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HUMH;, YclIoBHS 00pa3oBaHMs TUAPATOB; MeToJbI
npenynpexaeHus u  0opbObl; MHrubutopsr s
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PE®EPAT

Breimycknas kBanmupukannonHas pabdora 130 c., 22 puc., 25 Tabn., 29
MCTOYHUKOB, 1 mpuiL.

KiroueBbie ciioBa: ra3, HU3KOTEMIIEpaTypHas cemapanus, YrJI€BOAOPOIbI,
TUAPATHI, METAHOJ, PACXOJ, PELUPKYIIALMS, KOHJIEHCAT, BOJIa, IecopOep, pa3ieauTelb
(a3, Touka pocHI.

OOBbeKTOM HCcIIeT0BaHus SIBIIAECTCS YCTAaHOBKA MOJATOTOBKU raza Ha BocTouHo-
YPEHrolcKOM ra30KOHIEHCATHOM MECTOPOKICHUH.

Llenpro paboThI siBIsIETCS MOBBIIEHUE YPPEKTUBHOCTH CUCTEMBI TTOJATOTOBKHU
raza Ha BocTo4HO-YPEeHroicKoOM MECTOPOKICHUMU.

B mpouecce wuccienoBaHuss UM3Yy4E€H IpoliecC  TUAPATOOOpa3OBaHUA,
MPUMEHEHUE METaHOJa B KAaueCTBE HWHTHOUTOpa, TEXHOJOTHUS PEUMPKYJISIUUA U
pereHepanry METaHoOJIa METOJIOM «OTyBKH», TEXHOJIOTHYECKHI ITPOLIECC OATOTOBKU
ra3za Ha YKIII" BocTouHO-Y pEHTOMCKOTO MECTOPOXKICHUSI.

C nomoIIb0 MOAENMPOBAaHUS TEXHOJIOTUH HU3KOTEMIIEPATYPHOU CENaparuu ¢
pereHepanmeld MetaHosia B cpene mporpammbl UniSim Design mpoBeneHa oreHKa
TEXHOJIOTUYECKOW A(P(HEKTUBHOCTH peaTu3alud PEIUPKYISIIUOHHON TEXHOJIOTHH
MCIIOJIb30BaHUsI METAHOJIA MPY MOATOTOBKE Tra3a no texHosnoruu HTC.

[Toka3aHo, YTO TEXHOJOTWS PEUUPKYISILIMM METAaHOJIA MO3BOJIAET CHHU3UTH
pacxojl CBEXKEro KOHILIEHTPUPOBAHHOIO METAHOJIA 33 CUET IEepexoAa METaHOJIA U3
xuakot ¢asel (BMP) B razoByro (ceipoit raz) Ha XX kr/u (35 %), npu sToMm
MIPOUCXOJIUT COKPAILIEHUE YHOCA METaHOJIa C HECTAOMIIbHBIM KOHJIEHCATOM U BOJIOM Ha
XX kr/4 u XX Kr/4 COOTBETCTBEHHO.

Paccuntan skoHOMUYeCKHU d3(PPeKT OT mpeasiaraeMblX HU3MEHEHUH
TEXHOJOTMYECKOro MpoIecca, SKOHOMHUSI CPEICTB B roJl cocTaBisieT XX MIIH. pyo.

CremneHp BHEPEHUS: paboTa UMEET IMOMCKOBBIN XapaKTep.
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Beenenue

[IpoGnema BOBJICUCHHSI B pa3paboOTKy MECTOPOKICHUI C
TpyaHousBiekaembiMu 3amacamu (TPU3) B HacTosimiee Bpemsi ABISETCS OJHOM W3
HanOosiee BaXHBIX B HedTerazoBod otpaciu Poccuiickoit denepamnuu, Tak Kak
OOJIBIIMHCTBO MECTOPOXKICHUM BOIILIO B CTAJUIO MaJarolel JTOObIYH.

Ota npobiieMa pemraercsi He TOJbKO BBEJACHUEM B JKCIUTyaTallMI0 HOBBIX
IIoIaed, HO U OCBOCHHEM OoJiee TITyOOKHX, YeM TPaJAULMOHHBIE CEHOMAHCKUE U
BaJIAHKMHCKHE, AYNMOBCKUX IUIACTOB, KOTOPBIE CTAHOBSITCS CBOErO poAa «TPETbUM
JBIXaHUEM» MECTOPOXKICHUM.

CnoXHOCTh U OCOOEHHOCTh T'€0JIOTHYECKOTO CTPOEHUS aYMMOBCKOW TOJILIU
ONPENIENAIOTCA TEKTOHUYECKUMHU HApYIICHUSIMHM, BBIKJIMHUBAHUEM IUIACTOB M HX
JUTOJIOTUYECKOW HEOJHOPOJHOCTBIO, JIMH30BUAHOCTBIO MPUPOJIHBIX PE3EPBYapOB,
HErOPU30HTAIBHOCTHIO Fa30KUAKOCTHBIX KOHTAKTOB, KpallHE HU3KMMHU 3HAYEHUSMU
(GUIBTPAIMOHHO-EMKOCTHBIX CBOMCTB KOJUIEKTOPOB.

AKTYyaJbHOCTh M 3HAYMMOCTh OCBOEHHMS 3allaCcOB aYMMOBCKHX OTJIOXKEHUH
OIIPENETAIOTCA HEOOXOAUMOCThIO KOMIIEHCUPOBAaTh CHUXKEHHUE OOBEMOB JOOBIUU
IPUPOJIHOTO ra3a U ra30BOro KOHAEHcaTa U3 0a30BbIX MPOTYKTUBHBIX TOPU3OHTOB

[IpoyKTUBHOCTh AYMMOBCKHUX OTJOKEHUW Oblla TOATBEP)KJIEHA HA
obmmpHoO# Tepputopun SImano-HeHenkoro aBToHOMHOTO OKpyTa, B TOM YHCJIE M Ha
BoCTOYHO-YPEHTOMCKOM  MECTOPOXKIAEHUN, TJ€ COCPEIOTOYEHBI KOJIOCCAIBbHBIE
3amacel rasa. Psag ¢akropos (riyouna 6osuee 3,5 kM, aHOMaJIbHO BBICOKHE IJIACTOBOE
nasnenue (ABII/]) u Temmneparypa, C0KHOE T€0JIOTHYECKOE CTPOSHUE, MHOTO(a3HOe
COCTOSIHUE 3aJIeXKEeH, BBICOKOE COJEp)KaHue mnapauHOB W T.A.) NMPEIONPENEISIIOT
TPYJHOCTH OCBOEHHUS aYUMOBCKHX 3AJIEKEN.

Co Bpemenem Jrobasi cxeMa MOJATOTOBKM IMOJABEPKEHA CHIXKEHUIO
NPOJYKTUBHOCTU BCJIEACTBHE W3MEHEHHUS MMapaMeTpoB JOOBIYM, TaKUX Kak
TeMIepaTypa, JaBjaeHus 1 00beMbl J00bIuM. Ciie10BaTeNbHO, HA ONPECICHHOM JTare
pa3paboOTKK, HEOOXOJUMO TIEpecCMaTpUBaTh CYIIECTBYIOIIME CXEMbl CHCTEM

MOJITOTOBKHY C IIEJIbIO YBEIMUEHUS UX d(PHEKTHBHOCTH.
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Lenbto paboTHhI sBsIETCS MOBBIICHHE Y(PPEKTUBHOCTH CUCTEMBI TOATOTOBKH
raza Ha BocToO4HO-YPEHroicKOM MECTOPOKICHUU.

JIJIs TOCTHKEHHMSI TIOCTABJICHHOH 1eT HEOOXOAMMO BBITIOJTHUTD CIICAYIOIIHE
3a/1auu:

- M3Y4YUTh TEXHOJIOTMIO TIOATOTOBKM Tra3a Ha BocrTouno-YpeHroiickom
MECTOPOXKICHHH;

- co3laTh MOJENb JACHCTBYIONIEH TEXHOJOTMH TOATOTOBKM Ta3a B
nporpammHoM komruiekce UniSim Design;

- IPEIOKUTH O0Jee 3PPEKTUBHYIO TEXHOJIOTUIO UCIOIB30BAHMS METAHOJIA.

11



1 Teoperuyeckue OCHOBBI  TEXHOJOTHM  HHU3KOTEMIIEPATYPHOM
cernapauuy NPpUPOIHOTo ra3za

TexHonornyeckue  HU3KOTEMIEpPATypHbIE  MPOLECCHI B OCHOBHOM
OPUMEHSIOTCSI C  [eJbl0  OOpabOTKM MPUPOJHBIX Ta30B Ta30KOHJIEHCATHBIX
MECTOPOKACHUM JIJIs1 OTHOBPEMEHHOM OCYIIIKM U U3BJICUCHUS 1IEIEBBIX KOMIIOHEHTOB,
TaKMX KaK TsDKEJIbIE YIJIEBOJOPOJbl U MHEPTHBIC ra3bl IPU UX HAIMYMU B 3aMETHBIX
KOJIMYECTBAX.

['maBHBIM BEKTOPOM pa3BUTHS B MPOEKTUPOBAHUU HHU3IKOTEMIIEPATYpPHBIX
YCTaHOBOK JJI IPOMBICIIOBOM 00paOOTKHU ra3oB, COEpkKAIIMX KOHJAEHCAT, Ha EPUOJ
nocie 2010 r., sBmsercs pa3paboTka HU3KOTEMIIEPATYPHBIX IPOIIECCOB ¢ Ooree
HU3KUMU TEMIIEPATypPHBIMH MOKA3aTENISIMA U BBICOKON TEXHOJIOTUYECKON THOKOCTHIO.
[Tox rMOKOCTBIO MOHUMAETCSE BO3MOXKHOCTh MCIOJIb30BAHMS TEXHOJIOTUH MPU padoTe
B Pa3JIMYHOM JIMaIla30HE BXOJIHBIX TApaMETPOB (JIaBJICHHE, TEMIIEpATypa, COCTaB ra3a)
00pabaThIBAEMOr0 CHIPOTO Ta3a, a TaKXe BBIICICHUS ONPEIEICHHBIX IEJEBhIX
MPOJYKTOB B 00beMax, HEOOXOUMBIX JIJIS YIOBJIECTBOPEHHUS TEKYIIIETO CIpOca.

Heobxoaum nuddepeHnnpoBaHHbIil MOAX0] K TEXHOJIOTHYECKUM MpoIeccam
KaK Ha BHOBb OO0YCTpaMBaeMbIX MECTOPOXKICHHIX, TaK M Ha YXe JCHCTBYIOIIUX
YCTAaHOBKAX, YYHUTHIBAIOIIMN  CHEUU(PHUKY OKCIUTyaTallUOHHBIX  OOBEKTOB U
JIOJITOBPEMEHHBIC TEHJICHIIUM 110 HaIpaBJICHUSM CObITa MPOIYKIMU Ta30BOM
MIPOMBITIUICHHOCTH.

1.1 Ananu3 pakTopoB, BAMSIOIIMX HA MPOLECC HU3KOTEMIIEPATyPHOil
cenapauuu

B Hacrosimiee  BpemMss  camMblM  PacOpoOCTPaHEHHBIM  MPOLIECCOM
HU3KOTEMIIEpATypPHOH TIOJTOTOBKM Ta3a Ha MPOMBICIAX Ta30KOHICHCATHBIX
MecTopoxaeHuil Poccuu siBnsieTcs mpouecc HU3KOTEMIIEpaTypHOH cemnapaluuy rasa ¢
€ro OXJaXJCHHUEM 3a CUeT pacIIMpeHus Trasza. PacmmpeHune raza BO3MOXKHO
OCYIIECTBIIAThH ABYMS Criocobamu: 6€3 COBEPIIICHHS BHEIIHEH pabOThl — pacIIUpEeHUE
B Jpoccene (ApOoccenrpoBaHUe); C COBEpUICHUEM BHEIIHEH pabOThl — pacUIMpeHHe
ra3a B getanjepax (neranauposanue) [1]. [Ipu apoccenrpoBaHuu SHTAIbIINS Ta3a HE

HU3MCHSCTCA.
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3aBUCUMOCTh ~W3MEHEHHUS TEMIIEpaTypbl pPEAJIbHOrO0 Tra3a IMpH  €ro
JPOCCENIMPOBAaHUN TIOMy4YWJia Ha3BaHUE JpoccerabHoro sddekra, unu spdexra
Jlxoyns-Tomcona. JlpoccenbHbld dPPEKT cUUTACTCS MONOKUTEIBHBIM, €CIU TMPHU
CHW)KEHUM JABJIEHUS a3 OXJaXIaeTCsd, €CIId ra3 HarpeBaeTcs, TO APOCCEIbHBIN
s dexT cuntaercs OTpUIATEIbHBIM.

Temneparypa, npu KOTOpoil ipoccenbHbIi 3G (dEeKT raza odpamaeTcss B HyJb,
Ha3bIBaeTCs WHBEPCUOHHOW (Tyys). BoNbIioe KOJIMYECTBO ra3oB MMEIOT BBICOKYIO
WHBEPCUOHHYIO TEMIIEPATYPY U MPHU APOCCEIUPOBAHUU OXJIAKAA0TCS. J[poccenbHbIM
3¢ (}eKTOM ¢ OTpUIATENbHBIM 3HaYEHUEM 00J1aIat0T BOJOPOA U IFeJuil, KOTOpbIE MpU
JPOCCEIINPOBAHNN HATPEBAIOTCA, B OTIWYHME OT Jpyrux rasoB [2]. OmHako mnpwu
TeMIiepaTypax Hrke HHBEpCHOHHOU BOJOPOA (Tyuus= -73°C) u renuit (Tyum= -243°C)
TaKXKe OXJIAKIAIOTCS B ClIydae pacIIUpeHUs NpU I=const, CIeI0BaTEIBHO, UMEIOT
MOJIOKUTEIbHBIN APOCCETbHBIN d(PPEKT.

OTtHolIeHNEe OECKOHEYHO MaJIOT0 M3MEHEHHUs TEMIIEPATYPhl K BBI3BIBAIOLIEMY
ero 0OECKOHEUYHO MAJIOMy CHUKEHUIO JaBJIEHUS ra3a Ha3blBalOT IU(PepeHInaIbHbIM
npoccenbHbIM ¢ dekToM. B mpaktuueckux pacuerax 3a AuddepeHnranbHbIil
JIPOCCENbHBIN 3P(EKT CUMTAIOT U3MEHEHUE TEMIIEpaTyphbl PEabHOTO rasza, KOTOpoe

00yCIIOBJIEHO U3MEHEHHEM JIaBJICHUS Ta3a Ha OJIHY €IUHULLY.
LT
5‘@—5

rae T u To — Temneparypa rasza nepen JpoCcCeseM U MOCie COOTBETCTBEHHO,
P1 u P, — naBneHue raza nepen IpoccesieM U IoCae COOTBETCTBEHHO.

JpoccenupoBaHue  SABISAETCA  M30PHTAIBIIMMHBIM  IPOLECCOM W IPH
OTNPEIEICHHBIX TEPMOOAPUUECKUX YCIOBUAX PaOOTHI MPOMBICIOBBIX YCTAHOBOK ISt
ra30KOHJACHCATHBIX 3aJIEXKEN CEBEPHBIX MECTOPOXKICHHUI MMPUBOAUT K 3HAUUTEILHOMY
MOH)KEHHIO TeMIepaTypbl oOpabaTbiBaeMoro rasza (B guanazone 3—5 rpaaycoB Ha 1
MlIla naBnenus, npu 3ToM BenuuuHa TuddepeHIHaTbHOr0 ApoccenbHOro ¢ dexra
BO3pACTaeT C MOHMKEHUEM TEMIIEPATYPHI Ia3a 10 IPOCCENs U 3aBHCUT OT COCTaBa

ra30KoHJeHCaTHOM cMecn). CenoBaTeIbHO, METOI HU3KOTEMIIEpAaTypPHOU cenapaiu

OCHOBAH Ha KOHACHCHUPOBAHMHK I'OMOJIOI'OB MCTaHa M3 IIPUPOJHOIO rasa, 4alic IIpu
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temneparype oT -10 no -30°C, u ¢ nociaeayomuM pa3eIeHueM ra30Boil U KUIKON

(1)213, KOTOpPBIC HaxoOATCA B COCTOSHUHU OIM3KOM K TCPMOANHAMUYCCKOMY

PaBHOBECHIO.
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1,4 — cenapatopsl; 2, 5 — TEII0O0OMEHHUKY; 3 — mITyLep (apoccenb); 6 -
Hacoc; 7 —yCTaHOBKa pereHepanuu rimkoist; 8 — puibtp; 9 — Tpexdaszublii
pazaenutens; [ — ceipoit ra3; Il — cyxoi ras; [l — konaeHcar razoBsiid u Boga; [V —
KOHJICHCAT ra30BBIi U HACHIIICHHBIA TTIMKOJIB; V — KOHACHCAT Ta30BbeI; VI —
[JIMKOJIb HachIeHHbIN; V1] — riukons pereHeprupoBaHHbIN
Pucynok 1 — Cxema ycranoBkr HTC npoayKiuu ra30KOHICHCATHBIX CKBaXKUH [2]

CoIpoil Ta3 ¢ Ta30BbIX CKBAKMH HAIIPABISIETCSA HA | CTymeHb cemapauuu BO
BXOJIHOM cemaparop 1, rie MpPOUCXOIUT OTIEICHHE >KUIAKOCTH (BomHas (aza u
HECTaOWJIbHBIN YTJIIEBOJOPOIHBIN KOHACHCAT) OT ra3a, BBIMABIINX B CTBOJAaX CKBAXKUH
U ra30cOOpHBIX KoJuiekTopax. [locie 3Toro 4acTU4HO OTCENnapupOBAHHBIA Ta30BBIiM
MIOTOK TMOCTYIIAeT B TEIUIOOOMEHHHUK 2 THMa '"ra3 — ra3" st OXJIaKISHUS MPSMOTO
MOTOKA M HarpeBaHUs yXe CAPOCCEeIMpOoBaHHOrO rasa (oxmaxgaercs Ha 10-15 °C).
Janee oXJIaXIE€HHBIA ra3 MOCTYMAeT Ha PaCUIMPUTENbHOE YCTPOMCTBO 3, TAe
MPOUCXOJUT €ro paclIMpeHue, Mmociie KOTOPOTro €ro TeMmIeparypa BCIEICTBHE
apdekra Jxoymnsa-Tomcona nonumxkaercs ot -10 go -30°C. Ilocnme apoccenbHOTO
KilanmaHa 3 ra3 BMecTe ¢ oOpasoBaBIieiics >kuakoi (a3oil mocTymaeT B
HU3KOTEMIIEpaTyPHBIH cenapatop 4, B KOTOPOM IMIPOUCXOIUT OTICTIEHUE XXKUAKON (asbl
(BoAHAst U YIJIEBOJOPOAHAsS), @ OUMINEHHBIM OT BJIard M TSAXKEJIBIX YIJIEBOJAOPOAOB
(Cs1s) XOJIOHBIN Ta3 TPOXOAUT PEKYNEPATUBHBIN TEINIOOOMEHHUK 2 B IPOTUBOTOKE C
"ChIppIM" Ta30M M3 TMEPBOr0O cemaparopa M MOCTYNAaeT B Ta3oNpOBOJ B KayeCTBE
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TOBapHOTO  MPOAYKTa. ODP(PEKTUBHOCTh  OXJAXKACHHS Ta3a  IOCPEICTBOM
UCIIONB30BaHus Jipoccerb dddexTa ¢ pekynepanuend xonoaa Moxer aocturats 10-
12°C na 1 MIla cBob6oaHOTO TIEpenaa.

B Hu3koTeMmepaTypHOM cenaparope, TEIUIOOOMEHHUKE M JPOCCENe
TepMoOapuyecKue mapameTpbl ra3a HaxoIdTcs B 00JIACTH CTAaOMIIBHOCTU Ta30BBIX
ruapaToB KyOuuecko cTpyktypsl |1. B ciydae oOpazoBanus ruipaToOB UCTIOIB3YIOTCS
UHTUOUTOPBl ruApaTooOpa3oBanusa. [lomaua wuHrHOUTOpa TUAPATOOOpPA30BAHUS
IpeaycMaTpuBaeTcs Mepell TEIJIOOOMEHHUKOM 2 U Mepell JIpOCCEeNUupYIOIUM
YCTPOMCTBOM B pa3IMYHOM 00BEME, KOTOPBIA HEOOXOIUM ISl MPEAYNpPEKICHUS
TUAPATOB, YTOOBI 00ECTIEUNTh HOPMAJIBHBIN PEXUM MPOTEKAHHUS TEXHOJIOTMYECKOTO
nporecca.

Bognas ¢aza u yrieBogopoAHBIA KOHJIEHCAT, KOTOpPBIE BBIACISIOTCS B
cenapatope 4, HeBepHa IIU(pa MOCTYNAIOT B pa3IeIUTENb )KUAKOCTH 9, Tie KOHAEHcaT
qacTU4HO Jerasupyercd. llocne dYero KOHIOEHcAaT IIOAAETCS Ha  yCTAHOBKY
crabuwin3aiuy (B NpOCTEHIIEM cllydae 3TO MOKET ObITh BBIBETPHUBATENb Ta3a C
HOJIOTPEBOM), J€0yTaHM3MPOBAHHBIM  KOHAEHCAT IMOCTYHNAaeT Ha  OTIEIbHYIO
ra3opaKkUMOHUPYIOIIYI0 YCTaHOBKY JUIA MOJYyYEHHUS JU3EIbHOrO TOIUIMBA,
ra30KOHJIEHCATHOrO OE€H3MHA, XJIAJareHTOB, MPOMEIJICHTOB M JIp. MPOU3BOAMMBIX
IIPOYKTOB.

Cxemy, IpECTaBICHHYIO HA PUCYHKE |, cieayeT Ha3BaTh NMPUHIMITAAILHON
CXEMOW TEXHOJIOTMM HHU3KOTEMIIEPATYPHOW cemapauuu C JBYXCTYNEHYaTOU
cenapanueit raza. Koam4ecTBo CTyIleHel cemapaiuy raza MOXET MEHSATHCS U ObITh
Oonee naByx. Hampumep, ecnu mociie TemaooOMEHHHMKa 2 Tepen napocceieM 3
BKJIIOYUTHh B TEXHOJIOTMYECKYIO CXEMY JOMOJIHHUTENBHBIN cemaparop, TO Cernaparus
Oyner yxe TpexcryneHdatoil. CxeMbl HU3KOTEMIIEpAaTypHOH cenapaiuu ¢ 4YUCIOM
CTyIeHel cenapanuu OOoJIbLIE TPEX B MPOMBICIOBBIX YCIOBHSIX UCIONB3YIOTCS OUYEHb
penKo.

PaGora TypOoneTaHIEPHBIX arperaToB, KOTOpPbIC MpeaHA3HAYEHBI IS
MOJIYYEHHUSI X0JIOJ]a B yCTAHOBKAaX HU3KOTEMIIEPATYPHOI Cemapalivy raza, OCHOBaHa Ha

MPUHIIUIIE U303HTPOMUUHOTIO PACHIMPEHHSI Ta3a C COBEPIIEHWEM BHEIIHEH padoThI.
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BremHO10 paboTy B TaKOM ClIy4ae MCIOIL3YIOT JIJIsl BpPAIICHHS Baja KOMIpeccopa,
KOTOPBIM MpeaHa3HaYeH [Ji1 KOMIPUMHUPOBAHUA Tra3a J0 HEOOXOIWMOTO JIaBJICHMUS,
PaBHOTO JIABJICHUIO B Ta3ompoBojie. XJIaJOMPOU3BOJIUTEILHOCTh TypOOAeTaHaepa
3aBUCUT B OCHOBHOM OT CTEIEHHU PACIIMPEHUs Ta3a U OO0ECIEUMBAET MOJEp KaHUE
HU3KOTEMIIEPATYPHOTO peknMa cenapanuu raza Ha ycranoBke HTC Ha 3aBepmarommx
CTaIUsX SKCIUTyaTallud MECTOPOKICHHI. B ra30Boil MPOMBIILIEHHOCTA UCIIOIb3YIOT

TypOOJETaHIEPHBIC arperaThl (JIeTaHaeP-KOMIIPECCoD).

Jetangep 4 MaluuvHa, npoMsBoAALLan
pa6oTty (sHepruio)
1

1 — ra3 BBICOKOHAMOPHBIN; 2 — ra3 HU3KOHAIIOPHBIH
Pucynok 2 — Cxema oxjakaeHus raza B aetanepe [3]

Hcnonb3oBanue TypOoaeTaniepHbix arperatoB B ycranoBkax HTC raza Obuio
npemnoxkerno A. 1. ApytionoBeiMm u B. U. MBanoBeiMm B 1962 r., Torma m Oblia
pazpaboTaHa KOHCTPYKIIMSI TIEPBOTO  OMBITHOIO oOpasma  TypOojaeTaHiaepa-
KoMmmpeccopa (Typbokommpeccopa). OXjaxIeHue rasa Mnpu ero H303HTPOINUHHOM
pacIIMpeHHH raza MPOUCXOIUT Oosiee IIyOOKoe oxjaxkaeHue raza [4]. Uem Huxe
JlaBJIeHHE, TeM OoJiee BHICOKas pa3HMILIA TEMIIEpATyp rasa JOCTUIaeTcs PU Pa3HbIX Crocodax
pacipeHus.

B Hacrosimee Bpems, oAHa U3 caMmblX SPQPEKTUBHBIX MOJECPHU3ALMMA
COBPEMEHHBIX YCTAHOBOK KOMILJIEKCHON TOATOTOBKM Ta3a SBJSETCS YCTaHOBKA
TypOOIeTaHIeP-KOMIIPECCOPHBIX arperaros.

Jloctounctea Texnonorun HTC [2]:

- HU3KHE KaluTaJbHBIE PACXObl M AKCILTyaTAIl[MOHHBIE 3aTPATHI,
0COOCHHO BHAYAIBHBIN MEPUOJT IKCIUTyaTaI[MH MIPU HATMYUU CBOOOIHOTO Tiepenaaa
JIABJICHUS;

- OCyIIKa rasa Jo TpeOyeMbIX OTpaciieBbIM CTaHIAPTOM KOHIUIIUH;

- ITPOCTOTA B 3KCILNIyaTallH U TCXHUYCCKOM O6CJ'Iy)KI/IBaHI/II/I, TEM CaMbIM
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BO3MOYKHO HCTIOJIb30BAHNE TEXHUYECKOTO TIEPCOHANIA CpeTHEN KBATH(UKAIINH;

- JIETKOCTh aBTOMAaTU3allUH U PETYIHPOBAHUS TEXHOJIOTUYECKOTO
MIPOIIECCA B YCIIOBUSX ra30IPOMBICIIA;

- BO3MOJKHOE MOCTENEHHOE JIONOJIHEHUE W MOJEPHU3ALHUS TEXHOJIOTHH
IIPU CHUYKEHHUM TUIACTOBOTO JABJICHUS.

Bce atu mocromnctsa mponecca HTC u ero mocienyromux Moaudukaui
o0ecreunsim OTPOMHYIO PaclpOCTPAHEHHOCTh B OT€YECTBEHHON MPAKTUKE YCTAaHOBOK
HU3KOTEMIIEPATYPHOU cenaparyu Jyisl MPOMBICIOBOM 00pabOTKU MPUPOIHBIX Ta30B
ra30KOHJICHCATHBIX MECTOPOKJICHUH.

