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EJIEMEHATA ITPII MO,ll;EJIIIPAII> Y KOHCTPYKI(IIJA 

Pe3U.Me: 

IlpIIMeHa paqyHapa II MoryhHOCTII caBpeMeHor rpaqmqKor 1rnrepqiejca o6e36e�yjy 
je.[IHOCTaBaH pa.n rrpII q>OpMIIpaa,y HyMepIIqKor MO,[leJia II aHaJIII3II pe3yJITaTa. 
KapaKTepIICTIIKe CaMor HyMepIIqKor MO.[leJia II KOHaqHIIX eJieMeHaTa KOjII cy 
rrpIIMeffieHII Kao II rrpe.nrrocTaBKe Koje cy ycBojeHe y MO,[leJIIIpaa,y KOHCTPYKU:IIje 
OCTajy CKpIIBeHe o.n KOpIICHliKa. y PW je rrpliKa3aH eKCU:eHrpttqHH rpe.nHII 
eJieMeHT KOjII ce KOpiiCTli y rrporpaMIIMa Tower 5 i Tower 6, coq>TBepcKe Kyhe 
Pa.[lliMIIeKC. IlpiiKa3aHe cy crreu:11qi1:1qHOCTli eJieMeHTa Ii aHaJIIi3IipaHe cy 
crreu:1:1jaJIHe MoryhHOCTl:I MO,[leJIIipaH.a l:I pe3yITTaTl:I .no KOjlfX ,L\OBO.[\e. 

Krby'l11e pellu: I'peo11u eJleMe11m, MOOellupmbe Ko11cmpyKtJU}a, pally11apcKu npozpClM 

SOME ASPECTS OF THE APPLICATION OF EXCETRIC 

BEAM ELEMENTS IN STRUCTURAL DESIGN 

Summary: 

The usage of modem structural design software and the performances of modern 
graphical interface provide a simple and fast design of structural model and analysis 
of the results. The characteristics of the numerical model and applied finite elements 
as well as the assumptions these elements are based on are hidden from the end user. 
This paper presents the specific usage of eccentric beam element. This element is 
applied in the computers software Tower 5 and Tower 6. The usages of these 
elements as well as the specific of thear results are analyzed. The design of the 
connection of these elements with plate and shell elements also analyzed. 

Key words: beam element, structural design, computer software 
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1 YBO,IJ; 

IlpH HyMepnqKQM M0,n:errnpaH>y rpal)eBHHCKHX KOHCTJ)YKIIHja, 0CH0BHH erreMeHTH cy 
erreMeHTH rrnoqa H rpe,n:a. CaBpeMeHH paqyHapcKH rrporpaMH, oMyryhaBajy ,n:eqrnHHCaH>e 
reoMeTJ)Hje KOHCTJ)YKIIHje y3 rroMoh "rpaqrnqKor HHTepqiejca". Ifa6op o6rrnKa rrorrpeqHor 
rrpeceKa H IIOJIO)Kaja rpe,n:e ce Bpnrn y rpaq>HqKQM opy)KeH>y, rrpH qeMy K0pHCHHK 6p30 M0)Ke 
,n:a yoqn eBeHTyarrHy rpeIIIKY y reoMeTJ)HjH (opjeHTarrnja oca rpe,n:e, rrorro)Kaj rpe,n:e 
HHTeH3HTeTH OIITepeheH>a Herr.). 

IlpHHIIHIIH Ha 0CH0BY KOjHx je M0,n:errnpaH0 II0HaIIIaH>e erreMeHTa ocrnjy y BeJIHKOj MepH 
caKpHBeHH 0):( K0pHCHHIIHKa rrporpaMa. Yo6nqajeHH K0HaqHH erreMeHTH ce 3aCHHBajy Ha 
MaTJ)HIIaMa Kpyr0CTH qnjH cy qrraH0BH rroje,n:HOCTaBJbeHH H 0IITHMH30BaHH KaK0 6H ce T0K0M 
rrpopaqyHa Bpe,n:H0CTH qrraH0Ba MaTpHrre KPYTOCTH 6p30 o,n:pl)HBarre. Pa3BOj paqyHapa, y 
MH0roMe je rrpBa3HIIIao IIOTJ)e6y 3a OIITHMH3arrnjoM MaTJ)HIIa KpyT0CTH JIHjHjCKHX erreMeHaTa. 

CaBpeMeHH K0HaqHH erreMeHTH rrpy)Kajy H0Be MoryhHOCTH rrpopaqyHa. KoHaqHH 
erreMeHTH JIHHHjCKHX erreMeHaTa (rpe,n:a), KOje Mory 6HTH eKcrreHTJ)HqHo II0CTaBJbeHe 
oMoryhaBajy BpIIIeH>e crro)KeHnx aHarrH3a. Pe3ymaTH Kojn ce rrpn TOMe ,n:o6njajy oMoryhaBajy 
CJI0)KeHe aHaJIH3e. TyMaqeH,e pe3yma3a H eq>eKTH KOjH ce Mory IIOCTHhH pa3JIHqHTHM 
II0CTYIIIIHMa y Mo,n:errnpaH>y cy rrpe,n:MeT oBor pa,n:a. Iloce6Ha rra)KH>a y pa,n:y je rrocBeheHa 
MoryhHOCTHMa II0Be3HBaH,a rpe,n:HHX erreMeHaTa ca II0BpIIIHHCKHM, eq>eKTHMa 0 KOjHMa ce 
Mopajy B0!J:HTH paqyHa H ,n:pyrnM Harrpe,n:HHM orrrrnjaMa y Mo,n:errnpaH>y. 

2 <l>OPMYJIA.QHJA rPE,IJ;HOr EJIEMEHTA 

IlpeTIIOCTaBKe KOje ce YB0):(e rrpH o,n:pel)nBaH>y Be3a H3Mel)y CTaTHqKHX H ,n:eqiopMarrnjcKHX 
BeJIHqHHa o,n:pel)yjy KapaKTepHCTHKe erreMeHTa. IlpH ,n:eq>HHHCaH,y rpe,n:Hor erreMeHTa, 
yCBajajy ce Be3e H3Hel)y cnrra H ,n:eqiopMarrnja y rrorrpeqH0M rrpeceKy. TaKol)e ce ycBajajy 
o6JIHIIH qlYHKIIHja rrpoMeHa ):(y)K oce IIITarra ( HHTeprrorrarrH0HHX q>yHKIIHja ). 

