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CHUXEHHUE IIOTEPb JAPEHAKHBIX ITAPOB CXUWXEHHOI'O IPUPOJHOI'O
I'A3A CUCTEMBI IINTAHUSA TEIIJIOBO3HOI'O I'A3OAN3EJIA

B cmamve paccmompena cucmema 6e€30peHANCHOCO XPAHEHU CIHCUICEHHO20 NPUPOOHO20 2a3d Onisl
Menno8o3Ho20 08ueamens, pabomaiowe2o no 2a3’00u3enrbHoMy yukiy. Paspabomanwr cxema u npumnyun
Oelicmeusi yCmpoucmed, NO3601AI0Ue20 CYUWeCm8eHHO CHU3UMb Henpou3go0Umensvhble Nomepu 2a308020
monauea 6 ycrosusx dkcnayamayuu. IIpoananusuposanvl gakmopel, euusiowue Ha dpdexmusnocms
pabomul cucmemvl numanus. Paccmompenvl meponpusimus no npedomepaujeHulo GHeWmamuslx cumyayuti
npu HU3KUX MmemMnepamypax okpyocaroweti cpedvl. Onpedenenvl KOHCMPYKMUGHble Napamempsl CUCHembl
XpaneHus KpUo2enHo2o 2a3a 05k Meni080306, IKCHILYAMUPYeMbIX HA JHCENe3HbIX 00PO2ax YKpauHbl.
Kniouesvie cnosa: sicene3nodopodicnvlii mpancnopm, CoHICUNCEHHbIN NPUPOOHBIU 2a3, OPeHAadCHull nap,
KOMNAEKC 0e30peHadicHo2o Xpanenus, 3¢h)ekmuenocms, 2azonepekaiuéaouyuli Onox.

AKTyaJbHOCTH HccJIe0BaHUA. B Hacrosiiiee BpeMs OJHMM M3 HauOollee MEPCIEKTUBHBIX M 3KOJOTHYECKH
YHUCTHIX BUJIOB TOIUIMBA OOJNBIIMHCTBA TPAHCIOPTHBIX TEIUIOIHEPTETHYECKUX MAIIUH siBisiercs: npupoansiid ra3 (1),
YTO 00YCJIaBIUBAET KaK YBEJIMUCHUE €ro IIOTPeOHTENeH, TaKk 1 HOMEHKIATYPY UCTOYHUKOB. /IM3eNbHBINA qBUraTeNh Ha
MPUPOJHOM Ta3e MPOU3BOIUT MPHUMEPHO Ha 65% MeHbIle BBIOPOCOB OKCHIOB a3zora W Ha 80% MeHbIe BHIOPOCOB
TBEPJIbIX YACTHUII, YeM JIBUTATENb, 000PYIOBaHHBIN TOIBKO OKUCIISIONINM KaTaJIMTHYECKUM HeHTpanuzaTopoM [ 1,2].

B Ykpaune pacxop raza Ha TpaHCIOPTE M B IPOMBIIUICHHOCTH Ha €MHUILY TIOTPEOUTENISI PaBeH, a B HEKOTOPBIX
OTpacIsIX U MPEBBIIIAET CPEAHECTATUCTHIECKUE [TOKA3aTENU TPOMBIIIUIEHHO PAa3BUTBIX CTPAH.

3amacel MPUPOJHOro Tra3a B YKpaWHe CYIIECTBEHHO MpEeBOCXOAAT 3amackl HedtH [1,3], uro mpenonpenenser
BO3MOXKHOCTH PEIN3AIMU TUIAHOB DHEPTOHE3aBUCHMOCTH TPAHCIOPTA OT IOCTAaBOK CBETJIBIX HE(TENpPOIYKTOB M3-3a
pyoexa. Tem He MeHee, Ha ypOBEHb PEHTAOENbHOCTH HMCIONB30BAHUS T'a3a Ha KEJIE3HOJOPOXKHOM TpPAHCIOPTE HE B
TIOCJIE/THIO0 OYepelb CKa3bIBAETCs IIEHOBAs MOJIMTHKA OCHOBHBIX TIOCTABIINKOB, BBI3BIBAIOMIAsT HEOOXOJJUIMOCTh TIOMCKA
IyTel CHI)KEHHS HETTPOM3BOAUTEIBHBIX 3aTPAT Ta30BOr0 TOILIMBA B YCIOBUSIX SKCILTyaTalluH.

HemanoBaxxubpimu npeumyniectBamu [1I7 pu Mcronbp30BaHUM €r0 B KauecTBE MOTOPHOI'O TOIUTUBA SIBIISIOTCS,
npexxae Bcero, B 1,5-2 paza MeHbIIas CTOMMOCTb €ro TEIUIOBOIO SKBUBAJIEHTA OTHOCUTEIBHO CBETJIBIX
He(TENPOIYKTOB, a TAKKE oOecieueHue 0ojIee COBEPIICHHBIX dKojlormyeckux nokasareneii JIBC [2,4].

OpHako, TPaTUIIMOHHOE WCIIONb30BaHUE KOMIpUMHpoBaHHOrO (mo 20MIla) mpupoIHOro rasa CBSI3aHO C
HEJIOCTaTKOM CYIIECTBEHHOTO YBEJIMUEHHSI MAaccOra0apUTHBIX IIOKa3aTelieil 3alpaBOYHBIX E€MKOCTEH, UM CHIKEHUIO
3amaca XoJa Ha OJHOW 3ampaBKe JIOKOMOTHBOM. [loaToMy Ooliee MepCHeKTUBHBIM CIEAYET NPU3HATH CXKMKEHHBIH,
ITyTeM NPOMBIIIIEHHOTO NIYOOKOro oxXJjakaeHus1, mpupoansiid ra3 (CxkIIT).

