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TpaHcnopTupoBaHWe NPUPOAHOIO rasa TexXHONOrMYeckuM Tpy6OMpoBOAOM He
Nno3BO/ISIeT OPUEHTUPOBATLCA Mo GbICTPOMEHSIOLIMECS YCNIOBUS pPbIHKA Yr1eBO-
[opo/ioB, TpebyeTcs pasBUTME HOBbIX CMNOCOGOB MepeBO3kW rasa. Mpon3BoACTBO
CXXMKEHHOT0 NPUPOAHOTO rasa No3BOJIM/IO PEWNTbL MHOXECTBO Npo6/iem, NoaTo-
My B Poccum, a Takke 60/bLUMHCTBE CTpaH Mupa UAEeT akTUBHOe pasBuUTUE ITON
oTpac/nu, C NPUMEHEHWEM HOBbIX U PasBUTUEM CYyLlecTBYHOLUX MeToauk. Cne-
AyeT OTMeTWUTb, YTO 6O/bWMHCTBO NpoekToB CIIM, pa3pabaTbiBaemblx B Poccum,
Haxo4uUTCA B YC/OBMAX apKTUYECKOro kaumata. B faHHON cTaTbe pacCMOTPEHbI
OCHOBHbIE TEXHO/IOTUU MOJIYYEHUS] CXMXKXEHHOro NPUPOAHOrO rasa, MpoBejeH
aHanu3 WX MNPUIOAHOCTW B YC/IOBUSIX APKTUYECKOro KaumaTta, Npou3BefeHo
CpaBHeHMe 3KOHOMMWYECKUX nokasartesieii Npu NpouYnx paBHbIX YCNOBUSAX.

Transportation of natural gas process by piping does not allow to be guided un-
der the rapidly changing conditions of the market of hydrocarbons. In this con-
nection, it took the development of new ways to transport gas. Production of lig-
uefied natural gas helped to solve many problems, so in most countries of the
world, as well as in Russia, there is an active development of this sector, with the
development of new and existing techniques. It should be noted that most of the
projects being developed in Russia, are in the arctic climate. In this article the
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basic technology of liquefied natural gas, the analysis of their usefulness in the
arctic climate, a comparison of economic indicators, ceteris paribus.
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MwpoBoOii pbIHOK YrNeBOAOPOA0B MpeTeprneBaeT CU/bHbIE M3MEHEHUS, O4HaKO
YXKe CerogHs MOXHO TOYHO 3afBWUTb, YTO B GavMKaiLme rofgbl KAHOYEBbIMW 3HEPTO-
HOCMTENAMU OCTaHYTCA He(Tb, NPUPOAHLIN ras u gaxe yronb. MNpu LeHax Ha npu-
poaHbiin raz B 350-400 $ 3a 1000 ms cTpaHbl-NOTPebMTENN aKTUBHO 3aHUMAaNNCh
MONCKOM anbTEPHATUBHbLIX UCTOYHMKOB 3HEPTUMN, YTO OTpULLATENIbLHO NOBMUANO Ha
CNpoC 1 MOBMEK/O 3a COoO0I pe3Koe CHMXeHMe CTOMMOCTU 3Hepropecypca. MpuH-
uUMnuanbHoe 3aKI4YeHWe COCTOUT B TOM, YTO Takoe MafeHue obecneuynsio Kommna-
HWAM, 3KCMOPTUPYIOLWMM NPUPOAHbIA ra3 (B yacTHoctu MAO «[a3npom») orpom-
HOe yBenuueHne nNpofax, peanusaunmn rasa. Bce aTo foKasbiBaeT, 4TO, HECMOTPA Ha
KonebaHna MUPOBBIX LEH HA UCTOYHUKWN 3HEPrun, AONA NPUPOAHOro rasa B obecne-
YeHUW 3Hepropecypcamm 6yneT TobKO pacTu (0CO6eHHO NMpu pasBUTUM 3KOHOMUKM
Kutaa n ctpaH A31aTcko-TUXO0KEaHCKOro permoHa).

Mo paHHbIM MexayHapofHoro dHepretnyeckoro AreHtcrsa (IEA), yenoseuye-
CTBO €XEerofHo noTpebnseT cBbile 3 TPJSH Ms Fasa, U CNPOC Ha HEF0 MOXET Bbipac-
™™ 80 4,5 TpAH M: K 2035 rogy.

Mpy 3TOM KAKOYEBLIM PErvMoHOM A06bIUM MPUPOAHOro rasa B 6avkaiiwei nep-
cnekTMBe cTaHeT BocTouHas EBpona - EBpasuda (Bkntwouvas Poccuto n paiioH Kac-
nuna). Jobblyva rasa ToN1bKO B Poccuum 3a YeTBepTb BeKa BbIpacTeT Ha 220 MApA Ms 3a
CYeT 3amacos nosiyoctposa fAmasn, LLITOKMaHOBCKOro MecTopoXAeHUs U MeCTOpOX-
AeHunii BocTouHoit Cubupwm [1]. OfHako, foKanM3auma MecTOpOXAeHWIA ra3a 4acTo
He coBnajaeTt C BeAyW MMM pbiIHKaMW ero notpebneHuns. CtpaHbl, umetowme 60/b-
LMe 3anachbl rasa M HU3KUIA BHYTPEHHWUI CNpocC, HaleneHbl Ha MOHETMU3ALNI0 CBOUX
rasoBbiX pecypcos [z ].

