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N3JABE 3AXBAJIHOCTHU

VY 0BOj tucepTanuju cy KopuiheHu pe3ysiTaTi Mepera CIIPOBEACHUX Y OKBUPY IPOjEeKTa
"Mesure Et Modélisation Photométriques In Situ" pazBojHor nentpa kommnanuje Schréder
(R-Tech) y Jlmjexy (benrmja). Y3umame y30paka KOJOBO3a KOjH Cy KOpHIIheHH 3a
notpede Banmuaalyje MeToJie, ’bUX0BO 00e30ehuBame 1 TpaHcmopT A0 JabopaTopuje y
Jlujexxy ypaheHo je y capaamu ca HaIe)KHIM O€JTHjCKUM HHCTUTYIHjama. JKenena 6ux
na ce 3axBanuM Jlopany Mary, Kpuctujany Mapsuiny u Mapky ®paHknHey KOju Cy MH
00e30euIn HeCMeTaHO KopHIIheme 1adopaTopuje M MPHUCTYI MOTPEOHNM ITOIAINMa,
Kao 1 Ha HeceOW4HO] moMohu n OpojHIM KOPUCHUM caBeTHMa. Takole Oux kenena aa
M3pa3uM 3aXBalTHOCT MOYMWBIIEM AWpEKTOpy Kommanuje Minel-Schréder, Bnagumupy
Majcroposuhy, ka0 u cBOM pykoBomuoity, Auu Jpanapesuh, Koju cy Mu omoryhmim

6opaak y JIujexxy u ydemnihe y rope HaBeJleHOM MIPOjEKTY.

Benuky 3axBaimHOCT JyTyjeM CBOjOj MOPOAMIIM, IIOCEOHO CBOjUM POJMTEIbUMA, KOjU CY

MU yCaJWI1 Jby0aB NIpeMa 3HawYy, YUY€y U yCaBpLIaBamwy.

IToce6HO cam 3axBajiHa CBOM MeEHTOpY, mpodecopy Muomupy Koctuhy, Ha Benukoj
HNOJpUINY, pa3yMeBamy M NOMOhMM HpU H3paau JOKTOpCKE IucepTauuje, Kao U y

JocaJalllbeM BUCOKOIIKOJICKOM 06pa3OBaH>y.



MOJALU O JOKTOPCKOJ JUCEPTALIMIU

HacnoB nokropcke aucepranyje:
YHAIIPEBEHA METOJIA 3A OJIPEBUMBABE PEDQJIEKCMOHMX OCOBMHA
KOJIOBO3HUX I[TOBPUIMHA MEPElbUMA HA TEPEHY

Caskerak

3a mocTuzame J00pe BUAJBUBOCTHU | aIEKBATHOT BUIHOT KOM(Opa NOTpeOHO je mocTuhu
CTaHAapANMA WU Mel)yHapOJHUM Ipenopykama 3aXTeBaHe BPEIHOCTH HIUBOA CjajHOCTH
U ONIITE W TOXY)XHE PABHOMEPHOCTH CjajHOCTH, Ka0 W YYHHUTH INPHXBATIHHBUM
¢u3nonomKo Osbemrame. Y by UCIyHeha HaBeCHUX (DOTOMETPH]jCKHUX 3aXTeBa MPU
MPOjEeKTOBaly OCBETJhCHA MOcMaTpaHe caoOpahajHuile, KOjU 3aBHCE O]l HCHE
CBETJIIOTEXHMYKE KJlace, HEONXOJHO j€ TI03HaBaTH TCOMETPUjCKE Mapamerpe
caoOpahajHuLe, CBETJIOCHH (IIYKC U3BOPa CBETIIOCTH, PACHOAECITY CBETIIOCTH CBETHIBKE,
u peduiekcroHe 0coOMHE KOJoBO3He moBpiuHe. [lomro cy reomerpuja caobpahajuuie,
CBETJIOCHU (MIyKC M3a0paHOT M3BOpa CBETJIOCTH M PacIofiesia CBETIIOCHOT MHTCH3UTETa
CBETWJbKE TIO3HATH (PEHOMHUpaHH TNpou3BohayM W3BOpa CBETIOCTH M CBETHJHKU
myOIMKYjy Tpelr3He MOoJIaTKe O CBOjUM MPOU3BOIMMA), TAYHOCT MPOpadyHa CjajHOCTH

JOMHMHAHTHO 3aBHCH O TAYHOCTH OZ[pCbI/IBaH)a pe(bJ'IeKCI/IOHI/IX 0CcoOMHAa KOJI0BO3a.

R - kmacudukanmonu cucrem, Koju ce JaHac y MpakcH Hajuyenthe Kopuctu 3a ogpehusame
pedraekcHoHMX OcCOOMHA KOJIOBO3HMX MOBpIIMHA, 0a3WpaH je Ha MepemuMa
pedIIeKCHOHNX 0COOMHA CYBHX KOJIOBO3HUX ITOBPIIMHA W3BPIICHUX TOKOM IIE3/IECETHX
U CellaM/IeCeTHX TOJIMHA TPONUIOT BeKa. ToKoM BpeMeHa, 300T yrnoTpede HOBUX THIIOBA
arperara, JIONIUIO j€ IO 3HaYajHUX MPOMEHA Y M3paJd TMOBPUIIMHCKOT CJI0ja KOJIOBOZHHUX
MOBPINIMHA, & CAMUM THM U BbUXOBHUX peIeKCHOHNX 0ocoOnHa. MHOTOOpOjHA Mepema Cy
nokaszana ja R kimace He mpeacTaBibajy alleKBaTHO pPeQIICKCHOHE OCOOMHE MHOTHX

KOJIOBO3HHUX IMOBPIIKHA KOj€ CE JaHAC KOPHCTE.

JloBOJbHO TauHE BpEJHOCTH eleMeHaTta Tadene peduiekcuje Mory aa ce JoO0Hujy camo y3

noMoh CKynmux M AyroTpajHUX JabopaTOpHUjCKUX MEpema Ha Yy30pLHMMa CTBApHOT



KOJIOBO3a, WITO jeé CKOMYaHO ca OpojHMM Temkohama (y3uMame y30paka, HhHXOB

TPaHCIOPT, MONPaBKa KOJIOBO34...).

W3 Tor pasiora je, MOCIEABHX JECeTaK rOJMHA, MoceOHa MaXkKikba yCMepeHa Ha pa3Boj
MOOWITHUX (MTOpTadiT) peduieKToMeTapa, HAMEHEHUX MepeHhUMa PeIICKCHOHMX 0COOMHA
KOJIOBO3a Ha TepeHy. tbuxoBa npumena omoryhasa Mepema Ha BeheM Opojy mokaruja Ha
KOJIOBO3Y M He omtehyje HBeroB MOBPIIUHCKH cioj. MehyTum, 300T KOHCTPYKTUBHUX U
MEXaHWYKHX OTpaHWueha, OBakBH ypehaju mMajy m oapeheHe HemocraTke, 300T dera

noptali pedaekromeTpe Mo MpaBmily He KapaKTepHIle moTpedHa TagHOCT.

VY oBOM pajy je mpelcTaB/beHa HOBAa MeTo/ia Koja nmoBehaBa TauHOCT jeTHOT OJ TAaKBUX
ypebhaja, moa HasuBoM Memphis, koju je koHcTpyucana Schréder Group. OBa merona
oMmoryhaBa Jia ce, Ha OCHOBY Major Opoja BPEIHOCTH KOEPHIMjEHTa CjajHOCTH
M3MEpPEHNX TPUMEHOM MOOUIHOT peduieKToMeTpa, JJo0uje KOMIUIETHa Tabena
pedruekcuje mocMatpaHe KOJOBO3HE IMOBPIIMHE, KOja JOBOJBHO TayHO DPEIPE3eHTYje

WeHe pedIeKcuone 0coOHHe.

[IpBo je motBpheno na 3a ceux 20 komOuHanuWja yrimosa (y,B) 3a koje ypehaj Memphis
MOJKE J1a BpIIIK Mepema (y je yrao ymnaja cBeTJIOCTH, a 3 yrao usmely BepTHKanHe paBHU
ynaja CBETJIOCTU M BEPTUKAIHE PaBHU ITOCMATpPamka) BPEIHOCT KOe(UIMjEHTa CjajHOCTH
(q) 3a yrao mocMaTpama o = 1° MOXe Ja ce OApear NOCTYINKOM eKCTpamojianuje Ha
OCHOBY JICBET BPETHOCTH ' SiN0l 3a yIIIOBE IOCMATpama 3a KOje MOOMITHH pedIieKToMeTap
Memphis Moxe na Bpmm Mepema (oHH cy y omcery 5°-80°). ¥V muiby mpoHanaxkema
OTNITUMAJTHOT 00JIMKA EKCTPATIONIaIje, TECTHPAHO je 25 pa3IMuuTHX y30paKa KOJIOBOZHUX
noBpimrHa. KaHmumaTkuma je caMOoCTaaHO M3BpIIMIA W300p y30paka KOJIOBO3a M CBa
norpeOHa Mepema mnomohy mabopatopujckor peduekromerpa. 3a cBaky ox 20
KoMOuHanyja yriosa (v,) mpumemeHo je mo 80 pa3nuyuTux o0JIMKa eKCTparoianyje.
Nzabpanu cy oHn 00IMIM eKcTpanoialiuje Ipy KojuMa cy 100vjeHa MUHUMAalTHa Cpelibha
KBaJ[paTHA OJICTyTama 3a 25 pa3MaTpaHHX y3opaka KoioBo3a. OxpehuBame onTuManHuX
THUIIOBAa eKcTparmojaluje 3a CBaKky KoMOWHanujy yriosa (y,) mpeacTtaBba jeaH O

HajBaXHU]UX JOMPHHOCA OBE JAMCEpTaIIHje.



ITotom je, Ha ocHOBY 447 r-tabena koje moctoje y 6a3u Schréder Group (uzmepeHux
nomohy mnpeuunsHor ynaboparopujckor peduiekromerpa Ha 447 y3opaka KOJIOBO3HHUX
MOBpPIIMHA y3€THX LIMPOM CBETa TOKOM IPETXOJHE IBe JAeleHHje), popMupaHa HOBa
0aza. Ona canpxu 447 penykoBaHHX -Ta0ena (3HA4ajHO MamHX JAUMEH3Hja HErO KOJ
onroBapajyhux r-raGema), ox KOjUX CBaka CagpXH KOS(PHUIMjEHTE CjajHOCTH KOjU
0JIrOBapajy yriy nmocmarpama 1° 3a ceux 20 komOuHaiuja yrinosa y u 3 3a koje Memphis
MOJKE Jla BpIIM Mepema (mpeTxoaHa 0a3a peduiekromeTpa Memphis caapkana je 56
TPOAMMEH3UOHAIHUX PEIyKOBaHUX (-Tabenma (3a 56 y3opaka KOJIOBO3a), 4Hje Cy
BpPEIHOCTH oOjroBapane Behmm yrioBuma mocMatpama (5°-80°)). Ilpumenom
MpeaJoKeHe METOoJie 3HayajHo je moBehaH kako Opoj, Tako W Pa3HOBPCHOCT

pacIoIOKUBUX PEAyKOBaHUX ( Tabena.

[Ipumenom opuruHanHor anroputma, 20 KoedulMjeHaTa CjajHOCTH, JO0UjeHHX
MPUMEHOM ONTHUMAJHOT OOJIMKa eKCTpaIonialidje 3a cBaKy KoMOWHanwmjy yriosa (y,P),
nmopeJie ce ca oAroBapajyhnm nojamnuma y cBakoj ox 447 penykoBaHUX q-Tabena y HOBOj
0a3u. [IpumeHoM MeTole HajMamKUX KBajpata, oApelyje ce HajmpubImkHUja q-Tabena
13 HoBoopMupaHe 6a3e, a Ha OCHOBY HbE€ M OJIroBapajyha KoMIieTHa r-Tabena u cTBapHU

Cpellbu KOeQUIIUjeHT CjajHOCTH.

VY nwby BaldMaanuje NpeaioKeHe MeTojlie, M3BpIIEHa Cy Mepema cjajHoctu Ha 11
KOJIOBO3a Ca pPAa3IMYMTUM HHCTajJaljaMa OCBeT/hera. llopehemeM u3MepeHux u
M3padyHaTHX BPEIHOCTH, YTBPHEHO je Ja ce MPHUMEHOM MpeIOKeHEe METo/e A00ujajy
MoJlallid 4Mja je TA4HOCT CIMYHA OHOj KOja KapaKTepHIle MoJIaTKe A0OHjeHe Mmomohy
nabopaTopujCcKOT pedIeKTOMETpa, U TO Yy TOTJeay CBHX (paKTOpa KBaJIUTETa YIHIHOT

OCBETJbCHa (HUBOA CjajHOCTH U OMIITE U MOAY)KHE PABHOMEPHOCTH CjajHOCTH).

Haxo je meToma mpemiokeHa y 0BOj JUCEPTAllUji IpUMEheHa Ha jedaH o nocTojehnx
noptabn peduexkromerapa (Memphis), oHa ako Moxe J1a ce Moau(duKyje U MPUMEHH Ha
Om10 Koju mopTadbn pedaexToMeTap Koju MepH KOS(HIIHjeHTE CjajHOCTH O] YIIIOBHMA
Behum on 1°. To ce moceOHO 0HOCH HA MPOILEAYpPY OJpehuBama ONTUMAIHOT O0JIHMKa
eKcTparnonanyje noMohy koje ce J100Mjajy KOSQHIMjEeHTH CjajHOCTH KOjU OJroBapajy

yriay mocMmatpama 0=1°, dopmupame oarorapajyhe 0aze pemykoBaHHX (-Tabena u



U3pauyHaBakhe CTBApHE BPEIHOCTH CpPEIer KOS(QHIMjeHTa CjajHOCTH KOJIOBO3A.
3HayajHa MPEJHOCT HOBE METOJAE Y OJHOCY Ha WHMIM]aTHO Pa3BHjeHY METOXIy KOjy
kopuctu ypehaj Memphis cactoju ce y oJcycTBY moTpebe 3a OMII0 KaKBUM MepemuMa
pedaekcnoHnx ocoOnHa KOJ0BO3a (HUCY MOTpeOHa Mepermha HUTH Ha TEPeHY HUTH Y
nabopatopujn). [Toncehamo na je 300r Beoma CKyImuX Meperha HEOITXOIHUX 3a T00ujambe
pedepentne O6aze ypehaj Memphis wumao orpanmyeHe MOTYhHOCTH TpHUMEHE.
3axBasbyjyhu Meromu pasBHjeHO] y OKBHPY U3pajae NpeAMETHE TucepTanyje,
KOHCTPYKTOpH Oynyhmx MoOOWIHHX pedreKkToMeTapa 3aCHOBAaHMX Ha MeEpemy
Koe(uIIMjeHaTa cjajHOCTH KOjH OATOBAPa]jy YIIIOBUMA 0, B ¥ Y KOJH CY UCTH (WIJIN CIIMYHH)
ca oHnMa 3a Koje ypehaj Memphis Bpiu Mepema jeanHo Tpebda 1a mocenyjy pedepentay

0a3y r-tabemna.

C o03upoM Ha TO J1a je Mepema Ha TepeHy Moryhe u3BecTH Op30 M jeTHOCTaBHO, Oe3
omrehnBama KOJI0BO3a, Ha CBakoj caoOpahajHUI MOXKe Ja ce ypaau Behn Opoj Mepema
Y Ha Taj HauYuH Qopmupa pe3ynTaHTHa Tabena peduiekcHje, Koja Ha 60JbU HAYMH OTIHCY]e
ey KOJIOBO3HY MOBpPILIMHY, a CaMUM THM oOMoryhaBa W mHpeuusHHje NpopavyyHe
cjajHocTM Ha ynuiama u myteBuma. [Ipumena moprabn pedrexkromerpa je moceGHO
BakHA Tpu ofpehuBamy Tabene pedrexcuje KOMOBO3a KOJ KOjUX ce pedIeKcuoHe

0CcOOMHE 3HaYajHO Pa3IMKYjy 07 OCOOMHA YETHPH CTaHaapIHe pedIeKCHOHE Kiace.

OBo ucTpaxuBame je mokaszano cienehe: mako ce onmmcaHuM MepemHMa Ha TEpeHY
no6ujajy KoehHUIHjeHTH cjajHocTH 3a camo 20 KOMOHWHaIMja yrioBa y U [3, YKOJIHKO
MOCTOjM KBaIUTETHA 0a3a r-radesa, MpUMEHOM O/iroBapajyher MaTeMaTHYKor Mojiesia Ha
MoJaTKe M3MepeHe MopTadil pedreKTOMETPOM MOXKE J1a Ce OJIpead IOBOJHHO TadHa
KoMIIeTHA r-Tabena (ca 396 eneMenata). 300T Tora ce OHa IMPernopy4yje yMecTo r-radbere
KOja oJroBapa HEKOj O/ CTaHTapAHUX pedIeKcHoHnX Kiaca. [IpuMena TakBux r-radena
je IoBOAWIIA IO 3HAYAJHUX OJACTYyNama W3padyyHaTHX M M3MEPEHHX (OTOMETpPH)CKUX

napamerapa caobpahajuurie.

Jedunucame npoueaype 3a ayToMaTCKO 0J10allMBambe pe3yiTaTa Meperma KOju 3HauajHo
OJCTyNajy OJ OHUX HOOMJEHHUX MepemhHMa Ha OCTAJMM TauykaMa MCTE KOJIOBO3HE

MOBpILKHE MPEJICTaB/ba TEMY 3a Jjajba (3aBpIIHA) UCTPAXHUBamka Y OBOj 00JacTu.
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Title of doctoral dissertation:
AN IMPROVED METHOD FOR THE DETERMINATION OF THE ROADWAY
SURFACE REFLECTION PROPERTIES BY ON-SITE MEASUREMENTS

Abstract

In order to achieve good visibility and adequate visual comfort, it is necessary to achieve
the luminance level and overall and longitudinal luminance uniformities, as well as reduce
physiological glare, in accordance with the relevant international standards or
recommendations. In order to fulfill the stated photometric requirements when designing
the illumination of the observed road, which depend on its lighting class, it is necessary
to possess all data regarding the geometric parameters of the roadway, the luminous flux
of the light source, the light distribution of the luminaire and the reflection properties of
the roadway surface. Since the geometry of the roadway, the luminous flux of the selected
light source and the luminous intensity distribution of the luminaire are known (renowned
producers of light sources and luminaires publish precise data about their products), the
accuracy of luminance calculations predominantly depends on the accuracy of the

determination of the carriageway reflection properties.

The R classification system, which is nowadays most frequently used for determining the
roadway reflection properties, was based on the measurements of the reflection properties
of dry roadway surfaces carried out during the sixties and seventies of the twentieth
century. Over time, due to the use of new types of aggregates, there have been significant
changes in the construction of the roadway surface layer, and, consequently, in their
reflection properties. Numerous measurements have shown that R classes do not

adequately represent reflection properties of many roadway surfaces used today.

Sufficiently accurate values of the elements of the reflection table can be obtained only
by costly and long-lasting laboratory measurements carried out on the samples of the
actual roadway, which is encountered with numerous difficulties (sampling, transport of

the samples, repair of the roadway...).



For this reason, over the last decade special attention has been paid to the development
of mobile (portable) reflectometers, designed to measure roadway reflection properties
on-site. Their application allows measurements on a number of locations on the
carriageway, without damaging its surface. However, due to the constructive and
mechanical constraints, such devices also have certain drawbacks, which generally

prevent portable reflectometers to be sufficiently accurate.

This paper presents a new method that improves the accuracy of one of such devices,
called Memphis, which was constructed by the Schréder Group. This method enables,
based on the small number of the luminance coefficients measured using the mobile
reflectometer, to obtain a complete reflection table of the observed roadway surface,

which rather accurately represents its reflection properties.

First, it was confirmed that for all 20 combinations of angles (y, ) for which the Memphis
device can measure the luminance coefficient (y is the angle of light incidence, and 3 the
angle between the vertical plane of light incidence and the vertical plane of observation),
the luminance coefficient (q) for the angle of observation of a=1° can be determined by
the extrapolation procedure on the basis of nine values of g-sina corresponding to the
angles of observation for which the mobile reflectometer Memphis can perform
measurements (they are in the range of 5°-80°). In order to find the optimal type of
extrapolation, 25 different road surface samples were tested. The candidate personally
carried out a selection of the road samples and all necessary measurements using a
laboratory reflectometer. For each of the 20 combinations of the angles (v, B), 80 different
types of extrapolation were applied. Extrapolation types in which minimal average square
deviations were obtained for the 25 tested road samples were selected. Determining the
optimal extrapolation type for each combination of the angles (y, ) is one of the most

important contributions of this dissertation.

Then, based on the 447 r-tables that exist in the Schréder Group database (measured using
a precise laboratory reflectometer on 447 road samples taken worldwide over the past two
decades), a new database was formed. It contains 447 reduced g-tables (with significantly

smaller dimensions than the corresponding r-tables), each of which contains luminance



coefficients corresponding to the observation angle of 1° for all 20 combinations of the
angles y and B for which Memphis can perform measurements (the previous database of
the Memphis reflectometer contained 56 three-dimensional reduced g-tables (for the 56
carriageway samples), their values corresponding to larger angles of observation (5°-
80°)). The application of the proposed method significantly increased both the number

and variety of the available reduced g-tables.

Using an original algorithm, 20 luminance coefficients obtained by applying the optimal
type of extrapolation for each combination of the angles (y, B) are compared with the
corresponding data in each of the 447 reduced g-tables in the new database. By applying
the least squares method, the closest g-table from the new database is determined, and,
based on it, the corresponding complete r-table and the actual average luminance

coefficient.

In order to validate the proposed method, measurements of luminance on 11 roads with
different lighting installations were performed. By comparing the measured and
calculated values, it was determined that the accuracy of the data obtained using the
proposed method is similar to that characterizing the data obtained using a laboratory
reflectometer, in terms of all photometric parameters influencing the street lighting

quality (the luminance level and overall and longitudinal luminance uniformities).

Although the method proposed in this dissertation is applied to one of the existing
portable reflectometers (Memphis), it can easily be modified and applied to any portable
reflectometer that measures luminance coefficients at the angles greater than 1°. This
particularly refers to the procedure for determining the optimum extrapolation type by
which luminance coefficients corresponding to the angle of observation of a=1° are
obtained, the creation of the corresponding database of the reduced g-tables and the
calculation of the actual value of the average luminance coefficient of the carriageway.
Its significant advantage over the initially developed method used by the Memphis device
is the absence of need for any measurements of the reflection properties of roadway
surfaces (no measurements are required either on-site or in the laboratory). Note that due

to very expensive measurements necessary for obtaining a reference database, the



Memphis device had limited application capabilities. Thanks to the method developed
within this dissertation, the constructors of future mobile reflectometers based on the
measurement of the luminance coefficients corresponding to the angles a, B and y, which
are the same as (or similar to) those for which the Memphis device performs

measurements, only need to possess the reference database of r-tables.

Since on-site measurements can be carried out quickly and easily, without damaging the
carriageway, a greater number of the measurements can be performed on each roadway
and the resulting reflection table, which better describes the entire roadway surface, can
be formed, providing more accurate calculations of luminance on streets and roads. The
use of a portable reflectometer is particularly important in determining the reflection
properties of roadway surfaces, the reflection properties of which differ significantly from

those of the four standard reflection classes.

This research has shown the following: although the described on-site measurements
provide luminance coefficients for only 20 combinations of the angles y and f, if a high-
quality r-table database exists, applying a suitable mathematical model on the data
measured by a portable reflectometer a sufficiently accurate complete r-table (with 396
elements) can be determined. Therefore, its usage is recommended instead of an r-table
corresponding to one of the standard reflection classes. The application of such r-tables
has led to significant differences between the calculated and measured photometric

parameters of the road.

The definition of a procedure for automatic disregard of the measurement results which
are considerably different from those obtained by measurements at the remaining points

of the same roadway surface represents the topic for further (final) research in this field.

Keywords: roadway surface reflection properties, mobile reflectometer, new method,
improved accuracy of luminance calculations, method validation

Scientific field: Electrical engineering

Scientific subfield: Road lighting

UDK number: 621.3
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TekceT paja nmo norsiaBbumMa

TexcT JOKTOpCKE MucepTanyje je MoAeIbeH y 7 MoriaBiba.

VY npBOM TOTJIaBIbY je ONMMCAaH HHXEHEPCKH MOCTYIIAK MPOjeKTOBabA OCBETIHEHHA YIIHIIE
(myta) Koju Tpeba na 06e30eau mocTu3ame cTanaapanMa (MelyHaposHuM mpernopykama)
3axTeBaHUX mnepdopmancu y morieny Oe30eaHocTH caobpahaja m BumHOr Komdopa
Bo3aua. Jlat je mpernex cBHX pelneBaHTHHX (DaKTOpa KBaJMTETa OCBET/hCHA YIHLA W
MyTeBa 32 MOTOPHU W MENIOBUTH caobOpahaj, mpuka3zaHa je HBHXoBa KiIacHU(pHUKaIja 1
M3HETHU CY 3aXTEBH KOjU Tpeba ja Oyay MCIYHCHHU 3a CBaKy W3a0paHy CBETIOTEXHHYKY
kiacy. [Ipuka3aHa je ¥ MeTOI0NIOTHja n3padyHaBama rnapaMeTapa BpeJHOBama (hakropa

KBaJINTETa OCBETIhEHa caobpahajHura.

VY napyrom mornaBjby je HWCTAaKHYT 3Ha4yaj mTo je Moryhe TauHmjer ojapehuBama
peduiekcnonnx ocobrHa kooBo3a. [Ipukaszano je kako m30op Taberne pediiekcuje yrude
Ha pe3ynTare (OTOMETPHjCKUX MpopadyHa, a CaMUM TUM H Ha 100pYy BHIJBHBOCT H
aJiekBaTaH BUJIHU KOMQOp BO3ada, Ka0 W Ha EHEPreTCKy e(PHKaCHOCT U EKOHOMCKY

OIPaBIIAHOCT MPOjEKTOBAHOT OCBETJbEHHA YIIHUIE (ITyTa).

Tpehe mormasibe je mocBeheHO mpeacTaBbamy peIEKCHOHUX OCOOMHA KOJOBO3HUX
noBpiuHa. [Ipukazanu cy tumoBu pedrekcuje, aare cy nAepuHHIMje KoedHIrjeHTa
CjajHOCTH W PEAYKOBAHOT KOC(HIMjEHTa CjajHOCTH, KOjU KBAHTUTATHUBHO TPETUPAjY
pedexkcroHe KapaKTepUCTHKE KOJIOBO3a, AT je ONMUC KOJIOBO3HHMX MOBPIIMHA ITOMOhy
Tabena peduiekcuje W TpUKa3aHa je mHXoBa Kilacudukaiuja mnpema Baxehum

npenopykama MelyHapoaae komucuje 3a ocsetsbese (CIE).

VY deTBpTOM TOTJNIAaBJBY Cy pa3MaTpaHe pa3He MoryhHocTH 3a onpehuBame (Mepeme)
pedIiekCHOHNX 0cOOMHA KOJIOBO3HUX MOBPIIMHA, KAaKO y JabOpaTOpHju Tako W Ha
Tepeny. Jlat je meTaspaH onmc 1a00paTOPHjCKOT pedIeKTOMETpPa, Y3 HaBOh)eHe HEerOBUX
NPEeJHOCTH W HeJOocTaraka. Takohe, mar je mperien MOCTYIMHUX THIIOBA MOOWIIHHX

(moptabn) peduiekToMeTapa HAMEHEHUX MEpEemhHMa Ha TepeHy. 3a JEMOHCTPalHjy |



BepudUKalMjy MeETo/Ae pa3BUjeHe TOKOM HWCTpaKWBamka KopuilheH je MOOWIHU
pedaexTomerap HazBaH Memphis, KOHCTpyHWcCaH y pa3BOjHOM IICHTPY KOMIIaHU]e
Schréder y JIujexy. Hhero nerasban omuc 1 NPUHIMII pajia TaKohe Cy MpHKa3aHH y OBOM
nornaBby. Kao m cBaku apyru moOunHu pednexkromerap, u ypehaj Memphis uma
onpehene HemocTaTke (yciaen KOHCTPYKTHBHHUX OTpaHHYEHha), KOjH Cy Takole HaBeJIeHn

Yy OBOM IIOI'JIaBJBY.

HoBonpemnoxena wmeroma 3a oapehuBame pedraekcHOHHX OCOOMHA KOJOBO3ZHHX
MOBPIIIMHA MEpEHUMa Ha TepeHy, Koja omoryhasa Hajmmpy Moryhy npumMeHy MOOMITHUX
peduekromerapa (ykipydyjyhu u ypehaj Memphis), Hacrama je Kao pesynraT
UCTpaXMBamba y OKBUPY M3pajic OBE AOKTOPCKE JUCEpTalMje M MpHKa3aHa je y MEeTOM
nornaBiby. OBa MeToma omoryhaBa Ja ce, Ha OCHOBY Mayor Opoja Koe(ulmjeHaTa
CjajHOCTH U3MEPEHHX MPUMEHOM MOOHITHOT pediiekTomMeTpa, 100uje KoMIuleTHa Taberna
pedruekcuje mocMatpaHe KOJOBO3HE IMOBPIIMHE, KOja JOBOJBHO TayHO DPEIPE3eHTYje
meHe peduiekcroHe ocoornHe. Hajmpe je, Ha penpe3eHTaTHBHOM OpOjy y30paka KoJIoBo3a,
MOKAa3aHo Jia Cy KpuBe MOMONy KOjUX ce MpHKa3yje 3aBUCHOCT KOoe(HIIMjeHTa CjajHOCTH
0]l yTJia mocMaTpama (o) TJIaTKe, ¥ TO 33 CBe KOMOHMHAIIMj € YTII0Ba 3 U Y 32 KOje MOOHMITHH
ypehaj Bpmm Mepemwma (ykymHo 20 komOuHanmja). [ToToM Cy, mpuMEHOM pPa3NIUYUTUX
MocTynaka ekcrpamonanydje, oapel)eHe BpeaHOCTH Koe(]HIMjeHTa CjajHOCTH 3a Yrao
nocmarpama 0=1° 3a cBaky pa3MmaTpaHy KomOuHanujy yrioBa [ u y. Ilopehemem
M3pavdyHaTHX BPEAHOCTH KOCPUIIMjCHTA CjajHOCTH, JOOMjEHUX MPUMEHOM Pa3IUIUTHX
o0JMKa eKkcTparoaimje, ca BPeAHOCTHMA KOC(HIMjEHTa CjajJHOCTH KOje CYy M3MEpeHEe
nomMohy TNpenusHor J1abopaToOpujcKOr peduiekToMeTpa 3a yrao mnocmarpama o=1°,
yTBpleH je onTumalaH MOCTyIaK eKCTpanoianyje 3a cBaky oj 20 koMOMHaIMja yriioBa
B m y. Ha ocHoBy 447 pacmonoxuBux Tabena peduekcuje (r-rabena) CHUMIBCHHUX
NPUMEHOM Tperu3Hor JabopaTtopujckor pediekromerpa kommanuje Schréder y
nocaenmux 20 rognHa, TOCTYIIKOM JIMHEapHe HHTeproianyje GopMupaHa je HoBa 0asa
ca peaykoBaHUM Tabenama koeduiMjeHTa cjajHocTH (ca mo 20 ereMeHaTa) y Kojuma
KoOMOWHaIuje yriaosa f U y oarorapajy KOMOMHAIMjaMa TUX YTJIOBA 3a KOje MOTY Ja ce
BpIIIe Mepema nmomohy MoOuiHor pednextomerpa Memphis. IlpuMeHoMm opuruHaIHOT
aJITOPUTMA, KOjU YBa)KaBa YMHHCHUILY Ja KOJOBO3HE MOBPIIUHE MOTY /1a UMajy CIMYHE

Tabene pedruekcuje, aau 3HaYajHO PA3NUINTE Cpeiibe Koe(UIHjeHTE CjajHOCTH, 32 CBaKy



0]l OBaKoO JT0OWjeHUX Tabena MpuKas3aH je MoCTyNaK n300pa HajIpuOIKHUj€ peIyKOBaHE
Tabene koeduijeHTa cjajHOCTH peduiekcuje u3 HoBodopMupaHe 0aze, Ka0 U O]

onropapajyha xommieTHa Tabena peduekcuje.

[lecTo mornasske je MOCBEeheHO BaMMIAIMjH MPEIUIOKEHE METO/Ie. 3a peTpe3eHTaTUBAH
0poj caobpahajuuiia 3a Koje cy ypaljeHa Hampes onucaHa Mepema Tabena pedruexcuje,
u3BpIIeHa Cy QoToMeTpHjcka Mepema U ypah)eHH (OTOMETPHjCKH TpOpavdyHH
kopumrthemem meT r-tabena (tpu crangapane CIE r-taGene, oHe koja je moOujena y
nabopaTopuju U OHE Koja je onapeheHa mpuMeHOM mpemiokeHe meroxae). [lopehemem
M3MEPEHUX HUBOA W PAaBHOMEPHOCTH CjajHOCTH Ha TEPEHY ca OHUMA KOjH Cy J00ujeHH
NPUMEHOM IPEJIOKEHE METOJIE, METO/IC 3aCHOBaHE Ha KOpHIThemy y30paka KoJIoBo3a U
nabopaTopujcKor pedreKkToMeTpa, Kao U METO/Ie IpopavuyHa 3aCHOBaHE Ha KOPUIINEHY
cTaHmapaHux Tabena pedrekcuje, U3BpIIcHa je BepudHKaIja TAUHOCTH MPETIOKEHE

METOAC.

VY ceaMoM mornaBiby Cy Aarta 3aKJbydHa pazmarpama. C 003upoM Ha To ja je yTBpheHO
Ja TIPEJVIOKEHY METO/ly KapaKTepHIle 3aJj0BoJbaBajyha TaqyHOCT, MpernopyyeHa je meHa
NpUMEHa YMECTO OHE KoOja je 3acHOBaHa Ha YCBajalby HEKEe O] CTaHJapAHUX
pedaekcnoHux Ki1aca, 4rja je NpakTHYHa NPUMEHa J0BOJMIIA J0 3HAYajHUX OJCTYNarmha
M3MEpPEeHNX O] M3padyyHaTuX (QOTOMETpHjcKuX mapamerapa caoOpahajumie. Takole,
jacHO cy WHcKa3aHe TpenHocTH Kopumhema (y TEXHHYKOM, EKOHOMCKOM WM
0e30C¢THOCHOM CMHCITY) ToJlaTaka O peICKCHOHUM CBOjCTBMMA KOJIOBO3a JOOH]jCHUX
NPUMEHOM TIPEJUIOKeHEe METOJe, U TO HE caMO Yy OJHOCY Ha NpHMEHY IojaTaka U3
onroBapajyhe cranmapmae CIE r-taGene, HETO W y OJHOCY Ha MPHUMEHY MOJaTaka

nobujeHnx nomohy 1abopaTopujcKor pedeKToMeTpa.



1. OCBET/bEILE ITIYTEBA 3A MOTOPHM U MEIIOBUTHU
CAOBPARAJ

1.1. ¥YBoxa [1-3]

CjajHOCT OCBET/bCHE MOBPILIUHE MPEICTAB/ba MEPHIO MHTCH3UTETA CBETIOCHOT YTHCKA
oco0e koja je mocmatpa. To je jemuHa (HOTOMETpHUjCKa BEJIMUUHA KOJy OKO HETIOCPEIHO
oceha. OHO mMTO OKO MpHWMa OJl CEKyHIApHOT HW3BOpa, Ha IMPHMEP O OCBETJHECHE
MOBPIIMHE IyTa, 3aBUCH KAKO O/ OCBETJHCHOCTH TE MOBPIIMHE, TAKO M OJ HHCHUX
peduiekcnonnx Kapakrepuctrka. CjajHOCT ancoIyTHO LPHOT Tela je jelHaKa Hyau 0e3

003Hpa Ha HUBO OCBETJHEHOCTH.

