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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases.
The inclusion of News of NAS RK. Series of geology and technical sciences in the
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of geology and engineering sciences to our community.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamelell, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus eeonoecuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
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© HarmmonansHas akagemus Hayk Pecrryonuku Kaszaxcran, 2023
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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D.M. Chnybayeva“, Yu.A. Tsyba, N.K. Almuratova

Almaty University of Power Engineering and Telecommunications named after
G. Daukeyev, Almaty, Kazakhstan.
E-mail: danna_shyn@mail.ru

LINEAR MONITORING OF THE MAIN PIPELINE BY MEANS OF
WIRELESS DIGITAL TECHNOLOGY

Abstract. Linear monitoring of technological and technical parameters of oil and
gas pipelines based on intelligent wireless pressure, temperature and seismic sensors is
considered, which allow monitoring anomalies of these parameters in order to optimize
them in the main pipeline and detect cases of damage. A complete architectural monitoring
diagram is proposed, which also allows detecting oil or gas leakage in the main pipeline
and localizing it at the point of leakage. The possibility of integration on the example
of WirelessHART wireless technology into a digital high-voltage frequency-controlled
electric drive on intelligent power modules with microprocessor control is given. At the
same time, it is shown that the replacement of the synchronous drive of pumping units
with an asynchronous one has a number of technical and technological advantages. The
optimal configuration of the elements of the technological and technical monitoring
system of the main pipeline has been developed, regardless of the type of medium
being pumped (oil or gas), with the transmission of measured data via a radio relay
communication line in real time with the localization of abnormal disturbing effects by
a digital invariant frequency-controlled asynchronous electric drive of compressor or
pumping stations under any operating conditions. The monitoring system also allows
you to detect cases of leaks and damage to the main pipeline.

Key words: linear monitoring, main pipeline, oil - and gas pipeline, pressure,
temperature, vibration, wireless intelligent sensor, pumping unit, compressor station,
frequency-controlled electric drive.
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.M. Unsi6aeBa’, FO.A. Ip16a, H.K. AamypaToBa

«Fymapbek JloykeeB aTbIHIarbl AJIMaThl JHEPTeTHUKA JKOHE OalijIaHbIC YHUBEPCUTETI»
KEAK, Anmatsr, Kazakcras.
E-mail: danna_shyn@mail.ru

CbIMCBI3 IUPPIBIK TEXHOJIOI'USA KYPAJIIAPBIMEH
MATUCTPAJIBABIK K¥BbIPAbIH KEJIJIIK MOHUTOPHUHI'T

AnHOTanus. MaructpanbIblK KYOBIPAAaFsl OHTAUIAHABIPY JKOHE OHBIH 3aKbIMIAHY
JKaFIaiiapblH aHbIKTay MaKCaThIHIA OCHI TapaMeTpiepliH aybITKyJIapblH OaKplIayFa
MYMKIHJIK O€peTiH 3USATKepii CBIMCBI3 KBICBIM, TEMIIEpaTypa IaTYUKTEepi MEH
CEHCMUKAIIBIK JaTUYUKTEP HETi3iHAe MyHall yoHEe ra3 KyObIpIIapbIHbIH TEXHOJIOTHSIIBIK
JKOHE TEXHUKAJBIK IapaMeTPJICPIHIH IKEIIIK MOHUTOPHHII  KapacThIPhLIY/A.
MaructpanbablKk KyObIp/IaFbl MYHall HeMece Ta3blH aFrblll KeTYiH aHBIKTayFa >KOHE
OHBI aFbINl KETY HYKTECIHJE OKIIayJayFa MyMKIHJIIK O€peTiH TOJBIK apXHTEKTYpPabIK
Oakpiiay jauarpamMmacekl yebiHbUIFaH., ChiMcbi3 WirelessHART TeXHOJIOTHUSCHIHBIH
MBICAJIBIH KOJIJJaHa OTBIPBII, MHUKPOIPOLIECCOPIBIK OacKapbUIaThlH 3USTKEpI Kyar
MOJYJIBJICPIHJIETT CAH/BIK JKOFaphl BOJBTTHI KHUUIIKTI PETTENETIH JJICKTP JKETEeriHe
WHTErpalysiiay MYMKIHAIrT KenTipinren. by skarmaiia aiinay KOHABIPFBUIAPBIHBIH
CHUHXPOHJIBl JKETETiH aCHUHXPOHJBIFA ayBICTBIPYy OIlpKaTap TEXHUKAIBIK >KOHE
TEXHOJIOTUSUIBIK apTHIKIIBUIBIKTApFa Me eKeHMAIr KOpCeTUIreH. AianaTblH OpTaHbIH
Ke3 KEJITeH JKYMBIC PeXUMIEPIH/IE KOMIIPECCOPIIBIK HEMECE COPFhI CTAHIUSIIAPBIHBIH
CaHJIbIK MHBAPUAHTTHI JKUUTIKTI PETTENETIH aCHHXPOH/BI JEKTpP KETEeTiHiH mamMajaH
TBIC aKayJapIbIH dCEPIEPiH MIEKTEH OTHIPHII, HAKTHI YaKbIT PEKUMIHJIEC paJuOpeIeIliK
Oaiimanpic keJici OOWBIHINA ONIIEHIeH JepeKTepai Oepe OTBIPHIN, (MYHAHIIBIH
HEMece Ta3[blH) TYpPIHE KapamMacTaH MaruCTPaibIblK KYOBIPIBIH TEXHOJIOTHSUIBIK
JKOHE TEXHMKAaJIBIK MOHUTOPHUHTI JKyHeci 2JIEeMEHTTEPIHIH OHTAMIIbI KOH(QUTYpaIHSCHI
o3ipneHi. MOHUTOPUHT JKYyleci COHBIMEH KaTap MaruCTpPalbIblK KYOBIPIBIH aFbIIl
KeTyl MEH 3aKbIMJIaHY YKaFaiJiapblH aHbIKTayFa MYMKIHJIIK Oepei.

