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PEAJIBHBIE BO3MOKHOCTHU OB BEMHbIX MHO-
IF'O®A3HbBIX (BECCEITAPAITMOHHBIX) U3BMEPUTE-
JIEI PACXO/IHBIX TIAPAMETPOB ITPOIYKIIUA
HE®TAHbBIX CKBAXKWH

I'enpux CaakoBuY AOpamMoB, yIIPaBIISIOUINI TUPEKTOP

OAO UID "Cubnedpmeasmomamura" "I pynna F'MC"
P®, 625014, 2. Tromens, y1. Hosamopos, 8,

men..: (3452) 22-56-01, 22-54-60;

e-mail: sibna@sibna.ru.

B craTbe mpezcTaBieHa METOAMKA pacueTa 0OBEMHOTO pac-
XOZIHOTO Ta30Cco/ieprKaHusl HedTera3oBOASHBIX CMecei, M03BO-
JISTIOIIAs OICHUBATh PAacUETHBIM ITyTEM OXKHJaeMbIe TTOTPEeIIHO-
CTH U3MEPEHHUH peKIaMUpPyeMbIX 0OBeMHBIX MHOTO(A3HBIX pac-
X0ZOMepoB 0e3 MPOBEJECHUS CTEHAOBBIX M IPOMBICIOBBIX HC-
neiTaHnii. Ha ocHOBe onmMcaHHOW METOAWKH IIpEICTaBICHBI
pe3yIbTaThl CpaBHEHUS PACUETHBIX M 3asBieHHHBIX (B Omu-
cannsx Tana CH) mpenensHBIX OTHOCHTENBHBIX MOTPEIHOCTEN
HU3MEPEHUI PAcXOAHBIX MAapAMETPOB Ta30’)KUIKOCTHBIX CMeECEH
JUISL IByX THIIOB MHOTO(a3HEIX pacxogomepoB (MP), BHeceH-
Heix B ['ocpeectp CH. B pesynprare mpoBEIEHHOTO aHaNIM3a
c/ieNlaH BBIBOJA O TOM, YTO 0€3 JOOCHAIIEHHUSI 0OBEMHBIX MHOTO-
(ha3HBIX PacXoJOMEPOB IMOTOYHBIMU M3MEPUTENISIMU IUIOTHOCTH
Ta30KUAKOCTHOM CMECH WM €€ >KMAKOCTHOH COCTaBIIIONIEH,
BHezpeHHe Takux MP B He(TempOMBICIOBYIO NIPAKTUKY HE Iie-
J1eco00paszHo.

Kniouegvie cnosa: MHOTOdA3HBIE PAcX0JOMEpHI; He(TErazo-
BOJISIHAst CMECh; OOBEMHBIN PacXoJl Ta30’KHIKOCTHOH cMecH; 00b-
€MHOE PacXOIHOE Ta30CoAep KaHKe; Ta30BEIH (pakTop HedTH;
pacTBOPEHHBIA B HE(TH Ta3; CBOOOHBII Ta3, BHIICIUBIIHNACS U3
HedTH B pabOvHX YCIOBHAX; 00BOJIHEHHOCTH BOJOHE( TSIHOH cMe-
CH; IIIOTHOCT He(TH, BOJBI U Ta3a; MPeAeNIbHAsI OTHOCHTEIbHAS
MOTPEHIHOCTh U3MEPEHNUSI.

REAL POSSIBILITIES OF VOLUMETRIC MULTI-PHASE
(NON-SEPARATING) DEVICE USED FOR MEASURING
CONSUMPTION PARAMETERS OF OIL WELLS
PRODUCT

Genrikh Saakovich Abramov, managing director

JSC IPF "Sibnefteavomatika" of "UK" Group GMS, Ltd."
8, Novatorov str., 625014, Tyumen, Russian Federation,
phone: (3452) 22-56-01, 22-54-60;

e-mail: sibna@sibna.ru.

