I'N'TACHUK  CPIICKOI I'EOTPA®CKOI' [JPYIITBA
BULLETIN OF THE SERBIAN GEOGRAPHICAL SOCIETY

I'OAUHA 2011. CBECKA XCI - bp. 3
YEAR 2011 TOME XCI-N°3
OpuruHangaH Hay4HHU paj UDC 912

DOI:10.2298/GSGD1103139B
MN3PAKAJHE OJJIMKE TOIIOT'PA®CKHUX KAPATA

MuPKO BOPUCOB

Bojnozeoepagpcru uncmumym, Muje Kosauesuha 5, Beoepao, Cpbuja

Caxerak: Ha noapydjy ciyx6ene tonorpadcke kaprorpaduje Cpouja MMa Iyry Tpaaulig]jy, YUjH KOPEHH CEXY Y
no6a Kuexesune Cp6uje. Ha uenmom noapydjy CpOuje n OuBIIE 3ajeJHHYKE JpKaBe, CHPOBEICHO je O] Taja
HEKOIIMKO ITIpeMepa TEepUTOpHje, ol Kojux mociaenmsu ox 1947. mo 1967. romune. Ha ocHOBY Tor mocnienmer
npeMepa, HOKPHBEHO je Leo mojApydje OuBIIe apkaBe TOINOrpad)CKMM KapTama, ald II0ceOHO Cy BaKHE OHE O
pa3mepa 1:25 000 go 1:100 000. OHe cy npeaMer pa3marpama y OBOM paiy, OAHOCHO HHUXOBE H3paXajHe OJJIHKE.

Kbyune peun: xaprorpaduja, Tonorpadcka kapra, MaTeMaTHIKa OCHOBA, TyCTHHA CaJprKaja, KBAJIMTET [o/aTaKa.
YBoa

Tonorpadcke kapre neTtalbHO W Teorpackd KOHKPETHO INpHKasyjy oOJMKe H
o0jexTe Ha MOBPIIM 3eMJbe, KOJH 3ajeJHHYKHM TTOCMaTpaHd M MUCAOHO IIOBE3aHH, /ajy
npuka3 crBapHoctu. One omoryhaBajy noOWjamse NOTIIyHE M BEpPHE CIIMKE MECHHUX
MIPWJINKA, OJXHOCHO TIPENCTaBa Mamux AenoBa 3emibmHe moBpim (bopucos M., 2004). O
TOME TOBOPH M €aMO 3Ha4YeHE HUXOBOI HaszuBa: topos (Tpu.-mecto) u graphos (rpd.-
L[PTaTH, OTIMCHUBATH).

Tonorpadcke kapTe Cy HaMEHEHE:

- [Inanvpamy 1 OpHjeHTAII]H Y TIPOCTOPY;

- [IpoyuaBamwy Tomorpadckux cBojcTaBa 3emibHINTa (KOH(DHUTypamuje pesbeda,
XuAporpadckux CBOjcTaBa, MPOXOJHOCTH, MPETrJIeTHOCTH, 3aIITUTHUX CBOjCTaBa OJHOCHO
MOKPHUBEHOCTH BETCTAI[HjOM 3EMJBHIIITA);

- [IpumeHnn 3a Hay4He, BOjHE, IPUBPE/IHE U JIpyTe MOTOJIHE CBPXE.

Tomorpadcke kapre kpymHHUje pazmepe, omHocHo 1:25 000 (TK 25), 1:50 000 (TK
50), a momekne wu Ttomorpadceka kapra 1:100 000 (TK 100), pasnukyjy ce 1mo cBojuMm
U3paKkajHUM CBOjCTBHMA OJ CBHX OCTaNUX KapaTa. To cy:

- I'eomeTpujcka TagHOCT TOJATaKa, jep jé HBHUXOBO KOHCTpyHCame O0aBJBEHO IIO
CTPOTUM MaTeMAaTHYKHM 3aKOHMMa W Calpikaj j€ Y pelTaTUBHO KPYIHOj pa3MepH, IITO UM
00e30ehyje mpuMemUBOCT y KAPTOMETPHU]CKE CBPXE;

- Onrtumanan oxHoc 3axBaheHe MOBPIIM M KOJIMYMHE MOjaTaka, mTo oMoryhasa ja
ce ca KapTe BHJIC MHOTE KBaHTHUTATHBHE 1 KBAJIMTATHBHE OJUIMKE €JIeMEHAaTa Ca/IpKaja;

- KBanurer moparaka, jep ce OHM yIJIaBHOM J100Mjajy NpUMapHHM MeTojamMa
NPUKYIUbaka U KPEUpajy Mo CTPOrHM KapTOrpad)CKUM MpaBHINMA.
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HcroBpemeno, Tomorpadcke KapTe Ciy’Ke Kao H3BOpPHE WIM IOMOhHe Kapre 3a
u3pasy OpYyrux, Ipe cBera, NperyIiefHHX W TEMAaTCKMX KapaTa y MCTOj WM CHTHH]O]
pasMepHu.

MaremaTnuka YCI0B/bEHOCT U3pajie KaparTa

MareMaTHuka YCIOBJBEHOCT H3paje Tomorpagckux Kapara mojpasymeBa
AQHATUTUYKAa M TEOMETPHUjCKa CBOjCTBA IMpHUKa3a cajp)kaja, OZHOCHO H300p U NpHUMEHY
MaTeMaTHYKUX MpaBHJIa NMpecirKaBama (pU3NYKe MOBPIIM 3eMbe Ha paBaH. CaM MOCTyIaK
MpecIrKaBama MOBPIIN 3eMJbe Ha paBHH KapTe uMa nBe dase (bymep U., 1979).