Tyitinai ce3nep: xemninik OakbuIay, MArHCTPAIbIBIK KYOBIP, MyHAal )KOHE ra3 KYOBIPHL,
KBICBIM, TEeMIIEpaTypa, [ipij, CBIMCBI3 3USATKEpI OJIIEYilll, COPFbl KOHIBIPFHICHI,
KOMIIPECCOPIIBIK CTAHIUS, KHITIKTI PETTEHTIH JIEKTP KETeT1.
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.M. UnpioaeBa’, FO.A. Ip16a, H.K. AamypartoBa

HAO «AnmMaTuHCKMI YHUBEPCUTET SHEPTETHKH U CBA3M nMeHH [. [laykeeBay,
Anmarsl, Kazaxcran
E-mail: danna_shyn@mail.ru

JIMHEMHBIA MOHUTOPUHI MATUCTPAJIBHOTO TPYBOIIPOBOJIA
CPEJICTBAMM BECITPOBOJJHOM IIU®POBOM TEXHOJIOT A

AnHOTaums. PaccmarpuBaercs JMHEHHBIH MOHUTOPUHI TEXHOJIIOTMYECKUX U
TEXHUUECKUX IapaMeTpoB HedTe- W Ta30NpoBONOB Ha 0aze WHTEIUIEKTYaJbHBIX
OCCITPOBO/IHBIX JaTYMKOB JIABJIICHHSI, TEMIEparypbl W CEHCMHYECKHX JATYHKOB,
MO3BOJISIFOIIMX ~ KOHTPOJIMPOBAaTh aHOMAIMM JTHX [AapaMeTpOB € LEIbI0 HUX
ONTHMHU3ALMU B MAarucTpajbHOM TpyOOIIpOBOJE M OOHapyXEHHUS CIIydaeB ero
nospexaeHus. IIpemyiokeHa MonHAs apXUTEKTypHas JuarpaMMa MOHUTOpUHIA,
MO3BOJISIONIAs TaKXKe BBIABIATH YTEUKy He(pTH HiIM raza B MarucTpajabHOM
TpyOONpOBOJIE M JIOKATM30BaTh €€ B TOYKE YTeUkH. [IpMBOIUTCS BO3MOXKHOCTH
UHTErpanud Ha npumepe OecripoBogHoii TexHoiorun WirelessHART B mmdposoii
BBICOKOBOJIBTHBIM 4aCTOTHO-PETYJIUPYEMBII AIEKTPOIPUBOJ HA HHTEIUIEKTYyaJIbHBIX
CWJIOBBIX MOAYJSIX € MHUKPONPOLECCOPHBIM yIpaBieHueM. IIpu sToM nokaszaHo,
YTO 3aMEHA CHHXPOHHOIO IPHUBOJA INEPEKAUMBAIOIIMX arperaroB Ha aCUHXPOHHBIH,
o0nasiaeT pAJOM TEXHHYECKHMX M TEXHOJOTMYEeCKHX mpeumyliecTB. Pazpaborana
ONTUMaJIbHAsI KOHPHUTYPALIKs 3JIEMEHTOB CUCTEMbI TEXHOJIOTHYECKOTO M TEXHHYECKOTO
MOHHUTOPHHIA MarucTPajJbHOTO TPyOOIPOBOIA HE3AaBUCUMO OT BHJA NepeKadnBaeMoil
cpenbl (He(hTH WK Ta3a), ¢ nepenadeii U3MEePEHHBIX IAHHBIX 110 PAIUOPEIICHHON INHUH
CBS3M B PEXKHME PEAIBHOIO BPEMEHM C JIOKAJIM3aLMEl aHOMAJIbHBIX BO3MYILIAIOIINX
BO3/IEUCTBUI IU(PPOBBIM HHBAPHUAHTHBIM YaCTOTHO-PETYIHPYEMBIM aCHHXPOHHBIM
IEKTPOIIPHUBOAOM KOMITPECCOPHBIX MJIM HACOCHBIX CTaHIMH TpH JIOOBIX pexUMax
pabotsl. CucreMa MOHUTOPHMHTA TaK)Ke IO3BOJIAET OOHApPYKUBAaTh CIydad yTedeK U
MOBPEKACHUS MATUCTPATBHOTO TPYOOIIPOBO/IA.

KiroueBsble ciioBa: TMHEHHBIIT MOHUTOPHHT, MarucTpalibHbBIN TPyOOTpoBo, He(TE
U Ta30IpoBO/, JaBJICHUE, TEMIIEpaTypa, BUOpanys, 0eCpOBOIHON MHTEIICKTYaIbHbIH
JIaTYMK, HACOCHBIM arperar, KOMIIPECCOpPHasi CTaHLUS, YaCTOTHO-PETYIUPYEMBbIil
JIEKTPOIIPUBO/,.

Introduction. The basis for the safe operation of main pipelines (MP), which include
main gas pipelines (MG) and main oil pipelines (MO), is the control of pressure and
temperature of gas or oil, as well as the reduction of losses due to the timely detection of
leaks (no more than 1%). It should also be noted that within the entire infrastructure of
oil and gas production between the fields and the end user, the MT network has always
been the most vulnerable to terrorism, sabotage and theft, given its vast and long length
- up to hundreds and thousands of kilometers. At the same time, there has not yet been
an effective solution to protect against damage caused by such factors.
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Integration of wireless sensor technology based on miniature computing devices
- motors equipped with sensors (for example, temperature, pressure, illumination,
vibration level, location, etc.) and transmitters operating in a given frequency range into
a digital high-voltage variable-frequency electric drive will automatically control and
optimize the technological parameters of the pumped medium along the entire length of
the main pipeline.

