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Hcnosb3oBanue MOHMTOPHBIX CXE€EM
PeAYINHUPOBAHUSA IPUPOAHOIO Ir'a3a

O.H. MeaBeneBa, A.10. Ynankun
Capamosckuii 2ocyoapcmeenHulil mexnudeckutl ynusepcumem umenu I azapuna FO.A.
(CI'TY umenu Iacapuna I0.A.); o. Capamos, Poccus

AHHOTALMA

BBepeHue. AKTyarnbHOCTb TeMbl 0OYCrOBMeHa HapacTaLwMmy TeMnamm ncnonb3oBaHus npupogHoro rasa (M) kak B cdpe-
pe GbITOBOro MoTpebrneHns (3a c4eT pacluMpeHns 30Hbl ra3ocHabxeHust), Tak U B cdepe NPOMBbILLNIEHHOTO NOoTpebneHns
(BHeOpeHue Gornee CrNoXHbIX TEXHONOMMYECKMX NPOLIECCOB), YTO NoBbiwaeT TpeboBaHus k 6esaBapuiHocT 1 6e30TKasHo-
CTU cuctem rasocHabxeHusi. Bonpockl HaeXXHOCTU N YyCTOWYMBOCTM paboThl rasopacnpenenuTernbHbIX CUCTEM HanpsiMyto
BMMSAOT Ha adhhekTUBHOCTL TpaHcnopTupoBky MM 4o koHe4YHoro notpebutens. Takke Kk ocHoBononarawwmum daktopam
crnepyet OTHECTW CO3[aHue 1 nogaepaHve onTUMarnbHOr0 TEXHOMOMMYECKOro COCTOSIHUSI AKCMNIyaTaLlMOHHbIX NapamMeTpoB
rasopacnpefenuTernibHbIX CeTell 1 rasoucnornbaytoLero obopyaoaHus. Llenb nccnegoBaHus — oLEHKa 3KOHOMUYECKOW
3 PEKTUBHOCTM NpeasiaraeMblx CXeM pefyLMpoBaHUsi ra3a Ha OCHOBaHWUW BENUYMHbBI KanuTanoBrOXeHNA B MPOLECC MOH-
Taxa CxeM, 3aTpaTt Ha NoKynky 060pyaoBaHuUs 1 YCTPOWCTB, y4aCTBYHOLLNX B KOMMNOHOBKE MUHUIA peayLMpPOBaHUS.
MaTepuansi u metogbl. [prMeHeHbI CUCTEMHbIN aHAMNMU3 U CUHTE3 CIOXHO CTPYKTYPUPOBaHHbLIX KOMMIIEKCOB peayLMpoBa-
HWS rasa, MeTofbl BbIYUCIUTENBHOW MaTeMaTuKu, CUHTE3a HOBbIX TEXHUYECKUX PELLEHUA.

Pesynbrarbl. PaccMOTpeHHble CxeMbl pedyLMpOBaHUS UMEIOT MpeuMyLecTBa neper TUMOBOW CXEMOW, UCMOMb3yeMow
B HacTosilLee Bpemsi Ha BonblUMHCTBE rasopacnpefenutenbHbix ctaHumin (TPC) n nyHkTax pegyumposanus rasa (MPI).
BmecTe ¢ Tem cxembl, MMeoLLMe OOHY NMHUIO peayLMpoBaHust, obnaaatot y3kMM AuanasoHoM npumeHeHns. bonblumn ypo-
BeHb 6e30TKa3HOCTU 1 6e3aBapUMHOCTM MOKa3bIBAKOT CXEMbI C 3anacHOW NUHMEN peayLmMpoBaHusl, COCTOSLLEN U3 aHarno-
rmyHoro Habopa obopyaoBaHusa n paccuutaHHon Ha 100 % MOLLHOCTM OCHOBHOW NMUHUK pedyLMpoBaHus. [JaHHble cXeMbl
peayuvpoBaHns OTNMYaloT MeHbLLEE BPeMs, 3aTpavyeHHOe Ha MOHTaX 060opyaoBaHUs, N0 CPaBHEHMIO C TUMOBOW CXEMOW,
4YTO HEMAaNOBaXHO B YCIOBUSX CEPUNHOTO NMPON3BOACTBA.

BbiBoabl. [poBefeHHbIN aHanm3 CyLLecTBYOLMX CXeM peayuupoBaHust rasa Ha [PC u MPIT nossonun ocyLlecTsutb Noj-
6op obopynoBaHus, paboTatoero B Anana3oHe CpefHero 1 BbICOKOrO AaBlieHNs C OAHOCTYNeHYaTbiM peayLpoBaHuem
rasa, Ans paspaboTkv onTUMarnbHON cxeMbl pefyuupoBaHust. [1o pesynbsTataMm TEXHUKO-9KOHOMUYECKOIO pacyeTa Kaxaow
paccMOTPEHHOM CXeMbl CAenaH BbIBOA O LieniecoobpasHOCTM X UCMOMb30BaHNS C TOYKM 3PEHUSI TEXHOMOrMYecKon achdek-
TUBHOCTU U 9KOHOMUYHOCTW.

KNMIOYEBDBIE CIIOBA: npvpoaHbiv ra3, peqyLumpoBaHue, perynsatop AaBleHus rasa, yCTOMYMBOCTb, PerynsiTop-MOHU-
Top, 6e30nacHOCTb, HaAEXHOCTb

Ona UWTUPOBAHMUA: Medsedesa O.H., HunukuH A.FO. Vicnonb3oBaHNE MOHUTOPHBIX CXeM peayLMpoBaHns NPUpogHO-
ro rasa // CtpoutenbcTBO: Hayka u obpasoBanue. 2021. T. 11. Buin. 3. Ct. 8. URL: http://nso-journal.ru DOI: 10.22227/2305-
5502.2021.3.8

The use of natural gas reduction schemes on the basis
of the pressure regulator and monitor

Oksana N. Medvedeva, Aleksander Yu. Chilikin
Yuri Gagarin State Technical University of Saratov (SSTU), Saratov, Russian Federation

ABSTRACT

Introduction. The relevance of the topic is explained by the growing use of natural gas both in terms of domestic consump-
tion (due to the expansion of gas supply areas) and in terms of industrial consumption (introduction of more complex techno-
logical processes), which significantly tightens the requirements for failure-free and reliable gas supply systems. The issues
of reliability and sustainability of operation of gas distribution systems directly affect the efficiency of natural gas transporta-
tion to end consumers. Key factors should also include the assurance and maintenance of operational parameters of gas
distribution networks and gas-using equipment in the optimal technological condition. The purpose of the study is to assess
the economic efficiency of proposed gas pressure reduction systems with account taken of the value of capital expenditures
into their installation, purchase of equipment and devices, involved in the arrangement of gas pressure reduction lines.
Materials and methods. The co-authors have used the system analysis and synthesis of complex structured gas pressure
reduction complexes, methods of computational mathematics, synthesis of new engineering solutions.
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Results. Gas pressure reduction systems have advantages over standard patterns currently used by most gas distribution
stations and pressure reduction units. However, systems, featuring one pressure reduction line, have a narrow range of ap-
plication. Higher reliability and failure-free operation are demonstrated by the systems having a redundant pressure reduc-
tion line, consisting of the same set of equipment and designed for 100 % capacity of the principal reduction line. In addition,
the installation of these reduction systems takes less time, if compared with a standard system, which is not unimportant in
the context of mass production.

Conclusions. The analysis of the established gas reduction systems used at gas distribution stations and pressure reduction
units allows to choose the equipment operating in the range of medium and high pressure with one-step gas pressure reduc-
tion in order to develop an optimal reduction system. Given the results of the feasibility study of each system, the conclusion
is made in terms of the expediency of their application from the standpoint of technological efficiency and cost effectiveness.

KEYWORDS: natural gas, reduction, gas pressure regulator, sustainability, monitoring regulator, safety, reliability
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BBEJAEHUE

HanexHocTh razopacnpeenuTebHON CUCTEMBI
BBIpa)KaeTcs B CBOHCTBE 0OBEKTOB COXPAHSTH BO Bpe-
MeHH Tpebyemble QYHKIINN U XapaKTePUCTHKH, yCTa-
HOBJICHHBIC MTPOCKTHBIM penreHneM. CaMo MOHATHE
IpescTaBiIseT coO00i KOMIUIEKCHYIO XapaKTePUCTHKY,
KOTOpasi 3aBUCUT OT Ha3HaueHUsi 00beKTa, crenudu-
KM U yCIIOBHWH €ro sKcluryatanuu. be3oTkasHOCTb,
PEMOHTONPHUTOJHOCTH, COXPAHAEMOCTh U JIOJITOBEY-
HOCTb, @ TAKXKE COYETAEMOCTh 3THX N1apaMETPOB BO3-
MO)KHO IPUMEHSTH KaK JJIs BCeH CHCTEMBI Ta30CHa0-
JKEHUS, TaK U IS €€ y3JI0B IO OTACIBHOCTH.

B cuity reorpaguueckux 0coOeHHOCTEH TEpPUTO-
pHUH HalIel CTpaHbl eUHAsT TEXHOJIOTHYECKasl Ieroy-
Ka MarucTPaJbHbIX, MEXKIIOCEIKOBBIX U PACIPEACIH-
TEJIBHBIX T'a30IPOBOIOB MOXKET IIPOJIETaTh HA MHOTHE
KHJIOMETPHI U IPOXOAUTH M0 HECKOJIIBKUM KJIMMaTH4e-
ckuM 30HaM. OCHOBHBIE 3aTPAThl MPUXOATCS Ha JIOJTI0
TpaHCOpPTUPOBKHU pupoanoro rasza (I1I7), mostomy
pa3paboTka HOBOTO 00OPYIOBaHNS, ONITHMHU3AIHNS CXEM
1 METOANYECKOTO ITO/IX0/1a, a TAKKE BOIPOCHI TEXHH-
YECKOTO MEPEBOOPYKEHHUS MO-MPEKHEMY OCTAIOTCS
aKTyaJbHBIMU. TEXHOJIOTHYECKH CHIDKEHUE JaBICHUS
rasa Ha rasopacnpeaenutenbHbeix craniuax (I'PC)
U nmyHkTax pexyuuposanus rasa (ITPT) ocymecrtsis-
€TCsl ¢ IOMOUIBIO PETYKIIMOHHON apMaTypbl, OCHOBHOI
MIPUHIUI KOTOPOH 3aKJII0YaeTcsl B MPOIECcce apocce-
JMPOBAHUS ra3a, KOTza Ha ITyTH MPOJIBIKCHNS Ta30BOH
Cpezbl Co3JaeTcs PeryaupyeMoe IHIpaBIMIecKoe Co-
MPOTUBJICHUE.

O0s13aTenbHasl XapakTepUCTUKA JIFOO0H JINHUK
penylMpOBaHusl — HETPEPhIBHOE COXpaHeHHe pabdo-
TOCTIOCOOHOCTH B TE€UEHHE TPeOyeMOro BpeMEHHU WIIN
ompeneneHHo HapaboTku. s obecmedeHus KO-
HOMHMYHOM IKCIUTyaTaIlliy CHCTEMBI 0COOEHHO Ba)XXHO
Ha dTarne MPOEeKTUPOBAHUA AENaTh YyIOp HAa PEMOHTO-
MIPUTOIHOCTh. DTOT LIar momoraer Oosnee >3pPeKTHB-
HO HCIIOJIb30BATh TPYAOBBIC U (PMHAHCOBBIE PECYPCHI.
K enmuHMYHBIM TIOKa3aTensiM 0e30TKa3HOCTH CUCTEMBI
peIynrpOoBaHUs ra3a OTHOCSTCS BEPOATHOCTh 0€30T-
Ka3HOM pabOThl, ”YHTCHCUBHOCTH OTKAa30B M HapaOOTKa
Ha OTKa3. JTOT (aKTOp BO3SMOXKHO OL[EHHBATH OTHO-
CUTENbHO BCEH NUHUU peayuupoBaHus raza Ha I'PC

132

u I1PT, 1160 1o KaXkJ0My TEXHOJIOTHYECKOMY yCTPOii-
CTBY I10 OT/ICJIbHOCTH.