2.1 BE3E H3MEnY CHJIA H )];E<l>OPMAIJ;HJA Y IlPECEKY 

Ilpn o,n:pel)nBaH>y H3pa3a, yo6nqajeHo je ,n:a ce Be3e H3Mel)y reHeparrncaHHX ,n:eqiopMarrnja 
rrorrpeqHor rrpeceKa H cnrra y rrpeceKy ycrrocTaBJbajy y o,n:Hocy Ha Te)KHIIITe rrorrpeqHor 
rrpeceKa y Koop,n:nHaTH0M cncTeMy rrraBHHX rreHTJ)aJIHHX oca HHeprrnje rrorrpeqHor rrpeceKa. 
Y 0B0M pa,n:y he ce aHarrH3HpaTH yorrIIITeHH crryqaj Mo,n:errnpaH>a rpe,n:e rrpn qeMy he ce Be3e 
H3Mel)y CHJia H ,n:eqiopMarrnja rrpeceKa ycrr0CTaBHTH y 0):(H0CY Ha peq>epeHTy TaqKy. Y OIIIIITeM 

crryqajy, Te)KHIIITe rrorrpeqHor rrpeceKa ce He Mopa rroKrrarraTH HH ca rreHTJ)0M CMHIIaH>a. 
YCBajajyhn rrpernocTaBKY ,n:a rrorrpeqHH rrpeceK ocrnje paBaH TOK0M ,n:eq>oMparrnje, 

,n:nrrarnrrnje H KJIH3aH>a y rrpoH3BOJbHOj raqKH rrorrpeqHor rrpeceKa ce Mory H3pa3HTH � 
<l>YHKIIHjH IIIecT reHeparrncaHHX ,n:eqiopMarrnja rrpeceKa. Ilo,n: reHeparrncaHHM ,n:eqiopMarrnjaMa 
rrpeceKa IIITarra, rro,n:pa3yMeBaMo IIIeCT BerrnqnHa Koje orrncyjy ,n:eqiopMarrnjy oce IIITarra. 
Yo6nqajeHo je ,n:a ce ocoM IIITarra o6erre)KaBa oca Koja rrporra3H Kpo3 Te)KHIIITa rrorrpeqHHX 
rrpeceKa IIITarra. Y 0B0M pa,n:y he 6HTH rrpHKa3aHH JIHHHjCKH erreMeHTH KO):( KOjHX ce oca Ha 
Kojy ce pe,n:yKyjy yTHrrajn H ,n:eqiopMarrnje IIITarra (T3B. "peq>epeHTa oca") He rroKrrarra ca 
Te)KHIIIH0M 0C0M. OBe ,n:eqiopMarrnje ce Mory H3pa3HTH BeKT0p0M: 
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Ilo.[\ reHeparr11caHl1M CTaTH'-IKHM Berr11q11HaMa, TTO.L\pa3yMeBaMo c11rre pe,L\yKOBaHe Ha 11CTY 
"pecpepeHTHY T3qKy'', o6eJie)KeHy CJIOBOM "R". 

{FR}= {N,T),TZ,M: .M:,M: r 
CrnT11'-!K11 yT11uaj11 no.[(y)KHl1X c11rra 11 .[(e<popMau11je npeceKa KOJe 113a311BaJy ce Mory 

pa3.L\Boj11T11 O.L\ yTHuaja 11 .[(e<popMau11ja ycrre.[( norrpeqHHX c11rra. 

2.1.1 Be1e HJMel)y no.[(yJKHHX cuJia u .L\C<pOpMa~uja npece,rn 

Ha CJII1U,H je rrpHKa3aH nonpeqHJ,f npeceK, TTOJIO)Kaj Te)KHlllTa, u,eHTpa CMHU,afba H T3B. 
pecpepeHTe oce. Je,L\HOCTaBHOCTH pa.L\H, npHKa3aH je npaBoyraoHH npeceK, KO.L\ Kora ce ueHrnp 
CM11Uafba TIOKrrana ca TC)KHlllTCM. 
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------------ R - 2 

YcR 

CJ1uKa 1. EKc4e11mpu1.JHU noJ10J1Caj npeceKa y 0011ocy Ha perjJepeHmHe oce 

Y OCHocy Ha TC)KJ1lllTe npeceKa "C", Be3e H3Meljy TTO.L\Y)KHHX CHJia H reHeparrttcaHl1X 
J_ecpopMau,11ja TC)KHUIHe oce ce MO)Ke rrpHKa3aTH y 06J111Ky 113pa3a (1). 
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<=> {sc }= [Cz ]{FLc} (I) Ky Elc Elc y 
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y npeTXO.[\HOM H3pa3y (l) , 1; je .L\pyra HHBap11jaHTa MOMeHaTa HHepu,ttje y O.[\HOcy Ha 

r e)KHWHe oce "y" 11 "z" (Koje He Mopajy 611T11 rrraBHe ) 11 H3Hoc11 l; = I_~ I; - (I~ )2. 
f opHj1111H.L\CKC "C" O3Ha'-!aBa .[(a cy BerrwrnHe MOMeHarn caB11jaH.a 11 .[(11J1arnu,11je cpaqyHaTe y 
OJ_HOCY Ha TC)KJ1WHe oce, .[\OK )]OH,H HH.[\eKC "L" O3HaqaBa na ce pa.[(H O nony)KHHM CHJlaMa. 
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Kopmnn.eH,eM rrpeTrrOCTaBKe o paBHOM rrpeceKy, .D,11narnurrja pecpepeTHe rnqKe ce MO)Ke 
113pa.311T11 Ha ocHoBy ,ne<j)opMau11je Te)K11nrne oce 11 penaTl1BHor rroJIO)Kaja oce Te)K11IIIrn 11 

pe<pepeHTe oce: &: = &<; + (Z c - zR)KY + (Ye - yR)Kz . Ha ocHoBy Te Be1e, Mory ce 

113pa.3I1TH .D,e<popMau;rrje pe<pepeHrne oce Ha OCHOBY .ne<popMau;11ja Te)Kl1IIIHe oce, y MaTprrqHoM 
06J111Ky: 

{:]=l~ Zc~ Z, Yet]{::} ~ {c:J=[TL"'lz) (2) 

Ha cn11qaH Haq11H, 11O.D,y)KHe cm1e y Te)Kl1IIITY ce Mory rr1pa.311pT11 y <pyHKUI1j11 pa.3n11Ke 
KOOp.D,I1HaTa I1 Bpe,nHOCTl1 c11na pe.D,yKOBaHl1X Ha pecpepeHTY ocy: 

{:~} J_ ( Zc ~- z,) ~ ~]{:~} <=> {F2} = [rl~c ]{FLR} (3) 

M z l Ye YR O 1 M z 
O.11.HOCHO, .D,e<popMau;11je pe<pepeHTHe oce ce Mory 113pa.311TI1 rrpeKO CHJia pe,nyKOBaHl1X Ha 

pe<pepeHTy ocy: 

{c:} = [rlCR ]k:} = [rlCR Jez ]{F2} = [r2R Jez JrlCR ]{Ft}= [e: ]{Ft} (4) 

Marp11u;a [e: ]je MaTp11u;a <pJ1eKC116HJ1HOCTl1 ITOITpeqHOr rrpeceKa 3a YTI1IJ;aje ITO.D,y)KHI1X 
c11na, pe.D,yKOBaHI1X Ha "pe<j)epeHTHY ocy" . Y 113pa.3y je rrp11Ka.3aHa Bpe.D,HOCT OBe MaTp11ue y 
pa.3BI1jeHOM 06n11Ky 

J f JC ( )2 2 c c ( )2 A+ y YCR - 1v, YcRZcR + I , ZCR 

J; ZCR -J ~yCR 

I ~ YCR - JizcR 

l i YcR - I; ZcR 

-IC 
z 

IC 
yz 

1i YCR - Ji zcR 

-Ji 
IC 

y 

y rrpeTXO.D,HOM I13pa.3y, pa.3Jil1Ke KOOp.D,I1HaTa cy o6eJie)KeHe ca : y CR = y C - y R O.D,HOCHO 