B Tex cnyyasx, Korga cTpoMTensCTBO TpybonpoBO4a OT MOCTaBLMKa K NOTpe-
6UTEN0 ABNSETCA 3KOHOMWYECKM HEBLITOAHbLIM, CXKVKEHMWEe MPUPOLHOro rasa cra-
HOBWTCSH O4HUM M3 NyTeli [OCTWXKEHWUA MOCTaBMEeHHOWN uenu. CnegyeT OTMETUTD,
4YTO €MHCTBEHHbIN AENCTBYIOLWMNIA KPYNHOTOHHAXHbIW 3aBOA MO CXMXEHUIO rasa B
Poccun (CaxanuH-2), a TakXe NPOoeKTbl MO CTPOUTENLCTBY aHalorMyHbIX 3aBOAOB
(Aman CMI, Mevopa CNI, Apktuk CMI, WTokmaH CIMIM) HaxogaTcs B 30HaX XO-
NOJHOIO0 M apKTUYeCKOro Knumarta, KOTOpbli XapakTepusyeTcs onpefeneHHbIMM
0COB6EeHHOCTAMM. ITO pe3kue KosnebaHua TemnepaTypbl B TedeHue roga (neTom mo-
XeT gocturatb +30 °C, 3umoii -40 °C), BeyHas mep3noTa (NpoMep3aHue TpyHTa B
TEUYEHWE 2000 JIET), CU/bHBIE BETPA.

CXUWXeHHbI npupogHbiii ra3 (CMIM) npeactaBnseT cob60i XUAKYHO MHOro-
KOMMOHEHTHYI0 CMeCb SIerK1X yrnesofopoA0B, OCHOBY KOTOPOW COCTaBNseT MeTaH.
Ona nonyyeHus CMI npupogHblii ra3 BHavyane O4YMLLAKOT OT YI/1IeKMC0ro rasa u
CepoBoAopoa, 3aTemM OCYLIAT - yAanaloT BAary M 04YnLLaloT OT PTYTKH, 3aTem OT-
gensoT dpakuno Cs n 60nee TsKenble yrnesogopogbl. OcTaBlImMiAica razoo0bpasHblii
MeTaH, B 3aBMCMMOCTM OT TpeboBaHM K NPOAYKUUW MO KanOpPUAHOCTM, MOXET
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B KauyecTBe npumecein uMeTb 3-4 % 3TaHa, 2-3 % nponaHa, o0 2 % 6yTaHOB U [0
15 % a3ota. Ecnm 3Ty cmecb meTaHa C ApYyrMMU rasamum 0xnagutb MPUMEpPHO [0
Temnepatypbl -160 °C npu gaeneHuMn 4YyTb 60/blUe aTMOC(HepHOro (Temnepartypa
KUMeHUs YACTOro MeTaHa npu aTtmoctepHom gaeneHuu -161,5 °C), To OH npe.pa-
LwaeTcs B XMAKOCTb [1].

OCHOBHble TEXHO/IOTUWU MONYYEHUSA CXUXEHHOro MPUPOLHOro rasa, Kotopble
HaL/IN NPUMeHEeHMe B NPOMbILLIeHHOCTY [3]:

- KJTaCCMYeCKMil KackagHblli MPOLECcC - NPOLECC CXKMXEHUA NPUPOLHOro rasa
Ha TPex YMCTLIX X/lajareHTax: nNponaH, 3TUNeH N MeTaH;

- MOJAepHM3UPOBaHHbIN KackagHbli npouecc (Conoco Philips) - oTnuume ot
KM1acCMYeckoro Kackaja B TOM, UTO METAHOBbIN LMK/ He 3aMKHYT;

- TeXHON0rnyeckunii NpoLecc Ha OL4HOMNOTOYHOM LMKNE CO CMeLlaHHbIM XNlaja-
rentom TEALARC (Technip, Gazde Franceu L’Air Liquide) - uUMKn Ha OCHOBe
cMmewaHHoro xnagareHTa (CX) B 04HOMOTOYHOM LMK/IE OXNaXKAEHUS;

- TeXHOMOruM4yecknin npouecc Ha OAHOMNOTOYHOM XONIOAWIBHOM  LMKNe
PRICO® (Black & Veatch). Otnuune oT npegblgyLeid TEXHONOTMN COCTOMT B TOM,
4TO B CMECU XNafareHToB UCMOb3yeTCa U30MNEHTaH;

- SMR (Air Products and Chemicals Inc., Linde) - npouecc ¢ gpOCCefibHbIM
UMKNOM Ha CX C OfHMM 3HauYeHVEeM [AaBNeHUs pacllvpeHnus U Tpems Temnepartyp-
HbIMW YPOBHAMMW pacllUpAeMOoro xnajareHra;

- CsMR (Air Products and Chemicals Inc.) - npouecc ¢ npefBapuTe/ibHbIM
TPEXYPOBHEBLIM MpefBapuTeNibHbIM OXJTaXAEHWEM MPOMNaHOM W OCHOBHbLIM ApoOcC-
CefbHbIM LMKIOM Ha CX C OAHUM 3HaYeHMeM [aB/ieHUs pacllupeHns U LBYMSA TeM-
nepaTypHbIMN YPOBHAMU PacLUMPAEMOrO XNafareHTa;

- CsMR Split MR (Air Products and Chemicals Inc.) - oCHOBHOe oT/nuuue
npouecca APCI C:MR/SplitMR ot npouecca APCI CsMR - onTuMu3npoBaHHas
KOH(Urypaumna KOMNpeccopoB v NPUBOAHbIX Fa30BbIX TYPOUH;