IMocranoBka mnpodiaembl. Xpanenne CxIII' mpu mocratouno Hu3KuXx Ttemneparypax (T=110...163K)
Mpe/IoJaraeT UCIoIb30BaHHE TEIUIOM30JIMPOBAHHBIX KPHOTEHHBIX pe3epByapoB. HecMoOTpsi Ha cOBpeMEHHBIH ypOBEHb
pa3BUTHUS TEIUIOM3OJISIIIMN, OJHOW M3 TIIaBHBIX NpoOiem XpaneHus: AByxdaznoro CxkIII' sBnsercss HEOOXOIUMOCTH
MIEPHOINIECKOr0 MEepernycka YacTd MapoB rasa, yaiie Bcero B atMocdepy, Ui MpeAoTBpalleHus] aBapUiHOIO pocTa
JIABJICHUSI OT HENW30EXKHOro TeriooOMeHa C OKpyKarolleid cpenoil. Takue MoTepH IEHHOTO TOIUIMBA CYIIECTBEHHO
CHIDKAIOT DKOHOMHYHOCTh CHJIOBOM YCTAHOBKM M OSKOJIOrMueckud 3(dekT oT mpumeHeHust Ooliee YUCTOro Trasa.
OcHOBHOW 3ajayecii pa3pabOTKU KoMIUlekca OesapeHaxkHoro xpanenus CxkIII' W manpHeWIed ONTHMHU3ANUU €ro
MapamMeTpoB SIBIISIETCSl JOCT)KeHHe HauOombiero mokazarens 3¢ ¢extuBHocT (I[10) nmpu coxpaHeHHH MpUEMIIEMBIX
MaccorabapuTHBIX IOKa3aTenell u Tpedyemoll mpom3BomuTeabHOCTH. [lom IID moHUMaeTcs OTHOUICHHWE TEIUTOTHI
coxpaHeHHO# ¢ npeHaxxHbIMU apamu CxkIII k Temiore, 3aTpadeHHON Ha MX aKKyMYJIHPOBaHUE.

TeopeTuyeckuii aHAIM3 HCCIeOBAHMA. AKTHBHBIH WHTEpEC psijia KPYNHEHIINX WHOCTPAHHBIX KOMIAHUH
(Royal Dutch/Shell Group, ExxonMobil Corp u 1p.) BbI3bIBa€T UMEHHO CXKMIKEHHBIH NMPHUPOAHBIN Ta3, T.H. LNG wmu
LPNG. ITonTBepxaeHneM 3TOMY SIBISETCs AaidbHEHIINI pocT Mopckux nmoctaBok CxIII™ u qonrocpouHsle MmiaHbl psaa
CTpaH I10 MOCTPOMKE T'a30BO30B C KPUOLUCTEPHAMHY U 3aBOIOB-TIpH4aioB 1o perasudukaru CxkIIT [3,4,5].

3ameuartenbHol ocobeHHOCThIO nenonb3oBanus CxkIIT B JIBC siBisieTcst AOMOTHUTENFHOE CHU)KEHHE BEIOPOCOB
BPEIHBIX BEIIECTB C OTPAaOOTaBIIMMHU ra3aMu, Onaromapsi KpHOIeHHON OYHCTKE ra3a B MPOLECCE ero CKKEHHS, U, KaK
CIIE/ICTBHE, IIOCTOSIHCTBO TEIUIOTEXHHMYECKUX CBOWCTB TOIUIMBA HE3aBUCUMO OT MECTOPOXJEHHs Taza u
MECTOITOJIOKEHHSI 3alIPAaBOYHON CETH.

W3BecTHBI ClIenyOIIUe CIIOcOObl MPEeIOTBPAIICHHS POCTa TABJICHHS B OCHOBHOM pe3epByape [4,6,7,8,9,10,11]:

. noaiep kanre KoM(pOpPTHON TeMIIepaTyphl B pe3epByape OXJIaKICHHEM ero 000JI0UKH;
. nepecxkmxenne napos CxkIII" BHe pe3epByapa;
. YTWIH3AIUSA APCHAKUPYEMBIX TIAPOB B OTACIBHBIX EMKOCTSX.

PeaJ'H/I3aHI/IH TNEPBLBIX OBYX CI10co00B COIps’KE€HAa CO 3HAYUTCIBHBIM  YCIIOKHCHHUEM KOHCTPYKIIMHM U
YAOPOXKaHUEM CHUCTEMbI  IIMTAHUA, BBUOY HeO6XOI[I/IMOCTI/I HCIOJB30BaHHA  KPHUOI'CHHBIX  KOMIIPECCOPOB,
TEIIO0OMEHHUKOB U ACTaAaHACPHBIX MallrH. K TOMY K€ DOHEPro3arparbl Ha IPHUBOJA XOJOJWIBHBIX arperatoB B
3HAYMUTEJILHOM CTEIIEHU HUBCJIUPYIOT SKOHOMHUYECKUM 3(1)(1)CKT COXpaHCHU TOIJIMBA.



