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BBEOEHWUE

CoBpeMeHHBIH YPOBEHb DPA3BUTHSA NPOCKTHPOBAHMSA W YIPABICHUS
TEXHHYECKHMH CHUCTEMaMH TIPEIIIONIaracT HCIOIb30BaHHE MH(OPMAINOH-
HBIX TEXHOJIOTHUII Ha BCEX 3Talax JKU3HEHHOTO LIUKJIA.

OCHOBHBIMHU 3TallaMU JKU3HEHHOTO IMKIa TexHudeckux cuctem (TC)
SIBIISIFOTCS. IPOEKTUPOBAHKE, MOHTAX M HKCILTyaTalys, MOCIeNyIomas peKoH-
CTPYKLUS WM YTUIM3alUsl CUCTeMBI. B mporiecce mpoexkTupoBaHUs OCylle-
CTBIISIETCS! IOMCK (DYHKIIMOHAJIBHBIX PEIICHUH, MPEICTABISIEMBIX U JOKYMEH-
THUPYEMBIX B BUJIE (DYHKIIMOHAIBHON CTPYKTYPBI, KOTOPAst 3aTEM MOKET OBITH
MaTepHaIN30BaHa ¢ MOMOIIBIO ONPEACIEHHBIX NMPEANNCAaHNN. DTH TPEAIH-
CaHMA CIyXaT JUI1 U3TOTOBJICHUS KOMIIOHEHTOB CHCTEMBI U COCTaBISIOTCA
TakuM 00pa3oM, YTOOBI BCe (PYHKIIMOHAIBHBIC TPEOOBAHMS OBUTH BBIMIOJIHE-
HBL. B 3TOM cMBICIIE IpoLiecC MPOEKTUPOBAHUS MPEANOIIaraeT MOIy4eHe He
TOJIBKO BCEX HEOOXOAMMBIX YepTEXeH M3AeNusl, HO U pa3pabOTKy TEeXHOJIO-
TMYECKUX MPOIECCOB €0 M3rOTOBNEHUA. Llenbio MPOeKTHPOBAHUS SIBIAETCS
pa3paboTka n (opMupoBaHne (YHKIUA TEXHHIECKOI CHCTEMBI ITyTEM Tepe-
PpabOTKM TEXHOJIOTHIECKOH M OPTraHU3aMOHHON HH(OPMAIIHH.

Bo Bcex oTpacifx NpOMBIIUIEHHOCTH YCTAHOBJICHBI CIIEIyIOIIUE CTa-
TN pa3pabOTKH KOHCTPYKTOPCKOH NOKYMEHTAlMH: TEXHUYECKOE 3aJaHue
(T3), TexHIMUYECKOE MPEIIOKEHUE, ICKU3HBIA POEKT, TEXHUUECKUN TPOEKT,
pabouas nokymeHTarus. Yacto craauu pa3pabOTKU TEXHHYECKOTO MPOEKTa
u paboueil JOKyMeHTaluu OOBEIUHSIOT B OJHY. Bce nepeuncieHHble cra-
JUH NOATOTOBKM TEXHMYECKON JTOKYMEHTALUH SBISIOTCS PE3YNbTaTOM BBI-
MIOJTHEHHUS OIPEIeIEHHBIX ITANIOB IPOCKTHPOBAHUS.

Oynkunonuposanue TC TpeOyeT HanM4KsI aBTOMaTU3UPOBAHHON CHUC-
TEeMBI yHpaBieHus TexHojormueckum mnporeccoM (ACY TII) m cucremsr
OTIepaTHBHOTO yIpaBieHus nmpons3BoacTBoM (COY). [laHHBIE CHCTEMBI OpH-
€HTUPOBaHBl Ha IPUMEHEHHE COBPEMEHHON BBIYHUCIUTEIHHON TEXHHUKH H
paspabatbIBaloTcs, Kak npaBuio, Ha 0a3ze m3BecTHbIXx SCADA u ERP cuc-
TeM. OHM NpenHa3HAYeHBl Ul PEIleHHUs 3aJad OMNEPATUBHOIO KOHTPOJISA
COCTOSIHUH TEXHOJIOIHYECKOro nporiecca u obopynosanus TC; ynpaBneHus
MIPOU3BOJICTBEHHBIM IPOIIeCCOM; (OPMHPOBAHUS IUIaHA BEITYCKa MPOIYK-
IUU U IPOBEACHUS IUIAHOBO-NPENYNPEIUTENbHBIX PEMOHTOB; pPELICHUS
OpraHU3alMOHHBIX BOIIPOCOB U JP.

CoBpeMeHHbII YPOBEHb Pa3BUTHS MHOOPMAIIMOHHBIX M KOMMYHHUKa-
LUOHHBIX TEXHOJOIWHA Ha MPOU3BOACTBE MO3BOJSAET AKTUBHO UCIOIb30BaTh
HepesioBble CUCTEMBbl AaBTOMATU3AlMM TEXHOJOTUYECKOro Ipouecca u
YIOPaBJICHUS BBITYCKOM MHPOXYKIMH M HpeanpuitueM B menoM. CosnaHne
eInHOW MH()OPMAIIMOHHONH CHCTEMBI NPOMBIIUIEHHOTO MPEANPHATHS II0-
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3BOJISIET OCYLIECTBUTh KOMIUIEKCHOE PELICHME 3aJad YIPaBICHUS BBITYC-
KOM IIPOIYKIUH, ONUPAsiCh HA B3aNMOJCHCTBHE MHTETPUPOBAHHBIX aBTOMa-
TU3UPOBAHHBIX HH(POPMAIIMOHHBIX CUCTEM.

[epBas yacTh yueOHOTO MOCOOUS BKIIFOUAET:

e 00mye CBEACHUs O CHCTEMax aBTOMAaTU3MPOBAHHOTO MPOEKTHPO-
BaHUS TexHoyorudeckoro obopymnosanuss (TO) m reomH(pOPMAIMOHHBIX
cUcTeMax MPOEKTUPOBAHUS M HKCILTyaTal[l TEXHUUYECKHX 00BEKTOB;

e TpencTaBieHHe CTPYKTypsl TO U €ro THUMOBBIX 3JIEMEHTOB B MH-
(OpMaIIMOHHBIX CHCTEMAX;

® CTPYKTYpPY, QyHKUIMH U pUEMBI pabOThl C aBTOMAaTH3UPOBAaHHBIMHU
nHdopmanmonnsiMu cucteMamu (AWC) xommonoBok TO, TexHonoruye-
CKMX pacdyéToB TEIUIOOOMEHHOTO OOOpPYJOBaHMS, ABTOMAaTH3MPOBAHHOTO
COCTaBJICHUS MECSTYHBIX rpadukoB peMoHTOB TO);

e MpUEMBI HCIONB30BAaHUSA CHUCTEMbI MOJEIUPOBAHMS AWHAMHYECKHX
TIPOIIECCOB ISt OTIEPATHBHOTO YIIPABIICHHS IIPOMBIIUIEHHBIM POH3BOACTBOM;

e METOJOWKH TPUMEHEHUsI CPEACTB MYJIbTHMEANA MpPH CO3JaHUHU
ANC ob6ydeHus nepcoHanga NpeANPHATUH XUMHUYECKOTO U MAIIMHOCTPOU-
TEJILHOTO MTPOQHIIA.

Bo BTOpYy!0 yacTs MocoOust BOLLTH:

e CBEICHUSA O IOCTAaHOBKaxX 3ajad, METOAAX MX pEIIeHHs U Mpo-
TpaMMHBIX CpeJiax, HUCIOJIb3yEeMbIX IPH aBTOMATH3UPOBAaHHOM IPOEKTHPO-
BaHUHM TEXHOJOTUYECKOTO 000pYI0BaHNS;

® TEOPETHYECKHE OCHOBBI IOWCKA PEXHMHBIX M KOHCTPYKTHBHBIX
XapaKTEePUCTUK TEXHOJIOTUIECKOr0 000pyA0BaHNS;

e OIMCaHWE TEXHOJIOTHH IOJACPKKH MPUHATHS pEIeHUI Al mpo-
eKTHPOBAHUS TEXHOJOTHYECKHX IIPOIECCOB Kiacca IPOU3BOACTBEHHBIX
CHCTEM CJIOXKHOH CTPYKTYpbI (Ha IMpUMepe MAIIMHOCTPOHUTENbHBIX MPOU3-
BOJICTB);

e OIMCaHWE Pa3INYHBIX METOIOB IPOTHO3UPOBAHMS EMKOCTH PBIHKA
MHOT0AaCCOPTUMEHTHOM MalOTOHHAKHON MPOAYKIIH C IOMOIIBIO anmapara
HEHUPOHHBIX CETEH;

® METOJVKH IIPOCKTUPOBAHUS TPEHAKEPHOTO KOMIUIEKca Ui 00y-
YEeHUs IEPCOHANIA TEXHUYECKON CUCTEMBI.

TpeTss yacTh MOCOOMS MOCBSIIEHA:

e KpaTKOCPOYHOMY MPOrHO3UPOBAHHIO IPOU3BOAUTENBHOCTH OC-
HOBHOTO 000pY/I0BaHMS TEXHUUECKUX CHUCTEM;

e MOJEPHH3AIMH XMMHUKO-TEXHOJIOTHYECKHUX CHCTEM JEHCTBYIOIIETO
MHOTOACCOPTHMEHTHOTO NPOU3BOJACTBA NPH M3MEHEHHWH IUIAHOB BEITYCKa
TIPOJTYKIIUH;



e pa3paboTke MH(YOPMALMOHHO-JIOIMYECKOW MOJENN TPAaCCHUPOBKU
TEXHOJIOTHYECKHUX TPYOOIIPOBOIOB;

e pa3pabOTKe METOAMKH pacuyéra M BbIOOpAa MEXaHHMYECKHX IepeMe-
IIMBAOINX YCTPOMCTB BEPTUKAIBHBIX EMKOCTHBIX alapaTos;

® MOJAEIMPOBAHUIO MPOIIECCa HarpeBa mpecc-(hOpMBI ISl TPOM3BOA-
CTBA PE3NHOTEXHUYECKHUX M3JEINH Ha MHAYKIMOHHOM BYJIKaHH3aLMOHHOM
pecce;

e pa3paboTKe TEXHOJIOTHH aBTOMATH3HMPOBAHHOTO CHHTE3a CHCTEMBI
000pOTHOTO BOTOCHAOKEHHSI XHMUYIECKOTO TIPEIITPHSATHS;

e pa3pabOTKe KOMIUIEKCA BUPTYAIBHBIX TPEHAXEPOB VISl OOCIYKH-
BAIOIIETO NEPCOHANA CHCTEM IOATOTOBKH U OYHCTKU BOJBI;

e pa3pabOTKE TEXHOJOTHWH CO3JaHUS AJICKTPOHHBIX MHOTOIIEIEBBIX
0aHKOB JaHHBIX;

e OpraHu3alMy Juajora ¢ IOJb30BaTEeIsIMU B HH(GOPMAIMOHHBIX
CHCTeMax yINpaBJIECHHs POU3BOICTBOM;

® TIPEICTABICHHIO TEMaTHYECKHX MPOCTPAaHCTBEHHO-PACTIPENECNEH-
HBIX JJaHHBIX B CETH UHTCPHET.

ABTOPBI HAJICIOTCS, YTO JaHHOE ydeOHOe rmocodue OyneT MONe3HO AIIS:

— CTYJCHTOB BBICIIMX YYEOHBIX 3aBEICHHH, OOydJalomIMXcs MO Ha-
MIPaBJICHUIO TOJATOTOBKU crenmanucToB 151701 "IIpoekTupoBaHue TeXHO-
JIOTHYSCKUX MAIIMH U KOMILIEKCOB";

— yyaluxcsi MarucTparypsl no HanpasieHusM: 150700 "MawmuHo-
cTpoeHue", ocBauBawolIMX mporpamMmy "HMHpopmMaimonHoe obecrieueHne
MAaIIMHOCTPOUTEIbHOTO Tpom3BoAcTBa; 220100 "CucreMHBIN aHAIU3 U
ynpasiieHue", ocBauBarolIMX nporpammy "CHCTEMHBIA aHAJIU3 MPOEKTHO-
TEXHOJIOTUYECKHUX peleHui";

— acTIMPaHTOB, MPOBOSMIINX MCCIEIOBAaHMUSA B O0ONACTH ONTHMAIBHOTO
MIpOoeKTHpOBaHus u ynpasyeHus TO.

Hammume B mocoOum pasfenoB Ha aHTIMHCKOM SI3BIKE ITO3BOJISET
HCTIONB30BaTh €r0 MPH JIBYS3bIYHON ITOATOTOBKE.

Paboma evinonnena 6 pamkax 2ocyoapcmeeHHo20 KOHMpPAKMA
Ne 02.740.11.0624 Dedepanvrou yeregoti npocpammsl ""Hayunvle u nayuno-
neoazozuyeckue kaopuvl unnosayuonnou Poccuu na 2009 — 2013 200w



Maeal

KPATKOCPOYHOE NPOrHO3NPOBAHUE
nPOU3BOAUTENIBHOCTU OCHOBHOIO
OBOPYONOBAHUA TEXHUWHECKUX CUCTEM

B HacTosIiee BpeMsi BONPOCH MPOTHO3UPOBAHUSI U OLIEHKH Ba)KHEH-
IIMX TI0Ka3aTeNlell AeATeNFHOCTH XUMHUECKOTO MPEIIpUATHI Ha OymyIuit
OTPE30K BPEMEHH CTAHOBSITCS OCOOCHHO aKTyaJbHBIMU. ACCOPTUMEHT MPO-
OYKIUM MHOTOACCOPTHUMEHTHBIX MAaJIOTOHHAXHBIX XHUMHUYECKUX MPOU3-
BOJICTB OTPOMEH: KPaCHTENH, HOIYHPOIyKTHl, KHHO(QOTOMATepHalbl, IPO-
OyKOusi OBITOBOM XWMHUH, W TIOABEP)KEH MOCTOSHHBIM H3MeHeHWsM [1].
B cymecTByronieil 5KOHOMUUYECKON CUTyalluy IIAHOBBIE 3aJaHMsI OTCYTCT-
BytoT. Ilepen pyKOBOICTBOM MpEeOUpHUSATHS BCTAET CIIOXKHEHIIas 3agada
OCYIIECTBIICHUS TPOTHO3a CHPOCa HAa MPOHM3BOAMMYIO HPOIYKIIHIO, KOTO-
Pl MOXKET HMCIOJB30BATHCS ISl OMPEJENICHUs MPOU3BOJCTBEHHONW MpO-
TpaMMBI, TIPOU3BOIUTEIEHOCTH OCHOBHOTO OOOPYIOBaHUS, IOTpeOHOCTEH
B CBIPbC U MaTepHaNIaXx.

1.1. BBEJEHUE B UCKYCCTBEHHBIE HEMPOHHBIE CETHU

Pa3BuTHe MPOTHOCTHKM KakK HAyKH B MOCIEIHUE NECATHIICTUS IIPUBE-
JIO K CO3JJaHMI0 MHOJKECTBAa METOJIOB, MPOIETyp, MPUEMOB MPOTHO3HPOBA-
Hus. HacunThIBaeTCs CBBIIIE CTa METOAOB IMPOTHO3UPOBAHUS, B CBA3H C YEM
nepesl crenuaaicTaMyd BO3HUKAET 3a/1ada BEIOOpa METO/I0B, KOTOPHIE JaBa-
71 OBl aJIeKBaTHBIC NMPOTHO3BI JJIS U3Y4aeMBIX MPOIECCOB U cucTeM. B Ha-
M JHU BO3pPacTaeT HEOOXOIMMOCTh B CHCTEMax, KOTOPBIE CIIOCOOHBI HE
TOJIBKO BBIIIOJHATH OJHAXKIBI 3aIPOrPaMMHUPOBAHHYIO MOCIIEI0BATEIb-
HOCTb JICHCTBUI C 3apaHee ONpeaeNéHHBIMU TaHHBIMU, HO U CIIOCOOHBI ca-
MU aHaJIM3MPOBaTh BHOBH MOCTYMAIOIIYyI0 MH(MOPMAIHIO, HAXOIUTh B HEH
3aKOHOMEPHOCTH, IPOW3BOJHTH IPOrHO3MpOBaHMe. B 3Toi obmactu mpu-
JIO)KEHUH CaMBbIM JIy4IIINM 00pa3oM 3apeKOMEHJOBAIH ce0sl NICKYCCTBEHHBIE
HelpoHHbIe ceTH [2] — 3 PEeKTUBHBIM MaTeMaTUYECKUi armapar Jyis oopa-
60TKHM "HCTOpUUECKHX" TaHHBIX O MpoLEcCe.

Hetiponnas ceTb — rpoMajHbIil pacnpeAenEHHbIA NMapauIeNbHbIA Ipo-
[IECCOp, COCTOSIIMKA M3 DJEMEHTAPHBIX €AWHHI] 00paboTku MH(DOpMammH,
HaKaJIMBAIOIINX SKCIIEPUMEHTAJIBHbBIC 3HAHUS U NPEAOCTABIMIOMNX UX IS
nocneayoome oopadboTku.

[Iponienypa, ucronp3yemMast A Tporecca oOydeHus], Ha3bIBaeTCs aj-
roputMoM oOy4derns. OHa BBICTpaWBaeT B ONPEAEIEHHOM IMOPSAKE CHHATI-
THYECKHE Beca HEHPOHHOM ceTn Juisi oOecrniedeHuss He0OX0AUMOI CTPYKTY-
PpHI B3auMocBs3el HepoHOB [3].
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Heiipon mpencraBisier coboit eauHuiy oOpaboTku MH(OpManuu B
HEHpOHHOU ceTH. Monenb HeHpoHa, JIEKALIET0 B OCHOBE MCKYCCTBEHHBIX
HEHPOHHBIX CETEH, Noka3aHa Ha puc. 1.1. B 3Tol Moaenu MOKHO BBIIEINUTh
TPH OCHOBHBIX JIEMCHTA:

1) Habop CHHAIICOB WM CBA3eH, KAXKABIA M3 KOTOPBIX XapaKTepH3yeT-

Csl CBOMM BECOM WJIM CHJIOHM, B YACTHOCTH, CUTHAI X j Ha BXOJie CHHarca I
CBSI3aHHOTO C HEWPOHOM K, yMHOaeTCst Ha BeC ij ;

2) cyMMaTOp CKJIAJbIBACT BXOMHBIC CHTHANbI, B3BEIICHHBIC OTHOCH-
TENbHO COOTBETCTBYIOIUX CHHANICOB HEHPOHA;

3) byHKIMSA aKTHBALMK OrPAHMYMBACT AMILUTUTYIY BBIXOJHOTO CHUTHA-
Jla HeMpOHa; OHa TaK)Ke Ha3bIBaeTCsl PYHKIMEH CKaTHS.

B Mogens HelipoHa, moka3aHHY:O Ha puc. 1.1, BKIIOUEH MOpPOTOBBIN
9JIEMEHT, KOTOPBIi 0003HaUeH CUMBOJIOM Dy , OTpaKaIOMNii yBEIMYCHHE M

YMEHBIIICHUE BXOJJHOTO CUTHaJIa, 01aBaeMOT0 Ha (pyHKIMIO aKTUBAIHH.
B maTtemariueckoM MpeAcTaBiIeHUH (DYHKIIMOHHPOBaHHE HeipoHa K
OIIMCHIBAETCS YPaBHECHUSAMU

m
U = 2 Wg;;
j=1

Yk = o(uy +by),
TIE Xq,Xp,...,Xy — BXOIHBIE CUTHANBL, Wq,Wo,...,. W, — CHHANTHYECKHE
Beca HefipoHa K; Uy — nuHeifHas KOMOHMHAIMS BXOJHBIX Bo3aeicTBuil; by —

nopor; @) — GyHKIus akTHBaLKUHK; Y, — BBIXOAHOM CHUrHAI HEHpPOHA.

[opor

mem BHIMHO“
curan CHIrHan
Y

CuHanmHYeckse
BECa

Puc. 1.1. Moaean HelipoHa
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Knacc 3agay, koTopble MOKHO PEHIMTH C MOMOIIBI0O HEHPOHHOM CETH,
OMpeJeNseTCs TeM, KaK CeTh paboTact, ¥ TeM, Kak oHa oOyuaercs. [Ipu pabo-
Te HEHpOHHAs CEeTh MPUHHUMAET 3HAUEHUS] BXOIHBIX MEPEMEHHBIX U BBIIAET
3HAYCHMS BBIXOHBIX MIEPEMCHHBIX. TakuM 00pa3oM, ceTb MOXKHO IPUMEHSThH
B CHUTYyAaI[WH, KOTJIa HIMECTCs ONpeaeiéHHas n3BecTHas UHOpMAIUs, U HyX-
HO U3 He€ MOJTYYUTh HEKOTOPYIO MOKa HEU3BECTHYIO HH()OPMAITHIO.

BaxkHOe ycliOBHE TPUMCHEHHUS HEHPOHHBIX CETCH: HEOOXOIUMO,
9TOOBI MEXIy H3BECTHBIMH BXOJHBIMH 3HAUCHHSIMA ¥ HEH3BECTHBIMU
BBIXOJIJAMH MMeEJIach CBA3b, KOTOPas MOKET OBITh MCKa)keHa IIIyMOM, HO OHa
JOJDKHA CYIIECTBOBATD.

@yYHKIIMM aKTHBALMU OIPEAEISAIOT BBIXOIHOM CUTHAJ HEWpOHa B 3a-
BUCHMOCTH OT MHAYLMPOBAHHOI'O JIOKAIBHOIO MOJII L. MOXHO BBIIEIUTH
TP OCHOBHBIX THIA ()yHKIIUN aKTHBALIUY:

1. @ynryus eounuuHo20 ckauka, WIA TOPOTOBast (PYHKIHS, THIT KOTO-
poii moKa3aH Ha puc. 1.2 ¥ OMUCHIBACTCS CISAYIOMINM 00pa3oM:

1, ecim v=0;
o(v) =
0, ectm vL<O0.
B texnudeckoit nurepatype 31a GopMa QyHKIMHA STUHUIHOTO CKaYKa
00byHO Ha3biBacTcs (yHkimed XdBucaiina. COOTBETCTBEHHO BBIXOIHOU
CUrHaJI HeipoHa K Takoi (YHKIIMH MOKHO MPEICTABUTh Kak

1, ecmm v, 20;

Y= 0, ecmu v, <0,

TAC Uy — HHAYHUPOBAHHOC JIOKAJIBHOC I10JIC HeﬁpOHa, T.C.

m
L% :szJXJ +b|('
j=1
B wmopenu, Ha3piBaeMoil B JmTepaType Mojnenbio Mak-Kamioka-
[IuTua, BEIXOAHOW cUrHal HEHpOHa MPUHUMAET 3HAaYeHHue 1, eciin UHIyLu-
pOBaHHOE  JIOKaJBbHOE TMOJI€ O3TOr0 HEMpoHa HE  OTPULATENBHO,
1 0 — B IPOTHUBHOM cily4ae. DTO BbIPpa)KEHHUE OIUCHIBAET CBOMCTBO "BCE MIIH
Huuero'" moxenu Mak-Kanimoka-ITutna.
2. Kycouno-nunetinas @yukyusi — TAII KOTOPOH TMOKa3aH Ha puc. 1.3,
OMHCBIBAETCS CIETYIOIUM BBIPaKEHUEM:

@(v) =1v), +%> o>—%;
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Puc. 1.2. ®yHKuus eTMHUYHOI0 CKAYKa

1,2
r o(v)
08
0,6
0.4
02

Puc. 1.3. KycouHo-iuneiinass pyHKuus

3. Cuemoudanvhas gynxyus, rpa@uk KOTOPOU HAIOMUHAET OYKBY S,
SIBJISIETCSI CAMOM pacrpoCTpaHEHHOM (yHKIMEH, UCTIONb3YeMOil Uil co3a-
HUsSI HICKYCCTBEHHBIX HEHPOHHBIX ceTeil. DTo ObICTPO Bo3pacTaromas (pyHK-
WS, TIOAJEPKUBAET OalaHC MEXIY JIMHEHHBIM M HEJIMHEHHBIM MOBEJCHU-
eM. [IpuMepoM cUrMOMIaTbHOM (QYHKIIMH MOXKET CIY)KUTh JIOTHUCTHYECKast
GyHKIMSA, 3a1aBaeMast CIICIyIOINM BBIPAKEHHEM:

1

o(v) =m,

IZle @ — MapamMeTp HaKJIOHA CUTMOWAANBHON (DYHKIMH, W3MEHSS KOTOPBIH
MOYXHO TIOCTPOUTH (PYHKITHH C Pa3IMYHON KpyTH3HOHU (puc. 1.4).

IMepBblii TpaMK COOTBETCTBYET BENMYMHE Mapamerpa, paBHO# al4.
B mpenerne, xorma mapameTp HaKJIOHA JOCTUTAeT OECKOHEYHOCTH, CHTMOM-
nanbHast (pyHKIUS BBIpOXKIaeTcs B moporoByro. Ecim moporoBast ¢yHKIuS
MOJKET MPUHUMATh TONbKO 3HadeHWs 0 ¥ 1, TO curMompanbHas (yHKIUSA
MIPUHUMAET OECKOHEYHOE MHOXKECTBO 3HadeHHH B nuamnaszone 0...1. Cnemy-
€T 3aMETHUTh, YTO CUTMOMAAIbHas QYHKIHA sBisieTcs: TuddepeHupyemMoit
B TO BpeMsI Kak moporosas — HeT. J{uddepeHnupyeMocTs aKTHBAaIIMOHHOMN
(YHKIMM UTpaeT BasKHYIO POJIb B TEOPHU HEHPOHHBIX ceTei [4].
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Puc. 1.4. CurmoupainbHas QyHKIUS 1/ pa3JU4YHbIX 3HAYeHHUIi napaMerpa a

YT100BI OTPa3uTh CyTh OMOJIOTMYECKUX HEHPOHHBIX CHCTEM, OIpeje-
JICHWE HMCKYCCTBEHHOTO HEWpoOHa IaéTcs CIEAYIOIUM 00pa3oM: HCKYCCT-
BEHHBI HEWPOH MONydYaeT BXOJHBIC CHTHAJBI (MCXOMHBIE TaHHBIC IHOO
BBIXOJIHbIE CUTHANBI APYTMX HEHPOHOB HEHPOHHOHN ceTH) depe3 HECKOIBKO
BXOJHBIX KaHaioB. Kaxk/plii BXOJHON CUTHANl MPOXOJIUT Yepe3 COCTUHEHHE,
HMEIOIIee OTPEICIEHHYI0 HHTEHCUBHOCTD (MITH 8eC); 3TOT BEC COOTBETCTBY-
€T CHHANTHYECKOH aKTHUBHOCTH Omojormyeckoro Heiipona. C KaxXIbIM
HEUPOHOM CBS3aHO OIpPEAEIIEHHOE TOPOrOBOE 3HAUCHUE.

Beca MoryT OBITH OTpUIATEIEHBIMH, YTO 03HAYACT: CHHAIIC OKa3bIBAaCT
Ha HEHpOH He BO30OyXKIarolee, a TOPMO3sIiee Bo3AeHCTBHE (B MO3Te MPH-
CYTCTBYIOT TOPMO3SIINE HEHPOHBI).

Ecnu cetp mpepmonaraercsi AJisl Y€ro-To HCIIOJIB30BaTh, TO Yy Heé
JOJDKHBI OBITH BXOJBI (IPUHUMAIOIINE 3HAYCHUS WHTEPECYIONINX HAC IIe-
PEMEHHBIX U3 BHEIIHEr0 MHpPa) W BBIXOJbI (IPOTHO3bI WIIM YIPABJISIOLINE
cUrHajbl). BXozpl U BBIXO/IbI COOTBETCTBYIOT CEHCOPHBIM U JIBUTATEIbHBIM
HEpBaM — HaIllpUMEpP, COOTBETCTBEHHO, HIYIINM OT IJ1a3 U B pyku. OqHAKO
B CETH MOXET OBITH emlé MHOTO IPOMEXKYTOYHBEIX (CKpPBHITBIX) HEHPOHOB,
BBINOJIHSAIOMIMX BHYTpeHHHE (YHKIMH. BXOIHBIE, CKPBITBIE U BBIXOJHbBIE
HEWPOHBI JOJDKHBI OBITH CBSI3aHBI M1y c000ii [3].

[IpocTeiimas ceTb UMEET CTPYKTYPY NPSMOU Iepeadn CUTHaja: CUT-
HaJIbl TTPOXOJSIT OT BXOJIOB Yepe3 CKPBIThIC AJIEMEHTHI U B KOHIIE KOHIIOB
NPUXOJAT Ha BBIXOJHBIE dJIeMEHThI. Takasi CTpyKTypa UMeeT yCTOHYMBOE
noBeneHue. Ecin ke cetb pexyppenmuas (T.e. CONEPKUT CBSA3M, BELyIINE
HazaJl oT Oosiee NanbHUX K OoJiee OIMKHUM HEHpoHaM), TO OHa MOXET OBITh
HEYCTOWYHMBa M UMETh OYEHb CIIOKHYIO JMHAMUKY NOBejeHHs. PexyppeHT-
HBIE CETH NPE/CTABIIOT OOJIBIION HHTEPEC IS HCClleioBaTenell B 00macTu
HEWPOHHBIX CEeTeH, OJJHAKO NPH PELIEHHM IPaKTHYECKHX 3ajad Hauboiee
T0JIE3HBIMU OKA3aJIMCh CTPYKTYPHI IPSIMOiL Hiepeayuu.
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Tunuueell npuMep ceTd ¢ HpAMOM Hepenaueil curHaiga IMokasaH
Ha puc. 1.5. HelipoHBI peryaspHbIM 00pa3oM OpTraHM30BaHEI B CIOU. Bxox-
HOW CJIOH CIyKUT HPOCTO U1 BBOJA 3HAYCHUN BXOJHBIX MEPEMEHHBIX.
Kaxnaplif U3 CKpBITBIX M BBIXOJHBIX HEHPOHOB COCAMHEH CO BCEMU
JIEMEHTaMH HPEABIAYIIero ciosd. MoxHO ObIIO OB paccMaTpUBATh CETH,
B KOTOPBIX HEHPOHBI CBA3aHbI TONBKO C HEKOTOPBIMU U3 HEHPOHOB MpPEIbI-
JIYIIEro CJosl; OJHAKO, Uil OOJBIIMHCTBA NPWJIOKECHUIH CETH C MOJHOU
CHCTEMOH CBsI3eit mpeanouTutesbhee [5].

IIpn paboTe ceTn BO BXOJHBIE IEMEHTHI MOJAIOTCS 3HAYCHUS BXOJ-
HBIX NEPEMEHHBIX, 3aTE€M IOCJIEOBATEIbHO OTPa0aTHIBAIOT HEHPOHBI IPO-
MEXKYTOYHBIX U BBIXOZHOTO cJI0€B. Kax bl U3 HUX BBIYUCIAET CBOE 3HaUe-
HHUE aKTHUBALMH. 3aTeM 3HAYEHHs aKTHBALMH NPEoOpa3yroTCs C MOMOIIBIO
(YHKIMM aKTHBAllMW, U B pe3ysbTare MoJiydaeTcs BbIXoA Helipona. [locie
TOTO KaK BCSI CETh OTPa0OTAET, BBIXOAHBIC 3HAYCHUSI AJIEMEHTOB BBIXOITHOTO
CJIOSI IPUHUMAFOTCS 33 BBIXOJ BCEH CETH B IIETIOM.

[Ipr mpoTHO3MPOBaHMHM HY)XHO 3HATh (DAKTOPHI, KOTOPHIC BIHUSIOT
Ha CIpoc.

W\

N\
AR
/

. » - »
NIV,
YO
KX .’.’,‘";4/'
’t ‘ 4 /" ,'"‘

(/

Puc. 1.5. CeTb ¢ npsmoii nepegadveii curaaja
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[Ipennaraercst ucroyib30BaTh Takue (akTOpbl, KaKk IEHA HA MPOAYK-
LU0, CPETHHUI OXOJ HACEICHUS, IPOXKUTOIHBIH MUHUMYM, TEMITbI CTPOH-
TENbCTBA, IIEHA Ha MPOIYKIHIO Y KOHKYPEHTOB, KypC J0JIapa, HHACKC IIeH,
nopt¢els 3aKka30B, ypoBeHb 0e3pabOTHIIBI, pACXOAbl Ha PEKIIaMYy.

1.2. DPAKTOPHOE ITPOTHO3POBAHUE

IocTaHOBKa 3a/jaud MPOTHO3UPOBAHKS (POPMYIHPYETCS CIEAYIOIIIM
00pazom.
Jnsi u3BecTHBIX OOBEMOB CIpOca HA MPOAYKIHIO aCCOPTUMEHTA:
Li=1,..,1
1 AL 1 1 1.
Qt—vat—Zth—31 "'th—jv "'th—ny

2 2 2 2 2 .
Qe QZ2,Qtzar - Qs -+ Qe

Q2 Qs Qg Qi

1 (paKTOPHBIX MMPU3HAKOB U3BECTHBIX 3HAYCHUI:
— ueH Ha npoaykmmo XL 4, XL ,,..., XL _,;
— cpenHero goxozaa HaceneHust X2, 4, X2, 5,..., X2 _p;
— NPOXUTOYHOro MUHUMyMa X3,_;, X3 ,,..., X3 _;
— TEMIIOB CTPOMTENbCTBA X4, 1, X4 ,5,..., X4,
— LEH Ha NPOXYKUUIO y KOHKYPEHTOB X5, 4, X5, 5,..., X5_;
— Kypca gomnapa X6,_q,X6;_,,..., X6,_,;
— wmHAeKCa ueH X7, 4, X7 5,..., X7y,
— mnoprdens 3akazoB X8, 4, X8, _,,..., X8,_,;
— ypoBHs 6e3padorunsl X9, 4, X9 _5,..., X9 _,;
— pacxogos Ha pekinamy X10, 4, X10,_,,..., X10,_,

1 A2
ompejiesiseM  BBITYCK Opoaykuuu B MomeHT Bpemendn t  Qp, Q,

Q- Qe Qs
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ANroput™M pemeHus 3aady NPOTrHO3UPOBAHUS BKIIOUAET CICAYIOIINE
9Tkl

1. TloaroToBka MCXOIHBIX IAaHHBIX IO HpOJaKaM 3a NPeIbIIYIINi
nepuoa ¥ (haKTOPbl, BIUSIONINE HA 3TH MTPOIAXKH.

2. Cozmanme oOydaroriel, KOHTPOJIBHON W TECTOBOW BEIOOPOK — He-
00xoauMo 1 00y4YeHHS U IIPOBEPKHU CETH.

3. ®dopMupoBaHHE apXHTEKTyphl HeiipoceTn (BBIOOp KOJIMUECTBA
CIIOE€B ¥ KOJMMYECTBa HEHPOHOB B KAXKAOM ciioe). Beibop Tura cetn 3aBuCHT
OT BHJA PEIIaeMOoil 3aa4id W OT OINbITa pa3pabOTUHKa, KOTOPBIH CMOXKET
BBIOpATh HAMIYYIIHH THUIT CETH JUIsl KOHKpEeTHOH 3ana4n. Ecim BeIOOp THIA
CeTH HEsICeH, TO MOYKHO BHIOpaTh Cpa3y HECKOJIBKO THIIOB, a TIOTOM OTO-
OpaTh HAWTYYIIAH.

4. Beibop amroputmMa oOyueHHs (0OpaTHOE pacmpoOCTpaHEHUE,
JleBenbepra—Mapkapa, ObicTpoe pacnpoctpanenue, delta-bar-delta [2]).
HccnenoBanus mokaszand, 9TO A JAAHHOW 3a/aud MPEANOYTUTEIHHO BBI-
Opath aIropuT™M 00PATHOTO PACIIPOCTPAHCHHS.

5. Tlpumenenue HeifpoceTu. 3amyck ceTH i € 00yueHHUsI.

6. Pacu€r ommoOku. [loaronka BecoB HEHPOHOB Uil COOTBETCTBHS
oOyuaromielf 1 KOHTPOJIHLHOH BEIOOPOK.

7. Bpibop Hammyuieit cetu. M3 HeCKONBKUX ceTeil BBIOMpaeTcs CeTh
¢ HauMeHblIeH ommokoil. Kpocc-poBepka — He3aBUCUMas IPOBEPKa Kaye-
CTBa TPOTHO3a SIBISETCS OJHOM M3 BAXKHBIX 3a/a4 B NPOTHO3UPOBAHHH.
[Mpennaraercst mepen MpPOBEACHHEM aHAJIM3a HMCXOIHBIA BPEMEHHOW DAl
YKOPOTHUTH Ha YETHIpe HeJenu. ' XBoCT" psaia coxpaHsercs I AajJbHenIe-
TO aHaJlK3a, a MOCJEe 3TOT0 CTPOMTCS MPOTHO3 "YKOPOUYEHHOTo" psijia M pe-
3ynbTaT CPaBHHMBAETCSI C OTJIOKEHHBIMH JaHHBIMH. [Ipu ycmoBuu, 4to moa
KOHeIl HaOII0laeMoro Inepuoja Ha psA He NPOU3BOAMIOCH MHTEPBEHIMI,
MOXKHO OKHJAaTh, YTO Mepa OINMOKM, MOJTyYEeHHOH NpPH COINOCTABICHHUH,
Oyner omeHkoid ommOku Ha Oynmymumii mepuon. MHbBIMM cloBamu, eciiu
Ham mporHo3 Ha 5...10% omimyaeTcs OT HAOMIOMACMBIX JAaHHBIX, MBI
MOJKEeM 0XKHIATh, YTO 3Ta OMIMOKA COXpAaHHUTCSA U Ha Oymymuil HeHaOromae-
MBI IEpUO/I.

Pemmm 3aa4y nporHo3MpoBaHMs CIIpoca Ha MPOJIYKT A M NpOaHAIH-
3UpyeM pe3yabTaThl. IMeroTcs maHHble 3a 84 Hemeny.

Iocne o6yuenns 30 cereil ObUIO BHIOPAHO YETHIPE, KOTOPHIE MCIIONb-
30BaJIKCh JUIs Kpocc-TIpoBepkH (puc. 1.6).

Kak Bugno u3 rpagukos, "Cerp Ne 1" (puc. 1.6, a) UMeET MEHBIIIYIO
OmuOKy, CIeIOBaTEeIbHO, OHa OyJIeT WCIOIB30BATHCS IS TOCTPOCHUS
KpaTKOCPOYHOTO NMporHo3a Ha 12 neneins (puc. 1.7).
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Puc. 1.6. Kpocc-npoBepka ceTeii:
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Q,t
90
80
70
60 “

40 \ IIporuo3 ;\
NI Sy
20 ‘."\,,- i "
10 \ M M/
L | SO ol
0 10 I 20| 30 I 40 I 50‘ 60 | 70 | 80 ‘ 90 I IOOIHe)Ienn

Puc. 1.7. IIporxo3s cnpoca ¢ y4étom ¢paxkTopos
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1.3. BE3®AKTOPHOE ITPOT'HO3MPOBAHUE

Ecimu dakropHble NMpU3HAKU BBIABUTH 3aTPYAHUTENIBHO, TO MOXKHO
BOCIIOJIL30BAaThCS IIPOTHO3UpOBaHUEM Oe3 yuéra (hakTopoB, T.€., ONEPHPYS
TOJIbKO HCTOPUYECKUMH JIAaHHBIMU O ITPOAaXKax.

ITocranoBka 3amaun 0e3(pakTOPHOTO MPOTHO3UPOBaHUS (GopMynIHpy-
€TCs CIEYIOMHIM 00pa3oM.

Jns u3BecTHBIX OOBEMOB CIpoca Ha MNPOIYKIHIO acCOPTUMEHTA:
Lbi=1,..,1

1 1 1 1 1 .
Q1 Qt2Qtar - Qg Qs
2 2 2 2 2 .
Qt—vat—Zth—31 "'th—jv"'th—n!

Q1R 2. Qs QL QL

1 2
OTIpefieiseM  BBIYCK MNpoayKuuu B Moment Bpemenun t  Qp, Q,

Qe Qe Qs

ANTOpUTM penIeHus 3a/1adui IPOTHO3UPOBAHMS BKIIOYACT CIEIYIOIINe
STaIbI:

1. TloaroToBka MCXOJHBIX JAaHHBIX M0 HpPOJAXKAM 3a NPEIbITYIINI
TIEPHOI.

2. Cozmanme oOydaroriell, KOHTPOJIBHON M TECTOBOW BEIOOPOK — He-
00X0TMMO 15t 00yUYEeHHUS ¥ IPOBEPKU CETH.

3. dopMupoBaHHE apXUTEKTYPbl HEHPOCETH.

4. Bwibop anroputMa oOydeHms (0OpaTHOE pacmpocTpaHeHue, JleBeH-
Gepra—Mapkapa, ObicTpoe pacnpocTpanenue, delta-bar-delta). Mccnenosanus
MOKa3ajiM, 4TO JUIsl JaHHOW 3a/1aud MPEIIOYTUTENHHO BBIOPATh aJrOpUTM
00paTHOTo pacrpoCTpaHeHHsL.

5. Tlpumenenue HeipoceTH. 3amrycK ceTH I €€ 00ydeHus..

6. Pacu€r ommbOku. Iloaronka BecOB HEHPOHOB [y COOTBETCTBHS
oOyyarorieit 1 KOHTPOJIBHOW BEIOOPOK.

7. Bp10op Hammyumei cetd. M3 HECKOJIBKNX ceTell BEIOMPAETCs CETh C
HamMeHbIIen omuoKkoi. Kpocc-poBepka — He3aBHCHMas IPOBEpKa KauecTBa
MIPOTHO3a SIBJISIETCS OZHOW M3 BAKHBIX 3a]a4 B MporHozuposanuu. [1peiara-
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eTCsl TIepe/l MPOBEACHUEM aHaN3a UCXOAHBIN BPEMEHHOU PsiJi YKOPOTHUTDH Ha
YeTsIpe Hemenu. ''XBOCT' psfa COXpaHseTcs I NajbHEHIero aHammsa, a
TIOCJIE ATOTO CTPOUTCS MPOTHO3 "YKOPOUSHHOT0'" psiia U pe3ysbTaT CpaBHU-
BaeTCs C OTJIOKEHHBIMH JaHHBIMU. [Ipy ycoBHu, 4TO 1O KOHEI| HaOmoaae-
MOTO MEpHOJa Ha PsiJi HE MPOW3BOAWIOCH WHTEPBEHIMH, MOXKHO OXHIATh,
YTO Mepa OIIUOKH, TOyYCHHOU MPH COMOCTABIICHHUH, OYIeT OLECHKOH OImmo-
K1 Ha Oynmymmii nepuon. MHbIMK clioBaMu, eciv Haml mporuo3 Ha 5...10%
OTIIMYaeTCA OT HAOMIOAAEMBIX JTAaHHBIX, MBI MOXKEM OXHIATh, YTO 3Ta OLIHNO-
Ka COXpaHUTCS U Ha OyIyIuii HeHaOII0JaeMBIi TIEpHO.

Pemienne 3amaun OpOrHO3UPOBAHUS CIIpOca Takke OyAeT OCYIEeCTB-
JSTHCS Ha poaykTe A. IMeroTcs naHHbIe 3a 84 HelemH.

ITocne obyuenus 30 cereit OBIIO BBIOpAaHO YETHIPE, KOTOPHIC HUCIIONb-
30BaJIUCh JUTS Kpocc-TipoBepkH (puc. 1.8 — 1.11).

