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realuri obieqtisa da virtualuri modelis gazomvis

monacemebis gaerTianebis pirobebi

nodar abelaSvili1, giorgi qarTveliSvili2, givi murjikneli1

1-saqarTvelos teqnikuri universiteti,

2-kompania British Petrolium

reziume

ganixileba realur pirobebSi magistraluri gazis da navTobsadenebis satumb

sadgurebSi wnevis gazomvis ramdenime jgufis monacemebs Soris arsebiTobis Semowmebis

sakiTxebi. mocemulia gazomviT miRebuli Sedegebis gaerTianeba LabVIEW sivrceSi,

Seqmnili virtualuri modeliT miRebuli analogiuri amocanebis SedegebTan, maTi

sandoobis gazrdis mizniT.

1. Sesavali

magistralur milsadenSi mimdinare procesebisa da sazomi aRWurvilobis

maxasiaTeblebs Soris sxvaobis gamo milsadenis trasaze ganlagebul sxvadasxva

sadgurebis gazomvebs Soris Sedegebis gabnevis sidide  SesaZlebelia iyos mudmivi an

icvlebodes garkveuli kanonzomierebiT.

gabnevis maxasiaTeblis SefasebisaTvis, Cveulebriv axdenen sawyis da saboloo

gazomvis jgufebis dispersiebis Sedarebas. iTvleba, rom Tu maT Soris gansxvaveba

SemTxveviT xasiaTs atarebs, maSin sadgurTaSoris gazomvaTa Sedegebis gabnevis sidide

mudmivia e.i. gazomvis ganusazRvreloba ar icvleba.

2. ZiriTadi nawili

amocanis gadawyvetisTvis gamoiyeneba fiSeris kriteriumi, romlis realizaciis

amocana qvemoT moyvanili  saxiT Camoyalibdeba:

vTqvaT, romelime parametris gazomvis Sedegebis moculoba, sawyisi sadguris

monacemebis mixedviT, Seadgens da sakontrolo parametris mniSvnelobebia, , ;  bolo sadguris monacemebisaTvis -s sakntrolo parametris

mniSvnelobebiT 2 , , . miRebuli monacemebis mixedviT gansazRvraven amorCeuli

mniSvnelobebis  kontrolis Sedegebis dispersias.= ∑ ( − ̅ ) (1)= ∑ ( − ̅ ) (2)

sadac ̅ = ( + + + )⁄ da ̅ = ( + + + )⁄ .

dispersiebis gansazRvris Semdeg pouloben fiSeris kriteriumis saangariSo

mniSvnelobas = (3)

romelsac adareben fiSeris kriteriumis zeda ( ზ) da ქ qveda kritikul

mniSvnelobebs. zeda kritikuli mniSvneloba SeirCeva fiSeris cxrilidan. Tu saangariSo

mniSvneloba aRmoCndeba qveda da zeda kritikul mniSvnelobas Soris ქ ≤ = ≤ ზ

iTvleba, rom am ori jgufis dispersia arsebiTad ar gansxvavdeba erTmaneTisagan

(dispersiebs Soris gansxvaveba SemTxveviT xasiaTs atarebs).
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qvemoT mocemulia realuri magistraluri milsadenis (baqo-Tbilisi-jeihani)

sakontrolo parametris, wnevis aTjeradi gazomvis Sedegebi wnevis transmiteris 100%

datvirTvis pirobebSi sawyis (cxrili 1) da saboloo (cxrili 2)  sadgurebze.

cxr.1

№
miwodebuli wneva, kPa

denis Zalis gazomili mniSvneloba,

mA ( ) | − ̅ | − ̅
maqsimaluri diapazonis 100% datvirTva (wneva 30 kPa)

1

30
20,003 -0,0013 0,169∙ 10

2 20,004 0,0023 0,53∙ 10
3 20,008 0,0063 3,96∙ 10
4 19,997 -0,0047 2,21∙ 10
5 19,995 -0,0067 4,49 ∙ 10
6 19,998 -0,0037 1,37∙ 10
7 20,005 0,0033 1,09∙ 10
8 19,997 -0,0047 2,21∙ 10
9 20,007 0,0053 2,81∙ 10
10 20, 003 -0,0013 0,169∙ 10

Sesasvleli sididis saSualo

ariTmetikulis mniSvneloba ̅ 20,0017 ∑19,008∙ 10
orive SemTxvevaSi wnevis erTeulebiT gazomili mniSvneloba 30kPa-s Seadgenda,

romlis eqvivalenturi mniSvnelobebi (transmiteris Cvenebis mixedviT) denis Zalis

erTeulebSi mA-Sia mocemuli. sadac wnevis 0-ovan Cvenebas Seesabameba transmiteris

mniSvneloba 4mA, xolo wnevis maqsimalur 30kPa Cvenebas Seesabameba 20mA mniSvneloba.
cxr.2

№
miwodebuli wneva, kPa

denis Zalis gazomili mniSvneloba,

mA ( ) | − ̅ | − ̅
maqsimaluri diapazonis 100% datvirTva (wneva 30 kPa)

