ISSN'2782-604X

8(613).2024

HAYYHOTEXHUYE CKUNEKYPHATT

ABTOMATHUSALIVHA
N NHPOPMATH3ALINA
TOK

m

W 3 ‘féﬁ O =]

m A@ Qﬁ,o a

A \w




ABTOMATU3ALUA
N UHOOPMATU3ALIUA TOK

Hay4yHo-TexHu4YecKum xypHan

OcHoBaH B 1973 T.

BbixoanT 12 pas B rog

Ne 8(613)

ABrycT 2024 .

Yupeoumens scypnana — OenepanvHoe
roCyJapCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE
yupexaeHue Bbiciiero oopasosanus "Poccuiickuit
TOCYJIapCTBEHHBIH YHUBEPCUTET HE(DTH U ra3a
(HaIMOHAJILHBIN MCCIICOBATEIILCKUH YHUBEPCUTET)
umenn .M. I'yOkuna"

PEJIAKIJHOHHAA KOJIJIETHA:

Kaszax A.C. (enasnvlii pedakmop) — JI-p TeXH. HayK, mpodeccop,
yuensiii cekperaps OOO "HUUra3zskonomuka", r. MockBa;
Abpamos I'.C. (3am. enasnozo peoakmopa) — J1-p KOH. HayK,
TK 024 "Mertponorudeckoe obecredeHne 100644 U ydeTa
3Hepropecypcos (3kuakocte u ra3on)", r. TroMeHb;

Kucnenxo H.A. (3am. 2nagnozo pedakmopa) — KaHi. TEXH. HayK,
HavyaneHUK Jlenapramenta ITAO "T'asnpom", reH. upekTop
000 "HUMUra3zskonomuka", r. Cankr-IletepOypr, r. Mocksa;
Tloszousxoe A.I1. (3am. enasnozo pedakmopa) — A-p TEXH. HayK,
npodeccop PI'Y wedtn u raza (HUY) nmenn V.M. I'yOkuHa,

T. MockBa;

byosyasx b.B. — 1-p TexH. HayK, npodeccop, NPe3uIeHT

CPO "ACTuHK", r. Mocksa;

T'puzopves b.A. — 4in.-kop. PAH, 1-p TexH. Hayk, npodeccop,
HavaJbHUK oT/Aena Yuernoro coeta OO0 "Ta3npom
BHUUI'A3", r. Mockga;

T'ypesuy M.C. — CoBetHuk res. aupexropa OOO "Cucremst
Hedts u T'az", neiicrBurensuelii wien PMA, r. Mocksa;
Jlocasados H.I'. — i-p TexH. Hayk, npodeccop, akan. Mexay-
HapoJIHOH 1 AzepOaiixanckoit MmxeHepHoit Akanemuid,

reH. aupekrop HAKA, r. Baky;

JKyuros K.H. — kaH/. (U3.-MaT. HayK, JOLCHT, HAYaJIbHHK
ALTITI AO "Tasnpom guarHoctuka', r. Cankr-IletepOypr;
Kanesckasn P.J]. — 1-p TexH. HayK, podeccop, HaualbHUK
oT/le]1a HayYHO-TEXHHYECKOT0 Pa3sBUTHS 1 MOZICTHPOBAHHUS

AO "VIHCTUTYT re0I0THU U pa3paboTKH TOPIOYNX HCKOMAEMBbIX'
TTAO "HK "PocHedTs", 3aB. kapenpoit PI'Y uedytu n rasa
(HNY) umenn U.M. I'yOkuna, r. Mocksa;

Kenue E.A. — npodeccop, 3aB. kadenpoii YuuBepcurera
Tagep6opH, I'epmanus;

Kusuna M. J]. — kaHJ1. TEXH. HayK, JOLEHT, 3aM. I'€H. INPEKTOpa
AO "He¢reaBromaTnka", aupextop JlemapramenTa pa3paboTKu
u Baeapenns MACY, r. Ya;

Kocmoepoiz06 A. M. — n-p TexH. HayK, npodeccop, TITaBHBII
HayuHblil coTpynauk, @UIL MY PAH, r. Mocksa;

Kysaxoe O.H. — 1-p TeXH. HayK, AOLEHT, 3aB. Kadeapoit TUY,
r. TroMeHb;

Kyuymos P.A. — n-p TexH. Hayk, npodeccop, PI'Y Hedrtr 1 raza
(HNY) umenun U.M. I'yOkuna, r. Mocksa;

Jlebeoes B.I'. — 1-p TEXH. HayK, TVIaBHBIH Hay4YHBIH COTPYIHUK
UITY PAH, r. Mockga;

