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Ipoananizosani mamemamuyni Mooeni 6NAUBY PIZUUHUX NAPAMEMPIE 2A306801 Mepexci Ha PYHKYIOHYBAHHS
MOOIIbHOI nepesipounoi ycmanosku Osi NOOYMOSUx AHUIbHUKIE 2a3y. 30IUCHeHI eKCnepuMenmanbHi
00CI0JHCEHHS 8CMAHOBAEHUX 3AKOHOMIDHOCMEU 8mpam MUCKY 8 Mmpybonposooax 2aszoeoi mepedici 3
BUKOPUCMAHHAM PO3POONEHOI  eKCnepuMenmanvHoi ycmanogku. Ilpogedenuii NOpIGHANbHUL  aHANI3
PE3VIbMAmie meopemudHux i eKCHepUMeHMAaNbHUX 00CNI0NHCEHD.
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Mathematical models of gas network physical parametres influence on functioning of mobile verifying
installation for common gas meters were analvzed. Experimental researches of the gas network pressure
loss established laws with used of the developed experimental installation were carried out. A comparative
analysis of theoretical and experimental research results was carried out.

Keywords: domestic meter of gas, mobile trust an eye setting, number of Reynold, loss of pressure, rubber
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Onun i3 HaTPSAMKIB palioHaJbHOTO  MPHPOJHOTO Ta3y NMPU HOTo MPOTIKAHHI Ta30BOIO
BUKOPUCTAaHHS TPUPONHOro ra3y mnoisrac B Mepexeto Big IUJII mo eramoHHoro 3acoly
MiZIBUIICHHI TOYHOCTI OOJIKYy NPUPOMHOrO Ta3y BHUMIPIOBaHHS.

[1,2], 1m0 HeMOXJIWBO 0€3  JOCIIIKECHHS AHami3 JiTepaTypHUX JDKEpea I10KasaB, IO
METPOJIOTTYHUX XapPaKTEPUCTHK JIYMIBHHMKIB 1  BigoMi  (yHKIIOHANbHI  3aJIOKHOCTI  3MIHHU

BUTPATOMIpIB ra3y mij 4ac ix ekcruryatamii. [Ipu
oMy JUis 1mMoOyToBUX miumibHUKIB Tazy (I1JID)
JOLIBHAM € TPOBEIACHHS IX JOCTIKEHb 0e3
JEMOHTaXKy Oe3MocepeHhO Ha MICI eKCIUTyaTaiii
3 BUKOPHCTaHHSM B SIKOCT1 poOOYOro cepeoBHUINa
npupoaHoro rasy [1].

Hast BUPIMICHHS MUTaHHS
npaBuibHOCTI  QyHKIioHyBanHs [LIJIIT  moxkHa
BUKOPHCTOBYBATH cmocid  BH3HAYeHHS  1X
METPOJIOTIYHMX ~XaPaKTEPUCTUK 3a_ JOHOMOIO0
JiarHOCTYBaJIbHUX ycTaHOBOK [3]. Ix cTBOpeHHs
nependadyae BUKOPUCTAHHS ETaJIOHHOTO 3aco0y
OIOCEPEIKOBAHOTO BHUMIpIOBaHHS BUTpPATH
MpUPOIHOro razy [4], cyTb SKOTO 3BOAMTHCA [0
KOpUTYBaHHS IIOKa3iB €TAJIOHHOTO 3acoly 3
ypaxyBaHHSAM THUCKY 1 TEMIIEPaTypH IPUPOTHOTO
ragzy. Jlns peamizamii Takoro miaxoxy HeOOXiTHO
JNOCIIAUTA  3MiHY  THCKYy 1  TeMmImeparypu

nepeBipKku

napaMeTpiB MPUPOITHOTO Ta3y CTOCYIOTHCS TMEpII 3a
BCE MUTAHDb MPOEKTYBAHHS CHCTEM Ta30IOCTaYaHHs
HaceJIeHWX TNyHKTIB [5] abo TpyOompoBigHOro
TpPaHCIOPTYBaHHS Ta3y B3araii [6].

