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INJIAHUPYEMBIE PE3YJIbTATBI OBYYEHMUS 110 OOII

Kog
pe3yJbTaTa

PesyabsTaT 00yuenuns
(BBIIYCKHHK J0JIZKeH ObITh FOTOB)

Oobugue no Hanpasienuio n0020MoBKuU (cneyuaibHocmu)

P1

HpI/IMeHHTL €CTCCTBCHHOHAYYHBIC, MATECMATUYCCKUEC, T'YMAaHUTAPHBLIC, 3KOHOMUYCCKHC,
HWHXXCHCPHBIC, TCXHUYCCKUC U FJ'Iy60KI/Ie HpO(l)eCCI/IOHaJ'II)HI)Ie 3HaHUSA B 00JIaCTH COBPCMCHHBIX
He(l)TeFa3OBI)IX TEXHOJIOTHI U1 peHICHHA TMPUKIAAHBIX MCEKIAUCHUITNIMHAPHBIX 3aa4 U
HMHXCHCPHBIX r[po6neM, COOTBETCTBYIOIIUX HpO(I)I/LTI}O IO OTOBKH

P2

[InaHupoBaTh W MPOBOJUTH AHAJHTHUECKHE M IKCIEPUMEHTAIbHBIE HMCCICIOBAHHUS C
HCIIOJIb30BAHMEM HOBEHINMX JOCTM)KEHHM HAyKd W TEXHHKH, YMETh KPUTUYECKH OIECHUBAThH
pe3ynbTaThl W JENaTh BBIBOJABL, MONYYEHHBIE B CJIOKHBIX W HEONPEAETEHHBIX YCIOBHSX;
UCITIOJIb30BaTh MPHUHIIUIBI W300PETATENLCTBA, MPABOBBIE OCHOBBI B 00JaCTH WHTEIUIEKTYaIbHON
COOCTBEHHOCTH

P3

[posiBnsTH MpOheCcCHOHATBHYIO OCBEAOMIICHHOCTh O MIEPEOBBIX 3HAHHUAX U OTKPBITHAX
B 007aCTU HE(TEra3oBbIX TEXHOJIOTHMIl C yU4€TOM MHEPEAOBOr0 OTEUECTBEHHOTO U 3apyOeKHOro
ONBITA; KCIONB30BaTh WHHOBALMOHHBIM TOIXOJ MpPU pa3pabOoTKe HOBBIX HIEH M METO/IOB
NPOEKTHPOBaHMUsI OOBEKTOB HE(PTEra3oBOro KOMIUIEKCA ISl pPElICHHs WHKSHEPHBIX 3ajad
pa3BuTus HedTerazoBhIX TEXHOJOTMH, MOJEPHHM3AlMH M YCOBEPLICHCTBOBAaHUs HedTerazoBoro
IIPOM3BOACTBA

P4

BI)I6I/IpaTI) ONTUMAJIbHBIC PCUICHUSA B MHOFO(baKTOpHI)IX CUTYyallusX, BJIAACTh METOJaMU U
cpeacTBaM TEXHHUYCCKOTO MOACIHMPOBAHUA TPOU3BOJACTBCHHBIX IIPOLECCOB U 06’beKTOB
HeTerazoBoil  OTpaciu;  YNpaBIsATh  TEXHOJOTMYECKMMH  TpoleccaMM,  OOCITY)KUBATh
000pyI0BaHUE, UCIIOIH30BATh JTFOO0H MMEIOIIUIICS apCeHAT TEXHHYSCKUX CPEACTB, 00eCIIeYrBaTh
BBICOKYIO 3())eKTUBHOCTH IPH pa3padoTke HedTerazoBbIX 00bEKTOB

P5

CaMOCTOATENIFHO YYUTHCS W HENPEPHIBHO IOBBINIATH KBAIM(UKAIMIO B TEYCHUE BCETO
nepuozaa npoecCHOHaIbHON ASSATENLHOCTH; aKTHBHO BIIaJIeTh HHOCTPAHHBIM SI3BIKOM Ha YPOBHE,
HO3BOJIAIONIEM paboTaTh B MHTEPHALMOHANBHOW cpene, pa3padaThlBaTh JOKYMEHTAlMIO U
3alMIIATh PE3YIbTAThl MHKEHEPHOH e TeIbHOCTH

P6

Paborats 3(¢ekTHBHO B KayecTBE 4IEHa M PYKOBOAMTENA KOMAaHIBL, YMEHHE
(dopMHUpOBaTh 3aJaHHUsA M OIEpaTHBHBIC IUIAHBI BCEX BHIOB JEATEINBHOCTH, PACIpPEACNATH
00513aHHOCTH YWICHOB KOMaH/Ibl, HECTH OTBETCTBEHHOCTD 3 PE3YJIbTAThl pabOThl; KOOPAUHUPOBATH
paboTy Tpymnn IO H3BICUYEHHIO M COBEPIICHCTBOBAHHMIO I00BIMM He(TH, rasa W Ta30BOrO
KOHJIEHCAaTa, Nlepe/laBaTh 3HAHUsI Yepe3 HACTaBHUYECTBO U KOHCYJIbTHPOBaHHE

P7

BHenpste, KCITyaTUpOBaTh U OOCIY)KUBATH COBPEMEHHBIE MAIIMHBI U MEXaHU3MBI JUIs
peanu3anuy TEXHOJNIOTMYECKHX IPOLEecCOB He(TerazoBoil 001acTH, 00ECIeYnBaTh UX BBICOKYIO
3¢ deKTUBHOCTb, COOMIONATh IMpaBHIa OXPaHBI 3[0POBbS M 0E30MACHOCTH TPYIaA, BBIIOIHATDH
TpeOoBaHusl 110 3aIIUTe OKPYKaloIei cpesibl

Pazpabomka u skcnayamayusn HepmAHbIX U 2A308bIX MECHOPOHCOCHUIL

P11

KoHTponupoBaTh BBHINOJIHEHNWE TPEeOOBAHUI pErIaMeHTOB Uil O0ecHedeHus! J00bIdu
He(TH, Ta3za M Ta30BOrO KOHICHCATA M IMOBBHINICHHE HHTEHCH(HKALUMA MPUTOKA CKBAKUHHOM
OPONYKIHH

P12

CoBepIIeHCTBOBATh, pa3pabaThiBaTh MEPONPHUATHS W/WIH TOArOTaBIMBATh OH3HEC-
NPEIUIOKEHHS IO TEXHOJIOTMYECKOMY IIPOLIECCY U TEXHOJOIMYECKHM MEPONPHATUAM IIPpU J00bIYE
HebTH, Ta3a M TA30BOr0 KOHJEHCATa Ha OCHOBE IIPOM3BOACTBEHHOTO MEHEKMEHTa H
IUTAHUPOBaHMs padboT B cdhepe HehTerazoqo0sIIu

P13

KoppexrupoBats nporpaMMbl paboT 1o mo0brde HedTH, Ta3a W ra30BOr0 KOHIEHCATa,
BEIOMPATh M IPUHAMATh PELICHUS B HECTAaHAAPTHBIX CHTYalHsX, ONHMPAasACh Ha roCylapCTBEHHBIE
CTaHIAPTHI B 00JIACTH HEPTEra30q00bI4n
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AKCIUTyaTaI[1

YTBepxkaeHa IPUKA30M JTUPEKTOpa (11aTa, HOMep) No 1641/c ot 01.03.2019r
Cpok cliauu CTYJCHTOM BBITIOJTHEHHOHN paOOTHI: 30.05.2019
TEXHUYECKOE 3AIAHUE:

Hcxoanble JaHHbIE K padoTe

Tekctsl u rTpaduyeckue MaTepuaibl OTYETOB U
HAayYHO-UCCIIEJOBAaTENbCKUX  paboT,  TEXHUYECKU
peryiiaMeHT YCTaHOBKHU MOJITOTOBKH rasa,
HOPMAaTHBHBIE  JIOKYMEHTBI, IPOCKT pa3pabOTKu
MECTOpOXKIeHHs, (OHIOBAas W  MNEPUOJMYECKas
auTeparypa, MOHOTrpaduu, yaeOHUKU

Hepeqeﬂb nmoaJesKalmux McCjic10BaHn10,

MPOEKTHPOBAHUIO u
BOIIPOCOB

pa3padorke

1. Bausiaue miactoBoro naBieHHs Ha 3(PPEeKTHBHOCTD
MOJATOTOBKHU T'a3a M KOHJEHcaTa

2. TexHONOTHS HU3KOTEMIIEPATYPHOU cemapauu

3. [loctaHoBKa 3a1a4uu UCCIEIOBAHUS

4. OOBEKT ¥ METObI HCCIETOBAHUS




5. TlomnepxaHue CTAOMIBHOTO TEXHOJIOTHYECKOTO
pexuMa  HU3KOTEMIEpAaTypHOTO  cemaparopa B
YCIIOBUSIX MAJAI0IIETO MJIACTOBOIO JaBICHUS

6. Pe3ynbTaTel HCCIIEAOBAHUS U UX OOCYKICHHS

Ilepeyennb rpaguyeckoro Mmarepuajia

1. JlelicTByromasi TEXHOJOTUYECKasl CXeMa YCTaHOBKHU
KOMIUIEKCHOM ITOJATOTOBKH I'a3a U KOHJIEHCaTa

2. Mogenupyromasi cxema JEHCTBYIOLIEH YCTaHOBKHU
KOMIUIEKCHOM IMOJArOTOBKH I'a3a ¥ KOHJIEHCATa

3. Mogenupymomas cxema IpeularaéMoil yCTaHOBKH
KOMIUIEKCHOM ITOJATOTOBKH ra3a U KOHJIEHCaTa

4. XapakTepHucTHKa MPOyKTOB YCTAaHOBKH

KOHch'IbTaHTbI 110 pa3aejiaMm BI)IHYCKHOi/i KBaJIl/I(l)I/IKalII’IOHHOﬁ paﬁoTbl

Paznen

Koncynbranr

DduHaHCOBBLIN MEHEHKMEHT

Pomanrok B.b.

ConuanbHas OTBETCTBEHHOCTD

Yepemucknna M.C.

WNHOCTpaHHBIN S3bIK

I'yrapesa H.IO.

HaszBanus pa3aejioB, KOTOPLIC MOJKHBI ObITh HANHCAHbI HAa PYCCKOM M HHOCTPAHHOM

AI3bIKAX:

[Ipouecc HU3KOTEMIIEPATYPHOU cenapaiuu

Jlata  BbIZaYM  3agaHMs HA

KBAJTU(PUKANMOHHOM PadoThI N0 JIMHEHHOMY IrpauKy

BBINIOJIHEHHE  BBIMMYCKHOM 01.03.2019

3anaHue BbI1aJ1 PYKOBOIUTENb:

JloJzKHOCTH DdUO Yuenasi cTeneHb, Hoanucy Jara
3BaHHe
JlonieHT [ap¢p U.B. K.3.H.
3ana}me NPUHAJ K UCITIOJTHCHUIO CTYJAEHT:
I'pynna oUuo Moanucey Jara
2BM795 I'osioB EBrenuii CepreeBuu




3AJAHUE JUISI PA3JIEJIA

«®UHAHCOBBIII MEHE)KMEHT,

PECYPCOO®PEKTUBHOCTDb U

PECYPCOCBEPEXEHUE»
Crynenry:
I'pynna DPUO
2BM79 l'onos EBrennit Cepreesuu
HucruryT UIIP Kadenpa I'PHM
YpoBens o0pa3oBaHus Marwuctp Hanpasnenne/ 21.04.01. Hedrerazoroe aeno
CIIEHAJIBHOCTH

Hcxonubie gaHHble K pasgely «DHHAHCOBBI MEHEIKMEHT, pecypcoddPeKTHBHOCTL H

pecypcocoepeskeHne»:

uccneoosanus  (HU):
@uHaHCOBLIX,

Cmoumocmb  pecypcoé — HaAyuHO20
MaAMepuanbHO-MexXHU4ecKUxX, IHep2emuyecKkux,
UHPOPMAYUOHHDBIX U 4eT08eHECKUX

Oyenxa s3ampam Ha npuobpemenue, YCMAHOGKY U
200080€ 00CIYHCUBAHUE QOHCUMHOU KOMAPECCOPHOU
cmanyuy Ha MblibOAICUHCKOM _MeCmOpPONCOeHUU

Hopmuvl u nopmamuewl pacxo0osanust pecypcos

CTO I'asnpom P/ 1.12-096-2004

chozzwyemaﬂ cucmema HdﬂOZOO6JZ09iC€Hu}Z, CmaeKku Halocoe,
Om’-luCJleHLllJ, duCKOHmupoeaHuﬂ u erdumoeaHuﬂ

Hanozoswiii kooexc PD
®3-213 ot 24.07.2009 B pemakiu ot 09.03.2016r.
No 55-3

Hepeqeﬂb BOIIPOCOB, INOJICKAIMUX UCCIICAOBAHUIO,

NPOEeKTHPOBAHUIO M pa3paldoTke:

OueHKa KomMmepuyecKkoeo nomenyuala, nepcnekmueHocmu u

Pacuem xanumanvnvix u meKywiux sampam U

anbmepHamue nposedenus HU c nosuyul| PUHAHCOB8020 Pe3yIbmama peanlu3ayuy npoeKma
pecypcoappexmusnocmu u pecypcochbepercerus

Ianuposanue u  opmuposanue 6i00xcema  HAYUHLIX | DKOHOMUUECKOE obochosanue npumeHeHUs
uccnedosaHull 20PU3OHMANLHOU  HACOCHOU YCMAHOBKYU, pacyem

cmoumocmu  NOKYHNKu, 20008020

obcayacusanus JIKC

MoHmax)ca u

Ilepeuens rpauyeckoro marepuasna

1. Pacuemmuvie popmynvl

2. Tabuywi:

Obopyodosanue ons monmaoica JJKC

OKoHoMmuueckue 3ampambsl Ha MOHMAdsHC YyCMAHO6KU

Pacuem 3apabomnoii niamei pabomHukos
Pacuem cmpaxoguix 631H0c06
Cmoumocmb sKcnayamayuu 060py00sanust 8 200

Amopmuzayuonusie omyucienus ona obopyoosanus J[KC

Haobasxu u donnamul k 3apabomnoii niame pabomuuxa

JlaTta BbIIauM 3a1aHMA /151 pa3/ieia 1o JuHeiHOMY

rpapuxy

3agaHue BbIIAJ KOHCYJIbTAHT:

JI01KHOCTH DdUO

YueHasl cTeneHb, Hoanucy Jara

3BaHHUE

JlomeHT Pomanrok B.b.

K.J.H., JIOIEHT

3az[a}me NPUHAJ K UCIIOJTHCHUIO CTYAEHT:

I'pynna DPUO

Hoanucy Jara

2BM75 T'omoB E.C.




3AJAHUE JUISI PA3JIEJIA
«COLMAJILHASI OTBETCTBEHHOCTb»

Crynenry:
I'pynna DPUO
2BM73 T'onos E.C.
Ikona VIHKeHepHast LIKOIa MPHPOIHEIX OTaesieHHE HIKOJIBI Otnenenue HedrerazoBoro
pecypcoB ena
YpoBens o0pa3oBaHus Marucrparypa Hanpasnenne 21.04.01. Hedrrerazoroe
JIeTI0

HCXOI[HbIe JAaHHBIE K pasaejay «COIII/IaJII)Haﬂ OTBETCTBCHHOCTDB»

1. XapakTepucTuka 00beKkTa HcciegoBaHus (BemecTBo, | PabGoudas 30Ha onepatopa TY Ha ycTaHOBKE
MaTepHa, mpuoop, aropuT™, METOAMKA, pabodast 30Ha) | KOMIUIEKCHOM IOATOTOBKHM I'a3a U KOHJEHCATa

M 00JIaCTH ero MPUMEHEeHHUs MBLIbIPKMHCKOTO HehTera30KOHAEHCaTHOT O
MECTOPOJK/ICHUSL.

Ilepeyenn BONpocoB, MOAJIEKAINUX UCCJIETOBAHNIO, TPOEKTHPOBAHUIO H pa3padoTKe:

1. [IpaBoBbIe U OPraHU3aNMOHHBIE BONPOCHI PaccmoTpers criennaibHbIe TIPaBOBbIC HOPMBI

obecrieyeHns: 6€30NMACHOCTH: TPY/0BOT'O 3aKOHO/IATENbCTBA.

- CHelUalbHbIE IPABOBBIE HOPMBI TPYA0BOTO
3aKOHOJATEIIbCTBA;

- OpPraHU3aLMOHHBIE MEPOIPUATHS IIPU
KOMITOHOBKE paboueil 30HBI.

2. IlpousBoacTBeHHas 6€30MACHOCTH
2.1. AHanu3 BBISIBIICHHBIX BPEIHBIX (haKTOPOB
2.2. AHanu3 BbISIBJICHHBIX OMACHBIX (haKTOPOB

OTKJIOHEGHHUE MTOKa3aTelIell MUKpOKJIMMaTa B
IIOMEUIEHNY;

3aMbLICHHOCTh Padoueii 30HBI;
HEJO0CTAaTOYHAs OCBEIICHHOCTE pabodeit
30HBI;

TIPEBBINIICHNE YPOBHEH 2JIEKTPOMATHUTHBIX
W3JTYyUYEHUM;

HEO0OXOTMMEBIE CPECTBA 3AIIUTHI OT
BpPEIHBIX (PaKTOPOB.

3. DkoJsornyeckasi 0€30MacHOCTh

aHaJu3 BO3JICUCTBHS 00bEKTa Ha
atmochepy (BEIOPOCH);

aHalu3 BO3JeHCTBHSI 00BhEKTa Ha
ruapochepy (copochr);

aHaIu3 BO3JICHCTBHS 00bEKTa HA
suTocdepy.

4. be3onacHOCTBb B Ype3BbIYANHBIX
CUTYyalUsIX

Ilepeuncnute Boamokabie UC mipn
pa3paboTKe U IKCILTyaTanun
MPOEKTHUPYEMOTO PEIICHUS;

Ykazatp HaubOonee Tunmmanyo YC;
Pa3zpaboTaTh MephI IO TIPENYIIPEKACHUTO
UC u nnaH neicTBuil B pe3yabTare
Bo3Huked UC u nukBuganuii ee
MOCJICACTBUM.

Jara BpIiauu 3ajaHus JJIs pa3jesia no JuHeiiHoMy rpaguky

3az[aﬂne BbIJ1AJI KOHCYJbLTAHT:

JloJZKHOCTH DOUO Y4eHasi cTeneHb, Hoanucy Jara
3BaHHe
AcCCHUCTEHT Yepemuckuna M.C.
3az[a}me NPUHAJ K UCIIOJTHCHUIO CTYAECHT:
I'pynna DPUO Moanucey Jara
2BM79 I'onos E.C.




PE®EPAT

Breinycknas kBanudukanuonHas pabora 127 c., 35 puc., 29 Tabm., 25
HMCTOYHUKOB, 3 MPUJL.

KntoueBbie ciioBa: MECTOPOXKICHHE, NPUPOJHBIA Ta3, cemapaunus, OCylIKa,
TOBApHBINA Tra3, TOYKa POCHI, MOJEIMpoOBaHHe, UNISIM design, KoHaeHcaT, CTEIEHb
W3BJICUCHHUS, JOKUMHAsE KOMIIPECCOPHAS CTAHIHUA.

OOBEKTOM UCCIEA0BaHUS SBISETCS YCTAaHOBKA KOMIUIEKCHOW MOJITOTOBKU Ta3a
MBUTBKMHCKOTO HE(TETa30KOHAEHCATHOT'O MECTOPOKICHUSI.

[enp paboTel — obOecneyeHrWe CTAaOUIBHOTO TEXHOJOTHYECKOTO peXUMa
HU3KOTEMIIEPATYPHOIO CEraparopa.

B npouecce uccnenoBanusa NpoOBOJWINCH: MOJICIUPOBAHUE TEXHOJIOTMYECKOM
cxembl cymectBytonieir YKIITuK ¢ nmomormeio nporpammaoro komiekca Unisim
Design;  ucciegoBaHWe  BIMSHHS ~ CHIDKGHHS  IJIaCTOBOIO  JaBJICHHS  Ha
3¢ PEKTUBHOCTH MOJATOTOBKHU T'a3a: TOUYKH POCHI TOBAPHOTO T'a3a, BBIXOJ CTAOMIHHOTO
KOHJIeHCaTa U MponaH-0yTaHOBOUW PpaKIuu.

B pesynbraTte uccnenoBaHusi YCTAaHOBIIEHO, YTO NPHU MaJCHUU JABICHUS Ha
Bxoae B YKIII' no 2MIla, nonst MmeTaHa B TOBapHOM raze yMeHbInaercs Ha 2.7%, a
TIOJIST TSDKEJIBIX KOMIIOHEHTOB HAoOOpOT Bo3pacTaeT (mojisi OyraHa Bo3pociia Oosee
yeM B 2 pasza, 10Jid NeHTaHa B 4 pasa, a 10J1s TekcaHa B 15 pa3), 4To B CBOIO o4epeab
CWIBHO YXY/IIAET KAYECTBO TOBAPHOIO rasa.

MoaepHU3UpOBaHHBIM PEKUM MPEAIOIATaeT MOBBIIMICHUE IABICHUS IOCIE
MEepBOM CTYyNEHH cenapanuu (IIyTeM BBOJA BTOPOW CTYNEHH KOMIIPUMUPOBAHUA) 110
7950kIla, mpu KOTOPOM B HHU3KOTEMIIEPATYpPHOM cemapaTtope OyIeT HTOCTUTHYTO
JABJIEHUE MaKCUMaJIbHOW KOHIAEHCALIUH.

O6mactb TpPUMEHEHHUS: YCTAHOBKA KOMIUIEKCHOW TIOJTOTOBKH Ta3a W
KOHJIeHCaTa MBUTBIHKHHCKOTO HE(TEra30KOHAEHCATHOTO MECTOPOKICHUSI.

OxoHomMuYeckas 3 (HEKTUBHOCTH: 3aTPAThl HA CTPOUTEIHLCTBO COCTABAT 25650

TBIC.pYy0., CTOUMOCTb IKCILTyaTalii 000pYAOBaHMS B TOJ COCTaBUT 16242 ThIC.py0.



O0o03HauyeHHs U COKpPALLCHUS

I'TTA — razonepekadnBaroMii anmnapar;

JIKC — noxxuMHasi KOMIPECCOpPHast CTAHIUA;

KUIINA — KOHTpOJIbHO-U3MEpUTETbHBIE MPUOOPHI U anmnapathl;

MIII" — MOxynb MOATOTOBKY Ia3a;

MI" — MarucTpaiabHbIi ra30MpoOBOLI;

HI'KM — HedTerazokoH1IeHCATHOE MECTOPOKIACHUE;

HTC — Hu3kotemnepaTypHas cenapaunus;

TIA — TypboneraniepHblii arperar;

VKIIT'uK — ycTaHOBKa KOMIUIEKCHOW MOATOTOBKH I'a3a U KOHJIEHCATA;
YJICK — ycTaHOBKa JIedTaHU3AIUU U CTAOMIIM3AllUUA KOH/ICHCATa,;

¥YB — yrineBoaopo/ibl.
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BBEJAEHHUE

B Hacrosmee BpeMs NPUPOAHBIN Ia3 MUPOKO NMPUMEHSAECTCA B XUMUYECKON U
TOIUIMBHO-3HEPIr€TUYECKOM MPOMBILIIEHHOCTH. OH HCHONB3YyeTCs B KayecTBE
HEJIOPOTOro TOIUIMBA C BBICOKUM KO3((PUIHMEHTOM IMOJIE3HOTO JIEUCTBUS, a TaKKe
CBIPbS JUIsl TA30XUMHUYECKOT0 MPOU3BOCTBA.

JIns  TpaHCHIOPTHUPOBKU Tras3a IMOTPEOUTENSIM B OCHOBHOM MPUMEHSIOT
TpyOONPOBOAHBIA TPAHCIOPT, KOTOPBIH MMEET BBICOKYIO MPOU3BOJUTEIBHOCTh H
SKOHOMHYHOCTh. OJHAKO B MPOLECCE TPAHCHOPTUPOBKU BO3HUKAIOT pa3IUYHbIC
ocioxkHeHust. K HHUM OTHOCSTCS: KOppoO3Usi TpyOompoBoja M 0O0OpyAOBaHUS,
oOpa3oBaHuE M BBINAJCHUE B ra30MpPOBOJAE YIJIEBOJOPOIHOM >KMIIKOCTH, BOJSHOIO
KOHJEeHcaTa W Tra3oBbIX TuapaToB. s Toro 4ToObl M30€kaTh 3TUX MPOOJEM,
HEO0OXO0IMMO TIPOBOJUTH IPOMBICIIOBYIO MOJATOTOBKY JOOBIBAEMOTO CHIPHS.

Oco0OEHHOCTBI0O MECTOPOXKACHUM ra3a W ra30KOHJEHCATa SIBISIETCS BBICOKOE
BHYTPUILJIACTOBOE JABJICHUE HA PaHHUX CTaAusIX pa3pabotku. B mpouecce no0brun
ra3 BBIXOJHMT M3 CKBa)XMHBI CO 3HAUUTEIBHBIM JaBiicHHeM, nopsanka 10-15 Mlla u
Bhilie. IMes JnaHHYI0 OCOOEHHOCTB, I€1eCO00pa3HbIM SABISETCS IMOATOTOBKA Tras3a
METOJOM HU3KOTEMIIEpaTypHOil cenapanuu. [Ipu nomomu aApocceanpoBaHus MOTOKA
MO>KHO TIOJTYYHUTh MPAKTHUECKHU OECIUIATHBIN XOJIO 33 CYET SHEPTHH, 3aKITIOUYEHHOUN B
CaMHX Ta30BbIX MOTOKAaX BBICOKOTO JaBlieHHs. J[aHHBIM METOJ HMEET MIHPOKOE
pacnpocTpaHeHre u TpeOyeT MHUHUMYM KamuTaldbHBIX BIOXKeHMid. I[IpocTtorta
AKCIUTyaTallui U OOCITYKMBaHUS MPUMEHSIEMOT0 000pYAOBaHUS ABISETCS MPHU 3TOM
MOJIOKUTEIBHBIM (DaKTOPOM.

st obecnieueHusi HaleKHOM U OecriepeOoitHOM pabOThl Tra30TPaHCIOPTHON
cucteMbl K Traszy npeabsBistorca Tpeboanus CTO Tasmpom 089-2010 mo
TEMIlepaTypaM TOYKM PpOChl MO BOJAE M YyrieBogopodaM. JIpyrum ToBapHbBIM
MPOTYKTOM YCTAHOBKHU SIBIIIETCS CTAOWIJIBHBIN Ta30BBIM KOHACHCAT, JaBIICHUC
HACBILIEHHBIX MapOB KOTOPOro HEe OOJKHO mpeBbliath 66.7 klla mo Peliny npu
temmeparype uccieaoBanust 37.8 °C B coorBerctBre ¢ ['OCT P 54389- 2011.