Kak Bumgao u3 rpadukos, "Cers No 4" (puc. 1.11) umeer MEHbIIYIO
OmMOKy, CIEeIOBaTEeIbHO, OHa OYAET WCIONB30BATHCS [UI ITOCTPOCHUS
KpPaTKOCPOYHOTO MporHo3a Ha 12 Hexens (puc. 1.12).

; TBIC. LIT. ; TBIC. HIT.
— 1 — 1
6 e 6 —-—________.-—-"—
i
5 5
4 > 4 ,
3 e ——— 3
2 2
1 1
0 T T 1 0
0 2 4 6 Henenn 0 2 4 6 Hemenn
a) 6)
TBHIC. LIT. THIC. IUT.
7
12 1
— 2 6
10 - : ”7.?
8 / 4 -
6 ! 3
4 2
2 1
0 T . . 0 T T .
0 2 4 6 Hemenun 0 2 4 6 Hemenu
6) 2)

Puc. 1.8. Kpocc-npoBepka cereii:
1 —ucropust; 2 —cetb; a — Ne 1; 6 — Ne 2;
6—Ne3;2—Ned;
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lMporxos
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0 20 40 60 80 100 120, nenens

Puc. 1.12. IIporno3 npoaa:x 6e3 y4éra J1eTepPMUHAHTOB

Takum o6pazom, "Cers Ne 4" OyzmeT HCTIOTB30BATHCS IS TOCTPOCHHS
KpPaTKOCPOYHOTO MIPOTHO3a Ha 12 Hezemb.

TecTbl Ha NMPaBMJIBHOCTH NMPOTHO3a JAIH MOJOXKHUTENbHBIH pe3ynbTaT.
CnenoBartenbHO, (aKTOPHBIM NMPOTHO3 Jail Hanboyiee TOYHBIA NMPOTHO3 H
MOXeET OBITh PUMEHEH, HO BBHIOOP 3HAYMMBIX (DAKTOPOB M WX UHCIIEHHBIX
3HauUEHUN — TPYAOEMKHI Tpolecc Aaxke Ui KBaTU(PUIIMPOBAHHOTO CIie-
LMAJINCTa B NaHHOW obnact. Takum o0OpazoM, pa3paOOTaHHBIN aaropuT™M
MOXeT OBITh MCIIONIB30BAH JJISl PELICHHS 3a/1aui NMPOTHO3UPOBAHUS CIIpoca
Ha aCCOPTUMEHT IPOIYKIMH U JAajiee AT ONpeNeleHUs MPOU3BOAUTEIHHO-
CTH OCHOBHOT'O 00OPYAOBaHHS TEXHUYECKUX CHCTEM.

BOIIPOCHI JIs1 CAMOITPOBEPKU

1. Yo Takoe HEHpOHHAS CETh.

n

Uro Takoe anropuT™M O0yIECHHS.

w

HasoBure Tpu OCHOBHBIE 3JIEMEHTBl MCKYCCTBEHHONH HEMPOHHOMN
CeTHU.

Kaxkoe BayxHO€E yCl10BHE IPUMEHEHUST HENPOCETE.

Kaxkue cymecTByroT BUIbI (QYHKIMI aKTHBAINH 1 B YEM UX Pa3IHIHSL.
Ha3zoBuTe BUIBI anrOpUTMOB 00YUEHHSI.

No ok

Onumure AJITOPUTM PCUHICHUA 3a/Ja4U IPOTHO3UPOBAHUS.
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MaBa 2

MOAOEPHU3ALNA XUMUKO-TEXHOJTIOTMYECKUX
CUCTEM JEUCTBYIOLLErO MHOFOACCOPTUMEHTHOIO
nPOMN3BOACTBA NPU UISMEHEHUU
MIAHOB BbIMYCKA NPOAYKLUUU

MHoroaccopTUMeHTHbIe XuMH4deckue mpomsBoacta (MXII), mpume-
paMH KOTOPBIX MOTYT CIIY>KHTh IPOM3BOJICTBA CHHTETHIECKHX KpacuTenei u
TOJTYTIPOAYKTOB, (hapMaleBTUYECKHX IIPEnaparoB, KHHO(OTOMaTepHasoB,
XapaKTepU3yIOTCsl IIHUPOKUM aCCOPTUMEHTOM MPOAYKTOB MPH HEOOJBIINX
00béMax (mo 1000 T/rox) U cpaBHUTEIEHO KOPOTKUX CPOKaX X BEIITYCKA.

OCHOBHBIMU CTPYKTYpHBbIMU d7ieMeHTamMu MXII sBIsAIOTCS XUMHUKO-
TexHosoruueckue cuctemsl (XTC) — anmapaTypHO-TEXHOIOTHYECKHE KOM-
IUIEKCHI, OPHEHTUPOBAHHBIC HA BBITYCK HECKOJBKHUX MPOAYKTOB, CXOIHBIX
o crocoOy monydenus, mpuuaéM oonbimacTBO XTC MXII npennazHaueHbI
JUISL TIOCIIeIOBATEIbHOTO BBIMTyCKa MPOJAYKTOB (PUKCHPOBAHHOI'O acCOPTH-
MeHTa ¥ (QYHKIHMOHHUPYIOT B NMEPUOAMICCKOM PEXUME, XOTS HCIOIB3YIOT U
000pyIOBaHHE HETIPEPHIBHOTO ACHCTBUSI.

Onpenencuue annaparypHoro ohopmiierust (AO) XTC BHOBB Mpoek-
tupyemoro MXII — 3710 BEIOOp ONPEEISIONINX TEOMETPHUECKUX Pa3MEPOB
(pabounx 00BEMOB WIIN/U TTOBEPXHOCTEH), YKCIa alllapaToB CTaIuil CHCTe-
MBI U XapaKTEePUCTHK pekuMa e€ (yHKIHOHHPOBAHMSA, 00eCTIeUHBAOIINX
BBIITYCK MPOJYKTOB 33IaHHOT0 accopThMeHTa | B TpeOyembix 00béMax Q;,
i =1, ..., | 3a mepuog Tp, cm. [1 — 3]. B mocnennue roast HoBbie MXII
B Poccun mpakTudecku He IPOEKTUPYIOTCS U pacd&Thl, CBA3aHHBIE C OIIpe-
neneaneM AO XTC wu pexxuma (QyHKIIMOHHUPOBaHHMA WX 00OpYIOBaHHMSA,
OCYIIECTBIISIIOTCA TPH HM3MEHEHHH IUIaHOB BBINTyCKa INPOJYKIWH JIeHCT-
BYIOLIMX TPOU3BOJCTB (ACCOPTHMEHTa, OOBEMOB WIIM/U CPOKOB BBITyCKa
MIPOAYKTOB) B CBSI3M C M3MEHEHUSIMH PHIHOYHOM CHUTYaIUH.

2.1. METOOJIOI'MA OITPEAEJIEHU S AIIITAPATYPHOI'O
ODPOPMIIEHUA XUMUKO-TEXHOJIOTMYECKNUX CUCTEM

PaspaboranHas Hamu Metopojorus onpenenenus AO XTC MXIT [3]
IIpeyCcMaTpHBaeT MPEICTaBICHUE ITOH NPOOJIEMbl B BHJIE JBYXYPOBHEBOI
nepapxuy 3ajad: Ha BEPXHEM YPOBHE PEIIAeTCs 33/1a4a ONTHMHU3ALWH I1a-
pametpoB pexuma ¢yHkunonupoBanus X1TC B meixom u obopynoBaHus eé
anmapaTypHbeIX ctaiuii (3agada AQ;), a Ha HIDKHEM ypoBHE — 3agadn AO
anmapatypHbix ctaguii XTC, T.e. BbIOOpa ONpenessomux reOMeTPHUECKUX
Pa3MepoB M UKCIia MX OCHOBHBIX anmnaparos (3agauu AQy;)), cM. puc. 2.1.
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3agaua AQ;: onpeieNicHnE XapaKTEPUCTHK PEKUMa
¢dyakauonuposanust XTC Ne s u o6opymoBanus e€ ctamuit

| !

a) pa3Mepbl MapTHil IPOLYKTOB; a) YHCJIO OCHOBHBIX allllapaTos;

0) MaTepualbHbIE HHAEKCHI H IEPUOIBI 0) ykazatenu croco0a nepepadboTku
00pabOTKY MPOIYKTOB Ha CTA/IHIX; TIapTHil IPOIYKTOB;

B) JUTUTEILHOCTH (DUIBTPOBAHHUS B) pa3MepoB aImapaToB cTaguit
U CYIIKH, yJeTIbHbIE GUIBTPOBAHUS U CYLIKU
MPOU3BOUTENBHOCTH AMIapaToB

A

3amaua AO;: onpenenenrie AO cramuu Ne j XTC Ne s,
cnocoba nepepaboTKH NapTHH MPOIYKTOB

Puc. 2.1. 3agaun onpeaenenust AO XTC MXII

3amaua AO, hopMyIHpyeTCs KaK 3a/iaya HeJIMHEHHOTO MPOrpaMMHpPO-
BaHus, a 3anauu AQ,j — Kak 3a/1au JUCKPETHOH ontuMusauuu. Takol no-
XOJI TIO3BOJIsIET W30eXKaTh 3aTPyAHEHHS, MHOTOKPaTHO YIIOMHHAEMOTO B
HAYYHBIX MyONHMKALUIX MO0 paccMaTpuUBaeMoi mpobieme (CM., Hampumep,
[4] — [7]) — HeoOxomumocTH peliaTh 3aqady CMELIAHHOTO AUCKPETHO-
HEJIMHEIHOTO TPOTPaMMHUpPOBAHMSA, OOIICHPUHATas METOIUKA pEIICHUS
KOTOPO¥ B HACTOSIIIEE BPEMS OTCYTCTBYET.

Jus pemrenust 3agaunt AQ; HEOOXOIUMEBI HEKOTOpPHIE PE3yIbTAaThl pe-
menud 3a1a4 AQgj, TO3TOMY METOJMKA COBMECTHOTO PEMIEHUs THX 33134
MpeaycMaTpUBacT MPOTHO3 W HTEpPAlIOHHOE YTOYHCHHWE 3HAYCHHUU Clie-
IYIOUINX ITapaMeTpoB:

— YHCIIO OCHOBHBIX ammaparoB cragmii XTC, HeoOXoqumoe A Tie-

pepaboTku mapThif Kaxzoro mpomykra Ny, i=1, ..., 1, j € J;;
— yKasaTenu crocoba nepepaboTKH MapTHil IPOTYKTOB HA CTANHAX Pjj,
i=1, ..., 1,j € Ji(pj=0, ecmu ocHoBHEIe armapaTts! craguy j XTC mepepada-

TBHIBAIOT MApPTUH I-TO MPOJYKTa LIETMKOM, MPHHUMAs UX TOOYEPE/IHO, a eCIH
BCE alnaparhl CHHXPOHHO IepepadaThiBaiOT paBHbIE IO0JIM HApTHH, TO Py = 1);

—  KO3((HUIMEHTHI I3BMEHEHHSI pa3MePOB MAapTHI MPOJYKTOB HA CTAUSIX
rpi=1,..,1,jeJdi(rj=1, ecnru va craguu j XTC pasmep napTau i-ro mpo-
TyKTa HE M3MEHseTcs, I =y, Y > 1, ecu mapTus pasfensiercs Ha Y PaBHBIX
HOpUMi, IEpepadaThIBAEMbIX II00YEPEIHO, I = 1/y, v > 1, eciin oCylIeCTBIsAET-
cs1 00bEAMHEHHE Y LIENBIX MAPTHH JJI1 X COBMECTHOM 1epepaboTKH);

— OmpenesIFoLIMe pa3Mepbl OCHOBHBIX ammaparoB craguid j € JsiJf;,
3HAUEHMsI KOTOPBIX 3aBUCAT OT MPOJOJDKUTEIBHOCTH MepepadoTKH mapTHH
MIPOJYKTOB (cTaguu GUIBTPOBAHUS U CYIIKH).

3neck Ji — MHOXkecTBO HOMepoB craguii XTC, ammaparbl KOTOPBIX
y4YacTBYIOT B IiepepaboTKe MapTuii i-ro mpoayKTa.
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2.2. YCJIOBUS PA3SPEHLIMMOCTU 3AZ1AY OITPEJJEJIEHUA
AIITTAPATYPHOI'O O®OPMJIEHUA

Heobxomumele ycnosus pazpemmumocts 3agad AOs u AOg, j =1, ..., J
(J — uwmcno ammaparypubix craguii XTC) TO3BONSAIOT MpPEIBAPUTEIBHO,
TOJIBKO C TIOMOIIBIO HCXOAHBIX JaHHBIX, BBISIBIATH HEOOXOANMOCTE U OTIpEse-
JATH HAIpPaBIIEHHs M3MEHEHMs 3HAUeHHi mapameTpoB Ny, Pi, N, i (1, ..., 1),
j € (1, ..., Jj), koTOpBIe MOTYT 006ECHEUUTH CYIICCTBOBAHUE MOMYCTUMBIX
pelieHni 3aaad.

1. VYcnosue "coBMeCTUMOCTH" MPOAYKTOB BRIOPAHHOTO ACCOPTHMEHTA,
T.€. BO3MOXXHOCTH OCYIIIECTBIICHHS BCEX ITAIOB CHHTE3a MPOJYKTOB B allma-
parax, KOTOpbIe MOTYT OBITh HCIIOB30BaHBI I ocHameHus cragmii X TC

W W™ =1, (2.2)

rac V\/imm, Wimax — MUHUMAJIBHOC U MAaKCUMAJIbHOC JOIMYCTUMBIC 3HAYCHUA

pa3Mepa IapTHU i-ro MpOIyKTa (Macchl HAapTHH, HPOIIEIICH BCe CTAIUH
nepepaboTKM), ONpeAeseMble IO pe3yibTaTaM BBIYMCICHHH HIDKHUX H
BEPXHUX OIICHOK ONPENeNMIOMNX Pa3MepOB OCHOBHBIX allapaToB CTaAWi
XTC, BepXHHX OICHOK AITUTEIHHOCTEH MepepadOTKU NapTHii MPOAYKTOB Ha
craqusix j € Js;/Jf; W HIDKHEH OLECHKH [UINTENBHOCTEH LMKIOB BBIITyCKa
napTHH MPOAYKTOB (Tui’" i=1,..,1.

3nech JS; — MHOKECTBO HOMEPOB CTaauii mepepaboTKu MapTHid i-ro
NPOJyKTa, OCHOBHBIMHU alapataMi KOTODPBIX SIBISIOTCS (QUIBTPBI U CY-
mmnke; Jfi — MHOKECTBO HOMEPOB CTaauii mepepadoTKH MapTHil I-ro mpo-
JyKTa, OCHOBHBIMH aIlllapaTaMH KOTOPBIX SIBIISIIOTCS PaMHbBIE M KaMepHbIE
(GUIBTPIIPECCHI, BRIAEISIONINE TBEPAYIO a3y oOpabdaTeiBaeMOi CyCIIEH3NH.

2. Ycnosue Hanmm4us B MHOXecTBax XSj, j = 1, ..., J pasMepoB cTaH-
JapTHBIX OCHOBHBIX amapaToB, IPUTOJHBIX Ul YCTAHOBKM Ha KaXJIOW M3
annapatypHbix craauil XTC,

Xt xV]nxs, 22, j=1...3, (22)

Trae X I-_, XLJJ — MHUHHUMAJIbHOC U MAaKCHUMAaJIbHOC JOMYCTHUMBIC 3HAUCHUA

OTIPEIETSIFOIIETO pa3Mepa OCHOBHBIX ammaparoB craauu j XTC, BerauciieH-
HbIE C HCTIONb30BaHMEM 3Hauenuit W, W™, i=1, ..., 1
3. VYcnosue obecnieueHus Tpedyemoii npousBoguTenbHocTr XTC

|
ST /W;nax <Tp, (23)
i=1

T.€. BO3MOXXHOCTH BBIITyCKa BCEX NMPOAYKTOB B 00béMax Q;, i = 1, ..., |
3a Bpems Ip.
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Ji1s crydaeB HEBBINOMHEHUs ycinoBuii (2.1) — (2.3) paspabotansl peko-
MEHJalUK N0 U3MEHEHHIO (PMKCUPOBAHHBIX 3HAYEHHH Njj, Pjj, Tij, i=1, .., 1,
Jj € Ji, xotopeie MoryT obecrieunTh MX BbIIONHeHHE. Hampumep, B curya-

105071 WIT'” > WEBX, ke (1, ...,I) MOXHO MOMBITATHCSI TMOO YMEHBILIUTh Wf(“ n

mbo YBCJIUYUTH Wlimx . YMCHBIIUTH Wl:nm MOXHO 3a CUéT YBCIIMYCHU A

3HaueHHs Uy, T.€. YMEHBLICHHUs 3Ha4YeHUs Iy, (0ObeMHEHUs B ammaparax
craanu | XTC HecKOMBKHUX MapThii K-ro mpomykTa ajst COBMECTHOM o6pa-
60TKH, MO0 TIpU Ny > 1 U Py = 1 — oTKa3a OT CHHXPOHHOH 00pPabOTKH
paBHbIX jgoneil maptuu K-ro mpoaykrta B ammapartax crtaaud | (mepexoma
K Pu = 0). ITompoGree 0 GopMyIHPOBKE YCIOBHUH U PEKOMEHAAIMAX MO UX
BBITIOJTHEHHIO CM. B [3].

3ameruM, 4TO BbIMOJIHEHHE yeaoBuil (2.1) — (2.3) He rapaHTHPYET T0-
Jy4eHHs JOIMYCTUMOTO PEUICHHUs 3ajad, OJHAKO IO3BOJIAET Cpazy OTOpo-
CHTh SBHO HEJOIyCTHMbIe KOMOWHAIIMH 3Ha4eHHH Ny, Pij, fij 1 = 1, .., |,
j € Ji. Hanpumep, mpoBepka 3Tux ycioBuii B xoae onpeznenenus AO XTC,
cocrosuiel u3 11 anmapaTypHbIX CTaauil, Ha KOTOpPOM Hpeamnosaraioch
3a Tp = 3420 4 BBITYCTUTH 7 a30KpacUTeIeH MPU COBOKYITHOM MOIIHOCTH
314 T, no3Bonuia BBISIBUTE HEOOXOJUMOCTh HCIIONB30BAaHUS BYX OCHOB-
HBIX alIapaToB Ha OJHOM W3 cTanuil (QUIBTPOBaHHSA M HEOOXOIMUMOCTh
00BbEMHEHNST MApTHH HEKOTOPHIX HPOAYKTOB Ha CTaAMAX PacTBOPCHUS
1oy adpuKaToB.

2.3. TIOCTAHOBKU 3AJAY MOJEPHU3ALINU
ATIITAPATYPHOI'O O®OPMJIEHM S JENCTBVIOIINX
XNUMUKO-TEXHOJIOTMYECKNX CUCTEM

[pennaraembie nmocranoBku 3anaun AOs B ciydae KOPPEKIMH Xapak-
TepucTUK pexnma GyrknuoHnpoanus XTC nefictyromero MXII u 3amaq
AQy, j=1, ..., J xoppeximu AO eé cTajuil Ipy H3MEHEHHH IIJIaHa BBIITYCKa
MIPOAYKITUH PEIyCMaTPHUBAIOT BO3MOXKHOCTH BBeIeHHs B cocTaB AO Heko-
Topbix ctaguii XTC 1OMONHUTENBHBIX OCHOBHBIX U BCIIOMOTAaTENbHBIX all-
[aparoB, 3aMEHbI YaCTH OCHOBHOTO H(HJIHM) BCIIOMOTaTENbHOTO 0060pymoBa-
HMST KaKuX-IM00 cTajauid, a Taxxe BBeaeHus B XTC Q0mOMHUTEIBHBIX all-
napaTypHbIX CTaAUH 171 pealu3alliu CTaaAui CUHTE3a HOBBIX NMPOAYKTOB U
BBIOOP 000pYZOBaHMUS JJISl X OCHALICHUS (M3 YHMCIIA PE3EPBHBIX alNapaToB
MIPOU3BOJICTBA, OO BHOBE proOperaeMbix). Kpome Toro, aHamu3 mpakTu-
KA paboOThl NPOEKTHO-KOHCTPYKTOPCKUX OTAENOB aedcTByrommx MXII
B yacTu pacuéroB obopynoBanus XTC npu n3MEHEHHH IIAHOB BBIIYCKa
UX TPOAYKIMH TNPHBENT HAC K HEOOXOAWMOCTH Y4€Ta BO3MOXHOCTEH
m3MeHeHnss AQO, KOTOpBIE HMPAaKTHYECKHd HE PacCMaTPUBANNCH B HAYYIHBIX
My OIMKALINAX
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1) B cocta AO craguu XTC MOryT ObITh BKJIIOYEHBI MapaieIbHbIC
OCHOBHBIE aINapaThl, IMEIOIINE HEOANHAKOBOE MCIOIHEHHE M PAa3IINIHbIC
OTIPEIETISIONINE TEOMETPHUECKHE Pa3MEPBI, TPHUEM KaXIbIi U3 HUX MOXKET
OBITh MCIONB30BaH A MEPepabOTKU MapTHH ONpeNeNEHHON IPYNIIBI IPo-
IOYKTOB M HE y4acTBOBATh B BBIILYCKE OCTaIbHbIX;

2) B ammaparax OIHOW W TO¥ ke ammapaTypHoi#t cramun XTC moryt
OBITH TIOCIIEIOBATEIHHO PEATM30BAHBI HECKOJIBKO CTaJHi CHHTE3a OJHOTO H
TOTO XK€ NMPOAYKTa (HAaIpUMep, PACTBOPEHHUE OJHOTO U3 BUIOB CBIPbS, XU-
MUYecKasi peaklys U BbIJIEJIEHUE IPOAYKTA).

3aMeTuM, YTO peIIeHHs O MOCIeAO0BaTeNbHON peanus3aluy psaa cra-
JMH CHHTE3a KaKOTo-IH0O MPOJYKTa C MOMOIIBbI0 000pYAOBaHUS OZHOU U
To# ke anmapatyproi craqun XTC kacatores crammii j € Jby, i € (1, ..., 1),
peanu3yeMbIX B EMKOCTHBIX alapaTaX, Tak Kak OCHOBHBIC almapartsl Jpy-
rux craauit (GuIbTpOBaHMS, CYIIKH) OOBIYHO CHEHUATM3UPOBAHbI U HE MO-
T'YT OBITH HCIIOIBb30BaHbI IJIsl PEaM3aIlH APYTUX IPOLIECCOB.

Matematnueckas Monens ¢yHkunonupoBanust AO XTC neiicTByro-
mero MXII npu U3MEHEHHH TUIaHOB BBIITYCKA €0 MPOAYKIMH IIpEeTepIiea,
110 CPAaBHEHHUIO C [2], cienyronye n3MEHEHUS:

— Kaxk CJIeICTBHE BO3MOXKHOCTH 1) mpemycMoTpeHo (opMupoBaHue
ma kaxnoit cragun j XTC mHOXKecTB Fjj, 1 = 1, ..., | HOMEpOB OCHOBHBIX
arnmapartoB ctaauii XTC, y4acTBylomuX B HepepalOTKe MapTHi KaxKIoro
KOHKPETHOTO NPOJYKTa, a TAaKXkKe 3aBUCHUMOCTh HEKOTOPBIX XapaKTEPUCTUK
9TUX anmnaparoB (yICIbHON MPOM3BOJUTENBHOCTH (HUIBTPA WIN CYIIJIKH,
[IyOUHBI paMbl WIIM KaMepbl (HIBTP-TIpecca, MaKCUMAaJIbHOM CTENeHu 3a-
MOJTHEHH 00bEMA CYIINIKH TIEPHOTUUECKOTO JEHCTBHSA) OT MX HCIIOJIHEHNS,

— YYTEHO, YTO YKCIIO OCHOBHBIX aIlllapaTOB CTAJWH j MPU HX CKBO3-
HOM HyMepalHu COOTBETCTBYET MaKCUMAaJIbHOMY JJIEMEHTY MHOXeCTB Fjj,
i=1,...,1 Te.

N;=max{f|f eF}, j=1...,3;

S

— Kak CJEACTBHE BO3MOXHOCTH 2) MPEIyCMOTPEHO (HOPMHpPOBAHHE
MHOXeCTB Vije, | € (1, ..., 1), j € Jb;, ¢ =1, ..., Cjj 3HaueHuit MaTepHaIbHBIX
HMHJIEKCOB HEKOTOPBIX aIlllapaTypHbIX CTaJUH 10 OZHOMY U TOMY K€ IpO-
nykry (Cjj — 4uciio cTaguii CHHTE3a i-To MPOJYKTa, Pean3yeMbIX B anmapa-
tax cragun ] XTC) u COOTBETCTBYIOIIHE M3MCHCHUS B OTPAHHUYCHHUSIX Ha
3HAYCHUS Pa3MEPOB aIapaToB dTHX CTAIHM.

Henbto peutenus 3agaun AO, sSBIISIETCS MUHUMM3AIIMS DHEPro3aTpar Ha
TEXHOJOTUYECKUE IETM B TEUCHUE TUIAHOBOTO Meprojia (\yHKIMOHHPOBAHHS
XTC (Tp), a menbio pemenus 3agaun AQg — obecrieueHne BO3MOMKHOCTH
peanmm3an CTa}II/Iﬁ BBIITYCKa BCEX MPOAYKTOB IPU MUHHUMAJIBHBIX JOIIOJTHU-
TENBHBIX 3aTpaTax Ha O0OpYJIOBaHHE allapaTypHOU CTaJWU | CHCTEMBI,
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npu4éM YUYHUTBIBAIOTCA TOJNBKO 3aTpaThl HAa JOMOJHUTEIBHO IPHUBIEKAEMOE
OCHOBHOE M BCIIOMOTATeIbHOE 000pynoBaHHE. BO3MOXKHOCTE BBICBOOOKIE-
HUS 9aCTH OCHOBHOTO M BCIIOMOTATeNIbHOTO obopynoBanus craanii XTC He
YYUTHIBAETCS, TaK KaK 3TH ammapaThl 0ObMHO ocTarotcs B coctaBe AO XTC
U MOTYT OBITh HCIIONB30BaHbI MPH OYEPEIHBIX M3MCHEHMAX €€ MPOU3BOIU-
TEBHOCTH T10 BBIITYCKa€MbIM NPOJIYKTaM W/MIIH MX aCCOPTUMEHTA.

3ameTuM, 9TO IPH PEIICHUHU ITUX 33Ja4 B yCIOBHUSIX OrPAaHWYCHHOCTH
napka odopynosanus nerictytomero MXII ocoOyro BaKHOCTH IpruoOpeTa-
eT y4€T BO3MOXHOCTH JpOOJIEHHs/yKPYITHEHUSI TapTUil POAYKTOB Ha He-
kotopbix craausx XTC (cm. [1] — [3]). Hanpumep, B cutyauun

VieWi . .
I;n(;l:X{XJf|XerXSJ}<U”—*, |E(1,...,I), JE\]bi,CE(l,...,Cij)
€"j ijc

(pa3sMep Xj; MaKCHMaJIbHOIO OCHOBHOTO alIapara, IPUTOJHOTO i ycTa-

HOBKHU HA CTaJIMH | CIUIIIKOM Mall AJisl epepaboTKy MapTHii i-ro MPoayKTa)
MOYKHO YMEHBIIUTH KOAQ(UIIHEHT H3MEHEHHS pa3Mepa MapTHU
pij +@—py)y 1
j=———————— — (2.4)
(pa3zenuTh MapTHIO NPOJYKTA HA PaBHBIC MOPLMH VIS MOCIIEI0BATEIHHOM
nepepaboTKu), €CM IKCIEePT (OMBITHBIA TEXHOJIOT) COYTET STO JOMYCTH-

MBIM. 371eCh Wj — pa3Mep MapTHH i-T0 NPOAYKTa; (pfjc — MaKCHUMaJIBHO JI0-

MyCTHMasi CTENCHb 3allOJIHCHHS AalMapaTtoB CTaJWd | MpU pealn3amuu
C-fl cTaguK CHUHTE3A i-T0 MPOIYKTA.

2.4. METOIVIKA PEIIEHUS 3AZJAY MOAEPHU3ALIMN
AIMMTAPATYPHOT'O O®OPMJIEHUA AEUCTBVYIOINX
XUMUKO-TEXHOJIOTUYECKUX CUCTEM

Hreparmonnsti nponecce pemenus 3agaun AO; n 3amau AOg, j =1, ..., J
BKJTIOYAET:

1) npenBapuTenbHBIM IIPOrHO3 3HAYEHWH mapameTpoB N, Pij, Tij,
i=1,..,1Ljed;

2) mpoBepky W obecreueHue BBITIONHEHHsT yciosuit (2.1) — (2.3)
cymectBoBanus pemennit 3axau AOs n AOg;, j=1, ..., J;

3) nporno3s 3Hauenuit Xjr, j € JsilJfi, f = 1, ..., N u onpenenenue
B pesynbrare pernenus 3agaun AQg 3Hauenuii W;, i = 1, ..., |, oGecreun-
BAaIOIIUX BBITYCK BCEX MPOJIYKTOB B 3aKa3aHHbIX o0béMax Q;, i =1, ..., |
3a nepuop 1p;

4) ompeneneHue B pesynbrate pemenns 3amad AOg, j = 1, ..., J

Ppa3MEepoOB U YKCliia arlrapaToB Ka)l(I[Oﬁ CTagun CUCTEMBI, a TAKXKC 3HAYCHUI
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Mij, Pijy Fip 1= 1, ..., |, j € Ji, obecrieunBaomux BO3MOKHOCTb NEpepaboTKH
nmapTuil KaXxaoro NpoaykTa B ammapartax Bcex craauit XTC, ydacTBYOLINX
B €ro BBIIYCKE, I MUHUMYM 3aTpaT Ha JIOTOJIHUTENHFHO NpUBIIeKaeMoe 000-

pyAOBaHuUeE;
5) BO3Bpar Ha I 3 IIPU HECOBIAJCHUH 3HAYCHHIT Ny, Pyj, M 1 =1, ..., 1, ]
€ J;, mony4eHHbIX B pesynbrate pemenus 3agad AOg;, j=1, ..

C WX 3HAYCHHUAMH, IPU KOTOPHIX B II. 2 OBUIO OOECIIEYCHO BHITOTHEHHE
yerosuit (2.1) — (2.3).

M3menenue miaHa BeIycka Npoaykuuu neictByromero MXII yacro
CBS3aHO C BEHINOJIHEHHEM 3aKa30B MO BEITYCKY KOHKPETHOIO HOBOTO
MPOAYKTa B 3aJaHHOM 00BEME K YKa3aHHOMY CPOKY, T.€. P (PUKCHPOBAH-
HOM 3HAYCHUU TPOJIOJDKUATEILHOCTH MEPHOA BBIMYCKAa 3TOTO MPOIYKTA, U
3agaun AO; 1 AQg 0OBIYHO PEIIaroTCA TOJBKO I OJHOTO KOHKPETHOIO
MIPOAYKTA.

[IpenBapuTenbHO OCYIIECTBISICTCS BBIOOP ammapaTypHBIX CTamuil
XTC, obopyaoBaHHE KOTOPBIX MPUTOIHO IS pEaTU3alliK CTaIUi BBITYCKa
HOBOTO TPOIYKTa, POPMHUPYETCS CTPYKTYpa MaTepPHaIbHBIX CBA3CH MEKIY
HUMH U TpeanoJiaracMbiii cocraB ux AO, B TOM YHCJIC U CTaJuil, BHOBb
BBoguMbIX B XTC (MHOXecTBa XS, j = 1, ..., J). 3aMeTHM, 4TO YUCIIO IPH-
TOJIHBIX /ISl UCIIOJIb30BAHMSI HA CTAJUH | OCHOBHBIX M BCIOMOTATEIbHBIX
amnmapaTtoB B JaHHOM Cllydae, KaK MPaBHJIO, HEBEIUKO (IBa-TPU MOIXOJS-
LIMX amnmapara, 4alie BCero — OJMH), I03TOMY MpPOBEpPKa YCIOBHM
(2.1) — (2.3) Hepenko NPUBOAMT K TOJNYYCHHIO JOMYCTHMOIO PEIICHUSL.
Hanpumep, mpu pemieHuH 3agad OpraHW3aldd BEITyCKa IONYMPOAYKTa
1,3-¢pennnenmuamuta TexHudeckoro Ha XTC OTHOrO W3 MPOHM3BOJCTB
Tambosckoro OAO "IurMeHT" M3MeHeHus 3HadeHuit Ny, P;, 1, j € (1, ..., J),
OKa3aBIIMECS HEOOXOIMMBIMHU JJIs BBIMOMHEHUs ycimoBuii (2.1) — (2.3),
o0ecrieumsii BBIIYCK 3TOTO MOJYNPOAyKTa B Tpebyemom o0bEme 170 T
3a 2640 yacoB ¢ MOMOLIbIO0 UMEIOIINXCSI OCHOBHBIX allapaToB.

3amaun AQg 11 caydas OpraHU3aliK BBITYCKa OJHOTO HOBOTO NPO-
IyKTa C ToMoIslo obopynoBanusi neictByromeid XTC pemarorcs npu
(UKCUPOBAHHOM 3HAYECHUH pa3Mepa ero MmapTud W, HaiIeHHOM IIpH perie-
Hun 3amadn AOg: HEOOXOOUMO BBIICHHUTH, CIIOCOOHO 1 AO KOHKpPETHOH
cragun ] XTC ocymiecTBUTh NepepabOTKy MapTHH TaKOro pa3sMepa ¢ ydé-
TOM BO3MOXKHOCTEH M3MeHeHus 3HaueHHd U (cM. (2.4)) u(unm) npusiede-
HUS OMOJHUTEIBHOTO 000pymoBaHus. i1 OTBETa Ha 3TOT BOIPOC MPOBE-
pACTCS BBIMOJIHCHHE OTPAHWYCHUI Ha pa3sMephl alapaTroB, HAIPUMED IS
OCHOBHBIX ammaparoB craauii | € Jb; — orpannuecHust

.
e M swuj< min (chx‘f
1C;

f= Vic 1.Cjif=L, Vie

., (29)
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a Uil OCHOBHBIX AallllapaToB, OCHAIIAEMBIX PAMHBIMH WM KaMEPHBIMH
(uibTpIpeccaMu JUIS PeaNH3aliy OPOLECCOB BbIACICHUS TBEPAOH (asbl
cycriersud (j € Jf) — orpannuenus

S jer X jo 2.6)

j — 11 _ ’

wu; < min
CZl,Cj;fZJ.,Nj VjC

rae Oj¢ — TONIIMHA ocajKka (TMOoNOBMHA ITyOMHBI paMbl M KaMephl QUIbT-

pa).

2.5. [IPUMEP MOJIEPHU3ALIUU ATIIIAPATYPHOT'O
O®OPMJIEHUS XUMHUKO-TEXHOJIOTMYECKUX CUCTEM
JEEVCTBYIOIIEI'O [TPOM3BOJICTBA

IIpennoxennas meronuka koppekuuu AO XTC npelictytoniero MXIIT
TIPU U3MEHEHHH ITAHOB BBIITyCKA €T0 MPOAYKIHNU MPOTECTHPOBAaHA HAa TIPH-
Mepax U3MEHEHUs! IPOU3BOIUTENBHOCTEN PeabHBIX MPOU3BOJICTB (aHHBIE
npenoctaBieHsl OAO "Dxoxmmmpoekt', r. TamOoB). C e€ momomsio
pemreHsl 3amadu Koppekuud AQO NMeHCTBYIOMIEro MPOM3BOICTBA THUCIIEPC-
ubix kpacureneir OAO "Ilurment" (r. Tam6oB), HEOOXOIUMOM IS BHIMTYC-
Ka acCOPTHMEHTa MpPSIMBIX KpacuTelel, a Takxke 3aaud OpraHu3alluu BbI-
ITyCKa OTIENBHBIX KPAacUTeJeH W MOIYIPOIYKTOB C MOMOIIBI0 000PYyIOBa-
HUS TOTO K€ TPOU3BOICTBA.

Cranns 1. Pacteopenne H Crannsa 2. OunctHoe  Crannsa 3. [Ipurotosnenne  Craama 4. IlparoToBmenne
):uzIa:.wmponax-me,Xl =120 ¢umrposanne (OKM), xommomentom, X3 =320 PacTBOPOB, X4 =161
X,=40m

™ 1.3

H ‘ > =3 2y
1.2
3 23 1,3 1

| N

Crazua 5. XHMHTeCKHe
peaxuuH, X5 =25 Cragus 6. Cranua 7. Kouziencanus Cramus 8.
| ®mmposamne (PKM), = sbimenenwe, X, = 25 M Pumpopanne (OKM),
} x,= 426 X,=426
sl <
> . >
1.2 — 1
O = )
— AN AN
3(ma cymy) 2(Ha peny/bNANHIo H CYIIKY) éﬂapen‘ymnaﬂnm H CymIKy)
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Puc. 2.2. CxeMa MaTepHAIbHBIX IOTOKOB, HAMMEHOBAHUSI CTAAMIT 1

pazMepbl 0CHOBHBIX annaparoB XTC Isi BbIyCKa NPSIMbIX KpacuTeJeii

B kauectBe mpumepa paccmotpum XTC, chopMupoBaHHYIO U3 pe-
3epBHOTO 00OpYZOBaHUS TPOU3BOJCTBA MOJYNPOAYKTOB W KpacuTeien
OAO "TTurment" (r. Tam60B) aust BeImycKa 3a TP = 2520 vacos (105 cyTtok
IIPU KPYTJIOCYTOYHOM paboTe) CIEAYIONNX KPACUTEIICH:

1) npsimoit sxénteiit CB 2KM — Qq =25 T;

2) npsimoit cuanii CB 2KM — Q, =20 T;

3) mpsimoit uépHblii M (cosenan) — Qz = 200 T.

CrpykTypa MaTepuaiabHBIX MOTOKOB 3T0i XTC mpu BEIITyCKe MPOAYK-
TOB, HANMEHOBAHMS aINapaTypHBIX CTaJUH, THIBI M ONPEACIAIOMNE Pa3-
Mephl UX OCHOBHBIX allllapaTOB NpejcTaBleHbl Ha puc. 2.2. Bce cragun
XTC KOMIUIEKTYIOTCS €AMHCTBEHHBIM OCHOBHBIM aIlllapaToM.

B anmaparax cramguii 3, 4, 5 u 7 npu Belmycke npoaykToB Ne 1 u Ne 2
peau3yroTcs HECKOIBbKO CTaJUi MX CHHTE3a. Tak IpU BBIIYCKE IPOAYKTa
Ne 1 B anmapare ctaguu 4 cHadana rOTOBUTCS MeIHO-aMMHAYHbIM KOMILIEKC
JUISL peakIy TPUA30JIMpoBaHus Ha cTaguu Ne 5, a 3aTeM — pacTBOP IUIFOKO3BI
JUI BbIENEHUs Kpacutens Ha craguu Ne 7. B anmapare craguu Ne 5 mocie-
JIOBATENBHO OCYIIECTBILIIOTCS peakuuu auazotupoBanust JHC-kucnoTsl,
a30COUCTaHMs M TPHa3oaupoBaHus. B anmapare cragum Ne 7 mociaenoBaTenb-
HO peain3yloTCsl CTaANU PaCTBOPEHUS ITACTHl TPHA30JIMPOBAHHOTO MPOIYKTA,
KOHZIGHCAIIWH 1 BBIIENCHUS Kpacutels. [Ipu Beimycke npoaykra Ne 2 B amma-
parte cTazuM 3 MOCJIENOBATEIFHO PEATM3YIOTCS CTaiMK pacTBOpeHus P-comm
(m71s1 MIEpBOTO a30coveTaHwst), pacTBOpeHusi V-KUCIOTHI (151 BTOPOTO a30C0-
YeTaHMs) ¥ MPUTOTOBJIICHUS METAITM3UPYIOIIETro areHra (s MeTauIn3ain
U BBIJICTIEHUsI Kpacutessi). B anmapare ctaaun 5 mociei0BaTeNIbHO peann3y-
IOTCSI BCE TP YIIOMSIHYThIE XUMHYIECKUE PEAKITHH.

ITpu nposepke BrimonHeHUs yenoBuii (1) — (3) cymecTBOBaHuUS peleHui
sana4 AO; u AQg;, j = 1, ..., 8 BbIsIBIEHa HEOOXOUMOCTb HPUTOTOBIICHHS Pac-
TBOpa alleTara HaTpHs B ammapare CTajud 3 cpa3y Ha ABE NMAPTUH TPETHETO
npoykTa (I3 = 1/2). Pesymprath! pemenns 3amaau AO; cBeeHbI B Ta0m. 2.1.

JuarpamMmma OIHOTO HUKJIAa pabOTHI OCHOBHOTO obOopymoBanus XTC
IIpU BBIYCKe MpoaykTa Ne 2, mosydeHHas B pe3yibTaTe peuleHHs 3aJadu
AOQ,, mpencrasieHa Ha puc. 2.3.

2.1. XapakTepucTHKH pe:kuMa QyHKIIMOHUPOBAHUS
XTC BbInycka NpsIMBIX KpacuTeaei

Ne Pasmep | MexumknoBsiii | [{ukn paboTs Hucio napruit, [ponomxuTenbHOCTh
TIPOZyKTa | MapTu, T TIEPUOTI, . XTC, u. BHI;Z(:;;THX BBIITYCKa, 4.
1 1,006 51,2 117 1 1338,7
2 1,299 50,28 63,03 1 867,5
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Puc. 2.3. Inarpamma nukiaa padorsl XTC npu Beimycke npoaykra Ne 2

Pemenne 3amaa AOg;, j = 1, ..., 8§ B TaHHOM CITy4Jae CBEJIOCH K IIPO-
BEpKe BBIMIONHEHHUsI orpaHuyeHuii (2.5), (2.6) npu GUKCHPOBaHHBIX 3HAUE-
HUSX Pa3MEpOB MapTUil MPOAYKTOB U OMPEACISIONIAX Pa3MEPOB OCHOBHBIX
anmnapaTos.

BOITIPOCHI 4J1I1 CAMOITPOBEPKH

1. Kakwue pe3ynbraTsl pemenns 3ana4q onpeaeneHus AO cragmit XTC
MXII (3amau AQyg, j=1, ..., J) ABISAIOTCS UCXOMHBIMH JaHHBIMH JUIS PEIlle-
HUSI 33/1a44 BBIOOpA XapaKTEPUCTHK peKUMa (DYHKIIMOHHUPOBAHHS CUCTEMBI
(3amaum AQ;)?

2. Kax ucrnonesyrotest ycnosusi paspemumoct 3amad AO; u AQy;,
j=1,...,J B mporecce ux penreHus?

3. Kakue Bo3moxknoctr m3meHeHuss AO XTC TpaauliOHHO YYUTBI-
BAalOTCSl B MOCTaHOBKAxX 3a/a4 Nepenpo(mInpoBaHust AEHCTBYIOIIEro Mpo-
M3BOJICTBA Ha BBINYCK HOBOH npoaykiun? Kakne HOBble BO3ZMOXKHOCTH Y4-
TeHBI B IIpeUTaraeMeIx rnocraHoBkax 3agad AO; u AOg, j=1, ..., ?

