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1 OHNTHUMAJIBHOE IIVTAHUPOBAHUME SKCIIEPUMEHTOB

[Ipy npoBenEHUM OMBITHBIX MCCIECAOBAHUN Pa3INYalOT MACCUBHBIA U aK-
TUBHBII SKCIIEPUMEHT.

MeTononorust naccugHo20 IKCNEPUMEHMUPOSarUsl TIPENIONAracT MIPOBEICHHE
OOJIBIIION CEepUU OTBITHBIX MCCIIEIOBAHUNA C MOOYEPETHBIM BapbUPOBAHUEM 3HAYE-
HUU BXOJIHBIX MIEPEMEHHBIX X U aHAIN30M PE3yJIbTaTOB U3MEPEHUN BBIXOIHOM Tie-
PEMEHHOH y (1a00pamopHbill SKCHEpUMEHm N IKCNePUMEHI HA NUTOMHOU YCMAHOG-
ke). K maccCMBHOMY 3KCIIEPUMEHTY MIPUHSIITO OTHOCUTH TAK:KE U COOP OIBITHBIX JIaH-
HBIX B PEXKHUME SKCIUTyaTal[ii MPOMBIILUICHHOW YCTAHOBKM — TaK HA3bIBAEMBI
NPOMBIUUTEHHBIU IKCNEPUMEH.

O0paboTKa pe3ynbTaTOB MACCUBHOTO SKCIIEPUMEHTa MPOBOJIUTCS METOJIaMU
PErPECCHOHHOTO U KOPPETSAIMOHHOTO aHaIN3a, U BBIOOP BUA IMITMPUIECKON MO-
nenu (ypaBHEHHUSI perpeccuiu), T.€. PelIeHHe 3ajadyd CTPYKTYpHOU uieHTu(duka-
L[1Y, SBJIIETCS JOCTATOYHO CJIOXKHOW 3aadeld. ITO CBS3aHO C TEM, YTO BH] ypaB-
HEHHS perpeccur HeoOXOAMMO OMPENENsATh MO XapaKkTepy U3MEHEHHs MepeMEeH-
HBIX Ha TpaduKe SMIUPUYECKON JIMHUU PErPEeCcCHU, MOJYYSHHOU MO BBIOOpKE
HKCIEPUMEHTAIIbHBIX JaHHBIX.

JUta pemeHns 3Tor 3a1a4M JUIsl OJHOW BXOJIHOM NMEPEMEHHOU X IIPEJIOkKe-
Hbl () (PEeKTUBHBIE METOJIbI, B KOTOPBIX MpeaycMaTpUBaeTcsl MpeoOpa3oBaHue
CHUCTEMBI KOOPJIMHAT KaK JJI1 BXOAHOM X, TaK W JJISl BBIXOJHOW MEPEMEHHOM Y.
[Ipu GosbliieM YuCIE BXOAHBIX MEPEMEHHBIX X7 ..., X, HAJAEKHBIX METOJIOB OII-
peleneHus BUAA ypaBHEHHUs perpeccud (BUIa SMIUPUYECKON MOJIeNTH) B Ha-
CTOSIIIIEE BPEMS HE CYIIIECTBYET.

AxmueHblil IKchnepumenm TIPOBOAUTCS TIO0 3apaHee COCTABICHHOMY IUIaHy, B
COOTBETCTBUM C KOTOPBIM CTaBUTCS 337jaya HE TOJBKO OIPEICIICHUS ONMUMATLHbIX
V08Ul NPo8edeHUst IKCNEPUMEHmA, HO U onmumuzayuu npoyecca (3TU BE 3a7a4u
NPUHATO OTHOCUTH K 3ajjauaM ONTHMAJIBHOTO TUIAHUPOBAHUS SKCIIEPUMEHTOB).
[Ipu »TOM ypaBHEHUSsI perpeccuul (IMIMUPUIECCKUE MOJICIH) OMUCHIBAIOT JTaHHBIC
aAKTUBHOTO IKCIIEPUMEHTA, B OCHOBHOM B JIBYX OTPaHHMYEHHBIX OOJIACTSIX M3MEHE-
HUS IEPEMEHHBIX, XapaKTEPU3YIOIIUX MPOLIECC, U UMEIOT CIICAYIOIINN BU:

B B4 OT 3KCTPEMAJILHOTO 3Haqu1/151 BmxonHoﬁ HIEPEMEHHOM V.

y = b0+2bx] Z byjxyux;j; (1.1)
,J 1

B BOJIM3H SKCTPEMAIBHOTO 3HAYCHHUS BBIXO)IHOI/I nepeMeHHON ) («B MOY-
TH CTAallMOHAPHOMN 06J1aCTH»)'

y = by +szj 2 bujXuX; +Z jj%; (1.2)

u]1



IIpuBenénnple ypaBHEHUS SBIISIOTCS TMHEMHBIMUA OTHOCUTENIBHO KO PULIHU-
CHTOB perpeccuu b M IMEIOT JOCTATOYHO MTPOCTOM BHI.

OHuM BKJIIOYAIOT CJIaraéMble C JIBOMHBIM B3aUMOJEHCTBUEM BXOJHBIX IEpe-
MEHHBIX M HE YYUTBIBAIOT B3aUMOJIEHCTBHs 00Jee BBICOKMX MOPSAKOB (TpOMHBIE,
YETBEPHBIE U T.11.), BEPOSATHOCTh KOTOPBIX CYIIECTBEHHO MEHBIIIE.

IlocnenHee ypaBHEHHE BKJIIOYAET CJIAracéMble ¢ KBaJpaTaMH BXOJHBIX IEpe-
MEHHBIX, KOA((PUITEHTHI €ro MoaydaroTcs mpu 00paboTKe Pe3ysIbTaTOB AKTUBHBIX
DKCIIEPUMEHTOB 6MOP020 NOPAOKA.

VYpaBuenue (1.2) He BKJIOUAET cilaracéMble ¢ KBaJIpaTaMy BXOJHBIX TEpe-
MEHHBIX, U €ro KO3(Q(UIIMEHTHI MOTy4YaroTcsl MPH 00pabOTKe pe3yabTaTOB aKTHUB-
HBIX 9KCNEpUMEHmMos8 nepeo2o nopsaoka — Hanpumep, 1IOD — noanoco ¢ax-
MOPHO20 IKCNEPUMEHMA.

B Teopumu akTUBHOTO SKCIIEPUMEHTUPOBAHUS BHIXOJHYIO (3aBUCHMYIO) Tie-
PEMEHHYIO MPUHSTO HA3bIBaTh (YHKYUeli OmKIuKd, a BXOJIHbIC (HE3aBUCUMBbIC)
nepemMeHHbie — gpaxmopamu. COOTBETCTBEHHO KOOPJIMHATHOE MPOCTPAHCTBO C
KOOPJIMHATAMHU X1, X ..., X, HA3bIBAIOT PAKMOPHbIM NPOCMPAHCMEOM, 3 TEOMETPH-
4yeckoe M300pakeHre PYHKIMK OTKJIMKA B (PaKTOPHOM MPOCTPAHCTBE — HOBEPX-
HOCMbI0 OMKIUKA.

AKTUBHBINA 3KCIIEPUMEHT IIAHUPYETCS TakKUM 00pa3oM, YTOObI YIPOCTUTh
00pabOTKy €ro pe3yabTaToB METOAAMU PErPECCUOHHOTO M KOPPEJSALIMOHHOIO aHa-
au3a.

2 TIOJHBIA ®AKTOPHBIN SKCIEPUMEHT

Meroa nonHoro ¢akropHoro skcnepumenta (I1DPI) cayxur nas nomny-
YEeHUS MAaTEMAaTUUYECKOr0 OMMCAHUS MpoIecca B BUAE OTpe3Ka psaa Tewnsopa,
COJIep>Kalllero JUHEHbIC YJIEHbl U MapHble B3aUMOJICHCTBUSL MEPEMEHHBIX Be-
auunH, u umeet Bua (1.1).

Tonnvim akmopubiM 3KCnepumMeHmoMm Ha3bIBa€TCS CHUCTEMa OIIBITOB,
coJieprKalasi BCe BO3MOKHbBIE HETTOBTOPSIIOIINECS KOMOWHAIIUUA YPOBHEHN Bapby-
poBaHus (HaKTOPOB.

2.1 Bbi0op odJacTH IKCIIEPUMEHTA

[Tpu BBIOOpE OOJACTH IKCHEPUMEHTA MPEXJE BCEro Haa0 OLICHUThH Ipa-
HUILBI o0acTeil onpenenenusi GakTopoB. [Ipu 3TOM JOIKHBI YUUTHIBATHCS OT-
paHUYEHUS! HECKOIBKUX TUIIOB!