Jlonamun A.C. — 1-p TexH. HayK, npodeccop, 3aB. Kadeapoii
PI'Y vedn u raza (HUY) umenn V.M. I'yOkuna, r. MockBa;
Jlykvanose D.E. — 1-p TEXH. HayK, 3aM. T€H. IUPEKTOPa 110 Hay4-
Ho# pabote HIIII reodusuueckoit anmapatypst "Jlya", r. HoBo-
CUOHUPCK;

Cuoopog B.B. — xaHA. TeXH. HayK, 3aB. kKadenpoit PI'Y nedru u
ra3a (HNY) umenn V.M. I'yOkuna, r. MockBa;

Cmenun FO.II. — i-p TexH. Hayk, npodeccop PI'Y nedtu u raza
(HNY) umenu U.M. I'y6kuHa, r. Mocksa;

Cyxapes M.I". — 1-p TexH. HayK, nipodeccop PI'Y HedTH 1 raza
(HNY) umenun U.M. I'y6kuna, r. Mocksa;

Tepexuna I'.B. — BbIlycKatoluii pegakrop, M3narenbckuit

oM "I'y6xun", r. Mocksa;

Dacpypun B.A. — 1-p TexH. Hayk, npodeccop, KHUTY, r. Kazatb.

COOEPXAHME

CPEACTBA U3MEPEHUA, ABTOMATU3ALINN,
TENEMEXAHU3ALIMMN U CBA3MN

Amkun A ., Fnedoames U.N., ®ununnos A.H., Jledenes K.M., Ko-
Tenko B.1O., Capapos P.U., TyxsatyummH A.P. KommiekcHsle perre-
HMS IO CHCTEMaM DajHoINepeNayl AaHHBIX M TEIEMETPUYECKOro KOH-
TPOJA TEXHOJOTHMYECKHX I1apaMEeTPOB Ta30BbIX M T'a30KOHAEHCATHBIX
CKBAMKHH. .....vutvtueetitetenteutetesuestessessenteseetesteebentensenteteebesae s enteseeseenensessentenn

Kpaes /I.B., Kapamo ®.A. IIpoGneMsl onpeneneHus] METPOIOTHUE-
CKUX XapaKTEePUCTHUK CPEICTB U3MEPEHHUN pacxo/1a U KOJIUYECTBA JKUAKO-
CTH, BO3HHUKAIOIINE B NPOIIECCE CHHXPOHU3AUH C TAIOHOM IO IH(PPO-
BOMY KAHAITY ....cvviviriiiiiniiniiss e sas s sae e sas s e ens s

NH®OPMALMNOHHDbIE, U3BMEPUTEJIbHBIE, 3KCMEPTHbIE,
OBYYAIOLUME CUCTEMBI

IerpoB U.B., fIpocaaskuna E.E., Bypaos C.A., Hlakmun B.IL., Ton-
komikypoB C.1O. [IporHo3upoBanue mocTyrieHus HeQTH U KHUIKOCTH
Ha He(TecOOpHBIN MyHKT He(Tera3oJ00BIBAIONIEr0 MPEIIPHITHSI C HC-
TIOJIb30BAHHEM METOJI0B MAITHHHOTO OOYUCHHS. ......cvvieerenineireneeeneananen

Hesio O.A., Yepnukos .10., CemuBanoB A.C. Yiyumenue s¢dex-
THUBHOCTH IIOXAPHBIX BOJIOMETOB 3a CYET HCIOJIb30BAHUS TIIyOOKOTO
00y4eHUs] 1 OECTIPOBOTHON CEHCOPHOM CETH ...vvenvenririniieieeiieienirenieeeeennes

MATEMATUYECKOE MOAENIMPOBAHUE U NPOrPAMMHOE
OBECIEYEHUE

Kanesckas P./1., Kouyesa O.H., KouneBa A.U. MoaenupoBanue MHO-
ro¢a3HBIX TIOTOKOB B CTBOJIE CKBaXKHMH C IPUMEHEHHEM HEYETKOH KiacTe-
PHBALIH ...ttt es ettt n s

HImenes B.A., Crenun HO.I1l. Meto aHanm3a wepapXuii ¥ QyHKIHO-
HaJbHO-CTOMMOCTHOH aHajNu3 KaK CUCTeMHas MOJJEpKKA NPUHITHS
CTpaTerMYeCKUX PEUICHUH B 3aJjayaX MHOTOKPUTEPHAIbHOU OLEHKH (-
(EeKTUBHOCTH TEXHOJIOTHYECKOro mpoiecca. Ha mpumepe crpouTenscrsa
HEPTSHBIX U TA30BBIX CKBAMKHH .....eveeveerrenreenrerseentenseetenseessensessensessaensesses