OCHOBHOE HalpaBieHUe 00eCIeYeHUs HaJIe)KHO-
cTH, 0e301acHOCTH, SKOHOMUYecKoi 3 dekTnBHOCTH
(YHKIIMOHMUPOBAHUS CYIIECTBYIOIINX ra30pacIpe/ieiIi-
TEJbHBIX CUCTEM — BHEIPEHHE HOBBIX IPOIPECCUBHBIX
TEXHOJIOT Ui, MATEPUAIIOB, TEXHOIIOTHUECKOTO 000PYI0-
BaHUs, CPEJCTB U3MEPEHUS U METPOJIOTUH.

W3meHeHne YKOHOMUYECKON KOHBIOHKTYPBI, Tsl-
JKE€JIble YCJIOBUSI CTPOUTENbCTBA a30MPOBOAOB, 3HA-
YUTENBHBIA POCT LIEH Ha YHEPrOPECypChl HCKIIOYAIOT
BEPOATHOCTb HCIIOJIB30BaAHUA TPAJUIIUOHHBIX TEXHO-
JIOTHH M3-32 BBICOKOH CTOMMOCTH MPOCKTOB U TPEOYIOT
pa3paboTKH 1 IPUMEHEHHSI COBPEMEHHBIX pecypcoche-
peraroIux TeXHOJIOrHil. AKTHBHAs dHEprocoeperaro-
11ast MOJINTUKA SIBJIETCS KIHOUEBBIM 3BEHOM, CBA3bIBA-
FOIMM [IPOOJIEMBI SKOJIOTHH M TTOTPeOIeH s ToIunBa .

B kxauecTBe TEXHOJIOTMYECKOTO YCTPOMCTBA CETH
razopacnpeaeneHus, IpeIHa3HadYeHHOTO I CHUXKe-
HUS JaBJICHUS ra3a U MNOAAEPIKAHUA €ro B 3aJaHHBIX
npejenax He3aBUCUMO OT pacxojia rasa, UCIOJIb3yI0TCs
MYHKTBI PeyLIMPOBaHHUS ra3a’.

PenymupoBanue paBnenus ra3a B [IPI" HeoOxonu-
MO IPOBOJAUTH TOJIBKO C MOMOIIBIO PETYIATOPOB AAB-
JICHUSL.

B cocrag y3ma pemyipoBaHus BXOIAT

* penyKIMOHHAs apMarypa (peryiasTop AaBICHHS
rasa, peryJisaTop-MOHHTOP);

* MpeNOXpPaHUTENbHAS U OTKIIIOYAIOLIAsl apMarypa.

Perynsarop-MOHUTOD, OTHOCAIIMICA K PEAYKLIMOH-
Hoit apmartype, cormacHo ['OCT 34011-20163, — nomor-
HUTEJBHBIN (KOHTPOJIBHBIN) PEryssTOp, HCIONb3yEeMbIH

' Suepreruueckas crparerus Poccuiickoit deneparmu Ha rie-
puox 1o 2035 ropma: yTB. pacmopsbkeHueM llpaBurenbcTBa
Poccuiickoii deneparmu ot 09.06.2020 Ne 1523—p. M., 2020.
URL: https://minenergo.gov.ru/node/1026

2T'OCT 34670-2020. Cucremsl razopacripeaenurelbbie. [IyH-
KTBI pemyuupoBanus raza. OcHoBHble nonokenus. M. : Cran-
nmaptusdopm, 2020. 24 c.

3TOCT 34011-2016. Cucremsl razopacrpenenuresbhbie. [IyH-
KTbI Ta30peryIsTopHble Onounble. [TyHKTHI peaympoBaHus ra3a
mkaguele. O6mme TexHuueckue TpeboBaHusa. M. : Cranaap-
TuH(OpM™, 2017. 22 C.
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B Ka4eCTBE 3al[UTHOTO YCTPOUCTBA, 00CCICUMBAFOIIHUI
aBTOMATHYECKOE TTO/|/Iep)KaHKe JIaBICHUS ra3a B 33/1aH-
HBIX TIpefeniax 0e3 YMEHBIICHHUS MPOIMYCKHONW CITOCO0-
HOCTHU JIMHUU PECAYLTUPOBAHUSA.

[Tpu ycraHoBKe peryssiTopa-MOHATOpa HEOOXOIHM
PEryJsATOp AABICHUS HOPMAIbHO OTKPBITOTO THTIA’.

B cooteercteuu ¢ Tpe6osarmsmu [OCT 34670-20207
CHCTEMA 3aIIUTHI OT HEJIOITyCTUMOIO M3MEHEHHS! IaBIICHUS
B aBTOMaTHYECKOM PEKMMe 00eCIeunBaeT 3allUTy ra3o-
IIPOBOJIOB M TEXHUYECKHUX YCTPOWUCTB OT HEIOMYCTHMOIO
TIOBBIIICHUSI WJIM MOHWKEHNUS IABJICHUS B CIydae HEHC-
MIPaBHOCTU CHUCTEMBI PEIYLIMPOBAHUS NABICHUS; PEry-
JIATOPBI-MOHUTOPBI PEKOMEHAYETCs IPUMEHATh B I1PI
TIOJIAOIIMX I'a3 HAa OOBEKTHI, HEe JOIYCKaIOIIHe epephIBa
B razocHaOkeHnn (TOC u aHATOTHYHBIE OOBEKTHI, TIPe-
TIPHUSATUS HEIPEPBIBHOTO IUKIIA).

Perynsitop-MOHHUTOP JOMKEH OBITH:

* WJICHTHYHBIM OCHOBHOMY PEryJIsITOpY IO TEXHHU-
YECKUM XapaKTepUCTHKaM M TUIIOpa3Mepy;

* YCTaHABIMBATHCS HA JIMHUM PEAYyLUPOBAHMS TIe-
Pell peryisiTopoM JaBlICHUS;

* HACTPOCHHBIM Ha BKJIIOYEHHE B paboTy Ipu 3a-
JTAHHOM 3HA4YE€HUH JaBJICHUS, KOTOPOE BBIIIE HACTPOIi-
KU PETYISATOpa AaBJICHUS, U OBITH TIOA0OPAHHBIM TAKHM
00pazom, 4ToOBI 3TO 3HAYCHHUE JABJICHUS HE MPEBbIIIa-
JI0 BpeMeHHoro padouero pasienus (TOP);

* HOPMAJIbHO 3aKPBITOTO THIIA.

Ilo ycrpoiicTBaM penyLUpOBaHUS Ira3a HOBbIE
MaTeHTHbIE Pa3pabOTKU OYEHb TOUYHO OTPAXKAIOT IO-
mutuky [TAO «'a3npom», HanpaBiIeHHYIO Ha Oe3orac-
Hoe u OecmepeboitHoe razocHabxkenue. VMerommuecs
YCTpPOMCTBA OTEYECTBEHHBIX IIPOU3BOIUTENIEH yCTY-
MAIOT aHajioraM 3apy0eKHbIX M3rOTOBUTEIIEH ra30Bo-
ro obopynosanust. OHAKO KaK B OTEYECTBEHHBIX, TaK
1 B 3apyOeKHBIX YCTAHOBKaX OTCYTCTBYET KOMILIEKC-
HBIHA TOAXOJ, W MO 3TOH NMPUYMHE MOTEHIHAJl HOBBIX
TEXHUYECKHUX Pa3pabOTOK PACKPBIT HE MOJHOCTHIO.

B I'OCT P 58423-2019* npuBoautcst 6osee TO4-
HOE OTIpE/IeICHNE PETyIATOPa-MOHUTOPA: KOHTPOJIH-
pyromuit mpudop — BTOPOH PErynaTOp, YCTAaHOBICH-
HBII MTOCJIE0BATEIbHO C OCHOBHBIM PETYJISATOPOM, KaK
TIPaBUIIO, paHee TIOCIEAHET0, ISl TIONICPIKKN PEryiIu-
pyeMoli TepeMeHHOH B JIOIMyCTUMBIX MpPEAETIax B TOM
Cllydae, €ClIi €e 3HaueHHUE MPEBBIIIAET 3apaHee ycTa-
HOBJICHHOE 3Ha4Y€HUE (HaIpuUMep, B Cllydae OTKPBITHS
OCHOBHOTO PETYIISITOpa M3-3a OTKa3a U T.1I.).

CornacHo JIeHCTBYIOIIUM HOPMAaTHBHBIM JIOKY-
MEHTaM, Y3l PeAyLUPOBAHMUS MOKET COCTOSATh U3 CIIe-
JYHOIIUX TEXHUYECKUX YCTPOMICTB:

* OTKJIIOYAIOIIETO KIIaraHa v peryisiTopa AaBiIcHHs;

* PEeryisiTopa-MOHHTOPA M PETYISATOpa AABICHHS;

* OTKJIIOYAIOIIETO KJIallaHa, PEeryasTopa-MOHUTO-
pa u perynsTopa JIaBjIeHus;

*TOCT P 58423-2019. Peryasitopsl JAaBjeHUs Ta3a 1Jst 1aB-
nenus Ha Bxozae He Beimie 10 MIla. M. : Cranmaptuadopm,
2019. 62 c.

* JIByX MOCJIEA0BATEIbHO YCTAHOBIEHHBIX OTKIIIO-
YaIOIUX KJIAllaHOB U PEryasTopa AaBICHUS;

* JByX IOCJIEA0BATENBHO YCTAHOBIEHHBIX OTKIIIO-
YAKOLIUX KJIAIlaHOB, PETYIATOPA-MOHUTOPA U PETYIIATO-
pa JlaBJIeHUS;

* OTKJIIOYAIOIIETO KJIAllaHa U PEryysaTopa JiaBie-
HHUS C HACTPOMKOM Ha MPOMEXYTOUHOE JABIEHUE, OT-
KJTIOYAIOIIEro KJarnaHa ¥ peryasTopa JaBieHHs ¢ Ha-
CTpPOIKOIl Ha BBIXOJJHOE JIaBICHUE;

* OTKJIIOYAIOIIETO KJanaHa ¢ HaCTPOMKON Ha BbI-
XOJIHOE JIaBJIEHHE, PETYIISITOPA JaBJICHUsI C HACTPOUKOM
Ha MIPOMEKYTOYHOE JaBJICHUE; PETYAATOPa-MOHUTOPA
U peryasTopa JaBlIeHUs C HACTPOIKONH Ha BBIXOAHOE
JIaBJICHUE;

* OTKJIIOYAIOLIETO KjanaHa ¢ HaCTPOMKOW Ha BbI-
XO/IHOE JaBJICHUE, PETYISTOPAa-MOHUTOPA C HACTPOMKOM
Ha IPOMEXYTOUHOE JIaBICHUE U KOHTPOJIEM HaJl BBIXOA-
HBIM JIaBJIEHUEM, PETYIATOpA AABJIEHUS C HACTPOUKOM
HAa BBIXOJHOE JIaBIICHUE;

* OTKJIIOYAIOLIETO KjlalaHa ¢ HaCTPOMKOW Ha BbI-
XOJTHOE JIaBJICHUE, PETYIIATOPA AABJICHUS C HACTPOUKON
Ha IPOMEXYTOYHOE aBJIECHUE, OTKIIOYAIONIEro Kiana-
Ha ¥ peryJsiTopa 1aBjieHHs ¢ HAaCTPOMKON Ha BBIXOJTHOE
JTaBJICHHC;

* OTKJIIOYAIOINETO KJIallaHa U PerynsTopa JiaBie-
HUS C HACTPOHUKON Ha MPOMEKYTOUHOE JIaBICHUE;

* PErynsTopa-MOHHUTOPA U PETYIATOPA JTaBICHUS
C HaCTPOMKOM Ha BBIXOJHOE JIaBJICHUE.

B cocraB y3na pexynupoBaHus pyu HEOOXOIUMO-
CTH BO3MOXKHO BKJIIOUUTh IPEAOXPAHUTENbHBIN KIIanaH.

MOHHUTOP KOHTPOJHPYET BBIXOJHOE IaBICHUE
B TOM K€ TOYKE, UYTO U OCHOBHOM PETYNSATOP, HO €ro
HACTpOIika HEMHOIO BBIIIE, YEM Y OCHOBHOTO PETYIIsI-
Topa. [Ipy HOpMaTbHOM peXXUMe MOHUTOP HaXOAUTCS
B TOJTHOCTBIO OTKPBITOM ITOJIOKEHUH, TAK KaK BBIXOJ-
HO€ JIaBJICHUE HUKE TOYKM €ro HacTpoiku. B ciyuae
HEHCIIPAaBHOCTH OCHOBHOTO PETYJISATOpPA BEIXOAHOE JaB-
JIEHHE HauyMHAeT PacTH, ¥ KOrja OHO JOXOAUT A0 TOY-
KM HACTPOWKM MOHHTOPA, MOHHTOP BCTYMAET B paboTy
U TIOAJICP’KMBAET BBIXOIHOE MABICHHUE HA YPOBHE €T0
HACTPOUKH.