The article presents some method of calculation of volumet-
ric consumption gas content of oil-gas-water mixtures allowing
appraisal of expected measuring errors of advertized volumetric
multi-phase measuring devices by means of calculation without
carrying out bench and field testing. Results of comparison of
estimated and announced (in Specification Statements like SI
system) maximum relative errors of consumption parameters
measurements of gas-liquid mixtures for two types of multi-
phase measuring devices (MD), brought into State Registry of
SI system, are presented on the basis of the above-mentioned
method. Results of the fulfilled analysis witnessed the fact that
usage of volumetric multi-phase measuring devices without their
further equipping by on-line meters of gas-liquid mixture den-
sity or its liquid component in oil and gas production is in-
expedient.

Key words: multi-phase measuring devices; oil-gas-water
mixture; volumetric consumption of gas-liquid mixture; volu-
metric consumption gas content; oil gas factor; gas dissolved in
oil; free gas escaped from oil in working conditions; water-
flooding of oil-water mixture; oil, water and gas density; maxi-
mum relative error of measurement.

VIK 623.52; 624.131.53

OCHOBHBIE TPOLECCHI ®YHKIITUOHUPOBAHUSI
COBPEMEHHBIX CYXOIIYTHBIX CEUCMOPA3BE-
JOYHbIX KOMIIVIEKCOB

Tarbsina HukosnaeBna PomaHoBa, kaH/. TEXH. HayK, JIOLICHT,
Hukonaii UBanoBu4y PomaHoB, 1-p TexH. Hayk, mpodeccop

Deodepanvroe eocyoapcmeennoe 6100x4cemuoe yupexcoeHue
svicuezo npogeccuonanvrozo oopasosanus "llepmckuti nayuo-
HAIbHBILL UCCTe008AMENbCKULL NOTUMeEeXHUYeCKull yrusepcumem"
(IIHATTY)

614990, 2. I[lepmb, Komcomonwvcruii npocn., 29;

e-mail: botinkin@narod.ru.

d

PaccmatpuBatorcst HauboJee CIOKHBIE TEXHUYECKHE TIPO-
LIECCHI B CYLIECTBYIOIIUX CYXOMYTHBIX cellCMOpPa3BeI0uHbIX
KOMIIJIEKCaX, CIIOCOOBI M TEXHHYECKHE CPEJICTBA UX OCYIIECTB-
neHus. PaccMaTpUBalOTCsl pe3ysbTaThl MOCIEIHUX HAYyYHO-TEX-
HHUYECKHUX Pa3paboTOK 110 UX COBEPIICHCTBOBAHUIO.

Kurouesvie cnosa: Be3nexol; repMeTu3alus; J103aTop; UM-
MyJIbC; UCTOYHUK; KaMOPa; TUIYHXKEP; TOPOX; MOJJ0H; dJIEKT-
POX; CTepXKeHb; JaTUYUK JaBJICHHUS; 3apSAHOE OKHO.

GENERAL PROCESSES OF FUNCTIONING OF MOD-
ERN OVERLAND SEISMIC-SURVEY COMPLEXES

Tatiana Nikolaevna Romanova, Candidate of technical sci-
ences, assistant professor,

Nikolai Ivanovich Romanov, Doctor of technical sciences, pro-
fessor

Federal State Budgetary Department of Higher Professional
Education “Perm National Research Polytechnical University
(PNIPU)

29, Komsomolsky prospect, 614990, Perm, Russian Federation,;
e-mail: botinkin@narod.ru.

The article discusses the most complicated technical proc-
esses in existing overland seismic-surveying complexes, meth-
ods and technical equipment used for their functioning. Some
results of the latest scientific-technical innovations developed
for their perfection are considered.

Key words: cross-country vehicle; hermetic sealing; dosage
meter; impulse; source; chamber; plunger; powder; tray; electro-
de; rod; pressure gauge; loading port.

VIK 543.27

HAHOCEHCOPBI 1JIs1 MOHUTOPHUHT A ITIAPOB
C)KNKEHHOT'O HE®TSAHOI'O I'A3A

B.A. By3aHoBckmii
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340 "KOMIIAHUA FE30ITACHOCThH"
115191, 2. Mocksa, 3-2 Powunckas yn., 6;
e-mail: vab1960@rambler.ru.