Busyenna nepuennuja Hekor objekra (HIp. o0jekTa Ha MyTy) MOTHYE O] CyOjeKTHBHOT
yTHCKA Jia TIOCTOjH KOHTPACT, OJJHOCHO pasfifKa cjajHocTd, u3Mel)y o0jexTa U merose
NO33IMHe, MPU YEeMy CjajHOCT IMO3aJHHE 3aBUCHU OJl Pe(IICKCHOHHMX KapaKTepPHUCTHKa
noBpuUIMHE KonoBo3a. Ilpakca je mokasana na Tpeba NMPUMEHUTH TMPHHIMUIT OCBETIHEHOT
KOJIOBO3a Y OJTHOCY Ha KOjH C€ IPETpeKe Ha MyTy yo4aBajy Kao TaMHe CHiryeTe (TPUHINI

HCTraTUuBHOT KOHTpaCTa).

[Ipu npojexToBamy OCBETIhCHA MYTEBA, HAJTIPE je MOTPEOHO Na ce AePUHHITY PaKTOpu
KBaJIUTETa OCBETJhCHHA (JOMHUHAHTHH CBETIOTEXHHYKH IAapaMeTpHu), a 3aTHM OJpene
BbUXOBE TPaHUYHE INMPUXBATJBUBE BPEAHOCTH, KOj€ 3aBHCE O] CBETJIOTEXHHYKE Kiace

caoOpahajumure.

[Topen 3axTeBa 3a 7OOpOM BUIJBMBOIINY, OJJHOCHO 3a/10BOJbaBajyhuMm mepdopmancama
nobpor Bubema, MOTpeOHO je aeduHHCATH W 3aXTeBE 3a TNPHUXBATJEUBAM BHIHHM
KoM(]opoM, KOjH YKIJbydyje CMamemhe 3aMopa M IICUXUYKE HANETOCTH BO3a4a Y TOKY

BOXIbE, & CAMUM THM U CIIPEUaBahe TYOUTKA KOHIIEHTPAIIH]C.

Jlo6pa BHIJFUBOCT Yy HONHUM caTUMa MojpazymMeBa BUIAHE ycloBe kKoju he omoryhuTtu

BO3auy Jia IIPaBOBPEMEHO M jaCHO yOUM TOK M IpaHHLEe MyTa (YIHLE), YKpIUTamba,



MPHUKJbYYKE U OJIBOjKe, MelayKe mpesas3e, ornacHa MecTa U caodpahajHy CUTHAIH3AIH]Y.
[ToceOHO je BaXHO Ja BO3a4 IPABOBPEMEHO YOYM MPENpeKy Ha HyTy U Oyzae y
MoryhHOCTH J1a oipe v ’beHy BEJIMUUHY, YAaJbEeHOCT, CMep U Op3uHy KpeTama. CaMo 1moj
THUM TIpeTnocTaBkama Mohu he 1oBosbHO Op30 /1a M3BpIIHM MOTpedaH MaHeBap, Koju Hehe
OWTH omacaH HUTH IO HETra W FHErOoBE CAllyTHUKE, HUTH IO OCTAalle YYECHHKE Y

caoOpahajy.

Bpojue cTyamje cy moTBpamie /1a je jeJaH O] OCHOBHUX CBETIIOTEXHUYKHX IMapameTapa
OJ1 KOTa 3aBHCE BUIHE IepPOpPMaHCE BO3aua — HUBO CjajHOCTH, OJHOCHO CPeiha CjajHOCT
kosoBo3a (Lsr). I3 Tor pasnora, ka0 KpUTEPHjyM 3a OCBETJbABALE IyTEBA 32 MOTOPHU H

MenoBHUTH caoOpahaj mpuMemYyje ce KOHIIENT 3aCHOBaH Ha CjajHOCTH.

1.2. ®akTOpU KBAJHUTETA OCBET/bEHA IMIyTeBa 32 MOTOPHU U MELLIOBUTH

caoOpahaj [2, 4]
1.2.1. Cpeama cjajHocT K0J10B03a, Lsr

Cpeama cjajHOCT KOJIOBO3a YTHYE U HAa BUJBUBOCT U Ha BUAHH Komdop. LlITo je Beha, To
cy Behe KOHTpacTHa OCETJBMBOCT, OIITPUHA BHUJA, Op3MHA 3ama)kakba M KOHTPACTH
npenpeka Ha myty. [lomohy cpenme cjajHOCTH ce yBakaBa YHMIbEHHMIA 12 BHIIHE
neppopMaHce Bo3aya He 3aBHCE CaAMO OJ1 OCBETJHEHOCTH KOJIOBO32, HETO U OJ] HeTOBUX

pedICKCHOHUX CBOjCTaBa.

Cpenma CjajHOCT je apUTMETHYKa CpelMHa CjajHOCTH y TadkamMa BpeIHOBama Ha

KOJIOBO3Y, OJTHOCHO:

i, Li
L, = Heal 1)

rze je Li cjajaocT y i-T0j Tauky BpenHOBama, a N yKymaH Opoj Tadaka BpeTHOBamba.



3a m3padyHaBame IOYETHE CjajHOCTH Yy i-TOj TadyKW BPEIHOBama, KOja MpeacTaBiba

JIONIPUHOC N CBETHJBbKH, IIPpUMERY]je ce popmMya:

iy
Li= ) ——Gm—
k=1

y K0joj ¢y (cnuka 1):

2

Ik(C,y) — cBeTIIOCHM MHTEH3UTET Yy MpaBIyy Koju oxapelhyjy k-Ta cBeTrsbka 1 i-Ta Tadka,

C — yrao azumyta (AepuHMIIEe BEPTUKAIHY MOJIypaBaH y K0joj C€ Haja3H MocMaTpaHH
mpasar),

Y — yrao unkianHanuje (y oaroapajyhoj C noiaypaBHH pauyHa ce O] JOWET Jielia ONTHYKE
0CE CBETHJBKE),

Tk — PelyKOBaHHU KOE(UIINjEHT CjajHOCTH, KOjH 3aBHCH O] pedIeKCHOHE Kiace KOJI0BO3a
U yrioBa 3 u € (BUAETH TOTIaBsbe 3.2),

[3 — yrao usmely BepTUKagHe paBHU ynaja CBETJIOCTH U BEPTUKAJIHE paBHU IOCMaTpamba,
€ — yrao MHIMJICHIIMje — yrao u3Mel)y mpaBiia ymaja CBETIOCTH M HOpMaJe Ha paBaH ITyTa
(YKonmuKo je Harub CBETHIbKE jeHAK HYJIH, YIJIOBH Y H € Cy jeTHAKH), U

H — Bucuna MOHTa)Xe CBETHIBKE Y OAHOCY Ha paBaH ITyTa.

Q — ONTHUYKH LEHTAp CBETHUJBKE

Q QT — BepTHuKanIHa 0ca KPO3 ONTUYKY LIEHTAp CBETUIBKE
; ; PN — HopMaJa Ha MOBPLIMHY IyTa y IOCMAaTpaHoj TauKH KojoBo3a P
/ "r!
/
H s /| 7 TS — mpasari mapajienan OCH IyTa
/ N
I N
/f = S — onTuyka oca CBETHIJbKE
| .
I

[ . @ MNocmarpay

Crnuxka 1. YT10BY KOju Cy OUTHH IIPH MIPOpadyHUMA CjajHOCTH



1.2.2. Omnmra paBHoMepHoOCT cjajunoctu, Uo

[Topen cpenme CjajHOCTH KOJIOBO3a, Ha JOOpPY BUIJBMBOCT BEOMa yTHYE M OINIITA
pasHomepHOCT cjajaocth (Uo), AeduHrcana Kao 0JHOC MUHAMAITHE CjajHOCTH y Taukama

MOBPILKHE KOJIOBO3a U HETOBE CPE/IHhE CjajHOCTH:

Lmin
Up=—" (3)

Lsr

[ITo je Beha ommTa paBHOMEPHOCT CjajHOCTH, TO je Beha Moh youaBama o3HaKa Ha MyTy,

IperpeKa U OCTaNX y4ecHUKa y caoOpahajy.
1.2.3. Tloay:xHa paBHOMepHOCT cjajHoctH, U)

[Moxyxua paBHOMepHOCT cjajuoctH (Uj), Koja yTude Ha BUIHE KOoMQop (TIpe cBera Kox
IyTHX JICOHUIIA ITyTa), Ae(UHUIIE Ce 3a CBaKy BO3HY TPaKy, U TO Ka0 OJJHOC MUHHMAaJTHE

(Lmin) m MakcuMaise (Lmax) CjajHOCTH y TauKama oce BO3HE TpaKe:

Lmin
U = “)

Lmax

[MoxyxHa paBHOMEPHOCT CjajHOCTH IOKa3yje Ja JIM je Hau3MEHHYHO II0jaBJbHBAMEC
JIeNT0Ba KOJI0BO3a Behnx M MamuX CjajHOCTH MPUXBATI/HMBO 33 BO3aya, 32 KOTa Ce y3uma

Jla ce Haja3|u y BEPTUKAJIHO] OCHOj PaBHHU BO3HE TpaKe.
1.2.4. Penatusnm nopact npara, TI (threshold increment)

Ha no0py BWIBMBOCT 3Ha4ajHO yTHYe W (DU3HOJIOIIKO OJbelTame, Koje Tpeda
pEIyKOBATH y LIEJIOKYITHOM jJaBHOM OCBETJhEHbY. PenaTuBHM mopacT mnpara je moxasaresb
YCIEIIHOCTH OrpaHuucka (DU3HOJIONIKOT OJbelTama. 3a HHUBOE CjajHOCTH u3Mel)y
0.05cd/m? u 5cd/m?> (naBemeHOM OICETy NPHIANajy HHMBOM CjajHOCTH CBHX

caoOpahajuuma), Baxu cieneha (eMnupujcku 1o0HjeHa) penammja:



TI = 65 - (/0) (5)

Y K0jOj CY:
— Ly exBuBaneHTHa 3acnerbyjyha cjajHoct, U

— L cpenma cjajHOCT KOJIOBO3A.

ExBuBaneHnTHa 3aciemubyjyha cjajHOCT MOKasyje CTETEH 3acielJbeHOCTH Bo3ada Koja
HacTaje KaJa ce y HEeroBOM BHIHOM IIOJbYy TI0jaBM M3BOp Ospemrama. Moxke na ce

u3padyHa puMeHoM ciefehe (emmnupujcke) popmyre:

||
gl
Q‘nl tn

2]

]

(6)

Y K0jOj CY:

k — daxrop crapocTu Bo3aua.

Ei — KOMIOHEHTa OCBETJHEHOCTH Ha OKYy Y MpaBIly TJelarma, Koja MpeacTaBlba
JIOTIPUHOC i-TOT M3BOpa OJpemTama (y JIyKCuMa),

0; — yrao m3melyy mpaBma rienama M mpaBla Koju oapelyjy oko m i—Tu u3BOp
OspemTama (y CTEIeHnMa), 1

n — yKynaH Opoj u3Bopa OJbeliTamba y BUAHOM [10JbY BO3aya.

®daxkTop cTapoctu Bo3ada (koju uzHocu k=650 3a Bo3aua koju uma 23 rojanHE), MOXKE J1a

ce u3pauyHa nomohy dopmyre:

k = 641 - [1 + (6‘6‘;4)]4 (7)

y K0joj je ca A 03Ha4yeHa cTapocT Bo3ada (y rOJUHAMA).



[Ipunukom m3pauyHaBama eKBUBAJICHTHE 3aciemibyjyhe cjajHocTh Hajuenthe ce y3nma
na je k=650, motpeOHO je na cy ucnymeHu cieaehu yciaoBu:

— OuYM BO3aya Cy Ha BUCHHHU oX 1.5 m, u

— IIpaBall IJejama Mpunaia BepTUKAJIHO] PaBHU MapajiesIHOj ca OCOM ITyTa, a o0pasyje

yrao of 1° ca XOpH30HTaIHOM PaBHH, IPH YEMY C€ HAJIAa3H HCIIOJ He.

W3pauyHaBame peNaTHBHOT IOpacTa Mpara BpIIM CE 3a HAjHETIOBOJBHUJH CIydYaj,
OMHOCHO 3a ciydaj HajBeher ¢usmonomkor OJpemrama y TOKY eKCIUIoaTaluje
MHCTaNaNyMje yIMYHOT OCBEeTJbeHma. M3 ¢opmyne 5 mpousnasu 1a je TO CiIydaj HOBE

WHCTAAIyje.

He mocroju nmpuxBaTibuBa METO/Ia 32 KBAHTUTATUBHY OICHY IICUXOJIOIIKOT OJbeITama y
jaBHOM OCBeTJhEHY KOje yTHue Ha BUAHM KoMdop Bo3aua, 300r vera je y Baxkehem EN
13201 cranpapay [5] u peneBantHoj CIE 140 [4] mpenopyiy ICUXOJIOMIKO OJbEIITahE

HN30CTABJHCHO Ca JIMCTC (baKTopa KBaJINTCTA OCBCTJbCH:A ITYTCBA U YyJIMIIA.

1.2.5. KoeduuujeHt okpyxema, SR (surround ratio)

KoeduuujeHt okpyxkema, KOju yTuie Ha BUJIJBUBOCT, IIPeICTaBJba I0Ka3aTesb KBaJIUTETa
OCBETJbEHa HEMOCPEHE OKOJIMHE ITyTa, OJIaKiIe JbY/IH, KUBOTHIE U 00jEeKTH MOTY Ja ce

Mojase Ha MyTy.

3a HEMOCPETHO OKPYKEHE KOJI0B03a, KOSPHIIM]EHT OKpYKema ce Ae(HHHUIIE Kao OTHOC
CpelIbe XOPH30HTAITHE OCBETJHEHOCTH JIBE TPAKE 01 KOjUX CE CBAaKa HAaCTaBJba Ha KOJIOBO3
U Cpele XOPH30HTAIHE OCBETJHEHOCTH HhMMa CYCEeIHHX JeioBa Kojoo3a. lllmpuna
CBaKe O] THX TpaKa M3HOCH 5 m, WIH je jeIHaKa MOJOBUHH MIMPHHE KOJOBO3a, WU
IIMPUHU JIeNla MyTa KOjU Ce€ HAcCTaBJhba Ha KOJIOBO3 (y3MMa ce HajMarma O/ HaBEJCHUX
mupuHa). [IyTeBu ca 0JBOjeHHM KOJIOBO30M 3a CBAKH CMEpP BOXKH-E M HEBO3HUM I10jaCOM
n3Mel)y BHX TpeTHpajy ce Kao jeJMHCTBEHA MOBPIIMHA (M3y3€B Ka/1a je ITMPHHA HEBO3HOT
nojaca Beha ox 10 m). [Ipu npopauyHy cpeame OCBETJHEHOCTH TpaKe Koja ce HacTaBiba
Ha KOJIOBO3 M H0] CYCEIHOTI JieNa KOJIOBO3a Tpeda KOPHCTHTH MCTH pacrope] Tadaka

BpE€AHOBAA KAa0 IIPU MPOPAYYHY CPEAHLEC OCBECTIbCHOCTH INICIIAYKE CTAa3e.



1.3. OapehuBame cBeTJOTEXHUUYKe KJjace IMyTeBa W YJMUA 32 MOTOPHU WM

MelIoBUTH caodpahaj

300r cBoje (hyHKIHMjE 1 3HAYaja, Pa3TUUUTH MYyTEBH U YIIUIE 3aXTEBAjy pa3InunTe HUBOES
cjajooctu (ocBeTibeHOCTH). Jla Ou ce mojenHOCTaBUIIO JeUHUCAHE CBETIOTEXHHUKUX
3aXTeBa 3a MHOIITBO Pa3IMUUTHX caoOpahajHuIa, 3BpIIEHA je BUX0Ba Kiacupukammja.
On m3bopa CBETIIOTEXHHYKE Kiace 3aBUCE (POTOMETPH]CKH 3aXTEBH KOj€ OCBETIHCHE
caoOpahajuuia Tpeba 1a HCIyHH, ITO YTHYE Ha OPOj M CHATy CBETUIBKHU. Y CBajambe HIDKE
CBETJIOTEXHUYKE KJIace OJ] OHE Koja je 3aucTa moTpeOHa MOXe Jia yrpo3u 0e30eqHOCT
ydecHHKa y caoOpahajy, NIOK ycBajame BHIIE CBETIOTEXHHYKE Kiace JOBOIH [0

HEOIIPaBIaHO CKYIIOT peIleha U HETIOTPEOHOT pacHIiama eIeKTPHIHE SHEPTHje.
VY npenopyuu CIE 115-2010 Mehynapoane komucHje 3a ocBeTJbeme [3] Aat je moctynak

3a O,I[pCbI/IBaH)C CBCTJIOTCXHHUYKE KJIacc cao6pahajHI/Iua 3a MOTOpPHU W MCIIOBUTHU

caoOpahaj.
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1.4. ®oToMeTpPHjCKHU 3aXTeBH 32 MyTeBe U yJHIle 32 MOTOPHU U MELLIOBUTH

caoopahaj [3]

[Ipema Baxehoj CIE npenopynu (115-2010) [3], kao u mpema Baxehoj EBpornickoj Hopmu
(EN 13201-1) [6], rpanuie orcera cpefme cjajHOCTH KoyioBo3a (Lsr) 3a cBe myTeBe n
ymuue usnoce 0.3 u 2 cd/m?, mok cy mpema amepuukoj (ANSI/IES RP-8-14 [7])

PETYJIaTHBY TPAaHUYHE BPEAHOCTH HKMBOA cjajnoctr 0.1 u 1.2 cd/m?.

VY Ttabemu 1 cy neunucann GOTOMETPHjCKU 3aXTEBU KOje Tpeba J1a MCIyHN OCBETIHCHE
caoOpahajHuma cBHX CBETIOTEXHHMYKHX Kiaca oxapehenmx mpema [3]. 3a cBaky
CBETJIOTEXHUUKY KJIacy JlaTe Cy MHHHMAJHE 3aXTEBaHE BPEIHOCTH CPEIbe CjajHOCTH
kos0B03a (Ls), onmiTe U moay)He paBHOMEPHOCTH CjajHOCTH KoJ10Bo3a (peaom U, u Up)
u xoeunujenTta okpyxema (SR), ka0 1 MakcuMaiiHa 103BOJbEHA BPETHOCT PEIaTHBHOT
nopacrta nipara (T1). Ilpu Tome, moa cpeamoM cjajaolnhy KoJIoBO3a MOApa3yMeBa ce lheHa

MOTOHCKA BPETHOCT (JI00MjeHa MHOKEHEM MTOUETHE BPEHOCTH U (DaKTOpa 0/Ip KaBama).

Tabena 1. doToMeTpHjcKM 3aXTEeBH 3a CBETJIOTEXHHWYKE Kiace caoOpahajuuma 3a

MOTOPHH WJIM MeUIoBUTH caoOpahaj [3]

IToBpmmHa xK00BO3a
CBeToTeXHUYKA Cysa Brnaxna
KJ1aca L TI

(cd/m?) Uo U %) SR U
M1 2.00 0.40 0.70 10 0.50 0.15
M2 1.50 0.40 0.70 10 0.50 0.15
M3 1.00 0.40 0.60 15 0.50 0.15
M4 0.75 0.40 0.60 15 0.50 0.15
M5 0.50 0.35 0.40 15 0.50 0.15
M6 0.30 0.35 0.40 20 0.50 0.15
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1.5. Ilpopauynu poToMeTpUjCcKUX BeJIU4HHA [4]

Kao miro je Hampen pedeHo, Ha BWIJBMBOCT M BHJIHU KoMmdop Ha caobpahajHuiin 3a
MOTODHM WJIH MENIOBUTH caoOpahaj yTWdy HHBO CjajHOCTH, OMIITAa M TMOIY>KHA
PaBHOMEPHOCT CjajHOCTH, KOS(PHIINjEHT OKPYKEHa U PEIaTUBHH MOpACT mpara. Y ToM
uJby, MOTpeOHO je NeduHHCATH Je0 KOJIOBO3a Yy YMjUM ce H3a0paHUM Taykama
u3padyHaBa WM MEpPH CjajHOCT (OCBETJREHOCT). Ha OCHOBY THX BpEIHOCTH C€
M3padyHaBajy CBH OCTAJIM CBETIOTEXHUYKH MapaMeTpu. Kako y mpakcu HUje1aH KOJIOBO3
HeMa caBpiieHo au(y3Hy pediexchjy, cjajHOCT y HEKOj TauKH KOJIOBO3a 3aBHCU U O]

MoJI0XKaja mocMarpada (Bo3aya), ra je u \bera norpedHo aeuHucaTH.

VY pedepennu [4] omucane cy MeTone 3a MPOPAadyH CjajHOCTH M OCBETJHEHOCTH IIPH
NPOjEeKTOBAIY OCBETJbEHHA ITyTEBa M yNIUIA (TPEopyveHe cy U CTaHIapIHe Mpoleaype

3a MEpemE CjajHOCTH).

ITpu u3pagu GoTomMeTpHjcKUX MpopayvyHa Baxke cieliehe npeTnocTaBke:

- CBETWJBbKE CE MOCMAaTpajy Kao TaYKaCTH U3BOPH CBETIOCTH,

- 3aHeMapyje ce yTUIlaj CBETIIOCTH Koja ce pedIeKTyje 0l OKOJIHHE,

- He y3uMmajy ce y o03up apBehe u ocTamu 00jeKTH KOjU clpedaBajy jAa MOojelIuHU
CBETJIOCHH 3palld CTUTHY J0 KOJIOBO3a,

- cMarTpa ce Jia je MoBpIIMHA KOJIOBO3a PaBHA U Ja CY HeHa peIeKCHOHA CBOjCTBA UCTA
y CBUM Taukama, 1

- 3aHeMapyjy ce aTMOC(EpCKH yCIIOBH (Ha pUMep, KHIIla, CHET, Maria).

1.5.1. Tlo/be mocmaTpama

ITosbe mocmarpama ce AedHHHUIIE KAao €0 KOJIoBO3a KOjU mounme Ha 60 m on
nmocMaTpava, a ayradak je 100 m. Y cBuUM mpopadyHHMa NPOCEYHA BHCHHA OYH]y
nocMaTpaya u3HocH 1.5 m, 360r yera nocmarpad oBaj €0 KOJI0BO3a BUIM MO YTIIOBUMA
koju cy uzmely 0.5° u 1.5° (cnuka 2). [lpopauyH cjajHocTy je orpaHudeH oOmamihy

npuMene tabene peduiekcuje (r-tadene), Aepuaucane y nornassby 3.3. C 003upom Ha TO
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Jla ce BPEIHOCTH y r-Tabenu oJHOCEe Ha yrao mocmaTpama oj 1°, 3a yCBOjeHy BUCHHY
ounjy on 1.5 m moOuja ce na je Tauka mocMarpama Ha 86 m HCIpe] MmocMarpaya.
UctpaxxnuBama cy nmokasana [8] na r-rabena Moke Jia ce KOpUCTH 3a orcer yriosa oi 0.5°
Jo 1.5°, mwto 3HauM fa r-rabenia MOXKe Jia ce IPUMEHHU Ha CBE Tauyke KOje Cy yAaJbeHe Of

nmocmarpaua 57—72 m (ycBaja ce omncer 60—170 m).

Jo

1,5m|

<
0 60 m 86 m 160 m

Cnuka 2. ITosse mocMaTpama

1.5.2. IloJbe BpegHoOBama

ITowrTo ce pu BOXKIU MOJbE MOCMaTpama kpehe 3aje1Ho ca Bo3aueM, jJacHO je Ja ce CIUKa
CjajHOCTH NEPUOJUYHO MOHABJba U3Mel)y cBake JBe cycelHe cBeTHbKe. Jleo KoloBo3a
u3Mel)y nBe cycelHe CBETHJbKE HCTOI HHU3a CBETHJBKHM, KOjU Mouumme Ha 60 m on
rocMaTpaya, Ha3uBa ce MoJbe BpeHoBamwa (cnuka 3). Kox myreBa 6e3 cpember HEBO3HOT
(meHTpaHOT) TMojaca MHUPUHA 0JbA BPEIHOBAakA jeHAKA je IIMPHHHU LEJIOT KOJIOBO3a,
JIOK je KOJ OHMX JAPYIMX jeJlHaKa IIMPUHM KOJIOBO3a 3a jeJaH cMep Boxme. Kop
JIBOCTPAHOT TIOMEPEHOT (LIMK-IIaK) pacrope/ia Mmojbe BpeIHOBama TIOYHE KOJ| CBETHIBKE

JIEBOT HM3a, TJIEIAHO Y CMEPY BOXKIbE.

60m
f WBeuya penesaHTHe obnactu
v

)
y
A

LS

Nuunja Ha kojoj ce i e F

Hanaau nocmarpay ' >
.47 D, R —————————— J
Mpea ceeTUrbka Mosrbe BpeaHOBarsa

y norey BpeaHosarsa

Cnuka 3. ITosse BpenHOBamba
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Tauke BpeiHOBama Cy Tauke y I0JbY BpEHOBaWba y KOjUMa ce u3padyHaBa cjajHocT. OHe

Cy paBHOMEpHO pacrnopeheHe y nosby BpeJHOBamba (Kao LITO je MPUKa3aHO Ha CIMLMU 4).

D2 D

Crnmka 4. Pacnopen Tagaka BpeTHOBama MpH MPOpavdyHY CjajHOCTH
Osnake Ha civny 4 nMajy cieaehe 3HaUCHe:

S — pactojame u3mel)y cycelHuX CBETHIBKH UCTOT HH3a,

D — pactojame u3Mmel)y cyceTHUX Tayaka BPEHOBaMA y Y3IyKHOM CMEPY,

d — pacrojame usmel)y cyceHnx Tauaka BpeJHOBaba y MOMPEUYHOM CMEpPY, U

WL — mupuHa BO3HE Tpake.

VY nonpedyHoM cMmepy, 3a CBaKy BO3HY Tpaky Tpeba npeABUICTH 3 Tauke BPEAHOBAmA,

YHje pacTojame U3HOCH:

"
d="t (8)

a o0e Kpajme Tauke cy Ha pacTtojamy d/2 o Oinke WBHIIE BO3HE TPaKe.

HajBehe n1o3BosbeHO pacTojame U3Mel)y Tauaka BpeJHOBamwa y Y34YKHOM CMEpy U3HOCH

3 m, 300r 4era je Opoj TakBuX Tadaka (N):
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- 3a S<30m, N=10, a
- 3a S>30 m, N je HajMamu 11€0 Opoj Koju 00e30eljyje 3a10BobaBakE YCIIOBA

D<3 m.

[lpBu mompeyHn HU3 Tayaka BpeIHOBama Halla3W ce Ha pactojamy D/2 m3a mpBe

CBCTUJBKE, I'NICAAaHO Ca MECTAa ImocMarpaya.

YKONIHMKO MOCTOjY 3ayCTaBHA Tpaka Ha K0joj je MOTPEeOHO U3padyHATH CPeamby CjajHOCT,
Tpeba KOPHCTHTH HCTH Opoj M pacrope] Tayaka BpEJHOBama Kao HPHU IMPOpadyHy

CjajHOCTH 32 BO3HY TPAaKY.

1.5.3. IMoJoxkaj mocMarpaya npu NpoOpavyyHy CjajHOCTH

ITocmaTpau ce mpeacraBiba HOMohy OHOJIMKO Tayaka KOJIMKO MMa BO3HHUX Tpaka. CBaka
O] THIX Tauaka HaJia3u ce Ha 1.5 m u3Ha ] KojaoBo3a 1 60 m o] moYeTKa 1ojha BpeAHOBAKA,
y CcHMETpaiHOj paBHM ojaroBapajyhe BozHe Tpake. Cpelma CjajHOCT W ONIITA
PaBHOMEPHOCT CjajHOCTH padyHajy ce 3a IIe0 KOJOBO3 (3a CBaKM IOJI0XKa] MocMaTpaya),
JIOK c€ TOMy’KHa PaBHOMEPHOCT CjajHOCTH padyHa caMo y Tadkama KOJOBO3a Koje ce

HaJla3¢ 'y CUMCTPAJIHUM OCaMa BO3HHUX TpPaAKa.

Ha cmumm 5 cy mnpukasaHd MnOpuMepH TOJI0XKaja IocMarpada 3a  HEKOJHMKO

KapakTepUCTUIHUX TUMOBa caoOpahajHuIta u pacniopena ctyooBa.
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[lBe BO3He Tpake, Tpw BO3HE Tpake,
jeaHocTpaHn pacnoped cty6osa jeAHoCTpaHu pacnopes cry6osa

[Be Bo3He Tpake, Tpn BO3HE Tpake,
LBOCTpaHW HacnpamHu pacnopepg ctyboea [BOCTPaHW HacnpamHu pacnopep, cTyboBa

[lBe Bo3He Tpake, Tpu BOo3He Tpake, ABOCTPaHW NMomMepeHu
ABOCTpaHu NoMepeHn pacrnoped cTyGoBa (uMK—-LaK) pacnopep cTyboBa

Tow BO3He Tpake.
LUeHTpanHu pacnopeq ctybosa

+ nonoXaj nocmaTtpaya Npy MpopayyHy CpefHe CjajHoCTW, ONwTe W NoayXKHe
paBHOMEPHOCTH CjajHOCTH

Crnuka 5. Heku of monoxaja mocMaTpayda IpH popadyHy CjajHOCTH
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1.6. UH:Kem-epCKH NMOCTYNAK MPOjeKTOBaka 0CBET/beha yJulle (IyTa)

Beh nenenuwjama ce ¢doTtoMeTpujcku TpOpayvyyHU BpIIe NPUMEHOM OJroBapajyhux
(muueHnmpanux) copTepa. Ha camim 6 je mpukaszaH nmpo3op 3a YHOC yla3HHX MoJaTaKa
NIPY TIPOjEKTOBaYy OCBETJhCHA YIUIIEC MU MyTa 32 MOTOPHHU WJIM MEHIOBUTH caoOpahaj
NPUMEHOM CTaHJapAHOr Moxyia mnporpamckor mnakera Ulysse, koju je pa3Buia
kommanuja Schréder. Hakon yHOca reomerpmjckux mojpataka o caoOpahajuuiu u
pactniopeay cTy0OBa, 3aTHM M300pa CBETHJbKE U Tabene pediiekcuje KoiaoBo3a, mporpam
Op30 W TPENM3HO U3pavyyHaBa BPEIHOCTH CBUX PEJICBAHTHUX (POTOMETPH)CKUX
napameTapa (0poj ¥ pacmope]] IpOpadyHCKHX Tadaka, Kao W MOJOXKaju MocMarpada

onpehenu cy y ckiiaay ca u3abpaHuM CTaHIapA0M/TIPEIOPYKOM).

Standard >

Global |

Al AR || ‘EHS—LHE‘ TI || SR \E\ IU W I T
Class: | <None> v [N Assistant <None> *| | N Assistant

Indination

Spacing

e o] ana

Cnuxka 6. [Tpo3op 3a yHOC yJla3HUX NOJaTaKka NPWIKKOM NPUMEHE CTaHIapJHOI MOyja

T

nporpamckor naketa Ulysse
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[Topen cranmapaHOT MOy, HA paclioyiaramy je ¥ MOIYJ 3a aHanu3y, Koju omoryhasa
yHoC oricera Moryhux BucuHa cTy00Ba, BbUXOBOT pacTojama, Ay)KUHa JIMpa 1 Harnoa, kao
u Beher Opoja pa3nTUUUTHX THUIOBA CBETHJBKH. Y 3aBHCHOCTH OJf H3a0paHOT
CTaHJap/aa/mpernopyke oBaj MOIYJ Jaje mperiea MOryhux periema Koja 3a70BOJbaBajy
3axTeBe W3a0paHe CBETIOTEXHHYKE KJIace 3a pPa3IuuTe KOMOWHANHWje YIIa3HUX
nojartaka. 3ajaTak MpOjeKTaHTa OCBETJbEHba j€ Jla MaKJbUBO aHAIM3Upa CBa MOHyheHa
pemema u u3abepe ONTHMAIHO peleme, Koje he Outu eneprercku edukacHo, unju he
YKYITHA TPOIIKOBH OWTH MHUHHMMANHHU, Koje he 3amoBosbuTH 3axTeBe 0€30eIHOCTH
MOTOpHOT cao0Opahaja M CUTYPHOCTH TI€IIaKa, OCBETIHEH MPOCTOP YINHUTH MPUBIAYHIM

M CBECTH Ha MHHUMYM OJbeIITamke, CHjame Heba U “3amyTany” CBETIOCT.
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2. 3HAYAJ MEPEBBA PE®JIEKCHOHUX KAPAKTEPUCTHUKA
KOJIOBO3A HA IIYTEBUMA 3A MOTOPHH WJ/IN
MEIIOBUTU CAOBPARAJ

[Tpu mpojexToBamy OCBEThECHA yiula (IyTeBa) 32 MOTOPHH M MEIIOBUTH caoOpahaj
HEOIXO/HO je TI03HaBaTH reoMeTpujy caoOpahajHuIle, CBETIOCHY pacIonesly CBETHIbKU
u peduiekcroHe ocoOWHE KOJIOBO3HE TOBpIIMHE. ['eomerpuja caoOpahajHuie u
CBETJIOCHA PAacCIo/iela YCBOjeHMX CBETHJPKM Cy IO3HATe (PEHOMHpaHM IpPUO3BOhaum
CBETWJbKH J1ajy MpeIM3HE MOAATKe 3a CBAKy CBETUJBKY), TAaKO JIa TAYHOCT MpopadyHa
CjajHOCTH TPAKTUYHO 3aBUCH OJ TOJaTaka KOjH OIHUCYjy pediaekcuoHe ocobuHe

KOJIOBO3a.