MoOHUTOpPHBIE CUCTEMBI PEAYLIUPOBAHUS ra3a Ipo-
U3BOAT pa3yINuHbIC 3apyOe/KHBIE U OTEUECTBEHHBIC 3a-
BOABI-U3IrOTOBUTECIIN, HAIIPUMEDP:

* xommanus Emerson’;

* AO «l"a3zanmapar» BBITyCKaeT MOIYJb PETYISATO-
POB, COCTOSIMI U3 ABYX IOCIEIOBATEIbHO COEIUHEH-
HBIX PETYISATOPOB ra3oBeIX oceBbix (PT'O), mmbo pery-
naTOpoB ra3oBelx mopmHeBbx (PITI) ¢ mumotHBIMM
peryasitopamu PII-TIC no cucreme «peryssitop — pery-
JISITOP-MOHUTOPY C 1IENIBI0 00€3011aCUTh HUTh PELyIIHPO-
BaHUS OT TOBBILICHNS AABJICHUS B TPYOOIIPOBOZIE B CBS-
3H C [IOJIOMKOH Peryisropa;

STOCT 34670-2020. Cuctemsl razopacnpeaenirenbhbie. [1yH-
KTBI pemynupoBaHus raza. OcHoBHble nonokenus. M. : Cran-
nmaptuadopM, 2020. 24 c.
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* 000 KD «Oxc-dopmay H3roTaBIMBaET ra-
30PErYIATOPHBIA MMyHKT C PEryasTOpOM U MOHHTOPOM
Ha Oase perymasaTopa IaBiICHHS HPSIMOTOYHOTO THIIA
PAIT [1].

XOTst BO MHOTHX CIIy4asiX IPUMEHSIOTCS OTHOCTY-
MIeHYaThIe CUCTEMbI, HHOT/Ia BO3HUKAET HEOOXOIMMOCTh
B YCTAQHOBKE JIByXCTYNEHYATONH CHCTEMBI PETyIHpPOBa-
HUSI, KOTJIa OJTMH PETYIISTOP BBICOKOTO JABICHUS yCTa-
HABJIMBAETCSl Ha Ta30I1POBOJI, & PETYISITOPEI HU3KOTO
JIaBJICHUS Pa3MELAIOTCA HEMOCPEACTBEHHO y MOTpe-
Ourens. JlaieHue B cucTeMax ¢ OAHOCTYIICHYATOH pe-
TYJIHPOBKOH TOIepKUBaeTcs ¢ TOYHOCThIO 710 1 klla,
a MCIOIh30BaHHUE JIBYXCTYIIEHUYATHIX CHCTEM IO3BO-
JISET MOBBICUTH TOYHOCTH peryauposku a0 0,25 klla,
YTO OTBEYaeT TPeOOBAaHUSIM HOBOTO BHICOKOI((eEK-
TUBHOTO Ta30HUCIOIbB3YIOIIET0 000pylOBaHUSA, 1A
KOTOPOTO TpeOyeTcs TOYHAsl peryJupoBKa JaBICHUS
JUISl IPABWJIBHOTO BOCIUIAMEHEHUS M CTAaOMIIBHON JKC-
mryatarwn [2]. TpeboBaHus 3HEpreTHYECKOH I dhek-
TUBHOCTH HPOLECCOB U yCTPOHCTB 00YyCIOBINBAIOT
YCOBEPILICHCTBOBAHUE PEIYKIIMOHHOI apMarypsbl, 00-
CITy’KHBAIOIIEH TEXHOJIOTHUYECKHUE JTMHUH MOJa4H rasa,
3aKJIIOYAIOIIeecs B YBEITMUCHUN UX OBICTPOACHCTBYS,
TOYHOCTH, YCTOWYHUBOCTU U HIKOHOMHYHOCTH [3—12].
W3ydeHuto mponeccoB IpocceIpoBaHUs ra3a B pery-
JIATOpaxX JABJICHUS MOCBSIIEHO OOIBINOE KOJINYECTBO
paboT kak B Hamel cTpaHe, Tak #u 3a pyoexom [1, 3,
6, 13-32], mpu 5TOM MPOEKTUPOBAHIE U aHATH3 Pado-
Thl PEAYKLHOHHOHN apMaTypsl B OCHOBHOM IPOBOIAT
Ha OCHOBE HCCJICIOBAHUS CTATHYECKUX XapAKTEPUCTHK,
a TIpu pa3pabOoTKe HOBBIX YCTPOHCTB HCIIOIB3YIOT TEO-
PHIO TOJO0MS WIIM METOJ apaMeTPO-Tre€OMETPHUIECKOH
aHAJIOTHH. ABTOMAaTHYECKNE CHCTEMbI PETYINPOBaHUS
3a4aCTyI0 YPE3MEPHO CIOKHBI U UMEIOT 3HAYUTENIbHbIC
rabapuThl. B HacTosiiem nccie0BaHuu TpeyiaraeTcs
MoanGUKays MPUHIUIIHAIEHON CXeMbI pelyLMpoBa-
HUA U oOecniedeHus 6ecriepedoitHocTn paboTsl mpH
HeOONBIHX rabapuTax U O0IIEH CTOMMOCTH.

MATEPHUAJIBI U METO/bI

PaccMarpuBaroTcs cXeMbl peylUpOBaHUS Tasa,
UMEIOIINE B CBOEM COCTaBE PEryssiTOP-MOHUTOP, yCTa-
HOBKa KOTOPOTO TT03BOJISIET PEIIUTD JBE 3a/1a4l OJHO-
BPEMEHHO — MOBBICUTDH 0€3aBapUITHOCTB JINHUN PEy-
LIUPOBAHUS T'a3a, a TAK)KE aBTOMAaTH3UPOBATh IIPoIlece
JpocceanpoBaHusi. MOHUTOp HACTPauBaeTCs HA OIIpe-
JICJICHHBIA TUana3oH 3HAYEHUs BXOJHOTO JIABIICHHUS,
TIpH KOTOPOM CpadaThIBaeT aBTOMAaTHKa OE30MacHOCTH.
B crabwibHO paboTaromieil TMHUN perlyupOoBaHUs
PEryJsTOp-MOHUTOP OTCIIEKHUBAET YPOBEHb BXOIHOTO
JABJICHUSA M OCYIIECTBIAECT KOHTPOJIb 32 OCHOBHBIM
PEryJIATOPOM [aBJIEHUS, IPU ITOM CaM HaXOJUTCS
B MOJTHOCTBIO OTKPBITOM COCTOSIHHM Ha TPOITYCK pado-
yell cpenpl. B ciyuae aBapuiiHO# cuTyauuu peryisrop-
MOHUTOp OepeT (QYHKIMIO peryIMpoBaHus Ha ceOs uiy,
B IIPOTHBHOM Clly4ae, IpeKpalaeT mnojady rasa 1o Jim-
HUH PEAYLIHPOBAHUSL.
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B kauecTBe THUNOBOI CXEMBI peayLHUPOBAHUS
JUIsL CpaBHEHHsI ObLT BBIOpAH CIIEIyIOMNH BApUAHT:
JMUHUSA PEAYIHUPOBAHUS TNPEACTaBIACT coO0i aABe
BETKU OCHOBHOTI'O U 3aIlaCHOTO penylupoBaHus. a3,
MTOCTYIAIOIINH ¢ MarucTpajgbHOTO Ta30MPOBOAA, Ha-
MPaBJIAETCA B OCHOBHYIO JINHUIO U TIPOXOIHUT CEUCHHE
KOHTPOJILHOTO MaHOMETpPa, KOTOPBII CBSI3aH KOHTPOJI-
JIEPOM TEJIEMETPHH C IIPEIOXPAHUTEIBHO-COPOCHBIMH
KJ1allaHaMU PE3EPBHOW U OCHOBHOMW JIMHUHM penyLu-
poBaHusd. [lagee ra3 IpoXOoAUT 3aOPHYIO apMaTypy
n ¢punpTposneMent. Ilociae MponcxoauT OJHOCTYIICH-
yaToe peaylupoBaHuEe pabodeil cpeasl 10 3HAUYCHUS
1,2 MIla, huHaIBHBIM 3TAIIOM SIBJISIETCS IPOXOXKICHHE
ra3oM KOHTPOJIBHOTO MAaHOMETpPA Ha BBIXOJIE U3 JTMHUH.
BrocnenctBuum uiet cpaBHEHHE U KOHTPOJIb BXOIHOTO
1 BBIXO/IHOTO 3HAYEHUH aBJICHUS COINIACHO MOKa3aTe-
JIIM MaHOMETpa.

BecnepeboitHocTH ra3ocHAOXEHUS U, KaK CJIe-
CTBHUE, CHUKCHUSI aBApUHHOCTHU ra30pacipeeuTellb-
HBIX CHCTEM B OCHOBHOM MOKHO JAOCTHUTHYTH ITyTEM
Pa3THYHBIX BapHaIlidil KOMIIOHOBKH y3J1a peIylrpoBa-
nust I'PC u 1P, 1151 HamsiAHOCTH POJIEMOHCTPUPYEM
CJICTyIOIIHME BO3MOXKHBIC BapHAINH:

» Cxema | — 3amopHas apmMaTypa ¢ pyqdHbIM yIIpaB-
JICHUEM, PETYNIATOP-MOHUTOP, PETyJISITOP AaBIEHMs, 3a-
TIOpHAs apMaTypa ¢ PyYHBIM YIpaBICHUEM, MIPEIoXpa-
autensHbId Ki1ana# (I1K) (puc. 1).

* Cxema 2 — 3aniopHasi apMarypa ¢ py4HbIM yIpaB-
JICHHEM, KJIaraH oTcedHol npsimoro neiicteust (KO), pe-
TYJSITOP-MOHHUTOD, PETYIIATOP TABICHUS, 3aTlOpHas apMa-
Typa ¢ py4HbIM ynpasienuem, 11K (puc. 2).

* Cxema 3 — 3amopHas apMarypa ¢ py4HbIM
yrpasinenueMm, KO, peryiasiTop-MOHHUTOP, PEryiasTop
JaBJIEHMs, 3all0pHas apMaTypa ¢ Py4YHBIM yIpaBiie-
HueM (puc. 3).

* Cxema 4 — 3amopHas apMmarypa ¢ Py4YHBIM
yIpaBIEHUEM, PETYJISATOD, yIpaBisieMasl 3aopHas apMa-
Typa, 3allopHast apMarypa ¢ pyJHbIM yrpasiaerueM, 11K
(puc. 4).

B cxeme 1 peryastop-MOHUTOpP 3aMeHsIeT OT-
CEYHOM KIIamaH, IpH 3TOM Ha JIMHUHU PEIyLUPOBAHUS
MOCIE0OBATEIbHO YCTAHABIMBAIOTCS J[BA PEryJsATO-
pa. Perynsatop nasnenus (B Hamewm ciaydae P/IY) ocy-
IIECTBIISICT PEAYLUPOBAHNE Ta3a (CHIDKCHNE JIaBICHUS
OT BXOJHOTO JO 3aJaHHOTO0), & PEryiIsiTOP-MOHUTOP
MIPOM3BOAMUT KOHTPOJIb PA0OTHI PETYISTOPA, OTCIEHKH-
Bas MapaMeTpbl BBIXOAHOTO AABJICHUS Ta30BOTO I0O-
TOKa. PerynsaTop-MOHHUTOpP HaXOJUTCSA B MOJHOCTBHIO
OTKpPBITOM IosioxkeHUU. [Ipu BeIXOAE U3 CTpOS pery-
JSATOPA AABJICHUSI PETYIATOP-MOHUTOP MO0 HAYMHAET
MPOBOJUTH PETYIHPYIONIYI0 (BYHKIIMIO, JINOO TOJIHO-
CTBIO 3aKpBIBACTCs, Ipekpalas nojady rasa. [Ipeumy-
IIECTBAMH LITMPOKO OTKPHITOTO MOHHUTODPA SBISIOTCS
MOBBIIICHHAS HAJIE)KHOCTh CHCTEMBI, YIPOIIEHHOE
TECTUPOBAHUE M 3aIUTa OT U30BITOYHOTO JIaBICHHS
C TIOMOIIBIO TePMETH3AINH.

