








































































































































































































































































































IIpopauyn u KoHCmpyKyuja npeHOCHUKA 6eIUKUX CHA2A 97

€JIEKTPO MarHeTHe, KapJaHcka BpaTtuia uti.). CBe oBo HaM je moTpeOHo 1a 601 cMo
HCTIPABHO M3BPIIMIN POPAYyH CBUX BUTATHUX JEJ0BA MPESHOCHUKA.

IlpeHocHWK 3a TMOTOH pagHOT TOYKa poTro Oarepa (ciomka 4) Mopa
Jla 3aJI0BOJbH BEIUKHU Opoj (hakTopa Kako OM MOrao jia OJArOBOPH CBOjOj HAMEHH.

Cnuka 4. [Ipenocnux 3a no2on padnoz moyka pomo bazepa

OBaj npeHocHUK Mopa ja Oyzae onpeleHe TeKMHE KaKo He O HApyIIHO CTATHYKY
crabunHocT Oarepa. Takohe mopa ma Oyzae oapeheHnx AuMEH3HMja Kako OM MOrao
Jla ce YKJIONH Y KOHCTPYKITHjy Oarepa, a 1a HCTOBpeMeHO Oyzae obezbehena yraka
MOHTa)Ka U JIEMOHTaXa.

[IpeHOCHHUK 3a MOTOH PaJHOT TOYKA y TOKY paja (pamu 24 s Ha JaH) TPIU BeNUKa
nuHaMuuka ontepeherma, ma ce mpu M300py mapaMeTapa 3a MpopadyyH uBpcrohe
3yIuaHuKa, BpaTwia M JiexkajeBa (Kako je pedeHo y Tadkd (3)) Boawm MHOTO
pauyna. CBm  ¢axkTopu  KOjU  YTHUy Ha  TOAMa3uBame  (TepMO
eNACTOXUAPUINHAMUYKO) U XJah)ere MPEHOCHHUKA, BEOMa MaXJbUBO ce oapelyjy u
HUCKYCTBEHO TPETIOCTaBJhajy, ¢ OO3MPOM Ja joIl YBEK OBa IpoOJieMaThKa HUje
TEOPHjCKU Y TIOTIYHOCTH 00jalllbeHa.

TexHonoruja u3paae NpeHOoCHUKa BenMKUX cHara y MMH-y je moTmyHo ocBojeHa ¢
003UpoM J1a ce Tyrd HU3 roauHa u3pal)yjy MpeHOCHHUIH 3a MOroH Oarepa Kopavapa
cHare ox 630 kW y capcamu ca mapTHepUMa U3 APYTHX 3eMajba. CBU 3yMUaHUIN
3a pa3MaTpaHd TNPEHOCHHK H3pallyjy ce Ha HajcaBpeMEHHjUM MallnHama 3a
03y0Jbee METOZIOM PENATUBHOT KOTPJhakha OBATHHUM TJIOAATIMMA, MPU YeMy je
MOCTUTHYT BHUCOK KBalHUTET 03yOsbema. Ilociie 03yOJberma CBU 3yMUaHHIU |
BpaTWia IOJBPraBajy ce TePMHYKO] OOpajd Kako je TO MPOIMCAHO MPOjeKTHO
KOHCTPYKTHBHOM JJOKYMEHTAIIH]jOM.

Kyhumte nperocHuka u3pahyje ce 3aBapuBameM O] YSITUIHOT JINMa, TIPA YeMy Cy
INIaBYMHE OJUIMBEHE of 4enudyHor nuBa. CBe Hajexxyhe NOBpHIMHE Cy Beoma
KBaJMTETHO oOpalene, Tako 1a je 00e30eheHo 1oOpo Hanerame JiexxajeBa, a THME U
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J00po Hajierame BpaTWIIa, IITO CBE 3ajeNHO 00e30eljyje KBaJIUTETHO CIpe3ame
3yMUaHMKa.

CBa OBa HMCKYCTBa y NPOHM3BOJAU MPEHOCHUKA BEIMKUX CHAra, y3 Kopumheme
HajcaBpeMEHHUjHX METoJla IpopadyHa Ha padyHapy, omoryhyjy na ce MUH yBpceru
y pen Beiaukux mnpousBohada mpeHocHuka. CTaaHO ycaBpIIaBamke MPEHOCHUKA
(kaKo MO METOJOJIOTHjU MPOopadyHa, TAKO U Y MPOU3BOHH), Kao U yBoheme NC
MarHa 3a oOpamy eineMeHara MpeHoCHHKa, 00e30ehyje na ce y MUH-y mpuctynu
NPOjEeKTOBakY U M3PaIH MPEHOCHUKA BehnX cHara 3a mpuMeHy y OpoJorpambu.

JIUTEPATYPA

[1] International Organization for Standarduzation, Technical Committee ISO/TC
60 “Gear”, Working Group ISO/TC 60/WG 6.

[2] AWH 3990.

[3] G. Niemsnn H. Winter, Maschinen-elemente Band IlI, Springer-Verlag, Berlin-
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[4] nap B. MunrenoBuh C. MunagunoBuh, Ynopeonu npuxasz npopauyna
HOCUBOCMU 3YRYACMUX NPEHOCHUKA NPUMEHOM pasiudumux memooda, Oxpun 1983.
[5] Kamanosu u npocnexmuu mamepujaru MHMH-a.

CALCULATION AND CONSTRUCTION OP REDUCTORS OF
GREAT POWER WITH SEPARATE RETROSPECT ON
CONSTRUCTIVE PERFORMANCE OF REDUCTORS WITH
DRIVING OF WORKING WHEEL OF REDUCTOR

Summary: The reductors of great power are used for operating wheel drive of
rotary dredge for stripmining exploitation, in cement factory, for mill drive, in
naval architecture, in thermoelectric plant, on railway, etc. The base expressions
are given for the work according to the latest recommendations of ISO/DIN for the
calculation of gears with the critical retrospect of the calculation specifications of
the gears of great dimensions. MIN experience is also shown in the construction
and fabrication of the redu ctors of great power.

Key words: VTO-system, great power transmitter, oscillatory system, rotor
excavator.
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INPOJEKTOBAIBE CUCTEMA I'PEJAIbA "
KIMMATU3ALIMUJE IOMORY SANKOM HERZ-SOFTVER-a

JlammaH PanocaBmeBnhl, Crjenan Tanuh?

Pesume: YV pady je noxazan edyxamueHu npumep npopavyHa epejarsa,
kopuuwtherwem Sankom HERZ-SOFTVER-a.

Kibyune peun: /Ipojexmosarse, epejarve, cogpmeep, npocmopuja.

YBOJ

SANKOM HERZ-SOFTVER ciyxu 3a Ip0jeKTOBalkE U KOHCTPYUCAHE CUCTEMA
rpejama ¥ KIIMMaTH3aIuje moMohy padyHapa.
Y pamy je mpukazaH elEeMEHTapHH €IyKaTHBHH NpUMep TpopadyHa Tpejama
o0jekTa Kpo3 cienehe akTHBHOCTH:
1 JlepuHucame OCHOBHHX MapameTapa.
bupame uesu.
Kpewnpame npojekra.
[opauwm o mpocropujama.
Iprame 1ieBoBoOAA.
H3abop BeHTHIIA.
OnpehuBame 30HE MPOCTOPH]a.
Iprame 11eBH, BEHTHIIA U pajnjaTopa.

01N Db~ W

EjieMeHTapHM efyKaTUBHU NPUMep
3agaBame BpeAHOCTH MapaMeTapa
Y npBoM KopaxKy HEOnxonIHo je aegunucatu OnTe moAaTke O CHCTEMY .
Hedunucame 0CHOBHUX apamMeTapa

Opabepute ca magajyher menuja onumjy [loganm>I'eHepamHo (mpeunna ca
tacratype je CTRL+O).

! np Jamman PagocaBibeBuh, Bunra Texanyka mkosna, Ypoiesair,
E mail: damnjan@verat.net
? Crjenan IMannh, Buma mocioBHO-TexHMUKa mKoia, Yokuie, E-mail: vtsuzice@ptt.yu
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1. CnoseHa npojekTHa Temnepatypa (y npumepy -15 °C)
2. Tewmmeparypa rpejHor durynaa:

Pa3zBonna remnepatypa 7r.

Pasnuka temneparypay dT.

3. IlapameTpu u3BOpa TOIUIOTE:

[Ipurucax y xotiy dP = 1000 Pa.

3ampemuna kotia V=4 [ (3aHemapyje ce y MpopavyyHHMa, ajd je HEOMXOIHO
MIOITYHUTH I10JbE).

PacrmonouBy IPUTHCAK-OCTABUTH TIPA3HO IMOJBE.
4. Tlapametpu npopauyHa (je3ndak)-Huje HEOMXOaHO YHOCHTH.
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Bupame nesn

Beoma je xopucHa onmmja Oupama orcera nNpeyHuKa LEBU Koje ce YnoTpedbaBajy
y LIEBOBOJY.
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U3 xaranora uesu moryhe je mponahu Benuku Opoj mpousBohaya 1ieBH CBUX TUIIOBA
1 BEJIMYMHA.

Kpenpame npojexra
1 Opnabparu jesnuak Konctpykimje>Kpenpame cucrema crparosa

2 OsnaunTu Opoj cHpaToBa U CBE OCTajle NOAATKE YHETH Y oAroBapajyha mosea
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3 Jedunucame HynTe OparHATE (KIMKHYTH HETE HA IPTEXKY)
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5 Twun pagujatopa
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Kama je mopem o3Hake pamdjatopa IIOCTaB/beHA 3BE3MHINA, Tajga IPOTPam
ayToOMaTcKu Oupa Opoj moTpeOHUMX pedapa, OIHOCHO JMMEH3UjE MaHETHOT
panujatopa.
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MMoxaum o npocropujama (CTRL+P)

F
Simb.| tu Qcal Qdob Info =
[°cl W] [W]
1| 20 1400 0|Soba
2| 20 1500 0|soba

o of

Unogenje rezultata praracuna programa HERZ HOC.

| = Otvarite 1owvi fajl H G| Doveziti infarmacie | |‘/

0Ok |

? Pomoc |

Iprame neBoBoaa

Haupratu npBeHe 1i€BM 3a pa3BOJHU BOJ M IUIABE ILI€BU 32 IOBPAaTHU BOJ.
[putuckom nHa Ttactep SHIFT Ha TacTaTypm TOKOM LpTama aoOujaTe mpase
nuHyje. llprame ycrioHCKUX BOIOBA BPILIH C€ 0Aa0paHUM THIIOM LIEBH:

6 HzaOpaTtu BeHTUIT
Kana ce jemHOM omabepe, yBeK ce 1mojaBibyje n3adpaHd BEHTHII Y OIIIHjama.

7 OBABE3HO-Onpeantn 30He mpocTopuja.
Jesnuak KOHCTpyKIHje>30Ha MPOCTOPHje 1 HAIL[PTATH 30HE.
Hamnprane 30He ce He cMejy TTpeKIanaTi HUTH cMe OMTH Tpa3HoT IpocTopa u3mehy
BUX. XOpPH30HTATHE TUMEH3Uje 30Ha Ha LPTEXKY HUCY OMTHE, jep ce y MpopauyHy
0jaBJbYjy.

’:‘--‘—‘..,..?' r ¢ G f w — 9 I
—=TipA- —Tiwl- L
| = pB- — g - :[
— Tip G- — Tip £ -
= Tip O - m— Tip -
|—TipE— = T -
= TiTipE- | w— Tip M -
— Tip G - — Tip 0 -
— Tip H- — Tip P-

8 CenekryjTe 1eo LPTEX M Y JOHEM JIEBOM YTy YHOCE Ce MOJAIH 3a CBE
IITO j€ CENCKTOBAHO.
Ha ommuju 30He pocTopyja, Ha TOHEM je3UUKY, YHOCE C€ ITapaMeTpH 3a CBaK! Off
eJleMeHaTa Koje n3adepemMo Ha IPTEKYy.
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9 Bentmiu
BenTune ogabpatu u yupraté Ha oArosapajyhoj neoHuu, oupamem ca nagajyher
MEHH]ja, UCTO Ka0 U PaNjaToOPe U IICBH.
AKO ce IoJbe JIHA OCTaBH MPA3HO, IPOrpaM caM IMOMYHH JHO BEHTHJIA, Ha OCHOBY
MIpeYHHKa IIeBH Koje he mporpaM TMMEH3HOHHUCATH.

10 Pamujatopm
n/L Ako ce ocraBu 0 (Hyna), mporpaM ayTOMaTrCKd MOCTaBjba Opoj dWiaHaka
panujatopa (n) u gyxuny (L).

n/L Axo ce octaBu 0 (Hyma), mporpaM ayTOMaTCKH IIOCTaBjba Opoj wWiaHaka
panujaTopa (n) u nyxuny (L).

Qrg (Q mponenryanHo)-Konuko rpejHO TeNo NOIPHHOCH y TPEjamy MPOCTOpH]e.
3a jenan panujaTop BpegHocT oBor mapametpa je 100%, 3a 2 pamujatopa 50% uta.
(Ilpema TOBpIIMHU OJaBama TOIUIOTE, OAHOCHO MpeKo Opoja uianaka). OBy
BPEIHOCT je 00aBe3HO YHETH.

Upos mo3uttyja paaujaropa

Zak 3aximomeHoCT paadjaTopa

Lmax Orpanuyewme MakcuMmaiHe qyxuHe paaujaropa (OBy BpeIHOCT je 00aBe3HO
VHETH.)

Pros

Beta Koepunujenar nojene mpoToka KoJ| jeJHOIEBHOT CHCTEMA.

11 LeBu
Usp YHetu ycnoH KoMe npunajia AeoHuIa
Deon geonuna
Izo N3onamwmja (OBy BpenHOCT je 00aBE3HO YHETH)
CaBeTn ce Hayilaze Ha CTaTyCHOj JWHHUJU Tporpama. Ako yHecemo BpemHocT 0,
nporpaM ayToMaTcKu ojpehyje BpeJHOCT
Dn Oo6age3no craButu 0 ako Kako O TporpaM WU3BPIIHO TUMEH3UOHUCAHHE, OCHM
aKo He )KeIuTe [a IEOHNIIa UMa TaYHO oJpel)eH IpeyHuK.
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PR whdd R 8T
T JET

[T T T A

Usp YHeTH ycnoH KoMe TIpHITajia JeOHHIa

Deon neonwnna

120 U3onamuja (OBY BpeqHOCT je 00aBE3HO YHETH)

CaBeTn ce Haylaze Ha CTaTyCHOj JWHHUjU Tporpama. Ako yHecemo BpemHocT 0,
porpam ayToOMaTCKu oapeljyje BpeaIHOCT.

Dn O6age3Ho crautu 0 Kako OW MporpaM M3BPLIMO TUMEH3UOHUCAE, OCUM aKO
HE JKeJIUTE J1a ICOHHIa UMa TaYHO oJpel)eH mpeyHuk.

L 3a xopu3oHTaJIHE JIEOHUIIE CE YHOCE CTBapHE AyKuHE (I[PTeK He Mopa OuTH y
pasmepH). 3a BepTHKaJIHE JEOHHHLE OCTABHTH MOJbE MPa3HO, Ja MPorpam mnpeys3me
Ty BEJIMYHMHY Ca IPTEXKa.

12 Ha wcTu HaYWH Kao W BEHTWIIC, MOXKETE MMOCTABUTU M IyMITy Ha IIEBOBO/I
(monmenwu ypehaju) mpu ueMy mporam NpeaiokH Koja je myMma moTpedHa,
OZTHOCHO FheH HAIop M NPOTOK, aJli He ¥ pon3Bohada.

13 Kapna yHeceTe cBe moAaTke KIMKHUTE HA HKOHUILY «IIPOpadyH», X IpOrpam
he kankymanujy u3BpIUIMTH BeoMa Op30.

&' HERZ C.H. - SAJT.GRD - [Lista gresaka]
@Fal Izmena Pogled Podaci Proracuni Rezultati Parametri Prozor Pomoc

DEHESRDTRE 'k - AR D

E‘”\QR @3&!%@@%
B A& --

1) Hisu pronadjene greske tokom proracuna.

14 AKko MOCTOjU Tpelika y yNeceHnM nojanuma, nporpam hie je mpukasatu, u
TO OJ] OHMX HajOAHAHHUjUX, N1a IIEBH HUCY IOBE3aHE, 0 CTBApHE aHAIHN3E
MPOTOKA 110 CTPYjHHM KPYyTOBHMA.

15 3atuM KIMKHUTE HA UKOHHITY PE3yJITaTH-IPTEXHU U Ouhe mprKa3aH MPTEx
ca CBUM YHECEHUM, CTBapHHM JMMEH3WjamMa paaujaTtopa, BEHTHJA, [EBH
UTA. 32 CBaKH JIe0 LPTEkKa Ha KOjU KIMKHETEe MHUIeM, qobuliere y JeBOoM
yIJy M3padyHaTe mapamerpe.
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T

Y mooameHHWjy pe3ynTartd, I0oOWjajy c€ CBH PE3yNTaTH KOjU CE€ OJHOCE Ha
XUApayJIUUKH TpopadyH Mpeke. Ha cBaky J€OHHIly 11€BOBOJIA, BEHTUIIA HIIK OWIIO
KOT €JICMEHTA MOTY CE IMOCTABUTH O3HAKE ca MPESYHUKOM, KapTaKTepPUCTHKAMA UT/I.
Ommyja mpemHaMenITamke Haja3d ce y IMOAMEHH]Yy KOHCTPYKIHje, TIe M 30HE
MPOCTOPH]e

Hanomena: CBaku myT Kaja TMOHOBO oOTBapaTe ¢ajn MopaTe KIMKHYTH na
npupadyH, Kako OU cTe ToOMIHN pe3yTar.

3AK/bYYAK

Y pany je TmokazaH e€IyKaTHMBHM IpUMEp IMpopadyHa Tpejamba,

kopuirheweMm Sankom HERZ-SOFTVER-a, kpo3 cienehe akTHBHOCTH:

1

(e BEN o) NNV, I SRS I )

Hedrnucame OCHOBHUX MapaMeTapa.
bupame uesmu.

Kpewnpame npojekra.

[Tomauum o mpocropujama.

Iprame 11eBOBOIA.

Uzabop BenTuna.

OnpehuBame 30He pocTopHja.
Iprame 1ieBy, BEeHTWUIA U pasujaTopa.
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HEATING SYSTEM PROJECTING AND AIR
CONDITIONING USING SANCOM HERZ SOFTWARE

Summary: In this paper is presented educative example of heating estimation,
using Sankom HERZ-SOFTWARE.

Key words: Projecting, heating, software, room.
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NHTEPHET HAJBERA PAYYHAPCKA
MPEXA HA CBETY

Henan MapKOBI/Ihl, Momumniio Byj wanh’, Jamman Pazocasbesuh’

Pesume: Kopuwhervem Hnmepnema Hamemuyiu cy ce MHO2U NOJMOBU 00 KOjux
HeKu npedCcmaessajy OCHOGHE NOjMOGe, alu UNAK Cy cCmpanu eehuHu KOpUCHUKA
HUnmepnema. Osaj pad npedcmasba nokyulaj 0a ce cmyoeHmuma nojacHe nojmosu
u npubaudicu ucmopujam HUnmepnema.

Ksbyune peun: TCP/IP, PPP, SLIP, domen, E_mail, WWW.

YBOJ

HNuTtepHeT je HajBeha pauyHapcka Mpeka Ha CBETY, CACTOjU CE Of BHIIIC MUJIHOHA
YBOPHIITA Ha KOjU Cy MOBE3aHE JIECETUHE MUIIMOHA KoprcHUKa. CBe je mouelno
HIe3[eCeTUX TOAMHA OBOT BEKa, MHTEPHET je M3allao M3 MpojeKkTa MuHHCTapcTBa
onopane CAJl. ARPA (Advanced Research Project Agency), je numana 3a 3agarak
Jla HalpaBH pavuyHApPCKy MpPEXY TOJEPAHTHY Ha Tpelike, Koja MOXKe Jia HacTaBH
pan y ciiyyajy yHHIITEHa HEKOT Of cajToBa. Taj, 3a TO BpeMe BENUKH MOAYyXBaT
MpeCcTaB/ha IOYETaK HOBE epe padyHapcke TexHojorwje. Mainframe host-
TePMHUHAN Ca jJeHOM TAa4KOM KCIazaa, IodYeo je Ja ce IHPH, pauyHAPCKH CajTOBH
Cy MoIIM Ja ce “yTBpe” na Ou NMPEeKUBEIM Hamaje, ajld HE W JKUIE Koje Cy
MOBE3MBAJIE XOCT padyHap ca KOPHCHWYKUM TepMuHamuMma. JKuia, je Owuia
MIPEBUINEC Jlaka MeTa, Kao pe3yiraT mobosplmamba Hactao je ARPAnet, xako je
npBOOMTHO Ha3BaH NpojekaT. [IpojekaTr je MCTpakMBao HOBE HAaYMHE CTBapamba
noBe3zaHe Mpexe. OBa Mpexa je GyHKUMOHHUCATa Y OKBHPY YETHPH YHUBEP3HUTETA
y CAJ] (UCLA, Crandopa, Canra bapOapa u YHusepsurer y Jytn) u oBo cy 6una
yetupu opuruHaiHa ARPAnet uBopa. Y okBHpY OBe MpeExXe, yMECTO Ja MPEKHU
KaOJIOBH IUKTHpajy TOKOBE HH(pOpMalLHja, CBaKOM padyHapy je HojAebeHa
MoJljeITHaKa OJTrOBOPHOCT 3a TpHjeM, WHTEPIONAINjy H TMPEHOIICHe MPEKHUX
uH(popMaIiija, mTo MpeAcTaBba npBy npumeny Muarepuet [Ipotokoina (IP).

! Henapn Mapkosuh, mumut. uHT. e, Bumia Texanyka mkona Y poriesail, 3Be4aH,
E_mail: nen.mark@sezampro.yu

2 1p Momunio Byjuanh, Texamaku pakynrer Yauax, E_mail: vujicic@tfe.kg.ac.yu
3 np Jamman PagocaBibeBuh, Buiia TexHu4Ka mkosa Y poiesail,

E mail: damnjan@verat.net
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HNuTepHeT NPOTOKOJI

IP xonekmuja pamu Ha cienehu maumH: Koneknmja m3mehy nBe Tauke ce onBuja
PYTOM KOjH Cy OJPEIUIM MPEXHH padyHapw. [IpOTOKONapHH N0 MpelcTaBlba
CKyn TipaBuia 3a opehuBame Kako Tpebda HM3BECTH MpPOLEC Tj. KaKO MOCIATH
uHpopmMmalje mpexo Mpexe. [lopyke ce merne Ha Mamke CerMEHTe, Pajay JIAKIIer U
e(ukacHHUjer pyKoBama, cMemTajy ce v IP maker koju ce aapecupa um masse. Y
3aBUCHOCTH O] MpEXKe TIOpyKa MOKE UMATH BHIIIE CKPEeTama, Kao KaJia ce mopyka y
KJIAaCHYHO] TIOIITH IaJke U3 MecTa A y Mecto B, mpeko Hekor Tpeher mecra C. IlIto
Mame CcKperama To he mopyka mpe cruhm. Ilocie mpommpema Ha apyre
YHHBEP3UTETE M JI03BOJbABAMA TPHUCTYIA UCTPAKUBAYKAM OpraHHM3aldjama Koje
HHUCY BE3aHE 3a BOjCKY, Mpexa je caapykajda TOJHKO CajTOBAa Ja OpPUTHHATHH
CTaHIapIM W KOMYHHKAIIMOHW TPOTOKOJM HHCY MOTIIM Ja Toapxe mocrojehn
caobOpahaj ma je Mpeka Mopana jaa eBonyupa. HoBu craHmap] Ha3BaH je
Transmission Control Protocol (TCP) u 1979. roauHe mpemioxeH je Kao AOIMyHa
IP crannmapny, a 1993. rogune je ycojen kao TCP/IP. [lanac TCP/IP mpencraBsba
OCHOBY 3a Bule o 100 paznuyuTHUX MPOTOKOJIA 32 MPEHOC MojaTaka Ha Mpexu. [P
azapeca je 32-OutHu Opoj, MOACIbEeH y YeTupH aeyia. CBaKd OKTET HPECTABJbEH je
Kao0 JICMMATHA OpOj, MOXE OUTH y OTCEeTy OJ] 0caM OMUTHUX HyJa JI0 0caM OMTHUX
jemuuuna, y crBapu ox 0 mo 256. IloBe3nBame OBHX ajapeca ca MMEHHM JOMEHA
00aBJbajy CIOH30pUCaHE OpraHusaidje (Ha WHTEPHETY HE IIOCTOjU HEKHU
neHTpanHu ayroputer), kao Ha npumep InterNIC (Internet Network Information
Center). YMecto nonene nojenuHagyHux uMmeHa, InterNIC, monmespyje mpoBajaepy
ook IP ampeca u3 kojer he jeqMHCTBEHUM UMEHHMMA IOMEHA JOJCJFUBATH OpojeBe.
BbnokoBu anpeca mmajy Tpu BenumumHe, 0ok C Kiace je HajMamM W Hajyemhu.
OpnocHo, 192.3.44.*% * o3nauaBa npoctop ox 64.516 uBoposa. briokoBu 4 xiace ce
Hajpehe nonmespyjy, jep umajy obmuk 0.*.*.* u Bume ox 16.000.000 agpeca. Aapece
A xnace xpehy ce ox 0-127, anpece B knace usmehy 128-191, ok kinaca C caapxu
aapece usmehy 192 u 255.

PPP u SLIP koHekiuje

Serial Line Internet IIporomon (SLIP) je komyHuWKanujcku cTaHAapj KOju je
MOBE3aH MPEeKo MojaeMa omaryhaBajyhn ma ce moHarmra kao 9BOp MHTEPHET MpPEKeE.
Ocum nogpuike 3a [P Mogemcka koHeknMja Tpeda 1a cafp Ky U HIKH IIPOTOKOI 33
KOMYHHUKAIMjy TIPEKO CepHjCcKe JIMHMje, Ka0 OHa Yy Tele(OHCKHM IIEHTpajama.
IIpoToKkom cepujcke JUHHjE je 3aayKeH 32 KOHTPOITY TPEIIKE U OCTalIe aKTUBHOCTH
koje TCP/IP mporpamuma omoryhasajy 3ajennuuku pan. Hou mpotokon Point-to-
Point Protocol je yrpahen y Behuny mozepuux omeparuBHux cucrema (Windows
98, NT, Linux i MacOS). Haxo ce cmatpa podycaujum ox SLIP mpotokona PPP je
npey3eo npumar tako aa je SLIP nanac MHOTO Mame KopuiihieH.

HHTepHeT npoBajaepn

Wurepuer npoeajaepu (ISP-Internet Service Provider) o6e30elyjy oaroeapajyhu
MPOITYCHU OTICET KOjH 3a0BOJhaBa MpUBaTHE moTpede 3akymia. [IpomycHu omcer
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je Op3uHa KOjoM MyTyjy MOJalM, U MEpH ce y OuToBMMa 1o cekyHmu (b/s).
[IpormycHu oncer TUPEKTHO YTUYE HA KOJIMYUHY MOJAaTaKa KOjy MOXETE IMOCIIaT! U
NPUMHUTH Y oJpeljeHOM BPEMEHCKOM WHTEPBAITy.

bp3una IIponycHu omcer

2.400 b/s
9.600 b/s
14.4 kb/s

56.0 kb/s

1.554 mb/s

1 cexynna
Jlerenna:

- 30 6ajroBa (2.400 6ura)

|
u - 30.000 GajroBa

3Hadaj MPOITyCHOT OTICeTa pacTe Kaja cy y MuTamy rpaduka u ayano dhajmosu. Jlok
oOnyHa e mail mopyka 3ay3uma y mpoceky 2.5 kB nok ckeHupana ciuka 300 kB
JIOK MHHYT BHJIEO 3aIrca Moxe ja 3axteBa y 1 1o 2000 kB y3 MuHyTYy.

HNMena nomeHa Ha UHTEPHETY

[lornmyna azmpeca Ha MHTEpHETY CacTOjU CE€ M3 [Ba Jena, NpBU Aeo caapxu 1D
KOPUCHHMKA JIOK APYTH JE0 calp>kKu MOTIyH omuc IoMeHa. [IpBu neo aapece croju
ucnpes 3Haka (@ (dura ce: eT), Ha MpUMep: Vis.uros@sezampro.yu, 10K uayhu ca
JieBa Ha JIECHO OJ 3Haka (@, pa3lIBojeHa Taykama, Hajlaze ce MMEHa Koja OMHUCY]jy
JOMEH TIOYEBINM OJf HAjHIDKET HHBOA. Kpajlbu IECHH €0 KOpUCTH ce 3a
O3HaYaBame HAjBHIICT HHBOA JOMEcHa W HasuBa ce BpmHU wiu (TOP) Hubo.
HajBumm HMBO MOXKe Aa MpeAcTaBjba O3HAKYy 3eMJbe, HAyhH yAecHO o Tor Jena
nobujate cBe cnenuduyHmje nHPopManrje o XocTy. CBakoM IOMEHY NpUIpYKeHa
je u HyMepuuka anpeca, Tj. IP ampeca.

Enexkrponcka nomra

Hajkopumihenuja ycimyra nHTepHeTa HazuBa ce € mail WM eleKTpoHCKa MOIITa.
EnexTpoHcKkOM MOIITOM ce MOTY cJaTh pasHe BpCTe NOKyMeHaTa Tj. TEKCT,
tdotorpadwuje, 3Byk, punm... [IpBu mpobieM je HacTao Kaaa cy JbYAH TOYETH Ja
kopucte GUI panue cranutie u PC-e, u moxkenenu ga pasMemyjy MyIATUMEIN]aTHe
¢dajnoBe, mOK je Apyrd mpobieM HacTao Kao MOCIEAWLA HHTEPHALWOHATHUX
koHekja 1j. ASCII He Moxe na ce M30opu ca CTpaHHM CETOBHMa KapakTepa.
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MIME (Multipropose Internet Malil Extension) je pemieme 3a cBe npodieme. OH
00e30ehjyje mail ammkanujaMma KOMYHHKAlWjy, 3aBHCHO OJl THNa MOJaTaka M
06e36ehyje merom kommpama He-ASCIl momataka koju ce masky Kpo3 mail
cucreme. MIME cranaapa je pa3sujed 1992. roaune, moapikaBa TeKCT, OUHapHE
¢ajnose, rpapuuke ¢opmare, PostScript, rmacoBHe mopyke W Ipyre THIIOBE
nojataka. EjekTpoHcka momra ce cMarpa He caMo Op»KOM, HEro W IOY3IaHHjoM
O]l KJITaCHYHE TOIITE U TO Ca Pa3HUX aCIeKTa:
- Host cucremu he mpe ciama Mopyke MPOBEPUTH Ja JH CE MME JAOMCEHA
aapece moxxe Hahu Ha y Domain Name Sistemu.
- AKO HEKHM JIMHKOBH J0 XOCTa OTKaXxy, opyKka he IpOMEHUTH Iy Tamy.
- Axko onpelieHa XOocT MallMHa HHUje TPEHYTHO AOCTyNHA momrta he OuTh
CMEIITEHA Yy pel 3a YeKame, U HapeIHNX HEKOJIMKO JaHa MOKyIIaBaTH Aa
ra mnomasse. YKOJIMKO, C€ OJyCTaHe OJ cilama Jo0uja ce oOaBemTemne O
npobiemy.
- Ykonuko Ha oJpeheHOj XOCT MallMHU HE MOCTOjU HAaBEACHW NpHMAaJall,
xocT he BpaTtuTu nmopyky y3 o0pasioxeme.

World Wide Web

World Wide Web (WWW) cy ctBopmm dhm3ugapu 1993, koju ¢y Tpaxmim 00JbH
HauuMH 32 pa3MeHy Hay4YHuX JokymeHata y Swiss European Laboratory for
Practical Physics (mo3natuja kao CERN). Ox Taja je MHTEpHET MOCTao yciayra ca
HajOpxxuM pactoM. [IpermocraBipa ce ma je 1999. rogune moctojano ckopo 400
munuona web crpanuna. KopucHuim wuHTepHeTa ce m3Melly pecypca ca
uHQOpManjaMa MIeTajy TaKo LITO MpaTe XWUICPIMHKOBE Ka pa3lIuYuTUM
pecypcuma u cepBucuma. Hajmomymapauju web kimjeHT je Netscape Navigator,
jenmuHu 030MJBbHM KOHKYpPEHT Ha TpXumTy je Internet Explorer. YHomemeM web
aapece, koja ce 3oBe URL (Uniform Resourse Lokator), web kiujeHT MOXke 1a
00e30e1 XUIEPTEKCT JHUHKOBE Ka TEKCTy, rpadumu 3ByKy... @opmar URL-a je
cienehu, Ha MOYETKY je UME CEpPBHCA, a 3aTUM MME XOCTa | ITyTama. CepBUCH CY
http, ftp u mailto. Ilpena3 ca jeaHor cepBuca Ha APYTH je BPJO CYNTHIIAH, TAKO Jia
BeliMHa KOpUCHHMKAa HE MPUMETH Kaja web ITOKYMEHT HaJOXH NpeTpakuBaudy Aa
MPOMEHH “TIOHAIIAE”.
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INTERNET THE BIGGEST COMPUTER
NETWORK IN THE WORLD

Summary: The use of Internet has imposed the variety of terms out of which some
present basic terms, but still are new to majority Internet users. This paper
presents attempt to explain and bring closer the terms and history of Internet to
students.

Key words: TCP/IP, PPP, SLIP, domain, e-mail, WWW.
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JAETEKIINJA CUTHAJIA KO KOXEPEHTHE PSK
MOAYJALHUJE CA ABOCTPYKUM O/IMEPABAIBEM Y
INPUCYCTBY KOPEJIMUCAHOI' LIYMA U ®EJJUHI'A

Baaguvup Miaxenosuh', Ciro6oaan Bjenunh’

Pe3ume: V mobunnum xomynuxayujama ce NPUIUKOM HPEHOCA CUSHAT 8e0MA
yecmo npocmupe no pasmuuumum nymarama. Ha camom npujemy oonaszu 0o
uwYe3a6ara CucHaia 3002 CYNEpRoHUPArbd OUPEKMHUX U pehuekmogaHux
KOMHOHewmu  manaca wmo ce Hasuea  gedune. Koo  Oueumannux
MeNeKOMYHUKAYUOHUX CUCIeMA KAda WyM Huje KOpeaucan OOUYHO je 0080/bHO
00pedumu 8eposamuoly epeuike y jeOHom mpenymky epemena. Anu, kaoa je wym
KOpenucan 3HayajHo je oopeoumu eeposamuohy epeuike KoOHe peuu 3a 08a Uil
suue cumbona. Y oeom pady oama je ananuza oemexyuje CUHAIA Kadd ce CUSHAT
dganym oomepasa. Ysuma ce y o03up 0a je wiym KOpemucaw u Kao maxas 0eiom
umMa ymuyaj Ha OemeKyujy CUSHAIA HA CAMOM NPUjeM).

Kibyune peun: byxa, demekyuja cuenana, 103uHKa (Kooupaua pey), Kopeiayuja.

AHAJIN3A CUCTEMA

[ocmatpa ce xoxepentnu PSK cucrem ca ABOCTpyKHM onMepaBameM 3a OWHApHH
npenoc. Madopmanuja ce mpeHocH momMohy OWHApHUX HyJa U jeMHUIA TAKO IITO
(haza yma3Hor curHaia uMma BpeaHocT (0 YKOJIUKO ce PEHOCH OWHapHa jeJuHHUIa U
7T YKOJIMKO ce npeHocHu OnHapHa Hyna. [IpujeHuk 3a pemMoaynanujy oBor cucreMa
CapXy YJIa3HH ycKamojacHW (uitep, (UITep NPOIMyCHUK OIcera W KOJO 3a
eKCTpakiujy pedepeHTHOr HOcHona. YmpoiheHna mema PSK npujemunka nara je
Ha cimi 1. ['yctuna pacmionene BepoBatHohe rpenike (ase 3aBHCH O aMILTUTY /e
1 (ppeKkBEeHTHOT TTOMepaja curHana. BepoBaTHoha rpelrke OBaKBOT CHCTEMa 3aBHUCH
O]l aMIUTUTY/Ie yJIA3HOT CUTHajlla, PPEeKBEHTHOT MOMEpaja HOCHOIA U CIIEKTpaiHE
ryctuHe cHare myma. Kaga je Ha ynma3y y cUcTeM NpUCyTaH (QeIuHT aMIUIHTYIa
CUTHaJa je ciy4yajHa TpOMEHJbHMBa. 300T oBOra ce BepoBaTHoha rpermike
U3padyHaBa W3 YCJIOBHE BepoBaTHOhe Tpelke ycpeamaBameM 110 CIyYajHO)
aMIIUTYyAu. Y HajoNIUTHjeM CIIy4ajy CHTHal KOjU CTHXKE Ha yJa3 MpUjeMHHKa
¢unTpupa ce jemaHmyT oaMepaBa. Ha OCHOBY mpara omyduBama JOHOCH Ce

! Mp Bragunmup MnagenoBuh, qurmi. uHT. e, MalInHCKO-EIeKTPOTEXHUYKA IIKOIa
[apahun, E_mail: vlada m@yubc.net

% 1p Cnoboxan bjenuh, ®TH Ipumruna KocoBcka MutpoBuiia,

E mail: slobodan_bjelic@yahoo.com
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oJUTyKa Ja JIM je Ha W3Ja3y W3 KoJia 3a OJMepaBame JCTEKTOBaHA HyJa HIIH
jeauHuna. Y OBOM Cilydajy OOMYHO je JIaKo M OIPEIWTH BepoBaTHOhy rpemike u
BepoBaTHOhy curypHe neTeknuje. MehyTmMm, ako WCTH CHUTHaI [Ba TIIyTa
oaMepumo, npuMerrnhemo 1a BepoBatHoha rpemike Memba CBOjy BPEIHOCT U OOJIHK,
HApOYHUTO aKO je KOPUCTaH CHI'HAJ KOPETUCaH ca HIyMOM. Y OBOM IOIJIaBJby JATH
CYy HyMEpPHUYKH PE3yNTaTH U KapaKTePUCTUKE 33 CIydajeBe KaJ je CHrHal JBa myTa
onMepaBaH 0e3 Kopenanuje u 0e3 pennHra, 3aTUM Kaja je Kopeiaucad 6e3 ¢peaunra,
U Yy Cllydajy KaJ je KOpeJNHCaH ca IIyMOM y MpHUCycTBY (emunra. CurHan ce
OoIMCpaBa y TpCHynuMa ) u f,.

s, (1) — P ——— z,
5, ®T = \’T‘/ ==,
n(t) 2cosmt

Cnuka 1. bunapnu xoxepenmnu PSK npujemnux

[IpermocTaBuMO 11a ce Imajby JBa CHTHANA, jeIWHWIA M HyJIa W HA OCHOBY HHHX
¢dbopmupajy ce ae xunoresze H, u H, Ha cnegehu HauuH:

Hy: so = Acos ot + n(t) (1)
H: s, = —Acos ot +n(t) (2)
rze je n(f) KOMIOHEeHTa IIyMa.

3a ciy4aj Kajga ce CHTHaNl JBalyT OJMEpaBa, a y HCTO BpeMe MpPHCYTaH je
KOpEJIMCaH! ITyM, pactofiena BepoBaTtHohe rpemtke nMmahe crenehn o6mmk:

(21-4F ~2R(z1-A4)(zp~A)+(zp-4)
1 202 (1—R2)

plz),2)=———F—=e 3)
v 27z02\/1—R2

rze je R koepHUIHeHT Kopenamuje.

Kax je mym Hekopenucan, ja OM ce Jakile M3padyHaja BepoBaTHoha rpernke
npenasu ce Ha noyapHe koopauHate. Dasza ce n00Hja M3padyHaBameM y (Ga3zHOM
JICTEKTOpY, a aHBellona Kao KBaJpaTHM KOPEH 30Mpa KBajapara CIy4ajHHX
IPOMEHJBUBHX Z| U Z,:

r=y(z )2 +(z; )2

0= arctani—2 4)
1

3aMeHOM MPOMEHJbUBHUX Y u3pa3 (3) no0wuja ce:

2 2 Ar(cos O+sin 9)+A2

e 20'2 (5)

r
,0)=
p(r.0) -

HuTterpamnmjom p(r,&) 10 CBUM BPEAHOCTHMA p 31pyXKeHe (YHIIKHje TyCTHHE

BepoBatHohe 1o0uja ce pyHKUMja rycTure BepoBaTtHohe 1o a3y 6 :
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P(Q)ZTP(”JQ):%‘KM -(1+\/7-7r (cos 0 + sin0)-
0 7

eﬁ(””"w)(l + erf[\/; -(cos 6 + sin 9)])) (6)
A2
raeje y = — 0HOC CUTHAJI/TITYM 10 CUMOOITY.
20

I'pemka nerekuuje Hacraje kanma je ¢asa BaH ormcera _ESGSE U BaXH 3a

ciydaj kax Hema ¢enunra. [Ipema Tome:
T

%
P, =1- [p(6)do (7)
_TT,
2
Ha cmumu 2. mare cy ymnopemne kapaktepuctuke PSK curnanma xoju ce mBamyT
oJIMepaBa y cllydajy Kaj je myM Hekopenrcan (R=0) u xana je xkopenucan (R #0).

VYxonuko je npucytan PejnujeB ¢peaunr, y je obnuka:

7
1 - /* —
plry)==-¢ /7 ,y,>0 (8)
Vb
IIe je ¥, Cpelma BPEIHOCT CUTHAJ/IIyMa Koja je H3padyHaBa U3 BapHjaHCe
CUTHAJIa U BapHjaHCe IIyMa:
— o
4
7 =% ©)
O-S
Tako nma cama u3pas (7) mpemcraBiba YCIOBHY BepoBaTHOhy rpemke. Tako ce
yKyITHa BEpOBaTHONA rpelke n3padyHaBa Kao:

Py = (B, ply)dy (10)
0

VY cny4ajy za je urym KopenucaH oOJUK 31pyskeHe (QyHKLHUje TyCTHHE BepoBaTHOhe
je obmmka kao y wm3pasy (3). IlpemackoM y moiapHe KOOpAWHATE CMEHaMa
x=rcos@ u y=rsin@,kao y npeTxoJHOM ClIy4ajy, 1o0uja ce:
r2—2Ar(c0s O+sin H)(I—R)+2A2 (I—R)—Rr2 sin26
r 202(1—1?2)

plr,0)= ————=e
276%\1-R?

HuTerpabebeM MO CBUM BPEIHOCTHMA p M00Hja ce U3pa3 y KoMe (UrypHile
Koe(umeHT kopenanmje R:

(11)

2

V1-R? “wr’ 1-R cosO+sin@
272(1— Rsin20) * "N+ R V1= Rsin20

7ﬂ 1+sin26 1_R 9 o
e 1+R1—Rsin29[1+erf|: y—— . tsin D (12)

1+R 1-Rsind

p<e)=°§p<r,e)=
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I'pemrka nerexuuje nata je u3pazom (6), U YKOJHMKO je mpucyTad Pejnujes ¢enuHr,
T7Ie je ¥ OJHOC CHUTHaJ/IIyM. YKyIHa BepoBaTHOha rpemnike u3padyHaBa ce Kao y
uspasy (10).
Ca cmuum 3. ce BUIM Ja BpeIHOCT BepoBaTHOhe rpelke omajga ca MopacToM
OJTHOCOM CHTHAJI/IyM. YOuaBa Ce€ Jla Cy KapaKTepUCTHKE, I je Koe(UIueHT
KOpenaIyje pasiiuuuT 011 HyJje, 00Jbe 0/ KapaKTepUCTHKE KaJla Kopemaluje Hema.
VY rpaHudHOM ciy4ajy Ja je Koe@HIUeHT Kopenanuje Bequku (R = 1), Ha OCHOBY
u3pasa (3) HaKOH pa3Boja eKCIIOHEHTa, 100uja u3pa3 cieacher odnuka:
_(z2-a)
1 252(1—132)
P(Z 1,22 ) D
2701 R?

A(22+21) 42
o0 (4R) , o?(1+R) (13)

1 1 :
VBonehu cmene ¢ = E(Zl +z,) ® b ZE(ZI ~z,) BpHHM ce poTamuja

KOOPJIMHATHOT CHUCTeMa Tako na je uspas (13) cieneher obmmka:

2
t
2o N24g 42

! PR o), ()
pltyty)=————=c¢ e W)L o (14)
v 276*\1-R?

M aKo ce y3Mme y 003up aa je 30or Benukor R (R=1)1j. 1+ R =2 cnenu xaa je:
2
/)
7y 24 A2
0‘2(1—R2) 4 5

1

plty )= ————=c¢
v 27[02\/1—R2

Jla Ou ce nobuiia BepoBaTHoha rpeuike 0e3 peauHra BpIiu ce HHTErPasbehe:

2 2

e 207 g 20 (15)

0

B, = [dt fp(tl)tz)dtz (16)
0

—o0
2
¥ aKO CC IPUMEHH CMeHA J = —— nobwuja ce:
20

Pb(7)=ﬁ-em e (17)

VY npucyctBy Pejnujesor deaunra kopuctu ce uzpas (8):

g@:“jpb(y)-pwy (18)

Hymepuuku pe3yTaTu U KapaKTePUCTHKE

Cnuka 2. mpukasyje ymopenHe kapaktepuctike PSK curHama xoju ce asamyT
oIMepaBa y ciydajy Kaj je myMm Hekopenucad (R=0) u kana je kopenucan (R #0).
VYkynHa BepoBaTHONA rpelike u3padyHaBa ce kao y uspasy (10) kopuctehu uspas

(6).
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P

10

10?2

1073 /®

2
o

108 <
N\
0 2 4 6 8 10

SNR

ORrR=0 @R=0.1 (DR=0.5 (@R=08 (G)R=09
Cnuxa 2. Kapakmepucmuxe eeposammohie epeuixe
0socmpyko oomepasarnoz PSK cuenana ca u 6e3 kopenayuje oes ¢peounea
B 1
10" AN
\X

®

[

10 20 30 40 50 60
R=0  (2R=01 (3RS 4R-08 '5R=09
Cnuka 3. Kapakxmepucmuxe eeposammuohe zpeuixe 060CmpyKo 00Mepasano
PSK cuenana ca u 6e3 kopenucanoe wiyma y npucycmsy geounea

Cnouka 3. mnpukasyje yrnopenHe KapaKTEPHCTHKE BEpOBaTHOhE TIpelike 3a
pa3IMYHTE BPEIHOCTH OHOCA CHTHAN/IIyM. Y0ouaBa ce J1a Cy KapaKTepUCTUKE, I/1e
je Koe(UIMEHT Kopenaluje pa3iuduT OJ] HyJie, 00/be O]l KapaKTEPUCTUKE KaJla
KOpenanyje Hema.

P(y)
5107 %
3107 \\
2:107 \
10° )
\_\-\
\-‘-‘
10 20 30 40 50 60

i
Cnuka 4. Kapakxmepucmuxe eeposammnohe zpeuike 080CmpyKo
oomepasanoe PSK cuenana ca kopenucanum wymom y
npucycmey ¢eounea 3a eenuku Koeguyujenm xopenayuje
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VY Tabenu 1. mpukazaHe cy HEKE O HyMEPHUYKHX BPEIHOCTH 32 TPAHWYHHU CIy4a]
Kaja je Koe(UIHUEHT Kopeannje NpUOIMKHO jeJHaK jeIMHHLIH, IITO je MPUKAa3aHO
Ha cuy 4.

Tabena 1. Tabauya Hymepuunux epednocmu eposamuohie
epeuike y npucycmsy gheounza 3a eenuKu KoeuyueHnm Kopeiayuje

Vb Py(yy)
20 0.00119156
21 0.00113486
22 0.00108331
23 0.00103624
24 0.000993092
25 0.000953392
26 0.000916744
27 0.000882809
28 0.000851297
29 0.000821957
30 0.000794572
3AK/BYYAK

Kox pagmo cucrema ammiuryna curaaisa Moxe Outu mpoMeHsbuBa. OBa TojaBa
HasuBa ce ¢enuHr. Kao mro je moMeHyTo, 4ecT pas3yior HacTaHka (eauHra je
MIPOCTHpak-E CHTHANIA TI0 BUIIE IyTEBa, YCien pa3HuXx pedirekcuja, mpoMeHa dase,
TaKo Ja ce Ha caMOM TpHujeMy J00Hja YMTaB CIIEKTap CHIHAja KOjU MOTHYE O
pednexcuja kopucHor curHana. CBU ce OHHM Ha TpHjeMy caOupajy W y4ecTBY]Y Y
VKYITHO] JETeKINju KOpHWCHOT curHanma. Hajuemrhe BpcTte ¢emmnra koje ce
M0jaBJbyjy Yy TNPHUPOAU MpPOCTHpama curHana cy PejnujeB u PajcoB deaunr u
TYCTHHA pacrojeie BepoBaTHalie aMIUIUTyAe KOJ OBakBHUX (pequHra mmajy Oar
PajcoBy mnu PejnujeBy pacroneny. YmpaBo je U ri1aBHa TeMa OBOT paja JeTeKIrja
CUTHaJla y IPUCYCTBY (DEAMHTa U IPYTUX CMETHHH.

Kao mro je Beh pedeno wuHTepdepeHmHMja ce YECTO TOjaBJbyje Y
TEJICKOMYHHUKAIMOHUM CHCTEMHMA M MPEJICTaBba y3ajaMHO JIejCTBO u3Mely cammx
cuMOoJ1a M TI0jaBJbyje ce Kaaa je PpeKBEHTHH OIcer CUCTeMa HETOBOJLHO BEJIUKH Y
OJTHOCY Ha ()PEKBEHTHH CIIEKTap AMTHTAIHOT CUTHANA Koju ce mpeHocH. [loromHo
je na ¢pexkBeHTHH omcer KaHaina Oyne mTo je moryhe mamum 300r ymrene y
(hpekBeHTHOM orcery. YTulaj uWHTepepeHIrje Ha BEpPOBATHONY Tperike
JUTUTATHOT CHCTeMa MOXKE ce M3padyHaTd. Mopa ce To3HaBaTh HaYMH KOJOBamba
Ja Ou ce oapenwia BepoBaTHOha IojaBJbuBama oapelheHe MOBOpKE HMITyJIca.
HuTepdepennyja ce y HEKUM CIIy4ajeBUMa MPEACTaBIba CHHYCHHM TaJlacOM ca
yHU(DOPMHO pacmofiesbeHoM (a3oM, a y HEKHM CIyYajHOM IPOMCHJPHBOM
['aycoBoM rycTuHOM pacmopene BepoBaTtHohe.

Ha ocHOBY u3Be/IcHUX aHaM3a, J00HMjEeHUX HyMEPHUYKUX MOJaTaka Kao U rpaduka
ca KapaKTepUCTHKaMa, MOXKE Ce M3BECTH jEMHCTBEHHU 3aKJbYy4YaK: JIa je MPHCYCTBO
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Kopenanyje y JeTeKIHjU CUTHaa TMO3UTHBHO, Ja JOOUTaK y JETeKIHMjd CHUTHAja
MOCTOjU IITO HMMa 3a MOCIEeNWIy Ja cMamyje BepoBaTHOhy ga cuUTHam Koju je
MocJIaT MOXXE OWTH TIOTPENTHO AeTeKTOBaH. JIOrWYHO je nma, IOIITO IOCTOjH
MOBE3aHOCT u3Mel)y JBa y30pKa jeJHOT CUTHaja, caMa (DYHKI[MOHAIHA 3aBUCHOCT
roBopu 0 ToMme Ja he jemaH oaMepak yTWUATH Ha OPYTH, IITO C€ W BHUIENIO W3
JIOCa/IalIbUX aHAN3a. 3HAYAJHO je HATJIACUTH Jia Y TIOCTYIKY J00Hjama pe3yararta
HyMEpHKa 3ay3uMa 3Ha4ajHO MeCTo M Ja he 3a mobpe pe3ynrare n3y3eTHO KOPUCHO
Ooutu nzabpatu A00pe anmpoKcHMallMje TPaHWYHUX BPEAHOCTH KAao IITO je Ouo
CITy4aj KaJia je Koe(hUIIUeHT Kopealyje MPUOIKHO jeTHAK jeIHHUIIH.

CBe 0BO TOBOIM 10 TPETIIOCTaBKe Aa OM ce aHanm3oM Beher Opoja y3opkoBama
jemHor curHana jo0uia jorn 00oJba KapakTepUCTHKA JCTEKIMje, alu Tpeda uMaTu
Ha ymy TO naa je Beh 3a y3opkoBame Tpeher cremeHa MaTeMaTHYKH arapaT
W3Y3E€THO CJIOKEH U YMHU TPEHYTHO OCHOBHY MOTEIIKONy 32 1ajby aHaIu3Yy.
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SIGNAL DETECTION IN COHERENT MODULATION WITH
DOUBLE MEASURING IN THE PRESENCE OF
CORRELATED NOISE AND FEDING

Summary: Very often the signal is transferred over more than one of paths in
mobile communications. On the input of receiver the signal disappears because the
directed and reflected signals are added and this is named fading. When the noise
is not correlated usual is enough to determine probability error in one moment.
When the noise is correlated it is important to determine probability of codeword
for two or more symbols. In this paper, the analyses of signal detection is described
when the signal is sampled in two time moments. It is taken in consideration that
the noise is correlated and influences to signal detection.

Key words: Noise, signal detection, codeword, correlation.
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ECTUMAIINJA BPEMEHCKE KAPAKTEPUCTHUKE
MEPHO-UH®OPMAIINOHUX ITPETBAPAYA

Baagumup MJIaJIEHOBI/Ihl, Ciao6oman BjeJmh2

Pesume: [lpu ucnpaswary nepuoOUdHUX CUSHAAA HA  U31A3Y  MEPHO-
UHGOPMAYUOHUX Npemeapaia HACMAjy OCYUNLO8AFA (CcMemibe) Koje u3asuedajy
donyHcke zpewike. Quimpu NOCMABbEeHU HA U3LA3Y UCNUMUBAILA, CMAF)]Y
8PEOHOCMU  08UX  OCYULOBAIbA  ANU  K8ape BPeMeHCKe  Kapakmepucmuxe
npemeapaia u uU3a3ueajy Kaulrberba y npoyecy obpade mMepHux cucHaid. Y oeom
paody onucama je npoyeHa epemeHcKe KApakmepucmuxe MepHO-UHGOPMAYUOHUX
npemeapava. AHamu3Upana je Oucnep3uja u eHmponuja y cayuajy Kkaoda je cucmem
Y HOPMATIHOM pexcumy paoa u kaoa 0ohe 00 ucnadara uz cucmema, mj. ymuyaja
CMemivblU Ha CUCTNEM.

Kibyune peun: Ecmumayuja, npoyena, mepHo-unghopmayuonu cucmem, oucnep3uja.

YBOJ

VY ananu3u oBor cucreMa u3dehuhiemo Tpaxkeme cMamemha BpeMeHa Kalllkbemha U3
HEKOJIMKO pasinora. [IpBu OU HAC 0JIBEO Ka CMambEHhY TAYHOCTH, U JPYT0, TOTPEOHO
j€ UCTIOIITOBATH 3aXTEBE 3a OP3MM JIeTIOBamkEM KOjU MOPajy 1a OyIoy BeoMa BEITUKH
Kako Cce TO U Hajlaxe Ha mnpeu mnonen. MWspaz (1) mnpukasyje mMomen
UMIUICMEHTHPAH Yy MeEpHO-UH(OpMAIMOHM TMpeTBapady 3a J0o0ujame KeJHbCHUX
nmapaMmeTapa 3a eCTUMAIIH]y.

zm{w} _o (1)

C(x)U'+D(x)I' -
Zastitini sistem

Z

Memi ¢lan Procesor

Objekat
zastite

I

Mogucnost

Cnuxa 1. lllema 3ameopenoe cucmema

! Mp Bragunmup MnagenoBuh, qurmi. uHT. e, MalInHCKO-EIeKTPOTEXHUYKA IIKOIa
[apahun, E_mail: vlada m@yubc.net

% 1p Cnoboxan bjenuh, ®TH Ipumruna KocoBcka MutpoBuiia,

E mail: slobodan_bjelic@yahoo.com
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AKO MEpHHU 4WIaH CaJpKK TakaB QUIITap KOjU je Ha PeJl YK/bYUYEH Ca MPOLECOPOM Y
KOJIy 3aIllITUTe 00jeKTa, Taaa 3Hajyhu yHyTpalllbe KapaKTephuCcTUKE 00jeKTa, MOXKe
Jla ce OLICHN MaKCHMaJIHO Moryhe BpeMe akBH3HIIM]j€ IToJaTaka Y MEpHOM WIAHy U
Ha Taj HAYMH Ce OJPEAUTH I03BOJFEHO BpEME Kallllbemha y pary puirpa.

AHajn3a cucreMa

VY 3amTHTHHO] IeMHM Ha CAWLM 1, TPOLECOp AMIHTAIHOT JelioBama o0jexTa
yIpaB/bama Aaje HapenOy (Hajor) ca MHTEpBAJIOM KBaHTOBamwa 7. OBaj HHTEPBAJ

Ce cacToju M3 MHTEpBalla yIpPaB/baukor 3ajarka (Hauora) 7, W maysa 7,, Tj.

Ty =7, +7, Kao IITO je NpukasaHa Ha ciuuy 2. JIo nojase ynpas/badykor CHUrHana
MOHAIIalke 00jeKTa Ce OMHCYje Y 3aBUCHOTH OJ CIIOJbHMX Moryhux morahaja u
IErOBY M3JIa3HY KOOPJAMHATY KapaKTEpHIIy CKYIOBU pejialyja ca MaTeMaTUIKUM
ouekuBameM m U pucnepsujom D . Ca nHpOpManoOHe TadyKe IVIEJUIITA OBAKBY
Heoipeh)eHOCT y JienoBamy 00jeKTa KapakTepulle eHTponuja H (x) .

D.()=D_f(1)

—3 T,
i ]
P! U | i
i‘ Ty [
TS - |
D
- = % %
, g ..‘\ /
D, \/ /

Cnuxa 2. Bpemencku moxk npomene oucnepsuje Ha UHmMepeany T

YKJbyueme 3aIUTUTHOT [iejla CUCTeMa JOBOJAU 10 CMamema AHUCIEep3rje 0 HeKe
BpeaHOCTH D, WiIn IpyruM peuuMa JI0 CMambema eHTpOomuje 300r yBohema Heke

KoJM4YKrHEe nH(popManuja / y 3alITUTHY KOHTYPY.
3anarak ce pemasa y3 cienehe npermnocraBke:
- objekat uMa MpeHoCHy (QpyHKIH]jY W(p),
- Ha o0jekar Jeiyjy ciy4ajHe CMETHe (Ha MpUMep KBapOBH) ca TUCIICP3HUjOM
D, y xopenanuonuM ¢pyHkuujama K, (r),
- o0jekaTt UMa UMITYJICHY IIPEHOCHY (DYHKIIHU]Y h(y).
Tana he ce Ha m3nma3zy o0jeKkTa y HEYNpaB/baHOM PEXUMY II0jaBUTH CHUTHAI ca
mucniepsujom D, (t) YHjU ce u3pa3 onpehyje 1o jeTHadnHY:

t y
Dy (t)=2]h(y)dy [h(y - 7)K . (r)d= )
0 0
rae je h(y) - UMITyJICHA TIpena3Ha (yHKnHja objekta. M3pa3 3a mucrep3ujy ce
MOYE HAIMCATH U Y OOJTUKY:
Dy (t)=D; f(t) (3)

f (t) - (hyHKIIMja KOja KapaKTepHUIle MPOMEHY TUCIIeP3Uje Y HHTEPBAILY T p-
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Bumectpyko ykipydeme yrpasibamba JOBOAU A0 TOra Jia ce Ha M3Jia3y yCIoCcTaBJba
CTALlMOHAPHH IIPOILIEC Y KOME ce IUCIEP3Hja Mekha ca MUHUMAaHE BpeqHoctu D,

Ha Kpajy UHTepBala 7, 0 MAaKCUMalHe BpeIHocTH D, Ha Kpajy MHTepBaia 7

P
Kao Ha CIINLM 2.
[Ipuparmraj eHTponuje 3a Bpeme 7 p CC MOXE H3DasHTH Y 00Ky :
D
AH =log, .| — 4
g2 D 4)

0
Jla Ou ce 00e30equIa CTAIMOHAPHOCT MpoIieca MOTPEOHO je J1a OJHOC KOJUYMHA
uHdopMaIja /, yHeleHa y jeIHoOM TakTy paja mporecopa, y MHTepBaly BpeMeHa
7o, Kpo3 BeIMuuHy ¢ =1/7, ITO IpelacTaBba Op3MHY NPEHOCA CAOIMIITEeHA Y

JIaTOM TakTy, Oyze jeqHaka ca ¢ = AH /7 Tj.:

c= L _AH (5)
o 7o
AKO y MOMEHTY 7, JINCTIEP3Hja MM MAKCUMAIIHY BPEIHOCT jefHaky D, Taja je:
DOZDz'_sz(Tp) (6)
Taxko na je Taga Takohe:
1 D 1 D
Cc= lo 4 - lo 1-—=flr 7
27, 82 D, -D.flr,) 27 £, 7te,) @

IIpema u3pasy (7), 3agajyhu norpebHy BpenHoct gucnep3uje D, mpema mo3HaToM
BpPEMEHY KBaHTOBaWba 7 U MHTEpBaTy 3amiTUTe (YIpaBibama) 7, , MOXe ce Hahu
norpeOHa Op3WHA mpeHoca WHpOpMalUja Yy 3alITHTHOM cucteMy. Moxe ce
PELIMTH W IPYTH THI 33/1aTKa: IPH 337aToj Op3uHU MpeHoca MHpopMaIja Moxe
ce OLEHUTU BpeJHOCT aucnepsuje D, n3nasHor curHama. M3 wmspasa (7) taxohe
cienu na xaga ce Op3wHa mpeHoca wH(popManuja 0eCKOHAYHO BEIHKO, ¢ =0 U
D, =0 mpumemyje ce u3pas:

D.f{r,)=D; ®)
Tj. mpu OWJI0O KOM HHMBOY aucnepsuje D,, qucnepsuja y HUHTEpBally 3allTHTE
(ynpaBspama) je Dy =0 . To 3Haum na u3nazHa BeauuuHa 00jeKTa, CTpyja U HAIIOH,
HPU3BOAN YIpaBJbamke 0€3 MKaKBe IPElIKe y MHTEPBAy YIIpaBJbarba a MAKCHMalHa
BPEAHOCT Aucnep3uje D, Ha Kpajy TakT-UHTepBaya ojpeheHa je BpeMeHOM Hays3e

7,. AKO ce 3Ha ma je Bpeme 7,

nperBapadya 7, =7; Tajga ce u3 u3pasza (8) moxe HahM BpeMe Kallibema MpPH

oJpel)eHO BPEMEHOM Kallllhelha MEPHOT

3a[aT0j MAaKCUMAaJIHOj BPEAHOCTH JUCIIEP3HUjH U3JIa3HOT curHaina D, .
Pamn wnyctpanmje Heka mTuheHH oOjeKaT WMa pPEIATHBHO IPOCTY IPEHOCHY

v W (p)=—.
bynxujy W(p) oy



124 36opnux paoosa BTILII Ypowesay

Pesyararu

Kopenammona ¢yHKIMja ciydajHUX MpOMEHa je KZ(T)zDZefa(’). Jlo3BoJbeHa

MakcuManHa aucnepsuja je D, . Tana je:

D 2t _1+aTt
Dx(t)zﬁ l-al+(l+al)e T —2¢ T 9)
1+7T
npu ol <<1:
T _r.
D.(t)=D.|l+e T —2¢ T (10)
VYenos (8) moBoau 10 U3pasa:
er Ty
- -— D
l+e T —2¢ T =—% (11)
DZ
WIH:
r o
e T =1x—% (12)
GZ
Jlo3BoJbEHA BpEAHOCT BPEMEHA KallIbErha:
7. < —T1n£1 iﬁj (13)
O-Z

IIpu o, =0 T1j. Kama je moTpeOHO MOMepame U3BOAM O€3 rpemaka TyX YUTaBOT
UHTepBana 7,, 7, <0, MepHH MpeTBapad Mopa Ja npeHece HHPOPMALU]y WIH J1a

YOIIIITe HeMa Kalllkbema. Kana je o, =0, 3a 7, ce MOXe I0OCTaBUTHU yCIIOBE:

P

7,<o0,7,<-07-T (14)
IIpBu ycnmoB moka3dyje ga MepHa WH(OpMaIija He Aoja3d Ha yia3 Ipolecopa.
Jpyru ycioB y IaToM Cily4ajy HeMa TEXHHYKOI CMHUCIa U ojdamyje ce. Ha Taj
HAYUH je:

T, < —Tln(l—&j (15)
GZ
3a KOHa4yHy BpEJHOCT Op3uHE NpeHoca MH(OpMalMja BPEJHOCT 7, MOIy ce

OJIPEIIUTH PELIABAEM U3pasa (4) mo 7, IITO je MPUKA3aHO Ha CIMIH 3:
&[1—2‘20(% ”z)j=1+e_T 2 T (16)
DZ

Ogaj u3pa3 ce cBou Ha ycios (12) ykomiko je 2720 << 1, 7y =7, +7., 7 =T
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iSTiS

0.6

0.4

2 4 [ 8 0 .
T

Cnuka 3. Bpeonocm op3une nperoca ungpopmayuja
3AK/bYYAK

VY oBOM pany ommcaHa je MPOIEHa BPEMEHCKE KapaKTEPUCTHKE MEPHO-
MHQOPMAIMOHKX IpeTBapaya. AHAIW3KUPaHAa je IUCTIep3uja U SHTPOIHUja y CIIydajy
Ka/1a je CHCTeM y HOPMAJIHOM PEKUMY paja U Kajaa nohe 10 ucraiama u3 CHCTeMa,
Tj. yTHIIaja CMETHH Ha cucTeM. M3BeneHa aHamm3a MOke OUTH ymoTpebJbaHa Kao
MOJIEN 32 MPOjEeKTOBAkE M U3yUyaBame CUCTEMa KOju MOTy Op30 1a mpaTe MpoMeHe
y CHCTeMHUMa 3aIITHTe Kako Ou ce moBehana cama ehuKacHOCT.
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ESTIMATION OF TEMPORAL CHARACTERISTIC OF
MEASUREMENT-INFORMATION CONVERTERS

Summary: Using correction of periodical signals on the input of measurement-
information system the noises become that named additional errors. Filters reduce
values of these noises and corrupt the time characteristics of the system and carry
in delay in signal processing of measurement signals. In this paper, the estimation
of time characteristics of measurement information system is described. The
dispersion and entropy are analyzed in the case when the system is in normal mode
and when is system fall down when the noises are present.

Key words: Estimation, measurement-information system, dispersion, entropy.
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YTUIAJ HEAOMNHAHTHHUX BUIIINX XAPMOHUKA HA
JOMUHAHTHUA OCHOBHU XAPMOHHUK Y
EJIEKTPUYHUM MPEKAMA

Baaguvup Miaxenosuh', Ciro6oaan Bjenunh’

Pe3ume: V paoy je dama ananusza ymuyaja umux XapmoOHUKA NPUCYINHUX Y
CNEKMPUYHUM MPENHCAMA HA peanHu 0OaUK cucHaia ocHosHe ¢pexeenyuje. Osa
aHanuza modce Oumu uckopuwihena Kao Mooel 3a UCMpAadXsCugarbe ymuyaja
KOMHOHeHmu y NOAUDA3ZHOM cucmemy Koje ce jasmajy y 00aUKy OupeKkmHuux,
UHBEP3HUX U HYIMUX KOMIOHEHMU.

Kibyune peum: Hecumempuune Komnonenme, euuie xapmoHnukxe, Rice nooena,
penejua oucmpubyyuja.

YBOJ,

[lo3naro je &ma je y eNEKTPUYHUM Mpekama CHTHaJl OCHOBHE ()pPEKBEHIHje ca
ammutyaom 220 V u ¢pexBennmjom 50 Hz. Y MHOTHM aHann3aMa OBaKaB CUTHAN
ce y3uMa Kao ujeajaH Kako O ce 3a00MIUIH e(eKTH U300IHYeHha pa3HUX O/131Ba.
MebhyTtum, y pearHuM €NEKTPUYHUM MpekaMa BeoMa YeCTO Cy NMPUCYTHH pa3HH
edexTr 300r IPUCYCTBA HECUMETPHja KOjU 3HAYAJHO ACTpasupajy mpaBy ymoTpeOy
CHI'HaJla OCHOBHE (ppEeKBEHIIMje, M CBaKa Jajba aHaiu3a o0yxBara IOCMaTpame M
MOKyTIaj yOmakaBama oBUX edekaTta. 3a Te cHTyalldje aHaIHW3a yTHIIaja BPIIU CE
TpaHcpopMaljaMa y KojuMa ce oBH edektn yOmaxapajy. [lopen edekara
HECUMETPHje OCHOBHH CHT'HAJI y CBOM CacTaBy BEOMa YECTO MMa IPUCYCTBO BHIIHX
XapMOHHKa KOjH Ha oapeheHM HauyWH MOTy Ja yTHYYy Ha FEeTrOB OOJIMK IINTO
HApOYHUTO MOXeE J]a UMa JIOITY TOCJIEANILy YKOIUKO CUTHAJI OCHOBHE YUECTaHOCTH
HOCU HEKy HH(pOpMaIyjy.

AHAJIM3A CUCTEMA U INPETIIOCTABKE

CrioMeHyTa aHanM3a yTHI@ja BHUIIUX XapMOHHKA Ha OOJHMK pEaJHOT CHUTHAja
ocHOBHE (ppekBeHITHje Onhe M3BeNeHA aHATN3a y3 oJipeheHe mpeTmocTaBKe:

! Mp Bragunmup MnagenoBuh, qurmi. uHT. e, MalInHCKO-EIeKTPOTEXHUYKA IIKOIa
[apahun, E_mail: vlada m@yubc.net

% 1p Cnoboxan bjenuh, ®TH Ipumruna KocoBcka MutpoBuiia,

E mail: slobodan_bjelic@yahoo.com
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1) cBe Cy KOMIOHEHTE CJIOKCHONEPUOIMYHOT CHTHAJNA MOJjeJIHAKO
JOMHUHAHTE IITO 3HAYM Ja KOMIOHEHTE BHUIIMX XapMOHHKA IO/IjeIHAKO CY
3aCTyIUbEHE Yy NPUOIMKHO HCTO] MEpH Kao M CHIHAI ca OCHOBHOM
(dpekBeHIIMjOM W  (QpEKBEHIMjE€ BHIIMX XapMOHHKA jelHAKe Cy
[EJIOOPOJHOM YMHOIIIKY BPEAHOCTH OCHOBHE (h)pPEKBEHIIHjE CUTHANA U

2) CBH IPUCYTHH CUTHAIIU Y €TIEKTPUYHO] MPEXH Cy HcTe Pase.

CurHan ocHOBHe (pEKBEHIIHjE Y €ISKTPUYHUM MpekaMa Hajuemrhe je omucaH y
cnenehem oOnuky:

s(t)= 4, cos(wyt +6,) (1)
rie cy A, - aMIUIMTyJa OCHOBHOI XapMOHHKA, @; - (DPEKBEHIMja OCHOBHOT
XapMOHMKAa M 6, - (aza OCHOBHOI XapMOHHKA, JOK Yy HPHCYCTBY BHIIHX

xapMoHuKka nmahe cnenehn o6mmK:
s(t)= 4, cos(wyt + 0,)+ ¥ A, cos(wyt +6,) (2)
k#1
IJIe CY CBH BUIIM XapMOHUIIY CYNEPIIOHUPAHU Ca OCHOBHUM XapMOHHKOM.
[Ipumemyjyhu yBeaeHe npeTnocTaBke U3 MpBE CIEAU Ja je @y = k- @, U U3 Apyre
e =0,=.=0,=0.
Taxo he curHan y eneKTpUIHOj] MPEXU UMATH ciefnehn o0nuK:
s(t)= 4, cos(wyt +0)+ Y 4, cos(k - w,t + ) 3)
k

Paznaramem KocuHycHe DyHKIH]jE Y CYMH XapMOHHKa JJoOHja ce:
s(t)= 4, cos(wyt + 0)+ Y 4; cos(k - wyt)cos(0) -3 A, sin(k - wt)sin(0) 4)
k k

U TpyIHCakeM Y3 WiaHoBe cos@ W sinf yBenw ce CMEHa:
x;(t) =2 4 coslk - wt)
k

yk(t):%Ak sin(k - ont) (%)
u gobwuja ce:
S(t) =4 cos(wll + 6)+ X (l)cos 0—y; (t)sin o (6)

YBohemem cMeHe:
X (t) =7 (t)COS[]/k (t)]— A, cos w;t

i) =1 @)sinly ()] - 4y cos ant (7
Hobwuja ce:
s(t) = ri (t)cosy, (¢)+ 6] (8)

U3 popmupanux cmena u3 uzpasa (7) cienu na je:

r () =g () + (1)

Vi (t) = arctan i:]]: g)) 9)

[pernocraBuhemo, Takohe, 1a cy CBU BUIIU XapMOHUIIM CIIy4ajHOT KapakTepa u 1a
Cy 3aIlpaBO BEJIMYUHE X;(f) U Y, (t) HE3aBUCHE CIIydajHe BeIHMYUHE ca ['aycoBom
(GYHKIMjOM TYCTHHE pacIliojielie HyJITe Cpele BPEAHOCTH TAaKO Ja Ha OCHOBY

eneMeHaTa TeopHje BepoBatHohe (Gopmupajy 3apykeHy QYHKIHU)Y pacrojene Ha
cienechy HauuH:
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Pl yi)=pi(xe ) 2o () (10)
TJie Cy:
R oo
2 2
pl(xk) odon pZ(yk) U\/% (11)
TaKo 1a je:
21y
1 )
Pl yi)=——="¢ (12)
2o

Ja 6u ce mobmia yKkymHa (GDyHKIHja pacrojiele U YTHIIA] CBUX BHUIINX XapMHUHUKA
HEOIIXO/HO je MOCNIeA’BH U3pa3 TpaHC(HOPMUCATH Y HOBOJOOUjEHE BEIMUUHE 7} (t)
Uy (t) To ce mocTmwke TpaHCHOPMAIIH]OM p(rk,yk ) = p(xk,yk ) |J| =
= p(rk CoS ¥y, 1y, Sin ;/k) rae je:
axk axk
J:a(Xk,yk): a]"k 8}/k

a(l”k,j/k) ayk ayk
o 0y

=1 (t) JakoOujan Tpancopmanmje.

EnementapHuM MaTeMaTHUKUM olepanujama qoouja ce:

rk2+A12—2-rkA1 cos(a)lt+;/k )
1 r 2
plir) =" e 20 (13)
27 o

WnrTerpasemeM 3npyxeHe (yHKIUje pacrmojene To cBuUM ¢aszama mobduja ce
(hyHKIIMja TYCTHHE pacmojee:

p(rk)sz(rk’yk)dyk (14)

TECTOBU U PE3YJITATH

3a pemaBame wuHTerpana u3 uspasa (14) HeonmxomHO je KopuCTUTH ToMohy
monugpukoBany becenoBy QyHkujy:

1 2 .

L(x)=—= T " dq (15)
272' 0

U BCHUM pelllaBambeM 100uja ce:
2+ 42

r - 2 A

pl)=—"5-e 20 10( ";j (16)
o o

IITO IpeAcTaBiba QyHKIM]jy rycTHHE PajcoBe pacmonene:
4.2
2 1

= (17)

20672
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Cnuka 1. Kapakmepucmuxa ymuyaja amMnaumyoa Umux Xapmonuka 3a mpu
paznuyume 6peOHOCY AMNAUMYOe OCHOGHO2 XAPMOHUKA

Ha cimmu 1. mprkazaHa je KapakTepHCTHKA YTHIAja aMIUIATYAa BUIIUX XapMOHUKA
32 TPU pa3IMYUTE BPEAHOCTH aMIUIMTYJEC OCHOBHOT XapMOHHUKA. 3HA4ajHO je
3ama3uTH Ja cy HajBehM yTHIaju BHIIMX XapMOHHMKA YIPABO Yy YKOJIWHH TAE Cy
aMIUTUTYZI€ OCHOBHOI M BHIIMX XapMOHHMKa NpHOMMKHO jenHake. Mcmon oBux
BPEIHOCTH YTHIIAj BUIIMX XapMOHHKA je TPAKTUYHO 3aHEMApJbUB IITO CE TyMauyH
THME J1a Cy U CaMe aMILUTUTY/Ie BULIMX XapMOHHMKA Majie Te¢ HUCY y MOTyhHOCTH J1a
Jierpasupajy CHI'HaJl OCHOBHOT XapMOHHKa. V3Haj OBHX BpPEIHOCTH CMambeHE
yTUIaja BHIIMX XapMOHMKAa TyMadd c€ THME INTO Cy BHUIIM XapMOHHIHN
pa3nuuMTUX (QpEeKBeHIMja Ia ce W caMe amIumMryne MehycoOHo Opike
CYTIEpIIOHUPA]Y.

VYKONIHKO KEJIMMO Ja BUANMO YTHUIIA] ca CTAaHOBUIITA (pa3e HA CHTHAJI OCHOBHOT
XapMOHHKA HEONXOJHO j€ W3BPIIMTH HHTErPabebe 10 CBUM aMIUIMTYIaMa
CHTI'HaJIa BUIINX XapMOHHUKA CaJIPKAHUX Y 7y .

HHuTerpassemeM 3apykeHe (GyHKIHje pacmomene 1o cBuM ¢aszama mobmja ce
(yHKIHMja TycTHHE pacrnopere:

p(ri) =1l 7 )dr, (18)
0
Pemagamem nnTerpana u3 uspasa (18) nobuja ce:
! 4% 41 42 sin 7 y
_ 202 1 2 1
plye)=—-e +—=——=cosy; ‘e 2—erf cosy (19)
( k) 17 \/EO' /—472_ k \/EO' k

Ha cianum 2. mpukaszaH je yTUId] BUIIUX XapMOHHKa KOJU Cy Ca pa3IMYUTUM
¢azama. Ha mcTu HaumH Kao W y MPETXOAHOM CIydajy y3eTa cy TpH clydaja
ocHOBHOT xapMmonuka. [Ipumehyje ce na je HajMamu yTHIA] Y BPEIHOCTAMA TIE Cy
(haze Mel)ycoOHO PUOIINKHO jeTHAKE.,
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Cnuka 2. Kapakmepucmuxa ymuyaja amnaumyoa UUX XapMOHUKa 3a mpu
pasnudume 8peoOHOCmu paziudume ghaze 0CHOBHOS XAPMOHUKA

3AK/bYYAK

VY peanHuM eNeKTPUYHUM Mpekama BeoMa YecTo Cy MPUCYTHH pa3Hu edeKTu 300r
MPHUCYCTBA HECHMETPHja KOjU 3HAYajHO NIErpajiupajy yrnorpedy CHUTHajla OCHOBHE
tdpexsennuje. [lopen edexata HeCHMETpPHje OCHOBHH CHTHAl y CBOM CacTaBy
BEOMa YeCTO UMa IIPUCYCTBO BHIIMX XapMOHMKA KOjU Ha opeljeHr HauuH MOTy Ja
yTHYY Ha HEroB OOJMK IITO HAPOUMTO MOXKE J1a MMa JIOUIY MOCIEOHIy YKOJIHUKO
CHI'HAJI OCHOBHE YYECTaHOCTH HOCHM HeKy uHpopmauujy. Y paay je omnucaHa
aHanM3a yTHIAja BHIIMX XapMOHWKA NPHUCYTHUX y EJEKTPUYHHM MpekaMa Ha
peamHu OONMK CHUTHaJla OCHOBHE (pekBeHUHMje. 3HA4YajHO je 3amasuTdu JAa Cy
HajBeln yTHIAjH BUIIMX XapMOHHMKA YIPAaBO Yy OKOJMHU TA€ Cy aMIUIUTYJE
OCHOBHOT ¥ BHIINX XapMOHHKa NPUOMMKHO jenHake. Mcmox OBHX BpeaHOCTH
YTHIAj BUIIMX XapMOHHKA j& TIPAKTHYHO 3aHEMapJbHUB IITO CE TyMadd TUME Jia Cy
U caMe aMmIUIUTyle BUIIMX XapMOHMKa Maje Te Hucy y MoryhHocTH na
JieTpasipajy CHI'HAJI OCHOBHOT XapMOHMKAa. V3Ham OBHX BpPEIHOCTH CMambeHe
yTHLAja BUIIMX XapMOHMKA TyMadd C€ THUME IITO Cy BHIIM XapMOHHUIH
pa3nuuMTUX (QpeKBeHHMja Ia ce W caMe amIumMtyne MehycoOHo Opike
cymeprnoHupajy. AKo ce ciy4aj mocMmarpa ca crpaHe (aze mpumehyje ce ma je
HajMamH yTUIA] Y BpeaHOCTHMA The ¢y ¢a3e MeljycoOHO TpHOIIKHO jeTHaKe.

OBa anHanuza MoOXe OMTH HCKOpHIIheHa Kao MOJEN 3a HCTpaKUBame yTHIaja
KOMIIOHEHTH y TONu(a3HOM CHUCTEMY KOjH C€ jaBJbajy y OOJHKY JUPEKTHHX,
MHBEP3HUX M HYJITUX KOMITOHEHTH.
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INFLUENCE OF UNDOMINANT HIGHER HARMONICS ON
DOMINANT BASIC HARMONIC IN ELECTRIC NETWORK

Summary: [n this paper, the analyses of influence of higher harmonics that
present in electrical networks is described to real form of basic frequency of signal.
This analyses can be used to research influences of componets in polyphase
systems that can be observed in form of direct, inverse and zero components.

Key words: Nonsymmetrical components, high harmonics, Rice distribution,
Rayleigh distribution.
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ITPEBEJIEHU PAIOBU CA CUMIIO3UJYMA
EHEPIT'UJA 2006-3JIATUBOP

Jejiena PajoBuh1

APPLICATION SANCOM HERZ SOFTWARE FOR
PROJECTION OF HEATING SYSTEMS AIR CONDITIONING

INTPUMEHA SANKOM HERZ-SOFTVER-a 3A
INPOJEKTOBAILE CUCTEMA I'PEJAIBA "
KIMMATU3ALMJE

Pesume: SANKOM HERZ-SOFTVER cayocu 3a  npojekmosarwe cucmema
epejarba u Kaumamuzayuje nomohy pauynapa kpos cieoehe akmueHOCmu:

1. Jle¢punucamu onwme nooamke o cucmemy.

- Cnosmna npojekmna memnepamypa (y npumepy -15 °C).

- Temnepamypa epejuoe ¢yuoa.

- Paseoona memnepamypa Tr .

- Pasauxa memnepamypa y dT.

- Ilapamempu uzeopa monnome:
Ipumucax y komay dP = 1000 Pa.
3anpemuna xomna V =4 | (3anemapyje ce y npopauyHuma, aiu je HEONX0OHO
nonyHumu nosve).
Pacnonoscusu npumucax.

- Illapamempu npopauyHua.

2. Ooabupame yesu.

3. Ilooayu o npocmopujama.

4. Ipmare yesogooa, uzbop u yypmasarve GeHmuid, usO0p u ypmarbe

paodujamopa, odpehusarve 301e npocmopuje.
5. Ilocmaemarwe nymne na yeo80o.
6. H3spaoa npopauyna.

Summary: SANKOM HERZ-SOFTWARE is used for the heating and air-
conditioning systems design by use of computers carrying out the following
activities:

! Jenena Pajosuh, nmpodecop Enrneckor jesuxa, Buma TexHuuka mkona Ypouiesar,
3BeyaH, E_mail: gvozdena2001@yahoo.com
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1. Define general system data
- Outer design temperature (in the sample -15°C).
- Heating fluid temperature.
- Distributive temperature Tr.
- Temperature differences in dT.
Heating sources parameters:
Bozler pressure dP = 1000Pa.
Boiler volume V = 4 | (neglected in estimates but is to be filled in the box).
Available pressure.
- Estimate parameters
2. Choosing of pipes.
3. Data on the rooms.
4. Pipelines drawings, choice and drawing of valves, choice and radiators
drawing, defining of room space.
5. Pump setting on the pipeline.
6. Estimate making.

INPOPAYYH I''TABHUX TEPMOJIUHAMHUYKUX
ITAPAMETAPA ITAPHOI' BJIOKA 3A KOMBUHOBAHY
MMPOMN3BOABKBY EJEKTPUYHE U TOIIVIOTHE
EHEPIT'MJE IPUMEHOM CO®TBEPCKOI' HIAKETA
3A CUMVYJIALINJY EXCHP

ESTIMATE OF THE MAIN THERMODYNAMIC STEAM
BLOCK PARAMETERS FOR COMBINED PRODUCTION OF
ELECTRIC AND HEAT ENERGY BY USE OF THE
SOFTWARE PACKAGE FOR EXCHP SIMULATION

Pe3zume: Kombunosana npouzeo0rma moniomHe U eleKmpuyHe eHepeuje y
NAPHOMYPOUHCKUM NOCMPOjerbiMa Yy CImpameuju pazeoja enepeemuxe 3aciydicyje
Hajeehy nascry. Kombunosana npouzeodma moniomue u erekmpuyme euepeuje
ucnymwaea Hajeehu Oeo ycnosa 3a 0CmMeaApuearbe PAYUOHANHE eHep2emcKe
noOIUmMuUKe jep ce OCmMaapyjy geauxe yuwmeoe K00 Npou3g00we npumapHe eHepeuje y
00HOCY HA eKBUBANEHMHY 0080jeHy NPOU3BOOTbY.

Kombunosana npouzeodrwa KopucHe CcHaze U MOWIOMHe  eHepeuje Y
koeenepamusnum nocmpojervuma (CHP-combined heat and power) npedcmasma
nym 3a payuHanu3ayujy nompourbe enepeuje Kako Ha MUKpo mako u Ha MaKpo
nAaHy.

V' uajonwmujem cmucny npoyec koecemepayuje ce modce OepuHucamu Kao:
Koeenepayuja je mepmoounamuuxa cek@enyujanria npousgoorba 08ajy uiu euuie
KOPUCHUX 00UKa eHepauje, U3 UCMO2 NPUMAPHOZ eHEP2emcKo2 U360pa.
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Koeenepayuja je npoyec xombumnosane npouzgoorbe eieKmpuuue u mMONJIOMHe
enepeuje, Kopuuhieroem ucmoe NPUMApHO2 eHePeemcKo2 U360pa.

Kopuwherwem mexnonozuje napanenne npouzso0rwe MONIOMHE U eleKMpPUyHe
eHepeuje nosehasa ce enepeemcka U eKOHOMCKA eQUKACHOCH.

Koeenepayujcxu cucmem 6azupan Ha napHoj mypouHu cacmoju ce uz mpu 2iasHe
KOMNnoOHeHme: uzgopa monjiome, napie mypobute u pacxiaonoe npoguna. Cucmem
paou y Pankune-080m Yukmycy, ¥y 0CHOBHOj hopmu uiu ca nobomuarsuma y euoy
Mmehynpezpesarba uiu pezeHepamuerHoz 3azpesarnd HanojHe eode. Hajsehu oeo
xkanayumema CHP nocmpojera, uncmanupar 00 panux 1900-mux, 3acnusa ce Ha
cucmemuma 0802 mund.