Heas craTbu. Lenbio cTaThy SBISETCS COBEPIICHCTBOBAHUE CXEMBI CUCTEMBI XPaHEHHUSI KPUOTE€HHOT'O Ta30BOT0
TOIUIMBA Ha TEIUIOBO3€, 0OECTIeUnBAIOIIEH MHUHUMHU3ALMIO TTOTEPh JPEHAKHOTO Ta3a M OIpe/elieHHEe palyOHAIBHBIX
3HAYEHHUH HCCIIEyEMBIX MTapaMETPOB COOTBETCTBYIOIINX TPEOyeMOi MPOU3BOAUTEILHOCTH.

3amgauu uccaenoBanusi. OCHOBHOI 3aauei UCCIIEOBAHNUS SBISETCS OLEHKA BIMSHUS Pa3IMYHbIX ()aKTOPOB Ha
3¢ PEKTUBHOCTH paOOThI KOMOMHUPOBAHHOM crcTeMbl uTaHus U xpaHeHus CxII" TermnoBo3HOro ra3oan3ens.

PesyabraTbl mcciienoBaHusi. [lepceKTUBHBIM HalpaBlIEeHHEM PEIICHUS NMPOoOJeMbl MHHHMHU3AIMU TOTEPh
JPEHaYXHOTO Ta3a Ipu aBTOHOMHOM XxpaneHun CxIII, sBisercs yTwiau3auusi mapoB B OTHENbHBIE €MKOCTH C
puMeHeHneM pa3padoranHoro Ha kadeape «/JIBC u mammuoBenenue» BHY um.B.[lans mom pykoBomcTBoM mpod.
Kpaiintoka A.. [12] komrutekca 6e3npenaxnoro xpanenust CxkIII" cucremsr nuranus JIBC (puc.1).
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NHEHA kEARore CxkIIT; — — - NHHHH napoodpaznoroe CiklIl;

———— OJJIeKTpHYeCKHEe JTHHHH
1- TemyoM30MMpPOBaHHBIN pe3epByap; 2- ra3ornepeKayrBaroOlIMii OJ0K; 3- HArpeBaTeNbHBIN 3JIEMEHT; 4-OpeOPCHHbBIM THAPOLIIMHID, S5-
TEIUIOU30JIMPOBAHHBII  AKKYMYJIATOp; 6- HAKONUTENbHBI OaluloH; 7-)KUIKOCTHBIM KaHal, 8- mapoBOW KaHal; 9- 4YeThIPEeXIO3MLUOHHBII
30JI0THUKOBBIN 3J1eMeHT; 10-351eKTpOMaruuTHbIi Kianax; 11,12- naTyuk gaBieHus; 13- qpeHaxHblil kaHaw, 14- 60K aBTOMaTHYECKOrO YIIPABIICHHS.

Puc. 1. Cxema komuekca Oe3npenasknoro xpanenust CkIIIT cucTeMbl MUTaHUSA TEIUIOBO3HOrO razoauseinsHoro JIBC

B npuBencHHol cxeme wu30biTounble mapel  CxkIIIT  HarHeTaroTCS  MOCPEICTBOM  CIICIIHAIBLHOIO
rasonepexaynBaromero Ojngoka (['TIB) 2 B HakomuTenbHBIH O0aUIOH 6 BBICOKOTO JABJICHUSA C MOCICIYHOIIUM
HCIONIb30BaHUEM ckaToro raza B kadectBe TomuBa JIBC. IIpunmun aeiicteus ['TIb 2 ocHOBaH Ha MCIONB30BaHUU
a¢dexTa MEePUOTUUECKOr0 PACHIMPCHUS W TOCICAYIONIeH KOHIEHCAIMU Jerkokursimeil xumkoctn (JIKXK) B
OpeOpPEHHOM THPOIMIHHIPE 4 IPH COOTBETCTBYIOIIEM €€ HArPEBAHUU HAIPEBATEIBHBIM JIEMEHTOM 3 M €CTECTBEHHOM
oxJaxkaeHur. TakuM 00pa3oM, TEIUIOBAsk SHEPTHS JIFOOOT0 MPOUCX OXKICHUS SBIIACTCS CTUHCTBEHHBIM SHEPTeTHYCCKAM
HCTOYHHUKOM pabOThl KOMIUIEKca. [IpuMedaTenbHO, YTO BECh IEpPEKAYMBAEMBbIH B HAKOIUTENIbHBIC OAaUIOHBI Ta3
ucronb3yeTcs kak TomwmmBo B JIBC, BO30OHOBISAA TeM CaMbIM aKKyMYJIHPYIOIIYIO CIIOCOOHOCTh KOMIUIEKCA H
obecrieunBas umMTeNbHOE Oe3mpeHaxHoe xpanenue CxIII'. Brmaromapst OTCYTCTBHIO KOMITPECCOPHBIX arperaToB C
MEXaHUYECKUM IPHUBOIOM PaboTa KOMIUICKCA XapaKTEPU3YETCs BBICOKOW HAICKHOCTHIO M MPOCTOTOW TEXHUYIECKOTO
obcnyxuanus. [Ipu atom I'TIB 10cTaTOYHO KOMIIAKTEH, @ OCHOBHBIC ra0apPHUTHI KOMIUIEKCA ONPEICIIAIOTCS BETHYHMHON
HaKOMMTENLHBIX 00HEMOB.