On Tuma KOJIOBO3HE TOBPIIMHE 3aBUCE HE CaMO CBU (DOTOMETPHUjCKU IMapameTpu
caoOpahajuuie, HETO M MHCTAJIMCAHA CHAra OCBeTIherha. MirycTpanuje paau, Ha ey 7
Cy TpuKa3aH! pe3yaTaTd GOTOMETPHjCKUX MPOpadyHa 3a CBETIIOTEXHUUKY Kiacy M1 Ha
caoOpahajunny mupuHe 7 m, ca jeAHOCTPAHMUM paclopenoM cTyOoBa BHUCHHE § m,
pacrojameM m3Mely cycemnux crtyboBa 30 m, Harubom CBETHWJBKH 5° W TIpeBECOM
CBETWJbKE jeHAaKUM Hynu, a kopuinheHa je cBetusbka FURYO 3, peduexrop 1887
(Schréder) ca HaTpujyMOBIM U3BOPOM BUCOKOT TpuTHCcKa cHare 150 W. Mctu npopauyx
je ypaheH 3a cBe ueTupu craHaapaHe pedIIeKCHOHE Kiace MPEAICTaB/bEHE Y MOIJIaBIbY
3.3.1 (mpumeHoM mWHMa MpHAPYXKEHHX r1-Tabena). IlpomeHoM camo r-tabene y
mpopadyHy, 100ujajy ce BeoMa pa3nuuure cpefimbe cjajHocT (Layv), kao u ommte (Uo) 1
nonyxHe (U)) paBHOMEPHOCTH CjajHOCTH, KOj€ Y HEKUM CIIyuajeBUMa HE 3a70BOJbABAJy
3aXxTeBe pa3MaTpaHe CBETIIOTeXHHUKe Kiace. Ha mpumep, y cirydajy pediaexcrone kiace
R1 cpenma cjajoct je 3mHauajHo Beha ox 3axteBame (2 cd/m?), 0K momy*Ha
PaBHOMEPHOCT CjajHOCTH HE MCITyHaBa 3aXTeB M3abpaHe CBETIIOTEXHHUKE Kiace (Mama
je ox 0.7). OBakBo pemieme 0w, 3a ciaydaj 1a peIeKCHOHE KapaKTePHUCTUKE MOCMaTpaHe
caoOpahajuuie 3arcTa MOTY Ja ce cBpCTajy y kiacy R1, Omito m eKOHOMCKH HEOTIpaBIaHO
W Jiomie ca acmekra 0e30eTHOCTH: TMPEeBHUCOKa Cpelma CjajHOCT yKasyje na Tpeba

IMIPUMCHUTU HU3BOP CBETIOCTH MAKCT CBETIOCHOT (bJ'IYKCB., OJHOCHO Mamlm€ CHarc, I0K
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MOy’KHA PABHOMEPHOCT CjajHOCTH HIDKA OJ 3aXTE€BaHE YKaszyje Ha W3paKeHH)e
HaW3MEHHYHO I10jaBJbUBALE ICJI0BA KOIOBO3a BehNX U MabUX CjajHOCTH Y BUITHOM I0JbY
B03aua, IIITO JIOBOH JIO FheTOBOT OpsKer 3amMopa. Y 0BOM Citydajy Ou Tpebano MpuMEeHUTH
CBETHJBKY Marb€ CHare, ajy ca JpyradjoM pacliofie]IoM CBETIOCHOT HHTEH3HTETa, KaKo

Ou 1 To/Ty’)KHE paBHOMEPHOCTH CjajHOCTH MMaJIe 3310B0JbaBajyhe BpeHOCTH.

Ca cnuke 7 ce jaCHO BHAM KaKO C€ MEHa CIIMKa CjajHOCTH Ha KOJOBO3Y ca MPOMEHOM
tabene pedraekcuje: Ko KOJIOBO3HE MOBPIIMHE Ca JOMHHAHTHO JH(y3HOM pediaercujom
(R1) makcumanHe cjajHOCTH ce Hamaze Oko cTyboBa. Ca moBehameMm ycMmepeHe
KOMIIOHEHTE pediieKcuje, MaKCUMallHe CjajHOCTH Ce CBE BHUIIIE OJIMUYY O] CTyOOBa, TAKO
Jla ce KOJ KOJOBO3HE IOBPIIMHE ca JOMHMHAHTHO ycMepeHoM peduiekcujom (R4) one

HaJla3e y 30HU CpeIMHE pacTojama u3Mely cyceHux ctyboBa.

B.BS0

R1:  Lav=3.03 cdim’ - 3 Q

UO = 62-0% UI = 62-2% EI35I]EIIZIIZIIZI 3000 6000 9000 12000 15000 18000 21.000 24000 27.000

2
R2: Lav=2.25cd/m
UO = 53.3% UI = 70.9% DSSDDDDD 3000 6O0D0 9000 12000 15000 18000 21000 24000 27000

B.EGD

4 550

2
R3: Lav=2.18 cd/m si
Uo = 48.3% Ul = 74.8% ”

50
0000 3000 6000 9000 12000 15000 18000 21.000 24000 27.000

2
R4: Lav=24cd/m
UO = 42-9% UI = 73-1% U35UDUUU 3000 6000 5000 12000 15000 18000 21.000 24.000 27.000

Cruka 7. Pesynratu (OTOMETPHjCKHX MpopadyHa Ha WCTO] caoOpahajHuiu ca mcTuMm
THUTIOM CBETHJBKE, aJTU 32 YSTHPH CTaHAapAHe Taberne peduiekcuje (MpopavyHCKO MOJBE je

OTpaHUYEHO Ca YETUPH KPajie MPOPAIyHCKE TauKe)

VYBaxkaBajyhu paznmuunre pedraekcrnoHe KapaKTepUCTUKE KOJIOBO3HHX ITOBPIINHA KOje ce
cpehy y npakcu, komnanuja Schréder romuHamMa IpoU3BOIH CBETHIBKE YHj€ CY CBETIIOCHE
KapakTepUCTHUKE NpUiIarojeHe MPUMEHN Ha KOJOBO3HUM TOBPIIMHAMA Ca Pa3IMIUTUM

peduiekcnoHnM KapaktepucTukaMa. Ha nmpumep, Ha ciuiu 8 cy npukazaHu peduieKTopu

20



1890 u 1887 xoju ce kopucre y cBeTusblln FURYO 3 ca KOHBEHIIMOHATHUM HU3BOPHUMA,
Kao U BHUXOBH TolapHu aumjarpamu. Peduiektop 1890 ce xopucTH 3a OcBeT/haBame
KOJIOBO3HUX TOBPINMHA €a JOMUHAHTHO Au(Y3HOM pediiekcrujom, 0K je pediekrop
1887 mpunaroh)eH KOJOBO3HWUM MOBpIIMHAMA ca cIab0 ycMepeHOM pediiekCHOHOM

KapaKTEPUCTUKOM.

Pednektop 1890 PednekTop 1887

Crnuxa 8. Pednexropu 1890 u 1887 n muma npunajajyhu nojgapHu amjarpaMu

3a cranaapane pedekcroHe kiace kojaoo3a R1 u R3, na cnumm 9 cy nopes pesynrarta
MPETXOHO HaBeIeHOr mpopadyHa (3a peduiekrop 1887) mpencraBibeHH pe3yiTaTH
npopauyna ypahenu 3a ucty cBetusbky (FURYO 3), anu 3a mpyru tun peduexropa
(1890). Onu jacHo MoOKa3yjy Kako ce KopHuihemeM CBETIOCHE pacioielie CBETHIBKE Koja
0JIrOBapa MpeIMETHO] KOJIOBO3HO] TOBPIIMHU MOTY JOOWTH 3Ha4ajHO O0JbH Pe3yJTaTH.
Kopumhemem pedektopa 1890, koju je KOHCTpyHCaH 3a OCBETJbaBamke MOBPIIMHA Ca
JIOMHHAHTHO audy3HOM pediiekcujoMm, A00Hjajy ce OJJMYHE BPEIHOCTH OINIITE H

HOYHE PaBHOMEPHOCTHU CjajHOCTH 3a pediiekcHoHy kiacy R1, 1ok BpeqHOCTH MCTHX
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mapaMeTrapa HUCY 3aJ0BoJbaBajyhe 3a peduiekcnoHy kiacy R3 Kojy KkapakTepwuiie
3HauyajaH yJeo ycMmepeHe peduiekcuje. Y clydajy Kopuinhema HCTE CBETHJBKE ca
pedaekTopom 1887, koju je mpuiarojeH KOJIOBO3MMA ca Ci1ab0 YCMEPEHUM THIIOM
pebraekcuje, n00UWjajy ce OJJUYHE BPEIHOCTH OIIITE W TMOMY)KHE DPaBHOMEPHOCTH
cjajuoctn 3a pedrexkcuoHy kiacy R3, JOK BpeIHOCTH HCTHX TNapameTapa HHCY

3aJI0BOJbaBajyhe 3a pediekcuony kiacy R1.

Pednektop 1890 PednekTop 1887
R1: Lav=2.97 cd/m2 R1: Lav=3.03 cd/m2
Uo =50.2% Ul =77.1% Uo =62.0% Ul = 62.2%

(000 3000 6000 9000 12000 15000 18000 21.000 24000 27.000 . 00000 3000 6000 9000 712000 15000 18000 21.000 24000 27.000

2
R3: Lav=2.39 cd/m2 R3: Lav=2.18 cd/m
Uo = 33.7% Ul = 63.8% Uo =48.3% Ul =74.8%
6.650 L 1 |
4550 Q
2.450 _’-—W_—

B.650

4.550

2450

0.350 0.350
0000 3000 6000 9000 12000 15000 18000 21.000 24000 27.000 0000 3000 G000 9000 12000 15000 18000 21.000 24000 27.000

Cnuka 9. Pesynratm QoTOMETpHjCKMX NpOpadyHa CjajHOCTH KOjU C€ OJHOCE Ha
pasnuuuTe THUIOBE peduiekTopa U pediekcrnone kinace kojoBo3a R1 n R3 (mpopauyHcko

H0JbE j€ OTPAHUYEHO Ca YETUPH KpajHhe MPOpauyHCKe TauKe)

VY nmpeTxomHUM IpUMepuMa Cy pa3MaTpaHe camo cTaHaapiaHe peduiekcuoHe kiace R1,
R2, R3 u R4. MehyTtum, pedirekcnone ocoOnHe MpeIMETHOT KOJIOBO3a MOTY 3Ha4ajHO Ja
OJICTYIIajy OJT OHUX KOje Cy MpelcTaB/beHe MoMohy cTaHAapJHHUX r-Taderna, MTo MOXKE
JPaCTUYHO PEAYyKOBATH TAYHOCT MPOPAUyHA CjajHOCTH YKOJIHMKO CE YCBOJU HEKA OJ1 FhHX.
Ykonuko je peaqHa KOJIOBO3HA TOBPIIMHA CBETIIMja OJ OHE KOjOj OJAroBapa m3abpaHa
cTaHmapaHa peduiekCHOHA Kiaca, HAaKOH M3Bol)ema MHCTaJalMje OCBETIheha ojpeleHe
Ha OCHOBY CIPOBEJICHUX MTPOpadyHa CTBAPHHU HUBO CjajHOCTH Ha KOJI0BO3Yy Ouhe Behu of
W3padyHaTOr (a caMUM THM M OJ 3aXTEBAaHOT), INTO pe3yiTyje HEEKOHOMHUYHUM

pememeM. MelyTum, yKOJIMKO je ocMaTpaHa KOJIOBO3HA MOBPLIMHA TaMHM]ja, CTBApHA
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Cpelliba CjajHOCT MOXKe OUTH Mama O] 3aXTeBaHe, IITO OM MOTIIO J1a yrpo3u 6e30eaHoCcT
ydecHuka y caobpahajy. C apyre cTpane, HauuH pediekcuje o] mocMaTpaHe KOJIOBO3HE
MOBPIIMHE MOXe Ja OyJie 3Ha4ajHO pa3iuyuT Of BpCcTe peduiekchje Koja KapaKTepHiie
n3abpaHy cTaHAapAHy pediaekcHoHy Kiacy, IITO MOXE Ja JOBele 10 pasiuka uiMmely
M3padyHATHX U PEaTHUX BPEAHOCTH ITOTy’KHE ¥ OMIITE PaBHOMEPHOCTH cjajHOCTH. Hrke
ONILITE W TIOMYXXKHE PAaBHOMEPHOCTH OJ 3aXTEeBaHMUX 3a IOCMaTpaHy caoOpahajHuiry
JI0BOJIE /IO JIOIIMjUX BUAHUX TNepdopMaHCH W HE3anoBoJbaBajyher BHIHOT KoM(opa.
30or Tora ce mpemopydyje nda ce, Kaa rox je To Moryhe, mpe crpoBohema
(doToMeTpHjCKUX MpopadyHa Ha OCHOBY KOjuX he OWTH M3a0paHO ONTHUMAIHO PEIICHE
OCBeTJbCHa yiuIe (IyTa) 3a MOTOPHH HJIM MEIIOBUTH caoOpahaj, Tabena peduexcuje (r-
Tabena) Ha OCHOBY Koje he oHM OMTH 3aCHOBaHHW OJIpean MOMohy J1ab0paTopHjCKUX WIIH

Meperma Ha TEPEHYy.
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3. PE®QJIEKCHOHE KAPAKTEPUCTHUKE KOJIOBO3HUX
INOBPIINHA

3.1. YBona [1]

KomoBo3na moBpmmHa, Kao W CBaka Jpyra IOBpIIMHA, pedieKkTyje aeo yraaHe
cBeTnoctd. OHOC pedIeKTOBAHOT U YKYITHOT CBETJIOCHOT (hIyKca KOju MajHe Ha HEKY
MOBPIIMHY Ha3uBa ce (akTop peduiekcuje (Hajuenthe ce oOenexaBa IPUKHIM CIIOBOM p).
UznBajajy ce yetupu BpcTe peduiekcuje: ycMmepena, audysHa, momynudys3Ha H

MCUIOBHUTA.

Kon ycmepene peduexcuje, Koja ce jaBjba KOJ YIJIauaHUX METAJTHUX ITOBPIINHA, YIIaIHU
yrao CBETJIOCHOT 3paKa jeqHaK je 0J0MjeHOM, U YeMy YIaJHU 3pakK, OJ0HjeHH 3paK U

HOpMaJia MpUIajajy uctoj paBuu (ciuka 10).

Oly=0Olr

Cnuka 10. Ycmepena peduexcuja

HudysHa pedrexcuja ce jaBba KOJ XpamaBux MOBPIIMHA W MaTepujana Koje o0pasyjy
cuhyman kpuctanmu. CBaky 3pak KOjH TaJHe HA HEKY O THX CHNYIIHUX YeCTHIIA
pedrnekryje ce mo mpaBunuma ycMmepene peduiekcuje. [lomro moBpiIMHE 4YecTHIA
NpUIaajy pa3ivuuTUM paBHHUMA, pe(IEeKTOBAaHM 3pallil ce PacCIpIIyjy Ha CBE CTpaHe.
Kao noceban obnuk audysne peduiekcuje uzaBaja ce cappiieHa audysHa pediekcuja,
KOJl KOje BPXOBH BEKTOpa CBETJIOCHHUX HMHTEH3UTETa pe(IIeKTOBAaHHMX 3paka o0pasyjy

chepy, koja pednexryjyhy moBpmmHY nomupyje y Tauku peduiekcuje. 30or Tora
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MOBPIIUHE KOje C€ OJUIMKYjy caBpiieHoM audy3HoM pediekcujom (Kao ITO Cy, Ha
npumep, MaT Oelu Tamup, CHET, TUIICAaHW 3MJO0BH) 3padye 1o JlamOGepToBOM 3aKOHY.
Baxxna kapaktepuctuka caBpiieHe Audy3He pediekcuje je McTa CjajHOCT Yy CBUM

npaBuuma. CappiueHa qudysHa peduiekcuja je meMaTcky pruka3aHa Ha ey 11 .

Cnuxa 11. lllemarcku mpuka3s caBpiieHe n1udy3He pediaekcuje

Kon momymudysne peduekcuje pacnojena CBETIOCHOT MHTCH3UTETa je JCTMMHYHO
ycMmepeHa (cimka 12), ca MakCMMaJTHUM CBETJIIOCHUM HHTCH3UTETOM Y IPaBILy 0JI0UjeHOT
yTia KOjH j€ jeTHaK yTaIHOM.

Olu=0lr

Cnuxa 12. [llemarcku mpuka3s nonyaudysHe pediekcuje

MemoButa pediiekcrja, Koja MpelcTaBba KOMOWHAIM]Y HEKUX OJf TPH NPETXOTHO
HaBeJieHa TUMA peduiekcuje, o moceOHe je BaXKHOCTH y YIMYHOM OCBETJbEHY, jep je
KapakTepUCTUYHA MEIIOBHTAa peduieKcHja cacTaB/beHa o momynudys3He u andys3He

KOMIIOHCHTC 3a BehI/IHy CYBUX KOJIOBO3HUX IOBPIIHHA.
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3.2. PejiekcuoHe KapaKkTepHCTUKE KOJOBO3HHMX MOBPILIMHA

[To3naBame 3akoHa (DHU3HMKE KOjU OMHUCY]y HaBEJCHE THMOBE peduieKcHje JTOBENO je 10
Oosper pasyMmeBama MeXaHH3aMa peQIieKCHje CBETIOCTH O]l KOJOBO3HHX MOBPIIMHA.
MelhyTtum, To HUje OUIIO TOBOJHHO 33 MPAKTHYHY NMPUMEHY, OJTHOCHO 32 (JOTOMETPH]jCKE
popavdyHe HEOIXOJHE TIPH H3PaIH ITOPOjEeKTa YIMIHOT OCBETIhEHa. 300T TOTa je YCBOjeH

MOjeTHOCTABJBCH CUCTEM TOTOJIaH 3a MPAKTUYHY YIIOTPEOy.

VY ToM mmIby, yBeneH je mojaM KoeuIrjeHTa CjajHOCTH (), KOjU ce y HEeKoj Tauku P
KOJI0BO3a JiemHMIIE Kao ojHOC cjajHocTh (Lp), K0jy Ha OKy BO3aua W3a3WBa CBETIOCHU

3pak HacTao pediaekcujoM y Tauku P, m xopuzoHTanHe ocBeT/heHOCTH (Enp) y TOj Taukm:

=
CBakoj Tauku P Ha KOJIOBO3Y 0JroBapa OHOJHMKO KOe(HIMjeHaTa CjajHOCTH KOJIMKO UMa
npaBala ynajaHe CBETJIOCTH M IpaBala IocMaTpama, OJHOCHO CjajHOCT Ha OKY BO3aya
3aBHCH KaKO 01 pe(hIeKCHOHUX KapaKTePHCTHUKA KOJIOBO3HE TIOBPIIMHE, TAKO U OJ1 CMEpa
ynajiHe CBETJIOCTH U IMOJI0oKaja mocMaTpada. Ha cimmm 13 je mwiycTpaTHBHO NmpuKa3aHa

3aBHCHOCT peIIEKTOBAaHE CjajHOCTH Y CMEpY BO3ada O yIaJHOT yIJia CBETIOCTH.

ITonoxaju cBeTHIbKE M BO3a4a y OAHOCY Ha Tauky P mory na ce oapene nomohy yriosa
o, B, y 1 O, mpukazanux Ha ciaunu 14, Ha K0joj cy:

0. — yrao rnocMaTpama,

 — yrao m3mel)y BepTHKaIHHX paBHH ymaja CBETIOCTH M MOCMaTpama (TayHHje, yrao
n3mel)y mpojeknmje mpaBlla MocMaTpama Ha KOJIOBO3 (cMep mpeMa mocMarpady) u
nonynpase K'P),

Y — YIIaJHA yTao CBETIOCTH, U

0 — yrao u3mel)y BepTHKaHe paBHH ITOCMaTpama 1 Oce IMyTa.
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Cmuka 13. [IpomeHa pedexToBaHe CjajHOCTH Y cMepy IpeMa Bo3ady y 3aBUCHOCTHU OJ

yoaaHor yriia CBE€TJIOCTU

Crnuka 14. YrioBu ol KOjuX 3aBHCH KOS(DUIM]EHT CjajHOCTH
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3a jgaTto mosbe MmocMaTpama M YCBOJEHY BHUCHHY NocMmarpama o 1.5 m 3a Bo3aye
MOTOPHHUX BO3MUJIA, yrao MocMaTpama o Bapupa y omncery of 0.5° no 1.5°. EkcnepuMmeHTH
Cy mokasainu [8] 1a ce y OBOM OIICery 3aBHCHOCT Koe(HIlrjeHTa cjajHoCTH (q) of yriia o
MOJKE 3aHEMapHUTH, 300T Uera je yCBOjeHO Jia ce Mepema Koe(HUIlujeHTa CjajHOCTH BpIle

3a yrao nocmatpama o=1° [4,5].

Kao mocneauna ynmeHHIe Ja ce MPH IMUPUHH TI0Jha TOCMATpama A0 25 m | IpH
yaajseHOCTHMa Bo3ada Behum ox 60 m yrao & mema camo y omcery ox 0° mo 20°,
YCTaHOBJBEHO je W Jla C€ YTHIAj yria O Ha BPEIHOCT KOe(HUIMjeHTa CjajHOCTH MOXKE

3aHEMapUTH.

300r Hampe HaABEICHHUX Pa3iora, y MPaKcH ce y3uMa J1a Koe(hUINjeHT CjajHOCTH 3aBUCH

camo oj1 IIpeocTana aBa yriaa, oqHocHo q=q(B,y).

Pednexcrone ocoOuHEe KOMILIETHE KOJIOBO3HE IOBpIIMHE y MpakcH ce Hajuemrhe
MpHKa3yjy NoMohy JBOIMMEH3NOHATHE Tabele Y K0joj je KoeHIHjeHT cjajHoCTH (q) AaT
3a YUTaB HA3 KOMOWHAIM]ja yrioBa 3 u vy.

30or nakmier wu3payyHaBama CjajHOCTH, peQIIeKCHOHa CBOjCTBAa KOJIOBO3a C€

Mpe/cTaBbajy momMohy Tabena Koje cajipKe ca BPEJHOCTH PeAyKOBaHOT KOC(HIIMjCHTa

cjajuoctu (r), nedpuHucanor nomohy dhopmyie

r=q-cos’y =r(B,y) (10)

Ha ocHOBY Hampe HaBeJCHOT, CjajHOCT y HEKOj Tauku P komoBo3a Moske /1a ce u3padyHa

nomohy dopmyie

I I
Lp=q Epp=q 5 cos’y =75, (11)
y K0joj cy:

Iy — CBETIIOCHM MHTEH3HUTET CBETUIBKE Y MPABIYy ONTHYKY LIEHTAp CBETHJBKE — Tauka P, n
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h — BucHHa MOHTaXe CBETHIBKE.

TabGene penykoBaHOT KOepHIMjEHTa CjajHOCTH Ha3MBajy ce W Tabene peduiekcuje Win
r - Tabene. OHe omMoryhaBajy mW3padyHaBame CjajHOCTH KOjy MOCMaTpaHa CBETHIbKa

CTBapa y MpOU3BOJHHO] TAUKH KOJIOBO3HE TIOBPIINHE, 32 YHAIIPE 33/1aT IOJI0Kaj BO3ada.

VY mnspy mpoHanakerma HauMHA 32 aJIeKBaTHY Kiacu(uKaiujy mocTojehnx KomoBo3HUX
MOBpIIKHA, y ieproay ox 1963. mo 1976. ronuHe M3BpLICHN CYy OpOjHH EKCIIEPUMEHTH

(Westerman [9], De Boer [10], Roch, Smiatek [11], Range [12], Erbay [13, 14], Massar
[15]).

Mebhynaponna komucuja 3a ocBetsberse (CIE) yeBojmna je 1976. ronunae nBa mapamerpa,
nomMohy KOjUX JOBOJBHO TaYHO MOTY Jia ce MpelcTaBe peeKCHOHEe KapaKTEePUCTHKE

KOJIOBO3HUX noBpuiuHa [16]. To cy:

— CrermneH cBeTnuHe (MK CTENEH CHUBOT, O] OEJIOT Ka IPHOM), KOjU ce TpoIlcHkhYyje Ha

OCHOBY cpenmer koeduuujerTa cjajaoctu Qo, Ae(hUHICAHOT peNalIijoM

Q

[q-d0
Q,=-" (12)

— Cremnen ornemaaHoOCTH (YCMEPEHOCTH pedieKkcHje), KOju ce IPOoLebyje Ha OCHOBY

¢dakropa S1 u Sy

_ r(0,2) _ . q(0,2)
1= T00 = 0.089 2000) (13)
Qo
Sz = 7(0,0) (14)

[Tapamerpu y popmynama 12-14 umajy crenehe 3Haueme:

q — KoeUIIHjeHT CjajHOCTH,
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Qo — IPOCTOPHM yTao, MpHUKa3aH Ha ciumu 15 (cimuka npeysera u3 pedepenue [1]), koju
CaJIp’)ku CBE CMEpOBE yIaja CBETIOCTH y MOCMaTpaHy Tauky kojoBo3a (P) xoju
MPaKTUYHO YTHYY Ha HEHY CjajHOCT,

1(0,2) — penykoBaHu Koe(hUITHjEHT CjajHOCTH y TpaBily neduHucaHoM ca f=0° u tgy=2,

"

1(0,0) — penykoBaHu KoeHIIHjEeHT cjajHOCTH y TipaBiy aedunucanom ca f=0° u tgy=0.

Crnmka 15. TIpocTopHH yrao 3a u3padyyHaBame cpenmer koeduuujenra cjajuoctu (h je

BHUCHHAa OIITHYKOT LICHTPa CBCTPIJ'LKG)

Tpeba narnacutu na je CIE y npenopymu CIE 144-2001 u3ocraBumna daxrtop Sz [17].
Cpeamu koeduijeHT cjajHoctu Qo MpeacTaBiba Cpelliby BPEAHOCT KoeduijeHarta
CjajHOCTH 3a CBE MpaBIe Y OKBHPY pENEeBaHTHOr MpocTopHor yria o. Ha ciumm 16

npuKa3aH je mpoctopuu yrao dQ nomohy yrmosa 3 u vy.
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rdy

rsinydp

LB

Crnuxka 16. [Ipoctopuu yrao dQ

Kaxo je, Ha ocHOBY cnuke 16

dA _ r-dy-rsiny-df
¥z r2

dQ = = siny - dydp,

CpelBbU KOS(UIIMjSHT CjajHOCTH MOXKE JIa Ce M3padyyHa Kao

Q ; .
[ogaa  [1® gsiny-ay-ap

Q0: =

Q() Q()

1 B , ,
Q=g J" [T e siny - dy - dp

Q=7I"["rBy) L s ap

cosy (cosy)?

OJHOCHO

Q=517 [ r(Bv) - tgy - d(tgr)dp

(15)

(16)

(17)

(18)

(19)
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[Tocnenmwa popmyna npencTaBba OCHOBY 3a H3pauyHaBame Cpelmber koeduryjenra

CjajHOCTH.

Ha couuu 17 cy npuka3aHe rpaHulie HHTETpalyje 1o npoMeHbuBuM tgy u B (yrao f3 ce

Mema o7 0° mo 180° — Bumern ciuky 1).

o o
w |°,o 2 2 2, o © o o o o ) o e °
O8N 8 L o ow o v o 7o) < %o
_—_ - v = & K~ LY §F 0O © ~ -
AN ~ON ANANAN__\ —\ -
° B
1504 \
157.5° 4
165° 4

tgy -4 3210 123 45 67 8 9 10 1112

Cnuka 17. I'panune uHTErpanyje no NpoOMEeHBUBUM tgy U 3, IpHKa3aHe y paBHU

KOJIOBO3a

3a HaBeJieHEe IpaHUIE MHTErpamyje, Serensen [18] je qa0 Tabeny TeXUHCKUX (DakTOpa,
noMohy KOjuxX MOKe J1a ce n3padyHa Cpeaby KOe(UINjeHT CjajHOCTH Ha OCHOBY Tabene
pedraekcuje. Tu TexuHcku ¢aktopu cy oxapehenn momohy CHMIICOHOBE METOjE
UHTETpalyje W KopumhemeM KBaJpaTHE HMHTEpIoOJandje yHyTap TpaHHUIA
uHTepnonanyje. M3pauyyHaBame cpeamer KoeuilMjeHTa ¢jajHOCTH BPIIU ce TaKO IITO ce
CBaKa BPEJHOCT M3 r-Tabesie MOMHOXH ca OAroBapajyhuM TeXHWHCKHM (akTopoM H ca
onrosapajyhom BpemHomhy tgy, 1a Ou ce Ha Kpajy CyMa CBHX TaKO JOOHjeHUX BPETHOCTH

nonenuna ca 9.936-107.

VY tabenu 2 cy npuka3aHe BPeJHOCTH TEKUHCKUX (akTOpa 3a M3pauyHaBaAHE CPEAHEr

Koe(HUIljeHTa cjajHOCTH Ha OCHOBY Tabene pednekcuje [16, 17, 19, 20].
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Tabena 2. Texxuncku dakTopu 3a u3pauyHaBame Qo [16]

p

0|2 5 10 15 20 25 30 | 35 ) 40 | 45 | 60 | 75 | 90 | 105 | 120 | 135 | 150 | 165 | 180
tg

0O 8| 8| 32| 22 40 20 40 | 30| 40 [ 25| 45| 120 | 60 | 120 | 60 | 120 | 60 | 120 | 60 [ 60
0253232 | 128 | 88| 160 80 | 160 | 80 | 160 | 100 | 180 | 480 | 240 | 480 | 240 | 480 | 240 | 480 | 240 | 240
0,50 | 16 | 16 | 64 | 44 80 40 80 | 40 | 80| 50| 90 | 240 | 120 | 240 | 120 | 240 | 120 | 240 | 120 | 120
0,75 | 32 | 32 | 128 | 88| 160 80 | 160 | 80 | 160 | 100 | 180 | 480 | 240 | 480 | 240 | 480 | 240 | 480 | 240 | 240
1|16 | 16| 64| 44 80 40 80 | 40 | 80 | 50| 90 | 240 | 120 | 240 | 120 | 240 | 120 | 240 | 120 | 120
1,25 (32 32| 128 | 88| 160 80 | 160 | 80 | 160 | 100 | 180 | 480 | 240 | 480 | 240 | 480 | 240 | 480 | 240 | 240
IS|16 |16 | 64| 44 80 40 80 | 40| 80| 50| 90 | 240 | 120 | 240 | 120 | 240 | 120 | 240 | 120 | 120
1,751 32| 32| 128 | 88 | 160 80 | 160 | 80 | 160 | 100 | 180 | 480 | 240 | 480 | 240 | 480 | 240 | 480 | 240 | 240
20241 24] 9 | 66| 120 60 | 120 | 60 | 120 | 75| 135 | 360 | 180 | 360 | 180 | 360 | 180 | 360 | 180 | 180
2564 | 64|25 | 176 | 320 | 160 | 320 | 160 | 320 [ 200 | 360 | 960 | 480 | 960 | 480 | 960 | 480 | 960 | 480 | 480
303232 128 | 88| 160 80 | 160 | 80 | 160 | 100 | 120 | 510 | 222 | 240 | 180 | 480 | 240 | 480 | 240 | 240
35|64 | 64| 256 | 176 | 320 | 160 | 320 | 160 | 320 | 200 | 120 | 270 | 33 0| 30| 690 | 480 | 960 | 480 | 480
4132132128 | 8 | 160 80 | 160 | 80 | 160 | 100 | 60 0 0 0| -75 | -30 | 255 | 510 | 222 | 120
45164 | 64 | 256 | 176 | 320 | 160 | 320 | 160 | 320 [ 155 | 75 0 0 0 0 0| 135]372| 33 0
513232128 | 88| 160 80 | 160 | 105 | 125 51 -15 0 0 0 0 0 0] 33 0 0
55| 64 | 64| 256 | 176 | 320 | 160 | 320 | 170 | 90 0 0 0 0 0 0 0 0 0 0 0
6 32|32 128 | 88| 160 80 | 160 | 40 0 0 0 0 0 0 0 0 0 0 0 0
6,5 | 64 | 64 | 256 | 176 | 320 | 160 | 275 | 35 0 0 0 0 0 0 0 0 0 0 0 0
7132 |32) 128 | 8 | 160 | 105 80 | -25 0 0 0 0 0 0 0 0 0 0 0 0
75| 64 | 64| 256 | 176 | 320 | 170 90 0 0 0 0 0 0 0 0 0 0 0 0 0
813232128 | 88| 160 85 45 0 0 0 0 0 0 0 0 0 0 0 0 0
85 | 64 | 64 | 256 | 176 | 320 80 0 0 0 0 0 0 0 0 0 0 0 0 0 0
93232128 | 88| 160 40 0 0 0 0 0 0 0 0 0 0 0 0 0 0
95164 | 64|25 | 176 | 320 80 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10 | 32 {32 ] 128 | 88| 115 -5 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10,5 | 64 | 64 | 256 | 176 | 230 | -10 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1132 (32128 | 113 80 | -25 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11,5 | 64 | 64 | 256 | 186 90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
12116 16| 64| 69 45 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Pednekcrona cBoOjcTBa MOBpIIMHE KOJIOBO3a MOTY Ja C€ MpHKaxXy M mnomohy
uHAnKaTpuce pediekcuje nin g-rena (cnuka 18). OHa mpeacTaBiba reOMETPHjCKO MECTO
BpPXOBa BEKTOpa KOS(HIINjEHTA CjajHOCTH, YHj€ j€ 3ajeJHHIKO UCXOAMIITE y Ta4ku P Ha
KosoBo3y. CBaku oIl THX BeKTOpa oaroBapa oapeheHoj komOuHanuju yrimosa 3 u vy, a

YCMEPEH je o] Tauke P peMa CBETHIBIIH.
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STe6.8 \

Cnuxa 18. Munukatpuca peduekcuje

O6nuk nnaukaTpuce peduexcuje oapelyje cTemnen orjaenaaTHocTH (yTude Ha BPEAHOCT
¢dakTopa Si), IOK HEHaA 3ampeMHHAa ojpelyje HMBO YKymHEe peduieKcHje MOBpIIMHE

KOJIOBO3a (CTETEH CBETIIMHE ), KOjH yTUYE Ha BPEIHOCT Cpeiiher Koe(UIljeHTa cjajHOCTH

Qo.

AKO ce Mema caMo BPEJHOCT cpelimber koedunujenta cjajHoctu Qo, a dakrop Si ocraje
HETIPOMEH-EH, MEHha C€ CaMo 3alpeMHHa WHIWKATpUCE, TOK HeH OONMK (CcTeneH
OTJICTATHOCTH) ocTaje ucTh (ciavka 19a). Ykomuko OW ce MPOMEHMIA caMO BPETHOCT
¢daktopa Si, a cpelbH KOSHUIHjSHT CjajHOCTH OCTa0 HCTH, NIPOMEHHO O ce OOIHK

WHJWKATPHUCE, IOK OM 3alpeMHHA 0CTalla HelpoMemeHa (ciuka 190).

q(0,2)

Cmuxa 19. Ilpecek nnnukarpuce peduiekcuje kpo3 paBan f=0° a) Si=const., Qo=var.

0) S1= var, Qo =const.
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O06nuk nHAMKaTpUce peduieKcHje oKa3yje Ipupoy pedrekCnoOHUX 0CoOOMHA KOJIOBO3HE
MOBpIIMHE: MTO je OmmKU momynontw, To je Behm yrtumaj nudys3He KOMIOHEHTE
pedrexcuje, A0K je y ciydajy u3ay>KeHOT o0lHKa WHAnKaTpuce Behu yTuiaj ycMmepene

KOMITOHEHTe pediekcuje.

Tabena pedrexcuje Moxke Ja ce mpeAcTaBu U rpaduyKy, MoMohy u30-1 Aujarpama, Koju
MpeJCTaB/ba CKYNl KPUBUX, OJ KOJUX CBaKa CaJpKH TayKe KOJIOBO3HE MOBPIIUHE KOje
MMajy HCTy BPEIHOCT PEIyKOBaHOT KoeduiujeHTa cjajHoctu r. Ha cimkama 20 u 21
peoM Cy MpHKa3aHu y30phu ac(aiTHOT U OETOHCKOT KOJIOBO3a, M BbUMa npunanajyhu
n3o-r aujarpamu. Ca crmuka 20 1 21 jacHO ce BUIU pasiinka y OOJNMKY H30-T JUjarpama
KOJI Pa3JIMYMTUX THIIOBA KOJIOBO3HMX IMOBPILINHA: KO/ OETOHCKUX KOJIOBO3HUX MOBPIIMHA
(ca mperexxHo audy3HOM pediercrjom), 00K U30-T TUjarpama je 3a00JbeH, JJOK je KO
ac(anTHUX KOJOBO3HMUX TNOBpIIMHA (KOJ KOjHX je 3Ha4ajHO MPHCYTHA YycCMepeHa

KOMITOHEHTa pediiekcuje), qujarpam u3ayKeHoT 00JuKa.

