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Munucrepcrso o0pazoBanusi 1 Hayku Poccuiickoii @enepannn
(benepanbHOE rOCy1apCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHHUE
BBICIIET0 00pa30BaHUs
«HAIIMOHAJIbHBIN UCCJIEJJOBATEJIBCKHM
TOMCKHWI MOJUTEXHUYECKHI YHUBEPCUTET»

WHCTUTYT IPUPOIHBIX PECYPCOB
Hamnpasnenne noaroToBku (CrnenuagbHOCTh) «XUMUYECKask TEXHOJIOTHSI TPUPOIHBIX
SHEPrOHOCUTEJICH U YIIIEPOJHBIX MaTEPUAJIOB)

Kagenpa XTT u XK
YTBEPXIALO:
3aB. kapeaport XTT u XK
IOpbeB E.M.
(ITogmucs)  ([ata) (®.1.0.)
3AJIAHUE
HA BBINOJIHEHNE BbINYCKHON KBAJIN(PUKAIMOHHONH padoThI
B dopwme:
JlumioMHoON paboThI
(bakanaBpcKoil pabOTHI, TUIMTIOMHOTO MPOEKTa/PabOTHI, MATUCTEPCKOM AUCCEPTALINH)
CryneHry:
I'pynna (0] 4 (0]
3-5201 [Mo3nusxoBa Hatanes HukonaeBHa

Tema paboThI:
HccnenoBanue BJIMSIHUS TEXHOJIOTHYEeCKUX napamMeTposB Ha npouecchl
HHU3KOTEMIIePATYPHOIi cenapanuu NPUPOJIHOro ra3a

VYTBep:keHa MpUKa3oM JUpPEKTopa (Aara, HOMep) 1778/C
Cpoxk cauu CTYJICHTOM BBIMIOJHEHHON paOOThI: 01.06.2016

TEXHUYECKOE 3AJIAHHUE:
Hcxoanblie JaHHBIE K paﬁoTe OOBeKT HCCIICOBaHUA — yCTaHOBKa
(naumenosanue 00beKMa UCCACO08AHUS UTU NPOEKMUPOBAHUSL; HHSKOTGMHepaTypHOﬁ cernapanuu.
NPOU3BOOUMETLHOCHIb UTU HASPY3KA, PEAHCUM PAOONbL HcXoqHble TaHHBIE: COCTAB IPUPOJIHOTO Ta3a U3
(nenpepwignblll, NEpUOOUYecKUll, YUKIUYeckuil u m. d.), euo
CbIPbSL UTU MAMEPUAT U30eTUst; MPebO8aHUs K NPOOYKNLY, CKBaXXMHBI, Tep MO6aqueCKHe napameTpbl
u30enuio unu npoyeccy; ocobuvie mpebosanus Kk 0CobeHHocmam HHSKOTCMHepaTypHOﬁ CCrapaluyu rasa.
yHKyuoHUposanus (AKcnayamayuu) 00vbeKma uiu usoeus 8 Hpe )IHpOCKTHBIfI aHaIU3, KaJIeH )IapHBIﬁ UIad

niane 6e30nACHOCHU IKCHILYAMAyUuY, GIUAHUS HA 6 HTU
OKpYIUCAIOWYIO Cpedy, IHeP203ampamam; IKOHOMUYECKUL IIPOCKTA, OIOIKET » IKOHOMHICCKAA

anamss um. 0,). 3¢ (PEKTUBHOCTH UCCIEAOBAHUS;
[IpouzBoacTBeHHAS 0€301aCHOCTD,

JKoOJIOTHYEecKasgs  0e30lMacHOCTh, OE30IacHOCTh B
Ype3BBIYANHBIX CUTYAIHSX, 00CCIICUYCHIE OC30ITaCHOCTH
(MpaBOBBIE U OPraHU3AIMOHHBIE BOIIPOCHI).




Ilepeyenn
NMO/IeKA LM X
HCCI1eJ0BAHUIO,
NPOECKTHPOBAHUIO 1
pa3paldoTke BONIPOCOB

(ananumuueckuil 0030p no
JIUMeEPamypHbIM UCTIOYHUKAM C
Yenvio BbIACHEHUs OOCMUNCEHUL
MUPOBOIL HAYKU MEXHUKU 8
paccmampugaemoti 06nacmu;
NOCMAHOBKA 3a0adi UCCIe008AHUS,
NPOEKMuUposanus,
KOHCIMPYUPOBAHUS, COOEPICAHUEe
npoyeodypuvl UCCIe008aAHUS,
NPOEKmMuposanus,
KOHCMPYUpo8aus, oocycoenue
Pe3ybIamog binoIHeHHOU
pabomvl; HauMeHO8aHUe
O0ONONIHUMENbHBIX PA30ENOs,
noonexcawux paspabomee;
3akuo4eHue no pabome).

Bgenenue;

1. TexHUKO-PKOHOMUYECKOE 0OOCHOBAHHE;

2.0OCHOBHBIC TEOPETHYECKHE IOJIOKCHUS: COCTaB NMPUPOIHBIX Ta30B U
ra30KOHJICHCATOB;, (U3UKO-XUMHUUYECKHE CBOMCTBA Trasza; paBHOBECHE
CHCTCMBEI;

3. JlutepatypHsIiii 0030p;

4. DKcriepuMEHTaIbHAS YacTh;
5.®DunHaHCOBEIIT MEHE’KMEHT,
pecypcocOepeKeHue;

6. ConmanpHasi OTBETCTBEHHOCTD;

7. 3aKJIOYEHNE U BHIBOJIBI;

8. CucoK UCIoyIb3yeMOU JIUTepaTyphl.

pecypcodhPpeKTUBHOCTD u

Ilepeyens rpaguueckoro

MaTepuaia
(c MOYHBIM VKa3anuem
00s13amenbHbIX Yepmedicell)

TexHomoruueckas cxema HH3KOT€MHepaTypHOﬁ CCllapaluu IMpupoaIHOIO
rasa

KOHcy.]'IbTaHTI)I o pasaejiam BLIHyCKHOﬁ KBaJ’[H(l)HKaIIHOHHOﬁ paGOTBI

(c ykasanuem pazoenos)

Pa3nen

KoncyabTant

«DuHaHCOBBIN
MEHEKMEHT,
pecypcodhHEeKTUBHOCTh U
pecypcocOepeKeHIe)

JOLIEHT KadeApsl MEHEDKMEHTA, K.3.H., PpikakuHa TaThsiHa ["aBproBHa

«CorumanpHast
OTBETCTBEHHOCTEY

npodeccop kadenpst DbXK, k.0.H., AHToHeBUY Onbra AnexceeBHa

Ha3zpanus pa3aenoB, KOTOpble J0JKHBI ObITH HAMCAHBI HA PYCCKOM M MHOCTPAHHOM SI3bIKAX:

JaTa Bbl1a4¥ 321aHUS HA BBINOJTHEHHE BBIITYCKHOM
KBATH(UKAIMOHHOH padoOTHI 10 JTHHEHHOMY rpauKy

10.02.2016

3aganue BbIIAT PYKOBOAUTE/Ib:

JloJzKHOCTH

DoUo0 Yu4enas crenenb, 3BaHue IToanucn JlaTa

ACCHUCTCHT

XneobnukoBa Enena CepreeBHa

3a11aH1/1e NMPUHHAJT K UCITIOJTHEHUIO CTYAECHT:

I'pynna

DdUO Hoanucn JaTta

3-5201

ITo3nusikoBa Hatanbs HukonaeBHa




3AJIAHME JUTS PA3JIEJIA
«®PUHAHCOBBII MEHEIKMEHT, PECYPCOO®®EKTUBHOCTD

N PECYPCOCBEPEKXEHHUE»
CryneHry:
I'pynna ouo
3-5201 ITo3nusxosa Hatanes Hukoiaesna
Hucruryr WucturyTt snextpornoro | Kadeapa XHUMHUYECKOU TEXHOJIOTUU

O6y‘{eHI/I$1 TOIJIMBA U XUMHYECKOM
KHOCPHETHKH
YpoBenb o6pazoBaHus Cnemuanurer Hanpasaenne/cneuuaibnocts | 240403 Xumuueckas

TEXHOJIOTHS TPUPOJHBIX
SHEPrOHOCUTENIEN U
YIJIEPOJIHBIX MaTEPUAIIOB

pecypcochepekeHne»:

Hcxoanbie nanHbIe K pa3aeny «OHHAHCOBBIH MEHEIKMEHT, pecypcodppeKkTUBHOCTD H

mMamepuaibHO-mMexXHU4ecKux, IHepeemudecKux,

1. Cmoumocmu pecypcos nayunoeo ucciedoganus (HHU):

qbuHaH006le, MH(Z)OpM(lL;MOHHle U 4ejloeevyecKkux

Paboma ¢ npumenenuem mooerupyrowetl
cucmemul OnpedeneHUss ONMUMATIbHBIX PEHCUMO8
pabomul yCMAHOBOK KOMNIEKCHOU NOO20MOBKU

2. Hopmwl u nopmamuswl pacxodosanus pecypcos

eaza (VKIIT'), uccnedosanue eiusanust

HAI0208, OMYUCTEHUL, OUCKOHMUPOBAHUS U
KpeOumosanust

3. HCI’ZO]ZbByeMLZ}Z cucmema HCZJZOZOO6JZOO¥C€HM}Z, cmaeKku

ONMUMAJIbHBIX MEXHOI02UYECKUX napamempos
Ha 6bIX00 moeapHoco easa.

Ilepeuens 6onpocos, nodaexcamiux uccied08aHuI), NPOEKMUPOSAHUIO U PA3padomke:

1. Oyenka kommepuecko20 U UHHOBAYUOHHOZO
nomenyuana HTH

IIposedenue npednpoekmno2o anausa.
Onpeoenenue yeneso2o pulnKa U npogeoeHue
e20 ceevmenmupoganus. Beinoanenue SWOT-
ananusa npoexma.

2. Pa3pa6om1<a ycmaeda Hay4YHo-mexHu4ecKkozco npoekma

Onpedenenue yeneil u 0xicudanutl, mpeboeanuil
npoexma. Onpedenenue 3aunmepeco8aHHbIX
CMOPOH U UX OANCUOAHULL

3. Ilnanuposanue npoyecca ynpaenenuss HTHU:

opearusayus 3aKynokK

CMPYKMYpa u 2paghux nposedenust, 01004cem, pucku u

Cocmasnenue KareHOapHO20 NAAHA NPOEKMA.
Onpedenenue 6r0dxcema HTH.

4. Onpedenenue pecypcholl, PuHaHcosol,
9KOHOMUHECKOU dhPexmusrocmu

Ilpogedenue oyenku 3KOHOMUYUECKOU
aghghexmuerocmu uccie008anusL.

Ilepeyenb rpa)uuecKOro MaTePUAJIA (c mounvim yKazanuem obsa3amenbHbIx uepmedicell)

Mampuya SWOT
I'paghux nposedenus u 6r00xcem HTH
Pacuém odenesrcnozo nomoka

arwd e

Olz;eHKa KOHKypeHmOC}’ZOCO6HO(3mM MEexXHUu4YecKux peweumZ

Oyenxa pecypchotl, punancosoll u dKoHomuyeckol dgpgexmusnocmu HTH

\ JaTa Bbl1a4u 3aJaHuA U1 Pa3/esia no JHHeHHOMY rpaguky \

15 mapra 2016 1.

33}13HI/IC BbIJ1AJI KOHCYJbTAHT:

HonxuocTh DdUO Yuenas Hoanucs Hara
CTemneHb,
3BaHUe
JlotieHT Peokakuna T. T, K.3.H.
3anaHue NPUHSAJ K MCIIOJIHEHUIO CTY/IEHT:
I'pynma DPUO Hopnuck Jara
3-5201 [To3guskoBa Haranbs HukonaeBna




3AJIAHUE JUTS PA3JIEJIA
«COIUAJIBHASA OTBETCTBEHHOCTDb»

Crygenry:

I'pynna

DUO

3-5201

TTo3gusakosa Hatanpa HukonaeBHa

HueruryT

Hucrutyt snexTponHoro | Kageapa

0o0y4eHus

XHUMHAYECKOU TEXHOJIOTUU
TOIUIMBA U XUMHYECKOH
KHOCPHETHKH

Yposenb 00pa3oBanus

CoenuanureT

HanpasJieHue/cnenuaJibHOCTh

240403 Xumudeckas
TEXHOJOTHS  MPHPOTHBIX
SHEProHOCUTENEeU u
YIIIEPOIHBIX MaTePHAIOB

Hcxoanblie JaHHBIE K pasaenxy «ConuajibHasi OTBETCTBEHHOCThY |

1. XapakTepucTika 00beKTa UCCIIeI0BaHUS (BEIIECTBO,
MaTepHal, mpudop, aropuT™, METOINKa, paboyast 30Ha) U
o0JacTv ero MpuUMeHeHUs

VKIII' ¢ npumenenuem HU3KOmMeMnepamypHoll
cenapayuu 2aza npeoHasHayena 0as coopa,
noo2omosKu  2aza U  KOHOeHcamd  Hd
2430KOHOEHCAMHBIX MECTOPONCOCHUSIX.

Ilepeuens 6onpocos, noonexcawux uccied08anuio, RPOEKMUPOBAHUIO U PA3padomie:

1. Ilpou3BoacTBeHHAs1 0€30MACHOCTD

1.1. AHanu3 BBISBICHHBIX BPEIHBIX (PaKTOPOB IPH
pa3paboTKe U IKCILTyaTalluy MPOSKTUPYEMOTO PEIICHUS B
CJICAYIOIIEH MOCIIeI0BATEIbHOCTH:

(U3UKO-XMMHUYECKas IPUPOA BPEIHOCTH, €€
CBSI3b C pa3padaTbIBaeMOi TEMOIi;

nelicTBue (hakTopa Ha OPraHU3M YEeJIOBEKa;
MIPUBEIEHUE JIOTYCTUMBIX HOPM C HEOOXOTUMOMN
Pa3sMEPHOCTHIO (CO CCBUIKOM Ha COOTBETCTBYIOLIMM
HOPMaTHUBHO-TEXHUYECKHUI JOKYMEHT);
npeaJiaraeMble CpeICTBa 3aIlUThI;

(cHa4ana KOJUIEKTUBHOM 3aILUTHI, 3aTEM —
WHAWBUAYaJIbHBIC 3alIUTHBIEC CPEICTBA).

1.2. AHanu3 BBISBICHHBIX OMACHBIX (AKTOPOB MPH
pa3paboTKe U IKCILTyaTalluy MPOSKTUPYEMOTO PEIICHUS B
CJICAYIOIIEH MOCIIeI0BATEIbHOCTH:

MEXaHHUUYECKHE OMACHOCTH (UCTOYHUKH, CPEJICTBA
3aIIUTHL;

TEPMHUECKHE OMACHOCTH (MCTOYHUKH, CPE/ICTBA
3aIIUTHI);

3JIEKTPOOE30MacCHOCTb (B T.4. CTATHUECKOE
3JIEKTPUYECTBO, MOJTHUE3AIINTA — UCTOYHUKH,
CpEeACTBA 3aILUTHI);

MT0KapOB3PHIBOOE30MTACHOCTD (TIPUYHHBI,

1.1 nogviuennuwiii yposeno wyma (I'OCT

12.1.003-83) u subpayuu
(I'OCT12.1.012-78) na pabouem mecme;
HAanPsIJICEHHOCMb mpyooeoco
npoyecca(P2.2.755-99);  omxnoneHue
nokazamenell — MUKPOKAUMAMA  HA
omxpoimom  6030yxe(I'OCTI12.1.005-
88).

1.2 —anexmpobeszonacrnocmo -
cmamuyeckoe NEKMPULECmEo
(cneyuanvhas ooedicoa
AHMUIIIEKMPOCMAMUYECKAs;, CPeOCcmaa
3auumut PYK
AHMUIIEKMPOCMAMULECKASL,;
CReyuaIbHasl 06y6b

AHMUINEKMPOCMAMUIECKAs;
npeooxpanumenbuvlie NPUCNOCOOIEHU
anmusiekmpocmamudeckue (bpaciemol
u xonvya));
Bspuisonooicapoonacnuie, mokcuiecKue
CBOUCMBA CHIPLA, 20MOBOU NPOOYKYUU U
0mx0008 npousso0cmea (cpedcmea
3awumsl  pyKpyKaguybl Ul  20IUYbL  C
KUCTOMHOU NPONUMKOU, OISl 207108b1-KACKU

(BBIOpOCHI);
— aHaju3 BO3ACHCTBHs 00BbEKTa Ha

ruapochepy (cOpocsr);

3auummbvle; 0ns 3aUUmbl 0Op2eanos-
MPO(QUIAKTHUECKHIE MEPOTIPUSITHSI, ICPBUYHBIC
NPOMUBO2A3bL U PECRUPAMOPDL).
CPEJICTBA MOKAPOTYIIEHUS ).
2. DkoJorndyeckas 0€30MacHOCTb: .
N 2. Awnanuz 6osoeucmeusi odvekma - Ha
—  3aIuTa CeIUTEOHOH 30HbI
N ammocgepy (6b16pochi): OCHOBHBIM
—  aHaJM3 BO3JEHCTBHS 00beKTa Ha aTMochepy
UCTHOYHUKOM — 3A2PS3HEeHUs  ammocgepwl

AGISIOMCS NPOOYKMbL CCOPAHUSL 2430 —OKCUObL
aszoma u yaaiepooq.




—  aHanM3 BO3JIEHCTBUS 00BEKTa Ha TUTOChEpy
(oTxompl);

— pa3paboTaTh pereHus Mo 00ecIeueHNIO
JKOJIOTHYECKOH OE30MMaCHOCTH CO CCHUTKaMHU
Ha HT/I mo oxpaHe oKpy»xaro1ieil cpenpl.

Ananuz 6030eticmeusl o0bvexma Ha
euopocgepy  (copocwl):  3azpszHeHue 8
npoyecce  0CGOEHUsL — MeCHOpPONCOeHull,
MPAHCROPMUPOBKU 2A3A CYOAMU, 3A2PAZHAIOM
nIacmoguvle 600vl, gbloenaembvle U3 2asd.
Ananusz gosodeticmsus obvexma Ha aumocgepy
(omxo0vl):  V1e800OPOOHbIL  KOHOeHCam
3aepsa3HAem  NOYGEHHbI  Clou,  nousa
3aepA3HAEMCa MEMAHOA0OM 6 npoyecce 000bIYU
U mpancnopma 2asa.

Ocnosnbie nymu 3auumvl —9mMoO CO30aHue
MEXHOIOSUUECKUX NPOYeCcos, UCKTIOUAIOUWUX
evlbpocvt 6  ammocgepy,  paspabomka
2 hexmueHbvix Memooos OUUCKU 2A308 OMm
8PeOHbIX npumecel, Cco30aHue CaHumapHo-
3AUUMHBIX 30H U HAYYHO 0OOCHOBAHHOE
pazmeuyerue npeonpusimuil.

3. be3onacHOCTH B Ype3BbIYAHHBIX CUTYALUSIX:

— mnepeueHb Bo3MoxHbIX YC npu pa3paboTke u
9KCIUTyaTalluy POEKTUPYEMOTr0 PELICHNUS;

— BBIOOp Haubonee TunuuHOM YC;

— pa3paboTka IPEeBEHTUBHBIX Mep 110
npenynpexaenuto YC;

— pa3paboTka JeHCTBHIA B pe3yIbTaTe BOSHUKIICH
YC u Mep 1o NUKBUIAIUY €€ MOCIEACTBUM.

3. - Iooicapel, 63pubigul, yepo3a 63puleos;
-OCHOBHBIMU NPUYUHAMU, CNOCOOHBIMU
npusecmu K asapuu, A6iAI0mcs cieoyroujue
Gakmopwi: -omcmynienue om HOpm
VCMAHOBNIEHHO20 MEXHONIOSUYECKO20 PeHCUMA
IKCRILyAmayul; -paseepmemuszayus
annapamog, 06opy0o0seanus, mpybonpo8ooos,
@ranyesuvix coeOuHeHUll U CanbHUKOBbIX
YRAOMHeHUll mpyodonpoeoo00s; HeUCnpaeHOCMb
cpeocme cucHanuzayuy u O10KUposKu
MEXHONI02UUeCKO20 NPoYecca; -no npuyuHe
HeKayeCcmeeHH020 MOHMAXCa 000PYO0BAHUSL,
-6 pe3ynbmame KOppo3uu 0060py008anus,; -6
pesynvmame npozapa mpyo, -necobniooenue
UHCMPYKYUL O NPOMBIUULIEHHOU
bezonacHocmu u npOMUBONONCAPHBIX NPABUT.
- [Ipu obuapyscenuu sviuie nepeducieniobix
Oeghekmos npousgecmu ycmpanenue
HeucnpagHocmetl NOCie OCMAaHOBKU
000pY008aHUs U OMKIIOUEHUs.
mpy6onpoeo00s8, pabomarouwiux noo
oasnenuem. [ npeoomepaujerus Ha
npouszeoocmee YC mexnocenno2o xapaxmepa
npeodycCMOmpeHo. nepuoouieckoe
mexHuyeckoe 00CIyHcU8anue u pemonm
0060pY00BaHUS,; - ABMOMAMUUPOBAHHDBII
KOHMPOIb 3d NPOU3BOO0CMBEHHBIM NPOYECCOM;
-YCMAHOBKA COBPEMEHHBIX CUCTEM 3AUUMbl
0bopyoosanus (npedynpedumenvHas u
ABAPUUIHAS CUCHATU3AYUL), -CUucmeMd
onosewjeHs; ~MoaHue3auuma 0060py008aHUs;
-0edCYypHAs ABAPULIHAS MEXHUKA (pacuucmra
NO0BE30HbIX O0PO2 U MEPPUMOPUL 8 CTyYae
CUTIHBIX CHE2ONA008.

4. [IpaBoBbIE€ U OPraHU3AIUOHHBIE BONPOCHI
o0ecreyeHHus 0€30MMACHOCTH:

-Coznacno cmamve 224 TK P
pabomodameib 0053aH cobrwoams
O2PAHUYEeHUs HA  NpugieyeHue  OmoenbHblxX




—  cIenualibHbIe (XapaKTepHbIC PU
IKCILTyaTallui 00BEKTa HCCIICIOBAHMS,
MIPOEKTHUPYyeMOi paboueii 30HbI) TPABOBbIE
HOPMBI TPYAOBOTO 3aKOHOAATENBCTBA;

—  OpraHU3alMOHHBIC MEPONPUSATHS IPU
KOMIIOHOBKE paboyveii 30HBI.

Kamezopuii  pabOMHUKO8 K  GbINOJHEHUIO
mscenvix pabom, pabom 60 6peOHbIX U ()

ONACHBIX YCI06USLX.

-Ilpu npoexmuposanuu 06veKmos
Heobxo0umo pyKo8oOCmMBE08aAMbCs
"llepeunem mexHono2u4ecKo2o
0bopyoosanus Hegpmedobwisaloweli u
2a3080U NPOMBIULIEHHOCU,
PEKOMEHOYeMbIM O/ YCMAHOBKU HA
omxpoimuix naowaokax" BHTII 01-81
"Hopmbl mexunonozuueckozo
NPOEKMUposanus 06beKmos
2a30000b18a10WE20 NPEONPUIIMUSL U
CmManyuu noo3emMHo20 xparenus caza"

‘ JlaTa BbI1a4M 3aJaHMA 1JI5 pa3fesia 1o JuHeiHoMYy rpadguky 09 mapra 2016 .
3anaHue BbIIAJ KOHCYJIbTAHT:
JonKHOCTD (1% (0] Yuenasi cTeneHb, Moanuch Jara
3BaHHUE
JlonieHT AHnTtoHeBn4 Onbra K.0.H
AJjexceeBHa
3anaHue NPUHSAJ K MCIIOJHEHUIO CTY/ICHT:
I'pynna DPUO Moanuco Jarta

3-5201 ITo3naaxosa Haranest Hukonaesna




PE®EPAT

Boimycknas kBanmuduxarnuonHas pabora 111 crpanmn, 29 Ttabmmm, 9
PUCYHKOB, 54 nuTepaTypHbIA UCTOYHUK, 9 MPUITIOKEHUH.

MOJIEJITMPOBAHUE, TIPUPOJIHBIN T'A3, TA3OBBIMT KOHJIEHCAT,
®A30BOE PABHOBECHUE, OIITUMU3ALIMS, TEXHOJOTMYECKUN
[TAPAMETP, TEXHOJIOI'UA, [TAPAMETPUYECKAA
YYBCTBUTEJIbHOCTD, [TPOMBICJIOBASA I[HOAI'OTOBKA,
HU3KOTEMIIEPATYPHAS CEITAPALIUAL.

OOBEKTOM HCCIEIOBAaHUM - SIBISIFOTCSL  MPOMBIIIJICHHAs] yCTaHOBKA
HU3KOTEMIIEPATYPHOU cenapanuy IpUpOAHOTO rasa.

[lenp paboOTBl - ONpPENENUTh ONTUMAJIbHBIE TEXHOJIOTMYECKUE PEKUMBI
VKIII' npomecca cenmapauu € HUCHOJB30BAHUEM  TEXHOJOTMYECKOMN
monenupytomend cucrembl (TMC) s mosiydeHuss HauOOJIBLIETO KOJUYECTBA
TOBAapHOIO ra3a, COOTBETCTBYIOLIEro kayecTsa corsacHo I'OCT.

JUtst BOCTHUKEHUS 3TOM e ObLIN UCCIET0BAHBI TEXHOJIOTUYECKHE PEKUMBI
pa6otel YKIII'. Ilpm mnpoBeaeHUM HCCISIOBAaHUM BapbHPOBAIUCh 3HAUYCHUS
TEMIIepaTypbl U JIaBJI€HUSA, KaK Ha OTIENbHBIX CTYINEHSX Cenapanuu, TaKk U Mpu
OJIHOBPEMEHHOM H3MEHEHUH IapaMeTpPOB Ha HECKOJbKHX CTYIEHSX Cerapaiuu,
OTHOCHUTEJILHO TeKylIero (0a30BOro) pexuma padoThl IPOMBILIUIEHHON YCTaHOBKH.
B urore, 6pu1 pekoMeHa0BaH 3P eKkTuBHBIN pexuM padoTsl YKIII.

JlurmoMHast paboTa BBITIOJIHEHA B TEKCTOBOM peaakTope Microsoft Word.
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BBEJAEHUE

Haunnas co BTOpoil monoBuHbl 20 BEKa NPUPOIHBIA ra3 CTAHOBUTCS
HanOosee A(P(GEKTUBHBIM 3KOJOTHYECKH YHUCTHIM TMPUPOJIHBIM TOILTUBOM. B
HACTOSIIIIEE BpeMs MHUPOBOE MOTpPEOJICHHE MPUPOAHOTO ra3za IO CPaBHEHUIO C
JpYTMMHM BUJAMH 5SHEPrUHM pacT€T HHTEHCUBHBIMM TeMmnamu. B Poccum, 3a
nociennue 50 et A0 NPUPOJHOTO raza B TOIUIMBHO-3HEPIETHYECKOM OasiaHce
cTpanbl yBeanumiach ¢ 1 10 50 %. HecMoTps Ha cHUKeHue 0011ero 00béMa 1006191
rasa, sHepreTuueckas ctpaterus Poccuu, mpemycmaTpuBaeT B OYyIyIIEM €ro
YBEIMYEHHE YACIBHOIO BECa B IIPOU3BOJICTBE IIEPBUYHBIX SHEPTOPECYPCOB.

Pa3BuTHe Tra30BOil MPOMBINIIEHHOCTH OOYCIOBICHO BBICOKUM YpPOBHEM
pa3BuTHs €€ MmojoTpaciel - J00bIYM, MOATOTOBKH, TPAHCHOPTA M CHCTEMBI
pacrnpenenenus (razocHaOxkeHus1). B mocnennue roapl B IKCIUTyaTalMio ObUIA
BBE/ICHbl TUTAHTCKUE Ta30Bble U Ta30KOHJEHCATHbIE MECTOPOXKICHHUS C
BBICOKOIIPOU3BOJAUTEILHBIMU YCTAHOBKAMU KOMILJIEKCHOM TOATOTOBKM Ta3za K
tpancnopty (YKIII'), koTopsie pacnonoxeHHsl B paiioHax Cubupu u KpaitHero
CeBepa. K TakuM MeCTOpOXKIEHUAM OTHOCATCA: MenBexbe, YPEHIOMCKOE,
3anossipHoe, SAAMOyprckoe, FOouneinoe, Komcomonsckoe u npyrue [1].

[Ipy m0pOMBICIOBOM MOATOTOBKE Ta30B Yallle BCEro0 HCHOJIBb3YETCS
TexHosorusa HuskoremneparypHoi cenaparuu (HTC). HecmoTpst Ha TO, 4TO JaHHas
TEXHOJIOTHS XOPOIIIO M3y4Y€HAa, OJIHAKO Ha MPAKTHKE OHA IIUPOKO MPUMEHSIETCA U
SIBJISICTCSI SKOHOMHUYECKHU 000CHOBAHHOM [2].

B cBs3u ¢ moBbIIeHHBIME TPEOOBAHUSIMU K Ka4eCTBY MpEeAHA3HAYECHHOTO
JUIS. TPOAAXW Traza TEXHOJIOTHSl cenapalud U IPUMEHSEeMOe JUIsi 3TOM Lelu
000pyZ0BaHUE TTOCTOSIHHO COBEPILIEHCTBYIOTCS.

[lenpto maHHOW PaOOTHI SIBISETCS MCCICAOBAHHME BIMSHUS ONTHMATBHBIX
TEXHOJIOTUYECKUX MapaMeTpPOB HA BBIXOJ TOBApPHOTO ra3a M C MPUMEHEHUEM

MOJICTTUPYIOIICH CUCTEMbI ONIPEACIICHUSI ONTUMAIIbHBIX pekrMOB padboTsl YKIII.



3anauu:

1. U3yuuts TexHoJI0TUH U 000pyI0BaHue, mpuMensemoe B nponeccax HTC;
2. BeisiBUTB AOCTOMHCTBA U HegocTaTku yctanoBku HTC;

3. PaccmoTtpeTs mapametpsl, Biustomue Ha npouecc HTC;

4. Ilpoananu3upoBath 3PPEKTUBHOCTH MPOIIECCOB CEMapallnu;

5. HccnenoBare BIMSHHE U3MEHEHUS TEXHOJIOTMYECKUX MapaMeTPOB Ha

3(1)(1)€KTI/IBHOCTI> Imponccca cerrapanuu,

6. Onpenenuth onTuMalbHble TexHoJorndeckue pexumbl Y KIIT mporecca

ceraparuu.



1 TEXHUKO - SJKOHOMUNYECKOE OBOCHOBAHHUE

[IpeacTaBuTh COBpEMEHHYIO KU3Hb 0€3 SHEPTETUKN HEBO3MOKHO. DHEPrHsl
ABJISIETCS OCHOBOM pa3BUTHS MPOMBIIIJIEHHOCTH, CEIhCKOTO XO3SIICTBA, ObITA
4elioBeKa, OIpe/eNseT HAKOHOMHUYECKOe pa3BuTue B 1eioMm. [loaTomy
UCKIIIOUUTENIFHO BaKHOE 3HAYEHUE JIJIS1 SKOHOMUKH SIBISIETCSI COCTOSIHUE PECYPCOB
Pa3JINYHBIX YJHEPTOHOCUTEIIEH.

Poccust sBisiercs Moryden ra3oBOM J€p)KaBOM, HMMEET KOJIOCCAJIbHbIC
3amachkl IPUPOJIHBIX Ta30B M Ta30BOro KOoHAeHcata. Poccust pacronaraer caMbIMu
OONBIIMMU B MHUpPE pPa3BEJaHHBIMHU 3allacaMH IPUPOJHOTO Ta3a, U3 KOTOPHIX
3HAUMUTENbHAS YaCTh MPEACTABIECHA 3alacaMy ATAHCOAEPKAIIETr0 MPUPOJHOTO Tra3a.

Pa3Benannbie 3amachl JETKUX YIiI€BOJOPOIHBIX KOMIIOHEHTOB JI0CTAaTOYHBI
JUISL OpTraHu3ali WX KPyMHOMACIITAOHOW MOOBIYM MPUPOJHOTO ra3a M ra3oBOro
KOHJIeHCaTa Ha ceBepe 3amaaHoid Cubupu, B ActpaxaHckoid m OpeHOyprckoi
oOnacTsx. B yclIoBUSX MOCTENEHHOTO COKpAlIeHHs 00BIYM HEPTU OCOOEHHOE
3Haue€HHE Hauyaja oOperaTh J00bIYa Ta30BOTO KOHJEHcaTta. B Hame Bpems
TEXHOJIOTHS TIPOMBICIIOBOM 00pabOTKH MPUPOAHBIX Ta30B Ta30KOHICHCATHBIX
MECTOPOXKICHUN XapaKTEPU3yeTCsd HU3KOW CTEMNEHBbI0 W3BJICUYECHUS KUIKHUX
YTIEBOAOPOIOB TAKUX KakK: 3TaH - okoyo 10, mponan-0yran - 30, kommoHeHTs C5+
- 10 95 Mac. % OT UX MOTEHIIMAIBHOTO COAEPKAHUS B IUNIACTOBOM Ta3e.

Ha npoMmbICiIOBBIX YCTaHOBKAX CPAaBHHUTENBHO HU3KAasl CTEIIEHb U3BJICYEHUS
YTJIEBOJIOPOIOB 0OOCHOBaHA HCIMOJB30BAaHUEM IIpoIlecca HHU3KOTEMIEpaTypHOU
cenaparuu (HTC) na TemnepatypHom ypoBHe 10 -30 °C. Benenctsue 3Toro npu
M3MEHEHHUH B IEPCIEKTHUBE KOHBIOHKTYPBI PhIHKA MOTYT 3aCITy>KUTh CYIIECTBEHHYIO
aKTyaJbHOCTb TEXHOJIOTHYECKHE IMPOIECChl 00pabOTKU rasa Ha TEMIIEpaTypHOM
pexume 10 Munyc 60-80 °C, KoTopbie peann3yroTcsl Ha CErOAHSIIIHUN JI€Hb JIUIIb
TOJILKO B 3aBOJICKUX YCJIOBHUsAX. Ha TaHHOM TeMmepaTypHOM ypOBHE U3BJICKAIOTCS
MOYTH TOJHOCTBHIO yrieBojopoabl C5+ u npubnuszutensHo 50-60 % mnpomnasn-
OytanoBoil ppakiuu. [IoMuMo 3TOTO, MOKET OBITH U3BJICUECHO MPU HEOOXOUMOCTH

u 10 50 % nrtana. HuzkoremnepaTypHble TPOMBICIOBBIE MPOIIECCHI 0€3yCIIOBHO,



o0ecreunBalOT W TPeOOBAHHS OTPACICBOTO CTaHAApPTAa K KAaueCTBY MOJATOTOBKHU
TOBapHOTO Ta3a, KOTOPBIA MOCTABISIETCA B Ta30TPAHCIOPTHBIE MaruCTpajbHbIC
CUCTEMBI (TOUKH POCHI 110 BJare u yrieogopoaam) [3].

Ucnons3yembie yctaHoBku HTC wuMeOT HU3KHE HKCILUTyaTallMOHHbBIC
pacxolibl ¥ KaluTalbHbIE BIIOKEHUSI W OINpaBIbIBAlOT ce0d Ha HEOOJbIINX
MECTOPOXKACHUSIX, IJIe KOHOMHUYECKH HEIelecO00pa3HO CTPOUTENHCTBO HOBBIX

YCTaHOBOK.



2 OCHOBHBIE TEOPUTHYECKHUE ITOJIOKEHUA
MPOILIECCOB IMPOMBICJIOBOM IOJATOTOBKHA

HuskoremneparypHass cemapanust - 3TO METOJ U3BJICUYEHUS JKUJKUX
YTJIEBOJIOPOJOB U3 I'a30B Ia30KOHACHCATHBIX MECTOPOKACHUN, B OCHOBE KOTOPOIO
JesKaT IPOLECChl OJHOKPATHOM KOHEHCAIMK IIpU TemmepaTypax ot -10 xo -30 °C
U Ta30TUPOMEXAHUYECKOTO Pa3/IeiICHHs] paBHOBECHBIX JKHJIKOUM U ra30BoM ¢as3.

Meron HTC B nepBbiii pa3 Obu1 ucnonb3oBad B 1951 rony, B CIIA mis
W3BJICYEHUS U3 MPOAYKIIMU CKBAXKUH JKUJIKUX YIJIEBOJOPOJOB Ia30KOHIEHCATHBIX
MecTOpoxaeHU. B skcrulyaranuio ObLla 3amylleHa IepBas MPOMBIIIICHHAS
ycranoBka HTC. IlomydyeHne HU3KOW TeMIIEpaTypbl Cemapanuyd JTOCTUTAIOCH
JPOCCEJIMPOBAHUEM Tra3a ¢ M30BITOUYHOTO AABJICHUSA. DTO CBSI3aHO C TEM, YTO B
Ha4yaJbHBIM MEPUOJ HKCILUTYaTallMM Fa30KOHACHCATHBIX MECTOPOKACHUM TaBICHUE
ChIpbS Ha BXOJIE B YCTAaHOBKHM KoMIUIeKCHOM moaroroBku raza (YKIID), kak
IPAaBUJIO, 3HAYUTENIbHO OOJIbIIE, YEM JaBJIEHUE, MPU KOTOPOM ra3 IMOJaeTcs B
MarucTpajibHbI razonpoBoj. M30bITOUHOE [aBlieHHE Ta3a MO3BOJISIET 32 CUET
pacUIMpeHHus ra3a Ioiay4yaTb HU3KUE TEMIEPATYPBL, T.€. OXJIAXKAATh ras [3].

