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1 OIITUMAJIBHOE IIJIAHUPOBAHMUE SKCIIEPUMEHTOB

ITpr mpoBeeHNN OINBITHBIX HCCICIOBAHMI PA3NIMYAlOT ITACCHBHBIN M aK-
THBHBII SKCIIEPUMEHT.

MeTOnOMNOTHS HACCUBHO2O IKCNEPUMEHIMUPOBAHUS TIPEATIONAraeT POBeCHNE
GONBIION CepHH ONBITHBIX HUCCIIEAOBAHHI C IIOOYEPEIHBIM BapbUPOBAHUEM 3HAYE-
HHI BXOJHBIX IIEPEMCHHBIX X M aHAJIM30M Pe3yJIbTaTOB U3MEPEHHI BBIXOHOH ITe-
PEMEHHOI ¥ (1abopamopmbiil SKCnepumMenm M SKCNePUMEHM HA NUTOMHOU YCMaH08-
xe). K maccuBHOMY SKCIIEpUMEHTY TIPUHATO OTHOCHTH TaKXKe M COOP OIBITHBIX JaH-
HBIX B PSKUME JKCIUTyaTallid MPOMBIIUICHHON YCTaHOBKA — TaK Ha3bIBaCMBbIi
NPOMBIULIEHHBLIL DKCIIEPUMEHN.

O0paboTKa pe3yabTaTOB MAaCCHBHOTO SKCTIEPHUMEHTA MPOBOIUTCS METOAAMHU
PErpecCHOHHOTO U KOPPEISIOHHOTO aHAIN34a, F BEIOOP BH/Ia SMITHPHIECKOH MO-
nenu (ypaBHEHHUs PErpecCHr), T.e. PElICHHe 3aaud CTPYKTYPHOW HICHTH(HKA-
LMY, SIBJISIETCS IOCTATOYHO CIIOXHOHM 3a/aueid. DTO CBA3AHO C TEM, YTO BH YPaB-
HEHUs pErpeccuyl HeOOXOIMMO OIPEACNIATh M0 XapaKTepy M3MEHEHHs MepeMeH-
HBIX Ha TpaduKe SMITUPHYECKON JIMHUM PErPecCHH, MOJTYYEHHOH 10 BBIOOpKE
9KCIIEPUMEHTAIbHBIX JaHHBIX.

Jns perieHust 3TOM 3a1a4u Ui OJJHOM BXOJHOM MEpPEeMEHHOM X MpeioKe-
HBI 3((EKTUBHBIE METOABI, B KOTOPBIX INPeXycCMaTpHUBacTCs IpeoOpa3oBaHKE
CHCTEMBI KOOPJIUHAT KaK JUIl BXOZHOU X, TaK M JJIS BBIXOIHOI NMEPEeMEHHOH .
ITpu GonbiieM yuciae BXOJHBIX HEPEMEHHBIX X ..., X, HaI&KHBIX METOHOB OII-
peneneHus BUAA YpaBHEHHs pEerpeccHH (BUAA SMITMPHUUYECKONW MOJENH) B Ha-
CTosIIIee BPeMs HE CYIIIECTBYET.

AxmugHblil sKcnepumenm TIPOBOUTCS TI0 3apaHee COCTABJICHHOMY IUIaHY, B
COOTBETCTBHM C KOTOPBIM CTaBUTCS 3371aya HE TOJIBKO OMPEHENICHUS ONMUMAIbHbIX
yenosuti nposedenus IKcnepumenma, Ho 1 onmumusayuu npoyecca (3TH JIBe 3a1a4n
TIPHHATO OTHOCHTH K 3a/iadaM OINTHMAIIBHOTO IUTAHHPOBAHUS 3KCIICPHMEHTOB).
IIpu 5TOM ypaBHEHUs perpeccuu (IMIMPHUYECKUE MOJENH) ONUCHIBAIOT JTAaHHbIE
AKTHBHOTO DKCIIEPUMEHTa, B OCHOBHOM B JIByX OTPaHHUYEHHBIX 00J1acTsIX M3MEHe-
HIS IEPEMEHHBIX, XapaKTePU3YIOIINX MPOIECC, U UMEIOT CIICTYIOIIHI BUT:

W BJIAJIM OT 9KCTPEMAIBHOTO 3HAYCHHUS BBIXOIHOH EPEMEHHOH ).

k k
j=]_ u‘j=1
u#j
| B6J'H/I3I/I SKCTPEMAJIBHOTO 3HAYUCHUA BBIXOI[HOﬁ HCpCMeHHOfI y (((B I104-

TH CTallMOHAPHOU 00JIaCTH):

k k k
— 2
j=1 j=1

u,j=1
u#j

byjxux;; (1.1
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Pucynok 5.2 — OxkHo MaTpuuna

Onrumu3zanusi 00BIYHO HAYMHACTCS B YCIOBHUSIX, KOTIa OOBEKT yXKe MOJI-
BEpraJicsi HEKOTOPBIM HCCIICOBAHUAM. DTy alpHOPHYI0 WH(YOPMAIHIO MOXKHO
WCIIOJIb30BATh JJIS TOJyYSHHUs] TPEJICTABICHUS O MapaMeTpe ONTUMH3AILUH, O
(axTopax, 0 HAWITYUIINX YCIOBHIX BEICHHUS MpOIecca W XapakTepe MOBEPXHO-
CTH OTKJIHKA. J[IT 3TOr0 MOXXHO HMCIONB30BaTh Tpaduky (WM TaOJIUIBI) OTHO-
(aKTOPHBIX 3KCIEPUMEHTOB, OCYIIECTBISIBIIMXCS B MPEIBLIYIINX HCCIeI0Ba-
HUSIX WM OTIMCAHHBIX B JINTEpaType.

B obmactu ompesencHns HamIO HAWTH JIOKAIBHYIO MOA00IaCTh IS TUIa-
HUPOBaHUS dKcHepuMeHTa. [Ipomemypa BbIOOpa 3TOM MOZOOTACTH BKIIOYAET
JIBa dTara: BHIOOP OCHOBHOT'O YPOBHSI M BHIOOP MHTEPBAIOB BAPbUPOBAHHSI.

2.2 BbIOOpP OCHOBHOI'O YPOBHS

Jns ynoOGcTBa BRIUMCICHUH KO3(DGHUIHUEHTOB perpeccuul Bce (aKToOpsl B
XOJIe TTOJTHOTO (haKTOPHOTO SKCIIEPUMEHTA BAPbUPYIOTCS Ha ABYX YPOBHSX.

JlomycTuM, oONpeneneHHOMY U3 aHajiu3a allpuopHON MH(opManuu Hau-
MydmieMy 3HAYCHHIO TapameTpa ONTHMH3AIUH COOTBETCTBYET KOMOWHALUS
ypoBHel ¢akTopoB. Kaxknas xoMOHMHAIMs SBISIETCS MHOTOMEPHOM TOYKOH B
(axTopHOM TIpocTpaHcTBe. E€ MOKHO paccMaTpHBaTh KaK HCXOJHYIO TOUKY JUIS
MIOCTPOCHUS IIaHa dKcrepuMeHTa. Ha3bIBaloT €€ OCHOBHBIM (HYJIEBBIM) YPOB-
HeM. [locTpoeHue MmmaHa SKCIEPUMEHTa CBOTUTCS K BHIOOPY IKCIIEPUMEHTAIb-
HBIX TOYEK, CHMMETPHYHBIX OTHOCHTEIIFHO HYJIEBOTO YPOBHSL.

2.3 BbIOOp MHTEPBAJIOB BAPbHPOBAHUS

Jns kaxnoro (aktopa BBIOMpAIOT 1Ba YpPOBHS, Ha KOTOPHIX OH OynmeT
BapbUPOBATHCS B OKCIIEPHIMEHTE.

Ha3zbpiBatoT oquH U3 3THX YPOBHEH 6epXHuUM, a BTOPOH — HudicHum. Hu-
mepeanom BapbUPOBaHUS (AKTOPOB HA3BIBAETCS HEKOTOPOE YHCIO, MpHrbaBie-
HHE KOTOPOTO K OCHOBHOMY YPOBHIO JaeT BEPXHH, a BBIYATAHWE — HWKHUI
ypoBeHb (hakTopa. [IpyruMH CIIOBaMHM, HHTEPBAT BapbUPOBAaHHUSA — 3TO  pac-
CTOSIHME Ha KOOPAMHATHON OCH MEXIY OCHOBHBIM M BEPXHUM (MJIM HHXXHUM)
YPOBHEM.

