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IIJIAHUPYEMBIE PE3YJIbTATBI OBYYEHMUS 110 OOII

PesyabTaTnl 00y4eHust
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P1

HpI/IMeHSITL €CTCCTBCHHOHAYYHBIC, MaTeMaTHYCCKHUC, TyMaHUTapHBIC, 3KOHOMUYCCKHUC,
HWHXCHCPHBIC, TCXHUYCCKUC U rny601<1/1e HpO(l)eCCI/IOHaJ'H)HLIe 3HaHUSA B 00JIaCTH COBPCMCHHBIX
He(I)TeFEBOBI:IX TEXHOJIOTHI U1 PpCHICHUA NPUKIAAHBIX MCEKIUCIHUIUIMHAPHBIX 3aJa4d H
HMHIXCHCPHBIX np06neM, COOTBCTCTBYIOIINX HpO(l)I/IJ'IIO IIOATOTOBKH

P2

[InanupoBaTh ¥ TPOBOJWTH AHATUTHYECKHE W OKCIIEPUMEHTAIBHBIE HCCIACIOBAHHUS C
WCIIOJIb30BAHMEM HOBEHIIMX JTOCTH)KEHUH HAyKH W TEXHHKH, YMETh KPHUTHYECKH OICHUBAThH
pe3ynbTaThl W JIENaTh BBIBOJABI, IONYYCHHBIE B CIOKHBIX W HEONPEAETEHHBIX YCIOBHSAX;
UCIIOJIb30BaTh MPUHIIUITBI W300pETaTENLCTBA, MPABOBBIE OCHOBBI B 00JACTH HHTEIIEKTYATbHOU
COOCTBEHHOCTH

P3

[posiBnsTE IpOdecCHOHATBHYIO OCBEIOMIIEHHOCTD O MEPEIOBBIX 3HAHUSIX U OTKPBITHSAX B 00IACTH
He(Tera3oBbIX TEXHOJOTHH C YYETOM IIePEJOBOr0 OTEYECTBEHHOTO M 3apyOe)HOTO OIIbITa;
UCII0JIb30BaTh MHHOBAI[MOHHBIH MTOJIXO/T TIPH Pa3pabOTKe HOBBIX UAEH U METOOB POSKTHPOBAHHMS
00BEKTOB HEe(TEra3oBOro KOMIUIEKCa JUIsl pelIeHHs MHKEHEPHBIX 3a/1a4 pa3BUTHS HeTerazoBbIxX
TEXHOJIOTH, MOJIEPHHU3AIIMK U YCOBEPILIEHCTBOBAHHS HE()TEra30BOro MpOU3BOICTBA

P4

BbiOupaTh ONTHMalbHBIE PEUICHHs B MHOTO(AKTOPHBIX CHUTYalusX, BIAJETb METOAaMH U
CPEICTBAMU TEXHHUYECKOTO MOJICIUPOBAHUSI TPOM3BOACTBEHHBIX IPOLIECCOB W  OOBEKTOB
HedrerazoBoil  OTpaciu;  YNpaBlsiTh ~ TEXHOJOTMUECKUMM  IPOIECCaMH,  OOCIYKHBATh
000pyaoOBaHKe, UCTIOIb30BATh JIFOOO0H NMEIOIIHICS apCeHal TEXHUYECKHX CPELCTB, 00eCTIeUunBaTh
BBICOKYIO 3(()eKTUBHOCTH IIPH pa3paboTke HEPTEra3oBbIX OOBEKTOB

P5

CaMOCTOSATENbHO YYUThCA M HENPEPHIBHO IOBBILATH KBAJU(HUKALMIO B TEUEHHUE BCETO IEepHOa
npoQecCHOHANbHON EeATEeIbHOCTH; AKTHBHO BIaJEeTh WHOCTPAHHBIM SI3BIKOM Ha YpPOBHE,
HO3BOJIAIONIEM paboTaTh B HMHTEPHALMOHAIBHOW cCpele, pa3padaThiBaTh OKYMEHTAlMIO |
3alMIIATh PE3YIbTAaThl MHKEHEPHOH JeTeIbHOCTH

P6

PaGorath 3((eKTHBHO B KayecTBe 4i€HA M PYKOBOIMTENI KOMaHIbl, yMeHHe (opmMHpOBaTh
3aJaHUsI U ONEPATUBHBIC IUIAHBI BCEX BHUIOB ACSITEIBHOCTH, PACIPENCIATh 00SI3aHHOCTH UYICHOB
KOMaH[bI, HECTH OTBETCTBEHHOCTb 3a PE3yJIbTaThl PabOTHI, KOOPAHHHPOBATH PabOTy rpymm Mo
U3BIICYCHUIO U COBEPILCHCTBOBAHMIO MOOBIYM He)TH, Ta3a W ra3oBOro KOHAEHcATa, MepenaBaTh
3HAHUS Yepe3 HACTABHUYECTBO U KOHCYJIbTHPOBAHUE

P7

BHeapsATh, JKCIUTyaTHPOBAaTh W OOCIY)KHBATH COBPEMEHHBIC MAIIMHBI U MEXaHH3MBI UL
peanu3anuy TeXHOJIOMHYeCKUX MpOLeccOB HedTera3zoBoit o0macTH, obecrnedynBaTh UX BBICOKYIO
3¢ deKkTHBHOCTD, COOMIOAATH MpaBHIA OXPAaHBI 370POBbSI U OC30MACHOCTH TPYHAA, BBIIOIHSITH
Tpe6GOBaHMS IO 3aIIUTE OKPYIKAIOIIEH CPEeIbI

Paspa

OomKa u IKchayamayus HeQymaHvIX U 2a306b1X MECHOPOHCOCHUIL

P11

KoHTponupoBats BEINONHEHHE TPeOOBAHMI PErIaMEHTOB I oOecriedeH s 100bIYH HeTH, Ta3a U
ra30BOro KOHJIEHCATA U MOBBIICHHE HHTEHCU(HUKALIMI PUTOKA CKBAXKUHHOM MPOAYKINH

P12

CoBepIeHCTBOBATh, pa3pabaTeiBaTh MEPOIPHATHS W/WIH IOArOTaBINBATh OU3HEC-TIPEIUIOKEHHS
10 TEXHOJIOTHYECKOMY IPOLIECCY M TEXHOJIOTMYECKUM MEPOIPHATHAM IIPU 100bIYe HEPTH, ra3a u
ra30BOro KOHJIEHCAaTa Ha OCHOBE NPOW3BOACTBEHHOI'O MEHEIKMEHTa W IUIAHMPOBAHMS PadoT B
cdepe HepTera3omo0sau

P13

KoppekrupoBats mporpaMMsl paboT 1mo 1o0sr4e He(hTH, Ta3a U Ta30BOr0 KOHIEHCATa, BEIOUpATh 1
NPUHUAMATh PELICHUS B HECTAaHAAPTHBIX CHTYalHUsX, ONMUPAsCh Ha TOCYapCTBEHHbBIE CTaHIAPTHI B
obmacT HeTera30q00BIIH
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Ha BbinosiHeHue BbINYCKHON KBAJTH(HUKAIMOHHOMH padoThI
B dopwme:

‘ MAarucTepCcKon quccepTaumn

CryneHnry:

I'pynna DPUO

2bM7P Oxepen @enopy AJleKCaHIPOBUIY

Tema paboThI:

[ToBbiienne 3(hhEeKTUBHOCTH TEXHOJIOTHUH MMPOMBICIIOBOM IMOJTOTOBKUA HEPTSIHOTO

rasa
YTBepkaeHa NPUKa30M JUPEKTOPA | 01.03.2019 Nel642/c
Cpok cayu CTyIGHTOM BBITIOJTHEHHOM pabOThI: | 30.05.2019
TEXHUYECKOE 3AIAHUE:
Hcxonnple 1anubie K padoTe TexcThl M rpaduueckue MaTtepuabl OTYETOB U
HAy4YHO-HCCIIEeI0BATENbCKIX pabor,
TEXHUYECKUI peraamMeHT YCTAaHOBKH

IMNOATOTOBKH TIa3a, HOPMATUBHBIC NOKYMCHTHI,
IMPOCKT pa3pa6OTKI/I MCCTOPOKIACHUA, (I)OHIIOBaH
U ICpuoauvccCKkas JIMTeparypa, MOHOFpa(l)I/II/I,

yueOHUKHU
Ilepeyenb nmoaJieskaIMX UCCJIeI0BAHUIO, 1. Bsenenue
NPOCKTHPOBAHUIO U Pa3padoTke 2. TexHomorus  MOATOTOBKH  Ta3a  METOAOM
BOIIPOCOB HU3KOTEMIIEpaTYPHOH cenapanuu

3. Texuomoruu IIOATOTOBKH HC(I)THHOI“O ra3a Ha
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MpMBICIIe
4. TlocraHoBKa 3a7a4uu UCCIEIOBAHUS
5. OOBEKT U METO/IbI UCCIIETOBAHUS
6. HccnenoBanue BITASTHUS croco0oB
MOJTOTOBKM HE(TSIHOTO ra3a Ha BBIXOJ U
KaueCTBO MPOIYKIIUU
7. Pe3ynbpTaThl U UX 0OCYKIEHHE
8. DuHAHCOBBIA MEHEIHKMEHT
9. CoumanbHasi OTBETCTBEHHOCTh
10. 3akroueHue
Ilepeuenn rpagpuueckoro marepuajia 1. O63opHnas KapTa
PaCIIOJIOKEHUST MECTOPOKACHHS
2. Teomormyeckuii pazpes
3. XapakTepuCcTHKa MECTOPOKICHHUS
4. llens paboThl, 337241
5. TexHomoruueckas cxema
HU3KOTEMIIEPaTYpPHOU cenapanuy rasa
6. Mogenmupyromas  cxema  JICHCTBYIOIICH
TEXHOJIOTUM TOJTOTOBKH Ta3a METOJIOM
HU3KOTEMIIEpaTypHOU cenapariu
7. BrniBoabl
KoHcyJabTaHTBI 110 pa3enaM BbIIIYCKHOM KBATH(UKALUOHHON padoThl
Paznen KoncynbTanT
DUHAHCOBBIA MEHEIKMEHT Pomantok Bepa bopucoBna
CounanbHasi OTBETCTBEHHOCTh UYepemucknna Mapus CepreeBHa
Ha3Banus pa3aesioB, KOTOPbIE J0JKHBI ObITh HAITMCAHBI HA PYCCKOM M HHOCTPAHHOM
SI3bIKAX:
TexHo0rrs NOArOTOBKH ra3a METOJOM HU3KOTEMIIEPATYPHOU cernapanuu
JaTa BbI/IauM 3a]aHUS HA BbINOJIHEHHE BBINYCKHOM 15.04.2018
KBAJTH(PUKANMOHHOW padoThl 0 JJMHEHHOMY rpaduKky
3agaHue BbIAAJ PYKOBOAMTEb:
JloJKHOCTD ®UO yqe"::a:;z“eﬂb’ Hoanucn Jara
JloieHT [Hummvuna Jiozmma K.X.H., C.H.C. 15.04.2018
BceBonogoBHa
3agaHne NPUHSAJ K HCIIOJTHEHUIO CTY/ICHT:
I'pynna (01700} Moanucek Hara
2bM7P Oxepen @enop 15.04.2018

AJIeKCaHIpOBUY
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[Mepuon BeimosiHeHus: BeceHuuii cemectp 2018/2019 yuebHoro rozaa

dopma npecTaBiaeHUs pabOTHI:

MarucTepcCKas Juccepranusd

KAJEHIAPHBIV PEUTUHT-TIVIAH

BbINIOJIHEHH S BbIIYCKHON KBATU(PHUKANMOHHOMN padoThI

] CpoK c/1au¥l CTYICHTOM BBITIOJTHEHHOH paOOTHI: ‘ 30.05.2019
Jlara Tekymero Haspanue pa3snena/ ITponent
KOHTpO.]'lﬂ BHU paﬁo'ru BBINNOJIHEHUSA
20.01.2019 | Benenue 5
27.02.2019 O030p mUTEPATYPHI IO TEME: TEOPETHUECKUE OCHOBBI TEXHOJOTHH 10
HHU3KOTEMIIEpAaTypHOU cenapanuu rasa
4.03.2019 AHATUTHYECKUI 0030p 10 TeMe: TEXHOJIOTHH MOArOTOBKH HE(PTSIHOTO 10
raza Ha IpoMbICIIE
5.03.2019 TlocTanoBKa 3amauu UCCIIEI0BAHUS 5
7.03.2019 XapakTepucTuka 00beKTa U METOJa HCCIICIOBAHNUS 5
14.03.2019 TexHonornyeckas 4acTb: XapaKTEPUCTUKA TEXHOJIOTHUH, ChIPbS, 5
T MPOAYKIIMHU JEHCTBYIOIIEH YCTAaHOBKH MOJATOTOBKH r'a3za
93.04.2019 HccnenoBanue no MoJIepHU3aMK TEXHOJIOTHH MOJTOTOBKHU 20
o AHanu3 1 06CyXIEHUE PE3YILTATOB 10
Pa3znen «®uHaHCOBBIM MEHEIKMEHT)) 5
30.04.2019 A A
Pasnen «ComnuanbHasg OTBETCTBEHHOCTEY 5
1.05.2019 3aKIII0ueHHe S
2.05.2019 Pedepar S
10.05.2019 Hamnncanue nosicHUTEIBLHOM 3alIUCKU 5
15.05.2019 [ToaroToBka noknaaa v npe3eHTaluu 5
Htoro 100
CocraBui npenoiaBaTelib:
JIomKHOCTD dUO yqe}iﬂa;;?em” [Monmuch Jlata
JoneHt [ummuna JI.B. K.X.H., C.H.C. 1.09.2018
CoriacoBaHo:
PyxoBogurens OOIT dUO qul{;ﬂaf;zneHL, IMoamuce Jlata
IIpodeccop 3stukos [1.H. J.T.H. 1.09.2018




Pedepar

Boinycknas kBanugukanuonnas pabdora 90 c., 27 pwuc., 20 T1abn., 25
MCTOYHUKOB, 4 MIPUIL

KinroueBbie cnoBa: wmecTopoxkiaeHue, HedTh, MNOMYTHBIA HEPTIHOU Ta3,
cenaparnwsi, MOJIeTMPOBaHNe, TOBAPHBIN T'a3, KOHACHCAT, CTCTICHb U3BJICUCHUS.

OOBEKTOM UCCIICIOBAHUS SBJISETCS YCTAHOBKA KOMIUICKCHOH ITOATOTOBKY T'a3a
He(TEera30KOHACHCATHOTO MECTOPOKIeHUS K.

Ilens paboTbl — moBbIIICHHE 3((MEKTUBHOCTH TEXHOJOTHH TOJTOTOBKHU
HE(TSHOTO Ta3a Ha MECTOPOXKICHUH K.

B mporecce wuccienoBaHus TMPOBEACHO. aHAIW3 CTCIICHH HW3BJICUYCHUS
KOMITOHCHTOB Tra3a, KOJIMYECTBA IMOJYYCHHOTO HECTAOMJILHOTO KOHJICHCATa, pacyer
MaTEPHAJIbHBIX 0AJTaHCOB, MOJCIIMPOBAHUE TEXHOJIOTHYCCKUX CXEM, CYIIECTBYIOMICH
YKIII' u I'KC ¢ momorisio mporpaMmmuoro komiuiekca Unisim Design.

B pesynbrate wucciienoBaHUS YCTAHOBIIEHO, YTO TEXHOJOTHUS TMOATOTOBKHU
HE(TSIHOTO Tra3a METOAOM KOMIPUMHMPOBAHUS HE oOO0ecrneyruBaeT TIyOOKOro
U3BJICUCHUSI  KOHJEHCUPYIOIIMXCA  yriieBojgoponoB. Ilostomy  HeoOxomumo
MOATOTaBIMBATh HEPTAHOM a3 1o 6osiee 3P HEKTUBHOM TEXHOJIOTHH — 110 TEXHOJOTHH
HU3KOTEMIIEpAaTypHOH cenaparum.

TexHonoruss HU3KOTEMIIEpaTypPHOH cenapalvy MO3BOJSET YBEIUYUTh CTETIEHb
u3BJeUeHUs yriieBoaopoioB Cs+ B 2,7 pasa.

ITogroroska IIHI' ormenpHO 0€3 cMelmIeHHS C ra3oM T'a30KOHIEHCATHOI'O
MECTOPOXKICHHSI, TO3BOJISIET TOJYYUTh MAaKCHUMAIbHBIA BBIXOJ HECTAOMIBHOTO
KOHJIEHCATa M COCTaBIsieT X Kr/4.

Paznmuuust B aOCOMIOTHRIX 3HAYCHHSIX CTCTICHHU M3BICYCHUS MPOTaHa U APYTHX
KOMITOHEHTOB OOYCIIOBJICHBI HE TOJBKO PAa3HBIM TEPMOOAPHUUECKUM PEKUMOM
HU3KOTEMIIEPATYPHOTO CEmapaTopa Ha Pa3HBIX YCTAHOBKAaX, HO M Pa3HBIM COCTAaBOM
rasa, MPUXOJAIIETO Ha Y3 OXJaXICHHWS Ta3a — Ha JeTaHAep W, KaK CIEACTBHE,

pa3HbIM KOHJeHcaTHbIM (¢akTopoM. Ilostomy mpu mnoaroroBke Mmerogom HTC
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CMEIIaHHOTO MOTOKAa ra3a — ra30KOHJACHCATHBIN ra3 U OTOEH3MHEHHbIM HEPTIHOU —
CTEIIEHb U3BJICYCHUs BCEX KOMIIOHEHTOB B KOHIEHCAT IIOBBIIIACTCS 10 CPABHEHUIO C
IIOATOTOBKOM B JTHX JK€ YCJIOBUAX TOJBKO Ta30KOHJIEHCATHOIO ChIpbs. A IO
CpaBHEHUIO ¢ oAroToBKoM 1no texHosoru HTC orGeH3uHeHHOro He(TAHOrO raza —
CTEIIEHb U3BJICYCHUS KOMIIOHEHTOB IIOHWKAETCsl, KPOME MPOIIaHa, CaMoOro JIErKOro us3
paccMaTpuBaeMBbIX, M FEKCaHa — CaMOI0 TSKEJIOTO.

Hu B o1HOM U3 pacCMOTPEHHBIX TEXHOJIOTUN HE JOCTUIACTCs] MaKCHMaJlbHas
CTEIICHb U3BJICUYCHUS IIPOIIaHA U3 rasa.

Takum oOpa3oM, ONTUMAJIbHBIM BapHaHTOM siBIsgeTcss moarotoBka [IHI
OTJEJbHO 0€3 CMEILIEHHUS C Fa30M ra30KOHEHCATHOTO MECTOPOXKACHHUS, TO3BOJISIOIAs

IMOJIYYUTb MaKCHUMaJbHBIN BBIXO[ HECTaOMIIBHOIO KOHJACHCATa.



O003HaYeHHs U COKpALLCHHUSA

HI'KM — HedTerazokoH1€HCaTHOE MECTOPOXKICHHE;

¥YB — yrineBoaopo/ibl;

[THI" — monyTHbII HEDTAHOM Ta3;

I'KC — razokomripeccopHasi CTaHILIMS;

YKIIT'uK — ycTaHOBKa KOMIUIEKCHOW MOATOTOBKH Ira3a U KOHJICHCATa;
VYIIH — ycTaHOBKa MOArOTOBKH HEPTH

HTC — Hu3kotemMnepaTypHas cenapanus;

ABO, BX — annapaT BO3yIITHOTO OXJIaXICHUS;

T A — TypboneraniepHblii arperar;

3PA — 3anopHO-peryIupymroias apmaTypa;

KUIInA — KOHTpOTBEHO-U3MEPUTENIbHBIC PUOOPHI M aBTOMATHKA,;
VIII' — ycTaHOBKa MOATOTOBKH Ta3a;

I'O — ocymieHHbIH raz;

CK — cTaOMIBHBIN ra30BbINH KOHIEHCAT;

IIBT, IIb® — nmpomaH-O0yTaH TEXHUYECKUH;

TTP — Temneparypa TOUKH POCHI;

K® — xonneHcaTHbIi hakTop;

KVYB — xunkue yrieBoaopoasl;

I[TAPI" — myHKT pacxona rasa;

HIDITY — mupokast Gppaxius yriaeBoa0pOI0B;

YCK — ycTaHOBKa TMOATOTOBKH CTaOWJIBHOTO KOHJIEHCAaTa W MpomaHa-OyTaHa

TEXHUYECKOTIO;
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BBenenue

[lonyTHBIN HEPTAHON ra3 — HEHHBIM YHEPTreTUUECKUN U XUMHUYECKUIN pecypc.
[TosToMy 1711 COXpaHEHUsI €ro MOTEHIMAala BaXXHO KaY€CTBEHHO MOJATOTOBUTH €TI0 B
MPOMBICIIOBBIX ~ YCJIOBUSX B COOTBETCTBUM C BBIOpAaHHBIM  HalpaBJICHUEM
ucrnoiab3oBaHus. [Ipu 3ToM Hy)HO 00€CTIEUUTh U BLICOKHE OTPEOUTETbCKUE KaUeCTBA
raza, ¥ 5JKOHOMUYECKHU ONPaB/IaHHBIE 3aTPATHI.

[THI', u3BnexaeMblii MomyTHO ¢ He(ThIO, MpPEACTaBISET COOOM HE TOJIBKO
BBICOKOKQUYE€CTBEHHOE TOIUIMBO, HO U IIEHHOE ChIPhE, M3 KOTOPOr0 MOXKET OBITh
BbIpaboOTaH OOJBIION psAl  XUMHUECKUX BemecTB. CyIIeCTBYIOT pa3IMYHbIC
TEXHOJIOTHHU M TE€XHOJIOTMYECKHNE YCTAHOBKH MO M3BJICUCHUIO LIEJIEBBIX KOMIIOHEHTOB
u3 IIHI, B TOM 4uncie W HamenME IMPAKTUYECKOE IPUMEHEHUE. THUIOBBIE
MPOMBICIIOBBIE YCTAaHOBKM TMOJTOTOBKM B OCHOBHOM IMPOM3BOJST MPOIAYKTbI
HEIMOCPEJACTBEHHOI'0 TMEPBUYHOTO pas3felieHus — OoTOeH3uHeHHbIH Tra3, LIDIIY u
CTaOMJIbHBIN KOHEHCAT.

J7ist BeIIETIEHUST OTACIBHBIX (PpaKIHil yrieBoI0pOJOB MOTYT UCTIOIB30BATHCS
TaKKe Takue (U3NKO-XUMHYECKUE TEXHOJOTHH, KaK peKTH(UKaiusa, adcopOms,
azcopOnus.

JlvuHbIi BKJAA 3aKirO4aeTcss B cOOpe JJaHHBIX JUISI MOJCIUPOBAHUS,
IIPOBEJICHUU BCEX IKCIIEPUMEHTOB 10 MOJCIMPOBAHNIO BAPUAHTOB TEXHOJOTMYECKUX
CXEM TMOATOTOBKU HE(YTIHOTO raza u pa3padoTke GopM MpeACTaBICHUS PE3YIbTaTOB.

Hayunast HOBM3HA pabOTHI 3aKiIOYaeTCs B pe3yibTaTax aHaiIW3a CTENEHU
W3BJICUYCHHUSI KOMIIOHEHTOB Tra3a IpU €ro NOATOTOBKE IO PAa3HbIM TEXHOJIOTHUSIM U
Pa3HbIM BapUaHTAM TEXHOJIOTHH HU3KOTEMIIEPATYPHOU CENapaluu.

[IpakTrueckass 3HAYMMOCTH B TOM, YTO METOAOM TEXHOJIOTHYECKOTO
MOJICJINPOBAHUSL OLIEHEH BBIXOJ LIEJIEBbIX MNPOAYKTOB IPU HWHAUBUAYAIBHOU H
COBMECTHOM MOATOTOBKE TA30KOHJEHCATHOTO ChIPbS MECTOPOXKAEHUA M 1 HEPTAHOTO

raza MecTopoxaeHus K 1o TEXHOJIOTUHA HU3KOTEMIIEPATYPHOM Cemapanui.
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1 TexHonorus MNOArOTOBKH Tra3a MeTOAOM HHU3KOTEMIIEPATYPHOM
cenapanum

Texnonorust HTC cocTouT B 0XJ1a)KI€HUH MTOTOKA IJIACTOBOTO (DIIFOMAa 3a CUET
JIPOCCEIUPOBaHUST  M30BITOUHOTO  JIABJICHUS W MEXaHUYECKOro  pas3feieHus
00pa3oBaBIINXCS KUAKON 1 ra30Boi (a3. OCHOBHBIMU IMapaMeTpaMu, BIUSIONIMMH Ha
s pexkruBHOCTS nporiecca HTC, sBnsaoTCA naBiaeHue, TeMnepaTypa, COCTaB UCXOIHOU
cCMecH, CTemneHb paBHOBecHusi cuctembl mpu cenaparuu u KIIJ cemaparopa. Ilpu
aHaJu3e MPUYMH HU3KOU 3P (DEKTUBHOCTH MPOMBIIUICHHBIX YCTAHOBOK 00paIanoch
BHUMAaHUE TJIaBHBIM 00pa30oM Ha HU3KYI0 2 (PEKTUBHOCTH cemapallmOHHBIX alllapaToB
U HapyleHus temnepatypHoro pexxuma HTC [1].

[To Mepe pa3paOOTKM MECTOPOXKIACHUS Ha HUCTOIICHUE CJEAOBAIO ObI IS
MOJIJIEp)KaHus 3aJJaHHOTO YPOBHS JOOBIYM KUIKUX YTIEBOJIOPOJOB M3 BCE Oosee
oOJIeryaronerocsi coctaBa UCXOAHOW CMECH CHWXXATh TeMIlepaTypy cemapanuu. Ha
NPAaKTUKE >KE€ M3-3a HEMPEpPHIBHOTO CHUKEHUS CBOOOJHOIO TEepernaaa JaaBJICHUS
TEMIIepaTypa cenapaiuu nocTossHHO pacteT. [loaTomy Ha cHIKeHue (P PEKTUBHOCTU
HTC B mporuiecce skcmtyatanuu 00beKTUBHO BIMSIIOT OJJHOBPEMEHHO JiBa  (pakTopa
— o0JIeryeHne cocTaBa MIacTOBOM CMECH U MOBBIIICHHE TEMIIEPATYPhI CEMapariyH.

CymHocts mpouiecca HTC coctouTr B OZHOKPATHOM  KOHJCHCAIUU
YIJIEBOJOPOIOB NPH MOHIKEHUH TeMIIEpaTyphl Taza 1o munyc 10 — munyc 30 °C u
MOCJICAYIOIIEM pa3/ieJIeHUH KUJIKOW B ra30BOM ¢a3.

