3(584).2022
HAYYHO-TEXHVUYECKUMNBKYPHATL

ABTOMATHN3ALINA

NHPOPMATUSALIVIA
TOK

] &
el
1 O

ONT7AR
RN

/
P

‘Y7
QY

[}
A

V¢




ABTOMATU3ALUA
N UHOOPMATU3ALUA TOK

Hay4Ho-TexHu4YecKkum XypHan

OcHoBaH B 1973 .

Boixogut 12 pas B rog

Ne 3(584) MapT 2022 .

Yupeoumens scypnana — denepanvroe
rOCy/IapCTBEHHOE aBTOHOMHOE 00pa30BaTeNbHOE
yupexaeHue Beiciiero oopasosanus "Poccuiickuit
TOCYapCTBEHHBII yHUBEpPCUTET HETH U rasa
(HaIMOHAIIBHBIN UCCIIEIOBATENILCKUI YHUBEPCHUTET)
nmern U.M. I'yOkuna"

PEJJAKIJHOHHAA KOJIJIETHA:

Kaszax A.C. (enasnuiii pedakmop) — I-p TEXH. HayK, podeccop,
yuenslii cekperaps OOO "HUMUrazskonomuka", r. MockBa;
Abpamos I'.C. (3am. 2nasno2o pedakmopa) — I-p SKOH. HayK,
TK 024 "Merponoruueckoe odecriedeHue 10014 U y4yeTa
9HEPropecypcoB (KHAKOCTE U ra3oB)", r. TIOMEHSB;

Kucnenxo H.A. (3am. 2naeno2o pedakmopa) — KaHJl. TEXH. HayK,
HauanbHUK Jlenapramenrta ITAO "Ta3npoM", reH. AUpeKTop
000 "HUMHra3zskonomuka", r. Caukr-IlerepOypr, r. Mockaa;
To3onsxos A.I1. (3am. 2nagnoeo peoakmopa) — I-p TEXH. HAYK,
npodeccop PI'Y Hedn 1 raza (HUY) umenn .M. I'yOkuna,

r. MockBa;

Byosynax B.B. — 0-p TexH. HayK, mpodeccop, Npe3nuieHT

CPO "ACT'uHK", r. Mocksa;

Boponenko A.B. — kaHz. (pU3.-MaT. HayK, TeH. JUPEKTOP

OOO "HIIIT "T'oxcub", r. dpsazuno;

I'pucopves b.A. —an.-xop. PAH, n-p TexH. Hayk, mpodeccop,
HavanbHUK oTaera OO0 "T'asnpom BHUUI'A3", r. Mocksa;
TI'ypesuu M.C. — CoeTHHK reH. upexTopa OOO "Cuctembl
Hedytb u I'a3", neiictButensusrit wied PMA, r. Mocksa;
Moicasados H.I'. — 1-p TeXH. HayK, npodeccop, akax. Mexy-
HapozHO# 1 AsepOaiikanckoil HkenepHoit Akagemui,

reH. qupexrop 10 "IIpomabromaruka", . baky;

JKyukos K.H. — xaHz. pu3.-MaT. HayK, JOLCHT, 3aM. HauaJIbHUKA
ALTITI AO "Ta3npom guarHoctuka, r. Cankr-IlerepOypr;
Kaneescxas P.J]. — 0-p TexH. HayK, mpodeccop, HauanbHUK
OT/ieNIa HAYyYHO-TeXHUYECKOTr0 Pa3BUTUS U MOJCTUPOBAHUS

AO "UHCTHTYT T€0NIOTHH U Pa3pabOTKH TOPIOYNX HCKOMAaeMbIX"
ITAO "HK "Pocuedts", 3aB. kadenpoit PI'Y nedytu u rasa
(HNY) nmenu M.M. I'ybkuHa, T. MoCKBa;

Kenue E.A. — npodeccop, 3aB. kadeapoii YHuBepcuTeTa
TTanep6opH, ['epmanus;