B cxeme 2 TOMONMHUTEIBHO K PEryasaTopy-Mo-
HUTOPY YCTaHABIMBAETCsI OTCEYHOM KJlamaH, Ipej-
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Puc. 1. Cxema penymuposanus 1: punstp AHP 007; perymstop-monutop Staflux 185 ANSI 300; perynsitop naBnenus PIIY;

perynupyeMsiii mpegoxpanutenbHblil kiaanan VT 1831 Bp; manomerp Wika 213.53.100; 3anmoprast apmarypa DIN EN 331-2011
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Puc. 2. Cxema penyumposanus 2: Guistp AHP 007; perynstop-monutop Staflux 185 ANSI 300; perymsitop nasnenus PIIY;
perynupyemblii penoxpanntenshbiil kiaanan VT 1831 Bp; manomerp Wika 213.53.100; 3anopnast apmarypa DIN EN 331-2011;

KJIalaH OTCeYHOM npsiMoro aelictBust 3anopusiii CEHC

Ha3HAYCHHBIN I pabOTHl B KA4ECTBE 3aMOPHOTO
YCTPOHCTBA € JAUCTAHLUMOHHBIM 3JEKTPUUYECKUM
yIpaBJIeHUEM, U 3all0pHasi apMaTypa ¢ py4HbIM YIIpaB-
JICHUEeM, 4TO MO CTOMMOCTH B 1,5-2 pasa nemieBie
YCTaHOBKHM MHEBMOYINPABISEMON 3alOpHON apMary-
pbl. OCHOBHOE OTIUYUE OT CXeMbI | — OTKIIIOUeHUe
JIMHUM PEelyLHPOBaHUS OCYLIECTBISET HE ITHEBMOY-
MpasJisieMasl apMarypa, a OTCEUHOM KilanaH, KOTOpbIN
cpabaThIBaeT MO MPEBHIIICHAUIO TaBIeHMS. B kauecTBe
HEJI0CTaTKa MOYXKHO OTMETHUTh YBEJIIMUCHHE Pa3MEPOB
y371a peIyIUPOBAHUS M3-3a TOBBIIICHHBIX Ta0apuTOB
OTCEYHOTO KJanaHa U OTCYTCTBUE PE3epBHON JTUHUU
peayLupOBaHUs.

B cxeme 3 orcyrcrByeT IIK 1 oHa, Takxke Kak
1 cXeMma 2, HMEeT BCEro OAHY JHUHHIO PEelyLHpOBa-
Hus. B cirydae BBIXO#a M3 CTPOSI OCHOBHOTO PEryilsi-
TOpa JaBJICHUS, PeIyLUPOBAHUE Ia3a OCYLIECTRIAET
perymstop-mouuTop. [Tomo6Has cxema MOXET MpH-
MEHATHCS B 3aKOJIBLIOBAHHBIX CETSAX razopacrpeserne-
HUS, T/I€ JI0MYCKAeTCsl He UCIOIb30BaTh PE3EPBHYIO
JINHUIO PeAYLIUPOBAHHUsI, €ClIU MojaJa rasa rnpu asa-
puiinoit ocranoBke [1PI" Oyner obGecredena ot cocen-
Hero I1PT.

Bo Bcex ocTanbHBIX Cilyyasix, COITIaCHO IEHCTBY-
IOIIeH HOPMATUBHOM TOKYMEHTAUun> >4, MyHKTHI pe-
JOYLHPOBAHUS JAOJKHBI OBITH 000OPYOBAHBI HE MEHEE
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Puc. 3. Cxema pexyuuposanus 3: ¢ursrp AHP 007; peryastop-monutop Staflux 185 ANSI 300; perynsrop nasnenus PIY;
perymipyeMslii ipegoxpanutenbHbi kianan VT 1831 Bp; manomerp Wika 213.53.100; 3anmopras apmarypa DIN EN 331-2011;

KJIaraH OTCEYHO mpsMoro neiicTeus 3anopubiit CEHC

[Staflux 185 ANSI 300)
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Puc. 4. Cxema penynuposanns 4: ¢punsrp AHP 007; perymsitop-monntop Staflux 185 ANSI 300; perynsrop nasnenust PIIY;
perynmpyemslii mpegoxpannTensHslil kaaman VT 1831 Bp; manomerp Wika 213.53.100; 3anmopnast apmarypa DIN EN 331-2011;

KJIallaH OTCce4HOH npsmoro neiictsus 3anopHslii CEHC

4eM JBYMs JTUHUSMHU penylupoBaHus (paboueii u pe-
3epBHOI).

B cooTBeTcTBUM cO cxeMoil 4 B HOMHUHAJILHOM
peKHUME PEeTyIHpOBaHUE ra3a BBIMOJIHIET PEryisiTop
Ha pabodell TMHUH pEeAYNHPOBAHUS, 3alOpHAs ap-
Matypa U OTCE€YHBIC KJIallaHbl OTKPBITHI, 4 PETYIATOD
Ha pe3CpPBHOW JIMHUM peaylUpoBaHUs 3aKkpbhIT. O0a
perymnsTopa-MOHHTOpPa OTKPHITH. Pabota paboueit
(OCHOBHOW) JIMHUM PEAYIUPOBAHUS JAaHHOU CXEMBI
aHajorudHa pabore cxemsl 3. [lepexon ¢ ocHOBHOM
JWHUU Ha PE3CPBHYIO NMPOUCXOIHUT B aBTOHOMHOM
pexuMe mocie 3aKphITHS OTCEYHOTO KiamaHa (pery-
JIATOpP PE3CPBHON JMHUH HACTPOCH HAa CpadaThIBaAHHE
M0 TTOHWKEHWIO JaBJICHUS, a IMOCIE 3aKPBITHSA OT-
CEYHOr0 KJIallaHa JIaBJICHUE B BBIXOAHOM KOJIJICKTOpE
manaer). [IpuHnun paGoTel pe3epBHON JTUHUU CXOK
C OCHOBHOH. | 1aBHBIN HEIOCTATOK JAHHOU CXEMBI —
00upIION pa30poC 3HAYCHHI BBIXOIHBIX MaBJICHUN
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B 3aBHCHMOCTH OT HCIIOJIB3YEMOTO THIIA PEryisTopa
napneHus raza [13, 14].

PE3YJIBTATHBI HCCIEJOBAHUA

JIJIs1 TIOBBIIIEHUS] TOYHOCTH PETYIMPOBAHMS KOH-
TPOJIMPYEMOr0 MapamMeTpa — JABJICHHUsSI TOTOKA ra3a —
IpeiaraeTcsl BKIIOUYUTh B CXEMY pPEIylHpOBaHUS
pasHble PEeryJsITOpBI: B Ka4ecTBE paboyero peryisiTo-
pa — peryisTop, KOTOPBIi IPH BBIXOJIE U3 CTPOSI OKa3bl-
BAETCSI HOPMAJIbHO OTKPBITHIM, @ B KQYECTBE Pery/siTopa-
MOHHTOpPA — PETYISITOP, KOTOPBIH IPH BBIXOJE U3 CTPOS
OKa3bIBACTCSl HOPMAJIBHO 3aKPBITHIM; TEM CaMBIM Pery-
JISITOP-MOHUTOP BBITIONHSET B (PYyHKIMH: PEryasiTopa
1 OTCEYHOTO (3aII0pHOTr0) KilarmaHa — cxema 5 (puc. 5).

Kak pabounii peryiasiTop ¥ MOHHTOP MOTYT HC-
MOJIb30BATHCSL CEPTUPHUIIMPOBAHHBIC UICHTHYHBIC 110
TEXHUYECKUM XapaKTePUCTHKAM PETYJSTOPHI JaBie-
ausg APERFLUX 851 (fail open — B ciydae aBapun
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otkpeIT) 1 REFLUX 819 (fail close — B ciiyuae aBa-
PHU 3aKpBIT) IPOM3BOACTBA UTAIBSHCKON (pupMbI Pietro
Fiorentini. /lns naHHbBIX peryisTopoB ecTb MOAU(H-
KaIysi — B OJJHOM KOpITyce 0OBbEIUHSIOTCS Cpasy /Ba
perynsaTopa, T.€. BO3MOXKHO OOBEIUHEHHE PErysaTopa
U peryJsiTOpa-MOHUTOPA, TAKMM 00pa3oM yMEHbIIAIOT-
s rabapuThl y371a peLyUpPOBaHUS H, COOTBETCTBEHHO,
€r0 CTOMMOCTb.

Kiro4eBbIM OTIMYHEM OT TPAIULIMOHHOU CXEMBbI
(puc. 6), ¢ KOTOPOI MPOBOAMIOCH CPABHEHHUE, ABIISIETCS

TO, UTO 3/1€Ch 3aTIOPHBIN OTCEYHOI KIIanaH He o0si3are-
JICH, TaK KaK ero (PyHKIIMHU BBITIONHSCT OBICTPOICHCTRY-
oyt xramnad. [loMuMo 3Toro, OBICTPONEHCTBYIOIHIA
KJIaTlaH B aBapUITHON CHUTYaIlUU TAaKXKE OCYIICCTBIIICT
aBTOMAaTHYECKOE TepekitoueHne (0e3 yqactus oociy-
JKUBAIOIIETO TIePCOHANIa) C OCHOBHOW JIMHUU peAyIH-
poBaHHs Ha pe3epBHYI0. [lo cpaBHEHHIO C 3aTOPHBIM
OTCEYHBIM KJIAIIAHOM OH UMEET MHOW MPUHIIKI PaOOTHI:
BMECTO MEXaHUYECKOTO (ITHEBMATHYECKOTO) yIIpaBJie-

-
S
@
3
% —s
[ e— [ —
= — pus
el 600 1000 s00 | ° 350 650
K o I so0 Ra00%— | s00
| 50 A L | [
o A 13
2 ‘
v
s
. | I ‘
e |
500 500 500 350 600 800 700 500 500 500 . J

Puc. 5. Cxema penyrmposanus S: perymsitop aasiaeHus: PIIY; perymstop nasnenus PI; peryasrop-monutop Staflux 185; mano-
metp Wika 213.53.100; kouTposuiep tenemerpun TBIIB-1; 3anopnast apmarypa DIN EN 331-2011; narunk nasnenus BD Sensors
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Puc. 6. Tumosast cxema penyuupoBanusi: manomerp Wika 213.53.100; xoutposuiep tenemerpun TBIIB-1; 3amophast apma-

typa [NIIK I1I1646; ¢unstp rasoseiii ®CI'-100 6,3L; perynsarop aasienust PIIY 63/100; pe3epBHBII peryisaTop IaBiICHHS

P/I-100-50; npenoxpauutesnbhbiit kiianan HON/RMG 850; kianan otcedHoit npsimoro neticteust 3anopHbiii CEHC
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HUSI UCTIOJIB3YETCS DICKTPUUECKOEe (TOUHEe, IEKTPOH-
HOE) yIpaBJIcHHE.

[TpoBeneM CpaBHHUTEIbHBIN aHANU3 MATH MPEI-
CTaBIICHHBIX CXEM PEIYI[MPOBAHKS Ta3a U OJJHOU TUIIO-

D=3 -3,
P n P n
= D2 K >0, +> K >a,,, +.+U
p=1 m=0 p=1 m=0
P n P n
- ZK”l R +ZK“z Zahm% +..+ 1,
p=1 m=0 p=1 m=0

rie 3, u 3, — HHTErpaJbHbIE 3aTPaThl M0 6a3oBOMY
u peiaraeMomy Bapuanty; K , K — xanuranbHbie
BJIOKCHHUS B DJIEMEHT MO 0a30BOMY W TPEIIaraeMOMY
BapHaHTaM, COOTBETCTBEHHO, P; m — HOMep odepes-
HBIX KaIIUTAJIBHBIX BIOKEHUH; 77 — KOJMYECTBO OYe-
PEIHBIX KalUTalbHBIX BIOKEHUH (KOJTHMYECTBO 3aMEH
p-TO DIIEMEHTA 3a CPOK CIYKOBI CUCTEMBI); £ = mi, —
TOJl OYEPEIHBIX KANMUTANBHBIX BIOKEHHH; {; — CPOK
CITyKOBI 2IEMEHTA, JIET; 0. — KOIPPUIIUESHT dPPEKTHB-
HOCTH KalUTaJbHBIX BIOKEHHH, 1/T0x; I/I@, I/Im — 9KC-
IJIyaTallMOHHbBIC PAcXOIbl HAa OOCIIY)KHBaHUE, dHEP-
TETUYCCKUE PECYPCHI TI0 0a30BOMY M MPEAJIaracMoMy
BapHaHTaM, COOTBETCTBEHHO, P/Toj;  — HOMEp rona
JKCIUTyaTauu;, 1 — CpPOK CIIy»KObI KiiamnaHa, JieT; £ —
HOpMa JIUCKOHTA, 1/T0/1, MPUHUMAETCS PaBHOM CpeaHen
KPCIIUTHOM CTaBKE OaHKa B YCIIOBUSIX PHIHOYHOU IKOHO-
muku, E = 0,1 1/rox.