IIpu sxcryataniiu yCTaHOBKH ¢ Ta3oau3enbHbiM JIBC B yCI0OBHSX HU3KUX TEMIIEPATYpP OKPYXKarolei cpejibl Ha
peXUMaXxX TOJHBIX HArpy30K BO3MOXXHO BO3HHKHOBCHHME BHCIITATHOW CHUTYAIlMH, BHI3BAHHOW MAaJCHUCM IABJICHUS B
pe3epByape HU)KE KPUTUIECKOM OTMETKH, ONpeaesieMold HacTpOHKaMU MCHapUTeNs U PeayKTopa HU3KOTO JaBJICHUS,
YTO MPHUBOAMT K IMPEKpalllcHUIO Mmojaadu rasza B cucremy nurtanus JIBC u aBapuifHO#M ero ocraHoBke. B M3BECTHBIX
cucremax mnuranus JIBC CKWKEHHBIM TNPUPOTHBIM Ta30M BOCCTAHOBJICHHE IAaBJICHHS B pPE3EpByape IPH TaKHUX
YCIOBUSIX JIOCTUTAETCS TOCPEACTBOM MPEAYCMOTPEHHBIX JUISA 3TUX IeJied KOMITPECCUOHHBIX MAllUH, JOMOJIHUTEIHHO
YCIOXKHAIOIIUX CHJIOBYIO YCTaHOBKY [4,6,7,8].



BoccraHoBieHne JaBiieHMs] B pe3epByape ITOCPEICTBOM  HCCIIEAYEMOr'0 KOMIUIEKCa —00ecreurBaeTCs
JIOTIOJTHEHWEM IIOCIIEIHEr0 HECIIOKHBIMA KOHCTPYKTHBHBIMHU AJIEMEHTAMHU, a UMEHHO (CM. pHC.l): KUIKOCTHBIM 7 U
MapoBbIM 8 KaHaJaMH, YIPaBIIsSieMbIMU YETHIPEXITIO3UIIMOHHBIM 30JIOTHUKOM 9 1O CHUrHallaM JaT4uKoB jaBieHud 11 u
12, ycTaHOBJEHHBIX COOTBETCTBEHHO B MAapoBOH 4YacTW pe3epByapa | W HakonurTenbHoM Oamtone 6. [lpuHumn
KOMITEHCAIIMH JIaBJICHHS 3aKItoYaeTcs B MHTeHcHpuKkauy ucnapenus sxunkoit ¢aser CkIII myrem nepenycka ee yactu
B HAKOIUTEJIBHBIA OAJUIOH, IIOBEPXHOCTh KOTOPOTrO UMEET HEMOCPEICTBCHHBIA TEIIIOOOMEH C OKPYXKAIOIICH CPeIoi, ¢
MIOCJIEIYIONIMM BO3BPAaTOM CXKaTOro Iapa B OCHOBHOM pe3epByap. 3ameyarelbHOH OCOOEHHOCTBIO TaKOro IOIXOJa
SIBIISIETCST BO3MOXKHOCTH OCYILECTBJIEHHS TPSMOrO M 0OpaTHOrO IMeperycKoB pabodyero Teima 3a cyeT padoyero
M3MEHEHHsI TIepeTaioB AaBJICHUI MEXKAY YKa3aHHBIMU o0beMaMK 0e3 IPHUMEHEHHs HarHEeTaTeNbHBIX YCTPOWCTB.

Takum 00pa3oM, KOHCTPYKTHBHO HECJOXXHas MOJepHH3alus Komiuiekca OeznpeHaxkHoro xpaneHus CoxIIT
MO3BOJISIET 3HAYHMTENBHO MOBBICUTH YHHBEPCAIBHOCTH €ro (YHKIIMOHWUpPOBaHHs, obOecrieunBasi pabouee IaBlIEHHUE B
cucteme nuranusi JIBC Bo BceM anana3oHe peXUMOB SKCILTyaTalliy TEIJI0BO3a.

OcHoBHasi 3ajmada cosepuieHcTBoBaHust [TIB 3akimiouaercss B CHW)KEHMM YAENBHBIX 3aTpaT JHEPrUH Ha
nepekayrBaHUe ra3a B HAKOMUTEIbHBIA OamtoH. C yd4eToM JHEPreTHYeCKOH IIEHHOCTH YTWIN3UPYEMOro Tasa,
nokazatesieM ¢ ¢pexruBHOCTU ['TIB MOXKET CITy)KUTh OTHOIIEHHE TEIUIOTHI CrOPaHKs YTHIM3UPYEMOro ra3a K TeIuioTe,
3aTpauMBaeMON Ha OCYIIECTBJICHHE Padoyuero MuKia.

CrnenoBaTenbHO, NOCTW)KEHHE HauOOoJblIero mokazaTtens 3()(EeKTHBHOCTH INPH COXPAHEHWH HPUEMIIEMBIX
MaccorabapuTHBIX —TIOKa3aTeneil U TpeOyeMol IPOM3BOAMTENBHOCTH CHCTEMBl SIBJSIETCS TJIaBHOM 3ajadeid
OIITUMU3AIMY TAPaMETPOB JIF0O0r0 pa3padaTeiBaeMoro kKomuiekca 6e3apenaxnoro xpanenus: CxIIl.

PaccmoTpum paboTy KoMIuiekca u ompeneauM ero 3ddexkruBHbie mokaszatenu Ha npumepe JIBC 16UH 26/26
rasoremtoo3a TD116I" ¢ TormmuBHEIM GakoM oObeMoM 7M° mpu jgaBineHnu xpanenus CxkIIT 1,6MIla u TemnepaType
163K.