Therefore, optimization of technological parameters and control of MT integrity
by means of wireless sensor monitoring and digital variable-frequency electric drive
(VFED) of compressor stations (CS) or pumping stations (PS) is an urgent scientific
and technical task.

Object of research: A system of linear monitoring of the main pipeline with a
variable-frequency asynchronous electric drive CS or PS based on digital multi-level
high-voltage frequency converters with microprocessor control and miniature wireless
computing devices — motors.

Aim: To develop an invariant control system for the electric drive of pumping
units (PU) with linear monitoring of technological parameters regardless of the type of
pumped medium (oil or gas) by MT based on intelligent wireless pressure, temperature
and seismic sensors, which will allow monitoring and eliminating anomalies of these
parameters, as well as detecting cases of leaks and damage under any conditions works
of MT.

Research methods and results: Based on literature and patent research, an optimal
configuration of elements of technological and technical monitoring using intelligent
wireless sensors and transmission of measured data via a radio relay communication
line in real time, regardless of the type of medium being pumped (oil or gas) with
localization of anomalous disturbing effects by a digital invariant frequency-controlled
electric drive CS or PS is proposed. The optimal configuration of the elements of the
automatic control and monitoring system is modeled in the form of an optimization
program, which makes it possible to determine the necessary values of the correction
signal of the MT monitoring system and the feedback gain on the speed of the PU electric
drive, which ensures maximum sensitivity to abnormal changes in the technological
parameters of the pumped medium.

The main part. MG compressor stations and MO pumping stations are an integral
and integral part of the MP, providing transportation of liquid and/or gaseous media,
with the help of PU equipped with power equipment, and serve as a control element
in the MP system. It is parameters such as pressure, temperature and vibration that
determine the mode of operation of the main pipeline and affect the performance of
transportation of liquid and gaseous media (Korshak et al., 2001).

It is known that when the pumping medium moves along the MP, pressure loss occurs
due to the friction of the flow against the pipe wall. The pressure drop causes a decrease
in the throughput capacity of the MP and simultaneously reduces the temperature of the
transported medium. To maintain a given flow rate of the pumping medium and ensure
optimal pressure in the pipe, CS or PS are installed at certain distances along the MP
route, depending on the type of pumping medium. For example, when pumping gas with
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a volume of 90 million m*/day, on a 110 km long section through a pipe with a diameter
of 1400 mm, the pressure drops from 7.6 to 5.3 MPa. The increase in gas pressure
at compressor stations (CS) is carried out in one, two or three stages with the help
of centrifugal superchargers and the most optimal mode of operation of the MG is to
maximize the use of its throughput with minimal energy consumption for compression
and transportation. It should be noted that when transporting gas or oil through MP,
abnormal changes in their pressure and temperature are also possible in the event of a
leak (Korshak et al., 2001).

The length of the sections of the gas pipeline between the CS is calculated, on the
one hand, based on the magnitude of the gas pressure drop in one section by no more
than 1.6-2.5 MPa, and on the other — based on the binding of the station to settlements,
sources of water supply, electricity, etc. Therefore, the optimal operation of the CS
depends not only on the number of electric drive gas pumping units (EDGPU) installed
at the station, but also on their energy performance and technological capabilities,
including regulation.

The technological scheme of oil transportation, having a number of its specific
features, imposes similar requirements for monitoring the same technological parameters
as pressure and temperature with leak detection along the entire MO route (Korshak et
al., 2001).

The main parameters of MO and MG, which should be monitored remotely, include:

- pressure inside the pipeline;

- temperature effects;

- seismic effects.

Parameter monitoring should be performed at all points of the technological scheme,
where a dangerous operating mode may occur for the MP itself or its equipment. The
measurement points of technological and technical parameters for monitoring the
progress of the process and automatic protection, as a rule, coincide with each other.

A block diagram on the example of gas transportation by MG, as well as the nature
of pressure and temperature changes along the route are shown in Figure 1.

Figure 1 shows: MCS — the main field CS; L — the number of CS along the MG
route; BCS — boosting CS for underground gas storage UGS; UCS — urban CS; PH,
t —nominal values of gas pressure and temperature after CS; Pk, t_— gas pressure and
temperature before CS; 1 — distance between CS.
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Figure 1 - Diagram of MG and changes in gas pressure and temperature along the route
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Figure 2 shows a diagram of linear monitoring of the infrastructure of the main
pipeline with radio relay data distribution based on wireless sensors.
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Figure 2 - hnear monitoring of the infrastructure of MO and MG

In Figure 2, the following designations are adopted: Basic Sensor Node; Data
Dissemination and Aggregator Node; Really Node; Coordinator Node; Base Station
Tower; Monitoring Center. At the same time, the monitoring center coordinates
communication in the wireless sensor data transmission network (Salman et al., 2016).

WSN coverage requirements may provide a uniform layout of nodes or require
tighter deployment for wider surveillance.

WirelessHART™ technology is based on a wireless network communication protocol
used in process automation applications (Figure 3). It adds wireless capabilities to the
HART protocol, maintaining compatibility with existing HART devices, commands,
and already known and used tools (WirelessHART™ technology).

