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VHAIPEBEE METO/IE KOHTYPA IPHJIATOBEHE 3A ITPO
JTUCTPUEYTHBHIX MPEXKA

gﬁ IMPROVEMENT OF LOOP METHOD ADJUSTED FOR CALCULATION OF GAS
DISTRIBUTION NETWORKS
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Pesume: Tacna oucmpubymuGna mpexca y Hacemuma je 0BUUHO NpPCIIEnacmo? Mund. Kako u 2ac 0o nompowaia
Mo2ao da cmuzne u3 cuwe npasaya. QeuMe je ocuypaHo 0d HajMarel mozyhu 6poj nompowaya ocmane Ge3 aaca y
cryuajy K6apa Ha HeKoj DeoHUYU 2acosoda. Meliymum, npopauyn C6aKE0e Mund Mpesce Je danexo croHceHuju y 00HoCY
Ha Apopauys pasepasame OUCMPUOYNIUEHE MPENCE. Qede je dam npumep KAKO €€ MOdHce yunanpedumu Gp3una
UMEPAMUEHOZ NOCKTYIRRA APU RPOPAYYHY MDECE Memodom Xapou Kpoca.

Kljuéne reéi: IMpupoonu eac. JuempudymueHa mpesica, Xapou Kpoc.

Abstract: Gas distributive network in setilements are usually with contours. which assure that gas is available for
consumers from few different directions. By application of concept of looped network least possible number of
consumers can remain without gas in the case of malfunction in some branch. But, calculation of these types of
networks is much more complicated compared with branch type of network. Here is shown example of one possible way
of improvement of iterative procedure during the calculation of network according to Hardy Cross method.

Keywords: Natural Gas, Distribution Network, Hardy Cross.

1. YBOJ

Xapan Kpoc MeToa ce BpAo HECTO Y KOPHCTH 3a
[popPavyH, OAHOCHO ONMTHMH3ALUKJY MPCTEHACTHX [ACHHX
aucTpubyTHBHHX Mpeska, 0nao aa je NPHMEICH Y
opuruHanHoM o0nuky [1] Han y KOPHIOBAaHOM obnuky
KAkaB  je  NPBEHCTBEHO  palBhjeH  3d norpede
NpojeKToBaIbA BOAOBOAHKX cucteMa 2] (T38. HYyMEPHIKO
peiteise tbyTHOBOM MeTOLOM' 33 CHCTEM HETHHEapHHX
anrebapckhX jeAHAYNHa), U KOJH je 0BAe npunarofjen 3a
ontumuzaumjy [3] npereHacte racee AHCTpUOYTHBHE
mpesxe. Xapau Kpoc (Hardy Cross, 1885-1959, amepHHku
uwkemwep), je passuo jow 1936, roaune meTon 33
NpopauyH CTALMOHAPHOT NPOTOKA HEKOMNPECHOMNHOT
dayuna [1] (omHocHo HM3dopa ONTHMANHE CTPYKTYpPe
npeuHMka UCBH Yy MpexH) Ysumajyhu aa je man
NpUTHCAKa y AMCTPHOYTHBHO] MPEXKH 0CTA MAIH, MOKE
ce Be3 BeNMKMX rpeLaka cMaTpaTh 1a ce MPHPOIHK rac y
0BOM THIy Mpeka MNoHala kao TevHocT. Kaxa ce meron
KOPHCTH 3a NpOpadyH BOJOBOAHMX Mpexa HPCTeHacTor
THIa, ymecto Penoapose (eHr. Renouard) (3) jenna4uue
[4], koja ce yobu4ajeHO KOPHCTH 38 ONMC NPOTOKA raca
NpH JAaTHM YCIOBHMA KOJH BIajajy y UeBOBOLY, KOPHCTE
ce Apyre npHKIanHuje jeasaduse kao wro cy Jlapeu-
BajcGax (eur. Darcy-Weisbach), oanocro Xaseh-
Bunujave (enr. Hazen-Williams). Osaj METOA €€ He
MOXE KOPHCTHTH y CIyHajy HEeCTaUHOHApHOT npoToxa

! Ha eHrNECKOM JE3MKY NO3HATHIH Kao Newton-Raphson method

HekoMIpecHBUIHOr GyHia, OMHOCHO Y cyuajy Kaza y
Mpeku Brajajy BeHKH NAZ0BH (PHTHCAKA, T). Kana cy
cHe HHEpLHje Koje Branajy y Gnynay Benuke.