Pacuer Oynmem Bectu s HaumOonee 3(peKTHBHONW 3KpaHHO-BAaKyyMHOW H3ONISIIMUA CO CPEIHECYTOUHBIMH
06beMHbIME ToTepsaMHE 0,3% rasa. Toraa moTepy CocTaBsT 8,38HM /CyTKH, UTO 1O Macce paBHo 5,57 kr/cytku (0,00387
KI/MHH), Wi 1o 1ieHaMm Ha okTsi0pb 2013r. Ha III' — 54,47rpu/cyrkn. OpgHaKo MOTEpU MOTYT 3aMETHO BO3PACTH,
HanpuMep, B CIydasx Opaka WM IMOpbIBa M30JIHHY, SKCIUTyaTallid TEIUIOBO3a B YKAPKUX KIMMATUYECKHX YCIIOBUSX,
WJIN UCTIONB30BaHUU OoJiee JIemeBoi Teruion3onsiuu. Tak, Ipu H30ISIHKA YPOBHS MOTEPh B 6%, AEHEXKHBIE MTOTEPU
Bo3pactyT 10 1090rpH/CyTKH MPU HATHYUH JOMOJHUTEIBHOTO SKOJIOTHUECKOro yiepoa.

Koneunas xkoHdurypamus mnapamerpoB komiviekca [TIb BbeiOpaHHass Ha OCHOBaHWM MPOBEICHHBIX
OINITUMHU3AIOHHBIX PACUYETOB CICAYIOIIAs:

e KonuuecTBo ucnonszyemsix ['TIb —2;

e juameTp KommpeccopHoil mosmoct DM = 0,15M, rumpommnmubapa — Drip = 0,3M, Xon
nopiIHei ¢ MeMOpaHamu u3 GproporiactoBoi Tkauu SM = 0,09M;

o ko3¢ ¢uimeHt opedpenus ruapoumwmaapa Kped = 3;

e CyMMapHas MOIIHOCTh HarpeBaTelbHBIX 3JIeMeHTOB NH = 12 kBT;

e 2 HaKOMHUTEJILHBIX 0AIOHAa 00BeMOM 33 J1 KKl ¢ MAKCUMAJILHBIM JaBJICHUEM ‘‘3apsiiKu’
12 MIla;

e wmacca JIKX (auatunossiii adup) — 2,7 xr;

e Macca CHapsDKeHHOro komiuiekca ¢ asymsi ['TIb Ge3 TorummBHOro pesepByapa — 60 kr;

e IPOCTPAHCTBEHHEIH 00BEM, 3aHMMAaeMBIil KoMIiekcoM — 0,24 M.

Pacuer manHoro komiuiekca mokasai, uto asa I'TIb obecneunBaroT mpousBoauTenbHOCTs B 0,004KkT raza/mMuH,
YTO Ja)Ke C HEKOTOPHIM 3aracoM npeBocxoauT Tpedyemyto B 0,00387 kr/muH.

[Nonnas “3apsiaka” HakonuTeNbHOro OamoHa oobemMoM 331 o 12 MIla ocymectisercs 3a 32 yaca 17 MUHYT,
YTO NP HAIMYUY JBYX 0AJUIOHOB B TEUEHHE 3TOI0 BpeMeHH obectieunBaet Oe3apeHaxxknoe xpanenue CxkIII™ ¢ HyneBbIM
BbIOpocOM B atmocdepy MeraHa. J[Jasi yBenmuueHHs BpEMEHHU O€3pEeHa)KHOTO XPaHEHUs MPH JUTHTEIbHBIX MPOCTOSIX
TEIJIOBO3a, KOMIUIEKC HEOOXOANMO CHa0XaTh OOJNBIINM KOITHYECTBOM OaJIIIOHOB.

3a ykazaHHOE BpeMs pacxoj TEIUIOBOM 3Hepruu coctaBui 6,61 MJIk, mpu 3TOM KOHEUYHBIM TMokaszatens 110
paBeH 29,37 equnun (pu Hu3IIel teriotre cropanus CxIIT 49 MJTx/kr).

Koneunas oneHka 3¢¢eKTHBHOCTH pabOThl CHCTEMBI C yYETOM arperaTHOro I'eHepUpPOBaHHS DIIEKTPHUUECKOM
SHEPrvM, MOJBOAMMON K HarpeBaTelbHBIM JIJIEMEHTaM, IeJecoo0pa3sHo0 TPOW3BOAUTh BEIHMYMHOW IOKa3aTels
3¢ PEKTUBHOCTH T10 TEIIOBOMY SKBHBAJICHTY

rie Mr — Macca YTHIM3HUPOBAHHOTO B HAKOITUTEIBHBIX OaJIIOHAX rasa, KT
Hu, = 48...50 M]Ix/kr — Hu3mas teriora cropanus CxkIIT;

My - unTterpanbhblid KI1/] npeobpa3oBanus SHEPTUH BO BCEX arperaTax Io IIyTH CJIeI0BaHHs

K MOTPEOUTEINIO;

T - CYMMapHO€ BpEMA pa60TI)I Harpe€BaTeiidi B TCUCHHUE pacCMaTpHUBACMOro mepuoaa pa60TLI
I'TIB, c.



[lpn wucnonp30BaHMM B KAayecTBE MCTOYHUKA OJHEPIUM aKKyMYISITOPHBIX Oarapei, 3apspkaeMbIX —OT
3MEeKTpUYEeCKOl ceTH, A cpeaHectatTucTHueckux MaHHbIX KIIJ| reHepupoBaHus 3i1exkTposHepruu B Ykpaune 10T
cocraBJiser 5,87 eauHuII.

