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[Npearosop

[lokTopTCcKa pauceptaumnja ,,VcTpaxusare yTuuaja nokasHor ontepehewa TOUKOBa
KO/MMLA Ha HarMoHCKa CTaka jeAHOLUMHCKMX Hocaya MallvHa 3a MexaHusauujy* Hactana
je Kao pesynTtata rotoBO [ELEHWJCKOr MCTPaXuBarba NOKaIHWX HAMOHCKMX CTaka
[OHer rojaca Hocaya W3NOXeHOr [ejcTBy TOukoBa Konuua. Pewlera npobnema
oApefuBatba HamoHa W3a3BaHWX JIOKA/IHUM CaBWjakeM MojaceBa HOcCaya Koja Cy
AobMjeHa  CMHTE30M  TEOPUJCKUX  pellewa W pesyntata  eKcrepuMeHTasiHor
NCTpaXMBawa Ha Ba/baHOM | npodmny, npefctas/bana Cy OCHOBY 3a [OHOLLEHE
CTaHJapAa Koju Ce KOPUCTE Y MHXXEeHEePCKOj Npakcy 1 BaXkehoj TEXHUYKO] perynatusi.
CBa [focajallra €eKCrepvMeHTasHa WUCTpaXuBarwa 00aB/beHa Ha  KnacuyHuM |
npogunnma, 04HOCHO Ha NPOUINMA KOJ, KOjUX Cy KOHTYpEe rnojacesa Nnog Harmbom, kao
N Ha cpeatbe WMpoKuUm IPE npodmnmma ca napanenHuM KOHTypama Mojacesa, LUTO
3HauM ga npobnem MaeHTUMMKaLmMje NOKaJHOr HaMOHCKON CTaka LUMPOoKonojacHMX |PB
npoguna (HEA, HEB) Huje pasvarpaH. [ucepraumja je vMmana 3a UWb NpPOBEPY
TAQYHOCTU MpPUMEHe Wu3pa3a (HOPMMPAHUX Ha OCHOBY MCTpaXuBarba KIacUuHUX |
npoguna, Kao W cpefwe WMpokux IPE npogwuna, Ha npobrnem wgeHTUdMKaumje
NIOKA/IHOT  HamnoHCKOr CTawa LupokonojacHux IPB npogwuna, wvmMajyhu y Buay
UMHbEHNLY [a Ce HMXOBE TeOMETPUjCKe KapaKTepUCTMKE 3HA4YajHO pasfinKyjy of
reoOMeTPUjCKMX KapaKTepucTMka MOMeHYTUX Knaca npoduna. [yryjeMm OrpomHy
3axBa/IHOCT CBOM MeHTOpY, npod. ap CphaHy Bolutbaky, Ha HecebryHOj NomMohn TOKOM
cBux (hpaza wm3pafe Aauceptaumje. MocebHy 3axBanHOCT Ayryjem npod. Ap. 3opaHy
MeTkoBWhy 1 unaHoBMMa komwucuje npod. ap. CnobogaHy Ctynapy, npod. ap. HeHagy
3pHuhy, npog. gp. Munomupy Mawwvhy n gou. gp. AparaH Munkosuh Ha KOPUCHUM
cyrectvjama Kojuma cy MW MOMOIN y 06/MKoBaky (hMHa/IHE Bep3uvje AucepTaumje.
Takohe, 3axBa/byjeM Ce Ha CTPYYHO - TEXHWYKOj NOMONhM KOjy Cy MU MPYXWNW Konere
HaHnjena Manuh n Hukona Hoskosuh.



VcTpaxkmBatrbe yTulaja nokanHor ontepehersa TOUKOBa KO/MLA Ha HaMOHCKa
CTarba jeHOLUMHCKMX HOocaya MalluHa 3a MexaHusauunjy

Pesnme: Y pafly Cy W3/I0XKEHWN pPe3yntaTyi UCTPaXMBarba /IOKASHOT HArOHCKOr CTakba
Ba/baHUX HOCaya OTBOPEHOr MOMPEYHOr Mpeceka W3NOXEHWUX [ejcTBY TOYKOBA
MOKPeTHUX  Konuua.  EKcnepMMmeHTaslHa  MUCTpaXuBaka  M3BPLUEHA CYy  Ha
TEH30METPUJCKOM CTONY OpUrMHanHe KOHCTpyKuuje. OapehuBarbe HarmOHCKUX CTakba
13a3BaHMX JIOKA/HUM [iejCTBOM TOUYKA M3BELEHO je NPUMEHOM OPUTMHAMHOI MOCTYMNKa
noAp>KaHor CO(TBEPOM pasBMjeHMM TOKOM peanusaumje UCTpaxmsarwa. Hymepuuka
NCTpaXMBara M3BPLUEHA CYy MNPUMEHOM MeTOAe KOHauyHWX enemeHata. Ha OCHOBY
pesyntata WcTpaXusawa YyTBpHeHO je cnefehe: (a) y 30HM TpaH3uuuje [OHU
nojac/pe6po 3a [oka3 YBpcTohe HMje MepoJaBHO HaMOHCKO CTake Y Tauyku QPUKTUBHOT
npeceka [0He KOHTYpe rojaca 1 KOHType pebpa, Kako je TO MPOMNUCaHo CTaHLapAoM
EN 15011, Beh HanoHCKO cTakbe Yy pedepeHTHUM Taykama npeceka Ha MOoYeTKy
pagujyca TpaHsuuuje; (6) y 30HM TpaH3uuuje, Ha [OHOj KOHTYpW [OHer nojaca y
NOAY>XHOM MpaBLUy jaB/bajy ce NPUTUCKYjyhAK HamoHW, WTO Yy MNOTNYHOCTU Herupa
NOCTynaK WAeHTU(MKaLMje NOKa/IHOr HAarMOHCKOr CTawa nponucaH cTaHgapgoMm EN
15011; (B) arnconyTHe BpeAHOCTU JIOKAJTHNUX HAMOHA Ha FOpH0j U A0H0] KOHTYPU LOHEr
rnojaca HUCY jeflHaKe HW Y jeAHOj pehepeHTHO] TauKm NOMNPEYHOr NPeceka, LWTO Hernpa
oapepby craHgapga EN 15011 npema Kojoj Cy anconyTHe BPeAHOCTM HamOHCKMUX
Koe(hmumjeHaTa Yy KOPECMOHAEHTHUM TaykaMa FOpHe W [0He KOHType jeaHake; (r)
BeNMYMHA nNpo(una WCTe K/ace 3HayajHO YTUYe Ha BPeJHOCTM  HAMOHCKWX
Koe(hmumjeHaTa; (4) yTvuaj reoMmeTpmnjcke MMNepgekLmje nonpeyHor npeceka npoguna
Ha BPeAHOCTU HaMOHCKMX KoeduumjeHaTa BP/o je U3PaXeH je Y 30HM TpaH3uuuje, LOK
je 'y octanMm peepeHTHUM Taykama penaTMBHO HM3ak. Ha OcHOBY pesynTarta
UCTPaXMBara PopMMpPaHe Cy OpUrMHasIHe KprBe HaMOHCKMX KoeduLmjeHaTa 3a Cpefbe
wupoke IPE npoune n wmpokonojacHn HE-A npodun Koje oTKnawajy HefocTaTke
aKTyenHor ctaHgapga EN 15011.
K/by4He peuu: jefHOLUMHCKM HOCayu Au3anuua, NI0KasHO caBujarbe, TEeH30MeTpuja,
MeTOZa KOHaYHWX efleMeHaTa, HanmoHCKN KOe(ULMjeHTH
HayuHa o6nacT: MalLMHCTBO
Ya Hay4yHa obnacT: MexaHuzauuja
UDK: 621.879.48(043.3)



Exploring theimpact of local load of trolley wheels on stress states of monor ail

hoist crane

Abstract: The paper presents the research results of the local stress of open cross -
section rolled girder exposed to the impact of movable carts’ wheels. Experimental
researches were carried out on the tensiometric table’s original structure. Determination
of stress state caused by the wheel local impact was performed using the original
process supported by the software being developed during the implementation of the
research. Numerical studies were performed using finite element method. On the basis
of the research results we concluded the following: (a) stress state in the fictitious point
of intersection of the flange lower contour and the ribs contour may not be regarded as
the evidence of strength in the low flange / rib transition zone, as prescribed by standard
EN 15011, but the stress state in the reference points of intersection at the beginning of
the transition radius; (b) in the zone transition, there are pressing stresses in the lower
contour of the low flange in the longitudina direction which completely negates the
process of identifying local stress state prescribed by the standard EN 15011; (c) the
absolute value of the local stress on the upper and lower contour of the low flange are
not equa in any reference point of the cross section, which negates the provision of
standard EN 15011 according to which the absolute values of stress coefficients in the
correspondent points of the upper and lower contours are equal; (d) the size of a profile
of the same class significantly affects the value of the stress coefficients; (€) the impact
of geometrical imperfections of cross - section profile on the stress value of the
coefficient is highly expressed in the transition zone, while the impact in other reference
points is relatively low. Based on the survey results, the original curves of stress
coefficients are formed for mid - wide profiles (IPE) and wide flange profiles (HE-A)
which eliminates the shortcomings of the current standard EN 15011.

Key words. monorail hoist crane, local bending, tensiometry, finite element method,
stress coefficients
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1. | YBOOHA PASMATPAHA

Pas3inumMT CUCTEMU YHYTpaLUber TPaHCNopTa LUMPOKO KOPWCTE KOHLENT Konumua
obelleHMX O BasbaHW MpPOQWA, KOju npeacTae/ba 6a3Hy Hocehy KOHCTPYKUMjy 3a
TpaHCnopT TepeTa. TOYKOBM Konuua Kpehy ce mo forwem nojacy npodunia u, nopes
OMwITEr caBujata HOCaya, u3as3mBajy W JsioKasHa fejctea. Konmua cy, Hajyeluhe,
noBe3aHa ca KOMMaKTHUM BUT/IOM, YnmMe ce 06e36ehyje heroBo Kpetake Ay>K Hocaua,
cnvke 1.1,1.2mn 1.3.

I ——— u*-r
Cnwuka 1.2: Buceha mocHa gusanunua




Cnuka 1.3: JeAHOLIMHCKM CUCTEM YHYTpaLUHer TpaHcnopTa

Mopes OCHOBHOI KOHCTPYKLMOHOT peLlera KO Kora je BasbaHu Npotun yjeaHo u
rNaBHW HOCau, YecTo Ce NPUMekbYjy 1 peLlerba Ko KOojux ce BasbaHu Npogun ojavasa
[OMYHCKUM KYyTWjaCTUM HOCayeM, YMMe Ce 3HayajHO nosehaBa HOCMBOCT [uU3asuLe,

cnuka 1.4.

Cnuka 1.4: JegHorpeaa nopTtanHa gnsanuua y 6po,qrpa,qv|nMLUTy »,Bomex 4M*

McTopujckm  mocmatpaHo, Kao [MaBHUM  HOCauM  KOA4 — CBMX — HaBefeHWX
KOHCTPYKLMOHUX pellera Hajnpe cy KopuwheHW Tako3BaHW 06WUYHM BasbaHu |
npogunun, ca nojaceBuma nog Harmoom. [umeH3nje MOMPeYHOr npeceka NMoMeHyTor
npotuna ogpeheHe cy oarosapajyhum ctaHgapauma. Harmb KOoHType nojaca M3HocK
14% npema ctaHgapgy DIN 1025 (Blatt 1), 12% npema ctaHgapgy FOCT 8239 - 56,
[OK npema amepuykom ctaHgapgy ASTM AG6/A6M - 12 Harmb KOHType nojaca oBe
Knace npoguna nsHocu 16,7%. HefoBo/bHa 604Ha CTabUIHOCT 360r penaTMBHO YCKMX

nojaceBa Hocauya W3BefEHWX Of O6GWYHMX Ba/baHUX | Mpoduna 3axTeBa HUXOBO



KOHCTPYKLMOHO oOjayaBarbe. TO ce, Hajuewhe, ocTBapyje AoAaBareM BabaHor U
npoguia Ha NPUTUCHYTU Mojac, Win [ofaBakbeM KyTWjacTOr Hocaya Tparnes3Hor Win
MpaBoyraoHOr NOMpPeYHoOr npeceka.

O6unuHe BasbaHe | npodnne ca nojaceBMma Noj HarMbom TOKOM BpeMeHa MOTUCHY N
Cy cpefte WupoKn BasbaHu IPE npotmnm ca napanenHoM KOHTYPOM rojacesa, vuja je
reomeTpuja gemHuncaHa ctaHgapgom DIN 1025 (Blatt 5/1965), ogHOCHO cTaHAapAoM
EURONORM 19 - 57. MehyTum, 3601 orpaHuyera BesaHux 3a HocusocT IPE npoduna
(makcumanHa BenvuvHa IPE 600, Tj. MmakcumanHa BucvHa 600 mm) y nocrefmunx suLle
04 20 roauvHa, 3a u3pagy rfnaBHUX Hocava jefHOrpeanx Ausanuua v AU3annyHmnX cTasa,
AOMWHaHTHO ce KopucTe LwimpokonojacHn IPB (HEA, HEB) npodwnu, umnje cy
AnveHsnje ofpeheHe cnegehum ctavgapauva: HEA - DIN 1025 (Blait 3/1963),
ogHocHo, EURONORM 53 - 62; HEB - DIN 1025 (Blatt 2/1963), 0AHOCHO,
EURONORM 53 - 62. HbuxoBa HOCMBOCT je 3HATHO Beha, jep ce wu3pahyjy no
MakcumanHe BucuHe npoguna h=1000 mm. Of nocebHor je 3Havaja 1 YnkeHMLA fa je
nouyes of sennunHe 300 (HEA 300, HEB 300) go sennumHe 1000 (HEA 1000, HEB
1000) wwpuHa nojaceBa CBUX LUMPOKOMOjacHuX IPB mpotuna KOHCTaHTHAa M M3HOCK
b=300 mm.

YnopefHW npukas wu3rnefa CBUX HaBefeHUX Kfaca Ba/baHUX npoduna, ca

AnjanasoHoOM pediepeHTHMX FreOMeTPUjCKIX KapaKTepucTMKa, 4aT je Ha camuy 1.5.

Nogil
H%
180 + 1600 | B IPE 80 + IPE 600
2 80 + 600 mm i 2 80+ 600 mm M5
b: 42+215mm b: 46+ 220 mm
$: 39+216mm 0 M ¥ i 51 38+ 12mm ¥y
f: 59+324mm f:52+19 mm A
G: 5,94+ 199 kg/m G 6+ 122 kgim
R=x Z
! 4 R
L5 | B - ]

@ . ©
HEA 100 - HEA 1000 Ms HEB 100 +~ HEB 1000 ;
Jr: 96+ 990 mm h s 100+ 1000 mm 5
b 100+300mm R Y b: 106+300mm s
i 5+ 165mm 5 6+ 19mm
f: B+3lmm 10+ 36 mm
G: 16,7 +272 kg/m G204+ 314 kg/m

R R
L i
b b
(8) (r)

Cnuka 1.5: Basbanu | npodmnu: (a) knacuuum | npodunu; (6) IPE npodunu;
(8) HEA npodwnu; (r) HEB npodunm



[ejcTBO TOUKOBA KO/MMLA M3a3nBa /IOK/IHO CaBUjakbe [OHer nojaca Hocaya v nojasy
[ABOOCHOI HamoHCKOr CTawa, cimka 1.6. Togy»KHW HaroH ycnef SIOKaJIHOTr caBuvjarba
(0x1) Mera ce no aebruuHM Nojaca, cnnka 1.6(B), 1 anrebapckum ce cabupa ca HarnoHOM

og onwrTer (rnobasHor) caBujama (Oxy),

=S, +S,, (1.1

HaroH ycnep nonpeyHor casujata rojaca Hocada (0y) Takohe ce Metba Mo fe6/bUHK

S

X,tot

rnojaca Hocaua, cfivka 1.6 (B).

£

//f/'Ts.'a,o
24797
(@) (8)
Cnuka 1.6: ¥Tuuaj ToukoBa Konuua: (a) rnaBHM Hocay jeHOrpeaor MOCHOr KpaHa
n3BefeH of wupokonojacHor HEA npodwuna [22]; (6) nokanHo AejcTBO
TOYKOBa Ha [OHM Mojac rnaBHor Hocaya [22]; (B) AucTpubyumja
HaroHa n3a3BaHnx rnobaIHNM 1 NOKaIHUM CaBujarbem [25]

Ocum 0of WHTeH3uTeTa onTepehera, BENMYMHE HanoOHa M3a3BaHWMX JIOKAJHUM
caBujarbeM 3aBuce 1 of aebsbrHe nojaca. O6uYHKM (KnacmuyHK) | npodunmn nMajy sehy
Aeb/buHy nojacesa of IPE npodwmna, umju cy nojaceBu HajTakbh 3a UCTY BUCUHY
nonpeyHor npeceka. Kop wwupokonojacHux npoguna IPB (HEA, HEB) pebmuHe
nojacesa 3Ha4ajHO cy Behe, 360r yera ce OHWM JaHac JOMUHAHTHO KOPUCTe 3a u3pagdy
rNaBHUX HOCaYa.

MpBa pewera [17] npobnema ofpefmBama HamMoHa W3a3BaHWX JIOKA/THUM
caBMjareM nojacesa Hocaya fobujeHa Cy NPUMEHOM Teopuje caBmjara naova. HakoH
TOra, BpLUEHa CY M eKCrepuMeHTa/lHa UCTpaXKuBara ca LubeMm [a Ce LUTO TayHuje

Ofpean NOKa/HO HaroHCKO CTawe. McTpakmBawa XaHosepa M Pajxsanga [9,10],



o6aBrbeHa 3a notpebe FEM (Fédération Européenne de la Manutention), o6yxsatuna
Cy pesynrtate CBUX MPETXOAHUX peepeHTHUX wucTpaxunsawa [3, 14, 15, 24] wn
npeacTae/basia Cy OCHOBY 3a [IOHOLWewe aHekca E ctaHgapga EN 15011 [5], koju je
ycBojuna n Hawa 3em/ba (SRPS EN 15011:2014). Ha ocHoBy aHanv3e pafoBa 0f
KOjUX Cy Y CBOM MCTpaXKMBaky Mo XaHoBep v PajxBang, 3ak/byuyje ce fa cy cBa
eKCnepvMeHTa/IHa UCTPaXKMBarba 06aB/beHa Ha KnacuyHum | npogmnnmMa, 04HOCHO Ha
npounnuMa Koj Kojux Cy KOHType nojaceBa NOA HarmboMm, Kao M Ha Cpeae
wupokum IPE npogunvmMa ca napasienHUM KOHTypama rnojaceBa. Y nocTojehoj
nutepatypn,  nNpobnem  WAEHTU(MKALWje  JIOK&/IHOT  HAmnoHCKOr  cTarba
wupokonojacHux IPB npoguna (HEA, HEB) Huje pasmatpaH. Ynpaso 360r Tora,
HaMeTHy/10 Ce nuTake Ta4yHOCTU NPUMeHe Wu3pasa (opMMpaHMX Ha OCHOBY
NCTpaXmBamwa KrnacuyHux | npodwmna, Kao n cpefre Wmpokux IPE npoduna, Ha
npo6nem wuaeHTU(MKaLMje NOKa/IHOI HaMoOHCKOr CTakwa LuMpokorojacHux IPB
npoguna, UMajyhn y BuLly YikbeHuLy fa ce HUX0Be reOMeTpujCKe KapaKTepucTuke

3HaYajHO pas3fnnKyjy o4 reOMeTPUjCKUX KapaKTePUCTNKa NOMEHYTUX Knaca npodguna.

1.1 lMpernep nocTynaka n n3pasa 3a ugeHTupuKaunjy
NOKaSTHOT HaroHCKOr CTaka

W3rneg nonpeyHor npeceka Hocava onTepeheHOr /I0KaJIHUM [ejCTBOM TOYKOBa
Konuua, cnvka 1.7, acoumpao je M HaBOAMO BehuHY MCTpaxkuBada fda Mpob6nem
NOKa/IHOT CaBujarba pellaBa Kopuwiherwem Mofena €eKBMBAIEHTHE KOH30/e, 4uja
LUMPVIHA OArosapa LUMPUHM 30He NIOKa/IHOT yTuuaja Touka. CarnacHo Tome, Hajsehu
HanoHWM OYEKMBAHW CYy Y 30HU TpaH3uLmje LoHK nojac/pebpo, OAHOCHO Y YKIeLWTebY
eKBUBa/IeHTHe KOH30/Me, npecek 0, camka 1.7, [OK HanoHCKa CTaka HenocpeaHo
ncnog Touka (npecek 1) u Ha cnoboAHOj MBMLM [Omer nojaca (Mpecek 2) Hucy
noapo6Ho aHanM3npaHa, ocum y ctaHgapay EN 15011, [a 6u ce n3spLunia ynopegHa
aHanmn3a pesynTarta Koju ce fobujajy npyMeHoM nspasa Koje Aajy pediepeHTHM ayTopu
1 CTaH4apAn/HOpME, Y HACTaBKy Cy Mpe3eHTUpaHe HyMepuyKe BPeAHOCTW HANMOHCKUX
KoethmumjeHaTa, OAHOCHO, JIOKA/IHMX HamnoHa 3a Hocay W3BefeH of npoguna
HEA 360, cnvka 1.7, umje cy reoMeTpujCKe KapaKTepUCTMKE, KapakTepUCTUKe

matepujana n ontepehewe gatn y tabenmn 1.1.



Cnuka 1.7: Hocay otBopeHor nornpeyHor npeceka (HEA 360)
onTepeheH TOYKOBMMA KOMMLA

Tabena 1.1: BpeiHOCTN BeNMUMHA HEONXOAHMX 33 MAEHTUDMUKALIM]Y NOKA/HAX HanoHa

Hasus Os3Haka BpegHoct
BucuHa npogumna H 350 mm
LLInpnHa nojaca b 300 mm
[e6rbmHa nojaca t 17,5 mm
[ebrbnHa pebpa S 10 mm
Paawjyc TpaH3uuumje pebpo/nojac r 27 mm

Y arbeHOCT ToUKa 04, CNo6oaHe 1BMLE nojaca i 20 mm
Mogayn enacTMyHoCTH E 21000 kN/cm?
MoacoHoB KoeuLMjeHT v 0,3
OnTepeherse TOUKA F 10 kN

1.1.1 Tox6epr (Gokhberg)

CuHTE30M TeopujcKor peluerba Mankosuya [17] v pesyntata eKcrnepuMeHTanHor
NcTpaXkuBarwa Ha BasbaHoM | npogmny Koje je gao PoseHwTajH (Rozenshteyn) [23],
ox6epr [7] je gao pesynrate CONCTBEHWUX UCTPaXKMBakba U 0Aroeapajyhe npenopyke 3a
NOEHTUMKALM]Y NIOK&IHUX HAMOHCKMX CTamwa [AOHEr rojaca W3/0OXeHOr [ejcTBY

TOYKOBa Ko/mua KOja HOCe BUT/10 Ca TEPETOM.



Peluerse npobsiema NPUMMEHOM Teopuje CaBujarma TaHKMX M/104a, KOjy je mocTaBuo
Kupxod (Kirchhoff) 1850. roguHe [26], 3aCHOBaHO je Ha MOAeNy NpUYKasaHOM Ha Cimum
1.8. Cumetpuja obnmka n ontepehewa, cnvka 1.8(6), Ao3BO/baBa Aa Ce aHaIM30M
obyxBaTy caMO jefjHa MOJIOBUHA Mojaca, O4HOCHO, Heros Aeo of pebpa Ao cnobofHe
neuue, cnvka 1.8(a). Mocmatpajyhu nojac kao naoyy penaTvBHO BESIMKE LYXWHe Yy
O[HOCY Ha HEroBy LUNPWUHY, YBeAeHN Cy cnefiehn KOHTYPHW YCIOBU:

e 3rN106HO OCnarbare AyX 00ejy yaabeHNX CTpaHa,;

e YKJeLTere CTpaHe Ha MecTy Bese ca pebpom npoguna;

e cnoboAHa CTpaHa HacnpaMm yK/eLTera;
cnvka 1.8(a). OnTtepeherwe Mofena yHOCU Ce Ha Masioj MOBPLUMHM KOHTaKTa ToukKa u

nnoye, cnmka 1.8(a).

YEaewTena npuua Ta

~<"3r106H0 5
ocT0MmeHA HBHIA g

arnodno
OCa0ILeHa HBHLA

SRR
B
2

ka=

;

(a) _ (6)

Cnuka 1.8: MpopayyHCKM Mofen AOHEr nojaca kao TaHKe niaove

KOHCTaHTHe AebsbrHe (a) M NOMpeYHy Npecek Hocaya
onTtepeheHor ToukoBmMa (6)

2

Y onwTtem cnyyajy ontepehena, AudepeHumjana jefHa4YMHa enacTUYHe MOBPLUM

nnoye rnacv [21]

4 4, 4

F (X,
6\2v+2 82W2+6\iv: (x,y)
OX oxoy® oX D

, (1.2)

npyv 4yemy je: W - rfomepare MNOBpLWM Mnaode Ay oce z, F(X)y) - MOBPLUMHCKO

Et .
onTepehetbe nnoye, D=———- - caBojHa KpyToCT nnoye, E - wmoayn

12(1-n?)
enacTmyHocTn, t - aebronHa niove n v - MoacoHoB (Poisson) koetuunjeHT. 360r

3rI06HO OC/IOHEHUX Mapasie/IHUX CTpaHa Mofena nnode, pellewe jefHaunHe (1.2)



MOXe Ce W3pasuTh jedHOCTPYKMM TPUroHOMEeTpujckuM pegom (Mopuc Jlesu, 1899
[21])

w:ifm(y)gn%x. (13

YBoheweM jegHaumnHe (1.3) y jegHaumnHy (1.2), gobuja ce

SO -2z, +k4fm)sinkx=¥, k =%. (14)
m=1

KopuwherweM KOHTYPHMX YCNOBa 3a YCBOjeHW MOLEN OCnakbakba MNnoue, CAMKa
1.8(a),

o’w

e CNo6OAHO OCNOHEHa CTpaHa, X =0: w=0, F_O (M, =0);
X

: R .

e CNnoboAHO OCNokeHa cTpaHa, Xx=b: w=0, ?zo (MX =0),
X

e yK/ewTeHa cTpaHa, y=0: w=0, Z—W =0 (Harunb jegHak Hynn);
y

2, 2

e CNno6ofHa CTpaHa, y=a: gy—VZVJrnZTVZV:O (M, =0);
o*w 5 o*w _0(vV =0\
$+( ‘”)—zeay— (v, =0);

A06uja ce KOHaYHO pellere PyHKLMje noMeparba enacTuyHe nospLun w(x,y). MomeHTu

caBujarba No4e Ha nocmatpaHoM MecTy ofpehyjy ce Ha OCHOBY M3pasa [21]

o°'w  o*w
M,=-D +n ,
o’'w  o*w
M, =-D| L2 n Y
y [ayz x> j ...(1.6)

N3pasut 3a HOpMasIHe HamMoHe M3a3BaHu CaBWjateM Noye riace

6M
s, =+ @s, =t 5L (6) L(L7)

t2

O1HOCHO,



S, =t—*—==cC E=cso, ..(1.8)

s, =t—Y—=c¢ E=cso, ..(1.9)

Mpu Yemy Cy HaroHCKW KOeULMjeHTU 3a MnoayxHe (Cy) W monpeyHe (C,) HamoHe y

nnoym ogpeheHn n3pasrma

6M
csz_rGI\F/IX ..(a),c, =t—~

..(6), .(1.10)

[0K je OCHOBHY HanoH SI0Ka/IHOT AejcTBa TOUKa ofpeheH nuspasom
F
So=17" ..(1.12)
Kafa ce To4ak Hanasn Ha cpefiMHu pacrnoHa mogena nnode (x=0,5b), cnnka 1.8(a)
y 6113nHN cnobogHe MBMLE, MaKCUMaIHW MONPEYHN HamOH Ha CPeAuHM YKNelTeHe

cTpaHe nnoye (npecek 0) n3HocK
F
s, =13, 06t_2’ ..(1.12)

O[HOCHO, BpeAHOCT oArosapajyher HanoHCKOr KoeuLmnjeHTa je
¢, = +3,06. .(113)

opwy npefsHak (+) OQHOCK Ce Ha HamnoHe 3aTe3arba Ha ropH0j MOBPLUM, a A0HU
npeasHak () Ha HanoHe NPUTKCKa Ha [0H0j NOBPLUK M104Ye, OAHOCHO nojaca npoduna.

Oproapajyhu noay»Hu NoKasH1 HOPMasIHK HamoH Y npeceky 0 U3HoCK:
o, = 0,857, (1.14)

OAHOCHO, BPeAHOCT HAMOHCKOT KoeduLmjeHTa y NoAy>KHOM npasLy U3HOCK
Cx= %085 ...(1.15)

O[fHOCHO, MOXe Ce BPeAHOCT HaroHCKOr Koe(huumjeHTa YCBOJUTU fa NPUBAVXHO
N3HOCH:

Cx~ yCy = 0,3-3,06 = 0,918 (116



Momepare TOYKA, OAHOCHO HEroBO Yyha/baBawe 0f Cno60AHe MBMLE [LOBOAM [0
NMPOMeHe BPEAHOCTM HAMOHCKMX Koe(mumjeHata, cnvka 1.9. lNMapameTtap nosioxaja

Touka Mox6epr (Gokhberg) je fedmHMcao n3pasom

X =—, ..(1.17)

npu yemy je a - cnobofHa LWIMpWMHA nojaca, a C - YAA/beHOCT /MHMje [AejcTBa
onTepehera TOUKa 0f, KOHTYpe pebpa, cnnka 1.9(a). Ha ocHoBy pe3ynTtaTta npopadyHa
M3BEEHMX 3a Pa3fMumnTe NosioXaje ToUKa, OAHOCHO, pasNnyuTe BPeLHOCTU napameTpa
nonoxaja Touka, Moxéepr (Gokhberg) je gethmHMcao KpmBe HaNOHCKMX KoeduLmjeHaTa,
cnmka 1.9(6). YouaBa ce ga npecek 1 (y kome penyje ontepehere TOUKa) Huje

o6yxBaheH aHanM3oMm.

?:
] ?
( a
C 3 T
/ lf‘
) Yo '
6.1'

(a) (6)
Cnuka 1.9: Monoxaj onTepeherba M3a3BaHOT [ejCTBOM TOUKa (a) 1 gnjarpamu
3aBMCHOCTW HaMOHCKMX KoedmumjeHaTa of napameTpa nosioxaja
Touka (6) [9]

Wmajyhu y Buay yTuuaj pagujyca TpaHsvumje SOkM nojac/pebpo Ha AnMcTpubyumjy
HaroHa M3a3BaHUX /I0KaSHUM caBujarbemM, oxbepr (Gokhberg) je youmo pa Hajseha
BPEAHOCT HarnoHa MOXe [ja Ce jaBu Ha MOYETKY MOMEHYTOr paamjyca TpaH3uLmje, Kao 1
Ha [OH0j cno6oaHoj uenum (nNpecek 2). MakcumanHa BpeAHOCT napamMeTpa nonfoXaja
Touka &=0,9, cnuka 1.9(6), oaroBapa NoyeTKy pagujyca TpaH3uLmje KOHTYpe nojaca y
KOHTYpY pebpa Ko 06u4HMX BasbaHMX | npothuna, 3a i=0. 3a W1poKonojacH1 npopun
HEA 360, cnvka 1.7, Tabena 1.1, ko Kora je

G =0,5(b—5)—r =0,5(300—10) —27=118 "m .(1.18)
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a=0,5(h—s)=0,5(300—10) =145 mm, .(1.19)
MaKcuMasiHa BpeAHOCT napameTpa rnosoxaja Touka (3a i=0) n3Hocu

x,, =S H8_qg1 .(1.20)
a 145

Kaga ce nmHmja pgejctBa ontepehewa TOYKa HanasW Ha pactojawy i=20 mm of
cnobofHe MBULE Mnojaca, fa 6u ce 00yxBaTNO yTULA] pagujyca TpaH3uumje, peepeHTHa

ya/beHOCT HanagHe NuHKje onTepeherba of Npeceka 0 ofipefyje ce Ha OCHOBY U3pa3a
Gy =Gy —i =0,5(b—$)—r —i =0,5(300-10) - 27—-20=98 . (1.21)

Paaujyc TpaH3uLMje He YyTUYe Ha HamMOHCKO CTatbe Y MPeceKy 2, Tako [a yaa/beHoCT
HanafiHe NHMje onTepehersa, MepoAaBHa 3a oApefnBatbe HANMOHCKOT CTata Y MPeceky

2 N3HoCKU
c‘2=0,5(b—s)—i =0,5(300—10)—20=125rrm ..(1.22)

3a Tako oppeheHe pedepeHTHe YAa/bEHOCTU NNHU]e fejcTBa onTepeherba, BPeAHOCTU

napameTpa nonoxaja 3a npeceke 0 1 2 n3Hoce

x,=%-B _06s (1.23)
a 145

x,=2-12_ggg (L.24)
a 145

CarnacHo gujarpaMmy HarmoHCKuX KoeduumnjeHata, cnvka 1.9(6), y pasmatpaHoM cniyuajy

BPeAHOCTU HaMOHCKMX KoeduuymjeHaTa y npeceyyma 0 n 2 cy

C,o =+2,25 ¢,,=0,6, c,=%23, ...(1.25)
Mpyv 4Yemy Ce ropkM NpefsHauy OAHOCE Ha ropky, a [AOHW MNpeasHaun, Ha Aoy
NoBPLUMHY Mojaca.

3a F=10 kN, Tabena 1.1, BpefHOCT OCHOBHOI HaroHa /I0KaSIHOI CaBuWjakba, carfiacHo

n3pasy (1.11) nsHocu

F 10
s, =—=——=23265kN/cn?, ..(1.26
0 175 3 (1.26)
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TaKo Aa HaroHW n3a3BaHn JIOKaJIHUM CaBI/IjaH:EM |/||V|ajy cne,u,ehe BPEAHOCTU:

S o = C,S o = 10,6 x 3,265 = +1,96 kN/cm?; .(1.27)
S yo = C,S o = £2,25x 3,265 = +7,35 kN/cm?; ..(1.28)
S,,=C,S , = F2,3x 3,265 = 7,51 KN/cm?; ..(1.29)
s,,=0, ..(1.30)

1.1.2 Knenen u Jin (KIGppel, Lie)

Moctynak npopadyHa npema Kneneny un Jiny (Kloppel, Lie) [18], 3acHoBaH Ha
Teopuju nnoya, camka 1.10, He omoryhaBa fa Ce NIOKa/IHWM HanoHU ofpeje 3a LuMpu
CrnekTap Nonoxaja Toyka, Beh caMo 3a KOHCTaHTHY BPeAHOCT MapameTpa MnosioXaja
Touka c/a=0,85. ¥ TOM cnyyajy, BpeAHOCTM HaroHa Yy npeceuyuma 0 (6e3 ytuuaja

paamjyca) n 2, n3asBaH1X NOKasHUM [1ejCTBOM TOYKa 0Apehyjy ce Ha OCHOBY M3pasa

S 0= iZ,StEZ 1285, .(1.31)
f
F
S o =S, =10,3x 2,8t—2:io,8430, ..(1.32)
f
_ F_
S =+(16+L8)t—2=+(L6+L8)so, .(1.33)
f
s,,=0. ..(1.34)
+ A
A F
c I

o a
ﬁiu >

Cnwuka 1.10: MpopauyHcku mogen no Kneneny n Jiny (Kléppel, Lie) [18]
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Ha OoCHOBY CTpyKType HaBefeHVX 13pasa, 3aK/byudyje ce Aa BPeAHOCTU HAMOHCKUX

KoedmumjeHarta 3a ¢/a=0,85 nsHoce
Co=10,84 ..(a), ¢,=+2,8..(6), c,,=F1,6+18.(8), c,=0..(r). ..(1.35)

3a wwmpokonojacHu npogun HEA 360, cnvka 1.7, Tabena 1.1, npopadyH no Kneneny

n Nny (Kloppel, Lie) paje cnegehe BpeAHOCTM TOKa/THUX HaroHa

S o =+C,S , = 0,84 x 3,265 = 2,74 kN/cm?; ...(1.36)
S 0 =£C,S o = £2,8x 3,265 = 9,14 kN/cm?; ..(1.37)
S, =FC,,S, = F(1,6+1,8)x3,265=5,22...(5,55)...5,88 kN/cm?; ..(1.38)
S,,=%C,8,=0. ..(1.39)

OCHOBHM HegocTaTaK M3NOXEHOr MOCTyNKa MAeHTUDMKaLmje NOKaHOr HanmOHCKOT
CTawa jecte HeMOryhHOCT aHa/im3e yTuuaja nosoXkaja Touka. MehyTum, BpegHoCT
napameTpa nonoxaja Touka Kojy cy ycsojunn Knenen n Jin (Kldppel, Lie) (c/a=0,85)
KoA pasmaTpaHor wvpokonojacHor npoguna HEA 360 oagroeapa yaa/beHOCTI TOYKa 0f,
cnobofHe 1BMLe nojaca

i = a[l— Ej ~145(1-0,85) = 21,8 mm, ..(1.40)
a

LUTO Npunajga AOMEHY KOju ce JOMUHAHTHO cpehe Y MHXXeHEPCKO]j NPaKCu.
1.1.3 3amen (Sahmel)

Mpema 3ameny (Sahmel) [24] npopayyH NOKa/IHAX HAMOHCKMX CTaka Yy 30HM
TpaH3vumje fowW nojac/pebpo, M3BOAM Ce Ha MOAENY eKBMBa/IEHTHE KOH30/e, 4nja
wupuHa (I) 3aBMcu of mnonoxaja Touka, civka 1.11. MOMEHT Yy YyK/ewTewy
eKBUBa/leHTHe KOH30/e (npecek 0) 1 OTMOPHM MOMEHT MOMPEYHOT npeceka ofpenyjy ce

Ha OCHOBY M3pasa

M. = Fe, .(1.41)

YV — ..(1.42)
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Y npeceky 0, HOPMa/HK HaMoH Yy NOMPeYHOM MpaBLly, M3a3BaH JIOKA/THM CaBMjatbeM

rnojaca, ogpehyje ce Ha OCHOBY M3pasa
S, ,=t—7%, ..(1.43)

[OK Ce BPEAHOCT JOKaHOT HOPMa/HOF HamoHa Yy MOAYXKHOM MpaBLy M3padyHaBa

MPMMEHOM M3pa3sa
S o = NS ;. ..(1.44)

Y wn3pasuma (1.43) n (1.44), npeasHak + OLHOCK Ce Ha ropmwy, a npefisHak — Ha LOkY

MOBPLUMHY Mojaca.

Cnuka 1.11: MNpopayyHckn Mogen no 3ameny (Sahmel) [24]

3a nofatke HasefeHe y Tabenu 1.1, npumeHom 3amenosor (Sahmel) noctynka

nobuja ce:

a=0,5(b-s)=0,5(300-10) = 145 mm; (1.45)

c=a-i=145-20=125 mm; ...(1.46)
c . 125 =6,25— aujarpam Ha cnmupm 1.11—>|—=2,37; ...(1.47)

a-c 145-125 C

| =2,37c=2,37x125= 296 mm; ...(1.48)

M, =Fc=10x12,5=125kNcm; ...(1.49)

It? 2
W, = é:zgﬁ%zlm cm®; ..(L50)
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M
syo:i—y:i%:&Z?S kN/cm?; ..(1.51)
W, 151

y )
S ,0 = NS , = +0,3x8,278 = 2,483 kN/cm”. ..(1.52)
Monasehn of BPefHOCTV OCHOBHOT HamoHa Of JIOKanHOr caBujara, n3pas (1.26),

3aK/byuyje ce Aa Cy y pasmaTpaHOM Cydajy BpeaHOCTM HAMOHCKMX KoeduuujeHaTa y

30HU TpaH3unLmje

Co=t20=+# = 40,76 ..(1.53)
s, 3265
S

cyozi—y°=18’278=i2,54. ..(1.54)
s, 3265

PenaTuBHO jefHocTaBaH 3amenoB (Sahmel) npopayyHcku mogen oMmoryhasa fa ce ca
Ao6poM TayHowhy WAEHTU(MKYje NOKaSHO HaroOHCKO CTakwe Y 30HU TpaH3uuuje
(npecek 0), mehyTum, He npy>ka MoryhHocT ofpefuBarba HANOHCKOT CTakba Y OCTa/IM

peepeHTHUM npeceumma (npeceun 1 un 2).
1.1.4 LlBajuapcke npenopyke B1

MocTymak npopayyHa nponucaH LWBajuapckum npenopykama u3 1979. roguHe,
,Berechnungsgrundlagen fir Kranbahnen* [27], 3acHoBaH je Ha 3amenoBoj (Sahmel)

1aejv, OAHOCHO, MOZIENY eKBMBANIEHTHE rpefe, cimka 1.12.

24
[ | ) :
N~ : .
i .\‘)E-d :
: ' ' | o Fl y S8
; ) - -=== _.:__ : S
_______ -----_%-------------i : l:: ~
_l“'l. : E | v
Sb!w :
: F :
Fl | r l :J;
/I:k{ L] il a |
: : | A Xy
Le C | l' Le - b >
(@) (6)

Cnuka 1.12: NpopayyHCK1 MOAEeN Mo LUBajuapcKmMm rnpenopykava B1:
(a) ueHTpa/HM MoOMpeYyHU Mnpecek Hocaya; (6) LWmMprHa
MOMpPeYHOr NpeceKka eKBMBAIEHTHe KOH30/1e [27]
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YcBaja ce fa LMpUHa eKBUBA/IEHTHE KOH30/1e Ha MeCTY YK/eLTerba nojaca y peépo

“3HOCK
l =2,2c, ...(1.55)
npu yemy je
c=a-r-i, ...(1.56)
a=0,5(b-s), ..(1.57)
cnvka 1.12.

MOMEHT Yy YK/eLTerwy eKBUBaNIEHTHe KOH30/e (npecek 0), OTNOPHU MOMEHT HeHOr
MOMPEeYHOr Mpeceka, Kao W BPeLHOCTM MOMPeYHUX NIOKa/IHUX HamnoHa oapefyjy ce Ha
MCTM HauvMH Kao n kof 3amesnosor (Sahmel) nocTtynka, aHasiorHo m3pasmma (1.42),
(1.43) n (1.44),

MO — FC, (158)
[t? 2,2ct?
W= =2 f , ..(1.59
° 6 6 (159
M Fc F
6

Mpema UMTUpaHUM Npenopykama, ycBaja ce Aa je BpeAHOCT NOAY>KHOr HOPMasHor
HamoHa M3a3BaHOr IOKa/IHAM [IejCTBOM TOYKA jeAHaKa BPeAHOCTM MOMPEYHOr HaroHa,

O[JHOCHO fa je

S0 =S yor ..(1.61)

LUTO je Ha CTpaHu cuUrypHoctu. Havme, yKonmko ce nohe of Ao6po nosHartor ogHoca
Aedopmaumja y asa MehycobHO ynpasHa npasua (MoacoHoB (Poisson) kKoeuLmjeHT),

OHZa je BPeAHOCT NMOMPeYHor HanoHa y npeceky 0 oapeheHa U3pasom

S 40 =NS ..(1.62)

Koju je ncToBeTaH m3pasy Koju aaje 3amen (Sahmel) (1.44).
3a pasmaTpaHu ciyyaj Hocaua mapaheHor of LuMpokomnojacHor npoguna HEA 360,

cnuka 1.7, Tabena 1.1, nprMeHa LWBajUaPCKMX HOPMU Aaje:
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S,0=Cx0=C,S,=%2,73x3,265=8,91kN/cm* =s . ..(1.63)

YKonuko ce, mehytum, npumeHn mspas (1.62), oHpga ce pobuja fga je BpeaHOCT

MOAY>XHOT HanoHa 13a3BaHor OKa/IHUM CaBujatbeM
S ,0=NS ,,=%0,3x8,91=£2,67, ...(1.63)

LUTO je BPeAHOCT Koja je y 60/b0j carflacHOCTY ca pesy/TaTuma ocTasivx aytopa.
1.1.5 bekep (Becker)

PenaTviBHO Be/MKa OACTyNaka pesyntata Ao6WjeHMX Ha OCHOBY Knacu4He Teopuje
naova M ekcrnepumeHTa/IHUX UCTpaxmBawa, nofctakna cy bekepa (Becker) [3] Ha
WHTEH3MBaH WCTPaXXWBauku paf, AOMWHAHTHO eKCrnepuMeHTasHOr KapakTtepa. OH je
CBOjUM MCTpaXKmBarbuMa 06yxBaTWO KnacuyHe | npodumne, Kao u, Taga Hoee, IPE
npodune ca NnapanenHum KoHTypama nojacesa (IPE 200, IPE 300 u IPE 360). OnuTHK
HOCauy pacnoHa 1=4920 mm, 6unu cy 3aBpTHMMA Be3aHW 3a 0CMOHLE, cinka 1.13, fok
ce onTepehere YHOCWUIO NOCPEACTBOM CUMMynaTopa Konuua (MoCTaB/beHor y CpeauHN
pacrnoHa Hocaya) O Koju je obelleH TepeT, cimka 1.13. Cumynatopu To4KoBa 6unmn cy
AnckoBm npeyHunka d=100 mm wu d=160 mm, pge6/bMHe 14 mm, ca pagunjycom
KOHTaKTHe MOBPLIMHE 15 mm. Y 3aBWCHOCTW Of, BE/MYMHE MCNWUTUBAHOT Npoguna,
Merano ce n ontepehere: P=2R=2, 4, 8 n 12 kN. HaBojHa Be3a cumynaTopa TO4KOBa U
ocoBMHa omoryhaBasia je MPOMeHy MofioXaja CUMynaTopa TOYKOBa, CUMETPUYHO Y
OfHOCY Ha pebpo McnuTMBaHOr npodwmna. MepHe Tpake NOCTaB/beHe Cy Ha [0y
NOBPLUNHY AOHer nojaca, ko npouna IPE 300 Ha yaarbeHocTUMa 4, 14, 24, 34, 44 n
54 mm of cnobofHe MBULE JOHEr nojaca, AOK cy Kof npotuna IPE 360 penaTvBHe
aedopmanmje MepeHe 1 Ha pacTojaby o4 64 mm of cnoboaHe MBULIE AOHEr nojaca. Ha
cBaKOM MepHoM MecTy (MM) mepeHe cy Aunatauunje y nogy>XHom (2) 1 nonpeyHom
npasuy (X), cnnka 1.13. BaxkHo je younTtu fa ce MM Koja cy Ha yAasbeHOCTH 04 54 mm
(MM 54) og cnobogHe nBMLe Aower nojaca Kog npoguna IPE 300, ogHocHO, 64 mm
(MM 64) kop npoduna IPE 360, Hanase Ha BP0 Maioj yaabeHOCTU (2,45 Kop
npoguna IPE 300; 1 mm kog npodwmna IPE 360) of noyeTHe Tauke pagujyca Kojum

roptba KOHTYpa [0kEr Nojaca Npenasw y KOHTypy peépa.
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Cnuka 1.13: OnuTHKU Hocay 1 cumynaTtop Konuua [3]

BpeaHOCTV YKYMHUX MOAYXHUX HamnoHa (07) Ha petepeHTHUM MepHUM MecTuma
npvkasaHe cy Ha civuy 1.14. OHe cy fobujeHe npwu ontepehewy Touka R=100 kp,
ofiHocHo, 9,81 kN. ¥ pasmaTpaHom cnyudajy ontepeheta (P =2R=2x100= 200 kp),
BPeLHOCTU HOPMa/lHUX HamnoHa of onwiter caeujawa npoguna IPE 300 (oTrnopHu

MOMeHT W ipg 300=557 cm®) 1 npocuna IPE 360 (OTNOPHW MOMEHT W, 1pe 360=904 cm’)

n3Hoce
S ) e = Pl _ 200><49203 _ 0,44 kp/mm?; (164)
’ AW, e 30 4%x557x10
S ) e 300 = Pl _ 200x 49203 _ 0,27 kp/mm?, .(165)
’ AW, e 30 4%x904x10
Ccnuka 1.14.

3a cBakM WCMUTHU NOMOXaj TOYKOBA, HA OCHOBY W3MEpPeHUX aunataumja y
MoLyXHOM (g;) WU nonpeyHom npasLy (&), NPUMEHOM M3pas3a 3a 4BOOCHO HAroOHCKO

CTarbe M3padyHaBajy ce BpeAHOCTV ofroBapajyhmx yKymnHUX HaroHa,

s,= 1_Enz (e, +ne,), ...(1.66)
S, :1_—Enz(ex+nez). ..(1.67)
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Cnuka 1.14: YKynHW NoAY>XHW HaroHW Yy LleHTPa/IHOM MOMPeYHOM NpPeceky OnuTHOr
Hocauya: (a) IPE 300; (6) IPE 360 [3]
BpeaHOCTM HaMmoOHCKUX KoeurLmjeHaTta y nornpeyHom npasyy, cnvka 1.15, ogpeheHe

Cy Ha OCHOBY 13pasa

..(1.68)

* {PE 360 Aad 160
0 IPE 360 Rad 100
« 1PE 300 Rad 160
+IPE 300 Rad 100

& My [ .l
i ! T _ 41300Rad 160
b et —2e5- 71300 Rad 10—

: | : S
Lt 1 i | .
8 16 26 32 40 46 56 .64
—= i{mm]|
Cnuka 1.15: JlnHeapn3oBaHe eKCnepyMeHTaIHE KpUBe HarmOHCKMX
KoethmumjeHaTa y nonpeyHom npasuy (cx) [3]

v |
|

19



YKYNHW HaroH Yy Nogy>KHom npasuy (0z), cnvka 1.14, obyxsara ytuuaj onwteg (0p)

N NOKaNHor caBujama (Orz),
S,=S,+Sg,. ...(1.69)

Ofy3umareM HarnoHa of onwiTer caBujarba (KOju je y CBUM Taykama [OoH-er rojaca
3atexyhu, o4HOCHO, NO3UTUBAH) 0f YKYMHOI HaroHa Yy nogy>XHoM npasuy, Aobuja ce

BPEAHOCT JIOKA/IHOT HarnoHa y nogy>HoM npasLy,
S¢,=S,-S,. ..(1.70)

OHa je, ounrnefHo, NO3WTUBHA, OHOCHO, MOAY>XHW NOKa/HW HamoH je 3aTexxyhu
Kaga je 0>0p. Y CYNpOTHOM CnyYajy, 0,<0p, MOAYXHW JOK&/IH/ HamnoH je
npuTuckyjyher kapaktepa. V3noxeHa YnbeHnua je 0f M3y3eTHe BaXHOCTU, 3aTO LUTO
ce Ha MM 54 kop npocmna IPE 300, ogHocHo, MM 64 ko npoctmna IPE 360, gobwjajy
HeraTuBHe BPeAHOCTM MOAY>KHWUX IOKa/IHMX HamnoHa 3a 2 mm<i<=34 mm. YKO//KO Ce,
Ha npvmMep, nofe of BpeLHOCTU NOAY>KHOT HaroHa Ha MM 64 kog npoduna IPE 360 3a
d=100 mm n i=4 mm, cnuka 1.14(6),

s, = 0,05 kp/mm?, .(1.71)
nMmajyhn y By BeNMUMHY HanoHa of OMLUTEr caBujarba 0y, U3pa3 (1.65), fobuja ce
S¢,=S,-s,=0,05-0,27=-0,22 kp/cm?. -(L.72)

Kako pebrbmHa nojaca npogmna IPE 360 m3Hocw t=12,7 mm, OCHOBHM HarnoH

NOKa/IHOT CaBWjatba MMa BPeAHOCT

R 100
S,=—=——=0,62 kp/mm?, ..(1.73
° 2 12,77 P (L.73)

BpegHOCT HamnoHCKOr KoeuumjeHTa Y MOAY>KHOM npasLy, Ha NO4YeTKy pagujyca
TpaH3uuuje nojac/pe6po (MM 64 yaarbeHo je 1 mm of NOMeHYTe Tauyke), 04HOCHO, Y
pedepeHTHOM npeceky 0, U3HOCK

Sg, —0,22

- =-0,36. (1.74)
s, 062

CZO =
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BpefHOCT HaroHCKOr KoejuumnjeHTa Y MNOAY>XHOM rMpaBUy C,o 3a CBE WCMUTHE
nosnoxaje Toyka fgate cy y tabenn 1.2 n npukasaHe Ha cnvum 1.16. IMonoxaj Touka

ofpeheH je BpeaHowhy napameTpa nonoxaja [3]

2i
| =——. ..(1.75
T (1.75)
Tabena 1.2: BpegHOCTM HaMOHCKMNX KoedmLmjeHaTa C,o 3a npodmn IPE 360
npum d=100 mm, ogpeheHe Ha OCHOBY pe3ynTaTta bekepoBumx
(Becker) ekcnepumeHTaIHUX UCTPaXKMBaHA
i (mm) 2 4 14 24 34 44 54 64
A 0,025 0,049 0,173 0,29 042 0540 0,670 0,790

Co -0,436 -0,360 -0,274 -0,150 000 0180 0532 1,110

12
1k
08
06l

0.4

CZO

0.2
s
-0.21-

0.4}

_0.6Nrxxrfrrrrfxxrrfrrrrlrrrrirrxrirrrrirrrrf
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Cnwuka 1.16: JlnHeapr3oBaHa KprBa HamoHCKOr KoeguumjeHTa C,o oapeheHa Ha
ocHoBy pe3yntata bekepoBux (Becker) ekcrnepumeHTanHKX
ncTpaxunsara npoduna IPE 360 3a d=100 mm
Bekep (Becker), mehyTvM, HMje Ha W3M0XEHW HauuMH OApehmBao BPeLHOCTM
HanoHCKMX KoeduumjeHata, Beh je nocmatpao MakCMMaiHe BPeAHOCTU HarnoHa, Civka
1.14, Koje ce jaB/bajy Kafia Ce TOYaK Haasmn HeNnocpefHo M3HaL MepHor mecTa (npecek
1) 1 Ha OCHOBY HMX NOCTABMO jefHAYMHY KPMBE HaMOHCKOr KoeduumjeHTa y 06mKy

[3]

=3=, .(1.76)
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cnvka 1.17. Kaga ce Toyak Hanasu Bpno 65113y cnobogHe meuue nojaca mspas (1.76)

Aiaje BP/IO BUCOKe BpefHOCTN, cnvka 1.17, 0fAHOCHO

limc,, = oo, -(L.77)

I -0

LUTO je, Y hr3nykom cmucny, Hemoryhe.
M

10~

z1

N w » 4] [22] ~ oo O
)

0~ t 1 t t 1 1 t t |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
|

Cnvnka 1.17: KprBa HanoHCKor KoeguumjeHTa c;; npema bekepy (Becker)

Bekep (Becker) je cmaTpao Aa MOAY>XHW HaroH NOKa/HOr CaBuWjatba M3payvyHaT
Kopuwherem HamnoHCKor KoetumumjeHTa fedmHucaHor wmspasom (1.76), oarosapa
npeceky nojaca ypabeHoM 3a b/4 op werose cnobogHe wueuue. lMNMpema bekepy,
CyneproHMpakeM HarnoHa of OnLwiTer caBujakba Hocaya ¥ TOKasIHOT NMOAY>KHOI HanoHa

y MOMEHYTOM MpeceKy, Aobuja ce Bpe4HOCT HanoHa MepojaBHa 3a [JoKa3 uBpcTohe,

S ,u=Sp+tCSo<S op ..(1.78)

MpumeHoM jegHaumHe (1.76) Ha wwmpokonojacHu npodgun HEA 360, cnnka 1.7,

Tabena 1.1, pobuja ce

b-s |300-10
C,=3 =3 =1,395, (1.79
“ \/ 2i \/ 2<20 (L.79)
S, =C,8, =1,395x% 3,265 = 4,56 kN/cm?. ...(1.80)

BaxHO je younTn unmweHuy fa bekep (Becker) Huje pasmMaTpao HarmoHCKO CTake Y
30HM TpaH3uLmje fowu nojac/pebpo (npecek 0), WTO je CBMM OCTa/IUM petiepeHTHUM

ayTopuma 6una ocHoBHa maeja, MMajyhu y BUay BP0 BUCOKE BPEAHOCTM MOMPEYHNX
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HanoHa y MOMeHYTOj 30HW, & TUMe W BP0 BUCOKE BPEAHOCTW YMOPEeLHUX HaroHa.
OcuMm Tora, NIOKaHW MOLYXXHW HanoHW Ha cnoboAHOj MBULM Mojaca (Npecek 2) nmajy
HajBehe BpeAHOCTM 1 anrebapckun ce cabmpajy ca HanoHUMa oA rnobanHor caBujama. Y
NHXXEeHEPCKO] NpaKcK, BP0 YeCTO YNOPEeAHM HaMoH y Npeceky 2 uma Hajsehy BpeHOCT
1 MepojaBaH je 3a OKa3 HOCMBOCTM HOCaYa.