KonuuecTBo 3aMeH 37eMeHTa 000pyIOBaHUS
32 CPOK CITY>KOBI CUCTEMBI OTIPEICISICTCS 10 (hopMyJIe:

@)

Cpok ci1yXOBblI 2JIEMEHTOB CPaBHUBAEMbIX BapHa-
LU IPUHUMAaeM paBHBIM UCXOMS U3 ITaHHBIX, TOJTyUYECH-
HBIX OT [TOCTaBIINKa 000PYI0BaHUSI.

Kanuranosnoxenus mo 6a3oBoMy (IrpeaiiaracMo-
MY) THUIIOBOMY BapHaHTY OIPEACIISIOTCS KakK:

P n
ZKIpZU't—mtO = KG, \l’[np’ (3)
p=1

m=0
rie K, — KanuTanbHble 3aTpaThl B JIEMEHT, TIPUHUMA-
I0TCSI TI0 3arpoCy IEHBI OT 3aBO/A TIOCTABIINKA, P.
[IpuBeneHHbIi MOMpaBOYHBIH K03 uLIHEeHT pac-
CUUTHIBACTCA 0 (hopMmyIie:

\Vnp = \'Iu,p + \Vn.u + \lllmc’ (4)
e Y, — KOOQOHIHCHT, yIHTHIBAIOINI YIOPOXKAHIE
paboT 3a cueT HaKJIaJHbIX PACXOJOB, Vip = 1,16 (16 %
CTOMMOCTH pador); y,  — KO3POHIHEHT, YIHTHIBAKO-
MUK yaopokaHue paboT 3a CYET IUIAHOBBIX HAKOIIIE-
Haid, ¥, = 1,12 (12 % OoT CyMMBI CMETHBIX KallBJIOXKe-
Huit K| 1 HaKIaaHbIX pacxonoB); y,  — KO3 uIKeHT,

YUYHUTBHIBAIOIIHIA HAJIOT HA NOOABICHHYIO CTOMMOCTS,
V.= L18.
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BOH (pyHKIIMOHAJIBHOM CXEMBI, COCTOSIIINX U3 pa3iIny-
HBIX KOMOMHAIMI Ha0Opa 000py/I0BaHMSI.

OCHOBHO# CpaBHUTEIBHBII YKOHOMUYECKHN (-
(exT OyneT pacCYMTBHIBATHCS UCXOJIS U3 (DOPMYITBL:

T

OKCIUTyaTal[MOHHBIE 3aTPaThl 10 0a30BOMY (TIpea-

JaraeMoMy) BapHUaHTy ONpeeIsiioTes o Gopmyiie:
T T

U, Y (1+E) =(9 K, +c,g,1,) > (1+E)", (5)

=1 t=1

[JIe ¢ — CTOUMOCTD JIIEKTPOIHEPTUH, PACXONYEMOU
Ha JIMHHIO penyuuposanus, P/kBt; g — konude-
CTBO JJIEKTPOIHEPTHH, TTOTPedIsieMoe 000pyIOBaHU-
eM JMHHUH PeIylHpOBaHUs M0 0a30BOMY BapHaHTY,
KBT/CyT; T — NPOJOIKUTENBHOCTD SKCILTyaTaluu 000-
pyIOBaHUA Ha JIMHUU PEIYUHUPOBAHUS B TEYEHUE TO/a,
JHEWN/TOx; ¢, — J10JI51 TOZIOBBIX OTYMCIIEHUH Ha DKCILTY-
arauio 000pyI0BaHMsI JAHHOTO BUJIA.

Jlanee ycraHaBnIMBaeM YHCTBIH JUCKOHTHPYEMBII
JIOXOJ] TIO CPaBHUBAEMbIM BapHaHTaM:

AZ, = i(AZj —AZI+AZX)(1+E) ",

t=1

(6)

IJe T — HOMEp roja dKCIulyaTtanuu; 7' — CpoK CIyX-
OBl cUCTEMBI, JIeT; £ — HOpMa TUCKOHTa, 1/roa, mpu-
HHUMAaeTCsl PaBHOU cpelHel KpeauTHON CTaBKe OaHKa
B YCIOBUSAX PBIHOYHOW »kKoHOMHKH, £ = 0,1 1/rom;
AZ’ — 5KOHOMHS 3aTPar Ha BJIEKTPOSHEPTHIO, Py AZT —
SKOHOMHS 3aTpaT Ha TOIUIMBO, P; AZ:“C_ Pa3HOCTb 3a-
TpaTr Ha HKCIUTyaTaIUIo JINHUU PeayLUpoBaHus 1o Oa-
30BOMY M TIpe/ularacMoMy BapuaHnram, P.

AZ:“C =¢,K -9K, (7
rae K, K, — xanuranbHble 3aTpaThl Ha 000pynOBaHAE
JVHUM PeTyIUPOBaHNS 110 0A30BOMY M MpEJIaracMomMy
BapuaHTaMm, IPUHUMAIOTCS 110 [IEHO00Pa30BaHHIO 3aBO-
Jla HOCTaBIIKKA, P; ¢, ¢, — [0JIst TOJI0BBIX OTYMCIEHU
Ha JKCIUTyaTalno 000pyI0BaHUs JIUHUH PElyLIUpOBa-
HUSI 110 0230BOMY U MPEJIaracMOMY BapHaHTaM.

PacueTsl ObIIM NMPOBEIEHBI UL BCEX PaccMo-
TPEHHBIX CXEM PeNyLUpOBaHusl. Pe3ynbpTarel cBE1EHBI
B TaOM. 1.

Kaxk BUIHO U3 IOKa3aTeaeld SJKOHOMHYECKOTO (-
(exra, mpeAcTaBICHHBIX B Ta0NI. 1, paccCMOTpEeHHBIE
CXEMBI PeAyUpPOBaHMS ra3a 1—5 MMeIoT mpeumyie-
CTBa mepe] THIOBOW cxemoil. Hanbonee s(pexkTuBHbI-
MU BBICTYIIAIOT CXeMbI 13, HO CleyeT OTMETUTh, YTO
OHH 00mafaroT y3xoi npuMensemoctsio Ha ['PC u I1PT
MTOCKOJIbKY UMEIOT BCETO OJHY JTMHHUIO PEAYLNPOBAHUSL.
CxeMbl 4 1 5 0OTMEYArOT MEHBIITHH YKOHOMUYECKHN (-
(beKT, HO 10 CPAaBHEHUIO C OCTAIBHBIMH, 00ECIIEUNBAIOT
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Taou. 1. DxoHoMuueckuit 3 GEeKT mpeaaraeMbIX PeIICHUI OTHOCUTEIBHO TUIIOBON MPHHIIUITAATBHON CXEMBI

CpaBHeHHE C TUIIOBOM cxeMOi DxoHoMmuueckuit apdekr I, P OxoHoMuueckuit ahdext 3, %
Cxema 1 325 800 18
Cxema 2 300 600 17
Cxema 3 285 900 16
Cxema 4 — _
Cxema 5 120 560 12

OonpIINi ypoBeHBb 0E30TKAa3HOCTH U Oe3aBapUitHOCTH
nuHUU pexynupoBaHusa. C TOUKH 3peHus 06e30MmacHo-
CTH MAaKCUMAaJbHON SKOHOMHUYECKON OTHauu CUCTEMBI
1enecoo0pazHo MPUMEHSTH cXeMy |, s obecreueHus
MaKCHUMaJIbHOW 0€30TaCHOCTH JKCILTyaTaluu OlIoKa
peAyIMPOBAaHUS Ta3a K UCIOIH30BAHUIO MPETaracTCs
cxema 4.

3AKJIIOYEHUE U OBCYXJIEHHUE

[Ipu pacueTe KaUTATOBIOKCHII B MOHTaX JIH-
HUH PeAYLHPOBAHUS OCHOBHBIC 3aTPaThl MPUXO/IH-
JUCh Ha JOJI0 peryisTopa-MoHuTopa. [loBblieHHas
CTOMMOCTh JaHHOT'O0 00OpyIOBaHHUs O0YyCIOBICHA
ero HIMPOKUM (PYHKIIMOHAJIIOM U OTCYTCTBHEM aHa-
JIOTOB, 00ECIEeUnBAIOIINX TOBBIMIEHHYIO TOYHOCTh
peryJaupoBaHusl, Ha OTEYECTBEHHOM PhIHKE. PacueTsl
moka3anu 3¢p(HEeKTHUBHOCTH MCIOIB30BAHUS JTaHHOTO
peryisTopa 3a CueT COKpaIleH s KaluTaTOBIOKEHUH
B aBTOMATHUKY, a TAK)KE B MEPOTIPHUSATHS 110 MOBBIIIE-
HHIO0 0€30MaCHOCTH CHCTEMBI PEeyUPOBAHMS ra3a.
Omnupasichk Ha pe3yabTaThl PaCYeTOB, MOXHO CHENIaTh
BBIBOJIBI 00 YKOHOMUYECKOM M MPAKTHIECKOMH P ek-
TUBHOCTH TPE/UI0KCHHBIX BAPUAHTOB JIMHUIA PEIIyITH-
pOBaHMs IO CPAaBHEHUIO C TUIIOBOM CXEeMOW peaylLH-
poBaHuA, HaXO}IHHIefICH B DKCILJTyaTaluu.

[TepBble TpU CXEMBI IPEACTABISIOT COOOH OJTHO-
CTyNeHYaThle JIMHUK PEAYLHPOBAHUS C OTCYTCTBY-
OMed pe3epBHONW JTMHUEH peaynupoBaHHSA. DTO
3HAUUTENBHO CHHMIKAeT 3aTpaThl HA MOHTaX U JKC-
[JIyaTanuio CUCTEMbI, HO OCHOBHOW YpOBEHb 0e€3-
OTIACHOCTH CUCTEMBbI JOCTUTAeTCsl TIaBHBIM 00pa-
30M 3a CYCT HCIIOIB30BAHUS PETYIATOpPa-MOHUTOPA.

Ta6a. 2. FiToroBsie BIOXKEHHS B CXEMBI ey IIHPOBAHHS

B mporecce skcnmyaTaliuu MOHUTOP TIEPUOIUIECKU
OTCJIEKNBAET yPOBEHD JABICHUS MOCJIE OCHOBHOIO
perynsitTopa, U B ciiydae He0OXOIMMOCTH MPOU3BOIUT
aBTOMAaTHYECKYIO PETYJIHPOBKY MM IpEeKpalieHue
nmojaun rasa. Yersepras cxema MpeCcTaBisieT coOon
CaMyIo 3aTpPaTHYIO JIMHUIO PEyIIMPOBAHUS ra3a. ITo
00yCIIOBJIICHO HAIMYMEM AYOIMPYIOUUX YCTPOMCTB,
a Tak)Ke 3allaCHOM JIMHUM pEelyLUPOBaHUs, PACCUU-
TaHHOH Ha 100 % MOIIHOCTH OT OCHOBHOMW JIMHHH.
B cnyuae aBapuiiHOM cuTyallMH, OYMCTKH UJIU 3aMe-
HBI 000PyI0BaHNUs, TTOTOK TPAHCIIOPTUPYEMON CPE/bI
MOJKHO HalpaBUTh M0 PE3EPBHOMN JIMHUH 0€3 TOTepH
3¢ (HeKTUBHOCTH U MPOU3BOIUTEILHOCTH. be3omac-
HOCTB MPEIJIOKEHHON CXeMBbl XapaKkTepHu3yeTcs Ha-
JINYUEM HECKOJIBKUX PETYIATOPOB-MOHUTOPOB, UTO
MO3BOJIAET HECKOJIBKUM PE3CPBHBIM JIMHUAM UMETH
OJMHAKOBBII YPOBEHb aBTOMAaTH3allUH, U, MO CYTH,
JieJIaeT UX HEe3aBUCHUMBIMH JIPYT OT JIpyTa.