BuiBonbl. B pesynbraTe pacyeTHO-3KCIIEpUMEHTAJIBHBIX HCCIEIOBaHUN BBISABICHO, YTO NPH HCIIOIB30BAHUH
pa3paboTaHHOI'0 KOMIUIEKCA Oe3PEeHaKHOT0 XPaHEHHsI CXKMXKEHHOI'O0 TPHUPOJHOTO Ta3a HENPOU3BOIUTENbHBIE TTOTEPH
CBOZSATCS K HYJIEBBIM IPHU IOCTATOYHOM 00bEME HAKOIUTEIBHBIX EMKOCTEH.

IMpoBeneno wuccnenoBanue >(GQPEKTUBHOCTH pa3pabdOTaHHOW CHUCTEMBl O€3[PEHa)KHOTO XpaHEHHs rasza Ha
npumepe rasommsens 16UH26/26 rasoremnososa TD116I ¢ TommMBHEIM 6GakoM 7M°. YCTaHOBIEHO, YTO TOJHAS
“3apsaka” HakomureslbHOro Oamiaona odbemoM 33m nmo 12 MIla ocymectBisiercst 3a 32 waca 17 MHHYT, 4TO TIpU
HAJIMYUKM JIBYX OaUIOHOB M TIIPOYMX pPaccCMaTPUBAEMBIX YCJIOBHII B TEUEHHE JTOrO BpPEMEHH OOeCleuuBaeT
6e3npenaxnoe xpanenune CxIIIT ¢ HyneBbIM BbIOpocOoM B arMocdepy Merana. [Ipu 3TOM MO TEIUIOBOH SHEPTUM
cakkymynupoBanuple mapbl CxIIIT B HaKONUTENBHOM OaUIOHE HPEBOCXOMAT B 29,37 pasa JHEPrUI0 Ha HX
nepexaunBanue nocpeactsom ['TIb.

BbIsiBICHBI U MIPOaHANIN3UPOBAHBl OCOOEHHOCTH (DYHKIIMOHUPOBAHHS pa3paOOTaHHOH CHCTEMBI XpaHEHHs rasa
NIPY pa3IMYHBIX MapaMerpax okpyxaromed cpensl. Co3qaH MeXaHW3M IMPEJIOTBPALICHHs] BHEINTATHBIX CUTYAI[MHd MPU
SKCIUTyaTallid Ta30[U3eJIbHOM YCTAHOBKM B YCJIOBHUSIX HU3KHX TEMIIEpaTyp Ha PEXHMax MOJHBIX HArpy3oK, Npu
KOTOPBIX BO3MOXKHO TaJICHHE JIaBJICHHS B Pe3epByape HIKE KPUTHYECKOH OTMETKH.
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Y emammi posenanyma cucmema 6e30penadicnoco 30epicannsi 3piodceH020 NPUPOOHO20 2a3y OISl MENA0B03HO20 O08USYHA, WO
npayioc no 2azoousenvHomy yukiy. Pospobaeni cxema i npunyun 0ii npucmpoio, wo 0036015€ iCIOMHO NOHU3UMU HENPOOYKMUBHI
empamu 2a306020 NAIUEA 6 YMO8AX eKchayamayii. IIpoananizoeamni YUHHUKY, WO GHAUBAIOMb HA eheKmusHicmbs pobomu cucmemu
orcuenenns. Pozensnymi 3axo0u wjo0o 3anobicanus no3auimamuum CUMyayisiM npu HU3bKUX memnepamypax 0oekiiis. Busnaueni
KOHCMPYKMUGHI napamempu cucmemu 30epicanns Kpio2eHno2o 2azy O Menio8osie, o eKCniyamyomscs Ha 3ani3Huyax Yepainu.
Knrouogi cnoesa: 3anisnuunuti mpancnopm, 3piodicenuti npupoOnuil 2a3, OpPeHAadcHa napa, KOMILeKe 6e30penadcHoeo 30epicanis,
epexmugnicmo, cazonepexauyrouuti O.10K.

In article the system without loss storage of the liquefied natural gas for the diesel engine working on a gas-diesel cycle is
considered. The diagram and the principle of operation of the device allowing significantly to reduce unproductive losses of gas fuel
under operating conditions are developed. The factors influencing overall performance of fuel system are analyzed. Actions for
preventing of non-staff situations are considered in case of low ambient temperatures. Design data of storage system of cryogenic
gas for the locomotives exploited on the railroads of Ukraine are determined.

Keywords: railway transport, liquefied natural gas, drainage steam, complex without loss storage, efficiency, gas pump over unit.
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LOWERING OF LOSSES OF DRAINAGE VAPOURS OF THE LIQUEFIED NATURAL
GAS OF FUEL SYSTEM OF THE LOCOMOTIVE GAS-DIESEL ENGINE

In article the system without loss storage of the liquefied natural gas for the diesel engine working on a gas-
diesel cycle is considered. The diagram and the principle of operation of the device allowing significantly to
reduce unproductive losses of gas fuel under operating conditions are developed. The factors influencing
overall performance of fuel system are analyzed. Actions for preventing of non-staff situations are considered
in case of low ambient temperatures. Design data of storage system of cryogenic gas for the locomotives
exploited on the railroads of Ukraine are determined.