Y mpBoj ¢asm crBapHa ((pmsmuka) moBpm 3emMIbe, HEHH OONUIN U O00jeKTH
MIPOjeKTyjy ce Ha MPHUOIMKHY TOBPII 3eMJbe, KOjy OrpaHHYaBa CpeAbd HUBO MTOBPIIH MOpa
NPOTETHYT MCIIOJ KOIIHA W HasWBa ce reou. To MpOjeKTOBame Ce M3BOJM OPTOTOHAIHO,
noMohy JIMHUja KOje CTOje YNpaBHO, Tj. BEPTUKAIHO Ha NpUOIMmKHYy moBpin 3emibe. Cam
MOCTYIAaK CIPOBOJIH Ce MPUIMKOM ojjpehBama reoieTcke OCHOBE MM IPHIMKOM IIpeMepa.

Tume ce mocTioke na CBU 00jekTH 3emibe Oyay Ha KapTH MPEACTaBJHEHH BEPHO U
M0JI0’KajHO Ta4yHO y OJHOCY Ha YCBOjEeH KOOpIMHATHM cucteM. Kako ce m reoma, ycien
CTPYKType ¥ pacropesia Maca y camoj 3eMJbH, HE MOXE CMaTpaTH aHAMTHYKK oapeheHum
T€OMETPHjCKHM TEJIOM, 3aMembyje ce, TI0 00JIMKY BeoMa OJIMCKOM ITOBPIIH POTALMOHOT Tela,
OJTHOCHO 3eMJbMHOT enunconsa (cdeponna) no oapeheHnM HyMEepHIKHM HapaMeTpuMa,
CBa pauyHama 00aBJbajy Ha BEMY.

Y npyroj ¢a3m ce MOBpII eIWIICOMAA TpeciiikaBa Ha paBaH. Taj mpemas ca
SJIUIICONJIA HA PaBaH W3BOIM CE IO MATEMAaTHYKHM 3aKOHMMa IPECIINKaBamba 32 KOHKPETHY
KapTorpadcky mpojekurjy. CTporo y3eBmm, makie, TOmorpadcke KapTe HUCY CIHKE
KOHKpeTHe (pr3nuke MOoBpUIM 3eMJbe, KaKO ce TO Hajuelihe HaBOJAM, HEro ce Ty Paiu o
IpHKa3y 3eMJbUHE TOBPIIX IIPOjeKTOBaHE Ha EJIUIICOU.

VY mamem ciydajy To je I'ayc-Kpureposa mpojeknnja, o MEpUAMjaHCKUM 30HaMa.
Te 30He 00yxBarajy nojac o1 3° mo reorpad)ckoj AyKUHH, YUJH Cy Cpedmbu Mepuarjanu 18°
1 21° ucrouno oxn ['puHuya. 30He ce HyMEpUILY Kao LIECTa U CeIMa, ¢ THM LITO ce cenma
30Ha TPOIIHUpYyje [0 HAJUCTOYHHjE Tadke Jp)KaBHE Tepuropuje. PaBHe mpaBoyrie
KOOpJAMHATEC OYHTaBajy CE Yy OKBHPY jeIHE 30HE, a 3a Mpeiia3 U3 jedHe Yy IPYry 30HY
noTpeOHO je J0JaTHO padyyHame, Tj. TpaHchopMalija KoopauHaTa. 3a amiicHy OCy y3uma
ce CpelmbH MepHIMjaH 30He, a 32 OpAMHATHY ocy ekBarop. KoopanHaTHHM TOdYeTak CBake
30HE je TpeceK CpeAmer MepHIujaHa 30He U eKBaTopa. Takohje, ycBojeHO je aa ce
KOOpAMHATHU MOYeTaK Hama3u y Tauku: x = O m u y = 500 000 m, a cBe BpeAHOCTU
KOOpJMHATA MMOMHOXE C€ ca JUHeapHuM MoayioM: m = (),9999 (bopucos M., 2006).

Ta6ena 1. Ilogena, HomenkjaaTypa u Beauuuna jgucrosa TK 25, TK 50 u TK 100

H JlyyHe aumeH3Hje TMoBpmuua

OMEHKJIATypa

Pasmepa IHCTOBA 0 A KapTHpama N0 JIHCTY
[km’]

1: 25 000 427-1-1 7 30" 730" 140

1: 50 000 427-1 15 15 555

1: 100 000 427 30 300 2220

Y Tabemn 1, mnpukazaHa je Tmojena, HOMEHKJIAaTypa M BeJIMYMHA JIMCTOBA
Tororpad)cKuX KapaTta y KpymHHjoj pasMepu. IlomeHyTH cucremMu TomorpadCKux Kapara
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noJiesbeHn ¢y Ha ymctoBe y cuctemy TK 100. Caku mmct TK 50 uma cBojy HOMEHKIATYpY
NPOUCTEKIy W3 JaTe IIojele, Ha3WB IpeMa HAjIO3HATHjeM HAacebeHOM MeCTy WM
reorpadckoM 00jeKTy KOju ce Hamasu Ha oOyxBalieHO] TEpPHUTOpHjH, ca NPHUIOIATOM
aparickom Opojkom 1o cucremy 1, 2, 3, m 4. Ha cninyaH Ha4ywWH, any AeTabHOM
knacudukanujom, gata je u Homenkiaatypa 3a TK 25 (Tlerepuia M., u apyru 1974).

Ilon BenuuMHOM JHCTOBAa Kapara Tpeda Moapa3yMeBaTH JIUMEH3HUje JIMCTOBA,
OTHOCHO opHruHana kapara. OONMK OKBUpa JIMCTa KapTe NPaKTUYHO je PaBHOKPAKH
Tpames, 4uje Cy CTpaHe AEIOBH MepHIHjaHa W Tapajiesia M3ByYeHH KPUBUM JIMHHjaMa
(mykoBu). Temena mmcroBa oOenexaBajy ce IHMXOBUM TeorpadckuM KOOpIMHATaMa.
Takohe, yHyTap nmucra kapTe naTa je IpaBoyrja KOOpIUHATHA Mpexa, 4dje Cy JIMHUjC
mapajenHe MpojeKIUji eKBaTopa W CpeAmer Mepuaujana onrosapajyhe 3oue (PoOuHCOH
A., n tpyru 1995).

