BEOMaA MaJIi CTCIICH KOPUCHOCTH, TOJIUKO a je BUXO0BO
Kopulithelbe HEeKOHOMUYHO, WK TOJIMKO Malld fia [0Ja3’ 0 caMO3aKOueHa MPEHOCHUKA, IITO
NPEJICTaBba OCHOBHH HEIOCTATAK INIAHETAPHUX MTPEHOCHUKA.

[TocToju BuIlEe AHANMUTHYKHUX, HYMEPUUKUX U EKIEPHUMEHTATHUX METOfla 3a ofpebuBame
CTeneHa KOPUCHOCTH TJIaHeTapHUX MPEHOCHUKA, MehyTuM, HUjeiHa 1O cajia pa3BUjeHa METOa He
oOyxBata cBe (haKTOpe KOj! YTUUy Ha BPEJHOCT CTENIeHA KOPUCHOCTH.

HpeMa UCTpaXKuBawkbMMa BULIC ayTOpa MOIr'y C€ U3BCCTU ONIITU 3aKJ/bYy4YlH y BE3U BPEIHOCTHU
cTerneHa KOPUCHOCTH IJIaHeTAPHUX TIPEHOCHUKA!

— Hajyrunajauju mapamerap Ha ryOMTKe cHare y 03yOJbeHY IUIAaHETApPHOT TpeHOCHHKa (6e3
0031pa Ha CTPYKTYPY), MpeJicTaBlba yiIa3Ha CHara y mpeHocHuk. beHo moBehame goBomu 0
noBehama cTeneHa KOpAuCHOCTH;
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11. INTAHETAPHU IPEHOCHULIU (MEXAHU3MH)

- IloBehawem ymna3nor nmorosHckor Opoja oOpraja u noBehameM Mojya 3ymyaHUKa A0Ja3u 10
CMameHa ryOuTaKa cHare y 03y0Jbemy, OTHOCHO jI0 ToBehama cTeneHa KOPUCHOCTH,

- Hauwnn nogMa3uBama 3ynmyaHuka je UCTO TaKo yTHulajad (hakTop Ha YKyNaH CTeNeH KOPUCHOCTH
IJIAHETAPHOT MPEHOCHMKA. 3a ciyyaj MofMa3uBama MoTanambeM 3yMYaHuKa y yibe, BPETHOCT
cTeneHa KOPHCHOCTU he OWTH Mara Hero Npu MOAMAa3uBamky CIOO0THUM MaoM yiba Ha MECTO
crpe3ama;

- CBu mmaHeTapHH PElyKTOpU (CMamemhe Op3uHe oOpTama) MMajy npu BehnuM NpeHOCHHM
OJTHOCHMa BpJIO MaJii CTENEeH KOPHUCHOCTH, aKO je HOcad caTeMTa IOTOHCKM WiaH, a Behe
BPEHOCTH aKO j€ MOTOHCKYU YJIaH LEHTPAIHU CYHYaH! 3yITYaHUK;

- Csu myntummukatopu (mosehamwe Op3uHe oOpTarka) MMajy Mall CTEINEH KOPHUCHOCTH aKo je
IMMOTOHCKM 4YJIaH HCHTPAJHMU 3YyIIYaHUK, a PEJIaTUBHO BEJIUKU aAKO je IIOTOHCKM YJIaH HOCa4
CcaTeJnTa;

- Enunuknuynu nnaHeTapHU pefyKTopH Tpeba fa UMajy MOTOH Off LEHTPAIHOr 3ylYaHuKa, a
MyJITHILIIKATOPHU Tpeba [a MMajy IMOTOH off Hocaya catenauta. OBO ce moceOHO OfHOCH Ha
IJIaHEeTapHe IPEHOCHUKE KOju peHoce Beha ontepehema.

Baparak 11.10: 3a qudepenuyjanau miaHerapau npeHocHUk (cn. 11.23) matu cy mopgaru:

- - 10 mm
w7 =125 1, wy =-8S Ly UL = Tmm I'padoaHaiUTHUKOM M AHAIUTUYKOM METOJOM
mm

OJIPE/IUTH
a) obumHy Op3uHe Tauke F,
b) yraony Gp3uny HOcaua 6 u
C) MPEHOCHH OJHOC OJI IOTOHCKOT 3yMYaHKKa 7 JI0 H3JIa3HOT FOKBEHOT Hocaua 6.

d)

Ca. 11.23: Hocn;mca 3a0amka 11.10
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11. INTAHETAPHU IPEHOCHULIU (MEXAHU3MH)

I'padpoananurnuka meroaa

bp3uHe Tauaka Ha MOrOHCKUM 3YIMYaHULIKUMA CY: Vp =R -wp =0,050--8=-0,4m/s u
Vg =R7-©7=0182-12=2184m/s.

Pa3mepa 3a nprame oOuMHHX Op3uHa Uy :12mi1 a pacrojame H=30mm. Ha ocHOBYy
cm

iaHa Op3WHA U I1aHa yraonux op3uHa (ci. 11.24) nobwuja ce:

. o -1
VE=FF-U, =1871emi™/5 0935 m/s,  wg=06-U,=208cm—> -347s1
2cm 0,598 cm
i o= T8 s,
5706 2,08
w2
A =7 A
D13 O'R D
=2 . E
S}
! V\P
| W/
G 9
6 G
/7
w
— i
7 77 ¢
5 ’ 3,4 6 7

Ca. 11.24: Pewerse 3a0amxa 11.10

AHAJIUTHYKA METOAA

VYraona Op3uHa mpcTeHacTor 3ymyaHuka 3,4 go0uja ce U3 MPEHOCHOT OJHOCA

. R ) . -8. _
io3 :m_2:—3, OJaKIE J& w3 = 02 Ry =850 =-0,888 s ! Vraona Op3vHa MpPCTEHACTOT
~ o3 Ro R3 450

3ynyaHuka 4 je o4 =on3=-0,888 st [IpenocHu omHOC O 3ym4yaHWKa / 110 4 penaTuBHO
npema Hocauy 6 je:

6 _w7-0g

6 6 -Rs Ry 87 356
|7,4_ . - .=

. I[IperocHu onHoC j€: is , = —= . —* =-195, Teje
W4 — 0 p A ] 7,4 R7 Rg 182 87 ]

0g = 348151, O6umua Op3uHa Tauke F je
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11. INTAHETAPHU IPEHOCHULIU (MEXAHU3MH)

w7 12

VE =Rg -0 =0,269-3,481=0,936 m/s , a NpEHOCHHU OJTHOC i7,6 =——%=3,44.
06 ,

Bamarak 11.11. Enunukinyad 1uiaHetapHd wmexanusam (c1.11.25) moronu TOdYak
tpakropa (t). LlenTpanuu 3ymuanuka (2) noOuja mOroH oj AU(EPEHIMjaTHOT TIaHETAPHOT

MEXaHM3Ma TpakTopa. YraoHa Op3uHa 3ynuaHuka (2) je oy = 5571, Pasmepa mprama je
UL = 1_m Onpenutu yraony u oOuMHy Op3uHy Touka (t). 3aaTak peluTH aHATUTUYKOM

3,5cm
Im/s

2cm

u rpaduaxom MeTozoM. Pa3mepa 3a nprame miaHa oOumHux Op3uHa je U,, =

Ca. 11.25: Ilocmasxa 3a0amka 11.11

I'pa¢guuxa meTona

O6umHa 6p3una Tauke C je vo =AC-wp =0,371m-5=185m/s, jer je

AC=AC-U| =13cm- 315m =0,371m. Ha ocHOBY 1y1aHa OOMMHUX M yraoHHX Op3uHa (CII.
,5¢cm
) . — Im/s
11.26) nodwuja ce: vi =Gg-U, =3,68cm- > em =184m/s u
. im/s )
ar i -1 . . U -
ot =0t-U, =3,06cm- 1S~ 1789571, jepje Uy=—VY = 2m b -
1,71cm H-UL gy, 1M  1714cm
3,5cm
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11. INTAHETAPHU IPEHOCHULIU (MEXAHU3MH)

AHAJIUTHYKA METOIA

W3 nperocHor oHOCA i‘zl1 02704 noOuja ce yraoHa Op3uHa Hocaua 4, w4 = (o24 ,
1 — 4 1-i5,
L . . L -R3 R R 2,37
jep je 1 =0. IlpeHocHn oxHOC 'gl JeoHaK je 'gl -3 2__1__ =-1809,

R, Ry R, 131
02 5

- 177571,
1_i4  1+1809
21

OJIaKJIE j& w4 =

OGumMHa Gp3nHa TouKa je Vi =Ry - 04 =1,037m-177s + =1,836m/s .

Ca. 11.26: Pewere 3a0amxa 11.11

Zamatak 11.12: [lnaHeTapHU €MUIMKINYHE MpeHOCHHUK (cin. 11.27) moronu Hocau (5)

yraoHoM Op3uHOM ®g =100 s™1. Carenur (6) oGphe ce oko HemokperHor 3ymuannka (7), a
carenut (4) obphe ce yHyrap npcreHactor 3ymuanuka (3). [IpcTeHactu 3ym4yaHHK ca
CHOJbHUM 3ymuameM (2) cmperHyt je ca 3ymuanukoM (8). JlatTh Cy MOIYIPEYHMIIN:
Ro=60mm. R3=50mm, R4=10mm, Rg=40mm, Rg=15mm, R7=25mm,
Rg =10mm, Rg =25mm u R1g =45mm. AHanuTHYKOM WM TpadoaHaIUTHIKOM METOJOM
onpenutu: ooumHe OpusHe Tayaka D u F, yraone Op3uHe 3ymuaHUKa U MPEHOCHH OJHOC O]
Hocaua (5) mo 3ymuanmka (10). Ilpu xopumihemy rpadoaHaIMTHUYKE METOJE YCBOJUTH
im/s

05cm’

pasmepy 3a 6p3une U, =
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11. INTAHETAPHU IPEHOCHULIU (MEXAHU3MH)

I'padoananurnuka meroaa

Obumna Op3uHa Bpatmna 3ymyanuka 4 u 6 je vpg=Rg-wg5=0,04-100=4m/s,

= 1m/S OCTaJ'II/I KHUHEMATHUYKHU [IapaMETPU CV.
v 05cm p pucy.
Im/s

U - U, _ 05cm _ 100cm/s _13_1_ 1571 U - 1571

® H-UL ,p. 1M 05cm-2cm  lcm 00iem’ ~® 00lcm’

lcm 100
— Im/s

vp =Dd-Uy =333cm- - =6,66m/s, vp =0 (ci. 11.28).
Wy =ma=02-U, =134cm- 15 =13451 oy =wr =04-U, =2.66cm- 15 — 26651

2=™3 @ 0,01cm » 406 o= .01cm
wa =wg =08-U_ =800cm- 15 ~800s Y, oq=010-U, =437cm- 15 — 437571

8=%9 o 0,01cm » 210 o 0,01cm '
is 10 =25 =100 4008,

' wgo 437

Ca. 11.27: [locmasxa 3a0amxa 11.12

AHaJIUTHYKA METOA

VYraona 6p3uHa Bpatmia B je vg =Rp5 -5 =0,04-100=4m/s.
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11. INTAHETAPHU IPEHOCHULIU (MEXAHU3MH)

W3 u3pa3a 3a mpeHOCHH 0HOC n3Mel)y 3ymuanuka 7 u 6 penaTHBHO IMpeMa Hocady 5
nobuja ce yraoHa 6p3uHa carenuta 6 u 4:

-5 07 —05 .5 = 5
76 = g = i7 (06 —05)=07 — 05 i7 05 i3 5 05 = —0s
wg — 05
5
—054l5 505 _ 0A).
wg = _57,6 _ 1oo+(006,6) 100 _ 266,665 L, g = g = 266,665, jep je
176 Y
Re __15_

5
i =-——=-0,6.
6 Ry, 25

W3 u3pasza 3a npenocHu ogHoc u3Mmely 3ynmuanuka 3 v 4 penaTuBHO IpeMa Hocady S
no6uja ce yraoHa Op3uHa 3yrmyaHuka 2 u 3.

i3, =35 (w4 —05) i3, +05 =03, o3 =(26666-100)-0,2+100=133325 ",
w4 — 05 '

_ R 10
0y =03 =133,32s 1, jep je Ig4 R; %0

W3 u3paza 3a npeHocHu oxHoc m3mely 3ymuanvka 2 u 10 mobuja ce yraona 6p3uHa
3ymyanuka 10:

=0,2.

Rg Rip 10 45 . ®2 .
i =i =——=——=03,1i =—=- OJIaKJI¢ J€
210 =128" 910 R, R9 60 25 2,10 010 A J
'2,10 0,3
IMpenocan omHoc wm3mely 3ymuanmka Ha ynasy (5) wu  msmazy (10)
i510 = s 100 =0,228. Oobumue Op3uHE TavakKe D u F
) 437

vp =R3 03 =0050m-133325s 1 =6,66m/s u v =0.
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11. INIAHETAPHU IPEHOCHULIN (MEXAHU3MH)

D
U
>
O
N ﬁ,\
N
60)

Ca. 11.28: Pewerve 3a0amka 11.12

Hanomena: 360z mane seaunune popmaitia kwuze iinan yopaarsa je okperyiti 3a 90 °y cyilpoiuiHom
cmepy 00 obpiliara Kazamke HA CAilly Y 00OHOCY HA C80] CILBAPHLL T10A04CA].
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12. KAPJAHOB 3I'/10b

KapnanoB cepHu 3rinob nmpecraBba jefIHOCTABaH NPOCTOPHM 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 BeqmunHa a=b=C mox yriom ox 90°, ZAOB= /COB = ~/COD =90° (ci.
12.1). Ynan a ce Hamasm y BEPTHKANHOj (X, z), 4laH b y npodmoj (y, z), a wiaH C vy
XOPU30HTAIHO] paBHH (X, ¥). Oca X Koja ca ocoM y ofipehyje XOpu30HTaIHy paBaH IOMEpeHa je 3a
yrao o ITomepena oca X je o3HaueHa ca Xp . Bparuno 1 je geo wiana a Koje jexu Ha OCH X, a

BPaTUIO 2 je Ie0o WiaHa C M JIEXKH Ha IOMEPEHO] OcH X . Kaja ce wianoBy a, b u C mpommpe 3a

HCTY BPEHOCT Y KCTUM PaBHUMA, 100Hja ce KapAaaHoB 31100 (ci. 12.1 gecHo), rjae unan a mpepacra

Y BWBYLIKY 1, unan ¢ y BUIBYIIKY 2, a 4wiaH b y Kpcrak. Kperak b ce ocnarma y BUbYLIKE a U C Y
UTITMYACTHM JIEXKajuMa.

[Ipu o6prawy Tauke BB' kpehy ce no kpyxuuuu B-3 Koja nexu y npo¢uIHOj paBHU YIIPABHO]
Ha ocy X. Tauke CC’ ce kpehy 110 Kpy>KHUIM Y-y KOja je yIpaBHa Ha XOPU30HTAIHY PaBaH U yIpaBHa
je Ha ocy Xp . Yrao n3meby KpyxkHuna - 1 y-y je yrao o oy KojuM ce cexy Bparmia 1 u 2.

AZ
5 IB
A
AP S
777A\ = <</ g
‘Q-..O,D777
y 1€ o7 ®
B' -

Ca. 12.1: [lobujarse kap0anosoz cgheproz 3z2a06a

Y umby ofipebuBama y3ajamMHe 3aBUCHOCTH KpeTama Tauaka BB’ u CC’ okpeHe ce nyTama 3-3
3a 90° (ma JerHe y BepTHKAJHY paBaH) fa 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 NoJioXkaja By y monoxaj By 3a HeKo BpeMe t ipu ueMy uMa yraony Op3uHy o . [Tonoxaj
Tauke Bp onpebeH je yriaom ¢q Koju ce BUuiM y npaBoj BeaudyuHu. [Tomepame Tauke C u3 nonoxaja
Co y monoxaj Cq oppehen je m3 ycnosa ja je £ BOC =90°, te je £ B0C;y =90°. Bpegnoctn
YIJIOBa 3aKpeTama ¢ U ¢ Hucy ucre. CTBapHa BpeHOCT yIJIa 3aKpeTamwa @2 Tauke Cq1 oxpebyje
ce Ha cnefichu HauuH. [JoBene ce Kpy>KHUIA Y —y Y IIOJIOKA] fia c€ BUU Y NIPaBOj BEJMYKMHHU, A HE
Kao enmca (y monoxaj kpyxuuue f3—f ). CrBapan nonoxaj rauke C y monoxajy 1 (tauka Cig)
nobuja ce y mpeceky KpyXHulle B - U IuHUje napajnente ca B'g By . Yrao £ QOCs npefcraBba
yrao 3a Koju ce nomepuina tauka C, Tj. yrao ¢2 . 3Hauu 3a HeKO UcTO BpeMe t Buibymika 1 he npehu
nyT ie(PMHKICAH YIIIOM @1 , @ BUbYLIKA 2 YT Ae(pMHUCAH YTIIOM ¢7 .

[TpaBa BenuuuHa npasoyrior Tpoyriaa QCqCqg 1o0Kja ce Ha ONPEYHOM TIPECEKy ca paBHU A-
A, Tzie ce myTamwe B— u y—y BHAe Kao Ay:u. Ha nonpeyHom npecexy ce BUiM U IpaBa BeJInYNHA
yIJa 3aKpeTama oL jeIHOT BpaTuiia y OfHOCY Ha JIpYro.
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Ca. 12.2. Oopebusarse liyiniarsa iavaka kKapoanosoz 321064

12.1. Yraone op3uHe """ 1 npeHocHH OHOC "1

Bpennoctu yriosa 3akpeTtama Bubyku ogpebyjy ce ca ci. 12.2:

QCy QC . .
tgey = @ , tgoo = Qfls . OpHoc oBa fiBa yrua je o1 _ QG _ cosa , OflaKJe ce goouja:
0Q 0Q g2 QCys
g1
t S s e e s st st b8 12.1
9p2 =~ (12.1)
Mudepenmupamem jennaunne (12.1) mo Bpemeny "t" gobwuja ce:
2 2
cos? 09— cos ;x cos ;pl .
1-sin“a-cos” g1

[To pepunnuyu je wy = dd% U= % . Bpeme kperawa dt 00e BUbYLIKE je UCTO, TE Je:
2 L e seee e seee s (12.2)
dep  deg

W3 jepnaunne (12.2) onpebyje ce yrao ¢ y OyHKIHjE KpeTamba OTOHCKE BUIbYIIKE 1, (o) 1

yria 3aKpeTama o
@32 @]

- S, (12.3)

cos? (05} cos? @1 -cosa

wen o, - (l)l _ COSZ (p]_COSOL

OpHoc yraoHux Op3uHa je MPEeHOCH! OffHOC "1 : i = 1 lalbuM cpebuBameM

®2 cos? 0p)
ce fobwuja:
2 2
_ﬂzl—sm o - CoS” @1 (12.4)
o s e .
Yraona Op3uHa BUbYIIKE 2 j€:
02 =01 - ZCOSCX ST e (12.5)
1-sin“a-cos” @

Jennaumne (12.4 u 12.5) ykasyjy Ha To a NpeHOCHH offHOC "1 ¥ yraoHa Op3WHa BUbYIIKE 2, M

HEMajy CTalHe BPEJHOCTH 1 J]a C€ KOHTHHYAJIHO MEHajy y (PYHKIHUjU YIJIa 3aKpeTama o, .
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ExcTpemne BpefHOCTH YyraoHe Op3uHe BpaTwia 2, ®p [o0OuMjajy ce U3 ycioBa ja je

2
&2 :d%:dd%zo’omomonpﬂ 01=0%, ¢ =90%, 1 =180° u @1 =270°.
dt
MakciMalHa BpelHOCT yraoHe 6p3uHe Bpatmia 2je3a ¢ = 0° u @ =180°:
_ 1 o
O max/0°,180° ~ ©1 g g * & MPEHOCHH OfIHOC | = oy COSOL.  roveurrrenn: (12.6)

MuHuMasHa BpeJHOCT yraoHe Op3uHe BpaTuna2je3a ¢ =90° u ¢ =270°:
.o 1
= ®] - COS O , & PEHOCHHU OJJHOC | = —= = ———,
®p COSa

®2min/90°, 270°
Mozke ce 3aKJbyUUTH J1a TIPH jeHOIMKOM 00pTamy MOroHCKOT BpaTuia 1 (@ = const ) rombeHo
BpaTmio 2 ce o6phe MPOMEHIBHBO Udja MPOMEHA 3aBHCH Off YIUIa 3aKpeTama o m3Meby Bpartuiia (ci.
12.3). lllTo je yrao 3akpeTama o u3Mehy Bpatuia Behu, mpoMeHa yraone Op3uHe TOBEHOT BPTHIIA 2
je Beha. 3a jeman mornyH o6praj (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 BpeHoCTH (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 . 1 .
02 =] -C0Sa. 10 W2 = -—, aNOPEHOCHA OJHOC | =—— 10 I =COS.
coso cosa

[TpoMeHa mpeHOCHOT OffHOCA 3a Pa3NUUYMTe BPEJHOCTH YIia 3aKpeTama o I[PUKa3aHa je Ha
nujarpamy ci. 12.5. Ca mopactoM yria 3akpeTama o pacTe U MPOMeHa MPEHOCHOT ofiHoca "1".
Hajseha je npomeHa 3a yrao o = 459 a HajMama 3a o = 15° . Kana nema 3akpeTama (o = 0° ) HeMa
IPOMEHe IPEHOCHOT OJTHOCA, Tj. MPEHOCHH OJJHOC je KOHCTAHTAaH | jefHaK je jemuHumy (i =1).