Plant Automation " Wiraless
Hatwork - ! _~. Fisld Devicss
- . ~
g -
1 = ] -
-~
’ ,i_ n ~ -~
v o3 ™ - T
’ ~ 2 e TN
# i — -] s & -
Host ’ PR - ﬁ. 1
(0.0, Asset Managemaent) i i, hQﬁ#‘ ~ - - i
— = = — o S s e —d
N - ~ 2
L b
- - e Handheld
L ~ -
= s o o~ L
# - =

Hetwork Manager m—‘
b Adapter = Flalet davice
Tegaey)

Figure 3 - WirelessHART™ technology for pressure and temperature measurement

The company SimpliMote produces a full line of intelligent wireless pressure sensors
LD400WH and temperature TT400WH, which are able to operate autonomously without
connecting to the power supply system, transmitting a signal using a radio channel
(Figure 4 and Figure 5).
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Figure 4 - Pressure sensor Figure 5 - Temperature sensor
WirelessHART LD400WH WirelessHART TT400WH

Such sensors can work in difficult conditions where there is no possibility of constant
monitoring of the received data by personnel, and high data accuracy is ensured by a
short update time (LD400WH pressure and TT400WH temperature sensors). At the
same time, the WirelessHART™ pressure and temperature converters have the same
design and differ only in the measuring element, so, for example, either a thermocouple
or a resistance thermometer is used as a converter in a temperature sensor.

Similar temperature and pressure sensors are manufactured by ABB, Emerson and
Semistar. Emerson and Semistar are additionally manufacturers of wireless seismic
sensors (SU) to solve problems of preventing damage to pipelines and are designed
to send alarms by the operator - only when a real and specific threat is detected (ABB
Sensors).

Figure 6 shows the block diagram of the 2.4 GHz SimpliMote module, where: pin
expansion connector — pin connector; logger flash — flash memory for data logging;
antenna; processor, analog and digital input/output; high-frequency radio transmitter.

-Pin Expansion Conneclor —I

4

Logger
Flﬂah

Antanna

v
Procossor

Analog 1O = -
Digit:l Vo = >

802.15.4 RF
MM X Transcoiver
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Figure 6 - Block diagram of SimpliMote module
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The Simple Mode module (node) is based on microelectronic device boards and
is designed specifically for deeply embedded sensor networks with high data transfer
rates, providing wireless communication with each node as a router capability. The pin
connector is necessary for connecting light, temperature, RH, barometric, accelerating/
seismic, acoustic, magnetic and other sensors.

The base station allows collecting sensor network data on a PC or other computer
platform. Therefore, a powerful ARM-based microcontroller (MCU) is built into
Simple Mode to provide support for scalar and multimedia data, to which integrated
circuits and interfaces are connected via various protocols. The DF 100 controller is
the main element of the WirelessHART™ architecture, which allows selecting several
independent information transmission paths for each device and automatic route
selection. It combines powerful communication features with access to equipment via
the WirelessHART™ protocol.

As noted above, the reduction of gas losses due to the timely detection of leaks in the
pipeline is the basis of its operational safety. For example, in the Siberia — Ural —Volga
pipeline, through which a wide fraction of light hydrocarbons was transported, a narrow
gap with a length of 1.7 m was formed. Due to a pipeline leak and special weather
conditions, gas accumulated in lowland along which the Trans-Siberian line passed 900
m from the pipeline. As a result, at the moment of the meeting of two passenger trains,
a powerful volumetric explosion of a cloud of light hydrocarbons formed as a result of
an accident on a nearby pipeline and a giant fire broke out. The shock wave dropped 11
wagons from the tracks, seven of them completely burned down. The remaining 27 cars
were burned on the outside and burned out inside. According to official data, 575 people
died; 623 became disabled, having received severe burns and bodily injuries (Russian
Federation, 1989).

The ignition of the gas mixture could have occurred from an accidental spark or a
cigarette thrown out of the train window. At the same time, about three hours before the
disaster, the instruments showed a pressure drop in the pipeline. However, instead of
looking for a leak, the staff on duty only increased the gas supply to restore pressure.

As a result of these actions, a significant amount of propane, butane and other
flammable hydrocarbons leaked out through an almost two-meter crack in the pipe
under pressure, which accumulated in the lowland in the form of a “gas lake”. The
drivers of passing trains warned the train dispatcher of the section that there was strong
gas pollution on the stretch, but they did not attach importance to this.

No country in the world is guaranteed against the occurrence of such emergencies
that occur during the transportation of gas through the pipeline. Therefore, monitoring
the integrity of the pipeline with flammable fractions of light hydrocarbons is vital.

Gas leakage in MG, as a rule, is associated either with artificial damage to the
pipeline, or with natural shifts and subsidence of the soil, it is also possible that there
is a defect in the manufacture of the pipeline and a violation of technology during its
laying. Any of the above cases causes vibrations that can be detected by seismic sensors.

A seismic sensor (SU) based on modern wireless technologies solves the problem of
timely detection of pipeline damage and prevention of leakage. SU sensors are installed
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approximately at a distance of 200-300 m from each other and are placed either along
the pipeline or within 10 m from the pipeline on both sides at a depth between the pipe
and the ground surface, thereby forming a block of several sensors. Each sensor unit is
an autonomous object with a separate identifier depending on the characteristics of the
zone.

Obtaining accurate seismic signaling is achieved through the use of several
geophones (filters), which are very sensitive to the frequency domain of damage to the
gas pipeline and are characteristic of the act of digging. This identification method also
allows filtering out signals that are beyond a certain distance from either side of the
pipeline, thereby reducing the minimum false alarm rate. The location of the identified
threat depends on the exact measurement of the signal on each sensor.