Hajzacmynmwenuju usgop npumapne monnome o0602a cucmema cy KOMIIO8U,
JIOJICEHU KAKO PAZTUYUMUM BPCMAMA 20PUBA MAKO U PA3TUYUMUM KOMOUHAYUjaMA
20pUBa, ¥ YUy 2eHepucara npespejare gooeHe nape. Ymecmo Komuoga, Moy ce
Kopucmumu u Hykieapuu peaxmopu. C Opyee cmpane, cucmem modice 0a 0a ce
KOpucmu U OOHOB/BUBUM 6PCMAMA eHepeuje - buomaca umu KOHYEHMPUCAHO
conapno 3pavere. Kao ecopuso ce, uax, mozy Kopucmumu u OmMNAOHU
HYCNpOU3800U, NPU Yemy KOmao mopa bumu onpemmwen odz2osapajyhom onpemom
3a cmarberve 3azaherva.

Paonu  napamempu xomna eapupajy 'y wupokom oncezy. Y  cayuajy
KO2EHEePamuGHUX NOCMpPOjerbd NPUMUCAK NpUMApHe 800eHe nape Mmodxce 0d ce
Kpehe y oncezy 00 nexoauxo bapa mo oko 100 bap, dox ce memnepamypa 8ooeHe
nape xpehe y oncezy 00 uexonauxo cmenenu 0o 540°C. Hznazna craza osaxeux
nocmpojersa ce kpehe y oncezy 00 0,5-100MW, uaxo je mocyhe dobujarve u uuiux
CHaea.

Axyenam 0602 pada ycmepen je Ha Kopuuihieroe KO2eHepamuHux Nnocmojerba y
yumy noeeharba onwimez HUB0A eHepeemcKe eqUKACHOCMU V HAWO] 3eMmbu U
NpoOpauyHy — 2AA6HUX  MEPMOOUHAMUYKUX —RnaApamemapa napHoz 010ka 3d
KOMOUHOBAHY NPOU3BOORY eNleKmpuyHe U TMONJIoOmHe eHepeuje V3 Kopuuiheroe
npoepama 3a cumyrayujy EXCHP u npoepamuparee (npumersena memooa) Visual—
Basic.

Summary: Combined production of electric energy in steam-turbine plants,
defined by the strategy of energetics development, is worthy of the greatest
attention. Combined production of heat and electric energy fulfils most conditions
for needed for achievement of the rational energy policy owing to great savings in
production of primary energy in relation to the equivalent separate production.
Combined production of useful power and heat energy in co-generative plants
(CHP-combined heat and power) represent the way of rationalization energy
consumption in view of both micro and macro plan.

Generally speaking, co-generative process can be defined as follows: It is a
thermo-dynamic sequential production of two or more useful forms of energy from
the same primary source.

Co-generative process is the process of combined production of electric and heat
energy by use of the same primary source of energy.

Using the technology of parallel production of heat and electric energy, the
efficiency of both the energy and economic efficiency are increasing.
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Co-generative system, based on the steam turbine, consists of three main
components: heat source, steam turbine and cooling profile. The system works in
the Rankine cycle, in the basic form or with improvements in the form of inter-
overheating or regenerative heating of feeding water. The largest part of the CHP
plant capacity, installed at the beginning of the 1990s, is based on such systems.
The most common source of primary heat based on this system are boilers heated
by different kinds of fuels, as well as different combinations of fuels, in order to
generate overheated water vapour. Instead of boilers, nuclear reactors can be
used. On the other hand, the system can be used with recovered kinds of energy -
biomass or concentrated solar radiation. Even waste by-products can be used as
the fuel, but in that case, the boiler must have appropriate equipment to decrease
pollution.

Working parameters of the boiler vary in a wide range. In case of co-generative
plants, the pressure of primary water vapour could be in the range of a few bars to
around 100 bars, while the water vapour temperature is n the range of a few
degrees to 540°C. Exit power of these plants is ranging from 0,5-100MW, but even
greater powers are possible to achieve.

The accent of this work is directed to the use of co-generative plants with the aim
to increase general level of energy efficiency in our country, and to the estimate of
main of main thermodynamic parameters of the steam block for combined
production of electric and heat energy by use of the programme for EXCHP
simulation and programing (applied method) Visual-Basic.

EKCIIEPUMEHTAJIHO OAPEBUBAIBE I'NIABHUX
TEPMOANHAMHNYKUX ITAPAMETAPA ITAPHOI'
TYPBOIIOCTPOJEIBA ITPU TIPOMEH/bUBUM
PEXUMUMA PAJTA

EKCIIEPUMEHTAJIHO OAPEBUBAIGE I'NIABHUX
TEPMOINHAMMNYKUX ITAPAMETAPA ITAPHOI'
TYPBOIIOCTPOJEIBA ITPU TIPOMEH/bUBUM
PEXUMUMA PAJTA

Pe3ume: [ nasnu mepmoounamuuxu napamempu naproz mypoonocmpojeroa (GI1P-
PT) npeocmasmajy senuuune xoje Hajoome onucyjy eKOHOMUYHOCH padd NApHoz2
mypbonocmpojerva (PT) y cmayuonapnum pedxcumuma pada (HOMUHATHOM U
NPOMEHWDUBUM PENCUMUMA). Y MUM  peHCUMUMA eKOHOMUYHOCTH NpedCcmassbd
enasny Kapaxmepucmuxy egukacnocmu paoa PT. GTP-PT npedcmasmajy
enobanne kapakmepucmuxe pada PT, jep ce na 0cnogy muxogux pedHocmu modice
OOHemu 3aK/bYYaK camo o pady cucmema Kao yeaune. Bpeomocmu enasnux
MePMOOUHAMUNKUX NAPAMEMApa KOpUcme ce npu KYROGUHU HOBUX NOCMPOjersd 3d
OYeHY MUX0802 Keaiumema, a ymephyjy ce moKoM 2apauyujckux UCHUmMugarsd.
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Osge genuuune ce maxkohe mMozy UCKOPUCTIUMU 34 OYeHY eKOHOMUYHOCIU Ca KOjoM
paode nocmpojera y ekcnioamayuju 3002 ueaa ce epuLe NO2OHCKA UCHUMUBAFA.

Y moxy excnioamayuje nocmpojerva nompeOHo je NepuoOUUHO BPUUUMU
oopehusarve epednocmu GTP. 3amo wmo je mwUX080 cMarberbe UHOUKAMOD
nocopuianux ycnosa paoa y Hekom oo denosa I1T. O kome ce deny paou, ne modice
ce 3axmyuumu camo Ha ocHogy epeonocmu GTP-PT. Jla 6u ce ycmanoguo y3pox
cmarerva epeonocmu GTP, nHeonxodHo je usepuwumu 0ooamue ananuze. Jeoua oo
8D/10 ePUKACHUX AHAU3A je bunancuparse napHoz mypbonocmpojersa u o10xa no 1
u 11 3axony mepmoounamuxe. Taj 3a0amax Huje mewKo ocmeapumu, jep cy 3a mo
nompebne eenuyune Koje ce unave kopucme npu oopehusary GTP-PT.

Summary: The main thermodynamic parameters of steam turboplants (GTP-PT)
are values that in the best way describe the economical operation of steam
turboplant (PT) in stationary operational regimes (nominal and variable regimes).
In those regimes economy presents the main characteristic of efficient operation of
PT. GTP-PT presents global operational characteristics of PT, because according
to their values it is possible only to make a conclusion on the system operation as a
whole. Values of the main thermodynamic parameters are used in purchasing of
new plants for their quality evaluation, and are determined during investigations.
These values can also be used for evaluation of performance economy of plants in
exploiting, because of what the plant investigations are performed for.

During the plant exploitation it is necessary periodically to conduct value
determination of GTP, because their reduction indicates aggravates working
conditions in certain parts of PT. It is not possible to determine only according to
value of GTP-PT which part is in question. In order to determine the cause of GTP
value reduction, it is necessary do conduct additional analyses. One of very
efficient analyses is balancing of steam turboplant and block according to 1st and
2nd Law on thermodynamics. This assignment is not easy to accomplish, because
this requires values that are usually used in determination of GTP-PT.

YV moky excnioamayuje nocmpojersa nompebHo je NepuoOuUHHO GPUUUMU
oopehusarve epeonocmu I'TIl. 3amo wmo je mUX080 CcMarberbe UHOUKAMOD
nocopuianux ycinosa paoa y Hekom oo denosa I1T. O kome ce deny paou, ne modice
ce 3arxmyuumu camo Ha ocuogy epeonocmu I'TII-IIT. /la bu ce ycmanoguo y3pox
cmarverna speonocmu 1'TI, neonxooHo je uzepuwiumu dodamue ananuse. Jeoua oo
BP0 eUKACHUX aHATU3A je DuNaHcupare naproz mypbonocmpojerwa u 61oxa no 1
u 11 3axony mepmoounamuxe. Taj 3a0amax Huje mewxo ocmseapumu, jep cy 3a mo
nompebne eenuyune Koje ce unave kopucme npu oopehusary GTP-PT.

JIUTEPATYPA

[1] XpBarcko-Enrnecku peununk, Munan Jlpsoxenuh, Texnuuka kmura 3arpeo,
2003.
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YTUHAJ KAPAKTEPUCTUKA KOH3YMA U HECUMETPUJA
HA KOHUHENNIUJU JUCTPUBYTUBHE TPA®OCTAHUIIE

Ypour J akumh', Co6onan bj esnh’, Henan MapKOBnh3

Pesume: llpowuperse u passoj epadosa u npucpadckux Hacemd, ¢ 003Upom Ha
ymuyaj Kapakmepucmuxa npujemMHuxa u moeyhe Hecumempuje u noeeharve
onmepeherwa namehy nompeby uzbopa epuKkacHujux mexHUUKux pewiersa u
€BEHMYAIHO U3BMEHY NPUHYUNA 00cadauirbe2 HAyuHa Hanajared. Y oom pady
pasmompenu ¢y Heku mozyhu obnuyu pewerba mpagocmanuya y3 nowmosarbe
Kpumepujyma cuzypHoCmu no20Ha 00 HUB0A HUCKOHANOHCKe Mpedice U 04y6arbd
Keanumema enepauje no NPUHYUNY MUHUMU3ayuje ymuyaja Hecumempuja.

Kibyune peun: Konsym, Hecumempuja, npujeMHux, mpedxca, mpagocmanuya.

YBOJ

Jla 6u ce yOp3ana u3rpaama TpadocTaHuIa U 3aIpiKalia CUTYPHOCT MTOTOHA MOPajy
ce NMPUMECHHUTH HOBA CMEHja W ePUKACHHMja pelicHkha. JEAHO TAaKBO PEIICHE je
KOHIICTIT PaJIMjaJTHOT Harajama MPEKO BHUILE MAIHUX jeJHOCTABHUX TpadocTaHHIA
m,TC koja je Mame OceT/bMBa Ha HECHMETPHje W THI MpPHUjeMHUKa Kao IITO je
HampuMep jaBHa pacBeTa. OBO ce yriaBHOM omgHocH Ha auctpudytuBae TC 35-19
u TC 10-0,4 kV. Jlo caga yCBOJEHO pEIICHE OJHOCHIIO CE HA CMEIITaj BHIIC
Tpancopmaropa Behmx cHara y jemny auctpuOytuBHy TC. 3a oBakBe
TpadOCTaHUIIC Tpeay3uMaje Cy cBe Mepe 0e30eTHOCTH W TOY3IAaHOCTH, alld Cy
CTBOpEHH cienehn HegoCTaIH:

- KoHueHTpalMja BeJIMKUX CHAara Ha jeJJHOM MECTy 3Ha4mWia je MPUMEHY
kpatkux 10 TC-I0BOTHUX BOJOBA U BPJIO JYTHUX U3Ta3HUX CEKYHAAPHUX
HaJ3¢MHHAX M KaOJIOBCKMX BojoBa. M3y3nMajyhm KoH3yMHa mojapydja ca
BEJIUKOM TYCTHHOM onTepehema eleKTpUYHa EHepruja ce MPEeHOCH Ha
Mally yIajbeHOCT MpH BHUIIeM HamoHy [1], a mpemaneko NpU HHXKEM
HaroHy. Kao mocnemunia oBakBe u3BeAOE NyTHM BOJOBH HIDKET HAIOHA
Mopajy umatu Behe mpeceke, WM ce Mopa y3eTH Behu Opoj BomoBa Kako
Ou ce maj HaroHa OJIPXKAao y EKOHOMCKH JI03BOJECHUM IpaHuiiama [1].

! mp Vpor Jakumh, Buma texuuuka mxomna 3sedan, E_mail: uros_jaksic@yahoo.com
* np Cno6oxan Bjenuh, ®TH IMpumriza Kocoscka Mutposuia,

E mail: slobodan_bjelic@yahoo.com

3 Henan Mapxosuh, aur. uHT. e, Bumia Texanuka mkosa YpoireBail, 3BedaH,
E_mail: nen.mark@sezampro.yu
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- Jlpyru HemocTatak BeJIMKuX (10 cHa3u) TpadocTaHuia je y usrpaamu. OBo
ce, TI0 CBOjOj MPHUPOIM, MOpa MOTHYHO KOMIUIETUPATH M ONPEMUTH 3a
BEJIMKE CHAre ca BUIIE PE3EPBHUX JOBOJHUX U Tpado-1mosba HA BHUIIEM H
HIDKEM HAIlOHY, Ca jeHOM WM BHIIEe TpaHCPOPMATOPCKHX KOMOpa, ca
JIBOCTPYKHMM Tla YaK M ca NMOMONHMM caOMpHHUIIAMa, Ka0 M Ca BEIUKOM
pPE3epBOM 3a YIPaBJbauKe M perejHe MOy 300T OYeKuBaHUX moBehaHUX
HECUMETPUYHHX onTepehema.

- AHanM30M MHBECTHIIMOHUX TPOLIKOBA MOXE C€ JIOKa3aTH Jia TOCTEIIEHOM
(eTamHOM) M3rPAEHLOM YICO CPECTaBa HHje MPOMOPIIUOHANIAH KAMAIUTETY
uckopuirhema momro he ce Hekn nenoBu TC KOPUCTUTH TEK y APYTOj WU
tpehoj eranu, mwto 3Hauw aa he ce oBa cpeacTBa aMmopTu3oBatu Tek mociue
BUIIIEC TOJIUHA.

Pacnonesa ontepehema jenne Besuke TC Ha Bulie Maaux TpadocTaHuma

Hocagamme uckyctBo mokasyje na TC 35/10 wmm 10/0,4 kV mory roamHama
PaIguTH ca caMo jeITHOM jeTUHHUIIOM 0e3 BETMKHX 3aCTOja U MITETHHUX MTOCIICINTIA 3a
HOpPMaJHO Hamajame. [IpuHIMn eramHe u3rpaame ykasyje aa ce jeqHa TC HamoHa
35/X,-kV, snage P=m-P, ca m jeqUMHULA U n-W3BOJA MOXKE IOJEIUTUH U
npojekToBat Ha (M) MepHHX jenuHUIA ca 1o jeaHoM jenuaunioM (mTC) cHare Py,
u ca HajBunie N-uzBoma X(kV). Ha coumm l.a u 1.0 mpukasaH je mpumep OBe
pacronene y cuyudajy X=10 kV, P=16 MVA, P\=8 MVA, P=4 MVA, M=4, N=2.
Csaka on oBux TC Moxke ma oaromapa jemHoj o erama y rpaamu Benuke TC u
Tako OW ce mociie NeUHUTHBHOT 3aBpIICTKA JOOWMIA UCTa MHCTANCAaHA U HCTH
Opoj W3nma3HuX nanekoBomHuX mosba 10 kV (oBaj Merom ce Ha 3amaay Ha3uBa
“method step Oy step”. (MeToz Kopak o kKopak) (2).
TS 2 x § MVA 4xTS4MVA

Cnuxa 1. Ilpumerven je npunyun “O@UCHIE” yenarva uncmanucame cnace
0a ceu u3nasu HUCy KOHYeHmpucauu y jeonom eeh y 4 oogojena yenmpa
onmepehera (Cruxa 1.0.)

IIpema BaxkHOCTM (HHBOY NPUMApPHOT HAMOHA, CHAa3W TpaHchopMaTopa WU
ontepehema) ycBaja ce cremeH moy3mganoctu TC “©OUCUIOM” jeane Bemmke
tpadocranuue TC Ha Bume Manux MTC U BUXOBUM NPUKIBYYUBAKHEM Ha BOJ HIIH
KaOx oHe n00mjajy HOBe nuMenH3uje. ['yoehn Ha BaxHOCTH, CTaHHIIE Ce Clajajy ca
BOZIOM (Y CMHUCITY MOY3JaHOCTH) W TTOCTAjy HETOB JIC0 WM CE BOJ MpEeTBapa y IyTe
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caOMpHMIICE HAa KOje Cy MpHK/byueHa TpaHC(HOpMAaTOpCKa IMOJba MalluX CTAHUIIA.
Tako he Box ca Ttpadocranumama, cmojeH y jdaHan (ciamka 2.) QopMupaTi
JeMUHCTBEHY “eHepreTcKy’ jemuHHUIly. I3 oBora ce 3akipydyje nma je Box (KOju je
MOCTa0 Jyra ca0MpHHIIA) 1TOCTA0 OCHOBHU EIIEMEHT Yy CEpHjCKOj BE3W Jia My ce

MOpa IMOCBECTUTHU Beha nmaxkma.
Vod po kV

7
TS 110/35 kV

— Vod 35 kV
TS 35/10 kV —
TS 10/0.4 kV\
Potrosaci Mreza 400/231 V
na 400/231 V

Cruka 2.

[Tomto Ha cBakOM MeCTy JAyX CaOMpHHIIC TEOPHjCKM TOCTOju MoryhHocT
npuksbyuka MTC, BEHO TOCTPOjeHhE CacTOjH CE OJl CaMO JEJHOT M0Jhba Ha BHIIEM
HUBOY HAllOHa W HEKOJWKO (2) MaleKOBOJHUX HA HIDKEM, Ja je jellHe HCTe
caOMpHHUIIE HETTOTPEOHO 3alTUTH Ha BUIIIE MECTA, IOBOJHHO j& OCTBAPUTH 3aIITUTY
Ha W3J1a3y U3 HAIMOjHE CTAHUIIE JICJIOBAkEM HA YUMHCKY CKIIONKY 3a TTOHOBHO AITY
(ayTOMaTCKO MOHOBHO YKJBYUEH:E) U OAroBapajyhoM penejHOM 3allITHTOM.

IMojexnocTaB/bema HA TPadoCcTAHMIIAMA

Heobom jemne Benmnke TC Ha Bume Mannx MTC, mojequHHM ce €IEeMEHTH MOTY
YIPOCTHUTH, PEAYKOBATU WIK cacBUM oAcTpanuTu u3 TC, a 1a nmoy3gaHocT 1oroxHa
MpeKe OCTaHe U Jajbe Y J03BOJbEHUM IpaHHLIaMa.

[ocroje npeapacyne o ynorpedu cabupHuLa? jeqHe Cy OCHOBHE a IpyTe pe3epBHE.
Jenman cuctem cabupHHIa He Tpebda ma Oyae pe3epBe APYTOM CHCTEMY, TOIITO CE
noMohy ca0uWpHHIIA BpIIE OJBajara M MpedaluBama TaKo Ja Cy ca acleKkTa
¢dbykknuoHucama oba cuctema paHomnpaBHH. Ako y TC moctoju camo jenan
TpaHchopMaTop, HHUje MOTyhe HW3BPIIUTH CIICKTPUYHO paCTaBbalkbe W TOPEX
JIBOCTPYKHX Ca0MpHHMIIA J1a yIOTpeda JABa CHcTeMa ariCOyTHO HUje OnpaBiaHa.
YMecTo ABOCTPYKHX caOMpHHIA TEXHUUYKHU je ONpaBlIaHHja Be3a ca J[Ba MONpeyHa
pacraBsbaya WM HOMONHHUX caOMpHHUIIA.

3a MTC n0BOJBHO je YCBOJUTH caMo jelaH mpecek cabupHura. bossa je ymorpeda
ATyMHHHUjyMa ca eKOHOMCKOT acIleKTa.

[Ipu mpenacky Ha mpUMeHe Ba3AyIIHMX Ha NPUMEHY KaOJOBCKHX BOIOBA BPIIO
9ecTo Jojasd 10 arMochepckux Tmpoboja KaOJMOBCKMX TJaBa Ja HHjE
npernopy4brBa yrnoTpeda kabdnosa 3a u3na3 u3 TC.
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VY mocrpojeruMa BUCOKOT HalloHa KOPUCHHUja je ymoTpeda pacTBapaya C jeIHUM
WIHA JiBa TIPOBOJHA HM30JaTOpa jep 3ay3HMajy Mame MPOCTOpa HEro pacTBapau.
IIpuMeHy OBOTHHX M30JIaTOpa Tpeda OrpaHUYUTH Ha ITO MamkH Opoj.
KomyTtannonu mpeHocHUK Tpeba mrTo Kpahum myTeM OJBECTH y 3eMJbY U Ha TOM
MyTy HE CMEjy C€ WMCKJbYYUTH 3allITUTHUM ypehajumMa WM HAaYUHOM H3Bea0e
Mpexe. BazayniHu BomOBH M Mand TpaHCHOPMATOPH MOpaAjy Ce 3AIITHTUTH O
NpEHAOHa WCKPUIITAMA W IIEBHUM OJIBOJHUIIMMA a CpPEAlU U  BEIHKH
TpaHCPOPMATOPH KATOJHUM OJIBOTHHUIIUMA.

IIpekocTpyjHa 3amTHTa 0 KPATKOT CI0ja, 3¢MJbOCTIOja, peonTepehicna 3aBucH 0]
BaXHOCTH mocTpojema. AKY ca omroeapajyhom 3amrurom Tpeba MpenBHACTH Ha
cBUM cekyHaapHuM u3nazuma u3 Behux TC. 3a cpenme TC ca kpaTKuM BOJIOBUMA
U Mamke 3HAYajHUM IPHjEeMHUIIMMA J0BOJbHA je jemHa ckionka ca AKY Ha Buie
W3aza, a 3a Mama MOCTPOjeHha YYMHCKHA OCHUTYpayd Ha BHCOKOM M HAa HUCKOM
HAIoHY.

Mepeme HHCTPpYMEHTA

3a Mepeme Ce KOpPHCTE HajHCONXOJHHJU MHCTPYMEHTH 3a MeEpeme jep
KOMIUIMKOBAaHHMjH M€ Ha MITETYy MPETJIEAHOCTH U MOXKE MOCTaTH M3BOP CMETHHH.
ITopact HecumeTpuja Hamehe MOTpPeOy HBUXOBE pPETHCTpaIdje OMI0 KPO3 MEpeHme
HarmoHa OWJI0 Kpo3 Mepeme crpyje. OOMYHO CBH HWHCTPYMEHTH PETHUCTPY)Y
IpOMEHEe Ha CTPaH{ BHLIET HAlOHA jep ce Ha HIDKEM HAloOHy He MOke JocThhu
KeJbeHU edekar. 3a peanu3alijy OBHX Mepema HOTpeOHH Ccy MOceOHH MEpHHU
mpeTBapadd W (UITEPH 3aCHOBAHM HA [Ba TNPHHIMIA: a) MEpemy CTBApHUX-
(a3HUX BpeAHOCTH, 0) MepembY CHMETPUUIHUX KOMIIOHEHTH.

VY o0a cirydaja moTpeOHO je MpeBUISTH MOCeOHY ITO3UIH]Y 32 MOCTaBJhakhe NCTHUX.
3a pa3nmHMKy Ol paHHjUX CXBaTama M 3a Majie yumHCKe Tpancopmarope (MTC)
10/0,4 kV moTpeOHM Cy HMHCTPYMEHTH 3a PETUCTPOBakE HECHMETpHja, a 3a
HETIOCPEIHO Mepeme MMOTPEOHU Cy U aMIepMeTpu 00M4YHO yrpal)eHu y cabupHUIe
1 BOJNTMETpH (ca mpekyonoM) a 3a Beiauke TC KoMIuieTHa TapHUTYpa CaIpiKH jOIII
Behn Opoj MHCTpyMeHaTa. Y TOM ciyd4ajy JOBOJHUM W OJBOIHHAM BOIOBHUMA HHjE
JOBOJbAaH CaMO MHIUKATOp HAIllOHA M yrpaljeHH ammepMeTap y caOupHHUIE. 3a BOJ
Cpelme CHare MEpHU KOMIUIET JIONMYHCH je U BaTMeTpoM. Kox cabupHuia mammx
MOCTpOjema yrpaljyjy ce HWHIWKATOPW HaloHA, a KOJ BEIUKHUX W CPEeImbHX
HAINlOHCKK TpaHcdopmaropu ca (GUITpUMA M BOJATMETPHUMA KAao M IOKa3MBAaYU
3emsbocrioja. VIHIuKaTopyu HaroHa ce MOCTaBJbajy Ha CBUM MECTHMA TJE Ce JKeJn
KOHTpPOJAa NPHCYTHOCTH HAllOHAa M HAIOHCKMX HECHMETpHja: Ha CaOMpHHUIaMa,
OZBOJIHUM M TOBOJIHUM BOJIOBMMA UCIIPE]l pacTaBjbaya UT/I.

YPBAHE (I'PAJICKE) U PYPAJIHE (CEOCKE) MAJIE
TPA®OCTAHHUIE (MTC)

I'pancka MmTC 35/10 kV

Ha ou ce TC mTo Bume npubmamkuia HeHTpy ontepehema, oHa Mopa 3ay3uUMaTu
HE caMO Majly OBPIIMHY HEro ce MOpa NPUJIATOAUTH U OKpYXemwy (ciuka 3.a,0,1)
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Cruxa 3.a,6,y

3a tpancopmarop cHare no 4 MVA rpaljeBuHCKa MOBpIIMHA U3HOCH HajMambe
6,00x7,5 m, ako je nebspunHa 3umosa 0,25 m. Ilomro cy ynasbeHoctu usMmely
rpancke MTC wmane, a kBapoBM Ha TpaHchopMmaTropuMma CHare W IOA3EMHHM
KaOJIOBUMa PETKW, Ha yna3dy M u3nazy kabma 35 kV He mocTtaBiba ce HUKaKBa
3amrTuTa. TpaHchopMaTop ce IITUTH OJf KpaTKOr croja momMohy MpeKoCTpyjHOT
penea Koju UCKIbydyje mpekugad 35 kV u TC BuIEr HAIOHCKOT HUBOA TPEKO
muiIoT-kabma. 3a BpeMe Oe3HANOHCKE Tay3e HCKIJbYyYyje pacTaBjhbad CHare
TpaHcopMaTopa, a mocie Tora J0Ja3u 0 MOHOBHOT YKJbyuUerma CKIIONKe. YnTaBa
oliepanyja Tpaje Hemro Buie ox 1 sec.

AKO He TIOCTOjU THIOT-Kabl Mopa ce ACTaJbHO HCIHUTATH (PYHKITMOHHCAHE
ckyonke 35 £V ako je Ha jeaHOM KaOJy yKJbYU€HO BHUIIEe TpaHchopmaropa.

[omro cy cBu Tpancopmatopu 10/0,4 kV, koju ce Hamajajy u3 MTC 35/10 kV
npeko kabma 10 £V, zamruhennm Ha NpPUMapHO] CTPaHW BHCOKOHATIOHCKUM
OCHUT'ypavriMa, YCBOJEH je UCTH MPHUHIIKIT 3aIITUTE au 0e3 muioT-kabdia. [lomohnu
HaloH ceKyHIapHe 3amTute je 24 kV jemHocMepHe cTpyje, mobujeH ca xyhHor
Tparchopmaropa o 1 kVA npeko ucnpaBsbada U aKyMyJIaTopcke darepuje.
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Maaa tpadocranuna mTC 35/0,4 kV

OsakaB Tiun TC ce KOpHUCTH 3a Hallajalbe MalkbUX MECTa y Udjoj OJM3WHU TIPpojIa3u
35 kV-uu Bop, a He mocToju MoryhHoct 3a u3rpaawy TC 10/0,4 kV.

I'paheBuncku neo TC uma oOnuk Topma kao u ceocka 10/0,4 kV ¢ Tom paznukom
na je Heto nopiiuHa 3,05x3,75 m ymecto 2,00x2,00 m.
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Cruxka 4.

3rpama TC je npensuljena 3a yrpaamy TpaHchopmaropa cuare 400 kVA, amu ce
MOXKE YMOTPEeOUTH M Kao IOJbE 3a Ba3AyIIHM BOJ WIM IOJ3EMHU Kalj, Kao
KabnmoBcka Kyhuiia 3a mpesas Ba3AyIIHOT BOAa Ha kKabn mnu obpaTHo, Kao MTC
35/10 kV ¢ Tpancdopmaropom 2 MVA (MOHTHpaH Ha OTBOPEHOM) UT/I.

Y 3aBUCHOCTH O] y1aJbeHOCTH KOH3YMHOT mojpyyja ox Boxa 35 kV TC 35/0,4 kV
he ce U3BecTH Kao Mposa3Ha Uik Kpajia. CeKIMOHNCame Boia U TpaHchopmaropa
y nponasauM TC ocTBapyje ce ca qBa YIMHCKA pacTaBjbada U jeTHUM OOWIHHUM U3
o0a mpaBna. ¥ HOpMaITHOM IOTOHY 3aTBOpPEH j€ jefaH YYMHCKH W jelaH OOMYHH
pacrtaBsbau. Jla OM YYMHCKH pacTaBjbad MOTA0 Ja UCKJbYYH KaJ M30aIy ocCurypad
n3Mel)y ’UX Mopa Jia IOCTOjU MOY3/jaHa eNICKTPUYHA HITH MEXaHHUYKa Be3a.

Ha caGupHuie ce mocraBibajy HHIUKATOPU HAIlOHA KOjHMa je CBpXa MOKa3HBambe
HaIlOHAa Ha BOJYy M K-CTOBY BHCHHY M Bapupame (y ciydajy Hecumerpuja). Onpema
HHCKOT HAIOHA CE MOCTaBJha Ha OpMaHy (Pa3BOJHOM) y MPH3EMJIbY, ald YBEK ca
CYIIPOTHE CTpaHe Y OJJHOCY Ha CTpaHy IJie Cy CTEIICHHUIIE.

Ompema MOXe Aa caJpKH M YKJIONHH caT 3a HOhHy jaBHy pacBery. bpoj u3nasza
HHUCKOT HAIOHA 3aBUCH OJ BEIMYMHE U PACTIPOCTPABEHOCTH MPEKE.

I'paacka mTC 10/0,4 kV

M36opom HajmoTpeOHUjUX elleMenara 3a mocTpojeme 10 k) auctpubytuae TC ce
MOT'Y CMECTHTH Ha BpJIO MaJOM IPOCTOPY (YMTaBa Ompema ce Tala CacTOju CaMo
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OJ1 TPY y TIOTIYHOCTH JOBPIIICHA eJIeMeHTa (MO/TyJia); BUCOKOT M HUCKOT HAaIllOHA U
TpaHcopMaTopa Npu YeMy cy cBu Mel)ycoOHO ToBe3aHH KabJIoBHUMa.

IIpema cmemrajy TC, BaKHOCTH, yIaJbeHOCTH M BEIMYMHU KOH3YMa, onipehyje ce
0poj MPUKJbYYHUX KabJI0Ba BHCOKOT M HUCKOT HAallOHA, M CHare TpaHchopmaropa
(mo 630 kVA. 360r TeHAeHIM]jE 1a ce CKpaTe CEKYHAApHH KaOJOBH, CMAabU HUXOB
0poj u npecek u omoryhu mo3unuonupame TC nopen koH3yma, TpaHchopmarop ce
MO)KE€ CMECTHUTH y jaMy HCIIOJ CJICKTPUYHE ompeMe (CHMKa 5.) Tako Ia JAe0 U3HAI
3eMmibe He 3ay3uma Behy mospmuny onx 1,15x0,7 m. Axko ce ymorpebu
TpaHchopmatop ca BasaymHuM xnahjereM TC ce MOXke TMO3WIMOHMPATH W HA
crpaTy cTaMOEHHX IMOCIOBHUX 3rpajia.
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Cruxa 5.
Pypanne (permonanne) MTC 35/10 kV

Ha cmunm 6 cy mpukazanu asa tuma peruonamaux TC 35/10 kV: ca BazmymHIM
uzBoauma 10 £V wu ca tpancdopmaropom 1m0 2,5 MVA mnocraBjbeHUM Ha
OTBOPCHOM, U Jpyru ca KaOyuoBckuM m3Boguma 10 kV, ¢ tpaHcdopmaropom y
srpamu. Koxg ob0a Tuma pucmosunuja enekTpuuHe ompeme je wucra. Ca Tpu
pacTBapada W YYMHCKOM CKJIONKOM Ha ctpaHu 35 kV Bpmm ce omBajame TC on
JEIHOT WK OJ] Ipyror nena HanojHor Bojaa. Ckionka 3a AITY mrtutu Bogose 10 k1
Ol KpaTKoT crmoja u mpeonTtepehema. AKymyiaropcka Oarepuja 3a Hamajame
nmomohHuX ypehaja 1 pacBeTe cMeImTeHa je Y TOCEOHO] TPOCTOPH]H.

[Mopen jenHor MoJba KOMaHIHO-CUTHATHOT MOJIYJIA MOXE C€ TIOCTaBHUTH jOII jeTHO,
YKOJIMKO J10Jla3u TpaHc(opMmarop 3a peryianyjy HamoHa Moja onTtepehemeM.
Curnanuszaiyja CMETHH OCTBapyje ce pajvo BE30M.
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Cnuxa 6.
Peruonayne mTC 10/0,4 kV

OBe cTpaHHIlE ce MTOCTaBJbajy Ha YSIHYHY KOHCTPYKIH]Y 3a KOjy j& MPUBPEMEHO
6etoHcKko mocTosbe. [locne Tora ce mocTaBU pa3BOJHM OpMaH HHMCKOI HAllOHA U
crioju ca TpancopmartopoM cHare 10 250 kVA (cnuka 7.a). Mana nponazna MTC u
kpajiba TC ca tpancopmaropom cHare no 30 kVA u3BeneHa je xao mopTal ca

JIPBEHUM CTyOOBHUMA.

VOD 10 kV

% do 250 kVA
4001231V
~ -

NN | INA e

1.9 m ‘

Cnuka 7.a

N.N.

6,5 m min

5.5 m min

1,9m

TC nema pacraBbau (ciamka 7.0). Bume mamnx TC 4uMHM jenmHY €HEpPreTcKy
LEeTUHY KOja ce MOKEe OJIBOJUTH O/ BOJA JIMHHUjCKUM pacTaBibaueM. Mmak cBaka TC
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Ha CTPaHU BHCOKOI' HallOHA MMa BHCOKOHAIOHCKE OCUrypade uuja je (pyHKIHja 1a
IITUTH TpaHc(OPMATOp OX KPaTKOr Croja a ucroBpemeHo na onsoju TC oxsoxaa
BHICOKOT HaIlOHA.

4
Vod 10 kV H
T, Ui
30 kVA g N Q
i &
NN
Cnuka 7.6

Anumkanuje ¥ TeCTOBH

Kommnerno usBenene u omnpemibene MTC cy ce mokasane Kao HajeKOHOMHYHHja
peliema 3a Harajambe eICKTPUYHOM CHEPrujoM PEerHOHAHUX (PypaHUX) ypOaHuX
(rpazckux) moxpydja Ge3 obiumka Ha rycruHy omrepehema mo Am’. Ommcama
pemiewa TC (wnm cnuuHa) he ce cBe BUIlE NPUMEHUBATH KOJ pa3dallaHux U
Mel)ycoOHO ynajbeHHX KOH3yMa, Tae Ou ce xopumhemeM AyXHX BOJOBa HIKET
HAMoOHA M0jaBUO HEHOPMAJTHO BEJMKH T3] HAMTOHA WK I'YOUTaK cHare Oain y Bpeme
HajBeher onrepehema.

36or mane nospmuae MTC ce mpuarohaBa cBakoM MO3HLMOHUpameM (y Behum
rpajioBUMa, Ma ce MOTY JIOIMPATH M Y CBAKOM IIEHTPY onTepeherma U y HeroBoj
HEIOCPETHO] OJIM3MHY, YMME CE OCETHO INTEAW Ha AYKUHU W TpeceKy kaldia, Ima
perynanuoHn TpaHcopMaTopu HHCY TMOTPeOHM a KOH3YM HMa CHTYPHHjE
Harajame.

CkpahnBameM Ba3ayIIHUX BOJOBA 3HATHO CE CMambyjy CTPYje 3eMJBOCIIOja, TAKO J1a
ce moxke nooutu y MTC 10/0,4 u Beha OTIIOPHOCT 3aIITUTHOT Y3eMJbCHA, YHjY
JIOBOJbHY BPEIHOCT JI0 Cajia HUje OMIIo J1ako moctuhu.

Henocran MTC cy y ToMe MITO ce 3a HBHUX MOpPajy H3PAJAUTH HEIITO IyXKH
NpUMapHH BOJOBH U IITO Cy TYOUIIM Y MalbUM TPaHC(HOPMATOPUMA MTPOIICHTYATHO
Behn. Mehytum, mnose3uBameM nBe TC cekyHIapHUM BOJOBHMAa Yy MapoBeE
(mapanenan pan-nBoctpykd BH BomoBM Koju mOBe3yjy ABa MOCTpOjema) TH Ce
ryonnm cMamyjy Tako Ja ce Koa Mamer onrepehema jenHa jeIMHANa ayTOMaTCKH
UCKJbYYYje C THM, J]a leHO ontepeheme npey3nMa meH nap. Ako ce ontepeheme
noHoBo noBeha nckibyueHn TpancopMaTop ce H3HOBA UCKIbYUY]E.

3AK/bYYAK

be3 xeme nma ce MTC mpuMeHe y CBUM clydyajeBUMa YKpaTKO je MNpUKazaHa
omnpasanoct npumeHe MTC ma yak ¥ TaMmo IZie €JIEKTPOCHEPTeTCKUM PeIICHEM
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MOCTAaBJbCHUM Ha HAy4YHO] OCHOBH TO Huje Omio npensulieno. Ore MTC Takohe
UMajy BEIHUKY (IIEKCHOWIHOCT y TMOTJeay NPUMEHE MOAYJIapHUX 3alITHTHUX
cuctema koje Benuke cBercke pupme (ACEA) yBenuko pas3sujajy.

IMopen dnexcubuaHOr mMOroHa AMCTPUOYTHBHE Mpexe oapkaBame MTC je
JeTHOCTaBHO, a Halajakbe KOH3yMa je KBaJMTETHO, Oe3 MpeKuaa M ca MalluM
npoMeHamMa HarmoHa. YTHI] HEeCUMETPHja je CBEICH HA MHUHHUMYM a aKo JI0 HUX
umak mohe miam gohe Mo TMpeKuaa Hamajama, OBH NMPEKWOW Cy BeoMa Mald H
o0yxBarajy MarmH Je0 KOH3yMa Hero y ciry4ajy Benukux MTC.
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INFLUENCE OF DEMANDS AND ASYMMETRY
CHARACTERISTICS ON DISTRIBUTIVE
TRANSFORMER SUBSTATION CONCEPT

Summary: Expansion and development of cities and suburban settlements,
regarding the influence of receiver’s characteristics and possible asymmetry and
growth of load, inflect the need for selection of efficient technical solutions and
perhaps changing of principle of present power supply. In this paper are
considered some possible solutions of transformer substations with respect to plant
safety criterion up to the level of low-voltage network and energy quality
preservation according to the principle of minimizing the influence of asymmetry.

Key words: demand, asymmetry, receiver, network, transformer substation.
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OCHOBE CEPTUOPUKALIMJE CUCTEMA
SAHITUTE ’KNUBOTHE CPEJUHE

Henes/bko TyIIOBI/Ihl, Muayrun P. T)ypnqnhz, Munomup TyHOBI/Ih3

Pe3ume: V npomexnoj oeyenuju 3auwmuma sHcugomue cpedure noCmana je 6eoma
6AJICHA 3a NOCNOBHE cucmeme U Opywmeo y Yeaunu, na je Ccucmemamcko
Yhpaswsarbe 3aumumom Hcueommue cpeoune o0 eenuxoz suauaja. Iloseharwe u
pasnuuumu 8U008U 3azaherba HCUBOMHe cpeduHe, KAo U jaBHO Miberve, 008ell CY
00 npomeHe onwime c8ecmu y jagHOCMU U OMKPUIU nompedy 3a MeXHUUKUM U
OP2aHU3AYUOHUM Mepama Koje mpeba npedy3emu.

Exonowku 3axmeeu u eeha exonowxa egukacHocm 3axmesajy 0a ce npeoy3my
Opojue mepe npomus 3azahusaua sicusomue cpedure. Cmoea je cucmemamcko
VIPAasbarbe 3auimumom dicusomue cpeoune, npaheno 00206apajyhom 3aKoHCKOM
pe2yiamueom u cepmudurayujom, o0 6e1uKoe 3Havaja.

Kibyune peum: Menaymenm cucmem, NOCIO8HU CUCMEM, O0OPHCUBU PA3B0],
3aUMUmMa HCUgomue cpedure, cmanoapo, cepmugpuxayuja.

YBOJ

JoHomewe MehyHapomHUX —cTaHJapAa-Tperiopyka 3a CHCTEM  YIpaBibamba
3alITUTOM XHBOTHE CpeIuHE oMoryhaBa IOCIOBHOM CHCTEMY W Jp)KaBama, Ja
JIOCTUTHY TJI00ATHU OAPKHBH Pa3Boj Iutanere. OMoryhyje ce KOoHTpona yTuiaja
pa3Boja Ha 3araljerbe JKUBOTHE CpPEJHMHE, OJHOCHO OrPaHWYCHE HCIPILUBCHA
3eMJbUHUX pecypca. Omoryhyje ce U 1ajbe (PYHKIIMOHHCAkhE MOJIeNa €KOHOMCKOT
pacta u momTyjyhu Heka 071 OCHOBHHUX OTPaHHYECH:a M0 MUTakY OJPIKHUBOT pa3Boja.
Crannmap/y Cy HMHHUIMjaJHE Kamucie kKoje he MpoW3BecTH NaH4YaHy peakiujy y
JKE€JbEHOM TIPaBI[y OIPKHBOT pa3Boja. YOCTajioM, CBHMa je jaCHO y INTa ce
nperBapa Opojka o 8.000 (mpubnmkaH Opoj MOCIOBHUX CHUCTEMa Ca Pa3BUjCHUM
CHCTEMHMa YIpaBJbarba 3allTHTOM JKHBOTHE CPEIMHE) KajJa OHa KPEeHEe Ja pacTe
TEOMETPHjCKOM TIPOTPECHjOM, KOja j¢ HEMHWHOBHA, W Taja KOHIICNT OAPKHUBOT
pa3Boja mocTaje MHOTO peayiHuju. CBe 3eMibe Tpeba J1a ce YKIbYUe Y Taj IOKPET.

! mp Heznespko Tynosuh, aurut. Mam. uar, JyrousciekT-beorpar,

E_mail: ntucovic@verat.net

2 mpod. ap Mwrytus P. Bypuunh, Buma nocioBHo-TeHHYKa mkona Yxume U DakynTer 3a
unayctpujcku menapMent Kpymesan, E_mail: djurazo@ptt.yu

3 Mumomup Tynosuh, gumr. men. en. uur, KCI] Yajernna, E_mail: ntucovic@verat.net



Ochose cepmughukayuje cucmema 3aumume HCUOMHe Cpeoune 149

Hu/beBu 0uyBama »KUBOTHE CpeANHE

IIpe Hero mTO ce MOCTaBe IMJHEBH 3aIITHTE >KUBOTHE CPEOUHE, OpTaHu3allfja
Tpeba 1a yCTaHOBM MeEpJbHBE IOKa3aTe/he yUMHKAa Ha HbUXOBOj pear3alldju.
[lokazarespm yumHKa MpEACTaBbajy CPEICTBO IMOMONY Kora opraHu3anuja
MpOBEpaBa Ja I je OCTBapuiia MOCTaBJbeHE IIMJbEBE y CKIAAy ca mporpamom. He
CMEjy Ce IOCTaBJbATH ITNJbECBH, UHjy peanu3arijy Hehe outn Mmoryhe npatuTy.

Ha coumu 1. cy mnpuka3aHd yTHIAJH KOje je MOTPEOHO pPasMOTPHUTU TIpe
neduHICcamha KOHKPETHUX [INJHEBA.

| MOJIMTUKA |
l
Acnexmu Pezynamusa 3auumepe.coeane cmpane
(3akoncka u opyza) (Cmejkxonodepu)
N { '4
. OnumTHu " Ipozpam 3auwumume
Texnonozuja | = | o CEBHM UM/LEBU | © oenaomme cpedune
Ve 1 N
| Tpacumme I | Dunancuje I | Konkypenuyuja

Cnuka 1. [locmasmarve yumesa 3auimume HUOmHe cpeoune
Kojum xopanuma 1o cepruukoBaHOr cUCTEMA 3aITUTE )KUBOTHE CPpeIMHe

On opraHuszanMje ce HE 3axTeBa Jia JCTAJbHO CHPOBOJM AHAIU3Y JKHBOTHOT
UKIIyca MPOW3BOJA, OJHOCHO Ja BpEAHYje CBE ylla3e W HW3Ja3e M3 Tpolieca.
JemHnocraBHO, mocTymnak Tpeba Ja MpOIMHUINe HAYWH MPUKYIUbamkba UHPOpMaIHja O
acreKTUMa JXHBOTHE CPEIMHE M BPEIHOBAE HUXOBOT yTHUIlaja. OpraHusanuju je
OCTaBJFEHO Ha BOJBY Ja omabepe HAjIOBOJGHUjH HAYMH Ha KOjU he oaroBopuTH Ha
OBAaj 3aXTEB.

Ha crmunm 2. cy mpuka3aHd OCHOBHH KoOpaly KoOje je MOTpeOHO CIPOBECTH Kao
OJITOBOP HA 3aXTEB CHCTEMa 3allITUTE KUBOTHE CPEINHE.

Oodpedumu cmanosuuima
0uyearba HcuomHe cpeoune

1

Ilposepume 0a nu cy depunucana cmanoguUImMa nOO 6auiUM
ymuyajem u 0a i ux Moxyceme KOHmMpoIucamu

1
Oodpeoume mozyhe ymuuyaje
Ha JHCUBOMHY CPEOUHY

1

Oodpedume 30auajnocm nojeOuHauHux
YMUUaja Ha HCUGOMHY cPeOUHy

Cnuka 2. Moenmugpuxayuja acnexama u 6peoHo8arbe wUXo602 ymuyaja
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[lpu BpemHOBamy yTumnaja Tpeba MMaTH Ha yMy Ja MoryhHocT nemoBama Ha
acrieKkTe JKMBOTHE cpeluHe 3HAaTHO Bapupa. CHaOneBad WM HCIOpYYHJIAL MOTY
AMaTd Maju yTHUIAj, AOK NPOJeKTaHT MOXKe, HIP. HU3MEHOM jEeTHOT YJIa3HOT
MarepHjaia 3HaTHO IPOMEHUTH acTeKTe )KUBOTHE CpelIUHE.

IHoctymak EMAC perucrpanuje

Onu koju Gyny HpHXBAaTHIM HOBa npaBuwia M nocrynmak EMAS* perucrpanmje
(cmuka 3), ontumusupahe cBoje MHTEpHE mpolece, ouyBalie KUBOTHY CPEAMHY H
crehm he moBepeme Kymnara, 1o0aBjbada, BIAIMHAX OpraHU3alldja v IPYIITBA, IITO
O0OMYHO JOBOJM IO CMamCHa TPOIIKOBA U MOOOJbIIama “MMUNA” KOMIIAaHHWje Ha
TPXKHUILTY.

Ha couum 4. cxemaTcku je NpUKa3aH LUKIYC CHUCTEMa YIpPaBJbamka 3aIITUTOM
JKUBOTHE cpeanne (mpema ISO 14001).

Cucmem
Honumuka Ilpeucnumusgare Ilpozpam Ilposepa
ynpagnpara
3ammume 3awmume 3ammume 3awmume
d —|3auumumonm
JHcugomne JHcugomne JHcugomne Jcugomne
JHcugomne
cpeoune cpeoune cpeoune cpeoune
cpeoune
1
Banuoayuja , .
u3jaego] Bepuguxayuja H3jasa o Huwesu
Pecucmpa 3qumume 3qumumu 3aumume
mpa N 3qumumu - - -
yuja JHcugomne JHcugomne Jcueomne
JHcusomue
cpedune cpedune cpedune
cpedune
Cruxa 3. lHlocmynax EMAC pecucmpayuje
Ilpunpemno npeucnumusaroe
3auimume JHCU8OMHe cpeouHe
l
I Obasesa I
1
I Ilonumuka I
” N
| Ilpeucnumusarve | | Ananusa |
i 1
| Ilposepe | Onwmu u nocednu
1 yumesu
I 3anucu I !
i

I Koumpona onepayuja I Lot I 1I0OCJIOBHUK I"-I Ilpoepam ynpasmwarea I

Cnuka 4. Luxnyc cucmema ynpagmsarsa 3aumumom HCUomHe cpeoune

* Enviromental Managment Systems-CHCTeM 3alTHTE XXMBOTHE CpEIMHE, Ae(UHHCAH
craagapaom ISO 14000.
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MeHaUMeHT 3alTHTE ;KUBOTHE CPeIHe KPo3 cepTuUKanujy
CHCTEeMAa y CKJIAAy €a CTAHAApAOM

WNMiieMeHTaIMja cucTeMa yIpaBjbakhba 3aIITHTOM JKUBOTHE CPEOUHE 110
3aXTEeBUMa CEpHje CTaHIapJla CUCTEMa MCHAIMCHTA 3allITUTE KUBOTHE CPEIMHE je&
BPJIO MYKOTPIIAH MIOCA0 M 3aXTEBa YBaXKABAaIhE:

- Cneyuguunocmu nocnosroe cucmema,

- Cneyugpuunocmu roxarumema,

- Baxmesa cmandapoa,

- 3axonckux nponuca.

Onuimu u ROCeOHU Y.besU U NPOZPAMU

Ocnocobwenocm, . Konmpona nao Ilpahemwe u
Komynukayuja .
00yKa u ceecm onepayujama Meperse

3HAYAJHH ACHEKTH JKUBOTHE CPEJIUHE

¥ ¥

E N N S S B S N R S S R —

Cnuxa 5. Tauxe cmanoapoa 3achosane
HA 3HAYATHUM NUMAFLUMA HCUBOMHE CPEeOUHE

Cymtnaa EMC-a nexu y no0poj MIOCHTU(QHKALWJH U KBaHTU(PHKOBALY
acrekarta W yTHLja JXMBOTHE CpeAuHe OO3MpOM Ja U3 BUX IpoM3Hiase
MOKAa3aTeJbll YYMHKA 3allITUTE XUBOTHE CPEIUHE YHjUM CE MEPCHEM YTBphyje
CTEIleH UCIYyHEeHOCTH MOCTaBJbEHUX OMIITHX M MOCEOHUX LMJbEBa OpraHu3aluje 1
BpLIM BpEAHOBamE caMor cucTema. BehnHa KIipyyHHMX Tayaka cCTaHaapla ce
3aCHHMBA Ha 3HaBY O 3HAYajHUM aclEKTUMa >KUBOTHE CPEeIUHE LITO je U MPHUKA3aHO
Ha CIUIM 5. IOK Cy ocTalie Tayke CTaHgapAa y oxpelheHoj Kopenamnuju ca mhuMma
MaKO HHUCY MOTIIYHO 3aBHUCHE O]l bUX.

OcHOBHHU MoOJIe]I cUCTeMA YipaB/balka 3alITUTE )KUBOTHE CPEINHE
Kpo03 TAa4YKe pEJEeBaAaHTHOI CTaHAapaa

OCHOBHH MOJIeJI CHCTEMa YIpaBJbama 3allITUTOM >kKUBOTHe cpenuHe-30KC,
NpeACTaBJbEH je Ha cll. 6 1 o0yxBara cienehe 3axTeBe:
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CTAJHDO II O OJb I ABbE

NNPEUCIIUTUBAIBE A INOJIMTUKA
KOJE OBABJ/bA N SAIITUTE
PYKOBOJCTBO w KNBOTHE CPEJIMHE

IMPOBEPABAILE U
KOPEKTUBHE MEPE
Monumopunez u mepere
Heycaznawenocm,

KopekmugHe u

npesenmuene mepe

- 3anucu

- [Iposepasarwe cucmema
MC-a

MJIAHUPAIBE
- Acnekmu 3)KC
- 3aKOHCKU U Opyzu 3aXmeeu
- Onuwimu u NOCeOHU YU besu
Ilpozpam ynpas.vamwa 32KC

YBOBEIE U CITPOBOBEIBE

Opzanuzayuona cmpyKkmypa u 002060pHOCH
Cmpyuna ocnocobmenocm, céecm u KOMREMEHNMHOCH
- Komynukayuja
- EMC ooxymenmauuja
Konmpona ooxymenama
Konmpona onepayuja
Cnpemuocm 3a peazosarse y ciyuajy OnacHocmu

Cruxa 6. Ocnosnu moOenu cucmema ynpas/barba 3auimume JCUBOMHe CpeouHe
3AK/bYYAK

TokoM mocneAmux AeceTak FoAMHA 3alITUTa KUBOTHE CpelHE MOCTaja je Beoma
BaXHa 3a npeayseha W APYIITBO y LENWHM, Ma je CHCTEMATCKO YIIPAaBJbaE
3aLITUTOM JKUBOTHE CPEIHHE OJ] BEJIMKOI 3Ha4aja.

[loBehamwe 1 pa3nuuuTH BUIOBH 3aral)ema )KUBOTHE CpeANHE, Ka0 U JaBHO MICHE,
JOBENW Cy 10 MPOMEHE OIIITEe CBECTH Y jaBHOCTH M OTKPHIM NOTpedy 3a
TEXHUYKHUM M OpraHU3alMOHUM MepaMa Koje Tpeba Ipeay3eTH.

Exonomku 3axteBu u Beha ekonommka e(hUKACHOCT 3aXTEBajy Ja C€ MPEAy3My
Opojue Mepe mpoTuB 3arajuBauya >kuBOTHe cpeamHe. CTora je CHCTEMaTCKO
yIpaBJbambe 3alITUTOM KUBOTHE CpEIMHE O]l BEJTUKOT 3Ha4aja.
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BASICS OF CERTIFICATION OF HUMAN
ENVIRONMENT PROTECTION SYSTEMS

Summary: In the last ten years protection of living environmental became very
important for business systems and whole society, and because of that systematic
management of protection of living environmental is crucial. Higher level of
pollution of living environemental made a need for new technical and organization
methods which have to be use.

Ecological demands and bigger ecological effective, demand many meausures
against polluters of living environmental. Because of that, systematic management
of protection of living environemental with a appropriate laws and sertification is
very important.

Key words: Management system, business system, preserved development,
protection of living environmental, standard, sertification.
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IIOTPEBA 3A CEPTU®UKALINJOM
MNOCJIOBHUX CUCTEMA

Henes/bko TyIIOBI/Ihl, Muayrun P. T)ypnqnhz, Munomup TyHOBI/Ih3

Pe3ume: Ceemcra u HAYUOHATHA MPAHCULIMA CEAKUM OAHOM CY NPENIAG/bEHA C8e
eéehum Opojem u acopmumanom poba u ycayea. Ilosehana npooykyuja poda u
yenyea ucmaxia je nompe0y eehe saumume nOmMpoulaya u KOPUCHUKA yciyed, na
ce 080M NPodIeMy MOPALA NOCEEMUMU MHO20 8ehia NaxiCiba.

Menaymenm nocnognoe cucmema, Koju nocuyje y oopehenom npuspeoHoMm
ambujenmy, uma obasesy 0a npumeryje 3aKOHCKe U Opyee HAYUOHATHE NPONUce
Koju ce o00HOCEe HA 3a0060ba8aFE 3aXMmesa ‘‘3auHmepecoganux cmpaua’’:
Opyuimea, 61ACHUKA, 3anOCieHux, Kynaya, ucnopyyuiaya u opyeux. /o caoa cy
yceojeHu u  OpojHu  MehyHapoOouu cmanoapou 3a cucmeme MeHAUMeHmda
xeanumemom (UCO 9000-LIMS) u 3a cucmeme meHAUMeHma IHCUBOMHOM
cpedunom (MCO 14000-EMS), OHSHAS, HACCP u op. Ilocrnosnu cucmem xoju
Jicenu Gumu ycneuian Ha RPOOUPHUBOM CEEMCKOM MPIICULIMY MOpd OOKA3amu
oozosapajyhom cepmupurayujom 0a 3a0060b6a6a cee 3axmese cmejkonoepa. To
€800l 0 HeONXOOHOCMU CepMUPUKAYUjA NOCTOBHUX CUCTEMA, NA je ThO U PA3L02
3a nucarbe 0602 paoa.

Kibyune peunm: Menaymenm cucmem, MNOCIOBHU — CUCmEM, CMAHOApO,
cepmugpurayuja.

YBOJI

Harmonanne cTpykType 3a OlleHhHBakhe ycarjameHOCTH, YIIaBHOM IPE/ICTaBIbajy
0Jlpa3 HAIIMOHAJHUX, COIUjATHUX, EKOHOMCKHX M MOJUTHYKUX Tpwinka. [Ipurom
Tpeba y3eTu y 003mp Ha mopej] eKOHOMCKOT acIieKTa KOju o0yXBara IOIPIIKY
HAI[MOHAHO] MPOU3BOIHM U TPOU3BOINMA, U3BO3Y U €(DUKACHOCTU UHIYCTPHUjE Y
LEeJTMHH, BEOMa je 3HauajHa U 3alliTUTa MOTpOoIIaya O]l HETAYHHUX MPECTaBIhabha U
pekiiama, TIOMOh MOTpoIIaYnMa MpH HW300py MPOU3BOJA U YCIyra, HHUXOBa
UHIUBHUIyaHa 6e30e/THOCT, 3/IpaBIbe, Ka0 U 3aIITUTA OKOJIMHE.

! mp Henespko Tynaxosuh, mar. unr, Jugoinspekt-Beograd, E_mail: ntucovic@verat.net
? Mpod. ap Mumytun P. Bypuauh, Gakynrer 3a HHAYCTpHjcKH MeHauMeHT Kpymesarr,
E mail: djurazo@ptt.yu

3 Munomup Tynosuh, gum. men.-en. unr, KCII Yajernna, E_mail: ntucovic@verat.net



Ilompeba 3a cepmugpurayujom NOCIOBHUX cuCmema 155

YcariameHoCcT NOCJOBHOI CHCTEMA €a 3aXTeBUMA cranjgapaa

VYcarnaneHocT ca 3aXTeBUMa CTaHAap/a WIN IPyTuX HOPMAaTUBHUX JOKYMEHATa je
jenaH oIl Ha4YWHA Koje NPYIITBO KOPHUCTH Yy OCTBapWBamy CBOJHX IMJbeBa. Bpcra
AaKTHUBHOCTHU KOja c€ KOPHCTH 32 JIOKa3UBambe YCarjalleHOCTH Ca 3aXTEBHMa YeCTO
je onpehena mocnenunama HeycarianeHocTd. Kaga Te mocieauie HUCY 3Ha4ajHe U
Majo0pojHe, APYIITBO MOXKE 3aXTEBATH Mamkby WM HUKAKBY yCarjalIeHOCT jep ce
npo0IeMu MOTY pelllaBaTH HaKOH BUXOBE TOjaBe.

Behuna npxaBa y oapelleHUM WHIYCTPUjCKUM CEKTOpHUMa OCIamajy ce Ha
nmpom3Bohade ga caMu OCHUTYpajy HCIyHbaBamke 3axTeBa 0e30eIHOCTH, JOK JApyTe,
3axTeBajy MHTEPBEHIMjy Tpehe cTpaHe W TO PEerysuily 3aKOHCKHM IpOIHcHMa
yuMe cepTuUKaluja nocraje odaBes3Ha.

O06e Bapwmjanyje IPUCTYIIA, 3aBHCE O]l 3HAYaja MPOU3BOLE, jaUHHE WA CIa00CTH
CTPYKType 3a OLCHHBAbE YCArNAIIEHOCTH Ha HAIMOHAIHOM HHBOY, YIIOTY H
3Ha4yaj TMPaBHOT M 3aKOHOJABHOT CHUCTEMa M OJi Pa3IUYUTOr HALUOHAIHOT
HPHUCTYIIa OTOBOPHOCTH 32 MPOU3BO/I.

OXroBopHOCT 3a MPOW3BOJ MOKE HCTO Tako Ha Oyae KOMIUIEMEHTapHa Yy
00e30ehery alekBaTHOI HHMBOA 3alITUTE Oe3 003upa Jla U Cy HCIUTHBabA,
KOHTpoJlucame u ceprudukanuja obOaBesHn wim He. Y BehuHM 3emarba
OJITOBOPHOCT 3a TPOHW3BOJI, MPOIEC WIM yCIIyra “IpeHeTo” je Ha HCIOopydHoIa
nyTeM MexaHu3Mma Iuiahama TpOIIKOBa INTETE 3a HEHWCIpaBaH IMPOU3BOJ HIIH
mpolec WIM  HeaJeKBaTHY yciayry. Mehytum, kaga Cy KOHCEKBEHIIE
HeycarjalleHOCTH 3HaydajHe, IpyKaBa MOXKE 3aXTEBATH MOTIYHY YCarjalleHOCT TIpe
JI03BOJIE MyIITamka y MPOMET HIIH HCTOBPEMEHO.

u/beBn ceprudukanmje

Ha ocHOBy Hampen HaBeIeHOT, €BHJCHTHA Cy JBa (QyHAaMEHTalIHA [UJba
ceptudukanyje npexo tpehe crpane:
- cepmuguxayuja npouzsooa mopa 0a NPYICU MAKCUMATIHO NOBEPere )
ycaznawenocm npouzeooda ca 3axmeeumd,
- cepmugukayuja npouzeooa He mpeba Oa npedcmassA CKYn U
KoMnauKoean npoyec Koju he ce pegrexmoeamu na yewy npouzeooa u
APUCIYR MPAHCUULMY .

'enepanno, ceprudukanyja NPoOHM3BOAAa MOpa [a TPYXH IIOBEPEHE CBUM
3aMHTEPECOBAHMM U Ja Aa IOJAaTHY BPEJHOCT MPOU3BOLY TAaKO Ja HCIOPYYHOLH
Mory eHKacHUje 1a A0hy 1O TPIKUIITA.

OyHKIMOHHUCAE CHCTEMa OLCHHBaKba yCarjaleHOCTH MPOU3BOJa MPUKA3aHo je
Ha cauuu 1.
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Cnuka 1. @yukyuonucarbe cucmema oyersuéarba ycaziauieHocmu
EnemenTn cepruduxanuje

Ceprudukarja mpon3BoJa Kao CHCTeM Koju oOyxBata (a3e KOHCTpyHCama,
MPOU3BO/IBE, TUCTPUOYIIHjE, YIOTpeOe U CKIAIUINTSHha €r3UCTUpa BUIIEC O]l CTO
roguHa. Jlakie y cBeTy (yHKIIMOHUIIY BHIIE CHCTEMa cepTU(UKAINNje TPOU3BOIa
KOjH Cy Mame Win Buile epukacHd. CBH OB CHUCTEMU cepTH(]HKAIHje Mopajy na
uMajy HajMame TPU OCHOBHA 3ajEIHUYKA EIEMEHTA!

- cmandapou/mexnuuku nponucu’,

- UHOUBUOYATHO OYEHUBAILE, U

* Cmanoapou/mexnuuru nponucu-Haj3HauajHUju elEMEHT CBAKOT CHCTeMa cepTH UKaImje
Cy CTaHAAPAW/TEXHUYKH IPOIHUCH Y KOjUMa Cy Ae(QUHHCAHHU 3aXTEBU IpeMa KOjUMa Mopa
Ja ce YTBPAM ycCarjalleHOCT. 3axTeBH MOry na Oyny OedHHHCAaHH y YroBOpHMA,
cnenuduKanyjama, Kao U JPyruM T3B. HOPMATHBHUM JIOKYMEHTUMA WM Y opMu Koju Cy
NPUXBAT/BUBY 32 CBE YKJbYU€HE CTpaHe. 3aXT€BH MOTY Ja caip:Ke U HHTepece IpKaBe;
KOj€, CBAKaKO, MPAKTUYHO M TEXHHYKH MOTY OUTH yTBphEHH.

> Unuyujanno oyersusare-VIHAIMJATHO OLEHUBAE IPOM3BOJA IPOLIECA HIIM yYCIIyra HMa
3a Wb yTBphHBame ycarjamieHOCTH INpeMa peleBaHTHUM 3axteBuma. Cranmapiau/
TEXHWYKHU NPONUCH U JPYTU T3B. HOPMATHBHM JOKYMEHTH CAJpXKe IOCTYNaK OLCHUBAKbA
yCarIalieHOCTH, M Ce M CTPaHe YKJbY4YeHE y IOCTYIAK OLEHHMBaba U CepTHHHUKALM]Y
MOTY ZIOTOBOPHTH O CIIPOBOlery MOCTyIKa. MeXaHn3aM MHULWJaJHOT OLICEHHBaEka MOXKE
OOyXBaTUTH HCIUTUBAIKE, KOHTPOJHCAme, IPOBEpPaBambe Kao M JApyre MOCTYIKE.
VannujanHo olemrBamke MoOpa IOTIYHO H3TPATUTH ITIOBEpeHmEe y3 HajMame Moryhe
TPOLIKOBE.
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- udenmuurayujy ycaznawenocmu’.
Yemepmu enemenm:
- Hao30p, Huje y8eK NPUCYmaH, aiu ce MOXdCe CMAMpamu 3a 000aAmMHUM 34
HeKe cucmeme cepmugpurayuje npouzeooa .

H300p cucrema ceprudpuxanmje

Kanma cy y nuramy HeoOaBEe3HM CUCTEMH CepTU(UKAILMjE UCTIOPYUYHOI[ MOXE Ja
nzabepe HajeQUKAcCHUjU CHCTEM Yy CKIAAy ca CBOJUM IMJbEBHMa KOjU Cy
(hokycHpaHu Ha BUCOKOj IPUXBAaTILUBOCTH HEKOT MPOM3BOAA Ha TpXKUMTY. M3060p
cucrteMa cepruduKalije 3aBucH o Buiie gakropa. To ¢y npe cBera:

a) 0a u je cucmem ymephern 3aKoHoM uiu 00208apajyhum 3aKoHCKUM NPORUCUMA,
6) O0a nu je ceaka npousBOOHA JeOUHUYA UOEHMUYHA CA KOHCMPYUCAHOM U
Gunannom sep3ujom unu npeocmas/bad KOMROHEHMY 3d 0d/bY Yepaotv,

y) Oa 1 ce 3axmesa BUCOKU CIENeH YCa2AaueHoCmu U KOIUKY,

0) Oa au uzabpaumu cucmem uMa YMuyaj HA NIACMAH U YeHy Hpou3e00d Ha
MPACULUMY;

e) oa au uzabpanu cucmem 003606464 UCHOPYUUOYY Od KOPUCIU AMEPHATNUBHE
CUpOBUHE U KOMIOHEeHNe KA0 U Pa3iuyume KOHCMPYKYUOHe dapujanme;

@) 0bum u 8pcma npous6oomve.

Hapnzop ceprudgukoBaHor cucrema

Janac, cepTudukanyja mpou3Bo/a, Mporeca U yCiIyra MpelcTaBiba CHCTEM MPEKO
Tpehe cTpaHe KOju HMa CBoOja mpaBWia W mpouenype. Mehytum, cucrem
ceptudukanuje He Tpeba CXBATHTH Kao CHUCTEM Y KOME OpraHusaiuja 3a
cepTUQUKAIN]jy TapaHTyje ycariameHOCT CBaKOT IMPOM3BOa, Ipolieca MIId yCIyTe
3a Koje je M3IaT cepTH(HKAT O ycarjalleHOCTH, HET0 Kao CHUCTeM Yy KOMe je
NpOM3BOAKA Ipoleca/ycayre Mo HamzopoMm Tpehe cTpaHe koja 3ajemHo ca
nmpon3BohadeM KOHTPOJIWIINEG OCHOBHE €JIEMEHTE KOju 00e30ehyjy KOHTHHYaITHY
ycariameHoCT ca OJIroBapajyhuM cTaHIapAuMa WiN TEXHUIKUM MIPOIIECUMA.

S Uoemmugpuxayuja ycaznawenocmu-CepTuduKOBaHA TPOM3BOIM, MPOLECH HIM YCIyre
MOpajy Ja UMajy jacHy UIeHTU(HKALU]y YTBpheHe ycarnameHocTd aa Ou ce pa3inkoBaje
0l OHUX KOjU TO HHCY. IIpuTOM ce KOpuCTe Pa3IM4YUTH HAYMHHM HIACHTH(HKAIHjE KOjH
YKJbY4y]y 3aXTeBe ycarJIalleHOCTH, CepTU(HKATe YycarjlaleHOCTH, H3jaBe o
ycarnamenoctd. CTpUKTHA KOHTpOJIa HaYMHA WACHTH(UKAIK]E YCarJIallleHOCTH j€ jeaH o]
HajBOXHHJUX eleMeHaTa rpaljerba MoBeperha y CepTUPHUKALIMOHI CHCTEM.

7 Haosop-Y BehuHH cepTM(UKOBAHHMX CHCTEMa, Maja HE y CBHM, BpIIM CE HAI30p
NPOU3BOAKE y LHWJbY, KOHTpPOJNE Ja OU ce YTBPAWIO Aa JIK Cy MPOM3BOOM U3 Aajbe
NPOU3BOAKE ycariamleHH ca yTBpheHHM 3axTeBuma. Ham3op Moxe nma oOyXBaTu HIIp.
CHCTEM KBAJIUTETa, TPXKHIUTE M OLCHHBAKE y30paka. Y CIy4ajy Ia ce TaJbh Haa30p He
MpUMekYje, WHUIM]aTHO OLCHHBAKHE Ce MOXKE IOHOBUTH Y oapeheHOM BpeMeHCKOM
nepuony. Takohe, Hag30p ce MOKe KOMOMHOBATH YKJbYUHBAHbEM U IPYTHX OpraHu3anuja y
OKBHPY CTPYKTYpe OpraHM3alije 3a OLCHUBAIE ycarjalnleHOCTH (HIp. OpraHu3alyja 3a
KOHTPOIY).
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Ha ciuiu 2. npukasaHa je kopenaidja ydecHHKa y mpoiiecy cepTudukarmje.

1!

o KYHAIL
(IPYTA CTPAHA)

1!

+

OBJIAIIREHA OPTAHU3ALINJA 3A
CEPTUOUKAIIMJY (TPERA CTPAHA)

$-noBepeme

{-06e30eheme ycaraneHocTH

Cnuxka 2. Ilosezanocm yuecnuxa y npoyecy cepmugpurayuje

Ceptuduxanuja npouspoaa

OmyBek je mocTojana TeXma KyIa J1a MPOu3Bo, KOju HabaBJba Ha TPXKHIITY, Y
MOTIIYHOCTH, 3aJI0BOJbM H-eToBe moTpede. 3Haum oH xohe oxapehenm ymoTpeOHU
KBaJIUTET MPOU3BO/IA, IO IIEHU KOja My OJIroBapa u 0aill y TCHYTKY KaJia OH Xohe 1a
ra xkynu. Jla Ou ocurypao CBOj OINCTaHAK W Pa3Boj MOJICHUCTEM MPOU3BOMAIBE UMa
CTaJHy JKeJbY Ja 3aJ0BOJbM MOTpede Kymia CTalHUM IUIACMAaHOM CBOjUX

IIPOU3BOJIA HA TPKHUIUTY.

KIHJEHT

Ilpujasa 3a cepmughuxayujy

Cepmugpukayuono meno

Ycazhawaeamwe 3axmesa

Hcnummne
nadopamopuje-
Konmponnu opeanu

H3eewimaj o ucnumusarpy

!

3an0Bo/paBa

Cepmucgpuxkayuono meno

Cepmugpuxam-nuyenya

Cnuka 3. Tox axmugnocmu cepmugurayuje npouzeooa
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Y uusby yTBphUBama KBalIMTETa MPOM3BOAA M YCIOCTAaBJbakha PAIMOHATHHUX
Mepuiia, JOHECeHH cy oaroBapajyhu cranmapam M TEXHUYKH NPOIMUCH, TAE CY
IPONKCAHM CBH YCJIOBH U 3aXTEBHU, KOj€ MOpa Aa oapel)eHH IPOU3BOJ 3a10BOJBH 110
CBUM 3aXTE€BUMa HEeroBe mpuMeHe. To je YCIOBHIO TIOTpedy KOHTpOJe
71a0opaToOpHjCKUX HUCIUTHBAaKka MaTepHjana, Meperma, PYTHHCKUX M THIICKHX
UCNIMTHBAKA y IIJbY YTBphHUBama a JIn MPOU3BO/YCIIyTa 3aJJ0B0JbaBajy TPakeHe
3axTEBE.

3AK/bYYAK

YcneuHor ONCTaHKa M pa3Boja TPXKUIIHO OPHjEHTHCAHUX ITOCIOBHUX CHCTEMa
Hema Oe3 oarosapajyher mpousBoga. KBanmuteran nmpou3Boj mpatu U oarosapajhu
MHTETPAIHU CHCTEM MEHA[IMEHTa KBaJIUTETOM.

CepTupukoBaH M ITOKYMEHTOBaH HMHTETPAJHU CHUCTEM MEHAIMEHTa KBaJIUTETOM
opraHuszanyje MpyXa HajBUIIEM pPYKOBOACTBY MoryhHocT 3a ycmemHy
peanu3anyjy MHCHje U BH3Hj€, OHOCHO YIpaBJbamkhe [IJbEBIMA OpraHu3anuje Ha
0a3y YMIHbEHNIA, Y CKIIAy Ca 3aXTeBUMa CBHX 3aMHTEPECOBAHUX CTPaHA.

IToceOHy maxkmky MOCBETHIIM CMO KOpEJallijy yUeCHHKa y IpoLecy cepThdukarmje
U TOKY aKTHBHOCTH cepTU(HKaIMje MPOH3BOJA, Ka0 CTOXKEpa CBAKOT TPXKUIIHO
OPHjEHTHCAHOT MOCIOBHOT CHCTEMA.
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NEED FOR CERTIFICATION
OF BUSINESS SYSTEMS

Summary: World and national markets are full of many products and services.
Higher level of goods and services production underline the need of protection of
consumers and services costumers and because of that we have to discuss
something about this problem.

Management of business system, which have business in some economic
conditions, have to implement law and other national orders which are conected
with all included sides: society, owners, employes and others. There are so many
international standars: 1SO 9000-LJMS, ISO 14000-EMS, OHSHAS, HACCP etc.
Sertification is very important for business system in satisfying of stakeholders
demands. Because of that we have to sertificate business systems and it is the aim
of this article.

Key words: Management system, business system, standard, sertification.
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PAYYHAIBE KOEOUIIUNJEHATA KOHOUT'YPALIUJE U
OBJIMKA ITIOMORY METOJIE 30HCKHUX ITPOCTOPA

Henan Maplconnhl, Cnobdonan Bje.lmhz, Momuniio Byjnqnh3,
3opuna Boruhesuh?

Pesume: Pao npedcmasma nanop aymopa 0a myouma mexHuuke cmpyke (00
VYeHUKa MexXHUYKUX WKoia, cmyoeHama, na cée 00 KOHCMPYKmMopa) npyicu Ho6d
casHarba u3z obracmu Mmemooe 30HCKUX HpOCMmopa 00 OCHOGHUX NOjMO6A U
mepmuHono2uje, 0o Hajuosujux docmueHyha uz oge obnacmu.

IIpumep mpeba 0a cmumynuuie KOpUCHUKe y YUwbY NPOULUPUBArbA 3HATLA U3 08€
obnacmu, O0OHOCHO YNO3HABAIA €A MemMOOaAMAd U MEeXHUKAMA CABPEMEHO2
oceemmerba Kako Ou wmo ycnewiHuje obasmaiu c80jy @QYHKyujy y odocma
NPOMEH/LUBOM OKPYICEY, ¥ KOMe Ce HANa3u U Memooa 30HCKUX NPOCMOopa.

Kibyune peun: Koeguyujenm, obnux, memooa 30HCKUX BpoCmopa.

OUJb PAJA

MerTo/1a 30HCKUX IPOCTOpA je MPOU3MIILIA U3 METO/Ie 30HCKUX (akTopa MehycoOne
pedruekcuje, mpoueaype Koja ce 3acHUBaja Ha MPOpPavyyHy MPOCTUPama CBETIIOCHOT
(hykca n3Mel)y moBpIIMHA y IPOCTOPHjU. MeTo1a 30HCKHX TpocTopa (zonal cavity
metod) on 1964. romuHe TpeacTaBiba CTaHAapIHy mpouenypy (mpema IES-
ILLUMITING ENGINEERING SOCIETY) 3a onpehuBame Cpelibe XOpU30HTATHE
OCBETJHEHOCTH W 0OasWpa ce Ha Hu3padyyHaBawmy KoeduimjeHTa HcKopHuurhema,
peduiekcuje mpocropa W koeduujeHTa mymuHanuje. Jla Ou ce moOmna cpenma
BEIMYMHA OCBETJHCHOCTH paJHE MOBpIIMHE IMOTPEOHO je OAPEeOUTH YKyIaH
CBETIIOCHH (DITYKC KOjH AOTIHPE 0 Hhe.

IIpocTupame cBeTI0CHOT iIyKCca U
Koe(pUIUjeHTH KOH(pUrypanuje u 00JuKa

VY 0BOM UM OCTaqMM [EIOBHMa OBOT IOIJIaB/ba Pa3BUjeHA j€ aHAIUTHUYKA
ocHOBa 3a onpehuBame KoepHUIMjeHTa HCKopHIIhema Kao M KoepHUIHjeHTa 3a
OCBETJHCH-E 3UI0BA M TABAHHIIA.

! Henapn Mapkosuh, mumut. uHT. e, Bumia Texanyka mkona Y poriesail, 3Be4aH,
E_mail: nen.mark@sezampro.yu

* np Cno6oxan Bjenmh, ®TH IMpumriaa Kocoscka Mutposuia,

E mail: slobodan_bjelic@yahoo.com

3 ip Momunio Byjuanh, Texmmuku pakynrer Yauak, E_mail: vujicic@tfe.kg.ac.yu
4 3opuna Bornhesuh, gumr. unr. en, Kaca 6anka, E_mail: zbogy@eunet.yu
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[Tosa3Ha Tauka 3a OBY JUCKYCH]Y j€ OCHOBHA JIe(UHUIIM]A CjajHOCTH:
_d*F )
dwdA - cos @
OBa j-Ha ommcyje CjajHOCT y JaTOM MpaBIy Kao CBETIOCHH (UIYKC MO jeJHHULH
MPOCTOPHOT yIJIa U O jeIMHUIIMA POjEKTOBAHE TIOBPIIMHE Y TOM CMEpPY.
Y3umamo CBeTIIOCHH (PIIyKC KOjU Ce eMHTYje ca MHPUHUTC3UMATHUX eleMeHaTa
JBe moBpuinHe kao Ha ci. 1. Konyc nepunucan ca dw; mnpecena nopummHy 2 y

d4, , a koHyc nepuHNCaH ca dw, TIpecena MoBpIMHY 1y dA,.
| |

n
y

A . MZ

dd, B
Wy dw,

Cnuka 1.

Ha ocHoBy j-He (1) MOXeMO MHCaTH:
__ d’Fy

- dw,dA, - cos 6,
dPRy,

- dw,dA, - cos 6,

2)

1

3)

2

rae je:

Fi, -bnykc u3 dA; xa d4,, a

F,,-bnykc u3 d4, xa dA,.

L, -cjajHoct dA, y cmepy dA,, a

L, -cjajaoct dA, y npaBiy d4; .

CBaka oJ1 MPEXOHUX j-HA MOXKE CE HAMMCATH Y OOJIHKY:
dA, cos 0, J

2
d F12 =L1 COSHIdAl( D2

(4)

)

dA o
d2F21 :L2 coS eszz[&J

D2
CMmaTpamo caja fa je HOBpIIMHA | KOHayHa MOBPIIMHA IMOBPIIMHE A, YMECTO
eneMeHTapHe nospunHe d4; . Ha ocHoBY j-Ha (4) u (5) MO’KeMO HalucaTH:
cos 0, cos 6,dA,
dfyy =Ly | )
A D
cos 6, cos 0,dA,
2

dA, (6)

szl =L, f
4

dA, (7

IpU YeMy MPETHOCTaB/baMo Jia Cy cjajeBu L, U L, KOHCTaHTHU (NOBPIIMHE A, H
dA4, cy JlamGeprose). U3 j-Ha (6) u (7) nobujamo:
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dk, L _M, M, ®)
dFy,, L, M, dF,/d4,

rze cy:

M, n M, ocBeTJbEHOCTH MOBpLIMHA A; U dA, , pECIEKTUBHO, a

dF, je ykymnas ¢urykc Koju eMuryje dA, .

[peypehemem j-He (8) nobuja ce:
@ = —dFlz = ﬂ =Cy )

dF, Md4, M,
J-ua (9) je nedununmja koedunujeHta koHpurypamnmje. KoedunmjeHTt
koHpurypanuje C,, je neo ¢uykca eMuroBaH on dA, KOju OJUPEKTHO mpuma A, .
OH je no0WjeH Kao OJHOC OCBETJbEHOCTH Ha dA, mpousBeneHe (IyKcoM
NPUMJBEHUM JMPEKTHO 01 A; Kao pe3ynrar ocBeT/bema moBpiinHe A, . OBO ce
YEeCTO HAa3WMBa 3aKOH TOTPEIHOT MyTa, y CMUCIY Ja KOehHUIIHjeHT KOHUTrypaluje
OJ1 TIOBpIIMHE 2 Ka MOBpIIMHKA 1 ce peduHumIe y ¢-jy OCBETJHEHOCTH y TauyKH Ha
MOBPIIMHUA 2 TPOM3BEACHO] OCBET/bEHEM IMOBpIIMHE 1, anu je cmep TpaHchepa
¢ykca Taj koju oapelhyje unaeKCe.

IMonoBrMoO wu3BOheHE MpETHOCTaBbajyhu na cy moBpimHe | W 2 KOHAYHE.
Nmahemo:

cos 0, cos 6,

Fo=Li[|————dAd4, (10)
12 D
cos 6 cos 0
1 =L2H#‘ZAMA2 (11)
12

Onasne cirenu aa je:

=— (12)
U3 yera 100ujaMo:
F. F E
2o C12 o2 (13)

F, M4, M,
J-na (13) nedunmme xoedpuuujent obnuka. Koepuumjenr obnmka F,, je meo
(irykca eMUTOBAHOI ca MOBPLIMHE A4, KOjU JUPEKTHO MpuMa nospmuHa 4, . OH je
JoOMjeH Kao OJHOC TMPOCEYHE OCBET/HCHOCTH MOBpIIMHE A, MpoU3BeIcHE
(bIryKCOM IPUMJBCHUM JTUPEKTHO O A; yCiea cjaja MoBpIIUHE A,
Fn _ Fifin _ M4/,

E, = = (14)
4, A, A,
U3 (13) u (14) cnenu:
A, fo1 = A f1n (15)

VY HacraBKy OBOr pana Buile hemo ce 0aBuTH KoeduIlMjeHTHMA O0JHMKA YMECTO
koeuuujenTuMa KoHpurypamnuje. OBo U3 pasziiora MITO HAC UHTEpeCyje MpoceyHa
OCBETJFCHOCT paJHE IOBPIIMHE, a HE OCBETJbEHOCT HEKe Tadyke Ha paaHoj
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noBpmmaa. OBa napyra Tema Owhe oOpaleHa npyrom NPUINKOM H 3aXTeBa
kopuiheme KoeduijeHTa KoHpuUrypanuje.

M3Boheme koedummjeHata obmuka 3a Hajpehm Opoj TeoMeTpHjcKHUX OOJIMKa je
YUCTO TEOPHJCKH, W YECTO JOBOAU 1O BHIICCTPYKHMX HHTErpajia ca TEUIKUM
TPaHUYHUM YCIIOBHMA.,

Koeduuujent 00/1uKa 3a npaBoyraoHe napaJesjaonuimnene

Y3MuMO JiBe mapalieliHe MpaBoyraoHe MOBPIIMHE MPUKa3aHe Ha CIIHIH 2.
Koedumujent obnmka 3a oBy KoH(pHUTYpanHnjy je mat 6e3 qoka3a Kao:

21 (1+S2)(1+t2) [ 2 . t
f_n-S, 2 st VIS e s

+S\/1+t2tg_1x/S_z—t-tg_lw‘—S-tg_l-S} (16)
1+¢

Tae je:

1

- (17)
h h
[pernemajmo cobHu mpoctop mprkazaH Ha ciuiu 2. berosa “raBanuna” je paBaH
CBETHJBKE a FETrOB “NoJ” je pajHa MOBPIINHA.

Cnuxa 2.

O6enexxumo 3uaoBe ca 1, TaBaHuIly ca 2 u nof ca 3. Taga xoedunujeHT 00IHMKa y
o’ «a
j-aE f =1 +7—5 o’ +4 nocraje: f,3 = f3, 3aTO jep Cy MOBPIINHE TaBaHUIIE

Y TI0JIa jeJTHAaKe I1a Cy U KOe(HUIMjeHTH 00JIMKa jeJHaKK Ha OCHOBY j-He (15).
CBu npyru Koe(hHUIHjEeHTH 00JIMKA 32 TIPOCTOP Ha CIIUIN 3 MOTY C€ U3pa3uThu y ¢-jy
ol f,;. Tako je:

S =1 =1- /2 (18)
A A

f12=f13=A—jf21=A—?(1—f23) (19)
A

fu=1-2fi; =1-222(1- f53) (20)

4,
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!

| 2

| |

/);____

- 3

Cnuka 3.

J-na (18) je nobpa 3aTo wTo cyMa KoepulMjeHaTa o0JIMKa 3a 1aTy MOBPLIMHY MOpa
outn jenHaka jemquHuny. J-Ha (19) mpukazaHa je U3 pEIUIPOYHOT OJHOCA M3Mehy
3UI0Ba M TaBaHWIle u onaa. J-ua (20) mpukasyje a 3uI0BH 3pade Ka ceOn cammma
UCTO Kao TpeMa TaBaHWIM H MOAYy. Y OBOj j-HM KOPHCTH CE€ YWE-CHHIA Aa 30Up
koeduMjeHaTa 00IMKa 3a aTy NOBPIIUHY MOpa OWUTH jeAHAK jeIMHHIIH.