Temneparypy MOXHO TIOHM3UTh 3@ CYET M30DHTPOINMMHOTO WIIU
V303HTAJIBIIMMHOIO pAaCIIMpEHUs] ras3a. M303HTpONMKWHOE paclIMpeHue rasa
BBITOJIHAETCS ¢ IPUMEHEHUEM TypOOETaHIEPOB, @ U30HTAJILIIUIHOE pACIIMpPEHNE
ra3a BBINOJHAETCS C UCITOIb30BAHUEM JPOCCENIBHBIX YCTPOUCTB.

IlepBast ycraHoBKa cOCTOsJIa M3 HHU3KOTEMIIEPATYpHOIO cemaparopa co
3MEEBUKOM B HM)KHEH YacTH, KOTOPBIA ObLT MpeIHAa3HAUEH AJI paciuiaBa ruapaTos.
N3 cxkBa)XWHBI TEMIIBIN T'a3 MPOXOAUI YEPE3 3MEEBUK, MOCIE ITOTO IO BBIXOJAE U3
3MEEBUKA Cenaparopa JpOCCEIUPOBAICA M IMOCTYyNaJl B CEMapaTop. 3aTem
OTCENapUpPOBAHHBIN I'a3 HAMIPABIIIICS B TA30IIPOBOI.

Hanbreiimee pazputie HTC nuio mo myTu ycioXKHEHUS YCTaHOBOK. B
CXeMy BHadaJle¢ BKJIIOUMJIM PEKYNEpallMOHHBIA TEMJI00OMEHHHUK, 3aT€M CHCTEMBI
BIIPbICKA U pEreHepalud MHrHOUTOpa TUAPATOOOpa30BaHUS, HANbIIE€ CHUCTEMY
cTaOWiIM3alMi KOHJAEHCAaTa W XOJOJWIbHble MamwuHbl. IlyTe pa3Butus Takoi

MIPOIIUIA ¥ YCTAHOBKM Ha OTEYECTBEHHBIX NPOMBICIAX [3].



2.1 CocraB NpUPOAHBIX Fa30B M Ira30BbIX KOHAEHCATOB

IIpupoonvie 2azbl — B OCHOBHOM COCTOSIT U3 YTIIEBOAOPO/IOB: METaHa, 3TaHa,
nporana, OyTaHa U JIpyrux OoJiee TsoKeIbix (ppakiuii. OCHOBHBIM KOMITOHEHTOM
€ro sBJISETCS MeTaH, oO0beMHas 1oyt Kortoporo pgocturaet 98 %. Ilomumo
yIIEBOAOPOJOB B HX COCTaB MOTYT BXOJUTh JBYOKHCH YIJIepoja, asor,
CEpPOBOJIOPOI, MAPHI BOABI U PEIKUE Ta3bl (reauid u aprox) [3].

Mecropoxaenusi, riae 100bIBacTCs MPUPOIHBINA Ta3 ObIBAIOT TPEX THIIOB:
YHUCTO Ta30BbIX, Ta30- HEPTAHBIX U TA30KOHACHCATHBIX.

Yucmo eazoevix MmecmopodicOeHuti. DTUX MECTOPOXKICHUN BCE TOPHI
MPOJYKTUBHBIX TUIACTOB 3aMOJIHEHBI CYXHM T'a30M, MIOYTH CBOOOIHBIM OT TSIKEIBIX
YII€BOAOPOA0B. B OCHOBHOM COCTOSIT U3 ME€TaHa, COAEPKaHUE KOTOPOTO IOCTUTAET
98%.

l'azo-negpmanvie mecmopoowcoenus. B mnactax, KOTOPbIX MOMYTHBIN ras
pacTBOPEH B HEPTHU MJIU HAXOJUTCS B Ta30BOM IIAIIKE.

l'azokonoencamuvle Mmecmopodcoenus. B pesynbTate yBETUYEHHOTO
JaBIeHMs, B npeaenax BpeMeHamu 10 250-300 k[/cM?, B 5THX ra3ax pacTBOPEHO
HEKOTOPOE€ KOJIMYECTBO BBICOKOKHUIISIIUX YTJIEBOJOPOIOB (OT OEH3MHOBBIX [0
coJisIpoBBIX (Ppakituii). [lpu cCHUKEHUU JaBJICHUS OHU BBIJEISIOTCS U3 ra3a B BUJIC
KUIKOCTH. Ha HEKOTOPBIX TAKUX MECTOPOKAEHUAX HAa | M° M3BICUEHHOrO M3
mIacTa rasza npuxoauTes 10 500 cM® KHUIAKHX yIriieBoI0POI0B.

YraneBonopoaHbIe rasza, KOTOpble conaepkar MeHee S0 r/M®  TKETBIX
yTIEBOAOPOAOB (OT MpoMaHa M BHIIIE), HA3BIBAIOT TOIMMU WM cyxumu. [lpu
cogepxkanne Cz + Beicmme or 50 10 150 r/m3 rassl OTHOCATCS K IPOMEKYTOYHOM
KaTeropuu, a Tpu OOJIbIIIEM COJACP)KaHUE TSHKENBIX YTIIEBOJIOPOJOB - K KUPHBIM.
UeM BblllIE COJEpPAKAHUE B Ta3e TSHKENBIX YTIEBOJIOPOJOB, TEM BBITOJIHEE MPHU
NPOYMX PABHBIX YCIOBHSX €ro nepepabotku [4].

KonnuecTBeHHOE COOTHOIICHUE MEXKTy STUMH KOMIIOHEHTAMH B ra3axX pa3jIudyHbIX
MECTOPOXKACHUM pa3nuyHo. MeTaH, 3TaH, mponaH W OyTaH TpH aTMOC(HEpPHOM

napiieHnu 1 remneparype 20 °C HaxoasaTcs B ra3000pa3HOM COCTOSIHUM; TIEHTaH —
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B HEYCTOMYHMBOM, MEPEXOAUT U3 Tra3000pa3HOTO B XKHIKOE, W HaoOopoT. bomee
TSDKEJIbIC KOMITOHEHTHI HAXOASATCS B KUIAKOM M TBEPJIOM COCTOSHUMU.

B razax 4YmcTO Ta30BBIX MECTOPOXKIECHUM TSKENBIX YTIEBOJIOPOJIOB
COZIEPIKUTCS HEOOIIBIIOE KOTUIECTRO.

B razax razokoHieHCaTHBIX MECTOPOXKIeHUH coaeprkarcs MeTaH (80—90 %
u Oosiee), mpomaH-OyTaHOBbIE (PAKIMU W BBICOKOKHUIISIIHME YTIJIECBOIOPO/IBI,
MpEACTABIAIONME COOOM CMeCh OEH3MHA, KEPOCHHA, HEOOJBIIOr0 KOJIMYECTBA
pPa3IMYHBIX Macesl, a MHOT1a mapaduHa U Jpyrux 00Jiee THKEIbIX KOMIIOHEHTOB.

HeyrneBogopoaapie KOMITOHEHTHI, 32 PEIKUM HCKITIOUCHUEM, SBISTFOTCS
BpeaHbIMH TIpuMecsMUA. CepoBOIOPOJ BBI3BIBACT KOPPO3HWIO MeTayuia, 00yamaeT
SJIOBUTBIMM  CBOMcTBamu. IIpucyTcTBHEe BIaru B Tra3e YCHIHMBAeT €ro
KOPPOAUPYIOIIEE NCHCTBUE.

VYTraekucnpiil Ta3 Takke KOPPO3UPYyeT METaIUI, ABJISSICh HETOPIOUUM ra3oM,
U CHHXAeT TEIUIOTy CropaHus NpHpoaHOro Tasza. I[lapel BOABI CIIOCOOHBI
KOHJICHCUPOBATHCS U TEM CaMbIM HapyIIaTh TPAHCIOPT raza mo TpyOompoBoIaM.
Bona mpu coenvHEHHMH ¢ YIJIEBOJOPOJaMH OOpa3yeT Ta30THApAThl, UYTO TOXKE
OCIIOXKHSIET TPAHCITOPT Ta3a.

ABOT Tak)Ke CIIOCOOCTBYET CHIKCHHIO TEIIOTHI CropaHus rasa [4].

B npunoxxenne A mipuBen€éH COCTaB ra3oB Y PEHIOMCKOTO (YMCTO Ta30BOI0)
u [lleGenHcKoro (ra30KOHIEHCATHOTO) MECTOPOXKICHHM.

T'a3zo6vie konoencamol

["a30BBIC KOHJIEHCATHI PA3HBIX MECTOPOKICHHUH CYIIIECTBEHHO Pa3TMYar0OTCS
10 TPYIIIIOBOMY XMMHUYECKOMY COCTaBY U COJICPKAHUIO CEPHI, KOJIMYECTBO M COCTAB
ra30BbIX KOHJICHCATOB 3aBUCAT OT XapakTepa 3aJle’Kd, CPOKOB pa3pabOTKH U
YCJIOBHM 3KCIUTyaTalluu MeCTOpOkAeHUS. [10 BBICOKOMY COZIEPKAHUIO CEPBI PE3KO
BBIIIETISIIOTCS KOHAeHcaThl Openoyprckoro (1,18 %), Actpaxanckoro (1,37 %) u
Kapauaranakckoro (0,8 %) wmectopoxnenmii. B Ttabmume 2 mnpuBeneHa
XapaKTepHUCTHKA Ta30BBbIX KOHIEHCATOB HEKOTOPBIX MecTopoxiacHui Poccuu u

ctpad CHI'. B oTiauume OT NMpUPOAHBIX T'a30B Tra30BbIe KOHJEHCAThl HApANY C
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napauHOBBIMHM YIJIEBOJOPOJAMU B TE€X WJIM MHBIX KOJUYECTBAX COJEpKaT
Ha(TEHOBBIC M APOMATUYECKUE YTIIEBOJOPOIBI.

["a3oBbIC KOHJICHCAThI SBJISIFOTCS CYILIECTBEHHBIM pecypcom
YTJIEBOJIOPOAHOTO ChIpbsi. MIX cymmapnas goOblya ceiiyac gocturaer 25-28 MIH
T/TOJI, YTO B CPEHEM IO cTpaHe cocTaiisieT okoJio 40 r Ha 1 ky0.M H0OBIBaeMOTO
raza. OgHako Ha skcruryatupyeMbix B Poccun u ctpanax CHIT mecTopokaeHusIX
U3BJICUCHHE KOHJIEHCaTa OT nmoTeHIuana He npesbimaet 50-60 %. B To ke Bpems B
Pa3BUTHIX KaNUTATUCTHYECKUX CTpaHaX, OO0JalalolIMX KPYMHBIMUA Ta30BbIMU
KoHJieHcaTHeIMU MecTopoxaeHusmu (CIIA, Kanama) otOop KoHjaeHcaTa OT
MOTEHIIMATBHOTO COJIEP’KaHUs B Ta3e 3HAUUTENIBHO BBIIIIE M MOXKET COCTaBUTH 95 %
[3].

B npunosxxenue b mpuBeseHbI moKazaTean KauyecTBa ra30BbIX KOHECHCATOB

HCKOTOPBIX MGCTOpO)KIIGHPIﬁ.

2.2 ®U3UKO-XMMHUYECKHE CBOIICTBA MPUPOIHOIO ra3a

CBoiicTBa NPUPOIHBIX Ta30B OMPEAEISIOTCS CBOMCTBAMU UX KOMIIOHEHTOB.
[Ipu crangaptHeix ycnoBusix (maBinenuu 0,1 Mna u Ttemmneparype 20 °C)
YIIEBOAOPOAbl OT METaHa 0 OyTaHa BKJIIOYUTENBHO, a TAKXKE YIJIEKUCIBIA ras,
CEPOBOJIOPO/I, a30T W PEAKUE Tra3bl HAXOMITCS B Ta3000pa3HOM COCTOSIHHH, a
OCTaJIbHbIE KOMIOHEHThI Ta3a — B JKUJIKOM, XOTS B CMECH C HU3KOKUIISIIUMU
YIAEBOAOPOJAAMH OHU B HEOOJBIIMX KOJMYECTBAX MOTYT HaXOIUThCS B
ra3000pa3HOM COCTOSTHUU. AHAJIOTHYHO 3TOMY B BBITIAJAIOIIEM U3 ra3a KOHJIEHCATE
BCET/la paCTBOPEHO OMPEIEIEHHOE KOJIMYECTBO Ia3000pa3HbIX yIIeBOAOPOIOB.

C NOHM)KEHMEM JaBJICHUSI ra3a Ta30KOHJIEHCATHOTO MECTOPOXKIACHUS J0
JIABJICHUS MaKCUMaJbHON KOHACHCALIUM TSDKEIbIE YIJIEBOJAOPOABI TMEPEXOIiT B
JKUJIKOE€ COCTOSIHME, W TIPU TOCTEAYIONIEM YMEHBIIICHUU JaBJICHHS WX 4YacTh

o0paTHO MEPEeXOaUT B razoo0pasHoe. DTO 3HAYWT, YTO B Mpoliecce JOOBIYM rasza
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ra30KOHJIEHCATHOTO MECTOPOXKIICHUS 03 TMOJIep>KaHUus JaBIECHUS KOJUYECTBO
KOHJIEHCaTa U COCTaB ra3a U KOHJICHCATa U3MEHSIOTCSI.

B 3aBucuMocTH OT TemrepaTypbl U JaBJICHUS KOMIOHEHTHI, BXOJSIINE B
COCTaB ra3a YHCTO Ta30BOT0 MECTOPOXKICHHUS, MOTYT MEPEXOJUTh B XKHUIKOE
COCTOSIHUE.

Meran npu aTMOCPEpPHOM JABJICHUHM TMEPEXOJUT B IKUAKOCTH IPHU
temriepatype Mmunyc 161,3 °C, atan — npu munyc 88,6 °C, HOpMaJIbHbBIN OyTaH —
nipu Munyc 0,5 °C.

Temmneparypa BbIllle KOTOPOM ra3 mpu J0OOM AaBIECHUU HE MOXKET ObITh
oOpallleH B KUJIKOCTh, HA3bIBACTCSI KPUMUUECKOU.

JlaBnenue, HeOOXOAMMOE IS CXKMKEHHS raza MpU TaKoW TeMmIiepaType,
Ha3bIBaeTCAd Kpumuyeckum. Hampumep, KpUTHUECKas TeMmIiepaTypa AJisi METaHa
Munyc 82,5 °C, ays nmponana — 1itoc 96,6 °C; kpuTuueckoe AaBJICHUE 1151 METaHa
— 4,58 Mna, miist nportana — 4,34 Mma [4].

[IpupoaHplii ra3 MNpu CPABHUTENBHO HEOOJBIIMX JABJIECHHUSIX OoJiee
C)KUMAaeMblil, a TMpPU OYEHb BBICOKMX JaBJICHUSIX MEHEE CKUMaemblid. Takum
oOpazoMm, KOA(DPUIMEHT CBEPXCKUMAEMOCTH Tras3a 3aBUCUT OT JIaBJICHMS,
TEeMIEPATYPbl U IPUPOJIBI rasa.

[InoTHOCTB ra3a TeM BbIIIE, YeM OOJIbIIE BRICOKOKHIISIINX YTJIEBOIOPOIOB
COJICP’KUTCSI B HEM U Y€M BBIIIE JIaBJICHUE M HUXe Temieparypa. Ha mpaktuke
MOJIB3YIOTCSI OMHOCUMENILHOU NIIOMHOCMbIO Ta34,

Bsazkocms raza xapakTepusyeT CHIbl B3aUMOJICUCTBUS MEXKAY MOJICKYJIaMU
rasa, KOTOpbI€ OJI0JIEBAIOTCS MIPH €r0 JIBIXKEHUHU.

Bsi3kocTh yBemMUYMBAETCsl C MOBBIICHUEM TEMIIEPATypPhbl, JABJICHUS Ta3a U
COJIEp)KaHMSI ~ HEYIVICBOJOPOAHBIX  KOMIIOHEHTOB.  OJHaKo  yBeJIMYCHUE
TEMIEPATYPhI BBI3BIBAECT MOHM>KEHUE BSI3KOCTH ra3a Ipu JaBJieHUAX Bbiie 3 Mma.

Tennoémkocmovilo 2a3za Ha3bIBAETCS OTHOIIECHHE KOJIMYECTBA TEIUIOTHI,
CoO0IIIaeMOro cHucTeMe NpU OECKOHEYHO MaJloOM H3MEHEHHHM €€ COCTOSHHS, K

COOTBETCTBYIOIIEMY U3MEHEHUIO TEMIIEPATYPbl 3TON CUCTEMBI.
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[TpupoaHBbIil ra3 UMEET CBOMCTBO NPHU CHUKEHUU JABJICHUS (PACILIUPEHUN)
U3MEHATH TEMIIEPATypy. DTO SBJICHHUE Ha3bIBaeTCs agpdexmom [ocoyna-Tomcona.

[Ipupoausiii ra3 o0IaaeT 8b1COKOU MENIOMOU C2OPanUsl, T.€. KOJIMYECTBOM
TEIJIOTHI, KOTOPOE BBIAEISIETCS TPU IOJIHOM CTOPAaHUU €IMHULIBI MAacChl I 00beMa
raza. B 3aBHCMMOCTH OT yIJIEBOJOPOJHOTO COCTaBa ra3a M KOJUYECTBA TOPIOUHX
npuMeceit ona kosiedaercs ot 30 400 o 62 800 kJIx/m3.

[IpupoaHelii ra3 B cMeCH C BO3AYyXOM MpPU OMNPEIEICHHBIX YCIOBUAX M
KOJIMYECTBEHHBIX COOTHOIIEHUAX BO3AyXa M ra3za oOpa3yeT IpeMydyyl0 CMECh,
CIIOCOOHYIO B3pPBIBATHCS MPU HAIMYMUKU MUCTOYHMKA OrHS. Cuiia B3pbIBa JOCTUTAET
MaKCUMAaJIbHOW BEJIUYMHBI, €CIIU COJAEPKAHHE BO3[yXa B CMECH MPUOIU3UIOCH K
3HAYEHUI0, HEOOXOAUMOMY JJIsl MOJHOro cropaHus rasa. [Ipupoasslil ra3 Moxer
B3pPBIBATHCS TOJIBKO MPU ONPENEIEHHON KOHIIEHTPAlMU Ta3a B Ta30BO3QYLIHON
cmecu. HaunHasi OT Kakoro-to MUHUMYMa (HU3WULL npeoei 83pvleaemMocmu ) 10
HEKOI'0 MaKCUMYyMa (8blCUlUll npedeil 83pbl8AeMOoCmiL).

Huzmmii nipenen B3pbIBAEMOCTH COOTBETCTBYET TAKOBOMY COAEPHKAHHIO
ra3a B ra30BO3J1yLIIHOM CMECH, IPU KOTOPOM €TI0 JAJbHENIIEe YMEHBIICHUE J1EJIaeT
CMECh HEB3pbIBA€MOM. BhICIIMI Mpenen B3phIBAEMOCTH COOTBETCTBYET TAKOBOMY
COJICP’)KaHUIO0 Tra3a B Ta30BO3JYIIHOW CMECH, NPHU KOTOPOM €ro JajbpHenuee
YBEIMYEHHE JEJIaeT CMECh HEB3pbIBacMOM. [Ipenensl B3ppIBAEMOCTH BO3PACTAIOT C
MOBBIIICHUEM JABJICHHSI CMECH, a TaKXKE C YBEJIMUECHUEM COIEPKaHUSI MHEPTHBIX
ra3oB (azota u apyrue). OnacHbIM CBONWCTBOM MPHUPOJHOIO rasza SIBJISIETCS €ro
TOKCUYHOCTH [4].

KoMnoHeHTHBIN cOCTaB rasa

OpHol M3 BaKHEHIINUX (PU3MKO-XUMUYECKUX XapaKTEPUCTUK MPUPOTHOTO
raza SBIIFETCS €ro KOMIIOHEHTHBIM cOCTaB, T. €. COJIlep)KaHhMe B Tasze
YII€BOJIOPOAHBIX M HEYTJIEBOIOPOAHBIX KOMIIOHEHTOB B MACCOBBIX, 00BEMHBIX HUJIH
MOJIBHBIX MPOLIEHTAX, WU 10J5X. [10 KOMIIOHEHTHOMY COCTaBy Tr'a3a ONPEAENSOTCS
HaIpaBJeHUs] €ro JajibHeiliei nepepaboTKM W TNPUMEHEHHs, a TaKXKe TaKue
XapaKTEPUCTUKH, KaK IUIOTHOCTb, TEIUIOTa CropaHus (HU3MAs W BbICIIAA),

MOJIEKYJIsIpHas Macca, urciio Boooe u apyroe [5].
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B kauectBe mpumepa B Tabmuie | mpuBeIeH KOMIIOHEHTHBIH COCTaB
IPUPOIAHOTO ra3a ACTpaxaHCKOIO ra30KOHAEHCATHOTO MECTOPOKICHU.
Tabmuuma 1 — KoMIOHEHTHBII cOCTaB MPUPOIHOIO Traza ACTpPaxaHCKOTO

Ta30KOHACHCATHOI'O MCCTOPOKIACHHUA

Kommonent Coneprxanue, % 00. Komnonenrt Coneprxanune, % 00.
OTIIEbHO | CyMMAapHO OTJIENBHO | CyMMapHO
BoasHoii map 0,12 0,12 HA30-IIEHTaH 0,13 99,55
CepoBoaopon 22,53 22,65 H-IIEHTaH 0,20 99,75
Jnokcun 15,31 37,96 T'excansl 0,09 99,84
yriaepoaa
A3otr 2,85 40,81 T'enranbl 0,05 99,89
Mertan 56,02 96,83 OKTaHbI 0,02 99,91
Oran 1,60 98,43 Cepooxkcu 0,06 99,97
yriepona
[Iponan 0,77 99,20 Cepoyriepon CIIEIbI 99,97
n30-0OyTaH 0,09 99,29 MepxkanTtaHbl 0,03 100,00
H-OyTaH 0,13 99,42

2.3 PaBHOBecHE CUCTEMBbI

HeobxoaumocTh  MOAENUMPOBAaHUS ~ MAacCOOOMEHHBIX  MPOIECCOB B
MHOTOKOMITOHEHTHBIX ~ TE€TEPOTreHHBIX  CHUCTEMaX  BO3HHUKAE€T KakK  MpH
MPOCKTUPOBAHUM Pa3pabOTKU U AKCIUTyaTallM MECTOPOXKACHUN Ta3a U ra3oBOTO
KOHJEHCAaTa, TaK W TMNpU MPOCKTUPOBAHUU TEXHOJOTUUYECKUX IMPOIIECCOB
nepepaboTKH YIIIEBOJOPOIHOTO ChIPhs. Perenne 3TuxX 3a7a4 CBsI3aHO C pacueToM
¢da3oBeix paBHOBecui. CucTema, cocTosIIas U3 HECKOJbKUX (a3, Ha3bIBACTCS
rereporeHHor. Pa3oM Ha3bIBAETCA COBOKYIHOCTh TOMOTECHHBIX YaCTEH CUCTEMBI,
OJIMHAKOBBIX TI0 COCTaBYy, XHMHUYECKMM U (U3WYECKUM CBOWCTBAM U

OTTPAaHUYCHHBIX OT JPYTUX YacTe MOBEpXHOCTHIO. JKumakue u TBEpHAbIE (as3bl

15



HA3bIBAIOTCS KOHICHCHpPOBaHHBIMU. PaBHOBecme B CHCTEME, COCTOSIEH U3
HECKOJbKUX (ha3, Ha3bIBACTCS TETEPOTCHHBIM WK (ha30BbIM [6].

da30Bble paBHOBECHSI B CHICTEMaX MPUPOIHBIX YIIIEBOJI0POI0B UMEIOT CBOU
0COOEHHOCTH ¥ IPEJCTABIISIIOT CAMOCTOSTENIbHYIO 0071acTh uccienoBanus. ®a3oBoe
COCTOSIHUE TUIACTOBBIX CUCTEM ONPEEIISET CTPATETHIO pa3pabOTKH MECTOPOKICHUS
Y HETIOCPEICTBEHHO BIIMSET HA KOMIIOHEHTOOTIauy Ij1acta. IMEHHO ¢ 3TUM CBsI3aH
NOBBIIICHHBIA HMHTEpEC HcchaefoBaTened K JaHHOM mpobieme. OcHOBHas
CIIO)KHOCTh MOJICIUPOBaHUsS (ha30BBIX NPEBPALCHUN CBA3aHA C ONpeACTICHUEM
TIOCTOSIHHBIX (ha30BOTO paBHOBECHSI KOMIIOHEHTOB cMecH [7].

MaccooOMeHHbIE TPOIECCH MIMPOKO PACIPOCTPAHEHBI B XUMHUYECKOU
TEXHOJOTMH. Takue Mpouecchl MOTYT OBITh L[EJCHANPABICHHBIMH, a TAK)KE MOTYT
IIPOTEKATh OJTHOBPEMEHHO ¢ XUMHUYCCKHMH TTporeccamu [8].

MaccooOMeHHbIE TpOLIECChl NMPUMEHSIOTCA Ui Pa3fesieHUs] CII0KHBIX
CMeceil BELECTB, KaK Ha CTaJWAX MOATOTOBKH, TaK M Ha CTaAuAX IepepaboTKu
He(TU WM rasa.

Pacy€r »THX mpollecCOB OCHOBBIBAETCS Ha ONpeiesieHuu (pa3oBoro
paBHOBECHS.

Pagnogecue sicuoxkocmov — nap

PaccMoTpuM  ypaBHeHHMs ~MarepHalibHOro OajaHca JUis  KaKIOro

KOMITOHEHTA U JJI OJTHOTO MOJIs cMecH [2]:

V+L=1, (1)
V'yi+ L-xi= z;; (2)
_Zyi :.in = ZZi: 1, (3)
=1 =1 i=1

rae V - MonbHas A0S Ta30BOM (asbl ; L — MosbHAs 10181 )KuIKoM (passl; X;
- MOJIbHAS 70711 | KOMIIOHEHTA B JKUAKOU (hase; Yi- MOJIbHAS J0JIs | KOMIIOHEHTA B
ra3oBoii (ase; zj - MoJbHAS OIS | KOMIIOHEHTA B CMECH.

Mexny dazamu pacrpeiesnieHrie KOMIIOHEHTOB B II€JIOM MOXHO BBIPA3HTh
gyepe3 KOHCTaHThI pa30BOro paBHOBecHs [2]:

KoMOuHupyst TaHHbIE YPAaBHEHUSI, MOXKHO MOJTYYUTh:
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Ki = yi/Xi. (4)

<

=V+(1—V)/Kz. '

i
()

Pemass >t ypaBHEHHS METOOM IIOCJIEIOBATEIbHBIX MPHUOINIKEHUH,
MOJIy4aeM JI0JIM MapoBOM U KUJIKOU (a3 B CMecH U cOocTaBhl (as.

JIist m30eraHus JUITHUX BBIYMCICHUA CTOUT yOEIHWTHCS, YTO CMECh IMPHU
JAHHBIX YCIOBUSIX HaxoAuTcs B JByX(azHoM coctosiHud. /[l 3Toro
MIPEABAPUTEITLHO PEKOMEHIYETCSI BRIYUCIATH (PYHKITHH:

Slzz Zi'Ki; (6)
SZZZ Zi/Ki. (7)

Eciu S; m S; Gonplie enuHUIBI, TO CMECh HAXOIUTCS B IBYX(a3zHOM
COCTOSIHUH, €CJIM S1, MEHBIIIE €IUMHUIIBI, TO CYIIECTBYET OJIHA KUaAKas daza, ecinu Sy
MEHbIIIE €IMHULIBI, TO OJIHA Ta30Bas (a3a. Touka Havana KUTIEHUSI COOTBETCTBYET S1
= 1, To4Ka pockl cOOTBETCTBYET Sy = 1 [2].

KoHcTaHTh! (ha30BOro paBHOBECHS 3aBUCST OT TEMIIEPATYPHhI, T1aBJICHUS
u coctaBa (pa3. CoBpeMEHHBIC METOMBI pacyéTa KOHCTAHT ()a30BOTO PaBHOBECHS
CO37JaHbl HAa CTPOTHX TEPMOJWHAMHYECKUX COOTHOIICHHUSIX W YPaBHEHHUSIX
COCTOSIHHUSI.

Ycaopusimu  (ha3oBOr0 paBHOBECHS SIBIIIIOTCS PABEHCTBO TEMIIEpaTyp,
JABJICHUN U XUMHYECKUX TOTCHIIMAIOB B KaX10M U3 (pa3 Bcex KOMIOHEHTOB. Jlis
NPaKTUYECKUX pacueToB Haubosiee yaI0OHOUW (yHKIMEH sBiseTcs - jerydecTsb T,
HKBUBAJICHTHAS XUMHYECKOMY MTOTCHITHAY:

fiv = fiL . (8)

Pasnmenum jeTydecTr | KOMIIOHEHTa Ha JaBJICHHE W MOJIbHBIC JIOJH

KOMITOHEHTA B TIAPOBOM U KUIAKOM (hazax:

o =L,

s 9)
ot =1,

px; (10)
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L - k0>()pUIMEHTHI TE€TY4eCTH | KOMIIOHEHTA B MAPOBOM U

rac goiv n @j
XKUIKOH (hazax.
N3 ypaBnenuii (8) - (10) momydaem cieayrooIiue ypaBHEHUsS paBHOBECHUS

KOMITOHEHTOB cMecH [2]:

Qi Yi =0i Xj (11)
K. =Y _ %
i T 1% *
i@ (12)

KoaddumueHT etydectd | KOMIIOHEHTa B CMECH MOKHO OIPEICIIUTH 110
CIEAYIOIIEMY TEPMOJIUHAMUYECKOMY YPaBHEHUIO:

o0

RTm¢i=f(ﬁﬂ] _ R gV - RTInz,
o ] 174
v i/ T, V, ny

(13)

rae Ni - KOJMYECTBO MOJIeH | KOMIIOHEHTa B cMecH; Z - KodddumumeHt
C)KMMAEMOCTH CMECH.

st BeiuucieHuss KoduimeHToB Jetydectu 1o ypaBHeHuio (13)
MPUMEHSICTCS YpPaBHEHUS COCTOSHHUS, KOTOpPOE€ OOBEAWHSIET MEXKIy Cco00i
TeMIIepaTypy, JaBlieHne, 00beM U COCTaB CMECH.

B Tex cmydasx, xorma xuakyro ¢Gazy HEBO3MOXHO OIHUCATh YPaBHCHHUEM
cocTosiHus, ypaBHeHue (10) 3anmuchIBatoT B cleaytomeM Buje [2]:

fit =% -y X (14)

rne f% - nmerydecTh 4MCTOM KMAKOCTM NIPHM CTaHAAPTHOM IABJICHUM H

JAHHOM Temmepartype; i - Ko3PUIIMEHT aKTUBHOCTH.

Bwmecto ypaBHenuit B Takom ciydae (11) u (12) nomydaem:

v e
Q,Yp = [i v
(15)
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v vy
v

L e (16)

B craHmapTHOM COCTOSHMM JIETy4eCTh YHCTOM KUAKOCTH MOXKET OBITh
BBIYMCJICHA 110 KOPPEIALMAM, KOTOPbIE OCHOBAHbI Ha IIPUHIIUIIE COOTBETCTBYIOIIUX
COCTOSIHUM, WU TIO YPABHEHUSIM COCTOSIHHUSI.

Jns  BblukcieHuss  KOA(G(GUIMEHTOB  aKTUBHOCTH  HCIOJB3YIOTCS
OMIIMPUYECKUE UM IOIYIMIUPUYECKUE YPABHEHUS, KOTOPBIC YIOBJIETBOPSIOT

ypaBHenuto ['mooca — rorema [2]:

n
> xidlnyi =0 (17)
=1

K TakuM ypaBHEHUSAM MOXKHO OTHECTH ypaBHeHUs Maprynuca, Ban - Jlaapa,

Ckerrapna- Xamepa, Booms, Bunscona, NRTL, UNIFAC [8].

J171s1 yrieBogopoI0B U IPYTUX KOMIIOHEHTOB, COJICPKAILIUXCS B IPUPOTHOM
raze, HaumbOosiee d(PPEKTUBHO MPUMEHEHUE YPaBHEHUW COCTOSIHUS JUIsl pacuera
kod(pdunreHToB nerydectd ¢; (B ypaBHenusix (11), (12)) B mapoBoil U >KuUJIKOU
dazax.

[Ipumenenue uisi OnMMcaHus OJHOTO YpaBHEHHUS IMAapOBOM M KUIKOW (a3
MO3BOJIIET PACCUUTATh MAPOKUIKOCTHOEC pPABHOBECHE BIUIOTh JO JABJICHUM,
OJIM3KUX K KPUTUUECKUM.

@Daszoeoe pasnosecue nap - HCUOKOCHb - HCUOKOCHLD

[Ipupoansie ra3pl Kak MPaBWIO COAEPKAT BOAY UM MOMHUMO STOTO, MOTYT
coJlepKaTh METAHOJ M TJIMKOJIM, KOTOpbIE JT00ABJISIOT B MpoIecCe JOOBIUU H
MOATOTOBKH raza. DTH KUJKOCTU WIM UX CMECHU B KHUJKHUX YTJIEBOJ0OPOJaX UMEIOT
OTPaHUYEHHYIO PACTBOPUMOCTH BOT IO3TOMY MOET CYIIECTBOBATh BTOPAs KUJIKas
daza, KOTOpyr0 B O0IIEeM MOXHO Ha3BaTh BOJIHOM, HO B KOHKPETHOM Clydae B

3aBUCHUMOCTH OT COCTaBa - BOJHOM, METAaHOJILHOW WJIN TJIUKOJICBOM.
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Jnst péxdasznoro paBHoBecus ypaBHenue (11) npuaumaer Bug [2]:

G Y= 9 =@y X,
i i i i i i ’ (18)

rae XV; - MonbHas 1014 | komnoneHTa B BogHol dase; ¢'Vi- kosdpument
JeTy4ecTH | KOMIIOHCHTa B BOJHOMW, JKUJKOW M Ta30oBod (aszax. YpaBHCHHUS
MaTepHaTbHOTO OajmaHca OyayT UMETh BUI:
V+L+W=1,; (19)
V'yi + L-X; + W'XiW = Zi, (20)
rae W - MonbHas 10511 BOJIHO#M (hasbl.

K ypaBuenuto (13) nobGaBinsercs eie 0/1HO:

n
Y xiV =1, (21)
i =1

UYepe3 cneayroomme KOHCTAHTHI (PAa30BOrO PAaBHOBECHS MOXKET OBITh

BBIPKEHO pacIpe/ieliecHne KOMIIOHEHTOB Mex 1y (azamu [2]:

VL Y;
Kt =2
i (22)
VW Y;
K, = —
T (23)
|
1 x:v

(24)
KomOunupyst ypaBaenue (20) ¢ moObiMu aBymst u3 tpex (22), (23), (24),

MOTYT OBITh TIOJIYY€HBI BBIPKEHHUS JJIs1 pacuyeTa cocTaBoB (has:

£

X, = ;
Covk e ewk] RV (25)

Xy = VW VW VW ’
v, Lk R s w 26)
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<y

v+L/K, " +wrk "

Y, =
(27)

VYpaBuenus (25), (26), (27) nosrydeHsl py UCHIOJIB30BAHUU YpaBHEHUH (22),
(23), HO MOYKHO TaK)K€ HCIIOJIH30BaTh YpaBHEHHE (24) B 3aBUCUMOCTH OT TOT'O, KAKUE
KOHCTaHThI paBHOBECHS ompeneneHbl. JJis onpeneneHus cocTaBoB Beex (a3 u ux
KOJIMYECTB JTOCTATOYHO UMETH JIBa TIFOOBIX HA0Opa KOHCTAHT ()a30BOTO PaBHOBECHS
[2].

Ucnonb3yst ypaBHenue (19), B BbepakeHusx (25), (26), (27), MoXHO
UCKITIOYUTH OAHYy 13 BenuuuH V, L umu W.

C menplo ompeaeNieHrs cOCTaBOB (Da3 M WX YHCIIA PEIICHUE MPUBEICHHBIX
ypaBHEHUMN TIPOU3BOJIUTCS METOJIOM MOCIIEA0BATEIbHBIX MPUOIKEHHM.