TpeOyemoe KayecTBO MOATOTOBKM Ta3a JOCTUTAeTCAd IYTEM CHIKEHUS

TCMIICPATYPhbl U AABJICHHUA A0 JOCTHIXKCHHUA PAaBHOBCCHBIX YCJIOBI/Iﬁ cCliapanuu, IIpu

11



KOTOPBIX M3 raza KOHJEHCHpPYETCs TpeOyeMoe KOJUYECTBO YIJIE€BOJOPOJIOB U BOJBI.
[ToaToMy (hakTOp NaBi€HUs UTPAET TVIABHYIO POJb B ra30BOM MPOMBIIIJIEHHOCTH, TaK
KaK MMEHHO MOJ €ro JACHUCTBHEM ra3 IEepeMEINaeTcss ¢ NPOMBICIOB Ha 3aBOJ,
IIPOXOAUT BCE CTYNEHU MOATOTOBKY U MOCTYIIAET B JUHUIO TOBAPHOIO ra3a. Beicokoe
JABJICHHUE MO3BOJISIET OXJIAXKAATh I'a3 10 HU3KUX TEMIIEPATYP.

MBUIBIKUHCKOE  HEPTEra30KOHJIEHCATHOE MECTOPOXKIACHUE BBEICHO B
skcruryatanuio B 1999 roay u paspabaTeiBaeTcs Mo HacTosiiiee Bpems. HavanbpHoe
IJIaCTOBOE JaBiiecHHE cocTaBisuio 12 MIla, 4Yro mnoO3BONANO MOAAEPKHUBATH
JIOCTaTOYHBIN Tepenaj JaBlIeHHUs Ha Jpoccene 0e3 KOMIPUMHUPOBAHMS Ta3a IMociie
NepBOHAYAIbHOM cTyneHu cenapanuu. Ho s Toro, 4yroObl Ha CEroIHAIIHUN JIEHb
HE BBIXOJUThH U3 3aJIaHHOTO peXuMa 00bEMOB MOJITOTOBKH Ta3a, JJIs MOAJAEpKAHUS
3aJIaHHOTO TEXHOJIOTMYECKOro pexkuma U coxpaneHus tpedbosanuit CTO I'azmpom
089-2010, wHeoOXoIMMO BBECTH B OJKCIUTyaTallUIO JOIMOJHUTEIBHYIO CTYIEHb
JOKUMHOM KOMIIPECCOPHOM CTaHIIUU.

Llenbto paboThl sBiseTCsl oOOecreueHue CTaOUIBbHOIO TEXHOJIOTHYECKOIo

pexXrMa HU3KOTEMIIEpaTypHOTO cenaparopa.
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1 loaroroBka raza MeTo0M HM3KOTEeMIIEPaTyPHOIl cenapauuu

Meton HuzkotemmeparypHoit  cemapauuu (HTC). Mertox cocTtouT B
OXJIAXJEHUU TIOTOKA MIACTOBOTO (PiIroMja 3a CYET JPOCCEIUPOBAHUS HU3OBITOUHOTO
JABJICHUSI 1 MEXaHUYECKOro pa3liesieHus] 00pa30BaBIIMXCS KUJIKOU U ra3oBoil (das.
OcHOBHBIMU TIapaMeTpaMu, BiusOmMMUMUA Ha 3ddexktuBHOCTL mporecca HTC,
SBJISIIOTCS IaBJICHUE, TEMIIEpaTypa, COCTaB MCXOJHOM CMECH, CTENEHb PaBHOBECHS
cucrembl Tipu cenapanuu u KIIJI cemapatopa. Ilpu aHanu3e NpUYUH HUBKOU
() PEKTUBHOCTU TPOMBIIIJICHHBIX YCTAaHOBOK O0O0pallaJioCch BHUMAHHE TJIABHBIM
oOpa3zoM Ha HH3KYI 3(G()EKTUBHOCTH CemapalMOHHBIX alllapaToB U HaPYIICHUS
temrneparypHoro pexxuma HTC [1].

[To mepe pa3paboOTKM MECTOPOXKICHUSI Ha HCTOIICHHE CJICIOBAIO OBl IS
MOJJICp)KaHUS 3aIAaHHOTO YPOBHsI J0OBIYM KUJIKMX YB u3 Bce oOmerdarorierocs
COCTaBa MCXOJHON CMECH CHIDKATh TEMIIepaTypy cenapaiuu. [loosToMy Ha CHUXKEHUE
sadpdexkruBHoctt  HTC B mpomecce  dKCIulyaTallud  OOBEKTUBHO — BIIMSIIOT
OJIHOBPEMEHHO J1Ba (¢akTopa — oOOJerueHne cocTaBa IUIACTOBOM CMeCH U
MOBBIIIEHUE TEMIIEPATYPHI CeNapaLvu.

Cymuocts mnpouecca HTC  coctouT B OZHOKpPaTHOM  KOHJEHCALMU
YIJI€BOJOPOJOB MPU MOHMKEHUU TeMrepaTypsl raza 10 muHyc 10 — munyc 30 0C u
MOCJICYIOIIEM pa3eIeHUH KUIKON 1 ra30Bo (as.

OxutakieHue rasa OCyUIECTBISIETCSI MOCPEICTBOM €ro JIPOCCEIUPOBAHUS, T.€.
ucrione3dyercs  dbdexkr  Jbxkoymsa-Tomcona. IIpomecc  apoccenupoBaHus  —
W30PHTANBIUNHBIA W TPH  TEPMOOAPUYECKUX YCIOBHSIX (DYHKIIMOHUPOBAHUS
YCTAHOBOK JIJIsl Ta30KOHAEHCATHBIX 3aJI€KEH CEBEPHBIX MECTOPOKICHHUIN MPUBOJINUT K
3HAUUTEIFHOMY CHIDKCHHIO TeMmmepaTypsl oOpabaTeiBaemoro raza: 3 — 4,5 0C na 1
Mlla. Pacmupenue rasa B TypOoaeTannepe (M309HTPONUIHBIA MPOIIECC) MO3BOJISIET
0omee 3(pheKTUBHO UCTIOTB30BATh TIEpena JaBJICHUS rasa.

3a pyb6exxom metogq HTC Bnepsoie 0611 anpooupoBan B CIIA st uzBneueHus
KUOKUX YB W3 NpoayKIMM CKBaXKMH Ta30KOHAEHCATHBIX MECTOPOXAeHUN B 1950 .
TeopeTnueckue mpopaboTKu paccmaTpuBaeMoit Texnojaorun Bo BHUNI A3e nHauatsl

B 1953 r. mpouecc HTC B OTE€UeCTBEHHOI IPAKTUKE BIEPBBIC PEATM30BAH Ha
13



npombiciax Kpacnomapckoro kpas B 1959 r. B To BpeMs He uMenock cOOCTBEHHOTO
OIBITA MPOEKTUPOBAHMS, CTPOUTENBCTBA U dKCIUTyaTanuu yctaHoBok HTC.

B ceBepnbix ycnoBusax texHonorus HTC Bnepsbie B Poccuun Obuta mpruMeHeHa
Ha YHHUKAJIbHOM ByKTBIIBCKOM Ia30KOHJIEHCATHOM MECTOPOKIECHUH, TIOTEHIUAIBHOE
coJiep>KaHMe KOHJeHcata B KotopoMm goxoawno a0 400 r1/m3. AnanoruyHas
TEXHOJOrusl Oblla pa3paboTaHa M peaju30BaHa B BOCBMHJIECATHIX ToAax IpH
OOyCTpOMCTBE THUIMAaHTCKMX CEBEPHBIX MECTOPOXKACHUH — YPEHTroHCKoro u

SAm6yprexoro (YKIII BalaHXKUHCKUX 3a5exKent).
1.1 ddaxkTopsbl BIUAONIMAE HA MPOLECC HU3KOTEMIIEPATYPHON cenapanuu

B macrosimiee BpemMsi  OCHOBHBIM  HHM3KOTEMIIEPATypPHBIM  IPOIIECCOM
IPOMBICIIOBOM TMOJITOTOBKM Ta3a Ta30KOHJICHCATHBIX MeCcTOpoxaeHuit Poccun
ABJIAETCS MPOIECC HU3KOTEMIIEPATYpPHOU cemapaiuu C OXJIaKIEHHWEM rasza 3a CHeT
pacmpenus rasa. Pacumpenue raza MOXKHO OCYHIECTBIISTH IBYMs criocobamu: 6e3
COBEpIIIEHUsI BHENIHEH paboThl — paclIupeHue B Jpoccelie (IpoccelrupoBaHue); C
COBEpIIEHWEM BHEMIHEeW paboThl — pacllUpeHue Tra3za B JIeTaHJepax
(nerangupoBanue) [2]. [Ipu apoccennpoBaHUM SHTANIBINS ra3a HE U3MEHSETCH.

ApoccennpoBanue

SIBneHre U3MEHEHUsI TEMIIEPATYPhl PEAJIBLHOIO T'a3a MPU €ro JPOCCEINPOBAHUN
MOJIYYMJIO Ha3BaHHME JpoccenbHoro 3¢dekra, mwmm 3¢dekxra Jxoyns Tomcorna.
HpoccenpHbii 23Q(HEKT CIUTAETCS MOT0KUTETBHBIM, €CIH MIPU IPOCCETUPOBAHUH a3
OXJIAXKIAETCS, U OTPULATEIbHBIM, €CJIU T'a3 HArPeBaETCA.

Temneparypa rasza, nmpu KOTOpOH ApoccenbHbId 3P deKT oOpamiaeTcs B HYJb,
Ha3piBaeTcsi WHBEPCUOHHOW (Tyus). DBONBIIMHCTBO Tra3oB HMMEIOT  BBICOKYIO
MHBEPCHOHHYIO  TEMIIepaTypy U  MpPU  JPOCCEIMPOBAHMM  OXJIAXKAAIOTCA.
OTtpuratenbHbIM IpoccenbHBIM 3 (HEeKToM 007a1ar0T BOAOPO U TEIUH, KOTOPHIE B
OTJIMYUU OT JAPYTUX ra3oB, MPHU APOCCETUpPOBaHUU HarpeBarorcs [23]. OaHako npu
Temreparypax Huke MHBEpCHOHHOU BOJAOPOA (Tuw=mMunyc 73°C) u remuid (Tu=
MuHyc 243°C) Takke OXJaXJAlTCd B Clydae pacUIMpeHHs IpH i=const, T.e.

MPUOOPETAIOT MOJIOKUTEIBHBINA TPOCCENbHBIN 3P (DEKT.
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OTtHouleHne 0ECKOHEYHO Majioro M3MEHEHHUsl TEMIEPaTyphl K BbI3BIBAIOLIEMY
ero  OECKOHEYHO  MaJoMy  IIOHIKEHUIO  JaBJIECHHA  ra3a  Ha3blBalOT
g depeHuranbHbIM IpoccelbHbIM 3P (dekToM. OJHAKO B MPAKTUYECKUX pacdeTax
3a nudpepeHnranbHbii ApoccenbHbli 3 ()EKT NIPUHUMAIOT U3MEHEHHE TEMIIEPaTypPhbl

peanbHOro raza, 00ycia0BJIEHHOE U3BMEHEHHEM €0 JaBJICHUS Ha OJIHY €IMHHUILY.

_ T1-T2
"~ P1-P2

(1.1)

rae T1 u T2 — Temneparypa rasa nepes IpocceieM U MOCIE COOTBETCTBEHHO,
P1 u P2 — naBnenue raza nepea ApoCCeyieM U MOCIe COOTBETCTBEHHO.

[Iporecc apoccenupoBaHus SBISACTCS W30IHTAIBIUNUHBIM U TIPU XapaKTEPHBIX
TEPMOOAPUUECKUX YCIOBHUSAX (DYHKIIMOHUPOBAHHS TPOMBICIOBBIX YCTAHOBOK ISt
ra30KOHJICHCATHBIX 3QJICKEH CEBEPHBIX MECTOPOXKICHUN TPUBOAUT K 3HAYUTEIILHOMY
CHI)KEHHIO TeMIlepaTypsl oOpabaTbiBaeMoro rasza (B auamasone 3—4,5 rpaayca Ha 1
MIla, mpuyem BenumuuHa auddepeHaIbHOTO Apoccelb-3pdekTa 3aBUCUT OT
coCcTaBa ra30KOHJICHCATHOW CMECH M BO3pPACTaeT C MOHM)XEHHUEM TeMIIepaTyphl rasza
no apoccensi). Takum o6paszom, meton HTC 1o cBoeit 0oCHOBHOMN Hjee OCHOBAaH Ha
KOHJICHCAIIMM TOMOJIOTOB ME€TaHa W3 MPUPOJTHOTO ra3a, OOBIYHO MPU TeMIIEpaType OT
munyc 10 mo munyc 30°C, u mocieayromieM pasIeeHuH KHUIKOH U Ta30Boi (a3,
HaxXOJAIIUXCS B COCTOSHUM, JIOCTATOYHO OJM3KOM K TEPMOIUHAMHUYECCKOMY
paBHOBecHIO [1].

CoIpoil ra3 co CKBaXXWMH IIOCTYNAaeT Ha MEPBYI CTYNEHb CEmapaluudd BO
BXOJIHOM cemapatop 1, rae oT rasza otmensieTcs BoaHas (asa W HeCcTaOWIbHBIN
YTII€BOJOPOIHBINA KOHACHCAT, BBITIABIINE B CTBOJIAX CKBAXXWH M Ta30COOPHBIX CETSX.
Jlanee oTcenmaprpOBaHHBIA ra3 IMOCTYIAeT B TEINIOOOMEHHUK 2 TUIa "ra3 — ra3" s
peKyIepannm XoJa0/a ¢ APOCCEIMPOBAHHOIO Ta3a, rae oxyaxkaaercs Ha 10-15 °C u

Oouee.

[IpocTeiimuit Bapuant texnonorun HTC npencrasnen Ha pucyHke 1.
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Pucynok 1 — Cxema ycranoBkn HTC npoaykuuy ra30KoH/I€HCAaTHBIX

ckBaxkuH: 1,4 — cemaparopsl; 2, 5 — TeI000MEHHUKH; 3 — mITYyIEp (Ipoccens); 6 -
Hacoc; 7 — yCTaHOBKA pereHepalnu riuKos; 8 — Guibstp; 9 — TpexdazHbiit
paznenutens; | — ceipoit ra3; II — cyxou ras; III — konaeHcar razossiit 1 Boaa; [V —
KOHJEHCAT ra30BbIi U HACBICHHBIN IJIMKOJIb; V — KOHJIEHCAT Ta30BbId; VI —

TJIMKOJb HacklmeHHbIH; VI — riukons perenepupoBanHbiii [1]

OxnaKJIeHHbIi Ta3 U3 TEMIOOOMEHHHMKA TMOAAI0T Ha PaCHIMPUTETHHOE
YCTPOMCTBO 3, MoOciie KOTOPOTO €ro Temmeparypa Bcienctsue sddexra Jxoyis-
Tomcona mnonmxaercss oT muHyc 10 go munyc 30°C. Ilocie apoccenbHOTo
ycTporicTBa 3 oOpabaThiBaeMbIii Ta3 BMECTE CO CKOHIECHCHUPOBABIICHCS KUIKOU
¢dazoil mocTymaer B HU3KOTEMIIEpATypHBIN cemapaTop 4, rae OT HEro OTIesIeTCs
xuakas (aza (BomHas W YrieBOAOPONHAs), a OYMINEHHBIM OT BIArd M TSIKEIBIX
yrieBoopoioB (C5+B) XONOIHBIN ra3 NPOXOJUT PEKYNEPATUBHBINA TEINIOOOMEHHUK
2 B MPOTUBOTOKE C «CBHIPBIM» Ta30M M Jlajiee MOCTYMAeT B ra3omnpoBOj B KaueCTBE
TOBApHOTO MPOAyKTa. Termio0OMEHHHK 2 1O MOTOKY XOJOJHOTO OCYIIEHHOTO ra3a B
HAaYaJIbHBIA TIEPUOJT OKCIUTyaTalldd MOXET YacTHYHO OaiimaccupoBatbest (mpu
HaJIMYUM M30BITOYHOTO JIaBJICHUS HAa BXOJE€ B YCTAHOBKY). I((PEKTUBHOCTH
OXJIaXJEHUs Tra3a TMOCPEJICTBOM HCHOJb30BaHUS MPOILEcca H30IHTAUIBIUNHOIO
paclMpeHus rasa ¢ pexkymnepaunuein xonojaa moxer gocturath 10—12°C na 1 Mlla

CBOOOHOTO TIEpemaa.
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PacueTsl  mokas3piBalOT, YTO B  TEIUIOOOMEHHUKE,  Jpoccene |
HU3KOTEMIIEPATYpPHOM CenapaTrope TepMoOapuyecKue napameTpbl MPUPOAHOrO rasa
OTBEYAIOT 001aCTH CTAOUIBHOCTH T'a30BBIX TUAPATOB KyOHMueckoi cTpykTypsl 11. s
MIPEAOTBPALLECHUS oOpa3oBaHMs  TUJPATOB  MCHOJB3YIOTCS UHTHOUTOPBI
rUApaTo00pa30BaHUS. Bnpsick UHTHOUTOpA rUIpaTo00pa3oBaHuUs
MpeaycMaTpUBaeTCsl KaK Mepell TEII0O0OMEHHUKOM 2, TaK M Tepej JAPOCCelieM B
o0beMe, HEOOXOUMOM JJisi PEeRyNpPeKIEHUs TUAPATOB C T€M, YTOObI 00EeCHeunuTh
0e3rupaTHhI PEeXUM OSKCIUTyaTalldd TeXHOJIOru4eckoro obopynoBanus. llpu
MOBBILIEHHOM COJEP>KaHUM MapauHOB B ra3e AJis MPEeAOTBPALICHUS UX OTJIOKEHUS
B TEIUIOOOMEHHUKE W HHU3KOTEMIEPATYPHOM CEMapaTrope HaxoJAT MPUMEHEHHUE
KOMIUIEKCHbIE MHTHOUTOPBI, MpEayNnpexaatonue Kak 00pa3oBaHue THIpaToOB, TaK U
OTJIO’KE€HHE MapadUHOB.

Boanas ¢asza (T.e. BOAHBIA pacTBOp HWHIHMOUTOpPA) U YIJIEBOJOPOIHBIM
KOHJICHCAT, BBIJICTUBIIMECS B Cemaparope, MOCTYNalT B pasiaeiauTens 9, rnae
YIIEBOJOPOAHBIM  KOHJIEHCAaT YacTHYHO  Jerasupyerca. [lamee  KoHaeHcar
HAIPABJIIOT HA YCTaHOBKY €ro cTaOuiau3anuu (B MPOCTEHIEM CIydyae 3TO MOXKET
OBITH BBHIBETPUBATEND), 1€OYTaHU3UPOBAHHBIN KOHJEHCAT MOCTYIMAET Ha OTIAEIbHYIO
ra3opakiMOHUPYIONIYI0O YCTAaHOBKY (C LENbI0 TOJYYEeHHs TU3TOIUIMBA, OEH3MHA
ra30KOHJIEHCATHOT0, IIPOIEJJIEHTOB, XJ1aJareHTOB U IPYTUX LIEJIEBbIX TPOILYKTOB).

[IpencraBnennyo Ha pucyHke 1.1 mpuHuunuanbHyto cxemy TexHosnoruu HTC
CIeQyeT Ha3BaThb CXEMOW C JBYXCTyHEHUYaTtod cemapanued raza. CryneHeu
cemapanuy Tra3a MOXeT ObITb M Oojblle JBYyX. Tak, e€clid BKJIIOYHUTH B
TEXHOJOTUYECKYI0 CXEMY IEpea JpPOCCeNeM JOIMOJHUTENbHBIA MPOMEXYTOUHBIN
cenaparop (mocne TemToOOMEHHHMKA 2 Tepen apocceneMm 3), TO cemapanus
IPUPOAHOrO Tras3a CTaHeT TpexcryneHyaTod. CXeMbl HU3KOTEMIEPATypHOU
cernapaiyy ¢ YUCiIOM CTyNeHel cemapanuu OosblIe TPeX B MPOMBICIOBBIX YCIOBUAX
MIPAaKTUYECKH HE MCHOJB3YIOTCS (B TO K€ BpPEMS MHOI'OCTYNEHYATHIE KACKaJHbIE
CXEMBbl Celapaluy HaxoASAT NPUMEHEHUE B HU3KOTEMIIEPATypHBIX CXeMax

abcopOmu, KOHJEHCAMW W peKTuPUKamuu Ui TIIyOOKOTO W3BJICUYCHUS U3
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NPUPOAHOrO ra3za JTaHa, MpomaHa U OyTaHOB, HO 3TH HU3KOTEMIIEpATypHbIE
MpoLEeCChl He SABIS0TCA coocTBeHHO npoueccom HTC.

JeranaupoBanue

PabGorta TypOOneTaHAEPHBIX arperaToB, NpPEIHAa3HAUYEHHBIX I TOJyYEeHHUS
xonoxa B ycraHoBkax HTC, ocHoBaHa Ha NPHUHIMINE MOJUTPOIMUYECKOTO
pacHIMpeHus ra3a C COBEpIICHHEM BHEIIHEW paboTbl. BHemHio paboTy MOXKHO
UCIIOJIB30BaTh JUIsl BpAlllCHHs Bajla KOMIIPECCOpPa; B KOTOPOM ra3 JOXHMMAeTcs 10
NABJICHUS, PABHOTO [JABIEHUIO B Tra3onposoje. XiaJgoNpOU3BOAUTEIBHOCTD
TypOOJIETaHJIEPHOrO0  arperata 3aBUCUT OT CTENEHW pacCUIUpeHHs raza |
o0ecnieynBaeT MOAJEP)KAHNE HU3KOTEMIIEPATYpHOI'O pEXKHMMa Celapaluuu rasa Ha
yctanoBke HTC Ha 3aBepliamommx CTagusix HKCIUTyaTallud MECTOpOXAcHuM. B
ra3oBOil MPOMBIIUIEHHOCTH HMCHOJB3YIOT TypOOJIeTaHJepHbIE arperathl (JeTaHjep-

KOMITpeccop, pucyHok 1.2).

™\

P
OetaHgep / & MaluunHa, NpoMsBogALLan
paboty (3Hepruio)

1

Pucynok 1.2 — Cxema oxiakaeHus rasa B geranaepe [ 3]

1 — ra3 BBICOKOHANIOPHBIiL; 2 — ra3 HU3KOHAIOPHBIN

Hcnonb3oBanue TypOOAeTaHACPOB B YCTAHOBKAX HU3KOTEMIEPATypPHOI
cenaparnuu raza 0puto mpennioxkeno A. . ApyrtionossiM u B. . BanoBsiM B 1962 1.
Korma Obuta pazpaboraHa KOHCTPYKIHMSI ONBITHOTO oOpasma TypOoneraHaepa-
KoMmrpeccopa (TypOokommpeccopa). OxnakaeHue ra3a mpu ero HM303HTPONUUHOM
pacUIMpeHny Ta3a MPOUCXOIUT OoJiee IIy0okoe oxJaxaeHue rasa [4]. [Ipuuem, yem
HIKE JIaBJICHHE, TeM OOJibllie pa3HUIIa B TEMIIEpaTypax rasa Mmpu pa3HbIX crocobax
pacmupenusa. B Hacrtosimiee Bpemsi, oaHa u3 A(OPEKTUBHBIX MOAEPHU3ALUN

COBPEMEHHBIX
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VKIII' saBngercs ycraHoBKa TypOonetanaepHbix arperatoB. Ha X1 HI'KM
3aBeplIarTca padoThl MO ycTaHOBKE TpeThero TJ[A B MoayJie MOArOTOBKY ra3a.

HocrounctBa texnonoruu HTC:

- HU3KME KalUTAJbHBIE PacXOAbl M OKCIUIyaTallUOHHBIC 3aTpaThl,
O0COOCHHO B HAYaJIbHBIN MEPUOJ IKCILTyaTalluy MPU HAJIUYUK CBOOOJIHOIO IMepernaaa
JaBJICHUS,

- OCYIIIKa ra3a 70 TpeOyeMbIX OTPaciIeBbIM CTaHIAPTOM KOHIUIINM;

- MPOCTOTA B DKCIUTyaTAllUM M TEXHUYECKOM OOCITYKMBAaHUU, TEM CaAMbBIM
BO3MOKHO HCIIOJIb30BaHME TEXHUYECKOT0 TMEpCOHaa cpelHer kBamudukamuu (3To
00CTOATENBCTBO U MO3BOJISIET OCYIIECTBIISTH MPOIECC B MPOMBICIOBBIX YCIOBUSIX);

- JIETKOCTh ~ aBTOMATHM3allMM ¥ PETYJMPOBAHHUS  TEXHOJOTHYECKOTO
mpoiiecca B yCJIOBHUSAX Ta30IIPOMBICTIA;

- BO3MOKHOE TIOCTENIEHHOE JOIMOJHEHUE W MOJACPHHU3AIMS TEXHOJIOTHU
IIPU CHUKEHUU TIJIACTOBOTO JIABJICHUS.

NMeHHO BCe 3TM HECOMHEHHBIE JOCTOMHCTBA Ipollecca HU3KOTEMIIEpaTypHOU
cemapaliid M €ro TMOCJIeAyIIuX Moaudukanuii oOecrneuusiv  IMIUPOKYIO
paclpoCTpaHEHHOCThL B OTEUECTBEHHOM nmpakTthke yctaHoBok HTC  nmus
ITPOMBICIIOBOM 00paOOTKH MPUPOIHBIX Ta30B Ta30KOHEHCATHBIX MECTOPOXKICHHUH.

Henocratku rexnomorun HTC [1]:

- HECOBEPIIECHCTBO  TEPMOJAMHAMHUYECKOTO  Mpollecca  OJHOKPATHOM
KOHJICHCAIIMM, TIPU 3TOM H3BJICYECHUE U3 MPUPOJHOTO ras3a IeJIEBbIX KOMIIOHEHTOB
Mpy 3aJlaHHBIX TEMIIepaType M JaBJICHUM B KOHIIEBOM HHU3KOTEMIEPaTypHOM
cernapaTope 3aBUCAT TOJBKO OT COCTaBa UCXOJHON CMECH;

- MaJICHUe TUIACTOBOTO JABJICHUS B MPOIECCE AKCIUIyaTaluu (IpyU 3TOM
coJiepKaHUE YTJIEBOJOPOJHOIO KOHAEHCATa B IJIACTOBOM Ta3e YMEHBIIAETCs), Tak
yTo "CBOOOAHBIN Mepenas’ JaBICHUS Ha Jpoccelsie YMEHbIIAaeTcsl (MPOUCXOIUT, KaK
nHOra OOpa3Ho ToBOPAT, "Hcuepranme" npoccenb-dddexra) u, cleaoBaTeIbHO,
MOBBIIIACTCS TEeMIlepaTypa cemapaiydd, B pe3yibTaTeé HE TOJbKO YACIbHOE

KOJIMYCCTBO, HO K CTCIICHDb U3BJICYCHHUA LCIJICBBIX KOMIIOHCHTOB YMCHBIIIACTCA;
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- TEPMOJNHAMUYECKOE HECOBEPLUIEHCTBO M303HTAIBIIUUHOIO PACIIUPEHUS
rasa Kak XOJIOZOIPOU3BOJAIIErO Ipouecca (MoTeHnHanapHas padoTa, KOTOPYIO MOT
Obl COBEPIINUTH paCUIUPSIONIMIiCS ra3, "ycBauBaeTcs" MOTOKOM B (pOpME TEIJIOTHI,
TEM CaMbIM 3P (HEKTUBHOCTb OXJIAKICHUS CHUXKACTCS ).