ZCR = Zc - ZR 

2.1.2 Be1e H3Meljy nonpequux cuJJa u .D,e4>opMau:uja npece,rn 

3a pa.3JIHKY O,ll, IIO.D,Y)KHl1X CI1J1a, Be3e 113Meljy rrorrpeqHl1X CI1J1a 11 O.D,roBapajyn11x 
reHepa.rmcaH11x .D,e<popMau;11ja ce HaJia.3e peAyKu;rrjoM Ha ocy u;eHrpa CMl1IJ;aH,a. Be1e 111Meljy 
rrorrpeqH11x rnna pe.D,yKosaH11x ua ocy u;eHTpa cM11u;aH,a 11 o.D,roBapajyne .D,e<popaMu;rrj cy: 
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(5) 
y OBOM crryqajy, rpopH,H HH,[(eKC "S", 03Haqasa pe,nyKu,Hjy Ha L(eHTap CMHIJ,aH,~, ,[(OK ,[(OH,H 

...':..JeKc, 03Haqasa ,na ce pa,z:i:tt o rrorrpeqHHM cHrraMa . .D:e<j)opMaL(ttja pe<j)epeHTe oce ce MO)Ke 
_ a3I1TO y <pyHKL(Hjtt Koop,nrrnarn I1 ,ne<j)opMaL(Hje "oce CMHL(aH,a" y o6rrttKY: 

{r;} ll O zs -zRj{r;y} 
r~ = 0 1 YR - Ys r;z 
ex O O 1 ex 

Q {c; }= [riR ]{c;} 

0,[(HOCHO pe,nyKL(HjOM CHJia ca pe<j)epeHTHe oce Ha ocy u,eHTpa CMHL(aH,a: 

{ 
T } l 1 

y 

T = 0 

Mz; Zs - ZR 

0 

1 

YR - Ys rn2:1 G {Fi}= [r/R r {F/} 

(6) 

(7) 

Ha oc1-10sy rrpeTXO,[(HHX I13pa3a, MaTPHL(a <j)rreKcH6ttrrHocTii 3a YTHL(aje rrorrpeqHiiX cttrra 
?e.:i;yKosaHttx Ha pe<j)epeHTy ocy ce ,no6Hja I13pa3ttMa 

{c:; }= [riR ]{c:; }= [riR le; ]{Fi}= [riR Jc; Ir;R r {F/ }= [c; ]{F/} (8) 

0,[(HOCHO: 
- 2 

1 ZsR - YsR · ZsR ZsR -+--
Ay I, I, It 

[c; ]= ~ 1- Ys;' ZsR 1 YsR 
2 

- YsR I (9) -+--
t AZ It I, 

ZsR - YsR 1 
-

It It I, 

MaTPHl.\a <j)rreKcH6I1JIHOCTI1 rrorrpeqHor rrepceKa HMa weCT spcTa Ii wecT KOJIOHa a H,eHH 

qrraHOBH cy o,nrosapajhtt qrraHOBH MaTpttu,a [ C; ] I1 [ C; ] . 
IIHsep3ttjoM MaTpttL(e <j)rreKctt6ttrrHOCTI1 ce ,no6ttja MaTPIIL(a KpyTOCTII rrorrpeqHor rrpeceKa. 

Ha OCHOBY I1HTeprrorraL(I10HIIX ¢YHKL(I1ja rrpoMeHa CTaTIIqKI1X I1JII1 ,ne<j)opMaL(IIjCKIIX 
BeJII1qI1Ha, o,npeajyjy ce spe,nHOCTI1 KOe<pI1L(I1jeHaTa MaTpttL(e KPYTOCTI1 I1JII1 <j)rreKcI16HJ1HOCTI1 
wrnna. Ose MaTPttL(e ce Mory ,no6ttTI1 y 3aTBopeHOM o6rrIIKY I1 Httje ITOTPe6Ha H,HXOBa 
HyMepttqKa HHTerpaL(ttj a. 
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Kop11IIIheI-beM MaTp11ua KPYTOCTH eKcueHTpI1'-1HHX rpe,11,a, Bpe,11,HOCTH CTaTHqKHX YTHuaja ce 
,11,0611jajy pe,11,yKOBaHe Ha pecpepeHTHY ocy. CTaTH4KH yrnuajH ce KaCHHje KOpHCTe 3a 
KOHTpOIIY HanoHa HJTH ,llHMeH3HOHHCaH,e H o,11,pe1j11BaH,e KOJlli'IHHe ITOTpe6He apMaType y 
rpe,11,aMa. I-13pa3H KOjH ce rrpHMeH,yjy npH KOHTµOJTH HanoHa HJTH ,llHMeH3HOHHCaJ--by, KOpHCTe 
CTaTH4Ke yTrruaje pe,11,yKoBaHe y 0,11,Hocy Ha Te)KHIIITe rrorrpet.JHOr rrpeceKa. 36or rnra ce y 
pa4yHapCKHM nporpaMHMa KOjH KOpHCTe eKCUeHTpH4He rpe,lle ( Tower 5 H Tower 6), 
npnKaJyjy CTaTH'-IKH YTHUajH y eKCQeHTpH'-IHHM rpe)),aMa pe/l,yKOBaHH y 0/J,HOCY Ha 
Te,1rnune nonpequor npeceKa. 

,z::i:a 611 ce 0Moryh11JT0 Kop11cHHUHMa rrporpa~r. ,11,a ,11,0611jy pe3yIIrnTe 6e3 aHaJTme ecpeKarn 
eKcueHTpHqHOCTH. y HaBe;l],eHHM pa'IyHapCKHM rrporpaMHMa rrocTOjH MOryhHOCT m6opa 
"<pHKTHBHe eKCUeHTpH4HOCTH". ITpHMeHOM "<pHKTHBHe eKCUeHTpH'IHOCTH", y rrporpaMy he ce 
npHMeHHTH rpe,11,HH eJTeMeHT KOMe ce Te)KHIIIHa oca ITOKJTarra ca pecpepeHTHOM OCOM. To 3Ha4H 
,11,a he BaH,11,11jaroHaJTHI1 qJiaHOBH MaTpttua 6HTH je,11,HaKH HYJTH, ,llOK he ce ecpeKaT "<pHKTHBHe 
eKCUeHTµH'IHOCTH" CBeCnl Ha ITOBehaI-be Bpe,11,HOCTH MOMeHaTa ttHepu11je 3a nOJTO)KajHH ,11,eo. 

3. HYMEPHqKH TIPHMEPH TIPHMEHE EKCI(EHTPHqHHX 
rPEJJ;HHX EJIEMEHATA 

Y OBOM ,11,eJTy he ce Ha je,11,HOCTaBHHM rrp11Mep11Ma YKa3aTH Ha crreurr<pl14HOCTH O KOjttMa ce 
Mopa B0,llHTH paqyHa np11 KOp11wheH,y eKCUeHTµH'IHOr rpe,11,Hor eJTeMeHTa. ITpe,llHOCT OBOf 
eJTeMeHTa je lllTO ce rrptt ).l,eq:>HHHCaH,y ITOJIO)Kaja MO)Ke KOpHCTHTH oco6HHa eKceuHTpH'-IHOCTH. 