IIpuka3 u ryctuHa rpadpuykor cagpxaja

VnorpeOHa BpeJHOCT Tomorpadckux Kapara 3aBHCH Of pa3Mepe KapTHpama,
BpeMEHa Ha KOje Ce OJHOCE IOJal Ha KapTH, alu M OJ] OIIITer KBanuTera kapre. Ca
CTaHOBHUINTA TpUKa3a W TYCTHHE cajpkaja Ha Tomorpadckoj KapTh, BaXHO je ucrahm
(hakTOpe: MOMyHEHOCT cajp)kajeM KapTe Koja je y JUPEKTHOj Be3H ca JApyra JBa (axropa,
OJJHOCHO Teorpa)ckoM BepHOIINY ¥ IeOMETPHjCKOM TayHOIINY KapTe, 3aTUM MPErIeAHOCT
KapTe, CIIOJbHU HU3TJIe U KBATUTET IITaMIIE.

Ta6ena 2. IIpuka3 M rycTHHA MOJAATAKAa 0 re0IeTCKUM TaYyKaMa

«
&
2
=
T'eomercke Tauke Paszmepa ;
Cl
=
s
1:25 000 1:50 000 1:100 000
1 TpuroHomeTpujcke TauKe ° . . Tayka
2 HusenmaHcke Tauke (penepu) ° ° o Tayka
3 IlpkBa Kao TPHTOHOMETPHjCKa TauKa ° ° . Tayuka
4 | Xamuja Kao TPUTOHOMETPHUjCKA TayKa ° ° ° Tayka
5 CuHarora Kao TPUrOHOMETPHjCKA TauKa ° ° . TauKa
6 MaHacTup Kao TPUrOHOMETPHjCKa TayKa ° . . Tayka
TenexoOMyHUKAaIIMOHH CTy0 Kao TPHTOHOMETPHjCKA
7 Y ¥ P pHy . . . Tayka
Tayka
Merteoposionika CTaHHIA Kao UTrOHOMETpPH]jCKa
8 P 1 P PH) . . . Ta4yka
TauKa
0O | I'pann4HHM CTYO K20 TPHTOHOMETPHjCKA TauKa ° ° o Tauka
10 | Cnomenuk kao TPUTOHOMETpPHjCKa TauKa ° ° ° Tayka
11 | Pabpuuky UMK Ka0 TPUrOHOMETPHjCKa TauKa ° . . Ta4yka
Tabna Ha obany peke Kao TPHTOHOMETPHjCKa TaukKa-
12 . . o Tavka
KHJIOMETapcKa O3HaKa
13 | Hpesoju . . . Ta4yka
14 | Kote . . (] Tayka
15 | Kotnpann ob6jextn ° ° o Tayka

e npukasyje ce Ha TK
o He npukasyje ce Ha TK




142

CapemeHa Tororpadcka kaprorpaduja JoBena je Kako KoJ Hac, TaKO U y CBETY IO
yTIBpheHHX KOHBEHLIMOHAIHHX pelleha M CTaHgapla y IpHKa3y caapikaja TOIorpad)cKux
KapaTa 4yiMe je IMOJMTHYTa KUXOoBa yrmoTpeOHa BpeaHocT. HajOnTHHjU BUIOBH yropeaHe
aHaJM3e MprKasa M ryCTHHE cajipkaja Ha Tonorpadckum kaprama, oqHocHo Ha TK 25, TK
50 u TK 100 cy:

- Ynopeheme cTpykType KapTUPaHOT caapkaja u
- CarnieiaBame CTeleHa reHepan3alyje 1o I0jeIMHUM eIeMEHTUMa CaipxKaja.

3a mpuMep W aHaNIM3y MOXKEMO y3€TH IO jelaH eJeMEHaT MaTeMaTHdKe OCHOBE U
reorpadckor caapkaja. Y Tabenu 2, iaT je MpuKa3 U TYCTHHA [ToJIaTaka Ha TOMOrpa)CKuM
KapTamMa KOjH Cc€ YIpaBO OJHOCE Ha TEOJETCKE TadyKe Kao jeTHHM OJ HajBaXKHHjHX
MaTeMaTHukux enemeHara kapte (bopmco M., 2004). Amamm3oM ce MOXKe 3ala3uTH
MOCTETNIeHa PeAyKIMja reoieTckux tadaka tek Ha TK 100.

