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B cTaTbe onucaHa npobnema
HecoBepLIEHCTBA CYLeCTBYHOLIUX
METOANK NPU KA4eCTBEHHOM

M KOJINYeCTBEHHOM KOHTpone
HedTu. [ins ocywecTBNeHns

3TUX Lenen npeasioxKeH meToa,
OCHOBaHHbI Ha PaAUOM30OTONHOM
u3nyyeHuu. lipeanoxeHa
MaTemaTuyecKas mogenb
CTPYKTYPHOI ONTUMMU3ALUM
TPAHCNOPTHOMN CUCTEMBI.

Marepuansl u meToabl

C nomolblo pafMon3oTonHoON
MN3MepUTE/IbHOW CUCTEMbI HA OCHOBE
KOMNTOHOBCKOIO paccesHus u
(hOTO3NEKTPOHHOTO MO0 EHUA
MOXHO KOHTPONMPOBATh TONLMHY CNOA
OT/IOXEHWNI Ha CTeHKax Tpybonposoaa,
nosiyyaTtb MHMOPMaLUIO O XapaKTepe u
COCTaBe TPaHCNOPTMPYEMOro NoToKa,
1, Ha OCHOBE MOJYYEHHbIX Pe3yNbTaToB,
C UCMOMIb30BaHNEM CTPYKTYPHOW
onTMMM3aL MK, COBEPLIEHCTBOBATH
A06bIYHON M TPAHCMOPTHbIA NPOLECChI.

KntoueBbie cnoBa

paAvoun3oTonHoOe 13NyyeHune, pacxos,
HedTb, TPy6ONpPOBOA, NAOTHOCTL, KPUTEPUIA
onTMmm3aLmmn

CeroaHs TeXHUYECKMX peLleHUd aBToMaTh-
4eCKOro M3MepeHns CBOWCTB NepeKaynBaemblx
XUAKOCTEN CNOXHOW CTPYKTYpbl, NapameTpoB
reTeporeHHbIX MOTOKOB, COCTOAHUA Tpy6onpo-
BOZOB, B MOJIHOW Mepe oTBevalowmx Tpebosa-
HWUSM TOYHOCTU U eJMHCTBA U3MEPEeHWNi1, NOKa He
paspabotaHo [1]. Vicnonb3oBaHue npu6opHoro
060pynoBaHNsA ANA BbIMONHEHWUA 3TUX WU3Me-
peHWin NO3BONSIET MOBbIWATL NPOMbILIAEHHYIO
6e30MacHOCTb MarnucTpanbHbix Tpy6onpoBoaos,
KOHTPONMpPOBaTb KayecTBoO MOTOKa M napame-
Tpbl NpoLecca nepekaynBaHus, paspabatbiBatb
MO/IeNIM NOTOKA CMELLIEHHbIX XULKOCTEN.

Hanpumep, MOHUTOPUHT TpyGonpoBOAOB,
nepexkauynBawLnx CcnaboCKUMaloWwmecs xua-
KOCTM (HedTb 1 e€ NPOAYKTbI) BHYTPUTPYBHbLIMM
CHapsAAamu, ABUXYLLUXCS 3@ CHET NMOTOKA XuUp-
KOCTW, 3aTpyAHEH W3-3a2 NapapuHOCMONUCTbIX
OT/IOXKEHUI KaK Mo NonepeyHOMy CEYEHUID, TaK
1 no anuHe Tpy6onposoaa.

[na ynpaBneHus notokamu AobbiBaemoit
HedTM M 3DDEKTUBHOrO NPUMEHEHUA TEXHO-
noruii eé nepepaboTku HeoBXOAMMO 3HATb
CTPYKTYPY M KONMYECTBEHHbIE XapaKTepUCTUKU
npuMecen, cofepallnxca B NOTOKE, B MecTax
A06biun. OnepaTMBHYID KapTUHY AatoT AaHHble
aHanM3a u3MepeHuns BKAOYEHNI B NOTOKe Hed-
TM B CeYeHUn Tpybbl C MOMOLbIO BECKOHTAKT-
HbIX PafMON30TONHbIX MeToaoB (BPM).