The identification mechanism installed in each autonomous sensor unit and
microprocessor monitoring system guarantees a confidence level of up to 99% after
an integration time of less than 1 minute. In case of damage to the gas pipeline, SU
sensors provide wireless transmission of an alarm message to the operator of the control
center indicating the exact location of the damage on the monitor, as well as intervention
commands located along the MG line. Receiving an alarm signal on a portable computer,
the intervention team, this is located closest to the damage site, leaves on patrol vehicles
to eliminate the accident. At the same time, the gas supply at this section of the MG
stops.

There are various methods of leak detection and localization based on pressure
in the main oil and gas pipelines during their monitoring (Mohamed et al., 2013). In
our proposed methodology, we use a distributed implementation of the NPW negative
pressure wave in combination with machine learning (ML) for leak detection.

Leaks and bursts in the pipeline lead to a transition in the pressure wave passing
along the liquid inside the pipeline. The leakage point generates two waves of transients
of the same magnitude in opposite directions. Due to the high fluid pressure, leakage
causes attenuation in the transient signal, thereby causing NPW. Figure 7 shows pressure
waveforms in the main pipeline in the absence of leakage and in the presence of 60%
leakage.
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Figure 7 - Leakage pressure along the pipeline depending on time

Slow and smaller leaks are more difficult due to the very small pressure difference
between the normal and abnormal case. The position of the disturbance indicates the
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arrival time of the signals reflected from the leak, which can be used to measure the
transit time of the transient signal from its source by dividing the pipeline into zones.
Adjacent sensor nodes are grouped to form communities of nodes that acquire NPW
functions and transmit information through a gateway to a managed network.

The basic formula of engineering hydraulics relating pressure p, density p and
velocity is the Darcy-Weisbach formula:

2

1 w
Ap=2Ag-p-—, (1)

where D p — is the pressure loss to overcome the hydraulic resistance on the section
of the gas pipeline I; 1 — is the coefficient of hydraulic resistance; | and d - are the length
and inner diameter of the pipe, m; w — is the gas velocity, m/s; r — is the gas density, kg/
m’.

Hydraulic calculation of low, medium and high pressure networks is distinguished
(Komina et al., 2010). In the hydraulic calculation of medium and high pressure
pipelines, in which pressure differences are significant, it is necessary to take into
account the change in density, gas velocity and the difference in gas temperature from
0 degrees Celsius. Therefore, the formulas for determining pressure losses to overcome
friction forces in such gas pipelines have the following form:

— for medium and high pressure gas pipelines

2
Pi—pE=13 A gt po Ryl 2)

where p,_ — is the absolute gas pressure at the beginning of the gas pipeline, MPa;
p, s the absolute gas pressure at the end of the gas pipeline, MPa; P/ —is 0.101325
MPa; 1 - is the coefficient of hydraulic friction; G - is the gas flow rate, m?/s, in normal
conditions; d - is the inner diameter of the gas pipeline, m; r-is the gas density under
normal conditions, kg /m?; 1 - the estimated length of the gas pipeline of constant
diameter, m; T - gas temperature, °C; T - gas temperature in normal conditions, 0°C.

— for low pressure gas pipelines

8 G3 T
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where p, - is the gas pressure at the beginning of the gas pipeline, Pa; p, - is the gas
pressure at the end of the gas pipeline, Pa.
The average gas velocity in the pipeline is determined from the expression:

0="/g, )

where V - is the volume flow rate of gas, m%/s; F - is the cross-sectional area of the
gas pipeline pipe, m’.
Depending on the flow velocity, pipe diameter and viscosity of the gas, its flow can
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be laminar, i.e. ordered in the form of layers moving relative to each other and turbulent
when vortices occur in the gas flow and the layers mix with each other.

The Reynolds number, which determines the mode of gas flow through the pipeline,
taking into account the gas temperature is calculated by the formula:
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where w is the gas flow velocity, m/s; d - is the inner diameter of the pipeline, m; n is
the coefficient of kinematic viscosity of the gas at temperature T, m?*/s; G - is the volume
flow rate of the gas at temperature, m’/s.

The interval of transition of laminar motion to turbulent is called critical and is
characterized by Re = 2000— 4000. At Re< 2000 the flow is laminar, and at Re > 4000
the flow is turbulent.

From the above analysis, it can be seen that the formulas of engineering hydraulics
(1,2,3,4,5) are valid both for calculating the modes of oil movement in MO and for the
modes of gas movement in MG. Therefore, by analogy with oil leakage in MO, the
gas leakage point in MG also generates negative pressure waves NPW, which can be
detected by LD400WH sensors with subsequent identification.

Gas leaks in MG, as a rule, are associated with artificial damage to the pipeline or
natural shifts of the layers of the earth’s surface, resulting in mechanical vibrations that
can be detected by seismic sensors SU.

Monitoring of main oil and gas pipelines, similar to bridges and tunnels, is not only
difficult because of the large linear span, but also because of the critical requirements
for determining the conditions of liquid or gas (Mohamed et al., 2013). Inaccuracies
in sensor measurements from one device can spread over the network, which causes
distortion in measurements from other sensors during aggregation. Therefore, linear
WSNs (LWSNSs) are a special case when multi-way communication over long distances
leads to an increase in data delivery time (Figure 1).

LWSN networks may be simplified in topology, but the solution of routing and node
deployment to save resources is not simple. Similar problems with the network have
been the subject of research recently. At the same time, the quality of service in a linear
WSN requires an intelligent method of data exchange in combination with sleep cycles
and node activity.