Ta6esa 3. Ilpuka3 U rycTuHa reorpadcKux noAaTaKka 0 BpcTamMa TJia M BereTanujn

g
2
B . Pasmepa =
pecTe T/Ia M BereTanuja £
=
s
1:25 000 1:50 000 1:100 000
1 MouBapHO TJIO- HPOXOJIHO ca MIEBAPOM ° . ° TIOJIUTOH
2 MouBapHO TJI0- IpoXoaHO Oe3 meBapa . ° ° TIOJIUTOH
3 « | MoO4BapHO TJ0- TEIIKO IPOXOJHO Ca HIEBAPOM ° ° [ MIOJIUTOH
4 g MouBapHO TJIO- TEIIKO IPOXOIHO Oe3 mesapa . ° ° TIOJINTOH
5 & | MouBapHO TJI0- HEMPOXOJHO €4 IIEBAPOM . . . MOJIMTOH
6 2.| MousapHo Ti10- HEMPOX0aHO Ge3 MmeBapa [ . [ TIOJIUTOH
7 | = [leproiMyHO MIaBJHEHO TIIO0 . . . NIOJIMTOH
8 Tpecerumire ° . ° TIOJIMTOH
9 Kamenuro 110 ° . o Tayka
10 TepeH noj mymMoM- ozipeljeHe rpaHuie ° . ° TIOJIMTOH
11 Tepen noj nrymoM- HeonpeheHe rpanune ° ° o TIOJIMTOH
12 Tepen noj xkOymeM ° . ° TIOJIUTOH
13 Tepen moj MakujoM ° . ° MOJIMTOH
14 TepeH moJ MiTaiuM cajiHuIaMa (pacaHuK) ° ° ° MOJIUTOH
15 LLIyMa IpHKa3aHa BAaHPA3MEPHO-y3aH IIYMCKH N N o rauKa
nojac
16 Hponnaﬂgn (uucrune YHyTap KOHTYpa R N . F—
o |_Bererauuje)
17 | '=| IHapk ° ° ° MOJIUTOH
18 E Bohmak o . o TIOJIUTOH
19 & | Bunorpan ° ° o TIOJINTOH
20 | & | Inanraxsu BUHOTPAL . . . IIOJIMTOH
21 | & | Xwmespumre ° . . TOJIMTOH
22 | & ITuprHYaHO 1noJbe ° ° ° TIOJIUTOH
23 - JIuBana, nammak, yrpuHa . . ° MOJIMTOH
24 Jpso ° . ° Tayka
25 JIpBO ycamMJbeHO LIPHOTOPHYHO . . . Tayka
26 JIpBO ycaMJbEHO UIINYACTO ° . ° Tayka
27 XKoyn ° . o Tayka
28 JKusa orpana ° . o JIMHUja
29 JIpBo JMCHATO- KapakTep Iyme ° . o Tayka
30 JIpBO IIPHOTOPHYHO- KapakTep myme . . o Tayka
31 Memana nryma- Kapakrep myme ° . o TayKa
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e mnpukasyje ce Ha TK
o He npukasyje ce Ha TK

[Monymwenoct rpaduukum canpxajem TK 50, a nHapounto TK 100, nporeHTyaiHo je
Beha o TK 25, ynme je mocturnyta nosehana reorpad)cka BEpHOCT, aJId TO MMa M CBOjE
yTUIaje Ha TEOMETPUjCKY TadyHOCT M NperjegHocT Ttomorpadckux Kaparta. Mehyrtum,
TeOMETpPHUjCKa TaYHOCT M TPETJICAHOCT TONOTrpad)CKMX Kapara y 3aBUCHOCTH O pasMmepe,
KOpUTOBaHE Cy A0OpHM pemiemhuMa OOJIMKa W BEJIMYMHA YCJIOBHHX 3HAKOBA, MIPOMEHOM Y
npuKasy o0jekaTa W ImojaBa, Te¢ W300pPOM BpCTa W BEJIMYMHA CJIOBA 3a reorpadcke Ha3uBe
(bopucoB M., u npyru 2009). V tabenu 3, nat je MpuKa3 U TyCTHHA MOJaTaka O BpcTaMa Tia
u Bereranuja. Takole, yHmopemHOM aHaNIW30M MOXE CE 3alla3UTH IOCTENICHa peyKIHuja
moJiaTaka o BpcTaMa Tiia u mpukasy Bereranuje Ha TK 100.

CnmuHe mokasaTtesbe Ou JOOWIH 1 ca ocTalluM HofanyuMa Ha kapT. Kamga ce roBopu
0 YIOPEIHOj aHaIM3HM yrnoTpeOHe BpeaHocTu u3BenacHux kapara TK50 u TK100 u3 TK25,
MOJKEMO 3alla3uTH Ja je 3aap)KaHa CTPYKTypa KapTUpaHor caapkaja. Omnyuyjyhy yiory y
IbUXOBOM cCacTaBibaky HMa Kaprtorpadcka reHepanusanuja Kpo3 cienehe Bujose:
CeNeKIMjy W PeayKUujy TomorpaCKux Iojaraka, ynpomheHy IpeacTaBy JIHMHHU]jCKHM
3HAIMMA, CAKUMAbEe KOJIMYMHCKUX U KBAJIMTATHUBHUX KapaKTEPUCTHKA (CMAmbEmhEe PErucTpa
YCIIOBHHX 3HAaKOBa) M 00je1baBambe HCTOPOIHHX 10jaBa.

KBanurer nogaraka Ha TOHOFpa(l)CKI/lM KapTrama

IMox KBaJMTETOM IOJAaTaKa Ha TONOrpAaCKUM KapTama MOApa3yMeBa ce CTEIeH
TEOMETPUjCKHX M TEMATCKHX OJICTyNama NpPUKa3aHHX II0JaTaka O HUXOBOT CTBapHOT
moJyioxkaja. 3a yTBphHUBame TeOMETPHjCKEe TAYHOCTH, OOMYHO ce NpUMEHmYje ACeAyKTUBaH
HAa4YMH WCIUCHBAmKa, Tj. ymopeheme MEpeHMX BeNIWYMHA Ha TOMOTrpadCKUM KapTrama ca
"HCTHHATAM” WIH "yCIIOBHO UCTUHUTHM” BpeIHOCTHMA (HYyMEPUYKH MOJAIM O TUI0XKAjHOj
U BUCHHCKO] MPEXH WM MOJAIN ca KapTe KPYNHHUje pa3Mepe, TAe Ce TPeIIKe I0jeIuHIX
eleMeHara caaprkaja npu ynopehupamby MOTy 3aHEMapHTH ¢ 003UPOM Ha pa3iidKe y caMoj
pa3Mepu MpHKa3uBamba). Taj HAUMH Jjaje HEMOCPEIHY OIICHY TAYHOCTH OAIITaMIIaHEe KapTe
U PENpoAyKIMjCKUX OpUTHHAJA, 32 Pa3UKy O/ MHIYKTHBHOT HauyWHAa, KOjU pa3Marpa u
onpehyje rpemike y nmojenuaumM azama u3paje Tornorpad)CKux Kapara.