Kao mro mokasyje j-na (17) xoedunujeHTH 0OOIMKa 3a MPaBOYTaOHH IPOCTOP
3aBUCe O OJIHOCA MIHPHHA (BUCHHA M TyKHHa) BucuHa. Kopumhemewm j-ue (16), j-
Ha (17) moxe ce MonM(pHUKOBAaTH Ha cielehn HaYuH:

szi(nﬁj .-t:i(HLj 1)
CR 1 CR w

Tako 3a xoedumujenT obmuka f y j-uHu (16) cBu npyru koedummjeHTH 00IHKA,
Mory ce m3Bectd y ¢-jy CR wu onHoca ayxuHa/mmpuHa. YTtumaj 1/W (mayx
HIMPHHA) Ha KoehHurjeHT o0nuKa f,; je OpojuaHo Maiu.

3a reHepucame Tabene koeULUUjeHT 00auKa f,3 je pauyHar us j-He (16). 3atum j-
He (18) m (19) uckopuuhene cy 3a pauyHame Ipyrux kKoeduiujeHata oOIHUKa,
HaKoH yOaumBama A, / A; u3 j-He.

J-na (16) je xommrekcHa aHanutudku. Crnenehe ampokcuManuje cy pa3BHjeHE ca
tayromrhy ox 0,4% 3a CR+20.

fr3 =0,026+0,503¢ TR 40,47 O1ICR (22)

3AK/bYYAK

Ilopen xoedurnmjenara koje cMO ACPUHHUCAIH Y OBOM pagy MOXKeE ce
HPUCTYIIUTH M padyHamy IPYTHX Koe(HIMjeHaTa y METOIM 30HCKHX IpPOCTOpA.
Hamnomenyhiemo joun u koedpunujerte uckopuiihema v koeUilMjeHTe paaujaludje
0 KojuMa hie OuTH peyn y HEKOM APYTOM pasmy.
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Ipomucu JUS UC.9.100.

TexHu4ka ToKyMeHTaluja qomahix mpou3sohada CBETIIOCHUX H3BOPA.

O RN

CALCULATION OF CONFIGURATION AND SHAPE
COEFFICIENTS USING METHOD OF ZONAL SPACES

Summary: This paper presents authors’ effort to present new information from the
area of zonal spaces method, starting from basic concepts and terminology up to
the most recent achievements in this area, to the people of technical vocation
(secondary technical school students, university students constructors).

This sample should stimulate users for the purpose of knowledge broadening in this
area, that is, to introduce with methods and techniques of modern lighting, so they
could successfully perform their function in changeable environment, where also
the method of zonal spaces is placed.

Key words: Coefficient, shape, method of zonal spaces.
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HUHTEPHET U MYJITUME/INJA-
MORHO OPYKJE CABPEMEHOI IIOCJIOBAIBA

Papne T)ypntmhl, 3opana T)ypnqnhz, Muian T)ypnqnh3,
Cnobonan IlerpoBuh

Pe3ume: bez Humepnema u mwe208Ux cepeuca ce He Modlce 3aMUCIUMU Ca8PeMeHO
nociogare. OdOumM NOCI08aARA HA MPAOUOUYUOHALAH HAYUH JEOHAK je obumy
nociosarwa na Unmepnemy.

Kimbyune peun: MHTEPHET, web, nocrosarve.

YBOJ

CaBpeMeHO TOCIOBamkE 1aHaC ce He MOXKE 3aMUCIUTH 6e3 MIHTepHeTa U HeroBux
cepBuca. Y CKIONy ca MYyJTUMEOHjalHUM ajaTuMa W cpelcTBuMa IHTepHeT
NpeAcTaBJba HY)KHOCT OIICTAaHKa y HEH3BECHO] KOHKYPEHTCKOj O0pOH Ha CBETCKOM
TPKHUILUTY.

Ta je AHTEPHET?

UuTepHeT je Mpexa caTkaHa OJf CBUX KOMIjYTEpCKUX Mpexa y cBery. [loBesyje
JISCCTHHE MHJIMOHA Jbyau w3 Bumie on 160 npxasa. [Ipunamguuiu WHTepHET
3ajeTHUIle TPUTIAIajy CBUM CTAPOCHHUM TpylaMa W pa3HUM CTHIOBHMA JXKUBOTA.
Haxko ce mako Moke 3aMUCITUTH Ka0 TUHOBCKH, QYTYPHCTHYKU CUCTEM IO HEUEMY
CIMYaH IMyTOBaWkY KpO3 MPOCTOp U BpeMe. MHTepHET je, y CyIITHHH CIHYaH,
jeTHOM IIOCIIOBHOM IMOMOKHOM amary. Jako je TeIIKO MHCaTH O HeYeMy TaKo
aTriCTPaKTHOM M (PM3MYKH HeonmuIbMBOM. Hujemna cdepa Jpyackora sKMBOTa TaHaC
ce HEe MOXE 3aMUCIUTH Oe3 IEepCOHAHWX padyHapa, a caMHM TUM U 0e3
HNureprera.

HHTepHET HUWje HUYMje BJIACHWINTBO W HE IOCTOjH OpraHM3amuja Koja YHMe
ynpaesba. Jbyau CBOjOM BOJBOM MpPUKJbYUYjy BIACTHUTE padyHape M BIACTHUTE
Mpexe padyHapa y CBETCKY 3ajennuily. [lojenuHe apxaBe u pupme cy BIacHUIU
ompeMe W JIeoBa KOMYHHKAI[MOHWX KaHama Koje MHTepHeT KopucTu, anu je
JEIMHO TIPU3HATO BIIACHUINTBO padyHap (KJIHjEHT) KOJUM C€ KOPUCHHK ITOBE3yje Ha

! Pane Bypuunh, Buma mocnoBHO-TEXHUYKA KO, Y KUIIE

2 3opana Pypruanh, GakyaTeT 3a HHAYCTPHjCKH MeHAUMeHT, Kpymesait
3 Munan Bypruuanh, U3naBauku nenrap “UP-MUP*, Vxuie

4 Mp Crnoboaan Ilerporuh, Buia mocioBHO-TEXHUYKA ITKOA, Y KHIIE
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MpexKy. MHTepHET TexXHOJOruje Cy IocTalieé MacoBHO mNpHxBalieHe y 4YUTaBOM
cBery. UMHTepHer HHje HOBOTapuja. JlaHac ce ONMKHM CBOjUM YETPACCETHM H
aTPaKTUBHU]jH je Hero mkanm mpe. Mako MHTEepHET HUje HUYHje BIaCHUIITBO, 1992
. OCHOBaHa je HernpoduTHa opranusaiuja “The Internet Society” koja Haariena u
yIpaBjba NOJIUTUKOM U MPOTOKOJIMMA KOjU NeduHuIly pan Ha MHTEpHeTY.
WHTtepHeT npeacrasiba rI00aHY padyHapCKy MPEXKy IPEeKo Koje ce BPIIN pa3MeHa
mojaraka m3Mel)y xkopucHuKa padyHapa. [Ipenoc mH(popmarmja ogsuja ce mpeKo
Hamie TeneoHCKe JMHMje W MOJAEMa [0 Haler mnposajaepa. WHTepHeT je
KOJICKIIMja MUJIMOHA pavyyHapa Te Cy CBU IOBE3aHHU Y jeJHY BEIUKY PadyHApCKy
Mpexy. [IpeacTaBiba T100aHY KOJNICKIMjy MAIUX M BETHKHX padyHapCKHX Mpeka
koja omoryhaBa cBMM pauyHapuMa jaa MelycoOHO KOMYHHUIUpajy. Mpexe ce
Mel)ycoOHO moBe3yjy Ha pa3He HauumHe, Kako Om Qopmupane jeqaH 3ajeIHUYKH
entuteT-MTHTEPHET.
Ono wto 30ymyje mpoceyHor KopucHHKa MHTepHeTa jecte OpOj KOPUCHHKA KOjH
MCTOBPEMEHO MOTY MPHUCTYIUTH jeTHOM MpoBajaepy. Hamm nHajBehn mpoBajaepu
UMajy TI0 HEKOJMKO CTOTHMHA YJA3HUX Tele()OHCKUX JIMHUja HaMECHEHHX
kopucHuimMa Murteprera. Kamga mobujemo curHai na je TuHUja 3ay3era (Hajuernthe
cy 1o 3-4 tenedoHcka Opoja KOjU 3alpaBo MPEJCTaBIbajy TUX HEKOJIHUKO CTOTHHA
Tese()OHCKUX JIMHHUja), 3HAUM J]a Cy CBH KamauuTeTH nonymweHu. [IpBa crnobomHa
JWHUja 0T HEKOJIMKO CTOTHHA aKTUBHUX oMoryhaBa KOPHCHHKY J1a J00H]e Be3y.
JobOujameM Be3e, OAHOCHO NOBE3WBAKEM Ca MPOBAjACPOM, TPUKIBYUYjeMO ce Ha
Unteprer. Ycnoctasibajyhu Tenedoncky Be3y ca mpoBajaepoM KOMe CMO TUIATHIIH
3a IIpeTpakuBame Mo MHTepHeTy, Halll MpoBajaep Joa3u 10 HHpopMaIHja Koje cy
HaMa ToTpeOHe, a Hajaze ce mupoM cBera. Jlasbe, mHpOpMaIuje Mory ma ce
npociuehyjy 3eMaJbCKUM WM Ba3IyIIHMM OyTeM. 3eMaJbCKH IyT IMOJIpa3yMeBa
ONTHYKHU KalJl, TOK Ba3AylIHW IyT mojapa3dymeBa (y BehumHH ciyuajeBa) Besy ca
catenuThMa. THN Be3e ‘“TMHKA” 3aBUCH HMCKJBYYHBO Of MpoBajaepa. Cpaku
padyHap y MpexH UMa jeJMHCTBEHY aJipecy Koja yKa3yje Ha ITyT KOjUM ce JI0 Yera
nonasu. Pauynap npexo DNS 0Opoja (Domain Name Server) “3Ha” kojum ce
IyTEeM JI0JIa3H JI0 )KEJbEHE CTPAHHUIIE.
Ycnocrasbame Beze npeko ISDN monema yOp3aBa npeHoc undopmaiuja. To cy
MOJEeMH Koju uMajy mpeHoc oko 128 kbps 3a ISDN u 7 Mbps 3a download
(npey3umame ¢ajnosa ca Hera) u 10 680 kbps 3a upload (cname ¢ajnoBa Ha HeT)
3a ADSL (Asymetric Digital Subscriber Line).
Hanac cee Behm Opoj mpenyseha HAcTOjU J1a UCKOPHCTH BEJIWKU TOTCHIIHjaT
WHaTepHEeTa Ka0 jeh THHOT eNeKTPOHCKOT KaHalla IUCTPpUOyIHje.
VHTepHeT MOKeMO IocMaTpaTH Ha BUIIE HAYMHA!

- Kao Oe3rpaHHYHHU U3BOp 3abase,

- Kao cpelcTBO 3a Op3y, jeQTHHY U jeIHOCTaBHY KOMYHHUKAIH]V,

- Kao KaHaJ 3a CTHLamkhe HOBHX Ca3Hamba,

- xao MoryhHocT 3a 100py 3apafy,...
Unteprer ce “yBykao” y cBe cdepe Hamier >KMBOTAa M IIOCTa0 HE3a00MIIa3HU
(axTop caBpEMEHOT KHBOTA U ITOCIOBambA.
bpoj xopucHuka MHTEpHETA Yy CBETY BPTOIIIABO pacTe U3 AaHa y maH. [Iporene:

- cBercka UnTeprer nonynamuja y 2004:934 munuona,

- mpojekmuja 3a 2005:1.07 Munujapau,
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- mpojekiuja 3a 2006:1.21 Munujapau,
- mpojexnuja 3a 2007:1.35 munujapau.

(ClickZ Stats staff, www.clickz.com)
(Computer Industry Almanac, www.c-i-a.com)

1.44
1.2

1-
0.84
0.6
0.4
0.24

04

O Bpoj KopucHUKa
WUHTepHeTa y
Munujapaama

2004 2005 2006 2007

Cauxa 1. bpoj xopucnuxa Mumepnema (Mszeop: ClickZ Stats staff, www.clickz.com
Computer Industry Almanac, www.c-i-a.com)

HUcropujatr UHTEPHET-a

MmHoru Bepyjy na je HTepHeT HOBU M3yM nako notude u3 60-ux roauHa, Kaaa je
Mpexa Arenmmje 3a [Ipojekte Hampenanx HctpaxuBama (Advanced Research
Projects Agency Network-ARPAnet) ocHoBaHa on crtpaHe MuHHCTapCTBa
onopane CAJl. ARPAnet je omoryhmo rmobamHy Mpexy BiIaguHOT ocoOJba,
HayYyHUKa W WCTpakupaya, koju MeljycoOHO capalyjy W pasMmemyjy BakHE
nHpOpMarImje.

CwMatpa ce n1a je Be3a u3Mmely qBa pauyHapcKa cucTeMa Koja mojaceha Ha JaHaIImbH
WaTeprer mnpBu myT octBapeHa jomr 1969. romune. McTpaxuBaun Ha
Kamudopaujckom UCLA yHUBEpP3WTETy YCHOCTAaBHIN Cy BE3y ca padyyHApOM Yy
Crendop yHHBEpP3UTETYy W IIpe HEro INTO je jeAaH Off padyHapa IpecTtao Ja
(yHKUMOHUIIE, YCTIENH CY 3ajeIHO JAa UCTIUIILY Ha eKpaHy caMo jeany ped: “login”.
IIpodecop Kleinrock, xora cmatpajy omem WHTepHeTa, Kake Aa je MHTepHET
HAacTao Kako O ce 3aJ0BOJbMJIA MOTpeda Ja MCTPaKWBAYM KOjU CY PaJiN Ha
npojekTuMa y okBUpy mnporpama ARPA mMelycoOHO KOMyHHLHpPajy W KOPHCTE
padyHape pacIiojioKHBE Y Pa3lIUYUTUM HCTpaKMBaukuM LeHTpuma. lllesmecetnx
ronnHa ARPA je dmHaHCHpana Benuky Opoj HCTpakMBamka U CBaKU O IICHTapa je
JKeJIeo Jla MMa CBOje pauyHape IITo je Omio npeckyno. 3amucao ARPA areHmyje je
omna na ce (opMupa Mpexka, MPEeKo Koje OM ce KOPUCHUIM TpHjaBJbUBaIM Ha
yZlaJbeHe CUCTEME UM TUME CHMXXABaJIM YKyIHE TPOIIKOBE KOpuIIhema pauyHapa.
Uneja je Ouna na HaAydHHIM U3 Pa3IMUUTHX TUCHUIUIMHA MOTY JIa Pa3MEmyjy
pe3yaTaTe HCTPaKHUBabA.
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Mpexa ce y nmoueTky 3Baia ARPANET. Onu xoju cy ydecTBoBa H y GOpMHpamy
MpeKe HUCY Y TIOUeTKy UMajiH BU3Ujy o Moryhum npumenama. Kan cy moyenu aa
KOPHUCTE EJICKTPOHCKY TIOIITY, HEKO je MO NPBH IYyT NMpUMETHO na he jemHa on
[NIABHUX TPHMEHa Mpexe OWTH KOMYyHHKanuja Mel)y kopucHuiuma. Mnamum
UCTpaKkMBauuMa, Oam kao u npBuM kKopucHuuuMa ARPAnet-a, npuopurer cy
OunM TeXHWYKH NpoOJIeMu Mpexe, a He JaHallkba MOpPalHa U €THYKa MHTamba
kopuirthema MaTEpHETA.

[MoueTkoMm cenmampueceTux, jeaH oj mpobiema y Besu ca MHTepHeTOM Omna je
pacmpaBa Tpeba JIn TO3BOJMTHU Aa ce Mpexa nmpomupu u uzBaH CAJl-a. Jemna o
CTpaHa Koja je OWja MpOTHB IIHPEHa MPEXKE CYy TMPEICTABHUII aMEPHUIKE BOjCKeE,
KOju cy O30WJBbHO pasMHUIIJbAIM Ja MpPEXKY KOPHUCTE 3a IOy3llaHe IpHBaTHE
KOMYHHKalWje U Paio Be3e y CIIydajy HyKJIeapHOT para.

Toxom 80-ux romuHa, Hammomamna Hayuna ®onpmamuja (National Science
Foundation) yuununa je ma ARPAnet mpepacre y MoaepHHUjy, OpKy MpExXy.
OBako yHampeheHa apxuTekTypa moOwia je uMme VHTepHET W moBe3HWBajia je
BJIaJUHE CYNEpPKOMIIjyTepe, 0Opa3oBHE MHCTUTYLIMjE U MCTPaXUBAaUKe CTaHULE. Y
neauHu, VHTEepHET je (QYHKITMOHMCA0 Kao OTBOpEHA O0pa30BHA W MCTpPaKMBadKa
Mpexa.

Ogaxo 0u u3raenana merosa ckpahena 6uorpaduja:

- 1965: Amepuuka Bojcka ce mpubojaBana 1a O y ciiydajy HyKJIeapHOT paTta
ca CCCP-om moriio ohu 10 TOTATHOT paciajia KOMyHUKaIlgja,

- 1969: Pememe je mpoHaljeHo y AUCTpUOYHpaHO] pauyyHAPCKO] MPEXHU Koja
he 6e3 mpobnema pyHKIMOHUCATH YaK U Kaja Ce TOjeMHEe Be3e IPEKHHY,

- 1969: Larry Roberts je u3amucimo MaTepHeT. HacTao moBe3nBameM pBa
4yeTupu pauyHapa y Kamudopuuju,

- 197X: Hayunu xpyroBu mouyumy Ja ce€ CBe BHIle 3aHMMajy MHTEepHETOM.
Komynukanwja Ha UHTEpHETY y TOM 7004 je HCKIBYYHBO TEKCTyaTHa,

- 1981: Bpoj xocToBa noBe3anux Ha MHTepHET HocThxke mudpy on 213,

- 1992: llenrap 3a HykneapHa uctpaxusama LIEPH y JXeneBu pasBuja
World Wide Web (WWW), unpyxkajyhu rtpaduakm KOPHUCHHUYKH
untepdejc (GUI) 3a Unrepuer,

- 1995: Bpoj xocroBa moBe3aHux Ha HMHTepHeTr nocerao je uudpy oxn
6642000,

- 1996: NHTepHET eKCIUIoANpa M 0 JaHAC OCTaje HepBHU IICHTAp Tiio0amHe
KOMYHHUKaIHje,

- 2000: PasBoj mpojekta Hmutepner 2 (I12). IlojaBa Tenenmep3uje-
MmoryhHocT nma nBe wiu Bumhe (QM3WYKK yAajbeHHX o0coba 00aBibajy
3ajeZIHNYKEe aKTUBHOCTH YHYTap jEMHCTBCHO JOXHUBJHEHOT BHPTYEIHOT
OKpYyKeHa, ca HUCTUM HUBOOM KBAJINTETa Kao Ja c€ Halaze y HCTOM
IPOCTOpYy.

3AK/bYYAK

[TocioBHY JbyAN Cy MPEMO3HAIH TEXHOJIOMIKE TPEJHOCTH M BEIUKO ITOTEHIIN]aTHO
TPXKHUIITE KOje MOXKE Ja JJOHece A0OHT y MOCIoBamy. MIHTEepHET je TeXHOJIorHja ca
HajOp>kuM  pactoM y uctopuju. Ilpema wuctpaxkuBamy Morgan Stanley



HUnumepnem u mynmumeouja-mohno opyaicje cagpemenoz nociosara 171

Technology Researcha Wurtepuery he Outum moBosbHO 5 ronuHa na Oyne
npuxBaheH y 50 MHIMOHAa aMEpUYKHX JOMOBA, IITO je AaleKo OpikKe Oll OCTaInX
YIIOpeIUBUX TeXHoJorHja. Paamjy je Tpedamo 38 rogmHa 1a MocTUTHE OBaj Opoj, a
teneBu3nju 13. CradHuM pa3BojeM M TOOOJBIIJBE-EM TEXHOJOTHja €IEKTPOHCKE
TproBuHe mpeko HHTepHera moBehaBa ce HWEH 3Hauaj U OOMM TOCIOBamba
KOMTIaHHja.
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INTERNET AND MULTIMEDIA-
POWERFUL WEAPON OF MODERN BUSINESS

Summary: Without Internet and its services we can’t image modern business. The
level o business transactions by traditional way is equal with the level of business
transactions by Internet.

Key words: Internet, web, business.
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MHTEPHET MAPKETHUHI' Y CBETJIY IIPEJHOCTH
E_MAIL-A KAO CEPBUCA UHTEPHETA

3opana T)ypnqnhl, Papne T)ypl/l‘ll/lhz

Pe3ume: 3a paszsoj Humepnem mapkemunea ko0 Hac mpebano o6u oa 0y0y
paszeujenu u coyujarHu u Kyamyporowxu yciaosu. Iloped mpancgopmayuonux
npomena Ha mpoaicuwmy, mpedano o6u oa 0ohe u 00 MmpancHopMayuoHuUx nPoMeHa
Y Opywmey, anu u 'y 21a8ama CAMux y4ecHuKa y nociogarny.

Kibyune peun: Hnmepnem mapkemune, E_mail, web, nociosarve.

YBOJ

ITojam VMHTepHET MapKeTHHra OJHOCH Ce Ha CIPOBOleme MapKeTHHT aKTUBHOCTU
kopuinhemeM jaBHe mehyHapoaHe pauyHapcke MHTepHeT Mpeke. MHTepakTHBHU
MapKeTHHI, 3acHOBaH Ha IIHTepHeTy, mpeacTtaBba HOBY (OpPMY TPIKUIIHUX
OJJHOCA, IUPEKTHO KOMYyHMIHMpame wu3Mel)y monyhawa wu morpomrada, mrTo
IpeICTaB/ba OCHOBY CaBPEMEHOT MOcI0Bama. MapkeTuHr Ha MIHTepHeTy (OH-IIHHE,
MHTEPAaKTUBHU MapKETHHT, €JIEKTPOHCKH MapKETHHT), Y CTBApH, MPEACTaBIba CKYII
aKTHBHOCTH KOje 3a [WJb UMajy NpoJajy yciayra WIM IPOHM3BOJA LUJBHUM
HoTpomaynma, yrnorpeobom VHTepHETa M OH-THMHE CepBHca, Kopucrehm oH-THHE
TEXHUKY W YCIyre, HAa HAYWH KOjU je KOH3HCTEHTaH Ca MapKETHHT CTPAaTErHjoM
npeny3eha.

Humepnem mapkemunz npedcmasbd KOMOUHAYU]Y MPAOUYUOHATHO2 MADKEMUH2
KOHYenma ca UHMepakmusHUM MapKemuHe Memooama no200HUM 3a
UHMEPAKMUBHO KOMYHUYUPAIbe Ca NOMPOULAUUMA.

E_mail kao cepBuc uHTEpHeTA

Jeman opx HajumomymapHUjUX cepBuca IHTepHera, KOju TmpeacTaBjba MOhHO
cpeactBo UnTepHer mapketunra je E_mail.

E_mail je ckpahennna TepmuHa “enexTpoHcka momra” win “electronic mail”,
MMITO 3HAYM TPEHOC IMOpyKa MPEeKo KOMYHHKAIMOHMX Mpexa. E mail mopyka je
npocTa TeKCTyaJHa Wopyka. EnexTpoHCka momTa je W JaHac jeiaH of
HajmonynapHujux cepsuca Murepreta. [lo HekuM ncTpaxknBamiMa Ha HTEpHETY

! 3opana Pypuuuh, Daxynrer 3a MHIYCTPHjCKH MeHauMeHT, Kpyenan
2 Pane ‘Bypranh, Buia mocioBHO-TEXHHYKA MIKOTA, Y KUIIE
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ce gaHac momajke oko 10 Mmimona pa3Hux e mail mopyka, gHeBHO. Paznosu 3a
nomynapHocT € _mail cy mo3natu: e _mail he ce yBek HCIIOPYYUTH aKo je TO UKAKO
Moryhe; ako HHEje, omrbaialn he OUTH 00aBEMITEH O Pa3Io3uMa HEUCIIOPYUHUBambha
nomre; € _mail ce Op30 Hcmopyyyje, Hajuemhe 3a cBera HEKOJIMKO MHHYTa (aKoO
NOCTOjU JUPEKTHa Be3a o0a cucreMa Ha MHTepHET- M NOMMIBAOYEBOT U
npuMaora); € _mail je Hajuenthe jeputuHUjU ox yoOuuajHOT mucMa... To je MeTox
KOMYHUITUPamka CIICKTPOHCKUM ITyTeM u3Mely xoprucHuka MHTEpHETa KOju MMajy
OTBOpEHY ENEKTPOHCKY ajapecy Kon mpoBajaepa MutepHer ycayra. Ca Bamer
padyHapa, B MOXKETe IIOCiaTH € mail-oBe OMI0 KOMe Ha CBETy KO Hocenyje
e mail aapecy. To je Benmku Opoj JbyaH, jep TPAKTHYHO CBAKU CyOjeKT Ha
WuTepHety nocenyje 6ap jenny e mail aapecy. E mail je cuctem nu3ajHupan Tako
na oMoryhasa ciame ¥ IpHjeM TEKCTYaJHO 0a3MPaHUX MOPYKA U Clambe PasHUX
JIOKyMeHaTa y obnuky nmonatka (attachment). Ilpe npBe e mail mopyke Omio je
Moryhe mocnatv MOpyKy Ha mnojenuHavyHu pauyHap. I[pBy e mail mopyky je
nocnao Ray Tomlinson 1971 r. Jlanac, nako moctoju MoryhHocT monmaBama
attachment-a ¢ mail nopyka je u majbe caMoO TEKCTyaJHa MOpyKa. 3a IpHMambe
¢ mail mopyka KopcTUMO HEKH o1 € mail kimjerara. To ¢y mporpaMu MoTmyT:

- Microsoft Outlook,

- Outlook Express,

- Eudor-a nnn

- Pegasus.
Kopuchuiu GecruiatHux € mail cepsuca xopcucre € mail wxmmjente ca Web
CTpaHa:

- Hotmalil,

- Yahoo.

3amTo kopuctut E_mail

E mail Tpeba kopucTuTH 3aT0 1ITO:

- jejedTHHHjH O OOMIHOT IMHCMA;

- jejedrunuju u ox TenedoHCKOTr O3MBA;

- je Opku O] OOMYHOT MHCMA;

- mpumMaoly ocrtaje kornrja E mail-a 3a kacHUjy ymotpeOy;

- 3a pasnmKy oxa TenedoHa, OATOBOp C€ MOXKE HaMUCcaTH JaraHo |
CMHIIIBEHO, 06e3 moTpede 3a )Kypoom;

- TOpyKa y ceOu caap kK MHPOpPMaIHjy KaJa je ImociaTta, Tako J1a MpuMaaiy
3Ha TAYHO KOJHMKO KAaCHU Ca OJITOBOPOM...

Ynorpeda mail-a

- IIporexnux roauHa je yrnorpeba ¢ _mail-a 1ocTuria cBoj BpXyHail.

- TlpeMa HekHUM cTaTHCTHKama yTBPHEHO je Ja MOCTOjHu OKO 25 MHWIJIMOHA
¢ mail KoprucHHKa KOjH majky OKO 15 MuHjapIy mopyka TOIUIITELE.

- Tlomro pa3auuuT € mail cUCTEMH KOPUCTE pa3indyuTe Gopmare, mocToje
CTaHAapAu Koju oMoryhyjy KOpUCHHLIMMAa CBUX CHCTEMa pa3MeHY HOpyKa.
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HNuTepHeT MajMyHue @
‘\.

VY Uranuju ra 30By myxwuh, jep moaceha Ha kyhuily myxa, @paHiry3u ra u3 uCTor
pasnora 30By eskargo, y I'pukoj uma Hagumak papaki (rymuuna), 3a Pyce je To
cobaka (mac), y Uspaeny ra 3oBy Strudel, Mu 1 MHOTH ApYyTH 30BEMO ra MajMyH
300r Ayror pemna Koju ce 00aBHja OKO CJIoBa a... Mak, Ha CBUM je3uIliMa O3HavyaBa
camo jeqHo: MHTepHer.

Pohen je 3ajemHO ca OMacoBJbEHEM EIEKTPOHCKE MpeEke, Kaja Cy Iodene Ja ce
IpaBe aJapece CacTaBJbeHE O] MMEHAa KOPHCHHKA W HMMEHA KOMI[jyTepa KOM je
nomrta ynyhena. OBa cBa Jena Mopaja cy Ja ce ojejie HEeKUM 3HaKoM Koju he cBu
mohu ma mpenosnajy. M360p je mao Ha @. Ko je Tako omnmyuno? A ko Ou apyru
HET0 TBOPAII IIPBOT 3a eIeKTPOHCKY momty Pej TommuHCcoH koju je 1972. romuHe
TFOTOBO CIIydajHO o7a0pao ympaBo oBaj cMMOOJI, Ipe cBera 3aro mrto je Beh
noctojao Ha TactaTypama “Temerejm 33”: Hamme oBaj 3Hak y Enrmeckoj ce
KOPHCTHO 32 ucnucupame 1eHa. Ha mpumep: 3 kytuje 2 (mo nenn on) 15 pynTH.
Wnak, uctopuja Tako3BaHOT MajMyHUYETa WM IMyxuha MHOTO je Aya: kbera ¢y joIi
y CpeleM BeKy y HEKMM MaHACTHpUMa KOPUCTHIIM MHCapu Aa OM Y jeAHOM CIIOBY
oOjenmanmy natucHku npemnor ad (xoxm). Ha oBaj 3HaK Hammasw ce y HEKUM
BEHEIIMjaHCKUM cITicuMa u3 16. Beka jep Cy ra TproBIH YCBOjWIN Kao CKpaheHHITY
ol peun amdopa Koja je y To 100a Ouja jeAMHUIIa Mepe 32 TOKUHY U 3alpPEMUHY.
VY crapum IpKBEeHHM JOKyMEHTHMA ToTa 100a oBaj cuMO00I OMO je 03HAKa 32 TOM,
TIOTJIaBJBE WM O/IEJbAK HEKE KIHHTE.

3AK/bYYAK

Mapxketuar Ha MHTepHETY y3 ToMoh ¢ mail-a, Moxe aa mpyxu uHpOpMaIrje Koje
cy mnorpeOHe 3a moBehame TMpojaje, CMamEHE TPOIIKOBA, MOOOJHIIABALE
KOMYHHUKaIlje ca 3aHHTEPECOBAHUM CTEHKXOJICPHMA, Pa3BHjambe MOCIOBamba Ha
Untepnery, ymreay y BpeMEeHYy W Jpyro, OJHOCHO MAapKETHHI HAMoOpH Ha
UHTepeHTy MOTy Oa ce ycMmepe Ha YCIOCTaBJbamke OJHOcCa ca moctojehuM u
MOTCHIUjAJIHUM KYIIAMa, TMPE3CHTHPAKhE MapKe MPOHU3BOJA, HCTPAKUBALE
MAJBHAX TPXKWIITA W KOHKYPEHIMje, TOIPINKY TocTojehmM KymmuMma ¢
npuaoOujame HOBUX, Kopulihiere HTepHeTa 32 CMamemhe TPOIIKoBa U nopehame
npodura u Apyro.
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INTERNET MARKETING IN THE LIGHT OF
E_MAIL ADVANTAGES LIKE A SERVICE OF INTERNET

Summary: For development of Internet marketing we have to develope social and
cultural conditions. Except transformation changes in market, we have to do
transofrmation changes in our society and in heads of people in business.

Key words: Internet marketing, E_mail, web, business.
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WORLD WIDE WEB (WWW)-CABPEMEHU
MYJITUMEINJAJIHU AJIATU-TTIOCJIOBAIHA

Pajne T)ypnqnhl, 3opana T)ypntmhz, MuuyTun T)ypnqnh3

Pe3ume: Pao zosopu o nosesanocmu WWW-a ca enekmpoHCKUM HOCIO8ATHEM.
Onucyje rwez06e ocHogne cepsuce u npeOHOCmU Koje HOCU ca cOOOM.

Kibyune peun: Humepnem, web, enexmponcko nocnogarbe, myamumeouja.

YBOJ,

WWW je TecHO moBe3aH ca e-1ocjoBameM. T0 Cy JBE CTBapu Koje HE MOry Ja
(hyHKIIMOHUTTY jenHa 6e3 qpyre. 300T cBera Tora je OH U TeéMa OBOT pajia.
World wide web (WWW)-ucropujar.

World Wide Web (WWW)-uctropujar

WORLD WIDE WEB (WWW) je HacTao Kao OCTBapeme CHa O YHHBEP3aIHO]
0a3u mojaTaka Koju HE caMo IUTO OM OWnM Ha pacrojiaramy JbyJUMa ca PasHUX
cTpaHa cBeTa Beh OM 1 OMJIM OpPraHU30BaHM TAKO Ja CBAKM CalpKH Be3e ca APYTHM
mokymeHTIMa. WWW 0OH ce MOrao OmmMcaTh Kao CKyN YCiayra 3a IPHUCTYII
MYJITHMEINjTHUM, TUCTPUOYyHpaHUM Oazama rmojaTaka.

WWW je nmpBu nyT nokpenyt mapta 1989. rommne y EBpomckom neHtpy 3a
nmpoydJaBame ¢usnke decturia ucoke enepruje-LIEPH-y, ca musem omoryhasama
Opxker ® eduKacHHjer TPOTOKa WHPOpManuja Mehy HaydHHUIEMA |
opraHmusanyjama Koje ydecTByjy y HUCTpaxuBamuma. [lo oOumy pacta u pa3Boja
BeoMa Op30 je M3aIao U3 OKPUiba aKaJEeMCKe CpPeJUHE M MOCTa0 HajIoIyJIapHUjH
cepBUC Ha MHTEpHETY KOjH je M0 MHOTHMA Haj3aciy>KHHjH 32 HEBEpPOBAaTaH PacT
Unteprera. WWW je mmpoko A0oCTymaH moctao KopucHumMa MuTepHera “Tex”
janyapa 1994. ronuHe u ox Tajga A0 naHac je mo ooumy caoOpahaja Ha MHTEpHETY
ycreo na mpeBasul)e u eJIeKTPOHCKyY momTy (e mail).

' Paze ‘Byprunh, Buma mocioBHO-TEXHHYKA MIKOTA, Y KUIIE
2 3opana Pypranh, GakyaTeT 3a HHAYCTPHjCKH MeHAMeHT, Kpymesait
3 Munytun Bypuuanh, Buira mocioBHO-TEXHHYKA ITKOJIA, Y KHIE
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ITa je WWW?

WWW je ckyn ToKyMeHaTa y eJIeKTPOHCKOM OOJUKY KOjU Cy TOBE3aHU jSIHHU ca
JpyruMa CIIMYHO Kao INTO je jeAaH JIe0 TayKOBE MpEKe IMOBE3aH Ca OCTAUM
nenoBrMa. TH JOKYMEHTH Cy CMELITEHH Ha padyHapHMa KOjU ce 30BY CEpBEpH, a
HaJIa3e ce Ha Pa3In4YUTHM JIOKAIHjaMa IIUPOM CBETa.

WWW je cepBHC KOju TIpy’Ka CTaHTApPIHA METOJ 3a pa3MEHy M IIpe3eHTAIHjy
unpopmaija Ha HMurepHery. [Ipucryma My ce npeko web brovser-a koju
npukasyje BeO crpaHuIile kKoje canpxe rpaduxy u rekcr y HTML/HML ¢opmary.
WWW je 3acHOBaH Ha cTaHIapaIHUM (popmMaTHMa JOKyMeHara, kao mrto je HTML
(Hyper Text Markup Language) koju ce MOXe MOpeInuTH ca HEKUM (HopMaTom
nporpama 3a o0paay TeKcTa.

Cauxa 1. Ilovemna cmpana (Home Page)
Daxynmema opeanuzayuoHux Hayka-beoepao

HTML crannap je mupoko npuxeaheH MOMITO:

- Ilpyxa xunepsese (hyperlinks) xoje no3BoJbaBajy KOpUCHHLUMA Ja Ce
cinobomHo Kpehy U3 jeqHor JoKyMeHTa (BeO CTpaHe) Ha IPyTh-0Baj MpOIeC
je mo3Hatr kao “cypdoBame”. Xuneppe3e ¢y KOPUCHHUIIMMA NPEICTaBIbEHE
Kao0 CIIMKE WIX MOJBYYEHU TEKCT Apyre 0oje.

- HTML nonpxaBa mupok crekrap ¢(opmara mro omoryhaBa ma ce
JOKYMEHT JIaKO YHMTa Ha pa3HUM IIPUCTYIHUM ypehajuma.

- OwmoryhaBa ybauuBame rpaduke 1 aHuMaluje Ha web cTpanama.

- HTML d¢opme omoryhaBajy moTpomiaunMa IpeTpakuBame, IT00Ujame
JNOAAaTHUX MH(OpManuja O IPOU3BOAY, [IOCTaBJbAkE NHUTAkbA WIH CIIAkbEe
KOMEHTapa.
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Kombunanmja web mnperpaxuBaya u HTML-a pompunena je eKcIiaHU3UjH
nocnoBama mytem VHTEepHETa jep 00e30el)yje Hu3 MOBOJBHOCTH Kao IITO CY:

- Jlako kopumheme-KpeTame Kpo3 TOKyMeHTa jeé OMOTYheHO caMUM KITUKOM
MHUIIIA Ha XUTIEPBE3y WU CIMKY-yOp30 1MOCTa0 YCBOjE€H HAYMH KpETama 110
Hurepnery.

- OO0e30ehyje Tpaduuko OKpYXKEHE KOje TOoIpKaBa MYyJITHMEIdje |
MPE/ICTaBIba BU3YEITHU MEINjyM 3a OTJIalllaBambe M PeKIaMHUpabe.

- Cranmapnuzanmja VHTEepHET cpejicTaBa M IMOpAcT MOTPAXKIE IMOMaxKy
pa3sMenu nH(popmanyja u3mMely Benmukor Opoja pupmMu U KOPUCHUKA.

WWW nma concreern nporokoid-HTTP Hyper Text Transfer Protocol.
Beb ce cacroju ox:
- Baller NEePCOHAIHOT pauyHapa;
- Tporpama 3a mpukasuBame BeO cTpaHa-browser softvare;
- Be3e ca Uatepuer nposajaepom (ISP);
- cepBepa KOju XOCTYjy MO/aTKe;
- pytepa (router) u cBuueBa (switch) koju ynpaBibajy MpoTOKOM To1aTaka.

BROWSER
SOFTF_ARE

RS

Cnuxa 2. Cmpykmypa Web-a
Web crpane

Web cTpaHe cy eNeKTPOHCKHA IOKYMEHTH IHCAaHH Yy TMOCEOHOM padyyHapCKOM
jesuky koju ce 30Be HTML (HyperText Markup Language).

Web cTpane Mory aa caapke TeKCT, CIMKe, BUIe0 KINNOBe, aHNMAalHje, 3BYK, a
Mory na Oyfy W MHTepaKTHBHe y CMHCIY Jla Ha BHUMa MOXETe Ja YKynare H
OCTaBHUTE HEKE CBOj€ TIOAATKE.

Caaka cTpaHa uMma jenHo3Ha4Hy aapecy koja ce 30Be URL, a xoja oapehyje meny
JIOKAITH]y Ha cepBepy.

Web crpana oOWYHO caIpKH XHIEpPJMHKOBE Ha Jpyre BeO cTpaHe.
XUNEepIMHKOBHU Cy TEKCT WM ciHKe Koje Bose 1o URL-oBa apyrux BeO cTpaHa.
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Web cajToBu

Web-cajT je jemna nau BuIie BeO cTpaHa Koje ¢y mocBeheHne HeKoj TeMaTHITH, HIIP.
jeIHoj 0ocoOu, opraHu3aliju, cropry, Aorahajy, uta.

[IpBa ctpana ce 30Be home page u npencrassba caapikaj cajra.

Ca mpBe cTpaHe, KIUKOM Ha XHIEPJIUHKOBE MPUCTYNAaTe OCTannuM web cTpaHama
cajra.

Hasuranmja xpo3 Web
ITocToje Tpu ocHOBHA HauMHa 3a KpeTame u3Mel)y BeO crpaHa u web cajTosa:

- KumkoM Ha TeKCTyaJIHU XHNEPJIHHK.

- KiukoM Ha XMNEpPJIUHKOBAHY CJIHKY, Kao IITO je ayrme, ¢ororpaduja
WK TPTEK.

- VYkynaBawem URL-a web crpane y location box (nosse nperpaxuBaua y
KOMe ce yKyIlaBa ajpeca Bamier web mpeTpaxuBada U mpuTHcKameMm Enter
unu Return Tacrepa.

Myarumennja na Web -y

3ByK, BHIcO, aHuMauuje u 3D HMHTEpaKTUBHH BUAEO C€ JEOTHOM pedjy 30BY
MyntuMmendja. Hekn MynTuMenujamHu caapkaju KOju ce 30By streaming Menuja,
MOYHY Ja “pame” 9uM ce TpHCTynmu web cTpand. [[pyru 3axTeBajy Aa ce MpBO
yuuTa y nenoctd. MyntuMeaujainHu (ajiaoBu 4ecTo 3aXTeBajy Ja MpeTpaXKHBayH
uMa Tako3BaHe plug-in nporpame.

Jla 6u oOm9aH KOPUCHHK YIOTpeOJhaBao CBE OBE CepBUCE MOTPEOHO je aa moceayje
UHTErpUCcaHe MaKeTe Koju o0jenumaBajy kopuimheme Behune cepBuca. [lanac ux
uMa 3alcTa MHOIO M CBH, WM Oap HajuONyJapHHjU, Cy 3aCHOBaHHU OKO
nomyinapaux WWW uuraua.

3AK/bYYAK

CBe 10 Tpe HEKOIMKO TOAMHA, OKpyXKeme Ha HHTepHETY je OMiIo BeoMa
3aTBOpeHO. Yak M HAaKOH IITO Cy YHUBEP3UTETH IOYeNd Ja omoryhasajy
CTYAGHTHMMa NpUCTYyN, Mel)ly KOpUCHMLMMa je TOoCTOojajla HelpHjaTesbCcKa
atMocdepa.

HapasHo, BehuHa oHUX KOju Cy cauumbaBaiu 3ajeAHuIly omnn cy kopucHuim UNIX
OTEepaTHUBHOT cucTeMma, a Ha3uB ‘‘userfriendly” (mpujaTesbcku HACTpOjeH mpema
KOPHCHUKY) OWO je TpeaMeT HCMeBama, Ia je HHUXOBa 3ajeIHMIa ocTaja
JIeTUMHYHO TipuBaTHa. Mak, THTEepHET je mocTaB/beH Kao OTBOPEHA, jaBHA MpekKa
u 0e3 mera ce JaHac He MOXKe 3aMHUCIIUTH CaBPEMEHO MOCTIOBAE.
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WORLD WIDE WEB (WWW)-MODERN MULTIMEDIA
TOOL OF E-BUSINESS

Summary: This work deals with conection of WWW with e-business. It describes
it basic services and it advantages.

Key words: Internet, web, e-business, multimedia.
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BA3AYIIHU JACTYIIU KAO EJIEMEHT ITACUBHE
BE3BEITHOCTHU BO3UJIA

IIpeapar CTaHojmmh1

Pesume: YVeaowcasajyhu oa je ocnosnu yusm npesenyuje y bezbeonocmu caobpahaja
3awmuma 4ogexa-yuecnHuxa y caobpahajy Koju je cge suuie yepooicen, CmeapHu
donpunoc yHanpehery beszbpeonocmu caobpahaja mozy Oa 0ajy peuterbd u3
obracmu mexHuuKe npeseHyuje u mo Kpo3 npedysumarse mepa Koje 0onpunoce oa
ce cMaru Henoso/baH Ymuyaj 03uld HA HACMAjalbe U JICeCuMy NOCIeouyd
caobpahajuux Hezeooa. 3602 moea je nompedHO, noped Mmepa aKmMueHe
bezbednocmu, da npouszsolauu y KOHCMPYKYUju U NPou3800mwU 803ULAd NPUMEHE U
mexHuuKa peuterba Koja obezoehyjy eehu cmenen nacusne 6e3beonocmu. Jeoan 00
SHAYAjHUJUX enemenama nacusHe 6e30e0HOCmU 803UNA je 8aA30YVWHU JACMYK, KOju
UMA 8EIUKY YI02Y Y CMATbUBARLY dcecmute nocieouya caobpahajuux neszeooa.

YV oksupy paoa uzepuierno je cacnedasarbe npuHyuna pada 6a30VUWHUX jaCMyKad U
PUX06 3HAYA] Kao eleMenma nacugne bezbednocmu eozuna. Taxohe je npuxazana
V02a 8A30YUIHUX JACTIYKA Y CABPEMEHUM CUCIEMUMA 3aumume nymHuxa.

Kibyune peun: Bazoywnu jacmyk, 603uo, nocieouye, 6e3beonocm.

YBOJI

Hampenak Hayke W TeXHUKe WHOWITPUPAH je y JbYJACKHA KHBOT. YCIEI OBOT
HaIlpeTKa JOMUIO je M IO pa3Boja MOTOPHOT caoOpahaja koju je yHEO BeluKe
npoMeHe, He camMo y caoOpahajy HEro W y JKMBOT YOBEKa YOIIITE, U3MEHUO
noctojehe ycioBe, CTBOPHO HOBE H3BOPE OMACHOCTH KOj€ [0 Caja HHCMO
MO3HABAJIH.

Yxmydayjyhu ce y caobpahaj, kao cucteMm koju Tpeba ga oMoryhu pamwoHamHO H
OpraHn30BaHO caBiahuBame MPOCTOPA, YOBEK HE CTyIa caMO y pa3He OJHOCE ca
JPYTUM KOPUCHHUIMMA MyTa HEro ocTBapyje u oapelen ogHoc nmpema TexHuiy. 13
THX OJHOCA, CTakha W TOHAamama KOju ce naorahajy Ha BpIIO OTrpaHUYCHOM
npocTopy, Npu Op3uHaMa MHOTO BehnM oj puponaHe Op3MHE YOBEKa jaBibajy ce
MHOTOOpPOjHH M Pa3HOBPCHH MPOOJIEMH, O] KOjUX je jeAaH O] HajBaKHUjUX
0e30eIHOCT TOT OTPOMHOT CHCTEMa KpeTama, Y KOjeM Cy MepMaHEHTHO MPHUCYTHU
BeNIMKU pusnii. Pusuk y caobpahajy je eo ommre omacHOCTH KOjH je Hamlpeaak
HayKe W TEXHMKE JOHEO W KOjH Ce€ JaHAalllbHUM YCIOBHMAa CBaKOJHEBHO

' TIpenpar Cranojesuh, uur. cao®. Buma Texuuuka mKkosa Ypomesarl, 3BeuaH,
E_mail: stanojevicpredrag@yahoo.com
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KOHKpeTu3yje y caoOpahajue Hesrome. CaoOpahajHe He3rojie BHIIECTPYKO U
Pa3HOIIMKO yTUYy HAa KBAJUTET KHUBJbCHA. IDUXOBO [IEjCTBO TIPOY3POKYje
MaTepHjalHy MTETY U YTHYE HA YTPOKEHOCT JbY/IH.

Jeman on mmibeBa Oe30eaHOCTH caoOpahaja je U Mpou3BOIma 0e30eqHOr BO3MIIA.
JlocTUrHYTH HHBO HaykKe W TEXHUKE Mpyxka Belmke MoryhHocTm y moriemy
MPOM3BOIEbE MCTOT, MejyTHM CBU OBH PE3yJITATH 300T €KOHOMCKHX pasliora ce He
KOpHUCTE jep OM TakBa BO3mia 300T IleHEe Omia JOCTyIHA camo (DMHAHCHjCKOM U
MOJHMTUYKOM BpXy. MHIyCTpHja MMa TeXHHYKA pellera, uieje, MeToJe, alar, ajiu
CMamemhe pPU3MKa 3axTeBa moehame TPoIkoBa. MoryhHOCTH cy BelUKe, alld ce
MOpa BOJUTH padyyHa O EKOHOMCKH HW3JPXJbUBOM HHUBOY 3a Ipou3Bohaue u
KOPHCHUKE.

BO3MJIO KAO ®AKTOP BE3BEJHOCTHU Y CAOBPA'RAJY

Bosuio je mpeBo3HO CpeACTBO HAMEH-EHO 3a MPEBO3 JbYAU M TepeTa, Takohe je u
TEeXHWYKH CHCTEM KOjH JIOK je y MOTOHYy cTBapa moBehaHy OHMacHOCT MO OKOJIMHY
IIOTOTOBY YKOJIMKO C€ HEONpPE3HO KOPUCTH M HEJEBOJHHO OPWIKIBMBO OJpKaBa.
CacTtoju ce 011 BelIHKOT Opoja TEeXHUYKHX elieMeHara, JeJioBa, ypehaja u CKIIonosa.
VYenen excrmoatandje nojasd A0 TPOIICHka, MpOMEHa (PU3MYKUX OCOOMHA HIIH
CTPYKType eJeMeHaTa Tako Ja J0Ja3M 10 OTKa3MBama 0e3 MpeTXoxHe Hajase.
KBanuTeT Bo3uia je cinoxkeHa GpyHkuuja, koju 00e30el)yjy KOHCTpYKTHBHA CBOjCTBA
BO3WJIA Yy CKCIUIOATAlljU M CBOjCTBA IMOY3AaHOCTU KOja JISPHUHUILY HOPMAIHO
(YHKIMOHUCAE BO3MIIA, OTHOCHO CIPeYaBajy MmojaBy HEeUCIIPaBHOCTH.
Bo3uio ca cBOjUM KOHCTPYKTHBHO-TEXHWYKHM M EKCIUIOATAI[IOHUM CPEICTBHMA,
OJp)KaBambeM 3a BpeME €KCIOJaTalfje ¥ HaYMHOM yIpaBJbatba M PYKOBama y
caoOpahajy ocTBapyje 3Ha4ajaH yTuiaj Ha 0e30emHOCT caoOpahaja.
be3bexHocT Bo3mMIIa pa3MaTpaMo ca TpH OCHOBHA aCTIEKTa:
- Jla CBOjUM AaKTUBHUM eJeMeHTHMa He moBehaBa pH3MK OJHOCHO HE
JONIPUHOCH HACTaHKy caoOpahajHUX He3roza,
- JIa TITO Mame yrpoxkaBa CyOjeKTHBHE CITOCOOHOCTH BO3ada pelieBaHTHE 3a
UCTIPaBHO pearoBame,
- Ja CBOjUM IIaCMBHUM EJIEMEHTHMa CIpedaBa WM yOJjakaBa IMOCICIHIIC
Kaza nohe 10 Hesroze.

[Ipema momanmuma 3BaHWYHE CTATHCTUKE BO3HMIY Ce€ Kao Y3poKy caoOpahajHux
HEe3roJla ca HacTpamainuMm IunuMma mnpunucyje 1 1o 2,5 % u ga ce kxao mparehu
y3pOK jaBJjha y jemHOM Opojy Hesroma. MeljyTuMm, yTHIlaj BO3WJIa Ha HACTajambe
caoOpahajHuX He3roja je 3HaTHO Behw, jep 4ecTo U3 00jeKTUBHUX pa3jiora He OuBa
KOHCTATOBAHO Jia JIU je, U KOjU HEeJIOCTaTaK Ha BO3MWITY, y CKJIONY OCTaluX (hakTopa,
¥ KOJIMKO yTHI3ja je ©Mao Ha HacTtaHak caoOpahajHe He3rome. Y mpakcu je BpJO
TEIKO, TIOTOTOBO 32 BpeMe yBUlaja, YTBPIUTHU Jia JIM je HEKH JIOM WU KBap Ha
BO3MWJIY HACTA0 Mpe He3rojie, Wi je mocienuna te Heroge. Kon texxux omrehema
OBO je Mo MpaBuily HeMorylie yTBpIUTH.

Pesynratn ny0ipMx wWcTpakmBama y3poka caoOpahajHmx He3roza, 3Ha4yajHO ce
pasnuKyje o] CTaTUCTHKE Kaja je O yTHIajy BO3Wia Ha HacTajame caoOpahajHux
He3rofa ped. McrpaxkuBame y Benukoj bputanuju je mokasano ga cy y OKO
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20-30 % He3roza ca HaCTpaJaIuM JIMIUMA [TOCTOjajie HEUCTIPABHOCTH Ha BO3WITY U
aKko TO HHje YBEK OHMO y3pOK MM 0ap HHje PerHcTpoBaH Kao y3pok Hesroze. o
CIIMYHHX pe3yJITaTa JOILUIO Ce U Yy IPYTHM HCTPaKUBAUMA.

IHACUBHMU EJIEMEHTHU BE3BEJJHOCTHU BO3WJIA

Y mnacuBHe eneMeHTe O0e30€THOCTH CHaaajy OHE TEXHUIKO-KOHCTPYKTHBHE
0COOMHE BO3WJIa KOje HE yTHYy Ha Opoj HE3roja HEro Ha HbUXOBY JKECTHHY,
OJTHOCHO Koje yOJakaBajy IMoCIenIle He3roa.

Jlanac y cBeTy MOCTOjH BEIUKH Opoj Mpom3Bohada BO3MIIa, KaKO ITyTHHYKHIX, TAKO
u tepeTHrx. Ko cBakor o TuxX mpousBoljaua, 3aCTYIIJLEHOCT elieMEeHATa ITaCUBHE
0e30eIHOCTH je Pa3iuuuTO, a WITO je YCIOBJHEHO MPOIMUCHMAa M HOpMaMma 3eMJbe
npou3Bohjaya, CTENCHOM Pa3BHjCHOCTH MPOU3BOIELE, TPAIAUIU]E TPOU3BOIHE UT/I.
Y yKyIHOj CTPYKTypH BO3WJIa, AaHaC, y cBeTY, 80 % CBUX BO3WIJIA YMHE MyTHUYKU
ayromoOmiu. 30or Ttora, Hajpehu Opoj KOHCTPYKTHBHHX pellemha eleMeHaTa
nacuBHe 0e30eqHOCTH, pUMemYje ce KOJl MyTHHUYKUX ayromoOmna. Mehytum, u
nmpon3Bohaum TEpeTHWX BO3WIA, Kao mTo ¢y “Volvo”, “Man”, “Mercedes” u
IpyTH, Y TOTIYHOCTH IIpaTe W MPHMEHYjy HOBa KOHCTPYKIHMjCKA pellemha H3
oOnactu nacuBHe 0€30€THOCTH.

IlojenuaN eeMEHTH TAcCHBHE 3aIlTHTE, UMajy Ty IPETHOCT, Aa NENyjy, TO jecT,
aKTHBHPA]y ce, 0e3 MpeaxoaHor Kopuiihema off CTpaHe BO3avya M ITyTHHKA, IITO
NPaKTUYHO 3HAYM, 1a BbUXOBO JIEjCTBO HE 3aBUCH OJ] BOJbE YOBEKA. 3a PasiHKy OX
OBAaKBUX eJieMeHaTa acuBHe 0e30eqHOCTH, TIOCTOje U APYTH, KOjU ce Y oapeheHoj
CUTyaIlMju aKTHBUPA]y CaMO OHIA, VKOJIHMKO Cy MPETXOAHO OWIN KOPHUITNCHH O]
CTpaHe BO3aya, OJHOCHO IMyTHHKA, IITO MPAKTHYHO 3HAYd Ja HHXOBO [€jCTBO
3aBHCH O] BOJbE YOBEKA.

HcnutuBame TMOjeIMHUX e€JIeMeHaTa IacuBHe O€30€IHOCTH BO3WIA, BPINU CE
nomohy “CRASH-TEST”-a, y3 npumeHy oaroBapajyhux uHctpymMeHata u ypehaja
3a CHHUMama M Mepema. Ha MecTy Bo3aua, a 4ecTo M cyBo3aua, (a M OCTalIHuX
MyTHUKA), Yy BO3WJa CE€ 3a Ty HaMEHy IIOCTaBJhajy IOCEOHO KOHCTPYyHCaHE
AHTPOTIOMETPH]CKE Ty TKE.

[NoGospmrame MoryhHOCTH BO3MJa Ja moJgHece-yOIaKu [IejCTBO CHIla KOje HacTajy
NPUIMKOM HE3roja, a Mpe cBera nodosblllakbe MOTYNHOCTH Ja MYTHHUIU Y BO3HITY
NpeKHUBE M JIa CE CMarbH TEeXHHA U YYECTaJOCT MOBpela, TOCTHXKE ce ce Ha Taj
HAYYH IIITO CE HACTOjU 00€30eIUTH:

- ancopOoBame eHepruje m3mehy Bosmma y cykoOy W m3Mehy myTHHKa ©
3UJI0Ba KaOMHE BO3MJIA, OJJHOCHO BO3WJIA U IEIIAKa, MyTeM 30Ha 3a MPHjeM
cuiie yaapa (TheueHe 30He) U 30Ha MUHUMaiHe nedopmanuje (kabuHa 3a
CMEIIITa] MY THUKA);

- 3aap)kaBame BO3aya M MYTHHKA IITO ONMXKE MOJIOXKA])y KOJU CYy UMATH IMpe
HE3TOJIE;

- MUHUMH3HPame OMacHOCTHU O BaTpe U €KCIUIO3Hje;

- 3a00JbaBarbC MBUIIA U TAMAIMPAKE YHYTPAIIBOCTH BO3UIIA;

- 3a00JpaBame CIOJHPHUX OOJNMKA BO3WIIA Kako OW ce yOjakwie IMOBpenae
[EeNIaKka U OUIMKINCTA.
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BA3JAYIIHU JACTYIIM KAO EJIEMEHT
IHACUBHE BE3BE/IHOCTH BO3UJIA

[Ipu yeoHoM cynapy BazQyIIHHM jaCTyK MMa HajBehu JONPHUHOC y CMamemhy TEKUX
noBpena. Y3 momoh cmenujanHo yrpaleHUX ceH3opa, MpH Ccyaapy, Ba3ayllHH
jacTyk (WM jacTylM) HMMITYJICHBHO ce W30allyjy W3 TJaBYMHE yIpaBibaya (3a
BO3aua) WM Tabje WCcIpex cyBo3ada (3a cyBo3ada). Om TpeHyTKa cymapa O0
NOTIYHOT HaJyBaBama jacTyka, TpoTekHe oko 30 XWIbaJUTHUX [eNIoBa CEKyHJIE.
Bo3zau u canytHuk Hanehy Ha jacTyke koju Beh y ciemeheM TpeHYTKY WUCHYIITajy
rac KOju HHje mTeTaH (Ba3ayX, a30T, aproH), ITa HA Taj HAYWH Ba3IyIIHH jacTyIIH,
NPWINYHO MEKO MPHXBaTajy TEJO0 BO3ada M CyBo3ada. JacTyk y oONuKy OajoHa
CIIOKH C€ U YyIpaJH y TOYaK ymnpaBibada U y Tabiy ca HHCTpyMeHTHMa. CaM jacTyk
ce TIpaBU O/ HajJIOHA KOjU je CIIaKOBaH TaKo fa ce Op30, JaKo U MPEIH3HO pa3BHje.
CrnakoBaH je y 4enu4Ho KyhwinTe, ca Tpenme CTpaHe MPEKPHUBEHO TaHKOM
3aIITUTHOM TIJIACTUKOM

[Ipunukom Hesroge ca Op3uHOM Behom ox 16 km/h ceHzopu oceTJbMBH Ha Haria
yCropema aKTUBHPAjy BEHTWJI Ha CyOy ca caOWjeHHMM TacoM KOjH y KpaTKOM
BPEMEHCKOM MHTEpPBATy HaJyBaBa jacTyKe.

CucrteM 3a MEXaHHMYKO aKTHBHPamEe Ba3[yIIHOT jacTyKa IOCenyje WHEepIHjaTHH
CEH30p KOjH TIOMEpameM y Cilydajy CyJapa akTHBHpa CHCTEM 3a HCIYHaBarbe
Ba3JyIIHOT jacTyka racoM. CeH30p U TacHH CHCTEM Cy NPaKTHYHO jeIHa jeNHUIIA
Y CMEIITEHH CY Y TOUKY YIpaBJjbada BO3MIIA.

AKTHBUpambe eIeKTPUIHUM ITyTeM HJE NMPEKO KOMIjyTepa KOji IprMa CHIHaJe ca
CEeH30pa cynapa. YKOJIHMKO Ce NETeKTyje cylap KOMIyTep aKTHBHpa Ba3IyIIHU
jacTyk. Y HOpPMajJHHM YCJIOBHMa CHCTEM C€ aKTHBHpa IMPEKO aKyMyJIaTOpCKe
Oarepuje Bo3mia. YKOIUKO je 6arepuja ocnabspeHa win omTeheHa noceban ypehaj
gyBa JIOBOJhAH HAIOH 3a aKTUBHpamke Ba3AyIIHOT jacTyka. OBa BapwjaHTa je
MOBOJbHUjA jep CEH30p HE Mopa Jia ce cMellTa OJu3y Ba3JylIHOT jacTyka, Beh ce
00MYHO JIOUMpa UCIOJ MPEeambUX ceAniuTa Bo3una. KpajeBu crojeBa y cuctemy 3a
aKTHBHPAkE BAa3AyITHOT jacTyka Cy mo3iaheHH 300T ONIUYHHX KapaKTepHUCTHKA
eJIEKTPUYHE MPOBOJJBUBOCTH 371aTa. 371aTo Takohe 0j01eBa KOpO3HUju 3HATHO JTyXKe
Hero BehnHa Ipyrux Merana.

['maBHU KOHTPOJHH MHKPO-TIPOIIECOp CHCTEMa Ba3yIIHHX jacTyKa yINpaBjba U
CHCTEMOM 3a CaMo-IHjarHOCTHKY. OBaj CHCTEM C€ ayTOMAaTCKH YKJbydyje CBaKd
OyT KaJi ce BO3WJIO MoKpeHe. KOHTpoHa JaMmuia ce maiy 3ajeIH0 ca OCTalIuM
WHIUKATOpUMa Ha KOHTPOJIHOj TaONM BO3Wia. AKO WHIUKATOpP OCTaHE YHaJbeH
WIN Ce yIajgh 3a BpeMe BOXIe¢ Moryhe je ma mocrtoje HeKe HEHCIPaBHOCTH Y
(yHKIIMOHHUCAY CUCTEMA Ba3IyIIHHUX jaCTyKa.

Tpeba HarmacuTu Aa Ba3IyIIHH jacTyK HHje y CTamy Ja LITUTH OA IOCJCIUa
HapeOHUX YyJapa, WIM OJ TNOCIeIulla TpeBpTama Koja xyxe Tpajy. Ilpm
aKTHBHpamy Ba3[ylIHOT jacTyka, MojaBijpyje ce mpacak on 140-160 dB. Ilpu
Op3unu cynapa on 50 km/h y3 nomoh Ba3qylIHHX jacTyKa MOCTHXKY C€ yCIOpema
rimaBe of 45 g, a mpca Bo3ada u 1o 30 g. 3anpemMuHa Ba3AylIHUX jacTyka Kpehe ce
ox 60 / mo 280 /. bp3uHa mymema jacTyka u3HocH oko 350 I/s.

CHuMamuMa Koja cy obaBibeHa TokoM “CRASH” TectoBa, yTBpheHo je na ce y
TOKY cyJapa, Teio cioOoIHOT (He Be3aHOT) Bo3aua, Tajga Kpehe Hanpea u HaBuIlE,
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a 3aTuM, J0JIa3u JI0 yAapa KOJCHWMa W JOWET JieNia HOTY Y HMHCTPYMEHT Taluy.
Pyke ce mocraBipajy y onOpaMOeHH TMONOXaj, ONa3H A0 yAapa TpyduMa H
CTOMAaKOM y TO4YaK yIpaBjbaua U Ha Kpajy IJaBa yaapa y BETPOOPaHCKO CTaKIIo.
[lyTHHuK 10 BO3aua (CyBo3au), Hajuemhe yaapa rpyJuMa Ha MHCTPYMEHT Taliy, a
IJIABOM yJapa y BeTpoOpaHCKo CcTakjio. [[puMeHOM Ba3IyLIHHMX jacTyKa 3HA4ajHO
ce cMamYyjy HOCIEANLIE YCIIEA OBAKBUX KpeTama.

3amTrTo 1ejCTBO Ba3AYIITHUX jacTyKa j€ BUIIECTPYKO, U TO:

1. ToxoM mpBe (aze cymapa, jacTyK ClpeuaBa 3aHOLICHE IJIaBe YHAIpel,
yCIesl Harjior yCIopaBama BO3Mia, JaKiIe CBPXa HBEeroBe yrpalme je aa ce
oHemoryhu omreheme BpaTHUX MPILJHEHOBA;

2. Ba3AyIIHM JaCTYK CIIpedyaBa Harjie yjaape IiiaBe Wi IPYIHOT KOIIa y ToYaK
yIpaBjbaya, y BETPOOpaH, WM Y HHCTPYMEHT Tabiy;

3. mpuUMeHOM Ba3AyIIHUX jacTyka, oMmoryhyje ce MoBOJbHa pacmojena
3anpikaBajyhux cuia, unMme ce crpedaBa noBpehuBame, TOHEKA YaKk U O]
CUTypHOCHHX T10jaceBa.

VY3 nmomoh Ba3ayIIHuX jacTyka, arncopOyje ce 9ak u 10 90 % KuHeTHuKe eHepruje
IYTHHKA y YEOHOM CyAapy.
CucTeM Ba3AylIHOT jacTyKa CacTOju ce U3 5 OCeOHUX IeTMHA!
1. eHepreruke, Koja o0yxBara:

- aKyMyJarop;

- pesepBoap eHepruje (KOHAECH3aTop);

- eJeKTpUYHY Be3y u3Mel)y akymynaTopa, KOHICH3aTopa W H3BPLIHOT

ypebaja;

2. wm3BpmHH ypehaj koju oOyxBara:

- WHEepUWjaHu JaBad U
- EJEKTPOHCKY ONpeMY;

3. emekTpudHE Bese (Beze n3Mmely m3BpHOT ypehaja u racoreHeparopa);

4. TracoreHeparop ca IIOTOHOM Ha YBPCTO TOPUBO Ca €JICKTPHYHUM NaJbEHHEM;

5. Ba3IyLIHM jaCTYK KOjU CE MYHHU M3 racoreHeparopa.

Janac je Benmuka Max<mha, Mope]l MyTHUYKUX ayToMoOuia, mocBeheHa u macuBHO]
0e30emnocty TepetHux Bosmwna. Ox maprta 1994. romune, lllBencka d¢upma
VOLVO, mnouena je cepujcKy yYrpaamy Ba3IyLIIHMX jacTyKa HCIpex Bo3ada M
CyB03aua M y TepeTHa BO3UJIA.

Bpcre BazaymiHuX jacTyka

VYBolewe Ba3myIIHUX jacTyKa CMamWIoO je Opoj MOrMHYJIHX y caoOpahajHum
Hesrogama 3a myHux 20 %. Mehytum, HenpaBuiHa ynorpeba Ba3ayIIHUX jacTyKa
MOke OWTH OTacHa IO JKHBOT.

ITocToju met BpcTa Ba3MyIIHUX jacTyKa:



186

36opnux paoosa BTILII Ypowesay

vazdugni —_— - - Vazdugne zavese su
Jjastuk se nala S = smestene v boénim de-
u centralnom = | Boéni in lovima krova automobila i pri-
delu upravijaca, : o oot aieste likom udara Stito lavu putn-
simerrfénugfg S - : tela u oblogy vrata pri- ka od udarca i krhotina stakla.
oblika kako bi uvozacey wxm_uimw ima likom boénog sudara, a Vaniusal fastuk 20 kolsos
Zostitio vozata .me zapreminu od svih “erbego- smeéteni su u vratima ili, se nalazi u donjem dely
pri bila kom var', tako da mode da zastiti suvozaca Gak Eedte, u gornjem dely armaturne plode i $titi noy
poloZaju upravijaéa. i kad on ne sedi u idealnom poloZaju. naslona sedifta. putnike. i

Cruxa 1.

BozaueB u cyBo3aueB Ba3LyLIHM jacTyK HMajy HajBehn xompuHOC Y
CMamemy TEXKUX MMOBPEa MPU Y€0HOM cyAapy (cnuka 2.)

063upom na cy 30 % caobpahajaux He3roma 00YHM Cynapu u aa oko 25 %
TEXUX TENECHUX IMOBpena MpH He3rojama IMoThde o OoYHHX cynapa
Npou3Bohaun BO3UIIA CYy Pa3BWIM cUCTeM OouHe 3amTute. OBaj CCTEM HMa
3ajaTak Ja y ciiydajy OOYHOTr Cyaapa 3alliTHTH Telo Bo3ada. [locroje nBe
BaprjaHTe OOYHHMX Ba3AyNIHUX jaCTyKa y 3aBUCHOCTH OJI MECTa yrpalmbe.
[IpBa BapujanTa MMa Ba3AyLIHU jacTyK yrpaljeH y KapocepHjy ayToMoOumna
OIHOCHO y Bparta wiH cty0. IloBospHMja BapujaHTa je Kaa ce CHUCTEM 3a
0OYHYy 3amTHTy MOHTHpa y caM HacioH cemumra. OBaj cucTeM HMa
MEXaHMYKO aKTHBHPAHE Ca BPEMEHOM pa3BHjama o1 4 10 6 MUIMCEKYH/IH,
TayHHje BpeMe KoOje IPOTeKHE O MOMEHTa Ccyaapa 10 HOTILyHOT
(dopmupama cuctema 609HE 3amTHTE H3HOCH cBera 12 munmmcekyHan. OBaj
CUCTEM MpH cylapy abcopOyje €HEprujy M CIPOBOAM j& Ka 3aheM U
JOWEM ey BO3WJIa IITHTEhN Tako MyTHHKE M Bo3aya. Y TOCIEAE BpeMe
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YBEJCH je W TMoceOaH CUCTeM 3a 3alTUTy riaBe. Haume yTBpheHo je ma
BENMKU Opoj MOBpeAa IiiaBe MOTHYE OJ TP3aja MPHIMKOM cynapa. 3aTo je
Mope.T HacJIOHA 3a TJIaBY YBEICH W OOYHM Ba3MyIIHM jacTyK 3a riaBy. OBaj
CHCTEM ce OOMYHO IMOCTaBJba TaKO Jia Ce Pa3BHja MapajellHO ca CTAaKIOM Y

BpaTHMa BO3aya M CyBO3aya, TaKko Ja INTHTH TJaBy OJ CTaKla U MpeaMeTa
KOjH MOTY J1a foBeny 1o noBpezae. OBaj cucteM 3aipxaBa 00JIHMK Yy Tpajamby
0]l OKO CeZlaM CeKyHIH TaKO J1a MOXKe 1a IPY’>KU aJIeKBaTHY 3aIITHTYy YaK U
aKo Ce BO3WJIO NPEBpPHE HEKOJUKO NyTa. Beoma je OMTHO &a pacrojame
u3mely Ti1aBe Bo3aya WM CyBo3ada M OOYHOT Ba3yIIHOT jacTyKa 3a IJaBy
Oyme mTo je Moryhe Mame, jep ce Ha Taj HaUYWH CMamyje MoryhHocT
noBpehuBama (cnuka 3.).

Cnuka 3.

- BaxHy KOMIIOHEHTY cCHCTeMa Ba3[AyLIHHUX jacTyKa YHMHH W CIEIHjaTHO
jactyde 3a xoneHo (knee airbag-ciuka 4.). OHo je yrpaheHo y momu neo
KOHTpOJHE TabJie BO3WIA W MMa 3aJaTak Ja CIpPedd Telo Of KJIN3ama Ha
J0J1e TIpu cynapy. Y TOM ciy4ajy IJlaBa U rpyIHH KOII BO3adya M CyBO3aya
nobujajy oaroeapajyhy 3amTury of cucTeMa Ba3IyIIHUX jacTyKa.

w*”.‘

Knee Airbag

Cnuka 4.
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3aHUMJBHB je M MPOjeKaT Be3aH 3a KOMILIEKCaH CHCTEM Ba3[yITHHUX jaCTyKa Ha3BaH
“X-BAG”. Kox oBor cucrema myTHHUIMMa he OWTH omoryheHa MakcuUMaiHa
3alITUTa OJf CTpPaHe BHINE PA3TUYATHX BA3AyIIHUX jacTyka Koju he Owurtm
pacniopehenu cByaa 1o BO3uIy.

IlameTHe TeXHOJIOTHje

HoBe reHepaiuje Ba3AylIHMX jacTyka Jelyjy y ‘“‘capaimu’” ca OCTaIUM
CUTYPHOCHMM CHCTEMHMa (HIpP. KOHTPOJOPOM 3aTETHYTOCTH I10jaca), 3aTHUM
MACKPETU3Yje alUIMKaI]y y OJHOCY Ha 030MJBHOCT yaapa W Op3uHy IIPH KOjOj je
o ynapa jgouuio. Kao xjbydHu (akTop KOHTpOJE KOPHCTH C€ MOJAaTak O MacH
CBaKoOr' MOjeIMHaYHOT MyTHUKA HCIIpe] KOjer ce OBaj MyHEBUTH IMpOLEC JelaBa.
Jla 6M TO TOCTHIIH, JW3ajHEPU OBAKBHUX CIEKTPOHCKHX 3aYKOJbHIIA KOPHCTE
MpPEXKy MOCEOHHMX MPOrpaMabUIHUX CEH30pa Koju Ccy pacrnopeheHu no kabuHu, a 'y
crpe3u ca OOpA-KOMITjyTepOM OYMTaBajy M MPOLECYHpajy cBe MOTpeOHE MoaaTKe.
be3 o03mpa mTo ce cucrem “cam ojn cede” mmomecH 3a CBAaKOT TOjeTUHAYHOT
Ty THUKA, TIPOJIaBIIA ayTOMOOWIIa U KOHCTPYKTOPH anp O0aroBa W Iajbe CaBEeTYjy na
Jielia CBOje yTouuInTe nmpoHal)y Here Ha 3a/bh0j KIyIIH.

VY nmpuHLUIy ce cMaTpa Ja 4ak U KPYIHHUjU YOBeK He Ou Tpebaso na Oyae Ommxe
ox 30-40 cm y TpeHYTKY Kafa jacTyk “m3nmehe”. Ako MecTo cyBo3ada HHje 3ay3eTO
TO, Takolje, PerucTpyje CEH30p Tako Ja MPHIMKOM yJapa, Ba3IylIHH jaCTyK Ha
cyBo3aukoM MecTy Hehe OMTH akTHBHpaH, Te he BIaCHUKY CMamUTH TPOIIKOBE
BE3aHE 32 IerOBY 3aMEHY U Bpahambe.

V3 momoh cen3opa, Takole, je KOHTpOIMCaH U WHTSH3UTET JgjcTBa jacTyka. OBO je
OpaBoO HCHOJbaBame ‘‘mameTrHe TexHonorwje”. IlpBu myT cy ra yrpaauiu
crpyutbaun BMW-a 1994. ronune. CeH3op IeTekTyje Aa Jiu je mojac y ynorpeou
WM He. AKO je TIojac akTUBaH jacTyk ‘“‘m3jiehe” caMmo y ciydajy jakor yaapa, jep je
Taja HajeUKacHUjU. AKO Tojac HUje aKTHBaH, jacTyK ‘“m3nehe”, amu criopuje u
MEKIIIe Tako Ja LITUTH MyTHHKa O]l MOBpele He 3aiajyhu My HoBe (ClOMJbEHA
BHJTUIIA, HOC U CIL.).

OBakaB cucTeM MMa M CBOjy HamnpenHy (advenced) BapujaHTy Koja mpopadyHaBa
NoJaTKe O TEKWHH MyTHUKA. Tako Ja NMpu TeXHM CyJapuMa, CHHXPOHHU3Yje CHITY
“u3nerama’ jacTyKa ca MOIyIITamkeM Iojaca (aKo je akTHBaH), Te Ce Y OAHOCY Ha
TeXKWHY TyTHHKa J00Wja TpakTHYHO HAcalHA aMmopTh3amdja (Kao W
UMOOWIIM3AIIN]a, Y CITy4a]y €BEeHTYyalIHE TIOBPEIE).

®abpuka ayromobmna “MERCEDES” je koHcTpymcana TtakaB 0e30eqHOCHHU
cucteM (“pre safe”) xoju mpuMopaBa Bo3ada Ja 3ay3Me IOJI0Ka] Koju 00e30ehyje
HajBehy eprKacHOCT Ba3ayIIHUX jacTyKa.

[Toceban koMmmjyTep TOKOM BOXHE MPHUKYILUba W o0Opahyje mH(DOpMamnuje Kkoje
nobuja ox mpyrux 0e30eTHOCHMX CHCTEMa Y BO3WIY Kao IITO Cy EICKTPOHCKA
KOHTpOJIa CTA0MITHOCTH U TIOMON IpH Kouewy. MelyTuMm HajouTHUje nHpopMarluje
no0uja o pamapa cucTeMa aKTHBHE KOHTpoJie Kpcrapema. Pagap je moctaBibeH y
OpEeAEM JIeNTy BO3WIIA, 3a[]aTak My je Jia MpaTd U oJpkaBa 0e30eAHY yAabeHOCT
0]l BO3WJIA UCTIPE]. YKOIUKO CHCTEM, Ha OCHOBY I0OJIaTaKa O TPEHYTHOM pa3MaKy
0]l ayTOMOOWIIa HcIpea, TOOHjeHOT O/ pajapa u Off CHJie KOouekha, H3padyHa Jia ce
Bo3mwiIo Hehe 3aycraBuTH,MCTOr TpeHyTka he ce obaBuTm mpumpema 3a cyaap.
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Takole, pauyHap Jaje HCTH CHTHAN U KaJa BHIH Ja je CTAOMIHOCT BO3MIJIA TOJIUKO
yrpoxkeHa na ESP wnm Heku apyru cucteM He MoOry na je ucmpase. Takohe mpu
CBaKOM HAarjoM aKTHBHpamy pajlHe KOYHHUIIE KOMIIjyTep aKTHBHpa CHCTEM 'pre
safe".

JlenoBu Ge30emHOCHOT cucTema “pre safe”:

1 Pojas za vezivanje sa zatezacem A Kompjuter kontrole kocnica

2 Kontrola oslanjanja B Pojacivac sile kocenja
3 Pomo¢ pri kocenju C Kompjuter PCS sistema
4 Senzor PCS sistema D Radar

Cnuka 5.

[Ipumnpema 3a cynap xojy u3Bpiuana “pre safe” cuctem

Elektricni krovni otvor se zatvara uko-
liko sistem zakljuci da postoji realna
opasnost da se vozilo prevrne.

Nasloni na zadnjoj klupi se posta-
vijaju u poloZaj za sudar.

Nasloni sedista se postavijaju

" S Zadnji nasloni za glavu se podiZu.
u poloZaj za udar.

Bocni jastuci za
podupiranje na
zadnjoj klupi se
naduvavaju.

Bocni prozori
se zatvaraju.

Vozacev i suvoza-
cev pojas za vezi-
vanje se dodatno
zatezu.

Ukoliko je udaljenost do vozila ispred
previse mala, radarski sistem $alje upo-
zorenje. Sistem napredne pomoci pri
kocenju uz pomoé radara otkriva vozila
ispred i pomaZe vozaéu prilikom koéenja.

Bocni jastuci za podupiranje na
sedalnom delu i naslonima pre-
dnjih sedista se naduvavaju.

Cnuxka 6.
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3AK/bYYAK

Hamopu koju ce ymaxy Yy MomepHH3anujy caobOpahaja u oxaromapajyhy
UHQPaACTPYKTYpy HUCY YBeK IpaheH! MapaliellHO ca HEOIXOJHHM MpPEeBEHTHBHUM
Mepama Kako OM ce YOBEK 3allTUTHO Of MOCJiequla Koje Cy IpaTHiall CBake
caoOpahajue Hesrome. Ca moBehamem MoTOpHU3alje y CBETy M MOpacToM Opoja
caobpahajHux He3roma, CBE BWINC pacTe 3HAYaj MacWBHE O€30CIHOCTH BO3MIIA.
[Iporiena macuBHe 0e30€qHOCTH Ce€ BpIIM NPEKO Pa3IMUUTHX TIOKazaTesha, a
HAQjTIOTOHUJU Cy T3B. pPENaTHBHHU TOKa3aTeJbH >KeCTHHE caoOpahajHMX He3roja.
ITotpebHO je 0OpamuTH CTATUCTHYKH Yy30paK WIH CIy>)KOCHO €BHICHTHPAHE
HE3TO0JIe U M3padyHaTH Pa3IMuUTe OJHOCE, (Ha MpUMep Opoj MOTHHYIHNX Y OJHOCY
Ha Opoj HacTpajanux WM Opoj MOTHHYJIMX Y OJHOCY Ha Opoj caobOpahajHux
Hesrona). Ha Taj HaumH je moryhe mopeheme Texux caoOpahajuux Hesroma Ha
BUILIC TTO/IPYYja, BUILE BPCTA BO3HJIA U CII.

Hanac ce y cBeTy nmokiiama cBe Beha nakia KOHCTPYKIMOHUM pelllelhbiMa TTaCUBHE
0e3bemHocTu. Benmku mpom3Bohaum Bo3Wia Ha Taj HAUYWH PEKJIaMHpPajy CBOje
IPOU3BOJIE M TOCTIKY BHCOKY IleHy Bo3wia. IlojeniiHa KOHCTPYKIMOHA peliera
nacuBHe 0€30€IHOCTH CYy Y Pa3BHjeHMM 3eMJbaMa 3akoHCKa oOaBe3a. Y CAJl je
JOHET MPOMKC KOjUM C€ PEryJjuile MuTame 0e30eAHOCTH KOHCTpyKUuje Oyayhux
TPAaHCIOPTHHUX CpEJCTaBa IITO HEMOCPEIHO MNpeICTaBba MPEeAXOHUIly Oymyher
CBETCKOT' 3aKOHO/IaBCTBa, Koje he OMTH ycMmepeHo y mpaBily moBehama MacuBHE
0e30exHocty aytomoOmna. OBakaB 3akoH he OWTH epuKacaH camo Yy CIIydajy
3aCHOBAHOCTH Ha CTPOTUM TEOPETCKUM U €KCIIEPHMEHTATHUM TIPEIIOCTaBKaMa.
ITacuBHa 0e30egHOCT ayTOMOOMIA KOjU CE€ TPOW3BOJEC Yy HAIO] 3eMJBH je Ha
HHCKOM HHBOY. Kon ayToMoOmia koju ce kpehy HammM ApyMoBHMa Moxke ce Hahu
MHOIITBO IpUMepa MOTIIYHOT 3aHEMapHBamba CIEMEHTApHUX  INPHHIMIA
0e30eHOCTH TIpH KOHCTPYKITMjU BO3WiIA. Paszmo3n 3a OBakBO CTambe OCHM
€KOHOMCKHX jecy M CTPOTH 3aKOHCKH TPOIHUCH IIPH YBO3Y CTPaHHX ayTOMOOWIIA.
Paznosu cy m y nomahoj ayTOMHAYCTpHjU KoOja ce 3acHMBAa Ha JHLECHIHUM
ayTOMOOMIINMAa KOjU ce€ Mpom3BoAc Oe3 3HAYajHHjHX HM3MEHA W BHIIE JICIICHH]A.
Crora je JIOTHYHO Aa Cy MHOTa TEXHUYKA U TEXHOJIOIIKA pelllekha 3acTapena.
[MomTo KBamuTEeTHa pelIeHka MacuBHE 0€30€AHOCTH MOCKYIUBbYjy M OHAaKO CKyma
momaha Bo3Wia, Hama 3emMiba y OBOj 0o0jacTW 3HATHO KacHHW. To moTBphyje u
MelyHapoHO mopeheme mokaszaresba JKecTuHe caoOpahajHuX He3roa.

Hexke on Oynyhux cmepHuiia y oBoj obnactu 6use Ou: ycMepaBame akTHBHOCTH O
3aKOHOJaBLa 10 mpomsBolhaya, Behe kopuirheme HCKycTBa APYTMX pa3sBHjEHHX
ayTOMHIYCTpHja ¥ IIEHTapa 3a WCTpaxuBame Oe30emnoctu. OcuM  TOTA,
JI03BOJbABAEM JIMOCPATHHU]ET yBO3a CTPAaHUX ayTOMOOWIIA CTPYKTYypa BO3WIIa Koja
ce kpehy HammM apyMoBuMa Ouia OM 3HAaTHHje H3MEmeHa y mpaBuy Behe
3aCTYIUBEHOCTH eJIeMeHaTa IackuBHe 0e30€THOCTH, ITO OM MMaJIO BEJTMKOT yTHUIAja
u Ha noBehame omnrire 6€30eTHOCTH yuecHUKa y caoOpahajy.
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AIR BAGS AS THE ELEMENTS OF PASSIVE
VEHICLE SAFETY

Summary: Considering the fact that the main objective of prevention in traffic
safety is the protection of a man- participants in traffic, which is more and more
endanger, the real contributions of traffic safety improvement can give certain
solutions from the area of technical prevention. Undertaking certain measures that
will reduce negative influence of cars on emerging and intensity of traffic accidents
can do this. One of important elements of passive vehicle safety is air bag. The air
bag plays a big role in reducing the consequences of traffic accidents.

In this paper is also presented the operational principle of air bags and their
importance as the elements of passive vehicle safety. It is also presented the role of
air bags in modern systems of passengers’ protection.

Key words: Air bags, vehicle, consequences, safety.
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ITPOPAYYHHU OCHOBHHUX ITAPAMETAPA JEJHOYKHUX
KNYAPA METOJIOMA JTJAHYAHUIE U ITAPABOJIE

IIpeapar Masuh', Muuopan I[yp.nennhz, Onusep Jumurpuj esuh’

Pesume: Pazeoj jeonoyoicnux swcunapa namelie nompedy 3a usOop KAIUMeEmHos
yenuuHoe yocema Koje ce Koo UCMUX Kopucmu kao mpancnopmmuo yoce. To yoice
ucmogpemeno cayxcu kao Hocehe u eyuno yowce. Ilpasunan npopauyn u u360p
ucmoez ymuyy Ha 6e36edan pad 0802 MpaHCNOPmMHoO2 cucmema y3 obezdeferoa m3s.
Kom@opa 6odcre Koju ce saxmesa 3a npeeo3 nymuuxa. Cee 080 ykasyje Ha
yurbenuyy 0a je nompeOHO 6eoMa MAYHO NPOPAUYHAMU MPAHCNOPMHO Yiice
(uenuuno yoice). 3amo cy y HaGpeOHOM U31a2ary 0ama meopujcKa pasmamparea ca
NPOPAYYHUMA ROMPEOHUX 8eTUYUHA NOMPEOHUX 3a U300p MPAHCHOPMHOE YiHcemd.

Kbyune peuun: Jeowoyoscna owcuvapa, nawvanuya, napabona, meopujcka
pasmamparea, epaguyu, jeOHavume.