Bimomi HaykoBi  gmociimkeHHs [7], ne
PO3IIIAAAIOTECS  MPHUKIAJHI THTAaHHS BUBYCHHS
TiAPOIUHAMIYHUX MPOIIECIB B €TAJIOHHUX
BUTPATOBUMIpPIOBAaJbHUX  ycTaHOBKax.  OpHak
HaBeleHI B HHUX 3all©KHOCTI 1 pe3yiabTaTH
PO3paxyHKIB CTOCYIOTbCS BTpAT THCKY JUIsl PI3HUX
BUJIB MICIIEBUX ONOpPiB (3rWH, PO3MIMPEHHS abo
3BY)KEHHSI, TIEPEXO/U TpU 3MiHI JTiamerpa TpyOH).
Pesynbratd AOCHIIDKEHb 3IIHCHEHI TUIBKKA IS
CTAJIOHHUX  MOBIPOYHUX  YCTAHOBOK 1  HeE
KOHKPETH3YIOTh YHCIOBUX 3HA4YE€Hb BUKOPUCTAHUX

npH  [bOMY KOE(illieHTIB Yy  PO3pPaxyHKOBHX
dhopmyax.
ToMy  JOUUIBHUM €  eKCIepHMEHTalIbHE
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BHU3HAYEHHS alpOKCUMAIIHHUX 3aJIeKHOCTEH BTpaT
THCKY IS PI3HUX BHIIB MICIICBUX OIOpPIB
TpyOONpoBONIiB OYJIMHKOBHX 1 KBAPTHPHUX MEPEK
rasonpoBoaiB. Kpim  Toro, H606Xi)j[HI/IM €
PO3POOIICHHS y3arallbHEHNX 3aKOHOMIPHOCTEH st
pi3HMX  nmianasoHiB  uucen  PeiiHompiaca 3
ypaxyBaHHSIM  JIaMiHApHOTO,  MepexiiHoro i
TypOyJIEHTHOT'O PEXKHMMIB MTOTOKY Ta3y.

Meroro pobotu € TeopernuHe 1 (izuyHE
MO/JIEITIOBaHHS BIUIUBY napaMerpiB ra3oBoi Mepexi
Ha  TOYHICTP NEPEBIPOYHMX  YCTAHOBOK  JUIs
no0yTOBHMX JIYHIBHHKIB Tasy, 30KpeMa, 32 YMOB
3MIHM BUTpAT rasy B AianasoHi (0— 10)M /o,

[lpu MopnentoBaHHI 3aKOHOMIpPHOCTEH 3MiHH
THCKY MPHUPOIHOrO Tra3y B Ta30Bid Mepexi
HE0OX1JIHO JOCIIIKYBaTH BILIUB TaKUX
nmapamerpiB:  JIOBXXKMHa  TpyOompoBony, #oro
JUaMerp, IIOPCTKICTh  BHYTPIUIHBOI  IOBEPXH,
MaTepian TpyOorpoBoIy (CTaHB pe3uHa), MicieBi
oropu (3rHHHU, BY3IH MiJ €IHAHHS T'HYYKOTO
nuradra) [6].

3 MeTOI BUpIIIEHHS BKa3aHOrO CTBOPEHA

CKCIEpUMEHTAIbHA YCTaHOBKA Ui (hi3UYHOTO
MOJICTIIOBAHHS BIUIMBY THCKY 1 TeMIIepaTypH
pobodoro cepenoBHINa TPH  3MiHI  BUTpaATH

MPHUPOAHOTO Ta3dy B OYAMHKOBHX 1 KBapTHPHUX
Mepexkax (puc.l). YcranoBka pearnizoBaHa Ha 0asi
CTaJeBOro TPYOONPOBOAY 3 YMOBHHM J[iaMETPOM
D,=15mM i3 3ruHamu TpyOu (komiH Ha 90° 1 180°) i
JUISTHKOI0 THYYKOTO  TPYOONpPOBOAY 3 TyMOBO-
TEXHIYHOTO IIUTAHTY, SKUHA BHKOPUCTOBYETHCS B
moOyTi A Hig’€qHaHHS  Tra30CHOKHUBHOTO
obnajHaHHs (TUTMTH, KOTIH 1 T.I1.).

