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BBE/JIEHUE

[IyTe MOmepHU3aIMU U MEPEXOJa K YCTOMYMBOMY pa3BUTHUIO Poccuiickoi
®denepanuu, BO MHOTOM B3aUMOCBSI3aH C BBEACHUEM MPOPBIBHBIX HMHHOBALIHOHHBIX
TEXHOJOTHM, HO TaK ke U C Oosnee H»HEProd(PPeKTUBHBIM HCIOJIB30BAHUEM
MMEIOIIMXCS  MPUPOAHBIX  PECYpPCOB. [Ipumepom  sHEeprodhPexkTUBHOIO
UCIIONIb30BaHUsI MPUPOJIHBIX PECYPCOB CIYKHUT MOMyTHBIA HedTsiHOU Ta3 (ITHID),
KOTOPBIM U3BJIEKaeTcsl BMecTe ¢ JjoObiBaemoi. I[lpumepno mo 2005 ropa,
NOMYTHBIA HE(QTAHOW Ta3 sl BCEX HEAPONOJb30BaTENICH SIBIISJICS HE LIEHHBIM
pECypcoM M paccMaTpuBajCs, KaK MOOOYHBIA MPOAYKT HEDTETOOBIYUM U CaMBIM
MPOCTBIM METOJIOM HCIIOJIb30BaHUSl SIBISIIOCh — (haKeJbHOE C)KUTaHue Ha
He(dTenpombicnax. Poccusi, 10 HEJaBHEr0 BPEMEHHM SIBIISIIACH MUPOBBIM JIHAEPOM
no obowvemy cxwuranug [IHI'. TloMHUMO SKOHOMHYECKHMX NOTEPh OT CHKUTAHHS
LEHHOT'0 pecypca, CKUTaHKEe MOMYTHOTO HE(PTSAHOTO ra3a HAHOCUT CYLECTBEHHBIN
BpEl OKPYKAIOLIEW CpelNe M YENOBEKY, a TaKKe BHOCUT BKIAJ B IPOLECC

N3MCHCHMUS KJIIMMAaTa.

Brnactu Hamiel ctpanbl JaBHO 03a00TUIMCH ITpoOaemMont yrunuzanuu [THI.
Emé B 2007 romy npesuneHt Poccum Brnagumup IlytuH nocrtaBun 3amady
7 PEeKTUBHOTO UCTIOJIB30BAHMS MOMYTHOTO Tra3a. Toraa oH pacrnopsauiics, YTOObI
K 2012 roxy Bce KOMITAaHWU JOBEIU YPOBEHb yTuiau3zauuu 10 95%. Caenatb 3TOro
HE yAaloch M3-3a 3KOoHOMMUYecKoro kpuszuca 2008 roma. MI3MEHUTh TEHICHIIUIO
yaanoch Tosibko 2013 roma, Onaromaps TOMy, 4YTO MpaBUTENbCTBO Poccun
yTBepaAwsio Bbicokue tmTpadsl 3a cxwuranue [IHI. bnaromapsi moBbIIeHUIO
mTpadHBIX BBHIIUIAT, HHBECTUIIMU B MOJICPHUBAIMIO TEXHOJOTHI MO yTUIN3AIUH
[THI" BO3pocCin mpuMEpPHO B JIBa pasa, MO CJIOBaM MUHHCTpPa MPUPOJHBIX PECYPCOB

Cepres JloHckoro.

Pa3BuTHe MaHHOTO HAIpaBICHUS MOXKET CIIOCOOCTBOBATH ITOBBIIIICHUIO
DKOHOMHYECKOM U  JKOJIOTHYEeCKOW A(P(PEKTUBHOCTH HEPTIHOTO CEKTOpa,
Pa3BUTHIO Ta30HEPTESXMMHUH, peaju3aldd TOCYAapCTBEHHBIX 3a1ad B cdepe

ITOBBIIICHUA BHGPFOB(I)(I)GKTI/IBHOCTI/I " HMIIOPTO3aMCIICHUA. Bremanmu
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CTUMYJIAMU JJIsl pallMOHAJIbHOTO ucnonb3oBanus [THI sBistoTCs MexxmyHapoIHOe
COTPYIHUYECTBO, BCTyIieHHEe Poccun BO BeceMupHyo TOProByro opraHu3anuio U
0XXMJaeMOoe MpucoequHeHne K Opranuzainuy 3JKOHOMUYECKOTO COTPYAHUYECTBA U
pa3BUTHA. JTO TpeOyeT BHEIPEHUS MEKIYHAPOIHBIX CTAaHAAPTOB: SKOJIOTHYECKON
OTBETCTBECHHOCTHU TOBapONPOU3BOAUTENEH, AKOJIOTHYHOCTH u

Heprod3PpheKTUBHOCTH MPOU3BOACTBA [1].

[Tocranosnennem IlpaButenbctBa Poccuiickoin @enepamuu or 8 siHBaps
2009 Ne7 «O wMepax 1O CTUMYJIMPOBAHHUIO COKpAIICHHUS 3arps3HEHUs
aTMoc(epHOro BO3AyXa MPOAYKTaMU C)KUTAHHS MOMYTHOTO HE(QTSHOTO ra3a Ha
(dakelbHBIX YCTAaHOBKax» OBbLT YCTAHOBJIEH IIeJieBOM mokazarens cxkuranus [THI
Ha ¢akenbHbIX ycTaHOBKax Ha 2012 1. u mocneayronme roJsl B pazmepe He Oosee

5% o1 06beMa OOBITOTO MOMYTHOTO HETAHOTO Ta3a [2].

B cepenune 2000-x rogoB B Poccum cxuranoch 25-30% moObiBaeMoOro
[THT', B 2011 r. — 25%, B 2012 — 24%. Ilo utoram nepBoro kBaptaina 2013 r.,
COrJIaCHO pe3ysbTaTaM aHajM3a MPEJOCTABICHHOM HEAPOMNOJIb30BaTEIISIMU
uH(popmaluu, rnokazarenb nojaezHoro ucnosb3oBanus [THI coctaBun 85,8%, To

ecTh cxkuraercs meuee 15%.[4].

Jlo 2011 roga Ha u3yyaeMoM He(dTEra30KOHJEHCATHOM MECTOPOKIEHUH,
npuHamiexanemM OAO «ToMckraznpom» NMOMyTHBIN HEDTSAHOMN Ta3, MOTydaeMbIil
MpU TOATOTOBKE He(TH, HAMPABJSJICA HAa CKUTaHWE Ha (hakeIbHBIX YCTaHOBKAX
BBICOKOTO M HU3KOro npasieHus. IlocnmencrBust cxuranus IIHIT mpuBogmnm
3arps3HEHUI0 aTMOC(EPHOro BO3JyXa MNPOJYKTaAMU CrOpaHHs U OOpa30BaHUIO
MapHUKOBBIX Ta30B, 4YTO HEOJArompHsTHO CKa3bIBA€TCS HAa COCTOSTHUU

OKpY’KaroUIel Cpebl U 3J0POBbE JIIOACH.