[Topen mnpeHocHOr ofiHOCa, OOpTame KapfgaHOBOr 3riio0a fjeduHHIE ce U JPYyruM
noka3saTesbuMa: (pa3HOM pas3IMKOM Y i CTENIEHOM HEPAaBHOMEPHOCTH O.

da3na pa3nuKa \ mpefcTaBiba Pa3InKy yrioBa oOpTama BpaTuia:
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2
a’ .
V=Ap=0)7 -9 zT-sm2(p1. ...................................................................... (12.8)

CreneH HepaBHOMEPHOCTH O MO Ie(DUHULIU]U je[IHAK je:

5= O2max ~ ®2min
o]

=imax —imin = 20 SIN 0L« eveereiieiereieeieseneeeesessseeesens (12.9)

KappaHnos 31100 ce Ha3uBa CHHXPOHM PEHOCHHUK ca (pa3HOM pa3IuKOM.

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 8peOHOCIIU Y2a 3aKpeiliarwa "o."

12.2. Yraono yop3ame "'

[Ipu jemHOMMKOM OOpTamy MOTOHCKOT BpaTuia 1 HEroBo YyraoHO yOp3ame je jellHaKo Hyla
(e1=0). Mebytum, yraoHo yOp3ame TOBEHOT BpaTwia 2 MOCTOjU, jep ce HepaBHOMEpHO o6phe,
IITO je MoKa3aa MpeTXOojiHa aHANIu3a.

Yraona yop3ama 1o fiepuHULHjH CY:

2 2
_9%p _doy o _dTep _dop (12.10)

€1 2 pm 2 Gp ¢ T————————

Yraono y6p3ame BpaTmia 2 gobuja ce nudepeHmupameM u3pasa (12.5) mo BpeMeHy unjum
cpebuBameM ce jobuja a je:

€9 :img -Sinoc-tga-sin?'(pl. ...................................................................... (12.11)

YraoHo y6p3ame BpaTiia Ba (&€ ) IOCTOjH U HBEroBa BPEIHOCT 3aBHCHU Off yIJla 3aKpeTama o
(cm. 12.6). Kao u ko yraonnx Op3uHa, IPOMEHA yraoHOT yOp3ama BpaTiia 2 je Beha mro je yrao
3akperama Behu. Kajja je yrao 3akperama jeguak mymi (o = 0° ) HeMa mpoMeHe yraoHOT yop3ama
Ipyror BpaTuia, Tj. eo =0.

Kapia je yrao 3akperama sehu of 30° (o >30°), yraona 6p3mHa TOBEHOT BpaTHIa Ce HArJIo
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
BpaTHIIA Ca jeHIM 3r1000M MakcnManHo 10 30° (agoz < 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 pazauduitie 8peOHOCIIU Y2aa 3aKpeiliara "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
3rno6a noy ofipeheHnM ycnoBuma:

1. YrmoBu mop KojuMma ce CeKy MOTOHCKO U IOHBbEHO BpaTtuio ca MehyBpatunom (3) mopajy

outn ucty , aq = ap (cm. 12.7);
2. Bwmylike Ha MebyBpaTuny Mopajy OuTH y MCTO] paBHU M fAa cy moj yriaom of 90° Ha
BUJbYIIIKE TIOTOHCKOT M FOWbeHOT BpaTiiia (ci1. 12.8) u

3. Csa Tpu BpaTmia MOpajy JIeXKaTh y UCTO] paBHH (ci1. 12.8).

AKO je HCTIyHeH TIPBU YCIIOB 1a Cy YIVIOBU 3aKpeTama MOTOHCKOT M TOHEHOT BPATUIIA WCTH
(01 = a9 ), Taa hie ce rOmbEHO BpaTHIIO OOPTATH j€JHOTMKO Ka0 1 TIOTOHCKO. Y KOJMKO OBHU YIJIOBH
HUCY je[IHAK¥ jaBJba C€ MCTU MPOOJEM HEPAaBHOMEPHOCTH OOpTama IOHEHOr BpaTHia, Kao KOf
BpaTuia ca jeHuM 3riao0om. Pasnuka yrnoBa 3akpeTawma MOTOHCKOT M FOWEHOT BpaTuna "Aa.”
jefHaKa je:

ADUZ 0] =012+ ceetreeeireeetneietseiettie st be bbb eiees (12.12)

Y cnyuajy ja je pa3nuka yrioBa 3aKpeTarma OrOHCKOT U TOKBEHOT BpaTuia "Aa" jefiHaka HyJIu
(0) romeno BpaTuno 2 he ce o6praTu jegHONMKO Kao 1 noroHcko 1. Kapa je pasnuka yriosa "Ao"
Beha off Hyne jaBiba ce UcTH Mpo0seM Kao KOJ| JeJHOT 3171003, OIHOCHO TOWEHO BpaTuilo 2 ce oophe
IPOMEHIBYBO Y (PYHKIMjU 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° (Aaggy < 30°), jep TPeKo Te BPEHOCTH HEPABHOMEPHOCT OOPTamba FOBEHOT BPATHIA j&
BEJIUKA U jaBuhe ce HeJ03BOJbEHE MHEPLMjAIHE CUJIE K0 KO/l BpaTHIIa ca JeAHUM 3II1000M.
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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° (ci. 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
VIHEPLWjaTHUAX CUJa.

Ca. 12.8: [oiupebarn iionoxaj 0Oeaosa kap0anosoz 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 3TJI000M) WITH
nia je pasiuka 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 HHepIHje FOmbEeHOT BpaTHjia

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
rOBbEHOM BpaTuay ucre: Pp =Po. CHara npu KpyXHOM KpeTawy je P=M-®, Te Ha OCHOBY
IPETXOHOI M3pa3a uMaMo fia je Mj-®1 =My -2 ofiakie je OOpTHA MOMEHT Ha TOHBEHOM
BpaTmwiy Mo = M1 -i. Ha ocHOBY n3pa3a 3a npeHocHu ofHoc (12.4) nmamo Jie je OOpTHE MOMEHT Ha
TOHCHOM BpaTHUITY je[[HAK:

2

1-sin®a - cos? 01

cosa

Mo =Mq

[Tpn KOHCTAaHTHOM OOPTHOM MOMEHTY Ha MOTOHCKOM Bpatmiy ( Mq = const ), OOpTHE MOMEHT
Ha TOWCHOM BpATHJTy HUje KOHCTaHTaH ( My = const ) Beh ce Mema 3aBICHO O] IPOMEHE MPEHOCHOT
onHoca "1".

[TojaBa yraonor yop3ama romeHOT BpaTuia 2 MpH jeTHONMKOM KpeTamy Bpatuna 1 (g1 =0)
TOBOPH O NOjaBU MHEPIUjaIHE cuiie F; U MOMEHTa HHEPIHUjaHe Culle M; , IITO je HEJoCTaTakK OBOT

Bpatuiaa. MHepuuwjanna cuna je mpousBop Mace "m" u yOp3ama “"a’, FF=m-a, a MOMEHT
UHEepLUjalHe Cujie Npou3BoA MOMeHTa uHepuuje "I" u yraoHor yop3ama ¢, Mj=1-g. Ako ce y
NPETXO/IHY je[HAKOCT YBPCTH M3pa3 3a YyraoHo yOp3ame romeHor Bpatuna 2 (12.11) umamo fa je

MOMEHT UHepuyje:

Mig =%lp €9 =%lp - ®5 SN0 GO SINZ Q1. ercrsvrmnrmnrnnronnsn (12.14)

W3 jennaunne (12.14) ce Buy 12 je ¥ MHEPIMjaJTHE MOMEHT Ha FTOFB-EHOM BPATHITY Y TOKY jeTHOT
o0pTaja KOHTHHYaJHO NMPOMEHJbUB, OHAKO KAaKO CE Mela YraoHo yOp3amwe Yy (yHKuuju yria
3aKpeTama o .

Hcro kao m 3a mpeHOcHH OofHOC "i", yrao 3akpeTama o Tpeba f1a je y rpaHummama fo 15°,
makcumanHo 30°, jep he y IpPOTMBHOM, BPEIHOCT MOMEHTA MHEPLMjaHUX CHJIa HAa TOHEHOM

BpaTUIy OMTH TOJIMKA 1a MOXKE J1a N3a30B€ JIOM BpaTHIIa.
12.6. IIpumena Ha No/LONPHBPEHAM MALIHHAMA

Bpatuna ca kapgaHoBMM 3ri00OBMMa HMajy IIMPOKY IPHUMEHY Ha MOJbONPUBPEIHUM
MalIdHAMa, jep MOT'Y ia IPEHeCy KpeTamwa Ha BeluKa pacTojama U Jja ce MpH TOME BpaTHiIa CeKy
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MO YIJIOM O.. AKTHBHM PajHi OpTaHH NPUKIbYYHUX IOJLONPHUBPENHAX MAIIMHA IIOTOHE CE Off
TPaKTOpa MOCPEACTBOM BpaTUiia ca KaplaHOBUM 3r1000BUMa (KapaaHoBuM BpaTmwioM) (ci. 12.10 u
ci. 12.11). Axo cy mcnymeHa TpU HaBeJleHa YClOBa M aKO je yrao 3akperama BpaTia o
03BOJbeHUX BpenHocTH (¢ 12.7 n 12.8) npeHocH! OffHOC, Ka0 ¥ WHEPIWjaJTHM MOMEHT he 6utn y
I03BOJbCHUM TPaHUI[aMa. Y MPOTHBHOM, 6€3 NKAKBOT CIOJballIiber peontepehema Moxe aohu 10
npeonTepehema TOBEHOT BpaTHIa 10 T€ MEpe a ce jaBe yaapu W BuOpaumje Koje HOBOfe N0
BenuMKuX omirehiera u soma Bpatuia (ci. 12.12).

f)

Cn. 12.11: Ilpumena kapoanosux epamuia y nobOnpudpeoHoj mexHuyu:
a) pacunau munepannoe hyopusa, b) npeca, C) camoymosapna npuxonuya, d) pomo-¢gpesa,
e Jyucmepna 3a ocoky, f) nneymamcka cejanuya
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d) e) )

Cn. 12.12: Owmeherwa spamuna ycieo: a) npeonmepehiersa, b) neoozosapajyhee
noomasuearea, C) uecmux yoapa, d) samopa mamepujana, e) eubpayuja, ), ucxabanoe nexcaja
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13. JETHAYUNHE KPETAIbA MEXAHU3AMA

ITpu kpertawy MexaHu3aM oOaB/ba HEKHM Paji, TAaKO LITO CBaKa CIOJbAallllba CHIA HA HEMY
obaBiba HekH paf. [Tpema Tome, ykynaH pajg MexaHu3ma A, JeHAaK je 30Upy pajioBa CIOJballIbUX
cuna Koje Ha ’era fienyjy:

rfie je: n — Opoj CHOballlbUX CUila Koje Aenyjy Ha MexaHuzaMm, Aj (Nm) - pajoBu mojefuHauYHUX
cuna, Koju ce ogpebyjy no popmyinu:

dA =Fj -drj = Fy -dxj + Fiy " OYiy e, (13.2)

e je: Fi (N) — cnospamnime cuiie Koje fienyjy Ha Mexanu3aM, dri (m) — BEeKTOpH eJIeMeHTapHUX
nomepama HallQJHAX Tayaka cuna Koje jenyjy Ha MexanmsaM, Fix, Fy (N) — mpojekuuje

CIIO/bALIBUX CHNA HA KOOPAMHATHE OCE X U Y, dj, dyj (M) — eJeMEHTAapHO IOMEepake HAAHUX
Tayaka cuiia y IpaBluMa KOOPAUHATHHX OCa.

AKO je HamajHa JMHKUja CUJIe MOJl HEKMM YIJIOM ¢ Ha IpaBall MyTa, Tajia paj He OCTBpYje Lena
cuia, Beh leHa KOMIIOHEHTA KOja je TapaeNiHa ca IyTeM.

EnemenTapuu pag noroncke cuine dAp uMa NMO3MTHBAH NPEA3HAK, a €JEMEHTAapHU PajiOBH
CBHX OCTaJIMX Culla HeraTuBaH. tbuxos 30up jefHak je Hylu, OfHOCHO MehyCOOHO ce ypaBHOTEXKY]y.

Heka Ha mMexaHu3aMm Jienyje moroHcka cuia Fp, pagna cuna F3, Texxuna G3 1 MHeplujaaHa
cwna Fy (cm. 13.1). YKynan einemeHTapaH paji MexaHu3Ma padyHajyhu 1 OroHCKy ciity Fo jeHak
je 30upy pajoBa OBHX cHja:

Fig -cos@y -dxXp\ +Fig -Singg -dyp + F3-cose3 -dxg + R -singg -dyp —G3 -dyg +

+Fy -cospo -dxg +F> -singsy -dyg =0.

Ca. 13.1: Pao cuna Ha mexanuamy (iipumep)

Hla 6u MexaHu3aM 00aB/ba0o HEKM paji MOTPEOHO je Aa MMa KMHETUUKYy eHeprujy. Kunetnuka
eHepruja MexaHumsma Ep, jegHaka je 30Upy KMHETHUKHX EHEpruja MOjeJUHAYHUX MOKPETHUX
YJaHOBA MEXaHU3Ma:
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KuneTnuka eHepruja nojeiMHaYHAX WIAHOBA MEXaHM3Ma Pa3IMIUTO ce ofpehyje 3aBucHO off
HauMHa KUXOBOT KpeTamwa. Kaya ce unan kpehe TpaHcaaTOpHO, KWHETUYKA EHEPIHja je jefiHaKa:

m-V2

E= (NM ZJ), oo (13.4)

re je m (kg) —Maca TpaHcIaTOpHOT 4nana, V (M/s) - Gp3uHa TPAHCIATOPHOT YJiaHa.
KuneTtnuka eHepruja 4jaHa ca poTalMOHUM KPeTameM jefiHaKa je:

r7ie je J(mmzkg)— MOMEHT MHEpIHje 32 OCy OKO Koje ce uiaH obphe, o (s_l) - yraoHa Op3uHa
POTaIMOHOT YJIaHa.

3a ujaHOBE MEXaHM3Ma ca CIOXEHMM KpeTawmbeM KMHEeTHYKa eHepruja ce oapebyje mpema
jeHaYMHHU:

m'v§+J-oa

2 2

E-=

rfie je: Vg - Op3uHa cpeiuiiTa.
YKynaH MexaHUuKH paj| Koju 00aBM MEXaHM3aM y TOKY HEKOT BpeMeHa (oj| mojioxaja 1 o 2)
jeMHaK je pa3nuuy (MpUpAITajy) KHHETHIKE SHEPTHje MEXaH3Ma y TOKY TOT BpeMeHa:

Am =Eml_Em2, ........................................................................................ (137)

rie je: Epp - KuHeTHMuKa eHepruja MexaHusma y nonoxajy 1, Eyo - KHHETHUYKa eHepruja
MeXaHM3Ma Y TON0Xajy 2.
KuneTnuka enepruja kiamnaor mexanm3ma (ci1. 13.2a) jeHaka je 30Mpy KHHETUUKHUX CHEPTHja

MIOrOHCKOT YJIaHa 2, CIOjHOT 3 1 Kiu3ayva 4:

1 1 1
E :EJZ -0)22 +E(m3 -Vs32 +J3 '6032)+sz -VCZ.

b)

Ca. 13.2: Oopebusarbe Kuneiliuike eHepzuje Mexanu3ama

KuneTtnuka enepruja kanuiHor npesocunka (ci1. 13.2b) jennaka je:

1 2 1 2,1 2
E==J1- 01" +=Jo 09" +=mg-Vva3~,
5 1-W1 2 202 5 3°V3

rje je: m3 (kg) - maca kauma 3, v3 (m/s) - Gp3una Kanua 3.
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Axko Cy KaulllHU[OA PpaBHA JUCKOBU UMAMO Jia Cy BUXOBAU MOMCEHTHU I/IHepI_[I/IjeS

2 2
G1-Rq 9 Go-Ro 5
J1 T (kgm ) uJo BTy (kgm ), rae ¢y G1 (N) 1 Gy (N) - Texune Kauisuka 1 u
9 9
KauIIHUKa 2.
BpsuHa Kauma jefjHaka je OOMMHOj Op3MHM KaumIHEKAa V=R7-01=Rj-ws(m/s), Te je

KMHETMYKAa  €HEepruja  KaWlHOT  NPEHOCHMKA,  Kaja  Cy  KaWlIHUIM  JAUCKOBH:
2
R G1+G
E=—1 -0)12 1 2 +G3 |.
2.9 2
KuneTnyka eHepruja miianerapsor npesocunka (cn. 13.2¢) jennaka je:
2 2 2 2
Go-Vv Jo - Gj3-Vv Jg-
g_G2Vvp" Jp-wp” G3-vgm  J3-03 +£J4_m42_
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 M3 U 3aje[JHO ca HocaueM 4 OKO Tauyke
A o6uMHEM Gp3MHAMA Vo U V3 KOje cy jeHake: Vo =(R1+Ro)og 1 v3 =(R1 +2R5 +R3)oy.

JepnaunHa Ay =Emg —Em2 (13.7) npencraBiba OCHOBHY jeflHAUMHY KpeTama MeXaHU3aMa Ha
K0joj 6a3upajy cBe MeTofie 3a ofpebuBame y3ajaMHEe 3aBUCHOCTU KpeTama MeXaHW3aMa U y3poka
HUXOBOT KpeTama.