I'eomeTpujcka TagyHOCT TOMOrpa)CKUX Kapara HUje YBEK UCTa M MEHha Ce O] HaunHa
npemMepa 10 BPCTE capiKaja, Tj. Ol Tauaka reoJIeTCKe OCHOBE, KOje Cy JaTe TayHuje, 0, Ha
IpuMep, BereTalyje, 4ija je TauHoCT I0JIoKaja HajMama. [ 1aBHa pazmepa Tonorpadcekux
Kaparta mnpencraBba (DUKCHH HIM 3aMpP3HYTH OJHOC CMamWBama INpHKasza. Mehyrum,
YHICHHULA j€ J1a OJHOC CMarmbHBama HE MOXE 3aJp)KaTH KOHCTaHTHY BPEIHOCT, LITO je
ToCTIeTUIIa 3aKPUBJHEHOCTH MOBPIIH 3eMJBHHOT SIHUIICONA, KOjU ce pa3BHja y paBaH. [Ipu
TOM ce HEM30EKHO I0jaBJbyjy nedopmanuje. Jlakie, TAYHOCT Pa3HOBPCHUX Mepema Ha
Kaprama 3aBUcH He caMo on pasmepe Beh m ox mparehux nedopmanuja. CMambUBambeM
pa3Mepe cMamYyjy ce CBe BEIMYMHE, I1a U HEKH reorpad)CKH, OJJHOCHO Tonorpadcku o0jexTH
II0CTajy TaKo Malu Ja MX HHje Moryhe mpeactaButu Ha kapTu. [IpemMa HexuM ayropuma,
Jy’)KMHa y TIpUpoJu Kojoj oarosapa 0.1 mm Ha Tororpadckoj KapTH, Ha3UBa e rPaHUYHOM
TavyHOIINY KapTe, OAHOCHO HeHOM rpaduukom tagynomhy (Ilerepra M., u npyru 1974).
IIpema npyruma, ta Beawuuna uae u g0 0.2 mm (Poburcon A., u apyru 1995). V cBakom
Clly4ajy, TO je BeJMYMHA KOja yTHYe Ha MOJOOHOCT TpHKa3a Tomorpad)cke JeTabHOCTH.
IIpu ToMm, HapaBHO, HE TpeOa 3a00paBUTH a y IPUPOAN ITOCTOjH YHTAB HU3 0OjeKara Koju
ce, 06e3 o03mpa Ha pa3MepoOM CMamEHy BEJIMYHMHY, 300T CBOT 3Hauaja, Mopajy yBehaHo
NpUKa3aTh Ha KapTH.

3a pasnmuky on HajBelier Opoja reoMeTpHjcKe TAa4YHOCTH M OMNa)kama, MOjMOBU
rpemaka M KBamurera y Tomnorpadceko-kaprorpagckoj o0JacTH 4eCTO HHUCY IOTIIYHO
WAEHTHYHU U JeJHO3HAYHU, jep ce€ HE MOTY UCKJbYYMBO OOYXBAaTHTH BPEAHOCTHMA KOje Ce
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MOTy er3akTHO Meputd. OlleHa KBaJHTETa je OBIC 3aBHCHA OJ BEJIMYMHA Ca Pa3IMYUTUM
ocobMHama u cTora HHje ocloboljeHa cyOjexkTuBHe oueHe. MelhyTum, BpeaHOCT
tornorpadcke KapTre je IojaM Koju o0jeauibyje HHU3 OOjeKTMBHHUX M CYOjeKTHBHHX
KBAJIUTETa. Y TayHOCT Kao jelaH O] THX KBaJHMTeTa, MOPEA T'eOMETPHjCKE TauyHOCTH
MOXEMO CBPCTaTH M TEMAaTCKy TayHOCT, OJHOCHO TAayHOCT OMIITUX HWHpopmanuja.
Hemoryhe je Hahin MaTemMaTH4ku u3pa3 3a TAaYHOCT OMIUTHX WH(opMmanuja. Moxe ce camo
oIpeauTH Opoj MOTPEIIHMX y OMHOCY Ha YKymaH Opoj uMH(OpMalldja TakBe BpCTe, Ha
IpUMep Ha3WBa WJIM 3HAKOBAa Ha jeJHOM JIMCTy Kapre. ['peliky reHepaimcama je Takohe
BEOMa TEIIKO YOOJIMYMTH MaTeMaTW4yKoM KOHTPOJIHOM ¢QopMmynoM Koja OM cacBUM
00jeKTHBHOT olleHWJIa KBanuteT pana. llltaBumie, pax uuja OM KOHTpoOJia IOKa3HMBaia
HajMamke BPETHOCTH OPOjHO M3PaKCHUX OJCTYIama, He Mopa OWTH W HajOOJbE CTPYIHO
n3BeneH. IloTpeOHa yommraBama caapkaja HmoHeka] o0Oe3Bpelyjy MaremaTtwdku 100po
MOCTaBJbeHEe KOHTpOJHE (opmyne. Jok pemieme MareMaTH4kd Ie)HHHUCAHOT 3ajaTKa
MOXe OWTH caMO HCIPAaBHO WJIM IOTPEINHO, Pellielha MHOTMX KapTorpadckux 3agaraxa
MOTY, HapaBHO y OKBHpPY HM3BECHHX TIpaHHIA, OMTH camo noOpa mmu crmaba. Ty m mexe
y3poIH CyOjeKTHBH3MA | Tellkoha NPHIMKOM OLehHBamba KBATUTETA HEKHX TONOrpa)cKo-
Kaprorpad)ckux MoJIeNoOBaba 1 Busyanusanuje noaaraka (Pagojuuh C., 2008).

