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IHHJIAHUPYEMBIE PE3YJIBTATBI OBYYEHMUS 110 OOII

Kon
pe3yJibTara

PesynbTaT 00ydeHus (BBITYCKHUK JOJKEH OBITh TOTOB)

Ilpogheccuonanvnovie Komnemenyuu

Pl

[Ipumensate rayOOKHe, MaTEeMaTUYECKHUE, €CTECTBEHHOHAYYHBIE,
COILIMAJIbHO-DPKOHOMHYECKHE U MPOQPECCUOHANIbHBIE 3HAHUS B 00JaCTH
PHEPro- M  pecypcocOeperamnmx  MpolecCOB  XUMHUYECKOU
TEXHOJIOTUH, HEPTEXUMUU U OMOTEXHOJOTMU B NMPoheCcCHOHATbHON
JESATEITbHOCTH.

P2

CraBUTh W pelIaTh WHHOBAIIMOHHBIE 3a7a4M IPOW3BOICTBEHHOTO
aHalv3a, CBS3aHHBIC C CO3/JaHHEM W TepepaboTKONl MaTepuanoB ¢
UCTIONIb30BAaHUEM  MOJECIHMPOBAHUS  OOBEKTOB W TPOIIECCOB
XUMUYECKON TEXHOJIOTHH, HEYTEXUMUU B OMOTEXHOJIOTHH C YICTOM
MUHAMH3AIIUNA  aHTPOIIOTEHHOTO BO3JECHCTBUS HAa OKPYXKAIOIIYIO

cpeny.

P3

Pa3pabaTeiBaTh HOBBIC TEXHOJOTHYECKHE IIPOICCCHI HA OCHOBE
MaTEMaTHYECKOr0 MOCIMPOBAHUS, IIPOCKTUPOBATh M HCIIOIb30BaTh
PHEPro- | pecypcocOeperaronme oO0OpyIOBaHHE XUMHUYECKOU
TEXHOJIOTHH, He(DTEXUMHUN U OMOTEXHOJIOTHH.

P4

[IpoBOIUTH TEOPETUUYECKHE M DKCIEPUMEHTAIbHBIC HCCIEAOBAHUS B
o0JlacTi pa3pabOTKU U ONTUMU3AIMU TEXHOJOTHUYECKUX MPOLIECCOB U
CHCTEM C TIO3UIINH SHEPTO- U PECYPCOCOEPEIKECHHSI.

P5

BHenpsTh U 9KCITyaTHPOBAaTh COBPEMEHHOE BBICOKOTEXHOJIOTUYHOE
o0opyaoBaHue, oOecreunBaTh €ro BBICOKYIO 3((PEKTUBHOCTB,
coOJiro1aTh TpaBWJIa OXpaHbl 3JI0POBbS M OE30MACHOCTH TpyJa Ha
IPOU3BOJICTBE, BBINOJHATH TPEOOBAaHUS MO 3aLIUTE OKPYKaroleH
CpEJbl.

OobueKkynomypHoie KoOmnemeHyuu

P6

JleMoHCTpHpOBaTh TJIyOOKHWE 3HAHUS COLMAIBHBIX, ITHUYECKUX U
KyJIbTYpPHBIX  aCMEeKTOB  WHHOBAIIMOHHOW  MpodecCHOHaIbHON
JEATEIBHOCTH.

P7

CaMOCTOSITEIFHO YYUTHCS M HEMPEPHIBHO IMOBBINIATH KBATU(PUKAINIO
B TEYEHHUE BCETO MeproJia MpoPeCcCHOHATBHON AeSITEIbHOCTH.

P8

AKTHBHO BIIQJICTh WHOCTPAHHBIM S3BIKOM Ha YPOBHE, MO3BOJISIOIICM
paboTaTh B WHOS3BIYHOW cpejie, pa3padaThiBaTh JTOKYMEHTAIIUIO,
MPE3EHTOBATH PE3YJILTATHI MPO(DHECCHOHATBLHOM IEATeTLHOCTH.

P9

O¢ddextuBHO paboTaTh WHAUBUAYAIBHO W B KOJUIGKTHUBE,
JIEMOHCTPUPOBATh OTBETCTBEHHOCTh 3a pE3yJdbTaThl pPabOTHl W
TOTOBHOCTb CJIEIOBATh KOPITOPATUBHON KYJIBTYypE OpTraHU3AIIHH.
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TEXHUYECKOE 3AJIAHHUE:
Hcxoanbie 1anHbie K padore 1. JlanHble paboOTHI CBHIPHEBBIX IUKJIOB C YCTaHOBKH

nojyyeHus  oneUHOB W OTYEThl  HayaJbHUKA
ycTaHoBKH 3a nepuof 2008-2018 rr.

2. Pe3ynpTaThl TEPMOIPaBUMETPUUYECKOTO aHAIN3a
o0pa3uoB KaTaJanu3aTopoB JNETUIPUPOBAHUS
(Tepmorpammsl), BBIITOJIHEHHOTO Hay4HO-
aHanuTH4eCKuM 1eHTpom TIIY.

3. TpebGoBanms, NpeabsIBIsEMble K KOJIHYECTBY |
KauecTBY LIE€JIEBOr0 MPOyKTa — oJiehuHaM.




IMepeyeHb MOAJIEKAIMX HCCIIEIOBAHUIO,
NPOEeKTHPOBAHUIO U pa3padoTKe
BOINPOCOB

Bsenenue

1. O630p nUTEpaTypHI
1.1.
BBICIINX NapaduHOB

KaranuzaTopbl  mporecca  JAeruapupoBaHUs
1.2. Jle3akTuBalus KaTajJu3aTOPOB JIETUIPUPOBAHUSI
BBICHIHX MapadUHOB
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2.1. O0OBEKT HucclienoBaHus
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BIIMAHUA

cCoCTaBa,  CBOHCTB U
napapuHOB

3.2. OnpeneneHne CTPyKTYpbl 00pa30BaBIIETOCs KOKCA
Ha MMOBEPXHOCTH KaTaJln3aTopa

3.3. Metoamka pacueTa ONTHMAJIbHOTO KOJIUYECTBA
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napapuHOB
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AspneeBa Mpuna 1BanoBHa

Paznen BKP, BbImOSMHEHHBIM Ha HHOCTPAaHHOM
s3eike (Literature review)

CrickrHa AHHa AJeKcaHIpOBHA




HaszBanus pa3aejaoB, KOTOPbI€ T0JKHBI ObITh HANHCAHbLI Ha PYCCKOM H HHOCTPAHHOM

A3bIKAaX:

1 O630p nuTEpaTyphI

I[aTa BblJA4YM 3a1aHUS HA BBIINNOJIHCHHUC BBIHyCKHOﬁ

! ¢ 22.01.2018
KBa.]II/I(l)I/IKaIII/IOHHOI/I paﬁoTbI Mo IMHEUHOMY rpaq)mcy
3ana1me BbIAAJ PYKOBOAUTEC/Ib:
Jlo/2KHOCTH (2% (0] Yuenas cTeneHsn, 3BaHne Moanucey JaTa
JlouieHT benmunckas H.C. K.T.H.
3ana1me NPHHAJ K HCIIOJTHEHUIO CTYACHT:
I'pynna (07 (0] Honnuch Hara
2KM61 ®edenora Kcennst Onerosna




_ 3AIAHME JJISI PA3JIEJIA
«®UHAHCOBBIII MEHEJUKMEHT, PECYPCO®®EKTUBHOCTD U

PECYPCOCBEPEXEHUE»
Crygnenry:
I'pynna DPUO
2KM61 Dedenonoit Kcennn Onerosne
IlIxoaa WIIIIP OTtaenenue OXH
YpoBeHnb o6pazoBanus Marucrparypa HanpasJienne/cneuuajbHOCTh 18.04.02 Duepro- u

pecypcocoOeperaronye npoueccs B
XUMHYECKOH TEXHOJIOTHH,
He(TEeXUMHUH U OHOTEXHOIOTUI

pecypcocoepekeHmne»:

Hcxonnbie nanHbIe K pasjaeny «OPHHAHCOBBIH MEHEIKMEHT, pecypcod(p(peKTUBHOCTb U

1. Cmoumocms pecypcog Hayurozo ucciedoganus (HH):
MAMepUATbHO-MEXHUYECKUX, IHEPeMUYEeCKUX,
DUHAHCOBBIX, UHPOPMAYUOHHBIX U YETOBEUECKUX

3ampamer ha mamepuanvhsie pecypcot —1806 py6.,
3ampamer na 110 — 51979 py6.;

Pasmep oxnaoa pyxosooumens — 36800 pyo.;
Pasmep cmunenouu macucmpanma — 1600 pyo.

2. Hopmbl u HOpMamuebl pacxo008anus pecypcos

Cpox evinonnenust npoekma — 3 mecsaya;
Honornumenvhas 3apabomuas niama cocmagnsem
12% om ocnognol;

Pationnuiit koagppuyuenm paesen 1,3.

3. chozzwyemaﬂ cucmema HCUZOZOO6]ZOOIC€HM}Z, cmaesKku
Hajloeoe, omuuwlenuﬁ, OUCKOHI’I’IMPOG‘CZHM}I u erdumoeanz

Cmagxa omuucieHull Ha COYUATbHbIE HYICOb
cocmasasiem 27,1% 0Ona  obpaszogamenvHuix U
HAYYHBIX YUPeNcOeHU.

Hepeqeﬂb BOIIPOCOB, NMOJIC/KALIIUX UCCJICT0BAHULO,

NPOEKTHPOBAHHUIO M pa3padoTke:

1. OMEHKQ KOMMepUeCKoco U UHHOB8AYUOHHO2O nomernyuaia
HTH

1.1 Ilomenyuanvivie nompedbumenu pesyibmamos
uccneo008aHus
1.2 Ananuz KOHKypeHmHbIX MEeXHUYECKUX peueHull ¢

nosuyuu pecypcoagppexmusnocmu u
pecypcocbepedicenus

1.3 [luacpamma Hcukasa

1.4 Oyenka 20MmogHOCMU npoexma K
KOMMepYUaiu3ayuu

1.5 Memoovl Kommepyuanusayuu pe3yrbmamos
HAYYHO-MEXHUYECKO20 UCCIeO08aAHUS

2. Paspabomka ycmaea Hay4HO-MeEXHUHeCKo20 NpoeKma

2.1 L]enu u pe3ynomam npoexma
2.2 OpeanuzayuouHnas cmpykmypa npoexma
2.3 Oepanuyenus u 0onyweHus npoexma

3. ITnanuposanue npoyecca ynpasienus HTH: cmpykmypa u
epagux nposedeniis, 6100cem, pUcKU U OPeaHU3AYUs
3aKYNoK

3.1 Hepapxuueckas cmpykmypa npoexma
3.2 Konmponvhvie cobbimus npoeKkma

3.3 Ilnan npoexma

3.4 Brodoicem Hayuno2o ucciedosanus

3.5 Opeanuzayuonnas cmpykmypa npoekma

4. Onpedenenue pecypcholl, puHancoBoul, IKOHOMUYECKOU

a¢hghexmusnocmu

4.1 Oyenxa cpasHumenvHou d¢hgexmusHocmu
uccne0o8anus

Ilepeyensb rpaguyeckoro marepuajia;

Kapma ceemenmupoganus poinka yciye

Oyenounas Kapma KOHKYDEHMHbIX MEeXHUYeCKUX peuleHu
Juaepamma Hcukasa

Tpaguk nposedenus u 6r0dxcem HTH

Mampuya omeemcmesennocmu

ook wmnpE

Oyenka pecypcHoll, QuHaHcos8ot u IKoHOMUu4eckol d¢gpexmusnocmu HTHU

‘ JlaTta BbIIa4M 3aJaHUA /IS pa3fena 1o JuHeHHoMY rpaduky ‘ 1.03.2018




3a;[a}me BbIJ1AJI KOHCYJbTAHT:

J0KHOCTH [025(0] YueHasi cTeneHb, 3BaHNe Hoanuck JlaTa
Houent Kpunuipina 3.B. K.T.H. 1.03.2018
33[[31-[1/16 NPUHAJT K HCIOJHCHUIO CTYACHT:
I'pynna (07 (0] Hoanucy Jara
2KM61 ®edenosa Kcennst Onerona 1.03.2018




3AJIAHUE JIJISI PA3JIEJIA
«COLMAJIBHASI OTBETCTBEHHOCTb»

CTyneHry:

'pynna DPUO

2KM61 ®dedenoroit Kcennn OneropHe
lkona WIHIITP Otaenenne OXH
YpoBeHb 00pa3oBaHus Marucrparypa Hanpagsienune/cnemnansnocts | 18.04.02 Duepro- u

pecypcocheperaromniue Ipoieccs B
XUMHYECKON TEXHOJIOTHH,

HEe(TEXUMUH U OUOTEXHOIOTHU

Hcxoanble JaHHBbIE K pasgeiny «Couua.m)naﬂ OTBETCTBEHHOCTb».

1. XapaktepucTuka OOBEKTa HWCCIEIOBAaHUS (BEIIECTRBO,
MaTepuai, Ipudop, alropUT™M, METOUKa, pabodas 30HA) U
001acTH ero NpUMeHeHHS

Obvexm uccnedosanusn — ycmano8Kka NOLyYeHusl
oneghunos.

Memoo uccnedosanus — mamemamuyeckoe
MoOenupogaHue.

Pabouan 30na — komnviomepHuwlii Kaacc,
MexXHOo02UYeCKasl 30Hd.

Oobnacme npumenenus — Hepmexumuyecxkas
NPOMBIULEHHOCTD.

Hepeqeﬂb BOIIPOCOB, NOJIC/KAIIMUX HCCIACT0BAHUI0, IPOCKTUPOBAHUIO H pa3paﬁoTKe:

1. IlpousBoacTBeHHAs 6€30I1ACHOCTD:

1.1 AHanu3 BEISIBIEHHBIX BPEIHBIX (PAKTOPOB IIpH
pa3paboTKe U IKCILTyaTaluH MPOSKTUPYEMOTO PELICHHS B
ClIeyIoIIeH 10CIe10BaTENbHOCTY:

(u3MKO-XMMHUYECKasi IPUPOJa BPEIHOCTH, €€
CBSI3b C pa3padaThIBaeMON TEMOii;

JeiictBue (hakTopa Ha OpPraHU3M YeIOBEKa;
MIpUBEJIEHUE JIOMYCTUMBIX HOPM C
HE00X0MMOMN Pa3MEpPHOCTHIO (CO CCHUIKOM Ha
COOTBETCTBYIOIINNA HOPMATUBHO-
TE€XHUYECKUI JOKYMEHT).

npesiaraeMple CpeCcTBa 3alluThl (CHavana
KOJUJIGKTUBHOM 3aILUTHI, 3aTEM —
WHMBHTyaJIbHBIE 3aIIIUTHBIE CPEJICTBA).

1.2 AHanu3 BBISIBIIGHHBIX OMACHBIX (DAKTOPOB IpH
pa3paboTKe U IKCILTyaTaluH IPOSKTUPYEMOTO PELICHHS B
CJIEyIOIIEH 110CIIeI0BATENbHOCTH:

MEXaHMUYECKHE OTACHOCTH (MCTOYHHUKH,
CpeJIcTBa 3aIlUTEHI,

TEPMUYECKUE OMIACHOCTH (MCTOYHHKH,
CPEJICTBA 3aIlUTHI);

31eKTP0oOE30NmacHOCTh (B T.4. CTATUYECKOE
ANEKTPHYECTBO, MOJHUE3AIINTA — UCTOYHUKH,
CpPEJICTBA 3aIIUTHI);
MO’KapOB3PHIBOOE30MMACHOCTD (TIPUYHHBI,
npopHUIaKTHYECKHE MEPOIIPUSATHS,
NIEPBUYHBIE CPEACTBA MOXKAPOTYILICHHS).

1.1 Ilpu paspabomxe HayuHo20 UCCIEO08AHUS
(komnwromepHnolii K1GCC) BeposIMHO 8030€licmEue
Cedyrouux 8PEeOHbIX U ONACHBIX (PAKMOPO8:

- MUKpOKIUMAmMuyeckue  YCloGus 6
nomewenuu [CanlluH 2.2.4.548-96],
memnepamypa 6030yxd, 8vloeneHue 6 6030YX
pabouetl 30Hbl pada xumudeckux eewecme I'H
2.2.5.1313-03, srascnocms 6030yxa, a3pouoHHbIl
cocmas  6o30yxa [CanlluH 2.2.4.1294-03],
omcymemeue unu HedOCmamox ecmecmeeHH020
ceema, He00CmamoyHast UCKyccmeennas
ocsewgennocms paboueil 3onvl [CHull 23-05-95],
NOBbLIUEHHASL IPKOCMb C8EMA;

- ncuxogusuueckue  ¢gaxmoper  [IOCT
12.0.003-74] (3pumenvHoe Hanpscerue,
MOHOMOHHOCMb  MPYO06020 NPOYeccd, HePEHO-
IMOYUOHATLHBLE NEPESPY3KU);

- 91eKmMpPoOe30NaACHOCMb HA paboyem mecme

[TOCT  12.1.002-84, TOCT 12.4.124-83]
(Hanpscenue 8 2NeKMpUYecKoll yenu,
3aMbIKaHue,  CMamuyeckoe  NeKMPUYECmaeo,

27eKMPOMASHUMHbIE U3NYYeHUs, HANPAXCEHHOCTb
ANEKMPUYECKO20 NOJIS).

1.2 Ilpu skcniyamayuu HAy4HO2O UCCAEO08AHUSL
(mexHoIo2UYeCKasi 30HA) BEPOAMHO B030eUCHEUe
CedyrWUX BPEOHBIX U ONACHBIX (PAKMOPO8:

- npou3600CHEeHHbIl wym
2.2.4/2.1.8.562-96];

- subpayus [CH 2.2.4/2.1.8.566-96];

- Oeticmesue 8peOHbIX 8eujecms Ha OpeaHusM
(napagurnwr, onepunl, BCT,
naamunocodepocawuii - kamaauzamop) [T OCT
12.1.007-76];

- 0sudCyWUecs MAwlunbl U MEXAHUZMbL,
NOOBUICHbIE uacmu npoU3800CMEEHHO20
obopydosanus [TOCT 12.1.002-84].

[CH




s obecneyenusn bezonacnocmu npu pabome

Ha ycmanogke ROJYYeHUs onegunog
npeonazaromcs ciedyrouue cpeocmed 3auumsi.
- KOJIeKMUBHASL sawuma
(wymousonupyrowue KOHCmMpyKyuu);
- UHOUBUOYATbHbIE — CPeOCmBd  3aujumol
(kocmiom, OOMUHKU, NePUAMKU, KACKA, OUKU
3awummnble, MAcKa).
2. DKOJIOrMYECKas 6e30MACHOCTE: 2.1 Ananuz Hecamueno2o  030e€UCMEUs HA
oKpydcarowylo  cpedy  pabomvl  YCMAHOBKU

3aIUTa CEIUTEOHOM 30HbI

nony4eHus: 0nePuHo8:

— aHanW3 BO3JEHCTBHS o0OBekTa Ha atMochepy - enusnue na ammocepy (8uGpPocsl oKkcud08

(BBIOpOCHL); U OUOKCUO08 Yyenepoda, cepvl U KUCIOpoOa,
— aHanM3 BO3ACHCTBHA OOBEKTa Ha THAPOCPEPY | nenpedenvhuvie y2ne6000podbl);

(cOpochr); - eauAHue Ha aumocgepy (ompabomanHviii
— aHauM3 BO3ACUCTBHS OOBEKTa Ha JUTOCQepy | KAMAaiusamop, ymuiusayus maxyranmypel  u

(oTXO0/BL); JHOMUHECYEHMHDBIX JIAMT). )

2.2 Ananuz He2amueHo20  8030eliCmeus HA
— paszpabotath penreHus 1o obecreueHnto
56 oKpyscarowyio cpedy npu pabome 3a [I9BM.

OKOJIOTHYCCKOHU eSOHaCHOC"EI/I CO CCBUIKAMH Ha 23 Ananuz pewenuﬁ no obecneyenuio

HT/I no oxpaHe oKpyxarolei cpeabl. 9KOI02UYECKOU OE30NACHOCHIU.

3. be30onacHOCTh B Ype3BbIYAHBIX CUTYalMAX: 3.1.  Bozmooicnoix HC npu sxcnayamayuu
— mepedeHb Bo3MoxHBIX YC mpu pa3paboTke u YCmanosku noay1enui oneunos -
KCILTyaTalH IPOEKTUPYEMOTO PELLEHHS npou3Bo0CmeeHHvle asapuu (noorcap, 63puig).

3.2.  Awnanuz Oeiicmeuii  pabomHUKO8  npu

BbIOOD Hamboee TunmaHOU YC;
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PE®EPAT

Brinmycknas kBanmmdukanmonHas padora coaepxxut 137 c., 26 puc., 33 Tabdx.,
73 ucToyHMKa, 4 TIPUIL.

KmtoueBsie cnosa: JIEITMJAPMPOBAHUE BbICHINX ITAPA®HUHOB,
KOKC, HNE3AKTUBAILINA, JEMUWHEPAJIN30OBAHHAS BOJIA,
MOJEJIMPOBAHUE, OIITUMU3ALINA.

OOBEKTOM HCCIIEIOBAHUS SABJISIETCS] YCTAHOBKA MOTYUYEHUs 0J€(PUHOB.

Lenp pa®oTel — onTUMHU3aLUg pexuMa pabOThl YCTAHOBKH IyTeM M0a00pa
ONTUMAJIBHOTO PEXHUMA TMOJAaud BOJBI C LIETBI0 COEPEKEHUS pecypca MIATHHOBOTO
KaTaau3aTopa v MmoBblieHus 3 HEKTUBHOCTH MpoIecca.

Metoasl ucclenoBaHUS — METOJ MaTeMaTH4YeCKOro MOICIUPOBAHUS,
TEPMOTPaBUMETPUUYCCKUN METO/I aHAJH3a.

B npouecce wuccienoBaHuss TPOBOAWINCH MOHUTOPUHI  HECKOJIBKUX
CBIPHEBBIX IIMKJIOB palbOThl peakTopa ACTHAPUPOBAHMS, aHaIU3 TEPMOTpaMMm
00pasloB KaTalin3aToOpOB, MOJICTUPOBAHKE MTPOIIECCa, ONTUMHU3AIIMOHHBIE PACUETHI.

B pesynbrare uccienoBanus Oblila ONpEENIeHa CTPYKTypa 00pa3oBaBLIErocs
Ha TIOBEPXHOCTH KaTalM3aTopa KOKCa, a TakKe OB pacCuuTaH PEKOMEHIYEMbIN
pPEXHUM TI0JIaYu BOJABI B PEAKTOP, MO3BOJISIFOIINI COXpPaHUTh PECypC KaTajau3zaropa u
YBEJIUYUTD JITTUTETLHOCTD CHIPHEBOTO ITUKJIA.

CreneHb BHEIPEHUS: PE3YIbTaThl UCCIEIOBAHUS UCIIOIB3YIOTCSA HA OJHOM U3
POCCUHCKUX TIPOMBIIIJIEHHBIX HedTenepepadaThIBAIOIIUX MPEANPUITHI.

OO6sacTh MpUMEHEHUs: YCTaHOBKA TOJIydeHHs ojeuHOB Ha 3aBogax Poccum
U MUpAa, TJe MPOU3BOJICTBO OJIE(DUHOB OCYIIECTBIISCTCS MO CXOKEH TEXHOIOTHH.

OxoHomuyeckas  3(P(OEKTUBHOCTH/3HAYUMOCTh  PabOTHI:  MOJACPKAHUE
ONTUMAJIBHOTO PEKUMa TI0/1a4d BOJABI B PEAKTOP C IEJIbI0 YBEIIMUCHUS ITTUTEIHBHOCTH
CBIPbEBOIO IIMKJIA 3@ CYET COXpPAaHEHUs pecypca IJIaTUHOBOTO KaTajau3aropa,
MOBBIIIIEHNE TPOU3BOAUTEIHFHOCTH YCTAHOBKHM M COKpAILIEHHE pacxXojia BOJIOPOJa Ha
YCTaHOBKY.

B  Oyaymem  miaHupyeTcss  MOpOBECTH  ONTHUMHU3ALUIO  pabOThI

TEXHOJOTMYECKON JIMHUU IMPpOU3BOACTBA JMHEHHBIX aJIKUI0EH3010B B OCJI0M.



OmnpenesieHusi, 0003HaAYEHUSI, COKPALLICHUS, HOPMATHBHBIE CCHLIKH
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B nanHO# paboTe MpUMEHEHBI CIEIYIOIINE TEPMUHBI C COOTBETCTBYIOIINMHU
OTIpe/ICTICHUSIMU:

mnuHesb: CHCTeMBbl TBEPABIX PACTBOPOB, MHHEpAIbl KJacca CIIOKHBIX
oKCHIOB obeit popmyns AM,0, (A — Mg®*, Zn**, Mn®*, Fe**, Ni**, Co*"; M — A1%,
Mn®*, Fe®*, V¥, Cr, Ti®).

Oemut: MuHepan U3 Kiacca THAPOOKUCIOB C XUMHUYECKOW (QopMyson 7y-

AIO(OH), ucronp3yembIii 7151 TIPOMU3BOICTBA AKTUBHOTO OKCHJIA ATFOMUHUA.



AKTUBHOCTh KaTaau3aropa: CKOpPOCTh peakiii, OTHECEHHAas K E€IUHUIIC
MacChl I K €IMHUIIe 00beMa KaTaimu3aTopa.

CEJIEKTHBHOCTh KaTaau3aropa: OTHOUIEHHWE CKOPOCTH JAHHOM peaklHnH K
CyMM€ CKOPOCTEM BCEX PEaKLHUii, MPOTEKAIIIMX HA JaHHOM KAaTaJau3aToOpe B TEX KeE
YCJIOBHSIX C yYaCTHEM PEArcHTOB.

CTA0WIBLHOCTL KaTaau3aTtopa: CrnocoOHOCTh KaTaliu3aTopa COXPaHSTh
MEPBOHAYAJIbHYI0O AaKTUBHOCTh M CEJIEKTUBHOCTH BO BpPEMEHH, T.€. HUMETh
JIOCTATOYHYIO MPOAOHKUTEIBHOCTh MEXPETSHEPAIMOHHOTO IUKJIA U OOLIUN CPOK
CITYOBI.

npomorop: BemectBo, npu [100aBI€HHMH KOTOPOrOo K Karajau3aTtopy
YBEJIMYHUBACTCS €r0 aKTUBHOCTb, CEJIEKTUBHOCTD U CTAOMIIBHOCTb.

B nannoii paboTe ucnoan30BaHbl CIEIYIONINE COKPAIICHUS:

KJI — kaTanuzarop AeruipupoBaHus;

YHT — yrneponnast HaHOTpyOKa;

BCI" — Bonopoacoaep:xamnum ras;

JIAD — MuHEHHBIN aJIKHMIIOEH30IT;

ITAB — n0oBEpXHOCTHO-aKTUBHOE BELIECTBO;

KMC — koMnproTEpHAsi MOACIHUPYIOIIAS] CUCTEMA;

TT'A — TepMOrpaBUMETPUUECKUI aHAIIN3;

HNTA — nmuddepeHunanbHblil TEpMUYECKUNA aHATU3;

JNCK — muddepennmansHas CKaHUPYIOMIAs KAJIOPUMETPHUS.
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Beenenue

[IpakTruecku JUisi BCeX KaTaUTUYECKUX MPOIECCOB XapaKTEepPHbI MPOOIEMBI,
CBSI3aHHBIE C MHOTOKOMIIOHEHTHOCTBKO M HEMOCTOSHCTBOM COCTaBa  ChIPbS,
HENPEPBIBHO  MEHSIOIIUMHUCSA  TEXHOJOTMYECKUMH  YCIIOBUSIMM,  CJIOKHBIMU
B3aMMOCBSI3SIMU CTaJIui mpoiiecca u p. Bee 3Tu hakTopbl, HECOMHEHHO, OKa3bIBAIOT
BJIMSIHAE€ HA COCTOSIHMM 3arpy’K€HHOIO B PEAaKTOpP KaTajlu3aTropa, Ha MOBEPXHOCTHU
KOTOPOI'0 IPOTEKAIOT XUMUYECKUE PEAKLINH.

Jnssi  coxpaHeHusT pecypca KaTaln3aropa KATAIMTUYECKHE IPOLECCHI
HYKJAIOTCS B ONTUMHU3ALMU U IMPOTHO3UPOBAHUM, UTO IIOAPA3YMEBACT PEILICHUE
3ajlay sHepro- u pecypcodddextuBHocTU. [IporHO3MpOBaHUE SBISETCS CIIOXHOU
3alaueii, TpU pEUICHUH KOTOPOM HEOOXOJMMO YUYUTHIBATH PErIAMEHTUPYEMBIC
TpeOOBaHMSI K KOJMYECTBY M KayecTBY MNPOAYKIMHU. KaTanuTudeckue MpoIecCh
MPECTABIIAIOT COOON CJIOKHBIE CHCTEMbI, ONTUMU3AIINS KOTOPBIX OCYIIECTBISETCS
METOJIOM MaT€MaTUYE€CKOrO MOAECITUPOBAHMUSL.

[Ipou3BOACTBO  BBICHIUX  OJICPUHOB, HEOOXOJUMBIX JIJISI  TOJYYCHUS
oprannueckux [IAB, ocraercs m0 CUX TIOp aKTyaJbHBIM ITPOM3BOJICTBOM B
He(dTexumuyecko npomsbinuieHHoCTU. [IpousBoactBo [TAB B Poccuu B 2017 romy
coctaBuiio 125 139,4 tonH [1].

[Tonyuenne oneUHOB B HACTOSAIIEE BpPEMs OCYIIECTBISIETCS B pe3ysibTaTe
JBYX  TIOCIICIOBATENbHBIX  MPOIECCOB —  JErHApupoBaHUEe mapaduHOB H
rUApUPOBaHUE 00PA30BABIIUXCS B pe3yJIbTaTe ACTUAPUPOBAHUS TU- U TPUOJIE()UHOB.

MareMaTu4eckoe MOJECIUPOBAHUE YUYWUTHIBAET OCHOBHBIE KWHETHYECKUE U
TEPMOJIMHAMUYECKUE 3aKOHOMEPHOCTH IIPOLECCA, a TAKXKE MO3BOJIIET IOJYYUTH
pPEeKOMEHJAIMU [0 ONTUMAaJbHOM BBIPAOOTKE IIEJIEBOTO TMPOJIYKTa TpeOyeMoro
Ka4yeCTBa U 10 COXPAHEHHIO pecypca INIATUHOBOrO KaTajau3aTopa.

UccnenoBanue mpoliecca NeTUAPUPOBAHUS BBICIIMX THapadUHOB HU3ydaeTCs
KOJUIEKTUBAMM HAYYHOW IIKOJIbI OTIEJIEHUS XUMHUYECKONW WHXKEHEpUU MHKEeHEepHOU

IIKOJIBl MPUPOAHBIX pecypcoB TOMCKOro IOJUTEXHUYECKOTO YHHUBEPCHUTETA,

15



Ka3zanckoro TexXHOJOTHYECKOro YyHHBEpCUTETa, Y (QUMCKOIO TOCYIapCTBEHHOTO
TEXHMYECKOTO YyHUBepcutera, mnpoektHoro wuHcturyTa OAO «BHUIIWHEDTHY
(r. Mocksa) u ap.

OCHOBHBIE TPYJIHOCTH, BO3HHUKAIOIIME IPU MPOBEACHUU HCCIECIOBAaHUM,
CBS3aHbl C TMOCTOSSHHO WM3MEHSIOIIUMUCS COCTABOM ChIPbSi M TEXHOJOTHYECKUMHU
YCJIOBUSIMH MPOLIECCA, & TAKKE C SBJICHUEM JE3aKTUBALlMU KaTalIn3aTopa.

Henabro naHHON pabOTHI ABIAETCA ONTUMU3ALHMS peXUMa pabOThl YCTAHOBKHU
nyTeM 1oadOpa ONTUMAJILHOTO PEKUMa I0/1a4y BOJIBI C LIENbI0 COEpEeKEHUS pecypca
IUIATUHOBOTO KaTalu3aTopa U NOBbIIEHUA 3()(PEKTUBHOCTHU IpoLiecca.

O0beKTOM HCCIeI0BAHMS SBISETCS MPOMBIIUICHHAS] YCTAHOBKA MOIYYEHUS
0JIe(pHOB.

IIpeamerom HCCJIeIOBAHUS SBIISIFOTCS KHHETHYECKHE U
TEPMOJMHAMHUYECKHE OCOOCHHOCTH  Ipoliecca  JIe3aKTUBALlMM  KaTalu3aTropa
JNeTuapupoBaHust  (KOKCOOOpa3oBaHME), a  TaKkKe€  H3Y4YCHHME  BIIMSHUSA
TEXHOJIOTUYECKHUX YCIIOBHUM Mpoliecca U KOMIOHEHTHOIO COCTaBa KaTajau3aTropa Ha
npoiiecc 00pa3oBaHus KOKCA C TOMOIIBbIO KOMIIBIOTEPHON MOJICTHPYIONIEH CUCTEMBI.

Hay4nasi HoBU3HAa

1. Omnpeneneno pasHoe cootHomenue H/C B Mollekylle  KOKca,
oOpa3ymolerocs B pPa3IMYHBIX CBHIPHEBBIX IMKJIaX Ha TOBEPXHOCTH pPa3HBIX
KkaTanu3aTopoB. Tak mns karanmm3atopa mapku K/[-1 xapakTtepHOoe COOTHOIIEHHE
paBHoe 0,65; ms katanuzaropa KJ[-2 — 0,6; mirs karanmuzatopa KJI-3 — 0,5-0,6.

2. OnpeneneHa MPOCTPAHCTBEHHAs CTPYKTypa AaHHBIX MOJIEKYJ KOKCa M
COCTABJICHBl YypaBHEHUs pEaKIMH B3aUMOJCHCTBUS BOJbI C KOKCOT€HHBIMHU
CTPYKTYpamH, BEPOSITHOCTb POTEKAHUSI KOTOPBIX OLIEHEHA 110 3HAYEHHUIO U3MEHEHUS
sHeprun ['m6oca (AG = -50,80 x/x/mMob).

3. B MareMartnyeckyr0 MOJENb IIPOLIECCA 3AJI0KEHBl HOBBIE YPABHEHUS
B3aMMOJICUCTBHS KOKCa C BOJOMW, OJarojiapsi KOTOPHIM OMPEEICH PEKOMEHyEeMbIi

pacxoa nmogadyr BOALI B PCAKTOP ACTUAPHUPOBAHUA AJId PA3JIMYHBIX KaTaJIU3aTOPOB U

16



IPU PA3JIUYHBIX TEXHOJIOTMYECKUX YCIOBUAX (TEMIlepaTypa, JaBJICHUE U MOJBHOE
COOTHOIIICHHUE).

