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nPMMEHA KI1HEMATMllKE METO)lE rnc Y rEO)lETCKI1M PA)lOBI1MA

PE3l1ME

Y paay cy npHKa3aHI1 HeKH CTaH;mp.JH npnveae KHHe.\lanfLIKe GPS MeTO.JC 11 peaynraru aHa.1H3e .\lOrynHocTI1
n.ene npavene y reO.JeTCKHM paJOBI1Ma. Pesynrara GPS xrepea,a cy ynopehenn ca peay.rraraxra repecrpn-norx
Mepelba, na OCHOBy -rera je KOHCTaTOBaHa CarJIaCHOCT .J06HjeHHx oueua no XOpI130HTa.1Ho\l nonoxcajy H BHCHHH
60Jl>a O.J 3 cm.

KJhyqHe pe-m: GPS, HH)KelbepCKH npexiep, aaanma TalfHOCHI.

ABSTRACT

This article is explaining some standards of using GPS kinematic methods in engineering surveys. Results of GPS
measurements were sufficiently accurate compared with data of terrestrial measurement.

Key words: GPS, engineering survey, accuracy analisys.

1. YBO)l

fno6a.J1HH CHCTeM noanunonapan.a y nanam­
n.e npeve npencraan.a sonehy TeXHOnOrHjy y
npahen.y noxrepan.a TaIIaKa BHCOKe pesonyunje
npoaena. 06JlaCTH npnaene GPS yxn.ysyjy
npaheu.e noneparsa 3eMJbHHe xope, npahen.e
CBHX BpCTa ofijexara xao H llHHaMHKe lhHXOBe
mrpann,e. Y ofinacrn reoztercxor H HH)l{elhepC­
xor npexrepa, nednmacano je HeKonHKO TeXHHKa
GPS Mepelha. Y 3aBHCHOCTH ozt TaIIHOCTH npe­
Mepa npunr ce H H360p anexsarne MeTOlle. Y
OBOM pany naacn,a je nocaehena KHHeMaTJ1l-IKoj
MeTOllH GPS noaauaounpan,a. Ilocefina je HCTa­
KHyT 3HaIIaj craanapnmanaje y OBOj 06JlaCTH H
npnxaaann cy HeKH nocrojehn crannapznr y
csery KOjH nerpamnuy OBy 06JlacT. I1oKa3aHo je
KaKO ce H3 aHa.J1H3e repencxnx Mepelha, KOpH­
crehn CTaTHCTWIKe noxasarerse, llo6Hja TaIIHOCT
H noysztanocr Mepelha.

Pann HJlyCTPaUHje naseneae rspmse, H3Bp­
uieu je excnepnaenr y OKBHpy xora je aHa.J1H3H­
pana TaIIHOCT pesynrara GPS KHHeMaTHIIKHX
Mepelha y OllHOCY aa KflaCHIIHe KOHBeHUHOHa.J1He
MeTOlle Mepelha. Pe3ynTaTH aHa.J1H3e noxasyjy zra
ce OBa MeTOlla npevepa MO)l{e BeOMa e<jJHKaCHO
rrpHMelhHBaTH y aanpcn HaBelleHHM reOlleTCKHM
nocnoaaua.

• I1HCTIITyT sa reonesajy Tpaheaancxor
rpaxynrcra YHIIBep3IITeTa YBeorpany

2. KMHEMATlIliKA METO)lA GPS
TI03lIUlIOHI1PAlbA

2.1. OCHoBHe K3p3KTepllCTlIKe GPS
KIIHeM3TII'IKIIX MeTOll3

Ilocroje rpn <jJYH2laMeHTa.J1He TeXHHKe GPS
Mepelba, H TO:

• TeXHIIKa anconyrnor rr03HUIIOHlIpalha,

• TeXHIIKa llH<jJepeHUHja.J1HOr rr03HUHOHHpalba
(xozma Mepelha - DGPS), H

• TeXHHKa penarasaor noanunounparsa (rpaana
Mepelba).

Y OBOM pany naxcn.a he 6HTH ycxrepena na
peJlaTIIBHe TeXHHKe noanuaoaapatsa, rrpa IIeMy
he ce nocefiao HCTanH KHHeMaTHqKa (anrcpsm­
TeHTHa, stop-and-go) MeTOlla H KHHeMaTHKa y
pea.J1HOM BpeMeHY (R TK).