3.1 rPE.D:Hll EJlEMEHT IlPOMEHJhllBE BIICllHE 

[pe).l,HH eJTeMeHT rrpoMeHJbHBe BHCHeHe je rrpHKa3aH Ha CKHUH. Y 3aBHCHoc-:-11 0,] 

ITOKpeTJbHBOCTH OCJTOHaua, 11 nprrMeHe peaJTHe HJTH <pHKTHBHe eKCUeHTpH'IHOCTH, eJTeMeHT je 
CHCTeMa rrpocTe rpe).l,e HJTH ITJTHTKOr JTyKa. 

Ref, Line 
500 

I() 
(\J 

Cent Line 

500 

CJ1uKa 2. J(ucno3ui1uja zpeoe u noJ10:J1Caj pe¢epe1-1me oce zpeoe u me:JICUWHe oce 

ITonpe'IHH rrpeceK rpe,lle je rrpaBoyraoHH, ,llHMeH311je Ha KpajeB11Ma je 20/30 UM, ,llOK je ~ 
cpeAttHtt l.lHMeH3Hja rpeAe 20/80uM, npw 'IeMy je ,11,oH,a HBHUa rroBpwttHe rronpet.JHOr rrpeceK2 
Ha rrcToj BHCttHCKoj KOTH. PacnoH rpeAe je lOM HJTH lOOuM. fpeAa je omepeheH2 
pacrro,lleJbeHHM orrTepeheH,eM OA lOKHIM. ITp11 MO).l,eJTttpafuy, oca Koja Ae<p11H11IIIe noJToJKa_ 
rpeAe ( pecpepeHrna oca) je rrpaBa JTHHttja q11j11 cy KpajeBrr Ha MecTy ocIIottaua. 

Y CJiyqajy np11MeHe je).l,HOr ITOKpeTHOr 11 je,llHOr HerroKpernor OCJTOHUa, HOCa4 Jc' 
crnT11qKor c11cTeMa npocTe rpe).l,e H crnTH4KH yrnuajrr o).l,roBapajy yT11uaj11Ma y rrpocrn_ 

rpe).l,11 . HopMaJTHa Cl1JTa je je).l,HaKa HYJTH, )],OK je MaKCHMaJTHa Bpe,llHOCT MOMeHTa Ha I10JTOB11Hl 

pacnoHa J,j 113HOCl1 M max = q -l 2 I 8 = l 25kNm . 
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Y CJiyqajy rrocrnBJbaH>a HerroKpeTHOr ocJIOHUa Ha o6a Kpaja rpe.ue, pe3yJirnTTI he 
><!Bl1CI1TI1 0,11; rrp11MeHe peaJIHe l1Jil1 cpI1KTl1BHe eKu,eHTp114HOCTl1. Ha11Me, y CJiyqajy np11MeHe 
;x:aJitte eKcu,eHYpTIYHOCTTI, Hocaq ce noHawa Kao "nJITITKl1 JIYK" 11 jaBJbajy ce 3HaYajHe 
3pe.UHOCTl1 xop1130HTaJIHe Cl1Jie. Ha CJil11!,11 je np11Ka3aHa ITOJIOBl1Ha HOCaqa y cJiyqajy npHMeHe 

~ aJIHe eKCU,eHYpl19HOCTl1 y3 HenoKpeTHe OCJIOHUe. 
. q=10 

Cent. 

Ref. une / , 500 

V=500 
CnuKa 3. /fucno3ulfu}a zpecJe nonoeuHe zpecJe u peaKZfu}e npu HenoKpemHUM ocnOHlfUMa 

TiowTo ce c11Jie pe,11;yKyjy Ha Te)Kl1WTe npeceKa, yCJie,11; xop1110HTaJIHe c11Jie, spe,11;HOCT 
lO~eHTa Ha ITOJIOBI1Hl1 pacrroHa tie 611T11 CMaH,eHa 11 l13HOC11lle: 

M = 500 · 5-10 · 5 · 2,5 - 221,62 · 0,25 = 125 - 55,4 = 69,6kNm 
HcrnspeMeHo, jasJba ce HOpMaJIHa c11Jia 0,11; 221,62KH. 
Y CJiyqajy np11MeHe cp11KTl1BHe eKCU,eHrp114HOCTI1, Herre ce jaBl1Tl1 HOpMaJIHa Cl1Jia ynpKOC 

c::e rroi:peTHOM OCJIOHU,y. 36or Tora he 11 spe,11;HOCT MOMeHTa cas11jalba Ha ITOJIOBl1Hl1 pacrroHa 
:urosapaT11 spe,11;HocT11 MOMeHrn cas11jalba Ha rroJIOBl1Hl1 npocTe rpe,11;e . 

Ha CJIHU,11 4. cy np11Ka3aHl1 pe3ymaTI1 KOjH ce ,11;0611jajy np11MeHOM HCTOr 06JI11Ka 
- oCTpeYHOr npeceKa np11 YeMy cy Ha ropH,eM ,11;eJiy cJI11Ke np11Ka1aH11 yrnuaJ11 Ha rpe,11;11 

O.JeJI11paHa CTp11MeHOM peaJIHe eKCUeHrp114HOCTl1, )];OK cy Ha ,!l;OH>eM ,!l;eJiy CJil1Ke np11Ka3aHH 
n 1uaj11 y rpe,11;11 MO,!l;eJI11paHoj np11MeHOM cp11KTl1BHe eKCU,eHrp114HOCTl1. 

M N 
~ 

~ ,,111111111111111111111 

~111~ 
"' ;:: 

d) 

r< 
N 
N 

CJI11Ka 4. Bpe,11;HOCT11 MOMeHarn cas11jaH,a 11 HOpMaJIHe c11Jie 

r< 
N 
N 

Ha eKCU,eHYpl19HOj rpe,11;11 (a 11 C ) 11 cp!1KTI1BHO eKCUeHTpI1qHoj rpe.u11 ( b TI d ) 
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OBaj np11Mep ,QeM0HCYpttpa pa3nHKe ,Qo KOjttx 611 ,Qowno y yT111~aj11Ma K0JH cy nocne,Q111~a 
ycBaptt,a pa3n11qttT11x npeTn0CTaBKl1 y M0,Qen11patt,y rpe,Qe. Ilp11MeHa peanHe 
eKcueHTp11qH0CTH 06e36eljyje Ta'iHe pe3ynrnTe, an11 ce Mopa B0,Q11Tl1 paqyHa o peanH11M 
YTHUaj11Ma, 0,[(H0CH0, He CMe ce 3aHeMapttTl1 yTMuaj H0pManHe c11ne. 

3.2 CTYli IlPOMEHJhHBOr IlOilPE1IHOr IlPECEKA 

Ilp11 M0,QenttpaH,y CTy6a ITp11Ka33H0f Ha CJ111U11 5, HCKOpHWfleHa je MOfYflHOCT ,[(a ITOJ10)Kaj 
CTy6a y npocrnpy 6y,Qe o,QpeljeHa je,QHOM n11H11joM. Y 0B0M cnyqajy, 3a pecpepeHTHY ocy je 
yCB0JeHa Bepn!KanHa J1.11Hl1ja .. 