IIpakTHyeckasi 3HAYUMOCTH pe3yabTaToB BKP

Pesynbratel paboThl, @ UMEHHO PEKOMEHAYEMBIE PEXHMBI MOAAYM BOIBI B
peakTop  JOETUAPUPOBAHUS  HUCHOJB3YKOTCSA Ha  OJAHOM M3  POCCHICKHX
He(drenepepabaTbiBatomux npeanpusatuii. [IporpamMma wucnosib3yercss B pamKax
y4eOHON paboThl B OTAECICHHMH XUMUYECKOHM HH)KEHEpuu MHKXEHEpHON IIKOJIbI
IIPUPOJHBIX PECYPCOB TOMCKOI0O IIOJIMTEXHUYECKOIO YHUBEPCUTETA.

Peanu3anus u anpodauust padoTsl

PesynbraTel MarucTepCcKou JIVCCEPTALAN IIPEACTABIICHBI
Ha XXI MexnyHapogHOM Hay4HOM CHUMIIO3MYME CTYIEHTOB U MOJIOABIX YYEHBIX
uMeHu akagemuka M.A. YcoBa «lIpobsemMsl reosiorun U ocBoeHust Heqp» (r. ToMmck,
2017 r.); XVIII MexnayHaponHoi HayqyHO-TIpaKTHYEeCKOW KoH(pepeHuuu «Xumusi u
xuMuueckas TexHosnorusa B XXI Beke» CTYIEHTOB M MOJIOJBIX YYEHBIX HMEHH
npodeccopa JLII. Kynesa (r. Tomck, 2017 r.); XIX MexayHaponHOW Hay4dHO-
MPAKTUYECKON KOH(pEpeHIMH «XuMusi M xumudeckas TexHojorus B XXI Beke»

CTYJICHTOB M MOJIOJIbIX yueHbIX uMeHu nipodeccopa JLII. Kynesa (r. Tomck, 2018 r.).
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1 O630p uTEpPaTYpPBI

[Ipouiecc nermapupoBaHusi NapapUHOBBIX YTIIEBOJAOPOJIOB HAIpaBieH Ha
NOJIyYeHHE 0JIE(PUHOB HOPMAJIBHOIO CTpOeHMs. Peakuuu, NpoTeKaromye B mpolecce
JETUIPUPOBAHUS, SIBISIOTCS CHJIBHO SHIOTEPMHUYECKUMU (C TOTJIOIIEHUEM TEIa).
Jlnst yBenmu4yeHus paBHOBECHOTO BBIXOJIa MPOJIYKTOB JAETUIPUPOBAHUS HEOOXOAUMO
YBEIIMYMBATh TEMIIEPATYPY B PEAKTOPE M YMEHBIIATh IAPLUUAIBHOE JaBJICHUE
peareHToB. J{axke Mpu TaKUX «KECTKUX» YCIOBUAX XapaKTEePHbI HEOOBIIINE CTETICHU
npeBpaiueHus. s TocTKeHus: OOJIbIIMX 3HAYEHUM CTENEHEW MpEeBpalleHusl 3TU
peakuuu HeoOXOAMMO POBOIUTE B IPUCYTCTBUH KaTaJIM3aTOPOB.

Karanuzatopsl neruipupoBaHusi CIOCOOHBI YCKOPSITh PEAKIMIO OTIIETIICHUS
MOJIEKYJIbI BOJOpPOJAAa OT NapapuHOBBIX YIJIEBOJOPOAOB W MO3BOJIIOT JOCTHIaTh
0osiee BBICOKOM CKOpPOCTH Ipolecca HpU ropa3 o MEHbIIUX TeMmmeparypax. s
JNEruIpUpoBaHus mNapauHOB MPUMEHSAIOT, B OCHOBHOM, METAJUIOOKCUAHBIE U
IUIAaTUHOBBIE KaTanu3aTopbl. [IpoOmeMoll [aHHBIX KaTaau3aToOpoB SBISETCA MX
ObICTpast 1€3aKTUBALIMS BBICOKOAPOMATU3UPOBAHHBIMU COEIMHEHUSMU KOKCOI€HHOTO
tuna [2].

Takum o00pa3om, OCHOBHOM 3amauedi TpH pa3paboOTKe KaTaJIM3aTOPOB
SBJIIETCSl YBEIMYEHUE CTAOWMJIBHOCTH KaTaiu3aropa (MCIHOJIb30BaHUE MPOMOTOPOB,
Ccroco0 HaHECeHWs MeTalyla Ha MOBEPXHOCTb HOCUTENs, pa3Mep U ¢opma Imop,

IpaHyJ KaTaJin3aTopa).

1.1 Karaau3zaropsl npouecca AeruipupoBaHus BbICHIUX Napa(uHOB

C KaxapIM TOJOM BO3pacTaeT TJIyOMHA TPEBpAIEHUs YTIIEBOJAOPOJIOB,
HeoOXouMas JIJisl YJIOBJIETBOPEHUs MOTPEOHOCTEN phiHKa motpeduteneit. [loatomy
KaTaJn3aTop Mpouecca JACTUIAPUPOBAHUS JOJKEH MMETh BBICOKYI) MEXAaHUYECKYIO
MIPOYHOCTh, TEPMUUYECKYIO CTOMKOCTh U JOJDKEH M3TOTaBIMBATLCA U3 JOCTYIHBIX U

HEJIOPOTUX MarepuanoB. Takke Karajau3atop JAOJDKeH 001aJaTh BBICOKOU
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aKTUBHOCTBIO, CEJICKTUBHOCTHIO U CTA0MIIBHOCTHIO TIPH MPOIOJDKUTEIHLHOM padoTe, a
TaKXe MOJIHOW PEreHepUPyeMocCThio [3].

Pa3paboTka kartanm3atopoB ajisi mpoliecca NErHApUpOBaHUS MapaUHOBBIX
VIJIEBOJIOPOOB Hauvanach npumepHo B 20-x rr. XX Beka. Craiu NpUMEHSITh
METaJUIMYECKHE KaTalu3aTOpbl HAa OCHOBE HUKENs, JKelie3a, MeIW, IUIATUHBI H
najuiajus, OKa3aBIllIuecs HECTAOWIbHBIMU U 00JIa/1aBIIMe HU3KOW CEJIEKTUBHOCTHIO B
peakiusax geruapupoBaHusi. l[lo3gHee cTamu TOPUMEHATh  METATTIOOKCHUIHBIE
KaTanu3aTopsl, Hanbosee 3QPEKTUBHBIM U3 KOTOPBIX CTaJl KaTaau3aTop Ha OCHOBE
okcuga xpoma (lllI). C 40-x romoB s AErHIpUpOBaHMS THapapUHOBBIX
VTJIEBOJIOPOJIOB  CTAIM TNPUMEHSATH aAJTIOMOXPOMOBBIE KaTalu3aTOpbl, 3aTeM —
aJTIOMOIUIATUHOBBIE KaTaau3aTopsl [4].

CambIM aKTHBHBIM B pEaKIUAX IETHUAPUPOBAHUS SIBJISIETCS OKCHJ XpoMma, C
HEKOTOPBIM KOJIMYECTBOM COJEP>KaHUSI IIECTUBAJIIEHTHOro Xpoma. HempocrtaTok
YUCTOr0 aMOP(HOTO OKCHJIa XpOMa COCTOUT B €r0 TEPMHUYECKON HEYCTONYMBOCTH,
KOTOpBIA Tpu 623-673 °K ObICTPO CTAaHOBHTCS MEHEE aKTHBHBIM M IIEPEXOIUT B
Kpuctaummueckytro ¢gopmy okcuma xpoma (lll). OOpazoBanue MOBEPXHOCTHBIX
COCIMHEHUN Xpoma (XpoMaThl ATIOMUHHUSA) C IEHTPAMH HOCHUTENSI MPUBOJUT K
CTAOMIM3AlMM XpOMa B BBICHIEH CTENEHU W PE3KOMY 3aMeEJUICHUIO MpoIecca €ro
kpuctaumzanuu. Kucnotasie 1eHTpsl HocuTenst Al,Oz MpUBOISAT K MPOTEKAHUIO
peakIuii KpeKWHra U M30MEPU3AINK, YTO €CTECTBEHHO MaryOHO BJIMSET HA MPOLECcC
CEJICKTUBHOCTH.

ITonaBiieHre KUCIOTHBIX LIEHTPOB, MOBBIIIEHUE AKTUBHOCTH, CEJIEKTUBHOCTH
U CTaOWJILHOCTH JIOCTUTAeTCsl BBEJACHHMEM B  KaTalu3aTop IICJIOYHBIX U
miesnioyHo3emenbHbix MetawioB (Ce, Th, Mn, Be, Zn, Ag u apyrux d3JEMEHTOB).
JIonOJIHUTENBHOM CTaOUIU3aIMK CTPYKTYpPbl XpOMa TakKe CIIOCOOCTBYET KajluM,
KOTOPBIM 00pa3zyeT B OKUCIUTEILHON Cpe/ie XpoMaT Kajiusi, a B BOCCTAHOBUTEILHON —
ATFOMUHAT KaJTus.

[IpuroroBieHne aarOMOXPOMOBBIX KAaTalM3aTOPOB BO3MOXHO CIIEIYIOIIUMU

cnoco0amu:
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— TPOMHUTKA PacTBOPaMU COEJUHEHHUM Xpoma TpaHyld HOCHUTENS OKCHJIa
ATIOMUHUS;

— COOC@XJIECHHUE aMMHAKOM U3 pACTBOPOB OCHOBHBIX COJIEM XpoMa U
ATIOMUHUS;

— CMEIICHUE BBICOKOJUCIIEPCHBIX KPHUCTAJUNIMUYECKUX COEAUHEHHUM OKCHIOB
XpoMa 1 ATFOMUHHSL.

[locne nDpUrOTOBIIEHHSI KaTaau3aropa €ro HEoOXOJIMMO MOABEPTHYTh
TepMOoOoOpaboTKe.

JIOCTOMHCTBAMH METOJIa SIBJISIFOTCSI MPOCTOTAa U BO3MOXKHOCTH TOJyYCHUS
KaTaJIM3aTOPOB C BBICOKOM AKTMBHOCTHIO M TOBBIIIEHHOW TEPMOCTAOUIIbHOCTHIO.
TepMOCTaOMIBHOCTL M MEXaHUYECKas MPOYHOCTh OMPEACNSIOT CPOK  CITYXKObI
aJTIOMOXPOMOBBIX KaTann3aTopoB. Kak mokaszana mpakTHKa, SKCILTyaTallydsl TaKuX
KaTaJIM3aTOPOB 3aKAHYMBAETCS B OCHOBHOM MEXAHUYECKHUM Pa3pyLICHUEM.

Henocrarkom KaTanu3aTopoB Ha OCHOBE OKCHAA ajlOMUHUSA SIBIIAETCS
HEYCTOMYMBOCTh K JCUCTBHUIO Biard. MIMEHHO MOATOMY OHU HE MCIIOJB3YIOTCS B
PEaKTOPHBIX CUCTEMaxX, padOTAIOIIMX B CpPeJe BOJSHOIO Tapa, MUCIOJIb3yeMOTro IS
CHIDKCHMSI TapIMajIbHOTO JABJICHHS PEarceHTOB M YBEJIMYCHUS AKTUBHOCTH W
CEJICKTUBHOCTU. Hampumep, amoMOXpoMoBble MHUKpPOCHEpPUUECKUE KaTalu3aTophl
MM-22-01 (Cr,03 — 16 % mac., K,O — 2,4 % mac., Al,O3 — 81,6 % mac. u 1p.;
CCJICKTHBHOCTH 85 %) TPHUMEHSIOT JJIs MPOIIECCOB, MPOTEKAIOMINX B KHITSIIEM CJIOC.
ATIOMOXpOMOBBIE TpaHyiaupoBaHHble Katamuzatopel ¢upmbel ['yapu (Cr,O3 —
18 % mac., Na,O — 0,4 % mac., Al,O;3 — 81,6 % mac.; cenektuBHOCTh 70-85 %)
MPUMEHSIIOTCSL U TIpollecca JETUAPUPOBAHUS, MPOTEKAIOMIET0 B CTaI[MOHAPHOM
cioe kKataiausaTtopa [5].

Jns  neruapupoBanus napaguHoB B cpeae BCIT ¢ aBmwxkymumcs cioem
KaTaJn3atopa WCIOJb3YIOTCSA IUIATUHOBBIE KaTanu3atopel [6]. [lmatuHOBBIE
KaTaJIn3aTopbl — OTO BBICOKOJMCIEPCHBIE MHOTOKOMIIOHEHTHBIE CHUCTEMBI, C

coJiep)KaHueM IuiaTuHbI He 6osee 1 % mac.
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JUiss  CHIKEHHWSI WHTCHCHMBHOCTH  TPOTEKAaHUS MOOOYHBIX  PEaKIUid
HEO0OXOMMO JTIBOMHOE MOAM(PHUITMPOBAHNE KaTaIN3aTopa — CEJICKTUBHOE MOAABICHHE
METaJUIMYECKUX IIEHTPOB M OTPABIICHWE KUCIIOTHBIX IEHTPOB HocuTend. lllenounsie
U IIEJIOYHO3EMENbHBIE JJEMEHThI TOJABIAIOT  CKEIIETHYIO  H30MEPHU3aINIO,
KOKCOOOpa30BaHMUE W KPEKUHI Ha HOCHUTEJE, YTO IPUBOAWT K TOBBIIICHUIO
CCJICKTUBHOCTH W CTAaOMJIBHOCTH KaTaln3aTopa. XUMHUYCCKHE DJIEMEHTHI TOATPYIIT
MeIu, IMHKa, TepMaHus, ¢ocdopa, cepbl M TALIUS YCTPAHIIOT THUAPOTCHOJU3,
Ipe0OTBpAIIalOT OTJIOKEHHE KOKCa Ha IUIaTHHE, YTO TIOBBIMIAET AaKTUBHOCTD,
CEJICKTUBHOCTH M CYIIIECTBCHHO YBEIIMUNBACT CTAOMIHLHOCTD.

[IpuroToBicHNE MIATHHOBOTO KaTaM3aTOpa BO3MOXKHO METOJIOM IPOIHUTKHU
HOCHUTEJISI BOJHBIMH PACTBOPAMHU COCIMHEHUN IUIATHHBI U TpoMoTopoB. Ilocne
KAaTaJIM3aTopP MOJABEPTAIOT CYIIKE U MPOKAJIMBAHUIO [5].

Karanmuzatop  mporecca  JOMKEH ~ YCKOPATh  IIEJIEBYIO  PEAKIIUIO
JNETUAPUPOBAHUS M TIOJABJIATH PEaKIMHU KPEKUHTa, W30MEpH3allid, KOKCOBAaHMS.
Peakiuu KoOKCOOOpa3oBaHUS SIBISIIOTCS CYIIECTBEHHBIM HEIOCTAaTKOM IIpoliecca
JTETUAPUPOBAHUS U OCTAIOTCS aKTYaJbHBIMUA B HACTOSIIEE BPEMSI.

JI71s1 CHUKEeHMSI MTHTEHCUBHOCTHU PeakIuii KOKCooOpa3zoBaHusl ObLI pa3paboTaH
pSAI  KaTaJau3aTopoB ¢ J00AaBIICHHMEM pa3IMYHBIX IMPOMOTOpoB. Hampumep,
KaTanu3arop, cojaepkamuii B ceoem coctaBe 10-30 % mac. Cr,03, 30-45 % mac. ZnO
u 25-60 % mac. Al,Os;. Hocurenem s kaTaim3atopa SBJISCTCS aTFOMOIIMHKOBAS
HITTAHENb [7].

Tarke s Tmpomecca ACTHAPUPOBAHUS TPHMEHSIOT —aIFOMOXPOMOBBIT
katanu3arop ¢ coaepxkanuem 10-30 % mac. oxcunma xpoma; 0,1-5,0 % mac. okcuaa
ceunia; 0,5-3,5 % mac. okcuna kpemuus; 0,5-3,0 % mac. okcuaa MIETOYHOTO HIIH
meao9Ho3emMeapHoro meramia; Al,Os — ocranbHOE [8].

W3BecTeH ere oauH COCTAaB KaTajau3aTropa, COACpIKaIIUil TOMHUMO OKCHJIOB
XpoMa, aIFOMUHUS M OJIOBa eile M okcuj IuHka, u miatuny (Pt — 0,4-1,0 % wmac.,
ZnO — 30-45 % mac.; Cr,0O; — 10-30 % mac.; SnO, — 0,1-3,0 % mac.; ALO; —

ocraibHOe) [9].
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Karanuzarop — 3TO KaraJMTU4YecKas CHCTEMa M3 AKTUBHOIO BELIECTBA U
IIPOMOTOPOB, HAHECEHHBIX HA IIOPHUCTBIM HOCHUTENb. B KayecTBe HOCHUTEIA
KaTajiu3aropa  MOTYT  MCIOJb30BaTh  OKCHUJ  QJIIOMHUHHS,  CHJIMKAareib,
AKTUBUPOBAHHBIN YTOJIb, IEOIUT U JIP.

B HacTosmiee Bpemsi yueHbIE CTPEMSTCS K YCOBEPILIEHCTBOBAHUIO CTPYKTYPBI
M COCTaBa HOCHUTENs Karanu3atopa. Hampumep, Ui MOBBIIEHHUS NPOYHOCTH H
3¢} (HEeKTUBHOCTH KaTanu3aTopa B KHILIIEM CJIO€ B COCTAaB HOCHUTENS J00aBISIOT
OKCHJIbI CBHHIIA U KpemHus [10].

ABtopamu [11] B kauecTBe HOCUTENS AJIA KaTaIU3aTopa ObUIM PACCMOTPEHBI
YHT. Ilo cpaBHEHUIO C TpPAAMIMOHHBIMM METAJUIMYECKUMHU HOCHUTEIISIMU
KaTaJnu3aTOPOB 3TH HOCUTETU 00JIaJat0T MOBBIIICHHONW aKTUBHOCTHIO C TOUKHU 3PEHUS
CEJIEKTUBHOCTM K IMPOAYKTAaM M KOHBEPCHUM pPEArcHTOB. PeakimoHHas aKTUBHOCTH
METAJUIMYECKUX LIEHTPOB IUIATHMHBI OKAa3aJlaCh HAMHOIO BBIIIE, KOT/Ia B KaueCTBE
Hocurens ucnons3oBainuch YHT. IloBepxHoctHas kpuBu3zHa YHT mnoseimaer ee
DIEKTPOHHBIE CBOMCTBA, NPHUBOASIIME K IEPEXOAY DJJIEKTPOHOB H 3apsaa OT
AKTUBHBIX IIEHTPOB HOCHUTENSI K METAUIMYECKUM IIEHTpaM, 4YTO CIOCOOCTBYET
MOBBIIIEHNIO WX AaKTUBHOCTH. Y CHWIIEHHBIE JJIEKTpOHHBbIE cBoiicTBa YHT wmoryr
MPUBOJUTh K YAaCTUYHOMY OOpa30BaHUIO CBSA3EH YIJIEpOI-METal, YTO CHUXKACT
MUTPAIMIO METAJUNIMYECKHUX IIEHTPOB M, COOTBETCTBEHHO, MPUBOJIUT K 00JIe€ BHICOKON
ux aucnepcHocTd. Hanumuue monbix kaHaioB Ha moBepxHoct YHT cmocoOcTByeT
obicTpoit  muddy3un  TOOOYHBIX  YIJIEPOAUCTBIX  TPOIYKTOB  PEaKIUn
KOKCOOOpa30BaHUs C AKTHBHBIX LEHTPOB, YTO CIHOCOOCTBYET CHHUXEHUIO
JIe3aKTUBALlMN KaTaau3aTopa.

[Ipomeccsl  meruapupoBaHus TapapUHOBBIX  YIJIEBOJIOPOJOB  00JIagatoT
HEOOJIBIION CTENEHbIO MPEBPALIEHUS, UTO MPUBOJUT K HEOOXOIUMOCTH MPOBEICHUS
mpoluecca ¢ PeUUpPKYISILUEN HENPOPEarupoBABLIETO ChIPbS. PEHUPKYISALUS ChIPbS
BBI3BIBACT JIOMOJHUTEIBHBIE 3aTPaTbl 3HEPIETUUYECKUX PECypcoB. ISl CHUKEHUS

PCUIMPKYJIONA  CBIPpbSA MW, COOTBCTCTBCHHO, YMCHBIICHHUA 3aTpaT MCIIOJb3YIOT
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KaTaJn3aToOphl, COJEPXKAIUE JOMOJHUTENFHO OKCHIBI O0Opa M IMPKOHUS, KOTOpHIE
CIIOCOOCTBYIOT 00Jiee TIOJIHOMY B OBICTPOMY MPOTEKAHUIO TIporiecca [12].

W3 mmpokoro mepevHs MeTalIoB HanOoJiee BBIPAKCHHON JETHAPUPYIOICH
dynkueit obnamaer matuHa. C HUCMONB30BAaHHWEM IUIATUHBI MOXKHO JOOUTHCS
Hambosee BBICOKOW KOHBepcwH mapaduHOB B oneuHbl. Cilemxyer OTMETHTh, 4TO
IUTaTHHA JOPOTOM METaJIT ¥ MPUMEHEHHE IJIATHHBI B YHCTOM BHJIE HEllenecoo0pas3Ho,
MOCKOJIBKY B PEaKIUU JACTUAPUPOBAHUSA 3aHITA TOJBKO AaKTHUBHAS MOBEPXHOCTH
karanu3zatopa. C 1enpl0 yJeleBIeHUsT KaTalu3aTopa M COXpPaHEHUS aKTUBHOCTH
IUTATUHBI Ha TPeOyeMOM YpOBHE HCIOJNB3YIOT HOCHTENIh B BHJE ATIOMOCHIIMKATA.
Karanu3zatop Ha OCHOBE aJlOMOCUIIMKATOB O00JIAJAaeT BBICOKMMHU IPOYHOCTHBIMU
XapaKTEepPUCTUKAMU, a TAKXKE MPUJIaeT KaTau3aTopy KUCIOTHBIE cBoiicTBa [13].

BBenenne  mpoMOTOPOB-MOAM(PHKATOPOB  OMpPENEIsieT  CENEKTUBHOCTD
mpoliecca, Tak Kak OHM HE TOJBKO AaKTUBUPYIOT KaTaJUTUYECKHUE ILIEHTPBI, HO U
SBJIAIOTCS MHTUOMTOpaMH B TMOOOYHBIX peakuusx. Tak, jgo0aBka oJoBa B
kommuectBe 0,15-0,25%  x  mnmaTuHOBOMY — Karanw3aTopy — JACTHAPUPOBAHUS
CIIOCOOCTBYET HWHTHOMPOBAHUIO pEaKIUid KOKCOOOpa3OBaHHMS W YBEIUYCHUIO
CKOpPOCTH LIEJEBOM peakuuu npumepHo B 1,1-1,5 paza [14].

Otan MPUTOTOBJICHHS KaTaau3aTopa SBISETCS OJHUM U3 ONPEIETSIONIINX
CpOK  cioyxObl  Karamu3aTopa Jwoboro mpouecca. CrocoObl  HaHeceHUs
IUTATUHBI (TTPOMTUTKA HOCUTEIST PACTBOPAMHU XJIOPUIOB TUIATHHBI, AMHUHOKOMILIEKCOB
IJIATUHBI, TalbBAHWMYECKUM CIIOCOOOM, W3 YEpHUW IUIATHMHBI M Jpyrue) Ha
Hocutenb Al,O3  ompenessitoT  yIAeNbHYED MOBEPXHOCTh KOHTakKTa, pPabdo4yro
MOBEPXHOCTh KaTajgu3aTopa M €ro axkTHBHOCTh. /[l BBICOKOTEMIEpaTypHBIX
MIPOIIECCOB, B KOTOPBIX 00Pa3ylOTCsS MOOOYHBIE MPOMAYKTHI OONBIION MOJIEKYIISIPHOM
MAacChl, CITIOCOOHBIE JI€3aKTHBUPOBATh AKTUBHBIC IIEHTPHI KaTalIU3aTopa, HEOOXOauM
OamaHc Tpex mapaMmMeTpoB — pabouas yAelbHas TMOBEPXHOCTh, IIEPOXOBATOCTH
MOBEPXHOCTH TPAHYJI U JACHCTBUE TPOMOTOPOB-MOoANUKaTOpoB [15].

Jlis mporecca  JeTHAPUPOBAHUS COTJIACOBAHHOCTh M OallaHC BCEX Tpex

napaMeTpoB OINpPEAeNseT JIUTEIbHBIN pecypc padOThl KaTaau3aTopa. YBeIUYeHHas
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MOBEPXHOCTh KOHTAKTa 00€CIEeYNBAET BHICOKYIO MPOU3BOIUTEILHOCTh YCTAHOBKU U
CTETICHb TPEBPAIICHHS CHIPbs. [Ipr 3TOM Mpu yBEeTWYEHUHU YACIBHON MOBEPXHOCTU
Ha 15-20 % xonBepcus mapaduHoB Bo3pacTaeT 10 4,5-6,0 %. Heobxomumo Taxxke
OTMETHTh, YTO YBEIWYCHHE pabodeil TMOBEPXHOCTH BEIET K YCKOPCHHOMY
3aKOKCOBBIBAHUIO  KaTalM3aTopa, IIOCKOJbKY YBEJIMYUBAETCA IIEPOXOBATOCTh
MOBEPXHOCTH, & 3TO CHOCOOCTBYET OTJIOKEHUIO MOIUIMKINYECKUX apOMaTHUYECKUX
COECIMHEHU.

Bricokas yzaenbHasi MOBEpXHOCTh IMIAJKUX CPepUuecKuX IpaHys Ompeaesser
JUTUTEIBHBIN CpPOK CykObl kKatanm3aropa (350-380 cyTok) gake mpu NPOBEIACHUU
mpoliecca B IOCTAaTOYHO HEOJArOMPHUSATHBIX BEICOKOTEMIIEPATYPHBIX YCIIOBUSX.

Taxxke BaxHbIM sBiIsIeTCS (a30BbIi cocTaB Karanuzartopa. Hamuuume
o,y-MoAu(UKAIIMH  OKCHAA  QIIOMUHUS  OMpENEisIeT KHUCIOTHBIE CBOMCTBA
KaTaau3aTopa, YTo B CBOIO Oouepe/b ISl BHICOKOTEMIIEPATYpPHBIX MPOILIECCOB OYEHb
BaXKHO. B wacTHOCTH, B mpoliecce AEruApupoBaHusl MOOOYHBIM MPOAYKT — KOKC —
JI€3aKTUBHPYET MOBEPXHOCTh KAaTaIM3aToOpa, YTO 00YCIOBIECHO BEJACHUEM IpoIiecca B
o0nacT TeMrepaTryp, OJaromnpusiTHBIX HJisi 00pa3oBaHWs MOJUIIUKINYECKHX
apOMaTUYECKUX coequHeHN. IMEHHO KHUCIOTHBIC CBOMCTBA KaTalM3aTopa HAPSIY C
1o/iIauei BOJIbI B PEAKTOP CIOCOOCTBYIOT KOHBEPCUHU 00PA30BABIINXCS KOKCOTEHHBIX
COCIMHEHUM.

Tak B pabore [16] OBUIO paccMOTpPEHO TMOJYy4YEHUE IIJIATUHOBOTO M
OMMETANTNYECKUX TUIATMHOBBIX  KaTaJIW3aTOpPOB C J00aBlieHWEM O0JioBa U
repmanus (Pt, Pt-Sn u Pt-Ge kartamu3aTopbl), HAHECEHHBIX Ha AJIFOMOIIMHKOBBIC
mmuaend  ZnAlb,O, myTeM  MEXaHOXMMHUYECKOTO CHHTE3a M COOCAKICHMS.
bumerannuyeckue — KaTaiM3aTOphl — OKa3aduCh  Oojieeé  aKTUBHBIMH,  4YEM
MOHOMeTanueckue. JloOaBieHne onoBa B CTPYKTYypy Karaau3aTropa BIHSET HE
TOJIBKO Ha €ro KaTaJUTHYECKHUE CBOWCTBA, HO M HA JI€3aKTHUBAIUIO U CTAOUIBLHOCTH
karanu3zatopa. Kartammzatoper Pt-Sn okazamuce ©Oonee axtuBHbIMH, yeMm Pt-Ge

KaTajin3aTophbl, U, YEM BLIIIC COACPKAHUC OJIOBA B KaTAJIMN3aTOPEC, TEM 0oJice aKTUBECH
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U crabuieH Kartaim3atop. Kpome TOro, HAaHECEHHBIH HAa HOCHTEIb IyTeM
MEXaHOXMMHUYECKOTO CHHTEe3a KaTanu3aTop Pt-Sn okazancs 6osee cTaOUIbHBIM.

Aptopamu [17] OblTu M3yueHbl KaTanuTU4eckue cBoiicta Pt, Pt-Sn u Pt-Ge
karaigu3aTtopoB Ha YV-Al,Oz (y-A), HaneceHHoM Ha chepor a-Al,O3 (a-A) myrem
NOTPY>KEHHs] UX B OeMUTHBIH reiab. OCOOEHHOCTHIO MPUTOTOBIEHHOTO TaKUM
CIIOCOOOM HOCHTEIsl SIBJISIETCS TakKe TO, YTO B pE3ysibTare TEPMHUECKOU
tpanchopmarmm Oemuta B YV-Al,O3 TonmydaeTcss HOCHTEIh C OYCHb HH3KOM
KHUCIIOTHOCTBIO. DTO TMO3BOJSIET M30€kKaTh JIOMOJHUTEIHLHOTO BBEJIEHHUS B HETO
n00aBOK  JITHS WIW  JPYroro  IIEJOYHOro  MeTaura.  Kartanmurtuueckwe
xapaktepuctuku Pt-Sn/y-A/a-A Obumm nyumie, yuem y Pt-Ge kaTanu3aTtopoB, 4TO
0COOEHHO 3aMETHO MPOSBISIOCH MPHU 00JIee BEICOKMX KOHIICHTPAIUAX OJIOBA.

B pabGore [18] paccmorpeHo mpurotoBieHue Pt-Sn  karammzartopa,
HAHECEHHOTO Ha YIJIEPOJ, MOKPBITHIM OKCHUIOM aJTIOMUHUS, METOJIOM KOMILIEKCHOM
OPONMUTKH B Bakyyme. Takke OBUIO PAacCCMOTPEHO UCCIIEIOBAaHUE BIUSHUA
N00aBJICHMS YIIIepoJia, COACPKaHUS TUIATHHBI U COOTHOIIEHUs SN/ Pt Ha aKTUBHOCT,
CEJICKTUBHOCTh M  CTAaOWJIBHOCTh KaTajau3aropa. Pe3ynbTaThl HCCIEIOBaHUN
MOKa3aJld, YTO JUIA OOCCIEYCHUS ONTHUMAJIbHOW KOHBEPCUHU JETHIPUPOBAHMS,
NpUHUMAasT BO BHUMAaHHUE XOPOIIYIO CENEKTUBHOCTh W CTAaOMILHOCTH, COJACpIKaHUE
yriepoaa, IUIATHHBI W OJIOBa JOMKHO coctaBiaate 8,37; 0,5u 3,0 % mac.
COOTBETCTBEHHO.

B cratbe [19] 6611 paccMoTpen nporiece aeruapuposanus Ha Pt-Sn/Mg-Al-O
karanu3aTope. Kartammszarop ObT TOMydeH METOJOM XHUMHUYECKOTO COOCaXKICHHS.
CuibHBIC KUCJIOTHBIC YYacTKH Ha moBepxHocTh HocuTelss Al,O3 Gi1aronpusTcTByIoT
00pa30BaHUIO APOMATUIECKUX CTPYKTYP, U, COOTBETCTBEHHO, 00ECTICUNBAIOT HU3KYIO
CCJICKTUBHOCTh IO IICJIEBBIM MOHOoJiepuHam. JloOaBineHMe MarHusi B COCTaB
HOCHTEJISI CIOCOOCTBYET CHIIKEHHUIO yIEITbHOM IO N MOBEPXHOCTH, YBEINUCHUIO
o0beMa M JuaMeTpa IMop, CHUKEHUIO KUCIOTHOCTA M 3aMEHE CHJIBHBIX KHCIIOTHBIX
y4acTKoB Ha Ooiiee cialdbie. Takum 00pa3oM, aKTUBHOCTh KaTaJlM3aTopa CHUXKAETCs,

B TO BpPCM:A KaK CCICKTUBHOCTb M BbIXOJ HICJIICBOIO0 IHIPOAYKTA BO3pPACTACT IIPU
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nobasnennn Maraus. OnTumanbHoe cooTHolneHne Mg/Al B coctaBe kaTtanusaropa
coctaBmwio 1/3. IMEHHO mpu ATOM COOTHOIICHHH OOECTICUUBAIICS MaKCHUMAaTbHBINA
BBIXO/I I[EJIEBOTO MPOAYKTA.

[IpumeHsiemMple B TPOMBINUICHHOCTH KaTajau3aTopbl, Takue Kak Pt-Sn-K-
Mg/Al,O3 u Pt-Sn-Na-Co/Al,03, 06;1a1a10T BEICOKOH KaTaIUTHUECKONH aKTHBHOCTBIO,
CEJICKTUBHOCTRIO U  crabwibHOCThIO  [20]. Hawmbonee wucmosb3yemble B
IMPOMBINIICHHOCTH  Katanm3atopel  Pt-Sn-K-Mg/Al,O;  [21]  obecneunBarot
KOHBepcHi0 Ha ypoBHe 11,6 % u BBICOKYIO CEIEKTHBHOCTH IO MOHOOJE(hHUHAM
npumepHo 94,1 %. Takoil karanuzaTop HMEET NPUMEPHO CIEIYIOIIMH COCTAaB:
Ptoy5-Sn1‘5-K0Y5-Mg110/’Y-A|203 [22]

Ha »sramax pa3BUTHS TPOMCXOOUIO COBEPIICHCTBOBAHHE CTPYKTYPHI
KaTaju3aropa JETUIPUPOBaHUs BbICIIUMX MapaguHOB. B Hacrosiiee Bpems s
mpoliecca JeruapupoBaHus NapauHOBBIX YIJIEBOJIOPOI0B NPUMEHSIOT MJIaTUHOBBIC
karanuzatopsl Mmapok DEH (amepukanckoii pupmsl UOP), conepikaHue iaTUHbI B

KOTOpBIX HaxoauTcs Ha ypoBHE 0,56-0,92 % wmac. [23].