JUKepenoM IIOTOKY IOBITpsL B YCTaHOBLI €
HOBlTpOZ[yBKa Ha 0asi TIOPOXOTAra 1, sxwit
BiITBOPIOE BUTPATH B jiana3oHi (0—30)M’/rox. _npu
MaKCHUMaJIbHOMY HAJUTHUIIKOBOMY THCKY Ha Horo
Buxoai 8 klla. Ha Buxomi mxepena 1 po3aMilieHuit
memOpanuuit [T tumoposmipy G6 (mo3HadeHHs
FQI), Ha ssxoMy BUMIPIOETHCS THCK 1 TemIieparypa
mopitpss  (mpwiagu Pl 1 TI,, BiamosigHo).
HainmkoBui THCK HA BXOAl JOCIIIHMX JUITHOK
2—4 yCTaHOBKH pEryJIO€ThCS 3a JOMOMOIOI0
peryistopa Butpath PC 3 BUXIIHHM THCKOM B
niarnazoni (0,5-7) k[la, a BinTBOprOBaHa BUTparta
npu 1poMy GopMmyeTbesi 3agaBadeM 5. Ha Bxoni
JOCTIMHOT AUTSHKA 1 BUMIPIOIOTHCSA HATHIIKOBHI
THUCK 1 Temriepatypa mnositps (mpuimaau Pl i Tl
BinmoBinHo). KpupominiiiHa 2 1 mpsmoniniiiHa 4
JIUIISTHKY TPYOOIPOBOY MICTATH CIIelialIbHi OTBOPH
A]—A UIsE  TiA’€JHAHHS — IOTYHEpiB  JUIS
BHUMIPIOBaHHSI BTpAT TUCKY mupmanomerpom PDI
Ha OKPEMHX CIEMEHTaX i AUISHKaX TpyGompoBoja.
B crenni mepenbaveni ananoriuni Micus (B—B 8)
JUISL  BCTAHOBIICHHS ICPBUHHHX IICPETBOPIOBAYIB
BHUMIpIOBaHHS TeMIIepaTypH i rpajieHTa
TeMIIepaTypH JIOCITIKYBaHUX JUISTHOK

TPyOOIIPOBO.Y.

1-0orcepeno sumpamu, 2- KpueoniHitina OiAHKA
mpyoonpoeooa; 3- eHyuKuil 2ymosuil wiiane,; 4-
NPAMOJIHIUHRA OLIsHKG mpybomposooa, 5- 3a0asay
sumpamu

Pucynok 1 — ®ynkuioHaabHa cxema
eKCIepMMEHTAJIBHOI YCTAHOBKH

Crnoyatky 3IIHCHIOBAIIOCS TEOpETUYHE
MOJIETTIOBAHHS BTPAT TUCKY T'a3y 32 yMOB HasIBHOCTI

B TpyOOmpoBOHIi JaMiHAPHOTO, MEPEXiAHOro i
TypOynentHoro pexumiB Tewii. Ilpu  1pomy
BUKOPUCTOBYBaJHMCS  BiJOMi  ampoKcHUMaIliiHi

3aJeXHOCTI [5,6,8] Ui pi3HUX BUIIB TiapaBIiyHUX
OTOPIB.

Brpatn ThcKy Ha Tepta B TpyOi Ap, MOKHa
BH3HAUUTH 3a popmyiioro[5]:
1 pV
Ap =) , 1
pmp mp D 2 ( )

ne [ — MoBXKUHA TOCIKYBaHOI AUITHKH Tpyou, D —
BHYTPIIIHIN giaMerp Tpyowu, p - TycriHa poboyoro
CepelloBHUIlla, Vv — IIBUAKICTH PYyXy poOOY0oro
cepeiopuia, A, — KOeDillieHT omopy ojMHHIi
BITHOCHOT JIOBXXUHHU JUISHKH TPYOHU.