4. Tloyemy 3amaun AO; n AOg; B cuTyallMi H3MEHEHHUS TJIaHa BhITYC-
Ka npoxyknuu aerctByromero MXII 00bMHO pemaroTes TOJIBKO I OTHO-
0 KOHKPETHOTO MPOyKTa?
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5. Kako#i mpuéM HCHONB3YIOT NMPOEKTUPOBIIMKH B CIIydae HEXBAaTKU
OCHOBHBIX aNIIapaToB IEHCTBYIOMIEro MPOU3BOACTBA IS Peali3alii BCeX
cTaaui HapaOOTKH HOBBIX MPOJYKTOB?

CIIMCOK JIMTEPATYPBI K I'/TABE 2

1. Masmerns, E.H. Mertoauka ompeneneHust anmapaTypHOro oopM-
JIEHUsST MHOTOIPOJYKTOBBIX XHMHKO-TexHOsMornueckux cucrem / E.H. Ma-
aeiruH, C.B. Kapnymkun, A.B. bopucenko / Xumudeckas IpOMBIIILICH-
HocTb cerogns. — 2003. — Ne 5. — C. 43 — 50.

2. Manpirun, E.H. Marematndeckas moznens (yHKIHOHHPOBAHUS
MHOTOIIPOAYKTOBBIX XMMHUKO-TeXHoJornueckux cucreM / E.H. Mansirus,
C.B. Kapnymikus, A.B. bopucenko // TeopeTudeckue 0CHOBBI XUMUYECKOM
texaonorun. — 2005. — T. 39. — Ne 4. — C. 455 — 465.

3. Kapnymxun, C.B. Beibop ammapatrypHOTro oopMIIeHHsI MHOTOAC-
COPTUMEHTHBIX XuMHuYeckux npousBoicts / C.B. KapnymkuH. — M. :
Wzn-Bo MammaOocTpoeHue-1, 2006. — 140 c.

4. Topaees, JI.C. UnTerprpoBaHHasi SKCIIEpPTHAs CHCTEMa IJIsi Opra-
HU3AI[MM MHOTOACCOPTUMEHTHBIX XuMuueckux npousoacts / JI.C. Topae-
eB, M.A. Koznosa, B.B. Makapos // TeopeTnueckre OCHOBBI XHMUYECCKOM
texaomorun. — 1998. — T. 32. — Ne 3. — C. 322 — 332.

5. Lin, X. Design, synthesis and scheduling of multipurpose batch
plants via an effective continuous-time formulation / X. Lin, C.A. Floudas //
Computers & Chemical Engineering. — 2001. — Vol. 25. — P. 665 — 682.

6. Multi-objective process design in multipurpose batch plants using
a Tabu Search optimization algorithm / L. Cavin, U. Fischer, F. Glover,
K. Hungerbiihler // Computers & Chemical Engineering. — 2004. — Vol. 28. —
P. 459 —478.

7. Mokeddem, D. Optimal Solutions of Multiproduct Batch Chemical
Process Using Multiobjective Genetic Algorithm with Expert Decision System /
D. Mokeddem, A. Khellaf // Journal of Automated Methods and Management
in Chemistry. —2009. — Art. ID 927426. — 9 p. — d0i:10.1155/2009/927426.

33



MaBa 3

NMPUMEHEHMWE METOOA BETBEN U TPAHUL
AnsA ONTUMAJIbHOIO BbIBOPA AMNMAPATYPHOIO
O®OPMINEHUA XUMUKO-TEXHOJIOTMYECKUX CUCTEM

Bri0op anmapatypHOTO 0(OPMIICHUS XUMHKO-TEXHOJIOTHYECKHX CHC-
TEM — OJIHA U3 OCHOBHBIX 3a/1a4, BO3HUKAIOIUX NP NPOEKTUPOBAHUHN MHO-
TOaCCOPTUMEHTHBIX XMMHUYECKHX NpOn3BOACTB. K 0OCOOEHHOCTSAM TakHMX
MIPOM3BOJICTB MOKHO OTHECTH CPaBHUTEIBHO HEBBICOKHE OOBEMBI MPOU3-
BOJICTBA M BBICOKHE IIEHBI Ha NPOU3BOAMMBIC MPOAYKTHI, IUPOKUIT accop-
TUMEHT BBIITyCKaeMOH MNPOJIYKLUH, BO3MOXHOCTh OBICTPOrO Iepexoja ¢
BBIITyCKa OJHOTO IIPOJYKTa Ha APYro# (BBICOKast THOKOCTE), OOIBIIOE YHC-
JIO TEXHOJIOTHYECKHUX CTaJUil NMPOM3BOACTBA, (YHKIHOHHPOBAHUE 00OpY-
JIOBaHUS B IEPUOANYCCKOM HIIM MONyHenpepsiBHOM pexume [1]. Tlpume-
paMH TakdX MPOU3BOACTB SIBISIOTCS NMPOU3BOACTBA XUMUYECKHUX pPEaKTH-
BOB, (papMarieBTUUECKHX MPENapaToB, KpacUTeNed U MOIYNPOAYKTOB, ITH-
IIeBbIE IPOU3BOJICTBA.

Pemennem 3Tol 3aauun ABISETCS YUCIO OCHOBHBIX aNIapaToB KaxK-
JIOH CTaauy CUCTEMBI, a Takxke pabounit 00bEM M rromans padodei mo-
BEPXHOCTH KaXJIOTO arapara, 00ecneYrBaroIiX 3a/1aHHbIH BBITYCK Kax-
Joro mpoaykra. Paboume 0OBEMBI M IIIOmAanM paboOYMX IOBEPXHOCTEH
OOBIYHO BBIOMPAIOTCS W3 MHOXKECTBA CTaHIAPTHBIX 3HaueHWH. Tpedyercs
HaiTH ONTHMAaJIbHYI0 KOMOMHAIMIO YHCIA U ONPEAEISIONNX Pa3MEpoB afl-
nmapatoB ctaguii XTC u3 BCEro MHOXKECTBA BO3MOJXKHBIX BapHAaHTOB, IpPHU
9TOM KPHUTEPHUEM ONTHUMAIbHOCTH MOTYT CIIy>KUTb, HAIIPUMEP, CyMMapHbIE
KalMTalbHbIe 3aTpaThl Ha obopymoBanue [1]. Pesymbrartel pemieHus 3Toit
3a7a4¥ BO MHOTOM OIIPEAEISIIOT Ka4eCTBO MPOEKTHBIX PEIIeHHH MO KOMIIO-
HOBKE 000pyJOBaHUS M KaJICHAAPHOMY IUIAHHPOBAHHMIO BBIITYCKa NPOAYKIINH.

PaccmaTpuBaemast 3a1a4a OTHOCUTCS K KJIAcCy 3a/1ad 4aCTUYHO-IIEII0-
YHUCIICHHOTO HemHelHoro nporpammuposanus (Mixed Integer Nonlinear
Programming — MINLP) [2, 3].

Juns xaxnoro padorocnocoonoro Bapuanta AO XTC napamerpsl pe-
KUMa (DYHKIIHOHHPOBAHUS CUCTEMBI (pa3Mepsl MapTHil MPOIYKTOB M IIe-
PHO/IBI MX BBIITYCKA) OIIPEAEIISIOTCS OAHO3HAYHO, T.€. 33/1a4y IIOMCKa ONTH-
ManbHoro Bapuanta AO XTC M0>HO paccMaTpHUBaTh Kak 3afady JAUCKPET-
HOM ONTUMM3ALUH.
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[Ipumenenue noHOTroO repedopa BapuaHTOB YIS MOJTY4YEHHs II100alb-
HOTO ONTHMAJIBLHOTO PEIICHHs 3aTPyIHEHO H3-32 OOJBLION pa3MepHOCTH
3amaun. Hampumep, B pabore [4] mpencraBiena XTC, cocrosmas u3
16 TexHONMOTHYECKUX CTamuil. Ha Kamoi cTagmyu MOXeT OBITh YCTaHOBIIE-
HO 5 — 12 Tunopa3MepoB cTaHIapTHOro obopynoBanus. Eciu momycTuts,
YTO Ha KaXIOW CTAANU MOKET OBITh YCTAHOBICH CIMHCTBEHHBIN aIlapar,
TO TOJHOE KOJHYECTBO BAPHAHTOB mepeGopa coctaBut 5° — 12'° (uro,
npumepHo, pasuo 10 — 10M).

Yame BCEero MCHONb3yeMbIE U PEHICHHS 3TOH 3aJaddl IMOAXOJBI,
B TOM yucie Meronsl MoHTe-Kapio, reHeTndeckue aaropuTMbl, SBPUCTH-
YECKHUE METObI, TTO3BOJIAIOT MOJIYYUTh JIMIIb KBa3HONTHUMalbHbIE (CyOOI-
TUMaIbHBIE?) PeIICHHUS.

BetBu n rpaHyulbl — OJUH M3 MNOMYJAPHBIX MCTOJ0B, MCIOJIB3YyEMbIX
U peIICHU ONITUMU3AIIMOHHBIX 3a4a4 B pas/IMdHbIX OGJ’IaCTHX, Hanpumep,
TaKUX KaK KOMOMHATOpHAs ONTHMH3ALMS, WCKYCCTBEHHBIH HHTEIIECKT
u T.10. Taxxe BO3MOXKHO €ro MPpUMEHECHUEC JId PCHICHUA 3aaa4 4YaCTUYHO-
LIEJIOYMCIIEHHOTO HeJMHeHHOTo mporpaMmmupoBanus [5]. B ocHoBe metona
BETBEH M rpaHMI [6] JEKHUT naes MOCIeI0BaTEIbHOTO Pa3OMEeHIs] MHOXKeE-
CTBa AOIYCTUMBIX PCIICHHI Ha IMOJMHOMKECTBA. 3aTeM OCYLIECTBISCTCS
HIDKHSISL OLIGHKa IS 11e71eBOi (yHKIMHU Ha AaHHOM MoJMHOXecTBe. Eciu
HWXXHAA OE€HKAa HE MCHbIIC HAUITYUIICTO 13 HaﬁﬂeHHbIX peHIeHHfI, TO IIOJ-
MHOXKECTBO OTOpachIBaeTCs.

B naHHOI1 rnaBe npeaCcTaBiIEH alrOPUTM, OCHOBAHHBIN Ha METOJE BET-
Belf TpaHMIl, OCYIIECTBISAIOT €r0 ONTHUMHU3AIUIO U UCCIEAYIOT BO3MOXKHOCTh
€ro NPUMEHEHNS JUIsl T0MCKa TII00AIFHOTO ONTUMAIBHOTO PEeIIeHUs Mpell-
CTaBJIEHHOH BBIIIIE 331a4H.

3.1. IOCTAHOBKA 3AJJAYU

XHUMHKO-TEXHOJIOTHYECKAsI CHCTEMA MPECTaBIsIeT cO00H MHOKECTBO
TEXHOJIOTHYECKOTO 000opymoBaHus (EMKOCTEH, pEakToOpoB, (QHUIBTPOB,
CYIIUJIOK H Jp.), MPEAHA3HAYEHHOTO IJIsl peaiu3alliil TEeXHOJOTUYECKUX
CTaJuii TPOU3BOJICTBA HEKOTOPBIX MPOIYKTOB. Ilpu momyiieHWH, 4TO Ha
kaxaoit cranuu XTC MoxeT ObITh YCTaHOBIICH OJMH aIlapar, 3a/ia4a Mo-
KeT OBbITh C(HOPMYITHPOBAHA CIICITYIOLIMM 00pa3oM.

XTC mpencraBnsier cob0il MOCIEAOBATENHLHOCTh | TEXHONIOTHYIECKHX
craauit. Kaxknas i-s1 TeXHONMOTHYeCKast CTa(isi CUCTEMbI MOXKET ObITh 000pY-
JIOBaHa armnapaToM, BBIOPAHHBIM U3 HEKOTOPOTO KOHEYHOTO MHOXECTBa X,

KOJIMYECTBO 3JIEMEHTOB KOTOPOTo paBHO J; . MHOXECTBO X; MpPEACTaBIsET

c000if Bce BO3MOXKHBIE BapHAHTHl OINPEICISIONINX Pa3MEpPOB almapaTroB
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craquu i X :{Xi,j}’ i=11,j=1J;, rne Xij — OTpeAeIISIOIUN pa3Mep
(pabounii 06bEM, TUIOIMALs pabodel MOBEPXHOCTH W T.O.) j-TO ammapara,
KOTOPBIM MOKET OBITh 000pymoBaHa i-s1 TexHomornueckas cramust X TC.

. par= [

Kaxnprit Bapuanr XTC Q,,e=1E, tne E= I Ii—lJi — KOJIMYECTBO
BCEX BO3MOJKHBIX BApHAHTOB CHCTEMBI, IPEICTABISIET COOOH yrmopsIoYeH-
HYIO COBOKYIHOCTH OINPEACIIAIONINX Pa3MEpOB allapaTtoB, BEIOPAHHBIX H3
COOTBETCTBYIOIINX MHOXecTB. Hampumep, cymectByer XTC, cocrosimas
n3 Tpéx craauii (I = 3). [lepBas craaus cucreMsl MOXET OBITH 000pYIOBaHa

anmapaToM, ONpeelsIOINA pa3Mep KOTOPOro BeIOMpaeTcs U3 OBYX BapH-
aHTOB, T.C.

Ji=2, X;= {Xl,lv X1,2};

BTOpas CTaAusl — U3 TPEX BAPUAHTOB

J2=3, X, ={X2,1, X2, 25 X2,3};

TPEThA — U3 IBYX BaApUAHTOB

J3 = 2, X3 = {X3V1, X3] 2}
OO1mee KOIMYECTBO BCeX BO3MOXKHBIX BapraHToB AO XTC E =J;J,J;=12.
Iopsanok nepepabOTKM MAapTHi NPOTYKTOB OCHOBHBIMH allapaTaMH

craquit B XTC >xécTtko 3ajgaH 3apaHee, T.e., HaOpuUMep, BapHUaHTHI

{Xl, 11 X2’ 11 X3‘ 2}, {le 21 sz 1 X31 1} JA0IyCTHUMBbI, a4 BAPUAHTHI {st 1 )(2Y 1 le 2},

{X2Y 23 X3' 11 le 1} — HET.
Just xaxnoro paborocnocobnoro Bapuanta AO XTC ), NOMKHBI BbI-

TIOJTHATBCS. YCIIOBHSL COBMECTHOTO (DyHKIIMOHHUPOBAaHHs OOOPYIOBaHUS pas-
mmaHbIX e€ cramuit S(Q,) =0 (ozpanuyenue na pabomocnocobnocmo XTC).

Kpome Toro, paborocnoco6nsiii Bapuant AO XTC momkeH obecre-
YHUBATh BBIMYCK TPOAYKIINH 3aJaHHOTO 00BhEMA 3a 3aJaHHbINA POMEKYTOK
Bpemerd, T.e. T(Q,) <T o (0cpanuuenue na orumensnocmo pynkyuonu-
posanua XTC), toe Tmax — 3a7aHHOE MaKCHMalbHOE BpeMs Tpedyemoro
00bEMa MPOTYKIIUH.

Takum ob6pa3oM, 3amady BEIOOpa anmapaTypHOro OQOpPMIICHHS XUMH-
KO-TEXHOJIOTHYECKON CHUCTEMBI MOKHO C(HOpPMYIHpPOBATh CIASAYIOMUM 00-

N —
pazom: HeoOX0AMMO HaiiTh Takol Bapuant ,,6=1,E XTC, npu xoropom

36



*
KPUTEPH ONTHMAIBHOCTH — KanuTtaibHble 3aTpathl Cost(Q),) — mocturaer

MHUHAMYMa M BBINOJHSIOTCS OTPaHUYCHHs] HAa PabOTOCIOCOOHOCTH M JJTH-
TeNbHOCTh pyHKIHOHUpOoBaHMS XTC:

O =argminCost(,), Q" €Q,, e=LE; (3.1)

Q. ={X1,j1’xz,jz’---'xl,j. Ji =L_Ji, i =Jj} ezﬁ; 3.2)
X €X,i=11, j=1J;; (3.3)
$(Q)=0,e=LE; (3.4)

T(Q) <T,p,e=LE. (3.5)

[ompobHO MaTemarudeckas Mozaenb (yHKuoHHpoBaHUus XTC,
BKJIIOYAOI[asi B TOM YHCIE BBIPAXKCHUS JUIsL IPOBEPKU OTPAHUYCHUH, BBI-
YHUCIICHUSI KPUTEPHsI ONTUMH3AIMH U T.[I., IPEACTaBICHa B [7].

3.2. AJITOPUTM PELIEHUA

Bcé muOXecTBO BapmantoB XTC, cocrosimeit u3 | cramgwmii, MOXeT
OBITH IPEICTABIICHO B BUJIE JiepeBa, cocTosiero u3 | spycos (puc. 3.1).

Kaxnprit apyc nepesa cootBerctByeT craguu X1C. Kaxmoe pedpo ne-
peBa  CONOCTABIsIETCS OJHOMY BBIODAaHHOMY DJIEMEHTY MHOXKECTBa

X;= {Xi’ j}, i=11, j :1,_Ji . Hampumep, péOpa, umcxomsamme U3 KOPHEBOH

BEPIIMHBI (HYJIEBOH SpPYyC), COOTBETCTBYIOT JJIEMEHTaM MHOXECTBA Xi.
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Puc. 3.1. O6xoa B ri1y0MHY 1epeBa BAPUAHTOB

Kaxmeiit ysen n;, sapyca N;= {ni,ll Moseen ni'k}, i=11,k=1K;,
K; =HIJ:1J| COOTBETCTBYET BapuaHTy (parmenta XTC, cocrosiiero u3s

craauit 1 — i (13 | HaYaBHBIX cTaauil). Kaxkaplil OMHBIH MyTh OT KOPHS Jie-
peBa K OJJTHOMY H3 €ro JINCThEB (KOHETHOMY Y371y) PEACTaBIseT COOO0 Bapu-
ant AO XTC. [Inst mepebopa Bcex BO3MOXKHBIX BapraHToB X T'C UCTIONB3yeT-
cs1 00x071 iepeBa B riyouy [8, 9].

Ha xaxmom sipyce IepeBa OCYIIECTBISICTCS TEepeOOop ONPEIeIITFONIIX
pa3MepoB amnmaparoB, JOCTYNHBIX M OOOpPYJOBaHUS JTOH CTaIuH.
BriOpanHblil pasmep fo00asisercs k HadanbHOMY (parmenty AO XTC, mo-
JMy9eHHOMY Ha MpeAbIIyINX spycax aepesa. [Ipomecc nmpomomkaeTcs pekyp-
CHBHO UL BCEX PabOTOCIIOCOOHBIX HaYaIbHBIX (hParMEHTOB CXEMEI. TakuMm
o0Opa3oM, Ha TOCIEHEM spyce JepeBa MOTydaeTcsl TMOJHBI paboTocrnocod-
Helii BapuanT AO XTC, pexypCHBHBIN MPOLECC OCTAHABIMBAETCS U MOJIY-
YCHHBIN BapUaHT CPaBHUBACTCS C TEKYIIMM ONTHMAaJbHBIM. Ecin momydeH
JYYIINHA BAPUAHT, TO OH 3aMEHSET TeKyIllee ONTUMAaIbHOE PEIICHHE.

TonHbI1 06X0x IepeBa BapHaHTOB ((HUKcalus Ha Kaxaoi craaun XTC
BBIOPAHHOTO M3 COOTBETCTBYIOIIETO JUIsl 3TOW CTaJUM PsAa pa3MepoB aria-
para) u aanpHeias nposepka orpanuuenuii (3.4) u (3.5) npuBenér k 3Hauu-
TEJIHBIM BBIYHCIUTEIBHBIM 3aTpaTaM. [ cokpalneHus 4ucia rnepedupae-
MBIX BapHaHTOB UCIIONB3YeTCS ATOPUTM, OCHOBAHHEBIN Ha METOJE BETBEH U
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TpaHull, ICEBAOKOJ KOTOPOro NpeACTaBJICH HUKE (I/IMeHa OOJILIIMHCTBA IIe-
PEMEHHBIX COOTBETCTBYIOT UMEHAM, UCTIOJIb3yEMBIX B IIOCTAHOBKE 3a11aq1/1):

1 FindSolution () { EnumerateVariants (0); }

2

3 I* pexypcusnvlii 06x00 doepesa */

4 EnumerateVariants (i) {

5 if(i<h{

6 for (j =1;j <=J[i]; j++) {

7 * cozoanue nau. ppaemenma XTC (cmaouu 1 —i)*/
8 WIIT = Xi, jl;

9 I* nposepxa pabomocn. nau. ppaemenma XTC*/
10 if (PartS(W) ==0) {

11 /* pexypcusnbiii nouck */

12 EnumerateVariants (i + 1); } } }

13 else { /* oocmuenym xoneunwlii yzen depesa */

14 /* nposepka oepanuuenus (5) */

15 if (T(W) <=Tmax) {

16 /* nposepka kpumepusi onmumuszayuu */

17 if (Cost(W) < minCost) {

18 /* coxpanenue H08020 ONMUMATLHO20 pewerus */
19 Wopt =W;

20 minCost = Cost(Wopt); } } }

21}

O6xon JepeBa BapHaHTOB HAYMHAETCS C BBI30BA IPOLEAYPHI
EnumerateVariants Ha HyseBoM sipyce (ctpoka 1). Dta nmpouenypa BbI3bIBACT-
csl peKypCHUBHO BIUIOTH 10 sipyca | — 1 (cTpoka 5). Texymuit onTumaibHBINH
BapuaHT XTC coxpansiercst B Bekrope Wopt mimHs! |, KaXIplil 21eMeHT Ko-
TOPOTO XpaHWUT BHIOPAHHBIN ONpEAENAIONMI pa3Mep arnmnapara Ha Kaxaoi
cragnu. Pabounit Bapuant XTC xpaHutcs B aHaoruaHoM Bektope W.

Jl1s coxpaieHust BApHaHTOB Tepedopa B OPUTrHHAIHHOM BapHaHTe a-
ropuTMa NpUMEHsIach cieayomas cxema. Ha kaxaoM sipyce i nepesa mpo-
BepsieTcs orpanndenue (3.4) (mpoueaypa PartS(), crpoka 10) ycioBus co-
BMECTHOTO (yHKIIMOHUpoBaHus obopynoBanus X TC, o He s Becelt XTC
LETUKOM, a TOJBKO AJSI €€ HadalnbHOrO (parMeHTa, COCTOSIIETO U3 YKe
MIPOIIEHHBIX BBIIIENEXKANNX SApycoB M Tekymero (pparment XTC, co-
crostmit u3 cramuid 1 — i). Ecim 9acTh cxeMbl yxke HepaboTocnocoOHa, TO
HET CMBICIIA TTepe0rpaTh ammaparsl Ha HIDKeNexanmx spycax. Ilepexon Ha
CIIeAYIONIMIA YPOBEHb peKypcuu (BbI30B mpoueaypsl EnumerateVariants ()
Ha ypoBHe i + 1, cTpoka 12) MpOMCXOAUT JIMLIb B TOM ClIy4ae, eClid Ha-
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vaneHblid pparment XTC, coctosiumii u3 craguid 1 — i, paborocmocobeH,
MHaYe NIPOUCXOJHUT BO3BPAT HA MPEIBIAYIIHUH SpyC AepeBa.

Ecnu nocturHyTt koHeuHsld y3en nepesa (i = |, crpoka 13), mposepsi-
ercst orpanndenue (3.5) Ha JuTensHOCTh (yHKIonupoBanus XTC (mpo-
ueaypa T(), crpoka 15). Eciu orparndenne (3.5) BRIIOTHAETCS, TO HaiieH
HOBEII paboTocnioco6HsIH BapuanT XTC u 1anee ero CTOMMOCTh (TIpOLey-
pa Cost()) cpaBHHBaeTCS CO CTOMMOCTBIO TEKYILIETO0 HAWTy4Ilero BapHaHTa
XTC minCost (ctpoka 17). Eciu HaiimeHo yudiiee peleHne, OHO 3aMEHSEeT
TekyIee ontumanbHoe pemenne Wopt (ctpoka 19), a ero crommocTs co-
xpaHsieTcs: B mepeMenHoi minCost (ctpoka 20).

Wunimanusaius nepeMerHoit MinCoSt ocyIinecTBiseTcsl Kak cymma
MaKCHMaJIbHBIX CTOMMOCTEH aInapaToB KaXJ0H CTa M.

3.3. PE3VJIBTATHI OKCIIEPUMEHTOB U
OIITUMU3ALIA AJITOPUTMA

Jls mpoBeieHUsT YNCIIEHHBIX KCIIEPUMEHTOB pa3paboTaHa Iporpam-
Ma Ha S3BIKE TporpamMMmupoBaHus C-++, peann3yromas IpeacTaBICHHBIN
BBIIIE aNrOpUTM. B KauecTBe TECTOBOro mpumepa ucnoib3zoBanack XTC,
cocrosimas u3 16 annmapatypssix craauit (I = 16), a1t Kax 0¥ U3 KOTOPBIX
JIOCTYIIHO TISITH CTAaHJAPTHBIX TUIIOPa3MepoB 0bopymoBanust (cM. puc. 3.2).

XTC nmomxkna B TeueHne 7400 gacoB 00eCTIeYNTh BBHITYCK TPEX BUIOB
kpacureneit 06pémom 2250, 100 1 50 TOHH COOTBETCTBEHHO.

OKCIEepUMEHTHI NMPOBOAMINCH Ha KOMITBIOTEPE CIIEIyouied KOH(pUry-
pamwmu: mporeccop Intel Pentium 4 ¢ taktoBoit yactoroir 3000 MI'w, 00BEM
omepatuBHOM mamsit 2048 MO, onepannonHas cuctema Scientific Linux 5.3.
Jyist KOMIMISIIAA iporpamMmbl ucnoss3oBaiics GCC 4.1.2.

Pesysnprar pemenust 3anaun Beioopa AO mis tecrooit XTC mpen-
craBiieH B Tabm. 3.1.

Jist BeLsiBIIeHUS HanOosee "y3Kux'" MECT alropuTMa OBLTH TPOBEICHBI
OIICHKA BpPEMCH BBITIOJTHEHHUS OTICIBHBIX €ro 3JEMEHTOB. Pe3ymbTaThl
MpeCcTaBICHEI B Ta0M. 3.2.

[o mpezacTaBiieHHBIM pe3yJbTaTaM BHIHO, YTO HaHOoJIee JIOPOroil omne-
panmel SBISETCS MpOLEAypa MPOBEPKH OTPAHWYCHUS HA JJIMTEIHHOCTD
¢dyukimonnposanus XTC T(W). Jlnst cokparenust 001ero BpeMeHn paboTh
aIropuTMa HEOOXOANMO CBECTH K MUHIMYMY KOJITYECTBO BBI30BOB ITOI IPo-
LIeTypBl, A 9ero OblTa MpOBe/IeHa CIeAYIOMmas ONTHMHU3ANNS alrOpUTMa.
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106 [puroTopaenue 108 Quucrioe i

125 NpuroTosecnse

123 PacTopenne

asococrammomeii $uabTpoBanie

101 Pacteopenie 103 AuasoTnposanie

123
123 1,23 123

27
12,3 1 1 23
3 3
1
1,2

110 Asocoeranne 115 nasoruponanue

11 duasrposanue 112 Pactropenne

1. TIurMenT npsiMoit uepHbIii 2¢
2. TTurmentT npaMoi opamieso-kopusnerbii K juis kosxn
3. [TurMeHT npsAMOH KOPHYHEBBIH

145 Cymca kpacurencii 138 Cycuensuposamune

118 Azocoueranne

122 Brazeaenne
Kkpacueneil

134 DuabTpoBanme
Kpacieneit

Puc 3.2. TecToBblii NpUMep XUMHKO-TEXHOJIOTMYECKOI CHCTEMBbI
3.1. Pemenue 3agaun Boioopa AO mis TecroBoii XTC

Ne OcHOBHOI1 pa3mep
110 exeMe Haumenosanue craguu oGopyioBaHHs

101 PactBopenue

103 JuazotupoBaHue

106 [IpuroroBneHne a30COCTABISIONICH

108 OuncrHoe unbTpoBaHue

110 AzocoueraHne

115 Jua3otupoBanue

127 PactBopenue

125 [Ipurorosnenue a30coCTaBISIONMEI

111 dunbTpoBaHUE

112 PactBopenue

118 A3zocoueranue
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Ne OCHOBHOI1 pa3mep

HaumenoBanune craguu
0 CXeMe o0opynoBaHus

122 Brinenenne kpacureneit

123 PacTBOpenune

134 OuUIBTpOBAHUE KpacUTeeH

138 CycrieH3upoBaHue

145 Cymrka kpacureneit

3.2. OueHKH BpeMeH BHINOJHEHHS 3JIeMEHTOB aJropuT™Ma

DeMeHT ajiropurmMa OI_[eHKa BPEMEHU BBINIOJIHEHUA, MKC
PexypcuBHblii BBI30B MIPOTIEITY PBI 058
EnumerateVariants(i + 1) '
S(W) 22,07
T(W) 1329,86
Cost(W) 2,41

[pouenypa mnpoBepku kputepus ontumusanuu COSt(W) sBisercs
CpPaBHUTENBHO NEMEBON omeparmield (cM. Tadin. 3.2). BrImonmHUB mpoBepKy
KpUTEpHUs ONTUMHU3ALUY CPa3y MOCHE HOIy4eHHs! paboTOCIOCOOHOrO BapH-
anta XTC, MOXKHO IJIsl 3aB€IOMO HEONITUMAJIbHBIX PEIICHUH HE TIPOBEPSThH
OrpaHWYeHHe Ha UIUTENHHOCTh (yHKumoHupoBanus XTC T(W). Takum
00pa3oM, HECMOTpPS Ha TO, YTO KOJMYIECTBO BbI30BOB mporexypsl Cost(W)
YBEJIMYUTCSI, 3aMETHO COKPATHUTCSI KOIMYECTBO BBI30BOB mporeaypst T(W),
YTO B MTOTE NPHUBEIAET K YMEHBILICHUIO 00IIEro BpeMeHH paboThl aroput-
Ma. Hike npescTaBieHsl cielaHHbIe B AITOPUTME H3MEHEHHS.

13 else { /* oocmuenym xoneunwlit yzen depesa */

14 /* npoeepxa kpumepusi onmumuzayuu */

15 if (Cost (W) < minCost) {

16 /* nposepka oepanuuenus (5) */

17 if (T(W) <=Tmax ) {

18 /% coxpanenue H06020 onmumanbHo2o peuienus */
18 Wopt = W;

19 minCost = Cost (Wopt ); } } }
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Bo Bropoit Moandukanuu anropurma Oblta uM3MeHena crtpoka (10)
OPHUTHHAIBEHOTO aJTOPUTMA CIIETYIOIMM 00pa3oMm:

10 if (S(W) == 0 && PartCost (W, i) < minCost ) {

B ycioBum mepexoja Ha HMXKeNIEKalllUe YPOBHHU JiepeBa JOMIONHHU-
TEJIBHO CPAaBHHUBACTCS CTOMMOCTH HadabHOTO (pparmenta XTC (mpouenypa
PartCost(), ctpoka 10), co CTOMMOCTBIO TEKYILETO HAaWIy4IIEro BapHaHTa
XTC minCost. Takum o0pa3oM, mepexo Ha CIEAYIONH YPOBEHb PEKYp-
cun (BBI30B Tporieaypsl EnumerateVariants () aa yposae i + 1, crpoka 12)
OCYIIECTBIISICTCS JIUIIF B TOM CIIydae, €clIM HadaibHbIH (pparmeHT XTC,
COCTOAIMUI U3 cTamuii 1 — i, BO-TepBBIX, pPabOTOCIOCOOEH, U, BO-BTOPHIX,
€ro CTOMMOCTb HE NPEBBINACT CTOMMOCTH HAWIYYIIETO Ha TEKYIIUH MO-
meHT BapuaHta XTC. B nmpoTuBHOM cilydae NpOMCXOAMT BO3BpAT Ha Ipe-
JBIAYUIUH SIpyC IepeBa.

Beutn mpoBesieHBl BBIYUCIUTEIbHbIE HKCIEPUMEHTHI AT Pa3NUYHOTO
KOJIMYECTBA BO3MOXKHBIX BapHMaHTOB OOOpYIOBaHMS Ul KaKAOW CTaanu
(ot 2 10 5 BapuaHTOB). 3aMepPsUIOCh BpeMsl BHITIOJHEHHSI KaK OPUTHHATIBHO-
ro, TaK U ONTUMH3UPOBAHHBIX BapUAHTOB alroputma. Pe3ynpTaThl mpen-
cTaBIiieHHI B Ta0I. 3.3.

Ilo pe3ymbraTaM 3KCIIEPUMEHTOB MOXKHO CHENaTh BBIBOJ, YTO B pe-
3ylbTaTe ONTHMH3ALMU QJITOPHUTMA BpeMs €ro BBINOJHEHUS YIaJoCh
YMEHBIINUTH B cpeaHeM B 1,8 — 2 paza. bonee 3HaunTenbHOE yMEHbLIEHUE
BPEMEHH BBITIOJIHEHHUS JUIA citydas TpEX BapuaHToB AO Ha CTaaHU MOKHO

3.3. BpemeHa BBINOJHEHNUS Pa3JMYHbIX MOAU(HKALUI anropuT™Ma

IepBas Bropas
KonmaectBo Ny
papranTos AO OpuUrnHaIBHbIH Mo (pHUKAIHS MOITU(PHUKALASL

AITOPUTM, T4:MM:CC IropuT™Ma, ITOpUTMA,

Ha CTAZMH YU MM:CC YU MM:CC

2 00:00:22 00:00:14 00:00:13

3 01:12:58 0:14:45 00:12:46

4 14:42:24 6:57:09 6:38:10

5 89:33:50 48:27:52 45:55:57

00BSICHUTB TEM, YTO JUISl 3TOTO HAOOpa JOCTYITHOrO 000PYI0BaHHS CYIIECT-
ByeT OoJibIIiee KOJMIECTBO paboTocrmocoOHbIX BapuanToB X 1TC, o cpaBHe-
HUIO C IBYMS, YETHIPbMS U TISITHIO BapHaHTaMH. J[s Kakaoro paboTocmo-
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COOHOro BapHaHTa B OPUTHMHAJIBHOW BEPCHUM alrOpUTMa IPUXOAMTCS IMPO-
BEpATH OTPAaHWYCHHE HA JUIMTENHHOCTh (QyHKuHoHHpoBanus XTC T(W).
B Moau¢punypoBaHHBIX BapHaHTax 3TOrO HE MTPOUCXOIUT.

B nenom, HecMOTpsl Ha IPOBEIEHHYIO ONTHMH3ALUIO aJlTOPUTMa, Bpe-
M3l BEITIOJTHEHUSI OCTA&TCs 3HAUNTENBHBIM. B manpHelmeM a1 coxpamieHus
BpeMEHH paboTHI MPENCTaBIETCS MeJIeco00pasHbIM pa3paboTka M H3yde-
HHE NapaJuleNIbHOI BEpCHH IPEICTABICHHOTO alrOpUT™a.

BOITPOCHI AJIs1 CAMOITPOBEPKI

1. Tlepeuncnute ocHOBHBIE ocoberHHOoCcTH MXII.

2. Chopmynupyiite 3agaay Beidbopa XTC.

3. K kakoMy Kilaccy ONTHMH3ALMOHHBIX 3a/lad OTHOCHTCS 3a/ada
BbIOOpa AO XTC?

4. CoopmynupyiiTe 0OUIYIO HICI0 METO/Ia BETBEH U TPAHUII.

5. HasoBute 00macTi MpUMEHEHHSI METOIA BETBEH M TPAHHUIL.

CIIMCOK JIMTEPATYPBI K I'JTABE 3

1. Kadapos, B.B. ['ubkue aBToMaTn3npoBaHHEIC MTPOU3BOICTBCHHEIC
CHCTEMBI B XUMHUecKoi pombiiuieHHoctd / B.B. Kadapos, B.B. Makapos. —
M. : Xumus, 1990.

2. Search for Optimal Design of Multiproduct Batch Plants under
Uncertain Demand using Gaussian Process Modeling Solved by Heuristics
Methods / Youness El Hamzaoui, J.A. Hernandez, M.A. Cruz-Chavez,
A. Bassam // Berkeley Electronic Press. — 2010.

3. Mixed-integer nonlinear programming optimization strategies for
batch plant design problems / Antonin Ponsich, Catherine Azzaro-Pantel,
Serge Domenech, Luc Pibouleau // Industrial & Engineering Chemistry
Research. — 2007. — 46(3). — 854-863.

4. bopucenko, A.b. Cunre3 anmapatypHoro o(opMmieHHus MHOToac-
COPTHMEHTHBIX XHMHKO-TexHONMornueckux cucrem / A.B. Bopucenko //
PhD thesis / Tam60B : U31-Bo Tam6. roc. TexH. yH-ta, 2000.

5. Applications and algorithms for mixed integer nonlinear program-
ming / S. Leyffer, J. Linderoth, J. Luedtke, A. Miller, T. Munson // Journal
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6. Gilles Brassard. Fundamentals of Algorithmics / Gilles Brassard,
Paul Bratley // Prentice Hall. — 1996.

7. Manerun, E.H. Marematndeckass monens (HyHKIIMOHHPOBAHUS
MHOTOIIPOAYKTOBBIX XHUMHUKO-TCXHOJOI'MYCCKUX CHUCTEM / E.H. MEU'II)IFI/IH,
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texnoyorun. — 2005. — 39(4). — C. 455 — 465.

8. AuroputMmsl: noctpoenue u ananu3 / Tomac X. Kopmen, Yapis3 U.
Jleitzepcon, Ponansn JI. Pusect, Kiuddopa Ulraiin. — 2-e uza. — Edition. —
Bunesamc, 2011.

9. Jomampn D. Kuyr. HckyccrBo mporpammupoBanus / JloHanbn
3. Kuyt. OcHoBHbIE anroputmbl. — 3-¢ uz. — Edition. — Bunesmc, 2009. —
T. 1.

MnaBa 4

INFORMATION AND LOGICAL MODEL OF TRACING
OF TECHNOLOGICAL PIPELINES

For problem formalization we will make following assumptions: trace
is made up of the rectilinear fragments located to in parallel coordinate ax-
es; initial and final points of lines are combined with the centers of devices;
points of transition from a floor on a floor are combined with the centers of
devices-sources of lines.

As a result of the decision of problems of a process equipments choice
[1] and placing [2] the initial information for tracing of technological com-
munications is received: N-quantity of devices; (xi, Yi, zi), i=1,2,..,N-

coordinates of the centers of devices; (a,b;,¢), i=1,2, ..., N - overall
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dimensions of devices; (X, Y,, Z,) — overall dimensions of an industrial

premises.
Let's designate floor number through p . Then for a lining of pipelines

parallel to an axis OY level [Ug* Upy*] , and for the pipelines parallel to an

axis OX level [pr* U;‘*] is allocated. At each level of pipelines laid at no

more than two rows.
Let's enter into consideration matrix F (3L) for the characteristic of set
of lines. Here L-quantity of communications; f;; and f,; — numbers of the

devices connected by j -th line; f;; e {l, 2, ... R} — number of a connecting

network to which possesses j -th line. We will characterize each line by a
vector

T] :(on, ij’ ZjO' le, yjl’ Zjl""'xjkj’ yjkj, ijj) )
where j=12,...,L — line number; (xjo, Yjo: zjo) — coordinates of the be-
ginning of a line (i.e. coordinates of the center of the device f;);

(xjkj, Yik;» ijj) — coordinates of the end of a line (i.e. coordinates of the

center of the device f,;); (xjn, Yins zjn), n e{l, 2,...k; —1} — coordinates
of points of an inflection of a line; k; — quantity of rectilinear fragments.

Let’s consider conditions which should be executed at tracing of pipelines.
We will designate through m-number of a condition and we will unite all
lines for which the condition m in set M ™ is satisfied.

Condition 1. Lines from set M are laid within an industrial premise.
Let dj — diameter of the pipeline of j-th technological communications;

IJ- — a thickness of isolation of j-th pipeline.

Then for any jeMi and any n=0,],2,...,kj there is

d, d;

?+Ij+|d SXjnSXC_Ij_Id_?;

?‘+Ij+|d <Y<Yl =1y —?‘; (4.)
d.

j j
?+||+|d SZjngzc—Ij—ld—?.
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Condition 2. For any point of a inflection (xjn,yjn,zjn),

n=12,..kj-1of j-thline jeM 2 there is such number p that:

7 el U Jubruy ] @2

l.e. any point of an inflection of a line is in one of the levels allocated
for a lining of lines.

Condition 3. We take some horizontal fragment (xjn, Yins Zjns
Xjni1r Yjnets zjnﬂ) of aline T; e M?3. Then or Xjns1 # Xjn (the fragment is

parallel to an axis), or y;,.,; # Yj, (the fragment is parallel to an axis).

2 20a < UF] A 2 20 <k U] (4.3)

This condition allows defining level of a fragment of a line depending
on its direction.

Condition 4. In lines possibility of occurrence of stagnant zones is ex-
cluded from set M*. We will divide set M* into two subsets: M * — pipelines
on which liquids flow; M — pipelines for gases. If jeM then the pipe-
line line shouldn’t have local minima; if je Mg then the pipeline line
shouldn’t have local maxima. Hense, for any je Mj and any
N, Ny, Ny e {O, 12, ...,kj} such that m>n,>n; that inequalities
Zin, — Zjn, > 0,2}, —Zj, >0 can't be carried out simultaneously.

This condition we will write down in the form of an inequality:

Zin =2z >0AZing 202 >0,Vj € M4
(4.4)

YN, Ny, Ng e{O,l,Z,...,kJ}:nl>n2 >nNg.

Condition 5. A of condition not crossings of lines.
Let j', j"e M®. We take any points

C.(Xc" Yo Zc')ETi"C”(Xc“v Yers Zc")GTj-- .

We will define distance as
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p(c.'c..): \/(Xc - Xc")z + (yc' - yc”)2 + (Zc' - Zc”)2
then the condition 5 can be written down in a kind:

d.+d

PR j' "
plc'c")z——

+j+ 1+ 1y, V' j"eM?®. (4.5)

Condition 6. The condition 6 consists that lines from set M® aren't
crossed with columns of a building construction. Let j € M®. We take any
point ¢'(X, Y., z.-)€T;. The condition 6 can be written down in a kind:

a;+d; _
( > ’2 J+Ij+|dJ UXK—yC.

Condition 7. A condition of not crossings of lines with the placed de-
vices. Let jeM’. We take any point C'(Xy, Yoz, )€T;. Let further

b; +d;
5 +li+lg |. (4.6)

—K
X —Xg

>

ie{L2,...,N}- any of numbers of the placed devices, excepting devices
fijand f,;,and S; —width of a zone of service of this device. Then

Condition 8. On conditions of production zones, forbidden for a lining
of pipelines should be provided. Let’s designate through
(Xs Yom» Zm) M=1,2,....k,, — coordinates of the centers of such zones;

(ém, Em, Zm) — their overall dimensions. Then for all jeH?® and any point
C'(Xe Yo %) €T; itis had

a,+d;
(|>‘<m—xcv|2 m2 J+IJ-+I(,J\/(|ym—yC.|2
\/(|Zm—zc||zcm;dj+lj+ldj

Condition 9. This condition is shown by safety precautions to pipelines
with explosive, combustible, inflammable and aggressive substances. Let

b, +d

(4.8)

Mfu — set of pipelines on which explosive, combustible, inflammable sub-

stances are transported; MiA — set of pipelines on which acids and other
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aggressive substances are transported. Let’s choose M®=M2 UM, . The

pipelines entering into set M® settle down as follows: if the distance be-

S, C'eT;j e My, doesn't surpass the set size I,

tween points c'eT; e M,

then z, > z... Thus for any points c'e T; e MJ,,c"eT; e My, itis had

(ple',c) <o) A (2o 2 26 ) v (ple €)= ) (4.9)

Condition 10. The length of the pipelines united in set M*° shouldn't
exceed in advance set sizes o . Thus forany je M*:

k
)SG

+

i
qxjm—l_xjn +|yjn+1_ yjn (4-10)

n=0

ZIn-¢—l_Zjn j-

As criterion of economic efficiency of the design decision we will
consider cost of capital expenses for a lining of pipelines

L
j=1

Where S,; — cost of unit of length of j-th pipeline;

Kj-1

®;= Z (|Xjn+l_xjn|+|yjn+1_yjn|+|zjn+1—zjn|)m — Length of j-th
0

n=

pipeline; S,; — expenses for technical realization of one turn of the pipeline
of j-th line; K; — quantity of turns in j-th line.