- C:sMR AP-X (Air Products and Chemicals Inc.) - npouecc ¢ npefBapuTenb-
HbIM TPEXYPOBHEBLIM MPOMAaHOBLIM LIMKIOM, OCHOBHbIM AeTaHAepHO-4POCCe/IbHbIM
UMKNOM Ha CX 1 KPUOTEHHBbIM [eTaHLePHO-APOCCENbHbLIM LUKIOM Ha YACTOM XO-
noAwnNIbHOM areHTe (a3oT). ATOT rmbpuAHbIA npouecc npoussogctaea CMIM pa3pabo-
TaH Ha 6a3e u3BecTHON TexHonorum C:MR;

- MFC (Statoil n Linde) - ocHoBaHa Ha NPUMeHEHUW Tpex pasfefibHbIX KOH-
TYPOB OX/TaAXXAEHMNA CO CMeLlaHHbIMU XNafareHTaMu;

- DMR (Shell) - npouecc ¢ npeaBapuUTe/lbHbIM TPEXYPOBHEBbLIM LWK/IOM Ha
nepsom CX 1 OCHOBHbIM 4pOCCe/IbHbIM LUMKNOM Ha BTOPOM CX C 04HUM 3HAaYEeHNEM
[aBfieHVa paclunpeHnsa u ABYMSA TemMnepaTypHbIMU YPOBHAMM pacLUMpPAEMOro Xsa-
fareHTa;

- PMR (Shell) - npouecc ¢ ofHUM LMKIOM NPeBapuTeNbHOro OXNaxaeHus u
LOBYMSA napanfieNlbHbIMU LUKNAMU CKMKEHUS;

- DMR - Liquefin (AXENS) - oTnn4yme gaHHOro npouecca ot npouecca DMR
B TOM, YTO B LMKNe NpeABapuTEeSIbHOr0 OXNaXAeHWs CMellaHHbIi xnagareHT ucna-
pseTcs Ha Tpex pa3HblX YPOBHAX [AaB/fieHUA, a He Ha ABYX, KaK y npouecca DMR.

CTpyKTypa MUPOBOr0 OMbITa MPUMEHEHMNSA TEXHONOTUI CXUXKEHUA MPUPOSHO-
ro rasa npuBefieHa Ha puc. 1.
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Puc. 1. NMpomMbILNeHHOe NCNob30BaHMe TEXHONOTUNIA CXXUXKEHNS npupoaHoro rasa B Mmumpe

AHanus nHdopmMauum rno npoweccam CXMXKEHUA rasa rnokasasa, 4to 60/bLINH-
CTBO felicTBytOWwmMxX 3aBogos CII ncnonb3yeT TEXHONOTMIO CMELIaHHOro xnaga-
reHTa c npefBapuTe/ibHbIM MPOMaHOoBbIM OXNaxjeHWeM. Pa3paboTuMKom mnpouecca
aBnsetca komnanua Air Products & Chemicals Inc (APCI). B HacToswee Bpems,
nocne UCTevyeHUs cpoka aeicTema psga nateHTos APCI, nUeH3Mn Ha JaHHY0 Tex-
HOMOTMI0, a TaKXe Ha psAj ee BUAOW3IMEHEHWUN, TaKMX Kak napannenbHas cuctema
cMelwlaHHoro xnagareHta (PMR), npegoctaBnseT Takxe komnaHus Shell. Kpowme
TOro, komnaHus APCI npegnaraeT pag BMAOW3MEHEHUIA TEXHONOTMU CMELIAHHOro
XnajareHTa ¢ npefBapuTe/ibHbIM MPOMAaHOBLIM OXNaXAeHUeM - TexHonoruwo Split
MR™ 1 HefaBHO pa3paboTaHHYH TexHosoruto npoussoacTea CMIM - AP-X™,
MO3BOMAOLWYIO CTPOUTb TEXHONIOTMYECKME SIMHWUW MPOU3BOAUTENIbHOCTLIO CBbILLE
5 mMnH T/rog. JIMUEH3MM Ha KacKafHYH TEXHO/IOrMI0 MpPesocTaBnAOT HECKOJIbKO
KomnaHuii, B8 Tom ynucne APCI n Shell, x0T eANHCTBEHHbI/A MOCTPOEHHbIN 3a MO-
cnegHee Bpems 3aBog CIMIM, KOTOPLIA MCNOAL3YET ONTUMU3NPOBAHHYI0 KacKagHyHo
TEXHONOTUNI0, NPUMeHseT NuLUeH3nto komnaHum ConocoPhillips. TexHonorus aByx-
KOHTYPHOIO OXNaXJeHWA CO CMelaHHbIM XnagareHTom (DMR), nepBoHavanbHO
npegnaraswasaca Technip/Snamprogetti, Tenepb ANn8 HOBbIX MPOEKTOB MPOU3BOA-
ctea CIMI npepoctaBnsetca IFP/Axens (Liquefin™). JluueH3nn Ha BapuaHThl Tex-
Honornn DMR npegoctaBnsoTcA Takke komnaHusamu APCI u Shell. MpumeHeHne
60NbLUNHCTBA NPOLECCOB YBA3bIBAETCA BNajenbLamu NMLEH3UA C 0653aTeNbHbIM
npYMeHeHMeM OCHOBHOI0 060py[0BaHUA, B YACN0 KOTOPOro BXOAAT Ternjao06MeH-
HUKW, KOMMPECCOPbl Y MOLWHbIe ra3oTypOoUHHbIE UK 3NeKTPUYecKne nNpusogbl. Nx
TpeboBaHMA OrpaHMUNBAIOT yHacTUe POCCUMIACKNX NPOM3BOANTENEIA.
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Puc. 2. JeAcTBYOLLLME 3aBObI MO CXXUXEHWUIO NMPUPOAHOTO rasa B Mupe [4]