Ref 

1-.:1 
<3> I (3) 

I Ref 
C?nt I ne 

Cent Une 

? 
(4) 

rl 

Trfl i . 1 
- ~ (3)-(3\ 

r---+---1 '"" 

(ll 
,,. "J" 

~ ;,; .. , 
ClluKa 5. Cmy6 ca cKoKoeumoM npoMeHoM o6JluKa nonpe 1moz npeceKa, 

nonpe'IHU npeceK Ha zoplbeM oelly 1-1, oOHOCHo Ha 001veM Oelly cmy6a 2-2 

Ha cn11u11 5, cy np11Ka3aH11 nonpeqH11 npeceu11 11 K00p,Q11HaTH11 c11cTeM Koj11 o,QroBapa 
pecpepeHrnoj oc11. IlonpeqH11 npeceu,11 (3)-(3) tt (4)-(4) cy 11,QeHTHqH11 npeceu11Ma 1-111 2-2, c 
TOM pa3J1JIK0M WT0 cy <pI1KTl1BHO eKCU,eHTPJl'iHJI, ( npeceuJI 1-1 J1 2-2 cy peanH0 
eKCUeHYpJl'iHJI) . 

.D:ejcrno K0HUeHTp11caHe cttne Ha Kpajy cTy6a Koja ,Qenyje y Te)KttWTY npeceKa 1-1, ,Q0B0,[(11 
,[(0 ueHTpJlqHor npI1Tl1CKa Ha ropHjeM ,Qeny JI ,[(0 eKCUeHYpl14H0f np11Tl1CKa Ha ,[(OHjeM ,Qeny. 
Ilp11 M0,Qen11patt,y rrp11MeH0M peanHe eKCU,eHTp11qH0CTl1, ,Qo611jajy ce yTHu,11aj11 KOjl1 cy 11 
oqeK11BaH11, 0,QHCH0 y ropHjeM ,Qeny cTy6a je np11cyTHa caMo H0pManHa c11na, ,Q0K ce y ,Q0H,eM 
,Qeny jaBJha HopManHa c11na 11 M0MeHaT caB11jaH,a Koj11 o,QroBapa . .D:ecpopMau11ja cTy6a ycne.J 
33,[(3T0f yn1uaja TaKOaje 0,[(fOBapa. Y 0B0M cnyqajy, np11MeHa qJHKTHBHe eKCUeHYpfiqH0CTH je 
,[(0Bena ,[(0 O,QCyCTBa M0MeHTa caBHjatt,a Ha ,[(0H,eM ,Qeny cry6a, WT0 ce M0)Ke B11,[(eTl1 ca CJ111Ke 
6.a) . Ha CJ111UI1 6.a) cy np11Ka3aHl1 YTttuaj11 M0MeHaTa caB11jatt,a ( pe,QyK0B3Hl1X y 0,[(H0CY Ha 
Te)KttWTe npec~Ka ) , 3a CTy6 M0,QenttpaH peanH0 eKCUeHTI1p4HI1M npeceK0M (neB11 CTy6) Ii 

(p11KTJIBHO eKCUeHTpI14Hl1M npeceK0M ( ,QeCHl1 cTy6). Ha CJ111U11 6.6) je np11Ka33H ,QecpopM11C3H 
06n11K CTy6a M0,Qen11paH0f peanH0 eKCUeHTp114Hl1M 11 cp11KTl1BHO eKCUeHT11pqH11M rrpeceK0M. 
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CnuKa 6. /fuja2pao11 MOMeHma caeuja1ua u o6nuK oerjJopMatfu}e 

Ee:. rrp11MeHe eKCl..(eHT])l14Hl1X erreMeHaTa, KOpeKTHe yT11u,aje je MOryl'i.e ,n:0611T11 11 

-:;Jl!MeHOM KpaTKOr rpe,n:Hor eneMeHTa Ben11Ke KPYTOCTl1 KOjl1M 611 ce MO,n:en11pano IIOMepaa,e 

2e . 

3.3 rPE,ll;A BE3AHA CA IIJioqoM 

ITp11Me1rn pearrHe eKCl..(eHT])H4HOCTH OMoryl'iaBa Mo,n:en11palhe rpe,n:e Koja je Be3aHa ca 

-~1O4OM. ITocMaTpajMo rpe,n:y npaBoyraoHor rrorrpeqHor rrpeceKa Ha Kojy ce ocnaa,a rrno4a. 

sa L\Ba eneMeHTa 4HHe "rrpocTy rpeL1y" CJIO)KeHor "T" rrpeceKa. 

.,,-r·J-----~ 
,..-,~,....,/' 21 ~-' 

l-==T3 
-----, 

q=lO 

~4 
Cl_j 
~ kl u lJ lJ l l l l ! ! l j l j j ~ 

8r, 

CnuKa 7. /fucno3utfu}a zpeoe u nnQl/e ( cno:J1ceHe zpeoe "T" npeceKa ) 
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IIoJJO)l(aj rrpaBoyraoHor ,[(eJJa rpe,L\e je O,L\pel)eH peqiepeHTHOM n11H11joM y paBHl1 rrnoqe_ 
CrnT11tJK11 yT11uaj11 y rpe,L\11 "T" rrpeceKa, Kojy je qiopM11pana rrnoqa ca rpe,L\OM, ce HaJJa3e 
pe.L\yKu11joM yT111.1;aja 113 rpe,[(e 11 IIJJOtJe. Ha cn11u11 8, je rrp11Ka3aH nono)l(aj pe3ymyjyh11x 
yT11uaja y rpe,L\1111 rrnotJ11. CrnT11qK11 yT11uaj11 y rpe,[(11 cy pe,L\yK0BaH11 Ha Te)l(11urny ocy, ,[(OK ce 
y nnoq11 pe.L\yKyjy Ha ocy nnoqe_ 

CnuKa 8. IloflO:JICaj pe3ynmyjynux ymuljaja y 2peou u nflO'-IU 

YKyIIHl1 yTHuaj11 ce HaJJa3e pe,L\yKu11ojoM YT11Uaja Ha )l(eJbeHy ocy CJIO)l(eHe rpe,[(e, 
O,[\HOCHO 113pa311Ma (lQ) 

N = NP, +N1,. 

M = M p l +Mfr +0.4,N1,. 

Pe3yJJTaTl1 crnTl1lJKl1X yT11uaja y nnoq11 ce Mory ,[(0611T11 onu11joM "rrpeceK" , ca u111p11HOM 
6=1 (wrn 611 o,n:roBapano w11p11H11 uene nnoqe). Pe3ynrnT11 ce ,n:0611jajy 11HTerpau11joM 
MOMeHaTa caB11jatt,a 11 HOpMaJJHI1X Cl1JJa y IIJJOlJJ1 11 H,11XOBOM pe,n:yKU110jM Ha ocy "npeceKa". 
OB11 yTHuaj11, 3a 3a,n:aTy ,[(11CII0311U11jy 11 omepehett,e cy rrp11Ka3aHl1 Ha CJJ11U11 9 .. 

g 

Kpl 

CnuKa 9. Pe3ynmyjynu ymuZfa}u y nno'-lu 
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CrnTH'lKH YTlill ajH y rpeL\H0M )lerry cy rrpHKa3aHH Ha CJIHUH 10. 

f , , ' ,, , II IJl ll ! l l! ll i ll Il l ll l ll i ll 11111 111 !1111111 111 11111111 111 111 11111 1111111 11 II•', , 
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CJ1uKa 10. Ymu14aju y zpeOHOM Oefly 

Mfr 

Nfr 

ITpHMeHOM H3pa3a (10), )l06HjaMO CTaTlil!Ke YTHUaje Ha IT0JI0Bl1Hl1 pacrroHa, pe)lyKUHjOM 

_ T l!Uaja li3 rrrroqe li rpe)le Ha 11CTY TallKY HaJia3liM0: 

N = NP1 + Nfi = -146.799 + 146.927 = 0.l28kN 

M = MP1 + M Ji + 0.4- N1r = 3.436 + 17,804 + 146.927 · 0.4 = 80.00lkNm 
IToIIITO ce pa)],11 0 "rrpocTOj rpe)],11", YTHUajH cy ce M0fJI11 je)lHOCTaBHO )l0611Tl1 11 "rnqHe" 

:,pe,:iH0CTH cy N = 0, M = q · l 2 
/ 8 = 80 . Mo)Ke ce yol!HTH )la cy 0L\CTyrratt,a He3Harna. 