KHHeMaTHIIKa MeTOlla GPS nonpaayveaa on­
pehnaau,e nonozcaja noxpernor npujesnutxa y
OllHOCY na perpepenrnn KOjH ce aanaau aa nos­
naroj - 6a3HOj CTaHHUH. Ha nOIIeTKy xrepen,a
neonxonno je 1I3BpWHTl1 uuuuujanusauujy IIHMe
ce <jJa3He neonpehenocru peuranajy ca MHHH­
Ma.J1HOM KOJlWIIIHOM Mepelba, na OCHOBy n03Ha­

moe eekmopa - 6a3He nmmje. I1pHMeHoM anro­
pl1TMa ca llBOCTPYKI1M <jJa3HHM paanaxava y na­
rsoj ofipazm orraxcaisa neonpehenocrn cy <jJIIKCI1­
pane. Onpscasaa,e peuieisa neonpehenocru sp­
urn ce KOHTIIHyHpaHIIM npahea.esr HajMalbe
IIeTHpH caremrra. YKonHKo je 6poj Bl1llJbI1BI1X
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carernrra MalbH Oil 4, HHHUHjan.H3aUHja ce xropa

rrOHOBHTH. AKo npnjexunt« nocenyje on-the-fly

onunjy, HHHuHjaHH3auHja ce H3BpWaBa y noxpe­
ry. HaKoH HHHuHjaHH3auHje, noxperaua npn­
jeMHHKoM H3BOllH ce CHHMalbe neran,a. Y TOKy

Mepelba BOllH ce pasyaa 0 YCfloBHMa Mepelba, a

npenopy-iyje ce na 6poj carennra He 6Ylle MalbH

Oil 5 (lla 6H ce CrrpeqHfle rrOHOBHe H yqeCTaHe

HHHUHj annaaunj e). Illro ce THqe 6p3HHe pernc­
rpaunje noztaraxa (erroxa; epoch recording rate)
06HqHO ce 6lIpajy spennocrn Oil 1 110 15 cexyu­
lllI, a MHHHMaHHO apexre sanpacaaaa,a na nerars­
HOj TaqKII H3HOCII Oil 5 110 10 erroxa. Ilpn npuue­
HII OBe MeTOlle nocetiuy naxosy rperia 06paTlITH

na npncycrao ofijexara Oil KOjHX 61I ce ClIrHaHlI

MomH peqJJ1eKTOBaTII jep je osaj H3BOP rpeuiaxa
jeztan Oil 1l0MHHaHTHHX. )J.aKfle, aa OCHOBy OC­
HOBHHX KapaKTepHCTHKa KHHeMaTHqKe MeTOlle

GPS Mepelha Mory ce 1I3BeCTH n.ene npezraocru
H HeIlOCTaUH.

OCHOBHe npezmocrn KIIHeMaTlIL[Ke MeTOlle y

OIlHOCY Ha KOHBeHUHOHaHHe MeTOlle CHIIMalba

jecy: .HOZYPlHocm paoa casco jeouoe onepamepa,

uuje Hy:JK:Ha 6110Jb1l60cm U3.He!;y tiase II no­

xpemnoe npujeunutca, pao y jeouncmeeuou KO­

opouuamuov cucmeuy, ucmoepeueno oopehu­
eatee nono.scaja u eUCUHe oemansnux mauaxa,
jeouocmaena otipaoa .uepen.a 6e3 cyeutuuux no­

.HonHUX otipasaua u 6p3, ednocacau U eKOHO­

scuuan pao na mepeuy.

OCHOBHII HellOCTaUII npnaene GPS rex­
nonornje orneziajy ce y: ueuoeyhuocmu paoa y
3am60peHo.H U .uactcupanow mepeHy, ocemnsu­
eocmu ua uecm eytiuma« CU2HCLW, ueaoexeamuoj
xouoeenocmu nocmojehe Op:JK:a6He upeo«:e II

uenosnaeatey 067UKa U nonootcaja eeouoa ua

mepumopuju cur.

2.2. HeKH craunapnn y 06JIaCTH npnsrene

GPS y csery

Cranzrapnawa ce lle<pHHHwe MHHIIMaHHa ra­

qHOCT xojy je HeorrXOIlHO oCTBaplITII na 6H ce

rrOCTHmlI ynanpen nednnmcaan 3aXTeBII.

CTaHtlaplle yBeK rrpaTe crreulI<pHKauHje Koje lle­

<PIIHIIWY TepeHcKe rrpouellype II MeTone Mepelba

qlIjOM nplIMeHoM ce 3anOBOJhaBa rrOCTaBJbeHII

CTaHllapn. CTaHtlapnlI3aulIja y 06flacTlI GPS
TexHoflorHje HajllaJbe je, rrplIpOJlHO, OtlMaKfla y

CA)J. rra je 3aTO H flOrlIqHO Te CTaHtlapne KOPIIC-

40

Teooeiiictca cJlyJIC6a

THTH xao Y30p. HeKII zrpyra, nocrojehn CTaH­
ztapna sna-rajno cy Be3aHlI sa aMeplIqKe.

