IIIxona MaxeHepHas IIKoJ1a IPUPOJTHBIX PECYPCOB

Hampasnenue noarotosku 21.04.01 Hedrerazosoe nieno

OOII Pa3paboTka 1 dKcIuryaranus HeTSIHBIX M Ta30BEIX MECTOPOKICHUN
Otnenenune mkoisl OTneneHrne HedTerasoBoro Jiena

BBIITYCKHASA KBAJIMOUKAIIMOHHASA PABOTA MATUCTPAHTA

Tema padoTsl

Ha X HedTerazokoHaeHcaTHOM MecTopoxaeHnu (Tomckas 00J1acTh)

IoBbimenue 3¢ peKTHBHOCTH TEXHOJIOTMH NOAT0TOBKHU MOMYTHOr0 He(TIHOIO ra3a

VIK 622.279.8:665.612.2(571.16)

OO0yyaromuiics
I'pynna DPUO Hoanucn Jara
2bM15 Mypatos [lerp HukonaeBuu
PykoBonurens BKP
JloKHOCTH D®UO Yuenas ctenens, Moanucey Jara
3BaHHUE
[ap¢p Upuna
IIpodeccop OHJ] Bastepbena 1.3.H.
KoHcynbTanT
JoJKHOCTD (017 (0] yqe“;:;:fene“b’ Hoanucn JNara
rmvuaa
JlotieHT Jlroqmuna K.X.H.
BceBononoBHa

KOHCYJIBTAHTBI 1O PA3JIEJIAM:

ITo pazneny «PUHAHCOBBI MEHEKMEHT, pecypcodPhEeKTHBHOCTH M peCypCcOCOEPEIKCHHIE)

Ydenasi cTeneHb,

JloKHOCTH D®UO sBanme Moanucey Jara
[HuOynbpHUKOBA
JoneHt Maprapurta K.I.H
Pannesna
ITo pazneny «ConnaibHasi OTBETCTBEHHOCThY
JloJzKHOCTD (017 (0] Yuenan crenens, Hoanucn JNara
3BaHHUE
Ceuun AHnpeit
Houent K.T.H
AJIEKCaHIpOBUY
JOIYCTUTD K BAILIUTE:
Pykosoautens OOII/OIIOII, ®UO YueHasi CTeNeHb, Mommcs Tarta
JOJIZKHOCTDH 3BaHUE
Tpodecco Menbauk Uropp LT-M.H
P P AHaTOILEBUY o

Tomck — 2023r.




INVNIAHUPYEMBIE PE3YJIbTATBI OCBOEHUS
21.04.01 Hedrerazosoe neio

OOII «Pa3padoTka u 3KcIIyaTanus HeTAHBIX M Ta30BbIX MECTOP OKAECHU»

Kon HaumeHoBaHHe KOMIIETEHIH U
KOMIIeTeHIIUH
YHuBepcajibHble KOMIETEHIINH

YK(Y)-1 CnocoOHOCTh  OCYIIECTBISATh TIOWCK, KPUTHYECKHH aHaau3 MPOOIEMHBIX
CUTyalluii Ha OCHOBE CHCTEMHOTO MOX0/1a, BEIpa0aThIBATh CTPATETHIO ICHCTBUI

YK(Y)-2 CriocoOHOCTh YIPaBIsATh IPOSKTOM HA BCEX JTalax ero KU3HEHHOTO IHMKJIA

YK(Y)-3 CnocoOHOCTh OPraHU30BBIBATh U PYKOBOJHWTH padOTONW KOMAaHJbI, BhIpaOaThIBas
KOMaHJIHYIO CTPATETHIO ISl JOCTUIKCHHSI TOCTABJICHHOM 1IeTTN

YK(Y)-4 CnocoOHOCTh MPUMEHSTh COBPEMEHHBIE KOMMYHHKATHBHBIC TEXHOJOTUH, B TOM
4yuclie Ha  WHOCTPAaHHOM(BIX)  s3bIke(ax), Ui aKaJAEeMHYECKOro |
1pohecCHOHAILHOTO B3aUMOIEHCTBUS

YK(Y)-5 CriocoOHOCTh aHATM3UPOBATh M YYUTHIBATH pa3HOOOpa3ue KyJIbTyp B IPOIEcce
MEXKYJbTYPHOTO B3aUMOIEHCTBUS

YK(Y)-6 CrocoOHOCTh ~ OMpEneNsiTh W pPEaM30BBIBATH MPHOPUTETHl  COOCTBEHHOM
JESITEIbHOCTH U CIIOCOOBI €€ COBEPILIEHCTBOBAHUSI HA OCHOBE CAMOOLIEHKH

Ob6menpogeccnoHalbHbIe KOMIIETEHINH

OIIK(Y)-1 CnocoOGHOCTH periaTh MPOU3BOICTBEHHBIC U (MJIH) UCCIIEIOBATEILCKIE 3aa91 Ha
OCHOBE (hyH/IaMEHTAIbHBIX 3HAHWI B He(hTera3oBol 06IacTH

OIIK(Y)-2 CrocoOeH  OCYWIECTBISITH  MPOSKTUPOBAHME  OOBEKTOB  HE(TErazoBoOro
IPOU3BOJICTBA

OIIK(Y)-3 CriocoOHOCTh pa3pabaThiBaTh HAYYHO-TEXHHUYECKYIO, TPOSKTHYIO U CIYKEOHYIO
JOKYMEHTaI1I0, 0QOpMIISTh HAyUYHO-TEXHUUECKHUE OTUYEThI, 0030pbI, My OIHKaIIH,
peLeH3UH

OIIK(Y)-4 CrnocoOHOCTh HAaxXOJWTh W TepepadaThiBaTh HHGOPMAIMIO, TpeOyemMyro s
IIPUHATUS PELIECHUN B HAyYHBIX UCCICAOBAHUAX U B IIPAKTUYECKON TEXHUYECKON
JeSITEIbBHOCTH

OIIK(Y)-5 CriocoOHOCTh ~ OIIGHMBATh  PE3YJbTAaThl HAYYHO-TEXHHUYECKUX  pa3pabOToK,
HAYYHBIX UCCIIEJJOBAaHUM U 000CHOBBIBATH COOCTBEHHBIN BHIOOP, CUCTEMATU3UPYS
¥ 000011231 TOCTHKEHHUSI B He(PTEra3oBoi OTpaciiu M CMEXHBIX 00JIaCTsIX

OIIK(Y)-6 CnocoOHOCTh ydYacTBOBAaTh B pealn3alldd OCHOBHBIX M JOTOJHUTEIBHBIX
npo(hecCHOHANBHBIX 00pa30BaTENBHBIX MPOrPaMM, HCIHOJNB3Ys CIeIHAIbHBIC
Hay4yHbIe U TPO(heCcCHOHATIbHBIC 3HAHUS

IIpodeccnoHaIbHBIE KOMIIETCHIUH

MK(Y)-1 CnocobeH pa3pabaTbiBaTh METOAMYECKOE oOOecreueHue sl TEePBUYHONM U
MEPUOANYECKON MOATOTOBKM M aTTECTAIllMU CIICIUAIKMCTOB B 00JacTU M0OBYU
YTJIEBOJIOPOAHOTO CHIPhS

MNK(Y)-2 CnocoOeH aHaIM3upoBaTh U 0000IATh JaHHBIE 0 PA0OTE TEXHOIOTHYECKOTO
000pyI0BaHUs, OCYIIECTBISATH KOHTPOIIb, TEXHUYECKOE COTPOBOKACHHE U
yIpaBieHUE TEXHOJOTHYECKUMHU MPOoIleccaMu JOOBIYHU YIIIEBOAOPOIHOTO ChIPbSI

NK(Y)-3 Cnocoben oneHuBaTh A(G(HEKTHBHOCT, WHHOBAIIMOHHBIX TEXHOJOTHYECKUX
pelleHuii B TMpoliecce BBHIMOJIHEHHs] TMPOU3BOJICTBEHHBIX IOKa3zaTelne Mpu
pazpaboTke U OKCIUTyaTalMk HE(TAHBIX W Ta30BBIX  MECTOPOXKICHUI
YTJIEBOJIOPOAHOTO CBHIPhS

MK(Y)-4 Crniocoben ob0ecnieunBath Oe30macHyio U 3GGEKTUBHYIO IKCILTYaTaIUIo U paboTy
TEXHOJIOTHYECKOT0 000py0BaHUs He(hTera3oBoi OTpaciu

NKY)-5 CriocoOeH y4acTBOBaTh B YIIPABICHUM TEXHOJOTHUECKUMH KOMIUIEKCAMH, MPUHUMATh

PEUICHUA B YCIOBUAX HEONPCACICHHOCTU




NK(Y)-6 Cnioco6eH MPUMEHSATD ITOTYICHHBIC 3HAHUS [IJIS pa3pabOTKH U peaau3aliy MPOCSKTOB U
HAYYHO-UCCIIEI0BATENBCKUX PA0OT pa3IMYHBIX MPOLECCOB IIPOU3BOACTBEHHOM
JESITeIbHOCTH Ha OCHOBE METOJIUKH MPOEKTUPOBAHUS B HEPTETa30BOM OTPACIIH, a TAKKe
MHCTPYKTUBHO-HOPMATHUBHBIX JOKYMEHTOB

IK(Y)-7 CriocobeH TpUMEHSTh COBPEMEHHBIE MPOrpaMMHbBIE KOMIUIEKCHI Ui Hay4YHO-

UCCIIEIOBATEIbCKUX pPAabOT W NPOCKTHPOBAHUS TEXHUUECKUX YCTPOUCTB,
anmapaToB M MEXaHH3MOB, TEXHOJOTMYECKHMX IPOLECCOB B COOTBETCTBHU C
BBIOpaHHOM cdepoil mpodeccuoHATbHON AEATENbHOCTH




Ixoma UmxeHepHast MIKOJIa OPUPOIHLIX PECYPCOB

Hanpasnenue noarorosku 21.04.01 Hedrerasosoe neno

OOII Pa3paboTka u dkcIuryaTanus HeTAHBIX M Ia30BbIX MECTOPOKIEHUN

Otnenenue wkoasl OTneneHue HedTerazoBoro aena

VTBEPXIAIO:
PykoBoautens OOI1
H1.A. MenoHUK

3AJAHHUE
HA BBINOJIHEHHE BBINNYCKHOM KBAJIN(PHUKAaNMOHHON padoThl
OO0yyarommiicst:
I'pynna DPUO
2BM15 Myparos Ilerp Hukosaepuu
Tema paboThI:

AHaim3 cnocoda noBbieHne 3PPeKTHBHOCTH TEXHOJIOTUH NOATOTOBKH MOy THOTO
HedTSIHOTO ra3a

Ymeepoicoena npuxazom dupexmopa (dama, Homep)

| 62-82/c ot 03.03.2023

| Cpok craun 00y4aronuMcst BBITTOJIHEHHOW pabOThI:

| 23.06.2023

TEXHUYECKOE 3AJIAHHUE:

Hcxoanbie 1aHHbIE K padoTe
(naumenosanue 00veKMa UCCACO0BAHU UTU
NPOEKMUPOBAHUSL; NPOUIE0OUMENLHOCIIL U HAZPY3KA,
peoicum pabomvl (HenpepuvlHblll, NepuoOUYecKull,
YUKAUYECKUL U M. 0.); 8UO CbIPbS UIU MAMEPUAT U30eUs,
mpebosanis K npOOyKNLy, U30eauio Ui npoyeccy;
0cobbie mpebosanus K YHKYUOHUPOBAHUIO
(aKCcnayamayuu) 06vekma unu usoenus 8 niaue
be30nacHocmu SKCRIYamayuu, IUAHUA HA OKPYHCAIOWYIO
cpedy, SHep2o3ampamam; IKOHOMUHECKUN AHAU3 u m. 0.)

Texctel u rpaduueckue MaTepwanbl OTYETOB U

HAyYHO-HCCIIEIOBATENIbCKUX paboOT, TEXHUYECKUH
peraameHT YCTaHOBKH MOATOTOBKU rasa,
HOPMAaTUBHBIE JOKYMEHTBI, MPOEKT pa3paboTKu
MECTOPOXKICHUSA, (OHAOBAS U  MEPUOJUUECKAs

auTepaTrypa, MOHOTpaduu, yaeOHUKH

Ilepeyennb pasaesioB
NMOSICHUTEJLHOM 3alIUCKU
MOJJIeKAIUX HCCJIET0BAHUIO,

NMPOCKTHPOBAHUIO H paspaﬁoTKe
(aHanumuueckuii 0030p IUMEPAMYPHBIX UCTOYHUKOB C
Yesbio BbIACHEHUSL OOCIUMCEHUT MUPOBOU HAYKU MEXHUKU
6 paccmampugaemou 0baacmit; NOCMAHOBKA 3a0adu
UCCIe008AHUS, NPOCKMUPOBAHUS, KOHCMPYUPOBAHUSL,
codepoicanue npoyeodypuvl UCCIe008aAHUS,
NPOEKMUPOBAHUsl, KOHCMPYUPOBAHUSL; 0OCYIHCOeHUe
Pe3ybIMamog 6bINOIHEHHOU pabombl, HAUMEHOBAHUE
OONONIHUMENbHBIX PA30EI08, NOONEHCAUWUX PA3PAOOMKe;
3aKnouenue no pabome)

1. Beengenue

2. TeopeTuKoO-NpaKTUUYECKUE AaCHEKThl MOATOTOBKHU
raza Ha MECTOPOXKICHUU

3. TexHonornueckue MpooOIEeMbl MMOJATOTOBKH Ta3a Ha
X MECTOPOKIAECHUU

4. O00OCHOBaHME BApUAHTOB COBEPIICHCTBOBAHMS
TEXHOJIOTHYECKOM CXEMBbI IOJAMOTOBKM ra3a Ha X
MECTOPOKIACHUU

5. ®uHAHCOBBI MEHEIKMEHT, pecypcocOepekeHune
pecypcodhPeKTUBHOCTD U

6. ConuanpHas OTBETCTBEHHOCTb
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7. 3akiaoueHue

Ilepeuennb

MarTepuaga
(c mouHBIM yKa3aHuem 0053amenbHbIX Yepmedicell)

rpagpu4eckoro

1. TexHonorus JIEUCTBYIOLIEH YCTaHOBKH
IIOATOTOBKH He(bTHHOI‘O ra3a Ha X M€CTOpO)K,Z[eHI/II/I

2. MogaenupoBaHue TEXHOJIOTUH
HU3KOTEMIIepaTypHOI cenapanuu u
HU3KOTEMIIEpaTypHOI abcopOmmu
3. MoaenupoBaHue TEXHOJIOTUU
HU3KOTEMIIEpaTypHOI cenapauuu c

KOXKYXOTPYOYaThIM TETNIOOOMEHHIKOM
4. PacueT KO)KyXOTpyO4aToro Ternaioo0OMeHHUKa
6. DxoHOMHUUYecKast 3P PEeKTUBHOCTD

KoHcynbTaHTBI 0 pa3iesaM BbILYCK

HOIl KBAJIM(PUKANMOHHOUH PadOThHI

(c yrasanuem pazoenos)
Paznen KoncyabTant
PdunaHcoBLIN MeHeIKMeHT, | JloneHrt, k.r.H., [{[nuOynpHrKoBa Mapraputa PagueBna
pecypcodpPpekTHBHOCTH "
pecypcocoepe:kenne

COIII/laJIbHaH OTBECTCTBCHHOCTD

HoueHr, k.T.H., Ceunn AHapeit AinekcaHapoBUd

Pa3nesn Ha MHOCTPaAHHOM SI3bIKE

JlomeHt, K.}.H., BboncyHoBckas JIronmuia

MuxaitnoBHa

HaszBanus pa3aeioB, KOTOPbIC T0/KHBI ObIThL HANIMCAHBbI HA HHOCTPAHHOM H3BIKE:

[Tytu noBeimeHUs: 3pGEKTUBHOCTH HU3KOTEMIIEPATYPHOU cenapaliuu

JaTa BbIIa4M 321aHUS HA BHINOJIHEHHE BBINTYCKHOM 03.03.2023
KBAJTH(PUKANMOHHOW PadoThI N0 JUHEHHOMY rpadguky T
3agaHue BbI1AJ PYKOBOAUTENb / KOHCYJbTAHT (IIPU HAIUYUH):
JloxHOCTH (017 (0] Yuenas cTeneHs, Ioanuch Jata
3BaAaHHC
ITpodeccop OH/I Hlap¢p Upuna
BanepbeBHa A9-H.
JlotieHT [MummuHa
JIronmuia K.X.H.
BceeBosogoBHa
3aaHue NPUHAJ K MCIIOJTHEHUIO 00Y4alomuiics:
I'pynna DPUO Hoanuck Jara
2bM15 Mypatos [lerp HukonaeBnu




[Ixoma UmxeHepHas MIKOJIa IPUPOIHEIX PECYPCOB

Hanpasnenue noarorosku 21.04.01 Hedrerasosoe neno

OOII Pa3paboTka u dKcIuryaTanysa He(TAHBIX U Fa30BbIX MECTOPOKICHUN

OTI[CHCHI/IC IIKOJIBI OTI[CHCHI/IC Hed)Tera3030r0 AcJ1a

[lepuon BbITIOTHEHUS BecenHui cemectp 2022/2023 yuebHOro roma

KAJIEHJIAPHBIN PEUTUHI -IIVIAH

BbINOJTHEHHUS BBINIYCKHON KBAJIM(UKAIMOHHOH padoThI

OO6yyaromuiics:

I'pynna ouo

2bM15 Mypartos [lerp HukonaeBuu
Tema paboThI:

IHoBbimenne 3¢(peKTUHBHOCTH TEXHOJIOIMHU NTOAT0TOBKH MOILYTHOr0 He(TAHOI0 raza Ha X
HedTerazoxkonaeHcaTHoOM MecTopoxkIeHun (Tomckas 06J1acTh)

\ Cpok ciaun 00y4JaronIMMcsl BRITIOJTHEHHOW PabOTHI: \ 23.06.2023
Jara HasBanue pasnena (MoxyJst) / MakcuManbHbIIi
KOHTPOJIsI BHJI PadoThl (MCCIeTI0BAHNS) 0aJ1 pa3neia (MoayJisi)
30.01.23 Jlumepamypuwiii 0030p no meme UCCICO08aHUS 10
13.02.23 Obpabomka noiy4eHHbIX OAHHBIX 10
27.02.23 Hocmpoenue mexnonocuueckol cxemvi n0020mMosKuU 2aza Ha X 15
MeCmopoXcOeHuU
06.03.23 Hocmpoenue mexnonocuueckou cxemvl noo2omosku 2aza Ha X 15
MECTNOPOANCOEHUU C YYEHOM HOB020 000PYO08AHUSL
03.04.23 Paszoen «Dunancosuiii menedsircmenm, pecypcodrghgexmuenocms u 10
pecypcocbepedicerue)
23.04.23 Pazoen « Coyuanvuas omeemcmeeHHOCHb» 10
28.04.23 Pazoen na anenutickom szvixe 10
18.05.23 3axnouenue 5
25.05.23 Iloozomoska npezenmayuu 0oxknada 5
COCTABUNJIL:
PykoBoaurtear BKP
JloKHOCTH (115 (0] ‘Y4enasi cTeneHb, Toanuch JlaTa
3BaHHE
[Tpodeccop OHJI [Mapp Upuna J1.3.H.
BasieppeBHa
KoncyabTaHT (IIpH HaJIUYKHN)
Jlo/zkHOCTH [01% (0] Yuenas creneHb, IToanucn Jara
3BaHHUC
JlonieHT [MumvuHa JIrogMuna | K.X.H.
BceBononoBHa




COI'ZTACOBAHO:

PykoBoaurteas OOII

JonxHOCTH (2% (0] Y4enasi cTeneHb, IMoanuch Jara
3BaHue
[Tpodeccop Mensnuk Urops J.T-M.H
AHaToJbeBHY
Ooyuarwmuiics
I'pynna [5(0] Ioanuch JlaTa

2bM15

Myparos I[lerp Hukonaesuu




Pegepar

Brinmycknas kBanudukanmonHas pabdora 122 crtpanun, 23 pucyHka, 18
Tabmil, 34 UCTOYHUKA, STPUITIOKECHUS

KitoueBbie cioBa: MecTOpOKIeHuEe, HedThb, MOMYyTHBIM HEPTAHON Ta3,
cemnapariusi, MoJIeTMPOBAaHKE, TOBAPHBIN ra3, KOHJEHCAT, POIaH-0yTaHOBAask CMECh,
UCTIAPUTEINb.

OOBEeKTOM HcCNeAOBaHUs SIBISIETCS YCTAaHOBKA KOMILJIEKCHOM IMOJTOTOBKH
ra3a He(pTera3oKOHIEHCATHOTO MECTOPOXKIACHUS X.

Lens paboThl: obOecrieueHHWE KayecTBa TOBAPHOIO Ta3a B JIETHUW MEPHO]
paboTHl YCTAaHOBKH TMOJTOTOBKH 3a CUET CHI)KCHHS COACpIKaHUS KOMIIOHEHTOB C3-
Ca.

B npouecce wuccienoBaHus MNPOBOAWIICA aHAIM3 METOAOB IOJATOTOBKHU
He(TSIHOTO ra3a, M3y4eHHE ACUCTBYIOIICH TEXHOIOTHUH MOATOTOBKHA HEPTIHOTO rasa
HA MECTOPOXACHUH X, MOJICTUPOBAHUE TMPOIECCOB TIOJATOTOBKM Ta3a B
nporpaMmmHoM  komiuiekce  Aspen  HYSYS, pacuer koxyxorpyodudaroro
TEII00OMEHHUKA.

B pe3ynbrare wuccieNoBaHMS ~YCTAHOBJIEHO, YTO JIONOJHUTEIHLHOTO
u3BieueHUss KOMITOHEHTOB (3-Cs2 MOXHO JOOWUTHCS, TIOHH3UB TEMIIEPATYPY
BXOJIHOTO  TOTOKAa Ta3a WCIOJB3YyS TEXHOJIOTHMI0 HU3KOTEMIIepaTypHOU
KOHJICHCAIlMM C BHEUIHUM XOJOJWIbHBIM IUKIOM. JlJisi 3TOro mpemsiokeHo
UCITIOJIB30BaTh KOXKYX TPyOuaThiii TeruiooOMeHHuK. [Ipudem, He0OX0 UMbl 00beM
nponan-0yraHa OyJeT MOJydeH Ha YCTAaHOBKE JE3TaHU3allMU W CTaOWIM3aluu
KOHJICHCATa MECTOPOXKIACHUSA X.

B pesynbTaTe TeMIlEpaTrypa OCYIIEHHOTO NOTOKa rasa morusures ¢ 10°C no
59C, 4TO IPUBENET K CHMKEHUIO TEMIIEPATYPhl TOUKH POCHI 110 YIIIEBOJAOPOIAM C
munyc 2 °C go munyc 5°C.

[To pacueTHbIM XapaKTepUCTUKaM TOJOOpaH peagbHBIA TEIUIOOOMEHHUK
MapKu 10001 X-1-10-1,6-M1/251-4-4-Y-U1 MIPOU3BO/JICTBA 3A0
«HEDTEI' AZXVMMAIII.



TexHonoruss HU3KOTEMIIEpAaTypHOH KOHACHCAIIMM T[O3BOJIUT YCTaHOBKE
KOMILJIEKCHOM MOATOTOBKM ra3a palboTaTb B JIETHUM MEpPUOJ Troja, YTO JacT
BO3MOKHOCTE JOIOIHUTENILHO MoJTydath 211,6 MIH. M3/TOA OCYIIEHHOTO Ta3a W
39,7 ThIC.T/TOJ CMECH MpoNaH-OyTaHa TEXHUYECKOTO.

Hay4nast 3Ha4MMOCTh HUCCEPTAIMOHHOTO HCCIEOBAHUS 3aKIIFOYAETCS B
000CHOBAaHWY TPUMEHUMOCTH JOTIOTHUTEIBHBIX allapaToB JJIs JOTOTHUTEIHHOTO
OXJIQXK/ICHHS Ta3a MECTOPOXKIAEHUS X C YYETOM IPOBEICHHOIO CPaBHUTEIBHOIO
aHaNMM3a XapaKTepPUCTUK U  OCOOEHHOCTEH METOJOB TOJATOTOBKH  rasa,
UCIIOJIb3YEeMbIX JIJIi aHAJIOTHYHBIX TE€0JIOrO-IIPOMBICIOBBIX YCIOBUM pa3pabOTKu
MECTOPOKACHUMN YIIIEBOJIOPOIHOTO ChIPHSI.

[IpakTueckass 3HAYUMOCTh Pa0OOTHI 3aKJIIOYACTCS B TOM, YTO Ha OCHOBE
IIPOBEICHHBIX MOJIEJBHBIX PACYeTOB M Pe3yJIbTaTax OIMbITHO MPOMBIIUIEHHBIX
UCIIBITAaHUM JIOKa3aHa TEXHOJIOTMYeCKass W JKOHOMHYecKas d()PEeKTUBHOCTD
YCOBEPIIICHCTBOBAHMSI ~ TEXHOJOTUYECKOH CXEMBbI  OXJIAKICHUS  TIOIMYyTHOTO
He(TAHOIO raza Ha YCTaHOBKE KOMILJIEKCHOM MOATOTOBKU ra3a Ha MECTOPOXK/ICHUU
X, Tak KaK IPUMEHEHHE JAHHOW CXEMbI MO3BOJISIET MOJYYUTH JTONOJHUTEIbHBIN
00BbeM 100BIYH OCYLIEHHOTO Ta3a (2,3 MitH M%/cyT) M nponaH-0yTaHa TEXHUYECKOTO
(432 T1/cyT) B netHee Bpems. VIHBECTUIIMOHHAs MPUBICKATEIBHOCTh IPOEKTA
noaTBepkaaeTcs nmonoxutenbHbiM NPV> 6.9 mupa py6. u cpokom okymaemocTu

<lrona.