O¢ddexTuBHOCTE PpabOThl YCTAHOBOK HU3KOTEMIIEPATypHOM cemapaiuu B
3HAYUTENBHOW CTENEHH 3aBUCUT OT HW3MEHEHHs COCTaBa ChIPhEBOrO Trasa,
TEMIEpaTyphl, JaBJICHMs, 4YHUCIAa CTyneHed cemapauud W AOPEKTUBHOCTU

obopymoBanus [5].
1.1.1 Bausinue naBjieHUA

Ucxonnoe paBinenue cemnapanuu Ha ycraHoBkax HTC omnpenensiercs
JaBJICHUEM TpaHCIOpTa Ta3a B MaructpaibHOM TpybOompoBoge. Kak mpasuio,
TexXHoJIoru4deckoe AaBieHue Ha ycraHoBkax HTC naxomutcs B mpenenax 5,0—7,5
MIla m OHO HE OKa3bIBa€T 3HAYUTEIBHOTO BIWSHUS HA CTEICHb H3BIICUCHHS
KOoMIOHEHTOB Cs+. [{71s TexHomoruu orden3unuBanus merogoM HTC Goree BakHBIM
MoKazaTesieM SIBIIACTCS TNepenas] AaBiaeHus, 00eCIeUYnBaONIUN HU3KUE TEMITEPATYPHI
cernapaluu.

[Tognepxxanne r3pdexTuBHOCTH paboThl ycTaHOBOK HTC Ha mpexHeM ypoBHE
IpU CHIDKEHHHM TIJJaCTOBOTO JIaBJICHUS OO0ecleurMBaceTCs 3a CYeT BBOJA B
AKCIUTyaTallui0  JOKUMHOTO  KOMIIPECCOPHOTO  OOOpYJIOBAaHHE U  CHIDKCHHS
TEMITEpaTypPhI mepes apocceseM. UToObl  MTOOMTBCS  MAaKCUMAJIBHOTO

M3BJICUYCHHUS KOMIIOHCHTOB Csip W3 TNPUPOAHOTO Ta3a, HEOOXOIUMO
BBIOpaTh  JIaBJICHUE H  TEMIIEpATypy B  KOHIICBOM  HHU3KOTEMIICPATYPHOM

cemaparope U3  TpeOoBaHUS MaKCHUMAaJIbHOM  KOHJICHCAIIUHN

TSHKEJBIX YTIIEBOJIOPOOB.

Kak mokazano Crenanosoit I.C. [6] mnst Bcex YB naBineHue MakCHMalbHOU
KOHJICHCAIIMH C TOBBIIICHUEM TeMIEPaTyphl UMEET MAKCUMYM U 3aT€M YMEHBIIIAEeTCs

JI0 KPUTHYECKOI'O JIaBJICHUS YKCTOIO yriieBogopoaa (pucyHok 1.3)
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Pucynok 1.3 — 3aBUCUMOCTD JJaBJIeHUs] MAKCUMAJIbHOW KOHJICHCAITUU
YTII€BOJIOPOJIOB PA3IMUYHOTO CTPOSHUS OT TeMIIepaTyphl (OMHAPHBIE CMECH METaH —

yrieBoopon) [6]

Ecnu paccMmarpuBaTh TeMmnepaTypbl, KOTOPbIE HMEIOT MECTO B MPOMBICIOBBIX
cenaparopax (Munyc 30 — matoc 20°C), To 11 OMHAPHBIX cMecel, HauhHasi CO CMECH
METaH — H-TIEHTaH 0 OMHApHON CMecH MeTaH — H-JIeKaH, JIaBJIeHHe MaKCUMaJIbHOU
KOHJIEHCAIINK U3MeHseTcs B mpenaenax ot 20 go 60 krc/cm?2.

["a3okoHIEHCATHBIE CHCTEMBI TaK)K€ MOKHO paccMaTpuBaTh Kak OWMHapHBIE,
COCTOSIIITUE M3 CMECHU Tra3a U CTAaOMIIBHOTO KOHJeHcaTa. AHanu3 (a3oBBIX AUArpaMm
ra30KOHJICHCATHBIX CMECEH CBHJIETEIILCTBYET O HAJIMYMUM JABJICHUS MaKCHUMaJIbHOU
KOHJICHCAIIMU YIJIEBOAOPOAOB P 33JJaHHOW TEMIIEpaType cernapaluuu. 3aBUCUMOCTb
NABJICHUSI MaKCUMallbHOM KOHJEHCAllMh OT COCTaBa CMECHM U TEMIEpPATyphl
MPEACTABISAET MPAKTUUECKHUIT MHTEPEC.

JlaBieHrne MaKCHMaJbHOM KOHJECHCAIIMM Ta30KOHJICHCATHBIX CMECEH MpHu
temnepaTypax munyc 20—+20 °C Taxxe HaxoauTcs B mpegenax ot 20 1o 60 krc/cm?
[6].

. KpuBas 3aBUCHMOCTH KOJMYECTBA BBIACIUBIIEIOCS U3 ra3a KOHJIEHcaTa

OT JABJICHHUS IIPU MMOCTOSHHOM TEMIIEPAType HA3bIBAETCSI U30TEPMOUN KOHICHCALINH.
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. JlaBneHue, TmpuU KOTOPOM  BbIMAJaeT HauOOJbIIEE KOJIUYECTBO

KOHJIEHCAaTa, Ha3bIBACTCS AABICHHUEM MaKCUMAaJIbHON KOHACHCALIUH.
1.1.2 Bausinue TemnepaTypbl

TemnepaTrypa ra3za Ha BXOJ€ HMEET BaXHYIO pOJdb B TEXHOJOTUU
HU3KOTEMIIEPATYpHOU cemapauuu rasa. UemM HMKe TemIiieparypa BXOISILEro rasa,
TEM HUXKe TeMIeparypa raza 0y/eT Ha BbIXOJE U3 JpOCCelis WM I€TaHaepa.

3naueHue temmneparypsl Ha yctaHoBkax HTC BeiOMpaeTcs B 3aBUCUMOCTH OT
HEOOXOAMMON TOUYKH POCHI JJIsI TPYyOONPOBOAHOW TPAHCIIOPTUPOBKHU Taza. Jliis
JETKUX Ta30B CPEIHEW MOJEKyIsIpHOW Maccoll He Oonee 22 u cpemHei
MOJIEKYJIIPHOW TeMmneparypoil kumneHus oT muHyc 156 no munyc 133°C cHuxeHue
Temrieparypsl cenapanuu oT 0 1o munyc 40°C oOecrneunBaeT CyIIECTBEHHBIN POCT

CTETICHH U3BJICUCHUS KUIKUX KOMIIOHEHTOB [5].
1.1.3 Buausinue ymcja cTyneHel cenapanun

VYBenuueHne uucna cTyneHed cenapauuu Ha ycraHoBkax HTC mossimaer
YETKOCTh pa3lielieHus: ra30Boil u kuakod (a3. Ilpu omHOCTymeHuaToi cemapaiuu,
U3-32 PE3KOr0 CHWKEHMSI JaBJICHUS, 3HAYUTEIbHbI TMOTEPU KOMIIOHEHTOB
YIJIEBOJOPOJHOIO KOHAEHcaTta c¢ ra3oM. J[Byx- m TpexcryneHyaTeie cxembl HTC
UCIIOJIB3YIOTCSI Ha TA30KOHJEHCATHBIX MECTOPOXKIACHHSIX, YTOOBI MHUHUMHU3HPOBATH

YHOC YTII€BOJAOPOTHOM KUAKOCTH BMECTE C OCYIICHHBIM T'a30M.
1.1.4 BuansiHue cocTaBa ChIpbs

CocTtaB CHIpbEBOrO Ta3a OOYCIABIMBAET CTENECHb W3BICUYCHUS SKHIIKHX
YTIEBOJOPOIOB: YEM TSKEJIEE COCTaB UCXOIHOM CMECH, a 3HAUUT, U OOJIbIIE CPEeIHSA
MOJIEKYJISIpHasE Macca rasza, TEM BBIIIE CTENEHb W3BJICYEHUS KOMMIOHEHTOB C5+.
Onnako, mpu OTOCH3WHUMBAHUU Tra3a C MOJEKYISIpHOM Maccoil okono 22 u
COOTBETCTBYIOIIEH CPENHEN MOJIEKYJSIPHOM TEMIEPATypON KHUIEHUS OKOJIO MHUHYC
133°C, yTsxeneHue coctaBa UCXOJHOM CMECH MPAKTUUECKU HE OKa3bIBACT BIUSIHUE

Ha CTEIEHb NU3BJICUCHUS KOMIIOHEHTOB C5+.
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C uenpio MOBBILIEHUS CTENEHU M3BJICUEHHUS KUJIKUX KOMIOHEHTOB U3 TOIIHUX
HCXOJHBIX CMECE MHOTla MPUMEHsIETCsl MeTOJ copOuuu B notoke. [Ipu stom nepen
BXOJIHBIM CEMAapaTOpoM B TMOTOK HMCXOJHOM CMECHU OCYILECTBISIETCS BIPBICK
CTaOMJIBHOTO KOHJEHCAaTa WM JPYTUX YriIeBOAOPOAHBIX kuakocteil. [lo naHHbIM
Konokonbuea [5] yTsxKeneHHME HUCXOJHOM CMeCH 3aKOHOMEPHO TMPUBOAUT K

MOBBIIIICHUIO CTCIICHU M3BJICUCHHSI KOMIOHEHTOB C5+.
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2 KomnpumupoBaHue yrijeBoA0pPOIHbIX ra30B

Ha3nauenunem mnpomecca KOMIPUMHPOBAHUSA SIBIIETCS C)KATHE Ta30B OT
HAYaJbHOIO N0 TpeOyeMOro [aBi€HHsS C IOMOIIBI0 KOMIIPECCOPHOIO arperarta.
KomnpumupoBaHue SBISE€TCS ONHOM M3 OCHOBHBIX TEXHOJIOTMYECKHX OIEpanui
MOJATOTOBKM YTJEBOJOPOJHBIX Ta30B M MepepalOTKU U TPAHCIOPTHUPOBAHUS B
TpyOonpoBoaHOU cucteme. [lpoliecc KOMIPUMUPOBAHMU Ta30B MPUCYTCTBYET B
TEXHOJIOTUUECKUX CXEMaX TIa3onepepadaThIBAIOIIMX 3aBOJOB ISl OOECIEeYeHUs
HEOOXOJMMOIO  JaBJEHUS Tra3a Ha  YCTAaHOBKaX OCYIIKH, CEPOOYHMCTKH,
OTOCH3MHMBAHUS Ta3a, MOJAYd TOBAPHOTO Ta3a B MarucTpajibHble Ta30MPOBOJIBI,
CKaTWsl IIpOoNaHa JUIsl LHKIA  oxyaxiaeHusa. Cxathe Tasa OCYLIECTBISIETCS
KOMIIPECCOPHBIMU arperaramM B OJIHY MJIM HECKOJIBKO CTYNEHEN M COMPOBOXKIAAETCS

YBEIHMUCHUEM €r0 TeMITepaTypsl. [5]
2.1 Teopernueckue cegenusi o JJKC

JIrob6ast pa3paboTka ra3oBBIX MECTOPOXKIEHUN OYyIeT COMpsbKeHa € PSaoM
0COOEHHOCTEMH, OpraHu3alluy MpoIlecca.

[Ipu pa3paboTke MECTOPOXKIEHUS BBIACHSIIOT TP OCHOBHBIX DJTama:
HapacTarolleH, MOCTOSHHON U MMaaroIiel J0ObIYn.

Otan HapacTaromeid JoObIYM HayMHAETCsl eIe Ha CTaguu pa30ypuBaHUs,
pa3paboTKu u o0ycTpoicTBa MECTOPOXKICHHSI. ITocne OKOHYaHHUS
BBIIICTIEPEYHCIICHHBIX MEPOIPHUATUNA MECTOPOXKICHUE BBIXOJUT HA PEXKUM PabOTHI
YCTAHOBJIEHHBIM ~TE€XHUKO-)KOHOMUYECKHMHU pacyeTaMH, T.€. MECTOPOKICHHE
BCTYMAaeT B JTall IMOCTOSHHOW AOOBIYM. 3a BpeMsl JKCIUTyaTalldd MECTOPOXKICHUS
U3bIMaeTCs OKOJIO 2/3 Bcex 3amacoB Tasza. [lo3ke HaumHaeTcs ATam IMaJarolieH
N00bIYM, TAE€ YPOBEHBb JOOBIUM Tra3za IMajaeT BCICACTBUE BBIBOJA M3 IKCIUTyaTallUud
YaCTH CKBaXXUH IO MPUYMHE MX OOBOJHEHMS WM YMEHBIIEHHUS OT/IAa4yu ra3a HIKE
YPOBHSI peHTA0ENbHOCTH. B TakuX yCIOBHUSIX M3 MECTOPOKICHHUS JIOMOJIHUTEIBHO
oroupatorcst m10 10% ero 3amacoB. Ilpum pa3paboTke cpegHUX UM MEIKHX
MECTOPOKJICHUI 3Tambl HApaCTAOIIEH U MOCTOSHHOW JOOBIYA MOTYT OTCYTCTBOBATH
BOBCe [7].
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Yamre Bcero npu pa3pabOTKe HOBOT'O MECTOPOXKACHHUS, JIJISI TPAHCIOPTHPOBKH
rasa OT CKBRXHHBI K y3JIy €ro MOJTrOTOBKH, a 3aTeM Jajiee K ra3omnpoBoiay, 0e3
UCTIOJIB30BaHUSl  KOMIIPECCOPHOTO  O0OpYyIOBaHMS,  IUIACTOBOTO  JIABJICHUS
OKa3bIBACTCS JJOCTATOYHO.

Ho Ha BceM mpoTsKeHUH Mmpoliecca J0ObIUN IIAaCTOBOE JAaBICHHE TTOCTEIIEHHO
CHIDKACTCS W YK€ Ha JTale MOCTOSHHON H00bIYM, a TeM OoJiee 3Tame Mmajaroiiei
I00BIYH, MOXKHO CTOJKHYTBCS C MPOOJEMOM, MNP KOTOPOH TEKYIIEro JaBJICHUS
OKa)KeTCsl HEJIOCTATOYHO JIJISA €0 Moa4yM B ra30mpoBos [7].

Hcxonast w©3 3TOro, C TEXHOJOTHYECKOW TOYKH 3PEHHs, pa3paboTKy
MECTOPOXKICHUSL JCNIAT Ha JiBa JTama, eCJIM IMO3BOJSCT IUIACTOBOE JIABJICHHE:
OECKOMITPECCOPHBIA M KOMIIPECCOPHBIN. Pasjauune ABYyX 3THX 3TallOB COCTOMT B
MCTIOJIb30BAaHUKM KOMITPECCOPHBIX YCTAHOBOK, JIJISI IMOBBIMICHHUS JABICHHS I0OBITOTO
raza. Jlanuele yctanoBku Ha3biBatoT JIKC.

Hx HNCIIOJIB3YHOT AJIA PCIICHUA CIICAYIOIIUX 3a1a4:

1. I[O6BI‘{a HHU3KOHAIIOPHOI'O I'a3a,
2. KOMITPUMHUPOBAHHC ,ZIO6LITOPO IMPUPOAHOI'O I'a3a,
3. moaACpKaHuC 3aJJaHHBIX TCXHOJIOTHMYCCKHUX ITapaMCTPOB MW BBIXOJHOIO

JABIICHUS IPUPOJHOTO Ta3a;

4, IPOJIyBKa, OMIPECCOBKA M OYUCTKA, TPYOOIIPOBOJIOB.

BaxkHoil cocTaBisomer Bcero Imporecca pa3paboOTKH  MECTOPOXKICHHS
ABIIAETCS ~ JTall  KOMIIPECCOPHOM  pa3paboTku. Bo  Bpems  skcmmyatanuu
MECTOPOXKJICHHS B KOMIIPECCOPHOM pexkuMe m3BiiekaeTcss mopsaka 20-30% oOmux
3amacoB  MectopoxaeHus. OObBYHO B Mepuoa  OECKOMIIPECCOPHOTO  dTarma
OKCIUTyaTalluk  MECTOpOXKAeHusi, wu3Bnekaercs 50-60% ot oOmero 3amaca
MPUPOJIHOTO ra3a B CIydae JHOCTaTOYHOCTH IJIACTOBOTO JABJICHHS AJIsI 0OECIIEUCHUS
TEXHOJOTUYECKUX MPOIECCOB 00paOOTKH ¥ TPAHCIIOPTUPOBKH MPUPOTHOTO Ta3a.

O6opynoBaHue JJ1s1 TOATOTOBKY Ta3a PACCYMTAHO HA OMPENICTICHHOE JaBJICHUE.
KpomMe TOro moja omnpeneneHHbIM [aBI€HUEM Tra3 JIOJDKEH [0JaBaThCsl B
MaructpaibHblii  razompoBoi. Ilpm mamenum mnacroBoro gaieHus JKC

oOecrieunBaeT ITIOCTOSHCTBO BBIXOJHOI'O MJaBJICHUA IIYTCM JOIIOJIHHUTCIBHOI'O €Io
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YBCIIMYCHUS Ha HCO6XOI[I/IMYIO BCIIMYUHY. Bce 3t10 ACJIaCT AdOXHMMHBIC CTaHIIUH

(pUCYHOK 2) OJTHUM W3 BaKHEHIIINUX 3JIEMEHTOB ra30,100614H [7].

Pucynok 2 — YcranoBka J0)KMMHOM KOMIIPECCOPHOM CTaHIIMU HA Ta30BOM
MECTOPOXKJICHUH U HA MOI3€MHOM XPAHUJIUIIIE:
1 — razoBoe mectopoxaenue; 2 — JIKC; 3 — razonepepabartbiBaroriuii 3apo; 4
— muuentHaa KC; 5 — maructpanbhsiil razonpoBo; 6 — [IKC; 7 — noazemHoe

XpaHUJIHIIC.

Tak xe JIKC moryr ycTtaHaBiIMBaTh Ha IMOJ3EMHBIE XpaHWIMUIA ra3a, B 3TOM
Clly4aW WX 3ajjaya 3aKifodaercs B OTOOpe W raza W3 XpaHWIUIIA U IMojJade ero moj
HeoOXxonuMbIM faBieHueM B TpyborpoBoa. JIKC Tak ke ocyiiecTBisieT U 00OpaTHYIO
omepalyio, 3aKayuBas ra3 B IMOA3E€MHOE XpaHWIHIE W3 Tra3ompoBoga. Takum
oOpa3zom, TexHudeckuMm TpeboBanneMm kK JIKC sBisieTcsi BO3MOXHOCTH CO37aBaTh
BBICOKOE€ JIaBJICHHE Ta3a Ha BBIXOJIC, MHAYE JTOCTYIHBIM 00BEM I XpaHEHHUs rasa
OyZeT WCIONb30BaThCA HE paroHanbHO. OOBIYHO TMOJ3EMHBIE XPAHWIWIA Ta3a,
pa3MemaTcs B TBEPABIX TOPHBIX MOPOJIax, M MO3BOJISIIOT XPAHUTH MPHUPOIHBIN Ta3

pu BeICOKOM JasieHuu ot 0,8 go 1 Mlla.
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2.2 KOHCTPYKIMSA J0KMMHOI KOMIIPECCOPHOI CTAHIIUA

Bcee JIKC MOTyT CHMIBHO OTIMYATHCA MO KOMIUIEKTALIMM M KOHCTPYKLHH, HO
HECMOTpSL HAa 3TO, Y HUX MOXKHO BBIJEIUTH PSAJ OCHOBHBIX JJIEMEHTOB: IIPUBOJ,

KoMIpeccopHbiii 0510k, ABQO, cemapaTopbl, BCIIOMOTAaTEIbHOE OOOPY/I0BaHUE

(pucyHoxk 2.1).

CENMAPATOP

CENAPATOP

BXOAHOIO rA3A XOnoAUNbHUK

BXOQ FA3A FA3 K NOTPEBUTENO

1}
D<¥

r— MACASHLIA OUNLTP

KOMNPECCOP

OTAENEHHAR
XNOKOCTb
e e i s
CBOPHVK X
KALKOCTA
\HPMBO.': KOMMNPECCOPA
cnvB
KOKOCTV — = — KOMMPECCOPHbIA BNOK

— —— NPUBOA
BCNOMOTATENEHOE OBOPYAOBAHUE

Pucynok 2.1 — ITpuHumnuanbHas KOHCTPYKIUS TOKUMHON KOMIIPECCOPHOM CTaHIIUU

OcHoBHbIM  3neMeHToB JIKC  sBIseTcss  koMmpeccop WM TpyIlma
KOMIIPECCOPOB, paboTa KOTOPHIX 3aKJIIOYA€TCS B  YBEIWYEHUU JIABJICHUS
MPOXOASLIEr0 MPUPOAHOro ra3a. K kommpeccopy npucoenHsETCS CHUIOBOW arperat
WJIY TIPUBOJI, KOTOPBIM IPUBOJUT €TI0 B ACHUCTBUE.

BcnomorarensHbiM  000pyZOBaHUMEM — SBISETCS  JIF0OO€  JOTIOTHUTEIIBHOE
YCTPOUCTBO, KOTOpoe HeoOxoaumo st A(HPEKTUBHOW UM KOPPEKTHOW pPabOTHI
CTaHIuu. TakuM OO0OpyJOBaHHMEM MOXKET OBITh CHCTEMA OXJAXKICHHUSA, HAOOp
KUIIuA, cucrema uMpKyIsanuu cmasbiBatomero macia, u T.4. Korma JIKC

O(i)OpMJ'ISIeTCSI B BUJAC OTACIBHOI'O pa6oqero MOAYJIA, TO B IICPCUCHD JOIIOJIHHUTCIBHO
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O6Op}7I[OBaHI/I$I HA4YWHAKT BXOAHUTb TaKHC BCIIOMOI'aTCJIBHBIC CHCTCMbI Kak,

OCBEIIEHNE, OTOTUICHUE, BEHTWIALIMS U T.11.
2.3 Kinaccugukaunsi KOMIpPecCOPHbIX arperaTon

Joxumubie komripeccopHbie ctaHiuu (JIKC) sBIsSitOTCS OJHUMHM M3 CaMbIX
CJIOKHBIX arperaToB, KOTOPBIE BBIMOJIHSIOT 3a7ja4y MO MEPEMEIICHUI0 U HAarHETAaHUIO
MPUPOAHOTO rasza, a KioueBbIM 37eMeHToM JIKC sBisieTcsi KOMIPEecCOpPHBIA OJIOK.
OcHoBHas inaccupukanus JAKC npoxoauT B 3aBUCUMOCTH OT TPUMEHSIEMBIX
KOMIIPECCOPOB, KOTOPhIE OOBIYHO OBIBAIOT CJICAYIOIIUX THUIIOB:

1. [TopuiHeBsIe.

2. BunroBsie.

3. [HenTpobexHbIE.

1. IHopumiHeBBIe KOMIIpeccOopbI

CaMblii  mepBbIi  TUN ~ KOMIPECCOPOB,  KOTOPBIM  CTald  MaccoBO
HKCIUTYaTHPOBaTh, pabOTaeT 10 NPUHLUITY, BXo A1 M ra3 (1) HabupaeTcs B LUIMHAP
(3) uepe3 BxoaHOM (BcachIBAIOIIMI) KiIamaH, U CXKMMAETCSI OPIIHEM B LIUJIMHIPE 10
HEOO0XOAMMOIO JaBJIEHUS W BBIXOAMT 4Y€pe3 BBIXOJHOW (HarHeTaTeNbHBIN) KianaH

(2), pucyHok 2.2.

Pucynok 2.2 — Cxema paboThI TOPITHEBOTO KOMITpECCOpa

Kopnyc IMOPIIHCBOIO0 KOMIIPECCOpa M3rOTABIMBAKOT JIMTBCM, WU OH HMCCT

CHeIMaNbHBIE WHTETPUPOBAHHBIC HEPKABCIOIHNE TMATPyOKH, Isg O0OecTieueHUs
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nepexoja rasa Ha ciuenyroniue stansl. Komnpeccop paspabaTeiBaeTcst sl peILICHUS
KOHKPETHBIX TUANa30HOB JaBICHUM, 00BEMOB, U KO3 (DUIIMEHTA CKATHUS ra3a.
JIaHHBII ~ TUII ~ KOMIIPECCOPOB  XApaKTEpPU3yeTCsl  CaMOM  BBICOKOU
3 PEKTUBHOCTHIO B PacUETHON TOUYKE, T.€. Ha pacu€THOM pexume (M0 JaBIEHUIO,
TeMIlepaType, Mojadye) UMEeT caMoe HU3KOE SHEPronoTpedIeHne, HO B TO K€ BpeMs
TpeOyeT CPaBHUTENIBHO OOJBUINX TPYIO3aTpaT Ha OOCITYyKMBaHUE, TOCKOJIbKY B HEM
UMEIOTCSI MHOMKECTBO  YacTeil, COBEpIIAIOIIMX [OCTYNaTeIbHOE JIBUKEHUE,
MOJIBEP)KCHHBIX TPEHUIO M 3HAKOMIEPEMEHHBIM Harpy3kam [8].
OcHOBHBIE KOMIIOHEHTHI MOPIIHEBOr0 KOMIIpeccopa:
1) xopmyc;
2) TPUBO;
3) mopiieHs B cOope;
4) roJIOBKH IMJIMHIPOB B cOOpE;
5) UIUHAP BBICOKOTO JaBIICHHSI.
B nHacTosimme BpeMs CyIIECTBYIOT MHOKECTBO MHOPUIHEBBIX KOMIIPECCOPOB,
ONMO3UTHBIE, C OJHUM WJIH HECKOJbKHUMU LUJIMHIPAMU, C OJHON WM HECKOJIBKUMH
CTyNneHsaMH cxatusi, ¢ V, W-o0pa3HbiM uiau ¢ L-00pa3HbIM pacronokeHueM

UIUHAPOB (PUCYHOK 2.3).

Pucynok 2.3 — JIKC ¢ mopiHeBbIM KOMITPECCOPOM

Cnoco0b1 peryJiupoBaHusi padoThl MOPIIHEBBIX KOMIIPECCOPOB:
1) npoccenupoBaHHE HAa BXOJIE B KOMIIPECCOP;
2) u3MeHeHue 00beMa MEPTBOTO MMPOCTPAHCTBA IUITHH/IPOB;

3) mpucoeIMHEHHE IOMOJHUTEIHLHOM IMOJIOCTH HAa YaCTH X014,
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4) OTXKHM BCACBHIBAIOIIUX KJIAaHOB;
5) u3MeHeHne X0/1a TOPIIHS;
6) OJIOKHPOBKA BCACBHIBAIOIINX KAHAJIOB OTACIBHBIX HIUJIMHIPOB WIIH TPYIII
IIWJIHH]IPOB;
7) M3MEHEHHUE YaCTOThI BPAICHHUS.
IIpeumyuiecTBa M HEJOCTATKM:
IIpenmyiecrna:
1) BbICOKasi PEMOHTONPHUTOAHOCTb;
2) yCTOMYMBOCTH K HEOJAroNpUsTHBIM BO3JICHCTBUS OKPY KAIOIICH CPEJIbI;
3) mpUMEHEHHs B MbLUILHBIX POU3BOICTBAX;
4) HU3KHUE YHEPro3aTparhl;
5) BO3MOXKHOCTh C)KUMATh T'a3bl 10 BHICOKOT'O JaBJICHUS.
HenocraTtku:
1) BBICOKHI YPOBEHb IIyMa;
2) BUOpanus;
3) HeoOxoauM (GyHIAMEHT;
4) MHOTO TPYIIHMXCS MOBEPXHOCTEH TpeOYIOIIMX 0COOOr0 BHHMAHHS MPHU
00CITy’)KUBaHUU U DKCIUTyaTallUH.
Pabdoune nuana3oHbl:
Jnanazon momaocTr: 500 - 7500 xBT;
Jnanazon o6bséma: 150 - 10000 m3/4;
Hasnenwne: 0,3 - 45 Mna,;
Cxkopoctb: 200 - 1800 06/MuH;

KonuuecTBo psanos: 2, 4, 6 u 8.