IlPBII crannapn KOjlI npencraarsa rryroxas y

rrplIMeHH GPS nouer je 1984. ronnae on crpane
Caaesuor KOMHTeTa sa KOHTpOJ1y reOtleTCKHX

paaona (y naJbeM rexcry FGCC - Federal Geo­

detic Control Committee) non Ha3lIBOM Cma­
uaopou u cneuudiuxauuje Y peanusauuju eeo­
oemcxux KOHmpOJ7HUX upeotca. Ilpena OBOM

cranzrapny nonoxajna TaqHOCT Mpe)l(e 3aCHOBa­

na je na crannapnnaa TaqHOCTII nY)l(HHa II ne­
<pIIHlIwe ce onHOCOM penarnane rpeurxe XOplI­

30HTaHHOr nonoacaja ra-nee II XOplI30HTaHHe

llY)l(IIHe. Hajsnum HIIBO TaqHOCTII, y TO speae
ne<pIIHlIcaH, H3HOCIIO je 1:100 000. Y nornezry
BHCHHa, cranziapn je 6HO 3aCHOBaH na TaqHOCTII

BIICIIHCKIIX paanaxa II neqnnnuue orrcer on 2.0 ­
0.05 mm/km. Paasoj GPS rexaonornje yrnuao
je na ce nanac PYTIIHCKH MO)l(e nocrnhn TaqHOCT

pella 1 ern + 1-2 mm/km, a ys npaverry rro­

cefinux npouenypa -rax H 0.3 ern + 0.01 mm/km,
WTO je OKO 1000 rryra 60Jbe Oil 3aXTeBa 1I3 1984,
C 063lIpOM aa 'ry OKOflHOCT, FGCC 1989.
1l0HOClI HOBH cranziapn rtozt Ha3lIBOM Cma­
uoapou eeouempujcxe eeooemcxe mauuocmu U

cneuutbuxauuje sa npuueuy meXHUKe CPS pella­

mueuoe nosuuuouupatea. OBlIM crannapzrov
BeOMa cy npeunsno II cseofiyxuarao ne<plI­

HlIcaHII HHBOII TaqHOCTII II orrlIcaHa TepeHcKa

npouenypa Mepelha xao II HaqlIH ofipane Me­

pen-a. Heurro xacnnje, 1994. ronnne nonxo­
MIITeT FGCC ztortya,yje cranzrapne 1I3 1989. H

naje HOBy lllIMeH3lIjy y rtocnarpau.y OCHOBHIIX

nojaosa 0 GPS. Haiore, ysozm ce nojav npo­

cropne TaqHOCTH xoja ce nenlI na XOPH30H­

TaJ1HY II BepTHKaJ1Hy. )),aJbe, KflaclI<pIIKauuja

GPS npevepa BpWII ce npesia MepaMa J10KaJ1He
TaqHOCTH

1
II TaqHOCTH Mpe)Ke . Ha xpajy, y

OBOM HII3Y, ana He na xpajy II rro saa-rajy, CBa­

KaKO nOfla31I II CTaHllapll nOHeT Oil crpaHe ay­

crpannjcxor Me!;ye.7aOUHOZ caeemooaeuoe KO-

1 Mepe noxanae Ta'lHOCTI1 113Bone ce na OCHOBy

CTaTI1CTI1Ka no611jeHI1x 113paBHalbeM Mpe)l(e no

Mone.1Y nocpe,J.HI1X Mepefba 11 MI1HI1MaJIHI1M 6pojeM

naTI1X yCHOBa.

2 Mepe Ta'lHOCTI1 Mpe)l(e 113Bone ce Ha OCHOBy

CTaTI1CTI1Ka l10611jeHI1x 113paBHafbeM Mpe)l(e no

:-'1O;:re.1Y nocpe,J.HI1X Mepefba Ka;:Ia je 6poj naTI1X

yC.l0Ba Berm O,J. HeonXO,JHOr.
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.uumema sa zeooesujy u «apmoepadiujy xoju je
HOBeM6pa 2000. ronnae (ICSM, 2000) ztoueo
crannapn y 06JIaCTlf KOHTpOJIHHX Mpe)Ka (Stan­
dards and Practices for Control Surveys - SP 1).
Osaj cranaapn je nocetino Ba)KHO HCTanH jep y
senuxoj Meplf canpacn xparepajyve TaYHOCTlf If

yCJIOBe nplf Mepe~y KlfHeMaTlf4KlfM MeTonaMa
GPS Mepe~a xoje cy no CBOjOj TaYHOCTlf noc­
TlfrJIe BHCOKe 3aXTeBe lfMaHeHTHe KOHTpOJIHlfM
Mpe)KaMa.

Ees ofianpa aa rnn Mepe~a, KBaJIlfTeT

reonercxnx panosa nocrrose ce (CGCC,1996):

• eJIlfMlfHaUlfjoM lfJIH penyxunjon n03Ha­
rnx nasopa ClfCTeMaTCKlfX yrnuaja,

• nnannparsesr CyBlfIllHHX Mepe~a pazm
nOKyMeHTOBaI-ba rspna,e 0 TallHOCTH,

• aneKBaTHOM aHaJIH30M If oopano« no­
ztaraxa If

• Beplf<plfKauHjoM nocrarayrnx peaynrara
na OCHOBy aneKBaTHO npnnpexosene rex­
Hlf4Ke nOKyMeHTaUHje.