1 npuHIMNUANbHBIE OTPAaHUYECHMS NJIsl 3HaYEHUN (aKTOPOB, KOTOpPHIE HE
MOTYT OBITh HAPYLIEHbI HA MPU KAKUX 00CTOATENbCTBAX;

2 OrpaHUYEHUs, CBSA3aHHBIE C TEXHUKO-3KOHOMUYECKUMH COOOpaKeHHS-
MU;

3 orpaHWuCHUsS ONpeJesieMble KOHKPETHBIMH YCIIOBHUSMHU ITPOBEIICHUS
npoiiecca.



OnTuMuzaimsi OObIYHO HAUMHAETCS B YCIOBUSX, KOTJ]a OOBEKT y)Ke IMO/I-
BEprajicsi HEKOTOPbIM UCCIEOBAaHUSM. DTy anpUOPHYIO0 UH(OPMAITUI0 MOMXKHO
UCIIOJIB30BATh JJIsl MOJIYYEHHS MPEACTABJICHUS O TMapaMeTpe ONTUMHU3AIUH, O
dakTopax, 0 HAMITYUYIIUX YCIOBHUSIX BEICHUs IMpoIlecca U XapaKTepe MOBEPXHO-
CTH OTKJIMKA. J[JI1 9TOr0 MOYKHO MCMOJB30BaTh rpaduku (MU TaOIUIbI) OTHO-
(aKTOPHBIX SKCIEPUMEHTOB, OCYIIECTBIIABIINXCS B MPEAbIAYIIMX HCCIEI0Ba-
HUSX WIA ONUCAHHBIX B JIUTEPATYPE.

B o0nactu ompeneneHust HaJ0 HAWTH JIOKAJIBHYIO MOA00NACTh JJIS Ijia-
HUpOBaHUs 7KcrepuMeHTa. lIporenypa BbIOOpa 3TOM MOAOOIACTH BKIIOYAET
JIBa Tamna: BEIOOP OCHOBHOI'O YPOBHSI M BBIOOP MHTEPBAJIOB BAPbUPOBAHHUSL.

2.2 BbIOOp OCHOBHOTO YPOBHS

Jlist ynoOcTBa BhIUMCIEHUN KO3(DPUIMEHTOB perpeccun Bce (PakTopbl B
X0/J1€ OJIHOTO (PAKTOPHOTO HKCIIEPUMEHTA BAPbUPYIOTCS Ha IBYX YPOBHSIX.

JlommycTuM, OINpeeNeHHOMY W3 aHajdu3a anpuoOpHOW MH(POPMALIMM Hau-
Jy4lieMy 3HAYEHUIO MapamMeTpa ONTHUMH3ALUU COOTBETCTBYET KOMOWHALIMS
ypoBHel (akTopoB. Kaxmas xoMOuHaLUs SIBIASETCS MHOTOMEPHON TOYKOW B
(bakTOpHOM NpOCTpaHCTBE. E€ MOXKHO paccMaTpuBaTh KaK UCXOJHYIO TOUKY JJIs
MOCTPOCHUS MIaHa AKcrnepuMeHTa. Ha3piBaloT €€ OCHOBHBIM (HYJIEBBIM) YPOB-
HeM. [locTpoenue miiaHa sKcriepuMEHTa CBOAUTCS K BbIOOPY 3KCIEPUMEHTANb-
HBIX TOYEK, CHAMMETPHYHBIX OTHOCUTEJIEHO HYJIEBOI'O YPOBHSI.

2.3 BbIOOp UHTEPBAJIOB BAPbLUPOBAHUS

Jnst kaxxaoro (akTopa BeIOMparOT JBa YpOBHSA, Ha KOTOPBIX OH OyAeT
BapbUPOBATHCS B IKCIIEPUMEHTE.

HaspiBaroT oauH M3 3TUX YpPOBHEN 6epXHUM, & BTOPOU — HudicHUM. Hn-
mepeaiom BapbUpPOBaHMs (AKTOPOB HA3BIBAETCS HEKOTOPOE 4YMCIO, MpHubaBie-
HUE KOTOPOr0 K OCHOBHOMY YPOBHIO JTa€T BEPXHHUH, @ BBIYMTAHUE — HWKHUIM
ypoBeHb (pakTopa. Jpyrumu cioBamu, MHTEpBal BapbUpPOBaHUS — 3TO  pac-
CTOSIHWE HAa KOOPAMHATHOM OCH MEXIy OCHOBHBIM M BEPXHUM (MJIM HUKHHUM)
YPOBHEM.

JIyist yripoteHust 3aricy YCJIOBHM dKCIIEpUMEHTa U 00pabOTKHU IKCIIEPHU-
MEHTAaJIbHBIX JAHHBIX MOJb3YIOTCS KOJMPOBAaHHBIMU IepeMeHHbIMU. [lepexon k
KOJMPOBAHHBIM [IEPEMEHHBIM OCYIIECTBIISIETCS N0 Cleayoliei Gpopmyie:

~

_ M " Yo
Xj = T, (21)
j
re Xj — KOJMPOBaHHOE 3HaYeHHE (paKTopa; X; — HaTypalbHOE 3HaYeHHE (ak-
TOpa; Xj, — HATypaJbHOE 3HAYEHUE OCHOBHOTO ypOBHS; |lj — MHTEpBaN Bapbu-

poBaHusi; j—Homep (akTopa.
[TycTh mporiecc onpeaensercss YeTbipbMst pakTopamu. OCHOBHOU YPOGeHb
U UHMEPBAIbL BAPLUPOSAHUsI BBIOPAHBI CICIYIONIMM 00pa3oM (cM. Tabmuiry 2.1).



Tabmura 2.1
daxkrop Xy X, X3 X4
OCHOBHOM YpOBEHb 3 30 1,5 15
WuTepBan BapbUpOBaHUS 2 10 1 10

OcranoBuMcs Ha mniepBoM (¢akrtope. OTMETUM Ha KOOPJAMHATHOM OCH TpHU
YPOBHS: HUYKHHM, OCHOBHOM U BepXHHUH (CM. pUCYHOK 2.1).

HarypanbHble 3HaYEHHS 1 2 3 4 5 X,
| | | | | >
1 1 T 1 >
KonnpoBanubie 3HaueHUS 1 0 | +1 X,
Pucynok 2.1

[Ipu pemennu 3adauu onmumuzayuy CTPEMSTCS BbIOpATh 715l IEPBOM Ce-
pHUU SKCIEPUMEHTOB TaKyI0 MOA00JaCTh, KOTOpas JaBaja Obl BOZMOXHOCTb JJIS
1IaroBOr0 JABWXKEHUS K ontumyMy. B 3agadax wuwmmepnonayuu wHTEpBaI
BapbUPOBAHUS OXBATHIBAET BCIO ONMKCHIBAEMYIO 00JIACTb.

Bribop umHTEpBaNiOB BapbUpOBaHUS — 3ajadya TpyJHas, TaK KaK OHa
CBs3aHa C He(QOopMaaM30BaHHBIM H3TaloOM IUTAHUPOBAaHUSA JKcrepuMeHnTta. Ha
JTAHHOM 9Tareé MOXKET OBbITh MOJIE3Ha CIEeAyIoas anpuopHas HHGOpMAaIHs —
CBEJICHUSI O TOYHOCTH, C KOTOPOW SKCHEPUMEHTATOp (UKCUPYET 3HAYCHUS
(bakToOpoB, O KPHUBU3HE TMOBEPXHOCTH OTKJIMKA U O JUANa30HE W3MEHEHUS
napaMeTpa ONTUMH3ALIHH.

. . k
2.4 Tloanblii GaKTOPHBIH IKCIEPUMEHT THNA 2

[lepBBIii ATan IJIAHUPOBAHUS DKCIIE-
pUMEHTA IS MOJYYEHHs JINHEMHOM MOJENn
OCHOBaH Ha BapbUpOBaHUU (HAKTOPOB HA

Tabmuma 2.2-Matpura
TJTAaHUPOBAHMUS
JKCIIepUMeHTa 2°

JIBYX YpOBHsX. Eciii yuciao ypoBHEH Kaxkao-

Howmep X X y ro (akTopa paBHO JIByM, TO UMEEM IOJHBIN
1 2 .