O6urbe COMCTBEHMX EKCNnepuMeHTanHMX pesynTata bekep je Mckopuctumo ,,camo™ 3a
nocTaB/bake KPMBUX HAMOHCKMX KoedmumjeHaTa y Taukm 1: Cx, cnmka 1.15 u ¢, u3pas
(1.76), cnuka 1.17. Mehytum, 3Havaj bekeposux (Becker) nctpaxmsarba ornefa ce y
UMHEHMLM Ja OHa MNpyXajy MoryhHocT fa ce ofpefe HanoHCKU KOeUUMjeHTU 1y
npeceyyma 0 n 2. 3a ogpehunBarbe BPeAHOCTN HANOHCKOI Koe(uLmjeHTa Co MepojaBHe
Cy BpegHocTM HanoHa Ha MM 54 kog npodgwuna IPE 300, ogHocHo, MM 64 Kop,
npotuna IPE 360. MocTynak ofpefrBarba NOMEHYTOr HaNOHCKOr KoeguumjeHTa Beh je
N3N0XeH Ha npumMepy npoduna IPE 360, Tabena 1.2, cnvka 1.6. 3a ofpehuBarbe
BPELHOCTW HAMOHCKOI KOe(ULMjeHTa C, MepojaBHe Cy BPeAHOCTV HarnoHa Ha MM 4
(yoarseHocT of cnobogHe umBuMUe Mojaca 4 mm), OOK je BPEAHOCT HaMOHCKOTr
KoejmumjeHTa C, jedHaka Hynu. Ha ocHOBy ny6imkoBaHMX BekepoBuX pesyntarta

JelMHO Huje moryhe ofpeanTy BPeAHOCTM HAMOHCKOT KOe(uLmMjeHTa Cyo.
1.1.6 MeHgen (Mendel)

Y okBupy fHokTopcke amceptaunje Mengen (Mendel) [14,15] je o6aBuo 3Ha4ajHa
NCTPaXMBarba Unju Cy pesynTatu, y HEKUM AenoBuMa, 6unu y fo6poj carnacHocTy ca
pesyntatuma bekepoBux (Becker) nctpaxmeamwa. JoMUHaHTaH gonpuHoc MeHaenoBmx
(Mendel) wucTpaxuBarba OAHOCMO Ce Ha MPOpayvyH JIOKAIHUX HAMOHCKUX CTaka
KnacuyHux | npoguna, ca nojaceBuma nog Harnoom. MNpob6sem je pelwaBao NPUMEHOM
KnacuyHe Teopuje Mnodva, a yTuuaj npomMeHe pfeb/bMHe rnojaca (nsioyve) yseo je
MPOMEH/LMBOM KpyTowhy nnoye. Tako MOCTaB/beHy NapuujasiHy AutepeHuujanHy
jeAHauMHy [pyror pefa pellaBao je MPYMEHOM MeTOAe KOHauyHMX pasnuka. Kao
MepojaBHe Mpeceke 3a WAEHTUPMKaUMjy noKanHor yTuuaja ontepeherwa nojaca
YCBOjMO je Npecek y 30HM TpaH3uumje aokK nojac/pebpo (npecek 0), Kao 1 Npecek Koju
ofroesapa nvHMjU fejcTBa onTepehera (npecek 1). BaxkHo je younuTtn ga MeHgen
(Mendel) Huje pasmaTpa0 HamoOHCKO CTake Ha CNoboAHOM Kpajy nojaca (npecek 2).

Ocwum 3a KnacuyHe | npogune, Mengen (Mendel) je fao n3pase u 3a naeHTUDMKaLunjy
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NOKaSHMX HamoHa Kof cpeawe wumpokux IPE npodwmna ca napanenHum KOHTypama
nojaca. MpumeHa Knacu4He Teopuje naoyva oHemoryhasa a aHaM3om 06yxBaTi yTuUaj
pagujyca TpaH3uumje oK nojac pebpo. Ha nprkasvmMa nonpeyHnx npeceka npoguna,
yupTaBa ce NMOMeEHYTU pagujyc, an je Tauka MepodaBHa 3a HamMOHCKY aHa/n3y unak
CMeLlTeHa Y (DMKTVMBHOj Tauku Mpeceka ropke KOHTYpe rojaca M KOHType pebpa.
BpeAHOCTM HaMOHCKMX KoegmumjeHaTa Yy NOAYy>XHOM (X) v norpeyHom (y) npasuy
ofpefyjy ce y 3aBUCHOCTM Of, BPeAHOCTW NapameTpa nosoxaja Tovka (c/a), Ha 0CHOBY

Aujarpama nprkasaHux Ha cavum 1.18.
C r 3

I-profil L >
sa paralelnim donjim pojasom  + 4.5

ZA

Cnuka 1.18: MeH[enoBe KpmBe HaNnoHCKMX KoeuumjeHata 3a | npocune
ca napanenHnmM KoHTypama rojaca [15]

Mpema MeHgeny (Mendel), BPeAHOCTM NIOKa/HUX HamMoOHa Y KapaKTepUCTUYHUM

npeceLymMa NonpeYHor npeceka Npoguia npadyHasajy ce Ha OCHOBY M3pasa

Oxo = £Cxo00 ..(1.81)
ayo = (00, ..(1.82)
Ox1 = TCx10p ...(1.83)
oy1 = (10, ..(1.84)

Yy KOjuMa je Op OCHOBHW HarioH fIOKanHOr casujawa, M3pa3 (1.26), [OK ce ropwu
npej3Hauy OfHOCE Ha ropky, a [OoHM NpefsHaum, Ha Aoy KOHTYpY nojaca. MprmeHa
Anjarpama HaroHCKMX KoethmumjeHaTa v mu3pasa (1.81) - (1.84), Ha Hocay m3paheH of
LumpokonojacHor npotuna HEA 360, cnuka 1.7, Tabena 1.1, aaje:
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C0, =08 ...(1.85)

Cpo=2.7; ..(1.86)
C,=25 ..(1.87)
C.=12 ..(1.88)
S ., = £2,61 kN/cm?; ...(1.89)
S o = +8,82 kN/cm?; ...(1.90)
S ,, = ¥8,16 kN/cm?; ..(1.91)
S, = ¥3,92 kN/cm?. ..(1.92)

Ha ocHoBy cTpyKType nspasa (1.83) n (1.84), Bpe4HOCTM HaMOHCKMNX KoeumunjeHaTa
y Taukn 1, m3pasm (1.87) n (1.88), Kao M BPeLHOCTV HanoHa Ha rOpHO0j MNOBPLUMHU
nojaca y npeceky 1, nspasm (1.91) n (1.92), 3akbyuyje ce ga MeHgen (Mendel) Huje
y3e0 Y 063VIp KOHTaKTHE HaroHe, LUTO NpesCcTaB/ba 0361/baH NponycT.

TOKOM eKcrnepuMeHTaIHUX ucTpakusarwa, MeHgen (Mendel) je oprosapajyhe
ontepehere nojaca reHepmcao NPUMEHOM HaBOJHOI BPETeHa, a Ha [0HW Mojac YHOCKO
MoCpPefCcTBOM Kyrfie npeyHuka 32 mm. OcnawarbeM cumynatopa ontepehera Ha
YHyTpallte MOBpPLUMHe MojaceBa UCTpaXmBaHUX npoduna, cavka 1.19, nsbeHyTo je
OMwITe caBujawe HOocaya, Tako [a Cy U3MepeHe AunaTaumje nocneguue UCK/bYUMBO
NOKasIHOr caBujarba. MocebHy maxmwy MOCBETUO je 30HW TpaH3uumje n oarosapajyhe
MepHe enemeHTe (ceToBe of 10 MepHMX Tpaka ca KOpakoMm 2 mm) MocTaBuMo Ha o06e
NOBpPLUMHe nojaca (Ha rop0j MNOBPLUMHM MEPHWN eleMEHTU MOCTaB/bEHN CY Ha CaMOM
pagnjycy TpaH3uumje). Ha ocHOBY Wu3MepeHMX Aunataumja npu  onrtepehery
NHTeH3uTeTa 600 kp, NpUMeHOM jefHauMHa 3a ABOOCHO HAMOHCKO CTawe oapeheHe cy
BEJIMYMHE HanoHa Ha ropH0j 1 J0H0j MOBPLUMHK Mojaca NoBPLUMHY nojaca, cnnka 1.20.
Ha goH0j KOHTYpK nojaca NornpeyvH I0OKasHW HanoHW Makby Cy Off HarnoHa Ha rophoj
KOHTYpu nojaca, cimka 1.20. AKO ce Kao OCHOBa 3a yrnopehuBawe YCBOjU BPefHOCT
HarmoHa y Tauyku [ioHe KOHType (0y,q=12,5 kp/mm?) Koja KOpecroHaMpa ca Taukom
noyeTka pagujyca TpaH3uuMje Ha ropH0j KOHTYPW Y KOjOj MoCMaTpaHW HanoH mma

BpeAHoCT 0y,4=14,5 kp/mm?, cavka 1.20(a), 3aKk/byuyje ce Aa je y npeceky Ha noyeTky
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TpaH3uLumje, Kog cpeare wupokor npoguna IPE 300, HanoH Ha ropk0oj nospLun Behu

3a

14,5-12,5
12,5

x 100 = 16%. ..(1.93)

OBa uMmeHuLa 0b6jallbaBa ce yTuuajeM paaujyca Ha JIoKasHy KpyToCT eflemMeHata
MOMpPeYHOr npeceka. Hamme, npomeHa reomeTpuje m3asBaHa pafgujycoMm TpaH3vuuje
[0BOAM [0 noBeharba KPyTOCTU Be3e ropke KOHTYpe nojaca 1 pebpa, 360r yera Ta 30Ha
npuma Behe ontepeherse, WTO je NnpaheHO oArosapajyhM pacTOM HOPMasHMX HaroHa.
Kog knacnuHux | npogwmna nosehawe Ae6/bMHE MNojaca npatu pacT MOMEHTa Ka
YKNeLWTey, HOPMaiHM HanoHW cy MpUOAMKHO KOHCTaHTHE BpegHOCTW, Tako fa je

yTULaj pagujyca TpaH3uLumje Bpio Mano n3paxeH, cnvka 1.20(6).

Cnwuka 1.19: CumynaTop onTepehersa [15]

IPE 300 1300

7 68 :
Ps£00 n:[ >_

f :
A
:{ T
o . /\ y
2
¢ z 5
]
aj X y XY o] —menay
s 1o 9emessen
= ] gemessen ay l-T.-F-'Ji ;::::E';m:;(g:::cnﬂmnr
4 - nnere Fm.\nsdiﬂgch.
L = ouflers Flonschiloche
ﬂ_r[;’;";]l

(@) (6)
Cnuka 1.20: MonpeyHn N0OKasHW HanoHwu (0y) Kog npoduna
IPE 300 (a) n npodguna 1 300 (6) [15]
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WNcTpaxyjyhn yTtuuaj nonoxaja onTtepeherba Ha HAMOHCKO CTakbe Yy Mpeceky 1,
MeHgen (Mendel) je powao fo pesyntata Koju cy y [obpoj carnacHOCTU ca

pesyntaTMa Koje je nybnmkosao bekep (Becker) [3], cnimka 1.21.

Ox,1 I
kp
mm? | Gx,1
¥ T TPE 700 LN
soll\ | P=100kp b
o = - 75T 1 [T ]
25 e o At e 25 P=100kp | | | |
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1.0 1 = 10 \ﬁ\\“ =1
| N NS |
) =1 : 05 R
LE ] L 1o I = a5l
0 8 1 24 32 L0 48 56 64 mm 0 & 16 20 32 L0 L8 56 mm
Lastangriff vom Rand Lastangriff vom Rand
(a) (6)

Cnuka 1.21: HanoHCKn KoethMUMjeHTN Y TauKm1 HENOCPeAHO UCNoA TOYKa:
(a) npodmn IPE 300; (6) npodmn 1 300 [15]

OpacTynatba MPOpPayYyHCKM W eKCMepUMEHTaNHO oApeheHnX BPeAHOCTM HaroHa
MeHgen (Mendel) objaLurbasa:

e OACTyMaweMm CTBapHUX BPEAHOCTM MOAy/a enacTUYHOCTM 1 [1oacoHoBOr
(Poisson) KoetmumjeHTa 0ff BPeAHOCTU Koje ce O0OMYHO YyCBajajy MpPUINKOM
npopauyHa (E=21000 kN/cm?, v=0,3), Haogehu Aa ce 0ACTynarma NOMeHyTUX
(PM3NYKMX KOHCTaHTK Kpehy y cnegehum rpaHuuama: AE/E=+0,05; Av/v=%0,1;

e [peliKaMa y Nno3vLMOHMpakby MEPHMX efleMeHaTa;

e [peLlKamMa Koje reHepuLle cam MepHU CUCTEM.

3Hauaj MeHgenosmx (Mendel) nctpaxmsara NPOUCTUYE U3 YMHEHWLIE [a je OH NPBU

M3BPLUNO YCMELWHY Yy3ajaMHy Banvaauujy pesynrtata A06UjeHUX MPUMEHOM KnacuyHe

Teopuje nnoYa 1 pesyntata 4O6UjeHNX EKCNEPUMEHTOM.
1.1.7 XaHosep u Pajxsang (Hannover, Reichwald) - ctaHgapg EN 15011

Ha ocHOBY KpuTWYKe aHanu3e pesynrtata uctpaxueama bekepa (Becker) [3] u
MeHgena (Mendel) [14,15], ka0 U Ha OCHOBY pe3ynTaTa COMCTBEHUX WUCTPaXKuMBaa,

XaHosep 1 Pajxsang (Hannover, Reichwald) [9,10] cy:
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ycsojunu Tadke 0, 1 n 2, ciuka 1.22, ka0 MepofaBHe 3a WAEHTU(MKALM]Y
NOKASIHMX HaroHa 1 [oka3 yuBpcTohe Hocaya M3NOXEHUX fejcTBy onTepeherba
n3a3BaHNX NPUTUCKOM TOYKOBA KOMMLA Koja ce Kpehy Nno Aokem nojacy Hocaua;
npegnoxunu cnepehe nspase 3a n3padyHaBare NIOK&/IHUX HanoHa y noLyXHOoM

(X) n nonpeyHom (y) npasuy,

S =C (1 )tE2 ..(1.94)
s =6,(1 ) (1.95)

y KOjuMa je A - mapamMeTap rnosioXkaja Touka A geuHucaH nspasom (1.75), cy(A) n
Cy(\) - HAMOHCKM KOEPMUMjeHTM Y MOAYXHOM W MOMpeyHom mpasuy, F -

onTepehetbe 13a3BaHO TOUKOM, t - 1e6/bIHA Mojaca.

( ¥ 4
s, /*
L,..ﬁ’i
X
--IF I F
— 1 |~
B 74 | f
0 1|2 0 112

(@) (6)

Cnuka 1.22: MonpeyHn npeceuy, ontepehetba 1 NOoXaj MepoaBHMX Tauaka:

(a) | npogun ca napanenHom KoHTypom nojaca; (6) | npocun ca
YHYTpaLlHb0M KOHTYPOM nojaca nog Harnéom [9]

BpeHOCTM HamMOHCKUX KOG(*)I/ILI,I/IjeHaTa 3a pasnnynte nonomaje TOYKa, OAHOCHO,

pasnuuMTe BPeAHOCTV MapaMeTpa MojioXaja Touka, oApeleHN Cy Kao KOMMYHMLY

ofrosapajyhnx HamoHa v OCHOBHOI HaroHa /IOKa/IHOr caBujarba, u3pas (1.26). Ha Taj

HaunH fo6ujeHe Cy Tauke Ha OCHOBY KOjux cy thopmupaHe oarosapajyhe perpecuoHe

KpViBe HaMoOHCKMX KoegmLmjeHaTa, camka 1.23, onwTer 0611ka
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c=c(l )=a+hl +ce”.

E]Cy ©)

(@)
Cnuka 1.23: HanoHcKu KoethuumjeHTn aobunjeHe Ha OCHOBY Mepera U perpecruoHe
Kpuse 3a | npothun ca napaseslHoM KOHTYpoMm nojaca: (a) cx; (6) ¢, [9]

.(1.96)

x IPE 300 1

. PG
@ IPE 360 L
& IPE 380 160 LR
& Mendsl

W Kostentroger { Untergurt |

Cxl

A ()

0.1 0.2 03 0.4 0.5 06 0.7 0.8

(6)

3pa3n 3a HamoHCKe KoegmumjeHTe Ko npouia ca napasenHuM KOHTypama rnojaca

y pehepeHTHUM TaukaMma npeceka, cimka 1.22,

0 - TauKa (PMKTMBHOT MpeceKa [0He KOHTYpe nojaca u pebpa,

1 - Tauka npeceka JoHE KOHTYpe nojaca v NiMHunje gejctea ontepeherba,

2 - TayKa npeceka [1oke KOHTYpe 1 cnobofHe 1BMLE Mojaca,

rnace [9]:

Cxo = 0,050 — 0,5801 + 0,148¢3015! -
Cy1 = 2,230 — 1,490l +1,390e~ 1833 ;

Cx2 = 0,730 — 1,5801 +2,910e~6%0;

Cyo =—2,110 + 1,9771 40,0076e5% ;

Cy; = 10,108 —7,408] —10,108e 134 ;

Cyz =0.

..(1.97)
..(1.98)
..(1.98)
...(1.100)

..(1.101)
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HanoHcKn Koe(uUMjeHTU Y KOPeCnoHAEeHTHUM Taykama ropwe KOHTYpe mojaca
nUmajy cynpotaH npeasHak [9], WTO 3HauM fa Cy ancosyTHe BPefHOCTU HaroHa Ha
rOpH0j W OH0j KOHTYPU jefHakKe.

OcvM eKcnepuMeHTalIHUX UCTpaxuBara, Yy OKBupy pagHe rpyne CETIM kojy je
(opmupao FEM (cekumja 1X, Nr 9.341, 1978) m3BplleHa Cy M KOHa4yHOENEeMeHTHa
MCTPaXXMBara JIOK&/IHOT HAMoOHCKOr cTawa. XaHosep U Pajxsang  (Hannover,
Reichwald) kopuctunm cy codpteep SAP IV - B, guckpetusyjyhu npopavyHCKu LOMeH
KOHaYHVM eneMeHTMMa Tuna naove. Ha 1aj HauvH Huje 6uno moryhe Mogenmpatu 30Hy
TpaH3uuuje ca oarosapajyhum pagujycom, WTO npeactas/ba 036ubaH NPo6em Kaga je
pey 0 Knacu cpene LWwmpokmx npoguna (IPE). ¥Ynpaso 360r Tora, XaHoBep v Pajxeang
(Hannover, Reichwald) HaBoge fa y Tauku O MOCTOjM 3HAYajHO OACTYyMare pesynrara
KOHauyHOeNeMeHTHe aHanM3e Yy OAHOCY Ha pe3yntate [JobujeHe Ha OCHOBY
eKcnepyMeHTa.

Y opHocy Ha MecTo fejcTBa ontepehera, NOAYXXHU NOKAIHW HAMOHW Ce penaTuBHO
6p30 npurywlyjy, Tako fa Ce [ejCTBO CBAakOr TO4YKa KO/MMLA MOXe cmatpartu
130/10BaHUM. Pe3ynTat HyMepuyKnX 1 eKCrepuMeHTaIHUX UCTPaXKmBatba y f06poj cy

carnacHocTu, cnvka 1.24.

10 1Cax (=)

R \ Apstand ven der Rodoufstondskraft
,; \L almm)
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Cnuka 1.24: Onaﬁakbe MOLYXXHVX NIOKATHUX HarnoHa Ha [ioH0j KOHTYpY
ca ya/baBateM 0f Tauke fejcTea Touka [10]
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CraHpgapg EN 15011:2011+A1:2014, koju Baxku n 'y Cpbuju (SRPS EN 15011:2014)
y NOTMYHOCTM je Npey3eo NocTynak npopadyHa NOKaJHUX HAaNOHCKMX CTaHa 13a3BaHnX
[1ejCTBOM TOYKOBa Konvua. Herosom npMmMeHOM Ha Hocay n3paheH o4 LUMPOKOnojacHor

npoguna HEA 360, cnvka 1.7, Tabena 1.1, gobuja ce:

S ,, = 0,63 kN/cm?; ..(1.102)
Oxo = 6,97 kKN/cm?; ..(1.103)
s, = 5,82 kN/cm?; ..(1.104)
S ,o = —5,94 kN/cm?; ...(1.105)
S ,1 = 2,32 kN/cm?; ...(1.106)
s,,=0. ..(1.107)

Vmajyhu y Bugy cnegehe unkbeHuLe:

e JIOKA/IHO CaBUjare [AOHEr rojaca M3a3BaHO [jCTBOM TO4YKa je orpaHuyeHor
yTuuaja, 04HOCHO, Y NOAY>KHOM MpasLly M3a3vBa CaMo /IOKa/IHW CKOK HaroHa
Koju ce Bp/io 6p30 npurywlyje (Ha pactojakby o4 10 mm of Tauke fejcTBa TOUKa,
BPEeLHOCT NOAYXHOI JIOKa/IHOr HanoHa OnaZHe Ha MooBUHY BPefHOCTU KOjy
MMa 'y TauKy HeMocpesHO MCMOZ TOUKa, cnunka 1.24);

e yBONEHEM YTULaja IOKa/IHOT CaBUjarba, NoBehasa ce Ta4YHOCT rnobaiHe aHaim3e
HanoHCKOr cTawa, 360r 4Yera ce CMawyje noTpebHa BpPeAHOCT (hakTopa
CUTYPHOCTM Ae(MHMCAHOr KOMMYHWMKOM HaroHa Ha rpaHuuy Tedewa (fy) u
npopaYyHCKor HanoHa (ay), v=fy/ ay;

3aK/bydyje ce fa 6y y MepoAaBHMM Tauykama LEHTpasIHOr npeceka BpPeAHOCTM
[ONyLITEeHWX HarnoHa 6une Behe y OAHOCY Ha [AOMYLUTEHE HAMoOHe Y npeceuuma
yAa/beHUM Of, 30He JIOKaNHOT yTuLaja TOYKOBa. Ynpaso 360r Tora, ca Lybem fa ce
3aipXXv yobryajeHa BpeHOCT (hakTopa CUrypHOCTY Npy iejcTBY OCHOBHOT onTepehera
(v=1,5), NpunMKoM cyneprioHMpara Ca HanoHMma WK3a3BaHUM OMWITMM CaBUjateM
(Ox,g), BPLUM CE YMatberse BPEAHOCTU HaroHa 13a3BaHNX IOKa/THAM CaBujarbeM,

S x = S X,9 +6S x(o,l,z); (1108)

S, =6S o ...(1.109)

npu yemy je €=0,75.
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[loka3 HamoHa y npeceky Hocaya ontepeheHOr NOKa/HUM [ejcTBOM TOYKOBa
Konmua u3BOAM Ce Kopuwherwem xunotese O Hajehem fedopMauMOHOM pagy Ha

npomMeHn obnmka (Xyo6ep, XeHku, hoH Musec),

f
su:\/sf+s§—sxsy+32ssdop:—y. ..(1.110)
n

KoHayHO, BaXXHO je YouMTu 4unkeHuUy fa je npema XaHosepy u Pajxsangy
(Hannover, Reichwald), kao v npema ctaHgapay EN 15011, nokasiHV NOAYXKHW HaroH Y
Taukn 0 3aTexxyhu, [OK je npema pesy/nraTMma UCTPaxkuBara CBUX OCTa/IMX ayTopa,

MOMEHYTW HaMoH NPUTUCKYjyhu.
1.1.8 ¥YnopepHa aHanu3a pe3ynrata npopayvyHa SIOKa/IHOr HanoHCKOr CTarba

Y operpumma 1.1.1 + 1.1.7 ©3n0XeHN Cy NOCTYNUM npopayvyHa pedepeHTHMX ayTopa
KOju ce 0fHOCe Ha MAEHTU(MKaLMjy NOKaSHUX HamoHa M3a3BaHMX AejCTBOM TOYKa Ha
[0Y nojac Hocaya. OcuM TOra, y CBakOM Of, HaBefeHVX Ofe/baka MpuKasaHu cy u
pes3yntaT Koju ce fAobujajy NpUMMEHOM Mpe3eHTUpPaHMX MNOCTynaka Ha Hocay Ha
lumpokonojacHn npogun HEA 360, cnvka 1.7, Tabena 1.1. Mpuka3 CBMX Tako
[06mjeHnx pesyntaTta npopadyHa aat je y Tabenm 1.3.
Ha ocHoBy ynopefHe aHanu3e npe3eHTUpaHUX pe3yntaTa 3ak/bydyje ce cneaehe:
e 10CTOjY 3HaYajHO OACTYMake NPOPavyHCKNX BPeAHOCTM IOKA/IHUX HamnoHa;
e [pema CBMM peepeHTHUM ayTopuma 1 U3BOPMMA, MOLYXKHW JIOKa/IHN HAMOHU
Ha [0H0j KOHTYpW, Yy npeceky 0, nputuckyjyher cy Kapakrtepa, U3y3eB KO[
XaHosepa 1 Pajxsanga (Hannover, Reichwald), ogHocHo, ctaHzapaa EN 15011;

e CBM ayTopw, nssopu u ctaHgaps EN 15011 HaBoge fa cy ancosnyTHe BpeLHOCTH
HarnoHa y KOpecnoHAeHTHUM TauKama jefiHake.

TBpaHa fa cy anconyTHe BPeAHOCTU HarnoHa Y KOPECNOHAEHTHUM Taukama ropkbe v
[OHE KOHTYpe jeflHakW, Y MOTNYHOCTU je HeyTemerbeHa. Y npeceky 0, 360r ytuuaja
pagujyca, 0AHOCHO MPOMEHE NOKa/IHE KPYTOCTW, HAaMoOHW Ha ropH0j U A0H0] KOHTYPK
HUCY jeflHaKW, O YeMy YBEpP/bMBO CBELOYE W EKCMEepUMEHTaNHW pe3yntat MeHpena,
cnnka 1.20. Ha KOHTaKTHOj MOBPLUMHM TOUKA WM ropHe NMoBpLUN A0H-er nojaca (npecek
1) jaBrbajy ce BP/I0 BUCOKM XepLoBY HaroHW, KOju 360r OrpaHuyera Teopuje TaHKUX

nnoya, HUCY HU Mornu fa 6yay 06yxBaheHM HaMOHCKUM aHanu3ama npeseHTUpaHUM y
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ofemsumma 1.1.1 + 1.1.7. YKONMKO ce nNpeTnocTaBm fa ce ontepehere Hocava, Tabena
1.1, yHocuM Touykom 06/MKa KanoTe npeyHuka 125 mm, oHfa npvmeHa XepLoBux
o6pasaLia Jaje BpeAHOCT MOBPLUMHCKOT NpUTUCKa 04 - 186,7 kN/cm?, LTO je roToBo 3a
[Ba pefa BennumnHe Beha anconyTHa BPeAHOCT Y OAHOCY Ha BpefHOCTW faTe y Tabenu
13

Tabena 1.3: HanoHu n3a3BaHu IOK&/IHUM CaBMjakbeM AOHEr Nnojaca

AyTop JokanHu HanoHu (kN/cm?)
Ox Oy
npecek 0 1 2 0 1

Fox6epr +1,96 F751 +7,35

Knenen n Jln +0,84 ¥5,55 +9,14

3amen + 2,48 + 8,28
LLIBajuapcke npenopyke B1 * 8’91** +8,91

+2,67
Bekep +4,56
MeHgen +261 F816 + 8,82 F3,92

XaHosep u Pajxsang (EN 15011) F0,63 F6,97 F5,82 +594 F2,32

"TOpHbVM Npea3HaK 0froBapa ropH:0j, a 0HM, [10H0j KOHTYpU Mojaca
" HasepieHa BpeJHOCT 06Mja Ce YKONMKO Ce OACTYN Of MPEnopyKa v BPeAHOCT NOAYXHOT NOKaTHOT
HaroHa n3payyHa carnacHo nspasy (1.62)
Y npeceky Ha yaarbeHocT =b/4 o cno6oaHe UBMLE AOKET Mojaca Ha [0H0j KOHTYPH

1.1.9 Wctpaxmsarba foMahux aytopa y 06/1acTy UBpcTohe Hocaua OTBOPeHOr

nonpeyHor npeceka ontepeheHor AuU3anMyHUM KonmummMa

Y Halloj 3eM/bM, NPBY paj Koju ce 6aBu Npob1emMom npopadyHa NOKa/Hor yTuuaja
TOYKOBA KO/MLA HA HAMOHCKO CTare HoCaya Yvju je MOMnpeyHn Mpecek KnacuyHu |
npocun, jecte pag aytopa MeTtkosuha, bowmaka 1 MaTejuha [19]. Hactao je kKao
OAr0OBOP Ha [1Be YNHbEeHULLE:

e Yy TOM TPeHyTKy (1994) Huje MOCTOja0 HW €BPONCKW, HUTWU Aomahu CTaHAapa

KOjUM Ce npornucyje npopavyH NOMeHYTOr JIOKaIHOT yTuLaja TOYKOBA,;

e Yy TOM nepuofy noctojao je 3axteB TE ,Hwukona Tecna“ pga ce u3spwn

npopayvyHcKa BepurKaumja cuctema yHyTpaLlber jeHOLMHCKOr TpaHcnopTa

y OKBUPY TEPMOENEKTPaHa.
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Ynpaso 360r TOra, aytopy HaBefeHOr pajfa W3BPLUMAN CY KPUTUYKY aHanusy
NOCTynaka npopayvyHa NOKaIHAX HAaMOHCKMX CTakba Koju cy 6vnm ny6amkoBaHu y Tafa
[JOCTYnNHOj nuTepatypu [1,7 - 10, 14, 15, 18]. Ocum TOra, M3BpWWUAM CY
KOHaYHOENIeMEHTHY aHa/n3y JIOKa/IHUX HAmMOHCKUX CTawa Kog KnacuuHux | npodmna
(Harn6 koHType nojaca 14%), ca NOCEOHMM aKLUEHTOM Ha 30HY TpaH3uuumje [OHMN
nojac/pebpo. Ha OCHOBY yropeAHe aHanu3e pesynrara COMCTBEHWUX UCTpaXKuMBara U
pesynTata UCTpaXmBara My6/IMKOBaHUX Yy HaBefeHVWM pajoBuMa, ayTopu paga [19]
npenopyynnu cy fa ce 3a WAEHTUMKALM]Y NIOKASHUX HanOHCKMX CTawa KOpucTe
n3pasm Koje je gao Mexgen (Mendel) [14, 15].

Y wmaructapckoj Tesu [4], mopen ocTasnor, WM3BpLUEHA je M KOHayHOe/NeMeHTHa
aHanmsa KnacuyHux | npogmna, NpPUMEHOM afanTUBHUX Mpexa. AHaIM30M Ccy
06yxsaheHn npogunu INP 240, INP 300 1 INP 400, ca uu/beM fa ce YTBPAU U YTULLE)
BeMUYnHe npodguna ogpeheHe Krace Ha /IOKasIHO HarMoHCKO CTake M3a3BaHo [ejCTBOM
TOYKOBa KOMMUA. Ha OCHOBY KOMNapaTUMBHe aHaiu3e Tako [06UjeHMX KPUBUX
HaMoOHCKMX KoedmumjeHaTa 1 KPpUBMX Koje aajy pediepeHTHM ayTopu, 3aK/by4yeHo je aa
MeHgenose (Mendel) [14, 15] kpvBe [fajy BWLIM HMBO HAMOHCKMX CTaka, AOK CYy
pe3yntaT Jo6ujeHn Ha OCHOBY MNOCTyMKa Koju faje Fox6epr (Gokhberg) y po6poj
carfniacHoCTK ca pe3yntaTvMa KOHa4HOeNeMeHTHE aHann3e, Noce6bHO 3a Mon0oXaje TouKa
Koa kKojux je c/a=0,7+0,9 (C - yaa/beHOCT NMHKMje fdejcTBa onTepehewa 0Of KOHType
pebpa, a - cnobofHa WrprHa nojaca).

Pag [22] npeactaB/ba MPUPOAHM HacTaBaK WCTpaXkmBarba MyONMKOBaHUX Y pady
[19], noceeheHnx knacnyHUM | npotunrmMa. PasmarpaHa je HOCUBOCT LUMPOKOMOjaCHUX
HEA n HEB npoguna (ca napaiefiHUM KOHTypama rojacesa), npu Yemy je yTuuaj
NoKanHUX HaroHa ogpeheH npumeHom MeHgenosor (Mendel) moctynka [14, 15].
MpopayyHCKN MoZeNl NPOLUMPEH je y3uMarwem Yy 063up 1 MoryhHocT 604HO -
TOP3WOHOT M3BMjarba. Ha 0CHOBY OpUrMHaIHOT anropuTMa, (POPMMpPaHn cy HOMOrpamm
3a 1360p rnaBHOr Hocaya jejHOrpesnMx MOCHUX An3annLa, UM Hocava KpaHCKKX CTasa.

Monasehn of MeHgenosux (Mendel) kpusux, 3pHuh, Bowrwak u Mawwh [29]
AehuHMcann cy NoMHOMHE KpYBE HanOHCKMX KoeguumjeHaTa y CBUM pedepeHTHUM
Taykama MornpeyHor npeceka, npowupyjyhn aHanusy M Ha cno6oaHy MBULY AOHEr
nojaca. CynepnoHupareM yTuuaja rnobanHor u oKaaHor caBujara (Y4a/beHOCT TOUKa

BapupaHa y rpaHuyama 2+30 mm), Kao U 604YHO - TOP3MOHOI M3BUjara, LUTMPaHK



ayTopu AetmHMcany Ccy rpaHMYHe HOCMBOCTU 3a (haMUInjy FNaBHUX Hocada uspaheHmnx
of, KnacuyHux | npocmna (1 160, 1 200, |1 240, |1 300, 1 340 u | 400), pacnoHa 2+8 m.
MprMeHOM nocTynaka passujeHNx y pagosuma [29, 30] aytopu lawwuh, 3pHuh 1
Mwunojesuh [6] dopmupanm cy HOMOrpame HOCMBOCTW (pamMunvje rNaBHUX Hocaya
n3BefeHnx og oba tuna | npoguna (knacuyHu | npodun v wmpokonojacHn HEA
npodgun), 3a pasnnuunTe HasmeHe BenvunHe (160, 200, 240, 260, 300, 340). MNMomeHyTH
HOMOrpammn jacHO ykasyjy Ha npegHoctm HEA npodwna y ogHocy Ha KnacuuHe |

npodgwne.

1.2 HayuHu uun/beBn 1 CTPYKTYpa UCTpaXmnBama y OKBUPY Auceprauunje

OCHOBHM Hay4HW UU/BLEBU NCTPaXKMBaHa Cy:

e pasBoj M M3paga OpPUrMHASHOT N1abopaTOPMjCKOr CToNa 3a eKCrnepuMeHTaHO
NCTPaXMBaHE JIOK/IHUX HANOHCKUX CTamwa Yy peepeHTHMM 30HaMa M Taykama
MonpeyHor npeceka Hocava onTepeheHor TOYKOBMMA NMOKPETHUX KOMNLLA;

e pa3BOj MeTOAe M cohTBEpa 3a NPOpayyH HaMoOHCKUX KoeduumjeHaTa Ha OCHOBY
pe3ynTaTta eKCrepyMeHTaTHUX UCTPaXKMNBaha,;

e KOHaYyHOeNeMeHTHa MAeHTUMKaLMja HaNOHCKMX KoeduumjeHata, y3umajyhm y
0631p BPCTY Npoduia 1 BeMYMHY MOMPeYHOT npeceka UcTe Knace npoduna,;

e yTBphMBare yTuLaja reoOMeTpUjcKe UMNepdekLmje NonpeyHor npeceka Hocava
Ha BPeAHOCTW HaMOHCKUX KoejuLmjeHaTa;

e KpuTMYKa aHanmsa ctaHgapga EN 15011 v dopmMuparbe OpUrMHaIHUX KPUBUX
3aBMCHOCTW HaMOHCKMX KoeduumjeHaTa 04 nosoxaja Touka, Koje aajy noysgaHe

pe3ynTate 3a NPUMEHY Y MHXEeHEPCKOj MpaKcu.

CarnacHo OCHOBHMM Hay4HWUM LWM/bEBMMA, UCTPaXMBatba Cy peasm3oBaHa Kpo3

cnepehunx LWecT OCHOBHUX (pasa:

1. pa3Boj M M3paaa ONUTHOT CTO/Ma OPUTMHA/IHE KOHCTPYKLIMjE;
2. TEH30METPUjCKO WUCTPaKMBare W (hopMuUparbe IMHEAPU30BaHUX  KPUBUX
3aBMCHOCTM HAMOHCKMX KoeduLmjeHaTa UCTPaXMBAHOr 3a Npogun OnuTHOr

HOCau4a,
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KOHaYHOe/leMEHTHO UCTPaXK1Bake SIOKa/IHOT HaMOHCKOT CTakba OMUTHOI Hocava
N y3ajamHa Banvgauuja pesyntata  HYMEpUYKO -  eKCMepUMEHTaTHUX
NCTPaXMBaHA;

KOHayHOe/leMeHTHa aHa/n3a /IOKa/IHUX HAmMOHCKWUX CTaka (hamuivje Hocaua,
pasIMUUTUX Knaca v BeIMYNHE;

aHanu3a ytuuaja reoMeTpmnjcKux nmnepdekumja nonpeyHor npeceka Hocava Ha
BE/IMYMHY HAMOHCKMX Koe(huLmjeHaTa;

nocTaB/baktbe OPUTMHAHUX KPUBMX 3aBMCHOCTM HAMOHCKMX KoeuumjeHaTa of
Mo/ioXaja TouKa 3a npodusie ca napasesHUM KOHTypamMa rnojacesa, y3 KpUTUUKu

OCBPT Ha KpuBe Koje cy gate y ctaHgapgy EN 15011.
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EKCMNEPUMEHTAJTHO NCTPAXVNBAHE JTOKAJTHOI

2. YTUUAJA TOYHKOBA KOJIMUA

TeH30MeTpujcKa NcTpaxneara Ha LwmpokonojacHom IPB npoguny HEA 360 [DIN
1025 (Blatt 3/1963)] m3BegeHa Cy Ha WCMUTHOM CTO/Y OPUrMHaNHE KOHCTPYKUMje,

cnnka 2.1.

Cnuka 2.1: VicnuTHM CTO 3a UCTPaXXMBakbe NIOKaNHOr yTuuaja ToukKoBa: 1 - cumynatop
Konuua; 2 - gurutanHu guHamometap Dynafor (LLx12,5 t); 3 - pyyHa
XygpaynumyHa gusanuua (HocmsocT 12 t); 4 - Hocay pyyHe XuppaynmyHe
ansanuue; 5 - gasad cune HBM U3; 6 - ncnutusanm Hocad (HEA 360); 7 -
ToYaK; 8 - nonyBa/bKacTy OCNOHaL, 9 - MEpHO - aKBM3ULIMOHW CUCTEM
HBM (3 x SPIDER 8 and Quantum X); 10 - rnaBa Knunkaye pyyHe
Xngpaynuude ausanvue; 11 - ynopuwite; 12 - nonpeyHn Hocauu
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ToKOM mcnutmBara Hocad AyXuHe 2370 mm 610 je CN06G0OAHO OC/OHEH Ha ABa
nonyeasbkacrta oc/ioHua (8) pacnoHa 1640 mm. O oy nojac ucnutusaHor Hocava (6)
obeLLeH je cumynaTtop Konuua (1) ca ToukoBmMa (7), YUnjn NONOXKaj y OAHOCY Ha pebpo
HOoca4ya MOXe Aa ce nogewasa (norneq ,,A“). Mocpeactsom Toukosa (rasehy NoBpLUMHA
je Kanota npeyHuka 125 mm, wupuHe 40 mm) JowK nojac Hocaya ontepeheH je: (a)
TeXvHama: cumynartopa kKonuua (1), gurutanHor AvHaMoOMeTpa ca eneMeHTVMa 3a
nosesmBare (2), pydyHe xuapaynnyHe gusanuue (3), HeHor Hocava (4), Kao 1 faBaya
cune (5) (y HactaBky paga, enemeHTM 1 - 5 HasuBajy ce CUCTEMOM 3a YBOheHe
ontepehera); (b) CUIOM KOjOM py4YHa XuapaynvMyHa ansanuua Byve CUMynaTop Konuua
BEPTUKA/HO HaHWke cuMynupajyhu ytuuaj TexumHe Tepeta (y HacTaBKy paja oBa cuna
YC/IOBHO Ce HasuBa ,,TeXWHa TepeTa”). YKynHa TeXuHa enemMeHara UCMMTHOr cTona
KojoMm je onTepeheH fowK nojac Hocayva n3Hocu G=1,45 kN. TexxuHa TepeTta (Q) mepu
ce nomohy fgasaya cune (5) U BU3yenHO NpaTn Ha AUTUTATHOM AUHAMOMETPY (2).

OnTepehuBame [oHer nojaca TeXMHOM TepeTta (Q) ocTeapyje Ce [ejCTBOM py4He
xnapaynuyHe ausanuue (3) Ha weH Hocady (4), getas ,,b“, npu yemy ce rnaea
Knunwade ausanuue (10) ocnawba Ha ynopuwTte (11) Koje je 3aBpTHMUMa Be3aHO 3a
nogy>xHe Hocaue (12). Of Hocaya ausanuue (4) aejcteo onTepehera ce NOCPeLCTBOM
AnHamomeTpa (2) npeHocu Ha cumynaTtop Konuua (1).

[VMEH310HOM KOHTPO/IOM YTBPHEHO je f[a KapakTepucTUyHe AMMEH3Mje NnonpevyHor
npeceka WCMMTUBAHOI Hocaya OACTYMNajy y OLHOCY Ha ofrosapajyhe AuvMeH3unje
nponucaHe ctaHgapgom DIN 1025 (Blatt 3/1963), Tabena 2.1.

Tabena 2.1: IMMeH3mnje NonNpeyHor npeceka UCMTMBAHOT Hocada

Hasvs OsHaka BpegHocT (mm)
cnutreaHn Hocau HEA 360*

BucuHa npoguna H 354 350
LLinpunHa nojaca b 297 300
[ebrbnHa gorer nojaca trer 17.3 175
[ebrbnHa roprer nojaca true 17.6 17.5
[ebrbnHa pebpa s 10.7 10
Pagujyc TpaH3uumje pebpo/nojac r 23 27

*Mpema ctaHgapay DIN 1025 (Blatt 3/1963)
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Y TOKYy ucnutuBarba CUMyNatop KOAuua Hanasuo ce Ha CpeAvHu pacroHa Hocaua,
cnvka 2.1. Mepere penatuBHUX AedopmMaupja y LEHTPasIHOM MOMPEYHOM MPeceky
13BpLLEHO je Ha 31 MepHOM MecTy (MM), cnvka 2.2, Tabena 2.2. Mpy TeXWHN TepeTa
Q=20 kN, ozHOCHO npuv onTepehery jefHOr TOUKa BEPTUKA/ITHOM CU/IOM UHTEH3MTETa
~Q+G _20.0+1.45

2
M3BpLLEHA je cepuja Mepera Mpu YeMy je YAa/beHOCT TOYKOBa 0f CnoboaHMX MBMUA

F

=10.73 kN, (2.1

[oker nojaca (BennumHa i Ha cimum 1.22) nsHocuna i=5, 10, 15, 20, 25, 30, 35, 45, 50,
60 n 70 mm, Tabene 2.3 n 2.4, cnuka 2.3. Ipy CBaKOM Mepeky Hy/10Bawke MEPHO -
aKBU3NLMOHOI CUCTEMA U3BPLLIEHO je HAKOH OC/lakarba TOYKOBA CMMY/aTopa Konmua Ha
[OY Nojac, YiMe je eIMMUMHMCAH YTWLaj COMCTBEHE TeXMHe Hocava U cuctema 3a
yHoLlere onTepeherba Ha pesynTate Meperba. [pema Tome, BpeLHOCTM AunaTaumja Koje
cy fgate y Tabenama 2.3 1 2.4 nocnegmua Cy MUCK/by4MBO TeXWHe TepeTa, OA4HOCHO,
ogrosapajy ontepehewy Touka F=10 kN. OHe cy ouuTaBaHe HaKOH cTabwunusauuje
NpUTACKA Y XMAPOLUMNNHAPY, & TUMe U onTepehera, OAHOCHO TeXWHe TepeTa, CimKa
2.4.

mmd a\maf Mm2 wml roprsk nojac

\;ﬂus

6)

R L T 3 :
]
! ; .
¢ ,I ! |4 A
— I
]
i
! Al
!
|
1
l : mmB I
w11 '8 w10 ; e nmB
S w12 w31
(@) @)

Cnwnka 2.2: MepHa MecTa y LieHTpa/IHOM MOMNpeyHoM npeceky: (a) AvMcnosunumja;
(6, B) MM Ha roptem nojacy; (r, o) MM Ha fowem nojacy
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Tabena 2.2: Monoxaj MepHMUX MecTa (cnmka 2.2(a))

(a) MepHa mecTa 1, 2,..., 10

MM 1 2 3 4 5 6 7 8 9 10

¢(mm) 1,100 116,1 1446 287,1 1186 1180 120,2 5,000 116,0 1150
n(mm) 3540 3540 3540 354,0 3363 17,30 17,50 0,000 0,000 0,000

(6) MepHa mecTa 11, 12,..., 20

MM 11 12 13 14 15 16 17 18 19 20

E(mm) 293 520 500 480 460 440 420 400 380 36,0
n(mm) 000 000 000 000 000 000 000 000 000 0,00

(B) MepHa mecta 21, 22,..., 31

MM 21 22 283 24 25 26 27 28 29 30 31

E(mm) 34 26 24 22 20 18 16 14 12 10 80
nmm 00 00 00 00 00 00 00 00 00 00 00

YKyNHY HanoHn Ha MM 6 - 7 1 MM 9 - 10, cimka 2.5(a), oapehyjy ce Ha OCHOBY
N3MEPEHNX BpeAHOCTVM Aunatauuja, Tabene 2.3 n 2.4, NPUMEHOM Wu3pasa Koju

AeuHULLIY paBaHCKO (4BOAUMEH3VOHA/IHO) CTare HamoHa [21]

_ E
S xt’g't = 1-n2 (exe +ney7)! ...(2.2)
s MM 67 _ i(e +ne) (2.3)
y.tot - 1-n2\7Y7 x6 )1 N s
g MM 9-10 _ E (e +ne ) (2.4)
X,tot - 1_n 2 x10 y9 ) .
gwmon_ E (e +ne ) (2.5)
y,tot - 1-n 2 \~y9 x10 | v

npu yemy je E=21000 kN/cm? Mogyn enactuyHocTy, a v=0.3 M0acoHoB KoehnLmjeHT.



Tabena 2.3: BpegHocTu gunataymja 3a i=5, 10, 15, 20, 25 1 30 mm.

MM pasay i (mm)

5 10 15 20 25 30
€ (um/m)
1 X -20,0 -18,7 -19,1 -18,7 -19,7 -20,9
2 X -22,3 -21,8 -22,3 -22,0 -22,1 -23,8
3 X -23,6 -23,5 -23,7 -23,2 -23,5 -25,0
4 X -20,9 -21.8 -214 -21,6 -20,4 -21,6
5 X -17,5 -17,3 -17,5 -17,3 -17,3 -18,5
6 X 7,2 6,1 6,1 54 52 47
7 y 386,4 378,3 363,3 353,7 339,9 344,6
8 X 611,2 531,1 461,5 405,0 350,7 316,3
9 y -366,5 -357,8 -343,4 -333.1 -319,1 -322,3
10 X 43,5 449 445 45,6 45,3 49,2
11 X 578,1 513,1 4278 374,4 340,5 309,1
12 y -181,9 -161,4 -140,6 -121,0 -100,4 -70,6
13 X 161,2 164,9 163,6 166,5 163,9 173,0
14 y -180,5 -156,8 -134,4 -112,7 -89,7 -53,8
15 X 179,1 183,2 181,1 185,0 184,6 194,3
16 y -176,8 -149,3 -125,1 -101,8 -75,3 -31,2
17 X 197,1 201,5 198,7 203,6 205,3 215,6
18 y -172,7 -142.4 -115,3 -89,0 -49,8 0,7
19 X 215,0 219,8 216,3 222,1 226,0 236,9
20 y -167,5 -134,0 -104,6 -72,3 -33,9 38,9
21 X 238,9 2441 2421 249,0 253,7 262,9
22 y -164,4 -114,6 -69,3 -7,9 52,5 92,6
23 X 299,0 303,8 305,3 308,1 304,8 284,0
24 y -161,2 -96,0 -36,9 34,3 77 60,7
25 X 333,55 339,0 333,8 334,8 317,1 280,9
26 y -153,4 —-68,2 49 61,2 59,5 19,9
27 X 3748 377,1 365,0 349,6 318,5 2735
28 y -161,3 -36,1 34,4 45,6 16,4 -16,4
29 X 490,1 479,5 4481 4129 365,0 329,1
30 y -136,2 =215 15,7 -3,3 -30,5 -46,2
31 X 548,7 511,3 460,7 4124 359,3 322,9
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Tabena 2.4: BpegHoctu 3a i=35, 40, 45, 50, 60 n 70 mm

MM pasay i (mm)

35 40 45 50 60 70
€ (um/m)
1 X -19,5 -19,9 -20,4 -19,3 -20,3 -18,3
2 X -22,5 -22,6 -22,8 -21,9 -22,5 -21,3
3 X -239 -23,6 -23,7 -22,9 -23,2 -23,2
4 X -21,6 -20,2 -19,3 -20,3 -19,9 =219
5 X -17,4 -17,3 -17,6 -16,9 -17,1 -17,1
6 X 25 2,7 34 0,3 -2,9 -15,1
7 y 319,2 300,3 283,5 2781 2515 2412
8 X 278,2 234,6 201,8 189,6 146,8 136,6
9 y -297,0 -278,5 -261,0 -253,8 -2251 -210,5
10 X 47,8 47,8 48,4 50,9 55,3 69,8
11 X 263,6 235,0 219,6 188,1 156,5 106,6
12 y —48,9 -10,0 454 97,5 82,7 33,9
13 X 190,3 207,7 217,2 237,2 184,2 161,5
14 y -25,9 27,9 84,6 110,8 53,4 20,0
15 X 2140 2194 218,8 2178 1741 153,9
16 y 8.2 76,3 105,5 102,2 29,1 9,9
17 X 237,8 231,1 220,5 218,4 164,0 146,2
18 y 57,0 1125 96,6 67,7 13,5 2,6
19 X 261,5 2428 222,1 209,0 153,9 138,6
20 y 96,8 103,1 61,7 34,5 28 -3,7
21 X 281,2 2493 2157 198,8 147,8 135,2
22 y 78,1 31,0 7,7 -1,7 -10,2 -13,8
23 X 2759 227,6 195,9 180,3 137,4 127,3
24 y 31,6 2,1 -8,8 -12,3 -16,3 -18,3
25 X 266,3 220,0 189,7 1754 134,2 1249
26 y -2,7 -14,4 -19,6 -20,5 -20,5 =215
27 X 256,2 2279 190,7 172,3 131,6 120,7
28 y =311 -32,6 -35,3 -36,8 -24.6 -42,5
29 X 290,0 2431 208,6 196,0 152,1 141,7
30 y —47,9 -43,9 -40,3 -38,6 -32,5 =311
31 X 285,5 240,8 207,8 193,2 150,4 139,9




' /\/\/\/ —MM2

——MM3
-26¢ ——MM4| ]
———MM5
2.8 ' " " " T T
5 10 20 30 40 50 60 70
i (mm)
@)

x 10
b . . . . .
3l J
2| J
1 §

MM 7

or ———MM9| ]
Ak -
2k g
.3.///\//.
4 1 i ' i ' i

5 10 20 30 40 50 60 70

i (mm)
(8)
x 10*
3 . . . . .