Henocratku Texnomornu HTC [2]:

—  HECOBEPIICHCTBO  TEPMOJMHAMHUYECKOrO  Ipolecca  OJHOKPaTHOU
KOH/JICHCAIUH, IPU 3TOM U3BJICUCHHE U3 PUPOJHOTO ras3a 1eJIeBbIX KOMIIOHEHTOB MPHU
3aIaHHBIX TEMIIEPATYPE U JIABJICHUU B KOHIIEBOM HU3KOTEMIIEPATYPHOM CEMapaTope
3aBUCAT TOJBKO OT COCTAaBAa UCXOJHON CMECH;

— MaJICHHE IJJACTOBOrO JABJIEHHSA B IMPOLECCE€ SKCIUTyaTaluu (MpU 3TOM
COJIepKaHKE YTIIEBOJOPOJIHOTO KOHIEHCATa B INIACTOBOM I'a3€ YMEHBIIIAETCS ), TAK YTO
"cBOOONHBIN Tepenan’" AaBiIeHUS Ha ApPOcceie yYMEHbIaeTrcd (IMIPOMCXOAMT, Kak
uHOTJa OoOpa3Ho TOBOPSAT, "ucuepmanue" apoccenb-dddexTa) U, CIeI0BaATENBHO,
MOBBIIAETCA TEMIIEpaTypa Cemapaludd, B PE3yJbTaT€ HE TOJBKO YJEIbHOE
KOJIMYECTBO, HO U CTEMEHb U3BJICUEHUSI 1IEJIEBBIX KOMITOHEHTOB YMEHBIIIACTCS;

— TEPMOAMHAMHUYECKOE HECOBEPILIECHCTBO HW303HTAIBIINIHOTO PaCIIUpPEHUS
raza Kak XOJIOJONMPOM3BOJALIErO mpolecca (MOTeHIHaIbHAs padoTa, KOTOPYIO MOT
OBl COBEPIINTH PACIIMPAIOIIMIICS ra3, "'ycBauBaercs'" moTokoM B (pOpMe TEIUIOTHI, TEM
camMbIM 3(PGEKTUBHOCTD OXJIAKICHUS CHUKACTCS).

OddekTuBHOCTh pabdOThl YCTAHOBOK HHU3KOTEMIIEPATypHOM cenapaiuu B
OOJBINION CTENEHU 3aBUCHUT OT TEMIIEpaTyphl, U3BMEHEHHUSI COCTaBa ChIPhEBOTO rasa,
quciia CTyneHel cenapaiuu u 3pPeKTHBHOCTH 000py10BaHus, HaBieHus [5].

Ucxonnoe pnaBnenue cenapauun Ha YycraHoBkax HTC onpenensercs
JABJICHUEM TPAHCIOpTa Tra3a B MarucTpaibHOM TpyOompoBoae. Kak mpasuio,

TexXHoJornyeckoe AaBiaeHue Ha ycranopkax HTC naxoaurtcs B npenenax 5,0—7,5 Mlla
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¥ OHO HE OKa3bIBa€T 3HAYMTEJIBLHOTO BIUSHHUS HA CTEIICHb U3BICYCHUS KOMIIOHECHTOB
Cs+. s texnomorun oroeH3uauBanusa MetogoM HTC Goiee BakHBIM IMOKa3aTeIeM
SBJISIETCS HaJIM4KEe HEOOXOJUMOro Ieperajaa AaBJeHUs, KOTOpPbIA oOecrednBaeT
HU3KHE TEeMIIEpaTypbl CErapalum.

[Tonnepxanue r3ppexkruBHOCTH paboThl ycTaHoBoK HTC Ha npexxHeM ypoBHE
MIPU CHIDKEHHHM TIJIACTOBOTO JIABJICHUS 00ECIIeUBACTCs 3a CUET BBOJIA B DKCILTyaTaIlUIO
J0KUMHOTO KOMIIPECCOPHOTO 000PYA0BAHUE U CHUKECHUS TEMITEPATYPhI IIEPe.l JPOCCENIEM.

JI1s1 TOCTHMIKEHUSI MAaKCUMAaJIbHOTO M3BJICUCHHS U3 MPUPOTHOTO ras3a IeJIeBhIX
KOMIIOHEHTOB (34, HEOOXOAUMO BBIOpaTh TaKHe [aBJICHUE W TEMIIEpaTypy B
HU3KOTEMIIEpATYpHOM  cemaparope, KOTOpble  obOecredaT  MaKCHMAJIbHYIO
KOHJICHCAIIUIO TSKEJIBIX YIJIEBOIOPOIOB.

Jlns  Bcex yYIJIEBOJOPOJIOB JIaBJICHME MAKCHUMAJIbHOW KOHACHCAIUU C
MTOBBIILICHUEM TEMIIEPATYPhl UMEET MAKCUMYM U 3aT€M YMEHBIIIAETCS 10 KPUTUYECKOTO

JIaBJICHHSI YUCTOTO yriieBoaopoa (pucyHok 3) [6].
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Pucynok 3 — 3aBUCMMOCTH JaBJICHUSI MAaKCUMAJIbHOM KOHAEHCAIIMU YTIIEBOAOPOIOB
Pa3IMYHOTO CTPOCHHUS OT TeMITepaTyphl (OMHAPHBIC CMECH METaH — YriieBoAopo.) [6]

Ecan paccMaTpuBaTb TCMIICPATYPbI, KOTOPBIC UMCHOT MCCTO B IIPOMBICJIOBBIX

cenaparopax (Munyc 30 — mmtoc 20°C), To 11st OMHAPHBIX CMECel, HaunHAas CO CMeCH

ME€TaH — H-IICHTAaH 00 6I/IHapHOﬁ CMECHU MCTaH — H-ACKaH, JAaBJICHUC MaKCHUMaJILHOM
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KOHJICHCAIMKU U3MeHsieTcs B npeaenax ot 20 1o 60 kre/cm?.

ITo muenuto CremanoBoi I'.C. ra30KOHJIEHCATHBIE CUCTEMBI TaKXKE€ MOXHO
paccMaTpuBaTh Kak OMHapHbBIE, COCTOSIINE U3 CMECH CTa0MIILHOTO KOHJIEHCATa U Ta3a.
Ananu3 (a3oBBIX JgUarpaMM TaKHX CMECel TOBOPUT O HAJIMYUU JIaBJICHHUS
MaKCUMaJbHOW KOHJIEHCAllMM YTJIEBOAOPOJOB TMpHU  3aJaHHOM  Temmeparype
cenapanuu. 3aBUCUMOCTh JIaBJICHUS] MAaKCUMaIbHOM KOHJIEHCAIIMU OT COCTaBa CMECH
Y TEMIIEPATYpPBhI MPEACTABISAET IPAKTUUECKUN HHTEPEC.

JlaBnenue HE00X0AMMOEe LTSt MaKCUMaJIbHOU KOHJICHCAIIUU
ra30KOHJICHCATHBIX cMecel mpu Temrepatypax oT -20 go +20 °C Takxe HaXOAUTCA B
npenenax 20-60 xre/cm? [29].

- KpuBas 3aBUCHMOCTH KOJINYECTBA BBIACIMBILIErOCS KOHJIEHCATa U3 ra3a oT
JTABJICHMSI TP IIOCTOSTHHOM TEMIIEPAType HA3bIBAETCS N30TEPMOM KOHACHCALIMH.

- JlaBneHue, Mpu KOTOPOM BBINAJAET HauOOJbIIEEe KOJIMUECTBO KOHEHCATa,
Ha3bIBAETCS JABJICHUEM MaKCUMAJIBHOM KOHACHCALIMH.

Temneparypa rasa Ha BXOJA€ HMEET BAXKHYIO pPOJb B TEXHOJOTUHU
HU3KOTEMIIEPATYPHOM cenapanuy ra3a. Yem Huke TeMneparypa BXOZSIIEro ra3a, TeM
HIKE TeMIeparypa rasa OyAeT Ha BBIXOJI€ U3 IPOCCENs WM JIeTaHepa.

3HaUECHHE TEMIEpaTypbl Ha YCTAaHOBKAX HHU3KOTEMIIEpAaTypHOH cernapauuu
BBIOMPAETCS C y4ETOM JIOCTHKEHHUS HEOOXOJIMMOW TOUYKH POCHI JJI JalbHEHIIeH
TPaHCHOPTUPOBKU Ia3a 1o TpyoonpoBoy. JJis Ierkux razoB cpeaHeil MONIEKYJIIpHON
Maccoit He 6osee 22 v CpeIHe MOJICKYIISIPHOM TeMIiepaTypoil KurneHus: oT MuHyc 156
no wmuHyc 133°C cHmkenue temneparypbl cemapanud oT 0 mo mmuyc 40°C
o0ecreunBaeT CYIICCTBCHHBIN POCT CTEIICHH U3BJICYCHUS KUIKUX KOMITOHEHTOB [29].

VYBenuueHnue uucna cTyleHed cenapanuu Ha ycrtaHoBkax HTC moselmaer
YETKOCTh pa3/iesieHus Ta30Boi U xuaKoi ¢a3. [lpu ogHocTyneHyaToi cenapaiuu, u3-
32 PpE3KOr0  CHWKEHHS  JIaBJIICHHS, 3HAYUTENbHBI IOTEPH  KOMIIOHEHTOB
YIJIEBOAOPOJHOIO KOHJAEHcara ¢ rasoM. [[Byx- m tpexcrynenudarsie cxembl HTC
UCIIOJIB3YIOTCS HA T'a30KOHACHCATHBIX MECTOPOXKIEHUSAX, YTOObl MUHHMM3UPOBATH
YHOC YTJIEBOJOPOJAHON KUAKOCTH BMECTE C OCYILIEHHBIM I'a30M.

OnuH W3 OCHOBHBIX (PAKTOPOB, XapaKTEPU3YIOUIUX Ta30KOHIAECHCATHOE
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MECTOPOXKJICHHE SBJSIETCS KOHJAEHCATHBIH (akTop. KoaumuecTBO KOMIIOHEHTOB,
neHTana W BbicUX (Csy+) TPHHATO HA3BIBaTh KOHICHCATHBIM (pakTopom [4].
CHHOHUMOM  TEPMHHAa  «KOHJCHCATHBIH  (pakTOp»  SIBJIIAETCS  TEPMHH
«KOHJ/ICHCATOTa30BbIi (aKTOpP» — BBIXOZ CBHIPOrO KOHJCHCATa, 3aMEPEHHBIA IpPHU
MICCIITOBAHNH CKBAKUHBI, CM>/M°.

Tabnuna 1 — Crenenb U3BICUCHHS TSKEIBIX YIIIeBO10po10B B TexHojoruun HTC [2]

N3BIIeKaeMEIe CrereHp U3BICUYCHUS Ipr Te;;i]/[gleM KOHH@HC&THOMq)aKTOpe,
YTIICBOOOPOJAbI 20-80 80_160 160-320
CaHs 3-6 6-13 13-24
Ca-Cq 17-25 25-40 40-57
Cs+ 85-92 92-96 96-98

Kak BuIHO w3 9TON TaONIMIBI, C TOHM)KEHUEM KOHJIEHCATHOTO (aKropa
YMEHBIIAETCS CTENEHb U3BJICUEHUS KUIKHUX YIIIeBOAOPOAOB Csiy. JlJ1g OOIBIIMHCTBA
MECTOPOKICHUMH, KOHIEHCATHEIM (PAKTOpOM, B cpejHEM paBHEIM 155 r/m3, crenens
U3BJICUCHUSI TSKEJBIX YIJIEBOJAOPOJOB 32 BECh MEPHOJ] pa3padOTKU MECTOPOXKIACHUS
coctaBUT 0koJio 90 %, nponan-Oyrana npubnauszutenbHo 30%, a aTaHa okojio 10%.
Takum oOpa3oM, Mbl BHAUM, YTO B THUIIOBOM TEXHOJOTHH HHU3KOTEMIIEPATYPHOI
cenapanuy, MPOUCXOJUT HEAOCTATOYHO TIyOOKas CTENEHb W3BJICUEHHS >KUIKUX
YTJIEBOAOPOIOB.

CHmXeHue TeMIepaTypbl cenapaluy MPUBOJIUT K YBEJIMYEHUIO KOJIMYECTBA
raza KOHLEBOM JerasalMyd 3a CYET KOHJEHCAlMU JETKUX YIIE€BOJOPOAOB, 3TO
NIOKa3aHo Ha pucyHke 4. Jlerazanus Jerkux yrieBoAOpOIOB B KOHIIEBOM JI€ra3aTrope
NPY CHIDKEHUM TeMrepaTypbl 10 -25°C u HIKe TakKe Pe3KO BO3pacTaeT (PHCYHOK
5). CnenoBatenbHO, B 3aBHCHUMOCTH OT K® MOXHO OmNpeneiuth HEOOXOIUMYIO
TEMIIEpaTypy B HU3KOTEMIIEPATYPHOM Ce€naparope, NpU JOCTHKEHHH KOTOpPOM
KOJIMYECTBO Ta3a Jerasallid HAauyMHaeT pe3KO Bo3pacTaTh N0 TAaKOW CTENEHHU, UTO
texnonorus HTC B  paccmMarpuBaeMOoM  BapuaHTE€  CTAaHOBUTCS  IPOCTO

HEpalMOHAIBHOM [2].
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nerazanuu ot Temmepatypbl HTC[2] Jierazaluy mponan-0yTaHOB OT
temnepatrypsl HTC [2]

[Tpu Temmeparype cenapaiuu Huke -40° C TemMn pocTa CTETICHU H3BJICUCHHUS
yraeBo1opoaoB Csi, CHIKAETCs (PUCYHOK 6), Mpu4eM 3TO O0siee HarsgHO 3aMETHO
npu K® O6onee 150. Ilpu stom crenens wusBnedeHus [Ib®D mnpu cHmwxeHUH
TEMIIEPATYPbl PACTET MOHOTOHHO, HO 3HAYEHUE HTOM BEJIMYMHBI CUIIBHO 3aBUCHUT OT
K.

Ecnm ocraBaThCs B paMKax CTaHAAPTHOW TEXHOJOTMH HU3KOTEMIIEPATYPHOMN
cernapaluy, IIyTeM CH)KEHUS TEMIIEpaTyphl Iaza B HU3KOTEMIIEPATyPHOM CEIapaTope
NPUHIMIINATBHO HEBO3MOXKHO JTOOMUTHCS A€ JOCTATOYHO IOJIHOTO HW3BJICUYECHHUS
TSKEJIBIX YIJIEBOIOPOIOB, HE TOBOPs yxke 00 u3Bineuenuu [1bO.

[TpubnusutenpHas TpaHuma Hawbojee mnoaxoxsnux temmeparyp HTC B
3apucuMocT OT K® mnokazaHa Ha pucyHke 4 JBONHHON NyHKTUPHOU JIMHUEH.
Hanpumep, npu konaeHcatHoM ¢akrope Boime 180 r/M> HE MMEET CMBICT JepXkKaTh
Temreparypy cenapanuu Hike -25°C (ecii y4YHuThIBaTh, YTO LEICBBIM MPOAYKTOM
NOMUMO Ta3a Cenapaluu SBISIOTCS TOJBKO JKUAKUE YriaeBoaopobl). O6mactb
addexrrBHON nmpuMmeHuMoctH TexHomoruu HTC ¢ ucmonp3oBaHUS  KEKTOpa

MoKa3aHa Ha pUCyHKe / (3alITpUXOBaHHAs 00JIACTb).
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Pucynoxk 6 — 3aBUCHMOCTh CTENIEHU Pucynoxk 7 — TemniepatypHas 06y1acTb
u3BneueHus Cs. ot remneparypsl HTC[2] npumenenuns texnonornu HTC B
3aBUCHUMOCTH OT KOHJAEHCATHOTO

daxTopa [2]

CnenoBatenbHO, g TIyOOKOTo W3BIEYeHHS YyriieBogopogoB Cs: u3
KOH/ICHCATOCOEPIKAIIEro ra3a HeOOX0IMMO 3HAYUTENIBHO CHU3UTD KaK JaBJICHUE, TaK
U TeMIepaTypy B HH3KOTEMIIEPAaTypHBIX CTYNEHSAX Ta30pa3/iefieHusi, BKIIIOYUB
JOTIOJTHUTENBHO B TEXHOJOTUYECKHUE CXEMBI MPOLIECCHl a0COPOIUU M PEKTU(PUKALIH
[2].

Hcxons u3 BbILIE U3JI0)KEHHOT0, KOHIEHCATHBIN (DAKTOP UMEET BaXKHYIO POJIb
B TEXHOJIOTUM HU3KOTEMIEpaTypHOil cemapanuu. Ho Ha KOHIEHCaTHBIM (akTop
BJIMSIET COCTAB CAMOTO CBIPBSI.

CocrtaB ChIpbEBOTr0 Tra3a OOYCIABIMBAET CTENEHb W3BJICUEHUS KUIKHX
YIJIEBOJIOPOIOB: YEM TsDKENIEE COCTAaB UCXOJHOW CMECH, a 3HAUUT, U OO0JIbIle CPeIHss
MOJIEKYJIIpHAsi Macca ra3a, TeM BBIIIE CTETIEHb U3BI€YeHUSI KOMITOHEHTOB Css.

1.2 O6opynoBanue, npumensiemoe Ha YKIII' nis nmonukenust
TeMIeparypbl rasa

Has>ddextuBnocTs paboThl yctaHoBoK HTC BIUsET UCTIOIB3YEMbI HCTOYHUK
xojiona. B mponecce MIMTENBPHON S3KCIUTyaTallMd CKBAaXWUH W IPU CHIKCHUU
IJIACTOBOrO JABJIEHUS 3aMEHA M303HTAJIBIIMAHOIO PACIIUPEHUS (IPOCCETUPOBAHUE)
Ha M30PHTpONUHHOE (pacUIMpeHHe B JeTaHiepax) Mno3BoyisieT 3dQexTuBHEE

HCIIOJIB30BAaTh CBO6OI[HI)Iﬁ neperaa AaBJICHUA W IIPH OOJHOM H TOM KC IICpCIaac
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TABJICHUS TpU JCTAHJAUPOBAHWM TIOTOKA JOCTHTaTh OOJiee HHU3KHX TEMIEpaTyp
cenaparyH.

CambiM mpocThiM criocoOom momydeHus: xosioga Ha YKIIIT sBnsercs
W303HTANBIIMIHOE PACIIMPEHHUE ra3a. ITOT MPOLECC OCYIIECTBISIETCS ¢ IPUMEHEHHEM
IpocCenbHBIX  ycTpoiicTB. [IpemmyliecTBa TakMX CXeM — HMX  MEHbIIas
METaJUIOEMKOCTb U BBICOKAsl HaJIEKHOCTh B paboTe.

JlpoccenupoBaHrueM Ta3a Ha3bIBAE€TCS HEOOPATUMBIM MPOLIECC C PeabHBIM
ra3oM, B KOTOPOM JIaBJICHHE, MIPU MPOXOKICHUU Yepe3 MECTHOE CY>KEHHE B KaHaJe,
yMeHbIIaeTcsl 6€3 coBeplIeHUs1 BHENTHEN pa0oThl. OHAKO 3Ta TEXHOJIOTUS BO3MOYXKHA
MIPU HATUYUHU OOJIBIIOTO 3araca IIacTOBOM YHEPTUU, YTO HAOIIOAAETCS MPU OOJIBIIIUX
rIyOMHax 3ajieraHusi Ta30HOCHBIX M1acToB. ClielyeT yUUThIBaTh, YTO JABJICHUE Ta3a B
TpyOONpOBOJaX Ta30TPAaHCHOPTHBIX CHUCTEM, COIJACHO OTpPAcIeBOrO0 CTaHAapTa
["asmpoma cocTaiser 75 Kre/cM?,

3MeHeHHe TeMIlepaTyphl rasa IIPU €ro ApoCceNupoBaHuM Ha 1 Krc/cm?
Ha3bIBaeTcs Jnpoccenb-3dpdexrom winn  kod3pduuuentom Jxoyns - Tomcona.
Pazmuuator  nmpoccenb-3hdexT: muddepeHnnanbHbIN U MHTETPaIbHBII.
Juddepenunanbupiii gpoccenb-3((HEeKT MOKa3pIBAET CHHKEHHE TEeMIIepaTyphl ra3a
1pu OECKOHEYHO MajJlOM M3MEHEHUH ero JaBiieHus. HTerpanbHbIi apoccenb-3¢gGeKT
— U3MEHEHHE JIaBJICHUS Ha 3HAUUTENIbHYIO BennunHy. Ha pucynke 8 mokasana cxema

ycranoBkr HTC nHa Ypenroiickom 'KM [2].

I"a3 B razonposon

CH,0H CH,0H

HIrymep

B xonpencatonposon

LA J

BoroMeTanoAsHBIH pacTROp ']

C-1, C-2, C-4 — cenapatopsr; T-1, T-2, T-3 — TennmooOMennuku; P-1, P-2 —
pa3eauTeNn
Pucynox 8 — IlpuHnmnuanbHas cxeMa moAroToBKy raza Ha ycranopke HTC
Ypenrorickoro ' KM
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Bxmrouenne B cxemy ycTaHOBOK o00paboTku ra3za TJIA obecrneunBaeT
3HAUMTEIPHOE CHIKEHHE TEMIIepaTyphl ra3a Ha €IWHHILY [epernajga JIaBJICHHS.
brnaronapsi sToMy npv TpOYUX pPaBHBIX YCIOBUSX JUIS MOJAJEPkKaHUS 3aJaHHOTO
JABJICHUSI Ta3a HAa BBIXOJE M3 YCTAHOBKHM TpeOyercs '"cpabaThiBaTh" 3HAYUTEIBHO
MEHbIIIEE JIaBJICHWE, YeM MpPU PACIIUPEHUU Taza ¢ MPUMEHEHHUEM APOCCEIBHOrO
YCTPOWCTBA.

Ha nepuon n06s1um, koraa TpeOyrOTCsl JOMOIHUTENbHBIE UCTOYHUKU XOJIOAA
Ha ycraHoBke HTC mst oGecniedenus: TpedyemMoii TOUKM pOCHI Ta3a, B CXEME BMECTO
HITyLI€pa YCTaHABIMUBAIOT TypOOI€TaH e, UCIIOIb30BAHUE KOTOPOTO MaeT 3P(EKT Mo
CHI)KCHHIO TeMIIepaTypbl B 3—4 pa3a 0oJbllie, 4eM Mpru OOBIYHOM JIPOCCETUPOBAHNH,
B OTOM CJIy4a€ B CXEME€ IMpeAyCMaTpUBAETCS Cemaparop BTOPOM CTYIEHH,
NpEIHA3HAYEHHBIA JUIsI  OTHEJIEHHS JKUJAKOCTM OT Tas3a, M[OCTYyNAalolero B
Typ6oaerannep. OCcylmeHHbIN ra3 U3 MEXTPYOHOIO MPOCTPAHCTBA TEINIOOOMEHHHKA
IIOCTYIIaeT Ha IIPUEM KOMIIPECCOPA, YCTAHOBIEHHOTO HAa OJHOM Baly C
TypOOAETaHIEPOM, U JIaJIe€ B IPOMBICIOBBIN KOJUIEKTOP.

Bxumrouenue B cxemy ycraHoBku HTC typOoaeraniepHOro arperata no3BOJuT
MOJIYYUTh KOHAUIIMOHHBIN ra3 Mpu 0oJiee HU3KUX BXOJHBIX JABJICHUSIX U YMEHBIIUTh
3aTpaThl HAa JO’KATHE ra3a.

Ha ocHOBaHMM  pPacCMOTPEHHOIO  TEOPETUYECKOIO  MaTepuaja 1o
3 ()EKTUBHBIM TEXHOJIOTHSIM H3BJICYEHUS KOMMNOHEHTOB (3+ Ha YyCTaHOBKax
KOMIUIEKCHON MOJATOTOBKH T'a3a, ObLIO YCTAHOBJIEHO CJIEYIOIIEE.

KiroueBbIM acrekToM NPOMBICIOBOM IMOATOTOBKM Ta3a, KOTOPBIA JIEKUT B
OCHOBE MOBBIIIEHUS 3P(HEKTUBHOCTH MPOLIECCA €TI0 OCYIIKH, SIBISETCS MOJAEPHU3ALUS
CYUIECTBYIOIIMX MPOU3BOACTB. [lyTu MonepHHM3anuu OmpenensoT MpUOBLTEHOCTD
koMranuu. IloBbimenre >PQPEeKTUBHOCTH Mpollecca MOATOTOBKM Tra3a BO3MOYKHO
TOJIBKO TIPY IPUMEHEHUN HOBBIX TEXHOJOTHH B 3TOU cepe. MoaepHu3anus JTaHHBIX
MPOU3BOJCTB  TpPHUBEJAET K OoJiee BBICOKOMY KOIDPUIIMEHTY  TOJIE3HOTO
UCIIOJIb30BAaHUSI MMEIOLUXCS pecypcoB. Takke XoTenoch Obl 3aMETUTh, YTO
BHe[peHue Oosee pecypcorpHEeKTUBHBIX TEXHOJOTUIN CHIIBHO BIHMSET Ha HKOJIOTHIO

JaHHOI'O pEruoHa, yMEHbIIass KOJIHYCCTBO BPpCAHBIX BBI6pOCOB.
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2 I'a30oBble rHAPATHI U 60PbOA ¢ HUMU

['unpaTel yraeBogOpPOAHBIX Ta30B SBISIOTCS HEYCTOMYMBBIMH COEAMHEHUSIMU
YTIE€BOAOPO/IOB C BOJIOHN U MPEJICTABIISAIOT COO0M Oelble KpUCTaJUIbl, BHEIIIHE TOX0XKHE
Ha cHer uiu Jiel. OHU COCTOAT U3 MOJIEKYJI ra3a (MeTaHa, IponaHa, YIJIEKUCIOro raza
U JIp.) U BOJIBI.

OcHOBHBIMH (paKTOpaMH, ONPENETSIOMIUMH YCIOBUS 00pa30BaHUs TUIPATOB,
ABJIAIOTCS JaBJICHUE, TEMIIEPATypa raza, €ro COCTaB U HACBILLEHUE MTapaMu BOJIBI.

Bo3moxxHOCT, 00pa3oBaHUsl THAPATOB YBEIMYMBACTCS C TOBBIIICHUEM
JaBJICHUS1, TOHM)KEHUEM TEMIIEPaTyphbl U YBEJIMYEHUEM BIIaroCOAECpKaHus ra3a.

Haunboiiee yacTo 3aKymnopku ra3onpoBoja MPOUCXOAAT B 3UMHUNA NEPHUO] B
CBSI3M 3HAUUTEIbHBIM OXJIAXICHUEM JIBUKYIIETOCS B TPyOOIIPOBO/IE Ia30BOT0 MTOTOKA.
OOpa3zoBaHuE TUAPATOB MOKET UMETh MECTO Ha BCEX ra30IPOBOAAX, 32 UCKIIOUEHUEM
TPaHCHIOPTUPYIOIIMUX Ta3 ¢ TOYKOM POCHI MAapOB BOJBI HUKE MUHUMAJILHON pabodyeit
TemmepaTypsl [17].

I'unpaTooOpa3zoBaHue — 3TO NPOLECC, BOZHUKAIOIIMI MPU ONpPENETIEHHBIX
3HAUCHUAX TIEepenajia IaBlIeHUs U TEMIIEPaTyphl U MIPHU 00s3aTEIIbHOM HAJTUYHUH BJaru
B JKUJIKOU (a3e.

['a3oBbie TUAPATBl TPENCTABIAIOT COOOM TBEpJblE KPUCTALITUYECKUE
COEIMHEHUS HU3KOMOJIEKYJISIPHBIX Ta30B, TAKUX KaK METaH, 3TaH, IPoIaH, OyTaH u Jp.,
C BOJOW. BHENIHE OHM HAIOMHMHAKOT CHET WM PBIXJIBIM Jiea. OHU yCTOMYMBBEI NpPH
HU3KUX TEeMIepaTypax W TMOBBIILICHHOM [aBJICHUW; MNPH HapPYLIEHHH YKa3aHHBIX
YCIJIOBU ra30THAPATHI JIETKO PACMaaloTCs Ha BOJY U ras.

CoctaB ruapatoB Beipaxkaetcs (opmyroii CnHyn-2mH,0. Hanpumep, mis
MetaHa - CH4-6H,0, nist atana — CoHg 7H,0, mst mponana — CsHg-18H,0 u tak nanee.

ConepxaHue MeTaHa B THApATax OYEHb BBICOKO: M3 OJHOro Kybomerpa
TUAPaTOB (B CTAHJAPTHBIX YCIOBUAX) MOXKHO MOJTy4HTh Oosee 160 m® MeTana.