YTBphuBame TeMaTcke TayHOCTH Tomorpad)cke KapTe HajUeNUCXOJHHje je Kpo3
ICHO OIMTOBalkh¢ Ha TEpeHy HAaKOH W3paje, TIe ce YTBphyje BEepHOCT M HCTHHUTOCT
MpUKa3aHor caapkaja. [1o3HaTo je ma ce y mocTynky m3paae TK25 mpumemyjy ONCe:KHH
TEPEHCKH PalOBH Ha peamMOylaIju, TOMYyHH W IPOBEPH CajapiKaja, T€ CE OJ T¢ Kapre
ouekyje n HajBeha Temarcka tauHocT. Ca TeHepaiau3anujoM cajapxaja Ha kaprama TKS50 n
TK100 3a ouekuBaTH je M CMambEHE TEMAaTCKe TaYHOCTH. IbMXOB KBaJMTET ce ympaBo U
MEpH CTETIEHOM OYyBaHOCTH TEMATCKE TAUHOCTH.

3akibydak

Tomorpadcke xapTe KpymHHjUX pa3Mmepa cy kKapte koje ce y Bojcru Cpbuje (a m 'y
JIpyTHM BOjCKaMa) KOPHCTE BHIIE OJ KapaTa APYrux pa3mepa u HameHa. OHe Cy MOTroaHe
Kako 3a OPUjeHTAlMjy W KpeTame Ha 3eMJBHIITY, TaKO W 3a Pa3sHOBPCHA IUIAHUpama H
npaheme cUTyaldje Ha pasiMuUTAM HUBOMMAa KoMaHaoBama. OcuM TOra, Te KapTe y
HAIllMM YCJIOBMMa MMajy BEJIMKU 3Hayaj U y KapTorpadCckoj MPOAYKIHjH, jep CIIyKe Kao
MOJIa3HU KapTorpa)CKM M3BOPH 32 M3pajy CBUX APYrux reorpadckux (Tomorpackux u
TEMaTCKHX) Kapara.

Canpixaj Tonorpad)ckux Kapara y KpyIHHjUM pa3Mepama, Kao NMpaBuiIaH U JieTajbaH
NpUKa3 pacrnopena odjexkara u 1ojasa y mpocTopy, HOTpeOHO je pa3MarpaTH Kao jeTHHCTBO
MIpHKa3a /IBejy CTpaHa PETHOCTH: MPOCTOpHE U caapkajue. C apyre crpaHe, Kao MITO je
Beh peueHo, cBaka Tomorpadcka Kapra MMa MaTeMaTHdKy M TeorpadcKy, OIHOCHO
TororpadcKy KOMIIOHEHTY.

IIpema TOMe, CBM 00jeKTH M II0jaBe NpHKa3aHe Ha Tomorpad)ckoj KapTH y
KPYITHHjUM pa3MepaMa HMajy CBOjy MpPOCTOpHY H caapxkajuy oxpehenoct. ok je
npocTopHa oapeleHocT MepJbuBa, caapiKajHa UMa MOjMOBHH Kapakrep. KBanmureT caapikaja
Tonorpa)CKMX KapaTa yIpaBo JOJa3d Kao pe3yiraT JoOpHX pellema M KOMIPOMHCA
n3Mely MaTeMaTHUKe OCHOBE U I'€ONPOCTOPHE CTBAPHOCTH.
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EXPRESSIVE FEATURES OF TOPOGRAPHIC MAPS
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Abstract: In the field of official topographic cartography Serbia has a long tradition which origin dates from
Princedom of Serbia. On the territory of Serbia and former federal state, there have been conducted several
surveys in the field, of which the last one was conducted in the period from 1947 to 1967. Based on that survey,
the entire area of ex state was covered with topographic maps, but some of them are interested for example at the
scale from 1:25 000 up to 1:100 000. That maps are analysed in this article, specially their characteristics.

Key words: cartography, topographic map, mathematical base, density of contents, quality of data.
Introduction

Objects on the surface of the Earth are performed by topographic maps in detail with
geographically specific forms, which jointly monitored and related thoughtful, represents a
view of reality. Topographic maps allow obtaining complete and true perspective of local
conditions, respectively, they represents small parts of the Earth's surface (Borisov M.,
2004). Hence, the meaning of their name is closely related with the aforementioned: topos
(Greek-place) and graphos (Greek-draw, describe).

Topographic maps are intended to:

- Planning and orientation in geospace;

- The study of topographical features of land (the configuration of relief,
hydrographical features, mobility, visibility, the protective properties of soil and vegetation
coverage);

- Implementation of the scientific, military, economic, and other suitable purposes.

Topographic maps of larger scale, respectively 1:25 000 (TM 25), 1:50 000 (TM 50),
and to a certain extent topographic map of scale 1:100 000 (TM 100), differ in their
expressive properties of all other maps. Those are:

- Geometrical accuracy of data, because their construction was carried out according
to strict mathematical laws and the content is relatively of large scale which ensures the
applicability of them in measuring purposes;

- The optimal ratio of the affected areas and the amount of data, which allows seeing
of many quantitative and qualitative characteristics of the elements of content;

- Data quality, because they are generally issued by using primary methods of
collecting and created according to strict rules of cartography.

At the same time, topographic maps are used both as source and auxiliary maps for
producting others, above all, thematic maps at the same or smaller scale.

Mathematical conditionality of making maps

Mathematical conditionality of making topographic maps involves analytical and
geometric properties of displaying content, respectively, selection and application of
mathematical rules for mapping the physical surface of the Earth to the plane. The
procedure of mapping the surface of the Earth to a plane map has two phases (Buder I.,
1979).
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In the first phase, the real (physical) surface of the Earth, its forms and objects are
projected to approximate of the Earth's surface, which is limited by the mean see level
which is stretched under the mainland and is called the geoid. This projection is
accomplished orthogonally, with lines which are perpendicular to the approximate surface
of the Earth. The procedure is carried out when determining the geodetic basis or during
surveying. This ensures that all objects on the map are represented faithfully and accurately
in relation to the adopted coordinate system. Considering the fact that the geoid, due to the
structure and mass distribution within the earth, can not be considered analytically as
certain geometric body, is replaced according to the forms which is very similar to the
surface of the rotating body, apropos the Earth's ellipsoid (spheroid) by certain numerical
parameters, and all calculations are performed using that.