2. MATEMATHUYKH OITHC MPEKE

Xapan-Kpoc meToaoM npopatiyHa yHanpeln ce onabupa
MakCHMAaZHa MNOTPOIIkba [0 4YBOPOBAMA HA  OCHOBY
notpefa noTpowaya AyK ACOHHIE, M JeHO HIH BHIIC
MecTa 3a Hanajame auctpuGyTusre mpexe (Cnuka 1)
OBy napaMeTpH Cy KOHCTaHTE Y npopadyHy. ¥ npakch
noTpowasn ¢y pacnopeheHn ayx NOjJEJIMHMX  rpaHa
Mpeake uenom yxkHHoM. Cea MoTpomma ayx oapehexe
rpaHe ce CBOJH HA NOTPOLLY Y 4BOpY.

Ues 1

Konrypal >

ynas

Ysop Il
- LA

Wanasz 4_’“ Uaop IV
Cruka 1: Tacua npcrenacta AHCTPUOY THBHA Mpexa
TIpopadys MpekKe e Jasbe BPLIH Tako /1a Ce Kao pesy/Tar
npopauyHajy MpOTOLM KpO3 IEOHHLE Yy 3aBHCHOCTH OX
w3abpasor npeunrka uesd. Ha kpajy ce Bpiim nposepa
103BO/bEHMX Op3HHA CTpyjama raca no JAeoHHUaMa H
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NajoBH MPHTUCAKA, OAHOCHO MPHTHCLUM Y 4BOPOBMMA
AKo je Gp3uHa npoToka Beha 0n M03BOJbEHE, 3@ TAKBE
Aeonvue ce Gupa BelM NMPEYHHK W LEO NpopavyH ce
noHaeka. OrpaHuyerse Op3uHe je 6 m/s 3a UEBM Mamer
npeunuka (0a 0,09 m g0 0,225 m) u 12 m/s 3a uesu sehier
npeunnka (npeko 0,225 m) [S5]. Ha ocuosy mnpaux
MpEeTNOCTaBKH  MPOTOKA, OMpajy ce  yHyTpalliH
npeyHHun no cnenehoj hopmynu (1):

P 1
V‘ I 7r : Du — Qrﬂ (1)
4 VT

Y osoj dopmynu (1) puryprie speanoct npotoka (€,
[m7/s]) na ycnosuma npuTHCKa KOjU Brama ¥ MpeswkH (v-
GpmHa [m/s], A-nospuinna nonpedsor npeceka esH
[m?]. Dy-yHyTpambu npeunnx uesn [m]). Yxonuko y
AMCTPHOY THBHO] MPE3KH BAAJA HAANPUTHCAK 04 3¢ 10° Pa,
onHocuo p;=4-10° Pa ANCONYTHHX, NOTPeOHO je cBecTH
BPEAHOCTH  MPOTOKA ¢4 HOPMAJHHX YClIOBa mpema
aponopunn pyQu=p,'Q,. 3a osako AoujeHe BpeaHOCTH
YHYTpauHx npeqnuka Gupajy ce uajdiune ctaHaapaue
uesr du (du~Du). Msabpanu npeusuum mory ocraru
Jla/be  TOKOM MPOpavyyHa HEMPOMEHILMBH, JIOK  Ce
nosehawe MNpeyHHKka y AeoHHUAMa Y KojUMa  je
NpeKOpaveHa 103BoJbena Op3HHA BPUIM HA Kpajy V3
00aBe3Ho NOHAB/bALE NPOpaYyHa

Qn=v-‘4¢:

[anosn mpurucaka ce mo sorosopy y3uMajy ca
MO3HTHBHHM NPEJ3HAKOM YKOIHKO CE CMep ofHnanera
KOHTYPE MOKJIONH ¢a CMEpOM TIPOTOKA raca, W 0GpHYTO.
[Tpsu Kupxopos 3akon Mopa GHTH 3210B0/bEH Y CBAKOM
TPEHYTKY. Mel)yTum, y HTEpPaTHBHOM NOCTYNKY YCIOB 10
apyrom Kupxohosom sakony Ouea 3anososen tek y
KacHHjAM  WTepauujama (anareGapexn  36up  manosa
MPHTHCAKA MO KOHTYpama koseprupa ka 0). [popady je
CNOKCHH]M HEro KOA EMeKTPHUHHX KOMA 3aTO  IWTO
CKBHBAICHT EICKTPHYHOI OTNOPA Y ACHHM MPEKaMa
HHJC KOHCTAHTHA BENMYHHA Bel 3aBHCH OA npoToxa u
NPHTHCKA (Pa3/IHKA MPHTHCAKA j& aHATOTHA E1EKTPHYHOM
HaMoHy, 0K je NPOTOKY aHANOrHa eNeKTpHYHA CTpyja).
3a N-1 4BopoBa MOMEe 04 HCTO TONHKO HE3ABHCHHX
JEeNHAUHHA KOHTHHYHTETa (2) no npoM KHpxodoBoM
3AKOHY, 3a MpeXy koja uma X 1eBH:

X N-I
>Fsen0,) 0

i=l j=I

= Q;!nulpul} (2)

L Lies npunana usopy, cmep 11potoka ka ysopy

sgnQ =

0,  Ues ne npunana uBopy

— 1, es npunana 4BOPY, CMEP NPOTOKA M3 4BOpA

AKO Ce MpeNca Hanaja U3 BULLIE U3BOPA, TAAA TC KONHUHHE
raca Koje yaase y Mpexy MpeKo Apyrux 4BOPOBA
(burypupajy y jensaunnn (2) kao Q ca 3HAKOM MHHYC [6],
JOK e Taj MCTH 4iaH y matpuu [Q] nojammyje ca
HCTATHBHHM TpeAsHakoM. JenHaunua (2) y maTpuutoMm
obiuky Moke Ja  ce Hanume  kao,  [sgn(Q)]*
*[Q1=[Qoutput], onnocko; 3a cnyuaj Mpexe ca canke |,
MOoKe ce Hanucaty (2a):
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3a HesaBHCHE KOHTYpe Moxe ce Hanucatu ckyn od X-
N+l He3aBHCHMX jelHAa4MHA OJpAkama eHepruje no
Apyrom xkupxohosom 3akoHy (3):

X X=N+l

Z ngn(Ap)ﬁ 'Apr' =O (3)

=1 =l
J+ I
0,
-

OnnocHo, y maTpuunom obanky kao [sgn(Ap)]-[Ap]=0,
Takofe, 3a mpesxy ca cnuke | moxe ce Hanucatu (3a);
Ap,
Ap,

2 R et 01,401 o
0 -1 0 =1 =1 1] |ap, |
Ap,
Ap,
Jeanaumnua (4) caysxu kao nposepa TAMHOCTH MOCTYIIKA H
Mopa GuTH 3anoBosbeHa y ceakoj urepaumju ([Z]" je
TpaHcnoHoBaHa matpuua [Z]). Ykonuko cy jennaumue
t(opmuparnie Ge3 rpewke Mopa GHTH 3a1080/BeH YeoB (4):

[sen(Q)} [sgn{Ap)]"=0 “

Ceaka opmyna [4] 3a onpehusame nana npurHeka npu
MPOTOKY raca 3a CPEAIC M BHCOKE MPHTHCKE MOKC Ce
H3PasuTH Y 0Onuky py’-p*=R-Q", u y 06amky ps-pi=R-Q"
33 HHCKE nputhcke wucnoa 5 kPa, kao wnp. Penoaposa

Ller npunaaa xoutypw, cMep ofunacka H cmep
MPOTOKA ¢ NOKIanajy

Lles He npunaza KOHTYpH,

Lies nprmana kOHTY PR, cMep 06HAACKa H CMep
NPOTOKA C€ HE MOKNATAjy

sgnAp =

(3a)

Jeanaunna  (ewr.  Renouard) (5) 3a  npopauyw
AUCTPHOYTHBHHX MPEXa CPE/ILEr IPUTHCKA:
182
A
p: = pi = 4810 —W—L" (5)

MOXE ce HanueatH y obanky Ap’=R-Q", rae je: n=1,82,
prpenaTiBHa ryctHia raca, L-nyxuHa uesu [m], a