1

30
20,005 0,0037 1,36∙ 10

2 19,997 -0,0043 1,84∙ 10
3 20,006 -0,0047 2,2∙ 10
4 20,003 0,0017 0,28∙ 10
5 19,995 -0,0063 3,96∙ 10
6 19,998 -0,0033 1,08∙ 10
7 20,002 0,0007 0,049∙ 10
8 20,004 0,0027 0,73∙ 10
9 20,007 0,0057 3,25∙ 10
10 19,996 -0,0053 2,81∙ 10

Sesasvleli sididis saSualo

ariTmetikulis mniSvneloba ̅ 20,0013 ∑17,559 ∙ 10
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miRebuli monacemebis mixedviT gamoTvlili kontrolis Sedegebis dispersiebisaTvis

gveqneba = 2,111 ∙ 10 da = 1,95 ∙ 10 . maTi saSualebiT gansazRvruli fiSeris

kriteriumis mniSvneloba = = , ∙, ∙ = 1,08 cxrilebis mixedviT moTavsebulia zeda

da qveda kritikul mniSvnelobebs Soris ქ = 0,924 ≤ = 1,08 ≤ ზ = 3,1 e.i am ori

jgufis dispersia arsebiTad ar gansxvavdeba erTmaneTisagan.

virtualuri modelis adeqvatuobis dasadgenad aseve SevadaroT virtualur

modelze Catarebuli aTjeradi gazomvis Sedegebis dispersia realur sadgurTaSoris

dispersiasTan wnevis aseve 100%-iani datvirTvis mniSvnelobisaTvis, romelic  mocemulia

me-3 cxrilis saSualebT.

cxr.3

№
miwodebuli wneva, kPa

denis Zalis gazomili mniSvneloba,

mA ( ) | − ̅ | − ̅
gazomvebi maqsimaluri diapazonis 100% mniSvnelobis dros (wneva 30 kPa)

1

30
20,007 0,0037 1,36∙ 10

2 20,000 -0,0033 1,09∙ 10
3 20,004 0,0007 0,049,∙ 10
4 20,009 0,0057 3,25∙ 10
5 19,997 -0,0063 3,97∙ 10
6 19,992 -0,0113 12,77∙ 10
7 20,007 0,0037 1,37∙ 10
8 20,009 0,0057 3,25∙ 10
9 20,01 0,0067 4,49∙ 10
10 19,998 0,0053 2,81∙ 10
Sesasvleli sididis saSualo

ariTmetikulis mniSvneloba ̅ 20,0033 ∑34,409 ∙ 10
moyvanili monacemebis virtualuri modelis dispersiisaTvis gveqneba:= 3,82 ∙ 10 ,

saidanac fiSeris kriteriumisaTvis:= = 34,409 ∙ 1019,008 ∙ 10 = 1,81
rac virtualuri modelis realurTan adeqvaturobaze miuTiTebs.

gazomvis Sedegebis adeqvaturobis Semowmebisa da monacemTa gaerTianebis mizniT maTi

myisieri gabnevis sididis mudmivobis SefasebasTan erTad mniSvnelovania miRebuli

Sedegebis  saSualo ariTmetikulebis gansxvavebis arsebiTobis Semowmeba.

praqtikuli gamoTvlis algoriTms, rodesac gazomvis Sedegebis jgufis monacemebi

warmodgenilia analizurad, Semdegi saxe eqneba:

1. , , , ,
2. , , , ,

. . . . . . . . . . . .. , , , .
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fiSeris kriteriumiT Sedarebis meTodis Tanaxmad dasawyisSi unda gamoviTvaloT

TiToeuli jgufis saSualo ariTmetikulebi: , , , , Semdeg erToblivi saSualo:= ∑ , (4)

sadac N gazomvebis saerTo raodenobaa yvela jgufSi:= + + + .
Semdeg gamoiTvleba jgufTaSorisi dispersia ∑ .∑ = ∑ ( − ) (5)

da jgufebs SigniT dispersiebis gasaSualebuli mniSvneloba ̅ :̅ = ∑ ∑ − (6)

bolos ganisazRvreba fiSeris kriteriumis saangariSo mniSvneloba:= ∑̅
(7)

miRebuli sidide Seedareba fiSeris kriteriumis Sesabamis kritikul mniSvnelobebs.

Tu saangariSo mniSvneloba aRmoCnda zeda da qveda kritikul mniSvnelobebs Soris

vTvliT, rom gansaxilveli jgufebis saSualo ariTmetikulebis gansxvaveba araarsebiTia

da SesaZlebelia gazomvis monacemebis gaerTianeba monacemTa damuSavebis misaRebi

algoriTmebis saSualebiT.

gazomvis Sedegebis jgufebis dispersiebis erTgvarovnebis, agreTve saSualo

ariTmetikulebis gansxvavebis arsebiTobis Sesabamisi kriteriumebiT dadgenis Semdeg

SesaZlebelia gadavideT dakvirvebaTa Sedegebis gaerTianebaze.