OBO3HAYEHUSA, OITPEAEJIEHUSA, COKPAILILEHUA

HI'KM - HedTerazokoHeHCATHOE MECTOPOKICHUE;
VB - yrinesonopomsl;

I'KC - razoxomImpeccopHas CTaHLUS;

[THI" - nomyTHBIN HEPTSIHOMU Ta3;

VKIII'uK - ycraHOBKa KOMIUIEKCHOM MOATOTOBKM T'a3a U KOHJICHCATA;
HTC - HuzkoTeMiiepaTtypHas cernapanmsi;

HTK - HuzkoTeMneparypHasi KOHICHCAUS,

ABO, BX - animapart BO31yIIHOTO OXJIAKICHUS,

THA - TypOoaeTaHACpHBIN arperar;

VIII' - ycTaHOBKA MOATOTOBKY Irasa;

I'O - ocyuieHHbIH Ta3;

CK - cTaOMIbHBIN Ta30BBIA KOHACHCAT;

CIIBT, I1b® - cmech nponaH-0yTaH TEXHUYECKUH;
TTP - TeMnieparypa TOUYKH POCHI;

[INPI - myHKT U3MepEeHUs pacxo/ia rasa;

[IDITY - mupokas Gppakuus JIETKUX YriIeBOIOPOIOB;

YJCK - ycTaHOBKa JAe3TaHU3AIMU U CTa0WIM3alluy KOHJIeH caTa.
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BBEAEHHUE

[TomyTHBII HEPTIHOMN ra3 MpeCTaBIAET COOON CMECh ra30B YIIIEBOAOPOTHON
IpyIIbl, KOTOPbIE MOTYT SIBIATHCS CIyTHUKAaMH HepTH mnpu ee g00blYe Ha
HE(QTAHBIX U Ta30HEPTIHBIX MECTOPOXKICHUSIX. B MPOMBIIIEHHOCTH SBISETCS
LEHHBIM 3HEPreTUYECKUM PECYPCOM U AKTUBHO HCIIOJIB3YETCS B XHMHYECKOU
MPOMBIIUICHHOCTH. JlJII COXpaHEHUsT M HCMOJb30BAaHUS €ro IOTEHUHAJA
HEOOXOMMO CO3/1aBaTh B MECTAX €ro J0OBIYH TPOU3BOICTBA €TI0 MPEIBAPUTEIHLHON
IIOJATOTOBKM B COOTBETCTBHM C POCCUMCKMMM CTaHAAPTaMU NPHU 3TOM COXpaHsA
HKOHOMUYECKH OIpaBJaHHbIe 3aTpaThl. [loaTOMY ciieyer yduThiBaTh OCOOCHHOCTH
1 3((HEKTUBHOCTH KaXA0TO0 METO/IA.

Taxke cTOMT y4uTHIBaTh, YTO J00OBIYAa TAaKUX CII0)KHOKOMIIOHEHTBIX
YTJIEBOJOPOIOB OCJIOXKHEHA UX HECTAOUIIBHBIM COCTABOM B IpoLiecce JOOBIYH.

UtoObl NpaBWIBHO pAa3JeNUTh Ha IEJIEBbIE KOMIIOHEHTHI Ta3 M HMX B
JAIbHEMIIEM TPAHCIOPTUPOBATh C MECTOPOXKIACHUN IPOECKTUPYIOT U CTPOST
YCTaHOBKH IO MOJTOTOBKH ra3a M KOHJIEHCATA.

Ha nedrerazoxonaeHcatHoM MecTopokaeHn X ToMCKo 00JaCTH ¢ y4eTOM
COCTaBa ChIPhs ObLJIa CHPOEKTUPOBAHA YCTAHOBKA MOJATOTOBKY T'a3a U KOHJAEHcATa ¢
MIPUMEHECHUEM METO1a HU3KOTEMIIEPATYPHOU cernapaluu. Pabounit
TEMIIEpaTyPHBII PEKUM KOHJEHCALlMHU BJIArd U NapOB BapbUPYETCS B JUANIA30HE OT
-8°C mo -33°C.

Ilocne BBeneHUs YyCTAHOBKM ITOATOTOBKM Ta3a M KOHJIEHCaTa B OINBITHO-
IPOMBIIIIEHHYIO IKCIUTyaTalli0 OOHAPYKUITUCh CEPhE3HbIE HEAOCTATKU B II1aBHOM
TEXHOJIOTUYECKON CXeM€e MOATOTOBKHU, BEAYLIUE K HEIOCTATOYHOMY HU3BJICUEHUIO
BJIA'M U TSDKEJIBIX YIJIEBOJAOPOJOB B TEIUIOE BpeMs roja. TeM camMbpIM CTajo
HEBO3MOYKHO C/IaBaTh ChIPbE€ B MAaruCTPAJIbHBIN TPyOONPOBOA JJIMTEIBLHOE BPEMS B
TE€YEHHUE rojia, KOTOPOE MOXKET JIOCTUTaTh U 10 6 MecaueB B roay. Kak ciencrsue
3aTpyIHUTENIbHA B JICTHUI EPUOJ TPAHCIIOPTUPOBAHKE CyXOT'0 ra3a u obecreyeHue

HEOOXOJAMMOW OTIPY3KHM TEXHUYECKOIO MponaH-OyTaHa € MECTOPOXKIEHHUS IO
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MPUYMHE HU3KOU TeMIIepaTyphl cenapaiuu raza. ITo NPUBOIUT K SKOHOMUYECKUM
MOTepsIM, CXKUTAaHUIO ChIphs Ha (akenax, OCTAaHOBKE OOOpYJOBaHUA M
OTPaHUYCHHSIM IO T0OBIYe He(PTH C BBICOKMM Ta30COJIECpKaHUEM CO CKBaKWH. B
HACTOsAIIEee BpeMs B KOMITAHUU IIPOBOJMUTCS ampoOaiusi HOBOTO O0OpYAOBaHUS
MOATOTOBKM Ta3a, CMOHTHPOBAaHHOTO B paMKax TIJIO0ATbHOM PEKOHCTPYKIIUU
YCTaHOBKH KOMILIEKCHOM MOATOTOBKY Ta3a.

OO6nexkToM wuccienoBanus siBiasercs KazaHckoe HedTerazokoHIEHCATHOE.
MECTOPOXKJICHHE.

[IpenmeTroM uccieoBaHUs SBISIOTCA TEXHOJOTHMYECKAash CXEMa YCTAaHOBKHU
MMOATOTOBKHM ra3a M Ira30BOro KOHJAcHcaTa

[lenbp uccnemoBanus — oOecreUeHUE KadyecTBa TOBAPHOIO ra3a B JICTHUM
nepuoa paboThl yCTAaHOBKH TIOATOTOBKHM 3a CYET CHIDKCHHS COJEp KaHUs
KOoMIOHEeHTOB C3—Cg.

3amaun uccieq0BaHUA

. N3ydnTh OCHOBHBIE CITIOCOOBI TOJATOTOBKHM CKBAKUHHOW MPOIYKIIUH K
TPAHCIOPTY MO MAaruCTPaIbHOMY T'a30IPOBOIY

. HccnenoBath OCOOCHHOCTH TEXHOJIOTHYECKOM CXEMBI YCTaHOBKHU

IIOATOTOBKH ra3a Ha Kazanckom He(bTeFaBOKOHI[eHcaTHOM MCCTOPOKIACHHUN

. PaccMoTpeTh TeOpeTHKO-TIPaKTHUECKHE aCTIEKThI PEIIEHUS MPOOIEMBI:
a) C UCTIOJIb30BaHUEeM adcopOepa;  0) TemI00OMEHHOTO arapara
. OO00CHOBAaTh TEXHOJIOTMUECKYI0 M IKOHOMHYECKYIO 3((HEKTUBHOCTH

MpeIara€MbIX pEIICHUHN MOCPEACTBOM MOJAEIBHBIX paCYE€TOB

NudopmaTuBHO# 6a30i JUIsi HATMCAHUS IUCCEPTAIMU SBIISUIACh y4eOHAst U
Hay4yHas JIMTEpaTypa, OTPACIEBbIC PErIaMEHThI, TOA0Basl OTYETHOCTh KOMIIAHMIA,
HOPMAaTHUBHO-TIpaBOBas 0asza pa3pabOTKH MECTOPOKICHHMS.

JI7 BBIOJTHEHUS MAaruCTEPCKOM HUCCEPTALUM MCIIOJIb30BAJICA TEKCTOBBIN
penaktop Microsoft Word, Tabnuus! u rpaduku BeinonaHsauck B Microsoft Excel.

[Ipe3enTtanus moAroToBieHa ¢ nmomouibio Microsoft PowerPoint.
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1. TEOPETUKO-IIPAKTUYECKHUE ACIIEKTbHI INIOJAI'OTOBKH T'A3A
HA MECTOPOXJIEHUHN
1.1 IIpouecchl NPOMBICJIOBOI MOATOTOBKH NMPUPOJIHOIO ra3a

[Ipomyxkius, moydyaeMas U3 Ta30KOHICHCATHRIX M He(PTETa30KOHICHCATHBIX
MECTOPOK/JICHUI OYEHb CJIOXKHAsS 1O COCTaBY, U BKIIIOYAET B C€0sl MUPOKUI CIIEKTP
yraeBoaoposioB  (VYB). JlaHHble TPOAYKTHI HCHONB3YIOTCS B  OBITOBBIX H
MPOMBIIIJIEHHBIX MEJSIX B KAU€CTBE TOPIOYETrO, MPU 3TOM METAH M ITaH SIBJISIOTCS
OCHOBHBIMHU KOMMOHeHTaMu. Tspkenbsie YB, Takue kak OyTaH, mporaH, MEHTaH U
JIpyTue, WCIOIb3YIOTCS KaK ChIPh€ B XHMHYECKOM MPOMBINIIEHHOCTH. JlJid
oOecrieueHHs] TPAHCIIOPTUPOBKM HEOOXOIMMO W3BJIEUEHUE TsxKEIbIX YB u3
J0OBIBAEMOT0 Ta3a, a TAaKKe BOJIbI M IPUMECEH.

B I'OCT P 53521-2009, B COOTBETCTBUM C KOTOPBIM HAa MECTOPOKICHUAX B
Poccuu BeayT MOATOTOBKY CKBOXKMHHOW MPOIYKIHH, CIEAYIOUIEE OMNpPEaesICHUE
ra3oBOro KOHJIEHCATa: Ta30BbIM KOHAEHCAT — 3TO KUAKAas MHOTOKOMIIOHEHTHAs
CMECh, B KOTOPYIO BXOJAT TmapaduHOBbIC, HA()TCHOBBIE U aAPOMATHYECKHUE
YTIEBOAOPOJIbI  IIMPOKOTO  JiMana3oHa (PpakIMOHHOTO COCTaBa, a TaKXKe
HEYTJICBOJOPOHAS YacTh, BBIICISAIONMIASCA Ha pa3UYHBIX JTamax cbopa u
noAroToBku. ['a30BbI  KOHAEHCAT MoOXkeT ObiTh cTabunbHbiM (KI'C) wm
HectabuibHbIM (KI'H). HazBanue HecTaOMIIbHBIN Ta30BbIA KOHACHCAT MOTyYaeT U3-
3a MPUCYTCTBYS yriieBooposioB Ci-C4, 4TO BEIET K TOMY, YTO MPU HOPMAJIbHBIX
yCIOBHSX KoOHAeHcaT «Bckumaer». KI'C moiydaror, ouMimas HECTaOMIbHBIN
KOHJICHCAT OT MpUMECEN U BBIACISISA W3 Hero yriaeBojopoabl Ci-Cy. DTOT mpoliecc
HOCHUT Ha3BaHUE CTAOMIM3AIIS.

[Tpomecchl M yCTAaHOBKHM, WCIOJIb3yeMble HA YCTAHOBKE KOMILIEKCHOM
noarotoBku raza (YKIII'), koHCTpyHpyrOTCS TakuM 00pa3oM, 4TOObI KOHEYHBIC
MPOJYKTHl COOTBETCTBOBAJIM TpPEeOOBAHUSM, W3JIOKEHHBIM B HOPMATUBHBIX
JTOKyMeHTax [1].

[Ipu IpOMBICIIOBOYM MOATOTOBKE rasa Ul MOCIEAYIOLIEN TPaHCIOPTUPOBKU

MOTYT HPUMCHATBCA:
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— HU3KOTEMIIEpPATypHbIE  METOJAbI, Takue KaK HHU3KOTeMIlepaTypHas
cenaparus (HTC), HU3KOTEMIIEpaTypHast KOH/JICHCALIHS (HTK),
HU3KoTemmnepaTypHas abcopbomust (HTA);

— OCyIIKa, KOTOpasi MOKET MPOU3BOJUTHCS KaK 3a c4eT adcopOInu, Tak U 3a

cyeT azacopOiuu [2].

1.1.1 MeTrox HU3KOTEeMIIEPATYPHOM cenapanun

[Ipouiecc HU3KOTEMIIEPATYpPHOU cenmapalyy ra3a sBISIETCS BaKHBIM 3TalioM
00pabOTKU MPUPOJHOTO Ta3a Ha MPOU3BOACTBE, KOTOPHIA IMO3BOJISIET MOTYYUTH
ra3oBblii KOHJEHCAT W W30aBUTHCS OT H30BITOUHOM Biaru. J[laHHBI MeTOn
peammsyercs B ycnoBusax Temmeparyp Huxke -15°C u obOecrieumBaeT BblmeleHHUE
TsokenblX YB u addexktuBHyo neruapartanuio rasza. s oxJaxkaeHus rasza Jo
HEOOXOJIMMON TeMIepaTrypbl MPUMEHSETCS JIPOCCEIMPOBAHUE IOTOKA, KOTOPOE
MOET OBITh YCHEIIHO UCIIOIB30BAHO MTPHU BBICOKUX YCTHEBBIX JaBICHUSX. OCHOBOM
npoccenupoBanus  sBisietcss  apdext Jxoyns-Tomcona (mapoccenb-adpdexr),
KOTOPBII 3aKJII0YAeTCA B TOM, YTO IO MYTH CJIEOBAHUS ra3a NpOUCXOAUT Nepemnas
JTABJICHUM, B PE3YJIbTATE YETO CHUKETCSA TEMIIEpATypa.

Ha pucynke | npeacraBiena texHosiormyeckas cxema ycraHoBku HTC.
[Tporiecc HTC raza mpoBOAUTCS CIEIYIOMIMM O0pa3oM: CKBaXXKMHHASI MPOIYKIIUS
MOCTYTIAeT B cenaparop 1, rje oCymecTBIsSeTCsl OTAeIeHNe KUIKoN (a3bl (BOIBI U
YTJIEBOJAOPOIHOTO KOHJIEHCATa), KOTOPbIE paHee BBINNAIM B CTBOJIAX M MLUIeH(ax
CKBOKMH. 3aT€M ra3 HampaBJsieTCs B TEIJIOOOMEHHHMK 2 THIA «ra3-Ta3y, Ie OH
oxnaxnaercs Ha 10-15°C u Gonee. J{anee ra3 mpoxoauT 4e€pe3 APOCCENbHBIN anmapar
3, B pe3yJbTaTe Yero ero remmneparypa cHuxkaercs 10 -10°C uiam nmke Graromaps
s dexty Jxoynsa-Tomcona. OXaxkIeHHBIN ra3 MOCTyHaeT B HU3KOTEMITepaTyPHBIHA
cenapatop 4, rAe OTHAENACTCS CKOHJEGHCHUpOBaBIIasCcs >Kuakas (aza (Biara u
1eJIeBble KOMIOHEHTHI). OUMILIEHHBIH ra3 MPOXOAUT 00PaTHO Yepe3 TEII000MEHHUK

2, A€ OH HArpeBacTcCs, a 3aTCM BbIXOJUT B I'a30IIPOBO/] B KaUCCTBC IIPOAYKTA.
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Pucynok 1 —Texnonornueckas cxema ycranosku HTC:

1, 4 — cenaparopsl; 2,5 TEMI000OMEHHUKH; 3 — IpOCCeb; 6 — HAcoC; 7 —
YCTaHOBKa pereHepallMuMeTanona; 8 — GuibTp; 9 -rpéxdaszuplil paznenutens; [ —
ckBakuHHas npoxaykuus; II — cyxoit ras; I —razoBeiit koHaeHcaT u Boga; [V—
ra30BbIM KOHACHCAT U ME€TaHoI; V — ra3oBbIil KoHAeHcaT; VI — meTaHon
HachleHHbIN; VII — MeTaHon pereHepupoBaHHBIM [7]

JUis u3bexanuss 00pa3oBaHUsl THAPATOB HCIOJNB3YIOTCS HMHTHOUTOPHI
rUApaToo0pa3oBaHus, MPUYEM B CYpOBBIX CEBEPHBIX YCIIOBUAX 3AIIUTHYIO POJIb
urpaetr MetaHoja. UHruburop BBOAUTCS B CHCTEMY Iepel TEIUIOOOMEHHUKOM 2 U
nepeqn  apocceneM 3 I TPEAOTBPAIICHUS  BO3MOXKHBIX — IIPOOJIEM.
BonomeTtaHonbHBIN pacTBOp M KOHJEHcaT YB, kotopble ObLIM OTHEICHBI B
cenaparope 4, nepeaaroTcs B pa3AeIUTeNb 9 11l HaCTUYHOM Jera3alMi KOHAeHcaTa
U Tocyenytomel crabmimmsanuu. Vcnonb30BaHHBIN BOJHBINA PacTBOP MHTHOUTOpA
rUApaToo0pa30BaHusl HAMpPABISAETCA HA YCTAHOBKY pereHepauuu. /laHHas cxema
MOKET OBITh Ha3BaHa JIBYXCTYNEHYATOH, HO €CTh BO3MOKHOCThH HMCIOJIb30BaTh U
Oonpiie crymeHed cemaparuu. OpHaKO Ha TMpaKTUKE, KaK MPaBUIIO, HE
UCIIOJIB3YIOTCSI CXEMBI C 00Jiee yeM TpeMs CTYIEeHsIMU [7].

Texnonorus HTC, koTopas oCyIecTBIsE€TCS O MPUHLMUITY BBIIIEOTUCAHHOU
CXeMbl, 00JaaeT pSAIOM MPEUMYLIECTB:

— HHM3KHE 3aTpaThl Ha KalUTaAJIbHbIE M HKCIUIyaTallMOHHBIE PACXOJbI,
O0COOEHHO Ha HayaJlbHOM JTare pa3paboTku Ojarojapst cBOOOAHOMY Tepemnamy

JTaBJICHUS;
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— OJHOBPEMEHHOE OTAECICHHE OT ra3a BOJbI U TSIKENbIX Y B;

— MPOCTOTA B AKCIUTyaTaI[UU U TEXO0CITyKUBAHUHY;

— THOKOCTBH OBICTPOW PETYJIHPOBKH M aBTOMATH3AIMH TEXHOJIOTHYECKOTO
MpoIlecca Ha MPOMBICIIAX;

— BO3MOXHOCTh MOJIEPHHU3ALIMA TEXHOJOTHMM B CIIy4ya€ CHIDKCHUS
IJIACTOBOIO JIABJICHUSI M CBOOOIHOTO Tepenajia gaBieHus [7].

Opnnako y texnosorun HTC ecTsb ciienyroniye He10CTaTKU:

— HECOBEPIIEHCTBO TEPMOJUHAMHYECKOTO npoiiecca pa3oBoi
KOHJICHCAIUU, TJI€ U3BJICUCHHUE LIEJIEBbIX KOMIIOHEHTOB M3 MPUPOJHOrO rasza Mnpu
3a/IaHHBIX YCJIOBUSAX 3aBUCUT TOJIBKO OT UCXOJIHOM CMECH;

— C TEYEHUEM BPEMEHHM TeMIlepaTypa Cenapaluyyd TMOBBIIIAETCS, YTO
MPUBOJUT K CHWIKEHHUIO HW3BJICYEHUS IEJIEBBIX KOMIIOHEHTOB. JTO CBSI3aHO C
MajIcHUEM IUJIACTOBOTO JABJICHUS U YMEHBIIIEHHEM CBOOOJHOTO Iepernaaa Ha
ZIPOCCEIIE;

—  paclUpsAOUIMNCcS Ta3, KOTOPBI MOT Obl COBEPIIUTH pabOTy, MOTEPSIETCS
B BHUJE TEIUIOTHI, YTO CHUXAET d(PPEKTUBHOCTHh OXJAXKICHUS (HECOBEPIIEHCTBO
TEPMOJMHAMHYECKOTO TIpollecca H30IHTAIBIIUUHOIO pACHIMPEHUs Ta3a Kak

poliecca OXJIAXKIACHHUS).

1.1.2 HuzkoremnepatypHasi KOHACHCALMS

HuskotemnepatypHas KOHACHCAIHS — 3TO MPOIIECC OXJTKISHUS TIPUPOTHOTO
rasza rnpu MoCTOSTHHOM JIaBJICHUH, B PE3YyJIbTATE KOTOPOTO MIPOUCXOIUT KOHICHCAITUS
KOMITOHCHTOB Ta30BOTO KOHJIEHCaTa WJIM €ro (Qpakiuii, a 3aTeM IPOUCXOJUT
pasleicHre WX Ha Ta30BYK M JKHIKYIO (a3bl MpHU ITOMOINN CelapariiOHHbBIX

. 0
yCTaHOBOK. Takoi MeToj peanzyercs npu temneparypax ot 0 no -40°C.

JI7iss  OCyIIeCTBICHHS JTOTO TMpollecca IUIACTOBYIO MPOAYKIIMIO CHaudaia
OXJIAKIAIOT JI0 HYKHOM TEeMIIepaTyphl NMPU TOCTOSHHOM JIaBJICHUU BHEITHUM

X0JI0A0M, ITOCJC 4YCT'0 M3BJICKAOT KOMIIOHCHTBI M OAJICC PAa3AC/LAIOT B CCIIapaTopax
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Ha ra3oByI0 U XUJKYI (a3bl. OnHAKO MPOOIEeMATUYHO Kaue€CTBEHHO OTIEIHTh
jerkue YB oT TskenbIX ¢ MOMOIIbIO OJHOKPATHON KOHJEHCAIIMU U TIOCIEAYIOIen
cemapanuy, T03TOMY  IEJIECOOOpa3HO  HWCIOJIB30BaTh  PEKTH(PUKAITMOHHBIC
JeMEeTaHU3alliK, JIedTaHU3alUd WK JeO0yTaHUu3aluu. ITU METOJbI MPUMEHSIOTCA
JUIA OTHAeJeHUus JeTkux YB oT xuakoil ¢aspl, KOTOpas MOCTYMaeT C MOCIeTHEH
CTYIICHH Celapalnu, a ra3oBast (pa3a BHIBOJUTCS C MOCIEAHEH CTYIICHU CETapaluu.

JIis oxnakieHus NOTOKA Tra3a U3 CKBAXKUH Ha MIeNb(ax HCHOIb3yeTcs 0JI0K
XOJIOIUJIBHOTO KOHTYpa. XOJOJ MOCJE€ YCTAHOBKH XOJOJMUIIBHBIX KOMIIPECCOPOB
IPOU3BOANUTCS 32 CUET allapaToB BO3IYIIHOTO OXJIAXK/IEHUS, a KOHACHCUPOBAHHBIN
XJIQJAareHT TMOoJaeTcs B KuAKOW ¢asze B ucnaputenb. OTOOp Temia OT ra3oBOro
IOTOKA MPOUCXOAUT MmyTeM (a3oBoro mepexoja XJjaJareHra, a B OJIOKe
HU3KOTEMIIEpAaTypHON KOHJIEHCAIlUM Ta3 OXJaXJaeTcsd B TEIJIOOOMEHHUKAX U
UCIIapUTeNle XJIaJareHTa, a 3aTeM pas3eiisieTcs Ha ra3oBYI0 M JKHUIKYIO (a3bl B
cenapatopax. Cyxol ra3 mojorpeBaeTcs B TEIUIOOOMEHHUKE U OTHpPABISETCS B
MarucTpajbHbId TPYOOIPOBOA, a KUIKUN KOHJIEHCAT - Ha crabuinu3anuio. CMmech

BOJIbl U UHTHUOUTOPA HAMPABJISIETCS HA YCTAHOBKY pereHepalui UHruOuTopa.

1.1.3 HuskoremneparypHast adcopOoums

TexHonoruss HHU3KOTEMIEPATypHOU abCOpPOIMM  OYEHb I[OXOXa Ha
TEXHOJIOTHI0 HU3KoTemnepatypHoro cenapupoBanus (HTC), Ho e€ rmaBHOE OTIM4Me
3aKJIFOYAETCS B 3aMEHe HU3KOTEMIIEPaTypPHOTO cenaparopa Ha
HU3KOTEMIIEpaTypHbI  abcopOep (puUcyHOK 2). VYcTpoWcTBa BIPBICKUBAHUSA
abcopOeHTa  mepel]  HU3KOTEMIEpPAaTypHbIM  CenapaTopoM  (MHXKEKTOPHI),
paCTOJNIOKEHHBIE OOBIYHO Tepe]] PEAyHHUPYIOUUM JJIEMEHTOM, TaKXKe MOTYT
HCII0JIh30BaThCS B KAUECTBE AJIbTEPHATHUBBI 3aMEHE cerapaTopa Ha abcopoep.

bnaromapss wucnonp3oBaHmio  abcopOepa-cemapaTopa,  YIIE€BOIOPOIHBIH
KOHJICHCAT MOJKET CIIYXHUTh a0COPOCHTOM Ha MacCOOOMEHHON MOBEPXHOCTH.

KOHI[@HC&T, HBH)KYMHﬁCH B IIPOTHBOTOKE, YCIICHIHO BBIACIACT YaCTb LCJICBLIX
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KOMIIOHEHTOB M3 MPUPOIHOrO raza. XoTs €CTb U JIpyrMe BapuaHThl aOCOPOEHTOB,
OpPUMEHEHUE KOHJEHcaTa sBIETCs Oojieeé SKOHOMMUYECKH M IMPaKTHYECKU
00OCHOBAaHHBIM, TaK KakK B Cllydyae NPUMEHEHHs JPYrux aOCOpOEHTOB BO3HUKAET
HEOO0XOAMMOCTh B 00CITY’)KUBAaHUH U PET€HEPALIUU YCTAaHOBOK a0COPOLIUH.

B xauectBe abcopOeHTa MOKET UCTIOIB30BATHCA KaKk KOHJIEHCAT C MEPBOM, TaK
U C HHU3KOTEMIEpaTypHOH cTyneHu cenapauuu. OJHAKO Henb3s OJHO3HAYHO
YTBEPKJATh, YTO OJUH BAPUAHT Jy4lle APYTroro, Tak KaKk IPUMEHEHHE KOHACHCATA
nepBoii cryneHu ynpomaer cxemy HTA, HO CHMXaeTr W3BICYCHHE IENEBBIX
KOMIIOHEHTOB. M3B1euenune nponaH-0yTaHOBOW (PpaKLIUK TaKKe 3aBUCHUT OT COCTaBa

n acradaliiy KOHACHCATA.