R=4810-p, -L-D** (5a)

3. METOJ KOHTYPA — OITIITE PELIELE

MBa Tna Metona cy yoOuuajena 3a peulaBaibe jeqnaqnHa

KOHTYpa:

o Xapau Kpoc meron [1], [5], [7-9]; 1j. meton
NOjeAMHAYHIX TPOPadyHa ONPABKH 3a CBAKY
KOHTYpPY noce0GHo, (eHr. successive substitution
method, single loop adjustment method)

o Moauduxosanu Xapan Kpoc meton [2], [6, 7]; 1j.
METO] [¢/IHOBPEMEHOT H3PAYYHABAMA MONPABKH 3a
¢se konType (eHr. simultaneous loop solution method)

Monndurosanu Xapan Kpoc meton cnama y rpymy 13B.
tbyTH-Pancon metona (enr. Newton-Raphson method).



Peluebe (MPOTOLM KPO3 UEBM) 3aBHCH 0L ynasHe
KOMMUHHE raca y Mpexy Kpo3 yfasHu uBop (4BOpoBE) W
HOTPOUIEE 110 YBOPOBHMA, KAO H 0Aa0patHX NpeuHiia
JyKMHE UCBH M 33 TAKAB CHCTEM € JEAMHCTBEHO y3
KOHCTAHTHE BPEIHOCTH NPHTHCKA Ha yaasuma (1) ynasy).
VKoMK 32 MOTIYHO HCTE HABENEHE NojaTke 071abepemo
PAIHYHTE MOMETHE WHULMJATHE OPOTOKE MO UEBHMA
pesynTaT he KOHBEpTHPATH HCTOM PELIeHsy mocie Matbe
WIH BHLIE UTEPALM]a.

MeljyTm, nocToje cyvajeBH Kada nojeAMHe LEBH Y
peanHocTH Mory OWTH HanajaHe ABOCTPAHO [10]. Ilpn
npopasysy no Xapau Kpoc metoau, €Ba NOTPOLImA Ly
NeOHHLA C& MPUAPYIKYje YBOPOBHMA M KPO3 CBE LEBH CC
npeneuha cMep MPOTOKa (O MOYETHOT FPAHMHHOT 4BOpa
N0 ApYror  Kpajier — rpaHuqHor ypopa). OsBo
© N0jeHOCTABILEHE HCK/bYUyje MOTYRHOCT Aa MOJEAHHE
NEOHHUIE Y MOjEJWHAM PEXKUMHMA Palla Mpeke Mory GuTH
HANajaHe ABOCTAHO, ONHOCHO A3 ABE 3rpaie Koje cy
Be3aHE HA MCTY JIEOHHLY MOBNAYe rac W3 ABa pamin-uTa
rpanuuna (ceGu Gnwxa) usopa. OBo y3poKyj€e 1a ce 30Ha
MHHUMAJIHOT NPUTHCKA jaBH Herae Wimely asa 4Bopa,
yMME PeanHO CTarme y LUEBH He MOXKe MpocTo OuTH
onmcano. Mnak oBa nojaBa  HMJE 3AHMM/BHMBA 32
pasMaTpaie NpopadyHa MpEeXe ako Ce He JaBiba fpH
POPAuYHCKMM (MAKCHMAIHHM) BPEAHOCTHMA jep ce y
JaBHCHOCTH  ©j1 TPEHYTHE TMOTpOLlbe H pacnopeia
noTpoliaya,  Moke  JaBuTH  OeckoHauHo - MHOrO
JMCTpHBYUHMja  MPOTOKA MO UEBMMA  KOJE  YBEK
32710B0/BABAJY jep ¢y TO AedHHMUM{H CBH OBU MPOTOLH
MamH OJl MPopadyHCKHUX BPEAHOCTH. MehyTum, ako ce
0Baj chy4aj, ABOCTPAHO HAMAjaHMX JSOHHLA jaBu MpH
MpopavyHCKUM YCIO0BHMA (0OHUHO KOA CHMETPHHYHHX
Mpeka), BPENHOCTH MPOTOKA MO JCOHHUAMA Y
HTEPATHBHOM MOCTYNaKy MOry 13 AUBeprupajy. Peweme
je npomeHa METOE MpopadyHa, Win WTo je jour Boske
poMeHa TOnonorkje Mpeske (pacnopeaa LEBH), UMME Ce
HCK/BYYY)€ ONAacHOCT 1a HEKH OJl OTPOILaya OCTaHY 6e3
raca Tpu Hajsehem ontepehcwy (oHH CY ofuuHO Ha
cpeMHamMa Ae0HHULE — YAALEHH O 4BOpPOBA)