—— MM 13

—MM6
— MM 10

10 20 30 40

50 60 70

MM 23

— MM 28| ]
— MM 30

5 10 20 30 40
i (mm)

OK)

Cnuka 2.3: JInHeapusosaHu fujarpaMu gunaraumja
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Cnuka 2.4: MpomeHa ontepehera faBaya cuie TOKOM Meperba
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Cnwuka 2.5: JInHeapunsosaHu gujarpamu HanoHa Ha MM 6 -7 n MM 9 - 10:
(a) yKynHu HanoHwu; (6) noKanHn HaroHm

YTuuaj rnobasHor caBujaka Ha HaroHCKO CTake HAa MM 6 - 7 1 MM 9 - 10

ofpehyjy Avnataymje Ha KOpecnoHAeHTHMM MM ropwer nojaca - MM 5 1 MM 2,

pecnekTuBHO. Havme, gunartauuje y nogy>kHom npasuy (oca X) HH MM 6-7 1 MM 9 -

10 n3a3BaHe rnobanHUM CaBujareM UMajy UCTY BEIMUMHY, ann CynpoTaH NpeasHak y



ofHocy Ha aunataumje Ha MM 5 n MM 2 (3aTo WTO je ycnea rnobanHor caBujarba
ropHM Nnojac Hocaya NPUTUCHYT, a A0k 3aTerHyT). Aunataumje y NonpeyHoM npasLy
(oca y) Ha MM 2 n MM 5 wnmajy cynpoTaH npef3Hak Yy OAHOCY Ha AunaTaumje y

MOAY>XHOM MpaBLYy 1 U3payyHaBajy ce Ha OCHOBY M3pasa

e, = ne., ..(2.6)

y2

e =-Ne,. ..(2.7)

y5

Kaga ce y uspasmma (2.2), (2.3), (2.4) n (2.5) og gunataumja Ha MM 6 -7 MM 9 -
10 oay3my ogrosapajyhe gnnatauymje Ha MM 5 n MM 2 ca HeraTMBHUM MpeA3HaKoM,
[0o6mjajy ce n3pasn 3a nspadyHaearbe BPeAHOCTU JIOK/IHUX HamoHa Yy MoAy>XHOM (X) u

nonpeyHom (y) npasy,

- —1_En 2 [exe tes+n (e, +ey5)], .(2.8)

[ey7+e +n (e +€s) ], (2.9

- 1_En i [exlo +€,,+N (8,0 + eyz)], ..(2.10)

o= m{ew - (_ey2) +n [eﬂo B (_eXZ)]} -
[ey9+e +n (€40 +€5) |- ~(2.11)

Ha MM 8 un wemy KopecrnoHZeHTHOM MM 1 Ha ropwemM rnojacy MepeHe cy
Annataumje y nofy>kHoMm npasuy. Bpe4HOCTM YKYMHOT U NIOKa/IHOT HaroHa Ha MM 8,

CNMKa 2.6, U3payyHaTe Cy Ha OCHOBY 113pa3a 3a je[IHOOCHO HArMOHCKO CTabe [21],



(2.12)

.(2.13)

]
5 10 20 30 40 50 60 70
i (mm)

Cnuka 2.6: JInHeapn3oBaHu aujarpaMun HarnoHa y nogy>Hom npasuy Ha MM 8

[da 6u ce ogpefuna AucTpubylmja NOKAHAX HamoHa Yy 30HW YyTuuaja TOukKa,
nocTaB/beHa Cy [iBa MepHa naHua ca no 10 mepHux mecta (MM 12, 13,..., 31), cnvka
12(n). MopayXHe gunaTaumje Mepe Ce Ha HemapHWM, a MOoMnpeyHe Ha MapHUM MEPHUM
MecTMMa.

[Avnatauuje y nonpeyHom npasLy (gy) Ha HenapHum MM 13, 15,..., 29, Ha Kojuma ce
Mepe aunarauuje y nogy>XHom npasuy (€x), oapefheHe cy NMHeapHOM UHTEPMoiaLmnjom
AvnaTaumja Ha cycegHum napHum MM 14, 16...., 30, cavke 2.2(a, 4). AnnaTauuja €y Ha
MM 31 (nocnefrwa y MepHOM naHuy) ogpeheHa je NMHeapHOM WHTEepnonauujom
n3mepeHe aunatauuje & Ha MM 30 n gunatauuje Ha MM 8 u3payyHaTe Ha OCHOBY
n3pasa

€5 =NE. ..(2.14)

AHaNIOrHO N3M10XKEHOM, oapeheHe cy auvnatauuje y nogy>XHoOM npasLy (&) Ha NapHUM
MM 14, 16,..., 30 Ha Kojuma ce Mepe Awnatauumje y nornpeyHom mnpasuy (gy). 3a
npopayvyHCKy BeNMUunHy auvnatauuje €x Ha MM 12 (npBa y MepHOM naHLy) YCBOjeHa je
BpeAHOCT Aunatauunje naMmepeHa Ha MM 13. YKynHu HanoHn Ha MM 12, 13,..., 31,
CNWKa 2.7, 3padyHaTy Cy Ha OCHOBY 13pasa

MMi E

xiot = m(eww Ny i ) ...(2.15)
i =%(ey,wi €,y ), 512,13, 3L (2.16)
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Cnuka 2.7: JInHeapu3oBaHu gunjarpaMyv KOMMNOHEHTU YKYNHUX HanoHa
Ha MM 12, 13, 14,..., 30, 31

70
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AHaNorHo NocTynky ennMMuHaumje ytuuaja rnobanHor caesujakba Ha MM 6 - 7 1
MM 9 - 10, oapeheHe Cy BeNMUYMHE NOKa/IHUX HanoHa M Ha pas3MaTpaHvM MepHUM

MecT1Ma,

= [eX,MMi +€,,+N (& +eyl)] ..(2.17)

Syi = m{ey’“"“’” - (—eYl) +n [ e i — (_exl)]} -

- 1_En 2 I:ey,MMi +tey, +n (eX,MMi +ex1):|1 i=12,13, 31 ...(2.18)

CNnKe 2.8 n 2.9.

—6—MM 12
—5— MM 14
6F | —%—MM 16
—4—MM 18
—— MM 20

oo

~

s, (kNiem?)

» a o

w

Cnuka 2.8: JlnHeapn3oBaHuW AnjarpaMu IOKa/HUX HanoHa y NoAy>XHOM (X) npasLy
Ha MM 12, 13, 14,..., 30, 31
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vl

2
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Cnuka 2.9: J/InHeapn3oBaHuW AnjarpamMu NOKasHKX HarnoHa y nonpeyHoMm (y) npasLy
Ha MM 12, 13, 14,..., 30, 31

MpomeHa pacTojaka TOYKa 0f CnobogHe mBuUe Aower nojaca (i) ycnosrbaBa M
MPOMEHY BeMUMHE NIOKAIHUX HanoHa. AucTpubyumja MOMEHYTUX HanoHa Ha AOH0j
mBuun gomwer nojaca (MM 8, 31, 30,...,12, 9, 10) 3a KapakTepuCTU4yHe BpPeAHOCTU
yfa/beHOCTU Touka of cnobogHe meuue (i=10, 20 , 30, 40, 50 mm) npukasaHa je Ha

cnnum 2.10.
CBohereM HarnoHa 13a3BaHMX NI0KasIHUM [ejCTBOM TOuUKa, ciuke 2.5(6), 2.6, 2.8, 2.9

1 2.10, Ha peepeHTHN HaMoH

F Q _ 200 =3.34 kN/cm?,

S, =—= =
° t?BF 2t?BF 2 X1'732

.(2.19)

oapeheHe cy BPeAHOCTM HaMOHCKUX KoeduumjeHaTa Yy KapakKTePUCTUYHUM Tauykama

NnonpeyYyHor npeceka Hoca4va n TO.
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s, (kN/cm?)

oL

—6— =10 mm
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—<— =50 mm

510

20 30 40 50 60 70 80 90 100 110 120
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(@)
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Cnwnka 2.10: AucTpnbyunja nofyxHux (a) u nornpeyHux (6) NoKasHNX HanoHa
Ay [OHe KOHTYpe AOHEr nojaca

e MOYeTaK pagunjyca TpaH3uLuje ropke KOHTYpe AOHEr nojaca y KOHTYpy pe6pa,

MM 6 - 7, n tbemy KopecrnoHgeHTHO MM 9 - 10 Ha foH0j MBULM LOHET Mnojaca,

cnuke 2.11n 2.12;

e MepHa MecTa y NPecevyHuM Taykama IMHKje AejcTea onTepeherba TouKa U [0kHe

KOHTYpe AoHer nojaca, cnvke 2.13 n 2.14;

e ofabpaHa MepHa MecTa Ha [IoH0j KOHTYPU [0HEr Nojaca Kaja ce TouakK Hanasu

HerocpefHO u3Hag wux (3a i=10 mm: MM 30; 3a i=20 mm: MM 25; 3a

i=30 mm, N1HeapHa MHTepnonaumja BpeaHoOCcTn AobujeHnx Ha MM 21 n 22; 3a
i=40 mm: MM 18; 3a i=50 mm: MM 13), cnuka 2.15;

e Yy 6/1M3nHK cnobogHe nenue, MM 8, cnuka 2.16;

[a 6u ce omoryhuno ynopehuBare pesyntata Mepewa ca AujarpammMa gatum y

CTaHgapay [5], ymecTo BpeHOCTM pacTojama i, Ha ancuucavia gvjarpama npukasaHmx

Ha cnukama 2.11, 2.12, 2.15 n 2.16, npukasaHe cy oarosapajyhe BpeAHOCTM

KoedmmjeHTa A n3padyHare npema mspasy (1.75).
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Cnuka 2.11: HanoHcku KoeduumjeHTn ¢ (&) Ha MM 9 - 10; (6) Ha MM 6 - 7

(6)
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Cnuka 2.12: HanoHckv KoeuupjeHtu ¢,: (a) Ha MM 9 - 10; (6) Ha MM 6 - 7
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Cnuka 2.13: HanoHcku koeuumjeHTn ¢, (a) 3a §=5, 10, 15, 20 n 25 mm;
(6) 3a £&=30, 35, 40, 45 1 50 mm
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Cnuka 2.14: HanoHcKu KoetuumjeHTu ¢,: (a) 3a =5, 10, 15, 20 1 25 mm;
(6) 3a &=30, 35, 40, 45 1 50 mm
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Cnuka 2.15: HanoHCKM Koe(mumjeHTN Y MPeceyHoj Tauku NnHuje fejcTea
onTtepehera TOUKa M JOHE MBNULE [OHET Mnojaca: (a) Cy; (6) ¢,
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Cnuka 2.16: HanoHckun KoeguumnjeHT ¢, HaMM 8

2.1 [nckycuja pesyntata TeH30METPUJCKOT UCTPaXKMBarba

[a 6u ce yTuuaj rnobanHor caeujarba Ha pesynTate TEH30METPUJCKOI UCTPaXKMBakba
CBEO Ha Hajmary Moryhy mepy, pacnoH Hocaya (1=1640 mm) nofeLleH je Tako Aa je
4,63 nyta Behn o Hajsehe M3mepeHe AuMeH3uje nonpeyHor npeceka (H=354 mm,
Tabena 2.1). ¥Ynpaso 360r Tora, u3MepeHe Noay>kHe aumnartauuje (€x) Ha MM 1 - 5,
cnuka 2.3(a), Koje cy nocneauua rnobanHor caBvjarba, 3a pef BENMUMHA Makbe Cy 0f
oaroeapajyhux gunatauymja Ha MM 8 - 31, cnvke 2.3(B - X). M3y3eTak cy camo
nofy>He gunataynje Ha MM 6 n MM 10, 360r penaTMBHO HUCKOI yTuULaja IOKasIHOT
caBujama, cnmka 2.3(6). Ha ropwem nojacy yovasa ce ,,shear - leg” edekat: Hajsehe
NnoAy>XHe Aunartauuje jasrbajy ce Ha MM 3, cnvka 2.3(a).

MogyxxHe gunataumje Ha MM 10 cy MOHOTOHO pacTyhe, no3vTUBHe n Behe of
Aavnataumja Ha kemy KopecnoHaeHTHoM MM 6, Ha KoM Cy MOHOTOHO onafajyhe, cimka

2.3(6). Ocum TOra, yoyaBa ce fa nofy>kHa gunaraymja Ha MM 6 mMera 3HaK 1 noctaje
HeraTuBHa 3a i>50 mm. OfHoc €,/ |e,¢| Kpehe ce y LWMPOKWM rpaHMLamMa civka 2.17.

Hajsehy BpegHocT (=170) fOCTVXKe Y 30HM NMPOMeHe 3Haka agunaraumje Ha MM 6.
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Cnuka 2.17: OgHoc annatayunja Ha MM 10 1 6

MonpeyHe auvnataypnje Ha MM 7 cy MOHOTOHO onagajyhe U NO3WTUBHE, AOK CYy Ha
HeMY KOpPeCcrnoHAeHTHOM MM 9 HeraTnBHe Y MOHOTOHO pacTyhe, civka 2.3(B), WTO je
OYeKMBaHa Mocneauua NoKasHor CaBuWjatba Mojaca OKO OCe MmapanefiHe NMOAYXXHOj Oocu
Hocaya. AKO Ce Kao OCHOBa 3a yropefBare yCBOje anconyTHe BpeAHOCTM Aunataumja
Ha MM 9, oHAa npoueHTyasiHa pasnvka BpefHOCTU Agunataumja Ha MM 7 n MM 9
MOHOTOHO pacTe 3a noeeharbeM YAa/beHOCTU TOUKa 0f, CNI0604He MBWLIE [OHEr Mojaca,
cnvka 2.18. Hajmawy BpefHocT (=5,4%) uma 3a i=5 mm, JOK Hajsehy BpegHOCT
(=14,6%) poctmke npu i=70 mm.

BpenHocTv nofyxHux gunataumja Ha MM 8 1 wemy KopecnoHgeHTHom MM 11 cy
nosuTMBHe, MOHOTOHO onagajyhe © Yy p[ob6poj carnacHoct, cnmka 2.3(r).
MpoueHTyanHa pasnnka BpegHoOCTU gunataumja Ha MM 11 n1 MM 8, cnmka 2.19, mewa
ce y penaT1BHO LUMPOKUM rpaHuLama: of =8,8% 3a i=45 mm, fo =—22% 3a i=70 mm.

MoayxHe gunataumje (€x) Ha MM 13, 15...., 21 umajy No3UTUBHE BPeLHOCTM 3a CBe
MCMNTHE NOJoXaje Touka, cnvka 2.3(4). 3a i<45 mm Hajmare BpeAHOCTU AunaTtauuja
oumntaBajy ce Ha MM 13, a Hajsehe Ha MM 21, wTo je nocneauua nonoxaja MepHnx

mecTa. 3a i=45 mm Be/IMumHe gunataunja € Ha pasmarpaHvM MepHUM MecTUMa Hasase
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ce y wuHTepsany of 6,4 pum/m, Tabena 2.4.

Jakrne, yCMoOBHO peyeHO, MpameH
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Cnuka 2.18: MNpoueHTyaHa pasnvka gunataumja Ha MM 7 1 9
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Cnuka 2.19: MNpoueHTyanHa pasnnka gunataymja Ha MM 8 n 11

58



NMHeapu30BaHNX KPMBUX Ceve ce Y Tauyku ymja je ancumca i=45 mm. HakoH nponacka
KpO3 NpeceyHy TauKy, MefyCOBHM NOMoXaj NMHeapn3oBaHUX KPUBMX Ce Y MOTMYHOCTM
Mewba: HajBehe gmnatauumje jaB/bajy ce Ha MM 13, a Hajmarke Ha MM 21, wWTO je,
Takohe, y carnacjy ca nofioajem MepHMX MecTa y OAHOCY Ha AMjana3oH UCAUTHUX
nonoxaja toyka. Aunataumja Ha MM 13 uma NpubAMKHO KOHCTaHTHY BPeAHOCT 3a
i<25 mm, a NOTOM MOHOTOHO pacTe A0 Makcuma (237,2 pym/m) Koju ce jaB/ba npu
i=50 mm, a NOTOM MOHOTOHO onaga Ao 161,5 ym/m 3a i=70 mm, Tabene 2.3 n 2.4.
MojaBa mMakcumyMma 3a i=50 mm je o4yekMBaHa, jep Ce y TOM C/y4yajy TOYaK Hanasu
HenocpegHo usHag MM 13 (§um 13=50 mm, Tabena 2.2(6), cnvka 2.2(a)). CnnuHor
KapakTepa je W kpuBa Aunataumje Ha MM 15, ¢ TUM LITO MakCUMa/Hy BpegHOCT
(219,4 ym/m, Tabena 2.4) poctmxe npu i=40 mm. HakoH TOora MOHOTOHO onaja Ao
153,9 ym/m, Tabena 2.4, npu i=70 mm. Aunataumje Ha MM 17, 19 n 21 Takohe
MOHOTOHO pacTy ca YyJa/baBateM TO4ka 0f C/noboAHe WBMLE [AOHer nojaca.
Makcumyme (237,8 pm/m, 261,5 pm/m, 281,2 pm/m, pecnekTuBHO, Tabena 2.4)
AOCTMXKY 3a i=35 mm. HakoH Tora, MOHOTOHO onagajy v npu i=70 mm wumajy
BpeaHocTy 146,2 ym/m, 138,6 pm/m, 135,2 ym/m, pecnekTneHo, Tabena 2.4.

MogoyxHe gunataumje (€x) Ha MM 23, 25,..., 31 Takohe umajy no3vTmMBHe BPeLHOCTM
3a CBe UCMMTHe MonoXaje Touykosa, canka 2.3(h). Ha MM 31 n 29 (mepHa mecTa
Haj6nmxa cnobofgHoj MBMUM Nojaca) MOHOTOHO cy onagajyhe, LWITO je nocneauua
YMHEHULE Aa CY OHe Bp/io 6MCKe MPBOM MCMUTHOM MOM0Xajy Touka (i=5 mm) npu
KoMe nMajy Hajsehe BpeaHoCTK, 548,7 um/m un 490,1 um/m, pecnekTuBHO, Tabena 2.3.
MuvH/MaIHe BpegHOCTM Annataumja Ha NOMeHYTUM MepHUM MecTUMa jaB/bajy ce Mpu
i=70 mm n usHoce: 139,9 ym/m Ha MM 31 n 141,7 ym/m Ha MM 27, Tabena 2.4. Ha
MM 27, punatauymnja og 374,8 ym/m npu i=5 mm He3HaTHO pacte fo 377,1 ym/m 3a
i=10 mm, a NOTOM MOHOTOHO onafa Ao 120,7 ym/m 3a i=70 mm, Tabene 2.3 n 2.4. Ha
MM 25 nogyxHa paunataumja AOCTMKE MakCUmanHy BpegHocT 334,8 pum/m npu
i=20 mm (WTO je 1 04EeKM1BAHO, jep Ce OHa Hasla3n HeMoCcpPesHO UCMOoZ TouKa, =20 mm,
Tabena 2.2(B)), a NOTOM MOHOTOHO onaga Ao 124,9 ym/m 3a i=70 mm, Tabene 2.3 n 2.4.
Ha MM 23 gunataumja He3HaTHO pacTte og 299,0 um/m npu i=5 mm [0 makcumanHe
BpeaHocTy 308,1 ym/m 3a i=20 mm, a NOTOM MOHOTOHO onaga Ao 127,3 ym/m npu
i=70 mm, Tabene 2.3 n 2.4. NIHTepecaHTHO je youuTn ga ce 3a i=35 mm BpeaHOCTU

annatayunja Ha MM 23, 25,..., 31 Hanase y penatMBHO YCKOM AMjana3oHy. 3a i=35 mm
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MakcumManHa BpegHocT Aaunataumje (290,0 pm/m) ocTBapyje ce Ha MM 29, a
MUHMMasTHa Ha MM 27 (256,2 ym/m), Tabena 2.4, Tako fa ce CBe Aunartauuje Hanase y
nHTepBany of 33,8 pm/m. 3a nocneawn UCAUTHU NOMOXKaj Touka, i=70 mm,
MaKcumManHa BpegHocT aunatauuje (141,7 ym/m) jaeba ce Ha MM 29, a MuHMManHa
(120,7 pm/m) Ha MM 27, Tabena 2.4. Y TOM C/lyyajy BPe4HOCTU CBUX Aunartaumja Ha
MM 23, 25,..., 31 Hanase ce y uWHTepBany o 21,0 pym/m. PenatmBHa GAMCKOCT
BPEAHOCTM MOCMaTpaHuX Aunataumja nocieguua je YnkeHule ga cy MM 23, 25,..., 31
noumpaHa penatmeBHo 651m3y cnobogHe mBuMue power nojaca  (§uvz=8 mm,
Evm23=24 mm, Tabena 2.2(B)), cnuka 2.2(a)), Tako ga cy 3a i=35 mm [0BO/bHO YAa/beHa
O/ 30He KOHTaKTa TOYKa M [JOkEr nojaca Hocava.

Cse KpuBe nonpeyHux (gy) agnnataumja Ha MM 12, 14,..., 30, ciuke 2.3(e,X), Tabene
2.3 1 2.4, Majy HeraTMBHe BPEeAHOCTM MpY PeNaTUBHO Ma/iMM BPeAHOCTUMA yiarbera
Touka of cnobofHe mBULE [ower nojaca. Hajsehe anconyTHe BpeAHOCTM Aunatauuja
jaB/bajy ce Kaja ce ToYaK Hanasv Ha MUHWUMANHOM WCMUTHOM pacTojakby Of CNoboaHe
mBMUE [OHer mnojaca i=5 mm. Pa3vaTpaHe KpuBe MOHOTOHO pacTy [0 CBOjUX
MakcuMymMa, a MoToM onafajy ca nosehawem pacTojata TO4Ka 0f C/oboAHe MBULE
power nojaca. Kpuse aunataumja & Ha MM 12, 14,..,20, cnvka 2.3(e) Ayxe
3aAp)kaBajy HeraTuMBHy BpefHOCT, LUTO je nocneguua Behe yaa/beHOCTU MOMEHYTUX
MepHMX MecTa 0f oArosapajyhurx UCNUTHWUX nonoxaja Touke. Ha MM 12 gunatauuje
nocTajy nosutmeHe npu i>40 mm ¥ JOCTVMXY MakcumasiHy BpegHocT 97,5 pm/m) 3a
i=50 mm, notom onagajy Ao 33,9 um/m npwu i=70 mm. Aunataumje Ha MM 14 nocTtajy
no3uTmBHe npu i>35 mm, JoCcTXKy Makcumym of 110,8 ym/m 3a i=50 mm, a 3aTum
onagajy Ao 20,0 pm/m 3a i=70 mm. Kpuse gunatauuja &, Ha MM 16, 18 n 20 umajy
NCTW KapakTep, C TUM LITO Ce MakcumanHe BpegHoctn (105,5 pm/m, 112,5 pm/m,
103,1 ym/m, pecrneKTUBHO) nomMepajy Ka marwbum BpegHoctuma i (i=50 mm, i=40 mm,
i=40 mm, pecnekTuBHO), Tabena 2.4. CnuyaH KapakTep MMajy W KpuBe 3aBUCHOCTY
Aunatauuja e, Ha MM 22, 24,..., 30, cnvka 13().

MepHa Mmecta 13 (Eum1z=50 mm), 18 (Eumis=40 mm), 25 (§umzs=20 mm), n 30
(&umz0=10 mm) Hanase ce HenocpegHO WCMOL TOYKa, Kaja Ce OH Hanasy Ha
pacTojatbima i=50 mm, i=40 mm, i=20 mm 1 i=10 mm, pecnekTnBHO. Ha MM 13 (&) 1
MM 18 (g,) Hajehe aunatauuje ja/bajy ce Kafa ce TOYaK Hasasu HenocpeaHo W3Hafj

NMOMEHYTUX MepHUX MecTa, cnvka 2.20(a, 6). MakcumanHa BpeaHOCT MOAYXHE
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annataumje Ha MM 25 (gy), cnuka 2.20(B), jaB/ba Ce Kaja Ce TOYaK Hanasu Ha
pacTojawy i=10 mm of cnobofHe nBuLe fower nojaca 1 Beha je 3a 1,3% of BpeHOCTU
Aunartauunje Kaga ce Touak HanasuM HenocpegHo usHag MM 25 (i=20 mm). Hajseha
anconyTHa BpPeAHOCT nonpeyHe aunataunje Ha MM 30 (gy), cnmka 2.20(r), jaB/ba ce
Kafa je To4ak Hajonmxm cnobogHoj nemum goker nojaca (i=5 mm) u Beha je =8,7 nyta

0/1 MaKCc/MasHe rno3uT1BHe BPeAHOCTU Koja Cce jaB/ba npu i=15 mm.
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Cnwnka 2.20: 3aBMCHOCT gunartaupmja of nosoxaja Touka:
(a) MM 13; (6) MM 18; (8) MM 25; (r) MM 30

Ca ypamaBakbeM 0f CnobofgHe umBMLE [OHer nojaca JIOKalHe MakCUMasiHe
BPeLHOCTU MOAYXHUX Aunataumja (€x) MOHOTOHO onafajy, cnvka 2.21. OBakaB TOK
/INHeapu30BaHe KpuBe JIOKAIHUX MakCMMyMa MOLY)XXHUX Aunatauumja je O4YeKMBaH,
nvajyhm y Bugy nosehate ogroeapajyhe KpyTtocTu ca npubnmkaBareM pebpy
npoguna. PenatmBHW CKOK JIOK&/IHE MakCMMasHe BpeaHOCTU npu =&umiz=50 mm,
cnvka 2.21, nocneguua je unkbeHuue ga ce MM 13, Ha KOMe ce jaB/ba nocmarpaHa

MaKcUMasiHa BpeAHOCT AunaTaumje Hanasu HemocpeAHo Ucnog Todka (i=50 mm).
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Cnuka 2.21: JTokanHn MakCUMyMu NOAYXHUX aunatauumja

AnconyTHe BPeAHOCTM JIOKaSHUX MUHUMYMa Aunatalmje y nornpeyHom npasuy (&y)
MOHOTOHO pacTy ca yfa/baBarbeM 0f Cr10604He UBULE AOHEN Mojaca, cnvka 2.22. To je
OYeKVBaHa Moc/neanLa YneHNLe fa cy nonpeyHe gunarauumje JOMUHaAHTHO nocneamua
NOKaJ/IHOT CaBWjara OKO OCe MapanenHe MOLYXHOj ocu Hocava. CKOK anconyTHe
BPEAHOCTY NOKa/IHOI MUHMMYMa nonpeyvHe aunataumje 3a &=&yumas=14 mm objalurasa
ce uukbeHuuom ga ce MM 28 Hanasu penatveHO 6113y 30He HerocpegHor yTuuaja
TOYKa 3a i=15 mm.

JlnHeapr3oBaHe KpuBe HaNOHCKMX KoedmumjeHata, cnnke 2.11 - 2.16, y NOTNyHOCTH
npate SiMHeapy30BaHe KpWBe NIOKa/IHMX HamnoHa, cinke 2.5(6), 2.6, 2.8, 2.9 n 2.10, 3a1o
WITO CY HWXOBE BPeLHOCTM 3a MCMUTHE MOJoXaje Touka ofpefeHe KOMNYHMKOM
BPeAHOCTY OArosapajyhmx NoKasiHUX HaroHa Y OCHOBHOT HaroHa, 1u3padyHator npema
nspasy (2.19).

Ha gujarpammma HarnoHCKux KoetuumnjeHata Ha MM 9 - 10 1 MM 6 - 7, ciivke 2.11
n 2.12, youyaBajy Ce CUHrynaputeTu cuHrynaputet 3a A=0,2096, wTto opgrosapa

Ya/beHOCTM TOUKA Of} CNo6oAHe MBUMLE Aoker nojaca i=30 mm. To je, NPBEHCTBEHO,
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nocneavua HensbexkHe Tpellke Npy  MoJellaBaty pacTojatba TOYKOBA M

no3nunoHMpara CMMyaTtopa TOYKOBa.
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Cnuka 2.22: JIoKa/iH MUHMMYMM NONPeYHuX aunataumja

BpeaHOCTM HAMOHCKOr KOe(UUMjeHTA Cuvmo-10 HEraTMBHE Cy 3a CBE MCMUTHE
nonoxaje Touka, cnvka 2.11(a). JIMHeapu3oBaHa KpuBa 3aBMCHOCTM MOCMAaTpaHor
HarMoHCKOr KoemumjeHTa of napameTtpa nonoxaja Touka (A(i)) je MOHOTOHO pacTyha.
Hajseha anconyTHa BpegHoCT jaBsba ce npu A=0,0349 (i=5 mm) n nsHocm 0,60, oK ce
Hajmatba anconyTHa BpefgHocT (0,09) jaerba npu A=0,489 (i=70 mm).

BpeaHOCTM HamMOHCKOr KOeUUMjeHTa Cuvme7 CY MO3UTMBHE 3a CBE MCMUTHE
nonoXaje Touka, cimka 2.11(6). JInHeapu3oBaHa KpvBa je MOHOTOHO onagajyha.
Hajseha BpegHOCT HarnoHcKor koedumumjeHta (0,74) ocTtBapyje ce npu A=0,0349
(i=5 mm), a Hajmara (0,29) npn A=0,489 (i=70 mm).

MpoueHTyanHa pasnvka BpeAHOCTH HAMOHCKMX KoeduumjeHaTa y NOAY>XXHOM npasLy
() Ha MM 6 - 71 MM 9 - 10, cnimka 2.23, pacTe of =23,6% npu A=0,0349 (i=5 mm)
A0 =227,5% npwu A=0,489 (i=70 mm).

CBe LITO je peyvyeHO 3a KapaKTep JIMHeapu30BaHWX KPUBMX HAMOHCKMX

KoedMLUMjeHATA Cuvmo-10 W Cxvme7 HAYESTHO BAXM W 3a KapakTep /IMHeapu3oBaHKX
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KPVBMX HAMOHCKNX KOoemuLmjeHaTa Cymm 9-10 M Cymm 6-7, CNMKa 2.12. Hajseha anconyTHa
BPEAHOCT HaMoHCKOr KeouLmjeHTa Cyvm o-10 (2,44) jasrba ce npu A=0,0349 (i=5 mm),
[IOK Cce Hajmarba anconyTtHa BpegHocT (1,31) jaB/ba npu A=0,489 (i=70 mm), cnuka
2.12(a). Hajseha BpegHOCT HamoHCKOr KoeuLlujeHTa Cymme-7 (2,68) ocTsapyje ce npu
A=0,0349 (i=5 mm), a Hajmara (1,64) npu A=0,489 (i=70 mm). MNpoLeHTyanHa pasnnka
BPefHOCTN HAamMoOHCKUX KoeduumjeHata y nonpeyHom npasly (c,) Ha MM 6 - 7 u
MM 9 - 10 MOHOTOHO pacTe 04 =9,9% npu A=0,0349 (i=5 mm) go =24,9% npun A=0,489
(i=70 mm), cnvka 2.24.
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Cnuka 2.23: MNpoueHTyanHa pasnmnka HanoHCKMX KoeuLmjeHata Cy
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Cnuka 2.24: TlpoueHTyasiHa pas3/inkKa HanoHCKMX KoeguumjeHara

cgHaMM6-71n MM 9 - 10




3HaTHO Behe BPeAHOCTM MPOLEHTYa/IHMX pa3fiMka HaroHCKUX KoeguumjeHaTa Cy
nocneguua cy cpasmepHo Beher yTtuuaja nosehawa NOKasHE KPYTOCTUM Y 30HU
TpaH3nuuje Aok nojac/pebpo npodmna.

MepHa mecTta 12, 13,.., 30 u 31, cnuke 2.2(a, A), NOCTaB/beHa Cy Ha [OHY
MOBPLUMHY [OHEr MNojaca ca LUWU/beM Aa ce YTBPAW NIOKa/IHN YTULaj ToUKa Y NpeceyHoj
Tauku NnHWje aejcTea onTepehera U AOHE KOHTYPE [OHEr Mnojaca, Jakse, HenocpeaHo
ncrnof Touka. 360r (IM3MYKMX OrpaHu4yera, MosoXaj MepHUX MecTa, cnvka 2.2(a),
Tabene 2(6, B), HMje Morao ga 6yge opabpaH Tako Aa ce NpPU CBaKOM WCMUTHOM
rMosioXajy Touak Hahe HenocpeAHO U3HAL HEKOT Of MOMEHYTUX MepHMX MecTa. 3a i=15
mm To4ak ce Hanasn namefly MM 27 n MM 28; 3a i=25 mm n3mehy MM 22 1 MM 23;
3a 1I=30 mm n3mehy MM 21 1 MM 22; 3a i=35 mm u3mehly MM 20 1 MM 21; 3a i=45
mm un3mefly MM 15 1 MM 16. Ocum TOra, nNpMMereHOM TEH30METPUjCKOM METOAOM
Ha UCTOM MEepHOM MeCTy Huje Moryhe mMepuTu gunataumje y asa meflyco6HO ynpasHa
npasua. Oba HaBefeHa npob6sema pelsaBaHa Cy MPUMEHOM MOCTYrMKa JIMHeapHe
WHTEepronauuje, WTO HY>XXHO [0BOAWM [0 rpeLlke, nocebHo Mmajyhmn y BUAY BENUKK
rpagunjeHT HaroHa y 30HM HenocpeaHO U3N0XEHO] YTULAaJy TOUKa.

Ha mepHum mectma (Mnm y Taukama n3mehy [Ba MepHa MecTa) HENOCPeAHO UCMOA
TOYKa, BPEAHOCTM HAMOHCKMX KoeduumjeHaTa Yy MOAy>XHOM npaBuy (Cx) wumajy
Nno3UTUBHE BPeAHOCTU, cnmka 2.13. MakcrMmaiHe BpeHOCTU jaB/bajy Ce Kafa ce To4ak
Hanasn HemnocpefHo M3Hag MepHor mecta, ocum 3a =30 mm un &=45 mm. Y Tauku
yaarbeHoj 30 mm of cnobogHe MBULE AOHEr rojaca MakKcuMasiHa npopayvyHcKa
BPeAHOCT Koe(huumjeHTa jaB/ba ce Kaga je i=35 mm, civka 2.13(6). OBO oAcTynake
o6jallaBa Ce YMHEHULOM [a je BPeAHOCT KoeuUMjeHTa Cyx M3pavyHata MocTymnkom
NNHeapHe WHTepnosauuje BpPeLHOCTU o0Arosapajyhvx KoeuuujeHata Ha MepHUM
MecTMMa Koja Cy 3a Mo 4 mm yjasbeHa of HanafHe vHuje ontepehewa Touka (MM 21
n MM 22). BpegHOCTM HaroHCKOT KOe(uMUMjeHTa Cx Y MOCMaTpaHOoj Tauyku K3HOCe
=1,89 3a i=30 mm n =198 3a i=35 mm. Pa3vMka HaBefeHWX BpPefHOCTM je Y
npuxBaT/bMBMM rpaHMUama. 3a Tayky Koja je of cnobogHe mBuLe [OHer nojaca
yfarbeHa 45 mm, mMakcvMmasiHa BPe4HOCT KoeuumjeHTa Cx U3Hocu 1,6 v jaB/ba ce 3a
i=50 mm, fok 3a i=45 mm BpeAHOCT HaMoOHCKOr KoeguumjeHTa nsHocu 1,594, cnuka

2.13(6). OBa He3HaTHa HeycarnalleHOCT Takohe je nocneauLa oKanHe NMHeapusatje
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BPEAHOCTM HanoHCKMX KoeuumjeHaTa Ha MepPHUM MeCTMMa Koja cy y OBOM Cny4ajy
yfa/beHa 3a no 1 mm of HanagHe nuHuje ontepeherwa Touka (MM 15 1 MM 16).

MakcrMasiHe BPeAHOCTW CBMX HaMOHCKMX KoeduumjeHaTa Y MOMPeYyHOM npasLy
(cy), cnuka 2.14, no3uTmBHe Cy. M3y3eTak je caMo HarmoHCKW KOE(ULMJEHT Cy 3a TauKy
Koja je of cnobofHe vBMUE [AOHer nojaca yga/beHa 5 mm. Y T0j Taukn (MM 8)
nonpeyHe aunaTauuje HUCY MepeHe, a umajyhu y Buay 61M3nMHYy cnoboaHe MBULE,
YCBOjeHO je [a je BpeAHOCT MocMaTpaHor KoejuumjeHTa jegHaka Hynu. Kog MepHux
mecTa (MM peepeHTHMX Tayaka) Koja cy Oswmka CnobofHOj MBUUM [OHer rnojaca
(§<30 mm) youaBa ce fa Ce MaKCUMa/He BPEAHOCTM HarOHCKOI KoeduLmjeHTa Cy
jaB/bajy 3a i=¢+5 mm, 0HOCHO Ja Cy MakCUMyMW nomepeHn 3a 5 mm Ka pebpy. Kaga
je Tovak fy6sbe y npeceky Hocaya (§>30 mm), MakCMMyMM HanOHCKNX KoeuLmjeHaTa
Cy jaB/bajy Ce Kafia ce TOYaK Hasa3n HerocpefHo M3Haf MepHor mecTa (Y3 He3HaTHO
oAcTyname 3a £&=45 mm, 360r Beh NOMeHyTe rpeLlKe Koja ce YAHU NPUMEHOM NOCTYNKa
NoKasHe NunHeapusaumje), cnvka 2.14(6). Osa nojasa o6jallrbasa ce AUCTPYOyLMjoM
NOKa/iHe KPYTOCTW Mpeceka, OAHOCHO YTuLajeM penaTuBHe 6am3nHe pebpa.

BaXKHO je younTun YnkbeHuLy Aa je OfHOC BPeAHOCTU HAMOHCKOT KoeuumjeHTa Cx U
ancoslyTHe BPeAHOCTU HaMOHCKOr KoeuLiMjeHTa Cy Ha CBUM MEPHUM MecTumMa (Mnu y
pedepeHTHUM Taykama) 3a Koje je &<40 mm 3HaTHO Behu of 1, cnnka 2.25. Y Tauku
Koja je og cnobogHe mBMLE AOHEr Mnojaca yaasbeHa 45 mm nocmartpaHu ofHoc Behu je
o4 1 3ai>6 mm, a Ha MM 13 (&um13=50 mm) 3a i>11,5 mm, cnuka 2.26. 3a HacTaBak
aHanuse, of Noce6HOr je UHTepeca NAEHTUMKOBATK BPEAHOCTN pa3maTpaHor ofgHoca
Kafja ce TOYaK Hasla3n HenocpeaHO M3HaL MepHOr MecTa, Canka 2.27. [akne, 1y CBUM
TUM CNyyajeBMMa OLHOC BPeLHOCTU HAMOHCKOr KoejuuujeHTa Cx W arnconyTHe
BPEHOCTM HamMoOHCKOr Koe(uLmjeHTa Cy 3HaTHO je Behm of 1. Ca yfa/baBarbeM TOUKa 0f
cnobogHe vBMLUE LOHEr mnojaca MOHOTOHO onafda of =3,71 3a &=i=10 mm foKanHor
MuHMMyMa =1,38 3a £=i=40 mm, a NOTOM MOHOTOHO pacTe Ao =1,43 3a &=i=50 mm,
CnvKa 2.27.

BpefHOCTU HaMOHCKMX KoegmumjeHaTa HernocpeaHO MCMOog TOYKa Cy MO3WTHBHeE 3a
CBe MCMUTHe nofnoXaje TOYKa, cnmka 2.15. JlMHeapu3oBaHa KpvBa 3aBMCHOCTM
HarMoHCKOI Koe(MUMjeHTa Cx Of Mo/oXaja ToYka MmMa MOHOTOHO onafdajyhu KapakTep,
cnuka 2.15(a). Hajseha BpegHOCT noMeHyTor KoedmumjeHTa (=3,26) ocTBapyje ce npu

A=0,0349 (i=5 mm), goK ce Hajmarba BpeaHocT (=1,73) jaerba npn A=0,3493 (i=50 mm).
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(6) 3a &=30, 35, 40, 45 1 50 mm
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Cnuka 2.27: OpHoc ¢/[c,| 3a i=§

JInHeapm3oBaHa KpyriBa 3aBMCHOCTY HaMoOHCKOr KoeduLMjeHTa Cy 0/ NoJoXaja TouKa
MOHOTOHO pacTe of =0,88 3a A=0,0349 (i=5 mm) L0 I0Ka/IHOI MakCMMyMa KOjy U3HOCK
=1,27 v jaB/ba ce npu A=0,2794 (i=40 mm), a notom onaga Ao =1,21 3a A=0,3493
(i=50 mm), cnuka 2.15(6).

BpesHOCTV HanOHCKOr KoeuUujeHTa Cyx Y 6M3MHN CNnoboAHe MBULIE LOHEr rnojaca
(MM 8) no3uTrBHe Cy 3a CBe UCMUTHE MoJIoXaje TouKa, civka 2.16. JinHeapy3oBaHa
KpuBa 3aBWCHOCTM pa3maTpaHOr HarmoHCKOr Koe(uuujeHTa Of Mosoxaja Touka vma

MOHOTOHO onafajyhu kapaktep. Hajseha BpegHOCT nomeHyTor KoegmumjeHTta (=3,72)
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ocTBapyje ce npu A=0,0349 (i=5 mm), AOK ce HajMarba BpeaHocT (=0,74) jaB/ba npwu

A=0,489 (i=70 mm).

YnopeaHu npukas 3aBUCHOCTU HAMOHCKUX KoedhmupnjeHata y pedpepeHTHUM Taukama

MONpPeYHOr npeceka Hocaya of MonoXaja Touka (30Ha TpaH3uuuje AokK nojac/pebpo -

MM 6 - 71 MM 9 - 10; foHa KOHTYpa LOHEr Mojaca Y 30HU HEMoCcpeLHO UCNOg ToUKa

- MM 30 Koje ce Hanasun 65113y cnobogHe MBMLUE AOHEr nojaca, &uwze=10 mm, n MM

13 Koje ce Hanas¥ penaTMBHO [Janeko o CMoGOAHe WBULE [OHEr rojaca,

Evm30=10 mm; 30Ha y HenocpefHoj 6M3nHM CnobofHe MBKLE AOHer nojaca - MM 8)

[art je Ha cvkama 2.28 1 2.29. Ha ocHOBY yrnopezHe aHa/in3e MakCUMaTHUX BPeLHOCTM

rnocmarpaHux HarnoHCKMX KoeuumnjeHata, 3ak/byyyje ce cnefehe:

e HajBehu NoKanHM yTMLAj TOYKA Ha HaMOHCKO CTawe Yy Noay>KHoM npasuy (X),

cnmka 2.28, jaBba ce Ha MM 8 (30Ha 61mMcka cnoboaHoj MBULKM LOHEr Mnojaca,

Cxmms=3,72) notom, y onagajyhem nopetky, Ha MM 30, MM 13, MM 6 - 7 u

MM 9 - 10;
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Cnvnka 2.28: HanoHCKN KoeuumjeHTH Cx Ha MepHUM Mectuma 6 - 7, 8, 9 - 10, 13 n 30
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Ha MEpHUM MecTMMa Yy 30HM TpaH3uuuje pown nojac/pebpo (MM 6 - 7 n
MM 9 - 10), Kao 1 Ha MepHOM MecTy Y 6IM3MHK €NoboaHe MBULE [OHEr nojaca
(MM 8), HajBehn noKanHW yTWLAj TOYKA Ha HAMOHCKO CTamwe Y MOLY>KHOM
npasLly jaB/ba Ce Kafa Ce TOYaK Hanasn 3a MUHMMaIHOM UCMUTHOM pacTojarby
0f, cnoboaHe mBULIE AOHeEr Mnojaca, cmka 2.28;

Ha mepHuM MecTuMa 13 u 30 Hajsehn noKanHWM yTuULaj TOYKa Ha HArMOHCKO
CTare Y MOAY>KHOM NpaBLy jaB/ba Ce Kaja Ce TOYaK Hanasu HernocpeaHo M3Hag
MepHOr MecTa, OAHOCHO 3a i=&um3e=10 mm (A=0,06986) 1 i=&yum13=50 mm
(A=0,3493), cnka 2.28;

HajBehn NOKanHW yTWLaj TOYKa Ha HarmoOHCKO CTakwe Yy rnonpeyHoM npasyy (Y),
cnvka 2.29, jaB/ba ce Ha MM 6 - 7 (30Ha TpaH3uumje AokK nojac/pebpo,
Cymme-7=2,68) noTtom, y onagajyhem nopetky, Ha MM 9 - 10, MM 13 n MM 30;
Ha MEPHUM MeCTUMa Yy 30HM TpaH3uumje Aown nojac/pe6po (MM 6 - 7 n
MM 9 - 10) HajBehn NOKaNHW yTULAj TOYKA HA HAMOHCKO CTakbe Y MomnpeyHoMm
npasLly jaB/ba Ce Kafa Ce TOYaK Hanasn 3a MUHMMAIHOM UCMUTHOM PacTojakby

0f, cnoboaHe nBULIE AOHEr Mnojaca, cvka 2.29;
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Cnuka 2.29: HanoHCKv KoetuLmjeHTH C, Ha MepHuM mectuma 6 - 7, 9 - 10, 13 n 30

Ha MepHOM MecTy 13 HajBehu fIOKa/HM YTWLa] TOUKA Ha HarOHCKO CTawe Yy

NMOAY>XHOM NpaBLy jaB/ba Ce Kafa Ce TOYaK Hanasu HemocpegHo M3HaL MepHor
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MecCTa, OAHOCHO 3a i=Eym13=50 mm (A=0,3493), cnmka 2.29, WTO HKje cnyyaj ca
MM 30 (wm30=10 mm), Ha KOMe je mocMaTpaHu yTuuaj Hajsehu 3a i=15 mm
(A=0,1048), cnuka 2.29;

e HajBehu IOKa/IHW yTULAj TOYKA HA HAMOHCKO CTawe Y LEeHTPa/IHOM MOMpPeyHOM
npeceky Hocaya jaB/ba Ce Yy 30HM 6/MCKOj CNOGOAHOj MBULM [OHEr Mojaca

(MM 8), y nogy>xHom (X) npasLy.

2.2 3aK/byuly TEH30METPUM]CKOT UCTPaXKNBaHa

NaeHTudmKaumja HanoHCKOr CTakwa Yy petiepeHTHUM Taukama LieHTpasiHoOr npeceka
OMUTHOI HOCaya Ha OCHOBY M3MEPEeHUX AuiaTauuja U3BpLUeHa je NPUMEHOM jefHaunHa
3a paBaHCKO ([BOAMMEH3VMOHANHO) CTake HaroHa. 360r orpaHuyera NpUMeHeHe
TEH30MeTpujCKe MeTOoZe, MNPUIMKOM MpopayvyHa HanoHCKUX KoeguumjeHaTa Yy
nojedVHUM 30Hama TOMPEeYHOr npeceka, KopuwheH je MOCTynaK JiMHeapHe
MHTepnonauuje. Ha OCHOBY yrnopefHe aHann3e NpPe3eHTUpaHWX pesyntata Mepera u

npopavyHa, 3aK/by4yje ce crepehe:

e MEpPHO - aKBM3WLMOHM CUCTEM perucTyje ,,shear - leg” eekar, WITO 3HAUM fa
teroBa OCET/bMBOCT 3aJ0BO/baBa, OJHOCHO [Ja je TayHOCT W3MEepPeHMX

BPeAHOCTM AunaTauuja JoBO/bHA 3a peLleBatbe NOCTaB/beHOr NPOG/Iema;

e Yy 30HM TpaH3Mumje OOwW Mnojac/pebpo, Ha [OHOj KOHTYPWU AOHer nojaca y
MOAY>XHOM MpaBLly SIOKaJIHO [ejCTBO TOYKaA 13a3nsa NPUTUCKYjyhe HanoHe, WTo
Herupa Kapaktep ogrosapajyher flokafHOr HanoHa AeduHMUcaHor cTaHAapAoM
EN 15011 [5];

e Yy 30HM TpaH3uUMje Ao nojac/pebpo BpeAHOCTU HAMOHCKMX KoetuumjeHaTa Cy
Ha ropHO0j KOHTYpU [AoHer nojaca Behe Cy 0f anconyTHUX BPeaHOCTM
nocmaTtpaHor HarmoHCKOr Koe(uumjeHTa Ha [OH0j KOHTYPU; 3a C/lyyaj Koju ce
Hajuewnhe jaB/ba Yy WHXEHEPCKO] npakcu, i=20 mm, BPeAHOCT HarmoHCKOr
KoedmumjeHTa Cx Ha ropwoj nospwmnHn Beha je 3a =30% of anconyTHe

BPEAHOCTY HAMOHCKOT Koe(ULIMjeHTa Cx Ha [0H0j MOBPLUMHY;

71



e Yy 30HW TpaH3uLuje oM nojac/pedpo BpegHOCTM HaMOHCKMX KoeduLimjeHaTa Cy
Ha ropwOj KOHTYpW [aower nojaca Behe cy of BpeAHOCTM MocMaTpaHor
HarMoHCKOr KoejmuMjeHTa Ha [0HO0j KOHTYpu; 3a i=20 mm, BpegHOCT
HarMoHCKOr KOe(muuMjeHTa C, Ha ropw0j nosplunHK Beha je 3a =<11% op

arconyTHe BPeAHOCTM HaNoOHCKOr KoeuLMjeHTa Cy Ha [I0H0j NOBPLUVHY,

e Yy pedepeHTHUM Taykama [AOHe KOHType [OHer rojaca Koje ce Hanase
HENocpeaHO 1CMOZ TOYKa, BPeAHOCTM HAMOHCKMX KoeduuujeHaTta y noay>KHOM
npasuy (Cx) 3HayajHo cy Behe o0f anconyTHWX BPEAHOCTM HAMOHCKUX

KoethuumjeHaTa y nornpeyHom npasyy (Cy).

N3noxeHe unkbeHMLE YKasyjy M Ha npobnem m3bopa peepeHTHe Tauke Yy 30HU
TpaH3vuuje aowK nojac/pebpo. CtaHgapgom [5] npegsuheHo je ga To Oyfe Tayka
(PMKTMBHOI Mpeceka KOHType pebpa W [OHe KOHType AOHer mnojaca. Pesyntatu
TEH30METPWjCKOr UCTPaXKMBarba Hermpajy Ba/baHoCT Tako ofjabpaHe peepeHTHe Tauke,
Ka0 M npupofe /IOKaJHOr HamoHa Yy MOAY)XHOM nMpaBuy, W Hamehy notpeby
KOHaYHOeNeMeHTHe aHa/M3e OMUTHOr Hocaya, ca UWbeM fJa Ce M3BpLM Yy3ajaMHa

BafMaaLmja pesyntata TEH30METPUJCKOT 1 KOHAYHOEIEMEHTHOT UCTPaXKMBakba.
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KOHAYHOEJIEMEHTHO NCTPAXWBAHE
3. | NOKAJTHOI' YTNUAJA TOYUKOBA KOJTMLUA HA
OrNnMTHM HOCAY

KoHauyHoenemMeHTHOM aHasm3om 00yxBaheHW Cy OMUTHW HOocay YKYMHe [yXWHe
2370 mm (no3. 1 Ha camum 2.1) 1 TOYKOBM cumynatopa konvua (nos. 7 Ha camum 2.1),
cimka 3.1. O6nMK 1 fUMeH3nje MOMPeYHOr npeceka Hocaya MOAe/npaHu cy Tako fa
obyxBaTajy CBe [reOMeTPMjCKE HecaBpLUEHOCTM W OAcTynawa Of AMMEeH3uja
nponucaHnx ctaHgapgom DIN 1025 (Blatt 3/1963), Tabena 2.1. O6nuK 1 AUMeH3uje
TOYKOBA OAroBapajy 06/MKy U LUMMeH3njaMa TOYKOBa cumynatopa Konvua. 34, mogen
OMUTHOT HOCaya KOHTAKTHO je OC/OHkeH Ha Mo/yBa/bKacTe OC/IOHUE, KOju cy
nocTaB/beHn Ha pactojarby 1640 mm. [dakne, hopmumpaHy 3[4 Mofen Hocaya U TOYKOBa,
cnvka 3.1, y Hajsehoj moryhoj mepum ofrosapa OnMTHOM HOCady 1 ycnoBuMMa M3Bohera

TeH30METpVIjCKVIX NCTpaXXnBarka Ha NCMUTHOM CTO/Y, C/IMKa 2.1

354

@60

(@) (6)
Cnuka 3.1: 3, mofien onuTHOr Hocaya 1 TOYKOBa:
(a) akcoHomeTpujckn n3rnemd; (6) LeHTpaNHU Npecek

MpopayyHCKM  [OMEH  [AWCKPETW30BaH je  KOHaYHUM  efleMeHTVMa  Tuna
[eCeTOUBOpPHOr TeTpaedpa. 360r XxapABepCKMX OrpaHuuersa, AWUCKpeTU3auunja je

N3BPLLEHA MOMEHYTUM efleMEHTVMA Pa3/INYUTUX pedepeHTHNX BeNNUnNHA, cnnka 3.2. Y
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30HM HenocpefHor yTtuuaja Touka (3oHa 1, wwupuHa 100 mm) auckpetmsaumja je
M3BpPLUEHA eNIEMEHTMMA BeNNYMHe 2,5 mm ca UCTOBETHOM PacrofenioM no MoBpLUMHA 1
AyOMHW npeceka, Yy 30Hama 2 efleMeHTMMa BenuyMHe 5 mm, [OK je ocTaTak
MpopayvyHCKOr [oMeHa (30He 3) AMCKPeTU30BaH efleMeHTUMA BenmumHe 10 mm. Y 30HM
KOHTaKTa MCKpeTn3aLmja TOYKOBa U3BPLUEHA je efleMeHT!MA BeNnynHe 2,5 mm, oK je

y 0CTaTKy NpopayyHCKOr NofoMeHa TOUKoBa pedhepeHTa BeNYMHa eneMeHata 5 mm.