M3 puc. 1 BMAHO, YTO KaxKaas BTOPOI 3aBOL MO CXWKEHWIO MPUPOAHOro rasa
ncnonbdyet TexHonoruto C:MR (APCI), ewle yeTBepTb NPUXOLUTCA HA ee MOANGN-
Kauumn (CsMR Split MR, CsMR AP-X). OfiHaKo faHHad cTaTUCTMKA Mano noaxoauT
ans Poccuu, Befb 60/bLWINHCTBO 3aBOAOB, 3KCNAYyaTUPYeMbIX B MUPE, HAXOAUTCA B
cybakBaTopuanbHOM Knumare (puc. 2 ).

MocnefHWe NPOEKTbl, HaxoAAlWMecs B YCNOBMAX XONOLHOro knumara: Caxa-
NMH-2, Snohvit - ucnonb3osanu texHonorun DMR n MFC, cooTBeTCTBeHHO. [0-
3TOMY B [JaHHO CTaTbe ANA CPaBHEHMS OblAn B3ATbI TPWU TEXHOMOTMM NPON3BOACTBA
CXWXeHHoro npupogHoro rasa: C:MR, DMR, MFC.

HenocpefCTBEHHO NPOLLECC CXWXEeHUs ra3a noTpebnser B 3aBUCUMOCTM OT
TexHonoruit n o6vemos oT 15 fo 30 % oT 0buieit aHepreTnkun. Takum obpasom, fa-
Xe Hebonbloe yBennyeHne B aPEKTUBHOCTU CXKIMKEHUA NPUPOLHOro rasa ynyu-
LaeT KOHKYPEeHTOCNOCOOHOCTb U COKpallaeT OrPOMHbIE 3HEPTeTUYECKME 3aTpaThl.

TexHONOrna CXWXeHUs CMeLlaHHbIM X/1afareHToM ¢ npeABapuTebHbIM
oxnaxgeHuem nponaHom C3MR (APCI) [5]. MpuHuunuanbHasa TeXHONOrM4yeckas
cxema npotiecca npusefeHa Ha puc. 3.

CncTtema NponaHOBOro OXMaXKAEHWUA WCMONb3yeT YeTbipe YPOBHA [AaBleHUs
4NA NpefBapuTe/ibHOr0 OXNaXAeHWA KakK NoTOKa NMpWPOAHOro rasa, Tak M MoToka
CX. [anee npupoAHbIA ra3 CXXMKaeTcs B HMKHEN CEKLMN OCHOBHOIO KPWUOFEHHOTO
Ten1006MeHHMKa 1 NepeoxnaxnaeTcsa B BepxHeit cekuyumn. Motok CX Hanpasnsertcs
B cenapaTop. XnAKOCTb U3 cenapartopa, TSKenbli xnafjareHT, nepeoxnaxpaerca B
HWKHEN CeKuuyn TennoobMeHHMKa, APOCCENMPYeTCAa M MOCTynaeT B MeXTpYy6HYIo
4acTb Tennoo6MeHHMKa. a30Bblli NOTOK M3 cenapatopa, nerkuii CX, cxuxaeTca u
nepeoxnaxgeHnem B TPy6HON YacTu TennoobMeHHUKa APOCCENMpYyeTCs, Nocae Yero
MocTynaeT B ero MeXTpy6OHY YacTb.
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Puc. 3. MpuHynnmnanbHasa TexHosornyeckasa cxema npouecca CsMR [5]

MponaH Ha BbIXO4e M3 KOMMpeccopa KOHAEHCUPYeTCA BO3LYXOM WAV BOAOW B
nponaHoBOM KOH[EHCaTope.

CMellaHHbIA XnafareHT COCTOMT M3 a3oTa, MeTaHa, 3TaHa M nponaHa. lMocne
BbIX0Ja U3 Tenjo06MeHHUKa OH B BUJe HACbIWEHHOro napa rnoctynaet B KOMMpec-
cop. MoTtok CMI u3 Tenn1006MeHHUKa NPOXOAUT Yepe3 APOCCe/bHbIA KnanaH. Pe-
3yNbTUPYHOLWMIA ABYX(DasHbI/i NOTOK MPOXOAMT cenapauuto B UCNapuTesibHON eMKO-
CTW. DTOT npouecc No3BoOAeT JOCTUYL MPUEMIEMON KOHUeHTpauumn asota B CITI.
Temnepatypa CIIT, nocTynatowero n3 Ten006MeHHUKa, KOHTPOUpyeTcs 4na no-
NYYEHUS >Kenaemoro obbema OTMAapHOro rasa M3 UCNapuTeNbHON eMKOCTW. 3aTeM
ToBapHbIli CMIT nogaetca B pesepsyap - xpaHuauwe CIT.

KackagHbIi npouecc ¢ MCNOb30BaHWeM CMellaHHOro xnagareHta MFC
(Statoil v Linde) [5]. 3Ta TexHO/IOrMA OCHOBaHa Ha NPUMEHEHUN TPeX pasfenbHbIX
KOHTYPOB OXMaXAeHWA CO CMelaHHbIMW XnafjareHTamMu u BbibpaHa AN 3aBoja
CIr Snohvit nponssoguTenbHoOCTbLIO 4,3 MAH T/rog.