Pucynok 2 — Texnonornueckas cxema ycranoBkd HTA ¢ nucnons3oBanuem
KOHJIEHCaTa MepBOi CTyIeHu B kKauecTBe abcopoenta: C-1 — cemapatop; P-1, P-2
— pazaenutenu; A-1 — abcopbep-cenaparop; T-1, T-2 — pexynepaTuBHbIS
TEIJI000MEHHUKH; X-1 — XomoamIbHUK; I-1 — 35kekTop; I —

ckBakuHHas npoxykuust; I, VI — Haceimennsiit pactBop unruoutopa; Il — cyxoi
raz; IV, VII — ra3 BeiBeTpuBanus; V — HecTaOWIbHBIN KOHAEHCAT [10]

[Tpumenenne HTA mo3BoisieT MOBBICUTH H3BJedeHHE KOMMOHEHTOB C3-Cy4
Ha 10-15%, Csis HAa 5 % mno cpaBHenuro ¢ HTC npu onuHaKoBBIX

TEPMOOAPUUECKUX YCIIOBUSIX.
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Onnako HTA umeer cienyromyie He10CTaTKU:

— MECTO KOHTaKTa abCopOeHTa C Ta30M MOKET «3aCOPATHCS» TYTOIJIaBKUMU
napauHaMu, 4T0 CHIKAET 3P PEKTUBHOCTh MAaCCOOMEHHBIX MPOIIECCOB;

— abcopOeHT MOXeT aKTHBHO YHOCUTCS TIOTOKOM Ta3a M €ro Helb3s

OCTaBHUTh B CUCTEME U peKynepupoBats [11].

1.1.4 Ocymka npupoaHOro ra3a

Ocyiika HOpUpOJHOTO ra3a CBOAMTCS K YAAQJECHUIO BJIArM W3 Ta3oB, 4TO
oOecrieyrBaeT O0E3rUaPaTHYI0 TPAHCHIOPTUPOBKY U DKCIUTyaTaIusi 000pya0BaHUS.
Meroapl T1yOOKOM OCYIIKM Ta3a OCHOBHBIX 2 TuUTMA: a0COpPOLMOHHBIM U

a7cCOpOIIMOHHBIN

1.1.4.1 AGcopOuHMOHHAA OCYIIKA MPUPOAHOIO ra3a

AGcopb1ust — 3TO U30UpaTEIbHOE MOTJIONICHUE Ta30B WM MapOB KUIKUMHU
abcopOentamu. [IpOTHBOMOIOKHOCTHIO a0COPOLMM SIBJISIETCS JeCOpOLMsl, KOraa
BEIIECTBO TIEPEXOJAUT M3 KUIAKOW (a3bl B razoByro. s ycmemntHoi abcopOuuun
HEOOXO0JIMMO, 4YTOOBI COOJIIO/IAJIOCh TJIaBHOE YCJOBHE: NapLMAIbHOE JABJICHUE
HEO0OXOUMOTO JJI U3BJICUCHHS] KOMITIOHEHTA B OOIIEH CMECH MPEBBIIIAIIO JIaBJIICHUE
abcopOeHTa, 4TO OOECreunBaeT MOTJIONMIEHHEe KOMIOHEHTa KuaAKkoh (azoil. Uem
OoJipllle pa3HUIla JaBJICHUW, TEM CHUJIbHEE NPOUCXOAUT mpouecc. JlecopOrus
WCIIOBb3YETCS JIJISl BBIAECICHUS LIEJIEBOr0 KOMIIOHEHTA M3 KUJIKOTO TMOTJIOTUTENS B
ciydae HeoOxomammocTu. Hampumep, mpu u3BIedeHUHM TsDKeNbIX YB w3 rasa.
PerenepupoBanHbIii aOCOpPOESHT MOBTOPHO HCIOJB3YETCS B Mpoliecce adbcopOiumu.
CymiecTByIOT JBa THa abcopOrmu: pusudeckas u xumudeckas. B mepBom ciydae
KOMITOHEHTBI M3BJICKAIOTCS M3 Ta3a 3a CUET WX PACTBOPUMOCTH B aOCOpOEHTax, a
XuMHUecKasi abcopOIIHsi OCHOBaHA HA XUMUYECKUX PEAKITUIX MEXK]TYy U3BJIEKACMbIMHU

KOMITOHCHTaMH M aKTHBHOM 4acThio abcopOeHTa. B kauecTBe aOCOPOSHTOB IITMPOKO
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VCIIOJIb3YIOTCSL BOJHBIE PACTBOPBI IVIMKOJIEW JBYXaTOMHBIX CIIMPTOB, HalpuUuMmep,
ATWJICHIJIUKOJb, AUATUICHTIIMKOIbL W TPUITWICHTIUKONb. [JHKoIM 00Ja7atoT
BBICOKOM B3aMMOPACTBOPUMOCTBIO C BOJIOM M MPOCTHI B pereHepanu. OHU Takke
VMEIOT HU3KYIO BA3KOCTh U KOPPO3MOHHYIO aKTUBHOCTBH, MAJIYIO PaCTBOPUMOCTH

OnHa U3 cXeM ¢ MpUMEHEHHeM ajicopOepa mpecTaBlIeHa Ha PUCYHKE 3.

Pucynok 3— Cxema cTaHIapTHOM yCTaHOBKH IJIMKOJIEBOM OCYILIKH rasa: I - ceipoit
raz; Il - cyxoii raz; III -Bozga; IV - mapel Bogsl; V - cyxou riaukods; VI -
CBIPO# TIIMKOIIb; 1 - cemaparop; 2 - abcopOep; 3 - reHepaTop rIuKos; 4 -
TEIUIOOOMEHHUK TJIMKOJIb-TIIMKOIb; 5 — Hacoc [7]

CkBa)XxvHHAas MPOIYKIMs HAIIPaBJIsieTCs] BO BXOJHOW cemnaparop, rie ra3opas
U KuaKas (asbl pa3AemsioTcs. 3aTeM, I OCYIIKU rasa, UCIoJb3yeTcs abcopoep ¢
KOHIICHTPUPOBAaHHBIM ~ pacTBOpoM riukojis. Cyxoll ra3 HampaBisieTcsl B
MarucTpajibHbIid TPyOOTIPOBO, a OTpabOTaHHBIN a0COPOEHT MPOXOIUT Yepe3 HACOC
Y TMIOBTOPHO MCHOJB3yeTCs B Mpoliecce abcopOunu. CTOUT OTMETUTD, YTO TIIMKOJIN
OPUMEHSIOTCS TPEUMYIIECTBEHHO Ha Ta30BbIX MECTOPOXKIEHUSX, a He Ha
ra30KOHICHCATHBIX U HE(PTETa30KOHACHCATHBIX. DTO CBS3aHO ¢ HEOOXOIUMOCTHIO
M3BJICUCHHS Ta30BOTO KOHJIEHCATa U3 OTPAbOTaHHOTO abcopOeHTa.

1.1.4.2 AxcopOumoHHAas OCyIIKA NPUPOIHOTO ra3a

MeTto/1 ocyIIKH ra3a ¢ UCIOJIb30BaHUEM aJICOPOEHTOB, O€PYIINii CBOIO OCHOBY
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B TIOTJIOIIEHUHM Ta30B TBEPIBIMU BEIIECTBAMH, MPEACTABISIET COOOW CYIIHOCTH
ancopOIMoHHoro monaxona. [Ipomecc ancopOrMu BO3HWKAeT Onarogapsi cuiaaM
OPUTSDKEHUS MEXIY MOJEKyJaMHu aJcopOeHTa M TOIVIOIIAEMOrO BEIECTBa.
D¢ heKkTUBHOCTD NCTIOIB30BaHUS METO A aICOPOIIMU HanboJee BRICOKA MTPH HU3KOM
COZICpKAHUN HW3BJIEKAEMBIX KOMIIOHEHTOB, COJEPKAIMXCS B TOJATrOTaBIMBAEMOM
rase.

AncopOrust MOKET OBITh Kak (DU3WYCCKHUM, TaK ¥ XUMUYCCKUM TPOIIECCOM.
Paznuume cocroMT B TOM, YTO TMPH XHUMHYECKOH ajCcOpOLUMU  MOJIEKYJIBI
MOTJIONIAEMOT0  BEIIECTBA BCTYMAlOT B  XMMHUYECKOE B3aUMOJICUCTBHE C
MOBEPXHOCTBIO  aJicopOeHTa, olecrieunBas 0OoJjiee TMPOYHYIO CBSI3b  MEXKIY
NOTJIOLIEHHBIM KOMIIOHEHTOM (a1copOaToM) U afiICOPOEHTOM.

[Ipouecc ancopOLMOHHON (MIBTpPALUU MPOAOIDKACTCA 10 TE€X IOp, MOKa
aKTHBHAsI TIOBEPXHOCTh WM 00BEM MOPHUCTOTO a/IcOpOCHTa HE OYIyT MEepernoHEHbI
MOJIEKYyJIaMH TIOTJIOIIAEeMOro rasa. B nanbHelem, mpyu NOCTYIJICHUN Ta30BOM CMECH
B aJICOPOEHT, MOJIEKYJIbl KOMIIOHEHTa C MEHbILIEH aacopOupyeMoCThi0 OyayT
YaCTUYHO BBITECHITH MOJIEKYJbl TIOTJIOIIAEMOTO BEIIeCTBA C 0o0Jee BBICOKOI
a71copOUPYEMOCThIO, YTO B KOHEYHOM UTOTE MPUBOJUT K JIOCTHKEHUIO PaBHOBECHS
MEXy afcopOMpOBAaHHBIMHU U HEAICOPOMPOBAHHBIMU COCTABIISIOIIUMHU.

[Ipy TPOMBINIIEHHOM WCHOJIB30BAHUN aAACOPOEHTH JOJDKHBI 00JajgaTh
CIICYIONIMMHA XapaKTEPUCTHUKAMHU: BBICOKON TMOTJIOTHUTENHLHOM CIOCOOHOCTHIO,
BKJTIOYasi BO3MOYKHOCTB MOTJIOMICHUS BJIATH;, IPOCTOTON pereHepaIiiy 1 MOJITHOTOM e€
MIPOBEJICHUS; BHICOKOM AKTUBHOCTHIO B OTHOIICHHUU MOTJIONIAEMOTO KOMIIOHEHTA,
IPOYHOCTHIO UCTEUEHHUS rasa B CJIO€ aICOPOCHTa U MEXaHUUYECKOW MPOYHOCTHIO, TO
€CTh YCTOWYHMBOCTBIO K Pa3pyIICHUIO TOJ BO3ACHCTBUEM MAaCChl BBIIICIEKAITIX
CJIOEB.

TBepaple TOpHUCTHIE BEUIECTBA, MMEIOIINE OOJBIIYIO YACTHHYIO TOBEPXHOCTD,
TaKue KaK aKTUBHPOBAHHBIC YTIIU, CHIIUKATeIIH, [IE0JIUTHI, IIMPOKO MCIOIB3YIOTCS B
KauecTBE aJICOPOCHTOB.

Hcnonp3oBaHne MeToa aicopOIMy IJIsl OCYIICHHUS ra3a OCYIIECTBISETCS IO

CJIEIYIOILEN TEXHOJIOTUYECKON CXeMe (PUCYHOK 4):
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Pucynok 4— TexHonoruueckasi cCxema OCYIIKH ra3a METOJI0M aJICOPOIUU:
1, 2 —ancopbepsl; 3 — peryasTop JaBJICHUS THUIA «IOcie cedsy; 4 —
XOJIONWJIBHUK; 5 — EMKOCTB; 6 — ra3oyBKa; 7 — IOJOTrpeBaTENb rasa
['a3 mpu MOAroTOBKE MPOXOAMUT YEpe3 OAMH U3 aJcopOepoB, HACKIIIAs €TO0
BJIAarOM, BTOPOM CTOMT Ha pereHepanuu. [[ns pereHepaunu HCHOJIB3YH MOTOK
OCYLIEHHOI0 Ia3a, MPeABAaPUTEILHO HarpeToro A0 BBICOKMX TeMIieparyp. ['opsaunii
IOTOK BBIIAPUBAECT HAKOMUBUIYIOCS )KUJIKOCTb.
1.2  ®akropbl, BJMAKOIIHE Ha I[poUecC HHU3KOTEMIIEPaTypPHO

cenapauuu

IIpu onenke »>@dexktuBHOCTH padoTrel ycraHoBok HTC mnpooxdar
MOJICIUPOBAHUE U SKCIEPUMEHTHI C Mepedop pa3iuyuHbIX MapaMeTpoB, KOTOpHIE
MOTYT OKa3blBaTh BIMSHHUS. JlOCTOBEPHO M3BECTHO, YTO HHU3KOTEMIIEPATYypHAS
cenapanys Mporecc JOCTaTOYHO M3YYEHHBINM M YK€ U3BECTHO, YTO OH 3aBUCHUT OT
CIIEAYIOIMX MTapaMeTPOB: AABJICHUE, TEMIIEpaTypa, YHciaa CTYIEHEH cemapaiuy,

KOMITIOHCHTHOI'O COCTaBa ChIPbsA

1.2.1 Bausinue naBJjieHus

[Ipy mnpoekTupoBaHMM MOATOTOBKM Ta3a, B YAaCTHOCTH paCIpeNcIICHUS
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JABJICHUS Ha KaXIO0M CTYNEHW Cenapauuy MPpUAEPKUBAIOTCS CIEAYIOLIETO
NPUHIIMIA: HAa TIEPBOM CTYNEHH JIaBJIEHUE YCTAHABIMBAIOT TaAKUM 00pa3oM, YTOOBI
OHO COOTBETCTBOBAJIO JABJICHUIO, MOJJICP)KMUBAEMOMY HA BBIKUIHBIX JIMHUIX
CKBKHH, JTUOO MaKCUMAaJIbHO BO3MOKHOMY JIaBJICHUIO Ha BBIXOJE KOMIIPECCOPHOM
CTaHILIMM €CJM YCThEBOIO JAaBJICHUS HenoctaTouHo. Ha mocnemHen ke CTyneHu
JABJICHUIO HE JAlOT YNAacTh HIWKE MHUHHMAJIbHO YCTAHOBIEHHOTO IS
MarucTpajibHoro TpyoompoBoaa. B mpoTuBHOM ciyyae He yAacTcs 0O€CHeduTb
00BEM MPOKAYKH.

CambIM BaXKHBIM B MPOLIECCE HU3KOTEMIIEPATYPHOU cemapaiuu sBISETCS
oOecrieyeHre He0OX0IMMOTO Tepenaja JaBiaeHUs Ui JOCTUKEHUS MaKCUMATbHOU
CTEINEHU BBITIAJICHUS KUJKOU (pa3bl U3 MOITYy4aeMOTo ChIPhSI.

s 3TOro BBEAECHO NOHATHE AABJICHHS MAKCHUMaJbHOM KOHAEHcauuu. B
MPOLECCE M30TEPMUYECKOTO PACHIMPEHUS] TPU JTaHHOM JABJIICHUM MPOUCXOIUT
BBITIAJICHUS OOJIbIIIEH YaCTH KUJIKON (Da3bl.

JIns  OTOEnbHBIX BEIIECTB O3TO JaBieHHE oTiaudaercs. CyliecTByeT
B3aMMOCB3513b MEXKY Maccor Y B 1 1aBieHreM KOHICHCALMU: YE€M BBIIIIE MAcCa, TEM
BBIIIIE JJaBJIeHUE KoHeHcau. C yBeTMYeHUEM TeMIIepaTyphl JaBJICHUE BEJET ce0s
CIeAyIOIMM  00pa3oM:  BHadalle TMOCTENEHHO  JaBJECHUE  KOHACHCAIUU
YBEJIIMUMBACTCS, JOXOAUT OO OINPEACIICHHOrO IMpeaena, a MOTOM CYHIECTBEHHO
nmamgaet [10].

[TonGop naBieHuit U TeMiiepaTyp cemnapaiy OPUEHTUPOBAH HA W3BJICUCHHUE
Y3 Ta3a TSHKEIBIX KOMIIOHEHTOB IPU COXPAaHEHUU B Ta3e JIETKUX: METaHa U 3TaHa. B
IIPOCTEUIIINX CXEMaX HU3KOTEMIIEPATYPHOU cenapauyy JOCTAYb JIYYIIUX YCIOBHM
pa3feneHus yAaeTcs TOJIBKO TPH HU3KUX JaBICHHSX, HEIOCTAaTOYHBIX JJIsi
JTaNTbHEHIIEH TPAHCTOPTHUPOBKH, YTO PEIIAeTCsl YCTaHOBKOW TypOO/IeTaHIePHBIX

arperaToB U 10’)KMMHBIX KOMIIPECCOPHBIX CTaHHI/Iﬁ.

1.2.2 Bansinue TeMneparypbl

Temneparypa npu HU3KOTEMIIEpaTYpHOUM cemapanuud 00sS3aTebHO JOJHKHA
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OBbITH 3aJ0’)keHa HE BBIIIE TOYKH pochkl 0 YB. OHa B CBOIO ouepenb AUKTYETCS
HOopMaTUBHBIM JOKyMeHTOM [TAO «I"a3npom» no TpeOoBaHUSIM K MOATOTOBKE rasa
CTO Tasmpom 089-2010. Takxke TeMmreparypy OOBIYHO Jep>KaT Ha YpOBHE,
HEOOXOTMMOM JIJIsl U3BJICUEHUS MTPOTNIaH-0yTaHOBOM (hpaKIuu.

Ecnu paccmaTpuBath npoiiecc cenapanuy Ha Kaxa0i CTyIIeHH, TO Mbl MOYKEM
HaOII0aTh CIEAYIOUIYIO KapTUHY: Ha TIEPBOIl CTYNEHH B KHUAKYIO a3y MepexoasT
caMble «TSKEJbIe» KOMIOHEHTHI U3 psaaa Cs:, Ha MOCIENYIOIMIUX YXKE OCTaBIIMECS
«Jerkue». MoKHO YMEHBIIUTh TEMIEpaTypy AJs JTydlleil KOHAECHCAIH, HO TOoraa
YMEHBILIAETCSI «U30MPATEIBHOCTD» MO OTHOIICHUIO K BBINAJACHUIO 00JIee TSXKENbIX
yraeBogoponoB. Ilox Helt moapasymeBaeTcs, UTO OTHOIIEHHE IEJIEBBIX
KOMIIOHEHTOB, B JJaHHOM CIly4yae MpormaHa u OyTaHa, Kk oOiemMy o0beMy KUAKOTO
OCTaTKa CTAaHOBUTCS HaMHOTo Oosblie. Hu3kas reMieparypa BeJIeT K pe3KOMY pOCTy
Macchl TPOAYKTOB KOHJEHCAIIMM TMpomaH-OyTaHa, ObICTpee YeM TDKEIbIX

(pucyHOK 5).

Pucynok 5 — Bausiaue temrnepaTtypsl Ha n3bupatenbHocTh niporiecca HTC:

1 —mo Cs+ B nenom no cxeme; 2 — no Cs+ 7151 KOHIIEBOM CTYNEHU cenapanuu; 3 —
o C3 mo BTOpo# cTyneHu cenapauuu; 4 —no Cs 1o BTOPOU CTYIIEHH CETapalyu

beuto mpoBeneno uccnenoBanue [14] xonaeHcauuu yrieBoaopogoB Cs: B
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OONBIIOM JAMANa3oHe TeMIleparyp M Ha Xpomarorpade IpoaHaIUu3upOBaH
KOMIIOHEHTHBIH COCTaB ra3a 1ocJe noAroToBKH (pUcyHOK 6 u 7). JlaHHbIE [TOKa3ay,
YTO I JOCTHXKEHUS HEOOXOIMMOW CTEMEHH OCYIIKM MOXXHO HE TOJBKO Oosee
rITyOOKHUM OXJIaKJIEHUEM, HO UX NOI0Mpas JaBJICHHE MaKCUMaJIbHOW KOHJEHC AN
C CcOXpaHeHueM TeKymeld Temneparypsl. [IpaBna >Q¢EeKTUBHOCTH CHUXKEHUS
JlaBJIeHUs pabOTaeT B y3KOM MHTEpBaJie AaBieHU. /lajiee CHIDKEHUM 1aBlIeHHUE 1T
OYeHb HU3KUH 2 (EKT: Ipy CHUKEHUH, HallpuMep, AaBiieHus ¢ 7 10 4 Mna npupoct
TSOKEJIBIX KOMIIOHEHTOB COCTaBIISIET MEHee MpolieHTa OT obmero oobema

CKOH,Z[GHCHpOBaHHOfI KHUIKOCTH.

PucyHok 6 — 3aBUCUMOCTb CTETICHU W3BJICUEHUS YriieBo10poaoB Cs+p OT
Tepmobapuueckux mapameTpoB HTC miis raza 3amoiasspHoro MecTopoKaeHus
[14]

Pucynok 7 — 3aBUCHMOCTb OCTaTOYHOTO conepkanus y/B C5+p B raze
HU3KOTEMIIEpaTypHOU cemapaiuu ot Tepmodapruecknx napametrpoB HTC
TS Ta3a 3amoJIIpHOTO MECTOPOKIeHus [ 14]
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1.2.3 BausiHue 4ncJia CTyleHeHd cenapauuu

KonnuecTBo cTymneHel cemapanyy UIrpaeT HEMaJOBAXXHYIO POjb. OMBITH U
MO/JIETUPOBAHKE MOKA3aJIM, YTO MIPU OJHOCTYIICHUATON Cemapanuyi MOXET JOCTHYb
BBINIAJICHUE OOJBIIEH YacTH TKEIbIX KOMIIOHEHTOB, HO BMECTE C TSKEIBIMU
BBINA/IAIOT U «JIETKUE», B TOM YHUCJIE W LIEJIEBbIE M3-3a HU3KUX JaBieHuil. [l
COXpaHEHMUs cemapauuu Ipu OOJIbLIEM JaBJICHUM M OOECIEUYEHUEM YETKOIO
pasfeneHrs Mo KOMIIOHEHTaM BBOJASAT JOINOJHUTENbHbIE cTyneHu. Llupoxoe
IIPUMEHEHUE HALUIM JBYX W TPEXCTYIIEHYaTbhle CXEMBbI cemapanud. Tem cambIM
KUJKUE TSKEJIBIE KOMIIOHEHTBI HE «YyJIETAlOT» C Ta30M, a U3 ra3a HE BBIICISAIOTCA
«JIETKUE.

He crtouT 3a0bIBaTh U O TOM, YTO PE3KOE CHIKEHUE TEMIIEpaTyphl IMpH
OIPEAEIICHHOM KOMIIOHEHTHOM COCTaBE BEJIET K TMAPaTOOpPa30BaHUIO U 3aKyTIOPKE
BAXHOTO TEXHOJIOTMYECKOTO OOOpYJOBaHMSI M €ro KOHTakTa C KanelabKaMu
KHUAKOCTH. UYTOOBI 3TOro u30€kaTh HEOOXOIMMO B TEXHOJOIMUYECKOM CcXeme
npeaycMaTpuBaTh HATMYKE cenapaTopoB-poOkoyaoBuTeneit.[10].

YroObl AOOUTHCS MAaKCUMAaJIbHOTO BBIXOJA KOHAEHCATa TEXHOJOTMYECKHt
PEeXHM M MapaMeTpbl OOOpYJOBaHMS MPOEKTUPYIOTCS TaK, YTOObI Ha MEPBBIX
CTYIEHSAX BBIACIISIIOCh caMoe OO0JIBIIOE KOJIMYECTBO KOHACHCATA, HA MOCIIETYFOIINX

MCHBIIIC.

1.2.4 Bansinue KOHAEHCATHOTO (paKkTOpa

Konnencarapiii  ¢dakrop (K®) — »9sT0 mokazarenb, XapaKTepU3YIONIUN
cozepxanue yriesoaoponos Cs. B enunuIe 00beMa ra3a, pasMepHOCTh — I/M>.

Jlist ompeneneHusl TEXHOJOTUYECKOTO peXuMa pabOThl MECTOPOKICHUI
MIPOBEICHBI OT/ICIIbHBIE UCCIICIOBAHUSI TTOBEJICHUE Ta3a B Pa3HbIX YCIOBUSIX JJIS psiia
00pa3IioB C pa3HbIM KOHJICHCATHBIM (hakTOopoM. Jlnana3oHbl yCIOBUIM ObLIN 3aaHbI
cnenyromue: temneparypa or -20°C go -65°C, masnenme or 4 go 7 Mua.

YcTaHOBIIEHO cicayromee: €ClIM rai3 yYCJIOBHO «)KPIpHBIfI)), TO €CTb HACBIIICH
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TsokensiMu YB B 00beme 80-400 1/M°, TO IpM HHU3KOTEMIIEPATypHOU Celapanuy
TspKebie YB B )KHIKOM OCTaTKe MOTYT TOXOIUTh 110 95 %. Eciu ras 6omee «cyxoi»,
TO M B JKHJIKOM OCTaTKE JOJIS OUYE€Hb TSDKEIBIX KOMIIOHEHTOB mnajgaet 110 50 %.
[Tocne HU3KOTEMIIEPATYPHOU cenapaii KOHACHCAT OOBIYHO MTPOXOAUT €IIIe
HECKOJIBKO CTYNIEHEW MOATOTOBKHU U Jierasupyercs. [Ipu noctrkenun temmeparypa
-40°C w3 rasa BHINAJAET CIUIIKOM MHOTO JIETKMX KOMIIOHEHTOB, BO3BPALIAIOIIUXCS
oOpaTHO B Tra3 npu jerazanuu. ['a3 gerazanuu OOBIYHO YTWIM3UPYIOT Pa3HBIMU
crocobamu, y KOTOPBIX €CTh Mpeaelt mo oobemaM. [Ipyu HU3KOM k€ KOHACHCATHOM
dakTOpe Ha KOHIIEBOM CTYNEHM ra3a Ha Mapy IOPSJKOM MEHbIIE, ITOATOMY
MOHMKEHNE TEMIIepaTyphl BO3MOXKHO 710 00JIee HU3KUX 3HAYEHUH, BIJIOTh IO MHUHYC

60 rpamycoB 90 (pucyHok 8).

Pucynok 8 — 3aBucumocTh creneHu u3BiedueHus Cs+ U3 raza anT-aibOCKUX
3anexeit ot Tepmodapuueckux napamerpo HTC [16]

I'a3 ¢ HU3KUM KOHJEHCATHOM (DPAKTOPOM XOTh U JAET MEHbIIEE KOJIUYECTBO
TSDKEJBIX KOMIIOHEHTOB, TPU pabOTe C HUM TEXHOJIOTMUECKUA PEKUM MOXKET OBIThH

OoJiee TMOOK B TUTaHE TeMrepatyp (pUCyHOK 9).
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Pucynok 9 — TemneparypHas obnacte npumeHeHus TexHojorun HTC B
3aBHCHMOCTHU OT KOHAEHCcAaTHOTro (pakTtopa [7]
KoHaeHcaTHbIN GakTop HEMOCTOSIHEH MPU AOOBIUE ra3a, IO3TOMY YCTaHOBKH
NOJIFOTOBKU Ta3a M cXxeMa pa3pabdOTKHU JOJKHBI ObITH IMPUCIIOCOOJIEHBI K TaKUM

N3MCHCHUM.