OIIbITa (haKTOPHBIM SKCIEPUMEHT THIIA 2. B atom
1 1 1 Vi clydae, €CIM ACIO (dakTopoB I/ISBeCTH(I)(,
MOHO HaWTH YKCJIO OIBITOB: N = 27,

2 +1 -1 Yo
rae N - gucio onbIToB, K -uncio gakropos, 2
3 -1 +1 V3 — 4KCiIO0 ypoBHEW. B kauectBe mpumepa B
4 +1 | +1 Va tTabnuie 2.2 mpuBeIeHa MaTpHIla TJIaHUPO-

2

BaHMS SKCIIEpUMEHTa 2° (CM. pUCYHOK 2.2), a
3

B Ta0muIe 2.3 - MaTpulia INIAHUPOBAHUS SKCTIEPUMEHTa 2°.



s Ta6muna 2.3 - Matpura

X2 A 3
4 MJIAHUPOBAHMUSI SKCIIEPUMEHTA 2

3

X2,

;(1 HomeponmbiTa | X1 | X2 | X3 | Y
1 101 -1

2 1 Yi
2 +1-11]-1]»
> 3 141 -1y,
X1
4 +1 [ +1 ] -1 | y4
Pucynok 2.2
5 1| -1+ Vs
6 +1 -1 | +1 | ys
7 -1 +1 | +1 | yy
8 +1 | +1 | + | g

[Tpu nByX(pakTOpHOM IKCHEPUMEHTE IJIsl JBMXKEHHUS K TOUYKE ONTHUMYyMa
HY)KHA JIMHEeWHas Monaens y = b, + b;x; + b,x,. Hama niens — Haiitu 1o pe-
3yJlbTaTaM JKCIEpUMEHTa 3HAUeHHUS HEU3BECTHHIX KOA(P(OUIIMEHTOB MOJEIH.
Onenku K03 GUIMEHTOB MOKHO BBIYHCIIUTD 110 POCTOM popMmyiie

>
- XjiYi 29
b-=L, j=0,1,..,k. (22)

J N
Bocnone3yemcs aToit popmyiioit st moacyeTa kodddurmenton by u b,:

_ (=Dy, + (+Dy, + (=Dys + (+1)y, _

b ;
1 4

_ Dy + ("Dy, + (P Dys + (+1)y,

b
2 4

bnarogaps koaupoBanuto GaxkTopoB pacuer Kod3(HPUIMEHTOB MPEBpaATHUII-
csl B pocTyto apudmernyeckyro nporenypy. Jns moacuera koddpdumnmenrta by
UCTIONIB3YETCSI BEKTOP-CTONIOCIT X1, a st b,— cronoert Xp. s HaxoxaeHus b,
1o opMyiie st BIYMCIeHHs KO GUIreHToB (2.2), B MaTpHIly IIAaHUPOBAHUS
yI00HO BBECTH BEKTOP-CTOJIOEI (PUKTUBHOM NEPEMEHHOM Xy KOTOpasi MprUHUMa-
€T BO BCeX ombITax 3HadeHue +1 (cM. tabmuiry 2.1).



Koaddunmentsr npu He3aBH-
CHUMBIX TIEPEMEHHBIX YKa3bIBaIOT Ha
cuiy BIMSHUSA (pakTopoB. Uem 060JIb-

Ta6nuna 2.4 — Matpuna
IJTAHUPOBAHUS SKCTIEPUMEHTA 2?

e YMCJICHHas Belu4yuHa Kod(pduim-
€HTa, TeM OoJblliee BIUSHUE OKa3bI-

Homep ombiTa | Xo | X1 | X2 | Y
BaeT (Qakrtop. Ecim koadduiment

HMCCT 3HAK IUIKOC, TO C YBCIMUYCHHUCM

1 -1 -1]y 3HaYeHUsl (akTopa mHapaMmerp OITH-
2 +1 | +1| -1y, MU3alUU YBEIUYHUBAECTCS, a €CJIA MU-
HyC, TO YMeHbllIaeTca. Bennunna xo-
3 +1] -1 (+1 | y,
s duieHTa COOTBETCTBYET BKJIAdy
4 +1 |41 | +1 | yy JaHHOTO (hakTOpa B BEJIMYMHY Mapa-

METpa ONTHUMU3AIUMU TPU TEPEXOJIE
dakTopa ¢ HyJI€BOTO YPOBHS Ha BEPXHUM WM HUKHUH.

[InaHupys SKCIIEPUMEHT, Ha MIEPBOM 3TANE CTPEMSTCS MOJTYyUYUTh JINHEH-

Hy10 Mojiesib. OIHAKO HET TapaHTUH, YTO B BHIOPAHHBIX MHTEpPBAJIaX BAPbUPO-

BAaHMS MPOLIECC OMUCHIBACTCS JTUHEUHOW MoAenbto. OAUH U3 4acTO BCTpEYaro-

IIUXCS BHUAOB HEJIWHEUHOCTH

Tabnuua 2.5 — Marpuna mIaHupoOBaHus CBSI3aH C TeM, 4TO 3 (DeKT ox-
skcmepuMentTa 2° ¢ addexTom HOro (akropa 3aBHCHUT OT
B3aMMO/ICHCTBHS YPOBHSI, HA KOTOPOM HAXOJIHT-
csa npyrod dakrtop. B sToM
Homep ombira | xo | x1 | x2 | xwxp |y cilyuae TOBOPAT, HTO HMEeT
MecTo 3(PdexT B3auMoaeucT-
1 +1 | -1] -1 | +1 |y»1| Bus gByx daxropos. ITomHsrii
2 +1 | +1 | -1 -1 |y, (haKTOpHBIA SKCIEPUMEHT IO-
3 #1 | -1 | +1 | -1 |ys| 3BOVSCT KONMUECTBEHHO OLe-
HUBaTh A(P(PEKTH B3aUMOJIECH-

4 S B O N B 1 cTBus (cM. Tabmuiry 2.3).

Tenepp MOAENb BBITIISA-
JUT CIEAYIOUIMM 00pa3oM:

y == boxO + b1X1 + bzXz + blexZ. (23)
Koadduiment by, BeaucaseTcss OOBIYHBIM Ty TEM:

(+Dy, + (—Dy, + (=Dy3 + (+1)y,
2 :

CtonlIpl x; M Xp 33Jal0T IJIAHUPOBAHHE — I10 HUM HEMOCPEACTBEHHO
OTIPEJIEIISIIOTCS YCIIOBUS OTBITOB, @ CTOJOIBI Xg M X1Xp CIY)KAT TOJBKO JIJISl pac-
JeTa.

IIpu onmumuzayuu crpemsarcs caenath 3h(PEKThl B3aUMOJSHCTBUS BO3-
MOHO MEHBIIUMU. B 3amauax unmepnonsayuu, HAaMpOTHUB, UX BBISIBJIEHUE YaCTO
BKHO U UHTEPECHO.

b12 =



C poctoM yucia GakTopoB YUCIO BO3MOXKHBIX B3aUMOACHCTBUI OBICTPO
3 .
pacteT. MaTpwIia TUIAaHUPOBAHUS 2° C YYETOM BCEX BO3MOJXKHBIX B3aMMOJICHCT-
BUI mpuBejieHa B Tabmulie 2.6.

. . 3
Ta6nuna 2.6 — [TonHblH GaKkTOPHBIN IKCIIEPUMEHT 2

HOMep OIlbITA | Xg X1 X2 X3 X1X2 X1X3 X2X3 X1X2X3 y
1 +1 | -1 -1 -1 | +1 +1 +1 -1 Y1
2 +1 | +1 -1 -1 -1 -1 +1 +1 V2
3 +1 | -1 +1 -1 -1 +1 -1 +1 V3
4 +1 | +1 | +1 -1 | +1 -1 -1 -1 Vy
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 V7
8 +1 | +1 +1 +1 | +1 +1 +1 +1 Vg

Cronbern 3¢ dexTa B3aUMOACHCTBUS X1XX3 MOTYYAETCs] IEPEMHOKEHUEM
BCEX TpeX CTOJIONOB M Ha3bIiBaeTcs 3((PEKTOM B3aUMOAECUCTBUS 8MOpPO20 HO-
paoka. Dpdext B3auMoaecTBUs ABYX (PaKTOpoB HaszbIBaeTcs 3PPEKTOM B3au-
MOJEUCTBUS nepsozo nopsaoxa. Boobuie r3hdext B3auMoaeicTBUS MaKCUMAaIlb-
HOTO TIOPSIZIKA B TIOTHOM (haKTOPHOM IKCIEPUMEHTE UMEET MOPAIOK, HA eIUHU-
Iy MEHbIIWK yucia (paxTopoB. J(OBOJBHO YaCTO MPUMEHSIOTCS CHHOHUMBI:
napuvle s¢hghexmol 63aumoodeticmeusi (x1x;), mpoiinvie (X1xX3) ¥ T. II.