[uppatel BXOAsaT B OoJjiee KPYMHBIA KJIACC XUMHUYECKUX COCIUHCHHUIA,
M3BECTHBIX TIOJI HA3BAaHUEM «KJIATPATOB» MIIM «COEIMHEHUU BKJIIOYCHUS.
Kiarparamu Ha3bIBalOT COEIUHEHUS, B KOTOPBIX MOJIEKYJIbl OJHOTO BEIIECTBA

3aKJTIOUYEHBl  BHYTPH  CTPYKTYp,  OOpa30BaHHBIX  MOJIEKYJIaMH  JIPYyTrOro
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BemecTBa.MHOTHE W3 KOMIIOHEHTOB, OOBIYHO BXOSIINX B COCTAB MPUPOHOTO rasa,
00pa3yIoT TUAPATHI B COEAMHEHUN ¢ BoJoi. OOpa3oBaHe TUIPATOB ABISETCA OJHOU
U3 Ipo0JieM, CBS3aHHBIX C MpoIlleccaMu JO0ObIYM, TEpepadOTKH U TPAHCIOPTUPOBKU
MPUPOJIHOTO ra3a U €ro MPOU3BOIHBIX KUIKOCTEH.

B ra3zoHocHbIX Mmiactax Bcerja MpUCYTCTBYeT Boja. [loaTtomy moObiBaemblit
NPUPOAHBIA Ta3 BCerja HachlllleH BoJ0M. Kpome Toro, B HEKOTOPBIX clydasix W3
CKB&)XKMH BMECTE C ra30M J0ObIBAaeTCA IJIACTOBAs BOAA.

CnocoOHOCTh BOJBI OOPa30BBIBATh THAPATHl OOBICHSAETCS HAaTUYHEM B HEl
BOJIOPOJIHBIX CBsi3el. BogopoHas cBsi3b MOOYXKAAET MOJICKYJIbI BOJIbI BEICTPAUBATHCS
B I€OMETPUYECKH MpPaBUIIbHBIC CTPYKTYphl. B MPUCYTCTBUM MOJIEKYJT HEKOTOPBIX
BEIIIECTB 3Ta YMOPSJOUYCHHAS CTPYKTypa CTaOWIM3UPYETCs U 00pa3yeTcsi CMECh,
BBIJIETIsIEMasi B BUJI€ TBEPABIX 00pa30BaHUM.

Monekynapl BOJIBI B TakKMX COEAUHEHUSX HA3bIBAIOTCS «XO3S€BAMHU», a
MOJIEKYJIBI JPYTHE BEIIECTB, CTAOWIM3UPYIOUIUE KPHUCTALIMYECKYIO PEHIeTKY, —
«rOCTAMMU». MOJIEKYJIBI-TOCTH HA3bIBAIOTCSl «TUAPATOOOPA3YIONIME BEIIECTBA» WU
«ruaparoodpaszoBarenny. Kpucramimdeckue pemieTKd THAPATOB UMEIOT CII0KHOE,
TPEXMEPHOE CTPOEHUE, T/I€ MOJIEKYJIbl BOAbI 00pa3ylOT KapKac, B MOJOCTIX KOTOPOIrO
HaXOJSTCS 3aKIIFOUEHHBIE MOJIEKYJIBI TOCTH.

Eme onna wHTEpecHass OCOOEHHOCTh Ta30BBIX THAPATOB 3aKIIOYATCS B
OTCYTCTBUU CBSI3€U MEXIY MOJEKYJaMHU-TOCTAMH U XO03si€BaMU. MOJIEKYIbI-TOCTH
MOTYT CBOOOJHO BpallaTbCd BHYTPH pEIIETOK, OOpa30BaHHBIX MOJEKyIaMu-
X03€BaMU. OJTO BpallleHUE TOATBEPKACHO C TMOMOIIBIO CHEKTPOCKOMMYECKUX
u3mMepeHuid. TakuMm oOpa3oM, JaHHBIE COCAMHEHUS MOXKHO HAWIY4YIIUM OO0pa3oM

oIucaTh Kak TBepblie pacTtBopsi [18].
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2.2 MeTtoas! npeaynpexaeHus 1 00pb0bl ¢ ruApaTAMu

OOpa3zoBanue TUAPATOB B CTBOJE CKBAXHHBI MOXHO MPERyNpPeIuTh
CJIEIYIOUTUMU CIIOCOOaMHU:

— BBOJI UHTHOUTOPOB;

— TETUIOM30JIS 1M (DOHTAHHBIX UM 00CATHBIX KOJIOHH;

— TIOBBILLIEHUE TEMIIEPATYPhI raza ¢ MOMOIIbIO HarpeBaTese.

Camplii pacipOCTpaHEHHBIA CIIOCOO — MOJa4a aHTUTHUAPATHBIX HHTHOUTOPOB
(MeTaHoOJa, TJIUKOJS, PAaCTBOPOB COJIEM U T. ZI.) B MOTOK ra3a. Beibop uHruburtopa
3aBHCHUT OT MHOTHX (hakTopoB. MHOTAa mojadya WHTrHOMTOpa OCYIIECTBISIETCS Yepes
3aTpyOHOE MPOCTPAHCTBO MpPHU OTOOpE raza Mo HACOCHO-KOMIIPECCOPHBIM TpyOaMm.
MeTaHon B TakOM cCilyd4ae CTEKaeT MO CTEHKaM CKBaXKMH /10 OaliMaka HacOCHO-
KOMIIPECCOPHBIX TPyO, TJ€ 3aXBaThIBAETCS Ta30BBIM TIOTOKOM M BBIHOCHTCSA Ha
NOBEPXHOCTh. J{J1s1 COKpaleHus] NOTepb UHTUOUTOPAa HEOOXOAUMO, YTOOBI CKOPOCTh
raza OblIa JOCTATOYHOW JJisi BBIHOCA BBOJAMMOIO B IMOTOK MeTaHojia. HacocHo-
KOMIIPECCOPHBIE TPYOBI ClIeyeT CIyCKaTh C MaKepOM, KOTOPBI yCTaHABIUBAIOT Ha
HECKOJIBKO JIECSITKOB METPOB HM)KE BO3MOXKHOTO MecTa 0Opa3oBaHUsS T'MIparoB. B
(GoHTaHHBIX TpyOax HaJ MaKEpOM MOHTHPYIOT KjamaH, yepe3 KOTOPbI MHTUOUTOP
HOMaJeT B HACOCHO-KOMIIPECCOPHbIE TPYOBI, 3aXBaThIBAETCS T'a30BbIM IIOTOKOM U
MOJTHUMAETCs BBEPX, MPEAYIpexaasi 00pa3oBaHUE I'MIPaTOB.

MecTo BbIManeHusT TUAPATOB B CKBAKUHAX OMPEACNAIOT IO TOYKaM
nepeceyeH sl pAaBHOBECHBIX KPUBBIX 00pa30BaHUs I'MIPATOB U U3MEHEHUS TEMIIEPATYP
M0 CTBOJIY CKBaYKHH.

Ecnu ruapatel mepekphIiBalOT CEUCHNE CKBAKUHBI HE TTOTHOCTHIO, PA3JIOKCHHS
UX TPOIIEC BCEro JOCTUTHYTh C IMOMOILIBIO MHTUOMTOPOB. 3HAYUTENIBHO TpPYyAHEE
OOpOTBCS C OTJOKEHUSMH THUAPATOB, TEPEKPHIBAIOIINX CEUYEHHE HAaCOCHO-
KOMITPECCOPHBIX TPyO TMOJHOCTHIO W O0Opa3ylIMX CIUIOMHYI Mpooky. [lpu
HE3HAYUTENIbHOU JJIMHE MPOOKH €€ MOXHO JIMKBUAUPOBATH MPOIYBKOM CKBAa)KHHHBI.
[Tpu Gomnpiioi ee qMHE BHIOPOCY THUAPATOB MPEANISCTBYET HEKOTOPBIA MEPHUOM, B
TE€YEHHE KOTOPOro MpoOKa YaCTUYHO pasJiaraercs B pe3ysbTaTe CHIKCHUS JaBJICHMUS.

HpO,Z[OJ'DKI/ITCJ'IBHOCTB nepuoga pasjioKCHUA T'uaApaTOB 3aBUCUT OT COCTaBa r'maparos,
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TEMIEPATYPhI ra3a U OKPY>KAIOIIUX TOPHBIX Mopo. TBepapie yacTHllbI (MIECOK, 1IIaMm,
OKaJIMHA, YaCTHUIIbI TIIMHUCTOTO PACcCTBOPA U T. I1.) 3aMEJIAIOT Pa3iokKeHHE MPOOKH.

[IpumeHeHre MHTHOUTOPOB MPHU JUKBUAAIMU MPOOKU 3aTPYJHEHO TE€M, UYTO
Jake HeOOJIbIII0E KOJIMYECTBO MEXaHNUECKHUX MMPUMECEH, COACPKAIIUXCS B TUPATHOM
NpoOKe M CKAIUTMBAIOLIUXCS HAa €€ MOBEPXHOCTH, 3aTPYAHAET KOHTAKT UHTUOUTOpA C
rUpaTaMu, a CleJOBaTeNIbHO, U pa3yioKeHHe MOCIeAHNX. B 30He BeYHOUM Mep3iIOoThI
THAPATHYI0O TPOOKY HEb3s JHKBUIUPOBATH MOHMWKEHHEM JaBJICHHUS B CKBa)KUHE.
Jleno B TOM, 4TO BOJAQ, BBIACISIONIASCS MPU Pa3jIOKEHUU THAPATOB MPU HUBKOU
KOHIICHTpAIlMU WHTUOUTOpa, 3aMep3acT M BMECTO THUAPATHOW OoOpaszyeTcs JensHas
npoOKa, IMKBUAUPOBATH KOTOPYIO €IIe TPYAHEE.

Ecnu rugpatel 00pa3zoBajiich BHYTPH KOJIOHHBI (JOHTAHHBIX TPYO, a 3aTpyOHOE
MPOCTPAHCTBO OCTAJIOCh CBOOOAHBIM OT HUX (MJIM HA00OPOT), Pa3iOKUTh THUIPAThI
MOKHO IpH O0TOOpe Traza mo 3arpyOHOMY HpocTpaHcTBy. Ilpu »ToM Heobxoaumo
HOJIIEPKUBATh PEXUM, oOecrieunBaroni Harboiee BRICOKYIO TeMIiepaTypy rasa. B
pe3ynbpTaTe mporpeBa GOHTAHHBIX TPYO TEIUTBIM Ta30M THAPATHI PaCIUIaBATCS (XOTS
Obl YaCTMYHO) M UX MOXKHO OyJIeT yAaluTh MPOIYBKON CKBa)KHUHBI MO (YOHTAHHBIM
TpyOam.

Eciu npoOka oOpa3oBasiach 1O BCEMY CEUYEHHIO CKBa)XKUHBI, €€ MOKHO
JUKBUAMPOBATH, MPUMEHUB 3aMKHYTYIO IUPKYJSIUI0O MHTHOMTOpAa Haa MPOOKOM.
WHrubutop BBOAMTCS B MOTOK rasa M3 TaKOro pacdera, 4TtoObl oOecreunBalics
0e3ruapaTHBIN pekUM padOThl KaK CKBXXHMHBI, Tak U nuieida. B psue ciydaes ero B
CKBKUHBI U IIJIei( BBOAAT pa3aenbHO. B HacTosmiee BpeMsi OOBIYHO MPUMEHSETCS
NpPUHYAUTENbHAS T[0/ladya STOTO AareHTra ¢ TOMOIIbI0 JO3HPOBOYHBIX HACOCOB,
YCTaHOBJICHHBIX Ha COOPHBIX MyHKTAX, 110 WHIUBHUIYaTbHBIM HHTHOMTOPOTIPOBOAAM B
3aJJaHHBIC TOYKU CUCTEMBI COOpa 1 TMOJITOTOBKH Ta3a.

OnuH U3 MepCNeKTUBHBIX CIOCOOOB OOPHOBI ¢ 00pa30BaHUEM TUPATOB MPU —
Croco0 MpeIoTBpalleHHUs] UX MPUIMIIAHUS K CTeHKaM TpyO. [ 3Toro B moToOK rasa
BBOJATCA HEPTENPOAYKTHl WM TOBEPXHOCTHO-akTUBHbIE BemiectBa (IIAB); nHa
CTeHKax TpyO oOpasyercs rtuapodoOHass TIJIEHKA, W PBIXJIBIE TUAPATHl JIETKO

TPAHCTIOPTUPYIOTCS MOTOKOM rasza. IIAB, mokpbiBas NOBEPXHOCTh >KUAKOCTEU H
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TBEP/AbIX BEIIECTB TOHYAWIIUMH CJIOSMH, CIHOCOOCTBYIOT PE3KOMY HW3MEHEHUIO
YCIIOBUI B3aMMOJEHCTBUSA TUAPATOB CO CTEHKOW TpyOblL.Ta3 THApPAT CKBaXHHA
HHTUOUTOP

I'unpatel BogHbIX pacTBOopoB [TAB He mpunmunarotr k creHkaM. Jlyumve w3
BogopactBopumbix [IAB (OII-7, OII-10, OII-20 u MHXII-9) uMeroT BBICOKYIO
temmnepatypy 3amep3anus (ot 273 mo 270 K), uX MOXHO HCMOJB30BaTh TOJILKO B
00acTy MOJOXKUTENbHBIX TemmnepaTyp. U3 HeprepactBopumbix I1AB pacteop OIl-4
— XOPOIIIO CMAaYMBaIOIIIEee BEIIECTBO U XOpolIuil amynbrarop. [Ipu nobasnenuu k 1 1
HE(TENPOAYKTOB (JUTPOMHY, KEPOCHUHY, [AW3EIBHOMY TOIUIMBY, CTaOWUIBHOMY
KOHJIeHcaTy) cooTBeTcTBEHHO 10; 12; 7 1 6 r OI1-4 o0ecnieunBaeTcs npeaoTBpaIicHUuE
MPWINITAHUS TUIIPATOB K cTeHKaMm TpyO. Cmech, cocrosimias u3z 15-20 % (o oonemy)
coiisipoBoro macia u  85-80 % craOWJIBHOrO KOHJEHCaTa, OOecreynuBaeT
IpeIOTBpAlCHUE OTJIOKEHUS THAPATOB HAa TOBEPXHOCTH TpyO. Pacxon Takoit cmecu
cocrapusgeT 5—6 1 Ha 1000 M raza [19].

2.3 Uuruduropsl A5 00pb0bI ¢ ruApaTaMHu

Ha npaktuke nns 00pbObl ¢ 00pa3oBaHMEM THUAPATOB IIMPOKO HMPUMEHSIOT
METaHOJI, AUATHICHIJIMKOJIb W BOJHBIE PAaCTBOPBI XJIOPUCTOro Kaublus. MHoraa
WCITOJIB3YIOTCSL KUJKHE yrieBonopoasl, ITAB, mmacroBas Bojia, cMeCh pa3IMYHBIX
UHTUOUTOPOB, HAIIPUMEpP, METAHOJIa C PACTBOPAMH XJIOPUCTOIO Kanblus U T. A. Bee
BBIIIETIEPEYNCIICHHBIE  PEAareHThl  CIOCOOCTBYIOT  CHIDKEHHMIO  TEMIEpaTyphbl
3aMep3aHusl BOJAHOTO pacTBOpa U NMpEeA0TBpallleHN0 00pa3oBaHus ruparoB. Cienyer
OTMETUTH uTO, [IAB, KOHAEHCATBI U pa3InyHble HEPTEIPOIYKTHI HE PACTBOPSIOTCS B
BOJIE M HE CHIKAIOT €€ TEMIIEPATypPy 3aMep3aHus, a JIUIIb CIIOCOOCTBYET 00PA30BaHUIO
ruApodOOHBIX TUICHOK HAa TOBEPXHOCTH THUAPATHBIX YACTHIl, MPEJOTBPAIAIOT
NPUWINIIAHKWE TIOCIIEHUX U PACHIMpPEeHHE UX 00beMa WIIM K€ 3aKyNIOpPUBAHUE CEUEHUS
TpyO. DT HEDTENMPOTYKThI, CMEIINBASCH C 00PA30BABIIMMHUCS YaCTUIIAMH THIPATOB,
CHOCOOCTBYIOT MX BBIHOCY U3 CHUCTEMBI, T.€. HEIOCTATOUYHO MOJIHO BBIMOJHSIOT POJIb
WHTUOUTOPOB.

B nacrosimee Bpems HamOosee 3(PQGEeKTUBHBIM U JIOCTYIHBIM, OCOOCHHO B

ycinoBusix Kpaiinero CeBepa, sIBIsI€TCSI METaHOJI, 00JIadal0Ui BHICOKOW CTEMEHBIO
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MOHIKEHHS TEMIIepaTyphl THIPATOOOpa30BaHUs, CIIOCOOHOCTHIO OBICTPO pa3iararb
y’ke 00pa30BaBIIKEcs TUAPATHBIC MPOOKH, MaJIOi BA3KOCTHIO M HU3KOM TeMIepaTypoit
3aMep3aHusl.

Meranon (CH3OH) — mnepBblif TpeACTaBUTENb HU3IMIUX OJHOATOMHBIX
criupToB. [IpeacTaBisier coboit GECHBETHYIO KUIKOCTh, HHOTA C PE3KHUM 3alaxoM
(BausieT cmoco® TMPOM3BOJCTBA M OYHMCTKA), CMEIIMBAeTCs C BOJOM BO BceX
OTHOIIICHUSIX 0€3 TOMYTHEHUS PACTBOPA U U3MEHEHHUS OKPACKH.

ToBapHBII MeETaHOJ, NPUMEHSEMBIM Ha Ta30BbIX M Ta30KOHIAECHCATHBIX
MECTOPOXKJICHUAX, JOoJKeH oTBedarh TpeboBanusm ['OCT 2222-78E. Hekotopwie
(bU3UKO-XMMHUYECKHE CBOMCTBA METaHOJIA TIPEICTaBIICHbI B TabIUIIE 3.

Tabnuna 3 — OU3NKO-XUMHUECKHE CBOMCTBA MeTaHoJ1aM [20]

ITapamertpsl Beaunyuna
MonekynsipHas macca 32,04
[TnotHOCTE, T/cM® IpH 20 °C 0,792
Temneparypa KuneHus 64,7
[Ipenen B3pbiBaemocTH, % 00.
HIDKHAN 6,7
BEPXHUI 34,7
Temneparypa, °C
3aMep3aHus -97,1
IUIABJIEHUS -93,9
KUIIEHUS 64,65
BCTIBIIIKH 8
BOCILJIAMEHEHUS 13
CaMOBOCIIAMEHEHU S 464
BsizkocTs, clI3, mpu 20 °C 0,793
Y1pyrocts napoB, MM.pT. CT. 89
Tennora cropanus, k/x/kr 22331
ITIJK B Bo3IyX€E, MI/M° 5

Hauunas ¢ 1995 r., npu 0cBO€HUU MOPCKUX He(TEra30BbIX MECTOPOKICHUMN
AzepbaiipkaHa s NPeIOoTBpAIeHUs THAPATOOOpa30BaHUsI B CUCTEME JTO0OBIUM U
TpaHCIIOpPTa ra3a BMECTO METAHOJA YCIEIIHO MPUMEHSETCS WHTHOWTOP Ha OCHOBE
W30MPOINUIIOBOTO CIUPTA, SIBJSIOIMIMICS DKOJOTMYECKHM YHUCTBIM U JICIICBBIM
uHruouropom [20].

I'mukoam (3TUNEHIINKONb, IUATUIICHIIIMKOIb, TPUATUICHIJIUKOJb) YacTo

HCIIOJB3YIOT AJI OCYIIKH Ira3da U B KaUCCTBC I/IHFI/I6I/ITOpa rmaparoB Ha yCTaHOBKaX
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HTC. Haubonee pacnpocTpaHeH Kak WHTHOUTOP JUATUIICHTIUKOIb, XOTS
PUMEHEHHUE STUIICHTIINKOJISA 60Jee 3(hEeKTUBHO: €ro BOAHBIE PACTBOPHI UMEIOT OoJiee
HU3KYIO TEeMIIepaTypy 3aMep3aHus, MEHBIIYI0 BSI3KOCTb, a TakKXke Malylo
pPacTBOPUMOCThH B YTIICBOJOPOJHBIX Ta3ax, YTO 3HAYMTENILHO CHWKAET €ro TMOTEepH.
Hekotopbie (GU3NKO-XUMHUYECKUE CBOMCTBA TUATUJICHIVIMKONSA M JTUJICHIIIMKOJIS
NpeCTaBIeHbI B TAOIUIIE 4.

Ta6JII/II_Ia 4 — OU3NKO-XMMHYECKHE CBOMCTBA JAUITHUIICHTJIMKOJIA U DTHJICHITIUKOJISA

IapameTpsbl JAMATHIEHTVTUKOIb | DTHIEHTJIUKOJIb
MonekynsipHasi Mmacca 106,12 150,7
ITnotHOCTS, T/cM® ipH 20C 1116-1117 1125
Temneparypa , C

BCHBIIIKH 143,3 165,6
CaMOBOCILIAMEHEHUS 345 371
OO0nacTtp BocIuiaMeHeHus, % 0,62 - 6,8 0,9-9,2
Temneparypa kunenus, °C:
HavaJjio He Hmxke 244 - 241 287,4
KOHeEI[ He BhImre 249 - 250
Temneparypa 3amepzanust, C -8 1,2
Temneparypa Hauana pasznoxenus, C 164,5 206
Bsizkocts, CI13, pu 20C 35,7 47.8

['mukonu ¢ BOJOW CMEIIMBAIOTCS B JIIOOBIX COOTHOIICHUSX. TeMiepaTypa
3aMep3aHusl U OTHOCUTEIbHBIE MJIOTHOCTU BOJAHBIX PACTBOPOB TJIMKOJIEH 3aBUCST OT
KoHIeHTpauuu. Haumbonee Hu3kMe TeMmepaTtypbl 3amMep3aHus ASTHX PacTBOPOB
HaXOJATCA IPU MACCOBOM J10JIe HHTUOUTOPOB, paBHOM 60-70 % (onTHUMaNIbHBIX — IPU
UCIIOJIb30BAaHUU TJIMKOJIEH B KauecTBE MHITMOMTOPOB THUApPATOB). [ nukonu He
CUMTAIOTCS JIETYUYMMH, TaK KaK YIPYrocTh UX MapoB IpU TemrepaType oOpa3oBaHus
HeOospmas. [1o3ToMy 3TOT MHTrMOUTOpP MpH BBOJAE B TPYOONPOBOJ MPAKTUUYECKU
MOJIHOCTBIO OCTAaeTCcs B KUAKOM (pase, YTO 3HAYUTENIBHO YIPOULIAET CXEMY €ro
yJIaBJIIMBaHUS AJI1 IOBTOPHOIO UCIIOIb30BAHU.

PactBop xsopuctoro kanbius — 3 (OEKTUBHBIN MIUPOKO PacHpoCTpaHEHHBIN
UHTHOUTOp TuUapaTooOpazoBanus. be3Boanbii  xmopucthiii  kambiuii  (CaCly,

MoJieKyssipHass Macca 111) mpeacraBiser coOoil Oelble KpUCTaUIbl KyOHWUYeCKOM

(GhOpMBI, CHIIBHO TUTPOCKOTTUYHBIE, PACTUIBIBAIOIIIUECS HA BO3yXE.
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OTtedecTBEHHAsT MPOMBINIJICHHOCTh BBIMYCKACT OCE3BOJHBIN, IUIABICHBIN M
xuakui xjaopucteld Kanmeimii mo I'OCT 450-77. Ha mpombiciax, Kak MpaBUiIoO,
XJIOPUCTBIN KaJbLIUK MPUMEHSIOT B KQUeCTBE MHTHOUTOpA THAPATOOOPA30BAHUS TPU
BecoBoOii KoHIeHTpaluu 30-35%.

Jlns mpenoTBpaiieHuss napa@UHOTHIPATHBIX OTJIOXKEHUH B J1ab0OpaTopuu
MOBEPXHOCTHO-AKTUBHBIX BEIIECTB ObLT pa3paboTaH KOMIUICKCHBIN HHTHOUTOP B BUIE
CUHEPreTUYECKOM KOMMO3HUIIMK, COCTOAIIECH M3 crenuaibHo nojobpanHoro [1AB,
COBMECTHMOTO C aHTUTrujpaTHbIM uHruoutopom [7]. Hamuuume IIAB B coctaBe
KOMIUIEKCHOTO HMHTHMOMTOpAa OKa3bIBAECT TOJIOKUTEILHOE BIUSHUE Ha YCIOBUSA
MEKMOJIEKYJIIPHOTO B3aUMOJECHCTBUS TUpaTOOOpa3oBaTeieii, U3MEHSET MPUPOIY
MMOBEPXHOCTEH Ha CTEHKE 000pYI0BaHUSI M B 00pa3yroleics TBepaon (ase, mpuaaBas

OTJIOKEHHSIM aMOpP(HBIN, PBIXJIbII, XJIONBEBUAHBIA XapakTep. [7]
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2.4MeToabl pereHepanyu BOJIHbIX pACTBOPOB MeTaHOJIa

2.4.1 Perenepauusi METaHOJIa METOAOM PeKTH(PUKANMHU

OCHOBHOE HampaBJCHUE COBEPILIEHCTBOBAHMS TEXHOJOTMU OOpabOTKH rasa,
MO3BOJIAIOIIEE 3HAYUTEIBHO COKPATUTh OO0IIHMEe O0BEMBbI MOTPEOJCHUS peareHra H
TPAHCIIOPTHBIE PACXO/bl, MOBBICUTh IKOHOMUYECKYIO 3()PPEKTUBHOCTH IMPOLIECCOB
00pabOTKH ra3a, yIy4IlIUTh 3KOJIOTHYECKYIO0 CTOPOHY paObOThl ra30BbIX IPOMBICIIOB —
BHEJIPEHUE YCTAHOBOK PEr€HEpAlMy HACBHIIICHHBIX METAHOJIBHBIX PACTBOPOB, B TOM
YHCJIe HA Fa30KOHIEHCATHBIX MECTOPOXKICHUSX.

TpaIulIMOHHO BOJOMETAHOJBHBI PAcTBOP MOKHO YTHUJIM3UPOBaTh Ha
HU3KOHANOpHBIX (pakenax BMP, nr0o moBhIlIaTh KOHLIEHTPALMIO PAacTBOpa MyTEM
pexktudukanuy, aAacopOLUMM WIM XUMHUYECKOW OUHMCTKH JHMOO TOBTOPHOE
ucnonp3oBanue BMP Beicokol koHneHTpanuu ¢ nociaenaux cryneHed HTC u ero
OT/ayBKa Ha npensinymx crynersx HTC [21].

OCHOBHOE  ypaBHEHHME  MAacCOIllEpe[auyd, OIMCHIBAIOIIEE IPOTEKAHUE
MacCOOOMEHHBIX MPOIECCOB:

M = K A F

rae Ka — koapurment macconepenaun, XxapakTepU3yOIINi MacCcy BEIeCTBa,
nepeianHyro u3 ¢gassl B (azy yepe3 eauHuily noepxHoctu dF B eguHUIly BpeMeHH
IIPY JBUXKYILEH CUJIC, PABHOM €IMHULIE.

Ap =C—Cp

rae ¢ — paboyas ((akTUdeckas) KOHIICHTpAIMs KOMIIOHEHTa B sIIpe MOTOKa
COOTBETCTBYIOIIEH (ha3bl, Cp — KOHIIEHTpalMsl KOMIIOHEHT Il JaHHON (a3bl,
paBHOBECHas ¢ (DaKTUUIECKOM KOHIICHTpAIUsI B IPyrou ¢ase.

Jyist TapenpyaToro MaccooOMEHHOTO amnmapaTta KodhOUIIMEHT Maccorepeaadn
MOKET OBITh OTHECEH K KOHTAKTHOMU IJIOIIAN TapEIIKH.

M = K AF = (Kufy)ApSNa = Kp A, SNy
re f}, — MOBEPXHOCTh KOHTAKTa (a3, Ha CAMHHILY IIOMIAIH TAPSIKH MM,
Kr— xoadduument macconepenaun, OTHECEHHBIA K €IWHUIL IUIOMIAIH

Tapesky; S — KOHTAKTHAs IIOIA/b Tapelku, M2, N 4 — 4UCIIO TapeoK B KOJIOHHE
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[22].