Thus the problem of trace of technological communications can be
formulated as follows:

To find T; =[Xj0, Yior Zjos Xjur Vit Zjgs - X0 Yikj o zjkj} i=12,..,L

so that conditions (4.1) — (4.10) have been satisfied and the criterion (11)
reached a minimum.

The developed model is used by working out of information system of
support of design decisions on configuration multiassortment manufactures [3].

BOIIPOCHI 1151 CAMOITPOBEPKU
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1. KakoBa HEoOXOAMMOCTb aBTOMATH3alUM TPACCUPOBKH TEXHOJIO-
THYECKUX TPYOOIIpOBOIOB?

2. B uéM TpyJHOCTh aBTOMaTH3aIMH TPACCHPOBKU TPYOOIIPOBOIOB?

3. Kak npoBepsieTcst aieKBaTHOCTb pa3paboTaHHOM Moaen?

4. Kakune JOIyIICHHS UCIIONB30BaHbI IpH (GopManu3aniy 3aJadu U
KaK 9TO OTpakaeTcsi Ha KOHEYHOM pelIeHHU?

5. Kakwue anroputMsl TpacCUpOBKH BbI 3HaeTe?

6. Kak peamm3yrorcst orpaHHYCHHS MOJENH B cucTeMe?

CIIMCOK JIMTEPATYPHBI K I'JTIABE 4
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type workshops. Part 1. Process equipment placing / S.J. Egorov,
V.A. Nemtinov, M.S. Gromov // The Chemical industry. — 2003. — N 8. —
P.21-28.

2. Egorov, S.J. Automating the layout of equipment in the hangar
type workshops. A part 3. Information-graphic system of three-dimensional
equipment layout / S.J. Egorov, V.A. Nemtinov, M.S. Gromov // the Chem-
ical industry. — 2003. — N 8. — P. 35 — 39.

3. Automated Information System for industrial object layout deci-
sion. Part 1. Analytical and Procedural models. / S.J. Egorov, V.A.
Nemtinov, V.G. Mokrozub, 1.V. Milovanov // Information technology in
designing and manufacture. — 2009. - N 4. — P. 3 - 11.

MnaBa 5

METOAUKA PACYETA U BbIBOPA MEXAHUYECKNX
NMEPEMELLUUBAIOLLUX YCTPOUCTB BEPTUKANbHbIX
EMKOCTHbIX AMMAPATOB

B naHHOI rilaBe paccMaTpuBaeTCsi METOJMKA aBTOMAaTH3MPOBAHHOTO
pacuyéra ¥ BbIOOpa MEXaHMYECKHX IEPEMELINBAIOIINX YCTPOMCTB BEPTH-
KaJbHBIX EMKOCTHBIX alllapaToB, pa3padOTaHHAS B pe3yibTaTe MCCIIENOBA-
HUSI BIMSIHUSI TEOMETPUYECKUX XapaKTEpUCTUK KOpITyca anmapara, (pU3uKo-
XMMHUYECKHX W TEIUIOPHU3NYECKUX XapaKTepHCTHK IepeMelnBacMoil cpe-
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Jbl, PeXXMMa IEPEMEIIMBaHUs, YCIOBUH NPHUIOJHOCTH Baja MEIIAOK U
TepMETH3UPYIOUIEH CIIOCOOHOCTH €r0 YIUIOTHEHHS, YCIIOBHH TEIUI000MEHa
B alrapare Ha ClIeAyIOUIHe NapaMeTpbl KOHCTPYKLIUH IEePEeMENIHBAIOIIETO
YCTpOWCTBA:!

— THIT MEIIaJKH, paCIETHON XapaKTePHUCTUKON KOTOPOTO TPH TYpOy-
JICHTHOM DPEXHME IepPeMEUINBAHUS SIBISIETCS KOdQPHUIEHT e€ TuapaBiu-
geckoro conpotusnenust (C);

— YHCIIO0 MENIAJIOK Ha Bally YCTPOMCTBA (Z,);

— nwmamertp memranku (d,);

— YacToTa BpallleHHUs Basa ycTpoiictea (N);

— muamerp Bana (d);

— TapaMeTphl MEMIAJOK, HCIOJB3YeMbIX ISl MEepeMEIIuBaHUS TpU
MEePEeXOJHOM M JIAMHHAPHOM PEXHMaX: YHCIO TOPU3OHTAIBHBIX TpPaBepc
paMHOI M JIEHTOYHOH Memanok (N,), mar Mexay TpaBepcaMu JICHTOUHOU
merraikd (l;) 1 gucmo e€ gomacreii (N,), BEICOTA IIHEKOBOM Mernanku (H,,)
U [ar BUHTOBOU nuHUK jtonacTu (1)

B kauecTBe OCHOBBI 3TOTO HCCIIEJOBAaHHS BHIOpaHa PEKOMEHIOBaHHAs
HUNXUMMAILI [2, 3] metoauka pacuéra:

— 3aTpaT MouIHoCcTH Ha mepemenmBanne (N) B BepTUKaIEHOM EMKO-
CTHOM ariapare pH TypOYJIEHTHOM PEXUME;

— T[apamMeTpoB LUPKYJISALUK U TypOyJIeHTHOH nuddy3un nepeMern-
BaeMOM cpelbl;

— TIapaMeTPOB, XapaKTePH3YIOIIUX KAuyeCTBO IEPEMEIIMBAHUS pPas3-
JIMYHBIX CPeJl MPU TypOYJIEHTHOM PEXHME: MPOJIODKUTEIBHOCTH TOMOTEHHU-
3allii B3aUMHO-PACTBOPUMEBIX JKHAIKOCTEH, pacrlpenelieHHus KOHICHTpPAINN
TBEPIOH (pasel CycleH3Hi 10 BBICOTE U PaaUyCy armapara, CKOpOCTH Iepe-
MelleHHs Kaneib JUCIepCHOi (a3bl u ux pazmepa Ipu NepeMelInBaHiH He-
CMEIIMBAEMBbIX JKUJIKOCTEH, CPEJHEro YAENbHOTO ra30CoJCpIKaHus Cpelbl U
pa3Mepa ITy3bIPBKOB TIPH IEPEMEIINBAHIH T'a30’KUAKOCTHBIX CHCTEM, IIPO-
JIOJDKUTENBHOCTH PACTBOPEHHS TBEPIOTO MOJIUANUCIIEPCHOTO MaTepHaa;

— MOIIHOCTH MepeMEelIMBaHUs TP JIAMUHAPHOM M TEPEXOTHOM
pexuMme;

— TapaMeTpoB LUPKYJSIUH U HPOJODKUTEILHOCTH TOMOTECHH3ANH
NepeMeIInBaeMOn Cpelibl P JAMHUHAPHOM M EPEXOIHOM PEXKUME;

— JMaMeTpa Balla TepeMEIIMBAIONIero ycTpoiicTBa (Hamboiee pac-
MIPOCTPaHEHHOT'O KECTKOTO KOHCOJIBHOTO Bajla MOCTOSHHOTO CEYEHUs), IS
KOTOPOTO  BBITIOJIHSIFOTCSL  YCIIOBUSI BHOPOYCTOHYMBOCTH, JKECTKOCTH U
MIPOYHOCTH;

— kodddunmeHTa TEIOOTHAYM OT MEPEMEIINBAEMON Cpelbl IpH
Pa3JIMYHBIX KOHCTPYKIHMAX allapara U peskuMax nepeMelnBaHus;
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— TEIIOBOTO IIOTOKA, KOTOPHIH MOXKET O0ECHEeYHTh HMMerolieecs: B
anmapare TeruI000OMEHHOE YCTPONCTBO.

Pacuér ynmempHOW yTeukwm paboueil cpemsl B 30HE YIUIOTHEHHS Baja
TIEPEMEIINBAIOIIECTO YCTPOICTBA OCYIIECTBISIETCS COTTIacHO [9].

MeroaMKa BKJIIOYa€T MAaTEMaTHYECKYIO MMOCTAHOBKY, METOJ U alro-
PUTM peEIIeHHs 3aJaddl BBIOOpa MapaMeTpOB MEXaHHMYECKOTO IEePEeMEIIH-
BAIOILETO YCTPOWCTBA M MOTOP-PEAYKTOPA, ONTUMAIBHBIX IS OPTaHU3alNnN
NepeMeIInBaHusl KOHKPETHOM CpeJibl B KOHKPETHBIX YCIOBHUSX C TOUKHU 3pe-
HUsSI IPUBENEHHBIX 3aTpaT.

5.1. IOCTAHOBKA 3AJIAUU PACUETA U BEIFOPA
MEXAHWYECKOI'O TTEPEMEILNBAIOILEIO YCTPONCTBA

IlocraHoBKa 3afauu ABISETCA MOICPHHU3ALMEN IMOCTAHOBKH, IpeEl-
cTaBjeHHOH B [7], 1 00beAMHSET Cilyyau JIAMUHAPHOTO M TypOyJEHTHOTO
pexnMa TepeMENINBaHus, TaK KaK Ha MPOU3BOJACTBE HEPEAKH CIydad, KO-
IZla 10 XOAy TEXHOJIOTHYECKOTO IpoIlecca TYpOYIEHTHBIH PEXUM CTaHO-
BUTCS [IEPEXOIHBIM, a 3aTEM U JIAMUHAPHBIM.

B kayecTtBe KpUTepus ONTHUMAIBLHOCTH KOHCTPYKLIIMM MEXAHUYECKOIO
MEPEMEIINBAIOIIEr0 YCTPONUCTBA MPEAIaracTCsl HCIONb30BaTh CYMMY aMOP-
TU3ALMM 3aTPAaT HAa MEIIAIKU, Bal U MOTOP-PEAYKTOp, a TAKXKE 3aTpaT Ha
AJIEKTPOIHEPTHIO, TTOTPEOIIIEMYIO YCTPOMCTBOM B TEUCHHUE IOAA!

Z = EK [z, Sy + Su(jur d, L2) + 8,(t,, Ny, N, M)] +55(Ty, N),  (5.1)

rJie IpH TypOyJIEHTHOM HEePEeMEIIMBAHUH CTOUMOCTD MetanKu S, = Sy(&, ju, Oy,

— s paMHOW  MEIIAJKH [pU JIAMHHAPHOM  IepEMCIIUBAHUU
Sy = Sull duy M),

— JUISL IGHTOYHOM MEIIaNKH Sy = Sy (ju, Oy Ny Ny, 1),

— JUIS ITHEKOBOM Metmanku Sy = Sy(jy, Oy Hu 1);
Ek — HopmaTuBHBI KO3 dHUIIHEHT OKyTaeMocTH st obopymoBanust (0,15);
Jju — TIPU3HAK MaTepualia, U3 KOTOPOTO M3rOTOBJIEHA MEIIANKa (CTalb, THTa-
HOBBIU cruiaB); Sy(j,, d, Ly) — 3aBUCHMOCTH CTOMMOCTH BaJia YCTPOMCTBA OT
MarepHana, u3 KOTOPOro OH M3roToBJeH (j,), ero auamerpa u jmuHsl (Ly),
orpejesieMol BRICOTOM KOpITyca arnmapara, KOHCTPYKIUEH CTOWKH MPUBO-
na (cm. [4, 5]) u BbICOTOM pacIONOKEHHs HIXHEH MENIATKU HAJl THUIIEM,;
Sp(tos Npy N, M) — 3aBHCHMOCTB CTOMMOCTH MOTOp-PEIyKTOpa OT €ro

tuna (1,), 9acTOTHl BpalleHHs BBIXOJHOTO Baia (N,), MOIIHOCTH 3IEKTpPO-
neuratens (Np) M KpyTsIIero MOMEHTa Ha BBIXOJHOM Baily (M,);

S,(Tr,N) — 3aTpatrsl 31€KTpOIHEPTUH 32 BpeMsl paboThl EPEMEIIUBAIOIIECTO
YCTPOWCTBa B T€UCHHE rofa I, KOTOPOE ONpeNesIeTCs] HOPMaMHu peXuMa
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peaiM3any KOHKPETHOrO Ipollecca M KaJCHIAPHBIM IIJIAHOM pPabOTHI
obopynoBanus, [6].

Heo0xonumo BBIOpaTh 3HAYEHHs MApaMETPOB MEXaHHUYECKOIO Iiepe-
MEIINBAIOMIET0 YCTPOWCTBa, mpH KoTophix ¢yakmmsa (5.1) mocturaer
MHUHHAMYMa 1 BBITOJTHSIOTCS] HU)KECIIETYIOIINE OTPaHUYCHHUS |

1. Ha mnapamerpbl MeWIalkd H THUAPOIMHAMUYECKYIO OOCTaHOBKY
B ammapare:

d,, €Sd . (5.2)

rae Sd, — MHOXXECTBO 3HaY€HHil AMAMETPOB CTAaHAPTHBIX Meluajiok tuma K,
Hanpumep, Ui mHekoBoi: 0,4; 0,56; 0,71; 0,8; 1,0; 1,12; 1,25 m;

G,. <Gp < Gp, (5.3)

re G, Gp — IpaHWYHBIE 3HAYEHHs KPUTEPHUS THAPOJMHAMUYECKOTO I0-
n06ust (OTHOIICHHUS TMAaMETPOB ammapara u metnankda Gp = D/d,) ms me-

LKA BBIOPAHHOTO THMA, HAIIpUMep, Uil TypOUHHOM GD* =3, Gy =6;

JUISL IITHEKOBO# GD* =1,8; Gp =5;

[2, 3, 4] — anst paMHO MEIIATKY ;
n, e (5.4)
[3, 4, 5] — w1st JIeHTOYHOM MEIIAIKY |

n.e[1,2]; (5.5)
H,<H, (5.6)
rae H — BbicoTa 3amofHeHusl anmapata;, H, — BbICOTa MeIIanku (i JIeH-
tounoit H, = (n,— 1) I);
2|, — IS JTEHTOYHON MEIIAIKH ;

t, = . (5.7
K, H,, — s ITHEKOBOM MEIIAIKH ,

rae k, € [0,25; 0,33; 0,5; 1] — Bo3MOXKHBIE 3HAYEHHSI OTHOIIECHUS Iara
BMHTOBOM JTMHWH JIONIACTH IIIHEKOBOM MEIIAJIKHU K €€ BLICOTE;
MKp = Man + MBH! (58)

rae M, My, My, — KpyTAILMK MOMEHT, BO3HUKAIOIUK NIPU BPAIEHUH JI0-
racTeil MelanoK, 1 MOMEHTBI CUJI CONPOTHUBIICHUSI BpAILlEHHIO, BO3HUKAIO-
[IMe Ha CTEHKax KOpIlyca ammapara ¥ BHYTPEHHHX YCTPOMCTBaX MpH Typ-
OyJeHTHOM nepeMeninBanui [1, 2];

H-h, > h,, ecu R, < 0,1DH, (5.9
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rae h,, h,, — ryOuHa HeHTpanbHONH BOPOHKH, 0Opasyromencs npu TypOy-
JICHTHOM TIEPEMELINBAaHUN M BBICOTA PACTIONIOKCHUS BEPXHEH MEIIaIKH Hall
JHAIIEM ammapata; R,, — cyMMapHOe THApaBIMYECKOE CONPOTHUBIICHHE
BHYTPEHHHX YCTPOWCTB, YCTAHOBJICHHBIX B ammapare, [1, 2].
2. Ha gactoty BpaimieHus Baja MepeMEIINBAIOIIEr0 YCTPOUCTBA U €T0
JIAaMETp:
nesn,, (5.10)

rac Snp — MHOXECTBO CTaHHAPTHBIX 3HAYCHUH YacTOT Bpal€Hus BBIXOI-

HBIX BaioB Motop-peaykropos (0,5; 0,63; 0,8; 1,0; 1,63; ...; 100; 125; 160;
200; 250; 315 muH );

deD,, (5.11)

rac DB — MHOXXECTBO CTaHHapTHbIX 3Haqu1/1171 ]II/IaMeTpOB BaAJIOB MCXaHUYCCKUX
MepEMEIMBAIOIINX YCTPOicTB: 25, 40, 50, 65, 80, 95, 110, 130 mmM [3, 4];

d>yA+ A +A, (5.12)

rae A, A, — BcrioMorareibHble pacuéTHbIe KOMIUIEKCH [3];

2rn

o<k, (5.13)

Op
e oy, & — nepas KpHTHUECKas YIVOBas CKOPOCTb Bajla M KOHCTAaHTa

YCIIOBHS €r0 BHOPOyCTOWIHBOCTH, [3];
A < NPT (5.14)

rae A, A" - MHaMHYECKOe CMEIIEHHE Balla B ONACHOM 110 JKECTKOCTH
CEUEHHH U €ro JIonycKaeMoe 3HaueHwue [3, 5];
pitedut
n, =n;°", (5.15)

rae Ny, n;°"— 3amac NpoYHOCTH B ONACHOM CEUYEHMH Baja M0 MPOYHOCTH M

ero pomyckaemoe 3HaueHue [3].
3. Ha BenmuuuHy yzenbHON yTeuky pabo4eii cpe/ibl B 30He YIUIOTHEHHUS
BaJia NEPEMEIINBAIOIIET0 YCTPOICTBA!

U<U,, (5.16)

rne U — yreuka pabodell cpeapl B 30HE YIUIOTHEHHS, BEIUYMHA KOTOPOH
3aBHCHUT OT THIIA YIJIOTHEHHS (MaHXeTa, CalbHHK, TOPIIOBOE), AMaMeTpa
BaJla ¥ MapameTpoB IrepememmBaeMoii cpeast [9]; U, — 3HaueHue ynemnb-
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HOW yTEYKH, ompeneisieMoe TpeOyeMbIM KJIAaCCOM HErepMETHYHOCTH
YIJIOTHEHHS BaJa.

4. Ha TemyoBOl IOTOK, 00ECHIEYMBAEMBIH TETFIOOOMEHHBIM yCTPOWCT-
BOM arnapara, eclii IlepeMennBaeMasi Cpeia HarpeBaeTCsl WIH OXJIaXJaeTCsL:

D> D, (5.17)

rne @ — TerIoBO# MOTOK, HEOOXOAMMBIH TS pean3aliy TEXHOJIOTHIECKOTO
npouecca B anmnapare; @ — 3HaueHHE TEIIOBOTO IOTOKA, KOTOPBIH MOXKET
OBITh OOeCleUYeH KOHKPETHBIM TEIUIOOOMEHHBIM YCTPONCTBOM (pyOarimkoii,
3MEEBHKOM) B 3aJ]aHHBIX YCIOBHUSX, C YUETOM COOTHOIICHHUH ISl OTIpeesie-
HUS KO3 (HUIIHEHTa TEIIIOOTIaqH OT IepeMenmBaemMoii cpesi [1, 2].

5. Ha xapakTepuCcTHKH MOTOP-PEAYKTOpa:

NK, <N, (5.18)

rae K, — KO3 QHIHEHT MyCKOBBIX IIEPerpy30K, ONpeaeseMblid 3HaUCHUEM
Gp U THUIIOM YCTaHOBJICHHBIX B aliapare BHYTPECHHUX YCTPOMCTB:

1,5 — nnst annapaToB 6e3 BHYTpeHHHX ycTpoiicTs mpu Gp > 1,5,

2 — nmng ammapaToB 6e3 BHYTpeHHUX ycrpoicts mpu Gp < 1,5,

1,2 — nnst annapaToB ¢ OTPaKaTEIbHBIMU [IEPErOPOAKAMH,

1,3 — st annapaToB ¢ APYTUMH BHYTPEHHUMH YCTPOHCTBaMU;

M., pn3 d; — 1pu TypOYJIEHTHOM TIepeMeIInBa HUH ;

- (5.19)
N/ (27: n) — TIpY JIAMMHAPHOM TIePEMEIINBA HHH ,

>n, (5.20)

rae np — HaCTOTa BpallCHU BBIXOJHOI'O BaJla MOTOP-PEAYKTOPA,

6. Ha 3HaueHus mapaMeTpoB KayecTBa MePeMEIIMBAHNUS:
a) U1 ciydasi TypOYJIEHTHOTO IepEeMEIINBAaHUS B3aMMHO-PaCTBOPH-
MBIX KHJIKOCTEH
Ty < Tsans (5.21)

TJ€ Ty, Tsay — PACUETHOE BpeMsl TOMOTEHH3ALMH CMeCH kuakocteii [1, 2]
U ero 3aJIaHHOE 3Ha4YCHUE (HalpUMep, YKa3aHHOE B PEriiaMeHTe mpolecca);
0) st ciyvasi TypOYJICHTHOTO MepeMEIMBaHUs MaJOKOHIIEHTPUPO-
BaHHOU cycmeH3nn (oO0véMHAs momsa TBEpHON (as3sl He mpessimaer 0,1,
Mmaccosasi — 0,2)
AXmax < AX,, (5.22)

rae AXmax, AX; — OTHOCHTENBHAsE Pa3HOCTh KOHIICHTpALHWil B3BELICHHBIX
YaCTHII TI0 BBICOTE ammapara [1, 2] u eé MakCUMaIbHO IOMYCTUMOE 3HAYE-
Hue, a ecnu Ry, < 0,1DH u B anmapare ycTaHaBIMBarOTCS MEIIAIKH C TOPH-
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30HTAJILHBIMU JIONIACTAMH (JIOIACTHBIC, NPOIEIUICpHBIE, TYPOMHHBIC, IHC-
KOBBIE), TO

XepR = h >X 5.23
cpR Z ARz ( . )
XR

rae Xepr, Xgs — OTHOLICHHE KOHLIEHTPALMU B3BEIIEHHBIX YACTHI] y CTEHKH

anmapata K X CpefHel KOHIeHTpaluu [1, 2] 1 ero MHHUMAIBHO JOMYCTH-
MO€ 3Ha4eHUe;

B) JUIA ClTydast TypOyJIeHTHOTO NMepeMEIINBaHNUS BEICOKOKOHIIEHTPUPO-
BaHHOMU CYCIIEH3UH

f > 0 Ry <OIDH;

BH —

Pe>Pe,, R,, >01DH,

(5.24)

rze f, f, — gacToTa mynkcanmii cpeipl y IOBEPXHOCTU 0CAfIKa, CKOPOCTh KO-

TOPBIX BBILIE KPUTUYECKOH, U KPUTHYECKAs YacTOTa MyJbCaluii, obecrnedu-
Barolas noasEM ocanka [1, 2]; Pe, Pe,, — uncno Ilexne u puBeIEHHOE YHC-

110 T1ekite, obecnieunBaroiee OTCYTCTBHE OCaJIKa Ha THUIIE allapara, [1, 2];
AQ < AQmax, (5.25)

rae AQ, AQmax — pacu€THas CTENEeHb HEOJHOPOJHOCTH paclpeleieHus
B3BEIICHHBIX YaCTHII [10 BhICOTE armnapara, [1, 2] u eé MakcuMaibHO J0Iyc-
TUMOE 3HAYEHUE;
r) A ciaydas TypOyJeHTHOTO MepeMeIIMBaHuA HECMEIIHBAaeMBIX
JKUJIKOCTEH
Pe <0,3, (5.26)

rae Pe — uncio [ekie, paccuuTaHHOE AJIsi CKOPOCTH OCaXIeHHUs (BCILIBIBA-
HUST) Kalenb qucnepcHoit daser, [1, 2];
Ay < dimax, (5.27)

rae dy, demax — pPacUYETHBIN AHaMeTp Kamelb aucnepcHoi ¢gassl [1, 2] u ero
MaKCHMaJIbHOE JOIyCTHMOE 3HAYCHUE,

I) ISl ciydasi TypOYJEHTHOTO TMEpeMElIMBaHusl Ta30KHIKOCTHBIX
cucTeM

? = Py (5.28)

TIE @, (s, — CPEIHEE YACIBHOE ra30CcoiepikaHne IepeMeIInBaeMon Cpebl
[1, 2] u 3ananHas 0ObEMHAs JOJIA ra30Boi a3kl B anmapare;

A < G e (5.29)
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rae Oy, dymax — PacuéTHBIA TraMeTp My3bIpbKOB ra3oBoit ¢assl [1, 2] u ero
MaKCHMAJbHOE JOIyCTUMOE 3HAYCHHUC;

€) UL Cilydvasi PaCTBOPSHHsI YaCTHIl IIOJIHANCICPCHON TBEPHON (asbl
npy TYpOYICHTHOM MEPEMEIINBAHAHE MOYKHO HCIOJIB30BaTh OAHO W3 ABYX
OrpaHUYEHUI:

miax{rni} < T (5.30)

T Tyiy Tsan — PACYETHOE BPEMsi LIOJHOTO PACTBOPEHMUSI YaCTHL i-i (pakiun
TBEpmOi ¢asel [1, 2] u 3amaHHas TPOMOIKUTEIBHOCTh €€ PacTBOPEHWS,
mmbo

X < X maxs (5.31)

e Xy, Xy max — pacuéTHasi MaccoBasi KOHIICHTpAIUs YacTUI] TBEPIOH (a3sbl,
HE PACTBOPHUBIIMXCS 33 BPEMS Ty, [1, 2] U €€ MakcUMabHO IOMYCTUMOE
3HAYCHHE;

) Ha BPEMsl TOMOTCHH3AIMH CPE/IbI TIPH JIAMHHAPHOM MepeMEIIIHBAHIN

Ty < Toap 5.32)
n I (

Trie pacyéTHOEe BPeMsl TOMOTEHU3AIMH (T,) ONpeeINseTcsl C UCHOTIb30BaH -
€M 3HAa4YCHUH MapaMeTpoB LUPKYJSLUU NEepeMeIIuBaeMON Cpeabl TpH Jia-
MUHApHOM pexxume [1, 2].

OueBuiHo, uto orpanuuenus (5.2) — (5.20) sBusirorcs OOMIUMHU ISt
MPOLIECCOB MepEeMEeINBaHuUs JTFOObIX cpell, a u3 orpannyenuii (5.21) — (5.32)
HE00XO0MMO BEIOHPATh T€, KOTOPBIE COOTBETCTBYIOT MPOLIECCY NepeMeIlH-
BaHHUS KOHKPETHOW CPEBL.

31ech HEOOXOMMO OTMETHUTH!

1. Eciin 1o xo/y peaii3aiuy OJHOTO U TOTO XKe MPOILecca PeKUM Iie-
pEeMEIIMBaHUSI MOKET U3MEHUTBCS (C TypOyJIEHTHOTO Ha MEPEeXOIHbIN Win
JIAMUHAPHBIN), TO BO3MOXKHBIMH THUIIAMH MELIAJIOK SBIISIFOTCSI TOJIBKO SKOP-
Hasl ¥ paMHasi, a IpU PELICHUH 3aJa4d CJIEAYET YYUThIBATh HEOOXOANMBIC
orpannyenus u3 uncia (5.2) — (5.9), (5.19), (5.21) — (5.32).

2. B Teuenune mepuona 7T, paccMaTpUBacMBIil ammapaT MOXKET y4acT-
BOBaThb B MNepepadOTKe MapTHH HECKOJBKUX HPOAYKTOB M OCYIICCTBISTH
pas3yiuyuHbIe CTAJMU WX CHHTE3a, IO3TOMY HOCTaHOBKA 33Ja4l BbIOOpA KOH-
CTPYKLIMH MEPEMEIINBAIOLIET0 YCTPOHCTBA TAKOTO arapara MOXKeT BKIIIO-
YaTh HECKOJNbKO HabopoB orpaHmueHuii m3 umcna (5.2) — (5.9), (5.19),
(5.21) — (5.32), pa3nu4HBIX IS Pa3HBIX IEPHOJOB €ro AKCILUTyaTaLHH.

5.2. METOJIVKA PELLIEHUS 3AJIAYM PACUETA Y BIFOPA
MEXAHMYECKOI'O [IEPEMEIIMBAIOIIEI'O YCTPOIMCTBA
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3anaya (5.1) — (5.32) oTHOCHTCA K KJlaccy 3aiay JAUCKPETHOH ONTHMH-
3aIUH, MOCKOJNBKY 3HAYCHUS OMPEIEIIEMbIX IapaMeTPOB KOHCTPYKIIUH Me-
XaHUUYECKOTO MepPEeMEIINBAIOIIEro yCTPOHCTBA BEPTUKAIBHOTO EMKOCTHOTO
anmapara BBIOMPAIOTCSI U3 YHCJIA CTaHAAPTHBIX. UKCIIO CTaHAAPTHBIX 3Ha4e-
HUH AWAMETPOB BAIOB IMEPEMEIIMBAIONIMX YCTPOHCTB, MMapaMeTpoB KOHCT-
PYKIMI CTaHAAPTHBIX MEIIAJIOK W MOTOP-PEAYKTOPOB HEBEIHKO, MO3TOMY
npeyIaraeMblii METO PEILIeHHsI 3a/1a4i OCHOBAH Ha CTpATEeruu repedopa;

a) mepebop BO3MOXKHBIX KOMOHMHAIIMI THIIOB MEMIAJIOK, YacTOT WX
BpAIIECHUs] W CTAaHAAPTHBIX 3HAYCHUH NMapaMeTpPOB MX KOHCTPYKLIWH, IUIS
Ka)XJOH M3 KOTOPBIX OCYLIECTBISIETCS PAacuy€T 3HAUCHMS LIEHTPOOEKHOIro
kpurepus PeliHonbaca:

2
Re, = nd; ,
v

r7ie v — KHHEMaTHYecKasl BA3KOCTh IEPEMEIINBAEMOI CPEIbl, M ONpeaeie-
Hue pexnma mepememmBanus (Re, > 1000 — typOynentHsiii, Re, < 80 —
nmamuHapHelid, 80 < Re,; < 1000 — mepexoaHBlif), MpoBepKa BBITOIHEHUS
HE0o0X0AMMBIX orpanudeHuil u3 uncina (5.2) — (5.10), a Taxke orpaHHUYCHUIA
Ha 3HAYCHUS MapaMeTpPOB KauyecTBa IEPEMEIINBAHMS COOTBETCTBYIOIICH
cpens u3 uncia (5.21) — (5.32);

0) mpu TMOJIOKUTEIHHOM pe3yjibTaTe TMPOBEPKH COOTBETCTBYIOIIAS
KOMOMHAIMSA MapaMeTpoB MEINAIKH JIOMOJHACTCS MHHHMAIBHBIM CTaH-
JapTHBIM 3HaueHueM d, ynoBnerBopsiommm orpannderusm (5.11) — (5.15);

B) IpH HEOOXOMUMOCTH MAJsl paccMaTpuBaeMoil KOMOMHAaIWM mapa-
METPOB TEPEMENINBAIOIIETO YCTPOWCTBA NMPOBEPSETCS BBIOIHEHHUE YCIIO-
Bus (5.16) MPUTroTHOCTH YIUIOTHUTENBEHOTO YCTPOWCTBA Bajla yCTpoiicTBa U
ycnoBust (5.17) npuroaHOCTH TEMIIO0OOMEHHOTO YCTPONCTBA amapara;

r) u3 BCEX KOMOWHAIIMM THIIA MEINAIKH, 3HAYEHWH MapaMeTpoB eé
KOHCTPYKIMH M JMaMeTpa Bajia IPHBO/IA, YAOBICTBOPSIONINX BCEM OTpaHU-
YEeHUsIM, BBIOMpAeTCs ONTHUMalIbHas — 10 MUHUMAaJIbHOMY 3HAYECHUIO KpUTE-
pus (5.1) 6e3 yu€ra cCTOMMOCTH MOTOP-PEYKTOPA;

) JUTs ONTUMAIIbHOW KOMOMHALMH OCYIECTBILIETCS TOJ00p HauMeHee
JIOPOTOCTOSIIET0 U3 CEPUHHO BBIITYCKAaEMBIX MOTOP-PEIYyKTOPOB, LISl KOTO-
pbIx BeimonHstoTes yenoust (5.19) — (5.21).

ANTOpUTM pelIeHHs 3a/1auu MPeayCMaTpUBAET Pean3alliio HECKOJIb-
KHX BJIO)KEHHBIX LIMKIJIOB Iepebopa 3Ha4eHHH MapaMeTpoB MEXaHHYECKOTO
nepementnBatoniero ycrpoiicrea cormacuo (5.2), (5.4), (5.5), (5.7), (5.10),
(5.11), mposepky Beimonuenuss orpannuenunit (5.3), (5.6), (5.8), (5.9),
(5.12) — (5.20), a taxxe Tex orpanmdenuit u3 gucna (5.21) — (5.32), koro-
pBI€ COOTBETCTBYIOT peaii3yeMOMY IIPOLIECcCy.
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[lepebop THIOB MEIIANIOK OCYILECTBISIETCS B CIEIYIOLIEM IOpSIKE:
MEIIATKH C TOPH30HTANBHBIMH JIONACTSIMH, SIKOPHBIE, PaMHbBIC MEIIAJIKH,
MEIIaTKy Uil JaMHHApHOTO IepeMennBanus. B mmkie mepebopa cras-
JApTHBIX 3HAUYCHWH MUAMETPOB MEIIANKH (HKCHPOBAHHOTO THIIA PACCUH-
TBHIBAETCS 3HAYCHHUE KPUTEPHUS THAPOIMHAMHUYEeCcKoro romobus Gp = D/d, u
mpoBepseTcs BemonHeHne ycioBus (5.3). B mukie mepebopa craHmapTHRIX
3HA4YEHUH 4acTOT BpAIlEHUS BaJIOB NEPEMEIINBAIOLINX YCTPOICTB paccuu-
TBHIBAIOTCS 3HAUCHHMS LICHTPOOEIKHOTO KpuTepHus PeiiHombca n onpeaenser-
cs1 pexxuM nepemennBanus. [Ipu Re, > 1000 6noxupyercs BEIOOp JE€HTOU-
HBIX M LTHEKOBBIX MEIIAJIOK, B MIPOTHBHOM CIyyae — MEIIANOK C TOPU30H-
TalbHBIMHU JIONACTAMHU.

B cutyanuu Re, > 1000 ocymecTBiseTcs nmepedop Yuciia MeIaioK Ha
BaJly NIEpEMEIINBAIONIETO YCTPOHCTBa (Z,, = 1, ..., 5), eciu 3T0 Memanka ¢
TOPU30HTAJIBHBIMHU JIOTIACTSIMHU, & JJIS SIKOPHBIX M PaMHBIX MEIIaJOK MpH-
HUMaeTcs Z, = 1. BBOJsTCS XapaKTepHUCTUKN BHYTPEHHHX YCTPONCTB amma-
parta (Tpy0, 3MEEeBHKOB, OTpaXkaTesiel H T.II.). PaccumTsiBaeTcst THApaBIn-
YeCKOe CONPOTHBICHHE KaxIoro ycrpoictsa [1, 2] n ux cymmapHoe 3Ha-
yenne R,,. [Iposepsiercs BeimonHenne ycinoBus Ry, < 0,1DAH. TIpu BeImon-
HEHUH 1TOro ycioBusi ypaBHeHue (5.8) pemraercs mMetonoM Oucekuuu [8]
OTHOCHTEJIFHO TapaMeTpa npoQuis OKPYKHOW CKOPOCTH MepeMeIIBaeMOil
cpensl 1, mpoBepsiercs BeimonHenue ycnosust (5.9). Ecnu ke Ry, > 0,1D A,
TO ypaBHeHHE (5.8) cocTaBigeTCsl U pelIaeTcs TeM e METOAOM OTHOCH-
TENbHO OCPEAHEHHOTO 3HAUCHHS OKPY)KHOM CKOPOCTH IepeMEeIIMBaeMOn
cpenpl U,

JIis KakI0¥ mpueMIeMONd KOMOHMHAIIMM THUIIA MEIIAJIKH W 3HAYCHHN
dy, N, Z, OCyIIeCTBIIsIETCS pacyéT 3HAYCHHUI MapaMeTPOB KauecTBa mepemMe-
IIMBAaHUS KOHKPETHOH Cpelbl U MPOBEpKa BBIMOJHEHHS COOTBETCTBYIOILIMX
orpaHuueHud. IIpu BBIMOJIHEHUM OrpaHUYEHUI B KadyecTBE BO3MOXHOM
KOHCTPYKIIMH ITEPEMEIINBAIONIETO YCTPONHCTBA 3aIIOMHHACTCS:

— TIpu TypOYJNEHTHOM NEepeMENINBAHUH, a TaKXKe JJAMUHAPHOM U TIe-
PEXOJHOM pEXHUME TEpEeMENINBAaHUS SIKOPHOHW MEIIaTKOW — KOMOWHAIMA
THIIA MELIAJKK, 3HAYSHUH d,, ¥ N, YKCclIa MEIIAJIOK Zy;

— TIpU JJAMHUHApHOM M INEPEXOAHOM PEXHUME MEePEMELIMBAHUS PaM-
HOM MeIaNKo#i — KoMOMHaIMs 3HaYeHuit dy, N 1 yKcia Tpasepc Ny,

— TIpU JIAMHHAPHOM M TEPEXOJHOM PEXHUME TEePeMEUINBAHUS JICH-
TOYHON MEIIaJKoi — KOMOMHAIMs 3HaueHuit d,, N, N, Yucia Jonacrei N,
JauaMeTpa Baja d u mara Mexay tpasepcamu l;

— TIpU JJAMHHApPHOM M TIEPEXOJHOM PEXHUME MepEeMEIINBaHUs IIHE-
KOBOM Mellankoil — koMOrHauus 3Hadenuii d,, N, d, mara BUHTOBOM JIUHUU
JonacTH t;, ¥ BEICOTHI MeNIaiku H,,.
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J11st 9TO# KOHCTPYKIIMH PAaCCUHUTHIBAIOTCS 3aTPAThl MOIIHOCTH Ha Hepe-
MemmBaaue N ¥ CTOMMOCTh MEIIANKH S,, KaK (DyHKIMS €€ MacChl ¥ MaTepHa-
JIa, U3 KOTOPOrO OHa M3roToBiieHa. [Ipu TypOyJeHTHOM IepeMelIBaHuU U
UCIIOJIb30BaHUM JUIS JIAMMHAPHOTO TIEpPEMEIINBaHMs SKOPHOW MM PaMHOU
MEIIAIKHA BBIOMPAECTCSI MUHUMAIBHBIA CTAaHOAPTHBIM JHaMETp Baja Mmepeme-
IIMBaroIero ycrpoiictsa d, yaosiaeTBopsiomuii ycmosuto (5.12). Jlnst seH-
TOYHOU M ITHEKOBOM MENIAIKU IPOBEPSETCS BBINOJIHEHNE STOTO YCIOBUS IS
3HaueHus O, SBJISIOLIETOCS MapamMeTpoM pacCMaTpUBACMON KOHCTPYKLIHH
MEePEMEIIMBAIOIIETO ycTpoicTBa. s BeIOpaHHOTO 3HadeHust 0 mpoBepsieTcst
BBITIOJIHEHUE ycoBUH BuOpoycroitumBocti (5.13), x€ctkoctu (5.14) wu
npouHocTH Bana (5.15). Ecnu Bce OHU BBIMOJHAIOTCS, ONpPENeNsieTcss CTOU-
MOCTB Baia S, Kak (yHKIHS €ro [UTHHBI, IHaMeTpa U MaTepHaa.

Ecim npoBepka repMeTH3UpyIONIel CrIocOOHOCTH YIUIOTHEHHUS Bajla He-
00xoanMa, oTpeeIsieTcs BeMMINHA YASIbHON YTeUKH pabouei cpesibl B 30He
ymtotaernst U [9] u nposepsiercst BeimonHenue yciaosus (5.16). Eciu B amnma-
pare OCYIIECTBISETCS TEIJIO0OMEH, onpeenseTcs: Ko UIMEHT TerooTaa-
M OT MEPEMEIINBAEMON CPEBI 0, KO3(D(HUIHEHT TEIIO0TAa4N OT TEIUIOHOCH-
Tens (XmagareHTa) o, [1, 2] u cpenHss pasHoOCTs Temmepatyp Aty, paccuuTHI-

BAETCs 3HAYEHHE TEIUIOBOrO MOTOKA D, KOTOPHIN MOXKET ObITH 0OeCeeH
KOHKPETHBIM TEIUIOOOMEHHBIM YCTPOMCTBOM B 3a/laHHBIX YCIOBUSAX U MPO-
BepsieTcsl BHIIONHEHHNE orpanmdeHus (5.17). [Ipu BBITOTHEHWH BCeX Orpa-
HUYECHUH NPOU3BOJUTCS pacd€T 3aTpaT 3JIEKTPO’HEPTHH 3a BpeMs |, pado-
Thl TIEPEMELIMBAIONIETO YCTPOHCTBA paccMaTpUBaeMOW KOHCTPYKIHUU
B Teuenue roaa S,(T,, N), a 3aTeM — pacuéT 3HaUCHUS KPUTEPHSI ONITHMAITb-
HoctH (5.1) 6e3 yyéra cTOMMOCTH MOTOP-peayKTOpa. MUHHMaNbHOE 3Have-
HUE KPUTEpHS U COOTBETCTBYIOUIME €My IapaMeTphl MepeMEIIHBaIOIIEro
YCTpOWCTBA 3alIOMUHAIOTCSI.

Ilo oxoHuaHMM mepedopa Bcex BO3MOXKHBIX KOMOMHAIMI THIIOB Mella-
JIOK, CTAaHIapTHBIX 3HAYCHUH YacTOT BPAIlleHHUs UX BaJlOB M MapaMeTPOB KOH-
CTPYKLMH TPOBEpAETCS HAIMYME XOTS OBl OJHON KOMOWHAIMHU, XapaKTepH-
3yrollei JOIyCTUMYIO KOHCTPYKIIMIO MepeMenInBaroniero ycrpoiicrsa. Ecian
TaKMX KOMOWHAIMI HET, HEOOXONMO HECKOJIBKO OCIa0UTh OrpaHUYEHHS U3
gucna (5.16), (5.21) — (5.32), 94To6BI MOHATH MPUYUHY OTCYTCTBHS JIOITyCTH-
MBIX PELIEHUH 3a1a4l U COOTBETCTBEHHO U3MEHUTH HCXO/HBIE JAHHBIE.

Jns xoMOMHAIMM mHapaMeTpoB KOHCTPYKIHMH IE€PEMENIMBAIOIIETO
YCTPOWCTBA, KOTOPOH COOTBETCTBYET MUHMMYM kputepus (5.1) 0e3 yuéra
CTOMMOCTH MOTOP-PEOYKTOpa, OMPEACIAIOTCA THIIOpa3Mephl BCEX CTaH-
JApTHBIX MOTOP-PEAYKTOPOB, IapaMeTpsl KOTOPHIX (YacTOoTa BpPAIICHUS
BBIXOJHOTO Bana N, KPyTAMMA MOMEHT Ha BBIXOJHOM Bainy M, u mou-
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HOCTBb 3JIeKTpoisurarenss N,) yHOBIETBOPSIOT orpaHmueHusM (5.18) —

(5.20). 13 Bcex MOAXOASAIMINX BHIOMPAETCS MOTOP-PEAYKTOP MHHUMAIBHON
CTOMMOCTH.