OxutakieHre ra3a OCylIeCTBISIETCS MOCPEJICTBOM €r0 IPOCCEIUPOBaHus, T.€.
ucrionbzyercss  addexkr  Jxkoymsa-Tomcona. Ilpomecc  apoccenmupoBaHus  —
W30PHTANBIUNHBIA W TPU  TEPMOOAPUYECKUX YCIOBHUSAX  (DYHKIIMOHMPOBAHUS
YCTAHOBOK JIJIsl Ta30KOHAEHCATHBIX 3aJI€KEH CEBEPHBIX MECTOPOKICHHUIN MPUBOJIUT K
3HAUMTENLHOMY CHIDKEHHIO TeMIepaTyphl obpabaTeiBaemoro rasza: or 3 go 4,5°C
Ha 1 MIla. [Ipuaem, 3Hauenne nuddepeHnnansHoro apoccenb-3PheKTa 3aBUCUT OT
COCTaBa Ira30KOHJICHCATHOW CMECH 1 BO3PACTAET C MOHMKEHUEM TEMIIEpaTyphl ra3a J0
npoccens. Pacmmpenne raza B TypOoneranaepe (M303HTPOMMUIHBIN MpolLEecC)
no3BossieT 0osee 3(PGHEeKTUBHO UCIIOIB30BATh NIepena JaBJICHUS rasa.
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Meron HTC BnepBbie Obl1 anpobupoBan B 1950 romy B CIIA. B
OTEUECTBEHHOM K€ MPAKTUKE METOJ B MEPBBIA pa3 Obul peanusoBaH B 1959 roxy Ha
npomeiciiax  Kpacnomapckoro kpasg. B 1964 romy B CIHIA yxe Hayanoch
MPOMBINIJIECHHOE MCIOJIb30BaHue TypoOonerannepoB, a B CCCP ucnbiTanus
OTE€YECTBEHHBIX OMBITHO-IIPOMBIIIIEHHBIX 00pa3loB TypOOJAE€TaHIEpOB MPOXOAWIN B
70-x romax Ha IllebenmunckoM, BykrtbuibckoMm, VYpeHroiickom u SMOyprckom
MECTOPOXKICHHUSAX.

[TpunnunuansHas cxema Texnogorun HTC cocTouT B cineayromeM: Chlpoi ra3
CO CKBaXXMH MOCTYINAET Ha NEPBYIO CTYNEHb CeMapalyy BO BXOJIHOM cenaparop 1, rue
OT raza oTnensiercs BoAHas (aza W HeCTaOMJIbHBIN YIIIEBOJOPOAHBIA KOHJIEHCAT,
BBIMABIIME B CTBOJAX CKBAXXWUH U Ta30COOPHBIX cersix (pucyHok 1.1). [lanee
OTCEMapupoOBaHbId Ta3 TMOCTYMAaeT B TEIUIOOOMEHHUK 2 THMA «ra3-Ta3y» s
pEKyIepaly X0J0/1a CAPOCCETUPOBAHHOTO Ta3a, rae oxnaxnaaercs oT 10 go 15°C u
O6onee. OXJNaXIEHHBIM Tra3 M3 TEIUNIOOOMEHHUKA TOJAI0T HA PACHIUPHUTEIIbHOE
YCTPOMCTBO 3, mociie KOTOpPOTo ero TemmepaTrypa BciaeactBue sddekra [Ixoyms-
Tomcona mnonumxkaercss ot -10 mo -30°C. Ilocme nppoccenbHOTO yCTponcTBa 3
oOpabaTbIBaeMBblii ra3 BMECTE CO CKOHJICHCHPOBABIIICHCS XUAKOHM (ha30il OCTymaeT B
HU3KOTEMIIEpaTypHBIN cenapaTop 4, rJe OT Hero oTaesseTcs kuakas gasa (BogHas u
YIJIEBOJIOPO/IHAS), & OYMIICHHBIA OT BIAarM W TOKENIbIX yrieBoaopoaoB (Cs:p:)
XOJOJIHBIN Ta3 MPOXOJUT PEKYNEPATHUBHBIN TEIIOOOMEHHUK 2 B TMPOTHUBOTOKE C

«CBIPBIM» Ta30M H AdJICC IIOCTYIIaCT B TIa30IIPOBOJ B KaAa4YCCTBC TOBAPHOI'O

npoxaykra [1].
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Pucynok 1.1 — Cxema yctanoBkn HTC npoaykunu ra30KkOHIEHCATHBIX CKBAXKUH

1,4 — cemaparopsl; 2, 5 — TermnooOMeHHUKH; 3 — mTylep (Apoccens); 6 — Hacoc;
{ — yCTaHOBKa pereHepanuu riaukois; 8§ — punbsTtp; 9 — TpexdasHblil pa3aenuTenb;
| — coipoii ra3z; I — cyxoii ra3; 11l — xonaeHcat ra3osblii U Bojaa; IV — konnencar
ra30BbIM U HACBIILIEHHBIN TVIMKOJIb, V — KOHJIEHCAT ra3oBbli; VI — IiIuKoib
HACBIIEHHBIN; V]I — IIMKOIb pereHepupoBaHHbIN

D PeKTUBHOCTD OXJIAXKICHUS ra3a TMOCPEJICTBOM HCIIOJIB30BaHUS IpoIiecca
W30 HTAJIBIIMITHOTO PACHIMPEHUS ra3a ¢ peKynepanneil Xxonoaa MOKeT JOCTUraTh  OT
10 no 12°C na 1 MIla cBoGoaHOTO TIEpenaja JaBICHHUS.

PacueTsl  moka3piBalOT, YTO B  TEIUIOOOMEHHUKE,  Jpoccene U
HU3KOTEMIIEpATypPHOM Cemaparope TepMobapuyecKkue mapameTphbl MPUPOIHOTO Tasza
OTBEYAIOT 00JIACTH CTaOWUJILHOCTH Ta30BBIX THIPATOB KyOMYECKOW CTPYKTyphl. Jlis
NpeloTBpalleHus  o0pa3oBaHUs  TUAPATOB  HCIHOJB3YIOTCA ~ HHTUOUTOPHI
ruapaTooOpa3oBanusi (IEpBOHAYANBFHO Ha I0KHBIX ycTaHoBkax HTC mpumeHsnuch
TJIMKOJIM, OJHAKO B CEBEPHBIX YCIOBHSX OoJjiee yAOOHBIM MHTHOMTOPOM OKa3aJcs
MeTaHoJT). Brippick HHTHOMTOpa THAPATOOOpA30BaAHUS TPETYCMATPUBACTCS KaK Mepe/T
TEIJIOOOMEHHUKOM 2, TaK M Tepea ApoccesieM, 4ToObl 00ecTeunTh Oe3ruapaTHBIN
PEXHUM DKCIUTYaTAIlMU TEXHOJIOTUYECKOTO 000PYyT0BaHUS.

Bonnast ¢aza (T.e. BOOHBIM pacTBOp HWHTHOWTOpPA) W YIIAEBOJOPOIHBIN
KOHJICHCAT, BBIJCIMBINNECS B cemaparope 4, MOCTYMalT B pa3ienuTens 9, rme
YTIIEBOJOPOIHBIN KOHACHCAT YaCTUYHO Jerazupyercs. Jlanee KoHAeHCAT HAPABISIOT
Ha YCTaHOBKY e€ro crabwiu3auuu (B MPOCTEHIIEM CIydae 3TO MOXKET ObITh
BEIBETpUBaTEeNh). JleOyTaHM3MPOBAaHHBIM KOHJEHCAT TIIOCTYMaeT Ha OTACIBHYIO

ra3o(QpakIMOHUPYIOIIYI0 YCTAHOBKY C IICJbI0 TOJYYEeHHUsS AU3TOILUIMBA, OCH3MHA
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ra30KOHJICHCATHOTO, MPOIEJJICHTOB, XJIAJIar€HTOB M JIPYTHX LEIEBbIX MPOIYKTOB.
Crabunuzanus MOXET MPOBOJUTHCS WIM B MPOMBICIOBBIX ycloBUsX, uiu Ha ['TI3.
lNazodpakimonupoBanue KOHJEHCaTa MPOBOASIT B 3aBOJACKUX YCIOBHUSX. ['a3wl
Jierazai HU3KOTO JIaBJICHUS MOTYT OBITh HCIOJIb30BaHbl HA BHYTPEHHHUE HYKIIBI.
OtpaboTaHHBIM BOJHBIM PACTBOP MHTHOUTOpPA TUpaTOOOpa3oBaHUs (HACHIIIEHHBIN
TJIMKOJIh WJIM BOJIHBIA PACTBOP METAHOJIAa) HAMIPABJISAETCS HA YCTAHOBKY PEreHepaliu.

Bausinne ¢akTopoB HA cTeneHb U3BJIeYEHUSI KOMIIOHEHTOB ra3a

[Ipu yMeHbIIEHMM BXOJHOTO JaBJIEHUS HA YCTAHOBKY M TOJJICPKAHUU B
HU3KOTEMIIEpAaTypHOM CelapaTtope JaBlICHHs Ha TMPEKHEM YpOBHE TemIeparypa
cernapalvy HauMHAET MOBBIIIATHCS.

B 1o xe Bpems ¢ TepMOAMHAMHYECKON TOUYKH 3PEHUS MPUHIUNHAIBHOE
ynyutienue TexHojoru HTC MoxeT ObITh OCyIIeCTBIEHO 3aMEeHON HEA(DPEKTUBHOTO
mpoiiecca  OXJIAKJCHHMS Tra3a IOCPEJCTBOM  H30JHTAIBIUHHOTO  OXJIAXICHUS
(mpoccenupoBaHusi) Ha TEpMOAMHAMHUYECKH OoJjiee COBEPILEHHBI MPOIEcC
MU30PHTPOMUHHOTO paCHIUPEeHUs] (TOUHEE TOBOPS, — HA HEKOTOPHIN MOJUTPONUYECKUN
OpoIeCcC, JOCTAaTOYHO ONM3KHM K  H309HTPOINMMHOMY) C  HCIHOJIb30BAaHUEM
JETaHICPHOIN TEXHOJIOTHH PACHIUPEHHS IPUPOTHOTO ra3a. Ha pucynke 1.2 nns
TUIIUYHOTO COCTaBa ra3a Ta30KOHJECHCATHBIX MECTOPOKICHHMM HArJIAIHO IMOKa3aHa
CyIIEeCTBEHHO Ooubinas 3(P(EKTUBHOCTh OXJAXIEHHUS Ta3a B HM303HTPOIUHHOM
npolecce, IMOCKOJIbKY B TIOCIEIHEM Clly4ae NPHUPOAHBIA Tra3 MpH paclIUPEeHUU
coBepmaer pabotry. Paborta, coBepmiaemas pacHIMPSIONMIMUMCS Ta30M, MOXET
YTHIN3UPOBATHCS, HAMpPUMEp, JUIsI BBIPAOOTKH AJIEKTPOIHEPTUU (3TO OCOOCHHO
3¢ ()EeKTUBHO B HAYAIBHBIN TIEPHUOJ] IKCIUTyaTalluy ra3onpomMeicia). pyroi Hanboinee
pactpoCTpaHEHHBIM BapUaAHT — MoJydaeMasi paboTa HEMOCPEICTBEHHO UCIOJIb3yeTCS
JUTs1 KOMOPUMUPOBAHUS OXJIaXAE€HHOTO ra3a MocJjie OTAeJICHHUs] CKOHJIEHCUPOBaBIIEHCS
KUAKOH (a3pl B HU3KOTEMIIEpaTypHOM cemnapaTtope. B Texnonorundeckoit cxeme HTC
JIpOCCENUpPYIOlllee  YCTPOMCTBO  3aMeHsieTcs Ha  TypOojeTtaHaep, KOTOpBIH
pacrioiaraercsi Ha OJHOM Bajly C KOMIPECCOpOM (HMCHOJIb3YIOT TEPMUHBI:
TYpOOKOMIIPECCOPHBINA WU KE JIETaHAEP-KOMIIPECCOPHBIN arperar, NoCJIeIHUN

TepMUH Oojiee ToyeH). JlaHHOE TEeXHHMUYECKOE pEUIEHUE MPE/ICTABISIETCS BEChbMa
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m3siHbIM.  [Ipm  3TOM  OKa3bIBaeTCs  BO3MOXKHBIM  OXJIaXJEHHE Ta3a B
HU3KoTeMInepatypHoM cenaparope a0 -60°C u Hmxe. Kpome Toro, m gaBieHue B
HU3KOTEMIIEPATYPHOM CENapaTope OKa3bIBAETCsI HUXKE, YEM JIaBICHHE TOBAPHOTO ra3a
Ha BXOJI€ B ra30IPOBOJI, a 3TO OOCTOSITEICTBO COBMECTHO C HU3KUMHU TEMIIEPATYypPaMHU

HTC kak pa3 u o0ecrieunBaeT BBICOKYIO CTENEHb KOHAEH A yrieBoaopoaoB Ca:p

Idr

JI'!-

L

L B - - -
T

Jaasenue, MTia

L - Lo ok I S T—

100 -80 60 -40 -20 0 20 40 1°C

Pucynok 1.2 — I'paduk cHU>KEHUsI TeMIIepaTyphl ra3a Mpy U309HTPOITUHHOM
(1) u uzosHTAIBIUIHOM (2) pacuupenuu [2]

Jlanee paccMOTpEH BOIPOC O BIMSHUM TeMIIEpaTyphl Cerapaiuy Ha CTeNeHb
W3BJICUEHUSI TSDKENBIX  YIJIEBOJOPOJOB  (BbIOpAaH HEKOTOPBHIH  OCpPEIHEHHBIN
TepMoOapuueckuii pexkum padotsl ycranoBku HTC, xapaktepHsiii s AMOyprckoro
u Ypenroiickoro I'KM). Ilpu 3ToM BapbUpOBaKCh COCTaB IUIACTOBBIX CMECEH M HX
KOHJICHCATHBIN (pakTop. Pe3ynbTaThl 3TUX pacdyeToB MpeacTaBlIeHbl Ha pUCyHKax 1.3,

1.4,1.5u 1.6 [2]
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usBneueHns Cs.p o1 Temnepatypsl HTC npumenenus texuosnorun HTC B
3aBUCHUMOCTU OT KOHACHCATHOI'O

daktopa

AHanu3upysl TIpeACTaBlICHHbIE B Tpaduueckoir ¢opme pe3yabTaThl, MOXKHO

CACIIaTh CICAYIOIINC KaYCCTBCHHBIC BbIBOAbI OTHOCUTCIBHO 3(1)(1)CKTI/IBHOCTI/I pa6OTBI

HTC npu runotetraeckom BapbupoBanuu Temmeparypsl HTC ot —10°C mo —50°C.

[ToHmxeHne Temmeparypbl Cernapanuu BeIEeT K POCTY KOJMYECTBA ra3a KOHIIEBOU
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Jiera3aluyd H3-3a KOHACHCAIMU JIETKUX YriieBofopoaoB (pucyHok 1.3). Jlerasamus
JIETKUX YTIEBOJOPOJIOB B KOHIIEBOM JIeTa3aTope MpHU MOHUKEHUU TeMIIEpaTyphbl HUXKE
-25°C Ttakxe pe3ko Bo3pactaeT (pucyHok 1.4). Takum 00pa3om, B 3aBUCUMOCTH OT
KOHJICHCATHOTO (DaKkTopa MOXXHO OIpPENeNUuTh JIOMyCTUMYIO TeMIlepaTypy B
HU3KOTEMIIEPATYPHOM CeMapaTope, HIKE KOTOPOM KOJIMYECTBO Trasza Jera3aluu
HAuMHAET pEe3KO BO3pacTarb OO0 Takod creneHu, 4rto TexHonorus HTC B
paccMaTpuBaeMOM BapUaHTE CTAHOBUTCS MPOCTO HEPAITMOHATLHOM.

Temn pocrta creneHu u3BIeyYeHUs yriaeBoAoponoB Csp MpU TeMIiepaType
cemapanuu Hwke -40 °C 3ametHo cHmkaercs (pucyHok 1.5), mpuuem 3tot 3ddekr
O0COOCHHO HArJISiTHO MPOSBISIETCS MpU KoHAeHcaTHOM (paktope 6omee 150. B To xe
BpEMs CTETCHb U3BJICUCHHS MPOMAH-OyTaHOB C MOHM)XECHUEM TEMIIEPaTyphbl pacTeT
MOHOTOHHO, HO 3HAaY€HHWE ATOW BEJIWYMHBI CHJIBHO 3aBUCUT OT KOHJEHCATHOTO
dakTopa.

OcraBasicb B pamkax crtanaaptHod texHomorun HTC, myrem cHuxeHHs
TEMIIEpPaTyphl ra3a B HU3KOTEMIIEPATYPHOM cerapaTope NPUHIMITHAIBLHO HEBO3ZMOKHO
NOOUTHCA Ja)ke JIOCTATOYHO IIOJIHOTO H3BJICUEHUS TSKENBIX YIJIEBOJOPOJIOB, HE
roBopsi yxke 00 W3BJICUYCHHH IMpOMaH-OyTaHoBOM (pakiuu. OpHUEeHTHPOBOUYHAS
rpanuna ontTuMaibHbIX Temnepatryp HTC B 3aBUCHMOCTH OT KOHAEHCATHOTO (hakTopa
nmokasaHa Ha pucyHke 1.3 [BOWHOW MyHKTUpHOW InuHHMEH. Hampumep, npu
KOHJieHcaTHOM (akTope Bbimie 180 r1/M° He HMeeT NPAKTHYECKOTO CMbICHIA
TEXHOJIOTHYECKasl cxema C Temreparypoit cemaparuu Hike ot (-20) mo  (-25) °C
(ecnu 1ENEBBIM MPOAYKTOM IMOMHMO Ta3a Cenapauuy SIBISIOTCS TOJBKO JKHIKUE
yrieBoiopoibl). O6macTh 3G PEKTUBHON MPUMEHUMOCTH CTaHAAPTHOM TEXHOJIOTHUH
HTC c¢ akexTopoM HarisgHO MpeAcTaBieHa Ha pucyHke 1.6 (3amTpuxoBaHHAS
0071aCTh.)

Takum  oOpa3oMm, U3 TNPUBEACHHOTO  BBIIE aHAIW3a  MOJEIBHOM
texHosiorudeckord cxeMbl HTC MOXXHO caenaTh BBIBOJ O TOM, YTO JJIS TTyOOKOTO
M3BJICUCHUST YIrieBoAopoAoB Csz+p M3 KOHJEHCATOCOAEPKAILETO raza HEOOXOAUMO

3HAYUTEIBHO CHU3UTH KaK JaBJIICHUE, TAK M TEMIIEPATYPYy B HU3KOTEMIIEPATYPHBIX
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CTYMNEHSIX Tra30pa3/ielICHHs, BKIIOYUB JIOMOJIHUTEIBLHO B TEXHOJOTHUYECKUE CXEMBbI
IpoIecCchl abcopOnuu U pekTudukaryu [2].

CocTaB CBIpbEBOTO Tra3a OOYCIABIMBACT CTENEHb W3BJICUCHUS JKUJKUX
YTIEBOJIOPOJIOB: UM TSKEJIEE COCTaB UCXOTHOM CMECH, a 3HAUUT, U OOJIbIIE CPETHSS
MOJIEKYJISIpHAsE Macca rasza, TeM BBIIIE CTENEeHb H3BJICUCHUS KOMMOHEHTOB Css.
Opnako, mpu OTOEH3WHHMBAHUM Ta3a C MOJIEKYJISIpHOM Maccol okoiao 22 u
COOTBETCTBYIOIIECH CpeaHEH MOJEKYJISIPHOW TeMIepaTypod KHUIIEHHS OKOJO MHUHYC
133°C, yrskeneHune coctaBa UCXOAHOM CMECHU MPAKTHUYECKU HE OKa3bIBACT BIUSHUE
Ha CTeneHb wu3BjIcYeHUSI KOMHOHEHTOB Csi;. C IeIbI0 MNOBBIINICHUS CTENECHHU
U3BJICUCHHUS KUJKUX KOMIIOHEHTOB U3 TOIIUX UCXOIHBIX CMECEH MHOTIa MPUMEHSIETCS
MeTo 1 copO1uu B motoke. [Ipu 3ToM nepea BXOAHBIM cenapaTtopoM B MMOTOK UCXOTHOU
CMECH  OCYIIECTBIISICTCS  BOPBICK CTaOWJIBLHOTO  KOHAEHCATa WJIM JAPYTUX
yraeBo10poaHbIX xuakocTe. [To qanubiM KomokonbiieBa [3] yTsbkeneHue HCXOHOM
CMeCH 3aKOHOMEPHO MPHUBOAMUT K IMOBBIIIEHUIO CTEIIEHU W3BJICYEHUS KOMIIOHEHTOB

C5+.
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2 TexHoJsiornu MOArOTOBKY He(PTAHOIO ra3a Ha MPOMBbICJIE

OcHOBHOI KpuTepuil BbIOOpa crmocoba MPOMBICIOBOM MOATOTOBKU rasza K
TPaHCIOPTY [0 MarucTpajabHBIM T'a30IPOBOJIAM — TEMIIEpPATypa TOUKM POCHI ra3a Io
BOJAE M YIJIEBOAOPOJAM, HCKIIOYAKOIIAs HMX KOHACHCAUWIO M BBINAJCHUE B
ra3oIrpoBOJIaX.

KauecTBeHHbBIE TOKa3aTenM ra3oB, KOTOpBIE IMOAAIOTCS B MaruCTpaJibHbIE
razonpoBojibl, omnpenenstorcss B coorBerctBuM ¢ CTO T'azmpom 089-2010 wu
TEXHUYECKUMU YCIOBUSIMHU, KOTOpPbIE pa3paboTaHbl HA UX OCHOBE [4].

B coorBeTrcTBMM C gaHHBIM JOKymMeHTOM, TTP 1o Bome Ais XOJOAHOIO
MaKpOKJIMMaTHYECKOro pailoHa paBHa MmuHyc 20°C B 3uMHuU# nepuoa u Munyc 14 °C
B JIETHUI TpH YCJIOBUU aOCONIOTHOrO JnaBieHuss paBHoro 3,92 Mlla. TTP mno
yraeojgopojaam — MuHyc 10°C B 3uMHMil nepuoa 1 MUHYC 5°C B IETHUM MTPU YCITOBUU
a0COIIOTHOTO JaBJICHHUS B Auaria3zoHe ot 2,5 no 7,5 MlIla [5].

TpancnopTHpoBKa ra3a Mo ra3onpoBOAY CONPOBOKIAECTCSI U3MEHEHUEM €ro
JaBJICHUS ¥ TEMIIEPaTyphl, B CBSI3U C 3TUM BO3HHKAET PUCK 00pa30oBaHUs B CUCTEME
Kujakor ¢aszel. UTOOBI MPEJOTBPATUTE €€ 00pa30BaHMs, HEOOXOIUMO OTHACIUTH Ta3
bpakmum Cass.

Jns wuzBneyeHus Cz+ MOTYT HOPUMEHATBCSA PA3IUYHBIE TEXHOJIIOTUU B
3aBUCHMOCTH OT TpeOOBaHUM K TITyOMHE TIepepaboTKH rasa:

-HU3KOTEMIIEpaTypHas cenaparus;

-HU3KOTEMIIEpaTypHask KOHJAEHCALs;

-abcopOnus u aacopOoIus.

JUIsi TOArOTOBKM Ta3a ¢ OOJIBIIMM COJAEP)KaHWEM a30Ta M IS WU3BICYEHUS
reJIis UCIOJIB3YIOTCSl KpHOTeHHbIE npouecchl. K ToMmy ke, MEMOpaHHbIE TEXHOJIOTMU
pa3/ieNieHns Ta30B B NOCJIEIHIE TObl aKTHBHO pa3BUBAIOTCA [25].

[Tpu BeIOOpE TexHOMOTHH OOpPaOOTKHM Ta3a OMpeAeSIIONUMHU (aKTOpaMHu B
NEPBYIO0 OYEpPEIb SIBISIOTCA COCTaB ChIpbs, TpeOyemas IiIyOMHA OCYILIKH, CTEIEHb
W3BJICYEHUS] LIEJEBbIX KOMIIOHEHTOB U IPU 3TOM B KaXKJOM KOHKPETHOM Ccllydae

MIPOBOJIATCS BCECTOPOHHHUE TEXHUKO-IKOHOMHYECKHE IpopadoTku [6].
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2.1 HuzkoreMunepaTypHas cenapaunms rasa

TexHomorns HU3KOTEMIIEPATypPHOU cenapalyy JO0CTaTOYHO XOPOIIO U3yYeHa,
INPUMEHSETCS Ha MPAKTHUKE W, YTO HEMAJIOBAXHO, SBISETCS HSKOHOMHYECKH
o0ocHoBaHHOU [8,9]. OCHOBHOW KpUTEpHI, KOTOPBIA OMpENeisieT pexuM padoThl
npoMbIcioBbIX ycTaHOBOK HTC — 310 obOecneuenne HaJexHOCTU TPAHCIOPTUPOBKU
rasa ¢ MoMOIIbIO TITyOOKOTO U3BJICUCHUSI KOHIeHcaTa [4].

HuzkoremneparypHass cemapamusi — 3TO MPOLECC H3BJICUECHUS KUIKUX
YII€BOJOPOI0B U3 Ta30B OCPEICTBOM OJJHOKPATHON KOHAEHCALMY MTPY OHUKEHHBIX
TEMIIEpaTypax C Ta30THAPOMEXaHUYECKUM pa3/IeICHUEM PaBHOBECHBIX T'a30BOM U
xuakon das [7].

Temneparypy  MOXHO  TOHM3UTh IYTEM  H309HTAIBIUHHOTO WM
U309HTPONUMMUHOIO  paclivpeHus rasza. 30sHTanbnuilHOE paclIMpeHHe rasza
BBITIOJHSETCS C MPUMEHEHUEM JIPOCCEIbHBIX YCTPOMCTB (3 ekt JIxoyns-

Tomcona) (pucyHok 2.1), a U303HTPONMUHHOE — C UCTIOJIB30BaHUEM TYpPOOIETaHIEPOB

(pucynok 2.2).
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Pucynok 2.1- lpunnunuansraas cxema ycranoBku HTC ¢ apoccenem:

1, 5, 6 — cemapaTopsr; 2, 3 — peKynepaTuBHBIC TEIUIOOOMEHHUKH;, 4 — TPOCCEITb.
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Pucynok 2.2 — Cxema ycranoBku HTC ¢ typOoaerannepom [2]:

C-1, C-2, C-3 — cenapartopsr; T-1, T-2 — rernnooomennuku; T — TypboaeTanaep; K —
koMmrpeccop; P-1, P-2 — pasnenurenu »uaKocTH.

Crenenp u3BJI€UCHUS yrieBoaopoioB B mnpoieccax HTC 3aBUCUT OT Takux
(dbakTOpoB, KaKk YypOBEHb TEMIIEpaTyphbl, KOTOPBIM JIOCTUTAETCA B MPOIECCe
pacIIMpeHus ChIPhEBOro ra3a u 3 (HEKTUBHOCTh PaCHIMPUTEIHLHOTO ycTporcTBa. Tak
pacimpenue rasza ¢ nepenagaom aasieHus ¢ 11 go 3,5 MIla (u36.) Ha ApoccenTbHOM
KJIAllaHE BBI3bIBAET MOHWKEHHUE TEMIIEPATYPHI B CEMApaTOPE, YTO B CBOIO OUEPED 1AET
u3BieyeHue yriaeogoponoB Cz+ He 6onee 70 %. Ilpumenenue neranaepa mpu TakoM
K€ mepemnale  JaBICHWM JaeT BO3MOXKHOCTb CHHU3UTh TEMIIEpAaTypy B
HU3KOTEMIIEPATYPHOM CEMapaTope U YBEIMUYUTh CTENEHb U3BIEYEHUS 10 82 %.

HTC, koropasi ocHOBaHa Ha JAPOCCETUPOBAHUU T'a3a, MOKET MPUMEHSATHCS B
TEYCHHE OTPAHUYCHHOTO MEepHoja pa3padoTku MectopoxaeHus. K tomy xe, adpdexr
HTC ymeHblIaeTcs 1o Mepe CHUXKEHUS cojiepKanus yrieBoaopoioB Ce+ B raze. s
yBenudeHus cpoka 3¢ hexTuBHOro npuMmereHus: ycranoBku HTC Bo BpeMst CHIKeHUs
JABJICHUSI Ta3a Ha YCThSIX CKBaXMH HCIHOJIB3YIOTCS BHEUIHHME MCTOYHUKU XOJIOAA, a
TaK)Ke JI0KUMHbIE KOMIIPECCOPHbBIE CTAHIINU.

