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gazomvaTa ganusazRvrelobis Teoriis gamoyeneba bunebrivi airis 

xarjis mricxvelebis damowmeba-dakalibrebis monacemebis 
damuSavebisa da saboloo Sedegis gaformebis procesebSi 

revaz Jvania, Tamar menabde, giorgi maisuraZe 
saqarTvelos teqnikuri universiteti 

reziume 

naSromi eZRvneba bunebrivi airis xarjis mricxvelebis damowmeba-dakalibrebis 
meTodikis damuSavebas, romelic misadagebulia Tanamedrove saerTaSoriso standartebis 
moTxovnebTan. gadmocemulia gazomvaTa monacemebis damuSavebisa da miRebuli Sedegebis 

koreqtuli gaformebis wesebi, ganxilulia realuri praqtikuli gazomvis magaliTi.  
sakvanZo sityvebi: damowmeba-dakalibreba. airis xarji. dasakalibrebeli mricxveli. 

sanimuSo mricxveli. standartuli jamuri, gafarToebuli ganusazRvrelobebi. 
ganusazRvrelobis biujeti. 

1. Sesavali 
winamdebare naSromi warmoadgens avtorTa amave jgufis mier adre gamoqveynebuli 

naSromis logikur dasrulebas. mizanSewonilad migvaCnia aq gamoyenebuli zogierTi 
debulebisa da formulis citireba. kerZod, ZiriTadi fardobiTi cdomileba, romlis 

analizis safuZvelzec xdeba bunebrivi airis xarjis dasakalibrebeli mricxvelebis 
(SemdgomSi-dm) metrologiuri Semowmeba, ase gamoisaxeba:   

                                          =       1 − ∆   − 1 100%                                                    (1) 

sadacV(მ3) aris dm-Ti gazomili haeris moculoba, V0(m3)-SeTavazebuli sakalibrebeli 

stendis mowyobilobaSi Semavali etalonuri mricxvelis (SemdgomSi-em) koreqtirebuli 

Cveneba masSi igive V moculobis haeris gavlisas, P-absoluturi wneva stendSi, ∆P-
absoluturi wnevaTa sxvaoba dm-sa da em-Si, (1) faqtobrivad warmoadgens gazomvis 

gantolebas, xolo V, V0, ∆P da P-Sesasvlel sidideebs. gazomvis procesSi em-Si vatarebT t 
(wm) drois ganmavlobaSi Vet.=Qt (2) moculobis haers, sadac Q (m3/sT) haeris mocemul 

(stendze winaswar dayenebuli) xarjia, xolo t-wammzomiT aTvlili Sesabamisi dro, Vet.- em-s 
Cveneba. koreqtirebuli moculobaa   V0,= Vet.(1+F/100)   (3). F cdomileba SeiZleba vipovoT 

mocemuli Q xarjisa da dm-is tipis mixedviT [1]. dakalibrebis ZiriTadi mizania ganisazRvros  -s gazomvis jamuri ganusazRvreloba   ( ) =  [   ( )] −      (  )  +   ∆  (∆ )  +     ( )                      (4) 
 (4)-Si monawile mgrZnobiarobis koeficientebisaTvis gvaqvs [1]: 

⎩⎪⎪⎪
⎨⎪
⎪⎪⎧  =     = 100   1 − ∆   =                                                            (5)   =      = −100    1 − ∆   = −                                              (6) ∆ =    ∆ = −100    =                                                                   (7)  =     = 100 ∆     =  ∆ ( − 1)                                                   (8)
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sadac L=100/V0; M =1-∆  ; N=V/V0; R=V (P) konstantebia, romelTa gamosaTvlelad 

sakmarisia vicodeT Sesasvleli sidideebis Sefasebuli saSualo mniSvnelobebi. rac Seexeba 

standartul ganusazRvrelobebs, maTgan U(v) da U(V0) ganisazRvreba   tipis mixedviT, 

amasTan V da V0 sidideebisaTvis Sefasebad miiCneva    da  ⃐ 0 saSualo ariTmetikulebi [1]:  ( ) =  ( )   =  ∑ (     )  (   )          (9) ;       (  ) =  (  )    =  ∑ (       )  (   )          (10) 

radgan, Cveulebriv, n<10, amitom [2]-Si mocemuli rekomendaciis Tanaxmad 

mizanSewonilia (9) da (10) formulebiT gamoTvlili U(v) da U(V0) ricxvebis gamravleba 

makoreqtirebel mamravlze  Kn=(4n-3) (4n-4)   (11).  U(∆ ) da U(p) ganusazRvrelobis gamoTvla 

xdeba B tipis mixedviT. dawvrilebiT am sakiTxs SevexebiT naSromis ZiriTad nawilSi. 

