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Abstract

Topicality of the research. In our country there is increase from day to day
of modern technical and technological means of production equipped enterprises.
In the big enterprises is necessary to find out more information about measuring
devises and study its technical parameters, also train high qualified personal for
control and monitoring of processes.

To solve this problem is not always easy, exceptionally when we have
continuous cycle and planning of process. Especially if required to train operators
for control and monitoring of processes in emergency situations.

The mine theme of dissertation is mathematical and virtual modeling for
controlling, testing and measurement processess of pipeline transport. The
innovation of dissertation is treatment of quality management effective methods
recline on the product and service quality control and identify and analyze
management principles.

The main aim of the dissertation is optimization of mathematical and
virtual modeling for controlling, testing and measurement processess of pipeline
transport and identify suitability for assessing the uncertainty of measurement
results.

The main objectives. Execution of these problems include addressing the
major objectives of the study:

e Design and operation conditions of trunk and local pipelines,
determination and study of the control parameters sparse characteristics.

e The control parameters (pressure, temperature and flow) of real
research object measurement error analysis and uncertainty estimation.

e In the pumping stations measurements processes virtual modeling
using LabVIEW.

e Evaluation of measurement error and uncertainty for suitability of a
virtual and real models.

The main results of the dissertation and scientific innovation. In the
dissertation is considered measurement technology and organization at crude oil
pipelines and pumping stations. Theoretical and practical parameters of pipeline
load at 0, 25, 50, 75 and 100% of nominal. Also calibration methods of pressure,
temperature and flow measurement at 0, 25, 50, 75 and 100% of nominal and
different regimes.

Based on the conducting experiments on each parameters single and
multiple measurement for different regimes conducted measurement results
theoretical research for error analyze and uncertainty estimation.

Represented mathematical models rectilinear and dynamical
transportation programing task for choosing pipeline parameters during planning.

In this dissertation described general information about the graphical
programming program LabVIEW. Possibility using sphere and creating virtual
models with LabVIEW. Using LabVIEW we create, process and investigate virtual
models of measurement transmitter’s calibration process at pumping station. We
create virtual models for single and multiple direct measurements as pressure, also
temperature and flow transmitters. Tested virtual models and record test results for

vii



single and multiple direct measurements. Using this results was calculated
uncertainty of these virtual transmitters. Also was was comparison virtual models
uncertainty with real transmitters uncertainty.

There was for the first time investigated measurement results error analyze
and measurement uncertainty estimation for virtual model for checking adequacy
with real object measurement results. Also is investigated and presented the
consolidation of observed test results of group pumping stations of real objects and
virtual models measurement parameters.

The sphere of using results: The research results and recommendations
presented in the dissertation will use for measurement jobs planning at any type
enterprise, for highest possible adequacy real and virtual models for their planning,
testing and emergency situations exercises. This is useful especially for continuous
and expensive measurements. Also for the objects with disabilities of measurement
and train to high qualified personals.
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39930350 M®  M9oeMH0  dowlogbol  (dodm-mdowolio-lwmxals)
A99396M5GHMO0L SR IMOO  2oDMAZ0L  F9gaqdol  ©ob3gmliogdo
G®5b6LdoEgmol 100% ©o@300mM30L 3060HMdJddo LoHyol XXI s LsdmErmm II
LoYMMGOBY. 49BMIZ0L IMbs3gd900 Lo MMgdbg ImEgdmeos sbMowdo 43
(Logobo  XXI) s gbMowdo 44  (Lodmwmem II). m6ogzg d9dmbgzgzsdo
A99396M5GHMMoL  asbmdowo  360d3bgemds  100°C 99500396,  GMIrob
9930359b@MMo  3600369wmdgdo  fobswmdol  ghmgmwgddo  Ohm

dm3999wos 3bGHowgddo.
gb®owo 43
9ofimgdmwo Ggd3gemo@ e
Ne | §obspmdol gobmdogro 360936crmds, Ohm 1Xig = %il | (xiq — fi)z
(Xig)
3°0Md3900 F54L0ToE MO E0535DMbol 100% 8603369 MdOL ML
1 138 0.64 0.41
2 138.4 0.24 0.06
3 138.7 0.06 0.00
4 139.1 0.46 0.21
5 138.6 0.04 0.00
0
6 100% 138.7 0.06 0.00
7 138.4 0.24 0.06
8 138.3 0.34 0.12
9 138.5 0.14 0.02
10 139.7 1.06 1.12
d9LsL3go LoEOoEOL LsdwsEm
560m39H03w ol 36093690 mds X; 138.64 2.3.28 2.2.004
1
2 _ _ —
St = 10— 1 0.2.004 = 0.222 246
S = ! -1.08 = 0.1199 247
210-1
3°63L5BE3OM® BoTgMoL 300EIMH0MAOL Losbys®odm 8b0d3bgwMdSL
FoSie 0.222/ = 1.85 248
TSz 0.1199 — ™

domgdero  J9aa0  0939sMmm  g0dghol 300G gM0omdol
360030390 BsbEgmgdol 3609369 MdsL, MMIgErool Bgs 3MOEGEH0IMEO
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3600369wmds 130dgMol sbMoeol  dobgwgom [1], hggbo dgdmbggzolsmgzols
09500996L Fq, = 3,1. 439005 300303990 3609369 mdolsmzgols

-1 _1 —
F,= = /3_1 = 0.322 249
3bGowo 44
90{m@gdmwo 3H9939M5@Hw6s
Ne | foboswmdols asbmdogo 360d3bcrmds, Ohm |xiqg — X (xiq — fi)z
(*iq)
2950083900 3540 YOO 0s35DMbols 100% 86093690 Mmdols O™
1 138.8 0.40 0.16
2 138.4 0.00 0.00
3 138.6 0.20 0.04
4 138.3 0.10 0.01
5 138.5 0.10 0.01
0
6 100%¢ 138.6 0.20 0.04
7 138.4 0.00 0.00
8 138.4 0.00 0.00
9 138.5 0.10 0.01
10 137.5 0.90 0.81
d9LsL3Ego LoEoOol bb"agjb@fq 138.4 52 5 1.08
560m393H0 3ol 3609369 mds X;

900900 Losbys®Odm 8603369 Mds 50MAbEgds J39s @S BYs
36003H03m  3600369wmdsl  dmeob F;j=0322<F=185<Fs=31
0m3905, MY 58 MO0 XyMIBROL EOL3YMLOS SOLYdOMIE 56 QoBLb3s3WYdS
9630s69000L50 9.0 goBMIZ30L F9JRd0 SMBGdOMO© 96  ASBLL33YdS
9OH»IBgoLOYSD.

300G JEIoL  5©IIZGVMIOL  ©LOEEIbo©  SLY3Y
09350050Mm 300@FMSEMM MY Dg BoGoMmgoo sSOXIMIO  QoBMmIZ0L
390929008 oL3gMOLOS MM LoEYMOMMSAMOHOL OL3GOLOSLISE.

3006 InEIwDY BoBHIMIOMEO  3H9g33gMoE MOl SR IMIWO
2oBmdz0Lb 99900 doduodogrmMo  100%-0560  sBH30MHM30L
360093690 md0obsmngol dmEgdmeos sbMowodo 45.