YBOJ

[IpBo je pa3marpaH ciydaj Kaja 4YeqUYHO YXe pasamero u3Mmehy nBa ocimoHna
(hopmupa nanvanuiry. 300r moremkoha Koje HacTajy Mpu HpopadyHy oapeheHnx
BEITMYMHA jep Ce MpopadyH BpIH momMohy XuIepOoandIHMX (GyHKIHja MHOTH
ayTOpH TpeIaxy 3aMeHy jeJHaYMHE JaHYaHUIle jelHaunHOM napabone. Mne ce u
Jajbe ca UCTpKHBAKUMA Ta ce MpPEAJake W 3aMeHa MmapadoJie MOJUTOHATHUM
TuHWjaMa. Y TOM CIIy4ajy y IpopadyH ce y3uma crenuduyHo ontepeheme o
yKeTa a TeXXHHE BO3WJIa Ce MPEJICTaBIhajy Kao KoHIeHTpucana ontepehema. [Topen
Hampes HaBeJCHOT HEKH ayTOpH HaBoAe W MOTYNHOCT MpopadyHa MOCTYIIKOM
KOjUM Ce TeXHHA YKETa M TOKHUHE BO3WIA PEAyKYyjy y oapeljeHuM Tadykama
cuMynHpajyhu Ha Taj HAYWH pacrope]] BO3WIA y MOJbUMa jeAHOYKHUX JKudapa. Y
OBOM paly pa3MaTpaHa Cy MpBa JiBa Cly4aja a OCHOBHU pa3JiOT je BeIHKa
0o0UMHOCT pana. Y JAPYroM pajy Jara cy pa3MaTparma M MOCTyMak Koju oMoryhyje
aHanwu3y JeTHOYXKHUX JKMUapa 3a CiIydaj Kama cy onrepehema ykera KOHTHHYATHO
pacronesbeHa IO paclioHMMa TIoJba a TEXKHHE BO3WIa TIPEICTaBIbEHE
KOHIICHTUPCAHUM CHJIama.

! 1p Tpenpar Iasuh, Bumia Texauuka mkona, Ypomesar, E_mail: vts.uros@sezampro.yu
2 Mp Munopan dypnesuh, Buma texandka mkosa, Ypomesar,

E mail: vts.uros@sezampro.yu

3 Onusep HdumvutpujeBuh, aurot. uar. Mamr, MHCTUTYT 32 Oakap bop.
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Tpehu pax mpencraB/ba pa3Boj IMOCTyMaka KoOju oMoryhyje peaykiujy maca y
MoCMaTpaHuM TauykamMa a TUMe ce oMoryhyje m3pama mporpaMa 3a JUHAMUYKH

popavyH.

JeaHaunHa JaHYaAHUIE

Yemnuno yxke pazanmeto m3Mmehy aBa ocionma Qopmupahe ndaHYaHWIy dHja

jeIHaunHa TI1acu:

-
y=£ e +e ¢ =c-ch[£j
2 c

X X

. 1| = . .
Kaxo je: ch’ = 5 e +e ¢ |,3aMeHoM y jenHauyuny (1) moOuja ce:
c

X X

y=c-—|e‘ +te ¢
2

JenmnaunHa naH4YaHUIle Y KOHAYHOM OOJIMKY J1aTa je u3pa3oM (2).
I'paduk oBe KpHBe MpEACTaBILEH j€ Ha CAnH 1.

y=e

o=

Cnuxa 1. I'paghux ranuanuye

V mpeTXoaHO HAaBEIEHO] jeTHaYNHU O3HAKe UMajy clieniehe 3HaUCHe:

X, y [m] - KoopIuHaTE JIAaHYAHUIIE,
¢ [m] - mapaMeTap JTaHYaHULE.
[Tapamerap naH4yaHuIe n3padyHaBa ce KopuihemeM u3pasa:
_Fu
q
P YeMy je:
Fy - Xopu3oHTalHa KOMITIOHEHTA CHIIE Y YXKETY u3paxeHna y (),
g - jeAMHUYHA TeXXWHA yKeTa u3paxena y (N/m).

c

(1)

2)
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Pagu ymopehema mnojennHUX BpemaHOCTH, NOOHMjeHHX KopumhemeM oOpasana
JaHYAHUIIE Ca BPEAHOCTHUMA JOOMjeHMM KopulihemeMm ymporrheHux oOpasamna
M3BEICHUX ToMohy mapabosie W MOCTYNKOM KOHIIGHTPHUCAaHUX Maca, y cieachem
u3Jaramy JaTH Cy oOpaciu 0e3 aeTa/bHUjer u3Bohema.

Ha cnoumm 2. mpencTaB/beHO je mojbe kuuape 0e3 KOHIEHTPUCAHUX onTepehema.
ITocmatpa ce camo yxe pasameto usMmely ocnonama (4) u (B). Ememenrtapna
Iy>)kuHa yxeta (ds) m3pakeHa y [m] ummahe texuny (q dL) [N]. Cuma y yxkery
JICJCTBYj€ y MpaBIly TAHTEHTE y IaTOj TAUuKH U 00eNiexKeHa je o3HakoM (F7).

Cure 3are3ama yxeTa y OCJIOHIIMMA MOTY Jia ce ojpelie KopuiihiemeM odpasara
H3paXeHUX IMoMohy XHAIIepOOTHIHNX (QYHKITH]a:

Fo=Lloop gl _ah Fy =9l o dl  h 3)
2 2Fy  2Fy 2 2Fy;  2Fy

Behuna aytopa koja ce 6aBuia 0BOM IpoOJIEMaTHKOM MpeJiaxke Jla ce jeHaunHa

JaHYaHMIE 3aMeHU jeqHayumHoM mapabone. [locTymak 3amMeHe JaHYaHHIE

napaboJIoM Yy JIUTepaTypH je ommre no3Hat. Pagu mopehema mojennanx oOpaszara

ca obpacruMa J0O0HjeHUM ITOCTYIIKOM PEAyKOBaHMX Maca OBa IMpoOJeMaTHKa je
JieTaJbHU]je pa3paljeHa.

A
¥
4 &f"‘ B}r/l F+aAF
& 4
T
L
- /
Fu 3 B
A Y 9 3
£
x dx X

Cnuxa 2. Odpelusarve Oygicune yacema mMemooom JaHUaAHUYe
JenHauMHa KBaapaTHe napaboJie

V BehuHH citydajeBa yMeCTO jeJHAUMHE JIAHYAHUIIE MOXKE C€ KOPUCTUTH jeTHaAYMHA
KBa/ipaTHa mapabdouie. ['pemike HacTaze OBOM 3aMEHOM H3HOCE Mambe 071 5 %.
[onazehu ox jenHaunHe (2) MOXKE Ce U3BECTH jeIHAUYMHA MapadoJre.
ExcnioneHnujanHa GyHKIHUja (€°) MOKe Ce pa3BUTH Y PEI:

. o3yt x"
e =l+—+—+—+—+-+—
Vo2 3 4 n!
3a x; =— U X, =—— jeJHaYMHA JIAHYaHULE [IPEJIa3H y:
X x x2 x xt
y=—|1+—4F—+—++1-—

— + —
c 22 6c° c 2¢% 6 24ct
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Cpehuamem u3pasa nqobuja ce:
y= Sl ﬁ + x!
2 c? 12¢*

4

AR

YaHOBU 7 ¥ Hajlajbe MOry Ce 3aHEMapUTH, na jeIHaYMHA JTaHYaHUIE A00uja
12¢
cienehu o0OmuK:
2 2
c X X
y=—:2+— = -+c 4)
2 C 2c

Jennaunna (4) npencraiba jeJHaYMHY KBaJIpaTHE apadoiie Yuju ce BPX Hala3| Ha
ocu (), Ha yAaJbEHOCTH (), OJ] MOYeTKa KOOPAMHATHOT CHCTEMA.
Axo ce BpX Te mapabosie MpeMecTH y MoveTak KOOPAWHATHOT cucTeMa nobuhe ce

cneneha jenHaunna:

x2

y=— WIN x*=2c-y (5)
2c
Osga napabosia iMa UCTH mapamerap (¢), Kao 1 JJaHYaHUIIA U3 KOje je U3BeICHA.

Ha cimtu 3. mpexacraBibeH je rpaduk mapadoure.

Y i»m
P
G/i‘" =,
>
w X1
{ ==
Qo x

Cnuxa 3. I'paghux napabone

Ako ce mocmarpa cermMeHT mapabone wm3mel)y Ttawaka (O;-P), mpu uyemy
XOpM3OHTATHO pacrtojambe Tawaka (O;-P) mpencrtaBisa pactojame u3mely mBa
cycenHa ctyba (/) a BepTHKaIHO PacTOjame Tauaka, BUCHMHCKY Pa3iMKy cTyOoBa
MOXe ce 0e3 IeTaJbHHujer M3Bohema M3BECTU jeHaYMHA Mapadoie JaTa u3pa3oM

(6).
y=(x=t)+ 2 ©)
2¢ l
Kako mapamerap nan4anuie (¢) mpeacraBiba OAHOC: ¢ = Fy/g 3ameHoM y (6)
nobwuja ce:
q-x h
Y=3r, (=) (7)
3ax=1/2 ux=0 jegnauuna (7) nobuja oOIHK:
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)
q 2) gl?

= = 8
VTR, T 8F,, ®)
Hajsehu yru6 nobuja ce Ha cpelMHM pacloHa 1oJjba Tj. 3a (x = Ej :
11 gl
fo=g5=g ©)
4c 2 8- Fuy
Kako je:
F F F F
cosy =_BH _"AH  cnemn F,=Fy =_BH _ - AH
B Fy cosy cosy
3a (x =é) crenn: Fyy = Fpy :q_-l
[Momohy jennaunne (9) onpehena je xopr30HTaTHA KOMIIOHEHTA CHIIE 3aTe3amba;
2
q-!
Fuy =Fgy = (10)
8- fsr

VYKyIHa crjia y oclIoHITNMa yxkeTa oapelhyje ce momohy u3pasa:
Fy=Fp :\/F/%V +Fiy :\/Fng +Fpy = F

2 2 2 2
F = (q_lj + L :FH. 1+%
2) |87, ?

3AK/bYYAK

Ha ocHoBy Hamen HaBeiaeHMX wu3pa3a Moryhe je mpopadyHatu Ccujie y
KapaKTepUCTHYHUM Tadkama, yruOe ykeTa, Iapamerap JIaHYaHHUIE M OCTale
noTpeOHe BeTUYNHE.

Hanaxemem n3Boma rpaduka myTame KOJU ce MOXKe JaTh y (yHKIIHjA BpEeMeEHa,
MOXeE ce OJIpeJUTH Op3MHA BO3WIJIA a 3aTHM M yOp3ama Bosmia. Takole je moryhe
U3paYyHATH TYKUHY YXKETa.

Tpeba oaMax HATIOMEHYTH Ja CE OBH NMPOPAYyHU MOTY KOPHUCTHTH 32 CTaTHYKH
NpopavyH jeHOYKHUX JKW4apa W Ipyrux ypehaja 3a moamsame u peHOC TeperTa.
Ja 61 ce ypaauo KBAIUTETaH AWHAMUYKU TMPOPAYyH a CAMUM THM U JETaJbHO
npopavyHaie WHEpIHjaTHe CUJIC M FBUXOB YTHUIA] MPU MPUPAYYHY MOTPEOHO je
Pa3BUTH HOBE MOCTYIKE KOjU TO MOry oMoryhutu. [Ipenmer oBor paja HACY HOBH
HOCTYIILM T1a C€ CTOTra OHK Hehe HaBOJHTH.
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ESTIMATION OF BASIC PARAMETERS OF SINGLE-CORD
ROPEWAYS BY CHAIN HOIST AND PARABLE METHODS

Summary: Development of single-cord ropeways imposes the need for usage of
qualitative steel cord, which is used as transport rope. That rope at the same time
is used as supporting and pulling rope. Proper estimation and selection of the same
influence the safety operation of this transportation system and also provides so-
called comfortable riding that is demanded for transportation of the passengers.
All this indicates the fact that it is necessary to accurately perform the estimation
of transport rope (steel rope). That is the reason why in the following presentation
are given theoretic discussions with estimation of necessary values needed for
selection of transportation rope.

Key words: Single-cord ropeway, chain, parable, theoretic discussions, graphs,
equations.
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INPOPAYYH JEJHOYXHUX ’KHUYAPA METOAOM
KOHHEHTPUCAHUX ONITEPEREIBA

IIpeapar Masuh', Muuopan I[yp.nennhz, Onusep Jumurpuj esuh’

Pesume: V pady je oam mosu npucmyn cmamuukom RPOPAuyHy m36. HOCMYNAK
Konyenmpucanux onmepehera. Msseden je onwmu uszpas jeonauune xpuse. Ha
OCHOBY 0802 U3PA3A U36E0eHU CY U3PA3U 3a NPOPAUYH yeuba y maukama eeularsd
803UNA U Y2N06U HA2UOA MAHSeHMU HA Mecmuma 2de ce HAldaze 603uUnd Kao U
pezyamyjyhe cune y yjcemy u Ha KOmypHuUMm 6amepujama.

Kibyune peun: Jeonoyoicue scuuape, yeubu, cune y yacaouma, pesyimyjyhe cuie.

YBOJ,

CaBpeMeHe KOHCTPYKIHMje jeNHOY)KHHUX kh4yapa oMoryhyjy Kamamurere
tpancnopta 10 2000 (#/A) wTO Y MOjeIMHUM Clly4yajeBUMa YHHU OBE TPAHCIIOPTHE
CHCTEME He3aMCHJbUBUM.

UenuuHo yike pasaneto u3Mel)y JBa ocioHIa popMUpa JIAHYaHUILY Ydja jeTHAYMHA
TJIACH:

XX
y=£ e +e ¢ =c-cosh(£)
2 c

IpH YeMy je:

Fu
¢ =—" - mapamMeTap JIaHYaHHIIE,

q
Fy - XOpU30HTIIHA KOMITOHEHTA CHJIC Y YXKETY m3paxeHa y (),
q - jemIMHAYHA TS)KUHA yKeTa u3paxena y (N/m).
OBaj obpa3an je Mo3HAT y JUTEpaTypu alll C€ PETKO NpUMEmYje jep MpopadyH
Oasupa Ha xurnepOoMMYHMM (PyHKIMjaMa IITO YMHH IMOTEIIKohe MpH pelraBamy
BEITUKOT Opoja jeqHauYnHA KOj€ CE jaBJbajy P CTATHYKOM MPOPAUYHY jETHOYKHHIX
xuyapa. BehnHa aytopa xoja ce 6aBuia 0BOM IpoOieMaTHKOM Mpeaiaxe Ja ce
jenHayMHA JIaHYAHMIE 3aMEHHM jeJHAaunHOM mapabosie. [loctymak 3ameHe
JaHYAHMIE TapadoIoM y JIMTEpaTypH je OIIITE IO3HAT a pe3yiTaTd MpopadyHa
J1ajy pUOIMKHE BPEJHOCTH.

! 1p Tpenpar Iasuh, Bumia Texauuka mkona, Ypomesar, E_mail: vts.uros@sezampro.yu
2 Mp Munopan dypnesuh, Buma texandka mkosa, Ypomesar,

E mail: vts.uros@sezampro.yu

3 Onusep HdumvutpujeBuh, aurot. uar. Mamr, MHCTUTYT 32 Oakap bop.
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Husb oBor pana je na ce nobuje jeaHaunHa KpUBE, KOja 3aBUCH O] TEXKHHE YKeTa
Ka0 W YTHL@Aja #-KOHICHTpUCAHHX onrepehema-Bo3mna. OBakaB MPHCTYI
oMmoryhyje ma ce Ha OCHOBY IOJIa3HOT oOpacria, KojuMm ce oipelyje jeaHadnHa
KpHBE ca Hamlpej HaBeleHHM omnrtepehieeM, U3Beay CBHU OCTald 00paciy KOjH ce
KOPHCTE IPU CTATHYKOM a CAMUM THM H JUHAMUYKOM TPOPAYyHY KHYapa.

CJIYYAJ JEJHOTI I1OJbA 7JKUYAPE Y KOME CE HAJIA3H
(N)-KOHIOEHTPUCAHUX OIITEPEREIBA

Ha cmumm 1. mpencTaBibeH je ciiydaj Kama ce y jeAHOM I0JbY, XOPHU30HTATHOT
pacmiona (/) u Bucuscke (h), Hanas3u (n)-KOHIIEHTpUCAaHUX ontepehema ().
rae je:

g1 (N/m) - TexxnHa yKeTa CBeIeHa Ha jeTUHUILY Mepe Ty KHUHE,

q> (N/m) - Texxuna onrtepehema cBeieHa Ha jJeTUHUILY Mepe Ty>KUHE,
k=1,2,.,n-0poj KoOHUIEHTpUCaHUX omnTepehema O,

7 (°) - yrao naru6a nosea

u (m) - pactojame npBor ontepehema ox ocionta (4),

v (m) - pacrojame 3anmer onrepehema oy ocionna (B),

a (m) - XOpU30HTAITHO pacTojame onTepehema,

¢ (m) - pacrojame u3melhy onrepehema MepeHO IO KOCHHH TT0Jba.

% 5

g =
! E/-Tf/-"f
'_,_,.,-'-"'_'_‘_'__,—'-"'_-
¥
A
u n T n ¥
Erimed
E
ue L

L

Cnuxa 1. Cryuaj n-xonyenmpucanux onmepehera

Onmrtu 06nuk j-He KpuBe u3Mely Tauke (k) u tauke (k+1) nar je uspasom:

o qx(l-x) u(nx—kl) x(n-k)
Viks1 =X 18Y 2F, cosy+ il 0 F 0+
+a[n(n—l)x—k(k—1)1]Q 0

2FH 'Z
rae je:
u=x-k-a; k-1=ny; n-k=ny m np,+n+1=n
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Jennauuna (1) cBenena Ha Tauky (K):

Yy =X-1gy — 511;(10:);)/ _ FHQ-I{M(Z_X)_g[nl(n] +le —x)+ nz(nz(n2 +1))x]} )

[Tomohy oBe jemHaunHe MOTY Ce OJIPEIHUTH jeJHAYMHE KPUBUX V; M YTHOW y OWIIO
KOjOj TaYKH 10Jba TIPH YEMY je:
n; - 6poj KoHIIeHpHucaHuX ontepehema 0] KOOpIUHATHOT TToYeTKa 10 Tauke (K),
n, - 6poj KoHUeHTprcaHnx ontepehema on tauke (k) no ocnonua (B) u
n=n +n, +1
Yrub y tauxu (k) - (f) onpehyje ce momohy uzpasa (3):

/-
fi = 26];;( 00:))/ + Fi,l {nx(l —x)—%[nl(nl +1)(l —x)+ n, (n2 + l)x]} 3)

k=0,1,2, .cccommuax=0,x1, X2, e, Xt o..r Xy
PA3HU CJOYYAJEBU OITEPEREIHA

a) Y:ke 0e3 KoHUeHTPpUcaHuX onTepehemwa, n = 0.
Crydaj xaja ce y mpopadyH y3uMa caMo jeIMHHYHA TexuHa yxera (q;). Hampen
HaBEJICHE jeIHAYMHE MOCTAjy:

q 1x(l —X )

_ g =x) 4
Jro 2F, cosy 4

0) Ciiydaj ca jexTHHM KOHLIEHTPHCAHUM onTepehemem, (N = 1).

[Tpn mpopauyHy ce y3uMa y OO3HMp jeAMHWYHA TEKHHA YKeTa ¢, W BEIHIMHA
KOHIIeHTpHUcaHe cuiie (onTepeheme) O:

Kana ce BpennocT 1 = 1 yHece y u3pas (3) nobuja ce uzpa3s (5):

x(Z —x) q 0
=x-1gy — . += 5
Vil gy F, (ZCOS}/ ; (5)
x{/—x
fro =2 )-( d +QJ ©)
Fy 2cosy 1
Makcumanau yrub qo0uja ce 3a BpeaHoct x =1/ 2.

?( a 0O

flmax = += (7)
4Fy \2cosy 1

IIpBu uman oBoOr M3pasa oxapeljyje BpeAHOCT yrubda HACTA0 ycieq TeKUHE yKeTa a
JPYTH 4iIaH MPEeACTaB/ba yTHO HACTAO yCie KOHIICHTPUCAHOT onTepehermba.

Opnoc yruba y Ouiio kojoj Tauku (f;) ¥ yruba Ha CpeluHU PacioHa (f7,..) MOXKE 1a
ce oapeau nmomohy cieneher nspasa:

Ji Y R
flmax_4l(1 lj (8)
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) Cayuaj aa ce y mojby Hajiaze 2 KOHIIeHTPUCAaHA onTepehema u yike.
Jennauuna (3) cBeneHa Ha Tauky (1):

gx(l-x), 0
= 2x U —x )- 9
S 2F, cosy +FHZ[ xy(1=x)-ax ] ©)
Ha uctu naunn onpelyjy ce jeqnauune 3a Tauxy (2):
Q1x2(l_x2) 0
= 2x5(/ — x5 )—all - 10
g 2F, cosy +FHI[ x5 (1= x;)=all - x,)] (10)

AHAJOTHO HaIpex HaBEeJEHOM MOTY ce JOOHWTH jeJHaYnHe, YTHOH, Ty>KHHE KPUBHX
YTJI0OBU Haruba TaHTeHTH y ojpel)eHnM Tadukama U OCTajie M3BEJCHE BEIMYMHE 32
M0JbE C TPU U BUILIE KOHIEHTPUCAHUX CHJIA.

3AK/bYYAK

[lpenopyke MHOTMX ayTopa y paHUjUM paJoBHMa KOju cy oOpahuBamm oBYy
TeMaTHKy OWiie Cy Ja ce JaHYaHMIIA, KOjy (popMupa yke MO IejCTBOM COIICTBEHE
TEXWHE M JI¢JCTBOM KOHLEHTPHCAHHX omnTepeliema 3aMeHH MapaboyioM W Jia ce
KOHLIEHTpUCaHO omnTepeheme cBele Ha JEOUHULY IYXKHHE YXKeTa. YKYIHO
jemuangHO omnrepeheme moOmWjaio ce cabupameM jeAMHWYHE TEKUHE yKeTa H
jenunuune TexxuHe onrtepehema. [lomohy ykymHor jemuHu4HOT onTepehema
onpehuBaH je yrud Ha CpeIUHM pacloHa MoJba (MAKCUMAJIHU YIu0), Kao U yTIIOBH
Harmba TaHTeHTH Ha OCJOHIMMAa. Tu momamm cy kopumhenu 3a onpehuBame
HPEIOMHOT yTIJIa CyCeHHX JIaHYaHMIa, ofpehuBame Cuila y y>KeTy Ha OCIIOHIIIMa
Y KOHAYHO oJipeljuBambe CUIla Ha OCIIOHIIMA.

[Ipuctyn mat y oBoM pajay MOTOAHHjH je 32 CTATHYKH MPOpaydyH jep omoryhyje
onpehuBame CBUX BeMMYMHA OTPEOHNX 3a CTATUYKHU IIPOPAYYH JKHUYapa.
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STATIC CALCULATION OF SINGLE-ROPE CABLEWAY
BY CONCENTRATED LOADINGS METHOD

Summary: This work gives a new approach to the static calculation, so called
method of concentrated loads. Common expression of curve equation was derived,
what was discussed for various load cases. Based on this expression, the
expressions for bending calculation in spots of vehicle suspension were derived.
Corners of tangent line inclination could be ease determined on places of vehicles,
as well as the resulting forces in rope and on rope batteries.

Key words: One-rope ski chairs, deflections, rope forces, resulting forces.
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OJPEBUBAIBE 1Y KUMHA TPAHCITIOPTHOI YKETA
JEJHOY/KHUX ' KNYAPA METOAOM JTJAHYAHMUIIE,
METOJAOM ITAPABOJIE U IOCTYIIKOM
KOHIOEHTPUCAHUX OIITEPEREIHA

Ipenpar Masuh', Musopan I[prIEBl/Ihz, Jlamman PagocaBbesunh’

Pe3ume: Pazeoj jeonoyoicnux sicuuapa nHamelhie nompedy 3a uzbop Keamumemuoe
YyenuyHoz yolcema Kao u oopefusarve Oyacune ucmoe. To yorce ucmogpemeno
cnyarcu kao nocehe u gyuno yoice. Ilpasunan npopauyn u uzboop ucmoz ymuyy Ha
be3bedan pad 060z mpancnopmuoe cucmema y3 obezbeherva m38. xomgopa
B0JICHHE KOJU Ce 3aXTesa 3a NPego3 NYMHUKA.

Kibyune peumn: Jeowoysicna owcuuapa, lanuyanuya, napadoid, KOHYEHMpUCama
onmepehiera.

YBOJ

IIpBo je pa3marpaH ciydaj Kama YeTWIHO yKe pazameTo u3Mehy mBa ocionIma
dopmupa nanuanmiy. Kako ce mpopadyH BpmIM TMOMONY XHIEpOOINYHUX
(yHKIMja MHOTH ayTOpH Npeaiaxy 3aMeHy jeJHaYMHE JaHYaHUIIEC jeJHaYMHOM
napaboze.

WUne ce m pgaske ca UCTpaxuBamMMa IMa ce Tpeuiaxke M 3aMeHa Mapadoie
NOCTYNIKOM KOHLIEHTPHCAHUX cHja. Y TOM Cllydajy y HpopadyH ce Yy3uma
cnenmduuHo omnrtepeheme O ykeTra a TeXHHE BO3WIA C€ TMPEACTaBIbajy
KOHIICHTPHCAHNM CHJIaMa.

Ilopen Hampen HaBeIeHOT HEKH ayTOpH HaBoJe M MoryhHocT mpopadyHa
MOCTYTIIKOM KOJHUM C€ TEXHHa YXKETa W Te)KWHE BO3WIA PeAyKYyjy Y oapeheHum
TagyKkaMa CHMYJIHpajyhul Ha Taj HAaYMH paclopel BO3WIA y IMOJbHMa jeTHOYKHUX
Kudapa.

! 1p Tpenpar Iasuh, Bumia Texauuka mkona, Ypomesar, E_mail: vts.uros@sezampro.yu
* Mp Munopan dypnesuh, Buiia Texauuka mkosa, Y pomesarl,

E mail: vts.uros@sezampro.yu

3 np Jamman PagocasibeBuh, Buiia mocioBHO-TEXHUYKA IIKOJIA, Y KUIIE,

E mail: damnjan@verat.net
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OnpehuBame Ay:KMHe TPHCIOPTHOT Y:KeTa METO0M JaHYAHUILIE

Ha cmumu 1. mpencTaBibeH je CETMEHT yXKeTa eIeMeHTapHe AykuHe (ds). Yxke je
pasamneto usMely ocionana (4) u (B) u 3aTernyro oapeheHOM CHIIOM. YO4YHUMO
CerMeHT y)keTta ayxuHe (ds). Y Tauku (1) ycnen cuie 3arezama AejcTByje cuna 7.
EnemenTapHu cermeHT yxera (ds) uMa T&KUHY KoOja U3HOCH (g * ds), Ipu 4emy je
(¢9) TekwHA yXKEeTa CBElCHA Ha jeIMHMITY AYXKWHE Mepe W u3pakena je y (N/m).
Cuna y tauku (2) Beha je on cune y tauku (1) u m3nocu (T + d7T), npu uemy dT
npejicTaBsba MPUPAIITA] CHIIE HACTAO0 300T TEKUHE yKETa.

JyxuHa nmyka KpuBe-JaHYaHHIIE KOjy (opmupa omrepeheHo yke Moxke ma ce
OJIpe U3pa3uMa:

4F,° :
L=h 1+ a2 4L (1)
WJIM W3Pa30M TaTUM y OOJIMKY TTOBOJFHH]EM 33 3padyHaBambe:

2 42
L= ! 1+4 lzcoszyf (2)

cosy|  24F,

2
L=1+3Ss" 3)
3l

Kako je y BehnHu cnyyajeBa BUCHHCKA pa3iiMKa OCIOHALa /i pa3IuyuTa oJ HyJIE, TO
he 3a ogpehuBame mykuHE y)KeTa OUTH MEepoAaBHA jeHadnHa (2).

vl B

F+af
AN //’ 4
& 417
7
Al
o VY
Fu at 3
L
Fe '8
X dx =;

Cnuxa 1. Odpehusarve Oyoicune yocema
OnpehuBame qyxuHe y:keTa MeTOAOM napadoJie

CarnacnHo ciunu (1) pu uemy je dL = ds, Mory ce HammcaTu cienehu uzpasu:
dx dx
cosqg=— caeau: ds =
ds cosa
EnemenTapHa koMmrnoHeHTa BepTukainHe cuie (dV) oapelena je uspaszom:
dV =d(H -1ga) cnemn: q-ds=d(H -1ga) 4)
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XopHu30HTalIHa KOMIIOHEHTA cuile yxkera y Tadku (1) usHocu: Fy =T -cosa
Ao je yrao a~y, TpH UYeMy je y-yrao Harmba T1I0Jba, peIIaBamEeM
nmudepeHIjanHe j-He 100Hja ce jeqHaunHa mapabdoie y o0uKy:
h /
2Fy cosy [ 2Fycosy

Hyxwuna yxera oapelyyje ce momohy uspasa:
B I
L=[ds=[y1+y?dx (6)
y 0

Heonepeheno yxe dpopmupahie naHuaHHIly KOja MOXE J1a C€ 3aMEHH KBaJPaTHOM
napaboyioM 4mju je u3pa3 aat jennaguHoM (5). [IpBu u3Bon jeqaaunne (5) je:

e
y’:—+—x__
[ Fycosy 2

1
2 2 2 |2
Vl+y? ={1+h—+2;qh(x—éJ+q—(x—éj }

1> Fylcosy
2
. 2
IpH 4emy je: 1—2=tg a

Haxkon cpehuBama nobuja ce:

2 2
1+y? = 1 1+thosy(x—ij+q—2(x—£]
cosy F,l 2) 2F, 2

Hakon nHTerpasema jeqnaunte (6) oOuja ce KOHAUYHU U3pa3 y O0JIOKY:
L, g’

cosy 24F} cosy

IpHY Yemy je:

Fy - XOpU30HTIIHA KOMIIOHEHTA CHJIE Y YXKETy u3paxkena y (),

¢ - jemIMHUYIHA TeKWHA y)KeTa u3paxena y (N/m),

[ - XOpU30HTAIHA Ay>KUHA 10Jba y (),

h - BUCHHCKa pa3iiiKa ocJIOHaIa nmoJba (),

y - yrao Haru6a mospa (°).

L=

(7

[IpBu unaH oBOT M3pa3a MpeACTaBiba AYKHHY KOCOT PACIOHA MOJba a IPYTH WiaH
npeAcTaB/ba NPUPAINTaj TyKHHE YCIel 3aKpHUBJEHOCTH YyKeTa MOJ [€jCTBOM
COIICTBEHE TEXHHE.

Cayuaj BuIlle KOHIEHTPHCAHUX CHJIA Y MOJBY

OBaj ciy4aj je mpeacTaB/beH Ha CITUIH 2.

[pBo ce oapehyje ommuru u3pa3 nomohy Kojer je Moryhe ogpennuTu IyKHUHY yKeTa
3a cBako (), mpu 4eMy je (n) 6poj kKoHueHTpucanux onrepehema (n = 0, 1, 2,...
k-1, k, k+1,..n).
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CermeHT ayxuHe yxera usmehy tauaka (k) u (k+1), onpehyje ce nomohy muspasa:
X=Xfy] 5
Liga= [ Al+y“dx
X=X}
VYkymHa Iy’kuHa yxera 100mja ce momohy m3pasa:
i=n+1 i=n+1 ¥=Xf+] )
L,= 2 L= X .[ 1+ y“dx
i=1 =l x=xp

Konaunu u3pas nart je jeqHaunHOM:

273
L,= ! 44 lzcosy+ an cos37/ uv( gl +nQ]+
cosy 24Fy 2F;l

cosy
(n—l)a( g 0 H
| ——u+=1 (8)
2 cosy 3
pu 4emy je:
H=u+v+ n—32)a, /1=(u+v)(2n—l)+%(n—1)(n—2)

Tae je:

n - yKymaH Opoj KOHIICHTpUCaHuX onrtepehema,

U - pacTojame MPBOT KOHIIEHTpUCaHOT ontepehema oy ocionIa (4) u
v - pactojame 3aamer ontepehema o ociionna (B).

¥ 0 B
7
]
Q n
2 Q
Q _ ¥ =
0 ° ; A
> R LA TT
L] 3
Al
Ly, o X
*}-Xri-w*cos?'.-
Xemutn*wcos?
L

Cnuxa 2. Cnyuaj uuie KOHYEHMPUCAHUX CUNLA Y NODBY
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OnpehuBame Qy;KuHe y:KeTa MO/ A€jCTBOM CONCTBEHE TEKUHE U
jeaHor konueHTpucaHor ontepehema

g

o

o

Cnuxa 3. Cnyuaj jeonoe konyenmpucaroz onmepeherba

Jennaunna kpuse (cermeHt 0-1) carmacuHo jemnaumHu (8) oapehyje ce momohy
uspasa:

q-l-¢) O, 0, 0<Esx

2Fycosy Fyl™ Fy

Jemnaunna xpuse (cermeHT 1-2) onpeljyje ce momohy u3pasa:

q-80=¢), Ox (o_
ZFHcosy+FHl(§ /) xsesl

Yo =&-1gy -

Yip=¢&-1gy—

3a BpenHocT & =x nmobuja ce: Yo, = Vo
HyxuHa yxera oapelyje ce kao 30up mayxuna Lo v Ly .

- 2
Ly, ZT\/H tgy—Mng[%_lﬂ dx

0 2Fycosy Fy

- 2
Ly =[,[1+|1gy - gll-2¢) + Ox dx
0 i 2Fcosy  Fyl

2
£
[Nonazehn ox m3paza l1+¢ =1+ 58 5 HaKOH cpehuBama W HMHTErpalcma

nobwuja ce:

2,3 _
L,=Ly+Lj,= ! +LCOS}/+M60S3 7£q—Z+QJ

cosy 24Fb2{ 2F1_2,Z cosy

Cay4aj 2 koHIleHTpHCcaHa onTepehema U Te:kKMHA yxKeTa.
3a cimywaj 2 KOHIeHTpHcaHa omnrtepehema Tpeba cTaBuUTH n = 2, U=u+v,

A= 3(u +v). JobOujeHe BpeqHOCTH HAKOH 3aMeHe y jenHauuHy (8) u cpelhuBama
MOTY Jia ¢€ Jajy Y OOJIHKY:
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273
Ly = ! + 4 12 cosy + 2% cos3}/ uv( gl +2QJ+
cosy 24F; 2F;1 cosy

+£( al (u+v)+Q(u+v)J

2\ cosy

Cayuaj 3 koHUeHTpHCcaHa onTepehema U Te:kKMHA yxKeTAa.
Ha uctu Hauun onpelyyje ce jeqHaunHa 3a TpH KOHIIEHTpUCaHa ontepehema:

,u=u+v+%, A=5(u+v)+a

Hakon 3amene u cpehuBama jeqnaunte (8) 1o0uja ce KOHaYaH U3pa3 y OOIHUKY:

273
L,= ! + 4 12 cosy+ 3Q2 cos37 uv[ gl +3Qj+
cosy 24F; 2F;1

cosy
vo 4 Eu+v+z)+£(u+v)+ga
cosy 3 3 3
3AK/bYUAK

W3 nampen HaBeICHOr MOXE CE 3aKIyYyUTH Ja je MPHUCTYN 3acCHOBaH Ha 0as3u
KOHIIEHTPHCAHUX onTepehersa moroaan 3a paa. KopumihemeM HEKOIMKO OCHOBHUX
obpasaiia MOTy Ce OIpEJWTH CBE BEJIMYHHE MOTPEeOHE 3a CTATHYKH MPOpPauyH
xuuapa. [Toctynak y cymTiHHA 0a3upa Ha 3aMEHU KpUBE, KOjy GopMHUpa yixKe Mo
JIEjCTBOM COIICTBEHOT onTepehema M KOHIIEHTpUCAHUX onTepeherma, IMOIUTOHOM.
CBaka cTpaHa IoJIMroHa yjeaHo oapehyje u yriose Haruba y oapeljeHum taukama
a caMuM TUM ojpeljeHH cy W yIJIOBH Harmba Ha ocioHinuMma. [lo3HaBame OBHX
yrioBa omoryhyje u3padyHaBame IPEIOMHOT YyTiia CYyCeJIHUX JIAHYAHHIA & CAMUM
TUM ¥ ojpehuBame yria Kojom cuia AejcTByje Ha ocioHiuMa (cTtyboBuma). Ha
OCHOBY MPOpaYyHATHX CHJIA BPIIIK Ce 01a0Up KOTYpHHUX Oarepuja.
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ESTIMATION OF TRANSPORTATION ROPE LENGTH OF
SINGLE-CORD ROPEWAYS USING THE CHAIN HOIST AND
PARABLE METHODS AND PROCEDURE OF
CONCENTRATED LOADS

Summary: Development of single-cord ropeways imposes the need for usage of
qualitative steel cord, which is used as transport rope. That rope at the same time
is used as supporting and pulling rope. Proper estimation and selection of the same
influence the safety operation of this transportation system and also provides so-
called comfortable riding that is demanded for transportation of the passengers.

Key words: Single-cord ropeway, chain hoist, parable, concentrated loads.
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BP3NHA ITPOCTUPAIBA TAJIACA KPO3 TPAHCITIOPTHO
YXKE JEJHOY/KHUX )KNYAPA

IIpeapar Masuh', Muuopan I[yp.nennhz, Onusep Jumurpuj esuh’

Pesume: Hosuje koncmpyKyuje jeOHOYICHUX HcULapa cee suule Hauaze NPUMeHy y
uHoycmpuju u mypusmy. Benuku kanayumemu 08UX MPAHCHOPMHUX CUCeMA
omoeyhyjy jepmun npeeos wyou u mamepujana. Ilocebno cy nozodue 3a
Kopuwiherse Ha OpoogumMuUM U Henpucmynaunum mepenuma. Hosuje koncmpyxyuje
JjeonoyoicHux oicuuapa npojekmoeane cy u useedene maxo 0a omocyhyjy
ocmeaperve kanayumema 0o 2000 (t/h).

Kibyune peuun: Jeouoyoicne sicuuape, mpancnopmuo yoice, Op3uHa npocmupared
eracmuyHoz manaca, oopacyu 3a RPOPAUYH.

YBOJ

Hucka meHa mnpeBo3a M ocTaje NPEAHOCTH OBUX TPAHCIOPTHUX CHCTEMa
JOTIPUHOCE HATJIOM Pa3BOjy UCTHX. Pa3BOj HOBUX KOHCTPYKIHMja ycJIOBJbaBa HOBA
UCTPaXXKMBamba a CBE Ca LIUJbEM T000JbIIamha KAPAKTEPUCTHKA UCTHUX. TPaHCIIOPTHO
yKe U HerOBe KapaKTEPUCTUKE Y MHOTOME yTHYy Ha 0€30€IHOCT NMpH TPaHCHOPTY.
Ca nmmjbeM cripedaBama HEMOTPEOHMX OCITIIIOBAbA yyKeTa MOTPEeOHO je U Ty o0acT
HUCTPaXKUTH.

OJPEBUBAIBLE BP3UHE ITPOCTUPAIBA JTJOHT'UTY IUHAJTHUX
TAJIACA KPO3 TPAHCIIOPTHO YKE

Meton nomepama New-Mark-oB Meton omoryhyje ofBojeHo aHanH3upame Op3rHa
NPOCTHPama JIOHTHTYIWHATHAX ¥ TPAHCBEP3aIHUX ENAaCTHYHUX Tajaca Kpo3
YeJIMYHO yKe. YIIpaBo 0BO oMorylyje Ja ce 0JIBOjeHO aHaIu3Hupajy oBe Op3uHE H
carJiesia KOjH TajJacH MpecyAHO YTUUY Ha OCIIMIOBA-E TPAHCIIOPTHOT yIKeTa.
New-Mark-oBoM MeToIOM MpHKa3zaH jeé HYMEpHUYKH IIOCTYIAaK 3a IpopadyH
JIOHTUTYIMHATHUX-Y3y’)KHHX OCIMJIAlMja KO jEAHOYXHUX XKH4yapa jep je BUXOB
YTHLAj TOMUHAHTaH [IPU OCLUJIOBAIbY.

! np Mpenpar [apuh, Buma texuuuka mkona, Ypomesan, E_mail: vts.uros@sezampro.yu
* Mp Munopan dypresuh, Buia Texsuuka mkosa, Ypouesair,

E_mail: vts.uros@sezampro.yu

3 Omusep Jumurpujeuh, aurmot. uHr. mam, MHCTHTYT 32 O6akap bop.
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OBaj MocTymnak je NpUMEheH MPHU aHAJIU3U JTUHAMHYKOT TOHAIIAKka jeTHOYKHUX
xuyapa. Kopuctehu oBakaB HauMH onmucuBama Moryhe je AMHAMHYKAM MOJEIOM
OIMCATH BPEMEHCKO KalllleHhe YCIOCTaBIbamha CHlia Ha KOHIICHTPHCAHUM Macama,
OJTHOCHO YTHIIa] Op3uHE MPOCTUPakba Tanaca.

Axo ce yBeny cienehe oznake:

W (m) - pacrojame n3mel)y Bo3uia,

C.u. (m/sec) - 6p3uHa TIpocTHpamka Tajiaca Kpo3 yxe,

OHJ]a TIOCMATPaHU BPEMEHCKH MHTEpBal Af = (sec) mpencraBiba BPEMEHCKO
Cral.

Kallllbehe yCIOCTaBJbamba CHJla.
Kao nmpumep 3a ogpehuBame oBuX Op3uHa KOPHUIINEHO je jeHO MOJhe KH4yape ca
pasMuuTHM BpEJHOCTHMA pacrojama usMmehy Bosuna. llemarcku mnpuxasu
MOCMAaTPaHUX T0Jba JATH CY Ha CIHIHA 1, CITUIH 2, U CIIHLHA 3.
[IpopauyH je ypalhleH Ha OCHOBY MpopadyHAaTe CHIIC 3aTe3amba Yy Y)KETY Y OCIOHILY
A).
bp3una y3myKHOT TpocTHpama Tajlaca MOXKE CE carjiacHO IMoJalrMa JaTHM Y
JUTEpaTypH onpeauTu kopuithemeM creaeher nspasa:

= | £ (1)

q

A. A. Jlonronenko maje w3pa3 kojuM je oOyxBaheH W yTumaj yruba yxera y
00JHKY:

2
Ctal ﬂ/gA;E npu yemy je: W =1+ (‘1 1)2
V4o 12F;

a MepoaaBHO ornrepeheme ce n3padyHaBa 3a KOHKPETaH CIydaj Ha cienehy HaunH:
QV [13 E3] QV + QSk [13 2
qgo =—+gq, - “TIpa3Ha cTpaHa” U ¢, = T+ q, - “IyHa cTpaHa

rae je:

Oy - TeXHHA TIPa3HOT BO3HIIA,

Oy - T&KWHA CKUjalla Y BO3WIY,

w - pa3Mak u3Mely 1Ba cyceqHa BO3MIa,

O - Te)XMHA jeIMHULE Ty)KHHE TPAHCIOPTHOT yXKeTa,

Fy - craTiuka BpeIHOCT CHJIe Y TPAHCIIOPTHOM YKETY.

BpenHocT BpeMeHCKOTr Kallmbema Op3uHEe MpocTHpama Tamaca (df) Oupa ce w3

. w
onHoca: dt < At, ipu uemy je At = ——, mpopadyHara BpeIHOCT aara y Tabenu 1.
Cral.

CiayyajeBu ca pa3M4UTHM BPeJHOCTHMA pacTojama u3Mmely Bo3mia y nosby
a) w=25(m)
Lig =65 (m), hg =28 (m),d,= 19 (mm), q, = 13,24 (N/m), 4, = 0,00025261 (m*)

X1 =2 (m), x2 = 24,9602 (m), x3 = 47,92063 (m), x35 = 17,07937 (m),
Fiuas = 49282 (N), F.y = 52685 (N), F,y = 18626 (N), o = 18,6229°, 0y, = 2059 (N)
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Fyy = 53447 (N), Fyo = 20685 (N), @y = 21,34788°, 05, = 2943 (N),
Fy1 = 54641 (N), F,3 = 23598 (N), a1 = 24,10152°, 05, = 3315(N),

Fa = 56952 (N), Fyp = 26913 (N), am = 26,68235%, M5 = 14037,97 (Nm)
OBaj ciry4aj je mpeacTaBibeH Ha Cunu 1.

B

has| =28

- Lx,=2
-

X2 =74 96

¥y =47 02

lgg =65

Cnuxa 1. Cnyuaj xaoa je pacmojare uzmely pedykosanux maca w = 25 (m)

6) w =50 (m)
OBaj city4aj je mpeAcTaB/beH Ha U 2.
B
w=20
)] ')
|":"| r 2r uI'I}
}C‘:E E
¥a =47 8B40
. xy =33,7684
lag=130.5

Cnuxa 2. Cnyuaj kaoa je pacmojare uzmely pedykosanux maca w = 50 (m)

IAB =130,5 (m), h4=56,5 (m), d, =19 (mm), q, = 13,24 (N/m),
=0,00025261 (m?)
=2 (m), x, =47,88419 (m), x;3 = 93,76839 (m), x35 = 36,7393161 (m),
FHAB =49607 (N), F4 = 52883 (N), F,11 = 18323 (N), oy = 17,76524° Oy, = 1730 (N)
F21 53507 (N) Fy21 20053 (N) [2%) i 20 648230 QZr 3223 (N),
F3=154796 (N), F,31= 23276 (N), a5 = 23,73266°, O5, = 4299 (N),
Fp=56756 (N), Fyp =27575 (N), ag = 26,61692°, M5 = 13220,63 (Nm)

m) w =75 (m)

zAB= 195 (m), hu =85 (m), d, = 19 (mm), g, = 13,24 (N/m),
= 0,00025261 (m?)
=2 (m), x, = 70,7522, (m), x3 = 139,5044 (m), x35 = 55,4956 (m),
FHAB—49927 (N), Fq = 53087 (N), F,;; = 18040 (N), o = 17,438656°,
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0, = 1862 (N)
Fy = 53748 (N), F, = 19902 (N), = 20,48085°, 0, = 3566 (N),
Fy = 54796 (N), F,3 = 23276 (N), oy = 23,8716°, 03, = 4794 (N),

Fa = 56756 (N), Fyp = 27575 (N), az = 27,0066°, M, = 13271,6 (Nm)

OBaj ciy4aj je mpeacTaBibeH Ha CIIHIN 3.

B
"H:?E
il
m o
ﬁ. ir 2r i
} xizz E
¥z =70.75
X3 =139,50
N lag =195 .

Cruxa 3. Cnyuaj kaoa je pacmojarve usmehy pedykosanux maca w = 75 (m)

KopumnithemeM Hampen HaBeJeHHX H3pa3a HM3padyyHare Cy Op3WHE MpPOCTUpama

€JIaCTUYHUX Tajlaca KpoO3

TPAHCIIOPTHO YK€ a JOOUjeHu pe3yiTaTH Cy

NpeACTaB/beHU TadenapHO paau OoJbe MperjiefHocTH. Pe3ynTatu mpopadyHa
NpEeACTaBJ/bCHU Cy y Tabenu 1.

Tabena 1. bpsune npocmuparea eracmuino2 manaca Kpo3 mpancnopmHo yoice

N
E, = (0,8—1,6)10“[?} Pauyna ce E, = O,8~10”[—},

N

2
m

Ay = 0,00021261[m2], d =19[mm), q, =13,24{ﬁ}
m

Pacrojame W =25 (m) W =50 (m) W="175(m)

Cuna (N) | Fy=52685 | F=52685 | Fy=52867 | Fy=52867 | Fy=53087 | Fy=53087
OHTepeheH)e 9 puna =11134 9 prazn = 4856 9 puna = 023 9 prazn = 309 9 puna =4595 9 prazn = 25
e = |EAE e Cone = 3530

q
yiKe t, <0,00698
¢, =122418 |c, =1853,67 |c,, =1636,54 |c,, =232376|c,, =190559 |c,, =258294
1, 00204 |1, <0,0135 [z, <003055 [r, <0021 [, <0,03936 [z, <0029
IV
w=1+ (lqu)z w =100157 |y =1,0003 |y =1,00049 |y =100012 |y =1,000264 |y =1,00078
0
g-AF
Cut = ¢, =122322|c,, =185339 |c,, =1636142|c,, =232362|c,, =190547 |c,, = 258336
V-4
1, 00204 [r, <001345 [, <0,0306 |[r, <0,0215 1, <0,0394 [z, <0,02903
<
=2 Ar <0,0135 (sec) Ar < 0,021 (sec) Ar<0,029 (sec)
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3AK/bYYAK

Ha ocHOBYy moOujeHHMX pesyiTrara MOXKe Ce 3aKJbyYHTH Ja Op3WHa IpPOCTHUpaAmha
eJIACTHYHOT Tajlaca KPo3 TPAHCIOPTHO YK€ 3a TPAHCIOPTHO YK€ ca MOAYJIOM

N
enactuuHocty Ep; =1.2- 10" {—2} U3HOCH C,yy = 5020 (m/sec).

m
Ha ocHoBy oBe Op3uHE Tpeba 00aBe3HO MpopadyHATH PacTojamka u3Mel)y Bo3uia u
npy TOM Tpeba BOIUTH padyHa Aa ce Moryha oclMIoBama Koja HacTajy y MepuoLy
yOp3ama WM Kouewa cBely Ha MuHUMyM. OBa Op3uHa Takohe omoryhyje nma ce
n30erHe edexaT My ITUIUTHIAPakha OCIUIAIN]ja Tj. eekar rajonupama yKeTa.
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THE SPEED OF WAVES EXPANSION THROUGH
TRANSPORTATION ROPE IN SINGLE-CORD ROPEWAYS

Summary: Recent constructions of single-cord ropeways are increasingly used in
industry and tourism. Big capacities of these transportation systems provide
cheaper transportation of people and materials. These are especially suitable for
usage in hilly and unreachable places. Recent constructions of single-cord

ropeways are projected and made to enable accomplishment of capacities up to
2000 (t/h).

Key words: Single-cord ropeways, transportation rope, the speed of flexible wave
expansion, estimation forms.
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ITPUMEHA METO/JA IIOMEPAIBA ITPU JTUHAMHNYKOM
INPOPAYYHY JEJHOYKHHUX ’KUYAPA

Hpeapar Maeuh', Munopan I[yp.neBnhz, Jlamman PagocaBbesuh’

Pe3ume: Pazeoj Hosoe nocmynka 3a OUHAMUYKU APOPAUYH JEOHOVICHUX HCUHADA
ca moeyhnouhy oopehusarba unepyujannux cuia y nepuody yoproared u Kouerbd.

Kibyune peun: Jeonoysicua scuuapa, Memoo nomeparsd, 3ameoper CUCeM.

YBOJ

Meton New Marka je HyMepu4ku MeToa. AKO ¢y Mace BO3WNA, My, My, M3, My,
MeljycoOHO ToBe3aHe OEe3TeXMHCKHM YeIWYHWM omnpyrama oHe he dopmupatu
jemaH 3aTBOPEHU CHCTEM KOjH je TpeacTaBibeH Ha ciumd 1. [lomepame jenmHe mace
u3a3uBa nomepame cieaehe mace, mpu 4yemy ce (GyHKIUOHAITHA MTOBE3aHOCT OBUX
noMepama MOXKE MaTeMAaTHYKH MPEICTABUTH.

Cauxa 1. Mooen sicuuape ca pedykoganum macama mehycooHo
nogesame Oe3MeNCUHCKUM ONpyama

Oznake Ha ciiny 1. uMajy cienehe 3HadeHme:
m; - peIyKoBaHa Maca y Tadku (i),
F;_1-cunay yxeryy tauku (i — 1),

Fo - rpaBUTalMOHA CcUlla U

Fr - pesynryjyha cuna.

! 1ip Tpenpar IMasuh, Bumra texamdka mkona, Ypomesan, E mail: vts.uros@sezampro.yu
* Mp Munopan dypresuh, Buia Texsuuka mkosa, Ypouesair,

E_mail: vts.uros@sezampro.yu

3 np Hamman PamocaBibeBuh, Buma mociioBHO-TeXHIYKA MIKOTA, YIKHIIE,

E mail: damnjan@verat.net
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OBa MeToma MOXKe Jia ce NMPUMEHU Ha pa3inuiuT Opoj BO3Wia y TMOJbY Kao M Ha
BUILIC BO3MJIA KOja ce Hajlase y BuUIlIe MoJba. KoHAuHU Wb je MpUMEHa OBE METOJE
3a IpopadyH KOMIIJIETHE KH4ape.

300r BenHMKOr Opoja MPOMEHJHPHBHUX BEJIHYMHA TPEHYTHO je HeMoryhe oBy MeTOIy
OpUMEHUTH Yy mporpamckoM jesnky QBASIC 3a quHaMuuku nmpopadyH KOMILIETHE
xkudape. 3ato he ocHOBHa mpuMeHa OWTH oO0jallllbeHa Ha jEAHOM IOJBY ca
pasnuauTEM OpojeM Bo3mia. Ciemehu Kopak je mpoIIupenhe IpUMEHe Ha ABa T0Jba
y KOjUMa ce Hajia3e 1Mo TPH BO3WIIA. 3a Ciydaj JeJHOT MoJba M TPHU Mace Kao U JBa
ojba ca WIECT PEeAyKOBaHMX Maca ypalleHH Cy OporpaMu 3a CTaTHYKU U
JUHAMHUUYKU TpopauyH. OOpacuu 3a JUHAMHUYKU NPOPAdYyH IAaTH Cy Y HapeJHOM
OJICJBKY.

Metona New Marka 3acHuBa ce Ha HoMepambHMa PelyKOBAaHHX Maca M3a3BaHHX
npoMeHaMa Cuia y IocMaTpaHUM TadykKaMa Y KOjuMa je U3BpLICHA PeAyKLHja Maca.
Ha crumu 1. mpeacTaBibeH je jenaH 3aTBOPEHH CUCTEM Ca BUIIE PEIyKOBaHHX Maca
Mel)ycoOHO ToBe3aHMX Oe3TES)KHHCKMM EeNacTHYHHM OIpyrama NPOMEHJbUBUX
kpytroctu C;;. Ycien momepama Tauke (i + 1) momasm 1o mMpoMeHe CHIle Y TOj
tauku. [Ipupamiraj cuie ycioBbaBa Ja Maca y Taduku (i) modwje yopzame (a;),
Op3uny (v;). OBa 3aBUCHOCT MOXE MaTEeMaTHUKH J1a Ce U3pa3u Ha cienehu HauuH:

As(y = At S(i)+%§(i)

AF(?’) = ng)(AS(M) - As(i))

d _ pld) ()

Fiy = F6) "+ ARG

rae je:

At - BpeMEHCKH HHTEpBaJ y KOME je HacTajaa MpOMeHa [sec],

As - oMepame ocMaTpase Tauke [m],

. ) m
5(;)- Op3uHa momMepama pelykoBaHe Mace y Tauk (7) 1aray [—} ,
sec

S (i) - yOp3ame peqyKoBaHe Mace Y Tauku (i) U3pakeHo y 71>
sec

AF(f-l) - MpOMEHA CHJIE Y IIOCMAaTPaHO] TAYKH Ca IeCHE CTPaHe [N ]

Cay4aj jeqHOr moJba y KOMe ce Hajla3e [Be pelyKOBaHe Mace

VY opmesbKy cy JaTh TMOCTYNLIM peAyKOBama Maca 3a pasIuyuT Opoj Maca H
paznmuuutr Opoj mospa. Takohe je m obOjammeH MOCTyNaK 3aMeHE CerMeHara
JaHYaHUIlE CTpaHUIaMa IIOJMIOHA Kao M HaduH Kako cy ofapehene
KapaKTepUCTHYHE BEJIMYMHE y IocMaTpaHuM Taukama (4), 1, 2, 3 u ocnoniy (B).
Kpytoctu Cyy, Cip, Cy3 1t C3p OS3TEIKUHCKUX YESTHUUHUX OMPYra MOTY C€ OJIPSIUTH
Ha cienehu HauuH:

E -A E -A E -A E -A
Cp=—"—; Cp=—"—; Cpn=—"—; Cyp=—"—,
Ly P Ly L
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Py 9emy je:

N
E, - Mogyn enacTU4HOCTH yKeTa — s
m

A - MeTaHU TIpeceK yxKeTa [m2 ],

Lq, 2, bs, l3p - Oy)XuHe cerMenara yxera usmel)y peaykoBanux maca [m]
Pacrojame u3melhy Bo3mia u3Hocu (w) U nato je y [m] XOpU30HTAITHO PACTOjambe
u3Mmel)y Bo3mna (peoyKoBaHMX Maca) U3HOCH aj ;.| = W-COSY [m] Beprukamao
pacTojame je Vy j. = W-Siny [m]

Ha cmumm 2. mpencraBibeH je CiIydaj jeqHOr IoJhba y KOME Ce Haja3e JBe
peaykoBaHe mace. Ha oBoM ciiyuajy je 0OjalimeHO Kako J10J1a3d JI0 TOKpEeTama
pPeAyKOBaHUX Maca.

AKO TPETIOCTaBUMO JIa peyKoBaHe Mace okpehe enekTpoMoTop ca peayKTopoM
KOjH Ce Haja3W JIECHO OJ] OCJOHIA (B) Tako Ja yK€ ca XOPHU30HTATHOM OCOM

3aKjana yrao ISlOJ.
[lon yTumajeM NPOMEHJEUBOT WM KOHCTAaHTHOT YyOp3ama (pa3MaTpaHu cy

m

S€C2

Pa3IMuUTH ClIyyajeBH NPOMEHJBUBOT M KOHCTAaHTHOI YOp3ama) dp =

penykoBaHe Mace he HakoH oapehHOr BpemeHa moctuhu NpojeKTOBaHy Op3UHY

V= {i} . Y TOM TpeHYTKYy yOp3ame eIeKTpOMOTOpa je jeaHaKko HyJu M Mace he
sec

HaCTaBUTH Ja CC erhy MIPOMCHJbUBOM 6p3I/IHOM KOja Bapupa OKO HpOjeKTOBaHe

m
BPEIHOCTU V = [—} . OBO ce moceOHO HAOMHLE U3 pa3iora mTo he y HapeaHuM
sec

u3narambuMa OUTH aHATU3UPAHH PA3IMIUTH CIY4YajeBU Ca Pa3IMYUTUM yOp3amuma
1 Op3uHaMa.

Bpennoct oBe Op3mHe y meproay yOp3ama Ma Yak M y CTallMOHAPHOM PEXHMY
pama HUKaJa HeMa KOHCTaHTHY BPEIHOCT U MEHa ce TOJA JCjCTBOM OCTAalIUX
pEeAyKOBaHUX MOKPETHUX Maca y CBaKOM TPeHYTKY BpeMeHa. OBo he ce HajOosbe
caryie/laTi IIoCMaTpamkeM Jjarpama Op3uHa u yOp3ama pelyKoOBaHUX Maca KOjH Cy
HACTaJM Ha OCHOBY M3pal)eHuX mporpama 3a TMHaMHYKH POpadyH Kudapa.

AKO ce MpeTHnocTaBu Ja je yOp3ame MOTOpa KOHCTAHTHO W Ja u3HocH ap = (0,2

> | u ma cucrem mupyje y TpeHyTky (f) = 0, taga he Op3mHa yketa OWTH
sec

jeaHaKa HyJd a peayKoBaHe Mace he OUTH y 1moJoxajy nprKa3aHoM Ha CIIHLH 2.

Y pa3nuuuTHEM BpPEMEHCKUM HWHTepBajdnuMa Af= n * Af, TpencTaBbEHH CY
noJjoxaju peaykoBaHux maca. Kaga je n = 0 cucteM ce Hala3d y CTaTHYKOj
paBHOTEXH ca yOp3amuma a; =0, npu uemy je k = A, 1, 2 , n, B. nocmarpaHa
TayKa y KOjO ce BpIIU peaykuuja onapeheHe mace. 3a n = 1, mocMmarpa ce HEKU
TpeHyTaK At = z(sec). BpenHocrt (z) je mpoMeHIJbHBa U BbeHA BPEIHOCT CE€ 33/1aje Y
nporpaMy a Ha OCHOBY HOOHMjeHHMX pe3yiTara Bpuie ce nopehema M aHanuzupa
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YTHIAj WCT€ Ha IOHANIalke IOCMAaTpaHOr cucTeMa. To y3pOKyje pasnunTa
roMepama CHUCTEMa PEAyKOBAaHMX Maca ca pa3iInduTHM yruOuma, Op3uHaMa u
yOp3amnMa, pasTUddTAM CHJIaMa y YXXeTy W CBHM BeIMYMHAMa KOje YTU4y Ha

JUHAMHUYKO IMOHAIIalk€¢ IIoCMaTpaHor Mmoaesia.
B_& e

9) 15

-]

2
£

«1

Cnuka 2. Cyuaj jeonoz nosa y kome ce Hanaze 08e pedyKogaHe mace

Ha cauum 3. mpencraBibeHa Cy moMepama peAyKOBaHHX Maca Y 3aBUCHOCTH O
MOCMATPAHOT BPEMEHCKOT MHTEpBana. Y OBOM JIeNly Cy OO0jallbeHe CBE MPOMEHE
Koje ce gorahajy y Taukama peaykKoBarma Maca. Ha OCHOBY OBHX MPETIIOCTABKH Y
CBaKOM TPEHYTKY BpEeMeHa MOry ce Ae(UHHCATH jeAHAUYWHE Koje Oasupajy Ha
metonu New Marka.

Y npBoM BpeMeHCKOM HHTepBainy (n = 1, m ¢, = At), nonmasu 10 moBehama
WHTEeH3UTeTa cuiie (Fpy) ycien nejcTBa moroHcke cuie. PemykoBana Maca tauke (B)

m

S662

U Jajbe MHpPYje adu je IO0j caommTeHo yoOp3ame az = 0,2 j.

a.p =ag -cos15°, a,p=dg -sin15° ca omrosapajyhum 6psunama Vg =a,p At

m
un v B =a B " At i
” > sec
VY TpeHyTKy n = 2, 1o7a3u 10 MOMepama peayKoBaHe Mace y Tauku (B) Tako na he
Maca OWTH Yy TOJIOXKA]y KOjH je MOMEPEH OJI MOYETHOTr IOJIOKaja 3a BEIUYMHE
2 2 .
d.py” 1 d,p," . OBe BenuunHE NPEACTaB/bajy NpeheHe MyTeBe peayKOBaHe Mace y

MpaBIly arciice W OpAauHaTte. YKymHH TmpeljeHm TyT y OBOM KOpaky je:

[ 2 2
Sy =+ldxpy” +d gy -

Oga npomeHa ycnoBulie MPOMEHY CUIIe Y YKeTY Fpy Tj. IPOMEHY XOPH30OHTAITHE U
BEPTUKAIHE KOMIIOHEHTe cwiie. OBO AMPEKTHO YTHYE Ha MPOMEHY IOYETHUX
yCJIOBa PEAyKOBAHE MACE /Mp,.



220 360pnux padosa BTIII Ypoweeay

OBoj Macu npomMeHuhie ce BpeIHOCTH yOp3ama U Op3uMHA U TO 32 OHY BPEAHOCT
KOjy je y3pOKOBajJo momepame peaykoBaHe mace mp. CBe OBe MpPOMEHE MpUMa
enacTryHa Oe3rexuHcka onpyra Crp.

-1
2., 570
o8
B%E""“‘";% Tﬁ
- Y N0 %,-Junh
[y T
4 ) T
e
5
e m?kd
e
P ¥ dwdezy | [dxBem
o Py 0
s 8 1
A M
N E=ILT) "u
ool a e
lap

Cnuka 3. [lomeparba pedykosanux maca y 3a8UcCHOCMU 00 8peMeHa

Y TpeHyTky n = 3, mon yTHIajeM yOp3ama M Op3uHa, peaykoBaHa maca (ms,)
nomepuhie ce u 6uhe y nonoxajy 2(3). PexykoBana maca (m;,) U gajbe MUpYje H
OHa ce jorm Hajasu y moioxajy 1(2) = 1(3) anm ycien npomMeHe ToJIokKaja Tauke
2(2) koja ce cana Haya3u y nojoxajy 2(3), ona he nooutu yop3ame u Op3uny. OBy
npoMeHy mpuxBara 6e3TexxuHcka onpyra Cip, TAKO IITO Ce OHA UCTEXKE.
3an=4,r1j. t4,=4At, peryKoBaHa Maca mg, HaJIa3u C€ y MOJIOKAjy 4 U IPH TOME Ce
yAaJbuia oJ1 OCJIoHIa (B) 3a BpeqHOCT
Susned) = Aypy ¥ gy +d gy 1

S B(n=4) = dyBZ + dyB3 + dyB4 )

Mpenuia je myT:

2

Spn=ty = \/SXB(n:4) +8,8(n-4)
Cana ce pemykoBaHe Mace Hajla3e y MoJIoXKajiuma:
- (my,) Hamasm y nonoxajy 2(4),
- (my,) Hamasum ce y monoxajy 1(4), a To yTuue Ha IPOMEHY MOYETHHUX yCIIOBA
penykoBane Mace(my). OBa Maca he mox yTHWIajeM OBHX IIpOMEHA JIOOWTH
yoOp3ame u Op3uny. PenykoBaHna maca (my,) U ajbe OCTaje y IMOJIOKA]y CTATHYKE
paBHOTEeke Tj. y Tauku (4). To 3HaUM Ja U y OBOM TpPEHYTKy HE HOJa3H A0
roMepama Tera 3a 3aTe3ame.
Y Tpenytky n =5, t4 = 5 At, cBe Tauke he ce kperaru Tako mTO he cBaka Tauka
MMAaTH Pa3IMInTe BPEAHOCTH yOp3ama, Op3uHa, pa3InIuTe BPSIHOCTH IIPUPAIITaja
CHJIa M CBHX TapaMeTapa Koju ce oJpelyjy npu TUHAMHUYKOM TpOpadyHy.

2
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Cxomuo cinuiu 3. cnenu na he ce cBe BEMUYMHE MEHATH y CBAKOM TPEHYTKY
ykIpyhyjyhu 1 mpoMeHy BpeTHOCTH peAyKOBaHUX Maca Tj, lbUXOBHX PEeIYKOBaHHUX
TeXHHA.

OBe mpomene he ycmoBuTH mpoMeHa pacTojama u3Mely Tauaka y cBakom
TPEHYTKY.

OBe mpoMeHe pacTojama KoMIeH3oBalie emacTuyHe ompyre Memajyhu cBakor
TpeHyTKa BpeaHoct. [loa yrumajem Hanpen HaBeaeHor gohu he 10 moMepama Tera
3a 3aTe3ame Y)KeTa HaBuIle.

VY TpeHyTKy Kaga CUCTEM peIyKOBaHHMX Maca JOCTHTHEe Op3uHy, Koja ce Mo
moTpeOn 3amaje y TmporpaMmy, MoTop he mouetH na ce Kpehe mnpHOIIHKHO
KOHCTaHTHOM Op3WHOM Tj. yOp3ame Tauke (az) Owhe jemHako Hynu. OBaj peskuM
paza MOTOHCKE TpyIne He MOXKE MMAaTH TOJIHMKHM YTHLAj HA MOHAIAmhe MOKPETHHX
Maca Kao MepuoJ| yop3ama WK yCropema CHCTeMa KOjU HACTAje TP 3ayCTaBIbaby
skuuape. [IpermocTaBiba ce Ja OH HE MOXKE OWTHHje YTHUIATH Ha II0jaBy
OCLIMJIOBama MIOKPETHUX Maca H yKeTa.

3AK/bYYAK

Ha ocHoBy momepama y NojequHHM HHTEpBAIMMAa M300pOM KOpaka MHTErpaluje
gyje cy rapanuie oipeheHe y pamy Koju ce 0aBm mpoOieMaTHKOM onpehrBama
Op3WHE TpocTUpama Talaca Kpo3 YeIMYHO yke Moryhe je y TpaHuIaMa TEeXHUYKe
TAYHOCTH YPaJUTH IPOTrpaMe 3a TUHAMHYKY IPOPAYYH jeAHOYKHUX KHUapa.
IToceOHa MOTOAHOCT MeToNa TMOMepara Orie[a Ce Y YHUILCHHIM J1a Ce MOCEOHO
MOTY TIpOpavYyHaBaTH W aHATM3UPATH JOOWjEHU pe3ysTaThH Ha 0a3u BHIE XHJbada
BPEMEHCKHX WHTepBaia. Hamucanu cy mporpamu 3a mpopauyH npeleHux myresa,
Op3uHa W yOp3ama CBUX BO3WIA y MOJbHMA, y3 HCTOBPEMEHH IMPOpadyyH CBUX
WHEPIMjATHUX CHJla KOjeé C€ jaBjhajy y IepHoaMMa yoOp3ama W YCIopema
JEAHOYKHUX KH4apa.

OBa MeTo/a je U3y3eTHO MOTro/IHA 32 JUHAMHUYKY POPavYyH jeTHOYKHHX JKA4apa.
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APPLICATION OF MOVEMENT METHOD IN DYNAMIC
ESTIMATION OF SINGLE-CORD ROPEWAYS

Summary: Development of new procedure for dynamic estimation of single-cord
ropeways with possibility of determination of inertial forces in the periods of
acceleration and braking.

Key words: Single-cord ropeways, movement method, closed system.
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114. TOAUHA EJIEKTPOEHEPI'ETUKE CPBUJE, 84.
I'OANHA OCHUBAIBHA CIGRE U 54. TOJIMHA OCHUBABHA
HAIIMOHAJIHOI' KOMUTETA

Cao6onan Bjenuh', 3opuna Bornhesuh’

Pesume: V peghepamy cy npuxazana wuexa 3mauajua 36uearwa 'y paoy
Enexmpoenepeemuxe Cpobuje, ymuyaj Meljynapoone rougepenyuje 3a eeinuxe
enekmpuune mpedxce (Cenference Internationale des Grands Reseauh Electriques-
C I G R E) na ocuusamwe Cpnckoe xomumema. Ilpuxazan je u mavun paoa
Komumema u op2anusayuja.

Kibyune peun: Ocnusarwe CIGRE, Cpncku komumem CIGRE oanac, EEC.

YBOJ

114. rogmmmuna Enexrpoenepreruke y Cpouju, 84. romummuiia CIGRE u 54.
TOJMIIBUIA OCHUBamba meHor Cprckor komurera 3a Cpricke eHepreThdape
3ay3uMa BeOMa 3HayajHO MECTO. Y OBOM UJIAHKY je MPE3eHTOBAaHO MECTO M yJiora
C 1 G R E nanac n y 6ynyhaoctn.

OCHUBABE CIGRE

Melhynaponaa xoHdepeHIja 3a Benuke enektpuane Mpexke (Conference
Internationale des Grads Reseauh Electriques-C I G R A) je nacrana capaamom
nse opranmzanuje: Union des Sindicats de 1'Electricite (USE) u3 Ilapuza u
International Electrical Commission (IEC) 3amarameM mpencemnuka u cekpeTapa
USE, R. Legouez i J. Tribot Lespiere, kao u npenceauuk IEC C. Mailloux-a
(USA).

Hacrajame CIGRE je moBe3aHo ca TamammsuM NpujIKamMa y TOCIepaTHoj
EBporm. 300r Beoma cymHux roguHa 1920. n 1921. je mommmo g0 pa3MuIbama O
NOBE3UBamY, 10 CHarama, TaJa BeoMa MajluX eJeKTPOSHEPreTCKUX CHCTEMA.
[Momrro je jomr ox 1911. rogune IEC nmana HexakaB maTpoHAT HaJll MeljyHapOIHUM
koH(pepeHnjama, ca TamammuM npenceaaukoM IEC, C. Maillouxom cy ce
cacramu R. Legouez i C. Bauer, tagammu qupekrop llIBajiapcke kommaHuje 3a
TPaHCIOPT U JUCTPUOYLH]Y €IEeKTpUYHE EHEPTH]e.

' 1ip Cno6onau Bjenuh, ®TH Ipumruna Kocoscka MuTposuia,
E mail: slobodan_bjelic@yahoo.com
2 3opuna Bornhesuh, qumr. unr. e, Kaca Gauxa, loan officer, E_mail: zbogy@eunet.yu
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Pesynarar pasroBopa je Ouiia mpernopyka aa ce 3a mpo0JeMaTHKy MPEeHOCa BUCOKUM
HallOHMMa OCHYyje MOCeOHO TeI0 HAYYHO-TEXHHYKOI M HPUMEHEHO-TEeXHHYKOT
3Hadaja. HoBa acommjamyja je, kao u IEC tpebana ga Oyzae orBopena 3a mpodecope
CIIEKTPOTEXHHKE, 32 HCTPAXKUBAUe, 3a Mpon3Bolaye U 3a KOPHCHUKE.

Ha ocHoBy mpemnopyke ycrnocTaB/beHH Cy KOHTaKTH ca CTpy4haluMa M3 PasHHX
3emasba. [locne mpumpeme o mecT Mecely oprKaHa je IpBa KOH(pEpeHIHja, U TO
ox 21. mo 26. HoeMOpa 1921. y ITapu3y.

Opranuzatop koHdpepeniuje je Omna USE, a pang cy Boawiu mpeacenaHuk R.
Legouez u renepanuu cekperap J. Tpubot Jlacimepe koju ce Ha TOj Jy>KHOCTH
3aapxkao A0 cBoje cMpTH 1963. romune. [loyacHu mpeacenuuk je 6mo C. Mailloux
a nornpenceauuk B. Bauer. Kondepuiuju je nmucycteoao 231 gemerar uz 12
3eMajba a ImpeAcTaBibeHo je 19 u3Bemraja u 49 pedepata koju cy oOpaheHu y Tpu
CeKIyje.

HNako Ha camoj koHdepeHUMju HUje OHO mpuxBahieH TpajHU OpraHMU3aINjCKH
00NHK, Y 3aKJbyUIIMa je HallMCaHO Jia JOTaJallllbi OpPTraHU3alujCcKi OMpo Tpeda na
HACTaBH Ca PaJIOM U Ja ce MoOpHHE 3a KOHTAKT ca OHUMa Koju O6u y Oyayhe mormu
OWUTH NO3BaHH.

Ha npyro 3acenamy onpskanom 1923. rofuHe A0HETa Cy TPH BaXKHA 3aKJbydKa: Jia
ce KoH(epeHIHMja OAp)KaBa Ha CBaKke JABE TOJMHE U Ja CE€ OCHYjy HallMOHATHH
KOMHTETH M jelaH CyIdjcku KoMuTeT. Kao mpBuM cy OWIM OpraHn30BaHH
Bpurancku, Xonanncku u MranujaHcKky HallMOHAHU KOMHUTET ca 33aJaTKOM Kora
nMajy ¥ JaHac: NpUKYIUbamke M oleHa pedepara ca cBor noapyyja. CTynujcku
KOMHTET je OMO OCHOBAH pajivi IpopadyHaBamka PaldoHaIHE TIOTPOIIEHE SIICKPUIHE
enepruje. Ha tpehoj xondepennuju 6mo je ocHoBaH CTYIWjCKHM KOMHTET 3a
CTaTUCTUKY Y MPOU3BOJBH U MIPEHOCY eNIeKTpUUHE eHepruje (ciamkal).

Cruxa 1. Enexmpoenepeemuka

3HadajHo je 1 4eTBpTO 3acename kana je CIGRE mocrana camocranHa u He3aBHCHA
on USE. Ha tom 3acenamy je oHa moctajia MeljyHapoHa acolgjaiija ca CBOjUM
CTaTyTOM, MPABUIHUIIUMA ¥ OUITEHOM, a y UCTO BpeMe MPUMJILEHO je U cienehnx
celaM CTYIUjCKUX KOMHTETA: TPHC(HOpPMATOpPCKa YJha, M30JAIMOHH MaTepHjaliy,
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BHUCOKOHAITOHCKH KaOJIOBH, PACKJIONHH arapard, noOoJeiname (akropa cHare,
napaJieIHy MOTOH U 3HaK KBaJUTETA.

OcHUBauYKM cacTaHak HOBE acomwmjaruje je oapxkad 18. jyra 1935. romune. 3atum
cy ce pehana 3acemama 10 1939. ronune kanga je Beh Omno 13 cryamjckux u 18
HalMoHANHUX KomuteTa. 3a BpeMme pata CIGRA Huje nenosana.

[IpBo mocnepartHo, neceTo 3acename je oap:xkano 1946. rogune ca 12 cTyamjcKux u
17 nauuoHanuux komutera. Ha TpuHaectoM 3acenamy, 1950. ronune, ca Hammx
npocropa TojaBHO ce npBu pedepar “CrabWIHOCT cUCTeMa, pacrojeia
ontepehema u perymammja ¢pekBernmje, aytopa M. OOpamoBuha a mopen
pedepenara npucyctBoBam ¢y U JI. Murposuh, M. Pakuh u B. 3enuh. [Tocme
1950. rogune JyrocioBeHcku pedeparu cy OMIIM NpeTCTaB/beHU Ha 13 3acenama.
Jo OuTHHX TpoMeHa IouuIo je Ha CKymmuTuHH 1966. kana je mpuxBaheH HOBH
CTaTyT M YCIIOCTaBJbE€HAa OpraHM3allMOHa IeMma. ['eHepamHa CKyNIUTHHA Oupa
aJIMUHHUCTPAaTUBHH CaBeT, KOjU cajla uMa 45 WiaHoBa M Yy KOME Cy NpeACeIHUIH
HAllMOHATHUX KOMHUTeTa. AJMUHHCTPAaTHBHHU CaBeT OWpa H3BPCHU 0100p, KOjH,
caza uMa 9 ujgaHoOBa, MNpEICEIHHKA aIMHHUCTPAaTHBHOT CaBeTa W HW3BPIIHOT
0100pa, Kao " MpeACeTHUKA TEXHUIKOT on0opa. TeXHUIKH 0q00p y TPBOM pedy
MPEICTaB/ba)y NPEACCIHUIM CTYIUjCKUX KomuTeTa. [locie peopraHusanuje je
ouno 14 xomurtera y TpHU ceknmje na Ou 3atuMm Ouo mosehaH Ha 15 xomuTera y
YETUPH CEKITH]e.

Y npBoj cexuuju cy cnenehu xomutern 12-tpancdopmartopu, 13-packionHu
ypebaju, 14-noBe3nuBama jeIHOCMEPHUM CTpyjama, 15-M30JallMOHM MaTepHjajHu,
y Ipyroj cexnuju: 21-BHCOKO HANOHCKH KaOJIOBH, 22-Ha/J3eMHH BOJIOBH, 23-
packiomHa TocTpojema: y Tpehoj cekmmju: 31-miaHuWpame cucrema, 32-
eKcItoaTanyja u Boheme cucremMa, 33-nmpeHanony U KOOpAuHaIja u3onanuje, 34-
3alITUTa ¥ ayTOMaTrKa, 35-KOMyHHUKalMje, 36-CMEeTHe, A0K j€ y YETBPTOj CEKLHUjH
caMo jelaH KOMHTET-OyayhHOCT TpeHoca jeMHOCMEPHOM CTpyjoM U OyayhHOCT
NpEeHOCca U CHCTEMa eJIEKTPUYHE SHEePTHje YOIIIITE.

AxtuBHOocT cryaujckux komutera u cam CIGRE je ycmepena Ha pasmeny
nHDopMaIlija W OpraHu3anujy W CIpoBoheme oAroBapajyhnx mcrpaxuBama 3a
pa3Boj TeXHUKE. Y Ty CBPXY CTYIHjCKH KOMHTETH IOBPEMEHO OpPraHW3yjy pajHe
rpyIe U3 peloBa CBOjUX eKCIepaTa U YiaHOBa.

HoBu cratyT je M3MeHHO U Tpajame MaHIaTa KOjU 3a MPEICEIHHKAa M3HOCH IBE
TOZIMHE, 3a NMpPEJCeIHUKE CTYIUCKMX KOMUTETa INECT TOJMHA Kao U 3a YJIaHOBE
CTYAMCKUX KOMHTEeTa ca MoryhHomrhy npoyKema TpH FOJHHE.

3acenama ce oApkaBajy Ha CBake JBe TOAWHE a HA HBUMa ce obpalyjy pedeparu
npema yHampen onpehenum pedepatHumM Temama. bpoj pedepara je yHampen
onpehen. [Ipema kibydy HallMOHATHHUX KOMHUTETa oxapene ce 124 pedepara. o 20
pedepara MOXe OAPEOUTH NpPEACEAHUK a A0 45 MpeACeIHHULH CTYIIHjCKHX
xomutera. Ca Cprckux HpocTopa y CTyAWjCKUM KOMHUTETHMa yYECTBOBAIHU CY-Y
KOMHUTETY-Haa3eMHH BojgoBu [b. JoBaHoBuh]|-packimonHa moctpojema [M.
Boxunosuh],-3amrurta [M. ['onmy6oBuh]. [llupem kpyry crpydmaka HaMEHEHH Cy
CHUMIIO3MjyMH a IIPBH CHUMIIO3UjyM “HOPEHOCHHM BOJOBH M OKOJHMHA” je OAPXKaH OX
23. 1o 25. jyra 1981. ronunae y CTOKXOIMY.

3nauajuy ynory y CIGRE wurpa pesmja Enexrtpa, kojy wiaHoBH moOujajy
OecratHo. PeBuja je ocHoBana 1967. roxamHe M 10 caja je u3anuio mnpexo 100
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OpojeBa. Y 1|0j ce y NpBOM peay 00jaBJbyjy H3BEWITAjU O Pajy CTYAUjCKHX
KOMHTETa U pedepaTH paJHHuX rpyna komureTa. [locne peopranuszanuje y woj ce
00jaBJbyjy ¥ HHANBUAYATHU WIAHITH.

JUNAKO CIGRE wuma cBoj mouerak Ha 13. 3aceqemy Ha KOME Cy MpPBH IyT
y4ecTBOBaJIM JyrocIOBEHCKH JAeneratu. 3aTuM je yciueano mo3uB J. Trbot Lespiera
Ia ce u y JyrocnaBuju ocHyje HanumoHanHU komuteT. Tako je y OxTtoOpy 1949.
TOIWHE Ha YIPaBHOM OJ00py caBe3a HHXKHIepa W TexHmdapa DIT moner
3aKJbyYaK Jla Ce OCHYyje MHHUIIMjaTHBHH 0100p JyrocioBeHckor komutera. Beh 21.
neriemOpa 1949. roquHe cacTao ce OCMOYWIAHW WHHIIMjaTUBHU 000D a OCHUBayKa
ckyricrnaa JUNAKO CIGRE onpxana je 3. nememOpa 1951. ronune.
Hogrowuzabpanu on6op je Ha MeljyHapomHoMm tutany npeyseo HauuH paga CIGRE a
JeNaTHOCT HAIMOHAJHUX KOMHTeTa Owia je W ocraja Ha nomahieM MOIpy4jy
MUHUMAalTHA ¥ OJ[BHja CE€ Yy OKBUPY pa3IUYUTO HA3BaHHUX EJIEKTPOTEXHHYKUX
npymraBa. IlpBu craryr je mnpuxBahen 28. maja 1953. roamHe Ha TIPBOj
ckynmmtuHE. Pag Ha mpBOM caBeTOBamy ce OJBHjao Ha MET a 3aTHM Ha celaMm
cekiyja. Ox camor modeTka Ha caBeTOBamMMa je oOpahjuBaHa mpoOiiemaTHKa
cpehennx mamona kojy CIGRE ne oOyxBara. Ha Tpehem caBeToBamy je moHeTa
OJIyKa O OCHHBamy MPBOI' CTyAHjCKOT koMuTeTa. Tako je 29. jyna 1957. ronune
KOHCTUTYHCaH CTYIUjCKHM KOMHTET 3a peJejHy 3allTUTYy IOA NpPEeACEAHUIITBOM
npod. B. behanura.

1970. ycnenwsio je opraHW30Bame jOII 5 CTyAMjCKHX KomuTeTa. [Ipema HOBOj
opranmzannonoj memu u y3opy CIGRE ocHoBaHM cy jom HEKH CTyIHjCKH
KOMHUTETH, caja uX je 14 u yrimaBHOM WMajy HCTe Ha3uBe U OpojeBe kao Beh
ciomenytn komuteTn CIGRE. Pa3nmmka je y TomMe mTO KOA HAc HE IIOCTOje
komuTeTd 14 u 41, a mocToju KoMuTeT 39 U TO 32 AUCTPUOYTHBHE MPEKE.

Ca moHOCOM HCTHYEM Ja je, IpeMa HOBOj opraHu3aiuoHoj memu 1972. romuHe
MOCTaBJbEHO IMPEJICEAHUIIBO CTYIUjCKUX KOMHTETa KOje OAroBapa TEXHHYKOM
komutery CIGRE u nma je 3a mpBor mpenceianuka Owo u3abpan mpod. M.
lony6oBuh, nHaYe MEHTOpP M MarucTapcke Te3e W JOKTOPCKE AucepTanuje ayTopa
pedepata. OBuM ombopom om 1979. rommHe mpencemaBa akameMuk Tpod. X.
IToxap. 1991. rogure, 300T HACTAIOT PATHOT CTamka HAa JYTOCIOBEHCKOM MPOCTOPY
HacTynuo je npekun aktuBHocTH Y JUNAKO CIGRE.

Tpeba HamoMeHyTH Ja je CTaTyT OMO YecTo JOIyHhaBaH a MpeMa HOBOM 3aKOHY O
npymrteuMa 1979. ronuae npuxsaheH je MPBU CTATyT YUME j€ IPOMEHEHO UME Y
JyrocnoBenckn komurer MehyHaponHe KoHQepeHIMje 3a BEIUKE EIeKTPHYHE
mpexe [JUNAKO CIGRE].

Ilopen cactanaka KOMHTETa W CaBeTOBama NpHUpehUBaHW CYy W KOJOKBUjJyMH U
cummo3njymu. M3 mpobnemartuke kabioa Owino je ox 1967. mo 1980. roauue
OpraHM30BaHO celaM CHMIIO3MjyMa, U3 mpoOiiema uHpopmaruke aBa [1975. u
1978.] a u3 npobnemarrke Bohema 1 HHHOPMATHKE HEKOIUKO.

3a Bpeme ox 40. ronuna paga JUNAKO-CIGRE ognocao JUKO CIGRE o6aBisen
je Benuku mocao. O6pahen je Benuku Opoj pedepara, npexko 2000, a ox 3Ha4aja cy
1 OpOjHH 3aKJbYUIH, KOjH Cy JaBaJM OATOBOpPE HAa OpojHA MHUTamka U yCMepaBallid
Oymyhwm pan.
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CPIICKH KOMUMTET CIGRE JAHAC

Enextpoeneprercku cucreM, ca MehycoOHO TOBE3aHMM KOMIIOHEHTama
JneQHUHUCAaHUX KapaKTEPUCTHKA, je Ie0 CHePreTCKOT CHCTeMa Y KOME Ce 0CTBapyje
TEXHUYKO-TEXHOJIOUIKH TPOLEC MPOU3BOIbE, MPEHOCA, PACIOACIe U MOTPOIIHE
€JIEKTPUYHE eHepTuje U (QYHKIHMOHUIIE Kao jeIMHCTBEHH TEXHUYKO-TEXHOJIOMIKH 1
EHePreTCKO-eKCINIOATAIMOHN parmoHaHn  cucteM. lloesan je ca EEC-uma
HOBOHACTAIIMX CyCEIHHX M JApYrux 3eMasba y EBporickoj unrepkonekimju UCPTE
(DpaHyckr akpoHHM 3a YApyXKeme 3a KOOPAWHALM]Y HPOM3BOAE U NPEHOCa
CICKTpPUYHE CHEepruje ca uiaHurnama: benrujom, Hemaukom, ®paHIyckoM,
Uramujom, JlykcemOyprom, Xonanmujom, Ayctpujom u IllBajuapckom). VY
napanennom pagy UCPTE cy mopen 3emassa OuBme Jyrocnasuje u Illnanuja,
[opryranuja, I'puka u Jlancka.