Cnuka 20. Y3opak acanTHOT myTa H BeMy TIpHIagajyhn u3o-r qujarpam

[}

Cnuka 21. Y30pak 6ETOHCKOT IyTa U BeMy NpHIazajyhu u30-r qujarpam
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3.3. Knacuduxanmja cyBUX KOJTOBO3HUX NOBPIIMHA

[TornyHa tabena peduiekcrje 3a KOHKPETHY KOJIOBO3HY TIOBPIIIMHY MOXe Jia ce qo0uje
camMo y3 momoh ayrux J1abopaTOpHjCKHX Mepema Ha y30pIFMa CTBApPHOT KOJOBO3A.
[Tomroce pagu 0 Beoma CKyIoj METO/U, a MOCTOje U OPOjHU MPOOJIEeMHU KOjH C€ OJJHOCE
Ha y3UMame U TPAHCTIOPT y30paka KoJioBo3a, y mel)yHapogauM npernopykama [16, 17, 19,
20] nedunucane cy crangapaHe (GUKTHBHE) pedIieKCHOHE Kilace KOJ0BO3a, ojadbpaHe
TaKo Ja PENpe3eHTYjy CKOPO CBE BPCTE CYBUX KOJOBO3HHX MOBPIINHA KOj€ CY Y TO BpeMe
ome y ynotpedu. CBakoj cTaHmapaHoj peIeKCHoHOj KilacH MPHUIpYKeHa je CTaHaapIHa
Tabena pedriekcuje, YUMe je TT0cao MPOjeKTaHTa YINYHOT OCBETJhEeHha BeoMa yMpoliheH

— JIOBOJBHO j€ J1a ce YTBPIH K0jOj KJIaCH MpHUIa/ia TocMaTpaHa KOJIOBO3HA ITOBPIIHHA.

Hanomenumo na cy mapamerpu Siu Qo y3eTu kao 6a3a 3a JeuHUCAmE CTaHIApAHUX
KJIacu(UKAIIMOHUX CHUCTEMa 3a CBE CyBe KOJOBO3He moBpmuHe [16, 17, 19, 20]. ¥V
ynorpebu cy Tpu kinacudukanuona cucrema: R, C u N. V cBa Tpu kiacupukanroHa

cucTeMa rpaHHle Kiaca cy u3abpaHe camo Ha 0a3u akTopa OrjieAaaIHOCTH Si.

3.3.1. R-kinacupukauuoHu cucTteM

R — xnacuduxammonu cucrtem, ycojeHn ox crpane CIE [16, 17, 19, 20], npeacrasiba
HajMacoBHHje KopuimheHn cucteMm. llpema OBOM cHcTeMy, CBaka CyBa KOJOBO3HA
MOBpILIMHA MOXKE Jla C€ CBPCTAa y jelHY OJl YEeTHUpPU CTaHJapAHE pediekcuoHe Kiace
komoBo3a (Ri, Rz, R3 m Ry4), a y 3aBuCcHOCTH 071 peanmHe n3MepeHe BpeAHOCTH (pakTopa Si
(Bumetn Tabemy 3). CBakoj ox THX Kiaca MPUAPYKEH jeé HOPMAIM30BAHU CPEIHU
koedunujeHT cjajHoctu. Onpehena je u cranmapaHa BpeaHocT ¢dakTopa Si, Koja HeMa

YHOTpeOHY BPEIHOCT Y IPOIIECY MPOjeKTOBAA YIMIHOT OCBETIHCHA.
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Tabena 3. R-knacugukannoHy CHCTEM 3a CyBe KOJIOBO3HE MOBPIIMHE

Knaca | Si-rpanune Si1 crangapaHo | Qo HopMmanuzoBaHo | Tum pedekcuje
Ri S1<0.42 0.25 0.10 Judy3na
R> 0.42<8:<0.85 0.58 0.07 [TpubnmxHO
mady3Ha
R3 0.85<8:<1.35 1.11 0.07 Cnabo ycMmepeHa
R4 S1>1.35 1.55 0.08 YcMmepena

Jla Ou ce oBaj cucTeM IPaBHIHO MPUMEHHO, HEOIXO/HO j€ JIa Ce pacloyiaxe peasHuM
U3MEPEeHUM BpEeTHOCTHMa mapamerapa Si u Qo KOJOBO3HE MOBPIIMHE 32 KOjy Ce
NpOjeKTyje ocBeTJbeme. Ha ocHoBy BpemHoctH (akropa Si1 Bpmu ce u300p
HajupuOMIDKHUje CTaHIapAHe peduiekcnone kmace. Jla Om ce nobmma r-rabena
MOCMATPaHOT KOJIOBO3a, MOTPEOHO je Ja ce PeIyKOBaHW KOC(HUIMCHTH CjajHOCTH M3
Tabele Koja je mpuapyKeHa CTaHAapHOj pPedIeKCHOHO] KJIaCH MMOMHOXKE KOPEKITMOHUM

bakTopom

Qo (13MepeHo) (20)

- Qo (HopMannzoBaHO)

VY Ttabenu 4 [20] omucHO je JaT cacTaB MOBPIIMHCKOT €Ji0ja KOJIOBO3a 32 CBaKy O]l

ctannapane peduaexkcrone kinace konososa (Ri, Rz, R3 u Ry).

VY rabGenama 5—-8 npukaszane cy Tabene pediekcuje cTaHaap HUX pedIeKCHOHNX Kilaca

CYBHX KOJIOBO3HHUX IOBPIIIMHA, a Ha CIIUIH 22 o1roBapajyhu u3o-r 1ujarpamu.
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Crnmka 22 W30-r qujarpamu cTaHmapIHuX pedIeKCHOHNX Kilaca KOJIOBO3a
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Tabena 4. Onuc cactaBa MOBPIIMHCKOT CJI0ja KOJIOBO3a KOjU NPUIA/ajy CTaHIapAHUM

peduiexcuonum kinacama Ri, Ro, R3 n R4 [20]

Kmaca

Omuc

R

AcdantHu nMyTHH NOKpUBay ca HajMame 15% Bemraukor marepujania 3a
nosehame cjajnoctu (Grenette, Luxovite, Synopal u ci.) win ca Hajmame
30% jako CBETIMX aHOPTO3UTA (APILIMT, TaOPaIOPHT U CIL.).

[TokpuBauu ca KAMEHOM CUTHEXHU KOja MOKpuBa BuuIe o7 80% moBpLIHEe
KOJIOBO3a, TPH YeMy jeé KaMEHa CHTHEXK TIPETEKHO CACTaBJbEHA O]I
marepujaiga 3a nosehame cjajHoctw uiaum ox 100% Beoma cBeTyIMX
aHOPTO3MTA.

beTtoHcka noBpmmHa.

[TokpuBaum ca XxpamaBoM TEKCTYpOM M HOPMAJTHHM arperaTuMa.
Acdantan mnokpuBaun ca 10% npo 15% Bemrtaukor marepujaia 3a
noBehame CjajHOCTH.

I'py6 m xpamas acantHu G6eToH OoraT nubyHkoM (>60%), ca 3pHHMa
BenuuuHe u3Haa 10 mm.

JluBeHu acant HEMOCPEHO MO U3IHUBAY.

ActhantHn OeTOH y XJaJHOM cTaky (JMBEHH acdanT) ca NUbYHKOM
rpanyianyje 10 10 mm, anu ca XparmaBoM TEKCTYPOM.

[TokpuBau ca rpyOoM TEKCTYpOM, alld yIiIauyaHOM.

R4

JluBenu acant mocie BuIe Mecey Kopunrhema.

HOKpI/IBaLII/I Ca MPUJINYHO TTIaTKOM WJIN YTJIa4YaHOM TCKCTYPOM.
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Tabena 5. Tabena pednekcuje ctannapane peduexcruone knace Ry [20]

B
e\ o 2| s| 10| 15| 20| 25| 30| 35| 40| 45| 60| 75| 90| 105] 120 | 135 | 150 | 165 | 180
0 | 655 | 655 | 635 | 655 | 655 | 635 | 655 | 635 | 655 | 655 | 635 | 655 | 635 | 655 | 655 | 635 | 655 | 655 | 635 | 655
025 | 619 | 619 | 619 | 619 | 610 | 610 | 610 | 610 | 610 | 610 | 610 | 610 | 610 | 601 | 601 | 601 | 601 | 601 | 601 | 601
05 | 539 | 539 | 539 | 539 | 539 | 539 | 521 | 521 | 521 | 521 | 521 | 503 | 503 | 503 | 503 | 503 | 503 | 503 | 503 | 503
075 | 431 | 431 | 431 | 431 | 431 | 431 | 431 | 431 | 431 | 431 | 395 | 386 | 371 | 371 | 371 | 371 | 371 | 386 | 395 | 395
T [ 341 | 341 | 341 | 341 | 323 | 323 | 305 | 296 | 287 | 287 | 278 | 269 | 269 | 269 | 269 | 269 | 269 | 278 | 278 | 278
125 | 269 | 269 | 269 | 260 | 251 | 242 | 224 | 207 | 198 | 189 | 189 | 180 | 180 | 180 | 180 | 180 | 189 | 198 | 207 | 224
15 | 224 | 224 | 224 [ 215 | 198 | 180 | 171 | 162 | 153 | 148 | 144 | 144 | 139 | 139 | 139 | 144 | 148 | 153 | 162 | 180
175 | 189 | 189 | 189 | 171 | 153 | 139 | 130 | 121 | 117 | 112 | 108 | 103 | 99 | 99| 103 | 108 | 112 | 121 | 130 | 139
2162 | 162 | 157 | 135 | 117 [ 108 | 99| 94 | 90| 85| 85| 83| 84| 84| 86| 90| 94| 99| 103 | 111
25 | 20|20 [ 17| 95| 19| 66| 60| 57| 54| 52| 1| 50| 51| 52| s4| 58] 61| 65| 9] 75
3] 04| 94| 86| 66| 49| 41| 38| 36| 34| 33| 32| 31| 31| 33| 35| 38| 40 43| 47| 51
35] 81| 80| 66| 46| 33| 28] 25| 2] 2| 22| 21| 21| 2] 22| 24| 27| 29| 31| 34 38
4] T ] 55 32| 8] 0] 18] 16] 15| 4] @] @] 5] 17] 9] 0] 2| 3] 5] 27
i3] 63| 9] B 4| 7] @ B 2] 2| 0n] u] n| 2] B3] @] 4] 6] 7] 9] 2
S| 57| 52| 36| 19| 14] 12] 10| 9] 9| 88| 87| 87| 9] 10] 11| 3] 14] 5] 16] 16
55| 51| 47| 31| 5| 11| 9] 81| 78] 77| 77
6] 47| 42| 5] 12]85] 72| 65] 63] 62
65| 43| 38| 22| 10| 67]38] 52| 5
7] 40| 34| 18] 81| 56 48] 44| 42
751 37| 31| 15] 69| 47| 4] 38
S| 35| 28| 14] 57| 436] 32
51 31 51 121481 36 311 29 1 - Tabena 3a cTannapany pedexcuony knacy Rl
9 31| 23] 10] 41 32] 28
RN EARAEABTIEE KapaxtepreTirm pedyieKCHOHH mapaMeTpi:
0] 29| 20] 82 32 24 22
05| 28] 18] 73| 3|22 19 Qu=0.10
] 27| 16]66] 27| 19] 17
5| 26] 15] 61 24] 17 §1=0.25
] 25| 14] 56| 22] 16
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TabGena 6. Tabena peduekcuje ctannapane peduaexcrnone kmace R [20]

p
| o] 2| s 10| 15| 20| 25| 30| 35| 40| 45| 0| 75| 90 [ 105] 120 | 135 | 150 | 165 | 180
0| 390 [ 390 | 390 | 390 | 390 | 390 | 390 | 390 | 390 | 390 | 390 | 390 | 390 | 390 | 390 | 390 | 390 | 390 | 390 | 390
025 | 411 | 411 | 411 | 411 [ 411 | 411 | 411 | 411 | 411 | 411 | 379 | 368 | 357 | 357 | 346 | 346 | 346 | 335 | 335 | 335
0.5 | 411 | 411 | 411 | 411 | 403 | 403 | 384 | 379 | 370 | 346 | 325 | 303 | 281 | 281 | 271 | 271 | 271 | 260 | 260 | 260
075 | 379 | 379 | 379 | 368 | 357 | 346 | 325 | 303 | 281 | 260 | 238 | 216 | 206 | 206 | 206 | 206 | 206 | 206 | 206 | 206
T [335 | 335 | 335 | 325 | 292 | 291 | 260 | 238 | 216 | 195 | 173 | 152 | 152 | 152 | 152 | 152 | 141 | 141 | 141 | 141
125 | 303 | 303 | 292 | 271 | 238 | 206 | 184 | 152 | 130 | 119 | 108 | 100 | 103 | 106 | 106 | 106 | 114 | 114 | 119 | 119
15 [ 270 [ 271 | 260 | 227 [ 179 | 152 | 141 | 119 | 108 | 93| 80| 76| 76| 80| 84| 87| 89| 91| 93| 9
175 | 249 [ 238 | 227 [ 195 | 152 | 124 | 106 | 91| 78| 67| 61| 52| 54| 58| &3 | 67| 69| 71| 7| 74
2| 227 [ 206 [ 195 | 152 [ 117 | 95| 80| 67| 61| 52| 45| 40| 41| 45| 49| 52| 54| 56| 57| 58
25| 195 | 190 | 146 | 110 | 74 | 58] 48| 40| 35| 30| 27| 24| 26| 28] 30| 33| 35| 38| 40 41
31160 155 [ 15| 67| 43| 33| 26| 21| 18] 17| 16| 16| 17] 17] 18| 21| 22| 24| 26| 27
35| 146 | 31| 87] 41| 25| 18] 15| B3] 12| 1] 0] | 1] 0] 2] @] 5] 7] 18] 21
G 23] 67] 27| 5] 12] 10| 94| 87| 82| 79| 76| 79| 87] 96| 11| 12] B| 15| 17
45| 118 | 95| 50| 20| 12| 89| 74| 66| 63| 61| 57| 56| 58] 63| 71| 84| 10| 12] 13| 14
ST106] 81| 38| 14 82| 63| 54| 5| 48| 47| 45| 44| 48| 52| 62| 74| 85| 95| 10| 11
55| 96| 9] 29| 11|63 51| 44| 41] 39| 38
61 87 s8] 22| 8| 5] 39] 35| 34] 32
65| 78| 50| 17] 61|38 31] 28] 27
71 70| 43| 14] 49| 31| 25] 23] 22
75| 67| 38| 12] 41|26 21| 19
8] 63] 33| 10] 34| 22 18] 17
851 581 81871291 191 161 15 r - Tabena 3a cTannapaHy pedmexcrony kinacy R2
9 55| 25| 74 25| 17 14
AN IERE KapakTepreTiary pedyieKCHOHH mapaMeTp:
0] 49| 21] 56| 19| 14] 12
05] 47 18] 5| 1713 12 Qu=0.07
T 44| 16] 44| 16 12] 11
5| 4] 18] 4] 15] 11 $i=0.8
] 4| 13]36] 4] L
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TabGena 7. Tabena pednekcuje ctannapane peduexcrnone kinace R3 [20]

B
tgy 0 2| 5| 10] 15]) 20 25| 30| 35| 40| 45| 60| 75| 90| 105 | 120 | 135 | 150 | 165 | 180
0294294 (294|294 | 294|294 | 294 | 294 | 294 | 294 | 204 [ 294 [ 294 | 294 | 294 [ 294 [ 294 | 294 | 204 | 294
025 [ 326 | 326 | 321 | 321 [ 317 [ 312 | 308 | 308 | 303 | 298 | 204 [ 280 | 271 | 262 | 258 | 253 | 249 | 244 | 240 | 240
0.5 | 344 | 3443391339 [ 326 | 317308 ] 298 | 289 [ 276 | 262 [ 235 | 217 [ 204 | 199 | 199 | 199 | 199 | 194 | 194
0.75 | 357 | 353 | 353 | 339 [ 321 [ 303 | 285 | 267 | 244 [ 222 [ 204 [ 176 | 158 | 149 | 149 | 149 | 145 | 136 | 136 | 140
1| 362 | 362 [ 352 ] 326|276 | 249 [ 226 [ 204 | 181 | 158 | 140 | 118 | 104 | 100 | 100 | 100 | 100 | 100 | 100 | 100
125 [ 357 [ 357 | 348 [ 298 [ 244 [ 208 [ 176 [ 154 [ 136 | 118 [ 104 | &3 [ [ 20| 71| | 71| 71| 71 18
15353348 [ 326 [ 267 [ 217 [ 176 [ 145 [ 117 [ 100 [ 86 | 78 [ 72 60| 57] s8] 60| 60| 60 ] 61 ] 62
175 [ 339 [ 335 [ 303 [ 231 [ 172 [ 127 [ 104 | 89| 79[ 70| 62 51| 45| 44| 45| 46| 45| 45| 46| 47
2 (326320 (280 [ 190 [ 136 [ 100 | 82| 70 62| 54| 48] 39 34| 34 34 35] 36] 36| 37] 38
25289 (280 [ 222127 ] 86| 65| 54| 44 38 34| 25| 3| 2| 3| 24| 24| 24] 4] 4] 25
3253235163 85| 53| 38 31| 25| 23| 20 8] 5] 5] 4| 5] 5] 16] 16] 17] 17
35 (a7 o412 60 35 25 2] 19 16| 15 B3To9] of ofeo| u| ul 2] 2] B
afof163] 9] @3 26 20 16 14] 12799 o[ 74 771 75[83][87] 9] 9] 99
45136 B 3t 20| 15 12199 o83 77 54 48] 49 54 61| 7] 77]83] 85
s{1as 109 60| 24 16| 12 98277 68| 61 433233 37]43]52]65]69] 71
550127 4] 47 18] 14]99] 7769 61| 57
6|13 7] 36| 15| | 9| s]es| sl
65 104] e8] 30 11] 83 64] 51 43
7] 95] 0] 24 85] 65] s52] 43] 34
75 87 s3] 21 71 ] 53] 44] 36
8| &3] 47] 17| 61| 44 36] 31
851 1 221 151352137 311 26 r - Tabena 3a crannapaHy pedmexcuony kracy R3
o 3] 38| 12] 43327 24
051 601 341991381351 22 Kapaktepuctiunu peiekCHOHH MapaMeTpH:
0] 65] 32] 9[33]24] 2
05| 6] 9] 8| 3]21] 19 Qu=0.07
W] 59 26] 7.0 26] 19] 18
115 ] 56| 24| 63| 24 18 S=L11
] s3] 2] 5621 18
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Tabena 8. Tabena peduekcuje ctannapane peduexcrnone knace R4 [20]

p
tgy 0 2 S| 10 15 20| 25 30| 35| 40| 45| 60| 75| 90 | 105 | 120 | 135 | 150 | 165 | 180
0] 264 | 264 | 264 | 264 | 264 | 264 | 264 | 264 | 264 | 264 | 264 | 264 | 264 | 264 | 264 | 264 | 264 | 264 | 264 | 204
0.25 | 297 | 317 | 317 | 317 | 317 | 310 | 304 | 290 | 284 | 277 | 271 | 244 | 231 | 224 | 224 | 218 | 218 | 211 | 211 | 211
0.5 | 330 | 343 | 343 | 343 | 330 | 310 | 297 | 284 | 277 | 264 | 251 | 218 | 198 | 185 | 178 | 172 | 172 | 165 | 165 | 165
0.75 | 376 | 383 | 370 | 350 | 330 | 304 | 277 | 251 | 231 | 211 | 198 | 165 | 139 | 132 | 132 | 125 | 125 | 125 | 119 | 119
1139 | 39 | 396 | 330 | 290 | 251 | 218 | 198 | 185 | 165 | 145 | 112 | 86 [ 8 | 8 | 8 | 8 | 8 | 87 | 87
125 | 403 | 409 | 370 | 310 | 251 | 211 | 178 | 152 | 132 | 115 | 103 | 77| 66 | 65 | 65| 63| 65| 66 | 67 | 68
1.5 | 409 | 396 | 356 | 284 | 218 [ 172 | 139 | 115 | 100 | 88 | 79 | 61 | 50| S0 [ S50 [ 50| 52| 55| 55| 55
175 | 409 | 396 | 343 | 251 | 178 | 139 | 108 | 88 | 75| 66 | 59 | 44| 37| 37| 37| 38| 40| 41 | 42| 45
21409 | 383 | 317 | 224 | 145 | 106 | 86 | TL | 59| 53| 45| 33| 29| 29| 29| 30| 32| 33| 34| 37
251396 | 356 | 264 | 152 | 100 | 73| S5 | 45| 37| 32| 28| 21| 20| 20 20 21| 22| 24| 25| 26
31370 | 304 | 211 | 95| 63| 44| 30| 25| 20| 17| 16| 13| 12 12 13 13| 15| 16| 17] 19
35 (343 | 271 [ 165 63| 40| 26| 19| 15| 13| 12| 11| 98| 91| 88| 88| 94| 11| 12| 13| I5
41317 | 238 | 132 | 45 24| 16| 13 11| 96 9| 84| 75| 74| T4 TS| 79 86| 94| 11| 12
45 1297 | 211 | 106 | 33| 17| 11| 92| 79| 73| 66| 63| 61| 61| 62| 65| 67| 71| 77| 87| 96
S1277 185 | 19| 24| 13| 83 71 63| 571 51 5 S| 51| 541 55] 58] 61|63 69|77
550257 1161 | 59 19 99| 71| 57 5 46| 42
6244 | 140 | 46 | 13| 77| 57| 48| 41| 38
6.5 | 231 | 122 37| 11| 59| 46| 37| 32
7218 | 106 | 32 9 51 38|32 26
751205 | 94 26| 75| 44| 33| 28
8193 | 82| 22| 63| 37| 29| 24
85 | 184 741 190 531321 251 21 r - Tabena 3a CTaHJapaHy pC(I)HCKCHOHy Ki1acy R4
911741 66 | 16| 46 | 28 | 21
95 1169 ] 59 13| a1 25 2 KapaKTepHcquH pe(bJ'ICKCI/IOHH napaMeTpu:
10 [ 164 53| 12| 37| 22| 17
105 [ 158 | 49| 11| 33| 21| 17 QOZ 0.08
11| 153 ] 45| 95 3 2017
15 | 149 | 41| 84| 26| 17 Si=1.55
12 (145 37| 77| 25| 17
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3.3.2. N -—kiaacu(puKauuOHH CHCTEM

N — xnacuduranuonu cucteM je takohe ycojeH ox ctpane CIE, a nHajBumie ce

IpUMeBYje Y CKaHIMHABCKUM 3eMJbaMa.

OH je Takohe 6a3upan Ha pakTopuma Qo u S1. Kao n'y R — knacudukannonom cucremy,
npeMa BpenHocTHMa (akropa Si AeduHUCAHE Cy YETHPH CTaHAApAHE pediexcroHe
kiace tuna N u onpelene wuMa npuapykeHe r-raderne. Y CKaHAWHABCKUM 3eMJbaMa Ce
MO TpaBWIy AOAAjy BEIITAaUYKA MAaTepHjalli IOMONY KOjUX ce TMOCTIKY IU(y3HE
peduiekcuje TOBPIIMHE KOJOBO3a, TMa Cy TPAHWYHE BPEIHOCTH S| HIDKE HETO KOJ

R - KJ'IaCI/I(bI/IKaL[I/IOHOF CUCTEMaA.

Tabena 9. N — ki1lacU(pHUKaLIMOHU CUCTEM 3a CyBE KOJIOBO3HE TOBPIINHE

Cranmapana | HopmanuzoBaHa
Kraca Si-rpanute
BPEIHOCT Si BpeHOCT Qo
NI S1<0.28 0.18 0.10
NII 0.28<S:<0.60 0.41 0.07
N III 0.60<S:<1.30 0.88 0.07
NIV 1.30<8,<2 1.61 0.08

3.3.3. C—kaacupukauuoOHHU cUCTEM

C — knacu(pUKaIuoOHN CUCTEM, KOJH je TIOCICAbH MPEJIONKEH, YBOJU CaMO JBE Kiace
konoBo3a: C I u C II. 3a cBaky on mux je oxpehena crangapana r-tabema. OBaj
KJIacCH(PUKAMOHU CHCTEM ce TIpUMemyje y OpuranckoM cranmapay BS 5489-1 [21], u
KOPHCTH C€ y 3eMJbaMa Koje IpuMemYyjy oBaj ctanaapa. Kimaca C I mpubmmkHO oaroapa
kiacu R1, nok ocrane tpu kiace R - knacupukanuonor cucrema crnanajy y kiacy C 11
EBenryanmHo ycBajame oBor cuctema on crtpaHe CIE nasme Ou mojemHOCTaBHIIO

TpeTUpame peIeKCHOHNX KapaKTePUCTUKA KOJOBO3HHX IMOBPIIHHA.
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Tabena 10. C - knacuuKanoHu CHCTEM 3a CyBe KOJIOBO3HE MOBPIINHE

Crannapana Hopwmanuzosana
Kraca Si-rpanute
BPEIHOCT Si BpeHoCcT Qo
ClI S1<0.4 0.24 0.10
Cll S1>0.4 0.97 0.07

Tpeba HAOMEHYTH Ja, MaKO MOCHEHU TEXHUUKH U3BemTaj MelhyHapoaHe KoMucHje 3a
oceTibebe CIE 144-2001 [17] mpenopyuyje ynotpeOy C — knacuuKkamuoHOT cHCTEMa,

y TIPaKcH ce | Jajbe Hajuemrhe KopucTh R - kmacuukamoHu CUCTEM.

3.4. OgpehuBame pedieKCHOHUX KAPAKTEPUCTHKA KOHKPETHUX KOJIOBO3HUX

NOBPIIMHA

Tabena peduexcuje u oaroapajyha Bpeanoct koedunmjenta Qo MOTy Ja ce opene Ha

TPpU HAYUHA:

—  JlaGopaTopujckuM MepemrMa U3BPIIEHUM Ha y30pLUMa CTBApPHOT KOJIO0BO3a,

—  Mepemwuma Ha TepeHy nomohy noptadin peduaexromerpa, u

—  CspcraBameM KOJIOBO3HE MOBPIIMHE Y jeIHY Ol CTAHAAPAHUX Pe(ICKCHOHUX
KJ1aca ImpemMa BpeIHOCTH S; (YKOJIMKO je MO3HAaTa) WM MPUMEHOM ONHUCHOT

CUCTEMa, a TIOTOM yCBajameM oAroBapajyhe cranmapaae r-radesne v Qo normal..

R — knacudukanumonu cuctem je 6asupaH Ha OpojHUM MepemHMa pPedIEeKCHOHHX
0ocoOMHAa CyBHMX KOJIOBO3HMX IIOBPIIMHA H3BPIIEHHUX ILNE3AECETUX M CeAaMIEeceTHX
roguHa npouutor Beka. Ha ciumm 23 y Qo-S1 AnjarpaMy npeactaBibeHe cy pedaekcruone
KapakTepHCTUKE KOJIOBO3HUX MOBPIIUHA KOje Cy Omiie n3mepeHe y Tom nepuony [16]. Ha
aMjarpaMy Cy O3HAa4€HH M TOJI0XKaju CTaHAApAHUX Kiaca pediiekcuje y cBa TpH

KJacu(uKkanmoHa cucTema.

MebhyTum, TOKOM roguHa, KOJIOBO3HE MOBPIIMHE CYy C€ MEmaje. 3a M3pany IyTHHUX

MOKpHUBayda Cy KopuirheHe HOBE BPCTE arperaTa, IITO j€ 3HA4ajHO YTHLAIO Ha TIPOMEHY

45



peduiekcnoHnx 0coOMHA K0JI0BO3a. bpojHa Mepema Cy rmokasasna a CTaHJapaHe r-raderne

HE PEeIpe3eHTyjy aJeKBaTHO MHOTe KOJIOBO3HE IMOBPILIMHE KOje ce JaHac Kopucre [22-

29]. 36o0r Tora je Meljynapoana komucuja 3a ocBetJbere 2007. TOAMHE OCHOBAjA JIBE

pamue rpyne, R4-30 “Measuring systems for in-situ road characteristics” u R4-32

“Reflection properties of road surfaces”, koje nmajy 3amaTak aa 1e(UHAITY HOBE TPAHUIIC
b

KJlaca U HOBe cTaHmapaHe Tadesne peduekcuje koje he 6osbe oarosapatu pedreKcCHoHIM

ocoOrMHaMa KOJIOBO3HHUX MOBPILKHA KOj€ Cy JlaHac y yIoTpeoOH.

Q,
16

14 e
PPY) SN S LA A -
P

08 —
06 . 73
04

.02
0

Zh,:

,
%

--
PN

Crnuxa 23. Bpeanoctu aktopa Qo u S1 3a OpojHE y30pKe CTBapHHUX KOJIOB0O3a (M3MEpEHE

y n1abopaTopHjn) u 3a CBE CTaHIAapHE pedIeKCHoHe Kiace

[Tomro pedaexcrone ocobrHe MOCMaTPaHOT KOJOBO3a MOTY 3Ha4ajHO Ja OACTYIAjy Of
OHHX KOj€ Cy IIpeJCTaB/beHe MOMONy CTaHIapJHUX r-Tabesna, MOKeJbHO j€ /1a ce, Kaj roj

je To Moryhe, Tabena peduiekcrje oapean MEPCHEM.

[Ipemopyuyje ce na ce, Makap 3a BaxHHje caoOpahajHune, ompehuBame Tabene
peduiekcuje M3BpIIM yHoTpeOOM MOOWIHOT WM J1a0opaTopujcKOr pedIieKToMeTpa.
Ykonuko To HUje Moryhe, Ha OCHOBY BpeTHOCTH (hakTopa Si (YKOJIUKO Ce OHA MOCeyje)

Tpeba OApeAUTH CTaHAapAHy pedICKCHOHY KIacy Koja OJAroBapa IMOCMaTpaHOM
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kosioBo3y. C 003UpOM Ha TO Ja je HUBO CjajHOCTH KOJIOBO3a JIMHEAPHO MPOIIOPIIHOHATAaH
ca BpeaHoIhy cpeamer koedpunujenta cjajuoctu Qo, poToMeTprjcke mpopadyHe Tpeda

BpIINTH KOpHIIhemeM cTBapHe (M3MepeHe) BpeqHocTH koeduirjenTta Qo.

Axko BpenHOCT (hakTopa Si HHje TI03HaTa, CTaHIapIHa pedIeKCHOHa Kilaca Koja OAroBapa
MOCMAaTpaHOM KOJIOBO3Y MOXe Jia ce oapenu KopuirhemeM Tabene 4, 1ate y MOTIaBiby
3.3.1, Koja caJpKu ONMUC TOBPIIMHCKOT CIJI0ja KOJOBO3a 32 CBE YETHUPU CTaHIApIHE
peduiekcroHe Kace. Y TaKBUM CITydajeBHMa, YTIIABHOM CE HE pacIioyiaXke HU BpeaHouIhy
koedumjenta Qo, Ma ce ycBaja HOPMAaJIU30BaH CPEIbU KOSHUIM]CHT CjajHOCTH KOjU je

NpUAPYKEH n3adpaHOj CTaHAAPAHO] PePISKCHOHO] KITaCH.

Kon noBompojekroBanmx caoOpahajauiia, kao u kox mocrojehux caoOpahajauma Koz
KOJUX C€ BpIIM KOMIUICTHA PEKOHCTPYKIMja (3aMeHa KOJOBO3HOT IIOKpHBa4ya W
WHCTaJlallije OCBETJhCHha), CHTyalllja je HEMOBOJbHHUja, y CMHUCIY Ja HHUje Moryhe
M3BPLIMTH oJpehuBame eneMenaTa r-tabene (aJjeKBaTHa Mepera MOTY Jla Ce U3BPIIIE TEK
HAaKOH TOJIMHY JlaHa Kopuithema KoJioBo3a). Y TaKBUM CITydajeBUMa, a 3a HoTpede u3paie
NpOjeKTa OCBET/bCHA, MOTY C€ KOPHCTHTH NOAAlM O pedIEeKCHOHUM OcoOMHaMa
KOJIOBO3a KaKBH MOcToje Ha mocTojehum caobpahajuuiiama Ha KojuMa je KopuiheH uecTu

WIN CJIMYaH MaTepHjaj HOBPIIMHCKOT CJI0ja.
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4. MEPEILE PE®JEKCUOHUX KAPAKTEPUCTHKA KOJOBO3HUX
MHOBPLHINMHA

Kao mro je Hanpen pedeHo, KomIuieTHa Tabena pedeKkcrje Koja oaroBapa KOHKPETHO]
KOJIOBO3HO] TIOBPIIMHH MOXE Ja ce o0Hje caMO Ha OCHOBY IYT'HX JabopaTopHjCKuX
Mepema Ha y30pLUuMa CTBapHOT KojoBo3a. CBakM y30pak KOJOBO3a Ha KOME ce BpIIe
Mepema pedreKkcHoHnX ocoOnHa Tpeba ia Oyne y cramy y kKakBoM he Outu Tokom Beher
Jienia CBOT BeKa Tpajama. Kaja HOBHM KOJIOBO3 TOYHE J]a C€ KOPHUCTH, yciel xabamba
ETOBOT TTOBPIIMHCKOT CJI0ja JOJIa3u JI0 CTAJHUX NMPOMEHa pPe(IIEeKCHOHUX OCOOMHA
KOJIOBO3HOT TOKpHBaua. [Ipakca je mokaszana ga ce Tocie jeJHOTOJHIIBE yrnoTpede
HOBPLIMHA KOJIOBO3a CTa0MIM3Yje y MOTey Na/bUX MpoMeHa pedIeKCHOHUX 0COOMHA.
Ha cnumm 24 npuka3sane cy mpoMeHe Ha MOBPIIMHCKOM CJI0jy acdainra Koje ce JeniaBajy
ycien xabama. Ha moyerky ekcruioaTtaliioHOr mepuona acgant je BeoMa TaMaH H Y
NOTIYHOCTH IIPEKPHBA KaMeH U MUbyHaK. Tazia dakrop Qo nma mairy, a aktop Si BETUKy
BpeaHoCT. TokoM ekcioaralyje, MOBPIIMHCKH CJI0j achanTa ce cMamyje ycien xabama,
BpenHocT (hakropa Qo ce moBehasa, a BpeaHocT pakTopa Si cMamyje. OTIpHiInKe HaKOH
10 rogMHa MUBYHAK TMOCTaje BHUIJBHB, MOBPIIMHA KOJIOBO3HOT MOKpPHBAya je M Jajbe
xpamnasa, pakrop Qo J0oCTHIKE CBOjY MaKCUMaIHYy, a (akTop Si MUHUMAJIHY BPEIHOCT Yy
TOKY BeKa Tpajama. TOKOM J1ajhe eKCIUToaTalyje 10j1a3u 0 yriladaBamba MOBPIIUHCKOT
cIoja, ycies yera pedIieKkcuje mocTajy ycMepeHnje, Koe(UIHMjeHT S1 MMOYnhe Ja pacTe, a

koeduuujeHT Qo 1a onasa.

/ Acpant IIbynak
QOO0 s

‘ [IibyHak nocTaje BUIBUB

Hos (6 mecenn 10 roauny
JaHa crap) acant

Acpant

Q7

Acpant

10 romuna ctap g: T — 3 7. e ‘ s, \
Acanr ViviauaH mbyHaK

Acanr ‘ [é ) Q, \

crapuju ox 10 romuma 'DQQ DDD I 5

Crnuxa 24. [IpomeHne Ha TIOBPIIMHCKOM CJI0jy acdanrta Koje ce JeliaBajy yciea xadama
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Y Tabenu 11 mpukazaHe cy BpEAHOCTH J00WjeHE 1a00paTOPUjCKUM MepemHMa Ha

y3opuuma uctor aC(baJ'ITHOF KOJIOBO3a pas3jiIniIuTeC CTapOCTH.