S2, =;Z(x e — X1)? 250
virt _ 1 virt 1

+0.862 = 0.09577 251

virt = 10_ 1
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530096M0L 3003 9M0MAOL Losbys®modm Ib0dzbgEMds F0MEHWMIWMHO S
695 MH0 3900l OoL3GMOLOGIOLIMZ0L 435deg3l

2
F = Smrt Srzeal — 0.09577/0.222 =043 252
3bGowo 45
90fm@gdmwo #H9939M5@H6s
Ne fobommdol asbmdowro 360336 mds, |xiq — X (xiq — fi)z
Ohm  (x;q)
5D™d3900 95JL0T>E MO O0535DMboL 100% 86033690 MdOl GMU
1 138.73 0.3060 0.0936360
2 138.96 0.5360 0.2872960
3 138.6 0.1760 0.0309760
4 138.12 0.3040 0.0924160
5 1000C 138.57 0.1460 0.0213160
6 138.24 0.1840 0.0338560
7 138.1 0.3240 0.1049760
8 138.25 0.1740 0.0302760
9 138.06 0.3640 0.1324960
10 138.61 0.1860 0.0345960
dobabgergero bogoob babgsa | a4 4, 527 S 0.862
5600m093H03ol 36093690 mds X;

5300960L  300GHYMH0MTol  3M0GH03wo LdHL3zMgdol 850d3z69wMdSL,
“d9wool Bgs 300EH03Mwo 8608369wmds godgmols sbMowol dobgozom,
Bggbo  dgdombggzolsmgzols 3950096L Fo =3,1. d39005 360G0300
36093690 mdolsmgol F,= — =10,322. 253

Fg
900900 Losbyo®0dm 8603369 Mds 50dMhbgds J39s @S BYs
3600303 3600369wmdsL  dmeMob F)=0322<F =043 <Fy =31
03wgds, MM 53 MO0 X3MBoL EOL3GOLOS SOLYI0MSE 56O Foblibls3w9ds
960s69000Lob 9.0 goBMIZ30L F9gRqd0 SMBYdOMI© 96  ASBLLZS3YdS
960 sb9m0Logb, (ORYEY 3000 dmgerob O NSO
50099353 MHMdSBY F0MO0MIOL.
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5.1.3 batxols 3653500 x 9090 35HMIz900L Modm©qbodg X ami30L
9mbs399930L 5MLYd0MdOL Tgdm{jdgds oL3gMLOYdIOL FgsMgdol yHoo
39930350 Mm M95¢MH0 Jowlsgbol (dsdm-mdoolo-x9go3sbo)
9OD-90mM0  LBO3MBGHOMEM  3565393HM0L, botxols smxgMHs©o  FoBMIZ30L
990093990L oL3YMLOYOO FooLEMEol 600 33/l sBHZ30MM30L 30MHMdYdTO
Lohgol XXI o  Lodmeemm I Loam®mgdbg, 25bmdzol  dmbsigdgdo
LoYMMgdbBg dImEgdmwos 3bGowdo 46  (bLohyobo XI) s gbOHowdo 47

(LodmEme II).
gbcowo 46
Ne batxo 83/ (xiq) xiq = %l | (i — %)
1 596.55 1.1350 | 1.2882250
2 596.4 0.9850 | 0.9702250
3 595.92 0.5050 | 0.2550250
4 595.32 0.0950 | 0.0090250
5 594.9 0.5150 | 0.2652250
3

6 600 8%bo> 594.27 1.1450 | 1.3110250
7 594.32 1.0950 | 1.1990250
8 594.85 0.5650 | 0.3192250
9 596.07 0.6550 | 0.4290250
10 595.55 0.1350 | 0.0182250
09babgergero bogoob Lalneee | g5 o7 | 5683 | 3606

560H0m393H0329ol 3609369 mds X;

gb®owo 47
Ne batxo 830> (xiq) xiq = %l | (xig — %)
595.9 0.2370 | 0.0561690
595.2 0.4630 | 0.2143690
596.22 0.5570 | 0.3102490
595.1 0.5630 | 0.3169690

595.32 0.3430 | 0.1176490
595.45 0.2130 | 0.0453690

595 0.6630 | 0.4395690
596.17 0.5070 | 0.2570490
596.35 0.6870 | 0.4719690
10 595.92 0.2570 | 0.0660490

dobabgergero bogogob badgswwe | 5o5 o6 | 5449 | 50905
56H0m393H03w9ol 3609369 mds X;

600 3%/l

O |0 N[V W|N |-

S? +6.06 = 0.67 254

“10-1
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1
2 — . =
§§ =5 2295 = 0255 255

3963L5BE3OM™M FodgMol 3O:0EIM0Tol Losbas®0dm dbodzbgermdsl

St _ 0.67
F= 52 =Y /0_255 = 2.64 256
do@gdemo  J9ga0  993996Omm  530dghol  30M0@9M0mdol
360030390 BsbE3mdol 3609369 MdLL, MHMIgErool Bgs 3MOGHOIMEO

36003690mds g30dgMol sbMogrol  dobgwgom [1], Bggbo dgdmbggzolsmgzols

99500996L Fe, = 3,1. 43905 3600303990 3603369 mdobosmzol

_1_1/  _
Fj=—="/31=0322 257

Fq

900900 Losbys®Odm 8603369 Mds 50MAbEgds J39s @S BYs
3600303 3600369wmdsL  dmeob Fy=0322<F =264<F,=31
0m3905, MY 58 MO0 XFMIBROL EOL3YMOBOS SOLYdOMIE 56 2obLb3s3WYdS
963569000L590 9.0 goBMIZ30L F9JRqd0 SMBGdOMI© 96  QSBLL33YdS
9633569000L595b.

30OGDPOWYOO  FEIOL  5©IIZGTMBOL  ©LOEEIbo©  SLY3Y
393500500 300FMSEMM IMIDg BoGoMmgdIo sSOXIMIO  4oBMmIZ0L
990093990L OL3gOLOS MYoEE LOYMOMSTMEOHOL EOLIYMBOSLMSE.

30056 YD BoEIMJOMWO boGx oL 50X JMIO A5DMIz0l
39092900 dm393M0s 3bMHoo 48-0b Lodmsgdo.

2. = ; E —_ 72
Spire = (Xpire — X1) 258
Nyirt — 1 =
SZie = o 133=144 259

130096M0L 3003 9M0MA0L LosbysMOdm 360d3bgEMds F0MEHMSWMOHO
495 OH0 IMY900L oL3gMLOGdIOLIMZ0L 435deg3l
Soir
real
5300960L  300EYH0MTol  3M0GH03wo LdHW3zMgdol 350d3z69wMdSL,
6HMI9gool Bgs 300EH039wo 3609369 mds godgmol sbMogrol dobgzom,
B3gbo Jgdmbggzolomgol  Fgoagbls Fe = 3,1 . dJ39000 3603030
1
360093690 mdolsmgol Fy=—=10,322 261

b
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gb®owo 48

Ne batxo 8/ (Xig) Ixig =%l | (xiq — %)
1 601.175 0.7450 0.5550250
2 600.975 0.5450 0.2970250
3 599.575 0.8550 0.7310250
4 601.4 0.9700 0.9409000
5 601.2 0.7700 0.5929000
6 600 F/be> 598.325 2.1050 4.4310250
7 602.375 1.9450 3.7830250
8 599.15 1.2800 1.6384000
9 600.25 0.1800 0.0324000
10 599.875 0.5550 0.3080250
00babgegeo booob Lalgeea | ¢4, 4o 9.95 $13.3
56H0md9 3030l 36093690 mds X;

900900 Losbyo®Odm 8603369 Mds 50dMbEgds J39s @S BYs
3600303 3600369wmdsl  dmeob Fyj=0322<F=215<Fy =31
0m3905, MY 58 MO0 XFMIBROL EOL3YMOLOS SOLYdOMIE 56 2obLb3s3WYdS
96003569000L5g96  (OL3YMLOYOL FMMOL 2oblbgeggds Fgdmbgzgzom bobosml
5BHOM9dL) 9.0  2oBMIZ30L  F9gga00  SMLYIOMOIE 96 goblbgszgds
9OMIsbgmoLogob, Moz boxol soxgMOO  Q9BMIZ9d0L  Fgdmbgzgzsdos