Osaj rrp11Mep ca L1pyre CTpaHe yKaJyje Ha rroTeHu11jasrny "orracHocT" y rrp11MeH11 

:c'.KCUeHTp111-lHl1X rpe)la . .IJ:o rrpo6rreMa 611 )l0IIIJI0 y crryqajy )la ce K0pliCTe YTHUajH caM0 y 

;-peJ,H0M )lerry (6e3 rrrroqe). YK0JI11Ko rrorne)laMo rrpeTX0L\Hl1 npHMep, rrpeceK y cpeL\HHH 

;:acnoHa Ha rpe)lH0M )lerry je orrTepeneH caMo H0pMaJIH0M c11110M 3aTe3aH,a OL\ 146.9KH 11. 

0 \leHT0M caBHjaH,a 0)l 17.8 KHM . .IJ:HjarpaM HaIT0Ha y rpe)lH0M )lerry 6H 0)lfOBapao 

~11jarpaMy HarroHa y "pe6py T npeceKa", aJIH np11MeHa ayToMaTcKor arrrop11TMa 3a 

::i rneH3li0Hl1.CaH,e 611 rpeL1y TpeTHpao Kao )l0Ml1HaHTH0 3aTerHyT11 erreMeHT li y CKJ1a)ly C TliM 

·• rrpeL\JI0)Kl10 pacrropeL\ apMaType . .IJ:o CJIH'lH0r npo6rreMa 611 )l0IIIno )la je "T rrpeceK", 

',!0J,err11paH cnojeM eKcueHrpH0rne rpe)le 11 nnoqe 611.0 rrpHMeH,eH y K0HnrnyarrH0M Hocaqy ca 

•,IO \IeHTHMa Koj11 3aTe)Ky fOH,11 )leo rrpeceKa. Y TOM cnyqajy, jaBHJIO 6H ce 3HaTH0 3aTe3aH,e y 

:i1oq11_ ITpHMeHa yo6wiajeHor arrrop11TMa 3a L\11MeH3110HHCaH,e rrrroqa ( nprr K0Me ce apMaTypa 

v.Jpeljyje Ha 0CH0By 11HTeH3liTeTa M0MeHaTa caBHjaH,a, 6e3 K0HTµ0Jie H0pMarrHe Cl1JJe ), 6H 

:::.oserra L\O ycBajaH,a 3HaTH0 MaH,e K0JIHY11He norpe6He apMaType. 
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4 MO,IJ;EJIIIP AlhE JllIHIIJCKOr EJIEMEHTA IIOBPIIIIIHCKIIM 
EJIEMEHTIIMA - YIIOTPEGA PE,IJ;YKTOP A 

CaspeMem-1 paqyHapcK11 nporpaM11 (Tower 6) oMoryhasajy .ri:a ce rrp11 am1JI11311 pe3ymarn, 
CTaT11qK11 yTm~aj11 Koj11 cy .ri:0611jeH11 y noBplll11HCKl1M eneMeTH11Ma pe.ri:yKyjy Ha Jil1H11jy 11J111 
ocy. To OMoryhaBa .ri:a ce pe3yJITaTl1 .ri:0611BeH11 np11MeHOM noBplll11HCKl1X eneMeHaTa 11J111 
KOM611Hau:11joM rpe.ri:a 11 II0Bplll11HCKl1X eneMeHaTa TPeT11pajy Kao pe3yJITaTl1 y Jil1HI1jCKl1M 
eJieMeHTl1Ma. Tip11 TOMe je 3HaTHO noje.[(HOCTaBJI,H,Ha aHaJil13a 11 KOHTPOJia pe3yJITaTa. Ha Taj 
Haq11H je Moryhe YHOCl1Tl1 BeOMa CJIO)KeHe 06n11Ke npeceKa 11 Bplll11Tl1 H,11XOBY 06je.ri:11H,eHy 
aHaJil13Y, Y OBOM nornaBJbY he ce y KOHKpeTHOM np11Mepy ,[(eMOHCTp11paT11 nocTynaK y 
0.[(HOCY Ha je.[(HOCTaBaH "IllKOJICKI1 np11Mep" 11 ynope.[(11Tl1 pe3yJITaTl1 ca oqeK11BaHl1M 
Bpe.[(HOCT11Ma. 

4.1 KoH30Jia T8HK03Utl,HOr npeceKa ODTepelieua KOHQCHTpucaHOM CUJIOM 

Y CTaH.[(ap.ri:HOM Kypcy OTnopHOCTl1 MaTep11jana, CTy.[(eHTl1Ma ce Ha KOH30Jil1 [ npeceKa 
.[(eMOHCTP11pa pacnope.ri: CM11qyh11x HanoHa, Kao 11 nocTojaH,e u:eHTPa CMHU:aH,a. Y OBOM 
cnyqajy he 11cT11 Hocaq 611T11 Mo.ri:en11paH nnoqacT11M eneMeHT11Ma, .D:OK he aHanma 611T11 
crrpose.ri:eHa KOpttlllheH,eM pe.ri:yKTopa. 

" 

C!luKa 11. K01-130JIHU Hocal./ u onmepeliel-be 

rpe.ri:a je Mo.ri:en11peaHa rrnoqacT11M eneMeHT11Ma, a orrTepeheH,e je HaHeTO Kao mrn11jcKo 
ornepeheH,e no KOHTyp11 cno6o.ri:Hor Kpaja, KaKo 611 pe3yJITaHTa rrpolllna Kpo3 Te)KttlllTe. Y 
YKJbeUITeH,y, y cnyqajy np11MeHe Jil1Hl1jCKl1X HenoKpeTHl1X OCJIOHau:a, .[(0Jla311 .[(0 cnpeqeHe 
.ri:ennaHau:11je O.D:HOCHO orpaH11qeHe rnp311je. Y u:11Jby nopel)eH,a pe3ymarn ca ecpeKT11Ma 
cno6o.ri:He T0p311je, y npeceKy y YKJbelllTeH,y yMeCTO Jil1Hl1jCKl1X HenoKpeHTHl1X OCJIOHau:a, no 
311.[(0B11Ma TaHK0311.[(Hl10r npeceKa, nocTaBJbeHe cy KpyTe rpe.ri:e Koje cy TaqKaCTO OCJIOH,eHe )' 
TaqKaMa y KOj11Ma je CO KOOp.D:11HaTa je.ri:HaKa HYJil1. 