Perenepariusi MeTaHoia METOJAOM DPEKTH(PHUKAIMU B ammapaTax KOJOHHOTO
TUMa ocyulecTBiIsiercss Ha MeccosxckoM, Bykreuickom u  OpeHOyprckom
MECTOPOXKIACHHHM, a TakKe BHEApAETCSs Ha JAPYyrux OO0BEeKTaXx ra3oBOM
npombliniuieHHocTH [21]. Tak, Hanpumep, mocie nepexoja yCTAaHOBKU KOMILIEKCHOU
noarotoBkn ra3za 1B (YKIII-1B) SmOyprckoro HedTerazokoHAEHCATHOTO
MECTOPOXKACHHUSI Ha OJHOPEareHTHYIO CXEMy H3BJCUEHHUs KOHJEHcaTa W3 rasa
MIPOEKTHOE O0OpYy/JOBaHHE YCTAHOBKM pEreHEepallud JIUATUICHTIUKOIS — OBLIO
UCTIONb30BAHO JJII pereHepanuu MeraHoja. KoHIIEHTpausi pereHeprupOBaHHOTO
MeTaHoJia 3a cu€t pektudukanuu coctabmwia 80-85%. A KOHLEHTpalMsl METaHOJa B
KyOOoBOM ocTatke (Bozie) okoito 1% [23]. PexTudukarius — BiI eperoHKH, OCHOBAaHHBIH
Ha TPOTHMBOTOYHOM B3aWMOJCWUCTBUM Tapa W KUAKOCTH B KOJIOHHE, IO3BOJISIET
JOCTUYb HauOOoJIee IOJTHOTO Pa3/ieieHUs] KOMIIOHEHTOB, €€ IIPUMEHSIOT U 1JIs1 OYMCTKU
METaHOJIa-ChIpIla Ha YCTAHOBKAaX CHHTE3a METAHOJIa U B MPOMBICIOBBIX YCIOBHUSX.
YKa3aHHBIN MPOIIECC BCECTOPOHHE HCCIEOBAH TEOPETUYECKH, U €r0 pealn3alus
NPUHIMINATIBHO HE TMPEICTaBIsieT oOcoObIX TpynHocTer [22]. B mpomeccax
pekTUUKALUM TPUMEHSIOTCS JBa TWUIA KOJIOHH: TapeibyaThle M HacaJo4yHbIC.
TapenbuaThiIMM HA3bIBAIOT KOJIOHHBIE ammapaTbhl, y KOTOPHIX BHYTPEHHUMH
YCTpOMCTBaMH B paboueill 30HE SBISIIOTCS Tapeiaku. Tapenku — 3To OapOoTakHOE
YCTPOMCTBO, B KOTOPOM Tpu pabOTe MPOUCXOTUT MACCOOOMEHHBINA MpPOIecC, T.€.
nepexo]l KOMIIOHEHTa U3 OJHOM (ha3bl B JIPYryl0 B Pe3yJibTaTe HENOCPEACTBEHHOIO
KOHTaKTa Mexay pabounmu cpegamu. B xumuyeckoit u HedrenepepadaTbiBaromien
MPOMBIIIICHHOCTH TPHUMEHSIOT TapeibuaThble KOJOHHBI Pa3IMYHBIX pPa3MEpoOB: OT
HEOO0JIBIIOTO auameTpa 300-400 MM 10 KPYIHOTOHHAXHBIX
BBICOKOITPOM3BOIUTENLHBIX YCTAHOBOK C KOJIOHHaMU auameTpoMm 5—12 M. BricoTa
KOJIOHHBI 3aBUCHUT OT YHCJIAa TAPEJIOK U PAcCTOSHUSA MEX Ty HUMU. OOBIYHO PACCTOSHUS
Mexay Tapeiakamu npuHuMaroT 250-300 mM. [To cooOpaxkeHusIM KOHCTPYKTUBHOTO
MopsiIKa M BO3MOXXHOCTH PEMOHTa M OYMCTKHA TapelioK B KOJOHHAX OOJIBIIOTO
JaMeTpa pacCTOsTHUE MeXAy HUMHU yBeanuuBaroT 10 500—-600 mwm [24].

K AOCTOMHCTBAM TapCJIb4YaTbIX KOJOHH OTHOCAT:
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*  MHMPOKUH pabouuil Tuana3zoH HArpy30K MO XKUAKOW U mapoBoii (azam;

*  3HayUTeNIbHAas MOBEPXHOCTh KOHTAKTa (has;

* 3¢ ¢eKTUBHAS TUAPOIMHAMUYECKAsi OOCTAaHOBKA HA CTYNEHSIX KOHTAKTa;
*  CPaBHHUTEJIBHO HEBBICOKHMH IIE€pENaj AaBJICHUs HA OJHOU TapeJIKe;

*  HU3Kas yJelibHas CTOMMOCTb €UHUIIBI O0OBbEMa arnapara.

[IpuHnunuazbHas cxeMa Tapeab4aTol KOJIOHHBI MPECTaBIeHa HA pUCYHKE 12,

Quomunnam
{—

KySospid
ocrmamax

(el
mag

-—
Kowndewcam

4

1 — MaccooOMeHHBIE TapeNKu, 2 — Tapenka MUTaHus, 3 — J0KH, 4 — pedoiinep,
5 — KoHAeHcaTop, 6 — pedrokcHas EMKOCTD [24]
Pucynox 12 — [MpuHnunuanbHas cxema TapesibuaToi peKTU(PUKAIMOHHON KOJIOHHBI

Hacanounble KOJOHHBI HIMPOKO MPUMEHSIOT MJis MpoileccoB abcopOumu,
OYNCTKH, OXJIAKICHUS U YBIIQXXHEHUS Ta30B, MHOT/IAa pekThdukanuu. KoHTakT rasza u
KUJIKOCTH B HACaJOYHOM KOJIOHHE, BO BpEMsS KOTOPOTO IIPOMCXOIUT OOMEH
BEILIECTBOM M TEIUIOM MeEXIy (azamu, MpOUCXOAUT, B OCHOBHOM, HA CMOYECHHOU
MOBEPXHOCTU Hacagku. [IoBepXHOCTh KOHTakTa (a3 B HACaJIOYHON KOJIOHHE, 4Yepe3
KOTOPYIO OCYIIECTBIISIETCSl Maccollepeaada, Ha3bIBAIOT «aKTHUBHON IMOBEPXHOCTHIO
Hacanku». OHa MOXeT ObITh, KaK MEHbIEe, TaKk W OOJbIlIe TEOMETPUUECKOMN
MTOBEPXHOCTH HACAJKH, U BEJIMYMHA €€ 3aBHCHT OT PAacXOO0B ra3a M KHAKOCTH. [Ipu
MaJjIOM pacxoJie XKHUIKOCTH €€ MOXKET HE XBAaTUTh JUIsl CMAaYMBaHUS BCEH MMOBEPXHOCTH
HACAJIKH, TTIOATOMY PACXO/I )KUJIKOCTH («BETUYMHA OPOIICHUS ) T0HKEH 00eCIIeunBaTh

MOJIHYI0O CMauyMBaeMOCTh BCEH TOBEPXHOCTH Hacaaku. DPGEeKTUBHOCTh HACATIOYHON
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KOJIOHHBI 3aBHCHUT OT Pa3IMUHBIX (PaKTOPOB: OT PACXOJHBIX MapaMeTPOB, GU3NUECKUX
CBOMCTB Mapa W >KUAKOCTH M OT Tuma Hacaaku. Kpome Toro, Ha 3¢(eKTMBHOCTH
KOJIOHHBI CUJIBHOE BIIMSIHUE OKa3bIBAET HEPABHOMEPHOCTD PACIIPEACIICHNS TIOTOKOB 110
CEUEHHUIO KOJIOHHBI, KOTOpas MPUBOAUT K H30MpaTeNbHOMY JIBMKCHHIO Tapa u
xuarocty [24]. K mocTonHCTBaM Hacal0YHBIX KOJIOHH OTHOCST:
*  HEBBICOKMII Iepenaj JaBJICHMs 110 BEICOTE aIllapara;
*  IMPOKUU IMAINa30H YCTOMYUBOM pabOTHI;
*  Bbicokuii KII/I.

[IpuHuunuanpHas cxema HacaJ0YHOU PEKTU(PUKALUOHHON KOJIOHHBI

Mpe/ICTaB/ICHa Ha pucyHke 13.

> Prnecma

I
>
n | ¥ B

s
S

7
0
H

KyooBsnt
ocmamok

Tennornocumens

1,2 — cermeHTHI HacaaKku, 3 — nepepacnpeeuTeNbHas Tapeika, 4 — Tapenka
MUTaHUs, 5 — IPEHaX C anmapara, 6 — HarpeBaresb, / — TapeJIKa OPOIICHUS
Pucynox 13 — [IpunnunuanpHas cxema HacaJ04YHON peKTU(HUKAIIMOHHON KOJIOHHBI

OO6muit Bec TapeapyaToi KOJIOHHBI OOBIYHO MEHBIIIE, Ye€M BEC HACaI0YHOM MpHU
OJIMHAKOBOM MPOM3BOJUTEIBHOCTH: U3-3a OTPAHUYEHHOW NPOYHOCTH HACAIKWA UHOT 1A
HEBO3MOXKHO OOOWTHUCH TOJHKO OJHOW KOJOCHUKOBOHW PEIIETKOM, BBIICPKUBAIOIICH
BEC BCEM HACaJKU B BHICOKOM KOJIOHHE. Tapesbuarbie KOJIOHHBI 00JIe€ TPUTOIHBI IS
MPOIIECCOB, COMPOBOXKIAIOMIUXCS  KOJCOAHUSMU  TEeMIIEpaTypbl OTHOCHUTEIHHO

OKpYXalollel cpenbl, TaK Kak IEePUOJUYECKOE pACIIUPEHUE M CKaThe Kopiyca
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KOJIOHHBI ITPHU TAKUX YCJIOBHAX MOKCT PAa3pyYHINTh HACAJKY.
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3 Xapaxkrepucruka BocTo4HO-Y peHroickoro MecTopoxieHus

B Hacrosimiee BpeMs OCYLIECTBISIETCS pa3padOTKa 3alie’Keld IUIacTOB
YPpEeHroickoro MECTOpOKIAEHUS Ha JABYX JULEH3MOHHbIX yyacTkax 3A0 "POCIIAH
MHTEPHEIIHJII" — HoBo-YpeHnroiickoMm (ra3okoHAeHCaTHbIE 3aJI€KH F0XKHOU 4acTh
mactoB Auz 1 Ads) 1 BocTOUHO-YPEHroiickoM (ra30KOHACHCATHAS 3aJIEXKb IJIacTa
Adus 2'3).

BocTouHO-Y peHroickuii TUIEH3NOHHBI Y4aCTOK HAXOAUTCS B pa3paboTKe ¢
mast 1997 r. Ilo coctosauto Ha 01.01.2014 B skcrutyaTaliioHHOM (POHJE YUCTATCS 25
CKBaXUH:

- B eiicTBytomem douae — 23 ef.,

- B Oe3aecTBUM — 2 €]1.,

- B OKHMJIAaHUU TOJAKITI0ueHUs K mueidy — 0 en.

HeskcmtyaTanmonasiid poH CKBaXKUH cOCTaBIseT 31 CKBaXKUHY:

- B KOHCEpBaLuu — 5 ef.,

- B HaOmogaTeapHOM (oHe — 6 €.,

- CKBQXKUHBI C HE3aKOHYEHHBIM CTPOUTEILCTBOM — 6 €]1.,

- IMKBUJIUPOBAaHHBIX — 14 ex.

["a3 ot mectu cymecTByOmMX KycToB (15 ckBaxuH) U OT cKkBaxuHbl Ne 720
noctynaet no Tpyoonporoay DN 400 ot cymectByromeit YKIII™ u monkmrogaercs
KoJutekTopy nociue LBIII.

Kpowme toro, B koutekrop ot LIBII mmanupyercst moakIt0oueHre ra3onpoBoaa
DN 300 ¢ ra3oKOHIEHCATHOM CMEChIO OT CKBaXuH Iuacta BY16* m momyrnoro
HedTsHorO Ta3za ot YIIH Bamamwxunckon 3anexu. C 2028 roma razokoHieHCaTHas
cmech oT YIIH BananxuHckoi 3anexu Oyaer noctynars no razonposoay DN 700, a
Tpy6omnpoBog DN 300 HameueHO MCMOIB30BaTh JJI TPAHCIIOPTA YTIEBOIOPOJTHOTO

KoHjIeHcaTa [26].
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3.4 Xapakrepuctuka nporpaMmmHoro kommjexca UniSim Design

UniSim Design — 310 ymoOHasi WHTEpakTHBHAsl MPOTpaMMHAs cpefa JuJls
CO3/1aHUsl MOJEJIed TEXHOJOIMYECKUX IPOLECCOB, IIO3BOJISIONIAS HHKEHEpaM
CO3/aBaTh  CTaTHMYECKUE W  JUHAMUYECKHE MOJENH, MpPUMEHsIeMble s
IPOEKTUPOBAHUSA TEXHOJIOTMUYECKUX YCTAHOBOK, KOHTPOJSI MPOU3BOACTBEHHBIX
noka3aresel, MOMCKa U yCTPaHEHHs HENoJaJO0K, ONTUMU3ALNN MPOU3BOACTBEHHBIX
orepalyii, MIaHUPOBAHUS ACSITEIPHOCTU MPEANPHUSATUS U YNPABICHHUS aKTUBAMHU.
[lenblil psii CyIIECTBEHHBIX KOMIIOHEHT, KOTOpblE€ BXOAAT B mIporpammy UniSim
Design, nemal0T €€ MOIIHBIM HHCTPYMEHTOM MOJICIHPOBAHUS CTaIlHOHAPHBIX
PEKUMOB PAOOTHI TEXHOJIOTUIECKUX CXEM.

[IporpamMma  comepKUT MATh  PA3NIUYHBIX  METOJOB  ONTHUMH3ALUH,
npeaHa3HAaYeHHBIX UIs 3a7ad 0e3 OrpaHWyYeHHil W ¢ orpaHuueHusMu. Mmeercs
CHELMAJIbHBIA MEXaHW3M BO3BpaTa B MCXOAHYIO TOUKY Ha CIIy4ail, €CIH alroOpuTM
ONTUMU3ALIMN «3arOHAET» CXeMy B Hepeanuzyemyr ob6mnacte. UniSim Design
COJIEP>KUT HAOOP BCIIOMOTATENbHBIX MPOrpaMM (YTUITUT), KOTOPBIE MOKHO CTaBUTH B
COOTBETCTBHE MOTOKaM WJIM ONEpalusM. OTH HPOrpaMMbl B3aUMOAEHCTBYIOT CO
CXEMHBIMH TIEPEMEHHBIMH W OOECHEUMBAIOT TOJH30BATENS JAOMOJIHUTEIHLHOU
uHdopmaIuei.

Baxneitmum  cBoiictBoM mporpammbl  UniSim  Design  sBisieTcs  ee
MHOTOCXeMHasi apxuTekTypa. C ee MOMOIIbI0 pealM30BaHbl TaKHEe BO3MOXKHOCTU
CUCTEMbI, KaK INpPUMEHEHHE B OJIHOM pacueTe pa3HbIX MaKETOB CBOWCTB, WIIHU
UCTIONb30BaHUE 3apaHee TOJTOTOBICHHBIX IMIA0JIOHOB mojacxeM. OgHAKO, CaMbIM
BaXXHBIM CJICICTBUEM MHOTOCXEMHOW AapXUTEKTYphl SBISETCS BO3MOXKHOCTH
7¢h(HEKTUBHO OPraHU30BaTh «MOMYJIBHBIN» pacyeT O4eHb OoNbIIUX cxeMm. Pa3zouBas
OONBIIYI0 CXeMy Ha Majible KOMIIOHEHThI — TOJICXEMBI, pPacYeTUYuK HMEeT
BO3MOXKHOCTh JIETIbHO M3YUYHMTh KaXKJIbIii KOMIIOHEHT, U B TO K€ BPEMSI COXPAHUTH
LIETIOCTHOCTD BCEU CXEMBI.

XOopouio OpraHu30BaHHbIA MHTEPQENC ABISETCS BaKHEHUIIEH NMpeanoChIIKON
YCIIEIIHOTO MOJIETTUPOBaHUS (pa3yMeeTcs, IPU YCIOBUHU aJIEKBATHOCTH MPUMEHSIEMbIX

BBIYHCJIIMTCIIBHBIX MCTOJIOB).
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B nmannoit pabore UniSim Design wucmnonb3oBaH s CpaBHEHHS
CYLIECTBYIOLIEH CXEMbl IOATOTOBKM Ta3a M MOJECPHU3HPOBAHHOM, CpaBHEHUS
TEPMOOApUUYECKUX TAPaMETPOB, COCTaBa TOBAPHOT'O ra3a, TEXHOJIOTHUYECKOI0 pexuMa.

[Ipouieccsl MOATOTOBKM Ta30KOHJAEHCATHOTO cbippsi 1o Metony HTC
COIPOBOXAAIOTCS (Pa30BBIMU IEpPEXOJaMU IpPH Cemapanuy, KOMIPUMHUPOBAHHH,
JETaHIMPOBAHUU U T.[.

Haubonee gacto A MOaeIMpOBaHUs MPOIIECCOB 00PaOOTKH IPUPOTHOTO Ta3a
U HETHU UCIIOJNIb3YIOTCA ypaBHEHUE cocTosiHUSA [lenra-Pobuncona.

OCHOBHBIM Ha3HAYEHUEM TEXHOJIOTMM HHU3KOTEMIIEpAaTypHOH cenapaiuu
ABJIIETCSl OCYILIKa MPUPOJHOTO ra3a U OTIEJIEHUE M3 HEro BCEX BBICOKOKHUITAIIUX
KOMIIOHEHTOB I€peJl MOJayeil B MarucTpanbHblid razonposof. [Iporecc cemapanuu
OCHOBAaH Ha SBJICHMHM KOHIEHCAIMU XUIKOCTH B TOKE CBHIPbsl M3 Ta30BOil (a3bl B
cenmaparopax C IOCIEAYIOUIMM pa3JIeiI€HUEM JKUIKHUX M Ta30BbIX IIOTOKOB, H
HaIpaBJIEHUEM Ha JabHENIY10 nepepadoTky. IIponecc ocaxaenus ocyiecTBisercs
B CEapaTopax B HECKOJIBKO CTYIEHEH.

Hisa  3¢deKTUBHOrO MNpOBEAEHUS Mpollecca cemapauud HeoOX0auMo
U3MEHEHUE TepMOOapUUECKUX YCIOBUM B MOCIEAOBATEIbHO YCTAHOBJIEHHBIX
anmnaparax — [IOHWKEHUE TEMIIEPATYPBI U JaBICHUS.

CKOHJIEHCHpPOBaHHAs JKUJIKOCTh HAIPABIISIETCS B PA3JEINUTENN KUAKOCTU. B
anmnaparax MpOUCXOJUT pa3JeieHUe KUJIKOCTU — BOJAHOW U YriIeBOAOPOIHON (a3, ¢
NOCJIEAYIONIUM Ppa3JeICHHEM Ha NOTOKH. TakKe HMPOUCXOAUT JONOJHUTEIBHOE
OCaXXJICHUE KUIKOCTU U3 Ta30BoM (aszwl [11].

Jlist mpouecca cemnapauudd HEOOXOAUMO OINPEAEUTh 3HAYEHUS! KOHCTaHT
¢dazoBoro paBHOBecus. s 3TOro McHoib3yercs ypaBHeHHE cocTosHus [lenra-

PoOunCcOHAa:

_ RT aa
" V—=b V2—2bV — b2

P

rue:
P — naBienne cmecu, Mlla;

R — ynuBepcanbHas razoBas noctosasasi, Jx/(mons/K);
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T — remneparypa, K;
V — MOJISIPHBII 00BEM, M/KMOJIB;

a, b, o — mapameTpsl, pacCUNTBHIBAIOTCS TI0 GOPMYIIaM HUXKE

R?T.?

a = 0,45724

c

RT,
b =0,07780—

c

a = [1+ (036464 + 1,54226w — 0,26992w?)(1 — ﬁ)]z

rae:

T, — otHocuTenbHas Temreparypa (T/Tc);

Pc — otHocutensHoe aasieHue (P/P;);

T. — Kputnueckas temneparypa, K;

® — allEeHTPUYECKUI PakTop.

3Hasi KOMIIOHEHTHBIA COCTaB CMECU W WHIWBUIYAJIbHBIE CBOMCTBA KaXJOTO
KOMITIOHEHTa, MOKHO IO YpPaBHEHUIO OMNpeNeiauTh (a30Boe MOBEIACHUE CHCTEMbI

IIPUPOJIHBIX YIIEBOAOPOIOB [27].
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4 MopaepHu3anusi CylIecTBYIOIIeld TEeXHOJIOTMH IOArOTOBKH ra3a Ha
BocTo4HO-Y pPEHroCKOM MeCTOPOKACHUH

4.3 MopaeaupoBaHue JeficCTBYIONIE cXeMbl OJATOTOBKH ra3a

[Ipoananu3upoBaB JaHHbBIE MPUBEIECHHbIE B 0030pe, M NPUMEHUB HX K
YCJIOBUSIM TMOATOTOBKM Ta3za Ha BOCTOYHO-YPEHroicKOM MECTOPOXKICHUH, MOYKHO
c/IeNIaTh BBIBOJI, YTO METAHOJI, KaK MHTUOUTOP FMAPaTo00pa30BaHus, B JaHHOM Cliyyae
SBJIIETCS] ONITUMAIIHBIM BBIOOPOM.

CoBpeMEeHHBIM CIOCOOOM pereHepalui BOJHBIX PACTBOPOB METaHOJA Ha
YKIII' ra30KOHIEHCATHBIX MECTOPOKIACHUN SIBISAETCS TEXHOJIOTHS PEUUPKYISALNU
yepe3 KOJOHHY OTAYBKH. [lo3TOMy B 1ENnsX YyCOBEpLUIEHCTBOBAHUS YCTaHOBKHU
NOATOTOBKM  Tas3a, MpeIaraeTcsi  BMECTO  pEereHepallud  METaHoJa B
PEKTU(PHUKAIMOHHON KOJIOHHE, OPTraHW30BAaTh CHUCTEMY pEreHepalud € MOMOIIbIO
JTAHHOM TEXHOJIOTMH C BBEJACHUEM B TEXHOJIOTUYECKYIO CXEMY KOJIOHHBI OTAYBKH.

st obocHoBaHust 3G (EeKTUBHOCTH pPabOTHI MpejiaraéMoid  yCTaHOBKH
MOJATOTOBKH, HEOOXOJUMO, MPEXJE BCErO0 CMOJAEIHUPOBATH JIEUCTBYIOIIYIO CXEMY
YCTaHOBKH HU3KOTEMIIEPaTypPHOM cenapaluu, B KOTOPYIO OyJeT BHEIPSITHCS KOJOHHA

OTZIYBKHU.
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4.3.3 Pe3yabTaThl MO/1€JIMPOBAHUS

CMonenpoBaHHasE CXeMa COOTBETCTBYET, TOM, UTO yKa3aHa B PETJIaMEHTE,
00aBJIEHHBIA B CXeMY METaHOJ, MpeaoTBpaliaeT oOpa3oBaHue THAPATOB B MeCTax
Hu3kux Ttemreparyp (pucyHok 20). IlonyumBIIHiicS COCTaB M XapaKTEPHCTUKH
OCYIIIEHHOTO Ta3a HE3HAUUTENIbHO OTJIWYAIOTCS OT 3HAYCHUH, IMPEJCTAaBICHHBIX B
nokyMeHte (o1 —12,1% nnsa C3 no 21,8% s meTanosta) (tabnuma 9). 3HaueHus TOUKU
pocel 1o Bojie cooTBeTCTBYIOT TpeboBanusim CTO Taznpom 089-2010 k kauecTBy
rasa, oJAr0TOBJIEHHOI'0 K MarucTpajJbHOMY TPAHCIIOPTY: TOUKA POCHI 110 BOJC paBHA
muHyc 39,3°C. CrienoBaTenbHO, MOXKHO CAENATh BBIBOJI, YTO CMOJICIMPOBAHHASA CXEMA
COOTBETCTBYET pEalbHOM, W MOXKET OBITh WCIOJIb30BaHA [IJI KCCIICIOBAHUS

3(1)(1)GKTI/IBHOCTH pa6OTBI TCXHOJIOTHHN PCHUPKYIIAINNN MCTAHOJIA.

Worksheet Stream Mame || OcyLuenHeIi ras
— Vapour / Phase Fraction 1,0000
CDI‘IdI‘lIE.H'IS- Temperature [(] 6,524
PrUp&rtlgs Pressure [kPa] 8219
i~ Composition Molar Flow [kgmole/h] 6,038e+004
o K Value Mass Flow [kg/h] 1,077e+006
Uszer Variables 5td Ideal Lig Vol Flow [m3/h] 3389
- Notes Maolar Enthalpy [k)/kgmole] -8,125e+004
----- Cost Parameters | Molar Entropy [k)/kgmale-C] 1422
Heat Flaw [kl/h] -4 906e+009
Lig Vol Flow @5td Cond [m3/h] <empty>
Fluid Package Basis-1
Phase Option Multiphase
£ >
Workshest Stream Mame | OcywerHBiir | VA
= Molecular Weight 17,84
Cundrtlc!ns Molar Density [kgmole/m3] 4 652
Properties Mass Density [ka/m3] 83,00
Composition Act. Volume Flow [m3/h] 1,298e+004
K Value Mass Enthalpy [k)/kg] -4555
User Variables Mass Entropy [k)/kg-C] 7971
i Notes Heat Capacity [k)/kgmole-C] 55,15
i Cost Parameters  |Mass Heat Capacity [kJ/kg-C] 3,082
Lower Heating Value [kJ/kgmale] 8,675e+005
Mass Lower Heating Value [k)/kag) 4 863e+004
Phase Fraction Vol Basis] <empty> ~
£ >
Worksheet Mass Cv (Ent. Method) [k)/kg-C] 1,703 A
- Cp/Cv [Ent. Method) 1,816
;- Conditions Reid VP at 37.8 C [kPa] <empty>
- True VP(@37.77720C) [kPa] <empty>
i~ Composition Liq. Vol. Flow - Sum(Std. Cond) [m3/ 0,0000
r K Value Liq. Val. Flow-Flashed@5Std Cond [n 0,0000
i User Variables Gas, Vol Flow-Flashed@5td Cond [§  1,428e+006
Motes Adt, Vol, Flow-Flashed@5td Cond [m] 1,423e+006
i Cost Parameters | Glycol Free Dew Point[Gas] [C] -39,37
HC Dew Point[Gas] [C] -57,63
Water Dew Point[Gas] [C] -39 37
v
£ >

Pucynok 21 — XapakTepuCTHKHN OCYILIEHHOTO rasa
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_ 3AJIAHME K PA3JIEJY
«®UHAHCOBBIII MEHEJUKMEHT, PECYPCO®®EKTUBHOCTD

N PECYPCOCBEPEKEHUE»
OOyuaronemycs:
I'pynna DUO
2bM15 Amnanuny IlaBny BuktopoBuuy
IxoJaa Hn:xenepHas 1Ko1a OtaeseHne MKOJIbI 21.04.01 «He¢rerazosoe ae10»
NPHPOIHBIX PECYPCOB
Yposens od6pa3oBanus Marwucrparypa Hanpasienne/OOIT Pa3pabotka u
OKCILTyaTanus He(l)Tf[HI)IX
U Tra30BbIX
MECTOPOKACHUI

pecypcocoepe:keHnex»:

Hcxoaublie n1anHble K pa3aeny «DUHAHCOBbIH MEHEIKMEHT, pecypcodGPeKTUBHOCTD U

1. Cmoumocms pecypcos nayunozo uccaedosanus (HH):
MAMepUaIbHO-MEXHUYECKUX, IHEPLEMUYECKUX, (PUHAHCOBDIX,
UHDOPMAYUOHHBIX U YETI08EUECKUX

Ornenka CTOMMOCTH MaTepraibHO-
TEXHUYCCKUX, SHCPICTHUICCKUX, (I)I/IHaHCOBLIX
pecypcos npu BHEJIPECHUU CXEMBI

PELUpPKYJSILIMM  METAaHONAa Ha YCTAaHOBKE
KOMILJIEKCHOH ITOATOTOBKH I'a3a.