Hpyroii crnoco0 pacuéra TpEX(PazHOrO paBHOBECUS 3aKIHOYAETCS B
moclieIoBaTeIbHOM pacuére aByxdaszHoro paBHoBecus. K mpumepy, cHavana
paccYMTHIBACTCSl paBHOBECHE Tap - YTIEBOAOPOIHAS KUIKOCTh, 3aTEM Iap - BOIHAS
KHUJKOCTb, TIOCJIE 3TOTO BCE MOBTOpsieTcs. Pacyér mpogomkaeTcs 0 TOTO BpEMEHH,
MOKa HE YCTaHOBATCS MOCTOsIHHBIC BenuuuHbl V, L, W u coctaBbl ¢a3. IToT criocod
MPEACTaBIII JOCTATOYHO HAJIEKHYIO U OBICTPYIO CXOAUMOCTb.

N3 ypaBuenuii (18), (22), (23), (24) MOXHO MOITY4YUTH [2]:

KiVL = goi" / goiV (28)
KiVW = gDiW / goiv (29)
KiLW = gDiW / gl)iL (30)

Hna pacuéra KOIPPUIMEHTOB JETYYECTH HCHOJIb3YIOTCS YpaBHEHUS
cocrostHusl. Haubompiee mpumenenue uist pacuéra (pa3zoBbIX paBHOBECHIA B CMECSIX
yIJI€BOJOPOAOB MONy4YMsin ypaBHeHus benenukra - Be606a - Pyouna (BBP),
Crapnunra - Xana, Coasa, [lenra - Poouncona [2].

[upoko ucnoib3yeMbIM siBsieTca ypaBHeHue [lenra - PoOuHcoOHa, Tak Kak
OHO JIerye nojaaeTcs MoAU(PUKAIIY ISl BKIIOUEHUS HEYTJIEBOJOPOIHBIX BEUIECTB

U pacuera Tpex(a3HOro COCTOSHHSI.

21



3 JUTEPATYPHbBIN OB30P

3.1 OnTuMHU3anus NPOLECCOB MOJATOTOBKH ra3a M ra30Boro
KOHJ/IeHcaTa

B ocHoBe pacuera mporiecca cenapainyu ra3oKOHJEHCATHOW CMECH JIC)KHUT
pacdet (a3oBoro paBHOBecHs. Pacuet koHCTAaHT a30BOTO paBHOBECHS MMPOBOIUTCS
Ha OCHOBE YPaBHEHUM COCTOSIHUSA JIMOO MO SMIUPUUYECKUM BBIPAKEHUSIM, KOTOPbIC
OCHOBaHbI Ha CTAaTHUCTUYECKOM 0OpabOTKE SKCIEPUMEHTAIBHBIX JaHHBIX, OJHAKO
TaKWe YpaBHEHHUS HE YUYUTHIBAIOT (DU3UKO-XMMHUYECKHUX CBOWCTB CEMapupyeMou
CMECH.

IToaTomMy 1emecooOpa3HbIM SABJISETCS UCMOJb30BaHUE ypaBHeHus Ilenra -
PoOGuHcoHa, Tak Kak OHO Jerde mnojagaercss MoAuUKAIUUA [Ji1 BKIIOYCHUS
HEYTJICBOJIOPOJHBIX BEIIECTB, YTO JAaeT BO3MOKHOCTb YYHUTBHIBATH (DU3UKO-
XUMHUUYECKHE CBOMCTBA BEILIECTB, X B3aUMHOE BIIMSIHUE, U3BMEHEHUE COCTaBa ChIPhSA
Y BJIMSTHUE TEXHOJIOTUYECKUX MMapaMeTPOB.

PaccmMoTpriM  HEKOTOpBIE aJIrOPUTMBI  pacdyéTa KOHCTAHT (a3oBOro

paBHOBECHSI.

3.1.1 MeToab! pacuéra KOHCTAHT ()a30BOI0 PABHOBECUA

Pacuér koHcTaHT (a30BOr0 PABHOBECHS HO YPABHEHHMIO COCTOSIHUS
Ilenra - PoOuncona

AJITOpUTM pacuéra:

1. 3apaém ucxoanyro nuHpopmanuio: T, - KPUTHUECKYIO TEMIEPATYPY,
P. - nmaBnenne m W - ¢akTop AalEHTPUUYHOCTH [UIsI KaKIOTO KOMIIOHEHTa
aHAIM3UPYEMOM CUCTEMBI; COCTAaB CMECH B MOJISIPHBIX JA0JI51X; P - pabouee napnenue,
T - temneparypy.

2. JIyist KaKJI0TO KOMIIOHEHTa CMECH Ha OCHOBE TaOMU4HBIX naHHbIX [10,11],
HAXOJIMM 3HAYEHHUS MMapaMeTpPOB YpaBHEHUS COCTOSTHUS Zc*, Qc, .

3. PaccunthiBaeM 3HaueHUsT KO3(DOUIIMEHTOB ypaBHEHUS COCTOSIHUA a, D, ¢,

d I KaXK0ro KOMIIOHEHTA CMECH 110 BhIpaxkeHusiM [11]:
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a=ac*o(T: o), (31)
e a(T,0)=[1+m1-T )

(32)
b=p*R*Tc/pc; c=6*R*Tc/pc; d=0*R*Tc/pc.

B ypaBaenuu (31) BMecTo koadpuiimenTa m UCnob3yroT apaMeTp .

4.  PaccuuthiBaeM = HadalbHbIE  NPUOMIKEHHUS  KOA(DPHUITMESHTOB
pacmpeeNeHrss KOMIIOHEHTOB CMECH C TPUMEHEeHHEM BoIpaskeHus (33) mo gopmyre
(32) [11]:

K, =ps"(T)/p (33)

riae K- ko3 dunment pacnpeaeneHuss KOMIIOHEHTA,
B npunoxenun B mpuBeneHbl 3HaYeHUS KOA(D(HUIIMEHTOB MapHOTO
B3aumozericTeus Cij [10].

Pacuér koHcTaHT (pazoBoro paBHosecus no meroguke B.U. Illunosa

K, =%-10A'F‘*B, (34)

riae Ki — xoHcTanTa (pa3oBoOro paBHOBECHS I-r0 KOMIIOHCHTA;

p — nasienue B cucteme, Mlla;

A, B — K03 PULMEHTHI, KOTOPbIE 3aBUCST OT JaBJICHUS;

Fi — KOMITJIGKCHBI# TTapaMeTp, KOTOPBIN YUUTHIBACT KPUTHUESCKHAE CBOMCTRA,
TEMIIepaTypy KUICHHUS I-TO KOMIIOHEHTA U PAaBHOBECHYIO TEMIIEPATYPy CMECH.

YucnenHoe 3HaueHUEe Fi — 3aBUCHT OT paBHOBECHOH TeMIIEpaTypHl,
HOPMAaJIBHOW TeMIIEPATyPbl KHIICHHS U XapaKTePUCTUIECKOTO TIapameTpa i-ro

KOMIIOHEHTA b;:

1 1
F_ o b . —— —
L (Tbi 731540 (35)

rae T — remnepatypa (pazoBoro paBHoBecus, K
Th; — HOpMaJlbHAs TEMIIepaTypa KUIICHHUS I-r0 KOMIIOHEHTa, K.
Koaddurmentst 4 u B He 3aBUCAT OT CBOWCTB KOMIIOHEHTOB U 1ipu p=0,1—

15 MIla onpenensitorcsi BEIMYMHON PaBHOBECHOTO JIABJICHUS:

23



A=-6.18*10"°*p®+1.86* 10 ° * p?- 4.80 *10%* p + 1.0049,  (36)

B =1.79*%10* *p* -5.15 10 3 *p? +12.59 10? *p-1.0127, (37)

rie p - 3aJaHHOe aOCOJIIOTHOE [IaBJIEHWE CHUCTEMbl (JaBJeHUE

pasrazupoBanusi), Mlla; b;, Tb; - He3aBucHMBIE OT YCIOBUH pa3ra3upoBaHUSI

BEJIMYMHBI, KOTOPBIC XapaKTePHU3YIOT MPUPOY I-r0 KOMIIOHEHTA, W MOIPABJICHHBIC

c yu€toMm ocobeHHocTel cucteMbl HedTh-Ta3; t - Temneparypa cuctemsl, °C; K -
KOHCTaHTa ()a30BOr0 paBHOBeCHs I-To KomroHeHTa [12,13].

Enunbiii 111 BceX KOMIIOHEHTOB QJITOPUTM pacd€ra ¢ HMCIOJIb30BaHUEM
MUHUMAIBHOTO 00bE€Ma JOCTYINHBIX HCXOAHBIX JAHHBIX  OOecreurBaeT
PEUMYIIECTBO ONMKMCAHHOTO METO/A TMepel APYTMMHU W3BECTHBIMH B MHXKEHEPHOMN
IPAKTUKE aHAIUTUYECKUMHU U IpapUuecKUMH CIIOCOOAaMU OIpPENEICHUs] KOHCTAHT
paBHOBECHsI KOMIIOHEHTOB He(Tera3oBbIx cMeceil. Meron peKoMeHIyeTcs
npumensaTs npu 7=0...100 °C u P=0,1-15 MIla. B sToM auanaszoHe periaercs
OOJBIIMHCTBO 3a/ay HEPTENPOMBICIOBON MNpakTuku. Pacmmpenue pabouero
JIMana3oHa B CTOPOHY OOJBIIMX JABJIEHUN HELEeIecooOpa3Ho, Tak Kak B 00JacTH
PETPOTpajiHOrO HCIAPEHUs] BIMSHUE COCTaBa MOXKET OBbITh 3HAUUTENbHBIM U
TOYHOCTH ONPE/ICIICHUSI KOHCTAHT PE3KO CHU3UTCH.

Jnsg  ycnoBHOrO KOMHOOHEHTA Ceipyemn MOJIYYEHBI 3TH 3HAUYEHUS TIO
pe3ysbTaTaM 3KCIePUMEHTAIBHOTO IPOBEACHHUE UCCIIEI0BAaHUS TUIACTOBBIX CMECen
3anaguoit Cubupu. B 3aBucumoctu oT ycJI0BHOTO KOMHOOHEHTA Cogtppem PACUETHOM
MOJICKYJISIDHO# Macchl, 3HaueHus D, TDhi paccunthiBaeM mo ¢opmyiiam, KOTOPbHIC

MOJIy4eHbl IMyTEM MaTeMaTH4ecKol o0paboTku TrpaduyecKux 3aBUCUMOCTEN

[12,13]:

Tb6+:67.58*(|g|v|6+)2'46 (38)
by, =1470+— M. ~80.18 (39)
0.0808—0.0019- M,

rae Mg - Mmonekymsipaast Mmacca octaTka Ceippem, B ICXOTHON HE()TETA30BOM
CHUCTEME, KI/MOJIb.

JIJIsl MHIUBUTyJTBHBIX YTIIEBOAOPOAOB (32 MCKITIOUEHUEM METaHa, dTaHa |
npornana) 3HaueHus b 1 Thi Haxomsres mo popmymnam [12]:
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- JUISL HOPMaJIbHBIX Mapa(UHOBBIX YTIIEBOAOPOIOB:

Ighi = 1.9399 + 0.8448 *Ig M; (40)
IgTh; = 1.8298 + 2.4593 *Ig Ig M; (41)
- JIUISl ©30MEPOB:
Igh; = 1.8434+ 0.6869*Ig M; (42)
IgTh; = 1.7582 +2.6813 *Iglg Mi, (43)

rae M — MostekyIsipHast Macca i-ro KOMIIOHCHTA.
Pacuér koHcTaHT a30BOro paBHoBecHs 10 ypapHeHn0 Teka-Cruia

VYpaBuenue Teka-Ctuna umeer caeayrommil Bua [9]:

NP, = A(1.14893 Ti -0.11719-Tr -0.03174Tr? - 0.375-InTr) +
r

5.2691+2.0753A-3.1738h ’
Tr -1

+(1.042¢, -0.46284 - A) [ +0.040(= -1)]
5.2691+ 2.07534 —3.1738h Tr

(44)
rne R=1.987 - yauBepcanbHas razopas noctosiaHas kan/(mons*K); T,=T/T,,
Tu=Tu/T; - npuBeneHHbie TEMIepaTyphl, rae T., T,- kpuTHUecKas Temreparypa u

HOpMaJIbHAs TEMIIEpATypa KUTIEHUs KOMITOHEHTa, K; o - HaxoauM o popmyiie [10]:

AH
= RT (1_TVb )0.375 (45)
c rb
u3 ycnoBusi, uto Pvpr =1/Pc u Ti= Thy.
h onpenensercs ypapaenuem [10]:
InP.
h = Trb F y (46)
rb

rne AH,, - Temnmora mapooOpa3oBaHUsS TMPU HOPMAJIBLHON TeMIeparype
KUIeHus, kain/monb. AHyp onpenensiock o ypasHeHuto Jxxuakanone [10]:

InP
AH w = RTcAzrb (Trb L) (47)
1-T,

rae AZ, npunmmaeM paBHBIM 1.
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3.2 BansiHMe TeXHOJIOTHYeCKUX apaMeTPOB Ha MpoLecchbl MOAr0TOBKHU
rasa v ra30Boro KOHJeHcarTa

Ha »sddextuBHocts pabotel yctaHoBok HTC 3HauMTenbHOE BIUSHUE
OKa3bpIBAIOT CIEAYIOUIME TEXHOJOTHYECKHE TMapaMeTphl TMpolecca: COCTaB
CBIPBEBOIO ra3a, TeMIeparypa, JaBiieHue, 3G PEeKTUBHOCTh 00OPYI0BAHUS U YHCIIO
CTYIICHEH cerapanuu.

Cocmas cwvipvesozo 2aza. Uem Tspkenee cOCTaB UCXOAHOM cMecH (4eM
OoJbIIe CpeHsisi MOJIEKYJIIpHAs Macca rasa), TeM 3HAUUTEJIbHEE BBIIIE CTEIEHb
W3BIICUCHHSI KUJKUX YTIEBOJOPOAOB. TeM He MeHee, HauWHas C MOJEKYJISPHON
MaccChl YTIIEBOJOPOIOB OKOJIO 22, yTSHKEeJIEHHE COCTaBa UCXOIHOM CMECH MOYTH He
OKa3bIBa€T BO3JICHCTBUS Ha CTENIEHb U3BJICUEHUS] KOMITOHEHTOB C3 M BBILIE.

Jl5is TOTO, 9TOOBI MOBBICUTH CTENICHh W3BJICUCHUS JKUIKUX YTIIEBOJAOPOIOB
JUISL TOLUX MCXOJHBIX CMECEH MOpOil MCHOB3YIOT METOA copOIMK B nmoToke. Jljis
3TOr0 OCYILECTBISETCS Ha HEKOTOPOM PACCTOSHUU BIPBICK B MOTOK HCXOAHOMN
CMECH CTaOWJIBHOTO KOHACHCATa WM JAPYTHUX YIIEBOJAOPOIHBIX >KUIKOCTEH OT
cenapatopa. CnenoBaTeNbHO, YTO TaKUM OOpa30oM BBINOJHAETCA YTSKEICHUE
CMecCH, a OTCIO/Ia, CTEIICHb U3BIICUCHUSI KOMITIOHEHTOB C3 M BbIIIE MOBBIIIAETCS [3].

Bnuanue memnepamypul u 0asnenua. B nporeccax npoMbIcioBoro cbopa
He(dTU U ra3a, MOATOTOBKU K TPAHCIIOPTY U JaJIbHEHIIIEeH epepaboTKH MOKET ObITh
COBMECTHOE JIBU)KE€HHE U 00pabOTKa *KUAKOM U ra3oBoil (a3, KOTOpoE SABISIETCS
COCTaBHBIMHM 3JIEMEHTaMU He(Tera3oBoAsHON cMecu. TeM He MeHee IMpH
nepeMeneHN MHOTO(a3HONW CUCTEMBI TI0 TEXHOJIOTHYECKOH IEeTH MPOMBICIOBBIX
COOPY)KCHHMII BO3HMKAae€T MOMEHT, KOTJa MPOBEIECHHE OCHOBHOTO TIpolecca
MOCJIEAYIOLIEE COBMECTHOE MepeABIKeHNEe (a3 JenaeTcs HepalHOHAIbHBIM WIN
MIOYTH HEBBIMOJTHUMBIM. [Ipr 7TOM HEOOXOIUMBIM CTAHOBUTCS Pa3/ICIUTh KUIKY O
U rasoByto (aszpl. [ns TOro, 4roObl OMpEAENUTh YCIOBHUS Ta30KUIKOCTHOTO
paBHOBeCHsI MPUMEHSIOTCS 3aKoHBI [lanbToHa u Payns, B cOOTBETCTBUU KOTOPBHIM
XapaKTepU3yeTcss KOHCTaHTa PaBHOBECHS OTHOIICHHEM MapIHaIbHOTO aBJICHUS
KOMIIOHEHTA K 0011[eMY JaBJIEHNUIO CUCTEMBI UJIH e OTHOILIEHUEM MOJISIPHBIX J0J1eH

KOMIIOHEHTa B pPaBHOBECHBIX Tra30BOM W kuakod (azax. Otcroma cienyer,
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COOCTBEHHO, 4YTO C YBEJIMYEHHEM JIABJIICHHUS CHCTEMbl CHUYKAETCS MOJISpHAs
KOHIICHTpAIUsl KOMIIOHEHTa B Ta30BOM (paze mpu e€ 0 JHOBPEMEHHOM BO3PAaCTaHUU
B >kuakod. Ha mporecc Temmneparypa BiausieT B OOpaTHOM HANpaBJICHUH: TPU
NOBBILICHUH TEMIIEPATyphl JaBJICHUE NMApOB PacTET (CleI0BaTEIbHO, U MOJSpHAs
KOHLIEHTpaIusi KOMIIOHEHTOB) B Ta30BOM (a3e Mpu COOTBETCTBYIOIIEM €€
YMEHBIIICHUH B KUJIKOU (aze [14].

Wrak, 3akonpl JlampToHa W Payns OTKpBIBAIOT (DU3WYECKYIO CYIIHOCTH
MIPOIIECCOB, KOTOPBIE MPHU CEMAPALMH MNPOUCXOAAT MOJ BIUSHUEM H3MEHEHUS
OCHOBHBIX MMAPAMETPOB TAKUX KaK —TEMIIEPATypPhl U JIABJICHHUS.

B T0 %€ BpeMs HY>KHO YUUTBIBATh, UTO C MOBBIIIEHUEM JaBJICHUS BA3KOCTh
U TUIOTHOCTh Ta3a yBEJIMYMBAIOTCA, TeM Oo0jee IJIOTHOCTbh TBEPIBIX M >KUIKHUX
YaCTHUIl, KOTOPBIE COAEPKATHCSA B Tras3e, OCTAETCA IMOCTOSHHOM. [loaTomy mon
JEWCTBUEM CHIIBI TSKECTH CKOPOCTh OCAXKICHUS TBEPIBIX U )KUAKHUX YaCTUIL C YBE-
JUYEHUEM JaBJi€HUs yMeHblnaeTcss. OJIHAKO YBEIMYEHUE JABJICHHUS BIIUSET
HEOJMHAKOBO HA CEMapalMio Tra3a OT TBEPABIX M KUAKUX dYacTul. Ecmm ¢
YBEJIMYEHUEM JIABJICHUS OTAECIEHUE TBEPIBIX YACTHI] BCErAa YXYAIIAECTCS, TO MPHU
TOM BO3HMKAIOT CIIOXHBIE SIBIICHUS IJIS )KUJIKMX YaCTHILI, KOTOPbIE HE MOAAAIOTCS
yu€ty. Tak, vucnapeHue >KHAKOCTU IMPU MOBBIIMICHUU JABJICHHUS YMEHBIIAETCS, a
BO3MO>KHOCTh KOHJEHCALINH MapOB, YBEIUYUBAECTCS, HAXOIAIIUXCS B Ta3€, 3HAUUT
pa3Mepbl 4YacTHUIl B pe3yJibTaTe TakXke JOJDKHbI yBenuuuBaThesa. [lo Beei
BEPOSITHOCTH, HACTYIA€T PABHOBECUE UCIAPEHUS U KOHACHCALUU KUJIKUX Karelb
IIPU ONPEAECIEHHOM JaBJICHUHU. VI3MEHEHNE NaBICHHUS] MOXET 3HAUNUTEIBHO U3Me-
HUTh W YJEIbHBIM 00BbEM raza. BO3MOXHOCTH CIUSHUSA KameleK >XHIKOCTU
MOBBINIACTCA TPH TOBBINICHUU JaBJICHUS, U COOTBETCTBEHHO, 3(()EKTUBHOCTH
CEeIapaluy TaKXKe JI0JKHA MOBBICUTHCA [ 14].

C noBbIIIIEHUEM TEMITEPATYPhI BA3KOCTh YBEIUYUBAETCS, a IUIOTHOCTh ra3a
yMeHbllaeTcsi. BeaeacTBue 3Toro CKOpOCTh OCAXKICHUSI CPABHUTEIBHO TBEPIIBIX
YacTHI] 32 CUET YMEHBIICHHUS MIOTHOCTH ra3a OyJeT yBEIMYMBATHCS, & CKOPOCTh
OCXKJIEHUSI MEJKUX YaCTHUIl 32 CUET YBEITUYCHHS BS3KOCTH OyJET yMEHBIIATHCS.

I[J'ISI HacTHUI )KUAKOCTHU ABJICHWA, KOTOPBIC BbI3BIBAIOTCA B CCIIApaATOPC U3SMCHCHUEM
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JIaBJICHUS U TEMIIEPATYyPHhI T'a3a, sIBJSIIOTCS 00Jiee CI0XKHBIMU, TaK KaK B 3TOM CIIydae
OHM MOTYT Kak HUCHapsTbCsi, TaKk M KoHAeHcupoBaThcsi. Ha ycranoBkax HTC
TEeMIIepaTypy BBIOMPAIOT, OTTAJIKUBASICh U3 HEOOXOAMMOW TOYKH POCHI, KOTOpas
o0ecrneunBaeT TPAaHCIOPTHUPOBKY ra3a B OJHO(A3HOM COCTOSIHUH 110 TPYOOIIPOBOLY,
a B psijie CIy4aeB U, UCXO/sI U3 HEOOXOAMMOCTH YBEIMUEHUS CTENIEHN KOHICHC AU
nponaHa u 0yraHos [3].

Jlna n€rkux ra3oB (CpeAHsisl MOJEKYIJIsApHas TeMmrepaTypa KUIIEHUS MUHYC
156-133 °C, a cpenHsss MoOJeKyJsipHas Macca He Ooiblie 22) TOHWKCHHE
Temreparypsl cenapanuu ot 0 1o Munyc 40 °C obecneunBaeT 3HAUMTENBHBIA POCT
CTEIECHU U3BJICUEHUS KOHAEHCATOOOPa3yIOIIUX KOMIIOHEHTOB [3].

JUis )KUpHBIX Ta30B (CpelHss MOJEKYJsipHasl TeMIepaTypa KUIIEHUs BbIIIE,
gyem muHyC 133°C, a cpenmHsis MoJeKyJsipHas Macca Oojee 22) Ha CTENCHb
U3BJICUCHUSI )KUAKUX YTIEBOIOPOAOB BIUSHUE TEMIIEPATYPbl MaJIO.

Nrak, ecnmu cocTaB MCXOJIHON CMecH Jierde, To Oyaer TpeboBaThes Ooliee
HU3Kasl TeMIiepaTtypa JUisl BBIACICHUS XKUAKUX YTIEBOJOPOIOB ISl TOCTHKEHUS
3aJJaHHOW TOYKH POCHI.

JlaBneHue cemapanuy  ONMPEACNSAIOT JaBJICHHWEM B  MAarucTpajbHOM
TpyOOTIIPOBO/IE, KaK MPAaBWJIO MCIIOJIB3YyEMbIX B mpefenax nasienuit (5-7,5 Mlla),
KOTOPOE HEMHOTO BO3/ICHCTBYET Ha CTEIEHb U3BJICUECHNS KOMIOHEHTOB C3 U BBIIIIE.
HaubGonee 3HauuTesneH CBOOOJHBIM Tiepenaa AaBJICHHS, KOTOPBIA IO3BOJISET
JOCTUYb HU3KUX TEMIIEpaTyp Cernaparuu.

Ipgexmuenocms 0o60pyoosanus. Ha >phekTHBHOCTH pabOThl YCTAaHOBOK
HTC Bo3aencTByeT npuMeEHAEMbI HCTOYHHUK X0J101a. [ [py moHMkeHnn niacToBoro
JaBJI€HUS W B TpoOLEcCe [UIMTEIbHOW OHKCIUTyaTalMd CKBaXMH 3aMeHa
W30PHTAIBIUIHHOTO  pacmupeHust (APOCCENMPOBAaHME) HA  H30IHTPONHIHOE
(pacmupeHue B AeTaHAEpax) MO3BOJILET d(PPEKTUBHO MPUMEHUTH CBOOOHBIN
nepernaj JaBieHUs U IpU JeTaHAMPOBAHUM MOTOKA JTOCTUraTh Hambosee HU3KUX
TEMIIEPATYP CEMapalyy NPHU OJHOM M TOM XK€E nepenaae AasieHus [3].

Ha panpHeWmX cragusx OSKCIUTyaTalliM CKBaXXWH, KOrjJa IOYTH

OTCYTCTBYET CBOOOJIHBIM Tiepemnaj aaBjieHUs, Ha H(PPEKTUBHOCTH PaOOTHI
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ycranoBoKk HTC BnusHuMe oOKa3bIBaeT BHIOpAHHBIA XJIAJAareHT, MOBEPXHOCTH
TEIJI000MEHA U €r0 PACXOJ B HCHAPUTETIE.

Yucno cmyneneit cenapayuu. Ha Ta30KOHIECHCATHBIX MECTOPOKICHUIX
IIPU TOATOTOBKE K TPAHCHOPTUPOBKE HCIIOIB3YIOT JIBYX- M TPEXCTYIEHYATHIC
cxembl HTC.

[Ipu paBHBIX mapamerpax (Temmeparypa U JaBlieHHWEe MOCIEAHEH CTyNeHH
OXJIAXKICHHMS) - Y€M MEHBIIIE YHCIIO CTYIIEHEH cenapalnu, TeM BBIXOJ JKUJIKON (a3bl
OoJbIIe U coliepkaHue yriieBoopoaoB Cs U BhIIIE B TOBAPHOM ra3e TeM MEHbIIE
[3]. Bc€ ke moTepn KOMIOHEHTOB ra3a ¢ yriieBOAOPOIHBIM KOHJICHCATOM CIIUILIKOM
BBICOKM TIPU OJHOCTYIIEHUAaTOW cenapanuu. YETKOCTh pa3lesieHHs Ta30BOU U
KUAKOU (pa3 MOBBIIIAET YBEITUUYECHHUE CTYTIEHEN cenapaluu.

Bnaaczocooeporcanue npupoonoco 2aza. 1'a3 B yCIOBHUSIX IUIACTOBOIO
JABJICHUS U TEMIIEPATYPhl HACKIIIECH BOJSHBIMU napamMu. OOBIYHO TIPU OJHUX U TEX
K€ YCIIOBUAX TSKENBIE YIVIEBOJAOPOABI COACPIKAT IAPOB BOJBI MEHBIIIE, YEM JIETKHE
yriieBoaopoAbl. Hammume «Kucibix ra3oB» (CepoBOAOpOAa M TUOKCHIA YTIIEPOJIa)
MPUBOJIUT K YBEJIMYCHHIO BOJSHBIX MapoOB B Ta3e, a YBEIWUYEHHUE KOHIIEHTpalUU
a30Ta CroCcOOCTBYET YMEHBIIEHUIO COJEPKaHUs MapoB BOJbl. Biarocoaepkanue,
KOTOPOE COOTBETCTBYET II0JIHOMY HACBILIEHUIO I'a3a BOJHBIMU ITapaMHU, Ha3bIBACTCSA
paBHOBECHBIM. [Ipu OXJIaKIeHUH Tra3a OTHOCUTEIbHAS BJIAXKHOCTh MOBBIIIAETCS U
IIPU  ONPENCIICHHOW TeMIepaType [IOCTUraeT IpenaeinbHoro 3HadyeHusa. llpu
JaJbHEUIIEeM MOHWKEHUH  TEMIIEPATYPhI V3JIHIIHSAS BJlara oyner
KOHJIEHCUpOBaThCcs. B nuHaMuke pa3paOOTKUM MECTOPOXKIEHUS TemIeparypa u
JABJICHUE TIOCTENEHHO YMEHBIIAKOTCA, IPH OTOM CHM)KECHUE TEMIIEPATYPHI
MPUBOJUT K YMEHBIICHHUIO KOJIMYECTBA BOJSIHBIX MapoB B ra3e, a YMEHBIICHUE
JABJICHUSl BIIMAET OOpaTHbIM 00pa3oM. PaBHOBecHOE Blarocoiep>kaHue rasa
0OyCJIOBIIEHO PsiIoM (DaKTOPOB: TEMIIEpaTypoH, JaBJICHUEM, HAJIMYMEM JibJa B
CHUCTEME, IUNIOTHOCTBIO T'a3a, MUHEpAIU3alMen 1acToBou Boabl. [Ipu Temneparype
HIKE MUHYC 5°C MOXET CyIlIeCTBOBAaTh KaK JKUJKAsl MepeoXIIaxAeHHas BOIa, TaK U
Jeq. YOpyrocts apoB BOJAbI HAJT )KUAKOCTBIO U JIbJOM UMEET PA3JINYHBIE 3HAYCHHUS.

PaBHOBECHOE Biarocoaep:kaHue ra3a CBs3aHO C €r0 MOJIEKYJISIpHOM maccou. Yem
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OHa OoJipllle, TeM MEHbIIe TpeOyeTcs BOJbI Al €ro HackimeHus. PactBopenue
coJIell B BOJIE MMPUBOJAMT K CHHXKEHHIO IMAPLIUAIBLHOTO JABJIEHUS BOJSHBIX NIApOB H,
CIICIOBATENBHO, K CHUYKEHUIO BIIArocoiepanus rasa [7].

T'uopamooopazoeanue. CHUXKEHUE  TEMIEpPAaTypbl Tra3a NPHUBOJIUT K
KOHJICHCAIlMU BOJSIHBIX MMapoB. Haimuue B rase KuaKoW BOABI MOKET IIPUBECTH K
00pa30BaHMIO TUIPATOB YIJIEBOAOPOAOB. ['MapaThl — XMMHUYECKHUE COEIUHEHUS
MOJIEKYJISIPHOTO THIIA, BO3HUKAIOIIKE 3a CYET BaH-nep-BanbCoBbIX cuil ¢ dHEpruen
csa3u 2040 x/[x/monb. ['maparel 3a0uBaroT  TPYOKM TEIUIOOOMEHHHMKOB U
KOMMYHUKaMu ycTaHoBOK HTC, 4To MOkeT npuBeCTH K HAPYIIEHUIO HOPMAJIBHOM
paboThl YCTAHOBKM W JaXe K €€ aBapuilHON ocTaHOBKe. /[[ns mpemgoTBpamieHus
rusipaTooOpa3oBaHus B MOTOK ra3a MOAAIOT MHTMOUTOPBI, B KaueCTBE KOTOPBIX

WCIIOJIB3YIOTCSL BOJHBIE PACTBOPHI IIIMKOJIEN U MeTaHoaa [3].

3.2.1 CoBepiieHCTBOBAHHME TEXHOJIOTHH U 000PYI0BAHUS NOATOTOBKHU
ra3a v ra3oBoro KOHJeHcara

[To Mepe JoATOBpEMEHHOM AKCILTyaTalluu CKBaXUH 3()(PEKTUBHOCTH PaOOTHI
yctaHoBok HTC nonwmkaeTcs no ABym npuuuHam [3]:

-yMEHBIIIEHHE CBOOOJHOTO Mepernaja JAaBJI€HUS BCIEACTBHE CHUXKEHUS
MJIaCTOBOTO JIABJICHUS;

-o0JierueHue cocraBa rasa.

Takum oOpaszoM, cemapanus raza HOpU JOJTOBPEMEHHOW AKCILTyaTallU
MECTOPOXKACHUN JOJKHA HMCHOJHATBbCA TpH Oojiee HU3KUX Temreparypax. Ha
NpaKkTUKe, HANpOTUB, NpPU JJIUTEIbHON »dKcrulyatauuu YycranoBok HTC
TeMIlepaTypa Cerapauuud TOCTOSHHO TOBBIIIAETCS MpU  OAHOBPEMEHHOM
0OJIerYeHnr COCTaBa.

Taxum obpazom, ycemanosxu HTC umerom credyrowue nedocmamxu [3]:

-CpPAaBHUTEJIbHO HEBBICOKHME CTENEHU H3BJICYEHUsS T'a30BOT0 KOHJIEHCATa, B
OCOOEHHOCTH IS TOIIUX I'a30B;

-BBICOKHC IMMOTCPH LCIICBBIX KOMIIOHCHTOB C TOBAPHBLIM I'a30M;
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-3aBUCUMOCTb W3BJICUEHUS IIEJIEBbIX KOMIIOHEHTOB OT COCTaBa MCXOJHOMN
CMECH MPHU APOCCEIUPOBAHHBIX TEMIIEPAType U JaBICHUHU, U, B PE3yJIbTaTE ITOTO,
1o Mepe o0JIeryeHus: cocraBa raza u ypenuudeHus temmepatypsl HTC nonmxenue
s HeKTUBHOCTH TIpoIIecca;

- HEOOXOIMMOCTh PEKOHCTPYKIMM YCTAHOBKH, C 3aMEHON HMCTOYHUKA
X0J10/1a TIOCJIe UCUepHaHusi CBOOOTHOTO Mepernajia JaBICHUs;

-HEOOXOUMOCTh  HCTIOJB30BaHUS HMHTUOWUTOpAa THUAPATOOOpa3OBaHMS,
COOCTBEHHO, YTO YJOPOXKAET U YCIOXKHIET CXeMy Ipollecca o NpUUMHE BBEACHUS
B CXeMy 0JIOKa OT/ICJICHUS U pereHepaliii HHrHOUTOpA.

Oonaxo ycmanosku HTC umerom psio docmouncms [3]-

-HU3KUE KalUTaJIbHbIE BJIOKEHUS W JKCIUIyaTallHOHHBIE 3aTpaTbl IpHU
HaJM4YuU CBOOOJAHOTO Nepenaja AaBaeHus;

-OJJHOBPEMEHHYIO OCYIIKY Ta3a [0 TOYKH POCHI, JTOCTATOYHBIX JJIsI
JAJbHEUIIIETO TPAHCTIOPTA ra3a.

VYcranosku HTC omnpaBnipiBatoT ce0si Ha Ha4adbHBIX CTAIUSIX AKCILTyaTalluK
CKBAXXMH WJIM Ha HEOONBIIMX  MECTOPOXKACHUSIX, TJ€ OKOHOMHYECKH
HEIIEeJIeCO00Pa3HO CTPOUTEIBCTBO 00JIE€ CIOXKHBIX U JOPOTHUX YCTaHOBOK.
3apyOekHbBIN ONBIT CBUIETENIBCTBYET O 11€7Iec000pa3HOCTH 3aMeHbl ycTaHOBOK HTC
Ha KpPYNHBIX MECTOPOXKICHUSAX HA YCTAaHOBKH, OCHOBAHHBIE Ha MpoOIEccax
HU3KOTEMIIEPATYPHON KOHICHCALIUM, OCYIIECTBISIEMbIX TMpU OoJiee HUBKUX
temriepatypax (mopsaka muHyc 90 - 120 °C) c¢ pasneneHueM yrieBOJOPOIHBIX
cMecel Ha y3Kkue (ppakiuu Wik UHAUBUYyaTbHBIE YTIEBOAOPOIHI [3].

TI'azoscuokocmuvle cenapamopul

B cooTBeTcTBMM ¢ MEHSIOMIUMCS JAUCHEPCHBIM COCTaBOM Ta3za u
TpeOOBAHUSIMU K €70 KaUeCTBY Ha razornepepadaThiBatOIUX 3aBOJIaX UCTIOIb3YIOTCS
pa3Hble 1O KOHCTPYKIMH U dS(PGEKTUBHOCTH PA3JCICHHUS Ta30KUIKOCTHBIC
CenapalMOHHbIE YCTPOMCTBa, MpEAHA3HAUYECHHBbIE [JI1 OTIEJIEHUS] KaneIbHON
KUIAKOCTU (BJaru, TSKENbIX YIJIEBOJOPOAOB M mpumeceil umHruoutopon). Ilo
NPUHLNNY ACHCTBHUS OHHM MOAPA3JCTSAIOTCS HAa TPABUTAIMOHHBIE, WHEPLIMOHHbBIC

(HacazouHbIe), IIEHTPOOEXKHBIE U PuibTpyromue [15].
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["a30BBIC cemapaTopbl MOTYT OBITH MTOAPA3ACIEHBI IO IPUHITUITY X PAOOTHI
Ha CJIEIYIOLIUE TUIIBL:

1. CemapaTopbl, B KOTOpPBIX OTIEJICHHE MpPUMECEH MPOUCXOIUT MO
BO3JICCTBHEM CHJIbI TSDKECTH (IPaBUTALIMOHHBIE CENApaTOpPhI).