Jlns ynpoImeHus 3amicH yCIOBUH SKCIEPHMEHTa U 00pabOTKH 3KCIepH-
MEHTAIBHBIX JaHHBIX MOJIb3YIOTCS KOAMPOBAHHBIMHU MepeMeHHbIMU. [lepexon k
KOANMPOBAHHBIM IIEPEMEHHBIM OCYILIECTBISIETCS 10 cieaytoeil popmye:

xj = % (2.1)
J
T7le X; — KOJMPOBAaHHOE 3Ha4eHue (haKTopa; ¥; — HATypanbHOE 3HaUCHUE (aK-
TOpa; Xj, — HATYPAIbHOE 3HAYEHUE OCHOBHOTO YPOBHS; /; — HHTEPBAN BAPbHU-
poBaHWUsI; j—HOMep (akTopa.

ITycts nmponecc onpexnensercs 9eThIpbMs (pakTopamu. OcHOBHOU YposeHs
U UHMEPBAbL 6APLUPOBAHUS BBIOPAHBI CICIYIOIUM 00pazoM (cM. tadbuuiy 2.1).
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Pucynok 4.2 — CTpyKTypHas cxemMa peakTOpHO-pPEreHepaTOpPHOTo OJI0Ka Tpoliecca MHPOIn3a

P Y24 Ta6muna 2.3 - Marpuia
A5 4 TTAaHHPOBAHHS YKCIIEPUMEHTa 2’
;1 Homep ombita | x; | X5 | X3 | ¥
1 2 1 = U I O ) B ¥
2 [ -1 | -1y
> 3 8 U I U ) B I P
x
! 4 [+ -1 |y,
Pucynoxk 2.2 5 ) laly
-1 5
6 +1 -1 +1 Vs
7 -1 [ +1 | +1 V7
8 +1 |+l + | s

IMpu AByX(aKTOPHOM IKCIIEPHUMEHTE AJs IBIDKEHUS K TOYKE ONTHMyMa
HY>KHa JIMHeWHas moxens y = b, + byx, + b,x,. Hama nens — Haiitu no pe-
3yIbTaTaM 3KCHEPHMEHTa 3HAUYEHHs HEHM3BECTHBIX KOI((UIIMEHTOB MOJEIH.
OneHky k03¢ (UIHEHTOB MOXKHO BBIYMCIIUTS 110 IIPOCTOM (opmyie

>
- XiYi 29
b =—=2__ j=0,1,..,k 22)

J N

Bocnons3yemcst aTo#t popmyroi s moacdera Kodppuuuentos b; u by:

b = =Dy, + (+Dy, + (=Dys + (+ Dy,
1~ 4 ]
_ Dy, + Dy, + (+Dys + (+ 1Dy,

2 :

b,

bnaronapst konupoBanuio GpakTopoB pacueT K0IPPHUINESHTOB MPEBPATHII-
csl B TIPOCTYIO apu(pMeTHYecKyo nporenypy. [nsa nmogcdera xoaddunmenrta by
UCIIONB3YETCs BEKTOp-cToN0eN x;, a miust b,— cronbern x,. [y HaxoxaeHus b,
o Gopmyie Ui BEIYUCICHUS KOAPGUIIMEHTOB (2.2), B MATPHILY TUIAHUPOBAHHSI
yIOOHO BBECTH BEKTOP-CTONOE (PMKTUBHOH IIEPEMEHHOMH Xy KOTOpasi IPUHAMa-
€T BO Bcex omnblTax 3HaueHue +1 (cM. tabauiy 2.1).
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KonuvecTBo Tenna, yHOCHMOTO U3 peakTopa MpOAyKTaMh Qypoy, CKIIAIBI-
BaeTcs M3 TeIlla, YHOCUMOIO ra3000pa3HbIMU MPOAYKTaMU M JKUIKUMHU IIPO-
JIYKTaMH, HaxOASLIMMHUCS B mapoBoil ¢asze. KoauyecTBo Termia, yHOCHMOIo
JKUJKAMHI TIPOTYKTaMH, HaXOIAIIMMHCS B NApoBOH (hase, ompenensercsa Mo
YPaBHEHUIO

0 =209,2-130,25 - p2 +(0,543 - 0,134 - p/>)-T +

43

+(0,00234 —0,00059 -p2)-T? “3)
TeruoBol A3 deKT peakiuii MUpoIr3a onpeaeseTcs no Gopmyse

AH =(300-(1+x)+1500-x° )-1000, 44

T7Ie X — CTETeHb PEBPAIICHUS CHIPBSL.

TemmepaTypa B peakTope OIpenersieTcst TeMIIepaTypoil B 30He CMEIICHUS
CBIPBS C KAaTAJIM3aTOPOM M TEMIIEPATyPOil MPOAYKTOB U KaTaln3aTopa Ha BbIXO-
JIe U3 PEaKTOpa CICAYIOLINM YPAaBHCHUEM:

T = T 661X + T X

p =
2

TeMHepaTypa B 30HC CMCIICHHSA KaTalinu3aTopa C ChIPbEM OIIPCACIIACTCA

M3 TEIUIOBOTO OajaHca B 30HE CMEIICHHUS METOJIOM HUTCPALMOHHOTO HpI/I6J'II/I)Ke-
HUA:

. (4.5)

n-C,-T, +AH =n-C, T +AH_, (4.6)

Cbipbs
e X — KPaTHOCTh LUPKYJSILMKE KATanu3aropa; 1, — UCKoMas Temmeparypa, K;
AH ¢y - TETIOCOJIEPKAHNE CHIPBS TIPU COOTBETCTBYIOIIEH €My TEMIIEpAType, C
KOTOpO#1 OHO TozaeTcst B peaktop; AH, — TemIocoiepkaHue CHIPbs B ITapOBOH
(aze TOCIIE YCTAHOBJICHHS TEMIIEPaTyphbl cMereHus 1 .

TemnepaTypsl Ha BBIXOAE M3 peaKkTopa M TeMIlepaTypa B pereHepaTope
HAXOAATCA M3 TEIUIOBBIX 0AallaHCOB PEeaKkTOpa M pereHepaTropa ¢ UCIIOIb30BaHU-
€M UTEPallMOHHOTO METOAA, T.€. MOCTEHEHHOTO IMPHONIKEHUS K ICKOMOMY pe-
HICHHUIO.

TemnepaTypa Ha BEIXOZI€ M3 PEaKTOpa OMpeeNseTcs M0 ypaBHEHHIO

* *
_ me + oncm.om: + Qcmpwz + Qs.n. - Qmem.peaxuuu - anm.
6bix 4
me ' CKm + G ’ C + anor). ' AH + Ge,n. ’ Cs,n,

KOKC KoKc

4.7

npoo.

r1€ Gan Groxer Gupoo-» Gen. — COOTBETCTBEHHO KOJIMYECTBA KAaTaaM3aTOPa, KOKCa ,
NPOJYKTOB PEAKIMI IMPOIIN3a, BOAIHOTO napa; C; — UX TEMI0eMKOCTH; AH,,,00.
— TEIUIOCOAePIKaHNE TPOAYKTOB PU HCKOMOH TeMIiepatype T,

TemmepaTypy B pereHepaTope onpeessieM 0 YpaBHEHHIO

C poctom yncina (pakTOpOB YKCIO BO3ZMOXKHBIX B3aUMOJACHCTBHH OBICTPO
pacteT. Marpuiia miaHupOBaHUS 2% ¢ YYETOM BCEX BO3MOKHBIX B3aUMOJICHUCT-
BUI TIpuBe/ieHa B Tabmuie 2.6.