1.2 [de3axkTuBamusi  KaTajau3aTOPoOB  JerWJIPUPOBAHUS  BBICHINX

napaguHoOB

OCHOBHBIMM ~ CBOICTBAaMH  KaTaJlu3aTOPOB  SIBIISIIOTCSL  AKTUBHOCTD,
CEJIEKTUBHOCTh M CTa0MIJIBHOCTh. Takue CBOICTBA KaKk aKTUBHOCTb U CEJIEKTHUBHOCTH
KaTajau3aTopa TMO3BOJIIIOT 00ECleynBaTh HEOOXOAUMYIO CKOPOCTh U «KayeCTBO»
NPOTEKaHUsl KaTaJIUTHYECKON peakuuu, a CTaOMIBHOCTh KaTaliu3aTopa OIpeesser
YCTOMYMBOCTh ATHX MOKa3aTesied B TEUEHUE BCETO €ro cpoka ciayxObl. CHUXKEHHE
aKTUBHOCTU M CEJIEKTUBHOCTH KaTajd3aTopa B XOJ€ KaTAIUTUYECKOIro Mpolecca
IPUBOJUT K €T0 JI€3aKTUBAIMH. TEPMHH «J1€3aKTUBALU ABIIAETCS 0000IIEHHBIM, OH
YUUTHIBAET U3MEHEHUE CBOMCTB KaTajau3aTopa Moj JEHCTBUEM Pa3IUYHbIX SIBJICHUMH,
TaKMX KaK OTpaBJICHHE, CIeKaHue, (a3oBble MpEBpalICHUs, 3arps3HEHUeE,

pa3pyLIeHHe, 3aKOKCOBBIBAHUE U IIP.
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JlezakTuBaIMsg KaTaM3aTOPOB B TMPOMBINUICHHOW XUMUU — TIpoOiema,
TpeOyromas okomo 90 % wHBecTMIMIE B 00JaCTH KaTaim3a W COCTaBIISIOINIAS
npuMepHo 50 % Bcex Hay4HBIX UCCHeAoBaHUM [24].

JIns  TIaTMHOBBIX — KaTaau3aTOpOB B MPOLECCEe  JETUAPUPOBAHUS
YTIEBOJAOPOJIOB XapaKTEPHO IOCTENEHHOE CHIKEHME MX aKTUBHOCTHU, OCHOBHOM
MPUYUHON KOTOPOU SIBJISIETCS J€3aKTUBALIUA B PE3ysibTaTe 00pa30BaHUs KOKCa U, KaK
CJIeICTBUE, OJIOKUPOBKH aAKTUBHBIX LIEHTPOB [25].

[Ipomiecc o00pa3oBaHUs KOKCA MPOUCXOAUT IO CIONKHOMY MEXaHU3ZMY
KOHCEKYTUBHBIX peakiuid (MOJUKOHACHCAIMs, MOoJUMepu3alus U TriIyOboKoe
YVIUIOTHEHUE C MTOCTOSTHHBIM CHIDKEHUEM COJIEP KaHUsl BOJIOPO/Ia B MOJICKYJIaX KOKCA).
OOHOBPEMEHHO C peaKUUAMH IMMOJUKOHJICHCAIIUU MPOTEKAIOT PEAKIMHU JECTPYKIIHH,
KOrja mapajuiebHO OOpa3yroTCs BBICOKOMOJICKYJSPHBIE U HU3KOMOJICKYJISIPHBIC
KOMIIOHEHTHI.

OOpa3zoBaHusi KOKCa B IMPOIIECCE NECTUAPUPOBAHUS MOXKHO TMPEJCTABUTHh B
BUJIE CIEAYIOIIEH CXEMBI:

IHapagunvt — Onepunvt — Bvicokomonexkynapmuwie o1epunovt u Hagpmenovt —
— Apenvt — Boicokomonekynaprvle KOHOEHCUPOBAHHbLE Y21€6000P00bL —>

—Acghanbmenonodoobuvie konoencuposanuvie cucmemvlt — Kapoouovr — Koxkc

Takas cxema oTpakaeT TOJIBKO OOIIMIA XO[a mporecca. B nelicTBUTENbHOCTH
MPOTEKAHUE PEAKIHUN YIJIOTHEHUS BO3MOXXHO B NPOCTPAHCTBE M HAa MOBEPXHOCTHU
Karamm3atopa. Takke BO3MOXKHA ajcopOIMs Ha TOBEPXHOCTH KaTajau3aropa
MPOJYKTOB W3 Ta30BOM (a3bl U JgecopOuus MPOAYKTOB C MOBEPXHOCTH B Ta30BYIO
dazy.

Jlist ompeneneHuss MexaHW3Ma OOpa3oBaHUS KOKCA HEOOXOIUMO HWMETh
MPEJICTABICHUS O MTPOTEKAIOIINX JIEMEHTapHbIX peakiusax. [[03ToMy BaXKHO U3yYUTh
BCE PEAKLIMH, NPEACTABICHHBIE HA CXEME. YCIIOBHO PEAaKLUHUU MOKHO Pa3JeiIUTh Ha
JIBE TPYyHIIbl — pPEAaKUUMU MOJIMMEpPHU3alMMd W KOHACHCAMH, a TAaKXKE pPEaKUuuu

ACTUAPUPOBAHUA, ACTUAPOLUKIN3AllUN, U30OMEPHU3AIHUA U T.1.
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JU1st mepBOil rpyIIIbl peakUuii pACCMOTPUM MEXAHHU3MBI UX MPOTEKaHUs [26].
[Ipy mnpoTexkaHuu peaxkiuil OpraHMYECKHX BEIIECTB B 3aBHUCHMOCTH OT TOTO,
yIepKHBaeT JIM aTOM yrjiepoja B MecTe pearupoBaHus nBa (a), onuH (D) wnu Hu
omHOro (C) JJCKTpOHA W3 O0pa3yromed CBS3b AJICKTPOHHOW Tapbl, BO3MOYKHO

oOpa30oBaHUE TPEX TUIIOB MPOMEKYTOUHBIX COCAMHEHUH (aKTUBHBIX LIEHTPOB):

—C:X - —C—:+X" (kapGanunoH) (a)
| |
| |
—C:X - —C-+X - (cBoboaHbBIf pagHKal) (b)
| |
| |
—C:X - —C* + X~ (kapOGoHHEBBI HOH) (e)

Jlist onipefienienrsi MeXaHU3Ma peakiMKi pacCMaTPUBAIOTCS TEOPUs KapOOHHUA-
VMOHOB Y PaJUKAJIbHAS TCOPHUS.

KapOoHueBble HMOHBI TPEACTABIAIOT COOOH TOJIAPHBIE MNPOMEKYTOUHBIE
COEJIMHEHHUSI C TPEXBAJEHTHBIM YIVIEPOAHBIM aTOMOM, COJEPIKAIIMM TOJBKO 3 Hapbl
AIIEKTPOHOB. Peakiuy noamMepusanuy MpoTEKArOT 10 LEIMTHOMY MEXaHU3MY:

1. Jlumutupyromas cragus WHULAAPOBAHMS MOJIEKYJIbl YTIIEBOAOPOAA H

oOpa3oBaHue KapOOHHIT-HOHA:

R+ C=C 5R—-C—C*

| |
X X

2. PocT nienu 3a cyet npucoeanHEHUsT MOHOMepa M K KapOOHMI-HOHY:

R-C-C'+C=C-R-C-C-C-C
|

| | |
X X X X

1o OOIIEN cXeme
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+ M + M + M
RMTRMtT —-RMMT — RMMM"™ — ... > RMHM"';
3. OOpHbIB 1LIETIH:
RM,M* — RM, ,,.

CornacHO BTOpPOW TEOPHHM, paUKaibl NMPEACTABIAIOT COOON TpEeXBaJICHTHBIE
aTOMBI YIJIEPOJa, 11 KOTOPBIX XapaKTepHa MOBBIIICHHAs PEAKIIMOHHAS CIIOCOOHOCTh
U Y KOTOPBIX HMMEETCSA OJMH HECIApEHHBIM JJIEKTPOH. Peakuuy nosmmepusanuu
IIPOTEKAIOT 110 PAJIUKAIbHO-IEITHOMY MEXaHU3MY:

1. JInmuTupyromas craaus AHUIUMUPOBAHUS MOJIEKYJIbI YTIEBOAOPOIA U

oOpasoBaHue nepBUYHOTrO pagukana (R):
M < R, +R,"

Jlns  storo  TpeOyroTcs  OOJIbIIME  3HAYEHUS DHEPrHdl  aKTHUBAIlUU
(cBbrme 100 x/{x/Mob).

2. Poct nenu 3a cyeT NpucoeIMHEHUsI MOHOMEpa M k panukainy:

R-+C=C—R-C-C-,

o o01mIeit cxeme
+ M +M
R-+M -RM - -— RMM-— ... - RM, M-.
3. OOpHIB LICTIH.

RM,M-+RM,M-—- R—M, ., —M,.,—R.

OOpa3oBaHue KOKCa BO3MOXXHO Ha TpeX THUMAaX AaKTUBHBIX IIEHTPOB
KaTtaju3atopa — METAUIMYECKUX, KHUCJIOTHBIX, paaukaicoaepxkammx. Kokc
oOpa3yeTrcsi Ha MOBEPXHOCTH U B 00bEME KaTaln3aTopa, i OCHOBHOE €r0 KOJUYECTBO

UMEET PBIXJIYIO MOPUCTYIO CTPYKTYpY (amopdHbiii KOKC). CO BpeMEHEM U C POCTOM
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TEMIIEPATypbl MPOUCXOAUT TOCTENECHHOE YIUIOTHEHHE, COAEPKAaHHUE BOAOPOJA
CHUXKaeTCsl, IIyOMHA peakiuid TMOJMKOHJCHCAIIMN YBEJIMYMBACTCI, U CTPYKTypa
KOKCa CTAaHOBUTCSI TpaUTU3UPOBAHHOM.

Jlist mporiecca  KOKCOOOpa3oBaHMS XapaKTEPHO MHOXKECTBO Pa3IMYHBIX
MeXaHu3MOB. OJIHAKO JI1 MPOMBIIUICHHBIX KATAIUTUYECKUX MPOIECCOB BAKEH HE
caM MeXaHu3M 00pa30BaHUs KOKCa, & MEXaHHU3M €ro BO3JICUCTBHUS Ha aKTHUBHbBIC
LEHTPHI KaTaiau3atopa (MeXaHu3M Je3akTuBanuu). [loaTomy HE0OXOauMO H3ydaTh
KUHETUKY W3MEHEHUSI AaKTUBHOCTH KaTalu3aTropa NpU €ro J1€3aKTUBALUU
KOKCOT€HHBIMH CTPYKTypamH [27].

Takoe OomblIOE 3HAYEHUE MPOIECCa JI€3aKTUBALIMKM KaTaJln3aTopa BbI3bIBAET
OOMNBIION HHTEpPEC K MpoOJjeMe HM3Y4YeHUS KUHETHUKH M MEXaHU3MOB ITPOIIECCOB
nezaktuBanuu. OnHako mo oineHke Jlenmsmona [24] He Gonee 20 % Bcex Hay4HBIX
MCCJIEIOBAHUM TOCBAIIEHBI MpoOIeMaM JI€3aKTUBAIIUN KaTaJIU3aTOPOB. ITO MOMKHO
OOBSCHUTH CIEAYIOIMMMH TPYAHOCTSMU, BO3HHUKAIOIMIMMHU TPU  BBHITOJIHEHUU
AKCTIIEPUMEHTAJIBHBIX U TEOPETUUECKUX UCCICIOBAHUM SIBJICHUS JI€3aKTUBAIIU:

1. Ilpouecc pe3akTUBAlMM MPOUCXOIUT B PE3YIbTATE OJHOBPEMEHHOTO
MPOTEKAHUSI HECKOJIbKUX AJIEMEHTAPHBIX CTaJui, TaKUX KaK OTpaBJIE€HUE, CTApCHHUE,
CIIEKaHHe, KOKCOOOPa30BaHUE U JIP., UTO YCIOKHSIET UHTEPIIPETAINIO PE3yJIbTaTOB U
BBISIBJICHHE BKJIaJa KaXX0M AJIEMEHTAPHOM CTaINH.

2. Ilpouecc ne3akTvBAIlMU BBI3BIBACT 3HAYUTEIbHBIE MU3MEHEHUS aKTHUBHOMN
MOBEPXHOCTH, UCCJIEAOBAHUSA KOTOPBIX CYIIECTBYIOIIMMHU METOJAaMHU HEBO3MOXHO.
J{ns mpoBeAeHuUsT UCCIeIOBAaHUM HEOOXOIMMO HU3KOE JaBJICHUE, «UHUCTash Tra3oBas
cpena. DTU UCCIIEIOBaHUS SBIISIIOTCS JJOBOJIBHO JTOPOTUMM.

3. Peakuuu, npuBOASIINE K JI€3aKTUBALIMK KaTalu3aTopa, ropa3ao MeIJICHHEE
[[EJIEBOM peaKIMu, MOATOMY IS MPOBEACHUS HCCIECIOBAaHUN HEOOXOIMMO MHOTO
BpeMeHHU. Takke KOHTPOJUPOBAaTH COCTOSIHUE TOBEPXHOCTH  KaTaiau3aropa
HEBO3MOKHO 0€3 OCTaHOBKH MPOIIECCa U BBHITPY3KH KaTaln3aTopa, 9YTO HECOMHEHHO
NPUBOJUT K YBEJIMYEHUIO BPEMEHM U 3aTpaT Ha MCCIENOBaHUE Mpolecca

JAC3aKTHUBAaIl1H.
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4. Jlo cux mop 0 KOHIIA HE HM3yYEHbl MEXaHW3Mbl M KHHETHKA IMpOIecca
JIE3aKTUBAIUNA KATAIM3aTOPOB, YTO 3aTPYOHSACT WHTEPIPETANIO PE3yIbTaTOB
WCCJICIOBAaHUIA U CO3aHHE MaTEMaTHYECKHX MOJIEJICH, CTOCOOHBIX MPOTHO3UPOBATH
U3MEHEHHE aKTUBHOCTH KaTaJn3aTOPOB B MPOIIECCE.

C KaXIOpIM TOJOM HHTEpeC K mpobiemMaMm J1e3aKTHBAIMHM KaTalu3aTOPOB
BO3pacTaeT, 0 YeM FOBOPHUT MHOXKECTBO CcTaTell, MOHOTpaduii M1 KOHPEPEHIIUH Ha ATy
temy. Tak 3a mocinegHue 15 JIeT KOIWYECTBO HAYYHBIX HCCIEIOBAHHM BO3POCIIO
npuMepHo Ha 25-35 %. Takke Kak U KHHETUKA KaTaJTUTHYECKUX PEaKIuid, KHHETUKA
MPOIECCOB JI€3aKTUBAIIMM KaTaJnu3aTopa CTAaHOBUTCS OoJiee CIOKHOMW, ONMUpaeTcs Ha
(GU3UKO-XUMHUYECKHE 3aKOHOMEPHOCTH SIBICHUS JI€3aKTUBAllMA W  CTAJAWIHBIC
MEXaHU3MBI.

Kunetnka mporiecca ae3aKTUBAMM XOPOIIO W3yYeHa A SBICHUU
OTpaBJICHUS, CIEKaHUS W 3aKOKCOBBIBaHWS. OJHAKO JUIsi OOJBUIMHCTBA SIBIICHUMN
JIe3aKTUBALUM, KOTOpPhIE OKa3bIBAIOT 3HAYUTENIBHOE BIUSHUE Ha MPOIIECC
JIE3aKTUBAIMYA TPOMBINIJICHHBIX KaTalM3aTOPOB, W3-3a CBOCH CIIOKHOCTH HE
CYIIIECTBYET €Il[e JIOCTOBEPHOIO0 MAaTEMaTHYECKOro omucanus. K TakuMm siBIEHUSM
MO>KHO OTHECTH TBepAoQa3HbIe IIPEeBPAIIICHNUS, TTPOUCXOISIIINC B
Karanusatopax (cerperamus ¢as, ¢a3oBble MpeBpalieHus, peakiuu MexIy Gdazamu,

MeJJICHHasl BO3TOHKA, pacTBOpPEeHHE u Jp.) [28].

1.3 BoccraHoBiieHHMEe AKTMBHOCTH KATAJU3ATOPOB JAerMAPHPOBAHUSA

BbICIIMX NApPa(PUHOB

HaunbGonee pacmpocTpaHeHHBIM CHOCOOOM BOCCTAaHOBJICHHUSI aKTUBHOCTH
KaTaJIM3aTOPOB SIBJISETCS MPOTEKAIOIasi B TPU CTaJUU PEreHepalus — BBDKUT KOKCa,
OKCUXJIODHPOBAaHHWE U OCepHeHue. TakuMm o00pa3oM, aKTHBHBIM KOMITOHEHT
Karanusaropa Mo/IBEpraercs MOCJIEIOBATEILHOMY O0CBOOOXKICHUIO oT
«OJIOKUPYIOIINX» €ro KOKCOT€HHBIX CTPYKTYp, MOBTOPHOMY JUCIEPTHUPOBAHUIO U

crabunuzanuu. [lpu 3ToM cTagus OKCUXJIOPUPOBAHMS SIBISETCS 00S3aTENbHOM, TaK
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KaK TO3BOJIIET BOCCTAHOBUTH JUCIEPCHOCTh IUJIATUHBI B KMCXOJHOE COCTOSIHHE.
[loBTOpHOE pacmpeneneHue aKTUBHOTO MeETajula MO IMOBEPXHOCTH KaTaau3aropa
ABJISIETCS KJIFOYEBBIM MOMEHTOM JIJI1 BOCCTAHOBJIEHUS CBOMCTB KaTanu3aropa [29].

Tak B pabotre [30] 1 BOCCTAaHOBIEHHUS AKTUBHOCTH KaTallU3aTOPOB
Pt-Sn /y-Al,O; ObLIM paccMOTpPEH TpHU pa3jIM4YHBIX MpoIecca pereHepanud —
MPOIyBKA BOJIOPOIOM, a30TOM U BBIKHT KOKCa. bbllI0 00HapyKeHO, 4TO KaTaau3arop,
pereHepupoBaHHBIA B TOKE BOJOPOJA, TOKa3al Jydllyl0 CTaOWIBHOCTH IIO
CPaBHEHUIO C TEMH, KOTOPbIE ObUTH pEereHEPUPOBAHBI TPOYBKON a30TOM U BBIKUTOM
KOKca. PereHepanus BOJOpPOJOM WM a30TOM MPUBOAWIA K HE3HAYUTEIHLHOMY
W3MEHECHHUIO pa3Mepa U CTPYKTYypbl AaKTHUBHOTO IIEHTpa MeETalia, COXpaHss
s dexTuBnyIo (pa3y Pt-Sn Ha moBepxHOCTH KaTanu3aTopa. Kpome Toro, perenepanus
BOJOPO/Ia HE TOJIbKO yaaiisyia aMOp(HBIA KOKC, HO TaKXe€ HW3MEHsUIa CBOMCTBA
OCTaTOYHOTO KOKCAa MyTEeM €ro TUIPUPOBaHUS, YTO MPUBOAWIO K 0oJjiee BBICOKOU
MOJBM)KHOCTH KOKCa M, CIEA0BATENIbHO, K 00Jiee BBHICOKOM JOCTYMHOCTH aKTHUBHBIX
IEHTPOB MeTa/uia. Perenepaius a3oToM yhaisia TOJBKO JUIIb amMop(HBIE
CTPYKTYpbl KOKca. Perenepaiusi BEDKUTOM KOKCa BbI3bIBajia TIIATEILHOE Y/IAJICHHUE
KOKCa C MOBEPXHOCTH KaTalu3aTopa, OJHAKO TaKOW KaTaau3aTop MpOsBIS ciadyro
CTaOMJIBHOCTh HW3-3a arjioMepaluu MeTajuia, cerperaiuu ¢a3 W TMOJy4eHHOU
O0mbI1101 yacTUIlkl Pt3Sn Ha MOBEPXHOCTH HOCHUTEIIS.

Aptopamu [31] Oblma wM3ydyeHa  KUHETMKA TOPEHUST KOKCa  Ha
JIE3aKTUBUPOBAHHBIX  KaTajau3aTopax JCTUAPUPOBAHUS TapaduHOB  METOJOM
TepMorpaBuMerpun U auddepenimansHol  TepmorpaBumetpun  (TG-DTG).
KomnuectBo u momspHoe otHomieHne C/H kokca omnpenensyii ¢ MOMOIIBIO
TEPMOTPABUMETPUUECKOTO M 3JIEMEHTApHOTO aHaiu3a. Pe3ynbTarhl MOKas3aidu, 4YTO
oOpa3yeTcsi TpU TUIAa KOKCA, MOJIEKYJIbl KOTOPOTO PACIOI0KEHbI HA METaUIMYECKUX
nentpax (Cl) u akTUBHBIX LIEHTpax HocuTens, okpyxatromux (C2) u yaalneHHbIX OT
MeTauyeckux neHTpoB (C3) COOTBETCTBEHHO.

OOpaszyromuiicss Ha MOBEPXHOCTH KaTalM3aTopa KOKC MOXKET HUMETh

amMoppHyl0 WM TpadUTHU3UPOBAHHYIO CTPYKTYPY B 3aBUCHMOCTH OT MOJBHOTO
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cootnomennst C/H B ero cocraBe. 3Hasi CTPYKTYpy 0Opasyromerocsi Kokca, MOXHO
OyzneTr mogoOpaTh ONTUMAIbHBIC YCIOBUS ero KoHBepcun. Ecmu cootHomenune C/H
BbICOKO (1,5-2), To KOKC OyAer MMeTh Tpa@UTU3UPOBAHHYIO CTPYKTYpPYy H €ro
OKHCJIEHHE MPOBOIAMTCS NpH Temmeparypax okoso 700-1000 °C. DT1o mo3BOIUT
JIOCTHYb MaKCUMAaJIbHOM CTENEHU BOCCTAHOBJIEHUS aKTUBHOU MOBEepXHOCTU. OaHAKO
TaKhe BBICOKME TEMIEPaTyphbl MPUBOIAT K CIEKAHUIO HAHOIUCIEPCHBIX YACTHIIL
IJIaTAHBI U HEoOpaTUMOW Je3aKTUBAIMM KaTaiau3atopa. Takoll KaTtaiu3arop
HEBO3MOXKHO TIPUMEHSATh B MPOMBINUIEHHOM Tporecce. Kokc amopdHoi
crpykrypsl (C/H = 0,2-1) okucnsercs npu  400-600 °C, coxpassss NpH 3TOM
CTPYKTYpY KaTanmu3aTopa. Takum oOpa3oM, KOHTPOJIUPYS M TPOBOS B ONTUMATILHBIX
YCIIOBUSIX TIPOLIECC pPEreHepaliy, MOXXHO BOCCTAaHOBUTH AKTHBHYIO IOBEPXHOCTD
KaTaanu3aTopa M MPOJIUTh OOMIUK CPOK €ro CIIy>KObI, 9TO COOTBETCTBEHHO TTOBBICHUT
pecypcordHEKTUBHOCTh BCETO MPOU3BOJICTBA B IIEJIOM. JTO aKTyaJlbHO JUIs
MIPOIIECCOB C JIOPOTOCTOSIIMMU KaTallu3aTopaMu, K KOTOPHIM OTHOCSITCS TIJIATUHOBBIE
KaTaJIn3aToPhI MpoIiecca IeTHAPUPOBAHUS TapadUHOBBIX YTIAEBOIOPOIOB.

Pesynbratel [22] mokasanu, YTO TMOBBIIICHHE TEMIIEPATyphl BO BpeMs
C)KMTaHUS KOKca MOXET 3(h(PEKTUBHO KOHTPOJIUPOBATHCS C COACPKaHUEM KHUCIOPOIa
B Bo3ayxe Hmke 1 %. Temneparypa ropenus noiukHa ObiTh Bbimie 500 °C s
CKMraHusl Bcero kokca u Hmke 650 °C, uroObl M30ekaTh CIEKAaHMsA IUIATHHBL. B
ONTUMAJIBHBIX  YCIIOBUSAX CKWTAaHWE KOKca MPUBOAWT Jumb K 92 %-HOMYy
BOCCTAHOBJICHUIO aKTMBHOCTH  KaTanuzaTtopa. llocnmenyromas  momudukanus
MeTaJIOB-TipoMOoTOpOoB ¢ joOaBieHueM 0,01 % mac. Pt MoxkeT MOJHOCTHIO
BOCCTAHABJIMBAaTh  KATAIMTHYCCKUEC  XapaKTCPUCTUKH JI0 YPOBHSA  CBEKETO
KaraauzaTopa.

BoccraHoBineHHEe aKTMBHOCTH KaTalM3aTopa BO3MOXHO M B IIPOIECCE €T0
camopereHepanuu. [log  «camopereHepamuei»  TOHHUMAETCS  COBOKYITHOCTh
AJIEMEHTAPHBIX CTAJINH, TO3BOJIAIONINX BOCCTAHOBUTH aKTUBHBIC IICHTPHI B TCUCHHUE
CaMoOro KaTaJMUTHYECKOTO Ipoliecca Moja ACHCTBUEM KOMIIOHEHTOB ChIPHEBOM CMeCH,

a He B OTIEJBHOM nepuoze pereHepauuu. CamopereHepamnus XapakTepHa Uit
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MHOTHX  KaTaJIUTUYECKUX  MPOILIECCOB, MPOTEKAOIIMX C  JI€3aKTUBAILMEH
KaTtanu3aTopoB. Tak, HampuMep, Il CHUKEHUSI WHTEHCUBHOCTH KOKCOOOpPa30BaHUS
HEKOTOpbIE TPOLECCH MPOBOASTCS B M30BITKE BOJSHOIO IMapa WIM BOJOpoaa. ITO
MO3BOJIIET BOCCTAHABIIMBATh KaTaIUTUYECKHE CBONCTBAa AaKTUBHBIX IIEHTPOB H
YBEIMYMBATh  MEXKPErCHEPAllMOHHBIM  TEpHoJ  KaTalu3aTOpoOB  MPUMEPHO
B 100-110 pa3. Takum oOpa3om, MpOIECC AE3aKTUBAIIMU KATaIHU3aTOPOB MOKHO
paccMaTpuBaTh, B 00IIEM CiTydae, Kak YaCTUIHO 0OpaTUMBIH TIpoIiecc.

TexHonOTMYECKHE YCIOBUS U anapaTypHoe oPopMIICHUE MHOTHX MPOIECCOB
MOJTHOCTBIO MPOAUKTOBAHBI JI€3aKTHUBALIUCH.

B mpoMBIIIIEHHBIX YCIOBHUSX TMIPOILECC ACTHAPUPOBAHUS MPOBOASAT TIIPHU
IIOCTEIIEHHOM IMOBBIIIEHHH TemrepaTypbl ¢ 465 no 490 °C. Ilpu TakMX BBICOKHX
TEeMIIepaTypax Ha KaTaju3aTope Mpolecca MPOTEKAIT MOOOYHBIE PEaKIMH CUHTE3a
KOKCOTEHHBIX  BEIIECTB, KOTOpPBhIE aJCOPOMPYIOTCS HAa AaKTUBHBIE LEHTPHI
KaTaau3aTopa U CHUXKAIOT €r0 aKTUBHOCTh. B CBSI3M ¢ 3THM MPUXOIUTCS MOJHUMATH
TeMIepaTypy B peakTope sl MOAJACpPKaHUS HEOOXOIUMOU BBIPAOOTKH IIEJIEBOTO
npoaykra [32, 33].

[Tponecc neruapupoBaHus BeICIINX H-TTapadMHOB MPOTEKAET B Ta30BOM (ase,
MOATOMY JIaBJICHUE OKa3bIBACT MPSIMOE BO3/ACHCTBUE HA d(PPEKTUBHOCTD mporecca. B
X0JIe peaKlMy JNETUAPUPOBAHUS U3 OJHOTO MOJb BEIIECTBA 00Opa3yeTcsi JBa MOJb
MPOAYKTa, MOATOMY, coriacHo npuHuuny Jle-IllaTtenbe, yBenuueHue IaBICHUS B
CUCTEME CMECTUT XMMHUYECKOE PABHOBECHE B CTOPOHY MCXOJHBIX KOMIIOHEHTOB W
YMEHBIIIUT BBIPAOOTKY I1ejeBbIX. OHAKO JaBJIEHHUE B CUCTEME MOACPKUBACTCS Ha
JIOCTATOYHO BBICOKOM ypoBHE — nopsiaka 0,19-0,20 MIla. 1o 006yciioBieHO, PexIe
BCETO, TEM, YTO TOJJIEP)KaHHE TAaKOTO JABJICHHUS B PEAKTOPE MOJABISIET PEaKIUu
KOKCOOOpa30BaHUsl HAa KaTajlu3aTope JETHAPUPOBAHUS M MPOJJIEBAET €ro CpPOK
cinyxObl. J[aBieHHe B pPEaKTOPHOW CHUCTEME TMOJJEPKUBACTCS 3a CYET IMoAadu
BCT [34].

JUisi mojaBiieHUs peakiuil KOKCOOOpa3OBaHMS HCIOJIb3YIOT pPAa3IUYHbIe

cnocoObl. B mpornecce aeruapupoBanus B peakTopHyio cucteMmy noaaroT BCI mms
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TOPMOXKEHUS PEAKIMl KOKCOoOOpa3oBaHUS Ha MMOBEPXHOCTU KaTanuzaTtopa [35].
OpHUM U3 BaXKHBIX TAPAMETPOB 3THUX IPOLECCOB — KPaTHOCTh LupKyssinuu BCI win
MOJIbBHO€ COOTHOIIEHUE BOIOPO/I/ChIPhE.

Kpatnocts mupkynsiiiuun BCI' — 3T0 oTHOIIEHHE 00beMa HUPKYJIUPYIOIIETO
raza (IpUBEACHHOTO K HOPMAJbHBIM YCIOBUAM) K OOBEMY CBIPBS, IPOXOJSIIEIO
4yepes peakTop B €MHUILY BPEMEHHU (M3/M3 ceIpbs) [33]. C yBennueHUeM KpaTHOCTH
HUPKYJSLUA  pacTeT MapUualbHOE [aBJIEHUE IApOB BOJOPOJAa B PEAKTOPHOU
CUCTEME. YBEJIMYEHUE MapLUUAIbHOIO JABICHUS BOJOPOAA CHUKAET JOJIIO PeaKkUui
KOKCOOOpa3oBaHUs, B  pe3yJbTaT€ 4Yero YBEJIWYUBACTCA CPOK  CIIYXObI
karajau3artopa [36].

N30bITOK BOAOpOJA B PEAKTOPE CIIOCOOCTBYET YaCTUYHOMY THIPUPOBAHUIO
KOKCOT€HHBIX CTPYKTYp, OOpa3yloIMXcsd Ha TOBEPXHOCTH KaTanu3aropa. B
pe3ysibTaTe COXpaHEHUs YAEJIbHOM MMOBEPXHOCTH KaTanau3aTopa 00ecredrBacTCs
NOJJIEP)KAHUE KATaJTUTUYECKOM aKTUBHOCTU HA OTHOCHUTEJIBHO IIOCTOSSHHOM YPOBHE,
MO3BOJISISL YBEJIMUUTh MEKPEreHepallMOHHBIN Mepuo1 padboThl KaTanu3aropa [35].

Kpatnocts mupkynsanuu BCTT HeoOxo1uMo moaaepKkuBaTh Ha ONTUMAIbHOM
YpOBHE, TaK Kak HH3Kas KpaTHOCTb UUPKYISIUU Ta3a  yBEJIMYMBAET
KOKCcOooOpa3oBaHMe Ha KartaiuzaTope. OJHAKO 4pe3MepHOE MOBBILIEHUE KPATHOCTH
mupkyiasnun BCI' cHmkaeT rinyOMHY NpeBpalleHHs, YBEIUYMBAE€T Harpy3Ky Ha
KOMITPECCOPHOE 000PYI0BAHHUE U PACXO/]] TOIUIMBA JIJIs MOAOrpeBa raza B nevax, TeM
caMbIM CHIDKasg 3((EKTUBHOCTh TMPOLECCOB W TMOBBIIIAS OSKCILUTyaTallMOHHbBIE
pacxojiel Ha ycTaHoBke [37].

[Ipouiecc aperuapupoBaHus MNPOBOAST NPHU TOBBILIEHUU TEMIIEPATyphl U
OPUMEPHO TOCTOSIHHOM MOJIBHOM COOTHOIIEHHMU BoAopoja/ceipee. [lpu Takmx
YCIIOBUSIX B peakTope OyayT Bo3pacTaTb CKOPOCTH peaklUuid KOKCOOOpa3OBaHMS.
[IoHM3UTh MHTEHCUMBHOCTH 3THX pEAKIMM W YaCTUYHO JAECTPYKTYpHpPOBaTh
00pa30BaBIIMIiCA HAa MOBEPXHOCTH KaTalu3aTopa KOKC BO3MOXKHO TMOJauel B peakTop

,I[CMI/IHepaHI/ISOBaHHOﬁ BOJBI.
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Eme omgauM crmocoOoM yMEHBIICHHS peakIuii KOKCOOOpa3OBaHMS SBISETCS
nojava BOJSIHOTO Tapa B PEaKTOPHYIO cucTeMy. BoasiHON map BCTymaeT B peakiuio
KOHBEPCUHU C KOKCOT€HHBIMU CTPYKTypaMH, TEM CaMbIM yMEHbIIIass KOHIICHTPAIHIO
KOKCa Ha Karamu3atope. Takoil cmoco0 CHUXEHHS HHTEHCHBHOCTH pEaKIUi
KOKCOOOpa30BaHUs HCIIOJIL3YETCS B TEXHOJIOTHUAX TMOJYYCHHUS CTUPOJIA, HUBIIUX U
BBICIIUX oJiepuHOB [14].

[Tomaya BoABI B PEAKIMOHHYIO 30HY YCWIMBAE€T KHUCIOTHBIE CBOICTBa
HOCHUTENII — OKCHJa antoMuHUA. KHUCIOTHBIE CBOMCTBA ONPEACISIOT YaCTHYHYIO
JIECTPYKIHIO KOKCA Ha KatanuzaTtope [36].

B mporecce skcrmyartanuy  Karaiud3aTopa HOCHUTENb TEPSAET KHUCIOTHBIE
GyHKIMHU, O YeM CBUACTEIBCTBYIOT pe3yJbTaThl PEHTreHO(a30BOrO aHaIn3a
ceexero (K/I-C) u orpadorasmiero (KJ[-O) cBoii pecypc karanuzatopa (Tadm. 1).

Tabnuua 1 — @a30BbIil COCTaB KaTaau3aTopa JETHApUpOBaHus, % mac.

O6pa3zel (CTpyKTypa peIIeTKH ) KJI-C KJI-O
Mg,Al;SisO15 (rekcaronaabHas) 54,92 55,99
MgAI,O, (kyOuueckas) 12,12 15,73
Al,O3 (TpuronasbHas) 9,82 2,34
Al,O3 (ramma-TpuroHaibHas) 0,30 0,10
SiO; (TeTparonaabHas) 9,77 11,00
MgSiO; (mpu3maTrueckas) 13,07 14,83

[Togaya BoABI B pEaKTOP CIOCOOCTBYET MOAACPIKAHUIO KUCIOTHBIX CBOMCTB
KaTajiu3aropa, Ipu 3TOM TojJadya BOABI B PEAKTOP PETYIUPYETCA OMNPEACICHHBIM
00pa3oM U UMeeT OTPAaHUYCHHUS TI0 BEPXHEMY MpEIeIy.