2. BuHTOBBIE KOMIIPECCOPHI

Bnepseie B 1908 ObL1 3aperucTpupoBaH NaTeHT HA BAHTOBOM KOMIIPECCOP.

B BHHTOBBIX KOMIIpeccopax CKaTHe€ Cpeabl MPOUCXOAUT 3a CYET JBYX
CIIETUICHHBIX MEXy CO00I pOTOPOB C BUHTOBBIMH 3YObsIMU (PUCYHOK 2.4).

OcHOBHbIE KOMIIOHEHTHI BHHTOBOI'0 KOMIIpeccopa:

1) xopmyca (IMIHHAPA);
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2) BEIYyIIETO M BEOMOTO POTOPOB € 3y0YaTO-BUHTOBBIMU JIOTIACTSIMH.
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y Paananbhuii ObD: .,,:,-',' ) “aag PErYNMPOBaHUA
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Pucynok 2.4 — Cxema BUHTOBOT'O KoMIpeccopa BUHTOBbIE KOMITpecCOpbl OBIBAIOT

0Oe3MacIsIHHBIC M MaCJI03alI0THCHHEIC

B Macno3amnojlHeHHBIX ~ BHUHTOBBIX KOMIIpECCOpax, MacCJIO IIOCTOAHHO
BIIPBICKHUBACTCS B BHUHTOBOM 6J'IOK, I MIPpEAOTBPAIICHUA METAJNIMYCCKOI'O KOHTAKTa
MCKIAY POTOpPaAMH. Tak ke IMOMHMMO CMa3Kd BHUHTOBOTO 6J'IOKa, MacCJIO YIUIOTHACT
3430PbI MCIKAY POTOPAMHU U KOPITYCOM, MCKIY pOTOpaMH, a TaKXKC OTBOJAUT TCILIO.

I[J'IH OYHCTKH CXKaTOM CpCabl OT MacJid, YCTAHABJIUMBACTCA MACIO0OTACIUTCIIb.

I'naBHOIT OCOOCHHOCTH BHHTOBBIX KOMIIPCCCOPOB ABJIACTCA @HKCHpOBaHHaH

CTCIICHD CXXaTus. BunTtoBbIC KOMIIPCCCOPLbI nacaJbHO IoaAXO AT JIIA

MHOT'OCTYIIEHYATOr0 CKaTUs (PUCYHOK 2.5).

1 a3 oKkumaercs

BX0A0a raza

HarHeTaHuAa HarHeTaHuAa HarHeTaHuA

Pucynoxk 2.5 — Ilpunnun paboTsl BAHTOBOTO KOMIIpEccopa
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PeryinpoBKka BUHTOBBIX KOMIIPECCOPOB:

CaMbIM TJaBHBIM MPEUMYILIECTBOM 3THUX KOMIIPECCOPOB SIBISETCA IUIABHOE
pPEryIMpOBaHUE TMPOU3BOAUTENBHOCTU. PeryampoBka OCYyIIECTBISETCS B IIUPOKOM
nuarnasone or 100% no 10%, mocTuraercss 3a CUET pEryJupOBKH 30JIOTHHUKOBBIX
KJIaIaHoB (TOJI3YHOB).

[Tpu nonHoM Harpy3ke 3()PEeKTUBHOCTH BUHTOBBIX KOMIIPECCOPOB HUXKE, YEM Y
MOPIIHEBBIX M UEHTPOOESXKHBIX (U3-32 HEBO3MOXHOCTU OOECHEYeHUs] TOYHOIO
COBIIQ/ICHUSI BHYTPCHHEH M BHEIIHEH cTteneHu cxatus) [9].

IIpeumyuiecTBa M HEIOCTATKM:

IIpenmyiecrna:

"  BBICOKas CTEINEHb CXKATUS;

"  HaJACKHOCTH B pabore;

" HE HY)KEH CIelMaJIbHbIN (YH/IaAMEHT;

" OTCYTCTBME KIJAMaHOB U TPYIIMXCA JeTajeil B TOJOCTH CXKaTus,
HOBBIIIAIOIEE HA/IEKHOCTD;

"  OTCYTCTBHE MEXaHHUYECKHX IpeoOpa3zoBaTesei;

"  BO3MOKHOCTb 00pabaThIBaTh ra3bl C PA3IMYHON MOJIIPHON MacCo;

"  BO3MOXKHOCTb pabOTaTh CO CPEJOH, COJIEPIKALIYIO KalleJIbHYIO KUIKOCTh;

" BBICOKas SHEProd(PHEeKTUBHOCTD;

* He TpeOyeT OOJIBIIMX HAYaJbHBIX BIIOXKEHUH M Majble KaluTalbHbIE
BJIOKEHMSI HA PEMOHT;

" HE CBOHCTBEHHA BUOpAIIUS;

"  KOMIAaKTHOCTb;

"  HH3Kasg CTOUMOCTB;

"  [pocTOoTa 00CITyKMBAHUS;

"  MaJible rabapuTHBIE pa3Mephl U BEC.

Henocratku:

1) comeprkaHue macia;

2) HeoOXoaMMa MaclITHasi CUCTeMa C 3JIEMEHTaAMU OXJIAKICHUS;
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3) mpu Mayiol 3arpyKEHHOCTH KOMIIpECCOopa Ha BCAChIBAGMOM YYacTKe
cymiectBeHHO cHkaercs KIT/I.
BuHTOBBIE KOMIIpECCOPHl  XAPAKTEPU3YIOTCS OTJIMYHBIMU [OKA3aTeIIMHU
sHEprocOepeKeHusl, 1 HU3KUMHU pacxojiaM Ha 00CITy>KMBaHHE.
Paboumne nuana3onbl:
Jnamazon momtHoctu: 100 - 3500 kBrT;
Jwnanazon oobéma: 300 - 12000 m3/4;
lasnenue: 0,4 -6,3 Mna,;
Cxkopoctb: 500 - 3000 06/MuH

3. LenTpobeskHble KOMIIPECCOPHI

LenTpoOexHbIii KOMIpeccop MPENCTaBisieT COOOW MHOTOCTYNEHYATHIH
arperaT C BHYTPEHHHMM 3yO4YaTbIM IMPUBOJOM, KOTOPBIM MNPUBOJUTCA B JCHCTBUE
neurateneM. Kaxnas cryneHb ckaTus COCTOMT M3 paboyero Kojeca - UMIEIUIEpa,
muddy3zopa, u koxyxa. ['a3 BcacwiBaeTcst uepe3 BXOAHOW (GUIBTP W TMOJAETCS Ha
NEPBYIO CTYIEHb CXKATHUS Yepe3 BXOIHOW peryaupyrouuii ammapaT. Mexay BceMu
CTYNEHSAMH CXaTUs YCTAHOBJIEHBI MPOMEXKYTOUHbIEe oxJyaguTenu. Komrmpeccopa
MOTYT paboTaTh Ha 2-X U Jaxke 4-X CTYNEHSX CKATHUs KaK C TOPU3OHTAIBHBIM HIIU

BEPTHUKAJIBHBIM pa3bEMOM Kopryca (pucyHok 2.6) [10].

Ynutka INabupunTHble
YNNOTHEHUA nonacren

Jonacrw NabupuHTHbIE

Mydra npueopa yNnnoTHeHun Bana

CermeHTHbIE
NOAWMNHUKK

Kopnyc }
(ropu3oHTansbHo Onopm-.m_
pa3feneHHbIn BbIXNONHON CerMeHTHbIN
¢naneun) noTpo6ok NOAWMHNHKUK

Kamepa

Pucynok 2.6 — Cxema eHTpoOSKHOTO KOMIIpeccopa
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[leHTpOOEKHBIE KOMIIPECCOPHl TPUMEHSIOTCS JUIsl TIOJYYCHUS OOJIBIITUX
00BEMOB CHKaTHSI.
Buabl HeHTPOOeKHBIX KOMIIPECCOPOB
[lo Tuny pa3zMeneHus CTyneHe HeHTPOOEKHbIE KOMITPECCOPHI IEATCS Ha:
1. OnHOBaNbHEIE,
2. MHoOroBaJibHBIE.
MeToabl peryJupoBaHus IEHTPOOEKHBIX KOMIIPECCOPOB:
1)  OaiimacupoBaHHE IMOTOKAa Ta3a — IMEPENyCK CXKATOro rasa oOpaTHO Ha
BCaChIBaHUE KOMIIPECCOPa;
2)  JpocceaupoBaHHE IMOTOKA ra3a Ha BXOJE MOBOPOTHOM 3aCJIOHKOM;
3)  3akpyuuMBaHHE IIOTOKAa ra3a Ha BXOJC C IIOMOIIBIO JIOMTATOYHOIO
BXOJTHOTO Hampassisitoniero anmnapara (BHA).
4)  YacTOTHBIM IpeoOpa3zoBaTEIEM.
IIpeumyuiecTBa M HEIOCTATKM:
[Ipeumyiectna:
1) moyiHOE OTCYTCTBHE Maciia B pabouel MOJIOCTH U B CKUMACMOH cpeie;
2) OeCKOHTaKTHBIC I'a30BbIC U MACIISHBIC YIUIOTHCHUS;
3) HeT HEOOXOAUMOCTH B CIIeHaIbHOM (DyHIaMEHTE;
4) pabota mpakTU4YEeCKH 0€3 MyJIbCalliu;
5) MeHbIIIe TPYIIUXCS SJIEMEHTOB;
6) AIUTEIBHBIN CPOK IKCILUTYaTALUH.
Henocrarku:
1) muskuii o6vemubd KI1/I;
2) HeOONBIION TUana3oH PeryIupOBKY pon3BoauTebHoCcTH 10 60-80%);
3) orpaHWuYeHHAs CTCIICHb CXKATHSI,
4) mpyu  yYMEHBIICHWW TPOU3BOIAUTEIBLHOCTH BBICOKAs  BEPOSTHOCTH
IOMITaXKa.
Pabouunii nMana3ou:
Jnanazon momtHoctu: 500 - 35000 xBrT;
Jwnanazon o6béma: 3000 - 1300000 m3/4;
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Hasnenue: 0,3 - 350 MlI1a;
Cxopoctb: 300 - 12000 06/muH.

2.4 Knaccudukanusi CHI0BBIX arperaTon

JI0’)KMMHBIE KOMITPECCOPHBIE CTAHIIMHM PabOTAIOT C MCIOJIb30BAHUEM CHIIOBBIX
arperaToB (IIPUBOJIOB), CPEIH KOTOPBIX PA3JIMYAIOT CIIECAYIOIINE BUABI IPUBOIOB:

1. l'azonopiHeBOM.

2. ["a30TypOMHHBIN.

3. DNEKTPOIPHUBO]I.

TeopeTnueckue cBeJeHUsI 0 TA30MOPIIHEBBIX MPUBOAAX

lNazomopmreBoit  nBurarens (pucyHok 2.7) mpencrasiser coboit J[BC c
CHUCTEMOW BHEIIHEro O00pa30BaHUS TOIUJIMBHO-BO3AYIIHOW CMECH W HCKPOBBIM
3aKUraHueM. B kadecTBe TOIJIMBA WCIOJIB3YeT MPUPOAHBIM Ta3 W APYrue BB
ra3oBOro TOIUIMBA, 4TO OOecTeYrBaeT IKOHOMUYHOCTb, BBICOKUN pecypc paboThl U

MHUHHMAJIbHBIH ypoBeHb Iryma [11].

Pucynok 2.7 — I'azonopuraeBoit npuBos Caterpillar G3616
[TpuHIIMTT JEWCTBUS Ta30TMOPIIHEBOTO JBUTATENI OCHOBAaH Ha CTOpaHUH
TOTUITMBOBO3AYIITHOM CMECH W Ha DHEPTUHM PACIHIUPSIOMIUXCS Ta30B, KOTOpas
npeoOpa3yeTcsi B MOCTyNaTeIbHOE ABMKEHUE MopmiHei. [locTynaTenbHO NBMKEHHE
MOPITHEH C TOMOINIBIO KPHUBOIIUITHO-NIATYHHOTO MEXaHW3Ma Mpeodpa3yeTcs BO

BpamaTCJIbHOC IBMIKCHUC BBIXOAHOI'O Bajla ABUTATCIIA.
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Nx momuoCcTh MOkET gocturatb 6000 kBT 1 unciio HUIMHIPOB OT YETHIPEX A0
NBaJIIaTU: OHU OOBIYHO paboTaloT nojx HaaayBoM. KosdduiuueHt mnoae3Horo
NENCTBUS HaxoauTes B npenenax oT 32-40%. MakcuMalibHas MOITHOCTh BpPALEHHUS
mensiercst ot 300 o 1200 o6/mun [12].

[IpeumyiecTBa U HEIOCTATKUA ATUX MPUBOJOB TAKHE K€ KaK Yy MOPIIHEBBIX
KoMIiipeccopoB. OHHM, KpOME€ 3TOro, MUMEIOT PHUCK JETOHALMU B Ciy4yau IUIOXOU
PETYIMPOBKU U U3MEHEHUs1 (PPaKIMOHHOIO COCTaBa rasa, MoCTyHaromero u3 (Gonaa

ckBakuH [12].
TeopeTnueckue cBeieHUsI 0 Ta30TYPOMHHBIX PUBOAAX

B ra3zoTrypOMHHOM TMpuBOAE MEXaHUYECKas OJHEPrus BbIpaOaTbIBAaeTCs, C
noMoupl0 TypOuHbl (pUCyHOK 2.8 - 3) W mepenaercs KOMIIPECCopy WU
AJIEKTpOreHeparopy. B  KOTOpoH TpPOUCXOIUT paclIUpeHue TOopsiYero rasa,
oOpasyrorierocsi B kKamepe cropanus (pucyHok 2.8 - 2), Kyaa MoJarTCs TOIUIUBO U
atMocdepHblii Bo3nyX. Bo3myx 3acachiBaeTcsi ¢ MOMOIIBIO KOMIIpeccopa (pUCYHOK
2.8 - 1), moaTOMy JUIsl Tycka ra3oTypOMHHON YCTaHOBKU TpeOyeTcs OTAECNbHBIN
UCTOYHUK »dHepruu (ctaprep). JlaHHBIA BUJ TPUBOJOB TOJYYHJI HIUPOKOE
pacrpoCTpaHEeHUE, MOCKOIbKY HE MPUBS3aH K MOCTABKaM TOIUIMBA WU3BHE U MOXKET
paboTaeT Ha TOM jKe rase, KoTopbii nepexkaunBaeT JIKC, ecau cocraB ra3za npurojieH
JUISL DTOTO, @ W3JUIIKKA BbIpaOaThIBAEMON HSHEPrUM MOTYT UATH Ha OTOIUICHHE H

AIIEKTPOCHA0KEHHNE CaMOM CTAHIIUU U OJIH3JIeKAIINX 00BEKTOB [7].

2
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Pucynok 2.8 — Ilpunnunuansuas cxema padotsl [ TY
["a30BBIe TYpOMHBI UCTIONIB3YIOTCS, B OCHOBHOM JIJISI PUBOJA IIEHTPOOEIKHBIX

Y MOPIITHEBBIX KOMIIPECCOPOB.
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Ecim I'TY wucnonb3yroTcs B KauyecTBE TMPUBOJA JiA IEHTPOOEKHOTrO
Kommpeccopa, TO Mexay [TY u KomIpeccopoM YCTaHABIMBAECTCA IIOMUMO
COCIMHUTEIBHBIX MY(T, MYJIbTUIUIUKATOpP. MyJIbTUIUIMKATOP NpPEIHA3HAYEH IS
noBeilieHUuss o0opotoB Baia I'TY-kommpeccop, eciiu ['TY He mo3BosisieT pa3BUTH
J0CTaTOYHOE KOJIMYECTBO JIs 3P(HEKTUBHOTO peKUMa PaOOTHI.

Ecmu I'TY ucnone3yercst B Ka4eCTBE NMPUBOJA ISl IIOPIIHEBOTO KOMITpECCopa,
to Mexky ['TY u xoMmpeccopoMm yCTaHABIMBAETCS TOMUMO COEUHUTEIBHBIX MY(]T,
peaykrop. Penyktop mnpeaHazHadeH Uil TMOHWXKEHHs 00opotoB Bama [TVY-
KoMmmpeccop, eciau oboporel ['TY npu pabouem peKWME CIUIIKOM BBICOKHE IS
s pexTuBHON pabOTHI MOPLUIHEBOIO KOMIIPECCOPA.

Mongnocts I'TY uzmensierca ot 1000 no 50000 kBT, tepmuueckunii KII/I ot 16
o 36%. I'TY moxer ObITh 000pyIOBaHa peKylmepaToOpoM Terjia sl Harpesa
BO3]lyXa, UAYLIEr0 Ha CTOPaHUE.

[IpeumyinecTBa 1 HEAOCTATKH Ta30BOM TYpOUHBI T€ K€, UTO y IIEHTPOOEKHOTO
KOMIIpeccopa:

IPEUMYILECTBA: HEBBICOKAs CTOMMOCTb OJKCIUTyaTallud U OOCIYyKMBaHMUS,
HEIOCTATKH: HEBBICOKUH KO3(DPHUIMEHT 0JIE3HOTO AEHCTBUS, OCOOECHHO MPH

HU3KOW Harpy3Ku arperara.
TeopeTuueckue cBeeHUs1 00 FJIEKTPUYECKUX TPUBOIAX

DNEKTPOABUraTENN JJIsl PUBOJOB KOMIIPECCOPOB OBIBAIOT MEPEMEHHOTO HIIU

MOCTOSIHHOTO TOKa, CHHXPOHHBIC U ACHHXPOHHBIE (PUCYHOK 2.9).

Pucynok 2.9 — Dnexrpuueckuii mpuBog SCHORCH
ACHHXPOHHBIE ¥ CHHXPOHHBIE JJIEKTPOJBUTATEIN BPAIIAOTCS C TOCTOSHHOM

CKOPOCTHBIO, 3aBUCHUMOM TOJILKO OT 4YacTOThl M 4YHCJIa IIOJIIOCOB MOTOpa. I[J'I?I
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BAPBUPOBAHUSI CKOPOCTH BpALICHHUS K MOTOPY MOJAETCA H3MEHsEMa 4YacToTa C
MOMOIIb CUCTEM TEePpPUCTPOB. IIyCK CHHXPOHHOrO ABUTATENs, UMEIOLIETO HYJIEBYIO
Map BHE CKOPOCTH CHHXPOHHW3AILMHM, OCYIIECTBIISICTCS IYyTEM IIyCKa MOTOpa B
ACMHXPOHHO pexkuMme. [12].
KoadunmeHnT none3Horo AeHCTBUS JIEKTPONPUBOAA HAXOIUTCA MEXay 93-
98% B 3aBUCUMOCTH OT MOIIHOCTH.
JKC ¢ 3nexkTponpuBOIoM, UMEET Ppsi MPEUMYIIECTB MEPel ra30MOTOPHBIMU U
ra3oTypOMHHBIMHU IPUBOJIAMU:
IIpenmyiecrna:
1) Beicokuii KI1/I, Mano cHM»kaeMblii HArpy3Koii;
2) HU3KHI ypOBEHb IIIyMa;
3) He3HAaYMTEeIbHBIC 3arpPSI3HCHHUS.
HenocraTtku:
1) HEOOXOAMMOCTH IJACKTPOCETH BBICOKOW MOIIIHOCTH;
2) CTOMMOCTh MOXET OBbITh TOBBIIICHA, €CIH DIIEKTPUYECTBO Oyaer

UCITOJIB30BaThCs BO BpeMs TuKoBbIX Harpy3ok (E.D.F.).
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3 IlocTanoBKka 3aJavuu uccjaea0oBaHusd

OCOOCHHOCTBIO Ta30BBIX M Ta30KOHJICHCATHBIX MECTOPOXKICHUM SIBIISIOTCS
BBICOKHE BHYTPHUIUIACTOBBIC NTABJICHUS HAa PAHHUX CTAIUAX pa3paboTku. B mpomecce
T0OBIYM Ta3 BBIXOJIUT M3 CKBAKWHBI CO 3HAYMTEIBHBIM JaBlieHHeM, mopsiaka 10-15
MIla u BbImie. ITOTO JOCTATOYHO IS JOOBIYHM M KAYSCTBEHHOM MOJITOTOBKH CHIPhS —
CBIPOM Ta3 CO CKBaXKMH TOJI COOCTBCHHBIM JIaBJICHUEM ITOCTYIAeT JUIsl OCYIIKH Ha
YCTAaHOBKY KOMIUIEKCHOW monrotoBku rasa u konjeHcara (YKIITuK). Ho co
BpEMEHEM, B TIpoliecce pa3pabOTKH MECTOPOKICHHUS TPOUCXOIUT YMCHBIICHHUE
TUTACTOBOTO JIaBJICHHUS, YTO B CBOIO OUYEPE/Ib MPHUBOJIUT K MAJICHUIO JIaBJIICHUS BO BCEH
CUCTEME IUIaCT - CKBa)XHMHA - IIPOMBICIIOBBIC Ta30COOpHBIE CETH - YCTAaHOBKH
MOJIFOTOBKHU Ta3a. DTOT (HaKTOp CYIIECTBEHHO OCJIOXHSET IMOJTOTOBKY TOBAapHOIO
IPOYKTAa.

Takum o0Opa3om, majieHue MaBICHUS 3TO HEM3OEKHBIN MPOIECC I KaXKI0TO
MECTOPOKJICHHUS, TPUBOJISIIIHIA K HETATUBHBIM ITOCJIC/ICTBHSIM.

Ilenpto  maHHOW  pabOTBHI  sBIsETCS ~ oOecleyeHWe  CTaOMIBHOTO
TEXHOJIOTUYECKOTO PeKMMa HU3KOTEMIIEPaTypPHOTO ceraparopa B YCJIOBUAX MaJCHUS
TUIACTOBOT'O JIABJICHHUSI.

3amauaMu UCCIICIOBAHMUS SIBIISTFOTCS :

1. MHccrnemoBaTh  BIUSHUE  CHIDKEHUS  IUIACTOBOTO  JABIICHUS — Ha
3¢ (HEeKTUBHOCTh TOJTOTOBKM Ta3a: TOYKHA POCHl TOBAPHOTO Ta3a, BHIXOJ
CTAaOMJILHOTO KOHJICHCATa U IIPOIMaH-O0yTaHOBOM (hpaKIIUH.

2. Co3maTh MOAETHPYIONIYIO CXEeMy IIpolecca TOJATOTOBKH Trasza IO
TEXHOJIOTUY HU3KOTEMIIEPATYpPHOU Cerapaly U MOJTOTOBKU KOHJEHCATa
METOZI0M pekThduKanuu B mporpamme UniSim Design

3. Ilpennoxuth cnoco® MOAAEpX)aHUS CTaOWUIBHOTO TEXHOJIOTUYECKOTO
peXrMa HU3KOTEMITEpaTypHOTO cenaparopa.

4. OmeHka TEXHOJOTHYECKOW W  OKOHOMHUYECKOH 3P (HEKTUBHOCTH

MOACPHU3AINMHU TCXHOJOTHH IIOATIOTOBKHU I'a3a
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4 O0beKT u MeTOAbI UCCJIeI0BAHUSA
4.1 I'eo10ro-nmpoMbICJI0Basi XapAKTEPUCTHUKA MEeCTOP 0KIeHUsI

4.1.1 JIutoisioro-crpaturpaguyeckasi XapakTepucTuka pazpesa

B reonornueckoM paspe3e MBUIBIKUHCKOTO MECTOPOXKACHUS MPUHUMAIOT
ydacThe  IAJIECO30MCKHUE U ME3030M-KalHO30MCKHMe  oTioxeHus.  llepsble
MPEACTaBIAIOT (DYHIAMEHT, TOCJIEIHHE — OCaJOYHBIA uexoJl. MOIIHOCTh uexia
nocturaer 2700 M. B cocraBe komruiekca OCalO4YHBIX OOpa3oBaHUN MPUHUMAIOT
y4acTU€ IOpPCKHE, MEJOBble, MaJ€OTCHOBbIE, HEOTCHOBBIE U YETBEPTUYHBIE
OTJIOKEHUS, 3aJIeTAoOIINe HECOIVIACHO Ha pa3MBITOW MOBEPXHOCTH (YHIAMEHTA,
CJIO’)KEHHOTO JTMCIIOIMPOBAHHBIMU JTIOKEMOPHUINCKUMH, MAJICO30MCKUMH M YaCTHYHO
ME3030MCKUMHU 00pa3zoBaHusIMU. [IpombliniyieHHass HEePTEra3oHOCHOCTh CBsi3aHa C
OTJIO)KCHUSIMU BAaCIOTAHCKOW CBUTHI BEPXHEU IOPbI U KYJIOM3WHCKONW CBUTHI HUXKHETO
Mesia. OCHOBHBIMU TPOAYKTHMBHBIMU Tiactamu siBisiercst miact FO1 u B10 xpome

TOT'O Ta30KOH/ICHCATHBIE 3aJIeK1 HabmoaoTes B acte b19.
4.1.2 HedrerazoHocHOCTH

[IpompbltiuieHHasT He(PTETa30HOCHOCTh MECTOPOXKIACHUS CBSI3aHA C TOPOBBIMU
komnekropamu maactos FOi'— FO* | 10! | FO,? Bacroranckoii u Bg , Bio, Bis20
KYJIOM3UHCKOW CBHT.

Banexs mmacta FOp? BCKphITa 5 CKBaKMHAMM Ha TiryouHax 2386 — 2416wm.
3ajie’)kb Tra30KOHIEHCATHAsl, IUIACTOBAs, CBOJIOBAsl, JIMTOJOTMYECKHM OrpaHUYECHHAS.
Pasmepsl ee — 17,5X2kM, BbicoTa 79M. I'a30BojisiHAs 30HA 3aHMMaeT 4,6KkM? MM
13,4% ot Bceit mIomaam.

3amexs mnacta K01 BckpeiTa 11 ckBakmHamu Ha TiayOumHax 2392 — 2401wm.
3ayie’)b ra30KOHJEHCATHAs, IJIACTOBas, CBOJAOBAs, JUTOJOTMYECKH OTrpaHUUYECHHAs.
Pazmepsr ee 21X4xm, Boicota 31M. ['a30BoAHAas 30HA HE3HAUNUTENbHASA U paBHA 12,8
kM2 i 16,7%.