Ha cerogusmHuii AeHb OTE€YECTBEHHBbIE TypOOAETaHIAEPhl HA MArHUTHOMU
MOABECKE (C MCHOJIb30BAHUEM DSJIEKTPOMATHUTHBIX TOJUIMITHUKOB) HAXOJATCS B
cTaauu ucnbiTaHuid. OCHOBBIBAsICh HA 3apyOEKHOM OIBITE, MOKHO TOBOPUTH O TOM,
YTO JAHHOE TEXHUYECKOE PEIICHHE 3HAYUTEIHHO YBEJIMYMBAET IKCILTyaTAllMOHHYIO

HaJIe)KHOCTh JETaHJEPOB U MPOJJIEBAET CPOK UX CIYXObI [ 12].
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OddextuBnocty Texnoiorun HTC ¢ T/A 3aBUCUT OT HAJEKHOCTH H
3 PekTUBHOCTH PabOTHl TYPOOXOJIOIUIBLHOIO, TEINIOOOMEHHOTO U CENapaluOHHOTO
000Opy/1I0BaHMS, B CBSI3U C TUM Ha HAvaJlbHOW CTaJUU OCBOCHHS HOBBIX TEXHOJOTHUH,
000Opy/IOBaHUSI M MAIlMH BBICOKA POJIb HAYYHOM OpraHu3aliu, OCYIECTBIISIONMICH
TEXHOJOTUYECKOE COMPOBOXKICHUE IKCILTyaTaALUH.

2.2 HuzkoteMnepaTypHasi KOHJAeHCALMS

[Ipontecc  Hm3kotemneparypHor  konaeHcauuu (HTK) raza wmoxHO
OoXapaKTepu3oBaTh KakK TIPoOILEeCC M300apHOTO OXJaxJaeHus (Mpu  YCIOBUU
NpPEHEOPEIKEHUS HEKOTOPOW TMOTepeil JaBieHUsS TMPU MPOXOKISHUM Trasza IIo
TpyOONpoBOJaM U ammapaTaM TEXHOJOTHYECKOH CXeMbl) 10 TeMIleparyp, MpH
KOTOPBIX TIPH JJAHHOM JaBJICHUY BO3HUKACT XKUAKas (aza.

B mponecce HTK rasza oxmaxaeHue NpOJOJDKAOT TOJBKO 10 3aJaHHOMN
CTETNIeH! KOHJIEHCAIlMU MapoBOil (a3bl (MCXOJHOTO raza). ITa CTENEHb ONMpenensieTcs
HEOOXOIMMOM TITyOUHOM M3BJICYEHUS 1IEJIEBBIX KOMIIOHEHTOB U3 ra3a U JIOCTUTAETCS C
NOMOIIIBIO ONPEAEIECHHON KOHEUHOW TeMIIepaTyphbl MpoLecca OXIaXAeHUs, KOTopas
3aBUCUT OT COCTaBa MCXOJHOIO Ta3a W JaBJE€HUS B CUCTEME. JTa TemIeparypa
JOCTUTAETCS MyTEM MOABO/IA PACUETHOI'O KOJIMYECTBA X0J10/1a HY’KHOT'O MOTEHIIMAA.

TexHomornveckue cxembl mnepepaboTku Ta3za mo crnocody HTK moxHO

CUCTEMATU3UPOBaTh IO CIEAYIOMMM (akTopaM: YHUCIO OCHOBHBIX CTyNEHEH
Cerapanuu, BUAbl HICTOYHUKOB X0JIO1A, BUABI BBIITYCKa€MOTO LIEJIEBOTO MPOIYKTA.
[To Buny ucrounnkoB xonoaa cxembl HTK ObiBatotT ciemyromue: cxeMbl ¢ BHEITHUM
XOJIOAWIBHBIM LIUKJIOM, C BHYyTPEHHHUM XOJOAWIBHBIM IUKJIOM U ¢ KOMOMHUPOBAHHBIM
XOJIOJWJIBHBIM IMKJIOM, UCTOYHMKAMH XOJOJAa B KOTOPBIX CIy’KAaT W BHEIIHUW, U
BHYTPEHHUN XOJIOJUIBHBIE INKJIBI.

2.3 AGCOPOLIMOHHBIH MeTo

AOcopO1msi OCHOBaHAa Ha CIOCOOHOCTH aOCOpOEHTOB TMOTJIOIATh U3

MPUPOAHOTO Ta3a MPEUMYLIECTBEHHO TSIKEIbIE YIVIEBOAOPOJBI U OTAABATh UX IIPHU
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HarpeBaHuu. Ilornorurenem npu 3ToM CIY>KUT COJISIPOBOE MACIO, KEPOCHH, JINTPOUH
u Oonee Tskenbie pakiuu 100bIBAEMOr0 KOHACHCATA, a TAKXKe JUATUIICHTJIMKOIb U
TPUSTUIICHTJIUKOIb.

B 1nepBoii DOIVIOTUTENBHOM KOJIOHHE Tra3, KOTOPBIM JBUIAETCs BBEPX,
OpOILIAETCAd CTEKAIOIUM IO TapeiakaMm aOCOpOEHTOM, OTHAET €My TSKENble
yIJ€BOA0PO/IbI M HANIpaBIsieTCs MO Ha3HaueHUI0. HachleHHbIi aOCOpOeHT mocTymnaet
yepe3 TEII0OOMEHHUK B JecopOep, Iie U3 HEeTo MPH 3TOM BBITAPUBAIOTCS TSKEIBIS
yTI€BOJA0PO/IbI.

BoccranoBieHHbBIH a0COpOSHT, KOTOPBIH OT/AA TEIJIO B TEIMJIOOOMEHHUKAX U
XOJOUIIBHUKAX, C MOMOIIbI0 HAacOCa BO3BPAIIAETCS B MOTJIOTUTEIBHYIO KOJOHHY.
[lapsl TsKENBIX YIIIEBOAOPOAOB YJABIMBAIOTCA B BEpXHEH dacTu jecopbepa,
KOHACHCUPYIOTCS W HAMpaBISIIOTCS Ha JajbHeimyto mnepepabotky. I[loaHocThio
aBTOMAaTHU3UPOBAHHBIE a0COPOIIMOHHBIE YCTAHOBKHU JAIOT BO3MOXXHOCTBH JTOCTATOYHO
MOJIHOTO U3BJIEUEHUSI KOHJIEHCATa U3 MIPUPOHOTO Taza [4].

st aOCOpOIMOHHON OCYIIKM Ha CETOAHSIIHUNA J€Hb NPUMEHSIOTCS B
ocHOBHOM mudTwieHHKoNb ([A2I) wu tpudtnenrmukons (TII). VYcranoBku
a0COpOIIMOHHOM OCYIIKH Ta3a Haubosee nmpoctel. Ho, TeM HE MeHee, ATOT Crocod He
00€eCIeunBaeT «CYXOro» pPeKUMa SKCIUTyaTallid Ta3olpoOBOJOB. JTO OOBICHAETCS
CJIEYIONIMM: TIPH OCYIIKE ra3 HACHIIIAeTCs Mapamu TIUKOIS Tpu 0ojiee BBICOKHUX
TEMIIepaTypax, YeM Ta TeMmIeparypa, J0 KOTOpOH OH OXJaXJIaercs TMpu
TPaHCIIOPTUPOBKE. B CBSA3M ¢ 3TUM Jake MpU MOJTHOM OTCYTCTBHUHU YHOCA TJIMKOJS C
OCYILIEHHBIM Ta30M B KalleJbHOM BHUJE B Ta30IPOBOJAE IMPOU30IAET KOHIEHCAIUS
napoB raukons. KonmdectBo oOpaszoBaBiieiicss kuakod (asel Oymer Oosnblie, yeM
CKOHJIGHCHUPOBABILIEIOCS  TJUKOJA, YTO OOBSACHSAETCS B3aUMOPACTBOPUMOCTHIO
KOMIIOHEHTOB CHUCTEMbI I HN3MEHEHHEM €€ PaBHOBECHBIX YCIOBUH [6].

OtpuiatensHas TeMIlepaTypa OKpYXKalomeld Cpelbl B CEBEPHBIX palioHax
UCKJIIOYaeT BO3MOXKHOCTh IIMPOKOTO HCIIOJIB30BaHUS MeToAa abCcopOLHMOHHON
ocymku raza. OgHa W3 TJIaBHBIX MPUYWH — TMOBBIMICHUE BS3KOCTH aOCOpOeHTa mpwu

HHU3KUX TeMIIepaTypax.
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['mukoneBas ocymika oOecrieunBaeT yMEpPEHHBIC MOKa3aTeIl TOYKH POCHI IO
Boje (mo mMunyc 30°C). Hammume B cocTaBe raza TSDKENbIX YriaeBoJgopoioB Ces+
OTPaHUYHUBACT BO3MOXXHOCTH MPUMEHEHUS JTAHHOU TEXHOJIOTHH U3-3a2 HEBO3MOKHOCTH
obecneuenus: Tpedyemoit TTP no yrneromopoaam. JlaHHOE 00CTOSATEIBCTBO SABIISIETCS
TaK)Ke U CEPhE3HBIM HEJTOCTATKOM TEXHOJIOTHH TJIMKOJICBOM OCYIITKH rasa.

2.4 AncopOUMOHHBIH MeTO/

OcHOBOI afcopOIus ABISETCS N30UPATEIIbHOS CBOMCTBO TBEPBIX MOPHCTHIX
BeIECTB (aJCOPOEHTOB) MOIIOMAaTh XUAKYI ¢azy. C moMoiipio aacopOIMOHHBIX
YCTaHOBOK, KPOME OCYIIIKH T'a3a yJaBIUBAIOT KOHJICHCAT YIIIEBOIOPOI0B. B KadecTBe
aJICOPOCHTOB MPUMEHSIOT aKTUBUPOBAHHBIM YTOJIb, IICOTUTHI (MOJICKYJIIPHBIC CHUTA),
OOKCHUT, CHWJIHMKareib, ajJlOMOTelIb. OTH aJCOpOCHThI HM3rOTABIMBAIOTCS B BHUJC
IIAPUKOB W TPaHYJI JJII YMEHBIICHHS THIPABIMYECKOT0 CONIPOTUBIICHUS B CJIOE, Yepe3
KOTOPBIH MPOIyCKaeTCs ras.

AJCOpOIIMOHHBIE  METOABl  MPEAOCTABISAIOT  BO3MOXKHOCTH  TJIYOOKOTO
U3BJICUEHUST TSKENBIX YIJIEBOJOPOAOB, HO, MPU ITOM HUMEIOT 0o0Jiee BBICOKYIO
CTOUMOCTbH B CBSI3U C TEM, UTO TpeOyeTcs mepruoandeckas 3aMeHa aicopOeHTa.

OnHoBpeMEeHHBIC acCOPOIIMOHHAS OCYIIKa U OTOCH3WHUBAHUE — 3TO HanboJee
ONTUMAJIBHBIE CHOCOOBI MOATOTOBKM Tra3a BHICOKOTO MABICHUS C YKOHOMHYECKOU
TOUYKH 3peHus (Koraa TpeOyeTcsl HU3Kas TeMIeparypa TOUYKH pockl). JJaHHbII crioco0
o0ecreuynBaeT BHICOKOKAYECTBEHHYIO MOATOTOBKY Ta3a K TPAHCIOPTY Ha OOJbIINE
pPacCTOSIHHSI TIpU TPUEMIIEMBIX 3aTpaTax, HWCKIIOYAeT I[0oJady B Ta30MpPOBOJ
HEOCYIIEHHOTO Ta3a, YTO SBISETCS BEPOSTHBIM MPHU TIIUKOJIEBOM ocyiike. B oTnmuune
or ycranoBok HTC, »ddexTuBHOCT, pabOThI KOTOPBIX CHHUXKAETCS TIO Mepe
YMEHBIIICHUSI KOHJIEHCATHOTO (aKToOpa CBHIPOTO Trasa, aJCOpPOIMOHHBIE YCTAHOBKU
G ()EeKTUBHBI I OCYIIKM W OTOCH3WHUBAHHS TPHUPOJHOTO Traza C COACpKAHUEM
yraeBonopooB Ce+ 0T 0,5 10 7,5 r/m>. TIpu 5TOM a/1cOpOIMOHHAS TEXHOIOTHS OCYIIKH
— 9T0 0€30TXOAHBIM HKOJOTMYECKHM UMCTBIM MPOILIECC, KOTOPBIM HCKIIOYAEeT

3arpsi3HCHUE OKpYXKarollen cpeapl. B HEM OTCyTCTBYeT SMHMCCHSI apOMaTHYECKHX
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YIIEBOIOPOIOB B aTMOc(hepy MpH pereHepany OCyIIUTENs, a TAKXKE MONaJaHue uX B
ra3omnpoBOji BMECTE€ C OCYIIUTENEM, UYTO SBISETCS XapaKTepHBIM IPH MpoIecce
IJIMKOJIEBOM OCYIIKH rasa [4].

CymiecTByeT MHEHHE, UYTO aJCOPOIMOHHBIA MPOIECC MOATOTOBKH Ta3za K
nepepaboTke — METAIOEMKHI M JOPOTOCTOSIIIUN 110 CPAaBHEHUIO ¢ a0COPOIIMOHHBIM,
IMPOKO MPUMEHSIOMMMCS Ha Tipombiciax. Ho Goree BhICOKasi CTETICHb M3BJICUCHUS
BJIaTW W3 Tra3a U OTCYTCTBHE MapOB aOCOPOCHTOB B OCYIIEHHOM Ta3e, KOTOPhIE MOTYT
KOHJICHCUPOBATHCS B TPYOOPOBOAaX OOBSI3KH H ammmapaTax B MPOIEcce OXIaKICHUS
ra3a (He roBops yke 00 yHOce), JeNatoT JaHHbIN MPOoIecC HaJeKHBIM, CTUMYIIUPYIOT
€T0 COBEPIIIEHCTBOBAHNE M IMPOKOE IPUMEHEHUE MTPH 3aBOJICKOM nepepaboTKe razos.

[lerecooOpa3HOCTh UCIIONIB30BAHUS TOTO WIIM HHOTO aJCOPOCHTA ISl OCYIIKH
¥ OYUCTKHU TPHUPOJHOTO Ta3a 3aBUCUT OT MHOTHX YCIIOBHH M OINpPEAEINSETCS TaKUMHU
dakTopamMu, Kak TPOU3BOAUTEIHLHOCTh YCTAaHOBKH, COCTaB Ta3a, KOHIIEHTPAIUS
yrneBoopoioB Ce+, CEPHUCTBIX COCOUHEHMH U JpYrux Hpumeceil, TpeOoBaHUs
HOTPEOUTENS K OUUIIIEHHOMY Ta3y.

Kpome Toro, mpomecc aacopOIMOHHONW OCYIIKM M OYHCTKH MEHee
YyBCTBHUTEJICH K BEPOSTHHIM CE30HHBIM CKauyKaM MOTPEOJICHUS Ta3a U K M3MEHEHUIO
apamMeTpoB CHIPHEBOTO ra3za, TAKMM KaK TEMIIepaTypa U JABJICHUE 110 CPABHEHUIO C

APYTUMHU TCXHOJOTUAMHU ITIOATOTOBKH I'a3a.
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3 IlocTanoBKa 3agavm uccjicaoBaHusd

JI71s1 coxpaHeHust MOTeHI[Maja MOMYTHOro He(DTSIHOTO ra3a BaykKHO KaueCTBEHHO
MOATOTOBUTh €r0 B TMPOMBICIOBBIX YCIOBUSAX B COOTBETCTBUM C BBIOpPAHHBIM
HalpaBJIiCHWEM HCHoJb30BaHus. [Ipu 3TOM HYXKHO 00€CNeuYuTh U BBICOKHE
MOTpeOUTENIbCKUE KauecTBa Ta3a, M HKOHOMHMYECKU OIpaBJaHHBIE 3aTpaThl.
s onienku 3pdextuBHOCTH TexHooruit HTC u koMnpuMupoBaHus 11e51ecoo00pa3Ho
UCIIOJIb30BaTh  BO3MOXKHOCTH  MOJEIUpyromiero komrwiekca Unisim  Design,
peHa3HAUYCHHOTO JIJIsl UCCIIEAOBAHUS MTPOLIECCOB MOATOTOBKH HE(TSIHOTO U Ta30BOTO
CBIPbSI.

Ienb paboThI

[ToBbimenne 3¢ (HEKTUBHOCTH TEXHOJIOTHU TOATOTOBKM HE(TSIHOTO ra3a Ha
MecTOpOxacHuU K.

3aaun paboThI

1. AHanu3 TeXHOJOTUM MOATOTOBKH HEPTSHOTO rasa.

2. MonenupoBaHue€  BApUAHTOB TEXHOJOTHYECKUX  CXE€M  IMOATOTOBKH
HeTsIHOTO ra3a MmecTopoxaenus K B cpeze mporpamMMbl UniSim Design.

3. CpaBHHTeNbHAsT OICHKAa TEXHOJOTHMYECKOM W  DKOHOMHYECKOM
3 PEKTUBHOCTHU MTOATOTOBKH HE(DTSIHOTO Ta3a METOJIOM KOMIIPUMHUPOBAHUS, METOJIOM
HU3KOTEMIIEpATypHOM cemapalid W COBMECTHO C Ta30M Ta30KOHJIEHCATHOTO
MECTOPOXKICHHUS.

3amuinaemMple MOJIOKEHUS

1. TloaroroBka HedTsSHOrOo ra3za MO TEXHOJIOTHH HU3KOTEMIEPATYpPHOU
cenapanuy B KOMOWHAIMM C KOMIIPUMHUPOBAHHMEM TIO3BOJIICT YBEJIMYUTH CTEIEHB
n3BJIeUeHHs yriieBoaopoioB Cs+ B 2,7 pasa.

2. Tlomroroska ITHI" oTnensHO O0€3 CMeEIEHHS C Ta30M ra30KOHIEHCATHOTO
MECTOPOXKICHHS, TO3BOJSET TMOJYYUTh MAaKCUMAIbHBIA BBIXOJ HECTAOMIBHOTO

KOHIeHcaTa — X Kr/4.
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4 O0beKT U METObI UCCJICI0BAHUS
4.1 I'eostornyeckasi XapaKTepPUCTHKA MEeCTOPOKACHUS

4.2 Ou3uko-XxuMHYeCKHE CBOlicTBa (pi1rouaa

4.3 HedTeHOCHOCTh H JIMTOJOro-neTpopusnyecKasi XapaKTepUCTHKA
IJIACTOB

4.4 XapakTepucTHKA JAeHCTBYIOIIECH YCTAHOBKH NMOATOTOBKH ra3a

4.5 Mopenupymomas nporpamma UniSim Design

UniSim Design — mnpexacraBiaser co00il HHTEIPUPOBAHHYI CHUCTEMY,
MO3BOJISIONIYI0 PACCUMTHIBATh KAaK CTAIlMOHAPHBIC, TaK W JIUHAMHUYCCKHE PEKHMBI
paboThI, IPUYEM JUISI MOJCTUPOBAHUS CTAIlMOHAPHOTO M JIMHAMHYECKOTO PEKHMOB
pabOoTHI UCTIOIB3YIOTCS OJHU U T€ XKe TepMoauHamudeckue moaenu [10].

Llenplii ps CYIIECTBEHHBIX KOMIIOHEHT, KOTOpPBIC BXOJST B IMPOrpaMMy
UniSim Design, nenaroT ee MOIIHBIM HHCTPYMEHTOM MOJICIMPOBAHUS CTAllMOHAPHBIX
PEKUMOB pabOTHI TEXHOJIOTHIECKUX CXEM.

KitoueBbIM MOMEHTOB MPOTPAMMEI SBISIETCSI COOBITUIHO OpHUEHTHPOBAHHBIN
xapakrep ee pabotsl. [Tockonbpky UniSim Design npeacrasisier co00ii 00beAHHEHHYIO
cpeny, TpeaHa3HAYCHHYIO ISl PacueTOB KaK CTAI[MOHAPHBIX, TaK M JUHAMHUYECKUX
PSKUMOB  pabOTBI, «CTaTHUKa» U  «IUHAMHKA» OyayT  IOCIIEJOBATEIHHO
paccMaTpuBaThCS MPU ONMHUCAHUU Ka)IOH OIepalfy, YTO TO3BOJUT YBHIIETh, KAKUM
o0Opa3zoM pacrpenensThcsi WHGOpMAIUsa, OTHOCAMIASACA K JITHM JIBYM IOJXOJaM.
[TporpaMmma COMEPIKHT IATH Pa3IMYHBIX METOJIOB ONTHMHU3AIHH, ITPESIHA3HAYCHHBIX
JUIs 3a/1a4 O€3 OrpaHUYCHHMI U ¢ OrpaHudYeHUsIMU. VIMeeTcs crieliuaibHbli MEXaHU3M
BO3BpaTa B UCXOJHYIO TOYKY Ha CIy4ai, €ClIM alrOpUTM ONTHMHU3AINHU «3aTOHICT
cxeMy B Hepeaimm3yemyro oOmacth. UniSim  Design  comepxutr  HabOp
BCIIOMOTATEIBHBIX MPOTPaMM (YTHJINT), KOTOPbIE MOXHO CTaBUTh B COOTBETCTBHE
MOTOKAM WJIM OmNepamnusM. OTH MPOTrpaMMbl B3aMMOJICUCTBYIOT CO CXEMHBIMU
MEPEMEHHBIMH W 00ECTICYMBAIOT TTOJIE30BATEINSI IOTIOJTHUTEILHON HHPOPMAIIACH.

Baxwneitmum  cBoiictBoM mporpammber - UniSim  Design  sBnsercs  ee

MHOI'OCXCMHas apXUuTCKTypa. C ee IIOMOIIIBIO PCAaIN30BaAHbI TAKHC BO3MOKHOCTH
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CUCTEMbI, KaK NPUMEHEHHE B OJHOM pacueTe pa3HbIX NaKeTOB CBOMCTB, WU
WCIIOJb30BaHUE 3apaHee IMOJTOTOBICHHBIX IMa0JIOHOB moacxeM. OHAKo, caMbIM
BOXHBIM  CJICICTBUEM MHOTOCXEMHON apXUTEKTYphl SBISETCS BO3MOXKHOCTD
3 PEeKTUBHO OPraHU30BATh «MOJYJIBHBINY pacdyeT O4eHb OOJbIIUX cxeM. Pa3ouBas
OOJIBIIIYI0O CXeMy Ha Majble KOMIIOHEHTHl — TIOJCXEMbI, pPAaCUCTYUK HMEET
BO3MOKHOCTh JICTAIHHO MU3YYUTh KAl KOMIIOHEHT, U B TO € BpeMsI COXPAHUTh
IIEJIOCTHOCTh BCeM cxembl. OTAeNbHBIE MOJACXEMBbI NMPU ITOM YYaCTBYIOT B OOIIEM
pacueTe Kak oOmeparuu, T.€. OHU TEPECUUTHIBAIOTCA BCSKHUM pa3 TpU H3MEHU
MH(OPMAIIUK B CBS3aHHBIX C HUMU MOTOKax. MHTepdetic mporpammer UniSim Design
OpraHM30BaH TaK, YTO OH COOTBETCTBYET OINKHCAaHHOMY BBIINIE MOJAXOIY K
MOJICTUPOBAHUIO TIPOIIECCOB, SBIISSACH, TIO CYIIECTBY, €I0 COCTABHON YaCcThIO. XOPOIIO
OpraHW30BaHHBIM HHTEp(]EC SABISIETCS BaKHEHIIEH MPEANOChUIKON YCHENTHOTO
MOJCIHPOBAaHUS  (pa3syMmMeeTcs, TIpU YCIOBUM  aJ€KBATHOCTH MPUMEHSIEMBIX
BBIYHMCIIUTEIBHBIX METOJOB).

[Ipomieccbl MOATOTOBKM Ta30KOHAEHCATHOTO Chipbst 1o Metony HTC
COMPOBOXAIOTCST  (ha30BBIMU TEPEXOJIaMU TpPU  CeMapanuu, KOMIPUMUPOBAHUH,
NETaHIUPOBAHUU U T.1.

Hawnbonee yacto my1s MoIeTMpoBaHUS ITPOIIECCOB 0OPaOOTKHU MPUPOTHOTO raza
1 He)TU UCTIONB3YIOTCS ypaBHEeHUs cocTosinus [lenra-PobuncoHa.

OCHOBHBIM Ha3HAYEHUEM TEXHOJOTHH HHU3KOTEMIIEPATYPHON Ccemapanuu
SABJISIETCSL OCYIIKAa IMPUPOJHOTO rasza nepes nojayeil B MarucTpajibHbIM ra30MpoBO.
[Iponecc cenapanuu OCHOBAaH Ha SBJIEHUU KOHJEHCAIMU KUJIKOCTH B TOKE CHIPbS U3
ra3oBoil (ha3pl B cemapaTopax C IMOCIECAYIONUM pa3IelieHHeM >KHJIKHUX M Ta30BBIX
MOTOKOB, W HAMpaBIICHWEM Ha malbHEHIyio mepepabotky. Ilpomecc ocaxmeHus
OCYILIECTBIISIETCS] B CEMapaTopax B HECKOJIBKO CTYMEHEH.

Jna  sddekTHBHOTO MPOBEACHUS Mpollecca Cemapanud  HEoOXOIUMO
U3MEHEHHE TEepMOOApUUYECKUX YCIOBUW B TMOCIEAOBATEIbHO YCTAHOBJIEHHBIX
amnmnapaTtax — MOHMKEHUE TEMIIEPATypPhl U JIaBIICHHUSL.

CKOHAEHCUPOBAHHAS KUJKOCTh HAIMPABISIETCS B Pa3ACUTENN KUIKOCTU. B

anmapaTtax MPOUCXOJUT pPa3/IeJICHUE MXUJIKOCTU — BOJAHOM U YrIE€BOJOPOIHOM, C
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MOCIICAYIONIUM pa3JeICHHEM Ha IOTOKH. TarkkKe MPOUCXOAMT JOMOJHUTEIBHOE
OCaXICHHE XKHUJIKOCTH M3 Ta30BOH (a3bi[6].

Jlis mporecca cenapanud HeoOXOAMMO ONPEISIUTh 3HAYCHUS KOHCTAHT
¢dazoBoro paBHOBecHs. J[is 3TOro HMCHOB3yeTCs YpaBHEHHE cOCTOsHUSA IleHra-

PoGOuucoHa:
RT ac

T V=b V-2V -b*’

20e P -oaenenue cmecu, Mlla;

R - ynusepcanvnas 2azoeasn nocmosinnan, Jc/(moas/K);

T — memnepamypa, K;

V - Monsipubiit 0bvem, M /KMOIb;

a, b, @ — napamempui, paccuumsiearomes no opmyram Huxce;

RI T:
a=0,45724 —
k

b=0, 0778()ﬂ
P 2

[&

b

5
2

a=[1+(0,37464 +1,542260-0,269920" ) (1- [T, )|

20e Tr — omuocumenvrnas memnepamypa (1/T,);

P, - omnocumenwvnoe oaenenue (P/P.);

Tc - kpumuueckas memnepamypa, K;
Pc - kpumuueckoe oaenenue, Mlla;

@ - QyeHmpuyecKull ghakmop.