Heobxoaumo moaziep>XuBaTh CTPOTO ONPEAEICHHOE 3HAYEHUE BIAXKHOCTU B
peakTopHOi cuctemMe. HenoctaTtok BIaXHOCTH NPUBEIET K  YCHUICHHOMY
KOKCOOTJIOKEHHUIO Ha KaTalu3aToOpe U YMEHBIIEHUIO €ro cpoka ciykObl. [Ipu sTom
M30BITOK BIQXXHOCTH B CHCTEME Takke HekenareneH. BoasHoilt map crnocobeH
aJIcopOMpPOBaTHCS HA KATAIM3aTOP W BHOCUT KHUCJIOTHBIE ICHTPHI, YTO MPHUBEACT K

YCUJICHUIO PEeaKIMi KPEKUHTa U BbIXOJa JIErKUX ra3on [38].
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[Togavya nemMuHEpayM30BaHHOW BOJBI B PEAKTOP M MOJLHOE COOTHOIICHHE
BOZOPOM/CHIPhE — OTO TMapaMeTphl, OalaHC KOTOPBIX TIO3BOJUT COXPAHHUTH
aKTUBHOCTH KaTallu3aTopa U 00ECeunTh CTaOUIBbHYI0 paboTy peakTopa.

PerynmupoBanue u onTUMU3ANMS dTUX MApPaMETPOB MO3BOJUT TMOICPKUBATH
aKTUBHOCThb KaTaimzaTopa. OpHako Takoil crmoco0 OopsObl € Je3akTUBaLUEn
Karajgn3aTopa HETaTHBHBIM OOpa30M BJIHSICT HAa KOHBEPCHIO CBIPBS, IMPH ITOM
YBEIMYMBACTCS BBIXOJ TOOOYHBIX MPOIYKTOB, a TaKXKE OKCIUTyaTal[MOHHBIC W
HKOHOMHUYECKHUE 3aTPATHI.

Takum 00pa3zoM, craOuiibHas paboTa KaTaJu3aTopa U CHUKEHUE CKOPOCTH
€T0 JIC3aKTUBAIIMKM MOTYT OBITh 00€CIIeueHbI TOCTOSTHHON MOja49eil BOAOPO/1a M BOBI

B peakrtop [39].

1.4 ITocTanoBKA 1eJIH U 32124 UCCJIEI0BAHUSA

[Ipouecc  neruapupoBaHust NapaUHOBBIX  YIJIEBOAOPOJOB  SIBISIETCS
BOCTPEOOBAHHBIM B He(pTEXMMHUYECKOW MPOMbINUIEHHOCTH. Hambonbmmii mHTEpEc
BbI3bIBACT  MpOIECC  JACTHAPUPOBAHMS  HMMEHHO  BBICIIMX  Hapa(UHOBBIX
yraeBoAopoaoB. JlaHHBIA MpoLecc MO3BOJISIET MOJYYUTh OJE(PUHBI HOPMAIBHOIO
CTPOEHHMSI, KOTOPbIE Jjajiee, B3aUMOJEHCTBYsI C OEH30JI0M, Ha CTalUU AJTKUIMPOBAHUS
obopasyor JIAB, mnpumeHsiemble A TNPOU3BOJACTBA CHUHTETUYECKUX MOIOIIUX
CPEACTB.

IIpouecc JETUIPUPOBAHMS BBICILINX napaduHoB SABJISIETCS
MHOTOKOMIIOHEHTHBIM W HECTallMOHApHBIM (COCTaB ChIPbsi M TEXHOJOTUYECKUE
YCIIOBUSI TIpollecca TOCTOSIHHO MEHSIIOTCS), YTO OTPHULATEIbHO CKa3bIBAETCS Ha
KATAIMTUYECKUX CBOMCTBAX KaTalU3aTopa, TEM CaMbIM BBI3bIBAs €r0 J€3aKTUBALIUIO
OJIOKUPOBKOM aKTHBHBIX ILIEHTPOB KOKCOT€HHBIMH CTPYKTypamu. BoccraHoBiieHue
aKTUBHOCTH M CEJEKTUBHOCTM KaTalu3aTopa B IPOLIECCE PEreHepaluyd OYEHb
CIIOXKHBIM W JJIMTEIBHBIM TMporecc, TpeOyIomuid BHITPY3KY Karajiuzatopa W,
CJIEIOBATEIbHO, OCTAHOBKY IPOM3BOJACTBA B LejloM. IloaToMy st coxpaHeHus

pecypca JOporoCroAnicro ImIaTHHOBOIO KaTaJIn3aTopa B TCUCHHC CbIPbCBOI'O ITHUKJIA
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BO3HHMKAET HEOOXOIMMOCTh B HCCJICIOBAHWU BIUSHUS TEXHOJOTUYECKHX YCIOBUN
mpoliecca M cocTaBa KaTanm3aTopa Ha 3(G(EKTUBHOCTH MPOIecca, a UMEHHO BBIXO]T
oJlepUHOB M COJIep)KaHME KOKCAa HAa TMOBEPXHOCTH KaTajau3aropa, JIUTEIbHOCTh
MEKpEereHepalioOHHOI0 MePUo/Ia.

Takum 00pa3om, 11eJb JAHHOTO UCCIEAOBAHUS 3aKJIIOYAETCS B ONTUMU3AIUU
pexuMa paboThl YCTAHOBKH ITyTEM M0JI00pa ONTUMAIIBHOTO PEKUMA MOJAa4d BOJBI C
1eaplo  cOepexeHus: pecypca IUIATHHOBOTO — KaTajdu3aTopa ¥ IMOBBIIMICHUS
7 PEeKTUBHOCTH TIpoIIecca.

JIns  MOCTWKEHMS 3aJaHHOM 1€  HEOOXOJAMMO PEUIUTh  CIEAYIOIINE
OCHOBHBIC 33JIa4H:

1. TlpoBecT cpaBHUTEIBHBIM aHaAIU3 OCHOBHBIX IOKAa3aTelield ChIPhEBBIX
IIUKJIOB paOOThI KaTaauzaTopa.

2. YCTaHOBUTH OCHOBHBIE 3aKOHOMEPHOCTH BIHUSHHUSA TEXHOJIOTHYECKHUX
napameTpoB IMpoIlecca Ha mpolecc 00pa3oBaHUsl KOKCa U €ro CTPYKTYPY, a UMEHHO
cootHoienue H/C B mosiekye kokca.

3. YCcTaHOBUTH OCHOBHBIE 3aKOHOMEPHOCTH BIIMSHUSI COCTaBa KaTaJIM3aTOPOB
Ha TpoIecc 00pa3oBaHUs KOKCa U €ro CTpykTypy (cooTHomenue H/C).

4. TlpoBecTn aHanmu3 pe3yJbTaTOB TEPMOTPABUMETPUUECKOTO aHaIN3a
00pa3loB KaTaJinu3aTOPOB.

5. Onpenenuts otHomeHue H/C B mosekynax Kokca, 0Opa30BaBIIMXCS HA
MOBEPXHOCTHU KAaTaJIN3aTOPOB, U UX MPOCTPAHCTBEHHYIO CTPYKTYPY.

6. IlpousBecTH TEPMOJAMHAMHUYECKYIO OIICHKY BEPOSITHOCTH PEaKIUU
OKHUCJICHHS 3THX CTPYKTYP BOJIOH.

7. C nomompro KMC npousBecTu pacdersl ISl MOJTYYEHUS ONTUMAJIbHOM

noaadn BOAbI AJIA OKHMCJICHHA pa3IMYHbIX CTPYKTYP KOKCaA.
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2 O0BEeKT U MeTOABI HCCIACA0OBAHUSA
2.1 O0BbeKT uccaea0BaHus

OOBEKTOM HCCIICNOBAHUS SBIISCTCS MPOMBINIICHHAS yCTAaHOBKA TOTYYCHHS
onepuHoB. Ha ycTaHOBKE COBMEIIEHBI JIBa Ipoliecca — MPOIECC ACTUAPUPOBAHUSA
napauHOBBIX yriieBojopoioB (Pacol-mporiecc) u mociieayromee THAPUPOBAHHE
0o0pa30BaBIIMXCS B pe3yabTaTe AeruipupoBanus au- u Tpuoieduros (Define-
nporiecc). CplpbeM YCTaHOBKH SIBISICTCS y3Kast (Gpakiis HOpMadbHBIX Mapa(rHOBBIX
yraeBonopoaoB  Cg-Ci4. B cocraBe cblpbsi Bo3MOkHO Hanmuuue JIAD,
IUPKYJIUPYIOUIMX BMECTE€ C HEINPOpPEarupoBaBIIMM CBIPhEM C YCTAaHOBKU
ankuinvpoBaHus (Tad. 2).

Tabnuua 2 — CoctaB ChIpbs MpoIecca AeTUIPUPOBAHUS

KommoneHnt Conepxanue, % Mac.
H-ntapadua CoHyg 0,01-0,03
H-ntapaduda CioHy, 13,0-16,0
H-rtapadua C11Hy, 25,0-28,0
H-rtapadua Ci,Hyg 29,0-33,0
H-ntapadua Ci3Hyg 22,0-25,0
H-ntapadua Ci4Hzg 0,29-0,47
u-napapuHbI 1,80-2,50
[Hupkymupytontue JIAb 0,70-1,50

Jlns  mpolecca ACTHAPUPOBAHMS  MCHOJIB3YETCA  IUIATUHOCOIEP KU
Karanu3atop (coaepkanue rmiaatuHbel npumepHo 0,87-0,91 % mac.), mMO3BOJISIOIIMIA
MOJIy4aTh BBIPAOOTKY osieuHOB Ha ypoBHE 9,0-9,5 % mac.

[IponyktoM mporiecca SIBASIOTCS  OJe(UHBI HOPMAJbHOTO  CTPOCHUS,
ucrosibzyemble B mpousBojctBe JIAB, koTopeie, B CBOIO oOuYepeab, HaIUIU
npumeHeHue B mpousBojacTBe [TAB. [To6ouHbIME TIpOyKTaMu TIpoliecca SIBISIOTCS
nuoJieprHBI, Ta3bl KPEKUHTA U KOKC.

TexHonornyeckas cxema yCTaHOBKH IMOJIy4YeHUs oJie()UHOB IPE/ICTaBlIeHa Ha

pucyHke 1 [36].
39



Vi

K-301

K-140A/B|

R-301A
R-301B

P-307A/B

V-308

E-305

E-303
E-1405
P-1401
< i

n C-301
—

A 4

Vil

A
V-301 . P-302A/B |
I

P-306A/B

' R-302B '

P-303A/B

~t

Pucynok 1 — TexHonornyeckasi cxeMa yCTaHOBKHU MOJIy4eHHS 0J1e(DUHOB
| — napagunsei, 1l — 6ooa; I,V — xnaoacenm, \V, VI — omoysounwie cazvi, VII — YB-
eazwl, VI — onegpunsvi, |X — napagpunet ¢ yemanosxu ankunuposarus, V-307 —
pesepayap c soooti; V-301 — pezepsyap ¢ napagpunamu,; V-303, V-305, V-308 —
cenapamoput;, P-307A/B — 0ozamop,; P-302A/B, P-303A4/B, P-304A/B, P-306A/B —
nacocwt;, F-301 — neus, R-301A/B — peaxmoput oecudpuposanus, P-1401 — peaxmop
euopuposanus, E-301, A-308, E-303, E-1401, E-305, E-307 — mennoobmennuxu,
R-302A/B — aocopbepwi; K-301, K-140A/b — ¢punempol,; C-301 — omnapnas konouna.
ColIpbe (mapadunbI) CMEILIMBAETCS c PELUPKYIUPYIOUIUMH
HEMPOpPEearupoBaBIIUMHU MapaduHaMu C OJOKa aTKUJIUPOBAHUS, TMPEABAPUTEITHHO
OUYHUIIIEHHBIMH OT (hTOpHI0B B ancopOepax R-302A/B, u moctymnaer B emxocts V-301.
Jlanee cpIppe U3 EMKOCTH cMelMBaeTcs ¢ peuupkyaupytomnM BCI u Hanpasisercs
B TermoooMeHHuK E-301, rae HarpeBaeTcsi MpoayKTaMu Mpoliecca 10 TeEMIEPaTyphbl
e Oonee 420 °C, u B meur F-301. Harperas raso-ceipeeBas cmech (460-510 °C)
noctynaer B peaktop R-301A/B, rae mpoucXOAMT AETUAPUPOBAHUE JMHEHHBIX
napaduHoB. PeakTopsl paboTaroOT MOOYEPETHO IO TOTEPU aKTUBHOCTH KaTaau3aTropa.
[Tocme »TOro ra3o-mMpOAyKTOBass CMECh HAmNpaBlseTCS s OXJAXKICHUS B
terioooMennnk E-301 (mo Ttemmeparypsr 152 °C u HmWKe) ¥ B BO3IYLIHBIH
xomoamnbHUK A-301 (mo Temmepatypsl 49 °C u Hmke). OxiakaeHHast IpOJTyKTOBas

cMech Hampasisiercss B cenapatop V-303, rae mpoucxoaut otaeneHue BCIT ot

KUAKOU (ha3sl — cMecu H-napaduHOB, 01e(PUHOB U 1HOIE(HUHOB.
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[Tporiecc neruapupoBaHus CUIBHO 3aBUCHT OT TEMIEpaTyphl, TaK KakK MpH
BBICOKMX TEMIIEpaTypax CTAHOBHUTCS TEPMOIMHAMUYECCKH BO3MOXHBIM OTIICTLICHHE
MOJIEKYJIBI ~ BOJOpOJa  OT  YIJICBOJOPOJHOW  MOJeKkyidbl.  IIpm  HH3KHX
temnepatypax (MeHee 465°C) BBIXOJ IENEBOTO NPOAYKTa CIHMIIKOM Maji (He
ooxnee 7,5 % mac.), a mpu Gosiee BRICOKHX TemrepaTypax (Bbimie 490°C) nabmromaetcs
ObICTpasi J1e3aKTHUBallMsl KaTanu3aropa (YCKOpEHHE peakIMii KOKCOOOpa30BaHUS).
[TosToMy TIpoItece MPOBOIAT B Y3KOM TeMIeparypaoM untepsaie 470-490 °C.

OCHOBHBIC TEXHOJOTHMYECKUE YCIOBHS YCTAaHOBKH TOJIYYCHHS OJCPUHOB
Mpe/ICcTaBlIeHbI B TabuIe 3.

Tabnuua 3 — TexHOJOrnYecKHe yCIOBHS MpoLecca AeruIpUpPOBaHUS

ITapamerp Ennanue! usmepenus Jlvana3oH 3HaueHUN
Temneparypa °C 470 — 490
JlaBneHue MlIla 0,17 - 0,22
Pacxon mapaduHoB M/d 65— 85
Pacxon BCT HM/y 50000 — 65000
MosnbHO€E COOTHOLLIEHUE B 6/1—8/1
BOJIOPO/I/CHIPHE
Pacxon Bojibl B peakTop /9 40-16,0

[IpoBenenne mporecca MpU ONTHUMAIbHBIX YCJIOBHUSAX OOECleunBaeT He
TOJIKO TIOBBILICHUE IMPOU3BOJAUTEIBHOCTH PEAKTOPA, HO M IMO3BOJSET COXPAHUTH

pecypc TUIATHHOBOTO KaTau3aTopa.

2.2 MeToabl HCCIEA0BAHUS
2.2.1 TepMorpaBuMeTpHUYECKUIl aHAJIU3

Tepmuueckue MeToAbl McCClieOBaHUSI HarlOosee MMUPOKO MPUMEHSIOTCS MPU
aHaJIu3€ 3aKOKCOBAaHHBIX KaTajJu3aTOpPOB, TaK KaK OHHU SBISIOTCA IPOCTBIMH B
UCIIOJTHEHUH M HE TPeOYIOT Kakoi-mnbo crenuanbHONM MOJATOTOBKU HCCIEIyeMOTO
oOpasiia K aHaJiu3y.

OngHuM M3 METOJOB TepMHUYECKOro aHanusza sieisercs TI'A, mpu KoTopom

perucTpupyercs HM3MEHEHHE MacChl TBEpAOro oOpas3la B 3aBUCUMOCTH  OT
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TeMneparypbl. Pe3ynbraTom aHanuza SBISIIOTCA TEPMOTIPABUMETPUYECKUE KPUBBIE,
OTpakalollie 3aBUCHUMOCTH Macchl oOpa3una (Miau moTrepu Macchl oOpasla) oT
Temneparypbl. KpuBas notepu macchl OT TemmepaTrypsl (puc. 2) UMeeT BUA IUIaTo,
TOPU30HTAJBHBIM y4acTOK KOTOPBIM OTpa)kaeT yCTOMYMBOCTH 0O0pa3la B JaHHOM
TEMIIEPAaTypHOM MHTEpBAJIE W OTCYTCTBHUM XUMHUYECKHX [pPEBpALlCHUM, a

BGpTI/IKaHBHHﬁ Y4aCTOK — XUMHUYCCKOC PA3JIOKCHHUC o6pa3ua.
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Pucynok 2 — KpuBasi TepMOTpaBUMETPUYECKOTO aHAIU3a
IIpu cunxpounom TI'A-IATA/JICK ananu3e OZHOBpPEMEHHO H3MepsieTcs
U3MEHEHHE TEIUIOBOTO MOTOKAa M Macchl oOpa3lia Kak (yHKIUH OT TeMIepaTyphl.
Takoll CHHXPOHHBIN aHAIN3 MO3BOJSET YBEIUYUTh HE TOJBKO MPOU3BOJIUTEIBLHOCTD
U3MEPEHHI, HO U MO3BOJISIET YIPOCTUTh MHTEPIPETALMIO PE3yJIbTAaTOB, Ojarogaps
BO3MOXKHOCTH  OTHEJIEHUS  DJHAO- W DK30TEPMHUYECKHX  IIPOLECCOB,  HE
COMPOBOXKIAIOIINXCSA U3MEHEHUEM Macchl ((pa3oBbie Mepexo0/ibl) OT TEX, MPU KOTOPBIX

MIPOMCXOUT U3MEHEHUE Macchl (neruaparaius) [40].

2.2.2 Meroa MaTeMaTH4e€CKOr0 MOAEJTMPOBAHUS

Hauunas c¢ 1960-x romoB, OrpOMHOE pa3BUTUE B MHUPE MOJIYUHIIO
MaTeMaTU4YeCKOe  MOJEIMPOBAHME  KATAIUTHUYECKMX  PEAKTOPHBIX  CHCTEM.

Matematnyeckoe MOJIETIUPOBaHUE MO3BOJIAJIO peLInTh nmpoOaemy
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MaclITaOMpOBaHWs,  KOTOpas  BO3HUKaJa IpUd  paHee  IMPUMEHSBIIEMCA
DKCIIEPUMEHTAJIBHOM MOJXO0JI€ K HCCIEJOBAaHUIO KAaTAIUTUYECKHX PEaKTOPOB
(mpoBeneHne IKCIEPUMEHTOB Pa3IMYHOIO MaciiTada).

KoppekTHoe MozenupoBaHHe, YUUThIBAIOUIEE BCe (PAKTOpbI mpolecca U UX
B3aMMOCBS3H, SIBJISIETCSI OUYEHb CJIOKHBIM U TPYJIOEMKHUM IIPOLIECCOM, AK€ UHOTIA U
HEBO3MOXKHBIM. [1o3TOMYy HEOOX0aMMO pa3pabaTsiBaTh OOJIEE YNPOLIEHHBIE MOJIEIH,
o0ecreunBalIIie MPUEMIIEMYI0O TPYAOEMKOCTh, HO TMpPU O3TOM HMEIOIINE
OrpaHUYEHHBIN YPOBEHb JOCTOBEPHOCTH pe3ysibTaToB. Takum o0pa3oM, HEBO3ZMOKHO
MOJIHOCTBIO ~ OTKa3aTbCd OT JTala M[WJIOTHBIX U OMNBITHO-IPOMBIIICHHBIX
HKCIIEPUMEHTOB ITPU MAaCIITAOUPOBAHUU.

CoueraHue DOSKCIEpPUMEHTa W MOJEIUpPOBaHUS  ObUIO  yYTEHO B
CTPAaTUPUIIMPOBAHHOM  MOJAXOJE€ TMpU  pa3pabOTKE HOBBIX KaTAIUTUYECKHX
PEaKTOpPHBIX  CHCTEM,  MPEMIOKEHHOM  WIEHOM-KoppecnoHaeHtom  PAH
M.I". Cnunbko [41].

MareMaTtuyeckue MOJENM KaTaIUTHYECKUX CHUCTEM MO3BOJISIOT J1aTh
KOJIMYECTBEHHOE WM (OPMANM30BAHHOE OIMCAaHUE B BUJE CHCTEMbl YpaBHEHHI,
MPEeNAOIINX JEHCTBUE KAKI0T0 O0JI0KAa TEXHOJOTUYECKON CXEMBI.

Matematuueckass ~ MOJelb ~ HUMEET  CJleAylouyro  (GopMy  3amucw,
YUHUTBHIBAIOIIYIO ONMCAHKE MTPOTEKAOIIMX B alliapare MpOLECCOB U TEXHOJIOTMYECKUX
CBS3€U MEX]Y aIlllapaTaMu:

Vi = Fy (g, Uy, Z) (1
X = L (7). (2)
IZI€ X} U V), — BEKTOP BXOJHBIX M BBIXOJIHBIX TAPAMETPOB;
Uj, — BEKTOP YIPABJISIOUIUX TAPAMETPOB;
Z}, — BEKTOp KOHCTPYKIMOHHBIX IaPAMETPOB;
F}, — HexoTopas pyHKLHUS;
Ly _; — mapamMeTp, XapakTepU3yIOIINN CBS3b MEX/y anmnaparamu (paBeH eIHHHIIE,

€CJIM CBSI3b MEXKy amnmaparaMmu k U [ cyliecTByeT, U paBeH HYJII0, €CJIU HET).
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Bung wmaTemMaTH4ecKOoro OMHUCaHUS OMPEAENseTCS YPOBHEM CIIOKHOCTH
MaTeMaTh4eckod Moxaenu. JIjus MHOTOKOMIOHEHTHBIX — TIPOIECCOB  MPHUHSTO
MIPOU3BOJIUTH arperupoBaHe KOMIIOHEHTOB IO TEXHOJOTMYECKUM HIIM XUMHYECKUM
MIpU3HAKaM.

CuctemMbl  anreOpavueckux  wiam  guddepeHIuanbHbIX  ypaBHEHUM
MaTeMaTHYECKUX MOJIEICH PEIIatoTCs ¢ MTOMOIIBI0 KOMIIBIOTEPHBIX METOJI0B, BHIOOD
KOTOPOTrO 3aBUCUT OT HEOOXOJUMON TOYHOCTM pe3yibTaToB. Ha ocHOBaHHMH
BBIOPAaHHOTO METO/Ia COCTABIIICTCS aITOPUTM KOMIIBIOTEPHOM MPOTPaMMBI.

PazpaboranHass maTeMaTthueckas MoOJENb JOJKHA OBbITh 00s3aTEIbHO
MOJIBEPTHYTA MPOBEPKE HAa aJ€KBATHOCTh, TaK KaK OHA SBJSETCS JIMIIh HEKOTOPOU
dbopmanuzamnuei pearbHOTo Iporecca.

AEKBaTHOCTHh MOJIENIA MOYKHO OIICHUTh METOJOM HAaUMEHBITUX KBaJpPaTOB, a
TaKKe ONPEACIICHUEM CPEIHEKBAIPATUYHOTO OTKJIIOHEGHMS IOJYYEHHBIX 3HAYCHHI
mapaMeTpoB OT SKCIEPUMEHTAIBHBIX. Takke IS OLICHKU aJeKBAaTHOCTH MOXKHO
WCITOJIB30BaTh CIICIIMAIbHBIE KPUTEPUHU aJICKBATHOCTH, TaKue Kak Kputepuii dumepa
u np. [42].

Taxk nnms wcciaemoBaHWsl TIporecca IETHAPUPOBAHUS TMPUMEHSETCS paHee

pa3zpaboTaHHas KommbloTepHass mojaenupytomias cuctema PDA (Ilpunoxenue A).
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5 DuUHAHCOBbII MEHE’KMEHT, pecypcodpPeKTUBHOCTD "

pecypcocdepe:xeHue

Ha cerognsimiHuiAc J€Hb TMOTEHOMAN pa3BUTHS 3KOHOMHUKH Poccum
CYIIECTBEHHO ONMUpAacTCs Ha HEPTAHYI0 W XHMHYCCKYI) MPOMBIIUICHHOCTh. A
HAaYYHBIC UCCIICIOBAHUS, TPOBOAUMBIE C LIEJIbIO MOMCKOB IMYTEN COBEPIIEHCTBOBAHUS
CYILIECTBYIOIIMX TEXHOJIOTUH, SIBISIOTCSA OMNOPOM I CTPATErMYECKOr0 Pa3BUTHSA
He(dTenepepadaTpBaomel U1 HePTEXUMHUUECKOW TPOMBINIICHHOCTH B TieioM. Jlis
JOJITOCPOYHOTO  IJIAHUPOBAHUS pabOThl  JIOOOTO MPEANPUATHS HEOOXOIUMO
YUUTHIBATh HE TOJBKO pa3Mephl 3aBOJIa, HO TaKke U 00bEM MHBECTUIIUN, KOTOPHIC
BKJIQJIBIBAIOT HHBECTOPHI B MPOIECCHl MOATOTOBKM U TEPEepabOTKH C y4ETOM
MOCTOSIHHO ~ M3MEHSIONIErocsi  cocTtaBa  HePTH.  MeXayHapoIHbIi  PBIHOK
HeTenepepabOTKU TUKTYET YCIOBUS HEOOXOAUMOCTH MOUCKA HOBBIX, KOMMEPUYECKHU
KOHKYPEHTOCTIOCOOHBIX peIIeHUH 11 YCTpaHeHHUs] OCHOBHBIX mpobsiem Ha HIT3.

Lenpro paznena «DOUHAHCOBBIM MEHEIKMEHT, pecypcodDPeKTUBHOCTE U
pecypcocOepexeHne»  SBISIETCS HE TOJBKO  pacdeT OropKeTa  Hay4dHOTO
WCCJIEIOBAHUSI, HO U OIICHKA €ro MEePCIEeKTUBHOCTH U A(()EKTUBHOCTU HA PBIHKE C

TIO3HIIUU HEPTO- U PECYPCOCOCPESIKECHUS.

5.1 IlpeanpoeKTHBIN AaHAIN3
5.1.1 IloreHuMaNbHBIE NOTPEOUTEIN PE3YJIbTATOB HCCICI0BAHUSA

Jlnst Toro 4ToOBI OIEHUTH MOTEHIUAIBHBIX IOJb30BaTEICH pE3yJIbTaTOB
UCCJIEIOBAHMS, HEOOXOJMMO TMPOBECTH AaHalIM3 LEJEBOr0 pBhIHKA U €ro
CETMEHTHpPOBAaHUE TO Hanbojee CyIeCTBeHHbIM Npu3HakaMm. B maHHOW pabote
pe3yJIbTaToM UCCIIEIOBAHUS SIBIISICTCS MOJICpHHU3AIUS KOMITbIOTEPHOU
MOJICTIUPYIOIIEH CUCTEMBI, CIIOCOOHOW BBIJABaTh PEKOMEHIAIUU 10 ONTUMATIHLHOMY
peXUMY TIOJa4u BOABI B PEAKTOP JACTUIPUPOBAHUS, HEOOXOAMMOM TSI COXPAHCHUS
pecypca MmiIaTMHOBOro KaTtanuzaTopa. J[aHHas cuctema MOXeT ObITh MCIOJIb30BaHa

KaK TPOrpaMMHBIA MPOAYKT HA MPEANpHUATHIX HePTeXMMHUUECKOH OTpaciu,
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oOydaroriasi mporpaMma B 00pa30BaTENIbHBIX YUPEKICHUAX, a TaKKE MOXKET OBITh
WHCTPYMEHTOM JIJI BBITIOJIHEHUSI WHAWBUIIYAIbHBIX PAcyeTOB JJIsi MPEANPUSTHII-
3aKa3yuKoB. [103TOMy HEOOXOIUMO COCTaBUTh KApPTy CETMEHTUPOBAHMS IIE€JIEBOTO

phIHKA (puc. 23) 1o npoiakaM KOMITbIOTEPHBIX Mojenupyromux cuctem (KMC).

Oxkazanue yciyr 1o

[Iponaxa [Iponaxa
HCCJIEIOBAHUIO U
MIPOTrpaMMHOTO AJIEKTPOHHOTO
MIPOJIYKTa OTTHMHSATIHH TpeHaxepa
p npoiecca

— \\\\\\\ _t

Maieie HIT3

[MoTpebutens

HpOCKTHI)IG HHCTHUTYTHBI

O6pa3zoBaTenbHbIC _ Q
YUPEKICHUS

Pucynok 23 — Kapra cerMeHTUpOBaHUS PhIHKA yCIyr 1o npuMenennto KMC

\\ Aspen Technology, Schneider Electric, m Schlumberger,

Inc., r. KemOpux r. Prosii-ManbMe30H r. MockBa

JUist cocTaBieHuss JaHHOM KapTbl OBUIO B3ATO TpU (UPMBI, KOTOpPbIE
HAXOJATCS B YKCIIe KPYMHEUIUX 10 pa3paboTKe CUMYJISTOPOB MOJATOTOBUTENBHBIX U
nepepadaTbIBalOLIMX IpoleccoB B HepTexumuu. Kak mokasaHo Ha KapTe, JaHHbIE
KOMIIAHUM B OCHOBHOM 3aHUMAIOTCS pa3pabOTKOM ©  mpojaxed CBOEro
nporpammHoro obecriedeHusi (I10) nns kpymHBIX TpennpusiTuii, oOpa3oBaTEIbHBIX
YUpPEXKIEHUH W TPOCKTHBIX MHCTUTYTOB. lcciemoBaHMEM TIPOIECCOB W UX
MOHHTOPHUHIOM 3aHMMAIOTCSI TEXHOJOTH Ha MPOU3BOJICTBE C MPUMEHEHUEM JaHHOTO
[1O unm mpoeKkTHbIE WHCTUTYTHI TP MPEANPHUATHSIX, caMu (PUPMBI ONTHMHU3AIACH
MPAKTHYECKH HE 3aHUMAIOTCSI.

Hcxons w©3 Bcero 3TOro, MOXHO CJelaTh BBIBOZA, 4YTO HauOojee
nepcrneKTuBHBIMU Ha phiHke KMC sBISIOTCS HampaBiIeHHs CO3AaHUS JOCTYIMHBIX IO
[IEHE MOJCIUPYIOIIUX CHUCTEM, UMEIOIMUX (DYHKIIMA MOHUTOPWHTA W ONTUMHU3ALNU
JEHCTBYIOIIUX MPOU3BOACTB, B YAaCTHOCTH, Mpolecca IETUAPUPOBAHHS BBICIIUX

Hapa(I)I/IHOB, a TAaKXKC BO3MOXKHOCTb IPOBCACHHA IIPOTrHOSUPYIOHNIHUX pPACUYCTOB OJIA
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HeﬁCTBYIOIHHX H  CTPOAIIMXCA IIPOU3BOJACTB. Takue cuUCTEMbI MOT'YT OBITh
INPUMCHCHBI KaK B KaiCCTBC IIOJJHOLCHHBLIX CHMYJIIATOPOB, TdK WM B KadCCTBC

YIIPOIICHHBIX TPCHAKCPOB B 06p330BaTeJ'II>HBIX OCIAX.

5.1.2 AHaiM3 KOHKYPEHTHBIX TEeXHHYECKHX PpelleHuil ¢ NO3UIUN

pecypco3¢deKTUBHOCTH U pecypcociepexeHust

Ananms KOHKYPEHTHBIX  TEXHHYECKHUX  PEIICHUI C  TIO3WIHHU
pecypcodPhHEeKTUBHOCTH U PECYpPCOCOEPEKEHUsST TO3BOJSET MPOBECTU OLICHKY
CpaBHUTENbHOU 3(G(HEKTUBHOCTH HAYYHOU pa3pabOTKH, €€ MEepPCIeKTUBHOCTH, U
OTIPEJICINTh HaIpaBJIeHUs NIl ee Oyayiiero moBbimieHus. JlaHHBIM aHanu3 Oyjaer
MPOBOJUTHCSA C  TNPUMEHEHHWEM  OICHOYHOM  KapThl, TPEACTAaBICHHONW B
npwioxenue B (tabn. B.1). Takas kapTa mo3BoJi€T B3IJIAHYTh Ha MPOEKT C Pa3HbIX
CTOPOH | OIIEHUTH €T0 SKOHOMUYECKYIO 3(PPEKTUBHOCTH B MEPCIICKTUBE TPUMEHEHUS
Ha KpYImHOM Tpennpustud. s cpaBHEHUS ObUIM MPUHSATHI ABE KOHKYPHUPYIOIIHE
pa3pabOTKN — KOMITBIOTEPHBIC CHUMYJSTOPHI TEXHOJOTHYECKUX MPOIeccoB Aspen
HYSYS u Gibbs.

AHanm3 KOHKYPEHTHBIX TEXHUYECKHX PEIICHUH oTpeiensieTcs o hopmyIie:

K= XB;-b;, )
rie K — KOHKypeHTOCTIOCOOHOCTh MH)KEHEPHOT'O PEIISHNS MITH KOHKYPEHTA;
B; — Bec nokazaress (B JOJISIX €IMHULIBI);
B; — 6as i-ro mokazareris.

MogepHusupyeMasi MOJIeTIb SIBIISICTCS TIOTEHIIMATBHO KOHKYPEHTOCTIOCOOHOM, Tak
KaK UMECT Psifl IPESUMYIIeCTB. Bo-TIepBhIX, Takass MOJIENb 00JIaIacT YyBCTBUTEITBHOCTRIO K
COCTaBy TIepepadaThIBACMOTO  ChIphs. BO-BTOpBIX, MOJEIb HMMEET CIIOCOOHOCTh
MPOTHO3UPOBAHKS PaOOTHI IPOMBIIIIICHHBIX YCTAHOBOK B JMHAMHUYECKOM PEKUME C YUETOM
JIC3aKTHBAIMM KaTaJlM3aTopa M ONTUMH3AIMK TIapaMETPOB C IS0 TPOIJICHHS CpOKa
CITY>KOBI TUTATUHOBOTO KaTanW3aTopa, YTo SBIISIETCS BAKHOM YaCThIO KAIUTAIBHBIX 3aTpaT

npennpusThs.  B-TpeThux, Momenh 00JamaeT J0CTaTOYHO TPOCTHIM W YIOOHBIM
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uHTepdeiicom, KOTopblid Oy/IeT MOHATEH KaK MHKEHEPHO-TEXHIMYECKOMY TEpCOHATY, TaK U

CTYZICHTaM B Ka4€CTBE TPEHAKEPA.