3060 IOH0 IMEI0L MO OMb 509d35GHOMBsBY FomOmYdL.
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5.2 byEYMOMNSTMGOHOL 25BMIZ30L dMbs3gdms M3AM©Ybodg X3MBOL Bsdwyserm
5600394034 gdol 39blbgaggdols sOlgdommdols 8gdmfdgds

5.2.1 LoEYIMMSTMMOL {6930l goBMIz0lL dmbsggdms Msdm©9bodg xamz3ol
L5FY5M 5OHO0MAYEH 0349930l goblbgoggdols sOLgdOoMMdOL Fqdm{jdgds
29Hm330L J9939d0L 9©9gd35@IOMdOL Tgdmfdgdols s dmbozgdms
399600056930l dobbom dsmo  dgobogho 45869308 Lowool FETozmdOL
39850905606  gMmo 3608369 m3zs605 Fogdmwo Tggagdol  Lodmswom
50039031900l 2oblbgog900l  9MLYdoMMdOL  Fgdmfdnds.  2sBmaZ30l
3900929006 ©50m©9b0dg X3MBoL  sOLYdMdOL Fgdmbgzgzsdo 38 dobboom
0990053599005 30dgeHol 300EgMH0dol godmyqbgds [1].
36543H03M0  290MmM3wol  seam®omdl,  OMmEILsg  AdbmIz0l
3909290006 L xamx30L dmbszgdgoo §omdmygboos s65¢roBm®ms@, 99990
Lobg 996900:
L. Y1, Y2 Ying,
2. Y1,Y2,, Yaon,,
L. Y4,Y0 Y,
1300960L 3003 JMH0Tom F9gsMg00L IgmMm@OL Msbsbds sLisfyoldo
Mbs 299M30M35WM™ MOMMIME0 XFMBOL Bsdmsem 5HOMIYEH03Ygdo:
Y1, Y, -, ¥, 898099 90000de030 Lsdumsee
¥ ==k, n, 262
LoSE IV 49HM33900L LogHMM M5MOIbMOSS Y39es X AIRJ0
N=n,+n,+--+n,
9990092 390003 gds X AIBSAMMHOLO OL3YOLOS S§ L
Sf = 3 St (G- 7)° 263

©5 X3B900L Joabom ©oL3gMLOgdOL golsdv)sEad Mo 8603369¢mds S7;
_ . =2
Sz, ==k, 2L (Vy - 7)) 264
oMb 3960LsBO3MG0s  B0IgMHOL  3M0EHIM0MOL  LosbYIGOTM
3603369 mds

F =2 265
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300900 LoEoEYg d99EIMGds B0dgMOL 3M0EHIMOMIoL Tglodsdol

3600303 3600369wmdgdl, Lossg Bgs 3M0G03Mwo 360d369emds Fo,
d906MBg35 x30dgm0oL gbGowol L —1 ULgg@EHolbs o N — L b@6ogmbol

39W5339005D9. 3905 3M0GH03Nwo 3609369 mds F) = Fi‘b. 099 L5650

96008369035 503mBbs By s §3909 300303 3608369 MdgdL GOl
Fys 2t < Fy, 266

3003000, 6H™d 3oblsboggeo X3IBJO0L Lodvmogom
5000393039900l A5bLH353905 56155MLGdOMOs s TGLodgdger0s 2sBMAZ30l

dmbs399900L 3996056905 dmbs3gdos ©53853900L dolomgdo
50T JI0L 15T)SEGOOM.

s0f9M0owo 5CmOomIob QbdoMm9000 dmgssbobmm
LoyMOMsdmMol 6930l gobBmAz0L  Bmbszgdms  Modm©Ybodg X yMBOL
153MOM 5HOMIYEH03I9d0L goblbgs3900l sMlgd0mMdOL Tgdmdgds.

239Hm330L IMbs(399900 0O ME0 335J38 dodm-0dOEOlO-X 03560l
dowlogboll bmo Lbbgoolbgs LoaOOL 69308 s0OXGMOO FoBMIZ0L
£39690900L dobgzom (3bOowo 49), FogoLEHMOl Bsgmmmdol bs3soo 100%
©5GH3060m30L d9dmb3z930L5M300.

gb®owo 49

Ne SR IMO Q5BMIz0L IMboigdndo
G®9b6LAoE MOl B396900L Jobgz0m (MA)

11 | 20,005 | 19,993 | 20,006 | 19,995 | 20,007 | 20,008 | 20,007 | 19,985 | 20,007

20,006

13 | 19,986 | 20,004 | 19,986 | 19,987 | 19,987 | 20,002 | 19,989 | 20,004 | 19,986

19,988

15 | 20,001 20 19,987 | 20,002 | 20,002 | 20,001 | 20,002 | 20,003 | 19,98

20,001

1 | 20,01 |20,008 | 20,009 | 20,011 | 20,012 | 20,011 | 20,007 | 20,008 | 20,009

20,005

2 | 20,004 | 20,005 | 19,985 | 20,008 | 20,006 | 20,007 | 19,987 | 20,004 | 20,005

20,003

3b®owdo dmygzsboero Imbs3gdgdol dobggzom ImEgdmero 93543l
©5330639%5m5 5 xanxzgo  (L=5), omommgmmw  xamado  ©53306039350m5
39092900L omEgbmds ny = n, = nz = n, = ns = 10.

30639 9393D9 490Mm300035¢Mmm BoEPMGdDY 49BMIZ0l F9ga9 o0l

L5MOM 5HOMIYEH03wI9d0
711 =20,0019;
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Y13 =19,9919
Y15 =19,9981
Y; =20,009
Y, =20,0014
©533063905m5 LygMIM MOSMEYbmdol N =n; +n, + nz + ny +ns = 50
390m35olfobgdom  ghmmderogzo  Lodvowem  3609369@mdobsmzol 262
dobggo 3396900

= 1
Y = %(10 20,0019 +10-19,9919 + 10 - 19,9981 + 10 - 20,009 + 10 - 20,0014)

= 20,00046
900900 3609369cmdol domzsolifobgdom sdmzomzswmo 263
1mOIMol Jobg30m X MBNITNOOLO EOL3GOLOS

1
S§L =T—71 [10- (20,0019 — 20,00046)? + 10(19,9919 — 20,00046)?

+10(19,9981 — 20,00046)? + (20,009 — 20,00046)?
+ (20,0014 — 20,00046)*] = 1,54-107*
X3IB900L dogbom  ©oL3gMLOYdOL  golivdrmswgdmo 3603369 mds
399M0m3wgds 264 Jobgz0m

S2, = ?1_5{[(20,005 —20,0019)2 + (19,993 — 20,019)2 + (20,006 —
20,019)2 + (19,995 — 20,0019)2 + (20,007 — 20,0019)2 + (20,00 —

20,0019)% + (20,007 — 20,0019)? + (19,985 — 20,0019)? + (20,007 —

20,0019)% + (20,006 — 20,0019)?] + [(19,986 —19,9919)% + ((20,004 —

19,9919))" + ((19,986 — 19,9919))" + ((19,987 — 19,9919))" + ((19,987 —
19,9919))" + ((20,002 — 19,9919))" + ((19,989 — 19,9919))" + ((20,004 —
19,9919))° + ((19,986 — 19,9919))° + ((19,988 — 19,9919)) | + [(20,001 —
19.9981)% + (20 — 19.9981)2 + (19,987 — 19.9981) + (20,002 — 19.9981)? +
(20,002 — 19.9981)2 + (20,001 — 19.9981)2 + (20,002 — 19.9981)? +
(20,003 — 19.9981)2 + (19,98 — 19.9981)2 + (20,001 — 19.9981)2] +