Ilocrojehn crannapzm (na npmrep, ICSM,
2000 lfJIlf FGCS, 1994) nponncyjy npaverry
KlfHeMaTlf4Ke GPS MeTOne y 3HaYajHoM 6pojy
reonercxnx panosa yaK H npn ycnocraan.an.y
MaTeMaTlf4Ke OCHOBe. Ha npnuep, npeva
(ICSM, 2000), xnacadmxauaja TallHOCTH npeve­
pa spum ce na OCHOBy CTaTHCTlfYKlfX noxasa­
rersa: 1) lf3 aspaanan,a (no MeTonlf HajMa~llX

xsanpara) If 2) H3 aHaJIH3e nOHOBJbeHHX Mepe­

n.a. Y OKBlfPY npse mnnajajy ce nsa crryxaja, If

TO: npna - lf3paBHa~eM ca MlfHlfMaJIHHM 6pojeM

narax yCJIOBa If npyrn - Kana je 6poj narnx
yCJIOBa seha on neonxonnor 6poja. Y 06a CJIy­

yaja xao xpnrepnjyva KBaJIlfTeTa nOCTlfrHYTlfX

pesyrrrara xopncre ce pe.7GmU6He enunce epe­

uiaxa npn 4eMy ce spnm ynopehen,e spennocrn
BeJIHKe nOJIyoce peJIaTHBHe eJIlfnCe rpeIllaKa If

n03BOJbeHe apenaocm xoja ce pasyna no <t>op­

MyJIH (1 o apezmocr)

r = c(d + 0.2), (1)

rne cy: r - MaKClfMaJIHa n03BOJbeHa spen­
HOCT aennxe nonyoce y mm, C - ejanapujcxa

<t>aKTop KOjlf 3aBHClf on TallHOCTH npeMepa, ad ­

Mel)yc06Ho pacToja~e lf3Mel)y nBe TallKe y km.
lf3paJ (1) KOplfCTH ce Kon YTBpl)lfBa~a KBa­

JIlfTeTa XopU30Hma1He H 6epmUKa1He KOMno-

Ilpustena «unescamuuee stemooe gps y zeOOemCKUM pa006UMa

HeHTe nofinjeuax ouena HaKOH lIera ce ycra-
3 ;, 4HOBJbaBa npnnanaocr «nacu If peuy recnercxe .

OCHOBe npeuepa (Mpe)Ke KOHTpOJIHlfX raxaxa ­
reonercxe xrpeace). ,Zl,e<t>lfHlfca~e TaYHOCTlf Mpe­
)Ke npunr ce y npojextuov sanarxy H aapazcasa
ce peoou neorrxoznre TallHOCTH I\iOjlf nonpa­
ayxreaa KBaJIlfTeT ozmoca ca OKOJIHlfM naTlfM

Ta4KaMa H OrpaHHYeH je nOCTlfrHYTOM K7GCOM

TallHOCTH Mpe)Ke. Ilpesta ,llaTlfM crannapmeaa
ra-mocrn spnm ce lf360p MeTone Mepe~a If

na-maa otipane nonaraxa.
ITpeMa crannapny (ICSM, 2000) MeTO,lla

KlfHeMaTlfKe ca HaKHanHOM otipanor« If PTK

MeTona xrory ce KOPlfCTHTlf csyna rne 3aXTeBaHa

TallHOCT npexrepa n03BOJbaBa zra <t>aKTop C y

H3pa3Y (1) fiyzte jenuax If sehn on 7.5 (c ;::: 7.5;
10" spennocr). To npaxru-rao 3Ha4lf, aKO je

pacrojan.e H3Mel)y ra-raxa d = 1 km, a c = 7.5
(xnaca A, pen 1), npu HHBOy nosepea.a on 95%,

n03BOJbeHa BpenHocT BeJIlfKe nOJIyoce peJIaTlf­
BHe nOJIO)KajHe ennnce rpeuraxa He CMe npehn

lf3HOC r = 7.5· (1 + 0.2)x 2.45 = 2.20cm.
)],pyra BpCTe anamne KBaJIHTeTa ouena,

rrpexia crannapny (ICSM, 2000), npum ce npexo
CarJIaCHOCTlf nOHOBJbeHHX Mepe~a. GBa spcra
auanase nocefino je Ba)KHa xon KHHeMaTlfllKlfX