Kpatko mpeacTaBieHs! pe3yiIbTaThl pa3paboTOK HAaHOCEHCO-
POB IUIA OTIpeNieNICH s TapoB CKMKEHHOTo HepTsHOTO raza. OT-
MEYeHa IEPCIEeKTUBHOCTh NPUMEHEHUS 3THX YCTPOHUCTB B CHC-
TeMax B3PBIBOIOXXAPHOI O€3011aCHOCTH.

Kniouegvie cnosa: cxwKeHHBIH HEQTIHOH Ta3; B3PHIBOIO-
xKapHast 6e30MaCHOCTh; HAHOCEHCOP; UyBCTBUTEIBHBIN 3JIEMEHT;
METPOJIOTHYECKasi XapaKTEePUCTHUKA.

NANO-SENSORS FOR MONITORING OF LIQUEFIED
PETROLEUM GAS VAPOR

V.A. Buzanovsky

CJSC "BEZOPASNOST COMPANY"
6, 3-rd Roshchinskaya str., Moscow, 115191, Russian Federation,
e-mail: vab1960@rambler.ru.

Development results of nano-sensors for determination of
liquefied petroleum gas vapor are briefly submitted. Application
perspective of these devices in fire-explosion safety systems is
marked.

Key words: liquefied petroleum gas; fire-explosion safety;
nano-sensor; sensitive element; metrological characteristic.

VIK 681.5:622.692.4

ABTOMATHU3AIUSA MPOLHECCOB YIIPABJIEHUS
MATUCTPAJIBHBIMHU HE®TEITPOBOJAMH HA OC-
HOBE METOJ0OB ®YHKIIMUOHAJIBHO-TPYIIIIOBOTI'O
VIIPABJEHHUSA U TUHAMWYECKAX BA3 3HAHUI

AJlexkcanap AJiekcaHapoBud BauuibIkoB, KaH/. TEXH. HAyK,
JOIIEHT

340 "BHUUCT-Hegmezaznpoexm"
105187, Poccus, e. Mocksa, yi. Llepbakosckas, 57a;
e-mail: BashlykovAA@vngp.ru.

B crathe paccmarpuBaeTcs MOAXOI K IMOCTPOSHHIO MHOTO-
PSKUMHBIX CHCTEM aBTOMATHUYECKOTO YIpPaBJICHUSA HeTempo-
BOJaMH. DTOT MOJXO0] OCHOBAH Ha NPHMEHEHUH METOIOB (yH-
KIMOHAJILHO-TPYIIIIOBOTO YIIPABJICHUS M JMHAMHUYECKHX 0a3 3Ha-
HuH. Pemrarens 3amay Ajst KaKIOrO M3 AITOPUTMOB (DYHKIIHO-
HaJIbHO-TPYTIIIOBOTO YIpPAaBJIEHUsI U3 JUHAMUYECKOH 0a3bl 3Ha-
HU peann3yeT NOLIAroByIO MPOLEAypy aBTOMAaTHUECKOIO YIIpaB-
nenus. CpefcTBa AMAarHOCTHKH ITOIIArOBOH MPOIIEAypHl aBTOMa-
THYECKOTO YIPABJICHUS OCYLIECTBISIOT KOHTPOIb HEIITATHBIX
cutyaruid. VHTeIeKTyansHblil HHTepdeiic aucneryepa mo3Bo-
JIeT KOHTPOJIMPOBATh IIPOLECC aBTOMATHYECKOrO IIOLIArOBOrO
ynpasierus. OnrcaHa apxXuTeKTypa MIOCTPOSHHSI CPENICTB HYHK-
LIMOHAJIBHO-TPYTIIIOBOTO yrpasieHus. [IpuBeneHs! npuMepsl npu-
MEHEHHSI CPEJICTB U METO/I0B () yHKIMOHAIBLHO-TPYIIIIOBOTO YIIPaB-
JICHUsI JUIsL aBTOMAaTH3all MaTUCTPaJbHOro He(TenpoBoa
"Bocrounas Cubups—Tuxuii okean".