Mpouecc BKMOYAeT TPWU OTAENbHbIX UWKNA OXNAXKAEHUS Ha CMelaHHbIX
XnafjareHTax: npeABapuUTENIbHOTO0 OXNXKAEHUSA, CXKWKEHUA W MepeoxiaxaeHus
(puc. 4).

B uukne npefBapuTeNbHOrO OXNaXAeHWs TennoobMeH OcyLliecTBAsAeTCA B
opebpeHHbIX MNAacTUHYaTbIX TennoobmeHHUKax. CnvpanbHO-HaBuTble TpybuaTble
TeNN006MEHHUKM NCNONb3YIOTCA B APYTUX LMKNAX.

B uukne npeaBapuUTenbHOI0 OXNaXAeHWA APOCCENMPOBAHME XNajareHTa fnpo-
M3BOAMTCH Ha ABYX CTYMeHAX AaBfeHUs. B LMKNaX CKMKEHUS U nepeoxnaxieHus
XnafjareHT LpOCCEeNMPYEeTCA Ha O4HOW CTyNeHW faBneHus. B cxeme npefycMOTPEHbI
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Puc. 4. MpuHymnnanbHas
TexHo/nornyeckas  cxema
npouecca MFC [5]

XWAKOCTHbIE TypboaeTaHAepbl: 04MH - Ha noTtoke CIMIT, BTOpPOi u TpeTuii - Ha no-
TOKax xjajareHTa BTOPOro 1 TPeTbero LMKoB.

I3BECTHO, YTO B LUKIe MPEeABapuUTENbHOIO OX/TaXKAEHUSA UCMO/b3YeTCs CMEeChb
3TaH - nponaH. [ina Apyrux LUK/I0B B Ka4ecTBe X/1afareHToB Takxke Oblav BblGpaHbl
6uMHapHble CMecK: MeTaH - 3TaH M a30T - MeTaH.

Ha 3aBoge CIMI «Snohvit» komnaHmn Statoil, pasmeweHo nsTe TypboreHepa-
TopoB LM 6000, o6ecneumBatoLnux NuTaHWe BHYTPEHHE 3N1EKTPOCETU C nogadei
pe3epBHOro NUTaHUA OT MECTHOW ceTW. BHyTpeHHAs ceTb obecneuymBaeT nogavy
3N1EKTPO3HEPrumM Ha OTAeNbHble 3MEKTPOABUraTenn C MepeMeHHO 4acToTol Bpa-
LeHna, NpMBOAALLME B ABUXEHWe KOMMpeccopbl, 06ueid MowHoCcTblo 0T 50 o
60 MBT. Takoin noaxod no3BosdeT yiTM OT MHAWBUAYaNbHOIO nogb6opa Kommnpec-
COpOB X/1aflareHTa n rasosbix TypbuH, 4To 06ecneymBaeT 60nee BbICOKYI CTEMEHb
rmMbKoCTK.
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TexHoNornsa [BYXKOHTYPHOIO OXJIaXAEHUSA CMELIaHHbIM XnafareHTom
DMR (SHELL) [6]. TexHonorunuyeckunii npouecc cxmkeHnas DMR (double mixed
refrigerant - xnagareHT 4BOWHOro cmeweHuns) 6bin paspabotad B 2002 rogy ans
cpegHe- U KpYNHOTOHHaXXHOro NMpou3BoACTBa C NPON3BOANTENLHOCTLIO TEXHONOIN-
4yeckoin nuHum 2-5 maH T/rog (Ha CaxanuHe-2 - 4,8 MiH T/rog).

TexHosiornsa npegnonaraet WCMonb3oBaHWe ABYX MOTOKOB LMPKYNUPYHOLLErO
oxnaguTens, npefcTaBastollero coboii cmecb a3oTa M erkux Yrnesogopojos
(06bIYHO - MeTaH, 3TaH, MponaH, M306yTaH, OyTaH): KOHTYp NpeABapuTE/IbHOrO
OXJTKAEHUSA U KOHTYP CXMXEHUA (puc. 5).

CyxOWi OUULEHHbIA NPUPOAHbLIA ra3 MPOXOAWUT MPeABapuUTesibHOE OXaxne-
HMe M YaCTUYHYIO KOHAeHcauuio B Tenno06MeHHUKaX MpejBapuTenbHOro OXnax-
AEeHUA C MOMOLLbLI0O CMELIaHHOro xnagareHTa 1-ii cTyneHW WM nogaeTcs B Tennyto
4yacTb FNaBHOTO KPUOFEHHOro TennoobMmeHHUKa (TennoobomeHHuK I11). OByxdas-
Hbll NOTOK nocTynaet B cenapatop C1, rae OoT Hero OTAENAOTCA TAXeSble KOMMO-
HEHTbI.

MapoBas (hasa cenapaTopa Cl BO3BpaLLaeTCs B KPUOTEHHbIA TEMI00OMEHHUK,
r4e oHa oxjlaxpgaetcd M KoHAeHcupyeTcd. 3atem notok CIIT HanpasndeTca B Xpa-
Hunuwe npu Temnepatype -161 °C u atmoctepHOM faBneHuu. Ana oTAaeneHus
asoTa ot CINI ncnonbsyetcs cenapatop C3. MNaposas ¢asa cenaparopa C3, koTopas
obpasyetca npu cbpoce faBNeHUs B Apoccene, KOMOPUMUPYETCA U UCMNONb3yeTcsa B
KayecTBe TONAMBHOIO rasa.