ANTOpPUTM TIpeNyCMaTpUBaeT BO3MOXXHOCTH BBOAA (DPUKCHPOBAHHOTO
3HaYeHHs JI000r0 MapameTpa KOHCTPYKLUH IIEPEMEIINBAIOIIEr0 YCTPOHCT-
Ba M TOTJa nepeGop ero CTaHAapTHBIX 3HAYCHU HE TPOU3BOANTCS.

5.3. IIPUMEP ITPUMEHEHIMA METOAMKU PEIIEHNUA 3AJAYN

B kauecTBe nmpuMepa MPUMEHEHUS PEIIaracMO METOAUKH PacCMOT-
puM 3amady mondopa Hambonee 3((EeKTHBHOTO IMEPEeMEeIINBAIOMIECrO YCT-
pOMCTBa A anmapara, I7i¢ OCYIIECTBILIETCS] XUMUYECKasi pEaKknus Moiryde-
HUSI Cynb(haMUHOBOM KHCIOTHI n3 oneyma (25%) u kapbamuaa, 3arpyxkae-
MOTO B amnmapat HOpLHsIMH, pa3Mep KOTOPbIX yMeHbliaeTcs oT 20% oOueit
Macchl B Hauaie mporecca 10 2% — B KOHIIE, T.C. MOXKHO CUYHTaTh, YTO
B amnmapare nepeMernBaeTcs CyCIeH3Usl.

BHauasne BSI3KOCTh IepeMeIINBAacMON Cpelbl HEBEJHKA M PEXUM Ie-
pEeMeIINBaHuUs SBISETCS TYPOYJICHTHBIM, a MOCje MPEANOCIeJHEH 3arpy3Ku
KapbaMuza BS3KOCTh CpPe/lbl YBEIMYMBACTCS HACTOJBKO, YTO PEKHUM Mepe-
MEIIMBAHUS CTAHOBHUTCS MEPEXOIHBIM. 3a7ada pemaercst I MaKCHMallb-
HOM BSI3KOCTH TE€PEMEIINBAEMOMN Cpebl, IPH KOTOPOH PEKUM NEpeMEIIH-
BaHMA enié ocTaéTcs TypOYJIECHTHBIM, a 3aTeM — AJISI BA3KOCTH CPEbl B ca-
MOM KOHIIE ITPOIIEeCcCa, KOTAA PEXUM IepeMEIINBaHUs IPUOIMKaeTes K Ja-
MHUHapHOMY, NPUYEM JIaMMHApHBIA PEKMM PAacCMaTPUBAETCSI TOJBKO IS
KOHCTPYKIMI MepeMeNIBaoIero yCTPOUCTBa, KOTOPbIE OKa3aJluCh IMPH-
€MJIEMBIMH IIPU TypOYJICHTHOM pEKUME.

B 1aHHOM ciydae MOAXOASIIMMHE JUis OPraHHU3allMy MepeMelInBaHus
SIBJISIFOTCSI TOJIBKO SIKOPHBIE M paMHbIE MEIIAJIKW, TaK KaK TOJbKO ITH JBa
TUIa MCIOJB3YIOTCS JUIsl TIEPEMELIMBAaHNs Kak MpU TYpOYJIEHTHOM, TaK W
[pH JTaMHHApHOM pexume [1, 2].

Hcxonuble naHHbIE AT pELIeHHs 3a1a4H:

— BHYTpeHHUI auamMeTp ammapara D = 1,8 wm;

— BbIcoTa 3amonHeHus anmapata H = 1,3 M (B mpouecce 3arpy3ku
kapbamuyia u3mensiercs B npezenax 1,25...1,35 m);

— BHYTPEHHHE yCTpoiicTBa — TpyDa rnepeaaBiInBaHus;

— BBICOTa MOTPYKEHHOHN YacTu TpyOsI h, = 1,3 M;

— BHewHud quametp Tpyost d; = 0,089 wm;

— panuyc pacnonoxenus: Tpyosr . = 0,85 m;

— MakCHMaslbHas JHHAMHYECKasi BS3KOCTh IEePEMEIINBACMON CPEebl
npu TypOyJIeHTHOM IiepemermBanuy L, = 1 Ila-c;

— IUIOTHOCTB XH/IKOH (ha3bl IepeMeInBaeMoi cpebl P, = 1935 /M
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— MaccoBas jons TBEPAOH ¢azel X, = 0,008, T.e. cycnensus mano-
KOHLIEHTPUPOBaHHas;
— cpenHHil pasMep dacTHL TBEPAOH hasbl dgp = 1,25 Mm;

—  TIOTHOCTH TBEPIOH (assr p, = 1112 kr/m;

— MakKCHMJIBHO JIONYCTHMOE 3HAa4€HHs OTHOCHTENILHON pPa3HOCTH
KOHIICHTPAIU#l B3BEIICHHBIX YaCTHII IO BhIcOoTe ammapara AX, = 0,05;

— BaJ IEPEMELIMBAIOIIETO YCTPONUCTBA KECTKUI, KOHCOJIbHBIH, MO-
CTOSIHHOT'O CeueHMsI, M3roToBJIeH u3 craimu 16I'C, samanmpoBaH;

— nnuHa Bana L, = 3,75 M, mmHa nponéra L = 0,9 m;

— KOOpJWHATA OMACHOTO CEYEHHMSI 10 TIPOYHOCTH B Tponére Z; = 0,9 M;

— KOOpJIMHATa OIIACHOTO CEYEHHs MO KECTKOCTH Ha KOHCOIH
2 = 0,41 M;

— TUN YIJIOTHEHUs Baja — TopuoBoe Tuna T/l, cnocobnoe obecnedn-
BaTh Kjacc Herepmernunoctu 1-1, [9];

— HeoOXoamMast TeMIlepaTypa nepemenmBaeMoi cpensl t. = 70 °C;

— TEIUIOBOH MOTOK, HEOOXOAUMBIN i 0TOOpa TEIUIOBHIX d((eKkToB
rpoluecca 1 noajaepkanus 3aganHon remneparypsl @ = 81,33 KBr;

— cpenHuit k03((GUINEHT TEIIONPOBOJAHOCTH CPEbl MPH TeMIIepa-
Type t. A = 0,65 B1/(M-K);

—  CpemHsis TEIUIOEMKOCTE cpellbl Ipu Temrreparype t. ¢ = 1270 Jhx/(xkrK);

—  TEII000MEHHOE YCTPONCTBO — IMIIMHAPHYCCKAs pyOaka,;

— BBIcOTa pybamku H; = 1,5 m;

— IUIOmIaNb TMOBEPXHOCTH TerutoooMeHa F = 8,7 MZ;

— XJIaJjareHT — 000poTHAas BOJIA,

— HavaJibHas Temneparypa Bojsl t; = 20 °C;

— KOHEYHas Temreparypa Bogsl t, = 26 °C;

— Marepuaj Kopnyca anmnapara — craib 161'C, smanupoBaHHas;

— TOJIIMHA CTEHKH KOpITyca anmapara d., = 16 MM;

— BpeMsi paboThl MEPEMELIMBAIOIIEr0 YCTPOHCTBA B TEUEHHE roja
T,=2150y;

— JMHAMHYecKas BSI3KOCTb CPEIbl IPH MEPEMENINBAHIN B MIEPEXOI-
HOM pexume W, = 17,5 IMa-c;

— TpebyeMasi cTelneHb HEOAHOPOJHOCTH IEPEeMEIINBAEMON CpeJibl
Ipu repexoHoM pexxume 1 = 0,9;

— MaKCHMJIBHO JIOITyCTHMAs JUIMTEIbHOCTh TOMOTEHH3ALUH CPE/Ib
[IPU TIEPEXOJTHOM PEKHME Ty, = 1 U;

B paccmaTpuBaemoii cutyaluu mnpu TypOyJEHTHOM MepeMelnBaHum
BoimoaHeHue ycnosus R,, = {; h.d, < 0,1DH rapantuposano. Kpurepuii
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ONTUMAJIBHOCTU KOHCTPYKHHHU NEPEMCIIUBAIOIICTO YCTpOﬁCTBa paccMmart-
pUBaCcMOro arrapara UMEeCT BUJ

Z = EK [Sy+ Sy(js, d, Lo) + S,(t,, Ny, Ny M)] + 85(Tw, N),

TJIe CTOMMOCTE SIKOPHOM Merranku S, = Sy(j,, dy), CTOUMOCTh pamMHON Me-
Waiku Sy = Sy(juy Gy No).

Heo6X0auMo OMpeseuTh THIT MEMIANKN (SIKOpHAast WM paMHas), Jda-
MeTp Memanku d,, 4acTOTy BpallleHus N Baja yCTpoicTBa U ero auamerp d,
YUCIIO FOPM3OHTAIBHBIX TPABEPC PAMHON MELIAIKH N;, IPU KOTOPBIX KPH-
Tepuii Z JOCTHIaeT MUHUMYMA M BBITIOJIHSIOTCS OTPAHUYEHHUS:

1) Ha mapaMeTpsl MEIIAIKH ¥ THAPOIHHAMUYECKYIO 00CTaHOBKY:

d,, e Sdm,
G, <Gp <Gp,

M, =My, + My, 2
o = Man Mo Re, =% > 1000,

H-h,>h, v
n, €[2, 3, 4] — anst pamMHOI MeIIATIKH ;

2) Ha YacTOTy BpAllICHHs Bajia MEPEMELIMBAIOIIETO YCTPOWCTBA U €ro
JHUaMeTp:
ne Snp :

deDb,;

A < AT

JOII .
n, > n;°";
3) Ha yJeIbHYI0 yTeuKy pabodeil cpe/ibl B 30HE YIUIOTHEHHS Baja:
U<5102 mwlc;

4) Ha TEIIOBOM MOTOK, 00ECIIEYNBAEMBIN TEINIOOOMEHHBIM YCTPOMCT-

BOM armapaTa:
O° > @;

63



5) Ha XapaKTEePUCTHKKU MOTOP-PEAYKTOpA:
NK; <N,

rae K, = 1,3 mna typOynentrnoro u K; = 2,0 14 mepexoIHOro pexuma Ie-
peMeIIBaHuS;
345 .
M, pn d,, , ecu Re, >1000;
M, z2< N
" | ——, ecu Re, <1000;
27n

>,

6) Ha 3HAYCHHWEC OTHOCUTENIPHON PAa3HOCTH KOHLCHTPALHMH B3BCIICH-
HBIX YaCTHI] 110 BBICOTE amIapara Mpu TypOyJIeHTHOM IepeMEIINBaHNH:

AXmax < AX;;

7) Ha TPOJODKUTEIBHOCTh TOMOTCHH3AINH MIEPEMEIIMBACMON CPEIIBI
IIPU NIEPEXOAHOM PEKUME:

Ty < Toane

Pesynpratel pemieHMs 3Toi 3amaud A TypOyJNEHTHOTO peXuma
nepeMelInBaHus puBeaeHs! B Tabu. 5.1.

5.1. OnTuMabHbIe KOHCTPYKIMH NepeMelInBAIoNero yCTpoicTBa
A5 TypOyJIEHTHOTO MepeMelInBaHusI

= [=%

-

= §;: % =w §% g‘og

= == &= 2= s B8

=) = st Eg RS

S & 2 & < L OE 5

= 2 2 g > e & 2%

g g & zE 25 £E8

g o = Q a £ o

=] 5 gz £ 2 T e

= o2 E S “E o < 2
—~ o X o = e 2 QB
= 5 2 =7 Q

5 = [T

< < = S

T O

©

SxopHast 8 dy=14m;n=45mur ;d=0,08m | 2331 | 19150
Pamuas 6 dy=1,6m;n=31,5mur };d=0,08m | 2115 | 21110

Pemienne 3agaun npy 1MepexoHOM PEXUME JUIS ONTHMAIbHOW KOHCT-
PYKLMH TepEeMENINBAIOIIET0 YCTPONUCTBA C SKOPHOW MEIIAKOM IMOKa3alo,
YTO OTa KOHCTPYKIUA ABJIACTCA HpHCMHeMOﬁ, TaK KaK 3aTpaThbl MOIITHOCTHU Ha
nepeMerBanue coctaBmiay 1812 Br, a mpogomKkuTen-HOCTE TOMOTEHN3AIHN
HepEMEIIMBAEMON CpelIbl T, = 2685 C, T.€. MEHBIIE Ty, YJeIbHAsd yTedKa
paboueii cpenbl B 30He YIUIOTHEHHS He mpeBbimaeT 4,87-1 0 mIm/c.
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Uro Kkacaercst XapaKTEpHCTHK MOTOP-PEIyKTOpa JUlsl ONTHMAJILHOMN
KOHCTPYKIIMH HEPEMEIINBAIONIETO YCTPOHCTBA, TO HEOOXOAMMBIN KPYyTs-
A MOMEHT TIpH TypOyJIeHTHOM pexume coctaBmi 4454 H-m, a mpu mna-
MuHapHOM — 332,2 H'M. MOIHOCTE 3JIEeKTPOBUTATEISI, HEOOXOaMMAas ISt
TypOyJeHTHOTO peknMa repeMermmBanus pasHa 3,03 kBr, a mns mepexon-
Horo — 3,62 kBT. CiiegoBaTenpHO, YaCTOTA BPAIICHHUS BHIXOJAHOTO Basia MO-
TOP-PEAYKTOpA OJIKHA OBITH paBHA 45 MHH ', KPYTAL[MI MOMEHTA BBIXOI-
HOM Baiy npeBblmath 4454 H'M, a MOIIHOCTb DJIEKTPOABUTATENS — TIpe-
BbImath 3,62 kBt. [logxoasmumu SBISIOTCS ECTH THIIOPa3MEPOB MOTOP-
peayktopa MIIO-2M-15. Tumopa3zmep Hauboiiee NOAXOMAIETO —
MIIO-2M-15-32,1-5,5/45 croumoctsio 31 560 p. (B uenax 2002 r.).

PesynbraThl penieHus 3TOW 3aadl BHEJPEHBI B ACHCTBYIOIEE MPOU3-
BOJIICTBO cyib(pamMuHOBO# KHCIOTH (11eX Ne 33) OAO "[Turment", r. TamOOB.

5.4. CHCTEMA OITPEJIEJIEHUS OIITUMAJIbHBIX KOHCTPYKI{MIA
MEXAHUYECKMX ITEPEMEIIMBAIOIINX YCTPOMCTB
EMKOCTHBIX AITITAPATOB

Cucrema MixerOptimization, paspaGorannast B cpeae Visual Basic,
peanu3yeT ajIroOpuTM PpEILICHUS 3aJadyd  ONpEeAelCHUs ONTHMAJbHBIX
KOHCTPYKLIIMA MEXaHUYECKUX IEPEMEIIUBAIOIINUX YCTPOUCTB EMKOCTHBIX
anmnapaTos.

5.4.1. CTpykTypa U cOCTaB CUCTEMBI

CTpyKTypa U COCTaB CHUCTEMBl NPEICTaBIECHbI Ha puc. 5.1. ['MaBHBIM
3BEHOM, KOOPJMHHUPYIOMNM €€ paboTy, SBISIETCS YNPaBISIOMINNA MOIYJb.
OH ocymiecTBIsIeT clieylomne QyHKINH:

— TIPOBEPKY KOPPEKTHOCTH HCXOAHBIX JAHHBIX U yKa3aHHE Ha OIINOKY;

— BBIOOp METOJIUKH pacyéra 3aTpaT MOIIHOCTH Ha IepeMelInBaHue C
y4€TOM 3HAYEHHUS IICHTPOOEXKHOTo Kpurepus PeifHonbaca m cymMMapHOTO
THIPABIMYECKOTO CONPOTHBIICHHS BHYTPEHHUX YCTPOMCTB;

— TIPOBEPKY KOPPEKTHOCTH UCXOIHBIX IAaHHBIX M YKa3aHUE Ha OIIHOKH;

— BBIOOp METOIMKH pacdyéra 3aTpaT MOIIHOCTH Ha IEPEeMEIINBaHNE C
y4€TOM 3HaAueHMsl LEHTPOOEKHOTo KpuTepusi PeliHosbaca m cymMmapHOTO
THJIPAaBIMUYECKOTO CONPOTHUBIIEHHS BHYyTPEHHUX YCTPOMCTB;

| XapakTepuCTHKa ammnapara | WHpopMaroHHbIi :> Pacuérnerit
610K 610K
| Buyrpennue ycrtpoiictsa |
g | Ban npusona | ﬁ j
o]
g
=1 Cycnienzuun
o o]
2 Vnpasnsronmit 3 | Mewanka
= OMynbcun =
5 MOJIyJIb z
™ =
2 T"a3-xxuakoctb s Mortop-
53
B | PCAyKTOp
| B3anMHO-pacTBOPHMBIE KHKOCTH |




Puc. 5.1. Ctpykrypa u coctas cucrembl MixerOptimization

— BBIOOpP METOIUKH pacdéra ImapamMeTpoB KadecTBa IEPEMEIIHBAHUS
KOHKpPETHOH CpeJibl;

— IIPOBEPKY BBHINOJIHEHMS OIPaHUYECHMM Ha 3HAYEHUS [ApaMeTpPOB
KauecTBa NEpEMELINBAHUS ISl pa3IMUHbIX CPET;

— BbIOOp METONUKH pacuéTa Bajia MepeMEIINBAIOLIET0 YCTPOHCTBA B
3aBHCHUMOCTH OT €r0 KOHCTPYKIMH (KOHCOJIBHBIH, OHONPOIETHRIN);

— TIPOBEPKY BO3MOXKHOCTH OOECIICUCHHS YICIBHOW yTEeUKH pabodeit
cpezpl B IIpesiesiax TpedyeMoro Kjracca HerepMEeTUYHOCTH YIUIOTHEHMS Baja;

— TIPOBEPKY BO3MOXKHOCTH OOECIEeUYeHMs TEIUIOBOTO IMOTOKa, HEe0O-
XOJUMOTO JUIsl peanu3aliy poLecca;

— yuér (0 yKa3aHHUIO MOJB30BATENS) MOIONHUTEIHHBIX OTpPaHHUYC-
HUIl Ha KOHCTPYKILHUIO MEXaHHYECKOTo IEepPeMEIIMBAIONIETO YCTPOMCTBa,
TaKAX KaK 3aJaHHOE YHCIIO MEIAIOK, (PUKCUPOBAHHBIA THUI MEIIANKH, Yac-
TOTa BpalleHUsl Bajla U T.I1.;

— 00paboTKy aBapHIHBIX CUTYyalluii, BO3HUKAIOIIUX B IMpoIlecce pa-
OOTBI CHCTEMBI, ¥ BbIJAYy PEKOMEH/IAINII 110 UX YCTPAHEHHUIO;

— yIOpaBICHHE B3aWMOJCHCTBHEM pacuéTHOTO OJOKa ¢ MH(OpMAIu-
OHHBIM OJIOKOM U 0a30¥ JaHHBIX;

— ofecredeHue nepeadyn JaHHBIX B OJIOK CO3/IaHHUSI HTOTOBOTO OTYE-
Ta U €ro BhIBOJ] Ha SKpaH.

Monyns "Hcxonnsie naHHbie" oOecreyrBacT BBOJ HH(pOpManuud 00
ammapare, MepeMelIuBaeMoil cpefe UM TpeOyeMBIX YCIOBHUSAX pean3aIliu
mporiecca, a TakXke, MPH HEOOXOIUMOCTH, MOIU(PUKAIINIO UCXOTHBIX JTaH-
HBIX, K KOTOPBIM OTHOCSITCS:

— TEOMETPHYECKHEe pa3Mepsl ammapara — JHaMeTp M BBICOTa €ro 3a-
MOJTHEHHUS TIEpEMELTBAEMON CpeoH;

— (usnueckue cBOWCTBA M MapaMeTphl IEPEMENINBAEMbIX CPeJl — CO-
CTaB, IJIOTHOCTb, AMHAMHUUYECKass MIM KHHEMAaTHYecKas BA3KOCTb KOMIIO-
HEHTOB U T.IL;

— THUIBI ¥ TEOMETPUYECKHE Pa3Mephbl YCTAaHOBJIEHHBIX B almapaTe BHYT-
PEHHHUX YCTPOWCTB (TpYyOBI, OTpaXkaTeIbHbIE EPErOpOIKHY, 3MEEBHUK U T.J1.);
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OpAWHATHI OITACHBIX CEUCHUH I10 KECTKOCTH U IIPOYHOCTH;

TpebyeMble 3HAYCHUSI TapaMETPOB Ka4eCTBa MIepeMEIINBAHUS;
TEIUTOBOH ITOTOK, KOTOPBIA HEOOXOMMO 00ECIICUNTh;
BpeMsi pabOThI YCTPOICTBA B TeUSHHE KaJCHAAPHOIO TO/1a;
(hUKCHpOBaHHBIE MAPAMETPhI MIEPEMEIINBAIOIIETO YCTPOUCTBA (TIpU

KOHCTPYKIUA U I'COMCTPUICCKHUC PAa3MEpPhbl Bajia YCTpoﬁCTBa, KO-

HAJIMYUH JIOTIOJTHUTENLHBIX OTPaHHMYCHUI Ha €ro KOHCTPYKLHIO, HAIpUMEp
3aJaHHBI TUI MEINAJK{, WX YHUCJIO Ha BajJy, 4acTOTa BpAIEHUS Baja
u 1.1.). OKHa BBO/Ia JaHHKIX 00 amnmapare, NepeMelInBaeMon cpesie U BHYT-
PEHHUX YCTpOICTBax MpeCcTaBlIeHbI Ha puc. 5.2,

Hczoanbie gaHHbie 409 BHG0DA KOHCTPYKIWM NpuEoaa MNY

Ju1aMeTp aNnapara, M. |2
BricoTa 3an0AHEHWA ANNAPATE CPEAOH, M ..o |3'5

™ ToAHoCTER SaN0IHEH
¥ Co ceofioqHol NoBEpXHOCTEG

MACTHOCTE #MAKOH DaZEl CYCTIEHEMM, KMt KYG. ... l-ngg—
MnoTHOCTE MaTepHana TEERAON Paskl, KMAMEYE. .o lﬁgg—
KMHEMETHYIECKaA BASKOCTE cycneHaHM, 1076 M.KB. /G ... |424—
CPEaHHIl AHAMETD BSEELIEHHEIX YEETHLL M.......oeeeerereeeeneeens IW
K.oHUeHTpaLMA TEEPAON daskl B CYSMEHIMM [Macc.aomm) ... IUD5—

YpoBeHE 3aN0AHEHMA SMNapaTa CRELoi

Bpema patora MNY . [cyr. sroa) ... ... ... ... ... 370
MapamMeTpw KauecTea nepetr aHus
OTHOCHTENEHAA PASHOCTE KOHLEHTPaUME s
YACTHL MO ELICOTE AMNApaTa He fones IU,U5
OTHOWEHHE CREAHEN KOHUEHTPAUMM K KOHUWEHTPALMK Ha
PAGHYCE HE MEHEE ...... 0.85
a)
BHyTpeHHuWe ycTpoiicTea Oasnomias Toutia
¥ OawHounaa TpySa HERYKHEE]  BBICOTA MO 4MEN0 pankyc
™ OauHouHas nnacTuHa Ok OMAMETR  PYKHOMYACTH  TpYG  pacnonosmeHka
[~ OrpawarentHele neperopoakH Tpybe v _Tpyfi i TPy,
[T Orpawarem IU.1 08 35 1 0.9
[ 3messuki
0)

Puc. 5.2. OxkHa BBO/Ia HCXOJHBIX JaHHBIX:

a — TlapaMeTphl alnmnapara 1 epeMennBaeMoi cpesl (MaJIOKOHIIEHTPUPOBAHHAS

cycreH3usi; 6 — MHGpOpMaIHs 0 BHYTPEHHHUX yCTPOHCTBAX

Monyis "Pacu€rHblit 6J10K" OCyIIECTBIISIET:
— pacuér 3HaYeHHS [EHTPOOeKHOTO KpuTepus PeitHonbca;

HUX YCTPOMCTB;

pacyéT CyMMapHOTO THIPABIMYECKOTO COMPOTHUBIICHUS BHYTPEH-
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— pacyér riyOMHBI IEHTPAJILHON BOPOHKH;

— pacdéT MOIIHOCTH, 3aTpaylBaeMOil Ha epeMelInBaHue;

— pacyér 3HAYCHUH MapaMeTpOB KadecTBa MNEPEMEIIMBAHMSI KOH-
KpETHOMU Cpenibl;

— pacyér HEoOXOAMMOIrO JHaMeTpa Bajla IepeMEIINBAIONIETO
YCTpOICTBa,

— pacuér ynensHOH yTeukH pabodei cpepl B 30HE YIUIOTHCHUS Bala;

— pacyér K03(PHUIUCHTOB TEIIOOTAAYN OT NEPEMEIINBAEMON CPE/IbI
U TEIUIOHOCHTENS, Kod(dHUIeHTa Teronepeiayd U 3HaUeHHsI TEIJIOBOTO
IIOTOKA, KOTOPBI MOXET OBITh OOecIedeH KOHKPETHBIM TETIO0OMEHHBIM
YCTPONCTBOM B 3a/laHHBIX YCIOBHUSAX;

— mepebop CTaHAApTHHIX 3HAYCHMI MapaMeTpOB MEXaHUYEeCKOro Iie-
PEMEIIMBAIONIETO YCTPOHCTBA, KOTOPHIE HE 3a(hMKCHPOBAHBI MOJTB30BATENEM;

— B3aUMOJCHCTBHUE ¢ 62301 TaHHBIX ocpencTBoM SQL-3ampocoB;

— pacu€T 3HAYCHUS KpUTEpUs M1 KOHKPETHOW KOHCTPYKLIUH
YCTpOMCTBa.

Monyns "NHpOpMauoHHBIH OJOK" 0OeclednBacT MOIB30BATEIS U
pacyétHblii 610K MH(OPMALMEH CIIPaBOYHOTO XapakTepa:

— TIOPSIIOK OTIPEAEIICHUs] THAPABINYECKOTO CONPOTHBICHHUA HanOo-
JIee 4acTO BCTPEUAIOIIUXCS BHYTPEHHHUX YCTPOUCTB;

— 3HayeHHs HEOOXOIUMBIX ISl PacyEéTOB XapaKTEPUCTHK Haubojee
pacrpoCcTpaHEHHBIX MEIIANIOK;

— 3HauyeHHs KOI(PQUIMEHTOB TPEHHS pPAa3IMYHBIX CAIBHUKOBBIX
HaOMBOK O IOBEPXHOCTH Bajla MEPEMEIINBAIOIIETO YCTPOUCTBRA;

— ¢opmynbl aus  pacyéra HEOOXOAMMBIX (DHU3MYECKHX CBOWCTB
BEIIECTB /IS CITy4aeB IepeMeIINBaHNS Pa3INUHbIX Cpell;

— 3aBHCHMOCTH 3HAa4eHHH (PU3UKO-MEXaHHYECKHX CBOMCTB MeTall-
JI0B, HanOoJIee YacTO MCIONb3YEMBIX IS M3TOTOBJICHHUS BaJIOB MEXaHUYe-
CKHX MEIIANOK, TeIUIOQH3UIECKUX apaMeTpOB HEKOTOPBIX pabodnx cpen,
XapaKTepHBIX [UII MHOTOACCOPTHMEHTHBIX XHMHUYECKHX IIPOU3BOJICTB,
a Takke HanboJee 9acTo MPHUMEHIEMbIX TeTFIOHOCUTENEH U XJIalarTeHTOB OT
TeMInepaTypsbl.

Monynes "Otuér" dpopmupyeT TeKCTOBBIH (aill ¢ HOAPOOHBIM MPOTO-
KOJIOM pabOoThI CHCTEMBI, KOTOPBII BKIIIOYAET:

— WCXOIHBIE AaHHBIE (KaK BBEAEHHBIC MOJB30BATENEM, TaK U IOIY-
YeHHbIE B pe3yJIbTaTe paboThl HH(GOPMAMOHHOTO OJI0Ka);

— 3HayeHHe LEHTPOOEXHOro Kpurepus PeiHoibpaca M ykasaHHe Ha
PEXHM TepeMEeIINBaHNS;

— 1Ipu TypOYJIEHTHOM IepeMEeNINBaHUN PE3yJIbTaThl pacyéra TUIpaB-
JIMYECKOTO CONPOTHUBIICHNSI BHYTPEHHHUX YCTPOMCTB M TIIyOUHBI BOPOHKHY;
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Pe3ViILTATEI PACHETA  |psi-053653 Mki=0.2132

CraHgapTHHE SHAYEHUA NApaMETPOE Pacuer onTHManbHLL NapaMeTpos
KOHCTDYKUHH NDHE0AA MEWAAKH NEPEMEWHEANWEN0 YCTPORCTEA

CTaHAAPTHLIE SHAYEHWA Tun Mewanku IpaMHaq
M:  KoagT  wdocio gdameTp Moo K,
COMP-A  MEWAN0K  MEWANKM 06/ MUH DD G A ERTE I1 .28
1 108 1 16 £3 Yuecno mewanak. Zra=1
% ]Igg :II jl? Eg IHarerp mMewankm, m IdM=1 &
4 1.28 1 1.7 50 YacTora BpaILEHWA, O/ MIUH Ir
5 1.28 1 1.7 %] §
5 1.28 1 1.7 a0 Norpetnaeman mowHocTs, Br |N=2880,542
7 1.28 1 1.8 Nh
g 128 1 18 40 Croumoete npueona (Ges [z=51574.37563890
9 128 1 18 50 MOTOR-PEAYKTORS], pYs.
10 1,28 1 14 B3 K.puT AWM ForeHT, Hia Mip = 8120842
Bpema okoHYaHKA pacyeTa g4
Bpema, zaTpayeHHoe Ha pacHeT m
i
Onrumansian kodcTpyruua MY onpegenennoro Tuna
T N MELWANKK Huarerp mewankd | Hacrora spawerva | Mowxocte, Br | CroumocTe, pys. n
WecTHnonacTHan a a 1] 1]
ParHan 1.8 315 2660542 5157438 n

a)

Beifiop pegukropa no ucny ofopoTos | Yueno ofopotoe, 1/e [ 5
OfopoTh! B MHH Tun Tunopastep Henontetiie MNepepat wweno Bei Mo «
32 MM0-2-18 MN0-2-18466-75 ./ 3B, BK 465 2037 =
32 M3k-40 M3k-40-0,75/32 MN/BK 28 220
32 M3M-40 Nam-40-0.75/32 N/BK 28 220 )
krd M3AkK-FN M3Ak-RN-1 R n/RK R 4rN hd
K | 3
Kpyraui momeHt, Hra Ig] 20242
Tunopasmep Wenondetwe MNepegar wicno Bt raorerm Hi 31 Tunopasen 30 mowHe ~
MMN0-218-45 511 / 32|B, BK 465 2987 AHP132M4 1 |
MN0-2-18-455-7 5 / 336, BE. 455 2037 AP 3204 75
M3M-65-3,0/32 M/BK. 287 300 AHP112MAE 3 -
4 | q|
0)

Puc. 5.3. OxHa BbIBO/AAQ Pe3y/1bTATOB PadOThI CHCTEMBbI:
a — BbIOOp onTuMalibHBIX apamerpoB MITY; 6 — BbIOOp MOTOp-peaykTOpa

— pe3ynbTaT pacyéra MOUIHOCTU NEePEMEIINBAHNUS;
— pe3ynbTaThl pacuyéra 3HAUE€HUH MapaMeTpoB KauecTBa MepeMelIH-
BAaHUs KOHKPETHOU Cpelibl;
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— JIONYCTHMBbIE KOHCTPYKIMH YCTpOMHCTBa (THII, YHCJIO, YacTOTa
BpalIeHHs U MapaMeTpbl KOHCTPYKLIUH MEIIaloK), CIIOCOOHBIE 00eCcIeunTh
TpebyeMoe KauecTBO NePEMEIINBaHHS;

— Ppe3yJIbTaThl ONpENENICHUs TUaMeTpa Baja Uil AOIMYCTHMBIX KOH-
CTPYKLIMH yCTPOUCTBA;

— Ppe3ynbTaThl MPOBEPKU MPUTOJHOCTH BEIOPAHHOTO YIUIOTHEHUS Ba-
JIa ¢ TOYKH 3PEHUS 3HAYCHHS yTEeUKH pabodeit cpesl;

— pe3ynbTaThl IPOBEPKH IPHUTOJHOCTH TEINIOOOMEHHOTO YCTPOHCTBA
anmapara I odecrieuyeHus: TpedyeMoro TeIIOBOro MOTOKA;

— ONTHMAJbHYI0 KOHCTPYKLIHUIO MEXaHHMYECKOTO MEPEMEINBAIONIETO
YCTPOMCTBAa U THUIOpPa3Mepbl MOTOP-PERYKTOPOB, MOAXOMSAIUX I HEE ¢
TOYKHM 3pEHUsI 00ECIEYEHUsI YacTOThl BPAILCHUS BBIXOJHOI'O Baja, KPYTs-
1Ier0 MOMEHTA, NPUIIOKEHHOTO K YKMIAKOCTH MPH BpaIlEeHHH JOIacTed Me-
LIAJIKU, ¥ MOIIHOCTH 3JIEKTPOABUTATENS;

— KOHCTPYKIMIO MPHUBOJA U THUI MOTOp-PEAyKTOpa, 0OecledHnBaro-
e MUHAMYM KPUTEPHS.

Pucynok 5.3 wmmmoctpupyer ¢GopMy MpencTaBIeHHS OCHOBHBIX pe-
3yJIbTaTOB Pa0OTHI CHCTEMBI.

5.4.2. UudopmanuonHoe odecneyeHne CUCTEMbI

baza naHHBIX CHCTEMBI COAEPKUT 3HAUCHHS XapaKTEPHCTHK Hauboiee
pacpoCTpaHEHHBIX MEXaHHYECKUX MEIIAJIOK, MPUMEHSIEMbIX B IPOMBIII-
JICHHBIX ammapaTtax (JIomacTHas, TpEXJomacTHas, QpesepHas, TypOWHHas
OTKpBITasl, TypOWHHAS 3aKpPbITas, paMHasi, SKOpHasi, ICHTOYHAsI, IITHEKOBast),
a TaKoKe XapaKTePUCTHK CEPUHHO BBIITYCKaEMBIX MOTOP-PEAYKTOPOB U MPH-
BonoB (MPB-02, MPB-04, MIIO-1, MIIO-2, MP-1, MP-2, MP-3, TIOM,
I[IOM 1A, TI3M 2). baza pa3paboTana Ha ocHOBe IOKyMeHTOB [17, 18] u
katasnora npoaykiun 3AO "3aBox TamGoBmomuMepmarn'.

Jist Menrayok yka3aHHbBIX THIIOB B 0a3e MX XapaKTePHCTHK COJEpKaT-
s 3HAYEHUS CIICAYIOINX MapaMeTpOB:

— K03} uIMEHT THAPAaBIMYECKOTO CONPOTUBIICHNUS;

— K03 GUIUEHT pacxoaa;

— HHTEpBaJ JOIYCKaEMBIX 3HAUCHHH KPUTEPHUS THIPOIUHAMHYECKO-
ro nogoous Gp;

— JIMaMeTpbl CEPUITHO BBITyCKAEMbIX MEIIAIOK U COOTBETCTBYIOIIHE
3HAYEHMS MX MAcChl (JUIS CTAIBbHBIX MELIAJIOK).

JI1 Ka)k0T0 U3 YIOMSHYTBIX MOTOP-PEIyKTOPOB M IPHUBOJIOB B 0aze
HX XapaKTePUCTHUK COACPKHUTCS CIeAYIomas HH(popMaIis):

— TUIIOpa3Mep YCTPOMICTBa,
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— YacTOTa BpallleHHs BEIXOJHOTO Bania (B 1/MuH);

— MOMEHT Ha BeIxoaHOM Bairy (Hwm);

— THUIOpa3Mep 3IEKTPOIBUTATENS;

— MomHOoCTh MekTponsurarens (KBr);

— CTOMMOCTH ycTpoiicTBa (p. B meHax 2002 r.).

C moMomIpio TaHHOW CUCTEMBI OIIPEAEIECHB KOHCTPYKINH TepEMEIn-
BaIOIIUX YyCTPOWCTB psAna ammapatoB TamOoBckoro OAQO "IIurment"
(cm. pazmen 2.3):

— cynbdyparopa R2407 (uex Ne 33, mpousBoacTBO 4-TONyHIMH-3-
cyibhoHaTa);

— peakropa R2506 (uex Ne 32, nmpousBoactso naka [1D-060);

— peakropa K480X (uex Ne 20, mpoussoacrso oroenusatens Ob);

— peakropsl 1b, 1c, 1d (uex Ne 19, npoussoactso kies [IBA);

— peakTOpHI IPOU3BOACTBA CYIb(paMUHOBOM KHCIOTHI (1eX Ne 33).

Taxkum 00pazoM, METOAMKa BHIOOPA ONTHUMAIBHOW KOHCTPYKIHH Me-
XaHHUYECKOTO IMEPEMEIINBAIOIETO YCTPOHCTBA BEPTUKAIBHOIO EMKOCTHOTO
ammapara peanu3oBaHa B Buae cuctembl MixerOptimization, pesynbpraTe
paboThl KOTOPOIl UCIIOJIL30BAHBI NMPH PEKOHCTPYKLUH PEAbHBIX POMBIII-
JICHHBIX alIapaToB.

CuctemMa YCHEIIHO MpOILIAa MPOIENypy I'OCYJapCTBEHHOM pPErucT-
parmu.

5.5. BAPUAHTBI 3AJJAHUI 10 PACUETY U
BBLIBOPY KOHCTPYKINIT MEXAHUYECKIX
MEPEMEILNBAIOIINX YCTPOICTB

Jus 3amaHHON KOHCTPYKIIMH MEXaHHYECKOTO MepEeMEIIHBAIOIIETO
YCTPOWCTBA ONPEAETUTh 3aTPaThl MOITHOCTH Ha IEepeMEIINBaHUE U 3HAYe-
HUS TapaMeTPOB KauyecTBa MEPEMEIINBAHUS MPH PeaTn3alid YKa3aHHOTO
mporecca. OmpenenuTh ONTUMAIBHYI0 KOHCTPYKIUIO YCTPOMCTBA IS 3a-
JAHHBIX 3HAYCHUHA MapaMeTPOB KadecTBa IEPEMEIIMBAaHUSA H IMOI00paTh
CTaHIAPTHBIA MOTOP-PEAYKTOP C IMOMOINBI0 HH(POPMAIMOHHONH CHCTEMBI
MixerOptimization.

3ameuanue. Tlpu onpeieIcCHUH 3aTPaT MOIIHOCTH Ha TIEPEMEITHBAHUE
U 3HAYCHUH MapaMeTPOB KauyeCTBa MEPEMENIMBAHUS [T 3aJaHHONH KOHCT-
PYKIIHH MEXaHHYECKOTO IEePEMEIIMBAONICTO YCTPOHCTBA HEOOXOIUMO
HalTU 3HAYEHUE XapaKTEPUCTUKU NEPEMEUIMBAEMOW CpEebl, 3allMCaHHOU
kypcuBoM. [lpu ompenencHHM ONTUMAIBPHOW KOHCTPYKIHH YCTPOWCTBA
CUHTaTh 3alucaHHble B Tabn. 5.2 — 5.7 3HaueHHWs 3THX XapaKTEPUCTHK
3aaHHBIMH.
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5.2.