3Hass KOMIIOHEHTHBI COCTaB CMECH, a TaK)Ke WX WHIUBUAYyaTbHBIC CBOWCTBA,
MOXXHO II0 YpPaBHEHHUIO OMNpPEACIUTh (Pa30BOE IOBEICHUE CHCTEMbI IPHPOJIHBIX
YTIIEBOAOPOIOB.

OCHOBHBIM JIOITYIIICHAEM TP MOJISITHPOBAHKH TIPOIIECCa CeNapauy siBISICTCS
JOIYIIEHUE O COCTOSTHUU (Ha30BOTO PaBHOBECHS. DTO TO3BOJISET MCIIOIB30BATh JIJIS
CUCTEMBI 3aKOHBI (ha30BOTO paBHOBecHs [6].

MonennpoBaHue NMpoecca cenapanuu yrjaeBogopoaHOT0 ChIPbsi

[TapoXUIKOCTHOE PAaBHOBECHE OMPEACIACT KOJIMUSCTBEHHOE PACIPEICIICHHE

BEIIIECTB B cucTeMe. PacdyeT mpou3BoAsAT uepe3 ypaBHEHUS (a30BOTO PAaBHOBECHSI:
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m,

-r‘ e P >
w-(K, —l)+l
=K,
R= ;
w+(K, =1)+1
20e X, V;- monbHbIe 00U 8 HCUOKOLU U 2a30801 (hazax;

1]; - 0015 KOMNOHEHMA 6 UCXOOHOTI CMeCH;

K, -koaghhuyuenm ghazoeoco pacnpederenus i-20 KOMROHeHmMa;

W - doast omeona 2asza.

ypaBHeHI/Ie HMECT PCHICHUEC ITPH BBIITOJIHCHHUU YCIIOBHA!

20e 1[: -NAPYUATEHOE Od8TEHUE [-20 KOMNOHERMA,

P. :’J‘I:;ILL[EE dasrenue cMecu.

OcHoBHas 3a/1aya COCTOUT B ONPEIEICHUH KOHCTAHTHI ()a30BOT0 PaBHOBECHSI.

42



5 HccraenoBanue BJIUSHHUA CIIOCO00B NMOATOTOBKHM HE(PTHAHOrO rasa Ha
BBIXO0/ U KAa4eCTBO NPOAYKIHMHU

5.1 TexHosorus AeMCTBYIOLIEH YCTAHOBKU MOATOTOBKH He(PTAHOrO rasa
Ha MecTOpo:xaeHnu K

5.2 TexHosornyeckoe MoJAeJTMPOBAHUE CYLECTBYHOIIEH TeXHOJI0rM4eCKOil
CXeMbI MOATOTOBKH ra3a B cpefe nporpammbl UniSim Design

JI1st MoJieTupoOBaHUsl TEXHOJOTHUECKON CXeMbl HEOOXOAMMBIMU HaYaJIbHBIMU
JAHHBIMU SIBJISIFOTCSL KOMIIOHEHTHBIM COCTaB M CBOMCTBA MOTOKa — TEMIIEpaTypa,
naBiieHHe U pacxon (pucyHok 5.1).

X X

Pucynok 5.1 — VicxoniHble JaHHBIE

Ta6J11/111a 5.1 — KoMIIOHEHTHBINH COCTaB ChIPOTO0 CKOMIIPUMHUPOBAHHOTI'O I'a3a,
MOJIBHBIC JOJIN

Mertan

Ortag

[Iponan

N3o-byran

byran

H3o-IlenTan

Ilentan

I'excan

A3zoT

Huokcun yrinepoaa
Bona

B cpene monenupoBanus HTC u YCK ocHOBHBIMU amnmapaTtaMmu sIBISFOTCS —
TEMJI000MEHHUK, HU3KOTEMIIEpATYpPHBIN cenapaTop, TypOOAeTaHIEpHBIN arperar,
CMECHUTEIIb, Pa3ACIUTENb, APOCCEIb, alNapaThl BO3AYIIHOTO OXJIAXIEHUS, KOJIOHHbI
J€ATaHU3aluU U CTaOUIIU3AINY.

Kax 6pu10 onrcano Boimie B 1. 5.1 I[THI” mpoxoauT mo TpyOHOMY MPOCTPAHCTBY
JByX TEIUIOOOMEHHUKOB, TJI€ JOOXJaXJaeTcs [0 TpeOyemMoil TeMmmepaTyphl,

nmapameTphl TeriooOMeHHrKa T-2 mpuBeieHbl Ha pucyHKax 5.2(a) u 5.2(0).
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e T-2 RIS
Design Tube Side Inlet Mame | T-2 | Shell Side Inlet
Connections ‘ PMG with T-1 v| | dry gas v‘
Parameters —p_'_ 'I_r
Specs
. Tube Side Shel Side
User Variables
| Tubeside Flowsheet Shellside Flowsheet
Motes 0 Case (Main) | Case (Main)
ST B — —
Tube Side Outlet Shell Side Outlet
‘ Crude gas v| |tol(-'| v‘
Tube Side Fluid Pkg Shell Side Fluid Pkg
‘ Basis-1 v| | Basis-1 v|
N Design |F{ating JWDrksheet JPerfu:urmance JD}rnamics JUniSirﬂ S5TE JSizing & Cost J
I | oo | [Jionored

Pucynok 5.2(a) — 3agaHHble mapaMeTpbl TEIUIOOOMEHHHKA

X
Pucynok 5.2(6) — 3agannbie mapamMeTpsl TETUIOOOMEHHHUKA

U 3aTem oxJ1aXAEHHBIN MOTOK HAMPaBJISIETCs B cermaparop (pucyHok 5.3).

= o BE
e
gn
Connections LB T
Parameters < Slieam > Vapour Outlet | TpA v

User Variables
MNotes

B << Streamn >>
i

Liquid Outlet

Condensat_C-1 v

Energy (Opticnal)

Vessel Fluid Package

= Design ‘REEL‘tiUHS JRating JWDrkshEEt JDynamics JSizing & Cost |
S (] crors

Condensat_C-1

Pucynok 5.3 — YcnoBust 3aianus cemaparopa
JI71s1 oxJtakIeHHsl ra3 U3 cernaparopa rnocTynaer B TypOoIeTaHIepHbIN arperar,
rJ€ TOHWKAETCA JABICHUE W COOTBETCTBEHHO JOOXJIAXKIACTCA IO TEMIEPATypPhI
MuHyc X TpaaycoB W Jajiee MOCTymaeT B HHU3KOTeMIepaTypHbii cemapartop C-2.

OcylieHHBINM Ta3 W3 HHU3KOTEMIIepaTypHoro cemapatopa C-2 depe3 MEXTpyOHOE
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MPOCTPAHCTBO TeII00OMeHHNKa T-2 MmocTymaeT Ha uMIeIuiep Kommpeccopa (PUCyHOK
5.4), KOMIOPUMHPYETCS U HAMPABIIAETCS B IMYHKT pacxojia rasa.
X
Pucynok 5.4 — TypOoaeraniepHslii arperat

HectabuibHublii  ra3oBblid  KoHAeHcaT u3 cemapatopoB C-1 u  C-2
JIPOCCEIUPYIOTCS /10 OJAMHAKOBOTO JaBlieHUs (HayajdbHbIE JABJICHUS TEpeN
napoccensimu 'y nepBoro noroka X MlIla, y Broporo X MIla) u HampaisitoTcsi B
CMECHUTENb JJIs JalIbHEHIIIEr0 UX HAIIPaBJICHHS B MEXXTPYOHOE MPOCTPAHCTBO MEPBOTO

TEILIOOOMEHHUKA.

Condansat

Temperature

Pressure

Molar Flow 8585 kgmole/h

Pucynok 5.5 — JIpoccenupoBanue u cMelMBaHNE MOTOKOB HECTAOMIBHOTO
KOH/JIeHCaTa
3areM TONOTPETHIM TOTOK, MPOMAS MEXTPYyOHOE MPOCTPAHCTBO TIEPBOTO
TEIJI000OMEHHUKA CMeIuBaeTcsa ¢ ra3oBbiM KoHaeHcaToM oT ['KC cmemmBaercs

(pucyHOK 5.6) 1 HampaBIAETCs B BRIBETPUBATEIb JIJIS IeTa3alluu.

47



> MIX-101 [=]=]B=

Connections

_
Parameters

User Variables

N
./

— =

Ilets. Outlet

124 __to V-1 v
43
<< Stream >> Fluid Package

[lgnore Selected Feed Stream(s)

" Design [Rating | Worksheet | Dynamics | Cost |

[Jignored

Pucynok 5.6 — ITapaMeTpsl cmMecHUTENs
HectaOunbHplli  Ta30BBIM  KOHJEHCAT HAMNpaBIseTCS B  pa3leiauTesb
(pucynok 5.7), rae vacTh MOCTyHaeT HAa TPUHAALATYIO TapejKy JJIsi OpPOINCHHUs, a
Apyras 4acTh Ha MMTaHUE KOJIOHHBI edTaHu3aIuH (pPUCYHOK 5.8).
X
Pucynok 5.7 — IlapameTpsl AenuTens
X
Pucynok 5.8 — IlapameTpsl KOJIOHHBI JiedTaHU3AIUN
JlesTaHM3UPOBAHHBIN Ta30BBIM KOHACHCAT M3 «ropsyei» CeKIuu Kyda
kojoHHBI K-1 oxmaxkmaeTcs B MEXTpYyOHOM NPOCTPAHCTBE TeIoOOMeHHHMKa T-3,
HarpeBasi IOTOK HECTaOMJILHOTO Ta30BOT0 KOHJAEHCATa HAa mMUTaHue KoJoHHBI K-1, u
MOCTYMAeT B TPYyOHOE MPOCTPAHCTBO PEKYNEPATHBHOTO TeriooOMeHHuKa T-4 s
HarpeBa CTaOWJIBHBIM Ta30BBIM KOHJEHCAaTOM. Jlamee MOTOK Je3TaHU3MHUPOBAHHOTO
ra3oBOT0 KOHJEHCATa MOCTYMaeT B 30HY BBOJIA CHIPbsI KOJIOHHBI cTabunu3anun K-2.
BreiBomumenid 13 ky6a koaoHHBI K-2 cTaOMIBHBIN Ta30BbIH KOHACHCAT IOCTYITACT B
MEXTPYOHOE TMPOCTPAHCTBO PEKYMEPATUBHOTO TeriooOMeHHnKa T-4, HarpeBas
CBIPbEBOI MOTOK AEITAHU3UPOBAHHOIO T'A30BOT0 KOHJIeHCaTa (MUTaHue KOJOHHBI K-
2).
X

Pucynok 5.9 — 3agannas cnernudukarms KoiaoHHb K-2
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Oxytaxx1€HHBIA CTAOMIBHBIN Ta30BbI KOHJEHcAT u3 T-4 mooxnaxmaeTcss B
anmaparax BO3IYIIHOro oxjiaxJaeHus BX-2 u HanpasisieTca B apk TOBapHOUl He(TH
VIIH nns nocneayroniero TpaHcnopTa B TpyOOIpoBO g BHEITHETO TPaHCIOPTA.

CmopenupoBaHHasi cxeMa IPUBEAEHA B IPWIOKEHUHU B.

Tabmuma 5.2 — KoMnoHeHTHEIN COCTaB ITOATrOTOBIICHHOT'O I'a3a, MOJIbHBIC JOJIH

Meraun

OraH

[Iponan

N30-byran

byran

N30-Ilentan

IlenTan

T'ekcaun

A3zoT
Hwnokcun yrinepoaa
Bonma
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5.3 MogenupoBaHue TeXHOJIOTHYECKOH CXeMbl KOMIIPHMMHPOBAHHUA
He(TAHOrO ra3a

B cpene mopenupoBanuss ['KC OCHOBHBIMM amnmapaTtamu SIBISIFOTCS —
cenaparop, KoMmIpeccop M ammapat Bo3aymHoro oxnaxiaenus (BX). Ilponecc
MOJATOTOBKM METOJOM KOMIIPUMHUPOBAHUSA 3aKIIOYAETCA B TPEXCTYNEHYATOM
KOMIPUMHUPOBAHUN C TIOCIIEAYIOIIEM OXJIAKJICHHEM Ha anmapare BO3AYIIHOIO
oxnaxnaenus. [lo BxoaHoMy TpyOompoBOJy MOTOK Tra3a MOMAJaeT B MNEPBBIM
cenaparop, MpeIHA3HAYCHHBIN JJIs1 OYMCTKHU ra3a OT MEXaHWYECKHUX MpUMEcEd U
Jajee IOTOK Ta3a TMOMAJaeT Ha TMEpPBYH CTYNEHb KOMIIPUMHPOBAHMUS.
KoMmoHeHTHBIH cocTaB ChIpOro ra3a rnpeacTtanieH B Tabnuiie 5.3. [IpuHuunuansHas
cxeMa npejicTaBiieHa Ha pucyHke 5.10.

Tabmuma 5.3 — KOMIIOHEHTHBIN COCTaB CHIPOTO T'a3a, MOJIBHBIC JIOJIH

Mertan

Ortaun

[Iponan

N30-byran

byran

N3o0-Ileatan

IlenTan

I'excan

A30T

Jnokcnp yriepona
Bona
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Pucynok 5.10 — [IpunnunuansHas cxema I'KC

[Tociie mepBOM CTyNIEHH KOMIIPUMUPOBAHUS a3 ¢ TeMnepaTrypoit X rpaayca
u nasinenuem X Mlla nmocrymnaeT Ha anmnapar Bo3aymHoro oxiaxacHus. ABO raza
MpeaHa3HaYeHbI )15l 00€CTICUeHUS TETIOBOT0 PEXXUMa padOThl 000PYI0BAHUS U JJIS
oOecrieueHUs] MOATOTOBKM rasza 110 TpeOyeMbIX MapaMeTpoB. Bepxuuii mpepen
TEMIIEpaTyphl ra3a OMpeAeIIeTCs] TEMIIEPATYPHBIMU MTapaMeTpaMu 000pyI0BaHUS
U TEXHOJIOTMEW HU3KOTEMIIEPATYPHOW cemapauuu rasa. HwxHuM npegen
TEMIIEpaTyphl raza ONpeessieTcss TeMIepaTypoll ero ruapaTooO0pa3oBaHUsl MPHU
pabouem namienuu. OxnaxaeHHsii B ABO no Temmeparypsl X TpajaycoB ras
MOCTyNaeT Ha BXo/ cenaparopa C-2, npeIHa3HAYEHHOT 0 JIJIs1 OTAECIEHUS )KUIKOCTH,
BBIJICIMBLUIEHCA B pe3ysbTaTe oxjiaxaeHus raza Ha ABO. 3arem notok rasa
MOMNa1aeT HA BTOPYIO CTYNEHb KOMIPUMHUPOBAHUS U 3aT€M aHAJIOTUYHO MOCTYMAEeT
Ha ABO, a mocne yxe Ha TpPeThlO CTYNEHb cenapaluu, KOMIPUMUPOBAHUS U
OXJIAXKICHUS.

X

Pucynok 5.11 —ITapameTpsl BXOJAHOTO U BBIXOJJHOTO TIOTOKA rasa yepe3
KOMIIPECCOP

Tabmuma 5.4 — KoMIIOHEHTHBIN COCTaB KOMIIPUMHUPOBAHHOTO T'a3a, MOJbHBIE JOJIN

Mertan

Ortau

[Ipomnan

N30-byran

byran

N3o-Ilentan

Ileatan

I'excan

A3oT

Jnokcua yriepoaa
Bonma
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B koneyHOM wuTOre, KOMIpPUMHUpPOBaHHBIN ra3 ¢ pasieHueM X Mlla u
TemmnepaTypoil X rpaaycoB 1o TpyOoOnpoBOAY HAIPABISIETCS B OOLINI KOJIIIEKTOP U
HanpasisieTcs B OJIOK 3aMepa ra3a U Jajgee B MEXIPOMBICIOBBIN ra30IpOBOA IS
tpancnoptupoBkn Ha YKIII'mK. Mogenupyromas cxemMa npeAcTaBi€Ha B

IpuiIoKeHnu B.
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6 O0cyxkaeHne pe3yJibTaTOB

[To cTenenu u3BIEUYEHUS] KOMIIOHEHTOB M3 CHIPOTO Tra3a CIENyeT, YTO MpHU
MOATOTOBKE Ta3a COBMECTHBIM METOJIOM KOMIPUMHUPOBAHHUS C METOJIOM
HU3KTOTEMIIEPATYPHOU cenapaluy CTereHb U3BJIeueHus npornana B 21 pa3 0osnblie,
YeM MpH MOATOTOBKE METOJIOM KOMIIPUMUPOBaHMUS, U30-0OyTaHa B 15 pa3, Oyrana B
23 pasa, a U30-TICHTaHa, IICHTaHa U TekcaHa B 6 pa3 (Tabiuia 6.1).

Tabmuma 6.1 — ConepkaHue KOMIIOHEHTOB Ta3a, MOJLHBIE JOJIU

KommnoneHnt Ceipoii ra3 Croco6 moAroToBKH
MecTopoxaeHus K I'KC I'KC+HTC

Meran

TaH

[Ipoman

N30-byran

byran

N3o-Ilentan

IlenTan

I'excan

A30T

Jnokcup yriepona
Bona

PaccMoTpeB  pe3ynpTaThl  pacCUMTAHHOTO MaTepHAIBHOTO  OayaHca
(tabmumer 6.2-6.4), criemyer, 4TO TPU TOJATOTOBKE Ta3a COBMECTHBIM METOJIOM
KOMIIPUMHUPOBAHUS C METOJOM HH3KOTEMIIEpaTypHOU cemapaiud K TOBapHBIM
MPOIyKTaM OTHOCUTCS: TOBAapHBIM Tra3, KOHJAEHCAT CTAOWIIBHBIN M MpomaH-OyTaH
TEXHUYECKUH, a TPY KOMIIPUMHPOBAHUHU — TOJIBKO T'a3 U HECTAOMIIbHBIN KOH/ICHCAT.

[To KOMMYECTBEHHON XapaKTEPUCTUKE CTOUT OTMETUTH, YTO COBMECTHBIM
METOJIOM KOMIPUMHPOBAHUS C METOJOM HHU3KTOTEMIIEPATypHOW cemapaiuu
TOBApPHOTO Ta3a IMOJy4daeTcsl MEHbIE, HO OoJiee JIydliero KadecTBa, 4eM TpH
KOMIIPUMHUPOBAHUH, 33 CUET M3BJICUYCHHUS JABYX APYTMX TOBApPHBIX MPOIYKTOB

(koHAEHCAT CTAOUIIBbHBIN U MPONaH-0yTaH TEXHUYECKUN ).
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Tabnuua 6.2 — MarepuanbHblii OajnaHC mpoliecca KOMIPUMUPOBAHUS HEPTSIHOTO

rasa
[Ipuxon Pacxon
CeIpne
% | kr/uac | [lpoaykius % | xr/gac
['a3 moaroToBIEHHBIN 99,28
Ceipoii ra3 99,93 Konpnencar necrabuibnbiii | 0,33

Bona 0,11

I"a3 BeiBeTpuBanus | 0,07 IloTepu 0,27

Utoro 100 Htoro 100

Tabnuua 6.3 — MatepuanbHblil 0anaHc mpolecca HU3KOTEMIIEPaTyPHOH cenapaiuu

He(TSHOTO raza

[Ipuxon Pacxop
CoIpbe % kr/4gac | [Iponykuus % | xr/gac
ToBapHbIii ra3 63,5
T'as ¢ TRC 100 Konnencar vecraOuipHbii | 36,5
NTOI'O 100 UTOI'O 100

Tabnuma 6.4 — MaTepuaiabHbIi 6aJlaHC YCTAaHOBKU CTaOWUIM3aIly KOHIEH CaTa

[Ipuxon Pacxon
CoIpne % Kr/4ac [Tponykius % | kr/gac

'az ¢ B-1 35,46
Konnencar HTC | 82,3852 I'az ¢ BE-1 0

Bopga ¢ BE-1 0,05

MDD 30,39
Konneuncar 'KC | 17,6148 [1b®D 27,87

Konnencar craOMIbHBIN 6,23
HUTOI'O 100 HUTOI'O 100

I1o kauecTBEHHOI XapaKTEPUCTUKE TEMIIEPATYpPa TOUKU POCHI TOBAPHOT'O rasza

(HpI/I IIOATrOTOBKEC €ro COBMCCTHBIM MCTOAOM KOMIIpUMHPOBAHHA C MCTOJAOM

HU3KOTEMIIEpATYpHOIl cemapannu) cooTBeTcTByeT HopMmam CTO T'azmpom 098-

2010. TTP toBapHoTo rasa mo yrieBoaopoaam coctaBiser Munyc 24,83°C u Munyc

20,05°C no Boje. JlaBnenue HachIeHHBIX MapoB 65 klla (Tabmuna 6.5).

Tabnuia 6.5 — KauecTBeHHasi XapaKTepUCTHKA TOBAPHOW MPOAYKIIUU

Texuonorus TTP 1o TTP no Boxe, JIHII xonnencara
MMOATOTOBKH VB, C C crabuipHOrO, Klla
I'KC 29,19 29,92 -
I'KC+HTC -24,83 -20,05 65
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JInst 0ObsICHEHUS] MPUYUH PAa3HOM CTEMEHH M3BJICUCHUS] KOMIIOHEHTOB W3
rasa (tabnuia 6.8) u, Kak cleACTBUEe, U3MEHEHHUS KaueCTBa U KOJIMYECTBA TOBAPHOU
MPOAYKIHMHU NPOBEACHO TPU UCCIEAOBAHUS, B KOTOPBIX PACCMATPUBATIOCH BIIUSIHUE
KOMIIOHEHTHOTO COCTaBa ChIPbsl HA KaueCcTBO MoAroToBku no texnosioruu HTC. B
MIEPBOM CJIy4ae ChIpbE OBLJIO C Ta30KOHACHCATHOT'O MECTOPOXKIEHUSI M, BO BTOPOM
MONYTHBIN HE(PTSIHOM Ta3 ¢ HePTEra30KOHIEHCATHOTO MECTOpOXKAeHUs K 1 TpeTuii
Clly4yald — CMeCh CBIPOTO Ta3a Tra30KOHACHCATHOTO MECTOPOXKACHUS ¢ HEPTIHBIM
ra3om, npoueamuM Kkommnpumuposanue 10 X Mlla.

Tabnuua 6.6 — KOMIOHEHTHBIN COCTaB CHIPBIX T'a30B

Komrmounenrt M M+K K

Meran

TaH

[Ipoman

N30-byrtan

byran

N3o0-Ileatan

IlenTan

I'excan

A30T

Jnokcup yriepona
Bona

Taomuna 6.7 — KOMIIOHEHTHBII COCTAaB IIOATOTOBIEHHBIX Ta30B

Kommonent M M+K K

Mertan

Ortan

[Ipomnan

N30-byran

byran

N3o-Ilentan

IlenTan

I'excan

Aszor
Jlnokcup yriepoaa
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W3 momyueHHBIX NaHHBIX (Tabmuia 6.8) cinenyer, uro npu godasnenunu [THT,
IIPOLLEILIEro OTOEH3MHHUBAHUE METOZ0M KOMIIPUMHUPOBAHUS, K
ra30KOHJICHCATHOMY CBIPBIO, CTEIIEHb W3BJICYEHUS BCEX KOMIIOHEHTOB BBILIE IO
CPaBHEHHIO C Fa30KOHAEHCATHBIM CHIPEM. JTO IMPOUCXOAUT 3a CUET YBEIUUECHUS
KOH/IEHCATHOTO (paKTOpa CMEIIAHHOTO NIOTOKA ra3a. A Ipu OTAEIbHON NOJATOTOBKE
ITHI' MeTo1oM KOMIIpUMMPOBAHHUS U HU3KOTEMIIEPATYpHOU Celapanuu CTEIEHb
U3BJICUCHHS] KOMIIOHEHTOB BBILIE, YEM B JBYX JIPYTHX CIy4asix, 32 UCKIIOUYEHHUEM
[IPOIIaHa U T€KCaHa.

Tabnuma 6.8 — Cternenp U3BJICYCHUS KOMIIOHEHTOB M3 rasa, %

HcTounuk chIporo rasa
Komnonenr M M-+K K
[Tponan 26,41 35,00 13,46
N3o0-byran 55,88 66,67 79,37
Bbyran 63,41 75,00 86,71
Hzo-IlenTan 82,35 93,33 95,18
[lentan 90,00 95,35 97,00
['ekcan 99,05 99,63 99,43

[To mpoBeAeHHBIM HCCIEIOBaHUSAM OBUIO OTMEYEHO, YTO CTeleHb
M3BJICUCHUS Mporana u3 HeTAHOTo ChIphbs (K) HIDKE, YyeM u3 cMemanHoro (M+K)
U OOBSCHSETCS 3TO paboyuM pPEeKMMOM HHU3KOTEMIIEpaTypHOro cemaparopa. Ha
MEeCTOPOXKIeHUH K HU3KOTEMIIEpaTypPHBIN cenapaTop UMeeT pabodre mapaMmeTpbl —
o TeMmIepaType MUHYC X rpaaycoB W 1o pabouemy naBinenuro — X klla. Ilpu
JaHHBIX YCIOBUSAX (PUCYHOK 6.1), MOJIbBHAsl JTOJIA TMpOIaHa B COCTaBE JKHJKOH
yrieBogopoaHor (a3el — X. JlaBneHne MakCUMallbHOM KOHJICHCAIIMHU TIPH JTAaHHOU
temrieparype coctapisier X klla. Ilpu s3Tom naBieHun MoJibHas J0Js MPOIAHA B
cocTaBe XHUAKON yrieBomopogHoi (a3er — X. CTeneHb W3BICYCHUS MpOMaHa OT

MaKCHUMAaJIbHO BO3MOXHOM MPH TAHHOM TeMIIEpaTypHOM ypoBHE cocTaBisieT X %0.
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-TDA - Phase Comp Mole Frac (Liquid Phase-Propane)
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Pucynok 6.1 — Crenens u3Bneuenus nponana mno texuoiaoruu HTC Ha nedrsaaom
MECTOpOkIAcHUU K

Ha mectopoxxnenun M HU3KOTEMNEpaTypHBIA cenapatop UMeeT padbouue

napaMmeTpbl — Mo TeMIepaType MUHYC X TpaJycoB U MO pabodeMy AaBiICHHUIO — X

klIa. HpI/I JAaHHBIX YCIIOBHAX MOJIbBHAA OOJIA IIPpOIIaHa B COCTABC )KPII[KOﬁ

yriaeBoiopoiHoi ¢a3el — X. JlaBaeHrne MakCUMalbHOW KOHJIGHCAIIMHU TPU JTAHHOU

TEMIICPATYPC COCTABJIACT X xlla. HpI/I 9TOM HaBJICHHMU MOJIbHAA OOJIA IIPOIlaHa B

cocTaBe KHUAKON yrieBomopomaHoit (a3el — X. CTeneHp W3BICYEHHUS MpoNaHa OT

MaKCHUMAaJIbHO BO3MOYKHOM IIPU JAHHOM TEMIIEpAaTypHOM ypoBHE cocTaBiisieT 97,2 %

(pucyHok 6.2).

Pmax Case StUdy 1

—3- S-TDA - Phase Comp Mole Frac (Liquid Phase-Propane
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Pucynok 6.2 — Crenenp u3Bnedyenus nponana no rexuosiorun HTC Ha yctaHOBKe

MOJITOTOBKU MECTOPOXKIACHUSA M U3 CMEIIAHHOTO ChIPhS
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Takum o00pa3oM, HM B OJHOM U3 PACCMOTPEHHBIX TEXHOJOTUH HE
JOCTUraeTCsl MaKCUMaJsbHas CTEIICHDb U3BJICUYCHUS IIPOIIaHa U3 rasa.