Xunpgkas dasa cenapartopa C1l noctynaer Ha F®Y. MNapbl CMeLWaHHOro xnaja-
reHta CX1 HM3KOro JaBneHus u3 TennoobmeHHuka Il KOMOPUMUPYOTCA B KOM-
npeccope K1 n oxnaxpjatTcs B MPOMEXYTOYHOM XO/0LUNbHUKE, CMELINBAKTCA C
napamMu CMeLlaHHOro XnafjareHta cpefjHero AasneHuns u3 TernsoobmMeHHuKa |, KOM-
NPUMUPYIOTCA B KOMMPECCOPE M OXNaXAalTCA B BO34YLIHOM KOHLEBOM X0N0AWU/b-
Huke. XnagareHT CX1 BbICOKOro fAaBfieHWS YaCTUYHO KOHAeHCUpyeTca U LennTcs
Ha ABa MoToKa. MepBblii MOTOK NOcne pefyLMpoBaHna B Apoccenie 4O CPefHEro 4aB-
NeHns BO3BpalLaeTca B TennoobmeHHMK TO1 u ganee HanpaBasieTCA Ha CxaTue B
Komnpeccop. BTopoii MOTOK MocTynaeT B TeN/006MeHHMK |1, rae KOHAEHCMpPYeTCs 1
nepeoxnaxpaerca. NMepes BO3BpaToM B TeNN006MeHHUK Il faBneHne noToka NoHM-
XAEeTCHA Ha PerynmpytoLemM KnanaHe.

MoTokn cmewaHHoro xnafgareHtTa CX1 MNOMHOCTbIO UCNApPAKTCA B Tennoob-
MEHHMKaX MnpeABapuTeNnibHOro oxnaxgaeHusa | u Il nepes Bo3Bpatom B KOMMNpeccop
COOTBETCTBYHOLLEN CTyneHW. CMeLwaHHbIli xNnagareHT 2 HU3KOro AasfieHns KOM-
NPYMUPYETCA B KOMMPECCOPaxX OCHOBHOIO LMKA C MPOMEXYTOUHBIM OXNaXAEHUEM
B annapaTax BO34YLIHOro OXNaXAeHUs (MPOMEXYTOUHbIA U KOHLEBOW ON0ANNbHU-
Kun). [anbHeiwee oxnaxgeHue n YacTmyHasa KoHgeHcaumsa CX2 BbICOKOrO AaBneHus
OCYLLECTB/IAIOTCA MOTOKOM CMeLWaHHOro xnagareHta CX1 B TennoobMeHHMKax
npeasapuTenbHoro oxnaxgeHus I, 1l.

Mocne npenBapuTeNbHOr0 OXNaXAEHUA ABYX(a3HbIl MOTOK CMeLIaHHOro xja-
pareHTa CX2 pasgensetcs Ha «Tskenblii» (kugkas asa cenapatopa C-2) n «ner-
Kuii» CX2 (napoBasi (pa3a cenapatopa C-2). «JIerkuin» n «TsHKenblii» CMeLlaHHbI
xnagareHT CX2 nogatotca B Tenayk 4vacTb TensnoobmeHHuka Il pasHbiMu noTo-
Kamu.
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«J1erknii» CMellaHHbI xnagareHT («nerkuii» CX) NMpoxoguT Tenayk, Xonon-
HYIO N KPUOTEHHYI0 YacTu Tenno0bMeHHUKa, NOC/e Yero ero AasneHune noHmxaetcs
Ha gpoccene nepej nojavei B KPUOTeHHYH YacTb Tennoo6meHHuka Ill, rge oH ne-
peoxnaxgaet CIMI n KOHAEHCUPYET NPUPOLHbLIN ras.

«TSXKENbIA» CMeLWaHHbIN xnagareHT («TsKenblit» CX) NpoxXoauT TEMNYH, XO-
NOAHY 4acTu TennoobmeHHuka I, nocne 4yero ero faBneHVe MOHUXKAETCA Ha
Jpoccene nepej nogayeil B X0N0AHYHO 4YacTb TennooomeHHuKa I, rge oH cmewm-
BaeTcs C «JierkumM» CX 1 KOHAEHCMPYET NPUPOAHLIN ras. MoToK cMelaHHOoro xa-
pareHta CX HM3KOro AaBieHWs MOAHOCTbIO UCMapseTcs U NeperpeBaeTcs B TEN/ON
yacTu Tensioo6meHHuKa |11 nepen Bo3BpaToM B KoMnpeccop K2.

MogenvposaHue npouecca 3asoga CMIr nposognnu ¢ MCMNo/ib30BaHWEM MpoO-
rpaMMHbIX KOMMAEKCOB OMTUMU3ALUN TEXHO/IOrMYeCKMX MPOLLeccoB rasorepepa-
60TKM. TepmoguMHaMuyeckne 6UBNNOTEKN U YPABHEHUSA COCTOAHWSA, MPUMEHSeMble
4N NOAO6HBLIX pacyeToB, MOAXOAAT ANSA peanbHbIX WCCNeAOBaHWA TeXHOMormye-
CKMX NPOLLECCOB.

MprMHLMNManbHbIA COCTaB rasa He BMSAET HAa MOyYeHWe UTOrOBbIX pe3ynbTa-
TOB MPW CPaBHEHWW AaHHbIX TEXHONOMMA, NO3TOMY NPWU pacyeTax UCMO/b30BANCA
YCPeAHEHHbIN ra3 MecTopoXxaeHun Cubnpn (taén. 1) [7].