In the second phase, the surface of ellipsoid is mapped to the plane. The transition
from an ellipsoid to the plane is performed by mathematical laws of mapping for a specific
cartographic projection. Strictly considering, therefore, topographic maps are not concrete
pictures of the physical surface of the Earth, as it is commonly said; there are the Earth's
surface projected on the ellipsoid.

In our case, the Gauss-Kriiger projection is used by meridian zones. These areas
include the zone of 3° by longitude, whose central meridians are 18° and 21° eastern per
Greenwich. Zones are numbered as the sixth and seventh, with the seventh zone that
extends to the easternmost point of the state territory. Plane Cartesian coordinates are read
in one zone, and additional calculation is necessary for transition from one zone to another,
namely, coordinate transformation. For horizontal axis is taken intermediate zone meridian,
and for vertical axis equator. The coordinate origin of each zone is the intersection of the
zone meridian and equator. Also, it is adopted that the coordinate origin is at the pointx = 0
m and y = 500 000 m, and all the values of the coordinates are multiplied with the linear
module: m = 0.9999 (Borisov M., 2006).

Table 1 Category, nomenclature and size of sheets of TM 25, TM 50 and TM 100

Arch dimensions
Scale Nomenclature Surface mapping
sheet ° A by sheet [km’]
1: 25 000 427-1-1 140
7, 30" 7/ 30"

1: 50 000 427-1 555

15’ 15’
1: 100 000 427 2220

30 30

Table 1 shows the category, nomenclature and size of sheets of topographic maps in
larger scale. Aforementioned topographic maps are listed in the system of TM 100. Each
sheet of TM 50 has its nomenclature arising from enclosed category, a name of a sheet is
the same as a name of the most prominent inhabited place or geographical object located in
implied area, with an accompanying number (1, 2, 3, and 4). In a similar way, using a
detailed classification, is given nomenclature for TM 25 (Peterca M., and others 1974).

By the size of sheets should be purport the dimensions of sheets, apropos the
original maps. The shape of the frame of a map list is practically equilateral trapeze, where
the edges represents the parts of meridians and parallels which are drawn as curved lines
(arcs). Poles of sheets are marked with their geographic coordinates. Also, within a sheet is
given the Cartesian grid, with lines parallel to the projection of the equator and central
meridian of the corresponding zone (Robinson A., and others 1995).
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Review and density of graphic content

Availability of topographic maps depends on the scale of mapping, if a content of a
map keeps abreast with actual situation, and the general quality of a map. From the point of
view and density of content in a topographic map, it is important to emphasize factors: the
occupancy map content that is directly related to the other two factors, apropos geographic
fidelity and geometric accuracy of a map, then the visibility of a map, the external
appearance and print quality.

Modern topographic mapping resulted in our country and in the world to the
established conventional solutions and standards in the content of topographic maps causing
the accretion of its use-value (availability). The major types of comparative analysis of the
views and content on the density of topographical maps, apropos TM 25, TM 50 and TM 100
are:

- Comparison of the structure of a mapping content and
- Consideration of the degree of generalization by some elements of the content.

For example and analysis could be taken one element of the mathematical basis and
one element of the geographical content. Table 2 provides an overview of the data density of
topographic maps that are just related to the geodetic point as one of the most important
mathematical elements of a map (Borisov M., 2004). The analysis could be seen a gradual
reduction of geodetic points not until the TM 100.

Table 2. Review and density of data on geodetic points

Scale
Type of

Geodetic points 1:25 000 1:50 000 1:100 000 entity
1. Trigonometric points ° ° ° point
2. Levelling points (benchmarks) ° . o point
3. Church of the trigonometric point ° ° ° point
4. Mosque as a trigonometric point ° ° ° point
5. The synagogue as a trigonometric point ° ° ° point
6. Monastery as a trigonometric point ° o o point
7. Telecommunication pole as trigonometric point ° ° ° point
8. Meteorological stations as well as trigonometric point ° ° ° point
9. Boundary pillar as a trigonometric point ° ° o point
10. | Monument as a trigonometric point ° ° ° point
11. | Factory chimney as point trigonometric ° ° ° point

Panel on the banks of a river as a trigonometric point- .
12. . . ° o point
mark kilometres

13. | Saddle ° ° ° point
14. | Level ° ° ° point
15. | Listed buildings ° ° o point

e displayed on the TM
o not displayed on TM

The percentage of occupancy of graphic content of TM 50, and especially of TM 100,
is higher than the TM 25, what effects by increasing the geographic fidelity. However, it has
its effects on the geometric accuracy and transparency of topographic maps. However, the
geometrical accuracy and visibility of topographic maps, depending on the scale, are adjusted
by good solutions of shape and size of condition signs, changes in the objects and
phenomena, the choice of font type and size of geographical names (Borisov M., and others
2009). Table 3 provides an overview of data density of the types of soil and vegetation. Also,
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comparative analysis can be observed a gradual reduction of data of the types of soil and
review of vegetation at map with scale 1:100.000 (TM 100).