1.3 IloBbimenne 3pPeKTUBHOCTH HU3KOTEMIIEPATYPHOI cenapauuu

Bce cxembl HHU3KOTEMIIEpaTypHOW cemaparii CTPOSITCS Ha TOBEACHHUU
MOTOKa Tra3a B TPyOONpOBOJE TNpPU HM3MECHCHHH €ro CCYCHHs, Ha3bhIBaCMbBIM
annabaTHBIM JpocceNupoBaHueM. B mpoiiecce aamabaTHOTO IpOCCETUPOBAHUS
MIPOUCXOIUT U3MEHEHHE TeMITepaTyphl MOTOKA ra3a U, COOTBETCTBEHHO, BBITIA/ICHUE
KUJIKOW a3pl. DTO SBJICHUE XapaKTepusyeTcss KodPGUIIMEHTOM IPOCCEellb-

addexTa, 17151 KOTOPOTO BEPHO CIEAYIOIICE OTHOIICHHE:

t1 —
D =— 1
rae
P1 ¥ P2 — AABIIEHUE ra3a 10 U nocie apoccenuponanus, Mlla;

t| u t2 — TeMIieparypa rasza B TeX ke yciaoBusx, °C.
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1.3.1 IlpuMeHeHHE IKEKTOPA

DXEKTOpHBIE YCTPOICTBA MPEACTaBISAIOT COOOH CMECHTENb JIBYX IOTOKOB:
BBICOKOHAIIOPHOI'O ¥ HU3KOHAIOPHOI'O T'a3a KOHIIEBOM CTYNIEHU Cenapanuu. 3a cYeT
0COOEHHOCTEH KOHCTPYKTHUBHBIX KEKTOpAa HU3KOHATIOPHBIC Ta3bl 3aXBaThIBAIOTCS

OCHOBHBIM IIOTOKOM TIa3a W IOABCPraroTCsa HOHOHHHTGHBHOﬁ cerapanun

(pucyHnok 10).

Pucynok 10 — Texnonoruueckas cxema noarotoBku raza HTC ¢ axxexkropom:

C-1, C-2, C-4 — cenaparopsr; P-1, P-2 — paznenurenu; ABO — anmapar

BO3AyHOTO oxnaxzaeHus; T-1, T-2 — remnooomennuku; [ — apoccens;
BE — Oydepnas emkocTs; O — axexrop [17]

Tem camMplM MBI MOXEM JOOUThCA Oojee YETKOTO pasJelieHus 1o
KOMIIOHEHTHOMY COCTaBy. CaMu 3KEKTOPbI 32 CYET OTCYTCTBHSI MMOJIBUKHBIX YaCTEH
U MPOCTOM TE€OMETPUM JIETKO YCTAaHOBHUTH W Jlajiee dKCIuTyatupoBathb. [Ipu 3TOoM
TeMIlepaTypa cernapalnud KapJuHAJIbHO HE OTJIMYAETCS OT CTaHAAPTHBIX YCJIOBHIA.
YacTh HU3KOHAMIOPHOTO ra3a IUPKYIUPYET MO KPYTY MO CUCTEME IKEKTOP-KOHIIeBast

CTYIICHb cCfCIiapaniy, 4TO BCACT K YBCIMYCHUIO 00BEMOM Ta30B BBIBCTPHUBAHMA.

[ToaToMy 3TO Ha/IO 3aKJIAABIBATH MPU MPOEKTUPOBAHUH 00opyaoBanus. [17, 18]

31



1.3.2 IlpumeHeHue TypOOaETAHIEPOB

[Ipy pacuimpeHnH ¥ MOCIAEAYIOUIEM OXJAXIEHUU ra3 IMpU ONPEACIICHHBIX
YCIIOBUSIX CIIOCOOEH COBEpIaTh BHEIIHIOW padory. Takol mporecc Ha3bIBaeTCs
JETaHIUPOBAHMEM  WJIM  HW303HTPONUKHBIM  pacmupeHueM. M3 Bcex
CIOPOEKTUPOBAHHBIX BapUaHTOB MalllMH, paOOTalOIIUX HA 3TOM SHEPIUH B
IIPOMBICIIOBOM TOJTOTOBKE, MOTYYHJIM CBOE Pa3BUTHE TypOMHHBIE AeTaHziepbl. Ha
YCTaHOBKax WX TMPUMEHSIOT Ha TMOCIECIHUX CTYNEHSAX CeMapalud, HIKE
IPEACTABICH OJWH W3 BAapUAHTOB HCIOJHEHHUS TEXHOJOTHYECKOM CXEMBI C MX

npuMeHeHueM (pucyHok 11).

Pucynok 11 —Texnonorunueckas cxema ycranosku HTC ¢ THA: C-1, C-2,
C-4 — cenapatopsrl; T-1, T-2 — Tennnooomennuku; P-1 — paznenurens 1ByX(a3HbIi;
P-2 — paznenurens Tpexdasubiii; T — TypOuna TA; K — komnpeccop THA [10]

brnarogapst coBepiiaeMoi JTONMOJHUTENBHON paboTe raszom, Kod(PhuIHeHT
JPOCCEIMPOBAHUE BBIIIIE, YEM MPH MPOCTOM JpoccenurpoBanud. [lo cytu, yaaercs
n00UThCsT TOpazno 0ojiee HU3KOM TeMITepaTyphl OXJIKICHUS CHIPhS MPH TEX Ke
nepenajgax JaBJIeHUs.

TypOonerannepHslii arperaT BKJIIOYaeT B CeO0S CICAYIONINE DSJICMEHTHI:
KOPILYC, COCTOSIIMN M3 JIByX YacTe€H, COIUIOBBIM amapar, JONaTKy AETaHIepa,
HAPaBJISAIOIIAN amnmapar ¥ COCIUHAKOWMNA UX PoTop. [IOTOK razoBOro ChIpHS
MPOXOJsl YEPE3 COIUIOBBIM ammapar IOJ ITOCTOSHHBIM YIJIOM HaIpaBJIIETCA Ha

JIOTIATKU J€TAaHACPHOM 4YacTH, pAacKpyuuBas HMX, T€M CaMbIM TpaHchopMupys
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MOTCHITMAIBHYIO DHEPTUIO JIABJICHHUS Ta3a B KUHETUYCCKYIO SHEPTHIO BpAICHUS
poTtopa. BpamieHue poropa TmepedacTcs HampAMyr0 Ha pabodee KOJIECO
KOMITPECCOpa, KOTOPOE YK€ B CBOIO OYepeb OOpAaTHO OTAAET DHEPTHIO JAPYTOu
cpelie, 3a4acTy0 Y)Ke JOCYIIICHHOMY T'a3y U MOBBIIIACT €ro JaBJICHUE 10 3HAYCHUH,
JOCTATOYHBIX JJIS CJIAYH CBHIPBS TI0 MaruCTPaIbHOMY TPYOOIIPOBOY.

Y  rtypOoneTaHAEpHBIX  arperaToB  MOXHO  BBIICIUTH  CIICIYIOITUE
IIPCUMYIIECTBA:

— -COKpalllcHUEe IIOTEepPH JaBJCHUSA, TpeOyeMoro Uil JIOCTHIKCHUS
ONITUMAJIBHON TEeMIIepaTyphl KOHICHCAIINH;

— OXJIOXKIEHHUE MPU TOM JK€ TEperaie JTaBICHHsI MO3BOJsET 3P heKTHBHEE
JIOCTUTaTh OXJIAXICHUS Ta3a;

— Bo3MOkHOCTh HdKcimyatanuu  YIIKD 6e3 HeoOxoauMocTH BBOJa B
AKCIUTyaTalMI0 JTIO)KUMHBIX KOMIIPECCOPHBIX CTAaHIMWA MPU MaJICHUH IUIACTOBOTO
JTABJICHUS Ta3a.

BwmecTe ¢ Tem 0TMEYaroTCs M TaKUe HEOCTATKH KaK:

— TypOOJeTaHACPHBIN arperar WMEET B CBOEM COCTAaBE JIOMOJIHUTCIHHBIC
BCIIOMOTATENIbHbIE CHUCTEMbl B BHJIE€ CHCTEMbl CMAa3KH, YIUIOTHEHUH CIIOXHOU
KOHCTPYKITUH, aBapUITHBIC CHCTEMBI OTKIIFOUCHHUS U 3aIUTHI, YTO, B CBOIO OUYEPE/Ib,
TpeOyeT TPaMOTHOrO OOCTY)KMBaHMS, YTO HEBO3MOXKHO O€3 ImTaTa OOy4YeHHBIX
COTPYTHHUKOB;

— COCTaB, pacxoj M TapameTpbl JOOBIBAEMOTO ra3a MOTYT MEHATHCS B
HMIMPOKKX TIPeieiax, YTo TpeOyeT KOHTPOJIS 3a paboTol arperara;

— TIOBBIIIICHUE JIaBJICHUS B KOMIIPECCOPHOM YaCTH COMPOBOKAAECTCS TEM, UTO
JacTh SHEPTUH B Ta3€ OCTACTCS B BUJC TCIUIOTHI;

— KOMIIPECCOPHOE O0OpPYIOBaHUE CIOKHO MEPECHOCHT PEKUM PadOTHI, TIPH
KOTOPOM B Tra3e NMPUCYTCTBYET KamneabHas KUIAKOCTh, KaK CJICICTBUE UMIIEPATHBOM
SIBJIICTCSI TIPEIBAPUTEIIbHAS CETaparvs;

— HecoOJIIoZIeHHEe MapaMeTpoB pPadOThl, PErIaMEHTUPYEMBIX MacCIOpPTOM
3aBOJIa-U3TOTOBUTEINS B YaCTH OOBEMOB MEPEKAYNBAEMOTO Ta3a, YTO HECOMHEHHO
BEJIET K YpPE3MEPHBIM HArpy3KaM.
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Ha MCCTOPOKIACHMS, pACIIOTOKCHHEIX B CYPOBLIX KIIMMATHUYCCKUX YCIOBUAX
B BHAC OYCHb HHU3KHUX TCMIICPATYP, IIOATI'OTOBKA TIa3a OCYHICCTBIICTCA B 2-X
peKUMax: B JICTHCC BPCMs UCIIOJIb3YIOTCA Typ6oz[eTaHz[epHLIe arperartbl, B 3MMHCC

JKC BpEM: IICPCXOIAT HA BO3AYITHOC OXJIAKIACHUC U JPOCCCIINPOBAHUC.

1.3.3 IlpumeHeHHne XO0T0ANJIBHBIX YCTAHOBOK

XOJOIUIbHBIE YCTAHOBKUA PA3HOTO WCIIOJHEHUS aKTUBHO NMPUMEHSIOTCS JJIA
OXJIAKJIEHUS ra3a Ha pa3HbIX dTanax. BeiOOp Xy1agareHToB BechbMa pa3Hoo0pas3eH U
3aBUCHUT OT LIEJE€H, KOTOPhIE CTaBATCS MPU NPOECKTHUPOBAHUU. MM MOXKET CIIyKHUTb
aMMUaK, IIPOIaH, 3TaH W Apyrue YB. BpIiensroTcs 1Ba OCHOBHBIX THIIA CXEMBI
LHUPKYJIALMKA XJalareHTa: B MEPBOM XJIQJAareHT MOJaeTca B TEINIOOOMEHHUKH MpU
JABJICHUM HWKE JaBJICHHsA HacelleHus. lIpoucxomur ero umcnapenwue,
COIpPOBOXKJAtoIIEecss morjomeHneM Tterta. [lorom mapel oOpaTHO CXUMAIOT,
OXJIKJAIOT, TEM CaMbIM MEPEBOMIS UX 00PATHO B KHUAKOE COCTOsIHUE. BTopoil Tum
UCTOJHEHNE BKIIIOYAET B c€0sI TAKKE TEINIO0OMEHHOE 000PYI0BaHUE, JOTIOJIHEHHOE
TypOOI€TaHIEPHBIM arperaTom, 4To0bl pa3rpykaTh KOMIPECCOPHOE 000PYI0BAHUE.

JlaHHbIE CXEMBbl OXJaXACHUS, KaK U TypOOJEeTaHJEpHbIE arperarsl,
YBEJIMYMBAIOT CPOK pabOThl YCTAaHOBOK IOATOTOBKM ra3za 0e3 yCTaHOBKH
HarHeTaTeIbHOe 000PYI0BaHUS.

Taxxe Kak ¥ ¢ TypOOJETaHIEPHBIMH arperaTaMu, XOJOJWIbHBIE YCTAHOBKU
HY’KHO 00CIy)uBath. [Ipr 3TOM OHM 3aHUMAIOT OOJIBIIYIO TUIOIIAlb OOBEKTA.

Eciu nmens nooutsest Temmeparypsl cenapanuu -40°C, XOI0qMIbHBINA LHKIT
MOHO PacCMaTpUBAaTh KaK ajJbTEPHATUBY APYTUM TeXHOJorusMm [17]. B wacTHOCTH,
razonepepadaTbIBAIOIIMN 3aBOJI BBEJ XOJOAWIBHBIN IIMKJI HA XJIaJlar€HTe B BHUJIE

npomnana. [Tocie BBoga cTano BO3MOXKHO oxyaxkaarh ras 10 -30°C (pucynok 12).
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Pucynok 12 — TexHonoru4eckasi cxema yCTaHOBKH OCYIIKH ra3a Ha OpeHOyprckoM
I'TI3: EO1, E02, E12, E13 — pexyneparuBHbie TerioooMeHHUKH; E03 —
IIPOMAHOBBIN Hcnapurelb; E14 — Bogsgnon xomoamwisHuk; BO1 — cenaparop; B02 —
Tpexdaszuplii pazaenurens; BO8 — nByxdaznblii pa3nenutens; B09, B11 —
oydepnnie emxocT; B12 — emkocts opomienust; F — punbtp; P02, PO3 — Hacocsr; |
— ceipbeBoi Ta3; 11 — ra3 ¢ ycranoBku HTA; III — oxnaxknenusiii ra3 B abcopoep
yctaHoBkU HTA; IV —

HECTaOMIIbHBIN KOHJIEHCAT; V — HACBIIIEHHBIN pacTBOp; VI — pereHepupoBaHHBIN
pacTBOp ATHIICHTIIMKOIIS [10]

Ha Apkruk CIII2 B wmensx CKWKEHHS MPUPOJHOIO Ta3a peaan30BaHa
CJIOKHAsI TEXHOJIOTHUS C UCIIOJIb30BAaHUEM TETUIOOOMEHHOTO 000PYIOBAaHUS C IBYMS

OXJIUKOAOIUMU CpEaaMu: IIPOIIaHOM U MECTAHOM.

1.3.4 IlpyuMeHeHHe aNNapPaTOB BO3AYIIHOT0 OXJIAK/ICHUSA

CeBepHblE pErMOHbl HMMEKOT HHU3KYIO TEMIIEpaTypy BO3AyXa B TEUEHUE
OoJbIIeH YacTH rojaa. JTO JaeT BO3MOXKHOCTh aKTMBHO HMCHOJb30BaTh anmnaparhbl
Bo3aymHoro oxnaxaeHuss (ABO). Cranpmaptasii ABO Bkitodaer B ceOs:
BEHTWISTOP, TpyOHast ceKuMsl C OOJIbIIOW MOBEPXHOCTHIO Mg 3PHEKTUBHOIO
TEMJI000MEHa, >Kajl03M, BEHTHJIATOPbl C YacCTOTHO-PETYJIUPYEMBIM MPHUBOJIOM.
JlomacTy BEHTUJISITOpa HArOHSIOT MOTOKH BO3/AyXa Ha TPYOHBIE CEKLUMHU, BHYTPH

KOTOPBIX JIBMXKETCSA TEIUIbIM Ta3. B 3aBUCHUMOCTH OT YCJIOBUW U CBIPbS MOXHO

35



PETYIUPOBATE CTCIICHb OXJIAXKICHMA. Ecaun OXJTAXKACHUC IMPOUCXOAUT YPE3IMECPHO

CUJIBbHO €CTb BO3MOKHOCTD ITOJOTPECB C UCIIOJIB30BAHHUCM HArp€TOro BoO3ayxa.

1.3.5 Ilpumenenne 3-S cemaparopa

K HemaBHO  MOSBHBIIMMCS ~ METOJAM  YJY4YIIEHUS  TEXHOJOTUU
HU3KOTEMIIEpATypPHOM  cemapaluud  OTHOCHTCS ~ pOCCHUMCKas  pa3paldoTka
ra3oJMHaMUYECKUX YCTAaHOBOK OTHEJIEHUE KOHJeHcarta. /[pyroe ux Ha3zpaHue 3S-
cernapaTophl, OT COKpAILEHUs aHTJIMHCKON abOpeBUaTyphl super sonic separation.
KoHncTpykius cnocoOHa akTHBHO 3aKpy4YMBaTh M Pa3rOHATH MOTOK CHIPOro rasa ¢
LEIbI0 TOHW)KEHUS €r0 TEMIIEPATYPHI.

IIpouecc pa3aesieHnst COCTOUT U3 HECKOJIBKMX ATAIOB: BHAYaJIE€ IOTOK CHIPOTO
ra3a Ha BXOJI€ BCTPEYAIOT JIOMATKU C MOJ0OpaHHON 0co0oil (opMbl, KOTOpBIE
3aBUXJISIOT ITOTOK, IPH 3TOM MHOTOKPATHO €ro yckopstoT. [anee B cormute JlaBans
CKOPOCTb JOCTUIAa€T CBEPX3BYKOBBIX 3HaueHUM. Takue CcKOpocTu TpeOyroT
OOJBIIMX 3HEPruil, KOTOpas MOJydaeTcs MOCPEACTBOM IpeoOpa3oBaHUs B HEE
MMOTEHIMAJIbHOW YHEPTUM AaBJicHUs. 3 moTOKa HAYMHAET BhINIAIaTh Biiara. Tak Kak
NOTOK y HAac 3aBUXPEH, TO Ha HEro ACHCTBYIOT LEHTpoOexHble cuibl. Ecmu
paccMaTpuBaTh MOTOK B IMOIMEPEYHOM pa3pese, TO MOXXHO BHUAETb, YTO TsKeNas
KUJIKas 4acTb OyJeT pacloyioKeHa Ha Kpasx pas3pesa, a Jerkue, OUMIICHHbIE OT
neneBbix (pakuuid, OyayT B 1eHTpe. JBurasch aayibiiie KOHJAEHCAT C HEOOJIbIION
YacThI0 Ta3a uepe3 ClelualbHyl0 padouyylo MOJOCTh B BUAE ILEIH IOMATacT B
nud¢y30p U OTBOAUTHCS U3 CemapaTropa, a CyxoW ra3 mpoABUTaeTcs Aajbllie, T1ie

TOPMO3UTCS BTOPBIM AU dy30poM (prUcyHOK 13).

Pucynok 13 — [IpunuunuaneHas cxema 3S-cemnaparopa:
1 — 3akpy4mBaroiee ycTpoucTBo; 2 — comio JlaBans; 3 — pabodas yacts ; 4 —

nuddysop ; 5 — muddysop [19]

36



OxnaxaeHue ¢ JTIOCTHKEHHEM CBEPX3BYKOBBIX CKOPOCTEH MOTOKOM BIIOJIHE
MoskeT noxoauT 10 -80°C u BeimIe.

KoHcTpyKkIius JaHHOTO anmapara BIUSET U HAa TEXHOJOTHYECKUE PEIICHUS
IIPU TIPOCKTUPOBAHUM CXEMBI TTOJATOTOBKH B IiesioM. Hampumep, 6maromapst Tomy,
YTO MBI OTBOJHT JIUIIb JKHUJKOCTH C HEOOJIBIIMM KOJIMYSCTBOM I'a3a, Ha KOHIICBOU
CTYTICHH TPEOYIOTCS CemapaTrop ropa3ao MEHbBIIIET0 00beMa, a IEHTPATBHBINA MOTOK
yKE€ COOTBETCTBYET CTaHJApTaM II0 TOYKE POCHI IO YIVIEBOJOPOJaM M BOJIBI.
HNtoroBass MeETaIZIOEMKOCTh CHIDKAaeTcsl. [Ipumep TEXHOIOTMYECKON CXEMBI

MPEACTABIICH HAa pUCYHKE 14.

Pucynok 14 — Texnonorudeckasi cxema HTC ¢ 3S-cenaparopom [19]

Tepmogunamuuecku 3S-cemapatopsl 3P deKTUBHEE OOBIUHBIX IpOCCEIeH H
Jake HEMHOTO TPEBOCXOIAT TypOOAeTaHAephl. A OTCYTCTBHS JABIDKYIIUXCS YaCTeH
YOPOUIAIOT OOCIYyXUBaHUE, JEJal0T €ro YCTOMYMBBIM K TMOTOKaM KareJlbHOU

KUJIKOCTH U 00€CTICUMBAIOT JIOITUH MEKPEMOHTHBIN niepro.[19].

1.3.6 IlpumeHeHne JOKUMHBIX KOMIIPECCOPHBIX CTAHIUI

HpI/I )IO6BI‘IC Tra30KOHACHCATHBIX CKBaXHH HCIIOJIB3YCTCA TOJIBKO
CCTCCTBCHHAA DHCPI'W: IJIaCTa B BUAC AABJICHUA. IIo MCPC IMPOABHIKCHUA pa3pa60TKe

JaBJICHUE B TIacTe OyJeT HEYKJIOHHO NajaTh. B Kakoil-TO MOMEHT Ha YCTaHOBKax
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INOATOTOBKM TIa3a CTAHOBHUTCA HCBO3MOXHBIM [MOAACPKAHUA JOCTATOYHOI'O
rnepceraaa. HCO6XO,Z[PIMOFO IJE1 APOCCCINPOBAHUA Ia3a. Tor,ua Ha ITOMOIIb ITPUXOOAT
CUCTCMbI KOMIIPUMHUPOBAHUS I'a3, IIOCTYIIAOIICTO CO BCEIO MECTOPOKIACHHA HA BXO

YCTAaHOBKH ITIOATOTOBKH Ia3a
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I'naBbl 2,3 ABAAIOTCH KOH(PUACHIUAIBHON HHpOpMAanHMeld U KOMMep4eCcKOn
TaiiHoi koMnanuu AQO «I"aznpom no0b14a Tomck»
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3. Hcnonvzyemasn cucmema Hano2000104CeHus,
CMABKU HAL0208, OMUUCIEHUT, OUCKOHINUDOBAHUSL
U Kpeoumosanus

Hamnorossrit konexc Poccuiickoit @enepannu (19acTp)
D3 Nel46 ot 31.07.1998 B pen. ot 28.03.2023
Hanorosslit kogexc Poccuiickoit @enepanuu (2 yactp)
®3 Nel17 o1 05.08.2000 B pen ot 28.04.2023

Hepeqeﬂb BOIIPOCOB, NOJIC/KAINMUX HCCIACA0BAHUI0, IPOCKTUPOBAHUIO U pa3p360TKe:

1. Oyenxa xommepuecko2o nomenyuaia,
NepCneKmueHOCIU U AlbMepHAmue nposedeHus
HU ¢ nosuyuu pecypcosgppexmusnocmu u
pecypcocbepedicerust

Ob6ocHoBaHne YCTaHOBKHU KOXKyX0TpyOUuaToro
TEIUIOOOMEHHHKAa €  IIEJNBI0  YCOBEPIICHCTBOBAHHUIO
TEXHOJIOTHYECKOW CXEMBI IOIrOTOBKH ra3a Ha Kasanckom
He(Tera30KOHJEHCATHOM MECTOPOKICHHUH.

2. IInanuposanue u popmuposganue 0100xcema
HAYUHbIX UCCLe008AHULL

OrieHKa ¥ pacyer 3aTpaT Ha YCTAHOBKY KOKYXOTPyOUaToro
TEIUIOOOMEHHHUKA.

3. Onpeoenenue pecypcrol

Onenka 5SKOHOMHUYECKOW d((EKTUBHOCTH YCTaHOBKH

(pecypcocbepezaroueit), punancogoti, KOXKyXOTpyOUuaToro TEIUI0O0OMEHHNKA c LETBI0
O10021cemnoU, COYUAnbHOL U IKOHOMUYECKOU YCOBEPIICHCTBOBAHUIO TEXHOJOTHYECKOM CXEMBI
aghexmugHocmu uccredo8arnus [OJITOTOBKH Ta3a.

Ilepeyennb rpajduyeckoro marepuaJa:

1. AHanmu3 4yBCTBUTEILHOCTHU MPOCKTA

JlaTa BbIIa4M 3aJaHUA K pa3/iely B COOTBETCTBUH C 03.04.2023
KAJeHIAPHBIM Y4eOHbIM rpa)MKomM U
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I'naBa 4 sBasercsi KOHQUICHUUAJbHON HHPOpMaNHed M KOMMeEPYeCKOM

TaiiHoi koMnanuu AO «I"aznmpom mo6b14a Tomck»
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3AJJAHME K PA3JIEJTY
«COILIUATBHASI OTBETCTBEHHOCTb»

Obyuaroniemycs:
I'pynna ouo
2bM15 MypatoBy Ilerpy Hukosaesuuy
Hixona NmxeHepHast mKona Ornenenne (HOL) | Orpenenue HedTEra3oBoro jaeia
TIPUPOJIHBIX PECYPCOB
Yposenn Hanpag.enne/ 21.04.01 HedTrerazooe neno
o0pa3oBaHus ooI1r/onon
Pazpabotka 1 sKCIuTyaTamms
Marucrparypa
HE(TSAHBIX U Ta30BbIX
MECTOPOXKICHUI
Tema BKP:

[ToBeimenue 3¢)(heKTHBHOCTH TEXHOJIOTUH MOATOTOBKH MOITYTHOTO HeTsHOTO Ta3za Ha X
HedTerazokoHaeHcaTHOM MecTopokaeHnu (Tomckast 06aacTh)

I/ICXOI(HI)IC AJAaHHBbIC K pa3aejay «COIIHaJ'IBHaﬂ OTBETCTBEHHOCTb) .