[TosichuM Qu3nueckuii cMbica 3¢ ¢deKkTa B3aUMOAECUCTBUS CIEAYIOIIUM
npumepoM. Ha mpornecc nuponnsa yriieBoAOPOJHOTO ChIpbsl BIUSIOT JBa (ax-
TOpa: Temnepamypa N epems konmaxkma. B obnacTu HU3KUX TeMIeparyp yBe-
JMYEHUE BPEMEHHU YBEJIMYUBAET BbIXoJ mnpoaykra. [Ipu mepexome B 001acTh
BBICOKHMX TEMIIEpaTyp 3Ta 3aKOHOMEPHOCTh HApYILIAeTCsl. 371eChb, HAIIPOTUB, He-
00XOJIMMO YMEHBIIIATh BpeMsl KOHTaKTa. JTO W €CTh MposiBieHue 3ddexra
B3aUMOJCHUCTBUA.

OpTOroHanbHOCTh MaTpPHUILIbl IUIAHUPOBAHMS TO3BOJIAET IMOJYYUTh HE3a-
BHUCHMBIE JIPYT OT ApyTa OleHKN Kod(h(PUuiimeHToB. ITO 03HAYAET, YTO BEITUIHHA
1000r0 Kod(ppuImeHTa He 3aBUCUT OT TOT0, KaKME€ BEJIIMYMHBI UMEIOT APyrue
KO3 PUILTMEHTBHI.

3 METOJAKPYTOI'O BOCXOXIAEHUSA

Beimie  paccMOTpeH  METOJ  MOCTPOEHUS  DKCHEPUMEHTAIBHO-
CTaTUCTUYECKUX MOJEJEH B BUIE YPAaBHEHUM PETPECCUU. 311€Ch PaCCMOTPUM
BOIIPOC O TOM, KaK MCIOJIb30BaTh 3TH MOJEINIHN JIsl ONITUMH3ALUH.

MeTtozn KpyToro BOCX0KIEHHS 4acTO MCIIOJIL3YETCs, €CIIM YPAaBHEHUE perpec-
CHM, TIOTy4aeMO€ B pe3yJIbTare MCCIEeOBAHMUS, BT (DYHKIHMEH ONTUMM3ALHH.
Metoa oCHOBaH Ha TOM, YTO KOIuyuenmol TUHENHO20 YPaGHEeHUS PETPECCUH



R = R(xl,xz, "’,xk) = bO + b1X1 + bzxz + -4 bkxk,

(3.1)
SIBJISIFOTCST KOOPAMHATAMH TPATUECHTOB
b = OR
L ox,’
) OR
2 = 3.
0x, (3.2)
- OR
ke axk

U TO3BOJISIIOT OMNpPEJCIUTh HAaNpaBjCHUE IBHXKCHUS K IKCTpemMyMmy. Pac-
CMOTPUM ajJrOPUTM METOoJa Ha Mpumepe ABYX(aKTOPHOTO mpoiiecca
R = R(X1,X2) = max (pucyHok 3.1).

. A
X

X7
Pucynok 3.1 - OnTumu3zanus no MeTo1y KpyToro BOCX0KIE€HUs

1 B mpou3BobHOM TOYKE 00JACTH ONTUMHU3ALNU pa3padbaThIBacTCs IMJIaH
NEPBOTO MOPSIKA MO MOJTHOMY (DAKTOPHOMY SKCIIEPUMEHTY .



2 PaccuntbiBaioTcs ko3 duimenTsl ypaBHeHus perpeccuu (3.1) mpu ju-
HEeHHBIX wieHax by u b, mo ypaBHenuto (2.2).

3 Haumnaercss OBWKEHHE B IUIOCKOCTH, OIHMCHIBAEMOW ypaBHEHUEM
perpeccuu, u3 IEeHTpa TIaHa B CTOPOHY rpajueHTa (IyHKTUPHAs CTpesiKa Ha
pucynke 3.1).J[71s1 3TOTO OJMH U3 BIUSAIOIMKAX (AKTOPOB MIPUHUMAIOT 3a 6a3o-
BBIH W JIJI1 HETO BBIOMPAOT miar aBvxkeHus hy. J[insg octanbHBIX GakTOpoOB miar
JBIDKCHHS K ONTUMAJILHOMY 3HAUCHHIO N pacCYUTHIBAIOT 1O (hopMyIie

byl

[Tocne xaxmoro mara (oneIThl 5-9 Ha pucyHke 3.1) cTaBAT KOHTPOJIbHBIN
HKCIIEPUMEHT JUJIsl IPOBEPKHU, HACKOJIBKO aJJ€KBATHO JBUKEHHE 1O TPATUCHTY
(akTHUECKOMY MTOBEICHUIO MPOIECCa.

4 Ecnu Ha HEKOTOPOM IlIare JBMKEHMsI IO TPAJAMEHTY MOJEb OKa3alach
y’K€ HeaJIeKBaTHOU (B MOCIEAYIOLIEM OIbITE 3HAUEHUE KPUTEPUS ONTUMAIbHO-
CTH CTaJIO HIDKE, YeM B IPEABIIYIIEM OIBITE), T. €. 0 XOAy ABUKCHHS COBEp-
HIWJICA MEPEexo] Yepe3 XpeOTOBYIO JIMHUIO 1€J€BOM (yHKLIHMH, TO BO3BpaIla-
I0TCSI HAa TIEPBBIM IMYHKT aJICOPUTMA, paccMaTpuBas B KaUeCTBE LIEHTPa HOBOTO
IJIaHa TOCJICAHIOK YIadHYI0 TOUYKY JIBIDKCHHUS IO TpaaueHTy (Touka 9), B Hel
pa3pabaTbIBaeTCsl HOBBIU IJIaH U MPOJOJHKAOTCS 2 U 3 MYHKTHI aJrOpUTMa.

B utore pemieHus 3aaud HampaBJi€HHE TPAJUEHTAa MEHSIETCS OOBIYHO
2-3 paza, Toclie 4ero MPOUCXOIUT 3alMKIIMBAHUE alTOPUTMAa — YXKE MEepPBBIN
miar u3 LEeHTpa OYepeJHOro MJjaHa CTAHOBUTCA HEYAAUYHBIM. DTO O3HAYAET,
4YTO B XOJ€ JBU)KECHHUS MO TPaJUEHTy Mbl MOJONUIM JOCTATOYHO OJIM3KO K
KCTpeMalbHON obOnactu. Torga mijgaH mepBOTo MOpsAKa JTOCTPaUuBAETCS
710 OPTOTOHAJIBHOTO MJIaHa BTOPOIO MOPSAKA, BBIIOJIHIETCS 3KCIEPUMEHT
0 MaTpulle IUIAHUPOBAHHS BTOPOTO MOpsAKa, pa3pabaThiBaeTcs KBajapa-
TUYHOE YPAaBHEHHE PETPECCHUU M OINPEACIAITCS KOOPAMHATBI ONTHMYyMa
KJIACCHUYECKUM METOJIOM C TPHUPABHUBAHHEM HYIIO MEPBBIX MPOU3BOIHBIX
KBaJpaTUYHOIO YPAaBHEHUSI PErpeccMy MO NapaMeTpaMm ONTHUMHU3UPYEMOTO
npoiiecca.

[Ipu Hanuuuu orpaHUYeHUd B 00J1aCTH ONITUMU3AIMHU, HE TTO3BOJISIFOLIUX
JIOCTHYb TOYKH SKCTPEMYMa, METOJI KPYTOI'O0 BOCXOKJEHUSI OOBIYHO MO3BOJISIET
ONpeNIeNUTh HAWTYYIlIKe YCIOBUS BEACHHUS MPOIECCa.

h; b;. (3.3)

4 KPATKOE OITUCAHUME TEXHOJIOI'MYECKOI'O OBBEKTA

OCHOBHBIM anmapaToM YCTaHOBKH IMPOIECCa MUPOIU3A SBIAECTCS PEAKTOP
(TpyOuaThIil peakTop - 1MeYb MUPOJIN3a).