5.1.3 Inarpamma UcukaBbl

OcHoBHOM TIpOOJIEeMOM, BO3HMKAIOIIEH TpH pa3pabOTKe U MOJCPHU3ALIUU
MaTeMaTUYeCKHX MOJIeJIel JISWCTBYIOMIETO IPOMBIIUICHHOTO MPOIIECcCa, MOXKET ObITh
HEaJIeKBaTHOCTb 3TOW MOJIENH, T.€. HECOOTBETCTBHE SKCIIEPUMEHTAIbHBIM JIAHHBIM C
yCTaHOBKU. B cooTBeTcTBHM ¢ mpueMoM OM, Ha auarpamme ObUTM yKa3aHbl MPUYUHHO-

CJICZICTBEHHBIC CBSI3U 10 KATCTOPHSM ITEPCOHANIA, METOIa, MaTepUasIOB, CPEJIbI, MaTepHAlIaM,

n3MepeHusim (puc. 24) [45].
Jlepconar O[fopydoaauue Mamepuarv
Acnupanmut
Hanuuue N Aumepamypa
~ Henoctarounsiii Aumepamyp
padoThl = Henoctarounoe
Orpatuuetne X UM KOTHYECTBO
2 5
omnwiome, ¢ 2
BO BPeMeHH i P Dannvie ¢
PVK o >
PyKosodumeru Cmydenmbt npoussodcmea Orpanmucins B
HenoGioum Orey ToTBHe. i : HekoppeKTHble 3apyGekHas  aoctyne
& HEo0X0AHMOil TCYTCTBHE JIaHHbBIE JUTEeparypa
PaMOTHOCTL B Ay nO *
L kBann@uramy  BEAYIETO %7
s Gl eKB8amHuocmb
I’{CKOPPCKIH{IX HenpasuibHbie HegepHbie MO()B.M!
MoJess PACRCTEI HerpamoTHbiit M3MEpeHHs Ha f}[ap_yluerluﬂ
Henpasuabhas TaiiM-MEHEUKMEHT NpOU3BOIACTBE MUKPOKAUMAMA
KHHETHKA H H{]p)‘l_ueﬂ"e llpaB".’l
l'epMD,ﬂHHﬂl\lHKﬂ ~ g A—
) 6r OpraHu3aLiK Tpyaa
npotecca Bpemsa Oungra s NOwUbKU npu Hanpsxennocmv 60
Hesepibifg ) v acueme
Mamemamuneckoe nouxo; SIMHANAX ¥4 83AUMOOMHOULEHUSAX.C KOANL2AMU
H3MepeHns HeBbimonnenne
MoOer uposatue padoThi HecornacoBaHHOCTH
neiicTBuit
Memod Hamepenus Cpeda

PucyHok 24 — Jlnarpamma VcukaBbl 11 MaTEMaTHYECKOW MOJIENH Ipolecca

JETUIPUPOBAHUS

5.1.4 OueHKka roTOBHOCTH MPOEKTA K KOMMEPUMAIM3AMU

Haubonee cloXHBIM 3TaroM B CO3MAHWM WHHOBALIMM  SIBJISICTCS  BBEICHUE
pE3YJIbTATOB  HAYYHO-TEXHUUYECKUX Ppa3pabOTOK Ha PBHIHOK, WIM TaK Ha3bIBagMasl
KOMMepIamm3aiys. YToObl TOHSTh, HACKOJBKO HCCIIEMYyeMbIi TIPOEKT TOTOB K

KOMMeEpLUAIM3alii, HEOO0X0IMMO OLIEHUTh CTENeHb MpOopabdOTaHHOCTH IMpoekTa (mpuil. B,

Tabm. B.2).
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JIis OLEHKH CTeneHu NpopabOTAHHOCTH HAYYHOTO MPOEKTa KOJIUYECTBO
OaJIJIOB COOTBETCTBYET CIICAYIONIMM KputepusMm: 1 06amn — He MpopabOTaHHOCTH
poekTa, 2 6aia — cinadast mpopadboOTaHHOCTh, 3 Oalljia — BBHIMNOJIHEHO, HO B KA4eCTBE
HE yBepeH, 4 6alia — BBIMOJIHEHO KaYeCTBEHHO, 5 0allJIOB — UMEETCS MOJI0KHUTEIHHOE
3aKJIIOUCHHE HE3aBUCHUMOIO 3Kcrepra. sl OLleHKH YpOBHSI MMEIOLIMXCS 3HAHUU y
pa3paboTurka cucTeMa 0asioB UMEET CIEAYIOMMN BUA: 1 — He 3HAKOM WIIM MaJio
3HaI0, 2 — B 00bEME TEOPETHUYECKUX 3HAHWUW, 3 — 3HAK0 TEOPHUIO U MPAKTUYECKHE
IIPUMEPBI IPUMEHEHUS, 4 — 3HAI0 TEOPHUIO U CaMOCTOATENIBHO BBINOJHSAK, 5 — 3HAIO
TEOPHUIO, BBIIOIHSIO U MOTY KOHCYJIbTUPOBATh.

OueHka rOTOBHOCTH MPOEKTa K KOMMEpUHUAIU3aLUA ONPEEIsSeTcs, UCXOIs]
U3 CyMMBbl 0ajuioB MO KaXJOMYy HampaBlieHHt0. Tak 3HayeHUE CTENeHH
npopaOOTaHHOCTA  HAy4YHOTO TIPOEKTAa COCTAaBWJIO 52, 4YTO TOBOPUT O
NIEPCIEKTUBHOCTH  IPOEKTA, BBIIE CcpeaHero. /J[as  IMOBBIIIEHWS  ypOBHS
NEPCIEKTUBHOCTU IMPOEKTa M €ro KOMMEpLHUAIM3alUH HEOOXOJUMBI CIIEIYIOIINE
MEpBI:

- TpuBJieYeHHE OONbIIEro 00beMa MHBECTHIMHM B BHUAE TOCYIAapCTBEHHOI'O
(buHaHCHPOBaHUS;

- U3YYEHHE LIEJIEBOr0 PhIHKA COBITA MPOAYKTA U UMEIOIINXCS KOHKYPEHTOB;

- NPUBJICYEHUE B KOMAHJy MCCIIEIOBATENE IPaMOTHOIO CIELHUAINACTA 10
CTpaTETuy BbIXOJa NPOAYKTa Ha PHIHOK M OLIEHKE PUCKOB;

- OleHKa (UHAHCOBOW  COCTAaBISIONMIEH TPOEKTAa HW  CTOMMOCTH

UHTEIJIEKTYaJIbHOU COOCTBEHHOCTH.

5.1.5 Meroabl KOMMepUHAJU3ALMU Pe3yJIbTATOB HAYYHO-TEXHUYECKOI0

HCCJIeaJ0BaHuA

BH&}IGHI/IC PIHTeHJIeKTyaHBHOﬁ COOCTBEHHOCTBIO HCTIOCPCACTBCHHO BJIMACT HA
Pa3BUTHC BHyTpeHHeﬁ OKOHOMHKH CTpPaHbI, TaK KdaK OHO oOecreunBaeT AOCTYII K

HOBILIECTBAM KPYIHBIM NPEANPUATUSAM, TEM CaMbIM CTHUMYJIAPYS NPUMEHECHHE B
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IPOM3BOJACTBEHHOW c(epe  yCOBEPIICHCTBOBAHHBIX  TEXHMYECKHUX  PELICHUI.
D¢} dexTuBHON KOHKYPEHIIMM HAa PBIHKE HOBEWINX MHPOBBIX TEXHOJOTUH MOXKHO
JIOCTHYb 32 CUET 3aIUThl HHTEIJIEKTYaIbHOM COOCTBEHHOCTH MAaTEHTAMH.

JInsg ycnemHou KOMMEPLHMAIM3AalUA MOJECPHU3UPOBAHHONM MOIEIUPYIOIIECH
cucteMsl 1151 OBM MOXHO IPUMEHUTH CIIETYIOINE METOIBI:

1.  HUwicunupune WM 3aKTIOYEHUE  KOMMEPHEecKo2co  002080pd  C
IPOU3BOJCTBOM, Ha KOTOPOM HMEETCS JIEWCTBYIOIIAs YCTAHOBKA IOJMYYEHUS
one¢puHoB. [1o qaHHOMY OTOBOPY 3aKa34MK (B JIMIIE IPOM3BOJCTBA) MPEIOCTABIISAET
MMEIOIINECS JIaHHbIE 110 MOHUTOPHHIY YCTAaHOBKM M padoTe Karaiau3aropa, a
KOHCYJIbTAHT (B JIMIIE HAyYHOW TPYIIbl HUCCIENOBATENICH) MPENOCTaBISICT YCIyTH
MOJICIMPOBAHUS, ONTHMM3AIMU M TMPOTHO3MPOBAHUSA YCTAaHOBKU. Takum 00paszom,
OPOAYKT JOBOJUTCA 1O PBIHOYHOM (OPMBI COBMECTHO [JBYMS CTOPOHAMHU U
BHEJIPSETCS B MIPOU3BOJICTBO, a4 B JAJIBHEMIIIEM U HA PBIHOK. Tak Kak YHUBEPCHUTET,
II€ TPOBOJATCS MCCIEIOBAaHUsA, TECHO COTPYAHHMYAET C MPEANpPUATHEM, TIE
HaJaXeHO MPOU3BOJCTBO C MOMOILBIO JAHHOW YCTAaHOBKH, TAKOW MOJX0J] Hauboiee
BEPOSITEH.

2. Topeosna namenmuvimu auyensusmu. Taxas GopmMa KOMMEpIHAIA3AINN
SBJIIETCS JTOCTaTOYHO IIMPOKO PacrnpocTpaHeHHOH. OOBEKTOM KyIUIM-TIPOJAKH
apisierca nporpamma st OBM. Ilo Takomy J0roBopy MpaBO Ha TOPTOBIIO
JUIIEH3UEN TepeaaeTcsl JUMIEH3UaTy Ha OMpeAeNICHHBbIM Cpok (5-7 JeT), mpu STOM
JUIEH3UAT 00eCIeuYnBaeT TapaHTUN B OCBOCHUU JIMIIEH3MOHHOTO MPOJYKTA, MaJlble
TEXHUYECKUE U KOMMEPYECKHE PUCKH, TOCTOSHHBIN T0XOJ (pOsITH). A JMLIEH3Uap
noJiy4aeT npuOblib 0€3 KaluTaJbHBIX BIIOKEHHM, COKpAIaeT CPOKH OKYIAaeMOCTU
3aTparT Ha UCCIEAOBAHUS, YIPOIIAET NPOLEAYPY BBIXOJIa HAa PHIHOK. J[aHHBIA
MPOAYKT YJOBJICTBOPSIET BCEM HEOOXOIUMBIM KPUTEPHUSIM, TMPEIBIABISIEMBIM K
MPOJIAXKE IO JIUIEH3USIM: YHUKAIBHOCTh, HEOOJIBIIION 00hEM WHBECTHIIMM, HAIMUNE

HaJIaXKEHHOT'O MPOM3BOACTBA, IIPEIOKCHHUE IPOrPaAaMMHOI0 oOecrieueHus u ap. [46].
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5.2 UHuuuanus mpoeKra

[Ipexne yem NpUCTYNUTh K BBHITIOJIHEHHUIO TPOEKTa, HEOOXOIUMO OINpPEIeIuTh
ero M3HauvajbHbIC IeM U (PUHAHCHPOBAHWE, a TAKXKE PE3yNbTaThl, HA KOTOPHIE OH
Oynetr HampaBieH. OnpenensioTcss 3aMHTEPECOBAHHBIE CTOPOHBI MPOEKTa, a TaKKe
€ro YyYacTHUKH, pabdOThl U CpPOKH BBINOJHEHUs paldoT. Bed mnepeuncieHHas
uHbOpMaIus 3aKperuisieTcs B Y cTaBe MpOeKTa.

Yemae  npoexma  noxymeHtupyer — OU3HEC-IIOTPEOHOCTH,  TEKYIlee
NOHMMAaHUE NOTPEOHOCTEN 3aKa34urKa MPOEKTA, a TAKKE HOBBIA MPOAYKT, YCIYTy WU

pe3yJIbTar, KOTOPBI IUIaHUPYETCs co31aTh [45].

5.2.1 lleau u pe3yJbTAaT IPOEKTA

OCHOBHBIC  3aMHTEPECOBAHHBIC CTOPOHBI TPOEKTAa TIPEJACTABICHHI B
tabnurte 14.

Tabnuua 14 — 3anHTEpEecOBaHHBIE CTOPOHBI IPOEKTA

3anHTEpecoBaHHBIE

O:xunanus 3AUHTEPECOBAHHBIX CTOPOH
CTOPOHBI ITPOCKTA

- Pa3paboTka MHHOBAIIMOHHOTO MPOEKTa, KOTOPBII OyIeT SBISATHCS
TOKa3aTeIeM HayYHBIX UCCIIE0BAaHUN YHUBEPCUTETA,

- [lyOnukamnuu B )KypHaJiax, MHACKCUPYEMbBIX IIMPOKO U3BECTHBIMU
0a3zaMu JaHHBIX B MEPOBOM HAay4YHOM COOOIIIECTRBE.

HayuHo-uccnenosarenbckuit
ToMckui NOJUTEXHUYECKUI
YHUBEPCUTET

BHeI[pCHI/Ie MMpOrpaMMHOTO MPOAYKTA Ha HNPCAIIPUATHEC C LEJIbIO

HedrenepepabaTsiBatoriee
MPOTHO3UPOBAHMS M ONTUMHU3AIUN PaOOTHl YCTAHOBKH TOTYYEHUS

npeanpuaTuc
e oJIe()HOB
Hayuno-uccnenoBarensckas | Pazpabotka xadectBenHoro 110, momydyenue ¢uHaHCMpOBaHUS Ha
rpynna JAJIbHENIINE UCCIIEI0BAHUS M COBEPIIEHCTBOBAHHUE NPOTYKIIUU

B Ttabmume 15 mpeactaBieHBl OCHOBHBIE IIEH IIPOCKTA W OXKHUJAEMBIS
pEe3yJIbTATHI.

Tabmuua 15 — [enu u pe3ynbTaT mpoeKTa

1. Onpenenenne cootnomenust H/C B Mosekynax Kokca.

2. MopaepHu3anusi KOMIBIOTEPHON MOJEIUPYIOIIEH CHCTEMBI
Ienn npoekra: YCTAHOBKH TOJIyYEHHsI 0JIe(DUHOB.

3. Pacder onTMMalbHOrO pPEXHMMa MOJAYM BOJBI B PEAKTOP
JIETUIPUPOBAHUSL.
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[Tponomkenne Tabmuist 15

Oxuaemble pe3yJbTaThl
NMpoeKTa:

1. BO3MOXHOCTP  ONTUMHU3ALUMU U  I[POrHO3UPOBAHUS
HPOMBIIUICHHOH YCTAHOBKH MTOJYYEHHSI OJICUHOB.

2. Ilpomienue cpoka CiIyXObl KaTajau3aTopa, IOBBIIICHUE
BBIXO/Ia IPOYKIIUH TPeOyeMOro KauecTBa.

Kpurepuu npuemMmku
pe3yJibTaTa NpoeKTa:

AIEKBaTHOCTH MOJICPHU3UPOBAHHOM
COCTaBJIATEL He MeHee 95%

MOACIN JOJIDKHa

TpebdoBanus

OneHka aJeKBaTHOCTH MOJENU JO/DKHA TOKa3arh,
a0CoOJIIOTHAs! TOTPEIIHOCTh PACYETOB HE MpeBbIIAcT 5%
Mogenupyroimasi cucTtemMa J0JDKHA TPOU3BOIUTH PacyeThl
ONTHMAJIFHBIX TIAPaMETPOB IMpOIecCa C MEIbI0 IMOyUdeHUs
MaKCHMAaJIbHOTO BBIXOJIa MPOJIYKTa TPEOYEeMOTo KauecTBa
Mogenupyroimas cucteMa JIOJDKHA — OIEHHBATh — CTEIICHb
JIe3aKTUBAIMK KaTalu3aTopa ¢ LEeNbI0 M0J00pa ONTHMAaIbHBIX
napaMeTPOB U COXPAHCHHUS CPOKA €r0 CITY)KOBI

4qTo

TpeGoBanus K pe3yjJbTaTy
NpPOeKTAa:

5.2.2 Opranu3zanMoHHasi CTPYKTYpa NPOeKTa

B Tabmuue 16 mnpencraBiieHbl YYaCTHUKM JAHHOTO MPOEKTa W (YyHKLHH,
KOTOPBIE OHH BBIITOJIHSIOT.

Tabnuua 16 — Pabouas rpymnma mpoekTa

DUO,
Tpynosar-
OCHOBHOE MecTO padoTsl, | Poab B mpoekre DOyHkuun
paThl, 4ac
HOJIKHOCTh
WBanunna 2./, PyxoBoaurens Koopaunupyer nesTenbHOCTh 15
TIIV, npodeccop OXU MIPOEKTa YY4aCTHUKOB ITPOEKTa
O®pannuna E.B. Koopaunupyer nesTenbHOCTh
PaHi N PykoBoaurens pa pyer I
TIIY, Hay4HbII YYaCTHUKOB, 15
IIPOEKTa
corpynHuk OXHN BBITIOJIHSET OT/IE€IbHbIE Pa0OThI
Koopaunaupyer nedarenbHOCTh
bemnnckas H.C., PykoBoauTens PAMHUPYET 1
YYaCTHUKOB, 21
TITY, nonear OXU IPOEKTa

BBITIOJTHSIET OT/JIbHbIE PabOTHI

®edenona K.O., Wcnonuutens mo | BoimonHseT oTaenbHbIE pabOTHI 120
TITY, maructpant IIPOEKTY 10 IPOEKTY

Hroro: 171

5.2.3 OrpannyeHusi ¥ AONMYUICHUS NIPOCKTA

B Tabmune 17 yka3aHbl OCHOBHBIE JACWCTBYIOIIME OTPaHUYEHUS JTaHHOTO

MPOEKTa MO OIOKETY, CPOKaM U T.1I.
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Tabmuua 17 — OrpaHnyeHust npoeKkTa

daxTop Orpanuvenust/ JonyuieHust
bropxeT mpoekra 1882 614,7
Wcrounuk ¢hrHaHCUpOBaHUS TITY
Cpoku npoekTa MapT-utoHb 2018
JlaTa yTBepxKIeHUs IUIaHA YIIPABIICHUS 12.03.2018
MIPOEKTOM
JlaTa 3aBepiieHus NpoeKTa 04.06.2018

5.3 IlnanupoBaHue ynpaBJieHUs HAYYHO-TEXHHYECKHUM NPOEKTOM
5.3.1 Hepapxuyeckasi CTPYKTypa padoT npoexra

Uepapxuueckas ctpykrypa pabor (MCP) — nperanuzamusi yKpynmHEHHOU
CTpYKTypbl paboT. B mporecce cozmanusi UCP cTtpykTypupyercs U onpeaensercs

coJiep>KaHue BCEro mpoekTa (puc. 25).

Hccnenosanue H NoBbliLeHHe
s¢dexTHBHOCTH MpoLecca
JCTHAPHPOBAHKS BLICUIMX MapadnioB

'
\ Y : Y Y

— 1. Ionyuenue 3ananns u coctapnenme | —f 2. CpaBHUTENbHBIN aHANH3 CHIPBEBBIX 3. Mognepuusauns KMC u '_
‘ nnaxa pabor LHKIOB TNPOBE/IEHHE PACUETOR ‘

4. O6paboTka pe3ynbTaTOB

2.1 Anann3 BIuAHUA '
1.1 O3HaKOMIEHHE ¢ HCXOAHBIMU TEXHOJOTMYECKHX YCIOBHIA U cocTaBa
H- 4.1 AHalW3 NONY4YeHHBIX Pe3yJIbTaToOB |
JaHHBIMU KaTanu3aropa Ha 3¢ peKTHBHOCTh '
npouecca

[ 2.2 VcTaHoBIICHNE 3aKOHOMEPHOCTEH |

BHSIHUS TEXHONOTHYECKUX YCIO0BHIA 4.2 Odopmenne NosCHUTENLHOMH
H COCTaBa KaTaM3aTopa Ha i 3aMUCKH

L cootnomenne H/C B Monekyie kokea |

Ly~ 1.2 M3yucHue THTEpaTypHOro 063opa |

2.3 Anann3 pe3ynbTaToB

|| TEPMOTPABHMETPHYECKOTO AHANN32 H 4.3 Pa3paboTia Npe3eHTalHOHHOT0
onpeaenexue oTHoweHusa H/C B £ MaTepuana

L MoNeKylaxKokca |

2.4 Onpenenenne npocTPaHCTBEHHOH
CTPYKTYPBI MOJICKY/1 KOKCA H OLIEHKa
BEpPOATHOCTH PeaKLUU OKHCIEHH
JTHX CTPYKTYP BOJIOf

2.5 PacueT KOHCTAHT PaBHOBECHA
peakuuii KOHBEpPCHH BOZIOH

Pucynok 25 — Mepapxudeckasi CTpyKTypa padoT 10 IPOEKTY
5.3.2 KoHTpoJIbHBbIE COOBITHS NMPOEKTA

OCHOBHBIC KOHTPOJIbHEBIC COOBITHS p33pa6aTI>IBaCMOFO HCCIIEA0BATCIIbCKOT'O

IPOEKTa U UX CPOKHU MpescTaBieHbl B Tadnuie 18.
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Tabnuma 18 — KoHTposbHbIe COOBITHS MPOEKTa

Pesynbrar (moaTBepKaa0IINA

KoHTtposbHOE coObITHE Hara
JIOKYMEHT)
[Tonyyenue 3aanus U COCTaBJICHUS IJIaHa 12.03.2018- OTHer 0 [IAHE PAGOTEL
paboT 17.03.2018 p
N3ydeHue TeopeTHYECKUX MaTEpUaIoB 18.03.2018- Otyer
- P P 27.03.2018
Pabota c nurepatypoit 28.03.2018- JlutepatypHsliif 0630
THTepatyp 31.03.2018 patyp P
O3HaKOMJICHHUE C KCIIEPUMEHTATBHBIMHU 01.04.2018- Oruer
JTAHHBIMUA 15.05.2018
16.05.2018-
O6paboTka U 00CYX)ACHUE PE3YIbTATOB 2005.2018 Otuer
BrlinonHeHHE 2KOHOMUYECKOH 1 21.05.2018-
N [ToscHuTenpHas 3anucka
DKOJIOTHYECKOM OIEHKH MTPOSKTa 30.05.2018
Odopmienne oT4era u pa3padoTka 31.05.2018- [Ipe3enTanus, pa3gaToYHbINA
MIPE3CHTAIIMOHHOTO MaTepHaia 06.06.2018 MaTepHal

5.3.3 [li1an npoekTa

JIuneiHbli rpaduk NpoeKkTa npeacTaBieH B Tadmuie 19.

Ta6nuna 19 — KanennapHelii 11aH IpoeKTa

Jlmarens- Jlara Jlara CocraB y4aCTHUKOB
Ha3Banne HOCTb, Hayana | okoHyaHus | (PUO oTBeTCTBEHHBIX
TTHU pabot pabot UCTIOJIHUTENEH )
(CoCTABICHIE 1 YTBEpIKACHIS 3 12.03.18 | 14.03.18 Bemrckas H.C.
TEXHUYECKOT'0 331aHus
ITocTaHoBKa 3agaud UCCIIEOBAHUS 3 15.03.18 | 17.03.18 dedenona K.O.
JIuteparypHslii 0030p 14 18.03.18 | 31.03.18 depenosa K.O.
OKcrnepuMeHTalIbHAs 4acThb 45 01.04.18 | 15.05.18 depenosa K.O.
WBanuwmna 3./.,
OOcyxaeHne pe3ybTaToB U OlleHKa Bemmckas H.C
3P PEKTUBHOCTH MPOBEACHHBIX 5 16.05.18 | 20.05.18 o
HCCIIEIOBAHUI Ppasna B.B.,
depenona K.O.
AHaiu3 SKOJIOTUYHOCTH U
HYKOHOMHYHOCTH IPOBEICHHBIX 10 21.05.18 | 30.05.18 dedenosa K.O.
UCCIIEOBAHUM
Ocpopmrerne noscHuTenbHOI 7 31.05.18 | 06.06.18 Pedenosa K.O.
3aIUCKHU M MTPE3CHTAINH
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Jlnarpamma ['aHTa — 3TO THIT CTONOYATHIX IUarpamm (THCTOrpamMM), KOTOPBIA
UCTIONB3YETCS [Tl MIUTIOCTPALIMK KaJICHIapHOTO IIaHa MPOEKTa, Ha KOTOPOM paboThI IO
TeMe MPEICTABIISIOTCS MPOTSKEHHBIMU BO BpEMEHU OTpE3KaMH,
XapaKTepU3YIOIMIMMHUCS JaTaMHU Hayaia U OKOHYaHUS BBIIIOJIHEHUS JaHHBIX palboT.

Ha ocnoBe Tabmuiie 19 Obu1 MocTpoeH KajaeHIapHbIN miaH-rpaduk (mpui. B,
tabn. B.3) mno januTEeNbHOCTH HUCHOJMHEHUs paboT B paMKax Hay4yHO-
UCCIIEIOBATENILCKOTO MPOEKTa ¢ pPa3OMBKOM MO MecsiaM 3a MEepuoj BPEMEHU

JAUIINIIOMHUPOBAHUA.

5.3.4 Brog:xeT HAY4YHOT 0 MCCJIe0OBAHUSA

[Ipu ¢dopmupoBanuu OroJKETa HAYYHOTO HCCIIEAOBAHUS IPOUCXOAUT €ro
TpYyNIAPOBaHUE 1O cTaThsIM (Tadi. 20-21).

Tabnuua 20 — Ceipbe, MaTepHalibl, KOMIUICKTYIOIIUE U3/IETUS U TOKYITHbIE

nosry(haOpuKaThl
Ilena 3a
Haumenosanue Mapka Kon-Bo emmLy, DYG. Cymma, pyo.
DNEeKTPOIHEPTUS - 75 kBt 2,1 160
brokHot - 3 wr. 40 120
Pyuka Pilot 3 miT. 50 150
Kaprpiimk st |\ gy antage Black 2 . 1090 2180
npuHTepa (4/6)
Kaptpumx st Ao_lvantage | . 890 890
npuHTepa (1B) Tri-Colour
Bymara SvetoCopy, A4 1 mr. 300 300
Bcero 3a Mmarepuainsl 3800
TpaHCHOPTHO-3arOTOBUTEILHBIE PACXOIBI 190
(3-5%)
HWroro no craree 3890

Tabmuua 21 — Pacuer 3arpaT no crathe «Crieno0opyioBaHue NIl Hay4HBIX

paboT»
Haumenosanue Kon-Bo equuuin Ilena enuHUIIBI O01as CTOMMOCTh
00opyoBaHus 00opynoBaHus obopynoBanus, pyo. obopynoBanus, pyo.
ITO Microsoft Office 1 5979 5979
I1O Borland Delphi 1 46000 46000
Hroro: 51979
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http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%B0%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B0
http://ru.wikipedia.org/wiki/%D0%93%D0%B8%D1%81%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B0

Cratbst pacuera 3apa0OTHOM TIUIAThl BKJIIOYAET B Ce0S OCHOBHYIO W
JIOTIOJIHUTENIBHYIO 3apa00THYIO IJIaTy paOOTHHUKOB.
C3n = 3OCH + 3aon (10)
r1e 3,c; — OCHOBHAs 3apaboTHas miata, pyo.;
3,0n — JOTIOTHUTENbHAS 3apaboTHAs IJ1aTa, pyo.
B cBoto ouepenb 0OCHOBHAs 3apaboOTHAs TIaTa ONPEAEIIAeTCS Kak
Boc = 3pu Tpa6 (11)
rae Tpss — HPOMOIDKUTENBHOCTh paOOT, BBINOJIHAEMBIX HAyYHO-TEXHUYECKUM
paboTHUKOM, pald.iH.;
3, — CpeaHeIHEBHAs 3apa0oTHas IJ1aTa paboTHUKA, PYyO.

Cpennsisi 3apaboTHas J1aTa PaCCUUTHIBACTCS IO (opMyIie:

__ 3uM

B = T (12)

rie 3y — MECSTYHBIN JTOJDKHOCTHOM OKJIaj pabOTHHKA, PYO.;

M — KOIMYEeCTBO MECSIEB padOThl O€3 OTIycKa B TeueHue roja (npu 24 nusx M
= 11,2 mec., npu 48 nasix M = 10,4 mec.);

Fn — nelicTBUTensHBI TrofoBoil  (OHL pabodero BpEMEHHM IIEPCOHAIIA,
pab.aH. (Tadm. 22).

Ta6muma 22 — bananc pabodero BpeMeH!

IToka3zarenu pabouero BpeMeHH PyxoBoaurenu MarucTpaHT

Kanenmapaoe aucio qHei 84 84

KonuuecTBo Hepa®ouux nHen
-BLIXOJIHEBIE JHU 24 24
- Ipa3gHUYHBIC THU 4 4

[Totepu pabouero BpeMeHH

-OTITyCK 14 .
-HEBBIXOJIBI 10 00JIE3HA 2 1
JeiicTBuTenbHbIi rogoBoi GoHa pabodyero BpeMeHu 40 55

MecsuHbIi TOJKHOCTHOM OKJIa paOOTHHKA!

By = 36" (kup + kz) "k (13)
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rae 3 — 6a30BbIi OKIIAM, pyo.;
Kyp — mpuemMieMblit K03 GHLUEHT;
K, — K03 duIueHT 10MmIaT 1 Hag0aBoK;
K, — paiioHHbI K03 HULUEHT.
Pasmep 3apaboTHOI miaTel HaydHbIX coTpyaHukoB HU TITY ompenensiercs B
cootBeTcTBUM ¢ [Ipukaszom 00 oruiare Tpyaa npodeccopcKo-TpenoaBaTeabCKoro
cocTaBa, HaJI0ABOK U pailoHHOTO K03 durmenta (tadm. 23).

Tabnuua 23 — PacyeT 0CHOBHO# 3apabOTHOM TIAThI

Hcnonaurens 3¢, pyo. k, 3. Pyo. 3, PYO. p;é’f‘;’H. 3ocir PYO.
PykoBoauTens 1 36 800 1,3 47 840 12 438,4 40 497 536
PykoBoaurens 2 26 300 1,3 34 190 8 889,4 40 355 576
PykoBomuTens 3 26 300 1,3 34 190 8 889,4 40 355 576
MarwucTpant 1600 1,3 2080 393,3 55 216315

JlonoyHUTENBHAS 3apa0OTHas IIaTa paccuuThiBaeTCs B pasmepe 12% ot
OCHOBHOW 3apa0OTHOW TuIaThl B KAadeCTBE BBIILIAT 3a OTMYCKa, BBICIYTY JIET,
oO1iecTBeHHbIE PaOOTHI U T.JI.

3non = 3ocu ° k,aon (14)
rie Kyon — K03 pHIueHT T0MOTHUTEILHON 3apILIaThl.

Ta6nuna 24 — 3apaboTtHas miata ucnosauteneit HTU

3apaboTHas 1uiaTa PykoBoautens (3 denoBeka) MaructpaHt
OcHoBHasl 3apruiaTa, pyo. 1208 688 21 631,5
JlomomHATEIBHAS 3apIniaTa, pyo. 145 042,6 2595,8
Wroro no craree Cyy, pyo. 1353 730,6 24 227,3

B cootBerctBum ¢ No212-®3 ot 24.07.2009 (34 ct. Hanorosoro Konekca PO
c 04.05.2017) cymma otuucienuii B IleHcuoHHbIi @DOHA, MEAUIIMHCKOE W
colaigbHOoe cTpaxoBaHue coctaBisieT 30% oT pasmepa 3apaboTHOM matTel. s

06paBOBaTeHBHI)IX N HAYYHBbIX yqpemz[eHHﬁ JaHHas CTaBKa ABJISACTCA MMOHMKEHHOU U
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cocrasisieT 27,1%. C y4eroM TOro, 4To CO CTUINEHAUN MAaruCTPAHTOB JAHHAS CymMMa
HE B3MMAETCs, CyMMa JIaHHOTO Hajora cocTaBuT 366 861 pyo.

CyMMa pacxolloB Ha HayyHble U MPOU3BOACTBEHHBIE KOMAaHIUPOBKHU
coctaBisieT 10% OT cyMMBbl OCHOBHOM M JOIOJIHUTENBHON 3apabOTHOM IIaThl BCErO
NEepPCOHANa, 3aHATOT0 Ha BHITIOJIHEHUHU MTPOeKTa. ITa cymma coctaBut 137 795,8 pyO.

Jlanee 1o OTAENbHBIM CTAThAM 3aTPaT COCTABIISIETCS KaJIbKYJISIIUS TUIAHOBOM
cebecroumoctu HTHU (Tadim. 25).

Tabnuua 25 — I'pynnupoBka 3aTpat NpoeKTa Mo CTaThsIM

3arpaThl 110 CTaThsIM, PyO.:

Cripse, Jononau- | Otuucne- | Hayussle u Hroro
marepuansl, | Cneunuans- | OcHOBHas
TeJbHas HUS HA CO- | MPOU3BOJICT- | IUTAHOBAs
MOKYIHBIE | HOE 000py- | 3apaboTHas
3apaboTHasi | LMAJbHBIE | BEHHBIE KO- cebecrou-
U3JIeNHs U JIOBaHHE miara
/i rnJaTa HYK]IbI MaHJIUPOBKH MOCTh
3890 51979 1230319,5 | 147638,4 366 861 137 795,8 1882 614,7

Takum o0OpazoM, OOKET HAYYHOTO MCCIEJOBAaHUS C YYETOM BCEX
NPUBEICHHBIX TYHKTOB cocTaBuT 1 882 614,7 pyo.

5.3.5 Oprann3zanuoHHasi CTPYKTypa NPoeKTa

JIns mpoBOAMMOIrO MCCIEAOBAHUS XapakKTepHa CIEAYIOLas MPOCKTHas

OpraHu3alioOHHas CTPyKTypa (puc. 26):

PykoBomurens
Marucrpant IPOEKTa CTyneHThl

«KomMannma IIPpOCKTa»

Hayano- |
HccIeaoBaTeNLCKIe ITpoexT 3aBepIlleHNe
e MpoeKTa

Pucynok 26 — Opranu3anyionHasi CTpyKTypa NpoeKTa
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5.3.6 MaTpuua 0OTBETCTBEHHOCTH

Matpuiia OTBETCTBEHHOCTH (OPMHUPYETCS C IENbI0 paclpeesieHus 3aaad
MEX1y YYaCTHUKaMH MpoeKkTaMm (Tabi. 26).

CremeHp ydacTUs B TIPOCKTE MOXET XapaKTePU30BATHCS CICAYIOIINM
obpazom:

1. Omsemcmeennvii (O) — nuI0, OTBEYAIOIEE 3a peaAM3aAlMI0 dTara
NPOEKTa U KOHTPOJIUPYIOIIEE €T0 XO/I.

2. Ucnoanumens (M) — nuno (nMuma), BRIMOTHSAIOMNE pabOTHI B paMKax dTara
MIPOEKTA.

3. Vmeeporcoarowee nuyo (V) — nuno, OCyIeCTBISIONIEE YTBEPKIACHUE
PE3yNIBTATOB dTalla MPOEKTa (€CIIM ATal MPeyCMaTPUBACT YTBEPKIACHUE).