Ta6mmuia 2.6 — [TosHslii pakTOpHBIA dKCIIepuMeHT 2°

HOMep OIIbITa X0 X7 X2 X3 XX X1X3 XoX3 X1XoX3 y
1 +1 -1 -1 |1 ] 4 +1 +1 -1 Vi
2 +1 | +1 -1 -1 -1 -1 +1 +1 V)
3 +1 | -1 +1 -1 -1 +1 -1 +1 V3
4 +1 | +1 +1 -1 +1 -1 -1 -1 7
5 +1 | -1 -1 +1 +1 -1 -1 +1 Vs
6 +1 | +1 -1 +1 -1 +1 -1 -1 V6
7 +1 | -1 +1 +1 -1 -1 +1 -1 7
8 +1 | +1 +1 +1 | +1 +1 +1 +1 Vs

Cronber 3¢ dexra B3aNMOIEHCTBUS X X,X; MONydaeTcs MepeMHOKEHHEM
BCEX TpeX CTOJOIOB M Ha3bIBaeTcs 3(P(EeKToM B3aMMOICHCTBUS 6MOpo20 NO-
paoka. pdekt B3auMoaencTBUS ABYX (pakTopoB HazbiBaeTcs 3PPEKTOM B3au-
MOJICHCTBUS nepgoco nopsaoka. Booodiie 3pdexT B3auMoeiicTBUS MaKCHMalb-
HOTO MOPSI/IKA B MOJHOM (haKTOPHOM SKCIEPHUMEHTE HMEET MOPSIOK, Ha SIMHH-
Iy MeHbIMKA 4uciaa (HakTopoB. J[OBOJBHO YacTO MPUMEHSIOTCS CHHOHUMBI:
napHvle s¢gpgexmol 83aumooeiicmaus (X,x;), MmpotiHvle (X;X;X3) U T. 1.

IMosicaum  usmueckuit cMbica 3¢ dexra B3aHMOACHCTBHSA CIIEAYIOMNM
npuMepoM. Ha mporecc nmupoimsa yrieBoIopOIHOTO CHIPbS BIUSIOT IBa (hak-
TOpa: Temnepamypa W epemsa Kowmakma. B o0nacTu HU3KUX TeMIEpaTyp yBe-
JTMUYCHWE BPEMEHH YBEIMYMBAeT BHIXOJ NpoAykra. [Ipm mepexoze B obiacTh
BBICOKHX TEMIIepaTyp 3Ta 3aKOHOMEPHOCTh HapymliaeTcs. 37ech, HalpOTUB, He-
00XOMMO yMEHBIIATh BpeMs KOHTakTa. DTO M €CTh HposBiIeHHEe 3(dQexra
B3aHMOJICHCTBH.

OpTOroHaNBPHOCTh MAaTPUIIBl TUIAHUPOBAHMS MO3BOJISIET IONYYUTH He3a-
BHCHIMBIE JIPYT OT JIPYTa OIIEHKH KO(PPHUIIMEHTOB. ITO 03HAYAET, YTO BEIINYNHA
moboro kodpduLueHTa He 3aBUCUT OT TOTrO, Kakhe BEJIMYHHBI UMEIOT ApYrue
KO3 HUITUCHTHI.

3 METOJA KPYTOI'O BOCXOXIEHHUSA

Boime  paccMOTpeH  METOA  IIOCTPOCHHS  OKCIEPHUMEHTAIbHO-
CTaTHCTUYECKUX MOJENeld B BUAE YPABHEHUM perpeccuu. 31ech PacCMOTPUM
BOIIPOC O TOM, KaK MCII0JIb30BaTh 3T MOEIH JUIsl ONTHMU3ALINU.

Merton KpyTOro BOCXOXKACHHS 4acTO UCIONb3yeTCsl, €CIU YpaBHEHUE perpec-
CHH, TIOJTy4YaeMoe B pe3yJIbTaTe HUCCIeOBaHusl, SIBIseTCs (QYHKIMEH ONTHMH3ALUH.
Merto OCHOBaH Ha TOM, UTO KO3 uyuenmol IUHEUH020 YPAGHEeHUsl PETPECCHI
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T — Temneparypa B peakrope; Q — pacxos CbppeBOi cMecu; QBI — pac-
xoJ] BozsiHOro napa; C — cocraB chIpbsi; TC — TeMIepaTypa ChIpbsi Ha BXOJIE B
peakTop; TBI — TemmepaTypa BOJSHOTO ITapa Ha BXOJIe B PEaKTop; YOI — BbI-
XOJI CyMMBI OJIe(HHOB; Y3 — BBIXOJA dTHJIECHA; YT — BBIXOJ MpomnmieHa; YO —
BBIXOJl CyMMBI Oy THJIEHOB
Pucynok 4.1 — Cxema Mozenu peakTopa

4.2 Onuncanne KOMIbITEPHOI MO/e/H MpoLecca MUPoIn3a

MareMaTn4eckoe MOJCIHPOBAHUE B IOCIECIHEE BPEMs CTAHOBHTCS BCE
6onee 3PPEKTUBHBIM METOJIOM HAYYHOTO HCCIICJIOBAHWS, OCHOBAHHBIM Ha IIO-
3HAaHUH M3Yy4aeMOTr'0 XHMHKO-TEXHOJOTHYECKOTO IpoIecca ¢ MOMOIIBI0 Mare-
MaTHYecKod Mozenu. MopenupoBaHHE M PacueThl MPOILECCOB M XMMHYECKUX
PEaKTOpOB CBA3aHBl ¢ HEOOXOJUMOCTHIO BHIOOpAa HAWIYUIIEro BapHaHTa M3
MHOTHX BO3MOXHBIX.

Mopenmupytomas KOMIIBIOTEpHAsE IPOrpaMMa MpeCTaBIseT co00i TOKy-
MEHT JJIeKTpOHHOW Tabmuuel Excel, ¢ mporpamMmHBIM mpuioxkeHueM Visual
Basic u mpennasHadeHa Uil MOAEIMPOBAHMSA M pacuéTa Ipolecca TePMOKOH-
TaKTHOTO U TEPMOKATAIUTHYECKOTO PAa3JIOKEHUsI YIJIEBOAOPOJIOB B JHPT-
peakropax B TemneparypHoM unHreppane oT 450 go 800 °C. Pacuér mpousso-
JIUTHCS COBMECTHO JIN(T-pEaKkTopa U pereHepaTopa.

CTpyKTypHas cXeMa peakTOpHO-pereHepaTopHoro 0Jo0kKa mporecca mupo-
TM3a TIpUBEJeHa Ha PUCYHKe 4.2, TIe PH MOACITHPOBAHUN BBOJSTCS OCHOBHBIE
BXOJHBIC W BBIBOAATCS BBIXOJHEIC IIEPEMEHHEIE.

B Mmaremarnueckyro MoJenb PEaKTOPHOTO OJOKa BXOIAT: MaTeMaTHue-
cKue MojJenu JudT-peakTopa MUPOJU3a U pereHeparopa MHUKpochepryeckoro
KaTtanu3aTropa (KOHTaKTa) B KUIIALIEM CIIOE.

2 PaccuntsBaroTcst K03 QUIMEHTH ypaBHeHHs perpeccud (3.1) mpu nn-
HEHHBIX wieHax b; u b, 1o ypaBHeHUIo (2.2).

3 Haumnaercst IBM)KEHHE B IUIOCKOCTH, OIMCBIBAEMOH ypaBHEHHEM
perpeccu, U3 IEHTpa IUIaHa B CTOPOHY IpagueHTa (IIyHKTHpHAsS CTpeNka Ha
pucyHnke 3.1)./y1s 3TOro oJuH U3 BIHAIOMUX (HAKTOPOB MPUHUMAIOT 3a 6a30-
BBIH U JIJIsl HETO BBIOMPAIOT LIar ABMXKEHUS /i;. [l ocTanbHBIX (pakTOpoB miar
JBIDKEHHS K ONITUMAIbHOMY 3HAUEHUIO /1; PACCUUTHIBAIOT MO (opMyIie
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INocne xaxkmoro mara (omsITH 5-9 Ha pucyHKe 3.1) CTaBAT KOHTPOIBHBIH
9KCIEPUMEHT ISl IPOBEPKHU, HACKOJIBKO aJ€KBATHO ABM)KEHHUE 110 I'PATUEHTY
(akTHUEeCKOMY MTOBEIEHHIO MpoLecca.

4 Ecnu Ha HEKOTOPOM IIIare ABIKCHUS IO TPAIUEHTY MOJENb OKa3aiach
y’Ke HeaJeKBaTHOH (B ITOCIIEAYIOIIEM OIBITe 3HAUYCHHE KPUTEPHS ONTHMAIBHO-
CTH CTaJO HWXKE, YEM B MPEABIAYILIEM OIBITE), T. €. IO X0y JBHXKEHHUS COBEp-
LIWJICS TIepexo]l depe3 XpeOTOBYI0 JTUHUIO 1eNeBOl (YHKIMH, TO BO3BpaIla-
IOTCSI Ha MIEPBBIA MyHKT QJITOPUTMA, PACCMATPUBas B KA4eCTBE IIEHTPa HOBOTO
IJIaHa MOCJIEIHIO YIA4YHYI0 TOUYKY JBIKEHHS O TPaJueHTy (Touka 9), B Hei
pa3pabaTbIBaeTCsl HOBBIH TUIaH U MPOJIOJDKAIOTCS 2 U 3 THKTHI allTOpUTMA.