B pab6otax [1, 2] npuBeaeHbl pe3ynbTaThbl
IKCNEePUMEHTaNbHBIX UCCNEeA0BaHMIA NO 06Ha-
PYKEHWIO, U3MEPEHUNIO U U3YHEHUIO BKIOYEHUI
N CTPYKTYpbl NapacdmHOB B NOTOKe HedhTU Npo-
MbICNOBbLIX HethTenpoBofoB. MNocneaywume nc-
cnepoBaHuA npumeHeHus BPM noatsepxaatoT
BO3MOXHOCTb BbICOKOTOYHOTO M ONepaTvBHOrO
U3MepeHus U ApYrux TBEpPAbIX MPUMECENR Co-
aepxalwmxcs B AobbiBaemoi HehTH, a TaKKe
BO/bI 1 ra3os.

VccnepoBaHus nokasanu, 4To BO3MOXHOCTM
BPM He orpaHuyunBalotcsa onpegeneHnem Konu-
4eCTBEHHOTo MU XMMWUYECKOro cocTaBa BKAOYe-
HWii, HO U perucTpauMenn NapameTpoB MOTOKa
B pexume «online» Ha HauyanbHOM 3Tane fobbl-
un HedTH, 4TO HEObBXOAMMO ANA onpeneneHus
(hakTuyeckoro obbéma pobbiBaemon HedTw,
«HACTPOMKW» TexXHoNnorum nepepaboTkn, npu-
HATUA peweHnid Ans 60pbObl C OTNOXEHUAMU HA
cTeHKax Tpy6onpoBoaa v ynpasneHuto napame-
Tpamu eé nepexayku. Ha ocHoBaHWM faHHbIX C
HECKOMIbKUX U3MepPUTENbHbIX IMHUIA BO3MOXEH
KOHTPO/Ib HA OAHOM 0BbEKTE KOHTPONA.

[na aHanusa u ynpasneHus TPaHCMOPTHOM
CUCTEMOV MepeKaykn HedT HeobXxoaMMO pac-
nonaratb CTPYKTYpoW noToka (CoyetaHuit BKio-
YeHU) N NapameTpamu NoToKa, ONUCbIBAEMbIX
Habopom BausAWMX GaKTOPOB (NEpPeMEHHbIX).
PelueHne Ha3BaHHbIX 3afjay CBOAMTCS K CTPYK-
TYPHOW ONTUMM3ALUN MOAENW TPaHCMNOPTHOM
cuctemsl [4].

Mogenb peanbHOM HECTALMOHAPHOW CTPYK-
Typbl NOTOKAa A06ObIBaeMoi HedTu, JOMKHA CO-
flepxaTb U3MeHSIOWMNIACA CNeKkTp npumecein un
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COBOKYMHOCTb BAMAIOLWMX HA NepeKayky nepe-
MEHHbIX haKTOpOB.

B Mmogenu cTpyktypa notoka npuHUMA-
eTcs Kak BeKTop onpejensembiii Habopom
akTopoB:

(P Je X X0V, Yy Ey.; d)

rae n — 4ncno BUA0B NpuUMecen; p — YNCNo coYeTaHnm
(haKTopOB, BAMAILMX HA TPAHCMOPTHbIA NOTOK (naBne-
HU1e, Temneparypa, NAoTHOCTb, Pacxog, AnameTp Tpy6o-
npoBoja, CKOPOCTb ABUKEHUSA); i — UHAUBUAYANbHbINA
Homep npumecw (1, ... n); j — MHAMBUAYANbHbIA HOMEP
coyeTaHuit haktopos (/, ... p); X, — BEKTOP M3MEHEHNA
KonM4yecTBa 1 BUAA NpUmMecH; }p— BEKTOP Xxapaktepu-
CTUK NOTOKa; Z[/ — BEKTOpP COCTOAHMA NOTOKA B IOTUCTN-
YECKOW cxeme € y4&TOM ynpaBnsiowWmnx BO3AenCTBUM;
d — ppyrue pononHuTenbHble GakTopbl UK YCNOBUSA,
BAVAKOWMWME HAa TPAHCNOPTHYIO CUCTEMY.

OpHoMepHoe TeyeHue HehTn MofenvpyeTcs
CUCTEMOW ypaBHEHUM, COCTOALLEN U3 ypaBHEHUSA
HepaspbIBHOCTU U ypaBHeHWUs [ABWxeHuA [5]:

6p > Ou

L.

a P
D, Lok @
aXer e A p 3 p -g-sina(x)

rae u — CKOpoCTb HedTW; p — AasneHne HedTn; x —
KoopAuHaTa BAONIb OCU pr6onpoaona; t — Bpemsa; p
— NMNOTHOCTb HEe(TU; ¢ — CKOPOCTb PacnpocTpaHeHus
BO/MH B Tpybonposoae; 1 — Ko3dUUUEHT ruapaBiu-
4YeCKOoro conpoTtueiieHUA; d — BHyTpeHHVIVI Avamertp
Tpy6onpoBoaa; a (x) — yron HaknoHa npoduns Tpyoo-
npoBOAa K rOPU30HTY.