‘ 1840
' 2370

Cnwnka 3.2: NpopayyHCKn mogen

Opn3vB npopavyHcKor mMofena Ha ontepeherwe of 10 KN no ToukoBrMa, yaarbeHUM

50 mm og cnobojHe MBMLE AOHEN Mojaca, NprKasaH je Ha cimum 3.3.

Von Mises stress {nodal values).1

» 7.5e+007
I 6.75e+007
6e+007
5.25e+007

4.5e+007
3.75e+007

3e+007
2.25e+007
1.5e+007

l 7.5e+0086
204

Cnuka 3.3: Auctpubyumja poH Mu3ecoBrx HanoHa
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C 0631pOM Ha YMHEHULY Aa je NIOKa/IHU YTULLAj TOUKOBA OrpaHUYeH Ha peniaTuBHO
YCKY 30HY, cinka 3.3, aucTpmnbyumja YKYNHUX HOPMaSHUX HarnoHa Y Nogy>XXHOM (Ox tor)
1 NONpeYHoM (Oyor) NPaBLY Y 30HM yTuWLaja TOUKOBaA MNprKasaHa je Ha civkama 3.4 v

3.5, AOK Cy nosba KOMMNOHEHTY Aunartaumja nprkasaHa cy Ha civkama 3.6 n 3.7.

Stress full tensor component inodal values).1

6.58e+ 007
558+ 007
4.19e+007
2.79e+007
1.3%e+007
~7.63e+004
-141e+007
-28e=007
-4 Je+007
-5.6e+007
g Tex007

On Boundary

(6)

Stress full tensor component (nodal values).1

2.8e+007
2.1e+007
14e+007
7e+006

0

-7e+006
-14e+007
-2.1e+007
-2.8e+007

On Boundary

(8)
Cnuka 3.4: Ouctpnbyumja yKYNMHUX HOPMaIHUX HaMoHa Oy ot Y 30HM YTULaja TOUKa:
(a) akcoHomeTpujckn nsrnes; (6) nornes o40340; (B) LEHTpasHM Npecek
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Stress full tersor companent nodal vakses). 1

Bber 007

579+ 007
358e+ 007
26Ter 007

136e+ 007
4.S6e+ 005
-1.26e+007
-15Te+007
-388e+007
-5.19e+007
97

(6)

Stress full tensor component (nodal values).1

’ 3e+007
24e+007
18e+007
1.2e+007
6e+006
0
-6e+006
=1.2e+007
-1.8e+007
-24e+007
~3e+007

On Boundary

(8)
Cnwuka 3.5: inctpunbyumja yKYMHUX HOPMaSHUX HarnoHa Oy Y 30HM YTHLaja TOUKa:
(a) akcoHomeTpujcku nsrnes; (6) nornep 040340; (B) LeHTpasIHM npecek

Strasn fuld tensor component (nodal valuesh 1
0.000281
0.000132
I 395006
-0.000125
-0.000253
-0.000382
-0.00051
-0.000639
. -0.000767
-0.00089E
-0.00102
O Beundany

(a) (6) (B)
Cnwuka 3.6: Quctpmbyumja gunataumja &y 30HM yTmuaja Touka: (a) akCOHOMETPU)CKM
n3rneq; (6) nornes o4o3ao; (B) LeHTpasHU Npecek
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MpumeHOM MeTOfe KOHa4YHMX efeMeHata ogpeheHn cy HanoHu, Tabene 3.1 m 3.2, u
Annataumje Ha peepeHTHUM MEPHUM MeCTUMa, 3a UCTE KapaKTepUCTUYHE MOMoXaje
TOYKOBA, Kao W MPUINKOM K30fhera TEH30METPUjCKMX UCMUTUBaKa, Tabene 3.3 n 3.4,

CcnnkKa 3.8.

Tabena 3.1: YKynHu HanoHW y noay>kHoM npasuy (o)
(a) i=5,10.,...,30 mm

MM i (mm)
5 10 15 20 25 30
oy (KN/cm?)*

1 0,41 041  -04119 0,41 0,41 0,41
2 0,48 0,48 0,48 0,48 0,47 0,47
3 0,49 0,49 0,49 0,49 0,49 0,49
4 0,41 0,41 0,41 041 0,41 041
5 0,36 0,36 0,36 0,36 0,36 0,36
6 2,40 2,31 2,22 2,13 2,04 1,95
[ 2,93 2,83 2,73 2,63 2,54 2,44
8 12,66 11,00 9,33 7,92 6,84 6,01
9 1,28 1,20 111 1,03 0,94 0,85
10 1,16 1,07 0,98 0,89 0,80 0,70
13 2,99 3,13 3,31 3,55 3,84 4,24
30 11,21 10,84 9,77 8,35 7,12 6,17
0 0,65 0,61 0,57 0,53 0,48 0,44
o 0,49 0,49 0,49 0,49 0,49 0,49

* Ca TayHowhy [0 Masie BENMYUHE Apyror pesa
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Tabena 3.1: YKYMHN HanoHW y NOAY>XHOM npasLy (0y)
(6) i=35, 40,..., 70 mm

MM i (mm)
35 40 45 50 60 70
oy (KN/cm?)*

1 -0,41 -0,41 -0,41 -0,41 -0,41 -0,41
2 -0,47 -0,47 -0,47 -0,47 -0,47 -0,47
3 -0,49 -0,49 -0,49 -0,49 -0,49 -0,49
4 -0,41 -0,41 -0,41 -0,41 -0,41 -0,41
5 -0,36 -0,36 -0,36 -0,36 -0,36 -0,36
6 1,85 1,75 1,65 1,54 1,30 1,01
7 2,34 2,25 2,14 2,04 1,81 1,55
8 531 4772 4,22 3,77 3,02 2,42
9 -0,75 -0,65 -0,55 -0,44 -0,19 0,10
10 -0,60 -0,50 -0,38 -0,26 0,01 0,33
13 4,81 5,60 6,50 6,91 532 3,71
30 5,42 4,80 4,28 3,82 3,06 2,45
0 -0,39 -0,35 -0,31 -0,26 -0,16 -0,04
0) -0,49 -0,49 -0,49 -0,49 -0,49 -0,49

* Ca TayHowhy [jo0 Masie BeNIMYMHE Spyror pesa

OcvM Tavaka 4mju Nonoxaju ofrosapajy Mnonoxajy MepHux mecTta, aHaln3oMm je
006yxBaheHO W CTatbe HanoHa Yy Tauku (DUKTMBHOTP Mpeceka KOHType pebpa v [owe
KOHTYpe [fomer nojaca, Tayka 0 (y gabem TekcTy MM 0) M H0j KOPECMNOHAEHTHO]
Taukn 0" Ha ropwem nojacy, civka 5.1, 3aTo WTO npema cTaHgapay [5] Tayka O

npefcTaB/ba jefHy 0f Tadyaka MepojaBHWX 3a [JOKa3 HarnoHa, Tabene 3.1 1 3.2.

Strain full tensor component (nodal values).1
0.00022
0.00014

I -4.06e-005
-0.000221
-0.000402
-0.000582
-0.000763
~0.000843
-0.00112
-0.0013
-0.00149

Cn Boundary

(a) (6) (B)
Cnwuka 3.7: iuctpubyuuja amnaraLmja €,y y 30H/ yTuLiaja TOUKa: (&) aKCOHOMETPUjCKY
n3rneq,; (6) nornes 040340; (B) LEHTPaHU Mpecek
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Tabena 3.2: YKynHu HaroHW y nonpeyHom npasuy (oy): (8) i=5, 10,..., 30 mm

MM i (mm)
5 10 15 20 25 30
0, (KN/cm®)*

1 -0,00 -0,00 -0,00 -0,00 -0,00 -0,00
2 0,01 0,01 0,01 0,01 0,01 0,01
3 0,02 0,02 0,02 0,02 0,02 0,02
4 -0,00 -0,00 -0,00 -0,00 -0,00 -0,00
5 0,04 0,04 0,04 0,04 0,04 0,04
6 7,82 7,53 7,23 6,96 6,70 6,43
7 9,07 8,75 8,47 8,18 7,87 7,61
9 -7,40 -7,13 -6,87 —-6,60 —6,35 -6,09
10 -7,18 -6,90 -6,63 -6,35 -6,08 -5,82
13 -3,00 -2,44 -1,88 -1,30 —-0,69 0,02
30 0,35 2,22 2,25 1,39 0,76 0,46
0 -4,76 -4,63 -4,52 -4,41 -4,29 -4,19
0) 0,02 0,02 0,02 0,02 0,02 0,02

* Ca TauHoLuhy 10 Mare Be/IMUMHe Apyror pega
(6) 1=35, 40,..., 70 mm

MM i (mm)
35 40 45 50 60 70
o, (KN/cm®)*

1 —-0,00 -0,00 -0,00 -0,00 —-0,00 -0,00
2 0,01 0,01 0,01 0,01 0,01 0,01
3 0,02 0,02 0,02 0,02 0,02 0,02
4 -0,00 -0,00 -0,00 -0,00 -0,00 -0,00
5 0,04 0,04 0,04 0,04 0,04 0,04
6 6,15 5,89 5,62 5,33 4,76 4,16
7 7,32 7,05 6,77 6,49 5,92 531
9 -584 -5,59 -5,33 -5,07 454 -3,97
10 -5,55 -5,28 -5,01 -4,73 -4,16 -3,54
13 0,94 2,27 3,97 4,94 2,93 1,38
30 0,32 0,24 0,19 0,15 0,10 0,06
0 -4,08 -3,99 -3,89 -3,80 -3,61 -3,43
0) 0,02 0,02 0,02 0,02 0,02 0,02

* Ca TauHoLNy 10 Masie BENIMYMHE APYroOr peda
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Tabena 3.3: imnatauuje y nogy>XHom npasuy (€x)
(@ i=5, 10,..., 30 mm

MM i (mm)
5 10 15 20 25 30
& (MM/m)*

1 -19,54 -19,62 -19,62 -19,60 -19,59 -19,57
2 —22,78 -22,77 -22,76 -22,74 -22,73 -22,71
3 -23,65 -23,63 -23,61 -23,59 -23,57 —-23,56
4 -19,71 -19,60 -19,56 -19,54 -19,51 -19,50
5 -17,67 -17,67 -17,65 -17,63 -17,62 -17,61
6 3,20 2,99 2,76 2,44 1,88 1,37
8 592,20 508,90 435,00 373,10 324,00 284,80
10 47,30 47,50 47,82 48,29 48,92 49,71
11 597,50 510,50 433,90 371,80 323,10 283,90
13 185,50 184,20 184,70 187,50 192,80 201,80
30 528,40 483,60 432,80 377,80 328,20 287,50

* Ca TayHowhy A0 Mane BeNMYMHE Apyror pega

(6) 1i=35,40,...,70 mm

MM i (mm)
35 40 45 50 60 70
&x (Um/m)*

1 -19,56 -19,58 -19,57 -19,57 -19,56 -19,54
2 -22,70 -22,70 -22,69 -22,69 -22,69 -22,69
3 -23,55 -23,54 -23,54 -2354 -2354 -2354
4 -19,49 -19,45 -19,44 -19,41 -19,39 -19,38
5 -17,59 -17,59 -17,58 -17,57 =17,77 -17,54
6 0,67 -0,17 -1,23 -2,53 -5,91 -10,83
8 252,00 224,20 200,20 179,00 143,70 115,00
10 50,69 51,88 53,35 55,11 59,75 66,45
11 251,10 223,80 199,70 178,70 143,30 114,40
13 215,60 234,20 252,40 257,50 211,30 156,80
30 253,70 225,40 201,10 179,70 144,30 115,60

* Ca TayHowhy 10 Masie BeNMUYnHe apyror pega
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(m) (M)

Cnuka 3.8: JInHeapusoBaHu gujarpamun gunatayuja: (a) MM 1 - 5; (6) MM 6 u 10;
B)MMT7n9; (r) MM 8un 11; (g) MM 13; () MM 30
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Tabena 3.4: innataumje y nonpeyom npasy (&)
(@ i=5, 10,..., 30 mm

MM i (mm)
5 10 15 20 25 30
gy (um/m)*
7 387,60 373,70 362,20 349,80 336,50 325,30
9 -334,10 -322,40 -311,00 —-299,80 —-288,80 -278,10
13 -185,90 -161,20 -137,10 -112,70 -87,67 -59,82
30 -144,10 -49,71 -33,15 -53,26 -65,56 -66,28

* Ca TauHoLLhy 10 Mase BeNNYMHe ApYror peja

(6) =35, 40,..., 70 mm

MM i (mm)
35 40 45 50 60 70
gy (Um/m)*
7 313,30 301,60 290,10 278,30 254,70 229,30
9 -267,30 -256,60 —245,90 -235,10 -213,30 -190,30
13 -24.16 28,05 95,41 135,70 63,38 12,99
30 -62,17 -57,04 -52,04 -47,37 -39,16 -32,13

* Ca TayHoLhy 10 Masie BeNIMYMHE APYror peda

3.1 MNpopayyH HaNoOHCKNX Koe(uLmjeHaTa Ha OCHOBY Aunataumja ogpeheHnx
KOHayHoenemMeHTHOM aHanm3oM (EMKE)

MpMMeHOM MOCTynKa MNPe3eHTUPaHOr Yy Mornas/by 2., OApeheHn cy YKynHU K
NOKANHW HAaMoHW Y pediepeHTHUM Taukama LIeHTPasIHOr MOMpPeYHor npeceka UCNUTHOT
Hocauya, cimke 3.9, 3.10 1 3.11. 3a pa3nuky of NocCTynka oapehuBarba HanOHCKOr
CTara Ha MepHVUM mecTuma 13 (mMepu ce &) n 30 (Mepu ce €y) Ha OCHOBY M3MEPEHMX
Aunataumja (nornaeswe 2.), NpU Yemy Cy BPe4HOCTW AunaTtauuja Koje ce He Mepe Ha
NMOMEHYTUM MEpPHUM MecTuMa oapefeHe NMHeapHOM MHTepnonaumjoM oarosapajyhux
Aunataumja Ha CycefjHAM MepHUM MeCTVMa, Y OBOM C/lyyajy HarnoHCKO CTakbe Ha
MepHUM MecTma 13 1 30 ogpeheHo je Ha OCHOBY MPOPaYyHCKUX Aunataupja & u &y
Taykama NOMPeyHOr npeceka Yvju NosoXaj OArosapa Monoxajy NOMeHYTUX MEPHUX
mecTa. [akne, n3berHyTa je rpeluka Koja ce YuHU NPUMEHOM NIHeapHe MHTepnonaumje
Y 30HaMa U3MI0XKEHVMM HeMocpefHOM [ejCTBY TOUKa, OAHOCHO, 30HaMa BP0 BUCOKUX
rpagnjeHata HaroHa. BaXHO je HanoOMeHyTWM fAa je npumeHa MOCTYMKa JloKasiHe
Nueapusaumje 6una HEMMHOBHa TOKOM 06pafe pesyntata €eKCrepuMeHTasHMX
ncTpakueawa, MMajyhu y Buay aa gusnyka orpaHuyerba TEH30METPUjCKe MeTode - Y
NCTOj TauykW, MEpPHUM Tpakama Huje Moryhe meputu Aunartauuje y fsa mefycobHO
yrnpasHa npasLa.
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Cnuka 3.9: JInHeapn3oBaHW aujarpaMm KOMMOHEHTHUX HanoHa Ha MM 6 - 71 9 - 10:

14

12}

10

s. (kN/cm?)

X

(a) yKynHu HanoHwu; (6) NIoKasIHN HanoHM

T T T T T T T T T T T 1 1
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| x,1
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|
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I I I I I I I I I I I I I I

5 10 15 20 25 30 35 40 45 50 55 60 65 70
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Cnuka 3.10: JTnHeapn3oBaHuW Aujarpamu HarnoHa y nofy>XHom npasuy Ha MM 8
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10
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[ x:5
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1
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T
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Y: 0.05882

[ x:5
Y: -3.006
C 1 1 I I I 1 1 I I I I I 1

5 10 15 20 25 30 35 40 45 50 55 60 65 70
i (mm)

(6)

Cnuka 3.11: JInHeapu3oBaHW Aujarpamy KOMMNOHEHTHMX HaroHa Ha MM 13 n 30:
(a) yKynHu HanoHwu; (6) oKasHW HarnoHw

CsoherbeM HarnoHa M3a3BaHUX NOKa/HUM [ejCTBOM Touka, ciuke 3.9(6), 3.10 u

3.11(6), Ha pedepeHTHM HamoH, u3pa3 (2.19), ogpeheHe cy BPEAHOCTU HAMOHCKMX

KoeqL)I/ILI,I/IjeHaTa Y KapaKTEPUCTUHHNM TaydKaMa MonpeyvyHor rnpeceka UCnMTHOr Hocava n

TO:

e oyYeTak pagujyca TpaH3uumje ropwe MBMLE AOHEr Mojaca y KOHTYypy pebpa,

MM 6 - 7, 1 emy KopecrnoHaeHTHO MM 9 - 10 Ha [oH0j UBULM LOHer Mnojaca;

e MM 13 1 30, Koja ce Haslase y NpeceyHM Taukama iMHuje aejctea onTepeherba

TOUKa 1 A0He MBULE fOHer nojaca 3a i=50 mm 1 i=10 mm, pecrneKTVBHO;

e Yy 6/11M3MHK cnobogHe nenue, MM 8§;

cnmke 3.12 - 3.15. Kao wrto je To 610 cny4aj ca pesyntatMa A06MjEHUM Ha OCHOBY

TEH30METPUjCKOr WCTPaXkmBara, YMEeCTO BPeAHOCTM pacTojata i, Ha ancuucu cy

npukasaHe oarosapajyhe Bpe4HOCTM KoehmumjeHTa A n3padyHaTe npema mnspasy (3).
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Cnuka 3.12: HanoHcku KoedumjeHTn ¢ (a) Ha MM 9 - 10; (6) Ha MM 6 - 7
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Cnuka 3.13: HanoHcku KoeuumjeHTu ¢,: (a) Ha MM 9 - 10; (6) Ha MM 6 - 7
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Cnwuka 3.14: HanoHcku KoedmumjeHT MM 13 1 30: (a) c; (6) ¢y
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Cnwuka 3.15: HanoHcku KoeguunjeHT ¢, Ha MM 8
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3.2 TpopayyH HaNMoOHCKUX KoeuLmjeHaTa Ha OCHOBY HanOHCKMX CTakwa 0f4pefheHmnx
KOHa4yHOe/leMeHTHOM aHanm3om (CMKE)

AncTpubyumja yKYNnHUX HOPMaSIHUX HaroHa y NOAY>XHOM (X) ¥ MOMNPeyHOM npasLy
(Y), Kafia ce TOUKOBM Hanase Ha pacnojaky 50 mm og cnobogHe MBMLE AOHEr Nojaca,
npukasaHa je Ha cnvkama 3.4 n 3.5. Hbuxose 6pojHe BPeAHOCTN Yy Tauykama Koje
0Arosapajy MepHUM MecTUMa, 3a CBE UCMWUTHE MO/0XKaje TOUKOBa, JaTe cy Y Tabenama
3.1 1 3.2, n npukKasaHe Ha cnvkama 3.16, 3.17(a), 3.18(a), 3.19, 3.20(a) n 3.21(a).

OfpehmnBame HamnoHa y peepeHTHUM TayKama [OHer nojaca, 13a3BaHuX SI0KaTHAM
yTuUajeM TOYKa, 3axTeBa eNMMUHaUMjy YTulaja HamoHa u3asBaHuX r106aHUM
caBujatbeM Hocaya. [lakne, 0f BpeLHOCTU YKYMHOr HaroHa Yy pediepeHTHOj Tauku
[OHEr rnojaca Heonxo4HO je ofy3eTy oArosapajyhn HaroH y KOpecnoHAEHTHO) Tauyku

ropker rnojaca Koju je U3foXKeH caMmo yTuuajy rnobanHor caBnjamba,

MMi
pl

MMi
p,tot

MMj

S p.tot 1

=S .. —S p=XYy, i=6,7,..10,1330, j=1235. ..(3.2)

[a 6u ce omoryhuna ynopeaMBOCT €KCMEePUMEHTaNHO - HYMepUuYKUX pesynTara,

NMPUIMKOM ofpefrBara IOKaTHUX HaroHa YCBOjeHO je Aa je 3a Tauke (MepHa MecTa) 6 u
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7 [OHer nojaca KopecrnoHAeHTHa Tauyka (MEPHO MeCTO) 5 roprer nojaca; 3a Tauke 9 u

10 - Tauka 2; 3a Tayke 8, 13 1 30 - Tauka 1 (MONOXaj MEPHUX MeCTa feUHUCAH je Ha

cnium 2.2(a)).
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Cnwnka 3.17: HanoHun y nofy»Hom npasuy (ox) Ha MM 6, 7, 9, 10:
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Cnuka 3.18: HanoHu y nonpeyHom npasy (oy) Ha MM 6, 7, 9, 10:

(@) ykynHu: (6) nokasHu
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Cnuka 3.19: YKyMHU 1 NOKasHW HaroH Yy nofy»Hom (0y) npasuy Ha MM 8
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Cnuka 3.20: Hanoun Ha MM 13 1 30: (a) ykynHu: (6) nokanHm
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Cnwuka 3.21: HanoHn Ha MM 0: (a) yKynHu: (6) nokasHu

CsohereM foKasHUX HarnoHa, cnuke 3.17(6), 3.18(6), 3.19, 3.20(6) n 3.21(6), Ha
pedepeHTHM HaroH JemHUcaH n3pasom (2.19), nspavyHate Cy BPeAHOCTU HAMOHCKUX

Koe(uumMjeHaTa y MepodaBHUM TaukKama [omer nojaca, cnuke 3.22, 3.23, ..., 3.29.
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Cnuka 3.22: HanoHckum KoetuumjeHT Ha MM 6: () cy; (6) ¢,
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Cnuka 3.23: HanoHckun KoetuupjeHT Ha MM 7: (a) c; (6) ¢,
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Cnuka 3.24: HanoHckum KoeguuujeHT Ha MM 9: (&) ¢y; (6) ¢,

94



0 T T T T T T T T T
X: 0.489
Y:-0.04205 |
-0.05} m
-0.1F -
|
-0.15f X: 0.4191
Y: -0.1402
X: 0.3493
0.2 Y: -0.2208 N
| 4
e .0.25} ./ -
§ X: 0.2794 X 03144
ox Y: -0.2904 - Y -6.2567 1
-0.3f / -
X: 0.2096 u 1
Y:-0.3522 / X: 0.2445
-0.35p ™ Y:-0.322 -
X: 0.1397 u |
0.4l Y: -0.4094 X: 0.1746 -
: /. Y: -0.3811
X: 0.06986 | |
-0.45[ Y:-0.4638 X: 0.1048 -
/l Y:-0.437
|
-0.5p X: 0.03493 7
Y: -0.4905
1 I I 1 I 1 I 1 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
|
(a)
_O-ﬂ T T T T T T T T T
Ak X: 0.489
Y:-1.057
I |
-1.4f g
-1.21 -
L |
X: 0.4191
-1.3 Y:-1.243 7
L X: 0.3493
Y:-1.415
-1.4F /. -
1.5 X: 0.2794 u )
° - Y: 1579 / X: 0.3144
= 16 = Y:-1.498
s -1.6 -
2| /
© X: 0.2096 u
1.7 Y: -1.739 / X: 0.2445 ..
I - Y: -1.659
-1.8) / i
X: 0.1397 u
I Y: -1.899 / X: 0.1746
1.9 ] Y:-1.818 _
]
-2} X:0.06986 -
2 Y: -2.063 / X: 0.1048
- = Y:-1.981
2.1 / 4
+ |
L X: 0.03493 i
22 Y:-2.148
_23 I 1 I I 1 I 1 I I
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

(6)

Cnuka 3.25: HanoHcku KoetuumjeHT Ha MM 10: (a) c; (6) ¢y
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Cnuka 3.26: HanoHcku KoeuumjeHT Ha MM 13: (a) c; (6) ¢y
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Cnuka 3.27: HanoHcku KoeuumjeHT Ha MM 13: (a) c; (6) ¢y
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Cnuka 3.28: HanoHcku KoeuumjeHT cx Ha MM 8
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Cnuka 3.29: HanoHckun koetuuujeHT Ha MM 0: (a) c; (6) ¢,
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3.3 [luckycuja pesynTata KOHaUHOENEMEHTHOT UCTPXKMBatba OMUTHOT Hocaua

Ha ocHoBY aHanu3e npopayyHCKMX BpeAHOCTU auvnataunja, Tabene 3.3 n 3.4, cnmka

3.8, 3aK/byuyje ce cnefehe:

Aunataumje Ha MM 1 - 5 Koje cy nocneguua rnobasHor caBujawa Hocaua,
cnvka 3.8(a), 3a pef BeNmMuMHa Cy Make of Avnataumja Ha MM 7 - 11 n MM 30,
cnuke 3.8(B - 1y); n3y3eTak cy camo nofyxHe gunatauunje Ha MM 6 n 10, cnvka
3.8(6), 360r penatMBHO cnabor yTuuaja NOKaJHOT caBujarba AOHer nojaca;
HajBehe noay)kHe Aunartauuvje Ha ropk0j MOBPLUMHKU FOPH:Er rojaca jaB/bajy ce
Ha MM 3, a Hajmawe, Ha MM 1, cnmka 3.8(a); ako Ce Kao OCHOBa 3a
ynopefsare ycBoje aunataumje Ha MM 1, oHAa ce MpOUeHTya/lHe pasfinke
Amnataumja Ha MM 2 u 3,

PR, i = 22— %4100 (%), 1 =23,

x1

(3.2)

Koje cy AOMMHAHTHO nocneguua ,.shear - leg” eekTa, Mewajy y penaTtuBHO
YCKUM rpaHuuama: of =15,9 go =16,6% 3a MM2, ogHocHo, og =20,2 go =21,0
3a MM 3, cnuka 3.30;

He3HaTHa pa3uka gunataumja Ha MM 1 un 4, cimvka 3.31, LOMUHAHTHO je
nocneguua aCUMETPUYHCTM Mpoduna; MakCMManHa BPeAHOCT MPOLEHTYyaHe

pasnuke nsHocu =0,9%, cnuka 3.31(6).
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E 181 .
X:5
17F§: —
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u X: 40 Y: 16.12
\S\e——e——e—e—e\ Ve n
16 m—o—o———6—

1 L
10 15 20 25 30 35 40 45 50 55 60 65 70
i (mm)

Cnwuka 3.30: MpoueHTyanHe pa3nnke NOAY>KHUX Avnataumja
Ha MM 2 1 3y ogHocy Ha MM 1
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Cnwuka 3.31: MNopgykHe gunataumje Ha MM 1 un 4 (a) 1 npoueHTyasHe pasnuke (6)

-1.975
5 10 15 20 25 30 35 40 45 50 55 60 65 70 -1

i (mm)

Mopy>xHe amnataumnje Ha MM 6, cnvka 3.8(6), cy MOHOTOHO onagajyhe n noctajy
HeraTuBHe 3a i>40 mm. OBO ce o6jallbaBa YMHEHNULOM [a ce noBehaweM pacTojatba i
NMPUTUCHYTA 30Ha (Ha ropH0j NOBPLUMHM LOHer nojaca) npubnmkasa MM 6, Yime HeH
yTuuaj nocTtaje AOMUHaHTaH, OAHOCHO, NOKa/HU NPUTUCKYjYhK HamnoHW nocTtajy Behu
04, 3aTexyhux HamoHa wu3a3BaHWX rNo6anHMM CcaBujatbeM Hocada. Ha MM 10
Avnartauumje cy CTaJHO NO3UTMBHE U MOHOTOHO pacTyhe, cnunka 3.8(6), WTO je Takohe
nocneguua cyneproHmparba 3aTeXkyhmx HarnoHa vn3a3BaHuX OKa/IHUM AejCTBOM TOYKa

1 rno6anHum CaBI/IjaI-beM Hocaya. Ca YAa/baBakbEM TOYKa Of CI'IO60,CI,H€ nsue npommna

6pojHa BpefHOCT ofHoca €, /

€,5| MOHOTOHO pacTe o7 =15 10 MaKcUMasHe BPeAHOCTM

(=300), koja ce jaB/ba y 30HM NPOMeHe 3Haka aunaraumje Ha MM 6, a NOTOM MOHOTOHO
onaga fo =6, cnnka 3.32.

MpoueHTyanHa pasnka nonpevHnx gunarauuja (€y) Ha MM 7 1 9 MOHOTOHO pacTe,
cnvka 3.33, op =16% [0 makcumanHe BpegHocTu of =20,5%, wTto ce objawHasa
onafareM arconyTHe BPeAHOCTU mocMaTpaHe aunataumje Ha MM 9 ca ypasbaBambem
TOYKa 04 cNnobofHe nBMLEe fower nojaca, cnnka 3.8(B).

BpojHe BpefHOCTM MOAYXHMX Aunataumja () Ha MM 8 n 11 Beoma cy 6/u1CKe,
AvjarpaMun 3aBWCHOCTY Ce TOTOBO Y MOTNYHOCTW npeknanajy, cavka 3.8(r). HesHaTHe
pas/nivke nocregmua cy acMMeTpUYHOCTU MOMpeyHor npeceka npoguna. MakcumanHa
anconyTHa BPeAHOCT NPOLEHTYyanHe pasnuke mnsocn =0,9%, cnmka 3.34 'y gobpoj je
carfacHoOCTU ca MakC/MManHOM arnconyTHOM BpeAHOWRY pasfuke Awunaraumja Ha

MepHUM MecTuMa 1 n 4, cnvka 3.31(6).
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Cnuka 3.32: OfHoc Annataumja (€, /|e,|) Ha MM 10 1 6
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Cnuka 3.33: lMpoueHTyaHa pasnuka gunatauymnja e, Ha MM 7 1 9
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Cnwuka 3.34: MNpoueHTyanHa pa3nnka gunataumja ex Ha MM 8 n 11

JNnHeapur3oBaHa KpviBa noay>kHe aunatauuje (€x) Ha MM 13 (§um13=50 mm), cnuka
3.8(8), nos3uTMBHA je Ha LENOKYMHOM WCMAWUTHOM [oMeHY. MOHOTOHO pacTe 0f
185,5 ym/m npu i=5 mm, gocTmxe Makcumym og 257,5 pm/m 3a i=50 mm, a notom
MOHOTOHO onaga 0 156,8 um/m npy i=70 mm, Tabene 3.3 n 3.4. TOK KpVBE 1 MOMIOXK3]
MaKCuUMaiHe BpeLHOCTM y MOTMYHOM Cy carfacjy ca nosioxajem ontepehewa LoHer
rnojaca um3asBaHOr JIOKA/IHUM YyTuuajem Touyka. PasmarpaHa punaraumja uvma
MaKcumasiHy BPefHOCT Kafja ce To4yak Haniasun HenocpedHo usHag MM 13, o4HOCHO,
Kaga je i= &uwm13=50 mm. JlvHeapu3oBaHa KpvBa MomnpeuHe Aunatauuje (g,) Ha
rnocmaTrpaHoM MepHOM MECTY MMa UCTW KapakTep, C TUM LUTO CY HEeHe BPefHOCTU
HeratuBHe 3a <37 mm. Kpuea MOHOTOHO pacTe of -1859 pm/m npu
i=5 mm, goctxe makcumym og 135,7 pm/m 3a i=50 mm 1 noToM MOHOTOHO onaja Ao
13,0 ym/m npu i=70 mm, Tabene 3.3 n 3.4. [lakne, 1 KpmBa NONpeyHe gunaraumje Ha
MM 13 y nOoTnyHoj je carniacHOCTU ca MnosoXxajeM Touka. [pubnmkasareM TOUKa
MepHOM MecTy, AufaTaumja pacte, HOCTWXKYhYM MakCUMyM Kafa Ce TOo4vaK Hasiasu
HenocpeAHO M3Hag MepHOr MecTa, a NnoTom onaja ca yAa/baBaweM To4ka. BpegHoctu

NoAy>XHe Avnatauumje Behe Cy of anconyTHUX BPEAHOCTW MONPeYHMX Aunatauuja Ha
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LIeNOKYMNHOM UCMIUTHOM JOMeHY, cnmka 3.35. VIHTEPECaHTHO je YOUUTUN YnkeHMLY Aa je
3a 1=&um13=50 mm gunaTaumja y nogy>Hom npasuy Beha 3a =1,9 nyTta og gunartaumje y

MoNpeyYyHoOM npasLyy.

14 T T T T T T T T T T T T
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12k

10 X: 35
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€3 ! 18,43l
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Cnuka 3.35: OgHoc gunatauuja Ha e, / ‘eym‘ Ha MM 13

JInHeapm3oBaHa Kpusa nogy>kHe aunataumje (&) Ha MM 30 (§um3=10 mm), Ha
LIeNOKYMNHOM UCMMTHOM [IOMEHY jecTe No3uTMBHa, cnunka 3.8(f), 1 MOHOTOHO onagajyha
04 528,4 ym/m npu i=5 mm, go 115,6 ym/m 3a i=70 mm, Tabene 3.3 n 3.4. [Jakne, oHa
HeMa eKCTpeMHy BPefHOCT Kaja Ce TOuaK Hanasu HermocpefHO WM3Haf e, OAHOCHO, 3a
i=émm30=10 mm. Kpusa nonpeuHe aunataumje () Ha MM 30 HeraTuBHa je Ha
LIe/NIOKYNMHOM MCNUTHOM foMeHy, cnvka 3.8(F). MoHoTOHO pacTe of —144,1 ym/m npu
i=5 mm n JocTvXe NokKasHU Makcumym of —33,2 um/m 3a i=15 mm. HakoH Tora,
MOHOTOHO OMaja [0 NOKa/HOr MWHMMYMa of —66,3 um/m 3a i=30 mm, a noTom
MOHOTOHO pacTe Ao —32,1 ym/m npun i=70 mm, Tabene 3.3 n 3.4. BaxHoO je younTtu
YMHbEeHULY Aa Ce IOKaSIHN eKcTpeMyM Kpmee (—33,2 um/m) jaB/ba npu i=15 mm, a He
Kaja Ce TOYaK Hanasn HenocpefHO M3HaL MepHOr MecTa, OAHOCHO 3a i=&umzo=10 mm,

BPELHOCT nornpeyHe aunatauunje nsHocn —49,7 pm/m. Kao n y cnyyajy MM 13, n Ha
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MM 30 6pojHe BpeAHOCTM NOAYXHWMX Aunataumja (€x) Behe cy oA anconyTHUX
BPeAHOCTM NOMpeyHnx aunataumja (gy), cnmka 3.36. MakcumanHa BpeHOCT NOMeHyTor

0flHOCa jaB/ba ce npu i=15 mm u usHocu =13.

14 X: 15 &y
: Y- 13.06

rXx:5 X: 70
FY:3.667 Y:3.598 1

I I I I I I I I I I I I
5 10 15 20 25 30 35 40 45 50 55 60 65 70
i (mm)

Cnwuka 3.36: OfHoC aunataupja e, / ‘ey%‘ Ha MM 30

BaXKHO je yountn fa KpuBe U MOAYXHMX (Ex) W MOMpPeYHUX (g,) Aunataumja Ha
MM 13 1 30 Hucy ucTor kapaktepa cnvka 3.37(a, 6). JlInHeaprsoBaHe KprBe MOLYXXHUX
Annataumja ceky ce y Tadku ca ancuymcom i=37,5 mm, cnvka 3.37(a). 3a i<37,5 mm
nogy>xHe amnatauymje Ha MM 30 Behe cy of ogrosapajyhux gunaraymja Ha MM 13,

[10K 3a i>37,5 mm Baxu 06paTHo. BpojHa BpeAHOCT ogHoca €.,/ €, 5, MOHOTOHO pacTe

og 0,35 (3a i=5 mm) go makcumyma (1,46) koju ce jarba npw i=60 mm, a HAKOH Tora
onaga o 1,36 3a i=70 mm, cnvka 3.37(B). Ounjana3oH NpoMeHe NOAYXHUX Aunataumja
Ha MM 13 je 3HaTHO yXW 0f AMjanasoHa NpoMeHe NOAyXHUX gunatauymja Ha MM 30,
cnvka 3.37(a). Ocvm TOra, KpvBa NOAYXHMX Aunataynja Ha MM 13 ,oceha”
HEernocpeaHO NPUCYCTBO TOYKA M MMa MakKCUMa/Hy BpefHOCT Kaja Ce TouakK Hanasu

TayHo M3Hag MM 13, WTo HKje cny4aj ca KpMBOM MOAYXHMX AunaTtaunja Ha MM 30,
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cnuka 3.37(a). heHa Hajseha BpegHOCT OCTBapyje ce npu i=5 mm, a Ha keHOM TOKY He

youaBajy ce NpoMeHe Koje 61 yKasuBasne fa ce 3a i=10 mm To4yak Hanasv HenocpeHo

nsHag MM 30, cnuka 3.37(a). Kpua nornpeyHux gmnataumja Ha MM 13 Takohe

»0ceha* HemocpeaHO MPUCYCTBO TOYKA M MMa MakCMManHy BpeHOCT Kafa Ce Touak

Hanasn TauHo m3Hag MM 13, cnvka 3.37(6). M1 Ha KpMBOj nonpevyHnx gunatauymja Ha

MM 30 youaBa Ce NOKa/IHN MaKCUMYM, anin Ce OH He jaBrba Npu i=&umzo=10 mm, Beh 3a

i =15 mm, cnuka 3.37(6). J/InHeapmn3oBaHe KpuBe MOMPeYHUX Aunartaumja ceky ce y

Tayku ca ancumcom i=29 mm, cnmka 3.37(6). bpojHa BpefHOCT 0AHOCA anconyTHUX

10 x 10
X:5 —6—MM 13 . X: 50
L Y: 0.0005284 i :
5.5 —&— MM 30 1L Y: 0.0001357
5/
4.5f 0.5¢
4l [ |
OF X: 15 X: 70 ':I
35l Y: -3.315e-005 Y: 1.299-005
«
@ -0.5¢ X: 70
3r X o0 02575 f/ Y: -3.2136-005
25k u
1k
\ X: 5
2k X: 70 - [ Y:-0.0001441
L] Y: 0.0001568 o |
1.5k x:5 ‘m - -vt
9T Y: 0.0001855 |
1L u 2l —6— MM 13
X: 70 2Fx:5 . y
Y: 0.0001156 [ Y: 0.0001859 MM 30
5 10 15 20 25 30 35 40 45 50 55 60 65 70 5 10 15 20 25 30 35 40 45 50 55 60 65 70
i (mm) i (mm)
@ (6)
e x50 560
Y1433 Y1464 -
S—
14[ - ~
]
X: 70
Y: 1.356
1.2 X: 50
Y: 2.865
j=]
el -
G)x 1
\53
o~ 0.8f
0.6}
0.4k b
i 0.5 & .
X:5 X: 35 X: 70
0.2 Y: 03511 1 of Y: 0.3886 Y: 0.4043 ]
5 10 15 20 25 30 35 40 45 50 55 60 65 70 5 10 15 20 25 30 35 40 45 50 55 60 65 70
i (mm) i (mm)
(8) (r)

Cnuka 3.37: Aunataumje Ha MM 13 11 30: (a) & (0) €y; (B) €,45/ €,4: () ‘eym‘/ ‘em‘
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BPeAHOCTM NonpeyHux aunaTtaumja Ha MM 13 n 30 Bapupa y penaTtuBHO LLUMPOKUM
rpaHuuamMa: og MMHUMYyMa Koju nsHocu 0,39 1 jaerba ce npv i=35 mm 40 MakCMMyma
oa 4,14 npn i=15 mm, cnnka 3.37(r). Ocum makcumyma 3a i=15 mm, yodaBa ce K

NOKa/iHM MakcMMyM 3a i=50 mm. [lakne, MakCUMyM W IOKasHW MakCUMyM OfHoca
‘eyﬁ‘/ ‘eyso‘ jaB/bajy ce Mpu MosioXKajrMa ToUKa Y KOjuma KpvBe NonpeyHux gunataumja

Ha MM 13 1 30 nmajy MakcumasnHe BpefHoOCTH, cnmka 3.37(6).

Mo cBOjoj AeuHMUMjW, NMHeapU30BaHe KPWBE HAMOHCKMX KoejuumjeHaTta, C/nke
3.12 - 3.15, y noTnyHOCTX nparte /IMHeapu3oBaHe KPWBE NOKANIHUX HamnoHa, C/nKe
3.9(6), 3.10 1 3.11(6).

JlnHeapn3oBaHa  KpuBa  3aBMCHOCTM  HaMOHCKOTr  KOe(uuMjeHTa  Cyvmo-10
(Ha MM 9 - 10) oa nonoxaja To4YkKa, jecTe MOHOTOHO pacTyha, cnmka 3.12(a) v 3a cee
MCMUTHE MONOXaje TOYKa MMa HeraTMBHe BpeaHocTW. Hajseha amconyTHa BpegHOCT
HarMoHCKOI KoeuLmMjeHTa Cuum o-10 M3HOCK =0,51 u jaB/ba ce npu A=0,0349 (i=5 mm),
[OK Ce Hajmarba ancoslyTHa BpeHOCT ocTBapyje 3a A=0,489 (i=70 mm) n n3Hocu =0,08.
Ha MM 6 - 7, Koje kopecroHgupa ca MM 9 - 10, nnHeapu3oBaHa KpuBa 3aBUCHOCTU
HarMoHCKOr KoethMuMjeHTa Cyvme-7 j€ CTA/IHO MO3UTMBHA M MOHOTOHO onafajyha, of
=0,72 (3a A=0,0349, ogHocHo, i=5 mm) go =0,29 (3a A=0,489, ofHOCHO, i=70 mm),
cnvka 3.12(6). bpojHe BpeAHOCTM HaMOHCKOr KoeuLmjeHa Cuvm 6.7 3Ha4ajHO Cy Behe of

arnconyTHWX  BPEAHOCTM  HaroOHCKOr  Koe(uUUWjeHTa  Cyvme-10, CMMKa  3.38.

JINHeap13oBaHa KpWBa 3aBUCHOCTUA OFHOCA Cyy o/|C

i 00| OB MONOXaja TOUKA
MOHOTOHO je pacTyha, of =1,4 npu A=0,0349 (i=5 mm), go =3,8 3a 3a A=0,489,
OfHOCHO, =70 mm. YouyaBa Ce fa rpafdujeHT TMNOMeHyTe KpuBe T[OTOBO
eKCNoHeHUmjanHo pacte 3a A>0,3493 (i>50 mm), cnvka 3.38.

TOK ¥ KapakTep /IMHeapu30BaHUX KPUBMX 3aBUCHOCTM HaMOHCKMX KoeduumjeHaTa
Cymmo-10 M Cymme-7 Of} MOM0XKaja Touka, cnvka 3.13, UCTW Cy Kao Kof, NMHeapu3oBaHnX
KPVBUX 3aBUCHOCTY HAMOHCKMNX KOE(MLMjEHATA Cuvm 9-10 M Cxvm 6-7 OF NOJOXKAja TOUKa,
cnuka 3.12. Hajseha anconyTHa BpPefHOCT HaMOHCKOr KoeuumMjeHTa Cyvmo-10 (=2,21)
jaBmba ce npu A=0,0349, ogHocHo, i=5 mm, a Hajmawa (=1,18) 3a A=0,489 (i=70 mm),
cnvka 3.13(a). Ca gpyre ctpaHe, 6pojHa BPeAHOCT HAMOHCKOTr KOe(MULMjEHTA Cymme.-7
onaga op =2,7 (3a A=0,0349, ogHocHO, i=5 mm) go =1,57 (3a A=0,489, ofHOCHO,

i=70 mm), cnuka 3.13(6). Kao 1 Ko HanmoHCKMX Koe(huumjeHaTta y noLy>HOM npasLy
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Cnuka 3.39: MpoLeHTya/IHa pas/inKa HaMnoHCKUX KoedmLujeHara ¢y
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(cy) youaBa Ce fJa Cy BPeAHOCTV HaroOHCKOr KoedMumjeHTa Cyvmez Behe of

ofroBapajyhunx anconyTHUX BPeAHOCTW HaMOHCKOT KOeULMjeHTA Cyvm 9-10, CIMKA 3.13.

MpoueHTyanHa pasnmnka HarmoHCKUX KoetuumjeHata ¢, Ha MM 6 - 7 1 MM 9 - 10,

cnmka 3.39, MOHOTOHO pacTe 04 =22,1% npu A=0,0349 (i=5 mm) go =33,9% 3a A=0,489

(i=70 mm). Ocxm TOra, MHTEPECAHTHO je yount jacy nHa MM 6 - 7 n Ha MM 9 - 10

OfIHOCU BpPeAHOCTM HAMOHCKUX KoeguumjeHaTa y MONPeYHOM W MOAYXXHOM nNpasLly

3HaTHO Behu of 1, cnvka 3.40. J/InHeapmn3oBaHe KpuBe Cy MOHOTOHO pacTyhe, Tako Aa

Ha MM 6 - 7 nocmaTpaHu ogHoc pacte of =3,8 (3a A=0,0349, ogHOCHO, i=5 mm) ao
=5,4 (3a A=0,489, ofHOCHO, i=70 mm), ook Ha MM 9 - 10 pacTe og =4,4 (3a A=0,0349,

0fHOCHO, i=5 mm) go =15,2 (3a A=0,489, ogHocHo, i=70 mm). Ha oba aujarpama

youaBa Ce 3HaTaH rnopacT rpaamjeHta kpmse 3a A>0,3493 (i>50 mm), cnunka 3.40.
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Cnuka 3.40: KonmyHuk cy/cy: (8) MM 6 - 7; (b) MM 9 - 10

JInHeapu30BaHa KpuBa 3aBUCHOCTM HaMOHCKOr KoegumumjeHTa ¢, Ha MM 13 og

nosioxaja Touka, cnmka 3.14(a), MOHOTOHO pacTte og =0,77 (3a A=0,0349, ofHOCHO,

i=5 mm) go makcumanHe BpegHocTn =1,94 (3a A=0,3493, ogHocHO, i=50 mm), a NoToM

MOHOTOHO onafa o =0,99 (3a A=0,489, ogHoCHO, i=70 mm). [akne, nocmaTpaHa Kpvsa

MMa jaCHO M3paXKeH MakKCMMyM Kafa Ce TO4YaK Hanasn HenocpefHo W3Haf MepHor

MecTa, OfIHOCHO 3a i= &um13=50 mm. Ca Apyre cTpaHe, NMHeapK3oBaHa KpuBa

HarnoHCcKor koeuuujeHta ¢, Ha MM 30, cnmka 3.14(6), MOHOTOHO onafa of =3,23 (3a

A=0,0349, ogHocHo, i=5 mm) po =0,61 (3a A=0,489, ogHocHO, i=70 mm). ¥ 0BOM

cny4ajy, MakcumanHa BpeAHOCT MOCMaTpaHOr HaroHCKOr KoeuumjeHTa He ocTBapyje
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Ce Kaja ce ToYaK Hanasu HernocpefHO U3Hag MepHOr MecTa, Kao LUTO je TOo 610 cnyyaj
Ca HarMoHCKMUM KOe(uUMjeHTOM Cx Ha MM 13.

JInHeapusoBaHa KpuBa 3aBUCHOCTM HAMOHCKOr KoemuumjeHTa ¢, Ha MM 13 of
nonoxaja Toyka, cnvka 3.14(6), MoHOTOHO pacTe o =—0,90 (3a A=0,0349, o4HOCHO,
i=5 mm) go makcumanHe BpegHocTn =1,47 (3a A=0,3493, ogHocHo, i=50 mm), a NoToM
MOHOTOHO onaga o =0,42 (3a A=0,489, ogHocHo, i=70 mm). [Jakne, Kao U Kpuea
HanoHcKor KoeduumjeHTa ¢, Ha MM 13, 1 nocmartpaHa KpvBa MMa jaCHO WM3paXkeH
MakCMMyM Kafja Ce TOYaK Hana3u HernocpeaHo W3Ha[4 MEepHOr MecTa, O4HOCHO 3a
i= &um13=50 mm. JInHeapn3oBaHa Kp1Ba HarnoHCKOr KoeduumjeHta ¢, Ha MM 30, cinka
3.14(6), moHoToHO pacTe o =0,10 (3a A=0,0349, ofHocHoO, i=5 mm) go =0,67 (3a
A=0.1048, ogHocHo, i=15 mm), a 3atum onaga Ao =0,02 (3a A=0,489, ogHOCHO,
i=70 mm). [lpema TOmMe, Ha MM 13 HM MakcuMasHa BpPeSHOCT HaroHCKOr
Koe(huumjeHTa C, He OCTBapyje Ce Kafa Ce TOYaK Hasa3n HernocpefHo W3Haz MepHor
MecTa.

JlnHeapr3oBaHa KpvBa 3aBMCHOCTM HaMoOHCKOr KoetumumjeHTa ¢, Ha MM 8, cnuka
3.15, Koje ce Hanasu y 6nm3vHK cnobodHe MBMLUE AOHer nojaca (yAa/beHO je 0f He
5 mm, Tabena 2.2(a), cnvka 2.2(a)) MOHOTOHO onaga of =3,66 (3a A=0,0349, ogHOCHO,
i=5 mm) go =0,60 (3a A=0,489, ogHocHo, i=70 mm).

KoHayHO, fa 6M ce CTeKao YTMCaK O Be/IMYMHWU YyTuLaja NOKa/HOr fejcTBa Yy
peg)epeHTHMM 30Hama MOMPeYHOr Npeceka UCMUTHOTN Hocadva (30Ha TpaH3uuuje [oHn
nojac/pe6po, Aoa NOBPLUMHA AOHEr nojaca Y 30H1 HENOCPEAHO MCMOA TOYKa U 30Ha Y
6M3MHKM cnobofHe MBMLE AOHer nojaca), Ha cnvkama 3.41 n 3.42 pat je ynopeaHu
MpuKa3 3aBMCHOCTM BPeLHOCTU HaMOHCKMX KoedmumjeHaTa Of nosioxkaja Touka. Ha
OCHOBY aHa/I13e Npe3eHTNPaHUX MaKCUMaIHUX BPeAHOCTU 3aKbyuyje ce cnefehe:

e HajBehy NOKaSHM YTULAj TOUKA Ha HAMOHCKO CTake Y MOAY>XXHOM NpasLy, CAnKa
3.20, jaB/ba ce Ha MM 8 (3oHa 61mcka CNnoboAHOj MBMUM [OHEr Mnojaca,
Cxvms=3,66) notom, y onagajyhem nopetky, Ha MM 30, MM 13, MM 6 - 7 u
MM 9 - 10;

e Ha CBUM MEPHMM MeCcTUMa HajBehr NOKaHM YTULj TOUKA Ha HAMOHCKO CTake y
nogy>Hom npasuy, cnvka 3.20, jaB/ba Ce Kaa ce To4akK Hanasu 3a MUHUMAHOM

UCMITHOM PacTojarby Of] CNI060/HE UBWMLE IOHEr Mojaca; u3y3eTak je camo MM
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30, Ha KOMe je mocMaTpaHu yTuuaj Hajeehm

“3Haf, MepHOr MecTa;

3.5

25

1.5

0.5

Cnuka 3.41: HanoHCKu KoethuLMjeHTU Cx Ha MEPHUM MeCTUMa

2.5

o> 1.5

0.5

Cnuka 3.42: HanoHcKy KoegmLpjeHTH €, Ha Ha MEPHUM MeCTUMa
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Kafja Ce ToYak Hanasu HemocpegHo
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HajBehn NOKa/IHM YTULA] TOYKA Ha HArOHCKO CTare Yy MOMpPeyHoM npasLy,

cnmka 3.21, jaB/ba ce Ha MM 6 - 7 (30Ha TpaH3uumje AOHKU nojac/pebpo,

Cymme-7=2,70) noTom, y onagajyhem nopetky, Ha MM 9 - 10, MM 13 n MM 30;

YKYMHO nocmatpaHo, cnvke 3.20 n 3.21, Hajsehn NokasHu yTuuaj Touka Ha

HarMoHCKO CTake Y MOMPEeYyHOM MpPeceKy Hocaya jaB/ba Ce Y 30HM G/UCKO]

cno6oaHoj nBnum forer nojaca (MM 8), y nogyxHom (X) npasuy.