2. Hopmbl u Hopmamuevl pacxo008anus pecypcos

I'OCT 32359-2013

3. chonwyemaﬂ cucmema H(,UZOZOO@]ZO.?ICQHM/‘I, cmaeku
HA02086, OMLIMCJZeHLHZ, ()MCKOHMHPOGGHM}I u erdumoeaﬂuﬂ

Hanorogslii konekc Poccutickoit @enepanuu
D3 Ne67 ot 24.07.2009 B pen. ot 26.03.2022

Hepeqeﬂb BOIIPOCOB, MOAJIC/KAINUX HCCIACT0BAHUI0, IPOCKTHUPOBAHUIO H pa3paﬁoTKe:

1. OyeHKa KomMmmepyecKoz20 U UHHOBAUUOHHO20
nomexHuyuana HTU

ObocHoBaHME 1eNECOO0PAZHOCTH BHEIPEHHUS
CXEMBl  pELUPKYJIALMM  METaHojla  Ha
YCTaHOBKE KOMIUICKCHO# TOJI'OTOBKH Ta3a.

2. IInanuposanue npoyecca ynpasnenuss HTU: cmpykmypa
u epagux nposedenus, 000NCem, PUCKU U OPSAHUZAYUS
3aKYNOK

Onenka M pacueT HKCIUTyaTallHOHHBIX 3aTpaT
Ha CTPOUTENIBCTBO CXEMbl PELUPKYISLUU
METaHoJIa

3. Onpeoenenue pecypcHoi, huHaHCcOB0U, IKOHOMUYECKOU
aghgpexmusnocmu

Pacuer skoHOMmMHMueckod 3¢ dexTuBHOCTH
BHE/IPEHHUS CXEMbl PELUPKYISALUN METaHOJIa

Ilepeyennb rpaguyeckoro marepualia:

JlaTa BbI1a4M 32JaHHMSA K Pa3/iesy B COOTBETCTBHH C 14.03.2023
KaJeHIAPHbIM Y4eOHbIM rpaguKomM
3aganue BbIIAJ KOHCYJIBTAHT no pasneny «@PUHAHCOBBIN MEHEeIKMEHT,
ecypcod(ppeKTHBHOCTD M pecypcocOepeskeHne !
JokHOCTH DoUo0 YueHnas crenenb, Moanuch Jara
3BaHHUC
Jouent OHJI | [lubynsHuKoBa M.P. K.T.H, IOIIEHT
3anaHne NPUHSAJ K MCTIOJHEHUI0 00y4Yal0Miics:
I'pynna [03(0] Hoanuch Jara
2BbM15 AmnanuH IlaBen Buktoposuu
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5 OUHAHCOBBIN MEHEIKMEHT, pecypco3(GeKTUBHOCTD U
pecypcocoepexenne
OCHOBHOM LENBIO pa3zeiia ABJISIETCS YIKOHOMHUYECKas: OLICHKAa MEPONPUATHN

MOYCTaHOBKE M MCIOJB30BAaHUIO KOJIOHHBI-AecopOepa Ha Boctouno-Ypenroiickom
MECTOPOKICHHH.

3agayu:

1) PaccumTaTh KamUTAIbHBIC BIIOKCHUS;

2) PaccumnTtath 3aTpaThl Ha €XKETOJHOE 00CTY)KUBAHHE;

3) Paccuutarh 3(h)(EKTHBHOCTD ¥ OKYIIAEMOCTh KaITUTAJIOBIIOKECHHUH.

BHenpenne B TEXHOJNOTHYECKYI0 CXEMY  KOJIOHHBI-IecopOepa W
nepeHanpaBiIeHne TOTOKOB COKpAIlaeT pacxoj MeTaHosa B cpeaneM Ha 2700 kr/ygac
B 3aBHCHUMOCTH OT cocTaBa rasza. CpemHephlHOYHAs CTOMMOCTH IT MeTaHoJa
cocrasisier 20000 pyO.

Toraa qoxoa AOTOTHUTENBHBIN MPEIPUATHS 32 CYET SKOHOMUU METaHOJIa 3a

1 rox pu 3¢ dexkTBHOM BpeMeHU paboThl 355 JHEH 3a roJl COCTABHT:

2700 * 20000 * 24 * 355 (1)
P = 1000 = 460080 ThIC. pyo.

[Tpu popmupoBaHum OroKETa MPOEKTAa HEOOXOAUMO 00ECIIEYUTH MOJTHOE U

JIOCTOBEPHOE OIKCaHUE pacxo0B. BropkeT mpoekTa KOJIOHHBI-IecopOepa COCTOUT
13 CIEAYIOIINX CTaTEH:

a) KamnuTajdbHbIE BJIOXKEHMS, COCTOSIIIME W3 3aTpaT Ha MOKYIIKY
HE00X0AMMOroo00pyA0BaHUS U MOJHOM 3apabOTHOM MIIaThl MOHTAKHOM OpUTraabl;

0) 3aTpaThl Ha €KErOJHOE 00CITY)KBAHUE;

B) HAJIOT Ha UMYIIIECTBO.

KanurtanpHble BJIOXKEHHS — 3TO HWHBECTHUIIMM B OCHOBHOM KamuTas
(OCHOBHBIE CpEACTBa), B TOM YHCJE€ 3aTpaTbl Ha HOBOE CTPOUTENIBCTBO,
pacuIiMpeHre, PeKOHCTPYKIMI0O U TEXHUYECKOE IMEePEBOOPYKEHUE AEHCTBYIOMIMX
NpeAnpUsATHNA, TPUOOpPETEHUE MalllH, 000pYA0BaHUs, UHCTPYMEHTA, WHBEHTApS,
MPOEKTHO- U3BbICKATEIBCKUE U APYTUE 3aTPATHI.

5.1 KanurajabHble BJI0KEHUSA

Koneunass cToMMOCTh CANHUIIBI O60py,Z[OBaHI/I$[ CenOB CKJIaAbIBACTCA H3
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CTOUMOCTH U3rOTOBIEHUSA Cep, CTOUMOCTH AOCTaBKH Cjocr U CTOMMOCTH MOHTaXA Cyy

dbopmymna (2).
Ce,zLOB = Crlep + C,Z[OCT + CM (2)

Pacuer 3arpaT Ha mOKyIIKy 000OpyI0BaHus MpuBeaeH B Tadiuie 15.

Tadomuia 14 — Pacyer KanuTajJbHBIX BIOXKECHUI

Haumenosanue |KomuuectBo| CtonMocTth | CToumoct |CtoumMocts| Koneunas | Koneunas
0GOpyOBaHHUS 000py10BaH | M3rOTOBJICH b MOHTAaXa | CTOMMOCTb | CTOMMOCTH
usl, N, MITYK. | U4, nmoctaBky, (Cm, 40% ot el. obopyoBaH
ChepiTHIC. Chroen (Crep+  |o6opynosanu|usi, Cos, THIC.
pyo. hIC. py6. | CHOCT), i, pyo
TBIC. pYO. Cen.00.,
THIC. pyO.

Komnonna-mecop6ep 2 15518 6884 8960,8 31362,8 62725,6
Pasnenurens 2 19518 4884 9760,8 34162,8 68325,6
Pama 4 1221 785 802,4 2808,4 11233,6
Tpybonposoa 20 488 250 295,2 1033,2 20664
biok
MpeI0XPaHUTEIbHBIX 2 1680 350 812 2842 5684
KJIAIIaHOB
ManomeTtp 8 10 5 6 21 168
Y pOBHEMEpHBIC 4 899 100 399,6 1398,6 55944
KOJIOHKH
3anopHo-
perynupyrouast 8 655 249 361,6 1265,6 10124,8
apMarypa

HUTOI'O: 74894,4 184520

5.2 3aTpaTsbl Ha oNJIATY TPYAA

B nanHOM pazzerne pacCuUThIBAE€TCA OIUIaTa TPYJa MOHTAXKHOM OpUraabl Ipu
YCTaHOBKE pazfenuresis. JlaHHas cTaThsl pacXo/lOB SABJISIETCS YAaCThIO KallUTalbHBIX
BJIOYKEHUM.

CocraB cTaThy pacxoA0B Ha 3apabOTHYIO ATy (popMuUpyeTcs us:
a) OCHOBHOM 3apa0O0THOM IJ1aThl paboyero rnepcoHana,
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3aHUMAIOIIETOCIMOHTAXXOM TeX. 000PYIOBaHUS;

0)  JOMOJIHHUTEITHHOU 3apabOTHOM IIIATHI.

JIHeBHOM HODKHOCTHOM OKJaz padotHuka dhopmyia (3):

Bp = 3re * (L + kyp + 1) * kp 3)
rne 3. — 3apaboTHas 11aTa B JeHb 110 TapuHOU cTaBKe, pyo.;

Kup - mpemMuanbHbIid ko3¢ ¢unment, paBasii 0,3 (T.e. 30% ot 3;);

K - Koa(duimeHT 1omiaT ¥ Hag0aBok coctapisget nmpumepHo 0,2 - 0,5 ot
3TC);

K, - paiionnslii koapduuument, pasusiii 1,5 (s Kapracokckoro paiiona
Tomckoit 06macTh).

OcHoBHast 3apaboTHas 1T1ata (3ecs) PacCUYUTHIBACTCA 10 hopmyiie:

Bocn = 3 * Tp (4)

['ne Ty, — NpoAOIKUTENBHOCT pabOT, BBIMOIHIEMBIX pAOOTHUKOM, pao.
IH.; 3, — CpEeAHEAHEBHAs 3apa0oTHas 11aTa paboTHHKA, PYO.
JlononHUTE IbHAS 3apaboTHAs IUIaTa paccuuThiBaeTcs mo gpopmye (5):
Bpon = 0,2 % 35, = 0,2%570970,62 = 114194,12 py6 (5)
BesinuuHa cTpaxoBbIX B3HOCOB 110 popmyie (6):
Bones = Kones * (Boew T 3pon) = 0,3 - (570970,62 + 114194,12) (3)
= 205549,39 pyo.
r11€ Kanes = 30% - koadPUIIMEHT OTUMCIICHNIA HA YIIaTy BO BHEOIOPKETHBIE
dbouapI(IeHcHOHHBIA (OH, HOHJ 0053aTEIHFHOTO MEAUIIMHCKOTO CTPAXOBAaHHS H
np).

Pacuet 3apaboTHoi1 Tu1aThl puBeieH B TabauIe 17
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Ta6numa 15 — Pacuer 3apaboTHOM TJIaThI

= IS
. o -
= s = © o )
N = = = = > >
m = =) = = o - o
< = =2 C y S - ) A
= = = 8 =) = 2 S =
= M & e = /A s o D T 2
2 ce | ¢ EE S| & |25 | 3
8 o a M = = LS( M m S ‘g g
~ |5 E = |28 |8 = | § & =
= = = =9 = g % <
=) S 3 =9 o % = 3)
= | E|EF & & |¢g S
= 5 = S = o
Q A
= = = = &
= =
[Tpopab 10 955 3,27 | 0,3 0,4 15| 7963,26| 24 191118,4
Mactep 8 878 254 | 0,3 0,3 15| 5352,28| 24 1284549
CBapimuk 6 720 233 | 0,3| 0,35 15| 4152,05| 24 99649,44
Crnecapn 7 650 227 | 0,3 0,2 15| 3319,87| 24 79677
KUIIuA
CtponanbIuk 7 593 211 0,3 0,3 15| 3002,95| 24 72070,85
Bcero 570970,62
JlomomHUTEN 114194,12
pHas 311
CtpaxoBble 205549,39
B3HOCBI
HUTOI'O 890714,13

Taxkum 06pa30M, KaIlluTaJIbHBIC BIIOKCHUA COCTABAT.

184520+890,71=18541,71 TeIc. py6.

5.3 3aTpaTsbl Ha 00cay:KUBaHUE

3aTpaThl Ha €XKETOIHOE OOCTYKUBAHUE PA3CIUTENS PUBEICHBI B TAOIHUIIE

16.
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Tabnuna 16 — 3aTpatel Ha 00CTy)KHBaHHE

KonmnyecTBo CtoumMoCTh Koneunas
HaumenoBanue .
orepaluit, n, nposenenus, Crp cTOUMOCTh, CKOH
orepaluu
IIT. THIC. pYO. THIC.pYO.
[IponyBka azoToM 8 51 408
Mexanuueckas
YUCTKA pa3eauTens 2 85 170
Mexannyeckas
YUCTKA KOJOHHBI- 2 85 170
necopbepa
TapupoBka
MPEAOXPAHUTENBH bIX 2 26 52
KJIaaHOB
YipTpa3zByKoBas
1e(EeKTOCKOHUS 2 28 56
IToBepka
MaHOMETPOB 8 2 16
UTOI'O 872

5.4 Pacuér HaJiora HAa UMY1IECTBO

[IpousBeneM pacy€r Hamora Ha KOJOHHY-AecopOep, HaJlor Ha BCe
000pyOBaHUE CUUTAETCS AaHATIOTUYHO.

Jist Hayana HEOOXOAMMO pacCYUTaTh aMOPTU3AlMOHHBIE OTYHUCIICHUS,
KOTOphI€ cocTaBstoT 14.29% ot 3aTpat Ha CTPOUTENIbCTBO. /{7151 KOJIOHHBI-AecopOepa

OHH COCTaBAT:

14,29
A= 100 * 31362,8 = 4481,74 ThbIC. pyo.

3areM HEOOXOOUMO HAWTH OCTaTOYHYK0 CTOMMOCTb M YMHOXHTbh Ha

HAJOTOBYIO CTaBKY, BCICIACTBHE YEro IOJYYMM HAJIOI Ha HMMYIISCTBO (KOJOHHY-
necopbep):

)

2,2
H, = (31362,8 — 4481,74
o = (31362,8 — 4481,74) » =

= 591,38 ThIC. pyo.

HpOBOI[I/IM AHAJIOTUYHBIC BBIYUCICHUA JIsI CICAYIOIIHUX 3 ner u MOJIY4YHUM

CYMMY HaJlora Ha KOJIOHHY-aecopOep 3a 5 yet (Tabmuma 17).
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Tabnuia 17 — Haior Ha KOJIOHHY-ZIecopOep.

Kononna-necopOep

banancora OcrarouyHa CyMMa
AmMopTu3anu CTaBKa HaJIOT, | HAJIOTa,
N0 s s 0

S Yo TBIC.pY

CTOUMOCTH CTOUMOCTH 5

01.01.202 0,00 0,00 0,00 2,20 0,00
3

01.01.202 | 62725,60 8963,49 53762,11 2,20 1182,77
4

01.01.202 | 62725,60 17926,98 44798,62 2,20 985,57
5

01.01.202 | 62725,60 26890,46 35835,14 2,20 788,37
6

01.01.202 | 62725,60 35853,95 26871,65 2,20 591,18
7

[IpousBenemM pacyér aMOPTU3ALMOHHBIX OTYUCICHUHN JJISI KAKIOTO AJIEMEHTA

0o0opy10BaHUSI.

Tabnuma 18 amMopTH3aliMOHHBIE OTYMCICHUS HAa 000PY/I0BaHHE.

Hopwma | AMOpTH3allMOHHBIE OTYUCIICHHUSI
Komonna-necopbep 8963,48
Pa3penurens 9763,72824
Pama 1605,281
TpybonpoBoa 4132,8
biiok nmpenoxpaHUTeNbHbBIX KIalaHOB 14,29 812,2436
Manometp 24,0072
YpoBHEMEPHBIE KOJTOHKHU 799,4398
3anopHoO- peryaupyolnias apMarypa 1446,834
HToro aMOpTH3aIIMOHHBIX OTYUCIICHHH 27547 8224
THIC. pYO.

[TpoBoaUM aHaOTMYHbBIC PACUYETHI JI Bcero obopyaoBanus. Cymma HajJoToOB

Ha Bc€ 000pyI0BaHus NpeacTaBieHa B Tadmune 19.
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Tabmuna 19 — Hanor Ha umy1iecTBo

2023 | 2024 2025 2026 2027
KononHna-ngecopbep 0 |1182,77| 985,57 | 788,37 | 591,18
Pa3pgenurens 0 |1288,36 |1073,56 | 858,76 | 643,96
Pama 0 211,82 | 176,51 | 141,19 | 105,87
Tpy6onpoBoa 0 363,69 | 272,76 | 181,84 | 90,92
biiok npenoxpaHuTeabHbIX 0 107,18 | 89,31 71,44 53,57
KJIAIIaHOB
MaHomeTp 0 3,17 2,64 2,11 1,58
YpoBHEMEPHBIEC KOJIOHKU 0 105,49 | 87,90 70,31 52,73
3anopHo- perynupytomas apmatypa | 0 190,92 | 159,08 | 127,25 | 95,42
HToro Hamoros, TeIC. pyo. 0 |3453,39|2847,34 | 2241,28 | 1635,23
5.5 O6ocHOBaHME IKOHOMHUYECKOH Y(P(PeKTUBHOCTH
Jlns Hagana cocTaBUM TaOJIHUITY KCILTyaTallMOHHBIX 3aTpar:
Tabmuma 20 — DkcruTyaTalmoOHHBIC 3aTPATHI.
Hroro
AmMopTu3zanus Haunor na
I'onwr Exeroanoe OCHOBHBIX UMYIIIECTBO K.
00cITyKuBaHUE (o108 S 3aTpar,
ThIC pyO
2022 0 0 0 0
2023 872,00 27547,82 3453,388 31873,21
2024 872,00 27547,82 2847,336 31267,16
2025 872,00 27547,82 2241,284 30661,11
2026 872,00 27547,82 1635,232 30055,05

Jlanee npoBeieM pacy€T SKOHOMUYECKOH A dhekTuBHOCTH (Tabmuia 21).

86




Tabnuna 21 — Pacuér sxoHOMUYecKkoi 3(h(HEeKTUBHOCTH

I B 5 3HaueHus 110 rogam
oazatem A MM 2023 | 2024 | 2025 | 2026 | 2027
IKCILIaTAMORKEIE | | o5 | 12109 | 0,00 | 31,87 | 31,27 | 30,66 | 30,06
3aTpaThl
Amoprusamonsbie |\ o6 | 11019 | 0,00 | 27,55 | 27,55 | 27,55 | 27,55
OTYUCIICHUS
Kanuranbaeie
BAOIKCHHA B win. py6. | 18541 | 18541 | 0,00 | 0,00 | 000 | 0,00
CTPOUTENIBCTBO
000opyI0BaHUS
Bripyuka MiH. py0. | 1840,32 0 460,08 | 460,08 | 460,08 | 460,08
Texyrue 3aTpaTsl MJIH. pyO. 123,86 0 31,87 31,27 30,66 30,06
BasoBas npuObLIb MJIH. pYO. 1716,5 0 428,21 | 428,81 | 429,42 | 430,02
Hanor Ha umymecTso | MIH. py0. 10,177 0 3,45 2,85 2,24 1,64
Hanor Ha npuObUIH MJIH. pYO. 343,29 0 85,64 85,76 85,88 86,00
Hroro Hanoru MJIH. pYO. 353,47 0 89,09 88,61 88,13 87,64
Yucras npuObLIL MJH. py6. | 1362,99 0 339,11 | 340,20 | 341,29 | 342,38
Tabnuna 22 ¢uHaHCOBBIC TOKA3aTENN MPOEKTA
n E 5 3Ha4yeHus 110 rogam
orasatent Al MM 2023 | 2024 | 2025 | 2026 | 2027
JleHeXHBIM MOTOK MiH. pyo. | 1287,77 | -185,41 | 366,66 | 367,75 | 368,84 | 369,93
Haxomexipti wiH. py6. | 1287,77 | -18541 | 181,25 | 549,00 | 917,84 | 1287,8
JIEHEKHBINA IIOTOK
YucTeii
JTUCKOHTHPOBAHHBIN MJTH. pYO. 932,77 | -185,41 | 133,42 | 411,50 | 654,02 | 865,53
poxon (YD) (i = 12%)
JAHGKHBI HOTOK - Kall. |\ o6 | 12508 | 000 | 311,56 | 312,66 | 313.75 | 314,84
Brnoxenus
BHyTpeHHsIs HOpMa
noxoxuoctu (BH/, % 195,43
BHP)
Cpox OKYyIaeMOoCTH - 0.7
(mpocToit)
Cpok OKYNaeMOCTH — 0.5
(TMCKOHTUPOBAHHBIH)
HNunexc noxogHoctu
KaIlUTaIbLHBIX JIOJIHU €. 5,67
BJIOJKEHUU

B JaHHOM pPa3aciic ObL1a JaHa J3KOHOMHYCCKas OLCHKa HGHCCOO6p33HOCTI/I

YCTaHOBKH PELUPKYJISALIMU METAHOJIA.

beimn paccumTtansl KanuTanbHbIE 3aTpaThl 185,41 MiH.py0. M 3aTparhl Ha
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exerogHoe oocmyxuBanne 872 Thic. pyd. Ha OCHOBE TONy4EHHBIX IaHHBIX OBLI
npousBefieH pacueT APGHEKTUBHOCTH KamuTaloBIOkeHWH. UYucrtas mnpuObLIH
coctaBuiia 339,11 muH. py0. [IpoekT oKynmUThCS MeHee YeM 3a 8,5 MecsleB, Tak Kak
ASKOHOMHMSI 3aTpaT Ha 3aKyIKYy METaHOJIa, 3HAUYUTEILHO PEBBIIIACT 3aTPATHI.

MOoXHO cienath BBIBOJ, MCIOJIB30BAHHUE MPEIaraeMbIX TEXHOJOTHUYECKHX
pelIeHUi MO3BOJIUT HE TOJBKO AKOHOMHTH PECypChl MPEINPUSATHS, HO U TIPUHECET

HOHOHHHTCHBHBIﬁ J0XO0A.
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3AJAHME JIJISI PA3JIEJIA
«COLMAJBLHASI OTBETCTBEHHOCTDb»

CryneHry:
I'pynna Ananuny IlaBn1y BuktopoBuuy
Ixosa MHxkenepHas 1KO0/1a HPHPOAHBIX Otaenenne OHJ
pecypcoB (HOL)
Yposenn Hanpasnenue/ 21.04.01 Hedrerazosoe neno
o0pa3oBaHust MarHCTpaTypa CNEeNHAJIBLHOCTD (1)
Tema BKP:

CoBepuieHCTBOBAHHME TEXHOJIOTMHU NMOATOTOBKH MPOAYKIIUHA AaYUMOBCKHX 3ajexeii BocTouHo-

YpeHroiickoro He)TerazokoHaeHcaTHOro Mectopo:xkaenust (IHAQO)

Hcexoanblie JaHHbIE K pasaeay «COIII/Ia.]'lI)Haﬂ OTBETCTBEHHOCTb».

Beenenue Obvexkm  uccredoganus:  YCTaHOBKA  KOMIUICKCHOM

— XapakTepucTuka o0bekTa | [OATOTOBKH rasa
HCCIIe IOBAHMS (BemiecTEo, 10)6gacmb npumi_f[tenuﬂ. IToaroToBKa NPUPOIHOTO r'asa

abouas sona: Tlonesble yCaoBus
MaTepuan, Mpudop, aaropuTM, y
Knumamuyeckas 30Ha: TyHapa
METOAMKa) ® 00NacTu  ero .
Konuuecmeo u naumenosanue 060pyo0osanus paboueii 30Hbi:
TIPUMCHCHUS. Ancopbep, Tpex¢as3HbIi pa3aeIuTeb.

— Ommucanne paboueit 30HBI | PaGouue npoyeccol, cesizanivle ¢ 00beKMOM UCCLEO08AHUS,
(pabouero MecTa) IIPH | ocywecmensiowuecss 6  paboueil  3one:  KOHTpoIb
pa3paboTke MPOEKTHOTO | MapaMeTpoB, PEryIUPOBKa IOAYN METaHOIA.
PEIICHUs/TIPU YKCILTyaTaluu

y

1. IlpaBoBbIe U OPraHU3alMOHHbIE BONPOCHI
o0ecneyeHUs IPHU IKCILIYVATALNH:

CIleLMaJIbHbIE (xapaxTepHbIe
Opyd  DKCIUTyaTallud  0OBeKTa
UCCIIEIOBAHUS, MPOEKTHPYEMOMH
paboueid  30HBI)  TMPaBOBBIE
HOPMBI TPYIOBOTO
3aKOHOJATEINILCTBA;

OpraHU3alMOHHbIE

MEpONPUATUS TIPH KOMITOHOBKE
paboueii 30HbI.

I[Ib  03-576-03. [IIpaBuma ycTpoiicTBa U
Oe3omacHoi JKCILTyaTaluu COCY/IOB,
paboTaroUMX Mo JaBICHUEM

Tpynosoit koxpekc Poccuiickoit ®@enepaunun» OT
30 pexkabps 2001r. Ne 197-®3 (pen. ot
05.02.2018).

®enepanbHblif 3akoH oT 28 nexabps 2013 r. N
426-D3 "O cnenuanbHO# OIeHKe YCIOBHUH TPy/a.

2. IlpousBoacTBeHHass 0(e30lACHOCTL IPH
IKCILUTYATAINH

AmnHanun3 BEIIBIEHHBIX BPCAHBIX U
OITaCHBIX IMPOU3BOJICTBEHHBIX
¢baxTopoB

Pacuer ypoBHsA omacHoro wuiu
BPEJIHOTO  MPOU3BOJCTBEHHOTO
¢akxropa

Onacnele pakTopbI:

1. TloxxapoB3pbIBOONIACHOCTb;

2. Hanmmuume  cocynoB
paboTarIIMX MO/ 1aBICHUEM;

3. DIeKTpUYEeCKHH TOK.

Bpennsie paxropsi:

1. TloBblmIeHHBIN YPOBEHb IIyMa;

2. TloBBIIEHHBIN YPOBEHH BUOPAIIHIA;

3. YTeuka TOKCHYHBIX M BpEAHBIX BEIIECTB B
aTMocdepy;

Tpedyemble cpeacTBa  KOJUIGKTUBHOH H

HHIMBHUAYAJbHONH 3alMTHI OT BbISBJEHHBIX

(hakTOpOB: TEmIOBas M3OJALMS TPYOONPOBOIOB,

HCIIOJIb30BaHNE 3alIUTHBIX KOCTIOMOB,

BUOPOM3OJMPYIOLINE  PYKaBHUIIBI,  MEPYATKH,

BUOpOU30IMpyomas 00yBb, OepyIly, HAYIIHUKH,

3alUTHBIE OTPAKICHUSI.

TpYyOOIIPOBOJIOB,

3. DkoJsioruyeckasi 6€30MaCHOCTH MPHU
IKCILIVATALUN

Bo3zaeiicTBre Ha ceJTMTEOHYIO 30HY: XUMUYECKOE
3apakXeHHE TEPPUTOPUU IPU aBapuu
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Bo3zaeiictBue Ha iuToCdepy: TBEPAbIE OTXOBI IPU
YTUIN3aLUI KOHTEHHEPOB U O0YEK U3-T10J XUM.
peareHroB.

Bo3neiictBue Ha ruapocgepy: cOpoc CTOYHBIX BOJ €
coJiep>KaHUEeM METaHOJIa B PEKH, IPYAbI, IPOLYKTHI
XKHU3HECITEIbHOCTH IIEpCOHAa

Bo3aeiictBue Ha aTMocgepy: BHIOPOCH BpeJHBIX
BEIIECTB B aTMOC(epy MpU aBapHH.

4. be3onacHOCTD B UYpe3BbIYaAHHBIX
CUTYalUsIX IPH IKCILTYATANUH

Bo3mozkubie UC:

[Ipekparienue nmogauu MEKTPOIHEPTUH; MOKAPHI
n B3PBIBBI Ha 00BEKTE; HapylieHue
TEePMETUYHOCTH aIIapaToB U TPYOOIPOBOIOB;
Hauo6oaee Tunnanas YC:

[Tpomyck raza Bo (hIaHIIEBBIX COSAMHEHHSIX

JlaTta BbIIa4u 3a1aHMA 1JI9 pa3jielia mo JHHEeHHOMY rpauKy |

3agaHue BbI/1aJ KOHCYJIbTAHT:

J0KHOCTH (1% (0] Yuenasi cTeneHb, Moanucey Jara
3BaHHe
Jlouent Ceunn AHnpeit K.T.H.
AJlekcaHIpoBUY
33}13HI/I€ NPUHAJT K HCIOJHCHUIO CTYACHT:
I'pynna [07(0] Hoanuch Jarta
2BbM15 AmnanuH IlaBen Buktoposuu

90




6 CounuajgbHasi OTBETCTBEHHOCTh

B Marucrepckoit muccepTaruu peniaeTcs 3aava moBbImeHus 3O PeKTHBHOCTH
UCIIOJIb30BAaHUSI METAaHOJla MpPU pereHepalud MyTeM BHECEHHUS W3MEHEHH B
TEXHOJIOTUYECKYIO CXEMY MOJIT0TOBKH rasa.