2. Cenaparopbl, OCHOBaHHbIE Ha UCIIOJIB30BAHUU CHJI HMHEPIHH
(MHEPITMOHHBIE).

3. Cemnaparopsl, B KOTOPBIX TPUMECH PaA3JIEISAIOTCS MO BO3IEHCTBUEM CUIT
NPWINIAHKS (Hacal0uHbIE CENapaTophl).

4. Cenaparoppl CMEIIAHHOTO THUMNA, B KOTOPBIX JUISI OTACJICHUA
WCIIOJIB3YIOTCSl U CUJIBI MHEPIUH, U CUJIbI TSDKECTH, Y CHJIBI aJIT€3UH.

TexHonornyeckue CcxXembl cerapanuu Tra3a ObIBalOT pa3IMYHBIMH B
3aBUCUMOCTH OT CBOMCTB M COCTaBa Ta3a, TEXHOJOIMYECKOTO0 pexuMa
AKCIUTyaTallMi CKBAXXUHBI U TPeOOBAHUMN, MPEIBSIBISIEMBIX K TPAHCIOPTUPYEMOMY
razy. Hanpumep, Ha 4YHCTO Ta30BBIX MECTOPOXKIEHUSX  HPUMEHSIOT
OJIHOCTYTIEHYATyl0 cemapalnui rasa. B 3Tom ciyyae cemapauus rasa
OCYILECTBIISIETCS O IaBJICHUEM, C KOTOPBIM OH MOCTYMAET B Ta30MPOBOJ, U MIPU
TEMIIepaType He BbIlIe ero paboueil Temmeparypbl. Ecium ycTbeBoe aaBieHHE
BBICOKO€ M BO3HHMKAET HEOOXOJMMOCTh PEAylMPOBAHUS raza Mepell yCTaHOBKOMN
cenaparifu, To pabouue yCJIOBUsI CENapaliy yCTaHABIUBAIOT C YIYETOM BO3MOKHOTO
oOpa3oBaHus TUAPATOB.

Ha ra3okoHAeHCaTHBIX MECTOPOKICHUSIX MPUMEHSIOT MHOTOCTYIIEHYATYIO
cemapauuto. IIpoaykmuss  ra3oKOHAEHCAaTHBIX ~ CKBAXKHUH, KaK  IPaBUIIO,
oOpabaTbiBaeTcss Ha  yCTAaHOBKAaX  HU3KOTEMIEPATYpHOW  cemapauud  C
WCITOJIb30BAaHUEM XO0JI0JIa, MOTYy4aeMOoro B pe3yiibTare g hekTa IpocceTnpoBaHms
raza. Ecium 1miacToBOro JaBieHUsT HEAOCTATOYHO JJIs TOJYYEHHMS HHM3KHX
temriepatyp, B cucteme HTC M0KHO MPUMEHUTH TYPOOXOJIOAMIIbHBIE arperaThl WA
YCTaHOBKHM MCKYCCTBEHHOT'O X0J10/1a (aMMHAaYHbI€, PONAHOBBIE U JP.).

['paBuTallMOHHBIE  Tra3ocenapaTopbl IO  KOHCTPYKUMHU  CXOAHBI  C
ra3oHeTIHBIMU MO00HOTO THIa. OHU OBIBAIOT BEPTUKATHHBIC M TOPU3OHTAIBHBIE.

BeptukanpHbie razocenapatopsl BeimyckatoT guamerpom ot 1000 o 2000 MM u
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BbICOTOM 10 4—5 M. ['a3 momaercs B ammapar 4depe3 OOKOBOW TaHTECHIIMAIbHBIN
BBOJ. /lnametp ropusonTtangpHOro cenaparopa a0 1600 mm, nouaa — 6—7 M.

B rpaBuTaniMoHHBIX cemapaTtopax OTCenapupOBaHHAs KUJIKOCTh MOCTYAET
B COCYJ, PAacClOJIOXKECHHBIM I0JI OCHOBHOW CEMapalMOHHOW EMKOCTBIO U KECTKO
CBS3aHHBIM C HeW CIMBHBIMM TaTpyOkamu. OHM TPUMEHSIOTCA IJisi TpyOoro
paszeneHusi raza M OKHAKOCTH Mpu OOJBIIOM COAEpKaHWU €€ B MPOIYyKIUU
CKBa)KUH.

N3  WHEpUHMOHHBIX  Tra3ocenaparopoB  Haubojee  pacnpOCTPAHEHbI
[UKJIOHHBIE, B KOTOPBIX [UJIsl OTACNCHHS JKUAKOM W TBEPAOW B3BECH OT rasa
UCIIOJIB3YETCsl LIEHTPOOE)KHas cuiia. LIMKIOHHBIE cenapaTopsl OBIBAIOT OTKPHITOTO
TUIA, OPSIMOTOYHbIE M C KOXyXOM. OHHM HMEIOT BBICOKYIO IPOIYCKHYIO
CIIOCOOHOCTh M HEOOJBIIYI0 METAIOEMKOCTh. llpu OonblioM copep:kaHuu
KHUJKOCTU B raze ux 3((peKTUBHOCTh CHMKAETCS, U MO3TOMY MX HCIOJB3YIOT JJIs
rpy0oii OUMCTKY Ta3a Ha | cTyneHu cenapaiuu.

Bricokas cTeneHb OYMCTKM OOECIEYMBAETCS B CMEIIAHHBIX CEMapaTopax.
OCHOBHBIM 3JIEMEHTOM 3JI€Ch SIBJISIETCSl CKpyOOepHas HacaJlka, U3TOTOBJIECHHAs U3
MJIACTUH Pa3IMYHOM KOH(UTypauuu (Kalto3uifHble HAcaaku), (UIBTPYIOIIUX
MaTepUajoB U KOAIECUUPYIOLIUX HAOUBOK.

Ha  xommpeccopHbIX W  Ta30paclnpeAeUTeNbHBIX  CTaHIUAX |
Ipyruxo0BEKTaX OUYMCTKA Ta3a OT KHUAKUX U TBEPABIX IPUMECEH OCYIIECTBIISETCS B
pPa3NUYHBIX TMBUICYJIOBUTENSIX (BEPTUKAIBHBIX, TOPU30HTAIBHBIX, IIAPOBBIX,

«MOKPBIX» H «cyxux») [15].
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3.3 TexHnosorus NOArOTOBKH ra3oB M ra3oBbIX KOHJACHCATOB

[IpombicioBasi MOArOTOBKA ra3a M ra3oBOro KOHJEHCATa K JalibHEUIeMy
TPAHCTIOPTUPOBAHUIO BENETCS MO JBYM CXE€MaM: JCIEHTPAIU30BAHHON U
neHtpanuzoBanHoil. [lpu mepBoit cxeme (pucyHok 1) —mosHas oOpaboTka rasza
nepea mojayed B MaruCTpasIbHbIA Ta30MpOBOJI OCYIIECTBIISIETCS HAa Ta30BBIX
COOPHBIX ITyHKTaX, IPY BTOPOU (PUCYHOK 2) — Ha COOPHBIX ITYHKTAaX MPOU3BOASATCS
TOJIbKO cOOp M TMEepBHYHAsA cemapalus raza, a IMOJHbIA KOMIUIEKC MOATOTOBKU

OCYULIECTBJISIETCS HA TOJIOBHBIX COOPYKEHHUAX MAaruCTPajJbHOTO Ta3onpoBoaa [7].
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Pucynoxk 1 — Cxema nerneHTpam30BaHHOTO cOOpa M MOATOTOBKU MPUPOTHOTO Ta3a

H Ta30BOI'0 KOHACHCATA.
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Pucynok 2 — Cxema 1eHTpaJIu30BaHHOT0 cOOpa U MOJATOTOBKY MPUPOIHOTO raza u
ra3oBOro KOHJIeHcaTa | — ycTaHOBKa IEPBUYHOM IMOJATOTOBKH MPUPOJHOTO rasa; 2-

I'OJIOBHBIC COOPYIKCHUA.

3.3.1 Cnoco0bl NOATOTOBKM MPUPOAHOIO ra3a M ra30Boro KOHJAeHcarTa

OcHOBHBIMH criocoOaMu  OOpabOTKM TPUPOJAHOTO Ta3a W Ta30BOIO
KOHJICHCATa SIBJISTFOTCS HU3KOTEMIIEpaTypHas cenaparnus rasa,
HU3KOTEMIIEpaTypHasi KOHJIeHcalus, abcopOIus, aacopOIus, a TakKe COueTaHue
ATHUX MPOIIECCOB [7].

Abcopbyuss OCHOBaHAa Ha CHOCOOHOCTH aOCOPOEHTOB TMOIJIOIATH IO
MIPEUMYIIECTBY TSHKEBIE YTIAEBOAOPOIBI U3 IPUPOTHOTO ra3a U MPU HArpeBaHUU UX
BO3BpaIaTh. B KayecTBE MOTJIOTUTENS MPUMEHSIOT COJISIPOBOE MAacjo, KEPOCHH,
JUTPOUH U Hambojee ToKENbie (pakuuu JOOBIBAEMOTO KOHJEHCATa, a TaKXKe
JTUATHIICHTIIMKOJIb U TPUITHIICHTJIMKOJb.

B nepBoii IOrnoTUTENBRHON KOJIOHHE Ta3, ABUTAIOIIUMKCS BBEPX, OPOIIACTCS

CTCKAIOIIMM IIO0 TapcCIKaM a6COp6eHTOM, OTHAaCT CMY TAKCIIBIC YIJICBOJAOPOAbI U
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HAIpaBJISETCS 10 HA3HAYCHUIO, HACBIIEHHBIM aOCOPOCHT TOCTymaeT dYepe3
TEII00OMEHHUK B JIecOpOep, Te U3 HETO BBIAPUBAIOTCS TSHKEIIbIE YTIIEBOOPO/IbI.
BoccranoBieHHblid  aOCOpOEHT, OTHABIIMK TEIJIO B TEIIOOOMEHHHUKAX U
XOJIOJMIbHUKAX, C TTIOMOIIBIO HacOCa BO3BPAIIAETCS B MOTTIOTUTEIBHYIO KOJIOHHY.
[lappl TsKENTBIX YTIEBOAOPOJIOB YIIABIMBAIOTCS B BEpXHEH dYacTu jaecopdepa,
KOHJICHCUPYIOTCSI M HaIlpaBJsIOTCS Ha JalibHeimryto nepepadotky. [lomHocThiO
aBTOMATHU3UPOBaHHBIE a0COPOIIMOHHBIE YCTAHOBKM 00ECIEYMBAIOT JOCTATOYHO
MOJIHOE U3BJIEYEHUE KOHJIEHCATa U3 MIPUPOJHOTO rasa [7].

Aocopbyus ocHOBaHa Ha M30MPATEIbHOCTU TBEPABIX MOPUCTHIX BEIIECTB
(apcopOenToB) morIomaTh AKUAKY0 ¢azy. C moMoubl  aacopOIMOHHBIX
YCTAaHOBOK, KpPOME OCYIIKM Tra3a YJaBIMBAaeT KOHJEHCAT YIJIEBOJOPOJOB. B
KayecTBE aJICOPOCHTOB HCIONB3YIOTCS yrollb AKTUBUPOBAHHBIN, I[COTUTHI
(MonekysipHbIe CUTa), OOKCHUT, CHUJIMKAareib, aliOMOTellb. OTH aJICOPOCHTHI
W3TOTAaBJIMBAIOTCS B BUJIEC IIAPUKOB U TPaHyJl JUIsl YMEHBIIECHUS THAPABINYECKOTO
COIIPOTHBIICHUS B CIIO€, Yepe3 KOTOPHIH MPOITyCKAETCs Ta3.

AncopOIIMOHHBIE METOJIbI 00ECIIEUNBAIOT TITYOOKOE H3BICUCHHUE TAMKEIBIX
yIIEBOJIOPOAOB, HO, B TO YK€ BpEeMsi, UMEIOT 0oJiee BBICOKYIO CTOMMOCTH, TaK Kak
NEePUOINYECKU TPEOYIOT 3aMeHbI ajicopOenTa [7].

Huszxomemnepamypnas konoencayusi (HTK) ocHoBaHa Ha crocobe
BBIICTICHUSI  YTJI€BOJOPOAOB,  KOTOPBIM  3aKIIOYaeTcs B KOHICHCAIMU
YTIEBOAOPOJIOB TPH CHIDKEHUU TEMIEpaTypbl 3a CUET JPOCCETUPOBAHMS Taza
(Opdexr JIxoyns-Tomcona) wunum ero pacmmpeHuss B TypOojeTaHaepe
(u303HTpONMIHEIN mpouecc). s Toro, 4ToObl JOCTHYHL HaMOOJEe HUBKUX
temnepatyp (-70°C) mnpuMEHSIETCS HCKYCCTBEHHOE OXJIAXKICHUE MPOMAHOM.
HuskoremmeparypHas KOHIEHCAIUS BECbMa SHEPTOEMKa, HO JOCTUTAETCS IIPH ATOM
MaKCUMaJbHO  BEpPOSITHOE  M3BICYCHHE  JKUJIKHX  yIIEBOAOPOJAOB W,

COOTBCTCTBYIOIICC, OYMCTKA U OCYIIIKA rasa.
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3a pyboexxom u B Poccum B mocienHee Bpemsi BCE OoOblle YACNSIOT
BHUMaHUE BHEIPCHUIO HOBBIX TEXHOJIOTHI, KOTOPbIE OCHOBAHBI HA 3aKOHAX (PU3UKU
U TEPMOJUHAMUKH.

K npumepy: perynupyembie BUXpeBbI€ TPYObI; BOJTHOBOHM JI€TaHJEP-
KOMIIPECCOP; CBEPX3BYKOBAS CEIaparus.

B ocHOBHOM, Ha mpoMbICIax MOATOTOBKAa rasza IMPOBOAMUTCS, METOJOM
HU3KOTEMIIEPATYPHOU cenapaiu, KoTopasi 3aKjIlo4aeTcsl B KOHACHCAIIMU BJIaru u
YIIEBOAOPOJAHOIO KOHAEHCATa IMyTEM OXJIAXACHHUS IJJAaCTOBOrO ra3a, KOTOPBIU
IIOCTYIIAeT Ha yCTAaHOBKY. Y cTaHOBKH HTC B OCHOBHOM pa3zesstoT Ha TP FPYIIIIBL:

1. C ucnonp30BaHKEM HHTHOUTOPOB IMAPATOOOpPa30BaHUA U

JTOTIOJTHUTEIIBHOM OCYIIKOU JIJ11 MecTopoxaeHuil Cesepa;

2. C npuMeHeHrueM UHTHOUTOpoB ruaparoodpazoBanus (UI);

3. be3 BBoga UI' ¢ npuMeHEeHNEM TeIIa WK IPYTUX CIIOCOO0B pa3pylIeHHUs

TUIPATOB.

B npakTuke ucnoJib3yroTcs, B OCHOBHOM, YCTaHOBKH | u 2 rpynmn. [[ns no-
MOJIHUTENIbHOM OCYHIKM ra3a NpUMEHSIOT Mpoueccel abcopoumu. B kauectse
MHTUOUTOPOB MPUMEHSIOT METAHO U TJIMKOIH.

Yceranosku HTC ¢ ucnonab3oBaHUEM  MHTMOUTOPOB  JIOCTATOYHO
COBEPILIEHHBI, TaK KaK B HUX MOYKHO MOJAEPKATh HU3KYIO TEMIIEPATYPY Cenaparuu
U B pe3ylbTare OCYLIECTBUTh TNIyOOKYH OCYHIKy Ta3a. Huskue temmepaTypbl
MOKHO TIOJTy4aTh MPHU HM303HTAJIBIUHHOM OXJIAKIEHUU ra3a B JPOCCETUPYIOLINX
yCTpOMCTBaX W HW30PHTPONMIHOM — B TypOoJeTaHaepax, MyJbCallMOHHBIX
OXJIQJUTEIISAX U IPYTOe.

[Ipy nageHuM IMUIACTOBOTO AAaBJICHUS M, TaK XK€, MPU HEJOCTATOYHOM
nepenajae JaBJICHUA MEXIYy BXOJOM M BBIXOJOM YCTaHOBKH, IOCJIE MEPBOrO
cenaparopa Heo0X0/lMMa yCTaHOBKA JOKUMHOM KOMIIPECCOPHOM CTaHIUU.

ANbTEpHATUBHBIM  PELIEHUEM  SBISIETCS  3aMEHa  JIPOCCEIUPYIOIIETOo
ycTporicTBa TypOonetanaepubpiM arperarom (TJIA) wimm mapkoMmmpeccopHOU

xosoauiibHOM MarHou (ITKXM).
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Takke W3BECTHBI WHBIC amNmaparbl WU TEXHOJOTUYECKHUE PEIICHUS IS
TEHEPAINH X0JI0/1a: MyJIbCAIIMOHHBIE OXJIATUTENH, BOJTHOBBIC OOMEHHUKH JTABIICHUS
u ap. KpoMme TpaauIMOHHBIX TEXHOJIOTHH, pa3padaThIBAIOTCSA M MPUHIIAITAAILHO
HOBBI€ KOMIUIEKCHBIE TEXHOJIOTUM MOATOTOBKHM ra3a [7]:

- BJICKTPOra30JMHAMUYCCKHE YCTAHOBKU (KPOME OXJIKICHUS TTPOU3BOIHT
AIIEKTPOCTATHICCKOE CCIapHPOBAHNC);

- YCTAaHOBKH C BUXPEBBIMU TPyOaMHu.

Takum oOpa3oM, yJIy4IICHHE TEXHOJOTUU U CETapallMOHHON aImapaTyphl
SBIIICTCSI OJHUM W3 BEAYIIUX KPUTECPUH YBEIMUCHUS Ka4eCTBa IPOMBICIIOBON

MOJATOTOBKM T'a3a U YMEHBIIECHUS KaIUTAJIOBIOKEHUM [7].

3.4 TpeOoBaHMs K Ka4YeCTBY TOBAPHOI'0 IPUPOIHOIO ra3a U NPOAYKTOB
razomnepepadorku

Tpebosanus k kKauecmey mogapHvIX 2a308

[Ipu ycTaHOBJIEHUH OKA3aTeNE KaueCcTBa TOBAPHOT'O ra3a B34Thl 32 OCHOBY
CJIEIYIOIME YCIIOBUSA:

- ra3 Mpyu TPAHCTIOPTUPOBAHUU HE JOJIKEH BBI3bIBATH KOPPO3HIO
TpyOOTIIPOBOIOB, MPUOOPOB, APMATYPHI U APYTOro (COAEP)KaHNE MEXAaHUYECKUX
puUMecei, CepoBOI0PO/Ia, THOJIOBOM (MEPKANTaHOBOW) CEPhI U KUCTIOPOIa);

- KayecTBO rasza JIOJDKHO OO€cCleyuBaTh €ro TPAaHCIOPTHUPOBAHUE B
0JHO(A30BOM COCTOSIHUM, TO €CTb B Ta30NpOBOJE€ HE JOJDKHBI CO37aBaThCs
yTIEBOAOPOAHAS KUIKOCTh, BOJSHON KOHJIEHCAT U ra30Bble TUAPATHI (TOUKH POCHI
rasa Io BJjlare u yriieBoJI0poJiam);

- TOBApHBIN ra3 He JOJKEH BbI3bIBATH OCIIOKHEHUH Y TOTPEOUTENS PU €r0
MIPUMCHCHUH.

B Hacrosimiee Bpemsi TOBapHbI€ Ta3bl, MOJIaBA€MbIE B MAarvcCTpaJIbHbIC
ra30MpoBOIbI, JODKHBI 0TBeuaTh TpeboBanusiM OCT 51.40-95 [16], ocHoBHBIC U3

KOTOPBIX MPUBEICHHI B TabIHUIIE 2.
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ITo 'OCT 5542-87 u OCT 51.40-95 x cepHUCTBIM ra3aM OTHOCSITCS Ta3bl C
coaepkanueM cepoBojiopona 6onee 0,0014 % 06 (wu 0,02 r/ky6 m).
3anpemaeTcsi UCIOJIb30BaTh UX B KaU€CTBE OBITOBBIX, TEXHOJOTUYECKUX U
TOIUTUBHBIX Ta30B MO CAaHUTAapHBIM TPeOOBaHUSM M TexHUKe Oe3omacHocTd. OHU
TPEOYIOT OYMCTKUA OT CEPHUCTBIX COeTUHEHUH [3].
Tabnuua 2 — TpeboBaHUs K MOKa3aTEIAM KayecTBa MPUPOTHOTO T'a3a, MoJaBaeMoro

B ra30MPOBO/IbI

Knumarnueckuii paiion
[TokaszaTenu YMEPEHHBIN XOJIOTHBIN
JIETO 3UMa JETO 3uMa

Touxa pockl ra3a mo Biare, °C, H.B. 0 -5 -10 -20
Touka pocsl 1o yriaeBoaopoaam, C, H.B. 0 0 -5 -10
Copepxanue r/ky0 M, HEe Ooree:
- MEXaHUYECKHUX IpUMecei 0,003 0,003 0,003 0,003
- CepoBOIOPOJIA 0,02 0,02 0,02 0,02
TuonoBo¥ cepbl (MEpKanTaHOB) 0,036 0,036 0,036 0,036
OO0BéMHas 1o Kuciuopoaa, % He Oosee 1 1 1 1

Ilokazamenu Kauecmea 2a306b1X KOHOEHCAMOE

I"a30BbIe KOHAEHCATHI 3HAYUTEIBHO PA3IMYAOTCS 110 TPYIIIOBOMY COCTaBY
(kpome mapaHUHOBBIX YIJIEBOJOPOJAOB, B HHUX cojJepKarcsi HapTEHOBbIE H
apoMaTU4yecKue) U (PpakIUMOHHOMY COCTaBy, TaKW€ I[IOKA3aTENIH TIa30BbIX
KOHJIEHCATOB, KaK IUIOTHOCTh, BSI3KOCThb, TEMIIEpATypa Hadajlda KPUCTAJIU3ALNH,
3aCTBHIBAHMSI M BCIIBIIIKK, MOJEKYJSIpHAs Macca TakKe pas3iinyHbl. Paznmuyarorcs
ra30Bbl€ KOHAECHCATHI U IO CO/IEPKaHUIO cepbl. BBy 3TUX paznuunii 6EH3MHOBbBIE
Y Tu3elibHbIE (PpaKIINK, BbIIEIEHHbIE U3 HUX, TAKKE 3HAYUTEIBbHO OTINYAIOTCS IPYT
ot npyra. [loaTomy Kiaccudukanusi ra3oBbIX KOHJIEHCATOB NMPUOOPETAET BAKHOE
3HAYEHNE, OHA MO3BOJISIET BBIAEIATH OCHOBHBIE TI'PYIIIBI a30BBIX KOHJEHCATOB,
TpeOyIOLIUX ONpeaeaEHHON TEXHOJIOTUH repepadoTku [3].

HectaOunbHBIH ra3oBbBI KOHACHCAT, BBIACJICHHBIM W3 IIACTOBOM CMECH,

nepe1 TPaHCIIOPTUPOBKOM M MIEPEepadOTKOM TOJKEH OBITH COOTBETCTBYIOIIIM
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o0pa3oM TOJATOTOBJIEH HAa CHEIHAIBHBIX YCTAaHOBKAX CTAOWIM3AIlMU, a TaKXKe
peaBapuTeNbHO oOeccolieH u 00e3BokeH. CTaOWMIBbHBIM Ta30BBIM KOHJEHCAT
NpECTaBIsIeT CcOO0OW CMeCh YIIIEBOJOPOJOB METAaHOBOTO, HA(PTCHOBOTO U
apOMAaTUYECKOTO PSOB M TO0 (U3UKO-XMMHYECKUM TIOKA3aTeIsIM  JTOJDKEH

COOTBETCTBOBATh TpeOoBanusM u Hopmam OCT 51.65-80 [17].

Ta6J'II/IHa 3 - TpC6OBaHI/I$I K IIOKasaTeJlsIM KayecTBa CTAaOWJIBHOTO TIa30BOTr0
KOHJCHCAaTa
HanmenoBanue nokasarenein Hopwma nns rpynn
I I
JlaBneHue HaCBIIEHHBIX MapoB, [1a (MM pt.cT.),
He Ooiee:
3UMHUIT IepHO. 93325 (700) 93325 (700)
JletHuii mepuon 66661 (500) 93325 (700)
MaccoBas nois Boasl, %, He Ooiee: 0,1 0,5
MaccoBas 11 MEXaHMYeCKuX npumecei, %, ne 6omee: | 0,005 0,05
Macca XJIOPUCTBIX COJIeH, MT/JI, He OoJiee: 10 He nHopmupyercs
Maccosas nosst o61ieit cepol, %o He nopMmupyercs, ompeneneHue 1o
TpeOOBaHUIO OTPEOUTENS
Inotrocts mpu 20 °C, r/em® He HopMmupyercsa, omnpeneneHue
00s3aTeNbHO

Hopma 1o pgaBieHMI0O HACBIIEHHBIX MMApoOB ONpPEAECICHAa B  LEAX
penoTBpaIieHus 00pa3oBaHMs Ta30BBIX MPOOOK B KOHJEHCATONMPOBOAAX IPHU
TPAHCIOPTUPOBKE M MOTEPH OT UCIMAPECHUS MTPU XPAHEHUHU T'a30BOT0 KOHJICHCATA B
pe3epByapax.

ConepxaHue BOJbI OIPAHUYEHO W3-332 YBEIWYEHUSI HEMPOU3BOAUTEIBHBIX
3aTpart Mpy TPAHCIIOPTUPOBKE U XpaHEHUH 0OBOJHEHHOTO KOHJIEHCATa, a TAKXKE 13-
3a MOBBILIEHHON KOPPO3UOHHON AaKTUBHOCTH BO/IBL.

MexaHnueckue TPUMECH TMPUBOASIT K KOPPO3UU OOOpYAOBaHUSA U
anmnapaTtypbl

ABKYHIUMCST IIOTOKOM Ta30BOIO KOHACHCATa, YMCHBIICHUIO
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IIPOIMYCKHOW CITOCOOHOCTH KOHJICHCATOIPOBOJIOB, 3a0MBKE (DMIBTPOB U JAPYroro
o0opyaoBaHUs, U IPYTOE.

B xonmencarax Hajguuue OOJBIIOTO KOJIMYECTBA XJIOPUIOB IPUBOJIUT K MX
BBITAJICHUIO HA CTEHKAX TPyOOIPOBOJIOB U alllapaToB, BEIXOIY U3 CTPOS JTaTIYHKOB
U UCIOJHUTEIBHBIX MEXaHU3MOB KOHTPOJBHO-U3MEPUTEIIBHBIX TPUOOPOB U
aBTOMATHKH, 3a0MBKE TCIUIOOOMEHHOM ammapatrypbl, TaKKe K YBEIUUYCHHOU
XJIOPUCTOBOJIOPOJTHOW KOPPO3HMH, KOTOpass HaOIIOMaeTcss MpPU OJHOBPEMEHHOM
HPUCYTCTBUHU CEPOBOJIOPOJIA M BOJIBI.

OmnpeneneHre TUIOTHOCTH Ta30BOTO  KOHJEHCATa HEOOXOIUMO IS
nepecyéTa ero KOJUYEeCTBa M3 OOBEMHBIX CIAWHHII U3MEPCHHS B MacCOBBIC U

Haobopor [5].
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4 JKCIHHEPUMEHTAJIBHAS YACTb

4.1 Onucanue TeXHOJOTHYECKOr0 NMpouecca yCTaHOBKH
KoMILIeKkCHOM moaroroBku rasa (YKIII)

VYcranoBka komiuiekcHoW moarotoBku raza (YKIIDY) npennaznauena miis
cbopa u moaHOM 00paboTKM ra3za mo koHaunuu, coorBercTBytomeir OCT 51.40-74
"T"a3pl rOproYre MPUPOIHBIC, MOJaBAEMble B MarucTpaibHbIi Tazonposoa” [16]. B
pe3yibTaTe MoJlydeHus ToBapHoro rasa (ocymku raza) Ha YKIII' momywator
HECTAaOWJIbHBIA KOHACHCAT, KOTOPHIN MOAAaeTCs I CTaOWIM3alud Ha YCTAaHOBKY
nesTaHuzauuu v crabunuzanuu koHzaeHcara (YJCK), npenHasHaueHHYIO aJis
nepepadoTKM Ta30BOr0 KOHJIEHCATa C TOJYyYEHHWEM YTJIEBOJOPOJHBIX Ta30B,
CKIDKEHHOU IHUPOKOH Ppakiuu nerkux yriaesogopoaos (IIDIIY) u crabunbHOro
koHjeHcata. [logroroBka razoBoro konjaencara - cortacHo OCT 51.65-80
"Konpaencar ra3oBsiii cTadbmibHbINA. Texauueckue ycmosus" [17].

VYcTaHOBKa KOMIUJIEKCHOM TOATOTOBKM Ta3a COCTOMT W3 MOAYJEH -
TEXHOJIOTUYECKUX aBTOMATHU3WPOBAHHBIX JTUHUN 0O0paOOTKU raza ¢ 3aKOHYEHHBIM
TEXHOJIOTUYECKUM TporieccoM. [IpuHnunuansHas cxema MOayssl MOJTOTOBKH Tra3a

MIII" 1 npencraBieHa Ha pUCYHKeE 3.

4.2 TexHo0rM4YeCKUII MOAYJIb MOATOTOBKH ra3a

[TpombicToBBIN cOOp Traza OCYMIECTBISAETCA IO KOJUIEKTOPHO-JIYYEBOM
CXeMe, BKITFOYAIOIIEH CeMb CaMOCTOSITEIBHBIX KOJIIIEKTOpoB AuameTpom 200-300
MM, [0 KOTOPBIM MPHUPOJIHBIA Ta3 OT KYCTOB CKBAXHUH IOCTYHaeT IO
WHJMBUAYAJIbHBIM Tra3omnpoBojaM-nieipam Ha y3en Bxoja uuieiidos, rae

pacnpeensercs Ha IBa MOAYJIs moAroToBku raza MIII [18].
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Jlist  mpedoTBpamieHuss TUAPATOOOpa3oBaHUSI B CKBWKHMHAX — YUYTEH
JIO3UPOBAHHBIN BBOJ METAHOJIA HA PETYJIUPYIOIIEM Apoccere OHTaHHOW apMaTyphl
Y B ra3o0lpoOBOJAX OT CKBAJKHH.

[InacToBbIif Ta3 ¢ y37a BXoja MIICH(OB mocTynaer mo TpyOoompoBoay Ha
NEPBYIO CTYNEHb Ccemapalud B BepTUKalbHBIM cenmapatop C-1, rae mox
BO3JICICTBUEM CHJI TPAaBUTALIMM IPOUCXOIUT MPEIBAPUTEIIBHOE OTIEICHUE U3
ra3oBOr0 MOTOKA MEXIIPUMECEN U KaIleJIbHOW KUJKOCTH.

OtcenapupoBanHast *Kuakas (paza (ra30Bblii KOHAEHCAT, METAHOJIbHAS BOJIA)
Y MEXIIPUMECH OTBOJATCS B pa3ienuTenb kuakoctu POK-1.

OtyacTu OTcenapupOBaHHBIM T'a30BbIM MOTOK MOAAETCS MO TPYOOIPOBOAY
u3 cenapartopa C-1 B TpyOHOE MPOCTPAHCTBO JABYXCEKIIMOHHOTO TEIIOOOMEHHHUKA
«raz-ra3z» T-1, TaM OH OXJIaXkIaeTCs XOJIOAHBIM OOpPATHBIM MOTOKOM OCYIIIEHHOTO
ra3a, KOTOpPbIM MPOXOIUT MO MEKTPYOHOMY MPOCTPAHCTBY TeruioooOMeHHuKa T-1.

JIiist mpeioTBpalieHusi THAPaTooOpa3oBaHus yUYTeHa IMojadya METaHoJa Mo
METaHOJIOMIPOBOIY CKBO3b y3€J1 BBOJIa METaHOJIa B TpyOHOM mnpocTpaHctBe T-1, rae
BBINOJIHAETCS YUET U JO3UPOBAHUE PACX0Ja METAHOIA.

[To TpyGompoBOay C JaBJICHHEM MPsIMOM MOTOK raza OXJIAKJICHHBIA B
terioooOmMennuke T-1 moctymaer B cemapatop Bropod crynmenu C-2, rae
COBEpIIACTCSA OTACJIICHUE KANEeIbHOW XUIAKOCTH, KOTOpas KOHICHCUPYETCS B
CJICICTBUU MOHMKEHUS TEMITEPATyphl B TeriooOMeHHuke T-1.

OrtcenapupoBannbsie B cenapatope (-2 ra30oBblid KOHJEHCAT, Biara u
METaHOJ BBIBOJUTCS B pazgenutens xuakoctu PX-2, rae, mpenBaputenbHO
HarpeBIINCh TermaooOMeHHUuKe TP-2 cTaOuiIbHBIM KOHAEHCATOM WJIM BOJSHBIM
napom ot Y JICK.

OcBOOOXKIEHHBII OT Kall€JIbHOM KUIKOCTH OCHOBHOM T'a30BbIN ITOTOK U3
C-2 moctynaet B TpyOHOE MPOCTPAHCTBO TEMIIOOOMEHHUKA «ra3-Ta3y» T-2, rae oH
OXJIAK1a€TCS XOJIOAHBIM OOPATHBIM TTOTOKOM OCYIIIEHHOTO Ta3a, KOTOPHIi

MPOXOJIUT IO MEXTPYOHOMY IIPOCTPAHCTBY TeriooOMeHHHKa T-2.
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[lepen TemmooOmennukom T-2  ydyreHa mojgaya MeETaHOda IO
METaHOJIOMPOBOY AJIsl MPEAOTBPAILCHHUS THAPOTOOOPA30BAaHUI B TETNIOOOMEHHUKE
T-2.

OCHOBHOI IOTOK I'a3a MOCTYIAET HAa PETyJIUPYIONINI KJIallaH 1aBJICHUs, T
JPOCCENUPYETCS M OXJIAKIACTCS 3a cueT Japoccenb-dpdexra. JlaHHBIN KianaH
oOecrieuynBaeT CTaOWIBHOE JaBJICHHE Tra3a Ha BXOJI€ B HHU3KOTEMIIEPATypPHBIN
cenapatop C-3. [locrne kiamana ra3oBbIi OTOK HampasiseTcs B cenaparop C-3.

Jpyras yacTte notoka ra3za u3 C-2 noaé€rcs B KaueCcTBE aKTUBHOTO IMOTOKA
Ha 1Ba 2kekropa OX-1 m DOXK-2 mig yTwnM3anuyu HU3KOHAIIOPHOTO Trasa
CTaOMJIM3allMK U ra3a BEIBETPUBAHUA OT YCTAHOBKH JI€ITAHU3ALNH U CTAOMIIN3a[UU
kougeHcata Y JICK-2 u ra3a BeIBETpUBaHUS U3 pa3eauTels skuakoctu PXK-2.

KommnpemupoBaHue ra3a BHIBETPUBAHUS U3 pa3fequTeNs >kuakoctu PXK-2
MIPOBOJIUTCS CTPYUHBIM 33keKkTOpoM DXK-1, a raza nerazanuu ot Y JICK-2 cTpyiiHBIM
»kekTopom DK-2.

CMech aKTHBHOTO M ITACCHBHOTO MOTOKOB Ta3a oT 3KekTopoB DK-1, DK-2
O00BEIUHAETCS B OJUH I'a30’KUJKOCTHOM MOTOK M MO TPyOONpoBOAY MOJNAETCS Ha
BXOJl HHU3KOoTemImeparypHoro cemnapatopa C-3 coeguHssiCb € OCHOBHBIM
ra30’kMIKOCTHBIM ITOTOKOM ra3a.

Ha Bxox Hu3koTemmeparypHoro cenaparopa C-3 mnocTrynaroT rasbl
nerasanuu  koHmeHcara w3 PXK-1. B HuskoremmepatypHom cemapatope C-3
IIPOUCXOINUT OTIEJICHHE KalleJbHOM XUAKOCTH.  OTcernapupoBaHHas KUIKOCTh
BBIBOJMUTCS TIO YPOBHIO B TPyOHOE MPOCTPAHCTBO TemiooOMeHHuka TP-2, rne
HarpeBaroTCs CTaOMJIBHBIM KOHJEHcAaToM wiu BoasHbIM mapoM ot YJICK wu
nojaroTcs B pazaenurens PIK-2.

Ocy1ieHHBIN OT BJIard ¥ yriieBOAOPOAHOTO KOHAEHCATa MPUPOAHBIN ra3 U3
HU3KOTEMIIEpaTypHOro cenapartopa C-3, mociie onepaTuBHOTO 3aMeEpa pacxoja rasa
Ha OBICTPOCHEMHON guadparMe TOCTYMaeT B MEXKTPYOHOE MPOCTPAHCTBO
TeroooMeHHuka T-2, rae HarpeBaeTcsi IpsIMbIM MIOTOKOM CBIPOTO Ta3a. 3aTeM ras
NOCTyNaeT B MEXTPyOHOE MPOCTPaHCTBO TerioooOmMeHHuka T-1, rie HarpeBaercs

MPSAMBIM IOTOKOM CBIPOTO ra3a.
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Ocymiennbii  npupoansii raz3 ¢ MIII HanpaBnsieTcs Ha IYHKT
KOMMEPUYECKOT0 3aMepa rasa.