[TaTas cxema sIBISETCS KOMIPOMHUCCHBIM BapH-
AHTOM MEXIy KalmUTAIbHBIMHU 3aTpaTaMu U Oezomnac-
HOCTBIO HKCIUTyaTallMM JIMHUKM PEAYLUPOBAaHUS rasa
Ha ['PC un I1PI. DxoHOMHUYHOCTH M 3()(HEKTHBHOCTH
CXEMBI JIOCTHTAIOTCS 32 CYET PAa3HOCTH UCIIOJIb3yeMO-
ro o0opynoBaHUs B pabodeill U pe3epBHOM TUHUAX 0e3
moTepr ypoBH: d3PPEKTUBHOCTH CUCTEMBI. B 0cCHOBHOI
JIMHIHU PELyLIUPOBAHUS PETYINPOBKY BXOIHOTO JIaBJIe-
HUSI B aBTOMaTHYECKOM PEXHUME OCYIIECTBIISIET PeTy-
JSTOP-MOHHUTOP. B pesepBHOi MMHUN peayMpOBaHUs
YCTAHOBJICH PETYJSTOP JAaBICHUS, NMPEABAPUTEILHO
BBICTaBJICHHBIN Ha PACUCTHBIC 3HAUCHMUST BXOJJHOTO JIaB-
JieHus. Pe3epBHas nIuHUA peiyLUpPOBAHUs paccuuTaHa
Ha 100 % 3¢ hekTuBHOCTH OT 3HAYCHHUST OCHOBHOM JIH-
HHUH, HO NIPOIIECC PYYHOTO PETYIUPOBAHUSI OCHOBHOTO

Hanmenosanue Bpewms CroumocTh CymmapHas ctouMocth | Llena BMecte ¢ ydetom | MToroBast CTOUMOCTh
cxeMbl, Ne MOHTaXa, 4| MOHTaxa, P 3JIEMEHTOB MOHTaxa, P HateHku 15 %, P cOopku cxeMmsl, P

1 62 11074 1352923 1555862 1566 936

2 87 11 540 1359552 1563 484 1575024

3 85 11 492 1347 504 1549 629 1561121

4 165,6 12915 2687123 3090191 3103 107

5 167 12915 1566223 1801 157 1814072
Tumnosas cxema 278 15172 1573323 1809 321 1 824 493
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PeNyLHPYIOIIEro YCTPOHCTBa CHU)KAET 0€30MacHOCTb
JTAHHOM JINHUHM OTHOCHUTEJIBHO paboyeH.

HtoroBeie 3aTpaThl B CXEMBI PEIyLHPOBAHUS
1-5 B cpaBHEHHMH ¢ TUMOBOM CXEMOW MpPEACTaBICHBI
B Taodm. 2.

CormacHO CpaBHEHHUSM IOTyYCHHBIX IKOHOMHUYE-
ckux 3(pPeKToB MOKHO CAENaTh BBIBO, YTO Hanboiee
BBITOTHOW C TOYKH 3PEHUS KAIUTAJOBIOKCHUN SBIISI-
etcst cxema Ne 1, ogaako cxema Ne 5, mMeromasi pa3Hu-
1ty B 6 %, MoKa3pIBaeT JyUIINi Pe3ylbTaT 10 YPOBHIO
obecrieyeHust OecriepeOOMHOCTH MOAa4X ra3a, OTBeYas

TpeOyeMoMy YPOBHIO aBTOMATH3allMH TpoLecca peiy-
LUPOBAHMUSL.

I'maBHasi mepcHeKkTHUBHAs 3ajada — pa3padoTka
Oonee KOMIAKTHOTO 00OPY/IOBAaHHS M OTEUECTBEHHOTO
aHaiora peryasiTopa-MOHUTOpPa, OOCCIIEYHBAIOIICTO
MTOBBIMICHHYI0 TOYHOCTh PETYJIHUPOBAHUSA, UYTO ITTO3BO-
JUT COKPaTHTH 3aTPaThl Ha (YHKIMOHAIBHYIO CXEMY
peIyIHMpOBaHUS Ta3a M MOHTaX 000pYIOBaHHUSA, ITOBHI-
CUT TEXHHUKO-DKOHOMHYECKHE TIOKa3aTeN, a CIeI0Ba-
TEJNBHO, U AP(EKTUBHOCTD Mpolecca pelylupOBaHUs
rasa.
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INTRODUCTION

Reliability of a gas distribution system means its
ability to maintain the necessary functions and cha-
racteristics, specified in the design solution, over time.
The concept itself represents an integrated characteris-
tic that depends on the purpose of a facility, its specific
features and conditions of its operation. Reliability,
maintainability, conservability and durability, as well
as the compatibility of these parameters are applicable
to the entire gas supply system and its separate constitu-
ent parts.

Because of the geographic features of our coun-
try, an integrated chain of main, inter-settlement and
gas distribution pipelines covers many kilometers of its
territory and passes through several climate zones. Ma-
jor costs fall on the transportation of natural gas (NG);
therefore, development of new equipment, optimized
schemes and methodological approaches, as well as
the technical upgrade are still relevant. From the stand-
point of technology, gas pressure reduction at gas distri-

bution stations and gas pressure reduction units is car-
ried out using pressure valves, whose main principle is
gas throttling, when adjustable hydraulic resistance is
built inside a pipeline carrying the gas medium.

A binding characteristic of any pressure reduction
line is its continuous performance within a pre-set pe-
riod of time or certain service hours. To ensure the eco-
nomical operation of the system, it is especially impor-
tant to focus on maintainability at the design stage. This
step helps to efficiently use the workforce and financial
resources. Individual indicators of reliability of a gas
reduction system include the probability of the failure-
free operation, the rate of failures and the mean time
between failures. This factor can be assessed in relation
to the entire gas reduction line at gas distribution sta-
tions and gas pressure reduction units, or separately for
each system constituent.

The principal method of ensuring the reliability,
safety, economic efficiency of the operation of gas dis-
tribution systems is the introduction of new cutting-
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edge technologies, materials, process equipment, meas-
uring instruments and metrology.

Changes in the economic environment, rough
conditions hindering the construction of gas pipelines,
a major increase in energy rates exclude the possibility
of using traditional technologies due to the high cost
of the project implementation and require the develop-
ment and application of advanced resource-saving tech-
nologies. A proactive energy saving policy is a key link
connecting environmental issues and fuel consump-
tion'.

Gas pressure reduction units serve as technologi-
cal devices integrated into gas distribution networks;
their purpose is to reduce gas pressure and maintain it
within pre-set limits, regardless of the gas flow rate’.

Gas pressure reduction in gas pressure reduction
units must only be carried out with the help of pressure
regulators.

The reduction unit has®:

* pressure reducing valves (a gas pressure regula-
tor, a monitoring regulator);

* safety and shut-off valves.

A monitoring regulator, which is considered an
integral part of pressure reducing valves, according to
GOST 34011-20163, is an additional (control) regulator
used as a protective device that automatically maintains
gas pressure within specified limits without reducing
the capacity of the pressure reduction line.

When a monitoring regulator is installed, an open
type pressure regulator is needed?.

In accordance with the requirements of GOST
34670-20202, the pressure maintenance system that
prevents any unacceptable pressure changes auto-
matically protects gas pipelines and technical devices
from any unacceptable pressure increase or decrease
in the event of a pressure reduction system malfunc-
tion; monitor regulators are recommended for use in
gas pressure reduction units supplying gas to facilities
that do not allow interruptions in gas supply (thermal
power plants and similar facilities, continuous cycle en-
terprises).

The monitoring regulator must be*:

"Energy strategy of the Russian Federation for the period up to
2035 : approved by the Order of the Government of the Rus-
sian Federation dated 09.06.2020 No. 1523-r. Moscow, 2020.
URL: https://minenergo.gov.ru/node/1026

2National State Standard (GOST) 34670-2020. Gas distribu-
tion systems. Gas pressure reduction points. Basic provisions.
Moscow, Standartinform Publ., 2020; 24.

3 National State Standard (GOST) 34011-2016. Gas distribu-
tion systems. Block gas control points. Cabinet-type gas pres-
sure reduction points. General technical requirements. Mos-
cow, Standartinform Publ., 2017; 22.

*GOST R 58423-2019. Gas pressure regulators for inlet pres-
sure not exceeding 10 MPa. Moscow, Standartinform Publ.,
2019, 62 p.
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o identical to the main regulator in terms
of the technical characteristics and standard size;

« followed by the pressure regulator;

» configured to be put into operation at a given
pressure value that is higher than the pressure regulator
setting, and be set so that this pressure value does not
exceed the temporary working pressure (TOP);

 of the normally closed type.

As for gas pressure reduction devices, new pat-
ented developments are in line with the policy of PJSC
Gazprom aimed at safe and uninterrupted gas supply.
The available devices of domestic manufacturers are
inferior to those of foreign manufacturers of gas equip-
ment. However, neither domestic, nor foreign devices
feature a comprehensive approach and for this reason
the potential of new technical developments is not fully
disclosed.

GOST R 58423-20194 provides a more accurate
definition of a monitoring regulator: a control device
is a second regulator installed together with the main
regulator, as a rule, it precedes the other one, to main-
tain the controlled variable within acceptable limits if
its value exceeds a predetermined value (for example, if
the main regulator opens due to a failure, etc.).

According to the regulatory documents that are in
effect, the pressure reduction unit can consist of the fol-
lowing technical devices:

* a shut-off valve and a pressure regulator;

* a monitoring regulator and a pressure regulator;

* a shut-off valve, a monitoring regulator and
a pressure regulator;

* two sequentially installed shut-off valves and
a pressure regulator;

* two sequentially installed shut-off valves,
a monitoring regulator and a pressure regulator;

+ ashut-off valve and a pressure regulator adjusted
to the intermediate pressure, a shut-off valve and a pres-
sure regulator adjusted to the outlet pressure;

* a shut-off valve adjusted to the outlet pressure,
a pressure regulator adjusted to the intermediate pres-
sure; a monitoring regulator and a pressure regulator
adjusted to the outlet pressure;

* a shut-off valve adjusted to the outlet pressure,
a monitoring regulator adjusted to the intermediate
pressure and controlling the outlet pressure, a pressure
regulator adjusted to the outlet pressure;

* a shut-off valve adjusted to the outlet pressure,
a pressure regulator adjusted to the intermediate pres-
sure, a shut-off valve and a pressure regulator adjusted
to the outlet pressure;

+ a shut-off valve and a pressure regulator adjust-
ed to the intermediate pressure;

* a monitoring regulator and a pressure regulator
adjusted to the outlet pressure.

If necessary, a safety valve can also be added to
the pressure reduction unit.

The monitor controls the outlet pressure at
the same point as the main regulator, but its setting is
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slightly higher than that of the main regulator. During
normal operation, the monitor is in the fully open posi-
tion because the output pressure is below its set point.
In the event of a malfunction of the main regulator,
the output pressure begins to rise, and when it reaches
the monitor setting point, the monitor comes into opera-
tion and maintains the output pressure at the level of its
setting.

Monitoring systems for gas pressure reduction
units are produced by various foreign and domestic
manufacturers, for example:

* Emerson’;

» JSC “Gazapparat” produces a module of regula-
tors consisting of two series-connected axial gas regu-
lators, or piston gas regulators with pilot regulators
RD-PS that operate within the framework of the “regu-
lator — monitoring regulator” system in order to secure
the pressure reduction process from any pressure rise in
the pipeline due to a breakdown of a regulator;

* LLC PKF “Ex-Forma” manufactures gas control
units with a regulator and a monitor based on a pressure
regulator of the direct-flow type [1].