4.1 OmnucaHue npouecca NMUpPoOJIU3a

B peakTopax nuposn3za MPOUCXOAST pa3IuyHble TEPMUUYECKHE MpeBpa-
HIEHUS YTJIEBOJOPOHOIO ChIPhSI C MOJYYEHUEM BOJIOPOJIA, 3TUIICHA, MPOIUIIe-
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Ha, MeTaHa, OyTaJueHa, OyTUJIEHOB, OEH30J1a, CMOJIMCTBIX MTPOJYKTOB, KOKCA U
JOpyrux npoaykrToB. s obecnieueHus: cTabMiIbHON pabOThl IEUX MUPOJIN3a He-
00XOMMO TOJJIEP>KUBATH ONTUMAJIBHBIE TTapaMeTpbl Ipolecca, 00eceurnBao-
e Tpedyembie BBIXOAbI TPOIYKTOB.

[Tuponu3 npeacTaBiIsieT cOO0W CIOMXKHBIM MPOLIECC XUMMUYECKUX PEAKLINM,
JETAIMXCS Ha IEPBUYHBIE U BTOPUYHBIE peakiuu. K nepBUYHBIM peakuusm OT-
HOCATCS pEaKlMM paculerieHusl (KpEeKUHra) MoJieKys napadUHOBBIX U HadTe-
HOBBIX YIVIEBOJOPOJOB C IOJyYEHHEM ATHIICHA, IPOINJIEHA, METaHa, 3TaHa, BO-
nopozaa. BropuuHele peakiiy — 3TO0 B OCHOBHOM IPEBPAILEHUS TUIIA KOHICHCA-
LN U NOJIMMEPU3ALIMH, B PE3YJILTATE KOTOPBIX U3 HENPEACIBbHBIX yIIIEBOIOPO-
JIOB ITOJIY4ArOTCsI TN0JIe(DUHBI, a B JAJIBHEHIIIEM apOMAaTUYECKUE YTIIEBOLOPOBI.

OOpa3oBaHue KOKCa IMpHU MUPOJIU3E SIBIIAECTCS PE3YJIbTATOM BTOPHYHBIX
peaKkui KOHJICHCAMU U noJmMepu3anny. Kak B Xol1e MepBUYHBIX, TaK U BTO-
PUYHBIX NPEBPALICHUN MPOTEKAIOT PeakUMu AeruapupoBaHus. Bee mpespaie-
HUS, IPOTEKAIOILUE IPU MMUPOJIU3E, UMEIOT CBOOOHO - paJuKaIbHBIN Xapakrep,
MEXaHHU3M IIPEBPALLECHUS — LIETTHOM.

HI/IpOJIHS H—T'CKCaHa.

CeHys = CoHy + C4Hyg
CeH1a = C3Hg + C3Hg
CeHi1a = CeHyp + Hy

CeH1a = CHy + CsHyo
CeHys = C4;Hg + CoHg

B nanpHenmeM IOJdyde€HHBIE NPEACIbHBIE YIJIEBOJOPOABI B CBOK Oue-
pelb pa3nararoTCs:

CsHg = CH, + C,Hy
C;sHg = C3Hg + Hy
C4Hyo = C,Hy + CoHg
C4Hyo = CsHg + CHy
C4H10 = C4Hg + H2
C,Hg =C,H, + H,

[Tuponus nuknorekcana. [leppuunbie peakuuu:

CeHyo = C4Hg + CoHg
CeHyp = C4Hg + Hy + CoHy
CeHyp = CsHg + 3H,

Bropuunsie peakuuu (00111e 1151 000X UCXOIHBIX YIJIEBOAOPOIOB):
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C,H, =C,H, + Hy

2C,H, = C4Hg + Hy

C,H, + C4Hg = CgHg + 2H>

C,H, + CgHg = CgH5 + C,H5

CeHs + CoHs + CoHy = CeHa(CoHs),
CeHs + (CyHs), = CioHg + 3H, 1 T.11.

UYewm BhbIllIe TeMIlepaTypa MUPOJIM3a, TEM BbIlIE KOHBEpPCHUs Chipbs. Eciu
MEHSETCS COCTAB ChIPbs, MPEANOUYTUTEIHLHO MOAJIEP)KUBATh 3aIaHHYI0 TeMIIepa-
Typy B pe€akTope, 4TOObl MOAJIEPKUBATh MOCTOSSHHON OTHOCHUTEIIbHYIO >KECT-
KOCTh MUPOJIU3A.

OcHOBHBIC BXOJHBIC U BBIXOJIHBIC TICPEMEHHBIC PEAKTOpa MPUBEIACHBI HA
pucynke 4.1. OObIYHO HAa MPOTEKaHHUE IMpoIecca MUPOJIU3a BO3ACHCTBYIOT H3-
MEHEHHEM pacxojia ChIPhEBOI CMECH U TeMIIepaTyphl B peakTope. Takum oOpa-
30M, OCHOBHBIMH PETYJHPYEMBIMH BXOJHBIMA TIEPEMCHHBIMH PEaKTOpa,
BIIUSIIOIIUMHM HA MPOIIECC MUPOn3a, sBisitores Q, T.

OcHOBHBIE BBIXOJIHBIE MEpEMEHHBbIE peakTopa: Y,, - BBIXOJ CYMMBI OJie-
¢buHOB; Y, — BBIXOJ ATHJICHA; Y, — BBIXOJ MpoIuiieHa; Y; — BBIXOJ CYMMBI OyTH-
JICHOB.

OCHOBHBIMH CTaTHUYECKUMHU XapaKTEPUCTUKAMHU PEaKTOpa SBIISIOTCS:

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

2 3aBucumocTh Y, = f(T, Q);

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

4 3aBucumocts Y; = f(T, Q).

Uccnenyembiii 00BbeKT (peakTop) MpEeACTaBiICH B BHUJAEC aHATUTHYECKOM
MAaTEMATUYECKON MOJEIH.
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T — Temneparypa B peaktope; Q — pacxoJ cbpbeBOi cMmecu; QBI — pac-
xo1 BojsgHoro napa; C — coctaB cbIpbs; Tc — TeMreparypa ChIpbsi Ha BXOJE B
peakTop; TBn — TemnepaTypa BOJISHOIO Mapa Ha BXOJE€ B PEAKTOP; YOI — BBI-
X0JI CyMMBI 0JiepuHOB; Y2 — BBIXOJl 3TUJIEHA; YT — BBIXOJ MpOMUIIeHa; YO —
BBIXOJI CYMMBbI OyTHJICHOB
Pucynok 4.1 — Cxema mozenu peakropa

4.2 OnucaHue KOMIbITEPHOI MOJeIH MpoLecca MUPoJIn3a

MareMaTtnyeckoe MOJEIMPOBAHUE B IOCIEIHEE BPEMS CTAaHOBUTCS BCE
0onee 3pGEeKTUBHBIM METOJIOM HAayYHOTO HCCJIEIOBaHUS, OCHOBAHHBIM Ha IO-
3HAHUM HM3y4aeMOI'0 XMMHKO-TEXHOJIOTMYECKOTO MPOLECCa ¢ MOMOIIBIO MaTe-
MaTU4YECKOM Mozend. MoaenupoBaHue M pacyeThl MPOLECCOB U XUMHUYECKHX
pPEaKTOpOB CBsA3aHbl C HEOOXOAMMOCTBHIO BBIOOpAa HaWIYYIIEro BapHaHTa U3
MHOTHX BO3MOKHBIX.

Mopaenupyroniasi KOMIbIOTEPHAS POrpaMma MpeacTaBiIseT co00i T0Ky-
MEHT dJeKTpoHHOU Tabmuuel Excel, ¢ mporpammubIM npuinoxxkenuem Visual
Basic u npennasHadeHa Uisi MOJEIMPOBAaHUS M pacuéra mpolecca TePMOKOH-
TaKTHOTO M TEPMOKATAJTUTUUYECKOTO PAa3JI0KEHUS YIJIEBOJOPOAOB B JH(PT-
peaktopax B TtemnepaTrypHoM uHTepBaie ot 450 mo 800 °C. Pacuér mpousBo-
JUTHCSI COBMECTHO JIM(PT-peaKkTopa U pereHeparTopa.

CrtpyKTypHasi cxeMa peakTOpHO-pereHepaTopHoro 0joka mporuecca mupo-
Jn3a IpUBECHA HA PUCYHKE 4.2, e TPU MOAEIUPOBAHUN BBOASTCS OCHOBHBIE
BXOJIHBIE M BBIBOJIATCS BBIXOJIHBIE TIEPEMEHHBIE.