Kunkas ¢daza u3z cemaparopa nepBoil ctynenu C-1 HampaBisioTcs B
paznenutens kuakoctu PXK-1, roe npoucxoauT pa3feneHne Ha yrieBOAOPOAHBIN
KOHJICHCAT, a3 U IUIACTOBYIO BOAY.

ITnacroBas Boga u3 PXK-1 HanpapnsieTcs B 0J10k BhIBeTpuBaHus raza. B I'-1
YCTAaHOBKH CMEILIEHUs, TPABJICHHS U pacIpeiesIeHNs METaHOMa.

Yraesonopoausiii konaeHcatr u3 PX - 1 mogaercs B PXK - 2 o ypoBHIO
yepes peryJIMpyromni KianaH Mo JaBJICHUEM.

I'a3 pmerazamum wn3 PXK-1 mopmaercs Ha BXOX HHM3KOTEMIEPATYpHOTO
cenaparopa C-3.

VYTIIeBOIOpOIHBIN KOHJSHCAT U METaHOJIbHAS Bojia M3 cemaparopos C-2, 3
u PX-1 nocrynator B P)K-2. B pazaenurene »XUAKOCTU MPOUCXOAUT pa3eiICHUE
KUAKON (a3bl HA METAHOJIBHYIO BOJIy M YTJIEBOJOPOJHBIM KOHJIEHCAT 3a CUET
PA3HOCTH IUVIOTHOCTEH U Jiera3anus )KuaKou (asbl.

YrieBogopoaHblil KOHAEHCAT W3 pazfenutens xkuakoctu PXK-2 yepes
3aMEpPHOE YCTPOMCTBO U PETYJIUPYIONIUMN KJalmaH YypOBHS HaMpaBiseTcs Ha

YCTAHOBKY ACOTAHU3AIINN U CTa6I/IJ'II/ISaHI/II/I KOHACHCATA.

4.3 MoaenupoBaHue NMPOLECCOB MPOMBICJIOBOM MOATOTOBKY ra3a u
ra3oBbIX KOH/IEHCATOB

Ha kadenpe xummuueckoil TexrHonoruu tormBa TITY Obutn pazpaboTaHbl
MaTeMaTHYeCKUE MOJENIH IMPOLIECCOB MPOMBICIOBOM MOArOTOBKM He(dTH, rasza u
ra3oBOr0 KOHJEHCaTa, Ha OCHOBE KOTOpPHIX Oblla cO37aHa TEXHOJIOIHMYecKas
moaenupyrotias cuctema (TMC) nist pacueta MaTepHAIbHBIX, TETIJIOBBIX OAJIAHCOB
Y OIIEPAaTUBHOTIO aHAJIN3a TEXHOJOrnueckux pexxumon Y KIII'.

Tak kak cenapanusi Mo cBOel (U3MUECKOW CYIIHOCTU SABJISIETCS CIIOMKHBIM
MHOTOKOMIIOHEHTHBIM TMPOLECCOM, OTCIOJIa JOJDKHO YYMTBIBATBCS, YTO IpHU

MOCTPOCHUU  MaTeMAaTHYECKUX  MOJIEei, KOTOpble 00JIaal0T  BBICOKOMU
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IPOTHO3UPYIOIIEH TOYHOCTBIO M CHOCOOHOCTBIO, HAA0 YYUTHIBATh (PU3UKO-
XUMHYECKHE 3aKOHOMEPHOCTH TMPOTEKaHUs (PU3MUECKMX M MacCOOOMEHHBIX
npoueccoB. Tak ke Mozaenb JODKHA HUMETh NpHUEMIIEMYIO IS PacueToB
BO3MOYKHOCTb M pa3MEPHOCTh PEIICHHS H3BECTHBIMU YHCIIEHHBIMU METOIAMH.

UtoObl yAOBIETBOPUTH TpPEeOOBAaHUSM, MPUHUMAETCSA, YTO B IIpolecce
cemnaparuu [17]:

®  JIOCTUTa€TCs COCTOSIHUE PAaBHOBECHS;

®  [POUCXOAUT OJHOKPATHOE UCIIAPEHUE KOMIIOHEHTOB CMECH.

Hcxons u3 3T0r0, MOJIENb Cenapalnu T0JKHA BKIIOYATh PACUET KOHCTAHT
dha3o0BOrO0 paBHOBeCHs] U pacuy€T JOJM OTrOHa HAa OCHOBAaHUU YpaBHEHUU
MaTepUaJIbHBIX OAJIAaHCOB IO Ta30BOM M KUAKOHN (hazam.

VYpaBHeHue maTepuanbHOTrO OajaHca Mmpolecca OAHOKPATHOIO MCHapEeHHs
JUTSI MHOTOKOMIIOHEHTHOM CHCTEMBI B II€JIOM MOKHO MPEACTaBHUTh, Kak [19, 20]:

F=G+L, (48)
rjae F — KoaumdecTBO UCXOTHOTO ChIPbS, KI/4ac;

G — KonM4yecTBO MapoBoit a3kl Kr/yac;

L — xonuuecTBO kuIKOM (pa3wl Kr/gac.

JInst 1 — rO KOMITOHEHTa CHCTEMbI MATEpUANIbHBIA OaJlaHC 3aIMCHIBACTCS

TaKuM 00pa3oM:
Fu =Gy +Lx, (49)

e Ui— KOHIICHTPAIUsI | — TO KOMIIOHEHTa B HCXO/IHOW CMECH;
Xi — KOHIICHTpAIs | — T0 KOMIIOHEHTA B XKHJIKOH (a3ze;

Yi— KOHIICHTpAIUs | — TO KOMIIOHEHTa B ra3oBoii (ase.

B ycnoBusx paBHOBeCHs, COINIACHO 3aKoHY Paynsa-/lanpToHa:

y; =K. X (50)

i 1
r71e Yi — MOJISIpHAs KOHIICHTpAIHMs KOMIIOHEHTA B ra30Boi (hase;
Ki — xoHcTanTa a30BOro paBHOBECHS 1 — TO KOMIIOHEHTA;

Xi — MOJISIpHAsI KOHIIEHTPAIMsl KOMIIOHEHTA B )KHIKOU (ase.
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OCHOBHOE ypaBHEHHE IS pacuyéra 4aCTHYHOTO OJHOKPATHOI'O MCIAPEHUS
MHOFOKOMHOHGHTHOﬁ CHUCTCMBI.
xi=ui/(1+e*(Ki -1)) (51)

G
Tlice = = MoOJIsIpHasi J0Ji1 Tapa (1o OTroHa) B KOHIIE Ipolecca

OJHOKPATHOTI'O UCIIAPCHHUA.
KOHTpOJ'IeM IMPaBUJIBHOCTH PCUHICHUS SABJIAACTCA BBIIOJIHCHHC YCJIOBI/Iﬁ

ZXi = Zyi =1 (52)

Ki MO>kHO paccumTarh pa3inuHbiMu MeToaamu (AHTyaHa, [lmnosa, [lenra-
Pobuncona, Pumnxa-Ksonra-Coase u 1.1.) [2, 10-13].

KoHcraHTa (ha30Boro paBHOBECHS MOKET ObITh N300paKeHA B BUJIE:

PO
— i
Kon =57 (53)
0 -
I‘IIGPi - HaBJICHUC HACBIIICHHLIX IIAPOB I — 'O KOMIIOHECHTA (‘{I/ICTOFO

BEILIECTBA);

P - naBieHuwe, mpu KOTOPOM MPOU3BOJUTCS OJHOKPATHOE HCIApEHHUE,
JIaBJICHHE B CUCTEME.

MaremaTuyeckass MoOJENIb pacuera Ipolecca cenapanudd CJI0KHOU
MHOTOKOMITOHEHTHOW CHUCTEMbI MPU MPOMBICIOBON MOArOTOBKE HEPTH, Taza U
ra3oBOro KOH/ICHCaTa MO3BOJISIET ONPEICIUTh MaTepHaJIbHBIC TTIOTOKK He(TH U Tas3a,
razoBblii  (akTOp, (PUIMKO-XMMHUYECKHE TapaMeTpbl TOTOKOB, JABJICHUE
HACBIIIIEHHBIX ITAPOB, COCTaBbI Ta30BOM M KUJIKOU (Da3 M yUECTh BIUSHUE OCHOBHBIX
TEXHOJIOTHYECKUX TapaMEeTPOB. TEMIIEPATYphl, JABJICHUS, COCTaBa ILIACTOBOM

He(TH, KOJMYECTBA CTyIIEHEN cenapaluu.
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4.4 UccnenoBanue BIMSTHUS TEXHOJOTHYECKUX MAPaAMeTPOB HA
NMPouecchl MOATOTOBKH Ia3a M ra3oBoro KOHJAEHCATAa ¢ IPUMEeHEeHueM
MOJCJTUPYIOLIE CUCTEMbI

C nenpio pa3pabOTKH MOJIYIIS TEXHOJIOTHYECKON MOACTUPYIONIEH CHCTEMBI

(pucyHok 4), ompeneneHus ONTHUMAJIBHBIX TEXHOJIOTMYEeCKUX pexumoB YKIIT

(prucyHOK 3), OBLIIM POBEJIEHBI HCCIIEO0BAHUS ¢ UCIOJIb30BaHUEM daHHOU TMC.

VKIIT |,
Momyns pacdera PasgeneHne EHIKOCTH
HH3KOTEMIIEPATYPHOH ,  Moayms Momymas
MHOTOCTYIICHYIATOH pacueTa pacuera
Cerapalny b Imponecca npouecca
KaIIe00pasoEaHuA OTCTAHBAHHA
h
Momyae pacueTa OCHOBHBIX OLTHMH3AIHA
MoKasaTelel KadecTBa 1. Pacuer ToUKH poch! o
TOBapHOTO Irasa »  Bome
BBIXOJ TOEAPHOTO Iasa, 2. BrIGop ONTHMATBHOTO
cogepxanne Ciy, Csy, pexuMa
BIATOCOAEPKAHHE,
TOYKA pocel o YB
Pucynok 4 — Cxema ONTUMM3AIMKA TEXHOJOTHUYECKUX PEKUMOB YCTAHOBKHU

KOMITJIEKCHOW TTOJITOTOBKH T'a30B

B mpomecce mpoBeneHHsI HWCCASAOBAaHWN BapbHPOBATINCH TEMIIEpaTypa U
JABJICHUE Ha Pa3JIMYHBIX CTYMECHSIX Cemapalid OTHOCUTEIHHO 3aJaHHOTO PeXruMa
paboThI cenmapalMOHHON YCTaHOBKH (Tabnwuia 4).

Tabnuua 4 — 3HaueHus] TEXHOJIOTMYECKUX MapaMeTpoB 0A30BOro BapuaHTa

Cenaparop [TapameTtp

Temmnepatypa, °C Hasnenue, Mlla

1 22,5 5,6
0,5 7,1
3 -33,7 3,9
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Pesynpratel pacuera YKIII' nmpu 06a30BOM TEXHOJIOTMYECKOM pPEKUME
IpUBEICHBI B Ta0uUIE 5.
Tabmuna 5 — KoHueHTpauys KOMIIOHEHTOB B ChIpb€ W B IPUPOJHOM rasze Npu

0a30BOM TEXHOJIOTHYECKOM PEKHUMC

CocraB cmecn Konnenrpanus, % mMonbHast
B npuponnom raze

CO2 0,020

N2 3,880

CH4 85,917
C2He 3,479
CsHs 2,642
n30-C4H10 0,796
CaH1o 0,881
n30-CsH12 0,375
CsHa2 0,200

Ce+ 1,043

H20 0,768

Pacxon miacToBoi cMecH, KI/4 110549,8

B xone uccnenoBanus ¢ MOMOIIBI0 BBIOPAaHHON MOJCIUPYIONIEH CUCTEMBI
ObIM pacCYMTaHbl OCHOBHBIC TIOKa3aTeIW IIpollecca Cemapaldd: BBIXO
KOHJIEHCATa, BBIXOJl TOBAPHOrO Ta3a, coaepxkaHue yriaeBoaopoaoB Csy,
BJIArOCOJEPKAHUE, TOUKA POCHI [0 YIIIEBOAOPOAAM U I10 BOJE.

Bimsaue naBiaeHus Ha HEKOTOpBIE ITOKa3aTeld paboThl B cemaparope 3

NpUBEACHBI B Ta0IMIIE 6.
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Tabmuua 6 — MccnenoBanve BIMSHMS TABJICHHS Ha MOKa3aTteau paOOThl B

TPEThEM CerapaTope

[TapameTpsi Hasnenue B cemaparope C3, Mlla

3,6 4.6 51 5,6
Bnaroconepxanue, | 0,0431 0,0280 0,0223 0,0197
/m®
Touka pocer mo | -30,7 -31,8 -32,9 -34,5
VB,’C
Touka pocel mo |-13,1 -15,1 -16,4 -16,7
H20.,°C

HOCTpOGHa 3aBUCUMOCTb TOYKHM POCBI IIO BOJC OT BJIAroCoACpKaHusd

(pucynok 5) cormacHo ['OCT 53763-2009 - TI'a3el roprouwie TPHUPOIHBIC.

OmnpeneneHre TOYKHA POCHI 1Mo Boje [21].

rze t — TemmepaTypa Todku pockl o Boze, °C, W — Bnarocozepskanue, r/m°

0 0.005

-10
-12

-14

TOYKH POCHI 110 BozE, °C

-16

-18

0.01

0.015

0.02

BIIArOCOEPIKAHKE, T/M3

0.025

0.03 0.035

0.04

0.045

0.05

PucyHOK 5 — 3aBUCUMOCTB TEMIIEPATyPbl TOUYKH POCHI IO BOJE OT BIArOCOAEPKAHUS

O060011IeHHBIE pe3yIbTaThl pacueTa MPUBEICHBI B Ta0IUIIE 7.
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Tabnuna 7 - Pe3ynbraThl pacyeToOB BIMSAHUS TEXHOJOTHYECKUX MAapaMETpOB Ha

IIPOLIECC MPOMBICIIOBOM MMOATOTOBKH ra3a

Homep | Ne Bapeupye- | PesynbraTel pacyera
BapUaH | cemapa | Mblii OcHOBHBIE IIOKa3aTeIM KayecTBa TOBAPHOI'O rasa
Ta TOpa napaMmerp: | Beixon Touka | Touka | Bmaroco- | Cs+, | Css,
Temnepary- | ToBapHoro | pocst pocHI nepxkanue, | r/mM® | /v
pa, o°C rasa, T/Jac | mo 10 /me
YB,C | H20,°C
1 1 27,5 98,32 -31,0 -12,3 0,042 67,3 |19
2 1 22,5 98,36 -30,9 -13,8 0,037 676 |19
3 1 17,5 98,40 -30,6 -14,8 0,033 67,8 | 2,0
4 2 5,9 98,20 -31,2 4123 0,043 67,5 | 1,9
5 2 0,5 98,36 -30,9 -13,8 0,037 67,6 | 1,9
6 2 -4,5 98,51 -30,4 -15,3 0,032 68,6 | 2,0
7 3 -28,7 99,22 -27,3 -6,78 0,072 734 |28
8 3 -33,7 98,36 -30,9 -13,8 0,037 676 |19
9 3 -38,7 97,50 -34,4 -20,0 0,020 616 | 1,3
JlaBneHue,
Mlla
1 1 4,6 98,33 -31,0 -12,3 0,042 67,4 |19
2 1 5,6 98,36 -30,9 -13,8 0,037 67,6 | 1,9
3 1 6,6 98,38 -30,5 -15,1 0,033 67,7 | 2,0
4 2 6,1 98,31 -31,0 -12,8 0,041 67,3 | 1,9
5 2 7,1 98,36 -30,9 -13,8 0,037 676 |19
6 2 8,1 98,40 -30,5 -14,3 0,035 67,8 | 2,0
7 3 2,9 99,05 -30,6 -11,4 0,063 721 | 2,4
8 3 3,9 98,36 -30,9 -13,8 0,037 676 |19
9 3 4,9 97,85 -32,4 -15,5 0,025 642 |17
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VYcTaHOBIEHO, YTO B  HCCJIENOBAaHHOM JMala3oHe BapbUPOBAHUS
apaMeTpoOB Ha BBIXOJ TOBApHOIO Ta3a 3aMETHOE BIHMSHHE OKa3bIBAE€T MU3MEHEHHE
TEeMIIepaTyphl U JIaBJICHUS B TPEThEM cernapaTtope (Tabmuna 6).

VYMeHbIlIeHHe TeMIepaTyphl JIMOO yBETWYCHHE AaBIICHUS B cemaparope 1

WU 2 MPUBOJUT K YBEJIUYEHHUIO BbIX0JIa TOBAPHOTO raza (PUCYHOK 6).

1 2 3 4 6 7 9

Howmep Bapuanra

99.5

98.5

()

8

o)

7.5

{e]

7

Pacxon ToBapHoTro rasa, 1/4

Y

6.5

B PacxofZ, TOBApHOro rasa Npu pas/inyHbIX TemnepaTypax

H Pacxog, TOBAPHOIO ra3da npwu paszindHbIX gaBAeHUAX

Pucynok 6 — Pacxoa ToBapHOTo ra3a npu pa3jidyHbIX TEMIEpaTypax U JaBJICHUSIX

Cnenyer OTMETHTh, UTO TIOBBIIIICHUE JaBJICHUS JUOO TOHMKCHHE
TEeMIIepaTypbl Ha TMEPBOM CTYNEHU cemapaluu HapsAly C YBEIMYEHHEM BBIXOJA
kougeHcata (CsHip + BBICHI) NOpPUBOAUT TakXke K TIOBBIIIEHUIO CTEMCHU
KOHJIEHCAIlMM JIETKMX KOMIIOHEHTOB rasa, a, CJIeIOBAaTeIbHO, K YMEHBIICHHUIO
pacxoja rasza u3s cemnaparopa 1 (pucyHok 7, 8). AHajIOTHUYHbIE SIBIICHUS XapaKTEPHBI

AJIs1 BTOPOT'O U TPETHETO CCIraparopa.
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103.8
103.6
103.4
103.2

103
102.8
102.6

Pacxon rasa,r/4

102.4
102.2

102
17 19 21 23 25 27

Temneparypa,°C

PucyHok 7 — BnusiHMEe U3MEHEHUs TEMIIEpATyphl B cenapaTope 1 Ha BbIXOJ rasza u3
cenaparopa 1

103.4

103.3

=
o
w
N

103.1

103

102.9

Pacxon rasa,t/4

102.8

102.7
4.5 5 5.5 6 6.5

JaBnenne, Mna

Pucynok 8 — BiusiHne u3MeHeHus1 JaBleHUs B cenaparope | Ha BbIXOJ rasa u3

cenaparopa 1

OCHOBHOE KOJIMYECTBO TSKENBIX YIIIEBOJOPOIOB B *KHUAKYIO (ha3y BbIagaeT
B MIEPBOM CTyIEeHH cenapanuu. CHUKEHUE TEMITEpaTypbl U YBEIUYEHUE JAaBICHUS
CIIOCOOCTBYET MEPEXOY B KUAKYIO a3y JTOMOJHUTEILHOTO KOJUYECTBA TKEIBIX
yriaeBoopoAoB. Ilpu 3ToM cpaBHUTENBHO OOJBIIMMU TEMIIAMU YBEIUYHBACTCS

CTCIICHb KOHACHCAIIN 0oJee JIerkux YIJIE€BOAOPOJ0B.
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[lo mony4YyeHHBIM [JIaHHBIM BBIMOJHEH AaHAIW3 MapaMeTPUUYECKOU
YyBCTBUTENBHOCTU (Tabiinia 8), KOTOpas pacCUMThIBAIACh KaK OTHOILICHHE
M3MEHEHHS pacxo/ia TOBAPHOT'O ra3a, TeMIIepaTypbl TOYKH POCHI MO YTIIEBOA0POIaM
(YB) u Bojie K MHTEpBaTy U3MEHEHHUS JIaBICHUSI U TemnepaTypbl. OTpHUIlaTeIbHOE
3HAUCHHUE MMapaMETPUUYECKON YYBCTBUTEIBHOCTH YKa3blBaeT Ha TEHACHIIUIO
CHI)KEHUS BKJIaJla MCCIIEIyEMOTO TapaMeTpa, a MOJ0KUTEIIbHOE — Ha YBEJIMYCHHE.

VY cTaHOBJIEHO, YTO HAa BBIXOJ TOBAPHOIO Ia3a B HCCIEJOBAHHOM JHana3oHe
BapbUPOBAHUSl TApPAMETPOB 3HAUMUTEIHHOE BIMSHUE OKa3bIBAIOT HM3MEHEHUE
TeMIepaTypbl M JaBJICHHUS B TPEThEM cemapaTope, NpUYEM, MapamMeTpudecKas
YyBCTBUTEJIHLHOCTH IO JIABJICHUIO BBIIIIE, YEM 10 TEMIIEpATypeE.

Tabmuma 8 — I[lapamerpudeckass 4YyBCTBUTEIBHOCTh OCHOBHBIX ITOKa3zaTelen
kauectBa padotsl YKIIT

OCHOBHBIE TTOKa3aTeIIN

HapaMeTpI/I‘ICCKaH YYBCTBUTCIIbBHOCTb

C1

C2

C3

[Tpu yBenuuenuu remmeparypsl Ha 5 °C

Pacxon ToBapHOTO raza -0,008 -0,032 0,172
Touka pocsl o YB -0,020 -0,060 0,720
Touka pocsr mo H2O 0,300 0,300 1,400

[Tpu yBenuuenuu nasnenus Ha 1 Mlla

Pacxon ToBapHOTO raza 0,020 0,040 -0,510
Touka pocsl o YB 0,080 0,080 -0,300
Touka pocsr mo H2O -0,270 -0,100 -0,340

IIpu ymeHbIIeHMT

temneparypbl Ha 5 °C

Pacxon ToBapHOTO raza 0,008 0,030 -0,172
Touka pocer o YB 0,060 0,100 -0,700
Touka pocsl o H20 -0,200 -0,300 -1,250
ITpu ymensiuennn gasnenns Ha 1 Mlla
Pacxox ToBapHoro raza -0,030 -0,050 0,690
Touka pocer o YB -0,020 -0,020 0,060
Touka pocer mo H2O 0,300 0,200 0,474
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B pesynbrare mpoBeneHHON paOOThI OBLT OMpenesieH HAWIYUIIHA PEKUM
paboThl CeMapallMOHHOW YCTaHOBKHM, OCHOBHBIMH IapaMeTpamMH KOTOPOIO
aBisitorcest pasieHue 2,9 Mlla u temneparypa -33,7°C B TpeTheM cemaparope,
TeMIIepaTypa TOYEK POCHI M0 yrieBoaopoaaM coctasuia -30,6°C u o Boae -
13,8°C. Ilpu gaHHBIX MOKA3aTENsAX BBIXO TOBAPHOTO ra3a paseH 99,05 1/4, uTo Ha

0,7 T/9 OOJIBIIIE T10 CPaBHCHHIO C 0a30BBIM TEXHOJIOTHYECKUM PECKHUMOM.
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5 @®UHAHCOBBIM MEHEJI)KMEHT,
PECYPCO2®P®EKTUBHOCTDb U PECYPCOCBEPEXEHHUE

Tosapnwiii 2a3 onpeenseTcs 00beMOM TPAHCIIOPTUPYEMOTO Ta3a ¢ y4eTOM
pa3HUIIbI (TIOJIOXKUTENBLHOM MO0 OTPUIIATEIBHON) MEXKY 3aKauyKod B MOJ3EMHBIC
XpaHUIUIIA U OTOOPOM U3 HUX.

Tosapnvim  2a3om cuyuTaeTCsl Tra3, OTHYUICHHBIA MOTpEOUTENSIM U
U3pPACXOJIOBAHHBI HA HYXIbl KalUTaJbHOTO PEMOHTA M  KalWTaJIbHOTO
CTPOUTENILCTBA, A TAKXKE >KWIMIIHO-KOMMYHAJIBHBIM XO3SHUCTBOM YyHpPAaBICHUMH.
Crneunduka yclioBUi pabOThl Pa3IMYHBIX Ta30MPOBOJOB BIUSET HA CTPYKTYPY
TpaHclopTa rasza. Hampumep, TMOBBIILIEHHE OCHANIEHHOCTH TIa30MpOBOJIOB
KOMIIPECCOPHBIMU CTAHIUSIMUA U TFa30MEPEKAYMBAIOIIUMU arperaraMmu yBeINYMBaeT
aOCOJIOTHBIN pacxo]l Ta3a Ha COOCTBEHHBIE HYKJbI ra3onpoBojaa. Bmecte ¢ Tem
YBEJIMYEHHE OCHAIEHHOCTH Ta30MpPOBOAOB TIa30MEepEeKaunBaIOUIMMU arperataMu
CONMPOBOXK/IAETCSI YMEHBILIEHUEM YACNIbHBIX IIOKa3aTelied pacxoja Ta3a Ha
COOCTBEHHBIE HYXIbl MO OTHOIIEHHIO K KOJUYECTBY TPAHCIOPTHUPYEMOIO Tas3a B

CBSI3M C YJIYYIIEHUEM MCIOJIb30BaHUS IPOMYCKHON CIOCOOHOCTH ra30MpOBO/IOB.

5.1 IlpeanpoeKTHbIA aHAIH3

5.1.1 IloTeHuMANBbHBIE OTPEOUTEIN PE3YJbTATOB HCCJIEI0BAHUS

Jlnga anHanm3a moTpeOuTeNel pe3yabTaTOB HCCIEAOBAaHUS HEOOXOIUMO
paccMOTPETH 1IEIeBOI PHIHOK M ITPOBECTH €ro CerMeHTUpOBaHue [22].

L]ene6oti pviHOK — CETMEHTHI PbIHKA, HA KOTOpPOM OyAeT NpoJaBaThbCs B
OynymeMm paspabotka. B cBoto ouepens, ceamenm pvinka — 3TO 0COOBIM 00pazoM
BBIJICJICHHAS] YaCTh PBhIHKA, TPYIIBI TOTPEOUTENEH, 001aIaf0IMX ONPEACIICHHBIMU
OOLIMMU TTPU3HAKAMH.

B nanHo# paboTe MpoAyKTOM U 1IE€TIEBBIM PHIHKOM SIBJISIFOTCS:

nPOOYKm' TOBApHBIN Ta3;

M@]Z€6‘01x7 PbIHOK . Y KMJIIMIITHO-KOMMYHaJIbHOE XO3SIMCTBO.
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5.1.2 AHa/IM3 KOHKYPEHTHBIX TeXHUYECKUX pPellleHuii ¢ MO3UIIUH

pecypco3¢deKTUBHOCTH U pecypcocOepexeHust

HpI/I BCACHUH COOCTBEHHOTO IIpONU3BOACTBA H€O6XOI[I/IM CHUCTEMAaTHUYCCKUI

aHAIM3 KOHKYPHUPYIOIUX pa3pab0TOK BO M30EKaHWE MOTEpU 3aHUMAEMOW HUIIIH

PBIHKA. HCpI/IO,ZIHIIGCKI/Iﬁ aHaJIN3 KOHKYPCHTHBIX TCXHUYCCKUX pGHIeHI/Iﬁ C IIO3NII1H

pecypcodpHEeKTHBHOCTH MO3BOJISIET OIEHUTH 3(PPEKTUBHOCTh HAYIHOU pa3paboTKu

110 CPaBHEHUIO C KOHKYPUPYIOIMIMMU NpeAnpusTasiMu [22].

B Ta6HHHe 9 IMPUBCACHA OOCHOYHAA KapTa, BKIIOYaromiass KOHKYPCHTOB 110

IIPOM3BOCTBY TOBAPHOTO rasa.

Tabnuua 9 - OneHouHas KapTa Jyisi CpaBHEHUS KOHKYPEHTHBIX TEXHUYECKUX

peteHuit (pa3paboTok)

Bec BaLiabt Konkypenrocnoco6
Kputepuu oneHku KpuTe HOCTh
pust be b | by K(b Ky | Ko
1 2 3 4 5 6 7 8
TexHuyeckue KPUTEPUH OLEHKHU pecypcodppekTuBHOCTH
1. Beixog nponykra 0,3 4 3 5 1,2 09 | 15
2. KauecTBo nponykra 0,3 5 4 4 1,5 1,2 | 1,2
3. DHEProeMKOCTh MPOIIECCOB 0,1 4 4 4 0,4 0,4 0,4
JKOHOMHUYECKHE KPUTEPHH OLeHKH PP eKTHBHOCTH
4. llena 0,1 5 4 5 0,5 04 | 05
5. KoHKypeHTOCTIOCOOHOCTh MPOIyKTa 0,1 5 4 4 0,5 0,4 0,4
6. ®uHaHCHpPOBaHUE HAYYHON 01 3 4 5 03 04 | 05
pa3paboTku
Hroro 1

B¢y — IPOOYKT NPOBENEHHON UCCIIEN0BATENBCKON PAOOTHI;

b« — OAO «I"aznpoMHEPTHY;
b, — O00 «l"aznpom».
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5.1.3 SWOT-aunaau3

SWOT - Strengths (cunbhbie cToponbl), Weaknesses (ciabble CTOPOHBI),

Opportunities (Bo3moxkHoctr) u Threats (yrpo3sl) — TpeacTaBiIsieT CcoOOU

KOMILICKCHBIM aHaJIn3 HAY9HO-HUCCICA0BATCIILCKOT'O ITPOCKTA.

Pesynbratel meporo 3tana SWOT-ananuza npeacrtasiieHbl B Tadauie 10.

Tab6muma 10 — Matpuma SWOT

CWwibHbIE CTOPOHBI HAYYHO-
HCCJIeJ0BATEIHCKOI0 NPOEKTA:
1.CucreMarrnyeckoe MOBBIIICHNUE
yYpOBHS KBaTU(UKALINH.
2.Hannune kBa(pUIIMPOBAHHOTO
MepcoHaNa, UMEIOIIETO OMBIT
paboTHI B JaHHOM 00acTH.
3.Hannune nocTosHHBIX
noctaBmukoB (3amn.Cubups,
Tomckas 06s1acThb).

4.BpicoKO€ KauecTBO MPOAYKIHUH,
COOTBETCTBYIOILIEE MUPOBBIM
CTaH/IapTaM.

5.BHeapeHne HOBBIX Y3JI0B
o0opynoBaHuUs U

Cnalble CTOPOHBI HAy4HO-
HCCJIEI0BATEbCKOTO MPOEKTA:
1.Huszkuii ypoBeHb 3apabOTHOI

ILJIAThI JUIST MOJIOABIX
CIICLIMAJINCTOB.
2.Ycrapesiee 000pyI0BaHHE.
3.Bricokass  cTremeHb  HM3HOCA
00opyoBaHusl.
4 .IloBeleHue neH y
ITOCTABIIIUKOB.
5.BbIcOKMII  YypOBEHb  II€HHA

BBIITYCKACMYIO TPOAYKIHIO.

COBEPIICHCTBOBAHUS
TEXHOJIOTUYECKHUX IPOIECCOB.
Bo3MmoskHocTH: CuibHble CTOPOHBI u | Cnadble CTOPOHBI U
1.Cpoc Ha BBIITyCK BO3MOKHOCTH: BO3MO’KHOCTH:
TOBapHOTO rasa B 1.9¢dexruBHOe ucnonb3zoBanue | 1.Co3znanue 3¢ deKTUBHOMN
Poccun, B ctpaHax pEeCypcoB MPOU3BOCTBA. CUCTEMBI MOTHBAITUU "
EBpocoroza u B Asun | 2.0nTuMuzanus KOJINYECTBA | CTUMYJIUPOBAHUS s
OYEHb BBICOK U IMEET | MIOCPEITHUKOB 33 CUET MIOCTOSIHHBIX | COTPY/THHKOB.
YCTOWYHUBYIO U TPOBEpPEHHBIX MocTaBUIMKOB | 2.HapaGoTka u  yKkpemijeHue
TEH/ICHITUIO K (TTomp30BaTHCS yCIyraMH | KOHKYPEHTHBIX  MPEUMYIIECTB
YBEIUYEHUIO. MOCTOSIHHBIX TTOCTABILIUKOB). POAYKTA.
2.Manoe konuuectBo | 3.Ilonnepxanue yBesnnueHus | 3.MoaepHuzanus
MOCPETHUKOB Ha CIpoca U BBIXOJIa Ha HOBBIE PBIHKU | 000pYy/10BaHUS.
TEPPUTOPHUA cObITa TOBapa 3a cyeT BBICOKOTO | 4.BHenpeHue TeXHOIOTHI
HansHero Bocroka. KayecTBa MPOIYKIHH. 5. Bri6op ONITUMAIILHOTO

3.HeOompiioe
KOJIMYECTBO
KOHKYPEHTOB Ha
TEPPUTOPUU
EBpocoroza, Azuu.
4.BbICOKO€E Ka4eCcTBO
ITOCTAaBIISIEMBIX

pecypcoB.

nocraBOIMKa n 3aK/IIOYCHHE
JAOTOBOPHBIX OTHOIIICHUN
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Yrpo3sbl:
1.VBenuuenue ypoBHs
HaJIOTOB Ha

WCIIOJIb30BaHUE HEJIP.
2.IToBbIIEHUE
TpeOoBaHMI K
Ka4eCTBY MPOYKIIHH.
3.HecBoeBpemeHHbIE
MOCTAaBKA CBHIPbSI U
000pyIOBaHUsI.

CuiibHbIe CTOPOHBI U YTPO3bI:
1.Ilpumenenue ONTUMAJIBHOU
HaJIOTOBOM IOJIUTHUKH.

2.Buenpenue MEHEJKMEHTA
KayecTna.

3.Br16op ONTUMAJILHOTO
IIOCTaBIIMKA W 3aK/IIOYEHHE

JIOTOBOPHBIX OTHOIIIEHUH.

Cia0ble CTOPOHBI M YTPO3bI:
1.IToBblieHUE LIEH Ha
BBIITYCKAaEMYIO MPOAYKIIHIO.
2.Bri6op ONTUMAJILHOTO
MIOCTaBUIMKA W  3aKJIIOYEHUE
JIOTOBOPHBIX OTHOLIEHHUM.

5.1.4 OueHka roToBHOCTH MPOEKTAa K KOMMePUUAJIN3AIHU

Ha xkakou

OBI

CTag JXKU3HCHHOI'O MIUKJIIA HC HaxOoAWJIaCb Hay4dYHasd

pa3pa60TI<a IIOJIC3HO OLCHUTBL CTCIICHb €C I'OTOBHOCTH K KOMMCpPpLHAIN3alOUN H

BBISICHUTHb YPOBCHB COOCTBEHHBIX 3HAHUU IJIs1 €€ IIPOBCACHUA (I/IJ'H/I 3aBepHJCHI/I$I).

CrerneHb TOTOBHOCTHM HAy4dyHOM pa3palOTKH K KOMMEPIHAIU3AIUU U YPOBEHb

COOCTBECHHBIX 3HAHHI L €C IIPOBCACHUSA 3allOJIHACTCA B CHCHHaJIBHOﬁ (bopMe

(Tabmuma 11).

Tabmuma 11 — biaHk OIEHKH CTENEHH TOTOBHOCTH HAYYHOTO TMPOEKTa K
KOMMeEpLaIn3anuu
Ne n/n Crenenn YpoBeHb
HaumenoBanue NpOpabOTaHHOCTH  |MMEIOLIUXCS 3HAHUH
HAYYHOTO MPOEKTa y pa3paboTdnka
1. |OnpeneneH uMerOIHUIACS HAyYHO- 4 4
TEXHUYECKHN 3a]eJ1
2. |OmpeneneHsl NepCHEKTUBHBIE 3 3
HaIpaBJICHUs] KOMMEPIHATH3AIHN
Hay4YHO-TEXHUYECKOTO
3ajena
3. |OmpeneneHsl OTPACIH U TEXHOJIOTHU 3 3
(TOBaphl, yCIAyru) JUIsl IPEASIOKEHUS Ha
PBIHKE
4.  |Ompenenena ToBapHas popma HayqHO- 3 3
TEXHUYECKOTO 3ajie1a ISl IPEICTaBICHUS
Ha PBIHOK
5. |OmpeneneHsl aBTOPHI U OCYIIIECTBIICHA 2 2
OXpaHa UX MpaB
6. [TpoBeneHa oreHKa CTOMMOCTH 2 2
MHTEJUIEKTYaJIbHOH COOCTBEHHOCTH
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7. | IIpoBeneHb MAPKETHHTOBBIC 2 3
WCCIICIOBAHMSI PBIHKOB COBITA

8. | Pa3zpaboran OusHec-1uiaH 2 2
KOMMEPIHATN3aIMH HAYYHOH pa3paboTKu

9. | OnpeneneHsl MyTH MPOABIKEHHS 3 2
HAYYHOI pa3pabOTKK Ha PHIHOK

10.| Pazpaborana crparerus (popma) 3 3
peanu3ayy HayqHol pa3paboTKu

11.| ITpopaboTaHbl BOMPOCH MEXKTYHAPOTHOTO 2 3

COTPYAHMUYECTBA M BBIX0/1a HA
3apyOeKHBIN PHIHOK

12.| IlpopaGoTaHbl BOIPOCH! HCIIOJIE30BAHHMS 2 1
yCIyT MHPPACTPYKTYPBI HOIIEPKKH,
MIOJTY4YEHUS JIbTOT

13.| IIpopaboTanbl BOpockl GUHAHCUPOBAHUS 2 2
KOMMEPIMATN3AIUN HAYIHOU pa3pabOTKH

14.| Umeetcs koMaHa mid 2 2
KOMMEPIHATU3aIMH HAYYHOH pa3paboTKu

15.| IIpopaboTan MexaHU3M peaTn3aluu 2 2
HAYYHOTO MPOEKTA
NTOI'O BAJIJIOB 37 37

IIo pe3yiibTaTaM OLICHKH MOKHO CKa3aTb, YTO JaHHAs pa3pa60TI<a CUHTACTCA

CpeaHEN NEPCIIEKTUBHOCTH.