MeTona GPS MepeI-bajep ce HOBe ra-nee onpehyjy
T3B. panlfjaJIHlfM Mepe~lfMa ca 6aJHe CTaHHue.
Ilpavencv KHHeMaTlfllKHX rexinnca Mepe~a,

ny)KlfHe lf3Mel)y HOBlfX ra-raxa He Mepe ce ,lllf­

peKTHO, a ofipazia He spunt nplfMeHOM MHK Me­

Tone. Y TOM cnysajy, T~CTlfpaI-be CarJIaCHOCTlf

nojeznunrx ouena cepnja Mepe~a CMaTpa ce ca­

CBlfM nOBOJbHlfM. ITPlf TOMe rpetia lfMaTH y Blf,lly

zra ce xao MlfHlfMaJIaH 3aXTeB nOCTaBJba yCJIOB

3 Knaca je QlyHKUHja nnannpane H ocrsapeae
npeUH3HOCTl1 Mpe)l(e H 3aBHCH on: 06JIHKa xrpeace,
MeTo.rre Mepelha, ancrpyaeaara H Ha4HHa penyxuaje
Mepelha; seaaua je sa ortaxcatsa H oztpehyje ce H3
nspaaaaa.a no ~fO.rreJIY nocpennux .Mepelha H

MHHHMailHHM 6pojeM zrarax yCJ10Ba.
4 Pen je QlyHKUHja KJIaCe npeaepa, KOHQlOpMHOCTH
HOBe y O.rrHOCy na nocrojehy Mpe)l(y H Ta4HOCTH
TpaHCQlopMauHje H3 je.rrHor y .rrpym Koop.rrHHaTHH
CHCTeM; Be3aH je 3a Ta4Ke H o.rrpel)yje ce H3
H3paBHalha no Mo.rreJ1y nocpe.rrHHX Mepelha Kalla je
6poj .rraTHX YC10BaBerrH o.rr Heonxo.rrHOr.
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(3)

(2)

Ilpusteua KUHOtamU'lKe stemooe gps y eeooemcsust paooeusta

OGOCmpYKO? He3aGUCHO? sanoceoan.a Hen03Ha­

mux mau atca H «opmuheu,e najwaiee OGe 6a3He

cmauuue. Bernr-nme xoje ce recrupajy na ca­
rJ1aCHOCTjecy pe3y.7malllne 2D «oopouuama rna­

uas:anofinjeue xao pa3J1HKe ouena napaxrerapa ­
xoopmtnara H3 llBOCTpyKHX sanocenan.a y3 KO­

pnurhea,e nae 6a3e.

2.3. Tec rnpan,e KaBaJIHTaTa oueua 1l06H­

jeuax KHHeMaTJI'-IKIIM MeTOllaMa GPS
MepeJha

Y pannjannov npexrepy (KHHeMaTH4K1L

RTK, 6p3a CTaTHKa ca llBa npujevunxa npn -re­
My je jenan 6a3HH, a zrpyrn ce noxiepa) BeKTOpH

H3Mefjy Hen03HaTHX Ta4aKa HI1CY MepeHe BeJ1H­

4HHe. Y THM CJl)"1ajeBHMa neva xrepen,a H3Mefjy

aenosnarax 'ra-raxa H He npnven.yje ce mpaB­

Hal-be no MHK MeTOnl1, na ce xao «purepujya
KBanHTeTa rr03HUHOHHpatba MOlKe KOp1lCTIITH

n03BOJbeHa paannxa oueua napaverapa He­

3aBHCHHX xrepen.a (aKO ce KOpHCTH jenua 6a3a H

jezian nOKpeTHH rrpl1jeMHHK) Hml rpeWKa sa­
rsapau,a qmrype (aKO ce KOpl1CTe nBe 1LlH BHUIe

fiaaa), Ees 063Hpa na HHBO 3aXTeBaHe Ta4HOCTlt

xoopnnnara, perncrpaunja ce na neTaJ'bHHM Ta4­

KaMa Mopa BpWHTlt HajMatbe nsa nyra, He­

3aBHCHO H ca ztse 6a3e.

Ha CJlHUH 1 HJ1yCTpoBaH je npnvep Mepel-ba

HeKOJlHKO nHcKpeTHHx Ta4aKa onepaTHBHof no­

nnrona 3aMHUIJbeHOr JlI1HHjcKor 06jeKTa (A, B,
c...) ca nse fiase. 04eKHBaHO crannapnno 01l­

crynau,e oueua uonoxcaja raxaxa A] II A 2 MOlKe

ce cpa4yHaTH Ha OCHOBy a rrpHopH cTaHnapna

Ta4HOCTH GPS Mepetba 6a3He J1HHHje (lCSM,
2000). AKo cranaapnna oncrynan,a ouena 6a3­

HHX JlHHHja d, H d'. 03Ha4m10 ca (Jd] H (Jd'! rana
ce 04eKHBaHO CTaHnapllHO oncTyrral-be no XO­

pH30HTanHOM nonoxcajy (20) (J~;\ MOlKe cpaxy-

I 2 2
HaTH xao cr:.\A = "V crdl + cr d'l ' a MaKCHManHa

BpellHOCT oncrynaa.a rro xopmOHTaJlHOM nono­
»cajy xao ~:.\A :s; 2.45 X (J:.\A

YKOJ1HKO je pa3J1HKa rro nonoxcajy H3 naa
sanocenan,a Mal-ba on ~~A' ca HHBOOM noaepen.a

on 95% MOlKeMO TBpnHTH zta cy BeKTopH d, H d'l
carnacan ynanpen nexnapncanoj Ta4HOCTli. Y
TOM cnyvajy ne¢HHHTHBHH nonoxcaj Ta4Ke A
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pa4yHa ce Kao rrpocTa apHTMeTH4Ka CpenHHa.