Hajnosnartuje MeToie 3a ofipebuBame y3ajaMHe 3aBUCHOCTH KpeTama MeXaHH3aMa M y3poka
TOT KpeTama Cy:

- METOfa paclofeliie eHepruje,

- MeTofa iepuBalluje eHepruje u

- MeTofa pefyKuyje.

13.1. MeTopa pacnioene 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
MeXaHHU3Ma He MEHajy CBOjy Macy U MOMeHTe uHepumje (m, J = const.). OBa MeTOa ce KOPHUCTH 32
ofipebuBame noTpeOHe Op3UHE NOrOHCKOT YjIaHa, Kajja Cy HO3HATe CUIIE 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 YWiaHa 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 METO]a KHHEMATHIKE aHAIH3e.

1) Oppenu ce KNHETHYKA €HEPrHja MOTOHCKOT WiaHa Ep ¥ CBUX ocTajmx wiaHoBa E; 3a meo
panuu nmknyc (jennauusde 13.4,13.5 u 13.6).

n) Oppenu ce yKymHa KMHETHYKa €HEpruja MexaHmsma Ep, 3a 1meo pajHu uukiyc (jeHauuHa
13.3).

e) Oppenu ce KoeUIMjEHT paclofie]ie eHepruje ep 3a CBe TPEHYTHE MOJIOXKaje MEXaHM3Ma.
Koeduuujent pacnopene enepruje 1o jeUHULM]U TPEACTaB/ba KOJMYHUK KUHETUUKE
€Hepruje MOrOHCKOT JIaHa U KHHETHYKE eHEeprHje HEeJOKYITHOT MeXaHu3Ma:
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Bpennoct KoedunujeHTa pacnoyiesne eHepruje ep He 3aBUCH Off Op3KMHE IOTOHCKOT uiaHa. AKO
ce 3a HeKW TPEeHYTHH TT0JI0XKaj MeXaHn3Ma Op3rHa NoroHckor wiana nmoseha "k myra, y ucrom Tom
MoN0XKajy, Op3uHe OCTaJMX Tavyaka M 4ylaHoBa MexaHu3Ma noBehahe ce 3a "k" myra, a muxose
KUHETHYKE eHepruje 3a " k2" nyTa.
®) Onpenn ce paj CBUX CNOJBALIKHX CHNA W Paji LENOKYMHOT MEXaHM3Ma 3a CBE TPEHYTHE

noJoXxaje MexaHu3ma npema jeHaunHama 13.1 u 13.2.

r) 3a cBakM TPEHYTHH TOJIOXKaj ofpehyje ce cTBapHa OGp3WHA MOTOHCKOT 4laHa (Vpg, ®ps ) U3

jeHauYrHe Koja iMa 00JIMK 3aBHUCHO O] BPCTE HETOBOT KpeTama:
2

Eps=€p-Em= MpYps 3a ciyyaj a IOTOHCKY YJIaH MMa TPAHCIATOPHO KpeTamwe, UK
Ip-0s :

Eps =€p -Em =——— 3aciyyaj ja IOTOHCKM 4IaH NMa POTAUOHO KPETakbe, U
mp-Vps Jp-0pg :

Eps=ep-Em = 2 + 3a ClIy4a] jja MOrOHCKM YJIaH UMa CJI0XKEHO

KpeTame.

W3 npeTXOofHNX jeflHaYNHA, TPEHYTHE BPEJHOCTH CTBApHE Op3MHE MOTOHCKOT YJIaHa 3aBUCHO Off
HETOBOT KPeTama NMajy pa3nuuuTe o0nuke. AKO je IOTOHCKM YIaH ca TPAHCIATOPHUM KPETamheM
UMaMmo fia je:

Vps = 2 B e (13.9)

mp

AKO ce MOTOHCKM 4laH Kpehe poTaluoHO, ofpebyje ce cTBapHa BpEJHOCT yraoHe Op3uHE
IIOrOHCKOT 4JIaHa, WK ce ofpebyje U jefiHa u ipyra Op3uHa ako ce Kpehe clnoxeHo.

x) Hampra ce gujarpaM mpomeHe CTBapHUX BPEHOCTH MOTPeOHMX Op3MHA MOTOHCKOT WiaHa 3a
neo pagau mukayc (12 momoxkaja) (cm. 13.3). JToOujeHe BpETHOCTH CTBAPHUX MOTPEOHHX
Op3KHa MOTOHCKOT WIaHa Cy Pa3IMyUTe y CBAKOM TPEHYTHOM IOJIOKAjy MEXaHU3aMa y TOKY
pajiHOT LIUKJTyCa, 3aBUCHO Ofl MEXaHM3Ma 1 33/1aTHX lapaMeTapa.

1) YcBaja ce jeHA BPEJHOCT CTBapHE MOTpeOHe Gp31MHe MOTOHCKOT WiaHa. 3aBUCHO Off PYHKIH]e
MeXaHU3Ma, MOXe Ce YCBOJUTH MaKCHMajlHa BPEIHOCT WJIM HEKa ApYyra, 3aBHCHO Off HAaUMHA
aKyMyJaiuje eHepruje, 6uio fa je ca 3aMajieM WiK 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. JETHAYUHE KPETAIbDA MEXAHU3AMA

13.2. MeToaa nepuBanyje KHHeTHYKE eHEPruje

Meropna nepuBanyje eHepruje KOPUCTU C€ 3a OHE MEXaHHW3ME YMji WIAHOBM IIPU KPETamy
MeXaHHN3Ma He MeHajy CBOjy Macy 1 MOMeHTe nHepiuje (m, J = const. ) 1 IorofHa je 3a ofpebnsame
HOTpeOHOT yOp3ama MOTOHCKOT YaHa, Kajla Cy 03HATe CUIIE KOje Ha MEXaHU3aM AeJYjy.

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:
Nogl mi -Vi2 Ji -ooiz n , .
Z— + = Z Pj , HaKOH fiepuBanyje u3pas foouja oONuK:
~dt 2 2 :
i=1 i=1
n n
Z(mi-vi-ai+J-mi-gi)=ZPi. ............................................................. (13.11)
i=1 i=1

W3 oBe jenHaunHe ofpebyje ce cHara moroHcKOr YjiaHa, a 3aTUM BberoBa Op3rHa U yOp3ame.

13.3. Merona pegykuuje

MeTopioM penyKiyje, KpeTambe LHEeTOKYITHOT MEXaHU3Ma CBOJIM CE Ha KPETambe jeHOT HEerOBOT
YJIaHa, Tj. HA KPETame HEroBor MOrOHCKOT WiaHa. Mory ce peiykoBaTH Mace, Cijie, MOMEHTH Chjla
1 MOMEHTH HHEPLH]ja LENOT MEXaHN3Ma Ha HETOB IOTOHCKHU YJIaH, OJHOCHO Ha HETOBY JE[IHY TAUKy.
Ha Taj HaumH ce mojefgHOCTaBIbyje fajba aHANW3a MEXaHW3Ma jep Ce aHaau3upa CaMo jefiaH,
penyKoBaHu (MOTOHCKM) YJIaH YHje je KPeTame Y NIMHAMHYKOM CMHCIY CKBHUBAJCHTHO KPETakby
LEJIOKYITHOT 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 FR -VR = Z Pj nmaje:

rzie je: z P; (W) —30up TpeHYTHHX CHara CBUX CHJIa 1 MOMEHATa CIJIa Koje JIeTTyjy Ha MEXaHU3MYy,

VR (m/s) — Gp3uHa Tauke pepyKumje.

PenykoBann MoMeHT MR je OHaj MOMEHT KOjH fieslyje Ha IOTOHCKOM PEeyKOBAHOM YJIaHy U
KOJHU j& EKBUBAJIEHTaH 30Uy TPEHYTHUX BPEHOCTH MOMEHATA Ha LIENIOKYIIHOM MEXaHU3MY:

ZPi
T (13.13)
OR

e je: oR (s') —yraona 6p3uHa pelyKOBaHOT YIaHa.
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13. JETHAYUHE KPETAIbDA MEXAHU3AMA

36up cHara CBUX CiJjIa Koje fiesyjy Ha Mexanu3am (ci1.13.4) jemHax je:

ZPi=ZFi-Vi-COS(pi+ZMi-mi, ....................................................... (13.14)

rfe je: Fj, Mj — cune u MOMEHTH KOju eqyjy Ha "i—Tu" 4iaH, vj— Op3uHa HamajHe Tauke cuie F,

-

®j— yraoHa Op3uHa "i—Tor" unana, @j— yrao usmehy cune Fj u 6p3une vi.

Heka na mexanuszam ca ci. 13.4 penyjy: uHepuujainHa cuia uiana 4, Ky, pagHa cuna By u
MOMEHT oTnopa M3, TOK ce ocTajie cuie 3aHeMapyjy. Ha ocHoBy jegnaumne (13.13) mmamo pa je:
FrR-vg =—F4-vc +Fg4 Ve +M3- 03, ofakne je:

_—F4-vc+Fg-vec +M3-w3
= Ve
a IIOroHCKa cHara nnotpe6OHa ja nokpehe neo mexanuzam: Pp = MR -@5.

Fr , TaJia j6 MOMEHT Ha IIOrOHCKOM 4JaHy jefiHak: MR =FRr -AB,

Ca. 13.4: Peoykosana cuna Ha MexaHuamy

PenykoBana maca mpR je OHa Maca Koja je Ha pelyKOBaHOM IIOTOHCKOM WIaHy M KOja uMma
KUHETHYKY €HEPrHjy jeflHaKy KHHETUYKO] EHEPrHjH CBUX WIAHOBA MEXaHU3Ma:

23 E;
mR = 2 oo (13.15)
VR

re je: z Ej —KHMHeTHYKa EHepruja YaHOBa MEXaHU3Ma.

Y onmirem crnydajy Maca jeflHOT WiaHa ce, IPU aHaIM3U KOHIEHTPUILE Y HerOBOM CPEIUIITY,
MebyTum Moke ce peykoBaTH Ha 6mio koje mpyre Tauke (ci. 13.5). Ako macy "m" u3 Tauke A
penykyjemo y Tauke B n C Ha pacrojamuma L1 u Lo Ha OCHOBY CTaTHUKOT YCJI0BA PaBHOTEXE 32
Tauky A uMamo ja je: mp-Lp=mo-Ly. 30Mp pefykoBaHMX Maca jefHaK je Macu 'm",
M1 + Mo =M, OflaKJIE je :

amacaytauku C je: mp =m-my.
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13. JETHAYUHE KPETAIbDA MEXAHU3AMA

Ca. 13.5: Peoykuuja mace y Ose itiauke

Pe/ykoBaHH MOMEHT HHepLHje JR je MOMEHT HHEepIHje PEYKOBAHOT YlaHa 4Hja je KHHEeTHYKa
eHepryja jejHaka 30upy KUHETUUKUX EHEPrija CBUX YIaHOBA MEXaHM3aMa:

ie je: Lr (m)— my>kuHa pelyKoOBaHOT (IIOTOHCKOT) YJlaHa.
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14. OIPEGUBABE IIOI'OHCKE CUJIE

14. OAPEBUBAIBE IIOT'OHCKE CHAJIE

[Torouncka cmma (cmna Ha MOTOHCKOM WiaHy) Tpeba fa Oyle MOBOJBHO BejmKa f1a mokpehe
MeXaHU3aM U JIa IPU TOME CaBJIaJia CBE CIIOJbAIlIhE U YHYTPAILhE CUIle HA MEXaHU3MY.

[Tocroju Buiie MeTofa 3a ofipehuBame NOTpeOHE MOTOHCKE CUlle, a Hajuelrhe ce KOPUCTe:

— Meropa KuHETOCTaTHYKE aHANU3E U

— Mertopa penykuuje.

14.1. MeTona KHHETOCTATHYKE aHAIH3E

MetofoM KMHETOCTATHYKE aHajlm3e ofpebyje ce moTpeOHa MOTOHCKA CUila 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 KHHEMaTUYKUM Be3ama UTH.

AKO ce MexaHu3aM IOf 1€jCTBOM CNOJbALIBHX CUJIa Halla3! y CTawky 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

(ZEi =0 ZMi =0) onpebyjy ce Hemo3HaTe cuile Ha MEXaHM3MY, Kao M CHJIa HA MOTOHCKOM
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 cBaku pacTaBJbCHU KUHEMTHUYKY AP U YJIaH KOPUCTE CC YCJIOBU PABHOTCXKE (Z Fi=0

" ZMi =0). AHanm3a MOYMIe Ca KAHEMATHUYKUM 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 [IBAaHAeCT TPEHYTHHUX IOJIOXKAja MEXaHU3Ma. YCBaja ce MaKCHMajHa BPEIHOCT MOTOHCKE
cuie, WM HeKa JIpyra, 3aBUCHO Off MEXaHU3Ma U HeroBe (PYHKIM]jE Y MAILIMHH.

3apmarak 14.1: 3a mexanuzam ca ci1. 14.1 noTpe6HO je OfpeIuTH MOTOHCKY CUITY aKo je 3ajaTo:
10cm

~ 1cm
mg =01kg, p3 =0,35-BS3, pa =0,45-ES4, ps=0,45-CSs, paguu MoMeHT M3 =10Nm u
papHa cuna Fg =10 N. Cpeauiita nojeAMHaYHUX YIAHOBA Cy HA CPEJIMHU UCTHX.

UL , mgzlos_l,szzo, mo =0,2kg, m3=06kg, my=05kg, mg=0,2kg,
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14. OIPEGUBABE IIOI'OHCKE CUJIE

a Ou ce ofipeguie MHEpUUjaliHE CUJIe KOje Jesyjy Ha MeXaHU3My MPETXOJHO Ce MOpajy
openuty Op3wHEe W yOp3ama CBHX Tayaka M 4iaHOBa MexaHm3Ma. Kopucrehm wmertony mmana

Op3uHa 1 yOp3ama, IPeTXOHUM IIPOIIUPEHEeM unaHa 4 Ha 3 ca paBHU T4 A00uja ce miaH Op3uHa u
yop3ama (ci1. 14.2) Koju je HalpTaH y pa3MepH:

_1m/s‘2M _1m/s2
V7 2cem a

~ 3mm

Ca. 14.1: Kunemaitiuuxa uiema 3a0aitioz mexaHuzma (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: 352=Pa5'2-Ua=9m/82, a53=6m/52, as4=7,4m/52,
as5=6,3m/s2 " a56=a|:=9,4m/52, a

MHTCH3UTCTHU I/IHepHI/IjaJIHI/IX CHJia Cy:
Fo=my-asp =18N, F3=mg3-as3=36N, Fig=myg-as4=37N, Fg=mg-as5=L26N u
Fie =mg -ase =094 N.

~C
aFn

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
nornasmba 9.4. u are cy Ha ci. 14.3. PacTojama HanajHuX Tayaka MHEPLHjaTHUX CHIA CY:

2 2 2
BK3=BS3+-3 —38cm . EK4 =ES4+ -4 —25cm 1 CKs = CS5 + 25 ~168cm .
BS3 ESq CSs

j=ct =)
¥

Ca. 14.3: Cuae koje Oeayjy Ha mexanuzam (3aoaitika 14.1)

Jla Ou ce oppenuna noroxHcka cuna Fp MexaHHM3aM ce pacTaB/ba Ha KMHEMaTHYKe 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).

Yruiaj unana 1 Ha knm3au 6 3amewmyje ce cuiioM F12, a yTunaj uiana 3 Ha 5 3aMmemyje ce
CHJIOM KOja ce TIPefICTaB/ba ca IBe KOMIIOHEHTE, HOPMAITHOM Ha WiaH 5 ( F35n ) ¥ TaHT€HI[WjaTHOM

Ha umad 5 (F35t). CMepoBm OBHX KOMIIOHEHaTa Kao M cwiae F12 Cy Hemo3HaTH ma ce
npernocrasibajy. Henosnare cy speanocru cuna F o, F35y 1 F35¢, 10K cy ocrane nosuare. U3

ycioBa paBHOTeXe MoMeHaTa 3a Tauky C gobuja ce:
ZMC =(F12 _GG)'hB +(Fi6 _Fﬁ)'hiG +Fs5-hij5 —Gg-hgs=0. ... (14.1)

U3 oBe jennaunHe 00Mja ce Kao jefuHa HEMO3HaTa BpeHoCT cuite Fy o =9,65N. U3 ycnosa
paBHOTEKE CBHX CHJIA 32 KHHEMATHUIKK nap 5, 6 gobwuja ce:

Zﬁi = IE1,2 +§6 +Fg +Fig + G5 +Fi5 +|E3,5t +E3,5n =0. e (14.2)

npema jeqHauntn (14.2) Hanpra ce 3aTBOpEHH

IIpema ycBojeHOj pa3mepu 3a cuine Up =
p YCBOJCHO] p p F 0.5cm

nomnron cunma (cr. 14.5) opakie ce moOmjajy HemosHate cumme F35n W F35t, KAO I HIXOBA

pesyiraHra |33,5 =99N.
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E
F_©6
Sf P Fio
hg %’172
Ca. 14.4: Kunematuuuxu iiap 5, 6 Ca. 14.5: [loau2oH cuna KUHeMaiu4Ko2
(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 E1,4n u IE1,4t . Cuna nputucka y Tauku D je T:3,4 KOja je ypaBHa Ha 4aH 3, a cMep ce

IPETIIOCTABH.
W3 ycnoBa paBHOTEXE MOMeHaTa 3a Tauky D nocmarpajyhu camo unan 4 goduja ce:
ZMD(4):_Fl,4t’E+G4’hG4_Fi4'hi4:O’ .................................... (143)

OJIaKJI€ je HHTEH3UTET cune Fy 4 =2,3N.

Ha ocHOBY ycioBa paBHOTEXE CBHX CHJIa 34 KHHEMATUUKHY YIIaH 4:

D Fi=F34+ G4 +Fig +F1at +F140 =0, oo (14.4)
HalpTa Ce 3aTBOPEHM IOJMIOH CHIa W 00Mjajy Cce Cuie YMju Cy MHTeH3uTeTH F4=24N n
IN
=5N (Up=—).
R4 (Up=¢ )

- Ca. 14.6: Cune Ha KUHeMTUUYKOM HYAAHY 4
.4t (3aoaitiax 14.)

=

Fia

Cune koje genyjy Ha unaH 3 mare cy Ha ci. 14.7. Y tauku B fienyje Henmo3Harta cuia uuje cy
KoMnoHeHTe F23n, F23t. 3agatu pajgHu MoMmeHT Mg ce 300r jeHOCTaBHHjET payyHamba
npejcTaBy ca cwioM Fg Koja je ynpaBHa Ha unad 3, enyje y Tauku B, a BpefgHocT ce jobuja u3
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jenHaumne fa je M3 = Fg - BC, opakune je Fg =14,5N. Cuna npurucka y tauku C je r:5,3 = —|33,5.
HaxkoH Tora Mory ce ofipeliTi Helo3HaTe Ciiie Ha uiaHy 3 Kopuctehu yciioB paBHOTEKe CBUX CHIa
Ha OBOM WJIAHY:

ZIEi =F23n +F23t +FB + 63 +Fi3+F43+F53=0. erorosseceeneeeesssssnonn (14.5)

[Tpema ycBojeHoj pa3mepu 3a oBe cuiie a je Ug = npema jepHaunan (14.5) Hampra ce

2,5mm
3aTBOpeHM Toauron cuna (ci. 14.7) opakie ce mobujajy Hemo3HATe CHie IE2,3n u IE2,3t, Kao u

HUXO0BA pesynTanTa F2 3. V3 oMrona cuiia MHTEH3UTET OBe cuie je: Fp 3 =155N.