5.2 HNHuunuamusi NnpoeKTa

I'pynna mnpoueccoB HWHULMALMKA COCTOMT M3 TPOLECCOB, KOTOpHIE

BBIMIOJIHAIOTCS  JUIA  ONpPENENeHHs HOBOTO MpOeKTa WM HOBOM  (ha3bl
CylIecTByIomero. B pamkax mpoIieccoB MHUIMALMN OMPEISISIFOTCS U3HAYaIbHbIC
IICJTH ¥ COJIepKaHue U (PUKCUPYIOTCS U3HAYalIbHbIe (PMHAHCOBBIC pecypchl [22].
3aMHTEpeCcOBaHHbIE CTOPOHBI MPOEKTa, KOTOpble OYyAYyT B3aMMOICHCTBOBATH U
BJIUSATH HA OOLIMI pe3ysIbTaT HAYYHOI'O MPOEKTa yKa3aHbl B Tabnuie 12.

Tabnuia 12 — 3anHTepecOBaHHBIE CTOPOHBI TPOCKTA

3anHTepecoBaHHBbIE CTOPOHBI MPOEKTA

O)KI/IIlaHI/Iﬂ 3AMHTEPECOBAHHBIX CTOPOH

X(HJ'IHI.LIHO-KOMMYH&J’IBHOC XO035MCTBO

ToBapHslli ra3




B Tabnurie 13 npeacrasiena nadopmarus o iepapXxuw Ieeil MPoeKTa U KPUTEPUSIX
noctuxenust  nened.  llemn  mpoekTa  BKIIOYAKOT  LEeaM B oOJsacTu
pecypcoddHEKTUBHOCTH U peCypcocOepeKeHus.

Tabmuma 13 — [enu u pe3ynabTaT mpoeKTa

ITonmyyenue ToBapHOro raza
esn mpoexra:

O:xuaemble pe3yJbTaThl [Tonyuenue pe3yabTaToB MO paboTe C MaTeMaTHYECKON
NpoeKTa: MOJIETIBIO

Kpurtepun npueMku

pe3y.IbTaTa mpoeKTa: AJIEKBaTHOCTb PE3yJIbTaTOB

TpebdoBanmue:

TpedoBanus Kk pe3ybTaty
npoeKTa: CranpapTuzanus roTOBOro NpoayKTa

5.2.1 Oprann3anuoHHasi CTPYKTYpa MPOeKTa

Ha nannowm stane paboThl HEOOXOIUMO PEIIUTh CIAEAYIOIINE BOMPOCHI: KTO
OyZeT BXOIUTh B pabOUyI0 TPYMIYy JAaHHOTO MPOEKTa, ONMPEACIUTh POJb KaKIOTO
yY4aCTHHKA B JIaHHOM TIPOEKTE, a TaKKe Mpomucarh (DYHKIMH, BBITIOJIHIEMbIC
KQKJIbIM M3 YYACTHUKOB U UX TPYA03aTPAThl B IPOEKTE.

Ota undopmanus npeacrapicHa B Tadauie 14.

Tabnuia 14 — PaGouas rpyria mpoekTa

Ne ®HO, Pouib B DyHKIUH Tpyno3arparsl,
n/n OCHOBHOE€ MeCTO npoeKTe yac.
padoThI,
TOJIKHOCTh
1 Xnebnukosa Enena PykoBoauTens Koopaunanus 250
Cepreesna, HU TIIVY, NEeITeTLHOCTH
kapenpa XTT u XK, IIPOEKTa
AccucrenT,
npernojaBaTelb
2 Haranps [To3gasKOBA, Ucnomantens | Beimoanenne BKP 620
HU TI1V, kadenpa XTT
u XK, cTyneHt

HUTOTI'O: 870
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5.2.2 OrpaHu4eHus U 10MyIIeHUS MPOEKTA

OrpaHuueHusi MPoOeKTa — 3TO Bce (PAKTOPBI, KOTOPhIE MOTYT MOCIY>KUTh

OI'paHUYICHHUCM CTCIICHU CBO6OI[BI Y4aCTHUKOB KOMAHAbI IIPOCKTA, a TaKXCE

«TpaHUIlBl TPOEKTa» - MapaMeTpbl MPOEKTa WIH €ro MPOoayKTa, KOTOpbIe HE OyIyT

peaIn30BaHHbIX B paMKax JaHHOTO MpoekTa (Tadnuma 15).

Tabnuna 15 — Orpanndenus npoekTa

dakTop

Orpanndenus/ JONyIIEHUS

3.1. broker npoekTa

17626718,81 py®.

3.1.1. Uctounuk puHAHCHPOBAHUS

OAO «Boctokrazmnpom»

3.2. Cpoku nmpoekra:

11.01.16-25.05.16

3.2.1. aTta yTBepKIaeHuUs I1aHa 11.01.16
yIIPaBJICHUS TIPOCKTOM
3.2.2. [laTa 3aBepuieHus MPOeKTa 25.05.16

5.3 IlnanupoBaHue ynpapjeHUs HAYYHO-TEXHUYECKUM MPOECKTOM
5.3.1 Ilnan npoekra

B paMkax mIaHMpOBaHMST HAYYHOTO TIPOEKTa HEOOXOAMMO TOCTPOMTH

KaJICHIAPHBIN U CeTeBOM rpaduku mpoekra [22].

JluneitHbIi rpaduK MpecTaBieH B Bue Tabuiibl (Tadmmuia 16).

Tabnuua 16 — KanengapHblil 1U1aH NpoeKTa

CocraB
JIINTEeIbHOCTD, JlaTa Hayama JlaTa OKOHYaHUSA
HasBanue YYaCTHUKOB
JTHU pabor pabot
Nzyuenue 30 11.01.16 10.02.16 Haranbs
JUTEpaTypHl, TTo3naakosa
COCTaBJICHHE
JIUTEPaTypHOTO
0030pa
Pacuer Ha 28 11.02.16 08.03.16 Haranes
MaTeEMaTUYECKON [lo3nHsKOBa
MOJIEIIN
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OO6cyxnenue 28 09.03.16 05.04.16 Hataibs
MOJTYYCHHBIX ITo3aHsxoBa
pe3yJabTaTOB XneOHuKOBa
Enena
CepreeBHa
Odopmnenue 20 06.04.16 25.04.16 Haranbs
BBIBOJIOB Ilo3gusikoBa
XneOHUKOBa
Enena
CepreeBHa
Odopmrnenue 18 26.04.16 13.05.16 Haranbs
MOSICHUTEILHOMN ITo3nasakoBa
3aIHUCKH XneOHHUKOBa
Enena
CepreeBHa
Htoro: 124 11.01.16 13.05.16

Tabnuna 17 — Kanengapusiit ian-rpaduk nposeaenuss HUOKP no teme

Bun pabor Ucnonaurenu | Ty, | [IpogomKuTeNbHOCTD BHIOTHEHUS pabOT
Kam
JiH. | AHB dbesp MapT anpenb | mMaii
2131231231231 |23
Nzyuenue Crynent 30 |
JTUTEPATYPHI, /
COCTaBJICHHE
JTUTEPATypHOTO /
o030pa /5
Pacuer Ha Crynent 28 [
MaTeMaTU4eCKON /
MOOEIu /
Ob6cyxnenue CryneHr, 28 7
MTOJTY9IEHHBIX PYKOBOTUTEITH /// Z
pE3yNbTaTOB
Odopmnenue CryneHr, 10 7
BBIBOZIOB PYKOBOIUTEND %
Odopmitenne CryneHr, 40 7
HOSICHUTEIbHOMU PYKOBOIUTEID
3aIMACKH
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5.3.2 BrogxeT HAyYHOr0 MCCIEeAOBAHUS

[Ipy maHupoBaHUM OOJKETa HAYYHOTO HCCJIACAOBAHUS JIOHKHO OBITH
o0ecIieuyeHo TIOJHOE ¥ JOCTOBEPHOE OTPAKEHHE BCEX BHJIOB IIAHUPYEMBIX
pacxo0B, HEOOXOAUMBIX JIJIS €r0 BBIOJIHEHUs [22].

B mpomecce ¢opmupoBanus OromkeTa, IIAHUPYEMBbIE  3aTpaThl
IPYIIIUPYIOTCS N0 CTAaThsM, IPEACTaBICHHBIM B Ta0auue (Tabauua 18).

Coipbe, mamepuanst, NOKynHble U30eaus u noayghaopuxamaot
(3a svluemom omxo008)

Tabnuna 18 — 'pynnupoBka 3aTpat 1o cTaThsiM

3aTpathl MO CTAThSIM
Cripbe, CnenuansHOE OcHoBHas Homomaun- | OtunciaeHus Htoro
MaTepuaibl o0opysnoBaHue | 3apa0oTHas | TeJbHas Ha IJIaHOBast
(3a BBIYETOM JUISL HAyYHBIX miara 3apaboTHAas | COIMAIbHbBIE cebecrou-
BO3BpaTHBIX | (3KCIIEpUMEHTA- miara HYKIBI MOCTh
OTXOJIOB), JILHBIX) paboT
TTOKYITHBIE
U3JIeHs U
nosrydabdpu-
KaTbl
1) 50000 17500000 52947,36 6067,11 17704,34 17626718,81
2) 60000 17500000 52947,36 6067,11 17704,34 17636718,81
3) 80000 17500000 52947,36 6067,11 17704,34 17656718,81

Pacuér ctoumMocTy MaTepHalIbHBIX 3aTPAT MIPOU3BOAUTCS MO ACHCTBYIOIIUM
IPEMCKypaHTaM HJIM JIOTOBOPHBIM ILIEHaM. B CTOMMOCTh MaTepHalbHBIX 3aTpar
BKJIIOUYAIOT TPAHCIIOPTHO-3arOTOBUTENIBHBIE pacxoibl (3 — 5 % ot 1iensl). B oty xe
CTaThIO BKJIIOYAIOTCS 3aTpaThl Ha OQOpPMIICHHE NOKYMEHTAlUUU (KaHLEISPCKUE
NPUHAAJIEKHOCTH, TUPAKUPOBAHUE MATEPUATIOB.

3arpaThl Ha CbIpbE, HEOOXOIUM KaTalu3aTop JUIsl MpeaoTBpaIleHUs
ruipatooOpa3oBaHil, TaKUM KaTajau3aToOpoM siBisieTcss MeraHon. OpHa TOHHA
Meranona crouT 20000 pyOnei. 'a3 sBisercss mMOOOYHBIM MPOAYKTOM JTOOBIYM
He(TH, 3aTPaThl HA UCXOJHOE CHIPHE PABHBI HYIIIO.

B nmpunoxenue ' npuBeieHbl MaTEpUAIIBHBIE 3aTPATHI.
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Cneyuanvnoe ob6opyoosanue 011 HAYUHbIX (IKCREPUMEHM ATbHBIX)
pabom

B naHHyI0 cTaThio BKIIIOUAIOT BCE 3aTPaThl, CBSI3aHHbBIE C IPHUOOPETEHHEM
cenuaibHOro  obopyaoBaHus — (MpUOOPOB,  KOHTPOJIBHO-HU3MEPHUTEIBHON
anmnaparypbl, CTEH/I0B, YCTPONCTB U MEXaHU3MOB), HEOOXOIMMOTO JJIsl TPOBEICHHUS
pabotr mo KoHKpeTHOM Teme (mpunokenue J[). OmnpezneneHue CTOUMOCTH
crero00pyI0BaHUST MTPOU3BOAUTCS TIO JIEHCTBYIOIIMM MpEHCKypaHTaM, a B Psfc
CJIy4aeB MO JIOTOBOPHOM LIEHE.
B npunoxenue /| npuBenén pacy€r 3aTpar no cratbe «CnenodopyaoBaHue 1Jis
HAy4YHBIX paboT»

Ocnognasn 3apadomuan niama

B HacrosmIyro cTaThio BKIIOYAETCs OCHOBHAS 3apa00THAs MJ1aTa HAyYHbIX U
WHKCHEPHO-TEXHUYECKUX PAOOTHUKOB, pabOUYMX MAaKETHBIX MACTEPCKUX U
OTIBITHBIX MTPOU3BOJICTB, HETIOCPEACTBEHHO YYACTBYIOIIMX B BBHIITOJIHEHUH PAOOT 1O
JaHHOU TeMme. BennunHa pacxoJ0B Mo 3apa00THOM M1aTe OonpenenseTcsi UCXO0Is U3
TPYJOEMKOCTH BBITIOJHAEMBIX paOOT M JIEUCTBYIOIIECH CUCTEMBI OIUIAaThl TpyAa. B
COCTaB OCHOBHOW 3apabOTHOM TJIaThl BKJIIOYAETCS MPEMHUS, BBIILIAYMBAaEMast
exxemecsiyHo U3 (poHaa 3apaboTHOI matTel (pazmep onpezaensercs [lonoxennem 06
oruiate Tpyzaa). Pacder ocHOBHOI 3apaO0THOM MIaThl CBOJUM B TaOIuILy 19.

Tabnuua 19 — Pacyér ocHOBHOM 3apabOTHOM IIaThI

Hcnonaurenu 35, kp 3u 3, Tp, 3ocn,
pyo. pyo pyo. pab.nH. pyo.
PykoBoaurens 14584,32 | 1,3 |18959,62| 631,99 64 40447,36
CryneHt 2500 88 12500

Cratbsi  BKJIIOYAET OCHOBHYIO  3apabOTHYIO IJIaTy  paOOTHHUKOB,
HETIOCPEICTBEHHO 3aHATHIX BBITIOJHEHUEM MPOEKTa, (BKIIOYAs MPEMUH, JOTIIATHI)

U JIOTIOJTHUTENIbHYIO 3apa00THYIO TIATY.

CSH = 3OCH + 3,[[01'[’ (54)

rae  3oen — OCHOBHAS 3apabOTHasI I1aTa;
310n — JOTIOJIHUTEIbHAS 3apab0THAs ILIaTa.
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OcHoBHas 3apaboTHas miaTa (3.cs) PYKOBOIUTEIS (JTaOOpaHTa, HHXKEHEPA)
OT TIpeAnpuATHs (MIPU HATMIUU PYKOBOAUTENS OT MPEANPHUSITHS) PACCUUTHIBACTCS
1o cienytomieit popmyre:

Boen =3 T pasy (55)

rae 3oci— OCHOBHAs 3apaOOTHAs TuiaTa OJHOTO PaOOTHHKA;

Ty~ DpoROIKUTENBHOCTh PAOOT, BBINOIHAEMBIX HAyYHO-TEXHUYECKUM
paboTHUKOM, pald. AH. (Tabmuma 18);

3— CpelHeIHEBHAS 3apaboTHAs Tu1aTa paboTHHKA, PYO.

CpennenneBHas 3apabOTHasI IIaTa pacCUUTHIBAETCS 10 hopmyJie:

_3,'M
mo F ' (56)
P
rae 3, — MECSYHBIN T0KHOCTHOM OKlaja paboTHUKA, pyo.;
M — KoJIM4ecTBO MecsLEB padbOThI 0€3 OTITyCKa B TEYEHUE TOJA!
pu oTycke B 24 pab. qusa M =11,2 mecsiia, 5-1HeBHAs HEEs;
npu otnycke B 48 pab. nueit M=10,4 Mecsitia, 6-1HeBHAs HEIEIIS,
F. — neiictBuTenbHBIA T0/10BOM (OHA padodero BpPEeMEHU HAYYHO-
TEXHUYECKOTO TIepcoHana, pad.au. (tadbnuma 20).
Ta6nuna 20 — baanc pabodero BpeMeHu
IToxa3atenu paGouyero BpemeHun PykoBoaurear |CryaeHT
Kanengapnoe uncio qxei
136 136
KonuyecTBo Hepabouux gHeH 42 42
- BBIXOJIHBIE JIHU 6 6
- MMpasgHUYHBIC JTHU
[ToTepu pabouero BpeMeH!
- OTILYCK 24 -
- HEBBIXOJIBI IO 0O0JIE3HU
JeiicTBuTenbHBIN T010BOK (POH paboyero BpeMeH! 64 88
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/Jlononnumenshasn 3apadomnan naama HAy4YHO-nPOU3600CMEEHHO20
nepconana

B nmaHHyl0 cTaThi0 BKIIIOYAETCS CyMMa BBIIUIAT, MPEAYCMOTPEHHBIX
3aKOHO/IATEIBCTBOM O TPYJE, HApUMEp, OIUIaTa OUYEPEAHBIX U JTOMOTHUTEIbHBIX
OTIIyCKOB; OIUIaTa BPEMEHHU, CBSI3aHHOTO C BBINOJIHEHUEM TOCYAApCTBEHHBIX U
OOIIECTBEHHBIX 00513aHHOCTEH; BBITUIATa BOZHATPAXKICHHUS 32 BBICIYTY JIET U T.II. (B
cpenaeM — 12 % OT cyMMBbI OCHOBHOM 3apa0OTHOM TIaThl).

JlononHuTeNbHAS 3apaboTHA MJ1aTa paccuuTbiBaeTcs ucxos uz 10-15 % or
OCHOBHOM 3apa0O0THOM IUIaThl, pAOOTHUKOB, HEMOCPEICTBEHHO YYacCTBYIOLIUX B
BEITIOJTHCHHUE TEMBI:

3,Z[OI'I = kHOH : 3OCH (57)
rae  3jon — JOTIOJIHUTENIbHAS 3apaboTHAa iata, pyo.;
Kyonr— KO3 (GHUITMEHT TOTIOJIHUTEIBHOM 3apILIaThl;
3ocu — OCHOBHAs 3apaboTHas 1iata, pyo.

B tabnune 21 npuBeneHa gopma pacuéra OCHOBHON U JOMOJHUTEILHOU

3apa0OTHOM TIJIATHI.

Tabnuna 21 — 3apaboTtHas miara ucnoguuteneit HTU

3apaboTHas nmJjara PykoBoauTeJib MaructpaHr

OcHoBHasl 3apriaTa 40447,36 12500
JlomomHATEIBHAS 3apILiaTa 6067,11 -

Hroro o crarse Csy 46514,47 12500

Omuyucnenus Ha cCOUUAIbLHLIE HYHCObL

Cratbs BKJIIOYACT B €Ol OTUMCIICHHUS BO BHEOIOKETHBIC (DOH/IBI.

CBHe6 = kBHe6 : (3OCH + 3;{011) ’ (58)
r7ie Kenes =30 % K03 GUIIMEHT OTYHUCICHUH Ha YIUIATy BO BHEOIOIKETHBIC

dboHbI (MEHCHOHHBIN (oHA, (GOHA 00A3aTEILHOIO MEIUIIMHCKOTO CTPAXOBAHUSI U
npouue).

Tabnuia 22 — OT4rcieHus Ha COIUATbHBIC HYKIbI

PykoBoaurenb Marucrpanr
3apruiara 46514,47 12500
OTyucIeHus: Ha COLIMAIIbHBIE HYK]IbI 13954,34 3750
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5.3.3 Oprann3anuoHHasi CTPYKTYpPa NPOEKTa

B mpakTuke — UCHONB3YyEeTCSI  HECKOJIbKO  0a30BBIX  BAapUAHTOB
OpPraHM3AIMOHHBIX CTPYKTYD: (DyHKUIMOHANBHAs, IPOCKTHASI, MaTpu4Has (Tabmuia
23).

Tabnuua 23 — Be16op opraHu3aliioHHON CTPYKTYphl HAYYHOTO IPOEKTa

Kpurepun Boi6opa DYHKIHOHAIbHASA MarpuyHasn IIpoexTHas
CreneHb HeonpeaeJeHHOCTH Hu3skas Beicokas Bricokas
YCJI0BMII peain3aliy MPoeKTa
TexHoJI0rusi NPOEeKTa CrannaprtHas CnoxHas Hosas
CJ10:KHOCTH NMPOEKTAa Huskas Cpennsis Bricokas
B3aumMo03aBHCHMOCTBb MEXKIY Huskas Cpennsis Beicokas
OT/AeIbHBIMH YACTAMH IIPOCKTA
Kpurnunocrs pakropa BpemeHu Huskas Cpennsis Beicokas

(o0s13aTENILCTBA MO CPOKAM
3aBepleHusi pador)
B3aumocss3b u Bricokas Cpennsis Huzkas
B3aMMO3aBHCHUMOCTD MIPOEKTA OT
opranuszaunui 0oJiee BLICOKOTO
YPOBHS

BbIBO/I: Ha OCHOBE MPOBEEHHOTO aHAJIM3a BHIOOpA OPraHU3AIMOHHON CTPYKTYPhI

HAay4YHOTO MIPOEKTA - HauboJiee BLITOIHOM SIBJISIETCSI TPOCKTHASI CTPYKTYpa.

5.4 Omnpenenenne pecypcHoii (pecypcocOeperamwomieii), ¢puHaHCOBOI,
OI0I’KeTHOM, COUMATBHON U IKOHOMUYECKOM 3P (PeKTUBHOCTH HCCIEIOBAHUSA

D¢ (hHeKTUBHOCT HAYUYHOI'O PeCcypcocOEeperarwiero mpoeKkTa BKIOYAET B
ceOss  comuanbHyr0  3(G(PEKTUBHOCTh, OSKOHOMHYECKYID M  OIOJKETHYIO
sbdextuBHOCTh. [lokazaTenu oOmECTBEHHOW HS(PPEKTUBHOCTH  YUYUTHIBAIOT
COIMAJIBHO-DKOHOMHYECKHE TIOCIICJCTBUS OCYIIECTBICHHS HHBECTHUIIMOHHOTO
MIPOEKTa KaK JJisg OOIIEeCTBa B 1IEJIOM, B TOM YHCIIE HEMTOCPEICTBEHHBIE PE3YJIbTATHI
Y 3aTpaThl IPOEKTA, TAK U 3aTPATHI, U PE3YIBTAThI B CMEXKHBIX CEKTOPaX IKOHOMHUKH,
9KOJIOTHYECKHUE, COIIMAIbHBIC U UHBIC BHEAIKOHOMUYECKHE dPPeKTh [22].
[TokazaTenmu SKOHOMUYECKON 3(PGHEKTUBHOCTH MPOCKTA YUYUTHIBAIOT (PMHAHCOBBIC

MOCJEACTBUS €r0 OCYIIECTBIEHHUS ISl NPEANPUATHS, PEATU3YIOIIETO JaHHBIN
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npoekT. B 3TOoM ciydae mnokaszarenu S()@EKTUBHOCTH NPOEKTa B IEJIOM
XapaKTepU3yIOT ¢ YKOHOMUYECKON TOYKH 3PEHUSI TEXHUYECKUE, TEXHOIOTHUECKHE
¥ OpraHU3alMOHHbIE TPOEKTHBIC PEIICHNUS.

bromxeTHas 53 PeKTUBHOCTD XapaKTEPU3YETCs yHaCTUEM IOCYAapCTBa B IIPOEKTE C

TOYKH 3PCHUA paCXOd0B U JO0XO0IA0B 61-0,[[}K€TOB BCCX yp0BH€I?I.

5.4.1 Ouenka a0co/I0THO 3(PPEeKTUBHOCTH HCCIAETAOBAHNS

B ocHOBE MpPOEKTHOr0O MOAXOJAa K MHBECTUIIMOHHOM  JEATEIBHOCTH
NPEANPUATUS JIEKUT NPHUHIMI JEHEKHbIX MOTOKOB (cash flow). OcobeHHoCThIO
ABJISIETCSA €r0 MPOTHO3HBIA U JIOJITOCPOYHBIN XapakTep, MO3TOMY B MPUMEHSIEMOM
MOAXOJIe K aHAJIM3Y YUYUTHIBAIOTCS (akTop BpeMeHU U (paktop pucka. /s oueHku
oOmielt 3KOHOMHYECKOW A()(PEKTUBHOCTH WHHOBAIMA B KayeCTBE OCHOBHBIX
IoKasaresed peKOMEHIYIOTCS

®  YHCTBIM JUCKOHTUPOBAHHBIN JOXO/I;

e  BHYTPEHHsS HOpMa JIOXOJHOCTH;

®  CpPOK OKYyIIa€MOCTH;

®  HHJCKCHI JOXOAHOCTH 3aTpaT U UHBECTULIMW U IPYTOE.

Bce mnepeuncrieHHble TOKa3aTEIM OCHOBBIBAIOTCA Ha COMOCTABJICHUU YHCTHIX
JICHE)KHBIX MOCTYIUICHUI OT ONEPAllMOHHON M MHBECTUIIMOHHOMN AEATEIbHOCTH, U
VX MPUBEICHUU K ONPEAECICHHOMY MOMEHTY BpPEMEHHU. TE€OpEeTHUYECKH YHUCThIC
JICHeX)KHbIC TOCTYIUICHUS MOXXHO TMPUBOJUTH K JIOOOMY MOMEHTY BpeMeHH (K
Oynymemy 100 TekyleMy mnepuoay). Ho s mpakTHUecKHUX Ieed OICHKY
WHBECTUIIUU YJO0OHEe OCYIICCTBISATh HAa MOMEHT TMPUHSATHSA peIIeHU 00

HHBECTHUPOBAHNU CPCACTB.

Yucmoiii ouckonmuposanuwlil 0oxoo (NPV) Y]

[1naH neHeXHBIX TOTOKOB IIPEACTaBIICH B TabuIie 24.
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Tabnuna 24 — PacdeTt 4MCTO# TEKYIIEH CTOMMOCTH 10 TPOEKTY B IIEJIOM

Tompr (t=0,1,2...n)
HaumenoBanue nokasaress 0 1 2

BeIpyuka oT peanmsanuu,
TBHIC.pyO 40000 40000
VHBeCTULIMOHHBIC U3ICPIKKH,
TBIC.pYO. -17626,72 0 0
AmMopTu3zanusi 060pyI0BaHuUs,
TBIC.pYO. 875 875 875
Chipbe, ThIC.pYO. 50 50 50
®OT, TBIC.pYO. 59,02 59,02 59,02
[TpuObLIb 10 BHIYETA HAJIIOTOB,
TBIC.pYO. 0,0 39890,98 39890,98
Hanorun

0,0 7978,196 7978,196
Yucrasi npuObLIb, THIC.pYO. 0,0 31912,784 31912,784
YHucThlil NEHEKHBIN OTOK
YAI=Hancr+Am -17626,72 32785,784 32785,784
Koaddumment
JUCKOHTUPOBAHHUS
(mpuBenenus npu 1=0,20) 1 0,833 0,694
JIMCKOHTUPOBAHHBIN YNCTHIN
JICHEKHBIH TTOTOK -17626,72 27320 22770
To ke HapacTarIMM UTOTOM
(NPV) -17626,72 9695 32460

Takum o00pa3om, uucras TeKyilas CTOMMOCTh MO TPOEKTYy B IEJIOM
coctasisier 40000000 1. ex., 4TO MO3BOJISIET CYAUTH O €r0 YPPEKTUBHOCTH.

Huckonmuposannstii cpox okynaemocmu (PP)

Meron pacuera cpoka okynaemoctu uHBectunnii PP (Tokym.) cocrour B
OTPEICJICHUH TOTO MEePUO/Ia, Yepe3 KOTOPHIA MepBOHAYATIbHBIE HHBECTUIIUUA OYTyT
BO3BpAIIEHBI MPUOBLUIBIO HIJIA YUCTHIMH JICHEKHBIMH MOCTYIUICHUSIMHU.

UucTeie NeHeKHBICTIOCTYTUICHHS! (MMPUOBLIL) TI0 TOaM HEpaBHOMEpHBI. B maHHOU
CUTYaLIMUCPOK OKYITa€MOCTH

YCTaHABJIINBACTCA IIyTEM OIpCACIICHHUA

KyMYJISITUBHOTO(HAKOIIJIEHHOTO) ICHEKHOTO MOTOKa (Tabnuua 25).
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Tabnuna 25 — JIuCKOHTUPOBAHHBIN CPOK OKYAaeMOCTH

Ne | HammeHoBaHHE moOKa3aTens [ITar pacuera
0 1 2
L JWMCKOHTHPOBAHHEI -17626,72 27320 22770
YUCTHIN ACHCKHBINU ITOTOK

(i=0,20)

2. To e HapacTarOIHUM -17626,72 9695 32460
HUTOIOM
3. JMCKOHTUPOBAHHEIN CPOK PPIICK =17626,72/32785,784 = 0.54 rona
OKYIIacMOCTHU

Buympennsa cmaska ooxoonocmu (IRR)

JIns  ycTaHOBJIGHUS TOKaszaTelss 4YHCTOM Tekymier croumocta (NPV)
HEO0OXOoMMMO  pacnonaratb MHGOpMalMer o CTaBKe JUCKOHTHUPOBAHUS,
OTIpe/ieTICHNEe KOTOPOM SBISIETCSl MPOOJEeMON, TMOCKOJBKY 3aBUCHUT OT OIICHKH
skcnepToB. [loaToMy, YTOOBI YMEHBIINUTH CYOBEKTHUBU3M B OllEHKE d9(PPEKTUBHOCTU
WHBECTUIIMA HA TIPAKTUKE IMHPOKOE pPACHpOCTPaHEHUE TMOIYyYHUI METO/,
OCHOBAHHBIN Ha pacueTe BHyTpeHHeH ctaBku goxoaHoctu (IRR).

Mexnay unctoii Tekyuieit croumoctbio (NPV) u cTaBkoit TMCKOHTHUPOBAHUS
(i) cymectByer oOpaTHast 3aBUCMMOCTD. JTa 3aBUCUMOCTD CJICIYET U3 TaOIHIIbI 26
u rpaduka, IpeCTaBIEHHOTO Ha pUCYHKE 9.

Ta6nuna 26 — 3aBucumocts Y1 oT cTaBKM TUCKOHTUPOBAHUS

Y/, TeIC. pybOaeit
KoadduuneHt quckoHTHpOBaHUS 3a 1 ron
i=0,1 12180000
i=0,2 9695000
i=0,3 7593000
i=0,4 5792000
i=0,5 4230000
i=0,6 2864000
iI=0,7 1659000
i=0,8 587600
i=0,9 -371044
i=1,0 -1234000
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HOPMA ANCKOHTA(I)

Pucynox 9 — 3aBucumocts NPVOT cTaBKM TUCKOHTUPOBAHUS

N3 Tabmunpel u rpaduka cieayer, 4YTo IO MeEpe pocTa CTaBKU
JUCKOHTUPOBAHMSI YHUCTas TEKyIlass CTOMMOCTb YMEHBIIAeTCs, CTaHOBSCH
OTpULIATENLHOM. 3HaUE€HHUE CTaBKH, pu KoTopoil Y/I/1 obpamiaercst B HyJb, HOCUT
Ha3BaHUE «BHYTPEHHEHN CTaBKH JOXOJHOCTU» WM «BHYTPEHHEW HOPMBI IPUOBLIN.
U3 rpaduka nonyyaem, uro IRR cocrasnser 0,87.

Huoexc ooxoonocmu (penmaoenvnocmu) uneecmuyuii (PI)

NHupeke JOXOAHOCTH MOKa3bIBAET, CKOJIBKO NPUXOJUTCS
JTUCKOHTUPOBAHHBIX IEHE)KHBIX MOCTYIUICHUI HA pyOJIb MHBECTHIIHIA.

Pacuyet sToro nokasaress ocyuecTBisieTcs o popmyie:

Vg,
PI=—"——L1/l,, (59)
= (1 +1)

rac |0— NCpBOHAYAJILHBIC MHBCCTHUILINU.

JIMCKOHTHPOBAHHBIN YHCTHIN AeHEKHBIH MOTOK (i=0,20)
CrnenosarenbHo: (3a 1 rox)

32785.784
1+0.2
17626.72

= 1.55
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YcnoBueM 3(G(EKTHBHOCTH WHBECTUIIMOHHOTO TIPOEKTa 110 JTAHHOMY
ToKa3aTelio siBisiercs BeimoiHenue Pl > 1. (1,55 > 1).

NHBecTUIIMOHHBIN IPOEKT d(PPEKTHUBEH.

5.4.2 Ouenka cpaBHHUTEJIbHOMI I(P(PEeKTUBHOCTH HCCICTOBAHUS

Onpenenenne >PQPEKTUBHOCTH IMPOUCXOJUT HA OCHOBE pacydera
UHTETPAIIBHOTO TOKa3aTens dS()PEeKTUBHOCTH HAy4dyHOro wuccienoBanusa. Ero
HaXO0XJICHUE CBS3aHO C OINpPEACIICHUEM [IBYX CpPEIHEB3BEILIECHHBIX BEIMYUH:
¢dbuHaHCcOBOM 3PHEKTUBHOCTH U pecypcorhHEKTUBHOCTH.

WNHTerpanbHblii  moKaszareslb (QUHAHCOBOM 3(PQPEKTUBHOCTH HAYYHOIO
UCCIIEIOBaHMs TIOJY4yalOT B XOJE OLEHKH OJKeTa 3arpaT JByX BapHaHTOB
WCITOJIHEHHSI HAy4yHOro HcciienoBanus (npuioxenue E). s aToro Hanboapmmi
MHTETPAIbHBIN TOKa3aTeNb Peau3allii TEXHIUECKOH 3a/1aull MPUHUMAETCA 3a 0azy
pacuera (Kak 3HaMEHATeNb), ¢ KOTOPBHIM COOTHOCHUTCS (PMHAHCOBBIE 3HAYEHMSI IO
BCEM BapHaHTaM HCIIOTHEHUSI.

B npunoxenun E nmpuBeaeHa rpynnupoBka 3aTpaT MO CTaThsIM aHAJIOrOB
pa3pabOTKH.

Nurterpansubiil GUHAHCOBBIN TTOKa3aTEIb pa3padOTKU ONPEACIISIETCS KaK:

D 17626718,81
P=—2 = = 0,998, (60)
®  ®nqr 17656718,81
Dy 17636718,81
I(gl = = = (0,999, (61)
®max  17656718,81
192 ®p; 1765671881 (62)
¢ T @, 1765671881

rae | - uATerpanbHbIi GUHAHCOBBIN MOKA3aTeNb Pa3pabOTKH;

®,i — cTOMMOCTB I-TO BapuaHTa UCTIOTHEHHUS;
Dmax — MaKCUMaJIbHast CTOUMOCTb VICITOJIHCHHSI Hay4HO-

HCCIIEI0BATENbCKOTO MPOEKTA (B T.4. aHAJIOTH).
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[lomyueHHnass BeIMYMHA MHTErPajbHOrOo (MHAHCOBOTO  TMOKa3aTells
pa3paboTKU OTpakaeT COOTBETCTBYIOILEE YMCICHHOE YACLIEBIECHUE CTOMMOCTH
pa3paboTKU B pasbl.

WuTerpanbHplii  mokazaTenb — pecypcod(PdEKTUBHOCTH  BapUaHTOB

HCIIOJTHECHUS 00beKTa HUCCICAOBAHHNA MOKHO OIIPCACINTD CICAYIOIINM 06pa30M:

n
a a
19=>"ab
i=1

, (63)
n
p _ p
I m z ai bi
i=1 , (64)
I .
rge " — I/IHTeraJ'IBHBII/I IIOKAa3aTcCJIb pecypcoaq)(l)eKTI/IBHOCTI/I BapI/IaHTOB;

a. o .
I — BecoBOM KOA((OUIIMEHT 1-TO MapaMeTpa;

h? b? .
b, T — OanbpHas OICHKA 1-T0 IIapaM<CTpa I aHallora M pa3pa6OTKI/I,

YCTaHABJIMBACTCS DKCIIEPTHBIM IyTEM I10 BEIOPAHHOM IIIKaJIe OICHUBAHMSI;

N — 9UCJI0 TapaMeTPOB CPABHECHHSI.

Pacder mHTerpampHOro mokaszatens pecypcod(ddEKTHUBHOCTH INPUBEACH B
tabmure 27.