[(20,01 — 20,009)2 + (20,008 — 20,009)? + (20,009 — 20,009)? + (20,011 —
20,009)% + (20,012 — 20,009)% + (20,011 — 20,009)? + (20,007 — 20,009)% +
(20,008 — 20,009)% + (20,009 — 20,009)? + (20,005 — 20,009)?] +

[(20,004 — 20,0014)% + (20,005 — 20,0014)2 + (19,985 — 20,0014)? +
(20,008 — 20,0014)? + (20,006 — 20,0014) + (20,007 — 20,0014)? +
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(19,987 — 20,0014)* + (20,004 — 20,0014) + (20,005 — 20,0014)? +
(20,003 — 20,0014)2]} = 0,0004017.
5300960L  360GJO0MoL Losbasmodm 3603369 ™ds F9B6oLEBEOZMYGOS

265 gm6HdMmoom

B SéL _1,54-107% 03834
-~ §2, 0 4,017-107%

530d9Mob  300EgM0mdol Bgs 3M0GH03Mwo  3bodzbgermdolsmgols
dgmmby 139BOLS s 45 LEHMOJMbol go339MobY 339393l Fe = 2,86.
93005 300403790 3609369¢mds F) = 1/F% = 0,349.

©oyob F,;=0,349<0,3834< Fy, = 2,86 0m3gds,003 gobbsbowwggeo

X 3153900L LoFMsEm 5(00T9EH03MEgd0L A5bLb353905 5M956MLGdOMOS.
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5.2.2 Lo O MO0l ¢Hgddgmo@ Mol 4oBmaz0l dmbsigdms Msdmgbody
X3IB0L LETMSWM SHOMIYEH03IJOOL goblibgs39d0l sGLGdOMdOL
999m(dgds

239Hm330L IMbs399900 B0MdME0 335J38 dodm-0dOEOlO-X 03560l
dowlogboll  bmomo bbgoolbgs LoymMol  39d3gesGmMol smYJMI©O
3odMIz0L B39690930L Jobgwz0m (3bMHogro 50)

gbMogro 50

Ne SR IMO Q0BMIz0l Imboigdgdo
G®oblLdoE gm0l 396900l dobgz0o0 (ohm)

11 138 | 138.4 | 138.7 | 139.1 | 138.6 | 138.7 | 138.4 | 138.3 | 138.5 | 139.7

13 138 | 139.2 | 138.8 | 138.6 | 138.8 | 138.4 | 138.5 | 138.3 | 138.2 | 139.4

15 | 138.8 | 138.6 | 138.8 | 138.3 | 138.4 | 137.8 | 138.6 | 138.4 | 138.5 | 137.6

1 138.5 | 138.3 | 138.6 | 138.3 | 138.6 | 138.6 | 138.7 | 138.5 | 138.2 | 140.7

2 138.8 | 138.4 | 138.6 | 138.3 | 138.5 | 138.6 | 138.4 | 138.4 | 138.5 | 137.5

3b®owdo dmyzsboo dmbs3gdgdol dobgzom ImEgdmwo 93543l
©53306039%5m5 5 xanxzo  (L=5), omommgmw  xamndo 53306039050
390092900L MomEgbmds ny = n, = nz = n, = ns = 10.

30639 9393DY 499Mm300035¢Mmm BoEYMGdDY 49BMIZ0L F9gagdoL
L5MOM 5HOMIYEH03w9I9d0

Y1 =138.64;
Y;53 =138.62
Y;s =138.38
Y, =138.7
Y, =138.4
©533063905m5 BogMomm MH5mgbmdolb N = ny +n, +nz +ny +ng = 50

390035¢0{0bgd00 9HPMIE030 LsdMsErm 36033bgeMdOLIMZOL 3397690s:
= 1
Y = %(10 -138.64 +10-138.62 + 10-138.38 + 10 - 138.7 + 10 - 138.4)

= 138.548 267

domqdmo 36033690 mdol  gom3zswoljobgdom  godmzomzsemm
X3IBNAMOHOLO OoL3GOLOS

5%, = 0.2172 268
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X3%3900L dogbom ©ob3gMlingdol golivdmogdremo 3603369 mds:
Sz, =0.1215 269
1300960L 300GHgMH0MAoL Losbas®odm db0d3zbgwMds

_ S5 02172
82, 01215

270
530d9MoL  300EgM0mdol Bgs 3M0GH03Mwo  3bodzbgermdolsmgols
dgmmby 139BOLS s 45 LEHMOJMbol go339MabY 339393l Fe = 2,86.

93005 300403790 3609369 mds F) = 1/F‘b = 0,349.
©oyob  F,;=0,349<1.78< Fo = 2,86 003d5,0m3 gobLsbowggeo
X 3153900L LoFMsEM 5(00T9EH03MEgd0L AobLb353905 5M6MLGdOMOS.
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5.2.3 L5EYMOHMSTMOHOL botrx ol goBmdz0L dmbsgdms Msdmgbodg xawaoL
LMo 5HOMIYEH03w99d0L goblibgszgdol sOlgdomMdOL 9dm(dgds

230Hm™3z0L dMbs3909d0 FogdvIcro 435438 dsdm-mdorolio-xgo3sbols
dowlogboll brmo bbgssbbgs LoyMMol  BseIRol SMYIOIO FoBMIZ30L

£39690900L dobgz0m (bW 51)
3bGowo 51

SMRIMSPO 9BMI30L IMbo3gdgdo
0 A®o6LBoEHIMOL B3969d0L dobgzom (33/Lod)

11

596.55

596.4

595.92

595.3

594.9

594.27

594.3

594.8

596.07

595.55

13

596.5

596.5

595.85

595.1

595.73

595.8

595.3

595.2

594.8

596.5

15

596.15

595.2

595.12

595.9

596.37

596.5

595.5

594.3

593.17

596.15

595.9

595.9

594.55

594.7

593.67

595.05

598.1

599.4

599.35

595.95

595.9

595.2

596.22

595.1

595.32

595.45

595

596.1

596.35

595.92

3b®odo dmyzsboo dmbs3gdgdol dobgzom ImEgdmwo 93543l
©53306039%5m5 5 xanxzo  (L=5), omommgmmw  xamndo 53306039050
390092900L MomEgbmds ny = n, = nz = n, = ng = 10.

30639 9B53YY 259M300035w ™Mo LoEYMMYObY A9BMIZ30L Fg9gdoL
L5 5HOMIYEH03w9I9d0

Y;; =595.41
Y153 =595.61
Y15 =594.82
Y; =595.74
Y, =595.29

53306039055 Boghom Mom©gbmdol N =n; +n, + nz +ny +ng =
50 395035¢0Lfobgdom  9HOMdoz0  LYFMsEm  FB0IZ69wMdOLIMZOL
5306902

Y = %(10 +595.41 +10-595.61 + 10 - 594.82 + 10 - 595.74 + 10 - 595.29)
= 595.47 271
000qdo 36033690 mdol  gom35¢0olfobgdom  253M30035¢0Mo
X 3IB05INOHOLO OL3GOLOS
S¢, = 1.85 272
X37153900L dogbom ©ob3gmlogdols golisdrsegdrmo 36093690 mds
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§2, =1.14

273
5300960b 300GH9H0MIoL Losbas®odm db0d3zbgwMmds
S¢. 185
=2 161 274
S;, 114

530d9Mob  300@gM0mdol Bgs 3M0GH03Mwo  3bodzbgermdolsmgols
dgmmby 139BOLS s 45 LEHMOJMbol go339MabY 339393l Fe = 2,86.
93005 300403790 3609369@mds F) = 1/F‘b = 0,349.