Moay>XHW HanoHu (0x) Ha MEPHUM MECTUMa Ha ropkeM nojacy, oapefheHn Ha OCHOBY

HarnoHCKe KOHauyHoesneMeHTHe aHanm3e (OMKE), cnuka 3.16, umajy npubavmxHoO

KOHCTaHTHE BPeAHOCTH, LUTO je N 0YEKMBAHO, C 063MPOM Ha YntbeHNLYY A FopHU nojac

HUje M3NOXeH NOKaHOM [JiejcTBY TouKa. MpoLeHTyanHe pasnvke BPeAHOCTY HaroHa Ha

MM 2 1 3, y ogHoCy Ha BpefHOCT HarnoHa Ha MM 1,

PR,y = 22 =S 52,100 (%), 1 = 2,3,

x1

.(3.3)

cnvka 3.43, nocneguua cy Beh nomeHytor ,,shear - leg” edekra. PasmatpaHa

MPOLIEHTYaNHa OfCTYNarba Cy Y 106p0j CarfacHOCTX ca NPOLIEHTYaHUM OACTYNakima

noayXHux pgunataumja (€x) oApeheHUX MPUMEHOM KOHAaYHOE/IEMEHTHe aHaiunse
(EMKE).

PRS,MMI (%)
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Cnwuka 3.43: MNpoueHTyanHe pasnke Noay>KHUX HaroHa (oy)
Ha MM 2 1 3y ogHocy Ha MM 1
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O6AMLUM 1 TOKOBU NNHEAPU30BAHNX KPMBUX HAMOHCKUX KoedmumjeHaTa ogpeheHmnx
Ha ocHoBy EMKE Yy [06poj cy carnacHocTu ca o6imumma n ToKoBMMa oarosapajyhnx
JIMHeapr30BaHUX KpmBKx oapeheHnx npumeHoMm cMKE, cnuke 3.44, 3.45,..., 3.50.

Kaga je ped 0 MM 6 - 7, yoyaBa Ce Aja Ce KpMBE HaNoOHCKMX KoedmumjeHaTa y 3HaTHO
60/b0j carnacHocTv ca ogrosapajyhum Kpmeama Ha MM 7, Hero Ha MM 6, cnuke
3.44(a) n 3.45(a). To ce ob6jalLbaBa YNHEHWULOM Aa CY Y NOCMaTPaHoj 30HM NONPEYHOr
npeceka, y Ko0joj je rpafvjeHT aunaraumja penaTMBHO BeIMKK 360r TpaH3uuuMje 40N
rnojac/pebpo, Aunataumje y mornpeyHoMm npasuy (g,) 3a pef BenuuuMHa Behe of
Annatauymja y nogyxHom npasuy (&), cnvke 3.8(6, B), Tabene 3.3 n 3.4, Tako fa je
rpeLlKa Koja ce YMHM ycBajarbeM Aa je Ha MM 6 gunatauuja €y jefiHaka gunatauujn g,
Ha MM 7 penaTtvBHO Be/MKa. HbeH yTuuaj je 3HaTHO Behu, Hero yTuuaj rpeLuke Koja ce
YMHW yCBajareM fa je aunartaumja & Ha MM 7 jefHaka gunataumnju €, Ha MMG6, 36or
Beh NoMeHyTe pasnKe y peay BeNMUMHA MOAYKHUX W MOMPEeYHMX Aunatauuja.
MNpoLeHTyanHa ofcTynarba HanoHCKNX KoeduumjeHara ¢, u ¢, Ha MM 6 - 7 (EMKE) og
HarMoHCKMX KoedmumjeHata Ha MM 6 (0MKE), cnnka 3.44(a), Hajmara Cy 3a
A=0,03493 (i=5 mm) wun wu3Hoce =17,3% wu =14,5%, pecnekTnBHO. Hajsehe
MPOLEHTYa/THO OACTYMNaHe HaroHCKOr KoeuumnjeHTa c, u3Hocu =49,1% u jae/ba ce 3a
A=0,489 (i=70 mm). 3a UCTW NOMOXaj TOYKa, NMPOLEHTYa/HO OACTYNake HaroHCKOr
KoethmumjeHTa €, u3Hocm =25,3%, cnnka 3.44(6). Kaga je Touak Ha HajMarbem
pactojakby 0f cnobogHe mBuue forer nojaca (i=5 mm, A=0,03493), npoueHTyasHa
OACTYNara HarMoHCKUX KoeduumjeHaTa Cx U ¢, Ha MM 6 - 7 (EMKE) of, HanoHCKux
Koe(mumjeHata Ha MM 7 (0MKE) n3Hoce =—6,6% n =-1,1%, pecneKTUBHO, CVKa
3.45(6). Kaga ce Toyak Hana3u Ha Hajsehem wucnuTHOM pacTtojawy (i=70 mm,
A=0,489), npoueHTyasHa OACTYyMara HAMOHCKUX KoeduuMjeHaTa Cx M C, M3HOCe
=17,7% n =-1,8%, pecnekTneHo, cnvka 3.45(6). 3HaTHO Mara HajBeha anconyTHa
BPEAHOCT MPOLIEHTYa/IHOT  OACTynawa KoeuuujeHTa €, Yy OfHOCY Ha Hajsehy
anconyTHy BpPeAHOCT MPOLEHTYasHOT 0AcTynmawa (roTOBO 3a pef  BeMuMHe)
objalwrasa ce Beh MOMEHYTUM YTULAjeM pas3nvka y pefy BennymHa MOMpeyvHnX W
NoAYXHWX aunataumja. KoHauHo, youaBa ce Aa ce Hajeha MpoLeHTyanHa oAcTynatba
HaMoHCKMX KoethmumjeHaTa Ha MM 6 - 7 jaB/bajy Kaga Cy HMXOBe BPeAHOCTW HajMakbe,

[aKne, Kafa je Hajmarm yTuLaj NoKanHor AejcTBa ToUKa.
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Cnuka 3.44: HanoHcku koeuumjeHTn Ha MM 6 - 7 (eMKE) n MM 6 (cMKE):
(a) ynopeaHu npukas; (6) npoueHTyasiHa OACTYNakba
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Cnuka 3.45: HanoHcku koeuupjeHT Ha MM 6 - 7 (EMKE) u MM 7 (cMKE):
(a) ynopeznHu npukas; (6) npoueHTyaHa 04CTYyMNaka
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Ha MM 9 - 10 koje ce Hanas¥ Ha [0HO0j KOHTypW [OHEr mnojaca, WCMop
KopecnoHAeHTHOr MM 6 - 7 Ha roph0j KOHTYPW, KPUBE HamMOHCKMX KoetuumjeHaTa
(EMKE) cy y 3HaTHO 60/b0j carnacHocTM ca ogrosapajyhum kpvBama Ha MM 9
(c0MKE), Hero Ha MM 10 (6cMKE), cnuke 3.46(a) n 3.47(a). To ce, Kao 1 Yy cnyvajy
MM 6 - 7, objalitbaBa pasnvkom Yy pedy BeMuMHa MonpevHux (gy) U MOAYXKHUX
annataumja, cnuke 3.8(6, B), Tabene 3.3 n 3.4. Ny 0BOM cny4ajy, NpOUEHTYyanHa
OACTYNaHa HarMoHCKUX KoeuLmjeHaTa HajMarba Cy Kafa je Touak Hajonmku cnobogHoj
meunum fower nojaca (i=5 mm, A=0,03493), 04HOCHO Kaja Cy BPeLHOCTN HarOHCKMX
Koe(hmumjeHaTa Hajsehe, cnvke 3.46(6) n 3.47(6). ¥ opHocy Ha MM 9 (oMKE),
BPEAHOCTM HamoHCKMX KoeguuumjeHata c U ¢, Ha MM 9 - 10 (eMKE) ogctynajy 3a
=2,6%0 n =-3,6 %, pecrneKTUBHO, AOK oAacTynawa y ogHocy Ha MM 10 (oMKE)
n3Hoce =3,6 % 1 2,8%, pecnekTnBHO, cnnke 3.46(6) n 3.47(6). Ca yfarbaBateM TOYKa
Of CNO6OAHEe VBWLE AOHEr Mojaca, anconyTHe BPeAHOCTU MPOLEHTYa/IHUX OACTyNara
HanoHCKMx KoeguumjeHata Ha MM 9 - 10 MOHOTOHO pacTy, cnvke 3.46(6) n 3.47(6).
To ce ob6jallrbaBa YMHEHMLOM fa Cy pas/ivKe anconyTHUX BpeaHOCTM ofrosapajyhunx
KoedmmjeHaTa NPMOAMKHO KOHCTAHTHE Ha Lie/IOM UCMIMTHOM AOMeHY, civke 3.46(a) v
3.47(a), BOK Ce arnconyTHe BPeLHOCTM Koe(mumjeHaTa CMamyjy, Npu Yemy ancosyTHe
BPEAHOCTU Cy NOCTajy 6/MCKe HYNW. YNpaBo TOM YMHEHULOM 06jallithbaBajy Ce BUCOKe
anconyTHe BPeAHOCTU penaTMBHUX OACTYMara HaMOHCKOr KoeduumjeHaTa Cx Ha
MM 9 - 10 3a i=70 mm (A=0,489), koje n3Hoce =31,4% y ogHocy Ha MM 9 n =84% y
ofHocy Ha MM 10, cnvke 3.46(6) n 3.47(6). AnconyTHe BPeAHOCTN NPOLIEHTyanHOr
OACTynNamwa KoeuumjeHTa Cx Yy ofHocy Ha MM 9 mawe cy of 10% 3a A<0,4191
(i<50 mm), cnmka 3.46(6), AOK je mocMaTpaHO oAcTynawe Yy ogHocy Ha MM 10 marbe
of 10% 3a 3a A<0,3144 (i<45 mm), cnuka 3.47(6). AnconyTHe BPefHOCTM OACTYNara
BPEAHOCTM HAMOHCKOr KoethuuujeHTa Cy y ogHocy Ha MM 9 matbe cy of 9%o 3a cBe
NCMWTHE NoNoXaje Touka, cnnka 3.46(6), AOK Cy BPeAHOCTW OACTynara MOMEHYTOr
KoethuumjeHTa Mare of 10% 3a Leo AujanasoH UCAUTHMX MOMOXKaja Touka, OCUM 3a
i=70 mm (A=0,489), kaga je oacTynawe Hajsehe 1 nsHocn =11,2%.

Y 30HM TpaH3uuumje LoHu nojac/pebpo BpeAHOCTU HAMOHCKUX Koe(mumjeHaTa Cx Ha
MEPHUM MecTUMa ropwe KoHType (MM 6 u MM 7, cnuke 3.22(a) u 3.23(a),

PECNEeKTUBHO) Cy NO3UTKBHE, IOK HAa MEPHUM MECTMMA A0He KOHTYpE 1Majy HeraTuBHe
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Cnwnka 3.46: HanoHckun koeduupjeHTn Ha MM 9 - 10 (eMKE) n MM 9 (c0MKE):
(a) ynopegHun npukas; (6) NpoueHTyanHa oACTyNaHa
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Cnwuka 3.47: HanoHcku kKoegmumjeHtTn Ha MM 9 - 10 (eMKE) n MM 10 (cMKE):
(a) ynopeaHu npukas; (6) npoueHTyaHa oACTynakba
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BpeaHocT (MM 9, MM 10 n MM 0, cnmke 3 24(a), 3.25(a) n 3.29(a), pecneKT1BHO).
AnconyTHe BPeAHOCTM HaNOHCKOr KoeuUMjeHTa Cx Ha [OH0j KOHTYPU 3HAaTHO Make
CY 0ff BpeAHOCTX rnocmaTtpaHor KoejuumjeHTa Ha ropH0j KOHTYPU Ha LENOKYNHOM
MCMMTHOM AOMeHy, cnuka 3.48. C 063MpOoM Ha uUMkeHWUUY fa je cTagapgom [5]
MponucaHo Aa je 3a [OKa3 HarmoHa Npu SIOKa/HOM [ejcTBY TOYKa MepojaBHa Tauka 0
(MM 0), BaXKHO je youuTK fa cy anconyTHe BpeAHOCTU HaMOHCKOr KoeguumjeHTa Cx Ha
MM 0 3HayajHO Mawe 0f BpeAHOCTM oarosapajyher HanoHCKOr KoejuumjeHTa Ha
MM 7, cnnka 3.49. OfHOC Cyum 7/|Cxvim o| BENM je 0f 2,2 3a CBe UCMIUTHE NMO/0Xaje ToUKa
1 Kpehe ce y penaTmBHO YCKUM rpaHuuamMa — of =2,24 3a A=0,03493 (i=5 mm) go =2,27
3a A=0,489 (i=70 mm), cnunka 3.49. Ocvm TOra, nNpema LMT1paHOM CTaHAapay, Y Tauyku
0 HanoHW M3a3BaHW NOKa/IHUM YTULAajeM TO4uKa cy 3aTexyhu, LWTO je y MOTMYHO]
CYNMpPOTHOCTM Ca pe3yntaTuMa KOHayHoefieMeHTHe aHanu3e. [lakne, Kaja je pey o
NOKa/IHAM HamoHWMa y MOAY>KHOM NpaBLy, CTaHAapa Y 30HM TpaH3uumje LOoK nojac
pebpo Aaje NOTNYHO UCKPUB/LEHY CIMKY, U KA je pey O Be/IMYMHN NOMEHYTUX HanoHa,

1 Kafl je pey o NpupoAM TUX HarnoHa.
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Cnuka 3.48: HanoHCKM KoethMUMjeHTU Cx Y 30HU TpaH3uLumje LoHu nojac/pebpo
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Cnuka 3.49: 3aBUCHOCT 0AHOCA Cuvm 7/ |Cxvim o] O NONOXaja ToUKa

BpeAHOCTM HaMOHCKWX KoeduuujeHata Yy MONpPeyHoM npasLly (Cy), Y 30HK
TpaH3uumje AowK nojac/pedpo, no3ntmeHe cy Ha MM 6 n 7 (ropta KOHTypa AOHer
nojaca, cnvke 3.22(6) n 3.23(6), pecnekTnBHO), AoK cy Ha MM 9, 10 u 0, HeraTuBHe
(gowa KOHTypa fower nojaca, cnmke 3.24(6), 3.25(6) n 3.29(6)). Kao n y cnyvajy
HaroHCKOr KoegmumjeHTa y nogy>XHoM npasuy (Cy), anconyTHe BPpeAHOCTN HAMOHCKOr
KoeuLMjeHTa C, Ha MEPHUM MeCTUMa [ioHe KOHTYpe 3HaTHO Cy Matbe Of BPeHOCTH
MOMEHYTOr Koe(muMjeHTa Ha MepPHUM MECTMMA FopHe KOHTYpe [OHer nojaca, Civka
3.50. BaxHO je, nmpu TOMe, youuTu fAa Cy anconyTHe BPegHOCTU HamoOHCKOr
KoeduuymjeHTa €y HajHWKe ynpaBo Ha MM 0, Ha LENOKYNHOM MCMUTHOM [JOMEHY.
OpHoc Cywmm 7/|Cymm of, cvka 3.51, MOHOTOHO onaja of =1,9 3a A=0,03493 (i=5 mm) fo
=1,6 3a A=0,489 (i=70 mm). CarnacHO M3N0XeHOM, 3aK/by4yje ce Aa Tayka 0 Huje
MepoAaBHa HY 3a MAEHTU(MKaLY]yY NOKa/IHOT HaMOHCKOr CTaka Y MOMpeYyHOM MpasLy,
Y 30HM TpaH3uuuje.

[Jakne, Of CBUX aHaM3MPaHWX MepPHUX MeCcTa Y 30HM TpaH3uuuje [O0HU
nojac/pebpo, y Taukm 0 je Hajcnabuju yTuuaj NOKasHOr [ejcTBa TOYKa, LITO
npeacTaB/ba 036U/baH HeaocTaTak ctaHdapda [5] koju ynpaso Tauky O ogpehyje Kao
MepoAaBHy Tauky 3a WAEHTUMUKaLMjy NOKaIHOI HarOHCKOr CTaka Yy NnocMaTpaHoj
30HW.

MepHa mecTa 13 1 30 Hanase ce HeNocpeAHo UCNOJ TOUKa, Kaja je i=&umiz=50 mm
(A=0,3493), opgHOCHO, i=&umz0=10 mm (A=0,06986). Ha o06a MepHa MmecTa
/IMHeapn30BaHe KpUBE HAMOHCKMX KoejuuujeHata ofpefeHe Ha ocHoBy eEMKE vy

NOTNYHOj Cy carnacHOCTW ca ofrosapajyhum nuHeapusoBaHWM KpvBama ogpefheHuM
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Cnuka 3.51: 3aBMCHOCT ofjHOCa Cymm 7/|Cymm of O MONOXKaja TouKa
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npumeHom OMKE, civke 3.52 n 3.53. To ce obnawrbaBa YMHEHULOM fda Cy

npopayyHcKe Aunataumje ogpeheHe ynpaBo Ha MOCMAaTpaHUM MepPHUM MecTVMa,

O[HOCHO, [a Huje BpLUeHa anpokcumMaumja kao y cnydajy MM 6 - 7 1 MM 9 - 10. 3a

HaCTaBaK WCTpaXKmBakwa, Of WHTEpPECA Cy CaMO BpPeAHOCTW OACTynakwa HaroHCKUX
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Cnuka 3.52: HanoHcku KoeuumjeHT Ha MM 13: (a) ynopeaHu npukas;
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Cnuka 3.53: HanoHcku koeguumjeHt Ha MM 30: (a) ynopegHu nprkas;
(6) npoueHTyanHa oacTynaka
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KoethmumjeHaTa Kaga Ce TO4YaK Hanasn HernocpefHO W3Haf MepHMX MmecTa. Y ob6a

Cny4aja, ancosiyTHe BpPeAHOCTU OACTYNarba HamnoHCKWUX KoeduumjeHaTa Cx U Cy
oapeheHux npumeHom eMKE Marbe cy o 1% y ofHOCY Ha BpefHOCTU ofpeheHe
npumeHom cMKE, cnuke 3.52(6) n 3.53(6).

JInHeapun30BaHe KpvBe 3aBMCHOCTM HAMOHCKOT KOe(uLMjeHTa Cx Ha MEPHOM MeCTy

8, oapeheHe npumeHom eMKE n cMKE, y noTnyHoj cy carnacHocTu, cnvka 3.54, 3aT1o

LUTO HX Yy OBOM C/lyYajy HMje BpLLEHA anpoKcumaumja gunaraumja, Beh cy npopadyHcke

annataumje € ogpeheHe yrnpaso y Tauku Ynjy nosioxaj ogrosapa nosnoxajy MM 8. Ha

Lle/IOKYNHOM MPOPaYyHCKOM fIOMEHY, anconyTHa BpeAHOCT OACTYMNata HamoHCKOr

Koe(hmumjeHTa Cy He npenasmn 2,5%o, cnnka 3.54(06).
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Cnuka 3.54: HanoHckun KoeuumjeHT cx Ha MM 8: (a) ynopeiHu npukas;
(6) npoueHTyanHa oacTynaka

3.4 38.K}'by‘-IL|,VI KOHAYHOENIEMEHTHOI UCTPaXKMBaka OMUTHOI HOCa4a

OppefuBarbe BPEAHOCTM HAMOHCKMX KoeduUMjeHaTa Yy MepofaBHUM 30HaMa

LleHTpaNHor

nonpeyHor npeceka

OnnTHOTr

HOCaua,

Ha OCHOBY pesynTaTa

KOHa4YHOENEMEHTHE aHaNn3e, N3BEAEHO je Ha fiBa Ha4NHa N TO:

Ha OCHOBY BPeAHOCTW npopayvyHckux gnnartauuja (EMKE) un
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e Ha OCHOBY BpefHOCTU npopayyHcKkux HarnoHa (cMKE).

Moctynak cMKE omoryhasa fa ce neHTU(MKaLmja NOKaHOT HarMOHCKOr CTaka y
MoCMaTpaHoj Tauku npeceka Ofpeau ca TayHowRhy O peda BeNMUMHE HyMepuuke
rpewlke, 3agpXkaeajyhm npu TOMe NPOCTOPHM (TPOAMMEH3VNOHA/IHN) — KapakTep
npobnema. Ca fgpyre CTpaHe, Ha OCHOBY pe3yntara TEH30MEeTPWUjCKOr MCTpaXKuBarba
(nornaerbe 2.), 6pojHe BpeAHOCTM HaNOHCKMX KoeduumjeHaTa ogpeheHe cy NpuMeHOM
jedHauYnHa 3a paBaHCKO (ABOAMMEH3NOHAMHO) CTakbe HaroHa. OcuMm Tora, orpaHuyere
NPUMEHEHOT NMOCTYNKa TEH30MeTpUje NpeacTaB/ba U HEMOTyhHOCT Aa Cce Y UCTOj Tauku
ojpefe Aunatauuje y fAsa Mehyco6HO ynpaBHa npaBuUa. YnpaBo 360r HaBeAeHUX
UMHbEHMLA, BPEAHOCTM HAroOHCKMX KoeuuMjeHaTa ofpeheHe Cy M Ha OCHOBY
npopadyHckmMx aunataumja (EMKE), y3 npuMeHy MOCTynka KopuLWheHOr TOKOM
ofpefrBarba BPeLHOCTN HaMOHCKMX KoeuLumjeHaTa Ha OCHOBY U3MepeHnX auniataumja
(n3y3eB Ha MM 13 1 30, Kao WTo je Beh HarnalwleHo y ogesbky 3.3). TO je yumrbeHo ca
UM/BEM fa Ce MPOLEHM HUBO TpPellKe KOju Ce HY)XXHO 4YMHM CBOherem npobnema
oapefrBara HaMoOHCKMNX Koe(uLmjeHaTa Ha NpobaeM ABOAMMEH3NOHATHOT HANMOHCKOT
CTama.

Ha ocHoBY ynopegHuX aHanu3a U3noxeHux y oferbky 3.3, 3ak/bydyje ce cnegehe:

e O6MMUM N TOKOBM /MHEApPU30BAHUX KPUBMX HAMOHCKWUX KoeduumjeHaTa
ogpeheHnx Ha ocHoBy €MKE y pob6poj cy carnacHocTuM ca obnvumma u
TOKOBMMa ofrosapajyhmx nuHeapn3oBaHUX KpuBUX ofpeheHnX MpUMEHOM
oMKE;

e poLeHTYya/IHa OACTyNakwa pesynrtara AooujeHnx npumeHom eMKE, ofHOCHO,
cBofheweM npobnema oapehRmBarba HaAMOHCKMX KOeduuMjeHaTa Ha paBaHCKU
npo6aem, y NPMXBaT/bUBUM CYy rpaHMLaMa Ha Lie/IOKYNHOM UCMUTHOM [OMEHY;
Ba)KHO je HamoMeHyTVW fAa Cy MOMeHyTa OACTyNawa WMajy W3Y3eTHO HUCKe
BPEAHOCTY Kafa HanoHCKN KO LUMjEHTV UMajy HajBehe anconyTHe BPeAHOCTH,
OAHOCHO, Kaja Cy HaroHW K3a3BaHN NOKa/IHUM YTuLUajeM Touka Hajsehu;
Hajsehe BpeAHOCTM OACTYMNawa jaBhajy Ce MNpPU HajHWKMM BpeLHOCTUMA

HaMOHCKMX KOe(uLMjeHaTa; W3NOXKEHE UMHEHULE Y MOTMYHOCTWM MOTBPRYjY

120



Ba/IMAHOCT MOCTynNKa ofpehuBawa BPEAHOCTM HAMOHCKMX KoeduumjeHaTa

CBOF]el-beM TPOANMEHINOHA/THOI HAaNMOHCKOI CTaka Ha ABOANMEH3VNOHATHO,

y 30HM TpaH3uumje oM nojac/pebpo BPeAHOCTU HAMOHCKOr KoeuumjeHTa Cx
Cy HeraTuBHe, LUTO 3HAYM [ CY HarMoHW y MOAYXHOM MNpasLly Ha LOHO0j KOHTYpU
[OHer nojaca, M3a3BaHW JOKa/IHAM [ejCTBOM TO4YKa, NPUTUCKYjyhu; 0Baj
3aK/byYaK Hermpa KapakTep HamnoHa Yy MocMaTtpaHoj 30HM fedmHucaH
cTaHgapgom EN 15011 [5];

BPEAHOCTM HaMOHCKUX KoednUmjeHaTa Cy Y 30HM TpaH3uLnje foHKM nojac/pedpo
Ha ropk0j KOHTYpW AOH-er nojaca 3HaTHO cy Behe of anconyTHUX BPeAaHOCTU

rnocmartpaHor HarmoHCKOr KoeunLmMjeHTa Ha fOH0j KOHTYpW;

BPEAHOCTMN HAMOHCKNX KoethuumjeHata C, y 30HU TpaH3uLuje fowu rnojac/pebpo
Ha ropk0j KOHTYpW [OHEr Mnojaca 3HaTHO Cy Behe 0Of BpefHOCTW nocMaTpaHor

HanoHCKOr Koe(uuujeHTa Ha LOH0j KOHTYpPY;

Tauka (,,0“) pUKTMBHOT Npeceka KOHTYpe pebpa 1 AoHe KOHTYpe AOHEr nojaca,
Koja je npema ctaHgapgy EN 15011 [5] jegHa of Tavaka Y KOjoOj Ce BpLUM
npoeepa 4BPCTOhe HOCaya W3/IOXKEHOr JIOK&/IHOM [ejCTBY TOYKa, Huje
MepofaBHa 3a [0Ka3 YBPCTOhe 3aTO LUTO je HarOHCKO CTawe Y HOj HMXKe 0f
HanOHCKOr CTaka Ha FopH0j KOHTYPY JOHEr rnojaca Yy 30HU TpaH3uumje, Tako ga
nocTyrnak npoBepe JOKasiHe 4BpCcTOhe HOcaya nporucaH MNOMEHYTUM

CTaHAapaoM fJaje pe3ynTaTe Ha CTPaHU HECUTYPHOCTH.
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YTIOPEAHA AHANINSA PE3YJITATA MEPEHA U
4. KOHAYHOEJIEMEHTHE AHAJTU3E ONTHOI

HOCAYA

Y nornae/bMMa 2. U 3. W3N0XEHUM Cy MOCTYMUM MNpopadyHa HamoHCKMX
KoeduupjeHaTa Ha OCHOBY €KCMepUMeHTa/IHO oapeheHuX aunataumja U Ha OCHOBY
AvnataupMja U HamoHa ofpeheHMX KOHAYHOENEMEHTHOM aHalu3oM. Y HacTaBKy
NCTPAXMBAHbA, M3MOXKEHA je KPUTWUKA YropeaHa aHanusa pesyntata NpeseHTUpaHnx y

NOMEHYTUM MOrnas/bhMa.

4.1 YnopefHa aHa/im3a HarnoHCKMX KoeghuLmjeHaTa n3padyHaTx Ha OCHOBY pesysnTarta
eKcrnepvMeHTa u gunatauuja ogpeheHux npumeHom MKE

Ha ocHOBy ynopegHe aHaim3e  pesyntata  [OOMjEHUX — MepeweM U

KOHauyHoenemeHTHoOM aHanu3om (MKE - gmnartauuje), 3akibydyje ce fa cy pesyntartu

Mepera Ha MepHUM MecTMMa FopHer nojaca y Ao6poj carnacHoOCTW ca pesyntatvma

KOHaYHOEeNEMEHTHE aHanun3e, cnuke 4.1 n 4.2.

-1.75 — T T T T T T T T T T T 8 ——
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Cnunka 4.1: N3mepeHe 1 npopayvyHcke gunartauuje Ha MM 1.
(a) ynopegHu npukas; (6) npoueHTYyaHa pasnmka

100 x (e, s ps = €1 ki) €x1,mke
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Cnuka 4.2: YnopeaHu npukas 1 nNpoLeHTyasiHa pas/inka aunarauuja:

(a, 6) MM 2; (B, r) MM 3; (&, h) MM 4; (e, )X) MM 5
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Hajseha npoueHTyanHa pas3nnka M3MEepeHuX Aunartaumja y ogHOCY Ha Aunatauuje
oapeheHe npumeHom MKE jaBba ce Ha MM 4 n usHocn 13%, cnuka 4.2(F). Ha

OCTa/IMM MepHMM MeCTUMa Ha TOpHeM Mojacy WCNUTMBAHOr Hoca4va, HajBehe

NPOLEHTYasIHe pas/iKe Cy 3HAaTHO Make M M3Hoce: =6,7% Ha MM 1, cnmka 4.1(6);

=6,1% (Hajseha anconyTtHa BpegHOCT) Ha MM 2, cnvka 4.2(6), =6,1% Ha MM 3, cnuka

4.2(r) n =5,1% Ha MM 5, cnuka 4.2(k). OcuMm TOra, yodaBa ce fia Ha CBUM MepHUM

MECTMMa MOoCMaTpaHe MNPOLEHTYaNTHE pas/inke y3|/nv|ajy N NO3NTUBHE N HEraTUBHE

BpeAHOCTH, LWTO ynyhyje Ha 3aK/byyak [a He MOCTOjW M3paXKeHa CUCTEMATCKa rpeLuka

Mepeta.
Ha mepHuM mecTumMa 8 1 11, Koja ce Hanase 6513y €no6oaHe MBMLE AOHEr Nojaca,

cnvka 2.2, Tabene 2.2(a, 6), 06/MK NMHeapu30BaHMX KPUBUX M3MEPEHUX AunaTauuja

npaTy 06K NpopadvyHCKUX aunaraumja, cnuka 4.3(a, B).
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Cnuka 4.3: YnopeiH1 NpuKa3 1 NpoLeHTYyaHa pasnnka gunataumja:

y[a/baBatbeM TOYKA 0f CNOG0AHE MBUMLE [OHEr Mojaca, 3HaTHO Ofaaajy BpeaHOCTM
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Annataumja, cnvka 4.3(a), AOK NpoLeHTyanHa pasnvka pacte u gocTmke =18,8% 3a
i=70 mm, cnuka 4.3(6). Vi3mepeHe BpefHoOCTY AunaTaumja Ha MM 11 Bpno cy 61mcke
npopayvyHCKNM BpeaHoCcTMMa, cnvka 4.3(B). MakcumanHa npoueHTyasHa pasnnka
N3MepeHnX aunarayunja y ofHOCY Ha npopavyHcKe BpeaHocTy nsHocu =10,0% u jaBrba
ce npu i=45 mm, cnvka 4.3(r).

Y 30HM TpaH3uuuje [owu nojac/pebpo npodmna, MM 6 U 7 ”n HKMa
KopecnoHzeHTHa MM 9 1 10, youaBa ce 3HaTHa pa3nnka nsmMehy o4cTynawa BpegHOCTH
noay>XXHuX (€x) 1 NOMpeyHuX (gy) Aunarauunja y ofHocy Ha oArosapajyhe npopayyHcke
BPeLHOCTU, CNinKa 4.4.

Nako 06nvK nMHeapu3oBaHe KprBe U3MepeHnX NOoLYyXHUX aunartaumja (€x) Ha MM 6
[06po npaT 06K NMHeapu3oBaHe KpuBe OArosapajyhe npopadvyHcke aunatauuje,
cnvka 4.4(a), penatMBHa OACTynawa Cy W3Yy3eTHO BenvKa, cnvka 4.4(6). Tpe6a,
mehyTum, y3eTn y 063mp ga ce MM 6 Hanasu ce Ha camoM NOYETKY pagujyca, 36or vera
je 6uno BpNo 0TEXaHO NOCTaB/batbe MEPHe TPake, Na je Bp/io Moryha rpeLuka y heHom
no3vUMOHMpary. Yo4yaBa Ce fAa Cy 3a 5 mm<i<64 mm u3MepeHe [aunatauuje
No3NTUBHE, LOK Cy MpopayyHCKe Aunartauuje no3uTUBHE 3a VXXM [ujana3oH NnpomMeHe
nosoxaja Touka, 5 mms<i<42 mm, civka 4.4(a). AncosyTHe BPeLHOCTV BPELHOCTM
n3MepeHnx aunatayumja Behe cy of NpopayvyHCKUX, 3a CBE UCMWUTHE MOM0Xaje TOYKa.
Avnatauuje y nonpeyHoM npasLyy (€y) Y 30HU TpaH3uLuje Cy 3a pef BennymHa sehe of
Avnatauumja y nofy>XHom npasuy, cnvka 4.4(B), 360r yera n Mano OACTynake npasLa
MepHor efemeHTa Ha MM 6 1ma 3a nocneguiy AeNMMUYHO YK/bydrBame aunatauumje y
MonpeyHoM npasLy, Koja je, Kako je HarfaleHo, 3a pes BesmynHa seha.

NnHeapm3oBaHa KpuBa M3MePeHUX MOMPeYHUX Aunartaumja Ha MM 7 je y [o6poj
carflaCHoCTU ca /IMHeapr30BaHOM KPWBOM MPOpPaYyHCKWX Aunataumja, cnvka 4.4(B).
MakcumariHa npoLeHTyasiHa pasnvka U3MepeHe y 0HOCY Ha NpPOpavyHCKy BpesHOCT
Annataumje nsHocu =5,9% u jassba ce npu i=30 mm, cnnka 4.4(r).

Monpeune gunatauuje Ha MM 9 (&) HeraTMBHe Cy 3a CBe UCMMTHE M0/10Xaje TOUKa,
cimka 4.4(n) n mare of npopadyHckuX. To ynyhyje Ha 3ak/bydak O MOCTOjawy
CUCTEMATCKE TPeLUKe 4YMjy je Y3pOK HETayHOCT MO3ULMOHMPara MEpPHOr efleMeHTa.
MaKcuMMasHoO MpPOLEHTYaNIHO OACTYMawe W3MepeHux Yy OfHOCY Ha NpopayvyHCKe

BpeAHOCTY Annataymja n3Hocn =15,9% u jasrba ce npun i=30 mm, cnvka 4.4(h).
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Cnuka 4.4: YnopeaHu Npukas 1 NpoLeHTyasiHa pas/inka aunarauumja:
(a, 6) MM 6; (B, r) MM 7; (&, ) MM 9; (e, >x) MM 10
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BpeaHoCTV n3MepeHnx noayxHux aunataumja (x) Ha MM 10, cnuka 4.4(e), Mare
Cy Of, BpefHOCTW MpopavyHCKMX Aunataumja 3a 5 mms<i<66 mm. HakoH npecevawa
/INHEapM30BaHUX KpUBUX nNpu =66 mm, OHe nocTajy Behe 0f mnpopavyyHCKUX
avnataumja.  MuHMManHa  BpeLHOCT  MPOLEHTYyasHe  pas/fike  WU3MEPeHUX U
npopayvyHCKMX gunataumja nsHocu =—9,3%, a MakcumanHa <5,0%.

dopma NMHeapu3oBaHe KpuBe MOAYXHUX Auvnatauuja Ha MM 13, cnuka 4.5(a), y
MOTMYHOCTW OfroBapa PopMu NMHEapU30BaHe KpPKBe NpopadvyHCKunx aunaraumja. Ocum
Yy YCKOj 30HM GIUCKOj nocnefreM WCMUTHOM Monoxajy touka (i=70 mm), HeHe
BPELHOCTM Mawe CYy Of BpeLHOCTM NpopayvyHCKUX Aunataumja. MuHMManHa
MPOLEeHTyalHa pas3/fivka U3MepeHe Yy OLHOCY Ha MpopayyHCKY BPeAHOCT Aunarauuje
n3Hocn =-15,0%. Kaga ce Toyak Hanasm HenocpegHo usHag MM 13 (i=&um13=50 mm)
06e KpuBe [OCTMXY MakCUMasiHE BPEAHOCTW, MPU Yemy MocMaTpaHa MpOLeHTyasHa
pasnmka usHocu =-7,9%. YumbeHuua fa je pasivka MpopavyyHCKUX W U3MEepPEeHUX
BPELHOCTV AunaTaumja Mara 3a pef BeNMymHa o caMux gunaraumja, 1 npu Tome nma
NPUONMXXHO KOHCTaHTHY BpPefHOCT (Mewa Ce Yy pPenaTvBHO YCKUM rpaHuuama Of
19,3 pm/m 3a i=5 mm pgo 35,2 ym/m 3a i=45 mm, y3 cuHrynaputeT npu i=70 mm,

Kaga w3Hocu —4,7 pm/m, cnvka 4.6) ykasyje Ha MOCTOjahe CUCTEMATCKe rpeLuke

Mepetba, Kao NocneuLe rpeLlke y nosvLuoHMparby MepHe Tpake.
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Cnuka 4.5: YnopefHv npukas v npoueHTyasiHa pasnvka gunatauunja Ha MM 13

14

JlnHeapusoBaHa KpuBa M3MepeHWX nonpeyHux fgunataumja () Ha MM 30 uma
CNMYaH TOK Kao M KpuBa MpopavyHCKUX AuvnaTaumja, cnmka 4.7(a). YouaBa ce fa cy
NMpopayyHCKe Aunarauuje HeraTMBHE NPV CBUM WCMUTHWM MOMOXajuMa TOYKa, LUTO
HUWje cnyyaj ca W3MepeHVMM BpegHocTMMa fAunataumje. OHe Ccy MO3UTMBHE 3a
=13 mm<i<=18 mm, ciuka 4.7(a). Ocum TOra, anconyTHe BPeAHOCTU MPOpPavyHCKUX
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Annataumja Behe cy Ha LeNOKYNHOM WMCMMTHOM AOMEHY, LUTO yKasyje Ha MoCTOjaHe
CUCTEMATCKE TpeLlke Meperba, M3a3BaHe LOMWHAHTHO TPELUKOM Y MO3ULMOHUpary
MepHOr enemeHTa. Hajseha oAcTynawa BpeAHOCTN M3MePEHUX AnnaTauumja jaBrbajy ce
Kafla ce ToYaK Hanasu y nonoxajuma koju cy 6nmckn MM 30 (§umzo=10 mm), cnuka
4.7(6). KoHauHO, BaXXHO je youmTun [ja Cy BpefHOCTM MOMpeyHux gunataumja (gy) Ha
MM 30 matbe 3a pef, BennuMHa of NOAYXHUX annataumja (€x) Ha MM 29 n 31, namehy
Kojux ce Hanasn MM 30, cnvka 2.3.

x 10°
4 T T T T T T T T T T T T
X: 45
Y: 3.52e-005
3.5k | | -
X: 25 X: 30
3l Y: 2.89¢-005 Y: 2.886-005 X 60 -
= u Y:2.71e-005
u
X:5 \ |
o 5l Y: 243005 B x40 -
| X: 35 Y: 2.65¢-005
\ X: 15 Y: 2.53¢-005
Y: 2.11e-005
H—n
el
& 2r \./ X: 20 - N
; Y: 2.1-005 X: 50
W X: 10 Y: 2.03e-005
< Y: 1.93e-005
=
oy
x 1.5p -
wx
1k -
0.5 ~
ol -
X: 70
Y: -4.76-006
-0.5 I i i I I i i i I i I I u
5 10 15 20 25 30 35 40 45 50 55 60 65 70

i (mm)
Cnuka 4.6: Pa3nuke npopavyHCKMX 1 U3MepeHnx gunataumja Ha MM 13
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Cnuka 4.7: YnopefHv npukas v npoueHTyasHa pasnvka gunatauunja Ha MM 30
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JlnHeapr3oBaHe KpMBE HaMOHCKMX KoeuLumjeHaTa y 30HM TpaH3uLmMje AOoHer nojaca
y pebpo, cnvke 4.8(a, B), Y A006poj Cy carnacHOCTM ca /iMHeapu3oBaHUM KpuBama
HaMoHCKMX KoedmumjeHaTa oapeheHnx Ha OCHOBY BPeAHOCTM AunaTaumja Ao6ujeHux
npumeHom MKE. MakcvmanHe npoueHTyanHe pas3fiMKe HamoHCKUX KoeduumjeHaTta
Cxvme-7 U Cymme7 JaBrbajy ce npu A=0,2096 (i=30 mm) un usHoce =9,4% un =5,7%,
PecneKkTBHO, cnuke 4.8(6, r). BaxKHO je younTu fa cy npv CBMM OCTafMM MosioXajuma
TOYKa arnconyTHe BPeAHOCTU MOCMAaTpaHOr MPOUEHTYaNHOr OACTYNaka HanoHCKUX
Koe(mLMjeHTa Cxume7 U Cymme-7 Mare Cy of 4,5%, ogHocHo, 3,9%, cinke 4.8(6, r).
M3noxeHe unmweHuue ynyhyjy Ha 3ak/byyak Aa je TOKOM peasinsauuje Meperba npu

i=30 mm BEPOBAaTHO YYMHEHA IMPELLKa TOKOM MO3nLIMOHKPaHa CUMMynaTopa Konula.
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Cnuka 4.8: HaE'IgHCKVI KOe(hMUMjeHTN 1 NPOLEHTYa/He pasnf/nZe Ha MM 6 - 7:
(a, 6) Cxvme-7; (B, T) Cymme-7
Ha MM 9 - 10 koje ce Hanasn Ha [OH0j MOBPLUWHW AOHEr nojaca, MCMog 30He
TpaH3uMumje KOHType [OHer rmojaca Yy KOHTypy pebpa, BPeAHOCTU HAaMOHCKUX
Koe(hmumjeHaTa Cy HeraTMBHe Npv CBUM UCMIUTHUM MOJIOXKajuma ToUKa, cnvka 4.9(a, B).
Ocum TOra, yoyaBa ce Aa Cy BPefHOCTM HaroOHCKMX KoedmumjeHaTa ogpeheHnx Ha

OCHOBY W3MEpPEHNX ,qmnaTau,Mja, Ha LENOoKynHOM WCMATUBAHOM [OOMEHY, Make 0Of
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ofroapajyhnx BpeAHOCTM HAMOHCKMX KoeumumjeHaTa ofpefleHMX Ha OCHOBY
annatauymja pobujeHux npuvmeHom MKE, 4.9(a, B). Kako je HaBefigHO MPUIMKOM
ynopefHe aHann3e eKcrepumeHTanHO-HyYMepUYKnx amnartauymja Ha MM 9 un 10, 1o je
nocneguua CUCTEMATCKe TIpellke HacTasle TPeWwKoOM Yy MO3ULMOHUPpary MepPHMX
enemeHata. MakcuMmanHa  BpefHOCT  MPOLEHTYasIHOr  OACTynaka  HaroHCKOr
KoeUUMjeHTa Cxvmo-10 M3HOCKM =31,9% U1 jaB/ba C€ Y 30HW HErOBUX MUHUMANHUX
BpeAHOCTH, cnmka 4.9(6). Y 30HM MakCUMaHUX BPe4HOCTM NOCMaTpaHor HanoHCKOr
KoemumjeHTa, NpoLeHTyasHe pasnivke Mawe cy og 20%, cnunka 4.9(6). MakcumanHo
MPOLEHTYaSIHO OACTYMNaHwe BPeAHOCTM HAMOHCKOr KoeuUUMjeHTa Cuvme-10 U3HOCK 17%,
cnvka 4.9(r) v jaBmwa ce npu A=0,2096 (i=30 mm). Y 30HM MakCUMaJIHUX BPeAHOCTH,
MpoLeHTyalHa OACTyNaHwa BPeAHOCTU HAaNOHCKOr KOejuLmMjeHTa Cuvmo-10 Mama Cy 0f
=12,8%, cnuka 4.9(r).
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Cnuka 4.9: HanoHCKu KoeuumjeHTH 1 NpoLeHTyanHe pasivke Ha MM 9 - 10:
(&, 6) Cxvmo-10; (B, T) Cymmo-10

MepHo mMecTo 8 Hanasm ce y 611M3nHM cnobosHe nBuLe fower nojaca (§uws=5 mm) un
WHAVMKATUBHO je 3a npahewe NOKaSHOr yTuuaja Touka y T0j 30HW. MehyTum, oHO ce

Hanasn 1 HenocpegHo ucrof Touvka 3a i=&uws=> mm (A=0,03493). 3at0 je MM
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WHAWMKATMBHO W Ca acrekra MpoLeHe NOKaJHOT yTuuaja ToYka Y 30HW HenocpesHo
MCNoj HEeroBor KOHTaKTa ca [OHwMM nojacoM. JIHeapu3oBaHa KpuBa HamOHCKOD
KoethmumjeHTa Cyumg OAPENEHOr Ha OCHOBY M3MEpPeHUX [Aunataumja, Aobpo npaTtu
NMHeapu30BaHy KpPWBY HaMOHCKOr KoeduumjeHTa ofpefeHOr Ha OCHOBY BPeAHOCTW
Avnataumja gobujeHnx npumeHom MKE, cnunka 4.10(a). MakcumanHa npoueHTyanHa
pasnvka BpPeAHOCTW HaroHCKOr KoedumumjeHTa ofpefeHOr Ha OCHOBY W3MEPEHUX U
npopayvyHCKMX BpegHOCTV aunartaumja, cnmka 4.10(6), nsHocu =23,7% u jaB/ba ce nNpw
A=0,489 (i=70 mm). 3a cCBe oOCTa/le WCMWTHe T0/I0XKaje TO4YKa rocmarpaHe
MpoueHTyasHe pas3nnke Mawe cy of =<11%. BaxHo je youutu fa ce Hajsehe
MPOLEHTYaSIHO OACTYMawe jaB/ba 3a WCMUTHE MONOXaje Tovyka Mpu Kojuma cy
BPEAHOCTM HamnoOHCKOr KoeuumjeHTa Cuyams Mame of 1, cnmka 4.10(6). Ca pgpyre
CTpaHe, Yy 30HM HajBehnxX BPefHOCTW HAMOHCKOr  KOoePUUMjeHTa, Cuvums™>2,5,
npoLeHTyanHa OACTynawa Mawa cy of 5%, cnuka 4.10(6). Kaga ce Toyak Hanasm
HenocpegHo w3Hag MM 8, nNpoUeHTYa/IHO OACTynawe BPEAHOCTU HanOHCKOr

KoethmupmjeHTa Cyums M3HOCK =1,6%, cnnka 4.10(6).
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Cnunka 4.10: HanoHcKn KoeuumjeHT 1 NpoLeHTyanHe pasnnke Ha MM 8
TOK NMHeapu30BaHMX eKCMePUMEHTATHO-HYMEPUYKMX KPUBMX HArOHCKOr KOewu-
UMjeHTa Cuyumiz, CvkKa 4.11(a), oarosapa TOKY /IMHEAPU30BaHUX EKCMEePUMEHTA/THO-
HYMepUYKMNX KPUBUX NOAYXHUX AunaTtaumja Ha MM 13, cnmka 4.5(a). Kao n'y cnyyajy
Avnartauuja, 3anaxa ce fa Cy pas/MKe BPeLHOCTM HarOHCKOr KOe(pULMjeHTA Cuwvmis
ofpefheHnx Ha OCHOBY M3MEpPeHUX aunaTauuja U aunataumja Ao6ujeHUX NPUMEHOM
MKE, npubimkHO KOHCTaHTHe 3a 3Be WCMWTHE MoJioXaje Toyka, ocum 3a i=70 mm,

cnvka 4.11(a). HaBefeHe UnmktbeHMLE Y NOTMNYHOCTM 06jallHbaBajy TOK NMHeapu3oBaHe
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Cnvnka 4.11: HanoHCKN KoeuUMjeHT Cx U NPOLLEHTYasHe pasnnke Ha MM 13

KpVBe MPOLEHTYaIHMX Pa3/inKa BPEeAHOCTM HAMOHCKOP KOoetULMjeHTa Cyvmiz, CMKA
4.11(6). Y cywtmHu, umajyhn y Bugy ynbenundy ga je ynora MM 30 ga ngeHTugukyje
MOAYXHe Aunatauumje ycned HenocpefHor AejcTea TOYKa, Aakne, 3a i=&umzo=50 mm,
camo je BpeAHOCT MnpoueHTyasnHe pasnuke npn A=0,3493 (i=50 mm) of nHTepeca 3a
HacTaBak aHanmse. OHa m3Hocy =—10,5% v npefcTaB/ba NOCNEANLY TPeLKe YUnkbeHe
TOKOM MOCTaB/bakba MEpPHe Tpake, Kako je TO [AeTa/bHuje 06pa3noXeHO MPUINKOM
yrnopeaHe aHanunse NOAYXHWUX Auvnataynja Ha MM 13. EkcnepvMeHTanHe BpeaHOCTU
nonpeyHux Agunatraymja Ha MM 13, cnuka 4.12(a), oppeheHe cy /iMHeapHOM
NHTEepnonaunjom Meperem yTepheHnx BpefHOCTU AnnaTaumja Ha cycegHum MM 12 n
14, cnuka 2.2, Tabena 2.2(6), WTO npeAcTaB/ba 3HavajaH U3BOP rpeLuke, Mmajyhun y
BUAY W3Y3eTHO BE/IMKW TPajmMjeHT HanoHa Yy 30HM HEMOCPeLHO W3/I0KEHO] [AejCTBY

200

1.5 T T T T T T X T T

or ——o—°

X: 0.3493
-200p Y:-17.68
-400}

-6000

Cymm 13

-8000

-1000

-1200p

-1400

100 X (€ pany 13,0~ Cymam 13,mE) ! Cymama 13,mKE

-1600 . : . : : . . . :
0 005 0.1 015 0.2 025 0.3 0.35 04 045 05

"0 005 01 015 0.2 0.25 0.3 035 04 045 05

(@) ©)

Cnuka 4.12: HanoHCKM KoetuLujeHT Cy 1 NpoLeHTyanHe pasnvke Ha MM 13

Touka. C 0631MpPOM Ha HaBeAEeHY YMHEHMLLY, NPOLEHTYa/IHa Pa3nnKa eKcnepyMeHTa/IHO-
HYMEPUYKMX BPELHOCTU HAMOHCKOr KoegmuMjeHTa Cuyumiz 04 =—17,7% (3a A=0,3493,

OAHOCHO, i=&um13=50 mm) cacBuM je nNpuxBaT/bMBa, cavka 4.12(6). MojaBa M3y3eTHO
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BMCOKMX MPOLEHTYaTHUX pa3nuka, cnvka 4.12(6), nocneguua je YmkbeHnUe aa je pey o
MasMMm 6pOjHUM BPeAHOCTMMA, NPU TOM, Pas/IMYNTOr 3HaKa.

AHanorHo ynosn MM 13, ynora MM 30 jecte fa waeHTU(UKyje aunatauuje y
nornpeyHoMm npasuy (§) Y 30HW HEMOCPeAHO WCMOA Touka. Mako cy nogyxHe
annatauymje Ha MM 30 ofpefheHe MocpefHO, IMHEAPHOM MHTepPnonaumjoM MoLy>KHUX
annataumja Ha MM 29 1 30, cnunka 2.2, Tabena 2.2(B), NPOLEHTYanHa pasnmka 6pojHMX
BPEAHOCTM HAMOHCKOr  KoeuuMjeHTa Cuumso, CAMKa 4.13(a), 3a cny4yaj 3a
i=&um30=10 mm, ogHocHo, A=0,06986, nsHocu ceera =4,7%, cnvka 4.13(6). To ceegoun
fa cy MM 29 n 31, Kao 1 cumynatop Konuua, TayHo nosuumoHupaHa. MNpoueHTyanHa
OACTYNarba MpW OCTa/IMM MOJIOXKajMMa TOYKa HUCY Of, BAXKHOCTM 3a HacTaBaK aHau3e.
MpoLeHTyanHO OACTYNake EKCMEPUMEHTASIHO - HYMepPUYKM ofpeheHux BpeLHOCTU
HaMoOHCKOr KoeuUMjeHTa Cymmzo, CAMKa 4.14(a), 3a i=&wmz=10 mm, ofHOCHO,
A=0,06986, n3Hocn =33,3%, cnvka 4.14(6). OBako BUCOKa BPeLHOCT MPOLEHTYaHe
pa3nvke objallbaBajy Ce rpeLlkoM Y MO3WLMOHMPary MEPHOr eNeMeHTa, Kao LUTO je
Beh peyeHO TOKOM YyropedHe aHann3e eKCrnepyMeHTaIHO-HYMepUUKn ogpeheHnx
annataumja, cnvka 4.7. Kao n y cnyyajy nNoOAy>XHUX Aunatauumja, MpoUeHTyalHa
OACTYnara 6pOjHUX BPEAHOCTM HAMOHCKOT KOedUUMjeHTa Cyvmso Kafa Ce ToYak He

Hanasu HenocpeaHo usHag MM 30, HUCY of 3Hauaja.
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Cnuka 4.13: HanoHCKN KOe(hULMJEHT Cx M NPOLEHTYasHe pa3nivke Ha MM 30
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Cnuka 4.14: HanoHCKM KoetuLmjeHT Cy 1 NpoLeHTyanHe pasnvke Ha MM 30
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Ha Kpajy oBe eTarne yrnopefiHe aHa/M3e eKCNepuMeHTa/IHO - HYMEPUYKUX pe3ynTaTa
NCTPaXKMBaHa BaXKHO je HaroMeHYTH fa Cy BPe4HOCTM CBMX HaMOHCKUX KoethumumjeHaTa
oapeheHe 3a cnegehe 6pojHe BpeAHOCTM MoAyna enacTUYHOCTU U loacoHOBOR
koednumjeHTa: E=21000 kN/cm? v v=0,3. YTuLaj 6pOjHUX BPEAHOCTU MOMEHYTUX
Be/IMYMHA Ha BPEAHOCTU EeKCMepuMeHTasIHO ofpefeHnX HaroHCKUX KoeduuujeHaTta

6rhe pasmaTpaH Y HaCTaBKy aHa/nmse.