Kniouegvie crosa: pyHKIIMOHATIBHO-TPYIIIIOBOE YIIPABIICHHUE;
MarucTpaIbHBI HeQTENpOBOI; TPYOOIPOBOIHAS TPAHCIIOPTHAS
CHCTEMa; aBTOMATHYECKOE yIPABICHUE; JUCTAHINOHHOE yIIPAB-
JIeHHE; Iepeaayda MOJTHOMOUYUN MO YIpPaBJIEHUIO; MOLIAaroBOe
yIpaBJIeHHE; pelaTellb 3a/1a4; BU3yalu3alHs COCTOSHAS HeTe-
MIPOBOZIA M IIPOIIECCA YIPABIEHHS; WHTEIUIEKTYAIBHBIH HHTEp-
Gelic aucneruepa; HEIMITATHBIE CUTYAIMH; JHHAMUYIECKHE MOJIE-

TIM 3HAHWI; TUHAMUYECKre 0a3bl 3HAHWI; paBHIIa MPEICTaBIIC-
HUSl TUHAMHYECKHX 3HAHWU; 00pa3sHOe MpeCTaBICHIE; KOTHH-
TUBHas rparKa; HHTEIUICKTyalbHas nH(OpMaIMOHHAs TOIIep-
JKKa TIPUHSATHS PCIICHUH.

AUTOMATION OF CONTROL PROCESSES OF MAIN
OIL PIPELINES ON THE BASIS OF METHODS OF
FUNCTIONAL AND GROUP CONTROL AND DYNAMIC
KNOWLEDGE BASES

Alexander Alexandrovich Bashlykov, Candidate of technical
sciences, assistant professor

CJSC "VNIIST-Neftegazproekt"
57a, Tcherbakovskaya str., 105187, Moscow, RF;
e-mail: BashlykovAA@vngp.ru.

The article considers some approach to creation of multi-
mode systems of automatic control over oil pipelines. This ap-
proach is based on application of methods of functionally-group
management and dynamic knowledge bases. Solver of tasks for
each of algorithms of functional and group control out of dy-
namic knowledge base realizes step-by-step procedure of auto-
matic control. Diagnostic aids of step-by-step procedure of auto-
matic control perform control of emergency situations. Dis-
patcher’s intellectual interface allows supervising of the process
of automatic step-by-step control. Architecture of creation of
functionally-group control means is described. Examples of ap-
plication of functionally-group control means and methods for
automation of main oil pipeline "Eastern Siberia-Pacific Ocean"
are given.

Key words: functional and group control; main oil pipeline;
pipeline transport system; automatic control; remote control; de-
legation of power on management; step-by-step management; sol-
ver of tasks; visualization of oil pipeline’s and management pro-
cess’ state; dispatcher’s intellectual interface; emergency situa-
tions; knowledge dynamic models; knowledge dynamic bases;
ruled representations of dynamic knowledge; figurative repre-
sentation; cognitive graphics; intellectual informational support
of decision-making,

VIIK 536:532

MOJEJIMPOBAHUE TPEXM EPHOI HEM3OTEPMU-
YECKOHU ®NJIbTPALIUU ®JIIONJA K I'OPU30OH-
TAJIbHOM CKBAJKHUHE B IIOPUCTOM ILIACTE

Myxamen XuibMueBuY XapyJuInH, J-p TeXH. HayK, mpodec-
cop, 3aB. 1abopaTopuei,

Anens HnbaycoBua A ayJInH, KaH]. (U3.-MaT. HAayK, cTap-
U HAYy4YHBINA COTPYAHHK,

Mapar Hazmuesunu Lllamcues, 1-p TexH. HayK, BEIyLIUH Ha-
YUHBII COTPYAHUK

HUnemumym mexanuxu u mawunocmpoenus KasHL] PAH
420111, 2. Kazans, yn. Jlobauesckozo, 2/31;

e-mail: khairullin@mail knc.ru, adel.abdullin@@gmail.com,
shamsiev@mail knc.ru.

B craTbe npeanara€Tess TpeXxmMepHas MaTeMaTH4deCKas MO-
J€JIb TENJIOMACCONIEPEHOCA B CUCTEME IJIACT — FOPU3OHTAIbHAA
CKBa)XXHHA I IIPOTHO3UPOBaHUA paclpeACICHU TEMIICPATYPhL
U JaBJICHHUA IIOCJIC ITyCKa I{O6BIBaIOH.[eI71 CKBAXXWHBI.