EEC JYTEJI je 6uo noBpemeno nosezan ca OEC (RGW) npu uemy je OEC (Pycku
aKkpoHHUM 32 VICTOYHOEBPOICKY €JIEKTPOSHEPTeTCKY HWHTEPKOHEKIHjy) Ono
cactaBjbeH oX ciexehmx apxaBHUX wiaHuna: byrapcka, Pymynuja, HMcrouna
Hewmauka, [Tosscka, Mahapcka 3emspa 6uBmer CCCP u YexocoBauka.

I'pyny NORDEL uune npxaBa unanune: Jlancka, ®uncka, Mcnana, Hopeemka u
IlIBencka. Hajpehy uncranucany cuary uma OES, oko 330.5 GW, zatrum UCPTE
237 GWu NORDEL 71 GW.

[pema nomaruma u3 1990 rogune o1 YKyITHO HHCTANMCAHE CHATE HA TEHEPaTopy y
usHocy 21,78 GW, 6usiie Jyrocnasuje, neo EI1 Cpouje uznocu 9,186 GW a Llpue
T'ope 901 MW mro y HOBOj cutyauuju u3Hocu okol0,1 GW. Ilopen npousBonme
CJICKTPUYHE CHEPIHje, BUCOKOHAIOHCKA Mpeka, (YHKIIMOHHCATA jeé ca BUCOKUM
CTEIIEHOM TIIOTOHCKE CIIPEMHOCTH a OCTBapeH je 3HaTaH OOMM pa3MeHe ca
MHOCTPAHCTBOM IIpu yeMy yaeo Cpouje y pasmenu, y GWh, y yBo3y uzHocu 273 a
y m3B03y 1764. Hajsehu neo n3Bo3a octBapeH je mpema Utamuju: 992 GWh.
[Iperxomnu monmamm ykasyjyjy Ha YHBCHHIY Ja C€ MpojaykaBa IpoILecC
o0jenumaBama EIEKTPOCHEPreTCKUX cHucreMa u yBehaBa o0uM  pasMeHe
€JIEKTPUYHE €HEepIuje YuMe ce yCIOoXibaBa CTPYKTypa U pexxuM pazaa. Ilosehasa ce
M KOJNWYMHA TpomnycHuxX crnocobHoctH u3mel)y EEC-a u BHUXOBHX YHYTpaIImbux
IIBOpOBa MpPH 4YeMy HHTEPKOHEKIMje pa3IMYUTHX HaloHa Hajuemhe paje
napayenHo. [Iponec yknanama 750 kV mpexe (Kanana, YCA, Mahapcka, [Tosbcka,
IlIBencka u bpa3mi) HUje orpaHWYeH OCBajameM mocTpojema 750 kV. Ilodena je
usrpagma 1000-1200 kV npenocuux Bozosa (3emsbe OouBmer CCCP, YCA, JamnaH,
Wranuja) a pasBujajy ce “kpo3 Hay4YHO-HCTPaKHMBayKe pajoBe”, KOHIICIIHje
IpEeHOca U BUIIUX HAINlOHA.

3HauyajHO Cce pa3BHjajy M KOHIIEMIIHM]e IPEHOCA jJeTHOCMEPHOM CTPYjOM a IIPH TOME
ce pemaBajy NpoOJieMH BEIMKHX OJCTOjaba y TMPEHOCY, Be3e Mpexka ca
PasIMUUTHM YYECTaJOCTHMAa M PEryJallMOHUX MPUCTYNa Yy OOHOCY Ha jeAHy
Y4eCTaHOCT, mpobiemu ynacka y Behe rpagoBa uta. O63mupom Ha MoryhHOCT
“HerHEepIOHOI "HAUrHAa peryJianyje pexkuMa npeTapada, Ipoydasa ce MoryhHoCT
Kopulhema jeJHOCMEPHOT IpeHoca 3a MoOOoJbIIAkE YIPaB/hadkux (yHKIHja
Mpeka ca Ham3MEHHYHHM cTpyjama. Hajsehm no cama kopumhenn HamoH y
MIPEHOCY jeTHOCMEPHOM cTpyjoM je 500 k) a Hajeeha mpomycHa crmocoOHOCT OKO 2
kV. Hajeehe oncrojame y npeHocy u3Hocu 1630 km (Inga-Saba-Zaira).
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Cnuxa 2. Enexmpuuna mpexca bankana

O03upoM Ha cBa gorahama Ha HpOCTOpPy OwmBIIE JyrociaBuje, CBaKH IMPEHOC
eNIEKTPUYHE EHEpruje y Ipyre Ap)kaBe IocTaje Bese 3a mapanenaH pan EEC
caMOCTaJTHUX ApkaBa (ciwka 2.). I'me cy rpaHnile HOBOHACTAJIOT CHUCTEMa IpemMa
CaMOCTaJIHUM Jp)KaBaMa Ha 3amajgy HHUje JaKO OJrOBOPHUTU jep MMa U CyBHIIE
Hepe(pMHHUCAHUX Tapamerapa KOju ce y OHJIO KOM TPEHYTKYy MOTY H3MEHHTH.
[IpaBiu mpekuga cy mnpema EpnectunoBy, Tysmm, CapajeBy, MakenoHuju u
KocoBy m Meroxuju. 300T HEMOBOJFHOT pa3Boja omgHOca ca MakemoHHjOM |
onHoca Makenonuje ca I'pukom moctoju MoryhHoct npekuaa tpanzuta Kocoso B-
Ckorube-butona-Conyn (400 £V) u KocoBo A-Ckormube (220 kV).

3AK/bYYAK

CBe 70 caja W JaHac W3HeTe uumbeHHUE ykasyjy na je 114-rd@@emddassojuu
UKITyC elekTpoeHepretuke y CpOuju OMo Beoma ycmemad 3axBajbyjyhu ympaBo
HOCTUTHYTHM KOHeknujama ca cycennum EEC u ycmo aBJ‘LeHI/I BesaMa ca
aconyjanyjama Koje OBaKkBa IOBE3MBamba CUCTEMA MOPIKaB sit?r@ radcra
EEC xao ummneparus Hamehe oTpeba ycnocTaBibema nmokunanux se3dgallUCPTE,
OEC, m cucremuMa HOBOHACTAIHX Cycela Kao M ca LCHCHOM 2 Ajarjom
CIGRE. Texk mocie ycrocTaBe MOKHIAHUX Be3a U pa3MeHE HCKY g 'droele ra%f na
Ce M3Tpajie CTaBOBH 3a pelllaBambe aKTyelHHX MpodiiemMa y eneKTgoeHepremuH 17§
weH Oyayhu pa3Boj. Tu ctaBoBu cBoze ce Ha cienche:
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- Oemexxn ce 3Ha4YajaH TIOPACT W3TPAgHE BHCOKOHAIOHCKHX —BOJOBA
jeAHOCMepHe cTpyje, nMajyhn y BuAy MpeJHOCTH HpeHoca jeAHOCMEPHOM
CTPYjoM, OCeOHO ca acleKTa MambHX KOPUA0pa 1 3aIITHTE OKOJIMHE, Kao U
3HATaH MaJ] [IeHa THPUCTOPCKUX UCIPaBIbauKuX ypehaja.

- Temkohe y moOujamy KOpuaopa yTHYy 3a HOBE BOAOBE YTHUy Ja ce
nocrojehe Tpace 220 kV 3amemyjy BomoBuma 400 kV, ma ce mocrojehn
BOJIOBH KopHcTe ca Behnm onrepehemeM nuti.

- TpuTHCaK OpaHWolLla 3allTHUTe OKOJMHE yTuue Ha Behe kopumheme BH
Ka0JI0Ba, HAPOUUTO IUTACTHIHUX.

- Beha onTepehema mpeHoca 1 moTpeda 3a peakKTHBHUM CHarama yTHYe Ha
NpUMEHY pajJHe W TMapajieiHe KOMIeH3aluje, MmoceOHO Ha cBe Behy
npumeny Cratumuke Hamoncke Komnensanumje (SVC-Static Voltaje
Contro), mpumeHoM TupucTopckux ypehaja. OBEUM ce 3HATHO CMamyjy
PH3UIIM pacraja CUCTeMa U CMakbyjy TyOUIIN Y IPEHOCY.

- pa3BOJHA MOCTPOjeHa CE CBE BHIIEC KOPHUCTE y BHAY I'acOM H30JIOBAaHHX
OKJIOITHHX TIOCTPOjerha, Yrja lieHa Takohe Hajuemnthe mana.

- pa3Boj Gpubep-onTHIKE TEXHOIOTH]je OTBapa MHUpOoKe MoryhHOCTH TIpeHoca
uHPOpManMja a Ha TOMOINYy Cy ¥ HEKOHBCHIMOHAIHH MEpHH
TpaHcopMaTopH, Koju he yHeTH OUTaH KBAIUTET Y JETEKLUUjU U MIPEHOCY
KOHTPOJIMCAHNX BEJIINYMHA.

- TMPOAOp MHKpOIpOLecOpa y CBe 00JacTH yIpaBibamka M KOHTPOJIE je
OUMIJIECJaH, U 3alITUTHU ypehaju 3aCHOBaHM Ha HOBOj TEXHOJIOTHjH cy Beh
KOMEPILIV]jaTH30BaHU.

Y Cpbuju ce MOXe OYCKHMBATH JaJbl pa3Boj W mpumeHa “‘back-to-back”
noctpojea AC/DC/AC wu3 EBpome kao jenumno moryhe Be3e y pa3MeHH
enexktpuuHe enepruje m3mely unTepkonekuuje UCPTE u OES. ¥V Cpbuju cy
npenBuleHa ABa TaKkBa MeCTa-jeHO 3a Be3y ca MahapckoM a apyro ca byrapckom.
Kao nocnenuna cmameHe U3rpaimbe Mpexa, ycliea HeJJOCTaTka KOPHIopa, a a Ou
ce noBehano nckopuinheme Mpexe y BEIUKO] MEPH Ce MOXE OYCKHBATH MPHUMEHA
ayTOMaTCKe peryJialfje HarloHa ITyTeM CTaTHYKUX-THPHUCTOPCKUX ypehaja.

Y CpOuju ce HacTaB/ba Ca NPOU3BOAHBOM M H3IPATHOM TacoM H30JIOBAaHMX
NOCTpOjela NpU YeMy [OMUHAHTHH YTHIQ] OCTBapyje EKOHOMCKH (aKTop.
HbuxoBa u3rpaama npeaBuIjeHa je yHyTap BEIMKHX IrpaioBa.

Y OynyhHocTi Tpeba OYEKMBATH W IT0ja¥aHy HM3TPAABY TBOCHUCTEMCKHX ‘‘TEIIKUX
JTaJIeKOBO1a” ca 0 TPH MPOBOJHUKA Y CHOMY U ABocucteMmckux 110 kV Bomona.
IMpenBuha ce m ymorpeba dYeTBpTE TeHEpalMje ENSKTPOHCKHUX 3allTUTa ca
MHKPOIPOILIECOPHMa Ca 3HATHO LIMPUM MOTYhHOCTHMA y OIHOCY Ha TPEIXOIHY
rerepaudjy. Ty cy wMyntudyHKuMOHanHM peieju ca MoryhHomhy wu306opa
¢yHKOMja: TPEKOCTpyjHA 3aITUTA, 3EMJbOCIIOjHA 3allTWTa, 3aIUTHTa OJ
HECUMETPUYHOT onTepehema makie CBe INTO ce O] MEPEHUX BEIMYHMHA CTpYja
moruo u3Byhu. CniuHa je cutyanyja u y norjeny pa3Boja TUCTaHTHUX pelieja UT/I.
3a pykoBame OBAaKBOM TEXHHKOM Oulie moTpeOHe HOBE TeHepaluje Miaaux
CTPYYHUX JIMIIA HeonTepeheHNM XUITOTeKamMa MPOILIOCTH.

OcBprom Ha 114. ronnaa Cprcke enekrpoeHepreTuke, 34. roguHa CIGRE u 54.
roguHa JUKO-CIGRE 3akibydyjemMo 51a je Ta akTUBHOCT Oujia BeoMa 3HaudajHa U
KOPHMCHA 32 pa3Boj eNEeKTPOCHEPreTHKE y CBETY M KOJI Hac.
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YcenocTaBibameM capanme ca HoBuM ocHoBama 3a CIGRE omoryhuhe ce pasmena
MUILBbEHA MPEIOYUTH PE3yITaTH UCTPAKHUBAA, HOBE UJICj€ 3aMHUCITH U TPEJIO3H.
Mory ce Tako OCTBapWUTH M OPOjHH KOHTAKTH CTPYUmHaKa YjeIU-EHUX OKO WCTE
xesbe na EEC Oyay ycnemHuju y mOroHy W cafa u 'y OyayhHocTH, mTO je on
BEJIMKOT 3Hayaja 3a CIpevyaBame CHEPreTCKUX Kpu3a Koje he Bpio ckopo OuTH
aKTyeNHe.

JIUTEPATYPA

[1]. S. Bjeli¢, “Energy management system in Electrical Power System”,
International SAUM Conference, Kragujevac University, June 1993, Proceedings
(pp. 428-438).

[2]. S. Bjeli¢, “Implementation of the CAD for Supervysory Controla and Data
acquisition SCADA System in 110 and 10 kV Substation”, International Simposium
of application CAD Technology CAD FORUM, Proceedings, Work.

[3]. Excecutive editor Gunter G. Seiph, Electrical Installations Handbook, 3.nd
Revised and enlarged edition, 2004, SIEMENS, John Wiley&Sons Part 2, UDK
(621.319.24).

[4]. C. bjemmh, M. Byjuuuh, [locon oucmpubymuenux mpesca I, T® Yauaxk,
OcHoBHE yubeHuk tupax 250+enekrponcku CD ¢opmar, 2007. rog. Op. cTpana
200 (rmo3uTHBHA PEIICH3H]a).

114 YEARS SERBIAN ELECTRIC POWER, 84 YEARS CIGRE
AND 54 YEARS OF SERBIAN NACIONAL COMMITTEE

Summary: This paper is presenting certain important events concerning the
Serbian Electrical Power Network and influence of International Conference for
electrical distributive systems (Cenference Internationale des Grands Reseauh
Electriques- C I G R E) on establishing Committee in Serbia. Furthermore,
Committee’s methods of working and organization are presented.

Key words: Establishing of CIGRE, Committee in Serbia of CIGRE today, EES.
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N3PAJJA JOMARUX CPEAIBLEHAIIOHCKUX
N3BJIAYNBUX KOJIMIIA CA YTPABEHUM
CPEAILEHAITIOHCKUM KOHTAKTOPOM THUIIA
“ROLLARC R400D” ®PAHIIYCKE ®UPME
“SCHNEIDER” U3BPABEHUX ¥ SF6 TEXHULIN

Hpeapar Maeuh', Henan MapKOBI/Ihz, Momuuiio Byjl/l‘ll/lh3

Pe3ume: V noconuma PTh-a y Bopy, mepmoenekmpana u Opyeum unoyCmpujcKum
HO20HUMA, UHCMATUPAHA CY eHEeP2emCKa NOCMPOjerba cpedrbes HANOHA U3EIAYUBOS
muna “Bennedone” mun. 500, uuju je npouszeohau @panyycxka pupma “MERLIN
GERIN” noyupana y Ipenobny. Ha oeum nocmpojerwouma yepahenu cy
KOHMAKMOopU U npeKuoauu ca KoOMopama 3a 6a30yuHo caulerbe iyKd.

Osa nocmpojerwwa ce nanaze y excnioamayuju o0 1981. eooune. Kaxo ce ma
eep3uja suuie yonwme He npou3goou 00 1986. codune a uzpaoa pezepsHux 0eiosa
je npecmana 0a ce npouzsoou 2001. cooune omedgicana je nabaéka peszepeHUX
denoga a axko ce yonuwime Moy HAOABUMU FUX0BA YEHA je U3Y3eMHO GeluKd.
Howmo cy ocmanu enexkmpo ckionosu y Qyukyuju nompebHo je camo
KOHMAKmope u npexuoaue HAjHosuUje KOHCMpYKYuje yepaoumu Ha NOKPEemHUM
KOuYuMa, ca yepahenum Mexanusmuma 3a 010Kady pacmaensaya 3a yemmerve, u
nocmpojerba  ocnocooumu 3a 0asmy eKCHAOMAYyUjy V3 MUHUMATHE MPOUKOse
PEKOHCMPYKYUje UCTIUX.

Kibyune peum: [locmpojerva cpedree Hanona u3zeiauuéoe mund, KOHMAKMOP,
SF6 mexnuka.

YBOJ

Hanajame morpomraya Behux cHara y ¢nortanujama, IpoOJbemhHMa, TyMITHUM
cTaHWIaMa, IulathopmMama 3a Oymeme HadTe W JAPYTUM  HHIYCTPHjCKUM
MOCTPOjel-Ma OMOTYheHO je OBHM eJIeKTpO MocTpojemuMa. Takohe je moryhe y
BEJIMKAM OareprMa TOjeIMHE MOTOPE 3alliTHTHTH OBUM KOHTaKTopuma. Tpebda
HarmoMeHyTu fa ce y ¢adbpunu H SO, y Bopy Hanase mHcTanmucaHa oBa e€NeKTpO
MocTpojema y Bep3uju “myrum cer”’. Aneone - (henuje y xojuma cy cmemreHa
MOKPETHA KOJIHMIIA), CMEITeHE Cy jeaHa Ha npyry. @opMupaHe cy Be HE3aBHCHE

! 1p Tpenpar Iasuh, Bumia Texauuka mkona, Ypomesar, E_mail: vts.uros@sezampro.yu
2 Hewnan Mapxosuh, aur. uHT. e, Bumia Texanuka mkosa YpoireBail, 3BedaH,

E mail: nen.mark@sezampro.yu

3 ip Momunino Byjuanh, Texmmuku pakynrer Yauak, E_mail: vujicic@tfe.kg.ac.yu
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TvHUje 3a Hamajambe. OBOM BEp3WjOM Ce TIOCTHIKE YIITelda MOTPeOHOT mpocTopa
Tpadocranuue. Jenan neo omnpeme je u3zpahleH U MHCTATUpaH Y PYAHUKY Oakpa y
npxxasu Mujan-Mapo (Bypmmn).

300r 10TpajayiocTH CTapUX KOHTAKTOpa M Npekugava (ca yrpalleHuM KoMopama 3a
Ba3[yIIHO Tallele JyKa) MOTPeOHO je HCTe 3aMEHUTH HOBHM CaBPEMEHHjUM
koHTakropuma Tuna “ROLLARC-R400D” u npekugaunma tuna “FG2”. Iamemwe
JyKa KO HUCTHUX u3BeneHo je y SF6 TexHumu-racy.

TEXHO-EKOHOMCKA OITPABJJIAHOCT U3PAJE HOBUX
KOHTAKTOPCKHUX U IIPEKUJAYKUX ITIOKPETHUX KOJIMIA

3aMeHa JOTpajaliuX KOHTAKTOpa U MpEeKuaaya Moxe OUTH pellleHa Ha 1Ba HAYMHA 1
TO:

1. KynoBHHOM KOMIUIETHO ONPEMJbEHHUX KOJHMIAa Ca KOHTAaKTOpHMa,
npekuaauynMa U cBuM Oiokagama, on @panmycke ¢pupme “SCHNEIDER”
ymja neHa u3Hocu npuoamxao 13.500,00 EY wim,

2. PexoncTpyKnHjoM TOocTOjehmX KOJHUIA Y3 Yrpadmky caMoO KOHTAaKTOpa WA
npekunada Opanmycke pupme “SCHNEIDER” ca ykymHUM TpOIIKOBUMA
pexoHcTpykuuje oko 6.000,00 EY.

AyTopu OBe CTyIHje ONpeAeiHiIN Cy Cc€ 3a BapHjaHTy 2 Tj. PEKOHCTPYKIH]jY
noctojehnx Konuna.

[TocTeneHoM 3aMEHOM CTapuX, HEUCIIPABHUX KOHTAKTOpa M MpEeKHIada MOCTHXKE
ce cienehe:

1. Crapa onpema ce 3aMemyje HOBOM HajcaBPEMEHHjOM OIPEMOM H3Y3ETHO
BEJIMKOT TEXHUYKOT KBaJIWTETa M BEIHMKE IOY34aHOCTH Yy paay ca
rapaHIMjoOM TTOY3aHOT Paja 3a MePUO Ay>KH OJ 1Ba/IECET TOANHA U

2. Kopucre ce KOHCTpyKIHMje CTapuxX KojJHIa Koje ce jorpalyjy wu
npuwiarohaBajy HOBOj HaMEHHM y3 MaKCHUMalHO Kopuiiheme mocrojehinx
enMeHara. VIcToBpeMeHO ce cTapy CKUHYTH PE3epBHH JEIOBH KOPHCTE 32
OJIpJKaBamk-e OMpeMe Koja je y paay 4MMe IpecTaje morpeda 3a HabaBKOM
UCTUX a TmpoliieM ojapxkaBama IocTojehe  ompemMe  yMHOTOME
MOjeHOCTaBJbyje. THMe ce TMOCTHKE MaKCHMAaHO HCKopHuInheme
roctojehe ompeme 10 TpeHyTKa HeHe KoHauHe 3aMeHe. OBUM ce TTOCTIKY
BEJIMKE YIITE/IEe Y Be3U Ha0aBKe Pe3epPBHUX JICIIOBA.

INOCTPOJEILA CPEJAILEI' HATIOHA U3BJIAYNBOI" TUITIA

VY unnycrpuju: ¢noranujama, IyMIHAM CTaHUIAMA, IPOOMIMYHHUM MOCTPOjeHUMa
¥ CJIMYHO YECTO CE€ YMECTO KJIACHYHUX IIOCTpojema y TpadocTaHuIiama, Mory
BUIeTH TpadoCTaHUIE ONpeMJbeHe henHjama ca ONpeMOM-KOHTAaKTHpUMa |
OpeKkuaaynuMa CMEIITeHHM Ha [OKpeTHHMM Koiuuuma. Koa — kjmacnuHux
TpaOCTaHWIIa KOHTAKTOPM M TPEKHIa4d Cy (HUKCHO BE3aHH Yy IMOjeANHHM
henmmjama, Tako ma y ciaydajy OmJIO KakBOT KBapa Ha OMJIM KOM TOTPOIIady Mopa
OWTHU HCKJbYUCHO HaIajale CBUX MMOTPOIIAYA.
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[pennoct TpadocTanula Koje cy OnpeMibeHe CPeA-EHATOHCKUM IMOCTPOjemhuMa
ca henmjama T3B. W3BIAYMBOI THUIA OIJIEAa CE y TOME INTO Yy CIIydajy KBapa Ha
jemHOM TIOTpoImadyy MoOTryhe je HCKJBYYHTH CaMO Taj IOTpPOINad JIOK OCTaJH
norpoiadu pane. Kako ce yecto y moroHuma Hanase y pe3epBH MOKpPETHA KOJIHUIIA
ca KOHTaKTOpuMa M MpeKuaadyniMa OHJa ce€ BpeMe 3acToja MHOTOCTPYKO ckpahyje u
jeIHaKo je BpeMeHy MOTpeOHOM 3a 3aMeHy MOKpPETHHX Koywmmna. Y ciy4dajy Beher
KBapa Ha MOTpoIIady (3aMeHa eJIeKTpO MOTOpa W CIMYHO) TPEJHOCT OBHX
MOCTpOjeka NMa JOMHHAHTaH 3Ha4daj. Kako je y cBakoj henuju yrpaljen pactaBibau
3a y3eMJbeHe, KOjU Ce ayTOMAaTCKH aKTHBUpa ImoMohy cucTeMa 3a 3a0paBJbUBamE
KOJIHUIa, MOTyhe je HEeOMETaHO paJWTH Ha TO] JIMHHjH TIE je IOILIO 0 KBapa y3
HCTOBPEMEH HEOMETaH paji OCTaIMX arperara, 6e3 00ja3HH 3a CUTYPHOCT pPaJHHKA
KOjU OTKJIamajy KBap. Y TOM ciydajy ce Ta henuja HaKOH M3BJIaueHha KOHTAKTOpa
3aKkJpy4aBa a Ha BpaTuMa Te henuje mocraBsba Tabia ca HATIHHCOM Ja Cy PajioBU y
ToKy ¥ 1a henuja Huje y QyHKIUjU.

NPECEK REJIMJE CPEJAILET HAIIOHA N3BJTAYUBOI" TUITA

Ha crumm 1. mpencraBibeH je monpedHu npecek henuje cpemer HaloHa | onpeMe
koja je yrpaheHa y mwuma. hemuja ce cacToju oA MOJCKIONOBAa KOjU CY
IPE/CTaBJbEHN IIO3UIMjaMa M CBAaKM ITOJICKJION HOCH HAa3WB Y 3aBHCHOCTH O]
IEroBe (PYHKIIMOHAJTHE HAMEHE M EJIEKTPO ONpeMe Koja ce y muMa yrpahjyje.
KoHcTpykiuuja cBakor mojackjiona MpeiacTaB/ba LEIMHY W CBH CE€ y TpoOLecy
MOHTa)Xe 3aBpTHUMa MpUYBpIIhyjy 3a OCHOBHY LEIHHY T3B. aJIBEOIY-/ICITy Y KOME
Cy CMeITeHa IOKpeTHa KOJHIla Ha KojuMa ce yrpalyjy KOHTakTOpW WIH
OpeKuaadn a CBE Y 3aBUCHOCTH oA HameHe hemuje. Y amBeonu ce yrpabyjy
MEXaHU3MH 32 3a0paBJbHBabE TOKPETHUX KOJIHIA KOjU Cy MOBE3aHHU Ca TIOKPETHUM
METaJTHIM 3aCTOPHMA T3B. TOKPETHUM 3aBecHIlaMa KOje ce MOAMXKY IPH yBIIaueHy
MOKPETHUX Konuila oMoryhyjyhn Ha Taj HAauMH MOBE3UBakE ca M3BOPOM Halajama.
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Cnuxa 1. Ilonpeunu npecex henuje cpervee Hanona
€a U3BNAUUBUM KOHMAKMOPCKUM KOIUYUMA



234 36opnux paoosa BTILII Ypowesay

OBO MOBE3WBamkEe OCTBAPEHO je MOMONY MOoceOHMX 3TIIOOHMX KOHTAaKara KOjH ce
yrpalyjy Ha KOHTakTOpUMa Wid NpekuaadnmMa. [IokpeTHe-3aIuTUTHE 3aBECUIle ce
ayTOMAaTCKH CITyIITajy TPH HW3BJIAYCHY KOJMIA M 3aTBapajy MPUCTYI (QUKCHAM
KOHTaKTUMa KOjU Cy MOHTHPAHH Ha HM30JIaTOPUMa M CMEUITCHH Y 3aIibH 0
anBeosie. OcHa pacrojama n3mel)y OakapHHX IIUHA, CXOJHO MPONUCHMA KOJU BaKe
3a OBy HaMeHy, u3Hoce 175 (mm).

Ha ciuiu 1. pennu 6pojeBu mo3uiiyja npeacTaBibajy cieaehe:

[Mosumja 1. je anBeonma-nmeo henuje y K0joj Cy cMelITeHa KOHTaKTOPCKa
KOJIUIIA Ca OCUTypaynMa 3a 3allTHTy KOHTAKTOpa M MEXaHH3MOM 3a OJloKany
MOKPETHUX KOJHIIA y3 HMCTOBpPEMEHY OJNMOKaly pacTaBjbadya 3a y3emJbeme. Y
paIHOM MOJIOKajy Bpara ajBeoJie Cy 3aKJbyyaHa.

IMo3unuja 2. mpencTaBiba MOKpPETHA KOJNWIA HA KOjUMa j¢é MOHTHpaH
koHTaktop R400D “Rollarc” ca crpyjHuM ocurypauuma u KOHEKTOpHMa 3a
Harajambe U OABO/I.

[Mo3unuja 3. T3B. HUCKOHAMOHCKH JEO CIYXKH 3a YyIrpaamy OmpeMe 3a
perymaujy mpoieca.

[Mosumja 4. VYpehaj 3a enekrpoHcky peryianmjy “SEPAM-1000”
NpeACTaBJba CNEKTPOHCKU CKIION ONPEMJbEH CBUM EJEKTPOHCKH MHCTPYMEHTHUMA
3a Mepeme HaTloHa, CTPYje, 3a/IaBarme Mmapamerapa 3a pajl ca BpeMEHCKHM perejuMa
U MUHHU €JICKTPOHCKHMM ITyJITOM 3a mpaliewe mporeca. Peu je o HajcaBpeMeHujeM
€JIEKTPOHCKOM CKJIOITy BeOMa IIOTOIHOM 32 MOHTaXy M PYKOBambe.

[Mo3unuja 5. Mexanu3am 3a OJ0Kaay TMOKPETHUX KOJHIA Y3 HCTOBPEMEHY
OJIokamy pacTaBjbaua 3a y3emJbeme. CBpxa HCTOT je ma 00e30enu curypan paa y3
MCTOBPEMEHY 3alITHUTY JbYH KOjH IpaTe Mpolec.

[Mozummja 6. Jleo henuje y kojuMa cy cMEIITeHU CTPYjHH TpaHchopmaTopu
U pacTaBjbad 3a y3eMJbele. Y WmeMy Cy yrpahleHu cTpyjHH TpaHchopMaTopu
MIPEICTABJHCHU TTO3HIIH]OM 7.

[No3unuja 8. obenexaBa pacTaBibayd 3a y3eMJbCHE.

ITosummja 9. je moceban meo hemuje-MMHCKU 1e0 V KOjUMa CY MOHTHPaHHU
u3onaropu 3a Homeme Cu-mmHa nosunuja 10.

[o3unuja 11. o3HauaBa cTpyjHE OCHTYypade.

JEJHOIIOJIHA INIEMA JEJHE MOTOPHE REJIMJE

Ha cnunm 2. mpencraBibeHa je jemHOMONHA IieMa henuje cpefmer HamoHa 3a
Harajame eJIeKTpo MoTopa. M3abpaHna je jemHonoiHa meMa koja ce Hajhemnrhe mosxe
BUJICTH Y TIOTOHMMA Yy KOjUMa Cy WHCTAJIIMPaHH MOTOpPU BEINMKUX cHara. V30op
onroBapajyhnx KOHTakTOpa BpIIM CE€ Ha OCHOBY MpoOpadyHaTe CHAre eneKTpo
Mortopa. Hajuemhie ce y moroHnma mory HahM Cpeli-EHAMOHCKA IMOCTPOjeHha
u3pahena 3a varmone U =7,2 (kV)u U = 12 (kV).

Ha xonTakTopckuM Konuunuma yrpaljeHu cy mo Tpu ocurypada 3a crpyje mo: 200
(4), 250 (4), 630 (4) u 1250 (4). Mecto yrpaame MpeACTaBILEHO je Ha CIUIH 1.
KOja TIpeIcTaBJba MOMPEYHHU MIpeceK jenHe hemuje Hanpe HaBeIeHOT THIIA.
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Cruka 2. JeOnononna wema MOMOPHOZ NOZOHA

3AK/bYYAK

Ha ocHOBY Hampen HaBeJICHOT MOXE €€ 3aKJbYUHUTH Ja Cy TOCTpOjeHa Cpelmber
HaloOHa M3BJIAYMBOT THUIA MHOr0 0Oo0Jba 32 NPUMEHY Yy HHIYCTPHjCKUM
MOCTPOjelbMa O KJIAaCHYHUX TpadocTaHuiia y KoOjuMa Ccu KOHTAaKTOpH U
npekuaadn GUKCHO Be3aHu y mojequHuM hemujama. MckycrBa y moronnma PTh-a
Bop u octanum noronnMa uay y Ipuiior OBe TBPAE.

Ca craHoBHIITa Op30T OTKJIamkama 3acTOja, KOHTUHYHTETA TpOIeca MPOU3BOAILE,
JaKOT PyKOBama M OJp)KaBama y MEPHOIy eKCIUIoaTaluje, Moy3AaHoCTH y pafy,
BeKa Tpajama yrpaleHuX eneKTpo KOMIIOHEHATa, MOXKE C€ 3aKJbYUHTH MPEIHOCT
OBaKoO M3BeNleHUX hemnuja.

Y mwpy ocrocoOibaBama paHmje u3paheHnx henmja KOHCTpYKIHja HOBHUX
KOHTAaKTOPCKMX W MPEeKUJaYKUX KOJHIA alCONyTHO je OIpaBlaHa. TpOIIKOBH
u3page nomMahix KOHTaKTOPCKUX KOJNHMIA AAJeKO Cy Mamu y OJHOCY Ha TPOILKOBE
Ha0aBKe HOBUX KOJHIA. Y OBOM CIy4ajy MOTPeOHO je KyMUTH OJ Ipou3Bohaya
caMo KOHTAKTOp, MPEeKuIad 1 KoHTakte. Ocraie KOMIOHEHTE ce MOTY Ha0aBUTH Ha
nomahem Tpxkuity. [Ipumepa panu neHa oBUX KOMIIOHEHTH W3HOcH oko 3400, EY
a IIeHa YBO3HMX KOJIMIIA M3HOCH, Y 3aBUCHOCTH J1a JIU CE TOPYy4yje KOHTAKTOP WIIH
npekunad, ox 12.500,00-13.7500,00 EY. llena npekunnaga je Beha.

JUTEPATYPA

[1] Medium voltage distribution, Metal-clad swtchgear withdrawable sircuit
breaker Mcset Merlin Gerin range 1 to 24 kV, Schneider Electric, 06 / 2001,
kataynor MepiuH ['epuH-a.

[2] Modular units for MV/LV transfomer substitutions, industrial distribution and
MV switching SM6 range 3 to 24 kV, Schneider Electric, 12/1999, xaramor
Mepnun ['epun-a.
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[3] Protection and control Sepam 1000 + Merlin gerin Substation, Transformer,
Motor, Busbar, Schneider Electric, publishing 06/2001, xatanor Mepnun ["epun-a.
[4] Crpyuna emykammja 1980. m 2001. romgmHe-criennjagu3amnmja 3a OBY BPCTY
noctpojea y Mepnun ['epuHy, U capaama ca HBHUXOBHM CTPYUHALUMa 33 OBY
obnact. U3pana rmaBHUX MpojeKkara U paluOHUYKE JOKYMEHTAIH]je 32 TPOU3BOALY
¥ HCIIOPYKYy KOMIUIETHHX IIMHHja Koje oOyxBarajy 256 hemuja oBor Tuma 3a
notpebe PTh-a bop n Pyanuka 6akpa y Mujan-Mapoy (Bypmmu).

[5] Erexmpo mexnuuxu npupyunux, TeXHu4IKa Kibura 3arpe6, 1964.

[6] Kamanoe “@MT-36e30an” 3ajevap, ca komniemuum npou3eo0HUM APOSPAMOM
usonamopa, cmpyjHux u Hanouckux mpancgopmamopa, 2000. ro.

[7] Omrra murepaTtypa.

MANUFACTURE OF DOMESTIC MEDIUM VOLTAGE
HOISTING WAGONS WITH INSTALLED MEDIUM
VOLTAGE CONTACTOR TYPE “ROLLARC R400D” OF
FRENCH COMPANY “SCHNEIDER” MANUFACTURED
IN SF6 TECHNIQUE

Summary: /n RTB Bor plants, thermal plant and other industrial plants, have been
installed medium voltage energetic plants of hoisting type “Belledone”, type 500,
produced by French company “MERLIN GERIN” located in Grenoble. In these
plants are installed contactors and breakers with chambers for air extinguishing of
arc.

These plants have been exploiting since 1981. Since this version has not been
produced since 1986, and the production of spare parts ceased to exists in 2001,
the procurement of spare parts is very difficult, and their price is very high. Since
the other electric structures are functioning, it is necessary to install only
contactors and breakers of modern construction on mobile wagons, with installed
mechanism for blocking of separators for grounding. This will enable plants for
further exploitation with minimum reconstruction costs.

Key words: Medium voltage hoisting type plant, contactor, SF'6 technique.
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CAE TEXHOJIOT'UJA Y AHAJIM3U CTATUYKOI
MNOHAIITAKA HOCERE CTPYKTYPE
KO MALINHA AJTATKH

Myxamen Capan’

Pesume: CAE (Computer Aided FEngineering) je TexHOJOTHja Koja oOyxBaTa
yroTpedy padyHapcKux cucreMa 3a aHanu3y CAD reoMmeTpuje, MOMyIITa MOJETY
Jla CUMYJIUpa U yOuM Kako he ce mpou3BOJA TOHAIIATH, TAaKO Jla C€ MOJET MOXKe
penedunncaTH U onTUMU3MpaTH. Hajpammpenuja MeToa padyHapcKe aHaju3e Y
HHXEHEPCTBY je MeTol KoHauHMX eneMmenara (MKE). OBa MeTona ce KOPHUCTH 3a
yTBpMBame HANOHCKUX CTama, Aedopmanmja, mpeHoca TOIMIOTE, MarHETHOT
noJjba, MpoTOKa (UIyHna W IpyTrux TpodiieMa KOjH Ce MOTY PELIMTH Ca HEKOM
IpyroM MeTojoM. Y OBOM pany mpeseHtupaHa je mnpumena MKE y anammsum
CTaTUYKOT IIOHAIllakha Hocehe CTPYKType KOA MalllMHA JIATKH.

Kmbyune peun: CAE, MKE, noceha cmpykmypa.

YBOJ

IIpojexroBame mpomsBoga momohy CAD cucrema, yOp3aBa pa3Boj, aHAIH3Y,
penu3ajHUpame MoJeNla W JOHONICHkE OUIyKa O MpaBUM peliemhuMa. [IpaBa
periema MPeICcTaBibajy ONTHMAalTHA Pelieha KOja 3a/10B0JbaBajy 3aXTCB: MUHIUMYM
[eHe-MaKCUMyM KBanuTeTa. [IpojeKkToBame MPOW3BONA MPEICTaBIba KPUTHUHY
AKTUBHOCT ITPOM3BOIHOT MPOIIeca jep ce Mpolewyje na je meH yaeo 70 % mo 80 %
O]l IICHE Pa3BOja M MPOU3BOIHHE.

CAE Bpum aHamu3y ¥ TECTUPAamE CTAaTHYKOT, TUHAMMYKOT M TOIUIOTHOT
MOHAIIakha TPOjEKTOBAHOT Jelia, Ka0 M ONTUMU3AIU]y CTPYKType Y CKIady ca
(hyHKITHjOM IHIba.

MelytuMm, caBpeMeHHN pa3Boj MeTalonpepaljuBadke HHIYCTPHjE TTOCTaBba U HOBE
3aXTEBE Yy Be3W ca KapakTepHCTUKamMa MallliHa alaTKd M TO HE CaMo y TOKY
MPOjeKTOBakha HOBUX MallliHA Beh M y EKCIUIoATalldju WHCTATUCAHUX MAIWHA.
[Mopen TEXHUYKO-TEXHOJNOIIKAX KapaKTePUCTHKAa ca KOJUM C€ YIJIaBHOM
JeUHHUITY FHUXOBE KapakTepUCTHKE M MOTryhHOCTH, cCTame MallhiHa Yy
EKCIUIOATAIMjH Y BEJTUKO] MEPU YTHYC Ha e(PUKACHOCT M TAYHOCT KOja C€ MOCTHIKE
Ha BUMAa.

"mp Myxamen CapsaH, Buma TexHr4Ka mkosa, Y pomesai,
E mail: muksar@hotmail.com
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Jocanamma HCTpaKMBamba 3a MOCTHU3ame OJpel)eHnX TayHOCTH Ha MallnHaMa
alaTKkamMa yIJIaBHOM Cy ce OJIBHjajla Ha aHaluM3Wd pagHOr MpocTopa (TJIaBHO
BPETEHO, HOCad ajaTa, CTe3ame pPaJHOr TpenMera W amar, UTA.), a Hocehe
CTPYKType Koje ce cMaTpajy 3a MPUIMYHO MACHUBHE M KpyTe, y OBUM aHaln3ama
YTJIaBHOM Cy ce 3aHeMapuBasie. Y HEeKHM UCTpakuBamKMa [1], youeHe cy 3HauajHe
nedopmarmje Hocehe CTpyKType 300T HeTpaBWIIHOT (GYHIUpaka W HUBEIHCAHkA
MmammHe. Tako cy mpomsanuie nmorpede U mHTepec 3a aHanu3y Hocehe cTpykrype
Kao ¥ IIMpe aHaIn3e O YTHIAjy HEeKUX MapaMeTapa Ha CTaTHUKO IMOHamame Hocehe
CTPYKTYpE Y TOKY €KCIUToaTaIyje.

MOJEJIMPAILE HOCERE CTPKTYPE 3A TEOPETCKA PASMATPAIbA

OcHoBHa (YHKIMja CHCTEMa aHAIW3e W MpOpadyHa NPEACTaBba MOY3IaHa
MPOrHO3a pearoBama Ha mopemehaje y eKcIUIoaTallMju U ©BEHTyaiHa
ONTUMHM3AIHja KOHCTPYKIIMOHUX TTapameTapa.

Ha cmumu 1, mata je cxemMa OCHOBHE MOJENic METOJA 33 aHANM3y U MPOpavyyH
Hocehux cTpykTypa.

AHAUIA 1 RPOpayyn
nocelux cmpyxmypa

anaAnmMUKe Memode ' HpMepuuKe Mmemode emnupujexu wapaz

peuasame
g ] Mampuyne
dudhepenyujannux >
jeonauuna memooe
& g:g"':ﬁ:\:‘ " RyMe iAo | Konaunu mparncgrep
paziKa unmezpavene| | egemenmu Mampuye
-

Memod Memod
cang nomepaja

Cnuxa 1. Memooe npopauyna nocefiux cmpykmypa

PasBujeHe MeTO/ie M TEXHHUKE aHAIM3E U MPOpadyHa CTPYKTypa OIHOCE CE HajBUILE
Ha IpUMEHY Memooda KoHaunux enemenama (MKE).

OCHOBHH CMHCAa0 aHaJM3¢ METOIOM KOHAYHHMX eJieMeHaTa je Weaan3alyja
CTPYKTypEe aHaTU3UpPAHOI Jela ca KOHaYHUM OpojeM OUCKPETHHX TOo (HOpMH H
BEJIMYMHU KOHAUYHUX €JIEMEHATa TMPAaBUIHOT TE€OMETPUjCKOr ob0nuka (IIram,
TPOyrao, IpaBOyraoHUK U JIp. CIIUKa 2).

[oHamame MojeJMHUX eJIeMEHaTa OINHUCYje Cce MaTpulamMa KPYTOCTH YHUjU €]
3aBHCH OJ BpPCTE€ KOHAYHOT EJIEMEHTa M H-ETOBOT IMOCTaBJbarba y PAaBaHCKU HIIH
npoctopHu cucrteM. CymupameM MaTpulia KpPYTOCTH €JeMeHaTa CTPYKType
(dopmupa ce MaTpuIla YUTABE CTPYKTYpPE KOja KapaKTEpHUIIE eNacTHYHO MOHAIIAE
LEOKYITHE CTPYKTYypE.
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Cnuka 2. Obauyu KOHAYHUX eleMeHama
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[omTo ce pemaBame mpobnematuke MKE cBoou Ha omepanuje ca MaTpulama,
HITO 3aXTeBa HU3 PYTUHCKHUX PaJbHM ca BEIMKUM OpojeM MmojaTaka, KopHuiiheme
pauyHapa ce Hamehe camo 1o ceOHW, jep BHIIECTPYKO OJIaKmIaBa M ckpahyje
periaBame pobiema.

Kako MKE 6a3upa Ha IpUMEHH padyHapa, pa3BHjeH je BETUKH Opoj copTBepa, o1
KOJUX Cy HEKM TpuKa3aHW y Tabemum 1, Koju ce caToje on HH3a Iporpama
MOJyJapHO KOMIIOHOBaHMX M BE3aHHX y LEIUHH, KOJU KOMYHHUIMPa])y Mehycobom
Ha HUBOY JJaTOTeKa WK 0a3e MoATaKa 3a Le0 CHCTEM.

Tabena 1. CAD/CAM/CAE cogpmesepu

[Moapydje Software Cucrem ‘
MIPUMEHE WHTErpaluje
CAD-2 CADAM, AutoCAD, MicroCADAM, Pro Enginering
[pTamke VersaCAD
CAD Solid Edge, Solid Works, Solid Designer, CATIA,
MOJCIUpambe Mechanical Desktop I-DEAS
CAM BravoNCG, VERICUT, DUCT, Camand, I-EMS,
MasterCAM, PowerMILL EUCLID-IS
MCS/NASTRAN, ANSYS, PATRAN,
CAE DADS, ADAMS, C-MOLD, MOLDFLOW,

Design Works, ALGOR FEA

MoryhHocTn TOjeHMX cOo()TBEpa OIJIeNajy ce Kpo3 BPCTE aHalM3e Koje
obyxBartajy (craTuyka, AMHAMHYKA, TOIUIOTHA, aKyCTHYHA) M KPO3 MOTryhHOCTH
aHanu3e TMHEAPHUX U HEIMHEAPHHUX FEOMETPHjCKUX OOJIHKA.

TayHOCT aHanmM3e W MpopadyHa y MPBOM pelly 3aBUCH OJI YCBOjEHOT PavdyHCKOT
Mojzena, u3bopa THa W Opoja KOHAYHMX €JIEMEHAaTa W, KOHA4YHO, OJ] Camor
pauyHapa u MOTyhuX HYMEPHUKHX TperaKa.

3a Ham ciay4aj MoJenpama U aHanuse KopuuheH je copteep ALGOR FEA.
Mogenupame U CTBapame MaTeMaTHIKOT MOJIeia je pealn30BaHo y Buile (aza u
TO: JMCKPETH3allfja CTPYKTYpPE Ca MPEKOM KOHAUHHX eJeMeHaTa, Ae(hUHUCAHE
IpaHUYHKX YCIIOBA U NeHHUCAE onTepehemba.

Ilpu muckpermsanuju Hocehe cTpykType Moryhe je octBaputu 0e30poj
JIUCKPETHU30BaHuX Mojiena. [lomTo He mocToju oapelheH KpUTepujym mo kome ou ce
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oJlpeIno HajooJBM MOJIEN, OJHOCHO MOJEN Koju Haj0osbe ampokcumupa Hocehe
CTpYKType, n300p ce BpIIM Ha 0a3W WHXKemepcke mHTyHuuje. Ha Ga3u Tora ce
Moxe pehw ma je Moaenupame y TEOpHjU KOHAYHHMX eJIeMEeHaTa M HMCKyCTBEHA
kateropuja [2].

3a morpebe aHamu3e M MpopadyHa y OBOM panay, y3era je Hoceha crpykrypa
yHHUBep3anHor ctpyra PA-30 nmpousBohaua « POTISJE_ MORANDO».

Iloctynky Mognenupama, MNPETXOAM [ETabHO AHAIN3UPAKE CKIOMHUX |
PaIMOHWYKHX IpTeKa pajd yKiIamarma eJeMeHara KOju HeMajy yTHIaja, Kao U
eJIeMEeHaTa YHMjH ce YTHUIIaj He JKeNU y3eTu y 003up (Ha MpuMep: CBE pyIe U OTBOPH
CY YKJIOE:€HH, CBa UCIy4eHa U yIyOsbea Cy HCKJbYUCHA, UTIL.).

Hda Om wmaremMaTudyku Moned OHO INTO BEPHUjU (UIUYKOM MOJECNTY, IpH
JUCKPETH3aLUji TIOpe]] MOCTOJba ca JBe HOTape, Mpelbe U 3a/mhe, MOICIUPAHO je
U BpETCHUINTE ca TIJIaBHUM BpEeTeHOM M oOpaTkoM. Anammsupajyhm paty
CTPYKTYpY, ITUCKpETH3alllja je W3BpIIeHa ca YeTHPH THIIA KOHAYHHX eJIeMeHara,
y3eTHX u3 OubInoTeke KoOHAaYHMX enemenata nporpama ALGOR FEA, on xojux je
Je0 BUX MpuKa3aH Ha ciuiy 2. To cy ABa eneMeHTa y BHAY Iuloya (ca TpU U
YETUPH YBOPHE Tauyke W NeOJpHHE f) ca KOjuMa Cy AWCKPETH30BaHE CBE CTPaHE
Hocehe cTpykType, ykpyhema, pedpa u CII., KOHAUHU €JIEMEHT rpene (aeuHucaHe
ca /Be TauyKe M TOMNPEYHHM IMPECEKOM) KOjUM CY IUCKPETH30BaHE BOhHUIC H
KOHAYHU eJIeMEHT ImTamn (meduHrcaH ca ABE Tadyke) KOjUM j€ JHCKPETH30BAHO
TJIABHO BPETEHO M 00pajaK.

Ha ocHoBy anammse Qusuukor Mojnena M u3a0paHUX KOHAUYHUX eJeMeHara,
W3BpIIIeHA je AucKpeTm3anuja Hocehe cTpykType Koja oOyxBarta 1189 koHawuHMX
eneMeHara, on kojux 1139 xoHauyHMX eneMeHara y OOJIMKY Iutode, 42 KOHAdHA
elleMeHTa y OONHUKY Tpele W 8§ KOHaYHHMX eJeMeHara y OOJIMKy mTama. YKyHaH
Opoj YBOpPHMX Tauaka TaKo AMCKPETH30BaHE CTpyKType m3Hocu 823. Ha cimim 3
IPUKa3aH jeé MaTeMaTH4KU MOZEI-Mpexa KOHaYHHUX eleMeHara Hocehe cTpyKType
YHHBEP3aIHOT CTpyTa.

Cnuka 3. Mpedca konaunux enemema nocehe cmpykmype cmpyaa-mooen

VYcBajambeM KOHAuHHMX elieMeHara, JeQUHHCaHe Cy M YBOPHE Tauyke, OJHOCHO
KOOpIMHATE YBOPHHUX Tayaka y OJHOCY Ha IJI00AJHU KOOPAUHATHU CUCTEM, KOjH je
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npuKazaH Ha ucro] cnuiy. [lpu mpopauyHy je kxopumheHa W ONTHMHU3AIM]ja
HyMepalije YBOPHUX Tadyaka MpU YeMy je MIMPHHA T10jaca MaTpHUIle KPYTOCTH OJ
936 cBeneHa Ha MUPUHY 01 468.

Hakxon auckperuzanuje, neUHUCAHH CYy TPAHUYHU YCJIOBH. | paHUYHU YCIIOBH Ce
neuHUIy yBohemeM ociioHana 3a Hocehy CTpyKTypy. 3a YCBOjeHH MOJEN mpeMa
cMIM 3, TIOCTaBJbEHO je 8 OcloHala ca orpaHmuemuMa y X, Y u Z mpaBiy U y
cMepy poramuje ©,, ©, n ©.. Ca nebuHHCaHUM OrpaHMYEHMMa OCIOHAIA 3a
yKyITHO 823 YBOpHE Tauke, T0OHjeH je cucteM ca 4938 cremenu cinoboe.

3a crnpoBoljeme CTaTUYKOr MpopauyHa MOTpeOHO je neduuucatu u onrepeheme
CTpyKType. 3a KOMIUIEKCHO HCTpaKUBame CTaTHUKOr IOHamama Hocehe
ctpyktype [3], m3pahena je mornmyHa aHanmm3a peanHor omnrtepehema Hocehe
CTPpYKType CTpyra; NpH OBHM aHajH3amMa paJmio ce ca YNpomheHuM
ontepehemuma. VYcBojeHo je na ontepeheme Jnenyje y mpaBiy Z oce HPEeKo
CYNpOTHE Tpyle Ha KOHTAKTHOj MOBPIIVHHU npeame Bohume. [Ipopadyn ce Bpmu
BapHjaHTHUM oITepehemeM, OJTHOCHO Y CIy4ajy Kajga je CYmopT Yy CpeIuHH,
KpajibeM JICBOM I0JIOXKA]y (IO BPETCHUINTA) M KPajieM JeCHOM (IO Komuha).
Untesuret onrepehema kpehe ce ox 200 1o 2000 N.

ITomohy codtBepa ALGOR FEA W3BpIIeH je CTAaTHYKH IPOpadyH MpH YeMy 3a
CBaKy YBOpHY TaukKy ce no0ujajy mo 6 Hemo3HaTux (3 TpaHcianuje u 3 poTaiuje).
Busyennu npukas ngeopMucanor Mozaesa NprukasaH je Ha ciunu 4.
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Cnuxa 4. Jlepopmucanu mooen nocelie cmpykmype cmpyea

3a masby aHanu3y W ynopehuBame ca eKCIepHUMEHTATHHM IOJAllMMa pa3MaTpaHe
Cy TpU KapaKTEepUCTHUYHE Tauke (IIEMAaTCKU NpHUKa3aHe Yy YrJIOBUMa JHjarpama,
civke 5 u 6) u To:
- Tauka | Ha npeamoj Bohuiy (uBopHa Tauka 651) Ha pacrojamy 800 mm of
BPCTCHUIITA,
- Tadka 2 Ha 3a/10j Bohunu (uBopHa Tauka 681) Ha pacrojamy 800 mm of
BPCTCHHMIIITA,
- Tayka 3 Ha Kpajy MepHOr mTana (4BopHa Tauka §22) Ha pacrojamy 700
mm OJl BPETCHHUIIITA.
ITopen npyrux yrtumajHux (akTopa Ha CTaTHYKO IOHAIIamke Hocehe CTpyKType
[3], moceOHO je WMcTpakMBaH yTHIIA] KPYyTOCTH ociioHana. Ha cimurm 5 je nara
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JjarpaMcKa 3aBHCHOCT NIPOMEHE BEJIMUMHE TIoMepaja CTPYKType MpH ontepeheny
on F = 2000 N, 3a ciydaj 1a Cy CBU OCJIOHIIM MCTE KPYTOCTH H Jia C€ Ta KPyTOCT
Mera y rparnnama ox 1x10% no 10x10'° kN/cm, 3a monoxaj cynopra y cpeauHH.
Ako OM ce MalllMHa HM3Bella U3 HHUBEJIHCAHOI CTama, MPOMEHOM (3a OBaj Cliy4aj)
KPYTOCTH jeJHOT OJ OcCliOHana (Ha CIWIM O3HA4eH O3HaueH O3HakoM &) ca
KOHCTAaHTHOM KpyTolnlly CBHX OCTalIHWX OCJIOHAlla, WHTE3UTeToM onTepehema
F =2000 N, BenuurHa 1 KapakTep MPOMEHE momepaja Hocehe cTpykrype u3riena
KaKo je TO IPUKa3aHo Ha CIHIH 6 (CYTIOPT je Y CpeambeM MOJI0Kajy).

CraTH4Ko IMOHAIIamke YUTABE CTPYKTYPE BHU3YCIIHO C€ MOXKE OLUCHUTU PASTINYIUTUM
npukasuMa jaedopMHcaHe CTPYKType MOI AEjCTBOM omnTepehema, a jegaH Takas
IpUMep je AaT Ha ciuKama 7 W 8, Thae Cy, ynorpeboMm KoMIjyTepcke rpaduke,
Pa3IMYUTH WHTE3UTETH HAMOHCKOT CTama M TIOMepaja IaTH y PasInIuTuM Oojama,
yuMe ce JI00Hja Beoma Jo0pa CIIMKa CTamba CTPYKType.
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Cnuka 5. Hozvzepafbe Kapakmepucmuy. Cnuka 6. HOMepal-be Kapaxkmepucmud.
madyaxka cmpykmype npu pasiudumuum madyaxka cmpyKkmype npu npomeHu

Kpymocmuma oCloHaya Kpymocmiu jeOHO2 0CIOHYa

CONTOUR VALUE

POMERANIE (o)

OPFTERECENIE 1000 (N)

Cnuxa 7. Buzyennu npukasz nomepaja nocmosed cmpyea
yeaed onmepeliera nocmosva
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CONTOUR VALUE

_==es Lk

HAPOMI  (K:an®)

OFTERECENIE 1000 (4)

Cnuka 8. Buzyennu npukas HanoHcko2 cmared NOCMosba cmpyaa
ycneo onmepehersa nocmosba

EKCIIEPUMEHTAJIHA WAEHTUOUKAIIUJA CTATHYKOT
INOHAINAIbA HOCERE CTPYKTYPE

OppehuBame craTHUKe KPyTOCTH HOCENMX CTPYKTypa €KCIepUMEHTATHHM ITyTeM
Moryhe je peallM30BaTH Ha pa3IMuMTe HAUYMHE. Y OBUM EKCIIEPUMEHTHMA H3abpaH
je MOoCTyIaK MOCTENeHOT CTaTHYKOr onTtepehema u pactepehema CTPyKType, IpH
YeMy ce perucTpyje momepaj oapeheHHX KapaKTepUCTUYHHX Tadyaka CTPYKType.
ExkcriepuMeHTH cy W3BpIIEHH Ha HWCTOj HOcehoj CTPyKTypH ca IIUbeM Ja ce
MOTBPJY TaYHOCT MAaTEMAaTHYKOT MOJeNa, a Takohe M eKCIIEpUMEHTAIHUM MyTeM
Ja ce MOTBpAM onpeljeHO CTATHYKO TMOHAIAmke CTPYKType. ExcrepuMeHTH Ccy
CTIPOBEJICHN TpeMa HAuyuHy aHali3e TPU TCOPETCKHM pa3MarpamuMa, OJHOCHO
ontepeheme CTPyKType je MpeKo CYMOpTHE Trpyle, a MEpPEHH Ccy IoMepaju
KapaKTepUCTUYHNX H3a0paHMX Tavaka (ciamka 9).

3a KapaKTepHCTHYHE Tayke M3a0paHe Cy MCTe Tauke U3 MATEMATHYKOr Mojena M
To: Tauka | Ha mpenwoj Bohunu (oAroBapa YBOpHOj Tauku 651), Tauka 2 Ha 3a/H0]
Bohuiu (oxroBapa YBOpHOj Tauku 681) M Tauka 3 HA MEPHOM IWITAIly TJIABHOT
BpeTeHa (0AroBapa YBOPHOj Tauku 822).

Cnuxa 9. Lllema excnepumenmanioe nOCmMynxa 3a UOeHmMupUKayujy
cmamuukoz NoHawarea Hocehe cmpykmype
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ExcriepumMenTn cy crnipoBesicHH ca onrtepehemeM u pactepehemeM unMe ce 1o0uja
JMjarpaM XucTepe3rca 3a KapaKTepucTuuHe Tauke (cnmka 10) 3a  ciyuyaj
ontepehema CTPyKType Y CPEANHHU U 32 HOPMATHO HUBEJIHUCAHO CTAbE CTPYKTYpE.
[open onpehenux anpokcuManuja Koje cy ypaheHe mpH JUCKpETH3ALUjH
CTPYKTYpE 3a TEOPETCKa pa3MaTparma 1 CTBapambe MaTeMaTHYKOT MOJIeNIa, ITO Cy U
HOPMaJIHH TIOCTYIIIIH, MOKE CE 3aKJbYUIHTH JIa j€ CTPYKTypa BPJIO TAYHO OIHCAHA.

N
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400
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Cruxa 10. Xucmepe3suc oujacpamu 3a kapaxmepucmuymne mauke nocmosba
(cynopm je y cpedrvem nonoxcajy)

3AK/bYYAK

Pa3Bujene MeTone M TEXHUKE 3a aHAINM3Y W MPOpPAadyH CTAaTHYKOT MOHAIIAmba
HocehuX CTPYKTypa ca acleKkTa MpuMeHe pauyHapa, y HajBehioj Mepu ce oHOCH Ha
NpUMEHYy METOJa KOHAaYHMX elleMeHaTa. 1o je IOBeJo J0 pa3Boja BEIHUKOr Opoja
cOTBEPCKUX pelIea, 0]l KOjUX Cy HEKH HaBEICHM y paly. 3a Hall CIy4aj y3eT je
nporpamcku naketr ALGOR FEA nomohy Kojer je CTBOpEH MaTeMaTHYKH MOZET,
KOjH j€ TIOTOM OMO M eKCIIEpUMEHTAIIHO OTBpheH.
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CAE TECHNOLOGY IN ANALYSIS OF STATIC BEHAVIOUR
OF SUPPORTING STRUCTURE OF MACHINE TOOLS

Summary: CAE (Computer Aided Engineering) is technology which comprises the
utilisation of computer systems for analysis of CAD geometry. It allows model to
simulate and detect the behaviour of a product, so it is possible for model to be
redefined and optimised. The most spread method of computer analysis in
engineering is the method of final elements (MFE). This method is used for
determination of voltage conditions, deformities, heat transmission, magnet field
and fluid flow and for other problems that can be resolved by using some other
method. This paper presents the application of MFE in analysing of static
behaviour of supporting structure of machine tools.

Key words: CAE, MFE, supporting structure.
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POAKTOPHU KOJHU YTUUY HA ITPOLHEC CAI'OPEBAIHBA

Panusoje Bylcaunmmmh1

Pe3ume: V cmeaprom momopy cabujena cmewa npu Kpajy maxma Komnpecuje
nanu ce Ha NOOecan HAYUH NPU YeMy Ce XeMUjCKA eHepeuja caopicamna y 2opugy
npemeapa y moniomuy euepeujy. Camo cazopesarbe je HAjCLONCEHUU 00 CEUX
npoyeca Koju ce jasmajy y moKy 008ujara paonoz yukiyca y momopy. 00
VCHEUWHOCIU be20602 U380ferba 3a8UCU CHA2A U eKOHOMUYHOCH CAMO2 MOMOPA
Kao U Hanpe3arba U eK mpajarea 1we208ux HajeumatHujux 0enosd.

Cam npoyec caecopesarba ma KaxKo uzeneddano oa ce Op30 oouspasa unax mpaje
00peheHo epeme y MOKy KO2a MOJICEMO DPA3IUKOBAMU Fe208e Nojedune Oumme
paze. Cnooicenocm usuuKo-xemMujckux nojasa onemocyhasa mwe2o8y anarumudxy
uUHmMepnpemayujy mMaoa je 6uno Huz nokywaja oa ce y3 nomoh 3axona xemujcke
KUHemuKe OOHeKIe AHATUMUYKU-UHMeSPaIHo o0yxeame me nojase u npeosuoe
PUX06e nocieouye.

Toxk npoyeca cazopesarba 3a8Ucman je 00 4umagoz Hu3a ghakmopa mely Kojuma cy
Hajoumnuju Hawun 00paAz08arba cmeuie U YHAberbd 20pusd. 3a pasiuxy 00
odocadauirbez  3ajeOHUUKOZ  PA3ZMAMPared Npoyeca nywerd U Komnpecuje
Mmopahiemo npoyec cazopegara NOCEOHO PAZMOMPUMU KOO OMO a4 NOCEOHO KOO
OuU3en-Momopa, Wmo je YCl08/beHO FUX08UM CREeYUDUUHOCTIUMA 00pa308ard U
VRabera cmeule.

Kibyune peun: Cacopesarve, demonayuja, memnepamypa.

CATOPEBAIBE Y OTO-MOTOPUMA

OcTBapeme cMelle mapa ropuBa W Ba3jlyXxa KOJ OTO-MOTOpa BpIIH CE BaH
HUITHHIpAa MOTOpa y moceOHOM ypehajy. Y TOKy TakTa ycucaBama OHa JOCIeBa Y
MIAIMHAAp MOoTopa U y cienehem Takty ce cabuja. Ilpu kpajy oBOT TakTa MPUTHCAK
U TeMmIlepaTtypa CMelle Cy jOlI YBEK HEIOBOJGHU Ja JOBEAy OO0 CaMOylalbermha
CMellle aju JOBOJbHH J1a oMoryhe meHo Op30 caropeBame. [lopen TemnepaType Ha
Op3uHy caropeBama yTHYEe M CaM CacTaB CMeElIe Ka0 W KOHCTPYKTHBHHU H
eKCIIoaTalMoOHn (QakTopu. MepeHe pelnaTHBHOM MEpPOM Tj. y CTENeHHMa yria

o0pTaja KOJIeHACTOT BpaTHila leroBe BpeTHOCTH ce kpehy on 2% 210° ok .
Pamu Tora camo ymajbeme CMeEIIe Y MOTOPY MOpaMmo modetd mnpe SMT Tj. ca
W3BECHHM VTJIOM NpeTnabema. Kox Op30X0JHHX MOTOpa yrao NpeTnabermha

! mp PanuBoje BykammnoBuh, Buia TexHudka mikosa, Ypouiesar,
E mail: radel0@absolutok.net
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usHocH o6muHo ox 207 +35° npe SMT , a KOJ CHOPOXOAUX MOTOpa OJ 6" +20°
npe SMT .

VY ToKy nepuoja MPUTAjEHOT caropeBama O0poj aKTUBHUX MOJIEKYJIa KUCCOHHKA U
ropuBa, KOjU Cy IMOYENH Ja C€ T0jaBJbyjy jOII y TOKY Mpolleca KOMIIpecHje a
HAapOYUTO Cy KOHIIGHTpHCAHU Onm3y enekrpoma cBehurle, jako ce moBehaBa miTo
JIOBOJIM 10O MHTEH3WBHOT 1OpacTa MPEeTIIaMEHNX peaKiifja y3 pa3Boj TOILIOTE.
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Cnuka 1. Ilpomena npumucka mokom cazopedarod y 0mo Momopy

VYenen Tora ce jako 3arpeBa M HBETOBa Ce TeMIeparypa Teme Ha 900° +1000°C
HITO JIOBOJIU IO TI0jaBe CBETIIOCTH M TUIAMEHA a TUME U OYPHOT caropeBama CMellle.
[Ipu TomMe nomasu mo Op3or mpoaupama (poHTa IJaMeHa Ha CBE CTpaHE YCIeHd
yera ce noeehaBa TemImepaTypa W MPUTHCAK Taca y muwiaueipy. [leo cmeme koju
jOII HUje caropeo MOJBPTHYT je JOIMYHCKO] KOMIPECHjHU M CaropeBamy, IITO
JoBomu 1o jom Behe XeMHjcKe TPUNPABHOCTH CMeEIIE 32 WHTEH3WBHU]jE
caropeBame. [locmeamma Tora je ma mpomec caropeBamba IONPHMa  CBE
WHTCH3UBHH]U KapaKTep.

Jpyra ¢a3a nporeca caropepama 00yxBara Iepruo]i 0l MOMEHTa ITOYeTKa opacTa
NPUTHCKA 10 TPEHYTKa KaJ Ce Y MOTOpPY IOCTHI'HE MaKCHMallaH IPUTHCAK racoBa.
Kpaj oBor mepmoma He O3HAUaBa jOIN NI j€ M CaropeBame Y MOTOPY 3aBPIICHO.
CaropeBame TopHBa H paclpoCTHpame IUIAMEHa 10 TPOCTOPY caropeBama
npaheHo je moBehameM npuTHCKa 1 TEMIIEpaType racosa.

[IputHcak ce pacmpocTHpe y CBHM TpaBlMMa IO MPOCTOPY BEIUKOM Op3WMHOM
jemHakoj Op3WHU paclpocTHpama 3ByKa Yy TOj CPEOUHH INTO H3HOCH
CKOp0o 500 +900 m/s . PacpocTupame MPUTUCKAa MOXE CEe CMATpaTH Jia je CKOpo

TpeHyTHO. MehyTuMm, Op3uHa pacnpocTupama IjiaMeHa je JajJeKo Hibka U Kkpehe ce
IpU HOPMAJIHOM caropeBamy y rpanumama on 20+35 m/s. Ocum Tora,

caropeBame Ce He 3aBpllaBa 0JMax Ha camoj MOBPLIMHU (pOHTa IIaMeHa Beh ce
ob6aBmja u M3a ¢GpoHTA IIaMeHa. Yciem Op)kKer pacipoCcTHpama Tajlaca MPUTHUCKA
JIOJa3u JI0 CTaJHOT Tpencadujarma joll Hecaropenior leja cMmelne mro he mpu
HOpPMaJHHM YCJIOBHUMa yOp3aTH jom Op)ke caropeBame. Y TOKy Ipyre Qase
caropeBama O0O0MYHO caropu ckopo 90% cmeme. Cam ancoOJyTHH H3HOC
MaKCUMAJHOT TPUTUCKA CaropeBama BaXaH je y TMOTJeay TUMCEH3UOHHUCAha
TJIaBHUX JIENOBA MOTOPA.

Tpeha ¢aza nporneca caropeBama 00yxBaTa Mepruo]] 07 MOMEHTA ITOYETKA ONa/lamba
MIPUTHCKA OJ1 (hETOBE MaKCHMMaJIHE BPEIHOCTH JI0 Kpaja mpolieca caropeBama. Kpaj
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OBOT' [IEpUOJa je TEIIKO OJPEAWTH Ha WHAWKATOPCKOM AWjarpaMy, aiau mnomohy
CTHCMjaATHUX OTJIEIHUX MOTOpa M CHHMama Ipoleca y mbeMy To je moryhe
u3BpmuTy. OrieHN NOJany NOoKa3yjy Ja MpH HOPMATHOM pajay Y 0OTO-MOTOPY OBa
(daza mporeca caropeBamba He Tpaje Ayro Majga Cy caMH YCIOBU JOTOpeBamba
CMellle 3HATHO OTE)XaHH MPHCYCTBOM 3HATHE KOIUYMHE MPOAYKATa CaropeBama y
HUIHHIPY. YKYIHO Tpajame Mpolieca CaropeBama HHje KOHCTAHTHO U MOXKE Y
UCTOM MOTOpY OuTH Bpio pasznuuuto. OHO 3aBHcH of onrtepehema MoTopa,
HBErOBOT Opoja 00pTaja, KBAIMUTETa CMEIIe U HU3a IPYrux (pakropa Tako Ja ce, ITo
j€é HapouumTO dUecT ciiyyaj npu mnpeontepehemy, Moke NPOLYKUTH M y TOKY
YUTABOT TaKTa IHAPEHa 1A JYaK U U3IyBaBama, MTO HAje MOXebHO. OOUYHO BpeMe
Tpajama mpolieca caropeBama y oto-moropy usnocu oxa 0,003 no 0,005 sek . Kako
u3Mel)y BpeMeHa y CeKyHaama (7, ) ¥ CTEIeHa YIJoBa KOJIEHACTOr BpaTuia (7, )

MOCTOjH Be3a J1a je:

z-sekZT(p/(6'n)(Sek) (D
Tae je:
n -0poj o0OpTaja KOJEHACTOT BpaTuia MoTopa, Moryhe je Bpeme Tpajama Impoleca
caropeBama H3pa3UTH W y PENaTHBHO] MEPU Tj. YIJIOBHMa 00pTaja KOJEHACTOT
BpaTHIIA.

GOAKTOPU KOJU YTUUY HA ITPOILEC
CATOPEBAILA Y OTO-MOTOPY

Ha mnpomece caropeBama y OTO-MOTOpPY yTHYE 4YHTaB HHU3 (hakTopa Koje y
HPUHIUITY MOXEMO TTO/ICJIUTH Ha: IPUIIPEMHE, eKCII0ATAI[MOHE U KOHCTPYKTHBHE.
Y nmnpunpemHe ¢akrope yOpajamo: yTHIA] cacTaBa pajJHE CMelle, yria
npeTnabemha U TypOyIeHTHOT KpeTama.

VY koHcTpykTHBHE (pakTope yOpajamMo: cTemeH Kommpecuje, OONMK KOoMope 3a
caropeBame, MECTO IOCTaBIJbamba CBehnIe UTI.

Y ekcmioaraimone (akrtope yOpajamo: Opoj 00pTaja KOJEHACTOI BpaTHIIA,
ontepeheme u xnaheme MmoTopa.

HajOpxe caropeBame cMmelle MOCTHKE Ce ca KOSHIMjEHTOM MamKa Ba3mayxa
A=08+09, npu 4eMy ce MOCTHKE MaKCHMallHa cHara y3 noBehaHy HOTpOIIbY
TOpUBa, jep y HEJOCTaTKy Ba3dyXa y CMeIIM TropuBo Hehe OWTH y cramy na
MOTIIYHO Caropy y UWJINHAPY MOTOPA.

Ca mpomeHoM Op3WHE caropeBama, y Be3U ca IPOMEHOM cacTaBa CMelle, Memba Cce
Y HAJIIOBOJLHUJH Yrao NpeTnajberha. HajMamu yrao mpernaberma HMOCTIKE ce ca
KoeUIMjeHTOM Mamka Basayxa A =0,65+084, a Hajsehu ca KoeduIMjeHTOM
Bumika Bazayxa A =118 . Ca koedumujearom A = 0,84 mocTike ce Hajkpahe Bpeme
caropeBama 1 HajBehu ckok mpuTHCKa.

Ha 6u mro Beha konwunHa pajaHe cMelne caropeia y Onmusunu SMT , HOTpeOHO
je, 300r mocTojama Iepuojia MPUTAjEHOr CaropeBarma, CaMo yHabelmhe MoMohy
SNICKTPUYHE BapHUIIE, U3BPIINTH IPE HEro INTO Kium gocne y SMT . OBaj yrao
yhnajsela CMelle INpe jJojlacka Kiuma y SM7, Ha3uBaMoO YIJIOM IIpPETHaJberba.
KacHuje maseeme, mporec caropeBama JOOPHM JEJIOM HAcTaBba Ce€ M Y TaKTy
HIMpema, y3 CMameme Op3uHe MopacTa NMPUTUCKA M CMamemha MaKCUMAaHOT
MpUTHCKA 300T moBehama 3ampeMuHe.
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Cnuka 2. Ymuyaj yena npemnamerna Ha moK cazopesara.
1-ucysuue pano namerve, 2-ucysuuie KAcHO namwerve,
3-onmumanno npemnasmwerve, a,,-y2ao NPeMnaberd

CyBuie paHO majb€mhe CMEIIEe HUje N00po, jep MOXe HM3aBaTH IMpPEepaH IMopactT
NPUTHCKA U J0 MOBpaTKa KIMIa Mpe HO MTO OH jnocnie y SMT . OBakaB ciyyaj He
CMe€ ce HUKAKO JO3BOJIUTH, jep MOXKe AOBECTH 10 omTehema Ae1oBa MOTOpa.

OnrtumanHo mpennabemne Aaje TNIaBHO caropeBame y obmactu SMT , Tako Ja ce

MaKCHMAaJTHU TIPUTHUCAK pa3BHja Ha 10° +15° OKV nocne SMT .
MaxkcuManHu IPUTHCAK CaropeBama y 0TO MOTOPY, IIPU IIyHOM OTBOPY JICHTHPA, j€

0KO 55+70(bar ), a MAaKCUMATHA TEMIIEpATypa CaropeBama OKO 2500° + 2800 °k .
BpTioxkHO KpeTame cMellle Y MWINHAPY HacTaje joIl y TOKY Mpolieca yCHcaBama a
HAcTaB/ba CE y TOKY TakTa cabwjama. Jla Ou ce moBehano BpTIOXKEHE CMellle,
MPUMEBY]y ce KOMOpe caropeBama KOJ KOjUX Cce y 30HH H3Mehy Kiuma u
IIMHIAPCKE TJIaBe OCTBapyje MUHHMAJaH IMPOCTOP M3 KOjer cMela CTPYjH Y
npasity ceehuiie, mTo OTKIaka MOTyHHOCT caropeBarba joIl HeymabeHe CMelIIe.
HajmoBossHUjH 00K KOMOpE 3a caropeBame, ca TEOPHjCKE Tadyke TICAMINTA, j¢
OHaj KOJ Kora Ou pacrojame oJ cBehuiie 10 3ua0Ba KOMOPE y CBHUM MpaBIUMa
OWIo0 jeqHAKO a TO 3HAuW Ja OM oHa Tpebana ja OyJe JIONTacTor O0JIMKa, IITO je
NPaKTUYHO TEIIKO OCTBAPUTH.

Ca moBehameM cTemneHa KoMrpecHje moBehasa ce MpUTHCAK W TEMIIEpaTypa paaHe
CMeIlle Ha Kpajy TakTa ca0ujama, cMamyje ce IEepUoJ MPUTAJCHOT caropeBamba U
camor caropeBama. CTeneH KOMIpecHje, KOJ OTO MOTOPA je TJIaBHU (aKToOp KOju
yTHYE HA CHAry MOTOpa U eKOHOMUYHOCT.

[Ipomenom Opoja oOpTaja KoyieHacTOr BpaTHiA, PAKTHYHO Ce HE Mema Op3uHa
nopacra MPUTHCKA y TOKY CaropeBamba M HEroB W3HOC, MO/ YCJIOBOM Ja ce 3a
cBaku Opoj 0OpTaja oApear HAjTIOBOJFHU)U Yrao NMpeTHabema.

Ca mnosehamem Opoja oOpTaja KOJEHACTOT BpaTWiIa, BpEeME Tpajama MPaBOT
caropeBama cMamyje ce 300r moBehaHor BpTiIOKema cMelle.

IToBehame cTeneHa KOMIpecHje Aaje MO3UTHBHE e(EeKTe CBE 0 TPAHHIE NPH
KOjMMa jOIIl He MOYKE HACTYIMHUTH JICTOHAIIMOHO CaropeBame. Y MPOTUBHOM, HETOB
edekar ce Mema.
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Perynanuja cactaBa cMmelle U3BOAU C€ y CMUCIY EHEHOT pelaTUBHOT oborahema y
OJTHOCY Ha cacTaB CMelIlle IIPH K0jOj ce MOCTH)KE HajeKOHOMHYHHjU pajJ MOTOpa, a
To je ca 4=105+115. Ca oborahemem pamne cmemre norpedHO je moBehatn u
yrao mpernajbema Kako Ou ce 00e30uamio oasujame npyre Qase caropeBama y
Oomusuan SMT . Y mpakch ce TO HM3BOJAM ayTOMAaTCKM TOMONY T3B. BakyyM
KOpEKTOpa YHMjH ce pajJ 3acHHBAa Ha NPOMEHY BEIMYHMHE BaKyyMa y YCHCHOM
IICBOBOJTY.

Temmeparypa pacxiagHe TEYHOCTH  HMMa YTHIA] Ha TIPOIEC CcaropeBarma.
CMmamemeM TeMIlepaType 3MA0Ba IPOCTOpPA 33 CaropeBame y IIIMHAPY MOTOpa
cMamyje ce W Op3uHa caropeBama, CMamyje €€ MAaKCHUMallHH TPHUTUCAK U
€KOHOMHYHOCT MOTOpa. 3aTo, W3JIa3Hy TEMIIepaTypy pacxyajHe TEeYHOCTH Tpeba

oapkasatu y TrpaHuuama ox 80+90 OC, IITO Ce€ IIOCTMIKE NIPUMEHOM
oxroBapajyher Tepmocrara.

ITOJABA JTUCONMNJAIIMJE U PEHOMEH JETOHALIUJE

[lpu caropeBamy ropuBa y MOTOpY IOpE] HOPMAIHOT OJBHjama Ipoleca Yy
CMHCITy OKCH/IAIMje BOJAOHUKA, YTJHEHUKA U IPYTUX CaropJbUBUX CacTojaka ropuBa
u Mehympomykara caropeBama, J0Jla3d W A0 T0jaBe€ IHHXOBOT ITOHOBHOT

paznarama. Ha TemnepaTtypama u3Ha 1500°k jelaH Ieo mpoayKara caropeBama
MIOHOBO CE€ pa3lia)ke Ha CBOje cacTaBHE JAejoBe. Tako Ha IMpUMEp YIJbeH-TUOKCUA
ce pasjaxe Ha yrJbeH-MOHOKCH]] ¥ ClI000/IaH KHCEOHHUK a Mperpejana BojeHa napa
Ha BOJIOHUK M KHMCEOHHK. 3a pa3Oujame Be3a HACTAJIUX y TOKY MpoIleca OKCHIAIU]e
NOTPeOHO je YTPOIIMUTH oApeljeHy KONMWYMHY TOIUIOTE, Ta je 3aTO OBaj MpOLEC
EHIOTEepPMaH.

TemmepaTypa racoBa y TOKYy CaropeBama, KOJ OTO MOTOpa H3HOCH

1800° +2300 °C, wro 0JiroBapa MojaBu JUCOILHjallKje, Koja je yToauko Beha mro
je temneparypa Beha. Ca mopacToM MpHTCKa CTENEH AWUCOLMjaldje ce cMamyje.
IIputncak U TemmepaTtypa MPOJyKaTa CaropeBama HMajy Mambe BPEAHOCTH ca
1I0jaBOM JIHCOITHjaIldje, IITO ce Haj00Jhe MOYKE BHICTH Ha CIIHIIH.

I'yOuim Toruore mpu TUCOIMjalldji 3aBUCE M O CacTaBa CMeEIIe Koja ce Mema ca
onrtepehemem. Hajsehu ryOunm cy kaga je 4 =10 a cMamyjy ce Kako y o01acTu
CHpOMaIIIHE TaKo U Y o0iacTu OoraTe cMere.

Ako OMCMO Ha HEKOM OTJIEJHOM OTO MOTOPY, KOXI KOjer MOCTOju MoryhHOCT
KOHTHHyaJHE MPOMEHE CTEeMeHa KOMIIPECHje YV TOKY HEroBOr paja, paachu ca
W3BECHUM TOPHBOM, IIOCTEIICHO MoBehaBamm CcTemeH KOMIIpecHje, MPUMETHIN On
Jia HacTajy oapelheHe HeMpPaBUIIHOCTH y paay MOTOpa, U3pAKEHE Y HEMHUPHOM Paay
ca 3BYYHHM T[I0jaBaMa CIIMYHUM yJapuMa METaHHX JIENOBa, MajJOM CHare,
moBehameM MOTPOINE TOPHBA M I110jaBOM IPHUX KOJIyTOBa numa (dahm) y
U3yBHUM racoBuMa. MoTop mouumse j1a ce nperpejapa. Ca gaspum nopehaBamem
CTEIeHa KOMIIPECH]je IoNuIo Ou 10 030mibHuX omtehema MoTopa.
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Cruxa 3. Ilpoyec cazopesarpa y Yununopy Momopa ca 0emoHanmHum
cazopesarem U OUjazpamom npomere RPUMUCKa npu OemoHAHMHOM CA20PEBAIbY

[ojaBa HempaBHJIHOT pajia MOTOpa MPOY3POKOBaHA HEMPAaBUIHHM CaropeBambeM
ropHBa y MOTOpPY MO3HATa je o] IMEHOM (PEHOMEH TUCOIHjallHje.

JIeTOHaHTHO caropeBame H3a3WBa IoBehambe MaKCHMAIHOI IPHUTHCKA U
TEMIIepaType TacoBa y OJIHOCY Ha HKHUXOBE HOPMAJHE BPETHOCTH. Y JapHO JI€jCTBO
jakor ocuUMIIOBama NPHTUCKA W IHHXOBO pe(IIeKTOBamEe HA 3UAOBE LMIMHIpPA
M3a3WBa 110jaBy METAITHUX 3BYKOBA H IIIyMOBE Y MOTODY.

JleTOHAaHTHO caropeBame HHUjEe MCTO IITO M CaMOMaJbee CMEIle, KOoje HacTraje
MPUCYCTBOM BPEIHX €IEMEHATa Y MOTOPY a MOYHME-E MPEe HOPMATIHOT MPECKaKama
BapHuie. CamMo camonasbere He 3HauM jaa he mohu 10 mojaBe JeroHanuje, Majaa y
W3BECHUM CIIydajeBHMa OHO MOJXKE Jia OJIaKIlla OBY I0jaBy.

Bucoke Temmneparype ¥ NPUTHUCLH, KOjU Bajajy NpU JCTOHAHTHOM CaropeBamby
MOTY JIOBECTH 110 KPHMBJBCH-A W JIOMA TJIaBHUX JEI0Ba MOTOPHOT MexaHm3ma. Ha
MojaBy MAETOHAIMje yTHYe INPHPOJAA TOPHBA, CAcTaB pajHE CMelle, KBAJIUTET
UCTIHpamka LHWIMHAPA O] 3a0CTAIMX NPOJyKaTa caropeBama Kao W HHU3 JIPYTUX
KOHCTPYKTHBHHUX M €KCIUIOATAIIMOHUX (PaKTOpA.
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BaxxHocT orieHe roprBa y TOTJiely PaBUIIHOT caropeBama y MOTOpY 3axTeBala je
yBoOlee U3BECHUX PENEPHUX BPEIHOCTH.

ITomTo je meTOHAHTHO caropeBame y MOTOPY HajIakIie wm3a3BaTh mHobechamem
CTerieHa KOMIIpecHje, 3a OBy HaMEHY IpeMa MeljyHapoJHUM IPOIMTUCHMA, YBEJICH je
crangapanu Motop. To je CFR (Cooperative Fuel Rescarch Comitte American
Socoiety of Automotive Engineera)-MoTop 4uje Cy KOHCTPYKTUBHE JUMEH3UjE U
0COOWHE Ta9HO TPOITHCAHE:!

- TIPEYHHK IMIAHIPA D =82,6(mm),
- XOI KJHIa S=1142 (mm),
- pajaHa 3ampeMHHa V=061 (dm3 ).

Kox oBor MoTopa cTerneH KoMIpecuje ce y TOKY pajia MOKe KOHTHHYaITHO MCHhATH
ox 4,6 mo 12. Jla 6u ce y peaTUBHOM MEPHIIY MOTJIa U3Pa3UTH OTIIOPHOCT HEKOT
rOpHBa 3a 0TO MOTOpE IpeMa JICTOHAIHMjU, YIOTpeOJbeHa Cy /Ba perepHa ropusa.
To cy xentan (CyH;g ), KOjH j€ BEOMa HaKIIOHECH JETOHAHTHOM CaropeBamy H 4ija

je BpPeOHOCT y penaTHBHOj cKaiu o3HaueHo ca 0 u m3ookrtan (CgHig), Beoma

OTIIOpaH IpeMa OBOj TI0jaBH, a YHja je peslaTHBHA BpeAHOCT o3HaveHa ca 100.
[Mocrynak oxpehuBama okTancke BpeaHocTu nomMohy CFR -MOTOpa MOYHEGE THME
IITO CE OH HAjIpe Haraja TOPUBOM YHjy OKTAHCKY BPETHOCT JKEIIMMO J1a OJPEIUMO.
[Ipu TOMe ce y TOKy pasaa mocteneHo noehaBa CTEleH KOMIIpECHje MOTOpa JI0
BPEIHOCTH MIPU KOjOj OH jOLI MOKE /1a paju 0e3 perucTpoBama IojaBe JeTOHALH]E.
Can ce, He Memajyhm TOCTUTHYTH CTENeH KOMIIpECHje, HCKJbYYH JOBOX
UCITUTHBAHOT TOPHBA Yy MOTOpP a OH C€ IOYHE HalajaTH II03HATOM CMEIIOM
M300KTaHa 1 XeTTaHa.