Paznuuuss B aOCONIOTHBIX 3HAUEHUAX CTENEHU H3BICYCHHS MponaHa U
JIPYrMX KOMIIOHEHTOB OOYCJIOBJIEHBI HE TOJBKO pPa3HbIM TEPMOOAPUUECKUM
PEKUMOM HU3KOTEMIIEPATYPHOI'O cerapaTropa Ha pa3HbIX YCTaHOBKAaX, HO U Pa3HbIM
COCTaBOM Tra3a, IPUXOMAIIEr0 Ha y3€l OXJIAKACHUS ra3a — Ha JETaHIep U, Kak
CJIeJICTBHE, pa3HBbIM KOHACHCATHBIM (pakTopoM. [ToaToMy mpu MOArOTOBKE METOJIOM
HTC cmemanHoro moToka rasa — Tra30KOHJEHCATHBIM ra3 M OTOCH3WHEHHBIN
HedTsHOM (M+K) — creneHb W3BICUYCHHUS BCEX KOMIIOHCHTOB B KOHJCHCAT
IIOBBILIAETCS 10 CPAaBHEHUIO C IIOATOTOBKOM B JTUX JK€ YCIOBUAX TOJIBKO
ra30KOHJACHCATHOTO ChIpbs (M). A 1O CpaBHEHHUIO C MOATOTOBKOM MO TEXHOJOTUU
HTC or6ensunenHoro HedTsiHOro ra3a (K) — cTemneHb W3BJICUCHHUS KOMIIOHEHTOB
IIOHMIKAETCS, KPOME IPOIIaHa, CaMOoro JIErKOro0 U3 pacCMaTpUBAEMbIX, U 'eKCaHa —
CaMOro TSKEJIOTO.

[TomyueHHbIe JaHHBIE 110 CTENIEHU U3BJIEUEHUSI KOMIIOHEHTOB ra3a (Tabnuuna
6.8) KOppenmupyrT ¢ KOJIMYECTBOM IOIY4aeMOTO HECTaOMIBHOTO KOHJEHcaTa
(Tabnuia 6.9).

Tabmuma 6.9 — KoaudecTBo nojrydaeMoi TpoayKITUU

KonunuectBo nosmyyaemoro

ColIpne [Tpoayxius MIPOAYKTa
KI/dq %
M ToBapHbIil ra3 90
HecTaOuinpHBIN KOHIEHCAT 10
MAK ToBapHbIii ra3v 86
HecTaOuinpHBIN KOHIEHCAT 14
K ToBapHbIil ra3 59
HecTaOuinpHBINH KOHIEHCAT 41

Takum o00pa3oM, ONTHMAJIBHBIM BapUaHTOM siBisieTca moaroroBka [THI
OTHENIbHO 0€3 CMelleHHus ¢ Ta30oM Ta30KOHAEHCATHOTO MECTOPOXKIACHHUS,

IMO3BOJIAIOIIAA ITOJYYUTDh MaKCHUMAaJIbHBIN BBIXO/J HECTAOMIIBHOT'O KOHAOCHCAaTa.
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7 DUHAHCOBBIM MEHE/IKMEHT, pecypcod(ppeKTHBHOCTH "

pecypcocoepexenmne

D¢} PexTBHOCTP HAYYHOTIO pecypcocOeperaronero NpoekTa BKIOYAET B
ce0s
COLMANIbHYIO 3()(PEKTUBHOCTH, IKOHOMHUYECKYIO U OIOIKETHYIO 3 (PEKTUBHOCTD.

[Tokazarenu 0OIIEeCTBEHHOMN 3hHEeKTUBHOCTH YUUTBIBAIOT
COLIMAJIbBHOOKOHOMMYECKHE  TOCJEJICTBUSI  OCYILIECTBICHUS MHBECTULIMOHHOTO
POEKTa Kak JiJIsi 00I1IeCcTBA B IIEJIOM, B TOM YHMCJI€ HEMOCPECTBEHHBIE PE3yIbTaThl
U 3aTPaThl IPOEKTA, TaK U 3aTPAThl U PE3YJIbTATHI B CMEKHBIX CEKTOpPaX IKOHOMHUKH,
HKOJIOTHYECKHUE, COIIMANIbHBIE U HHbIE BHEAKOHOMUYECKUE (D PEKTHI.

[lokazatenu SKOHOMUYECKONW A(OPEKTUBHOCTU TMPOEKTA YUHUTHIBAIOT
(uHAHCOBBIE TIOCIEACTBUS €r0 OCYUIECTBICHUS JIJISl IPENPUSATHUS, PEATU3YIOIIETO
JTaHHBIA NpoekT. B aTtom ciyuyae mokaszarenu 3pPeKTUBHOCTU MPOEKTa B LIETIOM
XapaKTEepU3yIOT ¢ IKOHOMUYECKONH TOUKU 3PEHUS] TEXHUUECKUE, TEXHOJIOTUYECKHUE
Y OpraHU3allMOHHbIE IPOEKTHBIE PELLICHUS.

bromxetHast 3 PeKTUBHOCTD XapaKTEpU3yeTCs y4acTHEM TroCyAapcTBa B
IPOEKTE C TOUKH 3PEHHUSI PACXOJI0B U JI0XO/10B OIOKETOB BCEX YPOBHEIA.

C ToukH 3peHUsI 3KOHOMHUKHU HEPTEe100bIYH, HHBECTUIIMOHHBIE ITPOLIECCHI
B o0jacTW yTWIM3allUU MOMYTHOTO Ta3a JIOCTATOYHO HMHEPLUUOHHBI, MU
OpPUEHTUPYIOTCS B IIEPBYIO OYEPE/Ib HE HA KOHBIOHKTYPY PhIHKA B KPAaTKOCPOUYHOM
IIEpUOJE, @ HAa COBOKYNHOCTh BCEX HKOHOMUYECKMX M HHCTHUTYLHOHAIbHBIX
(akTOpOB HA JOCTATOYHO JOJITOCPOYHOM TOPH3OHTE.

DKOHOMHUYECKHE aCIEeKThl JOOBIUM YIIE€BOIOPOJOB HMEIOT CBOIO OCOOYIO
cnenuduky. OcoOEHHOCTHIO He(TE-ra30,100bIYH SBISCTCS:

- JIOJIFOCPOYHBIN XapaKTep KIIOUEBbIX MHBECTULIMOHHBIX PEIICHU;
- 3HAYUTEJIbHbIE MHBECTUIIMOHHBIE JIArH;
- KpyIHbI€ HayaJlbHbIE NHBECTUIINH;

- H€O6paTI/IMOCTB Ha4daJIbHBIX HHBGCTHI_[I/Iﬁ;

61



- C€CTCCTBCHHOC CHMIXKXCHUC I[O6BI‘-II/I BO BPpCMCHU.

7.1 Pacuer KanuTAJbHBIX BJIOKEHUH

OnHrM M3 OCHOBHBIX IIOKa3aTelied NpU pacdyeTe HKOHOMHYECKOMN
3G (PEKTUBHOCTH ABIAIOTCS KalWTaJIbHBIE 3aTpaThl. ODTHU 3aTpaThl BKIIOYAIOT
CleayIolIee:

1) Croumocth NpuOOpETEHUST HOBOTO OOOPY/IOBaHUS TIPEJACTaBlIE€HA B
tadomune 7.1;

Tabnuua 7.1 — CtouMocTh pruoOpeTEeHNsI HOBOTO 000PYAOBAHUS

HaumenoBanmne 000pyaoBaHust Enun.| Kou. | Ilena 3a exmnuny,| Beero, mupa.
H3M. MJIpA. pyoO. pYyoO.

VYcTaHoBKa KOIJIEKCHOW MOATOTOBKM | IIIT. 1 15 1,5

rasa M KoHjieHcara

2) TpaHCTIOPTHBIE 3aTPaThl — 3aTPaThl HA TPAHCIIOPTUPOBKY MPOAYKIIUU OT
MecTa IpOAakH WM 3aKyTOK JI0 MecTa HaXOXKAeHUs NoKymaTeneld. TpaHcopTHbIE
3aTpaThl SBIAIOTCS JOMOJHUTEILHBIMH 3aTpaTaMU, CBA3aHHBIMU C MPOI0JKEHUEM
npolecca Mpou3BoOJICTBA B cepe oOpamieHusi. TpaHCIOPTHBIE 3aTPaThl BKIIOYAIOT
OIUIaTy TPAHCHOPTHBIX TapudoB W  Pa3TUYHBIX COOPOB  TPAHCIOPTHBHIX
NpeNNpUsiTUN, 3aTpaThl Ha Cojep)KaHWe COOCTBEHHOTO TPAHCIOPTa, CTOUMOCTH
MOTPY30YHO-PA3TPy30UHBIX PAa00T, FIKCIIETUPOBAHUS TPY30B.

TPaHCIIOPTHBIE PacXoAbl COCTABISIOT 5% OT

CTOUMOCTH:

K; =0,05 x 1 500 000 000 = 75 000 000 py6.

3) B cocTaBe KanMTaIBHBIX BJIOKEHUM 0 MPOSKTHOMY BapHaHTy OOJIbIIOE
3HAYCHUE MMEET BEJIIMYMHA 3aTpaT Ha MPOCKTUPOBAHHE U H3TOTOBJICHUE
COOPY>KEHH.

3aTpaThl HA MPOEKTUPOBAHUE COCTABIISIIOT 5% OT CTOMMOCTH:

K.p= 0,05 x1 500 000 000 = 75 000 000py®6.;
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4) 3arpaThl Ha WHXXEHEpHbIE pabOThl U OOYy4YEHHE COCTaBISIOT 7% OT
CTOUMOCTHU:
K,;=0,07 x 1 500 000 000 = 105 000 000 py®.;
5) MoHTaxHbIe PabOThI — Pa0OOTHI MO BO3BEACHUIO HOBBIX OOBEKTOB,
3laHUN 1 MOHTaXa B HUX 000PYI0BaHUS.
3aTpaThl HA MOHTaX HOBOT'O 000PYI0BaHUSI COCTABIAIOT 6% OT CTOMMOCTH:

K\=0,06 x 9 800 000 000 = 90 000 000 py®.;

OO61mast cyMMa KanuTaJIbHBIX 3aTPAT COCTAaBIISET:
K =Kn+Kt+Knp+Kup+Ky ;

K=1 845 000 000 py6.

7.2 PacueT JOMOJHUTEIBbHBIX IKCIIYATAIIHOHHBIX H31EPiKeK

1) CymMmMa aMOpPTH3allMOHHBIX OTYHMCICHHHA OIPEACNIACTCS HUCXOId U3
0aJIaHCOBOI CTOMMOCTH OCHOBHBIX MPOU3BOJICTBEHHBIX (DOHIOB M HEMAaTEPHAIBbHBIX
aKTUBOB M YTBEPXJCHHBIX B YCTAHOBJIEHHOM TIOpSAJIKE HOPM aMOpPTHU3AIUH,
YUUTHIBAsI YCKOPEHHYIO aMOPTHU3AIIMIO UX aKTUBHOM YaCTH.

AMopTH3aIIMOHHBIE OTUMCIICHUS HAa 000opyAoBaHue cocTaBisitoT 10% ot

AOITIOJTHUTCIIBHBIX KAIIUTAJIBHBIX 3aTparT.

A=K x Ha, rie Ha— cpennsis Hopma amoptuzaiuu (10%)

A=1 845 000 000 x 0,1 = 184 500 000py6.;

2) 3arpaThl Ha BCE BHJIBI PEMOHTAa OCHOBHBIX CpPEACTB MOTYT
HEMOCPEJACTBEHHO BKJIIOUAThCS B 3aTPaThl Ha MPOU3BOACTBO MpoayKiuu (pador,
yCJIYT) B TOM NEPUOJI€, B KOTOPOM OHU BO3HUKIIH.

3aTpaThl Ha BCE BUABl PEMOHTA, KPOME KAITUTAIBHOIO, COCTABIISIIOT 2%

OT CTOMMOCTH JOIIOJIHUTCIBbHBIX KAIIMTAJIbHBIX 3aTpart:
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3, =10,02 x 1 845 000 000 = 36 900 000 py©.;

3) Pacxonpl Ha conepkaHHE W IKCIUTyaTaluio 00OPYIAOBaHUS BKIFOYAIOT:
MOJIHOE BOCCTAHOBJIEHHWE, 3aTpaThl Ha AKCILIyaTal[MI0 OOOpPYAOBAHMS U BCE BHJIBI
pPEMOHTa, BHYTPHU3aBOJICKOE IMEpEeMEIICHUE TPy30B, H3HOC MAJIOIEHHBIX U
OBICTPOM3HAIIMBAIOIINXCS WHCTPYMEHTOB U MPUCTIOCOOTCHUM, IIIATEXKHU IO
00s13aTeTbHOMY CTPaXOBaHUIO OOOpPYAOBaHUsS, a TAKXKE OTMEIbHBIX KATErOpHid
PabOTHUKOB, MPOYHE PACKOIBI

3arpaThl Ha cojliepKaHHe U OOCIyKMBaHUE COCTAaBISIIOT 3% OT CTOMMOCTH

JOIIOJTHUTCIIBHBIX KAIIUTAJIBHBIX 3aTpaT:

306 = 0,03 x 1 845 000 000 = 55 350 000 py6.;

4) HpO‘{I/IG 3aTpaTbl COCTABJIAIOT 5% oTcTouMocCTH JOITOJIHHUTCIIBHBIX

KallUTAJIbHBIX 3aTpart:

3mp = 0,05 x 1 845 000 000 = 92 250 000 py0.;

5) obmast cyMma JOIOJHUTEIBHBIX KalTUTAIbHBIX H3IEPIKEK:
33KC.06LLL =A+ 3p + 306+ 3np;

7.3 PacueT DKOHOMHYECKHX MOKA3aTeJael

["a30Bast MPOMBITIUICHHOCTH SABJISCTCS BaKHEHIEeH 010 KeTOhOpMUPYIOIIEH
OTpACJIBIO S3KOHOMHKH Poccun.

YTunuzamuss MNONyTHOTO HE(TIHOTO rasza oOIpeleieHa B KayecTBe
OTHOCHUTEJIBHO HOBOT'O HaInpaBJICHUS pa3BUTUSA HedTe00bIBatOIICH
MIPOMBIIIJIEHHOCTH.

Tosapnoit npoaykuuenn YKIITuK sBasiercst ocyiieHHbIN ra3, cTaOUIbHBIN

ra30BbIH KOHJICHCAT | MPOIAaH-0yTaH TeXHWICCKUi (Tabymna 7.2).
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Tabnuia 7.2 — Beimyck npoaykTa

Bapuanr

KoauuyectBo, K1 /4

OcyIeHHbli ra3

925 muH M3/rox

CraOmIbHbBIA Ta30BbIM KOHASHCAT

85 000 t/rox

[Iponan-0yTaH TeXHUUECKUI

316 550 t/rox

Tabnuua 7.3 — PacueTHas tabiuna

Bapuanr KoauuecTBo Hena Cymma, pyo.
OcymieHHbIH Ta3 925 miH 5,247 pyo/m® 4 853 475 000
m3/ron
CTaOnbHBII ra30BbBIi 85 000 16000 py6/T 1 360 000 000
KOHEHCAT T/TOL
[Mponan-0yTaH TeXHUYECKUAN 316 550 19000 py6/T 6 014 450 000
T/TOJL
HUTOI'O 12 227 925 000

[TpupocT npudkLIH:

ATT=12 227 925 000py6.

I"onoBoii skoHOMUYECcKUH d(PPEKT OT BHEAPEHHUS HOBOTO 000OPYA0BaHUS:
Dgron = AIl — 33Kc.00111
Dgron = 12 227 925 000 — 369 000 000 = 11 858 925 000 pyo®.

CpoK OKYIMaeMOCTU KalMTaJIbHBIX BJIOKEHUU - 3TO OTHOIIEHHWE 3aTpar

Ha MOJISPHHU3AITHIO K TOJ0BOMY YKOHOMUYECKOMY (D deKTy:
T=K /3o, =1 845000 000/ 11 858 925 000 = 0,15 roxa.

DKOHOMHYECKast 3 PEeKTUBHOCTH — OTHOILIEHHE

TogoBOIoO

sKOHOMHYECKOro 3¢ @deKxra K 3arpaTaM Ha CO3JaHHUE W BHEAPEHHUE HOBOU

CUCTCMBbI YIIPABJICHUSA COCTABUT!

B¢ = Dror / K =11 858 925 000 / 1 845 000 000 = 6,4.

Pe3ynbTaThl TEXHUKO-2KOHOMUYECKOTO0 000CHOBAHUS CBEICHBI BTa0mIty /.4
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Tabnuua 7.4 — TeXHUKO-2KOHOMHYECKUE TTOKA3ATENN pealn3alii NpoeKTa

HaumenoBaHnue crarer pacxonoB PacXoIbl IPOEKTA
MIH. py0. | o
KanuranbHble 3aTpaThi:
CtouMOCTh HOBOT'O 00OPY1I0BAHUS 1500 81,3
TpaHCOPTHO-3arOTOBUTEIIbHBIE 75 4,1
[IpoextupoBanue 75 4,1
Nnxenepusie paboOThl U 00yueHUE 105 5,7
MoHTaxx HOBOTO 000pyI0BaHUS 90 4,9
Hroro: 1845 100
DKCIUTyaTal[MOHHbIE 3aTPaTHI:

AMOPTHU3AIIMOHHBIC OTUYHCIICHUS 184.,5 50
3aTparhl HA PEMOHT 36,9 10
Conepxanue 1 00CTyKMBaHUE TPUOOPOB U CPEJICTB 55,35 15
aBTOMaTU3alUU
[Tpoune 3aTpaThI 92,25 25
Hroro: 369 100
[Tpupoct npubsLIH, Pyo 12 227 925 000
['onmoBoii skoHOMUYecKuit 3 dekr, pyo 11 858 925 000
CpoK OKyIIaeMOCTH KallUTAIbHBIX 3aTPaT, JIET 0,15
OkoHomMuYeckas 3pPEeKTUBHOCTD 6,4

[IpenyiokeHHBIN PEXHUM C BO3BEJCHUEM KOMILUICKCHOM IOJTOTOBKHM Ta3za M
KOHJICHCAaTa IIO3BOJIICT IIOJyYaTh BBIXOJ OCYIICHHOTO Ta3a, CTaOWJIBHOTO
kougeHcara U CIIBT u moiayduTh rooBOi SKOHOMUYECKUH 3 deKT B pazmepe
11 858 925 000 py6. JlomosHHWTENbHBIE KamuTalbHBIC 3aTPAaThl OKYIATCA B
TEUECHHE JBYX MecAIeB. ODKOHOMHYECKas 3()PGEeKTHUBHOCTh JOMOJTHUTEIbHBIX
KalmMTaIbHBIX 3aTpaT paBHa 6,4.

Hwuxe npencraBnena quarpaMma KaluTAIbHBIX 3aTpar.
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M HoBoe obopyaoBaHue
B TpaHcnopTHble pacxoapl
1 MNpoeKTMpoBaHue

1 UHXeHepHble paboTbl 1

obyyeHune

B MoHTax obopyaoBaHue

Pucynok 7.1 — JlmarpamMma KanuTaJbHBIX 3aTpatT

Taxxe mpencraBieHa [uarpamMma JKCIUTyaTallMOHHBIX 3artpatr. Ha
AKCIUTyaTaniMoHHble 3atpaTthl npuxoautca 369 000 000 py6 B memom, a yke Ha
aMmopTu3auuoHHble oTunciieHus 50% oT manHoW cymMmbl, a Takxke 10, 15 u 25%

COOTBCTCTBCHHO HAa PCMOHT, COACPKAHUC U IIPOYUC 3aTPATHI.

B AMOPTM3aLMOHHbIE
oTYnCNEHUA
M 3aTpaTbl Ha PEMOHT

W 3aTpaTbl Ha coaepKaHue

" MNpouwne 3aTpaThbl

Pucynok 7.2 — JIlnarpamma 3KcCIutyaTallMOHHBIX 3aTpaT

67



3AJAHUE JUISI PA3JIEJIA
«COLUMAJILHASI OTBETCTBEHHOCTb»

Crynenry:
I'pynna DPUO
2bM7P Oxepen Denopy AnekcaHIpOBUUY
Ilkona WIIITP Otnesnenne HedrerazoBoro nena
Vposens Marucrtparypa Hanpasente 21.04.01 Hedrerazosoe
o0pa3oBaHust b (S (0)

HUcxoanble JaHHbIE K pasaeiny «COIII/la.]'II)Haﬂ OTBETCTBEHHOCTD) .

1. Xapakrepucruka

METOJIMKa, pabdoydas
IMIPUMCHCHUSA

00BEKTa  UCCIIEIOBAHUS

30Ha) W obiactu

(BemecTBO, MaTepuan, NpuUOOp,  AITOPUTM,

€ro

Ananuz npoyecca HuzKomemnepamypHou
cenapayuu NONYMHO20 He@hmMAH020 2a3a
Ha K negpmezazoxonoencamuom
MeCcmopoA#COeHUU

Hepeqem, BOIIPOCOB, MOAJCKAINMUX UCCIICAOBAHUIO, IPOCKTUPOBAHUIO U pa3pa60TKe:

1. IIpaBoBbIe W OpPraHMU3alMOHHbIEC BOIPOCHI
olecreuyeHnst 6e30MaCHOCTH:

— cHeuuanbHble (XapakTepHbIE MpU
JKCIUTyaTallMi 00bEeKTa UCCIe10BaHus,
MPOEKTUPYEMO paboueii 30HBI)
MIpaBOBbIE HOPMBI TPYAOBOTO
3aKOHO/IATEIbCTBA;

— OpraHU3alMOHHBIE MEPOIIPUATHUS ITPU
KOMIIOHOBKE paboy4eil 30HHI.

1.1 PaccMmoTpeTh crienraibHble IPABOBbIE
HOPMBI TPYJOBOTO 3aKOHOAATENIbCTBA.

1.2 PaccmoTpeTh OpraHHu3allMOHHbIE
MEpPOIPUATHS TIPU KOMIIOHOBKE paboueit
30HBI

2. IllpousBoacTBeHHasi 0€301ACHOCTH
2.1. Ananu3 BBISBIICHHBIX BPEIHBIX (PaKTOPOB
2.2. Ananu3 BBISBIICHHBIX OMACHBIX (DAKTOPOB

2.1 Ananu3 BpeaHbIX (aKTOPOB

211 OTkJ0HEHHE nokaszaresein
MUKPOKIIUMATA B TIOMEICHUH

2.1.2 HenocraroyHas OCBELIEHHOCTH
paboueii 30HbI

2.1.3 Tlcuxodusmnonornyeckue GaxTopsl

2.2 Ananu3 onacHbIX (haKTOPOB
2.2.1 Dnextpobe30macHOCTb
2.2.2 TloxapoomacHOCTb

3. OkoJornyeckasi 0€30IMaCHOCTh:
— 3ammrta atMochepsl;
— 3ammMTa JuToCchepsl;
— 3ammura ruapocdepsr;

3.1 A”anmu3 BO3AEHCTBUA OOBEKTA Ha
aTMocdepy

3.2 Ad”anmu3 BO3JEHCTBUA OOBEKTA Ha
ruapocdepy

3.3 A”anmu3 BO3JEHCTBUA OOBEKTA Ha

3eMeNbHbIe pecypchl, Guiopy U dayHy

4. be3onacHOCTH B Ype3BbIYAHHBIX CHTYAILIUSAX:

4.1 Anann3 Bo3moxHbIX YC

4.2 Mepsl o MPEA0TBPAIICHUIO
M0XKapOONacHO 06CTaHOBKH

4.3 JleficTBUsI B pe3yabTaThl BO3HMKIIEH
YC wm Mepsl 1O JHMKBUIALIMM €€
MIOCJIEICTBUI

\ JaTa Bbl1a4M 3a]aHus VI Pa3/ena no JUHeHHOMY rpaguky \ \
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3anafme BbIJAJ1 KOHCYJIBTAHT:

HosxHocTh 1017 (0) Yuenas Hoanmuceh Hara
CTelEeHb,
3BaHHe
ACCHUCTEHT UYepemuckuna M.C.
3agaHue NPUHAJ K HCIIOJIHEHMIO CTY/ICHT:
I'pynna DPUO IHoanuce Hara
2bM7P Oxepen enop AnekcaHIpoBUY
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8 COHI/IaJII:HaSI OTBETCTBCHHOCTDH

CounanbHass  OTBETCTBEHHOCTh  WJIM  KOPHOpPATHBHAs  COLMAJIbHAS
OTBETCTBEHHOCTb (KaK MOpaJIbHO-3TUYECKHH MPUHIUI) — 3TO OTBETCTBEHHOCTh
nepeja JIIOAbMU U JaHHBIMM MM OOCIIAHUSMH, KOTJa OpPraHU3alMs YYUTHIBACT
MHTEpECH] KOJJIEKTUBA U 00IECTBA, BO3JIaras Ha ce0s1 OTBETCTBEHHOCTb 3a BIUSHUE
UX JEATEIbHOCTH Ha 3aKa3UYMKOB, MOCTABIIUKOB, pAOOTHUKOB, aKI[MOHEPOB.

Lenbto HacTosied padoOThl sBIsIETCS MOBbIMIEHHE 3()PEKTUBHOCTU
TEXHOJIOTUHU NMOATr0TOBKHM HedTsaHoro raza Ha KHI'KM.

OxpaHa Tpyaa B COBPEMEHHOM MHPE UMEET OTPOMHOE 3HAYEHHUE B CBS3H C
MHTEHCUBHBIM Pa3BUTHEM IPOU3BOJICTBEHHON CEpPHI U MOSBICHUEM HOBBIX BUIOB
nesitenbHOCcTH. CoOMI0/IeHNE ee MPUHITUIIOB MO3BOJISIET PEIIUTh LENbIA psl 3a1ad,
Cpeau KOTOPBIX:

- TApaHTUPOBAHHAS 3aILUUTA COTPYAHUKOB NPEANPUATHSA OT BPEAHBIX U
OTacHBIX (PaKTOPOB, BIMSIOIINX HA UX 370POBbE;

- CHIKEHHE Pacxo/10B Ha o0ecrieueHue Npou3BOICTBEHHOTO MPOLIecca;

- HCKJIFOUEHUE CEPbE3HBIX SKOHOMHUECKUX YOBITKOB H3-3a IOTEPU pabouero
BPEMEHUY,

- UCKJIFOYEHUE TMpPEeTeH3Ul M (PUHAHCOBBIX CAHKIUI KOHTPOIMPYIOIIUX
OpPraHoB, MpPHU3BAaHHBIX CJEIUTh 3a COOJIIOJIEHUEM TpeOOBaHUM TPYIOBOTO
3aKOHO/ATENbCTBA;

- TOBBIICHUE MPOU3BOAUTEIBHOCTH U Ka4eCcTBa Tpy/a nepcoHana. [13]

BaxxHo cobmonaTe mpasuiia 0€30MaCHOCTH U OXpaHbl TPYAa, IOTOMY YTO B
IIEPBYIO 0YEPEAb CAMOU BBICOKOM LIEHHOCTBIO BCETIA ABJISIETCS YEIIOBEK, €T0 )KU3Hb
u 310poBee. Hu pasmep 3apaOoTHOIl T1uIaThl, HU YPOBEHb pPEHTAOETbHOCTU
NPEANIPUATUSA, HH LEHHOCTh IPOM3BOJMMOIO IPOAYKTA HE MOTYT CIIYXKHUTb
OCHOBaHHEM I TpEeHEOpeKeHHsl TMpaBWiIaMHU O€30MacCHOCTH M OIpaBAaHUEM

CYIIECTBYIOIIUX YTPO3 KU3HHU HIIH 3J0POBBI0 paOOTHUKOB. KpoMe Toro, B JaHHOM
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cllyyae pedb TaKKe HJIET O IIEHHOCTH KOHKPETHOT'O YeIOBeKa KaK COTPYIHMKA C
NPUCYIIUMHU €My 3HAHHUSIMH, HABBIKAMU M OMBITOM.