Ta6ena 11. [Ipomene mapamerapa Qo u S ycien xabama IOBPIIMHCKOT CII0ja KOJIOBO3a

Crapoct acpaara | Qo S1
HOB acdant 0.03 0.63
1-10 roguna 0.07 0.58

11 roguna 0.09 0.50
15 roguna 0.07 0.80

[Momro nakon 10 rommHa ymorpebe moia3d OO BEITUKUX IMPOMEHA peQIIeKCHOHUX
KapakTepUCTHKa KOJIOBO3a, KOje YTHUy M Ha CjajHOCT W HEHY pPaBHOMEPHOCT,

Mpernopyuyje ce 3aMeHa MOBPITHHCKOT cJioja acanTa cBakux 10 roauHa.

C 003upoM Ha TO Jia pehICKCUOHE KapaKTESPUCTUKE MOBPIIMHE KOJIOB0O3a HUCY UCTE Y
CBUM HCHUM TaykaMa, TpeOa y3eTH HEKOJIHMKO y30paka ca pa3HHX JiejoBa KOJIOBO3a: ca
OHHUX KOjU OCTajy HCIIOJl TOYKOBa BO3MJa, Ca JIejoBa KOJ0Bo3a m3Mely WmHX, Kao U ca
OHUX y3 MBHIly IyTa. TauHa MecTa ca Kojux he ce y3eTH y3opiu Tpeda Ja ce oapene
MOCMaTpPamkEM TPU JHEBHOM M BEIITAYKOM OCBETJbEHY (IMOHEKA]l 3aKpIie Ha MyTY HUCY
BU3YEITHO Pa3IMYMTE O OCTAJIOT KOJOBO3a MPHU JTHEBHO] CBETIIOCTH, aJId MOTY Jia Oyy

B€OMa YyO4JbMBC TOKOM HOhHHUX caTu Ipu OCBCTJbCHOM KOJ'IOBOSy).

VY30puu KOJOBO3HE MOBpIIMHE Tpeba aa Oyay y OONMKY MpaBor Bajbka (dmja je
W3BOJIHUIIA HOPMaJIHA Ha OCHOBY). ['opmha MoBpIIMHA y30pKa He cMe Jia Oyze omreheHa
NpWIMKOM Balema, a HaKOH y3uMama y30pKa MOpajy Ja ce Mpexy3My CBE HEOIIXOJHE
Mepe Kako OM OH OCTao y MCTOM CTamy y KOMe je Ouo mpe y3umama. Kox y3opaka
€JACTUYHUX KOJIOBO3a MOCEOHO Tpeba BOJWUTH pauyHa O HUXOBOM 00e30ehuBamy mpe
Mepema, Kako O ce crpeunia \buxoBa aedopmanuja. Ha y3opky obaBe3Ho Mopa Jia ce

00€eJIeXKH CMEp BOXKIHE.
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Ha cioumm 25 mpukaszaH je mpolec y3uMmama y30pKa KOJIOBO3a KOjU TI0/pa3yMeBa
Kopuiheme crenyjaTHux Mallrnaa, 00ycTaBibame caodpahaja 1 06e30ehuBame nokamnuje
ca Koje ce y3uMajy y30piu. Y3uMame y30paKka, lbUXoBo 00e30ehuBame U TpaHCIopT, Kao
M TIOTIpaBKE KOJIOBO3a, BeoMa cy ckymu. Jla Ou ce oBaj mpoOiieM NpeBa3wiiao, y
pa3BojHOM 1eHTpy Komnanuje Schréder y Jlujexxy mpucTynuno ce pa3Bojy MOOHIHOT
noptadu pediekTomMeTpa, Koju Tpeda ga omoryhu a ce 3a mocMaTpaHy KOJIOBO3 Ha JIHILY
MecTa OJJpe/Tv JIOBOJHHO TauHa Tabena peduiekcrje. Y 0BOM MOrIiaBiby hie OMTH onucanu

1 71a00paToOpHjCKU U MOOMITHU pediiekTomerap, y3 HaBoheme MPeJHOCTH U HeJl0cTaTaKa

00a peduiekromeTpa.

Crnuxka 25. Y3umame y30paka myTta
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4.1. JladopaTtopujcku peduieKTOMeTap

[Mpunmun paga nmabopatopujckor pediekroMeTpa TpHKa3aH je Ha TpUMepy
YETBOPOYTaOHOT pedIieKTOMETpa pa3BHjeHOr y jabopartopuju kKommanuje Schréder y
Jlmjexy (cnuka 26), xojum ce Bpmm onpehuBame eneMeHara r-tabene 3a onpeheny

KOJIOBO3HY TOBPIIMHY, @ HA OCHOBY Oa0paHuX y30paKa.

JlymuHaHcmeTap

1°< a<90°
Q\\
62\
JlymuHaHc
merap a= 1°

CBeTnoCHI 3B CBETNOCHU
= '3 n3Bop

Orne,qano/' {

.

S

Y3opak

Crnuxa 26. JIaboparopujcku pediekromerap y JIujexy, ueonn u 604HH HU3TIIe]

On CaJip’X TPpU OCHOBHA CJICMCHTA:

— TIOCTOJbE Ha Koje ce (pukcupa y30pak KoJIOBO3HE HOBPILIMHE,
— ypebaj 3a ocBeTIbaBame ca CBETIIOCHUM M3BOPOM U ONTUYKHM CUCTEMOM, U

— ypebaj koju HOCH TyMUHAHCMETap.

Ypehaj kopuctu xanoreny cujanuity (y ckiany ca npenopykom CIE 30.2-1982 [20], koja
npenopydyje ynorpeOy WHKaHICHCIICHTHE cHjaiuilie ca BehoM Temmeparypom 0oje),
cuare 50 W, kao m3Bop cBemioctd. ONTHYKM CHCTEM YMHE TPH Orjenana, Koja Ccy
MOCTaBJbCHA TAKO JIa ¢ HAKOH oj0Wjama O BUX JOOHje mapayiejaH CHOI CBETIIOCHUX

3paKoBa. Hocau Ha xome Cy nOoCTaBJbCHA Orjicaajla MOXKC 1a pOTHUpPa OKO XOPU30HTAJIHC
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oce, YMME Ce yMaJIHU yrao CBETJIIOCTH Ha MEPEHOM Yy30pKy (Y) Mema on 0° mo 87°. Ilpu
pOTaIMjH pacTojame O] CBETIOCHOT H3BOPA JI0 y30pKa Ha KOME Ce BpIIEe MEpeHa 0CTaje

HETIPOMEHEHO.

Jlabopatopujcku peduiekromerap y JInjexxy uma aBa TyMHHAHCMETpa, KOjU ce Hajla3e Ha
IBa ofBOjeHa Hocada. [IpBH JyMHHaHCMETap je BeoMa NPEIH3HO MO3UIMOHUpPAH Ha
HOCady Jy>KHHE 2.5 m, Tako /1a ce MOBPIIMHA MEPHOT y30pKa BHIU TAYHO ITOJT YTJIOM O]
1°. Ipyru ce Haymas3u Ha HOCady KOJH MOXKE Jla pOTHPa OKO XOPU3OHTAIIHE 0CE, YHUME CY
oMmoryhieHa Mepema MpHu yrioBuMa nocMmatpama (o) ox 1° go 90°. Oba Hocaua ca
JTYMUHAHCMETPUMA MOTY Jla POTHPajy OKO BEPTHUKAIHE OCE KOja Ce Haja3h y LEHTPY
y30pKa 4Hje ce peIekCHOHe KapaKTepUCTUKE Mepe, YuMe ce omoryhasa mpoMeHa yria
B ox 0° mo 180°. CBa HeonmxoHA KpETamka y MEPHOM CHCTEMY CE OJIBHjajy ayTOMATCKH,

00e30ehyjyhu yHampen 3agate npoMeHe peJeBaHTHHX YTJIOBa 3 1 .

[TpBu TyMuUHAHCMETAp KOjU MepU peQIICKTOBaHYy CBETIOCT IOJ] YIJIOM oi=1° KOpUCTH ce
3a Mepeme JBOANMEH3HOHANHUX Ta0ena peduiekcrje KoJIoBo3a (eJIeMeHTH r-Tabene cy
¢dbyHK1Mja camo yriosa B u y). pyru myMuHaHCMETap, KOjH BPILH MepeHa MPH YTIOBUMAa
nocmarpama Behum ox 1° Moke fna ce KOpUCTH IpH onpehuBamy pediaekcnoHux
KapaKTepUCTUKA TOBPILIMHA KOje Ce Haja3e y BEpTHKAJIHUM paBHMMA (HIIP. 3UIOBH Y
TyHelly). 3a TakBa Mepema je HEONmXoAHO 00e30eauTH MmpoMeHy 4 yriia: NpoMeHy
YNaJHUX YTJI0BA CBETJIIOCTH M YIJIOBA IOCMATPaba, U TO KaKO y BEPTUKAIHUM, TaKO U Yy

XOPHU30HTAJIHUM paBHUMA (0JaTie MOTHYE Ha3MB YETBOPOYTaOHH pedieKTomeTap).

OnTuUYKy CUCTEM JIyMHHAHCMETpa Ae(UHHIIE BETHINHY MEPHOT M0Jba KOje Ce Haslazu
YHYTap OCBETJHCHOT 110Jba HA Y30PKY KOJIOBO3a uHje ce pediiekcuone ocodune oapelhyjy.
Benmunnaa 0CBETIHEHOT 1M0Jba j€ ONTHYKU (TOMONY CHCTeMa Orjiefiaa) U TeOMETPH]jCKH
(mmMmeH3mjaMa Hocada) yckial)eHa ca BETMYMHOM MEPHOT y30pKa (OCBETIHEHO I0JhE MOpa

na Oyne Behe 01 MOBPIIMHE KOjY ,,BUAU" TyMHUHAHCMETAD).
Hampen je maBemeHo na y3opii KoioBo3a Tpeba ma Oyay y oOnMKy Bajbka uHja je

W3BOJIHUIIA HOpMaJlHa Ha OCHOBY. 3a moTpede peduiekToMeTpa, MIPeYHUK OCHOBE Tpeda

na 6yne 10 cm, a Bucuna 9 cm.

52



Mepema u3BpIeHa 1a00paTopHjcKUM pedIeKTOMETPOM Cy BeoMa npeuunsHa. buma ce
n00ujajy CBH €JIEMEHTH r-Tadelie, ITOo je BelNKa MpeIHOCT oBe MeToie. Bbern HemocTau
CYy BEJIMKHM TPOIIKOBHU y3MMama y30paka U MONpaBKe KOJIO0BO3a, 300T uera ce Hajuenhe
y3uma Manmu O0poj y3opaka (2-3 y3opka), y3 HEIOBOJbHY MOTYhHOCT &1a y3eTH y30pIH
MOXJa HE peNpe3eHTyjy MOCMaTpaHy KOJIOBO3HY IOBPLIMHY Ha HajO0/bM HAayMH
(KOTIOBO3HA TOBPIIMHA HUKA/ HUj€ XOMOT€Ha). ¥3 TO, MocToju u MoryhHocT omrehema

y30pakKa MpHINKOM TPaHCIIOpTa, KOju Takohe Huje jedTuH.

Ha ocHoBy m3mepeHmx Tabena pediekcuje CBHX y30paka KOJIOBO3a, (opmupa ce
jenuHCTBeHa Tabena pedrekcrje (cBaku eneMeHT HoBodopMupaHe Tabeje u3padyHaBa
ce Kao apuTMETHYKa CpeArHa OIroBapajyhmx ereMeHara W3 W3MepeHHx Tabena), Koja
pernpeseHTyje pedaekCHoHe KapaKTepUCTUKE LIEJIOT IOCMAaTPaHoT KOJI0Bo3a. JacHo je aa
Opoj y3eTHX y30paka 3HauyajHO yTH4Ye Ha TayHocT pesynrara. C o03upoM Ha TO Ja
KOJIOBO3HE IOBPIIMHE HHCY XOMOTEHE, YBEK C€ IOCTaBJba M IMUTAIE Jla JIM OfadpaHu

Y30pIIM 3aUCTa BEPHO PENPE3CHTY]y OCMaTpaHy KOJIOBO3HY MOBPLIMHY
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4.2. OnpehuBame pedpieKCHOHUX KAPAKTEPUCTUKA KOJOBO3HUX NMOBPIIMHA HA

TepeHy

VY muipy mpeBasmnaxkema TelKkoha koje mparte nabopaTopHjcka Mepema, Ipe JeceTak
TOMHA MOYEIH Cy JIa C€ KOHCTPYHITy MOOWIHY (TIopTadi) pedieKToMeTpr, HaMEeHECHH
TEPEHCKUM MepemMa pedaekcnoHrx ocoOnHa KooBo3a. hiuxosa npumena omoryhasa
Mepema Ha Behem Opojy mo3mmuja Ha KOJOBO3y, W TO 0Oe3 omrehema HEroBOT
noBpimuHCKOT cinoja. C 003upoM Ha TO Ja MojeIUHAaYHa Mepermha Ha jeTHO) TO3HUIIHjH
Tpajy KpaTko, moryhe je Op30 M3BpIIUTH Mepema Ha BEIMKOM Opojy TO3WIHja Ha
MOCMAaTpPaHOj KOJIOBO3HO] MOBPIIMHH. Mako je CBako MOjeIMHAYHO MEpEHhe Mambe
TavyHOCTH HETO JIa j€ U3BPILIEHO Y Ta00opaTOPUjU Ha HCTOM Y30PKY, BEIMKH OpOj Mepema
omoryhasa gopmupame pesynTanTHe Tabene peduiekcrje Koja 00Jbe penpe3eHTyje ey
KOJIOBO3HY MOBPIIKMHY. Y OBOM IOIJIaBJbY j€ AT MPEerJie/l JOCTYITHUX THIIOBa MOOMITHIX
pedraekToMeTapa KOju c€ KOPHCTE Y CBEIOTEXHHWYKO] IMpakcu. Mehyrtum, 3060r
KOHCTPYKTUBHHUX M MEXaHHYKUX OrPaHUYCHA Ca KOjHMa Ce CyOo4aBajy KOHCTPYKTOPHU
CBUX MOOWIHHX peduiekTomeTapa, oBakBU ypehaju mmajy oapeleHe HemocTaTke, Of

KOJUX Cy HajBaKHU] U

- HeMoryhHOCT Mepema CjajHOCTH 3a CBe pelieBaHTHEe KOMOWHaIMje yriosa 3 u vy,
u

- KOJ MOjeIMHMUX TUIIOBa MOOWIIHHX pedIieKToMeTapa Mepema ce BpILe 3a YIIoBe
nocMaTpama Koju ¢y (3Hadajuo) Behu o yria o =1°, Ha KOMe ce 3aCHHBajy CBU

Mel)yHapoaHU CTaHAApAU U MPENopyKe U3 00JI1aCTH yIUYHOT OCBETJbeba [4].

IMocnenuiia Hampen HaBelneHOr je Ja MoOwiHe peduekromerpe Hajuernthe He

KapakTepHIle moTpedHa TaYHOCT.
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4.2.1. MoOujanu (moprad.) pedaekromerpu

VY nwby mnpeBasmiiakema HEIOCTaTaka METole Mepema pPeIeKCHOHMX OcoOMHa
KOJIOBO3HUX TOBPIINHA JIA0OPATOPHjCKUM pedIeKTOMETpOM, pasBujeHu cy cleachu

TUTIOBU MOOWITHHX peduiekromerapa [30]:

1. Ypehaju xoju He Mepe TOjeTMHAYHE BPEIHOCTH eleMeHaTa r-tadene, Beh camo
BpenHocTH S1 1 Qo (pu yriry mocMatpama of 1°) [31-33]. Teopujcku, Mepeme
¢dakxTopa S| MOXKe /a ce U3BPIIN TOMONY JBa HE3aBHCHA M3BOPA CBETIOCTH KOjU
ce 3ace0HO YKJbYUyjy M KOjU Cy TOCTaBJbEHU TOJI oAroBapajyhum yrioBuma y
peduexrometpy (y=0° u y=63.4°). IIpuanun paga oBakBux ypehaja npukasas je
Ha couny 27a. MHOXKEmEM KOJNMYHMKA OBa JBa Mepema ca cos3(63.4°)
u3payyHaBa ce BpeaHocT (akropa Si. C 003upom Ha To J1a H1je Moryhe u3BpIMTH
MPELU3HO MEpeme Mo yIIoM o1 1° mpu MasioM pacrojamy, a ypehaj mopa 1a uma
JIMMEH3Hje MPUXBATIbUBE 32 TPAHCIIOPT, MEPEa Ce BpIlle KOpUIIhemeM cucTeMa
ornenana. Mepeme cpeamer KoehuipjeHTa cjajHoctd Qo 3HAYajHO je
koMmiunkoBanuje. [IpBu ypehaj 3a Mepeme cpeamer koeduimjenta cjajuoctu Qo
KoHCTpyHcaH je jour 1967. rogune [31]. tberoB npuniun pajga npukaszas je Ha
ciumu  276. OH caapku BEIMKM Opoj M3BOpa CBETIOCTH PAaBHOMEPHO
pacniopehennx Ha ropw0j oBpIHHU ypehaja (ucmoa mHx ce Hana3u GUiITep Koju
Ce CacToju OJf KOHIICHTPUYHHUX IPHO-OEIMX KpyroBa koju o00e30elhyjy cBe
CMEpOBE ymaja CBETIOCTH y IOCMaTpaHy Tadyky KosoBo3a (P) medunucane
MPOCTOPHUM YTIIOM €29 KOjU TPAKTHYHO yTUYY Ha HEHY CjajHOCT. Mepeme ce
BpIm moxa yrioMm onx 1° y3 momoh cucrema orienana. Ypehaj je 6uo Beoma
TJIOMa3aH, ¥ 3aTo HempakTu4aH. [Ipe cBakor Mepema Tpedaso je M3BPIIUTH HU3
MoJIeTIaBama, MTO T'a je YHHWIO KOMIUIMKOBAaHUM 32 yNOTpeOy, ma HHje HU
Haullao Ha mMpy ynorpeOy y mpakcu. IIpe HEKONMKO TroauHa HampaBJbEeH je
MPOTOTHIT HOBOT (MOOOJHIIAHOT) WHCTPYMEHTA, KOjU je 0a3upaH Ha HCTUM
MPUHIIMIIAMA, alld je 3HaTHO jeqHocTaBHWjU 3a ynotpeby [32]. Takohe
KOHCTPYHCAH je U IpoToTUl ypehaja y kome cy U3BOpH CBETJIOCTH pacnopehenn

Ha xemucoepu [33].
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Cnuka 27. Ilpuanun paga ypehaja 3a oapehuBame dakropa Si (a) u cpenmer

koedunujenTa cjajuoctu Qo (0) (cnmka npeysera u3 pedepenne [30] y3 nonyny)

Pednexromerpu koju mepe ompehen Opoj enemenara tabene peduiekcuje (mpu
yriy mocMmaTpama o 1°), 3a oapelhenn 6poj ymagHuX yrioBa CBETIOCTH (y) U
yrioBa u3Mel)y BepTHKajlHE paBHU YHaja CBETJIOCTH M BEPTHKAIHE DPaBHU
nocmatpama (B). Ilpeoctanu emementn Tabene pedrekcuje ce TOTOM
u3padyHaBajy Kopumhemem oarosapajyher maremarumdakor Mozena. Pa3sujeno je
BUILIE PA3IMUYUTHX MAaTEMAaTHYKHX MOJEJa 3a U3pauyHaBame eleMeHara Taberne
KOju He Mory na ce m3mepe [34-36] m um3pal)eHO je HEKOJIHMKO MPOTOTHUIIOBA
oBakBHX ypehaja [37, 38]. [Ipunmmm paga oBakBuX ypehaja mpukazaH je Ha CIUIN

28.

Cnuka 28. Pednexromerpum koju mepe oppehen Opoj ernemenara Tabene
peduexcuje (mpu yrimy mocmarpama on 1°). Kpyxkuhu mpencraBibajy m3Bope

CBETJIOCTH (ciHKa mpey3eTa u3 pedepentie [30] y3 HeOnmXxoaHe MOMyHE)

Pednexromerpu y kojuma je NMpUMEHEH WHBEP3HU NPUHIMII, IpeMa KOMe ce

CBCTJIOCHH 3palu l'IOHaI_I.Iajy HCTO YKOJIMKO CC 3aMCHC ITpaBall yIraJga CBETJIOCTHU U
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mpaBalr, mocmatpama [39, 40]. Vpebaju xoju pajae Ha OBOM MPHUHIHUITY
OCBETJbABAjy MOBPLIMHY MO yIJIOM O 1° M Mepe cjajHOCT MOA Pa3IHYUTHM
yIJIOBMMa MOCMAaTpama, Mpy KOjiMa je Jakie Moryhe mocTaBUTH JeTEKTOPE KOjH
Mepe cjajuoct. OBakBu pediiekTromeTpu Takohe omoryhaBajy onpehuBame
orpaHuueHOr Opoja ernemeHara Tabene pediekcuje, a MPEOCTaNH CIEMEHTH Ce
u3pavyHaBajy kopuirhemem oarosapajyher maremaruukor Mmoaena. Ha cimrm 29
MPUKa3aH je jexaH TakaB peduiekromerap, mox HazuBoMm Coluroute (COefficient
de LUminance des ROUTESs) [39]. CuctemoM onTHYKUX BilakaHa ode30elyje ce
YHaJHA Yrao CBETJIOCTH O 1°, Mok 27 JeTeKTopa CBETIOCTH MEPH CjajHOCT
noziore nox oapehernm yrinosuma f u y. [Ipema vHBEp3HOM IPUHIUITY, TTOJI0XKA]
oBux 27 nerektopa aedunumnie 27 koeduijeHaTa cjajHOCTH, a H3MEpEHE
BPEJHOCTH TPEJICTaBJbajy yJa3He MMoJaTKe 32 MaTeMaTHYKU MOJIe)l oMohy Kora
ce onpehyjy ocramm enemeHTH TaOene peduiekcuje, (haktop Si1 M Cpenmu

koedummjent cjajaoct Qo.

Light emitting and
measuring box

27 optic
fibers

27 secondary
SeLrees Primary source

Zone of
measure

Photo-

multiplicator Set of optic

easuring system [~ fibers

Crnuxka 29. Moowau pedekromerap Coluroute

WuBep3nn npuHmun Kopuctu U peduiekromerap NSVV passujen y XomaHauju
[40]. OBaj pediekToMeTap BPIIU MEPEHa MO YoM o1 1° 'y camo aBe 3 paBHU
(0° m 90°), a ocTanu eNIEMEHTH Ce U3pavyyHaBajy MoMohy MaTeMaTHYKOT MOJIea.
Kopumihenn mozen nmaje mobpe pesynrare Ha KOJOBO3HMM MOBpIIMHAMa

n3paheHnM of mopo3Hor acdainra Tuna Zoab Koju ce KOpUCTH y XOJTaHIHjH, Al
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INpuMEHa OBOI' MOJI€jIa HE z[aje Ioy3agaHe pe3yaTaTre Ha APYIUM KOJIOBO3HHUM

NOoBpIIXHaMa.

4. C o03upoM Ha TO 12 je, 300T pelaTHBHO MalMX JWMEH3Wja MOpTadn
ypebaja, BeomMa TEeIIKO M3BPIIATH MOY3JaHO MEPEHE NpH Yy MocMaTpama 01
1°, koHCTpyHCcaHu cy ypehaju koju Mepe cjajHOCT 3a onpeheHu Opoj mapopa
yrioBa [} ¥ Y TP jeTHOM WJIM BHIIE yTJIOBA IIOCMaTpama Koju cy Behu ox 1°. YV
OBOM pafy je pa3marpad ypehaj TakBor tuma, mox HazuBoM Memphis, Koju je
pasBuna rpynanuja Schréder [41-43]. ¥V namem TEKCTy je Aar JeTajbaH MpHUKa3
tor ypehaja. Onmcan je opurnHanan HauuH oapehuBama Tabene peduexcuje u

MpeayoKeHa HoBa MeToa 3a Kopuiheme ypehaja Memphis.
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4.2.2. MoOuanu peduexromerap Memphis

VY muby mnpeBasuiakema HEJOCTaTaka METOJE 3a Mepeme peIeKCHOHHMX OcOoOMHA
KOJIOBO3HUX TIOBPUIMHA Ja0OpaTOphjCKUM pPe(IEKTOMETPOM, Y pPa3BOJHOM LEHTPY
R -Tech xommanmje Schréder mpuctynuio ce pa3Bojy MOOWIHOT MOpPTadI
pedaekTomerpa y okBHpy Tpojekta Mesure Et Modélisation PHotométriques In Situ
(poTomeTpujcka Mepema U MOJIeNIOBamka Ha TepeHy). Mime MoOmitHOT peduiekromerpa je

CaCTaBJbCHO O IMMOYCTHHUX CJIOBA Ha3HBa HpOj CKTa.

Mepema u3BpIICHa MOOWIHHM pPE(IEKTOMETPOM CBAaKaKo Cy Mambe MNpelH3Ha Of
nabopaTopujckux Mepema. MehyruMm, KOHCTpyKmmjoM ypehaja HTOBOJBHO Maimx
TUMeH3Hja (Ja Ou J1ako MOrao Jia ce TpaHCHopTyje) omoryheHo je n3Boheme Mepema y

nosehanom Opojy Tayaka Ha KOJIOBO3Y, IITO TOBOJFHO YTHYE HA YKYITHY TAUHOCT MEPEeHha.

[Iporotun mobuiHOT pedexkTomerpa Memphis npBe reHepanyje, MpuKa3aH Ha CIUIA
30, Morao je na Mepu BpeJHOCTH 3a 576 pasnuuuTux KoMOMHamuja yriosa o, f u y (9
yrioa o, 16 yrinosa  u 4 yria y). CucteM ce cacrtojao oJl YeTUPU M3BOpa CBETIOCTH
OTIPEMJBEHHX OJIrOBapajyhuM ONTHYKUM CUCTEMOM U 9 hoTohenunja Koje cy uMare yinory
NOjeIHOCTaBJbEHUX ~ JyMHHaHcMmerapa. Hocau Ha KomMe <Cy ce  Hala3wiu
, JIYMUHaHCMETPH"* UMa0 je OOJIMK KPYXKHOT JIyKa ¥ MOTao je /1a pOTHpa OKO BEPTHKAIHE
oce ox 0° mo 150°, ca kopakom ox 10° (yxymHo 16 momosxkaja, ogHocHo 16 yrmosa f).
Hetaspanju ommc he OMTHU JaT KacHWje, MPWIMKOM OMHCa MOOWIHOT peduieKToMeTpa
npyre reHepanmje. Ypehaj je 6uo mosesan ca pauyHapoM. KoMruieran mporec KOHTpoIe
pazia u3BOpa CBETIIOCTU U CEH30pa, Kao M MPOLEC MPUKYIJbamka MojaTaka Mepema, O1o
je moTmyHO ayTromarh3oBaH. Ypehaj je WMao ayTOHOMHO Hamajamke W3 OJOBHE
akymysatopcke 6arepuje ox 12 V. Jenno mepeme (oapehuBame cBUX 576 BpeIHOCTH)

Tpajajo je 4-5 MuHyTa 300T POTALMOHOT KpeTamba Hocaya ca JyMUHAaHCMETPHMA.
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Beta from 'L\

0° to 150° '

Crnuka 30. MoOwau peduiekromerap Memphis npBe renepanyje (IpoTOTHIT)

VY musby Banuaanyje KoHienTa u ypehaja, Bpiere cy OpojHe mpoBepe: Mociie U3BPUICHUX
Mepema MOOMITHIM peIeKTOMETPOM, Y3UMaHH CY y30pIIH KOJIOBO3a (Ca HCTHX JIOKAIHja
Ha KOjUMa je BpIICHO Mepeme ca MoOWIHUM ypehajem) umje cy peduiekcruoHe
KapakTepUCTUKE TIOTOM MepeHe nmoMohy naboparopujckor pediaekTomerpa (BpIIeHa Cy
Mepema ca IIJbeM Ja ce o0uje cTBapHa r-tadena (3a yrao mocMarpama 1°), Kao u r-
Tabele Koje OAroBapajy yrioBHUMa Koje MOXe Jla Mepu MOOWIHHU pedieKkToMeTap).

Bpiena cy u Mmepema cjajHOCTH Ha mocMaTpaHUM caoOpahajHumama.

Ha ocHoBy Benmkor 6poja Mepera U3BPLICHUX Ha HCTOM y30pKY IyTa moMohy MOOHIHOT
u nabopartopujckor peduiekToMepa 3a KoMOWHaIje YriioBa o, 3 U Y 3a Koje MOOWIHU
pedaexToMeTap BpIId Mepema, YTBp)EHO je J1a cy Mepemna MOOWITHUM pedIeKTOMETPOM
3anoBoseaBajyhe Taunoctn. Ha cimim 31 mpukasaHu cy pesynrtatu Mepema A00ujeHr
nomohy mabopaTopujckor pediuekToMeTpa W MOOWIHOT pedIieKTOMETpa Ha jeIHOM

Y30pKY KOJIOBO3A.

Sample B1051 - Comparison lab and mobile reflectometer

N
o

L/Eh (cd/m?/ Lux)

a2 DN WoWw
o oo oo o o

5°  10° 20° 30° 40° 50° 60° 70° 80°

Observation angle (°)

Mobile 0° = — Mobile 30° Mobile 50° -~ - = -Mobile 70°
—&—Lab0° —— Lab 30° Lab 50° - -0~ -Lab70°

Cmuka 31. Tlopeheme pe3ynrara mepema A0OMjeHHX TOMONY J1abOpaTOPHjCKOT WU

MOOHMITHOT peduIeKTOMETpa Ha UCTOM Y30PKY KOJIOBO3a
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VY xeJbH Ja ce cMame TuMeH3Hje ypehaja, koje cy Ouie penaTUBHO BETHUKE, MPUCTYITHIIO
ce TIOHOBHOj aHAJM3M TMojaTaka Koju Cy JOOMjeHH MepemHMa MOMONY OMHCaHOT
MOOUITHOT peduieKToMETpa, KOjoM je YTBpheHO aa ce TauHOCT pesynrata Hehe OMTHO
MPOMEHHTH YKOJIMKO ce CMambK Opoj B paBHH y KOjuMa ce BpIie Mepera. Hanme, aHanmmza
je mokasajia Ja ce y3uMmameM y 003up camo yrioBa B ox 0°, 10°, 20°, 30° u 150°
arcoyTHa BPETHOCT MPOIEHTYaHE IPEIlKe U3padyHaTOr HUBOA CjajHOCTH (Ha OCHOBY
r-tabene onxpeheHe Ha OCHOBY Mepema ca CMambeHHM OpojeM yriioBa f3) y OJHOCY Ha
nU3MepeHu HUBO cjajHocTH moBehasa camo 1,5%. 300r Tora ce MpUCTYIUIIO KOHCTPYKIIH]jH
MOOWITHOT peduIeKTOMETpa Apyre reHepalyje, 3Ha4ajHO MambKX TUMEH3HUja, KOJU paju ca
OuTHO MamKM OpojeM yriioBa B (3HaYajHO Mame JUMEH3Hje ypehaja ydumHuWie cy ra

JAKIIUM U 332 TPAHCHOPT U 32 YIoTpeoy).
4.2.3. MoOuanu peduexromerap Memphis npyre renepanuje
Mobunau peduiekromeTap Memphis apyre reHepaiyje npejcTaBjba KOMIakTaH ypehaj

IPUKa3aH Ha cIuIy 32, y KoMe HeMa poTHpajyhux J1enoBa, a BpeMe Mepera H3HOCH CBera

12 cexynau.

MEMPHIS

Cnuxka 32. Mobunmau pedekromerap Memphis nipyre reHepaiyje

Ogaj ypehaj ce cactoju on cieaehux enoBa MpUKa3aHux Ha ciauny 33:
- Yerupu u3BOpa CBETIOCTH ONPEMIBCHUX OJIrOBapajyhuM ONTHYKIM CHCTEMOM,
- 45 ¢poronanoHckux henuja koje ciyke Kao TyMUHAHCMETPH,
- Kapruue 3a npukynieame NOAaTaka U YIpaBJbambe PaJoM HM3BOpa CBETIIOCTH,
MpeKo Koje je ypehaj moseszan ca pauynapom (Acquisition card), u

- Oumnogne 0atepuje 12 V koja omoryhasa ayToHoMaH paj ypehaja.

61



3. ‘;-‘”“f-‘é G
doTonarnoHcke henunjed”
(ayMyHaHCMeTR :

.- - - ]
Clas

KapTuua 3a npukynrbarwe Bartepuja
noparaka

Crnuxa 33. OcHoBHU AenoBu MOOUITHOT pedaekTomMeTpa Memphis apyre renepanmje

H3Bopu cBeTaoCcTH

CBaku M3BOP CBETIIOCTH CaJIpXKH XajoreHy cujanuiyy cHare 50 W, oarosapajyhu ontuuku
cucteM U ¢GoToHANoOHCKY henujy 3a ayrokanubpaiujy. ONTHIKH CHCTEM CE CaCTOjH O
nujadparme u counBa (MpHUKa3zaHUX Ha ciauim 34), KOju cy MoceOHO MU3ajHUPaHH 32
CBaKH M3BOP CBETJIOCTH TAKO J1a ce, 0e3 003upa Ha yIalH! YTao CBETIOCTH, Ha MOBPIIUHU
Ha KOjOj ce BpIIe Mepemha YBEK OCBET/haBa MCTA KPYXKHA MOBPLIMHA NpedHuka 113 mm
(puOIIKHO je jeHaKa MOBPIIMHM y30paka KOJOBO3a KOjH c€ KOPHCTE PU MEpemuMa
noMohy srabopaTtopujckor pediekromerpa).

XanoreHa cujanuua

Cnmka 34. U3Bop cBeTIIOCTH ca mpuragajyhuM ONTHYKHM CHCTEMOM (U3TIIe, MOy KHH

npeceK U CMOJbHU U3TIIE] ca MpuKazanoM (orohenrjom 3a ayrokanubpanujy)
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XanoreHa cujanuiia je u3abpaHa U3 TpH pasiiora: UMa JOBOJEHO BEJIMKHU CBETIIOCHH (IIyKC
Koju 00e30elyje moctuzame nmoTpedHe BPeIHOCTH XOPU3OHTAIIHE OCBETIHEHOCTH, MOXKE

Jla U3JIp’KU YecTa yKIbyuera/UCKJbydera U MOTOHOT je 00JuKa U MaJluX AUMEH3Hja.