Ca. 14.7: Cune Ha Kunemaitiuukom 4aany 3 (3adaitiax 14.1)

Hanapnna Tauka cune F4,3, OfHOCHO BeH Kpak L 1o6uja ce u3 MOMEHTHOT YClI0oBa paBHOTEXKE
3a tauky C mocMaTpajyhu camo wiaH 3 (ci. 14.7):

ZMC(3) =-Fy 3t -BC+ Fg -E+G3-h@3 -Fs3-hjg3+ F4,3~(L+E)=0, ... (14.6)

oflakiie ce 1obuja BpegHocT Kpaka L =0,08m.
Ha noronckom unany fienyjy cuiie Koje cy npukasae Ha ci. 14.8. [Toroncka cuna Fp oppebyje
Ce U3 MOMEHTHOT YCJI0BAa PAaBHOTEXKE 3a TaUKy A:

ZMA=F3,2-h3,2+G2'hG2—Fp-A_B=0, ........................................................... (14.7)

onakine je Fp =15N..
[Tputucax y ocnonuy A MOXKe ce OfpefJuTH U3 YCI0Ba paHOTEXe CBUX CHJIA 32 WiIaH 2:

Zﬁi(g) =Fi2+F32 +Fp +§2 FFL20 +FL2t =0, oo (14.8)

1IN

omakieje o =64N (Ug T
’ 5 mm

).

OOpTHU MOMEHT Ha NOTOHCKOM uaHy 2 je: Mo =Fp -AB =27 Nm, a IOroHcKa cHara je
Po=Mo -0y =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 3aJaTo: mg :155_1,36 =0, R, =01lm, R3=015m, R4 =0,05m, R5=0,3m,
Re=0,25m, G3=20N, G4 =10N, paguu MomeHT Mo =40 Nmu yrao fogupHuLe 3yIuHaHuKa

a=20°.
[TpBo ce ofpesie yraone Op3uHe 3ynyaHuka. M3 jeqHaurHa 3a peHOCHH OJJHOC 32 3YITYaHUKE O
5 o 2 3ajeiHO ca HOcaueM 6 o0uja ce yraoHa Op3uHa FrOWBEHOT 3yMuaHuKa 2:

6
oW —
95 _R4 =Ry , ofiaKe je wp =1505 1,

6
®5 _ 05— 06 _
6 wy-05 8 R
5 2 6 o, 5
Ha victu HaunH 13 jeHaYKHe 32 MPEHOCHN OHOC U3Mehy 3ynmuanuka 2 u 3 mpema Hocauy 6:

6 6
® - ®3 -R . _
3 _D37% —3=—2,11061qace ®3 =g =—7155 1

6 wo—wr .0
5 2 6 5 3
31
4
cl—=
6 I°
B4
2
A/\“‘ _MAAA
777 [7777
sz
sl

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 MOTOHCKH YIaH 6 U HEOKPETHU

wad 1.
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Hajynamenuju nap 2, 3 mMa HajMame HEMO3HATHX CHJIA T€ Ce MPBO aHANM3Mpa OBaj map (CI.
14.10). 3ymuanmk 3 genyje Ha 3ymuanuk 2 CHIOM F32 KOja je O yriioM o Ha Tarrenty "t". Kako

HeMa JIpyrux cuia ounriefno je F1,2 =—F3 2. VI3 ycinoBa paBHOTeXKe MOMEHATa CBUX CUJIA 32 TAUKY
A:

ZMA=M2—F3,2-R2COSOL=O, ................................................................. (14.9)

nobwuja ce cuna F3p = 4257 N.

Ca. 14.10: Cune Ha kuHemaitiuvkom 4aary 2 (3aoaitiak 14.2)

Ha xunematnuku nap 3, 4 u 5 fenyjy cune xao Ha ci. 14.11. MHepunjanua cuna ynanosa 3 u 4
(1a mctoM cy Bpatuiy) jefnHaka je: K34 =mg3 4 -ac . Y0psame Tauke C je HOpManHO yOp3ame npu

JEHOIMKOM KPYKHOM KpeTamy Te je: Fig 4 =Mm34 -AC- m% =4300N.
W3 ycnosa paBHOTEXe MOMeHaTa 3a Tauky C (ci. 14.11) mobwja ce:
ZMC:—F5,4'R4-COSOL+F2,3-R3COSUN:0, ...................................... (14.10)
opakne je Fg 4 =1277N.

Heno3nara cuna nputucka y Tauku C ofpebyje ce u3 ycnoBa paBHOTEXEe CBUX CUJIa KOje IENy]y
Ha yiaHoBe 3 u 4:

> Fi(3.4) =Fi34 +F5.4 +F6 4 + 53 +G4+F23=0. oo (14.11)

W3 3arBopeHor momurona cmia mpema jegHaumHu (14.11) xoju je HampraH y pasmepu

e = 1000N  6uja ce ciuma Fg 4 = 4350 N (cr. 14.11).
lcm '
i; -
- 2,3 E 4
Fiz4 L.
G3+Gy
3
t -
Q ........... 3 FiS4
4 . o
B3 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
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ZMC:FP'R_F4,6'h4,6:O- ............................................................... (14.12)

nobuja ce nmoroHcka cuina Fp =1673N. Cuna nputucka y ocnoHiy A goOuja ce U3 3aTBOPEHOT
MOJIUTOHA CUJIA ITPEMa jeIHAUMHML:

Zﬁi(e) —FP +F46+FLON + FLOt =0, oo (14.13)

opakie je cuna Fy g = 4500 N .
OOpTHI MOMEHT Ha IIOTOHCKOM 4iiaHy 6 je Mg = Fp - AC = 418 Nm, a cHara:
P = Mg - 0g =6273W .

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 penykumje mnmm mertopa XKykosckor (2Kykosckm, 1847-1921. ropn.) 6asmpa ce Ha
pEenyKOBaHOM MexaHu3My. PeykoBanu MexaHu3aMm je miaH Op3ruHa TOT MeXaHu3Ma OKpeHyT 3a 90°
y CyIIPOTHOM CMEPY Off CMeépa yraoHe Op3UHe IIOTOHCKOT YJIaHa.

Merona KyKOBCKOT IJ1acH: aKO ce MeXaHH3aM €a jeJHHM CTeNeHOM C10007e KpeTama Moj
/IejCTBOM CNOJbALIBHX CHJIA HAJIA3H Y CTamby PaBHOTEXe, OHJia he ce y cTamy paBHOTeXKe HAIA3UTH
H PpeIyKOBaHH MeXaHH3aM MOCMATPaH Kao KpyTa cluka, onTepelieH cnobammuM cuiama.
Cnosbamme cuiie Ha pelyKOBaHOM MeXaHH3MY /ielyjy OHAKO KaKO CTBAPHO Jielyjy Ha MeXaHHu3My
0e3 poTupama.

W3 cratnukux ycnoBa paBHOTEXE (Zrzi =0n z Mj =0) 3a TauKy pe[yKOBaHOT MEXaHU3Ma
nobuja ce moTpeOHa MOTOHCKA CHJIA.

IIpumep 14.2: Heka je no3HATO KpeTamwe U CObAIIE CHIIE KOje JIeNY]y Ha YeTBOPOIONYKHI
mexanuzam (cn. 14.13). [TorpeGHO je MeTOIOM pelyKIuje OfpPEeAUTH MOTOHCKY CHITY Ha WiIaHy 2.

IaTu mopamy cy: AB=015m, BC=0,32m, CD=0,26m, AD=0,43m, AB=015m, ¢y =60°,
®2 =205'1, €2 =0, mo=0,3kg, m3=0,7kg, my =0,6kg, 1 pagHa MOMEHT M4 =50 Nm .

Cpenuiira nojeIMHAYHUX WIAHOBA Cy HA CPEJIMHU MCTHX. XajTeHCOBH LeHTpu octmoBama (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
(U, =m’ . =10m/52 ).
2cm lcm
3arum cy ofpehenr uHTEH3UTETH yOp3ama CpeuIlITa YiaHoBa MeXaHu3Ma: aggz =58 m/ s? u
agg =32m /s2.

Bpennoctu umHepuujanHux cmna cy: Fp=mop-agp =9N, F3=406N u F4=192N, a
HHUXOBE HAaMaJHEe Tayke fate cy Ha ci. 14.13.

Ca. 14.13: Kunemaiiuuxa uiema 4eitiBopoinoayHOZ Mexanusma (3aoaitiax 14.2)

Ha kuneMaTnuky memy MexaHu3Ma HaHeCy Ce CBE CIOJbAIlbe CUIIE, KA0 M HHEPIjATHE CHIIE.
Hampra ce pemykoBanun mexanuszam (ruiaH Op3uHa okpeHyT 3a 90°). 30or Behe TauHOCTH
Moxe ce Haupratu yBehan (y oBom mpumepy aBa myta) (ci.14.15). Tauka PR Ha3uBa ce
TauyKOM PEIyKOBaHOT MEXaHU3Ma.

Ca. 14.14: I1nan 6p3una u yop3aara (3aoaitiak 14.2)

193



14. OIPEGUBABE IIOI'OHCKE CUJIE

Ca. 14.15: Peoykosanu mexanuzam (3aoaitiax 14.2)

Paguu MomeHT My mpeictaBu ce cuiaoM Fc  Koja ce ofpebyje u3 jegHauYMHE:
FC=£=192,3N.
DC

Ha ocHoBy ycnoBa paBHOTEXe MOMEHATa Cila 3a TauKy Pr gobwuja ce:
D Mpr =Fp -PRB-Gy-hgp —G3-hg3 —Fiz-hijz —Fig -hig —Fc -PRC+G4 -hg4 =0, onaxie
je moroHcKa cuna Fp =231N. Pacrojama "h" cy Hajkpaha pacrojama m3meby HamaHux nuHUja
cuiia ¥ TauKe pelyKoBaHOT MEXaHU3Ma.

3aparak 14.3: 3a mexaHn3am 3a cemapanyjy 3pHa Off cilame KUTHOT KomOajHa (cim. 14.16)
OfIpEIUTH TOTPEOHY MOTOHCKY CHJy W TPUTHCKE Yy KMHEMaTHYKMM Be3ama. [laTu cy mopaum:
UL =21%, ®2 =1Os_1, m3 =4Kg, m'4:3kg, m2=3kg, mg =9kg, my =8kg, 3 =120N,

Mg =160 Nm u M7 =30 Nm . Xajrencosu uentpu unepumjanaux cuna (K) cy 3agaru Ha ci. 14.16.
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Ca. 14.16: O0pebusarse il020HCKe CU.1e MEXAHUIMA 34 CEHAPAYU]Y 3PHA HCUIIHOZ KOMOAjHA
(ilociuasKa 3aoaitiKa 14.3)

Hla Ou ce oppeamna TOrOHCKA cuia KopucTuhe ce MeToma pefykimje, a 3a ofpebuBarme
NPpUTHUCAKA Y KHHEMATUYKUM BE€3aMa METOJa KUHETOCTATUYKE aHAJIA3E.

3a nobujare NHePIUjaTHUX CUJIa, IPBO CY METOOM IUIaHa Op3KHA U I1aHa yop3ama oipehenu
KHHEMATUYKH mapameTpu Mexanu3ma (ci1. 14.17). Kopumnrhene pa3mepe cy:

_10m/s2
lem

Im/s
Uy = n U
V7 1em a

WHTeH3uTeTH MHEpLUjanHux cuia cy: Kz =144 N, F,4' =60 N, F,4" =60N, F5=378N u
F7 =328 N, a HanajiHe TauKe, TPaBLM U CMEPOBH CY AaTu Ha ci. 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)

PeykoBann MexaHn3aM ca CBUM CIIOJbAllllbMM U MHEPLUjaJTHUM CHJIamMa KOje Ha Hera Jenyjy
npukasaH je Ha ci. 14.19, ojakie ce Ha OCHOBY MOMEHTHOT yCJIOBa PaBHOTEXKe 3a TaUKy PR :

Y For =Fp-PRD—F3-h3~G3-hg3~Fi3-hi3—~Fig -hig ~G4 -hG4 +G4 -hga +
+G5-hgs5 —Fs-his—Fp-hp —Fg -hjg +Fy-hy+G7-h7 -FK7-hj7 =0

noGuja moroncka cuma Fp =366 N. IToroncku MomeHT je Mp =Fp-AB=128Nm, a chara

Pp =Mp-®p =1280 Nm. Pajgau mMomeHT Mg je mpeacTaBbeH cuiom Fp :% =205N, a

MOMEHT M7 cunom 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
MOYNH-E Of] HajylaJbeHU]eT Mapa, jep UMa HajMamhe HEMO3HATUX, § OBOM IPUMEPY TO MOXKe OUTHU Iap
8,7 unu 6, 5, cBejeiHo.

Ha ocHoBy ycnoBa paBHOTeke 3a nap 6, 5 f1a je 36up MomeHTa 3a Tauky D nocmatpajyhu uwian
6 jeqHaK: Z MD(G) = Fy 6t .DE =0, go6uja ce Fi6t =ON (cn. 14.20). M3 36upa MOMeHaTa CBUX

cuna 3a Tauky D nocmatpajyhu camo mran 5 go6uja ce jeHaunHA:
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ZMD(S) =—F345¢ -5+G5-h@5 - K5 -hj5 =0, opakie je F34,5¢ =914 N.

Henosuare cune F345n n FLen Ao0Hjajy ce 3 jeqHaunne 36Mpa CBUX CHIA 3a map 5 u 6:
ZIES 6= F345t + F345n + G5 + Fi5 + FLen + FD =0. Ha ocHOBy rpacmukor mpukasa oOBe

jennaumne (ci. 14. 20) mobumja ce F gy =380N um F345 =635N (Up _100N ).

lcm

HWcru moctynak ce moHoBw 3a map 7, 8 (ci. 14.21). W3 jepraunne z M, ® " Mgt 13 =0 gobuja

ce gt =0N. U3 jeqnaune:

M \(7) =347t ‘HI+Fy -HI+G7 -hg7 —F7 -hj7 =0 nobuja ce Fzq7¢ =—-2135N. Ocrane
HEMo3HaTe cuie nobujajy ce u3 HOJIUTOHA cuna npemMa jelHauYMHK
ZIE7 8 =r:34,7t + |334,7n +IEH +§7 +|Ei7 +|El,8n =0, opgakie je F1,8 =104N n F34’7 =450 N

100 N
lcm

(Ug=

).

Ca. 14. 21: Cune na kunemaitiuuxkom itapy 7, 8 (3aoaitiax 14.3)

Cune xoje pmenyjy Ha kuHeMaTHuku mnap 3, 4 par je Ha ciauuu 14.22. W3 jepHavune
ZMc(a) =—Fp3t-BC+F3-h3+G3-hg3+Fg3-hj3=0 nodujace Fp 3t =83 N. U3 jennaune:
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ZMC(4) =—F734-h734-Fig-Nig+Gy-Nga+Fat-h1at +G4-hga+Fg-hig =0 pobuja ce
Fat =743N.

Ocrane Hemo3HaTe cuiie Ha KMHEMAaTHYKOM mapy 3, 4 jobujajy ce U3 3aTBOPEHOT NOJIMIOHA
cuna npeMa jeiHaunuHu:

> Fog=F23n+F23t+F3+G3+Fi3g+F534 +Ga+Fig+Fpat

+F14n +G4+Fig +F7.34 =0
100N

OfIaKJIE je F1,4 =1090N u F2,3 =1290N (UEg :m)

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

Tauky A, ZM =F37-hgo+Fp- AB=0, cen j1a je Fp= F3 2 —387 N . JoOujeHe BpeIHOCTU

IIOTOHCKE cujie Fp JoOujeHe METOOM KHHETOCTaTUYKE AaHalu3e U METONOM pefyKiuje
(Fp=366N) Tpeba ma cy ucre. Mebyrtum, 0 Maje pa3jiukKe y BpPeHOCTHMA je NOULIO 300T
HENPEUU3HOCTH rpahoaHaIuTHIKE METOJIE.

Y32

Cn. 14.23: Cune na kunemamuuxom napy 1,2

A = (3a0amax 14.3)
P

¥i2
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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: Z Fi =0, Z Mi =0.

Y cayuajy Aa je MexaHr3aM HeypaBHOTEKEH JI0JIa3M 10 AMHaMIIKuX onTepehera u Bubpamuja
KOje MOTy OMTH TaKBMX MHTEH3UTETA Jja I0BOJIe 10 OpxKer omreherma, OpsKer 3aMopa Matepujajia u
nomoBa. [Ipo6ieM HeypaBHOTEKEHOCTH MEXaHU3aMa je M3PaKeHUj! KOJ| rabapuTHAX U OP30XOIUX
MeXaHU3aMa.

YpaBHOTEXKeHme (OanaHCHpambe) MeXaHn3aMa ce 00aBlba y Pa3MIATUM (Da3ama, off HejHOT
pemema 1 n300pa MeXaHM3Ma, KOHCTPYKIUje U TPOjeKTOBaba, NPOU3BOKE, MOHTAKE M HAKOH
onipebeHor neprosia Kopuithemba MexaHn3ma (y TOKY eKCIioaTanmje).

Y nepuony cTBapama MeXaHW3Ma NpuApKaBajyhu ce CBUX NpaBUiia ypaBHOTEKEHA, MOTY Ce
NIOOUTH OBOJLHO YPaBHOTEXKEHN MeXaHM3MH. MehyTum, y TOKY NpOM3BOJle U MOHTaXe MOXKe
nohu 10 HeypaBHOTEkeHOCTH (fle6aanca) u3 BUIIE pasyiora.

UnaHoBM MexHHM3aMa HE MOTY OWTH WJIealTHOT M XOMEIeHOT pacropefa Maca. BpegHoct
MHEPIUjaiHe CUJIe YaHa Koju ce Kpehe jeTHONMMKO KPYKHO je (hyHKIMja KBajipaTa yraone Op3uHe
(F=m-a=m-R -mz), TaKO Jla ¥ BPJIO Majle HEYPaBHOTEXKEHE Mace MMajy 3HATHY BPEJHOCT
VIHEpLWjallHE CUTIE.

[Tpu MOHTaX! MOXe JI0hH 10 Pa3TMIATHX CYOjEeKTUBHUX U OOjEKTUBHUX OJICTYIAakha 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, Pa3iuyuTe BIAKHOCTH WTJ, TAKO 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:

— JlenUMUYHO WIM CTaTHYKO yPABHOTEXKEHE je OHO ypaBHOTEXKEHE I7ie je 30Mp CBUX

VHEpLMjaHUX CUNa JeHaK HYJH (Z'Ei =0), 70K 30Mp MOMEHTa HUje jeflHAK HYIH
(D-Mj=0);

— JIuHaMHYKO WM TNOTIYHO YPaBHOTEXEHE jeé OHO YpaBHOTEXEHE IJe je 30Mp CBUX
VHEpLHMjalHUX CHJIa ¥ 30Mp MOMEHATa CBUX MHEpLMjalHUX CHIA jefHAK HYIH (ZIEi =0,

D> Mj=0)u

— KoM0OuHOBaHO ypaBHOTEXEHE jeé OHO YpaBHOTEXEHe TIfe je 30up MOMeHaTa CBHX
UHEPLUjalHUX CUJa jeflHaK HYNU, JOK 30Up HMHEepUMjaHUX 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:

DRS00 s (15.1)

AHanu3upajMo ITa MeXaHu3aM Tpeba fJa 3afoBObM Aa OM OMO HUCHYyHEH IPBH YCIOB
ypaBHOTeXema, jeqHaunHa (15.1). [TocmatpajMo jefHOCTaBaH paBaHCKM KIWIHE MeXaHH3aM (CII.
15.1) ynju yTaHOBYM MMajy pa3IuInTe HHepquanHe CUJIE KOje ce MOT'Y pa3JIOXKHUTH Ha OCe X,y U Z:

ZFXi Zm, & o ZFyl zml ZFZl zm| d— ..... (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
¢

Fyi= —mZZm, —SZm ........................................................................... (15.3)

Fi =0 (3a paBancku MeX&HI/IBaM).