The complete architectural diagram of the leak detection system for LWSN, including
the main modules, is shown in Figure 8. This system can also monitor temperature
anomalies from -40 to +80°C by TT400WH sensors and damage to the main gas pipeline
by SU seismic sensors.
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Figure 8 - Leak detection system for LWSN

Solving the problem of monitoring the technological parameters of the MC based
on SimpliMote wireless sensors using WirelessHART technology brings the process
of controlling the EDGPU electric drive to a new higher quality level. Therefore, the
development of a modern EDGPU fleet should be associated with the improvement of
pipeline equipment, compression technologies, the use of new units and management
principles.

The technical solutions laid down in the EDGPU during their manufacture and
commissioning, today no longer meet modern requirements for energy efficiency,
management and reliability of gas transport. The inability to smoothly regulate the speed
of rotation of the drive causes large power losses during operation of the unit, since it is
not able to provide the necessary revolutions with maximum polytropic efficiency for
any gas parameters at the inlet and outlet of the supercharger. In addition, power losses
in the gearbox, sliding bearings, oil/gas sealing system and drive power losses from
eddy currents of the rotor windings indicate moral and physical wear of the EDGPU
fleet.

Analysis of the state of stationary EDGPU types STD-4000-2, EDGPU - 6.3, EDGPU
- C - 6.3, which are installed on the CS in the Republic of Kazakhstan (RK), allows us to
state that most of them are morally and physically outdated and require modernization
or replacement.

The STD-4000-2 and EDGPU - C-6.3 units have the highest operating time over
180 thousand hours, and the distribution of EDGPU over the operating time ranges
indicates that about 30% of the fleet have developed the assigned resource (100 thousand
hours). Since these units operate at a constant rotational speed of 8000 - 8314 rpm
with a synchronous rotation frequency the electric motor (SD) 3000 rpm, the power
consumption, the polytropic efficiency of the supercharger will definitely depend on
its performance. In turn, the performance of the supercharger is also determined by the
characteristics of the main gas pipeline.

The positive qualities of the STD series synchronous electric motors currently in
operation include: high efficiency (more than 97%), a service life of more than 20 years
and relatively low maintenance costs. However, the limited life of the rotor (only 150
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starts before repair) leads to insufficient efficiency and reliability of the EDGPU and to
an increase in the number of its failures.

The need to introduce variable-frequency EDGPU is due to the unevenness of
seasonal, monthly and daily gas consumption with variations in technological and
natural factors of a stochastic nature. Only in this case, accurate testing of all optimal
technological modes is ensured without deterioration of efficiency and other energy
characteristics.

Rapid development of microelectronics and microprocessor technology expands
the possibilities of automatic control of the EDGPU. Therefore, at present, the main
industrialized countries of the world are gradually switching to microprocessor-
controlled EDGPU systems that can be integrated with wireless MG monitoring
technologies.

To date, the first units of a new generation of variable-frequency electric gas pumping
equipment of the EDGPU-4.0/8200 and EDGPU-6.3/8200 types with FCHVM have
been installed and put into operation in a number of CS in the Republic of Kazakhstan.
The main advantages of these variable-frequency EDGPUs with asynchronous high-
speed gearless drive are:

1. Accurate real-time testing of all technological modes of gas pipelines with high
energy characteristics (efficiency, power factor) in static, quasi-static and dynamic
modes of CS operation.

2. Diagnostics, signaling with functional separation of operating and emergency
modes with indication and output to the interface with “memory” are provided, and in
case of an emergency, intensive braking of the electric motor is provided in the electric
drive.

3. Availability of communication tools and interfaces for the exchange of information
about the state of the EDGPU and integration into the automated control system CS.

4. Extremely high efficiency of AC electric machines (up to 95-98%) and frequency
converters, which is practically unchanged over the entire speed control range.

5. High reliability of up to 40,000 hours (4.5 years) and virtually maintenance-free
up to 35,000 hours (4 years), service life without replacement of basic components and
parts (30 years).

6. The initial capital costs of electric drive are 3-9 times lower than gas turbine
installations and convertible aircraft engines, and the simplicity of block installation has
additional advantages.

7. The cost of M&R is up to 4% of operating costs (in the absence of oil-free and
gearless systems), while for gas turbines they amount to 15-30% of the cost of the
engine.

8. Complexity of repairs is also significantly lower — by 1.5-2 times.

9. Presence of a multifunctional controller that performs the functions of intelligent
control and monitoring of the technical condition of the electric drive in real time makes
it possible to implement sparsely populated technologies on the CS.

10. Environmental friendliness — no emissions of CO_and NO _ into the atmosphere
and low noise and vibration, etc (Krasnov et al., 2014, Onishchenko et al., 2014,
Puzhailo et al., 2010).
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It should be noted that, unlike the EDGPU drive on synchronous motors, the
absence of an electromagnetic excitation system with contact rings with a spark on
them ensures the explosion safety of asynchronous motors with a short-circuited rotor
(AM with short circuit), which also does not limit the frequency of EDGPU starts and
provides high reliability with a service life of up to 50 years (resource 200,000 hours).
Explosion safety, simplicity of design with minimal weight and size indicators, allows
you to assemble the AM with a short circuit in a single housing with superchargers and
blowing of the stator windings with pumped natural gas, while reducing the total area of
the compressor shop. In addition, a synchronous gearless drive with an electromagnetic
suspension system of the rotor and the absence of an oil supply system reduces operating
costs and maintenance costs. As a result, an asynchronous electric drive at a low cost of
the AM itself has undeniable advantages over a synchronous one.

Therefore, in recent years, leading manufacturers have been switching to replacing
the EDGPU fleet with synchronous drive, which has exhausted its life, with new units
with asynchronous drive, more adapted to operation in conjunction with high-voltage
frequency converters (HVFC).