YKOJ1HKO je paannxa seha Oil n03BOJbeHe, cpe­
nl-ba speznrocr nonoacaja pasyna ce xao OIllIITa

apHTMeTH4Ka cpe.nnna HJ111 ce cnposozte HeOITXO­

zura aonarua Mepel-ba. AKo rrpeTrrOCTaBHMO na
craunapnna oncrynau.a nonoxcaja ziarux ra-raxa
(6a3He crannue) HHCy 3Ha4ajHa, cmauoapouo
oocmynau.e cpeou.e GpeOHOCmu ne¢HHI1THBHHX

KOOpllHHaTa nonozcaja Ta4Ke A H3HOCH

o Adef = ~(cr~l + cr~'l )/2 2
.

Ha C1H4aH Ha4l1H 'recrnpa ce KBanHTeT

;I06HjeHHx ouena nonox.aja H OCTanHX ra-raxa

nO.1HrOHa. Tecrnpau,e KBanHTeTa ouena nexropa

H3Mefjy HOBOOllpefjeHI1X ra-rasa 1l06HjeHHx KI1­

HeMaTH4KOM MeTO;IOM, npeMa (ICSM, 2000),

BpUIH ce npexo cmanoaponux oocmynan.a lIe¢H­

HHTHBHHX nonozcaja xpaju.ax raxaxa. 04eKH­

BaHO cmauoapouo oocmynaiee ouene sexropa
AS KHHeMaTl14KOM MeTonOM pasyua ce xao

Ilpu HHBOy nosepeu,a on 95%, n03BOJbeHa

BpeliHOCT pasnuxe H3HOCH ~AB = 2.45 X (JAB'

Ilpexia (ICSM, 2000), YKOJ1HKO je paannxa

seha on 1I03BO~beHe apezmocru, aeonxoztao je

rtocryrnrrn aa jenan 011cnenehnx Ha4HHa:

1. onatiparu 6Jll1lKe 6a3He Ta4Ke,

2. KOPIICTHTII npeuasuajn HHcTpyMeHT,

3. onaoparn rpehy fiasy,

4. .norryucxa (TpH nyra) sanocennyrn HOBe

Ta4Ke, H

5. 11l1peKTHO MepHTH llYlKHHe H3Mefjy HOBHX

'ra-raxa.

AKo cy Ta4Ke y nmy, 4eTBpTa uapnjaara

naje najfio.n,e peureu,e, a YKOJlHKO cy Ta4Ke He­

rtpaannno pacnopeheue, npenopy-ryje ce rpeha
onunja. Y cnynajy H360pa nere onunje, razra ce

yvecro KHHeMaTWIKe MeTOlle (HJIH RTK) KOpH­

CTH xrerona 6p3e CTaTHKe.
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Cnnxa 1: Ilonoxcaj raxaxa KI1He!vlaTI1LfKOr npexiepa

3. PE3YJITATil EKCnEPMMEHTA

3.1. Ilorcaaaren,a a priori auannse

3.1.1. A priori Ta~:lHOeTouena uo.noacaja
'ra-raxa KHHeMaTHIfKOM MeTO,lIOM

Mepelha

Y excnepuvetrry KOjl1 je 113BeneH, na OCHOBy

a npnopa TaI.IHOCTI1 Mepelha 11 ynaJbeHOCTH 6a3­

HI1X nncrpyveuara on uenrpa pannnaurra, npe­
Ma (ICSM, 2000), MO)l{e ce cpaxynarn o-re­
KI1BaHa Ta'-lHOCT GPS ouena KI1HeMaTH'-IKOM Me­

TonOM, no XOpl130HTMHOM nonoxajy, BI1CI1HI1 11

sexropa 113Mel)y nne HOBOO,lIpel)eHe ra-nee (aexa
je n03BOJbeHa spennocr ~AB =5 em).