4. Coenacyrowee auyo (C) — 110, OCYIIECTBIISIIOIIEE aHATU3 PE3yJIbTATOB
MIPOCKTa M YYACTBYIOIIEE B MPUHATHU PEIICHUS O COOTBETCTBHH PE3YIhTAaTOB 3Talla
TpeOOBAHUSIM.

Tabnuma 26 — MaTtpuiia OTBETCTBEHHOCTH

DTarnbl TpoeKTa PyxoBomuen Maructpant
IPOEKTa

YcraHoBieHue npooieMsbl U 3a/1a4, COCTaBJIEHUE TEXHUYECKOTO 0 "
3a/1aHus

Jlutepatypusiit 0630p C )4
IIpoBeneHmne pacueToB C "
AHaIM3 NOJyYEHHBIX JTaHHBIX C )41
OdopmiieHne pe3yabTaToB C O

5.4 Omnpenenenne pecypcHoii (pecypcocOeperawmeii), GUHAHCOBOIA,

O10/15)KeTHOI, COMAIBHOI U YIKOHOMUYECKOI I(P(PeKTUBHOCTH HCCIeTOBAHUSA

5.4.1 Ouenka cpaBHUTEJIbHOI 3(P(PEeKTUBHOCTH HCCJIEIOBAHUS

Onpenenenne  3(GGEKTUBHOCTH  MPOUCXOJUT HA  OCHOBE  pacyeTa
WHTETPALHOTO  TMOKa3aTenss dA()QPEKTUBHOCTH HAYYHOTO HCClenoBaHusa. Ero
HaXOXJICHHWE CBSI3aHO C OMNpPEISICHHEM JBYX CPEIHEB3BEIICHHBIX BEJIMYWH:
dbuHaHCOBOM 2P HEKTUBHOCTH U pecypcodhHEKTUBHOCTH.
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WuTerpanbHbiil pUHAHCOBBIN MOKa3aTeNb pa3padOTKHU OMPEaesIeTCs Kak:

ueni __ pl

Gunp —
P e (15)

HCIL1

1 (S

— MHTErpajbHbI (PUHAHCOBBIN MMOKA3aTeNb Pa3padOTKy;

®,; — CTOMMOCTb i-T0 BapHaHTa UCIIOTHECHUS;
Dmax — MaKCUMabHas CTOMMOCTH WCIIOJHEHHUS HAyYHO-UCCIIEI0BATEIHLCKOTO
IPOEKTA.

JlaHHBIM HAYYHBIN MPOEKT MOKET ObITh BBHIMIOJHEH B HECKOJBKUX BapUaHTAaX.
BbromkeT ogHOTO aHaiora MPOEKTa MOKET OBITh YBEIIMYCH 3a CUET MPUMEHEHHUS 0oJiee
COBEPILIEHHOTO MPOTrPaMMHOT0 00ecreueHrs U 00bEKTHO-OPUEHTUPOBAHHOTO SI3bIKA
nmporpaMmmupoBanus. Hampumep, ucmonp3oBaHue IporpaMMHOro s3eika C++ BMeECTo
Delphi 7. Torna 61o/pxeT npoekta coctaBuT 1 934 640,3 pyO.

bromkeT BTOporo BapuaHTa UCIIOJHEHHS TTPOEKTa MOKHO YMEHBIIIUTH 33 CUET
COKpAIIICHHUS KOJIMYECTBA YYACTHUKOB MpoekTa. Takum 0Opa3om, OIOKET MpOEKTa
camsutcs 10 1 590 110,8 pyo.

Paccuntaem wHTETpanbHbie (UHAHCOBBIC IIOKA3aTENH JJIS  Pa3THYHBIX

BAapUAHTOB HMCITIOJHCHUS ITPOCKTA:

P = M =097 (16)
burp 1934 6403
1 — M =100 (17)
P T 1934 640,3°
@ _ 1590 110,8 _ o2 (18)
bunp 1934 640,3

[TomydeHHBIE  BEIMYMHBI  HWHTETPAIBHBIX  (DMHAHCOBBIX  TOKa3aTesei
pa3paboTKH OTpakalOT COOTBETCTBYIOIIEEC YHCIEHHOE VACUICBICHHE CTOUMOCTH
pa3pabOTKH B pa3ax.

WHTerpanbHbIN MOKa3aTeab pecypcodPPEeKTUBHOCTH BapUAHTOB MCTIOJTHEHUS

00BEKTa UCCIEAOBAHUS MOKHO OIMPENEIUTh CIACAYIOIINM 00pa3oM:
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n n

1,%=zai-b{l,1,§1=zai-bf (19)

i=1 =1

e 1%, IV — uaTerpanbHbIil Moka3aTes pecypcodpeKTHBHOCTH BapUAHTOB;

a; — BECOBOI KO QHIIMEHT I-r0 TapameTpa;

b}, blp — OanmpHas oOIEHKa I-TO mMmapaMeTpa Ui aHajora W pa3paboTKH,
yCTaHaBIMBAETCS IKCIIEPTHBIM ITyTEM 110 BEIOPAHHOM IIIKaJie OLICHUBAHUS;

N — YKCJIO MapaMeTPOB CPABHEHUS.

Ig =025-5+0,15-4+0,10-4+0,20-4+0,20-4+0,10-5=4,25 (20)

I$t=0,25-54+015-5+0,10-5+0,20-5+ 0,205+ 0,10-5 = 5,00 (21)

I$?=0,25-440,15-4+0,10-34+0,20-4+0,20-3+0,10-5 = 3,80 (22)

Pe3ynbrarhl pacuera MHTETPAJIbHOTO IMOKazareis pecypcorpHEeKTUBHOCTH

IIpeICTaBIICHbI B TabuLe 27.

Tabmuua 27 — CpaBHuTeNbHas OICHKAa XapakTEPUCTHUK BapUaHTOB

HCIIOJIHCHHA IIPOCKTA

OOBEKT uccae10BaHus Becosoit o
KOd(pUITUEHT ym Amnanor 1 | Ananor 2
MPOEKT
Kpurepun rapaMmerpa
1. CooTBeTCTBHE MPENBABIIEMBIM 0.25 5 5 4
3aKa3YMKaMy TPEOOBAHMSIM K IMPOJIYKTY
2. KonkypeHTocnocoOHOCTh 0,15 4 5 4
3. IoBbllIeHNE HABBIKOB Y 0.1 4 5 3
00CITy>)KMBAIOIIETO MepcoHaIa
4. AZIeKBaTHOCTH pa3paboOTKH 0,20 4 5 4
5. BO3MOXHOCTh TPOTHO3UPOBAHHS 0,20 4 5 3
6. CeGecTOMMOCTh MPOTyKTa 0,1 5 5 5
UTOIO 1 26 30 23

o p
WNurterpanbHbiii mokazareiab 3(PGEeKTHBHOCTH pPa3padOTKH (Iaq>) U aHajora
(I3) OTIpEICIACTCS Ha OCHOBAaHHH WHTETPATLHOTO TOKa3aTes

pecypcoddHEeKTUBHOCTH M MHTETPAIBHOTO (PHAHCOBOTO MOKa3aTes o Gopmyie:

p I

p _ . —

L (23)
duHp ¢unp
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Torma

P = h25 4,38 (24)
% 0,97 7
Al = >00_ 5,00 (25)
271,00
122 = 580 _ 4,63 (26)
7082
CpaBnautenbHas 3¢ HEeKTHBHOCTh MPOEKTA OMpeIesaeTcs o GopMysiaM:
. Ly 438
op1 = g =Z00" 0,88 (27)
Ly 438 .
Dep1 = E =263 " 0,9 (28)
CpaBHeHHE 3HAYEHUU UHTErpaJbHBIX TOKazarened 3hPeKTuBHOCTU

MO3BOJISIET MOHSTH U BBIOpaTh OoJiee 3 (HEeKTUBHBIN BapHaHT PEIICHUS TOCTaBICHHON
B MAarucTEpCKON JuccepTallui TEXHUYECKON 3aJaud C MO3UIUU (PUHAHCOBOU H
pecypcHoit apdexktuBHOCTH (TadI. 28).

Tabnuua 28 — CpaBHuTenbHas 3 PEKTUBHOCTL pa3pabOTKH

[Toxazarenu Amnanor 1 | Pa3zpabotka | AHaior 2
WuTterpanbHbIi GUHAHCOBBIN TIOKA3aTeNb Pa3padOTKH 1,00 0,97 0,82
I;Ia};;z%poaf;,:blﬁ noKasaTelb pecypcodpdekTuBHOCTH 5,00 4,25 3.80
WuTerpaibHbIi moka3aTrensb 3P EeKTHBHOCTH 5,00 4,38 4,63
CpaBuutenbHas 3 PEKTHBHOCTh BAPHAHTOB UCIIOTHEHHUS 0,88 0,95

Takum  oOpazoM, Haubonee dS(PPEKTUBHBIM  BAPUAHTOM  PEUICHUS
MOCTABJICHHOW 3a/layd B JMCCEpTallMU SBIIAETCS BTOPOM BapuaHT, TO €CTh
HEOOXOMMO MpUMEHEHHE O0oJiee COBEPIICHHBIX METOJOB MPOrpPaMMHUPOBAHUS U

MCIIOJIb30BaHus 00Jiee HOBOTO MTporpaMMHOro odecrnedenus [45].
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6 ConnaibHasi OTBETCTBEHHOCTh
6.1 XapakTepucTUKa BpeIHbIX U ONMACHBIX (aKTOPOB padoyeii 30HbI

Pabouee mecTo AJi BBIMOJHEHUSI SKCIEPUMEHTAIBHON YaCTH MarucTepcKoin
JUCCEPTALIMK MPEICTaBIsAET cOO0M KOMIBIOTEPHBINA Kilacc Kopiyca HanmoHanbHOTO
UCCJIEI0BATENBCKOT0 TOMCKOrO MOIUTEXHUYECKOTO YHUBEPCUTETA.

ITpu padote Ha nepconansHOM KommbtoTepe (I1K), cornmacuo [47], BpeaHbIMU
Y OTMIACHBIMHU MTPOU3BOJCTBEHHBIMU (PAaKTOPAMU SBISIOTCS:

- HEYIOBJIETBOPUTENIbHBIC MUKPOKIMMATUYECKHUE YCIOBHS Ha paboueM MecTe;

- IIIyM B [IOMEILICHUH;

- HEJIOCTaTOYHAasl OCBEIIEHHOCTh Ha pab04YeM MecCTe;

- IOBBILLICHHAS] HATPY3Ka Ha 3pCHUE;

- HaNpsDKEHUE BHUMAHUS U UHTEJUICKTyalbHbIE HATPY3KU;

- ITIUTENIbHAS CTaTUYECKAsl HAarpy3Ka 1 MOHOTOHHOCTh TPY/a;

- 3JIEKTPOMArHUTHOE U3JTy4Y€HUE MOHUTOPA;

- BJIEKTPOCTATUYECKHM 3apsi HA SKpaHEe MOHUTOPA;

- BO3MOKHOCTb ITOPAKEHUS 3JIEKTPUIECKUM TOKOM.

[Ipoananu3upyeM OCHOBHBIE (haKTOPHI paboueli 30HbI HA MPEIMET BbISIBIICHUS
WX BPEIHBIX MPOSBICHUI.

MukpoxnumamuyecKkue ycnogus

BrnugHue Ha yenoBeka HEONArONpPHUSTHBIX METEOPOJIOIMYECKUX YCIOBHHM B
TEUEHHE JJIUTEIbHOTO BpPEMEHU B pE3Koil (opme yXyamarT €ro COCTOSIHHE
3JI0pPOBbsI, CHIDKAIOT TPOAYKTUBHOCTH W TPHUBOAIAT K OoJe3HsMm. [loBwimeHHas
TeMIlepaTypa BO3JlyXa MPUBOAUT K CKOPOM YTOMIISIEMOCTH CIYKAalllero, TaKxke
MPUBOJUT K MEPErpeBy OpraHu3Ma, TEIUIOBOMY yaapy. [loHmxkeHHas Temrieparypa
OKpYXarollen cpenbl padOTHUKAa MOET BbI3BaTh OXJIaXKJIEHWE OpraHu3Ma, BbI3BATh
POCTyAyY Wiu oOMopoxeHue [48].

Biia)xHOCTh BO3/1yXa CHUJIBHO BO3JEHCTBYET HAa TEPMOPETYJISLUI0 OpraHu3Ma

yenoBeka. I1oBeIlIeHHAS] BJaXXKHOCTh U ITOBBIIIICHHAS TEMIICPATypa BO34yXa IPUBOJUT
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K TIEpPEerpeBaHrI0 OpraHW3Ma, a IPH TMOHWKEHHOW TeMIepaType IOBbIIICHHAS
BJIQKHOCTh YBEJIMYHBAET TEILIONEPEaady C IMOBEPXHOCTH KOXH, YTO MPHBOIAMT K
HEPEOXTAXKACHUI0  OpraHm3Ma.  IIoHMKEHHas BI&KHOCTh  CIIOCOOCTBYET
NIEPECHIXaHMIO CIM3MCTHIX 0000YEK CIYXKAIIETo.

BrinonaseMast paboTa OTHOCHUTCS K KATETOPUH la 10 TSHKECTH BBITOIHSIEMBIX
paboT, MPOU3BOAUTCS CHIOA U COIMPOBOKIAETCS HE3HAUYNTEIBLHBIM (DU3HUYECKUM
HanpspkeHreM. J[Is JaHHOM KaTeropud paboOT OmpeaesieHbl ONTHMAbHBIE H
JOIYCTHMBIE TPAHMIIBI OCHOBHBIX IMAPaMETPOB MHUKPOKJIHUMAaTa, KOTOPbIC IPHUBEICHBI
B Tabmmmax 29-30 [49, 50].

Tabnuua 29 — OnTuManbHbIe MapaMeTpbl MUKPOKIIMMATA Ha paboyeM MecTe

Temneparypa | OTHOCUTENBH CxkopocTthb
Kareropuss | Temneparypa N
[Tepuox rona AGoT Bo3IyXa, °C MTOBEPXHOCTEH, | asi BJAXKHOCTh JIBKEHUS
P XS, °C Bo3ayxa ¢, % BO3/yXa
XOJIOAHBII Ia 22-24 21-25 60-40 0,1
Ternblii Ia 23-25 22-26 60-40 0,1

Tabnuua 30 — JlonmycTuMble mapaMeTpbl MUKPOKJIMMATA Ha paboyeM MecTe

Karero- | Temneparypa BosayXa, | Tewmmeparypa Ornocnte- | Cyopocrs npmkenus
Hepuon pust °C MOBEPXHOCTEH, JbHA BO3J1yXa, He Goliee
roza o oC BIIQJKHOCTb
p 1 2 BO31yXa, (% 1 2
X 0N0aHbIH la 20,0-21,9 | 24,1-25,0 19,0-26,0 15-75 0,1 0,1
Temnblit la 21,0-22,9 | 25,1-28,0 20,0-29,0 15-75 0,1 0,2

OpueHTHpySCh Ha ONTHUMAaIbHbBIE U JAOIYCTUMbIE MOKA3aTEIN MUKPOKIMMATa
Ha pabounx MecTax [51], MOXKHO cjienaTh BEIBOJ O TOM, UTO METEOYCIOBUS SIBJISIOTCS
ONTUMAJIBHBIMH, TO  €CThb  TapaHTUPYIOT  MOJJEP)KAHUE  HOPMAIBHOTO
(GYHKIIMOHATIBFHOTO M TEIIOBOTO COCTOSIHHSI OpraHu3Ma 0e3 HampsoKeHHs Peakiuu
TEPMOPETYJSIIMK U TPOU3BOASAT  YCJIOBUSL IS TIOBBIIIEHHOW  CTENEHHU
PaboTOCIIOCOOHOCTH.

HNonHBI coCTaB BO3AyXa [IOJDKEH COJAEpPXKaTh CIEIYIOIIEE KOJIMYECTBO
OTPULIATENIBHBIX W TIOJOXKUTEJIBHBIX adPOMOHOB: MHUHHUMAJIBHO HEOOXOIUMBIH

yposerb 600 u 400 nonos B 1 cM® Bo3myxa; omruManbHblil yposers 3000-5000 u
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1500-3000 oroB B 1 cM° BO3ayXa; MAKCHMAIBHO AOMycTHMbIH — 50000 HOHOB B 1
cm® Bosmyxa [52].

XapakTepHble TpeOOBaHUS K TOMELIEHUSM, IJI€ UCIIOJIb3YIOTCS KOMITBIOTEPHI:

- IUIOMA/b HA OJHO pabouee MECTO JOJDKHA ObITh HE MEHee 6 M2, a 00BbeM —
He MeHee 20 M?’;

- HE JIOITyCKAETCsl paclojIoKEHUE pabOYMX MECT B MOBAIbHBIX TOMEIIECHUSX.

B nmomemieHusx ¢ KOMIbIOTEpaMH €KEHEBHO MPOBOAUTCS BIaXKHas yOOpKa.
Jlo u nocsne paboThl 32 KOMIIBIOTEPOM IOMEIIEHNE POBETpUBaeTcsa B TeueHue 5-10
MUHYT, XKeJIaTeIbHbI YaCThIC TIEPEPHIBBI BO BpeMs paboThl [47].

INNeKMPOMAZHUMHDBIE U3TIYYEHUA

B kabunere uMeercs JOBa HCTOYHUKA BJIEKTPOMAarHUTHOTO HU3IYyYEHUS —
MOHHUTOP U CUCTEMHBIN OJIOK.

DJEKTPOMarHUTHBIE W3JyYEHUS NPUBOAAT K Pa3BUTHIO (PYHKIIMOHAIbHBIX
paccTpoilcTB (maryOHOE€ BO3JEHCTBHME Ha HEPBHYIO CHCTEMY) M IMATOJOTMYECKUX
COCTOSIHUMA (TOJIOBHOM OO0JM, CHUXEHUE pabOTOCIMOCOOHOCTH K KOHIIEHTpaluu
BHUMAaHUS, CHIKEHUE apTepUajIbHOro JaBieHUs, (YyHKIUOHAJIbHbIE HapyIICHHUS
3pEHUs, Pa3BUTHE KaTapaKThl, KOXKHbIE 3a00JI€BaHNUS ).

VYPpOBHU HANPSKEHHOCTU U TPeOOBaHUS K MPOBEACHUIO KOHTPOJIS HAa pabouunx
MecTaX HOPMBI JIONYCTUMBIX YPOBHEW HANpsSYKEHHOCTU DJIEKTPUUECKUX TOJIeH
3aBUCAT OT BPEMEHU HAaXOXKJEHUs CIIyKallero B padoueit 3oHe. Bpems nmpuemiemoro

HaX0>JICHUSI B KOHTPOJIUPYEMOM 30HE B Hacax:

T—50+2 29
== 29)

[Ipon3BOACTBO B  YCIOBHUSAX OOJNYYCHHS DJICKTPUYECKUM  IIOJEM  C
HampsbkeHHOCThIO  20-25 kB/M  mpopomxkaercs nHe Oomee 10 wmunyt. Ilpwm
HaIpsHKEHHOCTH He Bblilie S5 kKB/M npeObiBaHMe Jt0JIei B pabouel 30He JOMyCKaeTCs
B TeueHue 8 yacos [51].

JIJIst 3aIUTHI OT AJIEKTPOMArHUTHOTO M3JIYYCHHS! KOMITBIOTEPA UCIIOIB3YIOTCS

KUAKOKPHUCTAIIIMICCKUE MOHHUTOPLI, IIOCKOJBKY €TI0 H3JIYYCHHUC 3HAYUTCIIBHO
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MmeHbIe, yeM y DJIT MOHUTOPOB (MOHHUTOD C 3JEKTPOHHOIY4YEBOM TpyOKoil). Taxxke
MOHHUTOP PACIOJIOKEH B YTIy, TaK 4TO ObI U3ITy4YE€HHE MOTJIOMATIOCH CTEHAMM.

Ilpou3eoocmeennoe oceeuienue

Bonbmioe 3HaueHue Ans co3naHusi ONArOMPHATHBIX YCIOBUU Tpyla HMEET
panmoHanbHOE ocBelleHne. HepocraTounoe ocBelieHrne pabouero Mecta 3aTpyaHsIeT
npoBeieHHe padoT, BENET K CHUIKEHUIO MPOU3BOJAMUTEIBHOCTH TpyJda U MOXET
SBUTHCSI IPUUYUHOU HECUACTHBIX CITy4YaeB.

Paznuuaror  cnenyromiee — BHABI  MPOWU3BOACTBEHHOTO  OCBEILICHHS:
€CTECTBEHHOE, HICKYCCTBEHHOE U COBMEILIEHHOE.

EcrecTBeHHOE OCBEULICHUE XapaKTepU3yeTcs U3MEHSIoLEeNCs
OCBEILIEHHOCThIO Ha paboyMx MecTax B TEUEHUE CYTOK TIoJa, KOTOpoe
0OyCIIaBIMBAETCSI CBETOBBIM KiIuMaToM. [[03TOMYy JaHHOE OCBEIIEHHE HOPMUPYETCS
no koddduimenty ecrectBeHHoil ocemeHHOCTH (KEO) wnu (e) ecmecmeennozo
OCBEILICHHS.

Kosppuyuenm ecmecmeennoii oceewyeHnocmu paBeH:

KEO =< -100% (30)

Eo
rae E — OCBEIICHHOCTh B JAHHOM TOYKE ITOMEIICHUS,
E, — OCBEIIEHHOCTH MOJT OTKPHITHIM HEOOM.

Bemnunna KEO mpu BepxHeM WM KOMOWHHUPOBAaHHOM €CTECTBEHHOM
OCBEILICHUH JIOJDKHA ObITh paBHa 4 %, a ipu 6okoBoM — 1,5 % [53].

HckyccTBeHHOE OCBeIlEHWE TOMOTaeT H30ekKaTh MHOTHUX HEJIOCTaTKOB,
XapaKTePHBIX [JI1 €CTECTBEHHOTO OCBEIICHHUS, W OOECHEYUTh ONTHUMAaJbHBIN
cBeTOBOM pexxuM. OHO cO3/1aeTCs CBETUIIbHUKAMU M TTPOKEKTOpamu [54].

B kommbroTepHOM Kilacce, Tlie€ MPOBOAMUIIOCH HCCIENOBaHUE, HCIOJIb3YETCS
KOMOMHUpPOBaHHAsI CUCTEMa OCBEIIEHHUS, TO €CTh O0Iee UCKYCCTBEHHOE U MECTHOE
ocemieHue [55]. Takoe ocBelieHUE COOTBETCTBYET YPOBHIO OCBEHIEHHOCTH,

HEOOXOJIMMOMY JJIsI BBITIOJIHEHUSI pa00T B KOMITBIOTEPHOM KJIacce.
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Ilpouseoocmeennvie uiymoi

[Ipu pabore KOMIIBIOTEPA OCHOBHBIM HCTOYHMKOM IIIYMOB SIBJISIETCS
CUCTEMHbIN OJioK. JluTenbHOE BO3JCHCTBHE IIyMa CHUXKAET OCTPOTY cllyXa U
3pEHUs, MOBBIIIAET KPOBSHOE JIABJIEHUE, YTOMIIAET LIEHTPAJIBbHYIO HEPBHYIO CUCTEMY,
B pe3y/ibTaTe 4ero ociaabiseTcss BHUMAHHUE, YBEJIUUYMBAECTCS KOJIMYECTBO OIIMOOK B
NeHCTBUAX pabodero, CHMKAETCS IPOU3BOJUTEIIBHOCTD TPY/IA.

JlomycTuMble 3HaUY€HUs YPOBHEH 3BYKOBOI'O JABJEHHUS B OKTaBHBIX MOJIOCAX
4acTOT C COOTBETCTBYIOIIMM YypoBHEM 3Byka 50 nbA mid nomenieHul c
KOMITbIOTEpAMH MpeACcTaBiIeHbI B Taduie 31 [56].

Tabmuua 31 — IIpenensHo 1ONMyCTHMbIE YPOBHH 3BYKOBOTO JaBJICHUS, YPOBHU

3BYKa U S3KBUBAJICHTHBIC YPOBHH 3BYKaA

YPpOoBHU 3BYKOBOI'O J1aBJICHHUs, 1b, B OKTABHBIX I10JIOCAX CO YpoBHU 3ByKa U
CPEIHEreOMETPUUECKMMU YacToTaMu, I'11 SKBUBAJICHTHBIC YPOBHU
315 | 63| 125 | 250 | 500 | 1000 2000 | 4000 | 8000 3ByKa (B 1bA)
86 | 71| 61 o4 49 45 42 40 38 50

YpoBeHb IIymMa B KOMIIBIOTEPHOM KJIacC€ HE TPEBBIMIAET JIOMYCTHUMBIX
3HAUCHUH, TaK KaK KOPIYC CHCTEMHOTO OJIOKa PACIOJIOKEH B CIICIIMATILHON HUIIE
MO/ CTOJIOM, a TakKe Marepuay, U3 KOTOPOro W3TOTOBIIEH KOPIYC, SBISETCS
3BYKOMOIJIONIAIONUM.  PacmonokeHHble B CHUCTEMHOM OJIOKE BEHTHUJISITOPHI,
OCHOBHBIC WCTOYHHMKHU IITyMa, IMOIBEPTarOTCS YHCTKE OT MbUIA W TMEPUOIUYECKON
3aMeHe.

Hcuxoguzuueckue ghakmoput

Cormacao T'OCT 12.0.003-2015 ncuxodusznveckue ¢(HakTOpsl YCIOBHO
MOXXHO pa3eNiuTh Ha ¢u3nueckue (CTaTUYECKUe W JIMHAMHYECKHE) W HEPBHO-
NICUXUYECKUE Tieperpy3kn. K HEpPBHO-IICHXWYECKHM TEperpy3KaM OTHOCHTCS
YMCTBEHHOE TIEpPEHANPSIKEHNE, YMOIIMOHAIILHBIC IEPErPy3KU, MOHOTOHHOCTH TPY/Ia.

[TockonbKy OCHOBHBIM KaHAJIOM ToirydeHus wHpopmanuu oT 1K sBasercs
MOHHUTOP, TO HEN30EKHO YBEIIMYUBACTCS Harpy3Ka Ha 3pUTEIBHYIO CUCTEMY.

Benymumu koMmoHEeHTaMu TPYAOBOTO MPOIecca Py paboTe Ha KOMIIBIOTEPE

CIyxKat O,Z[H006p8.3HI>I€ MHOTOKPATHO IIOBTOPAIOIIMECA HArpy3Kh Ha BCPXHHC
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KOHEYHOCTH U TIOCTOSHHOE 3pUTEIhHOE HalpshHKEHHWE, a Takke HEepPBHO-
HYMOIMOHAIIEHOE HANPSDKEHHE, CTPECCHI, CBSI3aHHBIE C OTBETCTBEHHOCTHIO 3a PEIIICHUE
BBITIOJIHSIEMBIX 3a]1a4.

[TooTomy mpu paboTe 3a KOMIIBIOTEPOM PEKOMEHIYETCS YCTpaumBaTh
nepepbiBbl. PeriiaMeHTrpyembie MepepbiBbl MPOAOIKUTENBHOCTRI0O 20-30 MUHYT,
SBJIAIONIMECS COCTaBHOM 4YacThIO PEXUMOB Tpyda, YCTAaHABIMBAIOTCS 4epes
Kaxpie 1-2 gaca mociie Hadaia CMEHBI M uepe3 2 Jaca 1mocjie 00eICHHOTO ImepephiBa.

Inexkmpoobdezonacnocmep

HccnenoBanue MPOBOIMIOCH B KOMITBIOTEPHOM KJjlacce, T/I€ KOMITBIOTED
SIBJIIETCSI OCHOBHBIM MCTOYHUKOM ITOPAKCHUS TOKOM.

[Ipu mnopakeHUH SICKTPUYECKUM TOKOM pas3MyaloT JBa BHAA TPaBM:
MECTHBIE — 0’KOTH, JIEKTPUUYECKHE TPABMbI, MEXaHHYECKUE TIOBPEKICHUS, 00IHe —
AIEKTPUUECKUE YIapbl. DJICKTPUUECCKUE yJaphl B 3aBUCUMOCTH OT UCXOJa JENATCA
Ha 4 CTEIEHH:

1 — cynopokHO€ COKpallleHUE MBI 0€3 TOTEPU CO3HAHMUS;

2 — CyJIOpOKHO€ COKpAIIEHUE MBIIII] C IOTePEN CO3HAHUS;

3 — HapyIIEHUE CEPICIYHON EeATSTLHOCTH W JbIXaHWUS;

4 — OTCYTCTBUE JILIXaHUS U KPOBOOOpAICHUS, KIIMHUYECKast CMepTh [57].

JIJ1st 3aIUTHI OT MOTAJaHuUsI BRICOKOTO HANPSDKEHMS Ha KOPITYC 000pyA0BaHUS
UCTIONB3YETCsI 3a3eMIICHUE — MIPETHAMEPEHHOE AIIEKTPUIECKOE COSAMHEHNE C 3eMIIeH
METaJUIMYECKUX HETOKOBEAYIIUX 4YacTed, KOTOpPhIE MOTYT OKa3aThCAd TIOJ

HaIps’KCHUCM.

6.2 Xapakrepucruka BpeAHBIX M ONACHBIX (aKTOpPOB 00bEKTA

HCCJIeaJ0BaHuA

[locTostHHble paboyne MecTa YCTAHOBKHM JOJDKHBI  COOTBETCTBOBATH
TpeOOBaHMSIM ACHCTBYIOIIMX (peAepalbHbIX CAHUTAPHBIX MpaBUJ, HOPM U

TUTUCHUYCCKUM HOPpMATHUBAM.
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QDu3zuueckue haxmopvt NPoOU3800CMEEHHOI CPEObl

HcTtounrnkaMu npou3BOACTBEHHOTO IIyMa MOTYT CIY>KUTh TEXHOJIOTHYECKOE
000pyZ0BaHUE, UHCTPYMEHTHI WU MAIIUHBI.

B mpou3BoACTBEHHOM MOMENICHUM U Ha TEPPUTOPUU TMPEINPUATHS
JOMYCKAIOTCA TaKhe YPOBHH 3BYKOBOTO AaBieHHs (Tali. 32) ¢ COOTBETCTBYIOIIUM
ypoBHeM 3Byka 80 n1BA [56]:

Tabnuua 32 — JlomycTUMbIe YpOBHH 3BYKOBOT'O JaBJICHUS

CpennereomeTpuieckas 4acTora 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
OKTaHOBBIX IT0JIOC, 111

YpoBeHb 3BYKOBOTO J1aBlieHus, 1b 103 96 91 88 85 83 81 80

JUist 3aluThl OT IIymMa TMOJIB3YIOTCS OTPAKJAIOIIMMU KOHCTPYKIMSIMH C
TpeOyeMoil 3BYKOU3OJISIIIUEH: 3BYKOMOTJIOMIAIOMIMMHU KOHCTPYKIUAMH  (KYJIHUCHI,
OOJIMIIOBKH), 3BYKOM3OJHUPYIOIIMMH KOXXyXaMd Ha WIYMHBIX arperarax u jap. B
KaueCTBE CPEACTB WMHIWBHAYATbHOW 3aIlUTHI 11 OPraHOB ClyXa OT IIyMa M
BUOpAIMy TPUMCHSIOTCS HAYITHUKH, BKIAJBIIIN, IIJIEMbI, KOCTIOMBIL. HaymHukm
MOHMKAIOT HETaTUBHOE BO3/IEMCTBUE B nuana3zone oT 7 1o 38 nb c wacroroii ot 125
10 8000 I'.

Hcrounrkamu BUOpaliud Ha HUCCIEAYEMOM TPOU3BOJCTBEHHOM OOBEKTE
CIy’)KaT HACOChl, TEXHOJIOTMYECKasi YCTAHOBKA, a TakXKe TPAHCIOPT TMpHU
MEPEMENICHUN ONEPATOPOB MO TEPPUTOPUM 3aBoAA. B cooTBeTcTBHM C [58] maHHBIM
00bekT otHOcUTca K kKarteropusm llla u I11B, Tak kak, ¢ 0OJHONW CTOPOHBI, UMEIOTCS
pabOTHHUKHU HEMOCPEJICTBCHHO HA YCTAHOBKE IMOYYCHUS OJIC(UHOB C BO3JICHCTBHEM
BUOpaIlMi HACOCOB W YCTAaHOBKH, a C JAPYrOW CTOPOHBI, UMCIOTCS PaOOTHHUKH B
JTUCTIETYCPCKOM, OIMepaTOpHON U JlabopaTopuu, 3aHUMAIOIIUECS YMCTBEHHBIM
TPYIOM.

JlniutensHOe  BUOpPAIIMOHHOE  BO3JCHCTBHME TMPUBOJAUT K  CHIDKCHHIO
paboTOCIOCOOHOCTH, HAPYIICHUI0 (QYHKIUA [EHTPAJIbHOM HEPBHOM CHCTEMBI,

OTIOPHO-ABUTATEILHOrO anmapara u aAp. [59]. BuOpaums, Bo3neicTByrolias Ha
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YEeJIOBEeKa, HE JOJ/DKHA MPEBBINIATH corjacHo TpeboBanusMm [60, 61] mpenensHO-
JonmycTuMoro 3HadeHus 92 nb.

JUist  cHWKEeHUsI BO3ACHCTBUSL BUOpalMM Ha paOOTHUKOB HEOOXOJIUMO
CTPEMHTCSI K DPa3MEIICHUI0 OOOpYJOBaHUS W MAIlWH C MHHUMH3AIHUCH YpPOBHEH
BUOpAIMK, BBEICHUIO OTPaXICHUM M CPEJICTB BHOPO3AIIMTHl Ha pabOuMX MecCTax,
BBEJICHUIO PEKUMOB OT/IbIXa M CAHUTAPHO-NPOUITAKTUYECKUX MEPOTIPUSTUH.

Xumuueckue gpaxmopvt npou3800cmeEeHHOI cpeobl

OcCHOBHBIE XapaKTEPUCTUKH B3PHIBO-, IOKAPOOMACHBIX U TOKCUYECKHUX
CBOMCTB CBIPbs, MATEPUAJIOB U MPOAYKTOB MPOU3BOACTBA 0J()UHOB MIPECTABIICHBI B
tabnure 33 [62].