OOBEKTOM UCCIIEIOBAHMS SBIIIETCS YCTAHOBKA KOMIUIEKCHOM MOJTOTOBKH ra3a
Bocrouno-Ypenroiickoro mectopoxkiaenus. OOnacTh MpUMEHEHUs: HedTerazoBoe
JeNo0.

6.1. IIpaBoBbIe M OpraHu3alMOHHbIE BOIIPOCHI 00ecneyeHust
0e30ImacHOCTH

6.1.1. CnenuajibHble NPAaBOBbIE HOPMbI TPYA0BOI'0 3aKOHOAATEJIbCTBA

Paition  Bocrtouno-Ypenroiickoro ['KM  oTHOcHTCS K  MECTHOCTH,
npupaBHeHHOMU K paiioHy Kpaiinero Cesepa. Pabora coTpyiTHUKaMH OCYILIECTBISIETCS
BaXTOBbIM MeTofoM. CorjlacHo TpyaoBomy kojaekcy P® (rn.47, cr.302), nwuia,
paboTarolye BaxXTOBBIM MeTOJO0M B pailoHax KpaitHero CeBepa WM MECTHOCTH,
IpUpaBHEHHOM K pailoHy KpaitHero CeBepa, HMEIOT COOTBETCTBYIOIINE KOMIIEHCALIMH
Y TapaHTHUU.

Jlumam, BBIMONHSIONIUM  paOOThl  BaxTOBBIM  METOJOM, 3a  KaXIbId
KaJICHJApHbIA JIeHb MPeObIBAHMS B MECTax MPOM3BOJICTBA padOT B MEPHOJ BaxThl, a
TaKKe 3a (PaKTUUECKUE THU HAXOXKIEHUS B MYyTH OT MECTa HAXOXACHUS paboToaaTeNsI
(myHkTa cOopa) 0 MecTa BBIMOJHEHUS padOThl U OOPATHO BBITUIAUYMBAETCS B3aMEH
CYTOYHBIX HaJ0aBKa 32 BAXTOBBII METOJ paOOTHI.

Pasmep u mopsimiok BBITUIATHI HAA0aBKU 3a BAaxXTOBBIM MeETOHA PAOOTHI Y
paboTojaTeneil  yCTaHaBIMBAIOTCS  KOJUIEKTMBHBIM  JIOTOBOPOM,  JIOKQJIbHBIM
HOPMATUBHBIM AaKTOM, HPUHMUMAEMbIM C YYE€TOM MHEHHS BBIOOPHOIO OpraHa
MEPBUYHON MPOPCOIO3HON OPTaHU3AIHH, TPYIOBBIM JIOTOBOPOM.

PaboTHMKaM, BBIE3KAIOIIKUM JUIsI BBIMOJIHEHUS] pabOT BaXTOBBIM METOJIOM B
paiionsl Kpaiinero CeBepa u mpupaBHEHHbIE K HUM MECTHOCTH U3 IPYTUX PAalOHOB:

—  YCTaHaBJIMBACTCS PAaWOHHBIN  KOI(POUIIMEHT, W  BHIIUIAYNBAIOTCS
MPOIICHTHBIE HaI0aBKKW K 3apabOTHOM IjlaTe B TOPSAKE M pa3Mepax, KOTOPhIC
MPETYCMOTPEHBI TSl JIMII, TIOCTOSTHHO paboTtaromux B paiioHax Kpaitnero Cesepa u
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MPUPABHEHHBIX K HUM MECTHOCTSIX;

—  OPEAOCTABIISIETCSA €KETOJHBIN JTOMOJHUTEIIBHBIN OIIaYMBAEMbINA OTITYCK
(ct.117 TK P®) B mopsiike W Ha YCIOBUSX, KOTOPBIC MPETyCMOTPEHBI IS JIMII,
MOCTOSTHHO PabOTaIOIINX

— B pailonax Kpaiinero CeBepa, — 24 kaJleHJapHbIX JIHS;

— B MECTHOCTSX, IpHpaBHEHHBIX K paiioHam Kpaiinero Cesepa, — 16
KaJI€HJAPHBIX JHEU

—  MPEeayCMOTPEHBI IJIAHOBBIE OECILIATHBIE MEIOCMOTPHI, JIJIsi BBISABICHUS
pa3MYHBIX 3a00JIeBaHUM, KOTOpPHIE MOTYT, BO3HUKHYT B PE3yJIbTaTe€ TPYIOBOM
JEATEeIIbHOCTH paOOTHUKOB.

—  oOecneuenune CU3.

—  BBIIUIATHI B pe3yJbTaTe MPOU3BOJCTBEHHBIX TPABM U MPOod. 3a0071€BaHUN.

3a KaxAblid JC€Hb HAXOXKJCHUS B IYyTH OT MECTa HAXOXJIEHUsS paboTojaTens
(mynkta cOopa) A0 MecTa BBINIOJHEHUST pabOThl M OOpaTHO, MPEAYCMOTPEHHBIC
rpadukomM paboThI Ha BaXTe, a TAKXKE 3a JTHU 3a/ICPXKKU B ITyTH 10 METEOPOTIOTHIECKUM
YCJIOBUSIM WJIM BHUHE TPAHCHOPTHBIX OpraHu3aluii paOOTHUKY BBIIIJIAYMBACTCS
JHEBHAasi Tapu(Hasi CTaBKa, 4YacTh OKJaja (JOKHOCTHOTO OKJIana) 3a JACHb pabOThI
(THEBHAs CTaBKa).

6.1.2. Oprann3zalMOHHbIC MEPONIPUATHS IIPU KOMIIOHOBKE pado4ei 30HbI

PabGouee mecTto — MecTo, r7ie paOOTHUK JOHKEH HAXOJIUTHCA WIH KyJa eMy
HEOOXOAMMO TPHUOBITH B CBA3M C €ro padOTOM M KOTOPOE MPSMO WJIM KOCBEHHO
HaXOJUTCA TOJ KOHTpoJieM pabotomarens. OT TOro, Kak OpraHM30BaHbl pabouune
MecTa, BO MHOTOM 3aBUCHUT 3(P(PEKTUBHOCTH CaMOTO TpyAa, OPYIUH U CPEICTB
MPOU3BOJICTBA, MPOU3BOJUTEIBLHOCTh  TPyJda, CE€O0ECTOUMOCTh  BBIMTYCKAEMOM
NpPOAYKI[MK, €€ KAaueCcTBO M MHOTHE JIpyTHME€ 5SKOHOMHUYECKHE I0Ka3aTeIn
(G YHKITMOHUPOBAHUS MPEITIPUITHS.

PaGouee mecTo cocTouT u3 CICAYIOMIUX 3JICMCHTOB!

—YcTaHOBKa IOJATOTOBKH T'a3a;
—OcHOBHOE 000PYI0BAHUE;

—Ilpucnocobnenust nnst  6e3omacHOCTH U yAoOcTBa paboThl  (mepuia

92



JCCTHHYHOTO Mapiia W pabdo4yuX IUIOIIAJ0K, OCBEIICHHE BO B3PHIBO3ANIUIIICHHOM
HCTIOJIHECHUN ).

Kaxnoe pabouee MecTo HMeEET CBOHM CHEIU(PUICCKHE OCOOSHHOCTH,
CBsI3aHHBIC C 0COOCHHOCTSIMHU OpraHU3AIMH ITPOU3BOICTBEHHOTO IIpoIiecca.

[Tporteccy Tpyna pabOTHHKA, HE3aBHCHMOTO OT TOr0, Kakue (DYHKIMH OH
BBITIOJTHSCT, CBOMCTBEHHBI IIPUCYIIUE €My 3aKOHOMEPHOCTH, OTIPEICIIAIONIUE:

—pa3MelieHre pabOTHHUKA B paboueii 30HeE;

—T0JIOKEHUE padoyeil 30HbI;

—IIOCJIeIOBATEIILHOCTh BXOXKICHHS YEJIOBEKa B paboTYy;

—IOSBJICHHE, HAPANTUBAHUC W CHUYKCHHUE YTOMIISICMOCTH.

OYHKIMOHAIBHOE COCTOSIHHE B Pa00TOCIIOCOOHOCTD YEIIOBEKA OMPEICIISTFOTCS
pa3IMYHBIMU (haKTOpaMK IIPOU3BOACTBEHHOM cpeibl. JlaHHbIe (haKTOPHI JOJKHBI ObITH
VYTEHBI €lI¢ NpH IUIAHUPOBKE paboumx MecT. IlpaBuibHas IIaHUPOBKA JOJKHA
peIyCMaTPUBaTh TaKoe pa3MellicHHe pabOTHHKA B 30HE pabodero Mecra, U TaKoe
pacroyioKeHUe B HEW MPEMETOB, UCTIOIB3YEMBIX B TIPOIECCE pabOThI, KOTOPHIC ObI
obecrieuryin Haubojiee yAOoOHYI MO3y, HamboJjiee KOPOTKHE M YIOOHBIC 30HBI
JBUKCHHSI, HAUMEHEE YTOMHUTEIbHBIC O3Bl PYK, HOT, TOJIOBBI H T.JI.

Takum oOpazoM, 3amadcii opraHu3alMyd Tpyaa B 0O0JacTH OpraHH3alluu
pabouMx MeCT HampaBJIeHbl Ha JOCTHXKCHHE pPallMOHAIBHOTO  COYCTaHHUS,

00eCIeynBaroIIe BICOKYIO IPOU3BOAUTEILHOCTh U OJIArONPUSITHBIE YCIIOBUS TPYA.

6.2 Ilpou3BoacTBeHHas1 H€30MACHOCTD
[Ipu paborax Ha VYKIII' BO3HUKAIOT clenyloluMe BpEAHbIE U OIMACHbBIE

(bakTOophI:
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Tabnuna 23 — Bo3mMoxHbI€ OMacHbIe U BpeHbIe (PaKTOPHI

Otarnbl paboThl

= S HopmaTuBHBIE TOKYMEHTBI
®akrops! (TOCT 12.0.003-2015) | & °§ s
g &2
2 |2 |5
£ |2 |8
[ToBBIlIEHHBIN YPOBEHD LIIyMa U + + + I'OCT 12.1.003-2014 CCBT
BUOpanuu I'OCT 12.1.012-2004
IToBbilIeHHAS — + + | T'OCT 12.1.005-88 CCBT
VYTeuka TOKCUYHBIX U BPEAHBIX B + + I'OCT P 56167-2014
BEIIECTB B aTMOChepy I'OCT 12.1.007-76
OTKIIOHEHHE — + + | T'OCT 12.1.005-88 CCBT
JBroKymecs B + + I'OCT 12.3.002-2014
I'OCT 12.2.061-81 CCBT
D1eKTpo0e30MacHOCTh + + + | T'OCT 12.1.038-82 CCBT
[ToxxapHas 0e301acHOCTh CCBTI'OCT 12.1.004 - 91
+ + + | @engepabHBIN 3aKOH OT

22.07.2013 r. Nel23 — @3

6.2.1 AHaju3 BbISIBJEHHBIX BPeIHbIX (aKTOPOB

[Tpu pa6ote YKIII" BO3HUKAIOT CleAyIOIMNE BpeIHbIE (PaKTOPHI:

[ToBBIlIEHHBIN YPOBEHB LIYyMa!

B HacTosiiee Bpems 1ym - OiMH U3 HauOoJiee pacupoCTPaHEHHBIX (haKTOPOB

BHEIIHEW, B TOM YHUCII€ ITPOU3BOJACTBEHHOU cpenbl. lllyM xapakrepusyeTcs CHIION

(ypoBHEM) 3ByKa, ompexaensemor B nenubernax (nb), wacroroit B repuax (I'm) u

MHTEPBAIIOM YaCTOT B OKTaBax. BpeaHoe Bo31eliCTBHE IIIyMa CKa3bIBAETCS HA HEPBHOM

U CEepJICYHO COCYAMCTON CHCTeMax, Ha PaboTe OpPraHoB MHINEBAPECHUSI, MOBBINIACT

KPOBAHOC JABJICHUC, IPUTYIIACT BHUMAHHUEC U IIPUBOJUT K 6BICTpOMy YTOMJICHHIO.

[Ipy 5TOM ypOBEHb HHTEHCUBHOCTH 3BYKa BBI3BIBAET Y UEIIOBEKA PA3ZHBIE OLYIICHUS.
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Tabnuna 24 — IlpeaenbHo 1OMYCTUMBIE YPOBHHU 3BYKOBOTO J1aBJICHUS

[Ipe1ebHO JIOMYCTIIMBIE JKBIIBaIEHTHBIE YPOBHII 3BYKa, IBA

Kateropiii HanpsxXeHHOCTII TPY KaTeropii TAKeCTII TPYIOBOIo npouecca
JIOBOTO Mpouecca - -
JIeTKAasA I1 CPeIHAA | TAXKENBI TPYXA 1 ¢ | TAXKeIBII TPy 2 ¢
(d139eckas Harp TEIeHII TEIeHII
y3Ka
HarnpsKeHHOCTB JIerKoil 11 cpel . "
. E 80 75 75
Hell CTeneHI!
HanpsykeHHBII Tpya | cTeneHn 70 65 65
HanpsxeHHBII Tpya 2 CTeNeHIl 60 - -
HanpsxeHHBII Tpyd 3 CTeNeHIl 50 - -

<*> [IpnMevarie. KOMIMeCTBEHHYIO OL@HKY TA/KECTI II HalPSUKeHHOCTI! TPYIOBOTO MpoN
ecca IO YCIOBIIAM Tpyza caeayeT NPOBOIITE B COOTBETCTBIII ¢ AeTICTBYIOLIIIM JOKYMEHTO
M MO TITHIEeHIYecKoil olleHKe (PaKTOpoB padoueil cpes! I TPYIOBOTro Mpolecca.

BoznelictBue Ha pabo4yMx MOBBILICHHBIX YPOBHEW IIyMa W BUOpauuu
OCYILIECTBIAETCA IPH PEATH3ALNHN LIETOTO PsiAa TEXHOJIOTHYECKHX npoueccoB. C aTon
TOYKM 3peHus Haubosiee HeOJIaronpusTHbIE YCIOBUS TpyJa CO3JAlOTCA Ha
HEKOTOPBIXpabOYMX MECTax MPU CTPOUTEIBCTBE, OOCTYKMBAHUU U HKCIUTyaTal[UH
YCTAaHOBOK KOMILJIEKCHOW NOATOTOBKH ra3a. Tak B MAIIMHHBIX 3aJ1aX KOMITPECCOPHBIX
Y HACOCHBIXCTAHIIMI YPOBHU IIyMa B 3aBUCHMOCTH OT THIIA IPUMEHSAEMBIX HaCOCOB
u KommpeccopoB MoryT gocturats 90 — 110 nb, mpu sTom

npeBbiias Ha 5—25 ab nomycTuMbie HOPMBI.

IIpenensHO nOMyCcTUMBIE YPOBHHU 3ByKOBOI'O JABJIECHUS B OKTaBHBIX ITOJIOCAX
4acTOT, YPOBHU 3ByKa M SKBUBAJCHTHBIE YPOBHU 3BYyKa Il OCHOBHBIX HauOosee
TUIIAYHBIX BUJIOB TPYJOBOM I€ATEILHOCTH U pabOUUX MECT, pa3pabOTaHHBIE C yUETOM
KaTeropuil TSYKECTH U HANPSLKEHHOCTH TpyZa, peicTaBieHbl B Tabmauie 18. PaboTer
Ha YKIII" otHOcsTCs K 1, 2 M 3 rpymnmnam.

e [{oBbIIIIEHHBIN YPOBEHb BUOpaInil

bonsmunacTBO padot Ha YKIII™ momamaroT B Kateropuio 3 THM «a» TpaHUIIA

CHIKEHHSI TPOU3BOAUTEINBHOCTH TpyHa. HOpMBI CHEKTpaJbHBIX MOKa3aTenen
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BUOpPALIMOHHOW HArpy3ku Ha oOmneparopa [Uisl AJUTEIbHOCTH BHOPAIMOHHOTO
BO3/eiicTBU 8 U mpuBeneHbl B Tabnuie 19.

B kauecTBe cpeAcTB HHAMBUAYAIBHON 3aLIUTHl IPUMEHSIOTCS:

—BUOPO3AIUTHBIE IEPYATKH U PYKABULIBI

—BUOPOU30IMPYIOIINE TOAMETKH, CTEIbKH U CIIEUaTbHAS
BUOPOU30IUPYIOIAi00yBb

KonnexkTuBHbIE cpeAcTBa 3alllUTHL:

—YCTpPOICTBA, NPEMATCTBYIOLIUE MOSBICHUIO YEJIOBEKA B ONTACHOM 30HE;

yCTaHOBKA BUOPHUPYIOIIETO 000PYJOBaHMsI HA MAaCCUBHBIN (PYHIAMEHT,

PUMEHEHUE AEMI(PUPYIOLIETO MOKPHITUS U BUOPOU30JISATOPOB;

Tabnuna 25 — CanuTapHbIe HOPMBI CIIEKTPATIBbHBIX MMOKa3aTeNell BUOPAIMOHHON
Harpy3ku Ha oriepatopa. O01Iast BUOpaIys, KaTeropusi 3, THIT «a»

[IpenensHO AOMyCTUMBIE 3HAUEHHUS TIO OCSIM Xo, Yo, Zo
CpenHereoMeTpuiecKue BUOPOYCKOPCHUS BUOPOCKOPOCTH
4acTOTHI moJoc, I m/c? b Mm/c - 1072 b
1/3 okt 1/1 okt 1/3 okt 1/1 okt 1/3 okt 1/1 okt 1/3 okt 1/1 okt
1,6 0,089 99 0,89 105
2,0 0,079 0,14 98 103 0,63 1,30 102 108
2,5 0,070 97 0,45 99
3,15 0,063 96 0,32 96
40 0,056 0,10 95 100 0,22 0,45 93 99
50 0,056 95 0,18 91
6,3 0,056 95 0,14 89
8,0 0,056 0,10 95 100 0,11 0,22 87 93
10,0 0,070 97 0,11 87
12,5 0,089 99 0,11 87
16,0 0,110 0,20 101 106 0,11 0,20 87 92
20,0 0,140 103 0,11 87
25,0 0,180 105 0,11 87
31,5 0,220 0,40 107 112 0,11 0,20 87 92
40,0 0,280 109 0,11 87
50,0 0,350 111 0,11 87
63,0 0,450 0,79 113 118 0,11 0,20 87 92
80,0 0,560 115 0,11 87
KoppexrupoBannsie u 0,10 100 0,20 92
SKBHUBAJICHTHBIE
KOPPEKTHPOBAHHBIC
3HAYCHUS U MX YPOBHH

VYTeuka TOKCHYHBIX U BPEIHBIX BEIIECTB B aTMOChepy:
Mertanon (MetwioBsiid cniupT, popmyna CH3OH) - GeciietHas npo3payHas
JIETKOBOCIUTAMEHSIOIASCS KUAKOCTD, C 3aaxoM 3THIIOBOTO criupTa. CMemmBaeTcs ¢

BOJIOM BO BCEX OTHONIECHUIX.
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Ha VYKIII" MeTranosn ucmonb3yeTcsi Kak MHTHOUTOP THIpaTooOpa3oBaHus. B
TEXHOJIOTUYECKOM TMPOLIECCE MPEAYCMOTPEHBI OIEPALMU MO TPAHCIOPTUPOBKE U

CJIIMBY-HaJIMBY MCTAHOJIA.

MeTraHon MpU TMOCTYIUICHUH Yepe3 JKETYTOYHO-KHUIICYHBIM TPAKT MOXKET
MPUBECTU K CEPHE3HOMY OTPABIICHUIO, BILUIOTh 10 CMEPTEIBHOIO UCX0/1a, TIPU MPUEME
BHYTpPb 5-10 T MeTaHOJIa MOTYT BBI3BaTh TSkKeEJN0e oTpaBieHue, a 30 r - cMepTelibHas
n03a. CUMITOMBI OTpaBJICHUS: TOJIOBHAsI 00Jib, TOJIOBOKPY>KEHHUE, TOLIHOTA, PBOTA,
CUWJIbHBIE 00OJIM BO BCEM TeJle, XKEeIyJKe, MeIbKaHue Mepe]l riaazaMu, oomias ciadocThb
paspakeHHe CIM3UCTBIX 000J04YeK. B TskenbIx ciyyasx HaOmogaeTcss pe3kas
CHUHIOIIHOCTh, TJIYyOOKOE W 3aTPYIHEHHOE JbIXaHUE, CYJIOPOTH, CIa0bIi yUallleHHBIHN
MyJIbC, TOTEPS 3PEHUS.

MeTtanoi o6agaeT ¢1abo BeIpa)KEHHBIM MECTHBIM JIEUCTBUEM Ha KOXKY, MOXKET
MIPOHUKATh Yepe3 HEMOBPEKICHHBIC KOKHBIC MOKPOBHI (IIJ1Y 3arps3HeHUs KOXKHBIX
11okpoBoB cocTanysier 0,02 Mr/cm?).

MakcumainbHasi pazoBasi mpeaesbHo gomyctumasi koHuentpauus (1K) B
BO3/yXe pabodeil 30HEI cocTaBuseT 15 mr/M3, cpenrHecMenHas (cpexHecyTodnas) — 5
mr/m°,

[TepBast moMoITs MPU OCTPOM OTPABICHUU TP MTPUEME BHYTPh: MPOMBIBAHUE
JKeJlyJlka B T€UCHHE MEPBBIX ABYX 4acoB 2-4 11 2% pacTBOpa MUTHEBOW COMBI, IJIS
nocieayrlieit 60pr0osl He0OX0aUMO Kaxkaple 30 MUHYT AaBaTh 110 ST COJIBI, OOMIBLHOE
MUTHE (BCETO J0 411 )KUJIKOCTH B CYTKH).

PemoHT  TpyOOmpOBOMOB,  JO3UPOBOYHBIX  HACOCOB,  allllapaTyphl,
UCIIOJIB3YeMBIX TIPU PabOTE C METAHOJIOM, MOXKET MPOU3BOJUTHCS TOJBKO IOCHE
MIOJTHOTO X OTIOPOKHEHHUS U TIIATEILHON MMPOMBIBKH OOJIBIIIMM KOJTUYESCTBOM BOJIBI.

Bce 3arnmymiku u QuiaHiieBbie COCIUHEHUS HA €MKOCTSIX U OOBSI3KE JIOJKHBI
OBITH OIIJIOMOMPOBAHBI U 3AIIUIIEHBI OT CBOOOHOTO K HUM JI0CTYIIA.

[Ipu pabote ¢ MeTaHOIOM HEOOXOAMMO PYKOBOJCTBOBATHCS JTOKYMEHTAMU O
MOPSIJIKE MOJTYYEHHUs OT MOCTABIIMKOB, IEPEBO3KH, XPAHECHHUSI, OTITYCKa ¥ IPUMECHECHHUS
MeTaHoJa Ha 00bekTax 100b1uM, Tpancnopta u [IXI" OAO «I"aznpom» CTO I"aznpom

2-2.3-143-2007 u I'OCT 2222-95 «MeTaHOJI TEXHUYECKUID).
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Jlna oOecrieueHus Oe€30MacHBIX YCIOBUHM Tpylda Mpu paboTe C METaHOJIOM
IPOBOSTCS CIEIYIOIINE MEPOTIPHUSITHS:

JUist  UCKJIIOYeHUsT OMIMOOYHOTO TPUMEHEHHS METaHOJ OJOpUpYyeTcs
stunmepkantanoM B cootHommeHuu 1:1000, kepocunom 1:100 m oxkpammBaeTcs
XUMUYECKUMH YEPHWIAMHU U IPYTUMH KPACUTEIISIMH.

BrigaroTcst cpeacTBa MHAMBHIYaTbHOM 3aIMTHI: CHEIOAESKA, 3alIUTHBIC
OUYKH, PE3MHOBBIC caroru, (GpapTyk, mepyaTtku, MpoOTUBOTa3sl Mapku «A, M, BK®y,
M30JUpYIOlMe TpoTHBOraspl muanroBoro tuma [III-2, a Takxke creuuasbHbIC
KOCTIOMBI JIJIsI 3aIIUTHI BCETO Tela paboTaroMIero ¢ METaHOJIOM.

[Ipou3BOACTBEHHBIE TOMEIIEHUS, B KOTOPBIX MPOBOASATCS PpabOThl C
METaHOJIOM, CHa0XArTCS TPUTOYHO-BBITSDKHON BEHTHIISAIMCH. \

6.2.2 AHaJIU3 BBISIBJIEHHBIX ONACHBIX (DAKTOPOB

[ToxapoB3pbIBOOIIACHOCTD

B3pbiBbl U moXkapbl Ha TPyOONPOBOJAX, YCTaHOBKAaX U coopyxeHusx Y KIIT
MOTYT TIPOM3OMTH B  pe3yibTaTe TEXHOTEHHBIX aBapWii, CBA3aHHBIX C
ra3onposIBICHUAMH, pa3repMeTu3anuell 00OpyJOBaHMUS WM TpPyOONPOBOJOB U
BBIXO/IOM B OKpYXKalolee MPOCTPaHCTBO MPUPOJTHOTO rasza, 00pas3yrouiero ¢ BO3AYXOM
B3pPHIBOOMACHYI0O CMECh, a TaKXe pa3IMBOB Ta30BOTO KOHJIEHCAaTa, METaHOJa,
JTU3EJIbHOTO TOTLIMBA.

OnacHpiMM  (paKTOpaMH  TOXKapa, BO3JICUCTBYIONIMMH Ha JIIOACH W
MaTepHaTbHBIC IICHHOCTH, IOMUMO OTKPBITOTO TUTAMEHH, TIOBBIIIIECHHOHN TeMITepaTyphl,
SBJITFOTCS] TAK)KE TOKCUYECKUE MTPOTYKTHI TOPEHUSI K TEPMUYECKOTO PA3I0KEHUS U UX
BTOPHYHBIC TIPOSBIICHUS

—  OCKOJIKH;

—  IBWXKYIIUECS YaCTH Pa3pyIIUBIIUXCS anapaTos;

—  DIJIEKTPUYECKHUH TOK;

—  B3pHIB.

[TocxxapHast mpodmIakTHKa HAa TPOU3BOJCTBE JJOCTHUTACTCS TPABHIBHBIM
MPOCKTUPOBAHUE, IKCILTyaTAIlMN U OOECIICYCHHEM CPEJICTBAMHU MOKAPOTYIIICHHUS.

[IpoTuBONOXKApHBIE  MEPONPHUITUS  TEXHOJOTMYECKOM YacTH  MPOEKTa
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BBITIOJTHSIFOTCSL B COOTBETCTBUU CO CJIEAYIOIIMMU HOPMATUBHBIMU IOKYMEHTAMU:

IToxapHbIi1 ”HBEHTAPb:

—  MOHOITOMIIBI;

— ormerymmrtenu  (OIl-50, OXII-10, OX  13I1-10, OIIII-10,
YTJIEKUCIIOTHBIE);

— menoreneparop (I'TIC-200, I'TIC-600);

—  pyKaBa C raiikaMu u 0e3 raek;

—  3amac BOJbI;

—  TOXapHBIE IIUTHI,

—  SIIHUKYU C TIECKOM;

—  KOoIIMa, BEpA, JIOHATHI.

[Ipu npoBenenuu padot Ha YKIII' 3ampeniaercs Ucnonb30BaTh arperaTbl U
aBTOLIUCTEPHBI, HE 000PYOBAHHBIC UCKPOTAaCUTEISIMU Ha BBIXJIONMHBIX TpyOax. [lpu
OOBSI3KE€ TEXHUKH M TEXHOJOTHMYECKUX TPYOOMPOBOAOB 3aMpPEHIACTCs MOJIb30BATHCS
UHCTPYMEHTOM, IIPU paboTe ¢ KOTOPHIM MOKET BOSHUKHYTH UCKpA.