B pamkax mpoekra yTWIM3alMHM MOMYTHOTO HE(PTSHOTO raza B paMKax
ucciaenyeMoro mectopoknaenus, 25 aBrycra 2011 roma Obuta BBeneHa B
AKCIUTyaTallMi0 CHUCTeMa MCIOJIb30BAaHUS TOIMYTHOIO HE(PTSHOrO rasza, KoTopas

npeaycMmarpuBaetr  komnpumupoBanue  [IHIT  Beicokoro  maBneHuss  Ha



ra30KOMIPECCOPHON CTaHLMU W €ro TPaHCHOPT MO Ta30IpPOBOJY 10 YCTaHOBKU
KOMIUIEKCHOW MOJTOTOBKU ra3a. BBoa B 3KCIITyaTalnio CUCTEMBI MCIOJIB30BAHUS
HOIyTHOTO HE(TSHOTO Ta3a Ha MECTOPOXKICHUU IO3BOJIMI TOATOTABIMBATDH
JOTIOJTHUTENBHO TOBAapHBIA ra3 B o0beme okosio 490 muH. Ky0. M ra3a B roj u
CKUTAaTh Ha (PaKeNbHBIX YCTAHOBKAX BBICOKOTO JaBJIEHUS TOJBKO 3amalibHO-

3aTBOPHBIM Ia3s.

L[GJIBIO I[aHHOﬁ BBIHYCKHOﬁ pa6OTLI ABJICTCA IIOBBIIICHHC CTCIICHHU
HCIIOJIB30BAHUSA ITOITYTHOTO HGCI)TSIHOFO rada HHU3KOI'O AAaBJICHHUSA ITIOCJIC KOHHCBOﬁ

CTYIICHH CeTapaliiy, METOIOM KOMITPUMHUPOBAHHS.
3aoauu

® U3y4UTh OOLINE CBEIEHUS O MECTOPOKICHUH
® U3YYUTH CYIIECTBYIOIIYIO TEXHOJIOTHIO TOATOTOBKH He(PTH
® U3YyYUTHh OCHOBHBIE CIOCOOBI yTHUIM3AIlMU MOIMYTHOTO HE(TSIHOTO rasa u
paccMOTpeTh BO3MOXKHOCTh WX TMPUMEHEHHS Ha paccMaTpuBaeMOM
MECTOPOXKACHUU;
® MOJEPHHU3UPOBATH TEXHOJOTHIO TOATOTOBKH HEPTH [JIsI TOBBIIMICHUS
CTETICHH MCIOJIb30BaHUs HE(TSIHOTO rasa
® paccuMTaTh 9KOHOMUYECKYI0 3 PexTuBHOCTy TTpuMeHeHuss BKC.
3awuniaemoe nonoscenue
[TpumeneHne poTaMOHHO-TUIACTHHYATOTO KOMITPECCOpa sl TIOBBIIICHUS
JIaBJICHUS MTOMYTHOTO HE(PTSIHOTO Ta3a KOHLIEBOM CTYIIEHH Ccenapaiuu
YCTaHOBKHU MOATOTOBKU HE(PTH HA U3yyaeMOM He(Tera3oKoHAEeHCATHOM
MECTOPOXKICHUH I103BOJISET:
a) peayin30BaTh METOJ KOMIPUMHUPOBAHUS JUIsl TOATOTOBKH ra3a HU3KOTrO
JABJICHUS

0) TI0BECTH CTEIEHb UCIOJIb30BaHUsI ra3a 10 99%



AHHOTALUUA

B nepBoii yacTu IUIMIOMHOTO MPOEKTa pacCMaTPUBAIOTCS OOIIHME re€0JI0T0-
br3YecKue XapaKTePUCTUKH MECTOPOKICHUS.

PaccmaTpuBaemoe MECTOPOKIAEHUE PACIIONATraeTCs B FO)KHOM YacTH
Tomckoit 061acTH. Y4acTOK MECTOPOXKICHUSI OTHOCUTCS K pailony Bactoranckoit
HedTerazoHocHoM obnactu. Knumat B paiiloHe MECTOPOKIACHUS
KOHTHUHEHTAJbHBIN, C XOJOJHOW 3UMOM U KOPOTKHUM KAPKUM JIETOM. B palione
MECTOPOK/ICHUS BBITIaJIaeT U30BITOYHOE KOTUYECTBO 0caaKoB. [lepBrie
celicMopa3BeI0uHbIC Pa0OTHI MPoBeieHbl B 1965-1966 rT., B nanbHeIemM
reoJIOTUYECKUE UCCIeA0BaHMs MPOBOAMWIUCH B epuoA 1977-1978 rr., 1995-1998
r.r. [IpoMbInuieHHas HEPTEra30HOCTHOCTD CBsI3aHA B OCHOBHOM C TEPPUTCHHBIMU
OTJIO)KCHUSAMHU TIJIACTOB TIOMEHCKOW U BACKOTaHCKON CBUT(ILIACTHI IOl1 O, 3'4, 103,
IO4,1012). Ha 01.01.09 Ha rocynapcTBeHHOM OajaHCe HaXOAWIOCH ISITh
MPOJYKTUBHBIX TJIACTOB: (IOll), razokonaeHcatubie (KO, 3'4, 103, HO4)
Hedrerazokonaencarusiii (F0%).

Bo BTOpO# YacTH AUNIIIOMHOTO MIPOEKTA, PACCMATPUBACTCS TEXHOIOTHUS
noaroroBku Hedtr Ha YIIH.

Texnonornyeckas cxema YIIH obecnieunBaeT 0e30macHyo SKCILTyaTaIuIo,
BO3MOXXHOCTh PEMOHTA, MPOBEJACHUS HEOOXOIUMBIX UCCIIEIOBAHUM,
pasrazupoBaHue MPOIYKIIUU CKBAXHH, COOp U XpaHEHHE HEPTH B pe3epByapax,
3aMep TOBapHOM MPOAYKIIUU U BbIJIaUy €€ MOTPEOUTEIIO.