Knioueguie cnosa: HemzoTepMudeckass QUIbTpaLUs; TOPHU-
30HTAJIbHASL JOOBIBAIONIAsl CKBAXKUHA; TEUCHHE B CTBOJIE; KO-
¢unueHT TermIonpoBogHocTH; kKodddunuent [xoyns—Tomco-
Ha; KPUBBIEC TEMIIEPaTypPHI.
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MODELING OF THREE-DIMENSIONAL NON-
ISOTHERMAL FLUID FILTRATION TOWARDS A
HORIZONTAL WELL IN A POROUS LAYER

Mukhamed Khilmievich Khairullin, Doctor of technical sci-
ences, professor, head of laboratory,

Adel Ildusovich Abdullin, Candidate of physical-mathematical
sciences, senior scientific employee,

Marat Nazmievich Shamsiev, Doctor of technical sciences,
leading scientific employee

Institute of Mechanics and Machine Engineering of KazNC of
the Russian Academy of Sciences

2/31, Lobachevsky str., 420111, Kazan, Republic of Tatarstan,
Russian Federation;

e-mail: khairullin@mail knc.ru, adel.abdullin@gmail.com,
shamsiev@mail knc.ru.

The paper suggests a three-dimensional mathematical model
of heat and mass transfer in "layer — horizontal well" system de-
veloped for prediction of temperature and pressure profiles after
bringing a producing well into production.

Key words: non-isothermal filtration; horizontal production
well; flow in a wellbore; coefficient of thermal conductivity; co-
efficient of Joule—Thomson; temperature curves.

Some algorithm for calculation of filtration resistance during
real gas inflow towards a well imperfect from opening point of
view is proposed. Analysis of analytical solutions is given, no-
mograms are developed and complex functions values, required
for calculations, are tabulated. Results of numerical experiments
obtained by means of the developed software are described.

Key words: filtration resistance; imperfect well; partial ope-
ning of a reservoir; algorithmization; real gas inflow.
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AJTOPUTMM3ALIAA PACUETA JONOJHUTEJb-
HBIX ®UJIbTPAIIMOHHBIX COMTPOTUBJIEHU, BbI-
3BAHHBIX YACTUYHBIM BCKPBITUEM, 11O YTOY-
HEHHOM METOJIUKE

P.A1. Kyuymos', JK.M. Kosies', Pyoun P. Kyuymos®

'OV BIIO Tiomenckuii 2ocydapcemeennbiii Hedpmezazosuiii
YHuUgepcumem

625027, Poccus, 2. Tromenn, ya. 50 nem Oxmsabps, 38;
e-mail: kuchumov.r.ya@gmail.com, jackkolev@gmail.com;

2000 "CK "PYCBbETIIETPO"
Poccus, 2. Mockea, [Imumposckuti npocn., 10.

[TpemtoxeH axropuT™ pacuera GUIbTPALOHHBIX COMPOTHB-
JICHUH IPH NPUTOKE PEaTbHOro ra3a K HeCOBEPUIEHHOH IO CTe-
MIEHU BCKPBITHS CKBa)kKHHE. [IpUBE/ICH aHa N3 aHATUTHYECKHX
pemenuii, paspaboTaHbl HOMOTPaMMBI U 3aTa0yJIMpPOBAaHbI 3HA-
YEHUsI CIIOXKHBIX (DYHKIIHH, HEOOXOUMBIX JTsl pacueTa. OmucaHbl
Pe3yJIbTAaThl BEYHUCIUTENBHBIX 3KCIEPHMEHTOB, MOIYyYEHHBIX C
MOMOLIBIO Pa3paboTaHHOTO NPOrPAMMHOTO IPOAYKTA.

Knrouesvie cnosa: GuiabTpalmoOHHOE COIPOTUBIICHHUE; HECO-
BEpILCHHAs CKBAXXUHA; YaCTUYHOE BCKPBITHE IJIACTA; JIITOPUT-
MH3aLMsL; IPUTOK PEaIbHOIO rasa.