3a npeTnOCTaBJbeHI1 cranaapn Ta'-lHOCTI1 KI1­

HeMaTl1'-1Ke MeTone on 1 em + 0,2 emlkm,

ynaJbeHOCTI1 fiase TPC: dl = 3 km 11 fiaae IT2:
d'l = 0.1 km, npernocraarsene ouene crannap­
zra Mepelha 113HOCe ad} =1,6 em 11 ad'} =1,0 em,

a anpnopa crannapnno oncrynau,e nonozcaja
nojemme Ta'-lKe 113HOC11

aM = ~a~l + a~'l =1,gem. YKOJII1KO cy

pa3JII1Ke no nonoxajy MaI-be l1JI11 jezmaxe ~A =
2.45 . 1,9em = 4,6 em, rana ca HI1BOOM no­

sepen.a 0,lI 95% MO)l{eMO perm na cy GPS Me-

pen.a 113Be,lIeHa carnacuo cneUl1<pl1KauHjl1

npouasoha-ra. Y TOM cnyxajy nOJIO)Kaj ra-nee A
pa-ryna ce xao npocra apl1TMeTI1I.JKa cpenana. Y3

npernocrasxy 0 6e3HaI.JajHoCTI1 yrnuaja rpeura­
xa xoopnnaara 6a3HI1X TaI.JaKa, CTaH,lIapnHO 0,lI­

crynan.e oueue .lIe<pI1HI1THBHOr rtortoxcaja TaI.JKe

A 113HOCl1 a Adef = 0.94 em. Ha I1CTI1 HaI.JI1H

xrory ce cpaxyaara n03BOJbeHa oncrynan.a no­

noxcaja 11 sa OCTane ra-nee nOJIl1rOHa.

3.1.2. A priori 'ra-mocr ouene BeKTOpa

KHHeMaTHIfKOM MeTO,lIOM Mepelha

,Z:(03BOJbeHO O.lICTyna.I-be nocpeztnor Mepelha

sexropa I13Mel)y ztse HOBOO.lIpel)eHe ra-nee MO)l{e

ce 113BeCTH na OCHOBy .lIe<pI1HI1THBHI1X spen­
HOCTI1 ouena noje,lII1HI1X rasaxa. A priori CTaH­

,lIap,lIHO oncTynalhe oueHe BeKTopa H3Mel)y ,lIBe

HOBOO,lIpel)eHe TaI.JKe 113HOCl1

a AB =~(a~def + aidef) =1,33em. Ca HH­

BOOM nosepea.a 0.11 95% MO)l{eMO TBp,lII1TH na

non,a rpannua TaI.JHOCTH ouene sexropa

(cpasyaar 113 GPS ouena xoopmmara nonoacaja

xpaja.nx TaI.JaKa ca zrae fiase) HHje Malha 0.11

L1A B = 2,45· 1,33 em = 3,26 em .
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3.2. Pe3YJITaTH a posteriori aHaJIH3e

3.2.1. OCHOBHH nOKa3aTeJhH 0 H3BelleHOM
excnepasreury

Mepen.a cy H3BelleHa na rtpnapeaenov no­
nnrouy ll11MeH311ja 100 m x 100 m y jeznrou na­
HY, ozr 10:00 on 16:00 4aCOBa. Ta4Ke cy npn­
speveno ofienezcene. Y excrtepnvetrry cy KOp11­
urhenn cnenehn HHcTpyMeHT11: Tp11 GPS npn­
jeMH11Ka (jenan llBo<ppeKBeHTH11 Trimble 5700 11
naa jenaorppexaenrua 4600LS), jenan H11Befl11p
Zeisse Theo 025 11 nac TOTaJ1He CTaHI1Ue -Top­
con H Sokkia. Epoj llaT11X ranaxa y Mpe)K11 113­
HOC110 je 5 (4 nonnroucxe 11 jezma Ta4Ka (CTy6)
ira srpana I'paheauncxor <paKyflTeTa 411je cy KO­
opzmaare onpeheue y .LI.pJKaBHoj perpeperrruo]
MpeJKH Cpfiuje - SREF). Ooenexceno je necer
nporpana ca 13 ra-raxa y CBaKOM npodmrry, UITO
411H11 yxyrnro 130 ranaxa (cnuxe 2 11 3). Ilpo­
<pl1J111 cy nOCTaBJbeHH na Mel)yco6HoM pac­
rojarsy on OKO 10m.

Y OKB11PY excnepnveirra 113BpweHa cy CJIe-
neha MepeI-ba:

• reoverpujcku H11BeJIMaH,
• GPS MepeI-ba (crarnxa H K11HeMaT11Ka),
• TpHroHoMeTp11jcK11 H11BeJIMaH ca o6e

TOTaJ1He CTaH11ue, 11
• CH11MaI-be 'raxaxa nporpnna nonapuoxr

MeTOllOM ca TOTaJ1HHM CTaH11uaMa Sokkia
11 Topkon.

I'eoverpnjcxaa HIfBeJlMaHOM onpehene cy
BHC11HCKe paarunce H3Mel)y rasaxa Mpe)Ke (IT 1,
IT2, IT3 11 IT4) xao 11 BHCHHe 130 lleTaJbH11X ra­
naxa CBHX necer nporpnna. Pe3YflTaTH Mepefha
BHC11HCKHX pa3JIHKa OB11M HHBeflMaHOM npen­
craan.ajy pedieperrrne apezmocru y nocrynxy
aHaJ1113e Ta4HOCTH GPS B11CHHCKHX pa3JI11Ka no­
611jeH11x KliHeMaTliKOM MeTOllOM.