Ha VIIH nocnenoBarebHO MPOBOAATCS CIAEAYIOLINE TEXHOIOTHUYECKUE
oneparuu:

e npueM He(dTerazoBOASHON cMecH;

e  cemapanus HEQTH B JIBE CTYICHHU;

e  00e3BOKMBAaHME U 00ECCOTMBAHNUC;

e  cemapanus Ha KOHIIEBOU CTYIECHH;

®  CXKWTaHUE aBapHUMHBIX U MOCTOSHHBIX COPOCOB Ha (pakenax BHICOKOTO

U HU3KOI'O JaBJICHUA,



®  [pHEM U y4eT TOBapHOU HeTH;

KoHntpois n ynpasinenue padbotoit obopynosanus YIIH, Bkirouas
IpeIyNpEeAUTENbHYIO U aBAPUITHYIO CUTHAIIM3ALINIO, OJIOKUPOBKY NPU aBapUUHBIX
cutyanusix, ocyuiectsisiercss ACY TII B cooTBeTcTBUM ¢ pabounMu IporpaMMaMu
Y TEXHOJOTMYECKUMH TPEOOBAHUSAMU B aBTOMAaTUUECKOM PEKUME U
JUCTAaHIMOHHO ONIEPATOPOM M3 MIOMEIIEHUS ONIEPATOPHON, BXOSIIEH B COCTaB
CIIy>KeOHO-3KCIuTyaTaiiioHHoro 6yoka (COb).

B TpeTpeli yacTu IUIJIOMHOTO MPOEKTA, PACCMATPUBAKOTCS OCHOBHBIE
METO/Ibl KCII0JI30BAHNUS [TOIYTHOTO HE(PTAHOTO ra3a Ha MECTOPOKIACHUH, BBIOOD
HanOoJIee PalMOHATILHOTO CII0CO0a €ro UCIOJIb30BaHUS B paMKax
paccMaTpuBaeMOro MECTOPOXK/IECHHUS, a TaK K€ IPOoOJIeMbl BOSHUKAIOIINE B
pe3yNbTaTe HepalMOHAIBHOTO UCIIOIb30BaHUS MTOITYTHOTO rasa.

CrenaH BbIBOJI, CKUTAHKE MTOMTYTHOTO HEPTIHOTO Ta3a Ha (paKeIbHbIX
YCTaHOBKAX CBSA3aHO C OOJIBIIMMHU 3KOHOMHUUYECKUMHU MOTEPSMU U 3KOJIOTUUECKUMHU
puckamu. Haiitu 3¢ pextuBHbIE pemienns ucnoiab3oBanus [THI — 3agaua moboro
He(Te00bIBAIOILIETO TOCY1apCTBa.

CymecTByeT Macca BapuaHToB ucrnonb3oBanus [THI, koTopeie
ONPEIENSIOTCA B 3aBUCUMOCTH OT CIAEAYIOIMUX (aKTOPOB:

e mapametpoB [THI (mpou3BoANTENBHOCTD, COCTAB, /IABIICHHUE);

®  DPa3BUTOCTU UHPPACTPYKTYPHI;

° yaaneHHoctu ot ['113;

e  Bo3MoxkHOcTH TpaHcnoprta [THI' unm nponykroB ero nepepaboTku K
OTpeOUTEINIO.

Hcxons u3 n1aHHbIX (PaKTOPOB, OCHOBHBIMU HaIPaBJICHUSIMU
ucnonb3oBanus [THI' B pamkax Teky1iero MeCTOpoKI€HUs, MOXKET ObITh:

®  UCIOJB30BaHME Ta3a U TMPOJIYKTOB €ro mnepepaboTKu B paloHax
JNOOBIYM ISl YIOBJETBOPEHUS TEXHOJOTHYECKHX HYXJ MPOMBICIOB M MECTHBIX
noTpeOHOCTEN B BHEpropecypcax;

L HCIIOJIB30BAHHC B KAUYCCTBC TOINIMBA Ha 3JICKTPOCTAHIIUAX



e nmepepaboTka Ha Ta3omepepadaTHIBAIONIMX 3aBOAAX C TMOJyYECHUEM
ra30XMMUYECKOW MPOAYKIMH. OTOT BapHaHT pacCMaTpUBAcTCs B Cliydae
BBIICJICHUSI 3HAYUTENIbHBIX U CTa0WIbHBIX 00beMoB [THI;

e 3akauka [THI' B mpoaykTuBHbIe HEDTSAHBIE MIACTHI JJIS1 TOBBILICHUS
IJIACTOBOTO JaBJeHUS U HedTeoTHaun (CAMKIMHT-TIPOIECC). ODTOT METO.
XapaKTepUu3yeTcs BHICOKUMHU 3aTpaTaMy;

e mnocraBka [IHI' otrnanennsiM mnorpedutensM, Hampumep, s
MPOM3BOJICTBA TEIJIOBOM M AJIEKTPUYECKOM HSHEPTUH, MO TPyOONpOBOJAAM WU
MOCJIE COOTBETCTBYIOIIEH MOATOTOBKA aBTOMOOWJIBHBIM MM MHBIM JOCTYITHBIM
TPAHCIIOPTOM.

B uyerBepTOoil wacTH AMIIOMHOrO MPOEKTAa, PACCMATPUBAETCS BOIPOC O
BbIOOpE HEOOXOAMMOIro KOMIpeccopa Il TEKYIIEro MECTOPOXKIEHUS U
TEXHUYECKOE OOOCHOBaHHE, MOYEMy BBHIOpAaH MMEHHO POTAIMOHHO-TIIACTHYHBIN
KoMmmpeccop. MHOIO MOApOOHO pacCMOTPEHbI TEXHUUECKHE OCOOEHHOCTH PabOThHI
JIBYX BUJIOB KOMIIPECCOPOB, BUHTOBOTO U POTOPHO-TIJIACTHHYATOTO.

B pesymprare aHanm3a BBAETICHO 3HAUMTENBHOE  IMPEHMYIIECTBO
POTAIIMOHHO-TUTACTUHYATHIX KOMIIPECCOPOB TIEpPel BUHTOBBIMHU OTHOCHUTEIHHO
3aJ1a4 Mo yTHJIM3AIUHU Ta30B Ha TEKYIIEM MECTOPOKICHUH.

[IpenmyIiecTBO pOTAIMOHHO-TIIIACTUHYATOTO KOMIIPECCOpa CBSI3aHO C TEM,
4YTO TeMIeparypa Tra3a Ha HarHeTaHWM 3HAYUTEIBHO BBIIIE TOYKH POCHI,
oOpa3oBaHus KOHJeHcaTa He Oyner. brarogaps sTomy (GakTy HCHOJb30BaHHUE
POTAIMOHHOTO KOMIIPECcopa He TOJDKHO BBI3BIBATH MPOOJIEM P IKCIUTyaTaI|H.

Kpome BbIOOpa Kommpeccopa BbIACICHBI (AKTOpPHI, BIUSAIOMIME Ha
BO3HUKHOBEHHE HEPACUETHBIX PEXKHUMOB pabOThl KOMIpEccopa, pOu3BeIeHa
KOJIMYECTBEHHAs! OIICHKAa HEONpPENeNEHHOCTH ¥ HEPAaBHOMEPHOCTH 3HAYEHUU
IKCIUTyaTaI[il KOMIIPECCOPHON YCTAaHOBKH B Pa3HbIC MPOMEKYTKH BPEMEHH.