[JaHHblli ra3 ABNSeTCA XUPHbIM, C MOHWXEHHbIM COAepXaHMem MeTaHa U u3-
ObITKOM 3TaHa 1 nponaHa. Cbipbe NojaeTca Ha yCTaHOBKY npu Temnepatype 0°C (B
YCNOBMAX apKTUYeCKOro KnmMmara BO3MOXHa M 60nee HM3Kaa TemrepaTypa Cbipbf,
NnocTynarwLLero Ha ycTaHoBKy), fasneHun 5 MlMa. B kauyecTBe oxnaxgeHWa UCMNosb-
3yeTCs OKpY>XatoLWnii BO3LyX (HaMMeHbLlUMe 3KCNAyaTaUuMOHHbIe 3aTpaTtbl, 3KOAOMU-
yeckume TpeboBaHMA).

Pe3ynbTaTbl pacyeTta npeAcTaB/ieHbl B Tabn. 2.

MpuHLMNWaNbHOE OTANUYME KaXKAOW TEXHONOTMU CXWKEHUSA 3aK/ilouvaeTcs B
BbIGOpe NpeABapuUTENIbHOI0 OXNTaXKAEHUA, a TakXe B Bbi6Ope NPUBOAOB A/1IA KOM-
NpeccopHoro o6opyaoBaHmns (ra3oTypOUHHbBIA MW 3NEKTPUYECKNIA).

B texHonornn CsMR B KayecTBe npeLBapuUTENIbHOTO OXTaXAEHUA WUCMO/b3Y-
€TCA YNCTbI XNajareHT - MNponaH, B OTAMYMe OT LBYX APYTrMX TeXHONOrwWi, rpe
OXNaX[eHve OCYLLeCTBNAETCA CMelaHHbIMY XnajareHramu. Takas cxema oxna-
XAEeHUA NO3BONAET NOAyYaTb CXXUXKEHHbI NPUPOAHbIA a3 NPou3BOAMNTENbHOCTbIO

Tabnuua 1
CocTaB NpuMpoaHoro rasa

KOMMOHEHT % MOnb % macc.
MeTaH 87,54 75,04
OTaH 4,77 7,66
MponaH 2,94 6,93
r'-bytaH 0,51 1,58
n-bytaH 0,55 171
r'-MeHTaH 0,31 1,20
n-MeHTaH 0,35 1,35
A30T 3,03 4,54
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Tabnuua 2
MokaszaTenun TeEXHONOM I CXXUXeHMs ra3a Ha 1 Kr [8]
EMH1La n3Mepe- TexHonoruu
HanmeHoBaHMWe nokasatens

HunA CsMR DMR MFC
3atpaTbl 3HEprun B XONOAUSbHBIX KBT-4 0,2377 0,2393 0,2712
LMKnax
CymMmMapHas TenjioBasg Harpyska KKan/u 538 553 525
Tenn006MeHHNKOB
Y [enbHble KanuTasbHble 3aTpaThl Jonn. CLLA/T 1,010 1,024 1,067

cnr
Tennosasa Harpyska Ha KOHfeHca- Kkan/u 277 289 223
Top
CymMmMapHas TenjioBasg Harpyska KKan/u 816 842 747

Tenn00bMeHHNKOB 1 KOHAEeHCaTopa

5 mnH T/rog, npnyem BbipaboTKa NPOAYKTa paBHOMEPHas Ha BCEM MPOTSXKEHUU FO-
aa (puc. s, a).

Yawie Bcero, B Ka4yecTBe MPMBOAA MCMOMb3yeTCa ra3oTypbuHHbIA arperaT, Ko-
TOPbIA B YCNOBUSAX apKTUYECKOro Kaumarta BbIrfaguT 60nee NpeanoyTUTENbHbIM,
HeXenn 3/IeKTPMUecKunil, B KauecTse NpuBoLa 4158 KOMMNPECCOPHOro 060pya0BaHus.
OObACHSAETCA 3TO AOCTYMHOCTbIO rasa B KayecTBe TOMAMBa AN ra3oTypOuHHOW
YCTaHOBKW, B TO BpeMA Kak ANna 37eKTponpuBoda TpebyeTcs CTPOUTENbCTBO CO6-
CTBEHHOI 3NeKTpocTaHunu (rge TakkKe He06X0AUMO WCMOMb30BaHWE Fa3oTypouH-
HbIX arperaToB) W fINHWIA 3NEKTPOCHa6XeHNs, YTO yBenu4MBaeT KanuTanbHble 3a-
TpaTbl Ha cTpouTenbcTBO 3aBoga CIMI. [na TeXHONOrUU CXWKEHWUA MPUPOLHOro
rasa metogom C:MR xapaKTepHO HepaBHOMEpHOe pacnpegesneHne MOLWHOCTU KOM-
MPeccopHOi MHUK B TeyeHUe roga (cMm. puc. s, 6).

Puc. 6. NMpon3BoaNTENBbHOCTL 3aBOfa CXWMKEHHOr0 NPUPOAHOro rasa (a) M MOLWLHOCTb UMKAa
CXKmKeHunsa (6) no TexHonornn CsMR
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Puc. 7. Tpon3BoaMTeNbHOCTL 3aB0OAa CXXUXKEHHOrO0 NPMPOAHOro rasa (a) M MOLWHOCTb UMKNa
CXKmxKeHuns (6) no TexHonornn DMR, MFC

K TOoMy e Ha cTaguu npefBapmTesIbHOr0 OXNaXK[eHUd NponaHoMm - Cbipbe
oxnaxpaeTcs 4o Temnepatypbl -30 °C, 4To NpMBOANT K (haKTUUYECKN BeCrnonesHol
pa6oTe aToro 6noka (B 3MMHWIA Nepnog paboTbl YCTAHOBKM).