Y 0611qajeH11 yTHu:aj11 Koj11 ce Mory .ri:0611T11 113 nnoqacT11x eneMeHarn cy HarroH11 11n11 c11ne 
no je.ri:11H11u:11 .ri:y)K11He. Y OBOM cnyqajy pe3ymaT11 c11ne no je.ri:11H11u:11 .ri:y)K11He y npasu:y oce 
IllTaIIa, 0.[(HOCHO CM11qyh11 HaITOHl1 cy np11Ka3aHl1 Ha CJI11U:11 12. TaKBl1 pe3yJITaTl1 OMoryhasajy 
KOHTPOJIY HanoHa aJil1 caspeMeHl1 KOHu:enT11 aHaJil13a rpaH11qHor CTaH,a, .ri:orryIIITaJY 
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rrpeKopatiett,e HarroHa Te ce 0BaKaB HatIHH rrp11Ka311Batt,a pe3yJnarn M0)Ke CMaTpaT11 

rrpeBa311~eHl1M ca CTaH0B11Il1Ta )ll1MeH3110Hl1CaH,a KOHCTPYKUHja, 

Nxy 

CJ!UKa 12. BpeOI-WCmU HOpMGllHUX U CMU'-lyflux CUJIG no jeOUHULfU oy:>ICUHe npUKQ3GHU HG 

y6u'-lajeH HG'-IUH 3Q npUKG3U6Gfbe pc1yJ1mama y no6pUIUHCKUM eJleMeHmUMG 

YMeCTO aHaJJl13e Bpe)lH0CTl1 11HTeH311TeTa HarroHa, caBpeMeHl1 K0HUeITTl1 aHaJJl13e 

KOHCTpyKu11ja 3axTeBajy BpeilH0CTH cmrn. YrroTpe6a pe)lyKTopa, oMorynaBa )la ce yuaj11 ca 

110Bplll11HCKl1X eJieMeHaTa CBe)ly ( pe)lyKyjy ) Ha )KeJbeHy Jil1Hl1jy. Ha CJI11U11 13 cy rrp11Ka3aHl1 

.JJ1jarpaM11 M0MeHTa caB11jatt,a 11 TpaHCBep3aJJHe Cl1Jie )l0611jeHJ1 11p11MeH0M pe)lyKTOpa. Oca 

pe)lyKTopa je n11H11ja Ha Kojy ce cBo)le ( pe)lyKyjy ) yT11uaj11 . Y 0B0M cnytiajy, oca pe)lyKrnpa 

j e rrocTaBJbeHa y Te)KJ1IllTY rrorrpetIHor rrpeceKa TaHK0311)lHor IllTarra. 

My 

a) 
vrednosti 
redukovane 
u odnosu na teziste 

Tz 

b) 

CJ!UKQ 13. BpeOHOCmu oujazpaMa peoyK06GHUX ymu4aja - MOMeHma CG6U}WbG u 

mpaHC6ep3GJIHe CUJle, 

CTaTl1'1Kl1 yT11uaj11 rrp11Ka3aH11 Ha CJI11U11 13 cy MH0ro rroro)lHJ1j11 3a aHaJJl13Y, K0HTpony J1 

n11MeH3110H11catt,e Oil yrnuaja rrpI1KaJaH11x Ha cn11uJ1 12. OH11 o)lroBapajy yrnuajH:Ma y 

K0H30JIJ1 OITTepeneHoj K0HUeHTp11caH0M CJ1JI0M Ha Kpajy. CeM 11HTeH3!1TeTa M0MeHTa 
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~a 1rn11 T])aHCBep3aJIHe CHJie, 3a KOje HaM y OBOM JeHOCTaBHOM rrp11Mepy CJIO)KeHa 

- - 7:;3 II H11je foma IIOTpe6Ha, pe.uyKTOp OMorynaBa 11 KOHT])OJIY 11 □panellie YTl11(aja 

~;-,,a rnp311je pe,uyKOBaHor Ha )Ken,eHy Ta'lKy. 

.pl! rpaHl1'lHl1M ycJIOBl1Ma y yn,erUTeH,y Koj11 o,uroBapajy CJio6o,uHoj TOp311j11, CTaTl1'lKl1 

2_·11 cy pe,uyK0BaH11 Ha Te)Knrny ocy 11 ocy CMHUallia. Pe3yJirnT11 pe,uyKu11je rrpecetJH11x 

- -:::. y IIJIOLJaCTHM eJieMeHTl1Ma cy rrp11Ka3aHH y 06JI11Ky .u11jarpaMa MOMeHTa TOp311je Koj11 cy 

.:.x;ern Ha ocy pe,uyKu11je Ha cJI111111 14. 

centra smicanja 

C1n1Ka 14. MoMrnm mop3uje peoyKoeaH Ha ocy cMtnJa1va (a) w1u me:J1Cuumy ocy (6) npu 

zpaHu<tHUM ycJtoeuMa y yK/beiume1vy Ko.Ju oozoeapajy CJto6oiJHoj mop3itju 

Ca CJIHKe 14 ce yoLJaBa .ua ce pe,uyKUHjOM yHyTpanIH,11X CM11LJyn11x CJ1Jla Ha ueHTap 

CMHUaH,a .uo611ja MOMeT TOp311je je.uHaK HYJIH, .UOK ce pe.uyKu11joM 11CTHX BeJIHLJ11Ha Ha 

Te)Kl111IHY ocy .uo611ja 3HatJajaH MOMeHT rnp311je . 

ITp11 rpaH11LJHHM ycJIOBHMa y yn,e11ITett,y Koj11 crrpeLJaBajy rroMepallie y rrpaBUY oce nnarra 

H .UOBO.Ue .uo orpaHH'leHe TOp311je y YKJbellITelliy, CTaTHLJKH YTHUajH cy pe.uyKOBaHl1 Ha 

Te)KllIHY ocy 11 ocy CMHUallia. Pe3yJITaTH pe,uyKUHje □pecetJHHX Cl1Jia y IIJIOLJaCTHM 

eJieMeHTHMa cy □pHKa3aHH y 06JI11Ky .u11jarpaMa KOjH cy rrp11Ka3aHH Ha CJI11U11 15 . 
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CJtuKa 15. MoA1eHam mop3tt)e peiJyKoeaH na ocy CMu4a1va ( a) uJtu me:J1Cuu1Hy ocy (6) 

zpanul/HUM ycJtoeuMa y yKlbeiume1vy Ko.Ju oozoeapajy ozpaHul/eHoj mop3tt)u 
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Ca CJlHKe 15, ce MO)Ke YO'-IHTH IIOCTOjatt,e orpaHH'-leHe TOp3Hje y ,[\eJJy HOCa'-la y 6JJH3HHH 

• '--·lOHU:a, 0,[\HOCHO r,[\e je rpaHH'-IHHM ycJJOBHMa crrpe'-leHa ,[\errnaHaU:Hja. PenaTHBHH 0,[\HOC 

0:'vfeHra cno60,[(He H orpaHH'-leHe TOp3Hje ce MO)Ke O,[\pe,!\HTH aHaJJH30M ,[\HtpepeHu:ajanHe 

e.:rna'-IHHe orpaH11'-leHe Top3Hje, aJJH rrpH TOM, rpaHl1'-IHH ycnoB - crrpe'-leHe 11nH cno6o,[(He 

.:errnaHau:Hje HMa Bem1KH 3Ha'-laj. 

y rrpeceKy Ha TI0Jl0B11Hl1 KOH30JlHOf ,!\eJJa ce Mory ,[(06IITII mITeH311TeTl1 CTaTII'-IKl1X 

• 1Hu:aja TIO 3H,[\OBHMa, O,[\HOCHO Bpe,!\HOCTl1 CHJla pe,!\yKOBaHl1X Ha Te)KHWTe 11Jll1 u:eHTap 

:~rnu:aH,a. OB11 yT11u:aj11 cy rrpHKa3aHl1 Ha CJJ11U:H 16.a . 