B msaToit rmaBe AMIUIOMHOTO MPOEKTa paccMaTpUBAETCs MPHUHIMI PaOOTHI
OJIOYHOW KOMITPECCOPHOM CTaHITUH.

brnounas ~ komrmpeccopHas CTaHIIUA  TpeAHa3Ha4YeHa IS

KOMIIpUMHPOBAHHUA  TI'ad3a, BBIACIIMBIICTOCA B IIponeccce OKOHYAaTCJIIBHOI'O
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pasrasupoBaHus HedTH HAa KOHIEBBIX cemaparroHHbX yctaHoBkax YIIH. KVY
SIBJIICTCSI M37ICJIMEM TTOJTHOM 3aBOJCKON TOTOBHOCTH 07109HOTO THMa. OCHOBHBIMU
AJIEMEHTAMHM CTaHIIMM SIBJISIIOTCS: OJIOK KOMIIPECCOPHBIX arperatroB, ammapar
BO3MIYIITHOTO OXJXKICHUS TOCONa W OJIOK YNpaBlICHUS, KOTOPBIE COCIUHEHBI
MEXTy coOoi TpyOOIIpoBOAaMHU, CUIIOBBIMU U CUTHAJIBHBIMU KaOEISIMU.

B 1mecrtoil r1naBe AMIZIOMHOTO TMPOEKTAa CMOJCIMPOBAHA TEKyIlas
TEXHOJIOTMYECKAsA CXEMa, C JaJbHEHIIEH MOJCPHU3ALMEN C LEIbI0 IMOBBIIMICHUS
3 PEKTUBHOCTH HCIOJIB30BAaHUA HEPTIHOTO Ta3a HU3KOrO JIABJICHHUS IOCTe
KOHIIEBOM CEIMapallMOHHON YCTaHOBKH.

JIns MoJenupoBaHUs TEXHOJIOTMU MOJATOTOBKA HE(PTU ObLT HMCIOJIb30BaH
MIPOTrPaMMHBIN KOMILIEKC HYSYS, MTO3BOJISIFOIIUN paccunTarb
TEPMOJMHAMUYECKUE CBOWCTBA M (POPMHUPOBATH CXEMbl HEMOCPEICTBEHHO Ha
DKpaHEe KOMIIbIOTEpa BBIOMpAs DJIEMEHThI M3 CIOUCKA W COCAUHSAS HX B
ompenesieHHOM Topsiake. Huke mpeacTaBiaeHbl TaOIUIBI, B KOTOPBIX ITPUBEICHBI
pacueTa MaTepHabHOTO OajaHca /10 U TOCJI€ MOJACPHHU3ALUKU TEXHOJIOTHYECKOM
cxemsl YIIH.

Tabsmua 1 — MarepuanbHblid 0anaHC IEHCTBYIOIIEH TEXHOJIOTHUYECKOW CXEMBI

IIpuxon Pacxon
% Konunuectso, % Konuuectso,

Kr/4 Kr/4
Ceoipas Hedts | 100 180045 ToBapnas vHedts | 65,03 117100
Bona n3 C-2 27,75 49970
['az va 'KC 6,1 11000

I'a3 na ®HJI 1,12 1975
Htoro 100 180045 100 180045

Tabnuia 2 — MarepuanbHblid 0amaHC MOJEPHU3UPOBAHHON TEXHOJIOTHYECKOM
cxeMbl YIIH ¢ ncnons3oBaHueM pelukia raa BTOpOM CTYIICHU

Ilpuxox Pacxon
% KonnuecTtBo, % KomuuectBo,
KT/4 KT/4

Ceoipas Hedts | 100 180045 ToBapnas nHegtp | 65,03 117100
Bona u3 C-2 27,75 49970
I'az ma I'KC 7,22 12975

I'az nHa ®HJI 0 0
Hroro 100 180045 100 180045




[Tocie  MomepHM3alMM  CYHIECTBYIOIIEWM  TEXHOJIOTUYECKOM  CXEMBI
NOJIFOTOBKK HE(PTH, UCIOJIB30BaHUE MOMYTHOTO HE(PTIHOIO raza yBEJINYWIOCH B
pasbl ¢ 89,6 % 10 99%.

B cenpmoll rnaBe JUIUIOMHOIO IIPOEKTAa PAcCMaTPUBAETCS  BOIIPOC
(MHAHCOBOIO MEHEIKMEHTA, peCYpPCco3(h(PEKTUBHOCTU U pecypcocOepeKeHusl.

B pe3ynbTate, MOIYyYEHO YTO OKYMAEMOCTh IPOEKTAa MO BHEAPEHUIO
KOMIIDECCOPHOM  YCTaHOBKM  Ta3a  KOHLIEBOM  CTYNEHM  Celapalud B
TexHonoruueckyro cxemy YIIH  Kazanckoro  HedTerazokoHaeHCATHOTO
MECTOPOXKIACHHS COCTABIISIET TPU roja.

[IpuObulb KOMIAHUU OyIEeT YBEIMUMBATHCA OJjaroiapsi COKpAaILECHUIO
mTpadHBIX BHIIUIAT 32 HETATUBHOE BO3/ICHCTBUE HA OKPYXKAIOILYIO CPEAY, a TaK ke
32 CYET MPOAAKHU JONOJHUTEIBHOIO KOJMYECTBA Ta3a, KOTOPBIA IOJIy4aeTCs B
pe3yJibTaTe YMEHBIICHUS KOJIUYECTBA CKUTAEMOT0 MONYTHOTO HE(TAHOTO raza Ha
daxenax.

Ha ocHoBaHuu (axkToB MOJYyYEHHBIX paHEE, a TaK )K€ MOJYYEHHBIX B XOJ€
pacyera MHAEKCAa APKOHOMHYECKON 3(P(EKTUBHOCTH U UHAEKCAa 3(PPEKTUBHOCTU
BHEJIPEHUS, MOXHO CJEJIaTh BBIBOJ, YTO WHBECTUPOBAHHWE CPEICTB B JIAHHBII

IMPOCKT ABJISAACTCA SKOHOMHUYCCKH OIIPpaBJaHHBIM.
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1 ASSOCIATED PETROLEUM GAS. NATURAL GAS COMPRESSION

Associated petroleum gas

Associated petroleum gas (APG) is gas dissolved in oil. Associated
petroleum gas is produced in the process of oil production, so it is actually a
derivative. But APG itself is also a valuable raw material for further processing.
APG is composed of light hydrocarbons. First of all, from methane which is major
component of natural gas and from other heavier components such as ethane,
propane, butane and others.

Associated petroleum gas should be separated from oil for the oil to
comply with the applicable standards. For a long time, APG used to be a by-
product for oil-companies, that’s why the problem of its disposal was settled in
rather an easy way — it was burnt.