B utore pemenus 3agaun HampaBiIeHUE TPagHeHTa MEHIETCS OOBIYHO
2-3 pa3za, MoCJe 4ero MPOMCXOAUT 3alUKIUBAHUE AITOPUTMA — YK€ IEPBBIH
hiar U3 LeHTpa OYePEeJHOro IJIaHA CTAHOBUTCS HEYNAYHBIM. JTO O3HAYaeT,
YTO B XOJ€ JABHXKEHHUS MO TPaIUeHTy MbI HOAOLUIH AOCTATOYHO OJU3KO K
sKcTpeManabHONW oOmacTu. Torjga mnaH MepBOTO MOPSAKA JOCTPAHBAETCS
JI0 OPTOTOHAJBHOIO IUIaHA BTOPOTO NMOPSAJKA, BBHIIOJHIETCS 3KCIEPUMEHT
[0 MaTpulle MJIAHUPOBAHHUS BTOPOTO MOpsAKA, paspabaThiBaeTcs KBaJpa-
THYHOE YpPABHEHHE PETrpPecCHU U OMPEAeNSIOTCS KOOPAHMHATHl ONTHMyMa
KJIACCHYECKHM METOIOM C IIPUPAaBHUBAHMEM HYNIO IEPBBIX IIPOM3BOJIHBIX
KBaJPaTHYHOTO YPABHEHHS PETPECCHH II0 MapaMeTpaM ONTHMH3UPYEMOro
mporecca.

[pu HanmIuMM OTpaHUYCHUH B 00IACTH ONTUMH3ANNH, HE TTIO3BOJIIOMINX
JIOCTHYb TOUYKH HKCTPEMYMa, METOJ KPYTOTO BOCXOXKIEHHsI OOBIYHO I103BOJIET
ONpEe/eINTh HaWIy4lllue yCJIOBHs BeeHUs Ipolecca.

b;. (3.3)

4 KPATKOE OIIMCAHME TEXHOJOI'HYECKOI'O OFBEKTA

OCHOBHBIM aIlapaToM YCTaHOBKH MPOIIecca MUAPOIH3a SIBISICTCS PEAKTOP
(TpyOuaThlii peakTop - Meub MUPOJIU3a).

4.1 Onmucanue mpoiecca MUPOJIU3A

B peakropax muposn3a MPOUCXOAST pa3iMyuHbIe TEPMHUYECKUE MNpeBpa-
LIEHUs YIJIEBOJOPOIHOIO ChIPbs C IIOJIyYEHHUEM BOJOPOJA, 3TUIIEHA, IPOIMIe-
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B y4ebHO-MeTOANYEeCKOM MTOCOOMH MPHUBEACHBI TEOPETUIECKUE OCHOBBI MNMPUJIOKXEHHUE A
ONTUMAJBHOTO TUIAHHPOBAHHS IKCIIEPUMEHTOB, TOJHOTO (DPaKTOPHOTO JKCIIe-

Bapl/lal-lTl)I K BBIIIOJTHCHUIO TIOMAIIIHEI'0 3aJaHUsA
PUMCEHTA U METOAa OIITUMU3AINH — METOJAAa KPYTOro BOCXOXKICHU. HpI/IBeI[eHa

METOAMKA BBINOJHEHUS JOMAIIHEro 3amanus. [laHHoe mocoOue MOXKeT ObITh OCHOBHO ypOBEHb TTapaMeTp omTuMH3AIHHT
HCIIOJIB30BAHO MPH BBIMOJIHEHUN JOMAIIHETO 33/IaHUsl CTYASHTaMM CIIeLHallb- Jons Ba- X; X
HocTH 240403. Howmep KyymHOro
BapHaHTA rasonns B | TeMmmeparypa | Pacxop BOATHOTO
ShIPEE, B peakTope | mapa, %macc.Ha | BBIXOJ MPOAYKTa, T/CYT
Yomacc. Tp,o C ChIpBE
1 5 650 10 OTHieH
2 10 650 100 [Iponuiex
3 15 650 100 CyMMBI 011e(DHHOB
4 20 650 10 OtHnex
5 25 650 100 ITponunex
6 30 650 100 CyMMBI 011e()HHOB
7 35 650 10 OTHnex
8 40 650 100 [Iponuien
9 45 650 100 CyMMBI 0JIe()HHOB
10 50 650 10 Otunex
11 55 650 100 ITponuien
12 60 650 100 CyMMbI 0J1e)HHOB
13 65 650 10 OtuieH
CocraBurenn Myprazun @.P., nou., KaHJI. TEXH. HAyK 14 70 650 100 ITponuien
15 75 650 100 CyMMBI 0JIehHHOB
PenensenTsr: Kyszpmunbix I1.B., gom., kaaa.us.-Mat. HayK 16 80 650 10 OtuieH
Anexcee C.B., raBHbIN CIENUANUCT OT/ENA 7 85 650 100 [pormien
TEXHUKO-TEXHOJIOTHYECKOTO  I[UIAHUPOBAHHS 18 90 650 100 Cymmb! onequHoB
JenapTaMeHTa IIEPCICKTHBHOTO Da3sBUTHA U 19 95 650 10 OtuiieH
nnaBectumii OAO CHOC, xaHz. TexH. HayK 20 100 650 100 Ipornen
21 93 650 100 CyMMBI 0JI€(HHOB
22 83 650 10 OtHnex
23 43 650 100 ITponunex
24 33 650 100 CyMMBI 011e(PHHOB
25 23 650 10 OTHnex
26 13 650 100 IIponuien
27 87 650 100 CyMMBI 011e(PHHOB
28 77 650 10 Otuiex
29 67 650 100 [Iponuiex
30 57 650 100 CyMMBI 01e(PHHOB

© Y pumcknit rocyaapcTeennblil HeTAHOMN TexHuueckuii yausepcuter, 2009




[MpuBen€HHbIE ypaBHEHUSI SBISFOTCS JIMHEHHBIMA OTHOCUTENBHO KO dum-
€HTOB PErpeccuy b M IMEIOT JOCTATOYHO MPOCTOH BHJ.

OHH BKIIIOYAIOT ClIaraeMble C JBOMHBIM B3aMMOJICHCTBHEM BXOIHBIX Iepe-
MEHHBIX W HE YYMTHIBAIOT B3aMMOJEHCTBHS OoJiee BHICOKHX MOPSIKOB (TPOMHBIE,
YeTBEpHBIE U T.JI.), BEPOSTHOCTH KOTOPHIX CYILIECTBEHHO MEHBIIIE.

INocnemHee ypaBHEHIE BKIIIOYACT CllaracMble ¢ KBaJpaTaMi BXOAHBIX IIepe-
MEHHBIX, KO3(G(UIIMEHTHI €ro MoMydatoTcs U 00paboTKe pe3ybTaTOB aKTUBHBIX
HKCIIEPUMEHTOB 610P020 NOPAOKA.

VYpaBuenue (1.2) He BKIIIOUAeT cllaraeMble ¢ KBaJpaTaMH BXOJIHBIX Iepe-
MEHHBIX, U €ro KO3((HUIIEeHTH TOIy4JatoTCst Ipr 00paboTKe pe3ysIbTaTOB aKTHB-
HBIX 9KCNepuMeHmog nepeozo nopaoka — Hampumep, [1®D — noanozo gax-
MOPHO20 IKCNEepUMenma.

B Teopum akTHMBHOTO 3KCIIEPHMEHTHPOBAHUS BBIXOAHYIO (3aBHCHMYIO) TIe-
PEMEHHYIO MPUHSITO HA3bIBATh (YHKYUEl OMKIUKA, & BXOIHbIE (HEe3aBUCHMBIE)
nepeMeHHbIe — ¢pakmopamu. COOTBETCTBEHHO KOOPJMHATHOE ITPOCTPAHCTBO C
KOOPAMHATAMH X[, X3 ..., X, HA3BIBAIOT (QAKMOPHLIM NPOCHMPAHCIMEOM, 8 TEOMETPH-
Yyeckoe 300pakeHre (DYHKIMU OTKJIMKA B ()aKTOPHOM IPOCTPAHCTBE — HOGEPX-
HOCMbI0 OMKIUKA.