Keywords: railway transport, liquefied natural gas, drainage steam, complex without loss storage, efficiency,

gas pump over unit

Relevance of research. Now one of the most perspective and environmentally friendly types of fuel of the
majority of transport heat power cars is the natural gas (NG), that causes both increase in his consumers, and the
nomenclature of sources. The diesel engine on natural gas makes about 65% less blowouts of oxides of nitrogen and
80% less blowouts of solid particles, than the engine equipped only with the oxidizing catalyst converter [1,2].

The consumption of gas on transport and in the industry on unit of the consumer is equal in Ukraine, and in some
branches and exceeds average indicators of industrialized countries.

Stocks of natural gas in Ukraine significantly surpass oil stocks [1,3], that predetermines possibilities of
implementation of plans of non-volatility of transport from supply of light oil products from abroad. Nevertheless, on
level of profitability of use of gas the price policy of main suppliers causing of search of ways of drop of unproductive
expenses of gas fuel under operating conditions not least affects railway transport.

Important advantages of NG at its use as motor fuel are, first of all, by 1,5-2 times the smaller cost of its thermal
equivalent of rather light oil products, and also providing more perfect ecological indicators of internal combustion
engine (ICE) [2,4].

However, traditional use compressed (to 20MPa) natural gas is connected with a lack of essential increase in
mass-gabarites indicators of filling capacities, and to cruising range drop on one filling with the locomotive. Therefore
more perspective should recognize liquefied, by industrial deep cooling, natural gas (LNG).

Problem statement. LNG storage at rather low temperatures (T=110 ... 163K) assumes use of the heatisolated
cryogenic reservoirs. Despite a modern level of development of the thermal insulations, one of the main problems of
storage of two-phase LNG is need of periodic restart-up of part of vapors of gas, most often in the atmosphere, for
prevention of emergency growth of pressure from inevitable heat exchange with environment. Such losses of valuable
fuel significantly reduce profitability of the power plant and ecological effect from application of purer gas. The main
objective of development of a complex without loss storage of LNG and further optimization of its parameters is
achievement of the greatest efficiency index (EI) at preservation of acceptable mass-gabarites indicators and the
demanded productivity. EI is understood as the relation of heat kept with the LNG drainage vapors to the heat spent for
their accumulation.

Theoretical analysis of research. Active interest of a row of the largest foreign companies (Royal Dutch/Shell
Group, ExxonMobil Corp, etc.) causes liquefied natural gas. Confirmation to it is the further growth of sea deliveries of
LNG and long-term plans of a row of the countries on construction of gas seacarriers with cryotanks and LNG
regasification plants moorings [3,4,5].

Remarkable feature of use of LNG in ICE is additional drop of blowouts of harmful substances with the fulfilled
gases, thanks to cryogenic purification of gas in the course of its liquefaction, and, as a result, constancy of
heattechnical properties of fuel irrespective of a gas field and location of a fueling network.

The following modes of prevention of growth of pressure in the main reservoir [4,6,7,8,9,10,11] are known:

» maintenance of comfortable temperature in the reservoir cooling of its mantle;

* reliquefaction of LNG vapors out of the reservoir;

« utilization of drained vapors in separate capacities.

Realization of the first two modes is interfaced to considerable complication of a design and fuel system rise in
price, in view need use of cryogenic compressors, heat exchangers and gas-expansion machines. Besides energy
consumption on a drive gear of refrigerating units substantially levels economic effect of preservation of fuel.

Article purpose. The purpose of article is improvement of the scheme of system storage cryogenic gas fuel on a
locomotive, providing minimization of losses of drainage gas and determination of rational values of studied parameters
corresponding to the demanded productivity.

Research problems. The main objective of research is the assessment of influence of various factors on overall
performance of the combined fuel system and storage of LNG of the gas-diesel engine.

Results of research. The perspective direction of a solution of the problem of minimization of losses of drainage
gas at autonomous storage of LNG, is utilization of vapors in separate capacities with application of ENU named
V.Dahl developed on ICE and machines maintenance chair under the leadership of prof. Krajniuk A.I. [12] complex
without loss storage of LNG of the ICE fuel system (fig. 1).
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Fig. 1. Scheme of a complex without loss storage of LNG of the fuel system of gas-diesel ICE

In the provided scheme the LNG superfluous vapors are forced by means of special gas pump over block (GPB)
2 in an accumulative cylinder 6 of a high pressure with the subsequent use of the compressed gas as ICE fuel. Mode of
functioning of GPB 2 is based on use of effect of periodic expansion and the subsequent condensation of easily boiling
liquid in an hydraulic cylinder with many ribs 4 at the corresponding its heating by a heating element 3 and natural
cooling. Thus, thermal energy of any origin is the only power source of work of a complex. It is remarkable that all gas
pumped over in accumulative cylinders is used as fuel in ICE, renewing thereby heat-sink ability of a complex and
providing long-term without loss storage of LNG. Thanks to lack of compressor units with a mechanical drive gear
work of a complex is characterized by high reliability and simplicity of maintenance operation. At this GPB it is rather
compact, and the main dimensions of a complex are defined by the size of accumulative volumes.

At installation maintenance with gas-diesel ICE in the conditions of low ambient temperatures on modes of
overall loads possibly emergence of the non-staff situation caused by pressure drop in the reservoir below a critical
mark, defined by settings of the evaporator and a reducer of a low pressure that leads to gas interruption in supply in the
ICE fuel system and its emergency stop. In the ICE known fuel systems pressure restoration in the reservoir under such
circumstances is reached by the liquefied natural gas by means of the compression machines provided for these
purposes which are in addition complicating the power plant [4,6,7,8].