Since 2008, politicians at the highest level in Russia have been actively
working to make the country’s economy more energy efficient. Goals have also
been set for tackling one of the biggest problems of the fuel and energy industry:
associated gas flaring. In particular, Government Decree 7 of January 8, 2009, “On
measures to stimulate the reduction of air pollution from associated gas flaring
products” states that from 2012 no more than 5% of APG output should be flared.

In November 2009, Dmitry Medvedev noted in his Presidential Address to
the Federal Assembly that “One of the most glaring examples of ineffective energy
resource use is the flaring of gas extracted alongside oil. This pollutes the
environment and sends tens of billions of rubles up in smoke”.

Although APG flaring is a problem for all oil-producing countries
particularly in terms of the environmental damage and the waste of energy
resources. Going by various sources, Russia flares 15-35 billion cubic meters

(bcm) of associated petroleum gas a year.
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Associated gas production and use

The bulk of APG production takes place in Western Siberia, which
accounts for 45bcm, more than half of which is produced in Khanty-Mansi
Autonomous Okrug (KhMAO). KhMAO, Yamalo-Nenets Autonomous Okrug
(YNAO) and Eastern Siberia together produce roughly 80% of the APG. Thus, the
new oil-producing regions are becoming new APG producing regions.

By statistical estimates, Khanty-Mansi Autonomous Okrug, with 33% of
the national total, still flares the greatest volumes, but Eastern Siberia, with 31%,
has almost caught up. YNAO and the Komi Republic, where considerable volumes
of gas are flared in a relatively compact area, come third and fourth. Despite the
increase in gas processing volumes, the volume of flaring in absolute terms is not
flaring, since the utilization issue is not being tackled when operations at the new
fields begin.

It is worth noting the large discrepancy between the regional figures for gas
flaring and APG production: the absolute leader for APG production (KhMAO)
flares just 0.3 bcm a year more than Eastern Siberia. However, Eastern Siberia
produces 30.7 bcm less APG a year than KhMAO, according to 2010 data (Figure
1.1).
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Figure 1.1 — APG production and flaring by zone in 2010
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Hence, the following trend is being maintained: in the so-called “new”
production regions (Nenets Autonomous Okrug (NAO), YNAO, and the north of
Krasnoyarsk Krai), development and production funding significantly exceeds gas
processing investment. For this reason, these regions will probably have the lowest
level of APG use in the coming years. At the same time, traditional oil-producing
regions such as KhMAO already recognize the consequences of inefficient APG
use, and are acting to reduce associated gas flaring and increase utilization. Thus,
KhMAO’s share of total flaring fell over the last one-two years.

Roughly 24% of the associated gas output is flared. The remaining 76%
goes to consumers (13%), internal needs (15%) and a gas processing plant (48%).
Thus, less than half the APG is suitably processed (Figure 1.2).

Gas processing
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Figure 1.2 — APG use in 2010

The total volume of APG processed in Russia in 2010 was 31,6 bcm,
including 17.5 bcm (56% of the national total for APG processing at gas
processing plants (GPPs)) at Sibur plants, which process APG from most
vertically-integrated oil companies in Western Siberia.

According to Sibur data, the leading sources of APG for processing are

TNK-BP, Surgutneftegaz and Rosneft. 100% of the processed APG from Gazprom
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neft and Slavneft, and more than 90% of the processed APG from TNK-BP,
Rosneft and RussNeft, is processed at Sibur GPPs (Figure 1.3).
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Figure 1.3 — APG processing in 2010

Thus, the growth in APG production and the delay in introducing
infrastructure for utilizing it are leading to a situation where the new oil and gas
provinces (Eastern Siberia and the Komi Republic) are flaring practically all their
APG output. Given the rates of growth of associated gas production and the lack of
processing facilities in the “new” region, as well as the reduction, in contrast, in
flaring in KhMAQO, it is possible that Eastern Siberia will become the leading
flaring region in the near future. At present, the increase in APG processing
volumes is the main factor contributing to the growth in production of
petrochemical raw materials. The development of new fields in new regions
(Eastern Siberia, the Komi Republic, the Yamal peninsula) is making it possible to

create new major associated petroleum gas processing plants.
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Natural gas compression

““Compression” is used in all aspects of the natural gas industry, including
gas lift, reinjection of gas for pressure maintenance, gas gathering, gas processing
operations (circulation of gas through the process or system), transmission and
distribution systems, and reducing the gas volume for shipment by tankers or for
storage. In recent years, there has been a trend toward increasing pipeline-
operating pressures. The benefits of operating at higher pressures include the
ability to transmit larger volumes of gas through a given size of pipeline, lower
transmission losses due to friction, and the capability to transmit gas over long
distances without additional boosting stations. In gas transmission, two basic types
of compressors are used: reciprocating and centrifugal compressors. Reciprocating
compressors are usually driven by either electric motors or gas engines, whereas
centrifugal compressors use gas turbines or electric motors as drivers. The key
variables for equipment selections are life cycle cost, capital cost, maintenance
costs, including overhaul and spare parts, fuel, or energy costs. The unit level of
utilization, as well as demand fluctuations, plays an important role. While both gas
engines and gas turbines can use pipeline gas as a fuel, an electric motor has to rely
on the availability of electric power. Due to the number of variables involved, the
task of choosing the optimum driver can be quite involved, and a comparison
between the different types of drivers should be done before a final selection is
made. An economic feasibility study is of fundamental importance to determine
the best selection for the economic life of a project. Furthermore, it must be
decided whether the compression task should be divided into multiple compressor
trains, operating in series or in parallel.

This chapter presents a brief overview of the two major types of
compressors and a procedure for calculation of the required compression power, as
well as additional and useful considerations for the design of compressor stations.
All performance calculations should be based on inlet flange to discharge flange

conditions. This means that for centrifugal compressors, the conditions at the inlet
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flange into the compressor and the discharge flange of the compressor are used.
For reciprocating compressors, this means that pressure losses at the cylinder
valves, as well as pressure losses in pulsation dampeners, have to be included in
the calculation. Additional losses for process equipment such as suction scrubbers

or after coolers have to be accounted for separately.