3apaHua gna nepemMewinBaHnA ra3oXKMAKOCTHbIX CUCTEM

XapakTepucTuku annapara U nepemMeLLMBaloLLEero ycTpoucTea

BbicoTa 3anonHeHus, Yucno mewa- | uametp mewanku, | YactoTta BpalyeHus,
OnameTp annapata, M Tun mewwanku
M nokK M 1/MuH
2,4 2,8 TypbuHHas 1 0,71 125
XapaKTepuCcTMKN BHYTPEHHUX YCTPOUCTB
= OmpaxxameribHble nepe2opodku Konbyesoti 6apbomép
2 BbicoTa norpyxeH- Coennuit amamer
£ Yucno LLnpuHa, m HOMn Yucno BuUTKOB Hunametp TpyObl, M ped A P
5 HaBUBKW, M
g yactu, M
Q.
3 4 0,24 2 3 0,057 2
XapakTepucTUKM NepeMeLInBaeMoi cpeabl
Pacxon ObbémHas [noTHoCcTb [MnoTHocTb BsaskocTb BsaskocTb KoacpdpuumenT
3 3 3 NOBEPXHOCTHOTO
rasa, m°/c Oons easa XUOKOCTW, KI/ M rasa, kr/ m »uakocty, Ma-c rasa, MNa-c
HaTskeHus, H/m
0,016 0,2 1200 15 0,0024 0,00001 0,025
XapakTepucTMKM annapara u nepemMeLLVBaloLLEro yCTponcTBa
BbicoTa 3anonHeHus, Yucno mewa- | Ouametp mewanku, | YactoTta BpalleHus,
o~ IvameTp annapaTta, M Tun mewwanku
- M nok M 1/MuH
ol
= 2,6 31 PamHas 1 2,24 32
I
g XapaKTepUCTUKN BHYTPEHHUX YCTPOUCTB
Q
@© o ..
o MnacmuHyamsie ompaxamenu Tpy6HbIl 6apbomép
Yucro HOvawvetp, M BoicoTa rny6uHa LWnpuHa Paauyc [OnameTp BbicoTa norpyxeH-




NOrpyXXeHusi, nnacTuH, m NNacTuH, M | PacronoXeHus, M TPYGbI, M HOM
M yacTtu, M

4 0,045 2,8 0,1 0,15 1,25 0,045 3

lNpodomkeHue mabn. 5.2

XapaKTepucTvKu nepemMelLnBaemMon cpeabl

M KoadpdpmumeHt
Pacxon Ob6bémHasi [noTHoCTb [MnoTHocTb BsaiskocTb BsaskocTb cpmul

3 3 3 NOBEPXHOCTHOTO
rasa, m°/c Oorisi easa XXUAOKOCTU, Kr/ M rasa, kr/ m »uakoctu, MNa-c rasa, Ma-c
HaTshkeHus, Him

BapuaHT Ne 1.2

0,021 0,15 1080 18 0,0019 0,000017 0,022

XapaKTepucTMKM annapaTa U nepeMeLuMBaloOLEro yCTponcTea

BapuaHT Ne 1.3

BbicoTa 3anonHeHus, Yuncno mewa- | fuametp mewanku, YacToTa BpaLleHus,
[vameTp annapaTta, M Tvn mewankm
M ok M 1/MyH
2,2 2,6 TpéxnonacTtHas 2 0,8 200
XapakTepucTUKN BHYTPEHHUX YCTPOMCTB
CeKUUOHHbIU 3Mee8uK Tpy6HbIt 6apbomép
Papuyc LOunamerT| BbicoTa

Ouametp Cekuus pacnonoxeHus, p
Unero pacnonoxe- " TpyObl, M | NOrPYXXeHUs, M
cekumn HUs

ceKumin, m OnameTtp OnameTtp LWar Yucno

TpyObl, M HaBUBKK, M HaBUBKK, M BUTKOB 1,05 0,032 2.5
6 1,7 0,01 0,32 0,02 25

XapaKkTepucTuku nepemMelumBaeMon cpeabl




Pacxon ObbémHasi MnoTHocTb MnoTHocTb BsizkocTb BsaskocTb KoachcpuumenT
3 3 3 NOBEPXHOCTHOIO
rasa, m°/c Oorisi easa JKWOKOCTU, KI/ M rasa, kr/ m *unagkoctu, Ma-c rasa, MNa-c
HaTshkeHus, H/m
0,012 0,1 1110 1,35 0,0022 0,0000085 0,027

5.3. 3agaHusa onsa nepemeLluMBaHUsi B3aMMHO PacTBOPUMbIX XXUOKOCTEN

XapakTepucTMKM annapara u nepemeLunBaloLero yCTpomcTea

Ouametp annapara, M

BbicoTa 3anonHeHus,
M

Tvn mewanku

Yucno mewa-

OunameTp meLanku,

YacTtoTa BpalleHus,

M

nokK M 1/MuH
2,2 2,8 TypbuHHas 1 0,63 200
XapaKTepucTUKuM BHYTPEHHUX YCTPOUCTB
g Tpyba nepedasnusaHusi lunb3a mepmonapsi
ol
z BbicoTa norpyxeH- .
= Pagnyc o Paaunyc BbicoTa norpy<eHHom
T OnameTp, m HOM OunameTp, m
T pacrnonoXxeHusi, M pacnonoxeHusi, M yactu, m
s yactu, M
&
m 0,089 1,05 2,8 0,02 0,6 1,4
XapaKTepucTUKM nepemMeLunBaeMon cpeabl
Tpebyemasn | MNOTHOCTb OCHOB- .. | BA3KOCTb OCHOB- . Macca BBeaéH-
HAnumenbHocms = MnoTHoCTb BBEAEH- . BsizkocTb BBEAEH- o
HeofHopoa- HoM - 3 HoM ~ HoW
nepemewusaHusi, 3 [HOM XnaKoCTK, Kr/m Hot xuakocTn, Ma-d
HOCTb XMOKOCTU, KI/M xugkocty, Ma-c XUOKOCTW, KI
30 0,8 1200 1500 0,0012 0,0025 5000
e XapakTepucTUKM annapara 1 nepemMeLInBaoLLEero ycTtpomcTea
o~
s N
a (;' BbicoTa 3anonHeHus, OvnameTp mewarnku, | YactoTa BpalleHus,
@ 2| QOwawvetp annaparta, m o Tvn mewanku Yucno meLwanok
oM

1/MyH




18

2,3

TpéxnonacTHas

2

0,56

160

XapaKTepucTUKM BHYTPEHHUX YCTPOUCTB

OmpaxxamersbHble nepe2opooKu

Tpy6a nepedaenusaHusi

pacnonoxexHua, m

yacTu, M

pacnonoxexHua, m

Yucno LWvpwuHa, m BbicoTa norpyxeHus, m OunameTp, m Paqmyzz:c:lnonome- BbicoTa norpyxeHusi, m
lMpodomkeHue mabin. 5.3
4 0,16 1,8 0,057 0,85 2,3
N
N XapaKkTepucTuku nepemMelumBaeMomn cpeabl
%
[= Tpebyemas | MNOTHOCTb OCHOB- . BsiskocTb ocHOB- | BsiskocTb BBeaéH- | Macca BBeaéH-
% HnumensHocmb o [noTHoOCTbL BBEOEH- . N o
g HeogHopoa- HoM . 3 HoM HoM HoM
3 | nepemewusarus, c 3 |HOM XXUOKOCTK, Kr/M
& HOCTb XKMUOKOCTK, KI/M xugkoctu, Ma-c | xuakoctn, Ma-c XKNOKOCTH, Kr
o
45 0,85 1130 1350 0,0011 0,0018 2000
XapakTepucTUKM annapara U nepemMeLLMBaloLLero ycTpoucTea
BbicoTa 3anonHeHus, Yucno mewa- | Oduametp mewanku, | YactoTa BpalyeHus,
OunameTp annapata, M " Tvn mewanku oK m 1M
«@
S 2,6 2,9 Pamhas 1 2,36 45
z
e XapaKTepUCTUKN BHYTPEHHUX YCTPOUCTB
]
=
g Tpyba yposHemepa lunb3a mepmonaps!
o
Paguyc Beicora norpyxer- Paguyc BbiCOTa MOrpy>KEHHOI
HnameTp, M Ay HoM [nameTp, M Any PyK

4yactu, m




0,032

1470

0,0015

0,002

1,25 2,9 0,02 0,8 0,5
XapaKTepucTuku nepemMelumBaeMon cpeabl

Tpebyemasi | MNOTHOCTbL OCHOB- . BsiskocTb ocHoB- | BsiskocTb BBeAéH- | Macca BBeéH-
LJnumernbHocmsb N MnoTHoCTb BBEOEH- . . N

HeoaHopoa- HOM . 3 HOM HOM HOW

nepemewusaHusi, ¢ 3 |HOM XUOKOCTK, Kr/M
HOCTb KNOKOCTU, KI/M xunakoctu, Ma-c xunakoctu, Ma-c XKNOKOCTW, Kr
160 0,9 1300

8000

XapaKkTepucTUKM annaparta u nepemMeLuMBaloLero yCTpoucTea

Ouametp annapara, M

BbicoTa 3anonHeHusi, m

Tvn mewanku

Yucno mewanok

HnameTp meLluanku,

YacroTa BpaLlleHus,

M 1/MuWH
2,4 3,0 AxopHas 1 1,9 25
XapaKTepucTUKuM BHYTPEHHUX YCTPOUCTB
<
N lManbyesbie ompaxamenu Tpyba nepedasnusaHusi
=]}
pd
= Beicora nybuHa OnameTtp Papuyc BbicoTa
z Yucno [nameTp, M | norpyxeHus, OnameTtp, M | pacnonoxeHus,
g M nanbua, M naneua, M Iy NOrpy>xeHns, M
Q
©
M 4 0,057 2,0 0,15 0,068 0,057 1,15 3,0
XapaKkTepucTuku nepemMelumsaeMomn cpeabl
Tpebyemas | MNNOTHOCTb OCHOB- .. BsskocTb ocHOB- | BsAskocTb BBeAéH- | Macca BBeér-
[AnumensHocme HEOIHOPOL- hovi nﬂf)THOCTb BBEACH Lo o o
nepemewisanus, ¢ HOCTb JKNOKOCTH, kr/m® HOV XuaKocT, Kr/m xunagkoctu, Ma-c xunagkoctu, Ma-c JKNOKOCTK, KI
90 0,95 1050 1220 0,001 0,0015 4000
]

XapakTepucTMKM annapara v nepemMeLUMBaloOLLEero ycTponcTea




OuameTp annapara, M

BbicoTa 3anonHeHus,
M

Tun mewwanku

Yucno mewwa-
oK

[OunameTp meLanku,
M

YacToTa BpalleHus,
1/MyH

2,0

2,6

JlonactHas

2

1,12

80

XapaKTepucTMKM BHYTPEHHUX YCTPOMCTB

KoHueHmpuy4eckul 3meesuk

lunb3a mepmornapsi

Papnyc

Pagunyc BbicoTta norpy»eHHom
OnameTp HaBuBKU, M OnameTp Tpy6bl, M Yucno ButkoB OnameTp, m DACTONOXeHUs:, M YacTm, M
1,8 0,045 12 0,02 0,75 1,2
lpodomkeHue mabrn. 5.3
0 XapakTepuCTMKM NepemMelIMBaeMon cpeabl
3%
ol . .
b4 Tpebyemas | [MNOTHOCTb OCHOB- .. BaskocTb ocHoB- | BsiskocTb BBeAEH- | Macca BBeaéH-
— HAnumenbHocmb o [MnoTHoCTL BBEOEH- . o o
e HeoaHopoa- Hon - 3 HoM HOW XMOKOCTH, HoM
& | nepemewusarus, c 3 | HOM XnakocTw, Kr/m
s HOCTb XNAKOCTH, Kr/m *wugkocTn, Ma-c Ma-c XNIOKOCTU, K&
o
©
o 45 0,87 1250 1300 0,0014 0,0023 3000
XapakTepuCTMKM annapaTta v nepemMeLuMBaloLero ycTponcTaa
BbicoTa 3anonHeHus, Yucno mewa- | nametp mewanku, | YactoTa BpalleHus,
© [nameTp annaparta, M Tvn mewwankm
~ M nokK M 1/MuH
ol
.Z_ 2,8 3,6 dpesepHas 3 0,9 315
I
g XapaKkTepuCcTUKM BHYTPEHHUX YCTPOMCTB
Q.
©
o CeKYUOHHbIU 3Mee8UK lunb3a mepmonaps!
Yucno Ovametp Cexyusi

‘ Hnametp ‘ BbicoTa




[MnoTHocTb BBEAEH-

BsizkocTb BBEAEH-

cekuumn pacnonoxe- pacnonoxeHus, | Tpybbl, M | MOrpyXeHusi, M
HUA M
cekunn, m
OunameTtp OnameTtp War Yucno
Tpy6bl, M HaBWBKW, M HaBVBKW, M BUTKOB 1.25 0.02 16
4 2,2 0,02 0,45 0,05 18
XapaKTepucTuku nepemMelumBaeMon cpeabl
Tpebyemas | MNNOTHOCTb OCHOB- BsizkocTb oCHOB-
[numenbHocmb

Macca BBegéH-

HeoaHopoa- HOM N 3 Howm HOM HOW
nepemewiugaHusi, C 3 | HOW XWAKOCTU, KI/M
HOCTb XKUAKOCTH, Kr/M xugkoctu, Ma-c xunakoctu, Ma-c >KMOKOCTU, Kr
20 0,93 1290

1375

0,0013

0,0022

15 000

5.4. 3apgaHua gnA nepemewnBaHnAa HecMelnBaemMbIX XnpgKocTtemn

XapaKkTepucTUKM annaparta u nepemMeluMBaloLLero yCTponcTea

Ouametp annapara, M

BbicoTa 3anonHeHus,
M

Tvn mewanku

Yucno mewa-

OunameTp meLanku,

YacTtoTa BpalleHus,

nok M 1/MuH
2,2 2,8 DdpesepHas 2 0,71 160
o XapaKTepUCTUKN BHYTPEHHUX YCTPOUCTB
o OmpaxameribHble nepe2opodku Tpyba nepedasnusaHusi
= BbicoTa norpyxeH- .
T led Pagnyc OnameTtp BbicoTa norpy<eHHom
g Hucro Wnpuka, m Hou acrnonoXeHus, M Tpy6bl, M yactu, m
= 4acTu, M P ’ Pyosl, .
m 3 0,2 2,4 1,05 0,057 2,8
XapaKTepucTuku nepemMelumBaeMon cpeabl
OmmHocumernbHasi O6bEMHasn MnoTtHOCTb MnoTHOCTb MexdasHoe
o . BsaskocTb cnnow- | BsiskocTb ancnepc-
pasHocmb nons gucnepc- CNIOLUHOW amcnepcHom ~ 9 HaTskeHue,
~ M 3 3 How ¢pasebl, Ma-c How ¢pasebl, Ma-c
KOHUeHmpauyut a3 How ¢pasbl asbl, Kr/m asbl, Kr/m Him




0,04 0,2 1200 800 0,0024 | 0,015 0,0025
XapakTepucTuku annapara U nepeMeLLMBaloLLEero ycTpoucTea
BbicoTa 3anonHeHus, Yucno mewa- | fmametp mewanku, | YacroTta BpalleHus,
OunameTp annapata, M Tvn mewanku
M nok M 1/MuH
1,9 2,5 HAxopHas 1 1,5 20

XapaKTepUCTUKN BHYTPEHHUX YCTPOUCTB

g lManbyeebie ompaxamesnu unb3a mepmonapsi
ol
4 Pagnyc BbicoTa norpyxeHn-
£ Yucno HOnameTp, m Buicota Mnybuxa Bnametp pacnonoxeHwus, Avametp HOWM
Norpy>XeHusl, M|  nanbua, m nanbua, M Tpybbl, M
g M yactu, m
g 3 0,045 2,2 0,12 0,057 0,55 0,03 1,25
@ XapaKTepucTuku nepemMelumBaeMomn cpeabl
OmmHocumernbHasi O6bEMHas MnoTHOCTb MnoTHOCTb BsiskocTb B MexdasHoe
= 9 9 SI3KOCTb Ancnepc-
pasHocmsb pons guenepc- CNIIOLLHON ancnepcHom CNIOLWHOW chasbl, Hoit cpasbi, Marc HaTsxeHwue,
KOHUeHmpayuti gpas |  Hoii hasbl aabl, kr/m® caabl, kr/m® MNa-c ' Him
0,045 0,25 1350 950 0,0028 0,018 0,003

lNpodormkeHue mabn. 5.4

BapuaHT Ne 3.3

XapaKTepMcleM annaparta U nepemMeliBaroLiero yCTpOﬁCTBa

BbicoT: NONHeHns nameTp Mewarnku,| Yacrorta B HUA
[vameTp annapaTta, M COTa 3an0MHEHWA, Tvn mewankm Yucno meluanok AnameTp mewanku, acrora spaeHns,
M M 1/MuH
2,5 3,1 JlonactHas 3 1,12 45

XapaKTepuCcTMKMN BHYTPEHHUX YCTPOMCTB
CeKUUOHHBIU 3Meesuk

lunb3a mepmonapb!

Pagnyc B
Onametp Cekuus pacronoxeHys, [AvnameTtp bicOTa
Yucno pacnosnoxe- M Tpy6bl, M | nOrpyxeHns, m
cekumn Hus
ceKumit, M OunameTtp OnameTtp LWar Yucno 1.95 002 15
Tpy6bl, M HaBUBKWU, M | HaBWBKU, M BUTKOB ’ ' ’




4 | 18 | o025 | 057 | 0075 20 | | |
XapaKTepucTuKmu nepemMeLlinBaeMoin cpeabl
OmmHocumernbHasi O6bEMHas MnoTHOCTb MnoTHoCTb BsiskocTb BsiskocTb gucnepc- | MexdasHoe
pasHocmb nonsi aucnepc- CNIIOLLUHOW avcnepcHomn CMnowHon dasbl, HOM HaTsXXeHue,
KoHueHmpayuli pa3 |  Hoit chasbl aabl, kr/m® caabl, kr/m® Na-c dasbl, Ma-c Him
0,035 0,15 1280 920 0,0027 0,016 0,002

5.5. 3apgaHua ansa nepemMeLunBaHnNA MarmlOKOHLUEHTPUPOBAHHDbIX CyCHeHSMﬁ

BapuaHT Ne 4.1

XapakTepucTMKM annapara u nepemeLunBaloLLero yCTpomcTea

[OnameTp annapata, M

BbicoTa 3anonHenus, m

Yucno mewa-
Tun mewanku

[OunameTp meLanku,

YacToTa BpalleHus,

oK M 1/MuH
2,5 2,7 TpéxnonactHas 1 0,8 200
XapaKTepucTUKuM BHYTPEHHUX YCTPOUCTB
Tpyba nepedasnusaHusi unb3a mepmonapsb!
BbicoTa norpyeH- .
[nametp, m Pagnyc HO [nametp, m Paaunyc BbicoTa norpyeHHom
pacnonoxeHus, M pacnonoxeHusi, M yactu, m
4yactu, M
0,089 1,2 2,7 0,02 1,0 1,4
XapaKTepucTUKM nepemMeLInBaeMon cpeabl
agf::;i”/:gi”:’;? a K(?JH;);:e:MEM [MnoTHocTb TBQHOJSOC;ZH BsaiskocTb MaccoBast gons | AnameTp TBEPAbIX
p * u P uenTpay KUOKOCTU, Kr/M® pa ’ cpegsl, m?lc TBEpAOW hasbl yactuu, M
yud no ebicome no paguycy Kr/m
0,1 0,8 1210 2165 0,00000906 0,05 0,0001

XapaKTep1CTMKM annapaTa v nepemeLlLMBaloLLero ycTponcTea

-

5N BbicoTa 3anonHeHus, OunameTtp mewanku, | YacTtoTta BpalleHus,
s < | [Owametp annapata, M Tun mewwanku Yucno mewwanok

3o M M 1/MuH

© =Z

oM 2,6 3,2 TypbuHHas 2 0,8 160




XapaKTepucTUKM BHYTPEHHUX YCTPOUCTB

OmpasxamerbHble nepe2opooKu Tpyba nepedasnusaHusi
Yucno WwnpuHa, m BbicoTa norpyxeHus, M OunameTp, m Pa,qmyiﬁzc:lnonome- BbicoTa norpyxeHus, M
4 0,18 2,4 0,057 1,25 3,2
XapaKTepucTuKM nepemMeLinBaeMoin cpeabl
H(?C%ZO’:":ITZZ%'B: [Zl "33;70 MnoTHocTb MnotHocTb BsaskocTtb Maccosasi gons | [OuameTtp TBEpabIX
eblllcomep u XUAKOCTW chaabl, Ki/M® | TBEpAOI dhaabl, Kr/M> cpeabl, M/c | TB&pMON hasbl yactuu, M
0,05 1180 2250 0,000002 0,075 0,0002
XapaKTepucTMKM annapara 1 nepemeluvBaloLLero ycTponcTasa
[InameTp annapata, M BbicoTa 3anonHeHus, Tun vewwanku Yucno mewa- | AvameTp mewarnky, | YactoTa BpalieHus,
M oK M 1/MuH
™
< 2,8 3,5 AkopHas 1 2,5 40
ol
'Z_ XapaKTepucTUKM BHYTPEHHUX YCTPOUCTB
§ Tpyba yposHemepa Funb3a mepmonapbl
o
BbicoTa norpyeH- .
S [nametp, m Pagnyc HO Py [nameTp, M Pagnyc BbicoTa norpyxeHHomn
’ pacrnonoxeHus, M ’ pacnonoxeHus, M yacTtu, M
yactu, M
0,045 1,3 3,5 0,02 0,9 15
lNpodormkeHue mabn. 5.5
XapaKTepucTUKM nepemMeLInBaeMon cpeabl
=
& 2 OmHocumeribHasi pas-
3 o HoCmb MnoTtHoCcTb MnoTHocTb BsiskocTb MaccoBasi gonsi | [duameTp TBEpAbIX
a = KOHUeHmpayuti o 8bl- | XWAKOCTW dasbl, Ki/m> TBEPHOIt chasbl, Kr/m> cpeabl, M%/c TBEPAON hasbl yactuy, m
come




0,07

1080

2320

0,000005

0,035

0,00015

XapakTepucTMKM annaparta U nepemMeLunBaloLLero ycTponcTea

BbicoTa 3anonHeHus, OnameTp mewanky, | YacTtoTa BpalueHus,
OunameTp annapata, M Tun mewwanku Yucno meLuanok
M M 1/MuWH
2,4 2,75 PamHas 1 1,8 80
XapaKTepucTUKuM BHYTPEHHUX YCTPOUCTB

< lMnacmuHyamsie ompaxamenu Tpyba yposHemepa
<
2 Beicora rny6uHa WunpuHa Paavyc Bbicota
= Yucno [OnameTtp, M | norpyxeHus, [AnameTtp, M | pacnonoxeHus,
£ M nnacTuH, M nnacTuH, M M Norpy>XeHusi, M
©
=
g 4 0,057 2,0 0,12 0,16 0,045 11 2,75
o XapakTepucTuku nepemMeluMBaeMown cpeabl

OmHocumernbHas pas-

HOCMb MnoTtHocTb MnotHocTb BsaskocTtb Maccosas gons | nametp TBEPAbLIX
KOHUeHmpauud ro 8bi- XKuakocTun dasbl, Kkr/m® TBEPAON hasbl, kr/m® cpeabl, m?lc TBEpAOW hasbl yactuu, M
come
0,08 1250 3015 0,0000055 0,06 0,00025

2 XapakTepuCcTUKM annapara U nepemMeLInBaloLLero ycTpomcTea
2 BbicoTa 3anonHeHus, Yucno mewa- | AuameTp Mewarnky, | YactoTa BpalieHus,
- OunameTp annapata, M Tvn mewanku
£ M nok M 1/MUH
®
s
§ 2,2 2,8 dpesepHast 1 0,56 315

XapaKkTepucTUKM BHYTPEHHUX YCTPONCTB

KoHuyeHmpuy4eckuli 3meesuk

runb3a mepmonapbl




come

OnameTtp OnameTtp Yucno Papnyc BbicoTta norpyxeHHom
OnameTp, m
HaBWBKK, M TpyObI, M BUTKOB pacnonoxeHus, M yactu, m
1,9 0,057 10 0,02 0,8 1,0
XapakTepucTuKu nepemMelumsaeMomn cpeabl
OmmHocumenbHasi pa3- | OTHoweHne n
NoTHOCTL i
HOoCMb KOHLeHTpa- MnoTHocTb TBEPAON (hasbl BsaskocTb Maccosas gons | AnameTtp TBEpAbIX
KOHUeHmpauud ro 8bi- Lui no pa- KUOKOCTH, Kkr/m® PR ’ cpegpl, m?lc TBEpAOW hasbl yactuu, M
come anycy
0,09 0,85 1030 1950 0,0000035 0,045 0,00005
XapakTepucTuKmM annapara U nepemMelLMBaloLLEero ycTpoucTea
HOnameTp annaparta, | BeicoTa 3anonHexus, TVn Mewanku Uneno MeLanok [AvnameTtp mewankn, | Yactota BpalyeHus,
M M M 1/MyH
3,2 4 JlonactHas 3 2 100
XapaKTepUCTUKN BHYTPEHHUX YCTPOUCTB
© CeKUUOHHbIU 3MeesuK runb3a mepmonapsbi
<~
2 Cekuyus ac&i%ggwﬂ Aunaverp -
= Yucno ﬂwameTpHpMi‘cnonome- 4 P M " | TpyObl, M | mOrpyxeHus, M
T cekummn °
2 CeKumn, M Ouametp | [Ouametp War Yuncno
= TPpyObl, M | HABMBKW, M | HABUBKKN, M BUTKOB 0,8 0,02 1,5
3 2,4 0,025 0,68 0,075 22
XapaKkTepucTuku nepemMelumsaeMomn cpeabl
OmmHocumernbHasi pas-
HOCMb MnoTHocTb MnoTHocTb BsizkocTb MaccoBast gonsi | QuameTp TBEPAbIX
KOHUeHmpayuli o 8bl- | xuakoctut dasbl, Kr/im® TBEPAOIt chasbl, Kr/m> cpeabl, M%/c TBEPAON hasbl yactuy, m




0,06

| 1110

| 2420

| 0000003 |

0,08

0,0003

5.6. 3agaHusa Ans nepemeLUMBaHUA BbICOKOKOHLEHTPUPOBaHHbIX CYCMNEeH3UN

XapaKkTepuCTUKM annapara U nepemMeLlInBaloLLero ycTtpomcTea

OunameTp annaparta, | BeicoTa 3anonHeHus, Tun MeLwanku UMCIO MELLANOK Ounametp mewanku, | YactoTa BpalyeHus,
M M M 1/MuH
1,8 2,2 TypbuHHas 2 0,36 315
XapaKTepucTUKu BHYTPEHHUX YCTPOUCTB
E Tpyba nepedasnusaHusi lunb3a mepmonapb!
ol _
< Pagnyc Beicora norpyxeH Paaunyc BbicoTa norpyeHHom
= OnameTp, m HOM OunameTp, m
T pacnonoxexus, M pacnonoxeHus, M Yactu, M
z 4yacTu, M
g 0,068 0,85 2,2 0,02 0,55 1,1
o XapaKTepucTUKM nepemMeLInBaeMon cpeabl
HeodHopodHocmb MakcumanbsHas MnoTHocTb BsiskocTb .
. s MnoTHOCTb . . Maccosas gons | AnameTtp TBEpALIX
pacnipedeneHus meép-| ob6bEMHas aons 3 | TB&pAow dasbl, XKMOKOCTH, N °
- > o XKNAOKOCTK, KI/M 3 TBEPAOWN chasbl YacTuu, M
doll ¢hasbl 1o ebicome TBEPAOW hasbl Kr/m Ma-c
0,08 0,75 1000 2900 0,0015 0,7 0,0073
XapaKkTepuCTUKM annapaTa U nepemMeLLnBaroLLero ycTtpomcTea
BbicoTa 3anonHexus, [vameTp mewanku, | YactoTta BpaLueHus,
[nameTp annapata, M " Tun mMewankn Yucno meluanok M /v
S 2,2 2,7 dpesepHas 2 0,71 315
2 XapaKTepucTUKu BHYTPEHHUX YCTPOUCTB
=
z OmpaxxamerbHble nepe2opooKu Tpyba nepedasnusaHusi
=
§ Yucno LLvpuHa, m BbicoTa norpyxeHus, m [nametp, M Pannyc pa(.;,\l/I'IOJ'IO)KeHVIFI, BbicoTta norpyxeHus, m
6 0,12 2,1 0,068 1,05 2,7

XapakTepucTuku nepemMeliMBaeMown cpeabl




HeodHopodHocms pacripede-
neHust meépdol ¢hasbl o

8bIcome

MnoTHOCTb
Xugkoctun dasbl,

kr/m®

MnoTtHocTb
TBEPAOI chasbl, kr/m®

xunagkoctu, Ma-c

BsizkocTb

Maccosas gonst
TBEpAOW hasbl

OunameTp TBEPAbIX
Yyactuu, M

0,02

1700

2350

0,0025 0,37

0,0016

XapaKkTepucTuku annapara U nepeMeLLMBaloLLEero ycTpoucTea

OvameTp annapata, m

BbicoTa 3anonHeHus,

Tvn mewanku

Yucno mewwa-

[OunameTp meLluanku,

YacToTa BpalleHus,

lManbyesbie ompaxamesnu

M nok M 1/MuH
2,4 2,9 PamHas 1 2,12 45
XapaKTepUCTUKN BHYTPEHHUX YCTPOUCTB
™ Tpyba yposHemepa Funb3a mepmonapbl
1]
2 Pagwnyc Beicora norpyxe- Paawnyc BbicoTa norpyxeHHown
= OnameTp, m ANy HOM OunameTp, m ANy py
£ pacnonoxexus, M pacnonoxeHus, M 4yacTu, M
5 4yacTu, M
=
2 0,032 11 2,4 0,02 0,65 1,2
@ XapaKTepucTuku nepemMelumBaeMoun cpeabl
MakcrmanbHasn
HeodHopodHocmb pacnpede- .. MnoTtHoCTb MnoTtHoCTb BsskocTb .
. - 06bEMHas .. o MaccoBas gonst | AuameTp TBEPAbIX
nieHusi meépdol ¢hasbl 1o XNOKOCTW, TBEPAOW hasbl, XNOKOCTH, N o
aons 3 3 TBEpPAOW hasbl Yactuy, M
8bicome . o Kr/m Kr/m Ma-c
TBEPAOW hasbl
0,07 0,7 1280 2590 0,003 0,4 0,001

< XapakTepucTuku annapara U nepemMeLLMBaloLLEero ycTpoucTea
Lg [nameTp annapata, M BeicoTa 3anonHeHus, Tun Mewanku UMCHO MELLANOK [OnameTtp mewanku, | Yactorta BpaiyeHus,
2 M M 1/MuH
(% 2,6 3,1 AkopHas 1 1,8 80
3 XapaKTepUCTUKN BHYTPEHHUX YCTPOUCTB
®©
oM

Tpyba yposHemepa




Yucno OnameTp, m Bicota Fny6una OnameTp, m pac;?'l%lg;ma Buicora
! NorpyXeHus, m nansua, m nansua, m ’ M ’ NnorpyxeHus, M
2 0,12 2,0 0,26 0,045 1,2 3,1
XapaKTepucTuku nepemMelunBaeMon cpeabl
HeodHopodHocmb pacripedere- )KMEQZTT';OS)T:GH MnoTtHoCTb s BsiskocTb M?gg:aﬂ [Ovnametp TBEP-
Husi meépdoli ghasbl o 8bicome g TBEPAOW asbl, Kr/m xugkocty, Ma-c TB8pRON dhasbi OblX YacTuu, M
0,04 1320 2480 0,0035 0,45 0,0025

lMpodomkeHue mabrn. 5.6

XapaKkTepucTUKM annaparta u nepemMeluMBaloLero yCTpoucTea

[nametp annapara, m BbicoTa 3anonHeHus, TR MeLLanku Yuncno mewa- | flnametp mewwanku, YacToTa BpaLleHus,
M nokK M 1/MuWH
2,8 3,6 TpéxnonactHas 3 0,71 195
XapaKTepuCTUKN BHYTPEHHUX YCTPOUCTB
3 KoHueHmpuydeckuli 3meesuk Funb3a mepmonapbi
2 OnameTp OnameTtp Yucno. [vametp, M Pagnyc BbicoTa norpy<eHHom
E HaBMBKW, M TpyObl, M BUTKOB P: pacnonoxexuns, M Yactu, M
g 2,4 0,068 14 0,02 11 1,0
2 XapaKkTepucTukKu nepemMelumsaeMomn cpeabl
Mach_\_/laanaﬂ MnoTHOCTb MnoTHocTb Maccosast ..
HeoodHopoOHocmb pacripedene-| 0GbEMHas . o BsaskocTb Ounametp TBEP-
gl XUOKOCTH, TBEPAOW (hasbl, nons
Husi meépdoll ¢hasbl 1o ebicome nons /e Kr/m xugkoctu, Ma-c TB8PRON hasbl ObIX YacTuu, M
TBEPAOW chasbl PA
0,06 0,725 1140 1900 0,00085 0,5 0,002

pwu-

aHT

XapakTepuCTMKM annapara v nepemMeLuMBaloLLEero ycTponcTea

[vameTp annapata, M| BbicoTa 3anonHenus, |

Twn mewankm

| Yucro mewa- | Avametp metwanku, | YacToTa BpatieHus,




M 1NOK M 1/MyH
2.4 44 TNonacTtHas 4 1,2 125
XapaKTepUCTUKM BHYTPEHHUX YCTPOWUCTB
CeKUYUOHHbIU 3Mee8uK unb3a mepmonapsb|
Paguyc
OnameTp Hnametp BobicoTa
Unero pacnonoxe- Cekuyus pacnon'\(z»(eHMﬂ, Toy6bi, M | norpyxeHns, M
cekumm CeKFlfl,VI/II?I M OnameTtp Onametp LWar Yucno
' Tpy6bl, M HaBMBKWU, M | HaBMBKW, M BUTKOB 0,8 0,02 2,0
4 1,8 0,02 0,57 0,035 25
XapaKTepucTuku nepemMelumBaeMon cpeabl
HeodHopodHocmb pacripederne- _— HI?O%TT':IOC%T;%I MnoTHOCTb BsiskocTb MaccoBas gons | AnameTp TBEpAbIX
Husi meépdoli ghasbl o 8bicome A e ’ TBEpOOW hasbl, Kkrim® xuakocTtu, Ma-c | TBEpaow dasbl yactuu, M
0,07 1420 2150 0,0035 0,25 0,00075

5.7. 3apaHusa ona pacTBOpPEeHUs TBEPAOro NonMaMcnepcHoro matepuwana

XapakTepucTMKM annaparta u nepemMeLunBaloLero yCTpomcTea

[OvameTp annapata, M

BbicoTa 3anonHenus, m

Twn mewanku

Yucno mewa-

,El,MameTp MeLllanku,

YacToTa BpaLleHus,

nok M 1/MuH
2,4 2,8 TpéxnonacTtHas 1 0,8 110
< XapaKTepUCTUKN BHYTPEHHUX YCTPOUCTB
ol
.Z_ Tpyb6a nepedaenusaHusi lunb3a mepmonapb!
I
g Paguyc Beicora - Pagunyc BbicoTta norpy»eHHom
53 HOnameTp, m norpy>xeHHom OnameTp, m
= pacnonoxeHuns, m pacnonoxexuns, M Yactu, m
Yactu, M
0,075 1,15 2,8 0,02 0,75 1,4
XapakTepucTuku nepemMeliMBaeMown cpeabl
Honycmumas Mpogomku- | 1-a dpakums | 2-a copakuma | MNnotHocTb | MnoTHocTb | BAskocTb | Koadp- | KoHueHTpa-




KOHUeHmpauusi

TEeNbHOCTb

TBEPAOW hasbl

TBEpAOW hasbl

XKWUAKOCTW, | TBEpOOW cpe-zqu, dULmeHT ums
Hepacmeopusuwie- | pacTBOpeHus, Kr/m dasbl, m“/c anddysum, | HacbILLeHns,
2ocs sewecmea, c XOle doy, X02,3 doy, Kkr/m® m%/c kr/m®
kr/m® Kr/m MM Kr/m MM
0,00005 30 3,5 0,4 1,5 0,75 1000 2215 0,000001 2:107° 361,5

XapaKkTepuCTUKM annapara U nepemMeLlInBaloLLero ycTtpomcTea

Yucno mewa- |[JuameTp mewuanku, YacToTa BpaLleHus,
Ounametp annapata, M | BbicoTa 3anonHeHus, m Tun mMewarnku
nokK M 1/MyH
o 2,2 2,7 Typ6utHas 1 0,8 200
(=]}
f XapaKTepucTMKN BHYTPEHHMX YCTPOUCTB
§ OmpaxamerbHbie nepe2opooKu Tpyba nepedasnusaHusi
o
© BeicoTa norpyxen- o
oM
Yucno WnpuHa, m HoM OnameTp, m Papuyc BuicoTa norpyxeHHoi
pPacnonoxeHusi, M yactu, m
yactu, M
4 0,14 1,9 0,068 1,15 2,7
lMpodomkeHue mabn. 5.7
XapaKTepucTUKM nepemMeLinBaeMon cpeabl

o~
© Honycmumas Mpoaonxu- 15 d)p:':] K 2?.;' QJpNaKLWIH MnoTHOCTb Koadp- KoHueHTpa-
Z KOHUeHmpauyusi TBEPOON hasbl | TBEpAON a3kl |MnoTHOCTL . .| BaskocTb | couumeHT
= TENbHOCTb TBEPOON ums
L | Hepacmeopuswe- | o e XUOKOCTH, basw cpenasl, anddy- HaCHILLeHS:
€ | eocs sewecmsa, P P | X0y, doy, X0z, d0z, kr/m® y 3 m%c 3um, 3 ’
2 kv ¢ kr/m® MM kr/m® MM KM m2/c KM
oM

0,00003 20 1,75 0,35 2,25 0,55 1080 2120 0,000003 | 2,3:10° 353

s o 4 XapaKTepuCcTMKM annapaTa U nepemelLMBaloLLEero ycTpoucTea




Yucno mewa- |[JuameTp mewuanku, YacToTa BpaLleHus,
OvameTp annapata, m BbicoTa 3anonHeHus, m Twun mewanku
nok M 1/MyH
2,6 3,2 AkopHast 1 1,9 31,5
XapaKTepuCcTUKM BHYTPEHHUX YCTPOUCTB
Tpyba yposHemepa Funb3a mepmonaps!
Papnyc Beicora novrpy>|<eH- Papnyc BbicoTa norpy»xeHHomn
HnameTp, m HoM Hnametp, m
pacnonoxeHus, M pacnonoxeHus, M yacTtu, M
yactu, M
0,032 1,2 3,2 0,02 0,95 15
XapaKTepucTUKu nepemMeLinBaeMon cpeabl
Honycmumas Mpoaomu- 1:;1 cpp?Kumg 21;1 cbp‘aKu,m;l Koad- KoHueHTpa-
KOHUeHmpauyusi TENBHOCTD TBEPOON hasbl | TBEpAOM a3kl | MnoTHocTb| MnoTHoCTb| BAskocTb | duumeHT s
Hepacmeopuswe- ACTBODEHMS XKWUAKOCTK, | TBEPOOW cpegpl, anddy- HACHILLEHMS
20cs sewecmea, | P P » | X0y, doy, X0, doy, kiim® | dpasbl, k] mMc aum, L;'l Pl
kv ¢ kr/m® MM kr/m® MM v2/c KM
0,00001 15 2,0 0,2 3,5 0,1 1140 1785 0,000002 | 2,2:10° 377

BapuaHT Ne 6.4

XapaKTelecme annaparta n nepemMelwumBatroulero yCTpOﬁCTBa

[OvameTp annapata, M

BbicoTa 3anonHenus, m

Tun mewanku

Yucno mewa-
oK

,El,MameTp MeLllanku,
M

YacToTa BpaLleHus,

1/MuH

2,5

3,0

Pamnas

1

1,7

22

XapaKkTepucTUKM BHYTPEHHUX YCTPOUCTB

lMnacmuHyameie ompaxamesnu

Tpyba yposHemepa




Uneno [nameTp, M BbicoTa ny6uHa LWvpuHa [vametp, M Pagnyc BbicoTa
P. NOrpy>XeHnsl, M | NNacTuH, M | NNacTuH, M P. pPacnonoXeHusl, M | MOrpy>XeHus, M
3 0,057 2,5 0,1 0,2 0,045 1,2 3,0
XapakTepucTuKu nepemMelumsaeMomn cpeabl
2-51 hpakums _
Lonycmumas 1-51 ppakums TBEPAOI MnoTHoCTbL Koadp
Mpogomxu- | teépaoit dhasbl MnoTHocTh . M Bsskoctb | dmumenT| KoHueHTpauus
KOHUeHmpauus asbl TBEPOOW
Hepacmeopuewezo TenNbHOCTb )KI/I/J,I;OCTI/I, . cpez,?u, anddy- HaCbIL;.l,e3HI/I$|,
o5t ewecmea, kr/m] PACTEOPEIMA G X0y, | dOy, | X0p | dOp, | KOM kr/m® mie o K
Kr/m MM | K/ME[ MM m/c
0,000025 25 7,5 0,25 | 25 | 0,15 1140 2840 0,0000015 2,5107° 342,5
XapakTepucTuKu annapara U nepemMelLMBaloLLEero ycTpoucTea
HnameTp annapata, m BbicoTa 3anonHenus, m MeL';lKM Yucno melwanok ,ElwameTp“:neLuanKM, qaCTOT?/'\BﬁimeHMH’
Yo}
© 2,1 2,6 NonacTHas 1 1,4 315
=z
E XapaKTepucTUKuM BHYTPEHHUX YCTPOUCTB
®©
3 KoHueHmpuyeckul 3meesuk runb3a mepmonapsbl
@©
M OnameTtp OnameTtp Yucno Pagnyc BbicoTa norpy»xeHHown
OnameTp, m
HaBWBKY, M Tpy6bl, M BUTKOB pacnonoxeHus, M yacTtu, M
1,8 0,068 8 0,02 0,7 15
lNpodomkeHue mabn. 5.7
e XapaKTepucTUKu nepemMellMBaeMon cpeabl
Ye)
gf, Honycmumas Mpogomku- 1-51 chpakums: 2-5 ppakums| MNNOTHOCTB| [MRNOTHOCTL BsaiskocTb Koadp- KoHueHTpaums
EZ|  konueHmpayul TENbHOCTL Tsép,qopm (;aw TBEPAOV | KUAKOCTH, | TBEPAON cpegsl, cuumenT|  HacbilleHms,
Hepacmeopusuwie2o{ PaCTBOPEHs, dasbl Kr/m dasbl, m/c anddy- Kr/m




cs1 gewjecmea, Ki/m X01, | doy, | X0,,| dos, Kr/m® anm,
ki/m® | Mm | kv MM m/c
0,00006 35 55 0,6 3,5 0,3 1050 3100 0,0000028 2,6:107° 395

XapakTepucTvKM annapaTa U nepeMeLuMBaloOLLEro yCTponcTBa

OvameTp annapata, m

BbicoTa 3anonHenus, m

Tun mewanku

Yucno meLwanok

[OunameTp meLluanku,

YacroTa BpalleHus,

M 1/MuH
2,8 3,6 PpesepHas 2 0,71 315
XapaKTepucTUKuM BHYTPEHHUX YCTPONCTB
CeKyUOHHbIU 3mMeesuK unb3a mepmonapsi
©
o Yucno Onamvetp Cekuyus Paguyc ﬂz?p BoicoTa
z
= cekuunmn PacnonoXeHns | nuamerp | nametp Lar Hucno pacrnonoxeHus, M | Tpybbl, MOTPYKeHNA,
5 CeKUMN, M | 1Hy6Ll, M| HABMBKW, M |  HABMBKW, M BUTKOB M M
s
Q
2 6 2,0 0,025 0,68 0,04 20 1,1 0,02 2,2
XapaKTepucTuku nepemMeluMBaeMon cpeabl
Honycmumasn MNpogonxun- l-"ﬂ (bp? P 2-"‘;' (bp? P [noTHocTb MnotHocTe BsaskocCTb| Koacp-
KOHUeHmpauyus poA TBEPAOH (hasbl| TBEPAON paskl TBEPOON uumenT | KoHueHTpaums
Hepacmeopusuwezo: TENLHOCTL uakocta, dasbl Cpedbl, AN dY3nN,| HacbILLLEHUS], KI/M®
/i PacTBOpeHms, g X01,3 doy, X02,3 doa, Kkr/m® e m2lc A '
cs sewiecmsa, Kr/m Kr/m MM Krim MM Kr/m m“/c
0,00003 40 4,75 0,5 3,55 | 0,75 1230 3460 0,0000022 1,8:10° 388




BOIIPOCHI J4J151 CAMOITPOBEPKU

1. Kak ompezmemnsroTcs 3aTpaThl Ha 3JIEKTPOIHEPTHIO, OTPEOIIEMYIO
MEXaHHYECKUM ITePeMEIINBAIOIINM YCTPOHCTBOM B TeUEHHE roja?

2. KakoBa MakcHMalbHO JOIYCTHMas INIyOMHA LIEHTPAIbHOH BOPOH-
KU [IPU MEXaHUYECKOM IepeMeIIMBAaHUU?

3. Kakoif Meron ONTUMH3ALUM PEKOMEHIYETCS NPHMEHSTH Ui
peleHus 3a1auu pacyéra ¥ BHIOOpa MEXaHWYECKOTO MEepeMEIINBAOLIEro
yctpoiictBa? [Touemy?

4. Tlo xakoil IpUYUHE PEXKHUM MEPEMELINBAHUS [IPU PEATU3ALMN TEX-
HOJIOTMYECKOTO IPOLIECca MOXKET M3MEHHUTHCS ¢ TypOyJIEHTHOrO Ha Iepe-
XOJIHBIN U JJAMMHApHBIH, €CIM 4acTOTa BPAILICHUS MEIIAIIKA HEU3MEeHHa?

5. Tloyemy npemaraeMblii METO/ pELICHHs 3a/1a4u pacuéra 1 BhIOOpa
MEXaHHYECKOTO MepeMEIINBAIONIETO YCTPOUCTBA MPEAyCMaTPUBALT BEIOOP
MOTOP-PELYKTOpa TOJIBKO Ul ONTHMAIBHOW KOHCTPYKIHU ycTpoicTBa?

CIIMCOK JIMTEPATYPBI K I''TABE 5
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7. Manpirus, E.H. Be160op KOHCTPYKIIMM MEXaHWYECKOTO IepeMeNIu-
BAIOILETO YCTPONHCTBA BEPTUKAIBHOTO EMKOCTHOrO anmapara / E.H. Manbi-
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muH. — M. : Hayka, 1989. —-432 c.