Banexp macrta FO1* Bekpeita 19 ckBaxkunamm Ha rayOouHe 2365 — 2436M.

DddexTuBHAS Ta30HACHIIICHHAS ToIMHA cocTaBisier 0,8 — 11,2m.
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3anexp miuacta bie2o BekpbiTa 11 ckBakmHamu Ha rinyOuHax 2227 — 2281wm.
OddexTuBHas Ta3oHACHIIEHHAs TOJIIMHA u3MeHsercsa oT 1,2 mo 20,0m. 3anexb
SBJISICTCS TUIACTOBOM CBOJAOBOM, JINTOJOTMYECKU OrpaHuueHHOi. Pazmepnl ee 19 x
4,5xm, BeIicoTa 40M.

3anexp miuacta bip BckpbiTa 13 ckBakmHamu Ha rinyOumHax 2143 — 2245wm.
OddexTuBHAs ra3oHACHIIEHHAs TodIIUHA KojeoneTcs oT 2,0 no 13,2 m. [lonoxenue
Pasmepsl 3anexu 19,0 x 4,0xkm, Beicota 111m. T'a3oBoasnas 30Ha 3aHuMaeT 9,1 km?
nwm 11,4 %.

3anexu minacta bg BCKpbITBI 4 CKBaXMHAMM Ha riayOuHax 2204 — 2227 wm.
BoisiBiieHHBIE ABE 3a€KH NPUYPOUYCHBI K IEHTPAIBHOMY U IOKHOMY KYIOJIaM.
OddexTuBHAS Ta30HACKHIIICHHAS TONIIMHA U3MeHseTcs oT 2,0 10 6,4M.

3ajie)kH  Tra30KOHACHCATHBIE, IUIaCTOBO-CBOJOBBIE, IO BCEH IUIOLIAIA
nojAcTUnalTca BoAou. PasMepsl 3anexein 6,0 x 2,7xkm, 5,2 x 4,0kM, BbICOTa
COOTBETCTBEHHO cocTaBiisieT 11 u 13m.

B oTioxeHusx majgeo30siM  TIOMEHCKOW  cBuThl  (mmactel 103 - 107)

OHpO6OBaHHBIG 00BEKTHI OBLIH «CYXUMHN», C HCIIPOMBINIJIICHHBIMH ITPUTOKAMHA VB

WIN C HE3HAYUTEITbHBIMHU MPUTOKAMHU BOJIBI.
4.1.3 ®uUabTpPallMOHHO-eMKOCTHbIE CBOHCTBA NMOPO/ KOJLIEKTOpa

[Tnact K011 mo nabopaTopHBIM HCCIEAOBAHUSAM XapaKTEPU3yeTCs U3MEHEHUEM
koaddurmenta nopuctoctu ot 0,14 mo 0,21 nmpu cpennem ero 3Hadenuu 0,17. Tlo
nanabiM ['UC cpennee 3nauenne paBHo 0,15 nmpu mzmenenuu ot 0,13 mo 20,0. Ipu
3HAYNUTEIPHOM W3MEHEHHWU IMPOHUIIAEMOCTH KaK M0 JTAa0OpaTOpPHBIM, TaK U IIO
nanaeiM [MIC wux cpegnue 3HadeHWe ONW3KH, HE3HAYUTEIBHO OTIMYACTCA U
OCTaTOYHAsI BOJOHACKHIIMNEHHOCTh. Cpeauuii Kod)PUIIMEHT NECYaHHUCTOCTH COCTABUI
0,4.

[To mmacty K012 3HaueHus mnapaMeTpoB, omnpeneneHHble no aaHHeiM [UC,
CYIIECTBEHHO OTJIMYAIOTCS OT JIa0OpaTOpHBIX ompeneneHuil. OOBACHAECTCS 3TO

HEIPEJICTaBUTEIIbHOCTRIO BHIOOPKM KEPHA, B KOTOPOW MOYTH TOJIOBUHA O0OpasIoB
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oTo0OpaHa U3 IJIacTa B CKBaXMHE N, BCKPBIBIIEH 30HY YIYUIIEHHBIX KOJUJIEKTOPOB.

Cpenuuii k03¢pduiueHT necuanuctoct coctasui 0,44.
4.1.4 T'a30KkOH/JeHCATHAS XapaKTEePUCTHKA

l'azokoHneHcaTHas xapaktepuctuka MpuibkuHckoro I'KM wu3ydanace Ha
pa3HBIX CTaAMSAX pa3pabOTKM MECTOPOXKIACHUS: Pa3BEJOUYHBIX M IOHUCKOBO-
Pa3BEJOYHBIX PAOOT, OMBITHO-TIPOMBIIIJIEHHOW M TPOMBIIIICHHON JKCIUTyaTaluu
MecTopoxk/ieHus. Ha Bcex sramax BbINOJHsUICS Oo0nbIION o0beM paboThl MO ee
U3YUYEHUIO.

Ha CcTaguu OTBITHO-TIPOMBIILICHHOM IKCIUTyaTalluu HaYajabHas
ra30KOHJICHCATHAsl XapaKTEPUCTHUKA MECTOPOXKICHHS H3ydallach CIEIHaTNCTaMU
000 «BHHUUI'A3». Torma »xe TMpeacTaBieHbl MPOTHO3HbIC TOKA3aTeld 10
M3MEHEHHUIO COJICpKaHUs KOHJACHCATa B IJIACTOBOM Ta3e MPU CHIXKCHUU JaBJICHUS B
3aJIEXKU.

B 2008 romy OblTM TPOBEACHBI KOHTPOJIbHBIC T'a30KOHJICHCATHBIC
UCCJICIOBAHUS JICBATH CKBAXXUH MBUIbI)KMHCKOTO MECTOPOKICHUS.

Ilo 3anexm Az B mepecuere 3amacoB 2003 r. BenuuuHa KodhduimeHTa

W3BJICYEHUs] KOHJAEHCATa MO IuiacTy Az mpuHATa paBHOM 0.6 Nmpu MOTEHUHAIHLHOM
coJepkKaHUM KOHJIEHCATa B IJIACTOBOM rase 67 r/m%. Ha cerousimHuii 1eHh HUKAKUX
HOBBIX HCCJICIOBAHMM HE BBIOJHEHO M BeIMYMHA KOX(PQUIMEHTa HW3BICUCHUS
KOHJIeHCcaTa OocTajlach 0e3 U3MEHEHHS.

o 3agexu bs B moacuere 3amacoB 2003 1. kK03(DPHUIMEHT H3BICUCHHS

KoHjieHcaTa Obu1 mpuHAT paBHbIM (.71 npu motenmane Cs+ - 102 r/m3. B HacTosimee
BpEMsl BEIMYMHA TMOTCHIIMAIBHOTO COJEPKaHUS TOJATBEPXKACHA, KOI(PPUIueHT
M3BJICUEHUS KOHJIEHCaTa ocTaBiieH 0e3 m3menenus — 0.71.

o 3agexu maactoB  bis2o PVT wuccnenoBanuii He nOpoOBOAMIOCH.

[ToTeHIMANbHOE COAEpKAHUE KOHJEHCAaTa B rase yTBepxkJeHo paBHbIM 100 r/m?,
BEIIMYMHA KO3 (DHUITMEHTA N3BICUCHUS KOHICHCaTa ocTaBjIach nmpexHei - 0.71.

3ajgexb miaacta big
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HNudopmarnus o HayanbHOW Ta30KOHAEHCATHOW XxapakTepuctuke miacta b10 B
nporiecce paszpeaku u OIID Oblna mosyyeHa He B moiHoM oOwveme. B 2001 s
000CHOBaHMS MOTEHLUUAJIBHOTO COJAEPKaHMs KOHAEHCATa B IUIACTOBOM Ta3e IiacTta
b10 BeImoNHEHBI pabOTHI ¢ UCTIOJIB30BAHUEM METO/1a «MACIITAOHBIX» UCCIICIOBAHUIA.

«MacmTabHble» HCCIeOoBaHUSl BBINOJHEHBI MyTeMm cenapauuu Ha YKIIT
BCEro MOTOKA ra3a MPOAYKIMU U3 CKBAXKUH, SKCIUTYaTHUPYIOIIUX 3a1eXb miacta bio.
Ha ocHoBe pexoMOMHUPOBAHHBIX OOpA3IOB, COCTABIEHHBIX MO CENapaTOPHBIM
npobam wucxoAs wu3 ompepenensoro KI'd (192 cm®wm®), Obuin  npoBeneHsl
AKCIIEPUMEHTATbHBIE UCCIEIOBAHUS.

Jlns ompeneneHus paCTBOPUMOCTH KOHJIEHCATa MPU HAYaIbHBIX TJIACTOBBIX
ycioBusx (22.1 MIla) B miacToByro cuctemMy cjenaHa Jorpy3ka yrieBogopoaoB Css:.
J0 MOJTHOrO HachIIeHUs MOTpeboBanock kKoHjeHcata 120 r/m3, 4to cooTBeTCTBYET
COJIEPKAHMIO CHIPOTo KoHaeHcaTa 270 cm3/m3,

Hcnonb3ys moaydyeHHOE 3HaYEHUE BBIXOJA CHIPOTO KOHJIEHCATA U PE3YJIbTaThl
7a00paTOPHBIX UCCIENOBAHUM, pPACCUMTHIBAJICS COCTaB IUIACTOBOTO Ta3a W
MOTEHIIUATbHOE COJIEP’)KaHNE B HEM KOMIOHEHTOB (ppakiuu Css.

3nauenue Cs: (120 r/m3) coBnano ¢ yreepxkaeHnsM I'K3 B 1967 r. 3HaueHuEM.
B pesynprare BennumHy noreHnuana Cs. MO JaHHOM 3aJIeKH PEKOMEH]I0BAJIOCH
ocTaBuTh 6e3 u3MeHeHuit — 120 r/m° mactoBoro rasza unu 124 r/m3 «cyxoro» rasa.

ITo pesynpratam ombiTa auddepeHnuanbHol KoHAeHcanuu (tabmuma 4.1)
PEKOMOMHMPOBaHHOW cMecH K03 PUIMeHT u3BieueHusl KoHaeHcara coctaBuia 0.61.
C yderoM BBeIECHUS MOMPABKHU BIUSHUS KOHACHCAUMOHHOW BOABI MOTEHIMAJIbHAs

BEITMYMHA KOHJICHCATOOTAauu 1o 1acTy bio Obuta yTBepkaeHa pasuoii 0.57.

Tabnuna 4.1 — Pezynbrathl onbiTa 110 qudPpepeHnmnanbHoi KOHACHCAIIMH TIACTOBOTO

rasa 3ajuexu big

Hasnenue, MIla 22.1| 218 | 20.0| 17.6| 14.7 |11.8 |10.0 | 8.2 5.9

KoaunuectBo BBIITaBIICTO

KOHL[eHcaTa,CM?’/M?’ Pux | 3.2 15.3| 314|528 |67.6 |73.3 | 76.7| 78.6
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ITo opckoi 3agexku B 2000 — 2001 rr. OO0 «BHUUI A3» BrImOIHEH

MOJIHBIM ~ KOMIUIEKC MPOMBICIOBBIX W Ja0OpAaTOPHBIX  HUCCIAEJOBAHUNA  Ha
ra30KOHJEHCATHOCTh, BCKPHIBIINX OTJI0keHus miacta F01>4, ocHOBHBIE pe3ynbTaThl

KOTOPBIX NIPUBEICHBI B Ta0uIe 4.2.

Ta6muna 4.2 — ['a30koHIeHCATHAS XapaKTepucTUKa miacta K034

Brixon
yenosus KoHJeHca | JleOut
cemapart Hnactos Henpec | Ckopoct
WuTepran U Tga 3 rasa bIC
Jlara cM°/M cerapaif C v Ha b Ha
Heigoﬁa HICCIIEN0BA D, Wn, D, TJIacT, BBIXOJIE B
I;ane’m: Hm b M CBIp cTa THC'MS/ c| M t, 1\(/{)}_[)"1 HIjT’
0| m m ! O 0 m/c
C 0. yr C
2697 8- 14. 147, 8.0
7 4.0 112 95.6 | 25.1| 82 1.65
g0 3-4 09.2000 . 8 (31.8)
o708 15  16. 155. 6.6
9 3.8 121 168.2 | 24.6| 82 2.57
0 3-4 09.2000 . 0 (26.8)

[lo nanHBIM Hccre0BaHUS MPOO Ha KOHEYHOM CcTaguu pa3paboTKU B KHUIKYIO
(asy mepexomut 60 cM®/M3, UTO HpH ILIOTHOCTH «BBIIABLIEro» KoHaeHcaTa 0.7576
r/cm® cocrasnsier 45.4 r/m3. TIpu nmoTeHIMAaNIBHOM COZIEpKaHUH KOHAeHcaTa 125 r/m®

rasza cemapainuu, kKodGQuIMeHT u3BIeYeHHMs KoHaeHcata paBeH (125-45.4)/125 =

0.64.

4.1.5 3anacsl raza, cTa0MJIbHOI0 KOHJAEHCATAa U HepTH

Bnepseie 3anacei Mpuibmxkuackoro I'KM yreepxaenst I'K3 B 1966 1. 1o

maTepuanam 14 ckpaxun 1o kateropusm Ci1 u Cz B konmuuectse 66480 M. M3 rasa u

3 raza u 5544 TBIC. T

5047 teic. T koHaeHcaTa no kareropuu Cip; 73513 MuH. M
KOHJIeHcaTa no kateropuu Co.

Bropoii momcuer ObuT1  BRIMOTHEH HOBOCHOMPCKUM — TeppUTOPUATHEHBIM
re0JIOTHYECKUM ynpasiieHueEM B 1967 r. nmo marepuanam 32 pa3BeJOYHBIX CKBAKHUH.
3anacel Obutm yTBepkaeHbl K3 CCCP B 1968 1. mo uyerbipeM OOBEKTaM -

MPOAYKTUBHBIM 1u1actam MenoBbIX (bvii, bx, Bxvi-xx) 1 1opckux (FOj+11) oTinoxenuit -

3 3

B KommuectBe: 43508 miH. M° «cyxoro» rasza no kareropuu B, 48059 muH. M
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«cyxoro» raza u 9543 Teic. T KoHaeHcara kareropuu Ci, 7596 mun. m° raza u 891
ThIC. T KoHjaeHcata kareropuu Cj. IlpencraBneHHbie 3amackl HePTH HEPTIHOU
OTOPOYKHU YTBEPKACHBI HE ObLIH.

B 2003 r. Ha ocHOBaHMHM OOJIBIIOTO KOJUYECTBA HAKOIJIEHHOW TIe0J0ro-
reopusnueckor uHGOPMAIMKU  BBITIOJIHEH OINEpPATUBHBIM  IepecueT 3amacoB
MBIIBKMHCKOTO MECTOPOXKIACHMS. YTBEP)KICHBI 3allachl raza M KOHJAECHcATa I10
BOCEMH 00BbeKTaM MenoBbIX (As, Bs, Bio, Bie20) 1 1opckux (FO11, F012, 1034, 10,1
OTJIOXEHUI B KoymuecTBe: 89295 mitH. M3 «cyxoro» raza u 11035 Teic. T KOHIEHCATA
kareropuu Ci, 6943 mun. M3 «cyxoro» raza u 810 Teic. T KoHAeHcara kareropun Ca.

[To cocrosHuto reonornueckod wuszydyeHHoctu Ha 01.01.2011 r. 3amacsl
CBOOOJIHOTO Ta3a, KOHJEHcaTa, HE)TH M PACTBOPEHHOrO Ta3za MBUIbIKUHCKOTO
MECTOPOXICHUS TpeacTaBieHbl Ha yrBepxkaeHue B ['K3 MIIP P®. 3anacel
MOJICUUTAHBI 110 JICBATH MPOJAYKTUBHBIM IIACTaM, COAEPIKAIINM B OOIIEH CI0KHOCTU
22 3aiexu yriieBoJopoa0oB (cBepXy BHU3): A3z (omHa 3anexb), bg (omHa 3anexs), big
(onHa 3anexs), Bie2ol (1Be 3anmexn), Big20® (o1Ha 3amexs), 01! (Tpu 3anexu), FO,2
(tpu 3anexun), 0% (cemp 3anexeit), 10,! (Tpu 3anexun). YacTs 3amacoB 0OBEKTOB
B1o, Bie20* 1 K01** pacnonosxkena 3a npenenamu MBUIbIKHHCKOTO JTHIIEH3HOHHOTO
y4acTKa.

CyMMmapHbple 3amachkl CBOOOJHOTO Tra3a MBUIBIKUHCKOTO MECTOPOKIACHUS

3 3

kareropuu C; coctapuiin 99825 muH. m°, kareropuu C — 5330 mutH. M>.
CymmapHbie  3amachl  KOHAeHcaTa  MBUIBKUHCKOTO — MECTOPOKICHUS
kateropuu C; cocraBuiu 11974 teic. T, kareropuu C, - 588 ThIC. T.
Cymmapnbie 3anackl HepT MBUIBIKUHCKOTO MeCTOpOKaeHus1 kareropun Ci
coctaBuiu 3577 Thic. T, kKateropuu Cz — 2924 ThIC. T.

CymmMmapHbie 3amackl pacTBOpeHHOro B HedTu raza MBUIBIKHHCKOTO

3 3

MecTopokieHus: kareropuu Cq coctaBuiu 286 MutH. M°, kateropun Co — 233 MitH. M°.
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4.2 TexHoJioruyeckue nokazareau paspadorku Mpuibaxunckoro HI'KM

I[lo coctossaumto ©a 01.01.2011 r. o0mwmit QoHa MBUIBAXKUHCKOTO
MECTOPOXKJICHUSI COCTaBIIET 99 Tra30BbIX CKBAXWH UM JIBE CKBaXWHbI — B
JercTBYyIOIIEM Bojomnoriomaroiiem ¢houae. B neiictBytomem Gonnae 55 equnui

Kosapdunment wucnonszoBanuss (QoHIA CKBaXHUH Ha  MECTOPOKICHUU
coctaBiusier 0.98, xkoadduuuent okcrmyatamuun  — 0.95.  MecropoxaeHue
AKCIUTYaTUPYETCS Ha PEXKUME HCTOIIeHUsA. B paHHUX TPOEKTHBIX JOKYMEHTax
BBIICJSUTHCH JBa 00beKTa: 00heKkT 1 — rpynmna miactoB 01 u 00bekT 2 — rpymnma
macToB b.

3a 2010 roj B 11€JI0M MO MECTOPOKACHUIO JOOBITO 2356 MITH. M3 — MJIACTOBOTO

raza, 2313.8 mia. M°

— «cyxoro raza» u 162.1 Teic. T CTAaOMIBLHOTO KOHJCHCATa,
cpenHuii 1e6MT «cyXoro rasza» coctaBun 118.6 Teic. M%/cyT, crabuiabHOrO
: : ,
koHgeHcara — 8.3 1/cyr. Ilo cpaBHeHuro ¢ 2015 r. oTMeuaeTcsi CHM)KEHHUE JTOOBIYH
«cyxoro raza» Ha 54.9 man. M3 (2.3 %) cpennuii 1e6MT CKBAKMH yMEHBIIMICS Ha 2.8
Teic. M%/cyT. MOHJ CKBaXKMH IO CPAaBHEHUIO C HPONUIBIM I'OJOM HE H3MEHMIICH.
CHmwkeHue A00BUM IUTACTOBOTO Ta3a CBSI3AHO C €CTECTBEHHBIM CHUKEHHEM
IUTACTOBOTO JJaBJICHUS B 30HAX 0TOOpA.

Ha 01.01.2011 r. HakomeHHas A00bIYa IIACTOBOIO rasa — 32666.0 mMiuH. M3,

3 crabwmpHOTO KOHIeHcata — 2693.6

«cyxoro raza» coctaBwia 31936.8.0 muH. M
ThIC. T, TeKymuii KUI" Ha ypoBHe 0.327, texymuit KK Ha yposne 0.225.

OcHoBHas1 [0/ HAKOIUICHHOM MOOBIYM INIACTOBOI'O rasa, B OOIIEM 0OBEME,
IPUXOAUTCA HAa 0OBEKT IpymHmbl m1actoB O — 66.7 % wumu 21773 mun. M° oT obmieit

100664y, u3 HEUX 86.0 % mobsiTo M3 macra 0.3+

, KOTOPBIH SIBISETCS OCHOBHBIM
IUIaCTOM 00BEKTa, ocTalbHas mo0bha — 3051.7 mutH. M° 100BITO M3 TmiactoB FO1t,
1042 u 102, Tlo o6bexry Big m066iTo 10797.1 mumn. M3 nmu 33.1 %. Ilo mnacty As

3

n00bITo — 93 MuH. M° «cyxoro rasa». Ilmacter bg, Bis20' ¥ Bis-20° paHee He

pa3pabateiBaiuch (puUCyHOK 4.1).
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A3 mEIO m 1011 m 012 m 0134 W02

Pucynok 4.1 — Pacnipenenenue HaKOMIEHHON JOOBIUHM MJIACTOBOIO rasa

MBIJ'IB,I[)KI’IHCKOI"O MCCTOPOKIACHUA

DKCIUTyaTaius MeCcTopoXkaeHus Hadata B 1999 rony BBOAgOM 16 CKBakKMH B
CEBEpPHON M LIEHTPAJIbHOW YaCTU MECTOPOXKIEHHUS, BCE CKBAXXHUHBI BCKPBUIM IUIACT
[0:** B 5 w3 mHux BekpweiThl muactel FO:! m 0.2, B nocnenyromue aBa roja
MIPOUCXOJIUIIO aKTHUBHOE pa3OypuBaHue mectopoxkaenus. @ona Ha konen 2001 rona
noctur 42 eguHuIl. B 3TOT e roj JOCTUTHYTa MaKCUMabHas J0ObIUa «CYyXOTo Tra3a
— 3593 wmun. M® ®m crabwipHOro KoHmeHcata — 360 Teic. T. B 2003 roay
MECTOPOXKICHHE BCTYMMUIIO B MEPHOJI MAJAI0OIUX OTOOPOB, T.K. HAYAIOCh CHUYKEHUE
IJIACTOBOTO JaBJjeHUs B 30HaX oTOopa. CpeaHecyToYHbId AEOUT TIaCTOBOIO ra3a 3a
2011 rox cocraBun 120.8 Teic. M%/cyr. CpeaHECYTOYHBIH NE€OUT CTaOMIIBHOTO
KoHJieHcaTa — 8.3 T/cyT. MakcuManbHBIM CPeIHECYTOUHBIN NEOUT IJIaCTOBOTO Tas3a
coctaBun 595.4 teic. M%/cyT., MunMManbHbI — 10.4 ThIc. M3/cyT. MakcUManbHbIH
6T MIacToBOro rasza gocturayt B 2000 roxy: - 321.4 Teic. M%/cyT.

N3 pacnipenenenus GpoHIa CKBaXKUH IO CPETHECYTOYHBIM JAeOUTaM MJIACTOBOTO
raza (pucyHok 4.2) BugHO, 4To mouTh 82 % CcKBaxuH (45 €IUHUI]) SBISIFOTCS
HU3K0AeOUTHBIME (ne6uT rasa mo 150 Teic. M%/cyT), 8 ckBaxuH cpeqHeneOUTHBIE
(untepsan ot 150 10 200 Teic. M%/cyT). I Bcero aBe CKBaKUHBI BBICOKOJEOMTHBIE -
212 teic. M¥cyr. U 595.4 thic. MP/cyT. DTOT (akT OOBACHSAETCS BBHICOKHMMHU

(UITBTPAIMOHHO-EMKOCTHBIMH CBOMCTBAMH 30H PACTIONIOKEHHUS dTUX CKBAXKHUH.
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Pucynok 4.2 — Pacnipesienenue qeicTByOMIEro (poH1a CKBaKUH 10 Je0UTy

IIJIaCTOBOTI'O I'a3a

Hauunas ¢ 2006 roma, mecTopoxkieHue pa3padaThiBAIOCh 0€3 MPOEKTHOTO
JIOKYMEHTA, I0ATOMY COIOCTABJICHUE MIPOCKTHBIX U (PAaKTUUECKUX TTOKa3aTesei Oyaer
npousBeieHo Toyibko 3a 2010 roa corjacHO TEXHOJOTHYECKHM IOKazaTess
«Texnomoruueckod cxeMbl pa3pabOTKU MBUIBIKUHCKOTO Ta30KOHIEHCATHOIO
MECTOPOXKICHHUS.

JoObIua IJIaCTOBOrO Ta3a JOJKHA ObLIA COCTABUThH 2525 MIH. M (DaKTHUECKH
1006ITO MeHbIIE Ha 169 maH. M (6.7 %), 100BIYA «CYXOro rasa» IO IIPOEKTy —

2456.8 MaH. M3 pakTHuecku otoopano 2313.8 miaH. M°

, OTCTaBaHUe O0YCIIOBIECHO KaK
MEHBIIUM JIEUCTBYIOIIMM (OHOM Ha JBE €IMHUIIBI, TaK U MEHBIIUM J1€OUTOM
IJIACTOBOTO Ta3a, 3a CYET CHIDKEHUS NPOJYKTUBHOCTH CKBaxxuH. HakoreHnnas
100bIYa «CYXOro raza» orcraeT oT mpoekta Ha 0.9 % u coctasnsger 31.9 mupa. m3
(tabymna 4.3).