30up uHepuHUjanHuX cuiia Tpeda fia je jeHaKk Hynu,zrzi =Fxi + IEyi +Fzi =0. Ogaj ycnos he
OWTH UCTYH-EH aKO WIaHOBH U3 jegHaunHe (15.3) 6yay jemHaku Hymu:
2 2
d“Xj dx; dy;j dy;j .
m; =0, m; —L =0, m; —=-=0, m; —! =0, jep HEMa CMHUCJIA 7a YTraoHe
Tl =0, TmGieo Tmt -0 TmPie0. je o y

Op3uHe ¥ yraona yop3awa Oyay jemHaku Hymu (o=#0 m £#0). [la 6u Ounm 3aJOBOJbEHH OBH
u3pasiu, Tpeda fja cy UCIyHEeHH YCIOBY:

Zmic(ij—)zpizo " Zmi(;—)gzo. ........................................................................... (15.4)

30up Maca cBHX WllaHOBAa MEXaHHM3Ma jeJiHaKa je Mach MeXaHu3ma “m” (Zmi =m), a 306up
KOMIIOHEHAaTa MOjeJMHaYHUX MOJI0kKaja CPEeMIITa Maca YWIaHOBA MEXaHM3Ma jeflHaK je MOJoXajy

CPEJMIITY IETOKYITHOT Mexanm3Ma (D Xj =Xs, »_Yj =Yys) Te je:

S Zi_m®S gy Wiy OIyS—o. .................................................. (15.5)
do do do  do
K o DoMiXi D mi-Yi
OOpAMHATE CpeauIlTa MEXaHA3Ma Cy: Xg = T nyg==—"———,

e je: Xj,Yj (m)— KoopiuHaTe CpeInTa Maca MOjeIMHAYHUX MOKPETHUX WIAHOBA MEXaHU3MA;
Xs,Ys (M) — KOOpAMHATE CPEUIITA [IEITOKYITHOT MEXaHU3Ma.

Ananuszom jegHaunde (15.5), 063MpoM 1a HeMa CMHCIIa J1a je Maca MeXaHW3Ma jeflHaKa HyJu
(m #0) mpou3uia3su fja MPBU U3BOJI MOJIOKAja CPEAUITa MexaHu3Ma ( Xg, Yg ) MO YIIy MOJokKaja
TIOTOHCKOT WiaHa (¢ ) Tpeba fia cy jelHaKu HyJIH:
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XS 0t 8 S 0 e (15.6)
do do

OBgaj ycnoB he OMTH 33JJ0BOJBEH AKO J€:

XG = CONSt M YG = CONSL.  ueviiereieiiieireietreieiseie ettt sese sttt (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
01O ypaBHOTEXEH) cpeuIlTe MeXaHu3Ma "'S" TOKOM HKeroBor KpeTama Tpeda Ja je HemOKpeTHO
(cm. 15.1).

Ca. 15.1: Ycaosu ypasnoitiexcersa
MEXaHU3IMa

JIpyru ycioB ypaBHOTEKEHOCTH MEXaHH3Ma je f1a je 30up MOMeHAaTa CBUX MHEPIHjATHUX CUJIa
JefHaK HyJIH:

ZI\_/I'izzaxFi:Z“mi'aixFi:O. ......................................................... (15.8)

Axo ce jeqraunna (15.8) Hanmie y ckaaapHOM OOIIMKY 32 paBaHCKU MEXaHU3aM UMaMo J1a je:

d?y; dx;
Mxi=2mi-zi-—yz':0,Myi=2mi-zi-—2'=0. ........................... (15.9)
dt dt
Amnamm3om m3pasa (15.9) nobwuja ce:
d d d
£Zmi - Zi - Yj =£ Zm, Zi - Xj = (p'xz =0, oo (15.10)

rae jei lyz, Iyg (kgmz) - HeHTpu(yraiHu MOMEHT MHEpLHje MeXaHu3Ma 3a oce y u X. [la Ou 6uo
3a/10BOJbeH ycnoB u3 jenHaunte (15.10) Tpeba na je:

lyz =D Mj-zj-yj=const, Iy, => Mj-Zj-Xj =CONSt. oorrricrrrrirrrrre (15.11)
JIpyrum peunma, 1a 6u 30Mp CBHX MOMEHATa MHEPUHjaTHUX CHJIA HA MEXaHM3MY OHO jeqHAK
HYJ (1a OM 0MO IMHAMHMYKY YPaBHOTEXEH) eHTPU(YraaIHin MOMEHT HHepUHje Maca ““ | ”'3a oce X,

Y U Z Tpeda [1a je KOHCTAHTAH WM Apyravyuje peyeHo, oca poTanyje U oca HHepuuje 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 (Zﬁ. =0, Z M;j =0), Te uMamo
NOTIYHO JMHAMUYKO YPaBHOTEXEHE poTopa. ¥ ApyroM ciuyuajy (ci. 15.2b) 3ajoBosbeH je apyrn
YCJIOB, a HHUje NPBH (ZMi =0, ZT:. #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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cpeauite potopa "S", 3aJJ0BOJbEH je NMpPBU, & HUje PYTH YCIOB (in =0,ZMi #0), Tako f1a

IMaMo JIEMMMAYHO YypaBHOTEXeme. Y 4eTBproM mnpuMmepy (cin. 15.2d) wmmamo mnoTmyHO
HEYPaBHOTEXEH POTOP, jep HUje 3a[J0BObEH HUje/laH YCIIOB, IIOLITO Ce 0Ca HHEPILMja He MOoKJamna ca

0COM poTanyje 1 He mpona3su Kpo3 cpepumre "S" ( z_lf| #0, z Mi #0).

oca uHepuuje oca uHepuuje

Wt -" — '
oca e 0Ca

MHEpIHje MHEpIHje

poranuje  OCa poTanuje

a) b) c) d)
Ca. 15.2: Oca obpiuiara u oca unepuuje poiiopa
a) ypasHoitiexceH, b) KoOMOUHOBAHO YpaBHOIieH eH, C) OeAUMULHO YPABHOULEHCEH,
d) HeypasHoitiexeH

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 MEXaHM3aMa.

3aBHUCHO Of1 TOTa Jia JIX IIPY NOCTYIKY YPAaBHOTEXE A 10/1ajeMO UK Ofly3MMaMO Mace MOCToje:

— MeTojie Ofly3uMama 1

— MeTojie IoflaBama Maca.
W3 yncTo mpakTMYHUX pasnora uenrhe ce KOpUcTe METOfIE A0flaBamha Maca.

3aBuCHO 0f1 TOra y K0joj pa3u ce 006aBiba ypaBHOTEXKEHE MEXaHH3Ma IMAMO:

—  KOHCTPYKIMOHO,

—  eKCIepUMEeHTATHO (110 U3nacKy u3 abpuKe 1 Off pou3Bobaua) n

—  eKCINIOATAaIMOHO.
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
MIMaMo:

— 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

MeTona IIaBHUX Ta4daKa CC€ KOPUCTHU 3a JCJIUMUYHO YPABHOTCXKCHC MOJY>KHUX MECXaHU3aMa.
OBa Merona moppasymeBa ofipebuBame TMOJOXKaja cpeguinTa Maca (TEXKMINTA) LETOKYITHOT
MEXaHM3Ma, aKO Ce 3Hajy Mace ¥ CPEIUILTA OjEeIUHIX TOKPETHUX YIAaHOBA MOTY>KHOT MEXaHU3Ma.

[Monoxaj cpeaniiTa MEXaHU3Ma I'S je[JHAK je 30MpY CPEJIMIITa Maca TOjeIMHaYHIX TOKPETHAX
4jaHoBa MexaHm3Ma (ci. 15.3):

FS:ZFi T o T o/ (15.12)

Ca. 15.3: O0pebusarbe cpeduutinia Maca Mexanusma

Axko ce jeqnaunHa (15.12) moMHOXHU ca MacoM MexaHum3Mma "m" Koja je jegHaka 30Mpy Mmaca
MOKTPETHHX YJIaHOBA M = Zmi =My + M3 + My fo0wuja ce:

Fs-mzzji-mize-m2+F3-m3+F4-m4, ““““““““““““““““““““““““ (15.13)
oflaKJe je:
- FMi ro.mp+r3-mg+r4-m
rs:z' L L L T L S (15.14)
m m

AKO pagujyc BEKTOpe TOKPETHMX WIAHOBAa W3pa3uMO Kao: r2=ap, r3=>L2+a3s,

rg=L2+L3+asu yHeceMo X y jenHaunny (15.14), a HakoH cpebuBama no6uja ce:

- Mo -a2 +_L'2(m3+m4)+m3-53+_L'3.m4 . My -a4
m m m

[TpBu unaH oBe jeHaYMHE je HEKU BEKTOp y mpaBuy r2 u L2 xojer hemo o3nauurtu ca h2 ,

IpyT'H 4YiaH je y TpaBIy r3 u L3 u osHauaBamo ca h3 uty, Te jeqHaunHa (15.15) Ha ocHOBY
jemnaunse (15.7) nma o6muK:

rs=ho +h3+ha=const uan 1S =2 + N3 +N4 =0, oooeoorreoomeemreerrrirrn, (15.16)
rye je:
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15. YPABHOTEXEBE MEXAHU3AMA

mo -52 +E2(m3 + m4)

- - mg-az+L3z-m
h2: 9h3: 3:93 3 47

Bektopu hi onpebyjy rnaBre tauke H; (tauke Hy, H3 u Hy, ci. 15.3) mo kojuMa je oBa
MeTofia f00uIa NMe.
MeTopa rinaBHAX Tauaka MMa BHIIIE HEJOCTaTaKa:
- OTrpaHMYeHa je IPUMEHA CaMO Ha MOJTy>KHE 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 ITAaBHMX Tayaka 3a YpPaBHOTEXKEHE MONYXKHHX MeXaHM3aMa JaT je Ha
YETBOPOTOIY>KHOM 1 KIUITHOM MEXaHU3MY.

YpaBHOTeme}be YECTBOPOIMOJIYKHOI' MEXaHU3MaA

Jla 61 4eTBOPOTONYKHA MeXaHN3aM OHO IeJIMMIYHO YPaBHOTEXKEH, Tpeda aa Oyjie 3a10BOJbeH
ycnoB jia je rs =0, U3 yera npou3uiiasu jia je:

ﬁz=0,ﬁg=0nﬁ4=0, ................................................................................ (15.18)

a3a ycJIoB Jia je rs = const mpou3niasy Aa je:

E—2=E—3=E—4=const. .................................................................................. (15.19)
L2 L3 Lag

Axo ce y jennauuny (15.19) ynecy uzpasu (15.17) mo6wuja ce:
my-az +L2(mg+my) mg-az+L3-mg my-a4

m = m =—M__ yujum cpebusamem ce go6uja:
L2 L3 L4
mgﬁ—Z:mg, 3—3—1 Kao u mgi—szmg E_l.—4—1 , m23—2=m4 i—4— ... (15.20)
L2 L3 L3 L4 Lo L4

AKo 3a OJJHOCE HOJIO}Kaja cpeauuiTa HOjCIII/IHI/IX WIaHOBA M BbUXOBUX IY2>KNHA YBEIEMO cne;[ehe

-

as a3 a4 . :
3aMeHe: 69 ==—, 03 =—=— G4 ==— ¥ YBPCTUMO Yy TPETXOAHY jelHaunMHy poOuja ce:
L2 L3 La
Mo -Gp = m3(03 —1), ms3-o3 = m4(64 —1) My -Gy = m4(04 —1), OflaKJe je:
m
G2 =—3(0'3 —1), o3 =m(64 —1) i e =M((54 —1), .......................... (15.21)
m m3 m2
A . m3 my
KO 3a OJHOCE Maca MOKPETHHX YJaHOBA YBEJEMO 3aMeHe: P32 = e Pag= n
3
my . .
P42 =" U3 jelHAMUHE (15.21) moGwuja ce:
2
__%2 __93 - %263 _ . 15.22
P32 = T PAR T T P2 S T Ty T P32 PA (15.22)
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15. YPABHOTEXEBE MEXAHU3AMA

Ananmszom jenHaumna of (15.18) mo (15.22) mMoxe ce 3aKIbYYMTH Jla HA MOJNOXKA] CPEUIITA
MexXaHU3Ma He yTuuy Op3uHe 1 yOp3ama YlaHOBa MeXaHu3Ma Beh caMo pacrnopes lbUXOBUX Maca.

ARanu3om BpefHOCTH M MehycoOHMX OfjHOCa MapaMerapa G M p 33 YETBOPOIONYKHU
MexaHm3aM, 1o0rjajy ce pasmudmte MoryhHOCTH pi Kojuma he 6uT rs = 0 i rs = const.

IIpBa moryhnocr je:

- -

1.6p=22 50, 63222 510 04222 5> 1. e (15.23)
L2 L3 L4
Ja Ou Ounu ucCnywmeHH YCIOBH MOJA TauykoM 1. moTpeOHO je unaHoBuma 3 u 4 pomatu
KOPEKI[MOHEe Mace My3 U My (mpoTtuBrerose) (ci. 15.4) Kako O ce HAKOH TOTA CPEMIITA OBHX

41aHOBA TIOMEpHIIA y Tauke S, M Say , OHOCHO fia O ce nodue Behe BpeHOCTH a3 Of L3 1 a4
on La (a3 < L3, a4 > L4). BpegHocTr KOPEKIMOHAX Maca M3 W Mis KAO W HUXOB MOMOKA]

(Tauaka 8'3 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 pefayKyje Ha Tauke A

n B. Y cayuajy na je cpepmmre Sy Ha cpefiMHM WiaHa 2 (XOMOTEH pacrope] Maca) MMamo fia je
m2

Mma =Mp ZT.

Ca. 15.4: IIpsa mozZyhHociti 000a8aHA KOPEKUUOHUX MACA
4ei80POUONYHCHOM MEXAHUIMY

JIpyra moryhnoct ofjHoca napamerapa ¢ 1 p y Iuby 100Mjakba CTaTHYKE YPABHOTEXKEHOCTU
YETBOPONOJYKHOT Mexanu3ma (ci1. 15.5) je:

- - -

2.69="22 20, 63="2 c0uog=22 <1, (15.24)
L2 L3 Lg
Jla 6u 6uny 3aJ0BOJbEHU YCIIOBH U3 jenHaunHe (15.24) moTpeGHO je MoaaTu KOPEKIMOoHe Mace
npyrom u Tpehem unany (Myo , M3 ) Kako 61 ce HAKOH TOTa BUXOBa CPEIUIITA TOMEPHIIA y TaUKe
Sou 1 Sgy . [Ipen3nak MuHyc (—a2 ) 3Ha4H J1a Cy MOJNOKAjH CPENIUINTa KHHEMATHYKOT Jieia YiaHa

2, Tauke Sy W TayKe CPEAMINTA HAKOH JIOflaBaa KOPEKIMOHEe Mace (Tauke Sy, ) HA CYNPOTHUM
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15. YPABHOTEXEBE MEXAHU3AMA

crpaHama ofi ocionna (tauke A). [TomTo ce wnany 4 He foaje 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
yjaHoBa 2, 3 u 4 ca KOPEKIMOHMM MacamMa Myo, M3 ¥ M4 TaKo ja ce [oOM]y yKyIIHA CPEeUILTA
YJIaHOBA Ko Ha ci1. 15.6. AHATUTHYKY YCIIOBY KOju Tpeba ia ce 3a[0BObe CY:

-

3. Gzz_ﬁaz <0,03=__.—a3<01/1c54=§—4=0. ................................... (15.25)
L2 L3 L4

N3 jemnaunne (15.25) cnepu 3akibydak fa unany 4 TpeOa M0aTH OHOJMKY KOPEKIMOHY Macy
My 4 HakoH 4era he ykymau nenTap wiana 4 (S, ) 6utn y Tauku C.

Yerpra MoryhHOCT 3a CTaTUYKO YpPaBHOTEXEHE UYETBOPOIONYXHOI MeEXaHU3Ma je
NPOLIMPEHE YIaHOBA 2 U 4 ca KOPEKLMOHMM MacamMa Mgy U Mg TaKo fa ce [oO0Mjy yKyIHa
CpeMIITa YWIAHOBA Kao Ha ci1. 15.7. AHaANUTHYKY YCIIOBU KOju Tpeba Jja ce UCIyHE CY:

- - -

4.622__.ﬂ<0, 1>c3=i—3>0 [ o4=i—4>1. ........................ (15.26)
L2 L3 L4

Maca unana 3 (mg) ce penykyje Ha Tauke B u C.
Hexka ipyra komOuHal#ja joflaBamba KOPEKIMOHUX Maca Y€TBOPOIIOIY;KHOM MEXaHU3MY, MEMO

YEeTUPU MOKa3aHe, He O Jlana ypaBHOTEXKEH MeXaHu3aM, Beh HampoTHB, joul Buile OU JOLLIO [0
HapyllaBawba YPaBHOTEKEHOCTH.
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15. YPABHOTEXEBE MEXAHU3AMA

Ca. 15.6: Tpeha mozyhHocili 000asarwa KOPeKUUOHUX Maca
YeiUBOPOUONYHCHOM MEXAHUIMY

my) Sy

Ca. 15.7: Yeitiepitia mo2yhHocili 000a8ara KOPEKUUOHUX MaCa
4eliBOPOUONYHCHOM MEXAHUIMY

3aparak 15.1: 32 yeTBOPONONYXXKHI MeXaHU3aM OPEAUTU KOPEKIMOHE Mace 4IaHOBa Ipema
Tpehoj MoryhHocTH ypaBHOTEXema (ci1. 15.6) aKo je 3agaTo:

AB=L,=025m, AS;=060m, BC=L3=080m, BS3=070m, CD=L4z=056m,

CS4=015m, my =05kg, m3=15kg u my =09kg. Cpemmura Maca NojeJMHAYHAX YIAHOBA
Cy Ha CpEeJIMHU MCTHUX. Y CIIOB YpaBHOTEXEHA je 18 =0.

Ha ocHoBy u3pa3a na je Fs = ﬁz + ﬁ3 + ﬁ4 =0 uMmamo jaje:
ho = Mau-22u + L2(mgy +mgy)

:O’
m
ﬁ3:m3u -a3u +L3-myy 0,
m
F L O (15.27)
m
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T7e cy: Moy, M3y, Myy (kg) — ykynHe Mace umaHOBa HAKOH JI0laBamba KOPEKIMOHNX Maca, Te je:
My =M2 +Mkp, M3y = M3 +My3 U Mgy =My +Miy.

O3Hake apy, a3y M a4y MOPEACTaBibajy pacTojama CPeAullTa WIAHOBA HAKOH JIOflaBama
KOPEKIMOHUX Maca.

Y tpehem u3pasy jepnaunne (15.27) uma HajMame HEMO3HATHX BEMYNHA, T€ CE PBO KOPUCTH
Taj, U3 KOjer Clefu 1a je: My, -aaqy =0, ofakie cineau 1a je a4, =0 , jep He MOXke Maca 4YeTBPTOT
yjaHa OWTH jefHaKka Hyiu. To 3HAUM fja HAKOH JI0flaBama Mace My, YKYIHO CPEeMIITe WiaHa 4
Tpeba ga Oyzie y tauku C.