AKTHUBHBIA 3KCIIEPIMEHT IUIAHUPYETCsT TaKUM 00pa3oM, YTOOBI YIPOCTHTH
00paboTKy €ro pe3yJabTaToB METOAAMH PEIPECCUOHHOIO M KOPPEISILIMOHHOTIO aHa-
nm3a.

2 MOJHBIN ®AKTOPHBII YKCNEPUMEHT

Meton nonHoro ¢akropHoro 3kcrnepumenta (I1DD) cuyxur mias momy-
YeHUSI MAaTEMAaTHYIECKOTO OMHMCAHUS MpoIecca B BUAE OTpe3Ka psapa Teimopa,
COZIEpIKAIEro JIMHEHHBIC WICHBI W MapHbIe B3aWMOAEHCTBUS IEPEMEHHBIX Be-
nu4uH, 1 umeet Buxn (1.1).

Honuvim ¢hakmopuvim sKchepumenmom Ha3BIBACTCS CHCTEMa OIBITOB,
cofeprKaIas Bce BO3MOXKHBIE HEMOBTOPSIONIIECS] KOMOMHAIINN YPOBHEH Bapbu-
poBaHuUs (HaKTOPOB.

2.1 BbIOOp 00s1aCTH IKCIIEPUMEHTA

ITpn BBIOOpE 00TACTH IKCIIEPUMEHTA MPEXKAE BCETO HAJIO OIEHHTH Tpa-
HUIBI o0NacTelt onpenencHus (GaxTopoB. [Ipn 3TOM OIDKHBI yUUTHIBATHCS OT-
PaHUYEHUS HECKOJIBKHX TUIIOB!

| mpUHIMITHATBHBIE OTpaHHYCHUS Ul 3HAYCHUH (HaKTOpPOB, KOTOpPHIE HE
MOTYT OBITh HAPYIIICHBI HU MPH KaKUX 00CTOSTEIbCTBAX;

2 OorpaHWYCHHS, CBSA3aHHBIC C TEXHUKO-3KOHOMHUYECKHMMHU COOOpasKeHUS-
MH;

3 orpaHMYeHHs ONpEIENIeMble KOHKPETHBIMH YCJIOBUSMHU MPOBEACHUS
npotecca.
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6) Ilepeittu B oxHo Illar B HanmpaBJieHUH rpajWeHTa, BBECTU NPHUpA-
IIeHue OAHOro u3 (akTopoB (cM. pucyHOK 5.3). [Ipu 3TOM 3HaYeHHE APYroro
(axTopa BBIUHCIIETCA aBTOMaTH4YecKH. l1lar moypkeH OBITH MEHBIIE WIIH PaBEH
WHTEpBay BapbupoBaHus. Ecinu HanpasieHne BRIOpAaHO MPaBUIIBHO, B OKHE TO-
spigercss Haanuck Illar ocymecrBisiercsi B HanpaBjieHMM Makcumyma. B
MPOTHBHOM CIIy4ae HEOOXOAMMO BBOIUTH OTPHIATENBHOE 3HAUCHHE IpHpAIIe-
HUs QakTopa. 3anuceiBaiiTe ypaBHeHHe JUHEHHOI Mozenu. Bo Bropom cronbue
BBIUMCIISIFOTCS 3HAYEHHs KOOPAMHATHl OYEpPEeHOro OCHOBHOTO YpoBHA. I[lpum
9TUX 3HAYEHUSX IPOBOLUTCA OIBIT Ha Mojenupyromeid nporpamme Lift-
Reactor.xlm.

7) Tlocne KaXkIOro OMNBITa MPOBEPSETCS aNeKBAaTHOCTh ABUKEHHS I10
rpagueHTy (akTH4ecKoMy MOBEISHHIO Mpolecca. Jlerue Bcero 3To caenarts,
CpaBHUBAas 3HAUEHUE ONTHMAJIBLHOCTH B MOCJEIYIOIIEM OIBITE CO 3HAYEHUEM
KpPUTEpHUs B MPEIbIAYIIEM OIBITE: €CIIM OHO CTalo, HUXKE, TO pa3pabaTbIBacTCs
HOBBII IJIaH, C UCIOJb30BAaHUEM KOOPIMHAT MPEABIAYIIEro ONbITa B KauecTBE
OCHOBHOTO ypoBHs. Haxoaurcs HoOBoe MareMaTHUeCKOe OMMCaHUue M T.1I.

[NnaHHpoeaHKe ancne pumeHTa-Plant.pe

File O Mporpate

=a8 =i

WCrnoeMa M3 ] Marpuua  War B HANPABNEHMM TRAAHEHTA | MaTpMUE ANA NeyaT

YpaBHEHME LA KOLHPOEaHHEX 2 y=22 25+1 7851 +1 25%:2

WMameHARTEe 3HaYEHHME B MOGOA A4eiike LWar ocyWecTBNABTCA B HANPABNEHHKM  MAKCHMYME
MapameTpel MpWpalWeHWe napaMeTpa |OCHDBHO|F| VAOEEHE |

X 20 :

2 71429 57,143

MepEHECTH OCHOEHOW YPOEEHE BYCNOEWMA 3

Pucynok 5.3 — lllar B HanpaBieHUH I'paiUeHTa

8) Ucnonezys EXCEL, nath TeoOMeTpUYECKYI0 WHTEPIPETAINIO IPO-
1ecca HaXx0XJIEHUs ONTUMYyMa I1apamMeTpa ONTHMHU3AIINH.
9) CnenaTh BBIBOJBI O TIPOJICTIAHHON padoTe.
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Tabmuma 2.1
PaxTop X, X, X3 X4
OCHOBHO#1 ypOBEHb 3 30 1,5 15
HuTepBan BappupOBaHUs 2 10 1 10

OcraHoBuMcsi Ha miepBoM dakTope. OTMETHM Ha KOOPAMHATHOW OCH TPH
YPOBHS: HIDKHHI, OCHOBHOM 1 BEpXHUIA (CM. pUCYHOK 2.1).

4 5 %

HarypasbHble 3HaUCHHUS 1 2
| |
I T T >

KoaunpoBaHHbIE 3HAYEHUS
P +1 X1

o 4+ w

-1
Pucynoxk 2.1

IMpn pemtennn 3adauu onmumu3sayuy CTPEMATCS BEIOpaTh A IIEPBOI ce-
PHUM SKCHEPUMEHTOB TaKylo 10J00JIacTh, KOTOpas AaBana Obl BO3MOXKHOCTh AJIS
LIarOBOTO JBIDKEHMS K ONTHMyMy. B 3amavyax wuwmepnoasyuu WHTEpBaI
BapbUPOBAHUS OXBATHIBAET BCIO OMHCHIBAEMYIO 00JIACTb.

Br16op wmHTEpBaOB BaphHPOBaHUS — 3a7ada TpPyJAHAs, TaK Kak OHa
cBs3aHa C He(opMalu30BaHHBIM 3TAllOM IUIAHUPOBAaHUS 3KcnepuMeHTa. Ha
JTAHHOM JTare MOKET OBbITh IMoJie3Ha clenylollas anpuopHas uHdopMauus —
CBEJCHUS O TOYHOCTH, C KOTOPOH SKCIEPUMEHTATOp (HUKCHPYEeT 3HAYCHUS
(haKkTOpoB, O KPUBH3HE IOBEPXHOCTH OTKIMKA W O IHAIa30HE H3MECHCHHUS
napameTpa ONTUMHU3ALIH.

o <~ k
2.4 Tloaublii GpakTOPHBINA IKCIEPUMEHT THUIA 2

IlepBBIii 3Tanm IUITAHUPOBAHUS JKCIE-
pYMEHTa JJi MOJy4YeHUs] JTUHEHHOM Mopaenu
OCHOBaH HAa BapbHPOBAHUH (DAaKTOPOB Ha
JIBYX ypoBHsX. Ecnu uucio ypoBHe# Kaxao-