4.2 YnopefHa aHa/m3a HarmoHCKMX KoeguLmjeHaTa n3padyHaTux Ha OCHOBYpe3ynTaTa
eKCnepumeHTa 1 HamnoHa ogapeheHnx npumeHom MKE

InHeapu3oBaHe KprBe HAMOHCKMX KoeduumjeHata HAa MM 6 - 7 (EKCnepuMeHT)
npate TOK NMHEAPU30BaHMX KPUBMX HaMOHCKUX KoeduumjeHata Ha MM 6 (MKE -
HanoHu), ann Ha Ha LenoKyrnHOM AujanasoHy MpoMeHe MosioXaja Tovka umajy Behe
BpeAHoCTU of wux, camke 4.15 (a, B). YouyaBa ce fa ce pasnmka ogrosapajyhux
OpOjHMX BPeHOCTM HaMOHCKNX KoednumjeHaTa Kpehe y penaTuBHO YCKUM rpaHuLama,
cnvka 4.16, yaumajyhu y 063up 1 cuHrynaputeTe Koju ce jaerbajy npu A=0,2096 (i=30
mm). OBa 4YMteHULa ynyhyje Ha 3ak/bydak O MOCTOjawy CUCTEMATCKE rpeLuke npu
Mepeky, M3a3BaHe rPeLlkom Yy No3numnoHupary MepHe Tpake Ha MM 6 (cnvka 4.4(06)).
CKOK mnocmaTpaHe pas3nke OpOjHUX BPeLHOCTM HAMOHCKUX KoeduumjeHaTa 3a
A=0,2096 nocneguua je rpeluke Hactane TOKOM MO3ULMOHMParba CUMynaTopa Konuua.
MpoueHTyanHa pasfiMka BPeAHOCTM HanMoHCKOr KoeduumjeHTa Cy, cnuka 4.15(6),
MOHOTOHO pacTe of =21% npu A=0,03493 (i=5 mm) go fokasHor makcumyma 32,5% 3a
A=0,2096 (i=30 mm), notom onaga Ao =27,5% npu A=0,2445 (i=35 mm), a 3aTum
MOHOTOHO pacTe A0 =46,2% 3a A=0,489 (i=70 mm). MpoLeHTyasHe pa3/iKe HAMOHCKOr
KoeuumjeHTa Cy, cnmka 4.15(r), 3HaTHO Cy HWKe Of MPOLEHTYa/IHUX pasnnka
BPeAHOCTM HarMoHCKOr Koe(hmumjeHTa Cy, Canka 4.15(6). Hajmarka BpegHOCT
MPOLIEHTYa/IHe pa3/fIMKe HamoHCKOr KoeduuujeHTa C, u3Hocu =14,0% v jas/ba ce npu
A=0,03493 (i=5 mm). MocmaTtpaHa NpoLeHTyasHa pasnnka Huxka je o 20% 3a cBe
oCTasie UCNUTHE M0JI0XkKaje Touka, ocum 3a A=0,2096 (i=30 mm), Kaga n3Hocu =23,4%,
Kao 1 3a A=0,489 (i=70 mm), kaga n3Hocu =30,1%, cnmnka 4.15(r). BaxkHo je yountn ga
ce HajBeha npoLeHTyanHa oacTynara 6pojHUX BpeAHOCTH 06a HanoHCKa KoeuumnjeHTa

jaBrbajy Kafla OHU MMajy HajHVXe BpeAHOCTH, cnvka 4.15.
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Cnuka 4.15: HanoHCKM KoegpuLmnjeHTN 1 NPOLEeHTYanHe pas/nke
Ha MM 6 -7 1 MM 6: (a, 6) s (B, I) ¢y

JlnHeapr3oBaHe KpuBE HaMOHCKMX KoeuumjeHata HAa MM 6 - 7 y pobpoj cy
carn1acHOCTU JIMHeapn30BaHUM KPUBUM HaMOHCKMX KoeguumjeHata Ha MM 7 (MKE -
HanoHwu), cnvke 4.17(a, B), U Kaj je pey O HUXOBOM TOKY, M Kaj je ped 0 6pojHUM
BPeAHOCTMMA 3a KapaKTepUCTUYHE MOM0XKaje ToYka. AMCOMYTHE BPEAHOCTM
MPOLeHTYa/IHOI OfCTyMNara HAMOHCKOr KoeduumjeHTa Cx HWkKe cy of 10% 3a cse
NCMUTHe nofoxaje Touka, ocum 3a A=0,489 (i=70 mm), cnuka 4.17(6). N y oBom
cnyyajy, Hajseha anconyTHa BpeAHOCT MPOLUeHTYyanHe pasnnke <19,3% jaBrba ce npu
HajHWKO] BPEAHOCTM pa3maTpaHOr HaroHCKOr Koe(uumjeHTa, cnvke 4.17(a, 6).
MpoueHTyanHa OACTYNara HanoHCKOr KoedwumjeHTa €y, Mawa cy of <4,5% 3a cse

NCNUTHe NoMoXaje Touka, cnuka 4.17(r).
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Cnuka 4.17: HanoHcKn KoethMUMjeHTN 1 NPOLEHTYaNTHe pas/nkKe
HaMM 6 -7 MM 7: (a, 6) c; (B, T) ¢y

TOKOBM /IMHeapu30BaHUX KPUBMX HAroOHCKMX KoeuuujeHata Ha MM 9 - 10
(ekcnepyMeHT) npaTe TOKOBe NIMHeapn30BaHUX KPUBMX HAMOHCKMX Koe(uLmjeHaTa Ha
MM 9 (MKE -

Koe(hmumjeHaTa HeraTMBHe Cy 3a CBe WCMUTHE MOMoXaje TouKa.

HaroHun), cnuke 4.18(a, B). bpojHe BPeAHOCTM HAMOHCKUX

BpefHocTu
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eKCNepuUMeHTaNIHO OoApeReHnX HamoHCKMX KoeuumjeHaTa Make Cy 0f BpeaHOCTM
HaMoHCKMX KoegumumjeHaTa ofpeheHmx npumeHom MKE, cnuke 4.18(a, B), ocum
BPeLHOCTM HaANOHCKOr KoedmumjeHTa cx 3a A>0,4548 (i>65,1 mm), cnuka 4.18(a).
ANConyTHe BPeAHOCTN NPOLEHTYa/HMUX Pas/fivka HarmoHCKOT KoeuLmMjeHTa Cx HUXKe Cy
04 =16,4% 3a cBe UCMUTHE NosoXaje Touka, cnmka 4.18(6), ocum 3a A=0,2096 (i=30
mm) n A=0,489 (i=70 mm), Kaga usHoce =20,8% n =22,0%, pecnekTneHo. Hajsehe
MPOLIEHTYa/IHO OACTYMakbe HaMoOHCKOr KoeduLmjeHTa ¢, 3HocK =16,6% w jas/ba ce npu
A=0,2096 (i=30 mm), cnvka 4.18(r). Mpu cBMM OCTa/IM UCMIUTHUM TMOJSI0XKAjMMa TOYKa

MpoLeHTyasHa OACTYynara HuxKa cy o =11,9%, cnuka 4.18(r).
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Cnuka 4.18: HanoHcKn KoethMuUmMjeHTN 1 NPOLEHTYaSTHE pas/inke
HaMM9-10uu MM 9: (a, 6) cy; (B, T) Cy

Kao » y npeTxofHO pa3MmaTpaHOM C/lyyajy, TOKOBW JIMHEAPU30BAHWUX KPUBKUX
HaMoHCKMX KoedmumjeHata Ha MM 9 - 10 (ekcnepumeHT) npaTe TOKOBE
NINHEapU30BaHNX KPUBUX HAMOHCKMX KoeduumjeHata Ha MM 10 (MKE - Hanonw),
cnvke 4.19(a, B). bpojHe BpeAHOCTM HAMOHCKUX KoeduumjeHaTa Cy HeraTuBHe 3a CBe

NCMMTHE NONoXaje Touka, cnvke 4.19(a,B), a kMX0BE BPeAHOCTM A06MjEHe HAa OCHOBY
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Cnuka 4.19: HanoHcKy KoethuLmjeHTH 1 NpoLeHTYyasHe pasnuke

Ha MM 9 - 101 MM 10: (a, 6) cy; (B, T) Cy
eKCrneprMeHTa yBeK Cy Makbe 0f BpeaHoCTU fobujeHnM npumeHom MKE. Youasa ce,
cnvka 4.20, fa ce pasnuke oarosapajyhmx 6pojHMX BpeAHOCTM Hanase y penaTuBHO
YCKOM WHTEpBany, LUTO yKa3yje Ha NOCTOjaktbe CUCTEMATCKE TPELLKE Meperba 13a3BaHe
TPELIKOM Yy MO3ULMOHMpaky MepHor enemeHta Ha MM 9 (cnmnka 4.4(h)). HajHwke
BPeAHOCTM NPOLEHTYyaNIHMX pas3finka jas/bajy ce npv A=0,03493 (i=5 mm) n n3Hoce
=22,2% 3a HanoHCKV KOEPULIMJEHT Cy, 0A4HOCHO, =13,7% 3a HanoHCKV KOEPULIMEHT Cy,
cnvke 419(6, r). Hajsehe npoueHTyanHe pasnuke (=109,1% 3a c; =23,9% 3a Cy)
jaB/bajy ce Mpv HajMakbUM  BPEAHOCTMMA HAmoHCKMX KoeguumjeHata (A=0,489,
i=70 mm), cnuke 419(6, r). Benvka BpegHOCT MPOLEHTYaHOr OACTynaka HanoHCKOr
KoethmumjeHTa cx 3a A=0,489 ob6jalltbaBa Ce UMHEHWULIOM fa Cy Yy TOM Caydajy
BPEAHOCTM HaMOHCKOI KoedhmumjeHTa Bp/o Masne — Hanase ce y uHtepsany og -0,1 go 0,

cnuka 4.19(a).
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Cnuka 4.20: Pa3nimke HanmoHCKMX KoetuupjeHata Ha MM 9 - 10 1 MM 10: (a) ¢ (6) ¢y

NnHeapu3oBaHe KpunBe HaNMoOHCKOr KoedmumnjeHTa ¢, Ha MM 8, ofpeheHe Ha OCHOBY
eKcrnepyMeHTa 1 KOHa4YHOENEMEHTHe aHanun3e, cy y M3eTHO J06poj carfaCHOCTK, CamKa
4.21(a). 3a cBe UCMMTHe MO0Xaje TOUKa BPeLHOCT NPOLEHTYa/IHe pas/nKe Makba je 0f
11%, ocum 3a A=0,489 (i=70 mm) Kaga nsHocu =23,8%, cnuka 4.21(6). Kaga ce Toyak
Hanasu HenocpefHo m3Hag MM 8 (i=&ums=5 MmM) HAMOHCKM KOepULMjeHT Cx uma
MaKCUMasiHy BPeAHOCT (EKCMepuUMeEHT: Cx=3,716; MKE - HanoHu: c,=3,666), a
NPOLEHTYaSIHO OACTynawe Wu3Hocu =1,4%, cnnka 4.21(6). MakcumanHa BpefHOCT
MPOLIEHTYa/IHOI OACTyNaka jaB/ba Ce Kafja Cy BPeAHOCTU HanOHCKOr KoequuujeHTa

(oopeheHe Ha OCHOBY eKCrepuMMeHTa M KOHaYHOENIEMEHTHE aHan3e) Mame o4 1, cnmka

4.21(a).
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Cnuka 4.21: MepHo MecTo 8: (a) HarmoHCKM KoeuumjeHT; (6) MpoueHTyanHa pasinka

JnHeapr3oBaHe KpuBe HaMOHCKMX KoegmumjeHaTa HA MM 13 oppeheHnx Ha OCHOBY
eKCrnepvMeHTa U KOHa4YHOe/NeMEHTHE aHanunse, civke 4.22(a, B), JOCTUMXKY MaKCUMaiHe
BpeLHOCTU Kafla Ce ToYaK Hanas3n HerocpefHO W3Haf MocmaTpaHor MepHOr MecTta

(A=0,3493, i=&um13=50 mm), WTO je M O4eKMBaHO. 3a CBE WUCMUTHE MOJI0XKaje ToYKa
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HarMoHCKM KOeULMJEHT Cyx MMa MO3UTUBHE BPEAHOCTW, cnvka 4.22(a), npu Yemy cy
BPeLHOCTU €KCNEPUMEHTATHO 0ApefeHOr HaMOHCKOr KoehuLnjeHTa Makbe y OAHOCY Ha
BpefHOCTU n3padyHate npumeHoM MKE, ocum 3a A=0,489 (i=70 mm). 3HaK HanoHcKor
Koe(hnumjeHTa C, Mera Ce Y 3aBUCHOCTM Of MosioXkaja Touka, cnvka 4.22(6). Kaga ce
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Cnvnka 4.22: HanoHCcKn KoeuumnjeHTV 1 NpoLeHTYyasHe pasnimke Ha MM 13:
(a,6)cy (B, T)cy

TOYaK Hanasu Yy penatuBHOj 6/IU3MHM MeEpPHOr MecTa BpefHOCTU MocMaTpaHor
HarnoHCKOr Koe(uLMjeHTa Cy MO3UTUBHe, NPU YeMy Cy eKCrepuMeHTa/IHO oapefeHe
BPELHOCTU HWXKe 0f, BPefHOCTM u3padyHaTux npumeHom MKE, ocum 3a A=0,489
(i=70 mm), cnuka 4.22(6). lpoueHTyasHe pa3MKe Bapupajy Yy Bp/O LUMPOKUM
rpaHuuama, cnvke 4.22(6, r), mehytum, 3a HacTaBak aHaiu3e Of WHTepeca Cy
NCK/bYUMBO BPEAHOCTM MPOLEHTYaIHUX OACTYNamwa Kaja ce To4ak Hasias3n HenocpegHo
U3Hag MepHor mecTa: =—-10,9% 3a ¢, n =-18,1% 3a ¢y, ciuke 4.22(6, r). Kao wwrTo je
HarnalleHo y ogerbky 4.1, nomeHyTa oAcTynawa JOMUHAHTHO CYy MOCNeAmLa rpeLke y
no3vUnoHNpary MepHe Tpake Ha MM 13 (Ha ocHOBY Koje ce oppehyjy nogyHe
gunataumje €) W Tpellke Koje Ce YMHM JIMHeapHOM WHTepnosiaunjoM MomnpevyHnX

Avnartaumja (gy) Ha ofpeheHnx Ha CyceAHUM MepHUM MecTuma (MM 12 n MM 14).
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MepHo MecTo 30 Hanasn ce HemnocpeAaHo Mcnog Touka Kada je i=&uwzp=10 mm
(A=0,06986). 3a pa3nuky og MM 13, nuHapr30BaHe Kp1Be HaNOHCKMX KoeuuujeHaTa
ofipeheHnX Ha OCHOBY eKCMepMMeHTa N KOHa4YHOeNeMeHTHe aHanuse, cnuke 4.23(a, B),
He [OCTWXY MaKCUMa/lHe BpPeAHOCTM Kafa Ce TOYaK Hanasv HernocpeHo W3Haf

nocMaTpaHor MepHOr MecTa. Ha LenoKynHOM AwvjanasoHy MpoMeHe MosioXaja Touka
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Cnuka 4.23: HanoHCKN KoeghuUMjeHTN 1 NPoLeHTYyasHe pasnvke Ha MM 30:
(a,6) G (B, 1) G
HanoOHCKN KOeUUMjeHTU Cy NO3UTUBHM, cinke 4.23(a, B), MpY YeMy eKCrepuMeHTaIHO
ofipeheHn HamoHCKM KoedhmunjeHT nMajy Behe BpegHOCTU. V3y3eTak ce jaB/ba camo 3a
A=0,03493 (i=5 mm), Kafa je BPeAHOCT HamMOHCKOI KoeuumMjeHTa Cx oapeheHa Ha
OCHOBY KOHa4HOe/IEMeHTHe aHa/n3e He3HaTHO Beha o[ BpeAHOCTH ofpeheHe Ha OCHOBY
eKCNepuUMeHTaNHO A06MjeHnX Aunataumja, cnnka 4.23(a). MpoueHTyanHa OACTynara
BPEAHOCTM HAMOHCKMX KOeULIMjeHTa Cx U Cy Kafja Ce TOYaK Hasfasn HenocpeaHo 1sHag,
MepHOr mecTa u3Hoce =4,4% un =32,0%, cnvke 4.23(6, r). BaxHo je yountn fa cy
NPOLEHTYaIHa OACTYrMarwa HaroHCKOr KoeuuMjeHTa Cx HajMama Yy 30HW HEroBmx
HajBehunx BpegHocTh (Ce>2,5), cnnke 4.23(a, 6). BpeLHOCTM HaMOHCKOr KoeuumnjeHTa

Cy 3HaTHO Cy Mate Off BPEAHOCTM HanOHCKOr KOE(MULMjEHTa, LUTO ymarbyje 3Hauaj
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NPOLUEHTYa/lHe pa3/IMke HEroBMX BPELHOCTM 3a C/yyaj Kafja Ce Touak Hasasu
HenocpeAHO M3HaL MepHor MecTa. [eTa/bHO OGjalltbere Y3poKa MnojaBe OACTYMaka
eKcnepuMeHTanHO OApefeHNX BPEeAHOCTU HAMOHCKOr KoeduumjeHTa C, Aato je y
oferbky 4.1.

CuctematnsoBaH/ NpuKas peqepeHTHUX BPeAHOCTM HAMOHCKMUX KoeuumjeHaTa y
KapaKTepMCTUYHMM Taukama MonpeyHor npeceka Hocaya faT je y Tabenama 4.1 n 4.2.
Ha mepHMM MecCTVMa Koja ce He Hafnase Yy 30HM HenocpeaHor fgejctea Touka (MM 6 - 7,
MM 8, MM 9 - 10), nos peepeHTHUM BpeLHOCTMMA MOLPasyMeBajy Ce MakCUMasiHe
BPELHOCTM HAMOHCKMX KoeuumjeHaTa, 3a Cnyyaj Aa OHW Umajy no3vTUBHE BPeSHOCTH,
OAHOCHO, MMWHWMMa/He BPEAHOCTW, 3a CNyyaj fda CYy BpeAHOCTVM pasmaTpaHux
KoedmumjeHaTa HeraTvBHe. Ha MepHVMM MecTuMMa KoOja Ce Hanase [0H0j MOBPLUMHK
[OHer nojaca y 30HW HenocpegHor fejctea Touka (MM 13 1 MM 30), nog
pedepeHTHUM BpeLHOCTMMA HAMOHCKMX KoeuumjeHaTa nofpasymMesajy ce BpeAHOCTU
KOje OHM MMajy 3a C/y4aj fa Ce TOYaK Hanasu HerocpefHo M3Haf wux. Ha ocHoBy

nogaraka npeseHTUpaHnX y HaBeAeHUM Tabenama, 3ak/bydyje ce cneaehe:

e anconyTHe BPEAHOCTU MPOLEHTYa/IHUX OACTYMNawa MaKCUMasIHUX BPefHOCTU
HanoHCKOr KoeguumjeHTa Cx ofpefeHOr Ha OCHOBY EKCMNEepUMEHTA/THUX W
HYMEPUYKNX UCTPaXKUBaKba, Makbe cy of 5% Ha mepHuM mMectuma 6 - 7, 8 1 30,

LLITO, CBaKaKo, npeacTtaB/ba N3Yy3ETHO ,U,06p0 Cnarake pesynrarta,

e anconyTHe BPeAHOCTM MPOLEHTYaNHWX OACTYMawa MaKCUMa/IHUX BPEAHOCTM
HarMoHCKOr KoejmumjeHTa Cx Marbe cy og 11% Ha mepHOM mecTy 13 (Ha Kome ce
Mepe AunaTaumje &), WTO nNpeAcTaB/ba BeomMa  [Jo6po  cnarawe
eKCrepuMeHTaIHO - HYMepUUYKuX pesyntara, NocebHO umajyhu y Bugy rpeLuke
KOje HacTajy /IMHeapHOM MHTepnosaunjom gunaraumja € Ha CycefiHUM MepHUM
mecTma (MM 12 n MM 14);

e HajBeha opcTynawa EKCrepuMEHTa/IHO-HYMEPUYKM oapeReHnx BpeaHOCTM
HanoHCKOr KoeuumjeHTa Cx jaB/bajy ce Ha MepHoMm MecTy 9 - 10 u m3Hoce
179% wn 13,7%, wTo je, umajyhm y Buagy Beh MNOMEHyTe TrpeLke Yy

No3NLMOHNPary MepHOr enemeHTa Ha MM 9, NpuxBaT/bUBO;

142



Tabena 4.1: PethepeHTHe BPeAHOCTM 1 NPOLEHTYaHa OACTYNaka HarmoHCKOT
KoethmupjeHTa Cy

EkcnepumeHT MKE E - MKE, <100 E - MKE, <100
(E) aunataupyje HanoHu MKE, MKE,
(MKEp) (MKEy)

MM Cx MM Cx MM Cx (%) (%)
6-7 0740 6-7* 0718 7* 0,769 32 -37
8* 3,716 8 3,657 8 3,666 1,6 14
9-100 -0,599 9-10* -0508 9* -0,527 17,9 13,7
13** 1,733 13** 1,937 13** 1,945 -10,5 -10,9
30** 3,260 30** 3,114 30** 3,121 4,7 4.4

* BpefHOCT K0joj 0firoBapa MakCcMmasiHa arnco/yTHa BpefHOCT HanoHCKOr KoeguumjeHTa
** Bpe4HOCT Kafja Ce TOYaK Hanasn HemocpeHo n3Hag MepHor mecra
e arconyTHe BPeAHOCTU MPOLEHTYasTHUX OACTynaka MaKCUMasIHUX BPEAHOCTU
HaMoHCKOr KoeduLmjeHTa ¢, Ha MepHOM MecTy 6 - 7 Huje Behe of 1,5, wro je
3aHemMap/bMBO, O[HOCHO, MpefcTaB/ba W3y3eTHO [06pO cnarake pesynrarta

eKCMEepPYMEHTA/THO - HYMEPUUKIX UCTPaXKMBakLa,;

e Ha MepHOM MecTy 9 - 10 MpOUEHTYasHO OACTynakwe BPeAHOCTM HaroHCKOr
KoethmumjeHTa C, Mame je of 11%, LWTO npefcTas/ba BeoOMa [J0OOPO cnarawe

EKCNEPUMEHTA/THO-HYMEPUYKUX pPeE3YNTaTa,

e MpOLEHTYyaNHa OACTyNawa BPeAHOCTU HArMOHCKOr Koe(uLyujeHTa C, Ha MepHOM
mecTy 13 nsHoce —17,7% n —18,1% npuxeat/buBa, NocebHO 360r Beh NoMeHyTe
UMbeHWLE [a je BPeAHOCT AufaTauvje Ha pasmaTtpaHOM MepHOM MeCTy
oApeheHa NMHeapHOM WHTEepronauujom Aunatauuja € Ha CyCeAHUM MepHUM

MeECTUMa,

e penaTMBHO Be/MKa MNPOLEHTya/lHa OACTynara BPELHOCTM  HaroOHCKOr
Koe(hnumjeHTa ¢, Ha MepHom MecTy 30 (33,3% u 32,0%) nocnegmua cy, npe
CBera, rpellke Koja Ce YMHW NIMHeapHOM WHTepnonauynjoMm Aunataumja &

ofpefeHnx Ha cycegHUM MepHUM MecTma (MM 29 n MM 31).
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Tabena 4.2: PethepeHTHe BPe4HOCTU 1 MPOLEHTYa/IHa OACTYNaka HarnoHCKOr
Koe(uumjeHTa ¢y

EkcnepumeHT MKE E - MKE, <100 E - MKE, <100
(B) aunataumje HaroHu MKE, MKE,
(MKEp) (MKEy)

MM Cy MM Cy MM Cy (%) (%)
6-7+ 2684 6-7* 2,695 T* 2,726 -0,4 -15
9-10* -2/441 9-10* -2,207 9* -2,213 10,6 10,3

13** 1,211 13** 1471 13** 1,479 -17,7 -18,1
30** = 0878 30** 0659 30** 0,665 33,3 32,0

* BpefHOCT K0joj 0firoBapa MakCMmasiHa arnco/iyTHa BpeAHOCT HanoHCKOr KoeguumjeHTa
** Bpe4HOCT Kafja Ce TOUaK Hanasn HemocpeHo u3Hag MepHor mecra

Pasimke y nNpOLeHTyaNHUM OACTynawuMa €eKCNepUMEHTalIHUX pe3yntaTta of
pe3yntaTta fO6UjeHNX Ha OCHOBY KOHAYHOEIEMEHTHe aHasn3e (Nnocneswe ABe KO/oHe Y
Tabenama 4.1 n 4.2) nocnefuua Cy UMbeHWUe [Ja je npopayyH HanoHCKMX
KoejmumjeHaTa Ha OCHOBY Awnartauuja oppeheHux npumeHom MKE wu3BefeH Ha
MCTOBETaH HauMH Kao W Yy C/y4ajy eKkcrnepumeHTanHO ogpeheHux aunartaumja. Ha
npumMep, MNPOLEHTYaSIHO OfACTYynawe BPeLHOCTM HanoOHCKOr KoeduumjeHTa Cx Ha
MepHOM mecTy 9 - 10, ofpeheHe Ha OCHOBY eKCMepuMeHTa/IHO A06UjeHUX BPeLHOCTH
Aavnataumnja (ex Ha MM 10 n & Ha MM 9), y ofHOCY Ha BPeAHOCT mnocmarpaHor
KoethunumjeHTa oapeheHy Ha ocHoBy aunataumja Ha MM 10 () 1 MM 9 (&) fobujeHnx
npumeHom MKE, wu3Hocn 17,9%. VcToBpemeHO, OACTynakwe eKCrepumeHTanHo
ofpeheHe BpeAHOCTU KoeuUMjeHTa Cx Y OAHOCY Ha BpPeAHOCT A06WjeHYy Ha OCHOBY
KOHaYHOe/leMeHTHe WAEHTU(MKaLMje HamoHCKor crtakha Ha MM 9 wmsHocu 13,7%.
[akne, pasnuka wnsHocu 4,2%. YKOMKO 6U ce, MefyTuMm, BPegHOCT HamOHCKOT
Koe(hnuMjeHTa Cyx OOApeAuna Ha OCHOBY Aunatauuja & U & Ha MM 9 pobujeHnx
KOHa4YHOe/IleMEHTHOM aHa/IM30M, MaKCMMasiHa ancosyTHa BPeLHOCT HeHOr OACTYMNara
Yy OAHOCY Ha BpefHOCT ofpeheHy Ha OCHOBY HamoHCKOr CTawa Ha MM 9, yTtBpheHor

KOHaYHOeNeMeHTHOM aHaIM30M, Mawa je of, 3,3%o, Cnnka 4.24.
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Cnwnka 4.24: TIpoLeHTYyasIHO 0ACTYrNare BPeAHOCTY HAMOHCKOT KoeuumjeHTa Cx
Ha MM 9 ogpeheHor npumeHom MKE (gunartauuje n HaroHw)

4.3 Moryhu y3pouu 04CTynara eKCrepuMeHTaTHO - HYMEPUYKMX UCTPaXKBarba

Be3 063vpa Ha CTa/IHM Hanpefak MepHe TeXHVKe, rpeLlka je UMaHeHTHa CBakKoM
Mepeny. Kaga je pey 0 eKCnepuMeHTa/IHOM UCTPaXXMBaky, YMjU je KpaTak onuc Jat 'y
nornaesby 2., MOCEOHO Ce YKa3yje Ha fiBa Hemn3bexxHa 1 Bp/o 3HayajHa U3Bopa rpeLuKe:

e HETayHOCT NO3MLMOHMPaba MePHUX efleMeHaTa;

e HETayHOCT NO3MLMOHMpParba CUMynaTopa Komua ca TOYKOBMMA.

Ocum TOra, OACTynawa pesyntata [OOGMjEHMX Ha OCHOBY eKCrepumeHTa 0f
pesyntaTta Ao6ujeHUX Ha OCHOBY KOHA4HOe/leMEHTHe aHanu3e, Aenom Ccy nocneguua v
cnefehmx YnkbeHunLa:

e KOHaYyHOE/IEMEHTHAa aHa/n3a M3BefeHa je Mo NPeTrnocTaBKoOM Aa je matepuja
XOMOTeH 1 130TponaH,;

e 0OpojHe BPeAHOCTWN HAMOHCKMX KoeguLmjeHaTa, 1 Ha OCHOBY eKCrepuMeHTa/IHO
ogpeheHnXx gunartauumja, U Ha OCHOBY pe3ynTata KOHauHOENeMEeHTHe aHa/u3e,
ofpeheHe cy y3 MpeTnocTaBky Aa BPeAHOCTW MofAy/na enacTUYHOCTU U
MoacoHoBor koethuLmjeHTa nsHoce E=21000 kN/cm? 1 v=0,3, pecreKTH1BHO.

Mpema ncTpakunsarwmma npeseHTUpaHnM y pagy [15] oacTynakba BpeAHOCTM Mogyna

enactnyHocTn (E) v MoacoHosor koeuumjeHTa (V) Kpehy ce y penatuBHO LUMPOKUM
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rpaHuuama: AE/E=+0,05%; Av/v=%0,10%. Vmajyhun y Buay HaBeAeHy UUHEHULY,
3aK/bydyje ca fga Moryhe pedepeHTHe BpPefHOCTW HaMoOHCKMX KoehumumjeHaTa Ha
YOUYEHOM MepPHOM MecTy, ogpefieHe Ha OCHOBY €KCMepUMEeHTa/IHO A06ujeHnX
Aunatauuja, opmupajy MoBpLUM Y YMjUM Ce LEeHTPaSHUM TaykKama Hanase 6pojHe
BpeAHOCTW n3padyHaTe 3a E=21000 kN/cm® u v=0,3, cvka 4.25. Youasa ce fa ca
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Cnuka 4.25: YTuuaj KOHCTaHTK mMaTtepujana Ha pethepeHTHe BpeHOCTU HaNOHCKNX
KoethmumjeHaTa Ha MM 9 - 10 n3pavyHaTX Ha OCHOBY U3MEPEHNX

annatauuja: (a) cx; (6) ¢,
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nopacToM 6pOjHMX BPEAHOCTW KOHCTAHTU MaTepujana pacTy W arncofyTHe BPeAHOCTU
pedepeHTHNX BPeAHOCTM pasmaTpaHnx KoeduumjeHaTa. YnopehuBareM anconyTHUX
BPEAHOCTM Y KpajikMM Taykama npopadyHCKOr [oMeHa, Tabena 4.3, ca anconyTHUM
petepeHTHUM BPEAHOCTMMA HAMOHCKMX KoeduuMjeHaTa M3padvyHaTUX Ha OCHOBY
n3mepeHnx Aaunataymja 3a E=21000 kN/cm?> wn v=0,3 (Ilcxwm  9-10m[F0,599;
|CyM|v| 9—10,M|=2,441, CnKa 4.25),

En
x/'y

C
—X’V'M‘X]_OO (%), ..(4.2)

x/y,M‘

pro(cx/y) =

Tabena 4.4, 3ak/bydyje ce fa je KoeuUUjeHT ynje Cy anconyTHe BpeAHOCTM Mawe (Y

OBOM C/lyyajy Cy) 3HaTHO OCET/bMBUjU HA MPOMEHY BPEAHOCTU KOHCTaHTW MaTepujana.

Tabena 4.3: PethepeHTHe Bpe4HOCTM HANOHCKMX KoeuumjeHata Ha MM 9 - 10
32 KOHTYpHe BPeJHOCTN KOHCTaHTU MaTepujana

E (kN/cm?)
19950 22050
Cx Cy Cx Cy
v 0,27 -0,490 -2,285 -0,542 -2,525
0,33 -0,652 -2,360 -0,721 -2,608

Tabena 4.4: MNMpoueHTyasHa OACTYNakba anconyTHUX pedepeHTHUX BPeaHOCTH
HanoHCKuMx KoeduumjeHata Ha MM 9 - 10 3a KOHTYpHe BpeAHOCTU
KOHCTaHTK MaTtepujana

E (kN/cm?)
19950 22050
Cx Cy Cx Cy
v 0,27 ~18,2% -6,4% -9,5% 3,4%
0,33 8,9% -3,3% 20,3% 6,8%

PetbepeHTHa OpojHa BPEAHOCT HAMOHCKOr KoepuumjeHTa Cuvimo-10MKE o—=—0,527,
cnuka 4.25(a), oapeheHa Ha ocHOBY HamoHcke MKE aHanuse mpu E=21000 kN/cm? u
v=0,3, npunaga ckyny Moryhux BpefHOCTM HaMOHCKOr KoeuuujeHTa ogpeheHor Ha
OCHOBY M3MepeHnX Aunataumja. HasefeHa BpefHOCT [o6umja Ce Ha OCHOBY M3MEpeHUX
Aunataumja 3a E=20370 kN/cm? 1 v=0,28. imajyhu y Buay Aa cy 6pojHe BpegHOCTM

HanoHa oapeheHMx npumeHoM MKE WHBapujaHTHE Y OAHOCY Ha BPeAHOCT Mogyna
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enaCcTUYHOCTW, WITO HKMje cnydaj ca MoacoOHOBUM KOe(UUMjeHTOM, Ha MOBPLUM KOja
penpeseHTyje Moryhe BpeAHOCTM MOCMATpaHOr HaroOHCKOr Koe(huLMjeHTa 03HayeHa je
Tauka y Kojoj ce 3a v=0,3 u E*=19950 kN/cm® po6uja BpeAHOCT HamMOHCKOT
KoemumjeHTa Cavmo-10m=—0,569, cnmka 4.25(a). OpfcTynawe Tako uM3pavyHaTe
BPEAHOCTN Yy OAHOCY Ha BpefHOCT A06MjeHy HamoOHCKOM KOHAa4YHOEeNeMEHTHOM
aHann3om,

E*
_1om —C _
xMM 9-10,M xMM 9-10,MKE ;s > 100 —

C
prO(CxMM 9—10) =
CuvMM 9-10,MKE

0,569 (~0,527)
~0,527

x100=8,0 %, (42

LUTO je 3HAaTHO Marbe 0/ oAcTynara npu E=21000 kN/cm? Koje nsHock 13,7%, Tabena
4.1.

PedhepeHTHa 6pojHa BPefHOCT HAMOHCKOTr KOEMULMjEHTA  Cyvmg-10,MKEo——2,213,
ofpeheHa Ha ocHoBy HanoHcke MKE aHanuse npu E=21000 kN/cm? 1 v=0,3, He
npunaga ckyny Moryhux BpefHOCTV HamoHCKOr KoeuumjeHTa ofgpeheHor Ha OCHOBY
n3mepeHnx aunaraumja, cnnka 4.25(6), tabena 4.4. To je nocneguua Beh HarnaweHe
YmkbeHuLEe fa je yTuuaj 6pojHUX BPeAHOCTU KOHCTaHTW MaTepujana 3HayajHO Makby Kog,
KoedmumjeHaTa ca Behum anconyTHUM BpeAHoCcTUMA. 3agpkasajyhu ucTy BpeHOCT
MoacoHoBor KoeguumjeHTa Kao U kop MKE aHann3e(v=0,3), Ha OCHOBY W3MepeHuX
avnataumja npn npu E*=19950 kN/cm?, go6uja ce Cyume10m=—2,319, cnvka 4.25(6).
MpoueHTyaNnHO OACTYNawe TaKo MW3padyHaTe BPeAHOCTM Y OLHOCY Ha BpegHOCT

[061jeHy HanOHCKOM KOHaYHOE/IEMEHTHOM aHa/I30M,

£+
yMM 9-10,M

c

C —-C

MM 9-10,MKE,
Y ® %100 =

prO(CyMM 9—10) =
yMM 9-10,MKE s

 —2,319-(-2,213)
—2,213

x100=4,8 %, (4.3)

LUTO je, Takofe, 3HATHO Marbe 0, 0ACTyNara npy E=21000 kN/cm? Koje usHocm 10,3%,
Tabena 4.2.

M3noxkeHa aHanuM3a yTuuaja 6pOjHUX BPeAHOCTW MOAyNna €enacTUYHOCTU Ha
pe3ynTaTte fo6MjeHe eKCnepUMeHTaHUM UCTpaXkmBareM, ynyhyje Ha 3akbyyak aa cy

BPEAHOCTM HUXOBUX OACTYNata Yy OfHOCY Ha pesyntate A06MjeHe HaNOHCKOM
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KOHaYHOENEMEHTHOM aHa/lM30M BEpOBATHO joOll Matbe Y OfHOCY Ha BpeaHOCTU

npeseHTUpaHe y Tabenama 4.1 n 4.2.

44 3aKIbyl-ILI|I/I ynopegHe aHa1m3e EKCNEPUMEHTATHO - HYMEPUYKUX UCTPaXKKNBaka

Ha ocHOBY yrnopefHMX aHann3a U3NoxeHnx y taukama 4.1, 4.2 n 4.3, 3ak/byuyje ce

cnefehe:

e 00/MUM M TOKOBWM /IMHEApPWM30BaHWX  KPUBMX  3aBMCHOCTU  HAMOHCKMX
KoethmumjeHaTa of MosioXKaja ToukKa Yy MOTNYHOCTU npate O6/MKe MU TOKOBe

JINHEAapPNU30BaHNX KPUBUX ,D|06I/IjEHI/IX NPMMEHOM METOJE KOHAYHX e/leMeHaTa,

e eKCnepuMeHTanHO oapeheHe BPe4HOCTM HaNOHCKMX KoeduumjeHata y fobpoj cy
carnacHoCcTU ca BpefHOCTMMA OfpeheHMM Ha OCHOBY KOHAYHOE/IleMEHTHe

aHa/IN3E,

e 0[CTyNatba eKCNepuMeHTaIHO OApeheHNX BPEAHOCTY HaMOHCKMX KoedmLmjeHaTa
[OMWHAHTHO Cy MOCNeAMLA: TPeLlaka y MO3ULMOHMPatby MEPHUX efleMeHaTta W
CMMynaTopa Koimua, Kao v rpellaka Koje Ce YvHe SIMHEeapHOM MHTEeproiaLyjom

AnnaTaupja Ha CyceiHUM MEPHUM MECTUMa;

e TMpOLEHTyaNHa OACTyMNawa pe3yntata eKCnepuMeHTAIHUX UCTpaXuBawa Cy Y
BP0 NPUXBAT/bMBMM FpaHuULIaMa 3a CBe UCMUTHE NOJoXaje ToYKa, noce6Ho 360r
UMHbEeHMLE [a CYy HMXOBE BPEAHOCTU HajMare Kaja pasmaTpaHu HaroHCKM
KoeuUMjeHTM UMajy HajBehe anconyTHe BpedHOCTN, JOK ce HajBehe BPeAHOCTM
OACTyNawa jaB/bajy MNPV HajMawMM anconyTHUM BPeAHOCTUMA MOMEHYTMX
Koe(pmumjeHaTa, fAakre, Kaja je yTuuaj ofrosapajyhmx HamoHa wu3asBaHUX

JIOKaNHUM [1ejCTBOM TOUKA HajMakW;
e HaroHW 13a3BaHN IOKA/THUM YTULajeM TOYKa HUCY UCTUX anconyTHUX BPeaHOCTU

Y KOPECMOHAEHTHUM Taukama ropke U [10ke KOHTYPe [OHEr nojaca, Kako ce TO

HaBoAu y noctojehoj nuTepatypu;
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e Y 30HM TpaH3uUMje ropwe KOHType [Oower nojaca y pebpo jaB/bajy ce Behu

NOKA/THN HaMoHW y 0AHOCY Ha KOPECMOHAEHTHE Tauke [JOHe KOHTYPE;

e JIOK&/IHN HAMOHW Y NMOMEHYTOj 30HM FOpPHE KOHTYpe Behu Cy 0f NIOKa/IHMX HarnoHa
y (WMKTUBHOj NPECEYHOj Taukn KOHTYpe pebpa 1 [oHe KOHTYpe nojaca, Koja ce y
pedepeHTHOj /UTepaTypu YycBaja Kao jefHa Of Tayaka MepogaBHMX 3a

NAeHTUMKaLMjy NOKaNHOT YyTULaja TOYKa;

e Yy 30HW TpaH3uLuje, Ha [OHO0j MOBPLUMHU [OHEr nojaca y MofLy>HOM npasLy
jaBmbajy ce npuTucKyjyhyv HamoHu, WTO Yy NOTMAYHOCTM Herupa pesynrarte
n3noxeHe y pagy [9] n noctynak ngeHTUMUKaLmnje NOKaJHOr HaMOHCKOT CTakba

nponucaH ctaHgapgom EN 15011 [5].
Monasehn 0f HaBeAEHUX UMHEHMLA, Y HACTaBKy WUCTpaXuBarba W3BPLUEHA je

KOHa4YHOENEMEHTHa aHa/n3a NOoKa/HOr yTVILl,aja TOYKOBa Ha HOCaye pasnnynTor

npogwna NonpeyHor rnpeceka.
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KOHAYHOEJIEMEHTHO NCTPAXWBAHKE

S. CTAHOAPOHUX NPODPUIIA

KoHayHOeNneMeHTHUM UCTpaXKuBawem 06yxBaheHU cy cpegwe LWupokn (IPE)
cTaHgapaHu npodunn [DIN 1025 (Blatt 5)], BucuHe 300 mm 1 360 mm (IPE 300 n IPE
360), ka0 M Ha LwwmpokonojacHom IPB npotuny HEA 360, 6e3 reoMeTpujcKmx
HecaBpLLUeHOCTH, cnmka 5.1, Tabena 5.1. Cpeftbe wmpoku npogunm |PE 300 n IPE 360
ofjlabpaHu Cy 3aTo LUTO CYy Ha HhUMa U3BpLLEHA UCTPaXKMBara [9,10] Ha OCHOBY KOjuX je
AOHeT cTaHgaps [5], Aok je wwupokonojacHn npodun HEA 360 6e3 reoMeTpujckmx
nvnepdekumja ogabpaH 360r Tora LITO je eKCNepUMEHTATHO UCTPaXXMBare Y OKBUPY
auceptaumje (nornae/be 2) 006aB/bEHO YNpPaBO Ha TOM MNpoduay, Mpu 4Yemy cCy
reOMeTPMjCKOM KOHTPO/IOM MOMPEYHOr rMpeceka YyoyeHa OACTynatba pedepeHTHUX
AnMeH3nja y ogHocy Ha ctaHgapa DIN 1025 (Blatt 5), Tabena 2.1.

MpopayvyHCKM JOMEHU, HAYMH Kpeuparba Mpexa, kao u ontepeherbe, UCTU Cy Kao 1y
Cnyyajy KOHauyHOeNneMeHTHe aHanuM3e ONWTHOr Hocava (mornasbe 3). OA3MBM
npopavyHckmx mogena Ha ontepehere og 10 kKN no Toukosuma, yaabeHum 30 mm of,

cnobofHe 1BMLE JOHEr Nnojaca, NpMKasaHu cy Ha cnvum 5.2, 5.3 n 5.4.

y ° " “0” S 1T
WA P i I
] N
il d i
. ' H i
R
t r o §
\\ f oL r//
I § ! /::\{“ =B ¢
S i |
« b - 0 S 1 2
(a) (6)

Cnwnka 5.1: CtaHfgapaHu npogunu: (a) OCHOBHe AuMeH3nje; (6) pethepeHTHe Tauke
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Tabena 5.1: jumeHsnje NoNpeyvHMX npeceka NCTpaxXmBaHux npoduna

BennunHa O3Haka IPE 300 IPE 360 HE - A 360
BucuHa npoguna (mm) H 300 360 350
LLInpnHa nojaca (mm) b 150 170 300
[ebrbuHa nojaca (mm) t 10,7 12,7 17,5
[e6rbmHa pebpa (mm) S 7,1 8,0 10
Paayjyc TpaH3uymje (mm) r 15 18 27
4 8e+007
6.73e+007
5.47e+007
4.2e+007
2.93e+007
1.67e+007
ﬂ" - - h 4e+006
——— e —
-8.67e+006
a
( ) -2.13e+007
I -3.4e+007
-4.67e+007
-5.93¢+007
-7.2e+007
-847e+007
& — N % -9,73e+007
T — — -1.1e+008
(6)

Cnuka 5.2: IPE 300 - AnucTpubyumja YKYNHUX HOPMaSTHUX HaroHa y LeHTpaHOM
MoMpeyYyHOM Mpeceky Y 30HM yTuuaja Touka 3a i=30 mm:
(@) Oxtot; (6) Oytot

MpYMeHOM MeTOAe KOHa4YHUX efneMeHaTa ofpeheHn Ccy YKYMHW HanoHu y
ped)epeHTHUM Taukama [oer nojaca (Tayka 0 - (WMKTMBHa MpeceyHa Tauyka KOHType
pebpa 1 [OHE KOHType AOHer nojaca; Tayka B - Tauka nouyeTka TpaH3uuuMje LOHM
nojac/pebpo; Tauka S - KOpecrnoHAeHTHa Tayuka Tauyky B Ha AoH0j KOHTYpK; Tayka 1 -
npeceyHa Tayka NMHKMje gejctea ontepehera 1 JOwe KOHTYPE AOHer rnojaca; Tadyke 2 u
3 - [Joka U ropwa Tayka Ha CNoboAHOj MBMUM AOHer rojaca), Kao u Yy
KOpecrnoHAeHTHUM Taykama ropwer nojaca (0, B’, S°, 1, 2° n 3’), cimka 2.1
BpeaHOCTV KOMMOHEHTU HanoHa y NoAyXHom (X) 1 nonpeyHoMm (y) npasuy ofpeheHe
Cy 3a 8 KapaKTepuUCTUYHWX MONoXaja Touvka, Tabene 5.2, 5.3,..., 5.7, cnvke 5.5, 5.6,
5.14,5.15, 5.23 1 5.24.
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(6)
Cnuka 5.3: IPE 360 - AncTprbyumja YKYNHUX HOPMasIHUX HamnoHa y LUeHTpasHOM

MOMNPeYHOM Mpeceky Y 30HM yTuuaja Touka 3a i=30 mm:
(&) Oxtor; (6) Oytot

4 8e+007
6.73e+007
5.47e+007
4.2e+ 007
2.93e+007

)
‘ “ 1.67e+007
e ——— | ——
’

4e+006
(a) -B.67e+006

-2.13e+007
-3.4e+007
-4.67e+007
-5.93e+007
-7.2e+007

-847e+007
— _ — 1.1e+008
(6) ’
Cnuka 5.4: HEA 360 - AncTpubyumja YKYnHUX HOPMaIHUX HaroHa y LeHTPaHOM
MOMpeyYyHOM Npeceky Y 30HM yTuLaja Touka 3a i=30 mm:
(@) Oxtot; (6) Oytot
EnvmuHaupmja yturuaja HanoHa mn3asBaHUX rn1obasHUM CcaBUjateM Y pedepeHTHUM
Taykama [oHer fnojaca, W3BpLUEHa je OAy3MMarem ofrosapajyher HamoHa Yy
KOPECMOHAEHTHO] TauykKy TOpHer rojaca, ca MNPOMEHEHUM MpeA3HaKoM (aHaslorHoO
NOCTYMKY MNpe3eHTUpPaHOM y ofe/bKy 3.2). CBofereM NOKasHUX HaroHa, Cinke 5.7 -
5.9, 516 - 518, 5.25 - 5.27, Ha pedepeHTHN HanoH feduHucaH m3pasom (2.19),
n3payvyHate Cy BPEAHOCTW HAMOHCKMX KoeluuMjeHaTa y MepofaBHUM Taykama [OHEr

nojaca, civke 5.10 - 5.13, 5.19 - 5.22, 5.28 - 5.31.