An analysis of HVFC's currently manufactured by foreign firms has shown that
the topology of a multilevel high-voltage frequency converter (HVFC) with a cascade
connection of single-phase low-voltage (LVFC) meets modern technical requirements
to the greatest extent. Of the foreign manufacturers of HVFC, it is necessary to mention
the HYUNDAI Company. According to this topology, high-voltage converters of the
HVFC series of CJSC “Electrotex” and converters “Eratron-V” of CJSC “ERASIB” for
EDGPU based on intelligent control systems are being developed and produced today
(Krasnov et al., 2014, Onishchenko et al., 2014, Puzhailo et al., 2010).
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Figure 9 - Block diagram of asynchronous high-voltage variable frequency electric drive EDGPU

253



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

HVFC for EDGPU is represented by intelligent power modules of voltage inverters,
which are powered from an input transformer with 15 groups of three-phase secondary
windings. The number of groups of three-phase secondary windings of the input
transformer is determined by the supply voltage of single-phase low-voltage power
modules and their number does not have to be equal to 15, but depends on the HVFC
series. In order to reduce the influence of the converter on the supply network, the
secondary windings are connected in a triangle and shifted in phase by 60 electrical
degrees relative to each other, since the current in the network has minimal distortion.

The power intelligent module contains a three-phase rectifier, a capacitor filter, a
single-phase inverter on IGBT modules. The minimum voltage of a single-phase
inverter is 690 V. The serial connection of 5 blocks allows to obtain the maximum
effective value of the phase voltage at the output of the converter 3450 V (line voltage
6000 V). Mutual compensation of higher harmonics is provided by means of a phase
control system of the output voltage of individual cells, the phases of which are shifted
by 12 electrical degrees. At the same time, the output voltage of the HPV is regulated by
synchronized pulse-width modulation of the voltage in each cell with its proportional
change depending on the frequency, thereby ensuring a sinusoidal shape of current and
voltage, as well as good electromagnetic compatibility of the converter.

The operational advantage of this diagram is its high survivability. In case of failure
of the power unit, its shutdown does not occur, since the key K is closed, which shunts
the module inverter, disabling it. One power module is switched off simultaneously
in other phases. The ACS of the FC increases the voltage on the remaining units in
operation, and the HVFC continues to function.

The multifunctional controller as part of the EDGPU drive performs the functions of
local intelligent control and monitoring of the technical condition of the electric drive
in real time. However, L/O communication — as a means (interface) of interprocessor
information exchange of local processes with processes from the outside, allows you
to integrate a wireless technology controller WirelessHART into the EDGPU control
system.

Literary and patent studies have shown that despite the large number of currently
existing methods and means of monitoring MP, they do not provide sufficiently effective
control not only over the technological parameters of the pumped medium, but also over
its technical condition (Shaklein et al.,2015, Puzhailo et al., 2012, Karandin et al., 2007,
Puzhailo et al., 2013).

The development of digital radio relay lines (RRL), which has achieved high
qualitative and quantitative development all over the world, has now become an
absolutely necessary link in the development of wireless sensor networks, which consist
of miniature computing devices - motors equipped with digital sensors and transmitters
operating in a given frequency range. Each mod allows you to take measurements,
independently carry out initial data processing and maintain communication with
an external information system. Sensors integrated into a wireless network form
a geographically distributed self-organizing system for collecting, processing and
transmitting information.
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Flexible architecture, reduced installation costs distinguish wireless networks of
intelligent sensors among wired data transfer interfaces, especially when it comes to
a large number of interconnected devices. It should be noted that the sensors used can
work in difficult conditions, where there is no possibility of constant monitoring of the
received data by personnel, and high accuracy and transmission speed are ensured by a
short update time. The main field of application of wireless sensor networks (WSN) is
the control and observation of the measured parameters of physical media and objects
(Salman et al., 2016, Mohamed et al., 2013).

Consequently, the integration of wireless sensor technology into a digital high-
voltage frequency-controlled electric drive allows you to automatically monitor and
optimize the pressure and temperature values of the pumping medium along the entire
length of the MP, as well as monitor its integrity and detect leaks of transported gas or
oil in a timely manner.

To implement this technological diagram, the EDGPU electric drive must be
frequency-controlled and invariant, i.e. a combined automatic control system (ACS
for deviation and perturbation) with negative feedback on the main technological
parameters — pressure and temperature not only at the outlet of the compressor station,
but also with pressure and temperature monitoring along the entire MG route. At the
same time, as the analysis of high-voltage frequency converters currently produced by
foreign companies has shown, the topology of a multi-level, cascaded intelligent single-
phase LFC by the type of an autonomous voltage inverter with microprocessor control
(HVEFC) is the most promising.

In accordance with the above, the authors of this article have proposed a method
and a system of technological and technical monitoring of MP in real time, which,
by increasing the reliability of control, make it possible to increase the efficiency of
management under any operating modes of MP, preventing emergencies and thereby
ensuring the safety of operation of oil or gas pipelines. The monitoring system of
technological and technical parameters of main pipelines is shown in Figure 10.