GPS MepeI-ba cy maenena y nse <pa3e. Y
npsoj <pa311, CTaT1I4KOM MeTO./lOM, nonaron je
nOBe3aH ca SREF Mpe)KOM (npexo Ta4Ke na
KpOBy Fpahesuncxor <paKyJITeTa - TRS) 411Me je
ycnocraarsen xoopnnnarna perpeperrnm CliCTeM
npevcpa nerarsa. HaKOH rora, ca ztae fiaae y ztae
nesaancne cepnje, 1I3BpWeH je K11HeMaTlI4KlI
npevep raxaxa, no npodneuma. Y npsoj cepnju
6a3He Ta4Ke cy 6l1J1e IT2 1I TRS, a y npyroj TRS
11 IT4 (crnuca 2).
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CJlI1Ka 2: Peqiepenrua OCHOBa npestepa

Mepeisa TOTaJ1H11M cramruaxta (xopn-
30HTaJ1HlI yrnosn, BepTlIKaJIHlI yrnosa 11 ny­
)K11He) 1I3BpWeHa cy ca crannue TI3 na csaxy ne­
TaJbHY Ta4KY npodmna. CBa Mepefha cy caeztena
y flOKaJ1HlI CHCTeM (lle<pHHlIcaH rpancrpop­
Mau11joM GPS xoopnnnara y flOKaJ1HlI CHCTeM
pazninaurra) 1Icpa-rynare cy paannxe GPS ouena
y OllHOCY na ouene llo6HjeHe ofipanoxr Mepefha

TOTaJ1HlIM craaauana (y.x.Al-l).

3.2.2. KBaJIHTeT nofinjenax peayrrrara

AHaJIH30M ouena nonozcaja ra-raxa If3 nae
cepnje GPS Mepefha KOHCTaTOBaHO je lla y
paamncaaa HeMaCliCTeMaTCKlIX yrnnaja, a oueae
craanapmnrx oncryrtan.a paannxa xoopnnnara
"no XOP1l30HTaJ1HOM nonozcajy 1I BliCHHIf

1I3Hoce: (Jt>x =1,3 em, (Jt>Y = 2,0 em, 1I (Jt>H =
2,3 em (f = 81 crenena cnofione),

Cpeznsa BpellHOCT paannxe BliClIHCKliX
paanaxa, llo6IfjeHa xao npocra apareaeraxxa
cpennaa 113 GPS Mepefha 1I reouerpajcxor
aasenssana, 1I3HOCli ~dH = - 0,1 em, a
craanapnno oncrynaa,e nojennae paannxe
BliClIHCKliX paannxa If3HOCH (Jt>H = 2,0 em
(f = 109 crenenn cnooone).
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CJIHKa 3: Pacnopen 'ra-rarca y npodiuny

Ha OCHOBy pesynrara Mepefba TOTaJIHHM CTa­
nauava (rrOJIapHOM MeTonOM) cpasynare cy KO­
opnHHaTe H BHCHHe neTillbHHX TalJaKa H oue­
rsena cy fbHXOBa craanapnna oncrynaisa y on­
HOCy na GPS pesynrare (no XOpH30HTaJIHOM no­
noxcajy HBHCHHH) HOHa asuoce:

• Topeon GTS311
cr,.,x = 1,3 em, cr,.,y = 1,0 em (f = 97 crenenn

cJI060ne) H cr"'H = 2,0 em (f = 100 creneun
cJI060ne).

• Sokkia 530R
cr,.,x = 1,5 em, cr,.,y = 2,8 em, H cr"'H = 1,9 em
(f = 103 crenenn cJI060ne).

4. 3AKJbYQU.ll

Ha OCHOBy npnxasamrx ouena HMajyhH y
BHny na je npernocraarsena ouena TalJHOCTH Me­
persa KHHeMaTHlJKOM MeTonOM (1-2) cm + (1-2)
mmfkm, MOJKe ce 3aKJbYlJHTH na cy a posteriori
oucae XOpH30HTaJIHHX nonoacaja H BHCHHa ra­
-raxa y .0qeKHBaHHM rpamruava TalJHOCTH H na
ce KHHeMaTHlJKa GPS MeTona Mepefba MOJKe Be­
OMa ycneumo KOpHCTHTH y reonercrooa pano­
BHMa. Y KOjOj MepH H Kana he ce rrpHMefbHBaTH
aaaacnhe on: 3aXTeBaHe Ta'lHOCTH XOpH30H­

TaJlHOr norroacaja H BHCHHa 'ra-raxa npesrepa

(y CKJlaJlY ca JlOHeTHM CTaHJlapJlHMa Ta'lHO­

CTH), KapaKTepHCTHKa 'repena, ofiy-renoc'rn
oneparopa H TeXHH'IKHX KapaKTepHCTHKa

GPS nncrpysrena'ra.
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