Hanuuune cocyaoB u TpyOOIIPOBOI0B, pa0OTAIONIUX MO 1aBICHUEM

Cocynamu, paboTarOUIMMU TMOJ JABJIECHUEM, Ha3bIBAIOTCA TE€PMETHUYECKU
3aKpBIThIE E€MKOCTH, MPEIHAa3HAYEHHBIC [JI1 BEJCHHS XHUMHYECKUX M TEIUIOBBIX
MPOIIECCOB, a TaKXE€ JJISI XPaHEHUS U TIEPEBO3KU CXKAThIX, CHKUKEHHBIX H
PACTBOPEHHBIX Ta30B U KUJIKOCTEH MO JaBICHUEM.

Ha VYKIII" cocynamu, paboTaromyuMu Mo 1aBICHUEM, SBJISFOTCS CENapaTophl,
KOJIOHHBI OT/TYBKM METaHOJIa, Pa3AeIUTEIN U TEXHOJIOTUYECKUE EMKOCTH.

OcHOBHasi OMACHOCTh MPH HKCILTyaTallMM TaKUX COCYAOB 3aKJIIOYaeTcs B
BO3MOXXHOCTH UX Pa3pyILICHUs MMPY BHE3AITHOM aMa0aTHYECKOM PaCIIUPEHUH T'a30B U
napoB (¢dusnueckuii B3pbIB). [Ipy ¢GuznmueckoM B3phIBE DHEPTHs CKATOW CPEIbl B
TEUEHHE MAJIOT0 MPOMEKYTKA BPEMEHU PEATM3YETCSd B KUHETUYECKYH) JHEPTUIO
OCKOJIKOB Pa3pylIEHHOIO COCYa U yJIapHYIO BOJIHY.

Oco00eHHO OIMacHBI B3PHIBBI COCYJIOB, COJIEPKAIIUX TOPIOYYIO Cpefy, TaK Kak
OCKOJIKU pe3epByapoB Aaxe OOJBIION MacChl (0 HECKOJIBKUX TOHH) pa3jieTaloTCs Ha
pPAacCTOSIHUE 10 HECKOJIBKUX COT METPOB U IIPH MaJCHUU Ha 31aHUsI, TEXHOJIOTHYECKOE
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00OpyZI0BaHUE, €MKOCTH BBI3BIBAIOT Pa3pyIICHHS, HOBBIE OYard MoXKapa, THOeIb
JIOJIEH.

st obecrieuenns Oe30MacHON SKCIUTyaTallud COCYAOB IO JIAaBJICHHEM Ha
VYKIII' BoCTOYHO-YPEHTOMCKOTO MECTOPOKIAECHUS NPEAYCMOTPEHBI CIEAYIOIIUE
TEXHUYECKUE PEIICHUS:

—  MpeayCcMOTpeHa TepMETH3allMsi TEXHOJOTHMYECKOrOo O0O0OpyJOBaHUS U
TpyOonpoBoaoB. CoenuHeHUs TPYO BBITIOJIHEHBI CBAPKOMH;

—  BCE DIEKTpoOOOpYJAOBaHUE U JIIEKTPUUECKHE MPHUBOABI apMaTypbl
MPUHATHI BO B3PHIBO3ALTUIIIEHHOM HCIIOJHEHUH;

— I 3a1UThl 000pYAOBaHUS U TPYOOIIPOBOIOB OOBS3KU OT MPEBBIIICHUS
pabodero MaBJCHUS Ha PETYIUPYIONIUX JIUHUSAX KYCTOB CKBaXUH, NUICH(OB Trasza
YCTAHOBJICHBl  NPEJAOXPAHUTEIbHbIE  KJIAllaHbl,  KJamaHbl  OTCEKaTeIu |
AIIEKTPOIIPUBOHBIEC 3a/IBXKKU;

—  &MKOCTH  OOOpYyJOBaHbI  MOJYHOTPYXKHBIMHU  3JIEKTPOHACOCHBIMU
arperaraMi BO B3pBIBO3AIMIICHHOM WCIOJIHEHUM M CBE€YAMH pAaCCEHBAHUS C
OTHENPETPaIUTEISIMU,

—  TPEeIyCMOTPEHO 3a3eMJICHUE JJIEKTPOOOOPYAOBAHMS, MOJIHUE3AIINTA,
3alIUTa OT CTATUYECKOTO JIEKTPUUYECTBA U 3aHOCA BBICOKOIO MOTEHIINAA;

— MOJBl  BO  BCEX  B3PBIBOOMACHBIX  MOMEHICHUSX  BBINOJHEHBI
0€3UCKPOBBIMU, HETOPIOYNMHU.

DIIEKTPUYECKHI TOK

Ha BocTouHo-YpeHrorckoM MECTOPOKICHUU UCTIONB3YETCS OCBETUTENIbHAS U
CUJIOBas ceTh ¢ HampsbkeHueM 220 B, kotopast siBIsi€TCSI MCTOYHMKOM OCBEILICHUS
OBITOBBIX, CKJIQJCKUX, KOHTOPCKHX U TPOMBICIOBBIX OOBEKTOB pa3pabOTKu U
SKCIUTyaTauuu ckBaxkuH. CunoBas cetb ~380 B - wucnosb3yercss s mpuBOIA
AIEKTPOABUTATEIEH BO BCIIOMOTATENIbHBIX I[€XaX (MacTepCKUX, PACTBOPHBIX y3Jax U
T. 1I.), a TaK)Ke Ha 00BbeKTaxX HedTera3oJ00bIYM U MOATOTOBKU. TOKOIPOBOISIIIHMHI
MIPOBOJHUKAMHU JIJIs1 OCBETUTEIHLHOM CETU SIBIISIOTCS TOKOU3OIUPYIOIINE MTPOBOIHUKH
THUTIA TTOJIUXJIOPBUHUIIOBOM M30JIAIIMA HEOOXOAUMOTO cedeHus - 4 X 1,5 m.

Ha mecTopoxaeHnu HCTob3yITCS CIAEaYIONINE CPeICTBA 3alUThI JIFOIEH:
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—  obecrieueHUE HEJOCTYITHOCTH TOKOBEIYIINX YacTel (KOXKYXH, KaMephl);

—  WHOWBUIyaJbHBICE  CpPEACTBA  3alUTHl  (PE3WHOBBIC  TIEPYATKH,
JTUAJIEKTPUUECKUE KOBPUKN);

—  3a3eMJICHHE.

MeToBI 3aIUThI OT CTATHYECKOTO AJICKTPUIECTBA:

—  3aMEHAa rOPIOYMX CPEJICTB MEHEE TOPIOYNMHU;

—  W3MCHEHHE CIIOCOOHOCTHM TOPIOYHMX BEMIECTB K  DJICKTPHU3AIUU
(aHTHCTAaTHYECKHUE TIPUCATIKH ),

—  BBIHOC OOBEKTOB, OMACHBIX IO TEHEPUPOBAHHUIO CTATUYECKOTO
AJIEKTPUYECTBA, 3a TMPEIEibl MPOU3BOJICTBEHHBIX IOMEIICHUH, B KOTOPBIX MOTYT
o0pa3oBaThCs MOKapO- M B3PHIBOOIIACHBIE CMECH TTAPOB U Ta30B.

DONEKTPOTPaBMbl BO3HHMKAIOT TPH KOHTAKTE C TOKOBEAYIIMMU YaCTSIMHU
(cywyaliHO€ TIPUKOCHOBEHME K OJHOM wiaM JByM (azam), npu mnpobdoe
AIIEKTPOU3OJISAIIAN u MOSIBJICHUHT HATPSHKCHUS Ha HETOKOBEIYIITUX
METaJUIOKOHCTPYKIUSAX, MPHU TOMaJaHUK B TOJIE€ pPacTeKaHUs TOKa B 3eMJIE OKOJIO
YIaBIIUX MMPOBOJIOB MJIM OKOJIO 3a3eMIIUTENICH (TOPaKEHHUE MArOBBIM HAIIPSHKECHUEM ).
JIist 3amuThl OT OMACHOCTU TMOPAXKEHHUS DJICKTPUYECKUM TOKOM TPU TIEPEXO0jie
HaIpPSHKEHUST HA HETOKOBEAYIIME METATIOKOHCTPYKIIMU MMPUMEHSIOTCS 3a3€MIIUTEIH,
MOCJICTHNE 3a0MBAIOTCSI B TPYHT BEPTUKAIBHO Yepe3 3 M. ApYr OT Jpyra W UMEIOT
JUTAHY 3 M. U TUaMETpP 5 CM.

6.2.3 Pacyér omacHOro ujy BpeJIHOr0 MPOU3BOJICTBEHHOT0 aKkTOopa

[TponsBemeM pacuéT cUCTEMBI BO3AYX000MEHAa B TIOMEIICHHH ISl OTIEPaTOPOB
TV. Pazmep nomemenus 8/6/2,5 m.

[ToTpeOHBIN BO3yX000MEH onpeaesieTcs o hopmyiie:

- 1000- G
 Xp — Xy

riae: L — morpebHbIit Bo3ayxooOMeH, M3/y;

G — KOJTMYECTBO BPEIHBIX BEIIECCTB, BBIACISIONINXCS B BO3AYX TTOMEIIICHHUS,

XB — TpeNeNbHO JIOMyCTHMasi KOHIISHTpAIUs BPEAHOCTH B BO3ayXe pabodeid

30HBI HOMEIIECHUS, MT/M3;
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XH — MaKCUMaJIbHO BO3MOXKHAsl KOHIIEHTPALIHs TON K€ BPETHOCTH B BO3yXe€
HacejeHHbIx MecT o CanlluH 1.2.3685-21, mr/m3.

[IpumensieTcss Tak)ke IOHATHE KPaTHOCTH BO3AyX0OOMeHa n, KOoTopas
MOKa3bIBACT, CKOJIBKO pa3 B TEUCHUE OJHOTO Yaca BO3AYX IMOJHOCTHIO CMEHSETCS B

nomeneHun. KpatHocTs BO3yxoo0MeHa omnpeesieTcs no Gopmyse:

TL=V

rae: N — KpaTHOCTh BO3yX000MeHa, u-1; V — BHyTpeHHuil 00beM MoMeIeHus,
M3.

Cornacno CII 2.2.3670-20, kpaTHOCTH BO31yXx000MeHa n>10 HegomycTUMA.

B uibIX 1 00IIECTBEHHBIX MOMEIIEHUSX MTOCTOSSHHBIM BPETHBIM BBIJICIICHUEM
SBJISIETCS BBIJBIXa€MbIH JIIOAbMHU yTIiIekucisil ra3z (CO2). Onpenenenre noTpeOHOro
BO3JIyXO000OMEHa MPOU3BOJUTCS MO KOJUYECTBY YIJIEKHCIIOIO rasa, BBIACIISIEMOro
YEJIOBEKOM H T10 €r0 JOIMYCTUMOMN KOHIIEHTPAIIUH.

[Ipenenpro nomyctumas konmentpaiys CO; B Bo3ayxe padodeit 30a61 — 9000
mr/m3. Conepskanue yriueKucIOThl Il HACEICHHBIX MyHKTOB — 650 Mr/me,

KonuuectBo CO3, BeIIEIsIEMOE pAOOTHUKAMU, OTIpeesieTcs o popmyre:

G = Nyen " g CO,

rae: Nuenm — xonmdecTBo ojaeit B momerenun, mrt, CO2 — KoImuecTBoO
YTIIEKUCIIOTHI, BBIJCISIONICICS B BO3IyX MTOMEIICHHUS, I/4.

B3pocnplit 4enoBek B COCTOSTHUUM TOKOsS BBIACISAET 35 T/4 yIJIEKUCIIOTo Tasa.

KomnuectBo COy, BeiACIsIeMOE 1 paOOTHHUKOM:
r
G=1-35=35-
q

OnpenenuM noTpeOHBIN BO3MyX000MeH 1iist Opurajsl u3 3 oneparopos TY:
_1000-3-35_1257 M3
©9000—-650 7 4

KpaTHOCTB BO3lyX000MeHa COCTABIISET:
12,57 m3

= = 1
8:6-2,5 0, 4

Takum 06p330M, HY’KHa BCHTHJIIHMOHHAA CHUCTEMA B YKPBITUHW CTaHIIUU

n
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YIIPaBICHHUs CKBAXKUHOM, KOTOpas OyleT 0becneunBars Bo3ayxooomen 12,57 m3/u.

KparrocTs Bo3ayx006MeHa npu 31oM coctasut 0,1 u,

6.3 Dxoornueckasi 0€30MaACHOCTh

IIpu mpoBeneHuu pabOT Ha YCTAHOBKE KOMIUJIEKCHOW MOJATOTOBKM TIa3a
HaOII0JaeTCs BpeIHOE BO3eCTBIE Ha InToCcepy, ruapocdepy u armochepy. UToOs
MaKCUMajJbHO MHHMMM3UPOBATh OTPULIATENIBHOE  BO3JEHCTBUE, HEOOXOJUMO
COOJII0/1aTh BCE YCTAHOBJIEHHBIE MPABUJIA JIJIsl TAKOTO pojia padoT.

6.3.1 cToYHMKH 3arps3HEHUs aTMOC(epbl U MEPONPUATHA 110 OXPaHe
aTMoc(epHOro BO31yxa

3arps3HsAIOIMEe BO3AYyX BELIECTBA MOTYT MOCTYIAaTh B atMochepy B BUAEC
HEOPTraHW30BAHHBIX W OPraHU30BaHHBIX BBIOPOCOB. BBIOpOCHI W BBIIEIEHUS
BPEIHBIXBEILECTB B aTMOC(Epy MPOUCXOJAT BCIEICTBUE!

—  IIOTEepH ra3a yepe3 HEIUIOTHOCTU TEXHOJIOTUYECKOT0 000pyA0BaHMUS,

—  CXKUTaHusd rasza Ha (pakenax, »KHJIKOTO ¥ Ta3000pa3HOro TOIUIMBA B TOIIKAX
TEXHOJIOTHYECKUX TeYel U B KOTJIoarperarax,

—  BEHTWISILMU MTPOU3BOACTBEHHBIX TOMEIICHHI,

—  paOoThI ABUTATENEN BHYTPEHHEIO CrOPaHUs,

—  XpaHEHHUS ChITYYUX BEIECTB.

B mensx mpeaynpexIaeHHs  3arps3HEHHS  aTMOC(EPHOTO  BO3AyXa
peyCMaTPUBAETCS P MEPOIIPUSITHIA IO COKPAILIEHUIO BHIOPOCOB BPEIHBIX BEILIECTB
B aTMocdepy:

1. TlonmHast repMeTH3alsi CUCTEMBI COOpa U TPaHCIIOPTa rasa.

2. CTOnpoLEeHTHBI KOHTPOJIb IIIBOB CBAPHBIX COEUHEHHUH TPYOOIIPOBOIOB.

3. 3ammTa 000py1I0BaHUS OT KOPPO3HUHU.

4. OcHaleHue NpeJoXpaHUuTENbHBIX KJIalaHOB BCEU armapaTypbl, B KOTOPOR
MOKET BO3HUKHYTh U30BITOYHOE JIaBJICHUE.

5. MUcneitanue o6opynaoBaHus H TpyOONpOBOJOB HA MPOYHOCTH U

IrepMCTUYHOCTD IIOCJIC MOHTAXKA.

103



6.3.2 UcTOYHUKH 3arpsi3HeHHUs] OBEPXHOCTHBIX BOJ U 0XPaHA BOA0EMOB
OT 3arpsi3HeHHA

OCHOBHBIMU 3arpsiI3HUTEISIMUA TPUPOHOH cpebl pu padote YKIII sBnsroTcs
CTOYHBIE BOJbl U OTPAOOTAHHBIA BOJOMETAHOJBHBIM PacTBOp, CoOJEepKalliue
MEXaHUYECKUE TPUMECH, OPTAHUYECKHE COEUHEHUS U METAHOIL.

Meponpusitus, IpOBOJUMBIE ISl OXPaHbI BOJOEMOB:

1. B cootBeTcTBUM C TpeOOBaHUSIMHU OXpaHbl MOBEPXHOCTHBIX BOJA OT
3arpsiI3HEHUS 3ampeniaeTcsi cOpachiBaTh B BOJIHBIE OOBEKTHI CTOYHBIC BOJIBI.

2. Mecra pa3memieHuss €MKOCTeH Ui XpaHEHUS TOpI0YeCMa30YHbIX
MaTepHaJioB U ITIaMa JIOJKHBI ObITH 00BAJIOBAHbI M TUPOU30JIUPOBAHBI.

3. Ha 3aromisgeMbIx TEppUTOPHUSAX HeoOXoauma OOBajOBKa MO KOHTYpPY
OTBOJIMMOTO y4acTKa OypoBOMH, TaKKe B LEJSAX MPEAOTBPAILEHHUSI TOBEPXHOCTHBIX BOJI
B IEPUOJUYECKH 3aTOIUIIEMBIX MECTHOCTSIX MEXaHU3MbI, 00OPYJOBaHHUE JIOJIKHBI
pa3meniatbes Ha miaTdopmax U MIomaaKax.

4. IlpurotoBieHue MW JAO3UPOBKY XUMHUYECKHX PEAreHTOB HEO0OXOAUMO
IPOU3BOJUTH TOJIBKO B CIIEUATIBHO 00OPY/TOBAaHHBIX MECTAX.

5. Ilpou3BoauTh cOPOC XO3SMCTBEHHO OBITOBBIX CTOKOB B BOJIOEMBI TOJIBKO
nocJe OMOJIOTMYECKOW OUUCTKH.

6. ExxemecsuHbiil 0TOOp P00 MOBEPXHOCTHBIX BOJ HA XUMUYECKUM aHAU3 B
palioHe MaKCUMaJILHOTO CKOIUICHHS HE(TErazo100bIBaONUX 0OBEKTOB.

6.4 be3onacHOCTh B Upe3BbIYANHBIX CUTYAI[USIX

Ha mecTopoxieHHuH MOTYT BO3HUKHYTh Pa3JInuHbIe YpE3BbIYANHbIE CUTYALIUU:
a) [Ipupoanoro xapakrepa:

—  TABOJKOBBIE HABOJIHEHUS

—  JIecHbIE U TOP(DSIHBIE TTOKAPHI

—  yparassl

—  METEJIM U CHEXXHbIE 3aHOCKHI 0) TeXHOTeHHOTO XapaKTepa:

—  TIpeKpalleHue MoAauu IeKTPOIHEPIHH;

—  TI0ap Ha O0BEKTE;

—  HapyuleHUE TepPMETHUYHOCTH almnaparoB U TpPyOONpPOBOAOB, MPOIMYCK

104



CaJIbHUKOB HACOCOB, apMaTypbl, YTO MPUBOAUT K 3ara30BaHHOCTH, YTEUKHU
He(DTETPOAYKTOB, BOZMOXHOCTH OTPABJICHUS MTPOTyKTaMH TOPEHUS, TIOKAPY, B3PHIBY.

Haubounee yacto BcTpeyaeTcs MPOITyCK Tra3a BO (PJIAHIIEBBIX COCTUHEHUSAX W3-
32 MPEBBILICHUS JaBJICHUA.

—  Bo3MOXHBIE TPUYMHBI aBApUU:

—  MexaHnueckue MOBPEKICHHUS;

—  Kopposusi, u3Hoc, yTOHbIIIEHHE CTEHOK 000pYI0BaHus, TPYOOIIPOBOJIOB;

—  HexauecTBeHHBIE CBApHBIE COEAMHEHNS,

—  3aBojickue J1e(PeKTHI;

— Bo3HHMKHOBEHHWE B KOHCTPYKIIMH OOOpYyAOBaHHs, TpyOOIPOBOIOB,
apMaTypbl HAMPSHKEHU U TaBJICHUMN, TPEBBIIAIONINX PACUETHBIE;

—  HM3HOC ¥ HE TepMETUYHOCTh YIUIOTHUTENIBHBIX COCIUHEHUT;

—  JleWicTBuUsA MNpPOW3BOJACTBEHHOTO TIEPCOHANIA [0 CIIACEHHUIO JIIOJIEH,
JIMKBUJIALIMNA AaBAPUNHBIX CUTYaLlUHd U aBapUU:

—  CooO0uuTh 00 aBapuu HEMOCPEICTBEHHOMY PYKOBOJIUTEINIO;

—  OnoBectuTh 00 aBapuu PYKOBOJUTENEH U CIELHAIMCTOB COIJIACHO
CIIUCKY OIOBEILICHHUS;

—  OnenuB 0OCTaHOBKY, B 3aBUCHMOCTH OT CTENEHH OMACHOCTH, JaTh
pacnopsKEeHUE O BhI30BE TPEOYyEeMbIX JJIs JUKBUIALMH CTIELIUATIMCTOB;

—  Omnpenenurs OMAacHy 30HY. BbIBeCTH MIOAEH, HE 3aHSTHIX BEICHUEM
TEXHOJIOTUYECKOT0 MPOLECCa U HE YYaCTBYIOIIMX B JUKBUIALUHA aBAPUH U3 OMACHOM
30Hbl. BBICTaBUTh MOCTHI, MNpPEAYNpPEAUTEIbHbIE 3HAKH Ha IYTAX BO3MOXKHOTO
MOSIBJICHUS JIoJIeH U TexHUKHU. OKa3aTh MEPBYIO OMOIIL TOCTPAIABIINM;

— Orceub aBapuiHBIA y4acTOK, WIPOU3BECTH CcOpPOC JaBICHUS C
MOBPEXKJIECHHOIO Y4aCcTKa;

—  IlpucTynuth K peMOHTHO-BOCCTAHOBHUTEILHBIM paboTaMm;

Jlns mpenoTBpalieHus aBapui, KOTOpPbIE MOTYT BO3HMKHYTh Ha OOBEKTax
HeTerazogo0bIYM COCTABISAIOTCS IUIAHBI 10 JIMKBUJALIMK BO3MOXKHBIX aBapuii

(IINIBA). TIJIBA coctaBisitorcs B cOOTBeTCTBHM C lIpaBmiamu 0€30macHOCTH B
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HE(PTAHON 1 Ta30BOM MPOMBIIUIEHHOCTH U JOJHKHBI COAEPKATh CIEAYIOIIEE:

1. mepeyeHb BO3MOKHBIX aBapUil HA OOBEKTE;

2. cmocoObl omoBenieHus: 00 aBapuM (CHpeHa, CBETOBAsl CUTHAIM3aAIUA,
IPOMKOTOBOpSIIAsl CBA3b, TeNe(OH U JIp.), MyTH BBIXOJA JIOJEH U3 OMaCHBIX MECT U
YYaCTKOB B 3aBUCUMOCTH OT XapaKTepa aBapuu;

3. IEUCTBUS JUL TEXHUYECKOTO NIEPCOHANIA, OTBETCTBEHHBIX 32 SBAKYallUIO

4. nmroaei U NpoBEAEHUE MPENYCMOTPEHHBIX MEPOIIPUSTHI;

5. CIIMCOK M TOPSAOK OINOBEIICHUS JTOXKHOCTHBIX JIUI[ IPU BO3HUKHOBEHUU
aBapuu;

6. crocoObl JMKBHJALUMK aBapuil B HadyaJbHOM cTaauu. llepBoouepenHbie
JNEUCTBUS TEXHUYECKOTO IMEepCOHalla M0 JIMKBHJALMUM aBapuil (HApyIICHUS
TePMETUYHOCTH ), IPEAYIPEKICHUIO YBEIIMUEHUS UX PA3MEPOB U OCIIOKHEHUM.

7. CIHHCOK W MECTOHAXOXKJICHUE AaBApUMHOM CIENOACKAbI, CPEACTB
VH/IMBU1yaJIbHOM X aBapuil;

8. [1naH TMKBUJALUK aBapUil COCTABIIAECTCS U YTBEPKAAeTCs | pa3 B IATH JIET.
CornacHo rpaduKky C pabOTHUKAMU MPEINPUATHS, KaXAbIA MeCSI] MPOBOASTCS
3aHATHUS O JIMKBUAAUWM BO3MOXHBIX aBapui. Pe3ynbrarhl 3aHATHI 3aHOCSTCS B
JKypHAaJI C MOJANKUCHI0 OTBETCTBEHHOTO 3aIUTHI U HHCTPYMEHTA,;

9. akthl ucneiTanus CU3, cBs3u, 3a3eMIICHUS

10. rpaduk u cxemy 1o oT60py Npod razoBO3AYIIHON CPEIbI;

11. TexHOJIOTHYECKas cxeMa 00OBEKTa;

12.ronoBoi#l rpaduk mpoBeaeHUsT yUeOHbIX 3aHATHI

BeiBoa:

B pazgene Obui paccMOTpeHBI OCHOBHBIE OIACHBIE U BPEAHBIC (DAKTOPHI,
BO3HUKAIOIIME TMPU BEACHUM TEXHOJIOTMYECKOrO IIpoliecca Ha  YCTaHOBKE
KOMIUICKCHOM  TOJTOTOBKM Ta3a BOCTOYHO-YPEHrOMCKOTO  MECTOPOXKICHUS.
OrnpeneneHbl TPUUMHBI UX BO3HUKHOBEHUS, JOMYCTUMbIE KOHIIEHTPALIMM U CTEICHb
BIIMSIHUSL Ha 4esioBeka. [ kaxxaoro ¢gakrtopa ObLIM MPUHSITEI HEOOXOAUMBIE MEPhI
JUTSI 3aITUTHI PpAOOTHUKOB M CHIDKEHUSI HETATUBHOTO BITUSIHUS HA HUX.

[Ipopabotana sKojoruueckas O€30MAaCHOCTh:  BBISBIEHBI  MCTOYHUKHU

106



3arpsi3HEHUs]  aTMOc(ephl, TMOBEPXHOCTHBIX BOJ M BOJOEMOB NPOAYKTaMHU
nesitenbHocT Y KIT. Paspabotansl MeponpusaTys 1j1s1 MUHUMH3AI[UH BO3ACHCTBHS Ha
OKPYXKAaIOILyI0 Cpeay.

Takxxe omnpeneneHsl oCHOBHbIE BHIbI aBapuii u YC, BO3ZHUKAIOUMX MpHU
JKCIUTyaTalli OObEKTa. BBIABIEHBI BO3MOXHBIE MPUYUHBI aBapvil U pa3pabOTaHbI
UHCTPYKLMU 11 nepcoHana npu Jmkeupanmu YC. [Ing  npenorsBpaineHus
BO3HMKHOBEHUS ABapUIHBIX CUTYALMI TUIAHBI 110 JUKBUIALMHA BO3MOXKHBIX aBApUU U
MPOBOJATCA TPEHUPOBKHU.

[TosryueHHble pe3yabTaThl MOTYT OBITh MCIIOJIb30BaHbl HAa MPEANPUATUHN IS
Oonee Oe3zomacHOro M OE3BPEAHOrO0 BEJEHUSA TEXHOJOTMYECKOTo Ipolecca Ha

IMPOU3BOACTBC.

107



3akiloueHue

Hcrnonp30BaHWe TEXHOJIOTMH HHU3KOTEMIIEpATypHOW cemapanuu  Oyner
COXpaHsATh CBOIO 3(D(PEKTUBHOCTH MOKA IJIACTOBOE JABJICHHE W TeMIleparypa OyayT
oOecrieuynBaTh 3aJlaHHBIE TMAapaMeTpPhl PaOOTHI YCTAHOBKH HU3KOTEMIIEPATYPHOU
cenapanuu: MUHYC XX — muHyc XX°C u XX—XX MlIla. B npornecce skcrutyaranuu
Ha JICUCTBYIOLIEN YCTaHOBKE BOCTOYHO-Y PEHI0OMCKOT0 MECTOPOKIACHUS TEMIIEPATypa
B HH3KOTeMIepaTypHoM cemnaparope (Munyc XX °C) momnepxuBaercs 3a CUET
pacimpenus raza B typooaetanaepe (AP=XX MIla).

VYcaoBusi oOpazoBaHus TuUIpaToB Il raza BocrouHo-YpeHroickoro
MecTopoxaeHus: pu gaBiaeHuu XX Mlla runpatsl 00pa3yroTcs npu tremieparype XX
°C.

B kawectBe wuHrubWTOopa TUAPATOOOpPA30BAHUS MPUMEHSIETCS METAHOI,
KOTOPBIN 3aKauMBAETCs HA YCTAaHOBKE MOJIMOTOBKE raza B KoymmuectBe XX Kr/4.