Table 3 Review and density of geographical data of the types of soil and vegetation

. . Scale Type of
Types of soil and vegetation entity
1:25 000 1:50 000 1:100 000
1. Marshy ground with reeds-viable ° ° ° polygon
2. Marshy ground-viable without reeds ° ° ° polygon
3. ., |_Marshy ground-hard walking with reeds ° ° ° polygon
4. & | Marshy ground hard-viable without reeds . . . polygon
5. f Marshy ground with reeds-impenetrable ° ° ° polygon
6. '(g Marshy ground-impenetrable without reeds ° ° ° polygon
7. Periodically flooded soil ° ° ° polygon
8. Peat bog ° ° ° polygon
9. Stony ground ° ° o point
10. The terrain is forested-defined borders ° ° ° polygon
11. Forested terrain-vague boundaries ° ° o polygon
12. Ground under the bushes ° . . polygon
13. The terrain under maquis ° . ° polygon
14. Ground under young seedlings (nursery) . . . polygon
Forests shown out of scale-narrow forest .
15 belt o 4 o point
Clearings (clearing of vegetation within the polygon
16. . ° °
< | contour)
17. ‘:_.g Park ° ° ° polygon
18. g) Orchard ° ° ° polygon
19. 2| Vineyard ° . o polygon
20. %S Vineyard Plantation [ [ . polygon
21. % Hopyard ° . ° polygon
22. £«| Paddy field ° ° ° polygon
23. | & [ Meadow, pasture, meadow ° ° ° polygon
24. Tree . . . point
25. Coniferous tree alone ° ° ° point
26. Lonely tree with needles ° . ° point
27. Bush . ° o point
28. Quickset ° ° o line
29. Leafy tree-nature forest ° ° o point
30. Coniferous tree-nature forest ° ° o point
31. Mixed forest-nature forest ° . o point

e displayed on the TM
o not displayed on TM

Similar indicators would be get with other data on a map. When it comes to comparative
analysis of use-value (availability) of maps TM 50 and TM 100 which are derived from TM
25, we could notice that the structure of mapping content is reserved. Decisive role in their
preparation has cartographic generalization in the following ways: selection and reduction
of topographic data, the simplistic notion with line signs, quantitative and qualitative
summary of the characteristics (reduction of register of conditional signs) and merging of
similar phenomenon.
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Quality of data on topographic maps

Talking about the quality of data on topographic maps means the degree of geometric
and thematic deviations of data that are shown from their actual position. To determine the
geometric accuracy, it is usually applied deductive method of printing, namely, comparison
of measured size on topographic maps with the "true" or "provisionally true" values (numeric
data about horizontal and vertical network or data from larger scale maps, where the errors in
the content of certain elements of comparison would be negligible due to the differences in
the scale of appearance). This method provides a direct evaluation of the accuracy of printed
maps and reproduction originals, opposed to the inductive method, which considers and
determines errors in certain phases of producing of topographic maps.

Geometric accuracy of topographic maps is not always the same and depends on the
type of surveying to the type of content, namely, it depends on points of geodetic basis that
are given more accurately than, for example, vegetation, whose accuracy of the position is
the least. The main scale of topographic maps represents ecither a fixed or freeze ratio
reduction of a display. However, the fact is that the ratio of reduction can not keep a constant
value - that is a repercussion of the curvature of surface of the Earth's ellipsoid, which
develops to a plane. Thereby, there are the inevitable distortions appear. Therefore, the
accuracy of various measurements on maps depends not only on the scale but also on the
accompanying deformations. If the scale decrease in all sizes, it would some geographical or
topographical objects become so small that it can not be represented on a map. According to
some authors, length at the surface of the Earth’s ellipsoid which corresponds to 0.1 mm in a
topographic map, is called the boundary map accuracy, namely its graphical accuracy
(Peterca M., and others 1974). According to others, the size goes up to 0.2 mm (Robinson A.,
and others 1995). In any case, it is the size that affects the eligibility of view of topographic
detail. At the same time, of course, we shouldn’t forget that at the surface of the Earth’s
ellipsoid there are a number of objects, which are, regardless of the scale of the reduced size,
due to its importance, must be increased for showing on a map.

Unlike most of the geometric accuracy and perception, the terms of errors and quality
in the field of topographic-cartographic scope often are not completely identical and unique,
because they can not only include values that can be exactly measured. The estimation of the
quality is dependent on the size of the different characteristics and therefore is not free of
subjective evaluation. However, the value of a topographic map is a concept that combines
variety of objective and subjective quality. The accuracy as one of the quality, beside
geometric accuracy can be classified and thematic accuracy, apropos the accuracy of general
information. It is impossible to find a mathematical expression for the accuracy of general
information. It is possible to determine the number of erroneous in relation to the total
amount of information of that kind, such as names or signs on a single map sheet.

Generalization error is also very difficult to describe using mathematical formula that
would completely objectively evaluate the quality of work. Moreover, working with the
control showed the least deviation value numerically expressed, may not be the best
professionally done. A need for generalization of content sometimes devalues mathematically
well-placed control formula. While the solution of mathematically defined task can only be
right or wrong, the decision of many cartographic tasks can, of course, within certain limits,
be a good or poor. There are causes of subjectivism and the difficulties in evaluating the
quality of some topographic-cartographic modelling and visualization of data (Radojcic S.,
2008).

Establishing of thematic accuracy of a topographic map would be most appropriate in
its verification on the terrain after making, where could be done reviewing of authenticity of
the content of a map. It is known that in the process of making TM 25 is applied extensive
field work on reambulation, updating and verifying of the content, so the highest thematic
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accuracy is expected as well. It is expected that the reduction of thematic accuracy will occur
using the generalization of content on maps with scale TM 50 and TM 100. Their quality is
measured by degree of preservation of thematic accuracy.

Conclusion

Topographic maps of larger scale are maps that are used in Serbian Army (and in
other armies) and their usage is more popular than usage of maps of other dimensions and
scales and purpose. They are suitable both for orientation and movement, and for a variety of
planning and monitoring the situation at various levels of commanding. In addition, these
maps in our country are significant in cartographical production as basic cartographic sources
for production of all other geographic (topographic and thematic) maps.

Content of topographic maps in larger scales, as well as regular and detailed review of
the layout of objects and phenomena in space, is considered as a unity of views of the two
sides of reality: space and content. On the other hand, as already noted, each topographic map
has a mathematical and geographic, or topographic component.

Thus, all objects and phenomena that are shown in a topographic map at larger scale
have its spatial and comprehensive distinctness. While the spatial distinctness is measurable,
comprehensive distinctness has a conceptual character. Quality content of topographic maps
just come as a result of good solutions and compromise between the mathematical basis of
reality and geospatial reality.
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