Naxo criopo, cBeTiI0CHH (PIIyKC XaJIOTe€HE CHjaIHIIe OTlafia TOKOM BpEeMEHa, 1a Ou, y by
MOCTH3aka KOHCTAaHTHE OCBETJHEHOCTH, TPeOajo peoBHO BPIINTH KaauOpauujy. la ou
ce To u30erio, CBaKM N3BOP CBETIIOCTH j€ ONpeMJbeH (POTOHAIOHCKOM henmjom, momohy
KOj€ y CBaKOM TPEHYTKY MOXKE Jla C€ M3BPIIH MPOIEHA CBETIOCHOT (IIyKca CHjaunIe, a
caMHM THM M OCBETJheHOCTH. [Ipmimkom kanuOpamwmje ¢poronamnoncke hemuje Bpmm ce
Mepeme HalloHa KOj! OHA J1aje U XOPU30HTAITHE OCBETJHEHOCTH Ha MOBPIIMHH Ha KOjOj Ce
BpIIM Mepeme. Y TOKy Kopuirhema pedieKToMeTpa, XOPU30HTAIHA OCBETIHEHOCT MOXKE

Jia ce m3padyHa nomohy dopmyse

_ Unsmepeno

Eh - ' Eh TOKOM KaJiudpauuje (21)

Urokom Kasndpanuje

Mepeme cjajHOCTH

3a Mepeme cjajHocTH MOOWIHH pediekTomerap KopucTu 45 ¢doroHamoHCKkuX henmmja
pacmiopehenux y 5  — paBuu (110 9 y cBakoj § — paBHU 3a 9 yriioBa mocmarpama o (CIuKa

35)).

Cnuxa 35. Pacniopen ¢orohenuja: a) 9 yrimosa nocMatpama o, 0) 5 paBau f3
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Ha ¢otohenujama je uzBpiiena V-A kopekiyja, a u3daxaapeHe cy Tako Ja Mepe CjajHOCT.
Ha taj nmaumn je nobujeno 45 wmanmux ,JIyMHHaHCMeTapa“ KOjU Mepe CjajHOCT

pedraexToBane cBeTNIOCTH (CiKKa 36).

Cnuka 36. ,,Jlymuaancmetpu’ MoOmitHOT peduiekromerpa Memphis

Mepeme

Hampen je peueHo aa je mobunHu pedaexromerap Memphis apyre reHepanmje Maanx
JIMMEH3Wja U Ja Mepeme Tpaje cBera 12 s, mTo omoryhaBa m3Boljeme Beaukor Opoja

Mepema y pa3HUM TaukaMa Ha UCTOj KOJIOBO3HO] OBPLIMHH.

3a cBaky m3abpaHy Tauky y kKo0joj hie ce U3BpIINTH Mepeme, MPoIec Meperma j¢ BeoMa
jeaHocraBaH: pedaekToMeTap ce IocTaBH y H3adpaHy TauKy, yKJbyde Ce ¥ OH U padyHap,
YHECY TIOJIaIy O JIOKAIMjH Ha KOjOj CE BPIIIM MEPEHE U MMPUTHCHE TacTep Ha eKpaHy Start
acquisition, mocie dYera ce Mepeme OJIBHja IMOTIYHO ayToMaTu3oBaHo. Ha moueTky
Mepema Cy CBH M3BOPH CBETIIOCTH UCKJBYYCHH, a CBaka (hoTohennja Mepu mryM (yKOIHKO
MOCTOjW 3HAYajHAa KOJIMYUHA CBETJIOCTH KOja MOTHYE OJ] HEKOT JApyror u3Bopa). HakoH
TOTra ce yKJby4yje U3BOp CBeTIOCTH Ha mo3ulinju y=0°, ypehaj ueka 3 s 1a ce crabunmzyje
CBETJIOCHU (UIyKC H3BOpa, BpIIKM ce KanuOpanuja u3Bopa (paau onapehumama
XOPU30HTAJIHE OCBETJHEHOCTH), IMOCJIE Yera ce OYHWTaBajy IIOKa3uBama CBHX 45
¢dotohenuja. Ha xpajy onucane npoiieiype UCKIbYUyj€ C€ H3BOP CBETIOCTH Ha MO3UIH]U
v=0° u ykibyuyje onaj Ha mo3unuju y=30°. OmucaHa mpoleaypa ce MoHaB/ba 32 CBa

4eTHPU U3BOpa CBETJIOCTH (ciauka 37).
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Cnuxka 37. Erane Mepema MOOHITHUM pedIiieKTOMEeTpOM

OnpehuBame Tadeie pediiekcuje

[Tomrro numMen3uje MOOMITHOT pedriekTomMeTpa He oMoryhaBajy Mepeme CjajHOCTH 3a CBE
peneBaHTHE KOMOMHAIMje YIiaoBa B U ¥, Kao ¥ 300T YHCHULIE J1a CE Mepera BpIle 3a
yTJI0Be MocMaTpama Koju ¢y (3HauajHo) Behn ox yria o =1°, Ha KOMe ce 3aCHUBajy CBU
Mel)yHapoaHU cTaHmapau M Mpenopyke M3 OBe 00JacTH, 3a onpehuBame enemeHata
r - Tabene pa3BujeHa je MeTozaa (ca mparehum copTBepom) 3acHOBaHa Ha oAroBapajyhoj
0a3u mojmaraka, Koja MeToJoM mopehema omoryhaBa onpehuBame KoMmiieTHe Tabese

peduiekcuje Koja HajMambe OJICTyIa O CTBapHe, Kao U oArosapajyher koepunujenta Qo.

3a mpuMeHy OBe MeToze OWIO je HEONXOJHO MPBO (opMUpaTH 0a3y mojlaTaka Koja 3a
mro je moryhe Behm Opoj y3opaka pedepeHTHHX KOJOBO3HUX TOBPIIMHA CaIpKH
pesynTaTte Mepema KoeuilrjeHara cjajHocTH (q) u3BplieHnx nomohy MoOWIHOT ypehaja
(3a yrioBe mocmarpama 0=5° 10°, 20°, 30°, 40°, 50°, 60°, 70° u 80°, y neT  paBHU
(B=0°, 10°, 20°, 30° 1 150°) u 3a yeTupu ynaaxa yria ceemioctu (Y=0°, 30°, 50° u 70°))
U BUMa NPUIPYKEHE KOMIUIETHE r-Tabesie u3MepeHe 3a ucTe y30pke nomohy nperu3Hor
nabopaTtopujckor pediexkToMeTpa (3a yrao mocMmaTpama 0=1° W CBe peleBaHTHE

KOMOMHaIje yriosa B u y).

[Mpunukom onpehuBama pedaeKCHOHNX KapaKTepucTuka, copreep mopeau cBux 180 (=
9-5-4) u3MepeHnx BpeTHOCTH KOe(HIMjeHTa CjajHOCTH ca OAroBapajyhuM BpeIHOCTHMA
n3 0a3e Koje ce OJHOCE Ha CBaKHM pedepeHTaH y30pak, MPOHANA3H HajIpUOIMIKHI]H
y30paKk NMPUMEHOM METO/E€ MHHUMAJIHOT CPEAmer KBaJpaTHOT OJCTyIama, oapehyje
KOe(UIIMjeHT MPOTOpLHje U Ha OCHOBY Tora ¢opmupa oxrosapajyhy r-rabexy auju cy
€JIEMEHTH JI00MjeHn MHOXEHhEeM eleMeHaTa r-tabelie Koja oJroBapa HajupuOImKHIjeM

Y30pKY U3pauyyHaTHUM KOE(HIIN]jEHTOM.
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[Tporpam nmMa aBa MoJyIa, 01 KOjUX MpBH (Moayn Measurement) CITy»u 3a IPUKa3UBAHE
pesyJiTara MojeAMHaYHO M3BPIICHUX Mepema Ha oapeleHoj konoBo3Hoj nmoBpmmHU. OH
naje HajnpuOmmKHUjy Tabeny pedraekcuje u daxtop Qo 32 KOHKPETHO Mepeme,
KOS(UIMjEHT MPOTopuHrje, Ka0 W KOC(PHIMjeHT KOjH TOKa3yje y KOM IPOLEHTY ce
pedrekcroHe KapakTepUCTUKE IOCMAaTpaHe MOBPIIUHE MOKJIANajy ca KapaKTepUCTHKaMa

n3abpaHe KOJIOBO3HE MOBpIIMHE (13 0a3e).

[Mporpam mpukasyje TPOIMMEH3MOHAIHY CIUKY pEeQIIEKCHOHUX KapaKTepucThka (q-
TEJ0) 3a MOCMaTpaHy KOJIOBO3HY TOBpPIIUHY, KOja KOPHUCHHUKY omoryhaBa moOujame

BU3YyeIHE IMpeJcTaBe 0 pedIeKCHOHUM OcOOMHaMa IocMaTpaHe NoBpiuuHe (ciauka 38).

On Takole mpukasyje BpeaHoctu paxtopa Qo u Si.
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Cnuka 38. IIpo3op mporpaMa ca IpuKa3aHUM Pe3yJITaTUMa Mepermha
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Hpyru moayn (Analysis), npukaszaH Ha ciauuu 39, ciykKy 3a aHaJIM3y pe3yiTaTta Meperma
u ¢dopmupame pesylTaHTHE Tabene pediekcuje 3a nmocMaTpaHy HOBPIIMHY Ha OCHOBY
pe3yiaTata Mepema KOju ce OJJHOCE Ha CBEe WIM oJabpaHe MepHE Tauke Ha KOJOBO3HO]
MOBPILMHY (CBaKU €JIeMEeHT HoBo(opMupaHe r-Tabesie u3payyHaBa ce Kao apuTMETHYKa
cpeawHa oaroBapajyhmx ememeHara r-tabena Koje cy A0OHMjeHE HAa OCHOBY Mepema y
n3abpaHMM MEpHMM Taykama). YKOJIHMKO DPEe3yJTaTH Mepema Yy HEKOj MEPHO] TauKu
JIPACTHYHO O/ICTYTAjy O OCTAINX (YKOJIMKO BpeIHOCTH mapameTapa S1 u Qo 3a Ty MepHY
Ta4yKy 3HA4YajHO OJICTYNAjy OJ BPEIHOCTH THX MapamMeTapa M3padyHaTUX Ha OCHOBY
pe3yiTara Mepema y OCTalMM MEPHHUM TadyKama, WM YKOJHKO je KOS(HIIHjeHT KOju
MoKa3yje y KOM IPOIEHTY ce pedIeKCHOHe KapaKTepHCTUKE MOCMaTpaHe MOBPIIUHE
NoKJanajy ca pe(aekCHOHMM KapaKTepHcTHKama H3a0paHe KOJIOBO3HE HOBPILUHE U3
6aze mamu ox 0.85), onm He Tpeba ma ce y3my y o03up mpuiukoMm oxapehuBama
pe3yiTaHTHe r-Tadesne (MOIJIO je Jja ce I0T0U Ja je Ha TOM Jielly KOJI0BO3a OMJI0 TPOCYTO
yJb€ WM HEKa JIpyra XeMHKauja, a 1a TO HUje OMI0 IPUMETHO NMPUIMKOM U300pa MecTa
Ha KOME je M3BpLICHO Mepemwe). IlomTo pe3ynratu TakBOI Mepema BEpPOBaTHO JIOLIE
penpes3eHtyjy pediaekcruoHe ocoOMHe 1iee KOJIOBO3HE MOBPIIMHE, OHU HE Tpeba 1a ce

y3My y 003up.

PesynrantHa Tabena pedrekcuje Moxke J1a ce eKCIOPTYje ¥ MOTOM KOPHCTH Y Iporpamy

3a M3pavdyHaBamb-E CjajHOCTH.
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Crmuka 39. IIpozop 3a aHanm3y pe3ynrara Mepema

Ta4yHOCT ommcaHe METOJE je OrpaHWucHa 3HAYajHOM pasivkoM wu3Mely yriioBa
mocMaTpama Ha KOjiMa Cy 3aCHOBaHA Mepema MOOWIIHUM pedIeKTOMETPOM Ha TEPEHY
(5° — 80°) u cranmapaumMa (mpenopykama) Ae(UHHCAHOT yIJia mocMaTpama of 1° (koju
ce KOPUCTH MPUIIMKOM Mepema Tadene pedekcuje y naboparopuju). Takohe, TauHOCT
OBE METOJIe BEOMa 3aBUCH M O] BeJIMYHHE U caapxkaja 0aze momataka. OHa Kojy ypehaj
KOPUCTH CaJpXH MoJaTKe 3a 56 pa3IuMuUTHX KOJOBO3HUX IMOBpIIMHA, KOj€ MpPUIaAajy
MyTHOj MPEXXH Ha YCKOM reorpadckoM nmoapyyjy (koje je mokpusaio reputopuje benruje
u @panmycke). Yciaen HaBeIEHOT HENOCTaTKa, 0a3a ce HHUje MoIjla cMaTpaTH
pedeperTHOM, 300T Yera je OMI0 HEeOMTXOHO U3BPIIMTH BEJIUKH OpPOj TOJATHHX MepeHha
MOOWJIHUM H J1a0OpaTOpHjCKUM peQICKTOMETPOM Ha JioKamujama mupoM cBeta. C
003MpOM Ha TO JIa je 3a JabopaTopHjcKa Mepema MOTPeOHO Y3eTH M y30pak (Y30pKe)
KOJIOBO3a, TpOUIMpHBame Oaze OuM OWIO BeoMa CKyIoO, 3aXTEBHO, AYTOTPAjHO H

KOMIIUIMKOBAHO, 300r yera ce o4 Tora oaycTralo.
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C o03mpom Ha To na rpymanuja Schréder mocemyje Benuky 0asy r-tabena (TOKOM
NpeTXOJHE JBe JCLCHUje MepemuMa IoMOhy mpenu3HOr J1abopaTopujcKOT
pedaexTomerpa no6ujeHo je 447 r-tabena Koje onucyjy peduieKCHOHe KapaKTEepPUCTHKE
447 y30paka pa3IHYMTUX KOJIOBO3HHX ITOBPIIMHA KOj€ OTHYY U3 LEJIOT CBETA), Y paiy
je TpeUIoKeH APYyTraduju IpUCTY ofpehuBamy r-rabene Ha OCHOBY pe3yiTara Mepermba
M3BpIIEHUX NoMohy MoOmiIHOT pednekromerpa Memphis: ykonuko 60U KoepUIHMjeHTH
cjajHoctn m3MepeHn nomohy moOmiHOT ypehaja (3a yriose mocmarpama o = 5-80°)
MOTJIM TIOTOJHO Jla C€ EKCTPAronpajy W Tako AO0OWjy TOBOJBHO TayHE BPETHOCTH
KOe(UIMjeHTa CjajHOCTH 3a yrao mocMmarpama o=1°, 6mno Om Mmoryhe KopHCTUTH
HeJIoKyHy 0a3y ca 447 Tabena peduiekcuje, 0OJTHOCHO He OM Mopaia Ja ce Bpiie Ouio

KaKBa J0JaTHa MEpPCHA.

lums wuctpaxkuBama y NPEUIOKEHO) JOKTOPCKOj JAWCEpTalldju je pa3Boj MeEToJe,
3acHOBaHe Ha Kopuihewmy pecrnekrabuinHe (pedepeHtHe) 0aze ca udak 447 Ttabena
pedraekcuje, momohy koje OuM ce, Ha OCHOBY OTpPaHHYCHOT Opoja BPEIHOCTH
Koe(HUIlrjeHTa CjajHOCTH KOje MOTY Jia ce U3Mepe MPUMEHOM MOOWITHOT peqIeKTOMETPa,
ollpenuna KoMIUleTHa Tabena peduiekcHje Koja JOBOJBHO TadyHO PEMpPE3CHTY]e

pe(bJ'ICKCI/IOHe KapaKTCPUCTUKE ITOCMATPAHE KOJIOBO3HE IMMOBPIIHHE.
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5. HOBA METO/IA 3A OAPEBUBAIBE PE®JIEKCHOHUX
KAPAKTEPUCTHUKA KOJIOBO3HUMX ITOBPIINHA

5.1. A360p onTUMATHOT TUIIA eKCTPaINoJaLuje

Nmajyhu y Buny na moOmiau ypehaj mepu koeduiujerre cjajaoctu 3a 20 koMOuHaImja
yriosa (v, ), a cBaku oJ] BUX 32 9 yrioBa nocMarpama (3Hauajao) sehux ox o = 1°, kao
u Ja cy Tabene peduiekcuje y 6a3u oapehene 3a yrao mocmarpama o=1° (y ckiany ca
BAJMIHUM TIperiopykama), OWJIO je HEONXOJHO W3BPIIUTH JOBOJGHO TadyHy
eKcTparnoianyjy KoeduipjeHara cjajHoCTH 1a Ou ce oJipeiniie lUXOBE BPEAHOCTH Koje
OJroBapajy yriy nocMmarpama o=1°. EkcTpanonanuja Moxe Jja ce U3BPLIM CaMO YKOJIHMKO
Cy KpHuBe Koje TpeJcTaBibajy 3aBucHocT q=f(a) riarke. [IpoBepa je m3BpmieHa Ha 25
penpe3eHTaTUBHUX Yy3opaka myTa (14 acdantHux, 8 OeroHckux u 3 wu3paheHa of
MOpO3HOr acdaiTta), KOju Cy y3eTH ca KOJIoBO3a IIMpoM cBera. KaHnupaTkuma je
CaMOCTaJIHO M3BpLIMIa HM300p y30paka KOJOBO3a M CBa MOTpeOHa Mepewma momohy
nabopaTopujckor peduiekromMmerpa. MepemMa Ha TUM Y30pIMa 32 yTIIOBE IoCMaTparmba
a=1°, 5°, 10°, 20°, 30°, 40°, 50°, 60°, 70° u 80° (ypehaj Memphis Bpim Mepema 3a cBe
HaBEJICHE YIJIOBE IIOCMaTpama OCUM 3a 0=1°), Koja cy u3BpHIeHa KopHUIIhemeMm
MPEU3HOT J1adopaTopHjcKor pedIeKToMeTpa Koju Tmocenyje Kommanuja Schréder,
NPOBEPEHO je Ja JIM Cy TJaTke KpHBE IMOMONYy KOjuX ce TpHKasyje 3aBHCHOCT
KOe(HIINjeHTa CjajHOCTH O] yTJia TIOCMAaTpama o, ¥ TO 3a CBE KOMOMHAIM]e yIiioBa 3 U y
3a koje MoOmHU ypehaj Memphis Bpim mepema. C 003upoM Ha ToO /1a je KoeUIrjeHT
CjajHOCTH ( OOPHYTO MPOIOPITMOHATIAH Ca Sing., ca CMAkECHEM YTiia Ol BPEAHOCT ( HATJIO
pacte, 300r 4era je 3a oApehuBame TN eKcTpanoiamnuje Ouao MoroJHuje IocMaTpaTu

KkpuBe q-sina=f(a) Hero xkpuse q=f(a).

Pesynratn u3BpHmICHHX Mepema Cy MOTBPAWIM Aa Cy KpuBe (-sino=f(o) riaTke 3a
peneBanTHe (y)xe wim mmpe) omcere yrma o. Kao mmycrpammja, Ha cimmmu 40 cy
IpUKa3aHe KpUBE KOje MOKa3yjy 3aBUCHOCT (-Sina 01 yIia o 3a 4 yrnajHa yria CBETI0CTH
(y=0°, 30°, 50°, u 70°) 3a Tpu mocMaTpaHa y30pKa KOJIOBO3a. 3a CBAaKH YIMAaJHU Yrao

MPUKA3aHo je O TeT KPUBHX, KOj€ OJIroBapajy pa3InduTUM yTIIOBHMA [3 32 KOj€ MOOWITHA
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peduekromeTap Bpimu Mepema (= 0°, 10°, 20°, 30°, u 150°). ¥ npunory A cy npukazaHe

KpuBe g-sino=f(ct) 3a cBUX 25 TecTUpaHUX y30paka KOJOBO3HUX MOBPIIUHA.
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Crnuxa 40. Kpuse koje npukasyjy 3aBucHocT -sino=f(a) 3a cBux 20 komOuHaIuja

yIIIOBa Y | 3, 32 TPH IOcMaTpaHa y30pKa KOJI0BO3a
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[Tomro cy mobujeHe kpuBe TIaTKe, KOSHHUIM]SHTH CjajHOCTH ( 32 Yrao mocMmarpama o=1°
MOTY J1a c€ O/ipeJie IPUMEHOM MOTOHUX METOa eKCTpaIojalyje BpeIHOCTH (QyHKIH]je
g-sino. 3a yrioBe MocMarpama 3a koje ypehaj Memphis Bpmm Mmepema. Y muiby
HaJIa)Kema IMOTOTHIX METO/Ia EKCTPAIoalyje, youeHo je a 00IUK KPUBUX JOMHHAHTHO
3aBHCH O]1 YIIaTHOT yTJIa Y, 0K P BehnM yriIoBUMa Y M yTHUIA] yTiia B Ha OOJIUK KPUBUX
nocraje 3Hadajad. 300r Tora je 3a cBaku o 20 maposa yrioBa (y,f) aHaTU3MpaHo 1o 25
KpHUBHX (KOje 0JIroBapajy TeCTUpaHUM y30puuMa KosioBo3a). Caka o oBux 500 (25x20)
KPHUBHX je OCEOHO aHaIM3UpPaHa, Kako OU ce 0JIpero ONTUMaJaH TUIl eKCTparnoialuje
3a CBaKy KOMOHMHAIM]y yIJioBa 3 U Y, Ka0 M MapaMeTpH PEJICBaHTHU 3a M3aOpaHU THII
excTpanonauuje. Ha cBaky kpuBy je mnpumemeHo no 80 TumoBa QuTOBama u
excTpanonanuje: 18 mmuueapuux, 34 kBajpatHe u 28 KyOHuX. Teopwjcku, BpEIHOCT
g-sina. Tpebamo Oum ga Oyzme jemnaka Hymu 3a o=0°. MehytuMm, Ha OCHOBY
EKCTparoJupaHuX KpUBUX MpuMeheHo je 1a y BelIuKoM Opojy cllydajeBa TO HHje TayHO.
300r Tora cy 3a cBaky KOMOMHAIMjy pa3MaTpaHe 1O JBE KpWBE: KpHBa KOja Mopa Ja
caapxu Tauky (0,0) u kpuBa koja He Mopa Ja je caapxu. Koedunumjentu cjajaocTtu
IOOMjeHN TTOCTYIIKOM eKcTparonaiyje 3a a=1° 3atum cy nopehenun ca oarosapajyhum
BpPEHOCTUMA H3MEpEeHUM Yy JlabopaTopuju (3a UCTH yrao nocMaTtpama o=1°). Cpa
n3padyHaBama Cy ypahena y mporpamy Excel, kopumhemem ¢ynkmmje TREND. V
tabenama 12—14 mpuka3aHu cy CBH pa3MaTpaHd OOJMIM EKCTparojialyje W JaTe Cy
U3payyHaTe ancoJIyTHE BPEJHOCTH MHUHHUMAJIHE M MaKCHMaJHE MPOLEHTyallHe I'pelIKe,
Kao ¥ BPEIHOCT CPEII-ET KBAIPATHOT OJICTYIAama, 32 CBE MOCMAaTpaHe y30pKe KOJIOBO3a
3a xombuHanujy yrimoa P=0°, y=0°. TaGeme koje caapxe mojarke 3a cBux 20

KomOuHanyja yriosa (v,) nate cy y npuiory b.
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Tabena 12. PazmaTpanu oOauLM JIMHEapHE €KCTpamojalyje M alcolyTHE BPEIHOCTH
MUHHMMAaJIHE U MAaKCUMaJIHE MPOLEHTYaJIHE I'PEIIKe, Ka0 U BPEHOCT CPEhET KBaJPaTHOT
OJICTYyTama, 3a 25 mocMaTpaHux y3opaka nyta (3ay = 0° u f = 0°) — 3Hak * o3Ha4aBa ;ia

eKCTpanojaluoHa KpuBa Mopa aa caapxu Taduky (0,0)

MunumanHa Cpenme MakcumanHa
OO6nuk nuHEeapHe
) MPOIICHTYaTHA KBaJ[paTHO NPOIICHTyaTHA
eKCTparnosanuje
rpemika (%) oncryname (%) rpenika (%)
o= 5° 10°, 20°, 30° 11.7 43.9 95.4
a=15° 10°, 20°,30° * 5.2 40.6 57.7
a=15° 10°, 20° 2.0 34.5 66.4
a=15° 10°, 20° * 4.4 38.9 54.6
o= 0°, 5° 10°, 20°, 30° 0.1 17.7 60.0
a=0°, 5° 109, 20°, 30° * 5.2 40.6 57.7
a=0°, 5° 10°, 20° 1.8 19.6 56.7
a=0°, 5°,10°, 20° * 4.4 38.9 54.6
o=0° 5° 10° 4.0 29.8 53.1
a=0°, 5% 10° * 3.8 35.7 55.3
a=0°, 5° 3.9 32.5 54.1
a=0°, 50 * 3.9 32.5 54.1
a=5° 10° 0.4 17.6 42.2
o=15° 10°* 3.8 35.7 55.3
a=0°, 5°-80° 3.0 92.8 210.7
a=0°, 5°-80° * 15.5 46.6 63.1
a=5°- 80° 27.0 148.1 302.0
a=5°-80°* 15.5 46.6 63.1
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Tabena 13. PazmMaTpanu oOnuiM KBajpaTHE €KCTpaIojalije U arcoiayTHE BPEIHOCTU
MUHHMMAaJIHE U MAaKCUMaJIHE MPOLEHTYaJIHE I'PEIIKe, Ka0 U BPEHOCT CPEhET KBaJPaTHOT
OJICTYyTama, 3a 25 mocMarpaHux y3opaka myTa (3a y = 0° u § = 0°) — 3HaK * o3HauaBa ;a

eKCTpanojaluoHa KpuBa Mopa aa caapxu Taduky (0,0)

OO0nMK KBajipaTHE Munumansa npoueHtyansHa | Cpenme KBaIpaTHO MaxkcumainHa nIpoleHTyalHa
EKCTpariojanyje rpemka (%) oxcryname (%) rpemka (%)
a= 5% 10°, 20°, 30° 1.7 22.0 51.3
a=5°10°, 20°, 30° * 2.9 345 55.6
a=5° 10°, 20° 0.1 12.7 34.0
a= 5% 10° 20° * 34 323 55.8
a=0°, 5°,10°, 20°, 30° 4.4 27.3 543
a=0°, 5% 10°, 20°, 30° * 2.9 345 55.6
a=0°, 59, 10°, 20° 3.8 30.2 53.8
a=0°, 5° 109, 20° * 3.8 30.2 53.8
a=0°, 5° 10° 4.0 29.2 529
a=0°,5° 10° * 4.0 29.2 52.9
a=0°, 5% 10°, 30° 3.8 30.2 53.6
a=0°, 5% 10°, 30° * 32 333 55.8
a=5°10° 30° 0.7 13.8 359
a=5°% 10° 30° * 32 333 55.8
a=0°, 5° - 40° 0.9 24.1 56.9
a=0°, 5°-40° * 1.8 359 54.7
a=5°-40° 3.9 29.2 61.7
a=5°-40°* 1.8 359 54.7
a=0°, 5°-50° 8.6 22.2 60.2
a=0°, 5°-50°* 0.9 36.9 53.8
a=5°-50° 14.7 36.7 70.1
a=5°-50°* 0.9 36.9 53.8
a=0°, 5°- 60° 1.3 234 68.3
a=0°, 5°- 60° * 0.2 37.3 54.8
a=5°-60° 13.8 472 126.4
a=5%-60°* 0.2 373 54.8
a=0°5°-70 0.4 323 84.9
a=0°,5°-70°* 3.1 36.7 56.0
a=5°-70° 2.7 57.0 161.1
a=5°-70°* 3.1 36.7 56.0
a=0°, 5°- 80° 23 449 118.6
a=0°, 5°- 80° * 59 36.1 56.8
a=5°-80° 3.5 73.4 259.4
a=5°-80° * 5.9 36.1 56.8
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Tabena 14. Pa3marpanu oOiauuum KyOHe eKcTpamojaluje M arcoJdyTHE BPEIHOCTH
MUHHMMAaJIHE U MAaKCUMaJIHE MPOLEHTYaJIHE I'PEIIKe, Ka0 U BPEHOCT CPEhET KBaJPaTHOT
OJICTYyTama, 3a 25 mocMarpaHux y3opaka myTa (3a y = 0° u § = 0°) — 3HaK * o3HauaBa ;a

eKCTpanojaluoHa KpuBa Mopa aa caapxu Taduky (0,0)

OB kyGe MuHnumansa Cpenme KBaipaTHO MaxkcumaiiHa
] MPOLICHTYaJIHA TPeLIKa OJICTyNAakE MPOLIEHTYaJIHA TPELIKa

eKCTparoauje %) %) %)
o= 0°, 59, 10°, 30° 4.2 28.4 523
a=0°, 5° 10°, 30° * 42 28.4 52.3
o= 0°, 5°-20° 43 28.1 51.8
o=0°, 5°-20°* 43 28.1 51.8
o= 0°, 5°- 30° 3.9 29.7 54.1
a=0°, 5°-30°* 3.7 30.7 55.6
o=5°-30° 2.8 13.2 30.7
a=5%-30°% 3.7 30.7 55.6
o= 0°, 5° - 40° 3.8 29.3 54.0
a=0°, 5°-40°* 4.1 323 56.3
o=5°-40° 0.4 15.2 42.3
a=5%-40°* 4.1 323 56.3
a=0°, 5°- 50° 4.5 27.9 54.2
a=0°, 5°-50°* 3.5 33.6 56.2
o=15°-50° 0.7 18.5 45.1
a=5%-50°% 3.5 33.6 56.2
a=0°, 5° - 60° 44 25.7 53.1
a=0°, 5°-60°* 3.5 34.9 56.8
o=5°-60° 1.6 20.2 41.7
a=5%-60°* 3.5 34.9 56.8
a=0°, 5°-70° 1.2 19.9 50.0
o= 0°, 5°-70°* 5.6 37.3 58.1
o=5°-70° 1.3 28.8 57.3
a=5%-70°* 5.6 37.3 58.1
a=0°, 5° - 80° 1.2 17.7 52.0
a=0°, 5°-80°* 5.7 38.2 57.6
o=5°-80° 8.8 35.9 60.1
a=5%-80°* 5.7 38.2 57.6
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[lopehemem BpemHocTH KoeHIMjeHTa CjajHOCTH KOjU OJroBapajy yriy o=1°,
u3payyHaTUX npuMeHoM cBux 80 o0iuka ekcTpamojalyje, ca BpeAHOCTUMA
Koe(HUIlMjeHTa CjajHOCTH KOje cy u3MepeHe momMohy Npelnu3HOT J1abopaTopHjCcKOT
pedaexTomerpa (Takolhe 3a yrao mocmatpama 0=1°), yrBpheH je onTumanaH MoCTynak
eKkcTpanonangje 3a cBaky onx 20 xoMmOmHamuja yriaoBa W 7y 3a KOje MOOWIHH
pedaextomerap  Memphis  Mepu  koedunmjeHT  cjajHocTH.  ONTUMATHOM
EKCTpamoallijoM CMaTpaHa je OHa KOJ KOje je Cpelme KBaIpaTHO OJCTYIame
Koe(HIIMjeHaTa CjajHOCTH OJpel)eHIX eKCTPAIOJIAIijoM H JTa00pPaTOPHjCKIM MEpeHIMa
OWJI0 MUHUMAJTHO 3a CBE TeCTHpaHe y3opke myTa. Ha mpumep, 3a y=p=0°, nzabpana je
KBaJIpaTHA €KCTparoJaiyja 3aCHOBaHa Ha pe3yaTaTuMa Mepema 3a oo = 5°, 10°, 20°, 3ato
TO je TpU OBOM OOJNHKY eKcTpamojaluje JOOMjeHO HajMame CPellihe KBaJpaTHO
OJICTyHamwe, Koje je u3Hocuso 12.7% (sunetu tabene 12—14). V tabenu 15 npukazanu cy
n3abpanu (IpenopyyeH) oOIUIM eKcTpanojanuja u oarosapajyha cpenma KBajapaTHa

OJICTYyTIaka 3a CBE pa3MarpaHe KoMOuHaiumje yriosa (v, ).

BaXHOCT ycTaHOBJbEHHX ONTHMAIHUX SKCTpaIojalija MPOUCTHYE U3 YNEHCHUIIC J1a OHE
omoryhaBajy na ce 3a OWJIO KOjy KOJIOBO3HY MOBPIIMHY OJpPEJC JOBOJHHO TayHEe
BPEIHOCTH Koe(HUIMjeHaTa CjajHOCTH KOjH OATOBapajy yrily mocMarpama o=1° 3a cBe

KoMOWHamyje yriosa B 1 y 3a Koje MoOWIHH peduiekTromerap Memphis Bpim Mepema.

HNako je wm3noxeHa mnpoueaypa ojapehuBama ONTUMATHOT OOJIMKA EKCTparoJialyje
MpUMEHkEeHa Ha jellaH o1 mocTojehux moprtadn peduiekromerapa (Memphis), oHa nako
MOXe J1a ce Moau(duKyje U J1a ce MPUMEHH Ha OWIIO KOju MopTabi peduiekToMeTap Koju

MepH Koe(HIljeHTe cjajHOCTH MO/ YIIOBUMa MocMaTpama Behum of 1°.
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TaGena 15. OnTumanHu oOJNMITM eKCTpamnojanje U ojrosapajyha cpenma KBajgpaTHa
OJICTyTIama 3a cBe KoMOuHaiuje yriosa (y, B) — 3HaK * o3HayaBa Ja eKcTpamnojanroHa

KprBa Mopa ja caapxu taduky (0,0)

Cpenme KBaipaTHO
vy© | B©O OO6nuK excTpamnosanuje OJICTyHame
(%)
0 Ksamgparnaa a=>5°, 10°, 20° 12.7
10 | JIuneapna a=5°, 10° 13.5
0 20 Ksagparna o=5°, 10°, 20° 14.0
30 Ksagparna 0=>5°, 10°, 30° 11.7
150 | Ky6na a=0°, 5°, 10°, 30° * 5.1
0 Ky6na a=0°, 5°-70° 16.1
10 | Ky6na a=5°-30° 14.1
30 20 | Ky6na 0=0°, 5°-80° 14.9
30 | Ky6na a=5°-30° 11.1
150 | Ky6na a=0°, 5°-80° 16.3
0 JIuneapna a=0°, 5°, 10°, 20° 16.0
10 | Jluneapna a=0°, 5°, 10°, 20° 12.4
50 20 | Ky6na a=5°-30° 13.6
30 | Jlureapna 0=0°, 5°, 10°, 20° 12.1
150 | Ky6na a=0°, 5°-80° * 16.0
0 Jluneapna a=0°, 5°, 10°, 20° 13.3
10 | Ky6na a=0°, 5°-80° 13.3
70 20 | Jluneapna a=0°, 5° 10°, 20° 11.5
30 JIuneapna a=0°, 5°, 10°, 20° 11.8
150 | Jlureapna 0=0°, 5°, 10°, 20° 17.1

[Tpumenom nocrojehux anropuTaMa Ha KOjuMa Cy 3aCHOBaHH YCTaHOBJEHHU ONTUMATHU
obymim exctpamnoianyje 3a cBux 20 KoMmOMHamuWja yrioBa P W Yy, 3a CBaKH y30paK
KOJIOBO3a JIAKO MOJKE JIa C€ OApenu peayKoBaHa Tabena KoeuIMjeHaTa cjajHOCTH (ca

camo 20 eneMeHaTa) 3a yrao nocmarpama o=1°.
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5.2. Hopa 0a3a pegyxkoBaHux Tade/ja koeQUUUjeHTA CjajHOCTH (PelyKOBAHMX

g-Tadesa)

Y mmiby oapehuBama HajnpubmkHUje r-Tabene u3 0aze ox 447 r-tabenma, OWio je
noTpeOHO je Hajnpe GopmupaTu HOBY 0asy ca 447 q-tabena ca mo 20 eremeHaTa KOju
OJroBapajy KomMOWHamujama yriosa y u 3 3a koje MoOWIHH peduekromerap Memphis

MOJKE J1a BPIIH Mepemba.