Kusuna U.J]. — kaHA. TeXH. HayK, 3aM. TeH. JUPEKTOPA

AO "He¢reaBromaTuka", aupexrop JlenapramMenta pa3paboTKu
u Baeapenust UACY, r. Ya;

Kocmoepwizo6 A.M. — 1-p TeXH. HayK, podeccop, TIIaBHbII
Hay4HbIH coTpyAHHK, UHCTHTYT npobiem nudopmaruku PAH,
r. MockBa;

Kyssakoe O.H. — 1-p TeXH. HayK, JIOLEHT, 3aB. kKadeapoit TUY,
r. TroMeHb;

Kyuymos P.A. — n-p TexH. HayK, npodeccop, PI'Y nedTu u raza
(HWNY) nmenn V.M. I'yOkuHa, r. MockBa;

Jleb6eoes B.I'. — n-p TexH. HayK, 3aB. maboparopueii UITY PAH,
r. MockBa;

Jlonamun A.C. — 1-p TeXH. HayK, podeccop, 3aB. Kadeapoii
PI'Y vedn u raza (HUY) umenn U.M. I'yOkuna, r. MockBa;
Jlykbanoe O.E. — 1-p TEXH. HayK, 3aM. TeH. IUPEKTOPa 110 HayKe
HIIIT reodusnueckoii anmapartypst "Jlya", r. HoBocubupck;
Cudopos B.B. — xaH]l. TexXH. HayK, 3aB. Kadenpoii PI'Y nedtn
raza (HY) umenn .M. I'yOkuna, r. MockBa;

Cmenun FO.I1. — 1-p TexH. Hayk, npodeccop PI'Y nedty u raza
(HY) nmenn M.M. I'ybkuHa, T. MOCKBa;

Cyxapes M.I". — 1-p TexH. HayK, npodeccop PI'Y HedrtH u raza
(HY) nmenu M.M. I'y6kuHa, T. MoCKBa;

Tepexuna I'.B. — BbllTycKatomuii pegaxkrop, M3nartensckuit

nom "T'y6kun", r. MockBa;

Daghypun B.A. — i-p TexH. Hayk, ipodeccop, KHUTY, r. KasaHs.

COOEPXAHUE

CPEACTBA U3MEPEHUA, ABTOMATU3ALINN,
TENEMEXAHU3ALIMN N CBA3UN

Ecayaenxo B.H. HacToTHBII JaTYUK TEMIIEPATYPhl B CKBAXKUHE................. 6

NH®OPMALIMOHHbBIE, USMEPUTEJbHbBIE, 3KCMNEPTHbIE,
OBYYAIOLLUME CUCTEMBI

Haneror B.A., I'ne6os M.B., Ilotemkuna T.A. HpopMannoHHbIe
TEXHOJIOTMM B 3aJadyax IIOBBIIICHHUS PEHTa0eIbHOCTH IIporecca
TPAHCTIOPTUPOBKU MIPUPOTHOTO TABA ..nvvenveeeeeanneerereeneenneeenseesnneenseesnseenseens 12
EBctudeeB A.A. MHdopManmonHas mogAepKKa TEXHOIOTUN TPUHS-
THSI PEUICHUH 0 0e30MacHoil dKCILTyaTalu ra300aUIOHHOTO 000py-

D1 0] 221 ¢ 1 6 OO P PP PP PP OTROPRPPN 18
Boratkuna 10.I'., CrenanknHa O.A. [IpoGieMbl HH)XECHEPHH 3HA-
HHUH B HE(PTETa30BbIX HHBECTHIIHOHHBIX MPOCKTAX . ....vvvvererervenreneereaneneenne 26