BBenenue OOBeKT HcchenoBaHus: YCTAHOBKA KOMIUIEKCHOM
- XapakTepucTuka 00beKTa | MOATOTOBKH  Tra3a  He(TerazoKOHJIEHCATHOTO
ucciueaoBaHusl  (BEHIECTBO,  marepual, | MCCTOPOXKICHUS X.

IpubOp, AIrOPHTM, METOAMKA) H OOIACTH OGnacte mpuMeHEHHs: HedTerazoBoe Jejo,
ero npUMeHeHHUs. MOJIFOTOBKA MOIYTHOTO HE(PTAHOTO Ta3a.
[TepedyeHr BONPOCOB, MOIJICKAIIMX UCCICAOBAHUIO, TPOCKTUPOBAHKIO U pa3pabOTKe:

1. IlpaBoBbIe U OpraHu3alUHOHHbIE CICLIMAIBHBIC  IIPABOBBIE  HOPMBI  TPYIOBOI'O
BOIIPOCHI 00ecHeyeHus: 3aKOHOJATENhCTBA (HA OCHOBE MHCTPYKIMH TIO
_ crenmanbHbie  (XapakTephble npu | OXPaHE  Tpya M NPOM3BOACTBE pabor
SKCIUTyaTalMy ~ Oo0BbeKTa  HccienoBaHms, | LOBBILICHHON ONACHOCTH);

MPOCKTUPYEMON pabodeil 30HBI) TPaBOBBIC
HOPMBI TPYJIOBOTO 3aKOHOIATEIHCTBA;

OpTraHHu3allMOHHBIC MCPOIIPUATHA
IIpHU KOMITOHOBKEC pa60qel71 30HBEI.

Oenepanpubiii 3akoH o1 21.07.1997 Ne 116-03

(pen. ot 07.03.2017) «O TPOMBIIUICHHON
0e30IMacHOCTH

OITaCHBIX HpOI/I3BO}1CTB€HHBIX

00BEKTOBY

2. Ilpou3BoacTBeHHasi 6e30N1ACHOCTD:
2.1 Ananu3 BpeIHBIX NPOU3BOJCTBEHHBIX

(GakTopoB W MEpONpHsTHS MO  UX
YCTpaHEHUIO
2.2 AHanu3 OmacHbIX MPOU3BOJCTBEHHBIX
(akTOpOB M MEPONpHUATHS 1O  HX
YCTPAHEHUIO

~IIOBBILIECHHBIN YPOBEHb LIIyMa;
~IIOBBILICHHBIN YPOBEHb BUOpaIHii
~OTKJIOHEHHE M0Ka3aTeleil KIMMaTa Ha OTKPBITOM
BO3JlyXe

~yTE€UKa TOKCUYHBIX U BPEIHBIX BELIECTB B
aTMocdepy

~I105KapOB3PHIBOOIIACHOCTD

~HaJIM4Me COCYJI0B U TPyOOIpOBOOB,
paboTarOIINX O] TaBJICHHEM
~JIEKTPUYECKUI TOK

~OMACHOCTb MOPa’KEHUS

~JIEKTPUYECKUM TOKOM;

~OMACHOCTh MEXaHUYECKUX
~IIOBPEXACHUI

3. Dkosornyeckas 60e30MaCHOCTh:
3.1 3ammTa OKpyKaroIIel CpeIbl
3.2 3ammTa aTMOCcQepsI

-aHaIM3 BO3JIEHCTBHUSI O00BEKTa Ha armocdepy
(BBIOPOCHI BPEIHBIX MTAPOB, Ta30B, BELIECTB);
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3.3 3ammra MOBEpXHOCTHBIX U MOJ3EMHBIX

-aHalIM3 BO3JCHCTBHS 00BEKTAa Ha TruApochepy

BO/I (cOopocsl  cTrounbix Boxm W BMP, xkmmkmx
3.4 3ammra nutochepsl YIJICBO/IOPOJIOB).
4. bBe3onacHocTh B  4pe3BbIYANHBIX [-aHaTU3 BO3MOXHBIX UYC mpm 3SKciuTyaranuu
CUTYyalUsAX: 000pyIOBaHuUS;

4.1 HapyunieHue repMeTUYHOCTH alapaToB
U TpyOOIIPOBOIOB

4.2 B3pbIBONI0KapOOIIaCHOCTh

4.3 Monnune3ammura, 3aIuTa
CTaTHUYECKOT'O 3JIEKTPUUECTBA

oT

-niepedeHb BO3MOKHBIX UC Ha 00BEKTE: MOXKaAPBI U
B3PBIBBI HA 00BEKTE, YIapbl MOJIHUEH, CTATUYECKOE
ANIEKTPUYECTBO,  HApyLIEHUE  TEePMETUYHOCTHU
anmnapaToB U TPyOOIPOBOJIOB;

-BbI0Op Hanbonee TumuHoi UC: - mpomyck rasa Bo
(bnaHLIeBbIX COEOUHEHHSX M3-32 IPEBBIILICHUS
JTaBJICHUS;

-pa3pabotka Mep mno npeaynpexaeHuro UC;
pa3paboTKa neicTBui B pe3ynbrate Bo3HukIen YC
U Mep MO0 JTUKBUJIAIUU €€ MOCIIECCTBUI.

JlaTta BbI/1auM 3aJaHUS K pa3/iesly B COOTBETCTBHH € KaJIeHIaPHbIM

Y4eOHBbIM rpauKoOM

3agaHue BbIIAJ KOHCYJIbTAHT:

Jo/2KHOCTH (115 (0] Y4eHasi cTeneHb, Moanucey JlaTa
3BaHHE
[Tpodeccop Ceunn Anjpeit K.T.H.
AJIeKCaHIpOBUY
3a)lalme NPUHAJT K HCIOJHCHUIO CTYACHT:
I'pynna (25 (0] Hoanucek JaTa
2bM15 Myparos Ilerp Hukonaeuu
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5. CoumanbHasi OTBETCTBEHHOCTD

CounanbHasi OTBETCTBEHHOCTh — 3TO OTBETCTBEHHOCTbH OTAEIBHOIO YYEHOIO U
Hay4yHOro coo0uiecTBa nepej oomectBoM. [lepBocTeneHHoe 3HaYeHUEe ITPU 3TOM UMEET
0€30MacHOCTh IPUMEHEHUSI TEXHOJIOTUH, KOTOPbIE CO3/JAal0TCS HA OCHOBE JI0CTHXKEHUHN
HayKH, IPEJOTBPAICHUE WIIM MUHUMHU3ALMS BO3MOXKHBIX HETATUBHBIX MOCIEICTBUN X
IpUMEHEHUs, olecrneyeHue Oe30MacHOro0 Kak JUId HCHOBITYEMbIX, KaKk M s
OKpY’KarOIIEN Cpebl MPOBEAEHUS UCCIEIOBAHMIA.

Breimycknas kBanudukanmuoHHas paboTa TMOCBSIIEHA AaHANU3y W OLICHKE
Pa3BUTHS OINACHBIX 3K30T€HHBIX TEOJIOTMYECKUX IPOLECCOB B booOMCKOM ymienbe
(Keiprezckas Pecry6nuka) ¢ momortisto mporpammuoro nakera ArcGIS 10 (ESRI Inc.).
B cBsa3u ¢ 3tum B manHom paznene BKP mpoBeneH aHann3 BO3MOXKHBIX OINMACHBIX U
BpPEAHBIX (PAKTOPOB, KOTOpPhIE MOTYT BO3HHUKHYTH MpH padoTe 3a MEPCOHAIBHBIM
KOMIIBIOTEPOM W JaHbl PEKOMEHJALUMU MO0 OOECIEeYEeHUI0 MPOU3BOIICTBEHHOM
0€30MacHOCTH.

B nanHoM pasnesne pacCMOTPEH BapuaHT Ype3BbIYAHON CUTYyallud Ha 00BEKTE,
KOTOPbIA ~ MOXXET BO3HUKHYTh IPU  HECOONMIONEHMM  HMHCTPyKUMH.  Takke
paccMmarpuBaeTcsl JESTeNIbHOCTh HWHKEHEepa-dKoJIora C TOYKM 3peHHs 0e30MacHOCTU
KU3ZHEJEATEIbHOCTH B COOTBETCTBUU C TPYAOBBIM 3aKOHOATEIBCTBOM.

Baxkneiiie 3a1adeil mpu paboTe 3a NMepCOHAIbHBIM KOMIIBIOTEPOM SIBIISIETCS
coOofIeHne BCEX MpaBWI M TpeOOBaHWN IPOM3BOACTBEHHOM M JKOJOTHYECKOU
0€30MacHOCTH.

5.1. IIpaBoBbIe U OPraHu3alMOHHbIE BOIIPOCHI 00ecneYeHus: 0€3011aCHOCTH
5.1.1. IIpaBoBbIe HOPMBI TPYI0OBOI0 3AKOHOAATEIbCTBA

Cornacao TK PO [1] Bpemsi, B Te4eHUH KOTOPOTO PAOOTHUK JTOJIKEH UCTIONTHSITh
CBOM TPYIOBBIE 00513aHHOCTH, HE MOXKET npeBbiaTh 40 yacoB B Henento. [Ipu Takoii
paboyeil Henmene MaKCUMaJbHO JOMYCTHMAas NPOAOKUTEIBHOCTh CMEHBI IS

pabOTHHKA HE MOXKET MPEBBINIATH § YaCOB.

76



[Ipu TpymoycTpoiicTBe pabOTOMATENI0 TPEIOCTABISIOTCS HEOOXOIUMBIE
NepcoHalbHbIE JaHHble paboTHHKA. WX o00paboTka, XpaHEHHUE W HCIOIb30BAHUE
OCYILIECTBIISIETCSA UCKIIFOUUTEIBHO B LIEJSAX 00ecreyeHus: COONIOIEHNS 3aKOHOB U MHBIX
HOPMAaTUBHBIX MPaBOBbIX akTOB. JIOCTyN K MEepCOHAIbHBIM JAHHBIM pPaOOTHHKAM
JIOJI’KEH OBITh TOJIBKO y CIIEIMAIBLHO YIIOJHOMOYEHHBIX Jinil. [lepeaaya qaHHBIX TpeThel
CTOpPOHE BO3MOXHA TOJIBKO C MUCHbMEHHOTO COTMIacHs pabOTHUKA.

JlocTym K moJHOM HH(OpMAIUU O CBOMX MEPCOHATBHBIX JAHHBIX, UCKIIIOUEHUE,
WCTIPABIICHUE HEBEPHBIX WJIM HEMOJHBIX JIaHHBIX SIBJSIIOTCSL MPABOMEPHBIMU
NEHUCTBUAMM paboTHHKA. 3apaboTHasi IJlara KakJoro pabOTHHKA yCTaHABJIMBAECTCS
WHIAMBUYalIbHO, B 3aBUCUMOCTH OT €r0 KBaJIM(PUKALKU, CIOKHOCTH BBITOIHIEMBIX
paboT, 3aTpau€HHOI0 BPEMEHU U JIpyrux (akTropoB. MHUHMMalIbHAS OIIaTa TPyAa HE
MOKET OBITh HIKE MPOKUTOYHOTO MUHUMyMa HaceleHus. PaOOTHHKM, 3aHATHIE Ha
paboTax ¢ BpEAHBIMU WM ONACHBIMHM YCJIOBHUSIMU TpyAd, a TAKXKE B MECTHOCTAX C
0COOBIMU KJIMMAaTUYECKUMHU YCIOBHUSMH, IMOJYYalOT OIUIATy TPyZAa B MOBBIILIEHHOM
pasmepe. MUHUMAIbHBINA pa3Mep MOBBIMIEHUS OIUIaThl TPYyAA COCTABISAET 4 MPOLEHTA
TapudHO cTaBku (OKJIaga), YCTAHOBJICHHOW JJi pa3MYHBIX BHJIOB pabOT C
HOPMAJIbHBIMU YCIIOBUSIMU TPYZA.

TocynapctBo (cT. 147 TK P®) ycranaBiauBaeT rapaHTUU M KOMIICHCAIUU 3a
BpeAHbIE YCIOBUs Tpyna. K HUM OTHOCATCS: yMEHbIIEHHE padouyero BpPEMEHH,
JOTIOJIHUTEIIbHBIN OTITYCK, JOTIATHl U KOMIIEHCAIIMOHHBIE BBIIIATHI, JOCPOYHBII BHIXO]
Ha MEeHCHI0, 00s13aTeIbHOE CBOEBPEMEHHOE MPOBEACHUE METOCMOTPOB, BblJlaua MOJIOKA
WM JIe4€OHOTO TTUTAHUS.

CoruanbHOE CTpaxOBaHHWE SBISETCS 00s3aTENbHBIM CIIOCOOOM  3aIllUTHI
HaceneHus B Poccuiickoit @enepanun. K HeMy OTHOCSTCS CTpaXxOBaHHUE OT HECYACTHBIX
CIy4aeB Ha TPOU3BOJCTBE U MPOQPECCHOHATBHBIX 3a00JIEBaHMM, CTpPaXOBaHUE Ha
Cily4dail BpeMEHHOM HEeTPYI0CIIOCOOHOCTH, IEHCHMOHHOE CTpaxoBaHue u apyrue. Llens

JlaHHOﬁ CUCTECMbI 3alllUTbl TI'paXgaH KOMIICHCHPOBATb HWIM MHUHHMHU3UPOBATH
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MMOCJICACTBUA M3MCHCHHA MATCPHUAJILHOIO MJIM COLUMAJIBHOTO ITIOJIOKCHHUSA TI'paX/1aH B

ciiydasdax, NpeayCMOTPCHHBIX 3aKOHOAATCIIbCTBOM PO.

5.1.2. Dpronomuueckue TpeOOBAHUSA K PABUIBHOMY PACIIOJIO0KCHUIO H
KOMIIOHOBKe pado4eid 30HbI

Cornacao 'OCT 12.2.049-80 CCBT [2] HeoO6x0oarMO MpaBUILHO OPTaHU30BATh
pabouee Mecto paboTHHMKa. Pabodee mMecTo MOMKHO OOeCredMBaTh BO3MOYKHOCTH
yA00HOTO BBITOTHEHUS pa0OT B TIOJIOKEHUH CUIS WITH CTOS WITH B TIOJIOKCHHSIX U CHJIA,
u ctod. [Ipu BeIOOpE MoJ0KeHUs paboTa0IIEero HEOOXOUMO YUUTHIBATh:

»  (DU3HYECKYIO TSKECTh padoT;

» pasmepel pabodeld 30HBI M HEOOXOIWMOCTH IIEPECABIDKECHUS B HEU
paboTaroIIero B MPOIECCe BHITIOJHEHUS padoT;

»  TEXHOJOTMYECKHE 0COOCHHOCTH IPOIIecca BBITOJHCHUS padoT (TpedyeMast
TOYHOCTb JICUCTBH, XapaKTep YepeI0BaHuUs 110 BPEMEHU TaCCUBHOTO HAOJIO/ICHUS U
bu3nYecKuX IeUcTBUN, HEOOXOJUMOCTh BEACHUS 3aIUCei).

PaccmarpuBasi pabouyio 30HY, OCHAILEHHYIO MEPCOHAIBLHBIM KOMIIBIOTEPOM
(ITK), npenbsBasitoTCs CIEAYIOINE TPEOOBAHMS:

» Paboune mecta c¢ IIK B mnoMemeHHWAX ¢ WMCTOYHMKAMHU BPEIHBIX
IIPOU3BOJICTBEHHBIX (PAKTOPOB MOJKHBI Pa3MEIIaThCsid B U30JIMPOBAHHBIX KaOMHAX C
OpraHU30BaHHBIM BO3JIyXO0OMEHOM.

» DKpaH BHJICOMOHHTOPA JOJDKEH HAXOAUTHCS OT a3 IOIbh30BaTeNs Ha
pacctostauu 600 - 700 Mm.

»  Heob6xoanMoe mpocTpaHCTBO ISl HOT: BbicoTa oT 600 MM, muMpHHA — HE
menee 500 MM, TyOMHA Ha ypOBHE KOJIeH — He MeHee 450 MM U Ha YPOBHE BBITSIHYTHIX
HOT — HEe MeHee 650 mM.

» Konctpyknus pabodero croia JoibkKHa 0O0€CTIeUurMBaTh ONTHMABLHOE
pasMelneHre Ha pabodeil TIOBEPXHOCTH HCIIOIB3YyeMOTr0 00OPYIOBAaHUS C YUYETOM €T0

KOJIMYECTBA U KOHCTPYKTUBHBIX OCOOEHHOCTEH, XapaKkTepa BbINoIHsieMoi padoTsl. [Ipu
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TOM JIOMYCKAeTCs HCIOJIb30BaHUE pabdOYMX CTOJOB pPAa3IMYHBIX KOHCTPYKIIUH,
OTBEYAIOIIUX COBPEMEHHBIM TPEOOBAHUSIM SPTOHOMUKH.
5.2. IIpousBoacTBeHHass 0€30MACHOCTH

B pasgene «mnpousBoACTBEHHast 0€30MAaCHOCTH» OyAyT IpOoaHaIU3HpPOBaHbI
NOTEHIMAIBHO ONIACHBIE U BPEIHbIE TPOU3BOACTBEHHBIE (DAKTOPBI, IPU UCIIOJIb30BAHUU
MIEPCOHAJIBHOTO KOMITBIOTEPA VISl OLICHKU M aHAJIM3a Pa3BUTHSI ONMACHBIX SK30T€HHBIX
reoJIOrMYEeCKUX TpoleccoB B booMckoMm yiiense.

K BpeaHsiM MpOU3BOJACTBEHHBIM (PakTOpaM OTHOCIT (PaKTOphI, BIUSHUE
KOTOpPBIX Ha pPAOOTHUKOB MOXKET IIOBJIEYb HX 3a00JI€BaHME, CHI)KEHUE YPOBHS
paboTOCIIOCOOHOCTH WIIM OTPULIATENILHOE BO3/IEHCTBUE Ha Oy ayliee MOTOMCTBO.

OnacHpIMM  NPOM3BOJICTBEHHBIMU  (DAKTOpaMH  HAa3bIBAIOTCA  (DAKTOPHI,
CIOCOOHBIE MPU OIPENETICHHBIX YCIOBUSAX BBI3BIBATH OCTPOE HAPYIICHUE 3/I0OPOBBS U
ruodesy 4enaoBeKa.

Tabnuua 15 — Bo3moxHbIe OnacHbIe U BPEAHbIE TPOU3BOJICTBEHHBIE (PAKTOPHI

Ha pabouux mMecTax, ucrnonb3yronmx [1K

®daKTopbl

(rOCT 12.0.003-2015 CCET) HopMaTUBHbIE AOKYMEHT®!

TpeboBaHMA K OTKNOHEHUIO NOKa3aTenen Kammara
OTK/IOHEHMEe NoKasaTesnel MMKPOKAMMaTa B yctaHasnmeatotca B CaHluH 2.2.4.548—- 96
NnomeLLeHNK MrneHmyeckne TpeboBaHUA K MUKPOKAMMATY
NPOW3BOACTBEHHbIX MOMeLLeHUH [3].
TpeboBaHMA K 3awMTe OT MOBbILIEHHOIO YPOBHA
wyma ycnasamsatorca NOCT 12.1.003- 2014 CCBT.
LWym. Obwme TpeboBaHMAa 6esonacHocTH [4].
TpeboBaHMA K 3aliMTe OT NOBbILEHHONO YPOBHA
3N1EeKTPOMArHUTHbIX Nosiei yctaHasnmeatotca FOCT
12.1.006-84 CCBT. 3SneKTpomarHuTHble nosA
paanoyactor. Obwue TpeboBaHMA 6e30nacHOCTH
[5].
TpeboBaHuA K ocselleHUio ycTaHasausatotca Cl
52.13330.2016 EctecTBEHHOE W WCKYCCTBEHHOE
ocBelleHne.  AKTya/JIM3MPOBAHHAA  peaakums
CHu1N 23-05-95*[6].
TpeboBaHMA K BO3HWKHOBEHWIO TMOMapa WM
B3pblBa YycTaHasamsatotca B8 [OCT 12.1.010-76
CCET. B3pbiBo6e3onacHocTb. O6uwue TpeboBaHms

[7].

MoBbIWEHHbIN ypOBEHb U Apyrue
HebnaronpuATHbIE XapaKTEPUCTUKM LIYMA

MoBbILLEHHbIA YPOBEHb
3N1EKTPOMArHUTHbIX Nonew

OTCVTCTBMe UIN HEOQOCTATOK H606XOAMMOFO
ecTecTBeHHOro N UCKYCCTBEHHOIO
ocselweHnA

Mo*KapoB3pbIBOONACHOCTb
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TpeboBaHuA K aneKktTpobesonacHoOCTH

OnacHble 1 BpeaHble NPON3BOACTBEHHbIE yctaHasameatotca 8 TOCT 12.1.019-2017 CCBT
baKTOpbI, CBA3AHHbIE C31EKTPUYECKMM TOKOM dnekTpobesonacHocTb. Ob6wwme TpeboBaHMA U
HOMEHKNaTypa BMAOB 3aLLmMThI [8].

5.2.1. AHAJIU3 ONACHBIX ¥ BPEAHBIX MPOU3BOACTBEHHBIX (DAKTOPOB
5.2.1.1. OTkJI0HEeHHEe MMOKAa3aTe/ield MUKPOKJIUMATA B IOMeEIleHUU
[Ipoananu3upyeM MUKPOKJIMMAT B TOMEILIEHUH, TJIe HAaXOUTCs paboyee MECTO.
[Ipu pabGoTe MOryT HaOMIOAATHCS OTKJIOHCHHS IIOKa3aTeliel MHKPOKIMMATA:
MOBBIIICHHAS WJIM MOHWKEHHAs TeMIlepaTypa BO3[yXa WM MOBEPXHOCTEH B paboueit
30HE, OTKJIOHCHHE MOKa3aTeJleid OTHOCUTEIBHON BIAXKHOCTU U CKOPOCTH JIBUKEHUS
BO3/lyXa, WHTEHCHUBHOCTU TeIJIOBOro oOmyuyeHus. IlapameTpbl Mukpokimmara
OKa3bIBAIOT HEIMOCPEACTBEHHOE BIMAHUE HAa CaMOYYBCTBHE 4YEJIOBEKAa U  €ro
paboToCIOCOOHOCTh. PaccMOTpUM ONTUMAaNIbHBIE U JIOMTYCTUMbBIE HOPMbI ITAPAMETPOB
MUKpPOKJIMMaTa B paboueii 30He MPOU3BOJICTBEHHBIX IIOMEIIEHUHN B XOJIOHOE U TEIIOE
BpeMs ToJia Ipu paboTe cpeHen TSHKECTH.
Tabmuua 16 — JlomycTuMble napaMeTpbl MUKPOKIMMATa Ha padO4HuX MECTaXx,

ucnons3yronmx 11K

CkopocTtb
BUXKEHUA
Temnepartypa Bo3ayxa, °C A
© Bo3ayxa, m/c
=
e
) Avnana3oH Temne- Ec
3 | Karero- HUKe OvanasoH patypa OTHOCUTENbHaA ™
c| pua P — Bblle noBepX BnaXkHocTb | Ecam 0
0, 0, o
pa6ot - HbIX ONTMManbHLI | ocreii, Bo3ayxa, % | to<t ot
BEINUYUH XBeJINUMH ont |
nr
T
2
g Ia 20,0-219 24,1-25,0 19,0- 26,0 15-75 0,1 0,1
S
S| 16 19,0-20,9 23,1-24,0 | 18,0-25,0 15-75 0,1 0,2
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21,0-22,9 25,1-28,0 |20,0-29,0 15-75 0,1 0,2
20,0-21,9 24,1-28,0 |19,0-29,0 15-75 0,1 0,3

Tennbiv
)

Kareropuu la cooTBeTCTBYET TaHHOM pabOTe C UHTEHCUBHOCTBIO HYHEPro3aTpaT
120 kkan/4, TPOU3BOAUMBIE CHIS ¥ CONPOBOXKTAIONINECS HE3HAYUTEIbHBIM
(bU3HMUECKUM HANPSHKEHUEM.

O6mias mIomans pabouero NOMENIEH s COCTaBIsAeT 42 M2, 00bEM COCTABIISET
147 M. To CanlluH 2.2.2/2.4.1340-03 canuTapHbie HOPMBI COCTABIAIOT 6,5 M* 1 20 M
o0beMa Ha 0JTHOTO uesnoBeKa. Mlcxo/1st U3 MpUBEICHHBIX BhIIIE TAHHBIX, MOKHO CKa3aTh,
YTO KOJIMYECTBO pabOYUX MECT COOTBETCTBYET pa3MepaM MOMEIIECHUS IO CAHUTAPHBIM
HOpMaM.

B nomenieHun OCYyIIECTBISIETCS €CTECTBEHHAs BEHTWISILUS TOCPEICTBOM
HaJIMyus JIETKO OTKPHIBAEMOI'O0 OKOHHOTO mpoema ((PopTouyku), a TakKe IBEPHOIO
npoema. [1o 30He AecTBUS Takas BEHTWIALMS sBIsieTCs 001eooMeHHoi. OCHOBHOM
HEJIOCTATOK - MPUTOYHBIM BO3AYyX IMOCTyNaeT B MOMENICHUE 0€3 MpeaBapUTEIIbHOU
ourcTkH U HarpeBanus. CoriacHo HopmaM, CanlluH 2.2.2/2.4.1340-03 06beM Bo31yXa
HEO0OXOIUMBIN Ha OJTHOTO YEJIOBEKA B MOMEIIEHNUU 0€3 JOTOTHUTEIHbHOW BEHTUIISIIUU
nomkeH ObITh Oonee 40 M° [9]. B Hamewm ciaydae 00beM BO3/IyXa Ha OJHOTO YEJIOBEKA
cocTaBysieT 42 M, M3 3TOTO CIEAyET, YTO JOIOIHUTEIbHAS BEHTUIISALUS He TpeOyeTcsl.
[TapameTpbl MUKpOKJIMMATA MOAACPKUBAIOTCS B XOJIOAHOE BPEMS TOJIa 32 CUET CUCTEM
BOJISTHOTO OTOIUICHUsI ¢ HarpeBoM Bobl 10 100°C, a B Temioe BpeMs rojia — 3a CUeT
KOHJIMIIMOHUPOBaHUS, ¢ mapameTpamu coriacHo [10]. Hopmupyembie mapamerpsl
MUKPOKJIMMAaTa, HOHHOTO COCTaBa BO3/yXa, COJIEPAHUS BPEAHBIX BEIIECTB JOKHBI
COOTBETCTBOBAThH TpeOoBaHUsIM [11]

HopMmanu3zamuss MeTeopOoJOrMYeCKUX YCIOBUM MNPOU3BOJACTBEHHOM CpPEIbI
SIBJISIETCS CITOCOOOM KOJIJIEKTUBHOM 3alIUThl pAOOTHUKOB. B JaHHBIN mpoliecc BXOAUT

YCTaHOBKAa BCHTWIALIMU, OTOINICHUA W KOHAWIMOHUPOBAHUA B pa60qep“1 3oHe. OT
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TEIUIOBOTO M3JIy4YeHHs] HEOOXOAMMa 3alluTa pacCTOSHUEM, IIyTeM I[epeBoja
yOpaBICHUS B JUCTAHLMOHHBIA BUJ C MOMOULIbI0 MEXAaHU3ALUKW M aBTOMAaTU3allUU
IIPOU3BOJCTBEHHBIX IMPOLECCOB. Takke CIOCOOOM 3allUThl SBISETCA O0ECIEUCHHE
ONTUMAJIBHOIO pexuma pabotel. K cpencrBaM MHIMBUYaIbHOW 3aIIUTBI OTHOCSTCS

CIiICouaJiIbHasa OJCxKIaa, O6YBI>, CpPpCACTBA 3allIUTLI PYK, I'OJIOBEI, JIMIIA U I'JIa3.