[Mocrenennm noBehameM MPOIEHTYATHOT ca/ipKaja XenTaHa y CMeIH, HacTynuhe
MOMEHaT, kKajga he ce yclIoBH pajga MOTOpa W3jeAHAYNTH ca OHUMAa KOjU Cy OWIN
KOHCTaTOBaHH IPH UCTIUTHBaWky ropusa. CTora je 0JJaBHO MOCTOjaa TeXmba Ja ce
AQHTHUJICTOHATOPCKA CBOjCTBA TOPHBA ILTO BHIIIE YaK U BELITAYKUM IyTeM nosehajy.
IMox oxraHckoMm BpenHomhy HEKOT TOpHBa MOAPAa3yMEBaMO OHAj NPOLECHAT
M300KTaHa y CMEIIM HM300KTaHa-XeNTaHa ca KojoM ce Jo0uja WcTa HAKIOHOCT
npemMa JetoHanuju npu oapehenuM ycnouma paga y CFR -MoTOpy Kao u ca
UCITUTUBAHUM TOPUBOM.

3AK/bYYAK

Bucoke TemmnepaType M NPUTUCLH, KOjU Balajy NPH HENPABUIHOM CaropeBamy
MOTY JOBECTH A0 KpUBJbEH-A U JIOMa IJIaBHHUX JeJIoBa MOTOPHOT MexaHu3Mma. Ha
NojaBy JeTOHALWje YTHYE NpPUpOJAa TOpUBa, CAcTaB pagHe CMeIle, KBaJIUTET
UCTIMpamka LWIMHAPA OJf 3a0CTAIMX NMPOAyKaTa caropeBama Kao W HU3 JIPYIUX
KOHCTPYKTHBHHUX M €KCIUIoaTaluoHuX (akropa. Y3 Tor pasjmora He cMe ce
JIO3BOJIUTH Ja MOTOP paiil ca HEMPaBUIHUM CaropeBameM, HApOUHUTO HE Y TyKEM
HEepUOY.
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FACTORS THAT INFLUENCE THE
COMBUSTION PROCESS

Summary: In a real engine compressed mixture at the end of compression stroke
ignites in a special way, while the chemical energy contained in the fuel transforms
into heat energy. Self-combustion is the most complex of all processes that appear
in the course of operating cycle in the engine. Power and economy of the engine as
well as the exertion and lifetime of its most vital parts depend on its performance
efficiency.

Combustion process regardless the fact of its fast performance, still lasts a certain
period of time within which we can distinguish its separate important phases.
Complexity of physical-chemical phenomenon disables its analytical interpretation,
even there were several attempts to analytically-integrally comprise those
phenomena and predicts their consequences with the help of chemical kinetics
laws.

The course of combustion process depends on entire series of factors, where the
most important one is the forming of mixture and fuel ignition. Contrary to
previous mutual discussion of filling and compression processes, the combustion
process has to be discussed separately in OTO and Diesel engines, which is limited
with their specific mixture forming and ignition.

Key words: Combustion, detonation, temperature.
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®AKTOPHU KOJHU YTUUYY HA U3BOP PACXJIA/THUX
OIYUIA Y PACXJITAIHUM YPEBAJUMA

PaguBoje Bylcamlmmmh1

Pe3ume: Tewrko je samuciumu sHcueom caspemeroz uogeka bez npumene ypehaja
3a xnahewe. Onu cy nOCmManu He3AMEHAUBU 3d YY8Are U  MPAHCHOPM
npexpambenux npouzeood, y MHO2UM UHOYCMPUJCKUM Hpoyecuma, y cmeaparsy
HOPMAIHUX YCI08A 34 JHCUBOM U pald Yy Kpajesuma ca MONAUjOM KIUMOM, V
meouyunu u Hayyu umo. Cmenen uckopuwhera Kapnomoeoe npoyeca ne 3agucu
00 pacxnadue paone mamepuje, WMo 3HAUU 0d ce MeoppPujcKu Mo2y KOpUucmumu
pasnudume paowe mamepuje. Y cmeapnum ypehajuma npumerbyjy ce camo OHu
pacxaaonu Gayudu, Koju umajy 3a00806a6ajyhia mepmMoOuHaMuuKa u no2OHCKa
ceojcmea. Exonomuunocm paoa, koncmpykyuja u eenuyuna pacxaaonux ypehaja y
BENIUKO] MepU 3a8uUce 00 Kapakmepucmuke pacxiaoriux Gayuoda, wmo npedcmasnsa
U Yyusm 0802 paoa.

Kbyune peun: Pacxiadnu ypehaj, ryuo, memnepamypa, npumucax.
HPUMEHA PACXJIAJIHUX YPEBAJA

C 003upoM Ha BeNWKYy NpPHUMEHY Jiela Kao pacXJaJHOT CpPeICTBa IMPH pa3HUM
nmporecuMa Xiahema, ’eropa Mpou3BOAKA je 3HadajHa. Jlen je uBpcTa dasza Boxe,
U y 3aBUCHOCTH O]l KOJIMYHMHE arcopOOBaHOI Ba3dyxa y HmeMy Jo0Hja ce MyTaH,
Oucrap WIM KPUCTATHU Jie[. YyBaBameM Ba3Ayxa II0J THPUTHUCKOM HITH
WHTCH3WBHUM MeEIIalkeM OCTpamyje ce arncopOOBaHHM BazAyX H JieJ] HAKOH
3aMp3aBama IMocraje Ouctap. Kpucramau nen ce Jgobuja  3aMp3aBambeM
JEeCTUIIMCAaHE U JeTa3u(UKOBaHe BOJIE.

Xnaheme negoM HoOHjeHUM o]l OOMYHE BOJIE TTOHEKAll je HeIOBOJEHO, a MpodiieM
MpeICcTaBJha M TEYHOCT KOja HacTaje oTanameM. OBe mpobieMe oTKIama yrmoTpeda
“cyBor nema” (uBpcta Qasza yribeH-muokcuaa). “CyBu Jen’ oTamameM, MpH
HOPMAJTHOM TPUTHCKY, TpeNla3d JUPEKTHO Yy TacoBUTO crame. Jlo cyOmmmaruje
CYBOT Jie[a A0Ja3yd Ha —790C, U MPUTUCKY o7 1 bar . 3a MpaBJbEHE CYyBOT Jieaa
Kopuctu ce racoButu CO,, kKoju ce cabuja Ha mpurucak 70-—75bara .

Konneunsosame racosuror CO, IIpU TOM IIPUTHUCKY CE€ PEIATUBHO JIAKO BPIIU
2

xyalhjerleM BOJIOM oO0uuyHe Temnepatype. CO, c€ y TEUYHOM CTamy MPOIyCTa Kpo3

peayuup-BeHTHI, a 3aTUM CIE€IU UHTEH3UBHO HCIIapaBame, yCJIe Jera J0Jaas3u 10

! Mp PammBoje Bykaumuopuh, Buia Texanuka mkona, Ypomesar,
E mail: radel0@absolutok.net
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npeTBapama Mame KonnunHe CO, y cyBH jen y o0iuky cHera. CHer ce cabuja y

HoroiHe OJIOKOBE M CKIIAIUIITH Y J00po u3osioBaHa ckinaauiuTta. CyBH JIex je CKyn
1 HUje EKOHOMHYAH 32 IIUpPY ynoTpeoy.

U3zBoheme MHOTHX Tpolieca Y HHAYCTPHjH HE3aMHUCIUBO je 0e3 xiahema Kao Jena
TOT mpoueca. ¥ MHAYCTpUjU HadTe Xnaleme je cacTaBHU Jeo paduHanuje Hadre,
npepase yiba y by KPHCTAINCakha BOCKA PAIH HETOBOT OTKIIamama, (ppakunoHe
JeCTWIAIMje JIaKUX YTJHOBOJOHHKA, OTKIAmkame CYyMIOpa UTH. Y Te CBpXE ce
KOPHCTE BEJIMKE PAcXJIaJHe MAIINHE; KallalluTeTa U 10 HeKOJIMKO MW .

VY mpousBommHM W 00pamu MeTana pacxJaJHu ypehaju ce KOpHCTE 3a CyIICHe
Ba3zyxa KOjHU ce yAyBaBa y BHCOKe mehw, Npu TEpMUYKHM oOpagaMa pasHUX
MeTalla, TIPU Clajalby Ba MeTala TJe Ce YMECTO Tpejarba MOXe NMPUMEHHTH H
xmaheme jeqHoT 01 IhHX.

VY XeMHjcKOj MHIYCTPHjU KOPHCTE cE€ MAIllMHE ca XJIaJHUM TacoM 3a J0o0ujame
TEYHOT a30Ta, KHCCOHWKa, BOJOHMKAa U xemujyma. Cnmunu ypebaju ce
yroTpeOshaBajy aa OW ce KOHIEH30BadM NPHUPOMHHA TacCOBH (HIIP. TAaCHO YJbE).
KonzeHszanmjom racoBa cMmamyje MM ce 3anpemuHa. Pacxiamnu ypehaju ce
ynoTpebjbaBajy W 3a oapkaBame onpeheHe Op3MHE XEeMHjCKe peakuuje, 3a
HIOCTH3ambe OAroBapajyhe pacTBOPJEUBOCTH, 33 3aMP3aBambe Pa3HUX TEYHOCTH UT/I.
VY Hay4HHM HCTpaKMBambHMMa Ce CBE BHIIE pa3sHUM IpouecuMa Xiahema HCIHUTYjy
NOHAIIakha Pa3HUX MaTepHjala W OIBHjabe PA3IMYUTHX Ipoleca NpPU BeoMma
HUCKUM TeMmrmeparypama. JlabopaTtopujcku ypehaju 3a xmaheme cy ypehaju mamer
KamaruTeTa CIIeNHjaii30BaHe KOHCTPYKIHje, ca MoryhHomhy moctuzama BeoMma
HHCKE TeMIIepaType.

VY MemunMHU je pacxiaHa TEeXHHKa HalUla 3HayajHy NpPUMEHY. YCaBpILlEHE cy
MeToje 3a Ay0oko morxiaahuBame oprana (Wi IeNor IarjeHTa) Koju Tpeba ma ce
orepunry (xurnorepmuja). [Ipu CHUKEHO] TENIECHO] TEMIEpaTypu ycIiopaBajy ce
KUBOTHE (QYHKIHje, a TAME W TOTpeda Tela 3a KpBJbY NOcTaje He3HaTHA. Jbynacka
KpB, ICHULWINH U HEKe JApyre GapMalreyTcKe CylncTaHIe 4yBajy ce cyOnmmanijom
Yy CMpP3HYTOM CTamby U MO BAKyyMOM (JIMOGHIH3AITH]a).

L Is
a sublimaciono
ahenje

Cnuxa 1. llocmpojere 3a cyorumayu Cnuxa 2. Bewsmauko xnuzanuuwime
cywerse

PacxnagHa TexHUKa je HalIa IPUMEHY U Y CIOpPTY U pekpeauunju. Koa Bemraukux
KIM3aJHUIITa BOAA C€ 3aMp3aBa IIOMONY CHCTEMa YENWYHUX LEBU CMELITEHUX
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ucrox moBpummHe Kinm3anumTta. OBe [meBM Cy WIM LEBH HClapuBaya
KOMIIPECOPCKOT PacXJaJHOT arperata (JUPEKTHO XJaheme), WM Kpo3 BHX CTPYjH
pacxiagH MEAWjyM, HIIP. pacTBOp KalWjyM-Xjopuaa XxjahleH y moceOHOM
pe3epBoapy y Koju je ypomeH HcrapuBay (MHIUPEKTHO Xiaheme).

[Iponecn 3a moOujame HUCKHX TeMIlepaTypa OABHjajy ce Yy ypehajuma Koju ce
Ha3MBajy TpaHcdopmaropu ToruioTre. Y TaKBUM CHCTEMHMa TOIUIOTHA €HEepruja
OJIBOZIM CE€ OJ] TeJa Ca PEIaTHBHO HHUCKOM TeMIIEpaTypoM Ka IIPUMAoIly, Tj. TeIly ca
BUIIOM TeMmmeparypoM. [IpeMa MpBOM TJaBHOM 3aKOHy, TOIUIOTA W paj Cy
SKBHBAJCHTHU, U MOTY IPEIa3UTH jeIHO y Ipyro. [pyruM riaBHHM 3aKOHOM
yTBpheHO je na TOmIoTa MHpesiasd ca Tesla BHIIE TEMIIepaType Ha TelIo HIDKE
temreparype. [Ipela3 Tommore y oOpHyTOM cMepy HE MOXKE CE OJIBHjaTH caM O]
cebe, Beh jeanHo y3 KOMIIEH3aIMjy, OJAHOCHO MOTPOILIBY €Hepruje. Y TakBUM
npolecuMa y4ecTByje pacxiiagHa pajHa MaTepyja, Koja IMPEeHOCH TOIUIOTY ca Tela
HIDKE Ha TeJo BHIe Temmeparype. 3a mnoBehame TOIUIOTHOT IOTEHIIHMjaa
npuMenyjy ce ypehaju Koju Tpolle CIHOoJballllby CHEPrujy, eNeKTPUUHY,
MEXaHUUKY, TOIUIOTHY, XeMH]CKY, KHHETUYKY, UT]I.

Toats. Traics,
TOPLOTNE KOMBINOVANI
PUMPE UREBAJT
Tk,
L
RASHLADNI KRIOGENI T
UREDAJT UREBAT
a Tmin.
—~ T..>120K b —T=120K

T.< 120K

Cnuka 3. Temnepamypua noopyuja y mpaucgopmamopuma moniome

VY 3aBUCHOCTH OJ OJHOCAa MakcumanHe T,, ¥ MUHUManHe T,; TeMIeparype
npeMa TeMmIiepaTypu okoiuHe 7, TpaHC(OpMaTOpH TOILUIOTe 0OWYHO ce mene (CIl.

1.3) na:
- HHCKOTeMmmepatypHe, Tae je T, <Typ a T, =Ty KOju ce omeT mpema

rpanunu 7,,;, O€J€ Ha:
a) pacxnaane ypehaje 7, > 120K,
b) xpuorene ypehaje T,,;, <120K ,
- TomIoTHEe myMmIe, Tae je Ty, 279 a Tppe > T,
- koMmOumHOBaHe ypehaje, koju WMajy GYHKIH]y pacxiagHor ypehaja u
TOIUIOTHE TyMII€,
rae je:
Toin <Ty>a Ty > T
Jenna ox nmaspux mozena Tpancdopmaropa TOIUIOTE MOKE OMTH IpeMa HadyuHYy
pama m obyxBaTa IBe Ipyle: TEPMOTEXHHWYKE M enekrpomarHeTHe. Ilpomecu y
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TEPMOTEXHUYKHM CHCTEMUMa 3aCHUBAj)y ce Ha ToBehamy mpuTHCcKa OWIIO Koje
pacxiagHe marepuje. Pan enekTpomMarHeTHHX CHCTEMa 3acCHUBA ce Ha MPHUMEHHU
KOHCTAQHTHOT WJIM ITPOMEHJBUBOT MAarHETHOT MJIM €JIEKTPUYHOT M0Jba. Y TEXHUUYKO]
NPaKCH HajpaclpoCTPambEeHUjH Cy TEPMOTEXHUYKH CUCTEMH, KOjU C€ Y 3aBHCHOCTH
ol HaynHa noBehama npuTHcKa, Hajuenhe Aene Ha KOMIIPECHjCKE U allCOPITLIH]jCKeE.
Pan xommpecnonux ypehaja 3acHuBa ce Ha moBehamy TpPHUTHCKA, a PacXJIagHU
Hporiec KOMIIEH3Hpa Ce €HeprujoM y OOJIHMKYy MexaHuukor pazxa. Ilpema BpctH u
arperaTHOM CTamy pacxjajHe MaTepHje Jejie ce Ha MapHe M racHe. Y MapHUM
pacxiagHuM ypehajuMa pagHa Marepuja MEHmba arperaTHO CTambe TOKOM Ipolieca
KOMITIpECHje, KOHJIEH3alMj¢ W HWCIapaBama HAKOH CKCIaH3Wje (NMPHUTyIIHBamba).
[Ipumemyjy ce oHe paJHe MaTepuje Koje ce JlaKo KOHAeH3Yjy (Hmp. NH3

(hpeoHm), a mporec KOMIIpeCcHje OJIBHja Ce IO TemIieparypa ONUCKUX KPUTHUIHO]
TeMIIepaTypH WIN HIDKUX O/ KPUTHIHE TeMITepaType.

VY racuum pacxmagHuMm ypehajuma pagHa Mmatepuja, OOMYHO Ba3lyX, HE MeHba
arperaTHo cTame, a TeMIepaTypa jé TOKOM LEJOT Mpolieca BHUILA OJf KPUTHYHE
TeMIeparype.

VY amcoprmujckuM ypehajuma Tporec ce KOMITEH3Hpa IOTPOIIOM EHEPTHje Y
0o0NMKy TOIUIOTE, KOja c€ TOKOM IMpoleca MpeTBapa y MexaHudku pan. o
noehama MpUTHCKa 10JIa3H TEPMOXEMH]JCKOM PEaklijoM acopliiyje (ynujama) u
nmecoprimyje (oaBajama) pagHe MaTepuje. AcCOpIidja, y3 oaroBapajyhm copOeHT
OlIBMja C€ y3 OJBOJ TOILIOTE, a JeCOopIllidja paJHe Marepuje U3 copOeHTa
nomnpaheHa je [oBoxoM Tomiote. PanHe marepuje cy OnHapHe cMele, Koje y TOKY
mpolieca 0OMYHO MEHajy arperaTHo cTame. TpaHchopMaTopu TOILIOTE 00yXBaTajy
HIMPOKO TOJpyYje, Ma ce y JaJbeM TEKCTy aHaM3Upajy MpolecH, n3Bohema u
INpUMeHe pacxjagHux ypehaja u TomnotHuX myMnu. CBOjCTBa KPUOTEHUX Mpoleca
u ypehaja npukazana cy y cienehem nornasipy.

TEPMOJUHAMMNYKE OCHOBE TEXHUKE XJIABEIbA

ITojemHOCTaB/FEHA aHANMHM3A YKIBYUYj€ CaMO T'yOWTKE TEPMOIUHAMUYKOT IIpoIieca,
JIOK CYy TEXHWYKH 3aHeMapeHu. JICBOKPETHH TEPMOIAMHAMUYKHU TpOIeCH 0a3upajy
ce Ha KapHOTOBMM, W aKO Cy y CTBapHOCTH DPa3IMYMTHUU O] Eera. Ymopeheme
Ba3JyIIHOT ¥ MApHOT MPoIieca ca JeBOKPETHUM KapHOTOBUM MPOIECOM MPHUKA3aHO
jey T,s mmjarpamy (ci. 1.4). YV pacxmagHom mporecy noBehame mputucka (1 mo
2) ocTBapyje ce y3 yTpoIak eHepruje 3a moron kommpecopa (1). Crenu xmaheme,

OJTHOCHO KoHmeH3anwja (2 mo 3), m cHmkeme temmeparype (3 mo 4). Kommamaa
TOILIOTE, 0CI000leHa y HUCKOTEMIIEpaTypHOM U3BOPY, Tj. TOIUIOTA KOja ce JOBOIH
pacxNajHoj MaTepHju O Tela Koje ce XJIajH, Ha3uBa ce pacxiaaauu edexar (%).

OmHoc pacximagHor edekTa W YTPOIICHE CEHEprHje je CTeneH HWCcKopuimhema
nporeca. OH je, mo mpaBmiy, y Behunu ypehaja Behu on jemunuiie, a Ha3uBa ce
pacxiaHu Koe(pHUIIjeHT WITN pacXJIaJH! CTETICH:
q0
Ep = T . (1)
Kao ymopennu mpouec kopuctu ce jeBokpetHu KapuortoB mpouec 1, 4, 3, B
(cmuka 4.a), omHOCHO 1, 2, 3, B (cnuka 4.6), KOju UMa CTereH UCKopuIlhema:
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g0 _ Tonin
91 =90  Tmax = Tin

q
Nc =¢c =L

~

e

Cruxa 4. Ynopehermwe a) 6azoyunoe u 6) naproe pacxiadnoz npoyeca
ca negoxpemuum Llapnomoeum npoyecom

OBaj cremeH wuckopumhema 3aBUCH CaMO OJ MHHUMAaJIHE W MaKCHMAaJTHE
Temmepatype u Guhe Behu mTo je Buma Temmepatypa xmahema (7)) U Mama

pasnuka Temnepatype okomune (7). ) ¥ TemmepaType xmahema. ITpema Tome,

max
OCHOBHO TIPaBUJIO M3BONeHma pacxyIaHUX Ipolieca je 1a He Tpeba HUKaIa XJIaIuTh
Ha HUXKY TEMIIepaTypy O]l HEOXOAHO MOTpeOHe.
VY BazgymHOM pacxiagHoM nporecy (1, 2, 3, 4, cnuka 4.a) n306apHU MPoOLECH
xmahema (2 mo 3) m 3arpeBama (4 mo 1) pacxmamHe MarepHje H3BOAEC ce TPH
KOHAaYHHMM pasjrKaMa TeMrepaTypa. TeopHjcKu pacxjiaJHU CTENCH (gR) HUXKH je
Hero kox KapuoroBor mpoueca. To mpouswiasu U3 YHIBEHHULE Ja je pacxialHH
edexar Mamu Hero ko KapHoToBor mporeca, Tj. moBpumHa a, 1,4, b, a Koja je
Mama je oa MoBpmuHe a, 1, B, b, a, a yTpoueHu paj je Behu: moBpmmHa 1, 2,
3,4, 1 Beha je ox moppmmue 1, 4,3, B, 1.
[NojennocraBsbenu npouec y napHuM ypehajuma 1, 2, 3, 4 (cnuka 4.6) pa3nukyje ce
on Kapnorosor (1, 2, 3, B) caM0 1m0 TOME IINTO CE€ CHIDKCHE TeMIlepaType He
MOCTHIKE TTOBPAaTHOM ainjabaTcKoM eKchaH3ujoM (3 10 B ), HEr0 HENOBPAaTHUM
npouecoM npurymusama (3 1o 4). HenospatHo xiah)eme y MPUTYIIHOM BEHTUILY,
y3 h = const., y3pOKyje CMambCHe pacxiaaHor edeKra Ia je moBpiivHa a, 1, 4, c,
a Mama oJ oBpmuHe a, 1, B, b,3 a.Pag xoju ce Tpomm 3a IOTOH KOMIIpecopa
jenHak je y oba ciydaja:

Ik =hy =
Excman3mja y 1ojeqHOCTAaBJbEHOM IIPOIIECY CE€ HM3BOAM 0€3 CIoJhallliber pana
(hy = hy). Tlpousunasu na je yKymHO yTpONIEHHM paj y MapHOM pacXiaaHoM
MIPOIIECY jeHAK Paay KOjH C€ TPOIIU Y KOMIIPECOPY, Tj.:

['=hy =My ()
Pacxnannu edexkar je:

qo =M —hy 3)
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3amenom (2) 1 (3) y (1) mobuja ce pacxjaaaHu CTEICH:

Ep =

90 __ 490 :hl_h4 4)
I qi—q0 hy—h

Cnuxa 5. Hoeannu npoyec y kombunosarom ypeha

TormoTHU TpoleC y ancopHiHjcKuM ypehajuma, Tj. yHyTpalime xiaheme pamHe
MaTepuje W OJBOJA TOIUIOTe o oO0jekra xialjema, OIHOCHO KOHIEH3alWja M
UClapaBame, jeJHaK je Kao U y MapHUM pacxiagHuM ypehajuma. butHa je paznuka
y ToMe ITO ce moBehame MpuUTHCKa y mapHuUM ypehajuma mocTmwxe momohy
MEXaHWYKUX, a y aICOPIIHjCKUM IOMOhy TEepMOXEMHjCKHX KOMIIpecopa.
TepMOXEeMHUjCKH KOMIIPECOpU pajie Ha TPUHIHUIY eTr30TePMHUYKUX peakiyja
CTBapama CMellle U eHJ0TePMUYKHIX peaklnja cTBapama cMmele. TepMoIuHaMUYKH
MpoIiec y TOIUIOTHUM ITyMIIamMa Takole je JIeBOKpeTaH, y3 YTpPOIIaK €HEepruje 3a
noroH komipecopa. OH ce MOKe TIOUCTOBETUTH Ca HICATHUM IPOLECOM Y MapHUM
pacxinagauM ypehajuma (ciamka 4.6) caMo y ApYroM MHOApYdYjy Temmepartypa. Y
napHuM ypehajuma Temmepatypa 7, je MakCUMaiHa, a KOJA ITyMIId MHHUMajHa

(cmuka 1). Torutora ce ox M3BOpa, KOjU je HA TEMIIEpaTypH OKOJMHE, Tpenaje Ha
BUIIIH HHUBO.

PACXJIAJHHA ®JIYUIN

Pacxmaman winm pagau QiayuI OUPKYIWIIE y MaliuHM 3a xiaheme, npumajyhn
TOIUIOTY Y TIPOIlECY HCIapaBama M KOMIIpecHje, a MOTOM je omajyhu y mporiecy
KOHJICH30Bamba.

VY pacxyiagHOj MallMHU LUPKYyJIUile pamHu (QIyux Koju ce Oupa Ha OCHOBY
cnenehux 3axTeBa:

- KpUTHYHA TeMIIepaTypa TEYHOCTH Tpeba na Oyae BHIIA O]l MaKCHMAJHE
TeMIepaType KOHIeH3aluje Aa Ou ce KOHAeH3al1ja MOTa U3BPILIHTH,

- TeMmeparypa CMp3aBama TEYHOCTH MOpa OWTH HIWXKa OJf HajHHKE
TeMIepaType ucrapaBama,

- TPUTUCHM WUCMapaBaka M KOHJAEH3alMje Tpebda Ja Ccy y OKBHPY
NPUXBATJBUBUX TI'PaHMIA, jep C€ KOJX EKCTPEMHO BHCOKHX HpPUTHCAKa
KOHJICH3aIlMj€ jaBJhba MPOOJIEM 3allTHBama M EKCIUIO3Hje KOHACH3aTopa a
KOJI TIPUTUCAaKa HCIapaBama, KOJH Cy HIXKH OJ aTMOC(EpCKOT, IMOCTOjH
mpobJeM 3anTHBamka ucnapuBaya,

- pamnu (uyun He OM cMeo OWMTH 3alajbUB WM €KCIUIO3HBAH,



260 360pnux padosa BTIII Ypoweeay

- Ha TemIeparypaMma W MPHUTUCIHMA, KOjHU CE€ MOTY jJaBUTH Yy pacXJaaHoj
MAaIlWHH, pagHu GIyna Mopa OUTH XeMHUjCKU CTa0WiIaH, HE CME pearoBaTH
ca MarepHjaMa O]l KOjux je m3paheHa MamnHa WiIN W3a3UBaTH BHXOBY
KOpO3Hjy,

- TOMJOTa WclapaBama pagHor ¢uyuia Tpeba na je mro Beha ma Ou ce
CMamHJIa KOJMYMHA TEYHOCTH KOja ce Hajla3! y MalluHH,

- crenu(UYHU TOIUIOTHHU KamaruTeT TSYHOCTH Tpeba /1a je ITo MamHu jep je
TUME MambHU IITETaH YTHIA] IPUTYIUBaMbA,

- crmenuduyHa 3apeMHHCKA pacxXiajHa criocoOHOCT pamHor ¢ayuna Tpeda
nma je mTo Beha, jep je TMMe moTpeOHA pamHa 3alpeMHHa KOMIIpecopa U
LIEBOBOJIA Makba,

- MemIame pagHor QuyHnaa ca yjbeM Tpeda Ja je MOoTImyHo HWiId HUKakBo. Kox
Io0por Melmama pagHu (GIyu HOCH yJbe Kpo3 Iely HHCTananujy u Bpaha
ra 'y KOMIIpecop, a Ko/ JIOIIET Melllakba He HOCH Ta U3 KOMIIpecopa, 1

- 1eHa pagHor (yuaa TpeOa J1a je mTo HUKa.

[Mopen Hanpen n3HeTHX 3axTeBa, pagHu (uyng He OM cMeo OMTH TOKCHYAH WU
n3a3uBaTh omreheme YCKIATUIITeHe pode y CIydajy HCTHIamka y MAITHHCKO]
Ccalli WJIH PacXJIaHOj KOMOPH.

IIpema TokCHIHOCTH, QIIYHUIHU CE NIeie Y TPH OCHOBHE Tpyme, JUS ME 7.101:1:

1. HesanaseuBu pacxnamHu QIuydad, KOJH HUCY TOKCHYHU WIH HM je
TOKCHMYHOCT Mayia. Ty ce Mory yOpajaTH: yribeH-ITUOKCHI, TUXJIOPMETaH U
(hpeonm.

2. Toxcwunm wim Harpuzajyhu pagau Gayuan wim Giayuan dmja je cMmema ca
Ba3yXOM 3arajbiBa WM €KCIJIO3WBHA Y YCKUM TpaHulama. Y OBy IpyIy
ce pa3BpCTaBajy: aMOHHUjaK, METHII-XJIOPH, CYMITOP-THOKCH]I, UT.

3. Pamam ¢umymom Koju ca Ba3IyXoM Tpajie JIAKO3alaJbuBe M EKCIUIO3UBHE
cMelie, Kao MITO Cy: €TaH, eTHJICH, IPOTaH, UT.

CBe Hampesa H3HETE 3aXTeBe y TOTIYHOCTH HE WCIyHBaBa HHU jeJaH 10 caja
MTO3HATH pagHu (MIIYHI, ITa ce 3aTO jOII YBEK y yIOTpeOn Hallaze pa3InduTH PaaHH
¢nyunu. Hajpehn Opoj oBMX 3axTeBa HCIyHaBajy (peoHH amu Cy OHHM CKYIIH,
YBO3€ C€ U MMajy Maily TOIUIOTY MCIapaBama U 3aTO Cy HajIIupy MPUMEHY HaILIH
y pacxXiagHMM MalliHaMa MaJor KamlamureTa Kao MTo Ccy (pmwkumgepu u
3aMp3uBaYd. AMOHHjaK je TOKCHYaH, y HW3BECHHMM TpaHUIaMa 3alaJbuB MU
eKCIJIO3MBAaH AJIM je PpeNaTHUBHO jeTHWH; NpOM3BOAKA je aomaha a TOILUIOTA

ucrnapaBama My je Ha -10°C oxo 8 myta Beha ox ¢peona 12. M3 oBux pasmora
aMOHHMjaK je O caJa HE3aMCHJbMB pacxJIamHu (QUIYHI 3a pacxjagHe MalluHe
BEJIMKOT KallalUTeTa KaKBe Ce Halla3e y HMHAYCTPHjCKUM Xiaimadama. OcTaiu
pamHu Guyuan 300T CBOje OTPOBHOCTH HIIM JIOIIUX TEPMOJAMHAMHUYKHX OCOOMHA
HEMajy BHUINE IMHPU TPaKTAYHH 3Ha4daj ma he OWTH W30CTaBJBCHH Y TaJbUM
pasmarpamuma.
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CBOJCTBA PAJIHUX MATEPUJA Y TAPHUM N
PACXJIA/ITHUM YPEBAJUMA

ExoHoMHYHOCT paja, KOHCTPYKIHMja W BEJIMYMHA MapHUX pacxjamHux ypebhaja
YBEIUKO 3aBHCE Of CBOjcTBa pamgHe marepuje. CteneH uckopumhema KapHorosor
mpoleca He 3aBUCH OJ BpPCTe pagHOT Tena, ma OM ce TEOPHjCKH MOIJe
MPUMjEHbUBATH  pa3IMIUTHE MaTepuje. Y cTBapHUM ypehajuma, wMelhyTnm,
NpUMEYJy C€ CaMO OHE pacxJaJHe MaTepuje Koje HMajy 3aj0BojbaBajyha
TEpMOJMHAMHUYKAa M TMOTOHCKa cBojcTBa. Ilpm m300py pacxmagHor Tena Mopajy
OuTH 3370BOJbCHH cienehn ycmoBu:

1. Ilputucak y KOHAEH3aTOpy HEe cMe mnpenasutd 15 mo 17bar, a vy
HCIIapuBady HE cMe OMTH BakyyM. 300T BakyyMa MOXE C€ II0jaBUTH
BJIXKHHM Ba3/lyX y CHUCTEM, IITO Y3pOKyje MoBehame MPUTHCKA, CHIKEHE
pacxnagHor edekra, noBehame yTpolieHor paga a Takohe M KOpo3Hjy
Matepujaia. 300r Tora je MOKEJFHO Ja MPUTHCAaK y HCIapuBady Oyje
U3HAJl IPUTHCKA OKOJIOHE.

2. JlarenTHa TomjoOTa HcHapaBama Mopa Outu mro Beha, a jenuMHHMYHA
3alpeMuHa CyBO 3acuhieHe mape mTo Mama. Beha Tommora mcnapaBama
3Haun ¥ Behu pacxmamnu edekat (gq), ma ypehaj Moxke paguTH ca MambOM

KolnuuHOM paxHe matepuje. llTo je mama 3ampeMuHa CyBO 3acuheHe
mape V', TO je Mama W YKylHA 3alpeMHHa, a THME W JUMEH3Hja
kommpecopa. lllto je Behm omHOC ¢ /V'', TO Cy Mame W AWMEH3Hje
ypehaja.

3. Temmeparypa 3amp3aBama MOpa OWTH J0cTa HHUCKAa Kako O ce m30eriio
ouBpmthaBambe Ha OHMJIO K0joj Temmeparypu y mpouecy. OcuM Tora, mpH
BHCOKOj TeMIIEpaTypH 3amp3aBamba HE MOTY CE IOCTHNM OBOJBHO HHCKE
TEeMIIepaType Koje Cy HeolxoaHe 3a xiaheme. Kputumuna temmeparypa
Mopa OWTH JOCTa BUCOKa y ynopehemy ca TeMmIepaTypoM BOJAE HIIH
Bazayxa, Kako OM ce MOIJIa OCTBapUTH KOHICH3alIlja paJHe MaTepHje.

4. PacxnmamHO CpeIcTBO Mopa HMMaTH BHCOK CTENEH TEePMOAMHAMHYKOT
caspuieHcTBa. OH ce M3pakaBa Kao OJHOC PACcXJIQJHOT CTEIeHa CTBAPHOT
mpoleca £p M CTelneHa uckopuihemwa ynopeasor KapHorosor mpoueca
&c . lto je oBaj ognoc Behw, mpornec ce Bulle MpUOIIKaBa YIOPETHOM
mporiecy.

5. PacxnamHa marepuja MOpa MMaTH Majy BHCKO3HOCT W BEJHKY TOIIOTHY
IPOBOUBMBOCT. Majna BHCKO3HOCT CMamyje OTIOp CIpyjamba Yy
LIEBOBO/IMMA, BEHTHJIMMAa M OCTaJIUM JiesioBuMa ypehaja. Bucoka TomnorHa
OPOBOJJBMBOCT M Maja BHCKO3HOCT YCJIOBJbABajy BHCOK CTEICH
uckopuuhema n3MemhBaya TOIJIOTe (KOHICH3aTOpa U HCIlapruBaya).

6. Pacxmamna marepuja He cMe OWTH 3amajbMBa HUTH €KCILIO3WBHA. Takohe
HE CMe¢ OWTH OTpOBHA, OJHOCHO IITETHA 3a 3JpaBJbe, HITO j¢ MOCEOHO
Ba)XXHO y KiuMa u Kyhuum ypehajuma.

7. Pacxmampa marepuja Mopa OWTH HEyTpayliHa, Tj. HE CME pearoBaTH ca
MmarepujanuMa ypehaja, HuTH H3a3mBaTH Koposwjy. Takohe He cme ce
TOIIUTH y yJbUMa 3a MOJMAa31BabEe.
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8. Pacxmagna maTepuja Mopa OUTH EKOHOMHYHA U PACIIONIOKHBA 32 TPEHYTHY
H3MEHY Y CHCTEMY.

V nouerHoj ¢dasu Hajuemhe ce mpumjemuBao amonujak (NH3), Koju uMa
HApOYHUTO N0Opa TepMOAWHAMUYKA CBOjCTBA, ajH je Tokcw4yad. OH je MOTHCHYO
CYMITOPAHUOKCHT (SOZ), METHIIXTIOPH]T (CH3C1), YIJBEHIUOKCH]T (COz) H Jpyra
pacxiagHa cpencTtBa Kkoja cy ce mpe kopuctuia. Kacuuje (30-mx TomamHa)
Pa3BHjEHH Cy HOBHM pacXJIaJ[HM MaTepHjalii, KOju ce Ha3uBajy ¢peoHu. To cy
YIJbOBOJIOHUIM HMKer pena: meran (CH,), eran (C,Hg), mpomaH (C3H 8),
CYIICTHTYHPaHU XaJIOTEHUM eJIEeMEHTHMa: (IIyop (F ), XJI0P (Cl ) umm 6pom (B, ).
YobuuajeHo je na ce OHU 03Ha4YaBajy Ha3UBOM (PpeoH W OpojeM WM KpaTHIIOM R
(Pegppucepanm) u 6pojeM, KOjH je jeTHO3HAUHO MOBE3aH Ca XEeMHUjCKOM (hOPMYIIOM.
[IpBa Opojka o3HauaBa OpOj YrJbEHUKOBUX aTOMa MHHYC jellaH, Apyra Opoj aToMa
BOJIOHHKA TUTYyC jenmaH, Tpeha O6poj atoma iryopa, 1ok ce xjop He o3HavaBa. M3a
oBHX OpojeBa 03HauaBa ce Opoj aroma Opoma, kao Bl 3a jeman atoM, B2 3a aBa
aroma, uta. Ha npumep:

1) mudnyopauknopmeran (CF,Cl,) o3HauaBa ce kao dpeoH-12, wm R—12,

HITO MPOU3MIIA3H U3:

yrbennk (C) 1arom-1=0  (He rmme ce),
Bosionnk (H) 0 atoma+ 1 =1 (uipBu 6poj),
dmyop (F) 2 aroma=2 (zpyru 6poj)
(6poj 0 He muIIe ce, Ta CYNCTUTYHpPAaHU METaH MMa caMo JBa 0poja).

2) mudmyopmonokioperan (C,H3F,Cl) HasuBa ce Gppeon-142, i R—142
yrbenuk (C) 2aroma-1=1 (npsu 6poj),
Bosionnk (H) 3 atoma+ 1=4 (apyru 6poj),
dmyop (F) 2 atoma =2 (Tpehu 6poj).
VY [nanamme BpeMe aMOHHjaKk ce MpHMElYje Kao pacxiafHa warepuja y
WHAYCTpUjCKUM ypehajuma. Y w™MamuMm © cpenmuM ypehajuma, Haj3am y
KJIUMaTH3alMjCKUM U Yy JAoMahuHCTBY, ynorpeOsbaBa ce ¢peon-12. On ocramux
dpeona ymoTpebmanajy ce dpeon-22 (CHF,CI) u dpeon-142 (C,H;F,Cl), amu
pehe. Ximop y ¢peoHuma cmamyje TOTEHIWjal 030Ha y crparocdepu. 300r
XEMHjCKe CTaOMIIHOCTH XJIOPHPAHU YrJbOBOJOHHUIM HMajy OyTM BEK Tpajama
OJHOCHO BpeMe pacmajza, LITO 3HAa4M Ja Cy JAyrorpajaH HM3BOp XJopa y
crparocdepu. Pamu cMamema KOHIIGHTpaLUje XJIOpa y aTMOC(EpH UCTPaxyjy ce
AJITEpHATUBHU pacXJagHU MaTepHjaa, KOjU HE y3pOKYjy PEAYKIH]Yy MOTCHIIH]jaia
o3oHa. To cy 3aculieHu yIribOBOAOHHIIM HUXKET pella CYNICTUTYUpaHH (IIyopoM O
KOjuX Cy HajsHauajHm: aupayop metan CH,F, (HFC32), menrtapiyoperaH
CHF,CF; (HFC125), terpaduyopetan CF;CH,F (HFC134a). Ilpumena CO,S0,
u CH;CI BpJO je orpaHUYCHA.



Daxmopu Koju ymuuyHa uz60p pacxaaoHux Gayuoa y pacxiaonum ypehajuma 263

HOCTYIIIU 3A XJIABEILE

Cge mo 1755. rogune 3a xyaheme U oApKaBamkbe HUCKUX TeMITepaTypa HCKIbYIUBO
ce KOPUCTHO TPHUPOAHO HoOmjeHH BoxaeHu jen. [ommue 1755. W. Cullen je
UcriapaBakbeM BOJIC O/ BaKyyMOM IIPBH IIyT HANPaBUO “BEIITAYKU’ BOJCHU JIEI.
On Ttajga je pasBHjeH BeJWKH Opoj mocTymaka 3a xiahjeme KOju ce MOTy
CHUCTEMATU30BaTH Ha pa3nuuuTe HaumHe. Hmp., Ha ocHOBY (asHOr mpeobpakaja
panHor (aynaa, MOTY ce TOICIUTH Ha!

a) TOIUBEH-€ BOJIeHOT Jiexa 10 0 0 C WIH €yTEKTUYKUX oioxoBa 10 -20 0 C,
b) HCTapaBamke TEYHOr YTJbEH-IHOKCHAa 10 -56 0 C WIM TEYHOI a30Ta Jo-
195°C,

¢) cyGIMMaImja CyBOr Jea HilH UYBPIITOT YIIbeH-TrokcHaa 10 -78 0 C .
Ha ocHoBy Tora, nanmu je nmukiyc xjgahema OTBOPEH, MPEKUHYT WM j& HEIPEeKUuaaH,
MOCTYITKE MO>KEMO TIOICTIUTH Ha:
a) TMOCTyNMak ca OTBOPEHHWM LIMKIYCOM, Tle ce Xiaheme MpeKuaa Kaua ce
jemHa mrapyka JieJia OTOIIH,
b) mocTynak ca NMpeKHMHYTHM IHMKIYCOM, Tlie ce xyaljeme BpIIM JOK jeqHa
mapa CyBOT Jiejla He cyOnmuMmupa, a 3aTuM ce racoButu CO, cabwmja,

KOHJICH3Yj€ M eKCIIaHIUpa, YUMe Ce TIOHOBO J100Hja CYBH JIeH, ’
C) TMOCTymak HempekumHor xinaljema, KOju ce BpIIKM OArosapajyhum
pacxnagHuM ypehajuma.
IMocTynum ca OTBOpEHMM M MPEKMHYTHM LHUKIycoM Hemajy Behu 3Hauaj 3a
WHIYCTPHjCKO Xiaheme mpexpaMOeHnX MTPOU3BO/Ia, OHU CY CBOjy NMPUMEHY HaIIUTH
YTJIaBHOM Y TPaHCIIOPTY W Yy MOjeJHUAM ollepanijaMa kao Mehydasza nmpon3BogHor
nporeca.
Y Trpynm TOCTymaka 3a HENpeKuAHO Xiaheme 10 cama je pasBHjeHO 6
MPHUHIUIITN]EITHO Pa3jIMuUTHX pacxjiaanux ypehaja, u To:
1. TepmoenexkTpuuH# ypehaju,
2. VYpehaju ca ucnapaBameM BOJE MO BAKYYMOM,
3. VYpehaju koju ekcmaHmupajy IMpEeTXOMHO ca0HjeH Ba3AyX WIIH Ba3mylIHE
MaliuHe 3a xjaleme,
4. Ejexropcke mamuHe 3a xmnalheme,
5. ArcopnmuoHe MaIuHe 3a XIaheme, u
6. Kommnpecopcke mammHe 3a xnaleme.
On cBux HaBenmeHux ypehaja Hajumpy npuMeHy 3a Xxiaheme NpexpaMOeHUX
NpON3BOJAa HAIDIe Cy NPBO AICOPIIMOHE MAalIMHE, a 3aTHM Cy HMX MOTIyHO
NOTUCHYJIE KOMIPECOPCKE pacxjagHe MallliHe, ca KOMIIPECOpUMa BEIHKOT
pacxyiagHOT KanauuTeTa.
1. Tepmoenekrpuunu ypehaju 3acHOBaHU Cy Ha paxy (paHIyCKOr pu3HdIapa
1. Peltiera, xoju je 1834. roquHe OTKPHO Ja € MPOIYIITAHEM jeTHOCMEPHE
CTpPyje Kpo3 KOJIO JIBa METajHa MPOBOJHUKA, HAa jJeJTHOM Kpajy CIoj MeTalia
rpeje, a Ha OpyroM Kpajy cmoj ce xmaau. OBO je MPUHIMII HA KOME ce
3aCHHBA M Paj TEpMOIapoBa IPH Mepemy TeMIIepaType, KOj! je OTKPUBEH
HemTo paHuje. OBakBu ypehaju ce mpousBope y OONHMKY Mopyna, a
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MPUMEHA TEPMOEJICKTPUYHUX MOJyJia je orpaHuucHa Ha ypehaje mamer
pacxJaHOT KamamuTeTa OJf KOjUX Ce 3axTeBa MocebaH pexuM paja.
OBakaB crcreM xiahema je morojaf 3a MmoaMOpHHUIIE, CBEMHPCKE OpPOIOBE,
UTAHo. KaCKa}lHI/IM CIIipe€3ambEeM BUIIIC TCPMOCIICKTPUIHUX MonayJa

Temmeparypa ce Moxe cHu3uTH 1 10 -100°C y HexuM maGoparopujckum
ypehajuma. OBu ypehaju 3a xiaheme Hemajy 3Ha4aja 3a WHAYCTPHUjCKE
XJTakade y KojuMa ce 4yBajy MpexpaMOCHH IMPOW3BOIN, YIIIABHOM 300T
MaJIOT KarauuTeTa i BUCOKE IICHE.

VYpehaj ca ucmapaBameMm BoJAe IMOJA BaKyyMOM, KOjH je TIpUMEHHO W.
Cullen, je moxxuBeo BuIIe MoauHUKaIFja 1 BpEMEHOM ce TpaHC(HOPMHCAo,
JIeTIOM Y afCOpIIMOHY MalllHy, a JEJIOM y €jeKTOPCKY MAIlUHy 3a
xnaheme.

[Iponec xmalhema, KOju ce 3aCHWBA HA EKCIIAH3HjU MPETXOTHO CadHjeHOT
Basznyxa, Ouo je mo3Har Beh cpeaunom 18. Beka. OBaj (heHOMEH je OHMO
nobpo moznat Daltonu, Gay Lussacu, Carnotu, amu ra je Tex 1850. y
Enrneckoj marentupao John Gorrie. BasmymHy MamuHy Cy KacHHje
ycaspmma J. J. Coleman u 6paha Bell, ma cy 3aro eHriecku OpomoBHU-
xnanmade Beh ox 1879. ronrHe MOTIN 1a IPEBO3€ CMP3HYTO MECO MPEKO
okeaHa. 300T cBOje HEEKOHOMUYHOCTH U TJIOMa3HOCTH, OBAa MAlllMHA JAaHacC
HeMa MPaKTHIHOT 3Havaja.

Ejextopcke MmammHe cy Ttakohe ©Oe3 Beher 3Hauaja 3a HMHIYCTpPHjCKe
xnaamwade. OHe cy HajBehy mpuMeHy MMaje y XEMHjCKO] WHIYCTPHjH.
EjexTopcka MammHa je moOuma Ha3uB MO TOME ILITO YMECTO KOMIIpecopa
KOPUCTH €jeKTOp 3a CTBapame BaKyyMa y UCIapuBady U IOAU3AC
OpUTHCKa y KoHAeH3aTtopy. Kao pamuu gunyna y €jeKTOpcKoj MallvHU ce
HaJIa3u BOJA.

ATCOpIIIMOHE pacxjaJHe MAallMHE CacTojeé CEe OJ HEIOKPETHUX JeoBa
(ocuMm myMmIie), jeAHOCTaBHE Cy KOHCTPYKIMje, a Kao paaHu ¢uyua ce
KOPUCTH CMella HajMame Ba (hIyuaa ca pa3inyUTUM TauKaMa KJbydama.
KommoneHTa ca HHXXOM TadykOM KJbydama HMa YIJIOTY pPacxJagHOr
CpeicTBa, a KOMIIOHEHTa Ca BHIIOM TadyKoOM KJbydamba HMa YIOTY
aricopOeHTa npBe KommoHeHTe. Hajueche kopumihena cmema je 25 %
pacTBOp aMOHHWjaka y BOIU. AMOHMjaK MMa YJIOTY PacxXjaIHOI CpeACTBa a
Boma amcopOenTta. Kao acoprmmona cpexctBa om 1920. ce kopucrte u
YBpCTE CyICTaHLE, y KOMOWHAIMjaMa: aKTHBHU yrajb-METaHOI, 3€OJIHT-
BOJa, CHJIMKaren Boja, uth. llpBa amcoprmimona mammHa Kojy je 1859.
ronuHe KoHcTpyncao Ferdinand Carre, panuia je nmepuoaudso, a Beh 1860.
Mignon u Rouart y ITapu3sy cy npoussenu [IpBy ancopriuoHy MaiiHy ca
KOHTHHYyanHuM pazaoMm. F. Carre 1875. yBoam u cBojy moboJbliany
BapHjaHTy Koja je mMmana kanaruret o 200 kg nena Ha man. Hajpumie oBux
MamuHa je npousBeneHo y CAJl. [Ipunnmn paga oBe MalnHe 3acHHUBA CE
Ha TOME Ja MpH 3arpeBamy Oorate cMelle aMOHHjaka W BOAE Y
reHepaTopy, aMOHM]jaK MCIIapaBa, a pa3BUjeHe Nape ojJia3e y KOHACH3aTop,
TJe ce XJIaze ¥ KOHICH3Y]Y.



Daxmopu Koju ymuuyHa uz60p pacxaaoHux Gayuoa y pacxiaonum ypehajuma 265

3arpeBame reHepaTopa MOXe OWTH PazIHYUTO PEIIeHO, Y 3aBUCHOCTU O]
pacmoyiOKMBOT M3BOpa €HEpruje, a oA OBOra YIJIABHOM 3aBHCH
€KOHOMHUYHOCT Pajia aliCOpIIMOHMX MaluHa. [Iputncak pasBujeHux napa
y TeHepaTopy Mopa OWTH IOBOJHHO BHCOK, OKO 14bara, ma Ou ce
KOH/IEH30Bake MOIJIO M3BPLIMTH BOJOM WM Ba3AyXxoM M3 OKoiauHe. U3
KOHJIeH3aTopa , “2” TeYHH aMOHH]jaK OJJIa3H Y MPUTYIIHA BEeHTH, “3”, T1ie
My ce TpHUTHCAaK CHIkaBa 10 1bar. llocme mpurymmBama aMOHHjaK

yicIapaBa y ucnapmBady, “4” Ha Temmepatypu g0 -33 °C.

PasBujena mapa amonmjaka oxanasum y amcopOep, “5” y Koju mocmeBa U
CHpOMAIllHAa CMeIlla W3 TeHepaTopa Iocjie MclapaBama aMoHHjaka. OBa
CHpOMaIlTHA CMeIna arcopOyje aMOHMjauHy Iapy W THMeE ce oborahyje.
Armicopbep ce xyagum BOIOM paau  ojBohema ocimoOoljeHe TOIUIOTE
arcoprnuje. YTpOIIaK Boje 3a XJahjeme je BeNWKH W 3HauajHO pacre ca
[IOPacTOM PacxJIaAHOT KalaluTeTa ancopliuoHe mammuHe. [IpeGanuBame
CHpOMAIIIHE CMEIIe U3 TeHepaTopa y arncopoep ce yriiaBHOM BPIIU Ha 0a3u
pasnuke y TYCTHHH pacTBopa, JOK ce OoraTa cmemra Bpaha y reHeparop
yrmiaBHoM momohy mymme, “6”. Pamm ymrene y rTpejamy reHeparopa,
0HOCHO XxJahemy amcopOepa u3Mel)y cupoMariHor u 60raTor pacTBopa ce
BpIIM pa3MeHa TOIMJIOTE Y pa3MemuBauy, “7”.

VY nepuony ox 1860. roguHe ancopniioHe MaIIMHE Cy CE€ MPOU3BOAUIIE Y
CAJl un EBpormm, a 3a 3arpeBame Cy YIUIABHOM KOPHCTHIIE OTHAAHY Hapy
KOA TapHHX MalldHa WM TepMoenekTpana. Ca ycaBplIaBameM
KOMIIPECOPCKUX ~ pacXJaJHUX MallhHA IPOU3BOIMbA  AICOPILIMOHUX
ypebaja omaga. Ilocime Jlpyror cBerckor para OBe MallMHE KOPUCTE Ce
YyIIaBHOM 3a TMPOW3BOAKY JoMahux Qpwkuaepa a Ha HUXOBOM
yCcaBpIllaBamy ce 1 JaJbe PaaH.

6. Kommnpecopcke mammue 3a xnaheme, ca aMOHMjaKOM Kao PpacxJIagHUM
¢dnyunomM, mpumemyjy ce ox 1876. roguHe, kaaa je moyena MpOU3BO/IHA
KIUMHUX Komrpecopa, o uaeju Hemmna Carl yon Lindea. Kommpecopcke
pacxyiaHe MallMHE ce Ol TaJa A0 JaHac ycaBpIlaBajy, CKOpO 1a cy
MIOTHUCHYJIE CBa Jpyra pelielkha W TMPUMEHy Hamwie Koj ypehaja 3a
KIUMaTH3alMjy, Tmpeko  goMahmx  Qpwkuaepa-zamp3uBada 0
HHAYCTPHUjCKUX XJIaAmkada BEJIUKOr pacxyagHor kamauutera. C o03upom
Ha TO Ja JaHac TOTOBO CBE MHIYCTPUjCKE XJagmade pajae ca
KOMIIPECOPCKUM MallliHaMa 3a XJahewme, NPUHIUN HUXOBOT paja
3aciIyKyje MoceOHy MakKiy U IUPU IPHUKa3.

SAHITUTHE MEPE IIPU PAZ1Y CA PACXJIAJHUM CPEACTBUMA

[IpousBohau pacxiagHOr MocTpojerma Jaje yIyTCTBa 32 MOHTHPAmEe, PyKOBAKE U
OJlpKaBame IIOCTPOjEHa y3 CaBeTE€ U NPENOpyKe BE3aHE 3a 3aIUTUTY IPHU pany.
[open oBHX mpenopyka MMOCTOje U 3aKOHCKU TPONUCH BE3aHU 3a 3aIUTHTHE Mepe
IpU pagy ca eNeKTPUIHOM CTPYjOM, MPOTHBIIOKAPHY 3AIUTHTY, 3aLITUTY MIPH PaLy
ca CyZOBMMa M HHCTAJallMjOM I[IOJ HIPUTHCKOM, Kao U IPONUCH BE3aHU 3a
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ynotpely ajiaTa ¥ ONpeMe Koja c€ KOPUCTH MPH MOHTHUPAKkY U Y SKCIUIOATaIlUju
pacxJiagHoT OCTpOjeHba.

Craka opraHm3amja y Kojoj ce pamu ca (aymamma obaBe3HO Tpeba ma wMa
MeJMKaMEHTE 3a cliydaj mpBe nomohiu, u To: 0omy -He OOpPHE KUCEIUHE, KYyTH]y
YHUCTOT OENIoT Ba3eluHa 3a 04H, 0oly cuphera (MEeImaHor ca BOAOM y pa3MmepH 1:5),
KyTHjy YHCTOT JXyTOT BazenuHa (3a omreheHy Koxy), makeruh rase W 3aBoja,
nakeTuh BaTe, TYMEHE PyKaBHIIE H T'aC-MacKy.

Jlo Hecpehe ca aMoHHMjakOM [0Jla3u yCJeA YAMCalka aMOHHjaKOBUX Iapa WU
omrtehema KoKe TSUHUM aMOHHjakoM. [IpuirkoM paja 0e3 3allTUTHUX Hao4apa y
KOHTaKTy ca IapamMa Moke mohu 10 moBpeae OYHjy, a ca TEYHOmNYy H 10
ocJeribemha. Y TOM Cllydyajy o4d Tpeba JAp:KaTH OTBOPEHE M UCIUPATH HILT TOIUIOM
BojioM mwiH 1% -HOM OopHOM KucenuHOM. Ha kpajy nx Hamazaru BazenuHoM. Mctu
MOCTYyMaK Tpeba KOPUCTUTH U MPUITUKOM TPOBaba CyMIOP-AHOKCHIIOM.
MeTuixiiopua mpoy3pokKyje 1i1aBo0osby, CMamyje arneTHT, U3a3uBa yMop Muimha,
a Behe KOHIEHTpalje MOry mpoy3pokoBatTh W cMpT. Jlo Joriacka yekapa
noBpeheHor Tpeba MpeHeTH Ha CBEX Ba3ayX. Ako je moBpeleHu pu cBecTH, Tpeba
ynotpebutu 3-5 gr come OukapOOHEe W TIIyKO3e, a ako je Yy HECBEeCTH OBa ce
cpezcTBa ynotpedsbaBajy Kao KIUCTHUD.

AKo ce y Ba3ayxy Haia3u Beha KOJTWMYHMHA Taca, a BEHTWIANMja HAje mo0pa, Tpeda
KOPUCTUTH Tac-MacKy. LIMBHIHE rac-mMacke MPOTUB OTPOBa cy HeeHKacHE 3a OBY
Bpcty ¢uyuna. [ojennna pacxiajHa CpecTBa HAAPaXyjy OYM, Ma MPH Paiy ca
BUMa Tpeba yroTpeOUTH 3alTUTHE HA0Yape ca HEMTPOITYCHHM OKBHPHMA.

®peon 12 u3a3uBa MOBpeay caMoO y CiIydajy HEIOCTAaTKa KUCEOHUKA. Y Cllydajy
NOBpeJle OUMjy M KO)K€ IPOIUCH Cy MCTH Kao M 32 aMOHHjak. PagnoHuie mMopajy
UMaTH MPOMKUCaHy BEHTWIAIM]Y, a Ba3lyX Ce MOpa Meward HajMame 20 myTa y
jemaoMm caty. Ox cnenududHe Mace mape (aywaa 3aBUCH CMEIITa] BEHTIIIAIIMOHUX
0TBOpa M BEHTWJIAaTopa (3a aMOHH]aK TOpe, a 3a: CyMIIOp-AUOKCH], YTIHEH-AUOKCH]I,
MeTuixiopua, hpeon 12 u ppeon 22-mone).

[punukom mpaxKmema MPEINIaBJbeHNX HCIapuBayda U MPH NYHkEHhY HHCTATIANNje
(hpeoHom 3abpamyje ce 3arpeBame 0oma. AKO ce NMPUMETH MPOIyITamke (ppeoHa
Tpeba YKJbYYHTH BEHTHJIATOP WIM OTBOPUTH MPO30PE U BpaTa paju NpOBETpaBama
MIPOCTOpH]jE.

[Ipu 3amp3aBamy KOXe OJ JOAMpa TeUHOT (peoHa, 3aMp3HYTO MECTO Tpeba
NaXJbUBO TPJbAaTH CTEPUIIHOM BAaTOM HJIM MapaMUIOM JIOK C€ HE IOCTUTHE
OCETJBMBOCT M KOXa He TmonpBeHd. Ilocie ycmocraBjbamkba KpPBOTOKA |
OCETJHHBOCTH, 3aMP3HYTO MECTO CE€ TPJha YUCTUM IIITUPUTOM U TIOCTABIbA CE& YHCTH
3aB0j. AKO Cy ce Ha Tely mojaBwin Mexypuhu, moBpeljeHu neo Tpeba MOKPUTH
YHCTUM 33aBOjeM U MOBpel)eHOT yIyTHTH JIeKapy.

Oun moBpehene ¢hpeoHOM Tpeba HWCIpaTH MIIA30M BOJAE Ca YeCME IO MamuM
NOPUTUCKOM, KaHYTH y OYM CTEPHIIHO Ba3eMHOBO yJbe U XHTHO C€ OOpaTuTH
Jexapy.

Pan xommpecopckor ypehaja Tpeba moOBpeMeHO KOHTpoIMcaTH, Tj. Tpeda
KOHTPOJIMCATH TeMIleparypy 0ap IBa myTa AHeBHO. [locie cBakor mayxer mpekuaa
pana, HajMame jeTHOM MeceqHO cBe ypelaje Tpeba a mperiena CTpy4YHO JIUIIE.
Komnpecronn (KOHAEH3aTOPCKH) arperaT ce 4ecTo UCIOopydyje MoceOHO, Tako 1a
Cce MOXE YIpaguTH y XJIaIUOHWYKH ypehaj 3a oapikaBame XiaheHHMX HaMHPHHUIIA
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WM C€ MOXeE MTOCTABUTH Ha Pa3[laJbHHU O HEKOJIMKO MeTapa y UCTOj HIIH CYCEIHO]
OpOCTOPHjH. Y3 KOMIPECHOHH ypehaj mcmopydyje ce M eJeKTpHYHa pa3BOJHA
TabIa, Ha KOjOj Ce Hajla3e TOTJHPMBU OCHTYpPadH, TIOMY>KHU U 3alITUTHH ITPEKHUIaYdH.
[Ipunkom ucnopyke Beh je u3BpIieHO nymeme ypehaja, CHHXpOHH30BaH je paj
uenor ypehaja, monemieHHM Cy MPUTUCLH, a TEPMOCTAaT je IOAEHICH IpeMa
3axTeBUMa XJaljerma 32 KOHKPETHH city4aj. Mcrnopydmnal HCTOBPEMEHO JI0CTaBIba
U OINIITE IMOJIATKE O UCIIOPYUYEHOM ypehajy, Kao U yImyTCcTBO 32 paj M OJpIKaBambe.
[Mpunukom mpujema Te mopaTke Tpeba MPOBEPHUTH, Ma CE 32 CBAKO CBEHTYAIHO
OJICTYIa¢ OOPATUTH UCTIOPYUHOILY.

TemmiepaTypa KOHAEH3aIMje HEe 3aBHCH CaMO OJi KOJMYHHE M MPOTOKA MEJHjyMa
KOjH XJIaJi KOHJeH3aTop, Beh u ol TeMiiepaType Tor Meanjyma. Hacroju ce na ona

Oyne mro HmxKa ( 5-10°C mwxa on TeMIepaType KOHIEH3allhje, 3aBUCHO O]

HaunHa xnaljema). Temmeparypa ncrmapaBama Tpeba ma 6ymze 5-10°C mmka ox
TEeMIIepaType MeAMjyMa KOju ce XJaau. 3aBUCH OJ KOJWYHHE TOIUIOTE KOjy
ucrapuBay 0Jy3UMa, Kao ¥ 0] KOJIMYMHE PacxJIaaHOT (PIyHsia KOju mposia3d Kpo3
peryJanuoHu OpraH.

TemmiepaTypa mperpeBama Ha ycucy Tpeba Jia je YBEK BHINA Of TeMIIepaTrype

ycrapasama (Ko komeprujanaux ypehaja go 30°C), unme ce crpeuara BrakaH
X071 KoMIIpecopa 1 nosehasa CTENeH 0/1aBamba.
TemmnepaTypa mperpeBama Ha IOTHUCY Tpeda na Oyae HMXKA OJf TeMIeparype

KOHJIeH3a1Hje, i u3HocH 10 130°C .

IIpn cHmkewmy TeMmmepaType WucHapaBamba win nosehamy Temmeparype
KOHJIEH3aIlH]je, CMamyje ce KoeHIijeHT KOPUCHOT JIejcTBa KoMIIpecopa, moBehasa
ce KOoNMYuHa mape GpopMupaHa IpH NpoJiazy Kpo3 peryialuoHd BeHTWI, oBehasa
ce YTPOLIAK eNEeKTPUYHE CHEPTHje.

BpennocTrn HaBeneHNX mapaMeTapa KOju KapaKTepHIlly pajl HHCTanalyje Hajaenrhe
Ce ayTOMATCKHM PEryJivily, ajld ako ‘“‘McKoye” W3 MPONHMCAHUX TpaHUlla Tpeda
U3BPIINTH OJpel)eHe UHTEPBEHIIH]E.
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FACTORS THAT INFLUENCE THE SELECTION OF
COOLING FLUIDS IN COOLING DEVICES

Summary: It is very difficult to imagine a life of a modern man without utilization
of cooling devices. They became irreplaceable for preserving and transportation of
food products in many industrial processes; also, in creating the normal living and
working conditions in the areas with warmer climate, in medicine, science etc. The
usage level of Carnot’s process does not depend on cooling operating matter,
which means that theoretically is possible to use different operating matters. In
real devices only those cooling fluids with satisfactory thermodynamic and
operative characteristics are applied. Operating economy, construction and size of
cooling devices to a great extent depend on characteristics of cooling fluids, which
is the objective of this paper.

Key words: Cooling devices, fluid, temperature, pressure
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ITPUMEHA 3AKOHA O OJIP’KAIBBY EHEPI'HJE HA
PACHOJAEJY TEMIIEPATYPE N YCIIOCTABJ/BAIBE
AHAJIOT'HJE CIHIEHUOUYIHOI' TOIIJIOTHOTI' OTIIOPA CA
OMOBUM 3AKOHOM

Panusoje Bylcaunmmmh1

Pe3sume: [lpocmuparwe monnome Hacmaje ygek Kada NOCMOjU  pA3IUKA
memnepamypa usmely osa mena, uiu denoga jeonoe mena. 0Osa npupooHa nojasa
nO3HAMA je u3 C6AKOOHe8HO2 HCUBOMA, d NOCeOaH 3HAYA] UMA y MEXHUyu u
npeocmasba Cywmuny npoyeca y MONJIOMHUM MAWUHAMA, KOHOEH3amopuma,
uHcmanayujama yewmpannoe epejarea u 0p. Cnocobnocm mena oa 6Oome uiu
Jouuje nposoou Moniomy Kapakmepuuie ce uU3uKoM Kapakmepucmukom Koja ce
HA3u6a mepmuuka nposooHocm. Koeghuyujenm nponasa moniome OupeKmHo
ymuue Ha pazmerbery KOIUYUny monjiome.

Kibyune peun: Enepeuja, memnepamypa, omnop.

YBOJI

Y oBOM pany, aHanM3Mpa Ce€ OCHOBHa Be3a H3Mel)y mpeHoca Tomote u
TEeMIepaType, Kako OM ce MOrjia OJPEAUTH KOIUYMHA MPEeHoca TOMIOTEe ca
NOBPIIMHA W PE3yJITaT pacrojielia TeMIeparype YyHyTap caMor MaTepujana.
[IpeHoc TomioTe MOXe OMTH BPJIO BakaH (pakTop y MIMPOKOM MOAPYYjy NPHUMEHE
O]l IPOjEKTOBAkbA CHCTEMa BEIUKUX- U MAJHMX pa3Mepa, Kao IITO Cy eJICKTpaHe
UHTETPATHUXKOJIA, 32 aHAIW3Y Pa3IMIUTUX Mpoleca y OHOJIOIKAM CHCTEMHMA,
Kao IITO je MPUMEHA Yy XyIepPTXCPMH], Pali yHUIITABambE TYMOpa paka U rpejame
KOH3epBUpaHe XpaHe. be3 003upa Ha MPUMEHY y pajy je MaKmha CKOHICHTpUCaHA
Ha MakKpocCKorcke cucreme. [IpBo, kKelmu ce UCKOPHCTHTH TPBU 3aKOH PajH
aHammze e(ekara npoBohema, KOHBEKIUje, U 3padycwa. Y paay ce Takohe
pa3MaTpajy ¥ aHaJIM3Upajy OCHOBHE METOJC TEXHUKE MpPEHOCa TOIUIOTE U
nocMarpajy epekT MpuMeHe pa3InuuTHX MaTepHjana Ha Pacrofely TeMIeparypa
y cHucTeMy.YcIocTaB/ba CE aHajordja uiMel)ly TepHUUKOT OTImopa MpoBolewmy
TOIUIOTE Ca EIEKTPUYHUM OTIIOPOM Y OMOBOM 3aKOHY €JIEKTPOTEXHHKE.
JenqHaunHa onpikaBama eHepruje. JemHauWMHA OJpKaBarkba CHEPruje KOPUCTH Ce
3a pelaBame Pa3InIuTHX MpodiieMa y 00JIacTH IIPeHoca TOILIOTE.

! Mp PaguBoje Bykammnosuh, Buma rexanuka mkoina, Yporesarl,
E mail: radel0@absolutok.net
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XKene ce MCKOpUCTUTH Hadena jeJHAYMHE OIpKaBama CHEpruje, aau y LHIbY
yclnocTaBjbatkha Be3e M3Mehy KOIMYMHE IIpeHoca TOIIOTE Ca PacloneoM
TemnepaType yHyTap cuctema. 3a KOHTpoJHY 3ampeMuHYy cHUCTEMa Y KOMeE ce
JeliaBa caMo pa3MeHa TOIIoTe, (ciuka 1). JeaHaunHa eHeprijeMoske ce HaloCcaTH

y 00JIHKY:
dE
Qd _Qod +Qg :%:EK,Z (1)

rze ce JoJaTHUM TepMHH (Jg OJHOCH 3a 3alPEeMHHCKY TOIUIOTY KOja HacTaje Kao
pe3yiTaT TpeTBapama jeqHOT OOJIMKa CHepruje y Ipyrd (HIp. XEMH)CKE WIH
Hykyeapane). [IpeHoc TormioTe ca TpaHMIa je y 00Ky HpoBolermha, KOHBEKIIH]E,
w/unu 3pauema. [locnenmsu TepMuH necHe-cTpaHe jenHauuHe (1) je oOmuk
SHepruje cajpkaHe y IoCMaTpaHoj KOHTPOIIHO] 3aIlPEMHUHU.
[MocMmatpajy ce nBa crienujaiHa ciry4daja, KOju IMajy BEJHKY MPaKTHUHY IPUMEHY.
VY mpBoMm ciydajy, mocMaTpaMo NMpHUMEHY HPBOT 3aKOHa 3a TpaHHIy cucrema. Y
OBOM CIly4ajy pajHje ce KOPHCTH C€ TepMHH KOHTPOJIHA IIOBPIIMHA HETO
KOHTPOJIHA 3allpeMHUHA, W 3aTO CE OTy[a, 3allPeMHUHCKU H3pa3u (Tj. U3BOI M3BOpa
TOILIOTE TI0 BPEMEHY), CE HEe YHOCE Y jeTHauYMHM Y PyroM Cly4ajy, cMarpa ce Jaa
je Temmeparypa y MmocMaTpaHOj KOHTPOJHO] 3allpeMHUHH Martepujana yHHU(pOpMHa
ajy ce Melka TOKOM BPEMCEHA., OBaj CIIy4aj MO3HAT je M0l MMEHOM Kao IayIiaiHa
KanaluTHBHA TPETIIOCTABKA.
Oxap:kaBamem-e eHepruje Ha NMOBPUIMHU. Y HEKUM cilydajeBUMa, MOTPeOHO je
NPUMEHHUTH OJIp)Kamke €HEepruje Ha MOBPIIMHM caMOr Marepujaia. Y OBOM
CIICITHjaTHOM CITy4ajy, MTOBPIIMHA HUje 3allPeMIHA FJIM Maca, TaKo Jla OIIITH MIPBU
3aKOH jeJJHaYMHE CBOAHU ce Ha cienehu oomuk:

01 ~00g =0 2

raecy Q; U Q,; Cy pe3yaTar npoBohema, KOHBEKIH]je, 1/UITH 3pauckha.

Cruxa 2. Konsepsuja enepeuja ca nogpuiune 3uoa
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ITocMaTpamo paBaH 3u[ MPUKa3aH HA CIMIH 2. Ca KOHCTAHTHOM TeMIIepaTypom Tj
Ha x=0 u T, Ha x=L. Xnaljewe Ha x=L Hacraje 300T KOHBEKIHjE HA Ba3AyIIHY
CTpyjy TemmepatypoMm 7, ¥ pajujaludje Ha OKOJIUHY, TeMneparypoM Tpox . AKO

00NMK eHeprhjcKe jemHaunHe (2) MPUMEHUMO Ha MOBPIIUHY x = L, MIOCMAaTpaMmo
EHEeprujy yciea mnpoBoljema, jep je oABeleHAa CHEpruja yciea KOHBEKIHUje U
3pauerba (paaujamuje). Ha ocHOBY cirke 2. MOXKe Ce HAalMCaTu J1a je:

Acond = q'conv +4rad 3)
[IpoBoheme mim KOHAYKIMjA je HAYUH MPOCTHPamka TOIUIOTE y (UBPCTHUM) TEIUMA
1 TO OJ MOJICKYJIa O MOJIEKyJia W 0oJbe pehu of jemHor enemMeHTa (MOJICKYIIH,
aTTOMU U CJIOOOHM €JISKKTPOHHU) J0 APYTOT, P YeMy C€ Makpoaeanhu MaTepuje
He kpehy. 3aTo ce OBaj HaYMH MPOCTHpama TOMJIOTE HAa3WBa M MOJIEKYJApHUM
npoctupameM. Ha oBaj ce HaAUMH TIPW 3arpeBamy jeIHOT Kpaja METATHOT IITara
TOILIOTA MPEHOCH Ha OCTaJIe JIeJIOBE IITAara.

KonBekumja je HauWH mOpocTUpama TOIUIOTE y CclydyajeBUMa KaJa ce palaHa
Mmarepuja Kpehe u HOCH ca cOOOM HEKy KOJMYMHY TOIUIOTE-CBOjY YHYTpAIlby
eHepryjy. To je HauWH TpEHOIIEHa MyTeM cTpyjama ¢uiynma. AKO je CTpyjame
M3a3BaHO CTPYjHOM MAIIMHOM, OHJIA je TOo MpupoAHa KoHBekuja. CTpyjame puynaa
MOX€e HAacTaTu M 300T PasIMUUTHX TYCTHHA Y pasHUM ciojeBuMa (ayuaa. Tana je
y IUTamy MPUPOIHA KOHBEKIIHja KOjace Ha3MBa jOII U MOJIAPHO MTPOCTHPALE.

Kox 3padema wim panujanmje ce TOMJIOTHA (YHYTpallikha) EHEpruja MaTepuje
npeTBapay €HEprujy 3pauckmha Koja ce y BUAY eNEeKTPOMAarHeTHOT Tajlaca MPOCTHpPE
KpO3 IpocTop U Kpo3 BakyM.EHepruja enexrporanaca kaga Hauhe Ha OPyro TENO
MIOHOBO C€ MpETBapa y TOIUIOTHY €HEprujy Memajyhu yHyTpallmy eHeprujy Tena.
Ha oBaj HaumH ce npoctupe u TomioTa ca CyHIa Ha 3emiby.

Ha ocHoBy mo3Harux m3pasa (1):

" nh-n - " 4 4
4coND =k'%, aconv =hc (T -T..),qrap =U‘€'(T2 —Toz) 4)
nobuja ce uspas:
k~T12—T2:hCo(T2—Tm)+a~g«(T24—T5‘Z) (5)

rae je k xoeduIujeHaT MPOBOIJBMBOCTU 3ua, h, je Koe(HUIUjeHT mpeHoca
TOIUIOTE 3a Ba3AyIIHY CTPYjY, © & je OIHOC EMHCHje MOBPIIMHE TOCMATPaHOT 3u1a
x=L mpema eMHUCHjH HpHOT Tesa. Ako 7/ je HeMmo3HaT, PElICHe je HCKpeH. AKO je
T, Hemo3HAaTa BEIWYMHA, MOXKE CE OJIPeIUTH Ha OCHOBY H3pasa (5).

INaymagHa kanmam@THBHA MeTOAA

[TocmaTpamo cranmoHapHO MpoBol)eme TOIUIOTE KPO3 paBaH 3Ul, Y3 NPEANOCTABKY
Ja je Ha x=0 KOHCTaHTHa Temmeparypa 7;, a Ha x=L 3uI XJagd CaMo

KOHBEKIMjoM (HE W paaMjalijoM), Kao LITO je MNpUKa3aHO Ha CIHLOU 3.a.
Ynorpedom jemnaunne (5), 3a x =L, nobuja ce na je q,(';ONV = ngND , OJTHOCHO:

kA e (1 - ) ©)
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Cauxa 3. Cmayuonapuo cmaree, jeOH0-OUMEHIUOHANAHO2 NPEHOCA MONAome KPO3
pasan 3uo, ca KOHCmaumuom memnepamypom T; Ha x=0 u KoH8eKyujom Ha x =L

AKo je Temmeparypa marepujaia yHH(GOpPMHA, W W3HOCH 7], OHAAa Mopa OWTH
OTIpPWIHKE jeHaka Temneparypu 7, wia 7y —7T, ~ 0 - T, Kao mTO je MpUKa3aHo Ha

ciuny 3.0. [la Ou ce To peau30Balio MOTPEOHO je MPETX0IHO 00e30eAnTH:
1. Marepwujai ca BeTUKAM KOS(DHUITHjCHTOM TIpojia3a TOIUIOTE k .
2. JleOspuHa 3unma L Tpeba ja je MTo Mamba.
3.  h¢ Tpeba 1a MMa ITO Mamky BPEIHOCT.

V3 unmeHnIy Aa Cy HaBeJCHU YCIOBH UCIYH-CHHU, U3pa3 (6) ce MoKe HaluCcaTH y
00JTHKY:
ﬂ = hC_L <<1 (7)
,-T, k
Ha Taj maunmn oappehen je Biot-oB 0Opoj, xao mapamerap OECKOHA4YHO Maje
BPEIHOCTH, KOjU CE€ KOPHCTH 3a OLEHY Ja JIM je WIM HE TeMIepaTypa KOHCTaHTHA
WK je oaroBapajyha maynragHa KarmauTHBHA MeToAa. AKO je:

piztcl o, (8)

OHJIa je TpellKa II0Be3aHa Ca MayIIaTHOM KalallMTUBHOM METOJOM BeoMa Maja
AKo je TIpearocTaBka TadyHa, OHJIA CE aHaJIM3a 3HATHO I10jeTHOCTaBIbYje.

VY3 mpermoctaBKy na jedaH o0jekaT HHUTH I0OHja HUTH TEHEpUILNE EHEprHjy,
jenHauwmHa (1), MOXe ce HanwcaTh y O0JHKY:

_ - . 9
Qod dt ()
raeje: Qg =hc-As-(T-T,) w Ecz=m-c-T=p-V-c-T.
Cana je:
—hC~As~(T—TOC):p-V-c-‘;—f (10)

Ha oBaj HaunH MOe ce oIpeauTy Temineparypa y GyHKIUjH BpeMeHa.
CpehuBameM U HHTETPabemhEM, U Y3 TPEANOCTaBKY KOHCTAHTH 3a BpeMe =0, 1a
je Temmepatypa T =T}, u Ha Kpajy Temnepatypa 7'(¢), no6ujamo:



Tpumena 3axona o 00pdicary enepeuje Ha pacnonoeny memnepamype 273

h~-As t T
_ C S.J.dt:.[ dT
pV-c 0 TIT_Toc

(11)

3najyhu na je dT =d(T - T, ), u 3aMeHOM TpaHHUIlE HHTETpana, 100uja ce:

_heds o T-To (12)
pV-c LT,
nJn.
T()=T, +(1; -1, )-e Ve AoV el (13)

OppxaBame eHepruje W mpoBolemeM ImpeHoca Tomiore. Mako ymorpeba
jeHaYMHE 3a CHEeprHjy Ha TOBPIIMHM MaTepujajia W MayllajHa KaraluTHBHA
Merona o0e30el)yjy pelaTHBHO jeQHOCTaBHA peliekha y BehwHH ciydajeBa, UMa
MHOTO JIPYTHX Ciy4YajeBa y KOjHMa OBE jeHOCTaBHE aHAJHM3€ HUCY JOBOJHHE.
Ouurnenad mpuMep je cliydyaj Kaja ce mayllalHa KarmaluTHBHA METOAAa HE MOXKE
MIPUMEHUTH Y oApehuBamy pacmojesne TeMIepaType y Marepujaty (ciydaj Kama je
Bi>1). Ilum oBor pamga je oapehuBame pacrojene TeMIepaType y caMoM
MaTepHjary Kao MOCIeANIIa CTallHOHAPHOT MPOBOhemka TOIIIOTE.

CrannonapHo npoBoljeme Tonaore y jennom cmepy. [locMatpamo jom jeqHom
paBaH 3ul, TpPHKa3aH Ha CIMLM 3.3, Ka0 TeJIO Kpo3 KOje ce O/Bja CTAlMOHAPHO
NpOBOlEHE TOMIIOTE Y jJEJTHOM CMEPY U KOje He TPEICTaBba U3BOP TOILIOTE.

e S e e A T B L T
i

—-
x

L
Cnuxa 4. Cmayuonapno npogoherse monnome Kpo3 enemMeHmapHy 3anpemumy
pasnoe 3uda y jeOHom cmepy

AKO TMPHMEHHMO jeIHAUYMHY 3a OJprKaBame EHEpPTuje 3a eJIeMEHTapHy KOHTPOJIHY
3alpeMUHy Kao IITO je MPUKa3aHo Ha CIUIK 4 ©UMaMo 1a je:

" "

Odov = Ooar =0 A dx ~YGx+ax ] A=0 (14)
PazBujamem y Taylor-oB pen:

"

" X

" dq
Ax+dx =4x T d
X

-dx + izraziveézgreda , (15)

"

1 3aHCMapuBalkbEM H3pa3a BUIICTA pPE€Aa MOKEMO HallMcaTu na je 9dx = 9x+dx»

onHOCHO u3pa3 (14) mobuja cneachu oOnuK:
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d"—xzik[d—Tj:o (16)
dx dx \dx

e ce ¢, oapelyje Ha ocHOBY DypHjep-0BOr 3aKOHa.

Oypuje je 1827. romuHe NMpBH MOCTaBUO 3aKOH MPOBOHEHa TOILIOTE, IO KOME je
YCIIOCTABUO JAUPEKTHY 3aBUCHOCT u3Mel)y chenu(uYHOr TOIIIOTHOT MpPOTOKA
(KoNMMYMHA TOIUIOTE KOja y jeAMHHIM BpeMeHa mpohe Kpo3 IPOH3BOJBHY
MOBPIIIMHY )M TEMITEpaTypPCKOT TpajfjaHTa, Kao:

G =—k-gradT (17)
rae je k& KoeQHIUjeHAT TPOMOPIUOHATHOCTH T3B. TEPMUYKA IPOBOJHOCT
MarepHjana (Koe(HUIHjEeHT TOIUIOTHE MPOBOIJBUBOCTH), M NPEACTaBIba TOILUIOTHY
KapaKTepPHUCTHKY PaJHOr Tela. 3HaK MUHYC yKa3yje Ha TO Jla CETOIUIOTa MPOCTHPE
y TIpaBIly CMamemha TEeMIIEpaType, Tj. y CMepy CYNPOTHOM OJ cMepa TpaanjeHTra
TeMIieparype.

Ipojekmje BekTOpa ¢ Ha KOOpAMHATHE OCE JaTe Cy M3pasuMa:
oT oT oT

qx = k.é’x’ qy = kay’ q; = kaz (18)

Jennaunna (17) mpencraBiba MaTeMAaTHYKH M3pa3 OCHOBHOT 3aKOHAa IpOBOhema
TOILIOTE, KOjU je mo3HaT kao DypujeB 3aKkoH.
Kako je y oBom ciy4ajy mpobiem craumuoHapan (0t/0r=0), U Kako Hema
VHyTpammux u3sopa tomiore (¢;(x,y,z,7)=0), a npoBoheme TomoTe je camo y
npaBily x—oce- JHHeapHo mpoBohewe (0T/dy=0, 0T/oz=0), To ce DypujeBa
mapIfjaiHa jeqHadrHa cBoau Ha u3pas3(16), 1j.

2
LT (19)
dx
JennaunHa (16) Moxe ce cana Hiucatu y cieneheM o0JuKy:
T(x)=c; +¢c;-x (20)

Y3 momoh rpaHMYHMX ycCJOBa 3a CiIydaj NMpHKa3aH Ha ciuim 3.a oxapelyjy ce
KOHCTaHTE ¢| U ¢, 3a TeMIepaType Ha moBpiuHaMa x=0, 1 x=1L.

T(0)=c; =Ty u T(L)=¢+c,(L)=T (21)
Ha ocHOBY M3HETOT MOKE CE OJIPEAUTH PACIIOJENIa TeMIIepaType mpemMa cieachem
u3pasy:

T, -T
T(x)=Tj +=2—

X (22)
KonmauHa mpoBeneHe TOIIOTEe KPO3 jeTHOCIOJHU paBaH 3ui (TSPMUYKH (IYKC)
oapeljyje ce Ha ocHOBY m3pasa ma je ¢ =Q/A , omakie ce 100uja 1a je:
Q:k.A.Tl;—TZ[J] (23)
KonnunHa TomnoTe Koja ce MPOBOAM Y jEMUHHIM BPEMEHA, TOIIOTHU MPOTOK
(dyxc)
Q:Q:k-A~T1;T2 ] (24)

T
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Jomr jemHOCTaBHHWje mpoBohemEe H3pakaBa C€ TYCTHHOM TOIUIOTHOT MPOTOKA
(crienupUIHUM TOTITIOTHUM MIPOTOKOM)

O _,L-L W
== _fk. - 25
9=" 7 {mz } (25)
U3pas (25) moxe a ce HamuIIe U 'y O0JHKY:
* L-T,
=77 (26)
k

Omnoc (k/L) HasWBa ce TOMIOTHA MPOBOUBMBOCT 3HJ4, & PEIHIIPOYIHA BPEIHOCT
(L/k) cneuuduyHA TOIUIOTHM OTHOP TOIUIOTHE MHPOBOJBUBOCTH (TEPMHUYKU

OTIIOp) KPO3 jEAHOCIIOjHI XOMOT€H! PaBHU 3U]I.
Mopen ornopuuka. Komnunuk L/k KOju ce Hamasu y MMeHHoOLy u3pasa (26)

Ha3MBa c€ TEPMHUUYKU OTIOP MPOBOhEmY TOIUIOTE, IO aHAJOTHjU Ca CIEKTPUUYHUM
otnopoM (R) y cTpyjHOM Koy, a u3pa3 (26) aHanorad je OMOBOM 3aKOHY Yy
€JIeKTPOTEXHUIIU:
_E-E

Re
rae je I —crpyja, E — eJeKTPUYHU OTSHIH]al, U R, — €JIEKTPUIHH OTIOP.

I (27)

[lo 0BOj aHanorMju crenUMUYHM TOMIOTHH TPOTHK (g) OArOBapa jaumHM
enextpuune cpyje (), a pasnuka Temmeparypa (T} —7,) oOAroBapa pasiUIH
€JIEKTPUYHOT TIOTeHLMjaa (HamoHy E ).