Reciprocating compressors

A reciprocating compressor is a positive displacement machine in which
the compressing and displacing element is a piston moving linearly within a
cylinder. The reciprocating compressor uses automatic spring-loaded valves that
open when the proper differential pressure exists across the valve. Figure 1.4
describes the action of a reciprocating compressor using a theoretical pressure-
volume (PV) diagram. In position A, the suction valve is open and gas will flow
into the cylinder (from point 1 to point 2 on the PV diagram) until the end of the
reverse stroke at point 2, which is the start of compression. At position B, the
piston has traveled the full stroke within the cylinder and the cylinder is full of gas
at suction pressure. Valves remain closed. The piston begins to move to the left,
closing the suction valve. In moving from position B to position C, the piston
moves toward the cylinder head, reducing the volume of gas with an
accompanying rise in pressure. The PV diagram shows compression from point 2
to point 3. The piston continues to move to the end of the stroke (near the cylinder
head) until the cylinder pressure is equal to the discharge pressure and the
discharge valve opens (just beyond point 3). After the piston reaches point 4, the
discharge valve will close, leaving the clearance space filled with gas at discharge
pressure (moving from position C to position D). As the piston reverses its travel,
the gas remaining within the cylinder expands (from point 4 to point 1) until it

equals suction pressure and the piston is again in position A.
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Figure 1.4 — Reciprocating compressor compression cycle

The flow to and from reciprocating compressors is subject to significant
pressure fluctuations due to the reciprocating compression process. Therefore,
pulsation dampeners have to be installed upstream and downstream of the
compressor to avoid damages to other equipment. The pressure losses (several
percent of the static flow pressure) of these dampeners have to be accounted for in
the station design.

Reciprocating compressors are widely utilized in the gas processing
industries because they are flexible in throughput and discharge pressure rage.
Reciprocating compressors are classified as either “high speed” or “slow speed.”
Typically, high-speed compressors operate at speeds of 900 in 1200 rpm and slow-
speed units at speeds of 200 to 600 rpm. High-speed wills are normally
“separable,” i.e., the compressor frame and driver are separated by a coupling or

gearbox. For an “integral” unit, power cylinders are mounted on the same frame as
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the compressor cylinders, and power pistons are attached to the same drive shaft as
the compressor cylinders. Low-speed units are typically integral in design.

Centrifugal compressors

We want to introduce now the essential components of a centrifugal
compressor that accomplish the tasks specified earlier (Figure 1.5). The gas
entering the inlet nozzle of the compressor is guided to the inlet of the impeller. An
impeller consists of a number of rotating vanes that impart mechanical energy to
the gas. The gas will leave the impeller with an increased velocity and increased
static pressure. In the diffuser, part of the velocity is converted into static pressure.
Diffusers can be vaned, vaneless, or volute type. If the compressor has more than
one impeller, the gas will be again brought in front of the next impeller through the
return channel and the return vanes. If the compressor has only one impeller or
after the diffuser of the last impeller in a multistage compressor, the gas enters the
discharge system. The discharge system can either make use of a volute, which can
further convert velocity into static pressure, or a simple cavity that collects the gas

before it exits the compressor through the discharge flange.

Figure 1.5 — Reciprocating compressor compression cycle
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The rotating part of the compressor consists of all the impellers. It runs on
two radial bearings (on all modem compressors, these are hydrodynamic tilt pad
bearings), while the axial thrust generated by the impellers is balanced by a
balance piston, and the resulting force is balanced by a hydrodynamic tilt pad
thrust bearing. To keep the gas from escaping at the shaft ends, dry gas seals are
used. The entire assembly is contained in a casing (usually barrel type).

A compressor stage is defined as one impeller, with the subsequent diffuser
and (if applicable) return channel. A compressor body may hold one or several (up
to 8 or 10) stages. A compressor train may consist of one or multiple compressor
bodies. It sometimes also includes a gearbox. Pipeline compressors are typically
single body trains, with one or two stages.

The different working principles cause differences in the operating
characteristics of the centrifugal compressors compared to those of the
reciprocating unit. Centrifugal compressors are used in a wide variety of
applications in chemical plants, refineries, onshore and offshore gas lift and gas
injection applications, gas gathering, and in the transmission of natural gas.
Centrifugal compressors can be used for outlet pressures as high as 10.000 psia,
thus overlapping with reciprocating compressors over a portion of the flow
rate/pressure domain. Centrifugal compressors are usually either turbine or electric
motor driven. Typical operating speeds for centrifugal compressors in gas
transmission applications are about 14.000 rpm for 5000-hp units and 8000 rpm for
20.000-hp units.

Comparison between compressors

Differences between reciprocating and centrifugal compressors are
summarized in the following way.

Advantages of a reciprocating compressor over a centrifugal machine
include

* Ideal for low volume flow and high-pressure ratios

* High efficiency at high-pressure ratios
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* Relatively low capital cost in small units (less than 3000 hp)

* Less sensitive to changes in composition and density

Advantages of a centrifugal compressor over a reciprocating machine
include

* Ideal for high volume flow and low head

* Simple construction with only one moving part

* High efficiency over normal operating range

* Low maintenance cost and high availability

« Greater volume capacity per unit of plot area

* No vibrations and pulsations generated

Compressor selection

The design philosophy for choosing a compressor should include the
following considerations.

*» Good efficiency over a wide range of operating conditions

* Maximum flexibility of configuration

* Low maintenance cost

* Low life cycle cost

* Acceptable capital cost

* High availability

However, additional requirements and features will depend on each project
and on specific experiences of the pipeline operator. In fact compressor selection
consists of the purchaser defining the operating parameters for which the machine
will be designed. The ‘“process design parameters” that specify a selection are as
follows.

1. Row rate

2. Gas composition

3. Inlet pressure and temperature

4. Outlet pressure

5. Train arrangement
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a. For centrifugal compressors: series, parallel, multiple bodies, multiple
sections, intercooling, etc.

b. For reciprocating compressors: number of cylinders, cooling, and flow
control strategy

6. Number of units

In many cases, the decision whether to use a reciprocating compressor or a
centrifugal compressor, as well as the type of driver, will already have been made
based on operator strategy, emissions requirements, general life cycle cost
assumptions, and so on. However, a hydraulic analysis should be made for each
compressor selection to ensure the best choice. In fact, compressor selection can be
made for an operating point that will be the most likely or most frequent operating
point of the machine. Selections based on a single operating point have to be
evaluated carefully to provide sufficient speed margin (typically 3 to 10%) and
surge margin to cover other, potentially important situations. A compressor
performance map (for centrifugal compressors, this would be preferably a head vs
flow map) can be generated based on the selection and is used to evaluate the
compressor for other operating conditions by determining the head and flow
required for these other operating conditions. In many applications, multiple
operating points are available, e.g., based on hydraulic pipeline studies or reservoir
studies. Some of these points may be frequent operating points, while some may
just occur during upset conditions. With this knowledge, the selection can be
optimized for a desired target, such as lowest fuel consumption.

Selections can also be made based on a “rated” point, which defines the
most onerous operating conditions (highest volumetric flow rate; lowest molecular
weight; highest head or pressure ratio; highest inlet temperature). In this situation,
however, the result may be an oversized machine that does not perform well at the
usual operating conditions.

Once a selection is made, the manufacturer is able to provide parameters
such as efficiency, speed, and power requirements and, based on this and the

knowledge of the ambient conditions (prevailing temperatures, elevation), can size
21



the drivers. At this point, the casing arrangement and the number of units
necessary or desirable (flexibility requirements, growth scenarios and sparing

considerations will play an important role in this decision) can be discussed.