Kao mTo je mampen pedeno, rpynanuja Schréder pacnionaxe ca 447 r-tabena koje cy
CHUMJbCHE TOKOM MPETXOJHE JBE JICICHHMj¢ NMPUMEHOM TPEIU3HOr J1a00paTOpHjCKOT
pedaexkromeTpa Ha y30pIMa KOJIOBO3a U3 Liesor cBeTa. Tabene peduiekcuje MepeHe mnpe
Buie oz 20 roxuHa HUCY y3eTe y 003up 300T 3acTapenocTu (paHuje Cy ce KOPUCTUIIN
3HAYajHO JPyraylju arperaT NMpU M3paju MyTHUX NokpuBaya). HoBodopmupana 6aza
caapxu 447 penykoBaHUX (-Tabemna (3HA4ajHO MambUX TUMEH3HWja O] oAroBapajyhux r-
Ta0ena), a cBaka OJ HUX CaapKH BPEAHOCTH KoeduiujeHTa cjajHoctu (q) 3a 20
KOMOMHaIja yriosa y u  3a koje MoOwiHU pedrexkromerap Memphis Moxke a BpIIu
Mepema. C 003upoM Ha TO Ja y CTaHAapAHO] r-Ta0enm He TMOCTOje €JIeMEHTH KOju
onropapajy yrmosuma y=30°, 50°, u 70°, muma onarosapajyhu KoeuIHjeHTH CjajHOCTH
olpeheHn cy mocTynmkoM JTUHeapHe MHTeprojamuje. Y HoBoGOpMUpaHO] 0a3u, CBAKO]
penyKoBaHO] (-Tabenu MpHIpYyKEHE Cy BPETHOCTH CpeAmber KOoe(HIMjeHTa CjajHOCTH
(Qo) u dpakropa ornenannoctu (S1), U3padyHaTe Ha OCHOBY OATOBapajyhnx KOMIJIETHUX

r-tTabena u3MepeHux y J1adbopaTtopuju.

HoBodopmupana 6a3a omoryhaBa mopeheme 20 m3pauyHaTHX BpEeTHOCTH ( 3a o=1°
(moOMjeHnX eKCTPAIoIalljoM NoJaTaKa H3MEPEHUX MOMONY MOOHITHOT pe(IeKTOMETPA)
ca ofroBapajyhum eiremMeHTUMAa U3 CBUX 447 peaykoBaHUX (-Tabena y HOBOQOPMHUPAHO]
6a3u. [lpuMeHoM Merone HajMamMX KBajJpaTa OJCTyNama, MOXE Ja C€ OIpean
HajIpuOJIIKHUja peykoBaHa -Tabeia u3 HOBe Oase, a Ha OCHOBY W€ M oarorapajyha
KomIuieTHa r-rademna. [loctynak 3a ogpehuBame HajupuOIIKHIjE peayKoBaHe (-Tabene

n3 HOBopopMHupaHe 6ase JaT je y HapeIHOM IIOTIIaBIbY.
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5.3. Ona6up HajnpudIM:KHUje peayKOBaHe q-Tabese U3 HoBoopMupaHe 0a3e

[TprMeHOM OpUTHHAITHOT aITOPUTMA, KOjH YBaXKaBa YNEH-CHHUITY /1a KOJIOBO3HE TIOBPIIIHE
MOTYy Ja uMajy ciaudHe Tabene pediekcuje, and 3HAYajHO pa3IUUUTE CpEambe
koeduIjeHTe cjajHocTH, 3a (-Tabeny ca 20 enmeMeHaTa (IOOWjeHY MOCIEe TPUMEHE
ONITUMAJIHUX OOJMKa eKCTparojanmje), Koja onmcyje pedrexcrHoHe KapaKTepHCTHUKE
KosoBo3a oxapehene momohy moOmmHOr peduexromerpa Memphis, Bpmm ce u300p
HajupuOMIDKHIje peaykoBaHe Tabene pedriexcuje n3 HoBodopMmupane Oase, yume je

onpeheHa u komIuieTHa Tabena peduiekcuje.

[Tomro nuaMKaTpUce pediekcHje pa3sTHIUTHX y30paKa KOJOBO3HUX MOBPIIMHA MOTY J1a
Oyny ciaM4HE 1O OOJIMKY, aJld Pa3In4uTe 0 3alPEMHHH, 3a CBaKy o1 447 peqyKoBaHUX
g-tabena u3 HoBodopMupane 06aze Hajipe ce oapelyje ce koeduiujeHT cpazMEepPHOCTH
(k) 3a xoju je MMHUMAaJTHA pa3UKa CTeleHa cBeTiauHe u3Mel)y oarosapajyher y3opka u3

0a3ze u mocmarpaHor konoBo3a. Koedunujenr k ce onpelhyje Ha ocHoBy hopmyie:

d(f(k-% —qmi)zJ

i=1 _
e =0, (22)
y K0jOj Cy:
Qi — i-tu enemedt (i = 1 go 20) pazmaTpaHe peaykoBaHe g-tabene u3 6aze, u
gmi — i-ti exaemeHt (i = 1 mo 20) m3MepeHe peaykoBaHe (-Tabenie (moOujeHe

EKCTPaToJIalijoM BPEIHOCTH KOe(HIMjeHTa CjajHOCTH M3MEpPEHHX moMohy MOOWIHOT

peduekromerpa Memphis).
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i=20
Tume ce 3a cBaky penykoBaHy (-Tabeiy u3 0ase pauyHa cyma Z(k-qﬁ—qmi )2, a
i=1

peaykoBaHa (-Ta0elna 3a Kojy je OHa HajMama yCBaja ce Kao HajmpHOImKHUja 0OHOj Koja

je mobujena mepemuma nmomohy Memphis-a.

Pememwe jemnaunne 22 je:

k=2 (23)

CTBapHa BpeTHOCT CpeIbeT KOS(UIIMjeHTa CjajHOCTH TOCMaTpaHe KOJIOBO3HE MIOBPIITHHE

(Q'o) m3pauynaBa ce nmomohy crenehe penamnuje:
'o =k Qo, (24)

y k0joj je Qo cpenmu KoehHIMjeHT CjajHOCTH r-Tabelie Koja OAroBapa H3abdpaHoj
peaykoBaHoj g-Tabenu u3 HoBe Oaze. Pakrop Si duHanHe r-Tabene jenHak je hakropy Si
ycBojeHe r-tadene (u3 6ase). CBU elleMeHTH QUHAITHE r-Tadene T0OHjeHN CY MHOKCHEM

onropapajyhux eneMmeHara ycBojeHe r-tadene (u3 06aze) KoeUIMjeHTOM Cpa3MEepPHOCTH

(k).
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6. BAJIMJALINJA ITPEJVIO’KEHE INTPOLEYPE

Naxo cpeama KBapaTHa OJCTyNama MpHKa3aHa y Tabenu 15 Hucy Benmka (kpehy ce y
omcery 5.1 — 17.1%), 6uio je moTpeOHO M3BPIINTH BaUAAIN]Y TIPEINIOKEHEe MeToae. Y
TOM LWJbY, pa3Bojuu neHtap R-Tech (Schréder Group) m3Bpmmo je nerabHa Mepema
cjajaoctu (momohy npermsaor LMT L 1009 mymuHancMeTpa, ca yriaoBuMa Mepema 2''y
BepTHKanHOj U 20' y XOpU30HTANHO] paBHH) 3a 11 M3BeneHUX WHCTalalja YIUIHOT
ocBeTJbeHa. Pacopes Tayaka y MEpHOM IOJbY U IOJI0KA] MOCMaTpaya (JTyMUHAaHCMETPA)
ounu cy y cknany ca Bakehom npenopykom CIE 140-2000 [4]. UcToBpeMeHO cy Ha CBHX
11 caobpahajaunia (Ha HEKMMa O] FbUX je 01a0pPaHO MO HEKOJIWKO JIOKAIlHja) U3BPIlIEHA
Mepema pe(IeKCHOHMX OCOOMHA KOJOBO3a ToMohy MOOWIHOT —pedieKTomMeTpa
Memphis. [lopen Tora, ca MCTHUX JOKalMja Ha KOjUMa Cy BpIIEHAa Mepema MoMohy
MoOuimHOT pedaexTomerpa (ykymHo 20 JoKampja) y3eTH Cy Y30pLd KOJIOBO3a H
TpaHcnoptoBanu y Schréder-oBy maboparopujy, rae cy u3smMepeHe \uxoBe pediaexcrone
kapaktepuctuke (r-tradema, Qo w Si) mnomohly mnperm3HOr J1AGOPATOPHjCKOT
peduiekromeTpa. Pasmarpane cy caobpahajHuIe pa3nnanTHX T€OMETpHja, ca OETOHCKUM
WM ac(haXTHUM MOBPIIMHCKUM CIIOj€M, Ca jeJHOCTPAaHUM HJIH HACTIDAMHUM PaCIOpeIoM
cTyOOBa, OCBETJhCHE CBETHMJbKaMa ca HAaTPHjYMOBHM HM3BOpPHMAa BHCOKOT IPHUTHCKA ca
pa3IMYUTUM CBETJIOCHMM pacmojenama (3acemeHe, IOIy3acemheHE U HEe3aCeHCHE).
JletaspHu mofany o cBuUM caoOpahajHuIIaMa Ha KOjUMa Cy BpIIIEHA MEpema, Pe3ylTaTH
Mepema CjajHOCTH Ha TEpeHy M pe3yiTaTH HM3BpIIEHUX (OTOMETPUJCKUX IpopadyHa,

naTtu cy y npuno3uma B-JL.

[Ipe mepema cy cBe cBeTUIbKE Omie ouniiheHe, U3BPIICHA je 3aMEHAa CBHUX CHjaliLa U
MPOBEPEH HUXOB IMOJIOXKa]. 300T TOra je y (POTOMETPHjCKUM MpopadyHHMa (pakTop
oJlp’kaBama OMO jeJHAK jeAMHUIIM. 3a T03HATY reoMeTpHjy caobpahajuurie, pacmopes
cTyOOBa, THII CBETHJbKM W TOJIOXKa] MOCMarpada, ypaleHu Cy AeTajbHH TNPOpadyyHU

cjajHocTH y mpodecronarnom mporpamckom makety (Ulysse, Schréder Group).

Tpeba HanmoMeHyTH Oa cy pasiuke m3Melly M3MEpeHHX W H3padyHaTHX BPETHOCTH

cjajHoCcTH Hem30exxHe. Y MpopadyyHHMa CjajHOCTH, MPOpPadyHCKE TauyKe cy 0eCKOHA4YHO
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Manie (Hemajy OUMEH3Hjy), JIOK Cy IpU MepemuMa ,Tauke™ peajHe MOBpIIMHE ca
U3PKEHUjOM JAMMEH3UjOM y MOIYXHOM cMepy. Mako cy mepema m3BpuieHa rnomohy
JyMHHAHCMETpa KOjU MMa BeOMa Malld MEPHM yrao y BEpTHKaJHO] paBHHU (cBera 2'),
MepHe ,,TauKe’ 1 Jjajhe UMajy 3HauajHy MMOAYKHY AUMEH3HU]y, KOja je TOCeOHO M3pakeHa
y JaJbuM Tadkama (koje cy Ommke Kpajy MepHor moJba). OBa YMIbGHUIIA HE YyTHYE
3HaYajHO Ha Cpelllby BPEAHOCT (HMBO) CjajHOCTH, alW HEH YyTUIAj) HAa H3MEpeHe
PaBHOMEPHOCTH CjajHOCTH MOXe J1a Oyne Benukd (M3MepeHa MUHHMalIHa BPEIHOCT je
gecto Beha, a W3MepeHa MaKcHMallHa BPEIHOCT Mama OJ CTBApPHUX BPEIHOCTH Yy
MpOpavYyHCKUM Tadykama). M3 Tor pasmora cy u3MepeHe paBHOMEPHOCTH CjajHOCTH

o0nyHO Behe o1 CTBapHHUX.

VY npopadyHuMa cjajHOCTH KopuirheHe cy:

1. Cranpapase r-ta0ene ca CTaHAAapAHUM (HOpMaau3oBaHUM) BpenHocTuma Qo,
KOje ce yoOuuajeHo KopucTe kaja ce peduekcrnona kinaca oapelyje Ha OCHOBY
u3riera KoJIOBO3a WJIM KajJa je IO3HaT caMoO OIMC IOBPUIMHCKOT CJI0ja
KoJI0BO3He noBpumHe. [lomro oapehusame pedriekcnone kiace Ha OBaj HAUUH
HUje MpeIu3Ho, pa3MarpaHe Cy JBe cyceaHe (HajBepoBaTHHje) kinace R; m
Rj=Ri+1 — Buneru tabene 16—18.

2. Cranpapane r-tabene ca mpoMemeHMM BpegHocTuMma ¢akrtopa Qo (Q'o) —
uHjekc k y Tabenama 16—18. Y oBuM cnyyajeBuMa, 3a CBaKH y30paK KOJIOBO3a
peduiekcnona kiaca je oapel)eHa Ha OCHOBY BpEIHOCTH Si M NPHMEHEH je
cpenmu kKoepunmjeHt cjajooctd Q'o, mpu uyemy cy BpeaHocTH Si U Qo
u3padyyHaTe Ha OCHOBY r-tabeme wu3MepeHe TMoMohy JabopaTopHjcKor
pediekrometpa. Bpemnoctn umnHmekca k m Q'o 3a cBaky caoOpahajHuiry
(omHOCHO 3a CBaky pa3MaTpaHy JIOKalMjy Ha caoOpahajHurm) Ttakohe cy
npukasane y tabenn 16 (y komonu L y Tabemu 16 k = n 3Haum na je n3abpana
cTaHJapAHa pediekcuoHa kiaca Rn).

3. r-tabene oapeheHe METOIOM MPEIOKEHOM y OBOj TUcepTanuju (uaaekc P), n

4. r-tabene wm3mepene 'y R-Tech-y kopumhemem  mabopaTopujckor

peduiekToMeTpa Ha y30piuMa KoioBo3a (uHaeke R).
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Wnnekcn i, j, k, P u R y Tabenama 16—18 nmajy 3Haueme HaBEICHO Y TEKCTY H3HAJ, TOK
Ce HHJIEKC M OJHOCH Ha BPEIHOCTH CjajHOCTH HW3MEpeHe Ha TepeHy (momohy
aymuaancmerpa). Caobpahajaune 1, 4, 6, 10 u 11 nmajy GetoHckn, a caoOpahajaute 2,

3,5,7, 819 acanTHH KOJOBO3HM NOKPHBAY.

Wzpauynate u m3MepeHe (MHIEKC M) Cpelme BPEIHOCTH cjajHOCTH KoioBo3a (L) u
onropapajyhe mpouenryanne rpeimike (A) npukazane cy y tabenu 16, a 300r BuzyenHe
NpEryieTHOCTH HUBOM CjajHOCTH Cy NpuKa3aHu ¥ rpaduuku Ha cimim 41. C 063upom Ha
TO Ja je ca mojeauHux caoOpahajHuna y3eTto BUIlle y30paka, mpBa IUdpa y O3HAIU
nokanuje Ha ciuiy 41 o3HauaBa peiaHu Opoj caoOpahajHune, a Apyra peaHu Opoj
nokanuje (y3opka). Ha mpumep, nokanuja 3-2 o3HayaBa Ja ce TOJAM O CPEIHOj

CjajHOCTH OJTHOCE Ha JPYTY JoKanujy Ha Tpehoj mocmatpaHoj caobpahajHuiy.

L(cd/m?)

11 1-2 2-1 2-2 3-1 3-2 3-3 3-4 41 4-2 51 52 61 6-2 71 7.2 8 9 10 11

Jlokaumja

Blm mL Al Olk @BLP BLR

Cnuka 41. M3mepene (Lm) n m3pauynare (L;, Lj, Lk, Lp and Lr) cpenme Bpennoctn

cjajHoCTH
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TabGena 16. Cpeame BpeTHOCTH CjajHOCTH M BbUMa Tpumiajajyhe IpoIeHTyalHe TPeike

(mpoueHTyanHa pa3nuka usmely u3padyyHaTUX U U3MEPEHUX BPEIHOCTH)

P. Lm L A L; Aj Lk Ax Lp Ap Lr Ar
Marepijax 2 2 2 2 2 2
0p. (cd/m?) | (cd/m?) | (%) | (cd/m”) | (%) | (cd/m?) | (%) | (cd/m?) | (%) | (cd/m”) | (%)
1.41 1.08 1.09
1.16 | 21.55 o -6.90 k=2 -6.03 1.02 -12.07 112 345
= -
! Q=0.071
1 GetoH
141 1.08 1.16
1.16 . 21.55 o -6.90 k=2 0.00 L11 431 1.14 -1.72
i= =
! Q=0.076
118 133 0.81
0.92 o 28.26 s 44.57 k=2 -11.96 1.00 8.70 0.86 -6.52
i= =
! Qy=0.048
2 acanr
118 133 091
0.92 o 28.26 s 44.57 k=2 -1.09 0.86 -6.52 0.89 -3.26
i= =
! Q=0.054
1.95 1.81 1.6
1.8 833 0.56 k=3 -11.11 1.78 -1L11 1.74 333
i=2 =3
Q=0.621
1.95 1.81 178
1.8 833 056 k=2 111 1.96 8.89 1.84 222
= = Q'y=0.064
3 acdant o
1.95 1.81 178
18 833 056 k=2 -L11 1.88 444 1.87 3.89
i=2 =3
Q\y=0.064
1.95 1.81 15
1.8 833 056 k=2 -16.67 1.6 1111 1.58 -12.22
i=2 3
Qy=0.054
133 1.04 1.05
1.05 . 26.67 R -0.95 k=1 0.00 0.94 -10.48 1.17 11.43
i= i=
Q4=0.079
4 GetoH i
133 1.04 0.86
1.05 , 26.67 R -0.95 k=1 -18.10 0.96 8.57 1.03 -1.90
= —
! Q=0.065
1.04 1.06 1.19
1.22 o -14.75 , -13.11 k=2 2.46 123 0.82 1.30 6.56
i= —
! Q1=0.080
5 acdanr
1.04 1.06 113
1.22 o -14.75 s -13.11 k=2 -7.38 1.14 -6.56 1.25 2.46
i= —
! Q=0.076
12 0.9 0.9
1.04 . 15.38 o -4.81 k=1 -13.46 1 -3.85 1.07 2.88
i= =
! Q=0.075
12 0.99 1.08
6 OeToH
k=2
i=1 =2
1.04 15.38 481 | Qy=0.076 | 385 1.04 0.00 1.09 481
] k=2
i=1 =2
Q=0.054
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TaGena 16. (HacraBak) Cpenme BpEAHOCTH CjajHOCTH U HHMa mpumanajyhe

NPOLIEHTYaJHe Tpelke (MpOLEHTyalHa pa3iuka u3Mmely u3pauyHaTuX M H3MEpEeHUX

BPEIHOCTH)

op.

Marepujan

Lm Li A L; Aj Lk Ax Lp Ap Lr Ar
(cdm?) | (ed/m?) | (%) | (cd/m?) | (%) | (cd/m?) | (%) | (cd/m?) | (%) | (cd/m?) | (%)

12 126 1.07
1.17 256 7.69 k=2 -8.55 12 256 117 0.00
Q=0.062

7 acanr
1.2 1.26 1.12
1.17 . 2.56 . 7.69 k=3 -4.27 1.36 16.24 1.32 12.82
=2 5= Q'=0.062
1.07 1.15 122
8 acanr 1.31 . -18.32 s -12.21 k=2 6.87 1.18 -9.92 1.37 4.58
Q'1=0.080
1.07 1.15 0.98
9 acanr 0.98 . 9.18 i 17.35 k=2 0.00 0.96 -2.04 0.99 1.02
Q'1=0.064
3.55 2.51 1.7
10 OeToH 1.91 1 85.86 =2 31.41 k=1 -10.99 1.83 -4.19 1.94 1.05
Q'=0.048
3.51 2.61 2.01
11 OeToH 1.91 1 83.77 =2 36.65 k=2 524 2.01 5.24 2.19 14.66
Q'1=0.054

Ha ocHoBy pe3ynraTa npukasaHux cy y Tabenu 16, Moxxe na ce youu ciezehe:

VYKONIMKO ce y IpopadyHHMa HHBOA CjajHOCTH KOPUCTE CTaHIapAHe r-radene
ca mpumamajyhum Hopmanmn3oBaHMM BpemHocTUMa Qo, MaKcHMasiHa
NPOLEHTYaHA TPElIKa U3padyHaTa y OJHOCY Ha M3MEPEHY BPEJIHOCT HUBOA
CjajHOCTH KOJIOBO3a HM3HOCH Hak 85.9%, HOK Mama cCpema arncoiyTHa
MPOIIEHTyaJ Ha TpelIka Koja ce OJHOCH Ha jeAHy Ol JIBE CTaHAapIHe
pedekcuone kimace kooBo3a (Hrp. R2 u R3) uznocu 15.4%,

Kopumheme oarosapajyhe crannapaae r-radese (m3adpane mpema n3MepeHoj
BpeIHOCTH S1), aJiu ca MoaudrKoBaHOM BpeaHouhy koepunujenta Qo (Q'o, je
onpeheHo Ha OCHOBY r-tabeie wu3MepeHe TMoMohy mabopaTopujcKor
pedaekromeTpa Ha CTBapHOM Y30pKY KOJIOBO3a), JOBOJM O 3HAYajHOT
CMameHa arcodyTHE BPEJIHOCTH MaKCHMAJIHE MPOLIEHTYaJIHE IPELIKe HUBOA
cjajHocTH — oHa u3HOCH 18.1%, TOK cpe/rba arncoayTHa MPOLEHTYaTHA IPEeIKa

u3Hocu 7.0%, u
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— aKo ce y MpopadyHy KOPHUCTH r-tabena 1o0HMjeHa MEepemeM Yy J1abopaTopuj,
MaKCUMajiHa TpOLEHTyallHa Tpelllka HUBOa cjajHoCcTH u3Hocu 14.7%, a
YKOJIMKO C€ KOPHUCTH r-Tabena J00HMjeHa MPHUMEHOM METONE TPEIIOKEHE Y
JUCEepTalju oBa rpemka u3Hocu 16.2%, (cpeame NpOICHTYaTHE TPEIKe

n3Hoce peaom 5.1% u 6.4%).

[Topex HUBOa cjajHOCTH, pa3MaTpaHd Cy M OCTadM (AKTOPU KBATUTETAa YIHMYHOT
OCBETJhCHAa KOJH C€ OIHOCE Ha paclojely CjajHOCTH Ha KOJIOBO3y. M3MepeHe u
uzpauyHate BpegHoctu omnmre (Ug) n moaykHe paBHoMepHOcTH cjajaoctu (U), kao u
onropapajyhe nponentyanne rpemke (AUo u AU)), npukasane cy penom y tadenama 17
u 18. M3MepeHe u u3pauyHaTe BPEIHOCTH OIIIITE U TTOTY’KHE PABHOMEPHOCTH CjajHOCTH

npuKazaHe cy ¥ rpaguuku Ha ciimkama 42 u 43.
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(%)

3-44-1 4-2515-26-16-27-17-2 8 9 10 11

Jlokauumja
BUOm mUOI B@U0j] OUOk BUOP BUOR

Crnuxa 42. Usmepene (Uom) u u3pauynare Bpegnoctu (Uoi, Ugj, Uok, Uop 1 Ugr) ommre

PaBHOMEPHOCTH CjajHOCTH
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Crnuxa 43. Usmepene (Uim) 1 u3pauynare Bpennoctu (Ui, Uy, U, Up and Ur) moaysxae

PaBHOMEPHOCTH CjajHOCTH
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TaGena 17. OmmTa paBHOMEPHOCT CjajHOCTH W OJroBapajyhe MpolLeHTyalHe Tpelke

(mpoleHTyallHe pa3lMKe OIIITe PABHOMEPHOCTU CjajHOCTH ojipeheHe Ha OCHOBY

M3pavdyHaTHX U U3MEPEHUX BPEIHOCTH CjajHOCTH)

P. i Uom | Ui AUy; Uy; AUy | Uw | AUk | Uop | AU | Uer | AUor
Marepujan

6p. (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

34.53 | 42.99 24.50 36.52 5.76 36.52 5.76 31.29 -9.38 32.08 -7.10
1 GeToH

34.53 | 42.99 24.50 36.52 5.76 36.52 5.76 33.87 -1.91 36.43 5.50

54.42 | 54.67 0.46 49.45 -9.13 54.67 0.46 52.85 -2.88 50.22 -7.72
2 actant

54.42 | 54.67 0.46 49.45 -9.13 54.67 0.46 50.46 -7.28 55.60 2.17

38.99 | 44.12 13.16 42.29 8.46 42.29 8.46 36.87 -5.44 36.87 -5.44

38.99 | 44.12 13.16 4229 8.46 44.12 13.16 37.65 -3.44 38.38 -1.56
3 acant

38.99 | 44.12 13.16 42.29 8.46 44.12 13.16 37.87 -2.87 44.28 13.57

38.99 | 44.12 13.16 42.29 8.46 44.12 13.16 42.53 9.08 43.49 11.54

57.39 | 55.90 -2.61 66.21 15.37 55.90 -2.61 59.03 2.86 59.77 4.15
4 GeToH

57.39 | 55.90 -2.61 66.21 15.37 55.90 -2.61 62.01 8.05 62.43 8.78

73.51 | 66.21 -9.93 80.03 8.87 66.21 -9.93 73.25 -0.35 73.25 -0.35
5 acgant

73.51 | 66.21 -9.93 80.03 8.87 66.21 -9.93 73.50 -0.02 72.68 -1.13

67.15 | 5870 | -12.58 66.60 -0.82 58.70 -12.58 66.16 -1.47 63.54 -5.38
6 6eToH

67.15 | 58.70 | -12.58 66.60 -0.82 66.60 -0.82 66.16 -1.47 64.38 -4.13

68.48 | 76.20 11.27 66.82 -2.42 76.20 11.27 69.06 0.85 67.21 -1.85
7 acgant

68.48 | 76.20 11.27 66.82 -2.42 66.82 -2.42 61.28 -10.53 63.90 -6.69
8 acdar 52.66 | 67.20 27.61 62.83 19.31 67.20 27.61 48.73 -7.46 54.35 3.21
9 acdanr 6139 | 67.20 9.46 62.83 2.35 67.20 9.46 63.49 3.42 66.03 7.56
10 Geron 57.73 | 68.63 18.88 58.19 0.80 68.63 18.88 59.60 3.24 59.97 3.88
11 Geron 62.88 | 71.66 13.95 61.23 -2.62 61.23 -2.62 63.53 1.03 59.56 -5.28
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TabGena 18. [lomykHEe paBHOMEPHOCTH CjajHOCTH M HUMa Ipunajajyhe mporeHTyaiHe
rpemke (MpOLEHTyaJHe pa3iMKe MOAY)KHUX PaBHOMEPHOCTH CjajHOCTH oapehene Ha

OCHOBY M3pauyHaTHUX U U3MEPEHUX BPEIHOCTH CjajHOCTH)

P. . U Ui AU Uy AUy Uik AUy Up AUp Ur AU
Marepujan

op. (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
55.56 53.93 =293 | 62.15 11.86 62.15 11.86 56.00 0.79 57.55 3.58

1 GeToH
55.56 53.93 =293 | 62.15 11.86 62.15 11.86 51.63 -7.07 54.87 -1.24
46.15 52.03 12.74 | 41.17 -10.79 52.04 12.76 46.94 1.71 49.38 7.00

2 acant
46.15 52.03 12.74 | 41.17 | -10.79 52.04 12.76 49.84 8.00 47.55 3.03
56.25 64.19 | 14.12 | 56.98 1.30 56.98 1.30 56.88 1.12 56.88 1.12
56.25 64.19 | 14.12 | 56.98 1.30 64.19 14.12 56.41 0.28 55.97 -0.50

3 acant
56.25 64.19 | 14.12 | 56.98 1.30 64.19 14.12 50.07 -10.99 54.08 -3.86
56.25 64.19 | 14.12 | 56.98 1.30 64.19 14.12 51.92 -7.70 53.11 -5.58
64.29 66.56 3.53 74.24 15.48 66.56 3.53 60.88 -5.30 66.73 3.80

4 GeToH
64.29 66.56 3.53 74.24 15.48 66.56 3.53 63.28 -1.57 69.52 8.14
73.33 74.24 1.24 79.01 7.75 74.24 1.24 74.76 1.95 74.76 1.95

5 acant
73.33 74.24 1.24 79.01 7.75 74.24 1.24 74.94 2.20 75.08 2.39
69.23 67.77 | -2.11 | 74.42 7.50 67.77 22,11 69.87 0.92 68.65 -0.84

6 OeToH
69.23 67.77 211 | 74.42 7.50 74.42 7.50 69.87 0.92 70.22 1.43
76.47 70.57 | -7.72 | 78.68 2.89 70.57 -71.72 77.70 1.61 72.54 -5.14

7 acant
76.47 70.57 | -7.72 | 78.68 2.89 78.68 2.89 78.95 3.24 74.97 -1.96
8 acdar 57.69 67.63 17.23 | 75.23 30.40 67.63 17.23 55.13 -4.44 58.80 1.92
9 acdanr 58.33 67.63 1594 | 75.23 28.97 67.63 15.94 57.80 -0.91 61.30 5.09
10 Geron 57.14 74.34 | 30.10 | 83.58 46.27 74.34 30.10 58.53 243 56.58 -0.98
11 Geron 65.00 74.02 | 13.88 | 83.31 28.17 83.31 28.17 67.59 3.98 69.53 6.97
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U3 tabene 17 moxe na ce youn cnezaehe:

MPOLIEHTYyaJHE I'PEIIKe OMIITE PABHOMEPHOCTH CjajHOCTH U3HOCe 10 27.6% Kana
ce y MpopauyHHMa CjajHOCTH KOpPHCTE CTaHjapjHe r-tabene (0e3 o03upa Ha
BpenHocT Qo). Mama cpeamba MpoIeHTyalHa Tpelika Koja ce OJHOCH Ha jeTHY O]
1B cTaHIapAHe pediexcroHe kiace kosnososa (Hp. R2 u R3) nznocu 7.2 %, a
Cpelma MPOLEHTyallHa TPEIIKa 3a CTaHIapaHy peduiekCHoHy Kiacy onpeheny
npemMa (aktopy Si M y3 MPETIIOCTABJBCHHU CPEObH KOSHHUIUjEHT CjajHOCTH
koJoBo3a Q'o m3nocu 8.6%, u

YKOIMKO C€ y MpopadyyHHMa CjajHOCTH KOPUCTH r-Tabena m3MepeHa momohy
nabopaTopujckor peduieKToMeTpa, MaKCUMallHa MPOLEHTyallHa Ipelika OIIITe
pPaBHOMEPHOCTH cjajHOCTH M3HOCH 13.6%, MoK je mena Bpeanoct 10.5% ykonmuko
ce Kopuctu r-tabena oapeheHa mnpuMeHoM mnpeanoxeHe wmerone. Cpenmwe

IIPOLIEHTYaJHe rpelke peaoM u3Hoce 5.3% u 4.2%.

Pesynraru npukazanu y Tabenu 18 mokasyjy:

NPOLIEHTYaJIHE T'PEIIKe KOje Ce OJHOCE Ha IMOJIYXXHY PaBHOMEPHOCT CjajHOCTH
uzHoce 10 46.3% y ciyuyajeBUMa KaJga c€ CjajHOCT padyHa KopuIIhemeM
CTaHIapJHuX r-Tabena. Mama cpe/iba MpOoLeHTyalHa TPElIKa Koja ce OHOCH Ha
jeaHy on aBe cTaHaapAaHe pediekcuoHe Kiace KojaoBo3a (Hrp. R2 u R3) usnocu
9.7%, a cpemma TPOLEHTyallHA TpEIIKa 3a CTAaHAAPAHY PEeQIECKCHOHY KIacy
onpeheny mpema dakTopy Si M y3 NpETNOCTaB/LEHH CPEIBbU KOe(UIHjeHT
cjajaoctr kooBo3a Q'o m3nocu 10.7%,

YKOIMKO C€ Yy TMpopauyHHMa CjajHOCTH KOpHCTe r-Tabene W3MepeHe Yy
nabopaTopuju, TPOIEHTyalHE TpelKe KOjeé C€ OJHOCE Ha IOIYKHY
paBHOMepHOCT cjajaoctu kpehy ce ox 0.5% mo 8.1%, 10K je cpenma BpeTHOCT
npoueHTyanHe rpemke 3.3%, u

YKOJIUKO C€ Yy MpOpadyyHHMa CjajHOCTH KOpHCTE r-Tadene ozapelheHe MpUMEHOM
NpeaIoKeHe MeToJe, NPOIEHTyallHe TPelIKe KOje Ce OJHOCe Ha TOAYKHY
paBHOMepHOCT cjajHocTH Kpehy ce y oncery 0.3—11.0%, 10K je cpenma BpeIHOCT

npoueHTyanHe rpemke 3.4%.
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Ha ocHoBy pesynraTta npukazanux y tabenama 16—18 moxke aa ce 3aKJby4H J1a, YKOJIHUKO
ce pediekcrMoHa Kiaca KOJoBO3a ofpelyje camMo Ha OCHOBY H3IJIea WM OIHca
KOJIOBO3HE MOBpIIMHE, KopHIIhewme CTaHgapAHe r-tabene y MpopauyyHUMa CjajHOCTH
MOXE Jia JIOBele 10 HENpPUXBATJFMBO BEIMKUX pa3inka u3Mmel)y m3paduyHatux wu
U3MEPEeHUX BPEIHOCTH HUBOA CjajHOCTH (4ak 10 85.9%), ommre paBHOMEPHOCTU
cjajaoctH (110 27.6%) 1 o Ty>KHE pABHOMEPHOCTH cjajHOCTH (10 46.3%). Y ciaydajeBuMa
Kaza cy nosHate BpeaHoctu S u Qo (oxpehene MepemrMa Ha y30pKy KOJIOBO3a), MOXKE
Jla ce yCBOjU ajZiekBaTHa pedIeKCHoHa Kiiaca M TayHa (azekBaTHa) BpeaHocT Q'o. Y Tom
Cllydajy, MakCHMajHa MpPOIEHTyalHa Tpellka Koja ce OJHOCHM Ha HUBO CjajHOCTH Ce
cMmamyje Ha 18.1%, MakcuMmaliHa MPOLIEHTYaJlHa IPelIka OMIITe PAaBHOMEPHOCTH OCTaje
ucta (27.6%), 10K je MaKCMMajHa MPOIEHTYyaJ Ha TPEIiKa 3a MOIYKHY PaBHOMEPHOCT
cmameHa Ha 30.1%. ¥ ciyuajeBuma kaja ce kopucte moauduxosane BpeaHoctu Qo (Q'o),
U3payyHaTH HHUBOHM CjajHOCTH Cy 3HA4yajHO OJIMKM M3MEPEHMM BpEAHOCTUMA, alld y
MOjeIMHUM cTy4ajeBuMa OTIITA U MOAYKHa paBHOMEPHOCT CjajHOCTH U Jjajbe 3HAYajHO
OJCTyNajy O W3MEpeHHUX BpeaHocTH. Bemuke rpemke wusMmely un3pauyHaTHX u
U3MEpPEHUX BPEIHOCTH HUBOA CjajHOCTH, Kao LITO je Beh pedeHo y nornasiby 2, 3Haue 1a
j€ MHCTanamuja OCBETJbEHha JIONIE MPOjeKTOBAHA: YKOJIWKO jeé CTBAPHU HUBO CjajHOCTU
3HauajHO Behw O]l W3payyHATOr, WHCTaNalldja je HEeKOHOMHYHAa M HeeduKacHa, a
MOTPOIIkHa EIEKTPUYHE eHepruje Beha Hero mTo je moTpedHo, 0K Y CIy4ajy Kaja je
CTBapHU HHUBO CjajHOCTH 3HAYajHO MambH OJ] u3pauyHaTor (Koju 6u Tpebano na 6yae Behu
WIN jeIHAaK 3aXTE€BaHOM HUBOY CjajHOCTH 3a M3a0paHy CBETIOTEXHHUYKY KIAcy YIHIE),
MoOJe J1a Oyie yrposkena 6e30eHocT caobpahaja (HUBO CjajHOCTH TOMHUHAHTHO yTHYE HA

cBE BHIHE NepdopMaHce Bo3ada).