KpuTepnjyMHu 33 NPeKUIL MTEPATHEHOT NOCTYTIKA LY [11]:
o Bpenmoct anrefapcke Cyme nagosa mpuTHcaka Mo
CEMM KOHTYpama Mpexe MOpa MacTd HCMoN yHampel
ja]aTe Mane BpeHOCTH,

o Pasnuka u3amehy u3padyHaTHX BPEAHOCTH MPOTOKA 3a
¢BaKy LB y ABE Y3ACTONHE HTEPALKM]e MOpa NacTH Henon
yHarpes 3a/aTe Mane BpeiHoCTH,

o Pazauka usmehy W3padyHaTHX BPEAHOCTH NONPABKU
MpOTOKA 3a CBAKY KOMTYpY Y ABE y3acTonHe HTEpaLKje
MOpa MacTH HCMOJ YHANPEa 3a1aTe Mane BPEAHOCTH, HTIL

3.1 XAP/1 KPOC METO,T

OnTHMH3ALM]A Mpexke 0 OpHrHHANHO] Xapaw Kpoc
METOAOJIOTHJH c& MOXKE CIPOBECTH NpeMa JjeaHaquHH (6)
u npapuauma 3a anrebapeko caGuparbe MONPaskH M3

rnase 4 oBOra paja.
0 S ) N
LT-}ZlR 'Qﬁh'}qu

G

Mﬂgﬂ’

2 eur. successive substitution-single loop adjustment method

F(Q) je anrebapcku 30uMp jeaHAuMHA 33 Naj APHTHCAKE
(MNK BLUXOBHX KBAAPATa) MO UEBMMA Y KOHTYpH (5) no
KOHTYpama (Apyr¥ KMpXO(OB 3aKOH) MMoctynak  ce
[oHaB/bA Y MTEPATHBHOM MOCTYMKY (ca m je o3uaucia
Texyha WTepauMja) 0K e HE NOCTHIHE YHANPE 337aTa
TAYHOCT.

3.2 MOAUDGUKOBAHU XAPIH KPOC METOJT’

Cuctem jeanasuna F(Q) HanmMCaHHX 3a CBAKY KOHTYPY
MOJKE C& HYMEPHUKH PelinTH HbyTHOBOM METCAOM Tako
A ce MOMpaBKe 3a CBAKY KOHTYPY 00|y HCTOBPEMEHO.
Y MaTpHUHOM OOIIHKY CHCTEM CE MOKE 3aMHCaTh Kao (7).

)| a7 ]= o)), @

rae je Marpuua HEMo3HaTHX KopekuMja 3a cayuaj ca
cnuke |y urepaunju m (7a):

AQ,
AQ.’I

AOK je jenHaunpa nagopa MPHTHCAKA MO KOHTypaMa y
wrepaunju (m-1) (7b).

[Flo))= f((g));