dakvirvebaTa Sedegebis gaerTianebis maxasiaTeblebi, e.w. gaerTianebuli

maxasiaTeblebi, erToblivi saSualo da erToblivi saSualos dispersia , rodesac

jgufebis dispersiebi erTgvarovania, xolo saSualo ariTmetikulebi arsebiTad ar

gansxvavdeba erTmaneTisagan,  gamoiTvleba Semdegi formulebiT:= ∑∑ (8)= ( ) ∑ ( − 1) + ∑ − (9)

sadac dakvirvebaTa saerTo raodenobaa yvela jgufSi e.i= + + + , sadac (10)−paralerul gazomvaTa raodenobaa −ur jgufSi;− romelime −uri jgufis saSualo ariTmetikuli;−romelime −uri jgufis dispersia;−erToblivi saSualo.

gazomvis monacemebis xuTi jgufis saSualo ariTmetikulebisa da dispersiebis

monacemebis mixedviT (cxrili 4), (8-9) formulebis daxmarebiT SesaZlebelia

gamoviangariSoT paralelur gazomvaTa erToblivi saSualo ariTmetikulisa  da

erToblivi saSualo dispersiis mniSvnelobebi. wnevis gazomvis gabnevis maxasiaTeblebi:

cxr.4

dispersia saSualo ariTmetikuli

sawyisi sadguri საწ =2.11∙ 10 საწ =20,0017

saboloo sadguri საბ =1.95∙ 10 საბ = 20,0013
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erToblivi saSualo ariTmetikulisaTvis gveqneba:= ∙ , ∙ , = 20,0015 (11)

erToblivi saSualo dispersiisTvis gveqneba:= ( ) [(10 − 1) ∙ 2.11 ∙ 10 + (10 − 1) ∙ 1.95 ∙ 10 + 10 ∙ (20,0017 −20,0015) + 10 ∙ (20,0013 − 20,0015) ] = 9.62 ∙ 10 (12)

rogorc  vxedavT  erToblivi saSualo dispersiis mniSvneloba erTgvarovania  da

araarsebiTi gansxvavebis  monacemebisaTvis Semcirda, rac  gazomvis raodenobis  zrdiTaa

gamowveuli.

virtualuri modelis realurTan  adeqvaturobis  dasabuTebisaTvis movaxdnoT maTi

monacemebis gaerTianeba.

(11) da (12) miRebuli SedegiT da wina paragrafis virtualuri modelisTvis wnevis

gazomvis gabnevis maxasiaTeblebi mixedviT:=20,01 = 20.01 = 9 ∙ 10
erToblivi saSualo ariTmetikulisaTvis gveqneba:= ∙ , ∙ , = 20,0055 (13)

erToblivi saSualo dispersiisTvis gveqneba:= ( ) [(10 − 1) ∙ 9,67 ∙ 10 + (10 − 1) ∙ 9 ∙ 10 + (20,0011 − 20,0055) + 10 ∙(20,01 − 20,0055) ] = 10,7 ∙ 10 (14)

realuri obieqtisa da virtualuri modelis gabnevis maxasiaTeblebis erTgvarovneba

miuTiTebs midelis obieqtTan Sesatyvisobis maRal xarisxze, rac saSualebas gvaZlevs

modelis gazomvis Sedegebs realurTan Tanabrad arsebobis ufleba mivakuTvnoT, es ki

gazomvis operaciebis daCqarebis, gaiafebisa da arasaStato situaciebis marTvis

meqanizmebis damuSavebis saSualebas iZleva. aseve mniSvnelovania gazomvis

kvalificirebuli operatorebis momzadebis SesaZlebloba virtualur modelze

aucilebeli unar_Cvevebis gamomuSavebis SesaZleblobiT.

3. daskvna

realur pirobebSi  magistralur gaz da navTobsadenebis satumb sadgurebSi

sakontrolo parametrebis gazomvis operaciebis Sedegebis ramdenime jgufis monacemebis

arsebiTobis Semowmeba da maTi gaerTianebis SesaZlebloba LabVIEW sivrceSi Seqmnili

virtualuri modeliT miRebuli analogiuri amocanebis SedegebTan dispersiul analizis

Sedegebis mixedviT gazomvis operaciebis daCqarebis, gaiafebisa da arasaStato

situaciebis marTvis  meqanizmebis damuSavebis saSualebas iZleva.
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CONDITIONS OF CONSOLIDATION OF RESULTS OF MEASUREMENT
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Summary

Considering the consolidation of results of measurement of real and virtual object with
support of the dispersive analysis for the purpose of speed-up, reduction in cost and development
of management means in emergency situation.

УСЛОВИЯ ОБЪЕДЕНЕНИЯ РЕЗУЛЬТАТОВ ИЗМЕРЕНИЯ
РЕАЛЬНОГО И ВИРТУАЛЬНОГО ОБЪЕКТА
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1– Грузинский Технический Университет,
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Резюме

Рассматриваются вопросы объеденения результатов измерения реального и
виртуального объекта с помощью дисперсионного анализа с целью ускорения, удешевления
и разработки механизмов управления внештатними ситуациями.