 
2. ZiriTadi nawili 

 
am nawilSi ganixileba konkretuli magaliTi bunebrivi airis xarjis mricxvelebis 

damowmeba dakalibrebis praqtikuli sferodan. 1-el cxrilSi moyvanilia ZiriTadi 
fragmentebi im realuri cxrilisa, romelic Sedgenili iyo metrologiis institutis 

meqanikis ganyofilebaSi gazis sayofacxovrebo turbinuli mricxvelis dakalibrebis 
procesSi.  

cxr.1 

 
nimuS

is 
tipi 

 
dro, 

wT. 
wm 

etalonuri 
mricxveli 

et.mricx 
gatare-
buli 
mniSvn. 
Vet.მ3  

dasakalibrebeli mricxveli dasak. 
mricxv. 
gatareb. 
mocul. 

m3 

 
wnev

aTa 
sxva
oba 

ΔP, 
mba
ri 

Cvenebebi, m3/sT saS. 
wnevis 

vardna 

P bari 

abs. 
wneva, 
mbari 

Cvenebebi, m3 

 

sawyisi 
 

bolo 

 

sawyisi 
 

saboloo 

 
 

G250 

11.30 6050.3 6060.3 10  
 

0.000 

 
 

965 

0214089.70 0214099.96 10.26  
 

0.00 
11.30 6060.8 6070.8 10 021410048.48 0214110.73 10.25 
11.30 6071.3 6081.3 10 0214111.24 0214121.50 10.26 
11.30 6081.8 6091.8 10 0214121.98 0214132.24 10.26 
11.30 6092.2 6102.2 10 0214132.66 0214142.88 10.22 

 
 

G1000 

11.44 94718.0 94768.0 50  
 

0.002 

 
 

957 
 

0213816.26 0213866.46 50.20  
 

2 
11.42 94771.0 94821.0 50 0213869.46 0213919.64 50.18 
11.43 94823.0 94873.0 50 0213921.64 0213971.80 50.16 
11.42 94875.0 94925.0 50 0213973.80 0214023.96 50.16 
11.43 94927.0 94977.0 50 0214025.96 0214076.14 50.18 

 
 

G1000 

11.49 94280.0 94360.0 80  
 

0.006 

 
 

953 

0213378.95 0213458.86 79.91  
 

7 
11.57 94365.0 94445.0 80 0213463.85 0213543.66 79.81 
12.00 94451.0 94531.0 80 0213549.65 0213629.54 79.89 
12.03 94535.0 94615.0 80 0213633.50 0213713.40 79.90 
12.04 94619.0 94699.0 80 0213717.40 0213797.30 79.90 

dasakalibreblad gamoyenebuli iyo ukve aRwerili sakalibrebeli stendi. rogorc 

cxrilidan Cans, sakontrolo gazomvebis seriis pirveli 5 cda Catarda Vet.=10მ3 
mniSvnelobebisaTvis. wammzomis saSualebiT fiqsirdeboda drois Sualedi, romlis gavlis 

Semdegac etalonuri mricxvelis (G250 tipis) saboloo da sawyis Cvenebebs Soris sxvaoba 
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xdeboda 10m3-is toli.  am momentisaTvis xdeboda wammzomis gamorTva-wammzomis Cvenebebi 

dafiqsirebulia cxrili 2-is II svetSi, xolo V svetSi - Vet.=10მ3 mniSvnelobebi. 