9. KonpaxoB JI.A. YIIOTHEHUs U YIUIOTHUTENbHAS TEXHHUKA : CIIPABOY-
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MnaBa 6

MOJOENUPOBAHME NMPOLIECCA HAIPEBA MNPECC-®OPMbI
A NPOU3BOACTBA PESUHOTEXHUYECKUX U3OENUNA
HA UHOYKUMWOHHOM BYJNIKAHU3ALIMOHHOM MNMPECCE

[Tpou3BOCTBO PE3UHOBBIX M3JENHIA, COTNIacHO AaHHBIM LleHTpa pas-
BUTUs HalMoHanbHOTO HCCIIEOBATEIbCKOTO YHHBEpPCHTETAa — BEhIcIici
IIKOJIBI AKOHOMHUKH [1], MMeeT yCTONYMBYIO TEHACHINIO K YBEIUYCHHIO.
Hanpumep, WHAEKC MPOMBIIIICHHOTO MPOW3BOJCTBA PE3MHOBBIX U IJIACT-
MaccoBbIX m3nenuii B HosOpe 2010 r. orHOocurenpHO Aexabps 2009 T.
cocraBull 138,4%. B cBsi3M ¢ 3THM BO3HHUKAET HEOOXOMMMOCTH CO3JaHHS
HOBOTO W YCOBEPIICHCTBOBAaHUS CTaporo 00OpyIOBaHWUS, 00JaTaroIIero
0oJiee BBICOKOH MPOM3BOIUTEIBHOCTHIO U OCYILIECTBIIIONICTO BBIMTYCK Ka-
YeCTBEHHOH MPOIYKIUN ¢ HANMEHBIIINM TIPOIIEHTOM Opaka.

Haunbonee yacto pesunHotexuudeckue mzaenus (PTU) usrorasnuparorcs
METOJIOM TOPSTIETO MIPECCOBAHMUS, KOTOPBI MOXKHO IPEICTaBUTh B BHIE IO-
CJIeIOBATEILHOCTH CIEAYIONUX OMNepalyii: ByJIKaHU3yeMasi CMeCh ToMella-
eTcsl B MaTPHILy mpecc-(hopMBl, IPIKUMAETCS ITyaHCOHOM H HarpeBaeTcs Mpu
3a[JaHHBIX TeMIIepaType U AaBJIeHUH. PerynupoBaHue TeMIepaTypbl OCyllie-
CTBIISICTCS TIO IBYXTO3UIIMOHHOMY 3aKOHY Ha OCHOBE M3MEPEHHUS TeMIIepary-
PHBI C TIOMOIIBIO KOHTPOJIBHBIX TepMonap. Illupoko npumMeHseMblM 0bopyno-
BaHMEM IS TOPSYETO MPECCOBAHUS SBILIIOTCS THUIPABIMICCKUC BYJIKaHU3A-
IMUMOHHBIC PECCHI C UHAYKIMOHHBIM CHOCO6OM HarpeBa IIUT.

Crnemyer OTMETHTbH, YTO Ka4eCTBO MPOIYKIIMA BO MHOTOM OIIPEeIIs-
€TCsl paBHOMEPHOCTBIO TEMIEpaTypHOTO MoJs B 00bEMe m3aenus. Ha pas-
HOMEPHOCTH TOJISI BIHSIOT HapaMeTpsl Tpecc-(hopMbI (TEOMETPHS, TEILIO-
(usnveckrue CBONCTBA) M CUCTEMBI e€ 00orpeBa (MOIIHOCTh U PaCIIOIONKE-
HHE HArpeBaTeNbHBIX JIIEMEHTOB — WHAYKTOPOB), IO3HUITHOHUPOBAHHE
mpecc-GpopMbI Ha TOBEPXHOCTH ILTUTHI, TEIUIOPU3NYSCKUE CBONCTBA TIUATHI,
K KOTOPBIM TIPEIBSIBIIOTCS 0COOBIE TPEOOBAHHS.

B nmanHOil paGoTe Ha mpuMepe MOAETUPOBAHUS MpoIlecca Harpesa
mpecc-GpopMBI U TPOU3BOACTBA PE3WHOBHIX YIUIOTHEHHH Ha BYJIKaHW3a-
IIMOHHOM IIpecce MpPEAIPUHATA IOINBITKA IIPOaHAIU3UPOBATh TEMIEpaTyp-
HBIE 0COOEHHOCTH 3TOTO criocoba nirotoienus PTH. Ha ocHoBe pe3ynb-
TaTOB aHaNKM3a CHOPMYJIMPOBAHA 3a7aua MPOCKTHUPOBAHUS HArPEBaTEIbHBIX
IUTAT TPECCOB JIJIsI I3TOTOBIICHHSI KOHKPETHOU PO TYKITHH.

6.1. IOCTAHOBKA 3AJAY1 MOJAEJIMPOBAHUA
HATPEBA TTPECC-©OPMBbI

IIpenenbHoii 3amaueil oborpeBa npecc-hopM Ha BYJIKaHH3ALMOHHOM
npecce SIBISIETCSl CO3JaHMe 3aJaHHOr0 TEMIIEpaTypHOIo MOJs BO BCEM
00béme npeccyemoro m3penus. s e€ BeINOJIHEHHUsT HEOOXOIMMO pacCuu-
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TBIBaTh IPOLECCHl PACIPOCTPAHEHUS TEIIa B CHUCTEME '"IUTUTA — Ipecc-
¢dopma — mzaenue". BaxkHO OTMETHTBH, YTO JAaHHYIO 33ja4y HEO0OXOIMMO
paccMaTpuBaTh Kak TPEXMEPHYIO HECTALIMOHAPHYIO, YYUTHIBAsl HENUHEH-
HBIE 3aBHCUMOCTHU TEIUIOPHU3NYECKUX CBOWCTB MaTEpPHANIOB OT TEMIIEpaTy-
pel HarpeBa. KpoMe Toro, Ha TemmepaTypHOE IOJIE OKa3blBA€T BIIUSHUE
BYJIKaHU3ALMS, KOTOPAs SBJISETCS CIOKHBIM (DH3UKO-XUMUYECKUM TIPOLEeC-
COM M COCTOUT M3 MHOXECTBA MOCJI€0BaTEeIbHO-TIApaJIIEIbHBIX CTAAUN C
Pa3IMYHBIME TETUTOBBIME 3 dexramu [2].

Ham He wm3BecTHBI pabOTHI, IZlE 3afaddM pPacIpOCTPAHCHHS TEIUa B
mpecc-popMe pacCMOTPEHBI B IOJTHOM 00BEME ONMCAHHBIX BHIIIE TPOOIIEM.
Kak npaBuio, MoaenupyoTcs ABYMEpHBIC 3a/lad NPH AOIYIIEHUSAX O I10-
CTOSTHCTBE CBOWCTB MaTepualia U3eIHs U HarpeBaTeIbHON INTUTHI B paMKax
OTpenenEHHBIX TEMIEPATypPHBIX MHTEpBaIoB. ONHAKO, MO CHPaBEIIUBBIM
3aMeYaHHsIM CaMHX aBTOPOB, JUIs d((PEKTHBHOTO MOJEIMPOBAHHS TEMIIEpa-
TYpPHOTO MOJIs Tpecc-(pOpMbI U BYJIKAaHU3UPYEMOTO H3JEIHsT HEOOXOIUMO
paccuuThIBaTh TpEXMEpHBIE MOJIeNH [3]. DTO MOXKHO CAENaTh, UCTIONL3YS s
KOMITBIOTEpHOT0 MozienupoBanus coBpeMeHHble CAD- u CAE-cuctemsl.

OnHOM W3 TJaBHBIX NPOOJIEM MPH MOJEIMPOBAHUM HArpeBa Ipecc-
¢dbopMBl Ha IUTMTE Tpecca sBJSIETCS 3ajada TEIUIOBOTO pacyéra IUIMT.
B ofmem ciydae MHAYKIIMOHHBIH HArpeB SIBISIETCS! CIOKHBIM IPOLIECCOM.
Jnst ero TOYHOTO OMMCAHMA CIEIyeT PacCMaTpUBATh CEPHUIO CBA3aHHBIX
3a7a4: 3JEKTPOMArHUTHYIO, TEIUIOBYIO, TMAPOAMHAMHYECKYIO, MEXaHHYE-
CKYIO, METAJUIypruueckyto [4]. B uHxeHepHbIX pacyéTax CUCTEM MHAYKIIU-
OHHOTO HAarpeBa pacCMaTpPHUBAIOTCA /IBE TIEPBHIC 331a4H.

MonenupoBanue npornecca MHAYKIMOHHOTO HarpeBa B MHXKEHEPHBIX
cucTeMax pacuéra OTHOCHUTCS K KJIACCY CBA3aHHOTO aHAJIM3a, COCTOSIIEro
13 KBa3HUCTAIMOHAPHOM 3JIEKTPOMArHUTHOW 3aJa4yM M 3aJjadd pacuéra He-
CTallMOHAPHOTO TEeMIIEpaTypHOro moiisi. Biok-cxema CBS3aHHOTO aHalW3a
TIpe/CTaBIeHa Ha puc. 6.1, Tie p — yAeIbHOE HIEKTPHIECKOE COTPOTHUBIIE-
HUe Marepuana ImTsl, OM'M; I — OTHOCHUTENIbHAss MarHUTHAs NMPOHUIIAe-
MOCTh MaTepHaia IUIMTHI, | — Temmeparypa Harpesa mmThl, K; H — nanpsi-
WKEHHOCTD JICKTPUIECKOTO MOJIs B 00bEME IIHTHI, B/M.

Kak mokasanau 4uCIeHHbIE DKCIIEPUMEHTHI [5], Hambolee CI0XHBIM
C TOYKHU 3pEHUs 3aJ]aHHs MUCXOIHBIX JAHHBIX M pacuéTa SBISIETCS TapMOHH-
YECKHUI 3JeKTpOMarHuTHbIA aHanu3. llpu ero peanusanuu ¢ MOMOUIBIO
CAE-cuctem, HCHONB3YIOLIMX METOJ| KOHEYHBIX 3JIEMEHTOB, BO3HHKAIOT
CIEyIONINe TPYAHOCTH. Bo-TepBBIX, 3TO 3aJaHWe pa3MEepOB KOHEYHO-
anemenTHO (KD) cerkn BOMM3M MHAYKTOpOB. ['7yOMHAa NPOHMKHOBEHUS
JIEKTPOMAarHUTHON BOJIHBI B CIUIOIIHOE ()eppOMArHUTHOE TEJIO ONpeaeIs-
ercst o hopmyuie [6]:

A =500 |-
uf
rae f —yacTora Toka, 'L
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Havano

v

CoaaaHue reomMeTpum, BBOS NCXOOHBIX

AaHHbIX U reHepauus CeTkn

v
OnekTpoMarHUTHbIN
rapMoHUYEeCcKnin aHanua

p=fT), wu=[fT.H)

BHyTpeHHne
TennosblaeneHns

A

HecTauuoHapHbIn
TENnoBoW aHanu3

Pacnpenenexue
TemnepaTypsbl

i t=t+Ar

TemnepaTtypHoe
none

Puc. 6.1. AnropuT™ CBSI3AaHHOT0 AHAJIN32
pac4éra ycTpoiicTB HHAYKUMOHHOIO Harpesa

Jnst cranmu 45 nipu yactore Toka f = 50 'y riay6buna cocrasmsier ~ 2,1 M.
Jnst mocTHXeHMs aeKBaTHBIX pe3ysbTaToB pasmepsl KO BOMM3N nHIyKTO-
POB JIOJDKHBI OBITh B HECKOJIBKO pa3 MEHBIIE MOJIYYCHHOTO 3HAYEHHMS.
C yBenW4YeHHEM JUIMHBI BUTKA MHIYKTOpa 3HAYMTEIILHO BO3PACTACT pa3Mep
CETOYHOI MoJiesi. B OTIenbHBIX ciTydasx npu cOOMIOICHUH 3THX PEKOMEH-
JAIi  9UCIIO DJEMEHTOB TOJbKO B CHCTEME '"OCHOBaHHE—HMHIYKTOP—
kpeika" (cM. puc. 6.2) nocturaer 1,5 mumnuona. ITostomy pacuér peans-
HBIX KOHCTPYKIIMHA C HEOOXOAMMOW IUIOTHOCTBIO CETKH NPHHIIUIHAIBHO
HEBO3MOXXEH J1a)K€ Ha COBPEMEHHBIX MEPCOHAIBHBIX KOMITBIOTEpaxX BBUAY
HEI0CTaTOYHOCTH alapaTHBIX PECyPCOB.

Bo-BTOpBIX, 3TO HEOOXOAMMOCTh y4€Ta M3MEHEHHS JJIEKTPOMArHHT-
HBIX CBOICTB MaTepHaJOB IUIMTHI U MHAYKTOpoB. Hammenee usydeHHas
XapaKTepUCTHKA, KOTOpasi OKa3bIBaeT OOJIBIOE BIMSHHAE HA BECh PacuéT —
MarHuTHas MPOHHIAEMOCTh MaTepHaa IUINTHL. 3aBUCHUT OHA, IJIaBHBIM 00-
pa3oM, OT HaImpsDKEHHOCTH 3JEKTPOMAarHuTHoro mnonus. Mmeromuecs naH-
HbIE, MPEJCTABICHHBIE B [7], HOCAT SMIUPUYECKUN XapaKTep U MajoNpH-
TOJHBI [T IPOBEICHUS HHKEHEPHBIX PAacUETOB HArPEBATEIBHBIX IIJIHT.
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PesynbraToM pelieHus 3a1a4y JIEKTPOMarHUTHOTO aHaIN3a SBJISAETCS
TEIUIOBBIJICIICHUE, KOTOPOE UCIIOIB3YETCs MPU PELICHUH 3a/1a4d TEIJIOBOTO
aHanM3a B KadecTBE 00BEMHOTO IPaHUIHOTrO yciroBusa. OHAKO, €CIIN H3BeC-
TEH METOJ] HaX0XKICHUS TEIUIOBBIACICHIH HHAYKTOPOB, TO BO3MOXHO HPO-
BEJICHHE TOJBKO TEIUIOBOTO aHAJIN3a, peasM3alusi KOTOPOro HE BHI3BIBAET
OonbInuX TpyAHOCTEH. JIIIs1 HCKITIOYEHNUS 3IEKTPOMAarHUTHOTO aHaIn3a BBE-
IEM CIIETYIOIINE JOMYIIECHHSL.

1. 3amaum ompeneneHnss MOIIHOCTH, BBLACIAEMOM B INa3zax WHIYKTO-
POB, M PacTIpOCTPAHEHHUS TEIUIA B MaTepUalle IUIUTHI PEIIAI0TCsl HE3aBUCHMO
Jpyr OT Jpyra, MOCKOJBKY TpeOyemas TemIlepaTypa HarpeBa IIIUTHI HE
mpeBocxonuT Temneparypy Kropu (750 °C) [7].

2. TernoBBIIEIEHHE OCYIIECTBISIETCS PaBHOMEPHO BO BCEM 00BEME
Ta3a 1moJl KaXXJblii HHAYKTOP, AJIS ONpEIe/CHNs 3HaUCHUH MOIIHOCTEH TeT-
JIOBBIICJICHUH HCIOJB3YeTCs] METOJMKA, OCHOBAHHAs HAa SKCIEPUMEHTAaNb-
HBIX MCCIIEIOBAaHUAX MHIYKIMOHHOTO Harpesa (heppoMarHUTHOH ctamu [7].
XapakTepHCTHKH MaTeprasia 00bEMa, 3aI0IHsIEMOr0 HHAYKTOPOM H CIIEIH-
aJIbHOM OpraHOCUJIMKAaTHON KOMIIO3ULUEHN, COOTBETCTBYIOT CBOMCTBAM Ma-
Tepuaa IUINTHL.

3. TermoBble 3¢ (eKTHl ByIKaHW3aIMK PE3MHOBOTO YIUIOTHEHUS He-
SHAYUTCJIbHBI MO CPABHCHUIO C MOIIHOCTAMU HHAYKTOPOB U UMH MOKHO
npeHeopeys.

MonenupoBaHue mporecca HarpeBa npecc-(GpopMbl Ha BYJIKaHH3AIH-
OHHOM MpECCC ¢ MHAYKIMOHHBIM METOJOM o6orpeBa IJIAT NPOBOJAUJIOCH B
cucteme COMSOL [8] u, kak B 1000 cHUCTEME KOHEYHO-IJIEMEHTHOTO
aHaIN3a, COCTOSJIO M3 CEPHU CBS3aHHBIX 3aJady: IIOCTPOCHUSI TEOMETPHH,
3a/laHusl CBOWCTB MAaTepHANIOB, OMpejieNieHrss (PU3NYecKoi MOJEeNnu U To-
ctpoenust KO cetku.

6.2. YCJIOBUA MOJEJIMPOBAHM A HAT'PEBA ITPECC-®OPMbI
U BYJIKAHU3WPYEMOI'O U3AEJINA

B kauecTBe mpumepa pacCMOTpEHa CHCTeMa Harpesa mpecc-hopMsl ¢
MOMOIIBIO ABYX IWIMT JTHHOH | = 500 MM, mmpunoi S = 410 MM, ¥ BBICOTOM
h =70 MM ¢ 4eTBIpbMSI HHIYKTOPAMHU MPSIMOYTOJIHOM (HOPMBI pasMepamu
172x127 MM B mazax cedeHueM 25X%25 mMm. BBy CHMMETpHYHOCTH KOH-
CTPYKIMH TUTUTHI U C IEJIbI0 YMEHBIICHUST 00bEMa BBIYMCIICHUI T€OMETPH-
yeckast (pacu€THas) MOJENb pa3paboTaHa Ui YETBEPTH HArpeBaTEIbHON
IJTUTHI, CM. pHC. 6.2.

T'eomeTprueckast MOJEIb MOICIHUPYEMOM CHCTEMbI COCTOUT M3 IEBSATH
AIIEMEHTOB. MeXIly YeTBEepTAMU BepXHEH U HIKHEH uThl (OcHOBaHus 1 1 7,
UHIYKTOPH! 2 U 8, KpbIkK 3 U 9 COOTBETCTBEHHO) PACIONIATACTCS IMPEcC-
(dopma (Matpuna 4 ¥ myaHcoH 6) ¢ BYJKaHU3YEMbIM PE3HHOBBIM KOJIBIIOM 5.

93



9

Puc. 6.2. 'eomeTpuueckas MoaeIb MOAEJIUPYEMOro 00beKTa (Pa3HeCceHo0):
1 — ocHoBanue WUtk 1; 2 — HHAYKTOP; 3 — KPBIIIKA [UTATHI 1;
4 — marpuna; 5 — KoIb110; 6 — IMyaHCOH; 7 — OCHOBaHHE ILUTUTHI 2;
8 — uHAyKTOpP; 9 — KPBILIKA TIUTHI 2

[NosunmonupoBanue mpecc-HOpMbl Ha MOBEPXHOCTH IUIUTHI OCYIICCTBIIS-
JIOCh TaKuM 00pa3oM, YTOOBI OOecCleYrBaNach KOHIICHTPUYHOCTh OCEd
CUMMETPHU HHAYKTOPOB U mpecc-popmbl. JJaHHOE PACIIONOKCHHE SABIISIETCS
ckopee "ecTeCTBeHHBIM", YeM HaubOJIee TOIXOMAIINM ISl TIOTYUYEHUSI Tpe-
OyeMoro TeMIepaTypHOTO IT0JI1 BHYTPH U3ICITHU.

IIpecc-¢popma coorBerctByer I'OCT 26619-85 "IIpecc-dpopmbr oxHO-
MECTHBIE JUIl H3TOTOBJIEHUS MAaHXXET THJIPaBIMYECKUX YCTPOHCTB".
JuameTp mMaTpuupl U myaHcoHa 124 MM, TuaMeTp BYJKaHHU3YEMOrO KOJblia
6 MM. BriOop uMeHHO 3TOr0 THIIOpazMepa O0YCIIOBICH HEOOXOIUMOCTHIO
COOTBETCTBUS rabapuTOB OJHOM mpecc-(hopMBI pa3MepaM YeTBEPTH Harpe-
BaTeJIbHOW IJIUTHI.

TpéxmepHasi reomMeTpuyieckas MOJENb pa3paboTaHa B cUCTEME TPEX-
MepHoro TBépaoTensHoro Mojenuposanus KOMITAC-3D.

IIpu pazpaboTke MOAETH TEOMETPHS OTACIBHBIX JIEMEHTOB OblIa yII-
poieHa. M3 moeneil OCHOBaHMA U KPBIMIEK OBLITN MCKIIOYEHBI OTBEPCTHS
U KpETEKHBIX 3JIEMEHTOB ¥ TePMONap, B IIyaHCOHE U MATPHIIE HE YITEHBI
¢dacku u ranrenu. JJaHHOE YIpOIIEHUE MO3BOJIIET YMEHBIIUTH HEOOXOIH-
Moe kosimuecTBo KD ceTku u COKpaTuTh BpeMsl pacuéra.

CaoiicTBa ctanu 45, U3 KOTOPOW U3rOTOBJIEHBI OCHOBAHUS U KPBIILIKK
IUTHT, B3ATH U3 [9] (cM. puc. 6.3). i1 MHTEpIONAIUd 3aBUCUMOCTEH 3Ha-
YeHUH TEIUIO(QHU3MYCCKIX CBOWCTB OT TEMIEPATYPhl UCIIOJIB30BaHA KyCOY-
HO-JIMHEIHAas 3aBUCUMOCTb.
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Puc. 6.3. 3aBucumocThb Tem10(pu3nUeCKUX CBOMCTB cTaau 45
ot TeMnepatypsl (rpag K):
@ — TUIOTHOCTB, KI/M°; 6 — TEIIOEMKOCTD, Jx/(xr-K);
6 — TEeTUIONPOBOIHOCTH, BT/(M'K).

CorylacHO NMPHHSATHIM AOMYIIEHUSM, HHIYKTOPHI (31eMeHThl 2 u 8 Ha
puc. 6.2) MOXHO paccMaTpuBaTh KaK KOMOWHAIIUW TMapajuiesenuIe/ioB,
U3TOTOBIIEHHBIX U3 CTAIH 45, 00bEMBI KOTOPBIX COOTBETCTBYIOT O0O0BbEMaM
1a3oB B IuIMTax (d1eMeHThl 1 u 7 Ha puc. 6.2).

B kadectBe marepuasia ByJIKaHU3yeMOTro M3JIETHs BeIOpaH OyTaaneH-
ctuponsHbIi kaydayk (CKC), conepxanue CTUPOIBHBIX 3BE€HBEB B KOTOPOM
coctasisieT 23% [10]. DTo Haubonee pacnpoctpanénnsiii n3 CKC tum kay-
yyka oOmero HazHaudeHus. Ilo o0bémy Beimycka CKC 3aHMMaroT nepsoe
MECTO Cpeid BCEX CHHTETHYECKHX KaydykoB. Ha MX 0oCHOBe M3roTaBIMBaIOT
MHorouucieHHsle PTU — koHBeHepHbIe JIEHTHI, pyKaBa, MPOQHIIH.

Jnst yuéra BiInsSHUS BYJIKaHU3aLMK Ha TEMIIEpaTypHOE I10Jie OBIIM HC-
TIOJIb30BAHbI 3aBUCUMOCTH TEIIO(HU3NIECKUX CBOWCTB KaydyKa OT TeMIlepa-
Typbl U3 BcrpoeHHoi B COMSOL 6ubsmorexkn marepuainos [11]. ITnotHocTh
ABJAETCS BEIMIMHON HOCTOSIHHOHM, paBHOW 956 Kr/m3, 3aBHCHMOCTH TEIUIO-
€MKOCTH | TEIUIOIPOBOJHOCTH OT TEMIIEpATypHI IIPEJICTAaBICHB! Ha puC. 6.4.
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Puc. 6.4. 3apucumoctsb cBoiictB kayuyyka CKC-23 ot remnepatypsi (°C):
a — ternoémkocTb, J[x/kr-K; 6 — TermonpoBoaHocTs, BT/M-K.

Kak BuaHO, M3MEHEHHE TEIUIOEMKOCTH B MHTEpBaje TeMIepaTyp
80...300 °C (puc. 6.4, a) u TeronpoBoanoctu B unrepsaie 60...300 °C
(puc. 6.4, 6) HOCUT CIIOKHBIN XapakTep. Bo MHOrOM HIMEHHO Takue 3aBHCH-
MOCTH CBOWCTB KaydyKa OT TEMIIEpaTyphl JACTAI0T IPAKTHIECKH HEBO3MOXK-
HBIM TIPUMEHEHHUE YUCICHHBIX METO/IOB ISl PEIICHUS 3a/1a4 PaclpoCTpaHe-

HU TCIJIA B BYJIKAHU3YCMbIX MaTepHUaIax.
MOH.[HOCTI/I HHAYKTOPOB IIJIUTBI HEIMHEHHO MCHSIOTCS C TEYCHHEM

BpeMeHHU HarpeBa. UToObBI yuecTh 3TO, MPEIBAPUTENBHO OBIIIM PaCCUUTAHBI
3HA4YCHUA BLIHeHXeMOﬁ MOMOIHOCTH [JIsI Pa3HbIX 3HAYCHU N TEMIIEPpATYPbL
HarpeBa COIJIACHO MHXXCHEPHON MeToJuKe, onucaHHou B [7]. IlomyueHHbIe
3HAUYCHUA MPCACTABJICHBI HA pUC. 65, JUIA UHTEPIOJIAIUN UCIIOJIB30BAH KY-

OMYECKUH CIUIANH.
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Puc. 6.5. 3aBHCHMOCTb MOIHOCTH HHAYKTOPA OT TeMIepaTyphl
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CorigacHoO MPUHATBHIM JOMYLIEHUSM, B KaueCTBE HCTOYHHKOB TeIlIa
ObLTH 3a/1aHbl 1Ba 00BEMHBIX UCTOUHUKA 2 U 8 (cM. pHc. 6.2) ¢ COOTBETCT-
BYIOLIMMH pHC. 6.5 3aBUCIMOCTSIMU MOIITHOCTH OT TEMIIEpaTyphl Harpena.

Jns naHHOW 3amaunM HeoOXoamM y4€T TemnooOMEHa IUTUT W Ipecc-
¢dopmsl ¢ okpyxaromieit cpegoii. B COMSOL uMeroTcst BO3MOKHOCTH pac-
4yéTa KOHBEKTHBHOTO M JIyJHCTOTO TETNIOOOMEHA, OTHAKO, C IIETBI0 YMECHb-
IIEHUs Harpy3Kd Ha BBIYHCINTEIBHBIC PECYpCHl KOMIBIOTEPA, Ui ydéTa
BHEIITHETO TEIIo0OMeHa INpeaBapUTEIbHO PACCYMTHIBAINCH 3HAUYEHHS KO-
3¢ UIMEHTOB TEIIOOTAYX COTJIACHO peKoMeHanusM [12].

s moctpoenns KD Monmeny ObUT MCTIONB30BaH TETPadAPUIECKUI THTT
CeTKH. MaKkcUManbHBIM pa3Mep 1eMeHTa 4 MM, MUHUMabHbIL — 0,25 MM.
B utore, crenepupoBanHas cetka umeer 2002421 snement. OT™MeTHM, YTO
IIPU pean3aliy TOJHKO TEIUIOBOTO aHAIM3a OTNAAacT HEOOXOIMMOCThH B
UCIIONIb30BaHUU 00Jiee MIIOTHOW CETKU BOJIM3HM MHIYKTOPOB ISl aJeKBaTHO-
ro JIEKTPOMArHUTHOIO aHajiu3a. TeM caMbIM, YMEHbIIAeTCs o0Iee BpeMs
pacuéra. CeTka HauOOJIBIIEH NIOTHOCTH (POPMUPYETCS] HEOCPEACTBEHHO B
BYJIKAHU3YEMOM KOJbLIE, ITIOCKOJIBKY IIEJIbI0 HCCIEOBAaHU SABISIETCA HAaXO-
XKJIEHHE TeMIIepaTypHOro MOJsl UMEHHO B 00BEME U3Ienusl.

6.3. PE3VJIbTATBI MOAEJIMPOBAHUA HATPEBA ITPECC-®OPMBI
U BYJIKAHU3WPYEMOI'O U3AEJINA

C ucnons3zoBanueM COMSOL 6bu1 npon3Be¢H HeCTAI[MIOHAPHEBIN Te-
IUIOBOM pacuéT cUCTeMBl, M300pakéHHON Ha puc. 6.2. KoHeuHoe Bpems
Harpesa cocTaBmio 2450 c, eMy COOTBETCTBYET CpeiHssl 00bEMHAs TeMIIe-
patypa pe3uHoBoro koibia 180 °C, 4To sBIsSETCS ONTUMAIBHON TeMIiepa-
typoii Bynkanuzaruu CKC [10]. Ilar o Bpemenu coctaBui 50 ¢. Moznenu-
poBanue 6bUIO TpoBeneHo B mporpamme COMSOL 4.0 Ha kKoMIBIOTEpE CO
cnenyromiei Koupurypanueit: yetbipéxpsaaepusiii npoueccop Intel Core 2
Quad Q6600 ¢ gactoToit ogHOTO simpa 2,4 MI'1i, onepatuBHast mamsth 8 1'0,
onepannonHas cucreMa Microsoft Windows Server 2008x64. IIpomomxu-
TEJIBHOCTh pacuéra cocTaBmia 72,3 MUHYTHIL.

[Mony4yenHoe B pe3ynbTate 00bEMHOE TEMIIEPATYPHOE MOJIE CUCTEMBI,
IIPE/CTaBIEHO Ha puc. 6.6, a, Ha puc. 6.6, 6 — TemIepaTypHOe I0JIe oIe-
PEYHOr0 CEUEHUs CUCTEMBI, Ha pUC. 6.7 — TeMIepaTypHOe MOoJIe NPOJOIbHO-
o CEYEeHHs] Pe3WHOBOTO KoJiblla. MakcuMalbHbIN Niepenaj TeMneparyp mno
00BEéMY Mozenupyemoin cucteMbl coctaBui 21,6 °C. Haubonpimas temme-
parypa 190,9 °C nabmromaercss Ha BHYTPEHHHX IIOBEPXHOCTSX INEPBOH W
BTOpOH TuIMTHL. MuHUManbHas Temmeparypa 169,3 °C Habmogaercs Ha
HapY>XHBIX yTJIax IUTUT.

MakcumanbHasi pasHdIla TeMIepaTyp B IOINEPEYHOM CEYEHHH MOjie-
JUpyeMoOil cucTteMbl (cM. puc. 6.6, 6) cocrasmser 14,4 °C. HauGombimas
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temrnepatypa 190,7 °C nabmronaercsi B 00bEME MHAYKTOPOB, HAUMEHBIIIAS
176,3 °C — na Topuax mimt. OTMETHM Hajln4dre 00bEMHOTO MeperpeBa Cuc-
TEeMBI B €€ IEeHTpaIbHOHN 001acTu (IIpaBas 9acTe Ha pHC. 6.6, 6), KOTOPHIHA
BBI3BaH HEONTHMAJBHBIM PacIONOKEHHEM UHIYKTOPOB B 00BEME IUHTHI U
npecc-(pOpMbI Ha MOBEPXHOCTH IUIUTHL. MOXKHO CZienaTh BBIBOJ, YTO 3TUM
BOIIPOCaM HEOOXOANMO YIeIATh MOBBILIEHHOE BHUIMaHHE.

180

v 169.3
a)

A 190.7
190
188
186
184
182
180

178

v 176.3

0)

Puc. 6.6. TemnepaTypHble 1mo.s:
@ — 4eTBEPTH MOJIEIUPYEMOI CHCTEMBI; 6 — OIIEPEYHOTO CEUSHHS CUCTEMBI

98



A 181.5
181
180.5
180
179.5
179

v 178.8

Puc. 6.7. TeMnepaTypHoe moJie npoioJLHOr0 ce4eHUsl pe3MHOBOr0 KoJibla

Kak BuaHO U3 puc. 6.7, MakCUMaJbHBINA Tepena TeMIEpaTyp B Mpo-
JIOJILHOM CEYEHUH Kousblia cocTaBiset 2,7 °C. MakcumalibHas TeMIeparypa
181,5 °C cooTBETCTBYET BHEUIHEM NOBEPXHOCTH KOJbLA, HaXOASLIEHCS
BOJIM3M LIEHTpa IINTHI, MEHUMabHas 178,8 °C — mpOTHBOMONIOKHOW BHYT-
PEHHEH YacTH KOJIbI.

ITo meronuke, m3moxxeHHOH B [13], OBLT POM3BENEH TETIIOBOM pacdéT
TOJIKO HArpeBaTebHOM IUIUTHI (OCHOBaHHME 7, MHAYKTOp 8, Kphimka 9,
cM. puc. 6.2). BBuay cummeTpun pacd€THas MOJENb BKIIOYAeT YETBEPTh
TIJTUTEHI.

TemmneparypHoe MoJie, COOTBETCTBYIOIIEE CpelHEH TeMIepaType Mo
noBepxHocTtu 180 °C, mpu pacy€THOM mIare Mo JUIMHE W IIHPUHE 5 MM,
npeacTaBieHo Ha puc. 6.8. MuruMansHyro Temnepatypy 173,2 °C umeror
Kpasi pac4éTHON MOJICNH, KOTOPBIE COOTBETCTBYIOT IICHTPY IUIUTHI, yIiIaM U
TopuaM IUTUTHEL. MakcumaneHas Temrepatypa 182,7 °C Habmromaetcs Ha
MTOBEPXHOCTH HETIOCPEICTBCHHO Hal WHAYKTOPOM, PACIIOJIOKCHHOW OIIMKe
K UeHTpy mwimThl. Kak BHOHO, maHHas IuuTa (GOPMHUPYET TeMIlepaTypHOe
TI0JIE C TIepETaioM TEMIIEPATyp Ha IOBEPXHOCTH oKoio £5 °C.

Takum 00pa3oM, Jaxxe HPU HCIONB30BAHUHM HArpEBaTENBHBIX ILIUT,
(hopMHPYIOIIUX TeMIEpaTypHOE TI0JIE C CYIIECTBEHHBIM TePenagoM TeMIIe-
paTtyp, KOHEUHBIN Tiepernaj; TeEMIEpaTyp BHYTPH BYJIKAHH3YEMOTO W3JIEIHS
cocraBigeT MeHee 1,5 °C. DTOT moka3aTens SBISIETCS yIOBICTBOPUTEIIb-
HBIM JUJIsl POBEICHUS TIPOIIECCa BYTKAHU3AIINH.

OT™MeTHM, YTO TPAJUITMOHHO KaY€CTBO HarpeBaTeIbHBIX IUIAT OICHUBAET-
Cs1 TIO CTETIEHH PAaBHOMEPHOCTH TEMITEPATYPHOTO TIONS Ha MX paboueii moBepx-
HOoCcTH. CYHTACTCsI, YTO MPH BYJIKAHU3AIMHU TIEpenaj TeMIIepaTyp Mo pabodeit
MIOBEPXHOCTH COBPEMEHHBIX IUIUT JOJDKEH HaXOJUThcs B mpeaenax +1-2 °C.
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Puc. 6.8. TemnepatypHoe noJie yerBepT IJIUThI 500x410 Mmm

OnHako, Kak MoKa3aja YUCIEHHBIH YKCIIEPUMEHT, MATUKPATHOE yBEIUYCHHE
3TOro mnepenana He NPUBOAUT K HEMPUEMIIEMONM HEPaBHOMEPHOCTH TEMIIE-
PaTypHOTO MOJIs B 00BEME U3IeNus.

AHanu3 TOJIyYEHHBIX PE3yJbTaTOB IMO3BOJISIET CHENaTh CIEeAyIoNIre
BBIBOJIBI:

1. B kaxI0M KOHKPETHOM CIy4ae MPOMBIIUICHHOTO HCIIOIb30BaHU
CYIIIECTBYIONIMX W TMPOEKTUPOBAHUS HOBBIX HHIYKIIMOHHBIX HArpeBaTeb-
HBIX IUTUT CIIEAYeT MPUHUMATh BO BHUMAaHHE CITCI[MANIbHBIC TPEOOBaHHUS K
(dbopMupyeMOMY TEeMIIEpaTypHOMY TIONI0 B 00BEME HarpeBacMoro Tena,
1IEJIECO00PAa3HOCTh UCIIOJIB30BAHUS CYIIECTBYIOIINX TEXHOJIOTHHA M accop-
TUMEHT BBIITYCKaeMOU Ha Mpecce MPOyKITHH.

2. HepaBHOMEpHOCTH TeMIEpaTypHOTO IOJIS Mo padoueii MOBEpXHO-
cTy KTH B mpegenax +5 °C He sBISETCS KPUTUYHOW Ui NMPOBEACHUS
BynkaHuzauuu PTU.

3. Ucnonp3oBanue coBpemeHHBIXx CAD- m CAE-cucrem sBisercs
MIEPCIICKTHBHEIM HAIlPaBICHHEM B 00JIACTH MOJICIIMPOBAaHUS HarpeBa mpecc-
(hopM Ha MHAYKIMOHHBIX TUIUTaX, MOCKOJIEKY MO3BOJISIET YY€CTh HEIMHEH-
HbIE 3aBHCHMOCTH YHEPTeTUYECKUX M TEIUIOPU3MUECKUX XAPAKTEPUCTHUK B
Mpolecce ByJKaHU3AIHH.

4. Metoamuecku OOOCHOBAHHBIM SIBJISIETCSI MPOBENCHUE YHCICHHBIX
AKCIIEPUMEHTOB I HanOoJjee pacipoCTpaHEHHBIX Mpecc-(hOpM U UCTIOJb-
3YEMBIX Kay4yKOB II0 HAXOXKICHUIO OOBEMHBIX TEMIIEPATYypHBIX IOJICH B
BYJIKAHU3YEMBIX H3JCNHAX. Takod MOoAXoi MO3BOJHT CPOpMHUPOBATH IMpa-
BHJIA JUISI ONITUMAJILHOTO TIPOEKTUPOBAHUS HArPEeBATEIbHBIX IUTUT MO KOH-
KpEeTHBIE MPOIIECCHI U PEKOMEHIAINH 10 PaCIOIOKEHHUIO0 mpecc-hopm.
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Takum o00pa3oMm, 3agada NPOEKTHPOBAHMS HArpeBaTENbHBIX ILIUT
MIPECCOB ISl IPOHU3BOJICTBA PE3NHOTEXHUUCCKUX M3ACINI COCTOUT B OIpe-
JIETICHUH KOJIMYECTBA U MECTOIOJI0)KEHHS HHIYKTOPOB B IUINTE, HAYaJIbHOMN
MOIIHOCTH KaKIOTO HHIYKTOpA, KOJMYECTBA M MECTOINOJOXEHHUS CTaH-
JapTHBIX mpecc-popM Ha pabodeil MOBEPXHOCTH IUIUTHI, IPU KOTOPHIX HE-
PaBHOMEPHOCTh TEMIIEPATypHOTO TOJSI B BYJIKAaHW3YEMBIX W3ACIHAX yKa-
3aHHOTO BH/Ia M Pa3MEPOB HE MPEBHIIAET TPEOYEMOH.

B 3akiroueHne 3aMeTHM, 4TO 0C000€ BHUMAHUE MPH ITPOCKTUPOBAHUH
U DKCIUTyaTallud HarpeBaTeNIbHBIX IUIMT BYJIKAHM3ALMOHHBIX MPECCOB Clie-
JyeT YAENSTh BONPOCaM ONTHMAJIbHOTO YNPABJICHHS M3MEHEHUEM TEMIIe-
patypsl IUIAT JUIS TIOJTyYEeHUS 3aJaHHOTO TEMIIEPAaTyPHOTO TIOJIS.

BOIIPOCHI 4JIs1 CAMOITPOBEPKH

1. Tlouemy HpHHATH NOIYIIECHHS, MO3BOJIMBIINE HCKIIOYUTH 3JIEK-
TPOMAarHUTHBIA aHAJIM3 W3 MOJEIMPOBAHMS MpOLEcca HarpeBa CHCTEMBI
"mmra-tnpecc-popma—m3aenue"?

2. Tlouemy OKa3anoch JOCTATOYHBIM MOZAEINPOBATH TOJIBKO YETBEPTh
peansHOH cucTeMBl "uTa—-Tipecc-popma—u3aenue'?

3. Kak yuuThIBaJIOCH NPU MOEIMPOBAHUU W3MEHEHHE MOIIHOCTH
HHAYKTOPOB B TIPOIIECCE pa3orpeBa HarpeBaTeIbHbBIX IUIUT mpecca?

4. Tlouemy TeMmmepaTypHOE IOJI€ B BYJIKaHHU3UPYEMOM H3ICIUH MO-
XKeT ObITh OoJice paBHOMEPHBIM, Ye€M B CHCTeMe 'TuiHTa—Tpecc-hopma—
nzgenue"?

5. TloueMy mnpu NpOEKTHPOBAHWHM HArpeBATEIbHBIX IUIUT IPECCOB
0OBIYHO CTaBUTCS 3a]aya MOJyYeHHUs] PABHOMEPHOTO TEMIEPaTypHOTO MO
Mo paboueil MOBEPXHOCTH ILTUTHI?
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MaBa?7

AUTOMATED REMOTE ACCESS LABORATORY
"DESIGNING AND EXPLOITATION OF
TECHNOLOGICAL SYSTEMS"

7.1. INFORMATION TECHNOLOGIES IN EDUCATIONAL PROCESS

The application of the achievements of modem information techno-
logies in training process opens the access to new information sources,
new opportunities for creative work and makes independent learning more
efficient.

Creation of learning environment includes the development of mathe-
matical models of under-research processes, algorithms of problem-solving
and databases, possibilities of carrying out distance experiment on remote
equipment and result processing. The application of means of mathematical
and computer modeling in development of new methods and forms of edu-
cation makes possible visual presentation of studying objects and registra-
tion of the dynamics of their characteristics.

Centralization of methodological aids, software, lab equipment and a
wide access to distributed information resources in Internet allows to
prompt updating of the learning environment content in accordance with
new knowledge and technologies. Creation of lab remote access installa-
tions enables the implementation of practical studies and laboratory works
using very expensive and unique equipment. We can avoid the unnecessary
production of lab equipment. In this case we can see the direct economical
effectiveness of the implementation of new information technologies in the
training process.

Creation and development of the concept of lab remote access installa-
tions ensure the providing of educational services within the framework of
distance learning program.

Creation of the automated remote access laboratory allows to carry out
laboratory works on design and exploitation of technological systems and is
conditioned by the necessity of acquiring practical skills in development
and control of chemical production. Every student has an opportunity to go
through the whole process: from the moment of decision-taking on the vol-
ume of production output till the moment of creation of schedule of devel-
oped production functioning and the graph of the equipment maintenance.
Active enterprises cannot give such opportunity to the students on account
of some objective reasons: the equipment is used for production purposes,
high cost of used materials and safety precautions.
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7.2. ORGANIZATION OF REMOTE ACCESS LABORATORY

The automated remote access laboratory "Designing and exploitation
of chemical technological systems" includes (fig. 7.1):

1. Semi-industrial chemical technological system imitating the pro-
duction of synthetic dye-staff and semi-products.

2. Complex of electronic training aids and training programmes, in-
cluding principle theoretical fundamentals, information maintenance of la-
boratory works, description of mathematical models and algorithms of cal-
culations carried out on the 1 basis of laboratory.

3. Training and industrial system of automated calculations and de-
signing the elements of chemical equipment.

4. Package of applied programs for modelling technological processes
and control of chemical technological systems.

5. Software of remote access to the iab resources and information ex-
change with users.

Software of the laboratory is based on the mathematical models of de-
signing processes and exploitation of technological systems worked out at
the Department of Flexible Automated Manufacturing Systems. It allows us
to make prompt calculations, to analyse the received information, to carry
out the corrections of initial data and to receive new results without any
material expenses.