Tabnuma 2.2-Marpuna
TUTAHAPOBAHHS
sKcrepuMenTa 2

Howmep X X ¥ ro (akTopa paBHO ABYM, TO MME€EM IOJIHBIN
omnbITa axTopHBIH dkcnepuMent Tuma 2. B atom
1 1 -1 v ciydae, ecim {HCIO (axTopoB U3BECTHO,
MOYKHO HaWTH YHCIIO OIBITOB: N =2,

2 +1 -1 Y2 rae N - 4UCIIO OIBITOB, k -4Kciio GakTopos, 2

3 -1+ ] ys — umcIo ypoBHelH. B kadecTBe mpumepa B

4 +1 | +1 Vi Tabnume 2.2 TpUBElCHa MaTpUIla IUIaHUPO-

BaHMsI SKCTIEPUMEHTA 2 (cM. pucyHok 2.2), a
B Tabmuiie 2.3 - MaTpulia IJIaHUPOBAHUS SKCIIEPUMEHTA 2.
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Mooenupyrowuii anzopumm peann3oBaH cieayoumM oopasom. B cBszu
C TeM, YTO TEXHOJOTMYEeCKHe MapameTpbl pabdoTHl peakTopa M pereHeparopa
B3aUMOCBS3aHbI, pACUeT PEaKTOPHO-PETCHEPATOPHOTO OJIOKA HOCUT UTEPAIMOH-
HBIA xapaktep. [locne BBoa BXOAHBIX MEPEMEHHBIX 331aI0TCA MPUOIHKEHHBIM
3HAYE€HHEM TeMIIepaTyphl KaTalnu3aTopa Ha BEIXOJe H3 JHU(T-peakropa (Miam B
pereHeparope) M cojaep)kaHHeM KOKCa Ha KaTaju3aTope. 3aTeM IMPOU3BOAMUTCS
pacuetr pereHeparopa. CyTh pacueTa pereHeparopa 3akIIOuaeTcsi B OIperese-
HUHM TEMIIEpaTypbl B pEreHepaTope, OCTaTOYHOTO KOKCa Ha KaTaluu3aTope U
KOHIIEHTpAIlMX ra30B B MPOJIYKTaxX TOpeHus. 3Has TEeMIIepaTypy KaTalu3aropa,
MOCTYTAOIIEr0 B PEaKTOp, OIpPENeNIoTCs TeMIlepaTypa B 30HE CMEIIeHUS,
TeMmIeparypa NpoAyKTOB Ha BBIXOJE U3 PEaKkTopa, CpelHss TeMIeparypa B 30He
peakuuu. B Xozme pacueToB onpeaeNnstoTcsl BCe COCTABISIIONINE MaTepPHATBHOTO
W TEIUIOBOTO OallaHCOB aImapaTtoB W BCE BHIXOJHBIC MepeMeHHbIe. BBIXonl
MPOAYKTOB MHPOJHM3a TMPH OSTOM PACCUUTBHIBAIOTCS 1O BEPOSTHOCTHO-
CTaTHUCTUYECKON KUHETUYECKON MOJEIN.

BrruncnenHas B pe3ysibTaTe pacueToB TEMIIEpaTypa KaTalnn3aTopa Ha BbI-
Xo7e U3 JTUPT-peakTopa CPaBHUBACTCS C UCXOJHBIM €€ 3HAUCHUEM U, SCIH pa3-
HUIIa MX NPEBBINIAET 3apaHee 3aJlaHHYI0 BEJIMYMHY, NPUHATYIO 32 KpUTEpUi
PEIIEHHOCTH, PacueT MOBTOPSETCS MPH HOBOM 3HAUEHUH TeMIIEPaTyphI.

5 IIOPAJOK BBIIIOJIHEHUSA PABOTBI

1) BwiOop mapamerpa ontumuzanuu, (GpakTopoB, 00JIACTH ONpEeIICHUSI
(aKTOpOB M OCHOBHOTO YpOBHS (PaKTOpOB (COTJIaCHO BapUaHTY 3aJaHHs IO
MIPUT0XKEHUIO).

2) Bb16op uHTEpBAIOB BapbUPOBaHUS (HAKTOPOB.

3) BriOop 1uaHa (COCTaBUTh MaTPHUILy TUNIAHUPOBAHHS OMBITOB). J1JIs 3TO-
ro MOHO noinb3oBarbes nporpammoii IIJNIAH.exe. ITocie 3amycka nporpaMmbl
B OKHE, [I0Ka3aHHOM Ha PUCYHKe 5.1, BBOAUTE KOOPJUHATHI OCHOBHOI'O YPOBHS
¥ MHTEPBAIBI BAPHUPOBAHHS (PAKTOPOB MOTHOPAKTOPHOrO IKCIIEPHMEHTA 27,

4) B oOkHe, MPHUBEJICHHOM Ha PHCYHKE 5.2, MPOrpaMMON COCTaBISIETCS
MaTpHIia [UTAHUPOBAHUS DKCIIEPUMEHTA B HATYPAJTbHBIX 3HAYEHHSIX (HaKTOPOB,
T.€. YCJIOBUS IIPOBEICHUS OIIBITOB.

5) Hcnone3ys moaenupytouryto nporpammy Lift-Reactor.xlm coriacuo
MaTpulle IUIAHUPOBAHMS IIPOBECTH MEPBYIO CEPUI0 KOMIBIOTEPHBIX OITBITOB.
[Tocne 3amycka nporpammsl Lift-Reactor.xIm Ha MOHHTOpE MOSBUTCS OKHO,
npuBeieHHOe Ha pucyHke 4.2. OCHOBHbIE TE€XHOJOIMYECKUE IapaMmeTphl ycTa-
HOBJIEHBI 10 YMo4aHuio. HeoOXoauMo BBECTH 3HAUSHHSI TEMIIEPATYPHI B peak-
TOpe U KouuuecTBO BoasHoro napa. Ilocne naxarus Ha kHonky ITYCK npowus-
BOJUTCSI UTEPAIIMOHHBIA PacyéT peakTOPHO-PEreHepaTopHOro OJoka. 3aHeCTH
pe3yJIbTaThl OMBITOB Y., B TaOIMIly OKHa MaTpua.




Koaddummentsr npu He3aBH-
CHUMBIX TEPEMEHHBIX YKa3bIBalOT Ha
cuiy BiusiHUSL dakTopoB. Uem 00ib-

Tabmuma 2.4 — Marpuna
TTAHHPOBAHHS YKCIIEPUMeHTa 2

IIe YUCIeHHas! BennmdnHa Kodddum-
€HTa, TeM OOJblIce BIHSHUE OKa3bl-

Homep ombita | X | X5 | X2 | ¥
BaeT ¢akrop. Ecam koadpdunmeHt

HUMEECT 3HAaK IIIIOC, TO C YBEIIMYCHUEM

1 R RN E 3HaueHUs (haKToOpa MapaMerp ONTH-
2 1L+ -1 |y, MU3alMU YBEJIUYUBAETCS, a €CIIU MU-
HYC, TO yMeHbIIaeTcs. BenuynHa xo-
3 +1 | -1 [+1 ] y,
3G PHULHEHTa COOTBETCTBYET BKIAAY
4 +1 41| +1 | vy JaHHOTO (haKTOpa B BEIMYMHY Mapa-

MeTpa ONTHMHU3ALMU TpPU TEPexoje
(hakTopa c HyJIEBOTO YPOBHS Ha BEPXHUIH MM HUKHHIA.

[Inanupys 3KCHEepUMEHT, Ha IEPBOM dTale CTPEMATCS MOJIy4YUTh JTUHEH-

Hyto Mojenb. OHAaKO HET rapaHTUH, YTO B BHIOpPAHHBIX MHTEpBaJaX BapbUpO-

BaHMs MPOLIECC ONMUCHIBACTCS JMHEHHOM Mozenpio. OnuMH M3 4acTo BCTpeyaro-

IMXCS BUAOB HEIWHEHHOCTH

Ta6mua 2.5 — Marpuna mIaHupOBaHus CBSI3aH C TeM, 4T0 3 PerT o-
skcniepumenta 2 ¢ addextom HOro (QaxKropa 3aBUCHT OT
B3aMMOJICHCTBUS YPOBHSI, HA KOTOPOM HaXOIUT-
cs gpyroir dakrop. B arom
Howmep ombita | xp | x; | % | x| ciysae TOBOPAT, HTO HMeeT
MecTo 3(dexT B3auMonaencT-
1 +1 | -1| -1 | +1 |y/| Bus geyx ¢akropos. Ilommsrit
2 +1 | +1] -1 -1 |y,| ®aKTOpHBIi SKCIEPUMEHT TIO-
3 1 |1 | +1 | -1 [y| seomer xomruectseno oue-
HUBaTh 3(QQEKTh B3aUMOJICH-

4 i N 1 pe] crpus (cMm. Tabmumy 2.3).