B mareMaTuyeckyio MoOjeNlb PEaKTOPHOIO OJIOKa BXOJAT: MareMaThye-
CKHe MoAeNu JUPT-peaKkTopa MUPOJU3a U PEreHepaTopa MUKPOCHEpUIECKOro
Katajau3aTopa (KOHTaKTa) B KUIISIIEM CJIO€.
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VYpaBHEHUS, BXOASIIME B MOJCIUPYIOIIUN aJTOPUTM, CBSI3BIBAIOT MEXKIY
co00ll MaTepualibHbIe, TEIJIOBbIE, XUMUYECKUE, TUJIPOJIMHAMUYECKHE, KOHCT-
PYKTUBHBIE U APYTHE MAPAMETPHI.

MarepuanbHble 1 COOTBETCTBYIOIIME UM TEIJIOBBIE OajJaHChl peakTopa U
pere’eparopa CoCTaBJIsIIOT OCHOBY allTOPUTMA pacuera.

TennoBoit 6baaHc peakTopa:

QKm + anod + QKOKCLZ + QG.}’I. + Qmenﬂ.peakuuu + Qnom. = (4 1)

- ka + QOCI’I’!.KOKC + QCblpbfl + Q6.I’l ;

TEIUIOBO OajlaHC pereHepaTopa:

ka + QOCI’I’!.KOKC + Q()blM.Z + Q@.n.a. + QG.I’I.O. + Qnom. + QOI’)’IG. =
= QKm + QKOKCLZ + QBOS’() + Qmenﬂ .ce. + Q:na + Q:}’ZO !

rae Q*,, — KOJIMYECTBO TeIlIa, YHOCHUMOE U3 PEreHepaTopa M BHOCUMOE B peak-
TOp KaTamu3aTopoM; Qe «oxe — KOIMYECTBO TEILIa, YHOCUMOE M3 pereHeparopa
¥ BHOCHMOE B PEaKTOp KOKCOM; Q,,, — KOJIMYECTBO TEIlIa, YHOCUMOE U3 PEaKTO-
pa ¥ BHOCUMOE B pereHeparop katamu3aTopoM; Q. — KOJTHMYECTBO TEILIA,
YHOCHMOE M3 peakTopa U BHOCHUMOE B pereHepaTop Kokcom; Q*,, — KOJTUIECTBO
Terjia, BHOCUMOE B PEaKTOP BOASHBIM TapoM; Q,, — KOJTUYECTBO TEIUIa, YHOCH-
MO€ M3 peakTopa BOASHBIM mapom; Q,,, — KOJIMYECTBO TEIJIa, BHOCUMOE B pe-
reHepaTop BOJISHBIM ITApOM, acOPOMpPOBAHHBIM Ha Karayimsarope; Q*,, . — Ko-
JUYECTBO TEIJIa, YHOCUMOE U3 pereHeparopa BOISHBIM IapoM, aJIcopOHpoBaH-
HBIM Ha Katanu3arope; Q,,,— KOJIMYECTBO TEIlJla, BHOCUMOE B pereHepaTop BO-
JSTHBIM T1apoM, TToAaBaeMbIM Ha OTHapky; Q*,,, — KOJIWYECTBO TeIlia, YHOCH-
MO€E M3 PEreHepaTopa BOASHBIM IIaPOM, MOAABAEMBIM Ha OTHAPKY; Q.- — KO-
JUYECTBO TEIjIa, YHOCHMOE U3 pereHepaTopa JbIMOBLIMHU T'a3aMH pereHepalliu;
Quos0 — KOIMYECTBO TEIIa, BHOCUMOE B PETEHEPATOP BO3AYXOM Ha CHKMIAHHE
Kokca; Q*om 1 Quom — MOTEPH TEILIA B OKPYKAIOIIYIO CPEy B pereHepaTope u
B pPEaKTOpPE COOTBETCTBEHHO; Q¢ — KOJIMUYECTBO TEILIa, OTBOJUMOC M3 pErcHe-
paTopa uepe3 3MeeBUKH; Q,,, — KOJIMUECTBO TEIJIa, YHOCUMOTO M3 PEaKTopa
MIPOTYKTaMU; Qmpbﬂ — KOJIMYECTBO TEIUIA, KOTOPOE BHOCHUTCS B PEAKTOp C
CBIPBEM.

KonuyecTBa Termia, moaBoAMMbIC M OTBOJMMBIC U3 pEaKTOpa M pereHepa-
TOpa OOJILIITUHCTBOM MaTEPUATIBHBIX MTOTOKOB, PACCYUTHIBAIOTCS 10 U3BECTHBIM
KJIACCHYECKUM BBIpOKCHUSIM. JIJIT MaTepHAIBHBIX TTOTOKOB, KOMITOHEHTHBIH CO-
CTaB KOTOPBIX HEU3BECTCH, KOJIMYECTBA TEIIa PACCUYUTHIBAINCH IO Pa3IMYHBIM
COOTHOIIICHHSIM, TIPUBEICHHBIM B JIUTEPATypE.

(4.2)
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KonnuecTBo Temna, yHOCHMOIO U3 PeakTopa NpoRyKTaMu Qppoy, CKIAIbI-
BaeTCs U3 TEIIa, YHOCUMOTO ra3000pa3HbIMU MPOIYKTaMHU | KUJKUMH IPO-
NyKTaMU, HaxoJdiuMucs B mapoBoi ¢aze. KommuecTBo Teruia, yHOCHUMOIO
KUJIKAMHA TPOIYKTaMHU, HaXOHSIIMMHCS B MHapoBod Qasze, ompenensercs Mo
YpaBHEHUIO

Q! =209,2-130,25- o5 + (0,543—0,134- p5)-T +

4.3

+(0,00234—0,00059- p?)-T? (4:3)
TemnoBoit a3 deKT peakiuii Tupoan3a onpeaensercs mo Gopmyse

AH =(300-(1+ x)+1500-x*)-1000, (4.4)

IJI€ X — CTEIICHb MIPEBPAILCHUS CBIPBS.

Temneparypa B peakTope onpeaeisieTcsi TEMIIEpaTypoil B 30HE CMEIIECHHUS
CBIPbS C KaTaJIM3aTOPOM U TEMIEPATypOl MPOAYKTOB U KaTalu3aTOpa Ha BBIXO-
JI€ U3 PeakTopa CAEAYIOIUM YPABHEHUEM:

T _ TBbl)C + Tx 4 5
I (4.5)

Temneparypa B 30HE CMELICHHs KaTaM3aTopa C ChIPbEM OIPEAEIIACTCA
U3 TEIJIOBOTO OajaHca B 30HE CMEILIEHUSI METOJ0M UTEPAaLMOHHOTO MPUOINAKe-
HUSL:

n-CKm-Tax+AHCW:n-CKm-Tx+AHx, (4.6)
rae N — KpaTHOCTh MUPKYJSIIIAN KaTanu3atopa; [ — uckomast Temmeparypa, K;
AH 5,5 - TEIUIOCOAEPKAHNE CBIPBS IIPU COOTBETCTBYIOLIEH €My TEMIIEPATYyPE, C
KOTOPOH OHO Mojaetcst B peaktop; AH, — TEMI0COAEpKaHUEe ChIpbsl B ApOBOU
¢ase mocie yCTaHOBICHUS TEMITEPATYPhI CMeIeHus 1 .

TemnepaTypsl Ha BBIXOJIE€ U3 peaKkTOpa M TEMIIEpaTypa B pereHepaTrope
HAXOJATCSI U3 TEIJIOBBIX OAlaHCOB PEeaKTOpa U pereHeparopa ¢ UCIOIb30BaHU-
€M UTEpaIMIOHHOTO METO/a, T.€. MOCTEIEHHOr0 MPUOIMKEHUSI K HCKOMOMY pe-
LIEHUIO.

Temneparypa Ha BBIXOJ€ U3 PEAKTOPA ONPEAEIAETCS 0 YPAaBHEHUIO

. me + QKOCm.OKC + QCblpbﬂ + Qe‘.n. - Qmen/l pearyuu Qnom.
6bIx !
c;Km .(ij 4_(3 '(j 4_(3npod.'41[1> +-c;6n..(:;ﬂ.

KOKC KOKC npoo.

(4.7)

1€ Gun Grorer Grpoo-r Ggn. — COOTBETCTBEHHO KOJIMUECTBA KAaTaIN3aTOpPa, KOKCA ,
IPOAYKTOB PEAKIH MUPOIN3a, BOIIHOrO napa; Cj— UX TeIoeMKOCTH; AH ...
— TEIUIOCOCPKAHUE MTPOTYKTOB MPU UCKOMOM Temrepatype Ty, .