UPDATED METHOD OF ALGORITHMIZATION
OF CALCULATION OF ADDITIONAL FILTRATION
RESISTANCE, CAUSED BY PARTIAL OPENING

R.Ya. Kuchumovl, Zh .M. Kolevl, Rubin R. Kuchumov?
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METO/Jl ATPETUPOBAHMSI B PACYETAX CUCTEM
MPOTUBOABAPUMHOM 3ALLIATBHI C TUIIOBOI
APXUTEKTYPOI

K.II. llepmykoBa
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B crarse mpeanaraercss MeToj arperupoBaHusi, MO3BOJIS-
I0IUH yHU(UIIPOBATh pacdeT CHCTEMBI IPOTHBOABAPUIHOI
3aIIUTHI, COCTOSIIEH M3 TPeX MOCIEeJOBATENbHO COCIMHEHHBIX
noacucreM. Ipu 3ToM Kaxaas HOACKHCTEMA HMEET COOCTBEHHYIO
apXUTeKTypy. B kauecTBe mpumepa NpHUBOAUTCS pacueT CUCTe-
MBI TPOTHUBOABAPUIHOM 3aIIUTHI C THIIOBOW apXUTEKTYypol 1002.

Knioueguie cnosa: 6€30MacHOCTB; CUCTEMA NPOTHBOABAPHIA-
HOUW 3aIlUTHI; CJIOM 3aIUUTHI; KOA(Q(GHUINEHT CHIDKCHUS PHCKa;
MapKOBCKUH IIPOLIECC; arperupoBaHue.

AGGREGATION METHOD APPLIED WHILE CALCU-
LATING ACCIDENT-PREVENTION PROTECTION
SYSTEMS WITH STANDARD ARCHITECTURE

K.P. Shershukova

I.M. Gubkin Russian State University of Oil and Gas

65, Leninsky prosp., GSP-1, V-296, 119991, Moscow, Russian
Federation;

e-mail: sherksu@mail.ru

The article suggests some method of aggregation, providing
unification of calculation of accident-prevention protection sys-
tem and consisting of three sub-systems connected in sequence.
Each sub-system has its own architecture. Calculation of acci-
dent-prevention protection system with standard 1002 architec-
ture is taken as an example.

Key words: safety; accident-prevention protection system;
protection layers; risk decrease factor; Markovian process; ag-
gregation.
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MHOXKECTBAX
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Ipemnaraercst npuOINKEHHBIH METO/ PEIICHUS SKCTPEMallb-
HBIX 33/1a4 Ha KOHEYHBIX MHOKECTBAX, OCHOBAHHBIN Ha KOMOH-
HallUM JBYX METOJOB HESBHOTO mHepebopa: MeToie BeTBeH U
TPaHUIl U METOJE IOCTPOEHUs IOCIENOBATENbHOCTH IIJIaHOB.
Lenpio mpemraraeMoro KOMOMHHPOBAHHOTO METOJA SBISIETCS
yIIydIIeHHue TapaHTUPOBAHHON TOYHOCTH HAiICHHOTO PEIICHNUS
3a 33]aHHOE BpEMS CUeTa 3a/1auml.

Kniouesuvie crosa: OKCTPEMAJIBHBIC 3aJa4 Ha KOHEYHOM MHO-
KCCTBC, MCTOIbI HCABHOTO Hepe60pa; OILICHKAa TOYHOCTH PEHICHU .

COMBINED IMPLICIT ENUMERATION METHOD FOR
APPROXIMATE SOLUTION OF EXTREME PROBLEMS
ON FINITE SETS

0O.Yu. Pershin

L. M. Gubkin Russian State University of Oil and Gas

65, Leninsky prosp., GSP-1, V-296, 119991, Moscow, Russian
Federation;

phone: (8495) 936-37-84;

e-mail: pershino@mail.ru.

Some combined implicit enumeration method for approxi-
mate solution of extreme problems on finite sets is proposed.
The method is based on combination of two well-known meth-
ods of implicit enumeration, namely, Branch and Bound Method
and Method of Plan Sequence Construction. The goal of the pro-
posed combined method lies in improvement of the guaranteed
accuracy of the solution found within the alloted time.

Key words: extreme problems on finite sets; implicit enu-
meration methods; estimation of solution accuracy.
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