Although in many cases single-stage systems are
used, sometimes it becomes necessary to install a two-
stage control system, when one high pressure regula-
tor is installed on the gas pipeline, and low pressure
regulators are located on the consumer’s premises.
The pressure in systems having one-stage regulation
is maintained with an accuracy of 1 kPa, and the use
of two-stage systems allows to increase the accuracy
of regulation to 0.25 kPa, which meets the require-
ments of new highly efficient gas-using equipment,
since it needs accurate pressure regulation for correct
ignition and stable operation [2]. The requirements
for the energy efficiency of processes and devices de-
termine the improvement of pressure reducing valves
serving technological gas supply lines by increasing
their speed, accuracy, stability and efficiency [3—12].
A large number of works, written both in our country
and abroad, address the study of gas throttling pro-
cesses in pressure regulators [1, 3, 6, 13-32], while
the design and analysis of the operation of pressure
reducing valves is mainly carried out on the basis
of the study of static characteristics, and newly de-
veloped devices are based on the theory of similar-
ity or the method of parametric-geometric analogy.
Automatic control systems are often overly com-
plex and bulky. This study proposes a modification
of the pressure reduction concept to ensure uninter-
rupted operation of compact equipment at a small
cost.

3 Natural Gas Technologies. Application Guide — Edition
VII. Emerson Process Management Regulator Technologies,
Inc. 2015; 718. URL: https://www.emerson.com/documents/
automation/guide-natural-gas-application-guide-edition-7-
fisher-en-123644.pdf

MATERIALS AND METHODS

The co-authors analyze gas pressure reduction
circuits, that include a monitoring regulator, that
solves two problems simultaneously: it improves
the failure-free operation of the gas reduction line,
and automates the throttling process. The monitor is
set on a certain range of inlet pressure values at which
safety devices are triggered. In a smoothly operat-
ing pressure reduction line, the monitoring regulator
tracks the value of the inlet pressure and monitors
the main pressure regulator, while it is fully opened to
let the gas pass through the pipeline. In case of emer-
gency, the monitoring regulator takes over the con-
trol function or, otherwise, stops gas supply through
the pressure reduction line.

The following option was chosen as a standard
pressure reduction pattern for comparison purposes:
the pressure reduction line consists of the main and
the reserve branches, designated for the reduction.
The gas coming from the main gas pipeline is directed
to the main pressure reduction line and it passes through
the section of the pressure control gauge, connected to
safety-relief valves of the reserve and main reduction
lines with the help of the telemetry controller. Further,
gas passes through the shut-off valve and the filter ele-
ment. After that, gas undergoes one-stage pressure re-
duction to 1.2 MPa, the final stage is the gas control
pressure gauge at the outlet of the line. Subsequently,
input and output pressure values are compared.

Continuous gas supply and, as a consequence,
fewer accidents at gas distribution systems, can mainly
be achieved by various variations in the layout of gas
distribution stations and pressure reduction units. For
clarity purposes, we will demonstrate the following
possible options:

* Option 1: manually operated shut-off valves,
a monitoring regulator, a pressure regulator, manually
operated shut-off valves, a safety valve (Fig. 1);

* Option 2: manually operated shut-off valves,
a direct-action isolating valve, a monitoring regulator,
a pressure regulator, manually operated shut-off valves,
PC (Fig. 2);

* Option 3: manually operated shut-off valves, an
isolating valve, a monitoring regulator, a pressure regu-
lator, manually controlled shut-off valves (Fig. 3);

* Option 4: manually operated shut-off valves,
a regulator, controlled shut-off valves, manually con-
trolled shut-off valves, PC (Fig. 4).

In Option 1, the monitoring regulator replaces
the isolating valve, and two regulators are installed
on the reduction line one after another. The pressure
regulator (it is RDU in our case) reduces gas pressure
(pressure reduction from the inlet value to the pre-set
one), and the monitoring regulator monitors the op-
eration of the regulator by tracking outlet pressure
parameters of the gas flow. The monitoring regulator
is in the fully open position. In the event of a failure
of the pressure regulator, the monitoring regulator
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Fig. 1. Pressure reduction option 1: filter AHP 007; monitoring regulator Staflux 185 ANSI 300; pressure regulator RDU; ad-
justable safety valve VT 1831 vr; manometer Wika 213.53.100; shut-off valves DIN EN 331-2011
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Fig. 2. Pressure reduction option 2: filter AHP 007; monitoring regulator Staflux 185 ANSI 300; pressure regulator RDU;
adjustable safety valve VT 1831 vr; manometer Wika 213.53.100; shut-off valves DIN EN 331-2011; direct action shut-off

isolating valve CEHC

either assumes a regulating function, or completely
closes, stopping gas supply. The benefits of a fully
open monitor include higher system reliability, sim-
plified testing, and overpressure protection by sea-
ling.

In Option 2, in addition to the monitoring regu-
lator, a shut-off valve is installed, designed to operate
as a shut-off device with a remote electric control, and
a manually controlled shut-off valve, which is 1.5-2
times cheaper than a pneumatically controlled shut-
off valve. The main difference from Option 1 is that
the shutdown of the pressure reduction line is carried
out not by a pneumatically controlled valve, but by
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a shut-off valve, which is triggered by excessive pres-
sure. A disadvantage is a bigger size of the pressure re-
duction unit due to the larger dimensions of the shut-off
valve and the absence of a reserve pressure reduction
line.

Option 3 has no PC, and, same as Option 2,
it has only one pressure reduction line. In case
of failure of the main pressure regulator, gas pres-
sure is reduced by the monitoring regulator.
A similar pattern can be used in looped gas distri-
bution networks, which do not necessarily need
a backup pressure reduction line if gas is supplied
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Fig. 3. Pressure reduction option 3: filter AHP 007; monitoring regulator Staflux 185 ANSI 300; pressure regulator RDU; adjustable
safety valve VT 1831 vr; direct action shut-off isolating valve CEHC
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Fig. 4. Pressure reduction option 4: filter AHP 007; monitoring regulator Staflux 185 ANSI 300; pressure regulator RDU; adjustable
safety valve VT 1831 vr; manometer Wika 213.53.100; shut-off valves DIN EN 331-2011; direct action shut-off isolating valve

CEHC

by a neighboring unit during an emergency shut-
down.

In all other cases, according to the current regu-
lations? * %, reduction units must be equipped with, at
least, two pressure reduction lines (one is in operation
and the other one is a reserve option).

In accordance with Option 4, in the regular opera-
tion mode gas regulation is performed by the regulator
installed on the pressure reduction line in operation,
shut-off and isolating valves are open, and the regu-
lator on the reserve pressure reduction line is closed.
Both monitoring regulators are open. The main pres-
sure reduction line operates in the mode similar to Op-
tion 3. The switchover from the main line to the re-
serve one takes place autonomously after the shut-off
valve is closed (the reserve line regulator is actuated, if
pressure drops, and after the isolating valve is closed,

the pressure in the outlet collector drops). The princi-
ple of operation of the reserve line is similar to that
of the main one. The main disadvantage of this option
is a large spread in the values of the outlet pressure
depending on the type of the gas pressure regulator
used [13, 14].

RESULTS OF THE STUDY

To improve the control accuracy in respect
of the controllable parameter, or gas flow pressure, it
is proposed to add various regulators to the pressure
reduction option: the regulator in operation is the reg-
ulator that is normally open in case of failure, and
the monitoring regulator is the regulator that turns out
to be normally closed; thus, the monitoring regulator
performs two functions: it acts as a regulator and an
isolating (shut-off) valve in Option 5 (Fig. 5).
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Certified pressure regulators APERFLUX 851
(“fail open™: it is open in case of emergency) and RE-
FLUX 819 (“fail close™: it is closed in case of emer-
gency), manufactured by the Italian company Pietro
Fiorentini, can be used as a regulator in operation
and a monitoring regulator. Their technical charac-
teristics are identical. There exists a re-worked ver-
sion of these regulators, in which two regulators are
consolidated in one, i.e., it is possible to combine
a regulator and a monitoring regulator, thus, reduc-

ing the size of a pressure reduction unit and, accord-
ingly, its cost.

The key difference from a conventional option
(Fig. 6) is that a shut-off isolating valve is not required
here, as its functions are performed by a fast-action valve.
In addition, in an emergency situation, a fast-action valve
also performs an automatic switch (without the involve-
ment of the maintenance personnel) from the main pres-
sure reduction line to the reserve one. If compared with
a shut-off isolating valve, this one has a different princi-
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Fig. 5. Pressure reduction option 5: pressure regulator RDU; pressure regulator RD; monitoring regulator Staflux 185; manometer
Wika 213.53.100; telemetry controller TVPV-1; shut-off valves DIN EN 331-2011; pressure sensor BD Sensors
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Fig. 6. A standard pressure reduction option: Wika 213.53.100 manometer; telemetry controller TVPV-1; shut-off valves
PShK PP64b; gas filter FSG-100 6.3L; pressure regulator RDU 63/100; standby pressure regulator RD-100-50; safety valve

HON / RMG 850; direct action shut-off isolating valve CEHC
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ple of operation: instead of mechanical (pneumatic) con-

trol, electric (more precisely, electronic) control is used.
Let’s carry out a comparative analysis of the above

five gas pressure reduction options and one standard

functional diagram, consisting of various combinations
of equipment items.

The main comparative economic effect will be cal-
culated based on the formula:

E=c~-c,=

- {ZP: C, Zn: @, + ZP: C, Z”: A,y Tt S, ZT:(I +E)" +5, ZT:(I +E)’ } -
p=1 m=0 t=1 5

p=1 m=0

(M

t=1

t=1

{ZP:CM iat—mto JFZP:CP2 ia,_mto +..+8, ZT:(HE)*’ +S, zr:(l +E)’ }
p=1 =0 p=1 m=0 t=1

where ¢, and ¢, are integral costs of standard and
proposed options; C,, C, are capital investments
into the element according to standard and proposed
options, respectively, P; m is the number of install-
ments of capital investments; » is the quantity of suc-
cessive capital investments (the number of replace-
ments of the p-th element during the service life
of the system); ¢ = mt is the year of the next install-
ment of capital investments; ¢, is the element service
life, years; a is the coefficient of efficiency of capi-
tal investments, 1/year; S, , S, are costs of mainte-
nance, energy resources needed for the basic and pro-
posed options, respectively, P/year; ¢ is the number
of the year of operation; T is the valve service life,
years; E is the discount rate, 1/year, equal to the aver-
age bank credit rate in the market economy environ-
ment, £ = 0.1 1/year.

The number of replacements of an item of equip-
ment during the service life of the system is determined
by the formula:

n=—o. @)

The service life of the elements that comprise each
of the compared options is assumed to be equal based
on the data obtained from the equipment supplier.

Capital investments in terms of the basic (pro-
posed) standard option are determined as:

P n
z Clp Z a’t—mto = Cv, wcor H (3)
p=1 =0

where C| is the capital cost of an element, specified by
the producer, P.
Correction factor is calculated using the formula:

2 e T “
where v, is the coefficient that takes into account
the rise in the cost of work due to overhead expenses,
y,, = 1.16 (16 % of the cost of work); v, is the coef-
ficient that takes into account the increase in the cost
of work due to planned savings, v,, = 112 (12 %
of the amount of estimated capital investments C, and
overhead expenses); y,  is the coefficient that takes ac-
count of the value added tax, y = 1.18.

Operating costs of the basic (proposed) option are
determined by the formula:

T T

S, > (1+E)" =(9,C +cgr, )Y (1+E)", (5)

=1 =1

where c, is the cost of electricity consumed by the pres-
sure reduction line, P’/kW; g is the amount of electric-
ity consumed by the pressure reduction line equipment
according to the basic version, kW/day; T, is the dura-
tion of the pressure reduction line equipment opera-
tion during the year, days/year; ¢, is the share of an-
nual deductions for the operation of equipment of this
type.

Further, we identify the net discounted income for
the compared options:

T
AZ, =Y (AZ: -AZ] +AZI)(1+E) ", (6)
t=1
where t is the number of the year of operation; 7 is
the service life of the system, years; E is the discount
rate, 1/year, equal to the average credit rate of the bank
in the market economy environment, £ = 0.1 1/year;
AZ: is the saved electricity costs, P; AZ{ is the saved
fuel costs, P; AZ? is the difference between the operat-
ing costs of the basic and proposed options of the pres-
sure reduction line, P.

AZ’=¢ C —09,C, (7)
where C|, C, are the capital costs of equipment used by
the basic and proposed options, as specified by the sup-
plier, P; ¢, ¢, is the share of annual deductions for
the operation of the pressure reduction line equipment
for the basic and proposed options.