Tabmuna 27 — CpaBHUTENbHAS OIICHKA XapaKTEPUCTUK BAPUAHTOB MCIIOJTHEHUS

IIPOEKTA
Becoson
koo puLHEHT Texymmn Amnanor 1 Amnaror 2
Kpurepun rnapamerpa IIPOCKT
1. CriocoOcTBYyET pocTy 0,25 5 5 4
MTPOU3BOIUTEIIBHOCTH TPy
2. Y1006CTBO B DKCILTyaTaIluu 0,15 4 4 3
3. HapexuocTs 0,20 5 5 4
4. BociponsBoIuMOCTb 0,25 4 4 4
5. MaTtepuaioeMKoCTh 0,15 4 3 4
UTOIr'O 1 4,45 4,3 3,85
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Amnanor 1 — OAO «I"a3npom He(DTHY;

Amnaior 2 — OO0 «I"azmpom».

lP = 5.0,25+4.0,15+5.0,2+4.0,25+4.0,15 = 4,45. (65)
1A= 5.0,25+4.0,15+5.0,2+4.0,25+3.0,15 = 4,3, (66)
1A= 4.0,25+3.0,15+4.0,2+4.0,25+4.0,15 = 3,85. (67)

o p
NHuTterpanpHbIii mokasarennb 3hPEeKTUBHOCTH pa3padOTKH ( Iqbqu ) ¥ aHayiora

a
(Y"guwp)  ompenenstercs Ha  OCHOBAaHMM  MHTETPAJbHOTO  ITOKA3aTels

pecypcordHEKTUBHOCTH U MHTETPATBLHOTO (PMHAHCOBOTO MOKa3aTess o GpopMmyiie:

p _ Im _ 445 _

bunp — Iql: - 0,998 - 4‘:4‘6; (68)
1 _ I a3

I(?)I/IHp - Iqéi - @ = 4,3, (69)

p _If# 385

by = 357 = 1 = 385, (70)

CpaBHEHHE UHTErPAJIBLHOTO MOoKa3aTest 3(h(PEeKTUBHOCTH TEKYILETO MPOEKTa
U aHaJIOTOB MO3BOJIUT OINPEAEIUTh CPAaBHUTEIbHYIO 3(()EKTUBHOCTH MPOEKTA.

CpaBHurenbHas 3pPEeKTUBHOCTD MPOEKTA!

1D 4,46

Dep = 1‘1’7" = =1,037. (71)
$unp ’
Ip

3, = ue = 2% _ 1 158, | (72)

P =
P igh, 385
rae D¢, — CpaBHUTENBHAS AP(PEKTUBHOCTD POEKTA;

P
™ — MHTETPAJIbHBIN TTOKA3aTellb pa3padO0TKH;

a

”> — PHTErPaTIbHBIA TEXHUKO-3KOHOMHYECKHN MTOKA3aTeNIb aHAJIOTA.
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Tabnuna 28 — CpaBauTtenbHas 3¢p(GEeKTUBHOCTH pa3pabOTKU

HJ/\?I [TokazaTenu Amnaror 1 Pa3pabotka | Amnanor 2
1 WuTerpanbHblil pMHAHCOBBIN MMOKa3aTehb 0,999 0,998 1
pa3paboTku
5 NHTerpaibHbli I0Ka3aTENb 43 4.46 3,85
pecypcodhHEKTUBHOCTH pa3pabOTKH
3 NHTerpanbHbli I0Ka3aTENb 43 4.46 3,85
s dexTuBHOCTH
4 CpaBaurenbHas 3pPpeKTHBHOCTD 1,037 1158
BapHAHTOB UCIIOJHEHUS

Amnanor 1 — OAO «I"aznpoM HePTHY;

Amnanor 2 — OO0 «I"a3npomy.

CpaBHeHME 3HAUCHHUI UHTETPAIbHBIX MOoKa3aTesei 3(p(heKTUBHOCTH
MO3BOJISIET CYJIUTh O MIPUEMJIEMOCTH CYIIECTBYIOIIETO BapraHTa PEIICHUS
MOCTaBJICHHOW TEXHUYECKOU 3a/1auu ¢ O3UlMU (PMHAHCOBOM U peCypCHOM
s dexTruBHOCTH [22].

Bwieoo: B Xxoie TpoBeleHUA aHaIM3a IOKaszaTened 3(PQPEeKTUBHOCTU
WHBECTULINIA OB TPOBEICHBI pacueThl YuCTOM Tekyiei croumoctu (Y1) —9695
toic. py0. (1=0,2). Takum 0Opa3oM, JaHHBIH WHBECTHUIIMOHHBIN MPOEKT CYMTACTCS
BBITOJIHBIM, Tak kKak YJJ[  sBnsercs  MOJOXKUTEILHOM  BEIWYHMHOM.
JIMCKOHTUPOBAHHBIN CPOK OKymaeMocTu mnpoekrta (PPack) cocraBun 0,54 ropa.
BuyTtpennsis craBka jgoxomHoctd (IRR) — 0,87, HHBECTHIIMOHHBIH TPOEKT
HKOHOMHYECKH omnpasiaH, Tak kak IRR>I. Uunexc noxomunoctu (Pl) cocraBmn 1,55
(1aHHasT BeTWMYHMHA TPEBBINIACT €IUHUILY), COOTBETCTBEHHO JaHHAs WHBECTUIIMS
npuemjieMa. OKOHOMHMYECKHMU pacueT IoKa3aja, 4To MpoeKT 3S(PGheKTUBEH,

KOHI(ypeHTOCHOCO6eH U UMCCT MUHHUMAJIbHBIC CPOKH OKYITACMOCTH.
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6 COLHUAJIBHAA OTBETCTBEHHOCTD

B nanHoli paboTre OOBEKTOM MCCIEOBAHUS SIBISETCS MPOMBIIUICHHAS
yCTaHOBKa KoMmIUlekcHOM mnoarotoBku ra3za (YKIII) ¢ npumeHeHuem
HU3KOTEMIIEPATYPHON cenapaluy NPUPOJHOTO Ta3a. YCTAaHOBKA MpeIHA3HAYCHa
JUTs cOopa, MOAITOTOBKY ra3a U KOH/IEHCATa Ha Ta30KOHACHCATHBIX MECTOPOXKACHHIX
B COOTBETCTBUM C TpeOOBAaHUSMH COOTBETCTBYIOIIUX  OTPACIEBBIX U
rOCyJAapCTBEHHBIX CTAHAAPTOB TNpHU JEUEHTPAIU30BaAaHHOM cucTeMe cbopa u
noarotoBku raza OCT 51.40-74 "I'a3sl roproune NpPUPOJHBIE, MOJABAEMBIE B
MarucTpaibHbii razonpoBoa” [16] u cormacao OCT 51.65-80 "KoHeHcaT ra3oBblii

crabmibHbIi. Texuuueckue ycmopus" [17].

6.1 IIpou3BoacTBeHHasi 6€30M1ACHOCTD

B mnpunoxenue XK mnpuBereHbl omacHble W BpeaHbIE (DAKTOpHI MpuU
BBITIOJTHEHUHU PaO0T YCTAaHOBKU HU3KOTEMIIEPATYPHOU cenapaiuu IpupoIHOTo ra3a
(T'OCT 12.0.003-74) [23].

Yposenv wiyma u eubpayuu na pabouem mecme

OCHOBHBIM HCTOYHHMKOM IIIyMa Ha BCeX JTamax OOCIy>XKHWBaHUs
obopynoBanusi YKIII' sBnsitorcst kommpeccopa Ha JIKC, 3amopHas apmartypa,
TpyOONpPOBO/bI, HATHETATEJIM, BEHTUJISATOPHI, CKBAKUHBI, MPOJAYBOUHBIC CBEYH.
Kommpeccopa nHa JIKC wumeror noctatoyHo OONBIIYI0O Maccy H OOOpOTHI,
COCTaBJISIIOIIEH MPOU3BOJICTBEHHOIO IIIyMa UMEIOT YPOBHU 3HAYUTEIBHO MEHBIIE
[11Y u nmpakTUUeCcKH HE OKa3bIBAIOT BPEIAHOTO BO3JIEUCTBUS HA OOCITYKUBAIOUTUN
NEepCOHAJl. YPOBEHbB IITyMa U BHOpaIuu Ha pabovyeM MEeCTe HE JIOJDKEH MPEBBINIAThH
JIONyCTUMBIN YpOBEeHb ITyma U BuOpanuu, corjjacio CH 2.2.4/2.1.8.562-93 "lllym
Ha paboyuMx MecTax, B TOMEIICHUAX JKUJIBIX, OOIIECTBEHHBIX 3JaHUN Ha
Tepputopusix  kuion 3actpouiku" [31] w CH 2.2.4/2.1.8.566 - 96
"l[IpousBoacTBeHHass BuOpanus. BuOpamuss B HOMEHICHUSX KUJIBIX H

oO1ecTBeHHbBIX 3aanuii " [32].
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Tabnuna 29 — Knaccel ycnoBuil TpyAa B 3aBHCHUMOCTH OT YpPOBHEH IIyMma,

JIOKaJIbHOM 001meli BuOparuu Ha padoyem mecte P 2.2.2006-05 [26].

HasBanue QakrTopa, mokaszarenb, CIUHUIA Kunacc ycnosuii Tpyna

M3MEPEHUS J/lonyctuMbiii  |BpenHslii OnacHblit
2 3.1 32 33 34 W4
[IpeBbilieHNE gy o . nb/pa3
(BKJIFOUUTEIBHO):

[Tym, S5KBUBaJICHTHBII YpOBEeHb 3ByKa, 1BA [<=TIJIY <1> |5 15 25 P35 P35

BubOpamust  jokanbHas, SKBuUBaneHTHBIA= [TJ[Y <2> |3/1,416/2 [9/2,8 (12/4 |> 12/4
KOPPEKTUPOBAHHBI  YpOBEHb (3HAu€HUE)

BHOPOCKOPOCTH, BHOpoyckopenus (1b/pa3)

Buoparus o0mas, sxkBuBaieHTHRIA<= [TJ[Y <2> [6/2 |12/4 |18/6 [24/8 [> 24/8
KOPPEKTUPOBAHHBIN YPOBEHb

BHOPOCKOPOCTH, BHOpoyckopenus (1b/pas)

<1> B cootBerctBUu ¢ canuTapubiMu Hopmamu CH 2.2.4/2.1.8.562-96 "Illym Ha paboumx
MeCTax, B TIOMEIICHUSX JKWIbIX, OOIIECTBEHHBIX 3JaHUN M HA TEPPUTOPHH KUJIOH
3actporku'"[31].

<2> B cootBercTBuH ¢ caHuTapHbiMu HopmMamu CH 2.2.4/2.1.8.566-96 "IIpom3BoacTBeHHas

BUOpalMsi, BUOpAIKs B MOMEIIEHUSX JKUJIBIX U OOIIIECTBEHHBIX 31aHuii"[32].

Ha ycranoBke YKIII' ypoBeHb skBuUBaneHTHOro myma 79,5 nbA, urto
coriacHo Ttabnuie 2 "Kiaccel ycioBuil TpyJia B 3aBUCHUMOCTH OT YPOBHEH IIyma,
JIOKaJIbHON ¥ 00mIei BuOpanuu Ha padouem mecte" [33] kmaccuduimpyeM Kak
nonyctumMble (kmacc 2).  OneHka ypoBHEW BHUOpalMM € YYETOM BpEMEHHU
HAXO0XJICHUSI B 30HaX BO3JCHCTBUS BHOpaIH (S3KBUBAJIEHTHO KOPPEKTHUPOBAHHbBIE
ypoBHH) YKIII" knaccudunupytor coriacHo tadiuie 2 "Kiaccel ycinoBuii Tpyaa B
3aBUCUMOCTH OT ypOBHEW IIyma, JIOKaJbHOM M oO0uieil BuOpauuu Ha padouem
Mmecte"[33], kak qonmycTuMbIe (Kaace 2).

Ha razonmoOsiBatoieM MOpeanpusiTUM IIyMbl B OCHOBHOM BO3HUKAIOT Ha
KOMITPECCOPHBIX CTAHUUAX U MPHU PEMOHTE CKBaKUHBI. HOpMBI ycioBuil Tpyaa 1o

mryMmy 10JKHBI cootBeTcTBOBATh ['OCT 12.1.003-83 [24]. [IpenensHo-m10TyCTUMBIE
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YPOBHH 3BYKOBOT'O JABJICHHS. YPOBEHb BHOpanuu Ha pabOYMX MECTaX JOJIKEH
cootBeTcTBOoBaTh OCT 12.1.012-78 [25].

Ilpu opeanuzayuu mexHoI02UHECKUX NPOYECCO8, CO30AIOWUX — UIYM,
npedycmompems npuMeHeHue Memooos, CHUNCAIOWUX YPOSHU WUYMA 8 UCTOYHUKE
€20 B03HUKHOBEHUs: TIPUMEHEHUE MAJOUIYMHBIX TEXHOJOTHYECKUX MPOLIECCOB U
00OpyZ0BaHUs; MPUMEHEHHE TUCTAHIMOHHOTO YMPABJICHUS U aBTOMATHYECKOTO
KOHTPOJISI; TPUMEHEHUE 3BYKOU3OIUPYIOIIUX OrPaXACHUI-KOKYXOB; YCTPOMCTBO
3BYKOMOIIOMIAIOIIUX OOJIUIIOBOK U OOBEMHBIX MOTJIOTUTENEH 1IIyMa; MIPUMEHEHUE
BUOPOMNOTJIONICHUSI  (IOCTUTAETCA  TMOKPBHITUEM  BUOPUPYIOUIMX  YacTe
000OpyZOBaHUsl M CIEHHAIBHBIMU JAEMI(PUPYIOIUMH MaTepuaiaMu, UMEIOIUMU
BBICOKOE€ BHYTPEHHEE TPEHHUE) U BUOPOM3OIISIMU (M1 CHUXKEHUS YPOBHS IIymMa
BUOPUPYIOIKE arperarbl yCTaHABIMBAIOT HA aMOPTU3aTOPhl WK Ha CHEHUAIbHbIE
bynnamenTsl) [34].

CHudiceHue 8pedH020 8030elicmeus obwell subpayuu Ha pabomarnuux
ocywecmensemcs 3a cdem: YMEHbIIEHUS BUOpAIMM B HMCTOYHHKE OOpa30BaHUs
KOHCTPYKTUBHBIMU U TEXHOJOTHYECKMMU METOJaMHU TpHU pa3pabOTKE HOBBIX U
MOJICpPHU3AIMHU CYIIECTBYIOIIMX MAIINH, 000pYyJOBaHUS; YMEHbIIECHHUsS] BUOpauu
Ha TMyTH PaCHpOCTPaHEHUS CPEACTBAMU BHOPOU3OJSIIIMM W BHOPOMOTJIONICHUS,
HarpuMep, MPUMEHEHHE CHEUUAbHBIX CHUJICHWH, IUIOIIAJIOK C IaCCUBHOMU
NPYKUHHON W30JSI0UEeH, PE3UHOBBIX, MOPOJOHOBBIX M JAPYTHX BHOpoOracsmmx
HAaCTWJIOB, MacTUK U T.I.; NPUMEHEHUS NUCTAHIMOHHOTO WJIM aBTOMaTHUYE€CKOTO
YIOPABJICHMS; KOHCTPYUPOBAHUS M M3TOTOBIEHUS OOOpPYAOBAaHMS, CO3HAIOLIETO
BUOpAIMIO, B KOMIUIEKTE C BHOPOM30JATOpPAMH, PACCUMTAHHBIMUA Ha TUIIOBHIE
YCJIOBUSI YCTAaHOBKH WJIW TIO 3aJaHUI0 TOTPEOUTEIIS;

UCKIIIOUEHHUS KOHTaKTa paboTalolMX ¢ BUOPHUPYIOUIMMHU TOBEPXHOCTSIMHU 3a
npenenamMu pabodero mecrta wWiM pabodeil 30HbI (YCTaHOBKAa OTpa)KICHUH,
CUTHAIM3AINKN, OJOKUPOBKU, TMPEAYNPESKIAONIMX HAIIMUCEH); 3ampenieHus
npeObiBaHusT paboynx Ha BHOPUPYIOLIEH TOBEPXHOCTH MPOU3BOACTBEHHOTO

000py0BaHUS BO BpeMsi €T0 pabOThI; yCTAHOBKHU CTAIIMOHAPHOTO 000PYI0BaHUS Ha
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OTJENbHbIE (PYHIAMEHTHl U TMOJACPKUBAIONIME KOHCTPYKLUMU 3JaHUH |
coopykeHwuit [34].

C nenbro 3a0UThl OPraHOB CllyXa U HEPBHOW CUCTEMBI, B COOTBETCTBUU C
I'OCT 12.1.029-80 «CpencTBa ¥ METOJIBI 3alTUTHI OT myMa. Kiraccudukarusy» [35],
MIPUMEHSTh CIIENYIOIINE CpPEICTBA: MPOTHUBOLIYMHBIE HAYIIHUKH, BKJIAIBIIIH,
IUIEMBI, KaCKU U T.J1. Ha npeanpusaTusx, B OpraHu3alusax U YUpEKICHUSIX JOJIKEH
ObITH 00ECIIeYeH KOHTPOJIb YPOBHEH IIyMa Ha pad0ounX MECTax HE PeKe OJHOTO pas3a
B TOJI.

Hanpsascennocms mpyooeozo npoyecca

CormacHo oOmEed OLIEHKe, [OKa3aTea HaNpsyKEeHHOCTH TPYAOBOIrO
npouecca (MHTEJUIEKTYaJbHBIE, CEHCOpPHBIE, 3MOLMOHAIbHBIE HArpy3KH H HX
MoHOTOHHOCTE) YKIII' oTHOCSTCS K HampsbkeHHbIM. CleqoBaTeNbHO, B IIEJIOM
YyCIOBHS TpyJa IO TSDKECTH M HANpPsHKEHHOCTH TPYIOBOTO  Ipolecca
kBanupuuupyem corigacHo "Kiaccel  ycinoBuUM  TpyAa 1O [OKa3aTemsiM
HaIpPsHKEHHOCTH TPYI0BOTO Ipouecca’ [33], kak HanmpspKeHHBIN Tpya (kiace 3).

Cnocobamu CHUMCEHUS HANPANCEHHOCU mMPYoa.

®  MPOBEJECHUE MEP MO COBEPIICHCTBOBAHUIO TEXHUKHU U TEXHOJIOTHUH;

e  BBECJCHHUE PAllMOHAIILHOTO peXKMMa Tpyaa v oTabixa [36].

Hacpegarowiuit u oxnasicoarouwyuii MUKpOKIUMam

Crnennduka MUKPOKIUMATHIECKUX YCIOBHM, Bo3aercTBytomux Ha YKIII,
ONpeAeNsieTcss TeM, 4YTO 3HauyMTellbHasg 4YacTh OOOpYyIOBaHMS pa3MelleHa Ha
OTKPBITOI TEPPUTOPUHN C CE30HHBIMH 3HAYEHUSIMU, /1€ MUKPOKIMMAT 4aCTO HOCUT
XapaKTep HarpeBaroIEro Uik OXJIaXK1aloIIero (B 3aBUCUMOCTH OT CE€30HA roj1a).

IIpu mpoBeaenun paboT Ha OTKpbITOM Bo3ayxe I[Ib mpegycmarpuBaroT
MEPOMNPUITHS 10 3aLIUTE MEPCOHANa OT HEOJAronpHUsATHBIX METEOPOIOTHUYECKUX
¢dakxTopoB CaulluH 2.2.4.548-96 [37]:

e  obecrnedyeHre pabOTAOIIETO MepcoHana (B 3aBUCHMOCTH OT CE30HA
rojia) CrenoIexk 101 1 creo0yBbIO;

e  00yCTpOICTBO YKPBITHI, MOMELIEHUH AJi1 000TpeBa.
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Ha paGounx mMecTtax u B MPOU3BOJCTBEHHBIX TTOMEIICHUSIX, OCYIIECTBIISIOT
MOCTOSTHHBIN KOHTPOJIb BO3/lyXa pabouelt 30HbI [33].

Ioevluiennulii yposens cmamuuecKko2o 3J1eKmpuiecmaea

DneKkTpooOOpyAOBaHUE B 3IaHUU JOJDKHO OTBEYATh TPEOOBAHUSM IMPABUI
YCTPOMCTBA 3JIEKTPOYCTAHOBOK. Bce 4acTu TEXHOJOTMYECKOro 000pyI0BaHUA,
KOTOPBIE MOBOAAT CTATUYECKOE IIEKTPUUECTBO, HEOOXOUMO 3a3€MIIUTh COTJIACHO
I'OCT 12.4.124-83 [38].

Cpeocmea unOusUOYaIbHOU 3aWumsl 8 3A8UCUMOCIU OM HA3HAYEHUs 8
coomeemcmeuu ¢ ' OCT 12.4.124-83:

o  CnenuanbHyI0 OJICKIY aHTHUIIEKTPOCTATUYECKYIO;

o  Cpencra 3alIUTHI PYK aHTURJIEKTPOCTATUYECKUE;

o  CnenuanbHyto 00yBb aHTHAJIEKTPOCTATHUYECKYIO;

o IlpenoxpanurenbHble MPUCIIOCOOJECHUS AHTURJIEKTPOCTATUUECKHE
(OpacneTsl U KOJbIIa).

[IpenycMOTpeTh  MOJIHUE3ALIUTY COOPYKEHHH B  COOTBETCTBUU C
«HCTpYKIIMEN 1O YCTPOWCTBY MOJIHME3AIIUTHl 30aHUM, COOPYKECHUU U
MIPOMBIILJICHHBIX KOMMYHUKAIIHI.

B3puvieonoscapoonacnuie, moxkcuuecKkue ceoiicmaea cvlpvs, 20moeoil
RPOOYKUUU U OMX0008 NPOU3BOOCHEA

OnacHOCTh U BPETHOCTh PaObOTHI HA YCTAHOBKE 00YCIIOBIIEHA TPUMEHEHUEM
BPEJIHbIX U TOKCUYHBIX MPOJIYKTOB: Ta3-METaH C MPUMECSMH a30Ta, YIJIEKHUCIIOrO
rasa; KOHJEHCAaT; BOJIOMETAHOJIbHAsI CMECH.

MertaH yaynuimB, a CMECH C BO3AYXOM IpHU KOHIEHTparuu ot 4 1o 17% 1o
00BEMY —B3pbIBOOMAaceH. [a3 Tpu HE TEePMETUYHOCTH OOOpPYIOBaHUS,
TpyOONPOBOJOB B aBApUHHBIX CHUTYyaIlUSIX MOXET BBIJICIATHCS B MPOCTPAHCTBO
pabouux MOMEIICHHA, B BO3IyX pabodeil 30HbI Ha HAPYKHBIX YCTAHOBKAX, CO3/1aBast
IpU 3TOM TOXKAapHYI0 M B3pBIBHYIO omacHOCTh. Cojep:kaHue rasa B BO3JyX€ B
KOJINYECTBAX, CHIDKAIOIMIMX B HEM KOHUEHTpauuio kuciopoga oT 21 mo 15%

00BEMHBIX MPH BIBIXaHUM MOXKET MPUBECTH K yaymibio [39].
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IIpn cemapauuu razoxuakoctHou cMecu Ha Bxoxe YKIII' m B mponecce
HHU3KOTEMIIEPATYPHOUM CEmapaldy BBIACISIETCS Ta30BbIA KOHJEHCAT. | 'a30Bblii
KOHJICHCAT JIETKOBOCIIAMEHSIONIASCS KUAKOCTh, Mapbl KOHJEHCATa 00pa3yloT C
BO3yXOM B3PBIBOONIACHYIO cMeCh. Ha yCTaHOBKE pereHepanum METaHoJIa, a TAKKE
JUIs  BIOpbicka B TrazonpoBoisl yctaHoBkn HTC B kadectBe HMHIHOUTOpa
rUApooOpa30BaHUs UCIOIB3YETCS METaHOI ¢ KOHIeHTpanue 80-95%. Merano:n-
CUJIBHBIN S, NEUCTBYIOIIMM HA HEPBHYIO M CEPIACYHO COCYIUCTYIO CHCTEMBI
yeoBeka. B cMecu ¢ BO3yXoM Ipu KOHIEHTparuu ot 5,5 10 36,5% o0bEMHBIX
B3pbIBOOMNAaceH. lIpenenbHO nomycThMasi KOHUEHTPAIMS METAaHOJa B BO3IAYyXE
paboueil 30HbI MPOU3BOJCTBEHHBIX MOMEIICHUM Smr/m2, Jnsa cmasku Tpymmxcs
yacTell MEXAaHM3MOB Ha CTAHIIMU MIPUMEHSIOTCSI MUHEpPAJIbHBIE Macia, B TOM YHCIIe
AIIEKTPOHACOCHBIX arperatoB-maciio TypounHoe TII-22C. B cucreme mnpoayBku
WHEPTHBIM Ta30M MPUMEHSIETCS a30T. A30T HMHEpPTHBIM Ta3000pa3HbIil Tas,
OECIIBETHBIN, HEB3PHIBOOINACHBIN, HETOKCHYHBIA, HAKOIUICHHWE a30Ta BBI3BIBACT
SBJICHUE KHUCIIOPOJAHOH HemoctarouHoctTH W yaymbs [39].  OcHOBHEBIC
B3PBIBOIIOYKAPOOIIACHBIE, TOKCUYECKHME  XApPaKTEPUCTUKU  CBIPbS, TOTOBOU
MPOAYKIIUU U OTXOJI0OB MTPOU3BOJICTBA B TAOIHIIE 2.

B npunoxenue 3 mnpuUBEAEHBI B3PHIBOMOKAPOONACHBIE, TOKCHYECKHE
CBOMCTBA CBIPhSI, TOTOBOM MpOoAyKIuK ¥ 0Tx010B rnpousBoactea (TOCT 12.1.005-
88) [27].

Hnousuoyanvrvle cpedcmesa 3auumaol

Jl1st paboOThI ¢ BpEIHBIMU YCIOBUSMHU TPY/Ia, CBSI3aHHBIMU C arpeCCUBHBIMU
cpeaamu, 3arpsi3HEHUSIMU, TIOBBIIICHHBIMU TEMITEPATYPaMU, BIAKHOCThIO, pa00YuM
yctaHoBKkU B cooTrBeTcTBUM ¢ [[OCTom 12.4.034-85 [40] Bblmaercs cmell. oAexaa,
criell. 00yBb M APyrUe CPeACTBA UHIAUBUIYTHHOM 3aIUTHI.

1. Jlna 3amuThl pyK OT BO3JCWUCTBUSL BPEAHBIX U arpeCCUBHBIX CpPEX
MIPUMEHSIOTCS] PYKaBULIBI WJIA TOJULBI C KUCJIOCTOMKON TPONTUTKOM.

2. Jlns 3amuThl OPraHOB JbIXaHUS HCIOJB3YIOT MPOTHUBOra3bl U
pecnupaTopsl.

3. Jlus 3amuThl riaa3 NpUMEHSIOT 3alUTHBIE OYKH.
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4. Jlna nOpenoxXpaHEHHsT KOXKM  OTKpPBITBIX  4YacTed Tena  OT
IIPOU3BOJICTBEHHBIX BPEAHOCTEN HEOOXOAMMO MPUMEHSTD 3AILUTHBIE Ma3H.
Jli1s pa®oThl BHYTPU TEXHOJIOTMUYECKOTO 00OpYIOBaHUS B 0053aTE€IBLHOM IMOPSIKE
WCIIOJB30BaTh TOJBKO IUIAHTOBBIE IPOTMBOrasbl. Kakapli mpoTuBOras 3a

00CITy)KUBAIOIIMM MTPOTHBOTa30M 3aKpEIUICH HHIUBUAyaIbHO [41].

6.2 Dkojgorndyeckass 0€30MacHOCTDb

HedrsiHas u razoBas mpOMBIIUICHHOCTh SIBJISICTCS HA CETOJIHSAIIHUNA JCHb
OIHOM W3 HamOoJiee ONacHBIX OTpaciied MPOU3BOJCTBA MO 3arps3HEHUIO
OKPYKaIOIIEN CPEIBL.

Ananuz eo30eticmaus obvekma Ha ammocgepy (8b16pocwl):

OCHOBHBIM HCTOYHUKOM 3arpsi3HEHUST aTMOC(HEPHI SBIISTFOTCS TIOCTOSHHEIE,
TEXHOJIOTUYECKH Hen30exHbie BHIOPOCH. OCHOBHBIMM HCTOYHUKAMH BBIICIICHUS
BpPEIHBIX BEIHIECTB B arMocepy SBISIOTCA TEXHOJOTUYECKHE KOMILIEKCHI,
pacIojIoKeHHbIe Ha MpOoMbIUIeHHBIX 1iomaakax YKIII'. Mctounuku BRIOPOCOB B
atmocdepy Ha YKIIT™:

®  MPOAYBOYHBIE CBEUM YCTAHOBOK, BBITSDKHBIE BEHTUJISIIMOHHBIC
YCTAHOBKH 1IEXOB U MOMEIIEHUM (BBIOPOC YIIIEBOAOPOIOB);

e Beixjonubie maxTel [TIA na JIKC, nsiMoBbIe TpyOBl meuei
pereneparu J191'a 1 MeTaHo1a (BRIOpPOC MPOAYKTOB cropanus) [42].

[Iponykramu cropaHusi ra3a sBJISIOTCS OKCHJIbI a30Ta U OKCHUJI yraepoja. B
COOTBETCTBUM C  HOPMaMH  TEXHOJIOTMYECKOTO0  MPOEKTUPOBAHUS  JUIS
NpeoTBpalllCHUs ToNaJaHus ra3a B IPOU3BOICTBEHHBIE IOMEIIICHUS U aTMOcdepy,
MPOEKTOM OOYCTPOMCTBA AOJIKHA MPEAYCMATPUBATHCS MTOTHAS T€PMETU3AIIMS BCETO
o0opyZ0BaHUsI, apMaTyphl, TPYOOIPOBOIOB, MCKITIOYAIOIIAsl TIOCTOSTHHBIE COPOCHI
raza B atmocdepy. Bces mpuHaras 3anopHas apmaTypa, yCTaHaBiMBaemasi Ha
TpyOOmpoBOAaxX, TpaHCHOPTUpYOmuUx ra3, meranon u JIOI, coorBercTByeT 1

kiaccy repmerudnocty o 'OCT 9544-75 [43], npenoxpaHuTenabHas apMaTypa mno

TOCT 12532-88 [44].
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Ananus so3oeticmsusi 06vekma Ha aumocghepy (0mxoowi):

B npoiiecce 100b14M 1 TpaHCHIOpPTA ra3a U KOHAEHCATa IMOYBA 3arpsi3HICTCS
KUIKAMHA  yTJIEBOAOpPOJaMU  (KOHACHCATOM,  pA3JIMYHBIMM  XUMUYECKUMHU
peareHTaMu u BBICOKOMHUHEPATN30BAHHBIMU CTOYHBIMU BOJAMHU).
VYT1eBoI0pOIHBIN KOHEHCAT, Yepe3 MOYBEHHBIN CJIOH MomnagaoT B 0oee riay0okue
IJIACThl W 3arpsi3HSIOT MOJ3EMHBbIE BOABL. [loyBa MOMXET TakKe 3arps3HIATHCA
Pa3IMYHBIMU peareHTamMu, MPUMEHSIEMbIMU B TEXHOJOTUUECKHUX MPOIEccax T00bIUn
U TPAHCIIOpPTA rasa, - METAHOJIOM, KUCJIOTaMH, IlejI09aMu, HHruouTopamu [42].

Ananuz 6o30eticmaus o6vekma Ha cuopocghepy (copocwl):

Boasl Mopeii © OKEaHOB 3arpsi3HSIOTCA B MOPOLIECCE  OCBOCHUS
MECTOPOKACHUN KOHTUHEHTAIBHOTO 1IeNb(]a, TPAaHCIIOPTUPOBKU HEPTEIPOTYKTOB
M rasa pa3IM4HbIMH CIEHHAIBHBIMM cyaamMu. Boanele pecypcel Ha YKIII
3arpsA3HAIOT IJIACTOBBIE BOJIBI, BBIIEIAEMbIC U3 Ta3a. /[ OUYMCTKYU IIaCTOBBIX BOJI
MpelyCMaTPUBAECTCAd KOMIUIEKC OYHUCTHBIX coopyxkeHuid. Ha mmomanke YKIIL,
MpUHAHSITa pa3/iefibHasl CUCTeMa KaHaJIW3allMu: MPOU3BOJICTBEHHAsT U OBITOBAs.
DBBITOBBIE CTOKM OYMIIAIOT B KaHAJW3AIMOHHBIX OYHMCTHBIX COOpyXeHusx. Ha
miomaakax YKIII, mpom0a3, BaxTOBBIX KOMIUIEKCOB BOJAa pacXoIyeTcsi Ha
X034 CTBEHHO-TIUTHEBBIE, POU3BOJCTBEHHBIE HYX/IbI U MOKAPOTYIIeHUE [42].

OcHOBHBIE MyTH 3alIUTH BO3AYIIHOTO OacceliHa OT 3arps3HEHUN - 3TO
CO3/IJaHUE TEXHOJIOTUYECKUX IMPOIECCOB, MCKITIOYAIOIINX BBHIOPOCHI B aTMochepy,
pa3pabotka 3(G(EKTUBHBIX METOJIOB OYHCTKH Ta30B OT BPEIHBIX IPUMECEH,
CO3/JaHUE CAHUTAPHO-3AIIUTHBIX 30H M HAy4YHO OOOCHOBAHHOE pa3MelIecHUe

npeanpusaTuu [42].

6.3 be3omacHoCTb B Upe3BbIYAWHBIX CUTYAI[USAX

UpesBbluaiiHble CUTyallud MOTYT OBbITh TEXHOTE€HHOTO, IPUPOIHOTO,
OMOJIOrMYECKOT0, COLIMATIBLHOTO HIIM SKOJIOTMYECKOTo Xapakrepa. [loxkapsl, B3phIBHI,

yI'po3a B3PBIBOB OTHOCAT K IIpeBBBI‘IaI\/’IHBIM CUTyallusiM TCXHOICHHOI'O XapaKTepa.
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Lloxcapoesspvisodesonacrnocmo

Knaccudukanus TEXHOJIOTHUECKUX  OJOKOB TIO  B3PBIBOONACHOCTHU
MIPOU3BOICTBEHHBIX MPOLIECCOB HU3KOTEMIIEPATYPHOU Cerapanuu OCyeCTBISETCS
B COOTBETCTBUM C TPeOOBAaHUSMHU ACHCTBYIOUIMX HOPMATUBHBIX TEXHUYECKHX
JIOKYMEHTOB B OOJIaCTH MPOMBIIUICHHOW 0€30MacHOCTH B HEPTSHOW W Tra30BOM
MPOMBIIIUIEHHOCTH, «O01ux paBuI B3pbIBOOE30MACHOCTU LTSI
B3PBIBOIIOKAPOOACHBIX XUMHYECKHUX, HEPTEXUMUYECKUX "
HedTenepepadarpiBaromx mnpousBoacTs» [1609-170-97 [45]. Ilo canutapHoii
xapakrepuctuke B cootBercTBuu co CHUII 2.09.04-87 [46] npou3BOACTBEHHBIE
IPOLIECCHl HU3KOTEMIIEPATypPHOM cenapaiiy OTHOCATCSA K rpyrire 30.
B npunoxenne U mpuBeneHbl B3pHIBOMOXAapHas M IOXKapHas OIMAaCHOCTb,
CaHWTapHAas XapaKTEepPHUCTUKAa MPOU3BOJCTBEHHBIX 37aHUI, TMOMEIICHUH W
HapykHbIX ycTaHoBok [16509-170-97.

OcHnosnyto donro asapuii ha YKIII™ cocmasnsaiom 63pulébl u nodxcapbl:

B3peiBbI M moxkapel Ha ycTaHOBKax M coopyxkeHusx YKIII' moryr
IPOU30MTH B pe3ysibTaTeé TEXHOI'CHHBIX aBapHii, CBSI3aHHBIX C pazrepMeTu3anuen
00OpyZOBaHUsl WJIM TPYyOOINPOBOJIOB M BBIXOJIOM B OKPY’KaIOIIEE€ MPOCTPAHCTBO
IPUPOJIHOTO ra3a, apoB METAHOJIA HJIM KOHJIEHCaTa ra3a, 00pa3yrolHxX ¢ BO3AYXOM
B3pbIBoOnacHble cMecH. Ilpu mo0bIX Buaax aBapHil B IieXe MOJATOTOBKU rasa u
KOHJIEHCaTa, HACOCHOM METaHOJIa U HACBHIIIEHHOTO METaHOJa MOXET MPOU30HTH
B3pHIB MpU HAIMYAU HMCTOYHUKA UHUIMHUPOBAHUS  BOCIUIAMEHEHUS U
B3PBIBOOIIACHOW CMECH B Mpejieiax B3phIBOOMACHON KoHIeHTparwu [39].