B npoueccax DMR, MFC B 6/710Ke npeaBapuTe/ibHOr0 OXNaXAeHWs UCnofb-
3yI0TCA CMellaHHble XNnajareHTol (3TaH, nponaH, M306yTaH, M30MeHTaH), Npu 3TOM
NOCTYMalWNA Ha CKMKEHWe ras, Kak MpaBufio, Ha BbIXOA4E UMeeT TemnepaTypy
-(40-50) °C. And aTuX TEXHOMOIWIA XapaKTepHa pa3Hasa CpegHeMecsa4yHas Npon3Bo-
AUTENbHOCTL (puc.7, a).

M3 rpanka BUAHO, YTO MPOU3BOAUTENIbHOCTb CXMXKEHHOro NpPMpoAHOro rasa
Kone6netca B 3aBMCMMOCTWM OT BPEMEHU roja W CpeAHecyTOUHON TemmepaTypbl
oKpyxatllero Bosfyxa. B ycnoBmax apKTMUecKOro knmmarta, Korfa aToT nepuoj
6yfeT coBnafatb CO BPEMEHeM MaKCMManbHOro CNpoca Ha 3Hepropecypcsl, a 3Ha-
YNT MaKCUManbHOW LeHbl, MOXHO MOAYYNUTb JOMOAHUTENbHYIO NPU6LIAL (CNOTOBLIN
PbIHOK rasa), kotopasi npu 60/bLlWON MOWHOCTK 3aBoga (cBbiwe 3,5 MAH T/rof) 6y-
[eT UrpaTb 3HaYMTENbHYIO PO/b B PeHTabenbHOCTM MpoekTa. Mpu XONOAHOM Ku-
maTe B TeyeHue rofa npoueccel DMR n MFC no3Bonst0T yBeMYnUTbL NPOU3BOAN-
TENbHOCTb TEXHONOTMYECKON NHUKM ¢ 5 fo 5,5 maH T/rog.

Mpn ncnonb3oBaHWMM A1 KOMMPECCOPHOro 060pyA0BaHUA 3/1eKTPUYeCKOro
npuBeofa MnosaBAfeTcA BO3MOXXHOCTb PerynmpoBaHud NpPou3BOAUTENLHOCTW, MO3TO-
MY MOLLHOCTb KOMMPECCOPHOro 6/10Kka NOCTOAHHA HA BCEM MPOTAXEHUWN rofa (Cm.
puc.7, 6).

K ToMy Xe, No HalwuMm OLeHKam, MUHUMaNbHaa CTOMMOCTb KanuTasbHbIX BfO-
XXEHWUI B CTPOUTENLCTBO 3aBOAA MO CXKVDKEHWIO MPUPOLHOr0 rasa B yCNOBMAX apk-
TUYeCKoro knumarta (cMm. Tabn. 1), yBennumtca Kak MUHUMYM Ha 10-15 %, B 3aBu-
CUMOCTM OT PasnnyUHbIX yCN0BuWil. [laHHble NpeacTaBfeHbl B Tabn. 3.

B 3aknoueHne CTOUT OTMETUTb, YTO No TexHonorum DMR paboTaeT 3aBof Mo
CXMXKeHUto ra3a B Poccun «CaxanuH-2», a no texHonorum MFC B 2008 r. 6bin 3a-
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Tabnuua 3
lNokasaTenn TeXHOMOMNIN CXXMKEHNSA rasa Ha 1 Kr B apKTUYeCKOM Kaumare
EMHULa n3mepe- TexHonoruun
HanmeHoBaHMe nokasatens

HnA CsMR DMR MFC
3aTpartbl 3Heprun B XONOAWUbHBIX KBT-yac 0,214 0,215 0,244
LMKnax
CymmapHas TenjoBas Harpyska KKan/yac 485 498 473
TennoobMeHHUKOB
Y penbHble KanuTanbHble 3aTpathbl Oonn. CLUA/T 1,161 1,177 1,227

cnr
TennoBas Harpyska Ha KOHAeHca- KKan/y 251 260 201
Top
CymmapHasa TenjioBas Harpyska KKan/u 736 758 674

Tenn006MeHHNKOB 1 KOHZIEHCaTopa

nyweH 3aBog B Hopsermm «Snohvit», Takke paboTalowwmnii B yCN0BMAX CEBEPHOI0
Knnmara. Lienecoo6pa3HoCTb UCMONb30BAHMA B YCNOBUAX XONO4HOI0 Knumara Tex-
Honorun CsMR ocTtaetca nog 6onblwinm Bonpocom. Tak B mapte 2016 r. Kvaemer
noarotosun KoHuenuuto CII-zasoga gns «HOBAT3Ka» Ha IbigaHe (ApPKTUK
CIMI) Ha ocHOBe TexHONOruin Hemelkoi Linde n amepukaHckoin APCI [9]. YunThbl-
Bas TOT (pakT, UTO 6OMbLIYI YacTb pedhepey-nucrta KomnaHuu Linde cocTaBnsoT
TexHonorum Limum (SMR) n MFC, MOXHO cAenaTb BblBOJ, YTO BfafdefibLbl Npo-
eKTa MMelT pAfL COMHEHWW npumeHeHus TexHonorum CsMR, B umcie onucaHHbIX
BblLLE.
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