©oyob  F,;=0,349<1.61< Fo = 2,86 003d5,60m3 obLsbowggeo
X 3153900L LoFMsEM 5(00TYEH03MEgd0L AobLb353905 5M956MLGdOMOS.
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5.3 LoYOPIMOOLO 5330603935M X 3VIBJOOL T9JA)OOL
3959600056905 M55 M0 Md09EHOLS S 30OEMSWIMO
dm9EobsmM30U.

5.3.1 LyEAMYOMSIMEMOUL {i69g30L 4oBMIZ0L IMbs3gdms MdmMgbodg
X3IBOL 49900005693
39Bm330L 990093900l X 3B9dOL OL3GOLOYOdOL JOHY35MM369d0L,
3Mgm3g  LOIMOEM  9MOMIYBHOINMGOoL  4oblbgezgdoL  s®LYdOMBO
d9L50530b0 3O0EHYMH0YFGO0” HYJBOL F9dgy TglodegdgEP0s QIS0
53306390505 890092900L 459600056905%9.
©533063905ms  39093900L 25900569008 Fobslosmgdergdo  9.§.
395900056900 sbolosmgB@IBo,  ghM™dogo  Lsdmsmm ¥ ©s
9600MdE030 LMol EoL3YMLOS Sé HEILOG3 X3IBJOOL oL3gMLogdo
9O0y3560M35605, bmwm  LYTMPWM  SMOMTYGHOIMNEGO0  SOLJI0MSE 5O
396Ub35309d5 GMM690LYD,  FoBMOMZEgds F9IEIR0 BMEMTVIGIOM:

> _ ZiLzl niy;
Y = —ZiL:lni 275
52 = —— [k (0~ DS? + S (5 - 7) ] 276

Loo3 N 933060390509 LOgHMM MHHMOIBMOS Y39ews X395do J.0.
N=n,+n,+--+ng 277

n; — 356M5gOHIE 25HMIZ5m MOoMm©IbMds I —MM X R3d0;

yi — 6039wodg | —m6M0 xa530L Bsdsmm SOHOMIYEH03IW0;

Sz — 6mBg0dy i —mGo xgBoL EoL3GHLOY;

Y — 96m0dm0g0 Lsdrgsqm.

Dobs 35652650380 259Mbgom0dg0Iemo 25DMIz0l dmbs3gdgdol bmomo
X2IBOL  LETMOM  5MHOMIYGH03gdoLs s OLIYGOLOYdOL dMbs399900L
dobggzom (gbOowo 52).  gmOINwgdol 275 ©s 276 ©HAsHGOOm
d9L5dgd90s  25dM305695M00M™  35MOEGIMO  FOBMZoms  JHMNMIO30
L5FMOWM  9OOMIJAHOIMEOLS S 9OHMD030 LOFNPWML  EOL3GOLOOL
d603369mdgdo0.
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gb®oo 52

ob3gMbos LD
56H0mI93H03I0
LofgoLo Loameo 55&5 =2.11-107° Visp =20,0017
LodMEMm™ LHYMOO SZ,=1.951075 Viss = 20,0013

9OOMd030 15FOEM SMHO0MTYEH03IoLsM30L 33996905

~10-20,0017 + 10 - 20,0013
N 20

96003030 LYFSWM EOL3GOLOOLMZ0L 2397690

=~

= 20,0015 278

1
2 _ _1. .10-5 —1)- .10-5 :
52 0= [(10—1)-2.11-1075 + (10 — 1) - 1.95 - 1075 + 10
- (20,0017 — 20,0015)2 + 10 - (20,0013 — 20,0015)2] =
=9.62-1077 279

MMamO3 3b9s3m 9JONMI030  LBOIMOw™m  EOoL3GOLOOL
3600369wmds  9MmY350™356 Q5 9M55M-BYOOMO 296Lb33900L
dmbs399990L5m30L F903060©s, M3  PoBMIZ0L  MOMmEIBMBOL  BOOMSS

dddmfzgmero.

300G MOH0  IMEIol Mo OHMI6 509935GIOMdOL
3L5dMGOOBIMZ0L IMZ9bEBM Fom0 FMbS3999d0L 2o9MH069dS.

278 5 279 300930 8909300 s Hobs 36ogMox30l 3060 EMsw©o
dm9obmgzol 6930l 2sbmaz0l godbg3z0l obslosmgdergdo dobgwzom:
Yyire =20,0033 ¥ = 20.0033 S2=9-1077
960M3030 Bsdsm 560039E 031 obsm30L 23976905
~10-20,0033 +10 20,0015

Y 20 = 20,0024 280
960M3030 LYFSWMm EOL3GOLOOLMZ0L 2397690
1
g [ — — . . -7 _ . . -7
Ss 20020 = 1) [(10-1):9.67-107"4+(10—-1)-9-107" + 10
- (20,0033 — 20,0024)% + 10 - (20,0015 — 20,0024)?]
=8.7-1078 281
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5.3.2 oML 3Hga3gMmo@EOHoL 35BMAZz0L Imbsigdoms
059096039 XaMBoL 35900056985

Db 356026590300 259Mbg®0IGOo 25DMIz0l dmbs39dgdol bmomo
X3IBoL LMo 5OHOMIYEH03Igdols s EOoL3GMLOGdOL Jmbszgdgdol
dobgzom (gbMowo 53).  BmOIMwgdol 275 ©d 276 ©sbIsmgdom
d9L5dgd9E0s  25dM3056950M00Mm  35MOEGEO  FIBMZoms  JMHMNMIO30
L5FMOM  SOOMIGAHOIMEOLS S 9OHOMD030 LT ML  EOL3GOLOOL
360093690 md9d0.

399396053 MH0L 25DMAZ0L godbg30L dobsliosmgdergdo

gb®owo 53
Lodmom
©ob3gMLos 5BOMBYBO0
Lofigobo LoyMo S,iﬁ’ =0.222 Visp =138.64
LodMEMm™ bHYMOO SZ,5=0.1199 Yiss = 138.4
9600M3030 Bsdoem 560039E031oLsmM30L 23976900
- 10-138.4+10-138.64
Y = = 138.52 282
20
960MdE030 LB5IMOEM EOL3YOLOOLMZ0L §399b9ds
1
2= -1)- -1 : _ 2
S5 20020 = 1) [(10—-1)-0.222+ (10 —-1)-0.1199 + 10 - (138.4 — 138.52)
+ 10 - (138.64 — 138.52)%] = 0.00885 283

OMAMO3 3b9o3m 960Md030  BsdMowm  ob3gMlool
3600369wmds 9O y350™356 Q5 9M55OBYOOMO 296Lb33900L
9mbs399990L5m30L 93060, M3  PoBMIZOL  MOMEIBMBOL  BOEOMSS

dddmfzgmero.

300GHMONOH0  IMEIol OO OHMI6 5Q09935¢ O MdOL
3L GOOLIMZ0L IMZ9bEBM Fom0 FMbS3999d0L 2o9MHN069dS.