3HaveHHs KoedillieHTa kmp 3QJIEKUTH  BIJ

yrcia PeliHonbiaca Re, mopcTkocTi BHYTPINIHIX

CTIHOK TpyOH A 1 BHYTpIIHBOTO Aiamerpa D TpyOu
HAaCTyITHUM YHHOM [8]:

o4 npu Re <2000,
Re
% npu 2000 < Re < 4000,
(1,81g Re—1,64) @)
A = % npu4000<Re£102,
" Re™ 0,25
0,1 1(A+§j npulO <Re<560—
D Re
A 0,25
0,1 l[j npu Re > 560—.
D A

Jlnis BU3HAYEHHA BTPAT TUCKY Ap —Ha TepTs B
TYMOBOMY THYYKOMY LUIAHTY HNPUUMEMO, 110 HOro
koedilieHT omopy A Oyle BiANOBiZaTH ymoBaM
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MPOTiKaHHS TIOTOKY Y IMIaJKOCTIHHUX TpybOax. Tomy
BTPaTH THUCKy MOXYTh OYTH po3paxoBaHi 3a
dopmynoro (1), a 3HaueHHs A, BHU3HAYAETBHCA
HacTymHUMH popmymamu [8]:

;—4 npu Re <2000,

h =1 03164 2000 <Re <4000, )
2 Rel),ZS
;2 npu Re > 4000.
(1,81gRe—1,64)
Btpatn THcky Ha omip 3rUHY TpyOHM
BH3HAYAEThCS 3a popmyioro [6]:
R pVv’
Ap, =0,0175A1 8" — - —, 4
p.. S5 “4)

e Ap_ - BTpaTH THCKY Ha OTlip OTHOTO KomiHa, &’ —
KyT 3TMHY TpyOu, R — paziyc 3ruHy Tpyou, A -
KoeillieHT oropy oaHOro 3ruHy Tpyou Ha 90",

Ilpy 1uboMy 3HaueHHs KoedimieHTa A
BHU3HAYAETHCSI HACTYITHUM YHHOM [8]:

Rz(o)“ k"™ npu 50 < Re+/k < 600,

oo
10,4

= R(); LK pu 600 < Revk <1400, )
o
5

K mpu 1400 < Re+/k <5000.
o

ne k=D/2R - mapamerp reoMeTpuyHoi (opmu
3TUHY.

3 ypaxyBaHHSIM KOHKPETHOT dbopmu
BHYTPIIIHBOTO TOIMEPEYHOr0 Tepepizy TyMOBOTO
THYYKOTO IITAHTa PO3PaxXyHOK BTPaT THCKY Ha
HbOMY TOBHMHEH rependayatd OOYUCIICHHS BTPAT
Ha OKpPEeMHX MICIICBUX OIlOpaX, 30KpeMma, Ha
nepexoJli BiJi BHYTPIIIHBOTO JiaMeTpy CTaJeBOi
Tpyou 16MM 710 6MM y MiCITi 3aTHCKaHHS KPITUICHHS
mTylepa IDIaHra 1 MepexiJ Bil Ii€i IUISHKHA 10
(aKTUYHOTrO 3HAYCHHS AiaMeTpy 9MM T'yMOBOI'O
[UIaHra, a TaKOXK HACTYIHHUH 3BOPOTHUH mepexin,
T0OTO Bim 9MM m0 6MM 1 mami go 16mMm. Tomy
BTpaTH TUCKy TIpH 3BYXKEHHI MOTOKY Ap,

BH3HAYaKOTHCSA 3a opMyItoro [6]:
Ap,=C,,pvV'/[2, (6)

ne C.. KOC(IIIEHT MICIIEBOr0 TiApaBIiYHOTO
OTOpPY TPH 3BYXKEHHI TIOTOKY.

3uauennss {,, mpu Re<10' BuGuparoThCs 3
niarpamu [8], a mpu Re>10" po3paxoByroThCs 3a
¢dbopmynoro bopna-Kapho [8]:

C»we = 0’5(1 - E/F)Z 2 (7)

ne F, F; — muionii mornepevyHoro mepepizy AUISTHKH
JI0 1 TTiCIIst 3BY>KEHHS TPYOH, BiIIOBIHO.
Brpatu THCKy Ap =~ Ha JUISHII pO3IIMPEHHS

npu

BHU3HAYaeThess 3a (popmynoro (6). 3HauenHs (.

npu Re<3,3-10° Bubuparorhes 3 miarpamu [8], a
npu Re>33-10° po3paxoByloThes 3a (OPMYIION0O
bopna-Kapso [8]:

Cu=(1-F/F), (8)

ne F,, F — miomi mornepeyHoro nepepiszy AUITHKH
JI0 1 ICIIsl pO3MIMPEHHS TPYOH, BIATIOBITHO.