sakontrolo gazomvebis Semdegi xuTeulebi aseTive meTodiT tardeba im gansxvavebiT, rom am 
dros muSaobs sakalibrebeli stendis meore  arxi, romelSic CarTulia   1000 tipis 
sanimuSo mricxveli da wammzoms TiSaven  im momentisaTvs, roca sanimuSo mricxvelis 
saboloo da sawyis mniSvnelobebs Soris sxvaoba miaRwevs 50 m3-s (cdaTa meore 
xuTeulisaTvis), an 80m3-s (cdaTa mesame xuTeulisaTvis). analogiurad fiqsirdeba wammzomis 
gamorTvis momentebisaTvis dasamowmebeli mricxvelis saboloo Cvenebebic da Sesabamisad, mis 

mier aRnusxuli gatarebuli gazis moculobebi (ix. cxr.2).  
cxr.2 

   
dro 
wT,wm) 
[sT] 

 
mimd. 
xarji 
m3/sT 

 
F 
% 

V0 

(koreq-
tori) 
m3 

 
(შეფას) 

m3 

 
U(   ) 
X10-5 

m3 

1  
I 

11.30 [0.191(6)] 52.17391 0.6311 10.06311  
 
 
 

10.06313 

 
 
 
 

2.125 

2 11.30 [0.191(6)] 52.17391 0.6311 10.06311 
3 11.30 [0.191(6)] 52.17391 0.6311 10.06311 
4 G250 11.31 [0.1919(4)] 52.09841 0.6321 10.06321 
5 11.30 [0.191(6)] 52.17391 0.6311 10.06311 
6  

II 
11.44 [0.19(51)] 256.68118 -0.15795 49.92103  

 
 
 

49.92107 

 
 
 
 

1.164 

7 11.42 [0.195] 256.41026 -0.15782 49.92109 
8 11.43 [0.1952(7)] 256.04552 -0.15787 49.92107 
9 G1000 11.42 [0.195] 256.41026 -0.15782 49.92109 
10 11.43 [0.1952(7)] 256.04552 -0.15787 49.92107 
11  

III 
11.49 [0.1969(64] 406.20592 -0.08830 79.92936  

 
 
 

79.92689 

 
 
 
 

73.385 

12 11.57 [0.1991(6)] 401.67364 -0.09091 79.92727 
13 12.00 [0.2] 400 -0.09185 79.92652 
14 G1000 12.03 [0.2008(3)] 398.34025 -0.09279 79.92577 
15 12.04 [0.20(1)] 397.79006 -0.00311 79.92551 

cxr.2 gagrZeleba 

  
V 
m3 

 
(Sefas.) 

m3 

 
U (  ) 
X10-3 

m3 

 
ΔP 

mbari 

 
U(ΔP) 
X10-2 

mbari  

 
P 

mbari 

 
U (P) 
mbari 

   
(Sefas) 

% 

 
Uc( ) 
X10-2 

% 

 
U( ) 

% 

1 10.26 

10.25 8.230 0 5.66187 965 2.22857 1.875 8.20 0.16 
2 10.25 
3 10.26 
4 10.26 
5 10.22 
6 50.20 

50.176 7.951 -2 5.66187 957 2.21010 0.721 1.70 
0.03 

 

7 50.18 
8 50.16 
9 50.16 
10 50.18 
11 79.91 

79.882 19.418 -7 5.66187 953 2.20086 0.678 2.53 0.05 
12 79.81 
13 79.89 
14 79.90 
15 79.90 
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cxrilSi Setanilia, agreTve stendis manometriT gazomili absoluturi wnevebis 

mniSvnelobebi  P dasamowmebel mricxvelSi da U-sebri wyliani manometriT gazomili 

absoluturi wnevebis sxvaoba Δ P dasamowmebel mricxvelsa da sanimuSo mricxvels Soris 

(cxrilSi wylis svetis milimetrebi gadayvanilia milibarebSi) sakontrolo gazomvebis 
cdebis samive xuTeulisaTvis. 1-eli cxrilis monacemebis damuSavebis maTematikuri 
damuSavebis Sedegebi asaxulia me-2 cxrilSi, romlis II svetSi wuTebiTa da wamebiT 

aTvlili drois intervalebi gadayvanilia saaTebSi. es gadayvana aucilebelia mimdinare Q 
xarjis gamosaTvlelad (III sveti), romelic Tavis mxriv ZiriTdi parametria F koeficientis 
formulaSi {ix. (1-Si (4)}  romelze gamravlebiTac xdeba sanimuSo mricxvelis mier 