Compression ratio

The compression ratio (CR) is the ratio of absolute discharge pressure to
the absolute suction pressure. Mathematically
b2
2

By definition, the compression ratio is always greater than one. If in are “n

CR = €Y)

stages of compression and the compression ratio is equal on each stage, then the

compression ratio per stage is given by
P2.1
CRstage = (=) /n (2)
P1

If the compression ratio is not equal on each stage, then Equation (2)
should be applied to each stage.

The term compression ratio can be applied to a single stage of compression
and multistage compression. When applied to a single compressor or a single stage
of compression, it is defined as the stage or unit compression ratio; when applied
to a multistage compressor it is defined as the overall compression ratio. The
compression ratio for typical gas pipeline compressors is rather low (usually below
2), except for stations that teed into pipelines. These low-pressure ratios can be
covered in a single compression stage for reciprocating compressor and in a single
body (with one or two impellers) in a centrifugal compressor.

While the pressure ratio is a valuable indicator for reciprocating
compressors, the pressure ratio that a given centrifugal compressor can achieve
depends primarily on gas composition and gas temperature. The centrifugal
compressor is better characterized by its capability to achieve a certain amount of
head (and a certain amount of head per stage), From Equation (8-9) it follows that
the compressor head translates into a pressure ratio depending on gas composition

and suction temperature. For natural gas (SG = 0.58-0.65), a single centrifugal
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stage can provide a pressure ratio of 1.4. The same stage would yield a pressure
ratio of about 1.6 if it would compress air (SG = 1.0). The pressure ratio per stage
is usually lower than the values given earlier for multistage machines. For
reciprocating compressors, the pressure ratio per compressor is usually limited by
mechanical considerations (roil loud) and temperature limitations. Reciprocating
compressors can achieve cylinder pressure ratios of 3 to 6. The actual flange-to-
flange ratio will be (due to the losses in valves and bottles) lower. For lighter gases
(such as natural gas), the temperature limit will often limit the pressure ratio before
the mechanical limits do. Centrifugal compressors are also limited by mechanical
considerations (rotordynamics, maximum speed) and temperature limits. Whenever
any limitation is involved, it becomes necessary to use multiple compression stages
in series and intercooling. Furthermore, multistage compression may be required
from a purely optimization standpoint. For example, with an increasing
compression ratio, compression efficiency decreases and mechanical stress and
temperature problems become more severe.

For pressure ratios higher than 3, it may be advantageous to install
intercoolers between the compressors. Intercoolers are generally used between the
stages to reduce the power requirements as well as to lower the gas temperature
that may become undesirably high. Theoretically a minimum power requirement is
obtained with perfect intercooling and no pressure loss between stages by making
the ratio of compression the same in all stages. However, intercoolers invariably
cause pressure losses (typically between 5 and 15 psi), which is a function of the
cooler design. In the preliminary design, the pressure should be on the order of 10
psi for coolers (especially gas-to-air coolers, where the economics may be out of
balance for lower pressure drop).

Note that an actual compressor with an infinite number of compression
stages and intercoolers would approach isothermal conditions (where the power
requirement of compression cycle is the absolutely minimum power necessary to
compress the gas) if the gas were cooled to the initial temperature in the

intercoolers.
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Interstage cooling is usually achieved using gas-to-air coolers. The gas
outlet temperature depends on the ambient air temporal. The intercooler exit
temperature is determined by the cooling media. If ambient air is used, the cooler
exit temperature, and thus the suction temperature to the second stage, will be
about 20 to 30°F above the ambient dry bulb temperature. Water coolers can
achieve exit temperature about 20°F above the water supply temperature, but
require a constant supply of cooling water. Cooling towers can peroxide water
supply temperatures of about wet bulb temperature plus 25°F.

For applications where the compressor discharge temperature is above
some temperature limit of downstream equipment (a typical example is pipe
coatings that limit gas temperatures to about 125 to 140°F) or has to be limited for

other reasons (e.g., to not disturb the permafrost), an aftercooler has to be installed.

Compression design

Compressor design involves several steps. These include selection of the
correct type of compressor, as well as the number of stages required. In addition
depending on the capacity, there is also a need to determine the horsepower

requirement for the compression.

Inlet flow rate

The compressor capacity is a critical component in determining the suit-
ability of a particular compressor. We can calculate the actual gas flow rate at

suction conditions using

ZiTy
Q; = 0.0283
p1

Qq,sc ©)

where QG represents an actual cubic feet per minute flow rate of gas, T1
represents the suction temperature in °R, p1 represents suction pressure in psia, and
QG,SC represents the standard volumetric flow rate of gas in MMSCFD.

Note that using the value of actual gas volumetric flow rate and discharge

pressure, we can roughly determine the type of compressor appropriate for a
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particular application. Although there is a significant overlap, however, some of
the secondary considerations, such as reliability, availability of maintenance,
reputation of vendor, and price, will allow one to choose one of the acceptable

COMpressors.

Compression power calculation

Once we have an idea about the type of compressor we will select, we also
need to know the power requirements so that an appropriate prime mover can be
designed for the job. After the gas horsepower (GHP) has beet determined by
either method, horsepower losses due to friction in bearings, seals, and speed
increasing gears must be added. Bearings and seal losses can be estimated from
Scheel’s equation. For reciprocating compressors, the mechanical and internal
friction losses can rage from about 3 to 8% of the design gas horsepower. For
centrifugal, a good estimate is to use 1 to 2% of the design GHP as mechanical
loss.

To calculate brake horsepower (BHP), the following equation can be used.

BHP = GHP + mechanical losses 4

The detailed calculation of brake horsepower depends on the choice of type
of compressor and number of stages. The brake horsepower per stage can be

determined from Equation (5):

_ _ (QG sc)(T1) kT
BHP = 0.0854 - Z,, ] [k - 1] (5)

where BHP is brake horsepower per stage; Zave is average compressibility
factor; QG,SC is standard volumetric flow rate of gas, MMSCFD; T1 is suction
temperature, OR; p1, p2 are pressure at suction and discharge flanges, respectively,
psia; E is parasitic efficiency (for high-speed reciprocating units, use 0.72 to 0.82;

for low-speed reciprocating units, use 0.72 to 0.85; and for centrifugal units, use
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0.99); n is compression efficiency (1.0 reciprocating and 0.80 to 0.87 for
centrifugal units).

In Equation (5), parasitic efficiency (E) accounts for mechanical losses, and
the pressure losses incurred in the valves and pulsation dampeners of reciprocating
compressors (the lower efficiencies arc usually associated with low-pressure ratio
applications typical for pipeline compression). Hence, suction and discharge
pressures may have to be adjusted for the pressure losses incurred in the pulsation
dampeners for reciprocation compressors. The compression efficiency accounts for
the actual compression process. For centrifugal compressors, the lower efficiency
is usually associated with pressure ratios of 3 and higher. Very low flow
compressors (below 1000 acfm) may have lower efficiencies.