Tpebosarnus noxcaproii 6e3onacHocmu 015 YCMAaHo80K
HU3KOMeMNepamypHol cenapayuu npupooHo20 2a3a:

® Ha BBIKMAHOW JMHUM (LUIedE) OT CKBAKUHBI MpPU HA3ZEMHOU
MPOKJIAIKE IJei(a TOIKHBI OBITh YCTaHOBICHBI KOMIIEHCATOPHI B COOTBETCTBHUHU C
pacuerom;

® Ha KoJulekTOopax (ra3o- M KOHJEHCATOCOOPHBIX) MO BBIXOAE U3
yctanoBOK HTC momxHBI OBITH YCTaHOBIICHBI OOpAaTHBIE KJIaNlaHbl, 000pyI0BaHHBIC

00BOIHOM TMHUEH (Oaitmacom);
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e oOpaTHBIi KjamaH HEOOXOJUMO YCTAHABIMBATh U Ha JUHUH OT
CenapaTopoB JI0 PE3EPBYAPOB C KOHAEHCATOM;

®  HENb3s YBEIMYUBATH JaBJICHUE HAarHETaHUs Ta3a MpU MEepeKayke
KOHJIEHCaTa B TpyOONpoOBO bl AJi cOOpa ero B pe3epByapsl [47].

Lloorcapnas be3zonacnocmu npeonpusimusi 00HCHA
coomeemcmeosams "lIpaBuiiaM MPOTUBOMOKAPHON HKCILTyaTallid B Ta30BOM
MIPOMBIIIJIEHHOCTH "

Hesamep3arompne mnoxapuele ruapantsl Ha YKIII' ycraHoBieHsl Ha
KOJIBLIEBOM BOJOIPOBOJHOM CETU. 3aJaHHBIA HAmop BOJBl B CETH CO3AAIOT
MO’KAPHBIE HACOCAMH, KOTOPHIE YCTAHOBJIEHBI HA HACOCHOM CTaHUMU. 3MaHUS U
COOPY’KEHHUA Ha MPOU3BOACTBE UMEIOT YPOBEHb OTHECTOMKOCTH HE HIKE 2 CTENIEHHU.

Cpeocmea nosxcapomywernusi Ha YKIII:

e  orHerymutenu YK-30 (yriekuciaoTHsie);

e  or"erymutenu OlI-10 (mopoimkoBsie);

®  [OXapHbIE THAPAHTHI;

®  SIIUKH C IIECKOM;

®  [OXapHbIE UIUTHI.

Ilpasuna  asapuiinoii  OCMAHOBKU  NPOU3EOOCMEA,  603MOIICHbBIE
asapuiinvle COCMOAHUA NPOU3BOOCHEA, CHOCOObL UX NPEOYRPesHCOeHUs U
ycmpaunenus

Haunbonee BepOSATHBIMM  NPUYUHAMH, BBI3bIBAIOIIMMH  HETMONAJKU
TE€XHOJIOTMUECKOro 00OpYy/IOBAaHUS U OTKJIOHEHHUS OT TEXHOJOTHYECKOTO PeKruMa
pabotel Ha ycranoBke HTC sBnsroTcst runpatHbie npoOku. [Ipu oOpa3zoBanuu B
TpyOOTIIPOBOIaX JEASTHBIX TPOOOK HEOOXOAUMO MTPUHUMATH CIIEAYIOIINE MEPHI:

®  OTKJIIOYUTH TPYOOIPOBOA OT OOIIEH CUCTEMBI, POU3BECTU HAPYKHBIN
OCMOTp JJI1 YCTAaHOBJICHHMS pPa3MEpPOB MPOOKH U TMOBPEXKACHHUM, B ciydae
HEBO3MOKHOCTH OTKJIIOUEHHsI TPyOONmpoBOJa M YIrpo3bl aBapuu - OCTAHOBUTH

YCTaHOBKY;
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e JlelsHble W THApaTHbIE TMNPOOKM B Ta30mpoBOAAX, apmarype,
000pyIOBaHUU U MpHOOpax cleayeT TUKBUIMPOBATH BBEJIEHUEM METaHOJIA, Mapa,
ropsueil BOAbl WJIM NOHUKEHUEM JIABJIEHUS B CUCTEME, UCIOIb30BAaHUE IS 3THUX
LEJIEH OTKPBITOTO OTHS 3anpeuaemcs;

e  OTOrpeB MPOOOK B TPyOOMPOBOAAX MAPOM WIIH TOPSUEH BOAOH CIEayeT
HAaYMHATh C KOHIIOB y4aCTKa.

3anpewaemcs OTOTPEB JPEHAXKHBIX TPYOONPOBOAOB ammapaToB IMpH
OTKPBITOU apMarype.

B mpouecce skcmyatanuu HEOOXOJUMO IOCTOSHHO KOHTPOJIMPOBATH
FEPMETUYHOCTh  anmapaTtoB, OOOpYyIOBaHUS, TPyOONPOBOJOB,  (JIAHIIEBBIX
COCIMHEHUA W CaJbHUKOBBIX YIUIOTHEHUH. [Ipm oOHapykeHuum yTedeKk Hu3
anmnapaToB, 000pyJOBaHMs U TPyOONPOBOJIOB, padOTAOLIUX O/ JaBICHUEM, IS
IPEIOTBPAICHUS] BOCIUIAMEHEHUS BBITEKAIOIIETO MPOAYKTa CIEIYET HEMEJIEHHO
UX OCTaHOBUTbH U OCBOOOJUTH OT MPOIYKTA.

Apmarypa Ha OalilacHBIX TpyOONpOBOJAX pEryIHpyIOIIed apMaTyphbl
MOXET OBITh HCIOJIb30BaHA KPATKOBPEMEHHO IPHU HACTPOMKE W YCTpaHEHUH
HEHCITPABHOCTEN IMOCIICTHEN.

C uenplo mpenynpexieHuss HAaKOIJIEHUs IUIaMa B amnmaparax, KaMmepax
YPOBHEMEPOB U yKa3aTesiX ypPOBHS HEOOXOAUMO MEPUOJUUYECKH NMPOU3BOIUTH UX
OpOAYBKY WJIHM NPOMBIBKY 4Yepe3 JApeHakHble TpyOorpoBojsl. [lepuoanyHocTs
MpPOAYBKM (MPOMBIBKM) ammapaToB OMNPENENUTh B TMPOIECCe SKCIUTyaTallid B
3aBUCUMOCTH OT COJIE€pPKaHUs TBEPABIX YACTHULL.

Kamepsl ypoBHEMEpOB Ha armapaTax U eMKOCTSX AOJLKHBI MPOIYBaThCs HE
pe’)ke OAHOTO pa3a B CMEHY.

JUIst OCyILIECTBIEHHS] KOHTPOJIS 32 COCTOSIHUEM CEMapallOHHBIX AJIEMEHTOB
CenapaTropoB M >KMIKOCTHBIX (UIBTPOB CIEAYEeT HE pEeXe OJHOIO pa3za B Troj
IPOU3BOJAUTH UX OCMOTP, a MPU HEOOXOAUMOCTH YHUCTKY HJIM 3aMEHY.

J1J1s KOHTPOJISt KOPPO3UOHHOTO COCTOSIHUS 000PYAOBaHUS U TPyOOIIPOBOOB
CJIelyeT MEePUOANYECKH MPOBOJUTH WX BHEIIHUM OCMOTp, ONPEAEIICHUE TOJIIUHBI

CTCHOK M BCIIMYMWHBI M3HOCA, IIPU 3TOM 0co00e BHMMaHHE 06pau1aTL Ha HaJIN4HucC
88



MOATEKOB, CBUIIEH, TPEIIMH U B3AYTHN Ha UX MOBEPXHOCTSX, CBAPHBIX IIBaX U B
OKOJIO UIOBHBIX 30Hax. [IpoBEpKy TOJIIMHBI CTEHOK pPACYETHBIX 3JIEMEHTOB
anmnapaToB HE0OXO0IMMO OCYIIECTBIISITh HEPA3PYIIAIOIIMMHU METOJaMU KOHTPOJISI HE
peke OJHOro pasa B JiBa roja.

[Ipu oOHapy>KeHHWU BBIIIE MEPEYUCICHHBIX JI€(PEKTOB MPOU3BECTH
YCTpaHEHHE HEUCIPABHOCTEH IOCJIE€ OCTAaHOBKH OOOPY/IOBaHUS M OTKIIOUEHUS
TpyOOIIPOBOIOB, paboTarOIMX MO/ AaBieHueEM [39].

Jlna npeoomepawenusn na npouseoocmee 4YC mexnozennoz2o xapakmepa
npeoycmompeHo:

®  [IEpUOJAMYECKOE  TEXHUYECKOE  OOCIy)KMBaHHUE€ U  PEMOHT
000opy1I0BaHUS;

®  aBTOMATU3UPOBAHHBIA KOHTPOJb 32 MPOU3BOACTBEHHBIM MPOIIECCOM;

®  YCTAaHOBKA  COBPEMEHHBIX  CHUCTEM  3allUThl  00OpYIOBaHHUS
(mpenyrnpeauTenbHas U aBapuiiHasi CUTHAIM3ALINHN ),

e  CHCTEMa ONOBEUICHMUS;

®  MOJIHME3AIIUTa 000PYOBAHMUS;

e JIeKypHas aBapuiifHasi TEXHHKA (pacuucTKa MOABE3AHBIX JOPOT U

TEPPUTOPHUH B CIIydae CHIIbHBIX CHEronaaos) [48].

6.4 IlpaBoBble U OPraHU3aLMOHHbIE BONPOCHI 00ecneYyeHust
0e30macHoOCTH

Cneyuanvnvle (xapakmepHvle Ol NPOEKMUPYeMol paboueil 30Hbl)
npagosvie HopMbl MpPy008020 3AKOHOOAMENbCNEA.

Cornacuo cratee 224 TK P® paboromarens o00s3aH coOM0IaTH
OTpaHUYCHHMS Ha TPHUBJICUCHNE OTACIIBHBIX KaTErOpuii pAOOTHUKOB K BBHITTOJTHCHHIO
TSDKETBIX paboT, paboT BO BPEIHBIX M (WJIM) OMACHBIX YycioBusix. Hampumep,
TPYJIOBOE 3aKOHOAATEIbCTBO OTPAHUYMBACT HCIIOJIb30BAaHUE TpyAa JKCHIIWH Ha

paboTax B TSHKEINBIX, BPEHBIX WM OMACHbIX yeinoBusX (cT. 253 TK P®). Monosasie
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JIOJY, HE TOCTUTIINE 18 J1eT, Ha BpeaHbIC WM OMACHBIE PaObOTHI HE JOIMYCKAIOTCA.
O6 »ToM roBopuTtcs B crathe 265 TK PO.

VY CcOTpyIHUKOB, KOTOPBIE 3aHATHI HAa pabOTax BO BPEIHBIX WJIM OMACHBIX
YCJIOBUSIX, MPOAOIKUTEILHOCTh pabovyero BpeMEHHM cokpaiaercs Ha 4 daca B
Henemo. To ecTh OHa He 0 KHA TpeBbImaTh 36 yacoB B HeAemo (4. 1 cr. 92 TK
P®). Ilpu aTOoM exenHeBHast pabodasi cMeHa Mpu 36-4acoBoi paboueil Hejuele He
MOJKET MPEBBINIATH § YacoB, a mpu padoueit Henene 30 yacoB U MeHee — 6 4acoB
(4. 2 c1. 94 TK PD) [49].

Opeanusayuonnsvie Meponpusimusi npu KOMNOHOG8Ke pabouell 30Hbl. B
OaHHOM NYHKME HNPUBOOAMCS SP2OHOMUYEeCKUe mpeOosanusi K NpasuibHOMY
PACHONOJNCEHUIO U KOMHOHOBKE paboyell 30Hbl UCC1e008amens, NpoeKmupyemotl
paboueti 30HbL 8 NPOUIBOOCMBEHHBIX YCIOBUAX OJIsl CO30AHUS KOMGDOPpMHOU paboyetl
cpeowi.

[Ipu  mpoekTUpoBaHHM OOBEKTOB  HEOOXOJUMO  MpelycMaTpPUBATh
MaKCHMAaJIbHO BO3MOXHOE pa3MeIleHUE arapaTypbl 1 000pYyI0BaHUS BHE 37aHUM.
[Ipu »TOM HeoOXoaMMO pPYKOBOJCTBOBaThcs '"llepeuHeM TEXHOIOTHYECKOTO
o0opynoBaHus HedTeno0bIBarOIIEH u ra3oBoi MIPOMBIIICHHOCTH,
PEKOMEHAYEMBIM JIJI1 YCTAHOBKU Ha OTKPBITHIX mutomagakax" [50].

KoMIioHOBOUHbBIE peIIeHUs TEXHOJIOTMYECKUX YCTAHOBOK Ha OO0BEKTax
JIOJKHBI COOTBETCTBOBATH MOJIOKEHUSIMU pa3aenoB [S1] u [52] HacTosmux HOPM, a
Tak)ke 00ecrieunBaTh HIDKETIEPEUNCICHHbIC TPEOOBAHMUS:

®  MUHHUMAaJbHBIC KAUTAIBHBIC U DKCILTyaTal[MOHHBIE PACXO/IbI;

®  TEXHOJIOTMYECKYIO B3aMMO3aMEHSIEMOCTb;

®  TI0CJIEIOBATEIHLHOCTh TEXHOJOTHUUYECKUX MPOIECCOB ¢ MUHUMAIbHBIM
KOJIMYECTBOM BCTPEYHBIX MEPEKAUCK;

®  ONTUMAaJbHBIC pasmepbl paboueii TJI0IIA N arperaros,
TEXHOJIOTUYECKUX OJIOKOB, YCTAHOBKHU;

®  JleJICHUE HAa yYacCTKH, 00ECTICUMBAIONTNE BO3ZMOXHOCTH OIOPOKHECHUS

OT MPOJIYKTa BCEX anmapaToB U TPyOOIPOBOIOB, PACIIONIOKEHHBIX Ha TIIOMIAIKE;
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e  CBOOOAHBIN AOCTYI K 00OPYIOBaHUIO, apMaType, MpudopamM KOHTPOIIS
Y aBTOMaTHU3ALINH;

e  CcBOOOJHBIN MOABE3] TPAHCIIOPTA U PA3MEIICHHUE MTOABEMHBIX CPEJICTB;

®  BO3MOXXHOCTb NPOBEJCHUS PEMOHTHBIX PabOT C MOMOIIBIO CPEICTB
MEXaHHU3aLNH.

PaccrosiHna Mexnay ammapaTtaMy, KOJOHHAMH, TEIJIOOOMEHHUKaMHU H
JIPYTUM 000pYJIOBAaHUEM, PACIIOJIOKEHHBIMU BHYTPH OJIHOM TEXHOJOTUYECKON
YCTaHOBKH, CJIEIyeT MPUHUMATh, UCXOMASl U3 YCIOBHH MaKCHMaJIbHOTO ya00CTBa
o0CITy’)KMBaHUs1, PEMOHTA U BBINIOJIHEHHSI TPEOOBAHUM 110 OXpaHe TPy1a U MOXKapHOI
0€30I1acHOCTH B COOTBETCTBUHU C YKa3zaHHsAMU [53].

Heo6xonumo npeaycMaTpuBaTh:

®  OCHOBHBIE MPOXOJbI MO (POHTY OOCITYKMBAHUS LIUTOB YIPaBICHUS
LIMPUHON HE MEHee 2 M;

®  OCHOBHBIE TPOXOJbl N0 (POHTY OOCIYKMUBAaHUS KOMIIPECCOPOB,
HACOCOB U almapaToB, UMEIOIIUX MECTHbIE KOHTPOJIbHO-U3MEPUTENBHBIE TPUOOPHI,
Y TIPOXO/IbI IIPY HAIMYUU IOCTOSIHHBIX pab04MX MECT - HIMPUHON HE MeHee 1,5M;

® MpOXOAbl MEXKIY almapaTaMy, MEXIy anmnaparaMd W CT€HaMH
MOMEIICHU MPHU YCIOBUM KPYrOBOTO OOCIYXMBaHUS - IIMPUHOW HE MeHee | M.
VYKa3zaHHbIE PAcCCTOSIHMS HE OTHOCSTCS K araparaM, MNPEeACTAaBISIOIUM YacTb
arperara. B aToM ciydae paccTOsiHHE MEXAY OTIACIbHBIMHU amnmnaparaMuy arperara
OTNpENENSAETCS]  TEXHOJOTMYECKOW  Ie1eCOO0Pa3sHOCThIO U BO3MOKHOCTBIO
00CTy>KUBaHUS;

®  MPOXOAbl JJII OCMOTpA, MEPUOAMYECKON MPOBEPKH, PETYIHPOBAHUS
anmapaToB U MIPUOOPOB - MUpUHOM HEe MeHee 0,8 M;

®  MPOXOAbI MEKIY OTACIBHO CTOSIIIMMH HACOCAMH - IIIMPUHON HE MEHEE
0,8 m;

®  MPOXObl Y OKOHHBIX MPOEMOB- IIIUPUHOIN HE MeHee | M;

®  IIPOXOAbI MEXAY ra30BbIMU KOMITpeccopamu - He MeHee 1,5 m. [Ilupuna

MPOX0J1a MEXKITY MaTOrabapuTHRIMU MalTuHaMU (IMUPUHOM U BhICOTOMU 10 0,8 M) -
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He MeHee 1 M;

e  Paccrosame mexay (QpyHIaMEHTaMH «B CBETY» ISl BEPTUKAIBHBIX
anmapartoB mMaccoit 6osiee 100 T unu BeicoTo 6osee 40 M JT0KHBI OBITH HE MEHEE
3,5 m.

Tepputoprio Hapy>KHBIX IUIOMIAJOK JIJIi YCTAHOBKM TEXHOJOTHYECKOIO
00opy10BaHUs, TPEOYIOIIEro MOCTOSHHBIX Pa00YMX MECT, CIEAyeT MPOSKTUPOBATh
¢ OETOHHBIM TIOKPHITHEM.

VYcranoBku noarotosku ra3a (YIII') 1omkHbI NpOEKTUPOBATHCS KaK €IMHbBIN
KOMIIJICKC, COCTOSTh M3 OJHON WM HECKOJBKHUX TEXHOJOTMUCCKHX JIMHMN U
000py10BaHUs OOIIIETO TEXHOJIOTMYECKOI0 Ha3HAYCHUS.

YcraHoBKa MOHTUpPYETCS Ha OTKphITOM Miomaake. CocTraB  KaxKJIou
KOHKPETHOM YCTaHOBKH OTPENIENACTCS 3aKa3UMKOM COTJIACHO MPOEKTY MPUBSI3KH, B

3aBUCUMOCTH OT KOHKPETHBIX yCJIOBUU [54].
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3AKVIIOYEHHUE

Ha xadeape xumuueckoit TtexHosoruu TtoruBa TIIY paspaboransl
MaTeMaTHYeCKUE MOJENM IMPOILECCOB MPOMBICIOBOM MOArOTOBKM He(dTH, ra3a u
ra3oBoro KOHJEHCaTa, Ha OCHOBE KOTOPBIX CO3/JaHAa TEXHOJIOTMYECKas
mMozenupytomas cucrema (TMC) i pacueta MaTepHalIbHbIX, TETUIOBBIX OaJaHCOB
Y OIIEPATUBHOIO aHAIN3a TEXHOJIOTUYECKUX PEKUMOB.

Jna ontumuzanuu npouecca HTC Obuin ucciieioBaHbl TEXHOJIOTMYECKHE
napaMeTpsl, BAMSIOMNE Ha 3PGEKTUBHOCTH CEMapaliy ra3a, a HIMEHHO: Pacxo]
CBIpbsI, TEMIIEPATYpPa, NABJIICHUE U YUCIIO CTYIICHEN Celapanuu.

B nanHo#l pa®oTe mpu BapbUpPOBaHUM JAABICHUS U TEMIIEPATyphbl TAKXKe
YYUTBIBAJIOCHh KAYECTBO TOBAPHOTO ra3a I10 CJIEAYIOIIMNM IT0KA3aTeISIM: COIEPKAHNE
yraeBoaopoaos Cs+, Cs+, BIarocogepkaHue, TOYKa pocel 10 yIIIEBOAOPOAAM U IO
Boze. [1o momy4eHHbIM pe3ysibTaTaM HalJeHbl TEMIEPATYPhl TOUKH POCHI 110 BOJE
JUIsL BCEX BapbuUpyeMbIXx pexumoB pabotel  YKIIIT B 3aBucHMMOCTH  OT
BJIArOCOACPIKAHUS.

Jist  ompeneneHus onTUMaibHBIX ycioBuid pabotel YKIIIT BbeIOpan
TEXHOJIOTUUECKH  KpUTEpUil: HaAWOOJBIIMK  BBIXOJ TOBAPHOTO Tra3za ¢
OTrpaHUYEHMSIMH 10 KaYeCTBY ITOATOTOBKU TOBAapHOro ra3a. K ontuMmusupyromumu
napamMeTpaM OTHECIIM JIaBJIEHWE W TeMIEepaTypy, OrpaHHUYMBAIOIIMMU YCIOBHIMU
ABJIUINCh TOYKA POCHl MO BOAE W MO YIJIEBOAOPOJaM B COOTBETCTBUHU C
CTO T'azmpom 089-2010 «["a3 roprounii MOPUPOIHBIA, TOCTABISIEMBIA |
TPaHCIOPTUPYEMBII IO MaruCTpalbHBIM ra30npoBoJaM. TEXHHUECKHUE YCIOBUS.

VY cTaHOBIEHO:

1. TlonmxeHue TemnepaTypsl JIMOO MOBBIILICHUE AABJICHUS B cenaparope 3
B npouecce HTC npuBOAMT K NOBBILIEHUIO CTENEHUM KOHAEHCALUHU JETKUX
KOMIIOHEHTOB Ta3a, CIEA0BATEIbHO, YMEHBIIAETCS pacxo] TOBAPHOTO Iasa.

2. OnHako yMEHbLIEHUE TeMIlepaTypbl MO0 YBEIUYEHHUE [aBJICHUS B

cenaparope | unum 2 npuBOAUT K YBEIMYEHHUIO BbIX0O/Ia TOBAPHOTO rasa.
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3. OnpeneneHo, 4To Ha BBIXOJ TOBAPHOIO T'a3a B UCCIEAOBAaHHOM JHana3oHe
BApbUPOBAHUS NAapaMETPOB CYIIECTBEHHOE BIIHMSHUE OKa3bIBA€T W3MEHEHUE
TEMIIepaTypbl U JABJICHHUS B TPEThEM Ccemaparope, MpUUYEM, MapaMeTpuuecKas
YyBCTBUTEJIBHOCTh IO [IaBJICHUIO BBINIE, Y€M IO Temmeparype. Tak, mnpu
yMeHbleHuu nasieHus ¢ 3,9 Mlla no 2,9 Mlla B cenapaTope 3 mapamerpuueckas
YyBCTBUTEJIBHOCTh MO Pacxojly TOBapHOro raza cocrasuia -0,69, yto B 4 paza
0oJbpIIE MApaAMETPUYECKONM YYBCTBUTEIBHOCTH IO Pacxojay TOBAapHOrO Tras3a IpH
yMEHbllIeHnH TeMiiepatypsl ¢ -33,7 °C no -38,7°C.

4. VYcraHOBIEHO, 4YTO  ONTUMAJbHBIMH  IapaMeTpamMu  padOThbI
CEIMApAIMOHHONW YCTAaHOBKHU SIBJISIFOTCS naBieHue 2,9 Mlla u Temneparypa -
33,7°C B TpeTheM cemapaTope, NOpHYEM TEMIIEpaTypa TOYEK pPOCHI IO
yraeBogopoaaMm u 1o Bojae cormacyercs ¢ CTO IMazmpom 089-2010. Ilpu sTom
BBIXO/] TOBAPHOTO Ta3a coctaBmil 99,05 1/4, yto Ha 0,7 T/4 GOJIbIIIE IO CPABHEHUIO C

0a30BBIM TEXHOJIOTHYECKHUM PCKUMOM.
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53. BVYIIII-88.BenomcTBeHHbIE yKa3aHus o IPOTHUBOMOKAPHOMY
MIPOEKTUPOBAHUIO MPEANPUSITHN, 31aHUN u COOpPYKECHUU
HedTenepepabaThIBarOICH U He(pTEeXMMUYECKOM
npoMeinuieHHOCTH. Munnedrexummnpom. Beea. ¢ 01.01.88

54. HTII 1.8-001-2004 Hopmbl TEXHOJOTHMYECKOTO IPOCKTUPOBAHUS OOBEKTOB

FaBOHO6BIBaIOHII/IX HpCI[HpHiITI/Iﬁ 141 CTaHHI/Iﬁ IMMOA3CMHOT'O XpPAaHCHHUA I'a3a
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http://ohranatruda.ru/ot_biblio/normativ/data_normativ/8/8092/index.php

[TPMJIOKEHUME A

(obs3aTenpHOR)

Ta6muma — CoctaB razoB Ypenroickoro u llleGenrmHcKOro MeCTOpoXaAeHUH

MecTopoxaeHue Oo6wémuas nomns rasza, %
Meran OtaH IIponan byran [lentan | Yraekucnsii | CepoBogopon | Asor + penkue | OTHOcUTEIbHAS
ra3 rassl IUIOTHOCTb
VYpenroiickoe 97,8 0,10 0,03 0,002 0,01 0,3 He oGHapyxen 1,7 0,560
[lIebennackoe 92,0 4,0 1,10 0,52 0,26 0,12 He oGHapyxen 2,0 0,606
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[MPMJIOXXEHUE b
(obs3aTenpHOR)

Ta6JII/IIIa — Ilokazarenu KadyecTBa ra30BbIX KOHICHCATOB HCKOTOPBIX MCCTOpO)KI[CHI/Iﬁ

MecropoxacHue IInoTHOCTH Copepxanue ®dpakiuonnslii cocras, °C I'pynnoBoit XuMU4eCKun
pu 20°C, cepsl, % cocras*, % (mac.)
Kr/m® (mac.) H.x. 10% (06) | 50% (00) 90 % K.K. ApY | HpY IIpy
(00)
VYpenrorickoe (3amaaHast 746 0,001 30 75 141 290 360 1-10 | 20-60 25-60
Cubupp)
OpenOyprckoe 715 1,18 25 43 95 190 197 46 25 59
ByxkThiisckoe 750 0,04 47 68 141 303 344 15 25 60
(Pecmybnuka Komn)
AcTtpaxaHckoe 806 1,37 58 98 183 320 360 34 - -
Kapadaranakckoe 772 0,08 40 97 195 345 >360 18 21 61
I'aznuHckoe, Y30eKkucTad 773 0,03 56 94 132 202 234 22 28 50
IIaTneIkckoe, 780 0,02 103 131 207 290 322 - - -
Typkmenucran
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[Iponoiskenue npuiioxkeHus b

Cubupn

I1lebGennHOBCKOE, 44 81 128 245 289 15 34 51
VYkpauna
Mengexne (3anannas 210 233 254 296 360 - - -

*ApY, HOVY u IlpY-cooTBeTcTBEHHO apoMaTHieckue, HahTeHOBbIEe U apadUHOBBIE YTIEBOIOPOIbI
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[TPMJIOKEHHUE B

(obs3aTenpHOR)

Tabnuna — 3nauenust K03(pPUIMEHTOB MAPHOTO B3aUMOJICHCTBUA Cij

KomnoneHTHI N2 CO2 CHg4 CoHs CsHs n-C4H10 n-CsHi» N-CeH14 n-C7Hs1se n-CsHis
N2 0,000 0,000 0,025 0,010 0,090 0,095 0,100 0,110 0,115 0,120
CO02 0,000 0,105 0,130 0,125 0,115 0,115 0,115 0,115 0,115
CHa 0,000 0,005 0,010 0,025 0,030 0,030 0,035 0,040

CoHe 0,000 0,005 0,010 0,010 0,020 0,020 0,020

C3H8 0,000 0,000 0,020 0,005 0,005 0,005
n-CsH10 0,000 0,005 0,005 0,005 0,005
n-CsH1. 0,000 0,000 0,000 0,000
N-CeH14 0,000 0,000 0,000
n-C7Hzs 0,000 0,000
n-CgHas 0,000
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[MPMJIOXXEHUE T
(obs3aTenpHOR)

Ta6numa — MatepuaibHbIe 3aTpaThl

HaumenoBanue | Enx.uzm. KonuuecTBo Llena 3a en., T.py0 3aTpatbl Ha MaTepualsl, (3m), T.pyoO.
HII3 Amnanor 1 | Amnanor2 HII3 Amnarorl Amnasor2 HIT3 Amnarnor 1 | Amnasor 2
KaramuzaTtop T 2,5 3 4 20 20 20 50 60 80
Hroro: 50 60 80

Amnanor 1 — OAO «I"aznpoM HEDTHY;

Amnanor 2 — O00 «I"aznpomy.
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[MPMJIOXXEHUE []
(obs3aTenpHOR)

Tabnuua — Pacuér 3aTpar no cratbe «Crierio0opy0oBaHUE Jisi HAYYHBIX padO0T»

Ne

Koi-Bo Cymma
HanmenoBanue Ilena enuHUIIBL
CIANHUIL] I_[eHa CYMMBI AMOPTU3AIIUOHHBIX
000pyI0BaHUs obopynoBanus, T.pyoO. Hopma .
/o O60py[[0BaHI/I$I O60py,I[OBaHI/I}I, T.py6 0 OTYHCIICHUH, T.py6.
amopt.%
1 BeprukanpHbIii 5 1500 3000 5 150
cenaparop
2. | Pazmenmurenp xuaKocTH 2 2000 4000 200
JIBYX CeKIIMOHHBIH 8000
3. TEMI000MEHHUK «ra3- 2 4000 400
ra3»
4. DKEKTOp 2 250 500 25
HuzkoreMneparypHblii 2000
5. 1 2000 100
cemnaparop
Hroro 9 17500 875
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[MPMJIOXXEHUME E
(obs3aTenpHOR)

Tabnuua —['pynnupoBka 3aTpaT 1Mo CTaThsIM aHaJIOroB pa3paboTKU

CoIpbe, MaTepHabl (3a CnenuanbHoe JononHuTtenpHast
Bapuant
BBIYETOM BO3BPATHBIX 00opyI0BaHUE IS OcHoBHas 3apa0oTHas miaTa OtuucneH.
UCIIOJTHEHUS Hroro nnanosas
OTXOJIOB), MMOKYITHBIE HAYYHBIX 3apaboTHas COLIMAJIbHBIE
aHaJjiora cebecTOMMOCTh
No n3enus u (3KCTIEpUMEHTANIBHBIX) mnjaTa HYKJIbI
- nonyabpuKaTsl pabot
1 60000 17500000 52947,36 6067,11 17704,34 17636718,81
) 80000 17500000 52947,36 6067,11 17704,34 17656718,81
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[MPMJIOXKEHUE XK
(obs3aTenpHOR)

Tabnuua — OnacHbie U BpeHble (PAKTOPHI MPU BBHITTOJIHEHUH Pa00T YCTAaHOBKH HU3KOTEMIIEPATYPHOU cemapanuu MpupoIHOTo

raza ('OCT 12.0.003-74)

HcTtounuk dakropa, ®akropsl (mo T'OCT 12.0.003-74) HopmaTuBHBIE TOKYMEHTBI
HalMEHOBaHUE BU/I0B paboOT Bpenusie OnacHele
Benenne TeXHOIOrM4ECKOTO [ToBBIIEHHBIN YPOBEHB LIyMa U [MoBeimeHHbId ypoBenb cratudeckoro | FOCT 12.1.003-83 [24];
nporiecca. BUOpamu Ha pabodeM MecTe; AIIEKTPHUYECTBA; 'OCT 12.1.012-78[25];
OOciy)XMBaHUE YCTAaHOBKU HANPSHKCHHOCTD TPYIOBOTO OIMACHOCTh MPSAMBIX yaapoB mosHum; | P 2.2.755-99[26];
MOATOTOBKH Ta3a. npoiiecca; B3psiBomnoxkapoonacHsle, I'OCT 12.1.005-88[27];
HArpeBAOIINI M OXJTaXKTAOTIH TOKCHUYECKHE CBOMCTBA CHIPHS, I'OCT 12.1.018-93[28];
MUKPOKJIMAT. TOTOBOH MPOJYKIIMKA U OTXOJIOB PJ1 34.21.122-87[29];
MIPOU3BOJICTBA; I'OCT 12.1.007-76[30]
BO3MOKHOCTh B3pbIBa U IOXkKapa Mpu
HEHCIIPABHOCTSIX M aBaPHSX.
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[MPMJIOXXEHUE 3
(obs3aTenpHOR)

Tabnuua — B3peiBonokapoornacHbIe, TOKCHUECKUE CBOMCTBA ChIPhS, TOTOBOM MPOIYKIIMH U 0TX010B Tpou3BojcTBa (I'OCT

12.1.005-88)
Haumenosanue Knacc Temmnepatypa, °C KoHuentpupoBaHHbIil | XapakTepuCTHKA I[IJK B
CBIPbS1, TOTOBOI OIIACHOCTH B npenen TOKCUYHOCTH (BO3JIEHCTBUE BO3/yXe
MIPOIYKLIHUH, COOTBETCTBHU BOCIUIaMEHEeHUs, % Ha OpraHbl YeI0BEKa) paboueii
OTXOJ0B ucl'OCT BCIbILKK | Bociutame- | CamoBoc- | Huwxkuuil | Bepxuuit 30HBI
MIPOM3BOJICTBA 12.1.005-88/ HEHUS IIaMeHe- | mpeent npeaen MIPOU3BOJCTB
Kareropus u HUS €HHBIX
rpyImmna MOMEIICHU I
B3pbIBOOIIAC- B
HOI cMecHu COOTBETCTBHU
ucl'OCT
12.1.005-76
Konnencar 4/ 11AT3 <0 >380 14 8 [Ipu nonagennn Ha KOXKY 300 mr/m®
YTJ1€BOIOPOIHBIN BBI3BIBAET pa3/ipakeHUeE.
[Tapel BO31€HMCTBYIOT Ha
LEHTPAIbHYIO HEPBHYIO
cucreMy. Bei3biBaer
OTpaBJICHHE.
I'a3 npuponusiii | 4/ 11AT1 5 15 BeI3bIBaeT yaymbe npu 300 mr/m®
KOHIIEHTpaIUsX,

CHIDKAIOIINX COJIEPIKaHUE
KHciopoja B atMocdepe 1o
15-16%.
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[Iponomkenue npunoxeHus 3

MeTtaHon

3/ 1IAT2

13

436

6,7

34,7

CuibHBIN HEPBHO-
cocynucteii 1. [Ipu npuéme
BHYTPB BbI3BIBACT CJICMOTY U
cMepThb. Tsokénoe
OTpaBJIEHHE, BbI3bIBAIOLIEE
cienoty, npu npuéme 5-10
cM®. XOpOoIIo BOUTHIBAETCS
yepes KOXKHbIE TOKPOBEI.

5 mMr/m®
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[MPMJIOXXEHUME U
(obs3aTenpHOR)

Tabnuia — B3pbiBomoskapHas ¥ okapHasi OIaCHOCTh, CAHUTapHAs XapaKTePUCTHUKA MMPOU3BOJICTBEHHBIX 3/IaHUM, TOMEIICHUH 1
HapyXHbIX ycTaHOBOK [1509-170-97

HanmenoBanue Kareropus Kareropus Knaccugukanusa 30H BHyTpu M BHE nomeuieHuil | ['pymnmna
IIPOU3BOJICTBEHHBIX B3pPBIBOIIOKAPHOW UM | TEXHOJIOIMYECKUX | JUld BBIOOpa M yCTAaHOBKH JIEKTPOOOOPYIOBAHUS | IPOU3BOJICTBEHHBIX
3/1aHuUH, MOMEIICHHH, | TIOKapHOil omacHocTH | O110KOB 10 ypoBHO | (ITVD-86) IIPOLIECCOB o
HapYy>XHBIX YCTAaHOBOK 3/laHUN U TIOMELIEHUH | B3phIBOONACHOCTH * CaHUTapHOU
Kitace B3peiBoomnacHoy | Kareropuss u rpymnma
(OHTII 24-86) XapaKTePUCTHKE
WIM  I0KapOONacHOM | B3PBIBOIOXKAPOONACHBIX
(CHuII 2.09.04-87)
30HBI cmecel
YcTaHOBKa HU3KOTEMIIEpATYpHOU cenapanun
biok apmatypsl | A A B-Ia I1-T3 1116
Tpexdas3Horo
pasnenurens
brox apMatrypsl | A A B-1Ia -T3 1116
HU3KOTEMIIEPATYpPHOTO
cemaparopa
Cemnapartop BXOJHOM A A B-Ir ITA-T3 1116
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[Iponoikenue mpuitoxkenus: U

Tpexda3znbrit A B-Ir ITA-T3 1116
pas3zienuTenb

Cemnaparop A B-Ir ITA-T3 1116
HU3KOTEMITEPATyPHBIT

Cemnaparop C3 A B-Ir ITA-T3 1116
Anmnapar A B-Ir ITA-T3 1116
TEIUIOOOMEHHBIH «ra3 —

ras3

Arnmnapar A B-Ir ITA-T3 1116
TEIUIOOOMEHHBIH«Ta3  —

KOHJICHCAT»
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