282 05 283 300900 8909200 ©d Hobs 35053053308 300 EMSEMMO
dm9obmgzol (bg30L 2sbmaz0l godbg3z0l obslosmgdergdo dobgzom:
Vyire =138.42 ¥ = 138.42 SZ =0.02

9OMMd030 Bodwoem 5M0mM3gE03obsm30l 243976905
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~ 10-138.52 4+ 10 - 138.42
B 20

9603030 LYFPM EOL3IOLOOLMZ0L 23976905

=~

= 138.47 284

2_ -
Sy 20(20 — 1)

+ 10 - (138.47 — 138.42)?] = 0.0015 285

[(10 — 1) -0.00885 + (10 — 1) - 0.02 + 10 - (138.47 — 138.52)2

39939653 MM0L 53306039055 9GP 00l  JOHOMBE030 LTS M
©ob3gMLool 3609369 Mds 9MHMY39MMZ6 s 3MBsOBYOdOMO  J5B6Lb33900L
dmbs399990L5m30L F90;3060©s, MoEg  2oBMIZOL  MOMEIBMBOL  BOOMSS

dddmfzgmero.
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5.3.3 LoEMO05TMMOL baerxols 3obmIzol Imbszgdoms Godmmybody
X3MGBOL 359000056905
Db 3960650300 259Mbg®0dg0o 25bMIz0lL dmbs3gdgdols bmomo
X3IBoL BTN 5OHOMIYEH03Igdols s EOL3GMLOGdOL Tmbszgdgdol
dobgzom (gbMowo 54). RoEOIMEgoolb 275 s 276 ©sbdsMgdom
d9L5dgdqE0s  25dM3056950M00Mm”  35MOEGEMO  FIBMZoms  JMHMMIO30
L5FMOM  SOOMIGAHOIMEOLs S 9OHMO030 LT WML EoL3GOLOOL
360093690 mdgd0.
boGrx ol 35Bmdgzol 2506930 dsboliosmgdegdo

gb®owo 54
©ob39gMlos Lodmom
5OHO0mMIYBH03IMWO
LohgolLo Loameo S ,iﬁ =0.67 Visp =595.61
LodMEMm™ LyYOO Sz.5=0.255 V55 = 595.66
9600M3030 Lo m 5(0039E031oLsmM30L 23976905
7 10-595.61 + 10 - 595.66 _co563 286
20
960MdE030 LBoYdEM EOL3YOLOOLMZOL §399b9ds
Sz = Wl—l) [(10—1)-0.67 + (10 — 1) - 0.255 + 10 - (595.61 — 595.63)2
+ 10 - (595.66 — 595.63)?] = 0.022 287
OMAMO3 3b9s3m 960Md030  BsdMowm  ob3gMlool
3600369wmds 9O Y350MM356 Q5 9M55OBYOOMO 296Lb33900L

9dmbs399990L5m30L Jg3060©s, M3  PoBMIZ0L  MOMEIBMBOL  BOEOMSS

dddmfzgmero.

300GHMONOH0  IMEIol Mo OHDI6 5Q09935¢ O MdOL
3L GOOBIMZ0L IMZ9bEBM Fom0 FMbS3999d0L 2o9MH06YdS.

286 s 287 300930 89093000 s Hobs 35MogMox30l 3060 EHMsw©O
99 obmgol 6930l 2sbmaz0l godbg3z0l obslosmgdergdo dobgzom:
Vyire =600.43 ¥ = 600.43 SZ = 0.034

9OMMO030 Bodwoem 5M0mM3gE03obsm30l 243976905
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 10-600.43 4+ 10 - 595.63
B 20

9603030 LYFPM EOL3IOLOOLMZ0L 23976905

=~

= 598.03 288

2_ -
Sy 20(20 — 1)

+ 10 - (598.03 — 600.43)%] = 0.032 289

[(10 — 1) -0.022 + (10 — 1) - 0.034 + 10 - (598.03 — 595.63)>

boGxol  ©53306039%5m0  999a900L  9hHMOwoz0  Lsdmom
©ob3gMLool 3603369 Mds 9MHMY35MM396 s 3MVsOLYOdOMO  Q5bLb33900L
9mb5399990L5M30L  o0BoMIEs. M3 FOBMIAZ0L  MOMEIBMOOL  BOOMSS

3o9mf399o0.
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53365
1. gobbormwos Bo300mdLO9bOL Lo@dd LoyM9gddo

3900mggbgdmeo  LdBMI  LOIMBGHOMEM  M3gMO30gd0L  BILEGIMGOYEO
S0FMOMZ0Mds,  Bo3omgdol  3Hgdbmwmyos @ MOPIboBsEos,  Fsmo
09MMOME0 S 36M59dGH0379Iw0 LogJL3EMNSESEFOM FobIBOIMYdGdO;

2. 99bFogoos  BsgmmdLogboll @o@gommzol 0, 25, 50, 75, o
100% 69509900L530L bYF0 JOMOMSEO LOZMBGHOMEM 35653gBHMOL (Hbggz0l,
A99396M5GHMOM0LS s boxol  Bm®dsGomw-3H9dbozmemo  35659EHM9d0,
51939 LsBMAo 1YFSEOYdOL 35¢0dMYdOL FgPMOYOO;

3. ©o©a9b0o s Tgbfogeromos  sMBGEIMO  FogoLEBHMIWMOO
WM35OH0 Jobogbgdol 3MHmgdGHomgdols s gJudEM@sE00l 30MHMdYdO,
3500 153MBEMMEM 3565893 Mgd0L AdBY30L FobsliosmgdEgdo;

4. B5GHIMPOME0s MmO 15330930 Md0JJBHOL, FoZoLEHGIIMHO
65300mdLoYboL dodm - MdoErolo - LMBLOL, BsgMbEBHMMEM 356539GM9dOL
(06935, #H993965@HMMs, bstIx0)  2oHBMIZoms 899 g00L  3MI0EIOIMS
565¢0B0 s 99B5LGOIM0s o0 FoBMAZ0L obMlsBEOZMGELMBNdO;

5. Bodo®gdwo  9gudgmodgbdoy®o 3330l d9gagdby
©YMHEBMOOM  MOMOMYMWO  3565FgBHMOL  30MEI30M0  JONRIOOIPO O
96535¢0xGMSO0  25DMIZ0LsL, Bb3solb3s Mg00930LsMZ0L, BoEIMYOMW0s
25Bmaz0L 390092900L 09MOOMEO 330939 Qo
FgbOHMgOME0s  3M5JBHO03MWO  gosbReM0ddgd0 gobMIZ0L  3MIOWGdSMS
365¢r0BoLS 5 QoBMAZ0L 496MLSBOZMGEMBOL FgLoxrsligdes.

6. Podmpqbowos o9853 03cmo  dmEgmomgdol  iMxz030 ©d
©06580379600 3053009008 LoGEBL3MMEGHM  s8m3sbs  3BmgdEHoMmgdol
9G53%g 30logbols 3565993 M9d0L TgMBg30Ls O 53MHMBIEFOOLIMZOU.