[Mpuka3anu pe3ynrTaTH IMOKa3yjy Ja MpPOpadyHH CjajHOCTH ca r-tabemama oapeheHuM
NPUMEHOM TIPEIUIOKEHE METOZE U r-TaberamMa u3MepeHnM y JadopaTopuju Ha cBux 20
aHAM3UpaHUX Yy30paka y3eTux ca 11 pasnmuutux caoOpahajHuna, najy cindHe
pe3yiTare y moryiefy CcBUX (pakTopa KBaJuTeTa (MIPOICHTYaJHE TPEIIKe Ce PasiIuKyjy 3a
CBEra HEKOJMKO MpoleHara). To 3Hauu Aa pe3yiaTaTd IpopadyHa CjajHOCTH ca I-
Tabenama oapel)eHUM NMpUMEHOM MpeJIoKEeHe METO/E /1ajy J0BOJbHO TayHE pe3yJTare,

mTo oMoryhaBa u3paay Noy3JaHujux U n3baiaHcupaHUjux (POTOMETPHjCKUX pellieHha 1
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M3pajay MHCTajaluja yIudHOT OCBETJbeHa Koje hie omoryhutu na curyanuja Ha TEpeHy
BHIIIE O/ITOBapa MPOjeKTOBaHUM BpeaHOCTHMA. Ha Taj HaunH Ou ce moBeharna 6e36eqHoCT
ydecHuKka y caobpahajy, jep Ou ce 00e30eaumna nodpa BUIBUBOCT (Ha KOjy JOMUHAHTHO
yTHYY HUBO M OMIITa PAaBHOMEPHOCT CjajHOCTH), aJIM U MOO0JbIIA0 BUAHU KoMdop (Ha

KOjU IOMUHAHTHO yTUYY HUBO W TOAYKHAa PAaBHOMEPHOCT CjajHOCTH).

Tpeba HarnmacuTy Ja je MpUIMKOM oJadupa y30paka Ha KOjuMa ce BPIIN MEpPEeHmhe BeoMa
BaXHO M3a0paTu OHE KOjU J00PO PETpe3eHTyjy ey KOJIOBO3HY NOBpIIKHY. MehyTim,
c 003UpOM Ha TO Ja Cy KOJIOBO3HE IMOBPIIMHE MPIWIMYHO HEXOMOTEHE, peQIICKCHOHE
ocoOWHEe y30paka y3eTHuX ca UCTOT KOJIOBO3a MOTY Aa Oy/y 3Ha4ajHO pasnuuute. M3 Tor
pasiora, mpenopyuyje ce na 6poj Mmepema Oyzae mTo je moryhe Behu, u 1a ce Ha OCHOBY
BUX OJ[pe/ie pe3yITaHTHa r-Tabemna u oarosapajyhu gaxropu Si u Qo (ynorpebda ypehaja
Memphis omoryhaBa n3Boheme BelMKor Opoja OBaKBHX MEpema, jep Mepeme Ha jeTHO]
JOKauju Tpaje camo 12 s). Y nuiby yTpBhuBama onpaBaaHOCTH YIOTpeOe pe3yITaHTHIX
r-tabena, y KojuMa Cy TOjeIMHAYHU €JIEMEHTH U3padyHaTH Kao0 apUTMETHYKa CpeIrHa
onropapajyhux eneMmeHaTta u3 cBUX r-Tabeia M3MEpeHHX Ha HCTOj caoOpahajHuiy, Ha
mect caobpahajHuIa cy U3BpIIIEHA 110 JIBa, 4 Ha jeIHOj caoOpahajHUIM YETHPU Mepeba.
Pesynaratn mnpopauyHa HHBOA M pPaBHOMEPHOCTH CjajHOCTH ca oarosapajyhum
pe3yNTaHTHHUM r-TabenaMa 3a OBHX cellaM caoOpahajHuIla mpuKa3aHu cy y Tabenama 19—
21. YV oBum Tabenama nHAeKc k ce oHOCH Ha MoTUUKOBaHE CTaHAapAHE I-Tabene, Koje
cy oxapehene Ha ocHOBY BpeaHoctd (aktopa S; u Qo’ HM3pauyyHaTUX Ha OCHOBY
pe3yiTaHTHE r-tabesne n3MepeHe nmomohy madopatopujckor pediekromerpa. Munexc P
ce OTHOCH Ha Pe3yJITaHTHY I-Tabery oOHjeHy NPUMEHOM NPeIoKEeHe METO/Ie, a HHAEKC

R Ha pe3ynranTHY r-Tabery 1o0ujeHy 1a00paTOpPHjCKUM MEepemhUMa.
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TaGena 19. M3pauyHaTe cpeame BpPEIHOCTH Y HHUBOY CcjajHocTH (kopuiihemeM

pe3yITaHTHUX r-Tabesna) ¥ oaroBapajyhe mporeHTtyaiHe rpenke (IpoLeHTyalHe Ipelike

n3Mel)y nu3pauyHaTHX ¥ U3MEPEHUX BPETHOCTH)

P. 6p. | Marepujan b A b o b Ak
(cd/m?) (%) | (cd/m?) | (%) | (cd/m?) | (%)
1.120

1 OeToH k=2 -3.45 1.06 |-8.62| 1.13 |-2.59
Q'0=0.073
0.860

2 acanr k=2 -6.52 | 093 | 1.09 | 0.88 |-4.35
Q'0=0.051
1.700

3 actant k=2 -5.56 | 1.80 | 0.17 | 1.76 |-2.41
Q'0=0.061
0.960

4 OeToH k=1 -8.57 | 095 [-976| 1.10 | 4.52
Q'0=0.072
1.160

5 actant k=2 -492 | 1.19 |-2.87| 128 |45l
Q'0=0.078
0.910

6 OeToH k=1 -12.50 | 1.02 |-2.08| 1.08 | 3.46
Q'0=0.076
1.120

7 actant k=3 427 | 128 [934 | 125 |6.50
Q'0=0.062

Ha ocHoBy pesynrtara mpukazaHux y Ttabenu 19, moxe na ce youum Ja, Kaja ce y

IpopavyHHMa CjajHOCTH KOPUCTH MOAM(DUKOBaHA CTaHAap/Ha r-tabena, MpoIeHTya He

pas3nuke HHUBOA cjajHOCTH m3HOce on 3.4% mo 12.5% (cpemma mpoleHTya Ha Tpemka
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uzHocu 6.5%). V ciydajeBUMa KaJa je pesyiTaHTHa r-tabena ojapeheHa mpumeHoM
NpEeUIO’KEHE METOoJe, IMpPOIEHTYalHe pas3jiMKe HHUBOa cjajHocTu Kpehy ce y ormcery
0.2-9.8%, a kama ce kopucTH Tabena ojpeheHa 1a0OPATOPHJCKUM MEPEHEM,
NPOLIEHTYaJHE pa3iiuke cy y omncery 2.4—6.5% (cpenme NpoLEHTyalHe IPELIKe peioM

n3Hoce 4.8% u 4.0%).

Tabena 20. M3pauyHate ommre paBHOMEPHOCTH CjajHOCTH (moOWjeHe KopuirhemeM
pe3yATaHTHHX r-Tabena) u oaroBapajyhe mponeHTyaHe rpemke (MPoLueHTyalHe pa3IuKe

n3Mel)y n3padyHaTHX ¥ U3MEPEHUX BPETHOCTH)

Uok AUok Uop AUpp Uor AUor
(%) (%0) (%0) () | 6D | (%)

1 OeToH 36.52 5.76 33.56 | -2.81 3427 | -0.75
acgant 54.67 0.46 51.76 | -4.89 5292 | -2.76
acgant 44,12 | 13.16 | 38.60 | -1.00 | 40.73 4.46
0eToH 55.89 | -2.61 60.69 5.74 61.23 6.69
acgant 66.21 -9.93 73.38 | -0.18 7298 | -0.72
OeToH 58.70 | -12.58 | 66.14 | -1.51 63.96 | -4.75
acgant 66.82 | -2.42 64.92 | -520 | 65.46 | -4.41

P. 6p. | Marepujan

N N ] B W N

N3 tabene 20 Moxke Aa ce BUAM Ja MPOLEHTyaJIHE TPelIKe KOje ce OJHOCE Ha OMILTY
paBHOMepHOCT cjajHocT u3Hoce o 0.5% no 13.2% kana ce y nmpopadyHHMa CjajHOCTH
KOPUCTH MOAM(DUKOBaHA CTaHJapHa r-Tabena (Cpemba BpeAHOCT IIPOLICHTYaIHE I'PeIlKe
uzHocu 6.7%). Y ciyuajy kopumhema pe3yinTaHTHe r-tadene oapeheHe npuMeHOM
IPEJUI0KEHE METO/Ie, NPOLIEHTYaJIHE pa3jMKe OMIITEe PAaBHOMEPHOCTH CjajHOCTH Kpehy
ce y omcery 0.2-5.7%, a y cnydajeBuMa KaJa ce Kopuctu Tabena oxapehena
nabopaTtopujckuM MepemnuMma oHe u3Hoce 0.7-6.7% (cpelme TPOICHTYaTHE TPEIIKe

penom uzHoce 3.0% u 3.5%).
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TaGena 21. M3pauyHate BpeJIHOCTH MOAYKHE PaBHOMEPHOCTH CjajHOCTH (I1oOWjeHe
KopumhemeM pe3ylNTaHTHHX r-Tabena) ©  oAroBapajyhe MpoIeHTyanHe Tpelnike

(mpoueHTyanHe pa3nuke u3mely u3padyyHaTUX U U3MEPEHUX BPEIHOCTH)

Uik AU Ui AUp Ur AUR
(%) (%) (%) (%) (%) (%)
1 0ceToH 62.15 | 11.86 | 55.81 0.45 56.09 0.95
acgant 52.04 | 12.76 | 48.27 4.59 48.43 4.94
acgant 64.19 | 14.12 | 53.88 | -4.21 56.04 | -0.37
OeToH 66.56 3.53 62.95 | -2.08 | 68.16 6.03
acgant 74.24 1.24 75.59 3.08 76.02 3.67
OeToH 67.77 | -2.11 | 69.91 0.98 69.46 0.33
acgant 78.68 2.89 78.49 2.64 73.81 -3.48

P. 6p. | Marepujan

N | D B W] N

Pesynratu npukazanu y tabenu 21 mokasyjy /a MpoIeHTya He TPEIIKe KOje ce OHOCEe
Ha MOJAYKHY PaBHOMEPHOCT cjajHOCTH n3Hoce o 1.2—-14.1 % xana ce y npopadyyHHUMa
CjajHOCTH KOpUCTH MOAW(UKOBaHA CTaHAapaHa r-tabema (Cpeama BpPEIHOCT
NpPOLIEHTYyaJHe Ipemke u3Hocu 6.6%). ¥V ciaydajy kopumhema pesylTaHTHE r-tabene
oapeheHe NPUMEHOM MPEUIOKEHE METOJE, MPOLEHTYalHe pa3iMKe IOAYKHE
paBHOMEpPHOCTH cjajHocTH Kpehy ce y omcery 0.4-4.6%, a y cinydajeBuMa Kajga ce
KopucTH Tabena oapehena nmabopaTopujckum mMepemumMa one nzHoce 0.3—-6.0% (cpenme

NPOLIEHTYaJIHE Tpelke peaoM usHoce 2.6% u 2.8%).

Pesynratu npukazanu y Tabenama 19-21 nokasyjy aa, y cny4ajy kaja ce y npopadyyHuMa
CjajHOCTH KOpHCTE pe3yJTaHTHE r-tabesie, MPOLIEHTYyalHe IpelIKe CBUX Iapamerapa
KBaJIUTE€Ta YJIUYHOI OCBET/bEH-a HE 3aBHUCE 3HAYajHO OJI NPHMEHEHE IpoLeaype
(mapaBHO, BpmieHO je mopeheme camo 3 mpoueaype YHMja ce TAaYHOCT ITOKa3aia
NPUXBATJBUBOM y MPETXOAHO] aHAIM3M). MehyTum, pe3ynaTaTtu npukazaHu y Tabernama
16—18 moxkasyjy aa mocroje r-tadese 3a mojeAnHe y30pKe KOJI0BO3a 33 KOje Cy OJCTyIama
n3Mel)y m3MepeHnX W M3padyHaTHX BPEIHOCTH KaKO HMBOA TAaKO M OMINTE U MOIYXKHE

PaBHOMEPHOCTH CjajHOCTH BeoMa BellnKa. TakBe r-raberne HeaJaeKBaTHO PENpEe3eHTY)y

94



NOCMaTpaHy KOJIOBO3HY TIOBPIINHY, HETATUBHO YTHYY Ha TAYHOCT pe3yJITaHTHE r-Taberne,
a caMMM THM H YMamyjy Ta4HOCT MpopadyHa cjajHoctu. Mehytum, MoOUITHH
pedaexromerap Memphis omoryhaBa na ce wu3BpIIM BeIWMKH Opoj Mepema Ha
MOCMaTpPaHOM KOJIOBO3Y M Jla C€ HAKOH Tora ojadane Mepema y KOjuMa pe3ylTaTd
3HAYajHO OJICTYIA]y O pe3ynTaTa JoOWjeHUX Ha OCTAJINM JOKaljama (Taukama). Ha Taj
HAaYMH MOXeE Jia C€ OJIpEeIH pe3yJITaHTHA r-tabenia Koja Ha OOJBU W MOY3IaHHjU HAYMH
OIMCYje TMoCMaTpaHy KOJIOBO3HY IOBpHIMHY. Yak YKOJIMKO Ce OBakBe r-tabeie He
onbarne, a Opoj M3BPIICHUX MEPEHA j€ BEJHKH, IbUXOB YTUIA] HA TAYHOCT PE3yJITAaHTHE
r-rabene Hehe Outm 3HauajaH. Mako je OWJIO JaKO M3BPIIMTH BEJIWKHA OpOj Mepema
MoOumHUM ypehajem Memphis, a 3aTUM jeJHOCTaBHO OIPEIUTH IOY3IaHU]Y
pe3yNTaHTHY r-Tadeiry, y OBOM UCTpaXXMBamy TO HHje ypaheHo - y3era cy y o03up cBa
Mepema M3BPIICHA Ha JIOKaljaMa ca KOjuX Cy y3€TH y30pIH KOJOBO3a Ha KOjUMa Cy

KacHHje U3BPIIICHa MEpema y 1abopaTopuju.
Jledununcame nporeaype 3a ayToMaTCKO 010aluBambe pe3ysiraTa Mepema Koji 3Ha4ajHO

O,Z[CTyl'[ajy Ol OHHUX I[O6I/IjCHI/IX MCpCHUMa Ha OCTAJIMM TadkKaMa HCTC KOJIOBO3HC

MOBpILKHE MPEJICTaB/ba TEMY 3a Jjajba (3aBpIIHA) UCTPAXKHUBaWka Y OBOj 00JIacTu.
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7. 3BAK/bYYAK

3a mocTuzame J00pe BUAJBUBOCTHU U aIEKBATHOT BUIHOT KOM(Opa NOTpeOHO je mocTuhu
CTaHAapAUMA WU Mel)yHapoJHUM IpenopykamMa 3aXTeBaHe BPETHOCTH HIUBOA CjajHOCTH
M ONIITe W TOAYXHE PaBHOMEPHOCTH CjajHOCTH, KA0 W YYMHHUTH TIPUXBATHHBHM
¢dm3nosomKo OspemTame. Y 1Hby UCITYHhEeHha HaBeACHUX (OTOMETPH]CKUX 3aXTeBa MPU
MPOjeKTOBalky OCBETJhCHA IOCMaTpaHe caoOpahajHuie, KOju 3aBHUCE Ol HEHE
CBETJIIOTEXHMYKE Kjlace, HEONXOJHO j€ TI03HaBaTH TCOMETPUjCKE Mapamerpe
caoOpahajHuLe, CBETIIOCHH (IIYKC U3BOPa CBETJIOCTH, PACHOAECITY CBETIIOCTH CBETHIBKE,
u peduiekcroHe 0coOMHE KOJoBO3HE moBpiuHe. [lomro cy reomerpuja caobpahajuuie,
CBETJIOCHU (MIyKC M3a0paHOT M3BOpa CBETJIOCTH M PacIofiesia CBETJIIOCHOT MHTCH3UTETa
CBETHJbKE TIO3HATH (PEHOMHpaHH NPUO3BOhadM W3BOpa CBETIIOCTH W CBETUIBKH
myONMKYjy Tpelr3He MOoJIaTKe O CBOjUM MPOU3BOIUMA), TAYHOCT MPOpadyHa CjajHOCTH

JOMUHAHTHO 3aBUCH OJ1 TAYHOCTH onpehrBama pedieKCHOHNX 0cOOMHA KOJIOBO3a.

Y nmpakcu ce peduieKCHOHE OCOOMHE KOJIOBO3HE TIOBPIIMHE MPUKA3yjy ToMohy
IBOJMMEH3MOHANHE Tabene peduiekcuje wim r-tabene, y Kojoj Cy BPETHOCTH
penyKoBaHOT KoeHIHMjeHTa cjajHocTh (1) maTe 3a OpojHe KOMOWHAIMjE peIeBaHTHHUX
yrioBa  u vy (B mpeactaBipa yrao u3mel)y paBHH yIiaja CBETIOCTH M PAaBHU ITOCMATpPamba,
a 'y je yrao ymnaja cBeTiaocTH). JIoBOJbHO TauHE BPEIHOCTH €JeMeHaTa r-rabesie Mory jaa
ce 1o0Mjy caMo MOMOohy CKyNHX M JyrOTpajHUX JIAO0OPAaTOPHjCKUX MEpema Ha y30pIuMa
KOJIOBO3a, KOja ce Bpiie nmomohy nabopatopujckor peduiekromerpa. MehyTtum, oBaksa
Mepema cy npahena 6pojHUM Temkohama (M300p penpe3cHTaTUBHUX Y30paKa, Y3UMame
y30pakKa, BbUXO0B TPAHCIOPT,...). 300r Tora cy y Mel)yHapoHUM npenopykama, a y OKBUpY
13B. R Kkiacuukammonor cucrema, aeduHucaHe 4YeTHpPU CTaHAApIHE peQeKCHOHE
KJIace KOJIOBO03a, 01adpaHe TaKo Ja PEIpe3eHTY]y CKOpO CBE Taja MO3HATE BPCTE CYBUX
KOJIOBO3HMX MOKpuBaua. CBakoj cTaHAapAHO] peQIeKCHOHO] KIacu TpUApYKEHa je
CTaHAapAHa r-rabesa, Kao ¥ HOpMaJIn30BaHa BPETHOCT CPeaber KOe(UIHjeHTa CjajHOCTH
(Qo). IIpojexToBame OCBETIbEHA YIIMIIA U ITyTeBa JaHAC ce Hajyenthe BPIIM TaKo MITO ce
npeaMeTHOj caoOpahajHHUIM TPUAPYKH HEKa O] YeTUPH CTaHIapIHE pedIIeKCHOHE Kiace

¥ YCBOjH HOPMaJIM30BaHa BpeIHOCT KoeduimjenTa cjajauoctu Qo.
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R — xknacudukanmonu cuctem je 6asupaH Ha OpojHUM MepemHMa pPedIECKCHOHHX
0cOOMHa CYBHX KOJOBO3HHUX MOBPILIUHA, KOja Cy U3BPIICHA MIE3JECETHX U CEaMIECETHX
rojIiHa MpouuIor Beka. MelhyTum, TOKOM rofiHa cy ce KOJIOBO3HE MOBPILIMHE MEHale.
Cana ce y u3paay KOJIOBO3HHX ITOKpUBaya KOPUCTE HOBE BPCTE arperara, Koje 3Ha4ajHoO
yTHYYy ¥ Ha TIPOMEHY pe(IeKCHOHNX 0cOOMHA KOJIOBO3HHX IMOBpIIHMHA. bpojHa Mepema
MOKa3yjy Ja CTaHAapIHe r-tabee He MOTY aJIeKBaTHO J1a PeNPe3eHTy]y MHOTe KOJIOBO3HE

MOBPIIKHE KOj€ Ce JaHaC KOPHCTE.

300r Tora cy mpe JeceTak TOoJMHA IOYENH Ja C€ KOHCTPYWIIY MOOWIHH (TmopTadi)
pedaeKkToOMeTpH, HAMCHCHA TEPEHCKUM MepemuMa pedIeKCHOHNX 0cOOMHA KOJIOBO3A.
Hbuxosa npumena omoryhaBa mepema Ha Behem Opojy Jokalpja Ha KOJIOBO3Y, U TO Oe3
meroBor omrehema. MelhyTuM, 300r KOHCTPYKTHBHAX M MEXaHWYKHX OTpaHUYCHA Ca
KOjMa ce CyouaBajy KOHCTPYKTOPH CBUX MOOHMIHHUX pediexkToMeTapa, oBakBu ypehaju
nMmajy oapeleHe HemocTaTke, Kao MITO Cy HEMOTyhHOCT Mepema CjajHOCTH 3a CBe
KOMOMHaIMje yriioBa B u y u3 r-rabenie ¥ YMIHCHUIIA J1a Ce Mepera Hajueihe BpIie 3a
yTJI0Be TIoCMaTpama Koju ¢y (3HadajHo) Behu o yria o=1°, Ha KoMe ce 3aCHUBAjy CBU
cTanaapau U melhyHapoaHe npenopyke u3 oBe obmnactu. Ilocneanna Hanpen HaBeAEHOT

je Aa MoOuIHe pedeKToMeTpe Mo NMpaBUily He KapakTepHIle MoTpeOHa TaYHOCT.

lums ucTpakuBama NPUKA3aHOT Y JOKTOPCKO] IMCEPTaldju OWO je pa3Boj METone
nmoMohy Koje, a Ha OCHOBY OTpaHHUYEHOT Opoja BpeJTHOCTH KoeHIjeHaTa CjajHOCTH KOjU
MOTYy Ja c€ H3Mepe MPUMEHOM MOOWIHOT peQIeKTOMETpa, MOXE Ha C€ OIpeIH
KOMIUIETHa Ta0ena peduiekcHje Koja JOBOJGHO TadyHO perpe3eHTyje pedrieKchuoHe
KapaKTepUCTUKE MMOCMaTpaHe KOJIOBO3HE MoBpIIMHE (Opoj M3MepeHuX Koe(uIljeHaTa

cjajHOCTH U3HOCH caMo 5% Opoja enemenara Tabdene peduiekcuje).
Kao crymmja cmydaja, 3a Bepudukanujy MeToae pa3BHjeHE TOKOM HCTPaKUBArba
kopuirheH je MOOMIHU pedrexTomerap HasBaH Memphis, KOHCTpyHCaH y Pa3BOjHOM

neHTpy kommanuje Schréder y JInjexy.

Jla Ou pe3ynTaTi peyulokKeHe JOKTOPCKe TUcepTalyje MMaJI OMIITY BPEAHOCT, H3abpaH

je moBosbaH Opoj (25) paznuuMTHX y30paka KojoBoza. KaHaupaTkuma je caMoCTaiHO
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u3BpIIMIa n300p y30paka KOJIOBO3a U CBa MOTpeOHa Mepema momMohy 1abopaTopHjcKor
pedaexTomerpa. MepemrMa Ha TUM y30pIMa 3a yriioBe mocMaTpama o=1°, 5°, 10°, 20°,
30°, 40°, 50° 60° 70° u 80° koja cy oOaBibeHAa KOpPUIINEHEM MPEIU3HOT
naboparopujckor pediekToMeTpa Koju Tocenyje kommanwja Schréder, Hajmpe je
YTBpAMJIA J1a Cy KpUBE IOMONY KOjUX ce IpUKa3yje 3aBUCHOCT KOS(PHIINjEHTA CjajHOCTH
OJ1 yIJjla IocMaTpama 0 IJIaTKe 3a pejieBaHTHe orcere Tor yriua. Ilotom je, Ha OCHOBY
BPEIHOCTH HW3MEPEHUX IOMOhy mabopaTtopujckor pedruekToMeTpa 3a YIJIOBE
mocMatpama 0=5°, 10°, 20°, 30°, 40°, 50°, 60°, 70° u 80°, mpumeHoM yak 80 pa3mUIUTHX
MOCTyIaka EKCTpanoiandje OapeAusia BpPEIHOCTH KOE(HIMjeHTa CjajHOCTH 3a yrao
nmocMaTpama 0=1° 3a cBaky pa3marpany kKomOuHammjy yriosa B u 7y. Ilopehemem
M3pavdyHaTHX BPEAHOCTH KOEPUIIMjCHTA CjajHOCTH, JOOUjEHUX MPUMEHOM Pa3IUIUTHX
o0JMKa eKcTparoainmje, ca BPeAHOCTHMA KOS(HIMjEHTa CjajJHOCTH KOje CYy M3MEpeHE
noMmohy mnpeunsHor JyabopaTopHjcKor peduieKToMeTpa 3a yrao mnocMmarpama o=1°,
YTBpJWIIA je ONTHMAalaH O0JIMK eKCTpamoamyje 3a cBaky on 20 komOuHamuja yriosa 3
n y 3a Koje MoOunmHH peduekromerap Memphis Mepu koeduIMjeHTE CjajHOCTH.
OnpehuBame onTUMaTHOT 00JIMKa eKcTpanojaiyje 3a CBaky KoMOuHaIujy yriosa (v,p)

Mpe/icTaBlba jeJia O]l HajBAXKHHjUX JONPUHOCA OBE IUCEPTallyje.

Ha ocHoBy 447 pacnonoxuBux r-tabena, CHUMJBEHHX IIPUMEHOM MPEIM3HOT
naboparopujckor peduiektoMeTpa kommanuje Schréder y mocnenmux 20 roauHa,
MOCTYIKOM JIMHEapHe HHTEpIIoNialldje KaHIWJaTKuba je (GopMupana HOBy 0Oaszy ca
penykoBaHUM Tabenama koeduimjeHTa cjajHocté (ca mo 20 eneMeHara) y Kojuma
KOMOMHaIMje yriioBa § U y 0JroBapajy KOMOMHaIIMjaMa TUX yrioBa 3a KOje MOTY Jia ce

BpIIIEe Meperma moMohy MOOIITHOT peduiekTomeTpa Memphis.

Ja Om ce 3a Tabemy kKoeduimjeHTa cjajHOCTH A00HMjeHy mOoMohy MOOHIHOT
peduiekToMeTpa oApenusia HajupuOIIKHE]a peayKkoBaHa Ta0ena M3 HOBO(OpMHUpaHE
0ase, KaHANWNATKUHA je Kpenupasa OpUruHajIaH ajJropuTaM KOjH je yBaKHO YHILCHUILY Jla
KOJIOBO3HE TOBPIIMHE MOTY Ja WMajy CiIu4He Tabene peduiekcuje, and 3HAYajHO
paznuunTe cpeame KoeduuujeHte cjajHoctd.  OnpehuBamem  HajnpuOIMKHU]E
penaykoBaHe Tabene u3 0aze, oapeheHa je W WOj oAarosapajyha kommieTHa Tabena

pedraexcuje.
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VY nuspy Banuaanyje npeiokeHe MeTo e, n3abpaH je penpe3eHTaHuBaH Opoj KOIoBo3a
gnje cy peduekcrone ocobuHe oapehene u momohy MoOWIHOT pedrexkTomerpa U
kopumhemeM Tpenu3Hor jabopatopujckor pednexkromerpa. Ha kpajy cy 3a
caoOpahajHurie Kkoje caapke Te KOJOBO3¢ U3BpIICHA (OTOMETPHjCKA MEpeHba.
Kannuaatkuma je ypanuna ¢goToMeTprjcke IpopadyHe KOpHUINemeM MeT r-radena: JBe
cranpapane u jeane moaupukosane CIE r-rabene, oHe 100HMjeHe y JIabOpaTOPHjH U OHE
Koja je oapeheHa mMpUMEHOM TpeIoKEeHe METOoIe. YTIOPEIHO je TpUKa3ana pe3yniraTe
Mepema HIBOA M PAaBHOMEPHOCTH CjajHOCTH Ha CBUM pa3MaTpaHuM caoOpahajHuiiama u
pe3ynrare (OTOMETPHjCKMX TMpopadyHa OasupaHmx Ha r-tabemama oapeheHuM
NPUMEHOM IPEJIOKEHE METOJIE, METO/IC 3aCHOBaHE Ha KOpHIThemy y30paka KoJIoBo3a U
nabopaTopujckor pediekToMeTpa M METoJIe NpopadyHa 3aCHOBaHE Ha KOpHUIIhEmy
CTaHJApJHUX r-Tabena. AHAIM30M pe3yiTara JOOWjeHHX MepemHMa U MpopadyHUMa,
yTBpEHO je Ja ce MPUMEHOM TPEJIOKEHE METo/ie A00Hjajy pe3yiTaTu CIMYHU OHUMA
KOjH Cy 3aCHOBaHHM Ha J1a0OPaTOPUjCKHM MEpemHMa, U TO y MOrJeay CBHX (akropa
KBAJINUTETA YINYHOT OCBET/hECHA (HUBOA CjajHOCTH U OMIITE U TOIY)KHE PABHOMEPHOCTH
cjajuoctn). KommapamujoM TayHOCTH CBUX pa3MaTpaHUX MeETOJla W3BpIICHA je
BepuduKanmja TMpeJIOKEHE MeToJle. 3aKJbydeHO je Jla Cy pe3yiTaTH INpopadyHa
cjajHocTH ca r-tabenama oapel)eHUM MPUMEHOM MpPEeIOKEHE METO/E IOBOJBHO Ta4yHHU,
mro omoryhaBa m3pagy mnoy3gaHuxX (POTOMETPHjCKHX NpOpavyyHa, OJHOCHO H3paIy
MHCTaJIalKja yINYHOT OCBET/heba Koje he omoryhurtu na curyanuja Ha TepeHy 0roBapa

MPOjeKTOBAaHNM MapaMeTPUMA.

Haxo je meToma mpemiokeHa y 0BOj JUCEPTAlUji IpUMEheHa Ha jeaaH o nocTojehnx
noptabn pedaexromerapa (Memphis), oHa 1ako Moke J1a ce MOAN(HUKYje U TPUMEHN Ha
Om10 Koju mopTadbn pedaexToMerap Koju MepH KOS(HIIHjeHTE CjajHOCTH O] YIIIOBHMA
BehuM on 1°. To ce moceOHO OHOCH Ha TPOLIEAYpPY OApehuBama ONTUMATHOT OOJIHKa
ekcTparnonanyje momohy koje ce 100ujajy KoeUIHjeHTH CjajHOCTH KOjH OJroBapjy yriy
nocMaTtpama 0=1°, Qopmupame oaroapajyhe 0asze peaykoBaHHX (-Tabena W
U3pavyyHaBambe CTBAPHE BPEJHOCTHU CPEmber Koe(HIUjeHTa CjajHOCTH KojoBo3a. thena
3Ha4YajHa MPETHOCT y OJAHOCY Ha WHUIIMjAHO Pa3BHjeHYy METOJY KOjy KOpUCTH ypehaj

Memphis cactoju ce y oAcycTBy noTpebe 3a OO KakBUM MepemuMa pedrekcnoHux
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0coOMHA KOJIOBO3a (HHCY MOTpeOHA Mepema HUTH Ha TEPEHY HUTH y Ja00opaTopujn).
[Toncehamo na je 300r BeoMa CKyNHMX Mepema HEONMXOAHHMX 3a JIo0Hjame pedepeHTHE
0aze ypehaj Memphis umao orpanndene moryhHoctr nmpumene. 3axBajbyjyhu MeToau
pPa3BHjeHO] Y OKBUpY H3pajJe MpeAMETHE AucepTaindje, KOHCTPYKTopu Oymyhmx
MOOMITHUX pedIieKToOMeTapa 3aCHOBAaHMX Ha Mepemy Koe(UIMjeHaTa CjajHOCTH KOjH
0JITOBapajy yriioBuMa o, J ¥ y KOju Cy MCTH (WM CIMYHHM) ca OHHMMAa 3a Koje ypehaj

Memphis Bpmm Mepema jeinHo Tpeda aa mocenyjy pedepeHTHy 0a3y r-radena.

C o03upom Ha TO /2 je Mepema Ha TepeHy Moryhe m3BecTH Op30 M jeTHOCTaBHO, 0e3
omrehuBama K0J10BO3a, HAa CBaKoj caoOpahajunmm Moxe na ce ypaau sehu 6poj Mmepema
Y Ha Taj Ha4nH (popmupa pe3ynraHTHa Tabena peduiekcrje Koja Ha 00JbH HAYHMH OTHCY]e
ey KOJOBO3HY IIOBPIIMHY, a CaMHM THM oMoryhaBa W Tpenu3HHje TpopadyHe

CjajHOCTH Ha yJIHIlaMa U MMyTeBUMA.

[lpennoxxena wmerona omoryhaBa jemHoctaBHO oJpehuBame KoMIuieTHe Taberne
pedrekcuje Koja JOBOJBHO Ta4yHO pernpe3eHTyje pedraekcnoHe KapaKTepUCTHKE
1ocMarpaHe KOJIOBO3HE IIOBPILIMHE HAa OCHOBY Mepema Ha TepeHy HearpecUBHOM
MeTosioM (6e3 omrehema konoBo3a). Kopumhemem Tako oapehene radene pednekcuje y
npopayyHHMa CjajHOCTH, oMmoryhaBa ce TauHHje H3padyHaBambe CBUX DPEIEBAaHTHHX
napameTapa OCBETJLCHOT KOJIOBO3a (HUBOA CjajHOCTH, OIILITE U ITOy)KHE PABHOMEPHOCTH
CjajHOCTH M pEJaTHBHOI TIOpacTa Ipara), IITO JONPHHOCH KaKO MpOjEeKTOBAbY
KBAJINTETHHJET YJIMYHOT OCBETJbEHA, TAKO M ONTUMH3AIMjU YKYNHHX (IIOYETHHUX H
eKCIIOATAIlMIOHUX) TPOIIKOBa ojrosapajyhe mHcTananuje. 360r Tora ce mpernopyuyje
MPUMEHA TPEJIOKEHE METOJC YMECTO OHE KOja je 3aCHOBaHA Ha YCBajamby HEKE O]
CTaHAApAHUX pe(dICKCHOHMX Kjaca, a Koja je y Tpakch IOBOMWIA O 3HAYajHUX

OJICTyNama U3padyHaTHX U U3MEPEHNX (POTOMETPHjCKUX apamerapa caoopahajuue.
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IIpuaor A

Kpuse koje moka3syjy 3aBucHocT q-sina = f(a) 3a cBux 20 koMOMHaIMja yriioBa y u 3, 3a

CBHX 25 MmocMaTpaHHUX y30paka KoJ0BO3a
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