The total horsepower for the compressor is the sum of the horsepower
required for each stage. Reciprocating compressors require an allowance for
interstage pressure losses. It can be assumed that there is a 3% loss of pressure in
going through the cooler, scrubbers, piping, and so on between the actual discharge
of the cylinder and the actual suction of the next cylinder. For a centrifugal
compressor, any losses incurred between the stages are already included in the
stage efficiency. However, the exit temperature from the previous stage becomes
the inlet temperature in the next stage. If multiple bodies are used, the losses for

coolers and piping have to be included as described previously.

Conclusion

In gas compression, two basic types of compressors are used: reciprocating
and centrifugal compressors.

A reciprocating compressor is a positive displacement machine in which
the compressing and displacing element is a piston moving linearly within a
cylinder.

Advantages of a reciprocating compressor over a centrifugal machine

include
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* Ideal for low volume flow and high-pressure ratios

* High efficiency at high-pressure ratios

* Less sensitive to changes in composition and density

Centrifugal compressors, sometimes termed radial compressors, are a sub-
class of dynamic axisymmetric work-absorbing turbomachinery.

The idealized compressive dynamic turbo-machine achieves a pressure rise
by adding kinetic energy/velocity to a continuous flow of fluid through the rotor or
impeller. This kinetic energy is then converted to an increase in potential
energy/static pressure by slowing the flow through a diffuser. The pressure rise in
impeller is in most cases almost equal to the rise in the diffuser section.

Advantages of a centrifugal compressor over a reciprocating machine
include

* Ideal for high volume flow and low head

* High efficiency over normal operating range

* Low maintenance cost and high availability

The key variables for equipment selections are life cycle cost, capital cost,

maintenance costs, including overhaul and spare parts, fuel, or energy costs.
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3AK/IIOYEHUE

B xonme paboThl, yCHEMIHO yAalOCh CHOPABUTHCSA C MOCTABICHHOM LIEJNbIO.
MonepHu3upoBaHa CyIIECTBYIOIIAs TEXHOJOTUS TOJATOTOBKM HepTH Ha
paccMaTpMBaEMOM MECTOpOXAcHNH. HaydyHOU HOBW3HOM SIBJISIETCS, BHEIPEHHE
METO/a KOMIIPUMHUPOBAHUS Tra3a HU3KOTO JABJICHUSA, MO3BOJIAIONINI IOBBICUTH
YPOBEHb UCTIOJIB30BAHUS MOMTYTHOTO HEPTIHOTO ra3a

B pesynpraTe BHenpeHue B TexHojorumueckyto cxemy YIIH, Orounoi
KOMITPECCOPHOM CTaHIIMM, CTENEHb MCIOJIb30BAHMS IMOMYTHOrO HE(MTSIHOrO Trasza
yBenuuuiack Ha 9,6%, ecinm 10 MOJEpPHU3AIMU CTENEHb HCIIOIb30BaHUs
MOMYTHOTO HE(QTAHOrO Tra3a cocrapiisia 89,4%, To mocie MOAEPHU3ALUU CTEEHb
WCITOJIB30BaHUs cocTaBuiIa nopsaka 99%.

CnenaHo  TEeXHMYECKOE OOOCHOBAHHME  IPUMEHEHUS  POTALUOHHO-
IJJACTUHYATOIO0 KOMIIpECCOpa B pPaMKaxX pacCcMaTPUBAEMOIO MECTOPOKIACHUS.
[IpeuMyIIecTBOM pPOTAMOHHO-IINIACTUHYATOTO KOMIIPECCOPA, 3aKIIOYaeTcs B
TEXHUYECKON OCOOEHHOCTM €ro paboTbl W CBS3aHO C TeM (PakToMm, YTO
TEeMIIepaTypa ra3a Ha HarHETAHUM 3HAYUTEJIBHO BBIIIE TOYKH POCHI, B PE3YJIbTATE
He Oyner o0pa3oBaHusi KOHJIEHCATa, TaK XK€ JaHHBIA KOMIIPECCOpP HMEET
pa3denbHY0 CHCTEMY CMa3Kd MOAIIMIHHUKOB. J[aHHBI  MpPEeuMylIeCTBO
3HAYUTENIbHO 00JIeryaT U yACIIEBsT SKCILTyaTallui0 POTAMOHHOTO KOMIIPECcopa.

PaccMmoTpeHbl npUYMHBI BO3HUKHOBEHHSI HEPACUETHBIX PEKUMOB PaOOTHI
KOMIIDECCOPHOM  YCTAHOBKM W  IPOM3BENEH  KOJIMYECTBEHHBIA  PACUET
HEONPeAeIEHHOCTH U HEPABHOMEPHOCTH 3HAYEHHUI dKCILTyaTalluy KOMITPECCOPHOM
YCTAaHOBKU. B pesynbrare, yCTaHOBJIEHO, 4YTO OTKJIOHEHHUE (HAKTUUECKUX
nokazareneid naBiaeHuss Ha Bxojge B BKC oT mpoekTHhIX 3HAY€HUW MOTYT
konedatbcsa ot +10% 10 -20%, B 3aBUCHMOCTH OT ce30HA. Tak ke BBIACHEHO, YTO
CaMbIM CTaOWJIbHBIM SIBJIIETCS JABJICHUE HArHETaHUsS KOMIIPECcopa, KOTOpOe

MOJKET KoyiebaThcs B auanas3one 3,6%-6,4%.
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OxkynaeMoCTh HpPOEKTa MO0 BHEAPEHHIO KOMIIPECCOPHOM YCTAaHOBKH rasa
KOHIIEBOI CTYIICHU cernapanuu B TEXHOJIOTHYECKYIO cXemy
He(TEra30KOHCHCATHOTO MECTOPOXKACHUS COCTABIISCT TPU TOJa.

[Tpu6sITs OOIIECTBA YBETUIUTCS 32 CYET COKpAIICHHsI ITPA(QHBIX BBHIIIAT
a TaKKe 3a CYeT peaNu3alfH JOMOJTHHUTEIBHOTO ChIPbs, IOJYyYEHHOTO OT
COKpAIICHHsI KOJTMYECTBA ra3a, HalpaBJsIeMOT0 Ha C)KUTaHHUE Ha (hakere.

Onupasch Ha MOJyYEHHBIE B XOJAE PACUCTHOTO MCCIEIOBAHUS 3HAUCHUS
ungekcos M3, m HI,, MOXHO 3aKIHOYUTh, YTO HMHBECTHPOBAHUE CPEICTB B
JAHHBIN TMPOEKT SBJSETCS SKOHOMHUECKH OTPABIAHHBIM.

B OynymeMm miaHupyercs TNpPUMEHEHHE JIaHHOW TEXHOJOTMM Ha

MECTOPOKICHHH.
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