[IpensioxkeHo MPOBECTH OLEHKY 3(h(PEKTUBHOCTU TEXHOJIOTUU PELHUPKYISLUN
METAHOJIa Ha YCTAHOBKE MOATOTOBKM BOCTOUHO-Y PEHTOMCKOTO MECTOPOKACHUS.

MetonoM WuCCIEAOBaHUS SIBJSIETCS TEXHOJIOTMYECKOE MOJACIMPOBAHUE B
nporpamme Unisim Design.

Cozngana B mporpamme Unisim Design cxema AEHCTBYIOMIEH TEXHOJIOTHU
MOATOTOBKM Ta3a Ha YCTAaHOBKE HU3KOTEMIIEpATypHOU cemapanuu. AJEKBATHOCTH
MOJEIN JOKa3aHa M0 OTHOCUTEIbHOMY OTKJIOHEHHUIO COJIEpPXKAHUSI KOMIIOHEHTOB
IIOATOTOBJIIEHHOIO ra3a: HauMeHnbliee — 0,9% mia MeTana U HanOoJbie — oT —12,1%
s Cs mo 21,8% nnsa meranona. Yem Ooubllle KOMIIOHEHTA B COCTaBE, TEM MCHBIIIC
OTKJIOHEHUE.

Touka pochl OCyIIEHHOTO Ta3a Mo Boae coctaBiasier MuHyc XX °C.
CmMonienpoBaHHasl CXxeMa COOTBETCTBYET peajbHOM, CIeI0BaTEIbHO, HA HEM MOXKHO
MPOBOJAUTH UCCIEAOBAHUS.

Jls ioBbItieHust 3¢GHEKTUBHOCTH UCIIOIB30BaHUS METaHOJIa TIPU MTOATOTOBKE
A4YMMOBCKOI'0 ra3a Ha BoCTOYHO-YPEHrolckOM MECTOPOXKAECHUHN MPEIIOKEHO BBECTU
B TEXHOJOTUYECKYI0 CXEMYy TOATOTOBKH PEIUPKYJISAIUI0 HACHIIIEHHOTO BOJIO-

METaHOJILHOTO PacTBOPa M €r0 PEreHepalrio B KOJIOHHE-Iecopoepe.
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Cozmana B mnporpamme Unisim Design mozens MoOJAEpHU3NPOBAHHOM
TEXHOJIOTUH TTOATOTOBKH Ta3a.

[IpoBeneHsl HccleqOBaHUSL BIUSHUS Pa3iMYHbIX (DAaKTOPOB, Ha IMOKA3aTENU
npolecca peupKyJIsSIUN METaHOoa:

- TEMIIEpaTyphl CHIPOTO Ta3a Ha COJlep)KaHME METaHOJa B Ta3e U KUAKOCTH
nociie aecopoepa;

- KOJIMYECTBA M0JJaBa€MOT0 B KOJIOHHY CHIPOTO Ta3a Ha COJep>KaHUuE METaHOJIA
B ra3e U *KUJAKOCTH Mocie aecopoepa;

- nonu Bo3BpamaemMoro BMP Ha yHOC MeTraHona ¢ OCyIIEHHBIM Ta3oM H
TpeOyeMBbIil pacxo/1 KOHIICHTPUPOBAaHHOTO METAHOJIA;

- pacmpelesieHusT METaHoJia MEXKIy BOJHOM M YIJIEBOJOPOAHOU (a3amu B
3aBUCUMOCTH OT KOJIMYECTBA BOJIBI B CMECH.

[ToxazaHO, YTO TEXHOJOTHS PEHUPKYJSAIMN METAaHOJIa IO3BOJIIET CHU3UTh
pacxoji CBEXKEro KOHIICHTPUPOBAHHOTO METaHOJ]a 3a CYET Iepexojila MeTaHoja W3
xuakoit pazel (BMP) B razoByto (cbipoii raz) Ha XX kr/4 (35 %), npu 3TO IPOUCXOIUT
COKpAIllEHHE YHOCAa METAHOJIa C HECTAOUIILHBIM KOHJIEHCATOM U BOJIOM Ha XX KI/4 u
XX Kr/d4 COOTBETCTBEHHO.

[IpoBenen  pacu€r  SKOHOMHYECKOW  A(PPEKTHBHOCTH  TEXHOJOTHUHU
perupkynanuu - MetaHona. C  ydu€ToM 3aTpaT Ha KalUTAIbHBIC BIIOKEHUS,
OKCILTyaTallMOHHBIX 3aTPaT U HAJIOTOB, I0XO] OpraHU3aluu COCTaBUT XX MJTH. B TOJ,
TEM CaMbIM MPOEKT OKYIUTHCS MEHEE ueM 3a 8,5 MecsIeB, TaK KaKk IKOHOMHUS 3aTpaT
Ha 3aKYIKY METaHOJIa, 3HAYMTEIILHO MPEBHIIIACT 3aTPAThl HA KaIIUTAILHBIC BIIOKCHHUS.

PaccMOoTpeHBI OCHOBHBIE OMNACHBIE W BpEIHBIC (aKTOPHI, MpopadoTaHa
DKOJIOTHYECKass 0Oe30MacHOCTh, ONpENeTeHb OCHOBHBIE BuIbl aBapuii u YC,
BO3HHMKAIOIIME TIPM BEJACHWHM TEXHOJIOTHUECKOTO Ipollecca Ha  YCTaHOBKE

KOMIIJIEKCHOM MMOJArOTOBKM ra3a BOCTOYHO-Y pEHTOMCKOTr0 MECTOPOKICHHUS.

109



Cnmcok ny0aukanuii 00y4yarwuerocs

AmnanuH [1.B. TexHomorust peunupKyJIsiiiui METaHOJIA KaK CIIOCO0 COKpaIEHUs
€ro pacxo/ia Ha yCTaHOBKE [TOATOTOBKH KOH/IEHCATCOIEPIKaIIEero ra3a; Hayd. pyk. JI.B.
Mummuaa // XXVII MexayHapoaHblii MOJOICKHBIA HAyYHbI CUMIO3UYM UMEHH
akagemuka M.A. YcoBa «lIpoGieMbl reooruu U OCBOEHHsI HEIP», MOCBSILEHHBIN
160-neturo co aus poxxaeHus akagemuka B. A. O6pyueBa u 140-netuto akageMuka M.

A. Ycoga, ocHoBareneit CHOMPCKO# TOPHO-TEOIOTHYECKON MTKOJIBI (B TICYATH).
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IIpuioxkenue A

Natural gas hydrates and their control
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In the broadest sense, hydrates are chemical compounds that include water. For
example, there is a class of inorganic compounds called "solid hydrates”. They are
solids with ionic type of bonds in which ions are surrounded by water molecules and
form a solid crystalline body. However, in the gas industry, hydrates are commonly
understood as substances consisting of micromolecules and water. [7]

Hydrate formation is a process that occurs at certain values of pressure and
temperature differences and with the obligatory presence of moisture.

Gas hydrates are solid crystalline compounds of low molecular weight gases,
such as methane, ethane, propane, butane, etc., with water. Outwardly they resemble
snow or loose ice. They are stable at low temperatures and high pressure; when these
conditions are violated, gas hydrates easily decompose into water and gas. The most
common natural gas hydrate is methane. The composition of hydrates is expressed by
the formula CnH2n+2*mH20 [1]. For example, for methane - CH4*6H20, for ethane
- C2H6*7H20, for propane - C3H8*18H20 and so on. The methane content in hydrates
is very high: more than 160 m3 of methane can be obtained from one cubic meter (under
standard conditions). In terms of energy content (calorific value), gas hydrates are
comparable to bituminous oil and oil sands.

Hydrates belong to a larger class of chemical compounds known as "clathrates"
or "inclusion compounds”. Clathrates are compounds in which molecules of one
substance are enclosed inside structures formed by molecules of another substance.

Many of the components commonly found in natural gas form hydrates when
combined with water. The formation of hydrates is one of the problems associated with
the processes of extraction, processing and transportation of natural gas and its
derivatives of liquids.

In the oil and gas industry, "hydrates" are substances that are usually in a
gaseous state at room temperature. Hence the term "gas hydrates"”, as well as one of the
widespread misconceptions associated with this type of compounds. Water is always
present in gas-bearing formations. Therefore, the extracted natural gas is always
saturated with water. In addition, in some cases, reservoir water is extracted from wells

together with gas.
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The ability of water to form hydrates is explained by the presence of hydrogen
bonds in it. The hydrogen bond causes water molecules to line up in geometrically
correct structures. In the presence of molecules of some substances, this ordered
structure is stabilized and a mixture is formed, released as a solid precipitate.

The water molecules in such compounds are called "hosts", and the molecules
of other substances that stabilize the crystal lattice are called "guests". Guest molecules
are called "hydrate—forming substances"” or "hydrate-forming agents". Crystal lattices
of hydrates have a complex, three-dimensional structure, where water molecules form
a framework, in the cavities of which there are enclosed water molecules.

Another interesting feature of gas hydrates is the absence of bonds between
guest and host molecules. Guest molecules can freely rotate inside the lattices formed
by host molecules. This rotation is confirmed by spectroscopic measurements. Thus,
these compounds can best be described as solid solutions. [7]

Conditions of hydrate formation

The following three conditions are necessary for the formation of hydrate:

1. Favorable thermobaric conditions. The formation of hydrates is favored by a
combination of low temperature and high pressure. The thermobaric curves for the
hydrate-forming substances under consideration are shown in Figure 1.

In all cases, the equilibrium lines of three-phase systems involving two liquid
phases have a strong slope. With small changes in temperature, very significant changes

in pressure values are observed. Methane does not have such a pattern.
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Figure 1 — Hydrate formation curves for some natural gas components [7]

For ethane, propane and isobutane, the molar fractions of the hydrate phase are
not a function of temperature and pressure (i.e. they are constant), since the molecules
of these substances occupy only large cavities in the lattices of the corresponding
hydrates. In large cavities, the degree of filling is high.

2. The presence of a hydrate-forming substance. Hydrate-forming substances
include methane, ethane, carbon dioxide, etc.

3. Availability of water. There should be neither too much nor too little water.

The exact values of the temperature and pressure of hydrate formation depend
on the chemical composition of the gas, and hydrates can form at temperatures above
the freezing point of water 0 oc.

To prevent hydrate formation, it is sufficient to exclude one of the three
conditions listed above. As a rule, we cannot remove hydrate-forming substances from
the mixture. In the case of natural gas, it is the hydrate-forming substances that are a
useful product. Therefore, to combat hydrate formation, we pay attention to two other
factors.

The following phenomena also contribute to the accelerated formation of

hydrates:
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Turbulence. High flow rates. The formation of hydrates is active in the area with
high flow rates of the medium. This makes the throttle valve particularly sensitive to
hydrate formation. Firstly, the temperature of natural gas when passing through the
throttle, as a rule, decreases significantly due to the Joule-Thomson effect. Secondly, a
large flow velocity occurs in the reduced flow section of the valve.

Mixing. When gas is mixed in a pipeline, process tank, heat exchanger, etc., the
intensity of hydrate formation increases.

Centers of crystallization. The crystallization center is a point at which there are
favorable conditions for phase transformation, in this particular case, the formation of a
solid phase from a liquid. The crystallization centers for the formation of hydrates can
be pipeline defects, welds, fittings and fittings of pipelines (for example, elbows, tees,
valves), etc. Inclusions of sludge, scale, dirt and sand are also good crystallization
centers.

Free water. The presence of free water is not a prerequisite for hydrate
formation. This is demonstrated in the pressure-composition phase diagram for the
methane + water system (Figure 2). For example, in an equilateral mixture of methane
and water at 10 oC and 10 MPa, only hydrate and gas phases are present — there is no

free water.
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Figure 2 — Phase diagram pressure — composition for water + methane mixture at 10
°C
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However, the intensity of hydrate formation in the presence of free water
certainly increases. In addition, the water—gas interface is a convenient crystallization
center for the formation of hydrates.

The factors listed above contribute to the strengthening of hydrate formation,
but are not mandatory conditions. Only the three conditions mentioned earlier are
mandatory for hydrate formation.

Another important aspect of hydrate formation is the process of solid
accumulation. The accumulation of hydrate does not necessarily occur in the same place
as its formation. Hydrates can move through pipelines along with the flow of the
medium, especially liquid. As a rule, the accumulation of hydrates leads to technical
problems. In multiphase pipelines, the accumulation of hydrates creates traffic jams that
can clog lines and cause damage to equipment.

Methods of prevention and control of hydrates in the well

The formation of hydrates in the trunk can be prevented in the following ways:

— Introduction of inhibitors to the face,

— Thermal insulation of fountain or casing columns,

— Increasing the temperature of the gas in the trunk with heaters.

The most common method is the supply of antihydrate inhibitors (methanol,
glycol, salt solutions, etc.) to the gas stream. The choice of an inhibitor depends on
many factors. Sometimes the inhibitor is supplied through the annular space during gas
extraction through the tubing. In this case, methanol flows down the walls of the wells
to the shoe of the tubing, where it is captured by the gas flow and brought to the surface.
To reduce the losses of the inhibitor, it is necessary that the gas velocity is sufficient to
carry the methanol introduced into the stream. Pumping and compressor pipes should
be lowered with a packer, which is installed several tens of meters below the possible
place of hydrate formation. In the fountain pipes, a valve is mounted above the packer,
through which the inhibitor enters the pumping and compressor pipes, is captured by

the gas flow and rises up, preventing the formation of hydrates.
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The location of hydrate deposition in wells is determined by the intersection
points of the equilibrium curves of hydrate formation and temperature changes along
the borehole.

If hydrates do not completely overlap the well section, their decomposition is
easiest to achieve with the help of inhibitors. It is much more difficult to deal with
deposits of hydrates that completely overlap the section of the tubing and form a solid
plug. With an insignificant length of the plug, it can be eliminated by blowing the well.
With its long length, the release of hydrates is preceded by a certain period during which
the plug partially decomposes as a result of a decrease in pressure. The duration of the
hydrate decomposition period depends on the composition of the hydrates, the
temperature of the gas and the surrounding rocks. Solid particles (sand, sludge, scale,
clay solution particles, etc.) slow down the decomposition of the cork.

The use of inhibitors in the elimination of the plug is complicated by the fact
that even a small amount of mechanical impurities contained in the hydrate plug and
accumulating on its surface complicates the contact of the inhibitor with hydrates, and
consequently, the decomposition of the latter. In the permafrost zone, the hydrate plug
cannot be eliminated by lowering the pressure in the well. The fact is that the water
released during the decomposition of hydrates at a low concentration of the inhibitor
freezes and an ice plug forms instead of hydrate, which is even more difficult to
eliminate.

If hydrates were formed inside the column of fountain pipes, and the annular
space remained free of them (or vice versa), it is possible to decompose the hydrates
during gas extraction through the annular space. At the same time, it is necessary to
maintain the mode that provides the highest gas temperature. As a result of warming up
the fountain pipes with warm gas, the hydrates will melt (at least partially) and they can
be removed by blowing the well through the fountain pipes.

If a plug has formed along the entire section of the well, it can be eliminated by
applying a closed circulation inhibitor over the plug. The inhibitor is introduced into the
gas flow from such a calculation that the hydrate-free operation of both the well and the

plume is ensured. In some cases, it is injected separately into the wells and the plume.
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Currently, the forced supply of this agent is usually used with the help of dosing pumps
installed at collection points along individual inhibitor pipelines to specified points of
the gas collection and treatment system.

One of the promising ways to combat the formation of hydrates in the study of
wells is a way to prevent them from sticking to the walls of pipes. To do this, petroleum
products or surfactants (surfactants) are introduced into the gas stream; a hydrophobic
film is formed on the walls of the pipes, and loose hydrates are easily transported by the
gas stream. Surfactants, covering the surface of liquids and solids with the thinnest
layers, contribute to a sharp change in the conditions of interaction of hydrates with the
pipe wall.gas hydrate well inhibitor

Hydrates of aqueous surfactant solutions do not stick to the walls. The best of
the water-soluble surfactants (OP-7, OP-10, OP-20 and INHP-9) have a high freezing
point (from 273 to 270 K), they can be used only in the region of positive temperatures.
Of the oil-soluble surfactants, the OP—4 solution is a good wetting agent and a good
emulsifier. When 10; 12; 7 and 6 g of OP-4 are added to 1 liter of petroleum products
(ligroin, kerosene, diesel fuel, stable condensate), respectively, hydrates are prevented
from sticking to the pipe walls. A mixture consisting of 15-20% (by volume) of salt oil
and 85-80% stable condensate prevents the deposition of hydrates on the pipe surface.
The consumption of such a mixture is 5-6 liters per 1000 m? of gas.[7]

Inhibitors for hydrate control

In practice, methanol, diethylene glycol and agueous solutions of calcium
chloride are widely used to combat the formation of hydrates. Sometimes liquid
hydrocarbons, surfactants, reservoir water, a mixture of various inhibitors, such as
methanol with calcium chloride solutions, etc. are used. All of the above reagents help
to reduce the freezing point of the aqueous solution and prevent the formation of
hydrates. It should be noted that in many sources of surfactants, condensates and various
petroleum products do not dissolve in water and do not reduce its freezing point, but
only contributes to the formation of hydrophobic films on the surface of hydrate
particles, prevent the latter from sticking and expanding their volume or clogging the

pipe section. These petroleum products, mixing with the formed hydrate particles,
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contribute to their removal from the system, i.e. they do not fully fulfill the role of
inhibitors.

Currently, the most effective and affordable, especially in the Far North, is
methanol, which has a high degree of lowering the temperature of hydrate formation,
the ability to quickly decompose already formed hydrate plugs, low viscosity and low
freezing point.

Methanol (CH3;OH) is the first representative of the lower monatomic alcohols.
It is a colorless liquid, sometimes with a pungent odor (the method of production and
purification affects), mixed with water in all respects without clouding the solution and
changing the color.

Commercial methanol used in gas and gas condensate fields must meet the
requirements of GOST 2222-78E.

At the Yamburgskoye gas condensate field, to prevent hydrate formation and
destruction of the formed hydrates, methanol is supplied by pumps to the bushes of gas
wells through a methanol distribution point.

Technical grades of ethyl alcohol can be used as an inhibitor of hydrate
formation. However, given the specific features, it is practically not used in the fisheries.

Since 1995, an inhibitor based on isopropyl alcohol, which is an
environmentally friendly and cheap inhibitor, has been successfully used in the
development of offshore oil and gas fields of Azerbaijan to prevent hydrate formation
in the gas production and transport system instead of methanol.

Glycols (ethylene glycol, diethylene glycol, triethylene glycol) are often used
for drying gas and as a hydrate inhibitor at NTS installations. Diethylene glycol is most
common as an inhibitor, although the use of ethylene glycol is more effective: its
aqueous solutions have a lower freezing point, lower viscosity, and low solubility in
hydrocarbon gases, which significantly reduces its losses.

Glycols and water are mixed in any ratio. The freezing point and relative
densities of aqueous glycol solutions depend on the concentration. The lowest freezing
temperatures of these solutions are found with a mass fraction of inhibitors equal to 60-

70% (optimal — when using glycols as hydrate inhibitors). Glycols are not considered
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volatile, since the elasticity of their vapors at the formation temperature is small.
Therefore, this inhibitor remains almost completely in the liquid phase when introduced
into the pipeline, which greatly simplifies the scheme of its capture for reuse.

Calcium chloride solution is an effective widespread inhibitor of hydrate
formation. Anhydrous calcium chloride (CaCl, molecular weight 111) is white crystals
of cubic shape, highly hygroscopic, spreading in air.

The domestic industry produces anhydrous, fused and liquid calcium chloride
according to GOST 450-77. In the fisheries, as a rule, calcium chloride is used as an
inhibitor of hydrate formation at a weight concentration of 30-35%.

To prevent paraffin hydrate deposits in the laboratory of surfactants, a complex
inhibitor was developed in the form of a synergistic composition consisting of a
specially selected surfactant compatible with an antihydrate inhibitor. [7] The presence
of surfactants in the composition of a complex inhibitor has a positive effect on the
conditions of intermolecular interaction of hydrate-forming agents, changes the nature
of the surfaces on the wall of the equipment and in the resulting solid phase, giving the
deposits an amorphous, loose, flake-like character. [7]

Methods of regeneration of aqueous methanol solutions

Methanol regeneration by rectification

The use of methanol is not always justified from the point of view of economic
and technological, the safety of service personnel and environmental protection.

The main direction of improving gas processing technology, which allows to
significantly reduce the total consumption of reagent and transportation costs, increase
the economic efficiency of gas processing processes, improve the environmental side
of the work of gas fields is the introduction of saturated methanol solution regeneration
plants, including at gas condensate fields.

Traditionally, the water-methanol solution can be disposed of on low-pressure
VMR flares, or increase the concentration of the solution by rectification, adsorption or
chemical purification, or reuse of high-concentration VMR from the last stages of the
NTS and its blowing off at the previous stages of the NTS [3].
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The main equation of mass transfer describing the course of mass transfer
processes:

M = KA F

where K is the mass transfer coefficient characterizing the mass of matter
transferred from phase to phase through a unit of surface dF per unit of time with a
driving force equal to one.

A=s—sp

where c is the working (actual) concentration of the component in the core of
the flow of the corresponding phase, cp is the concentration of the components for this
phase, equilibrium with the actual concentration in the other phase.

For a poppet mass transfer device, the mass transfer coefficient can be attributed
to the contact area of the plate

M = Kp\AF = (Kafp)ApSNag = KrA,SNy

where fp is the contact surface of the phases, per unit area of the plate m?/m?,

KF is the mass transfer coefficient related to the units of the plate area; S is the
contact area of the plate, m? ; N4 is the number of plates in the column [3].

Methanol regeneration by rectification in column-type apparatuses is carried out
at the Messoyakhskoye, Vuktyl and Orenburg fields, and is also being implemented at
other gas industry facilities [10]. For example, after the transition of the integrated gas
treatment unit 1B (UKPG-1B) of the Yamburg oil and gas condensate field to a single-
agent condensate extraction scheme from gas, the design equipment of the diethylene
glycol regeneration unit was used for methanol regeneration. The concentration of
regenerated methanol due to rectification was 80-85%. And the concentration of
methanol in the cubic residue (water) is about 1% [3]. Rectification is a type of
distillation based on the countercurrent interaction of steam and liquid in a column,
which makes it possible to achieve the most complete separation of components, it is
also used for the purification of raw methanol at methanol synthesis plants and in field
conditions. This process has been comprehensively studied theoretically, and its
implementation does not pose any particular difficulties in principle [3]. Two types of

columns are used in rectification processes: poppet and nozzle. Plate-shaped are called
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column apparatuses, in which the internal devices in the working area are plates. Plates
are a bubbling device in which a mass transfer process occurs during operation, i.e. the
transition of a component from one phase to another as a result of direct contact between
working media. In the chemical and oil refining industry, poppet columns of various
sizes are used: from a small diameter of 300-400 mm to large-capacity high-
performance installations with columns with a diameter of 5-12 m. The height of the
column depends on the number of plates and the distance between them. Usually the
distances between the plates take 250-300 mm. For reasons of constructive order and
the possibility of repairing and cleaning plates in the columns of a large

The diameter of the distance between them is increased to 500-600 mm [3].

The advantages of poppet columns include:

* a wide operating range of loads in the liquid and vapor phases;

« significant phase contact surface;

» effective hydrodynamic environment at the contact stages;

« relatively low pressure drop on one plate;

* low unit cost per unit volume of the device.

The schematic diagram of the poppet column is shown in Figure 3.
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1 — mass transfer plates, 2 — power plate, 3 — hatches, 4 — reboiler, 5 — condenser, 6 —
reflux tank
Figure 3 — Schematic diagram of a poppet distillation column

Packing columns are widely used for the processes of absorption, purification,
cooling and humidification of gases, sometimes rectification. The contact of gas and
liquid in the nozzle column, during which the exchange of matter and heat between the
phases occurs, occurs mainly on the moistened surface of the nozzle. The contact
surface of the phases in the nozzle column, through which the mass transfer is carried
out, is called the "active surface of the nozzle". It can be either smaller or larger than
the geometric surface of the nozzle, and its size depends on the flow of gas and liquid.
With a small flow rate of liquid, it may not be enough to wet the entire surface of the
nozzle, therefore, the flow rate of liquid (“irrigation value") should ensure full
wettability of the entire surface of the nozzle. The efficiency of the nozzle column
depends on various factors: on the flow parameters, the physical properties of steam and
liquid, and on the type of nozzle. In addition, the efficiency of the column is strongly

influenced by the uneven distribution of flows along the column section, which leads to
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selective movement of steam and liquid [10]. The advantages of packing columns
include:

* low pressure drop in the height of the device;

* wide range of stable operation;

* high efficiency.

The schematic diagram of the nozzle distillation column is shown in Figure 4.
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1,2 — nozzle segments, 3 — redistributive plate, 4 — power plate, 5 — drainage
from the apparatus, 6 — heater, 7 — irrigation plate
Figure 4 — Schematic diagram of the nozzle distillation column.

The total weight of the poppet column is usually less than the weight of the
nozzle with the same performance: due to the limited strength of the nozzle, it is
sometimes impossible to do with only one grate that can withstand the weight of the
entire nozzle in a high column. Poppet columns are more suitable for processes
accompanied by temperature fluctuations relative to the environment, since periodic

expansion and compression of the column body under such conditions can destroy the
nozzle.
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Regeneration of methanol by blowing off

The process of absorption of methanol from the solution at the methanol
regeneration plant occurs by blowing off the volatile inhibitor with gas on a special
section of the gas pipeline. This method radically differs from classical mechanics in
that methanol is "extracted" already in the process of gas transportation itself without
the use of additional regeneration sites and filters, which significantly eliminates the

technological scheme (Figure 5).
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Figure 5 — Methanol blowing column [4]

The specific amount of methanol in the gas, which prevents the formation of
hydrates, is initially assumed to be 1.2 times higher at the site when using the blow-off
technology compared to its theoretical value. This ensures hydrate-free conditions in
the gas, but it is believed that these conditions are close to the boundary conditions at
which hydrate formation begins. This calculation is made due to the insufficient level
of production indicators at the early stages of field development. Moreover, until
recently, blow-off was considered ineffective, since inhibition is recommended to
prevent hydrate formation in low-temperature technology, while during the initial
period of field operation in the conditions of the Far North, it becomes necessary to
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supply methanol to gas collectors in winter. For this reason, the formation gas entering
the first stage of separation contains a certain amount of methanol, insufficient for the
recycling of the inhibitor. In this regard, the absorption system of the water-methanol
solution for its blowing becomes ineffective. The increased losses of methanol are also
due to the need to maintain stable liquid levels in the tanks involved in the work for the
implementation of circulation technology.

The noted "imbalance" lies in the fact that the amount of water removed from
the cycle with a cubic residue at the methanol regeneration plant exceeds the amount of
moisture that “self-replenishes” at the plant (condenses from gas, enters the
technological cycle together with "fresh” methanol and as a result of its removal from
separators).

Urengoygazprom have developed and implemented a new method of recycling
spent methanol, protected by copyright certificates 1350447 and 1466782. The essence
of the method of disposal of spent methanol is to use the heat of the gas of the previous

separation stages to "blow off" methanol from the WMS.
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1 — separator | stage C-1; 2 — heat exchanger; 3 — separator C-4; 4 — heat exchanger;
5 —fitting (ejector); 6 — separator Il stage C-2
Figure 5.1 — Schematic diagram of the NTS technology with "blowing off" methanol

Methanol concentration of 95% by weight, is supplied only before the heat
exchanger T-2. The resulting water-methanol solution | is fed in front of the T-1 heat

exchanger to inhibit it.
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The water-methanol solution obtained in the intermediate separators C-4 is fed
into the upgraded primary separator, where the contact separation plates are "blown off"
with warm methanol gas from the water-methanol mixture into the vapor (gas) phase.
From the gas phase, methanol, as the temperature decreases along the technological
chain of the low-temperature separation process, passes into the liquid phase and
inhibits the formation of hydrates.

Thus, the methanol recirculation technology represents the repeated use of a
volatile hydrate formation inhibitor in the gas treatment system in one process line due
to its evaporation from the liquid phase into the gas stream at the first stages of
separation and condensation - at the subsequent ones.

At the same time, the physicochemical features of the solubility of volatile
organic matter in compressed natural gas are effectively used: a strong dependence on

temperature and an increase in solubility with an increase in pressure at P > 5-7 MPa.
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