7. Bsd0mddo 5353990, Fgddboero s godm3zEgME0s
65300mdLogboL  Lo@GwAd Loa®Tdo LsDmBo  935M5GHWMOL  35¢0dMHYOOL
3Gm3gbobs o Bo3MBGHMM®WM  356589GHMJd0L  A5BMIZ0L  30OGVISW MO
dmgwgdo LabVIEW 94653303990 36:0m65306900b bogmsgdo;

8. (95O md0gdBDY BoBHIMIMwo  Bogmb@GHMmmm 356599EHM9O0L
20BMmdz900l 39092900 390569390 LabVIEW 3093030
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300653060930l LogMgdo 89Jdbo 30MEHMOE FmEIWwDg Bo@IMYdIM
99b39609896G 9O 330930l 3Mbo3909305b;

9. 3099 dmgby Bo@o6qdmeo 239H™03900L
390929000030l 8Mm399MIWo0s  3EMIOWGdsMs  HBIOBOLY @S  QIBMIZ0L
2961LsBP3MGEMdOL 39935900 SQMMHomMTo Qo
09500090 os LabVIEW 265530390 360ma6Msdodgdol Logmiqdo;

10. BoGo®9dmeo  0gmeomwo ©s  9Ju3geHodgb@owmmMo  33¢930L
Logdzgwdy  @IEIbowos  FOOGIIW GO  FMEIIBOL OO
0099439006 5009d35GMIMdS;

11. 3993390 s 3390905 BoEYYOMNIMOOLO S3306039d5MS
X3IBIO0L F90093900L 259600569008 30633900 MYOEIMOO MmdogJGHOLS S

306 OHO IMEYolsmM30U.
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10.
11.

12.

13.

14.

15.

16.

17.

WOo@BIMSEGHME:

L50b50bOM 9J139MH0T96EOL MEMYBODSE0S WS WRJATZd, 0.Dg0b0dY.
39960360 mboggmlodg@o. mdogrobo, 2000, 240 a3.
6.589ws8300, @.456M303900083000. 065303M0 3OIMYMSB0MGOS
3992593560@Mdol LolE IO H3MMYJEHJd5Td0. LHgOMMTMMHOLM
L5393b0gHM 3MBRYMH963E0s "BMZ30L 53EHMTEGH0BJOIMOo LobEYIgdo
056589000M39 Lo0bRMOs30M FHgdbmemaogdo”, 2011F., 20-22 dsolo.
6.509ws8300, 9.456M0390008300. 065303 MM0 3OIMYMSF0MGOS
3903993560 md0L LolBgdol s3MHMgdBHYosdo. "8OMId0 Jsermn30l
53¢ ™B5GH0B0MGOMEo LolEgdd0”, Ladsermzgwml &9dbozmeo
mb0og9MLboGgEHo, Ne 1(10), 2011. o3 433-436.
6.509wsd300, 3.d5Om3900d30¢0. LabVIEW - LogM39d0
G®56L30EIOOL 306MEWYSE MO Yo FoaolEMIWG Jolisoqbby
$6930L 3900dMYILS O JoBMIZLOIMZ0L. "IMMTGd0 JoOMNZ0L
533™B5GH0B0MYOMEo LolEgdgdo”, Lads®mzgwml &gdbozmco
w60390LoGYGH0, Ne2(13), 2012. 93 156-160.
6.589ws8300, §.J601390d30¢00, .35B9Rosdg. {6930l oM 30600
9ONX IO FoBMIZ30L 496MLsBOZMGEMdOL Fgx3sl9ds Mo IMHO
0099dGHols s 30O GO0 FMEIEPOLsmM30L. “dOMIGO0 JoMMZ0L
533™B5GH0B0MOMEo LolEgdd0”, LodsGM3gwmb 39dbo360
mbog9MLboG g0, Ne 1(14), 2013. o3 140-145.
390™330L 456LSBOZMIGMBOL o8MLOb3Zs 835E0dMGOOL OMU.
53690035300L 930 M3ME0 05BFIOMAEMDS. 939309600 1999 §. o3 100
B.509ws8300, @.4o6Mm039000d300, §.8MX03b9w0. MgoEmMo
3099dGHols s 30O EHISMMO FMmEIEPoL 4oBMIZ39d0L dmboizgdgdol
39903056930L 306:03900. "dOMIJd0 FoMI30L 53EMBoEHO0BOMYdMEO
Lob3H9Tgd0”, LodsGNzgwml ¢9gdbozmeo »boggdLo@g@o, Ne 2(15), 2013.
EA-4/02.Expression of the Uncertainty of Measurement in Calibration
December 1999. p 79
National Instruments Corporation. Getting Started with LabVIEW 2005, p80
LabVIEW Manual, National Instruments Corporation. January 1996. p250
Conrado Borraz-S_anchez, Optimization Methods for Pipeline
Transportation of Natural Gas. October 2010. p50-85
Sheldrake, A. L. Handbook of Electrical Engineering — For Practitioners in
the Oil, Gas and Petrochemical Industry 2003. p650
Modeling of Oil Product and Gas Pipeline Transportation. Michael V. Lurie
2008. p230
Overview of the Design, Construction, and Operation of Interstate Liquid
Petroleum Pipelines. Argonne National Laboratory. November 2007. p108
Assessment of Uncertainties of Measurement: Uncertainty calculation for the
calibration of a pressure gauge. September 2002. p6

3enrunuzze M.I'. KoHTposp KauecTBa IPOAYKIMHUIO KOHCIIEKT JEKITUIA:
Tounucu: Texumveckuit yausepcruret — «lenTp nudopmaruzanum», 2005r.
c206

Benoycos B./l., breiixep 3.M., Hemyzapos A.T'., IO¢un B.A., Axosres E.N.
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18.

19.

20.

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.

35.

Tpy6omnpoBogHsrit TpancnopT HedTu u raza. M:, “Hegpa®, 1978 r. 407c.
T'ocymapcTBeHHas cucTeMa obecIeyeHNs eJUHCTBA U3MEPEeHUH.
[Tpumenenne “PykoBozcTBa 10 BRIpaXKeHIO HEOTIpeie/IeHHOCTH U3MEPEeHMH .
WIIK UspatenscTBo cranmaproB. Munck, 2002. c134
OueHuBaHMe HeOIpeZeIeHHOCTH IIPU IIPOBeIeHUN METPOJIOTMYeCKUX paboT.
Metromuygeckuii mokymeHT 1o Merposioruu. IIMX 33.1405—2005. 3axapos
N.II., Cepruenko M.II., Yenena B.H., Hukurun /I.C. Xapsxos. 2008. c20-55
B. K. BarospuH, A. C. Becconos, B. B. Momkusn. LabVIEW:IIPAKTUKYM
10 DJIEKTPOHUKE Y MUKPOITPOIIECCOPHOU TEXHUKE Mocksa,
2005. c185
[Turep bitom. LabVIEW :ctuns nporpammuposanus. Mocksa, 2008. c201
Beogzuwuit xypc National instruments. Poccus, CHT', Bantusa. 2012.c 20-75
http://chartsbin.com/view/1322, ©935651369¢00 0465 25053mfdgdwgero -
6.6.2013
http://www.nabucco-pipeline.com/portal/page/portal/en v)35651369wo
0965 25058mfdgdmeo - 6.6.2013
http://www.geostm.ge, 935655369500 0gbs gosdm{jdgdmeo - 6.6.2013
www.wikipedia.org, 935650369s 0465 250053mfdgdmeo - 6.6.2013
www.BP.com, 935653690 0dbs go59m{jdgdero - 6.6.2013
www.bpgeorgia.ge ©935651369e00 0465 99058mfdgdyeo - 6.6.2013
http://ru.wikipedia.org vn3565b36gco 0gbs 2905dmfidgdero - 6.6.2013
https://en.wikipedia.org/wiki/Measurement uncertainty, ©935650369csc0
0965 25058mfdgdmeo - 6.6.2013
http://spiff.rit.edu/classes/phys273/uncert/uncert.html, «3565U369eo 0gbos
39059m{jdgd)ero - 6.6.2013
http://www.omega.com/literature/transactions/volume3/pressure.html,
1396513690 0dbs osdm{agdeo - 6.6.2013
http://www.abb.com/product/us/9AAC100429.aspx, ©93565L369ws 0gbs
39053Mm{dgdo - 6.6.2013
http://www.ni.com/pressure/, ©935650369cs 0465 45053m{agdgemo -
6.6.2013
http://www.omega.com/toc_asp/sectionSC.asp?section=]&book=temperature,
1396513690 0dbs osdm{Agdero - 6.6.2013
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http://chartsbin.com/view/1322
http://www.nabucco-pipeline.com/portal/page/portal/en
http://www.geostm.ge/
http://www.wikipedia.org/
http://www.bp.com/
http://www.bpgeorgia.ge/
https://en.wikipedia.org/wiki/Measurement_uncertainty
http://spiff.rit.edu/classes/phys273/uncert/uncert.html
http://www.omega.com/literature/transactions/volume3/pressure.html
http://www.abb.com/product/us/9AAC100429.aspx
http://www.ni.com/pressure/
http://www.omega.com/toc_asp/sectionSC.asp?section=J&book=temperature