Ynopehemem uspasza (23) u (27) Moke ce yOUMTH aHanaoruja uamely KOJUUMHE
Tormiote Q, U Temneparype T y m3pasy (23), ca ctpyjoM [/, M €IEKTPUYHUM
nmoTeHNMjayioM E, y wu3pasy (27). Ha ocHOBY yodeHe aHajmordje MOXKE ce

JeguHUCATH OTHOP NPOCTHpama TOIJIOTE (TEPMUYKH OTIOpP)  KOHIYKLHjOM,
aHaJIOTHO OTIOPY R, Y €NEKTPUYHOM KOIY:

Reond :ﬁ (m2 K/W) (25)

Ha wctun HaumH moxe ce aeduHHCATH OTHOP MPOCTHPamy TOIUIOTE (TEPMUUKH
OTIIOP) KOHBEKIIH]OM:

Reony = ; (26)

he - A

[Ipennoct youeHe aHajoryje je y ToMe a ce MOTy IPUMEHUTH YONIUTEHU HU3pa3H
3a pefHy U MapajeiHy Be3y TOIUIOTHOI KOJIa aHAJIOTHO CTpyjHOM Koy OmoBor
3aKOHA. 3a PEeJHM paclopel TEPMUUYKUX OTIHOPHUKA MPOCTHUPAY TOIUIOTE UMaMO
J1a je YKyIIHA TEPMHUYKH OTTIOP:

Rp=%R;, (27)

1

W 3a MapajelHH pacropes TEPMUYKHX OTIOpPHHKA, MOXKE Ce HamucaTth Ja je
YKYTIHU TEPMUYKH OTIIOP:

-1
Rp = (Z_Rz’_lJ @8)
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3a nuHEapHO CTalMOHAPHO MPOBONEHE TOIIOTE KOPUCTH CE TEPMHUYKO KOJH 3a
aHaJM3y CIIOKEHHjUX CHUCTEMa Kao LITO je MpUKa3zaHo y cieaeheM npumepy.
Crnospamsu 301 jenHe kyhe, Mpuka3ade Ha JOK0j CIHIHN je CauuibeH o (acamHe
muriie aeospuHe 10cm, 1,5¢m  cimoja mmep-Ioiode, APBEHE TPEAMIle Ipeceka
15cmx4cm  w3Mmel)y kojux ce Haja3u u30Jallkja, W jedaH CJI0j CYBOT MajTepa
nebspuHe 1,5cm ca yHyTpalime crpaHe 3ujia. JpBeHe rpeauie pacnopehene cy Ha
cBakMX 60cm BHCHHE 3MJa Kao Kao IITO je NPUKA3aHO Ha ciWLW. TOmIoTHA
MPOBOIMIFBOCT 3a (hacajiHy LHUTITy, Clioja IINep-TuioYe, H30Jaluje, W CYBOT
ManTepa yHyTpammer suma cy 13W/(m-K), 012W/(m-K), 016W/(m-K),
0,03W/(m-K) H 0,17W/(m~K ) PECIIEKTUBHO. Y3 NPENNoCTaBKy JAa je JHHEapHO
CTallMOHApHO TpoBoleme TOIUIoTe, Tpeda OApPEAWTH YKYHMHH TEPMHYKH OTIIOP
mpoBol)ema TOIIIOTE jeaHe CEKITHje 3Ua.

§
/——————.\_\ __ 3
> Drvene gredice
: 1
[
A
3 s
2 . T
[ 2 — g‘ :‘5‘ _E' E
q 3 8 s 3
2 Q B @
iy & (7 !
—_
§
<
Drvene gredice
10em (f_‘Scm\ 1,6em
T

‘ TI, bem

Cnuka 5.

Pememe:

Jla 60 cMO0 m3padyyHaIM YKYITHH TEPMHYKHA OTIOp TMPOBOhEHma TOIUIOTE 3HIa
MPUKA3aHOT Ha CIIMIIA MOpaMo Hajupe Tpeda ma oapeaumo TepMudko koio. Ca
CIIMKE BHJM CE€ J]a TEPMHYO KOJO CauMibaBajy PEAHM W MApajie)IHd TOIUIOTHHU
OTIIOpPH, Ka0 MITO je MPUKA3aHO Ha CIUIH 6.

Izolacija
Rz

Fasadna cigla §p er-ploéa

Suvi malter
Rec R

Rsm

sp

Drvene gredice
Roe

Cnuxa 6.
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Hakrne, na 6 cMO M3paudyHAIM YKyHaH OTHOpP O IMOjeJJMHUX OTHOpa KOPUCTHMO
cienehe nagexce "OI" 3a dacagny murmy, "LHIT" 3a cnoj mmeprutoue, "U3" 3a
uzonamujy, "I 3a npeene rpequree, u "CM" 3a CyBu ManTep 3uaa:

1

Ruk =Rpc + Rgp + —————+ Ry
iz +Rpg
TIe je:
Lic Lgp L
Rpc=—tc— Rep=—L— Ry =—T
kpc - Apc kgp - Agp kiz Az
Lpg Lsu
Rpg=——""—, Rgyy =——
kpG - Apc ksy - Asu

3amMeHOM pe3ynaTara y:

- -1
Ryk = [ {LFC L Lsp +LSM:|+ ( Liz J +( Lpg j
Asyr || kre ksp  ksy kiz - Az kpG - Apc

-1 17"
L Ls L L L
Rux = 1 { Fc  Lsp SM}F( 1z j J{ DG J _

Asm | kre  kgp sy kiz Az kpc - Apc

1 10-100 1,5-100 1,5-100
= : + + +
60-100-1 { 13 016 017 }

-1
L|[_15:100 ‘1+ 15.100 )|
0,06-56-100-1 016-4-100-1
=418m> -C/w =418m>-C/W
Hamomena: Ako HTHOPHIIIEMO €KCepe, MOpaMo JOAATH OTIIOpe KOju ce Hajuemhe

no0mjajy Kao TO3HaTe BpPEeOHOCTH, Aobuja ce Oa je Ryx :4,6Om2-0C/W ca
rpemkom ox 10% .

Oununapuyne u cdepHe KoopamHarte. 3a LWIMHAAD W cdepy MOry ce
OPUMEHNATH CIMYHE aHalM3€ Kao My Clyyajy JHMHEapHOI CTalHMOHApHOT
IpoCTUpama TOIUIOTE Kpo3 pasaH 3ui. U 3a munuspgap u 3a chepy Doypuep-os
3aKOH MOJKE Ce HallucaTy y 00Ky y3pasa:
O=—k- 4.9 (29)
dt
rae je A crenududHa MOBPIIUHA.
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Cnuka 7. CmayuonapHo nposoherse moniome Kpo3
eleMEeHMAPHY YUTUHOPUYHY 3ANPEMUHY

3a Kpy)XHH UWIMHAAp, NOBpmMHA je A-=2-7-r-L, a 3a cdepy OHa je

Agr =4-7-r%. TIpUMEHOM jefiHE CIMYHE aHAIM3E K0 Uy CIydajy PaBHOT 3UJa,
SF y ciyqajy

MOXeE Ce 32 eJIeMEHTApHY KOHTPOJIHY 3alpeMHHY, TIPUKa3aHy Ha CIMIM 7 HAITHCATH

jenHaunHa 3a oap)kaBame eHepruje (14), 3a jeman mwnunaap. Crnenehn mocrymke

Kao y Cllydajy paBHOT 3uja o u3pasa (20), no6ujajy ce ciaenchu nzpasu:
3a uuIMHaap:

T(r):cl Anr+cy (30)
3a chepy
T(r)=c +2 31)
r

3a nmate TpaHHYHE yCIIOBE, MOTY C€ OJIpeIuTH pacmojene temmneparype 3a (30) u
(31) kao u y cmydajy paBHOT 3una (22). Y3 mpeTmocTaBKy JAa je TemIepaTrypa
UIMHIPa Wi cdepe KOHCTAaHTa Ha MOCMaTpaHO] KOHTPOJHO] 3allPEMUHH, MOXKE
Ce HaIloCcaTy Ja je:

T(n)=7 u T(ry)=T, (32)
3aMeHOM OBHX TpaHMYHUX yclioBa y jeanaunHama (30) u (32) nobwujajy ce cneaehu
U3pasu:
3a uunuHaap:

7(r) =15 +(7 —Tl)~% (33)
3a chepy:
rr)=Ty 40y 1) =2 (34

3amenom u3paza (33) u (34) y (29) mudepernupameM u cpehuBameM 100Hjajy ce
U3pa3u 3a TEPMHUYKE OTIIOTE.
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3a mumuHaap:
Re :TlLk’—f (35)
3a chepy:
B =l (36)

Hakne, MOry ce MpUMEHHUTH MOjMOBH YIOTPEOJHEHU 38 TEPMUUKU KPYT y CIydajy

paBHOT 3HMza 3a oBe ciydajeBe. OBo je miycTtpoBaHo y cienehem mpumepy 3a
LWINHAAD.

IIpumep: Cmartpaty n3MeHy 3a IMIMHIPUYHY LIEB pajuje Hero IuiaHap 3ui. lles
uMa Gecripekopan cieent 3umoBu (k =151W/m-K) xoju ce canpsxu 3acuhen sleam
Ha 1.0.

V Hephajyhoj gemmanoj nesu (k =15,1%/m-K) Hamasu ce 3acuheHa mapa IpUTHCKA
0,1MPa . CriojbHa NMOBpIIMHA LIEBU XJaJW CE€ Ba3AyIIHOM CTPYjOM TeMIeparype
20°C  KOHBEKTHBHHM MPOCTUPAKEM TOIUIOTE, YWjU je KoeduIMjeHaT Mpoiasa
TOILIOTE IOOW/ m>-K u 3padcmeM  OKOJIMHOT 3UJa TeMIICpaType ZOOC, Kao IITO

je mpukazHo Ha ciunm 8. 3uA UeBH je IOykuHe 10m ca yHyTpalllbuMm
TOTYTIPEYHUKOM Ol 4cm W neOpbuHOM 3una on lem . Koedummjenar emmcuje
3padema IPHOT Tella Ha CIoJballliby MOBPIIMHY 1eBHU je 0,2. Tpeba m3pauyHaTH
TEMIIEPATYPY CIOJbAIIHE TOBPIIUHE ICBH.

- Zasiéena vodena para . - Hae ”””””
| 1,0MPa

- @C

=

Pememe:

JemnaunHa 3a opIKBaamke EHEPTHje MOXKE Ce HAIMCaTH Ha OCHOBY m3pasa (3), Kao:
L] L] L ]
Qconp =Qconv + 9 rap

IZle Cy BPEIHOCTH 3a  U3pa)KeHE y BaTUMa.

Axo jemHaunHy (5) TPUMEHUMO Ha MPOCTHPAEHE TOIDIOTE KPO3 MUIUHAPUIHH 3HU,
nobwuja ce cienehun uspas:
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I -7,
Rc
e ¢y D u L crio/balikbki oOMM M JIy’KMHA 1IEBH, a R je TEPMUUKH OTIOP

:hc~D~L~(T2—TOC)+0-5~D-L-(T24 —T(;‘Z)

WIMHPA, KOJH C€ MOXe U3padyHaTH momohy uspasa (35):
__ 1
2-m-L-k  n

raeje r=0,04m, r, =0,05m, L=10m

Rc

hC~D~L+M hC'D'L'Toc+M‘Tl
T4+ ln(r2/r1) Ty = ll’l(l’z/}"l) +T4
2 2= oz
oc-¢-D-L oc-¢-D-L

3aMeHOM M3pasa 3a crosblImbK o0ouM 1eB D = 2.7 -r,u, noduja ce ynpomheHu
00JTMK TOpHET M3pasa:

3a k=151W/m-K, he=100/m? K, T, =Ty, =20°C =293K ,
£=02, c=56TW/m* K*.

Temnepatypa 3acuhiene mape 3a nputucak p =10MPa (u3 oaroBapajyhunx tabena),

nsHocn  Tj =17991°C = 453K . Pauynamo ca ancoinyTHMM — BpEeIHOCTHMA
TemmepaType KopucTehu WTepaTHBHH TOCTYNaK, 3a NpPB Y NPEANOCTaBIHEHY
BpenHocT T, =440K, noOujajy ce Ha JIeBOj M JIECHO] CTpaHM jeqHadnHe, cieaehe
BPEIHOCTU!

Ha neBoj crpanu 577-1013 >567-10" ma JIECHOj CTpaHM jenHaduHe. Y3UMaMmo
cnenehy npeanocTaBbeHy BPEAHOCT, U 100HMjaMo:

Ha neBoj crpanu 5,67-10'% <5,67-10'3 nHa necHoj cTpanu jennaunHe.

TpakeHa BpeaHoCT Temneparype 7, Hanasu ce usmehy 440K u 450K a ompeljyje

Cce MHTEpIOAIHjoM ca pememeM T, = 4418K : 567-1013 =567.10'3 .

3AK/bYYAK

W3 HaBenHMX M3pa3a U U3BPLICHE aHANM3€e, IPOM3MWIA3U J1a Ce IJIaBHE IoTemKkohe
npopadyyHa MpOCTHpama TOIUIOTE CacToje y TaduHoM onpehuBamy BpEIHOCTH
KoeuIlMjeHTa mpocTupama Torwiore. OBaj KoeUIHjeHAT 3aBUCH OJT YUTABOT HH3a
(dakTopa, Tj. om Op3mHE cTpyjama (iayuma, Temrepatype (Giayuma, Temreparype
3uAa rycuHe (Quynaa, BHUCKO3HOCTH, crHenupuuHe Toruore (Iyuaa, TepMUIKe
OPOBOAHOCTH MaTepujajia OICTPyjaBaHOT 3WAa, OKBalleHOr obOuMma 3una,
TAMEH3H]e 3Ua UT]I.

Kako je TemmnepatypHo mosbe y Quynay O1m3y rpaHdUdHE MOBPIIMHE HEXOMOTEHO,
To ce W Qusnuke ocobuHe ¢aynna (ryctuHa, crnenuduyHa TEMIepaTypa,
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BHCKO3HOCT, CIEIU(pUYIHA TOIJIOTAa WTA.), HE MOTY cMaTpaTh KoHcTaHTHUM. OBa
HEXOMOTCHOCT YTHYEC M Ha KOS(UIMjeHAT IMPOCTHpPamka TOIUIOTE, Y3HMMAaHmEeM Y
003up I[IpanTioBor 6poja (1).

CrenupuvHA TOIUIOTHM MPOTOK OJrOBapa jauyMHH CJICKTPUYHE CTPYje a pasjiuka
TeMIepaTypa OJroBapa pas3Jiuiy MOTCHIIH]jaja.

JIUTEPATYPA

[1] Ky3oBneB, B. A, Texuuuka mepmoounamuka u OCHOBU pazmeHe MONIOme,
Buma mkosa, Mockasa.

[2] Maneh, [, Tepmoounamurxa u mepmomexnura, I'paheBuncka xkmura, beorpar.
[3] Henyxuuj, U. A, Anabosckuj, A. H, Texnuuxka mepmoounamuxa u npeHoc
moniome, Buma mkona, Kujes.

[4] Mapuh, M, Mapuuuh, B, Tepmoounamuxa u nperoc moniome, IlpBa
KIbIDKEBHA 3a/1pyra, MocTap.

[5] Bonrapcku, A. B, I'ommoGejes, B. U, Tonkaues, [. @, 36upka 3adamaxa u3
Tepmoounamuxe u pazmerne moniome, Bumra mkona, Mocksa.

APPLICATION OF LAW ON ENERGY PRESERVATION ON
TEMPERATURE DISTRIBUTION AND ESTABLISHMENT
OF ANALOGY OF SPECIFIC HEAT RESISTANCE WITH
OM’s LAW

Summary: Heat expansion appears always when there is temperature difference
of two bodies, or parts of one body. This natural phenomenon is common in every
day life, and has special importance in technology and presents the essence of
processes in heating machines, condensers, central heating installations, etc.
Ability of a body to conduct heat in a good or poor way is characterised by
physical characteristic named thermic conductivity. Coefficient of heat flow
directly influences on interchanged heating quantity.

Key words: Energy, temperature, resistance.
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TEPMOANHAMHNYKHU HUKJTYCHU MOTOPA CYC
Y TK SOLVERU

PaguBoje Bylcamlmmmh1

Pesume: Koo ceux momopa paouu yukiyc obyxeama ciedehie npoyece: nyroere
YUTUHOPA CBEICOM PAOHOM Mamepujom, cabujarbe ceedce padHe mamepuje,
cazopesarve, wupere npooykama cazopesarna U usbayusarbe npooykama
cazopesarba u3 yuauropa. Lluxkiycu ce nepuoouuHO NOHABKAJY HA PAUVH
ocnobohene monnome cazopesarvem copuéa. Benuuuna pazeujenoe paoa u
euxanocm enepeemcke mpancgopmayuje 3aguce 00 HAUUHA 00BUAILA KPYHCHOR
npoyeca moKom paoHo2 Yukiyca Momopa.

Kibyune peun: 7K Consep, momop, yuxuyc.
TEOPUJCKHU HUKJITYCU MOTOPA

Ycnen oBakBe CI0XKEHOCTH OJ[BUjamba CTBAPHUX IMKITyCa, MPUCTYIIA CE YBOHCHY U
npoydYaBamy yrnpommheHWX I[HKIyca, KOJ KOJjUX Cy 3aHeMapeHH YTHIAjH
CEKYHJIapHOT 3Hayaja a y3eTH Cy Y 003Up caMO HajyTUIIQjHUJH YHHHOIIH.

OBakxBe TOjeIHOCTaBJbEHE IUKIyce HAa3UBAMO TEOPHjCKUM LUKIycuma. [lojenuHe
OUKIyCHE (ha3e OMBUjajy ce MO 3aKOHMMa TEPMOJWHAMHUKE, Ma CEe Ha3WBajy U
TepMOIUHAMHUYKH IUKIycH. OIBHjamke TEOPHjCKUX IMKIyca o0aBjbajo Om ce y
WJICATHUM YCIIOBHMA, Y UJICAIHO] MAaIlMHK, Oe3 ry0uTaka, ma ce 3aTo Ha3WBajy W
WaeaNHu NMKIycu. Maeannu uukinycu omoryhaBajy moOujambe MaTeMaTHUKHX
n3paza 3a TEOPHjCKH CTENeH HCKOpHWIIhema W CPelbH TEOPHJCKH IPHUTHUCAK,
nmoMolly KOjUX Ce BpIIM aHajgu3a IJIABHUX YTHIAja Ha TMO0OJBIIAKE OBUX
KapaKTePUCTHKA.

Pa3maTparme TeOpHjCKUX IUKITyCca 3aCHHUBA ce Ha cieaehuM mpernocTaBkama:

- Pamma matepwmja je mpeanaH rac, YMjH cacTaB Ce HE MEHma Y TOKY IIEJOT
LUKIyca, YAME je WCKJbYYeH W3 pa3Marpama IMpolec caropeBama.
CaropeBame je 3aMCHCHO JOBOHCHEM CKBUBAJICHTHE KOIUYMHE TOILUIOTE,
Ha oaroBapajyhem menmy muKITyca, ca CTpaHe,

- Hukiycu ce o6aBsbajy jeIHOM Te HCTOM KOJUYMHOM pajHE MaTepHje YuMe
Cy 3aHeMapeHM TyOWIIM BE3aHM 3a U3MCHY pajHe MarepHje, T3B. IyMITHU
ryOHIIn, KOju Cy KOJI CTBAPHUX MOTOpa HEM3OCKHH,

! mp PanuBoje BykammnoBuh, Buia TexHudka mikosa, Ypouiesar,
E mail: radel0@absolutok.net
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- Tlpomecu cabujama M IIHMpeHa OJBHjajy ce 0€3 pa3MeHe TOILIOTe ca
OKOJIMHOM, Tj. aaujabdaTcku, JOK C€ y CTBApPHOM MOTOpPY OBH HPOLECH
OJIBHjajy Y3 pa3MeHy TOILIOTE, Tj. IOTUTPOIICKH,

- CoernuduuHa TOIUIOTa pajHe MaTepHUje HE 3aBHCHU O] TEMIIEparype, jep je
pajsHO TEJIO UeaNIaH rac,

- HWpaeannu nukiycu ofBUjajy ce 6€3 MKaKBHX TOIUIOTHHX T'yOHUTaKa M3y3eB
onBolema TOILIOTE Ha Kpajy MHpemka, Ja OM ce pajHa MaTepHja JoBeIa Ha
MOYETHO CTAE U 3a1I09€0 HOBH LIUKITYC.

OCHOBY CBUX TEpPMOJMHAMHUYKHX [HUKIyca 4yuHH uaeannu Kapuoor (Carnot)
MUKITyC (cacTaBibeH o7 anaujabara cabujama M MUpPEHma U W30TEPMH JoBohema u
onBohema Tomiore). MehyTum, OBaj IHMKIYC C€ TEIIKO MOXKE pEaln30BaTH y
MOTOpY, M Kaja Ou ce OoCTBapHo, Nao OM jako Maiu pan, 300T H30TEPMCKOT
JoBohema 1 ofBolerma TOIIoTe.

OCHOBHH KPYXHU TEPMOANHAMHYKY LIUKIYCH 32 MOTOPE CY:

- 0TO LHUKIYC, OAHOCHO IMKIyC ca JOBOhEmeM TOMIOTe HPU KOHCTAHTO]
3anpemunu (V' = const.),

- JuU3el UMKIYC, OAHOCHO IHUKIYC ca AOBOhEHEM TOIIOTE MPU KOHCTAHTOM
MIPUTHUCKY ( p = const. ),

- cabaTe-MKIIyC, OJTHOCHO THMKIYC ca KOMOWHOBAaHUM JTOBOhEHmEM TOILIOTE
MAKITYCY (TeOM TIpH V' = const., a IETIOM TIPH p = const. ).

OTO HUKJYC

OcHOBHa KapakTepHCTHKa OTO-IMKIyca je JoBoheme Tomore (; TpH

KOHCTaHTHO] 3ampeMuHu, y SMT . OTo paiHU NpoLeC TEOPHCKH je 3aMHUIIBEH
Tako Ja ce rac (cMmema) KOju ce Haja3u y OWwiInHApy (cimka 1) Ha HUBOY ca
MIPUTHCKOM H 3allpeMUHOM IedrHHICcaHe Tadke 1, cabuje 10 Tadke 2, IpH 4eMy ce
TOM racy HHUTH JOBOJIU HHUTH OJBOIYU ToruioTa. 300r cabujama raca y IHIHHIDPY
Jlojla3u 10 ropacTa nputucka (tauka 2). Kama je kmun momao y SMT, Taja ce
TPEHYTHO AOBOIM TOIIOTa (), YCIEH Yera NpuTHCaK nopacTe 40 Tauke 3.

300r Harjor mopacra HMpUTHCKa y IMIHHIPY, AOJA3U 10 KpeTama KIIHIa Hasal,
OIHOCHO /10 €KCIaH3Wje raca y UWIMHAPY W NpPU KpeTawy Kiuma ka UMT mpu
YeMy ce racy HUTH IOBOAM HUTH OABOAM TOIUIOTA, 0OH]ja ce pan.

Kana ce xnun nalle y UMT (Tauka 4) nonasu 10 TpeHyTHOT oaBohema Torore O,
M TIOHOBO C€ J0Jla3d Ha TOYeTaK CTama raca Je(QUHUCAHUM HPUTHCKOM H
3ampeMuHOM (Tadka 1).
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Y p-V nwmjarpamy, TOBpIIWHA KCIOJ KpUBE MpEJACTaBiba paj, Tako Ja ce 3a
cabmjame Taca Of Tadke | 70 Tayke 2 yTPOIIM paj KOjH je€ TPEeACTaBIbECH
HOBPIIMHOM Hcnoa kpuBe 1-2. TIpu ekcmaH3uju raca ca CTameM Yy Taukd 3
ocnobaha ce pax koju je MpeacTaBbeH MOBPIIMHOM Hcrona kpuse 3-4. Kopucran
pan noOWjeH OBAaKBUM MPOIECOM MPEICTABIbEH je MOBPIIMHOM OME)EHOM OBOM
kpuBoM (1-2-3-4). OTto nuKITyc MprKa3aH Ha CIUIM cacToju ce on cieaehux dasza:

0= const
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1000

800

Ternperatura T(K)

600

400

ihg)
INDIKATORSK] DIJAGRANM O7T0O MOTORA u
T-s difagramu,uz primer Vill.8

200
410

1
T T T T T T T T T T 1
a9 415 42 4.25 43 4.35 4.4 4.45 4.5 455 46
Entropia sfkJgk)

Cnuka 1. Moeannu omo yuxnyc npukazany p-V u T —s Oujacpamuma

1-2 anmjabatcko cabujame,
2-3 M30XO0pCKO IoBOheme TorioTe O,
3-4 ammjabaTcko MHpeEmHE, U

4-1 u30x0pcKo oJiBoheme TomnoTe O, Y IHJby cBol)erma cTama raca Ha MoYeTHO.
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JA3EJ IUKJIYC

OcHOBHA KapaKTEPUCTHKA OBOT TEPMOIMHAMHUYKOT ITHKIyca je MoBoheme ToIoTe
Opd KOHCTAaHTHOM MPUTHCKY. [lM3en pamHu Tpolec 3aMUILBEH je TEOPHjCKH
HEIITO Jpyraddje oJf OTO-Ipoleca; HauMe Tac KOjH ce Halasd y ILIIUHIpPY ca
CTameM Je(UHHCAHUM TauykoM H (oJpelheHr MpUTHCAaK W 3alpeMHHA, CI1.2), Kao U
KOJl OTo-Tiporieca, cabmja ce, 0e3 moBohema W oxBohema TOIIOTE JO Tadke 2.
MebhyTtum, y Tauku 2 MOYUEE T0BOlemhe TOIIOTE MPU KOHCTAHTHOM NPUTHCKY, CBE
o tauke 3. 300r moBolema TOIIOTE, pacTe 3ampeMuHa raca (10 tauke 3) kanua
HAaCTaje HEeroBa eKCIan3tja, OTHOCHO rac BPIIHU pax o1 Tauke 2-3-4.

Kanma ce xmn Hammao y UMT a crame raca y HNWIHHIPY Ne(UHHCAHO TaykKoM 4
HacTaje, Kao KoJA OTO-Tpolieca, TpeHYTHO onBoheme Tomuote (Q,. JobujeHu pan

NPEACTaBJbCH j€ MOBPIIMHOM OTPaHMYEHOM KpUBOM 1-2-3-4.

O0a oBa Kpy»xHa mpoleca MOTy Jia ce 00aBe 3a JiBa WM YETUPH XOJa KIHma. AKO
ce KpYXHHM Tmporec 00aBM 3a JBa XoJia KJIWIA, TaKBE MOTOpPE Ha3MBaMO
nBotakTHUM. Kana ce pagHu mporiec 00aBH 3a YETHPHU XOZa KIHIA, TAKBE MOTOPE
Ha3MBaMO YETBOPOTAKTHHM.

Jusen-mukinyc cacroju ce on crieaehux daza:

1-2 ammjabara cabujama,

2-3 uzobapcko qoBoheme ToroTe,

3-4 anumjabata mupema, u

4-1 M30XOPCKO OJIBOhEHE TOTUIOTE.

OCHOBHH yCIIOB 32 OCTBapemhe¢ OBOT' IUKIyca je MPEHU3HO PEryJMcaHo IT0oBoheme
TOILIOTE, ITO CE Y MPAKCH TELIKO MOKE OCTBAPHUTH, M1a CE OBOM LUKITYCY HajBHILE
MPUOITMNKABA]Y BEIMKU CTIOPOXOTHH TU3EI-MOTOPH.

od T

psr
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HDEEALNI CIKLUS OTO MOTORA u T-s
sz plinsy VI

00

Dervod topiole po edysbaty

wor{

“ g-gd-qod

Ocheod topiote po sdyjabatt

Cnuxa 2. Hoeannu ouzen yuknyc npukasany p—Vu T —s Ooujacpamy

CABATE (KOMBUHOBAHMU) HUKJIYC

Teopujcku cabare-IHUKIYC je TEPMOAMHAMIYKA OCHOBA CAaBPEMEHHX JU3EI-MOTOpa
ca yOpusraBameM ropusa nomohy mymre BUCOKOT mpHTHcKa. Koa TakBor HauuHa
OCTBapema cMelle MPOMEHEHHU CY U OTeKaHH YCIOBU Melllamka yOpPH3raHOT TopHBa
¥ Ba3lyXa, y OOHOCY Ha KJIACHYHU AM3ENI-MOTOp Ca yIyBaBameM ropruBa MoMohy

caOujeHor Ba3ayxa.

300r Tora ce WAc HAa PaHUjU MOMEHT yOpH3raBama, TaKO Ja MPBO CaropeBame
MOYHILE TIPU Kpajy cabujama, a caropeBame CE 3aBplllaBa Mame WM BUIIE W32
SMT , mito 3aBucH oj ontepehema. TakaB X0/ CTBapHE JIMHUJE CArOPEBaa MOXKE
ce anpOKCHMHUPATH TEOPETCKUM KOMOWHOBAaHMM OJIHOCHO cabaTe-IUKITyCOM, ca
JETUMHYHUM JTOBOEeM TOIUIOTE NMPH KOHCTAHTHO] 3alpEMHHU W JIOBOhCHEM
OCTaJIOT JIeJia TOIIOTE P KOHCTAHTHOM TIPUTHUCKY.

INDIKATORS KT DLAGRAM KOMEINOVANGE CIRLUSA
. - v koordinatama

Wovartents taplate po up-v

teodari

s

| Astiabatska
\{lmu&

it Tex hoordinatarma
I
e - T T -T2
’
CAMAL, o
o {dip=canst) 4
.
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Cnuxa 3. Kombunosanu-cabame-yuxnyc npuxazany p—V u T —s oujacpamy
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Teopercku cabare-1MKIyC (CKKa 3) cacToju ce U3 cleaehux IUKITyCcHUX (a3a:
1-2 aamjabaTcko cabujame,

> /
2-3  n30x0pcKo AoBoleme Tomote Q;

3'-3 m306apcko goBoheme Tomtore Q) =0y - O; (D
3-4 anmjabaTcka €KCIaH3Hja,

4-1 wu30oxopcko onBoheme TomioTe O, .

UumeHHUIIA je 1a CBU PEAJHU KJIMIHU MOTOPH Y MPUHIIMITY paje 1Mo cadaTeoBOM
IUKJIYCYy, CaMo IITO je KOJl OTO-MOTOpa PEalHU LUKIYC OJHM3aK TEOPHjCKOM OTO-
HUKIIYCY Ta ce BUME U 3aMemyje, TOK KOJA JAU3EI-MOTOpa PealHH IHMKIYC Ce H
mpoydJaBa mpeko Teoprjckor CabaTeoBOT ITUKIyCA.

AHAJIM3A U YIIOPEBEILE TEPMOJNHAMUWYKUX ITPOLHECA

OcHOBHH KpHUTepHjyMH 3a ynopeheme ehUKacHOCTH OBHUX LHUKIyca Yy TOTJery
epuKacHOCTH HCKopuIIhewa T0BeIcHe TOIUIOTHE CHEPTHUje U BEJINYMHE Pa3BUjCHOT
MEXaHUYKOT pajia cy:

a) TEPMOIMHAMUYKH CTEIIEH KOPUCHOCTH 7, , U

b) crmeuuduyuHM pan HUKIyCca p;, .

OCHOBHU NapaMeTpy aHAJIM3UPAHUX LIUKITyca Cy:
- npeunuk (D) u xox (S ) knura,
- pazHa 3ampeMuHa jeAHOT UMauHApa Vy,: V;, =7 D?.5/4 , (2)
- 0poj oOpTaja KOJIEHACTOT BpaTHia MOTOpa 7,
- KOMIIpECHOHA 3allpeMUHa uIuHapa v, ,

- CTemeH KoMmripecHje £: ¢ =1+V, /V,, 3)
- CTeIleH MopacTa IpUTUCKA @ : & = p3/ py, (3a 1u3en a =1), 4)
- CTeIeH mpenekcnansuje p: p="V;/ V3r (3aoT0 p=1), (5)

- cmeuupuYHa TOIUIOTa PaaHOr (uryna NpU KOHCTAHTHOM HPUTHCKY ¢, ,

- crnenuduYHA TOIUIOTA IPU KOHCTAHTHO] 3alIPEMHHH ¢, ,
- eKcroHeHT apujabare k: k=c,/c,, (6)

- CTemeH mpema 6 : 6=V, /Vy=¢/p. (7)

[Mapamerpu cTama pagHOr MeAMjyMa Y KapaKTEpPUCTUYHMM TadykKaMa MUKIyca
IpemMa 3aKOHUMa TEPMOJUHAMUKE, CY:

- TeMmepaTypa Ha Kpajy mporeca cabujama: T, =T; - ¥ !, (8)

- NpHTHCAK Ha Kpajy mporeca cabmjama: p, = p - &~ , 9)

- TeMmeparypa Ha Kpajy U30XOpCKOT JOBOlema ToIIoTe:
T3_/=T2-a:T1~a~gk_1, (10)

- TIPUTHUCAK Ha KPajy U30XOPCKOT JOBOhema TOIIoTE:
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Py =a-p, (3a mu3en-uukayc « =1,0), (11)
- TeMIeparypa Ha Kpajy n300apcKor 10Bolema TOIIIOTE:

Ly=p-Ty=a-p-e1, (12)
- TeMmIeparypa Ha Kpajy IIHpemba:

T, =Ty /5 =a-p .13, (13)
- TPUTHCAK HA KPajy HIUpPEHA:

P4=P3/§k=a"9k'pk'P1~ (14)

JloBeneHa W oJBEZiCHA TOILIOTA, 3a KOMOMHOBAHU IUKIYC, HEKOj MPOWU3BOJHHO]
MacH m KOja Ce Hala3W y [WIHHIPY jeJHaKa je:

0y =0y + O{ -yKyIIHO JIOBeJIeHa TOILIOTA, (15)
QO =m-c, -(T3/ -7, )—moxopcxo noBoheme Torore, (16)
O =m-c s (T3 - T3/ )-H306ap01<o JOBOheH-€ TOIUIOTE, (17)
0, =m-c, -(T; — T)-M30X0pCKO 0/IBOHEME TOIIOTE. (18)

TepMOAMHAMWYKA CTENCH KOPUCHOCTH IHKIyca JehUHUCAH je OJHOCOM
nobujeHor pajaa (MCKopHUINeHe TOIJIOTE) MPeMa JOBEICHO] TOIJIOTH LIUKITYCY:
k

Q-9 _, O _ 1 a-p” -1
===l (19)

O O 1 (a-1)+a-k-(p-1)
TepMoaMHAMHUYKH CTENEH KOPUCHOCTH IH3eJ-IHKIyca no0Hja ce Kama ce y
MPETXOAHOM H3pa3y CTaBH Ja je « =1, 9auMe ce J00Hja u3pas:

1 pr-1
eFk-(p-1)

TepMOAMHAMUYKHI CTETICH KOPUCHOCTH OTO-IMKIIyca J00Hja ce Kaaa ce y u3pasy 3a
TEPMOTUHAMUYKH CTEMEH KOPUCHOCTH KOMOWHOBAHOT ITUKITyCa CTaBU aa je o =1:

) |
n ZI_F 21

=

n =1 (20)

CHHEIIUOUYIHHU PAT IUKJTYCA

Crnemuduunn paxg unukmyca omoryhyje ymopeheme 1mmkiayca y Tmoriexny

uckopumhema paxHe 3anpeMUHE 3a pa3BHjakbe MeXaHWdykor pazga. llpema

JNeQHUHUIM]H TO je OJJHOC UCKOpHIINieHe eHepruje y BUAY Pa3BHjeHOT MEXaHHIKOT

pana mpema pagHoj 3apeMUuHH:

:E:Ql_szﬂt'Ql (22)
" Vi Vi

rze je: W,-pa3BujeHH paJ TepMOIMHAMUYKOL [IUKITyCa.

IIpu onpeheHoj pamHOj 3ampeMuHu, crHeMUGUYHA paj] MPOIMOPIUOHATAH je
KOJIMYMHYU JIOBEJCHE TOIUIOTE M BEIMYMHH TEPMOJMHAMHUYKOT HCKOpHIThema
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nuKIyca. Pa3BUjeHHM paj TEpPMOIMHAMUYKOT LUKIyca afeKBaTaH je MOBPIIMHH
OTpaHNuYEHOj 3aTBOPEHUM KPYKHHUM IPOLIECOM, TaKo Aa je:

Wy=01-0)=§p-dv (23)
OJIHOCHO, 32 KOMOMHOBaHHU (cabare) MUKIYC je:
Wi =W, 1+ W34 -Wp (24)

Pag mpu m3obapckoM mmpemy W3 ; Kao u pan mpu annjabaTCKOM IIUPEHY CY

NO3UTUBHH, JIOK j€ paj Ipu aaujabatckom cabujamy W), neratusan. Kopucrehu
penamwje ox [1] mo [14] n m3pase 3a n306apcku pan u pan aaujaGarckor cabujama u
mpema:
Wi =ps 1€ _V3')
Wi =m-R-(T3 = T4)/(k-1) (25)
Wp=m-R-(T, = T;)/(k~1)
MOT'Y CE€ OBE BEJIMUYMHE M3Pa3UTH y PYHKIHjH CTaka Ha TIOYETKY HUKiIyca (Tauka 1)

Tako J1a ce noduja m3pa3 3a cuenuuyHu paj KOMOMHOBAHOT (cadare) HUKIyca y
cnenehem o0NMuKY:

k k
k_ P11 € a-p- -1
=~ _Jla-1)+a k-(p-1)-—L—— 26
Pl {(a )+a-k-(p-1) = } (26)
3a qu3en muKIyc « =1, Tako Ja je crienuduvaH paj jeTHaK:
k
d_ P ¢ -1 p -1
=~ _k(p-1)|" ——F——< 27
Pr -1 21 (p ){ k'(p—l):l (27)
3a 0TO IUKIYC « =1, TaKo Jia je crenupUIHN paj] jeIHaK:
0 D1 & k-1
=L .7 (a-1)\"" -1 28
pi =) ) (8)

Jenunune crnenuduYHOT paga OATOBapajy jeIMHHMIIAMA IMPHUTUCKA, Ma CE OBa
BEJIMYMHA HA3MBA jOLI U CPEAU TEPMOANHAMUYKH IIPUTHUCAK, jE€p CE OBa BEJIMYUHA
MOXe JOOWTH IUIAaHUMETPHCAheM MOBPIIMHE KpY)KHOT LUKIyca y p-V
KOOpIUHATHOM cucTeMmy. CpelnmH TEepPMOIUHAMUYKH NPUTHCAK je (PUKTUBHH
NPUTHCAK KOHCTAHTHE BEIHMYMHE, KOjU OM NIEJIOBAkEM Ha KIHILYy Y XOAYy LINpEHa
U3BPIIMO WCTU paja W, KOjU HM3BpIIE NMPOMEHJHbHBH NPUTHCUIU Y TOKY OJIBUjarba
LIMKITyca, a KOjH j€ MPEeCTaBJbEH MOBPLIMHOM p —V AxjarpaMa Kao Ha CIULH 3.
Pag koju je npeacTaBibeH NpaBOyraOHOM HOBPIIMHOM Ha ciauuy 10 jeqHax je:

W, =p; -V (Nm) (29)
CretuuvHy paj jeHaK je:
Wi =W [V}, = p, (Nm) (30)

U3 oBux m3paza BUOM ce 1a je CpeAU TEOPETCKU MPUTUCAK p, jeAHAK paay Koju

ce 10o0uja 1o jeJUHULU 3alIpeMUHe MoTopa W, .
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3agarak: UYeTBOpOTakTHM MOTOp ca IIECT HUWIMHAApa paad ca KOMOWHOBaHUM
JIOBOhemEeM TOIIIOTE, TIPU v =const. B p = const. Ca anljadaTCKOM KOMIIPECHjOM H

eKCIaH3MjoM, U W30XOpHUM xnahemeM. [Ipeunnk nmnuHapa je 12c¢m, X0A Kiuma
l4cm a ©Opoj oOpraja 1550 O/min. Crenen kommpecuje je 15, a cremneH
npeneKcrnansmje 2 .

IlodetHO crame Basmyxa je 1-10° N/ m? u 341K . N3pauynatu nmapamerpe crama

Ba3Jyxa y KapakTEpUCTUYHUM TauyKaMa pagHOr LUKIyCa, Pa3iauKy IOBEICHE U
olIBeleHe crneuu(UYHe TOIUIOTE TOKOM IIMKIyca, KOPUCTaH paj IUKIyca,
TEOPHjCKY CHAry W TEPMOJMHAMUYKH CTEINeH HcKkopuinhema nukiyca. PagHo temo
nMma CBOj CTBO Ba3ayxa, ca CﬂeﬂehI/IM BpEAHOCTHUMA:

R=0287kJ/(kgK), ¢, =1000kJ/(kgK), c, =0,718kJ/(kgK), k=14.

Pewene:
Tok npopauyna komOnHOBaHoOT 1uKiyca y TK Solveru
Status Rule
Comment ; *eqstig.tkw Ideal gas equation of state for one or
two 2 states
Satisfied pl *vl=R*TIl
Satisfied p2 *v2=R*T2
Satisfied R =R(gas)
Satisfied p2=pl*rv"k
Satisfied T2=T1*rv"(k-1)
Satisfied T3=T1*rv (k-1)*p
Satisfied T4=T1*rp*ru*rv*(k-1)
Satisfied T5=T1*rp*ru"k
Satisfied p3=pl*rv"k*rp
Satisfied p4=p3
Satisfied pS=p4*(V4/V5)"k
Satisfied 111;)1—(U(rvA(k—l))*(rp*ruA(k)—1)/((rp-1>+k*rp*(m-
Satisfied qd=cv*T1*rv(k-1)*((rp-1)+k*rp*(ru-1))
Satisfied god=cv*T1*(rp*ru"k-1)
Satisfied l=qd-qod
Satisfied Vh=PI()*d"2*hod*10"(-6)/4
Satisfied m=p1*Vu/(R*T1)
Satisfied N=m*1*n*60*1*z/3600
Satisfied Vce=Vu/rv
Satisfied cv=cp-R
Satisfied Vu=Vh*rv/(rv-1)
Satisfied Vi=m*vl
Satisfied V2=m*v2
Satistied p*V k=pn*Vn"k
Satisfied V3=Vc
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Satisfied V4=V3*ru

Satisfied V5=Vu

Satisfied Wae=INTEGRAL("p4*(V4/V)"k,V",V4,Vu)
Satisfied Wize=p3*(V4-V3)

Satisfied Wak=INTEGRAL("p2*(Vc/V)"k,V",V¢,Vu)
Satisfied W=Wae+Wize-Wak

Satisfied w=W/m

Satisfied psr=W/(Vu-Vc)

Rule

T=T1*e()"((s-s1)/cv)

T2=T1*rv(k-1)

s2=cv*LN(T2)

T3=T2*p

T4=T3*ru

T5=T1*rp*ru™k

T=T1*e()"((s-s1)/cv)

T2=T1*rv"(k-1)

s2=cv*LN(T2)

T3=T2*rp
T4=T3*ru
T5=T1*rp*ru"k
Status |Input | Name | Qutput | Unit Comment
'Air gas Enter name of the gas, i.e. CO2.
See List: gas IG for choices
R 0,287 kJ/(kg*K) | Gas constant
100 pl kPa Pressure at state 1
vl 0,9787 m”3/kg |Specific volume at state 1
341 Tl K Temperature at state 1
4430000 | p2 Pa Pressure at state 2
v2 0,0652 m”3/kg |Specific volume at state 2
T2 1010 K Temperature at state 2
15 v Stepen kompresije
1,4 k Eksponent adijabate
T3 2010 K
) p Porast pritiska pri dovodenju
toplote pri V=const.
T4 4030 K
Povecanje zapremine pri dovod
2 ru .
topl. pri p=const.
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p3 8860000 |Pa
Termodinamicki stepen
M 0,619 Yo iskori$¢enja ciklusa
qd 2730000 |J/kg Jedini¢na dovedena toplota
god |0,1040000 |J/kg Jedini¢na odvedena toplota
1 1690000 |J/kg Jedini¢ni rad
Vh 0,158 m”3 Zapremina hoda klipa
12 d cm Pre¢nim cilindra
Vu 0,17 m”3 Ukupna zapremina cilindra
m 0,173 kg Masa vazduha
N 22700000 |W Teorijska snaga motora
1550 n o/min Broj obrtaja radilice
0,5 i Faktor taktnosti
6 V4 Broj cilindara
T5 1800 K
14 hod cm Hod klipa
Ve 0,0113 m”3 Kompresiona zapremina cilindra
1000 cp J/(kgK) |Specifi¢na toplota pri p=const.
718 cv J/(kgK) |Specifi¢na toplota pri V=const
L p 8860000 |Pa p=f(V)
L 0,0226 |V m"3
0,0226 | Vn m"3
V2  10.0113 m"3
Vi 0,17 m”"3
p5 528000 |Pa
8860000 | p4 Pa
V3 0,0113 m"3
V4 10,0226 m"3
V5 0,17 m”"3
i 295000 |J Ukupno dobijeni rad TK
Wae 1277000 |7 Dobijen@“ rad  adijabatskom
ekspanzijim TK
Wize 1100000 |7 Dobij eni . rad izohornom
ekspanzijim TK
Wak |82900 ] Utroéeni“ rad za adijabatsku
kompresiju TK
w 1700000 |J Dobijeni jedini¢ni rad TK
psr 1860000 |Pa Srenji pritisak ciklusa TK

ZA DIJAGRAM ,, T-s“
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Status | Input Name | Output | Unit Comment
Temperatura u f-ji od entropije

L T 341 K T=f{(s)
1007,374| T2 K
L 4,965 s kJ/(kgK)
4,965 s2 kJ/(kgK)
0,718 cv kJ/(kgK)
5,4627 |s3 kJ/(kgK)
1 cp kJ/(kgK)

sl 4,965 kJ/(kgK)
qd 2738,043 |kl/kg Jedini¢na dovedena toplota
4,965 smin kJ/(kgK)
5,4627 |smax kJ/(kgK)

qdl 723,295 |kl/kg

Jedini¢na dovedena toplota pri

v=const. TK
Jedinicna dovedena toplota pri
qd2 |2014,7487 |kJ/kg p=const. TK
5,4627 |slmin kJ/(kgK)
6,15587 |slmax kJ/(kgK)
qo 1040,9538 |kl/kg Odvedena toplota TK
1 1697,089 |kJ/kg Dobijeni jedini¢ni rad TK
3AK/bYYAK

UzpauyHaBambe KapaKTEPUCTHYHUX TEPMOGUHAMUYKHX BEIHMYMHA W TPUKA3BAIHC
KapaKTepUCTHYHHX Ipolieca mpoMeHa crama y Moropuma CYC (u He camo y
MoTOpuMa BehH MapHUM W TacHUM TypOWHaMa, pacxiamuM ypehajuma, UTm.), je
Janeko eduKacHHje, TayHHje Opke M TNperiiefHUje OJf KJIACUYHOI HavMHA
onpehuBama M MpUKa3uBama NpoMeHa crama. O moceOHOT je 3Hauyaja To Ja ce
MpOpadyyH MOXe W3BOAUTH W y EHrmeckom cuctemy jemuHuma mepa u 'y ISO,
CHUCTEMY jeIyHHUIIAa Mepa, Ca jeTHOCTABHOM KOHBEP3HjOM, KOjy Ha TIperiieiaH HaunH
omoryhyje TK Solver.
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THERMODYNAMIC CYCLES OF SUS ENGINES
IN TK SOLVER

Summary: In all engines, working cycle comprises the following processes: filling
of cylinder with fresh operating matter, compression of fresh working matter,
combustion, expansion of combustion products and discharging of combustion
products from cylinder. Cycles periodically repeat in the form of released heat of
fuel combustion. The size of developed work and efficiency of energetic
transformation depend on the way of performance of circle process during the
working cycle of an engine.

Key words: TK Solver, engine, cycle.
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ITPUKA3ZNBAILE OCHOBHUX IPOMEHA CTAIBA
NIAEAJTHUX U PEAJTHUX T'ACOBA
ITPUMEHOM TK SOLVERA 1 MATLABA 7.1

Pangusoje ByKaIIII/IHOB]/Ihl

Pesume: Tepmoounamuuxa jeOHauuna cmarba (eKnepuMeHmanno 0obujena eeza
usmelly OCHOGHUX MEPMOOUHAMUYUKUX CMAIba) Modce O0d ce NpuKaxice Kao
ROBPUIUHA Y  MPOOUMEH3UOHATHOM npocmopy. Y  3agucnocmu 00 ycioea
(00pehenux epedHocmu OCHOBHUX BEIUHUHA CMATbA), PAOHO MENO je Y YBPCIOM,
meuHoM u eacogumom azpeamuom cmamy. llojam ¢hase newmo je yoscu 00 nojma
aepecamnoe cmarea. Ha npumep nocmoju nekonuxo anomponckux moouguxayuja,
O0OHOCHO (haza neda-ucmoe ugpcmoe azpeamuoe cmara 6ode. Q0 nocedHoe
3Hauaja je 0a ce 0OjacHu Kaxko ce y HedOCMAamKy jeOHOCMAGHUX 00IUKA jeOHAYUHA
cmarva, Kopuuwihersem ooeosapajyhux mabena u oujacpama o0opehyjy eeruuune
cmara peanrHux paowux mena. IIpumena npoepamcKux jesuxa y 6eauxoj mepu
011AKWABA KOHCMPYUCAIbe U NPUKA3UBATLE OCHOBHE NPOMEHe CMArd Peaninux u
UOeanHUx 2acosa.

Kimbyune peun: 7K Consep, peanan eac, ucoeanau eac, cmarve.

JenmnaunHa crama uaeanaHor raca (KiamnejpoHoBa jenHaunHa):

pv=R-T (1)
UMa jeJHOCTaBaH OOJNMK W y JOCTa MMPOKOM HMHTEpPBATY MPOMEHA CIOJbAIIEUX
yClIOBa OINHKCYyje TOHAIake MHOTMX pealHUX racoBa, ca TadyHomhy koja je
JIOBOJbHA 33 WHXKEHEPCKe npopauyHe. Kox uaeanHux racoa 3aHeMapyje ce yTHIIa]
MehyMomnekymapHHUX cuia U 3apeMHUHa CaMUX MOJICKYJa, 8 MOXe Ce HAIUCATh U Yy
cinenehnm obnuimma:

pv/RT=1, pV=m-R-T, p=p-RT , p-V=nR,T 2
riae je n Opoj MOJeKyJa raca.
OcobuHe peaqHuX TacoBa Pa3NUKyjy C€ W KBAIUTATHBHO W KBAHTUTATHBHO O
ocoOWHa WIOeamHUX racoBa. M3melly Momekyia pealHHX racoBa JCjCTBYjy Kako
CHJIC y3ajaMHOT TIPHUBIIAYCHA, TAKO U CUIIC OJ0Hjarka TIPH YeMy TP CACBUM MaJiM
pactojamuma mnpeoBnalyyjy cuie ozxdujama, na O0u ca moBehamem pacrtojama
u3Melly MoJieKyia MOCTENeHO MPEoBIaalie CHiie MPHUBIAYCHa, YTOIUKO cy Behe
MTO je Mame pacrojame M3Mel)y MOJeKylsa, Tj. YKOJHKO je Mama crenuduana
3arpeMUHa.

! mp PanuBoje BykammnoBuh, Buia TexHudka mikosa, Ypouiesar,
E mail: radel0@absolutok.net
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Cune y3ajamMHOr JnejctBa u3Mely aBa MoJeKyina MOTY ce H3padyHaTw momohy
u3pasa:

Fr)=-92 (3)

dr

rie je r - pacTojame n3Mely HeHTapa MoneKyna, a ®(r) - ToTeHIMja, IpH YeMy
TayaH aHAMTHIKA OOJIMK OBe PYHKIHje HHje oApel)eH, ma ce y JIuTepaTypu MOTy
Hahu pasznumuute oOnmiu oBe (yHKIHMjE, 3aBHCHO Off ycBojeHor mozena. Kao
HajOoJbe TPUOTIKEHE CTBApHOCTH TMoOKa3ao ce mnoreHunujan Lenarda-Dzonsa
MO3HAT I10J] UMEHOM MOTeHIUjal “6-12”, mpeicTaB/beH Ha CIUIM 2, TIE je & - T3B.
TyOWHA TIOTCHIIMjalla jaMe, a o — BPEIHOCT r 3a Koje je @ =0. 3aTo je jeqHaymHa
CTama peaTHiX racoBa CIOXKCHA.

JEJHAYUHA CTABA PEAJIHUX 'ACOBA

3a pasiMKy O] MICATHOT Taca, MOJICKYJIH PealHOT raca MMajy KOHauHe IUMEH3Hje
u u3Mely \ux nenyjy MehymonekynapHe cuiie Koje ce y OIIITEeM CIy4ajy He MOTy
3aHEMapHTH. 3aTO je jeMHaYNHa peaTHUX racoBa CYBHINE CIIOKCHA M JTO JTaHAC HHjE
no3Hata. O[CTyname 3aKOHUTOCTH PEalHUX TacoBa O] 3aKOHHTOCTH HICATHUX
racoBa pe3yJITHpAJIO je HU30M KOPUTOBAHUX jeJJHAYMHA a je[IHA O/ TAKBHX je U Van
der Waalsova (1873). Ta jeqraunHa moJia3u OJ] YMLCHHIIC JIa C€ MOJIEKYIH Kpehy y
3aTBOPEHOM IIPOCTOPY, yaapajy o 3uIoBe Cyda U na ce MelycoOHO cymapajy mTo
JOBOJM JI0 TI0jaBe MpUTHCKA. 300T KOHAYHE BEMYMHE MOJIEKYJIa MPOCTOP Y KOMe
ce oHu kpehy Mamu je on ykymHe 3ampemuHe. Y3umajyhu y o03up TpaHUYHY
3alpeMuHy b [0 KOje ce MOJIEKYJTH MOTY NPHONMXHTH, CIO000AHU TPOCTOP 3a
BUXOBO KpeTame je (v—b), Ha OCHOBY uera je:

p-(v=b)=R-T 4)
Van der Wals je y3eo y 003up u Mel)ycoOHO aenoBame MOJEKyJia Tj. KOXE3UjCKe
cuie, Koje He Joia3e y 003HMp KOI HMIealHuX racoBa. Mehytum 300or cMmamema
pasmaka wu3Mmel)ly Monekynma cunma  koja  genyje u3Mmehy  Monekyna  u3
YHYTpAIIKBOLITH, MPONOPLUOHANHA je Opojy MOJeKyjlda y TOM [elly raca, Tj.
ryctuau 1/v. Takolje Opoj MoyeKyja KOju yjaapa O 3HJ M HM3a3uBa MPUTHUCAK je
HpornopiuoHainad ryctuau 1/v. Tlpow3unasu jga ce MOBPLIMHCKH CIIOj raca
NPUBJIAYM Yy YHYTPAIIKOIIT MOJCKYJApPHHM CHJIaMa KOje Cy MpOMOPIHMOHAIHE

KBaJpaTy TyCTHHE, H 3a Im’> H3HOCH a/vz. IIpu TOoMe je a xoeduIHjeHT

MPOMOPIUOHATHOCTH KOjH 3aBHCH Of mpupoje raca. OaHoc a/ v2 je yHyTparumu
(p,) WM KOXE3MjCKM TIPUTHCAK TIPOY3POKOBaH Mel)yMoneKymapHUM cuiama Koje
JIeNyjy Y UICTOM CMepy Kao M CIOJhaIllbH IPUTUCAK a 3aBUCH OJ PacTOjama nu3Mely
MOJIEKYJIa ¥ Of] ’bUXOBOT Opoja y jeIMHUIM 3alpeMUHE, Tj. Of] TYCTUHE raca.
CroJballlsy MPUTUCAK Taca, KOjU Ce MEPH, MArbH j€ OJ] YHYTPAIIhET Ma je:
2

pu=p+alv (5)
Ha ocHOBY MoJeKyJIapHO-KHHETHYKE TeopHje, y3uMajyhm y 003Hp KOPEKIHjy
3anpemune (4) u nputucka (5), Van der Waals je (1873.) 106mo jeaHauuHy:
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=

L_a (©)
.

p:

)

<

rzie cy:
a U b— KOHCTaHTE KOje 3aBHCE OJ] KPUTHUYHE TauyKe MPUTHUCKA M TeMIeparype a
padyHajy ce mpemMa u3pasy:
2 2
,_2RMT O RT )
64+ p, 8.

Kao mobosemame jeqHaunHEe CTama pealHuX racoBa je Redlich-Kwong jemnadumHa
CTama, y OOJHKY:

b= R-T a ®)
v-b v(v + b)~ T
rae cy:
a ¥ b— KOHCTaHTE Koje ce oapelyjy npema crnenehum u3pazuma:
2
a=0,4275-M n o b=00867. 7T 9)
Pe Pe

VY HekuM ciyyajeBUMa MPUMEHYje ¢ U T3B. “BHUpaliHa jeIHAYMHA CTaHha PEaTHUX
racoBa” y o0nuKy:

B(r) , c(r) , Dir)

pv=R-T+ S (10)

v v2 %
rIe cy:
B(T), ¢(r), D(T) wra. T3B. BupaTHu KOehHUIMjEHTH KOjU 3aBHCE O MPHPOJE H
TeMIieparype raca, a oapelhyjy ce eKCriepuMeHTaIHO.
Y TepMomuHAMHUITK TpUMEHYy Hama3um MmoadukoBaHa Clapejronova jeqHadnHa y
00nuKy:

pv=Z-R-T (11)
TIe je:
Z — xoeUIUjeHT Koju y3uMa y 0O3Mp OJCTyIame peajHor O] HJcalHOr raca,
(Ha3zmBa ce Koe(dHIMjeHAT KOMIIPECHOWIIHOCTH), a MOXE C€ OJPEAWTH ca
onroBapajyhux mujarpama:

Z=f(pr.Tz) (12)
rie cy:
Pr>» Tr— PpEOyKOBaHM MPHUTUCAK M TEMIIEpaTypa, KOjU C€ padyHajy Ipema
cnenehum uspazuma:

pr=r/PC, Tp =T/Tc (13)
rIe cy:
pc 1 Tc — BPEOHOCTH MPUTHCKA U TEMIIEPAType Y KPUTUYHUM TadKaMma.
Kputnunu nputucak je oHaj mpu Kome ce aajbuM noBehameMm Temmeparype He
MO>ke TocTHhY ucriapaBame TEIHOCTH.
Kputnyna temrmeparypa je oHa Ha K0joj ce JajbuM noBehameM NPUTHCKA HE MOXKe
noctrhy ncnapaBame TEYHOCTH.



298 360pnux padosa BTIII Ypoweeay

p = constant. 7|

0.6

HOK! rricaia
1 TACKA

01 02 04 1 2 4 10 20 a0 —_— L~
PRITISAK (MPz) h B

Cnuxa 1. @axmop cmuuivusocmu Z azoma  Cauxa 2. Tepmoounamuuka cmared
mamepuje uuja ce 3anpemuna
cmarvyje npu cmp3asarby

®dakTop CTUILLUBOCTH Z TMOMaxe, oapehuBamy ymoTpeOJbHBOCTH jeTHAUYHHA
CTama HJeallaHorT raca 3a peaiHe racoBe. OH je neduHucan nzpaszom (12), a 3a azot
npuKkas3aH je Ha ciuny 1. Kako y Bazqyxy mMa HajBUIe a30Ta, BPEAHOCTH 32 Z
NpUXBaT/BUBE Cy Takohe | 3a Ba3ayX. Ako je Z =1, uiu Bpyo 6au3y 1, jemHaunHa
3a WjcalaH-rac MOXe OuTH ymnoTpeOsbeHa. AKO BpeAHOCT (akTopa Z HHUjE Y
Oomm3uHM 1, oHJa ce Mopa ynotpeduTtn m3pas (12).

®DakTOp CTUIIJLUBOCTH MOKE OWTH pellieH 3a OMJI0 KOjH rac MPUMEHOM YOI TEHOT
JyjarpamMa CTHLIIJBUBOCTH MPHUKA3aHOT Ha CILJ. Y YONIITEHOM JHjarpamy KOPHCTE
C€ peayKOBaHU IIPUTHUCAK P, W peayKoBaHa TeMmmeparypa Ty :

MelhyTumM pamgHO TENNO y TEPMOIWHAMHYKOM CHCTEMY MOXE na Oynme jomr U y
TEYHOM M YBPCTOM arperaTHoM cTamy. OUurienHo je Ja 3a CYyICTaHIy Y OBUM
CTambMMa, He BaXXH jeJJHaYMHA CTama HieanHor raca. He mocroju Ha mpumep,
YBPCTO TEJIO, HM TEYHOCT 4YMja OM ce 3ampeMuHa CMamWia Ha IOJOBHHY Kala
NPUTHCAK MOpacTe Ha JBOCTPYKY BPEIHOCT. Yak U KOJ TACOBUTHX Teja, IPUINKOM
Behnx Kommpecuja, WiM y ONM3WHM Ipejiacka y TEUYHO CTame youaBajy ce 3HaTHa
OJICTyIIamka O] TIOHAIIamka MpeMa jeIHAYMHN CTama WACATHOT raca. 3aTo MOCTOjU
norpeba Aa ce Mpoy4H MOHAIIAKE PATHOT Tella Y IMUPEM paclony MOryhux crama.
TepMoauHAMHUUKa jelHAUYMHA CTama (€KCIepHUMEHTaIHO 100HjeHa Be3a OCHOBHHUX
TEPMOJAMHAMUYKUX CTama-MPUTHCKA, TEMIIEpaType W CHenuduyHe 3anpeMuHe)
IpHUKa3yje ce Kao IOBPIIMHA Yy TPOAMMEH3MOHATHOM IIPOCTOpPY, Kao MITO je
MpKa3aHo Ha CIUIHN 2.

PaznuunTiM pasHUM TenMMa OATOBapajy pa3IMuuTe MOBPLIMHE Ca CIMYHUM
obmukoM. IlocToju paznuka m3Mel)y CyICTaHIIM KoOje ce IpH CMp3aBamy IHpe
(cmumy 3) u cyncTaHIM KojuMa ce MpH CMp3aBamby cMamyje 3anpeMuHa (CIUIH 2)
[IpBoj rpynu npunana Bpyio Maiau Opoj CYNCTaHIH, O] KOjUX je HajBaKHHUja BOJA.
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Cnuxa 3. I[lpocmopnu oujacpam 'p,v,T 60de, uuja ce
3anpemuna nosehaea npu cmMp3asarsy

Moxe na ce youn monpydje onpehennx ¢asza n “mpexkugHu’ mpenasak U3 jenHe
(haze y apyry He MoOTry aa Oymy ONHMCAaHW HEKOM jeTHOCTABHOM jeTHAYMHOM. 3aTO
Ce YMECTO MaTeMaTHUYKUX jelHAauMHa CTamka HEeKe CYIICTaHIe, OOMYHO KOPHCTE
nujarpamu. Paznuuute dase m moryhHu ycnoBu mpenacka U3 jeane ¢ase y Ipyry
3HATHO Cy TpEMICTHUJA Y T3B. (pa3HOM aujarpaMy Ha CIWIN 4 KOjU TPEICTaBJba
OpojeKuyje MpuKa3aHux p,v,T -MOBpLUIMHA ca CJIMKE 3 Ha paBaH uHje Cy

KOOpAMHATHE Oce MpUTHCaK H 3anpeMuHa. Ca ciuke 3 BHOM Ce 1a ce TPesIacly U3
jemne daze y omBHjajy kpo3 MelyoOiiacTd y KojuMa TOCTOj€ WCTOBPEMEHO IIBE
(hase pu yemy je cCBaka OJ] BbUX Y PABHOTEKH (3aculieHa) ca OHOM JIpyroM. 3aTo ce
KapaKTEepUCTUYHE JIMHUjE y (Pa3HOM AMjarpaMy Ha3WBajy KPUBE PABHOTEKE HIU
KpuBe 3acuhema.

10°

Pritisak p(kPa)
L

EREEIT N ]

T [t el el e B

107 L I I I I I I I

10 o ) 10?
Specifi-na zapremina v(m3/kg)

Cnuxa 4. “p-v” ¢paznu oujacpam 6ooene nape
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Kom6unanujom npsor u apyror Clausiusovog uHTerpaia Ja00Hja ce jeMHCTBEHU
W3pas 3a APYTH TJIABHHU 3aKOH:

L (14)

T
rae je:
T — amiconyTHa TeMmrmepatypa u3Bopa Tomiote. M3pas (14) je MaTemaTHuka
(dopMyaigja Ipyror TJIaBHOT 3aKOHA 3a KPYXHE Ipollece, TIe Ce 3HAK jeIHAKO
OJTHOCH Ha TOBPATHE a 3HAK Marhe 3a HEMOBPaTHE.
Kox moBpaTHuX mpoleca, MOAWHTETPATHU H3pa3, MapaMeTap CTama jeqHaK je
MIPOMEHH CHTPOIIH]E:

ds:ﬂ TN m:?ﬂ (15)
T VT

Jennauune (15) npencrasibajy MaTeMaTHuKe U3pase APYror MIIaBHOT 3aKOHA.
VYV HemoBpaTHUM MpOIECHMa MOJUHTErPATHN M3pa3 HHUje MapaMeTap CTama jep je
HErOBa MPOMEHA Y MPOIECy pasinduTa o HyJe, Ma ce 3a X 100uja 1a je:

dq 2 dq
ds>—— WM As;, > [— 16
= > 1g (16)
OJIHOCHO YOTIIITCHO, 3a TIOBpAaTHE M HETIOBPATHE MIPOIECEe BAXKH JIa je:
24
Asy >[4 (17)
2507

3a uzonoBaHe (amujabaTcke) cHCTEMe, TIe HeMa pa3MEeHE TOIUIOTE Ca OKOJIMHOM,
dq =0, nobwmja ce:

ds>0 (18)
IITO 3HAYM Ja CHTPOINHUja H30JIOBAHMX CHCTEMa OCTaje HCTa Yy IOBPAaTHUM
MpoIecrMa WK ce moBehaBa Ko HeITOBpaTHUX MpoIleca.
Hejenmnaumna (14) je moceban ciyuaj m3pasza (17) jep Baxku camMo 3a Kpy>KHE
nporece, a u3pas (17) Moxke ce MPUMEHUTH 33 CBaKHU MPOIIEC Ca TIOUYETHUM CTAHEM
1 ¥ KOHAYHUM CTameM 2.

5" DIJAGRAM H20.

Entalpija h(kJ/kg)

Temperatura T(C) Entropfa s(IkgK)

Entropija s(kJ/kgK)
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Cauxa 5. Ilpocmopnu “h,s, T u ¢pasnu “h-s” u “T,s” oujacpamu,
xkoncmpyucanu y MATLAB 7.1

W3 u3pasa ds = dq/T , nobuja ce xa je:

dg=T-ds (19)
[loBe3uBamem MaTeMaTHuke (GOpMyJalMje NPBOT ITIABHOT 3aKOHA 3a 3aTBOPEHE M
OTBOPEHE CHCTEME, OTHOCHO:

dg=du+p-dv, dq=dh—v-dp (20)
ca uspa3om (19) moOuja ce OCHOBHA jeHaUYWHA TEPMOJWHAMHUKE KOja IOBE3Yje
IPBU U APYTH [VIABHU 3aKOH:

T-ds=du+p-dv=dh—-v-dp, niu

T-ds—p-dv=du (21)
u noBomu y MehycoOnu onmHoc BenwuuHe 7,s, p,v,h U u Koje onpel)yjy TOIUIOTHO
CTame CUCTEeMa.

3a nneanHe racoBe jeaHaunHa (21) Moxke ce HammucaTy y 00JHMKy HM3pasa:
gs= e pdv_ AT g & 22)
T T T v
3najyhu nma je: du=c,-dT W p-v=R-T, uHTerpajbemeM wu3paza (22) y3
MPEANOCTaBKY Ja je crenu(udHa TOIUIOTa KOHCTaHTHAa No0HWjajy ce Hm3pasu 3a
NPOMEHY EHTpOIHje:

sz—slzcv«ln£+R«lnv—2 (23)
h Vi

sz—slch«lnT—z—R-ln& (24)
h i

3a moBpaTHe amujabaTcke mpolece, MPOMeHa eHTponuje As=0 Tj. s; =s,, Ma ce
NPETXOHHU U3Pa3H MOTY HAIMCATH Y OOJIHKY:

k-1 k-1)/k
B [x) &:(&]( ' 05
o \»n o \m

CrenuguvHe TOIUIOTE UACATHUX racoBa HUCY KOHCTaHTHE, ma ce u3pas (22) mopa
HAMWCaTH y O0NHKY:
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. C
gy = _vdp _Cp gy R 4 (26)
T T T p
HuterpamemeM u3pasa, yumajyhu y o63up 1a je ¢, =c,(T), nobuja ce 1a je:
N
s2—s1=j—p~dT—R-lnp—2 (27)
Vil T P1

HuTerpan y ropmoj jeIHAYUHE 3aBUCH CAMO O] TAMIIEPAType, & HheroBa BPeIHOCT
MOJKE Ce OJIPEINTH Yy oroBapajyhum tadenama:

uwe »
b= =]——dl (28)
Tl T
W3pas (27) Moke ce HanmucaTu y OOIHUKY:
s2—s1=¢2—¢1—R~ln& (29)
pP1
3a U3eHTPOICKH Ipoliec As =0, jerHauuHa (29) MOXKe ce HamucaTy y o0NuKy:
P2 _ exp[m ~¢ ] _ewplpy/R) _ f(Ty) (30)
P R ) ewl#/R) f(T})
Ha taj maumH neduHECATN CMO PEJIaTHBHH NMPHUTHCAK p,, KOjU 3aBUCH CaMO O]
TeMIepaType:
p, =/ (31)
OmHOC IpUTHCaKa jeTHOT U3SHTPOIICKOT TIpoIleca MOXKe ce HaImucaTH y 00IuKy:
P2 _Pr2 (32)
pP1 P

O,E[HOC 3anpeMHHa HNACAJIHOTI raca MOXE CE O,I[peZ[I/ITI/I HpI/IMGHOM ja,E[Ha‘lI/IHC CTamkba
HUACAJTHOT raca.
v T
_nrn b (33)
vi P2 T
3a M3EHTPOIICKU MPOLEC KOPHCTH CE€ M3pa3 pPENaTHBHUX NPUTHCAKA,ga OM CMO
neduHUCAT peNaTHBHY CIeNU(UYHY 3alpeMHHy v,, Koja 3aBUCH CaMO O

TEMIIEpaType:
v, =L (34)
Pr

BpenHocTi penaTMBHUX CHEUM(GUYHUX 3alpeMHHA MOTY C€ OYHTaTH Yy
onroBapajyhuM Ttabenama, ma je OAHOC CHEHU(PHYHUX TOIUIOTa HM3EHTPOIICKOT
nporeca:
2.2 (35)
Vi Vi
Ha ocHOBY HM3HETOT MOXe Ce OAPEIMTH NMPOMEHa EHTPOIHje HJICaTHOT Traca ca
KOHCTAaHTHUM ¥ NMPOMEHJBMBHUM CIEUU(PUYHUM TOIUIOTaMa. 3a YHCTE CYIICTAHIE
Kao IITO je Ha MpUMeEp Mapa, BpeJHOCT eHTpomnuje ce Moxke Hahu y oarosapajyhum
Tabemama.yY ToApydjy BIaKHE Iape SHTPOIHja C€ MOKe M3padyHaTH Ha OCHOBY
u3pasa:
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S=Sp+X-Sp (36)
Tpeba HamoMeHYTH Ja je BpPEIHOCT CHTpoNHje 3acuheHe TEYHOCTH BOJE Ha
temneparypu 0°C jenHaka Hymn. Y perHoHy TperpejaHe mape, eHTPOIIH]a 3aBHCH
O]l IPUTHCKA H TEMIIEPATYpE.
3a CTHIUIMBY TEYHOCT BPEIHOCT EHTpomHMja ce Moxke Hahu y oxrosapajyhum
TabenaMa WX aNpoOKCHMALMjOM BPEAHOCTH CHTPONMje 3achheHe TEYHOCTH S,

Jare 3a onromapajyhy temmeparypy (3aHemapyjyhu BENMUMHY NpPUTHCKA)
TabenapHa.BpeJHOCT EHTPONHjE€ CTHIUBMBE TeYHOCTH 32 10 MPa u 100°c je
s=130kJ/(kgk), a BpemHocT eHTponmje 3amheHe TEYHOCTH Ha 100°C  je
sy =131kJ / (kgK ) , LITO je 3aHeMapJbUBa Pa3jvKa.

3a TeyHa W YBPCTA arperaTtHa CTamba MPOMEHa SHTPOITHje MOXKE CE OJIPEIAUTH BPIIO
JIaKO aKo Ce MPETIIOCTaBH Jla Cy UM CHelu(UIHEe TOIIOTe KOHcTaHTHe. Ha ocHOBY
nmo3HaTor u3pasa 7-ds— p-dv=duu y3umajyhu y o03up Ja ¢y  JeI ¥ TEYHOCT

NpUOIIKHO HECTUILIJBMBH, Tj. dv =0, MO)XEMO HalMCaTH A4 je:
Tds=du=c-dT (37)
I7Ie CMO W30CTaBWIIM MHAEKCE CIEHU(PUYHHUX TOMJIOTA MOLITO je 3a Jied W TeYHOCT

Cp =cy,. V tabenama ce 0OMYHO Hajase BpPCAHOCTHU 3a Cp , a IpeaAmnocTtaBjba CC€ Aa

Cy jeIHaKH ca c. Y3 NPEANOCTaBKy Ja Cy chelupuYHe TOIUIOTE KOHCTAHTHE,
NpOMEHa CHTPOIMHje TEYHOT M YBPCTOT CTamba MOXE CE OAPEIUTH Ha OCHOBY
u3pasa:

T
ase feL ol (38)
7 n
VKonmuKo Cy crenuduuHe TOIJIOTE aare y (YHKIMjU MPUTHCKA JIAKO CE MOXKE
OJIPETUTH HHTErPaJl.
Bpeanocti crenupuYHAX TOIUIOTA YBPCTOT M TEYHOI CTaba HEKUX PaJHHX
MaTepuja Jare Cy y MpHIory.

3amarak: V3padyHartd npuTHCAak mape 4mja je Temmeparypa 500°C a rycruma
24 kg/ m> , ynorpe6om:

a) JenHaunHe cTama UACANHOT raca,

0) Van der Waals-oBe jeqnaumnne,

1) Redlish-Kwong-oBe,

1) dakropa KommpecHje,

e) TaGene 3a mapy.
Taxohe 3a (a), (0), () u () ymotpedu TK Solver.

Pememe:
a) JenmHaurHa cTama UAcaHOr Traca:
p=p-R-T=24-0462-773=8570kPa

e je R =0,462kJ/(kgK ) racHa KOHCTaHTa BasyXa.
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0) Van der Waals-oBa jeqHaunHa:

_R-T a _ 0,462 -773 1,703 —7950kPa ,

Tv=b 2 (1/24)-000169  (1/24)?

BpenrocTr 3a KOHCTaHTe a U b y3eTe Cy y Tadenu.

p

1) Jegnaunna Redlish-Kwong:

Lo RT a _ 0462773
v=b y.(v+b)-NT (1/24)-00017
- I =7930kPa .

(1/24)-[(1/24)+ 0,00117]- 4773

BpennocTu 3a KOHCTaHTE a U b y3eTe cy y Tabemnu.

n) PakTop CTUIIJLUBOCTH HAaNa3W ce Ha aujarpamy. la Om ymoTpebunu nujarpam
MOpajy ce Hajlpe OAPEIWTH PEIyKOBaHM NMPUTHCAK M PEAyKOBaHA TEMIIEpaTypa,
npeMa u3pasy:

Te=T 2B oy ppe 28570 g
T, 6474 py, 22100

Ie ce 3a p Yy3UMa IPETXOAHO M3padyyHaTa BPEOHOCT y jEeAHAUYWHHU CTama
UJICATHUX TacoBa (a).
YnorpeboM aMjarpama CTUILJBUBOCTH (4YHje BPEAHOCTH Cy TNPHONMKHE) W Ha
ocHoBY m3pa3a (1) oapehyje ce TpakeHU IPUTHUCAK:

Z-R-T 093-0,462-773 — 7970kPa

v (1/24)

¢) Tabeme 3a mapy majy TadHHje BPEAHOCTH 3a mpuTHCAK. 3a ¢=500"C wu

p:

v=1/p=1/24=0,0417 m* / kg ountaBamo mpuTHCaK: p = 8000kPa .
Ynorpedom TK Solver-a 3a ynasue penuunne T = 773K u v=1/24=0,0417m> /kg ,

OUYUTABAMO:
a) CenexroBameM “UMpean rac” p =8572kPa,
0) CenekroBameM “Van der Waals” p=T7942kPa ,
1) CenexroBameM “Redlich-Kwong” p=7925kPa,

1) CenexroBameM “Steam” ucmop “Data”  p=8013kPa.

Ulaz Oznaka | Izlaz Jedinica Coment
\ Enter oznaka of the gas, i.e.
H20 gas COa.
R 0,462 kJ/(kg*K) | Gas constant
pl 8571 kPa Pressure at state 1
0,04167 | vl m”3/kg Specific volume at state 1

773 T1 K Temperature at state 1
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Ulaz Oznaka 1zlaz Jedinica | Coment
500 T C Temperature

p 8010 kPa Pressure

h 3400 kJ/kg Enthalpy

s 6,72 kJ/(kg*) | Entropy
0,0417 v m”3/kg Specific volume

u 3060 kJ/kg Internal Energy

X 'mngless Quality

phase 'SH Phase: 'SH=Supe
Ulaz Oznaka | Output Jedinica Coment

Oznaka of gas, i.e. - CO2
H20 gas . See list gas for choices.
pl 7943 kPa Pressure, state 1
500 T1 C Temperature, state 1
0,041667 vl m”3/kg Specific volume, state 1
Ulaz Oznaka Output | Jedinica | Comment
, Enter the oznaka of the gas; i.e.
H20 gas CcO2.
pl 7926 kPa Pressure, state 1
500 T1 C Temperature, state 1
0,04167 | vl m”3/kg | Specific volume, state 1
3AK/bYYAK

Moxe na ce 3akiby4d Aa mojapydje oapehenux dasza u “npekuaHu” mpeiaszak u3
jenne ¢asze y y Apyry He Mory jaa Oyay ONHMCaHH HEKOM PEJIaTUBHO jeIHOCTaHOM
jemHagymHOM. 300T TOra C€ YMECTO MAaTeMaTHYKUX jeJHayMHA CTamba HEKe
CyTICTaHIle, OOMIHO KOPUCTE nujarpaMu (jeqHaurnHA CTamkba y TpaduIkoM OOJHKY),
nin TomnoTHe Tabene. [IpemnokeH je Benuku Opoj jenHauMHa CTama Y
AQHAIUTHYKOM OOJIMKY, i Cy YIJIaBHOM BpJIO CIOXEHOT o0nmka. Heke ox mux
OJIITUKY]Y C€ BUCOKOM Ta4HOIINY caMO y OTpaHWYEHO] 00IaCTH MMPOMEHE BEITHYNHE
CTama, JOK JpyTe MOKPUBAjy MIKUPOKE OICcere, alld ca MamkboM TeuHOIhy.

Pa3Boj pauyHapcke TexHuke omoryhyje jerHocTaBHHUjE, TaUHM]jE U OpiKe peliaBambe
CIIOKEHUX MaTepMaTHYKHX jeJHaYMHA CTama ca 3aJ0BoJbaBajyhoM mpenusHomrhy
rpaduuKoT IpUKa3a MpOMEHEe CTamba.
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PRESENTATION OF BASIC STATE CHANGES OF IDEAL
AND REAL GASES USING TK SOLVER AND MATHLAB 7.1

Summary: Thermodynamic equation of condition (experimentally obtained
connection between basic thermodynamic conditions) can be presented as surface
in three-dimensional space. Depending on conditions (certain values of basic
condition dimension), the operating body is in solid, vaporous or liquid state of
aggregation. Term of phase is rather narrower than term of state of aggregation.
For example, there are several allotropic modifications, namely, ice phases- the
same solid aggregation state of water. It is important to explain how the values of
states of real working states are determined with the lack of simple forms of state
equation, using the appropriate tables and diagrams. Application of programming
languages in a great extent simplifies construction and presentation of basic state
changes of real and ideal gases.

Key words: 7K Solver, real gas, ideal gas, state.
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OJP’ KABAIBE 3AZTATE BPE/JHOCTH PEJIATUBHE
BJIAXKHOCTHU BA3AYXA

PaguBoje Bylcamlmmmh1

Peszume: V monromuum ypehajuma wecmo ce npumeryjy cmeuie eacoga u napd,
npu Yemy je Kapakmepucmuuan npumep OKOJIHU 6d30VX, KOju Y8eK caopiciu
oopeheny xoauuuny eodene nape. Bnacxcan 6azdyx He camo wimo npeocmassnod
CpeduHy Koja HAC OKpYJicyje U Yy Kojoj ce 008ujajy MHO2U MEXHOIOWKU NPOYecl,
6eh je uecmo u OCHOBHU PAOHU DAYUOY PABIUMUMUM 0OIACMUMA MEPMOMEXHUKE
(epejarve cywerve kaumamuzayuja umo.). Ilocebno je 3nauajna ynoea 6naxncHoe
6a30yxa y Memeoponiocuju.

Kibyune peun: Bazoyx, eraxcnocm, peramusna memnepamypa, npumucax.

Braxxan Basmyx ce IMojaBJbyje W Kao CacTaBHU JIEO pagHe MaTepHje Yy TaCHUM
TypOHHaMa, MPOAYKTHMa caropeBama y MOTOPHMA Ca YHYTPAIIHBUM CaropeBameM
Ka0 W KOTIOBCKkMM arperatuMa. C OO3HUpOM Ha IMHUPOKY MPUMEHY BIAXKHOT
Ba3Jyxa, Ka0 W MPOMEHJBUB CaJpXkaj Biare, MoTpeOHO je TMO3HABAHE HHETOBUX
CBOjCTaBa, KaKo KOJI IPOjEeKTOBamka TaKo U Ko kopuiihema ypehaja.

TEPMOJUHAMMNYKA CBOJCTBA

CyB Ba3iyX 1O CBOM CacTaBy MpelcTaB/ba cMmelly Beher Opoja racoBa 4uju je
HOPMAJTHH CacTaB JIaT y Tabesu:

I'ac Osnaka | 3anpemuHcku cactaB % | Macenn cactaB %
Azot N, 78,03 75,47
Kunceonnk 0, 20,9946 23,2
Apron A, 0,933 1,28
YribeH-1e0KCHI CO, 0,030 0,046
Bononuk H, 0,010 0,001

Heon N, 0,0018 0,0012
Xeaunjym H, 0,0005 0,00007
Kpunron K, 0,0001 0,0003

! mp PanuBoje BykammnoBuh, Buia TexHudka mikosa, Ypouiesar,
E mail: radel0@absolutok.net
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ZAPREMINSKI | MASENI PROCENTUALNI SASTAV
VAZDUHA

O Zapreminski sastav B Maseni sastav

200

150

100

50

0
N2 02 Ar CO2 H2 Ne He Kr

CyBu Ba3ayx, 0e3 Biare y Ipupou HE TOCTOjH.
Brnaxau Ba3myx Moxe ce cMaTpaTH CMEIIOM WACATHUX racoBa, jep ce BOACHA mapa
y BbeMy Hajuernhe Halasd Ha PEJaTUBHO HUCKOM TMAPIMjATHOM TPUTHCKY U Y
nperpejaHoM cramy. [lpuTHcak BiaXHOT Ba3ayxa mpema J[adTOHOBOM 3aKOHY,
U3paXeH je Kao 30Mp MapuMjalHUX MPUTHCKA CYBOT BaszgyXa W BOJCHE Hape.
Kopucrehu ce nnnexcuma (p) 3a mapy, (v) 3a Ba3Nlyx U (S) 3a CMelly, Tj. BIAXKHU
Ba3yX, T0OMja ce Ja je MPUTHCAK CMETIIe:
DPs =Pyt Pp- (1)
Bonena mapa y BiaxHoM Ba3ayxy Hajuerhe je:
-y npeepejanom cmarsy (Tauka 1, cimka 1), mpu 4yemy je MapIjaHU
NPUTHCAK [ape p, HWKA Of NpuTHCKa 3acuhema p Ha Jaroj

TeMIIepaTypH BIAXKHOT Ba3IyXa, KOja je HICTOBPEMEHO U TeMIIepaTypa mape
y Ba3ayxy,

-y cyso 3acuhienom cmarpy (Tauka 2, cnuka 1), e je mapuujaiHy IpUTHCAK
nape p, jefiHaK NPUTUCKY 3acuhersa p Ha JaTOj TEMIEPATypH.

Bopena nmapa y BiIaXHOM Ba3IyXy Takohe MOxke OUTH y MOKPOM CTamy (Tauka 3,
ciuka 1), ca mapuujallHiM NPUTHCAK [ape p, KOJH je jeAHaK NPUTHCKY 3acuhema

p TpH aToj TEMIEpaTypH, ajll y3 [10jaBy YECTUIIA TEUHOCTH.

Hezacuhenu enasicnu 6a30yx je cMelia CyBOT Ba3lyXa H IperpejaHe BOAEHE mape
(cTame 1).

3acuhenu eraxcuu 6az0yx je cMella CyBOT Ba3ayxa M CyBO 3acwheHe BOJEHE Tape
(crame 2).

Ilpeszacuhienu enascru 6asdyx Hactaje xnahemem (mporiec 2 mo 3, ciuka 1), mpu
4YeMy ce KOHJICH3Yje BOJIcHa Mapa, y3 KOHCTAHTHY TeMIepaTypy U MPUTHCAK.
TemmepaTypa Tauke poce je oHa TeMIlepaTypa J0 Koje ce BIaKHH BaszoyX Mopa
n300apHO OXJagUTH Ja TperpejaHa mapa npehe y cyBo 3acuheny mapy. Osa
TeMIlepaTypa jeIHaka je TemrepaTypu 3acuhema TMpH 3a4aToM TapIiHjaTHOM
NPUTHCKY p , a OUYUTaBa ce U3 Tabelna 3a BOJCHY Mapy.



Ooporcasarve 3a0ame 8peOHOCU PELAMUBHE GIAACHOCU 6430YXA 309

Pp=p

x=0

).q01 0.01 0.1 1 10

v=t/p

v=1/p

Crauxa 1. Ceojcmesa enasxicrnoz azoyxa y p, v oujazpamy

3a yTBphuBame CBOjcTaBa BIAXHOT Ba3lyxa MOTPEOHO je MO3HaBame cienehnx
BCIIMYMHA allCOyTHE W pellaTHBHE BIIAXHOCTH, cajjaja Bilare, TyCTHHE W
EHTAJIHje.

Anconymna énasxcnocm A Macena KOHYeHmpayuja BOACHE Nape y Basayxy p, je

Maca BOJEHE Iape cajpxaHa y 1m’ BiaxHora Basnyxa Ha oapeljeHoj Temmeparypu
U TPUTHCKY. BpojuaHa BpemHOCT amcioNyTHE BIAXKHOCTU jeJAHAKA je TYCTUHH
BOJICHE TIape L Yy BIAXHOM He3acuheHOM Ba3IyXy, jep je 3alpeMuHa BJIAXKHOT
Ba3llyXa jeJHaKa 3allpEMHHU BOJCHE mape. AICOIyTHa BIAKHOCT 3acuheHor
Baslyxa p'' jeAHakKa je TycTMHH 3acuheHe BOJeHE Mape IpU TEMIEPATypH
BazJyxa.