JloObr4a cTaOMIBHOTO KOHACHCATa HUKE MPOEKTHOTO 3HaueHus (Ha 23.6 %) u
coctaBmia 162.1 Teic. T, Mo nmpuynHe MeHbInero aebuta Ha 21.3 % (mpoekt — 10.5
T/cyT, akt — 8.3 1/cyT) POHA CKBaXKMH OTCTAaeT Ha TPU CIMHMIIBL. HakorieHHas

I[O6BI‘-Ia CTaOMIIBHOTO KOHACHCATA HC3HAYUTCIbHO HHMKC IIPOCKTHOI'O 3HAYCHHA HaA

1.5% (41 teIC. T) [14].
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Tabnuia 4.3 — MbUIBIKUHCKOTO Ta30KOHJIEHCATHOTO MecToposkaeHus 3a 2010 rox

[TpoTtokomn Ne 99-1'/2009 ot 15.01.2009,
yrBepxkaeH LIKP Pocuenpa
Hoxasaress 2010 Pacxoxnenus
POEKT daxT a0c. %
HakormieHHas 100bI4a IUIACTOBOTO Ta3a, MITH. M° 32982.7 | 32666.0 | -316.7 -1.0
[ofoBast 10ObIYA ITACTOBOTO ra3a, MIIH. M°, B TOJ 2525.0 2356.0 -169.0 -6.7
OTt60p miactoBoro raza ot HI'3, % 33.2 32.7 -0.5 -1.5
Temn or6opa ninactoBoro rasa ot HI'3, % 2.5 2.4 -0.1 -0.4
HakomneHHast 106b19a "cyxoro rasa', MiH. M° 32221.1 | 31936.8 | -284.3 -0.9
T'osoBast 106b14a "cyXoro rasa, MilH. M°, B TOJI 2456.8 2313.8 -143.0 -5.8
OT6op "cyxoro raza" ot HI'3, % 32.8 32.9 0.1 0.3
Temm ot6opa "cyxoro raza" or HI'3, % 2.3 2.4 0.1 4.3
HakomnenHas qoOb4a KOHAeHcaTa, ThIC. T 2734.6 2693.6 -41.0 -1.5
I'omoBast moOkIYa KOHAEHCATA, THIC. T, B TOJI 212.1 162.1 -50.0 -23.6
OTt60p koHzeHCaTa oT HI'3, % 23.0 22.5 -0.5 -2.2
Temn ot6opa konaeHcara ot HI'3, % 1.8 1.4 -0.4 -23.6
®oH/T TSHCTBYIOMIMX CKBAXUH Ha KOHEI[ ToJ1a, IIT. 58 55 -3.0 -5.2
CpeHero10Boii 1e6UT MIACTOBOTO rasa, Thic. Mo/cyT | 125.6 120.8 -4.8 -3.8
CpenHeroI0Boii 1e6HuT "cyXoro ra3a", Teic. M°/CyT 141.5 118.6 -22.9 -16.2
CpenneroioBoit 1eOUT KOHIEHCATA, T/CYT 10.5 8.3 -2.2 -21.3
KoaddumumenT sxcrmyaranuu CKBaKUH, T0JU €]1. 0.95 0.95 0.0 0.0
Cpennee mnactoBoe aapienue (mnact 101 ), MIla 17.5 17.7 0.2 1.1
Cpennee mtactoBoe nasienue (tuact big), MIla 12.6 14.5 1.9 15.1

4.3 TexHOIOTHYECKASI CXeMAa YCTAHOBKH KOMILIEKCHOI MOATOTOBKH rasa

MBLIBIKMHCKOT0 Ta30KOHEHCATHOI0 MeCTOPOKIEHH s

YKIIT" (pucynok 4.3) npegHazHaueHa JIsl OJYYeHUs CyXOro 0TOCH3MHEHHOTO

raza, otBevatonuMm TpeboBanusM CTO Tasmpom 089-2010 «I'a3 roprouunii
NPUPOAHBIN, TIOCTABIAEMBIA W  TPAHCIOPTUPYEMBIM 1O  MAaruCTPAIbHBIM
ra3onpoBojiaM. TEeXHUYECKHE YCIOBHS», C MOCIEAYIOMIEH TMoJa4ed €ero B
MAaruCTpaJbHbIA Ta30MpPOBOX MBUIBKUHCKOE MECTOPOXKIeHuEe — Beprtukoc» ¢

naenenuem 4,5-5,5 Mlla. Cyxoii raz YKIII' ucnons3yercss Takke B KayecTBe

TOINIMBHOT'O Trasa Ha F&BOHHBGHBHOﬁ QJCKTPOCTAaHIMKN  OJIA  IIPOU3BOJCTBA

anekTposHeprum, Ha koTenbHoM MHI'KM, Ha medax orneBoro HarpeBa YJICK, B

Ka4CCTBC IPOAYBOYHOI'O, TOINIMBHOI'O TIa3a Ha (I)aKeJ'IaX BBICOKOI'O M HH3KOI'O
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naeneHusi. B mporecce ocymku raza Ha YKIIIT Bbeigensercs HecTaOWIbHBIN
KOHJIEHCaT, KoTopbli Hanpasisercs Ha Y JICK nns ctabunuzarum.

B kxauecTBe ChIpbsl UCIIOJIB3YETCS Ta30KOHACHCATHAs CMECh, IMOCTYNAIOMIAs U3
ckBakuH MpuibkuHcKkoro I'KM, Cesepo-Bactoranckoro I'KM u FOxHOU rpynmel
Mectopoxkaennil. CocraB nocrynaomero Ha YKIII' ceipps mpencraBieH B
npunoxeHusx A — /.

VYKIII' cocTOMT W3 Tpex TEXHOJOTHYECKUX MOJIYJEN MOArOTOBKM rasa c
3aKOHYEHHBIM TEXHOJIOTMYECKUM IPOLIECCOM.

Kaxnpiii u3 tpex MIII' paboraeT aBTOHOMHO M BKJIIOYAaeT B CBOM COCTaB:
cemaparopbl nepBoi C-1, Bropoit C-2 u Tperbeit C-3 cTyneHed cenapaiuu;
paznenutenu xxunkoctu PXK-1 u PX-2, nerannep-komnpeccopusiii arperat (IKA),
TEIUI0O0OMEHHUKHU «ra3 - ra3» T-1 u T-2, Temmoo0MeHHUKN «KOHEHCAT-KOHEHCAT
TP-2 u TennooOMEHHHMK «KOHAcHcaT-koHaeHcar» TP-1 — wma MIII Nel. Jlns
OXJIAXKJICHUS KOMIIPUMHUPOBAHHOTO HU3KOHAMopHOro raza B MIIIT Ne2 u MIIT" Ne3
YCTaHOBJIEHBI TETNIOOOMEHHUKH «ra3-koHaencar» TK-1.

Otnenenue ocHoBHOM Maccel (75 %) kamenbHOM, Xuakodl Qa3el u
MEXaHMYECKUX IMPUMECEN U3 Ta30KUIKOCTHOM CMECH, MOCTYHAKIIEd OT KYCTOB
CKB&)XUH, OcCymIecTBisieTcss Ha 1-il u 2-i cTymeHsx cemapauuu. [lpu stom OGoiee
MOJIOBUHBI OOIIET0 KOJIMYECTBA KUIKOCTH oTaeiseTcs B cenaparope C-1.

Ocymka ra3a A0 TpeOyeMOdW TOYKM pOCHI IO BJare © YrieBOAOPOJaM
IPOU3BOAUTCA 3@ CUET CHHXKEHUs  TeMIeparypel TIa3a, B  pe3yJibTare
M309HTPOIIMIHOIO PACIIMPEHMS I'a3a B JE€TaHIEp-KOMIIPECCOPHOM arperare B JICTHUN
IIEPUOJ, B PE3YIbTATE U303HTAIBIIMHHOIO IIPOLIECCA HA TPOCCEIUPYIOIIEM KIIAIIaHE B
3UMHMI [IEpUOJI, YCTAaHOBJIEHHBIX Iepes cenapatopoMm C-3 u pekyrnepanuu XoJoJa B

terurooomenHukax T-1, T-2 [15].
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Pucynok 4.3 — Texnonoruueckas cxema yctanosku HTC nva MHI'KM
4.4 XapakrepucTuka nporpaMmMHoro komiiekca Unisim Design

Unisim Design — mnpexacraBiasieT co00H HMHTEIPUPOBAHHYIO CHCTEMY,
MIO3BOJISIONIYIO PACCUMTHIBATh KaK CTAIlMOHAPHBIC, TaK M JUHAMHYECKHE PEKUMBI
paboThl, MpUYEM I MOJEIHUPOBAHMS CTAIMOHAPHOTO M JUHAMHYECKOTO PEKHMOB
paboThI UCTIOIB3YIOTCS OJTHU M TE K€ TEPMOAMHAMUYecKue Mojenu [16].

Lenbrit ps CyImECTBEHHBIX KOMIIOHEHT, KOTOpPBIC BXOJST B IPOTPaAMMY
Unisim, ngenar0T €€ MOIIHBIM HWHCTPYMEHTOM MOJCIUPOBAHHS CTAllMOHAPHBIX
PEKUMOB pabOTHI TEXHOJOTUUYECKUX CXEM.

KitoueBbIM MOMEHTOB MPOTpPaMMBbI SIBISIETCS COOBITUAHO OPUEHTHUPOBAHHBIM
xapaktep ee pabotel. Ilockombpky Unisim mpencrariser coOoii 00bETUHCHHYIO
cpeny, MpeAHa3HAYCHHYIO IS pacyeTOB KaK CTAI[MOHAPHBIX, TaK M JTUHAMHUYECKUX
pPEKUMOB  pabOTHI, «CTaTUKa» ©  «JUHAMHKA» OYyIyT  MOCJIEI0BATEIHHO
paccMaTpHUBAThCS TIPH OMMCAHWUU KaXKIIOM Omepalyy, 9TO MO3BOJIUT YBHUIETh, KAKUM
o0Opa3om pacmpenensThcss HHPOPMAIHs, OTHOCSMIASCA K OTHUM JBYM TOJIXOJaM.

HporpaMMa COACPIKUT ILATH PA3JIMYHBIX MCTOJOB OITHMHU3AIUHU, IIPCAHA3HAYCHHBIX
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IUIst 3a71a4 0e3 OrpaHUYeHH U ¢ orpaHudeHusIMU. ViMeeTcs cnenuanbHbld MEXaHU3M
BO3BpaTa B UCXOAHYIO TOYKY Ha Clly4yal, €CJIIM aJI'OPUTM ONTUMHU3ALMUU «3arOHIET»
CXeMy B Hepealm3yeMyio o0Omactb. Unisim coaepXuT HaOOp BCIOMOTAaTEIbHBIX
nporpamMm (YTWUJIHMT), KOTOPbIE€ MOXHO CTaBUTb B COOTBETCTBHE IIOTOKAM WM
omnepanusaM. OTU TMPOrpaMMBbl B3aUMOJEHCTBYIOT CO CXEMHBIMHM IEPEMEHHBIMH U
00ecreynBaloT MOJIb30BATENS JOTOIHUTENbHON HHPOpMALIHEH.

OTtaenbHbIE OACXEMBI NIPU 3TOM YYaCTBYIOT B OOLIEM pacuere Kak orepaluu,
T.€. OHM NEPECUUTHIBAIOTCS BCSAKUWA pa3 MpU M3MEHH MHPOpPMALUMU B CBSI3aHHBIX C
HUMHU TIoTOKaX. MHTepdeiic mporpammbl  UniSim opraHu3oBaH Tak, 4YTO O
COOTBETCTBYET OINMCAHHOMY BBIIIE MOAXO0AY K MOJIEIUPOBAHUIO IIPOLIECCOB, SABIIAACD,
0 CYUIECTBY, €ro COCTaBHOW YacThio. XOpPOIIO OPraHU30BaHHBIN HHTEpQeic
ABJISIETCS BaXKHEUIIEH MPEANOCHUIKON YCIEIIHOIO MOAEIUPOBAHUS (pazyMeeTcs, pu

YCIIOBHUHU aACKBATHOCTH MMPUMCHSACMbBIX BHIYNCIINUTCIIbHBIX MCTO]IOB).

52



7 COHI/IaJILHaﬂ OTBETCTBCHHOCTDH

be3onacHas XU3HEAEATEIBHOCTh YEJIOBEKA BO3MOXHA TOJBKO MPU BEPHOU U
aJIcKBaTHOM OIIEHKE BPEJOHOCHBIX MPOU3BOJACTBEHHBIX (akTopoB. [Ipuunnb
OMaCHBIX HM3MEHEHHH B OpraHu3Me pabOTHHKAa MOTYT OBbITh pa3iaudHbiMH. K HuUM
MOHO OTHECTH BpPEIHbIE MMPOU3BOICTBEHHBIE (DAKTOPHI CPe/Ibl, BHICOKAs (hU3HUECKas
Harpy3ka, HEpBHO-IMOIIMOHAJIBHOE HAMPSHKEHUE U PA3IMYHbIE UX KOMOWHAIIUH.

Ha paGouem MecTe denoBek MOABEPIKEH BIUSHUIO MHOXKECTBA CIEIIM(PUIECKUX
IPOU3BOJICTBEHHBIX (DAaKTOPOB, OOJIbIIAasi YACTh KOTOPBIX MPEICTABISCT YIpo3y JIs
310pOBbs. J[Jia mpenoTBpallieHus] MPUYUHEHUS Bpella 3I0POBbI0 pabOTHUKA KaXK0€
npeanpusTHe 00s13aHO  MPEANPUHUMATL JOJDKHBIE MEpbl 10  00ECICUCHHIO
0€30MacCHOCTH TPYI0BOU JIEITEIIBHOCTH.

B paznene «ConuanbHasi OTBETCTBEHHOCThY» MPOBOAUTCA aHAIWU3 OMACHBIX U
BPEIOHOCHBIX (DAKTOPOB TPYJla MHKEHEPA — ONepaTopa TEXHOJOTUUECKUX YCTAHOBOK
(TY), a Tak xxe pa3zpaboTka CriocoOO0B 3alIUTH OT HUX, PACCMOTPEHHUE YCIOBUH Tpy/ia
Ha YCTaHOBKE KOMILUIEKCHOM MOATOTOBKHU rasza MBUIBI)KHHCKOTO
He(Tera3oKOHACHCATHOIO MECTOPOKICHUS.

BBenenue

CymHOCTh HAy4YHOM MCCIIENOBATEIBCKON padOThl MO TEME HCCIEeI0BAHUS
3aKJIIOYAECTCS B AHAJIW3€ JICMCTBYIOMIEH TEXHOJIOTHYECKOW CXEMBbI Y CTAaHOBKH
NOATOTOBKM ra3a W KOHAEHCAaTa C LEJbI0 €€ MOAEPHU3ALMH, IS MNOIAepKaHUs
TEXHOJIOTUYECKOTO0 peKMMa B allaparax HHU3KOTEMIEPATYpHOH cemnapaluu.
[ToTeHMaIBHBIM TOJIB30BATENIEM pa3pabaThIBAEMOTO PEIICHUS SIBISETCS KOMIaHUS
AO «Tomckl'asmpom». ['eorpaduueckoe MONOKEHUE MECTa BBITIOJHEHUS PabOT —

MBEBUTBIKHHCKOE HeTera30KoHIeHCaTHOE MecTopoxaeHre (Tomckas 061acTh).
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7.1 IIpaBoBbIe U OPraHU3ALMOHHbIC BONIPOCHI 0O0ecneyeHns: 0€30I1aCHOCTH

Pabouast cMeHa 3a mynbTOM yrnpaBieHus: coctaBisier 12 yacoB. KoHTposab Haj
paboToil 000pyAOBaHUS JOJKEH IPOUCXOIUThH BCETAA, TO €CTh padOThI IPOBOASATCS B
JIBE€ CMEHBI. 3ampelieH JIOmycK K paboTe JKEHIIMH U TOAPOCTKOB, TaKXKe
COTPYIHHUKOB, HE UMEIOIIHUX JOMYCK K padore. Kaxxnomy onepatopy B 0053aTeIbHOM
MOPSAJIKE BBIJAETCS 2 KOMIUIEKTa CHEHoAek bl. OnepaTop MOXKET yCTPaHATh MEJKUE
HENoJIaJIKU B paboTe YCTAHOBKH, HO 3alPEeIaeTCs A0MYCK K YCTPAHEHHUIO CEPbE3HbIX
nojioMok. Ilpu oOHapyXeHHHM TaKOBbIX HE3aMEIJIMTENIbHO COOOIIUTh CMEHHOMY
WHXXEHEPY U BhI3BaTh OpUraly peMOHTHUKOB.

TexHonornyeckue yCTaHOBKH, 3a KOTOpPBIMU cliiequT omneparop TY uepes
KOMIIBIOTEp, CHAOXKEHbl HOBEWIIMMHU cucTeMamMu mnoxapHoi Oe3omacHoctu (I1B).
JlaTuuky mieperpeBa M TOBBIIICHHOTO JaBJICHHSI CTOST Ha BCEX Y3/axX, TIe 9TO
HEOOXOJIMMO M CUTHAJIM3HPYIOT O HEMOJIAJKaX U BBIBOJAAT JaHHbIE 00 OIMOKe Ha
MoHHUTOp TynbTa yrpasiaeHus (I1Y) ¢ TounsiM MecToM cOOsi B CUCTEME YCTAHOBKH.
[Ipu Heobxoaumoctu cuctema [Ib aBTOMaTUYeCKU OTKIIIOYAETCS WU MEPEKPHIBACT
y3Jbl YCTAHOBKH, JJIA TpenoTBpaiieHus aBapuu. [IpoBepka cucrteM 0e30macHOCTH
HeoO0X0IMMa KaXK/Ible TPU MecsIa.

IIpasunvhoe pacnonodicerHue u KOMHOHOBKA paboye2o Mecma;

PaGouee mecto omeparopa TY momxkHO pacmojiaraTbCsl TakK, YTOOBI CBET B
JTHEBHOE BpeMsl Mmajan cOoky (pucyHok 7.1). PaccTostHue OT CTEHBI JO KOMITBIOTEpa
JOJKHO ObITh HE MeHee | M. [Ipu HamTu4YMKM HEeCKOJBKUX KOMMBIOTEPOB (KaK TO U
€CTh Ha paboueM Mecrte omeparopa TY) pacCTOSHUE MEXIy MOHHTOPAMH JIOJKHO

ObITH IpEIMEpHO 1,2 M.

OkHo

OkHo

Pexomennyercs Honyckaercsa

O [dJo

Puc. 7.1 — Pacnonoxenue padodero mecra[ 18]

Nlseps
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- Texnonocuyeckue nepepoviswl,

Bpems HenpepbiBHOM paboThl NpodeccuoHanbHbIX MoJyib3oBaTeneil [1O9BM
OrpaHUYMBAETCSl PErJIAMEHTUPOBAaHHBIMM mepepbiBamu (Tabn. 7.1), obmiee Bpems
pabotel ¢ IIDBM — nHe Gonee 6 u. Kiaccel ycioBuil Tpyaa ONpeaensroTcs: 1O

rUTHeHUYecKuM KputepusMm Pykosoactea P 2.2.755-99.

Tabnuua 7.1 - Bpems pernameHTUpOBaHHBIX nepepbiBoB ¢ [IDBM

Kareropuu paGoTsl YpoBeHb Harpy3ku B pabouyro CMEHY O6mee Bpemst
— ovina B ovina B.q | PETIAMEHTHPOBAHHBIX
by ’ Py ’ 24 ’ NepephIBOB, MUH, PU
KOJIMYECTBO KOJIMYECTBO hi (6] .
9- yacoBoii cMeHe
3HAKOB JI0 3HAKOB JI0
I 20000 15000 2,0 30
I 40000 30000 4,0 50
Il 60000 60000 6,0 70

[IponomxurensHocTh padoTel ¢ [IDBM nomxkHo cocraBnaTth He Ooinbiie 4 4
npu 9-yacoBoM paboueM gHE. Mexay yacoM paboTy J0JKeH ObITh MepephiB Ha 5—
10 muHyT, a yepe3 2 yaca — nepephiB HA 15 MUHYT.

ITpodeccuonanbhbie M0JIb30BATEIIN II5BM JTOJIKHBI MIPOXOJAUTh
0053aTENbHYIO POBEPKY B YCTAHOBJIEHHBIE CPOKHU.

- Meponpuﬂmuﬂ no _Hopmam 6EHMUIAUUYU U OMONJIEHUA

B omneparopckoii OCyIIECTBISIETCS €CTECTBEHHAsT BEHTWISILUSA, TaK K€ €CTh
JOTIOJIHUTENIbHASL TIPU MOMOUIM KOHAMIMOHepa. [lnomaapr moMemeHus MpUMEpHO
poBusiercs 50 M2. Ha paGodyem MecTe MOCTOSHHO HAXOMSTCS 3 YEJIOBEK, Ha KaKI0T0
paboratoriero mpuxoauTcs mpumepHo 16,5 m2 mons u 27,5 M3 Bo3myxa. Hopma
koroporo 4,5 M2 u 15 M3.

TemnepaTtypa noaaepKUBAETCS 32 CUET BOJSIHOTO OTOIJICHUS.

[Iyner ynpaBnenus omneparopa TY OTHOCHTCS K MECTYy HE3HAUYHUTEIBHOTO
TEIJIOBBIICIICHUS, @ TO3TOMY BIIA)KHOCTh U TeMIEpaTypa JOJKHA ObITh:

. B 3uMHuM riepuoAa: t =16 — 22 0C, w =30 -60 %

. B JeTHui nepuon: t =22 — 25 0C, w = 30 - 60 %;
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7.2 IlpousBoaAcTBeHHAsI 0€30MIACHOCTD

7.2.1 Anaan3 Bpeanbix (akTopoB

PaccmoTpuM BuABI paOOT, BBIMONHSAEMBIX omeparopoM TV, U CBSI3aHHBIE C
HUMU BpeAHble W oOmacHble (AKTOpPHI, a TaKKe HOPMATUBHBIE JIOKYMEHTHI,

YCTaHABJIMBAIOUIME UX JOMYCTUMbIE IIPEIENbl, B Ta0uie 7.2.

Tabnuua 7.2 OnacHele U BpeAHbIe (DAKTOPHI MPHU BBIIOJHEHUH PabOT ONepaTopoM

TCXHOJIOTHYCCKUX YCTAHOBOK

Uctounuk dakropa, | Paxtopsl (mo I'OCT 12.0.003-74) HopmaruBHbie
HaUMEHOBAHUE BUJIOB Bpennbie OmnacHbie JIOKYMEHTBI
pabot
Pabota B momemenuun | 1.OTKIOHEHHE 1.9mexkrpodesonacHocTh; | 1.CanlluH 2.2.4.548-
3a MyJIbTOM moKa3zaTesei 2.IToxapo6e3onacuocts. | 96 [19];
YIIPABICHUSA MUKPOKIINIMATa B 2.Canllun
TEXHOJIOTHYSCKUX MIOMEILCHUH; 2.2.1/2.1.1.12 78-03
ycTtaHOBOK (pabota ¢ | 2.IToBbImieHHas [20];
KOMIIBIOTEPOM) 3albUICHHOCTD; 3.CaulluH
3 .Henocrarounas 2.2.2/12.4.134 0-03
OCBEIIICHHOCTD [21];
paboueii 30HbI; 4T'0OCT 12.1.030-81
4.T1oBBIIIICHHBIIH [22];
YPOBEHb 5. 22 nrong 2008 roma
AIEKTPOMArHUTHBIX N 123-®3 [23].
W3JTYYEHUH.

OTK/I0HeHMe oKa3aTeJ el MUKPOKJIUMATA B OMEIlIEeHU U
PaccMoTprM OCHOBHBIE TTOKA3aTeIM MUKPOKIMMaTa pabdoueil 30Hbl U CPAaBHUM

C TIOKa3aTeJIsiIMU HOPMBI, yKa3aHHbIMU B Tabnwuie 7.3 corinacHo CanlluH 2.2.4.548-96

[19].
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Tabmuua 7.3 — JlomycTuMble HOPMBI MHUKpOKIMMaTa B paboueil 30He

MIPOU3BOACTBEHHOTO TTomenieHus [19].

Ceson Kareropus Temneparypa, °C OtHOCUTEeIbHAS Ckopoctb
roja TSHKECTH BJIQXKHOCTb, %0 JBUKEHUS BO3/lyXa,
BBITIOJTHSIEMBIX M/c
pabor daxTHy. JOTIYCT. ¢dakTuy. | gomycT. | QakTH4. | JOIYCT.

3HAYCHUEC | 3HAYCHUC | 3HAUYCHC 3HA4YCHC 3HA4YCHC 3HaA4YCHC

XOJIOTHBIM 10 22 20,9-23,1 45 15-75 0-0,05 0,1
TEIUIBII 10 24 |21,9-24,1 55 15-75 0-0,05 0,1

Bce ycnoBusi Mukpokiammara Ha paboueM MecTeé HMMEIOT ONTUMAJIbHOE
3HaueHus. Eciaum ke ycloBusS MHUKpOKJIMMaTa OyayT OOJIbllie WJIM MEHBIIE
JOMYCTUMBIX 3HAUYCHUH, TO HYXHO MPOU3BECTH MEPONPUATUN MO YIYUIICHUIO
YCJIOBUM MHUKpPOKJIHMMAaTa: MOKHO YCTAaHOBUTH OOOTpEBATEIU B XOJOJHBIA TEPUOJ]
BPEMEHU M KOHJAMIIMOHEPHI B TEIUIbIA. [ ynydilleHUs BIaXXHOCTH B MOMEIICHUS,
MOCTAaBUTh EMKOCTH C BOJOW. /{11 yBeIMUYEHU WM YMEHBIIEHUS] CKOPOCTHU BO3yXa
B ITIOMEIIEHUH, MOKHO 00pa30BaTh UM YCTPAHUTh CKBO3HSIK.

IoBbINIeHHAS 3aNIBIJIEHHOCTH

B nporniecce paboTel, BHyTpHU pabodero MmoMeIIeHHs BCIASACTBUE CO3/1aBaeMoi
HE3HAYMTEJIbHOW BHOpAIUK, TIOJJHUMAETCA U OCaXKJIaeTcs MbUlb. Tak jke Bce paboune
MEXaHU3MbI COOMpaAlOT Ha cebe¢ OrpOMHOE KOJHMYECTBO NBUIM, MPUXOJSIIETO W3
VJIMIBI, H3-3a CTAaTHYECKOTO »JJeKTpuyecTBa. JlaHHBIA BUJ BPEIHOCTU IIJIOXO
CKa3bIBAE€TCs Ha 3/10pOBbE onepaTopos TVY.

MeponpusTus s 3alUThl OT TaHHOTO BUJIa BPEAHOTO BO3/ICHCTBUS: BIaXKHas
yOOpKa MOMENICHHs OJTMH pa3 B JBa JHS.

HenocrarouHasi ocBelIeHHOCTH padoueil 30HbI

Pabouee wmecto omeparopa TY gomkHO o0jamaTh  ONTUMAIBHOM
ocBemeHHOCThI0. CornacHo Canllun 2.2.1/2.1.1.1278-03 [20] i momerneHus
paboTBl ¢ JUCIDICIMH OOIas OCBEIICHHOCTh MOJDKHA coctaBisiTh 400 JIk. s

HU3KOW YCTAJIOCTH TJla3 U CBOCBPEMEHHOT'0 OOHApPY)KCHHsI HETOJIaJ0K HEOOXOIMMO
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XOpOILIO OCBELIEHHOe pabouee mecTo. B Tabnuue 7.4 ykazaHbl mapaMeTpbl CUCTEM

CCTCCTBCHHOI'O U HCKYCCTBCHHOI'O OCBCIICHUS.

Tabnuua 7.4 — IlapaMeTpsl CUCTEM €CTECTBEHHOT'O U MCKYCCTBEHHOI'O OCBEIICHMS Ha

pabounx mectax [20]

HaumenoBanue Tun Koadduument OcBenieHHOCTh Npu
pabouero Mecra | CBETWJIbHHMKA U €CTeCTBEHHOU COBMEUICHHOH cucteme, JIk
ncTouHHKa cBeTa| ocBenlenHoctu, KEO, %

®aktnueckn| Hopwm. PakTHYECKH Hopwm.
3HaueHns 3HA4YCHUSA
B nmomemiennu 3a | COeperaromue 1,5 15-2,0 600 400
KOMIIBIOTEPOM JIAMIIBI
HaKaJUBaHUs

PaGouee mecto omeparopa TY ocBemiaercs €CTECTBEHHBIM CBETOM,
IPOHMKAIOIIETO Yepe3 5 OKOHHBIX MPOEMOB (B JHEBHOE BpeMsi), a B yTPEHHHE U
BEUYEPHHUE Yachl — 32 CUET HMCKYCCTBEHHOTO. YCTaHOBJIEHBI MOIIHBIE cOeperaroiine
JaMIlbl HaKaJIMBaHUs, CyMMapHOW ocBemeHHOCcTh0 600 JIk. Meponpustus 1o
YIYUYIIEHUIO OCBEUIEHHOCTH B JHEBHOE BpPEMs: CBOEBPEMEHHAs OYHMCTKAa OKOHHBIX
IPOEMOB OT IBUIU U TPSI3U.