153



Tabena 5.2: IPE 300 - yKynHu HanoH y nNogy>KHoM npasuy (o)

Tauka i (mm)
5 10 15 20 25 30 40 50
oy (KN/cm?)*

0 -0,97 -0,74 -050 -0,25 0,03 0,33 1,09 2,25

-1,50 -150 -150 -150 -150 -150 -149 -1,49

-2,20 -169 -120 -059 0,06 0,82 2,94 7,63
S’ -1,48 -148 -148 -148 -148 -148 -147 -147
B 6,26 5,70 5,17 4,57 3,90 3,13 1,02 -291
B’ -1,28 -128 -128 -128 -128 -128 -128 -1,28
1 26,43 2205 1956 17,89 16,76 16,30 14,214 12,98
i -1,41 -141 -142 -142 -142 -143 -144 -146
2 25,82 1960 1520 12,16 9,81 7,96 5,20 3,33
2’ -1,41 -141 -141 -140 -140 -140 -140 -1,40
3 -20,06 -158 -1243 959 -742 564 -297 -110
3 -1,22 -121 -121 -121 -121 -121 -121 -121
* Ca TayHowhy [0 Masie Be/IMYMHe Apyror pegja
Tabena 5.3: IPE 300 - yKynHu HarnoHy y nonpeyHom npasLly (oy)
Tauka i (mm)

5 10 15 20 25 30 40 50
ay (kN/cm?)*

0 -12,00 -11,36 -10,76 -1019 -964 -911 -804 -6,77
0} 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03
S -17,97 -1647 -1507 -1356 -12,07 -1050 -6,85 0,22
S’ 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01
B 20,10 1836 16,83 1521 1359 11,86 7,70 2,82
B’ 0,04 0,04 0,04 0,03 0,04 0,04 0,04 0,04
1 4,07 843 1023 11,03 11,21 1166 10,99 9,73
1 0,00 0,00 0,00 0,00 0,00 0,00 0,01 0,01
2 -016 -015 -007 -004 -003 -0,02 -0,01 0,00
2’ 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
3 0,94 0,18 0,05 0,03 0,02 0,01 0,01 0,00
3 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

* Ca TauHoLuhy 10 Masie BeIMYMHE APYror peda
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Tabena 5.4: IPE 360 - yKynHu HanoHW y nNogy>KHoM npasuy (o)

Tauka i (mm)

5 10 15 20 25 30 40 50
oy (KN/cm?)*

0 -0,75 -060 -046 -030 -0,13 0,05 0,48 1,06

-093 -092 -092 -092 -092 -092 -092 -092

-145 -111 -0,78 -042 0,00 0,28 1,39 3,84
S’ -091 -091 -091 -091 -091 -091 -091 -0,90
B 4,16 3,82 3,46 3,08 2,68 2,22 1,08 -0,72
B’ -0,78 -0,78 -0,78 -0,78 -0,78 -0,78 -0,78 -0,77
1 1928 1621 1443 1328 1230 1166 10,57 9,60
1 -087 -087 -087 -087 -087 -088 -088 -089
2 1880 14,79 11,71 9,48 7,78 6,43 4,41 2,97
2’ -087 -086 -086 -086 -086 -08 -08 -086
3 -16,16 -1236 -976 -782 -628 -501 -3,07 -1,66
3 -0,74 -0,73 -0,73 -0,73 -0,73 -0,73 -0,73 -0,73
* Ca TayHowhy A0 Masie BeIMYNHE ApYror peja
Tabena 5.5: IPE 360 - yKynHu HarnoHy y nonpeyHom npasLy (oy)
Tauka i (mm)

5 10 15 20 25 30 40 50
ay (kN/cm?)*

0 -848 -808 -770 -734 699 665 599 -529
0’ 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02
S -1252 -1153 -1060 -966 -868 -798 -590 -2,26
S’ 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01
B 1408 1303 1201 10,97 9,94 8,87 6,50 345
B’ 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02
1 2,34 5,44 6,82 7,57 7,77 8,04 7,94 7,36
1 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,01
2 008 -002 -002 -001 0,00 0,00 0,00 0,00
2’ 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
3 1,90 0,19 0,06 0,04 0,02 0,02 0,01 0,00
3 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

* Ca TauHoLuhy 10 Masie BeIMYMHE APYror peda
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Tabena 5.6: HEA 360 - yKynHu HanoHW y noay>kHoM npasuy (0y)

Tauka i (mm)
5 10 15 20 25 30 40 50
oy (KN/cm?)*

0 -051 -047 -04 -040 -036 032 -024 -015

-050 -050 -049 -049 -049 -049 -049 -049

-119 -111 -102 -093 -084 -075 -056 -034
S’ -048 -048 -048 -048 -048 -048 -048 -048
B 2,43 2,34 2,25 2,16 2,06 1,97 1,77 1,55
B’ -03%6 -036 -036 -036 -036 -036 -03 -035
1 12,26 10,51 9,45 8,83 8,20 7,88 7,25 6,79
1 -042 -042 -042 -042 -042 -042 -042 -043
2 11,94 10,21 8,70 7,48 6,52 5,74 4,54 3,63
2’ -041 -041 -041 -041 -041 -041 -041 -041
3 -119%6 -911 -760 -655 572 502 -390 -304
3 -030 -030 -030 -030 -030 -030 -030 -030
* Ca TayHowhy 0 Masnie Be/IMYMHe Apyror peja
Tabena 5.7: HEA 360 - yKynHu HanoHn y nonpe4yHom npasLy (oy)
Tauka i (mm)

5 10 15 20 25 30 40 50
ay (kN/cm?)*

0 -432 -421 -411 -401 -391 -381 -363 -346
0’ 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02
S -713 -687 -661 635 609 584 533 482
S’ 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01
B 7,94 7,65 7,36 7,07 6,80 6,52 5,97 5,41
B’ 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03
1 0,62 2,11 3,10 3,75 4,05 4,39 4,71 4,85
1 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
2 000 -006 -005 -003 -002 -001 -001 0,00
2’ 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
3 1,26 0,24 0,04 0,02 0,01 0,01 0,01 0,00
3 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

* Ca TauHoLuhy 10 Masie BeIMYMHE APYror peda
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Cnuka 5.5: IPE 300 - YKyMHW HanoHW y peepeHTHUM Taukama LOoHer nojaca:
(a) y nogy>xHom npasuy; (6) y nonpeyHom npasLy

(6)
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Cnuka 5.6: IPE 300 - YKyMHU HanoHW y pet)epeHTHUM Taukama ropher nojaca:
(a) y nogy>kHom npasuy; (6) y nonpe4yHoM npasLy

158



7 b T T T T T T T T i
—O©—Tacka 0
—&—Tacka S n
6 —#—Tacka B

Sy (kN/cmz)

'
w

25 T T T T T T T
i —6—Tactka 0 |]
X:5 o) 4
[ Y:20.14 —e&—Tatka S|
P —#— Tacka B []
15[- .
10[- .

2
Sy (kN/cm*?)

i (mm)

(6)

Cnuka 5.7: 1PE 300 - JTokasH1 HaroHW y 30HM TpaH3uuuje Aown nojac/pedpo:
(a) y nogy>xHom npasuy; (6) y nonpe4yHoM npasuy
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Cnuka 5.9: IPE 300 - JTokanHu HarnoHW Ha CNo6o4HOj MBULM AOHEr nojaca:

(a) y nogy>xHom npasuy; (6) y nonpe4yHoM npasLy
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Cnnka 5.10: IPE 300 - 3aBMCHOCT HarnoHCKor
0f, nosoxaja Touvka (a) 1 napameTpa Nonoxaja Touka (6)

KoeuumjeHTa Cx Y 30HU TpaH3uumje
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Cnuka 5.11: IPE 300 - 3aBMCHOCT HarMoHCKOr KOe(ULMjeHTa Cy y 30HU TpaH3uLmje
0f, nonoxaja Tovka (a) 1 napameTpa Nonoxaja Touka (6)
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Cnuka 5.13: IPE 300 - 3aBMCHOCT HarMoHCKOr KoeuLimjeHTa Cy Taukn 1 of
nosioXkaja Touka (a) 1 napameTpa nonoxaja Touka (6)
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Cnuka 5.14: |PE 360 - YKyMnHW HarnoHW Y peepeHTHNM Tauykama LOHer rnojaca:
(a) y nogy>kHom npasuy; (6) y nonpeyHom npasLy
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Cnuka 5.15: IPE 360 - YKynH/ HarnoHW Y peepeHTHUM TauyKama ropker rnojaca:
(a) y nogy>xHom npasuy; (6) y nonpe4yHoM npasLy
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Cnuka 5.16: |PE 360 - JToKa/iH1 HanoHW y 30HK TpaH3uLuje Lok nojac/pebpo:
(a) y nogy>xHom npasuy; (6) y nonpeyHom npasLy
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Cnuka 5.18: IPE 360 - J/ToKa/iH1 HanoHW Ha co604HO0j MBULM LOHET Mojaca:
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Cnuka 5.19: IPE 360 -3aBMCHOCT HanoOHCKOI KOE(MLIMjEHTA Cx Y 30HM TpaH3uuuje

0/, nonoxaja To4vka (a) 1 napameTpa Nonoxaja Touka (6)
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Cnuka 5.20: 1PE 360 - 3aBMCHOCT HaMoHCKOr KoeuLnjeHTa Cy y 30HU TpaH3uLmje
0[] NonoXaja Touka (a) 1 napameTpa rnosoxaja Touka (6)
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Cnuka 5.21: 1PE 360 - 3aB1CHOCT HaroHCKOr KoeuuujeHTa y Taukama 1 v 2 og,
nonoxaja Tovka (a) 1 napameTpa nonoxaja Touka (6)
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Cnuka 5.22: IPE 360 - 3aBMCHOCT HarMoHCKOr KoeuLmnjeHTa Cy Tauku 1 of
nonoxXaja Touka (a) 1 napameTpa Nonoxaja Touka (6)
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Cnuka 5.23: HEA 360 - YKynHW HarnoHW y pepepeHTHUM Tauykama [omer rnojaca:
(a) y nogy>xHom nipasuy; (6) y nonpeyHom npasLy

(6)
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Cnuka 5.24: HEA 360 - YKynHW HarnoHW Y peepeHTHUM TauyKama ropker rnojaca:
(a) y nomy>xHom npasuy; (6) y nonpeyHom npasLy
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Cnuka 5.25: HEA 360 - JToKaniH/ HamnoHW Y 30HM TpaH3uuuje Aok nojac/pebpo:
(a) y nogy>xHom nipasuy; (6) y nonpeyHom npasLy
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Cnuka 5.26: HEA 360 - JTokanHu HamnoHu y Tauky 1: (a) y NoAy>KHOM npasLy;
(6) y nonpeyHom npasuy
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Cnuka 5.27: HEA 360 - JToKa/iH/ HarnoHW Ha CNo6oAHOj MBMUM AOHEer nojaca:
(a) y nogy>xHom npasuy; (6) y nonpe4yHoM npasLy
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Cnuka 5.28: HEA 360 - 3aBUCHOCT HarmoHCKOI Koe(numjeHTa Cx Y 30HW TpaH3uuuje
0[] NonoXaja To4vka (a) 1 napameTpa nonoxaja Touka (6)
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Cnuka 5.29: HEA 360 - 3aBMCHOCT HanoHCKOr KoeuLujeHTa Cy y 30HM TpaH3uLmnje
0f, NonoXaja Touka (a) 1 napameTpa nosoxaja Touka (6)
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Cnuka 5.30: HEA 360 - 3aBUCHOCT HarnoHCKOr KoeuumjeHTa y Taukama 1 1 2 og
MosioxXaja Touka (a) 1 napameTpa nonoxaja Touka (6)
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Cnuka 5.31: HEA 360 - 3aBMCHOCT HanoHCKOr KoethuLnjeHTa c, Tauku 1 of
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177



5.1 [Ouckycuja peayntaTa KOHaYHOENEMEHTHOT UCTPaXXMBarba CTaHAapAHMX npoduna

Y 30HM TpaH3uUumje oM nojac/pedbpo Ha A0HO0j KOHTYpU Aower nojaca (Tavke O u
S), KoL CBMX MWCMUTMBAHMX MNpodmia NMHeapu3oBaHe KpvBe NOKAIHUX HamoHa Yy
NnoAy>KHOM npasLy (Mpasay, 0ce X) MMajy MOHOTOHO pacTyhu KapakTep, cimka 5.32.
YTuuaj nonoxaja Touka Ha BeNUYMy MOCMATPaHOr HaroHa HajuspaXkeHuju je Kop
npouna IPE 300, 3HaTHO MawK Kof npodwuna IPE 360, a HajmarwKn Kof npodguna
HEA 360. BaxkHo je younTtu fia cy Kog npogmna HEA 360 nokasiHy NOAYXHW HarnoHW Y
Taukama 0 n S npuTUCKyjyher Kapaktepa 3a CBe WCMWUTHE MNonoxaje Touyka. Kopg
npoguna IPE 300 n IPE 360 foKasHM MOAY>KHU HaroHu y Tadykama 0 u S mewajy
KapaKTep Y 3aBUCHOCTU Of M0/I0XKaja Touka, cmka 5.32. OHM cy npuTucKyjyhmn Kaga ce
TOYaK Hanasn 6/1m3y cnobopHe uBMUe Aoker nojaca. Ca yfa/baBarweM TOYKa 0f
CNoboAHe MBUMLE [OHEr Nojaca OHW NocTajy 3aTexkyhu. Mogy>KHW NOKaIHU HanoHW y
Taukm 0 cy 3atexyhm 3a i>43,5 mm kog npogumna IPE 300, ofHOCHO 3a
i>47,6 mm kof |IPE 360. NpomeHa KapakTepa MOAY>XHOr /IOKa/IHOT HaroHa y Taunm S
[eLlaBa ce Mpu MakbuM yaarbeHOCTMA TOUKa 0/ CNoBOAHE MBHLE LOHEr Nojaca, CnKa
5.32. Kog npothmna IPE 300 nocmaTpaHu HanoHu cy 3atexyhn 3a i>33,6 mm, a Koj
npocuna IPE 360 3a i>35,6 mm. OcuMm Tora, yoyaBa ce fa je y MocMaTpaHoj 30HMU,
NOAY>XHY HarnoH y Tayku S npoguna |PE 300 HajoceT/bMBUjU Ha NOJIOXKa] TOUKa.

Ha ropt0j KOHTYpUM [OHer nojaca y 30HW TpaH3uvumje (Tauka B), Kog cBuX
MCMUTMBAHMX MPOGUa NMHeapn30BaHe KprBe /IOKAIHUX HanoHa y NoAy>KHOM npasLy
(MpaBav, oce X) UMajy MOHOTOHO onafajyhun Kapakrtep, civka 5.32. JIOKasiHW HaroH y
noay>xHoMm npasuy kKof npotmna HEA 360 je 3aTexxyhu 3a cBe UCMUTHE MONOXaje
Touka. OH je M HajmMarbe OCET/bMB Ha MOJIOXKAj TOYKA, [OK Ce HajBeha OCET/bMBOCT
youaBa Kog npodgwmna IPE 300. Kog 06a cpefrbe wmpoka npoguna (IPE 300 n 1PE 360)
KapaKTep NocMaTpaHOr HamoHa y Tauyku B Metba ce y 3aBUCHOCTM Of MO/oXaja TouKa.
OH je kog npodmna IPE 300 3atexxyhu 3a i<38,8 mm, a kog npocuna IPE 360 3a
i<41,6 mm. HakoH nponacka Kpo3 Tauyke ca HaBefeHWM arncuucama, iMHeapu3oBaHe
KpBe MOCTajy HeraTMBHe, OLHOCHO, 0AroBapajyhu nokKanHWM HamoHW NocTajy
npuTUCKyjyhu.

Y Taukama O U S IMHeapu30BaHe KPMBE NOKa/HMX HaroHa y MOMpPeYyHOM MpasLy
(NpaBaL, oce y) MOHOTOHO Cy pacTyher KapakTepa Kof CBMX MUCMUTMBAHWX Mpoguna,

cnuka 5.33.
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Cnuka 5.33: MonpeyHn NoKasHW (Oy,) HaMoHW Y 30HW TpaH3uLmje [oHKn nojac/pebpo
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Kog npoduna IPE 360 n HEA 360 nokanHW HamoHW Y MOMPeYHOM npasuy, Yy
Taukama 0 U S, npuUTUCKYjyher Cy KapakTepa 3a CBe WCMWUTHe MO/0OXaje TOYKa, CMKa
5.33. ¥ 1auku 0 Kog npodgmna |PE 300 noKanHyM HaroHW y NOnNpeyvyHoM npasLy, Takohe
Cy NpuUTUCKYjyhK 3a CBe UCNUTHE NoMoXaje Touka. Kog nomeHyTor npodguna, Kapaktep
NOKa/IHUX HarnoHa y MOMpPeyHOM MpaBuy Y Tauku S 3aBUCK Of MO/0OXaja TouKa. 3a
iI<49,7 mm nocmaTpaHu HanoHu cy NpuTuckyjyhu, a npyu sehMm yaa/beHOCTMMA TOYKa
04, cnobofHe nBMLEe foHer nojaca, 3aTexxyhu, cnmnka 5.33. OcvM Tora, 3anaxa ce fa cy
Kog npodmna IPE 300 nmHeapmn3oBaHe KpuBe SIOKaSIHUX HaroHa y NnornpeyHoM npasuy,
y Taukama O 1 S, HajoceT/bMBMje Ha NOM0XKaj TOUKa.

Y Tauykm B, nokasHM HamnoHuW Yy MOMpeYHOM npaBUy 3aTeXxyhu cy Kog CBMX
ncnmMTMBaHMX Npouna, 3a CBe UCNUTHE MOJoXKaje Touka, cimka 5.33. Oarosapajyhe
NMHeapu30BaHe KprBe Cy MOHOTOHO onafajyher kapaktepa. Y Tuuaj nonoxaja Touka Ha
BPEAHOCT nocMaTpaHOr HaroHa HajMawy je Kog npoguna HEA 360, a Hajsehn Kof
npocuna |PE 300.

Kog npoduna HEA 360 anconyTHe BpeAHOCTM NIOKaSIHUX HamoHa Y Tauku 0 Marbe cy
0f, ancosyTHUX BPeAHOCTM ofrosapajyhux IOKa/IHMX HanoHa y Taukama S v B, cnvke
5.34 n 5.35. JluHeapn3oBaHe KpvBe MnocmatpaHuMx OfHOCa Cy MOHOTOHO onagajyher
KapakTepa. Kpusa ofiHoca |oxs)|/|0xo,| ONaga og =1,66 3a i=5 mm, go =1,27 3a i=50 mm,
[0K 3a UCTU UHTEepBa/I MPOMEHe MOsioXKaja ToYka KpmBa OfHOCA [0xs)/|0x0 ] ONaga of
=2,07 po =1,86. Kaga je pey O MOMPeYHUM JIOK/IHMM HamoHWMa, KpuBa OfHOCA
loysi/|oyo,| onaga o =1,66 fo =1,4, OK BPeAHOCTU KpUBE ofHOCA |0yg, |/ |0yo,| ONaAajy of
=1,85 pgo =1,57. BaxHO je yountu ga je ko npotuna HEA 360 anconyTHa BpegHOCT
JIOKa/IHUX HarnoHa y 30H1 TpaH3unumje Hajseha y Tauku B.

Kog npodmna IPE 300 n IPE 360 KapakTep KpMBUX OAHOCA arco/lyTHUX BPeAHOCTM
NOKa/IHUX HamoHa y 30HW TpaH3uumje, 3a UCTU JOMEH UCMUTHMX MOJOXKaja TOuYKa,
pasnunkyje ce of KapakTepa ogrosapajyhunx kpusux 3a npogun HEA 360, cnvke 5.34 n
5.35. 3a npogmn IPE 300 KpuBa ofHoca |0xsi//|0xo)|] MOHOTOHO omaga of =1,50 3a
i=5 mm, go nokanHor mvHumyma (=0,56) 3a i=30 mm, a NOTOM MOHOTOHO pacTe A0
NOKaJ/IHOT MakcuMyma Koju msHocu =8,11 u jas/ea ce npu i=50 mm. Kog npodwmna
IPE 360 kpuBa ofHoca |0xs|/|0xoi| MOHOTOHO onaga of =1,41 3a i=5 mm, o noKasHor
MUHUMYMa (=0,72) 3a i=30 mm, a NOTOM MOHOTOHO pacTe [0 JIOK&/IHOT MakcuMyMma

Koju nsHocu =20,5 3a i=50 mm, cnmka 5.34.
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Cnuka 5.34: OgHocu anconyTHUX BpeHOCTU MOAY>KHUX TOKASIHUX HanoHa
Y 30HU TpaH3uLuuje
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Kog o6a pasmatpaHa cpeftbe LIMPOKA Npogwmna, KpuBe OAHOCA arnconyTHUX
BPEAHOCTM MOAY>KHUX NIOKANHMX HanoHa y Taykama B 1 0 uMajy ncTu kapakTtep Kao u
KpviBe OAHOCca anconyTHUX BPeAHOCTY MOAYXHUX NIOKaSHMX HamoHa y Taykama S u 0,
cnvka 5.34, ¢ TUM WWITO CY NOKaIHW MUHUMYMKU MomepeHn 3a 10 mm ka pe6py.
BpegHocTn KpvBe ofHoca |0xg,|/|0x0)| kKOL4 npodmna IPE 300 onagajy of =2,02 3a
i=5 mm, o nokanHor mmHuMmyma =0,64 3a i=40 mm, a NOToM pacTy [0 SIoKanHor
makcumyma =5,51 npu i=50 mm. Kog npotmna |PE 360 BpeHOCT pa3maTpaHor ofHoca
n3Hocn =2,02 3a i=5 mm, nokanHor muvHumym =0,68 (3a i=40 mm), a OKaIHU
makcumym, =10,46 (3a i=50 mm). KpuBe ofHOCa arnconyTHUX BPeAHOCTU MOMPeYHUX
NIOKa/IHUX HanoHa y 30HW TpaH3uuuje, Kog npoguna IPE 300 n IPE 360 Takohe cy
MOHOTOHO onagajyher KapakTepa, cnuka 5.35, kao u kKog npogwmna HEA 360.
BpeaHocTu kpuse ofHoca |0ys)|/|0y0,| koA Npodmna |PE 300 onagajy of =1,5 3a i=5 mm,
po =0,04 3a i=50 mm, a kog npodgwmna IPE 360 BpeAaHOCTM MocmaTpaHor ogHoca
onagajy og 1,48 go =0,43. Ha nctom nHTepBasly NpomeHe rnosoxaja Touka, BpeAHOCTH
KpviBe ogHoca |oyg,/|oyo| Onagajy og =1,68 fo =0,42 kog npodwmna IPE 300, foK Kog,
npocuna |PE 360 onagajy og =1,67 o 0,66, cnvka 5.35.

3a CBe WCMUTHE MOMOXaje TOuKa, KOA CBUX MCTPaXMBaHUX Mpouna 0KamHu
HanoHu y Tauku 1 3aTexyher cy KapakTepa, civka 5.36. Hajmarbi NOKanHW HanoHm
n3a3BaHN yTULIajeM TOYKa jaB/bajy ce kog npoguna HEA 360, a Hajsehu Kog npodmna
IPE 300, wto ce ob6jawwmaBa yTuuajem Aeb/buHe AOer nojaca Koja je Kog npoduna
HEA 360 Hajseha, a kog npotuna IPE 300 Hajmatba. JIMHeapmn3oBaHe KpPUBE NOKaIHUX
HamoHa y MoAy>HOM MpasLy MOHOTOHO cy onafajyher kapaktepa. Kog npodgwna I1PE
300 BpesHOCTM NOKa/IHMX HaroHa y MOAY>XHOM npasuy onagajy og =25,0 kN/cm? 3a
i=5 mm, go =11,5 kN/cm? 3a i=50 mm, 0K 3a UCTK AMnjanasoH NpoMeHe MosioXaja
TOYKa BPeLHOCTM TMoCMaTpaHMX HamnoHa Kog npogwuna IPE 360 onagajy of
=18,4 kN/cm? o =8,7 kN/cm?® Kog npoguna HEA 360 Hajseha BpefHOCT NOKAnHOr
HaroHa y Mofy>XHoM npasLy nsHocu 11,8 kN/cm?, a Hajmara 6,4 kN/cm?. Kapa je peu
0 NIOKaJIHUM HarmoHMMa y NMOMpeYyHoOM MpaBLly, youaBa Ce fa Ha YCBOjEHOM MCMUTHOM
[OMeHy MpOMeHe MoMoXaja TouKa NMHeapm3oBaHa kpuea kog npogmna HEA 360 nma
MOHOTOHO pacTyhu kapakTep. Ca ypa/baBatbeM TOYKa 0f, CN06OLHE WMBULE [OH-er
nojaca BpeAHOCTM NOKaHUX HanoHa pacTy of =0,6 kN/cm? fo =4,9 kN/cm?. 3a uctu

[njanasoH NpomMeHe MoMoXaja TouKa, NIMHeapu30BaHe KPUBE MOMPEYHMX HaroHa Kop,
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npocuna |PE 300 n | PE 360 gpyrauuvjer cy Kapaktepa. OHe Hajrnpe MOHOTOHO pacTy of,

=2,3 kN/cm? (IPE 300), ogHocHo =4,1
Koju ce jaBmbajy 3a i=30 mm un n3Hoce
lMoToM MOHOTOHO oOnagajy Ao =9,8

=7,4 kN/cm? kog, npocmna | PE 360.

kN/cm? (IPE 360), 10 NOKalHUX MakcuMyma
=11,7 kN/cm? n =8,0 kN/cm?, pecreKTUBHO.

kN/cm? kog npoguna IPE 300, 0AHOCHO,
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Cnunka 5.36: JloKasiHu HanoHW y Tauku 1
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Kaga je pey 0 NOKasHUM HamnoHMMa y Tauyku 1, BKHO je YOUUTU U YntbeHULY Aa Cy
KOZ, UCMUTMBAHMX NPOuWIa NOKa/IHN HAMOHW Y MOAYXXHOM npasUy Behu 0f NIOKa/IHWX
HanoHa y MnonpeyHoM npasuy, cnvka 5.37. JInHeapusoBaHe KpuBe Of4HOCA BeNYMHA
NOAY>XHMX W MOMPEeYHUX HaroHa MOHOTOHO cy onagajyher Kapaktepa. Hajseha
BPeAHOCT MOMEHYTOr OfHOCa Kaja Cce ToYak Hanasu y 67M3nMHM cnobogHe MBuLE AOHEr
nojaca jaesba ce Kog npogmna HEA 360 n nsHocm =19,1, ok kog npodguna 1PE 360 n
IPE 300, 3a UCTK NMoNoXaj TouKa “mMa BpegHoCcTV =7,9 1 =6,1, pecrneKTUBHO. 3a KpajHu
WCMUTHW MOMI0XKA] TOYKA, BPELHOCTU MOCMATPaHOr OAHOCAa KO Cpefre LUMPOKMX
npoguna NpubMKHO Cy jeHake M U3Hoce =1,2, JOK KOA LUMPOKOMOojacHor npoduna
(HEA 360) n3Hocm =1,3, cnuka 5.37.
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Cnuka 5.37: OfHOCK BPeAHOCTY MOAYXKHMX W NOMPEYHUX NIOKA/HKX HaroHa y Tauku 1

JInHeapn3oBaHe KpuBe MOAY>KHWUX NOKa/IHUX HanoHa y Tauku 2, NO3WUTUBHE CY U
MOHOTOHO cy onagajyhe Ko CBUX MUCTpaxmBaHWX npodguna, cnmka 5.38. 3a UCMUTHU
[OMEH MONOXaja TOYKa, BPEAHOCTM pasmaTpaHux HanoHa Kog npodgwmna IPE 300
onagajy og =25,4 kN/cm? go =1,9 kN/cm? pgok kog npocdmna IPE 360 onagajy of
=17,9 kN/cm? go =2,1 kN/cm? Hajmatba 0CET/bLMBOCT Ha MPOMEeHY MOMOXaja Touka
youaBa ce Kof npodguna HEA 360, kof Kora nonpeyHy /10KasiHv HanoH onaga og =11,5
kN/cm? go =3,2 kN/cm?.
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Cnunka 5.38: JlokasiHu HanoHW y NOAY>KHOM MpaBLy Y Tauku 2

Y Taukn 2, NOK&/IHX HanoHW y MOMPEeYHOM MpaBLy Cy 3aHEMap/bMBO Masu, CAMKe
5.9(6), 5.18(6) 1 5.27(6).

AnNconyTHe BPeLHOCTY /IOKA/IHMX HaroHa Y KOPEeCNOHAEHTHWM Tauykama ropHe u
[0He KOHTYpE [oHer nojaca HUCY jefHake, Kako ce To HaBoay y cTaHaapay [5]. Y 30Hu
TpaH3uumje koa npocuna HEA 360 KpviBe MPOLEHTYa/HUX pas3vMkKa anconyTHUX
BPEAHOCTM JIOKA/IHUX HamoHa y Tauykama B 1 S cy no3uTUBHE M MOHOTOHO pacTyhe,
cimka 5.39. 3a i=5 mm anconyTHa Bpe4HOCT NOAY>KHOT /IOKA/IHOT HarnoHa y Tayku B
(ropwa KoHTypa) Beha je 3a =24,4% of anconyTHe BpeHOCTU oArosapajyher HamnoHa y
Taukn S (fora KOHTYpa), a npy i=50 mm Behu je 3a =46,5%. Kaja je pey 0 nokasH1umM
HamoHWMa y MonpeyHoM MpasLy, 3a i=5 mm anconyTHa BpeAHOCT HafoHa y Tauku B
Beha je 3a =11,9% y ogHocy Ha ofroBapajyhu HamoH y Tauyku S, JOK je 3a i=50 mm
Behn 3a 3a YCBOjeHM WHTepBa/Jl MPOMEHe TO0M0XKaja TOYKa, Ko4 npoduna
IPE 300 n IPE 360 ogHOCW anconyTHUX BPELHOCTM /OKa/IHUX HamoHa Y 30HM
TpaH3uuuje Apyraumjer cy kapakTtepa. JIMHeapu3oBaHa KpuBa OfHOCA anconyTHUX

BPEAHOCTY MOAYXHUX JIOKa/IHUX HaroHa y Taykama B u S, kog npodmna IPE 300
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MOHOTOHO pacTe o =1,34 [0 NoKaJHOr MakcMMmyMa =2,82 Koju ce jaBrba npu i=30 mm,
noToM onaga o foKanHor MMH1UMyma =0,18 npu i=40 mm n notom pacte o =0,68 3a
i=50 mm, cnmka 5.40. Kog npodwmna IPE 360 nuHeapm3oBaHa KpuBa OfHOCA
anconyTHWUX BPeAHOCTU NOAYXKHUX IOK&/IHUX HanoHa y Taykama B 1 S MOHOTOHO pacTte
of =1,42 po nokasnHor makcumyma =2,29 npu i=30 mm, a NOTOM MOHOTOHO onaja Ao

=0,51 3a i=50 mm, cnmka 5.40.
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Cnnka 5.39: lNpoueHTyasiHa pasnmnka ancofyTHUX BPeLHOCTU NIOKA/THUX HanoHa
y Taukama B 1 S kog npocpmna HEA 360
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Cnuka 5.40: OgHoC anconyTHUX BPeAHOCTM MOAY>KHUX NIOKASTHUX HaroHa
y Taukama B 1 S kog npodmna IPE 300 n | PE 360

Kog oba cpeftbe LIMpoka Npoguia, OAHOC arncofNyTHUX BPefHOCTM MOMPEeYHUX
NOKa/IHUX HamnoHa B 1 S Mewa ce y penaTMBHO YCKMM rpaHuuama 3a i<40 mm: Kog
npoguna IPE 300 y aunjanasoHy og =1,12 go =1,13, a kog npodwmna IPE 360 y

AnjanasoHy of =1,11 go =1,15. MakcmumasnHe BPeAHOCTM NOCMaTpaHor 0fHOCa jaBrbajy
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ce npu i=50 mm un m3Hoce =12,1 3a npodwmn IPE 300, ogHocHOo =1,54 3a npodun
IPE 360, cnmka 5.41.
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Cnunka 5.41: OfHoc ancofyTHUX BPeAHOCTU NMOAYXHUX NOKaTHUX HanoHa
y Taykama B 1 S kog npodmna 1PE 300 n | PE 360

MpoueHTyanHa pasnmMkKa anconyTHUX BPEAHOCTM MOLYXKHWX JIOKAHUX HanoHa Yy
Taykama 2 1 3 (cnobofdHa MBMUA Aoker nojaca) Kog npoguna HEA 360 mewa ce y
penatMBHO YCKUM rpaHuuama, of =-59% po =4,9%, cnuka 5.42. lMocmartpaHa
npoueHTyanHa pasnmka kKog npoguna IPE 300 mMoHOTOHO onaga of =<14,8% po
=-16,6%, [OK Kof npodgmna Hajnpe MOHOTOHO pacTe of =6,2% [0 noKanHor

Makcmmyma =6,4% (3a i=10 mm), a NOTOM MOHOTOHO onafa Ao =—11,4%, cnuka 5.42.
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Cnnka 5.42: MNpougeHTyasHa pas/inka anconyTHUX BPeAHOCTH
NOAY>XHNX NOKA/IHMX HanoHa y Taukama 2 n 3
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Pa3nnke y ancofyTHUM BPeAHOCTMMA JIOKA/IHUX HaroHa Yy MpecevyHuM Tauykama
NNHWje fejcTBa orepeherba U ropwe U [OHe KOHTYype Huje NoTpebHO AoKas3uBatw,
umajyhn y Buay 4ukbeHMLy Aa je XepuoB HanoH BULLECTPYKO Behu 0f HaroHa
n3a3BaHNX IOKa/IHUM CaBUjateM [OHEr Mojaca.

C 0631pOM Ha UntbeHWLY Aa YAA/beHOCT TOYKa Of CNo6ofHe MBULE AOHEr Mnojaca
HWje penpeseHTaTMBaH NokasaTes/b OfHOCA MOJSioXKaja TOYKa M AMMeEH3Mja nonpeyHor
npeceka Hocaya (CnobofHe NOMywMpyHe AOHer nojaca), yrnopehmsawem BpesHOCTU
HarMoHCKMX Koe(hmumjeHaTa y 3aBMCHOCTY Of MoJioXaja Touka, civke 5.10 - 5.13, 5.19 -
5.22 n 5.28 - 5.31, He mory ce goHeTU BaiMAHW 3akmbydun. Ca gpyre cTpaHe, 3a UCTU
AvjanasoH NpoMeHe TOYKa, AMjana3oH BPeAHOCTM NapameTpa Monoxaja pas/vkyje ce
360r pasIMunTMX C1oboAHMX MONYLUMPUHA AOHer Mnojaca, LWTo oHemoryhasa ynopegHy
aHa/IM3y HaroHCKMX KoeduumjeHaTa Yy penatMBHO LUMPOKOM [AmjanasoHy MpoMeHe
BPEeLHOCTY napameTpa rnosioXaja Touka. YnpaBo 3aTo, Y HacTaBKy KOHA4YHOE/IEMEHTHUX
NCTPaXXmBara NPOLUMPEH je Aujana3oH NPOMeHe Mo/oXaja ToukKa, ca LumbeM fa ce KOA
CBaKOr pas3martpaHor npoguna MaeHTUUKYjy BpeHOCTN HaNOHCKNX KoedmumjeHaTa y

nHTepsany 0<A<0,8.
5.1.1 KpwuBe HaMnoHCKMX KoejuumjeHata

Ha ocHoBy pe3ynTata KOHaYHOENIEMEHTHOI UCTPaXKMBakba Ha MPOLUMPEHOM JOMEHY
mMoryhux nonoxaja To4yka, opMMpaHe Cy KpUBE 3aBUCHOCTU  HAMOHCKMX
Koe(hmumjeHaTa pasmaTpaHuxX CTaHZapAHux npodgwuna, cnvke 543, 544 n 545, y

061Ky Koju oarosapa ctaHgapay EN 15011 [5],

G,=a,+h;l +d e, i=xy, [=12SB (5.1)

Mnpw Yyemy Cy BPefHOCTW KOHCTaHTU &, bij, dij 1 fi; npeseHTnpaHe y Tabenn 5.1. Ocum
Tora, ogpeheHe Cy W KOHCTaHTE KPUBMX HaMOHCKUX KoeduumjeHaTa 3a npodun
HEA 360 Ha koMe cy obaB/beHa TEH30METpUjCKa UCTpaxmBara (Y La/beM TeKCTY:
»labopatopujckn HEA 360 npodun), Tabena 5.2. PedhepeHTHE AMMEH3Mje NONPeYHOr
npeceka nabopatopujckor HEA 360 npoduna y W3BECHOj Mepu OACTYNajy o0f

AVMeH3uja nponuncaHnx ctaHgapaom DIN 1025 (Blatt 3/1963), Tabena 2.1.
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Tabena 5.1: KOHCTaHTe KpMBUX HaMmOHCKNX KoethumumjeHaTa
(a) npodmn 1PE 300

Tauka a b d f

X y X y X y X y
S -0,46880 -2,18470 0,49659 2,18965 0,02133 0,00272 5,28285 8,04079
1 214797 2,33341 -1,22890 -1,71790 1,76664 -2,34830 -10,9440 -4,78660
2 0,86699 0,00000 -1,00730 0,00000 2,93115 0,00000 -5,42650 0,00000
B 0,64408 251271 -0,90210 -2,55900 -0,00120 -0,00450 8,78072 6,38460
(6) npodhmn 1PE 360
Tauka a b d f

X y X y X y X y
S -0,44630 -2,17910 0,78496 2,43625 0,00484 2,8x10* 7,12888 11,06361
1 2,17049 186224 -1,26670 -1,06410 1,70926 -1,86250 -10,7610C-6,10092
2 0,97422 0,00000 -1,16920 0,00000 2,83089 0,00000 -5,60970 0,00000
B 0,60684 2,45211 -0,87540 —2,71280 -0,00230 -4x10° 8,06732 14,16868
(8) npochmun HEA 360
Tauka a b d f

X y X y X y X y
S -0,54550 -2,26090 0,81010 2,29330 0,00070 0.00003 9,3534C 13.83424
1 244832 1,95553 -1,49600 -0,98870 1,93150 -2,27060 -13,3490C -8,46172
2 1,11505 0,00000 -1,34500 0,00000 3,08718 0,00000 -6,5452C 0.00000
B 0,67006 2,54408 -0,84380 -2,11350 -0,00060 -0,04080 9,3312C 3,72974
Tabena 5.2: KOHCTaHTe KpMBUX HaNmOHCKNX KoethuunjeHaTa

nabopatopujckor HEA 360 npoduna
Tauka a b d f

X y X y X y X y
S 05590 -2,2847 0,7430 21725 0,0011 4,9x10° 85337 12,5426
1 24831 23800 -1,5358 -1,6000 1,9508 -2,3800 -13,156 -5,8000
2 1,0834 0,0000 -1,2615 0,0000 31561 0,0000 -6,3824  0,0000
B 0,7295 25836 -0,9865 -2,1436 -2x10° -0,0175 16,4190 4,5823
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Cnuka 5.43: HamnoHCKM KoethuLmjeHTH y 30H1 TpaH3uuuje: (a) cy; (6) ¢y
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Cnuka 5.44: HanoHcKu KoetuumjeHTH y Tauku 1: (a) cy; (6) ¢y
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Cnuka 5.45; HanoHCKN KOe@UUMjEHT Cx Y TauKu 2

KpvBe HamoHCKUX KoeduumjeHaTa y petiepeHTHUM TaukaMa CTaHLApAHUX CPeaHse
wmnpokux npodmna (IPE 300 u IPE 360) 1 wupokonojacHor npoguna HEA 360 nmajy
NCTN KapakTep W aHanoraH Tok, cnvke 5.43, 5.44 n 5.45. YKONMKO Ce Kao OCHOBa 3a
ynopehuBare yCBOje anconyTHe BPeAHOCTM HaMOHCKUX KoedmumjeHata 3a npodmn
IPE 300, oHAa KpmBe 3aBUCHOCTM NPOLIEHTYaNIHUX OACTYNakba ancofyTHUX BpegHOCTH
ofroeapajyhnx HanoHcKux KoeduumjeHata npoguna IPE 360 n HEA 360 op
napameTpa MOMOXaja TOYKa, MMajy OGMMK MpuUKasaH Ha cnvkama 5.46 - 5.49%
MpoueHTyanHa ofcTynawa anconyTHUX BPEAHOCTM HAMOHCKUX — KoedwmuumjeHaTa
npoguna IPE 360 y 30HW TpaH3uuuje HeratMBHa Cy M MOHOTOHO ornagajyha, cnmnka
5.46. OacTynatse ancoyTHUX BPeAHOCTM HaMOHCKOr Koe(imLUmnjeHTa C, Y Ta4ykn Sonaga
o =-1,4% po =-21,4%, a y Tauku B, og =—6,0% po =-10,7%. Ha uctom nHtepsany
MpoMeHe MapameTpa MOMOXaja TOuka, OACTyMawe anconyTHUX BPegHOCTU HamOHCKOT
KoethunumjeHTa ¢y y Tauku S onaga of =-0,1% fo =-3,8%, a y Tauku B, og =-2,2% [0
=-4,6%.

! Kpuse npoueHTyanHnx ofcTynarwa npukasaHe cy Ha gomeHy 0<A<0,3, WTO oArosapa BPeAHOCTUMA
napameTpa nosoXaja ToUKa y peasHUM YC/IOBUMA - UHXKEHEPCKOj NpaKcy
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Cnwnka 5.46: MNpoueHTyanHa oAcTynaka anconyTHUX BPeLHOCTU HaNOHCKNX

|
(6)

KoethnumjeHata y 30HM TpaHsuumje: (a) cy; (6) ¢,
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Y 30HM TpaH3uumje, OACTyNawe arnconyTHUX BPEAHOCTU HANOHCKOr KoeduumjeHTa
Cx Y Ta4ykn S npocrna HEA 360 MOHOTOHO onaga o =21,7% [0 NIOKa/IHOr MUHUMYMa
=20,8% (3a A=0,1), a nOTOM MOHOTOHO pacTe A0 =34,8%, cnuka 5.46(a). ¥ Tauku B
pasMatpaHO OACTynawe MOHOTOHO pacte of =4,1% po =14,1%. Opactynawe
ancoyTHUX BPeAHOCTU HArMOHCKOI KoeduLMjeHTa C, Y Ta4kM S MOHOTOHO pacTe Of
=3,6% [0 =4,9%, a y Tauku B, og =—0,2% [0 =4,1%, cnvka 5.46(6).

Kog npodwuna IPE 360 npoueHTyasIHO OACTyMawe arconyTHUX BPeAHOCTU
HarMoHCKOI KoeuLmjeHTa Cx Y Tauku 1 Hasasm ce y Bp/io YCKum rpaHuyama (=-0,9% ao
=0,7%), cnvka 5.47, Tako Aa je ca NHXerepcKor CTaHOBMLLTa 3aHeMap/byiBo Mano. 3a
MCTW WHTEpBan MPOMeHe BPeAHOCTM MapaMeTpa Mo/oXaja TOYKa, Ko4 npogwna
HEA 360, pasmaTpaHOo 0fCTynawe MOHOTOHO onaga of =11,9% 3a A=0, Ao nokanHor
MUHMMYyMa =7,3% Koju ce jaB/ba npu A=0,1, a NOTOM MOHOTOHO pacTte Ao =10,3% 3a
A=0,3, cnunka 5.47.
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Cnuka 5.47: TpoueHTyanHa oAcTynara anconyTHUX BPegHOCTU

HarMoHCKOr KoeuLmjeHTa Cx Yy Taukm 1

Mpy manMm BpegHOCTMMA napameTpa nonoxaja (A) BPELHOCTUM HAMOHCKOT
Koe(hmumjeHTa Cy y Taukm 1 6nucke cy Hynu, cnuka 5.44(6), Tako fa Bp/io BUCOKa
NPOLIeHTYyaHa OACTYMakwa anconyTHUX BPeLHOCTM NMOCMATpPaHoOr KoeduumjeHTa HUCY
04, 3Hayaja, cnmka 5.48. 3a 0,05sA<0,1 kog npogwuna IPE 360 BpegHOCTU
MPOLEHTYa/IHOI OACTYNaka HanoHCKOr KoeuumjeHTa C, y Tauku 1 onagajy og =9,4%
A0 =5,4%, a HaKOH TOra arnco/slyTHa BpeAHOCT nocMaTpaHor OfCcTynarwa Mawa je of 5%,
cnuka 5.48. Kog npodgmna HEA 360 nocmaTtpaHa oAcTynaka 3HaTHO cy Beha 1 U3Hoce:
3a A=0,05 - =33,0%, 3a A=0,1 - =27,4%, a 3a A=0,3 - =17,3%, cnuka 5.48.
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Cnunka 5.48: MNpoueHTyaHa 0ACTYyMNaka ancoyTHNUX BPeAHOCTH
HamnoHCKOr KoethuLmnjeHTa C, y Taukm 1

Ca VHXeHepCcKor acnekTa, MPOLEHTyasHa OACTynata anconyTHUX BPeAHOCTU

HaMoHCKOr KoeuumjeHTa Cx Y Tauku 2 Ko npogumna IPE 360 3aHeMap/bMBO Cy Mana,

cnvka 5.49. Kpehy ce y rpaHumyama =0,2% po 0,8%. Kog npoduna HEA 360

NnocMaTpaHo MPOLEHTYaNHO OACTynake MOHOTOHO onaga og <10,6% fo =0,4%, cnvka

5.49.
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Cnunka 5.49: MNpoueHTyaHa 0ACTYyMNaka ancoyTHUX BPeAHOCTH
HarMoHCKOI KOeuLMjeHTa Cx Y Taukm 2
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Ha 0CHOBY MaKcVMManHUX anconyTHUX BPeAHOCTU pa3mMaTpaHMX OfcTynarba, Tabena

5.3, 3aK/byuyje ce cnefehe:

y opHocy Ha npocun IPE 300, npoueHTyanHa OACTyMmara arconyTHUX
BPEAHOCTU HAmMOHCKMX Koe(uuuMjeHaTa Yy peepeHTHUM Taykama npoduna
|PE 360 nprxBaT/bMBa Cy Ca MHXEHEPCKOr acnekTa, OCUM 3a KOe(UUMjeHT Cy Y
Taukn S (MaKkCUMasiHa arcosyTHa BPpeAHOCT MPOLEHTYaHOr OACTYMnarkba U3HOCK
21,4%);

NpoLeHTyaslHa OACTyNaka arnconyTHUX BPeAHOCTM HaMOHCKUX KoeduumjeHaTta
npopuna HEA 360 y ofHOCYy Ha arncofiyTHe BPeAHOCTU HarOHCKUX
KoethmumjeHaTa npoguna IPE 300, 3HaTHO cy Beha. [Npu TOMe Cy MakcuManHe
arconyTHe BPeAHOCTU OACTyMNawa Koe(uumjeHaTa Cx Yy CBUM pediepeHTHUM
Taukama Behe on 10%. Y Taukama S M B pgoctmky 34,8% n 14,1%,
PECMEKTUBHO. Y WCTMM Taykama MakCUMasiHe arconyTHe BPefHOCTM
NPOLEHTYa/IHUX OfCTynata KoeguuujeHTa €, u3Hoce 4,9% un 4,1%,
pecnekTuBHO. Hajseha anconytHa BPEAHOCT MPOLEHTYa/IHOr OACTYynarba

Koe(huLmjeHTa C, jaB/ba ce y Tauku 1 n nsHocu 33,0%.

Tab6ena 5.3: MakcumasHe ancoslyTHe BpeaHOCTM NMPOLEHTYaIHUX 0ACTynarba

HarnoHCKMX KoejnumjeHata

Mpodmn Tauka MakcumasHa ancoslyTHa BpeaHOCT NPOLEHTYaIHOT 0ACTynaka

afcolfyTHMUX BPeAHOCTU HAaMOHCKNX KOE(*)I/ILLI/IjeHaTa

Cx c
S 21.4% 3.8%
B 10,7% 4.6%
IIFE 58 1 0.9% 9,4%"
2 0.8% _
S 34.8% 4.9%
B 14.1% 4.1%
sl 1 11,9% 33.0%*
2 10,6% _

* Mpn Manum BpeaHOCTMMA NapameTpa nonoxaja (A) BPeAHOCTY HAMOHCKOr KoeduuyjeHTa ¢, y Tauku 1
6nncke cy Hynu, ciuka 5.44(6), 36or uyera Bp/io BMCOKA MNPOLEHTyalHa OACTYMawa anconyTHUX
BPeAHOCTM NocMaTpaHor KoethuumjeHTa HUCY o[ 3HaYaja. 3aTo cy y Tabenu fate BpegHocTm 3a A=0,05

M3noxeHe 4uheHuLe HaMehy nnTake MOFthOCTI/I noysfgaHe nNpuMeHe WNCTUX

n3pasa 3a U3pavyyHaBaH€ HarnoHa U3a3BaHMX JTIOKa/THUM I£l|(3jCTBOM TOYKa KO CBUX K/aca

npotuna ca napanenHUM KoHTypama nojaca. OBO je NocebHO BaXXHO 360r Tora LUTO

noctojeha nuTeparypa n Baxeha TexHWYKa perynatvea He npy»ajy MoryhHocT oueHe
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rpeLke Koja ce YMHN TOKOM MAEHTU(MKaLMje HanMoHCKOr CTakba M3a3BaHor IOKa/THUM

[1ejCTBOM TOUKa.

5.1.2 ¥YTuuaj BUCUHe npodmna Ha BPeAHOCTM HAMOHCKMNX Koe(mumjeHaTa

MpoueHTyanHa oAcTynaka BPeAHOCTM HANOHCKNX KoedmumjeHata npodguna |PE 360
y 0[jHOCY Ha BPeAHOCTM HamMOHCKMX KoemuumjeHaTa kog npoguna |PE 300 nocneguua
je yTuuaja BenmMyMHe MOMpeyvyHor npeceka npogwuia ucte Knace. 3ato Cy y HacTaBKy
Npe3eHTMPaHn pesynTatn UCTpaKmBarba yTuuaja BenndmHe npouna knace HEA [DIN
1025 (Blatt 3/1963)] Ha BpeAHOCTWM HAMOHCKUX KoeduumjeHata. lMpu TOMe cy
pa3martpaHu npodunm HEA 300, HEA 360, HEA 450, HEA 550, HEA 650, HEA 800 u
HEA 1000, cnuke 5.50 - 5.53, 3a BpeAHOCT napameTtpa nonoxaja Toyka A=0,1. Kao
OCHOBa 3a YropehuBare, OAHOCHO WAEHTU(MKALMjy NPOLEHTANHUX OACTyMnara
anconyTHMX BPeAHOCTM HamMoOHCKUX KoejmumjeHata, cnvke 5.54 - 556, Tabena 5.4,
ycBojeH je npogwmn HEA 360 Ha OCHOBY Kora cy W (hopMMpaHe KpWBE HaMOHCKMX

KoedmLmjeHaTa NOMeHyTe Knace npoguna.
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Cnuka 5.50: HanoHCKu KoeghmUMjeHTH Cx Y 30HM TpaH3uuumje 3a A=0,1
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Cnuka 5.51: HamnoHCKM KoethunLmjeHTH ¢, Y 30HM TpaHsuuuje 3a A=0,1
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Cnuka 5.52: HanoHCcKu KoetuLmjeHTH ¢, 1 ¢y y Tauku 1 3a A=0,1
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Cnuka 5.53: HanoHCKu KoegmunjeHTn ¢y y Taukn 2 3a A=0,1
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Cnuka 5.54: MpoueHTyanHo 0ACTynake HanoHCKMX KoeduLmjeHaTa
Yy 30HY TpaH3unumje 3a A=0,1: (a) cy; (6) ¢y
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Cnuka 5.55: TNpoueHTyaiHO OACTYMake HAMoOHCKUX KoeuumjeHaTta y Tauku 1 3a A=0,1
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Cnuka 5.56: MNpoueHTyannHo OACTyNake HaNoOHCKOT KoethuumjeHTa Cy
y Taukn 2 3a A=0,1

Tabena 5.4: EKCTpeMHe BpeAHOCTM NPOLEHTYa/THNX OACTYNarba arnconyTHUX

BPeAHOCTM HaMoOHCKUX KoetumumjeHata 3a A=0,1

Tauka EKCTpemHe BpeHOCTM NPOLEHTYa/IHUX OACTYMaka arnconyTHUX BPeaHOCTU

. Cx . S

min. max. min. max.

0 -16,5% 6,5% -17,8% 29,8%
S -52,7% 12,1% -8,6% 1,8%
1 -82,2% -3,3% -53,3% 117,6%
2 -2,0% 0,2% - -
B -21,4% 3,5% -3,2% 0,4%
Ha ocHOBYy Amjarpama npeseHTMpaHuX Ha cnvkama 5.54 - 5.56, ka0 1 Ha OCHOBY
eKCTPEMHMX  BPEAHOCTM  MPOLEHTYaHUX  OACTYNawa  ancoflyTHUX — BPefHOCTM

HarMoHCKMX KoeguumjeHata gatux y Tabenu 5.4, 3akibyuyyje ce cnefehe:

MUHUMa/IHE BPEAHOCTU MPOLEHTYaIHUX OACTynawa BPeAHOCTU HaMOHCKUX
Koe(hmupmjeHaTa Cy Y CBMM Taykama y 30HV TpaH3uLuje BP0 CY BUCOKE; HUX0BE
BpegHoctM y Tadykama 0, S m B wusHoce -16,5%, -52,7% wn -21,4%,
pecneKTUBHO;

MaKCuManHe BPeAHOCTM MNPOLEHTYaNHUX OACTYyNarwa BPeLHOCTU HanOHCKMX
KoethmumjeHaTa cx y y Taukama 0, S n B wusHoce 6,5%, 12,1,7% un 3,5%,
PECMEKTUBHO; [aK/e, Ca WMHXXEeHepCKOr CTaHOBWLUTA, pasMaTpaHO OACTynawe
MMa HenpuxBaTHMBO BUCKOKY BpeAHOCT (M3Hag 10%);

eKCTpPeMHe BpPeAHOCTV MPOLEHTYa/IHUX OACTYNawa BPELHOCTU HAMOHCKMUX
KoethuumjeHata ¢, y Taukmn 0 (-17,8% un 29,8%), ca MHXKeHepCKor acnekra HUCY

npuxsat/buee (anconyTHa BpeAHOCT Beha of 10%); y Taukama Su B anconyTHe
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BPEAHOCTM NPOLIEHTYaIHUX OACTYNaba BPeAHOCTY HAaMOHCKOr KoeuumnjeHTa ¢,
Make cy og 10%;

y Taukym 1, MUHUManHa BPeLHOCT MPOLEHTYyasHOr OACTyMnawa HamnoHCKor
Koe(hmumjeHTa cx usHocu —82,7% u jaB/ba ce Kog npoguna HEA 300; y cBum
OCTa/IMM C/lyYajeBMMa, arconyTHa BPEeLHOCT pa3maTpaHor MpOLEeHTYyaHor
ofcTynawa Mawa je og 10%, cnvka 5.55, WITO je ca MHXEHEPCKOr acnekTa
NMPUXBAT/bUB HUBO rPELLKE;

eKCTpeMHe BPeAHOCTUN NPOLIEHTYaIHNUX OACTYNakba HanoHCKOr KoeduLmjeHTa Cy
y Taukn 1 MOHOTOHO onagajy og 117,6% po -53,3%, cnvka 5.55; ocum Tora,
anconyTHe BpeAHOCTM MOMeHyTOr oacTynaka Behe cy of 10% 3a cBe
pa3marpaHe Be/iM4nHe Npopuna,;

MPOLEeHTyasHa OACTYMNara ancoyTHUX BPeLHOCTU HArMOHCKOT KOe(ULIMjeHTa Cy
Y Tayku 2 3aHeMap/bMBO CY Masna; fak/e, BpeLHOCTU KOe(ULMjeHTa Cy Y Tauku 2

MHBapWjaHTHE Cy Yy OAHOCY Ha BeNMUMHY pa3MaTpaHe Knace npoduna.

YTuuaj reoMeTpujckmx uMmnepekLmja nonpeyHor npecexka Ha
BPELHOCTMHAMOHCKMX KoetuLmjeHaTa

Opctynama petepeHTHUX AMMEH3Mja MonpeyHor npeceka npoguna HEA 360 Ha

KOMe cy 06aB/beHa TEH3OMETPUjCKa UCTPaXMBarba, Tabena 2.1, y U3BECHOj Mepn yTuuy

Ha NOKa/IHO HAMOHCKO CTatbe, OAHOCHO BPEAHOCTM HAMOHCKMX KoemuuujeHaTa, CIunKe
5.57 - 5.63, Tabena 5.5.

Tabena 5.5: EKCTpeMHe BpeAHOCTM NPOLEHTYaIHNX OACTYNarba arnconyTHNX

BPEAHOCTM HaMOHCKMX KoeguLmjeHaTa nabopaTopujckor npotunia
HEA 360 y ogHocy Ha cTaHgapgHv npodun HEA 360

Tauka EKCTpemHe BpeHOCTM NPOLEHTYaIHUX OACTYMaka arnconyTHUX BPeaHOCTU

. Cx . S
min. max. min. max.
S 2,4% 10,7% 1,1% 3,8%
1 1,2% 1,6% —2,4% 0,4%
2 0,9% 2,2% - -
B 6,4% 9,0% 2,5% 4,8%
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Cnuka 5.57: HamnoHCKu KoetunLmjeHTH y 30H1 TpaH3uuuje: (a) cy; (6) ¢y
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Cnuka 5.58: HamnoHcku KoetuumjeHTH y Tauku 1: (a) cy; (6) ¢y
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Cnuka 5.60: INMpoueHTYyanHo oACTynake HaNoHCKOr KoetuumjeHTa Cy

Y 30HU TpaH3uuyje
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Cnuka 5.61: MpoLeHTYyasHO 0ACTYNaHe HaNnoHCKOr KoeMuLmnjeHTa ¢y

Y 30HU TpaH3uLmje
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Cnuka 5.62: MpoLeHTYyanHo OACTYNakbe HaMOHCKUX KoeduupjeHaTa y Tauku 1
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Cnunka 5.63: lNpoueHTYyanHo OACTYNake HANOHCKOr KoeuLMjeHTa Cy Y Tauky 2

Ha ocHOBY npe3eHTUpaHMX pe3ynTaTa UCTpaXkuBara, cimke 5.57 - 5.63, Tabena 5.5,

3a MHTeBaN NPOMeHe napameTpa nonoxaja 0<A<0,3, 3ak/byyyje ce cnegehe:

ancoslyTHe BPeAHOCTM HaMoOHCKMX KoejmumjeHaTa Kof flabopaTopujckor
npocuna HEA 360 Behe cy Hero ko ctaHgapgHor npoguna HEA 360, y cBum
pedepeHTHUM Taykama MOMpPeYyHor rmpeceka, OCWMM arconyTHe BPeAHOCTU
HaMoHCKOT Koe(huLMjeHTa C, y Tauku 1,

caMo Yy 30HW TpaH3uumje MpOLeHTyanHa OACTynara anconyTHUX BPefHOCTU
HanoHCKNX KoeduumjeHaTa Cx LOCTUXY 3HayajHuje BpegHocTu: 10,7% Yy Taukm
S, ogHocHo, 9,0% y TauykM B; y CBMM OCTa/JiUM CNydvajeBMMa arcosyTHe

Bpe4HOCTM MPOLEHTYa/IHUX OACTYNaka Make cy of 5%.