gatarebuli moculobis koreqtirebuli  (V0) mniSvnelobis gansazRvra (Vsveti). me-2 cxrilSi 

moyvanilia agreTve, yvela Sesasvleli sididis standartuli ganusazRvrelobebi. Cven ukve 

aRvniSneT, rom ganusazRvrelobebi U(V) da U(V0) iangariSeba (11) da (12) formulebis 

gamoyenebiT (n=5 mniSvnelobis da 1-eli cxrilis monacemebis safuZvelze). miRebuli Sedegebi 

gamravlebulia makoreqtirebel mamravlze Kn=K5=17/16=1,0625 [ix. (11)]. 
imis gaTvaliswinebiT, rom ∆ -s gazomvis cdomileba (igi izomeba U-sebri wyliani 

manometriT) ar aRemateba ± 1mm.wy.sv=±9,80665 ∙10-2 mbari da am intervalSi igi miviCnieT 

Tanabarganawilebul SemTxveviT sidided, U(∆ )=9,80665∙10-2/√3 ≅5,66187∙10-2 mbari. P wneva 
izomeba manometriT, romlis fardobiTi cdomileba ar aRemateba 0,4%, amitom U(P)=0,4 P /100 √3  da igi icvleba P wnevasTan erTad gazomvaTa erTi xuTeulidan meoreze gadasvlisas, rac 

asaxulia kidec me-3 cxrilSi. amrigad, ukve SesaZlebelia ganusazRvrelobis biujetis 

Sedgena misTvis saWiro (6)÷(9) formulebis saSualebiT viangariSoT mgrZnobiarobis 

koeficientebi, gavamravloT isini Sesabamis standartul ganusazRvrelobebze da 

gamovTvaloT TiToeuli Sesasvleli sididis mier Setanili wvlili jamuri UC( ) 
ganusazRvrelobaSi.  

gazomvaTa cdebis zemoxsenebuli samive xuTeulisaTvis cal-calke Sesabamisi 
gamoTvlebisa da angariSis sisworis Semowmebis gaadvilebis mizniT mizanSewonilia calke 

viangariSoT is konstantebi, romlebic monawileobs mgrZnobiarobis CJ koeficientebis 

gamosaxulebebSi [(2).. (3)] da romlebic inarCunebs mudmiv mniSvnelobebs gazomvaTa cdebis 

zemodasaxelebul xuTeulebSi. am gamoTvlebis Sedegebi asaxulia me-3 cxrilSi.   
cxr.3 

# konstanta 
sakontrolo cdebis 

I xuTeuli 
sakontrolo cdebis 

II xuTeuli 
sakontrolo 

cdebis III xuTeuli 

1 L=       9,93727 2,00316 1,25114 

2 M=1 − ∆   1 1,00209 1,00735 

3 N=       1,01857 1,00511 0,99944 

4 R=    0,01062 0,05243 0,08382 

winamdebare cxrilis  II svetSi da     da    simboloebiT aRniSnulia V da V0 sidideebis 
saSualo ariTmetikuli mniSvnelobebi, romlebic Sesabamisi xuTeulebisTvis gamoTvlilia 1 

cxrilis monacemebis mixedviT formulebiT    = ∑         /5 da   = ∑        /5. rac Seexeba ∆  
da    sidideebs, TiToeuli maTgani mocemul xuTeulSi Semavali gazomvis yvela cdisaTvis 

erTi da igivea, rac asaxulia kidec  me-2 cxrilSi. 2 da 3 cxrilebis monacemTa mixedviT 
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Sedgenilia ganusazRvrelobis  biujeti  (cxr.4), saidanac aSkaraa, rom jamuri 

standartuli ganusazRvrelobis SemadgenlobaSi dominirebs dasamowmebeli mricxvelis 

standartuli ganusazRvreloba U(V), rac saSualebas gvaZlevs ugulvebelsayofad mcire 

cdomilebis kriteriumis gamoyenebiT UC( ) jamuri ganusazRvrelobis gamoTvlisas ar 

gaviTvaliswinoT Sesabamisi Sesasvleli sididis mcire ganusazRvreloba. 