Bo-BTOpbIX, MNpaBUIBHO OpraHU30BaHHas paboTa MO OOECHEYEHUIO
0€30MacHOCTH TPY/la MOBBIMIAET TUCIUTUIMHIPOBAHHOCTH PAOOTHUKOB, YTO, B CBOIO
ouepenb, BEACT K TIOBBIINCHUIO TPOU3BOJUTENBHOCTH TPYyHAa, CHIDKECHHUIO
KOJIMYECTBA HECUACTHBIX CIy4yaeB, MOJIOMOK OOOpYIOBaHHUS M HHBIX HEIITATHBIX
CUTYAIMi, YTO B KOHEYHOM UTOT€ MOBBIMAET YP(HEKTUBHOCTH MPOU3BOJICTBA.

B-TpeTpux, oxpaHa TpyzAa MoApa3yMeBaeT HE TOJIBKO oOecreueHue
Oe3omacHOCTH PaOOTHUKOB BO BPEMS UCTIOJTHEHUS UMH CITY)KEOHBIX 00s13aHHOCTEH.
Crozia TakKe OTHOCATCS CaMble pa3HbIe MEPONPUATHS: HAIPUMEpP, MPOPUITaKTHKA
npodeCCUOHATBHBIX 3a00JIEBaHN, OpTraHU3AIUS IOJTHOIICHHOTO OT/IbIXa U MU TaHWSI
pabOTHHKOB BO BpeMsi pabO4yMX IepephiBOB, oOecledeHne HuX HEOOXOIUMOM
CTETIOACIKION U JTa)Ke BBITTOJHEHUE COIMANIBHBIX JIBIOT U rapaHTuil. [IpaBuIIbHbIH
HOAXO0/I K OpraHu3aluy OXpaHbl Tpy/a Ha MPEANPHUITAN, TPAMOTHOE UCTIOIb30BaHUE
HeMaTepUaIbHBIX CIOCOOOB CTHMYJIHMPOBAaHUS pPAOOTHUKOB JAlOT TOCIEIHUM
HEOOXOJMMOE YYBCTBO HAJICKHOCTH, CTAOMJIBHOCTH U 3aMHTEPECOBAHHOCTH
PYKOBOJICTBA B CBOMX COTpyAHHKax. Takum oOpa3oM, Onaromapsi HalaKeHHOM
OXpaHe TpyJa CHWKAETCS TaKKe TEKy4ecThb KaJpoB, YTO B CBOIO O4Yepenb
OJaroTBOPHO BIUSET HA CTA0MIBHOCTB BCETO MPENIPUSATHSL.

8.1 IlpaBoBble M OpraHM3allMOHHbLIE BONPOCHI  o0ecmeYeHHs
0e3onmacHOCTH

[Tpu pa3paboTke MaHHOTO pa3jena YYUTHIBAIOTCS HEOOXOAMMBICE HOPMBI H
TpeboBaHUsl 3aKOHOB Poccuiickoit ®enepamuu npu padoTe 3a KOMIIBIOTEPOM.
[TpononxuTEILHOCTH pabOUYero AHS COCTaBISAET 8 YACOB.

B coorBerctBHM ¢ mnpukazoM MuUHHCTEpPCTBA 31paBOOXPAHEHUS U
couuanbHOro passputusi Poccuiickonn ®enepaunn ot 12 anpens 2011 r. N 302n
paboThl mpodeccCuoHaIbHO CBsi3aHHbIE ¢ AKcITyaTanueit [1K He BXoaaT B mepedeHb

BpPEIHBIX U (UJIM) OMACHBIX MPOU3BOACTBEHHBIX (DAKTOPOB U padoT.
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B cootBerctBum ¢ nyHkroM 13.1 cratem 13 IlocranoBnenus I'nmaBHOTrO
rOCyJapCTBEHHOr0 caHuTapHoro Bpada Poccuiickoit @enepannn ot 03.06.2003 Ne
118 [14] onwuma, pa6oraromue c¢ IIK Oomee 50% pabGovero BpeMeHH
(npodeccruonanbHo cBA3aHHble ¢ AKciuryarauue [IK), nomkHBI MPOXOAUTH
oOs3aTeNbHbIE PEIBAPUTENbHBIC NTPU MOCTYIUICHUH Ha padOTy U MEPUOJAHYECKHE
MEIUIUHCKHE OCMOTPBI B YCTAHOBJIEHHOM TOPSIIKE.

HopMmanbHas mpoJ0/KUTEIbHOCTh paboyero BpeMEHU COIIACHO cTaThe 91
Tpynosoro konekca P® ne moxer npepsiiath 40 4acoB B HEAENIO.

B cooTtBercTBUU ¢ TUNOBOI MHCTPYKIMEH 1O OXpaHe TpyJa IMpu padoTe Ha
nepcoHanpHoM KommbioTepe TOUM  P-45-084-01 [15] npomosbKUTETBbHOCTH
HENPEPBHIBHON pabOThl ¢ KOMIBIOTEPOM 0€3 perjaMeHTUPOBAHHOTO TEepephiBa HE
JI0JKHA TIPEBBINIATh JABYX 4acoB. [IpoAOmKHUTENBHOCT, U YacTOTa IEpPEPHIBOB
3aBUCHUT OT KaTErOpuu pabOoThl C KOMITBIOTEPOM U YPOBHS Harpy3ku (tadmuia 8.1).

Cornacio  cratee 92  TpymoBoro komekca P®  cokpaieHHas
OPOJOJIKUTEIBHOCTh ~ pabodyero  BpEeMEHM  MHpU  M[pOBEACHHH  pabdoT
npodeccruoHaIbHO CBsI3aHHBIX ¢ dKcrutyaTanuei [1K He mpexycmoTpena.

B cootBercTBHM co cTaTheit 108 TpymoBoro koaekca P® B Teuenue padbodero
nHS (CMEHbI) paOOTHUKY JODKEH OBITh MPEAOCTaBIIEH MEPEpBIB NIl OTIAbIXa U
NUTaHUS TPOAOIKUTEIBHOCThIO HE Ooyiee NBYyX 4YacoB W He MeHee 30 MHHYT,
KOTOPBII B paboyuee BpeMs HE BKIIOYAETCS.

Tabnuna 8.1 — Kateropuu paboT ¢ KOMIIBIOTEPOM

Kareropuu paboTsl ¢ YpoBeHb Harpy3KU 3a CMEHY P Pa3HbIX BUAX paboT
KOMIIBIOTEPOM A b B
KOJI-BO 3HAKOB KOJI-BO 3HAKOB KOJI-BO
3HAKOB
I 1o 20000 o 15000 1o 2
1 o 40000 1o 30000 o 4
11 1o 60000 1o 40000 1o 6
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I[Ipu  8-yacoBoil pabGoueil cmMeHe U paboTe HA  KOMIIBIOTEpE
perjIaMeHTHPOBAHHBIC MIEPEPHIBBI CICAYET YCTaHABIMBATh [ 16]:

e ;17151 | Kateropuu paboT — yepes /1Ba yaca OT Hayajia paboyeil CMEHbI U Yepe3
JIBa yaca rnocje 00eIeHHOro TepephiBa MPOIOKUTEIBHOCTIO 15 MUHYT KaXK/IbIi;

e s Il kateropum paboT — yepe3 ABa yaca OT Hadaja pabodeil CMEHBbI U
yepe3 1,5-2 gaca mocie 00eAeHHOTO MepephiBa MPOJOKUTEIBHOCTRIO 15 MUHYT
KaXKJIBIN WU TIPOJIOJKUTENBHOCTRIO 10 MUHYT Yepe3 KaK bl 4ac paboThI;

o s III kareropuu pabot — uepes 1,5-2 yaca ot Havayna paboueid CMEHBI U
yepe3 1,5-2 gaca mocie 00eAeHHOTO MepephiBa MPOJOKUTEIHLHOCTEI0O 20 MUHYT
KaXKJIBIN WJIH TIPOJIOJKUTEIFHOCTBIO 15 MUHYT Yepe3 KaK bl yac paboThI.

HeraTtuBHOE BO3A€IICTBME Ha 4YEJIOBEKA IEPCOHAJIBHOIO KOMIIBIOTEpA
3aKJIIOYAETCS] B TOM, YTO K KOHILy pa0ouyero JHs OIepaTopbl ONIYHIAIOT TOJIOBHYIO
00J1b, pe3b B TJIa3ax, TAHYIIME OOJIM B MBIIIIAX €U, PYK, CIUHBI, 3y KOXXHU JIUIIA.
Co BpeMeHeM 3TO MPUBOJIUT K MUTPEHSAM, YACTUYHOW MOTEPU 3PEHUS, CKOIHO3Y,
KO)KHBIM ~ BOCHAJIEHWsIM ©  T.1. Pe3ynmbraTthl TmoKazaid, 4YTOo Haubosee
«pUCKyIOIUMMW» Tosib3oBaTenssmMu 11K sBnsitoTcs 1etn u 6epeMeHHbIE KEHITHBI.

CaHuTapHO-TUTHEHUYECKUE TPEOOBAHMUS K TTOMEIIECHUSIM JIJIsl DKCIUTyaTalluu
IIK cornacuo cnenyrommue: paboune mecta ¢ [IK Ttpebyercs pacronaraTh BO Bcex
NOMEUIECHUAX, KPOME TMOJBAJIBbHBIX, C OKHAaMH, BBIXOJAIIMMH HAa CEBEP U
CEBEPO-BOCTOK.

Otnenka nomMenieHus MOJIMMEPHBIMU MaTepHAIaMU POU3BOJIUTCS TOIBKO C
paspemenus ['occandnuaHanzopa. B 00pa3oBaTeIbHBIX TOMEIICHUSIX 3aMpPeniaeTcs
MpUMEHTh nojiuMepHble Matepuainsl (ICII, cmoucThlil MIacTUK, CUHTETUYECKUE
KOBpPOBbI€ TOKPBITHS W T.JA.), BBLACISIONIME B BO3AyX BPEAHbIE XUMUUYECKHUE
BEILIECTBA.

OKOHHbBIE TIPOEMBbI JOJIKHBI UMETh PEryJHUPYIOIIUE yCTPOHCTBAa (Kato3H,
3aHaBecku ). KomnbroTep HY>)KHO yCTaHOBUTD TaK, YTOOBI HA SKPAH HE Maja IpsiMoi
CBeT (MHAue 3KpaH OyAeT OTCBEUMBAThH, UTO SIBJISIETCS BPEIHBIM MJIS JKpaHa).

OnTuMalbHOE MOJI0KEHHUE Ha pa60Te - OOKOM K OKHY, KCJIATCIIbHO JICBBIM.
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BricoTa pa0Goudeil MOBEpXHOCTH CTOJAa COCTaBisieT 725 MM. MoaylbHBIMU
pa3mepamu padboueit moBepxHocTH ctojia s [1K, Ha oCHOBaHMM KOTOPBIX JOJKHBI
PacCUUTHIBATHCS KOHCTPYKTUBHBIE pa3Mephl, cieayer cuutaTts: mupuny 800, 1000,
1200 u 1400 mm, rinyouny 800 u 1000 MM mipu HeperyJupyemoil ero BBICOTE.
Pabouuii cTon AOMKEH UMETh MPOCTPAHCTBO ISl HOT BhICOTOM HEe MeHee 600 MM,
mupuHON — He MeHee 500 MM, IITyOMHOM Ha ypoBHE KOJIeH — He MeHee 450 MM U Ha
YPOBHE BBITAHYTHIX HOI — He MeHee 650 Mm. Konctpykuwsi paGouero croma
NOJIIEP>)KUBAET palMOHAIbHYI0 pabouyto mo3y mnpu pabore ¢ [IK, mosBosser
U3MEHUTBH O3y C MEJIbI0 CHIDKEHHS CTATUCTHYECKOTO HAMPAaBJICHUS MBIIIIT EHHO-
IJICYEBOM 00JIACTH WM CHUHBI JJIs mpenynpexacHus yromieHus. KoHcTpykius
pabouero cTyja J0JKHA 00ecIeunBaTh:

® IIUPUHY U ITyOUHY MTOBEPXHOCTH cUeHbs He MeHee 400 Mm;

® PEryJIMPOBKY BBICOTHI TIOBEPXHOCTU CUJIeHBS B mpeaenax 400-550 MM u
yTJjlaM HakJIoHa Briepea a0 15° u Hazazg 1o 5°;

® BLICOTY OIOPHOM MOBEpXHOCTH cuHKHU 30+£20 MM, mupuny — HEe MmeHee 380
MM U paguyC KPUBU3HBI TOPU3OHTAIBHON MIIOCKOCTH — 400 MM;

® YTOJI HaKJIOHA CIIMHKY B BEPTUKAJIBHOM IJIOCKOCTH B mpeaenax £30°;

® PEryJIMPOBKY MOJIOKOTHUKOB 110 BEICOTE HaJl cCUAEHbEeM B Iipeaenax 230+30
MM M BHYTPEHHETO PACCTOSHUSI MEK1y TTOJIOKOTHUKAaMU B npenaenax 350- 500 mm.

KiaBuatypy crneayer pacnojaraTh Ha IMOBEPXHOCTH CTOJIa Ha PACCTOSIHUU
100-300 MM ot kpas, oOpamEHHOrO K II0Jh30BATENI0, WM Ha CICIHAIBHOM,
perynupyeMoil 1o BbICOTE paboyell MOBEPXHOCTH, OTAEIEHHON OT OCHOBHOM
CTOJICILIHULIBI.

Monenupyromas cuctema Obuta mocrpoena B ITO Unisim design. B nanHoii
mporpaMme HamOoJiee MOTHO peaan30BaHbl (QYHKIIMHA MOJEITHPOBAHUS CIIOKHBIX
CUCTEM TIOJITOTOBKH HE(TH U Tasa.

Pabounii mporecc mnpoxoaua B KaOMHETE CaMOCTOATEIBHOW paldOThI
WHCTUTYTa TPUPOJHBIX PECYpPCOB, KOTOPHIM pacmoyiokeH B 316 aymgutopuu 20

kopnyca HU TIIY. B kabunere mpegycMoTpeHO 12 WHIWBUIYabHBIX pabOdMX
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Mect. Kaxxmoe mecto mpencraBisieT coOOW KOMIBIOTEPHBIA CTOJI € TyMOOH H
MOJIKAMHU JIJI1 KHWI, OCHAIEHHBIM CTallMOHApHBIM KOMIIBIOTEPOM (TIpoueccop:
Intel(R) Core(TM) i5-3230M CPU 2,60 GHz) ¢ monuTopom Samsung Sync Master
715N ¢ nuaronanbto 19 aroiiMoB (sipkocTh 75 %, koHTpacTHOCTH 50 %, C YacTOTOM
obnosnenus 60 Hz u pazpemenuem 1920x1080).

Tax xe kabuHeT 000pyNOBaH MPSAMOYTOJIBHBIM CTOJIOM, PACCYMTAHHBIM Ha
8 wuenoBek. KaOuHEeT HMeEET €CTECTBEHHOE U HCKYCCTBEHHOE OCBEIICHHE.
EcTtecTBeHHOE OCBEILIEHUE OCYIIECTBISETCS 4Yepe3 CBETOBbIE MPOeMbl (OKHA),
UCKYCCTBEHHOE OCBEUIEHUE OCYIIECTBISETCS CUCTEMOM OOILIEro paBHOMEPHOTO
OCBEIlIeHHsI. 3HAYEHUSI pa3MEPOB KOMHATBI COCTABIISIOT: JJIMHA — 8 M, IIUpUHA — 6
M, BbIcOTa — 3,5 M. OiHO pabGouee MeCTO 3aHUMAET ILIOIIAAb PABHYIO 6 M? |, a 00beM
Ha 0;1HO pabouee MecTo — 20,0 M3 .

OcHoBHast paboTa MPOU3BOAUTCS B 3aKPHITOM MOMEIICHUH (KaMmepaabHas
0o0paboTKka JaHHBIX) 3a KOMIIBIOTEpOM, MO3TOoMy B pasaene «ColuanbHas
OTBETCTBEHHOCTh» paccMaTpUBaeTcCa 0€30MacHOCTh pabOTHI 32 pabOYUM MECTOM B
KOMIIBIOTEPHOM KJIacce.

8.2 IlpousBojacTBeHHasi 6€30MACHOCTD
8.2.1 AHaJIU3 BpeIHbIX (P)AKTOPOB

OCHOBHBIC DJIEMEHTBI TPOM3BOJCTBCHHOTO Tpoliecca, (OPMHUPYIOIIHE
OMaCHBIC W BPEIHBIC (PAKTOPHI NMPH BBITOJHEHUH KaMEPaJIbHBIX pPaboOT B 3TOM
noMenieHnn onucanbl B Tabmuie 8.2 B coorBerctBuu ¢ 'OCT 12.0.003-74 [17].
Tabmuma  8.2—  OcHOBHBIE  DJIEMEHTBHl  IPOM3BOJCTBEHHOrO  IIpoIriecca,
GopMupylonyie omacHele W BpeIHbIE  (AKTOPBI MPU  MOJCIHPOBAHHH

(GUIBTPAIIMOHHBIX CBOMCTB MOPOJ] METKOTO MECTOPOKIAeHHUS TOMCKOM 001acTH.

HaumenoBanue ®axtopsl ('OCT 12.0.003-74 CCBT c uzmMeH. HopmarusHslie

BHJIOB paboT 1999 1.) JIOKYMEHTBI

Bpenubie OrmacHele
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C6op, uzyuenue, | 1.Hegocrarounas 1.Onexrpuueckuit Toxk | FOCT 12.1.019 - 79

aHaIIn3 OCBEIIEHHOCTh  paboueit [18] I'oCT
HUMEIOIINXCS 30HBI 12.1.038-82  [19]
MaTePHUaoB; I[1TS u IITh
norpedureneii [20]

Kamepanbnas 2.0txnonenue mapametpoB | 2.IloxkapoonacHocts | [TYD [21] CanlluH
00paboTKa, MUKPOKJIMMATA B 2.2.1/2.1.1.1278- 03
(dbopMupoBaHHE | TTOMEUICHUH [22] CaulluH
nosicautensHoi | 3. Ilcuxodusnonornaeckue 2.2.2/2.4.1340-03
3aIACKU (bakTopsl [23] CanlluH

2.2.4.548-96 [24]

OTKJI0HeHMe TIoKa3aTeleil MUKPOKJIUMATA B MOMeIlleHUN
MuUkpokiIuMaT MPOU3BOJCTBEHHBIX TMOMEIICHUNH — METEOPOJIOTHYCCKUE
YCJIOBHS TIPOU3BOJICTBEHHOMN Cpe/ibl MOMEIICHUH, KOTOPhIC OKA3bIBAIOT BIUSHUE HA
TEIUIOBYI0O  CTaOWJIBHOCTH  OpraHM3Ma  4YeloBeKa B Tpolecce  Tpyna.
MUKpOKIMMaTHYECKUE YCJIOBUS Ha padodyMx MecTax MPOU3BOJCTBEHHBIX
MOMEIIEHUI — BaKHEHIINI CaHUTAPHO-TUTUEHUYECKUH (haKTOp, OT KOTOPOTO BO
MHOTOM 3aBHCHUT COCTOSIHUE 3/I0POBbS U Pa0OTOCIIOCOOHOCTH YEJIOBEKA.
[Toka3zaTensamu, xapakTepU3yIOIUMH MUKPOKIUMAT B MPOU3BOJICTBEHHBIX
nomMeleHnax coriiacHo CanlluH 2.2.4.548-96 asngrorcs:
— TeMIIepaTypa BO3/1yXa;
— OTHOCHTEJIbHAS BIIAXKHOCTh BO3/1YyXa;
— CKOPOCTb JIBUKEHUSI BO3yXa;
— UHTEHCHUBHOCTH TEIJIOBOTO 00JIyYEHUSI.
MUKpOKJIMMATUYECKHUE MAPAMETPbl OKa3bIBAIOT 3HAYUTEIBHOE BIUSIHUE, KaK
Ha (YHKIIMOHAJIBHYIO JACSATEIBHOCTh YEJIOBEKA, TaK M HA HAEKHOCTH padboTsl [1K.
[ToaTOMy B MOMENIEHUSX, TJ€ YCTAHOBJICHBI KOMITBIOTEPHI, TOJDKHBI COOFOAATHCS
ONTUMAJIBHBIE TapaMeTPbhl MHUKPOKJIMMATa C YY4€TOM pasrpaHuYeHHsi paboT Ha
kareropuu o CanlluH 2.2.4.548-96 (Tabnuna 8.3). B nanHOM Cityyae mpoBoIuMbIe

paboThl MOKHO OTHECTH K KaTeropuu la — MHTEHCHBHOCTH 3Hepro3arpar no 120
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KKaJjl/q (HpOI/ISBOI[I/IMBIe cHuaAa )51 COIIPOBOKAAIOIIHUCCA HC3HAYUTCIbHBIM

(pU3HUECKUM HANPSIKEHUEM ).

Tabnuua 8.3 — OnTumanbHble BEJIWYMHBI MOKa3zaTeled MUKpPOKIMMaTa B
paboueil 30HE€ NPOU3BOJCTBEHHBIX MOMEIICHUH HpH padoTe B KOMIBIOTEPHOM

nomenienuu cornacHo CanlluH 2.2.4.548-96 [24]

IIepnon rona [TapameTrp MukpokauMara Bennunna
X0NoAHBIN U TEPEeXOHbBIN Temnepatypa Bo3ayxa B IOMEIICHUN 22 — 24°C
OTHOCHUTEBHAS BIAKHOCTh 40 - 60 %
CKopocCTbh IBMKEHHS BO3/1yXa 1o 0,1 m/c
Terbrit Temmeparypa Bo3tyxa B MOMEIIEHHN 23 -25°C
OTHOCHUTEbHAS BIAKHOCTh 40 - 60 %
CKopoCTh IBMKEHUS BO3/TyXa 0,1-0,2m/c

[Ipu  obecneyeHWM  ONTUMAJBHBIX W JOMYCTHUMBIX  MOKazarenei
MUKPOKJIMMAaTa B XOJIOAHBIM MEPUO Toja CIeAyeT MPUMEHSITh CPEACTBA 3aIIUTHI
paboyero Mecta OT pPaJAMANMOHHOTO TMEPEOXJTAKICHUS OT CTEKJISTHHBIX
MOBEPXHOCTEH OKOHHBIX MPOEMOB, B TEIUIBIA MEpUO — OT MOMaJaHUs MPSIMBIX
COJIHCYHBIX JIy4EeH.

Jiist moiepKaHusl HOpMAJIbHBIX TTApaMETPOB MUKPOKIMMaTa B paboueii 30He
HEOOXOMMO TPUMEHSTh CIEYIOIINEe OCHOBHBIE MEPONPUATHS: 3alIUTy OT
UCTOYHUKOB  TEIUIOBOTO  W3IYYEHHUs, YCTPOHUCTBO CHCTEM  BEHTWJISIIUHU,
KOHJIULIMOHUPOBAHUS BO3/1yXa U OTOILICHUS.

HenocraTrouHasi ocBelIeHHOCTH padoueii 30HbI

[IpaBUJIBHO CIIPOEKTUPOBAHHOE M PALMOHAIBHO BBINOJHEHHOE OCBEIICHUE
MPOU3BOJICTBEHHBIX TMOMEIICHUN OKa3bIBA€T IMOJOKUTEIbHOE BO3JCHCTBUE Ha
paboratomux. CriocoO6CcTByeT MOBBIIIEHUTO 3 (HEKTUBHOCTH U 0€30MTaCHOCTH TPY/A,
CHUKAET YTOMJICHUE U TPaBMAaTU3M, COXPaHSIET BHICOKYIO pabOTOCTIOCOOHOCTb.

OreHka OCBEIIEHHOCTH pabouei 30HBI HEO0OXoauma JJjisi OoOecTeYeHUs
HOPMAaTUBHBIX YCIOBUM pabOThl B TMOMEIICHHUSIX W OTKPBITHIX IUIOHIAJKAX U
npoBoautcs B cootBercTBuM ¢ CanlluH 2.2.1/2.1.1.1278-03 [23]. EctecTBenHOE
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OCBEILICHHE O00OECIEeUnBACTCS Yepe3 OKOHHbIE TNpoeMbl ¢ KO3(PUIMEHTOM
ectectBeHHOro ocBenieHus (KEO) ne auxe 1,2 % B 30HaX ¢ yCTOMYUBBIM CHEXHBIM
IIOKpOBOM M He Hmke 1,5 % Ha octanbHOUM TeppuTopuu. CBETOBOW IOTOK H3
OKOHHOTO TIpoeMa JOJDKEH TajaTh Ha pabodee MECTO C JIEBOM CTOPOHHI.
HckyccTBeHHOE OCBElIeHNE B TOMENICHUAX IKCIUTyaTallii KOMITbIOTEPOB JTOJKHO
OCYIIECTBIIATHCSI CUCTEMOM 00IIIero paBHOMEPHOTo ocBeleHus. OCBEEeHHOCTh Ha
NOBEPXHOCTH CTOJa B 30HE pa3MelleHus: AOKyMeHTa JospkHa Obith 300-500 mk.
JlomyckaeTcss YCTaHOBKa CBETHUJIBHUKOB MECTHOT'O OCBEIICHUS [JIsi TOJCBETKH
JIOKYMEHTOB. MeCTHOE OCBEIEHUE HE JOJKHO CO3/1aBaTh OJMKOB HA MOBEPXHOCTU
dKpaHa M yBEJIUYMBATh OCBEIIEHHOCTh dKkpaHa 6ojnee 300 nk. [Ipsmyro OimeckocTh
OT HCTOYHUKOB OCBEIICHHUS CJIEAYeT OIrPaHUYUTh. SPKOCTh CBETSIIHXCS
MOBEPXHOCTEH (OKHA, CBETUIILHUKH), HAXOSAIIUXCS B TIOJIC 3PCHUS, JTOJKHA OBIThH
He Ooiee 200 xa/m2. JIis MCKYCCTBEHHOTO OCBEILEHHs IOMELIEHHH ¢
NEPCOHABHBIMHU KOMITBIOTEPAMU CJIEAYET MPUMEHATh cBeTWIbHUKH ThMa JIIIO36 ¢
3epKaJIM30BaHHBIMU  pEIIETKaMH, YKOMIUICKTOBAHHBIE  BBICOKOYACTOTHBIMHU
MyCKOPETYJIUPYIONIUMHU  afmapartamu. Jlomyckaercsi NPUMEHSTh CBETHJIBHUKH
OpsIMOTO CBETa, MPEUMYIIECTBEHHO oOTpakeHHoro csera tumna JIIIO13, JIIIOS,
JICOA4, JITIO34, JITIO31 ¢ nroMUHUCLIEHTHBIMU JlamnaMu Tumna JIb. 3amuTHeii yro
CBETWJIBHHKOB JIOJDKEH ObITh He MeHee 40 rpaaycoB. CBETHJIIBHUKH MECTHOTO
OCBEIIEHUS JIOJKHBI UMETh HEITPOCBEUMBAIONTUNCS OTPAXKATEIb C 3aAIIIUTHBIM YTJIOM
He meHee 40 rpaaycos.