TemnepaTypy B perenepaTope onpeaesisieM 1o ypaBHEHUIO
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T* — QKm + Qkoxca + Q3030. + Qmerw.ce. + Q:.n.a. + Q:.n.o. — Qoms — onm.
3 me ’ me + G ) C + G ) Cdbl,w.e. + (Gs.n.a. + G ) ) Ce.n.

ocn.KOKcC ocn.KOKc ovim.2.

. (4.8)

6.n.0

K OCHOBHBIM BXOJHBIM IEPEMEHHBIM MaTEMaTUYECKON MOJIETN OTHOCST-
Csl TEMIEpAaTypa U CKOPOCTh MOJAYH ChIPbs, KPATHOCTh LUPKYJISIUU KaTaau3a-
TOpa, pacxoJ M TeMIlepaTypa BOJSHOIO Iapa, M0JaBacMOro B 30HY CMEIIEHUS,
TEMIIEpAaTypa U pacxoj BO3ayXa, I0AABAEMOr0 B PET€HEPATOpP JUIsl BBIKUTA KOK-
ca.

OCHOBHBIMU BBIXOJHBIMU NIEPEMEHHBIMU SABIIIOTCS TEMIIEpATypa B amma-
paTax, riyOMHaA IpEeBpaIIEHMs ChIPbs, COCTaB MOJY4YaeMbIX MPOAYKTOB, OCTa-
TOYHBIN KOKC Ha KaTaJIN3aTOPE U KOHLEHTPALMS T'a30B B IPOAYKTaX TOPEHHUS.

KuneTnueckue 3aKOHOMEPHOCTH ITPOLIECCOB IMPOJIN3a, BBDKUIA KOKCa
OMKCBHIBAIOTCS MAaTEMAaTUYECKOM MOJEIIBbIO pa3pabOTaHHON Ha OCHOBE 3KCIEPH-
MEHTaJIbHBIX U JIUTEPATYPHBIX JaHHBIX.

BeposTHOCTHO-CTaTUCTUYECKAas KNHETUYECKAs] MOJIEb MPOIIECCOB MUPO-
JM3a, IO KOTOPOM OMPEAENSIOTCA COCTaBbl MOIYYaeMbIX IPOIYKTOB Ha BBIXOJIE
U3 pEaKkTopa, B OOIIEM BUJE NMPENCTABIAET COOOM 3aBUCUMOCTH BBIXOJA MPO-
JYKTOB MUPOJIM3a OT MApaMETPOB HOPMAJIBLHON (PYHKIIMU paclpeeIeHUs:

C =f(C, 0" F,.F,) (4.9)

rae Cp — MakCHMajJbHO BO3MOXHBII BBIXOA I-r0 KOMHOHeHTa, F.; u Fg —
CpelHue 3HaYeHUs (PaKTOpa KECTKOCTU KPUBBIX 00pa30BAHUS WIIH PA3JI0KEHUS;
o” — mucnepens (pakTopa skecTKoCTH F.

BenruuHa CTENEHM BBDKHIa KOKCA B PETEHEPATOpPE OINPEHENSETCsS 10

bopmyie
2 1/2
y=1-| 1+k, 2k;Cot/3+k3 , (4.10)

rne C, — HavYajabHas KOHIIEHTpalus Kuciopoaa; Ky u K, — mapameTpsl, 3aBHCS-
IIMe OT TEMITEPATyPhl U pajryca 3epeH KaTaau3aTopa.

MaremaTtrueckas MOJie/Ib pereHeparopa mo TBepaoi (aze Kak MpOTOYHO-
r'0 peakTopa HAeaTbHOTO CMEIICHHUS UMEET BH/T

t,
Y=1-[1-y %t/tn)dt, (4.11)
(0] I

rac Y — CpeJIHHSI CTCIICHb BBIXKHUI'a KOKCA, y — CTCIICHb BBIXKUI'da KOKCA HA OTAC/Ib-
HOM 3epHe; t, — BpeMsi, He0OXOIUMOE ISl ITOJHOTO BBDKUTA KOKCA C IMMOBEPXHO-
¢ty Karanusaropa; t — rexymee Bpems; t,=M,/G, _ cpennee BpeMs npeObIBaHMs
KaTajM3aTopa B pereneparope; M, — Macca Katanuszaropa B pereneparope; G, —
MAaCCOBBIM PACXOJl IIOJaYM KaTalu3aTopa B PEreHeparop.



MycK
pacyeta

Cripsé

[NapameTpk! chipLA
Qc, eyt 1300
Tex, °C 400
[lonA eakyyMHoro rasofing 100%
Karanuaatop
KpatHocTs LpKynALun 10
Tkar 767
Cogep#aHune Kokca, %mace. 0,01

MpogykTsl
Beixode:: Yemacc.| Tyt Boanyx
laza 54 105 Te 500
Boaopoa 0,34 1 o, MM 180
Metan 6,95 14
31aH 3,85 8
Mponakx 1,91 4 T 1
ByTaH 2,17 4
BogaHoi nap 3Tunex 14,48 28
[NapameTpkl napa Mponunex 12,94 25
KonwyecTeo, %macc. ByTeHsl 6,72 13
Ha ChipkE 100% JueuHun 4,19 8 Karanuaatop
Ten, °C 500 MupokoHa. 15,60 H Beixop Kokca 3,35% [JEIMOBEIE rassl
Tax. Cm. 27,51 54 Tkar, °C 644 Copep. Oz 8,25%
Cogep.Kokca 0,35%
E
Y NucpT-peakTop PereHepaTtop
30Ha cMelleHUA 3
- | Tpeak 650 _|Tper 767 5
Tac 656 - Bpems kontakta, ¢ 0,83 - “Imacea Kar., Kr 400000
Moge.tenno, ko#c 9562
A —

650

Pucynox 4.2 — CTpykTypHasi cxema peakTOpHO-pEreHepaToOpHOro 0J0Ka MpoIiecca Mupou3a
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Mooenupyrowuii ancopumm peanv3oBaH ciaeayomuM oopasoM. B cBs3u
C T€M, YTO TEXHOJOTMYECKHE MapameTpbl padOThl peakTopa M pereHeparopa
B3aMMOCBSI3aHbl, pACUET PEAKTOPHO-PErCHEPATOPHOTO OJI0KA HOCUT UTEPALIUOH-
HBIM xapakTep. [locine BBOJIa BXOJHBIX IEPEMEHHBIX 3a4al0TC MTPUOIUKECHHBIM
3HaUECHHUEM TEeMIIepaTyphl KaTtajau3aTopa Ha BbIXoJe U3 JudTr-peakropa (Wi B
pEereHepaTope) U COoAECpKaHMEM KOKCAa Ha KaTalu3aTope. 3aTeM IPOU3BOIHUTC
pacuer pereneparopa. CyTe pacuera pereHepaTopa 3aKII4aeTcs B OIpenesie-
HUU TEMIIEpaTypbl B PEreHepaTope, OCTATOYHOIO KOKCA HAa KaTalu3aTope U
KOHLIEHTpAalMu T'a30B B MPOAYKTAX FOpeHUs. 3Has TeMIIepaTypy Karaau3aropa,
NOCTYIAOIIEr0 B PEAKTOp, ONPENEISAIOTCS TeMIlepaTypa B 30HE CMEIICHHS,
TeMIlepaTypa MPOAYKTOB Ha BBIXOJIE U3 PEAKTOPA, CPEIHSSA TEMIIEPATYpa B 30HE
peakuuu. B Xoze pacueToB ONpenenstoTcs BCE COCTABILIOIINE MAaTEPUAIBHOTO
U TEIUIOBOro OajaHCOB anmapaToB M BCE BBIXOJIHBIE IMEPEMEHHbIC. BBIX0JbI
IPOAYKTOB IUPOJM3a IIPU OTOM PACCUUTHIBAIOTCA IO BEPOSTHOCTHO-
CTaTUCTUYECKON KHHETUYECKON MOJIETIH.

Brruuciennas B pe3yipTaTe pacdeToB TeMIEpaTypa Katajiu3aTopa Ha BbI-
X0JI€ U3 TU(PT-peaKkTopa CPaBHUBAETCS C UCXOAHBIM €€ 3HAUYEHUEM U, €CIIU pa3-
HUIIAa MX TPEBBINIACT 3apaHee 3aJaHHYI0 BEJIMYMHY, MPUHATYIO 33 KPUTEPUA
PEIEHHOCTH, pacyeT MOBTOPSAETCS MPYU HOBOM 3HAYEHUH TEMIIEPATYPHI.