Kopucrehu cratinuku ycinoB paBHOTEXe unaHa 4 3a Tauky C nMamo fa je:

Mkg C_S'4 =My -C_S4, .................................................................................... (15.28)

oflakie ce fobuja M4 =1,68kg u my, =2,58Kkg .
W3 npyre jepaaunne (15.27) nmamo na je:

M3, -agy + L3 -myy =0,T). mg, -B_S3u +ﬁ-m4u =0, e (15.29)

TJie Cy IBE HENO3HATe BENUUYMHE M3y U agy . Jpyry noTpeOHy jefHaunHy [00MjaMO U3 MOMEHTHOT
yCII0Ba paBHOTEXeE 4iIaHa 3 3a Tauky B:

My3-BS3+ Mgy -BS3u = M3 BS3. ooooeeeeeeeeeeeeeeeeseeeeeeeeseeonsssseseeeesssns e (15.30)

Ha ocHoBy jennaunna (15.29 u 15.30) umamo fia je: my3 =3,80kg, mg, =5,30kg u BS3y =0,39m.
W3 npge jeqnaunne (15.27) nmamo fa je:

Moy -agy + Lo(msy +mgay)=0,1j. My, -AS2y + AB(mg, +myy ) =0, ... (15.31)

IJe Cy [BE HEINO3HaTe BeauuuHe Mo, U ASp, . [Ipyry norpeOHy jegHauumHy poOujamo u3
MOMEHTHOT yCIIOBAa PABHOTEKE YJIaHa 2 3a TaUKy A

M2 - AS2 + Moy - AS2U = M9 - AS2. oo ssssese s (15.32)

Ha ocHoBy jenaunna (15.31 1 15.32) mmamo f1a je: myo =3,39kg, mo, =3,89kg 1 AS2y =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 TPAHCAATOPHU WiaH 4.

3aparak 15.2: 3a kiunxu Mexanusam (ci1. 15.8) ofpeauT KOpeKIMOHY Macy 4naHoBa 2 1 3 ako
je 3amato: AB=L,=030m, AS2=060m, BC=L3=080m, BS3=0,70m, my=05kg,
m3 =15kg 1 my =0,6 kg . Cpeauira Maca nojejJuHaYHUX YJIaHOBA CY HA CPEAMHH UCTUX. Y CIOB
YPaBHOTEXKEH:A j& rs=0.

Ha ocrHoBy u3pa3a fia je rs=h2 +h3=0 mvmamo naje:
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Moy -a2u +L2(m3u +m4):0 " H3= Mgy -a3u +L3.m4 ~0
m m

............. (15.33)

o =

U3 npyre jepmaunne (15.33) je: ms, -BS3y +BC-my =0. Jom jenna notpeGHa jeHaunHa
nobuja ce U3 MOMEHTHOT yCIIOBa PaBHOTEKE UiiaHa 3 3a Tauky B:

My3-BS3 + M3, -BS3y =M3-BS3+Myg -BC. oo (15.34)

Ha ocnoBy jemnaumna (15.33 u 15.34) nobuja ce pma je my3=2,22kg, mgyy =372kg u
BSay =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 -AS2u + AB(M3y + M) =0, oovvvvvveeeeercssesesseseeeeeeeeessssssssssssssssssseeee (15.35)

M2 - AS2 + Moy - AS2U =M - AS2.  oooeeeeeeeeeeeeseeeeeeeevees s (15.36)

_ Ha ocrosy jepmaumna (1535 u 15.36) mmamo pma je: myp =228kg, mp, =2,78kg u
ASyy =-0,46m.

mgp

Ca. 15.8: YpasHoiuexcerre KAUUHOZ MEXAHUIMA METLLOOOM
21a8HUX avaka (3aoaitiak 15.2)

15.4. MeTopa xapMOHHjCKe aHATH3€

MeTopia XapMOHHjCKE aHalu3e KOPUCTH CE 3a JIENUMHUYHO YPABHOTEXKEHE TPaHCIATOPHUX
YJaHOBA MOJNYXKHUX MeXaHu3ama. [Ipy ToMe ce He ypaBHOTEXY]y UlaHOBM Ca PAaTallUOHUM U

CIIO>KEHUM KPETAEM.
Y nornasmy 6.51, jegmaumna (6.30) mat je m3pa3 3a ybp3ame Tauke C Ha KImImy:

ac = m% - AB(cos @ +1.c0s 2¢) (ci1. 15.9). AKo ce 0Baj H3pa3 MOMHOXKH Ca MACOM WIAHA 4 IMaMO fia
je HHepLjaIHa Cuila Ha KJIHMIY jeHaKa:

Fig =Mg-AB- 05 -COSQ+ Mg AB- 03 -ACOS20, woerrrernserrscrsnser (15.37)

. AB
re je: A = o - OIHOC Ty>KMHA 4YJIaHOBa 2 u 3.

Axo ce mpem wiaH m3paza (15.37) o3Haum ca Fi'4=m4-A_B-0)§-COS(p, a qpyra ca

Fiq =My -E-m% -A.COS 2 MMaMOo jia je:
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R R T (15.38)

Kako je pmpyrm wian m3pasa (15.38) mMHOro mawmu Of IpBOT (|3,4 << Fll4 ), |3|"4 MOXeE ce

3aHEMapuUTH, TE Ce ycBaja U3pa3 3a MPHUONKHO ofjpebuBame BpEJHOCTH MHEpLMjallHE CUIIE Ha
Kiuny 4:

Fig X Mg AB- 03 -COSP.  rrerrremvsemsnsemsnsessnsessnsossnsesssssssssnsse (15.39)

AKO ce ypoBHOTEKaBa caMo IPBH YIaH MHEpLHjalHe cuile Fy, TO ce Ha3uBa YPaBHOTEXKEHEM

IPBOT pefia, a aKo ce YpaBHOTEKaBajy 06a unaHa F,'4 u I:,"4 , OHJIA j& TO YPaBHOTEXKEHE IPYror pefia.
Wuepuujanua cuna Ky ce ypaBHOTeXaBa 0laBaleM KOPEKIMOHE Mace My Ha 4iaH 2 4uja
MHEpUUjanHa cuma Fk MMa npasar wiana 2 (1. 15.9) i MoXe ce PacTABUTH Ha jjBe KOMIIOHEHTE
Fev =Fc-sing 1 Fgy = Fk - €cos o.
Tpeba pmomatu OHOMUKY Macy My uuja he XOpU3OHTaTHA KOMIOHEHTa OWTH jeHaKa
WHEPLHjaTHO] CUJIU HA KIUIY:

Kopexunona maca my Moxe ce OApefUTH U3 CTaTHYKE PAaBHOTEXE UllaHa 2, ako ce Ipe Tora
penyKyje Maca KiiMmna my Ha Tauky B, a 3aHemapu ce maca unana 2 (my ) Tajia je:

L (15.41)
AS
® B
> 3
A 2 @ C 1514 Ca. 15.9: ¥YpasHoitiexcere meitio0oMm XapmMoHUjcke
ikH ] e ananuse

WuepuujanHa cuna ycnep  jgopgate  mace My je: Fk=|:|2=mk'agAn :mk-A_Smg.

Xopu30HTaIHA KOMIIOHEHTA OBe culie je Fyq = Fi - cosp =my-AS- ®2 -cos¢ . Kapia ce y oBaj u3pas
yHece my u3 jeqHaunne (15.41), HakoH cpebuBama, foduja ce:

FH ZM4-AB - 03 COSQ . errrerrsernsersnsessnsessnsessssessssesessnsessnsoe (15.42)
Ynopebyjyhn uzpaze (15.39 u 15.42) moxe ce 3aKIbYUnTH fia je:
FkH = Fig ZM4AB- 03 C0SQ . vrerrrnserernsnsessnsnsesesnnsessne (15.43)

HonmaBamem ofroBapajyhe kopekiuoHe Mace Ha uinaH 2 mpema jepHaunnu (15.41) moxe ce
YPaBHOTEXHUTH HHEpIWjamHAa cuiaa Ha kKiummy 4 m To cmina mpeor pepa (Fig ), mok ocraje
HeypaBHOTEKeHa cuia pyror peaa ( Fi4 ).
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15. YPABHOTEXEBE MEXAHU3AMA

MebyTtum, Ha OBaj HauuH AOOWjeHA je M BEpPTHKAIHA KOMIIOHEHTA Fkv KOja je ocrana
HEYpaBHOTEXEHa, Ka0 M TO /Ia je OCTa0 HEypaBHOTEKEH MOMEHT XOPH3OHTAlHE KOMIIOHEHTE
Myy = Fy - AS-sing.

Ha 6u ce m36erao Hacranu npodiaeM 300T MojaBe BEPTUKAIHE CHIIE I MOMEHTA, KOPEKIMOHA
Maca ce Jlofjaje Ha [iBe CTpaHe, CHMETPHYHO, MOJOBUHY M /2 Ha jefHy, a TMOJOBUHY Ha APYTY

Fev

crpany (ci. 15.10). Ha Taj HaumH ce 1o0ujajy B UCTE BEPTHKATHE CHJIE - CYNIPOTHUX CMEPOBa
Koje ce MehycoOHO ypaBHOTEXKAaBajy.
% + FKTH YpaBHOTEXYje UHEPIHjaTHY

cuny Fa, MebyTuM HamajHe JMHUje UM Ce HE TOKJIAMajy Te Ce jaB/ba HEYPABHOTEKEH MOMEHT Off

PesynraranTa XOpU30OHTAIHUX KOMIIOHEHTH Ry =

cmie Fgy. da Ou ce ypaBHOTEKMO HACTANM MOMEHT cuie Fygy Mopa ce ofjaTé 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 APYTd 4WiaH
jemnaunmne (15.38), Tj. ypaBHOTEXKY]y ce U CHiIe APYTOr peaa Fig .

HonatHu poOiieM ypaBHOTEXKEHA TPAHCIATOPHOT WiaHa 4 KJIMIHOT MEXaHU3Ma je Taj ILUTO je
MHepLHjajHa cujla IPOMEHIbUBA, Kpehe ce 0l MUHUMAJHE 0 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 MexaHu3ama (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).
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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
MOTOpA.

Lo
(O8]

4

s
Q ) l
Aﬁ‘ & 7 ’J~,7-rr TLTWTF“WTA

mj -

]

Ca. 15.11: YpasHoiuexcere koaenacitioz spaiiuna moiiopa SUS
15.5. YpaBHoTexeme poTopa

[Tox poropom Tofpa3yMeBaMoO WiaH ca OOPTHUM POTAMOHMM KpeTameM. To cy Bparuia,
ocoBuHe, OyOmeBu, nobomm, TuckoBu uty. CBU OBU €leMEHTH HOce Ha ceOH Apyre pasiuduTe
MaIlIMHCKE €JIEMEHTE, Kao IITO Cy MPEHOCHWIM, CIOjHUIIE, OCUTYpaBajyhn eleMEeHTH W Jpyru
MAILIMHCKY JIEJIOBH ca KOjiMa ce 3ajefHo 0Ophy. JacHo je 1a y OBUM ciiydajeBrMa 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 M HEeypaBHOTEkeHa Maca "M" uuju je MoNoxaj off oce
oOpTama feuHUCAH PAJIIjyC BEKTOPOM F, a moyoXaj y3fyX oce BpaTuia pacrojamem "L" (ci.
15.12) wmako je oOprame jegHOJMKO jaBwhe ce WHeplujamHa cwia Fj Koja je jemHaka:
Fi=-m-aa =m T2 . 360r NojaBe HeypaBHOTEXKEHE Mace 'm" MOMEPUIIO Ce CPEIUILTE Maca 13
tauke () y mpaBiy pajujyc BeKTopa r.

OsBa Maca "m" MoOXe ce ypaBHOTEKUTH Ha fiBa HauuHa. [IpBu HauuH je f1a ce ucra Ta BPEHOCT
Mace J101a, CAMETPHYHO ca JIpyre CTpaHe Ha UCTOM pacTojamy "e" (my =m), Tako ja ce fjooujy
WCTE UHEpIMjaHe CUJIe CYNPOTHOT cMepa, kKoje he ce MehycoOHO ypaBHOTEKWUTH, Fk =Fi (cm.
15.13a). [Jonata KOpeKIMOHa Maca MOXe OMTH Pa3IMIATHX BPETHOCTH Ka0 M PACTOjakbe Ha KOjeM
ce popaje (ci. 15.13b). [Tpu Tome Mopa 6UTH 3aJJOBOJLEH YCIIOB Jla Cy UM MOMEHTH HHEPITH]ATHHX
CHJIa UCTH, OJTHOCHO MOpa OHMTH 33JI0BOJbEH CTATHYKH YCIIOB paBHOTEXe 3a Tauky 0, m -R=m-e,
oflaKJe je:

L (15.44)

Ca. 15.12: HeypasHoitiexcena maca poiiopa
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15. YPABHOTEXEBE MEXAHU3AMA

Ca. 15.13: YpasHoitexcerve mace poiiopa
a), b) 0ooasarsem 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
KOPHUCTH.

AKO nMa BHIlle OBAaKBHX HEYPaBHOTEXXEHUX Maca pe3y/lTaHTa UHEpLMjaaHuxX cuia FiR Ouhe
jenHaka: Fir = 0322 m; -rj.

[IpBu ycnoB ypaBHOTEXEHa MeXaHM3aMa WM CTATHYKH YCJIOB PaBHOTEXE je fa je 36up
MHEPIWjaTHAX CUNIA jeJHAK HYJIU:

FIR =D M Ti =0, oot (15.45)

Hpyru ycnos YPAaBHOTEXEHa MEXaHU3aMa WK III/IHaMI/I‘{KI/I YCIIOB PaBHOTEXKE je ma je 30up
MOMEHATa UHEPIHjaJTHUX CUJIa M.R jeTHaK HYJIH M.R 0 Zm ri x L| =0, oyakne je:

IR = S MK Li)= 0. o (15.46)

Kopekiuone Mace (IpOTHUBTETOBH) 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
MMHAMUYKA yPAaBHOTEKEHOCT W 3aBUCH Off IIMPUHE pOTOpa U KeIbeHe IPelu3HOCTH
ypaBHOTeXewa. AKo je porop Mane mupute "B" y ogHocy Ha mpeunuk "D" (kaja je y muTamy
JIMCK ) YPaBHOTEXYje Ce Y jeAHOj KOPeKIMOHO] paBHu (ci1. 15.14,a), a poTopH ce ypaBHOTEXY]Y y /BE,
TPU WU BUILIE KOPEKIMOHUX PaBHH.

B

k2

@Q|[m m
| .
I !
] _._i__ o g-.d-].. o g do L | ______ é ..... .
i I 1’1’13
i mic! 1 Mo i) !

; 2 : M3
K 1o T ! “

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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15. YPABHOTEXEBE MEXAHU3AMA

3a ypaBHOTEXeHe JINCKa OBOJbHA je CTaTHYKa YPaBHOTEKEHOCT, pema jeqHaunHn (15.45),
JIOK Ce pOTOPY AMHAMUYKHU YPAaBHOTEXKY]Yy IpeMa jeqHaunHama 15.45 u 15.46.
Cam nocrynak ypaBHOTEXEHa pOTOpa MOXKe OMTH rpad)OaHATUTUUKY UM AaHATUTHIKH.

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). HeypaBHoTexkene mace cy: mq=0,06kg, mo=0,02kg, m3=0,01kg u my =0,03kg.
[TpeuHuny Ha KOjuMa ce Haja3e HeypaBHOTEXEHe Mace cy: 11 =18 mm, rp =25mm, r3 =20mm u
rg =15mm, a BUXOBH MONOXKaju cy ofpehennm yrimoBuma: ¢ =270°, ¢@p =0°, ¢3=225°" u
¢4 =90°. TIpeuHnIy KOPEKUMOHUX Maca cy: ra =13mm u rg =30mm.

A
Y1 50, 80, 50, 80 , 60 y
i il i e 1114

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 MHEPI[MjATHUX CHJIA jefJHAK HYJIH:

Fir =2mi Ti=My-T1+Mp-I2+M3-I13+Myg-T4+Ma TA+Mg-TB=0. ... (15.47)

YaHOBHU OBe jefIHAYMHE CYy BEKTOPH Y TPaBIy M CMEPY PaJiHjyc BEKTOpA MOjeMHUX Maca. AKO ce
o3Haum ca: U =myq-r1, U2 =my -r2 urh. 06wk jegnaunne (15.47) je:

IEiR=ZUi=Ul+Uz+Ug+U4+UA+UB=O. .............................................. (15.48)

WuTensuretn Bektopa U cy:  Up=mq-1=0,06-18=1,08kgmm, U, =05kgmm,
U3z=0,2kgmm, Ug=045kgmm, Upa =mp -ra =mp -13kgmm u Ug=mpg-30kgmm. Y
jenuaunsn (15.48) cy Henosnare fiBe Bemmunae (UA 1 UB ) Te KOPHCTHMO APYTH YCIOB PABHOTEKE
Na je 30up MOMeHaTa CBUX MHEPIHMjATHUX CUJIa 332 OMIIO KOjy Tauyky (ycBajaMo 3a paBaH A) jefHaK
HYJIH, TE j€:

ZMKA) = ml(Fi xE1)+ mZ(Fg ><E2)+ m3(F3 xE3)+ m4(F4 x[4)+ mB(FB xEB):O. ... (15.49)

e cy: L1, L2... (mm) — pacrojarba OjeIUHAX HEYPABHOTEKEHNX Maca Off KOPEKIMOHE PaBHH A
3a KOjy ce IICA0 APYTH YCIOB PABHOTEXKE.

UnaHoBU OBeE jeJHAUMHE CYy BEKTOPH KOjU CE POTAL|jOM [OBOJE Y IpaBall pajiijyc BEKTOpa
NOjeJMHAX HEYPABHOTEXKEHHK Maca. Mory ce o3maunTd ca: Vi =myj - r1xL1) u Tako pemom Te
NPETXO/IHA jeTHAaUMHA UM OONUK:
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15. YPABHOTEXEBE MEXAHU3AMA

Zmi(A)=V1+V2+V3+V4+VB=O. ............................................................ (15.50)

Onpene ce UHTEH3UTETH BEKTOPA Vi ,Teje Vp=mq-r-L1=0,06-18-50 =54 kgmm2 ,

Vy =40kgmm?, V3=26kgmm?, V,4=945kgmm® u Vg =mg-30-270kgmm?. Kako y
jemnaumny (15.50) mMa camo jeiHa HeMo3HATa BEIMYMHA (VB ) HaLpTaMo 3aTBOPEHH MTOJTUTOH OBHX

10 kgmm

BEKTOPA €a YyCBOjeHOM pa3zmepoM Uy, (cn. 15.16).

[Tomto je jemHauyMHa 3a APYTU YCIOB PaBHOTEXKE IMOCTaB/beHAa 32 KOPEKIMOHY paBaH A
(z M. A) ) Tajia he MOMEHTH Maca ca JieBe CTpaHe Off KOPEKIMOHe PaBHU A OWTH IIO3UTHBHE, a ca

JIECHE HETaTUBHE BPEIHOCTU WU OOpHYTO. BekTopu 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 MOMEHTH Maca ca JIeBe CTpaHe Off KOPEKIMOHE PaBHU A 6y11y ca

HEraTHBHIM TPE3HAKOM, Te Ce BEKTOP V1 Mace mq IpTa y CyIpOTHOM CMEpY Pajiiijyc BEKTOpa 1 ,
a OCTaJl BEKTOPHU Va2, V3 u V4 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 BekTOopu V OM MManu MO3UTUBAH MPEA3HAK U LPTaIM OM ce y CMepy HUXOBUX PAfIUjycC
BEKTOpa.