CreneHb HEPBHO-O)MOLUMOHAJIBLHOT0 HANIPSKEHUS

HeraTuBHOe BO3/€iCTBHE HA YEOBEKAa KOMITBIOTEPOB 3aKIIOYAETCS B TOM,
YTO K KOHIy pabouero nHsa omnepatopsl IIK omrymaror ronoBuyo 00ib, pe3b B
ria3ax, TAHyIIKe 00 B MBIIIIAX II€H, PYK, CIIMHBI, 3y KOXKU Juiia. Co BpeMeHeM
9TO MPUBOAUT K MUTPEHSIM, YaCTUYHON TIOTEpEe 3PEHMs, CKOIMO3Y, KOMNKHBIM
BOCMAJICHUAM. DTH 3a00JICBaHUSI HE TOJBKO CHHIKAIOT TPYAOCIOCOOHOCTH, HO U

MOJPBIBAIOT 3I0POBbE JtOJIEH [23].
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UtoObI n30€xaTh MOJOOHBIX HETATUBHBIX SIBICHUNM, HEOOXOIUMO TPaMOTHO
OpraHU30BBIBATh U 000pynOBaTh paboune Mecta ¢ yuetoM TpedoBanuii CanlluH
2.2.2/2.4.1340-03 (pucyHok 8.1), a UMEHHO:

— paboudee MeCTO JOJKHO pacrojaraThCsi TaK, YTOObI €CTECTBEHHBIA CBET
najan cOOKy, MPEUMYILECTBEHHO CJIEBa;

— ok"a B nomemenusx ¢ BT u IIK ngomkHbl OBITH 000pYIOBaHBI
peryIupyeMbIMU YCTPOUCTBAMU (a3, 3aHABECKHU, BHEIITHUE KO3BIPHKH U T.1.);

— pacCTOSIHUE MEXK]Ty pA0OOUYUMHU CTOJIAMU C BUICOMOHUTOPAMHU JOJKHBI ObITh
He Menee 2,0 M, a paccTOsSTHUE MEXJIy OOKOBBIMU IOBEPXHOCTSIMHU
BHUJICOMOHUTOPOB — HE MeHee 1,2 M;

— MOHUTOp, KJIaBUATypa U KOPITYC KOMIBIOTEPA JTOKHBI HAXOIUTHCS TIPSIMO
nepeJ onepaTopoM; BbicoTa pabovero crojia ¢ KIIaBHaTypou JOJKHA COCTABISATh OT
680 1o 800 MM Haja ypOBHEM CTOJIa; a BeICOTa dKkpaHa (Hag mosioM) ot 900 mo 1280
CM;

— MOHHUTOP JOJKEH HaXOAUThCS OT onepaTopa Ha pacctostHuu ot 60 1o 70 cm
Ha 20 rpasycoB HUXE YPOBHS TJia3;

— IIPOCTPAHCTBO JIJISI HOT JIOJI’KHO OBITh: BRICOTOM He MeHee 600 MM, MUPHUHOMN
He Menee 500 mm, rioyounorr He MeHee 450 mm. JlomkHa OBITH MpEayCMOTpPEHA
MOJICTaBKa JIsl HOT paboTaroIiero mupuHoi He MmeHee 300 MM ¢ peryJIupoBKOM yria

HakjoHa. Horu npu 3TOM TOJKHBI OBITH COTHYTHI TTOJI MPSIMBIM YTJIOM.

1130-1220

00

Pucynok 8.1 — OcHOBHBIE TpeOOBaHUS K pabodyemMy MECTy
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Kpome Ttoro, HeoOXoauMO y4MTHIBaTh, YTO B CIy4asiX, KOI/la XapakTep
paboThl TpebyeT nmocrosiHHOro B3aumoaeicTBus ¢ BJIT (Habop TekcTOB Uik BBOA
JAHHBIX U T. I.) C HaNpsKEHUEM BHUMAaHUS U COCPEIOTOUYEHHOCTH, IpPH
HCKJIIOYEHUU BO3MOXKHOCTU MEPUOAUYECKOTO IIEPEKIIOUEHUs HA JPyrue BUJIbI
TPYIOBOW JIESATENBHOCTH, He cBs3aHHble ¢ IIK, pexomeHayeTcss opraHuzanus
nepepbiBoB Ha 10- 15 Mun yepes kaxabie 45-60 muH padoThl. [IpoaomKUTENbHOCTD
HenpepbiBHOM paboTsl ¢ BJIT 6e3 periiaMeHTUpOBaHHOTO MepephiBa HE AOJKHA
npesbiiaTth 1 4. ExxenHeBHast paboTa BBICOKOW MHTEHCHUBHOCTH U C HEPBHO-
AMOIIMOHATBHBIM HalpsbKeHueM 1o 12 u 6oJiee 4acoB He JOMYCKaeTCs.

8.2.2 Anauau3 onacHbIX paKTOpPOB
J1eKTP00Ee30MaACHOCTD

DNEKTPUYECKUE YCTAHOBKH, K KOTOPBIM OTHOCATCS TPAKTHUYECKH BCE
obopynoBanue IIK, mpeacTaBmsieT i dYedoBeKa OOJBIIYI IMOTCHIIMAIBHYIO
OIACHOCTb.

CreleHb ONACHOTO W BPEIHOTO BO3JCHCTBUS HA YEJIOBEKA AJICKTPHUYECKOTO
Toka 1 OMII 3aBHCHT OT: poJia U BEIMYMHBI HANPSHKCHUS M TOKA, YACTOTHI TOKa,
OyTH TOKa 4Yepe3 Telo  4YelIOBeKa, IMPOJOJDKUTEIBHOCTh  BO3JICHCTBHS
AJICKTPUYECKOr0 TOKA HAa OpPraHU3M YeJIOBEKa, YCIIOBUM BHEITHEH CPEJIbI.

Peakius yenoBeka Ha 3JIEKTPUYSCKHIA TOK BOSHHKACT JIUIIb P MPOTCKaHUU
TOKa dYepe3 Telo. DJCKTPUUYCCKHH TOK, MPOXOAsS Uepe3 OpraHm3M YeJIOBEKa,
OKa3bIBaCT HA HETO CJIOXKHOE JICHCTBHE — TEPMHYECKOE, JJICKTPOJIMTHYECCKOE,
OHOJIOrnYeCcKOe, MEXaHUYECKOE.

HamnpsbxkeHus 1 TOKH, TPOTEKAIOIITUE Yepe3 TEJIO YeIOBeKa IIPU HOPMaTbHOM
peXKUME DJICKTPOYCTAHOBKHM, HE JOJDKHBI IPEBBINIATh 3HAYCHUN, YKa3aHHBIX B
tabmune 8.4 [23].

Tabmuua 8.4 — IIpenenbHO JOMYCTUMBbIE 3HAUCHHS HAMIPSKEHU U TOKOB

Pon Toka Hampsokenue (U), B Cuna toka (I), MA

He Ooltee
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[Tepemennsniit, 50 Iy 2,0 0,3
[Mepemennsniit, 400 [ 3,0 0,4

ITocrostHHBIH 8,0 1,0

JUisi mpenoTBpallieHuss 3JEKTpOTpaBMaTh3Ma OOJbIIOE 3HAYEHHE HMEET
npaBWibHAas oOpraHu3auus padoT, T.e. COOJIOJIEHHEe TMpaBWJI TEXHUYECKOU
AKCIUTYyaTaluK 3JIEKTPOYCTAHOBOK MOTpeOUTENeH, MPaBMJl TEXHUKUA 0€30MaCHOCTH
IIPU dKCIUTyaTaluu 3eKTpoycTaHoBoK notpedureneit (IIT3 u IITh norpeduTeneit)
U TIPaBUJI YCTPOMCTBA AieKTpoycTaHoBOK (ITY D).

Aynurtopusi, rie NpoBOAUTCA KamepalibHas 00paboTKa pe3ysibTaTOB HAy4YHOU
nesTenbHOCTH, corjacHo I[IYD oTHocuTcs K momenieHusiM 0e3 MOBBILIEHHOU
OMACHOCTU TOPAXKEHUS DJIEKTPUYECKUM TOKOM (OTHOCUTEIbHAS BIAXHOCTh
BO3/1yxa — He Ooiiee 75 %, TemnepaTypa Bozayxa +25°C, moMmernieHue ¢ HeOOoIbITUM
KOJINYECTBOM METATMYECKUX MPEIMETOB, KOHCTPYKIIUH)

OcHOBHBIE =~ HOpPMATUBHBIE  aKThl, YCTAaHABIWBAWOIIME  TPeOOBaHUS
anekrpobdesonacHocTy spisitorest TOCT 12.1.019 -79 u 'OCT 12.1.038-82.

Jist mpenoTBpallieHuss 3JEKTPOTpaBM CieayeT coOdofaTh TpeOoBaHUS,
penbsBIsIeMble K 00eCTIeUeHHIO dIeKTpode3onacHocTu paboraromux Ha [1K:

® BCE y3JIbl OHOTO MEPCOHATBHOTO KOMIBIOTEpPA U MOAKIIOYCHHOE K HEMY
nepudepuiitHoe 000pyA0BaHNE TOJDKHO MMUTATHCS OT OJTHOH (ha3bl DJICKTPOCETH;

® KOpIyca CHUCTEMHOTO OJIOKa W BHEIIHUX YCTPOWCTB JOJIKHBI OBIThH
3a3eMJICHBI paJuaIbHO C OJTHON 0OIIEeH TOYKOM;

® JIJIs1 OTKJIFOUEHHUSI KOMIIBIOTEPHOTO 000PYI0BaHUS JIOJKEH UCIIOJIb30BATHCS
OTJIECIBHBIN MMyHKT C aBTOMATaMHU U OOLTUM PYOMIHLHIUKOM.

8.3 DkoJsornueckasi 0e30MaACHOCTH

B Hacrosmem paszgene mpuBeieHa YKOJOTHYECKas OLEHKA BO3JICHCTBUS HA
KOMIIOHCHTBI TIPHPOIHON Cpeabl NpH Pa3padOTKH MEJIKOTr0 MECTOPOXKICHHS.
[IpenycMoTpeHsl MepomnpusTusa, obOecrednBaromnue O0€30MacHOCTh HaceIeHHS,
OXpaHy OKPYXKaoIEel CpeJbl U HEAP OT BO3MOKHBIX HETaTHBHBIX BO3JICHMCTBU,

CBSI3aHHBIX C Pa3pabOTKOI MajJoro MeCTOPOXKICHHUS.
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3ammura armocdepsbl

OcHOBHast JI€SATENbHOCTh, IJIAHUPYEMash Ha MEJIKOM MECTOPOXKICHUU —
n00bI4a U TPAaHCIIOPTUPOBKA HEPTH.

OCHOBHBIMM HMCTOYHUKAMH BBIOPOCOB 3arps3Hsomux BemectB (3B) B
atMocepy OT IUIAHUPYEMBIX OOBEKTOB MPOOHOM HJKCILUTyaTallud Majoro
MECTOPOXKIACHHUS SIBISIOTCS

e TpaHcnopraldenbHas kKoreiabHas ¢ koriaamu I[IKH-2C, pabGoraromas B
nepuoj; OypeHus: HOBBIX CKBaXKHH;

e u3eNbHBIA ToOABeMHBIN arperatr «Cardwell» (pabotaeT B mepuon
OCBOCHHUS, OypeHHs, MOHTaXa U IEMOHTaXKa MPHU 3ape3Ku OOKOBOTO CTBOJIA);

® JIBUTaTejid BHYTPEHHEro CropaHusi aBTOMOOWJIBHOM M CTPOUTEIHHOM
TEXHHUKHU.

OcHOBHBIMH, BBIOpachiBa€MbIMU B TPU3EMHBIN cioi  arMmocdepsl, OT
IUIAHUPYEMBIX MCTOYHUKOB SIBISIOTCS: YIJIEBOJOPOABI, OKCHJ a30Ta, IJUOKCHUJ
a30Ta, OKCUJ| yIJIepoJia, OKCUJ CEpBl, caka, GOpMalbAETUd, CEPHUCTBIN aHTUIPU],
B3BCILICHHBIC BELIECTBA, AKPOJICHH.

JUis HOpMUPOBAHHUS BBIOPOCOB BPEIHBIX BELIECTB MCIIONIB3YETCS [TOKA3aTeNb

MPEICIBHO-I0ITYCTUMON KOHIIEHTPAIlUU BPEIHBIX BEIIECTB, PACCUUTHIBAEMBIN 10

dopmyie (8.1):
N ci
1=1 [IKi—Ci =1

(8.1)

Jlns  mpemoTBpallieHUsT BBIOPOCOB BPEIHBIX BEMIECTB B  aTtMocdepy
MPEAYCMOTPEHB  IUIAHOBBIE  PEMOHTHO-TIPEAYNPEAUTEIbHBIC  paOOThI, HE
JOTYCKAIOIIKE TTPOPHIB TPYOOIIPOBOIa TIPH TPAHCIIOPTUPOBKE HEYTH OT KYCTOBBIX
mromanok xo JHC ¢ YIICB.

B nporiecce onbITHO-MPOMBIIIICHHOR pa3pa00TKH MEJIKOTO MECTOPOKICHUS

npeaycMaTpuBaeTCs repMeTU3MpOBaHHas cucTeMa JA00bIYM, cOopa M TpaHCIopTa
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npoaykunu ckBaxkud A0 JJHC ¢ YIICB rae mimanupyercss mpoBOJUTh NEPBUUHYIO
MOATOTOBKY HEPTH (cOpOC BOJBI).

OxoHuaTenbHas MOArOTOBKA HEPTH HpoBOAUTCS Ha AeilcTByromeir YIIH
COCEIHETO  MECTOPOXKACHMs, KOTopas  OOeCleuyuBaeT COOTBETCTBUE €€
KaueCTBEHHBIX MokasaTeneit nepsoit rpymme no I'OCT P 51858-2002.

3ammuTa autocgepsnl

BypeHnue skcrimyaTalimOHHBIX CKBaXKMH C KYCTOBBIX OCHOBAHHM U MPOKJIagKa
WHXXEHEPHBIX KOMMYHHUKAIlMid K HUM B OJIHOM KOPUJIOpPE TO3BOJUT
CKOHIEHTPUPOBATh  HETaTUBHOE  BO3JEUCTBHUE  IUJIAHUPYEMOW  pa3pabOTKH
MECTOpOXJIeHUs Ha uTocdepy. [IouB ceabCKOX035UCTBEHHOTO UCIIOIb30BAHUS Ha
TUTOIAI MECTOPOXKACHUS HE UMEeTCsl. 3eMIIU UCTIONB3YIOTCS B JIECHOM XO3SIICTBE.

HeratuBHoe  Bo3neicTBUE ~ OOBEKTOB  IUIAHUPYEMOW  pa3pabOTKu
MECTOPOXKJICHUS Ha PACTUTEIIbHOCTh OKa3bIBACTCS:

® BRIpYOKOIf Jleca Ha U3BIMAEMBIX TOJI CTPOUTENHCTBO 3€MIISX;

® BO3MOKHBIMU aBAPUUHBIMU Pa3IHBaMU HEDTH.

JIns pauMoOHaIbHOTO WCIOJB30BAaHUS PACTUTENBHBIX PECYPCOB U CHHXKECHUS
OTPUIATEILHOTO BO3ACHCTBUS TUIAHUPYEMON pa3pabOTKU MECTOPOXKIACHHUS Ha
PaCTUTENBHOCTh PEKOMEHAYETCS:

® UCIOJIb30BaTh JIPEBECHHY, BBIpyOaeMyr0 Ha OTBOJUMON TEPPUTOPUH, IS
HYK]l CTPOUTENBCTBA;

® BBITIOJHATH CTPOUTEIBHBIE PA0OTHI CTPOTO B IMOJIOCE OTBOJIA;

e cOONIOaTh TpaBWIIa TOXKAPHOW OE30MacHOCTH TpU PpadOTE B JIECHBIX
MacCHUBax.

Peanuzanusa  nepeyuCICHHBIX  MEpPONPHUATUA  TMO3BOJIMT  OrPAHUYHTH
HETaTUBHOE BO3JICHCTBUE IUIAHUPYEMON pa3pabOTKM MECTOpPOXKACHUS Ha
KUBOTHBIH MHp TIpeAeiaMHu IUIOMAIHBIX OOBEKTOB. BeCIOKOMCTBO J>KMBOTHBIX
MPOU3BOJICTBOM Pa0OT MpPU OTCYTCTBUU OpakOHbepcTBa OYJET CKa3bIBATHCS B
npejenax HECKOJbKUX COTEH METPOB OT IJIAHUPYEMBIX OOBEKTOB B MEPUOA HUX

CTPOUTCIILCTBA.
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OG6paszyromuecss Tpu  pa3pabOTKE MECTOPOKIACHUS OTXOJAbl MOJJIeKaT
nepepaboTke, OO0E3BpPEKMBAHUIO WM 3aXOPOHEHHIO B  COOTBETCTBUU C
TpeOOBAaHUSAMU HOPMATUBHBIX JOKYMEHTOB U MPUPOJOOXPAHHBIX OpPraHOB
rOCyJ1apCTBEHHOTO KOHTPOJISL.

3ammra ruapocdepnl

[Ipu no0Oblye W MOATOTOBKM HE(PTH B CTOYHBIE BOJABI MOTYT TOMaaaTh
He(TEeNPOYKTHI U3-3a MPOPHIBA TPYOONPOBO/IAa U pa3repMeTh3aluu 000py10BaHUS.

OCHOBHBIMU SIBJISIFOTCS: YTII€BOJIOPO/IbI, OKCHJI a30Ta, JUOKCHU] a30Ta, OKCH]L
yraepojia, OKCUJ Cephl, caxka, (opMabAeTul, CCPHUCTBIA aHTHAPU/I, B3BEIIICHHBIC
BEILIECTBA, aKpOJICHH. OCHOBHBIM HOPMUPYIOIIUM MOKa3aTelieM,
XapaKTEePU3YIOIIMM KaueCTBO BOBI, Kak U atMocdepsl, sisercs [TJIK.

[IpenensHo gomycTUMas KOHILEGHTpALMS BPEIHOTO  (3arpsi3HSIONIETO)
BemectBa B Bojie Bojgoema (ITJIKB) — 3To Takasi ero KOHIIEHTpalus, KOTopas He
OKa3bIBAa€T HETaTUBHOTO BJIUSHUS HA OPraHW3M YeJlOBEKa INMpU PA3IUYHBIX BUIAX
ynoTpebsieHrs BOAbI (I MUThS, TPUTOTOBICHUS MMUIIY, TUTUEHUYECKUX LIeNIeH U
JUTSL OTJIBIXA).

I[Ipu ycranonenum IIJIK npuHMMaroT BO BHHUMAHHE HECKOJIBKO
JTUMUTHPYIOIINX MOKA3aTeNIe BPEIHOCTH, T.€. IOl HUM MOHUMAIOT ONPEIEIECHHOE
HamboJee HEOIaronpusaTHOE BO3JEHCTBHME KaXXIOro BemiecTBa. JlJis BOJ0EMOB
MTATHEBOTO HAa3HAYCHUS HCTIOJB3YIOT TpH BHUJA JITIB:
CaHUTAPHOTOKCUKOJOTUYECKUM, OOIIECAaHUTAPHBIM M oOpraHojienTudecKuid. Jms
BOJIOEMOB PHIOOX03MCTBEHHOTO Ha3HAUYCHHUS TOTIOTHUTEIHHO IPUMEHSIIOT €I1Ie Ba
JITIB: TOKCUKOIOTUYECKUI U PHIOOXO3SICTBEHHBIH.

Ouuctka BOABI OT HEPTEHPOAYKTOB MPOUCXOJUT HA  OUYMUCTHBIX
COOPYKEHUSX, KOTOPBhIE COYETAIOT B cele:

® MEXaHUYECKHE METO/IbL;

® XUMHYECKHE CIIOCOODI;

® (DM3UKO-XUMUYECKUE METOJUKH;

8.4 be3onacHOCTb B Ype3BbIYAIHBIX CUTYAUAX
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B nmanHOM paszaene paccMaTpHUBaEeTCs Ype3BbIUAHAS CUTyalusl — MOXKapbl B
3IAHUAX, COOPYKEHUAX IKUIOTO0, COLHAIBHOTO M KYJBTYPHOTO Ha3HAYCHMS,
oTHOcsmascA K kinaccy HC TEXHOTEHHOIO XapakTepa.

B coBpemennbix [IK o4eHb BBICOKA IUIOTHOCTH pa3MEUIEHUs 3JIEMEHTOB
ANEKTPOHHBIX CXeM. B HemocpeacTBeHHOM OJM30CTH APYT OT APYyra pacnoaararoTcs
COEIMHUTEIbHBIE MTPOBOJA, KOMMYTallMOHHbIE KaOenu. [Ipu mporekaHuu mo HUM
AIEKTPUUYECKOTO TOKA BBIIEIISIETCS 3HAUUTEIIBHOE KOJIMYECTBO TEIJIOThI, YTO MOMKET
NPUBECTH K TOBBILIEHUIO TeMIepaTrypbl OTAeNbHbIX y310B A0 80-100°C. Ilpm
NOBBIIIEHUN TEMIEPATypbl OTAEIBHBIX Y3JIOB BO3MOYKHO OIUIABJICHHE W30JIALIUU
COCIMHUTENBHBIX MPOBOJOB, KOTOPOE BEIET K KOPOTKOMY 3aMBIKaHHUIO,
CONPOBOKJIAOIIIEECS, B CBOIO OUEPEb, UCKPEHHUEM.

«Texnuyeckuit permamMeHT o TpeOOBAHUAX TMONKAPHOU OE30MACHOCTH
yTBEepkJeH (henepanbHbIM 3aKOHOM OT 22 utonst 2008 r.

IIpenoTBpalieHre pacupoCTpaHEHUs MOXKapa JOCTUTaeTCsl MEPOIPUATUIMH,
OrpaHUYMBAOLIMMU IIJI0IIA/1b, THTEHCUBHOCTD M IIPOJOJKUTEIBHOCTD ropeHus. K
HUM OTHOCSITCS:

® KOHCTPYKTUBHBIE U 00bEMHO-TNIAHUPOBOYHBIE PELLICHUS, IPEMSATCTBYIOIINE
pacrnpoCTpaHEHHIO ONACHBIX (PAaKTOPOB MOKapa MO MOMEIICHHUIO;

® OIpaHWYEHUS IIOKAPHOW OMACHOCTH CTPOUTENIBHBIX MAaTEpUAJIOB
UCIOJIb3YEMBIX B IOBEPXHOCTHBIX CJIOSIX KOHCTPYKLUMHM 3[aHUS, B TOM YHCIIE
KpOBEJIb, OT/EJIOK U O0JIMIIOBOK (acajoB, HOMEIICHUN U IyTeH 3BaKyalluu;

® CHW)XEHHUE TEXHOJIOTMYECKOM B3PBIBOIOKAPHOM M MOKAPHOW ONACHOCTH
MOMEIICHUN U 3JaHH;

® CUTHAJIM3alMs U ONOBEIICHUE O MOXKape;

e «[InaH 3Bakyanuu JOAEH NP MOKAPEY;

® YCTAHOBJIEHA CHCTEMA aBTOMATHYECKOW MPOTUBOMNOKAPHOW CUTHAIM3ALMU
(matuuku-curnanuzatopsl Tuna JTII).

B naHHOM nmoMenieHuu He OOHAPYXKEHO MPEANOCHUIOK K IMOXKapOONacHOM

cuTyaluu. OTO o00ecrneunBaeTcs COOJIOJICHMEM HOPM IMPU  MOHTHUPOBAHUU
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ANEKTPONPOBOJKH, OTCYTCTBUEM 3JIEKTPOOOOrpeBaTENbHBIX TPUOOPOB U 1e(HEKTOB

B PO3CTKAX U BBIKIIIHOYATCIIAX.

3akiiloueHue Mo pa3aejay counmajgbHasg OTBETCTBCHHOCTD

beulo TIpoBEeEHO WCCIENOBaHWE HAa HAJIWYUE OIACHBIX M BPEIHBIX
(dakTopoB, KOTOpPHIE MOTYT BO3HHMKHYTh Ha pa0OueM MECT€ B KOMITBIOTCPHOM
KJIacce, a TaKkKe MPOBEJICH aHalIu3 BPEAHOTO BO3ACHCTBHUS 00bEKTa Ha IKOJIOTHIO.

Ha nanHoM pabGoueM MecTe omacHbIe U BpeAHbIC (DAKTOPBI OTCYTCTBYIOT.

[TokazaTtenu, XapakTEpU3YIONIME MHKPOKIMMAT B IPOU3BOJICTBEHHBIX
nomerieHusx (cormacuo CanlluH 2.2.4.548-96), a uMeHHO: TeMIiepaTypa Bo3ayxa,
OTHOCHUTEJIbHAS BIAYKHOCTh BO3J1yXa, CKOPOCTD JIBFDKCHHSI BO3/TyXa, HHTCHCUBHOCTh
TEIIOBOT'O OOJIYYCHHS HAXOSATCS B HOPME.

Aynuropusi, TA€ MPOBOAWIACH KamepasibHas o00paboTka pe3yibTaToB
Hay4yHOU JesTenbHOCTH, corjacHo [IYD oTHocuTcs Kk momenieHusM 0e3
MOBBIIIEHHON OMacHOCTH TOPAXXKEHHUsI JIIEKTPUYECKUM TOKOM (OTHOCUTEIbHAs
BJIQXXHOCTh BO31lyXa — He OoJee 75 %, Temneparypa Bozayxa +25°C, nmomenieHue ¢
HEOOJBIINM KOJIMYECTBOM METANIMYECKHUX MPEAMETOB, KOHCTPYKITUH).

PaGouee mecTo opraHn3oBaHo u 000PYIOBAHO C YYETOM COOTBETCTBYIOIINX

tpeboBanuii CanlluH.

86



JakiIrouyeHue

B pabGore mnpoBenéH CpaBHUTENBHBIM aHANW3 TEXHOJOTHMUYECKOW W
HKOHOMHYECKON 3(PPEKTUBHOCTH TMOATOTOBKM HEPTIHOrO ra3a MO METOAY
HU3KOTEMIIEPATYPHOU CEMapaiuu 1 1o METOAY KOMIIPUMHUPOBAHUSA.

TexHomoruss MOArOTOBKH HEPTSHOTO ra3a METOJ0M KOMIPUMHUPOBAHUS HE
oOecreynBaeT TIIYOOKOTO U3BJICUEHUSI KOHJEHCUPYIOIIMXCA YIJIEBOJOPOIOB.
[ToaTomy  HE0OXOAUMO  MOATOTAaBIMBATH  HEPTAHOM Ta3 MO  METOAY
HU3KOTEMIIEPATYPHOI cenapanuu.

YCTaHOBIEHO, YTO TEXHOJIOTMA HU3KOTEMIEPATypHOHl cemapaiuud B
KOMOUHAIIMK C KOMIPUMHPOBAHUEM ITO3BOJISIET YBEIMYUTH CTEIICHb H3BJICUCHUSI
yriaeBoaopo1oB Cs+ U3 HePTAHOTO Taza B 2,7 pasa.