5.2 3ak/by4yum KOHa4YHOENIEMEHTHOI UCTPaXKMBaka CTaHAapAHUX npotuna

Ha ocHOBYy pe3ynTtaTa KOHaYHOENEMEHTHOr WMCTpaXkmMBatba W HIUXOBE YNOpeaHe

aHanuse, 3ak/byyyje ce cnegehe:

anconyTHe BPeAHOCTM HarnoHa M3a3BaHUX JIOK&/IHUM [1eJCTBOM TOYKA Ha ropH0j
N [OH0] KOHTYPW AOH-Er Mojaca HUCY jeflHake HU Y jeIHO] PethepPeHTHOj TauKu
MOMPeYHOr npeceka, LUTO Hervpa ogpendy ctaHgapga EN 15011 [5] npema Kojoj
Cy ancofyTHe BPefHOCTW HanoOHCKMX Koe(uLmjeHaTa Y KOpPeCcnoHAEHTHUM

TauKama ropHe 1 [10He KOHTYPE jeHAKE;

Y 30HM TpaH3uLmje oK nojac/pebpo, Npu BpeAHOCTMMA MapameTpa rnosoxaja

Touka 0<A<0,3 (WTO je JOMMHaHTaH, rOTOBO UCK/bYUMB CMyYaj Y VHXEHEPCKO]
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npakcu) BPeAHOCTM HaMOHCKMX KoetumumjeHaTa Cx Ha [OH0j KOHTYPWU [OH-Er
rojaca Ccy HeraTuBHe, LUTO Hernpa ogpeabe ctaHgapga [5] koju ce ogHoCK Ha

MoCTynakK npopayyHa IOKa/HMX HaroHa Y NoAyXXHOM MpaBLy;

e Y 30HM TpaH3uLMje N Y Ta4yKu [0HE KOHTYpE KOja Ce Hanasn HernocpeaHo UCMoA
TOYKa, MNpOLUeHTyanHa OACTyMaka arncofyTHUX BPEeAHOCTM  HaMOHCKUX
KoemymjeHaTa pasnMumMTUX BpcTa Mpodmna ca napanesHUM KOHTypama, ca
MHXEHPCKOr  acrekTa HefonyCTUBO CY BWCOKA; HaBeAeHM pesynTar
NCTPaXmBara AOBOAN Y MWTae Ta4YHOCT MPUMEHE MCTMX M3pasa (KpMBMUX) 3a
NOEHTU(DMKALUM]Y NOKaNHOr HamoOHCKOr CTaka Ko CBMX npoduna  ca
napanefHMM KOHTypama nojaceBa, MOCEOGHO Y CBET/lY UMHEHWLE Ja Hu
cTaHgapa [5], HMTK nocTojeha nuTepaTtypa, He pasmatpajy Npobrem rpeLuke

Koja Cce Ha Taj HauMH YMHU;

e Be/MUMHA NPoMNa 3HAUajHO YTIUYEe Ha BPEAHOCTU HAMOHCKMX KoeduLmjeHaTa,
OCMM Ha CnoGOAHOj MBMUM [AOHEr Tojaca; MNpOLEHTyanHa oOfcTynaka
anconyTHUX BPEAHOCTW HamMOHCKMX KoeduuuMjeHaTa Y 30HU TpaH3uuuje vy

TauKm []0te KOHTYpE KOja Ce Hanasu HemocpeaHo VCMOo TOUKa, BP/IO CY BUCOKA;

e Kaja je pey 0 yTuuUajy TEeOMETPUjCKUX MMNepeKumja MOMpeyHor npeceka
npouna Ha BPeAHOCTM HaMOHCKUX Koe(uuMjeHaTa, yo4yaBa Ce fa je OH
M3paXkeH y pediepeHTHUM Taykama y 30HM TpaH3uumje, AOK je Yy ocTanmm

pegepeHTHM Taukama HeroB yTulaj penaTMBHO HU3aAK;

e KOHayHO, CyMeprnoHvpare yTuuaja Knace npouna ca napaneHoM KOHTYpPOM
rnojaceBa, Be/MYMHE TIpeceka W MOryhux reoMeTpujckux umnepdekymja
MOMPEYHOr Nnpeceka MOXe fAa pesynTupa penaTMBHO BE/IMKOM TPELLIKOM TOKOM

[OKa3nBaka l-IBpCTOﬁe HOCa4a.

N3noxxeHe unkbeHMLEe Hamehy NOTpeby KOMMapaTMBHE aHaM3e KPUBKX HAMOHCKMX
KoedmumjeHaTa Koje Cy (hopMMpaHe Yy OBOM pagy W ofrosapajyhux KpuBux

AeduHncaHnX cTaHgapaom [5].
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YTIOPEAHA AHANTN3A KPBUX HAINOHCKIKX

6. KOE®PUNLIMIEHATA

KpuBe HamoHCKUX Koe(umumjeHaTa Cx Y 30HM TpaH3uumje LowM Mojac/pebpo, Ha
[0H0j noBpLwmHKU nojaca (Tauke 0 U S, cnuka 2.1), MOHOTOHO cy pacTyhe, cnvka 6.1.
YouaBa ce [a Cy BpeAHOCTM KpuBE HamoOHCKOr KoeuumjeHTa y Taukm 0 (Cyo)
pedmHucaHe craHgapgom EN 15011 (y fa/bem TekCTy: CTaHapAHa KpuBa Cyo)
NO3NTMBHE Ha LENOKYNHOM [OMeHy MpOMeHe MapameTpa Monoxaja Touka. Kog
npouna HEA 360, mehyTum, BpeAaHOCTU KoeduuujeHTa Cx Y Tadkm O noctajy
nosuTueHe 3a A>0,67, cimka 6.1, WTO je 3HaTHO Beha BPeAHOCT napamMeTpa rnosoxaja

TOYKa O[] OHe KOja je IOMUHAHTHA Y MHXXEHEPCKO] Npakeu (A<0,3).

2~
[ —e— IPE 300: ch
[| —— .1PE 360: c
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1.5M *© f
—e—EN15011: ¢
L x0
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0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
|

Cnuka 6.1: Kpmee HanoHCKOT KoegmLmjeHTa Cx Y 30HM TpaH3uumje 40K nojac/pebpo
y Taukama O 1 S (fora KOHTYpa LoHer nojaca)
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3a BpegHOCTM MapameTpa MoO/oXaja TOYKa KOje Cy Of MHTepeca ca CTaHOBMLUTA
VHXEHEPCKe  MNPUMEHe,  MPOLEHTYaNHO  OACTYNake  ancofiyTHe  BPeAHOCTM
Koe(uuUmjeHTa Cxo Npotna HEA 360 y ofHOCY Ha anconyTHe BpedHOCTW CTaHAapaHe
KpvMBE MOHOTOHO onaga of <61% pao = -10,8%, cnvka 6.2. Oakne, 3a 0<A<0,2692
ancoslyTHe BPeLHOCTM HAMOHCKOr KoeuLmjeHTa Cyo Ko npoguna HEA 360 sehe cy y

0/[IHOCY Ha BpeAHOCTU Koje Aaje cTaHAapAHa KpUBa Cyo.
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Cnvika 6.2: MpoLeHTYasIHO OACTYMatbe anconyTHe BPeAHOCTY HaNMoOHCKOr

Koe(hmumjeHTa Cyo Npothrna HEA 360 y ofHocy Ha
CTaHAapAHY KPUBY Cxo

100 x (lcxo,HE-A 360' - |cx0,EN 15011|) ! ICxo,EN 15011|

MpoueHTyanHa OACTyMawa ancoMyTHUX BPEAHOCTU HAMOHCKMX KoeduumjeHaTa y
Taukn S (Cys), Y OIHOCY Ha CTaHAapAHY KPUBY Cyo, 38 0<A<0,3 MOHOTOHO Cy onagajyha
N BPNO BUCOKMX BpeaHoCTH, cnvka 6.3. Kog of npodmna HEA 360 oHa cy Hajseha,
Nno3uTUBHA CYy Ha LesioM noggomMeHy 0<A<0,3 n onagajy og =175,1% po =20,4%, cnvka
6.3. PasmaTtpaHo ofcTynawe Kog npotuna IPE 300 MOHOTOHO onaga og =126,0% Ao
Hyne 3a A=0,283, a notom o = -10,7% 3a A=0,3, cnvka 6.3. Kog npoguna IPE 360
nocmarpaHo oAcTynawe onaga of =123,0% A0 Hyne Koja ce jae/ba 3a A=0,251 1 noTom
Ao = -29,8% 3a A=0,3, cnvka 6.3.

Monoxaj Tauke Ha ropk0j KOHTYpPU AOH-er nojaca Koja 6u 6una KopecrnoHAeHTHa
Taukn 0 Ha JOHOj KOHTYpW cTaHgapgom EN 15011 [5] Huje pedmHucaH. Hasogu ce
caMo fJa Cy /IOKa/HW HaroHW Ha TOpHOj W [0HO0j KOHTYPU WCTUX arnconyTHUX
BPeAHOCTW, CaMO MM je MpefsHaK CynpoTaH. 3aTo Cy Ha cimum 6.4, 0CMM KPUBUX
HaMoHCKMX KoegmumjeHata y Tauky B (nouyetak pagujyca TpaH3uuuje) npukasaHe u

KpVBE HaMOHCKMX KoeuLmjeHaTa y Tauku 0, ca CynpoTHUM npe3HaKoM.
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Cnuka 6.3: TlpoueHTyasiHa 0ACTYynaka anconyTHUX BPpe4HOCTN HANOHCKNX

KoethmupmjeHaTa Cys Y OHOCY Ha CTaHAapAHY KPUBY Cyxo
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Cnuka 6.4: KprBe HanoOHCKOr KoeLmjeHTa Cx Y 30HM TpaH3uumje Aon nojac/pebpo

y Tayku B (ropra KOHTypa foHer nojaca)
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Ha nHTepBany npomeHe napameTpa nonoxaja Touka 0<A<0,3 BpeAHOCTM HANMOHCKUX
KoethmumjeHaTa Cx Yy Tauykm B (Cxg) MO3UTMBHE Cy, cnvka 6.4, U 3HAaTHO Behe of
anconyTHMX BPeAHOCTM HAMOHCKMUX KoedmupjeHaTa y KOPeCnOoHAEHTHOj Taukn S (Cxs)
Ha AoH0j KOHTYpw, cnmka 6.5. Kog npogumna IPE 300 npoueHTyanHa pasnvka Hajnpe
He3HaTHO MOHOTOHO onaga of <43,7% po =43,5% npu A=0,04, a NOTOM MOHOTOHO
pacte fo =65,3% 3a A=0,3, cnvka 6.5. Kog npodguna IPE 360 ucte knace, nocmaTpaHo
MPOLEHTYa/IHO OACTYMawe MOHOTOHO pacte of =37,0% po =87,8%. HajHuxke
MPOLEHTYaIHO OACTYMare jaB/ba Ce KOA LumpokomnojacHor npodgwuna HEA 360, kof
Kora MOHOTOHO pacTe of, =22,9% fo =40,0%, cnuka 6.5. Ocum Tora, BaXXHO je youuTn
[a Cy BPegHOCTM HamnoOHCKMX KoeduumjeHaTa Cxg 3HAaTHO Behe M 0f ancoiyTHUX
BPEAHOCTM HaNOHCKOr KoehuupjeHaTa Cyo AePUHMUCAHMX CTaHAAPAHOM KPUBOM, C/IMKA
6.6. TlpoueHTyanHe pa3/iMke KO CBUX WCTPRXMBAHWX Mpoduia MOHOTOHO Cy
onagajyher kapaktepa. Hajsehe BpegHOCTM jaB/bajy Ce KOf, LUMPOKONojacHor npodmna
HEA 360 (=238,1% 3a A=0, =68,5% 3a A\=0,3), a Hajmare ko npocuna IPE 360
(=205,3% 3a A=0, =31,9% 3a A=0,3), cnka 6.6.
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Cnvka 6.5: MpoueHTyanHa pasnnka BpeAHOCTY HaNMOHCKMUX KoeduupjeHaTa Cy
y KOpPECMOHAEHTHUM TauKama f0tbe U ropte KOHTYpe (B 1 S)

213



260 -

%o —=—IPE 300
Y: 238.1 —=—|PE 360
240f- u ——HE-A 360
||
220 -
O xo X: 0.1
| [Y:2247 Y: 204.1
||
2001~ x:0 "
| Y:2053
||
180 |- X: 0.1
- Y: 186.9
o =
~ 160~ X: 0.1
Iy Y: 167.7 X: 0.2
= Y: 1433
T 140} o
@ X: 0.2
% L Y:123.4
< | ]
x
X 120 \\
=4 L
|
100} X: 0.2
Y: 105.6
80 [~ X: 0.3
Y: 68.46
|
60 - X: 0.3
Y: 47.62
B 03
40} Y: 31.87
L |
I ¢ ¢ ¢ ¢ B ¢ ¢ ¢ ¢ b ¢ ¢ ¢ ¢ b ¢ ¢ ¢ ¢ b ¢ ¢ ¢ ¢ b ¢ ¢ ¢ ¢ b ¢ ¢ ¢ ¢ b ¢ ¢ ¢ ¢ }
-0.05 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

|
Cnwuka 6.6: MpoueHTyaHa pa3nnka BpeAHOCTU HAMOHCKMX KoeuLmjeHaTa Cygs
1 anconyTHUX BPeAHOCTM CTaHAapAHe KPUBE Cyo

KpuBe HamoHCKUX KoeduumjeHaTa C, y 30HU TpaH3uumje [omK nojac/pebpo, Ha
[I0H0j KOHTYpW nojaca (Tauke 0 n S), HeraTMBHE CY U MOHOTOHO pacTtyhe, cnvka 6.7.
TOKOBM KpMBMX HAMOHCKMX KoeduuujeHaTa C, Y Tauykm S, KOf CBUX UCMUTUBAHUX
npodwuna, oArosapajy TOKy CTaHapfiHe KpUBE HAMOHCKOr KoeuumjeHTa Cy Y Taukm 0.
Ca [fpyre cTpaHe, yo4yaBa Ce [Ja KpvBa HarnoHCKOI KoeduuujeHTa Cyo KOog npotmna
HEA 360, Ha pa3maTpaHOM [OMeHy napaMeTpa NosioXaja TO4Ka, AereHepuLle y Ayx,
cnmka 6.7. ANcCOonyTHe BpPefHOCTM HAMOHCKOr KoeduuMjeHTa Cy Kof npodwna
HEA 360 matbe Cy 0ofi anconyTHUX BPeAHOCTU CTaHAapfHe KpuBe Cyo 3a =36,5% npu

A=0, ogHOCHO, 3a =25,4% 3a A=0,3, cnunka 6.8.
MpoueHTyaHa OACTYNara ancoMyTHUX BPEAHOCTU HAMOHCKOT KoeduupjeHTa Cys Y
OAHOCY Ha BPEAHOCTM HArMOHCKOr KOoeduuMjeHTa Cy [AetuHWUCaHe CTaHAapAHOM
KpUBOM, KOf, cpeare wupokux npodguna (IPE 300 n IPE 360) Bpno cy mana. Hbmxose

anconytHe BpefgHoOCTM Mawe cy o =<3,8%, cnuka 6.9. Ocum TOra, M BpPeaHOCTU
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nocmatpaHor oAcTynaka Kof wupokonojacHor npoguna HEA 360 npuxsaT/buBe Cy ca

NHXXeH:ePCKOr acrnekTta - MakCumasiHa BpeHOCT He npenasu =7,6%, cnuka 6.9.
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Cnuka 6.7: KprBe HanoHCKOr KoeuLmjeHTa Cy y 30HM TpaH3uLimje [okbun nojac/pebpo
y Taukama 0 n S (gorba KOHTYpa [oHer rojaca)
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Cnwnka 6.8: MNpoueHTyasIHo 0ACTYynare ancoyTHe BPeAHOCTY HaNoOHCKOr

KoethumjeHTa Cyo Npotnna HEA 360 y ofHOCY Ha
CTaHAapAHY KpUBY Cyo
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Cnnka 6.9 NpoLeHTyanHa oAcTynaka ancoyTHUX BPeAHOCTU HanoHCKUX

KoedMumjeHaTa Cys Yy OfHOCY Ha anconyTHe BPegHOCTM
HaMOHCKMX KoemumjeHaTa AedmHUCaHe CTaHAAPAHOM KPUBOM

Cyo

carfiacHOCTU ca TOKOM CTaHzapaHe Kp1Be —Cyo.
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Ha noueTky pagujyca TpaH3uuuje ropkwa KOoHTypa/pebpo (Tauka B) kpuse

HaMoOHCKMX KoedumumjeHaTa C;z MOHOTOHO Cy onafajyhe, cimka 6.10, n y nobpoj cy
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Cnuka 6.10: Kpuse HanoHCKOr KoeMuLmnjeHTa Cy y 30H1 TpaH3uLmje Aok K nojac/pebpo
y Tayuku B (ropra KOHTypa AoHer rnojaca)
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Ha wHTepBany npomeHe mnapameTpa Monoxaja Touyka 0<A<0,3 BpeaHOCTU
KoeuuyjeHTa Cyg Behe Cy 0A anconyTHUX BPeAHOCTU HaMOHCKOT Koe(uLmjeHTa Cys KOA
CBMX UCNUTMBaHMX npodwmna, cnmka 6.11. Hajsehe BpeAHOCTM MocmaTpaHe
NnpoLeHTyanHe pas3nuke jaBrbajy ce kog npodgwmna IPE 300. Kpehy ce y penaTtuBHO
YCKUM rpaHuuamMa, og =14,5% po =15,0%, camnka 6.11. Kog npodwmna IPE 360, kao u
koA npodmnna HEA 360, pasmaTpaHe MpoueHTyanHe pas3/iMke MOHOTOHO cy pacTyher
KapakTepa, Npu 4emMy je Avjana3oH nNpomeHe Takohe penaTvBHO y3ak. Kog npoduna
IPE 360 npoueHTyanHa pasnunka pacte og =<12,5% po =13,5%, [OK Kog npodgwunia
HEA 360 oHa pacTte og =10,7% g0 =13,6%, cnvka 6.11.
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Cnuka 6.11: MpoueHTyasIHa pasnnka BpeAHOCTU HAaMOHCKMX KoeuLmjeHata cy
Y KOPeCnoHAEHTHNM TayKamMa [10He U ropke KOHTYpe (B n S)
MpoueHTyanHa oAcTynara BPefHOCTU HAMOHCKOr KoeuLMjeHTa Cyg Y OAHOCY Ha
BPEAHOCTM HaroHCKOr KoeduumjeHTa fAedmHUCcCaHOr CTaHAapAHOM KPUBOM  —Cyo,

MO3UTMBHA CY KO/ CBMX UCTMIUTMBAHMX Npocuna Ha noaAoMeHy napaMeTpa nosoxaja
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Touka 0<A<0,3, cnuka 6.12. Kog npoguna HEA 360 nocmaTpaHa pas/nivka MOHOTOHO
pacte of =19,1% po =22,0%, cnuka 6.12. Ca gpyre cTpaHe, NPOLEHTYya/IHa pa3nka
KOJ cpeftbe LUMPOKMX Npodunia uma MOHOTOHO onafajyhu KapakTep, civka 6.12, npu
yemy Kog npoduna IPE 300 onaga of =19,3% po =17,2%, a kog npodmna |PE 360, of
=16,6% po =11,8%.
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Cnuka 6.12: TpougeHTyasHa pasnnka BpeHOCTY HAMOHCKMX KoedhuLyjeHaTta Cyg
1 BPeAHOCTUN CTaHAapAHe KpUBE —Cyo

KpvBe HamoHcKor KoeguumjeHTa Cx Y Tauykm 1 (Cx) NO3UTMBHE CY U MOHOTOHO
onagajyhe Ha LeNOKYNHOM UCMIUTHOM AOMEHY, KOf CBUX npoduna, cnnka 6.13. Hbirxos
TOK je y [00OpOj carnacHoCTM ca TOKOM CTaHZapAHe Kpuse Cxa. Kog cBux npoduna
BPeAHOCTM HamMoOHCKMX KoejmumjeHaTa Ca Behe cy of ogrosapajyhux BpeaHOCTM
CTaHfapAHe KpuBe Cy, Cnvka 6.14. Hajsehe npoueHTyasIHO OACTyNake jaB/ba Ce KOoj,
npotmna HEA 360. OHO MOHOTOHO pacTe of =21,0% A0 NOKa/HOr MakcuMyma Koju ce
jaBba npu A=0,05 n u3Hocm =24,1%, a MOTOM MOHOTOHO oOrnaga [0 JIoKasHOr
MUHMMYMa =13,8%, cnnka 6.14. Kpuee pa3martpaHor oAcTynara 3a cpefHe LIMpPoKe
npogune umajy UCTuU KapakTep, ann Cy BpeLHOCTM OACTynawa Hwke. Kog npoduna
IPE 300 KpwvBa NpOLEHTYa/IHOr OACTYMaka MOHOTOHO pacTte of =8,1% [0 nokajsHor
mMakcumyma =14,9% (3a A=0,06), a NOTOM MOHOTOHO Onaja L0 /SIOKa/IHOI MUHMMYMa

=3,2%. Kopg npodmna IPE 360 KprBa NpOLEHTYaIHOr OACTYNakba MOHOTOHO pacTe 0f
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=7,2% [0 nokanHor makcumyma =15,0% Koju ce jaerba npu A=0,07, a 3aTM MOHOTOHO

onaja [0 NoKasiHor MMHuMyma =3,9%, cnvka 6.14.
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Cnuka 6.13: KpriBe HanoHCKOr KoeuLmMjeHTa Cx y Taukum 1
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Cnuka 6.14: MpoueHTyasHa pa3NnKa BPeAHOCTI HaNMOHCKMX KoethuLmMjeHaTa Cy
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TOK KpvBMX HAMOHCKOI KOeduLUMjeHTa C,; OAroBapa TOKY CTaHAapfiHe KpuBe Cy,
cnvka 6.15. Ha noggomeHy 0,05<A<0,3? BpeJHOCTM HAMOHCKMX KoethuLmjeHaTa Cy1 KOf,
cBmx npocuna Behe cy of BPeAHOCTM A0OMjEHUX Ha OCHOBY CTaHAapAHe KPUBE Cy.
KpuBa npoueHTyanHor oactynarwa Kog npoguna HEA 360 MOHOTOHO pacTe o =41,5%
[0 JIOKa/IHOr Makcumyma Koju ce jaeba npu A=0,1 n usHocu =61,0%, a noTtom
MOHOTOHO onaga Ao =26,2%, civka 6.16. TOKOBU KPUBMX MPOLEHTYa/THOT OACTYMaka
HaMOHCKOI KOoeuLMjeHTa Cy1 KOf, CPefitbe LUMPOKUX Mpoduna pasnnkyje ce y ofgHoCY
Ha TOK ofrosapajyhe KpvBe KOA LWMpoKomnojacHor npoguna. OHe CYy MOHOTOHO
onagajyhe, npu yemy kop npodmna IPE 300 nomeHyTa KpvBa onaga o <34,7% pao
=7,5%, a ko npotuna |PE 360 of =47,4% [0 =6,2%, cnvka 6.16.

e ad
e s e,

1.4 o~ T

had

y1

X —e—IPE 300
02l —=— -IPE 360
i -~ ~HE-A 360
f —e—EN 15011

o /| AR S S B S SR §
0

r v ¢ Forovov
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
I

Cnvka 6.15: Kpnse HanoHCKOr KoemuumnjeHTa cyy Tauku 1

KpuBe HanoHCKMX KoedmLmjeHaTa Cx Y Tauku 2 (Cx) KOJ Cpefihe LWMPOKMX npoguna
(IPE 300 n IPE 360) rotoBo fa ce npeknanajy Ha LENOKYNHOM WUCMUTHOM AOMEHY,
cnvka 6.17. Ocum TOra, HMXOBW TOKOBM carfiacHW cy TOKY ofrosapajyhe Kpuse 3a
LumpokonojacHu npogun (HEA 360), kao 1 TOKy CTaHAapAHe KpuBe Cy. CBe KpuBe cy

Mo3WTUBHE M MOHOTOHO onajajyher KapakTepa.

2 3a A<0,05 BpeHOCTM HaMOHCKOT KoeduLmjeHTa 6A1CKe Cy HyNM, Tako Aa BpeAHOCT pasmMaTpaHor
OfCTynara Huje of 3Havaja
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Cnvka 6.16: MpoLeHTyanHa pa3/ika BpeAHOCTM HaMOHCKMNX KOoe(huLmjeHara Cyy
1 BPeHOCTMN CTaHfapfHe KpuBe Cyy
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Cnuka 6.17: KpuBe HanoHCKOr Koe(mumjeHTa Cy Y Tauku 2

221



KpuBe NpoOLEHTYya/HMX OACTYNara HamOHCKOr KoeuumjeHTa Cx MOHOTOHO Cy
pacTtyher kapakTepa KOZ CBMX pasMaTpaHux npoduna, cnnka 6.18. Kop npodgwuna
HEA 360 pasmartpaHo ofcTynane pacTte of =15,5% no =55,3%, ko npodmna |PE 300
o =4,4% po =54,7%, pok ce kog npoduna IPE 360 npoueHTyasHO OACTYMahe

Koe(hmuMjeHTa Cyx Mera y rpaHuyama of =4,5% po =56,0%, cnvka 6.18.

60
k| —=—IPE 300 X: 0.3
X:0.3 :
—=—IPE 360 Y:55.34 Y. 86.97
——HE-A 360

X:0.3
Y: 54.72

50+

40}

/ Cx2, EN 15011

X:0.2
[ Y:30.17 X: 0.2
2

30~ W Y:28.81
"

X:02 |
Y: 283

100 x (¢, - €,5 iy 15017)
:

20 Y:19.17

X: 0

Y: 4.345
oLl ¢ ¢ b ¢ ¢ ¢ ¢ F ¢ ¢ ¢ ¢ Foeo0oco0 ko000 ¢ b oeoroc ¢ b oeroror |
0

0.05 0.1 0.15 0.2 0.25 0.3 0.35
|

Cnuka 6.18: MNpoueHTyanHa pa3nnka BpeAHOCTN HaNOHCKMX KoeuLmjeHaTa Cy
1 BPeLHOCTUN CTaHapAHe KPUBe Cy

6.1 3ak/byuuy ynopeaHe aHann3e KpMBUX HaMmOHCKNX KoedhmumjeHaTa

Ha ocHoBy pesynrtata yrnopefHe aHanM3e KPUWBMX HaMOHCKUX KoeduumjeHata
[00MjeHNX KOHAYHOENEMEHTHUM UCTPaXuBakbeM CTaHAapAHUX npoduna (Cpesrbe
wunpoku npodunu 1PE 300 n IPE 360 1 wupokonojacHn npogun HEA 360) 1 Kpumux

HanoHCKMX KoeduumjeHaTa Koje cy fedmHucaHe ctaHgapaom EN 15011 [5], Ha foMeHY
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NPOMeHe napameTpa nosoXaja Touka Koju je AOMUHaHTaH y peanHUM KOHCTpyKuuMjama

(A=<0,3), 3akrbyuyje ce cnepgehe:

30Ha TpaH3nuuje AokK nojac/pebpo jecTe jedHa Of 30HA MepOLABHMX 3a [40OKa3
yBpcTOohe HOcaya W3MI0XKEHOr  AejCTBY  NOKasiHOr  onTepehewa;  Kao
penpeseHTaTMBHY Tauky Yy TMOMEHYTOj 30HM cTaHgaph [5] ycBaja Tauky
(PMKTUBHOT MpeceKa [Oowe KOHTYpe AOHEr rnojaca n KoOHType pebpa (Tauka 0); y
MOMEHYTO] Taykn BPEAHOCTWU CTaHAapAHe KpMBE HArMOHCKOr KoeduumjeHTa y
NO4Y>XHOM npaBLy Cxo MNO3UTMBHE CY, AOK CY BPeAHOCTU [pobujeHe
KOHaYHOeNeMEHTHOM aHa/M30M HeraTtuBHe; [fak/e, HanoHU Y MOAYXXHOM
npasuy, W3a3BaHW /OKaNHUM [€jCTBOM TOukKa HuCy 3aTexyhu, Beh
nNpUTUCKYjyhn, WITO NpefcTaB/ba 036U/bHY Heraumjy MocTynKa [oKas3vBara

yspcTohe nponucaHor ctaHaapaom [5];

ancosyTHe  BPeAHOCTM  HAMOHCKOr  Koe(mumjeHTa  Cxo  A06ujeHe
KOHaYHOeNeMeHTHUM ucTpaxunsarem npotuna HEA 360 3HaTHO oacTtynajy (Y
rpaHuuama og=-10,8% po =61,0%) of Bpe4HOCTU Koje faje CTaHAapAHa Kpvsa

Cxos

KOHAYHOENIeMEHTHUM MCTpaxmBarem npoguna HEA 360 yTtepheHo je fa cy y
Tauykn S Ha [OHO0j KOHTYpW [OHer rojaca, Koja je KOpPecrnoHAeHTHa Tauku B
(Tauka Ha TOpHOj KOHTYpPW, Ha MOYETKY pagujyca TpaH3uumje), ancosnyTHe
BPEAHOCTM HarMoOHCKOr KoeuLmjeHTa Cx Behe 0f arco/lyTHUX BPefHOCTU

ofrosapajyher HanoHCKOr KoeuumjeHTa y Tadyku 0, 04HOCHO, |Cxsl>[Cxol;

KOL CBUX MCTPaXMBaHWX MNpoguia, MNpoLeHTyasHa OACTynawa anconyTHUX
BPEAHOCTM HaMOHCKMX KoedmuymjeHaTa Cxs 'y O4HOCY Ha BPeAHOCTM CTaHAapLHe
KpVBe Cxo, BP/IO CY BMCOKA M Kpehy ce y LUMPOKMM rpaHuuama: Kog npodguna
HEA 360 og =20,4% po =175,1%, kog npodguna IPE 300 og = -10,7% fo
=126,0%, a kog npogmna IPE 360 og = -29,8% p0 =123,0%;

BPEAHOCTM HamMoOHCKOr KoeuumjeHTa Cx Yy Taukm B (Cg) 3HaTHO cy Behe of
anconyTHMX BPeAHOCTM HamMOHCKOr KoetuumjeHTa Y KOPeCnoHAEHTHO] Tauyku

AOHer nojaca (Cys), NPV YeMy ce BPeAHOCTW MPOLEHTYa/IHUX pa3nvka Kpehy y
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cnegehum rpaHuuamMa: kof npodgwmna IPE 300 on =65,3% po =43,5%, Kop
npocuna IPE 360 og =37,0% po =87,8%, a kog npoduna HEA 360 of =22,9%
[0 =40,0%; y ofHOCYy Ha BpPefHOCTW CTaH4ApPAHE KPUBE Cyo, MPOLIEHyasHa
OACTYNara HaMOHCKUX KPUBUX Cy, AOOMJEHNX HA OCHOBY KOHAYHOENEMEHTHX
NCTPaXMBaka, UMajy 3HaTHO Behe BpefHOCTV M Kpehy ce y rpaHuuama: Koj,
npoguna HEA 360 of =31,9% po =205,3%, kog npoduna IPE 300 o =47,6%
[0 =224,7%, a kog npodmna I1PE 360 og =205,3% p0 =31,9%;

anconyTHe BpPEeAHOCTU HamMoHCKOr KoeduumjeHta C, y Taukum O (Cyo) KOA
npocuna HEA 360 mare cy of oarosapajyhux BpefHOCTU cTaHAapAHe Kpuse
Cyo, MPU YeMy Ce MPOLEHTYa/IHO OACTYNabe Haslasn y rpaHuLama of —36,5% fo
—25,4%;

MpOLieHTYaHa 0fCTyNaka ancoyTHe BpeHOCTW HaMOHCKOT KoeduLmMjeHTa C, y
Taukm S (cyg) Y ofHocy Ha ofrosapajyhe BpefHOCTW CTaHAapAHe KpuBe Cyo
PEeNaTMBHO Cy Mana Ko CBUX WCMUTMBAHWMX NPO(UNG; KOA Cpeftbe LUMPOKMX
npoguna (IPE) anconyTHe BpeLHOCTW MPOLIEHYaSIHOT OACTyNaHwa Mare Cy Of
3,8%, [OK je Kog wwwmpokonojacHor npouna HEA 360 makcumanHa BpeLHOCT

NOMeHYTOr OACTyrnaka Maka og, 7,8%;

BPEAHOCTM HaNOHCKOr KoeduLmjeHTa C, Y Taukun B (Cyg) Behe Cy of anconyTHuUX
BPEHOCTM HArNOHCKOr KoeuuWjeHTa Cys, NpU Yemy Ce MpOLeHTyasHa
OACTYNara KOA CBMX pa3MaTpaHux Npogwna Hanase y penaTMBHO YCKUM
rpaHuuama: kog npodguna IPE 300 og =14,5% po =15,0%, kog npodumna
IPE 360 op =12,5% po =13,5%, a kog npodguna HEA 360 og =10,7% po
=13,6%;

KOZ, CBMX pasMaTtpaHux npouna BpedHOCTY HaMOHCKOr KoeduuyjeHTa Cys Behe
cy of ogfrosapajyhux BpefHOCTU CTaHAapfiHe KpuBe —Cyo, MPU Yemy ce
npoueHTyanHe pasnuke kpehy y rpaHuuama of =19,1% po =22,0% Kop
npopuna HEA 360, kog npoduna IPE 300 og =17,2% po =19,3%, a Kop
npocuna |PE 360 og =11,8% [0 =16,6%;
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BPEAHOCTY HaMOHCKUX KoeuumjeHaTta Cx Y Tauyku 1 (Cx) 3HayajHO cy Behe of
BPeHOCTM KOje faje CTaHAapfHa KpuBa Cy, NPU Yemy Ce Ko npodguna
HEA 360 npoueHTyanHa ofcTynawa Kpehy y rpaHuuama of =<13,8% pgo
=24,1%, kop npocuna IPE 300 og =3,2% fo =14,9%, a ko npogumna IPE 360
o4 =3,9% po =15,0%;

BPEAHOCTM HaMoOHCKUX KoeduumjeHaTta Cy y Tauku 1 (Cy1) 3HauajHOo cy Behe of
BPEAHOCTM KOje fJaje CTaHAapAHa KpuBa Cyi, MPU Yemy Ce KOA mnpoduna
HEA 360 npoueHTyanHa ofcTynawa Kpehy y rpaHuuama of =<26,2% Ao
=61,0%, kog npocuna IPE 300 og =7,5% po =34,7%, a kof npoguna IPE 360
o4 =6,2% po =47,4%;

NpOLEHTYa/lHa OACTyMNaka BPeAHOCTM HaMOHCKOr KoedmLuMjeHTa Cx Y Tauku 2
(Cx2) Y OZIHOCY Ha BpeHOCTM CTaHAapAHe KpuBe Cy, Kpehy ce y rpaHuuama of
=15,5% po =55,3% kog npoguna HEA 360, kog npotmna |PE 300 y rpaHuuama
of, =4,4% po =54,7%, a kog npoguna IPE 360 og =4,5% o =56,0%.
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7. | 3AK/IbYYAK

7.1 KpaTku 0CBPT Ha 3Ha4aj U MeTOLO/OrNjy UCTpaXKmnBak-a

Mpobnem naeHTUMUKaLMje HaMOHCKOr CTakba 1M3a3BaHor IOKaHAM [1ejCTBOM TOYKa
Ha mojac Hocay OTBOPEHOr MOMPEYHOr Mpeceka 0f W3y3eTHe je BaXHOCTM 3a [OKa3
uBpcTOhe CTPYKTYpe. Y OKBMPY AOKTOPCKe AucepTauuje 06aB/beHa Cy TEH30MeTpujcKa
NCTPaXXMBaHa /IOKa/IHOT HarMOHCKOr CTakba LUMPOKOMNojacHor npoduia y naboparopuju
KaTegpe 3a mexaHu3aumjy MaluMHCKOT (hakynTeTa, Ha WCMUTHOM CTOMly OpUrMHaIHE
KOHLenuuje v KOHCTpYKuuje. Banugaumja pesyntata eKCrepuMeHTaHUX UCTpaXKmBarba

M3BPLUEHA je Ha OCHOBY pe3y/nTaTa KOHaYHOeNEMEHTHUX UCTPaXMBatba.

7.2 Kr/by4YHU pe3ynTaTi UCTPKMBALbA - HAYYHM [ONPUHOCU

HajBaXkKHWjXU Hay4yHW [AOMNPUMHOCKM UCTPaXKMBakba O00aB/bEHMX Y OKBUPY TeMe

[IOKTOPCKe AncepTaumje cy:

® peasin30BaHO TEXHMYKO peLUEHE OPUTMHAJTHE UCTTMTHE CTaHULE 3a UCTPaXKMBaHE

HaMoOHCKOrI CTaka M3a3BaHor JI0Ka/IHUM ,qejCTBOM TOYKa,

e (hopmuMpaH OpurMHaNHK NOCTynaK ¥ pa3BujeH coTBep 3a oapehmBarbe NOKaHUX

HaMOHCKKX CTaka Ha OCHOBY pPe3yntaTta TeH3OMeTpVIjCKVIX NCTPaXXNBaka,

e Tauyka (MKTUBHOI Mpeceka [OHe KOHTYpe nojaca U KOHType pebpa (Tauka ,,0“
npema [5]) HMje mepojaBHa 3a [OKa3 4BpCcTOhe HOcaya W3M0XEHOr [ejcTBY
NIOKaNHOr yTulaja ToukKa, Kako je To nponucaHo ctaHgapgom EN 15011; 3a gokas
yspcTohe y 30HK TpaH3uLKMje oK nojac/pebpo MepoAaBHO je HaMoHCKO CTake Y

pedepeHTHMM Taukama Mpeceka Ha NoYeTKy pagujyca TpaH3uuuje;
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Yy 30HW TpaH3uuuje, Ha [0HO0j KOHTYpW [LOHer rojaca y MOAY>KHOM MpaBuy
jaB/bajy ce nNpUTUCKYjyhn HanoHM, WTO Y MOTMAYHOCTM Hermpa noctynak

NAEHTU(MKALMje NOK/IHOT HaMOHCKOr CTakwa nponucaH ctaHgapgaom EN 15011,

HamMOHW Y KOPECMOHAEHTHUM TauykaMa [OH€ U TOpHE KOHTYpe, W3a3BaHM
NOKaHUM [1ejCTBOM TOYKa, HUCY WCTUX anconyTHWUX BPeAHOCTM Kako Ce TO

HasoAu y ctaHgapay EN 15011;

anconyTHe BPeAHOCTU HarnoHa M3a3BaHMX /I0KaSIHUM AejCTBOM TOYKa Ha ropH0j U1
[0H0j KOHTYpPWU [OHEer nojaca HUCY jeAHake HU Y jeAHO] peepeHTHOj Tauku
MONpeYHOr Mnpeceka, WTO Hermpa ogpeaby craHgapaa EN 15011 npema Kojoj cy
anconyTHe BPeAHOCTU HaMOHCKUX KoeuumjeHaTa y KOPECnoHAEHTHUM Taukama

FOPH:E U [I0HE KOHTYPE jefHaKe;

Y 30HU TpaH3nLMje 1y TauKn [OoHe KOHTYpe Koja ce Hanas3n HenocpegHo MCMogA
TOYKa, MpOUEeHTyanHa OACTymnarba  amnconyTHUX — BPEAHOCTWM  HAaMOHCKMX
Koe(mumjeHaTa pasnuuMTUX BpCTa npodunia ca napasesHM KOHTypama, ca
MHXXHEPCKOT acrnekTa HeAoMyCTVBO Cy BMCOKA; HaBEAEHW Pe3ynTaT UCTPaKMBatba
AOBOAM Y NMUTake Ta4HOCT MPUMEHE UCTUX u3pasa (KPMBKX) 3a MAEHTU(UKALKNjY
NOKANHOT HaroHCKOI CTaka KO CBMX Mpoduia ca napasieHAM KOHTypama
nojaceBa, MOce6HO Yy CBET/Y UMmbeHMUE Aa Hu cTaHgapg EN 15011, Hutwh
noctojeha nuTepaTypa, He pasmartpajy Npo6/ieM rpellke Koja ce Ha Taj HauuH

YNHW;

BeNMYMHA Npodmna MCTe Knace 3HauyajHO yTMYe Ha BPELHOCTM HAMOHCKUX
Koe(hmumjeHaTa, OCMM Ha CNOB6OAHOj MBMUM [OHer nojaca; nNpoLeHTyasHa
OACTynara arcoNyTHUX BPeAHOCTM HAMOHCKUX Koe(uLMjeHaTa Y  30HM
TpaH3uLmje 1 y Tauku [OHEe KOHTYpe Koja Ce Hana3u HernocpefHO MUCMOoL TOuKa,

BPJ10 CY BMCOKa,

yTuLaj reomeTpujcke nmnepekLmje NnonpeyvHor npeceka npoguna Ha BpeaHoOCTH
HaMoHCKMX KoedmumjeHaTa, u3paxkeH je Yy peepeHTHUM Taukama Y 30HU
TpaH3uumje, OOK je Yy OCTa/MM pediepeHTHUM Taykama MOMpPeyvyHor npeceka

penaTnBHO HN3aK;
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e (hopmupaHe Cy OpUrMHasHe KprBe HamOHCKMX KoedMuujeHaTa 3a UCTPaXKMBaHe
cpefre wupoke npotune (IPE) n wnpokonojacHu npotun (HEA) v yTBpheHo aa
BPeAHOCTU Koje Aajy Kpuse petvHucaHe cTaHgapgom EN 15011 3HauvajHO
OACTYNajy 0f BpPegHOCTM [OOMjEHMX Ha OCHOBY KOHAa4YHOENEMEHTHUX U

TEH3OMETpI/IjCKI/IX NCTPaXKnBahsa.

7.3 Moryhu npaBuM AarbuX UCTPaXKMBakba

Pe3yntaTv ucTpaxusarba OTBOPWIM CY Npo6/eM BaJIMAHOCTU MPUMEHE WCTUX
KpUBMX 3a 0ApefrBare IOKaHUX HAMOHCKMX CTaka KO pasnnyunTux Knaca npoguna
ca nNapane/HUM KOHTypama nojacesa. [lpuMpoAgHM  HacTaBaK  WUCTpaXmBarba
npe3eHTUPaHUX Yy OKBMPY OBE AMcepTauuje jecy UCTpaxuBara JIOKa/IHUX HAMOHCKMX
CTaka npoguna Koju ce gaHac JOMWHAHTHO KopucTe, y3umajyhu y 063vp 1 HUXOBY
BE/IMUYMHY. Y NPBOj eTanu TUX UCTPaxXmBara Tpebaso 6v (hopMmpaTyt KpyBe HaMoOHCKMX
KoethmumjeHaTa 3a CBaKy Knacy WM BeNUYMHY Mpodguna, NoToMm, ofrosapajyhum
ocpeAr-aBareM, (HOpMMPaT HANMOHCKe KpuBe 3a Lieny Knacy, ca NoCe6HUM aKLEeHTOM
Ha HMBO Moryhe rpelike Koja ce TMMe 4mHW. KOHayHO, YKO/IMKO je TO, Ca acrekra
TaYHOCTM npopadyHa moryhe, dopmupaT¥ jeAMHCTBEHE KpMBE  HanmOHCKMX
KoedmumjeHata 1 TMe OMOryhuUTU WHXerwepMMa fga ca BUCOKOM TayHowhy u
noysgaHowwhy pesyntata peLlaBajy KOHKpeTHe npobieMe UBpcTohe Hocaya U3N0XKEHUX
NOKA/IHOM [lejCTBY TOUKOBA.

WcTpaxumBarmuma y OKBMPY [OKTOPCKe AucepTaumje Hucy o6yxsaheHu yTuuaju
KpVBMHA HOCa4a y XOPM30HTa/IHOj 1 BEPTUKA/IHOj PaBHM, LUTO je CNydaj KOju ce YeCTo
cpehe Kof cucteMa jeJHOLUMHCKOP YHYTpallker TpaHcrnopTa. To 6w, cBakako, 6unio
BP/I0 3Ha4ajHO MpoLuMperbe NpobneMa MAeHTUPMKALMje NIOKA/IHOT HanOHCKOP CTakba
n3a3BaHor [ejCTBOM TOUKa.

"naBHW HOCauy MOCHWUX Am3anuua Behmnx pacroHa 4ecTo ce uspahyjy Kao 3aBapeHu
KyTujacTu Hocauu, No YujeM ce LOHeM nojacy kKpehy amsannyHa konuua. Vimajyhu y
BMAY [a Ce 3aBapeHa Besa rojaca M BepTUKa/IHOT NIMMa Hanasu y 30HU TpaH3uuuje,
jepaH of Moryhux n Bpno 3HauajHUX MpaBala UCTPaXuBara jecTe WCTPaXKMBarbe
yTuuaja NoKasHOr fJejcTBa TOYKOBa [AM3A/IMYHMX KOMMLA HAa HaroOHCKO CTawe W

yspcTohy 3aBapeHe Be3e [oHEr Mojaca 1 pebpa.
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MNpwunor 1.

3jaBa 0 ayTOpCTBY

MotnucaHn-a mp MopaH M. LisnjoBuh, AWM. MHX MalLl.

Bpoj nHaekca

M3jaBrbyjem

[a je AoKTOpCKa ancepTaumja nog Hac/10BOM

VicTpaxnsame yTI/ILLaja JTOKaJTHOT OI'ITEthEH:a TO4YKOBa Ko/iMua Ha HaloHCKa

CTakba je,ﬂ,HOLIJI/IHCKI/IX HOCa4a MalllHa 3a MexaHl/I3aLl|I/ij

e pe3y/niTar COMNCTBEHOI NCTPaXXMBAYKOr paja,

e [a NnpefsioxeHa auceprauvja y UeNVHW HU Yy AenoBuma Huje 6una
npegnoxeHa 3a pgobujakbe 6MN0 Koje AMNAOME MpemMa CTyAujCKAM
nporpamMvma Apyrmx BUCOKOLLIKOJICKMX YCTaHOBa,

e [la Cy pe3ynitaTy KOPEKTHO HaBeaeHN U

e [a HMCaM KpLuMo/na ayTopcka npasa v KOPUCTUO UHTENEKTyasHy CBOjUHY

ApYrux nuua

Y beorpaay, 25.08.2016.

NoTnnc goktopaHTta




Mpwunor 2.

N3jaBa 0 MICTOBETHOCTU LUTAMMAHE N eNIEKTPOHCKE

Bep3uje AOKTOPCKOr paaa

Vime n npe3nme aytopa [opaH M. LiBnjoBuh

Bpoj nHaekca

CTyamjckn nporpam
NcTpaxuBarbe yTuuaja fokasiHor  ontepehema
TOYKOBA KOSIMLIA HA HamnoHCKa CTarba jefHOLLUMHCKMX
Hacnos paga Hocaya MallvHa 3a MexaHusaumjy

MeHTtop [Mpod. ap. CphaH bolwrak, pefoBHU npodhecop

MotnucaHn/a wmp. FopaH M. LiBnjoBuh, Ann. nHX. matd

M3jaB/byjeM pa je wTamnaHa Bep3vMja MOl [JOKTOPCKOr paja WCTOBETHA
€/1eKTPOHCKO] Bep3nju Kojy cam npefao/na 3a o06jaB/bvBake Ha noptasty

AurutanHor penosvTtopujyma YHuBepauteTa y beorpagy.

[lo3Bos/baBam ga ce o6jaBe MojM NMYHK Nogaun BesaHu 3a fgobujarbe akagemckor

3Bakba [0KTOpa Hayka, Kao LUTO Cy MMe 1 npesumMe, rognHa u Mecto pohera u

Aatym ogbpaHe paga.

OBU NUYHNK nogaun mory ce 06jaBVITI/I Ha MpeXHUM CTpaHulaMa AurntasHe

61GMOTEKE, Y €NEKTPOHCKOM KaTtasiory W y nyb6nuvkauujama YHuBep3auteta y

Beorpagy.

Y beorpaay, 25.08.2016.

NMoTnnc gokTopaHTa




Mpwnnor 3.
3jaBa 0 kopuwhery

Osnawhyjem YHuBep3uteTcky 6ubnuoteky ,CBeto3ap Mapkosuh* pa vy
AnrntanHu penosuTopujym YHuBepsuTeTa y beorpagy yHece MOjy OOKTOPCKY

aycepTalmjy nojg Hac/10BOM:

NcTpaxuBatrbe yTuuaja nokasiHor ontepehera TOUKOBa KONNLLIA HA HaMoOHCKa

cTarba jeHOLUMHCKMUX HOoCcava MalunHa 3a MexaHusaunjy

Koja je Moje ayTopcKo Aeno.

OucepTtauyujy ca cBMM npuio3vMa npegao/na caMm y eniekKTpoHCKOM dhopmaty

NnorogHOM 3a TpajHO apXuBUpatse.

Mojy [OKTOpCKY AucepTauujy noxpakweHy Yy [AuUrutasiHn pPeno3uTopujym
YHuBep3uteta y beorpagy Mory ga KopucTe CBW KOju nowTyjy oppepnoe
cagpxaHe y opgabpaHom Tuny nuueHue KpeatusHe 3ajegHuue (Creative

Commons) 3a Kojy cam ce ogsyynol/na.

1. AyTtopcTBo
2. AyTOpCTBO - HEKOMepUuujasTHO
@ AyTOPCTBO - HEKOMEpLMjasiHO - 6e3 npepaje
4. AyTOpPCTBO - HEKOMEPUMjasTHO - AE/TUTI NOA UCTUM YC/I0BUMA
5. AyTtopcTBo - 6e3 npepage

6. AyTOpCTBO - AeninTu nog NCTUM yCrioBnuMa

(Monumo aa 3aokpyxute camo jeflHy oA WecT NOoHyheHux NnuueHuun, KpaTtak

ONUC NNUEHUM Aart je Ha nonehuHm nucta).

Y beorpaay, 25.08.2016.

[NoTnnc gokTopaHTa




AyTopcTBO - [lo3Bos/baBaTe YMHOXaBawe, AUCTpUbyumjy W©  jaBHO
caonwtaBate fena, v npepage, ako ce HaBede MMe ayTopa Ha HayuH
ogpeheH of cTpaHe aytopa wiv gaBaoua /UUeHLe, Yak 1 Yy KoMepuujaniHe
cepxe. OBO je Hajc/io604HMja 04 CBUX JINLEHLM.

AyTOpCTBO - HEKOMepLMjanHo. [Jo3BosbaBare YMHOXaBawe, oUCTpubyumjy
N jaBHO caonwiTaBatbe fena, v npepage, ako ce Hase[e MMe ayTopa Ha
HauuH ogpeheH of cTpaHe ayTopa unu gasaoua nuueHue. OBa nuueHua He
[03BO/baBa KomepuujasiHy ynotpeby gena.

AyTOpCTBO - HekoMepuyujaiHoO - ©6e3 npepage. J[lo3BosbaBaTe
YMHOXaBawe, AMCTpMOyuMjy M jaBHO caonwitasBawe fena, 6e3 npomeHa,
npeob6svkoBawa WauM ynotpebe fgena y CBOM fJesly, ako Ce HaBeje unme
ayTopa Ha HauvH ogpeheH of cTpaHe ayTtopa unm gasaoua nuueHue. Oea
nvueHUa He [03BOs/baBa KOMepuujasiHy ynotpeby gena. Y o4HOCY Ha cBe
ocTasie /uueHLe, OBOM JIMLEHUOM ce orpaHuyaBa Hajsehu obum npasa
Kopuwhewa gena.

AyTOpPCTBO - HeEKoOMepuujasiIHO - AennTv nog WUCTUM  ycioBUMA.
[lo3Bos/baBaTe yMHOXaBawe, AUCTPUOYLM)y U jaBHO caornwiTaBakwe aena, u
npepaje, ako ce HaBefe MMe ayTopa Ha HauvH ogpeheH o4 cTpaHe aytopa
UNn pasaoua SMUEHLEe U ako ce npepaga AucTpubyupa nog UCTOM WUAn
C/IMYHOM /ivueHuoM. OBa /iMueHLa He [03BO/baBa KoMepLuvjaiHy ynoTpeby
Aena v npepaga.

AyTOpCTBO - 6e3 npepasge. [o3Bo/baBare yMHOXaBawe, ANCTPUOYLM)y v
jaBHO caonwtaBakwe fgena, 6e3 npomeHa, npeobnmkoBawa wUan ynotpebe
Jenay CBOM fiefly, ako Ce HaBe[e Ume aytopa Ha HauuH ogpeheH of cTpaHe
aytopa nnn pasaoua nvueHue. OBa nvueHUa [A03BO/baBa KOMepuujasiHy
ynoTpeoy aena.

AyTOpCTBO - AennTu NoA UCTUM ycnoBuMa. [lo3Bos/baBaTe YMHOXaBahe,
ANCTpNOYUMjy 1 jaBHO caonwiTaBakwe fAena, U npepaje, ako ce HaBefe nve
ayTopa Ha HauMH ofpeheH of cTpaHe ayTopa unu gasaoua NNUEHLE U ako
ce npepaga puctpubympa nog MCTOM WM C/AMYMHOM nuueHuyoMm. OBa
nvueHUa o3BosbaBa koMepuuvjasiHy ynotpeby gena u npepaga. CnnyHa je

copTBEPCKMM NnLeHLama, O4HOCHO N1ueHL.ama 0TBOPEHOr Koaa.