5.2.1.2. IloBbIlIEHHBIH YPOBEHb IyMa

OnanM U3 Hanboliee pacTpPOCTPAHEHHBIX B MPOU3BOACTBE BPEIHBIX (haKTOPOB
aigercss myM. OH co3paercs pabounMm 000pynOBaHHEM, MpeoOpa3oBaTeIsiMu
HanpsHKCHMS, paO0YMMU JTaMIIaMU THEBHOTO CBETA, a TAK)KE MMPOHUKAET CHAPYKH.

OCHOBHBIM HMCTOYHUKOM IIyMa B KOMHATE€ SBISIOTCA KOMIIBIOTEPHBIC
OXJIQXKJAIOIINE BEHTUJIATOPBHI WM. YPOBEHBb IymMa Bapbupyercsa oT 35 no 42 nbA.
Cornacno CanlluH 2.2.2 /2.4.1340-03, npu BBIIOJIHEHUH OCHOBHBIX padoT Ha [[9BM
YPOBEHB IITyMa Ha pabodyeM MecTe He JIOJDKEeH npeBbimarh 82 n1bA [12].

XapakTepUCTUKON MOCTOSIHHOTO IIyMa Ha pabo4YnX MecTaxX SIBJISIIOTCS YPOBHHU
3BYKOBOTO JaBJiecHUss B Ab B OKTaBHBIX I0JIOCaX CO CPEIHEr€OMETPUYECKUMU
yactoramu 31,5; 63; 125; 250; 500; 1000; 2000; 4000; 8000 I'1.

[loBbIlIEHHBIH IIyM Ha paboyeM MeCTe€ OKa3bIBAET BPEIHOE BIMSHUE Ha
OpraHu3M pa0OTHHKA B II€JIOM, BbI3bIBas HEOJATONMPUATHBIE HW3MEHEHHUS B €ro
opraHax M cucreMax. J{muTenbHOe BO3AEMCTBUE TAKOTO IIyMa CIIOCOOHO MPHUBECTH K
pPa3BUTHIO y pabOTHHKAa TIOTEpU CIIyXa, YBEJIUYEHUIO pHUCKA apTEepUaTbHOU
TUNIEPTEH3UH, O0JIE3HEH CEeplIeYHO-COCYANCTOM, HEpBHOU cucTteMbl u np. [Ipu sTom
crieu(pUYECKUM KIMHUYECKUM MPOSBJICHUEM BPEIHOrO JICUCTBUS IIyMa SIBISECTCS
CTOMKOE HapyIICHHE clyXa (TyroyxXxocTh), pacCMaTpUBaEMOe Kak MPOQPeCCHOHAIBHOE
3a0oJieBaHueE.

[Ipy 3HaYEHUSX BHIIIE JOMYCTHMOTO YPOBHS HEOOXOAMMO MPETyCMOTPEThH
cpeacTtBa uHANBUAyanbHOU 3amuThl (CU3) u cpeactBa komuiekTuBHOM 3amuThl (CK3)
OT UIyMa.

CpencTBa KOJIEKTUBHOMW 3alUTHI:
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» yCTpaHEHHWE TMpPHUYMH [IyMa WM CYHIECTBEHHOE €ro ocialleHue B
UCTOYHUKE 00pa30BaHUs;

» M30JIMsI  MCTOYHMKOB IIIyMa OT OKpYyXKaromied cpenbl (MpUMEHEHHE
DIYLIUTENEH, 9KPaHOB, 3BYKOMOMIONMIAIOIINX CTPOUTETBHBIX MAaTEPHUAIIOB);

» TMPUMEHEHHWE CPEICTB, CHIKAIONIMX IIIyM M BHOpalWi0O HA TMyTH HX
pacrpoCTpaHEHHUs.

CpencTBa UHAMBU Y JIBHOM 3aIITUTHI:

» TPUMEHECHHE CIICIONEKIbI M 3alllUTHBIX CPEJACTB OPraHOB CIIyXa: HAyITHHUKH,
Oepy1u, aHTU()OHBI.
5.2.1.3. IloBbIlLIEHHBI YPOBEHb JIEKTPOMATHUTHOTO WU3JIy4eHHS
HMCTOYHUKOM »3JIEKTPOMArHUTHBIX HW3JIyYEHUH B HAIIEM CIy4dae SBIAIOTCA
muctuien [I9BM. MoHUTOp KOMITBIOTEPA BKITIOUAET B c€0s M3ITyUYE€HUsI PEHTT€HOBCKOM,
yibTpaduonaeToBo M HH(PpakpacHOM o0macTH, a TakkKe NIMPOKUM JuanazoH
3JIEKTPOMArHUTHBIX BOJIH IPYTUX YaCTOT.
Cornacao CanlluH 2.2.2/2.4.1340-03 HanpsK€HHOCTb 3JIEKTPOMArHUTHOTO
IOJIS 110 JIEKTPUYECKOM cocTaBisitonieil Ha paccrossaun S0 cM Bokpyr BT He noikHa
npesbiath 25B/M B nuanazone ot SI'i 1o 2kl 1, 2,5B/m B nuanazone ot 2 10 4001 1.
IJIOTHOCTH MAarHUTHOTO TTOTOKA HE OJIPKHA MPEBBIIATH B Auamna3zone ot S ' g0 2 kI’
2508Tm, u 258 Tn B nnanaszone ot 2 10 400kI 11. [ToBEpXHOCTHBIN 3JIEKTPOCTATUYECKHAN
MOTEHIMAJ HE 10/ KeH npeBbimath S00B [13].
MakcuMalibHO  JIONyCTUMbIE MapaMmeTpbl 3JIEKTPOMAarHUTHOTO TMOJs B
3aBUCHUMOCTH OT JuamazoHa d4actotel cornmacHo ['OCT 12.1.006-84 CCBT

npeacTaBieHbl B Tabmuie 5.3 [14].

Ta6nuna 17 — JlonmycTrMble 3HAaUEHUS JJIEKTPOMArHUTHOTO U3TydeHus [14]

MpepenbHble 3HaYeHUA B Anana3oHax yacrtor, My,
MapameTp
o710,06 no 3 o1 0,06 o 3 cB. 30 go
300
Eng, B/m 500 300 80
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Hng, A/m 50 - _
SHEng, 20000 7000 800
(B/m)*u
3HHng, 200 - -
(A/m)*y

B xone pabots! ucnionb3oBanack [19BM tuna « HUAWEI MateBook D 15» co
CJIEIYIOIIMMU XapaKTEePUCTUKAMU: HAMIPSHKEHHOCTh JIEKTPOMArHUTHOTO 1oJis 2,5B/m;
MMOBEPXHOCTHBIN noTeHuuan coctaBisieT 450 B (0CHOBBI MPOTHBOMOXKAPHOW 3aIUTHI
npeanpusituii 'OCT 12.1.004 u I'OCT 12.1.010 — 76) [3].

[Ipy OAUTENBPHOM TIOCTOSTHHOM BO3JCHCTBHHM 3JIEKTPOMArHUTHOTO  IOJS
(OMII) pamumouactoTHOro nuama3zoHa npu pabdore Ha I[I[DBM y denoBedeckoro
OpraHu3Ma CEepJEYHO-COCYHCTBIE, PECIMPATOPHBIE W HEPBHBIE PACCTPOMCTBA,
rOJIOBHBIE OO0JIH, yCTAIOCTh, YXYILIEHUE COCTOSHUSA 310POBbs, TUIIOTOHMSI, U3MEHEHUS
CepIeyHOl MbIMIbl TpoBoguMocTH. TemnoBoit »pdexkt OMII xapakrepusyercs
YBEIMYECHUEM TEMIIEPAaTypbl TeENa, JOKAIbHBIM CEJIEKTMBHBIM HArpeBOM TKaHEH,
OpPraHoB, KJIETOK 3a cyeT nepexoaa IMII Ha Terryro 3HEpPTrUto.

[IpenenbHo pomyctumsbie ypoBHH o0mydeHus (mo OCT 54 30013-83):

» 1o 10 MxBT. /cM2, Bpemst paboThI (8 yacoB);
» ot 10 mo 100 MmxB1/cM2, Bpemst paboThI He 6oJiee 2 Jacos,

» ot 100 mo 1000 mMxBt/cm2, Bpemsi paGoTel He Oojnee 20 MHUH. MPU yCIOBUH

MOJIb30BAHMS 3AIMTHEIMUA OYKaMU;
» nis HaceneHus B 1ieiom [1TIM He mospkeH mpeBbImaTh | MKBT/cM?.

K o0muM ¥ MHIWBUIYaJbHBIM CPEICTBAM 3aIUTHI OT 3JIEKTPOMArHUTHBIX
IOJIEW OTHOCSATCS 3KPAHbI, BBITOJHEHHBIE W3 METAUIMYECKUX MaTepUajioB, OJEkKIA
(xanatel, (apTyku, KOMOWHE30HBI, KOCTIOMbI), HM3TOTOBJIEHHAs W3 OTpa)arouen
METAJJTU3UPOBAHHON X/0 TKaHM); 3alIMTHbIE OYKU, UTUTKU U Jp., TOKPHITHIE TOHKOMN

TOKOITPOBOJSAIIEH TNICHKOM.
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5.2.1.4. OTcyTCTBHME WIH HEIOCTATOK HEOOXOIUMOI0 €CTECTBEHHOTO U
HCKYCCTBEHHOI'0 OCBECIICHUS

B TemMHOE BpeMs CyTOK, a TaKKe B 3aKPBITBIX TTIOMENICHHIX, CBETa MOXKET OBITh
HEJIOCTATOYHO. B CBSA3U € 3TUM, IPUMEHSETCS UCKYCCTBEHHOE OCBelIeHUE. OT YpOBHS
OCBEIICHHOCTh 3aBUCUT 3pEHHE pPaOOTHHKA, €ro COMPOTUBISIEMOCTh YCTaJOCTU U
Harpy3kaM. CpemHssi TOPH30HTAJIbHAs OCBEIICHHOCTh B KaOWMHETaX W O(UCHBIX
NOMEIICHUIX J0bKHA ObITh HEe MeHee 300 nk. B pa3nuuHbIX 1exax U TEeXHUYECKUX
MOMENIEHUSIX OCBEEHHOCTh Bapbupyerca ot 100 mo 300 nk. IIpm mpoBenenuun
3eMJIIHBIX paboT He MeHee 10 nk. OCBEEeHHOCTh JI0KHA ObITh paBHOMEPHOM, 6e3
CJIEISIIETO IEUCTBUS.

TpeboBaHUI K OCBEHIEHUIO HA pad0ounXx MecTax, 000pyaoBaHHbIX [[DBM:

Paboune cTombl cneayeT pa3Meniath TaKUM 00pa3oM, YTOOBI BUIEOAUCTIIICHHBIE
TEpMUHAIBl ObUIM OpPUEHTHUPOBAHBI OOKOBOW CTOPOHOM K CBETOBBIM IIpOEMaM,
YTOOBl E€CTECTBEHHBI CBET IMajajl MPEUMYILIECTBEHHO cieBa. VCKycCTBEeHHOE
OCBELICHUE B IMOMEUICHUAX Ui 3Kciuryartauuu I1I9BM NOMKHO OCyIIecTBISATHCA
CUCTEMOIl  OOIIEro paBHOMEPHOIO  OCBEIIEHHA. B  NPOM3BOACTBEHHBIX U
aJIMMHUCTPATUBHO-OOUIECTBEHHBIX TOMEUICHUSX, B CIydasx MpPEeUMYyIIECTBEHHON
paboThl C JIOKyMEHTaMHM, CJIEAYeT MPUMEHSTh CUCTEMbl KOMOMHHUPOBAHHOIO
ocBelleHUs! (K 00IIEMY OCBEIIECHUIO JIOMOJHUTEIBHO YCTAHABIMBAIOTCSA CBETHIILHUKU
MECTHOTO OCBELICHMS, NPEIHAa3HAYCHHbIE JUISI OCBEIICHHS 30HBI PACIOJIOKEHUS
JOKYMEHTOB).

OCBEIICHHOCTh Ha IOBEPXHOCTH CTOJa B 30HE pa3MelleHus paboyero
nokyMeHTa joiikHa ObITh 300 - 500 k. OcBelmeHne He T0HKHO CO3/1aBaTh OJIMKOB Ha
MOBEPXHOCTH 3KpaHa. OCBEIIEHHOCTh MOBEPXHOCTHU dKpaHa He T0JKHA ObITh Oosiee 300
JIK.

B kadecTBe HMCTOYHUKOB CBETa MPU HCKYCCTBEHHOM OCBELICHUU CIEIyeT
OPUMEHSTh MPEUMYIIECTBEHHO JIOMUHECLEHTHbIE JaMiibl Tuna JIb u kommnakTHbie

momuHecteHTHeie Jamibl (KJUI). Ilpu ycTpoilcTBE OTpaKe€HHOTO OCBEIICHUS B
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MPOU3BOICTBEHHBIX M aIMHUHUCTPATHBHO-OOIIECTBEHHBIX TTOMEIICHUIX JIOMYCKASTCs
OPUMEHEHUE METAJUIOraJOreHHBIX JiaMIl. B CBETHMJIbHMKAaX MECTHOTO OCBEIICHUS
JOMYCKaeTCsl MPUMEHEHHE JIaMIl HaKaJTuBaHUSI, B TOM YHUCJIEC TAJIOTCHHBI.

Tabnuua 18 — HopMupyembie nokazaTeian eCTECTBEHHOT0, HCKYCCTBEHHOTO U

COBMEIIICHHOTO OCBEIICHHUS I pabouyux MeCT, MCMOJb3YyIoImX obopyaoBanuii 11K

[15].
Mome- MNnockoc | EctectBeHHOe CosmelleHHo e| OcseleHHocT | O6ben | Koadd
eHune ocselweHmne, KEO, | ocselieHune
- ™ (I - t ’ ’ 5 o b pabouux | u- u-
en% KEO, ex %
ropu3oH- NnoBepPXHOC- HEHHbl | LUMEHT
Ta/ibHaA, Ten, nK M nynb-
B nokas | cauum
BEPTUKA aTenb | ocsewy,
JbHan) OUCKO | e H-
npu npwm npwm npwu npwu npwm
HOpPMMU- M- HOCTH,
BepxHem | 6oKo- | Bepx- | BOKo- | KOMb6 | obule
poBaHuA dopta | %, He
nnm BOM HEeM BOM | U- M
ocBelleH UGR, bonee
KOMOWH | ocse- nnm ocBe- | HUPO | ocBe-
; He
n LLIEHN | KOMO | LLEHM | BAHHO | LLEHMU
HOCTU M 6one
POBaHHO | U n- 7 M n
KEO, e
M HUpO- ocBe-
BblCOTa
ocBelleH BaHHO LLEHM
NNIOCKOC
nn M 7
™
ocBe-
Ha
LLEHM
[, NONOM,
n
M
KabuHe r-o,o 3, 1,0 1,8 0,6 300 - -
0
Tbl

5.2.1.5. I1o:xapoB3pbIBOONACHOCTD

OmnacHble (hakTOPHI MOXkKapa — IJIaMs U UCKPbI, TEIJIOBOM MOTOK, MOBBIIIIEHHAS
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TEMIIEpaTypa OKPYXKArOIIeH cpebl, OBBIIICHHAS KOHIICHTPAINS ITPOTyKTOB TOPEHUS,
MOHW)KCHHAsT KOHIICHTpalus Kuciopoaa. [locime moxapa MOXKET MPOHM30MTH B3PHIB,
KOTOPBII TAK)Ke SIBJISICTCS OITACHBIM ITPOU3BOJICTBEHHBIM (DAKTOPOM.

BoszeiicTBue IMJIaMEHH Ha 4YeJIOBEKAa MOXKET MPHBECTH K TEPMHUYCCKOMY
oxory. IloBbIllIcHHAs TeMIIepaTypa BbI3bIBACT OYKOTOBBIC MOPAKCHUS JBIXAaTCIBHBIX
NyTed W KOXH dYeloBeKa. TOKCHYHBIC MPOJYKTHI TOPECHHUS OTPABISAIOT YEJIOBEKa
OKCHJIaMH yTJIepoJia U APYTUMH COCTUHCHUSIMH, BBI3BIBAsI KUCIOPOTHOE TOJIOTAaHHE —
TOJIOBHYIO 00Jb, €1a00CTh, TOJOBOKPYXEHUE, W TIPH JJIUTCIHLHOM BO3/ICHCTBUH
HPUBOJIUT K THOCITU YeIIOBEKA.

Omnacuple (akTOpsl B3pHIBA: YyIapHas BOJHA, IUIaMs, OOPYIIMBAIOIIUECS
KOHCTPYKIIMH, BBIICISIIONIMECS BpeAHBIC BemiecTBa. [IpoTHBOACHCTBHE IOKapam
OCYILECTBIISIETCS B Mpoliecce o0ecreueHus MokapHoi 0€30MacHOCTH.

[TomereHue 1O CTEIICHU MMOXKApOOIIaCHOCTH OTHOCHUTCS K Kiaccy B-4, Tak kak
B HEM OTCYTCTBYET BBIJICJICHHUE IIBIIN M BOJIOKOH BO B3BEIICHHOM COCTOSIHUU.

BosnukHOBeHHEe moxkapa npu padore ¢ I[IK mMoxeT ObITh MO MpUYMHAM Kak
AJIEKTPUICCKOT0, TaK M HEICKTPUYECKOro Xapakrepa. IIpHYuHBI BO3HUKHOBEHUS
no)kapa HEICKTPUICCKOTO0 XapaKTepa MOXET OBITh XallaTHOE HEOCTOPOKHOE
oOpaimeHue ¢ orHeMm (KypeHHE, OCTaBJICHHbIE Oe3 TpHCMOTpa HarpeBaTeIbHbBIC
nprOOpbI, HUCIOJIb30BAaHUE OTKPHITOrO OTrHs). I[IpHUMHBI BO3HUKHOBEHHS IOXKapa
AJIEKTPUICCKOTO XapaKTepa: KOPOTKOE 3aMbIKaHUE, TIEPETPY3KH 10 TOKY, UCKPEHHUE U
AIIEKTPUICCKUE IYTH, CTATHYECKOE IJICKTPHYESCTBO U T. II.

JUIs  noKanmu3aluMy WM JIMKBUJAIIMKA 3aropaHusi Ha HaYallbHOW CTaJHH
UCTIONB3YIOTCS TICPBUYHBIC CPEICTBAa TOXKapoTymieHUs. [lepBudHble CpencTBa
MOKAPOTYIICHNUsI OOBIYHO MPUMEHSIOT J0 MPHOBITHS TMOXapHOH KomaHabl. K
MEPBUYHBIM CPEJICTBAM TIOXKAPOTYIICHUS OTHOCATCS BCE BHIBI IIEPEHOCHBIX U
NEPEBMKHBIX  OTHETYIIUTENEH, OO0OpyJOBaHUE IOKAPHBIX KPAHOB, SIIUKHA C
HOPOIIKOBBIMH COCTaBaMU (TIECOK, MEPJIUT), a TAK)KE OTHECTOWKKE TKaHH (acOeCTOBOE

MOJIOTHO, KOIIIMa, BOMJIOK).

87



TpeboBaHMs K IEpCOHANY Ha D&60‘-II/IX MCCTax.

» PaboTHHMKHM JOIMyCcKarOTCs K paboTe TONBKO IMOCJE MPOXOXKACHUS OOYyUCHHS
MepaM ToxapHoil Oe3omacHocTH. OOydeHune pabOTHHKOB MepaM MOKapHOU
0€30MacHOCTH  OCYIIECTBISIETCS TyTeM MPOBEACHUS IMPOTHUBOMOKAPHOTO
MHCTPYKTaKa U MPOXOXKJICHUS MOXKAPHO-TEXHUYECKOTO MUHUMYMA;

» Bcs TeppuTopus MOCTOSHHO CONEPIKUTCS B YUCTOTE U Mopsiake. Mycop u Ipyrue
OTXOJbI JOJIKHBI yOUPaAThCS;

» 3ampemiaercs KypeHHe Ha TeppuTopuu. KypuTh paspemraercsi TOIBKO B
OTBEJICHHBIX MECTaX JUIsl KypeHus;

» 3anperniaeTcsi IPUMEHSTH JIJIsl OCBEIICHUS (PaKelbl, CBEUH, KEPOCUHOBBIC POHAPH
U IpyTUe UCTOUHUKU OTKPBITOTO OTHS;

» HarpesarenpHple TpUOOPHI, HE OCHAIICHHBIC ABTOMATHUKOW, OCTaBIATH 0e3
MIPUCMOTPA 3aIPELICHO;

» Ilo oxoHuaHun pabOTHl OTBETCTBCHHBIC 3a TIOKAPHYIO OE30MMacHOCTH
OCMaTpUBAIOT IOMEIICHUE, TEPPUTOPHIO.

5.2.1.6. [10:xapoB3pbLIBOONIACHOCTD

K omacHpiM (hakTOpaM MOXHO OTHECTH HAJIMYKME B TOMEIICHUU OOJBIIOTO
KOJMYECTBA amnmaparypbl, HCIOJIb3YIOMEH OAHO(A3HBINA AJIEKTPUUECKUI  TOK
HanpspkenueM 220 B u vacroron 501 .

Cornacuo IIVD (7-e u3n.) [16], pabodyee MECTO OTHOCHUTCS K KaTErOpHUH
MOMeIEeHUs — 0€3 MOBBIIIEHHON OMacHOCTH. Tak KaK B HEM yUTEHBI BCE HEOOXOIUMbIC
npaBuia TO AJIEKTPOOE30MaCHOCTH, ATO CyXOe IMOMEIIeHHEe 03 MOBBIIIEHHOTO
HalbUIEHUs, TEMIIepaTypa BO3[AyXa HOpMajlbHasg, IOJ MOKPHIT U30JALHOHHBIM
MarepuanoM. BiiaxxHOCTh Bo3ayXa He npeBbIacT 75%, OTCYTCTBYET TOKONPOBOASIIAS
MbUIb, TEMIIEpaTypa He npeBbimiaeT 35°C.

st mpeaoTBpalieHus! AIEKTPUUECKUX TpaBM pabOTHHKA, B TIEPBYIO OUepe/lb,
HEOOXOJIUMO PETYJISIPHO 00CITY>KHUBATh JIEUCTBYIOIINE JICKTPOYCTAHOBKH, TTPOBOJIUTH

CBOEBPEMEHHBII PEMOHT, MOHT&X U MNpodUIaAKTUYECKUEe padoThl. Mepbl TIO
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00ECTIEUEHHUIO 3JIEKTPOOE30MACHOCTH 3aBUCAT OT KAaTErOpuHM MPOU3BOICTBEHHOTO
nomenieHusi. IlopakeHue 5>JIEKTPUYECKUM TOKOM 4Yallle BCEro HACTyMaeT IMpu
HEOpEeKHOM OOpalieHHH ¢ MpUOOpaMu, MPH HEUCHPABHOCTH JIEKTPOYCTAHOBOK HIIU
P UX TTOBPEXKICHUU.

Kaxnomy paboTHHKY HEOOXOAMMO 3HATh MEPhl MEIUIIMHCKOW MOMOILIU TPH
MOpPaXEHUH DJICKTPUYECKUM TOKOM. B mro60oM paboueM mMmomemieHuu HEOOXOAMMO
UMETh MEUIIMHCKYIO allTeuKy ISl OKa3aHUs MePBON MEAUIIMHCKON TOMOIITH.

JInst 0cBOOOXKIEHUST MOCTPAAABLIEro0 OT TOKOBEAYIIMX YacTeld HE0OXOIUMO
UCIIOJIb30BaTh  HEMpOBOAsAIIME  Marepuanbl. Eciu  mocie  0CBOOOXKACHUS
MOCTPa/IaBILEro U3-110/1 HAMIPSKEHUSI OH HE JBIIIUT, WIN IbIXaHUE ci1aboe, HE0OX0IUMO
BbI3BaTh OpuWrajgy CKOpOMl MEIMIIMHCKOM TMOMOIIM M OKa3aTh IOCTPaJIaBIIEMy
J0BpayeOHYI0 MEIULIUHCKYIO TOMOIIb!

» o00ecreyuTh JOCTYN CBEXEro BO3AyXa (CHATH C MOCTPAIaBIIErO CTECHSIOIILYIO

OJICK]ly, PACCTErHYTh BOPOT);
» OYHUCTHUTH JABIXaTEIbHBIC Ty TH;

> IMPUCTYIIUTH K I/ICKYCCTBGHHOﬁ BCHTWLINHNKU  JICTKHX (I/ICKYCCTBGHHOC

JIbIXaHUE);
» B Clly4ac HCOOXOJIUMOCTH MPHUCTYIIUTh K HEMPSIMOMY MacCaxy cepiia.