Teneppr Mopaenb BBITIIS-
JIUT CIEAYIOMIUM 00pa3oM:
y = boxo + b1x1 + bzxz + blexz. (23)
KoaddurreHT b;; BEIYUCISIETCS OOBIYHBIM MTyTEM:
b = (+Dy1 + (=Dy; + (=Dyz + (+ Dy,
12 = g
4
Cronbupl X; U X, 3aJal0T TUIAHUPOBAaHHE — IO HUM HETOCPEICTBEHHO
OTIPENENIOTCSA YCIOBHSI OTBITOB, & CTOJIOLBI Xy U X1X, CIIy>KaT TOJBKO TSI pac-
yera.
pu onmumuzayuu crpemsarcs caenatb dQEGEKTH B3aHMOJICHCTBUS BO3-
MOYKHO MEHBLIMMHU. B 3anavyax unmepnoaayuu, HaIpOTUB, UX BBIIBIEHHE YacTO
Ba)KHO U HHTEPECHO.
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T* — ka + kacca + szsr). + Qmenﬂ.cs. + Q:.n.a. + Q:.n.n. _ Qamg _ Q;:om
s
! GKm ' CKm + G C + Gz) ' Cz)bm.e. + (Ge.n.a. + Ge.n.a_) ' Ce.n.

0CM.KOKC ocm.KoKkc

4.8)

bIM.2.

K oCHOBHBIM BXOIHBIM IEPEMEHHBIM MaTeMaTUYeCKOW MOJENIN OTHOCAT-
csl TeMIiepaTrypa U CKOpPOCTh IOJIa4¥ CHIPhS, KPaTHOCTh LUPKYJISIUN KaTajau3a-
TOpa, pacXxoJ U TeMIEepaTypa BOJASHOTO Iapa, M0JAaBaeMOro B 30HY CMELIEHUS,
TeMIiepaTypa 1 pacxoJl Bo3ayXa, I0JaBaeMOI0 B pereHepaTop AJIs BbDKUTA KOK-
ca.

OCHOBHBIMH BBIXOJIHBIMHU IIE€PEMEHHBIMH SIBJIIOTCS TEMIIEpaTypa B ara-
paTax, riyOMHA MPEeBpAIICHUS CBIPbS, COCTAB IOJIy4aeMbIX MPOJIYKTOB, OCTa-
TOYHBIA KOKC Ha KaTaJlu3aTope U KOHIIEHTPAIUs Ta30B B MPOAYKTaX TOPEHUSI.

Kunernuecknue 3aKOHOMEPHOCTH MPOIECCOB IMUPOJIN3a, BBIKHra KOKCa
OTNHCHIBAIOTCS MaTEMaTHUECKOW MOJIEIIbI0 pa3pabOTaHHON Ha OCHOBE KCIEpH-
MEHTAJIbHBIX U JINTEPATYPHBIX JaHHBIX.

BepostHocTHO-cTaTHCTHYECKAasT KHHETUYECKasi MOJIENb MIPOLIECCOB MUPO-
JIU3a, 110 KOTOPOH OIPENEeNsIFOTCS COCTaBbI MOJy4aeMbIX MPOAYKTOB Ha BBIXOJIE
U3 peakTopa, B o0uieM BUAE NpPEACTaBIsSeT co00il 3aBUCMMOCTH BBIXOZA MpO-
JYKTOB MUPOJIU3a OT apaMeTPOB HOPMAJbHOH (HYHKIUU pacipeaeeHus:

Ci = f(an’GZ’F;pl’F;pZ)’ (4'9)
rae C, — MaKCUMaJIbHO BO3MOXKHBIH BBIXOJ i-TO KOMIIOHEHTA, Fepy U Fepy —
cpeaHue 3HaUeHUs (HaKTOpa KECTKOCTH KPUBBIX 00pa30BaHMS WIH PA3IIOKCHUS;
ol — Juctiepcust GakTopa IKEeCTKOCTH F.

Benuuuna cremeHn BBDKMTA KOKCa B pEereHepaTope OMNpeiensercs IIo

bopmyie
NZak
y-1- 1+k2(2k1Cot/3+k2) , (4.10)

rne C, — HavanpHas KOHICHTpALUsl KUCIOpoaa; k; U k, — mapaMeTpsl, 3aBHCS-
IIMe OT TEMIIEPATYPhI U paJnyca 3epeH KaTalli3aTopa.

MaremaTndeckass MOAENb pereHepaTopa Mo TBepaoil ¢aze kak MPOTOUHO-
TO peakTopa HACATHFHOTO CMEIICHUS UMEeT BH]

t,
Yzl-j(l—y)%dt, (4.11)

rae Y — cpenmusisi cTeneHb BBKHUTA KOKCa; y — CTEeNeHb BEDKUTA KOKCA Ha OT/EIb-
HOM 3epHe; t, — BpeMs, He0OXOUMOE JIJIs TIOJTHOTO BBDKHTA KOKCa C MOBEPXHO-
CTH KaTalu3aropa; ¢ — TeKymee Bpems; t,=M,/G,_ cpenHee BpeMs IpeObIBaHS
Katamu3aTtopa B pereHeparope; M, — Macca Katanuzatopa B pereneparope; Gy —
MAacCOBBII pacxoj MoJayy KaTalnu3aTopa B pereHeparop.




R = R(xq, %5, -, %) = by + byxq + byxy + -+ + bpxy, (3.1)
SABJIAOTCA KOOpAUHATAMU I'PATUCHTOB
b = dR
L7 ox,
b oR
2 =3
0x; (3.2)
b = oR
k= 6xk

U TO3BOJISIOT ONPEACIUTh HAMpPaBICHHE ABMXKCHHUS K dKCTpemyMmy. Pac-
CMOTPHM alITOPUTM MeETOAa Ha NpuMepe ABYX(aKTOPHOTO Mpoiecca
R = R(x,,x;) = max (pucyHok 3.1).

X,

Xy

Pucynok 3.1 - OnTuMu3zanys 0o MeToLy KpyTOro BOCXOKAEHUS

1 B npousBoabHON TOUKe 00J1aCTH ONTHUMH3ALNU pa3padaThIBacTCs TUIaH
MIEPBOT0 MOPSAKA 110 MOJTHOMY (PaKTOPHOMY SKCIIEPHUMEHTY.
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VYpaBHEHUs, BXOAAIINE B MOJACTHPYIOIINN alTOPUTM, CBSI3BIBAIOT MEXIY
co00i1 MaTepualibHbIE, TEIJIOBBIE, XMMUYECKHE, TUIPOJANHAMUYECKHE, KOHCT-
PYKTUBHBIE U IpyTUe apaMeTphl.

MarepuanpHble H COOTBETCTBYIOIINE UM TEIUIOBbIE OATaHCHI peakTopa U
perexeparopa COCTaBJISIOT OCHOBY alll'OPUTMa pacuera.