2
V4

Vi 2
V3

Ca. 15.16: I1aan sexitiopa VuU (3aoaitiax 15.3)

3 3aTBOpEHOT IONNTOHA BeKTopa V 100uja ce aa je:
10 kgmm2
5mm
Hakon nosnate Mace mp MOXE ce OfpPEAUTH MHTEH3UTET BekTopa Ug =mpg-rg =0,51kgmmu
0 1kgmm (

Vg =21-Uy =69 mm- =138 kgmm? = mg -30- 270 kgmm?, opakne je mg =0,017kg.

HALIPTATH 3aTBOPEHIH TIOJUIOH BEKTOpa U Ca YCBOJEHOM PasMepoM Uy cr. 15.16). U3

nojurona Bekropa U nobwuja ce 1a je

Up =21-Uy _ 66 mm. 2LKIMM _ ) 5 kgmm =mp -13mm , oakie je
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_132kgmm

=0,101kg.
13mm

ma

[TpaBuu kopekiuonux Maca A U B u HuUX0oBUX pagujyc BekTOpa AoOHjajy ce U3 MOJUroHa
BekTopa U u V 1 pmaru cy Ha cn. 15.17. BpenHocTy yriioBa nosnoxkaja KOpeKIMOHUX Maca Jo0ujajy
ce MepemeM 1 m3Hoce g =102° u @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.

CkasapHu 06K TIPBOT YCIOBA PABHOTEXE JIa je 30Mp CBUX MHEPUMjaTHUX CHJIA jeJHAK HYJIH
(FirR =)_mj ri=0)je:

YiR = D Mj-Yj=Mi-yp+My-yp +M3-y3+My-ys+Ma-ya +Mg-yg =0,
Zir =Zmi-zi =Mp-Z1+Mo-Z0+M3-23+My-Z4+MAa -Zp +Mg-zg=0. ... (15.51)

W3 ppyror ycnosa paBHOTEXe fia je 30Mp MOMEHATa CBUX MHEPLMjaTHUX CHIA 32 KOPEKIUOHY
paBaH B jeHak HyIM UMaMo fia je:

i j k
> Mig) =0? D MiLi 0 0[=0, e (15.52)
0 v gz
riecy: i , J u K -jeMHUYHE BEKTOPH IO ocama X, y u z. M3 jernaunne (15.52) umamo pa je:

ZMi(B) szZmi ‘L -y;j ~R—m22mi L - zj -]20.

Kako Hema cmucna fia je o0, clefu aa je Zmi ‘Ljryj=0mn Zmi -Lj-zj =0, a y pa3BujeHOM
00JHKY:

mp-Ly-yp+mo-Lo-y2+mg-L3-yg+myg-La-yas+ma-La-ya =0,
mp-Ly-z1+mo-Lo-zo+mg-L3-zZ3+myg-Lg-24+mp-La-Zao=0. ... (15.53)

Komnonente papmjyc BekTopa mMaca mo ocama "yi" m "z;" (cu. 15.15) onpebyjy ce npema
u3pasuma:

yp=n=-18mm, y,=0, y3=r3-sinez3=-1414mm, ygz=r4=15mm, 2z;=0,

Zp=rp=25mm, u z4=0.

W3 jemnaunna (15.53) nobuja ce yrao pajgujyc BeKTOpa KOPEKIMOHe Mace A:
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ma-LA-YA YA _Mi-Li-y1+mp-Lp-yp+mg-L3-y3+mg-Lg-ya

t =
oA ma-La-zp zZp mMmp-Li-zg+mp-Lo-Zo4+mg-L3-2Z3+my-Lyg-24
0,6-320-(-18)+0,2-190-0+0,1-140-(-14,14) + 0,3-60-15 .
goa = =-4,499, opakie je yrao
0,6-320-0+0,2-190-25+0,1-140-(-14,14) +0,3:60-0
op = 102,6°. Kowmnonenre panujyc BEKTOpa KOPEKIUOHE paBHU A cy:

YA =Ta -Sinop =12,68mm u zp =rp -COSQA =—-2,83mMm . BpegHOCT KOPEKIMOHE Mace Mp U3
jennaumse (15.52) je:
My-ly-yi+My-Lo-yptmg-La-y3+ma-La-ya _q06yg.
Ya-La
W3 jepnaumne (15.51) gobuja ce yrao pajmjyc BeKTOpa KOpeKImoHe Mace Mg, Tj.:

ma =

m m m m m
tgop = 1'Y1*M2 Yo *M3- Y3+ M4 Y4+ MA YA =9,754, opmakie je yrao @ =264°
M1-29+Mp-Zo+M3-Z3+My-Z4+MA -ZA
Kowmnonenre paaujyc BEKTOPA B cy: yg =Ig -Sinpg =-29,833mm 1

zg =rg-cospg =-3135mm. BpegHocT KopeknumoHe Mace mp u3 jegHaumHe (15.53) je:
My-Yy1+Mo-Yo+M3-Y3+Myg-Ya+Mpa-YA =0,190Kkg .
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
YPaBHOTEXKEHOCTU MEXaHU3Ma je epeKTUBHA Op3uHa Bubpanuja Vs :

1 A
o @ (MM S ), oottt e et e eeteeeeteeeeeeesesaesese e e e e ereensreesnees 15.
of 7 1000 o (mm/s), (15.50)

e je: A (um ) — ammimrtyza 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 Buopanuja Vef, JefHaKa:

2 1(,2 2 2 2 2 2
Vefu —\/ efl f2 + Vefn :\/E(Al (01 +A2 (1)2 +An (On) ............ (1551)

[Tpu mepemwy nobuja ce ykynHa 6p3uHa BUOpaluja Ve, , @ PPEKBEHTHOM aHATIN30M Ha ofipeheH
HAu¥H pauyyHajy ce nojeauHayne Op3uHe pudpauuja Vef1, 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] JJOKYMEHTALU]U.

OBuM craHfapauMa cy cBe MallliHe U MeXaHU3MH y biMa nofesbenn Ha rpyne: K, M, G, T, D
U S U 32 BUX IPONUCAHE BPEAHOCTH e(heKTUBHUX Op31Ha BUOpauyja.
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A
t(s)
\/ \/ BpeMe 00pTama

Ca. 15.18: 3aituc amiiauitiyoa subpayuja

>
)
g

AMIaTya

Ipyna K: To cy mojenuHu fenoBu MexaHM3aMa NMOTOHCKMX M paHUX MalIdHA KOjU Cy Y
MIOrOHCKOM CTaky MOTIYHO YBPCTO BE3aHH, 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 mammHe mocraBbeHe Ha KpyTe WM Tellke (hyHAaMeHTe, Behe MOroHcke u
pajiHe MalIiHe caMo ca poTrpajyhuM Macama.

I'pyna T: Behe noroncke um pajHe MallMHE caMO ca POTALMOHMM MacaMma IIOCTaBIbEHE Ha
(pynpamenTe ca manum Op3uHama, HIIp. TypOOrpyme, Kao ¥ MalIMHE Ha JJAaKUM (DYH[TAMEHTUMA.

I'pyna D: KpyTo ynexuiireHe MallHe ca HeyjelHaueHUM JIEJI0BabEM Maca.

I'pyna S: EnacTuyHo ynexuiTeHe MallliHe ca HeyjeIHauYeH!M JIeJIOBabEeM Maca, Kao U 0OpTHE
MallliHe ca OCUMJIATOPHUM Macama, Kao IITO Cy BpaTWja MIMHOBA yekuhapa, 3aTUM MalIuHE ca
HEyje[HaYeHOM IPOMEHIbUBOM HeypaBHOTeXeHolThy, LeHTpudyre, BUOpaTOpu, MalIdHE 32
JMHAMUYKO UCIIUTHBAKE MaTEPHUjajia, BAOPALMOHE MAIIMHE IPOLECHE UHAYCTPHU]jE UTH.

3a HaBeJieHe TpyIe JaTH Cy JujarpaMu ca oleHama: JoO0po, ynoTpeOIbUuBo, jOll 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 Cy Y HUBOY 103BOJbEHUX.
Ipema jennaunnu (15.48) epekTuBHA Gp3MHa poTanmje je:

1 25 2500-314

Vof =—- . =4,63mm/s.
ef = /2 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 ypaBHOTEXKEHE ( ZIEi =0)u

— JIMHAMAYKO YPAaBHOTEXKEHE( Z =0, Z M;j=0).
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Ca. 15.19: [lozeomwere epexitiusne 6p3ure subpayuja 3a mawiure zpyiie M

YpaBHOTEXEHE MOXKE OUTH NOjJEJMHAYHOT MEXaHM3Ma MU Y CKJIOIY Ca MAaIIMHOM Yy KO0jOj je
MexaHu3aM yrpaheH Te ux enuMo Ha ypebaje 3a ypaBHOTEXeHe Ha:

— TIpOOHOM CTOIy 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 :

— KPYTHUM OCJIOHLIAIMA U

— €A eNaCTHYHUM OCJIOHIIMA.

3aBHUCHO Of] HAUMHA MEpea U PErUCTPOBamba aMILTUTY/A 1 BuOpalyja ypebaje fenuMo Ha oHe
ca:

— MEXaHWYKHUM HauMHOM Mepemba (ci1. 15.20)

—  €JIEKTPOHCKUM U

— KOMOMHOBaHMM HaUMHOM MEPEHA.

EnekToMOTOpOM ce MOroHM UCIUTHUBAaHH poTOp. VHepuujamHa cuia HeypaBHOTEKEHE Mace
"m" mpeHocu ce Ha jnexaje A u B u Ha monyry umju yrub, Ha ofpeheH HauuMH MpefcTaBiba
aMIUTUTYAy HeypaBHOTekeHOCTH. [loka3aTelb HEypaBHOTEKEHOCTH Cy CHile TIPUTHCAKa Ha
JexajuMa Koje ce Ha pa3jInuuTe HauYnHe PErucTpyjy 1 Mepe.

Ypebaju 3a ypaBHOTEKEHE ce MehycOOHO pa3nuKyjy Mo TOME 3a KOje OIcere Maca poTopa cy
HaMeHEeHH, Te UX JITMMO Ha:

— nake ypebhaje 3a porope mace o 10 kg,
— cpenme 3a porope Mace of1 10 o 1000 kg u
— remike ypebaje 3a porope maca npeko 1000 kg.

Ca. 15.20: Meperve amiinuitiyoa HeypasHoiliexceHe mace

Ypebaju 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 cnyyajy a ce Ha UCKY NOjaBM HEYpPaBHOTEXeHa Maca ""m", yciesl eHe TexKuHe poTop he ce
OKpEHYTH JIOK He fobe y momu nonoxaj. [Ipy Tome, HeypaBHOTEKEHA Maca MPUTHCKA OCJIOHIE
cimama F1 u F2 qnja je pesyTaHTa jeHAKA TEXMHN HeypaBHOTEXeHe Mace G . V3 jeHakoCTH
MOMEHATa yClef] TeXUHEe Mace U Cuiie Tpewa uMamo fia je: G-e=G-f , ogakne je e =f, rjge je "f"
Tpeme KOTpibama. Y CiIydajy Aa je e < f OBUM MOCTyNKOM ce He MOXKEe OTKPUTH HEYpPaBHOTEXKEHA

Maca 1 TO IpeficTaBiba Mpar 0ceTIbUBOCTH OBOT ypehaja 3a Mepeme.
Ila 6u ce ypaBHOTexmsa Maca "m" ofaje ce Ha CympoOTHY CTpPaHy Ha MOTOTHOM PacTOjamy
KOpPEeKIMOHa Maca My | TIOCTymaK ce MOHOBH. BpemHocT KopekimoHe Mace fo0mja ce u3
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jemHakocT: MoMeHaTa m-AB=my - AC, ofakie je: my = mATéB Muck (poTop) je ypaBHOTEKEH

aKko y OMJI0 KOM TI0JI0Kajy OCTaHe Y MUPOBamy, aKo ce He oOphe.

Ca. 15.21: Cxuya ypehaja 3a ciiaiiuuko ypasHoutiexcerwe poiiopa

Ypebaju 3a fuHAMIYKO YpaBHOTEXKEmE KOPUCTE CE 3a MOTIYHO ypaBHOTEXEwE poTopa. To cy
CJIOXKEHU MEPHHU Ypehaju KOoju Cy HAMEHEHH 3a YPAaBHOTEXKEHE Ha IIPOOHOM CTOJIY U Yy COIICTBEHUM
nexajuma. CBU OBHM ypebaju cy ca eneKTpOHCKUM MEpHHM KOMIIOHEHTaMa KOje MeXaHWuKe
ocLUJIalje U Culle MpUTUCcaka y Jiexajuma IpeTBapajy y Hau3MeHUYHN eJeKTpruyHy HanoH. [Topen
TOra UMajy KOMIIOHEHTE ca (PUATepUMa 3a CEJIEKIH]y CUTHAJIA MEPEba Off CTpaHuX curyana. Ckuua
JERHOT Off TaKBUX ypehaja 3a fMHaMUYKO ypaBHOTEXKEHE POTOpa je IprKa3aH Ha ci. 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. lodeulnbusu
Guaitiep, 5. lojauusay cuzuana, 6. UHOUKAYUJCKU UHCTUPYMEHTUU, 7, 8. eAeKIUPOHCKU YCKAAOHULU,
9. ciupobockoiicka namiia, 10. iiooena Ha ipayu

MepHE MeXaHWYKHM CHTHAJM ca Jexaja A m B mcrmtuBanor poropa (1) ce mpeTBapajy y
SNeKTPUYHN CHUTHAN y MHAYKIMOHMM naBaunMma (2). Emextporcku kopektop (3) opcrpamyje
MehycoOHM yTHIa] HEjeflHAKOCTH KOPEKIMOHUX Maca Ha KOpeKiuoHuM paBHuMma I u II. MepHu
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curHan ce y unrepy (4) mopieniaBa npema 6pojy oopraja poropa. [Ipeko nojaunBaya curnana (5)
CUTHAJ Ce OJIBOJM Ha WHJIWKALMjCKA WHCTPYMEHT (6) IjJe ce OouyuTaBa MepeHa BPETHOCT
HEYpaBHOTEXEHOCTH U moTpeOHa Kopekimja Ha paBHuMa [ m II. Crpobockoncka 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 TaukKa Ha POTOPY M TO TaKoO 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
crpoOocKkorcke 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 1o 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 HEeypaBHOTEXXEeHa 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 gppekeseritinoz oiiceza mepersa, 9, 10.
ipuksmyquu 3a oasave a) u b) 11. ipukwyyak 3a citipobockoiicky aamity, 12. iipuxmyqak 3a iiucay
bpoja obpitiaja, 13. ipuxkwyuak 3a iiucay mepHux eeauyuna, 14. ipukmyqax 3a Hegpuailipuparu
cuznaa, 15. iipuxwyqak 3a uaiuipuparu cuzuaa, 16. uciiuiiuearu poitiop, 17. citipobockoiicka
aamita, 18. mepHu oasay

[Tpouenypa AMHAMUYKOT YPaBHOTEXKEHA j€ CIOXKEHA, IOCEOHO y COINCTBEHUM JeXajuMma jep
3axTeBa (PPEKBEHTHY aHAJIM3y KOjOM ce OTKpHMBA YTHUIAj BUOpalmja Apyrux fenosa mMammue. [Ipn

TOME ce OOMYHO jOII HE 3HAa €JACTUYHOCT — KPYTOCT MEPEHOT POTOpa Kao M JPYTHX JeJ0Ba 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 BPEJHOCTIMA KOje Ce J1ajy AujarpaMmumMa
(cnm. 15.19) wnm taGenapuo (Tab6. 15.1) mporemyje ce ypaBHOTEKEHOCT MCIMTHBAHOT POTOpA W
IEJIOKYITHOT CKJIONA U MAallMHE Y KOjOj ce POTOP HaNa3u.

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
NOIaTaK je MEPOAaBaH MPY KOHTPOJIU YPABHOTEXKEHA.

Tabeaa 15.1: I'panuune citianoapoHe 8peOHOCTU eheKiliueHUX OP3UHA suOpayuja
Ve (Mm/s) 3a zpyiie mauiuna

OueHa ypaBHOTEKEHOCTH I’pyna mammna
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 >4.5 >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] IPOU3BOABY U )y
YPaBHOTEXKEHOCT TpeOa KOHTPONUCATU TOKOM KOpHUIThema.

HajoceT/buBuju Ha ypaBHOTEXEHOCT CY OHM JIEJIOBM KOJ| KOjUX CE€ TPAHCIATOPHO KpETame
YJIaHOBa TpaHcGopMHUIIe y POTALMOHO 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 KIMIHOT MeXaHu3Ma, jep he y npoTuBHOM 10h¥ 10 BETOBE HEYPABHOTEKEHOCTH .

Fk Fk KOPEKIMOHA
2 2 Maca

Ca. 15.24: Kopexuuone mace Ha KOAEHACIIOM 8PALUNY
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CBe OHE poTaloHE JenoBe, OWIO Jla CY BEJNUKUX AUMEH3Wja WM Ja ce oOphy BeJIMKUM
Op3nHaMa, Takohe je TMOTpeOHO KOHTPOJMCATH HA YPABHOTEXKEHOCT: OyOam >KUTHOT KOMOajHa,
0f100jHu OUTED, CEUKe 3a OMIbHY MacCy, CATHUIIULIE, BEHTUIIATOPH, POTOPH MYMITH, TaPYIH, MIIMHOBU
yeknhapu, poTalioHe KOcauulle, poTHpajyhu TUCKOBY pacuiiaya MUHEpalIHUX byOpyBa, peMeHule,
3yMYaHUIM, TOOOIIH, BUTIA UTH.

By6am xuTHOr KoMoajHa je npeynuka 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 ciama cernka u paszbaiyje. Hoxesu momnasze y gjopup 3a CTpaHUM
TennMa, yeneq dera ce omrehyjy. [lpu 3ameHn 06aBe3HO ce 3aMemYjy CBU HOXKEBH, WIH Y Mapy
jeman Hacmpam ppyrux. Ceuka 3a cnamy 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 off oko 2000 go 5000 o/min, 360r yera je
BeJMKa MHepuujanHa cuia. Hoxkesu cy momnoxknn xabawnMma u omrehemnma, Te je moTpeGHO
NTMHAMAYKO YPABHOTEXKABALE Y COTICTBEHNM JieXKajuMa.

OO6pTHH HOXKeBH poTamuoHe Kocauyuume oOphy ce ca oko 3000 o/min Ha uujeM cy oOopy
pacnopebenu HoxxeBu. HoxeBr y TOKy pajia fosase y JOAUp 3a pa3IMIUTUM 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. bPETACTU MEXAHNU3MHN

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 Pa3IMUNTE 3aBPLICTKE Y IM/bY CMalbeha TPekwa, Kao MmTo 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 HWeroBu KMHEMATUUKM YIAHOBHU, Operactu
MEXaHU3MH MOT'y OMTH:

- paBaHcku (ci. 16.1a, b, ¢) u

- mpoctopHH (cn. 16.1d).

[Tpema HauyKMHy KpeTama MOTOHCKOT uJlaHa 2 ¥ Tayke Jofjipa Ha OTOHCKOM 4llaHy, Operactu
MEXaHU3MH ce JieJia Ha:

- o6prae (cn. 16.1a, b),

- TpaHncnaropse (ci. 16.1¢c) n

- 3aBojue (ci. 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 MEWmha Off MUHUMalHe R —e 10 MakcuManHe R +e BpegHOCTH, Te ce
Tako Mewa W oO0mMHa Op3mHa (Vmin =(R—€)-®2, Vmax =(R+€)-®») Koja ce MpeHocH Ha
nopu3ay (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 UK 03y0JbEH.