JIro0oi sekTponpudop J0KEH ObITh HEMEIJIEHHO 00ECTOUEH B CIIyYae:

» BO3HUKHOBECHHS YTPO3BI KU3HH WITH 3JIOPOBBIO YEIIOBEKA,

» TIOSIBJICHHMSI 3aIlaxa, XapaKTePHOTO JIJISt TOPSAIICH H30JISINH WIIH TIaCTMACCHI;

» TIOSIBJICHHSI IbIMA WJTH OTHSI,

> TIOSIBJICHUS HCKPCHUS,

» OOHapyXEHWS  BHJIMMOTO  IOBPSKICHUS  CWIOBBIX  KaOemed — Wi

KOMMYTAlMOHHBIX YCTPOMCTB.
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JI1st 3aIIUTHI OT MOPAKEHUSI ANEKTPUUECKUM TOKOM Mcnob3yroTr C1U3 u CK3.
CpencTBa KOJUIEKTUBHOW 3aIUTHI:

» 3azeMJIeHHE 3JEKTPUUECKOTO 000PYI0BaAHUS;

» Hcnonb3oBaHue IUTOB, 0apbepoB, KIETOK, IIHUPM, a TAKXKE 3a3eMIISIONINX U

IIYHTUPYIOUIUX IITAHT, CIICHUATbHbBIX 3HAKOB U TJIaKATOB;
» 3aHyJieHUEe HCTOYHUKOB HAIPSKCHUS;
» llpumeHeHMe pa3aeuTeNbHBIX TPAaHCPOPMATOPOB.

Cpencrtea WHIMBUIYATbHOM 3allUTHI: MCIOJb30BAHUE AUAJICKTPUUYECKHUX
MepyaToK, M3OJUPYIOUIUX KJEHed U IITaHT, CJIECApHbIX MHCTPYMEHTOB C
W30JIMPOBAHHBIMHU PYKOSTKAMHM, YKA3aTeJIM BEIUYMHBI HAIPSKCHUS, KaJOIIH, OOTHI,
MIOJICTABKU U KOBPHUKH.

5.2.2. PacueT cucTeMbl HCKYCCTBEHHOTO OCBEIIIEHUS
JaHo:
nomenieHue JuHoi A=20 m, mupuHoit B=10 M u Beicotoit H=4,5 m;

BBICOTA paboOyY€ii MOBEPXHOCTH hpn =0,8 m;
k03¢ dunreHT orpaxenus cteH R¢ = 30;
K03(ULKEHT OTpaxeHus morosika Ry = 50;

ko3¢ dunreHT 3amaca k = 1,5;

ko3 purmeHt HepapHoMepHocTu = 1,1;

vV V.V V VYV V V

pPacCTOssHUE CBETUIILHUKOB OT NepekpbITus (cec) e = 0,5 m.
Bri6epem MroMUHECHEHTHBIE CBETHIIbHUKM Tuma O/]: MHTerpanbHbIMKpUTEPUI
ONTUMAJIBHOCTH PACTIONOKEHUS CBETHIIBHUKOB A = 1,4.
Paccuuraem pacuemmuyro evicomy ceemunbHuka Hao paboyetl N08ePXHOCHbIO
o ¢opmyiJie:

h=H- hpn - hc, (21)
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rae  h —  pacu€THas BBICOTA, BRICOTA CBETWJIBHHUKA HaJ pabouei

ITOBCPXHOCTBIO, M;

H — BBICOTA [TOMEIICHHUS, M;
hp  — BBIcOTa paboueii MOBEPXHOCTH HAJI HOJIOM, M.
I

h=45-0,8-0,5=32m

Paccuntaem paccmosirnue Meofcdy c6eMuUJIbHUKaAMU.

L=A-h, (22)
roe L — pacctrosHune mexay cocegHUMM CBETUbHUKAMU UAN pASAMU,
M;
A —  WHTerpanbHblil KPUTEPMIA ONTUMANBHOCTM PACMO/IOKEHUA

CBETU/IbHUKOB;
L=14-32=448m

PaccuutaeM paccmosnue om Kpaiinux ceemunbHuko8 00 cmensl 10 hopmyJie:

l=2=22_149m (23)
3 3

Paccunraem uHaeKC MoMereHus mo Gopmyiie:

. Ax*B 20%10
L= hx(AxB)  3,2%(20+10) 2,083 (24)

Pa3mMerniaeM CBETUIILHUKH B JiBa psaa. B KaXX1oM psiay MOKHO yCTaHOBUTH 10
cBeTwbHUKOB THNA O/ MomtHOCTEIO 65 BT (¢ niunoi 1,23 m u mupunoi 0,29 M), npu
ATOM Pa3pbiBbl MEXAY CBETWIbHUKaAMU B psiay cocTaBsaT 50 cMm. YuuTbhiBas,dTO B
KaXJIOM CBETHJIbHUKE YCTAHOBJICHO JIBE JIAMIIbI, OOIIIEEe YHUCIIO JIaMIT B TIOMEIIeHuu N =
40

KoaddumumenT ucnonp3oBanmsi CBETOBOTO MOTOKa cocTasisieTn = 57 % = 0,57

OmnpenensieM CBETOBOM MOTOK JIaMIIbI 110 opMyJie:

_ ExAxBxkxZ _ 300%20%10%1,5%1,1
P = N«n 40%0,57

= 4342,1 JIm (25)
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Bribupaem Ommkaiiinyio moaxofsinyio crannaptayio jnammy JIXb 65 Bt ¢

1OTOKOM Py crag = 4400 JIm.

I[CJ'I&GM IMIPOBCPKY BBIIIOJIHCHUA YCIIOBUA:

—10 % < W*m%g 20 % (26)
1095 < TA00— 43421 00 < 120 %
— %k
0= 4400 0= 0

10 % < 1,3 % < +20 %
OmnpenensieM AIEKTPUUYECKYI0 MOIIHOCTh OCBETUTEIBHOW YCTAHOBKHU IO

dbopmye:
P =65-40 = 2600 Bt (27)

5.3. Dkogorndyeckas 0e30MaACHOCTH

5.3.1. 3amura armochepbl
[IBOM Bo Bpemst paboTbl HMOHMU3UPYIOT BO3AyX, TEM CAMbIM B BO3IyXe
MOBBIIIAETCS] KOHLIEHTPAMU MEJIKUX YaCTHUIL U MbLUIb. Takxke Bo Bpems padotsl [IBOM
C BBICOKMMH BBIUYUCIUTEIbHBIMA MOIIHOCTSIMM UMEET MECTO ObITh HArpeB BO31yXa U
BCEro IMOMEUIEHUS, 03TOMY HEOOXOAUMO OOECIEeYUTh XOPOILIUK BO3IyXOOOMEH U
peryupoBaHuE TEMIEPATYPHOTO PEKUMA.
MeponpustueM A yMEHbIIEHUS BO3ACHCTBUS Ha atMocepy CIyX HT
CBOEBpPEMEHHAs BllaXkHasi yOOpKa MOMEILEHHUS.
5.3.2. 3amura rugpocdepbl
3arpsisHeHne  ruapocdepbl  CBsI3aHO Cco cOpocaMH  CTOYHBIX BOJ B
KaHAJIM3AI[MOHHBIE CHUCTEMbl MU B BOAOEMBl PA3JIMYHOIO Ha3HAUYEHHs. 3arpsi3HEHUE
CTOYHBIX BOJ YEJIOBEKOM MPOAYLUPYET 3HAYUTEIBbHOE KOJIMYECTBO CTOKOB, KOTOPHIE
OTBOJSATCS WIX B LIEHTPAJIN30BAHHBIE, MJIM B ABTOHOMHBIE KaHAJIM3ALMOHHBIE CHCTEMBI,
U Jajee MOIJIeXaT OYMCTKE M cOpocy B OKpYXalollylo cpeny. MexaHnuudeckue,
OMOJNIOrMYecKre W OpraHMYecKHe 3arpsA3HEHUs CTOYHBIX BOJA, OOpa3yroIIMXCs B

pE3YybTarTe X031 CTBEHHO-OBITOBOM ACATCIIBHOCTHU YCJIOBCKA, YAAJAOTCA OYHMCTHBIMU
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coopykeHusiMA. OCHOBHBIM HOPMATHUBHBIM JOKYMEHTOM B c(epe HCIOIb30BaHUS
BOAHBIX pecypcoB saBisiercsi Boaubiii komekc P®, nmpunsteii 03.06.2006 roma 3a
HOMepoM 74-D3.

Mepornpusituu i1 yMEHbIICHUS BO3ACHCTBUS Ha Tuapocdepy:

» Ilpu 3arps3HEeHUN WK OMTACHOCTH 3arpsi3HEHMSI TTOJI36MHBIX BOJl 00BEM H CITOCO0
HaOIONCHUH 32 UX PEKUMOM UM KAu€CTBOM OIPEAEISETCS B 3aBUCUMOCTH OT
3HAYEHUSI W BHUJA HUX MWCIOIB30BaHUS, a TakXKe€ C YUYETOM BO3MOXHBIX
ITOCJIEACTBUM UX 3arpsA3HEHMUS;

» B cooTBeTCTBUM C TPeOOBAHUSAMH OXPaHbI MOBEPXHOCTHBIX BOJ OT 3arps3HCHHUSI
3arpeniaeTcsi COpachbiBaTh B BOJHBIE OOBEKTHI CTOUHBIE BOJIBI.

5.3.3. 3amura jguTocgepsnl

Cramus yTWiIM3alldd, yTWIM3UPYS TEXHUKY MBI 3a00TUMCS 00 SKOJIOTHH:
KOJIMYECTBO HE TepepadaThiBAEMbIX OTXOJI0B MUHUMM3UPYETCS, @ TAKUE OTXOJbI, KaK
IJACTUK, IJIACTMACChI, JIOM YEPHBIX M IBETHBIX METAJJIOB, HCHOJB3YIOTCA BO
BTOPUYHOM TPOU3BOJICTBE. JEKTPOHHBIE IUIAThIl, B KOTOPBIX COJAEpPIKATCA
JparMeTasuibl, OCie MepepadoTKU OTHPaBIAI0TCS Ha ad(hUHAKHBIN 3aBOJI, TTOCTIE YETO
YUCThIC METAILIBI catoTes B [ochon/, a He ocearoT Ha CBAJIKaX.

B oprrexHuke OrpoMHOE€ KOJIMYECTBO KOMIIOHEHTOB, KOTOpPBIE COIEpHKaT
TOKCUYHBIE BEIIECTBA M TMPEACTABISIOT Yrpo3y, Kak Jig 4YeloBeKa, TaK M JyIs
OKPYKAIOIIEH CPEIbI.

K TakuMm BemiecTBaM OTHOCSTCS:

» CBWHEII (HAKarUIMBaeTCsl B OpraHU3ME, ITOpaXkasi TIOYKH, HEPBHYIO CHCTEMY ),

» PTYTh (MIOpaKaeT MO3T U HEPBHYIO CUCTEMY );

» HUKENb W [IMHK (MOTYT BBI3BIBATH JEPMATHUT);

» menoun (IPOKUTAIOT CITU3UCTHIC 000JIOYKH H KOXKY ).

[TosToMy oprrexHuka TpeOyeT CHelUalbHBIX KOMIUIEKCHBIX METO/OB

YTUIU3alluu. Cnauaia IMPOUCXOAUT CITMCBIBAHUEC TCXHUKHU C Oayranca KkoMmaHuu. ToJIbKO
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Mocjie 3TOr0 MOXKHO NPUCTYNarhb K I[IOMCKaM KOMIIAHUM U HEMOCPEICTBEHHOM
YTUIN3ALUN TEXHUKU.
[Topsimok mpoBeAeHUsT Y KaKI0M (HUPMBI MOXKET OBITH CBOMM, HO MPUMEpHAs
cXxema TaKoBa:

1. 3aka3yuK 3aKJIHOYAET TOTOBOP C UCIIOJTHUTEIEM.

2. Coctoutcs BBIBO3 OPITEXHUKU C IPEATPUSITHUS.

3. HWcrnonHuTeNnb IEMOHTUPYET, COPTUPYET TEXHUKY. OTIAEHSAET YEPHBIA METAIT OT
IIBETHOTO U IParMeTaljioB.

4. TlomyueHHOE ChIpbE OTIIPABISETCA HA 3aBOABI I epepaboTku. B nansHelmem
U3 HUX OyIyT CJielaHbl HOBBIE POy KTHI.

5. OTX0#bl KJ1aCCOB MOBBIIIEHHON OMTACHOCTH 00€3BPEKUBAIOTCS U YHUUYTOXKAIOTCS,
00 WX OTBO3SIT HA JIETAJIbHBIE MECTA 3aXOPOHECHHUSI.

6. 3aka3yuK MOJy4aeT aKT BBIMOJHEHHBIX Pa0OT BMECTE C HEOOXOAUMBIMHU JJIS
Oyxydera TOKyMEHTaMHu.

Hcxoass U3 CKa3aHHOTO BBIIIE TEpE] MUIAHUPOBAHUEM MOKYIKH OPITEXHUKE
HEO0O0XO0IUMO:

» IloGecrokonTcss 3apaHee O TOM, KakuM oOpa3oM OyaeT yTWIH3HUpOBaHA
MMEIOIIAsICA TEXHUKA, MTEPE] TOKYTIKOM HOBOU.

» VY3HaTh, HACKOJIBKO HOBas TEXHWKA COOTBETCTBYET COBPEMCHHBIM JKO-
CTaHJapTaM U MPUMYT €€ Ha YTHIM3AIUIO MTOCIIE OKOHYAHUS CPOKa CITY>KOBI.

» YTWIM3upoBaTh OPTTEXHUKY, a HE TPOCTO BBHIOpACHIBATH HA «CBAJKY»
HE0O0XOIMMO TIO CIEAYIOMIUM IPUIHNHAM:

Bo-niepBeix, B 11000 OPrTEXHUKE U OPTraHU3AIMOHHON TEXHUKE CONEPKHUTCS
HEKOTOpPOE€ KOJUYECTBO APArolleHHbIX METaJioB. POCCHUCKHMM 3aKOHOAATEIbCTBOM
MPENYCMOTPEH MYHKT, COTJIACHO KOTOPOMY BCE OpraHU3alMK OOS3aHBI BECTH YUET U
JBIDKCHHUE JPAroleHHbIX METAJJIOB, B TOM YHCJE TeX, KOTOpbIe BXOJAT B COCTaB
OCHOBHBIX CpEACTB. 3a HECOONIOICHHE TPaBWJI yuyeTa, OpraHu3alus MOXKET ObITh

omrpacdosana Ha cymmy ot 20000 mo 30000 pyO. (cornmacho ct. 19.14. KoAIl PO);
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Bo-BTOophIX, mpeampusTHe Takke MOXeT ObITh  omTpadoBaHO 32

HCC&HKHI/IOHI/IPOBaHHHﬁ BBIBO3 TCXHHUKH NN 060py,Z[OBaHI/I}I Ha «CBAJIKY».

5.4. be3onacHOCTH B Ype3BbIYAMHBIX CUTyallUAX
Upessbiuaiinas cutyanusa (UC) — 310 o00OCTaHOBKAa Ha OMpEACICHHOM
TEPPUTOPUH, CIIOKHUBIIASCA B PE3yJbTaTE€ aBapHH, OIMACHOTO MPUPOJHOrO SIBJICHUS,
KaTtacTpo(bl, pacrnpocTpaHeHHs] 3a00JIeBaHUs, MPEACTABISAIONIETO OMACHOCTh IS
OKPYKAIOINX, CTUXUWHOTO WJIM HWHOTO OCJCTBHUS, KOTOPHIE MOTYT IOBJICYb WJIU
NOBJICKIM 3a COOOW YEeJOBEYECKHE KEPTBBI, YHIEpPO 3J0POBBIO JIOJEH WIU
OKPYXaILIEH Cpelie, 3HAYUTEIbHBIE MAaTEPUAIIbHBIE NTOTEPU U HAPYILICHUE YCIOBUU

YKU3HEICATSILHOCTH JIFOACH.

5.4.1. Anaju3 Bo3MoOxHbIX YC

[Ipu pabote Ha [IDBM B0O3MOXHBI CIIEAYIONINE YPE3BbIUANHBIC CUTYAIINU:

1. Tlpuponusbie (3eMIIETPSCEHHUS], IPOBAJIBI TEPPUTOPHUN );

2. TexHoreHHbie (HECAaHKIIMOHMPOBAHHOE MPOHUKHOBEHHWE TMOCTOPOHHHUX Ha
paboyee MecTO; BO3MOXKHOE IMPOSBICHHE BaHAAIM3MA, JUBEPCUU U
POMBIIIIEHHOTO MIMHOHAXKA; ToXKap).

[Ipuponnast upe3BblYaiiHash cuUTyalusi — OOCTAaHOBKAa Ha OMPEACICHHON
TEPPUTOPUU WJIA AKBATOPUHU, CIOXKHUBILIECHUCS B pE3yJabTaTe BO3ZHUKHOBEHUSI UCTOYHHUKA
PUPOIHOMN YPE3BBIYANHON CUTYaIluU, KOTOPHIA MOXKET MOBJICUb WK MOBJIEK 3a COO0H
YEJI0BEUECKHUE KEPTBBI, YIIEpO 310POBbIO JIONEH U (WJIM) OKpYKaloled MPUPOTHOM
cpene, 3HAUUTENbHBIE  MAT€pUAIBHBIE TOTEPU W HAPYUIEHHWE  YCIIOBUH
KUA3HEICITEIbHOCTH JIFOACH.

YC TEeXHOreHHOTO XapakTepa — 3TO CHUTYallMd, KOTOPbIE BO3HUKAIOT B
pe3yibTaTe MPOU3BOACTBEHHBIX aBapuii M KaTacTpod Ha O0OBEKTaX, TPAHCIIOPTHHIX
MarucTpajisax ¥ MPOAYKTOMPOBOIAX; MOKAPOB, B3PHIBOB HA OOBHEKTAX.

Jns npenynpexxnaeHus BEpOSTHOCTH OCYILIECTBICHUSI TUBEPCUU NPEANPUATHEC
HE00X0mMMO 000pYIOBaTh CHUCTEMOW BHUACOHAONIONEHUS, KPYTIIOCYTOYHONW OXPaHOM!,

MPOIYCKHOM CUCTEMOHW, HAIECKHOM CHUCTEMOM CBA3M, a TAKXKE HCKIIOYEHUS
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pactpocTpaHeHuss HWHGOPMAUA O CHCTEME OXpaHbl OOBEKTa, PACHOJIOKEHUN
NOMEILIEHUN U 000pYOBaHUS B IOMEIIEHUSAX, CUCTEMAX OXPaHbl, CUTHAIU3ATOPaX, UX
MECTax yCTAHOBKM M KojinuecTBe. J[OJDKHOCTHBIE JMIla pa3 B MOJroAa MPOBOJISAT

TPEHUPOBKH O OTPabOTKE ACHCTBUI HA Cllydail SKCTPEHHOMN HBaKyaliu.

5.4.2. Han6osee BepossiTHas UC

Camasi BepoATHasl 4ype3BblYaliHAs CHUTyalus, MPOHUCXOMSIIAs B MOMEIICHHH
oduca — noxap. [lonoBuHa OPUCHBIX BO3rOpaHHil MPOUCXOAUT MO BUHE PYKOBOJICTBA
OpraHM3alMil UM UX COTPYAHUKOB. PykoBonuTenu 3a4acTyro HE KOHTPOJUPYIOT B
IIOJIHOM MEpPE COCTOSIHHE 3JEKTPOIPOBOJKH, CHUTHAIBHBIX CHCTEM OIOBELICHUS O
NOSIBJIEHUM JbIMAa M OTHS, HAJIWYUE WCIPABHBIX OTHETYWIUTENEH, W JIPYyroro
IPOTHUBOIIOKAPHOTO HHCTPYMEHTAPUSL.

[TockonbKy TpeOOBaHUSI MOKAPHBIX HMHCIEKTOPOB 3a4acTyl0 BCTYIAIOT B
OPOTUBOpPEUYHE C JIOTMKOW OOecredeHus 3allluThl OT XWILEHUH, B O(QUCHBIX
MOMEIICHUSX MOTYT OKa3aThCsl 3a0JJOKMUPOBAHHBIMM HBAaKyallUOHHBIE BBIXOJIbI,
MpEeAyCMOTPEHHBIE Ha CiTy4yal nosapa. J[Bepu 3 noaco00K U TEXHUYECKUE KOPUAOPHI
HOPOM 3aXIaMIISIIOTCS OTCITY>KUBILEH CBOM CPOK MEOENbI0 U KOPOOKAMHU C MyCOPOM.

[ToBceMecTHOM crnenupUKON 3HAYMTENBHOM 4YacTH NOMEIIEHH B oduce
OKa3bIBaeTCsl HAIMYME OOJIBIIOr0 KOJMYECTBA JTOKYMEHTOB Ha OyMa)KHbIX HOCUTESX.
A Oymara Hapany ¢ MeOenbl0 M TKAaHEBBIMU IITOPAMH MPEACTABISIET COOOMU
JIETKOBOCIUIAMEHSIOLIUICS MaTepHral.

CoTpyIHUKH TaKK€ MOTYT ObITh BUHOBHBIMU B BO3TOPaHUH:
KypEHUE B HEMPETYCMOTPEHHBIX JIJIsl ’TOTO MECTaXx;
HEeMpaBUIbHAS YKCILTyaTalysi ObITOBBIX AJIEKTPOIIPUOOPOB U 0OOTpEBaTENEH;
rOTOBKA WJIX Pa30rpeB MMUILIU HE B OTBEACHHBIX JJI 3TOT0 MECTAX;

neperpysKa 3JIeKTPOCETH;

YV V V V V

XpaHEeHHE Ha paboueM MECTe Pa3TUIHbBIX JIETKOBOCIIAMEHSIFOIITUXCSI TTPEIMETOB.
Jns npenynpexneHus COTPYJHUKOB MCHOJB3YIOTCS 3BYKOBBIE CHUPEHHI,

CBCTOBLIC CHI'HAJIbI TPCBOI'U. HeKOTOpBIe CUCTCMbI CUTHAJIM3allH MOTYT HC TOJILKO
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OTOBEUIaTh O 3aJbIMJICHUH, HO M TYIIMTh BO3TOPAHUE, BBITYCKasl OTHEMOIABISIOIIEE
BELIECTBO (BOAY, MEHY, a3, MOPOIIOK, a3p030Jb) JOKAJIbHO Ha odar. i TymeHus
nmo>kapa B oduce Hanbosee y10OHBIMU CUMTAIOTCS YTIICKUCIOTHBIE OTHETYIHTEN!. X
JEeHCTBYIOIIEE BELIECTBO, CIYCTS HEKOTOPOE BpeMs IIOCIE 3aBepLIeHUs padoT,
ucnapsiercsi OeccieiHO, IOYTH HE HAaHOCS BPE/a OPITEXHUKE WIM MEOEIH.

BaxxHo, 4TOOBI KaXKIbplii COTPYIHUK BHUMATEIHHO M3YYHJI IUJIaH SBaKyalluu,
KOTOPBIHA €CTh B JI0OOOM yupexxaeHudu. C 3TOH LEeNblo MOJIE3HO MPOBOAUTH YUEOHYIO
HBAKyaIuIo U 0TPadOTaTh JEHCTBHS MPU BOSHUKHOBEHUH YPE3BbIUANHBIX CUTYAI[Hi.

B cnyuae mnoxapa paOoTHMKaM NpeanpuATHs HEOOXOIUMO BBIIIOJHUTH
CJICIYIOLINE TPU ICUCTBUS:

1. Hemensienno coobmuts 1o tenedony "01" o moxkape B HoKapHYIO OXpaHy;

2. OmnoBecTUTh O MOXKape BCEX paOOTHUKOB;

3. IlpuHATE MEpBI MO DHBAKyalHH JIIOAEH, TYLIEHHUIO I0KApa, COXPAHEHUIO
MAaTEPUAIBHBIX IEHHOCTEM.

[Tpy nuKBUOANMKM MOKapa B 3/IaHUSAX C MAacCOBBIM IpEObIBAHUEM JIIOJEH
HEOOXOJUMO: YCTaHOBUTH CBsI3b C aJAMHUHHCTpaIel 0O0BeKTa M BO3MOXKHOCTH
UCIIOJIb30BAaHUSI BHYTPEHHUX CPEACTB CBSI3M JUIsl PYKOBOJCTBAa TYIIEHUEM U
HBaKyalueil; IpUHATH MEPHI 10 NPEIOTBPALLICHUIO TAHUKH, UCIIOJIb30BaTh BCE CUIIBI U
CpEICTBa HA CHACEHHE JIOZCH; MPHUBJICYh OOCITYKHBAIOIIMA MEPCOHAN K ABAKyaIllH
JIOZIEH COIIacHO IUIaHy 3BaKyallud MpH; B CIyyae AOCTATOYHOTO KOJIMYECTBA CHII U
CPEICTB IJisl MPOBENEHUS DBAKyallMOHHO-CIIACATENIbHBIX pa0OT OCTajbHBIE CHIIBI U
CpEeICTBa HANpPaBUTh HEMOCPEACTBEHHO HA TyIIEHUE TOXkKapa.

5.5. IlepeyeHb HOPMATHBHO-TEXHUYECKOU TOKYMEHTALUH
1. Tpynosoii kogekc Poccuiickoit @eneparuu ot 30.12.2001 Ne 197-D3 (pen. ot
25.02.2022 1).
2. TOCT 12.2.049-80 CCBT. OGopynoBanue mpou3BoacTBeHHoe. OOmue

AProHOMUYECKHUE TPEOOBAHUS.

97



3. CanlluH 2.2.4.548-96 I'nruennueckue TpeOOBaHUS K MUKPOKIUMATY
IPOU3BOJICTBEHHBIX MOMEIICHH.

4. TOCT 12.1.003-2014 CCBT. Illym. O6mue TpedoBaHus O€30MaCHOCTH.

5. TOCT 12.1.006-84 CCBT. DnexrpomMarHuTHbIC 1MOJIs1 pagrodactot. Oomue
TpeboBaHUs 0€30MaCHOCTH.

6. CII52.13330.2016 EctecTBeHHOE U HCKYCCTBEHHOE OCBEILIEHUE.
AxryanusupoBanHas pegakuust CHull 23-05-95%*.

7. TOCT 12.1.010-76 CCBT. B3psiBoOe3onacHocTh. O0111€ TpeOOBaHMUA.

8. I'OCT 12.1.019-2017 CCBT 3nexrpobezonacHocTh. O01IME TpeOOBAHUS U
HOMEHKJIaTypa BUIOB 3aIlIUTHI.

9. CII 2.4.3648-20 «CanutapHO-311AEMHOJIOTUYECKHE TPEOOBAHUS K
OpraHu3allMy BOCTIUTAHUS U O0y4YEHUS, OTAbIXA U O3/I0POBJICHUS ACTEH U
MOJIOZICIKIY.