TeruoBo#i 6anaHc peakropa:

Q}(m + anod. + QKOKC(Z + Qs.n. + Qmem. peaxyuu + Qnom. =

. . 4.1
= Km + Q{)cm.r«mc + Q(,'blpbil + Q(f.l’l ;
TEIJIOBOH OajlaHC pereHeparopa:
* *
QKVM + Q()CHLKOKC + Q()bl}lLZ + Q(?Jl.[l. + QBJ’!.O. + Qnom. + Qonm = (4 2)

= QKW[ + QKOKC(I + QSO?() + QmEVUI,CZ, + Q:Jl,ll, + Q:JI,O, 4

rae Q*,, — KOJIHYECTBO TeIlIa, YHOCHMOE M3 pereHepaTopa U BHOCHMOE B Peax-
TOp KaTanu3aTopoM; Ooem xoxe — KOIUUYECTBO TEIJIA, YHOCUMOE U3 pereHeparopa
1 BHOCHUMOE B PEaKTOp KOKCOM; O, — KOJIMUECTBO TEIUIA, YHOCUMOE M3 PEaKTo-
pa ¥ BHOCUMOE B PETeHEpaTop KaTtanmu3aTopoM; (yoxs — KOJIMYECTBO TEIUIA,
YHOCHMOE U3 PeakTopa U BHOCUMOE B pereHepaTop Kokcom; O *,, — KOJIUYECTBO
TeIula, BHOCUMOE B PEaKTOp BOIASHBIM MapoM; (., — KOJIUYIECTBO TEIIa, YHOCH-
MO€ M3 peakTopa BOASHBIM mapoM; O, , — KOTHUECTBO TEIia, BHOCHMOE B pe-
TeHEpaTOp BOJSHBIM MapoM, aJcopOMPOBAaHHBIM Ha KaTtamu3arope; Q*,,, — Ko-
JIMYECTBO TEIIa, YHOCHMOE M3 pereHeparopa BOASHBIM MapoM, aJcopOupoBaH-
HBIM Ha Katanuzatope; O, — KOJINYECTBO TeIjIa, BHOCUMOE B PEreHEepaTop BO-
JISTHBIM TIApOM, TIOJIaBaeMbIM Ha OoTHapky; Q%;,, — KOJIWYECTBO TeIUIa, YHOCH-
MOE M3 PETEHEPATOPA BOISHBIM [APOM, MOAABAEMBIM Ha OTHAPKY; Doy . — KO-
JIMYECTBO TEIUIa, YHOCHMOE M3 PEereHepaTopa JIBIMOBBIMHU ra3aMy pereHepalni,
Q030 — KOIMYECTBO TEILUIA, BHOCUMOE B PETEHEPATOP BO3LYXOM HA CIKUI'AHUE
KOKCa; O*pom 1 Opom — NOTEPH TEIUIA B OKPYKAIOILYIO CPENYy B pEreHepaTope 1
B PEAKTOPE COOTBETCTBEHHO; (Jyms — KOIMYECTBO TEIJIa, OTBOAUMOE U3 pPEreHe-
paropa depe3 3MeeBHKH; (ype — KOJIUYECTBO TEIIA, YHOCHMOTO M3 peaKkTopa
nponykramu; Ocypuy — KONMYECTBO TEIIA, KOTOPOE BHOCHTCS B PEAKTOpP C
CBIPBEM.

KonnuecTBa Temia, NOABOAUMBIC U OTBOJMMBIC U3 PEaKTOpa U pereHepa-
TOpa OOJIBIIMHCTBOM MaTEPUABHBIX TOTOKOB, PACCUUTHIBAIOTCS 110 M3BECTHBIM
KJIACCUYECKUM BBIpaKEeHUsIM. 1711 MaTepHanbHBIX TIOTOKOB, KOMIIOHEHTHBIH CO-
CTaB KOTOPBIX HEU3BECTEH, KOJHYECTBA TEIUIA PACCUUTHIBATUCH 110 Pa3THIHBIM
COOTHOILIECHHUSIM, IPUBEACHHBIM B JIUTEpaType.
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Ha, MeTaHa, OyTajneHa, OyTIIICHOB, O€H30/Ia, CMOJIUCTHIX HPOIYKTOB, KOKCA H
JPYTHX TPOAYKTOB. JIJIst obecriedeHnst CTabMIBbHOM paboTHI MeYr MHPOJIN3a He-
00X0MMO HOAJEPKUBaTh ONTHMAIbHBIE MapaMeTpPhl Mpolecca, 00ecnedrBaro-
mue TpedyeMble BBIXOIBI TPOTYKTOB.

IMuponu3 mpexacTaBiseT co0Oi CIOXKHBIN MPOIECC XUMHIECKUX PEaKIui,
JISNAINUXCS Ha IEPBUYHBIE U BTOPUYHbIE peakiuy. K NepBUUHBIM peakusIM OT-
HOCSITCSl peaklUM pacIlerieHuss (KPeKUHra) MOJISKYJ mapauHOBBIX M HadTe-
HOBBIX YTJIEBOJOPOJOB C MONydeHHEM 3THIICHA, IPONMIEHa, METaHa, 3TaHa, BO-
Jopona. Bropudssle peakiiuy — 3T0 B OCHOBHOM HPEBpaIIeHHs THIIA KOHACHCA-
UM U NOJIMMEPU3alMHU, B Pe3yJIbTaTe KOTOPBIX U3 HEIPEAEIbHBIX YIJIEBOIOPO-
JIOB TIOJY4alOTCs THONICUHEL, a B JAbHEHIIIEM apOMaTHYECKUE YTIICBOIOPO/IBL.

OO6pazoBaHMe KOKCa NpU MHUPOJIU3E ABIAETCA PE3yIbTaTOM BTOPUYHBIX
peakiuii KOHASHCAUK 1 nonuMepusanui. Kak B Xoie nepBUYHBIX, TaK U BTO-
PHUHBIX [IPEBPALICHUI NPOTEKAIOT peakUuu Aeruapuposanus. Bee npespare-
HUS, TIPOTEKAIOIIIe IPU THPOJIN3e, IMEIOT CBOOOIHO - PaIUKAIBHEIA XapakTep,
MEXaHHU3M IPEBPALIECHUs — LIEIHO.

IMuponus B—rekcaHa:

CeHys = CHy + C4Hy
CeHy4 = C3Hg + C3Hg
CsHiy = C¢Hy, + H,
Ce¢His = CH4 + CsHyo
CeHi4 = C4Hg + C.Hs

B nanpHelimeMm nonydeHHbIE NMpenenbHbIE YIVIEBOAOPOABI B CBOIO Oue-
penb pasnararoTcs:

C;Hg = CH, + C,H,
C;Hg = C3Hg + H,
CsH,o= C,H4 + CoHg
C4H;o = C;sHg + CH,4
CH;o=CsHg + H,
C,H¢=C,Hy; + H,

ITuponu3 nuknorekcana. [lepBuunsie peakuu:

C(,H]z = C4H6 + CzH(,
CeHy» = C4He + H, + C,H,
CsH,, = C¢Hg + 3H,

Bropuunsie peakunu (00mue 11t 000MX HCXOJHBIX YTIICBOAOPOIOB):
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C,H;=C,H, + H,

2C,H4 = C4Hg + H,

C,H,; + C4Hg = C¢Hg + 2H,

C,H,; + C4Hg = C¢Hs + C,H;

C¢Hs + C,Hs + C,Hy = CgHy(C,Hs),
CeHs + (CoHs), = CyoHg + 3H, m .21,

Uem BbIIIE TeMIIepaTypa MUPOJIA3a, TEM BbllIe KOHBEpcUs Chipbsi. Ecin
MEHSETCSI COCTAB ChIPbsI, IPEANIOYTUTENBHO MOAJIEPKUBATH 3aJaHHYI0 TeMIIepa-
Typy B pEaKTope, 4TOOBI MOJICPKUBATH MOCTOSHHON OTHOCHTENBHYIO JKECT-
KOCTb IIMPOJIH3A.

OCHOBHBIE BXOJHBIE U BBIXOJHbIEC IEPEMEHHbBIE PEaKTOPa NMPHUBEICHBI Ha
pucyrke 4.1. OOBIYHO Ha NPOTEKaHME IIPOIlecca MUPONN3a BO3IECHCTBYIOT U3-
MEHEHHEM pPacXoJa CHIPhEBOH CMECH U TeMIIepaTypsl B peakrope. Takum obpa-
30M, OCHOBHBIMH DEIYJIMPYEMbIMH BXOIHBIMH MEPEMEHHBIMH PpEaKTopa,
BIIMSIONIMMH Ha MpoLecc MUpoiu3a, ssistores O, T.

OCHOBHBIC BBIXOJHBIE MEPEMEHHBIC peakTopa: Y,, - BEIXOA CyMMBI OJle-
¢uHOB; Y, — BEIXOJ 3TWICHA; Y, — BBIXOJ MPOIMICHA; Y5 — BBIXOJ CyMMBI OyTH-
JICHOB.

OCHOBHBIMH CTaTUYECKUMH XapaKTePUCTUKAMU PEAKTOPA SIBIISIOTCS:

1 3aBucumocts Y, = f(T, Q);

2 3aBucumocts Y, = (T, Q);

3 zaBucumocts Y, = f(T, Q);

4 zaBucumocts Y5 = f(T, O).

Hccnenyemslit 00beKT (peakTop) MpeACTaBIEH B BUAE aHAIUTUYECKOI
MaTeMaTU4EeCKOH MOJEIIH.