Cuctema ypaBHeHuWi 1 gononHserca Ha-
YanbHbIMWM U KpaeBbIMU yCioBUsAMU. B Havane
TpybonpoBoaa 3afaH NOCTOAHHbIA pacxod, a
B KOHLe yyacTKa TpybonpoBOoAa NOCTOSHHbLIM
cyuTaeTcs faBneHune.

lpn 3apgaHuWM KpuTepueB ONTMMU3ALUMK
1 ueneBoi (yHKLUUM MOXKHO pewuTb 3ajadvy
CTPYKTYPHON ONTUMM3ALUM — BbIABUTb ONTU-
MasnbHble NapamMeTpbl CTPYKTYPbl TPAHCMOPTHOW
CUCTEMbI M ynpaBneHus notokamu. Mpu Heob-
XOZLMMOCTW MOXHO NepeopreHTMpoBaTh 3aaavy
— onpeaenntb Tpe6GoBaHMA K NPOEKTUPOBAHUIO
TPaHCMOPTHOW cuCTeMbl HEDTU.

Utoru

MpvBeaeHa MeTOAMKA aHann3a W ynpaBieHns
TPaHCMNOPTHOW CUCTEMOW NepeKaykn HedTw,
onucaHbl OCHOBHble pe3ynbTaThl Matematuye-
CKOTO MOJEeNMPOBaHWUA CTPYKTYpbl M napame-
TPOB NOTOKa.

Bbisoabl

1. Papnon30TonHbIN MeTo4 M3mepeHus obnaaaet
BbICOKOM 3(h(heKTUBHOCTLIO 1 CNOCOBEH 13Me-
PATb XMMUYECKUN U KOJIMYECTBEHHbI COCTaB
NOTOKOB, Ha OCHOBAHWUW KOTOPbIX BO3MOXHO
Nofy4YuTb MOZENb PeanbHON HeCTaLMOHaPHO
CTPYKTYpbI NOTOKA f06bIBaEMOii HedTU.

2. Co3paHue M3MepUTenbHON CUCTEMbI Ha OC-
HOBE Ppajvou30TOMHOTO W3Ay4YeHusa Ans
onpefeneHns peanbHOr0 KOMMOHEHTHOIO
cocTaBa HedTn 1 ee 06beMa, UCNONb30BaHMUA

JKCNO3NUNA HEDTb FA3



KpUTepues onNTMMM3aLMMK, NO3BONUT pa3pa-
60TaTb eauHbIN, LEeHTPANM30BaHHbIA U OT-
KPbITbIV OTAEN MO KOHTPOJIIO KayecTBa HedTn
1 yCNOBUiA TPAHCMOPTUPOBAHMA. 3TO NO3BO-
JINT NOBbICUTb YPOBEHb NPOM3BOACTBA, Cylle-
CTBEHHO MOHW3UTb 3Heprosarpatsl, obecne-
4YnTb 3IHepro3PEKTUBHYIO TPAHCMOPTUPOBKY
yrneBojoposoB.
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Abstract

The article describes the limitations of the
existing methods for qualitative and quantitative
control of oil. This can be done by radioisotope
measurements. A mathematical model of
structural optimization of the transport system.

Materials and methods

With Radioisotope Intelligent Measurement
System based on Compton scattering and
absorption of the radioisotope photoelectron
emission it is possible to monitor the deposit
layer thickness on pipeline walls and to obtain
the information regarding the character and
the composition of the flow transported,

and, in turn, based on the results obtained,
using structural optimization, oil extraction
and transportation processes may be further
improved.

Results

The technique of analysis and control of the
transport system of pumping oil, the main
results of mathematical modeling of the
structure and flow parameters are described.
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Conclusions

1. Radioisotope method is very effective
and provides a measure chemical and
quantitative composition of the flows on
the basis of which it is possible to obtain
a real model of a nonstationary flow of oil
production structure.

2. Radioisotope system provides a measurement
of the actual component composition of oil
and its consumption. This will develop a
unified, centralized and open department for
quality control of oil and transport conditions.
With Radioisotope measurement system and
optimization criteria it is possible to obtain
the information regarding the character and
the composition of the flow transported,
and, in turn, based on the results obtained,
oil extraction and transportation processes
may be further improved, to reduce energy,
to provide energy-efficient transportation of
hydrocarbons.
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