10.T'0OCT 12.4.154-85 “CCBT. YcTporcTBa, SKpaHUPYIOIINE JJISI 3AIIUTHI OT
AIIEKTPUUECKUX MOJeH MPOMBIIIICHHOW YaCTOThI”

11.T'H 2.2.5.1313-03 Ilpenensno nonyctumsbie konreHnTpanuu (I1/1K) Bpennbix
BEIIECTB B BO3/lyXe paboyeil 30HBbI.
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3AK/IIOYEHUE

Jns BeimosiHeHHsT TpeboBaHui 3akoHa Poccuiickoit denepanun 0 KOJIWUYECTBE
C)KUTAaHMsI TIOMyTHOTO HE(PTIHOTO Tra3a W C IENbI0 TOBBIMICHUS PEHTAOCIBHOCTH
pa3paboTKM HE(PTEra3oKOHJCHCATHOTO MECTOpOXkAeHUuss X B paboTy BBelICHA
VcTraHoBKa KOMINUICKCHOM ITOATOTOBKH T'a3a M ra30BOT0 KOHACHcATA.

N3 HETOCTATKOB TEKYILIEN TEXHOJIOTHYECKOW CXEMBI TOATOTOBKH I'a3a BhISBIICHA
HEBO3MOKHOCTh COOJIIOZIaTh CTaHAAPTHl IOJATOTOBKU B Temioe Bpems roma. C
MMOMOIIIBIO MIPUMEHCHUS MIPOrPAMMHOTO rmakeTa MO/JICJIMPOBAHUSA
Hedrerazoxumudeckux rmnporeccoB Aspen HYSYS Obuio mpoBemena paboTa mo
pelIeHnIo 3Toi mpobsieMsbl. Pe3ynbraToM 3T0M paboThl cTaja pa3padoTka HECKOJIBKUX
JOTIOJIHUTEJIBHBIX MOJYJIEH, CIIOCOOHBIX MOBBICUTH 3((PEKTUBHOCTH OTOCH3UHUBAHUS
rasa.

[leppas cxemMa C TPUMEHEHUEM  JIONOJHUTEIBHOM  OCYIIKHA  4epes
HU3KOTEMIEPATYPHYIO a0COpOLMI0 HECTAOMIbHBIM KOHAEHCATOM HE J1ajia jKeJIaeMOro
pe3yJibTaTa B BUJIC CHUYKEHHUSI COACPIKaHUS MPOIaH-0yTaHOBOW ()paKIIMU B OCYIIICHHOM
rase.

Bropas cxema npezamnonararaeT uCnoib30BaTh BHEIMTHUN XOJIOAUIbHBIN UK, B
KOTOPOM  MCTOYHHKOM  XOJoAa  BBICTYyHajd  JpPOCCEIMpPOBAHHBIA  Ta3 U3
ra30KOHACHCATHOM CKBaKMHEI. JlaHHAs cxema cMoria 0OeCIICUMTh JOIOJHUTCIBHOS
OXJIAXKJEHHE Ta3a, TeM CaMbIM OOECIIEUYMT TOYKY POCHI IO YTIJIEBOJAOPOJaM B JIETHEE

BpEMs B COOTBCTCTBUU CO CTaHAApTaMHU.
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1. Introduction

Although many improved conceptual designs of natural gas liquids (NGLs)
recovery processes have been introduced to enhance the economics and efficiency, real-
world applications remain elusive because of the communication gap between
researchers and practitioners. To bridge this gap, a state-of-the-art assessment of the
NGLs recovery processes is presented along with an overall outline considering the feed
conditions, product recovery, purity, specific energy consumption (SEC), process
economics, and analysis software using the equation of state model. Lower NGL
components in the feed have a higher SEC and lower operating costs than a rich feed.
It was also found that the conceptual processes are more energy intensive and complex
than commercial processes. The major challenges associated with NGL recovery were
assessed, including a high energy consumption, varying feed composition, flexibility in
the product recovery, and design considerations for offshore NGL processing. Future
directions are proposed, including the application of hybrid separation processes and a
process intensification to enhance the compactness, particularly for offshore
applications, process optimization, and heat integration. Further, an economic policy
study 1s conducted that provides insight into market dynamics. The development of new
natural gas (NG) reserves will boost the NGL market and NG business.

The NGLs are separated from NG to maintain heating value and dew point of
hydrocarbons for safe and economical transport through pipelines. In general, NGLs are
recovered in larger amounts than needed for pipeline conditions, mainly due to
exceptional economic benefits as compared to NG for a similar heating value. The
choice of NGL recovery process is dependent upon (but not limited to) the feed gas
conditions, required purity and efficiency, and capital investment. To extract NGLs
from NG, different processes have been employed, including absorption, adsorption,
membrane, and cryogenic processes.
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Figure 1. NGL recovery processes: (a) absorption, (b) adsorption, (c) membrane, and
(d) cryogenic.

The absorption processes require a high capital investment, mainly because of the large

space required to operate using large heaters for the columns to supply the required
energy. The adsorption processes operate at high pressure to adsorb NGLs from NG in
solid materials such as silica gel or activated carbon. A high-pressure operation makes
this process capital intensive. Membrane processes are compact in size and can achieve
the desired efficiency with a smaller physical footprint and lower capital cost.
Membrane processes are relatively new developments in the gas industry, and many
further developments are in full swing to achieve a better efficiency and low operating
and total costs with less process complexity [9,10]. Cryogenic distillation is a widely
used technology for extracting NGLs from NG due to its high product purity and
recovery. Cryogenic processes are synergistically effective when integrated with
liquefied natural gas (LNG) or nitrogen recovery unit (NRU), mainly owing to their low
temperature operation.

Apart from patented processes, many conceptual studies have also been shown
enormous potential for a performance enhancement. Recent advancements in the
conceptual design of NGLs have focused on improving the energy efficiency and
product specifications and decreasing cost through either a process integration or
process intensification. For example, there is integrated the NGL process with LNG and
optimized it using an invasive weed algorithm, which resulted in 36.3 % total
annualized cost savings with a 1.38 year payback period integrated the NGL process
with LNG-NRU and evaluated the energy saving opportunities. They introduced an
absorption refrigeration mixed refrigerant (AR-MR) system to provide the required
cooling and compared the results with propane mixed refrigerant (C3-MR) and dual
mixed refrigerant (DMR) processes. Moreover, scientists applied a process
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intensification approach to the NGL process to enhance the economics. Their results
showed a considerable savings in annual operating costs.

Many advancements in the conceptual design of NGL processes have been made
thus far to enhance the process economics and efficiency, but still these designs are
away from industrial practitioners and policy makers.

Therefore,this is the first study explicitly intended to provide an overall picture
of the NGL recovery processes when considering the feed conditions, product recovery,
purity, energy consumption, process economics, involved configurations, and PSE
analysis software using the equation of state model.

Prospective NGL recovery schemes

This section provides a brief overview of conventional NGL recovery processes such
as absorption, adsorption, membrane, and cryogenic processes. The process flow
diagram of each technology is shown in Fig. 1. The lean oil absorption technology was
developed in the 1910s and was exclusively in practice until the 1970s. The lean oil
absorption process is considered to be the oldest and least efficient process for NGL
recovery and uses lean oil to absorb hydrocarbons from feed gas. In addition, rich oil
from the bottom is sent. the stripping unit to regenerate oil and separate the NGL.
Typically, lean oil has a molecular weight of 100. A basic schematic of the absorption
process 1s shown in Fig. 1(a). In the adsorption process, adsorbent media such as
zeolites, activated carbon , Engelhard Titanosilicate-10 (ETS-10), and metal organic
frameworks (MOFs) can be used for the adsorption of NGL from NG. A basic schematic
of the adsorption process is shown in Fig. 1(b). Adsorption is considered an emerging
technology for hydrocarbon separation, mainly because of low energy consumption and
suitability for small-scale NGL recovery plants. In recent years, efforts have been made
on zeolites, MOFs, and activated carbon materials in terms of surface chemistry to
achieve high product purity. The membrane separation process has been qualified as a
suitable candidate, specifically for offshore plants, owing to its compactness, minimum
utility requirement, and low weight. In the membrane process, the NG is passed through
the membrane and hydrocarbons are removed while producing lean NG. The basic
schematics of the membrane process are shown in Fig. 1(c). Polymeric membranes are
widely used membranes in NG separation because of their robustness and high
selectivity. Owing to the shortcomings associated with polymeric membranes such as
plasticization, aging, Robeson upper bound, and inorganic membranes have been
developed to overcome these limitations. However, inorganic membranes are expensive
and difficult to fabricate. Mixed matrix membranes (MMMs) have been introduced to
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overcome the limitations of both polymeric and inorganic membranes by integrating
inorganic materials into polymers. For the separation of NGLs, researchers have
proposed various studies for the separation of binary and multicomponent mixtures.
Conventionally, rubbery polymers such as polydimethylsiloxane (PDMS) are used for
NGLs extraction from NG. The cryogenic process is typically used to extract NGL from
NG with high purity and high recovery. In a typical cryogenic process, the feed gas is
cooled and chilled in a series of heat exchangers and refrigeration cycles, and the chilled
feed gas is then fed to the cryogenic distillation column (demethanizer unit). Methane
is extracted from the demethanizer unit from the top, and NGL is extracted from the
demethanizer bottom. These NGLs were fed to the deethanizer column for further
fractionation. A basic schematic of the cryogenic process is shown in Fig. 1(d).
Cryogenic technology evolved in the 1960s after the introduction of the industry single
stage (ISS) turbo-expander process . However, there are some limitations of this ISS
process such as CO2 freezing, which is significantly reduced in the gas subcooled
process (GSP). Since then, different technologies such as a cold residue recycle (CRR),
recycle split vapor (RSV), single column overhead recycle (SCORE), and enhanced
NGL recovery process (IPSI-1 [128] and IPSI-2 [123]) have been introduced.
Technologies such as GSP, CRR, and RSV have emphasized the upper section of the
demethanizer column, whereas IPSI (1 and 2) technologies have focused on the bottom
of the demethanizer column. AlNouss et al. showed a comparison of these prominent
NGL recovery technologies in detail such that the IPSI-2 process shows the maximum
NGL recovery (8.42 %), whereas the IPSI-1 process shows the highest sales gas
recovery (93.05 %). The ISS process shows the lowest energy consumption, although
the sales gas and NGL recovery is the lowest among the studied processes.

Table 1 Advantages and limitations of NGL recovery processes.

NGL recovery processes: state-of-the-art assessment
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To ensure the efficient and economical recovery of NGLs, researchers have
either focused on process integration or process intensification. Many studies are
available in the literature regarding the integration of NGLs with LNG and NRU in
utilizing a refrigeration process for effective NGL removal, which in return effectively
reduces the total annualized cost (TAC). For instance, Ghorbani et al. [34] studied
integrated NRU sections with LNG-NGL with an SEC of 0.65 kWh/kgL.NG. This
SEC (0.65 Wh/kgLLNG) was further reduced to 0.482 kWh/kgLNG by Lee et al. after
optimization and modification of the process configuration. In addition, integration of
NGL recovery from shale gas with LNG at the regasification stage has also been
studied to determine whether to utilize the cold energy of LNG and to maintain the
heating value as per the pipeline standards. Moreover, utilizing the benefits of LNG
cold energy to recover NGLs from a shale gas stream has also been presented. Process
integration is a powerful method for reducing energy consumption and capital cost.
The graphical interpretation in Fig. 2 shows that researchers have focused more on
process integration.

Fig. 2. Process intensification and process integration studies.

Although these advancements are not limited to process integration, researchers
have also focused on NGLs process intensification, i.e., the application of a dividing
wall column (DWC), thermally coupled distillation sequence (TCDS), and heat pump
(HP). TCDS can save approximately 44.55 % of the operating cost compared to
conventional distillation sequences. Similarly, up to 73.43 % and 83.48 % of the
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condenser and reboiler duty, respectively, were saved compared to conventional
columns when self-heat recuperation technology was applied, exploiting the benefits
of the HP system.

Technical and economic analysis

Technical and economic analysis of NGLs recovery process is very important
especially when NGL contents in NG varies from source to source. The NG feed with
high NGLs contents is known as rich NG whereas NG with low NGL contents is
called as lean NG. This percentage of NGL in NG feed contents has a very strong
impact on SEC of a process. In this context, researchers [15,75,98,100] have worked
on different refrigeration cycles such as MFC, DMR, and C3-MR to analyze the
process efficiency in terms of energy consumption. For instance, Mehrpooya et al.
[75] studied the effect of the methane content in the feed gas on SEC with respect to
different refrigeration cycles, as shown in Fig. 3.

Fig. 3. Effect of methane feed percentage on refrigeration cycle.

As can be seen in Fig. 3 that with increasing methane content in feed or
decreasing NGL contents, the energy consumption of the process increases. This is
maybe due to the reason that the cryogenic separation of methane at very low
temperatures is energy intensive as compared to separation of NGL because NGL
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have higher boiling points than methane. Similarly, to analyze the effect of NG
richness on the required refrigeration and product recovery, Mehrpooya et al. [100]
conducted another study, keeping in view the external and internal (self) refrigeration
in an integrated LNG-NGL process. They analyzed the SEC and methane recovery
with varying methane composition in NG [100], as shown in Fig. 4.

Fig. 4. Methane percentage versus overall required power.

The results were compared by taking different feed compositions. In a gas
mixture with low methane contents and high NGLs contents, methane recovery is
minimal in both external and internal refrigeration systems, whereas the required
power is at maximum. Gas mixtures rich in NGL require more refrigeration, and
hence the overall power required increases. By contrast, high contents of methane in
NG (more than 80 % methane) consume less power, whereas the product recovery is
at maximum. Researchers have also investigated different optimization techniques to
find optimal process conditions. Asani et al. presented a multiperiod solution approach
finding the optimal design of NGL plant with variable shale gas feed ranging from
110 to 860 kmol/h. A simulation study of shale gas processing and NGL recovery
plant with five periods representing changes in shale gas feed flow rates and
composition. Scientistsl. presented optimization framework using surrogate models
for optimizing the operating conditions of a CRR process. The process was simulated
in Aspen Hysys dynamic mode and the set points of controllers are selected as
optimizing variables. The dynamic surrogate model was established using deep
learning techniques, namely a bidirectional LSTM with attention mechanism, which
gave accurate predictions of the dynamic behavior. Scientisits presented two
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optimization objectives namely the SEC and exergy efficiency for the integrated
LNG/NGL process compared to ISS-NGL recovery. They concluded that the
difference in the exergy efficiency is only marginal and they recommended more
advanced upstream NGL extraction technologies.

Capital and operating costs evaluation are one of the main criteria that defines the
economic feasibility of a chemical process. Thus far, various analyses have been
reported by different researchers regarding the economic feasibility of NGL recovery
processes. Scientists conducted a cost analysis based on lean and rich feed
compositions, as shown in Fig. 5.

Fig. 5. Capital and operating costs of NGL recovery processes.

According to Fig. 5, the feed NG ith high NGL contents have high capital cost
compared to feed NG with low NGL contents. Similar is the case with operating cost.
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Operating cost of rich NG with high NGL contents is high compared to lean NG
operating cost. Also, when comparing NGLs recovery processes, the IPSI-1 process
which 1s among the latest commercial process has lowest capital and operating cost.
Apart from feed NG, the NGL recovery from flare Fire gases was investigated by
Barekat-Rezaei et al. taking a case study of refinery process located in Iran. A simple
poly-refrigerant integrated cycle operation (PRICO) process was adopted to lower the
temperature of flare gases for LNG and NGL cryogenic recovery. The results depicted
that the proposed flare gas recovery process produced 1230 tons of NGL and 11,000
tons of LNG annually. It was, therefore, observed from above discussion that there
exists a substantial potential of improving energy efficiency in NGL recovery
processes by either optimal selection of refrigeration cycle or choosing refrigerant
mixture by considering the feed NG composition. Similarly, the energy efficiency can
also be enhanced by integrating NGL recovery process with flare gas recovery process
that not only reduces energy consumption but also reduces CO2 emissions to
atmosphere.

Conceptual, patented, and commercial NGL processes

Conceptual processes

Different conceptual processes have been presented and analyzed By scientsits.
For example, Jiang et al. have studied the recycling split vapor process with propane
refrigeration (RSVP) and enhanced split heat exchange (ESH) ethane recovery
processes. The study shows that the ESH process is economical compared to the
RSVP process in terms of both capital cost and specific compression power. Park et
al. evaluated nine patented NGL recovery schemes for offshore applications and
proposed a new energy efficient and cost-effective process for offshore applications.
Similarly, Ghorbani et al. presented an integrated NGL-LNG-NRU unit and used AR
cycle instead of conventional compression refrigeration cycle. Furthermore, Sayed et
al. proposed an NGL recovery unit along with an NG treatment plant (such as an
amine absorption system). The capital cost of the entire process is 48.73 mS$,
comprised of 17.7 m$ of the NGL recovery unit. Khan et al., integrated a modified
form of the SMR (KSMR) process with TCDS to study the energy saving
opportunities. The specific condenser and reboiler duty were 0.0088 and 0.013
kWh/kg, respectively.

Patented processes
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Various NGL recovery processes have been patented [124e127]. For example,
Lee et al. worked on the improvement of the NGL recovery by integrating the NGL
recovery process with an LNG refrigeration scheme. The results showed that this
patent can achieve more than 98 % pentane plus recovery with approximately 91 %
methane recovery with an SEC of 0.26 kWh/kg. Similarly, another patent, by Technip
France, achieved a much higher methane recovery, such that 99 % with 90 %p
propane recovery in an integrated LNG-NGLcut process. The ethane recovery in this
patent is approximately 36 %, mainly because the specified patent deals with LNG as
the main product utilizing a single main distillation column with NGL product
recovery from the bottom and LNG (C1 of 91 %) from the top. The specific
compression power was 0.22 kWh/kg. In another patent, held by Flour Technologies
Co., the methane, ethane, and propane recovery were 99 %, 86 %, and 91 %,
respectively, with a specific power consumption of 0.27 kWh/kg. This specific patent
can be operated in both ethane recovery and rejection mode according to market
demand. Another patent by Ortloff Engineers, Ltd. studied the NGL recovery unit
integrated with an LNG plant. The results showed that 99.5 % ethane recovery can be
achieved with 0.09 kWh/kg of SEC and a 0.088 kWh/kg reboiler duty.

Commercial processes

The well-renowned NGL recovery processes (such as GSP, LSP, RSV, VEP,
and IPSI) compared with respect to energy consumption and cost are discussed in this
section. Park et al. have evaluated patented schemes techno-economically. A
comparison of five NGL recovery processes i.e. LSP, VEP, GSP, RSV, and IPSI-1 is
shown in Fig. 6. The LSP process has the lowest capital (0.97 m$) and operating cost
(7.4 m$) with respect to other processes with the lowest cold energy consumption but
with high compression power. The VEP process showed the lowest compression
power i.e. 0.03 kWh/kg because of the self-refrigeration of feed in three different
exchangers, which consequently reduces the compression power. Similarly, the GSP
process has the highest compression power i.e. 0.046 kWh/kg. The GSP process
significantly reduces the CO2 freezing problem associated with the ISP process by
utilizing the concept of a split vapor feed. The vapor feed stream with higher
temperature is fed above the middle of the column, which dilutes the effect of CO2
freezing in the top section of the demethanizer. In this way, it also enhances the top
product purity
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Fig. 6. Energy and cost comparison of commercial NGL recovery processes.

The major considerations for NGL policy makers include NGL production and
prices. NGL production and price are cyclic in nature such that, as the NGL price
increases, production increases. As production increases, the NGL price decreases,
and in turn the NG supply increases. As the NG supply increases, the NG price
decreases, and consequently the NG supply decreases, which leads to low NGL
production and high NGL prices. With the increase or decrease in NGL prices, drilling
companies are encouraged to move to gas or oil drilling to manage their economy.
Therefore, the NGL sector is highly dependent on the market prices and supply
demand gap of both the oil and gas sector. Considerations should be made in NGL
infrastructure development to maintain a demands supply gap with the development of
new production facilities. Another major aspect for policy makers and environment
practitioners is to reduce and utilize NG flaring. It can be done by integrating it with
NGL recovery unit. Globally, 140 billion cubic meter of NG has flared annually.
Efficient utilization of these NG flares will not only enhance process economics but
will also be helpful in GHG reduction. Further, the transition

Open issues and the way forward

After comprehensive assessment of NGLs processes, the major challenges can
be categorized as follows:

1. The cryogenic distillation process is energy-intensive, mainly because of the high
compression power required for refrigerant compression. A small mprovement in the
refrigeration cycle to reduce energy consumption can be valuable to enhance the
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process efficiency. This improvement can be either through modification of the
refrigeration cycle or through optimum refrigerant selection.

2. The selection of feasible and energy-efficient recovery technology to handle the
varying NG composition is an arduous problem, particularly when optimizing the
design variables.

3. The product demand varies from region to region and over time. Process design
engineers, particularly industrialists, are looking for flexible process designs that cope
with this varying product demand.

4. Moreover, offshore NG processing is increasing mainly due to the availability of
offshore gas fields [119]. Therefore, finding energy efficient, compact, safe, and
flexible feed and environment conditions is a challenging task.

Considering these challenges, there is a wide room available for further improvement
in terms of energy consumption minimization, product purity, process design, and
process flexibility. Therefore, the following important directions for further
improvements in NGLs are proposed:

1. The application of a hybrid separation process such as a membrane with distillation
in NG treatment and NGL recovery processes has significant potential. For instance,
membranes are viable for use with distillation columns due to their compact size and
are suitable for offshore plants owing to their flexibility in the design, operation, and
process economics.

2. Because the adsorption processes are not typically used for large-scale NGLs
recovery, there is a substantial opportunity for the application of adsorption processes
in large-sized hydrocarbon separation plants.

3. NGL process economics can also be improved through integration with downstream
products (e.g., ethylene/propylene). This type of integration provides industrialists
with access to the chemical market and provides a good economic opportunity.
Moreover, the potential of NGLs can also be assessed as analternate fuel source for
power generation.

4. Process intensification is a promising pathway to improving the economics. The
development of economical and compact equipment with intensified methods of NGL
fractionation will not only reduce energy consumption but also reduce capital
investment. The application of DWC in the NGL recovery unit will improve the
process economics.
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5. The cryogenic NGL process is integrated with the LNG process to take added
benefits through efficient energy transfer as both processes require low emperature for
operation. The LNG process is energy-intensive in terms of power consumption,
mainly by compressors. Therefore, any improvement in the recoverable refrigeration
either by optimizing the pressure or by optimum refrigerant selection will not only
decrease the power consumption of the refrigeration cycle but also decrease the
operating cost of the overall integrated LNG-NGL process.

6. In NG processing, NG is flared widely. Proper utilization of flare gases will not
only improve process efficiency but also enhance process economics.

7. Incorporation of biomass utilization as renewable feedstock to produce some GTL
products like NGL process such as bio-LPG via Fisher-Tropsch to sustain the
IE€COVEry process.

Conclusions

There are many processes such as membrane, adsorption, absorption, and
cryogenic distillation processes used for NGLs recovery from NG. Cryogenic
processes are dominant, mainly owing to their synergistic integration with low-
temperature LNG/NRU processes. However, the major challenges associated with
cryogenic NGL recovery processes are a low energy efficiency, high complexity, low
product purity, and compactness, particularly for offshore applications. To solve these
issues, many improvements have been proposed with different limitations. These
advanced NGL recovery processes have not been implemented in real-world, mainly
due to the information gap between the process systems

engineering community and practitioners. To reduce this gap, this state-of-the-art
study has been focused on providing an in-depth assessment of conceptual NGL
recovery processes when considering the technical and economic aspects. Conceptual
NGL recovery processes were analyzed with respect to the feed composition,
conditions, simulation software, equation of state model, specific energy consumption,
and process economics. A comparative analysis of the conceptual, patented, and
commercial NGL recovery processes has also been presented. A policy analysis with
market trends has also been presented. Many ongoing issues associated with NGL
recovery processes have been identified, which may be solved by following the
recommended directions. Other conclusions

can be summarized as follows:

118



From a technical aspect, the main focus of researchers is the process integration of the
NGL process with either LNG or NRU processes to improve the energy efficiency.
The process economics aspect is focused through process intensification.

A comparison of conceptual, patented, and commercial processes indicates that a
wide area is available for improving the energy efficiency and process compactness.

The economic policy assessment shows that the USA and Saudi Arabia are the
leaders, accumulating a 48 % share of global NGL production.

The main challenges in NGL processing are high energy consumption, varying NG
compositions, and onshore/offshore process designs, which can be addressed through
energy efficient process integration and intensification.
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Ipuioxkenue b

Pucynok 16 — I'eonoruueckuii paspe3 Kazanckoro HeTera3oKoHIACHCATHOI'O MECTOPOXKACHUS 110 JIMHUH [-1
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Ipuioxenue B

Tab6muma 1- JIutonoro-crpaTurpadudeckas XxapakTeprucTika KazaHCcKoro MecTOpOXKICHHS

I'myOuna
sateramis, M Crparurpadudeckoe moapasieiaeHme MOIHOCTS
JIuTosornueckoe onucanue
Or 70 TOPU30HTA, M
(Bepx) | (Hu3) Ha3BaHUE
1 2 3 4 5
0 31 YeTBepTUYHBIE OTIOKEHUS 31 ITouBEHHO-PaCTUTENBHBIN CIIOH, TJIMHBL, CYTJIMHKH
31 128 HexkpacoBckas cepus 97 [Tecku, riauHbI
128 168 Yeranckas cBUTa 40 I'munEbl, Tecku
168 263 JlronuHBOpCKas CBUTA 95 [Mmunbl
263 286 Tanuukas cBuTa 23 ATIEBpPOJIUTHI TIUHBI
286 359 ["aHbKHMHCKas cBUTA 73 Meprenu, rauHbI
359 416 CrnaBropojckasi CBUTa 57 [Mmunbl
416 565 HMmaroBckas cBuTa 149 Ilecuanuky, , aI€BPOIUTHI, TIIMHBI
565 580 Ky3nenoBckas cButa 15 B 05081
580 1445 IToxypckas cBuTa 865 IlecyaHuky, TIIMHBL, aJIE€BPOJIUTEI
1445 2133 Kusnnnackas cButa 688 ['muHBbI, NECYUaHUKH, TIIMHBI, AJIEBPOIUTHI
2133 | 2218 Tapckas cBuTa 85 Ilecuanuky, aprusuUIATHI, aJE€BPOJIUTHI
2218 | 2456 KynomsuHnckas cButa 238 ApPruuIATBI, IECYAHNUKH, AJIEBPOIIUTHI
2456 | 2478 baxxeHoBckas cBuTa 22 ApruumTel
2478 | 2487 I'eoprueBckas cBuTa 9 ApruumTel
2487 | 2567 Bacroranckas csura 80 Ilecyanukuy, aprusuUIATHI, aJIE€BPOJIUTEI
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