5 HOPAIOK BBIIIOJHEHUSA PABOTBI

1) BeiOop mapameTpa ontumH3aiyH, (HakTOpOB, 0OJACTH ONMPEACICHHUS
(akTOpOB M OCHOBHOT'O YpPOBHSI (PAaKTOPOB (COIJIACHO BapUaHTy 3aJaHUs IO
MPUIOKEHUIO).

2) Br100p nHTEpBATIOB BapbUPOBaHUS (PAKTOPOB.

3) Bri0bop miaHa (COCTaBUTh MATPHILY TUIAHUPOBAHHS ONBITOB). J1J1st 3TO-
ro MOHO noJib3oBatecs nporpammont IIJIAH.exe. [locie 3amycka nporpamMmebl
B OKHE, [TOKa3aHHOM Ha pUCYHKE 5.1, BBOAUTE KOOpAMHATHI OCHOBHOTO YPOBHS
¥ HHTEPBAJIbl BAPHUPOBAHHS (DAKTOPOB MOMHOPAKTOPHOTO IKCIIEPUMEHTA 2°.

4) B okHe, NMpHBEICHHOM Ha PUCYHKE 5.2, mporpamMMmoil COCTaBIIAETCS
MaTpulla MJIAHUPOBAHUS SKCIEPUMEHTA B HATYpaJIbHBIX 3HAYEHUSIX (PaKTOPOB,
T.€. YCJIOBUS ITPOBEICHUSI OIBITOB.

5) Hcnonw3ys moxenupymomryto nporpammy Lift-Reactor.xIm cornacuo
MaTpHIle TJIAHUPOBAHMS IMPOBECTH MEPBYID CEPUI0 KOMIIBIOTEPHBIX OIBITOB.
[Tocne 3amycka mporpammbl Lift-Reactor.xIm nma MoHuTOpe MOSBHTCS OKHO,
MIPUBEICHHOE Ha pUCYHKE 4.2. OCHOBHBIE TEXHOJIOTUYECKHUE MMAPAMETPHI yCTa-
HOBJICHBI 110 yMo4aHuio. HeoO0xoauMo BBECTH 3HAUEHUS] TEMIIEPATyphl B peak-
TOpE W KOJIMYECTBO BOJsHOrO napa. [locne naxartus Ha kHonky ITYCK npowus-
BOJAUTCA WUTEPALIMOHHBIA Pacu€T pPeakTOPHO-PEreHepaTOpHOro OJioKa. 3aHecTH
pe3yabTaThl ONbITOB Y., B TaOnUIly okHa MaTpuua.
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ﬁ_m [laanupoeaHke axcne pume HTa-Plani. pe

File O MNporparme

= HdH

Yenogda M3 l Matpuua ] Lar e HaNpaeneHWK rpadMenTa | MaTpuua 4nA nedat ]

nﬂaHMPOBHHMe IKCNepuMeHTa

I=f il

N

MapamMeTpel |OCHOEHOW YPOEEHE

IIHTEREAN EAPMAOESHKA

H1

650

2

a0

10

5

Pucynox 5.1- Oxno ¥YcioBus 119

ﬁ_ﬂ [lnaHxposanme akcne pyme Hra-Pland. pe
File O Mporparme

Yenoewa M3 Matpuua l Lar e HAaNPAENEHKWK TPaOMeHTa | MaTpMUua oA NeYaTH

a8 =i

OneT X1 X2 Ik
1 GED 55 25

2 640 55 22

3 GED 45

4 G40 45

Pucynok 5.2 — OkHo MaTpuna
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6) Ilepeiitu B okHo Illar B HampaB/IeHHM TpaJMeHTa, BBCCTH IIpHpa-
HIeHHe OAHOro u3 (pakTopoB (cM. pucyHok 5.3). Ilpu 3TOM 3HaYCHHE APYroro
dakTopa BeuucisieTcs aBToMaTudecku. [llar nomkeH ObITh MEHbIIE WM PAaBEH
WHTEpBaTy BapbUpoBaHus. Eciiu HanpaBieHrue BHIOpaHO MPaBUIILHO, B OKHE IO-
apisgercss Haanuch Llar ocymecTBiasieTcss B HAanpaBjieHMH Makcumyma. B
IPOTUBHOM Cllydyae He0OXOJIMMO BBOJAUTH OTPULIATEIHHOE 3HAYCHHUE MpHpaIle-
Hus (hakTopa. 3anmuchiBaiiTe ypaBHEHUE JUHEHHON Moenu. Bo BTopom crondie
BBIYMCIIAOTCS 3HAYEHUsT KOOPJAWHATHI OYEPETHOTO OCHOBHOIO YypoBHA. Ilpu
ITHX 3HAYEHHSX MPOBOJUTCS OINBIT Ha Mojenupytomeld nporpamme Lift-
Reactor.xIm.

7) Tlocne kaxmoro OmMbITa MPOBEPSIETCS aJCKBATHOCTH JIBMIKCHHS IIO
rpaJueHTy (pakTUYEeCKOMY MOBEACHUIO Ipoliecca. Jlerye Bcero 3To caenarb,
CpaBHMBAsl 3HAYEHUE ONTHUMAIBHOCTU B TOCIEIYIOIIEM OIBITE CO 3HAUYCHUEM
KpUTEpHS B MPEIBIIYIIEM OIBITE. €CIM OHO CTaJo, HUXKE, TO pa3padaThiBacTCs
HOBBIM TUTaH, C HUCIOJIb30BAHUEM KOOPJMHAT MPEIbIIYIIETO OMbITa B Ka4eCTBE
OCHOBHOTI'O ypoBHs. HaxoauTcss HOBO€ MareMaTH4ecKoe OUCAaHUE U T.[.

%_m [lnanxpoBsanme akcne pume Hra-Planl.pe g@@|
File O Mporparse

a8 =i

YonoeWA M2 ] Matpuua LUAFE HANPAENEHWA TOAOWEHTE | MaTpuua gnA nedaru

Y¥pAEHEHWE ONA KOOWOOBAHHEX A y=22 2541 757K +1 2572

IIZMEHARTE ZHAYEHKME B NOAOA AYEAKe LWar ocyWecTENASTCA B HANPAENEHAM  MAaKCMMyME
MapamMeTpkl MpHpalleHHe NapaMeTpa | OCHOEHOW YpOEEHE

1 20 B70

2 T.14248 ar.143

MepeHECTH OCHOEHOA YPOEEHE BYCNOEMA M3

Pucynok 5.3 — Illar B HanpaBneHUM rpaiueHTa

8) HUcnoawr3zys EXCEL, naTh reoMeTpHyecKyr0 HHTEPIPETALMIO IIPO-
1[ecca HaxOXKJICHHs ONTUMYMa MapaMeTpa ONTHMHU3AIUH.
9) Cnenatb BBIBOJIBI O IPOJICTIAHHON padoTe.
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MNPUJIO)KEHHUE A
BapuaHTBI K BBINOJTHEHHIO IOMAIIHEr0 3aaHusl
OcHoBHOI ypoBCHb [TapameTp onTUMHU3AIAN
Hons Ba- X1 X2
Homep | ‘YYMHOTO
BAPHAHTA rasounsa B | Temrmeparypa | Pacxox BOASHOTO
CBIPBE, B peakTope | mapa, %macc. Ha Beixon mpomykra, T/CyT
%Macc. Tp,o C CHIpBE

1 5 650 10 OtuneH

2 10 650 100 [Tponunen

3 15 650 100 CymMBI o51e(hUHOB
4 20 650 10 OTHIIEH

5 25 650 100 [Tponumnen

6 30 650 100 Cymmbl ontehuHOB
7 35 650 10 OtuneH

8 40 650 100 [Tponunen

9 45 650 100 CymMBI on1e(huHOB
10 50 650 10 OTHIIEH

11 55 650 100 [Tponunen

12 60 650 100 CymMBI 01e(hUHOB
13 65 650 10 OtuneH

14 70 650 100 [Tpormen

15 75 650 100 CymMbI onie(huHOB
16 80 650 10 OTHIIeH

17 85 650 100 [Tponunen

18 90 650 100 Cymmbl ontehuHOB
19 95 650 10 OtuneH

20 100 650 100 [Tponunen

21 93 650 100 Cymmbl oniehHOB
22 83 650 10 OtuneH

23 43 650 100 [Tpornnen

24 33 650 100 CymMbI on1e(hHOB
25 23 650 10 OTHIIeH

26 13 650 100 [Iponunen

27 87 650 100 Cymmbl oniehHOB
28 77 650 10 OtuneH

29 67 650 100 [Tpornnen

30 57 650 100 CyMMmBbI 071€(hUHOB
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