ganusazRvrelobis biujeti                               cxr.4  

# 
Sesasvleli 

sidide XJ 

Sefasebuli 
mniSvneloba     

ganusazRv. 
tipi 

standartuli 
ganusazRvreloba 

U(XJ) 

mgrZnobiarobis 
koeficienti 

CJ 

wvlili jamur 
ganusazRvrelobaSi 

UJ( )∙10-2 % 

1 V ( მ3 ) 
10,25 
50,176 
79,882 

A  8.2307.95119.418 x10-3 m3  9,937272,007351,26034 %მ  
8,17837 
1,59604 
2,44733 

2 V0 ( მ3 ) 
10,06313 
49,92107 
79,92689 

A  2,1251,16473,385 x10-5 m3  −10,12181−2,01761−1,25963  %
მ  

0,02151 
0,00235 
0,09243 

3 ∆  (მბარი) 
0 
-2 
-7 

B 
 

5,66187x10-2 mbari 
 −0,10553−0,10503−0,10487 %

მბარი 
0,59750 
0,59467 
0,59376 

4 P  (mbari) 
965 
957 
953 

B  2,22862,21012,2009  mbari  0−0,00022−0,00077 %
მბარი 

0 
0,04862 
0,16947 

 
(11)-is gaTvaliswinebiT gvaqvs (n=5=>Kn=1,0625) 

                                    UC( )=  8,20 ∙ 10   %1,70 ∙ 10 − 10   2,53 ∙ 10   %  %                                                    (12) 

avirCioT ndobis done P=95%, rasac normaluri kanoniT ganawilebisas   Seesabameba 

mocvis koeficienti K=1,96. maSasadame, (1U=KUc tolobiT) Tanaxmad gafarToebuli 

ganusazRvrelobisas gveqneba: 

  U =  0,16%0,03%0,05%                                                                                                                               
rac  gazomvis  saboloo SedegisaTvis gvaZlevs (damrgvalebiT measedamde):     

   1,7 ≤  % ≤ 2,020,69 ≤  % ≤ 0,750,63 ≤  % ≤ 0,73                                                              (13) 

(13) Cawerilia gazomvaTa cdebis I, II da  III  xuTeulebisaTvis. 

3. daskvna 
bunebrivi airis xarjis sayofacxovrebo mricxvelebisaTvis seTavazebuli samowmebeli 

sqemisa da meTodikisaTvis ganxilulia praqtikuli sailustracio magaliTi, gamoTvlilia 

ZirTadi cdomileba da misi gafarToebuli ganusazRvreloba, rac warmoadgens gazomvaTa 

Sedegebis Tanamedrove moTxovnebis mixedviT gafarToebis safuZvels. 
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USE OF THE THEORY OF MEASUREMENT UNCERTAINTY IN PROCEDURES  
FOR DATA PROCESSING AND RESULTS OBTAINED BY CHECKING-CALIBRATION  

GAS FLOW METERS 
Zhvania Revaz, Menabde Tamar, Maisuradze Georg 

Georgian Technical University 
Summary 

The work is dedicated to the certification of natural gas consumption meters - calibration 
methods for processing, which work out methods  with the requirements of modern international 
standards, set out  measuring data processing and the correct execution of the rules, illustrative 
examples of real, practical measurement. 

 
ПРИМЕНЕНИЕ ТЕОРИИ НЕОПРЕДЕЛЁНОСТИ ИЗМЕРЕНИЙ В ПРОЦЕДУРАХ 

ОБРАБОТКИ ДАННЫХ И ОФОРМЛЕНИЯ ПОЛУЧЕННЫХ РЕЗУЛЬТАТОВ ПОВЕРКИ-
КАЛИБРОВКИ СЧЁТЧИКОВ РАСХОДА ПРИРОДНОГО ГАЗА 

Жвания Р, Менабде Т,  Маисурадзе Г. 
Грузинский Технический Университет 

Резюме 
Работа посвящена разработке методики поверки-калибровки счётчиков расхода 

природного газа, приспособленной к требованиям современных стандартов. Изложены правила 
обработки данных измерений и коректного оформления полученных результатов, рассмотрен 
иллюстративный пример реальных практических измерений. 