Penamusna eénaxcnocm Wiam peramuena KonyeHmpayuja BOJCHE Tape y Ba3nyxy @

j€ KOJIWYHHK AarCoJyTHE BIAXHOCTH O », W MakcumanHo Mmoryhe arcomythe
BIQXHOCTH p'' TIpH TeMIiepaTypu 3acuhema:

P
o=t @
P
I'yctuHa mperpejaHe mape Mama je o T'YCTHHE CYBO 3acHMheHe mape MpH HCTOj
TEMIIepaTypH, Ia je 3a He3acuheHU Ba3dyX pellaThBHA BIaXHOCT Mama oa 100%
(go < 1), a 3a 3acuhenu je 100% (go = 1). Bynyhu na Bozmena mapa mma cBojcTBa
WJICATHOT Taca, U3 jeJJHaYMHEe CTama U 3a T = const. (npomena 1 mo 2, ciuka 1)
NPOU3HIIA3H:
pp V” pp
e a4 3)
P Vy, P
Caoporcaj enaze (d ) AeuHMLIe Cce Kao KonnduHa BojeHe mape G, y lkg cysor

Basnyxa G, wmny (1+d) kg BaxHor Basmyxa:
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_ % ke
G, kg.suvog.vazduha

“)

Y3umajyhu y 003up 1a BoJieHa 1mapa v Ba3IyX UMajy CBOjCTBA UICATHUX TacoBa:
PpVpy=Gp Ry Ty n p,-V, =G, R, T,

v

Axo ceysme naje V, =V, u T, =T, nobuja ce:

Lo _Yp Ry

pv GV RV
Ilpema wmspasy (2) 3a TOmIOTHe KOHCTaHTe R, =4615J/ (kgK ) u
R, =287 J/ (kgK ) nobuja ce u3pas 3a cazpikaj Bjare:

R
:&._V:p_l’.ﬁz()ﬁzz.p_l’ (5)
py R, p, 4615 Dy

AKO ce TpUTHCaK BIaXHOT Ba3ayxa, koju ce oxapehyje mpema m3pazy (1) u
MIPUTHUCAK Nape, Ha OCHOBY u3pasza (3) p = p-@ , yoauu y uzpas (5) noduja ce:

d

d=062-29%_0622. PP (6)
Dy p—ps @
MakcuManHu cajpiaj Biare IMOCTH)KE Ce MpU TOTIHYHOM 3acuhemy Baszlyxa
BOZIcHOM TTapoM ¢ =1 ma m3pa3 (5) nobuja cneaehn obmmK:

d=0622.—2 7)
Ps—P
I'ycmuna BnaxkHor Ba3nyxa p, ozapebyje ce kao 30up rycTHHE CyBOT Basiyxa p,
¥ BOJICHE Mape P, :

Ps=pPs+tp, wm p.=p +p" (8)
Bynyhu na je p=1/v, u3 jenHaunne crama Kao u u3 u3zpasza (1) u (3) nobuja ce
TYCTHHA Ba3ayXxa:

Dy ps_ppzps_(o'P

= — 9
Py R,-T R,-T R,-T ©
I'yctuna BogeHe nape, npema u3pasy (3), je:
p,=0-p"
a je TyCTHHA BIaKHOT Ba3ayxa:
Ps—¢- D "
_ ‘o 10
Ps="pr TP (10)

Enmannuja B1axHOT Ba3gyxa h, jeqHaKa je CyMU €HTJIalMja CyBOT Bazayxa h, U
BOZICHE 1ape h,, a ofHOCH ce Ha lkg cyBor Basjyxa Wiu Ha (1 +d ) kg BnaxxHor

BazIyxa:
hy=h,+h,-d (11)
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Enrtanmnuja cysor Basagyxa, h, =c,, -t TIe je ¢, Cpelma MaceHa crenupuyHa

)4
TOILIOTA, Koja je 10 100 Oc npubmkHO jeaHaka 1,00 &J / kgK |, 1j:

h, =1,00-¢ (12)
Enrannuja BoneHe nape, nMpy MNPUTHCIMMA OJMCKAM OKOJIHOM, MOYKE CE pauyyHaTh
0 MPHUOIKHO] EMITUPHjCKOj (hOpMYITH:

h, =2500+196-1 (13)

roe je: 2500k//kg TommoTa umcmapaBama BOAE Ha 0°C, a 1,96k / kgK

crienmUyHa TOTUTOTa BOJCHE IMape 3a TeMIlepaType o 100°C. Vo6anusamem
uspasa (2) u (13) y uzpas (11), nobuja ce u3pas 3a CHTAIHN]Y BIKHOT Ba3ayxa:
hy =t +(2500+196-¢)-d (14)

JANJAT'PAM 3A BJIAKHY ITAPY

3a pemaBame IpoIeca ca BIAKHAM Ba3IyXOM y MPAKCH C€ YeCTO puMemyje h,d
nmvjarpam, kojer je mpemroxuo L. K. Ramzin (1918.).

VY nujarpamy BI@XHOT Ba3llyXa Ha OCH OpJUHATE HAHECEHE CY BPEIHOCTH
EHTaNNUje BIaXHOI Bazayxa h, y kJ/kg cyBor Basmyxa, a Ha OCH amcuuce
cap)kaj Bjiare (d ) y gr/kg cyBor Baszayxa. byayhu na je moapydje usmely oca
opauHatre @ =0 u kpuBe 3acuhema @ =100% Bpro ycko, Ooce amcuuce H

opanHate mpukasyjy ce mox yriaom ox 135°. Oce, MehyTum, Hucy upTane mox
yIIIoM, Beh je JaT XOpHW30HTAIHH TpaBall ca BpEAHOCTHMA CajpiKaja Bilare (d ), a

IjarpaM je cedeH 10 XOPU30HTAIHO] JIMHUJA Ha t=0°C. Taxo Cy eHTJIaIHje
KOCH, a CaJpXaju Bjare BepTHKaIHH MpaBuy. OCUM OBUX BEIMYUHA y AUjarpam cy
VHEIICHE BPETHOCTH PEJIATHBHE BIAXKHOCTH ¢, TEMIIEpaType CyBOT ¢ U MOKpOT

1)y TEPMOMETpA, IyCTUHE O KA0 U MapLujaiHy IPUTHCAK BOACHE [IApe p .

PenatuBHe BnaxHocTU @ = const. yHeueHe cy 5% mo 100% .

[Ipu Temnepatypu 3acuhema (99,40 C) u nputucky 0,993 bar (745mmHg) KpUBE

peNaTHBHE BIAKHOCTH TOCTajy TPaBIM MapalelHd ca OPAWHATOM, jep HpPH TOj
TeMITepaTypH TapIfjaTHu IMPUTHCaK 3acrheHe mape p I0CTaje jeTHAK MPUTHCKY

OKONHMHE. Y TOM TpEHYTKy, INTO clend w3 u3paza (7), NUHHUje peraTUBHE
BIIQYKHOCTHU TyOe (DU3HIKH CMHCAO.
Jluamja 3acuhema @ =100% o3HauaBa MakcuMalHO MOoTyhy 3acmheHocT Basmyxa

npu aatoj Temreparypu. OBa KpuBa peJlaTHBHE BIAXXHOCTH ACNU JUjarpaM Ha JBa
nmojapydja. Y TOpmEM ey je BIaKHH He3acwmheHM Ba3dyx, a mapa ce Hajla3z! y
IperpejaHoM CTamy. Y IOBeM MOAPYYjy je 3aculieHH BIaXKHHU Ba3lyX Y KOjeM ce
JIeo BJIare Hajla3u y OOJIHMKY Tape, a 1eo y 00Ky TEYHOCTH HIIM YBPCTE MaTepHje.

VY nujarpam Cy yHelleHe TeMmIepaType CyBOT ¢ U MOKpOT f;, TepMOMETpa.

BraxxHoCT Bazmgyxa Mepu ce, ICUXPOMETPOM, KOjH C€ CacTOjH O CYBOT M MOKPOT
TepMOMETpa.
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PesepBoap Mokpor Tepmomerpa OONOXKEH je MaMy4yHOM TKaHHHOM Koja ce
HenpekuHo Biaxku. CyBH TepMOMETap Halla3d C€ y CTPYjU OKOJHOT Ba3ayXxa U
MoKasyje TeMIepaTypy OKOJIuMHe. AKO je Ba3ayx He3acuheH, aeo he Bome u3
TKaHMHE WCIApUTH, a MOKpH he TepMoMeTap MOKa3uBaTH TEMIIEpPaTypy Koja je
HW)KAa OJf OHE OYMTaHEe Ha CyBOM TepMomerpy. [Ipema Tome, cyBu TepMomerap
MOKa3yje CTBapHY TEMIICPATYPY BIAXKHOT Ba3ayxa, a MOKPH, TEMIIEPATypy BOJC
Koja je ucnapuia. Boja ncnapaBa yToaMKo WHTEH3UBHHjE YKOIHMKO je Beha cyBoha
Bazayxa. TemmepaTypa CyBOI' TEPMOMETpa BHINA je OJf TeMIepaType MOKpOr, a
CMameme ¢ —1,, TOCIeHla je TMHAMHIKEe PaBHOTEKE M3Mel)y mcmapeHe Boze M
TOILTOTE KOja je KOHBEKIIMjOM Ojy3eTa Bazayxy. OBa TeMIiepaTypHa pasiinka Mepa
j€ BIXHOCTU Ba3nyxa. 3a 3aculieHu Ba3gyx jelHaKa je TeMIeparypa Tadke poce,

MOKpOT U CyBOT TepMoMeTpa. Y h,d aujarpamy yHelleHe Cy TycTHHE p, \kg/ m’
Kao ¥ IapLyjalHiH IPUTHCIH BOJCHE mape p, = f (d )

MNPOLHECH CA BJAJKHUM BA31YXOM

VY mpakcu ce U3BOAE Pa3sIHYUTH HPOLECH Ca BIAKHHM Ba3AyXOM, & OCHOBHH CYy
3arpeBambe M xlaljeme, aanMjabaTCKO BIaXKEHE, MELIAE BIAKHOT Ba3myXxa
PA3TMYNTHX CTamka, Kao M MPOLECH CyIIeHa.

ITpouec 3arpeBama BIAKHOT Ba3gyXa y3 KOHCTAHTHY MAaceHy KOHLECHTpAIH]jy
BJIare (d ) npuKas3aH je y h,d nujarpamy (cimka 2) BEpTHKAIHOM JMHUjoM 1 10 2.

[Mpouec xmalerma BIaXHOT Ba3zayXa OJBHja ce Takol)e y3 KOHCTaHTHH CaJpiKaj
BJIare (d = const.) aKo Ba3AyX Ha Kpajy mporeca octaje HezacuheH (3 1o 4, cimka
2) mu ako noctaje 3acuhen ca @ =100% (3 mo 5, cimka 2). Y mpeceky caapxaja
BJare W KpuBe 3acuhema (Tauka 5) MOCTUTHYTA je Tayka poce, IITO 3HA4YM Ja je
BOJICHA TIapa y BJIAYKHOM Ba3JyXy 3acuhcHa.

Xnahemem Ba3ayxa UCIOJ Tauke poce (mporec 5 10 6, ciavka 2) KOHJEH3Yje ce A0
BOJICHE Tape, Tj. CMamyje caapkaj Biare. KonmunHa koHzeH3ara onpelyje ce kao
pasnuKa camapikaja Bilare y cramy S 1 6. AnnjadaTcko BIaKEHE Ba3ayxa JeliaBa ce

y3 ncnapaBame Biare koja mma Ttemmeparypy 0°C wim y3 ucnapasame ca

NOBPILMHE BOJE KOja MMa TeMrepaTypy Behy o 0°c (cnuka 2 u 2.a).

VY npBoM ciydajy mpolec ce U3BoIu 0e3 CIIoJballlHe pa3MEHe TOILUIOTE, a Ha pauyH
TOIUIOTE BIAXHOT Basayxa. Ilputom ce mosehaBa cazmpskaj Bimare y BasoyXxy,
cCMamyje TeMmIeparypa, a eHTajlmnuja ocTaje KoHcTaHTHa (mpouec 3 mo 7).
TemmnepaTypa Ha Kpajy xnahema (cTame 7) Ha3uBa ce TemIeparypa aaujadaTckor
3acuhema WK TeMIIepaTypa MOKpPOT TEPMOMETPA.

Axo ce mporiec oaBuja y3 ydenthe TOIIoTe BoJe, Koja MMa TeMIeparypy Behy on

0°C, onHza OH MPOTHYE IPH KOHCTAHTHO] TEMIIEPATyPH MOKPOT TepMOMETpa ty

(cruka 2.a, ponec 3-7a), a He y3 h = const.
Memmame BIaXHOT Ba3lyxa OZIBHja CE€ y HPHCYCTBY ABE CTpPYje BIaXKHOT Ba3lyxa
(A u B, cmuka 2.a), ca ciueaehum BeluUUHaMa: A(GA,dA,hA,tA) u

B(GBJdB’hB’tB)'
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Cnuxa 2. Ilpoyecu ca eénascnum eazoyxom y h, d oujacpamy

Crame BIaKHOT Ba3llyxa HaKOH Memama (Tauka C, ciuka 2) poduja ce momohy
TOIUIOTHOT OWJIaHca:
Gy hy+Gp-hy=(Gy+Gg) he
u OunaHca Biare:
G, dy+Gy-dy=(G,+Gp)dc

Peraamem jeHaduna o enrammuju cverme (h, ) u caapikajy siare (d, ), mobuja

ce:

GA 'hA +GB‘hB
hC:
G, +Gg
dC:
G, +Gp
dg—dc _Ga
dc—dy Gg
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Cruxa 2.a Aoujabmcko nasxcerve
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Crame memasuse (C, ciuka 2) ca BenuuuHama h, u d, nobuja ce kaga ce

npasan u3mel)y tadvaka 4 u B mogenu ca oOpHYTO MPOMOPLHOHATHUM Macama
G, uGg.

[ponec cymema oxBHWja ce y3 JOBOJ TOIUIOTE pald YKJIamarma BJare H3
Mmarepujana. Cymape Mory OWTH KOHBEKIHjCKE, paJujalMjcke W KOHTaKTHE Kao
Brucoko(pekBeHTHe. Hajuemhe ce mNpuMemyjy KOHBEKIUjCKE Ca MPEIXOIHO
3arpejanuM BazqyxoM. OCHOBHH €JIEMEHTH Cy BEHTHJIATOp 3a no0aBy Baszayxa,
Kajopudep 3a 3arpeBame U Cyliapa, y K0joj HclapaBa Biara u3 MaTepHjaja.

VY TeopwjckoM TIIpolecy, ca 3aHeMapeHuM TyOummMma, Ba3ayX ce 3arpeBa y
kanopudepy (a nmo b, camka 2), TeMieparypa pacte M cMamyje ce pelaTHBHA
BJIQXKHOCT. TOIUIOTa yTpOILIeHA 3a 3arpeBame N3pakeHa je Kao pas3iiiKa CHTaJIuja
(hb —h, ) 3arpejanu Ba3lyX yJaszu y Cymapy | MclapaBa Blary U3 MaTepujaia, a
cam ce Biaxu. OBO anujabaTcKO BIIAXKEHE M3pakaBa c€ JMHUjOM KOHCTaHTHE
enTannuje (mpouec b—c, cnuka 2). KomuunHa ucnapeHe Bjare Kojy HcrapaBa
lkg cyBor Bazmyxa gara je pa3jHKOM cajpikaja Biare (a’c —db). Y cinydajy
CyIIeHha OCETJFMBHX MaTepHujaja Mpu TayHO ojpeleHoj Op3uHHM, M y3 KOHCTaHTHY
TeMIIepaTypy M BIAXHOCT Ba3AyXa, IPUMEYje Ce PEHUPKYIAIOHO cymemne. To
ce OCTBapyje peryJyalujoM IpoToKa Ba3yxa M JOTPEBamkeM YKYIIHE Mace Baszayxa
y Tpejady, 4yMMe ce cMmamyje creunpuuHa HoTpomma Tomtore. [loOospimame
mpolieca Cymema OcTBapyje ce KopuinhemeM OTMAJAHUX TOIUIOTA 3a MPEArPEeBake
CBEXKETr Ba3lyXa Yy pEKylepaTUBHOM H3MelhHUBady ToIuioTe. KomOuHaimjom
PEUMPKYJIALMOHOT M PEKYNEpaTHBHOI CYIIeHa, Tj. KOMOMHUBAHHUM IIPOLIECOM
HOCTHKe ce Hajeha ymrena Tomiore. KimMvaTr3aniona nocTpojema TeMIeparypy
M BIIAKHOCT Ba3lyXa OJp)KBajy KOHCTAHTHUM y OKBHPY IPONHCaHNX rpanuma. OHa
cjenumyjy cBe TEpPMHUUYKE METOJIC IPUIIPEME Ba3ayxa: rpejame, Xualeme, BIaKemhe
U cymieme. [IpencraBibajy HajcaBpIICHUjH, allM U HAjCKYIUBH TTOCTYIIAK TEXHHYKE
MpUIIpeMe Ba3ayxa. JeaHOCTaBHHMja TIOCTpojema cy ypehaju 3a pgenmmMuuny
KJIMMaTH3al1jy KOjU MIPUMEYjy caMO HeKe TePMHUYKE METO/IE.

Knumaruzanmona mnocTpojema ce  YIIaBHOM KOPHCTE Kao KIMMaTH3aluoHa
HOCTPOjea IOCTaBJbeHA paadl NOCTHU3akha YrOMHOCTH Y MPOCTOPHUJU U Kao
UHIyCTPUjCKa KIMMAaTU3allMOHA TIOCTpojerha. Y BehWHHU CiydajeBa, JbYACKOM

opraHmsamy HajGosbe oaroBapa Basmyx Temmeparype msmehy 22°C|72°F) u

27° C(800 F ) " penatuBHE BiaxxHoctu u3mehy 40% u 60% .

MHoru mporecH y HHIYCTPHUjH 3aXTeBajy oapehy MuKpoximmy, MTO cC Takohe
MOCTHUKE YBOJCHEM KJIMMATHU3alMOHUX TMOCTpPOjema (TEKCTHIIHA WHAYCTpU]a,
NPOU3BO/IbA U Mpepajia nanupa, JyBaHa, npexpaMOeHa 1 XeMHjcka HHAYCTPH]a).

Konm xmuMaTH3ammoHOT ITOCTpOjea yCHCAaHW CIIOJbHH Ba3dgyx ce obOpabyje
PEKyTIepUCaHOM TOILIOTOM OJIBOJHOT Ba3llyxa, WM C€ Y KOMOPH Mella ca JeJIoM
Ba3JlyXxa ycucaHOr W3 mpocTtopuje. HakoH Tora ce ¢umirpupa pamu u3aBajamba
npalivHe W3 Ba3jlyxa, MpeArpeBa XJaju, OAHOCHO CYIIW, BIIAXXH H JIOTPEBa, a
3aTUM ce oOpaljeHH Ba3IyX BEHTWIATOPOM TMOTHCKYje KpO3 Pa3BOAHM KaHAN Y
npocTopujy. BeHTriaTopoM 3a OABOJICH-¢ Ba3ayxa jeJlaH JIeo0 COOHOT Ba3ayxa, ce
NPEKO PEeKyINepaTopa TOIUIOTEe MOTHCKYje HamoJbe, a APYrH Jeo ce Bpaha Kao
PELUPKYIAMOHU Ba3qyX 0 KIMMa-arperara, rjie Kpy>KHU TOK TOYHEHE TTOHOBO.
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Perymanmonnm ypehajuma u ypehajima 3a ynpaBibame KOHTPOJIUIIE €€ TOK, IETOT
nporieca.

[

@w 100%

& = const S o= 0%

o Typ = comst o

h = const

Prijatna
Sewr
Fup = cONSL

Cnuka 3. Ooparcasarwe azoyxa y “T-d” oujacpamy’’. A-C: 3aepesarve, B-
C:Xnaherwe, D-E-C: 3acpesarve u nosehasare enaxcrocmu; F-G-H-1: cmarverve

enadicnocmu, J-K: Xnaheroe napnom pazom; L-M/I-M: mewarve sazoyune cmyje

[To HaunHy pUIpeMe Bazayxa KIMMaTH3aI[MOHA TIOCTPOjeha ce JAelie Ha Ba3IylHa
Y Ba3IyIIHO-BOJCHA.
Camo xnalheme Bazayxa ce o0aBiba:

- TUPKTHAM TIpeJa30M Ba3IyXa MpeKo HCIaprBaja,

- romohy oxraljeHe Boze WM HEKE TEUHOCTH, KOjOM C€ XJIaJH Ba3ayX,

- nomohy BooBoaHe, OyHapCKe WITH U3BOPCKE BOJE U

- €BaNlOPaTHBHUM HAYHHOM.
Oduntupupame ce 3acHUBAa Ha eekTnMa nudysuje WHEPTHOCTH WM CHUTA a TI0
MaTepHjaiuMa oJf KOjux cy u3paheHu pasiuKyjy ce: METallHH, BIaKHACTH, QHITEPH
ca aKTHBHUM YIJbEM WM YJbEM U BIAKHACTH elekapoduntepu. Guntepu ciyxe 3a
W3/[Bajarh-€ YBPCTUX YECTHIIA, TACOBA, Mapa U OakTepuja.

' Cistl vazduh

Finl filtar

Hauba zs skre-
tanje vazduhe—

* Punjan)e
Ly uljem

Predizdvajad

Venac lopatic

Prasnjavi vazduh

Cruxa 4. @uamep nomonsmwen y yny
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Cruxa 5. Mnaznuya 3a pacnpuuearse Cnuka 6. Yampaszeyunu xanunraprnu maniachu

6800e 8a30YXOM NOO NPUMUCKOM

pacnpuiuead ca KOHUYHUM

PE30HAMOPOM casujaroa

Bnaxeme ce BpHIKU: HCIIapaBalkEM, MJIa3HHUIAMa

ca paclpIIMBamkeM BOJE,

MEXaHUYKUM PaCIpIIUBAYMMAa Ca TUCKOBUMA, YITPa3ByYHHM PacIpCUBauYMMa UT]I.
3a cymme Ba3mayxa KOPUCTE C€ JIBE pazinuuuTe Merone: xiaheme Basmyxa ca
W3/IBajal-EMM BOJIC M allCOPIIIKja BOJE MOMONY allCOPIIIMOHUX MaTepHja. Y TIpBOM
Cllydajy BoJa Ce H3[Baja M3 Ba3lyXa YCIEA HEroBOr JOIUpa ca pacxJIagHOM

NOBPIIMHOM KOja C€ Hajla3d Ha TeMIIEpaTypH Tauke

poce. 3a u3aBajame BiAre

MOT'y ce KOPHUCTUTH pacxJiaJHa CPeJICTBa Koja ce KOpUCTe M 3a Xiaheme Bazmyxa:
BOJIa U3 BOJOBOA) BoJa M3 OyHapa, BelITauku xjal)eHa Boja, ciaHa BoJa, Kao M

pa3Ha pacxiiaHa Cpe/ICTBa IIPH AUPEKTHOM XiIahemy.

Hadnjak
,/ Odvajac
Dogre|at
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Cnuxa 7. Cywerse 8azoyxa xnahernem pacxiaoHom Mauiunom
X-xuepocmam, T-meppmocmam

Suv varduh Vistan

Filtar

‘# v

Wiatan varduh

varduh - spolls

Filtar

B

Q Spalini vazduh

Ular pare

Regulator nivos

I

Ulaz rashiadne |
voda

Cnuxa 8. Ilocmpojere 3a ancopnyujy ca aumujymxaopudom (kamabdap)



Ooporcasarve 3a0ame 8peOHOCU PELAMUBHE GIAACHOCU 6430YXA 317

VY npyrom ciydajy Ba3myx ce JOBOAHM Y JOAMP Ca allCOPIIMOHUM MaTepujannma
Koje arcopOyjy BoaeHy napy u3 Bazayxa Hajuemthe ce kopucre: cunukaren (Si0O,),
aJTYMHHH] YMOKCH/I, XJIOPKAJITHAjyM; PACTBOPH JINTH]YMAOBUX COJIH.

Kananu u nieBm ciy»xe 3a pa3BoJi Bazyxa y IpOCTOPHje WX 3a 0/IBOhemhe Ba3ryxa
U3 mpocTopuja. Ba3mymHu BoOBH ca yHyTpallllse cTpaHe Tpeba aa Oyay IiiaTK,
Jla He CKYIJbajy MpaIInHy, a ¢e JaKO YHUCTE, Ja Cy TPAjHHU, a HUCY XUTPOCKOIIHH,
He3armabuBH, OTIIOPHHU HAa KOPO3Wjy, JIAKK M HEMPOIYCTJBHBH 32 Ba3ayX. Kopucre
Ce YCIMYHM M AITyMUHHJYMCKH JIMMOBM, a30€CTHU LIEMEHT, 3ujJ U OCTOH,
KEepPaMUYKe I[IEBH, CUHTCTHYKH MaTepHjalii, pasHe Ijiove, (IICKCHOWIHE IEBH U
Ioyve.

[MpunymHa nupKynangja Ba3myxa Kpo3 BazAylIHE BOJOBE BPIIU CE€ pajdjaIHUM
WM aKCHjaTHUM BEHTHIIATOpUMA.

IIpumep: Baznyx temnepartype 29°C u 70% penaTuBHE BIAXHOCTH XJAAH CE y
U3MEHHUBavYy TOIUIOTE PACXJIaHOM BOJOM Temmeparype 5% . Konmnunmna nportoka
pacxnanse Boze je 0,5kg/s , a Temmeparypa pacxiajiHe Boj€ Ha u3iasy nosehana

je 10°C. Axo je moTpeOHO 00e30emuTH aa y TOpocTopujy Oyle Basayx ca

TEMIIEPaTypOM 18°C u 100% penaThBHE BIa)KHOCTH, MOTPEOHO je M3pauyHaTH
MaceHy KOJHMYHMHY IIPOTOKa Ba3lyXa Y MpPOCTOPHJH M Pa3sMEHEHY KOJIMYHHY
torutote, yrorpedbom TK Solvera.

Rule

call PS1(pm1,T1,'phi,phil,'Tas;Tasl)

call PS1(pm1,T1,'w,omegal,'Tas;Tas1)

call PS1(pm1,T1,'w,omegal,'phi;phil)

call PS1(pm1,T1,'dp,dpl,'phi;phil)

call PS1(pm2,T2,'phi,phi2,'Tas;Tas2)

call PS1(pm2,T2,'w,omega2,'Tas;Tas2)

call PS1(pm2,T2,'w,omega2,'phi;phi2)

call PS1(pm2,T2,'dp,dp2,'phi;phi2)

call PS1(pm3,T3,'phi,phi3,'Tas;Tas3)

call PS1(pm3,T3,'w,omega3,'Tas;Tas3)

call PS1(pm3,T3,'w,omega3,'phi;phi3)

call PS1(pm3,T3,'dp,dp3,'phi;phi3)
:RELATIVNA VLAZNOST VAZDUHA, Tri veli¢ine PSYCHRO.TKW
call psat(T1;pgl)

call psat(T2;pg2)

omegal = phil*val/vgl

val = Ra*T1/pal; Jednacina stanja idealnog gasa
vgl = Rv*T1/pgl; Jednacina stanja vodene pare
pml =pal + pvl

phil = pvl/pgl; Relativna vlaznost vlaznog vazduha
omega? = phi2*va2/vg2

va2 = Ra*T2/pa2; Jednacina stanja idealnog gasa
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vg2 = Rv*T2/pg2; Jednacina stanja vodene pare

pm2 =pa2 + pv2

phi2 = pv2/pg2; Relativna vlaznost vlaznog vazduha, phi

call Tsat(pv1;dpl); Relacija izmedu tacke roSenja i pritiska zasi¢enja
call Tsat(pv2;dp2); Relacija izmedu tacke roSenja i pritiska zasi¢enja
hml = hal + omegal *hv1

hal =h0 + cp*(T1 - TO)

hvl = hg(T1)

omegal = (cp*(Tasl - T1) + omegaas1*(hgas] - hfasl))/(hv] - hfasl)
omegaas] = (Ra*Tasl)/((pml] - pgasl)*vgasl)

hfasl = hf(Tas1)

vgasl = vg(Tasl)

pgasl = psat(Tasl)

hgasl = hg(Tas1)

omega2 = (cp*(Tas2 - T2) + omegaas2*(hgas2 - hfas2))/(hv2 - hfas2)
omegaas2 = (Ra*Tas2)/((pm2 - pgas2)*vgas2)

hfas2 = hf(Tas2)

vgas2 = vg(Tas2)

pgas2 = psat(Tas2)

hgas2 = hg(Tas2)

hm2 = ha2 + omega2*hv2

ha2 = h0 + cp*(T2 - TO)

hv2 =hg(T2)

call psat(T3;pg3)

omega3 = phi3*va3/vg3

va3 = Ra*T3/pa3; Jednacina stanja idealnog gasa

vg3 = Rv*T3/pg3; Jednacina stanja vodene pare

pm3 =pa3 +pv3

phi3 = pv3/pg3; Relativna vlaznost vazduha

call Tsat(pv3;dp3); Relacija izmedu tacke roSenja i pritiska zasi¢enja
hm3 = ha3 + omega3 * hv3

ha3 =h0 + cp*(T3 - TO)

hv3 = hg(T3)

omega3 = (cp*(Tas3 - T3) + omegaas3*(hgas3 - hfas3))/(hv3 - hfas3)
omegaas3 = (Ra*Tas3)/((pm3 - pgas3)*vgas3)

hfas3 = hf(Tas3)

vgas3 = vg(Tas3)

pgas3 = psat(Tas3)

hgas3 = hg(Tas3)

Ra =287 J/(kg*K) Gasna konstanta vazduha

Rv =461.5; Gasna konstanta vodene pare

cp = 1005; J/(kg*K) Specifi¢na toplota

T0=273.15; K

h0=0
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Status | Ulaz | Oznaka | Izlaz | Jedinica Comentar
omegal [0.0177 kgv/kga |Koli¢ina vlage, stanje 1
0.7 |phil Relativna vlaznost 1
val 0.88 m”™3/kg |Specificna zapremina vazduha
stanje 1
vgl 34.8 m”3/kg |Specifi¢na zapremina, zasi¢ene
vodene pare na T1
29 T1 C Temperatura, stanje 1
pal 98.5 kPa Parcijalni pritisak vazduha, stanje
1
pvl 2.8 kPa Parcijalni pritisak vodene pare,
stanje 1
101  |pml kPa Pritisak okolnog vazduha
pgl 4.01 kPa Pritisak zasi¢ene vodene pare na,
T1
dpl 23 C Tacka roSenja, stanje 1
hm1 74.4 kJ/kg Entalpija vlaznog vazduha, stanje
1
hal 29.1 kJ/kg Entalpija suvog vazduhar, stanje 1
hvl 2550 kJ/kg Entalpija vodene pare, stanje 1
omega? [0.0177 kgv/kga |Koli¢ina vlage, stanje, 2
1 phi2 Relativna vlaznost 2
va2 0.863 m”3/kg |Parcijalni pritisak vazduha, stanje
2
vg2 48.7 m”3/kg |Specifi¢. zapreminal, zasi¢ene
vodene pare na T2
T2 23 C Temperatura, stanje 2
pa2 98.5 kPa Parcijalni pritisak vazduha, stanje
2
pv2 2.8 kPa Parcijalni pritisak, vodene pare,
stanje 2
101  |pm2 kPa Pritisak okolnog vazduha, stanje 2
pg2 2.8 kPa Pritisak zasi¢ene vodene pare na,
T2
dp2 23 C Tacka roSenja, stanje 2
hm?2 68.1 kJ/kg Entalpija vlaznog vazduha, stanje
2
ha2 23.1 kJ/kg Entalpija suvog vazduha, stanje 2
hv2 2540 kJ/kg Entalpija vodene pare, stanje 2
omega3 |0.0129 kgv/kga |KoliCina vlage, stanje3

phi3

Relativna vlaznost 3
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va3 0.842 m”3/kg |Parcijalni pritisak vazduha, stanje
3
vg3 65.1 m”3/kg |Specificna zapreminal, zasi¢ene
vodene pare na T3
18 T3 C Temperatura, stanje 3
pa3 99.3 kPa Parcijalni pritisak vazduha, stanje
3
pg3 2.06 kPa Parcijalni pritisak, vodene pare,
stanje 3
101  |pm3 kPa Pritisak okolnog vazduha , stanje
3
pv3 2.06 kPa Pritisak zasi¢ene vodene pare na,
T3
dp3 18 C Tacka roSenja, stanje 3
hm3 50.8 kJ/kg Entalpija vlaznog vazduha, stanje
3
ha3 18.1 kJ/kg Entalpija suvog vazduha, stanje 3
hv3 2530 kJ/kg Entalpija vodene pare, stanje 3
Ra 0.287 kJ/(kg*K)|Gasna konstanta vazduha
Rv 0.462 kJ/(kg*K)|Gasna konstanta vodene pare
h0 0 kJ/kg Referentna entalpija
cp 1.01 kJ/(kg*K) |Specifi¢na toplota vazduha
T0 273 K Referentna temperatura
0.5 |mdotw kg/s Maseni protok vode
cW 0.47 kJ/(kg*K)|Specifi¢na toplota rashladne vode
10 delTw C Povecanje temperature rashladne
vode
0.1 |mdota kg/s Maseni protok vazduha
mdotc  |0.000478 |kg/s Maseni protok kondenzata
74 hf3 J/kg hfna T3, 74 kl/kg
Qdot 2.35 klJ/s Koli¢ina razmenjene toplote pri
prolazu vazduha kroz razmenjivac
toplote
3AKJ/bYYAK

T'acoBu K0ju ce y TEXHHUIIM HAjBHUIIEC IPUMEHY]jY, Kao aTMoc(hepcku Ba3myX, pagHo
TEJIO Y KOTJIOBCKUM arperaTiMa WM MPOAYKTH CaropeBama TOpUBA YBEK CalipiKe
HEKy KOJIMYHMHY BojeHe nape. CBe M3pakeHUjU Pa3BOj pacxjajiHe TEXHUKE Kao U
npuMeHa ypehaja 3a xmalere HaBOAEe Ha IMMPOKY NMPUMEHY BIIAKHOT Bazayxa.
HIMPOKa MpPUMEHa W MPOMEHJBHB CaJpiKaj BIIare 3aXTeBajy MO3HaBame 0COOMHA
BJIQXHOr Basayxa. TayHo, Op3o u edukacHO oxapehuBame TEPMOIUHAMHYKUX
BEJIMYMHA BIXKHOT Ba3ayxa MOTPEOHO je KaKo KOJ MPOjeKTOBamba TaKO U KOJ
kopumrhema ypehaja. OBaj paj mpeacTaBiba Maiu TOIPHHOC HaBEJACHOM IIHJBY.
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MAINTENANCE OF GIVEN VALUE OF RELATIVE
AIR HUMIDITY

Summary: In warm devices often are applied mixtures of gases and steam, where
the characteristic example is surrounding air, which always contains certain
quantity of water steam. Humid air presents not only the surrounding area where
many technological processes are performed, but is also the main working fluid in
different fields of thermo-technique (heating, drying, conditioning, etc). The humid
air has a special role in meteorology.

Key words: Air, humidity, relative temperature, pressure.



322 360pnux padosa BTIII Ypoweeay

JJAMUHAPHO CTPYJAIBE UBMEBY
JABA POTUPAJYRA HUWJINH/IPA

PaguBoje Bylcamlmmmh1

Pesume: Paodu dobujarva jeOnocmasHujez peuterba, y 080M pady nocmampa ce
PABHOMEPHO cmpyjaie y YeroKYNnHOM Hnpocmopy usmely 08a Koaxcujairana
pomupajyha yurunopa. 08aj cayuaj Hanasu npumeHy y peuasarsy npoonema
noomaszusared yHympauirbee pykagya oopmuoz epamuna. Q0 nocebnoe 3uavaja je
pewasarbe HagedeHoe npobdiema NAMUHAPHOZ cmpyjara Koo kojez Reynolds-os
6poj He npenazu @peorocm 00 1700, y3 npemnocmasky oa je 6peoOHOCm yeaoHe
op3une cnomsamrbee yununopa , =0, wmo je 6eoma uecm cayuaj.

Kibyune peun: Jlamunapno cmpyjarwe, Pejuonocos opoj, yurunoap.

YBOJ

Uznag Re=1700 HEKo CeKyHAapHO JaMHUHApHO CTpyjame (CTpyjame ca
pa3nUYMTOM pacmojenoM Op3uHa) MOke eBeHTyanHo mnpehu y TypOyJieHTHO
cTpyjame. UnmeHnna je Aa ce jJaMHHapHa cTpyjama ca Re >1700 mnoHamajy
CacBHM PazJIMYUTO.

p (t+dr)-2x-(r+dr)- L
Criomamsu )4
HERRLGLY VHyTp anmmsn
LMITHHAP

Cnuxa 1. Cmpyjare meunocmu uzmehy 06a KOHYeHMpPUYHA YUIUHOPA. (@) OCHOBHE
senuyune cmpyjara, () enemenmaprnu 0eo uzmely yurunoapa.

! mp PanuBoje BykammnoBuh, Buia TexHudka mikosa, Ypouiesar,
E mail: radel0@absolutok.net
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Reynolds-oB 6poj oapelen je uzpazom:
_Qy-n-o

v
raeje o =r, —1n , peIaTHBHU 3a30D

Re )]
T-n
30

v[mz/s], KHMHEMATCKa BUCKO3HOCT TCHHOCTHU

[s - ], yraoHna Op3uHa pyKaBIia

1=

r[m] , MONMYIIPEYHUK PyKaBIa,

n[min_1 ], Opoj oOpTaja pykaBia

Teno croJpallmber NUINHIPA j€ Y OBOM pa3MaTpamy 3aHEMapeHo Tj. MPUKA3aHo je
KPY’KHOM JIMHHjOM. Y TOCMAaTpaHOM IPOCTOPY yOuaBaMoO EJIEMEHTapHU KPY>KHH
MPCTEH Kao IITO je mpukazaHo Ha ciunm 1.0. Pesynryjyhu oOpTHH MOMeHaT, Koju
JIeNlyje Ha YOUCHHU €JIEMEHT KPY)KHOTI' ITPCTEHA jeHAK je HYJH jep je je U yraoHo
yp3ame jeqnako 0, a padyHa ce mpeMa u3pasy:

- 2m-r-Lxr—(c+dr)2z-(r+dr)-Lx(r+dr)=0 (2)
rae je L, my)xWHa IUIMHIApa, Koja Tpeba 1a je BeTuKa y OJHOCY Ha BEIIHYUHY
3a3opa (r2 —rl) Kako OM CMO Ha Kpajy H30erid TpOJAMMEH3WOHAIHU edekar.
V3umajyhu y 063up na dr — 0 u 3aHemapuBameM u3pas3a Tpeher pena BelMUUHA,
jennaunHa (1) Moke ce HamucaTu y OOJIUKY:

2-7+r-£=0 €)
r

TaHreHIWjaqTHU HAlloOH Yy UWIMHAPUYHUM KOOpIUHATaMa, YIIOTPeOOM CYIITHHCKOT
u3pasza y gogatky K2 [1] MOJKE C€ HAITUCATH Y OOJHUKY:

d Ve
T=—U-r —- | — 4
pore— ( . j “)
rae je vy OpsuHay 6 -mpasiy. KoMmnoHeHTa Op3uHE v, -y paaujaTHOM IIpaBILy,
jenHaka je Hynu. Ha ocHOBy Tora jpo0Ouja ce:

PPN L IR R /R
2#rdr(rj r'udr{rdr[rﬂ 0 ©)

JlememeM u3pasa (4) ca y-r , MHOKEEEM Ca dr , U HHTETpaJbemheM J001]ja ce:
2.v_e+r.i(v_ej:A ()
r dr\ r
3uajyhu na je:
d(vo|_ 1 dvo Vo
dr\ r rodr 2
u3pas (5) Moxke ce HamucaTu y oOJIuKY:
d
Yo , Vo _ (7
dr r
170178
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1 d
—-—(r-vg)zA ®)
rodr
MHuoxemem u3pasa (7) ca r - dr v uHTerpabemheM Halna3uMo Ja je:
A B
VH(F)ZE'F+7 (9)

[MonynpeyHuk 7 , Memwa ce y TpaHuIaMa O 7 0 7; .
3ar=rn,BaKunaje vog=r-Q,a3a r=r,, BAXU Jaje vy =7, -, . Ha ocHOBY
JaTUX TPAaHUYHHX YCIIOBa, oApel)yjy ce KOHCTaHTe:

2 2
A=2.t2 2 %1 d (10)
2 2
p=11"" ‘(Ql—Qz) (11)
722_’”12

3a cnyuyaj OOpPTHOT pyKaBla y JICKHUINTY YHjH € CIHOJbAILH  IMIMHAAD
HETOKpeTaH, 3aMEeHOM BpenHoTu 3a (2, =0 y u3pasy (8), nobuja ce jenHauuHa

pacnojene Op3uHa:

2 2
n-Q r
vg=—— | - (12)
N r
TaHreHIMjaJIHU HAIIOH HA YHYTpaIIkbeM IWIMHAPY oApelyje ce mpeMa u3pasy:
d(v 2-u- rQ
ﬁ:_{ﬂ.r.d_(_eﬂ s (13)
ryr r=n r, —n

OOpTHH MoMmeHAaT moTpebaH 3a OOpTame YHYTpalllker HUWIHHApA AyXuHe L,
onpehyje ce mpema uspasy:
2 .2 2
Tzrl-Al-r1=4”’u};l 2 L-Q (14)
ry — 1
Cuara motpeOHa 3a oOpTame BpaThia Jo00Hja ce Kao MPON3BO ] OOPTHOT MOMEHTA 1
yraone Op3uHe:

2 .2 2
W=T-le4”y’;1 r22 L-Qj (15)
=N

OgBa cHara notpeOHa, 3a caBiahjuBame OTHOpa TPEHAa yiba 3a MOAMa3UBakhE, TPOIIH
ce Ha noBehame yHyTpallbhe eHepruje 0QHOCHO Ha moBehame Temmeparype yiba.
Ja ou ce omBena moOWjeHa TOIUIOTAa yJba y CHCTEMY IOJAMa3WBama yrpalyjy ce
CHELHWjaHN Pa3MEmbUBaYH TOILUIOTE.
IIpumep:
W3paduyHaTH BHCKO3HOCT yJba CMEIITEHOT Yy KPYXKHOM HWJIMHIPUYHOM TIPCTEHY,
IykuHe 25c¢m, Kao MTO je TpuKazaHo Ha ciumy 2. [lpeyHuK crnospammer

HETOKPEeTHOT IMIMHIpa W3HOCH 8cm . Bpoj oOpraja yHyTpamrmer HWIHHApA,

npeyHuka 7,8cm, W3HOCH 3800 min ™", opu 4YeMy OOpPTHM MOMEHAT H3HOCH

012N -m. Cnenuduvna TexuHa yJba je 0,85kg/ m* . 3anemaputu OWiIO KOjU
YTHLAj OOPTHOT MOMEHTA LIUHAPA.
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Pememe:
Y3 mpernocraBky na je Reynolds-oB 6poj mamu on 1700, Ha ocHOBY m3paza 13
onpehyjemo koeduimjeHT Tpema:
T-\i-nt)  _ 0,12-(0,042 - 0,039? )
4rr-r? v} L-Q,  471-0,0039%.0,04%-0,25-(3800-27/60)
1 =0,00312N -s/m>
I[TpoBepy Reynolds-oBor Gpoja BpimMo Ha OCHOBY U3pasa v = i/ p:

Ro 2177176 _ (3800 -27/60)- 0,039 - (0,04 —0,0039) _ 045
v 0,00312/(1000 - 0,85)
Ho6ujena Bpennoct Reynolds-oBor O6poja, mama je ox 1700 , ma ce Moxxe cMaTpaTu
7a je n3padyHaTa BpeAHOCT IIPUXBATIbUBA.
Pacrionenny Op3uHe MOXXeMO OJpEeIUTH Ha OCHOBY u3pasza (11) u y3 ycioB aa je

Qz =0:

W Q r? W, rr -1 rrQ 7 +r
V@(l")_ 1 1,( 2 FJ: 1 1N _n 1 -(rz—r)~ p)

2 2 | . 2 2 2 2
=N r ry —n r ry —n r

VY3umajyhu y 063up aa je mpema ciaunu 2:
r+z=r, U 0=r—rn,
TOPHU U3pPa3 MOXKEMO HAIIMCATH Y OOJHKY:
HoQ(n=r) ntr_ i-Qy 2p-y
r=n)(n+n) o S(n+n) n-y
3a 0 << R MOXEMO HammcaTd Ja je:

n=r,=R

VH(F)Z(

Ha OCHOBY 4era o0ujamo f1a je:
rn+rn =2R

OJTHOCHO:
2R—-y
R-y

=2
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Opyu YeMy BakH Ja je y << R. Pacnogena Op3uHe MOXe ce OApEeIUTH Tpema
uspasy:
R*-Q,-y . R-Q
o(v)= 2= :
2R-6 o

BRZINA STRUJANJA TECNOSTI U ZAVISNOSTI OD
RASTOJANJA UNUTRASNJEG CILINDRA

2550 -

2540 - /
2530

2520 - /
2510 /
2500 - /

2490 - /

2480

2470 \ \
0,0775 0,078 0,0785 0,079 0,0795 0,08 0,0805

RASTOJANJE UNUTRASNJEG CILINDRA y(m)

BRZINA TEGNOSTI v(m/s)

3AK/bYYAK

CrTpyjame TEYHOCTH Y YCKUM MpollenumMa (3a30puma), Hajueniiec MUKPOCKOIICKUX
MUMEH3HMja, OJ BEIHWKOI 3Hauaja 3a TEXHWYKY Ipakcy, Mpe CBera y Be3W ca
XEPMETH3aINjOM XHApayJIUIKAX arperata. Ta 3anTuBHa (yHKIHja Tporena je
3acHOBaHa Ha (PM3MYKOM CBOjCTBY BHCKO3HUX TEYHOCTH Ja ce JIere O 3W/I0BE ca
KOjUMa Cy y KOHTaKkTy. Y CTBapH, AOAUPOM C€ TEYHOCT JIEMH 3a YBPCTY
MOBPIIMHYH TaKO YYECTBYje y KpeTamy Ma ce IMpoOJeM CBOIM Ha IMPOydYaBamke
cTpyjama BHcko3He TeuHocTH nomohy Hasuje CtokcoBux jennaunna. Ctpyjame
OBAaKBOI THIIA, MPOIETH MOTY OWTH PaBAaHCKU WU TPCTEHACTH, MPEACTABIbajy
pUMepe CTpyjama KOJ KOjUX Cy BHCKO3HE CHJIE NMPEJOMHWHAHTHE Yy OJIHOCY Ha
CHJIe MHEpITHje, KOje Cy 3aHeMapJbHBO Majie.
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LAMINAR FLOW BETWEEN TWO ROTATING CYLINDERS

Summary: For the purpose of obtaining less complex solution, this paper presents
the observation of equal flow in total space between two coaxial rotating cylinders.
This case has its application in problem solving of lubricating of interior branch of
rotating shaft. The resolving of mentioned problem of laminar flow is of great
importance, where Reynold’s number does not exceed the value of 1700, with
assumption that the value of angular velocity of external cylinder is Q, =0, which

is common case.

Key words: Laminar flow, Reynold’s number, cylinder.
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HNPEJHOCTHU N HEAJOCTATIHU ITPUMEHE
CEKBEHIIMJAJIHOI YBPU3I'ABAIBA AYOTOI'ACA
Y MOTOPUMA CYC

Pangusoje ByKaIIII/IHOB]/Ihl

Pesume: Cse gefia nompowrna ocHOGHUX HagmHux Oepueama (Ouzen 2opusa u
bensuna), yCcuosuia je UHMmMeH3UGU PA38oj U NPUMEHy AIMEePHAMUGHUX 20PUBA
(nponau, Oyman, 6000HUK, MEMAH).

TNG -Teunu Hagmnuu lac je oomahu mnaszus, a LPG Liquid Petrol Gas je
MmehynapooHu nasus.

TNG -Teunu Hagpmnu I'ac je mewasumna yemb08000HUKA, NPEMENCHO NPONAHA
CsHg u 6ymana C,H,yCs Llmo je npoyenam nponana eéehu, mo je u 00sbu

kearumem TNG eaca. Bowu xkeanumem TNG -a oeneda ce y eéehem oKmanckom
Opojy, wmo 3nauu u Oome nephopmance, Mary HOMPoOUILY U Oobe nasere Ha
HudicUM memnepamypama. M3 moe pasioea je xonyenmpayuja nponana ysex eeha
sumu. Y eefiunu 3anaonoegponckux 3emansa konyenmpayuja nponana y TNG -y je
70%. Ilpu cazopesary caca nomnyno ucnapasa. benzun ce pacnpuiyje y cumne
kanu. Tedxcuna eaca y eacnoj ¢asu je camo 1.8 eehia 00 sazdyxa. Texcuna
benzumncke nape je 3.5 eeha 00 8azoyxa. 3602 06aKeux Kapaxmepucumxa 2ac ce
MHO20 DOsbe Mewa ca 6a30yxom u bome cazopesa.

Kibyune peun: Momopu, yopuszeasarse, meunu 2ac.

KAPAKTEPUCTHUKE (TNG) AYTOI'ACA

IIpu caropeBamy raca:
- OH noTmyHoO caropesa.
- Hewma rybOuTakTa 300T IeTMMHYHOT caropeBama Kao Ko OCH3MHA.
- Hewma koHjieH3a1M]je Ha KapuKaMa.
- He cmamyje Ma3uBHOCT yJbHOT puima.
- Mame je pazpehuBame yiba.
I'ac HeMa KOPO3MBHUX CYMITIOPHHX jeUEbCH-a HU AaHTUICTOHAIIMOHNX aIUTHBA.
Mortop Ha Tac y OAHOCY Ha MOTOp Ha OCH3HMH eMHUTYje:
- Jlo 80% mame yribed MoHokcuaa ( CO ), moceOHO y Mpa3HOM XOJIy.
- Jlo 50% mame uryhaux oxcuma ( NOx ).
- Jo 50% mame HecaropuBuX yriboBogoHuka ( CH ).
- Ckopo cBa jequmerma y H31yBy HadTe n OCH3MHA Cy KaHILEpOTreHa.

! Mp PaguBoje Bykammnosuh, Buma rexanuka mkoina, Yporesarl,
E mail: radel0@absolutok.net
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- HujenHo jenumeme y U3AYBY raca HUje KaHIICPOTCHO.
VY u3nyBy BO3WJIa Ha rac Hema:
- CyMImmopHHX JUOKCHIA.
- OJIOBHUX jeTUICHbA.
- bensoua.
- Anpexuna.
- U uma Beoma maio yectuia dahu.
beHsuHCcke 1 mape raca cy 3anajbuBe, alid y oJpel)eHOj KOHICHTpAIUjH Y Ba3ayXy.
bensun je 3anassuB y konueHtpanuju 1:100, ca Basmyxom. [lacHe mape cy
3amajbuBe y ogHoCy 3:7, ca BaznyxoM. TNG je 6e30enuuju 43 myTa!
Cse 1ieBu npodecrnonaiHo yrpalheHor opuruHamHor ypehaja umMajy BEHTHI 3a JIOM
IIEBH, TAKO J1a IIPU HEXKEJBHOM CyJapy, Cy CUTYPHH.
Ha rtectupamy u3BenenoMm y 3amanHoj EBpornu Ha y3opky ox 18.000 + 18.000
ayromoOuia, mpaheHux y 7 rofMHa, 3amaiuia cy ce:
- 4YeTHpH ayToMoOWsIa Ha OEH3WHCKH ITOTOH,
- JBa ayToMOOWJIa Ha TacHU IOrOH, 00a 300r mpobiieMa Ha OCH3WHCKO]
MYMIIH.
PesepBoap 3a:
- BEH3UH-npaBu ce ox obuyHor numa nedspune 0,5 mm ,
- T'AC-npaBu ce oj YenU4YHOT JuMa Jie0Jbune 4 mm ,
- penaTHBHO HHUCKa LieHa ayToraca,
- JIy’KH BEK MOTOpa.
Henocranu aytoraca cy:
- mpobieMaTHyaH XJaJaH CTapT,
- KOMIUTMKOBaHa JUCTpUOyNHja TOpHMBAa M yMameHa 0Oe30eqHoCT Yy
caobpahajy,
- ONACHOCT OJ] M30CTaHKa NMaJbeha U MPOMYIITaka Y KapTep ITO je IMoce0HO
U3paKeHO KOJ| CTapUjuX BO3MIIA,
- rTybOurak edeKTUBHE CHAare MOTOpa,
- Beha maca Bo3mia,
- MamM OPTIJbaKHU MPOCTOD,
- HUCIapaBame raca y XJaJHOM CTamy,
- CTBapame€ IapHHX YENOBa y TOIUIOM CTamby.
ExonomuuHocT kopumhema raca kao ropuBa je BHIIECTpyKa M orjega ce y
cienehem: Ceehune tpajy 100% nyxe. Tpajame yiba qo moTpebHe 3amene 50%
nyxke. Bek moropa, y npoceky ayxu 30+ 50% . llena npehenor xkunomerpa 50%
HIDKA, jep je rac MHOro jepTunuju o O6ensuna. Exonomuunoct ypehaja 3aBucu ox
BHIIlEe (paKTOpa: MOJENa M TEXHOJOIIKe TeHepanuje ypehaja, Koju cTe yrpaiwiiu,
KBajMTeTa yrpaljeHor ypehaja, KBanuTeTa came yrpaame, KBaJuTeTa CaMor TOprBa.
Teunn sadTHU Tac (TNG ) npema JUS B.H2.130 cmanma y Tpehy rpymy racoButux
ropuBa. OB0j TpynH NpHIIaNajy MporaH W cMella nponaHa u Oyrana. Keamurer
cMmelnre mpomnana u 0yrtana ce oapehyje npema JUS B.H2.130 u JUS B.H2.134 3a
TeuHe HaTHE racoBe. [Ipema HeMaykMM CTaHAapAMMa c€ MOJA TMOjMOM TEYHH
HadTHM rac moapasyMmeBajy mporaH, OyTaH W HHXOBE CMEIIe Yy pasIudUTUM
mpornopijama.
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[Iponan m OyTaH MO XEMHjCKO] CTPYKTYpH TPHIIAAajy YTIHOBOJOHHUIUMA U TO
napapuHAMa, MajJa y CBOM cacTaBy caipe IpuMmece ojeduHa, MpONHjcHa H
OyTuieHa.

Ilporan u OyTaH (ka0 M OCTadM YIJbOBOJOHMIM H3Mel)y JIaKMX U CPEABHX

¢pakunja), Ha aTMOC(HEPCKOM NPUTHUCKY W HOPMAJIHO] TEMIEpaTypH (ZOOC ),
Hajla3e ce y TacHOM CTamby; NP HELITO HIDKO] TeMIIepaTypH HJIM MpPU HEIITO
BUILIEM NIPUTUCKY y PE3EpPBOapy Mpesase y TEYHO CTambE.
Teunu HadTHU Tac- TNG ce Moke JOOWTH Ha JIBa HAUWHA!

- W3IBajameM U3 MPUPOAHOT HAPTHOT Taca, u

- JIGCTHJIAIIUjOM IIpH Mpepaan HadTe.
Tokom padunepujcke mpepane HapTe goduja ce 35 % racosa Koju cnanajy y rpymy
TNG . Y oBuUM racoBMMa MMa HajBHIIE IMPOMaHa y3 PEJOBHY MpaTkhy OyTaHa u
erana. OBH racoBW Cy Ha HOpPMAaJHUM YCJIOBUMa y TacHOj ¢asu. Ilox penaTuBHO
HUCKHMM NPUTUCLHKMMA WM BUIIMM TeMIIepaTypama mpejase y Te4Hy ¢a3y 1mo yemy
cy u no6unm ume. Temreparypa 3anabeha OTBOPEHUM TUIAMEHOM j€ BPJIO HUCKA:

on-12°C n0-48°C. TemmepaTypa ynajbema TOIJIOM HOBPIIMHOM je o1 +455 Oc

n0 +470°C. Y Ba3AyXy Ce MOXKE 3alajuTH cMmemia cactaBa of 2+11% raca. Y
clydajy moxapa Tpeda KopucTUTH uBpcTa cpeactea (neie u CO2).

Bumm oxrancku OpojeBu mponana u Oytana omoryhaBajy CUTYpHHUjH pal MOTOpa U
MoryhHOCT pajsa Ha BUIIMM cTeneHnMa kommpecuje. llupe rpanune yrnampuBoCTH
omoryhaBajy pax ca CHpOManTHOM CMEIIIOM.

3a mpuMeHy y BO3WIMMa ce€ OOMYHO KOPUCTH CMella Mpornana U OyTaHa, Ipu 4eMy
je y XjamHujuM moapydjuMa Beha KOHIEHTpanyja mpomaHa (300T Jakiie
HCTIApJFUBOCTH). Y AyCTpHjH je ogHOC Iporana u OyTtana y cmemu 80/20 3umu a
20/80 netu. Y Hamoj 3emsbH je Taj ogHoc 50/50. Y Benukoj bpuranuju ce kao ayto
rac KOpUCTH UCKJbYYHBO MPOTIaH.

Jeman ox HajBehux HemocraTaka TacHOT MOTOHA je CKyIUba ompema 300T paja ca
BelinM mpuTHCIIIMA Yy pe3epBoapy.

INPUMEHA AYTO I'ACA Y BO3UWJINMA

AyTorac ce MoXe NMPUMEHUTH W Ha OTO M Ha Ju3en Motopuma. Kong oto Moropa
pa3iuKyjeMo JiBa CHCTeMa 3a yBohemwe raca:

- BaKYYMCKH CHCTEM, U

- CEKBEHI[MjaJIHU CHCTEM.
Kon cexBeHIMjaHUX cucTeMa ce yOpu3raBame raca BpIIM IoMohy KOMIjyTepcKu
yrnpaBujaHux opusrava. [lepdopmance MOTOpa ca OBUM CHCTEMOM 3a YOPH3TaBarbe
raca cy MHOro Oosbe oJ mepdopMaHCH MOTOpa ca BaKyyMCKHM CHCTEMHMA.
MoryhHocT mojaBe MOBpaTHOT IUIaMEHA y YCHCHOj I'PaHHU je BEJIUKH HEJOCTaTaK
BaKyyMCKHX cHcTeMa. Hamme, ako crcTeM 3a Majbeme 3aTaju MOXKE Ce JACCUTH Ja
cBehuIla ynanm cMenry y TOKy ycucaBama-I0i1a3u 10 ASTOHAIHje Y YCUCHO] TpaHu
Tj. A0 TojaBe moBpaTtHor TuiameHa. CeKBEHIMjalHM CHUCTeMH OHeMmoryhapajy
0jaBy MOBPATHOT IJIAMEHA.
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Omnmc Jenunune Bensun IIponan byTan
o
it | - | | cm | om
I'yctuna Kg/dm 0,730+0,750 0,575 0,505
TEYHOCTH
3anpeMuHa raca kg 240 416 540
3a 1 kg TeuHocTu
OkTaHcku 6poj - 96+98 111 101
Tauka OC 30=195 -1 43
HCIapaBama
Crexuomerpujcka | Kg/vaz./kg 14.75 15.1 15,3
cMela ropHBa ’ ' i
I'pannna _ 0,6-1,3 0,4+1,8 0,4+2,0
yraberba
ﬂo&a;{ggnmﬂa KJlkg 44.000 45.600 46.100

Kon yrpagme BakyyMCKHX CHCTEMa OTO MOTOp 3a/pkaBa mocrojehm cucteM 3a
oOpa3oBame cMmerie OcH3uHOM (KapOypaiuja, yOpusraBame). Moropy ce nojaje
napajesHu CUCTEM 3a 00pa3oBame racHe cmenie. OBaj cucieM o0yxBara:

- moce0aH pe3epBoap 3a TEYHH Tac,

- IPUKJbYYaK 3a MyHeHeE,

- BUIICHAMEHCKH BEHTHII,

- PemyKTOp NPHTHCKA,

- CHCTEM 3a JI03Upame raca-Mead.
JlomaTHU cUCTEM ce YBOJHM Kako O ce oMoryhwo onmTHMalaH paj MOTOpa Hpu
Kopuiihewy 00a ropuea.
JIBOCTpYKH CHCTEMH 3a Hallajamke TOPUBOM Cy Yy CTPAHO] JUTEPaTypH ITO3HATH Kao
“bi-fuel” cuctemn. Hajsehm Hemocrarak oBux cuctema je MoryhHocT ryOuTka
nepopMaHCH, Kako y NOTJIey CHare Tako U y MOTJIey EMHCH]e U31yBHUX TacoBa.
I'ybutak mepdopMaHcH je HajuU3paKEHHjH KOI KapOypaTOpCKHX CHCTEMa jep
Meliad OMeTa paJi MoTopa Ha OeH3MH a KapOypaTrop oMeTa pajJ MOTOpa Ha Trac.
[epdpopmance MoTOpa Cy MHOTO 00Jbe Kajia Ce KOPHCTH CaMo jelHa BPCTa ropuBa
aJTi je OBaKBO PEIICHE ONPaBIaHo KO TeXuX Boswia. Kox mu3en Motopa npuMeHa
TNG -a je Mame 3aCTyIJbCHA jep 3axTeBa Behe mpenpaBke cucTeMa.
[MocToje nBa mpucTyna:

- mBoropuBu MoTOp (Dual-fuel)-cmema canpxu 20 % muzen ropusa u 80 %

ayToraca; Jn3ell TOPUBO CITYKH 32 YIaJbeHe,
- TacHM MOTOp-TIOTIyHA MperpaBKa ca JU3e] Ha OTO MOTOP €a CHCTEMOM
NaJbeha; MOTOP KOPUCTH CaMO TaCHO TOPHBO.

VY 3emipama EU je cBe BHIIE Y yHOTpeOM MeTaH; MO3HATHjU Ka0 KOMIIPUMOBAHU
npupojau rac- CNG (eurn. Compressed Natural Gas). JloOuja ce HemocpeaHo u3
OymioTrHa W He 3axTeBa npepany y padhunepujama. OcHoBHa npeanoct TNG -a je
Hucka 1ieHa. /1o caaa je To ropuBo omio 3a 40 % jedTunuje ox OeH3uHa, a 3a 30 %
oJ mu3ena. EHepreTcku mocMaTpaHo MOXe ce OYeKHBAaTH Behin cTereH KOPUCHOCTH
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TNG u CNG wMmotopa y OAHOCY Ha OEH3MHCKM MOTOp 300T MOTIYHHjer
caropeBama U MOTYNHOCTH TOpa M MOBOJbHHja eMHcHja u3nyBHHX racoBa (CO,
paza ca CUPOMAIIHHjOM CMELIOM. Y NPEAHOCTH IacHOT MOrOHA CHanajy My H BEK
MoNOx, C,H ).

MNPUHLUII PAJA U KOMIIOHEHTE CUCTEMA CEKBEHLIUJAJIHOI'
YBPU3I'ABAIBA LPG-a U CNG-a Tuna SEQUENT

Cnuxa 1. lllema cexsenyujannoe yopuszeasarwa LPG-a u CNG-a
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BRC CLASSIC je cucreM KoHBep3uje OEH3MHCKHX MOTOpa Ha rac. JeqUHCTBEH je
[0 TOME IITO C€ MOXKE YTPaJUTH Y CBE TUIIOBE OEH3WHCKHX MOTOpa, OWIIO J1a UMajy
KapOypaTtop WIH JUPEKTHO yOpusraBame OeH3WHA. Injection Bep3mja ce
npenopydyje 3a yrpaamy y Bo3uia Koja 3a10BobaBajy Eypo 1 u Eypo 2 Hopme o
KBAJUTETY W3AyBHUX racoBa. OH ce wucmopyuyyje y poOyCHOM BHCOKO-
BOJIOOTHOPHOM Kyhuiry, mpunaroeHom 3a yrpaamy y nmpoctop Mortopa. Hberose
TJTaBHE OJITMKE Cy TOBOJbHA II€HA W BEITHKA MOY3AaHOCT. 300T CBOjE TEXHOJIOIIKE
KOHCTPYKIIH]e HEroBa yrpaimba ce Mpernopydyje Ha CTapUjuM M ayTOMOOHMIMMA
Cpenbe reHeparyje.

BRC BLITZ KIT-Blitz je cucteM KOHBep3wje OCH3MHCKHX MOTOpa Ha Tac,
uieanaH 3a yrpajimby y BO3WIAa ca JUPEKTHUM yOpH3raBameM TopuBa, Koja
3agoBosbaBajy Eypo 1 u Eypo 2 HOopMe o kBanmuTeTy M3IyBHUX racoBa. OH ce
UCIIOpy4Yyje y POOYyCHOM BHCOKO-BOJOOTIIOPHOM Kyhumry, mnpuiaroheHom 3a
yrpaamy y IpocTop MoTopa. KoHBepTOpCcKH mpekuad ce HHCTaIupa He3aBUCHO
MOXe OWTH OUpEKTHO yrpalleH Ha KOHTpOJHYy Talmy y KaOuHM Bo3una. Blitz
CUCTEM YKJby4dyje (YHKIH]y eMylaTopa laM0/ia CUTHaIa, MEMOPHjCKE KOHTPOJIE,
U3MEBHBAY, U 1P, ¢ 003UPOM 1a ce yOpH3raBme Yy CBaKM HWJIMHIAP KOHTPOJIUINE
He3aBUCHO. Blitz cuctem ce yrpahyje y Bosmma ca 0-1V wu 0-5)V nambma
KHCEOHWIKUM CEH30pHMa M CEH30pHMa HHWBA THIA Pe3ncTUBaH “R” u Xawr “H ”.

Tpanunuonanuu nmodyhusay npoToka je tumna “S” 3a Bo3mia g0 1600 cm® u Tuma
“L” 3a Bo3wia Behe cHare. 24-Kpaku KOHEKTOPH C€ UCHOPYYYjy MOCeOHO, jep ce
IpaBe y YETPU pazIuMyuTa MOJENa y 3aBHUCHOCTM on Tuma Bosuiaa. LAMBDA
oxygen GAS control injection sistem o0e30elyje Bucoke mepdopmance y3
NPELU3HOCT KOMITjYyTePCKEe KOHTPOJIE U BETHKY €eKOHOMUYHOCT.

SIQUENT je Common Rail multipoint cekBeHIMaTHM CHCTEM 3a IUPEKTHO
yopmsraBame LPG-a u CNG -a U npeAcTaBba caM BpX TPEHYTHE TEXHOJIOTHjE
KOHBEPTOPCKUX CHUTEMa, KOjU KOTPOJIMINY CHary MOTOpa ca YHYTpallbuM
caropeBameM MPEKO AUPEKTHOT yOpu3raBama raca. Siguent omoryhaBa KOHBEp3H]Y
MoTopa ca OeH3MHA Ha rac, U MpPU TOME Ce MPHIpKaBa HajHOBUjUX CTaHIapAa
KBaJIUTETa M3yBHUX racosa, kao mro cy Eypo 3 u Eypo 4. 3axBasbyjyhu meronoj
CEPHjCKOj apXUTEKTypH ITUPEKTHOT yOpH3raBama, OH YakK IITa BHIIE 33/10BOJbABA U
oynyhe FEOBD HopMe, MITO Ta YWHU WACATHUM YypehajeM 3a KOHBEp3Hjy ca
OcH3WHA Ha Tac HajcaBpeMEHHjuX Bo3wina. Siquent je ctBapam Common Rail
cucreM. OH y CYIITHHU MPECTaBJba yCIEIIaH TpaHchep TEXHOIOTH]e pey3eTe ca
MOJEpPHHX AM3e] MOTOpa Ha MOJbE MOTOpA MOTOBEHUX racOM Kao TOPUBOM, IIIe Ce
rac WCHopyd4yje MOJ TMPHUTUCKOM y JNUHHjH (the rail) WCTOBpeMEHO KpO3 CBE
Opm3rasbke. Siquent JIOHOCH KOHIICNIT KOHTPOJMCAHE MOIYIAPHOCTH KOjH
omoryhaBa wuHcTanmanujy ypehaja Ha BO3WIO IOBE3UBAEM IPEKO CaMoO TPH
elekTpuuHa Kabna (He padyHajyhu kabioBe 3a Hamlajame W Y3eMJbCHE KOjU ce
MOIpa3yMeBajy), Kao M €BEHTYATHOT J0/laBamba SICKTPUYHUX KabjaoBa KOJ BO3WIIA
ca KOMIUIEeKCHOM uHcTananujoM. OcoOuHa Siguent je W mpolec MOJCIIaBamba U
caMo-KOHpHrypHcama, KOjU je Kpajibe Op3 M mnpwiaroybus, aAajyhu mpu
MHCTAJALMjH CEPBUCEPY TOBOJHHO cl00oze, M THMe omoryhaBa MHCTananujy Ha
Omo Koje Bo3wIio. Siquent ce cacTtoju of 0azHOTr kKomruieTa “8S ™ W cTaHgapIHOT
komrieta “S7T 7. bazum xommuter “8S” campKu: ENEKTPOHCKY KOHTPOHY
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jemuanny ECU , mpurymmvBad-peayKTop, TIIaBHU KOHEKTOpH, 1ieBH, FJ1 duntep,
KaJeMCKH BEHTWUJI U ceH30p mnputucka. CranpapaHu koMmriuier “ST” cagpku
IIMHCKH Pa3BoOj, €IEeKTpUYHEe Opuirajbke M racHe nesu. “8S” u “ST 7 komIuieTu
ce Oupajy mpema CBakOj WHCTAIIHUjU MOCEOHO M TO y 3aBHCHOCTH Off Opoja
LIJIMHIApa, CHare MOTOpa, M OPUTMHAIIHOT CHCTeMa yOpu3raBama Ha BO3HILY KOje
Tpeba KOHBEpTOBATH ca OcH3MHA Ha rac. ' yOuTak cHare Impu BOKEBH Ha rac je camo
1 % y oaHOCY Ha BOXIbY Ha OCH3MH, 00e30el)yje y BOXKEbH HICHTHYHE YCIOBE Kao
npu Kopuihewy OeH3WHA, TIO AYIUIO HIDKO] LIeHH, 0€3 eMUCH]e IITETHUX racoBa.
YnorpeboMm cucTtemMa cekBeHIMjanHoOr yoOpusraBama LPG-a u CNG -a Tuma
SIQUENT y cucteMy ca eleKTPOHCKO-YIIpaBbaukoM jequnurioMm ( EUJ ), nodbujajy
ce onTuMarHe nepdopMance MOTOpa U 33J0B0JbaBajyhe eMucHje U3 ayBHHUX racosa,
Kao LITO je MPUKa3aHO Ha CIUIH 2:
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Cruxa 2. Ynopeonu oujazpamu caopaicaja uz0yeHux 2acoea
KOO MOMOPA ca CUCTNEMOM
Onen 3agupa 1.8u Eypo 4 LPG-(nesu oujacpam)
@opo Doxkyc 1.8u Eypo 4 LPG -(0ecnu oujazpam)
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Cruxa 3. Ynopeonu oujacpamu paszeujene chace Kopuuiheroem
20pu8a y MOmMopy cucmema:
Onen 3agupa 1.8u Eypo 4 LPG, ynopeherse dobujene cnace bensun- LPG
(ca. 1eso)
Dopo ©okyc 1.8u Eypo 4 CNG, ynopeherse 0obujene cnaze benzun- CNG
(ca. decHo)
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PEAYKTOP IIPUTUCKA UCIIAPUBAY

OBa aBa moacucTeMa Cy WHTETPHCaHA Yy jeTHOM CKJoOIy. PemykTop mpuTHcKa
CIly’)KM 3a CMamCHe MPUTUCKA Taca Ha PaJHU TMPUTHCAK TOTOJaH 3a CTBapambe
cMmeme. McmapuBau mMMma 3afaTak a TEYHH rac 3arpeBambeM IpeBele y MapHO
CTame.

Torora 3a 3arpeBame raca ce o6e30elyje u3 cucrema 3a xnaheme. ['ac ce moxe
3arpeBaTH ¥ TOIUIOTOM W3JyBHUX racoBa. 3arpeBambe ce HeCMe BPIIUTH AUPEKTHO
U3AyBHUM racoBuma. CKIION pPEOyKTOp NPUTHCKA-UCIApPHUBAaY j€ CIELHjaTHOM
MeMOpaHOM TIOJIEJheH Ha B KOMope. TedHn rac u3 COJICHOMTHOT BEHTHIIA 3a rac
MO TPUTHUCKOM yiia3u Kpo3 oTBop (cimuka 4.A4) W yla3w y MPBOCTEICHY
penykuuony komopy B. Ilputucak ce y OBOj KOMOpPH peoyKyje Ha
0,45+0,65 bara . Penykumja nputucka ce nocrmwxe nomohy memOpane (cit. 4-1),
ompyre (3) u nomyre (2). [lopact mputucka y komopu B wu3Haj oarosapajyhe,
yHampen JneguHUCaHE BpEAHOCTH (KOja 3aBUCH OJ CHJIE OIpyre) H3a3uBa
momMepame MeMmOpane a ca moM W momyre (12). Ilomepame monmyre wu3a3uBa
NpOMEHY HaroHa y omnpy3u OecmoBpaTHor (9) u cnpedaBa NPWIMB TEYHOT raca
Kpo3 yna3Hu Boj ( A ) cBe AOK Ce IPUTHCAK Y KOMOPU HE CMambH.

PG I 4
_\"i\TER
=/

IMLET
p——

P

'J::'

Cauxa 4. Ilpukasz pedykmopa npumucka ucnapusava: A-Hanojru 600,
B-pedyxyuona xomopa, C-omgop, D-komopa 3a cucmema 3a xnaherve,
E-omeop, F-opyeocmenena komopa, 1-membpana, 2-nonyea, 3-kanubpucana
onpyea ,4- becnospamuu 6eHmuL, 5-pe2yiayuoHu eHmMuI NPOMoKa 2aca,
6-membpana, 7-noryea, 8-memOpana noge3na ca YCUCHOM CUCHEMOM,
9-cucypHocHU eneKmpUYHY 8EHIMUL
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Bopa u3 pacxnmagHor cucrema myTeM oJronapajyher npeBoBojia HCIyHhaBa KOMOpPY
D (crmuka 4), koja ce Haja3uw OKO peAyKIuoHe komope B. ['ac u3 pemykuuone
KoMope B, mpeko oTBopa E ynasu y KOMOpY JApyror creneHa F .Y 3aBUCHOCTH
O]l BPEAHOCTH TOTIPUTUCKA Y YCHCHOM CHCTEMY KOjH Jenyje Ha MeMOpany (8)
IpeKko MoceOHOr BaKyyMCKOT IpeBa U momiyry (7) peryjiMiie MpOTOK raca MpeKo
BeHTHNA (5).

VYV rtakTy ycucaBama, MeMmOpana (cimka 4.9-6) ce moMepa Ka IICHTPaTHOM eIy
KoMmope, naeinyje npeko monyre (7) Ha BeHtma (5), momymrajyhu racy aa yhe y
Ipyrocrerneny komopy F . [lpunukom monaBama raca moBehasa ce MOTIIPUTHCAK Y
YCHCHOM CHCTEMY IITO C€ MPEHOCH W Ha MeMOpaHy ucnapupada. OBaj moMepaj ce
NpPEeKo TOJNyre MpPeHocH Ha BeHTHN (ciuka 4) KOju J03B0JbaBa JIOJaBame¢ HOBE
KOJIMYMHE Taca YuMe ce BpIIu oboraheme cMelie.

Kanma mortop Huje y panmy, ompyra y MmeMmOpaHu (ciuka 4) Jenyje CBOjoM CHIIOM
(npenonTepehema) u mpeko moayre (7) y HOTIYHOCTH 3aTBapa peEryJallioHU
BEHTUJI IPOTOKa Taca (5).

Kanma ce morop crapryje, MemOpaHa TpeKo MarHeTa IMOTIYHO ca0Hja Ompyry;
noryra (cnuka 4) nmenyje Ha peryJiallioHH BEHTHJ raca, mTo oMmoryhasa mposas
racy y Apyrocrerneny KoMmopy F ¥ najbe 1o Melava y yCHCHH cucteM MoTtopa. Ha
kyhucty ucnapmBada ce Hayla3d CHTYPHOCHM eJIEKTpUYHH BeHTUN (9) koju ce
aKTUBUpA KaJla MEXaHWYKH WM eJIeKTPUYHU JEeIOBH MOTOpa HHCY Yy MOTIIYHOCTH
(yHKIIMOHAHY 32 CTapTOBame. PeykTop MpUTHCKa-HCIapuBad ce Kao KOMIUIETaH
ypehaj uBpcTOM BE30M HHCTATUpa Ha KapOCEPH]jy BO3WIIA Y MOTOPCKOM MPOCTOPY
(ucmox xay0e). 3a KOPEKTHY MHCTAIAIN]y UCTOT BOJUTH padyHa o cienehem:

- ompeMa ce IOCTaBJhba Tako Ja OyJe MOCTyImHa 3a TpWiIa3 W 3a JIaKo
OTICITYKUBAbE,

- PeoyKTOp NpPUTHUCKA-WCIapHBad C€ IOCTaB/ba HKCIIOJ HHUBOA pacXialHe
TEYHOCTH y XJIabaKy,

- Yell 3a UCIIyIITame TEYHOCTH He CMe OUTH M3HAJ pa3BOJHHKA MaJbeha MU
0o0uHe,

- IIeBHW 3a TPAHCIOPT Taca ce Mpe Yrpadme MOpajy OYHCTUTH na Om ce
u30eriia rnojasa HedyucTohe y cucremy,

- TIPOBEPUTH Ja JIM CHCTEM LIypH KaJa je MOTOp y pany,

- TpoBepuTH (HYHKIIMOHATHOCT TEPMOCTaTa y PacXJaJHOM cUCTeMy (na Ju
OTBapa/3aTBapa); VKOIHMKO j€ TEPMOCTaT HEWCIpaBaH Moke Aohu 1o
nperpeBama ucrnaprBaya,

- gmomatd aHTU(PHU3 Y 3UMCKHM YyCIOBHMa BOXHe. [Ipummkom monmmBama
HOBE TEYHOCTH 3a xial)eme, BH3YEITHO MPOBEPHTH Ja Hema Mexypuha
Ba3JyXa Y pacxJyaJHoj TEYHOCTH, jep OHH MOTY IPOY3pOKOBATH MpodIieMe
MPUIMKOM LUPKYJalje TOMJie BOJE M3 CUCTEMa 3a xJyaljeme y ncrnapusad.
W3nazHo KOJEHO 3a rac je MOCTaBJbEHO Ha BpXY HCIapHBada M IMPEKO
TYMEHOT IpeBa 3alliTUNEHOr METAIHUM BIIAKHMMa je TIOBE3aHO ca
MelllayeM KOjU Ce HaJla3h Y YCUCHOj TPaHd MOTOpa. Y TOM JIeJTy LIPEBOBOJA
(mapHO cTame raca) HaJlas3u ce peryjaTop nmporoka raca. Tpeba uzberaBatu
BETMKE JIYKOBE M BEIWKY AYXXHHY IpeBoBojaa jep To mosehaBa otmop
CTpyjama. 3a BaKyyMCKEe CHCTEME BaKM Jia O] MCIapuBada Ia Ha Jlajbe
HeMa HaAlpUTHCKA.
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[Mocne yrpagme cucremMa 3a ayTorac HEONMXOJHO je H3BPIIUTH IpoOBEpe U
nontenraBama. [pe ceera Tpeda momutu 10 murapa TNG -a y pesepBoap 3a rac.
ToxoM pomymaBama Tpeba NMPOBEPUTH Ja HEMa MpPOMyLITaka TEYHOI Traca Ha
MIPUKJBYUKY 32 MyHCHE WU Ha JIMHUjU [IEBOBOJIA JI0 pe3epBoapa. Kana ce 3aBpmiu
JIOTTyhaBarhe M MAIITOJb 32 MyHEHkhe raca N3BaAu U3 MPUKIbYUKa, TPOBEPHUTH Ja JTN
OecroBpaTHU BEHTHII IPUKJbYYKA 33 MYHEHE pearyje u 3anTuBa MPaBHUHO.

Tpeba mpoBepUTH 3aNTHBHOCT BUIIICHAMEHCKOT BEHTHJIA HAa pPE3epPBOapy. Y KOIUKO
ce TM0jaBH Iypeme Tpeda JeMOHTHpATH BUIIEHAMEHCKH BeHTHI. [Ipe memMoHTa)xe
BUIIICHAMEHCKOT BEHTWJIA pe3epBoap CE€ MOpa HWCIPa3sHUTH W JOBECTH Ha
atMochepcku nputucak. OBy onepaijy Tpeba 00aBUTH Ha OTBOPEHOM MPOCTOPY
Y TKJBUBO, Oe3 mpucycTBa MOoryhux n3Bopa 3amnajbemba.

Kanma je cBe obaBmjeHO, Tpeba crapToBatel MOTOp (Ha OeH3mH). [IpoBepure ma nm
MOTOp pajii HOPMAJIHO H 3aTHUM IPeOaluTH TyrMe y HeyTpalHH (CpelbH) MOI0XKa]
JOK MOTOp He cTaHe (jep je noBox OeH3uHa mpekuHyT). HakoH Tora ce mpexumau
npebaiyje Ha G -ayTorac u Kjbyd ce 3akpehie y KOHTakT OpaBH y MOJIOKa] 3a
najbemhe 0Oe3 craproBama (KOHTAakT). Tpeba MpoBEpUTH CBe MPHUKJBYYKE Ha
[IEBOBOJTHO] JIMHHjU 3a Tac 0 PeAyKTOopa MPHUTHUCKA-UCTIAPUBAYN U MIPOBEPHUTHU Ja
T UMa Lyperha TeUHOT Taca. 3aBpTHhE 3a PEryyanijy MaKCUMaITHOT 1 MUHAMAITHOT
MPOTOKA TEYHOT raca Tpeba MOCTABUTH Y CPE/IEHH MOJI0XKA] U CTAPTOBATH MOTOP.
Iloctymak  mojemaBama TPOTOKa raca 3aBpTHUMa ce 00aBjha Ha
TUHAMOMETApCKOM BaJbKy. TecTupame ce Moke 00aBHTH M Ha IyTy Tako Ja ce
JOCTHTHE MaKcHMallHa Op3uHa. 3aTHM ce MOoJellaBa 3aBpTak 32 MHUHUMAITHH
MPOTOK KOjH Ce Halla3W Ha PeIyKTOpY MPUTHCKA-UCIapuBaya. 3a OBO MOCIIABAKE
Tpeba KOPHCTHUTH aHAIM3aTOp W3AYBHUX TracoBa. MUHWMAaIHH TPOTOK Tpeda
MOJICCUTH TaKO Jla CajpXaj YIrJbeH-MOHOKCHIA Yy H3AyBHHM TracoBuMa Oyjae y
omcery ox 0,5+1%.

3AK/bYYAK

ITopen BakyyMCKHX IIOCTOj¢ M CCKBCHIIMjaTHH CHCTEMH 3a yOpH3raBame Taca
(cepujcko WM peHO yOpU3raBame raca).
OBaj cucTeM ce MpakTUYHO NMpUMEwyje Ha HOBUM MPI (multi point injection)
cHCTeMa M Ha common-rail cucTeMy KoJ au3ell MoTopa. EnekTpoHcka ynpaBipauka
jemmanna ( EUJ ) Ha OCHOBY CHTHala ca ceH3opa y oaroBapajyhem gemy Takra
yCHcaBama IMPEeKo cBake OpU3rajbke MOjeMHAYHO Haraja ca racoM oAroBapajyhm
UITAHIAD.
Hexke ox npeanoctu yOpusraBama raca y 0MHOCY Ha BaKyyMCKE CUCTEME CY:

- Ilpeun3Ho oxMepaBame KOJIMYUHE OpPU3raHOT raca.

- Cwmameme ryouTKa cHare MoTopa.

- Uzbernyra je MoryhHOCT mojaBe MOBpPATHOr IIaMEHA Tj. JCTOHAIHjE Y

YCHCHO]j TpaHH.

- 10 % Beha moTpomma raca y onHoCcy Ha OCH3MH.

- Hewma nmotpe6e 3a yrpagmom emynaropa 3a Opusrajbke U 1amM0/1a COHJLY.

- Moryhnoct yrpaame TypOo TpyIe.
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Cucrem je mnpensuheH 3a ayromoOwmie koju pame ca OBOIl, EOBO mun
3a10B0JbaBajy kpurepujyme Eypo 3 u Eypo 4. Kom BakyyMCKHX cuCTeMa, TIPH
Harajamby MOTOpa racoM Opu3raun HHuCy y (QyHKOWju. EnekrpoHcka yrpaBibadka
jemuaunia ( EUJ ) yxibydyje ymo3opaBajyhy aMmuily Ha WHCTPYMEHT TaOJH.
Hajkputuunuju TpeHyTak NpW yrpaamH ayToraca je IpBO NMymeme. 3ato Tpeda
MHCHUCTHpATU Jla NpU MPBOM Mymemy Oyle NMpucyTHa ocoba Koja je yrpaauia
cucreM 3a ayrtorac. He mpemnopydyjy ce nyka IyToBama OAMAax IO yIpalmbH
cHcTeMa 3a ayTorac. YKOJIUKO BO3WJIOM Ha ayTorac KpeHeTe Y MHOCTPAHCTBO, Ha
BETPOOPAHCKO CTAKIO 00aBE3HO HAJCMUTE OAroBapajyhy HaJemHuIy.

Bosuna ca yrpahenum cucreMoM 3a ayTo Tac ce€ HE CMeEjy OCTaBJbaTH Yy
mpocToprjaMa 0e3 MpoBeTpaBama. Y ONM3WHM BO3WIa C€ HE CMEjy HaJa3WuTH
M3BOPH BapHHYCHa HU OTBOPEHOT TUIaMEHA.

Jyrme npekngada rac/0eH3MH NpedalnBame ca Harmajama OSH3WHOM Ha Harlajame
racoM u oOpaTHO ce OCTBapyje moMohy mpekumada rac U OeHsuH. [Ipexkumau ce
yrpal)yje Ha BUIJBMBOM H JIAKO TOCTYITHOM MECTY Ha HHCTPYMEHT TalJIu.
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ADVANTAGES AND DISADVANTAGES OF APPLICATION
OF SEQUENCE INJECTION OF AUTOGAS IN SIC ENGINES

Summary: [Increasing consumption of basic oil derivates (diesel and petrol),
caused the intensive development and application of alternative fuels (propane,
butane, hydrogen, methane).

TNG-Tesni Nafni Gas is domestic name and LPG-Liquid Petrol Gas is
international name.



Ilpeonocmu u nedocmayu npumene cekeenyujainoe yopuszeagarsa aymoeaca y momopuma CYC 339

LPG is mixture of hydrocarbon, mostly propane C,Hy and butane C,H,,C,. The

bigger percentage of propane is, the better quality of LPG gas will be. The better
quality of LPG can be seen in higher octane number, which implies the better
performance, lower consumption and better ignition on low temperatures. That is
the reason why the concentration of propane is always higher during the winter. In
the most west European countries concentration of propane in LPG is 70 %.
During the gas combustion it evaporates completely. Petrol disperses into small
drops. The gas weight in gas phase is only for 1.8 larger than air. The weight of
petroleum steam is for 3.5 larger than air. Because of these characteristics the air
better mix with air and has better consumption.

Key words: Engines, injection, liquid gas.
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