Jeanauuny (7) je uaj0o/be pewasath y MATPHAHOM
obauky. Cxoamo Tejnoposoj (eHr. Taylor) dopmynn,
no6uja ce JakoGujan (eHr. Jacobian) matpuua (8) npeux
y3Boaa jeAHauHa anredapokux 36upoBa (KBajpara)
majoBa MpHTHCAka MO KOHTypama (rae je npoToK
MpoOMEH/BHBA 10 KOjOj ce audepeHLnpa) 33 UTEPaLH]y
o3nayeny kao (m-1). MaTpuua u3soaa je kBajpaTHa (MMa
QHOJIMKO PEl0Ba H KOJIOHA KOMMKO racHa Mpexa HMa
HE3ABHCHHX KOHTYPa) ¥ CHMETPHUHA ¥ 0HOCY Ha MIaBHY
aujaronany. PenoBn y  MaTpeUH (8) oarosapajy
YTHUAHMA 38]€AHHYKHX LEBH KOje [ocMaTpaHa KOHTypa
wMa ca apyrum koutypama. [akne, rnasuy aujarony
qyHe 4N1aHOBH KOJH YHje CY BPEAHOCTH HCTE Ka0 H Y
opurunanHom Xapau Kpoc merony, T). TO ¢y 36upoBU
anconyTHUX BPEAHOCTH WM3BOJA TAjoBa MpuTHCaKa 3a
cBaky ueB y KOHTYpn OcTaiu “IaHOBH Cy H3BOIM
MaZoBa NMPUTHCAKA 33 CBAKY LEB U3 CYCENHMX KOHTYpa
Koje cy 3ajefHUuKE ¢a NPEAMETHOM KOHTYPOM (axo MX
Hema OHAA Cy TH WIAHOBM JENHAKH HYJH). W
opurunantom Xapan Kpoc metony w3 1936. roaune CBH
eleMeHTH BaH [JIABHE AM]ATOHANKE CY JeAHAKH HY/IH.
or Q.G 8 0.00)
a(a0,) T (8)
c

radl” e 3 = ol {QI!QZI J & (JI‘Q:’ J
[graat: ()] = [P+ Q)] =| —Eemse— 20)

m

[ag™]= ; (7a)

(m-1)
(7b)

3a npuMep ca CAMKe |, MPeTXo/Ha MaTpHLA (8) nocraje
(8a). Ako ce cBE KOHTYpE OMHCY]Y Y HCTOM CMepy, @ HeMa
[eBM KOje Ce YKpLWITAjy, CBH IAHOBH BaH [NaBHE
[UjArOHANE Y MATPULH IPAAHJEHATa CY €3 HEraTHBHIM
npeazuakoM. HiaHoBn Ha 71aBHOj AWjaroHaH Cy YBEK
nosutHBHA. TTOCTYNAK ce fake 01BM]ja HTCPATHBHO Kao ¥
cyuajy opHruHanHor Xapau Kpoc metoza.

3 enr. simultaneous loop solution method
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_|[r R0t v R0 ry0r) —n-Ry- Q) o
5 —n-R, -1 n(Ry -0 + RO+ RO+ R, 01

Y j-nu (8a) ce y unaHOBMMA BAH rNaBHE AMjAroHane
MojaB/byje Kao apryMeHT caMmo MPOTOK Kpo3 es 2 (Mpexa
ca ¢iiMKe |) nowTo je oBa LER jeAnHa 3ajeHHHYKA 33 BUIIE
KOHTYpa (y OBOM C/lyuajy 3a jeIMHe JBE KOHTYPE).

4. AITEBAPCKH 3HAK IMOIMPABKH ITPOTOKA

lopent 3HAK KOjM ce 0OHYHO MuLE Y3 MONPABHH MPOTOK
KOPEKIHje KOja MoTHYe M3 CycenHe KOHTYpe (A;) mpu
npopadyHy; + (mayc) Wi — (MHHYC), yKasyje Ham Ha
HAYUH OOMNaNEHa CyCeIHE KOHTYPE Y OOHOCY Ha
MPETNOCTAB/LEHH CMEP MPOTOKA. YKONMKO Ce ¢Mep
NPETNOCTaAB/LEHOT MpoTOoKa MNOKTOMH ca CMEPOM
ofunaxema CyceaHe KOHTYPE YCBaja Ceé ropiH 3HaK +
(nayc), y cynpotHom — (munyc). [JdowM 3HaK ce
NpenHeyje U3 MpBe MONpaBKe CYCeAHe KOHTYPE ¢a KOjoM
nocTojH 3ajenHuuka ues. Kopekuwja A; ce oaHocH Ha
npunaaajyfhy KOHTYpy, 10K ce kopekuwja A; ycsaja u3
KOHTY A KOjHMa NPHNajajy 3ajeAHHYKE LEBU.