Ha ©6a3i amroputmy (1)—(8) 3miiicHene
TEOPETUYHE MOJICIIOBAHHSI BTPAT THUCKY JJISI YMOB
CKCIIEPUMEHTAIILHOI YCTAaHOBKH, IIO BiJIOOpa)KeHO
NyHKTUPHUMH JIHIIMA Ha puc. 2 — puc. 4 s
pi3HUX THIB MicieBUX omopiB. [lpu mpomy 3a
EKCTIePUMEHTAITbHIMHU JAHUMH 3HalIeH]
AQHAIITHYHI 3aJIOKHOCTI BTpAT THUCKY BiJ 4YHCIa
Pefinonbaca 1 BiATBOPIOBaHOI B CTEHAI BHUTPATH
MIISIXOM arpoKcuMariii €KCIIOHEHIIMHUMHU
(GYHKIISIME 1 TIOJIIHOMAMH JJPYroro TOPSIKY, IO
nojano B Tabd. 1.
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Yucno PeitHonbaca
— — TeopeTUYyHa 3aNnexHicTb
* eKkcnepuMeHTanbHi AaHi
anpoKCUMaUinHWiA NONIHOM 2-ro NopaaKky

Pucynok 2 — 3ane:kHicTh BTpaT THCKY HA TepTH
B TPYOi Bin uncaa PeiiHonbaca Ha npsiMo-
JiHilHIA ginAHOl TPYOoH (3 po3paxyHKy Ha 1M)

OcKinbku npu eKCIIePUMEHTATbHUX
JOCII/DKEHHSX ~ MEePBHHHUMH  iH)OPMaTUBHUMH
nmapamerpamMu Oyiau BUTpaTa razy O 3a poOouux
YMOB, sKa OO4YMCIIOBalacs 3a  JIOIOMOTOIO
JIYMJIBHUKA Ta3y 1 XPOHOMETpa, TO OOYHMCIICHHS
gyucia Re 3aificHIOBasocs 3a BioMOIO (OPMYIIOH0

[8]:

Re=22P 9)
nDp

Ie W - KoeillieHT JMHAMIYHOI B’ SI3KOCTI1 MOBITPSI.
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PucyHnok 4 — 3ajie;kHicTb BTpaT THCKY HA
Pe3MHOBOMY FrHYYKOMY LIVIAHTY BiJ yMcaa
Peiinonbaca

Tabanus 1 — PesyabTatn ¢isuuHOro Moael0BaHHS BTPAT TUCKY B OyAMHKOBHUX ra30NMpoBoAax

Bun ningaaku Bun anpokcumariiifHol 3aJ1eKHOCTI JloCTOBIpHICTH
TpyOOIIpOBOY anpoKcuMari
Ap(Re) =8-107 Re’+ 0,0038 Re—2,9869 0,9965
[psimoniniiiHa (BTpaTn Ap(Re) =5,4079¢""" 0,8804
THCKY Ha 1M JTOBXHHM) Ap(Q) =1,72450° +5,49970 — 2,9869 0,9965
Ap(Q) =5,4079¢"** 0,8804
Ap(Re) =107 Re’+ 0,0008 Re+ 0,051 0,9923
Ap(Re) =0 807 ¢ -0003 Re 0,6532
3run Ha 900 2’ 3
Ap(Q)=0,21240° +1,20560 + 0,051 8,2233
Ap(Q) = 0,807¢"%415¢ ’
'HyYKHH TYMOBHUH [IUTAHT Ap(Re)=2- 10~° Re’+0,1843Re— 95,323 0,9897
3 IBOMa Ap(Re) — 78 22460,0004 Re 098145
MIPUETHYBAIIbHUMHA - i
MITyIepaMu (JIOBXKHHA Ap(Q)=102,970° + 470,930 — 95,323 0,9897
mIaHra 2m) Ap(Q) = 78,224¢"" 0,8145