Pressure restoration in the reservoir by means of a studied complex is provided with addition of the last with
simple constructive elements, namely (see fig. 1): liquid 7 and the steam 8 ports steered by a four-position valve core of
9 on signals of pressure sensors 11 and 12, established respectively in steam part of the reservoir 1 and an accumulative
cylinder 6. The principle of compensation of pressure consists in an intensification of evaporation of liquid phase LNG
by restart-up of its part in the accumulative cylinder which surface has direct heat exchange with environment, with the
subsequent return of the compressed steam to the main reservoir. Remarkable feature of such approach is possibility of
implementation of direct and return restart-up of a working body at the expense of working change of pressure
differences between the specified volumes without use of delivery devices.

Thus, structurally simple modernization of a complex without loss storage of LNG allows to increase
considerably universality of its functioning, providing an operating pressure in the ICE fuel system in all range of
modes of operation of a locomotive.

The main objective of improvement of GPB consists in drop of specific expenses of energy on gas pumping in
an accumulative cylinder. Taking into account the power value of utilized gas, as an of efficiency index of GPB the
relation of heat of combustion of utilized gas to the heat spent for implementation of a work cycle can serve.



Therefore, achievement of the greatest efficiency index at preservation of acceptable mass-gabarites indicators
and the demanded productivity of system is the main task of optimization of parameters of any developed complex
without loss storage of LNG.

Let's consider work of a complex and we will define its effective indicators on the example of ICE 16UH 26/26
of a gas-locomotive TD116I" with a fuel tank volume 7w with a pressure of storage of LNG 1,6MPa and temperature
163K.

Calculation we will conduct for the most effective shield-vacuum isolation with average daily volume losses
0,3% of gas. Then losses will make 8,38nm’/day that on weight 5,57 kg/day (0,00387 kg/min.), or at the prices for
October, 2013 on NG — 6,64%/day are equal. However losses can increase considerably, for example, in cases of
marriage or a rush of isolation, locomotive operation in hot climatic conditions, or use of cheaper heat insulation. So, at
isolation of level of losses in 6%, monetary losses will increase to 133$/day in the presence of an additional ecological
damage.

Final configuration of parameters of the GPB complex the following chosen on the basis of carried-out
optimizing calculations:

* quantity of used GPB — 2;

* diameter of a compressor cavity of Dm = 0,15m, a hydraulic cylinder — Dhc = 0,3m, a course of buckets with
membranes from ftoroplast fabric Sm = 0,09m;

* coefficient of ribs of a hydraulic cylinder of K5, = 3;

« total capacity of the heating elements Nh = 12 kW,

* 2 accumulative cylinders of 33 liter everyone with a maximum pressure of "charging" 12 MPa;

« the mass of easily boiling liquid — 2,7 kg;

* the mass of the equipped complex from two GPB without the fuel reservoir — 60 kg;

« the spatial volume occupied by a complex — 0,24 m®.

Calculation of this complex showed that two GPB provide productivity in 0,004 kg gases/min, what even with
some stock surpasses demanded in 0,00387 kg/min.

Full "charging" of an accumulative cylinder 331 to 12 MPa is carried out by volume in 32 hours 17 minutes that
in the presence of two accumulative cylinders during this time provides without loss storage of LNG with zero blowouts
in the methane atmosphere. For increase in time of without loss storage at long idle times of a locomotive, the complex
needs to be supplied with a large number of accumulative cylinders.

For specified time the expense of thermal energy made 6,61 MJ, thus the final indicator of EI is equal 29,37 units
(at the lowest heat of combustion of LNG 49 MJ/kg).

Final assessment of overall performance of system taking into account modular generating of the electric energy
brought to heating elements, it is expedient to make the size of an efficiency index on a thermal equivalent

El =g—’
h Nh -

where m, — the mass of the gas utilized in accumulative cylinders, kg;
Hu, =48 ... 50 MJ/kg — the lowest heat of combustion of LNG;

Nje - integrated efficiency of transformation energy in all units on the way to the consumer;

T - total operating time of the heater during the considered period of work of GPB, sec.

When using as a power source of the accumulator batteries charged from an electrical network, for average data
of efficiency of generating of the electric power in Ukraine EI, makes 5,87 units.

Conclusions. As a result of settlement pilot studies it is revealed that when using the developed complex without
loss storage of the liquefied natural gas unproductive losses are reduced to zero at the sufficient volume of accumulative
capacities.

Research of efficiency of the developed system without loss storage of gas on the example of the gas-diesel
engine 16UH26/26 of a locomotive TD116T with a fuel tank 7um° is conducted. It is established that full "charging" of an
accumulative cylinder 331 to 12 MPa is carried out by volume in 32 hours 17 minutes that in the presence of two
cylinders and other considered conditions during this time provides without loss storage of LNG with zero blowouts in
the methane atmosphere. Thus the accumulated LNG vapors in an accumulative cylinder surpass in thermal energy by
29,37 times energy on their pumping by means of GPB.

Features of functioning of the developed system of storage gas are revealed and analysed at various parameters
of environment. The gear of prevention of non-staff situations is created at operation of gas-diesel installation in the
conditions of low temperatures on modes of overall loads at which pressure drop in the reservoir below a critical mark
is possible.
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