Anrebapcko cabupawe Tpeba M3BPWHTH Ha OCHOBY

cneaehinx npasuna [8, 9], [12]:

1. AnreGapcku 3uak 3a nonpaBky A, TpeGa yseru ca
PaTHYHTHM MPEA3HAKOM O CBOT 3HaKa, Tj. NOTpe6HO
Jje cabpath kana je 3uaK — (MUHYC), ¥ 06pHYTO;

2. AnreGapcka onepauuja 3a monpasky A; Tpeda na Gyne
CYMPOTHA O/ KEHOT JIOET 3HAKA KAJA ¢ rOpHH 3HaK
MCTH Ka0 OHaj Y3 MPOTOK CpauyyHaT y MpPeTXOAHO]
uTepauuji (0HOCHO y NpBOj WTEPaUMjH 3HAK Y3
TIPETNOCTAB/LEH MHHLIMJATTHH MPOTOK), ¥ CYNpPOTHOM
J€ MCTH Kao H0HH 3HaK.

5. 3AK/BYUAK
Ontumuzaumjom opurnnansor Xapan Kpoc merona, .
yBohewem  momuduxosawor Xapau  Kpoc Meroza

cmarbyje ce 0poj noTpeGHUX MTepauHja 3a OKo MeT myTa
na 6u ce 10CTHIIA MCTA TAYHOCT.

Y HacTaBKy ce Kao CIHKOBHTH 3akmbydak aajy Cnuka 2
KOja NpHKa3yje naa NPUTHCKA 3a jeHy KOHTYpY ClTOXKeHe
auctpubyTuene mpexe u Cnuka 3 koja npukasyje
TNPOMEHY MOMPABHOr NPOTOKA 33 HCTY KOHTYPY, KOjH Ce
noGujajy no urepaunjama npumMerbyjyhin o6a Mertona.
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Canxa 2: [lanosu nputrcaka o WTepauujama 3a jeaHny
KOHTYPY racHe Mpexe
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Cuanka 3: [TonpaBHy MPOTOLH MO HTEPALIMjaMA 38 jEIHHY
KOHTYpY racHe Mpexe

e R

JIUTEPATYPA

[1]. Cross H. Analysis of flow in networks of conduits or
conductors. Engineering Experimental Station 1936; 286
[2] Epp R, Fowler A G. Efficient-code for steady flows in
networks. Journal of Hydraulics Division 1970; 96: 43-56
[3]. MeTpuh J , Henuneapo nporpamupaise ”,
[Mpuspenno ¢unancujcku Boauy, Beorpan 1979.

[4]. Coelho P. M. Pinho C. Considerations about
equations for steady state flow in natural gas pipelines.
Journal of the Brazilian Society of Mechanical Sciences
and Engineering 2007, 3: 262-73

[5]. Manojlovi¢ V, Arsenovi¢ M, Pajovi¢ V. Optimized
design of a gas-distribution pipeline network. Applied
Energy 1994, 48: 217-24

[6]. Kpctuh M. Anroputmu 3a WipauyHaBame
CTALMOHAPHE PACcONENe MPOTOKA M MPHTHCAKA Y
AucTprOyTBHUM racoBOAHHM Mpexama. Hagra 1991; 41:
265-73

[7]. Boulos P.F, Lansey K.E, Karney B.W.
Comprehensive water distribution systems analysis
handbook for engineers and planners. 2nd ed. Hardback:
MWH: 2006

[8]. Corfield G, Hunt BE, Ott RJ, Binder GP, Vandaveer
FE. Distribution Design for Increased Demand. In:
Segeler CG, editor. Gas Engineers Handbook, New York:
Industrial Press; 1973, p. 9/63-9/83

[9] Bpkuh JI. [pojexroBame noceGHe knace racHUxX
AMCTPHOYTHBHMX Mpesa. McTpaxnBara u mpojextoparma
3a npuspeay 2005, 9: 49-56

[10] Kanyhepuuh I1. [IpoGnem nBocTpaHo HanajaHux
JAMOHHLA y racHo] AMCTPUBYTHBHO] MpesxkH. Tac 2002, 2-
3:48-51

[11]. bpxuh [T, Bajuh H. [Noeehatse Ta4HOCTH npH
npopadyHy racie auctpubytusne mpeske Xapau-Kpoc
metozom; XXXII Symopis 2005. Bpwauka Bamwa; 187-90
[12]. Bpxuh [, ,,[Ipupoanu rac kao ropuBo 3a rpejame”;
3anywOuna Aunpejesuh, beorpan 2006.


https://www.researchgate.net/publication/267073750