3 BpaxyBaHHSAM YMOB IIPOBCICHHS CKCIICpH-
MEHTAIBHUX  JIOCTIIDKeHb,  SIKI  BIIMOBigaJI
HaJUIMIIKOBOMY =~ THCKY noBitpst 2,5  «lla,
temnepatypi 20°C i BignmosizHOMy po3paxoBaHOMY
3HAYCHHIO BUTPATH B M /TOJI. JUUIsl CTaJeBOi TpyOH 3
BHYTPIIHIM JiamMerpoM 16 MM, MOXXHa TOAATH
TakWil CIPOIIEHWH BUpa3 IS B3aEMO3B’SI3KY
BUTpATH a3y 1 uncina PeitHonpaca:

0 =0,000696Re . (10)
Ananoriudi 10 ¢opmynu (10) Bupasum MoxHa
OTpUMATH JUIS  JliaMeTpiB  IHIIMX  y4YacTKiB

TpyOONpPOBOlY EKCIEPUMEHTAILHOI YCTAaHOBKH, a
TAKOX JIUIsI IHIIMX MapaMeTpiB TUCKY 1 TeMIepaTypu

poboYOoro cepenoBHIlia 3 BpaxyBaHHIM Bupasy (9).
[NopiBHsTPHMIA ~ aHA3  €KCIEPUMEHTAIBHO
BCTaHOBJICHMX 3aKOHOMIPHOCTEH BTpAaT TUCKY Ha
MICIICBUX OMNOpax 3 OTPUMAaHHMHU aHAJOTTYHHMH
3aJIOKHOCTSIMU Ha 0a3l TEOpPETUYHUX MOoJIelneit
BUSIBUB PO3ODKHICTH eKCIIepUMEHTAIBHO
OTPUMaHHUX PE3yJbTATIB 3 TEOPETHUYHUMH JIAHHMH,
Akl MOXyThb gocsrath  (10-15)[1Ta wHa IMm
MPSIMOJIIHIMHOT AUISIHKE TpyOomposoay 1 (2—4)[1a
Ha omip 3ruHy Ha 907, 110, Ha MOIJISLA aBTOPIB,
BHU3HAYAETHCS napaMeTpaMH daxTHuHOT
HIOPCTKOCTI BHYTPIIIHBOT MOBEPXHi
Tpy6onposoxis. Ilopsix 3 UM BIpaTH THCKY Ha
THYYKOMY I[UIAHTY BiPI3HSIOTHCS BiJl TEOPETUUHO
BCTaHOBJICHMX Oumbin cyTrTreBo (1o 500I1a), mo €
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HACJIJIKOM BIJICYTHOCTI Ha JaHWH 4Yac TEOPETHYHOL

MoOJeNli JUIi THYYKOrO TyMOBOTO IIDIAHTY 3
i’ e THyBaIbHUMHU LTyl EpaMu peanbHOL
KOHCTPYKIIii.

BUCHOBKH

[IpoBeaecHI TeOpeTHYHI 1 EKCIEepPUMEHTANbHI

OCITIKEHHS BKa3yIOTh Ha HEOoOXIIHICTh
00OB’S3KOBOI'0  BpaxyBaHHS BTpaT TUCKYy B
OyZIMHKOBHX 1 KBapTUPHUX Mepexax IpH
pPO3pOOJICHHI  TIEPEBIPOYHUX  YCTAHOBOK  JUIS

MmoOyTOBUX JIYMJIBHHUKIB Ta3y. lle 103BOIMTH
MIJBUIIATH TOYHICTh YCTAHOBOK JUIS IIPOBEICHHS
BunpoOyBanp [IJII' mo micumro iX ekcruryaraitii 3
BHKOPHCTaHHSM HPUPOIHOTO ra3sy.

OtpuMaHi  pe3yabTaTH EKCIIEPUMEHTAIBLHUX
JOCITIPKEHb TAKOX MOXKYTh OyTH BHUKOPUCTaHI JIs
peaJbHHX YMOB OYJIMHKOBHX 1 KBAPTHPHUX MEPEK
ra3onpoBOIiB.
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