Kapmanos A.B., OpsoBa K.II. YcTOHYNBOCTD CTalMOHAPHOTO A0X0Ja
Ha OJHOPOJHOM MapKOBCKOM IIPOIIeCCE C IEePEOLEHKOH M HENOIHBIMU
HCXOJHBIMU JJAHHBIMH .....ovvmireiareniierineenestenenessenisesesssnesssseneseesessesensenenes

MHHOBALIMOHHbIE TEXHOJIOTMU B NOAIOTOBKE
KAOPOB ANA HE®@TEFA30BOIro KOMIMJIEKCA

Emucees H.IO., lleasiro E.B., llexsiro H.JI. ABromatu3anus yueGHO-
ro mpolecca ¢ MOMOMIBI Y4eOHBIX MPUIOKEHHH Ui MEpCOHATbHBIX
KOMITBIOTEPOB 1 MOOMITBHBIX YCTPOMCTB «..eveeviviteneeneeneeseaneeeeseeeneeseeneaeas

11

18

26

34

41

54

© PI'Y medrr ut raza (HY) umenu U.M. I'y6xuna, 2024


https://aup-appsrv-001/EmployeeDetails/Areas/UserPage/#/user/GD-URENGOY%5Ca.r.tukhvatullin

AUTOMATION AND INFORMATIZATION
OF THE FUEL AND ENERGY COMPLEX

August 2024 Ne 8(613)

Scientific-Technical Journal

Founded in 1973

12 issues per year

CONTENTS

MEASURING, AUTOMATION, TELEMECHANIZATION AND
COMMUNICATION FACILITIES

Yashkin A.D., Glebashev LI., Filippov A.N., Lebedev K.M., Koten-
ko V.Yu., Safarov R.I., Tukhvatullin A.R. Integrated solutions on data
radio transmission systems and telemetry control of technological para-
meters of gas and gas-condensate WellS...........coccerererriiininencceceeee.

Kraev D.V., Karamov F.A. Problems of determining metrological
characteristics of flow and liquid quantity measuring instruments
arising in the process of synchronization with the standard via a digital
channel.........coooiiiiiiiiii

INFORMATION, MEASURING, EXPERT, TRAINING SYSTEMS

Petrov LYV. Yaroslavkina E.E., Burlov S.A., Shakshin V.P.,
Tonkoshkurov S.Yu. Forecasting oil and liquid inlet at the oil collection
station of an oil and gas producing enterprise using machine learning
MEhOAS ..o

Dheyab O.A., Chernikov D.Yu., Selivanov A.S. Improvement of fire
water cannons efficiency using deep learning and a wireless sensor net-

MATHEMATICAL MODELING AND SOFTWARE

Kanevskaya R.D., Kochueva O.N., Kochneva A.I. Modeling of multi-
phase flow in boreholes using fuzzy clusterization............c.ccccevereeeieennnne.

Shmelev V.A., Stepin Yu.P. A method of hierarchies analysis and
functional-cost analysis as system support for making strategic decisions
in the tasks of multicriterial evaluation of the technological process effec-
tiveness on the example of oil and gas wells construction.............ccccceue...

Karmanov A.V., Orlova K.P. Stability of stationary income on a ho-
mogeneous Markov process with overestimation and incomplete initial
ALA L.

INNOVATIVE TECHNOLOGIES IN PERSONNEL TRAINING
FOR THE OIL AND GAS COMPLEX

Eliseev N.Yu., Shelyago E.V., Shelyago N.D. Automation of the educa-
tional process using training applications for personal computers and mo-
DILE dEVICES ...t

11

18

26

34

41

54

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 "NIIgazekonomika", 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 "NIIgazekonomika", 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;

Grigoriev B.A. — Corresponding member of RAS, Dr. of tech. sci.,
Professor, Head of the Department of the Academic Council 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 AZNAA, Baku;

Zhuchkov K.N. — Cand. of phys.-math. sci., associate professor,
Director of the Analytical Center of gas industry of JSC "Gaz-
prom 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 I.D. — Cand. of tech. sci., associate professor, Deputy-
General Director of JSC "Nefteavtomatika", Director of deve-
lopment and implementation "Integrated ACS" Department, Ufa;
Kostogrysov A.I. — Dr. of tech. sci., Professor, Chief scientific
employee, Federal Research Center Computer Science and Con-
trol 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., Chief scientific employee of In-
stitute 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.




	АВТОМАТИЗАЦИЯ  И ИНФОРМАТИЗАЦИЯ ТЭК
	История вопроса
	Мобильное учебное приложение – цифровой симулятор лабораторной работы
	Выводы


<<

  /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 1.6

  /CompressObjects /All

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.1000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions false

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /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 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /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 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /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 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /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 high quality Adobe PDF documents suitable for a delightful viewing experience and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 7.0 and later.)

  >>

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [612.000 792.000]

>> setpagedevice