bsmmO

$0bo0mdol s GHgd396MsG MOl sdM30090MEgds MmEs a=0.00385

°C ohm °C ohm °C ohm °C ohm °C ohm
-100 | 60.26 | -65 | 7433 | -30 | 88.22 5 101.95 | 40 115.54
99 | 60.67 | -64 | 7473 | -29 | 88.62 6 102.34 | 41 115.93
98 | 61.07 | -63 | 75.13 | -28 | 89.01 7 102.73 | 42 116.31
97 16148 | -62 | 7553 | -27 | 89.40 8 103.12 | 43 116.70
96 | 61.87 | -61 7593 | -26 | 89.80 9 103.51 | 44 | 117.08
95 16229 | -60 | 7633 | -25 90.19 | 10 | 103.90 | 45 117.47
94 | 6269 | -59 | 7673 | -24 | 9059 | 11 104.29 | 46 117.85
-93 63.1 -58 | 77.13 | -23 | 9098 | 12 104.68 | 47 118.24
-92 63.5 -57 | 7752 | -22 91.37 | 13 | 105.07 | 48 118.62
-91 63.91 56 | 7792 | -21 91.77 | 14 | 105.46 | 49 119.01
-90 64.3 -55 | 7832 | -20 | 92.16 | 15 105.85 | 50 119.40
-89 64.7 -54 | 7872 | -19 | 9255 | 16 | 106.24 | 51 119.78
-88 | 65.11 -53 | 79.11 -18 | 9295 | 17 | 106.63 | 52 120.16
-87 | 65.51 -52 | 79.51 -17 | 9334 | 18 | 107.02 | 53 120.55
-86 | 65.91 -51 79.91 -16 | 93.73 | 19 | 10740 | 54 | 120.93
-85 | 66.31 -50 | 80.31 -15 9412 | 20 | 107.79 | 55 121.32
-84 | 66.72 | -49 | 80.70 | -14 | 9452 | 21 108.18 | 56 121.70
-83 | 67.12 | -48 | 81.10 | -13 | 9491 | 22 108.57 | 57 122.09
-82 | 6752 | -47 | 8150 | -12 95.30 | 23 | 108.96 | 58 122.47
-81 6792 | -46 | 81.89 | -11 95.69 | 24 | 109.35 | 59 122.86
-80 | 6833 | -45 | 8229 | -10 | 96.09 | 25 109.73 | 60 123.24
-79 | 68.73 | -44 | 82.69 -9 96.48 | 26 | 110.12 | 61 123.62
-78 | 69.13 | -43 | 83.08 -8 96.87 | 27 | 110.51 62 124.01
-77 | 6953 | -42 | 83.48 -7 9726 | 28 | 11090 | 63 124.39
-76 | 69.93 | -41 83.88 -6 9765 | 29 | 111.28 | 64 | 124.77
-75 | 7033 | -40 | 84.27 -5 98.04 | 30 | 111.67 | 65 125.17
-74 | 70.73 | -39 | 84.67 -4 98.44 | 31 112.06 | 66 125.55
-73 | 71.13 | -38 | 85.06 -3 98.83 | 32 11245 | 67 125.93
-72 | 7153 | -37 | 85.46 -2 99.22 | 33 | 112.83 | 68 126.32
-71 7193 | -36 | 85.85 -1 9961 | 34 | 11322 | 69 126.70
-70 | 7233 | -35 | 86.25 0 100.00 | 35 113.61 70 127.08
-69 | 72.73 | -34 | 86.64 1 10039 | 36 | 11399 | 71 127.46
-68 | 73.13 | -33 | 87.04 2 100.78 | 37 | 11438 | 72 127.85
-67 | 7353 | -32 | 87.43 3 101.17 | 38 | 114.77 | 73 128.23
-66 | 7393 | -31 87.83 4 10156 | 39 | 115.15 | 74 | 128.61

159




°C ohm °C ohm °C ohm °C ohm °C ohm

75 | 12899 | 100 | 138.51 | 125 | 147.95 150 | 157.33 | 175 | 166.62
76 | 129.38 | 101 | 138.89 | 126 | 148.33 151 | 157.71 | 176 | 167.00
77 | 129.76 | 102 | 139.27 | 127 | 148.71 152 | 158.08 | 177 | 167.38
78 | 130.14 | 103 | 139.65 | 128 | 149.08 153 | 158.45| 178 | 167.75
79 | 13052 | 104 | 140.03 | 129 | 149.46 154 | 158.83 | 179 | 168.12
80 | 13090 | 105 | 140.39 | 130 | 149.83 155 | 159.20 | 180 | 168.49
81 131.28 | 106 | 140.77 | 131 | 150.21 156 | 159.56 | 181 | 168.86
82 | 131.67 | 107 | 141.15 | 132 | 150.59 157 | 159.94 | 182 |169.24
83 | 132.05 | 108 | 141.53 | 133 | 150.96 158 | 160.31 | 183 | 169.61
84 | 13243 | 109 | 14191 | 134 | 151.34 159 | 160.68 | 184 | 169.98
8 | 132.81 | 110 | 142.29 | 135 | 151.72 160 | 161.05| 185 |170.34
86 | 133.19 | 111 | 142.66 | 136 | 152.09 161 |161.43 | 186 | 170.69
87 | 133,57 | 112 | 143.04 | 137 | 152.47 162 |161.80| 187 |171.06
88 | 13395 | 113 | 143.42 | 138 | 152.85 163 | 162.17 | 188 | 171.43
89 | 13433 | 114 | 143.80 | 139 | 153.22 164 | 16255 | 189 |171.79
90 | 134.71 | 115 | 144.18 | 140 | 153.58 165 |162.92 | 190 |172.16
91 135.09 | 116 | 14456 | 141 | 153.95 166 |163.29 | 191 |172.54
92 | 13547 | 117 | 14494 | 142 | 154.32 167 |163.66 | 192 | 17291
93 | 135.85 | 118 | 145.32 | 143 | 154.73 168 | 164.03 | 193 | 173.27
94 | 136.23 | 119 | 145.69 | 144 | 155.08 169 | 164.41 | 194 | 173.64
95 | 136.61 | 120 | 146.07 | 145 | 155.46 170 | 164.78 | 195 | 174.01
96 | 13699 | 121 | 146.45 | 146 | 155.83 171 | 165.15| 196 | 174.39
97 | 13737 | 122 | 146.82 | 147 | 156.21 172 | 165.52 | 197 |174.75
98 | 137.75 | 123 | 147.20 | 148 | 156.58 173 |165.89 | 198 |175.12
99 | 138.13 | 124 | 14758 | 149 | 156.96 174 | 166.26 | 199 | 175.49
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