T2 = 60.718 
M1 = ·0.172 
M3 = -31.502 

0-­
centra smicanja 

_.,. 
~~ 
a:iN 

1: Ur 
::;" >-

M = -0.116 
T= -11.158 
N=110.173 

T2 = 60.718 
M1 = -4.158 
M3 = -31.502 

-etezisna osa 

M = 0.116 
T = 11.158 

N=-110.173 
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b) 

CnuKa 16. Cmamul./KU ymu4aju y npeceKy Ha nono0u11u KOH3one a) u oecjJop.Ma4uja 

KOH3OJ111O2 Utmana ( no2neo u3 npa04a Bpxa KOH3OJle 6) 

Pe,!\yKU:HjoM YTHU:aja oMoryheHo je ,[(a ce yrnu:ajH H3 BHwe eneMeHara TpeTHpajy Kao 

. 1 11u:ajH y rpe,[\HOM eneMeHTY 0,[\H0CHO ,[\a ce Ha HaBe,[\eHe YTHu:aje rrpHMeHH je,[(aH O,[\ 

3.:rropHTaMa 3a ,[\HMeH3HOHHCaHje rpe,!\HOr eneMeHra . 

Ha CJJHU:H 16.6) rrpIIKa3aHa je ,[(etpopMau:IIje KOH30JJHor wrarra rne,[\aHo H3 rrpaBu:a spxa 

:i:0H30Jle. Mo)Ke ce YO'-IHTH ,[\ace rrpeceK Ha CJJ060,[(HOM Kpajy II0Mepa TpaHCJJaTOpHO y rrpasu:y 

.:e.10BaH,a Cl1Jle H pOTHpa OKO u:eHTpa CMHl..(3H,3. 

OBaj rrpHMep rr0Ka1yje ,[(aje Moryhe MO,!\em-1paTH 11 aHaJJl13HpaTII ecpeKTe KapaKrepncTw-rne 

Ja TaHK03II,[\He nnarrose H 6e3 eKCITJ111U:HTHOr O,!\peljHBalba KapaKTepIICTHKa rrorrpe'-IHHX 

;ipeceKa TaHK03H,[\HIIX wrarroBa, O,[\H0CHO II 6e3 pewaBalba ,[\IItpepeHU:HjaJJHe je,[(H3'-IHHe 

orpaHII'-leHe Top111je ITO WTaf!OBHMa. ITp11 TOMe ce ,[(06Hjajy 33,[\0BOJbaBajyhe Bpe,!\HOCTH 3a 

;:'TaTH'-IKe H ,[\etpopMaU:HjcKe BeJJH'-111He. TaKBa 3HaJJl13a HapO'-IHTO ,[\0Jla3H ,[\O H3pa)Kaja rrpH 

\IO,[\eJIHpatt,y H 3HaJJII311 f!OHawaH,a je1rpa 1rpa,[(a HJJH TaHK03H,[\Hl1X rrpeceKa M0CTOBa . 

\1oryhe je H3,[\BOjrrrrr )KeJbeHo pe6po H ca,[(ejcrnyjyhy rr0Bpw11Hy rrnoqa rr1 CHCTeMa H 

aHaJJH3rrparH yrttu:aje pe,!\yKoBaHe 111 rttx eneMeHara. 

ITpttMeHa ose rexHHKe, oMoryhaBa pe,!\yKu:11jy rr cyrreprro3IIU:Hjy yrHu:aja H3 rrnoqa H rpe,!\a. 

H a raj Ha'-IHH, aHanrr1a rrpocTe rpe,!\e "T" rrpeceKa rrpHKa3aHe y rrpHMepy 3.3 je 3HaTHO 

rroje,[(HOCTaBJbeHa a rrpHMeHa pe1ynrara peanHo-eKCU:eHrp11'-IHHX rpe,!\a onaKwaHo. 
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5 3AKJhyqAK 

CaBpeMemi: paqyHapCKl1 rrporpaMl1 OMorynaBajy MO)IeJrnpaa,e CJIO)KeHMX C'fPYKTypa H 
ecpeKaTa y H,J1Ma Ha penaTMBHO je)IHOCTaBaH HaqHH. Ilp11_ aHaJIH311 pe3yJITaTa rrporpaMa ce 
Mopa BO)IHTH paqyHa O rrpeTITOCTaBKaMa Ha OCHOBY KOjHX je reHepucaH HyMepnqKH MO)IeJI. 

IlpHMeHa peanHo eKCIJ,eH-rpHqHHX rpe)Ia OMorynaBa peanHO MO)IeJittpaH>e KPYTOCTH 
eneMeHaTa ca je)IHe c-rpaHe anu ce np11 KopttlllneTuy pe3ymaTa 11 crnT11qK11x YT111i:aja, Mopa 
BO)Il1T11 paqyHa O ecpeKTl1Ma )IO Koj11x TaKBO MO)IeJittpaH>e )IOBO)IH. Y cnyqajy crrpe3aTua 
peanHo eKcIJ,eH-rp11qHe rpe)Ie ca rrnoqoM, ,L10611ja ce "T" rrpeceK anu he CTaTHqK11 yT11IJ,aju y 
rpe)IHOM )Ieny rrp11KaJaT11 caMo ynmaje y pe6py "T" rrpeceKa. ,ll;nMeH3110H11CaH>e TaKBe rpe)Ie 
3axTeBa pe)IyKoBaH>e YTl1IJ,aja 113 rrp11rra,L1ajyner )Iena ITJioqe 11 He MO)Ke ce ayroMaTcK11 
crrpoBecrn:. 36or rnra je y cnyqajeB11Ma Ka)Ia KpyrncT c11cTeMa "ITJio'Ia-rpe)Ia" H11je O)I 
BeJTHKOr 11HTepeca, rrperropy'IJbHBO ma6paTl1 "cp11KTl1BHO eKCIJ,eH1pH'IHe rpe,Lle". y TOM 
cny'lajy, y HaBe)IeHoM rrp11Mepy "T" rrpeceKa ce Herre jaB11T11 HOpManHe c11rre, a
)Il1MeH3llOHHCaH>e ce MO)Ke aYTOMaTCKl1 crrpoBeCTll. 

Ilp11MeHa "pe.L\YKTOpa" OMoryhasa peanHo MO)Ierrn:paH>e KpyrncTM je3rapa 3rpa,L1a, aHasrmy 
YTHIJ,aja y je3rpy n:rr11 caMo TueroB11M ,L1enoB11Ma Kao 11 MO)Ien11paH>e ecpeKaTa Kojn: cy 
KapaKTepn:cTM'IHl1 3a TaHKO311)IHe rrpeceKe. 
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