JJIEKTPOMATHUTHBbIE U3JIyYeHUS

Uctounnkamu snektpomarHutHoro mnosst (OMII) sBisietcst mpoiieccop,
KIaBuatypa, nauciieidi. Bokpyr kommbroTepa omepatopa oOpasyetcs OMII ¢
nuara3oHoM 4JactoT 5 1o 500 xI.

Homyctumbie ypoBau OMII, co3znaBaembie [I9BM Ha pabGouem wmecte

orneparopa, He JIOJKHBI MPEBBIIIATh 3HAYEHUM, YKa3aHHBIX B Ta0Oiuile 7.5 COrjacHo

CanlluH 2.2.2/2.4.1340-03.

Ta6nwma 7.5 - Boamoxnbie ypoHu OMIT [21]

[TapameTpsl JlomycTrMBI ypOBEHD B

Uara3oHe

S5Tu—-2kI'n 2 —450 kI'ng
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HanpsixeHHOCTb 31eKTprudeckoro noJs, (B/m) 25 2,5
[I1OTHOCTH MArHUTHOTO MOTOKA, HI1 7 250 25
HanpsikeHHOCTh 3JI€KTPOCTaTUYECKOIO OIS, 15

(kB/m)

PaGota ¢ KOMIBIOTEPOM MMEET MHOXKECTBO HETaTUBHBIX BIMSHUN Ha
YeJIoBEeKa, KOTOpPbIE CKa3bIBAIOTCA Ha €ro 370poBbe. Ha pucynke 7.2 npuBeneHsl
OCHOBHbIE (DaKTOPbl HEraTUBHOTO BO3ACHCTBUS KOMIIBIOTEPA Ha OPraHM3M YeJOBeKa

1 UX IIOCICACTBUA.

— Harpyaka o | OnexkrpoMarnuTHbIE |
Ha 3peHue H3JIyYeHHs
mImImIE =
JlmTenbubie / \ DnexTpuyecKue
craTuyecKue noas ]
Harpy3sKH
Tunoaunamus Ilcuxonornyeckas
\ T
Kocrno-mpuneunnie Hapymenns
Hapymenms Ipenus

Boamoxunocts | Hepsuwie n Hapymenus Hapywmenus
sabonesanmit | neuxmuyeckue | (PyHKUHOHMPOBAHMM | TEHEHMH M MCXOAA
KOXH auua | sabosesanus OGHONOrHYCCKHX GepemennocTn

CHCTEM OPraHM3Ma

Pucynok 7.2 — @akTopbl OTPULIATEILHOIO BO3/ICHCTBUSI KOMIIbIOTEpA HA

340pOBbLC YCIIOBCKA

st 3amuTel o1 OMIT ucnonb3yroTes pa3nudHbie GUIbTPHI:

. 3apyOekHble  CTEKIsIHHBIE  (QWIBTPH  MOJHOW  3amuThl. OHU
o0ecreynBaoT 0CIa0IEHUE MOITHOCTH 3JIEKTPOMArHUTHOTO U AJIEKTPOCTATUIECKOTO
moJiel, a Takke yibTpaduoIeTOBOrO WU3IydyeHUuss He MeHee dYem Ha 90%,
pEeHTreHOBCKOro u3nydeHus — Ha 40-70%;

. OuIbTpEl  poccHiicKoro Tpou3BoacTBa (GupMm  «Pycckumit 1wt M

«CHUHKO», xoTopple Takke OTHOCATCS K KaTeropuu (UIBTPOB IOTHOM

3aIlUThI;
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. KoMmbroTepHble  CHEKTpalbHbIE OYKM  JUIsL  JIYYIIEro KadecTBa
M300paKEHHUS, 3aIUTHI OT U30BITKOB YHEPTE€TUYECKUX TOTOKOB BUAMMOTO CBETA;

. CnemnuanpHass HajnoOHas TOBA3KAa JUISI YacCTUYHOM  HAKpaHHU3alUU
HEraTMBHOTO HSHEPrOMH(POPMALIMOHHOTO BO3/JIEHUCTBUSA KOMITbIOTEPA U
nepudepuitHpix cpeactB. Takas mNoBsi3Ka HEOOXOJUMa XPOHMUYECKUM OOJBHBIM,

O0COOEHHO YyBCTBUTEJIBHBIM K BO3/eicTBUI0 DMII.
7.2.2 AHasn3 onacHbIX (pakTOpoOB
duaexkrpode3onacHocTh (IB)

DNeKTpuuecKkoe MUTaHHEe pabdodero Mecrta omnepaTtopa TeXHOJOTHYECKUX
VYceranoBok (TY) ocymiecTBisieTcss OT pacHpeeIMTEIbHOTO IUTA ¢ HaNpsSKEHUEM
220 B. Bce anexktponpuOopbl, HUCHOJIb3yeMble B OMNEPATOPCKOM, OTHOCATCA K
HU3KOBOJIbTHBIM. K III kaTeropuu 0THOCATCS BCE AIIEKTPONPUEMHUKHU.

PabGouas 30na omeparopa TY otHocutcs k kinaccy II-Ila mo ITYD — 30HHI,
pacloyiO)KEHHbIE B TOMEIICHHUSX, B KOTOPBIX O0OpamiaroTcs TBEpAbIE TOpIOYHe
BernecTna [22].

OB nomxkHa MPOBOAUTHCSA CIECAYIOIIUMH MEPOTIPUATHIMU:

- JIOJDKHBI OBITh H30JUPOBAHBl BCE TOKOBEIYIIME YacTH; 3alperniaercs
AKCIUIYaTUPOBATh MOBPEKIACHHBIC YJJIUHUTENN; HEU30JUPOBAHHBIE YAaCTU JIOJKHBI
3aIMIIATHCS OTPAKICHUSIMU; HEIb3sl UCTIOIB30BaTh MOBPEKICHHBIE PYOMIbHUKAMH,
PO3ETKU U APYTHUMH JIEKTPOYCTaHOBOYHBIMH MPUOOPAMU;

- JIOJDKHO OBITh HaM4YUE 3a3€MJICHUS; OBICTPOICHCTBYIOIIEE YCTPOMCTBO
3alIUTHI;

- DJIJIEKTPUYECKHUE NPHOOPHI AOJMKHBI HMMETh 3alllUTy OT TOKOB KOPOTKOTO
3aMBIKaHUs; 3al0UTOM JOJDKHBI CIIY)KUTh IPEIOXPAHUTEIIM WM aBTOMATHYECKHE
BBIKJIIOYATEIIH.

PeMOHT snekTpuueckoro OO0OpYAOBaHUSI MOET  BBIMOJHATH  TOJIBKO

criCouajJabHO HOI[FOTOBHCHHBIﬁ IIEPCOHAJ.
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Kaxnplii A0/DKEH 3HAaTh NEPBbIE MEAMIMHCKHE ITOMOIIM IPU MOPAKECHUU
ANEKTPUUECKUM TOKOM. B omepaTopckoil A0KHA ObITh MEIUMIMHCKAS anTeyka i
OKa3aHMs IIEpBOY MEIULIMHCKON ITIOMOIIU.

DIEKTPONPUOOp OKEH ObITh OTKIIIOUEH B CIydae:

. MOSIBJICHUS JIbIMa, OTHS, 3araxa;
. MOSIBJICHUS KCKP U3 JIEKTPUUECKOTO MPUO0opa;
. C BUJIUMBIMH MOBPEKJICHUSIMU KaOeIei.

I[Ipu  Bo3ropanuu, HEOOXOAMMO  BbI3BATh MOXApPHYH Opuraay u
HE3aMEJINTENBHO MPUCTYIUTh K TYIICHUIO, PU MOMOIIH CPEJICTB MOKAPOTYIICHUS.
YCTaHOBKM  HAXOJSIIMXCS  MOJ  HANPsHKEHUEM, MOXHO  TYHWIUTh  TOJIBKO
MOPOIIKOBBIMU OTHETYIIUTEISIMU WU YTIJIEKUCIOTHBIM.

IMoxapuas 0e30MacHOCTDH

CornacHo ¢enepanbHoMy 3akoHy oT 22 wmtois 2008 roma Ne 123-03 [23],
pabouee Mecto omeparopa TY otHocutTcs k kiaccy JI-II, Tak kak B MOMEIICHUH
OPUCYTCTBYIOT TBEpAblE TOprouMe Marepuainbl. ['oproune Marepuanbl: IUBAaHbIL,
CTYJIbSI, CTOJIBI, INKA(BI U JJOKYMEHTALIHSL.

J71st mpeoTBpaleHus moXkapa Hy>KHO PEANPUHSITH MEPHI:

. yOpaTh HEUCIIOJIb3yeMbl€ HarpeBaTelbHbIe TPUOOPHI;
. YailHUKWA ¥ MUKPOBOJIHOBKHM TIOCTaBUTh Ha HEBO3rOPAaEMbI€ OCHOBBI;
. KYPHUTb CTPOTO B OTBEJICHHOM MECTE.

B cootBercTBHM ¢ TpeOOBaHMSMH TOXXKApPHOM OE30MACHOCTH JOJKEH OBITh
TJTaH 3BaKyalluu.

B cnydae BO3HMKHOBEHHs TMOKapa omnepatopHas o0OpyqoBaHa CHCTEMOM
aBTOMATHUYECKOTO TIOKapOTyIeHusi. Takke B KadyecTBE CPEICTB TYIICHHS
UCIIOJIB3YIOTCSl OTHETYIIUTENH, TECOK W OTHECTOWKHE MarepHuaibl (acOecToBoe

MOJIOTHO, BOMJIOK).
8.3 DkoJsioruueckas 0€30MaACHOCTDH

[Ipu pabGote W OOCTY)KMBAHWHM TEXHOJOTHUYECKHX YCTAHOBOK CO3/IAIOTCS

BO3JICHCTBUS Ha OKPYKAIOIIYIO CpEAy.

95



3ammura armocdepsbl

Ucrtounukom  3arpsisHeHus  atMocdepbl  siBasercss cOpoc raza Ha
ropu3oHTaNIbHOE (akenbHoe ycTpoilcTBO (I'DY), koTopsiM ymipaBnseT onepatop TY
¢ KommbioTepa. llpy BO3HMKHOBEHMHM HEOOXOAMMOCTH (MPOAYBKa HUICH(POBBIX
TpyOONPOBOIOB) Ta3 HAIMpPaBIAECTCS Ha CXKUTAHUE, MPU ITOM TMPOUCXOJIUT PEaAKIUS
OKHCIieHUs (TOPEHUS) METaHa M0 COOTBETCTRYIOMIEH popMmysie:

CH4 + 202 = CO2 + 2H20.

B pesynbrate ropenus oOpasyeTrcs yriekucaelii ra3. Takxke oOpasyercs
yrapHbiii ra3. 3HaueHUs MPEJICTbHO TOMyCTUMBIX KOHIIEHTPAIIMM ATUX KOMIIOHEHTOB,
cormacio I'H 2.2.5.686-98 [24], cocraBisior 0,5 % OT 00BEMHOro cojep KaHHUs
Boznyxa s CO2 u 20 mr/m3 nns CO.

Hcrounnkamu BBIOPOCOB MPOIYKTOB CrOPAHHS TAKXKE SIBISIOTCS JIBIMOBBIC
TpyObI OJIOKOB OTHEBOW pEreHepariuy TJHUKOJIS,, YCTAHOBKH TOJOTPEBa TOTUIMBHOIO
rasa, OrHEBBIX MOJIOTpeBaTENICH pe3epByapOB BOIbI, BOJIOTPEHHBIX KOTIIOB.

Ha ra3oBoM mnpombiciie MPHUCYTCTBYIOT HEOPTaHU30BaHHBIE BBIOPOCHI
BPEAHBIXX BEIIECTB B aTMocdepy, OCHOBHBIMH HCTOYHHKAMHU KOTOPBIX SIBIISIOTCS
BBIOPOCHI OT TEXHOJIOTMYECKOro 00opyAoBaHMs. MCTOYHMKOM HEOpraHW30BaHHBIX
BBIOPOCOB B aTMoc(epy MeTaHa SBISIOTCS BEHTWISIMOHHBIC IIAXTHI BBITSKHBIX
BEHTWISALIMOHHBIX YCTAHOBOK LIEXOB OCYIIKU Tra3a, pereHepaluyl TIUKOIs, 3JaHUs
MEPEKITFOYAIOIIECH apMaTypBhlI.

BriOpocel rnuKons W MeTaHoyia o0pa3yloTcsi B MPOIECCe WX XpaHEHUs Ha
ckimaze (ApIXaHWEe pe3epByapoB), a TaKXKE BEHTBBIOPOCHI TEXHOJOTHYECKHX
ITOMEILICHUN.

B Tabmume 7.6 mpencraBieH —IMEpEeUSHb  3arpsA3HSIONIMX — BEIISCTB,
MOCTYMAIOMKX B aTMOocdepy oT 000py10BaHUS Ta30BOT0 MPOMBICIIA.

Tabnuua 7.6 3arps3Hsoniye BeliecTBa ra3oBoro npombeicia u ux [J1K [24]

Haumenosanue 3arpssustonrero | Kon sarpssustomero | TTIK m.p., mr/m® Knacc
BEILECTBA BELIECTBA OIIaCHOCTH
BEIIECTBA

KomMmnoneHTsI MMpUPOAHOI0 Ta3da:

Mertan 410 7000 HE YCTaHOBJIEH
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Bbyran 402 200 v
Oxcup yriepoja 337 5.0 v
Jlnoku azota 301 0.085 1
Oxkcupn azora 304 0.4 i
Meranon 1052 1.0 i
J2r 1023 0.2 (c.c) v

MeponpusiTus 0 CHIXKEHUIO OTPULIATEIBHOTO BO3AEHCTBUS HAa aTMOChepy:
. o0ecrieyeHne MOJHOM TEpMETHU3ALMUA TEXHOJIOTMYECKUX IPOLECCOB

IIOATOTOBKH I'a3a,

. KOHTPOJIb ~ TEXHOJOTMYECKMX IPOLECCOB € IOMOIIBIO  CPEACTB
aBTOMAaTHUKU;
. BCE BUBI COPOCOB raza JOJIKHBI OCYIIECTBISATHCS Ha CBEUy, cCOPOCHI Ipu

IIPOJTyBKE CKBaXXUH Ha (paker;

. JOJDKHA TIOCTOSIHHO TIPOBOAMTHCA paboTa TO BBISBICHUIO YTEUEK
BpPE/IHBIX BEIIIECTB.

3amura JIntochepsnl

[Ipoucxomaut 3arpsi3HeHHE JUTOCHEpPHl TMOCPEACTBOM TBEPABIX OBITOBBIX
OTXOJOB, TAKMX KakK: HCIOJb3yEMblE KapTPUIKA OT MPUHTEPA, HCIOJIb30BaHHAs
Oymara u T.1. Meponpusitusi: yTuiuzanus Oymaru, mjiacTuka Ha ImepepaboTKy B
COOTBETCTBYIOILIUE OPTaHU3AINH.

3arpsisHeHue ruapocdepsnl

Hcnonb3oBanHasi B OBITOBBIX M MPOMBIIIJIEHHBIX HENSIX BOAA, cOpachiBaeTcs B
KaHaJIM3alMoOHHbIE BOMBI. JIo cOpoca Boma moABEpraeTCcs OUUCTKE OT 3arpsi3HSIONINX
npuMeceil. OCHOBHBIMU  3arpsi3HSIIOIIMMHU  BEIIECTBAMH, COJEpKAIUMHCS B
cOpacbIBaeMbIX BOJAaX, SBISIIOTCS HE(TEMPOMYKTHI, METAHOI W JUITUIICHTIINUKOID,
[TIK mst koTOphIX ykazansl B Tabmure 7.7 cormacao ['H 2.1.5.1315-03 [25].
Tabmuua 7.7 IlpenenbHo AOMYCTUMbIE KOHUEHTPALMM 3arpsi3HSIONIMX BEIIECTB B

CTOYHBIX OYMIIEHHBIX BOJ [25]

Bpennoe BemiecTBo ITAK, mr/n
HedrenpomykTsl 0,3
JIMATUIICHTIMKOJIb 1,0
MeTtaHon 0,1
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MeponpusiTuss 1O YCTPaHEHMIO 3arpsA3HeHus Tujapocdepsl: TrayOokas
bunpTpals W OUHUIIEHHE CcOpachblBaeMbIX OTPA0OTAHHBIX BOJ, IOCTOSIHHBIN
KOHTpPOJIb 32 COAEpP>KaHUEM BPEJHBIX BEIIECTB B COpachIBAa€MbIX BOAAX, MOBTOPHOE

WCIIOJIb30BaHUE OUMILIEHHON BOJBI B IPOMBIIUIEHHBIX LIEIAX.
7.4 Be30nMacHOCTb B Ype3BbIYANHBIX CUTYaAUAX

UpesBblUailHble CHUTYyallud MOTYT BO3HMKHYTh B pPE3yJIbTaT€ CTUXUHHBIX
OelCTBUM, a TaKXKe TMPU HAPYIICHUU paznyHbIX Mep Oe3omacHocth. Ha ciyuai
CTUXUUHBIX OCJACTBUUA M aBapui MNpPeNyCMATPUBACTCSA IUIAH MO JIMKBUAAIUU HX
MIOCJIEICTBUH.

[Ipu mpomenenun paboT mo oOchmyxuBaHuio TY HaubOonee BEPOSTHBIM U
pa3pyIIUTEIbHBIM CTUXUMHBIM ~O€JCTBUEM SBIISIETCS B3PBIBOOMACHOCTh Trasa.
Bceneacteue B3phIBOONMACHOW CUTYyalldM, MOXET BO3HUKHYTh TOXapbl B 3/JaHUAX,
COOPYKEHMSIX JKUJIOT0, COLUAIIBHOTO U KYJIBTYPHOI'O HAa3HAYEHWS, OTHOCSIIUXCS B
kiaccy YC TEXHOT€HHOIro XapakTepa.

B nenax npenynpexaeHnss BOSHUKHOBEHUS YpE3BbIYalHbIX CUTYalUl JOJIKHBI
IIPOBOJUTHCS CIEAYIOIINE MEPOIIPUSITHUSA:

. HENPEPBIBHBIN KOHTPOJIb 32 COCTOSIHUEM TPOMBICIIOBOTO 000PYAOBAHMUS;

. YCTaHOBKA CPEJICTB aBTOMATUKU JUJII CBOEBPEMEHHOTIO MPEYIIPEKICHUSA
IIEpCOHAJIa O BOBHUKHOBEHUM YPE3BBIYANHON CUTYAIUU;

. PETYJSIPHBIA  MHCTPYKTaXX paOOTHUKOB O TMpaBUjaX dKCIUTyaTaluu
o0opyZoBaHUS W TpaBWiaxX I[IOBENEHUS B CiIy4ae pHCKAa BO3HMKHOBEHUS
YPE3BBIYANHON CUTYAIUU.

MeponpusTus 0 YCTPaHEHUIO YPE3BbIUANHBIX CUTYaLIUM:

[IpenoTrBpaiienue pacnpoCTpaHEHUs MOXKAapa TOCTUTAETCS MEPOIPUSITUIMM,
OTPaHUYMBAOIIAMU IUIOMIA]Ib, NTHTEHCUBHOCTh U MPOJOKUTEIBHOCTh ropenus. K
HHUM OTHOCSITCSL:

* KOHCTPYKTHUBHBbIE U OOBEMHO-IUIAHUPOBOYHBIE PEIICHUS, MPENSITCTBYIOLINE

pacpoCTpaHEHHUIO OMACHBIX (PaKTOPOB MOXKapa Mo MOMEIICHHIO;

98



* OrpaHHYEHHs IOKAPHOM  OMACHOCTU  CTPOMTEIBHBIX  MAaTEepHUaJIOB
WCMOJIb3YEMBIX B TMOBEPXHOCTHBIX CJIOSIX KOHCTPYKIMHU 3JaHUS, B TOM YHUCIE
KpOBEJb, OTAEIOK U O0JIMIIOBOK (pacajoB, MOMEIICHUI U MTyTeil 3BaKyaluu;

* CHWXCHHME TEXHOJOIMYECKOU B3PBIBOIIOKAPHON M IOKAPHOW ONMACHOCTHU
MOMEIICHUN U 30aHMH;

* CUTHAJIM3aLKsl ¥ ONIOBEILICHUE O IT0XKape;

* «[iman sBakyanuu JOIEU IPU TT0XKAPEN;

* YCTAaHOBJIEHa CHCTEMa aBTOMAaTHYECKON MPOTHUBOIOKAPHOW CHUTHAIA3ALUN
(matuuku-curnanuzatopsl Tuna JATII) .

3akirouenue

OxpaHa Tpyza B COBPEMEHHOM MHPE MMEET OTPOMHOE 3HAYEHHUE B CBA3U C
WHTEHCUBHBIM DPAa3BUTHEM IPOU3BOJICTBEHHON C(epbl U TMOSBICHUEM HOBBIX BHJIOB
nesitenbHOCTH. CoOONIOJIeHHE €€ TMPUHIIMIIOB TO3BOJISIET PEIIMTh OJHY W3 CaMbIX
BAKHBIX 3a7a4, 4 MMEHHO 3alldTa COTPYJAHUKOB NPEANPHUATHS OT BPEIHBIX U
OIMAaCHBIX (PaKTOPOB, BIUSIOMINX HA 3/IOPOBbHE.

CornacHO TMPOBENCHHBIM HCCIEIOBAHUSM, OBUIM BBIABICHBI OMNAacHbIE H
BpeaHbIe (PaKTOphl, BO3HUKAIOIIME HAa paboyeM MecTe orneparopa TEXHOJIOTHYECKHU X
YCTAaHOBOK HAa YCTAHOBKE IMOJATOTOBKM ra3a, a TaKXKe MIPOBEACH aHAJIU3 BPEIHOIO

BO3/IEHCTBUA 00BEKTA HA DKOJIOTHIO.
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3aKJII0UYeHHe

[IpoBeneH aHanu3 HAyYHO-TEXHUYECKOU JIMTEPATYPhI, PACCMOTPEH MPOIECC
HU3KOTEMIIEPATYPHOI cenapaliy, BIUSIONIUE HA HEro (hakTopbl, KOMIPUMHUPOBAHHE
yTJIE€BOJIOPOIHBIX Ta30B.

[IpencraBnena reosoro-guszuyueckass XapakTEepUCTUKA  MBUIbIKHUHCKOTO
noaHsaTusa. [IpombinuieHHass He(TEra30HOCHOCTh MECTOPOXKICHHUSI CBSI3aHA €
MopoBEIMH Koutekropamu 1aactos F01t — 1014 | FO,! | FO,? Bacroranckoii u Bg , Byo ,
b16-20 KyJTOM3MHCKOM CBUTHI.

Kosdpdunment wucnonwszoBanuss (QoHIa CKBAXUH Ha  MECTOPOKICHUU
coctaBiusier 0.98, xoaddunuent oskcmryatauuu — 0.95. Mecropoxaenue
IKCIUTYaTUPYETCSl Ha PEKUME UCTOIICHHUS.

[Iponykius TOATOTABIMBAETCS IO TEXHOJOTHMM  HHU3KOTEMIIEpaTypHOM
cemapaiuy, ¢ NMpUMEHEHHeM TpyOojeraHnepHbix arperatoB. OcHOBHas mpoOiema
3aKJTII0YAeTCsl B CHIDKCHHUH TUTACTOBOTO JaBJICHUS .

Coznmana mojenupyomas cxema JACHCTBYIOUIEH YCTAHOBKM KOMILUIEKCHOM
IOJITOTOBKH Ta3a M KoHzeHcaTa B mporpamme Unisim Design.

Ha ocHoBe wMomenupyromeii CcXeMbl HCCIEOBAHO BIUSHUE CHUKCHUS
IJIACTOBOTO JaBieHHS Ha 3(PQGEKTUBHOCTh IMOATOTOBKM Ta3a W CTAOMIBLHOTO
KoHjeHcara. [Ipu camxkenuu nasnenus o 3,2 Mlla (B 3uMHMI TTepro/1) TeMepaTypa
TOYKH POCHI MO BOJIE CTAHOBUTCS paBHOU -18.72 °C, 4To yke HE YyIOBJIETBOPSET
yciousM CTO Tasnpom 089-2010. ITpu manennu gasnenus Ha Bxozae B YKIITT mo
2MlIla, nons mMeTraHa B TOBApHOM Ta3e yMeHbIaeTcs Ha 2.7%, a A0Jsl TSXKEIbIX
KOMITOHEHTOB HAa00OpOT Bo3pactaeT (mojis OyTaHa Bo3pociia Oojee 4em B 2 pasa,
JoJisl TeHTaHa B 4 pa3a, a JoJid rekcaHa B 15 pa3), Bce 3TO BEAET K CHUIBHOMY
VXYAIICHUIO KayecTBa IMOATOTABIMBAEMOTO ra3a. Beixon cTaOMIBHOTO KOHACHCATa
cam3miicsa Ha 33860 kr/4, BMecTe ¢ TEM, B €ro COCTaBe J0JIs MEeHTaHa CHU3MJIACh Ha
31%. Boeixon CIIBT ymensmmncs Ha 191750kr/4.

[Mpemnoxen u cmoxenupoBan B I1O Unisim Design cnoco6 momuepskanus
CTAaOMJIBHOTO TEXHOJOTHYECKOTO peKMMa HHU3KOTEMIIEPATYpHOTO cemapaTopa

MOCPEICTBOM BBOJA BTOPOW CTYNEHW KOMIPUMHUPOBAHUSA IOCJE NEPBOM CTYNEHH
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cenapanuu. Haitneno ontumansHoe aaBieHue Ha Bbixoae u3 JKC (mocie BTOpoOi
CTYIEHH KOMIpPHUMHpOBaHUs), a uMmMeHHo 7950klla, mnpu kKoTOpOoM B
HU3KOTEMIIEPATYpPHOM cemapaTope OylneT JOOCTUTHYTO JaBi€HUE MaKCHUMaJlbHOU
KOHJEHCAaluUu. MoJEepHU3UPOBAHHBIM PEXUM I103BOJIUT IOJYYUTh TOBAPHBIM ra3 ¢
Touko# pockl -28.38 °C no Boze (npu adcomtoTHoM nasieHuu 3.92 Mlla) ¢ pacxogom
3419 T/4, crabunbHbli KOHJeHcAaT ¢ pacxogom 88350 kr/u, CIIBT c¢ pacxomom
29071/4.

OkoHomuyeckas 3(pPEeKTUBHOCTh: 3aTpaThl HA CTPOUTENILCTBO COCTABAT 25650

TBIC.pYyO., CTOUMOCTb IKCILTyaTallii 000pyA0BaHus B rojl cocTaBUT 16242 ThiC.pyO.
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Introduction

Natural gas is widely used as an inexpensive fuel with high heating capacity
(burning single cubic meter of gas yields up to 54 400 kJ or 51500 btu). It is
considered one of the best consumer and household fuels. It will discuss the main
processes used to purify gas. In the specific case of production from gas condensate
reservoirs, the vapour phase and its treatment will be analysed in this chapter. The
chemical and physical properties of natural gas depend on its origins and
composition. The latter, except in unusual cases, does not significantly influence
either treatment or transport. For this reason, the following discussion will not take
into consideration the origins of the gas.