The monitoring system of technological and technical parameters of main pipelines
in accordance with Figure 1 contains a pumping station - 2, depending on the type
of pumping medium: CS - for gas pipelines and PS - for oil pipelines. The pumping
station - 2 is installed on each linear section of MP - 1 and is equipped with PA - 4,
which has a HVFC - 3 with microprocessor control and a block for calculating control
parameters — 6. The system also contains a set of sensors, including contact sensors
11,12 measuring the real values of the pressure and temperature of the pumped medium
at the outlet of the stations and wireless digital sensors 13,14,15 - pressure, temperature
and vibration at the MP diagnostic points. The system includes radio relay stations 16
installed along the MP highway and a base station 17 with radio relay equipment located
near the control room, where a monitoring center 18 is installed, which is connected to
the system computer 19 and equipped with a microcontroller with a radio platform. The
location of MP damage is determined by portable field computers 20.
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Figure 10 - Block diagram of a wireless network for monitoring technological and technical parameters
on one linear section of MP

The method of monitoring technological parameters along the entire length of the
MP is that the data obtained from digital sensors 13,14 of the pressure and temperature
of the pumped medium using a radio signal is transmitted via relay radio relay stations
16 to the base station 17 to the monitoring center 18, where in the microprocessor of
the microcontroller, they are compared with the proper nominal values of pressure and
temperature stored in the processor memory at the corresponding points along the MP.
As a result, corrective signals are calculated for pressure 9 and temperature 10 in case
of abnormal deviations of these parameters. Further, the correction signals 9 and 10
are fed to the control parameters calculation unit 6, which, comparing the set values
of pressure 7 and temperature 8, with the pressure and temperature values from the
contact sensors 11,12 installed at the output of the stations, outputs a control signal 5 to
a multi-level high-voltage converter HVFC-3. The control signal 5, taking into account
the state of the technological parameters of the MT, corrects the rotation frequency
of the pumping unit, thereby bringing the pressure and temperature of the pumped
medium to the set values. Based on the results of calculating all the above values of
technological parameters, it is possible to control the rotation speed of the PA in order to
optimize pressure and temperature along the entire MT route. In addition, as a result of
the calculation of the data obtained, abnormal deviations of the parameters are detected
with the calculation of emergency areas, which are output to the dispatcher’s system
computer 19. The control signal 5, taking into account the state of the technological
parameters of the MP, corrects the rotation frequency of the AM (w ) pumping unit,
thereby bringing the pressure and temperature of the pumped medium to the set values.
Based on the results of calculating all the above values of technological parameters,
it is possible to control the rotation speed of the PA in order to optimize pressure and
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temperature along the entire MT route. In addition, as a result of the calculation of the
data obtained, abnormal deviations of the parameters are detected with the calculation
of emergency areas, which are output to the dispatcher’s system computer 19.

Vibration sensor 15 (seismic sensor SU) is designed to give alarm signals to operators
- only when a real and specific threat is detected in accordance with the identified threat
method described above in this article. The location of the identified threat, as noted,
comes from an accurate measurement of the signal on each sensor 15. In this case, the
alarm signal sent via radio frequency communication from the sensor’s sensitive unit
is received by the operator of the control center and displayed on the local computer 19
and on portable field computers 20 in the form of a map indicating the location of the
accident. Upon receiving an alarm, the intervention team (located along the line) and
the guards in patrol vehicles proceed to immediately eliminate the accident or detain the
saboteurs.

The optimal configuration of the elements of this automatic control and monitoring

system CS is modeled in the form of an optimization program P of the following type:

ming s 1f(x,8) = G(x) + allS||;
P= G +Be<S (7)
Geg(x) = Sg

where x € R",s; € RP,sg € R9,e € {0,1}, x — the set of gas flow variables Q
and pressure P, G(x) — is an objective function representing an economic optimization
criterion, C(x) — is a set of p linear and nonlinear inequality constraints for active
objects, p — is a vector whose coefficients are zero or maximum values of constraints,
¢ — is a vector of binary variables, C.(x) — is a set of q linear and nonlinear equality
constraints, s — is a deviation variable whose nonzero value denotes a violation of the
constraint, a — is the coefficient corresponding to the permissible degree of violation of
restrictions (Onishchenko et al., 2014, Puzhailo et al., 2010).

As aresult, at a given flow rate of the pumped medium, the pressure and temperature
are set and stabilized at a given optimal energy consumption level (7). Consequently,
this system limits the excess of pressure and temperature of the transported medium
above and below the limit values along the MP route by means of a variable-frequency
electric drive PA according to the FC-AM-PA diagram. At the same time, unacceptable
deformations and stress states of the MP are almost completely eliminated, which
eliminates possible destruction of its integrity and the integrity of the anticorrosive
insulation, thereby increasing the safety of its operation under any operating conditions.

Conclusions. A block diagram and an architectural diagram of linear monitoring is
proposed using the example of WirelessHART™ wireless technology, which contains
intelligent digital computing devices — motes that allow monitoring anomalies of
pressure, temperature and damage to the main pipeline. At the same time, negative
pressure waves NPW arising inside the pipeline are used to determine gas leaks, which
are recorded by wireless pressure sensors at the leakage point.
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The HVFC topology based on intelligent LFC modules with microprocessor control
for a digital PA variable-frequency electric drive, which integrates well with wireless
sensor technology (WSN), meets modern technical requirements to the greatest extent.

Asynchronous gearless electric drive EDGPU, having a number of technological
advantages, is more adapted to operation in conjunction with HVFC than EDGPU with
synchronous drive.

The optimal configuration of the elements of technological and technical monitoring
of the main pipeline (MP) is proposed, regardless of the type of medium being pumped
(oil or gas), based on intelligent wireless sensors, with the transmission of measured
data via a radio relay communication line in real time with the localization of abnormal
disturbing effects by a digital invariant variable-frequency electric drive of compressor
or pumping stations. The monitoring system also allows you to detect cases of leaks and
damage to the main pipeline under any operating conditions.

Linear monitoring of the parameters of the main gas pipelines with intelligent
wireless sensors reduces the likelihood of emergency modes of operation, improves
the environment and increases the safety of MP operation, since abnormal changes in
pressure and temperature occurring inside the pipeline are constantly monitored.

The data obtained during the present research can be recommended for the design of
monitoring systems of main pipelines of the Republic of Kazakhstan.
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