Tabnuua 33 — XapakTepucTHKa CBONCTB ChIPbsl, MATEPUAJIOB U MPOTYKTOB

HaumenoBanue = Temnepatypa, °C ==
~ -
[0 - -
CBIPbs, MATEPHATIOB, % lé ® § o = X 3 E o3
€arcHTOB | 2 a4 K o U
p i 5 — EowfZ g = g 2 2882 E&)m XapakTepUCcTUKa TOKCUYHOCTH
KaTaJlM3aTopoB, S N s = = IS =) 5 = g = e o g = o
E~|EE38 = 5 E = 5 X293 E (Bo3zeiicTBHE HA OPraHU3M
nony(pabpuKaTos, = | 2525 @ z 2E| 22825, = 4enoBeKa)
o o -
TOTOBOI IPOLYKIHUH, §8 25 g > S = 2 %kg 22
o ] i
OTX0/I0B SE 8 = z =Safo
Q
MIPOM3BOJICTBA
Opaxnus H-
napapuHOB C19-Cy3, 900/300 (o
OUHIICHHEIE anmudaTrnIecKuM
4 xuakocts | 150-260 - 228 u Oxa3bIBaeT HAPKOTHIECKOE
PELUPKYNIUPYIOIIHe IpeeTbHBIM .
nelicteue. Bei3biBaeT paszapaxeHue
napapHbEI YTIIeBOIOPOIaM .
Cy-Cyo (8 CIT3HUCTOHN 000JIOYKH BEPXHHX
1710 JIBIXaTEeNBHBIX ITyTeH, 000I0UKI
MoHoonehuHsI B nepecuére Ha C
oMEoH © sa IJ1a3, KOXKHBIX TIOKPOBOB; BO3MOXKHBI
4 KHUIIKOCTh - - 228 moTepst OOOHSIHHMS, allleTUTA.
H-ntapaduHamMu HCKITFOYEHUEM
MeETaHa).

Jlérkas ¢paxmms

Taxon 4 SKUJKOCTH - - 237

Haubonee Beipaxxen
CeHCHOMM3Up Yo 3¢ pexTt
(acTMaTH4eCKOE JIbIXaHUE ¢
OJIBIIIIKOH, KaIlleJlb, CBETOO0S3Hb,
3 TBEpIOE - - - 15 HACMOPK, TIOKpacHEHHE U
nrenymeHne kKoxu). Ipu
JUTMTETFHOM BO3JCHCTBUH BO3MOYKHO
pa3pacTaHue COeJUHUTENbHON TKaH!
B JIETKUX (hrbpPo3).

ANIOMOITJIATHHOBBIHM
KaTaJau3aTop

MMHYC

BCT . ras 2528 | _ | 510 | 0000 ()“0
(o Hy) e

ITpu BBICOKMX KOHLIEHTpALMX
BBI3BIBAET YAYIIbE BCIEACTBUE
HEJ0CTaTKa KMCI0poaa

I[JIH HCKIIIOUYCHHUA BO3MOXKHOCTHM BO3HHKHOBCHUA OTpaBJ'IeHI/Iﬁ Wi yayubia
nepcoxHal:

- CO6JIIOI[8,CT HOPMbI TEXHOJIOTHYCCKOI'O PEKHUMA,
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- coOmroaeT TpeOOBaHMS POMBIIIIEHHON 0€30TacHOCTH TP TMOJATOTOBKE U
IIPOBEICHUIO NIPEYIPEIUTETLHOTO U INIAHOBOT'O PEMOHTA 000PYI0BaHUS U T.J.

Iloogusicnvie uacmu 060py008aAHUA U OBUNCYUIUECT MAUUUHDBL

[ToaBMKHBIMH YaCTIMU 000PYIOBAHUS SBIISTFOTCS:

- IOJBUKHBIEC CTOJIbI U CTOMKHU CTAHKOB;

- XOJIOBbIC BUHTHI;

- nepeaadd (peMeHHbIE, IENHbIE W T.JA.) PACIOJIOKEHHBIE BHE KOPITYCOB
CTaHKOB U JIp.

HcrounrkaMy JBIKYIIUXCS YacTed TakKe SIBJSIOTCS TPAHCIIOPTHHBIC
YCTPOMCTBA.

OCHOBHOI BEIMYMHON XapaKTEpU3YIOIICH OMacHOCTh MOJBMXHBIX YacTei
ABJISIETCA CKOPOCTh HX TmepeMemieHuss. CormacHo [63] omacHOM CKOpPOCTBIO
MepeMENIeHUs] TOJBMKHBIX YacTe 000pyI0BaHUsA, CIOCOOHBIX TPaBMHUPOBATH
yIapoM, sIBJsieTcsi cKopocTh Oosee 0,15 m/c.

JIBKymuecss ~ 4acTh 000pyaOBaHUS PEICTaBIISAIOT OMACHOCTh
TpaBMUPOBaHUsI pabOYero B BHUJE yIMIUOOB, MOPE30B, MEPEIOMOB H Jp., KOTOPHIE
MOTYT IPUBECTH K OTEPE TPYJAOCHOCOOHOCTH.

ITepconan  cobmogaeT 0CoOyI0 OCTOPOKHOCTh MpH  paboTe C TaKuM
obopynoBanueM. CTporo cCjiaeauT 3a TeM, YTOOBI CKOPOCTh W  HaIpaBJICHHC
BpalleHusi paboyux OpraHOB COOTBETCTBOBAJIM YKa3aHHBIM B PYKOBOJICTBE IIO
Kax0i marmmHe. [loce mycka MaimmHbl Ha X0JIOCTOM X0y TIepcoHal yOeKIaeTcs B
NpaBUIBHOM MOHTa)Xe 00OpyAoBaHMs (OTCYTCTBHE BHOpalUid, CTYKOB M IIYMOB).
Taxoke MpoBepsAET HAJTMYHME 3alTUTHBIX KOXKYXOB Ha JBIKYIIUXCS W BPAIIAFOIIHXCS
YacTSAX MAIlMH W MEXaHW3MOB, TMPOBOJMUT TMPOBEPKY ITYCKOBBIX M TOPMO3HBIX
YCTPOMCTB, COCTOSHMSI 000OpYI0BaHUS M1 CBOEBPEMEHHOE YCTpaHEHHE J1e(PEKTOB.

Cpeocmea 3auumol

[Ipomecchl, mpoTeKarolIMe Ha YCTAaHOBKE, CBS3aHHBI C MepepaboTKOM
HEe(TENPOAYKTOB U OTHOCSTCS K MPOIECCaM C BPEAHBIMU YCIOBHUSAMU ISl 3J0POBbS

00CITy>KUBAIOIIETO MEPCOHANIA.
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Jlis mpenoTBpallleH!s] HECUACTHBIX CllydaeB, 3a00JIeBaHUN M OTpPABIICHUH,
CBS3aHHBIX C MPOU3BOJCTBOM, BECh OOCITYKMBAIOIIMI MEPCOHAT UMEET CIEAYIOLINE
CpEICTBA 3aIIUTHI:

- 3aIUTHas paboyas 0Jexk/1a U 00yBb;

- HEIIPOMOKAIOIIUE MEPUYATKH JIJIsl HEPTEPOTyKTOB;

- 3aILUTHBIEC OYKU U MACKU;

- 3alUTHBIE UIEM-MACKH;

- CpelCTBA JUIs 3allUThI JbIXaTeNIbHBIX OPraHoOB (GUIbTPYIOIIKE TPOTUBOTA3bI
Mapku BK®).

Kpome TOro, Ha yCTaHOBKE €CTh IIJAHI'OBBIE MPOTHUBOTAa3bl C KOMIUIEKTOM
MacoK, CIacaTeIbHbIMU IIOSICAMH W BEPEBKOM, MEIUUMHCKOM alTeyKoh ¢
HEO0OXOIMMBIM HA0OPOM MEAMKAMEHTOB JUIsl OKa3aHUs [IEPBOM TOMOIIH.

B nensx KoIeKTHBHOHM 3alMThl paOOTAIOUIMX OT BO3JAEHCTBHUS ONACHBIX U
BPEIHBIX IPOU3BOJCTBEHHBIX (PAKTOPOB Ha YCTAaHOBKE HMEETCS KOMIUIEKCHas
aBTOMATH3aLMs MPOLECCA C BBIHOCOM Ha IIUT BCEX NMApaMETPOB, XAPAKTEPU3YIOIINX
Oe3omacHyro paboTy obopynoBanus. Bce 0OBEKTHI NPEANPHUATHS  OCHAIIAIOTCS
aBTOMATHYECKOM CHUCTEMOM 3BYKOBOTO OIOBEHIEHHS B CJIy4ae BO3HUKHOBEHUS
BHEIUTAaTHBIX CUTYALIMA.

Takxe Ha NpeAnpUATHH, KPOME OXPaHbl XU3HU U 3J0POBbS IEPCOHANA,
MIPOBOJAATCS MEPONPHUATUS IO OXpaHE OKpykaromeu cpeasl. Tak, Hampumep, Ha
KaXXJI0M OOBEKTE MPOBOJUTCS KOHTPOJb COJACP>KAaHUS B BO3AyXE MapoB BPEIHBIX
BemecTB U ux coorBercTBUs [I/IK. [IpoBoasATcs MeponpusaTus o npeaynpexacHuo
CUTYallUii, KOTOpbIE MOTYT IOBJE€Yb 3a COOOW BBHIOPOCHI BPEIHBIX BEUIECTB B

atMocdepy [64].

6.3 Oxpana oxpykawouieu cpeabl

HedrenepepabarpiBaromiee mpou3BOACTBO, TaK WM WHA4ye, OTPHUIATEIIHLHO
BIUSIET Ha OKPYXKAIOUIYI0 Cpeay IyTeM cOpoca Tra3oBbIX, >KUJIKUX WM TBEPJbIX

OTXOO0B.
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YcraHoOBKa pacmosiaraeTcs Ha OTKPBITOM IUIOIAJAKE, TAE€ OCHOBHBIM
UCTOYHUKOM  aTMOC(EpPHBIX BBIOPOCOB SBISAIOTCA TE4YU (OKCUABI U JAUOKCHJIbI
yriepoja, a3oTa, cepbl, MeTaH M Jip.) K HeopraHM30BaHHBIM BBIOPOCAM OTHOCSTCS
cMecH npenenbHbIX yriaeBogopoJoB Ci-Cs, Ce-Cig 11 C12-Coo.

TBepabiM OTXOJIOM YCTaHOBKH ABJISICTCS 0TpabOTaHHBIN
IJIATUHOCOJAEPXKAIMIA ~ KaTaiau3aTop  JAEruJapupoBaHusa. Ero  oTrpyxaror B
6ouku (V = 200 1) 1 HaIIPABIISIOT HAa TIEPEPAOOTKY IS U3BIICUCHUS TUTATHHBL. Takxke
K TBEPABIM OTXOJIaM OTHOCATCS JIIOMUHECIIEHTHBIE JIAMIIBI WM MAaKyJaTypy.
TokcuuHbld THOMUHOGMOP W3 JIaMIl — CTpAIIHbIA 57, HE UMEIOLIUKA HU BKyCa, HH
3amaxa, HO JIETKO PacCIpOCTPAHSIONIMUCS B BO3AYyX€, NOpaxas IEHTPAIbHYIO
HEPBHYIO CHUCTEMY YEJIOBEKA, MEYEHb, IMOYKH, >KEIYJOUHO-KUIIECYHBIA TpakT. A
MomnaB B BOJy, JIOMUHOGMOpP MpeBpalraeTcss B emie 0ojee OMacHOe COCAUHEHUE —
MeTWIpTYTh. [loaTOMYy oOTpaboTaBIIMe JaMmbl OTHPABISIOTCS B CHEIUATbHBIC
MYHKTHI yTUJIU3AIHH.

OCHOBHBIMM  CpPEJICTBAMM  3aIlIUThl MPUPOJHOM CpEeAbl OT BPEIHBIX
BO3JICUCTBUM SIBIIAETCS CTPOTOE€ COOJIIOJICHHE TEXHOJOTUYECKUX PErIaMeHTOB,
TEXHOJIOTUYECKOW JUCHMIUIMHBI, TEepMETU3alus 00OpyJOBaHUs, MPUMECHEHUE
3 PEKTUBHBIX YIDIOTHEHUH JIJI1 HACOCOB U (PJIAHIICBBIX COCTUHEHUH [64].

KonTposto Takxke moaseprarorcs BCe MECTa BPEMEHHOTO XPAHEHHUSI OTXOIO0B,
o0pa3zyronuxcsi Ha MPEANPUSTUU, U OTXOJIOB MOTPEOJICHUs, ¢ y4éToM HUX (DU3MKO-
XUMHYECKUX CBOMCTB. MAaJOTOKCHUYHBIE OTXOIbl, HE O0O0OJIagaroe BBICOKOI
PEaKTUBHOM CIMIOCOOHOCTBIO, KOTOPhIE XPAHATCS HAa TEPPUTOPUM MHPEANPUSITHS TIPU
COOJIFOZICHUU CAHUTAPHBIX HOPM W TPAaBUI M CBOEBPEMEHHO BBIBO3SITCA, JHOO
YTHIIM3UPYIOTCS, HE BKIIOYAIOT B TUTaH-TpaduK KOHTpOJis. [lo OTHOIIEHUIO K 3THM
OTXOJ[aM MPOBOJUTCS BU3YAJIbHBIM KOHTPOJIb 32 COOJIIOJACHUEM MPABUI XPAHEHUS U
CBOCBPEMEHHBIM  BBIBO30M, KOTOPBIM  OCYIIECTBISIETCS B  COOTBETCTBUM C
uHcTpykiuen  «[lopsimok  cOopa, XpaHEHUST W TPAHCTIOPTHUPOBKU  OTXOJIOBY,

pa3paboTaHHbBIN HA MPEANIPUATHH [65].
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s 6oprOBl ¢ 3arps3HeHHEeM aTMocdepbl Ha KaTAIUTUYECKOW YCTaHOBKE
IPUMEHSIOT CIEAYIOUIUE MEPHI:

- BO3/IyX C KOMIIPECCOPHBIX YCTAHOBOK MPOXOAUT OYUCTKY B HEHTPOOESIKHBIX
IIUKJIOHAX, I10CJIe Yero copachiBaeTcs B aTMochepy;

- ra3pl, KOTOpble HE MOTYT OBITb HCIOJB30BaHbI B JalibHEHIIEM IS
nepepaboTKU, MOAAI0TCs Ha (PaKeNbHYIO0 YCTaHOBKY;

- COBEPIIIECHCTBOBAHME MTPOU3BOICTBA M CO3JaHUS HOBBIX TEXHOJIOTHIA;

- MCIIOJIb30BaHUE KOTJIOB YTUIM3AaTOPOB Ul YTHIIM3ALUK TeIla OTXOAAIIUX
ra3o0B C LETbI0 CHIKEHUS TEIUIOBOTO 3arps3HEHUS aTMOC(epHI,

- COOpY>KEHHE JINHUW aBApPUKUHBIX COPOCOB JIaBJIEHUS B (PAKEIbHYIO JIMHHUIO.

6.4 be30nacHOCTH B Ype3BbIYAHHBIX CUTYalMAX

OpauM u3 BaxHEHIINX (AKTOPOB B OE30MACHOCTH KUZHEACSATEIbHOCTH
JIOJIEH SBIIAETCS NOATOTOBIECHHOCTh K YPE3BBIYAWHBIM CUTyauusM. UpesBbluaiiHas
CUTyalllsl — 3TO COBOKYITHOCTh TAKHUX OOCTOATENBCTB, KOTOPBIE COMPOBOXKAAIOTCS
pa3pyLICHUAMU 3JaHUN, COOPYKEHHM, MaTepHUalbHBIX LEHHOCTEH, IMOPAXKECHUS WU
rubenpio moged. K OCHOBHBIM 4YpE3BbIYAMHBIM CUTYAlMsIM, BO3HUKAIOIIMM Ha
MPOU3BOJICTBE, OTHOCATCS] TPOU3BOJICTBEHHBIE aBapuu [66].

Ilpouzeoocmeennan agapus

[Tox mpon3BOACTBEHHOM aBapuell MOHMMAIOT BHE3ANHYI0 OCTAHOBKY pa0OTHI
WM HapylIeHWE INpoliecca NPOU3BOACTBA, IMPUBOIAILYIO K ITOBPEKICHUIO WIH
YHUYTOKEHUIO MATEPUAIBHBIX LIEHHOCTEH. ABapuu BO3HHUKAKOT B PE3yJbTaTe
CTUXMMHOTO OEICTBUS, a TAKKE HAPYIIEHUS TEXHOJIOTHYECKOTO PEryiaMeHTa, MpaBul
SKCIUTyaTalliM MallliH, O0OpYIOBaHMs M YCTAaHOBJIEHHBIX Mep Oe3omacHoctu. Ha
YCTAHOBKE MPOLIECC BEAETCA B Cpele BOAOPOACOAEPIKALIEIO raza, YTo NPUBOIAUT K
BO3HUKHOBEHHUIO MEXKPUCTAIUIUTHON BOJOPOAHONM KOPpPO3UU OOOpYHOBaHUS U
TpyOOINIPOBOJOB, UYTO B CBOIO O4YepeAb NPUBOAUT K UX pa3repMETH3ALMU.
Pasrepmeruzanuss o0OpyJqoBaHUS MPOMCXOAMT H3-3a HEMPABHIBHOTO BEICHUS

mporiecca, 4eIoBeYeckoro (pakTopa, CKOIUICHHS Ta30B U T.1. B coorBeTcTBHHM C [67]
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nopakaromuMu (aKTOpaMy TaKOro MPOHM3BOACTBA MOTYT OBbITh Kak (u3nueckue
(ymapHas BOJIHA, TEIJIOBOE€ W3IYYCHHE W JIp.), TaK W XUMHUYECKHE (HaKTOPHI
(TOKCHYECKOE BO3/ICMCTBUE BPEIHBIX BEIIECTB).

[TocnencTBusi TakMX TEXHOTCHHBIX aBapwii, Kak MpPaBUJIO, OLICHUBAIOTCS
pPa3IMYHBIMM  METOJaMH, 3aKIIOYAIONIMMKCS B OINPEACICHUH pPa3MEPOB 30HBI
MOpaKeHUsI, CTETICHH MOPAYKSHUSI JIFOEH TN HAaHECEHHOTo yiepoa [68].

[Ipu B3pBIBE WM pasrepMeTH3alud OOOPYIOBAaHUS MPOWCXOAHWT YTEUKa
KUJIKAX TMPOMEKYTOUHBIX WJIM KOHEUHBIX MPOJIYKTOB YCTAHOBKH C BO3MO>KHOCTBIO
UX momnajganus B atMocepy wiu ruapochepy. ITo IPUBOIUT K PACIPOCTPAHEHUIO
TOKCUYHBIX BEILIECTB 10 BO3yXY B OJIM3JI€KALIUE HACEICHHbIE TYHKThI U CTAHOBUTCS
MPUYUHON PACHPOCTPAHEHUS PECTTMPATOPHBIX U JPYTUX 3a00JIE€BaHU.

OnepatuBHass  4acTh  IJJaHa  JIMKBUJALMM  BO3MOXHBIX  aBapuil
peaycMaTpuBaeT CrocoObl OMOBEIICHUST 00 aBapuu, BBIXOJA JIOJEH M3 OMACHBIX
30H, BKJIFOYCHHE CHUCTEeM MokapoTyiieHus [69]. B cooTBeTcTBHU ¢ TpeOoBaHHSIMHU
MokapHOU 0€30MacHOCTH U OXpaHbl TPYJa, MPOBOJUTCS PETYJSIPHBIM UHCTPYKTaX U
MpOBepKa 3HAHUU 0 TEXHUKE 0€30MacHOCTH Ha pabodyeM MecTe.

CoryiacHo TEXHOJOTUYECKOMY PErjlaMEHTy YCTaHOBKM MPEAYCMAaTpPUBAIOTCS
CJIEIYIOLME CPEICTBA IMOKAPOTYILIECHHUS:

- TIEPBUYHBIC CPEJICTBA MOkKapoTyiieHus (oruetymurenu — neansie OXI1-10;
nopomkoBsie OITY-10,0I1C-10r; yrimekucnotasie OY-5,0Y-8; KOWIMBI, SIIIUKA C
MIECKOM, JIONAThI U T.1.);

- CTAllMOHApHAsl CUCTEMA IIEHOTYIEHHUS! OTKPBITONM HACOCHOM;

- BOJIsSIHast OPOCUTEIIbHASL CUCTEMA KOJIOHHBIX allapaToB;

- na)eTHBIE CTBOJIBI Ha JIA(DETHHIX BBIIIKAX;

- CHCTEMA MAapOTYLICHUS JJIsl TIEYEH.

6.5 IlpaBoBbIe Bonpochl o0ecnedeHnst 6€30NMaACHOCTH

HpI/I BBIITOJIHCHHU Hay‘{HO-I/ICCJ]eI[OBaTeJIBCKOﬁ pa6OTBI HCO6XO,III/IMO

cienoBaTh TpeOOBaHUAM TPydoBOro komekca P®. Tpymosoit komekc PD
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npeaycMaTpuBaeT oOecredeHnue TMpaBa KaKIOTO paOOTHHKA Ha CIPaBEIJIUBHIC
yCIIOBHUSI TpyJla, B TOM YHCJI€ Ha YCIOBUSA TpyJa, OTBEUAIOIIME TPEOOBAHUSIM
0e30MacHOCTH W TUTHEHBI, TpaBa Ha OTIbIX, BKIIOYas OTpaHWYEHUE padoyero
BPEMEHHU, TPEIOCTaBICHUE €XKEIHEBHOTO OT/AbIXa, BBIXOJHBIX H HEpaboUInx
Mpa3gHUYHBIX JHEW, OIJIAYUBAEMOT0 €KeroHoro ornycka [70,71].

CornacHo [72], mnpoBomsTcs 00s3aTeNbHBIE MpeaBapUTENbHBIC (MIPU
MOCTYIUICHUHU Ha padO0Ty) U EPUOANYECKUE METUIIMHCKHIE OCMOTPHI (00CIeI0BaHMS)
paOOTHUKOB, 3aHATHIX Ha TKEIBIX paboTax M Ha paboTax ¢ BpeAHBIMU U (WJIH)
OMaCHBIMU YCIIOBUSIMU TPY/a.

CornmacHo [73] uUCHONB3YHOTCS CPEACTBA HWHAMBUIYaJbHOM 3amuThl. Bo
n30eKaHWe HECYACTHBIX CIIy4aeB, MPOBOAMUTCS OOyYEHHE U TPOBEPSIOTCS 3HAHUSA

PaOOTHUKOB.
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3ak/IroueHue

O0630p nUTEpaTypHBIX HCTOYHHKOB IOKa3aJl, YTO KOMIIOHEHTHBIH COCTaB
Katajau3aTopa (HOCUTENb, aKTHUBHBIA METaUl, MPOMOTOPHI), @ TaKKe CIOCO0 €ero
MPUTOTOBJICHHUS] HEMOCPEACTBEHHO BJIMSIOT Ha IMpolecc 00pa3oBaHMs KOKca Ha
MOBEPXHOCTH KaTajau3aTopa U €ro CTPyKTypy (amopdHbIii U rpaduTo0Opa3HbIi).
Taxxe OBUIO BBISBICHO, 4YTO JUIA KaTalu3aTopa JETHIPUPOBAHUS XapaKTEPHO
SBJICHHE caMopereHepauuu. Jle3akTuBanus KaTajiu3aTopa SBISETCS YAaCTHUYHO
OOpaTUMBIM TPOLIECCOM, M BOCCTAHOBJICHHE AKTUBHOCTH KaTaJln3aTopa BO3MOXKHO
OCYIIECTBUTH TMOAaue JEMUHEPAITU30BAaHHOM BOJIBI B PEAKTOP.

[Ipu BbIONIHEHUH PaOOTHI ObUT MPOBEJEH CPABHUTEIBHBIN aHAIN3 PadOThHI
HECKOJIbKMX CBHIPHEBBIX IMKJIOB pabOThl KaTalu3aTOPOB, MO PE3ylbTaTaM KOTOPOTO
OBLJIO BBIABJICHO BIUSHUE TEXHOJOTUYECKUX YCIOBUW Ha Ipolecc 00pa3oBaHUs
KOKCa W €ro CTPYKTypy. Tak B COBOKYIHOCTH BBICOKHE TEeMIIEpaTyphl, HU3KOE
JIaBJICHUE u MOJILHOE COOTHOIILICHHE CIIOCOOCTBYIOT 00pa30BaHUIO
rpadutoobpazHoro kokca (cootHomenne H/C — wmenee 0,2), a KOJWYECTBO
110/1aBa€MOil BOJIbI B PEAKTOP BJIUSET JIHUIIb TOJHKO Ha KOJIHMYECTBO 00pa30BaBIIErOCs
KOKcCa.

B xome mpoBedaeHHss UCCIENOBAaHWNA OBUTM  HW3YYCHBI  PE3YJIbTATHI
TEPMOTPAaBUMETPHUECKOTO aHalM3a O00pa3lloB KaTaau3aTOpOB, YYaCTBYIOIIME B
PaCCMOTPEHHBIX ChIPhEBBIX ITUKIIaX. BO BCEX CHIPHEBBIX MUKJIAX 00PA30BHIBAJICS KOKC
TOJIBKO aMOp(HOW CTPYKTypbl, MUK Ha KPUBBIX H3MEHCHHS TEIUIOBOTO IOTOKA
Haxoauics B obmactu temneparyp 400-600 °C. TTo 3HadeHussM TerioBoro ¢ ¢exra
peakiuu ropeHus Kokca Obutd omnpeneneHsl cootHomeHus: H/C B Momnekynax Kokca.
Jns  momydeHHblx cooTHomenuit H/C  Obuim mogoOpaHbl  HpOCTPAHCTBEHHBIE
CTPYKTYPBl MOJIEKYJ KOKCa. BBISBIEHO, YTO pEaKIUu KOHBEPCHH IOTYYECHHBIX
CTPYKTYP BOJOHW SIBIISIFOTCS TEPMOJMHAMHYECCKH BO3MOKHBIMHU. JIJIS 3THX peakiui

OBLIIH MOJIYUYCHEI YPAaBHCHHUSA pacuCTa KOHCTAHT PAaBHOBCCHA.
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[To pe3ynbraTtam uccieqoBaHus ObUTA BHECEHBI N3MEHEHUS B KOMITBIOTEPHYO
MOJICIUPYIONIYI0 CHCTEMY, OIKCHIBAIOIINE METOJUKY pacueTa PEKOMEHIYEeMOTO
peXHMMa MOIaYM BOJIBI B PEAKTOP ACTUAPHUPOBAHUS.

B pamkax ganHOUW pa®OThI OBLT IPOM3BEACH MOHUTOPUHT CHIPHEBOTO ITUKJIIA
2016-2018 rr., a TakXke CpaBHUTEIbHBIH aHAJIM3 MO OCHOBHBIM MOKa3aTeIsIM C
npeapaynuM nukiaoM. JmurensHocth nukia 2016-2018 rr. cocraBuna 503 cyTok,
yTo Ha 100 cyTOK OOJbIIE MPEALIAYIIETO.

C mnomoIIpl0 MOACTUPYIONIEH CHUCTEMbl OBLT OIpPEACNIeH ONTUMAJIbHBIN
pPSKMM TIOJIaY¥  BOABI TPH PA3TUYHBIX TEMIlepaTypax, [IaBIICHUH, MOJIHHOM
COOTHONICHWH W JUIS Pa3HBIX KaTalu3aTopoB. HadambHOE KOMHYECTBO BOJIBI,
MO/IaBa€MOM B PEaKTOp JETUAPUPOBAHUS, COCTaBWIO 4 J/4, BEpXHUU Mperaen
KOJIMYECTBA T10/IaBaeMOM B PEAKTOP BOJBI B 3aBUCUMOCTH OT YCJIOBHM HaXOIUTCS B
unTepBaie 15-19 n/gac. [lomnmepkaHue ONTUMAJIBLHOTO pEXUMa IMOJAYM BOJBI B
peaKkTop JCTHJIPUPOBAHMS TO3BOJUT COXPAHUTh PECypC Karaausaropa, MPOJUIUTh
CPOK €ro CHOyKObl W TIOBBICHTH IPOU3BOJUTEIHPHOCTh YCTAHOBKA B IICJIOM.
OnTuManabHBIM PEKUM TOJIaYU BOJBI TIO3BOJIUT TOBBICUTH TEMIIEPATYPY OKOHUAHUS
nporecca npuMmepHo 10 495°C, 4Yro COOTBETCTBEHHO ITO3BOJMT YBEIUYUTH

JUTUTEILHOCTD ChIpheBOro mukia Ha 15-20 % (mpumepro 70-100 cyTok).
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Ipuinoxenue A
(obs13aTenbHOR)

KowmrisrorepHas Mosienupyrolas cuctemMa nporiecca JerHIprupOBaHus BHICIIIUX Mapa(puHOB

’gj Mporpamma pacuera "Pacol-Define”

Daiin

Cocras BLT Makon

Cocras BCT Hedarin

Bogopon

NATA
21042018 ~

Y/eras C1
Yieras 2
Tun pacyeta Makon YierasC3
9 Uiy Y/eras 4
Cocras ceipes Makon 7 Tpornosei Y/ rasC5
" < " CTyneHy. nporHoz
2 | K %] £
apagpuH C9
2 [NapapusC10 ﬂaméennﬂue, Mila Q [~ 3arpuykats ToNbKD Chipbe
3 |Napagun C11 R-301B
1 Temneparypa, *C -
4 [MNapagus C12 Macca
5 |Napagpun C13 .00 Karanusaropa, ki R1401
& |MapasuiCl4 Pacxon coipbs, ky6.mfy ’W Nasnenue,
(7| nee 0.00 Mila
|7 |Hup W D6bem NponyueHHOr o W
8 |Ocraror 0ALHOE COOTHOLEHUE: CHIPEA, THIC_KY6.M . r Wcnonezoeare
9_ 0 o BOAOPOA/ CHIPbE Temneparypa. ETED
MOTHOCTS, KT /RYS.M “C
— 0.00
|10 O nepurel 0.00 o
11 | ApomaTura Pacxon UB ¢
— Makona.kriv
0.0 0.00
w Havaneran nonasa Monbn.
Tun karanuaaropa Nakon BOAL, AM4ac Gﬂ“"'"“"j
+ DEH-7 4 BOACPOA
" DEH-7 peren. AHONEPHHDI
" DEH-11 0.00
" NDCH Dbwem
(" 5
DELD) KaTanusaTopa
I 0.00
NMAC, ppm .
0.00

Mpu pacyeTe NporHo3a NPoOM3BEAEHO

Pucynok A.1 — UnTepdeiic mporpaMmbl MOJIETUPOBAHUS MPOIECCa IETUIPUPOBAHUS
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Hpunoxenue b

(peKoMeHTyeMoe)
CpaBHHTE/BHBIA MOHUTOPHHT CHIPHEBBIX LIUMKIIOB PA0OTHI KATAIM3ATOPOB JIETHIPHPOBAHMS
CpenHee copepkaHue Cpepce
_— Hﬂgzenb- TeMnepf- Pearro Katami- Cl:)/i)omz)Hoz_ oneuHoB coJIepiKaHue Brpabotka JIAB Pacxox Conepsanne
prox }CI E:I’ T};p;;f: Krop 3aTOp ::Iem moneuHon BOJIBI, J1/4 KOKca, % Mac.
yE P OKcIL. Pacu. Oker. Pacu. Cp., T/cyTKHn Cym, T
14.09.2007 —

s 243 468.487 | R301A | DEH-11 | 7,010 8,71 1742 42326 9 253
21.07.2008 DEH-7

e 32 412,405 | R30LA | OSET | 7010 8,68 156,4 5160 9 6,41
08.10.2008

s 280 469.487 | R301A | DEH-15 | 7,010 8,77 173.9 48519 4.9 0,80
15.07.2009 — 7,010,

2 247 0482 | R3ow8 | DEHLL | GO0 | 7140028) | o4 1,10 1776 43433 4.9 0,34
1&003'1223&* 273 470.482 | R301A | DEH-15 | 7,010 | 7:33(953) | 857 | 057 | 054 1777 48304 4.7 0,80
13.01.2011 DEH-11

o 5 471480 | R301B | 0N | 700 | 349(454) 0,37 99,4 556
118603523111’ 52 482.489 | R301A | DEH-15 | 7,010 | 7.03914) | 917 | 075 | 0,74 1727 9053 4.7 2,16
111é003é223112‘ 369 470.486 | R301B | DEH-15 | 7,010 | 7.200936) | 882 | 059 | 061 175,8 65590 4.9 0,93
1;‘?352&; 331 470.488 | R301A | DEH-15 | 7,010 | 717(932) | 894 | 045 | 059 1751 57656 4.10 1,04

7.01L,0;
30.03.2013 - 384 468.487 | R301B | DEH-15 | 80/L0: 8,65 0,59 171,8 66717 4.9 0,82
17.04.2014
7510

18.04.2014 — 7.01,0;

e 432 470489 | R301A | DEH-15 | ¢Q0 | 718(933) | 880 | 054 | 059 170,3 74568 4.14 151
7,0/1,0;

31.07.2015 - 403 470.490 | R301B | DEH-15 | 65/10: 176 70160 4.16 451

24.10.2016

6,0/1,0

27.10.2016-

oo 504 470.490 | R301A | DEH-15 | 6510 8,12 0,59 1753 4.16 5,20

16.03.2018-11.5. 470., R301B | DEH-15
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Hpunoxenue B
(obs3aTenpHOR)
DKOHOMHYECKAs OIICHKA ITPOEKTa

Tabmiua B.1 — OueHouHas kapra Ajisl CPaBHEHHMsI KOHKYPEHTHBIX TEXHUYECKHX

peliieHni (pa3paboToK)
. Bec xpure- baubt Korkyperiro-
Kpurepwii orieHkm st CIOCOOHOCTB
P By | bu | be | Ky | Ka | Ke
1 2 3 4 5 6 7 8
Texunyeckue KpUTepuu OLIEHKHU pecypcodpeKTHBHOCTH
1. IoBbIIIeHNE TPOM3BOUTEILHOCTH
TIPOMBIILICHHON 0,20 4 5 2 0,80 | 1,00 0,40
YCTAHOBKH TIOJTy4CHHS OJICHHHOB
2. Y 100CTBO B SKCILTyaTaIlUH 0,06 5 4 3 0,30 | 0,24 0,18
3. DHEPro3KOHOMUYHOCTD B IPOM3BOJICTBE 0,06 5 5 1 030 | 030 0,06
ore(huHOB
4. HanexxaocTs 0,04 4 4 1 0,16 | 0,16 0,04
5. Be3zonacHocTs 0,06 4 5 1 0,24 | 0,30 0,06
6. [Ipoctora sKkcrutyaraiym 0,05 5 4 5 0,25 | 0,20 0,25
7 KarecTso HHTCIIEKTYILHOO 0,03 3 | 5| 4009|015 012
uHTepdeiica
8. BO3MOKHOCTB ITOIKITFOUEHHS B ceTh DBM 0,03 3 4 4 0,09 | 0,12 0,12

IKOHOMHYECKHE KPHTEPHH OLICHKH 3()(P)eKTHBHOCTH

1. KoHKypeHTOCIOCOOHOCTh MPOTyKTa 0,20 4 5 3 | 080 | 100 | 060
2. YpOBeHb POHUKHOBEHHS HA PHIHOK 0,05 2 5 3 0,10 | 0,25 0,15
3.1leHa 0,05 4 4 3 0,20 | 0,20 0,15
4.IlpennonaraeMelii CpOK SKCILTyaTaIUN 0,06 5 5 4 0,30 | 0,30 0,24
5. duHaHCHUpOBaHNE HAYYHOU pa3paboTKu 0,04 4 5 4 0,16 | 0,20 0,16
6. CpoK BbIX071a Ha PHIHOK 0,05 2 5 3 0,10 | 0,25 0,15
7. Hamuue ceprudukaiimy pa3paboTKe 0,02 1 5 3 0,02 | 0,10 0,06
Hroro 1 55 70 | 44 | 391 | 4,77 2,74
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Tabmiua B.2 — bBraHK OLIGHKM CTENEHWM TOTOBHOCTH HAYYHOIO IIPOEKTa K

KOMMEPIAATI3AI AN
No CreneHb YpoBeHb
I /;1 HanmeHnoBanue NpOpadOTAaHHOCTH | UMEIOIMXCS 3HAHUH

HAy4YHOTO MPOEKTa y pazpaboTumka

1 Ornpenenen PiMeIomHIZCﬁ Hay4HO- 5 4
TEXHUYECKHH 3a1en
OmnpeneneHsbl NepcrneKTUBHBIC HAIPABICHUS

2 |KOMMepUHaNIU3aluy HAy9HO-TEXHUIECKOTO 3 3
3azena

3 OmnpeneneHsl OTPACcId U TEXHOJIOTUH (TOBApHI, 4 5
yCIyTH) 751 IPEJUI0KEHHS HA PhIHKE
Omnpenenena ToBapHas (opmMa HaydIHO-

4 |TexHHYECKOTO 3ajesa I MPeACTaBICHUS Ha 3 5
PBIHOK

5 OmnpeneneHsl aBTOPBI ¥ OCYILIECTBICHA OXpaHa 4 5
UX IpaB

6 [IpoBenena olieHKa CTOUMOCTH 5 2
WHTEJJIEKTYaJIbHOM COOCTBEHHOCTH

7 [IpoBeeHbI MapPKETUHTOBBIC UCCIICIOBAHUS 3 3
PBIHKOB COBITa

8 Pazpabotan Ou3Hec-TIIaH KOMMEPIUAIN3AUT 3 3
Hay4YHOIl pa3paboTKu

9 OmnpeesneHsl MyTH TPOABIKEHHS HAYIHOMH 3 9
pa3paboTKU Ha PHIHOK

10 Pa3zpaborana ctparerus (hopma) peanuzanuu 4 4
Hay4YHOIl pa3paboTKu
ITpopaboTaHbl BOIIPOCH! MEXKIYHAPOIHOTO

11 |coTpyaHHMuecTBa U BBIXOZA HA 3apyOeKHBIH 3 3
PBIHOK
[TpopaboTaHbl BOITPOCH UCTIONB30BAHUS

12 |ycayr undpacTpyKTyphl HOJAEPIKKH, 3 2
MIOJTyYCHHUS JIBTOT

13 ITpopaboTanbl BOIpOCk (PMHAHCHPOBAHHUS 4 5
KOMMepIHAIU3allui HayqYHO! pa3paboTKu

14 Nwmeercst koMaHa Ui KOMMEpIHaTU3aIiu 4 5
Hay4YHOU pa3pabOTKu

15 [TpopabGoTan MexaHU3M pean3aIuu 4 4
HAYYHOT'O MPOEKTa
HNTOI'O BAJIJIOB 52 52
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Tabnuma B.3 — Kanengapusiit mian-rpaduk nposenenuss HUOKP no teme

[TpoaomKUTENTEHOCTD BBITIOTHEHHS paboT
TKa
Bua pa6or Ucnonuurenn
AP KaJl. JHei 03.18 04.18 05.18 06.18
2 1 2 1 2 1 2
CocraBieHue U yTBEpKJIEHUS
PykoBoauTens 3
TEXHUYECKOTO 3a/IaHHs
[locTanoBka 3a1auu uccae10BaHuUs Maructpant 3
JlutepatypHslii 0030p Maructpant 14
DKCrepuMEeHTaIbHAS YacTh MaructpaHt 45
OO6cyxeHne pe3yabTaToB U OIICHKA
Marwucrtpasr,
3¢ PEeKTUBHOCTU MPOBEACHHBIX 5
. PYKOBOJUTEID
UCCJIEJOBaHUM
AHaN3 3KOJIOTUYHOCTH U
YKOHOMHYHOCTH TIPOBEICHHBIX Marwuctpant 10
UCCIIEI0BAHUN
Odopmrenne MosSICHUTENBHOM 3aICKU
Maructpant 7
Y TIpe3eHTallUN
. — MarucTpaHT; . — PYKOBOAUTETD
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Hpuioxenne I
(cipaBOYHOE)
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Literature review
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1 Literature review

Higher paraffin dehydrogenation process is used for the production of normal
olefins. The reactions of the process are strongly endothermic (with heat absorption).
To increase the equilibrium yield of dehydrogenation products, it is necessary to
increase the temperature in the reactor and reduce the partial pressure of the reactants.
Even under such severe conditions, low conversion degree in observed. To achieve
higher conversion degree, these reactions must be carried out in the presence of
catalyst.