OTHOCUTENBLHO CTENEHU M3BJICUCHUS OTJEIbHBIX KOMIIOHEHTOB U3
HE(TSHOTO Ta3a IMOKa3aHO, YTO CTEMEHb M3BJICUCHUS IMpOoMaHa IO TEXHOJIOTUHU
HU3KOTEMIIEpaTypHOH cemnapaliuy yBennuuBaeTcs B 21 pas, uzo-Oyrana B 15 pas,
Oyrana B 23 pasza, a M30-TICHTaHAa, MEHTAaHA U TeKcaHa — B 6 pa3 OTHOCHUTEIbHO
TE€XHOJIOTUM KOMIPUMHUPOBAHUS.

JIg peanv3zanuy Takoro METoAa palMoHalIbHOTO ucnoib3oBanusa [THI', kak
cllada B MaruCTpaJIbHbIN ra30MpoBo/I OblIa OCYIIECTBICHA TEXHOJIOTHSI COBMECTHOM
MOJIFOTOBKM OTOCH3MHEHHOTO0 HE(TSIHOTO Ta3a C Tra3oM Ta30KOHACHCATHOTO
Mectopoxaenus o Texaoiaorud HTC. TIpu sTom 0011ast cTerneHp U3BICUCHUS BCEX
KOMINOHEHTOB C3+, B KOHAEHCAT MOBBICUJIACH 10 CPABHEHUIO C MOJATOTOBKOM B 3TUX
K€ YCIOBHUSIX TOJIBKO Fa30KOHICHCATHOTO ChIPbSI.

ITonroroska IIHI' oTmenbHO O€3 cMelleHHs C ra30M Ta30KOHIEHCATHOTO
MECTOPOXK/JICHHSI, TO3BOJIAET MOJYYUTh MaKCHUMAalbHBIM BBIXOJ HECTaOUIBHOIO

KOHACHCATa U COCTAaBJLAICT X Kr/u.
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Introduction

Low temperature separation technology is commonly used for field gas
processing. Nevertheless typical technological schemes ensure high-quality gas
treatment for further transportation with a significant pressure drop at the facility
only the first 10-12 years of field production. The application of low temperatures is
prevailing in the production of ethylene, the handling of liquefied natural gas (LNG)
and winning of light hydrocarbons from natural gas, as well as the manufacture of
hydrogen and helium. The by-product liquids recovered could be used as fuel, or
alternatively stabilized and marketed as condensate. Occasionally, regional markets
allow the extraction of LPG from these liquids.

Separation process

Low temperature separation technology is the competitive process for
separating the components of a gas mixture such as natural gas or the effluent of the
reactor in an olefin plant. To purify the elements of a light hydrocarbon-mixture
economically, reliably, and environmentally benign, efficient separation equipment
with the appropriate operating conditions should be selected throughout the
separation train. Nevertheless, the demand for utility at below ambient temperatures
will not disappear. Hence, refrigeration systems should be provided for such
processes. Conceptualizing the relevant processes of a gas plant, to identify the
promising options, results in the study of the following building blocks and their

interactions.

Separation Process

{ Heat Integration ]ﬂ{l{cl‘rigcratiﬂn Pmcess]

Figure 1 — Building blocks of a cryogenic plant design methodology

In this writing, important interactions between the separation system and the

refrigeration process are highlighted.
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Separation and refrigeration system interact in a complex but effective
manner

A refrigeration cycle accepts heat from the process at a range of (absorption)
temperatures, raises its quality through compressors and rejects the absorbed heat
and the added shaft-power, through compression, to a sink at a higher (rejection)
temperature. The closer the rejection temperature to the absorption temperature, the
lower the pressure ratio in the compressor, and hence, the power consumption of the
refrigeration system will be low. On one hand, an option for the refrigeration system
Is always to upgrade the absorbed heat from the process to the ambient temperature.
On the other hand, often the background process can offer heat sinks at a range of
temperatures, below the ambient temperature. The refrigeration system can utilize
these sinks and reject at least part of the absorbed heat back to the process at a lower
temperature compared to its other option: ambient temperature. The main
contribution of the described integration between the separation and refrigeration
system is the reduction in shaft power for the refrigeration system. The interactions
between the refrigeration and separation system should be considered at the early
stages of the design. This is, first, to ensure the maximum exploitation of the
integration opportunities. Second, considering these interactions may affect the
process heat integration decisions. For instance, it may prove more beneficial to
integrate a particular sink in the separation process with the refrigeration system
rather than matching it with a source in the separation process (Colmenares and
Seider, 1989). Hence, heat integration opportunities should be evaluated and
compared globally and simultaneously in the process. Concluding fact is that the
process screening procedure is reliable only when the separation design,
refrigeration design, and heat integration are carried out simultaneously (Wang and
Smith, 2005).

Refrigeration system

Low temperature (sub-ambient) processes require heat rejection to the
refrigeration systems. The result is that the operating costs for such processes are

usually dominated by the cost of power to run the refrigeration system. Simple cycles
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(i.e. cycles which absorb heat at one temperature and pressure level and also reject
the heat at a single temperature and pressure level) can be used to provide cooling
as low as typically-40°C. For lower temperatures, complex cycles are normally used.
This arrangement improves the energy demand of the system by better managing the
vapour generated from expansion. Installation of a liquid-vapour separator after the
throttle valve leads the vapour directly to the high-pressure compression stage and
therefore, reduces the vapour flow in the low pressure compression stages.
Moreover, such structures will optimise the load provided by the refrigeration

system at different temperature levels by optimising the refrigerant flow at each

level.
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Methods and means for low temperature separation of liquid
hydrocarbons from natural gas

This process relates to new and useful improvements in methods and means
for low temperature separation of liquid hydrocarbons from natural gas.

The process is particularly concerned with the passage of a petroleum well
stream, with or without prior heating or cooling, and with or without prior separation
of liquids, through a turbine unit to achieve isentropic expansion of the well stream
and chilling thereof, followed by separation of the chilled stream into liquid and
gaseous phases and the subsequent recompression of the gaseous phase by
compressor means driven by the turbine unit.

The low temperature separation of hydrocarbon liquids from natural gas
present in petroleum well fluids has become an accepted practice, and often results
in increased recoveries of marketable hydrocarbon liquids, or in the recovery of such
liquids of increased value, as well as recoveries of gas in merchantable condition.
There are, however, many wells which do not produce at a pressure level sufficient
to permit the economic use of low temperature separation, and there are other wells,
originally producing at a relatively high pressure but which are undergoing pressure
depletion and approaching the point at which low temperature separation is not
usable.

To be “merchantable” in present oil field practice and under present contracts
for the purchase of oil field gas, the gas must be at least at pipe line pressure, and
must contain no more than a maximum stated quantity of water and hydrocarbons
which may normally be expected to liquefy under pipe line conditions. These
requirements are usually stated by providing that the gas shall not contain more than
seven pounds of water per one million cubic feet, or more than two hundred gallons
of hydrocarbon, as determined by the standard test for charcoal hydrocarbon content,

per one million cubic feet, all under standard or agreed conditions of temperature
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and pressure. Thus, as used herein, “merchantable gas” means gas meeting present
day pipe line conditions as set forth above, and under a pressure of 4 to 8,3 kPa.

It has also been the practice to produce wells at relatively high pressures of
several thousand pounds per square inch, and to flow this high pressure fluid
considerable distance to a low temperature separation unit for expansion at that
point. Manifestly, this requires a gathering pipe network of heavy duty pipe which
Is capable of withstanding these high pressures and which is quite expensive. In
instances, it is desirable to reduce the pressure of the well stream at the well head,
and then to flow the production fluids through relatively inexpensive low pressure
pipe to a low temperature separation unit for further processing.

This equipment achieves these desirable objectives by causing the well
stream to undergo expansion through a turbine unit wherein not only cooling due to
the Joule-Thompson effect is realized, but also wherein cooling is effected because
work is taken from the well stream, or, the well stream is forced to do work in under-
going expansion. The stream is permitted to expand to a pressure somewhat below
that of the gas pipe line into which the residual gas is to be introduced, and then,
following separation of liquid hydrocarbons from the well stream at low
temperature, the residual gas is taken at the low pressure and raised to pipe line
pressure by a compressor driven by the turbine unit. The whole may be contained in
a single vessel wherein the well stream is temporarily placed in a transient state or
condition of very low temperature and low pressure at which optimum recoveries
may be had of liquid hydrocarbons. The residual gaseous phase, which must be
conserved, is then compressed, to a higher pressure level and passed readily into the
gas transmission pipe line. The turbine-compressor unit is a free-running, self-
governing unit, accommodating itself automatically to varying rates of flow and
providing additional compression facilities automatically, with increased extraction
of work from the incoming well stream, in accordance with an increase in volume
of said incoming stream. The speed of revolution of the turbine compressor unit may

vary with the volume of flow there through, but since the work extracted from the
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incoming well stream is not necessarily proportional to turbine speed, no harmful
impairment of the unit’s operation is caused.

Utilizing this equipment, the required pressure and water and hydrocarbon
contents of the outlet gas arc known in advance by existing pipe line conditions, and
the temperature and pressure required to achieve those conditions within the low
temperature separator may be determined. Following this, the required inlet pressure
for the turbine unit may be determined as that necessary to provide the required
temperature drop and to furnish sufficient energy for recompression of the expanded
gas to pipe line levels. Preferably, the inlet pressure is kept to that level just sufficient
for this purpose, and accordingly an appreciable pressure drop of the well stream
may be carried out at the well head.

In this type of low temperature separation, it is desirable that a gas hydrate
inhibitor, such as one of the glycols, be employed, both to permit any desired degree
of regenerative cooling of the well stream in advance of expansion, as well as to
prevent the formation of excessive quantities of hydrate particles within the turbine
unit. Hence, it is an object of the invention to make provision in this type of low
temperature separation for the addition of an inhibitor at any suitable or desirable
point to control the formation of gas hydrates selectively within the course of flow
of the well fluids through the unit. A further object of the equipment is to make
provision for greater cooling of a well stream because of the greater pressure drop
Immediately prior to separation of liquid hydrocarbons from the well stream, and
yet, to maintain a lesser overall pressure drop.

Yet another object of the equipment is to provide a method and means of
the character described wherein the lower pressure at which separation of liquid
hydrocarbons is effected provides for greater liquid recovery due to the proximity of
such lower pressure level to the optimum point for condensation for liquid recovery
by retrograde condensation at the temperature of separation, an increase of recovery
not obtainable at the higher pressure levels of the gas pipe line into which the

residual gas must flow.
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The he numeral 10 designates a producing well or series of wells flowing by
a manifold or other suitable connection through a flow line 11. The present invention
is applicable primarily to distillate type wells having high gas-oil ratios and
producing relatively high gravity distillate or hydrocarbon liquids. The well stream
may be produced and passed into the flow line 11 at well head pressure, or it may be
reduced in pressure, as by the valve 12 so as to enter the flow line 11 at a pressure
considerably lower than the well head pressure. Thus, the well stream may pass into
the line 11 at a pressure of several thousand pounds per square inch, or at pressures
as low as 1200 to 2000 pounds per square inch, depending upon the operating
pressure of the gas transmission pipe line into which the separated gas must ulti-

mately discharge.
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Figure 4 — Diagrammatic view of a low temperature separation system

Depending upon whether subsequent pressure reductions in the system, or
pressure reductions at the well head, require heating of the well stream to prevent
the formation of gas hydrates or other freezing problems, the well stream may first
be passed through a conventional heater 13 which normally is controlled

automatically and which is selectively fired to bring the well stream automatically
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to a constant temperature level. Next, the well stream is passed by a conductor 14
from the heater 13 into a water knockout or high pressure separator 15 wherein there
Is removed from the well stream such aqueous and hydrocarbon material as may be
present in the liquid phase at that point. Liquids are drained from the separator 15 as
they accumulate therein and pass through a pipe 16 for further use as will be
described hereinafter. The gaseous stream from which substantially all liquid
particles have been removed, leaves the high pressure separator 15 through a flow
pipe 17 into which a branch conductor 18 is connected through a valve 19. Since it
is now desired to chill or cool the gas stream and gas hydrate or freezing problems
may be encountered, it is sometimes desirable to add to the gas stream an inhibitor
such as a brine solution or a glycol such as diethylene glycol or triethylene glycol,
and such inhibitor may be injected into the flow line 17 through the branch conductor
18. Being thoroughly commingled with the gas stream, the inhibitor will
preferentially remove water vapor from the gas stream and reduce the water vapor
dew point of the gas stream to the desired level.

The gas stream then passes through a valve 20 in the flow line 17 and into a
regenerative heat exchanger 21 in indirect heat exchange relationship with a cold
gas stream supplied from a later step in the process. The chilled gas leaves the heat
exchanger 21 through a flow pipe 22 having a branch conductor 23 connected there
into through a valve 24 and through which the inhibitor may also be injected in the
gas stream following chilling.

The cooled gas passes from the pipe 22 to an inlet pipe 25 connected to the
high pressure inlet of a turbine compressor unit 26. If desired, the valve 20 may be
closed, and the gas leaving the high pressure separator 15 may be by-passed around
the heat exchanger 21 through a conductor 27 leading through a valve 28 to the inlet
conductor 25.

Within the turbine compressor unit 26, the gas stream is expanded and
caused to undergo a pressure reduction while driving the turbine wheel 27' of the

unit.
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The unit 26 is mounted in the wall of a low temperature separator 27" into
the interior of which the expanded gas stream passes in free and unrestricted flow.
The gas stream leaving the turbine wheel 27' may have a considerable
circumferential velocity, and hence a spinner drum 28 terminating in a heating coil
29 may be disposed upon the inner wall of the vessel 27 in registry with the turbine
unit 26 in order to coniine and control the high entrant velocity of the gas stream as
well as to provide a surface upon which particles may be scrubbed from the
expanded stream. The heating coil 29 may be supplied with any suitable heating
fluid, such as a portion or all of the gas stream flowing through the conductor 14 in
order to warm the spinner structure and prevent the adherence of frozen particles
thereto.

In undergoing expansion in the turbine unit, and in doing work in driving the
turbine wheel 27', tbc temperature of the incoming gas stream is greatly reduced,
resulting in the liquefaction of hydrocarbon and aqueous materials present in the gas
stream. Within the separator vessel 27", these liquefied or congealed particles arc
per mitted to separate from the gas stream and stratify into layers in the lower portion
of the vessel 27" to which heat is supplied through a suitable coil 30 heated in any
suitable manner, preferably the same as utilized for the heater 29. The liquid
hydrocarbons are skimmed off into a sump 31 for removal through an outlet
conductor 32, and the aqueous materials are passed into a second sump 33 for
removal through an aqueous outlet conductor 34.

It is pointed out that the turbine need not be mounted in the wall of the vessel
27" but may be housed in a separate enclosure so as to exhaust into the vessel.

As a specific example, an inlet gas pressure of 10 kPa may be employed, and
an expansion or pressure drop of 5,5 to 6,2 kPa utilized to achieve a pressure of 4 to
4,8 kPa within the vessel 27". In undergoing this considerable pressure drop, as well
as in expending energy or work in driving the turbine wheel 27', the gas stream will
be chilled to temperatures of 0 to 20 degrees Fahrenheit or lower, and hence,
substantially all liquefiable hydrocarbons and aqueous components will be

condensed or congealed from the gas stream. The low pressure gas which has been
100



denuded of liquefiable components is taken from the interior of the vessel 27"
through the lower pressure gas conductor 35 to the inlet 36 of a centrifugal
compressor rotor 37. It will be noted that the turbine wheel 27' and the compressor
rotor 37 are mounted upon a common shaft 38', arc free of any external regulation
or control, and that all of the energy for driving the compressor rotor is derived from
the turbine wheel 27'.

The low pressure gas taken from the interior of the low temperature separator
27" is compressed by the rotor 37 and delivered through an intermediate pressure
gas outlet 38 connected to a lean gas outlet pipe 39. Within the compressor section
of the unit 26, the gas stream is compressed from the relatively low pressure of the
vessel 27" to pipe line pressure, which may be of the magnitude of 8,2 kPa, and is
delivered as merchantable gas through a valve 40 to a conductor 41 leading to a
three-way temperature control valve 42. If desired, a portion of the gas leaving the
low temperature separator unit 27" may be by-passed around the compressor section
of the unit 26 and conducted through a pipe 42' and valve 43 directly to the conductor
41.

The three-way valve 42 is employed for regulating the quantity of the cold
gas that will flow from the conductor 41 through the heat exchanger 21. The valve
42 has connected thereto a pipe 44 leading to the heat exchanger 21 and a pipe 45
by-passing the heat exchanger and connected directly into the outlet conductor 46
by means of which the gas is conveyed to the gas transmission pipe line or other
point of use. In accordance with established practice, a temperature sensing element
in the heat exchanger 21 or in the outlet conductor 22 leading therefrom, may be
employed to control the operation of the valve 42 and to selectively by-pass gas
around the heat exchanger or pass all or a portion of the cold gas through the heat
exchanger in order to maintain the desired degree of chilling or pre-cooling of the
gas stream passing through the heat exchanger from the conductor 17 to the
conductor 22.

The liquids removed from the gas stream in the high pressure separator 15

may be taken from the drain conductor 16 through a valve 47 into a small separator
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48 wherein stratification of the aqueous and hydrocarbon liquids is carried out and
the water separately discharged through, a valved drain pipe 49. The hydrocarbon
liquids arc drawn off from the separator 48 through a valved conductor 50 into an
inlet pipe 51 leading into the low temperature separator 27", preferably near that end
of the separator into which the turbine compressor unit 26 discharges the gas stream.
If desired, the liquids flowing from the separator 15 may be by-passed around the
separator 48 and conducted directly through the pipe 52 to the inlet conductor 51.
Within the low temperature separator, all of the liquids introduced there into,
or removed from the gas stream passing there through, are resolved into aqueous and
hydrocarbon fractions, the aqueous fractions being drawn off through the outlet 34,
and being suitably processed as necessary or desirable for recovery therefrom of any
inhibitor material which may have been introduced into the gas stream. Of course,
the inhibitor material, after reconcentration, may be recirculated and again injected

into gas stream.
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Figure 5 — Longitudinal, vertical, cross-sectional view of a low temperature
separator

The hydrocarbon liquids are drawn off through the outlet conductor 32, and
may be passed through a valved pipe S3 into a low pressure or flash separator 54, or
alternatively, may be passed through the valved conductor 55 to the inlet of a
stabilizing or desorbing tower or column 56. Liquid passed into the low pressure
separator 54 is resolved into a gas fraction which is drawn off through the gas outlet

57, and a separated liquid fraction which will have been stabilized to a considerable
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degree by its passage through the low pressure separator and the removal of
quantities of gas therefrom, and which may be discharged through the conductor 58
to storage, or may be directed through the valved pipe 59 into the conductor 55 for
admission to the stabilizer 56. Within the stabilizer 56, the liquids are properly
rectified and stabilized for storage, gas and extremely light hydrocarbon fractions
being removed through the gas outlet 59, and a stabilized hydrocarbon liquid being
discharged at 60 to storage.

From the foregoing, it will be seen that the system is quite flexible and is
adaptable to utilization with many types of well stream production as well as many
varieties of operating conditions. Whether or not inhibitor is to be injected, whether
the liquid separated in the high pressure separator 15 is to be subjected to an
additional separation step before delivery to the low temperature separator, and
whether the hydrocarbon liquids from the low temperature separator arc to pass
through the low pressure separator 54, the stabilizer 56, or both of these vessels, arc
matters dependent entirely upon the nature of the well stream, the conditions under
which it is produced and the degree to which liquefiable hydrocarbons are to be
separated therefrom and stabilized for storage. The heater 13 may be employed if
there is any likelihood of freezing or congealing occurring at any point in the system
prior to the entrance of the flow stream into the turbine unit 26. Thus, depending
upon the pressure at which the lean gas stream must enter the conductor 46 for
passage into the gas pipe line, and the pressure drop required to achieve the desired
temperature in the low temperature separator 27", the well stream pressure may be
reduced at the well head to a point just sufficient to provide the desired pressure
drop. Since chilling of the well stream at the well bead would occur under these
conditions, the heater 13 may be utilized for the prevention of freezing or congealing
due to this pressure drop, as well as to impart to the well stream sufficient heat for
proper operation of the coils 29 and 30. Conventionally, well stream heaters such as
the heater 13, may include a pressure reducing choke 61 into which the well stream
flows for pressure reduction immediately prior to its passage through the heating

coils 62 of the heater 13, and it is preferable that the pressure reduction of the well
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stream be achieved through utilization of the choke 61 rather than through
employment of the valve 12. In this manner, all likelihood of solidification taking
place in the flowing well stream with resultant blocking or partial clogging of the
flow lines is avoided, and the gathering lines or pipes 14, through the well stream
flows from one or more wells to the low temperature separation system, may be of
relatively light weight since they are not subjected to high pressure. In many
instances, the pipe or pipes 14 may be of quite considerable length, and the
possibility of using light-weight pipe for this purpose effects a quite considerable
saving in material costs.

The utilization of this heater system also permits the simple adjustment of
the choke 61 to provide for varying or gradually decreasing well head pressures. The
choke 61 may be automatic in operation, such as a diaphragm operated choke, and
as the well pressures decline, the choke may be opened further in order to maintain
a substantially constant pressure in the pipe 14 and throughout the balance of the
system. Similarly, a group of wells producing at different well head pressures may
be pressure regulated in order to flow into a common flow line 14.

The low temperature separation system herein described also permits
optimum hydrocarbon recoveries from well streams since the separation of
hydrocarbon liquids front the flowing stream takes place at a pressure level below
that at which the denuded gas is discharged from the system. The maximum liquid
point in a liquid- gas hydrocarbon system, known as the base of the retrograde range,
IS not found at a fixed pressure, but varies with temperature. The lower the
temperature at which the system exists, the lower will be the base of the retrograde
range or the point at which maximum liquefaction occurs. In low temperature
systems wherein separating temperatures of 0 to 20 degrees Fahrenheit arc achieved,
the maximum liquid point occurs at a pressure well below normal pipe line pressures,
and hence, maximum liquid recovery is not made in a system in which the flow
stream never reaches pressures below the pipe line or discharge pressure.

In the present system, the flow stream is caused to drop to a pressure well

below the ultimate discharge pressure and hence, a pressure much nearer the base of
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the retrograde range. For this reason, additional liquid recoveries are obtained

without any sacrifice in the ultimate discharge pressure of the system.
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Figure 6 — Enlarged schematic view of the turbine compressor unit

It is to be noted that the turbine unit is a free-running unit loaded only by the
compressor rotor 37. Thus, the flow stream is caused to expand directly into the
interior of the separating vessel 27", and to do work while so expanding. All of the
benefits of expansion cooling are achieved, and in addition, work is extracted from
the flow stream for further cooling at the point of discharge of the flow stream into
the interior of the separator vessel 27". Enhanced cooling results precisely at the
zone of discharge of the flow stream into the vessel 27" which is constructed to
handle any liquefaction or congealing that may take place. Thus, the problems of
turbine blockage and the clogging of flow lines due to liquefaction and/or congealing
of flow stream components is eliminated while, at the same time, isentropic
expansion is obtained.

In this way:

1. The method of separating liquefiable hydrocarbons and an aqueous
portion from gaseous high pressure petroleum well streams including the steps of,
flowing the well stream from the well at a predetermined pressure, expanding the
well stream from the predetermined pressure to a lower pressure while causing the
well stream to do work, separating the well stream into a residual gaseous portion
and liquid hydrocarbon and aqueous portions, drawing off the liquid hydrocarbon
and aqueous portions, compressing the gaseous portion to an intermediate pressure

sufficient for introduction of the gaseous portion into a gas transmission pipe line,
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said intermediate pressure being higher than the pressure of the separation step and
lower than said predetermined pressure, compressing the gaseous portion solely by
the work done by the well stream in expanding, and drawing off the compressed
gaseous portion the well stream being expanded in the expansion step to a lower
pressure sufficient to produce a pressure and temperature drop adequate to liquefy
liquid hydrocarbon and aqueous portions in sufficient quantities as to produce
merchantable gas and from which the work available from the expansion step is
capable of compressing the gaseous portion to the intermediate pressure, and said
predetermined pressure being only of sufficient magnitude as to afford adequate
temperature reduction in the expansion step sufficient to precipitate the agueous
portion from the well stream in the production of merchantable gas.

2. The method of producing merchantable gas from a gaseous high pressure
petroleum well stream and removing an aqueous portion from the well stream
including the steps of flowing the well stream at high pressure to a separator
enclosure and expanding the stream to a lower pressure into said enclosure while
causing the well stream to do work whereby the stream separates into gaseous and
liquid hydrocarbon and aqueous portions, drawing off said portions, and
compressing the gaseous portion to an intermediate pressure of 4 to 8,2 kPa solely
by the work done by said well stream in expanding, the intermediate pressure being
lower than the pressure from which the well stream is expanded and higher than the
lower pressure.

3. The method of separating liquefiable hydrocarbons and an aqueous
portion from gaseous high pressure petroleum well streams including the steps of,
flowing the well stream from the well at a predetermined pressure, adding a hydrate
inhibitor to the well stream, expanding the well stream and the hydrate inhibitor from
the predetermined pressure to a lower pressure while causing the well stream to do
work by passing the well stream and (he hydrate inhibitor commingled therewith
through an expansion turbine, separating the well stream into a residual gaseous

portion and liquid hydrocarbon and aqueous portions, drawing off the liquid
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hydrocarbon and aqueous portions, compressing the gaseous portion to an interme-
diate pressure sufficient for introduction of the gaseous portion into a gas
transmission pipe line, said intermediate pressure being higher than the pressure of
the separation step and lower than said predetermined pressure, compressing the
gaseous portion solely by the work done by the well stream in expanding, and
drawing off the compressed gaseous portion, the well stream being expanded in the
expansion step to a lower pressure sufficient to produce a pressure and temperature
drop adequate to liquefy liquid hydrocarbon and aqueous portions in sufficient
guantities as to produce merchantable gas and from which the work available from
the expansion step is capable of compressing the gaseous portion to the intermediate
pressure, and said predetermined pressure being of sufficient magnitude as to afford
adequate temperature reduction in the expansion step sufficient to precipitate the
aqueous portion from the well stream in the production of merchantable gas.

4. A low temperature separator structure for a gaseous high pressure
petroleum well stream and for removing an aqueous portion from the well stream
including, a separator vessel, means in the vessel for maintaining a gaseous layer in
the upper portion of the vessel, heating means in the lower portion of the vessel,
an expansion turbine in the wall of the vessel having a well stream inlet and a well
stream discharge opening directly into the interior of the vessel, the point of
expansion of the well stream in the expansion turbine being disposed within the
gaseous layer, means for causing the turbine to do work, and gas and liquid outlets
from the vessel.

5. A low temperature separator structure for a gaseous high pressure
petroleum well stream and for removing an aqueous portion from the well stream
including; a separator vessel; means in the vessel for maintaining a liquid layer in
the lower portion of the vessel and a gaseous layer in the upper portion of the vessel;
a turbine- compressor unit in a wall of the vessel comprising an expansion turbine
having a turbine wheel, the turbine wheel being positioned in the gaseous layer in
the vessel at the point at which separation of gas and liquid is initiated, a compressor

having a compressor rotor, and a single shaft extending through the wall of the
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separator vessel and carrying the turbine wheel and compressor rotor; the turbine
having its turbine wheel disposed within the separator vessel and having a well
stream inlet and a well stream discharge opening directly into the interior of the
separator vessel through the turbine wheel; the compressor having a gas inlet from
the interior of the separator enclosure and a gas outlet; and a liquid outlet from the
vessel.

Conclusions

The technology provides an efficient natural gas processing. The technology
can be used both for the natural gas treatment and for the extraction of separate
fractions from a natural gas. The technology can significantly improve the process
of gas treatment at gas plants, where the gas is cooled by means of Joule-Thomson

valve.
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