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 cuila NpuThcka u3meby
Opera u mojusauva, yciej 4era fjojasu jo nosehanor xabama, IITO YTHYE HAa TAYHOCT KpeTama
noau3aya.
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16. BPETACTH MEXAHU3MHU

Kperamwe noronckor wiana (Opera) je Hajuemrhe jefHOMMKO KpyxkKHO, a Kaja ce kpehe
TPAHCIATOPHO, TajJa UMa HEKO MPOMEHIBUBO KPETAhE.

Panun unan (mopgm3adu 3) MOXe UMATH pa3IMUUTE IPOMEHE Op3MHE KpeTama y TOKY jeJJHOT
pajiHOT [UKIyCa, 3aBUCHO O HeroBe yiore u notpebe y Maumau (ci. 16.3). Y kpajium "MpTBEM"
noJioxkajuma Op3uHa nofu3aya je jefiHaka HyJu.

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
Mmano cmamuté (cn. 16.3a nmuHmja 2). [Ipyra moryhHOCT npomeHe Kperama Mofm3ada je
jemHakoyOp3aHo, jeTHOINKO | je[HAKOYCIOPeHo KpeTame (ci. 16.3b), rae cy yomaxkeHn ekcTpemMn
yOp3ama, Tj. ”HEPIUjaTHUX CUJIA.

A A . A
v(m/s) v(m/s) v(m/s) v(m/s)

" “ l
/-2 \ _ - _ .
L@ (s,°) ¢ (s,0) t, e (s,°) t, ¢ (s,9

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 MexaHn3Mu UMajy jefaH UM JiBa cTeneHa ciaobofe KpeTawa. Mexanusam ca ci. 16.1,a
1Ma jeflaH CTeTeH cI000/ie KpTama:

SSK =3(n—-1)— 2P, —Py =3(3-1)-2-2—-1=1,reje: P =2(L,2;31) u P, =1(2.3),
a MexaHm3MH ca ci1. 16.1, b, ¢, d umajy 1Ba creneHa ciobofie KpeTama:
SSK=3(n-1)-2P; -P> =3(4-1)-2-3-1=2,raeje: P, =3(12;3,4;31) u Pp =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
CTEIEH cI000Je KpeTama.
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16. BPETACTH MEXAHU3MHU

16.1. bp3una u yop3ame noguzada

bp3umna xperawa nopuzavya je y (YHKOUjU KpeTama IOTOHCKOI YjaHAa U 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 jeffHaKa je:

- - -B,

r7e je: \752 - obuMHa Op3uHa Tayke Joupa Ha Opery kKoja ce Mema 3aBHUCHO Off pacTojama R
_ R _ -B
(v, =AB2 - ®). [Ipasan ose Gp3ute je VB, L AB2, ay cMepy yraose Gp3ute Gpera (2), sz

penaTuBHa Kiu3Ha Op3uHa Tauke B3 y opHocy Ha Bo. IlpaBan penaTuBHe Kiu3He Op3uHE je
mapa’jieliaH ca TaHreHToM "t" Ha Oper'y Tauku momupa (ci. 16.4b).

Hpyru ycnos 3a opebhuBame 6p3une mofgu3aya je:
VB //B3D + wooerrsereserssesesssssssss s s (16.2)

Yop3ame Tauke Bj jejHAKO je:

= - = . zBy =By
8B3 =aB, +AK T8 AR 5 e

.- ~ -B
rje je: ap, HOpMalHO yOp3ame Tauke Bp y omHOCY Ha A, aK KOPHOIHCOBO yOp3ame, aBin

-B .
HOpPMajHO yOp3ame Tauke B3 y ogHOCcy Ha By u aBz TaHIeHIUjanHo yOp3ame Tauke B3 y
t
ofgHocy Ha Bo.
IIpaBan HopmanHor yOp3ama 532 je mapanenan ca npasieM AB2, ycMEpEHo je ipeMa Tauki

— ABY - 52 i
A, unrensurera ap, =AB2-wp”. KopuomicoBo yOpsame ak je ofpeheno Ha ci. 16.4c, a
MHTEH3UTET je aK =202 -VEZ .
3
-B, — :
Hopmanuo yop3ame Tauke B3 y opgHocy Ha Bo (aI33 ) uma npasan, B3C u ycmepeHo je
n

. . . -B =
npema tauku C, a TaHTeHIUjaTHO yOp3ame je yIpaBHO Ha OBaj IpaBal| (aBz 1 B3C) (cn. 16.4d).
t

B, )2
B 'Bs B, _&¢
WHTen3uretn oBux yop3ama cy: aB2 =~—<—u a,? =B3C-¢y. Tauka C je 1eHTap KpUBUHE
3n 82C B3t

OBOT jiena npocuia opera.

Hpyru ycnos 3a ogpebuBame yop3ama nousaya je:

YT =T OO (16.4)
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- B2
VB3 |
<[ VB3 s
VB2 P,
b) 3
ap
5}( B2 aB3
Ap3nyy
~B2
- B2 a
o1 B3t
UJ2
c) d)

Ca. 16.4: Bpaune u yop3ara iloousaya 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
MOMEHAaTa CBUX CUJIa 32 Tauky Bg jegHax Hymu, oOHja ce BpeHOCT cuie |El,3t (cn. 16.5b). Ocrane
HETO3HaTe CUJIe IE1,3n u I_fz,s 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
HysI foGHja ce OroHcKa cia Fp (ci1. 16.5¢), a cie F12n # F12t W3 3aTBOPEHOT IIOJMTOHA CHJIA
KOje JIeslyjy Ha uJiaH 2.

Fp
Fi2
2 ﬁl.Zn -ﬁlz

( Fi.o\ \&.
- =

- Fro¢ 1

F1.2n

b) ¢

Ca. 16.5: Cuane koje 0eayjy Ha b6pezacitiu mexaHu3am
16.3. bperacTu (HEOKpYIH ) IPEHOCHALH
JIBa Operacra unaHa, moj ofpeheHuM ycioBUMa MOTY ce€ CIPETHYTH U NPEHOCUTH OOPTHO

KpeTame ca jemHor Ha npyra (cin. 16.6a). [la 6u npeHocuim OOPTHO KpeTame MOpajy y CBaKOM
TMOJIOXKAjy MMATH 3ajeTHIUKY TofupHy Tauky (C) Tako aa cy um ooumHe Op3uHe jegHake (V2 = V3).
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16. BPETACTH MEXAHU3MHU

Ha Ou y TOKy cripe3ama YlaHOBH 2 U 3 CTaJHO UMaJU AOJUPHY TauKy, pacTojambe n3mMehy bUXOBUX
oca oOpTama Tpeba fia je jefiHaKo 301py NOoNyNpeyHuKa:

L=Ro+R3. s (16.5)

T o)

a) b) ¢

Ca. 16.6: Bpezaciuiu (Heokpyzau) iipeHOCHUYU

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
(bpuKLIMOHE TOYKOBE, I7IE CE TPEHEM U3MeDy TOAMPHNX NOBpIINHA TPeHOCH 0OpTHI MOMEHT. Kania
j€ BeHall MpeHOCHNKA 03y0JheH MMaMO HEOKpYTIIe 3ymuanuke (ci. 16.6b).

[IpeHocHu ofgHOC "1" HEOKPYIJIMX NPEHOCHUKA HUje KOHCTAHTaH, Beh ce Mewa y TOKy 00pTama,
3aBHCHO Of] IPOMEHE HBUXOBOT 00/INKA ¥ ONYIPEYHUKA:

i= R2 Z CONSE . eutieetceeteeeteie ettt ettt et (16.6)
R3

OO6aukoM npocuia MPEHOCHMKA MOTY ce NMOCTHhM BpIIO Pa3NUyuUTE NPOMEHE NPEHOCHOT
OflHOCa y TOKY jemHOT 00pTaja (ci. 16.6b, c). Heokpyriu mpeHOCHUIM ce KOpHCTe 3a Ao0ujame
Pa3MTMYUTHX IPOMEHIbMBUX IPEHOCHUX OJHOCA.

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 Taukama MCTe ¥ Jja 00a IPEHOCHUKA jeflaH MOTIYH 00pTaj 2n
Hampage 3a ucto Bpeme T. IIpebenu nyt y aujarpamy “o, T“ npepcraBmba noBpumHy “S” ucmop
KpHBE IPOMEHE, T€ Cy MOBPIINHE 002 MPEHOCHUKA UCTe, Sy = S3.

Kako yraona Op3uHa NOrOHCKOT NpeHOCHWKa 2 Tpeba J[a je cTajlHa HuMaMmMo fa je:

mz-T:ZO-T+4O_20

T, opnakie je wp =30 s7L.

Pacrojame T Ha 06a ujarpama nopednu ca Ha jefHak Opoj moyreoka (ocam). Op 6Gpoja moyreoka
3aBUCH Ta4yHOCT pemlewa. Ca fujarpama ce Offpefie yraoHe Op3uMHE Ha Kpajy CBAaKOI INOAEOKa
(momoxaja) u TabenapHo puKaxy (tab, 16.1).

Yrn0Bu 3aKpeTama MOrOHCKOT MPEHOCHUKA 2 To nojeiuHuM nofeouuMa 1, 2, 3... ogpebyjy ce
Ha OCHOBY /IBa YCJIOBA.
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ITpBu ycioB je a je 30up CBUX yIII0Ba 110 MOjeANHUM ITOfleonuMa jeHak 360°,
(92,2 + 92,3+ 2,4 +..=360").
dpyru ycinoB je ma cy yIioBH MO TOjEAMHMM MOAEONUMa IPONOPLUOHATHA HHXOBHM
P22 _S21

NOBpLIMHAMA: =5 Ifie je Sp YKyIHa NOBpPLIMHA UCIOJ AWjarpama 3a NPEHOCHUK 2, Koja
360° 2

m3HOCH Sp =360-30=10800 (cn. 16.7). [ToBpiimHe cBUX TOeOKa MPEHOCHUKA 2 CY UCTE Na Cy U

YIVIOBH 3aKPETakba 110 MOJEIUHAM MOJIEOUUMA UCTH: @2 2 = P23 =@ = 45°

w3(s 1)
m5(s !
267 40—+
30 = 304
20N él 20
[ —] y
1004112|1314|5|6|7|8 10 41516|7|8
NZ=ll Z=(lnn
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 Ka0 ¥ 33 TPEHOCHUK 2, U3 YCIIOBA /1A je:

o ©32 S31
$3,2 +(P3,3+(p3,4...=360 ==
360° S3

360-20 45.5

IMospmmuae cy S3=360-20+ =10800, a 83,1:45-20+T:1012,5, Te je

S31-360 1012,5-360

=33,75°. Ha wcru wHaumH ce fo6Hjajy W oOcCTaje MOBPIIUHE:
S3 10800

?3,2 =

S3=12375, S33=14625, S34=1687,5 u Tako peOM, a 3aTUM YrIoBHL ¢33 =4125",
034 = 48,75°, 035 = 56,25°, P36 = 48,75°, 037 = 41,25°, 038 = 33,75° (Taﬁ. 16.2).

Tabeaa. 16.1: Yzaone 6p3ure bpezacitiux ipeHOCHUKA HA KPAjy HOjeOUHUX 10A0KaA]a

(3a0aitiax 16.1)
[Tonoxaju | Yraona Op3uHa MPEHOCHUKA M2 (s_l) Yraona Op3uHa NPEHOCHUKA ©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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[NonynpeyHny NpeHOCHNKA MO TIOjeANHIM Hofieouma (Tosoxkajuma) ofpebyjy ce Ha OCHOBY

. . . . R
nBe jegHaunHe: L =Ro +R3 ¥ /a je IpeHOCHU OHOC JeJHaK | = ®2 _ R—3 Ha ocnoBy oBux n3pasa

®3 2
. . L- . . o
nobuja ce aa je: Rg3=L—-Ro u Ry = @3 , T Je y MOYETHOM MOJI0XKajy 3a ¢ =¢3 =0
02 +03
_200-20 =80mm, R =200-80=120 mm. Ha uctu HauuH ce oapebyjy noaynpeuyHunu
2,0° T30+ 20 ' N300 . peDhY]y MOTYIp
: . . 200-25

n 3a ocrane mnomoxaje. Ha kpajy mopgeoka 1 je: 21= 351 5z =909mm, a

R31=200-90,9=1091mm wu Tako pefoM mmamo fa je Rpo=100mm, a Rz =100mm,
R23=92,30mm, R33 =100 mm utj. Kako je garo y rabenu 16.2.

YT0BH 32 NPEHOCHUK 2 Ce MEHAjy y MO3UTUBHOM CMEPY, a 3a MPEHOCHUK 3 y HETaTUBHOM,
IpeMa CMepy BbUXOBUX YTAOHUX Op3UHa.

Tabeaa. 6.2: H3spauyHaitiu ilapameitipu 6pezacitiux idpeHOCHUKA HA HO4eliKY HojeOUHUX
ilonoxcaja (3adaitax 16.1)

Yrao Yrao nonoxaja ITonynpeununy Ha [Tonynpeynnny Ha
§ | monoxaja IIPEHOCHNKA 3, @3 j MOYETKY TO0JI0XKaja MOYETKY MOJIOXKaja
é NPEHOCHUKA 2 , (~°) IpeHOCHHKa 2 , Ry j IpEeHOCHNKA 3, R3
92i()%) ("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 peuewe OperacTux NMPEHOCHHKA, rje he ce MOroHcku 2 oOpTaTH jeJHOJIUKO ca
0y =30 s, aromenn NPOMEHJBMBO Ka0 Ha iujarpamy ci. 16.7, mpukasas je Ha ci1. 16.8.

2 mor.

92.3 mm

107,69 mm

L=200 mm

Ca. 16.8: Pewerse 3a0aitika 16.1
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O ayrtopy

Ap PAJOJKA I'VIMI'OPUR je penoBau npodecop [lossonpuBpenHor ¢akynrera YHHUBEp3UTETA Y
Hosom Cany, na JlemapTMaHy 3a TOJRONPUBPEOHY TEXHHKY Ha mpeamernMa MHxemepcke
KOMyHUKanyje, PauyHapcka rpaduka, EmeMeHTH M MeXaHW3MHU TOJBONIPUBPEIHHX MalllHA W
MexaHWYKH IIPEHOCHUIIM CHATeE.

Obnact noceOHOr HAYYHOT MHTEPECOBAMA CY €JIEMEHTH M MEXaHW3MH HOJBONPUBPEIHUX MamnHa. 13
oBe 00acTu je o0paHuiIa MarucTapcKy M JOKTOpcKy Te3y. o cana je o6jasuna npexo 350 Hay4HO-
CTpY4YHHX panoBa y MehyHapomHuMm u nomahnM dacomucuMa M Ha HaydHHM ckynoBuma. Koaytop je
BHUIIIE MOHOTpadHja U TEXHUYKUX pellerha.

Ayrtop je yubennka Texuuuko nprame, HamprHa reomerpuja, HamprHa reomerpuja — mpuMeHa,
MexaHU3MH TTOJBOTIPUBPEIHNX MalInHA U MaIIMHCKH €IEMEHTH.

Capalyyje ca Bume nHocTpanux (akynrera. ObaBuia je crenujaausanyjy y Tpajamy ol TOAUHY AaHa
Ha TeMmy Teopuja MammHa 1 MexaHu3aMa Ha TUMHPja30BCKOj akaieMHju HayKa Y MOCKBH.

Jeman je on mokperada HAIMOHAIHOT HAYYHOT 4Yacomuca ,, [pakTopu U TMOTOHCKE MaliuHe” KOju
M3J1a34 ABajeceT TOAuHa.

N3 penensuja

Yuoennk “MEXAHU3MU T[TOJbOITPUBPEIHUX MAIIIMHA ca pemenum 3amanuma’” ayTopa
Panojke ['muropuh campxku 245 crpana, yk/byduyjyhu Benuku Opoj ciMKa, aujarpama, tabena u
pemennx 3amaraka. Cacroju ce u3 cneachux mornmasipa: 1. Pa3zBoj mexannzama, 2. OCHOBHH IIOJMOBH,
3. Cremren cmobone kperama, 4. [lytame Mexanuzama, 5. YciaoBu (yHKIIMOHUCAa MEXaHU3aMa, 0.
VYBOx y KMHEMaTH4Ky aHajiM3y MexaHu3ama, /. [Ipommpeme KIM3HHX KHHEMAaTHYKHX IapoBa, 8.
Mertona Acype, 9. Kapnanos 3rno06, 10. [Tonu3zan Mmexanuzam tpaktopa, 11. [Inanetapau npeHOCHULIN
cHare, 12. YBox y amnHamuuky aHanmsy, 13. JemHaunHe Kperama mexaHuzama, 14. OmppehuBame
noroucke cuie, 15. YpaBHoTexkeme MmexaHuzama u 16. Bperactu mexanusmu. OcUM HEBEACHUX
THIOTJIaBJba JIaT je 3Ha4aj U 3a7aTak MexaHn3ama MoJbONPUBPEIHNX MallMHA Kao 00pa30BHE M HAay4YHE
IMCIMILUINHE, Ka0 U CIIHcak KopuirheHe Jureparype.

Kpo3 Teopujcka nznarama U MpakTU4HO ypaheHe 3amaTke oBaj YIOSHHK CUCTEMAaTHYHO U MPETIIETHO
YBOIM CTyleHTe y oBy oOmacT. OBakBa KOHIIENIUja yiIOeHnKa oMoryhaBa 1a CTYICHTH JIaklIe YCBOje
Jnato rpanuBo. TekcT pykomuca Mo oOMMYy M cajapskajy OAroBapa HACTaBHOM IUIAaHY M NpOrpamy
npeaMera "MexaHU3MHU MOJHOTIPUBPEIHUX MalInHa'', Koju ciymajy cryiaentd |l rogune cryaumjckor
nporpama IlossonpuBpenna Texauka, IlossonmpuBpentor dakynrera YHuBep3uteTa y HoBom Cany.
I'pamuBo KoOje je W3JI0KEHO y OBOM YIOCHHWKY IIPEACTaBJba, 3a CTYACHTE, HEONMXOAHY OCHOBY 3a
npaheme U caBlazaBambe OCTAINMX YK€ CTPYYHHX HACTaBHUX NpPEIMETa U3 CBUX IOJbONPUBPEIHHX
MammHa u ypehaja, Kpo3 Koje ce u3ydaBa paj, (YHKUHOHHUCAE, KOpHUIIhewe, MOACHIaBalke U
OJlpKaBame OBUX MAIlUHA.

Kmura je nmucana JakuM W pa3yMJbUBUM je3ukoM. LlpTexu u cimke Koje mpaTe TEKCT Cy TperyieHe,
jacHe W yjeqHaueHe 10 HAYMHY [pTama ¥ KBaJTUTETY.

Ha ocHoBy memokymHor mperiena u mpukasza ynoennka "MEXAHW3MU [TOJbOITPUBPE/JHUX
MAIINHA ca pemennm 3amanuma’, aytopke npod. ap Panojke I'muropuh cmatpamo ma wuctu
HCIyHaBa CBe 00pa3oBHE, HAyYHE, CTPYYHE U IeJarouke KPUTEpHUjyMe 3a OCHOBHH YHHUBEP3UTECTCKU
YUOCHUK.

Jp Muonapar 3nokounuiia, npodecop emepuryc, dakynrer
TeXHUYKUX Hayka YHuBep3urera y HoBom Cany

Hp Maja Yasuh, nouent, @akynTeT TEXHUYKHX HayKa
Yuusepaurera y Hopom Camy
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