It is important to note that the presence of modest quantities of free water in
gas must be completely removed to avoid the formation of condensation under the
most critical transport and distribution conditions, in other words at high pressure and
low temperature. The parameter defining this condition is the water dew point that is

the temperature, at a given pressure, at which the first drop of condensed water forms.

1 Water and hydrocarbon dew point

As mentioned above, gas must be transported through long gas pipelines and
then delivered to users through distribution networks. The gas is treated upstream the
transport and distribution system. The distribution network does not include any
treatment, but merely reductions in pressure; as a result, the gas must meet
specifications such as to ensure that no conditions under which water and/or
hydrocarbons might condense arise during any of the phases of transport and
distribution. Obviously, these specifications vary depending on the area crossed.

Often, water and hydrocarbon dew point conditions also depend on the specific
subsequent treatment which the gas must undergo. As will be seen below, the gas
may be treated to recover higher hydrocarbons, or even liquefied for transport at

atmospheric pressure with LNG carriers. In these cases, the gas must undergo a more
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or less severe cooling process, as a consequence, the requisite reduction of the water
and hydrocarbon dew point may be more or less severe.

Usually these two specifications consider two different values, although
obviously they could be expressed as a single value. There are two reasons for this
difference. As will be shown below, even very modest water condensation in a
transport pipeline or during the treatment of gas may cause far more significant
problems, such as the obstruction of the pipeline itself, than those caused by the
modest condensation of hydrocarbons alone. For this reason, the operating margins
for water condensation must be higher. A second reason is linked to the particular
behaviour of the two-phase gas-liquid hydrocarbon equilibrium, as compared with the
gas-water equilibrium. The latter shows a univocal pattern for saturation as a function
of pressure. Given an identical water content, the higher the pressure the higher the
dew point. In the case of hydrocarbons, this behaviour is more complex, and
saturation and/or condensation do not have univocal behaviour versus pressure. The
phase curve shown in Fig. 1 demonstrates that at low pressures the condensation
temperature increases as pressure increases, up to a maximum value
(cricondentherm); above this value the variation of the dew point as a function of

pressure is inverted, and an increase in pressure leads to a reduction in the dew point.

retrograde
condensation region

\ cricondentherm

bubble
points

pressure

0 20 40 60 80 100

temperature

Figure 1 - Phase diagram for a multi-component mixture
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The phase curve shown in Fig. 1 demonstrates that at low pressures the
condensation temperature increases as pressure increases, up to a maximum value
(cricondentherm); above this value the variation of the dew point as a function of
pressure is inverted, and an increase in pressure leads to a reduction in the dew point.
The range of pressures above the cricondentherm is therefore known as the retrograde
condensation zone. Under this condition, a reduction of pressure at constant
temperature leads to the condensation of liquid hydrocarbons rather than to
undersaturation.

The above description explains why, in defining hydrocarbon dew point
specifications; reference is not made to a predetermined pressure, as for water, but to
the full range of pressures, starting from atmospheric pressure. The water dew point
specification is more commonly defined as the water content in the gas.

Obviously, the hydrocarbon dew point cannot be expressed as a predetermined

content[1].

2 Gas/liquid separation

From a theoretical point of view (dynamics of particles dispersed in a fluid),
there is no difference between the setting of drops of liquid in a gas, and liquid/liquid
gravity separation. Even from a practical perspective, the differences are
insignificant.

The final settling velocity of the particles, Vt, is calculated by balancing the
forces acting on the particles during their setting in the dispersing fluid. In the case of
non-deformable spherical particles of diameter Dp, we obtain:

Vi =[4g Dy(gp—0q)/3C'q] "

where g is the acceleration of gravity, g, the density of the particles, r the
density of the dispersing fluid, and C' the drag coefficient. In the case of the
separation of liquid particles suspended in a dispersing liquid, the settling of the

particles usually occurs in conditions of laminar flow, given the low value of the
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Reynolds number (Re), defined by the equation: Re=DyV:g/p (where p is the
viscosity of the dispersing fluid). The coefficient C' can thus be expressed by the
simple equation: C'=24/Re, making it possible to calculate V; using Stokes’ law. By
contrast, when dealing with the separation of liquid particles in a gas, Re takes on a
far higher value due to the low viscosity of the dispersing fluid (gas), and it is
therefore no longer possible to assume that the particles settle under conditions of
laminar flow. In this case the coefficient C' is calculated as a function of Re using
suitable programmes, or more complex equations. Solving the equation linking V; to
D, requires calculation by trial and error, and this methodology has been codified in
API RP 520[2].

The most obvious use for this methodology is sizing or evaluating the flare
KOD (Knock Out Drum) separator. In this specific instance, for safety reasons, it is
impossible to use any type of internals suited to aiding the coalescence of dispersed
drops. As a consequence, the sizing of the vessel is based exclusively on the gravity
separation described above. Using this methodology, the diameter of the particles
removed from the gas stream is, in the case cited, in the order of 250 um, whereas in
other cases it may reach slightly lower values; however, this is an extremely
approximate separation. Another example of the use of simple gravity separation is
the slug catcher, where the main purpose of the equipment is to block the slugs of
liquid entrained in a gas stream.

In all other cases where it is necessary to ensure a good reduction of entrained
liquids alongside a rough gravity separation, a demisting unit must be inserted into
the separator to help the drops to coalesce, facilitating the removal of particles with a
diameter above 10 um. It is not easy to define the degree of purification that can be
obtained by these means; the statistical distribution of the diameters of the drops is in
fact difficult to determine.

It is common practice to consider the liquid content entrained in a gas
downstream a demisting unit sized to remove drops with a diameter above 10 um as

being equal to 0.1 Gal/10° Sft. This practical simplification derives from the data
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from numerous separation units, rather than from studies of particle dynamics and the
statistics of drop distribution.

One of the most commonly used demisting unit is the wire mesh pad: this is
inserted perpendicular to the gas flow at a predetermined distance from the outflow
and inflow nozzles of the stream itself.

In the separation of liquid from gas, the most frequently used typology is the
vertical separator, where the gas outflow nozzle is positioned at the centre of the
elliptical upper part of the vessel. In this case, the sizing of the separator is mainly
based on calculating the minimum section needed for the installation described
above.

The equation determining the maximum velocity of the gas in the demisting
wire mesh pad is as follows:

Vi =K[ (qt—-da)/ qc] "

where . is the density of the liquid particles and qc the density of the
dispersing gas. The constant K varies as a function of the type of separator required
and its working pressure. The values recommended by the GPSA (Gas Processors
Suppliers Association) as a function of the various working pressures range from 0.36
at atmospheric pressure to 0.21 at 100 bar and above (when the density is espressed
in Ib/Sft3).

For some specific types of separation, such as the KOD separators used to
protect compressors and expanders, the values of K are lower, with a coefficient of
0.8.

In a vertical separator, the cross-sectional area of flow thus corresponds to that
of the horizontal wire mesh pad installed inside it. For other dimensions, such as
height, it is necessary to know the flow rate of liquid to be removed and determine
the hold-up time, which may vary depending on operating conditions and the
chemical and physical properties of the fluids to be separated.

In some specific cases, horizontal separators may also be used, with the

demisting unit positioned in an identical way to vertical separators, in other words
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with the gas flowing from bottom to top. When the separator may receive a two-
phase flow with significant and discontinuous amounts of liquid, a double-barrel
horizontal separator may also be used.

Other types of demisting units are also commonly used to separate liquids from
gas. The most frequently used are cyclones, and the so-called vanes. With the former,
coalescence and the resulting separation are based on the centrifuge effect obtained in
the circular movement of the gas. The results are extremely interesting: it is possible
to obtain a higher degree of separation, with the almost complete removal of particles
as small as 3 mm, or with even smaller diameters, and/or a reduction of the diameter
of the separator into which the cyclones are inserted. The disadvantage of this
solution lies in the greater pressure drop resulting from its use; however, this
disadvantage is often negligible.

The second type of coalescence elements are packages of vanes, also
frequently used in oil-gas separators. In this type of separation, coalescence is due to
the so-called «chicane effect», very similar to the centrifuging described above.

Both systems make the equipment more compact, and even make it possible to
separate out any solid particles entrained by the gas with the liquid in an extremely
efficient way. They are also self-cleaning, in other words they allow the solid
particles to be drained away automatically in the separated liquid. The common wire
mesh pad also removes solid particles together with the liquid but, unfortunately,
given its engineering properties, it tends to retain the separated solids and collapse.
When the gas to be separated contains a significant amount of solids, such as paraffin
crystals which have separated from the liquid, as in the case of a low temperature
separator, the wire mesh pad must be replaced with vanes or cyclones.

The materials most commonly used to build separators are LTCS (Low
Temperature Carbon Steel) for the outer shell, and AISI (American Iron and Steel
Institute) 304L or 316L for the internals. When the gas has significant acid gas

content (H,S and CO,) and is saturated in water, the shell must also be resistant to
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acid corrosion. This is usually achieved by plating the interior of the vessel (3 mm
thick) with AISI 316L[3].

3 Dehydration and condensate removal
Three-phase vapour/liquid/solid equilibrium
It is known that a hydrocarbon mixture in the gaseous state may give rise to the

condensation of water and/or hydrocarbons as operating conditions vary.
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Figure 2 - Temperature-pressure diagram; hydrate formation curves (GPSA,
Gas Processors Suppliers Association

When free water forms in a natural gas stream, as an effect of high pressure
and low temperature this may lead to the formation of compounds, hydrates, which
are highly unstable but have the physical properties of a solid.

The formation of triple-point equilibrium (vapour, liquid, solid) depends on
operating conditions and the properties of the gas mixture under examination.

In the presence of free water, light hydrocarbons from methane to isobutane
may give rise to the formation of solid hydrates at high pressures and low
temperatures.
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The tendency of light hydrocarbons to form hydrates increases with the
molecular weight of the hydrocarbon up to isobutane; from normal butane onwards
this tendency disappears and the component behaves like an inert in the equilibrium
described above.

The presence of carbon dioxide and hydrogen sulphide may also facilitate
hydrates to form; for the former this tendency is modest, for the latter it is far more
significant. Diagrams have been constructed (Fig. 2) allowing us to evaluate the point
at which hydrates form under given operating conditions (temperature and pressure)
as a function of the mean molecular weight or density of the gas.

This fact is approximately valid since, as has already been said, hydrocarbons
from normal butane to higher hydrocarbons play no part in the formation of hydrates.
The same is true for inert gases such as nitrogen as, although these raise the
molecular weight of the gas containing them, they decrease their tendency to form
hydrates. The most accurate way of evaluating hydrate formation is to calculate the
vapour/solid equilibrium for the gas mixture under examination. The most commonly
used method is based on the equilibrium constants K;s=y/x where y is the molar
fraction of the hydrocarbon in the gas and x its molar fraction in the solid phase. As
for the determination of the dew point, the point at which hydrates form satisfies the
following condition: >y/K=1. The values of K for the components involved are
determined experimentally as a function of pressure and temperature.

The care taken to avoid the formation of hydrates is motivated by the
disastrous impact which the formation of solids in a gas transport pipeline and the
potential line plugging caused by this phenomenon may have.

Eliminating the causes of this is extremely simple, and is based on the removal
of water by dehydrating the gas itself.

Inhibitors are used for short stretches of pipeline, for example the flow lines
linking the well to the gathering and treatment center where the dehydration

mentioned above is carried out.

116



Hydrate inhibitors are highly hygroscopic compounds which can act both in the
gaseous and liquid phase, such as methanol, CHs—OH, characterized by high
volatility as well as by its hygroscopic qualities. Other inhibitors, by contrast, such as
monoethylene glycol (C2H602) and diethylene glycol (C4H1003), characterized by
very low volatility, act in the liquid phase.

The result obtained by using inhibitors is to lower the point at which hydrates
form to a temperature below the minimum temperature encountered during transport.

Suppose that we need to transport a gas through a subsea pipeline. The worst
transport condition refers to the temperature of the sea bed, assumed to be 6°C and
the maximum working pressure, assumed to be 90 absolute bar. Let the gas be
delivered at 90 absolute bar and at 20°C, and let it be saturated in water upstream of
the line; let the flow rate be 2¢10° Sm3/d. For the sake of simplicity consider a gas
consisting of 100% methane.

According to the diagram in Fig. 2, the hydrate formation point of the gas is
54°F=12°C. To avoid the formation of hydrates in this case, it is therefore necessary
to obtain a value of 6°C. The diagram in Fig. 3 shows the variation of the hydrate

formation point when EG (Ethylene Glycol) is used.
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Figure 3 - Hydrate inhibition with ethylene glycol
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In the case under examination, the final acceptable concentration of diluted
glycol is less than 50% by weight. To obtain the amount of glycol to be injected it is
therefore necessary to perform a simple material balance calculation. The amount of
water which condenses from the condition of saturation (at 20°C and 90 absolute bar)
to the final condition (at 6°C and 90 absolute bar) is calculated: this is equal to 16
kg/h. If the concentration of the glycol injected is 85% by weight and the final
concentration is 50%, the amount injected must be no less than 25 kg/h.

When it reaches the end of the pipeline, the diluted glycol is separated out and
brought back to the desired concentration by regeneration. This is obtained by
reconcentrating the glycol at atmospheric pressure by boiling off the condensed
water. The glycol injected acts in the liquid phase, and must therefore be mixed in an
optimal way into the gas stream to be protected. In order to be effective, the glycol
must wet the entire surface of the pipeline; if the pipeline is very long, the amount of
glycol accumulating inside may be extremely significant. This effect is accentuated
by the bathymetric profile of the subsea pipeline.

In order to avoid significant accumulations of liquid and the consequent
reduction of the system’s transport capacity, it may be extremely useful to displace
the liquid by launching of spheres.

Alternatively, an extremely large slug catcher must be installed at the end of
the pipeline.

Finally, it should be noted that the reduction in the water dew point obtained
with this methodology is significant. This value is slightly below the minimum
temperature of the pipeline (6°C) at arrival pressure, which is obviously lower than
the initial pressure.

The gas thus obtained after the separation of the diluted EG does not meet
transport and distribution specifications (the water dew point required is below -10°C
at 60 absolute bar), and it must therefore undergo dehydration treatment.

It should be remembered that in the past, when gas was transported from

offshore platforms, glycol was systematically injected.
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A transport system thus involves the injection of inhibitor after a preliminary
separation at the wellhead, at a working pressure equal to the flowing pressure of the
well. This solution makes it possible to avoid salty formation water mixing with the
glycol. The latter is injected upstream of the pressure control installed on every
pipeline downstream of the wellhead separator mentioned above. In this way, the
glycol inhibits the hydrates which might form by the cooling caused by the pressure
drop in the valve described above (Joule- Thompson effect). The glycol injected is
separated onshore, regenerated, and sent back to the platform through a small
transport pipeline coaxial with the main gas pipeline. This pipeline is installed
together with the gas pipeline itself.

More recently, especially when the subsea pipeline is extremely long, an
alternative solution, more simple from operating point of view, has been to install a
dehydration limit on the platform. In this way, when the natural gas arrives onshore it
can be sent straight into the transport and distribution networks, although in many
cases the inhibitor injection system is still used.

As said earlier, methanol can be used instead of the more common EG to
protect against hydrates when the reduction in the hydrate formation point required is
important. Given an identical final concentration, methanol offers a lower hydrate
formation point than that obtained with ethylene glycol.

The use of methanol for injection is not particularly common since a
considerable amount of the liquid injected passes in the vapour phase and is therefore
lost; furthermore, glycol is less flammable and is neither. aggressive nor toxic, unlike
methanol which has the advantage of acting in the gaseous phase. It is therefore the
ideal solution for discontinuos use (for example to protect a well during start-up or to
melt a hydrate plug which has formed accidentally).

The above discussion explains why the discontinuous injection of methanol is

always coupled with the more common continuous injection of EG[4].

Dehydration by cooling
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The discussion in the preceding paragraph makes it clear why one of the most
simple ways of dehydrating a gas is to cool it, simultaneously injecting the requisite
amount of inhibitor. The final temperature of the treatment is quite the same of the
dew point which we wish to obtain.

In the case examined above, shall be the gas cooled to -10°C for example by
expanding it from 90 to 60 absolute bar.

Assuming the same composition (100% methane), from the enthalpy-pressure
diagram for methane it can be deduced that simple expansion causes a cooling of
about 14.5°C. Therefore, to obtain the desired result, a feed effluent exchanger is
required, allowing the gas to be pre-cooled upstream of expansion from 20°C to 2°C.
The gas at the outlet of the low temperature separator at -10°C will warm to about
9°C, cooling the incoming gas (Fig. 4). The drop pressure assumed is therefore
sufficient, coupled with a very modest exchange (or alternatively a more modest
expansion with a more significant exchange), to obtain the desired result, in other
words a water dew point equal to -10°C at 60 absolute bar.

Returning to the preceding example and the injection of inhibitor, it can be
seen that by injecting methanol, a final concentration slightly below 50% by weight
can be used, whereas for ethylene glycol an amount such as to maintain a
concentration of diluted EG above 60% must be injected. In both cases, however, the

amounts in question are extremely modest.
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Now assume that a significant amount of EG is injected (for example 1,000

kg/h with a concentration of 97% in weight). In this case, the amount of water to be

inhibited will be greater than in the preceding case: about 23 kg/h. The dilution

resulting from the removal of water to the required dew point is negligible, and the

glycol therefore maintains a high concentration (95% in weight).
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This has an equally significant impact on the water/gas equilibrium. From the
EG/water equilibrium diagram (Fig. 5), it can be seen that with the concentration of
glycol described above, the required water dew point is obtained with a contact
temperature of about 15°C, much higher than the -10°C calculated previously.

Following the scheme described above, it is therefore sufficient to cool the gas
to a slightly lower temperature and inject 1,000 kg/h of concentrated EG. Since the
cooling is very modest, the pressure drop required to obtain it is equally modest.

To complete the analysis developed above, it should be noted that, given an
identical required water content, a higher pressure corresponds to a higher dew point;
for example, a pressure of 75 absolute bar instead of 60 in the low temperature
separator (LTS) corresponds to a dew point of about -8°C, which increases the

operating margin with respect to the required dehydration[2].

Condensate removal

The removal of condensates from gas has various aims, primarily to render it
transportable. During transport and distribution, the gas must meet specifications on
water and hydrocarbon dew points. This objective usually requires a negligible
variation of the original composition of the gas, achieved by changing the content of
only some components (heavier hydrocarbons).

The condensate recovered can be stabilized in a simple way, identical to that
developed for crude oil. The difference between this stabilization and that of crude oil
lies in the product obtained, which is far more similar to a light gasoline.

The vapours produced during stabilization are compressed from the working
pressure of the stabilizer (7-10 absolute bar) to the feed gas pressure of the
condensate removal unit itself.

Often the gas to be treated is extremely rich not only in heavy hydrocarbons
(Cs+), but also in higher hydrocarbons (ethane, propane and butanes). A typical
example of this situation is represented by gases associated with crude oil, or those

deriving from condensed gas. Under these conditions it is not always sufficient to
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meet the hydrocarbon dew point specifications. Since the composition of the gas is
not modified significantly, the second objective of conditioning, concerning the
control of the calorific value and consequently the Wobbe index, is not always met.

To obtain this result, the recovery of higher hydrocarbons must usually be
increased, reducing the propane and butanes content markedly. This obviously
requires deeper treatment.

If the gas to be treated is that associated with crude oil, the production of gas is
modest compared to that of crude (low GOR, Gas Oil Ratio). The production of light
condensate by condensate removal thus represents a negligible proportion of the total
oil production. This makes it possible to stabilize the light condensate by mixing it
with the crude oil production, without modifying the vapour pressure required for the
oil itself. In this way, most of the butanes and higher hydrocarbons can be recovered
without the need to commercialize a third product.

By contrast, when the treatment concerns gas production from a gas condensate
field, the solution described above is difficult to put into practice. A field of this type
is characterized by a far higher GOR than associated gas, and thus by a very modest
flow rate of liquid separated from the gas. As a consequence, the light condensate
(deriving from condensate removal), rich in propane and butanes, cannot always be
mixed with the stream described above. Under these conditions, it is necessary to
produce a third product, LPG, which is a mixture of propane and butanes with
marginal contents of ethane (2-4% mol) and Cs+ (1% in volume). In addition to these
limitations on composition, LPG is a finished product and must therefore also meet
all the relevant sales specifications.

When production is modest, LPG is stored in purpose-built cylindrical
horizontal tanks, under pressure (11 absolute bar) and at ambient temperature; for
safety reasons these are installed underground. For larger productions, pressurized
spheres with a capacity of up to 2,000 m® are used.

For extremely high productions and long storage times, as in the case of

transport by sea, LPG is stored at atmospheric pressure by cooling it. In this case, the
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two components (propane and butanes) are often stored separately; they can be mixed
together later in the desired proportions. This allows the bubble point of the final
product to be controlled as a function of the climatic conditions of the market at
which it is aimed. By lowering the propane concentration, for example to 30% in
weight, a mixture suitable for hot climates is obtained; higher contents are acceptable
for temperate or cold climates. Where used as feedstock for the petrochemical
industry, propane and butanes are commercialized in the pure state.

Depending on the various objectives described above, different types of
condensate removal can be carried out, from the simplest (with the gas having a
hydrocarbon dew point of —7 to —10°C), up to recoveries which also include ethane
and not merely LPG.

The simplest and most obvious condensate removal process is based on cooling
the gas, which can be achieved in numerous ways. One is that described earlier to
obtain a simple dehydration, based on the self-cooling of the gas by expansion. The
scheme of the plant is identical (see again Fig. 4); the only difference lies in the
properties of the gas to be treated. In this case, the feed to the condensate removal
unit is not a dry gas but a rich gas. In the low temperature separator, LTS, two liquid
phases are thus separated at the bottom: one of water and glycol, and one of
hydrocarbons. Although the two phases differ significantly in density, and the
dispersing hydrocarbon phase has very low viscosity, the LTS is usually only two-
phase. The separation of diluted glycol and condensed hydrocarbons is therefore
carried out in a downstream separator dedicated to this service. To improve the
conditions of the latter separation, the emulsion may be preheated.

Once the two liquid streams have been separated, the condensate is stabilized
and the glycol is regenerated. In this situation, the flow rate of glycol is very modest,
since it is used only to inhibit hydrates and not for dehydration. Furthermore, the
concentration of the glycol to be injected is kept at a lower level (70-85% in weight)
to reduce its viscosity. For this operation, monoethylene glycol is used almost

exclusively.
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Usually, in low temperature gas/liquid separation more sophisticated and more
efficient drop removal systems than the simple wire mesh pad are used. The latter,
particularly, is unsuited due to its potential obstruction (and consequent breakage)
due to the formation of crystals of hydrates and solid paraffin resulting from a
malfunction in the injection of inhibitor. To eliminate these drawbacks a cyclone
separator is often used.

It is worth noting that the LTS treatment scheme described above is used far
more frequently for condensate removal than for simple dehydration, where it is
limited to a few specific conditions. The lowering of pressure and consequent cooling
have an opposite effect as far as water is concerned, whereas above the
cricondentherm the condensation of hydrocarbons is facilitated by a reduction of
pressure in addition to the drop in temperature due to expansion. This means that,
when removing condensate from a gas, the optimal operating pressure is determined
by the cricondentherm itself, or a value close to it. The value of this parameter for
natural gas lies in the range of 30-50 absolute bar, corresponding to pressure levels
which are not optimal for dehydration.

If the gas to be treated is produced at higher pressures, the gas expansion can
be exploited; together with the reduction in temperature this facilitates hydrocarbons
to condense. Treatment is followed by the compression required to transport the gas
(pressure of 70-80 absolute bar).

In other cases, such as for gas associated with crude oil, the gas is produced at
lower pressures, and must therefore be compressed before treatment. Under these
conditions, keeping the operating pressure of the units as far as possible at the values
specified above, a different cooling system is needed.

This condition can be obtained with an external mechanical cooling cycle. In
this case the temperature required by the low temperature separator is obtained with
an exchanger (chiller) in which the cooling fluid evaporates at low temperature,
removing heat from the gas to be treated. The other components of the treatment unit

do not differ significantly from the scheme described earlier.
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The peculiarity of this solution is that the pressure of the treated gas remains
unaltered through all the units. The total pressure losses in the gas/gas exchange and
in the chiller can be kept as low as 1-1.5 bar.

The various refrigeration units used to condition gas, and for the low
temperature storage of the liquid products derived from it (LPG and NGL, Natural
Gas Liquid).

With mechanical refrigeration, far lower temperatures than those required for
the simple conditioning of gas can be reached. For example, using propane as a
cooling fluid, the evaporation temperature can be kept at about —40°C; as a result the
gas can be cooled to —36°C.

In this temperature range a genuine dehydration of the gas must be carried out
before cooling, since the hydrate inhibition system described earlier has a very
limited range of use.

To avoid the condensation of water, dehydration must obviously guarantee that
the gas has a dew point temperature lower than that to which it will be brought by
cooling. The type of dehydration chosen is tailored to the dew point required.

For example, if an associated gas must be cooled to —35°C, we use dehydration
with TEG, stringently regenerated (99.95% in weight) with stripping or in a vacuum.
In some cases, an even more stringent dehydration with molecular sieves may be
adopted. In this case the light condensate obtained in the low temperature separator
(LTS) is known as NGL. This liquid stream is saturated in light hydrocarbons, and
must be adequately fractionated for commercialization.

In these cases, the most common scheme involves two liquid products: LPG
and stabilized gasoline. The liquid product from the bottom of the LTS is fed into a
first fractionation column, or deethanizer, whose top product is a gas consisting
basically of methane and ethane; the bottom product consists of propane and higher
hydrocarbons (Cs.).

After the recovery of frigories with an exchange, the top gas from the

deethanizer is mixed with the main gas stream. Since the column in question operates
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at a pressure of 25-30 absolute bar, recompression is needed to obtain this result. The
bottom product is then fed into the next column, where the two liquid products are
fractionated. The top product from this column is LPG, and the bottom product
stabilized gasoline.

In some cases, rather than simply recovering LPG, a deeper recovery of higher
hydrocarbons including ethane (feedstock for the petrochemical industry) is carried
out.

In this instance, a very deep refrigeration process is required: to about —100°C.
This final gas temperature can be obtained with a multi-stage refrigeration cycle. The
unit most frequently used under these conditions exploits the self-cooling of the gas
itself, supported where necessary with an external supply of frigories produced with a
mechanical refrigeration cycle (propane cycle). To reach the low temperatures
mentioned above, the expansion of the gas itself is exploited, with the production of
work through an expander. For a simple evaluation of this process, refer to the
enthalpy-pressure diagram for methane.

An expansion is carried out with the production of work, obtaining a far greater
degree of cooling from equivalent expansion. In the expander, an adiabatic efficiency
of 85% is commonly obtained; as a result the cooling obtained does not differ
significantly from the corresponding constant entropy transformation.

Normally the expansion turbine is fitted to the shaft of a centrifugal
compressor, which recompresses the treated gas. Using this solution, the temperature
of the gas can be lowered significantly with a modest reduction in pressure.

Summary and Collusions

Gas processing is an instrumental piece of the natural gas value chain. It is
instrumental in ensuring that the natural gas intended for use is as clean and pure as
possible, making it the clean burning and environmentally sound energy choice. Once
the natural gas has been fully processed, and is ready to be consumed, it must be

transported from those areas that produce natural gas, to those areas that require it.
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