Dehydrogenation catalysts are capable of accelerating the reaction that
involves the removal of hydrogen from paraffinic hydrocarbons and allow achieving
higher process rate at much lower temperatures. For the dehydrogenation of paraffins,
mainly metal oxide and platinum catalysts are used. The problem of these catalysts is
their rapid deactivation by highly aromatized compounds of the coke type [2].

Thus, the main task in the development of catalysts is to increase the stability
of the catalyst (the following factors influence the stability of catalyst: the use of
promoters, the method of depositing metal on the surface of the support, the size and

shape of the pores, catalyst pellets).

1.1 Catalysts of higher olefins dehydrogenation process

Every year, the depth of hydrocarbon conversion is increasing, this is
necessary to meet the needs of the consumer market. Therefore, the catalyst for the
dehydrogenation process must have high mechanical integrity, thermal stability, and
should be made from available and inexpensive materials. Also, the catalyst should
have high activity, selectivity and stability in continuous operation, as well as ability
of complete regeneration [3].

The development of catalysts for the process of dehydrogenation of paraffinic
hydrocarbons began approximately in the 1920s. Metal catalysts based on nickel,

iron, copper, platinum and palladium were used. These catalysts turned out to be
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unstable and had low selectivity in dehydrogenation reactions. Later, metal oxide
catalysts began to be used, the most effective of which was a catalyst based on
chromium (111) oxide. Since the 1940s, alumina-based catalysts began to be used for
dehydrogenation of paraffinic hydrocarbons, and then platinum catalysts were
used [4].

Chromium oxide, with a certain amount of hexavalent chromium content, is
the most active in dehydrogenation reactions. The disadvantage of pure amorphous
chromium oxide is its thermal instability, which at 623-673 ° K rapidly becomes less
active and transforms into the crystalline form of chromium (I1l) oxide. The
formation of surface chromium compounds (aluminum chromates) with support
centers leads to the stabilization of chromium to the highest degree and sharp
deceleration of the process of its crystallization. Acid centers of the carrier Al,O3 lead
to the reactions of cracking and isomerization, which naturally has a detrimental
effect on the process selectivity.

The suppression of acid sites, increase of activity, selectivity and stability is
achieved by introducing alkali and alkaline earth metals (Ce, Th, Mn, Be, Zn, Ag,
and other elements) into the catalyst. Additional stabilization of the structure of
chromium is also facilitated by potassium, which forms potassium chromate in the
oxidizing medium, and potassium aluminate in the reducing medium.

The preparation of aluminum-chromium catalysts is possible in the following
ways:

— impregnation of granules of an alumina carrier with solutions of chromium
compounds;

— coprecipitation of chromium and aluminum with ammonia from solutions of
basic salts;

— mixing of highly disperse crystalline compounds of chromium and
aluminum oxides.

After the preparation of the catalyst, it must be thermolized.
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Advantages of the method include simplicity and the possibility of obtaining
catalysts with high activity and increased thermal stability. Thermal stability and
mechanical integrity determine the service life of aluminum-chromium catalysts. As
practice has shown, the operation of such catalysts ends mainly in mechanical failure.

The disadvantage of catalysts based on aluminum oxide is the instability to
the action of moisture. That is why they are not used in reactor systems operating in a
water vapor medium used to reduce the partial pressure of reagents and increase
activity and selectivity. For example, alumina-chromium microspherical catalysts
IM-22-01 (Cr,05 — 16 % wt., K;O — 2.4 % wt., Al,O; — 81.6 % wt. etc.; selectivity
is 85 %) are used for processes occurring in fluidized bed. Aluminum-chromium
granulated catalysts of firm Houdry (Cr,O; — 18 % wt., Na,O — 0.4 % wt., Al,O3 —
81.6 % wit.; selectivity is 70-85 %) are used for the dehydrogenation process in the
fixed catalyst bed [5].

Platinum catalysts are used to dehydrogenate paraffins in medium of
hydrogen-containing gas with a moving catalyst bed [6]. Platinum catalysts are
highly dispersing multicomponent systems with Pt content of not more than 1 % wit.

To reduce the intensity of adverse reactions it is necessary to carry out double
modification of catalyst (selective suppression of metal centers and poisoning of acid
sites of the carrier). Alkaline and alkaline earth elements suppress structure
isomerization, coke formation and cracking on a carrier, which leads to an increase of
selectivity and stability of the catalyst. The chemical elements of the subgroups of
copper, zinc, germanium, phosphorus, sulfur and gallium eliminate hydrogenolysis,
prevent coke deposition on platinum, which increases activity, selectivity and
substantially increases stability.

Preparation of platinum catalyst is possible by the method of impregnating the
support with aqueous solutions of platinum compounds and promoters. The catalyst
is then dried and calcinated [5].

The catalyst should intensify the target reaction of dehydrogenation and slow

down the side reactions of cracking, isomerization, coking. Coke formation reaction
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is significant disadvantage of the dehydrogenation process and remain relevant at the
present time.

A number of catalysts with the addition of various promoters have been
developed to reduce the intensity of coke formation reactions. For example, a catalyst
comprising 10-30 % wt. of chromium oxide, 30-45 % wt. of zinc oxide and 25-
60 % wt. of alumina was developed. The carrier was aluminum zinc spinel [7].

Also for the dehydrogenation process alumina-chromium catalyst is used with
the following components content, % wt: Cr,O; — 10-30; PbO — 0.1-5.0; SiO, — 0.5-
3.5; an oxide of alkali or alkaline earth metal Me,O — 0.5-3.0; the rest is Al,O3[8].

There is another catalyst composition containing in addition to chromium,
aluminum and tin oxides, zinc oxide and platinum (Pt — 0.4-1.0 % wt., ZnO — 30-
45 % wit.; Cr,05; — 10-30 % wt.; SnO, — 0.1-3.0 % wt.; Al,O3 — the rest)[9].

The catalyst represents catalytic system of active substance and promoters
applied to a porous carrier. Alumina, silica gel, activated carbon, zeolite and etc. can
be used as the catalyst carrier.

At present, scientists are striving to improve the structure and composition of
the catalyst carriers. For example, in order to increase the effectiveness and integrity
of the catalyst in the fluidized bed, silicon and lead oxides are added to the carrier
composition [10].

The authors [11] considered carbon nanotubes as the catalyst support.
Compared with traditional metal catalyst supports, these supports have enhanced
reaction activity in terms of selectivity to products and conversion of reactants.
Compared with traditional metal catalyst supports, these carriers have increased
activity in terms of product selectivity and conversion of the reactants. The reactivity
of platinum metal centers turned out to be much higher when CNTs were used as a
support. The surface curvature of CNT enhances the electronic properties, leading to
electron and charge transfer from the active centers of the carrier to metallic ones,
thus promoting metal centers catalytic activity. Enhanced electronic properties of

CNTs may also lead to formation of partial carbon metal chemical bonds, which
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reduces metal centers migration and agglomeration leading to higher dispersion of
metal centers. The presence of hollow channels on CNTSs facilitates quick diffusion of
carbonaceous coke by-products from the catalyst active sites, hence minimizing
poisoning of metal centers.

The processes of dehydrogenation of paraffinic hydrocarbons have low
conversion degree, which leads to the need of recycling of unreacted raw materials.
Recycling of raw materials causes additional costs of energy resources. Catalysts
containing additional zirconium and boron oxides that promote faster and fuller
passing of the process are used to reduce the volume of recycling raw materials and,
consequently, costs [12].

Platinum has the most pronounced dehydrogenating function from a wide list
of metals. The highest conversion of paraffins to olefins can be achieved with the use
of platinum. It should be noted that platinum is an expensive metal and the use of
platinum in pure form is inexpedient, as in the dehydrogenation reaction only the
active catalyst surface is used. In order to reduce the cost of the catalyst and maintain
the activity of platinum at the required level, a carrier is used in the form of
aluminosilicate. The catalyst based on aluminosilicates has high integrity, and also
imparts the catalyst acid properties [13].

Introduction of promoters-modifier determines the selectivity of the process,
as they not only activate the catalytic centers, but also are inhibitors in adverse
reactions. Thus, the addition of tin in the amount of 0.15-0.25 % wit. to the platinum
catalyst promotes the inhibition of coke formation reactions by 10.0-12.0 %, and an
increase in the rate of the target reaction to 15 % [14].

The catalyst preparation is one of the most important stages, which defines
catalyst service life in any process. Methods of platinum application on the support
(Al,03) define the contact surface area and catalyst activity (e.g., impregnation of a
carrier with a solution of platinum chloride or platinum amino-complexes,
electroplating, application of ferrous platinum and others). High temperature

processes provide formation of by-products with high molecular weight, which
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deactivate the active sites of the catalyst, so there should be a balance of the three
parameters — working surface area, surface roughness and the action of promoter-
modifier granules [15].

The coherence and balance of all three parameters determine the long service
life of the catalyst for the dehydrogenation process. The increased contact surface
ensures high productivity of the industrial unit and high degree of conversion of
hydrocarbons. In this case the conversion of paraffins is increased to 4.5-6.0 %, while
the specific surface area is increased by 15-20 %. It should be noted that increasing of
the working surface leads to rapid coking of the catalyst, because the surface
roughness is increased. This provides deposition of polycyclic aromatic hydrocarbons
on the catalyst.

High specific surface of smooth spherical granules determines long service
life of the catalyst (350-380 days), even when the process is carried out at sufficiently
adverse high temperature conditions.

The acid properties of the catalyst are determined by the phase composition of
the catalyst and the availability a, y-alumina modification, in turn, it is important for
high temperature processes. In particular, by-product is coke formed during
dehydrogenation. Coke deactivates catalyst surface, because the process proceeds at
temperatures favourable for formation of polycyclic aromatic compounds. Acid
properties of the catalyst and water supply to the reactor promote the conversion of
the formed coke compounds.

Thus, in the work [16] the preparation of Pt, Pt-Sn and Pt-Ge supported on
ZnAl,O,4 obtained by mechanochemical synthesis (MS) or coprecipitation (COPR) is
considered. Bimetallic catalysts were more active than monometallic ones with lower
deactivation. Pt-Sn catalysts on both spinels were more active, with lower activity fall
than Pt-Ge ones and the higher the Sn loading, the more noticeable this effect.
Besides, Pt-Sn catalysts supported on ZnAl,O, by MS showed a more stabilizing
effect.
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The authors [17] studied the catalytic properties of Pt, Pt-Sn and Pt-Ge
catalysts on y-Al,Oz (y-A) deposited on a-Al,O3; (a-A) spheres by immersion in
boehmite gel. A feature of the carrier prepared in this way is also that as a result of
the thermal transformation of boehmite in y-Al,Os, a carrier with a very low acidity is
obtained. This avoids the additional introduction of lithium or other alkali metal
additives. The catalytic characteristics of Pt-Sn / y-A / a-A were better than those of
Pt-Ge catalysts, which were especially pronounced at higher tin concentrations.

In the work [18] alumina and carbon covered alumina (CCA) supported Pt-Sn
catalysts were prepared by the complex impregnation method under vacuum. A study
was also made on the effect of carbon addition, Pt loading and Sn/Pt weight ratio on
the catalytic dehydrogenation activity, selectivity and catalyst stability. The results of
the studies showed that in order to keep optimal dehydrogenation conversion, taking
consideration to good selectivity and stability, the carbon content, Pt and Sn loading
of Pt-Sn/CCA catalysts should be 8.37 % wit., 0.5% wt. and 3% wt., respectively.

In article [19] the process of dehydrogenation on a Pt-Sn/Mg-Al-O catalyst is
considered. Al,O; and Mg-Al-O supports with different Mg/Al mole ratio were
prepared using a chemical co-precipitation method. The strong acidic sites in the
alumina-supported catalysts favored the formation of aromatic compounds and lead
to low selectivity towards mono-olefins. Adding Mg to the supports decreased the
specific surface area, increased the pore volume and diameter, moderated the acidity,
and changed the strong acidic sites to weak ones. The dehydrogenation activity of the
catalysts was inhibited, while the mono-olefin selectivity and yield were enhanced by
Mg addition. Using a 1/3 Mg/Al molar ratio generated the optimal n-dodecene yield
over the Pt-Sn/Mg-Al-O catalysts.

Industrial catalysts such as Pt-Sn-K-Mg/Al,O3; and Pt-Sn-Na-Co/Al,0Os, have
high catalytic activity, selectivity and stability [20]. The most commonly used Pt-Sn-
K-Mg/Al,O; catalysts in the industry [21] provide a conversion of 11.6 % and a high
selectivity for monoolefins of 94.1%. Such a catalyst has approximately the following

CompOSition Ptos — Snis — Kos — Mglly-Alzog [22]
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At the development stages, the structure of the dehydrogenation catalyst for
higher paraffins was improved. At present, platinum catalysts of DEH brands
(American firm UOP) are used for the dehydrogenation process of paraffinic
hydrocarbons, the content of platinum in which is at the level of 0.56-
0.92 % wt. [23].

1.2 Deactivation of dehydrogenation catalysts

The main properties of the catalysts are activity, selectivity and stability.
Properties such as activity and selectivity of the catalyst provide the necessary rate
and "quality" of the catalytic reaction. Stability of the catalyst determines
sustainability of these parameters throughout its service life. Reducing the activity
and selectivity of the catalyst during the catalytic process leads to its deactivation.
The term "deactivation™ is generalized, it involves changing the properties of the
catalyst under the action of various phenomena, such as poisoning, sintering, phase
transformations, contamination, destruction, coking, etc.

Deactivation of catalysts in industrial chemistry is a problem absorbing
over 90 % of all investments in catalysis and accounting for about 50% of all
scientific research [24].

The operation of platinum catalysts in the reactions of hydrogenation and
dehydrogenation of hydrocarbons is accompanied by a gradual decrease in their
activity, the main cause of which is deactivation as a result of coke formation and, as
a result, blocking of active centers [25].

Coke formation occurs through a complex mechanism of consecutive
reactions (polycondensation, polymerization and deep compaction with a constant
decrease in hydrogen content of coke molecules). Degradation reactions
simultaneously occur with polycondensation reactions, when high-molecular and
low-molecular components are formed in parallel.

The formation of coke during dehydrogenation process can be represented as

the following scheme:
126



Paraffins—Olefins—High-molecular olefins and naphthenes—
—Aromatic hydrocarbons—High-molecular condensed hydrocarbons—
—Asphaltene-like condensed systems—Carboids—Coke

This scheme reflects only the general course of the process. In the real case,
the compaction reactions can proceed both in the volume and on the surface of the
catalyst. Products from the gas phase can be adsorbed and condense on the surface of
the catalysts, and products from the surface can go into the gas phase.

For determination of the mechanism of the coke formation process, one must
have an idea of the proceeding elementary reactions. For this, it is necessary to study
each reaction presented on the scheme. All the reactions can be conditionally divided
into two groups — the polymerization and condensation reactions and the associated
reactions of dehydrogenation, isomerization, dehydrocyclization, etc.

Let us consider the reaction mechanisms of the first group [26]. During the
course of reactions of organic substances, depending on whether the carbon atom
retains two (1), one (2) or none (3) electrons from the electron-forming bond at the

reaction site, three types of intermediate compounds (active sites) are formed:

—C:X - —C—:+X"* (carbanion) (a)
I |
| I

—C:X— —C-+X- (freeradical) (b)
| I
I |

—C:X— —C*+ X~ (carboniumion) (c)

Two theories are of the greatest interest for polymerization reactions — the
theory of carbonium ions and the radical theory.

Carbonium ions are considered as polar intermediate compounds with a
trivalent carbon atom containing only 3 electron pairs. Polymerization reactions

proceed according to the chain mechanism:
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1. The limiting stage of the initiation of hydrocarbon molecules to form a

carbonium ion:

R+ C=C>R-C-C*

| |
X X

2. Chain propagation by attachment of monomer M to carbonium ion:

R-C-C'+C=C—»R-C-C-C-C
|

| | |
X X X X

according to the general scheme

+M

+ M + M
RMERMT —RMM™ —RMMM' — ... > RMHMJf;
3. Chain termination:
RM,M* = RM, ..

The free radicals are considered as chemical trivalent carbon atoms having
one unpaired electron and are characterized by high reactivity. Polymerization
reactions proceed by radical-chain mechanism:

1. The limiting stage of the hydrocarbon molecules initiation with the

formation of primary radicals (R):
M — Rl b +R2 "
High activation energies (more than 100 kJ /mol) are required for the

formation of radicals.

2. Chain propagation by attachment of monomer M to radical:
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R-+C=C—-R-C-C,
| |
X X

R-C-C+C=C->R-C-C-C-C
| | I |
X X X X

etc. according to the scheme

+M +M
R-+M - RM-— RMM— ... - RM_ M-.

3. Chain termination:
RM . M-+RM M-—- R—M, ,—M, ,—R.

The formation of coke is possible on active centers of three types — metallic,
acidic, radical-containing. The major amount of coke is formed on the surface and in
the volume of the catalyst and it has a loose porous (amorphous) structure. With time
and with increasing temperature, gradual condensation occurs, the hydrogen content
decreases, the depth of polycondensation reactions increases, and the coke structure
becomes graphitized.

The formation of coke on catalysts is characterized by a variety of different
mechanisms. However, for industrial catalytic processes, the mechanism of coke
formation is not important, but the mechanism of its influence on the active catalyst
centers (deactivation mechanism) is a major problem. Therefore, first of all, the
Kinetics of the change in the activity of catalysts during their deactivation by coke
structures should be studied [27].

Such a great importance of the catalyst deactivation process in modern
industry should cause interest to the problem of studying the mechanisms and
Kinetics of deactivation processes. However, according to Delmon assessment [24],
no more than 20% of all scientific research is devoted to problems of catalysts
deactivation. This can be explained by the following difficulties that arise during the

experimental and theoretical studies of deactivation process:
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1. The process of deactivation occurs as a result of the simultaneous
occurrence of several elementary stages, such as poisoning, aging, sintering, coke
formation, etc., which complicates the interpretation of the results and revealing the
contribution of each elementary stage.

2. The deactivation process causes significant changes of the active surface,
the study of which is not possible by existing methods. They usually require low
pressure, "clean™ gas environment and are quite expensive.

3. The deactivation process proceeds much slower than target reaction, so it
takes a lot of time to do research. It is also not possible to monitor the state of the
catalyst surface without stopping the process and unloading the catalyst, which
further increases the time and costs for studying the deactivation processes.

4. Until now, the mechanisms and kinetics of catalysts deactivation have not
been fully studied, which makes it difficult to interpret the results of research and
create mathematical models capable of predicting changes in the activity of catalysts
in the process.

Interest to the problems of catalysts deactivation is increasing every year, as
evidenced by many articles, monographs and conferences on this topic. So, over the
past 15 years, the number of scientific research has increased by about 25-35%. As
well as the Kkinetics of catalytic reactions, the kinetics of catalyst deactivation
becomes more rigorous, based on the physico-chemical regularities of deactivation
phenomena and their mechanisms.

The kinetics of deactivation is well studied for such phenomena as poisoning,
sintering and coking. However, for most deactivation phenomena, which have
significant effect on the deactivation of industrial catalysts, reliable mathematical
descriptions have not yet been received, due to their complexity. Such phenomena
include solid-phase transformations occurring in catalysts (phase transformations,
phase segregation, phase-to-phase reactions, dissolution and slow sublimation,
etc.) [28].
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1.3 Recovery of the activity of dehydrogenation catalysts

The most common way to recover the activity of catalysts is the three-stage
regeneration — coke burning, oxychlorination and sulphuration. Thus, the active
component of the catalyst underwent consecutive release from the "blocking" of its
coke structures, re-dispersion and stabilization. In this case, the oxychlorination step
IS mandatory, since it allows restoring the dispersion of the active catalyst component
to the initial state. The repeated distribution of platinum over the surface has key
value to the recovery of catalytic properties [29].

Thus, in [30] three different regeneration processes including hydrogen or
nitrogen purging and coke burning were used to recover the Pt-Sn/y-Al,O3 catalysts.
It was found that the catalyst using hydrogen regeneration showed the best stability
compared with those regenerated by nitrogen purging and coke-burning treatment.
Hydrogen or nitrogen regeneration resulted in little impact on the size and structure
of metal active center, retaining the effective Pt-Sn phase over the catalyst. Moreover,
hydrogen regeneration not only removed the low dense components of the coke, but
also altered the property of the residual coke through hydrogenation, leading to a
higher mobility of coke, and thus a higher accessibility of the metal active centers.
Nitrogen regeneration only removed the low dense components of the coke. Although
coke-burning regeneration caused thorough coke removal, the catalyst showed poor
stability due to metal agglomeration, phase segregation and the resulting large Pt;Sn
particle on the surface.

The authors [31] studied coke combustion kinetics on the deactivated
catalysts for paraffin dehydrogenation by the thermogravimetry and differential
thermogravimetry (TG-DTG) technique. The amount and H/C mole ratio of the coke
were determined by the TG and elemental analysis. The results showed that three
types of coke existed, which were located on the metal sites (C1) and the support

sites surrounding (C2) and far from Pt (C3), respectively.
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By its structure, the coke formed on the surface of the catalyst can have
amorphous or graphitized structures depending on the C/H molar ratio in its
composition. The structure of the formed coke will allow selecting the optimal
conditions for its oxidation. If the C/H ratio is high (1.5-2.0), the coke will have
graphitized structure and its oxidation needs to be carried out at high
temperatures (about 800-900 °C) in order to achieve the maximum recovery of the
active surface.

However, maintenance of such temperature modes is unacceptable, since this
leads to sintering of nanodispersed particles of the active metal and irreversible
deactivation of the Pt-catalyst. Such a catalyst can't be used in industrial process. The
coke of the amorphous structure (C/H=0.2-1.0) is oxidized at temperatures of 500-
550 °C while maintaining the structure of the catalyst. Thus, monitoring and carrying
out in the optimal conditions of the regeneration process allow recovering active
surface of the catalyst and prolonging its overall service life, which leads to an
increase in the resource efficiency of production as a whole. This is especially true
for processes with expensive catalysts, which include platinum catalysts for the
process of dehydrogenation of paraffinic hydrocarbons.

The results of [32] showed that temperature increase during coke combustion
can be effectively controlled with O, content lower than 1%. The combustion
temperature should be higher than 500 °C to burn all the coke and lower than 650 °C
to avoid Pt sintering. Under optimal conditions, coke combustion results only in 92 %
recovery of catalyst activity. Subsequent metals modification with 0.01 % wt. Pt
addition can recover catalytic performance completely, paraffin conversion and olefin
selectivity to the levels of fresh catalyst.

Recovery of activity of the catalyst is possible even in the process of its self-
regeneration. "Self-regeneration” is the sequence of elementary stages leading to the
recovery of active centers during the catalytic process under the action of the
components of the initial reagents of the raw materials, rather than in a separate

regeneration period. The existence of self-regeneration is characteristic for most
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catalytic processes, accompanied by deactivation of catalysts. So, for example, to
reduce the formation of coke on the surface of catalysts, some processes are carried
out in excess of water vapor or hydrogen. These substances restore the catalytic
properties of the active centers and, therefore, extend the regeneration cycles of the
catalysts by 100-110 times. Thus, the deactivation of catalysts can be considered, in
general, as a partially reversible process.

Technological conditions and equipment design of many processes are
completely dictated by catalyst deactivation.

In industrial conditions, the dehydrogenation process is carried out with a
gradual increase of temperature from 465 to 490 °C. At such high temperatures, the
side reactions of synthesis of coke compounds occur, they adsorb to the active sites of
the catalyst and reduce its activity. In this connection, it is necessary to raise the
temperature in the reactor to maintain the desired yield of the target product [33].

The process of dehydrogenation of higher n-paraffins takes place in the gas
phase, so the pressure has a direct effect on the efficiency of the process. During the
dehydrogenation reaction, two moles of product are formed from one mole of
substance, so, according to the Le Chatelier principle, increasing the pressure in the
system will shift the chemical equilibrium towards the initial reagents and reduce the
production of the target product. However, the pressure in the system is maintained at
a sufficiently high level — at about 0.19-0.20 MPa. This is primarily due to the fact
that maintaining this pressure in the reactor suppresses the coke formation reactions
on the catalyst and prolongs its service life. The pressure in the reactor system is
maintained by supplying a hydrogen-containing gas (HCG) [34].

Various methods are used to suppress the coke formation reactions. In the
process of dehydrogenation, hydrogen-containing gas is fed to the reactor system to
inhibit coke formation reactions on the catalyst surface [35]. One of the important
parameters of these processes is the circulation frequency of the HCG. The
circulation frequency of the HCG is the ratio of the volume of circulating gas

(reduced to normal conditions) to the volume of raw material passing through the
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reactor per unit time (m*m?® of raw material) [33]. As the circulation frequency
increases, the partial pressure of hydrogen vapors in the reactor system increases. The
increase in the partial pressure of hydrogen reduces the intensity of coke formation
reactions resulting in a longer catalyst life [36].

Circulation frequency of the HCG should be maintained at the optimum level.
Low circulation frequency increases coke formation on the catalyst. However, an
excessive increase in the circulation frequency of the HCG reduces the conversion
depth, increases the load on the compressor equipment and the fuel consumption for
heating the gas in the furnaces, thereby reducing the efficiency of the processes and
increasing the operating costs of the industrial unit installation.

Another way to reduce coking reactions is to feed steam to the reactor system.
Water vapor reacts with coke structure, thereby reducing the concentration of coke on
the catalyst. This method of reducing the intensity of coke formation reactions is used
in technologies for the production of styrene, lower and higher olefins [14].

The molar ratio of hydrogen/feedstock and the consumption of demineralized
water in the reactor are two parameters, the balance of which determines the retention
of catalyst activity and the stable productivity of the reactor.

By regulating and optimizing these parameters, the activity of the catalyst can
be controlled. However, this method of controlling the deactivation of the catalyst
adversely affects the conversion of raw materials, while the yield of side products and
the operational economic costs increase.

HCG is used to reduce the rates of side reactions, thereby ensuring the
preservation of the activity and prolongation of the service life of platinum catalyst.

Excess hydrogen in the reactor contributes to the partial hydrogenation of the
coke structures formed on the surface of the catalyst. As a result of maintaining the
specific surface area of the catalyst, the catalytic activity is maintained at a relatively
constant level, allowing increase in the cycle length [36].

The hydrogen/feed molar ratio should be maintained at optimum level, since

low molar ratio increases coke formation on the catalyst, and an excessively high
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ratio reduces the conversion depth, increases the compressor load and fuel
consumption for heating the gas in the furnaces, thereby reducing the efficiency of
processes and increasing operational costs of the installation [37].

The process of dehydrogenation is carried out with an increase in temperature
and constant molar ratio of hydrogen/feed. Under these conditions, the rates of coke
formation reactions will increase in the reactor. It is possible to lower the intensity of
these reactions and partially destruct the coke formed on the catalyst surface by
supplying demineralized water to the reactor.

The supply of water to the reaction zone enhances the acid properties of the
alumina support. Acidic properties determine the partial destruction of coke on the
catalyst [36].

During the operation of the catalyst, the support loses its acid functions, as
evidenced by the results of X-ray diffraction analysis of fresh (CD-F) and spent (CD-
S) catalysts (table 1).

Table 1 — Phase composition of the dehydrogenation catalyst, % wit.

Phase\Sample CD-F CD-S
Mg,Al,;SisO45 (hexagonal) 54.92 55.99
MgAl,QO, (cubic) 12.12 15.73
Al,O3; (rhombohedral) 9.82 2.34
Al,0O3; (gamma - trigonal) 0.30 0.10
SiO, (tetragonal) 9.77 11.00
MgSiOj; (orthorhombic) 13.07 14.83

The supply of water to the reactor helps maintain the acid properties of the
catalyst at a relatively constant level, while the water consumption is controlled in a
certain way and is limited by the upper limit at various process temperatures.

It is necessary to maintain strictly defined moisture content in the reactor
system. The lack of moisture will lead to increased deposition of coke on the catalyst
and reduction in its service life. Excess moisture in the system is also undesirable.

Water vapor is adsorbed on the catalyst and creates additional acid centers, which
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will lead to enhanced reactions of cracking and the increase in the yield of light gases
[38].

Thus, by ensuring constant consumption of hydrogen and increasing the
supply of demineralized water to the reactor, it is possible to ensure stable operation

of the catalyst and reduce the rate of its deactivation [39].

1.4 Setting the purpose and objectives of the study

The process of dehydrogenation of paraffinic hydrocarbons is in demand in
the petrochemical industry. The process of dehydrogenation of higher paraffinic
hydrocarbons is of the greatest interest. This process allows obtaining olefins of
normal structure, which further, interacting with benzene, form linear alkyl benzenes
(LAB) in the alkylation stage used in the production of synthetic detergents.

The process of dehydrogenation of higher paraffins is multicomponent and
non-stationary (the composition of the feedstock and the technological conditions of
the process are constantly changing), which adversely affects the properties of
catalyst, thereby causing its deactivation by blocking the active centers by coke
structures. Recovering the activity and selectivity of the catalyst in the regeneration
process is a very complex and time-consuming process that requires the unloading of
the catalyst and, consequently, the shutdown of production as a whole. Therefore, in
order to save the resource of expensive platinum catalyst during the feedstock cycle,
it becomes necessary to investigate the effect of technological conditions and catalyst
composition on the duration and efficiency of the process, namely the yield of olefins
and the coke content on catalyst surface.

Thus, the purpose of this study is to optimize operating mode of the plant by
selecting optimal mode of water supply in order to save service life of platinum
catalyst and improve the efficiency of the process.

It is necessary to solve the following main tasks to achieve this purpose:

1. Carry out a comparative analysis of the main indicators of the raw catalyst

cycles.
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2. To evaluate the influence of technological parameters on the cycle length
and process efficiency.

3. To evaluate the influence of technological parameters on the coke
formation and its structure, namely the ratio of H/C in the coke molecule.

4. To evaluate the influence of the composition of catalysts on the process of
coke formation and its structure (H/C ratio).

5. Analyze the results of the thermogravimetric analysis of the catalyst
samples and determine the ratio of H/C in the coke molecules formed on the surface
of the catalysts.

6. To evaluate the spatial structure of coke molecules and estimate
thermodynamic parameters in order to determine probability of oxidation reaction of
these structures by water.

7. Use a computer modeling system to perform calculations and obtain

optimum water consumption for the oxidation of various coke structures.
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