CUCTEMbl ABTOMATU3UPOBAHHOI'O NMPOEKTUPOBAHUA
N ABTOMATU3UPOBAHHbLIE PABOYUE MECTA PA3JIMYHOIO
HA3HAYEHUA

Cepuxos /I.1O., Bopeiiko /I.A. MccnenoBanue B3aMMOJCHCTBUS Ka-
JTUOPYIOIIMX KOHYCOB IIAPOLICK CO CMEIICHHBIMH OCSMH CO CTCHKOMH
CKB2)XHHBI B MHOTO(QYHKIMOHAJIBEHOH CHCTEME aBTOMAaTU3HPOBAHHOTO
1poeKTUPOBAHUA KOMITAC-3D .......cccoooiiiiiiiiiiiiiiiiiicicccccece 31

MATEMATUYECKOE MOAENMPOBAHME U NPOrPAMMHOE
OBECMNEYEHUE

Kocranasn A.B., I'opoynoB C.C., Eropos A.®., Cugopos B.B.
VMmutanvionHast Mozenb WICHTU(UKAIMY NPHYUH U UCTOYHHKOB JieOa-
JIaHCa IIPUPOTHOTO Ta3a B TPyOOIIPOBOIHON ra30TPAHCIIOPTHON CUCTEME ...... 37

MOHTAX, HAJTAOKA N SKCINTYATAUNA CPEACTB
ABTOMATUSALUN, TENEMEXAHU3ALUU U CBA3MN,
MX CEPBUCHOE OBCJTYXXMBAHUE

Kynycos /I.1., JleBun K.A., Maabimes C.JI. K Bonpocy noseimie-
HUS KauecTBa Ia30KHIAKOCTHOM CMECH, BOCIIPOM3BOAUMOM ITaJIOHHOM
ycTaHOBKOH B COCTaBE I'DT-195.. oot 49

IOBUNEWHBLIE OATbI

© PI'Y Hedtu u raza (HUY) umenu UM. I'ybkuna, 2022



AUTOMATION AND INFORMATIZATION
OF THE FUEL AND ENERGY COMPLEX

March 2022

Ne 3(584)

Scientific-Technical Journal
Founded in 1973

12 issues per year

CONTENTS

INSTRUMENTS OF MEASUREMENT, AUTOMATION,
TELEMECHANIZATION AND COMMUNICATION

Esaulenko V.N. Frequency well temperature Sensor ............ccccceerverueneens

INFORMATION, MEASURING, EXPERT, TRAINING
SYSTEMS

Naletov V.A., Glebov M.B., Potemkina T.A. Information technolo-
gy applications for improving the profitability of natural gas transpor-

L7215 o) o DU U U USRS RUROPURRROt

Evstifeev A.A. Information support for decision-making technology

on the safe operation of compressed gas equipment ...........c.ccceceeereenennens

Bogatkina Yu.G., Stepankina O.A. Problems of knowledge engi-

neering in oil and gas investment Projects ............coceveverervereeercnrerennennns

COMPUTER-AIDED DESIGN SYSTEMS AND AUTOMATED
WORK PLACES FOR VARIOUS PURPOSES

Serikov D.Yu., Boreiko D.A. Study of the interaction of the calibrating
cones of drill bit roller cutters with displaced axes with a well
wall in the KOMPAS-3D multifunctional computer-automated design

MATHEMATICAL MODELING AND SOFTWARE

Kostandyan A.V., Gorbunov S.S., Egorov A.F., Sidorov V.V.
A simulation model for identifying the causes and sources of natural

gas imbalance in a pipeline gas transportation System.............cecverervennens

INSTALLATION, ADJUSTMENT AND OPERATION
OF AUTOMATION, TELEMECHANIZATION AND
COMMUNICATION EQUIPMENT, THEIR SERVICING

Kudusov D.I., Levin K.A., Malyshev S.L. On the issue of improving
the quality of the gas-liquid mixture reproduced by the reference in-

stallation as part Of GET-195.......c.ccooiiieiienieieieeiee et

JUBILEE DATES

Founder of Journal — National University of Oil
and Gas "Gubkin University"

EDITORIAL BOARD:

Kazak A.S. (Chief Editor) — Dr. of tech. sci., Professor, Academic
secretary of LLC "NlIgazekonomika", Moscow;

Abramov G.S. (Deputy-Chief Editor) — Dr. of econ. sci., TC 024 "Metro-
logical Support of Production and Accounting of Energy Resources
(Liquids and Gases)", Tyumen;

Kislenko N.A. (Deputy-Chief Editor) — Cand. of tech. sci., Head

of the Department of PJSC "Gazprom", General Director of
LLC "NIlgazekonomika", St. Petersburg, Moscow;

Pozdnyakov A.P. (Deputy-Chief Editor) — Dr. of tech. sci., Pro-
fessor, National University of Oil and Gas "Gubkin University",
Moscow;

Budzulyak B.V. — Dr. of tech. sci., Professor, President of the
Self-Regulated Organization "Association of constructors of gas
and oil complexes", Moscow;

Voronenko A.V. — Cand. of phys.-math. sci., Director of Scien-
tific-Production Company "Godsib", Ltd., Fryazino;

Grigoriev B.A. — Corresponding member of RAS, Dr. of tech. sci.,
Professor, Head of the Department of LLC "Gazprom VNIIGAZ",
Moscow;

Gurevich M.S. — Adviser of the General Director of LLC "Sys-
tems of Oil and Gas", full member of RMA, Moscow;
Dzhavadov N.G. — Dr. of tech. sci., Professor, Academician of
the International and Azerbaijan Engineering Academy, General
Director of PO "Promavtomatika", Baku;

Zhuchkov K.N. — Cand. of phys.-math. sci., associate professor,
Deputy Director of the Analytical Center of gas industry of

JSC "Gazprom diagnostics", St. Petersburg;

Kanevskaya R.D. — Dr. of tech. sci., Professor, Head of the
Department of Scientific-Technical Development and Modeling
of JSC "Institute of Geology and Development of Fossil Fuel" of
PJSC "NK "Rosneft", Head of the Department of National Uni-
versity of Oil and Gas "Gubkin University", Moscow;

Kenig E.Ya. — Dr. Ing. Habil, Head of the Department of Pader-
born University, Germany;

Kizina 1.D. — Cand. of tech. sci., Deputy-General Director of
JSC "Nefteavtomatika", Director of development and implemen-
tation "Integrated ACS" Department, Ufa;

Kostogrysov A.I. — Dr. of tech. sci., Professor, Chief scientific
employee, "Institute of Informatics Problems" of the Russian
Academy of Sciences, Moscow;

Kuzyakov O.N. — Dr. of tech. sci., assistant professor, Head of the
Department of TIU, Tyumen;

Kuchumov R.Ya. — Dr. of tech. sci., Professor, National Universi-
ty of Oil and Gas "Gubkin University", Moscow;

Lebedev V.G. — Dr. of tech. sci., Head of the Laboratory of Insti-
tute of Control Sciences RAS, Moscow;

Lopatin A.S. — Dr. of tech. sci., Professor, Head of the Depart-
ment of National University of Oil and Gas "Gubkin University",
Moscow;

Lukyanov E.E. — Dr. of tech. sci., Deputy-General Director on
Scientific work of "Luch" — Scientific-Production Company of
geophysical equipment, Novosibirsk;

Sidorov V.V. — Cand. of tech. sci., Head of the Department of Na-
tional University of Oil and Gas "Gubkin University", Moscow;
Stepin Yu.P. — Dr. of tech. sci., Professor, National University of
Oil and Gas "Gubkin University", Moscow;

Sukharev M.G. — Dr. of tech. sci., Professor, National University
of Oil and Gas "Gubkin University", Moscow;

Terekhina G.V. — production editor, "Gubkin" publishing house,
Moscow;

Fafurin V.A. — Dr. of tech. sci., Professor, KNRTU, Kazan.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>

    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /RUS <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