Calculations were carried out for all considered
pressure reduction options. The results are summarized
in Table 1.

According to Table. 1, gas pressure reduction
options 1-5 have advantages over the standard op-
tion. Options 1-3 are most effective, but it should be
noted that they have a limited applicability at gas dis-
tribution stations and gas pressure reduction points,
since they have one pressure reduction line. Options
4 and 5 have a lower economic effect, but in com-
parison with other options, they ensure a higher level
of reliability and trouble-free operation of the pres-
sure reduction line. From the point of view of safety
and the maximum economic return, it is advisable to
use Option 1; to ensure maximum operational safety
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Table 1. The economic effect of the proposed solutions in comparison with a standard option

Comparison with a standard option Economic effect £, P Economic effect £, %
Option 1 325,800 18
Option 2 300,600 17
Option 3 285,900 16
Option 4 — —
Option 5 120,560 12

of a gas pressure reduction unit, Option 4 is to be
used.

CONCLUSION AND DISCUSSION

When analyzing capital investments in the in-
stallation of a pressure reduction line the co-authors
learned that a monitoring regulator was the most expen-
sive item of equipment. A high cost of this equipment
is due to its extensive functionality and the unavailabi-
lity of similar items that feature the same accuracy in
the domestic market. Calculations have proven the effi-
ciency of using this regulator at the expense of reducing
capital investments in automatic devices and safety im-
provement actions. Given the results of calculations, it
is possible to draw conclusions about the economic and
practical efficiency of the proposed options of pressure
reduction lines in comparison with the standard pres-
sure reduction pattern in operation.

The first three options are single-stage reduction
lines having no redundant reduction line. This signifi-
cantly reduces the cost of installation and operation
of the system, but the basic level of the system safety
is mainly achieved a monitoring regulator. During op-
eration, the monitoring regulator periodically monitors
the pressure level downstream of the main regulator,
and, if necessary, automatically adjusts or cuts off gas
supply. The fourth option is the most expensive gas
pressure reduction line due to the presence of redun-
dant devices, as well as a spare reduction line, whose
capacity reaches 100 % of the main line’s power. In
case of emergency, equipment cleaning or replace-
ment, the flow can be directed to the backup line with-

Table 2. Total investments in pressure reduction options

out any loss of efficiency and productivity. The safety
of the proposed option is ensured by several monitoring
regulators, which allows several backup lines to have
the same level of automation, and, in fact, makes them
independent from each other.

The fifth option is a compromise between capital
costs and operational safety. The cost effectiveness and
efficiency of this option is achieved due to the difference
between the equipment used by the line in operation and
the backup line without losing the level of the system
efficiency. At the main reduction line, the inlet pressure
is automatically controlled by a monitoring regulator.
A pressure regulator is installed at the backup reduc-
tion line. The backup line is designed to be as efficient
as the main line, but the process of manual adjustment
of the main pressure reducing device reduces the safety
of this line in comparison with the one in operation.

The total costs of options 1-5 versus the standard
option are presented in Table 2.

According to compared economic effects, it can be
concluded that from the point of view of capital invest-
ments Option 1 is the most profitable variant, however,
Option 5, which has a 6 % difference, shows the best
result in terms of ensuring uninterrupted gas supply and
meeting the required level of automation of the pressure
reduction process.

The main future-oriented task is the development
of more compact equipment and a domestic monitoring
regulator, featuring higher control accuracy, which will
reduce the cost of the functional gas pressure reduction
option and equipment installation, increase the techni-
cal and economic indicators, and, consequently, the ef-
ficiency of the gas pressure reduction process.

. Installation | Installation Total cost of installed Price including extra The total cost
Option No. . of the assembly
time, h cost, P elements, P charges 15 %, P .
of the option, P
1 62 11,074 1,352,923 1,555,862 1,566,936
2 87 11,540 1,359,552 1,563,484 1,575,024
3 85 11,492 1,347,504 1,549,629 1,561,121
4 165.6 12,915 2,687,123 3,090,191 3,103,107
5 167 12,915 1,566,223 1,801,157 1,814,072
Standard option 278 15,172 1,573,323 1,809,321 1,824,493

148




The use of natural gas reduction schemes on the basis

" C. 131-150
of the pressure regulator and monitor

REFERENCES

1. Kuchmin A.I Integration of a gas pressure reg-
ulator RDP with an accelerator into gas supply systems
with a “Regulator + monitor” reduction scheme. Gas
Technologies. 2018; 1:2-4. (rus.).

2. Karyakin E.A. Industrial gas equipment. Sara-
tov, Gazovik, 2013; 1279. (rus.).

3. Chernyshev A.V., Vasilieva V.A., Krutikov A.A.,
Kolenko N.N. Study of dynamic load acting on work-
ing head of pneumatic regulating effectuator. Herald
of the Bauman Moscow State Technical University. Series
Mechanical Engineering. 2011; S:150-166. (rus.).

4. Lojcyanskij L.G. Mechanics of liquid and gas.
Moscow, Drofa, 2003; 840. (rus.).

5. Kondrat’eva T.F. Safety valves. Leningrad,
Mashinostroenie, 1976; 232. (rus.).

6. Shur I.A. Automatic regulation and control in
urban gas networks. Leningrad, Nedra, 1985; 288. (rus.).

7. Bayasanov D.B. Automatic regulation and con-
trol in urban gas networks. Moscow, Stoyizdat, 1970;
192. (rus.).

8. Bayasanov D.B., lonin A.A. Gas distribution
systems. Moscow, Stoyizdat, 1977; 407. (rus.).

9. Danilov A.A. Automated gas distribution sta-
tions. St. Petersburg, Khimizdat, 2004; 544. (rus.).

10. Ionin A.A. Gas supply. Moscow, Lan’, 2021;
448. (rus.).

11. Kupriyanov M.S. Rational gas supply systems
for cities. Moscow, Stoyizdat, 1971; 145. (rus.).

12. Levin A.M. Calculated modes of gas pressure
in low pressure networks. Gas Industry. 1956; 4:24-30.
(rus.).

13. Medvedeva O.N., Zhmurov A.V., Polya-
kov A.S. Rational schemes of a decrease in the pres-
sure gas on the gas distribution stations. Scientific Bul-
letin of the Voronezh State University of Architecture
and Civil Engineering. Construction and architecture.
2014; 4(36):39-44. (rus.).

14. Medvedeva O.N., Polyakov A.S., Kochet-
kov A.V. Technical solutions to reduce natural-gas
pressure at gas-distribution stations. Chemical and
Petroleum Engineering. 2017; 53(7-8):469-473. DOI:
10.1007/s10556-017-0365-z

15. Medvedeva O.N. Structure optimization of gas
fuel distribution. Bulletin of Civil Engineers. 2009;
4(21):73-76. (rus.).

16. Torchinskij Ya.M. Optimization of designed
and operated gas distribution systems. Leningrad, Ne-
dra, 1988; 239. (rus.).

17. Sokovnin O.M., Zagoskina N.V., Zagos-
kin S.N. Using a Thermodynamic Approach to Esti-
mate a Temperature Drop of Natural Gas in a Pressure
Regulator. Journal of Applied Mechanics and Tech-
nical Physics. 2019; 60(3):451-456. DOI: 10.1134/
S0021894419030064

18. Jin Z.-J., Wei L., Chen L.-1., Qian J.-Y.,
Zhang M. Numerical simulation and structure improve-

ment of double throttling in a high parameter pressure
reducing valve. Journal of Zhejiang University SCI-
ENCE A. 2013; 14(2):137-146. DOI: 10.1631/jzus.
A1200146

19. Chattopadhyay H., Kundu A., Saha B.K., Gan-
gopadhyay T. Analysis of flow structure inside a spool
type pressure regulating valve. Energy Conversion and
Management. 2012; 53(1):196-204. DOI: 10.1016/j.en-
conman.2011.08.021

20. Carnevali L., Paolieri M., Tarani F., Vica-
rio E., Tadano K. Modeling and Evaluation of Mainte-
nance Procedures for Gas Distribution Networks with
Time-Dependent Parameters. Lecture Notes in Comput-
er Science. 2014; 304-315. DOI: 10.1007/978-3-319-
10557-4 34

21. Hiibner M., Haubrich HJ. Long-Term Pres-
sure-Stage Comprehensive Planning of Natural Gas
Networks. Handbook of Networks in Power Systems 1.
2012; 37-59. DOI: 10.1007/978-3-642-23406-4 2

22. Bondarenko V.L., Simonenko Y.M., Tish-
ko D.P. Generation of Cold and Heat in Vortex Tubes
during Pressure Reduction of Natural Gas. Chemical
and Petroleum Engineering. 2020; 56(3-4):272-279.
DOI: 10.1007/s10556-020-00769-w

23. Stadnik D.M., Sverbilov V.Y., Makary-
ants G.M., Makaryants M.V. Stabilization of a pilot-
operated gas pressure control valve by placing a throttle
at the inlet. Samara State Aerospace University. 2012;
4(35):184-192. (rus.).

24. Rouainia G., Rouainia M., Metatla A. Over
Pressure Risk Mitigation with SCADA in a Natural
Gas Distribution System. Universal Journal of Me-
chanical Engineering. 2020; 8:21-28. DOI: 10.13189/
ujme.2020.080103

25. Deveau J., Hughes B. Over-Pressure Protec-
tion for Natural Gas Distribution Systems. Pipeline &
Gas Journal. 2019; 24-26.

26. Xie Ju., Dubljevic S. Discrete-time modeling
and output regulation of gas pipeline networks. Journal
of Process Control. 2021; 98:30-40. DOI: 10.1016/j.
jprocont.2020.12.002

27. Tekir M., Gedik E., Arcaklioglu E., Calap-
kulu M., Kasap M. CFD analyses of a two-stage natural
gas pressure regulator. Mugla Journal of Science and
Technology. 2016; 2(1):14-19. DOI: 10.22531/mugla-
j5¢€1.269966

28. Kondrashov Yu., Ilyukhin V., Balyaba M. To
the question of the design of direct-flow gas pressure
regulator direct actions. Journal of Dynamics and Vi-
broacoustics. 2019; 5(1):22-29. DOI: 10.18287/2409-
4579-2019-5-1-22-29

29. Nourian R., Meysam Mousavi S., Raissi S.
A fuzzy expert system for mitigation of risks and ef-
fective control of gas pressure reduction stations
with a real application. Journal of Loss Prevention in

149

(0] € ANSS| LL'[ON fenconsahus eaneras



Science alil':lnislll:ll::(:lii'ml: Vol. 11.Issue 3 (40)

Oksana N. Medvedeva, Aleksander Yu. Chilikin

the Process Industries. 2019; 59:77-90. DOI: 10.1016/j.
j1p.2019.03.003

30. Xiong Ya., An Sh., Xu Peng, Ding Yu. et al.
A novel expander-depending natural gas pressure regula-
tion configuration: Performance analysis. Applied Energy.
2018; 220:21-35. DOI: 10.1016/j.apenergy.2018.03.026

31. Steiner K., Schrader A., Kirchner J., Ziegen-
balg J. Gas pressure regulation stations according to

Received June 29, 2021.
Adopted in revised form on September 28, 2021.
Approved for publication on September 28, 2021.

DVGW technical code G 491:2020 part 2. Erdgas &
Verwandtes. 2020; 9:33-40.

32. Zhong Yu., Xie W., Zhang X. A neu-
ral network compound control algorithm for com-
plex nonlinear electric gas pressure regulating sys-
tem. 2016 Chinese Control and Decision Confe-
rence (CCDC). 2016; 3055-3060. DOI: 10.1109/
CCDC.2016.7531506

BionoTes: Oksana N. Medvedeva — Doctor of Technical Sciences, Associate Professor, Professor of the Department

of Heat and Gas Supply and Oil and Gas Business; Yuri Gagarin State Technical University of Saratov (SSTU); 77
Politechnicheskaya st., Saratov, 410054, Russian Federation; ID RISC: 622756, Scopus: 56754888500, ResearcherID:
S-8351-2016, ORCID: 0000-0002-0861-0335; medvedeva-on@mail.ru;

Aleksander Yu. Chilikin — postgraduate of the Department of Heat and Gas Supply and Oil and Gas Business;
Yuri Gagarin State Technical University of Saratov (SSTU); 77 Politechnicheskaya st., Saratov, 410054, Russian
Federation; Scopus: 57205433319; chilikin.063@gmail.com.

150