» Semi-industrial chemical <
‘———; technological system 4——‘
A
Ubl’fll')' Of Databases of
electronic training production output

allowances regulations
Remote access
laboratory works

Library of electronic 1 Electronic catalogue
training-methodical of equipment
instructions

Electronic directory

Client

Fig. 7.1. Organization of remote access laboratory
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The diversity of chemical productions, large capacity of initial data,
necessary for carrying out calculations, requires the development of produc-
tion output databases. The application of remote access technologies facili-
tates this process as it allows to introduce and correct new information.

This complex can be used on one laboratory scale, in High Education
Institutions and in the Internet network. Laboratory software was created
with the use of Clarion, MathCAD (development of applications for local
network), html- technologies and Java for development of network applica-
tions available in the Internet.

BOITPOCHI AJI51 CAMOITPOBEPKI

1. KakoBbl BO3MOXXHOCTH TPUMCHEHHUS COBPEMCHHBIX HH(OpMAIIH-
OHHBIX TEXHOJIOTHH B 00pa3oBaTeIbHOM Iporiecce?

2. KakoBa HEOOXOIMMOCTh HCIOJIB30BAHUS TEXHOJIOTHUH YAanEHHOTO
JIOCTyTa B MH)KEHEPHOM 00pa3oBaHuu?

3. Kakwne npenmMymiecTBa moiydaeT CTYACHT MPH BEIIOJIHEHUH J1a00-
paTopHbIX pabOT Ha YCTaHOBKaX C YIAJIEHHBIM JTOCTYHOM?
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MnaBa 8

AUTOMATED SYNTHESIS OF RECYCLING WATER SUP-
PLY SYSTEMS AT CHEMICAL ENTERPRISES

Nowadays many sectors of economy use water for manufacturing of
target products. After water goes through different processes at the enter-
prises or is used in household purposes, it loses its initial quality and ad-
versely affects the state of natural water reservoirs which receive this
wastewater. One of the most water-intensive sectors of the economy and,
simultaneously, one of the most intense "generators" of polluted waste wa-
ter is chemical industry. In order to eliminate water pollutants dump into
water reservoirs in a relatively short period of time, it is necessary to devel-
op and gradually implement self-contained systems of water recycling. Such
systems allow: to significantly reduce industrial consumption of fresh water,
to use fresh water only for drinking purposes and to fill losses in recycling
systems, to significantly reduce or even eliminate losses of valuable raw
materials and supplies occurred with sewage dumping. Eeffective and relia-
ble operation of such systems is only possible when the choice of appropri-
ate equipment is made taking into account all production requirements and
environmental conditions.

Analysis of literature [1, 5 — 9] shows that these papers are mostly fo-
cused on the issues related to hardware design for existing technological
schemes, and to a lesser extent on selection of the most suitable technologi-
cal scheme for concrete conditions and criteria specified by consumers.

Therefore the purpose of this paper is to develop the procedure of au-
tomated synthesis of water preparation stages that determine the effective-
ness of recycling water supply (RWS) system of a chemical enterprise.

The RWS system consists of two parts. The first includes stages of
target products manufacturing processes, technological processes that use
water for heating or cooling of equipment (reactionary mass in it). The other
part contains stages which provide restoration of consumer characteristics
of water and its supply to the main technological scheme.

Stages of water preparation are: cleaning, cooling (heating), adding
(if necessary) and water injection. Fig.8.1 shows possible variants of water
preparation stages that implement various technological processes; Fig. 8.2
depicts possible variants of water preparation schemes for RWS system.

In general, the problem of automated synthesis of water treatment
stages for a self-contained FWS system includes: structure generation for a
technological scheme, choice of type, quantity and basic geometric dimen-
sions of equipment for each stage of the chosen scheme.
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8.1. STATEMENT OF THE PROBLEM

Input parameters are: efficiency of technological scheme for target
products manufacturing, pressure in the scheme, initial and final tempera-
ture of the target product and recycling water, heat-exchange surface, char-
acteristics of main equipment, target products and recycling water (viscosi-
ty, density, thermal conductivity coefficient, specific heat, pH, total hard-
ness, alkalinity, content of calcium, iron, sulfates, total dissolved solids),
scheme of the main part of RWS system and pipelines diameters.

In the formalized form, the problem is to find the minimum value of an
objective function:

Iopt = VTEW Fu (8.1)
subject to constraints:

T, <T'M: CyesCm (8.2)

out

and operators which represent mathematical models of decision support for
variants generating of:
— structural chart of an auxiliary part of RWS system:

WG x Ty x Ty xTMx Gy xCoy xCM 5 K (8.3)

— hardware design for the structure chat of an auxiliary parts of RWS
system:

QG xTyp X Ty X T x Ciy x Coyy xCM™ Ky —> R - (8.4)

Problem (8.1) — (8.4) belongs to a class of combinatorial problems. If
stated as above, the solution to this problem cannot be obtained due to high
dimensionality of system variables set, complexity of mathematical models
of technological processes at each stage, etc. For these reasons the proce-
dure of RWS system synthesis consists of a sequential consideration of two
sub-problems of smaller dimension which in addition have independent
values for design process:

— variants generation for technological schemes structures of an auxil-
iary part of a RWS system and their optimal choice;

— calculation of hardware design for the chosen technological scheme.

If there is no solution for the second stage of synthesis, decision maker
(DM) chooses a different solution form the set of solutions obtained at the
first stage. This choice is based on the rules discussed below.

8.1.1. Problem of selection of technological scheme structure

Problem of selection of technological scheme of an auxiliary parts of
RWS system from a set of possible variants on the basis of mathematical
optimality criteria is, as a rule, rarely solved due to complexity of imposed
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system conditions and a large set of evaluation criteria as well. The most
advanced method for solving of this problem type is the use of expert sys-
tems [1]. In order to choose an optimal structure of a process from a set of
variants it is necessary to clearly define the evaluation criteria, which are
divided into three groups: cost, reliability and safety. In this case, it is rec-
ommended to use an integrated assessment based on allocation of weights
between these summing groups subjected to specific conditions.

In this paper we propose the following problem statement for techno-
logical scheme structure generation: find a sequence of process steps of the
system such that under conditions:

T, <T"™ G, <C'™, (8.5)

for the operator represented by a mathematical model of variants gen-
eration for structural schemes of an auxiliary part of RWS system (8.3), the
following equation holds:

Kopt = arg minQ, (k- (8.6)
keK

As we propose to use multi-criteria selection of the optimal technolog-
ical scheme structure, it is necessary to choose normalization and ranking
methods for the set of criteria and a multi-criteria selection method. In this
paper the optimality criterion Q; represents the sum of weighted relative
losses of the following criteria: reduced costs for implementation of an aux-
iliary part of RWS system, reliability of the system, technological effective-
ness and the safety of process [2].

Integral criterion Q; is

4
Qi(K) = D (piw (K)), 8.7)

i=1

Here p1, p2, p3, ps are the weights.
. 4
p={pi}={pi:pi>0,|:1,---,4, ZPFl}, (88)
i=1

where p;, o;(k) — weighted loss of the i-th criterion; ®;(k)=0;(F;(k)),
(i=1,...4,keK) — monotonic functions which convert each objective
function F;(k) to dimensionless form; F;;(k) — economic criteria which in-
cludes costs of implementation of the system; F,(k) — criterion of reliability
of system functioning; Fi3(k), F14(k) — criteria of technological effectiveness
and criterion of safety respectively. Here we find minimum value for func-
tion Fy; (k), and maximum values for functions F,(k), F13(k), F14(K).
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Functions w;;(k) (k € K) are written as:

(k) - R Fo(k) - RS
1(k)=%, 0)lz(k):%, (8.9)
Fll _Fll I:12_ 12
Fra(k) — B Fia(k) - R
%3(k)=%, mu(k):H. (8.10)
F13_ 13 I:14_|:14

Here

FT™ — maximum value of minimized function F,(k)(k eK) on a
feasible set K;

FOn . REn ETN _ minimum values of maximized functions F,(k)
, Fia(k), Fu(k) (keK) onafeasible set K;

FS, RS, F3, FS — optimal values of objective functions F,(k),
Fio(k), Fis(k), Fa(k) (keK) respectively on a feasible set K. Values of
(k) (i=1...4,k eK) range from 0 to 1.

We need to find a compromise variant (k € K) that will not be opti-
mal for objective functions Fy(k), F,(k), Fa(k), Fa(k), but it will satis-

fy the integral criterion Q1(K).
In order to find a single solution of a complex problem one has to set
the weights p; (i =1,4), which satisfy (8) and reflect relative importance of

objective functions F(k), Fy,(k), Fak), Fu(k) (keK). In this case the

most effective methods are ranking method and allocation of weights [3]
(the latter is used in this paper).

Economic criterion. During the process of filling in a database of water
preparation methods at each stage we take into account estimated consolidat-
ed cost of their implementation. This criterion does not provide exact cost
value, as at this stage we have data only about water preparation stages based
on which we can give approximate cost estimation of schemes functioning for
an auxiliary part of a RWS system using expert estimations [4]. Components

of criterion Fy,(k) are:

Ny Nk
Fii=2 Sk(G)+ 2 Si(G.my) keK. (8.11)
i1

i=1
It should be noted that different expendable materials can be used in
implementation of process steps, for instance, we can use
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oxyethylidenbiphosphone acid, nitrilotrimetilfosphonic acid and others to
implement the complexone technology.

Criterion of equipment reliability. Reliability is a property of equip-
ment to perform its functions maintaining its initial characteristics within
acceptable limits, corresponding to the terms and conditions of its use,
maintenance and repair within time span. Reliability is a complex property,
thus, it can comprise no-failure operation, maintainability and conceivabil-
ity separately or in combination depending on equipment functions and op-
erational conditions for the equipment unit and for its parts:

Ng
Fp= mKaxH Pt;, k e K. (8.12)
i=1

Data on reliability indicators for individual types of equipment is listed
in Table. 8.1.

Criteria of reliability and safety can be described similarly.

Using data from a database created during purification, water cooling
(heating) and other processes design and defining the aim, for example,
quality of water in the system, we can find a combination of technological
stages to achieving this aim with the use of decision-making mechanism.
Fragment of such database is shown in Table. 8.1. The database contains
rules, empirical knowledge and general data that is available to experts.

For a formalized description of data sets required to solve the above
problems it is necessary to create a structured database. Data structure for
this research area is displayed as a set of informational and logical models
(ILM) and rule-based models (RBM) of decision support systems. Data
normalization requirements for such models should be fulfilled and models
themselves should be represented in canonical form.

In general view, an ILM for selecting of technological schemes of wa-
ter purification stages and of appropriate hardware design represents a sum
of data sets and links between them written in the form of production rules.

A coherent system is formed by combining several process steps with
different efficiency (e.g. water purification process). First, we choose feasi-
ble variants of system structure using data about parameters of water at each
technological stage and linked stages. Then we choose an optimal scheme
for the auxiliary part of RWS system based on estimations of consolidated
reduced costs, reliability, technological effectiveness and safety criteria.

Feasible set of technological schemes for RWS systems is formed us-
ing a heuristic algorithm. At first we formulate relationships between tech-
nological stages that allow to receive required water parameters, input and
output of the main equipment used at certain stages, links between current
and proceeding stages and other similar relationships in the form of rules.
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8.1. Fragment of a database for water preparation process

o Equipment Technological | Probability of
g Method Equipment reliability effectiveness, | fire/explosion
» (0...1) rank (0...10) (0...1)
Electro- APU-150 0.78 6.5 3510
chemical
Water King 1 0.68 5.2 2.6-10*
Acoustic -T2 0.73 5.3 3.1-10*
Acoustic Ekoacoustic 0.7 5.3 3.0.10*
USP-300 0.63 48 2710
£ AktiIMAG 4
0.86 8.5 3.5-10
E Magnetic TS156
]
= Complexone -6 0.82 45 3510
4
Complexon ADK-08(07) 0.6 7.8 2310
e 1ZH-25 0.83 49 2710
technology ™1 ouise -2 0.78 6.8 2510
Cation D-V4450 0.86 5.8 1.7-10°
filters e e e
Rosinka-5 0.80 8.5 2510
EKM 0.85 7.9 2.310*
GMVB-10 0.79 8.7 2.4.10*
Coolers
VODEH-700 0.81 7.4 3.1.10*
> GM-2 0.84 79 2210
£
8 Dual heat
— —4
E | exchangers 0.84 8.3 2.710
= OVE-25-03-13 0.79 79 2610
Ejection =
Coolers ROSA 0.83 8.1 2.1-10
Thermal 0.87 7.4 1510*
pumps
S
© Centrifugal 4
0.82 6.0 4.8-10
:% Pumps pumps
s
=
Turbine pumps 0.81 6.0 45%10*
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Since dimension space of combination set does not exceed 1000, and
taking into account high performance of modern personal computers, the
solution can be obtained by exhaustive search through all possible combina-
tions of schemes.

8.1.2. Choice of equipment

The next step at synthesis of water preparation stages for RWS sys-
tems is calculation and choice of standard equipment sizes for a selected
technological scheme.

Most types of equipment have standardized sizes (e.g. cooling towers,
pumps, etc.). Ejection coolers, dual heat exchangers and heat pumps can be
manufactured according to individual orders.

This problem can be stated as follows: for each stage of an auxiliary
parts of RWS system we have to find type of equipment, its geometric di-
mensions and quantity of each type that provide normal functioning regime
of the whole system:

Fopt =g MINQy(r) (8.13)
reR
subject to constraints:
Tou T Cype<C™ (8.14)

for the operator represented by a mathematical model of decision-
making support for hardware design variants generation for an auxiliary part
of RWS system (8.4).

Components of the criterion are:

Nt Nt KiI
i=1 i=11=1

Mathematical model of decision making for hardware design selection
for specific equipment types includes formulae for calculation of equipment
volumes and parameters based on the notions shown in [5 — 9, etc.]. All
methods of calculation for certain equipment types of RWS system for
software design problem are presented as a base of calculation modules.

Since the number of standard sizes for each equipment type is not
large (for example, cooling towers "Rosinka" have only five sizes) it is ap-
propriate to use full exhaustive search for calculation of its required quanti-
ty. By doing so we achieved the global minimum of reduced cost criterion
for the given problem.
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8.2. EXAMPLE OF PROBLEM SOLUTION

To solve problems (8.5) — (8.12) and (8.13) — (8.15) we have devel-
oped an information system which includes a database of equipment used in
RWS systems and software that allows user to select an optimum scheme of
RWS system and equipment with necessary characteristics.

Automated synthesis procedure for a RWS system of a chemical en-
terprise was implemented at modernization of RWS system of the public
corporation "Pigment” (Tambov). Based on the proposed approach we se-
lected the scheme which includes the following equipment; electrochemical
water purification apparatus "APA-150"; cooler Rosinka, centrifugal pump
150-125-315 with characteristics: (supply — 200 cu.m / h, pressure — 32 m,
with engine capacity of 30 kVt/1500), with initial water characteristics: pH —
7.8, chlorides 269 mg / I, sulphate — 332 mg / |, hardness — 9.2 mEq / L, iron
—3.2mg /I, suspended solids — 16 mg / |, transparency of — 20 cm.

The proposed procedure of automated synthesis of technological
scheme for recycling water supply system for a chemical enterprises using
the theory of expert systems allows to choose the most suitable water purifi-
cation system for specific conditions and criteria set by consumers under
conditions of large-scale dimension of variants.

Notations

Ciy. Cour 1 C™ — total concentration of contaminants in water at the
beginning and at the end of production cycle for a target product, and their
maximum allowed values;

F, —integral criterion for the w-th variant of RWS system;

G — water discharge;

K — set of variants for structural schemes of RWS systems;

Kopt — Optimal variant of technological scheme of an auxiliary part of
RWS system;

m;, — expenditure rate for materials needed for water purification pro-
cess at the i-th stage of the k-th variant of RWS system;

m;, — expenditure norm of I-th material needed for water purification
processes at the i-th stage;

Ny — number of stages for the k-th variant of RWS system;

N, — number of stages in the scheme;
N, —number of expenditure materials types;
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n; — number of main units of equipment at the i-th stage;
Pb,; — static probability of fire (explosion) at the i-th stage of the k-th

variant of CW system;

Pt,; — probability of non-failure work of equipment on the i-th stage
of the k-th variant of CW system;

Q,, Q, — criteria for selection problems for technological scheme
structure and equipment for RWS system respectively;

R — set of hardware design variants for RWS system auxiliary part;

Iopt — Optimal hardware design variant for RWS system;

S (G, m;) — consolidated capital expenditures (cost of basic and aux-

iliary equipment) for implementation of processes at the i-th stage of the
k-th variant of RWS system;
Si (G,m;. ) — consolidated operating expenses for implementation of

processes at the i-th stage of the k-th variant of RWS system, including the
cost of expendable materials (complexones, electricity, etc.);

st, — unit cost of the I-th type of expendable material;

Te,; — technological effectiveness of water preparation at the i-th stage

including: type of process and equipment with the corresponding expenda-
ble materials;

Tin: Tout T'M _ set of temperature levels at the beginning and at the

end and maximum feasible value of the minimum temperature of water to
produce the target product;
V, — main size of equipment unit at the i-th stage;

W =K xR - set of synthesis variants for RWS system;
Wopt = {kopt; ropt} — an optimal variant;
a;, B; — coefficients reflecting dependence of equipment cost at the

i-th stage on material type and basic size;
pi — weight coefficients;
vy, Q — functional operators;

pioy; (k) —weighted loss for the i-th criterion.

BOIIPOCHI 151 CAMOITPOBEPKU

1. Tlouemy B HacTosIIee BpeMs B JIUTEpaType OCHOBHOE BHHMAaHHE
yJIIeNsieTCsl BONIPOCaM, CBSI3aHHBIM C pacuéramMu ammapaTrypHoro ogopmuiie-
HUSI U3BECTHBIX TEXHOJOTMYECKUX CXEM?
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2. Tlowyemy 3amaua cuHTE3a CTaqUil BOJOMOJITIOTOBKH pa30OMBaeTCs Ha
IIBE TIO3aMaumn?

3. U3 xakux coobpakeHuil B 3agaue GopMUpOBaHNs BapHAHTA CTPYK-
TYPBI TEXHOJOTUYECKON CXEMBI HCIIOIB3YETCS! MHTErPAIbHBIA KpUTEPHNA?

4. Kakue METOIBl HCTONB3YIOTCS MPH 33JaHUH BECOBBIX KOA(QHIIH-
SHTOB JUISl OTACNBHBIX KPUTECPHUEB 3a1a4un?

5. Kakue MeTo/1bl MOXXHO HCIIOJIB30BATH MPH PELICHUH 33/1a4H CHHTE-
3a CTaIA¥ BOJOIOATOTOBKA?

CIIMCOK JIMTEPATYPBI K I'JIABE 8

1. Mepexko, A.I'. UudopmanmoHHas cuctema Juisi aHalIu3a U MOJIe-
JIUPOBaHUS TeXHOJOTHM Bogonoarorosku / A.I'. Mepexxko, C.I1. Opnos //
BectHuk CamapcKoro TrocyfapCTBEHHOTO TEXHHYECKOTO YHHBEPCHTETA.
Cepust: Texumuaeckue Haykn. — 2009. — Ne 1(23). — C. 233 — 236.

2. Maneirun, E.H. ABTOMaTn3npoBaHHbBI CUHTE3 CHCTEMbI OUUCTKH
ra30BbIX BBIOPOCOB 1T MHOI'OACCOPTUMEHTHBIX MaJIOTOHHAXKHBIX XHUMHUYE-
ckux npousBonactB / E.H. Manerun, B.A. Hemturos, 10.B. HemtuHoBa //
Teoperndeckue ocHOBBI XxumMuueckoit Texnonoruu. — 2003. — T. 27, Ne 3. —
C. 613 -620.

3. Muxanesuu, B.C. BprauciauTeabHbple METOIBI HCCIEIOBAHUSA U
MIPOEKTHPOBaHUs CIOXHBIX cucteM / B.C. Muxanesuy, B.JI. Bonkouu. —
M. : Hayka, 1982. — 286 c.

4. HemtuHOB, B.A. [IlpuMeHeHNE TEOPHH HEYETKUX MHOXECTB U KC-
MIEPTHBIX CHCTEM NPH aBTOMATH3MPOBAHHOM BBIOOpE >JIEMEHTA TEXHUYE-
ckoit cuctemsl / B.A. Hemtunos, C.5. Eropos, I1.U. ITaxomos // Uudop-
ManuoHHble TexHosnoruu. — 2009. — Ne 10. — C. 34 — 38.

5. XKyp6a, M.I'. BonocnaOxenue. [IpoekTrpoBaHHE CHCTEM U CO-
opyxennii / M.I'. XKyp6a, JLU. Cokonos, )K.M. 'oBopoBa. — M. : U3n-Bo
ACB, 2004. - 256 c.

6. Heuaes, A.Il. Pa3Burre 00OpPOTHBIX W OECCTOYHBIX CHCTEM BOMIO-
cHaOxenwns / A.Il. Hewaes. — M. : BHTUIlenTp, 1980.

7. Ilonomapenko, B.C. I'pagupHy NpPOMBIIIJICHHBIX M 3HEPreTH-
YeCKHX MpeanpusTuid : cmpaBouHoe mocobme / B.C. IloHomapenko,
10.1. Apedres. — M. : Dueproatomuzaar, 1998. — 376 ¢

8. Bbemukos, C.E. Bomonoaroroska : cnpaBounuk / C.E. beiaukosa. —
M. : AxBa-Tepwm, 2007. — 240 c.

9. HBanos, B.I'. BogocHabkeHne NMpPOMBIIUICHHBIX IpeINpUsITHN /
B.I'. IBanos. — CII6. : IletepO. roc. yH-T myTtelt coobmenus, 2003. — 537 c.

117


http://elibrary.ru/issues.asp?id=11971&selid=535255
http://elibrary.ru/issues.asp?id=11971&selid=535255

MaBa9

KOMMNEKC BUPTYAJIbHbIX TPEHAXEPOB AN
OBCITYXXUBAIOLLEIO NEPCOHAJIA CUCTEM
noaroToBK n OYNCTKU BOAbI

JIJis TOCTKEHUsI COBPEMEHHOTO YPOBHS KauecTBa BOJIBI, B CBS3U C I10-
BCEMECTHBIM 3arps3HEHHEM HCTOYHHKOB BOJOCHAOKEHHMS (KAaK TOBEPXHOCT-
HBIX, TaK ¥ IMOJI3EMHBIX ), OCTPO BCTAET MpoOiieMa OUYNCTKA BOIBI. OCHOBHBIM
HCTOYHHUKOM 3arpsi3HCHUH SKOJIOTHYCCKOW CHUCTEMBI SIBJISIFOTCS HEOUHINCH-
HbIE WK IUIOXO OYHIIEHHbIe cTo4YHbIe BoJbI [1]. Kak npasuito, Boja, npeaoc-
TaBisieMast Ul UCIOJb30BAHKS, HE MOXKET ObITh MPUMEHEHA /IS TeXHHYe-
CKUX IIeJieli WM OBITOBOTO HCIIOJB30BaHMS 0€3 CICIHAIbHOW O0OpPabOTKH.
TpeOyemoe Ka4ecTBO BOABI MOXKET OBITh JOCTHIHYTO IPU NMPUMEHEHHH pa3-
JIMYHBIX TEXHOJIOTHYECKUX CXEM TIOJrOTOBKU U OUUCTKH BOABI [2].

B cBOI0 ouepesib HE MEHBIIYIO 3HAYUMOCTh [IPUOOPETAET YCKOPEHHAS
u 3¢ deKTHBHAS NOATOTOBKU KBATU(DUIIMPOBAHHBIX KaJPOB JJIsI yIIPABICHUS
CHCTEMaMH MOJrOTOBKH U OYHMCTKH BOJBL. Takoe mojokeHue Belleit qenaer
aKTyaJlbHOM 3aja4y pa3pabOTKH KOMILIEKCA BHPTYAIbHBIX TPEHAKEPOB
U CHUCTEM IJIsd O6y‘-IeHI/IH OIIEPATOPOB HABBIKaM YIPABJICHHUA TCXHOJIOI'U-
YCCKMMHU TIpoHeccaMu pa3IMIHbIX CTa[[I/Iﬁ BOAOIIOAIOTOBKHM M OYHUCTKH
CTOYHBIX BO/I.

9.1. METOZBI N AJITOPUTMBI PASPABOTKU BUPTY AJIBHBIX
TPEHAXEPOB CUCTEM MHOJATOTOBKH Y OUMCTKU BObI

Pa3paboTka BUpTyaJIbHBIX MOJENEH NesITeIbHOCTH ONepaTopa Oocylle-
CTBJIIETCSI HA OCHOBE METOJOB JKCIEPHMEHTAIBHOI0, MATEMaTHYECKOTO U
HMMHUTALMOHHOT'0 MOJICTUPOBAHHS.

OpHolt U3 Pa3HOBUIHOCTEH 3KCIIEPUMEHTAIBHOTO MOJICTUPOBAHUS Jes-
TENTBHOCTH ONEepaTopa SBIACTCS JJaOOPaTOPHBIN SKCIIEPUMEHT, KOTOPBIH MO-
*KeT OBITh JBYX BHJIOB: CHHTETHUYECKHH M aHanmuTHieckuid. [Ipu cuHTeTHue-
CKOM 3KCHEpPHMEHTE HCCIIeIOBATEeNN MBITAIOTCS BOCIPOU3BECTH BO3MOXKHO
GoJiee TOYHO BCE IEIM M YCJIOBHS JAHHOTO BHJA TPYZOBOH JAESITEIHLHOCTH.
[Ipn aHANMMTHYECKOM SKCIIEPUMEHTE B JIA0OPATOPHBIX YCIOBHUSIX BOCIIPOM3-
BOJIST TOJILKO KaKON-TO OAMH 3JIEMEHT TPYJOBOU JI€ATEIbHOCTH, BCE OCTallb-
HBIE 3JIEMEHTHI TIPH 3TOM CO3HATENIFHO HMCKITIOYAIOTCS. DTH BapHAHTHI MOJIe-
JIMPOBAHMS ONEPATOPCKOM JEATENFHOCTH MOTYT OBITh HPHMEHEHbI JIMIIb B
peaNpHO CyIIECTBYIONMX cucTeMax "uenoBek-manmmHa" (CUM) mim npu Ha-
JINYUH UX MAaKeTOB, UMHTaTOPOB, HCIBITATEIIFHBIX CTCH/IOB.
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Maremaruueckoe MOJAEINPOBAHUE MPUMEHSETCs ISl (POpPMaIN30BaH-
HOTO OIMCAHWS U TOCTPOCHHS MAaTEeMaTHYECKHX MOJENeH AeATeIbHOCTH
ormeparopa.

Oco0eHHO HIMPOKOE MPUMEHEHHE B IOCIeNHEee BpeMsi IpHoOperaer
COYETaHNE ECTECTBEHHOTO JKCIIEPHMEHTa C MAaTEMaTHIECKUMH MOAEIAMHU
JEATETLHOCTH OTIEPaTOpa.

OnHaKO IEpPEYUCICHHBIE BBIIIE METOJBI MOJECIUPOBAHHS OIEPaTOp-
CKOM JIEATENIBHOCTH HE MOTYT OBITh MCIOIB30BAHBI IS N3YyUCHNS U aHATH-
3a IEATEIBHOCTH omepaTopa. Torzaa moje3Hsle pe3yabTaThl JaéT MPUMEHE-
HHUE CTaTHCTHYECKOTO MOJICIMPOBAHMS (MMHUTAIIMOHHOTO MOJEIHPOBAHUS).
Merto OCHOBaH Ha MMHTAIMU BO3ACHCTBUS CIIyYaiHBIX (PAaKTOPOB Ha Aes-
TEJILHOCTH omepaTtopa M (yHkunonupoanne CUM HemocpencTBEHHO B
X0/1€ MOJICITUPOBAHMS.

O0630p METOZI0B MOJEIHPOBAHUSA JIESTEILHOCTH YeJIOBeKa-oleparopa
MIOKa3aJl, YTO IpH pa3pabOTKe BUPTYaIbHBIX TPEHAXKEPOB Ul OOY4EHHUS U
TPEHHHTa OINEPaTOpOB CHCTEM IOATOTOBKM M OYMCTKH BOJBI, HamOoiee
LeNeco00pa3HbIM SIBJISIETCSl IPUMEHEHHE METOJ0OB MMHUTAI[HOHHOTO MOJe-
JIMPOBAHMSI.

ANTOPUTM NPOEKTUPOBAHUS BUPTYAJIHHOTO TPEHAKEPHOTO KOMILIEKCA
BKJIIOYAET CIIEAYIOLIME IPOLECCHl: pa3pabdoTKa CTPYKTYphl BUPTYAIBLHOIO
TpPEHaKEPHOTO KOMIUIEKCA; aHAJIN3 HOPMATHBHOW JIOKYMEHTALlMH, pa3pa-
00TKa mepenHeil maHenu TpeHaxEpa, pa3paboTka MaTeMaTHIEeCKONH MOJEIH
JIeATeILHOCTH OllepaTopa, pa3paboTKa OCHOBHBIX MOAYJEH TpeHakEpHOTO
KOMILIEKCa.

9.2. MOJIEJIb AEATEJIbBHOCTU OIIEPATOPA

Baxknyto ponb nipu pa3paboTKe TpeHaKEPHOTO KOMIUIEKCA HIPAeT MO-
JIeNTb IEATeIEHOCTH YeJI0BEeKa-olepaTopa, KOTOPY Heo0XoauMo pa3pado-
TaTh elE Ha CTaJH NPOSKTUPOBAHUS TEXHUUECKOH CUCTEMBI.

Juist onucaHusl MaTeMaTU4eCKOW MOJeNu ucmonbs3yercs rpad (4, B)
(puc. 9.1). [lpumenenue rpada MO3BOIAET HATIITHO WILTFOCTPHPOBATH I10-
CJIeZIOBAaTEeNIFHOCTh AEATENIEHOCTH omeparopa. Paccmorpum mporece dop-
MHpPOBaHHUS MaTeMaTHYECKOM MOJEIH JeSTeIbHOCTH YelIOBEKa-oIeparopa
Ha CJIEAYIONIEM IpUMepe: IyCTh MPOU3BOACTBEHHAs JEATEILHOCTh OMMCHI-
BaeT rpad, kKaxaou BepuinHe rpada (MHOXKECTBO A) CTAaBUTCS B COOTBETCT-
BHE TNPOAYKIIMOHHOE TPABWIO BHIA: eciu ycaogue, mo oelicmsue, uHaie
Oeticmeue (1abn. 9.2), a ayre (MHOXeCTBO B) COBOKYIMHOCTH JICHCTBHH,
KOTOpBbIE HEOOXOAMMBI JUIS IEpexojila M3 OJHOIO COCTOSHHS B Jpyroe
(ta6ma. 9.3). CooTBeTcTBHsI 0003HAYEHUI DJIEMEHTOB Ha IYJIBTE OIEPAaTOpa
1 0003HAYEHHUI MaTEeMaTHYECKON MOJIENIN IPUBEIEHBI B Ta0JI. 9.1.
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9.1. CooTBeTcTBHS 0003HAYECHHS 3JIEMEHTOB HA MYJIbTE ONlepaTopa u
0003HaAYeHHS 31eMEHTOB MaTeMaTHYeCKOH MoJe/IH

OnemeHT Ob6o3HaueHne DneMeHT O6o3HaueHne
Sy Tepmomerp Z3 3anopHas apmarypa K1
S, Hacoc H1 Zy 3anopnas apmarypa K2, K3
Sz Hacoc H2 Zs 3anopHas apmarypa K5, K6
S, Hacoc H3 Zg ITonaua pacteopa [TIAA
S Hacoc H4 Z; 3anopHas apmarypa K7
JlaTuuk pacxona pacTBopa
Se KoaryAHTa Zg  |3amopnas apmarypa K8, K9
S; JlaTyuk pacxoza BOAbL Zy 3anopnas apmarypa K11, K12
Sg Jatunk pacxoma pactBopa [TAA Zyy |3anopnas apmarypa K 10
So Taiimep Z,; |3anopnas apmarypa [13
z Perynstop remneparypsl
! |mapoBoro nonorpesarens
9.2. lIpoayKuMOHHBIE MPABHJIA
Bepumna Iponykuuonnoe Bepunna IponykionHoe
rpada IIPABUJIIO rpada TIPaBUIIO
A1 | ECIIM S, <20 TO B} Aq ECJIU Sg=01 So=2TO Bj
ECJIM 10 000 <S7 < 7
Ay A -
2 <25 000 TO st 5 ECJINS,=0TO B,
A3 | ECIIMS,=0TO B} Ag ECJIM S,=0TO B}
43" |ECIIM S3=0TO BS...
4 ITonaua ocBeTIEHHOI BO/BI Ha
8 JABHEUIIYIO 00paboTKy
9.3. CoBokynHoOCTB AeiicTBHii
Pe6po c . . Pe6po C . .
rpa(*ba OBOKYIHOCTbH JAC€UCTBUH l"pa(ba OBOKYIHOCTbH ICUCTBUH
B:L2 Zl =1; Zl =0 B? le =1; SG = (0,25, 0,35), 211 =0
B} | 2,=1;5=(27;68);Z,=0 | B, Z,=1,25=1;2,=0;Z3=0
BS 23:1;25:1;23:0;25:0 BZ Z7:1;Zg:1;27:O;Zg:O
BS | Zs=1;24=1;Z3=0;2,=0
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Jns peanmzanmm TpeHaxEPOB BhIOpaHa cpela NPOrpaMMHPOBaHHS
LabVIEW 7.0. LabVIEW — 3t10 cpena paspaboTku U miaTdopma Ijis BEI-
MIOJTHEHHS MPOTPaMM, CO3JaHHBIX Ha TPa)MUECKOM SI3BIKE IIPOrpaMMHUPOBa-
Hus "G" ¢upmer National Instruments [8]. E€ npumenenue oOycioBieHO
BO3MO)KHOCTBIO MOYTH TOJHOW MMUTALUK PEATbHON IAHENH IyIbTa yIpaB-
JICHUs! oTlepaTopa, KOM(POPTHOCTBIO CPEAbl pa3padOTKH U COBMECTUMOCTHIO
C COBPEMEHHBIMH SI3bIKaMH IIPOTPaMMHUPOBAHHUSL, TOCTYITHOCTHIO.

B CcOOTBETCTBHM C METOMOJOTHYECKUMH OCHOBaMHU pa3pabOTKH BHp-
TyaJbHBIX MOJIEJICH TEXHUUECKHUX CHUCTEM [3 — 7] B paMKax JaHHO# paboThI
ObUT pa3paboTaH KOMILIEKC BHPTYalbHBIX TPEHaXEPOB MO OTpabOTKe Aei-
CTBHH omlepaTropa, KOTOPBI pacCMOTPUM Ha IPUMEPE MOCIIE0BATEIHLHOTO
BBINIOJIHEHUS CTaJuil TpeIBapUTENbHON 00pabOoTKH BOABI (MTPEAOYUCTKH)
[0 CXEME KOaryisilUs B OCBETIHUTENE C JO3MPOBKON MOJIHMAKPHUIAMHIA
(ITAA) (puc. 9.2) u 6HOIOTHIECKOH OUYUCTKH CTOYHOM BOAHI (puc. 9.3).

PazpaboTtaHHble TpeHAKEPHI ABIAIOTCS CTATUYECKHMH, T.€. B HUX OT-
CYTCTBYIOT (PM3UKO-MaTEMaTHYECKNE MOJICIIN TIPOLIECCOB, IPONUCXOISIINX B
000pyIOBaHUH, HO JEMOHCTPHUPYETCS ONpPEACIEHHBIN MOPSIOK ACHCTBUI
orepaTopoB. Tak ke B HUX IPEACTABICHBI OCHOBHBIC amIapaThbl, IPHOOPHI
U OpraHbl YIPaBICHHS.

OCHOBHOM 3aaueil pacCMaTpUBAaEMBIX TPEHAXKEPOB SABISIETCS UMHUTA-
LS TTPOLIeCcCa YIPABJICHUS M B3aUMOACHCTBUS MEXKy CTaJUsIMHU Ha IPUMeE-
pe TpeaBapuTeNIbHOW 00paboTKU BOABI Mo cxeme "Koarynsius B 0CBETIH-
Tene ¢ JO3MPOBKOH mojmaxkpuiampaa”, a Takke OHOJOTHYECKOM OYHCTKU
CTOYHBIX BOJI, PACMOJIOKEHHBIX Ha OYUCTHBIX KOMMYHAIBHBIX CHCTEMax
(OKC). K ¢pyHKIHAM NTaHHOTO KOMIDIEKCAa BUPTYAIBHBIX TPEHAXKEPOB MOXK-
HO OTHECTH:

— oTpaboTKa AEHCTBHUI OEpaTOPOB B PA3INYHBIX YCIOBUAX (DYHKIIHO-
HUPOBAHMS OYHCTHOTO 00OPYIOBAHMUS;

— o0y4yeHne onepaTopoB IOCIEAOBATEILHOCTH IEHCTBUHA AL JOCTH-
KEHUsI 33JaHHOTO YPOBHS OUYMCTKH CTOYHOM MIIM 00pabaThIBaeMOi BOIBI;

— IpuOOpETeHNe OIepaTopaMu MPEJCTABICHHH 0 MEeXaHH3Me PadOThI
OYHUCTHOTO U BOJIOTIOATOTOBUTEILHOTO 000PY/I0BaHuS,

— OTCISKUBAHME 3HAUYEHUU Temneparypsl, pH u apyrux xapakrepu-
CTHK, TIO3BOJISIFOIMX ONEpaTopy yOeIUThCs B peKUME HOPMAJIBHOTO MPOTe-
KaHHs PoLIecca OYUCTKH;

— IIOJTy4eHHUe omeparopaMu rpaUuecKoro OTOOPaKEHHs 3aBHCHUMO-
cTell (Harpumep, 3aBUCUMOCTH CyTOYHOTO NMPUTOKA CTOYHOW BOJBI OT Bpe-
MEHH, TI03BOJISIONIEH OTCIEAUTh MOCTYIUICHNS! CTOYHON BOJIBI HA COOpYXKe-
Hust OKC).

K BO3MOXHOCTSIM BBIIICYIIOMSIHYTBIX BHPTYQJIBHBIX TPEHaKEPOB
MOYKHO OTHECTH CIIEYIOIIHE:

— BO3MOXKHOCTh TPOPa0OTaTh pa3IMYHblE BapUAaHThl HPOXOXKICHUS
HCCIIeIyeMOil BOJIBbI 110 UMEFOIIMCS CTa/IUSIM OYHCTKHY;
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— HCTOJIb30BaHKe (HAa MPUMepe OMOJOTHYECKOW OYMCTKH) BO3MOXKHO-
CTH TI0JIa4¥ CTOYHOHN BOJIBI Ha MapajuIeNbHO pabOoTarONIYI0 O4epeab OUUCT-
HOTO 00OpyHOBaHHS OONBIIETO 00BbEMA, B CIydae MPEBBINICHUS JIOITYCTH-
MOTO ypOBHS 00BEMa a’pOTEHKa WM HEOOXOAMMOCTH MOBBIIICHUS JUTH-
TEJILHOCTH TPOLEcca a’paluy B a3pOTEHKE;

— BO3MOJKHOCTH (Ha IpHUMepe MpeaBapUTeI-HON 00paOOTKH BOMBI) BHI-
0opa OIHOTO M3 BO3MOJKHBIX IPEUIAracMbIX PacTBOPOB KOAryisHTOB, pa3-
JIMYHOTO IIPOLIEHTHOTO COJIEPKaHUs, IPU JaHHBIX KOHKPETHBIX YCIIOBUSIX;

— BO3MOXXHOCTb PYYHOTO ¥ aBTOMATHYECKOTO yIIPABICHUS;

— BO3MOXHOCTh MOJIEIIMPOBAHMS M OTPabOTKM aBapHHHBIX CHUTyaunuil
u ap. [9].

Paccmorpum moapoOHee (yHKIMOHAIBHBIE BO3MOXKHOCTH TaHeJen
TPEHAXKEPOB.

9.3. TPEHAXEP OIIEPATOPA CUCTEMBI
MNPEABAPUTEJIbBHOM OGPABOTKHU BOAbI

[Tocne 3amycka TpeHaxxk€pa TpeaBapUTENbHOM 00pabOTKM BOJBI Ha
9KpaHe MOSBJIETCS €ro nepeaHsas maHenb (puc. 9.2) TpeHaxépa, KoTopas
cocTouT W3 JABYX obOmacteii: "Pabodee mecto omeparopa" u "Bcmomora-
TeJbHas MaHelb" .

B obnactu "Pabouee MecTo omeparopa’ MpeACTaBICHBl OCHOBHBIC all-
mapatel (0aku ¢ pacTBOpoM KoaryisHTa u ITAA, ocBernmurens U T.0.) U
PUOOPBI, PETHCTPUPYIOMINE UCCIEAYEMbIC TapaMeTphl TEXHOJIOTHIECKOTO
npoliecca npeaBapuTeIbHOl 00paboTku Bojbl. Hapsay ¢ 3TuM Ha maHenu
TpeHaxkEépa pasMeleHbl TPYOOIIPOBOIBI C KIIAIlaHAMU, HACOCHI, 3aIBIDKKU
OTKPBITHS/3aKPBITHS KIAIIAaHOB;, MHIUKATOPHI AT OTOOpayKeHHsS: TeMIepa-
TypHI, pacxosa oOpabaTeiBaeMoil BOJIBI, pacxona koarynsara u I[TAA, nas-
JICHUS B BO3MYIIHBIX KOJIMAaKax W TpyOONpPOBOJAxX, a Takxke TalMep, CUrHa-
JTU3UPYIOMINHN 0 HavYalle IoAadl PEarcHTOB.

BcmomorarensHas nmaHesb COCTOUT U3 TpEX obacteii: manenu "Bridop
KoarymnsHTa", manenu "lIloka3aTenu MCXOXHON M OCBETIEHHOHN BOABI" M IHa-
TpaMMBI, HILUTIOCTPHPYIOIICH colep KaHIe B3BEIICHHBIX YaCTHII BO BPEMEHHU.

[Tanens "BbiOop koarynsHTa" 1MO3BOJISET BHIOPATh OJUH M3 BO3MOX-
HBIX TpEeIIaraéMbIX PAacTBOPOB KOATYJISHTOB, PAa3IMYHOTO MPOIICHTHOTO
CoJiep)KaHMsl NPU JaHHBIX KOHKPETHBIX ycsoBHsX. HamOonbmee pacmpo-
CTpaHEHHE IPU KOaryJsaluH IIOJYYHMJ CEPHOKHCIIBIH aTIOMUHHMH, OIHAKO
€ro TMpUMeHeHHe orpaHnumBaercsi pH oOpabareiBaemoit Boamsl 6,5...7,5.
CepHOKHCIIOE WM XJIOPHOE JKeJle30 JoImycKaeT Konebanue BennunHel pH B
npenenax 4...10. IlpoueHTHOE colep)kaHuE PAcTBOpA 3aBUCUT OT KOHLIEH-
TpaIyy pacTBOPEHHBIX BEIIECTB B 00pabaThiBaeMOii BOJIE.

ITanens "Tloka3aTeny HCXOAHON M OCBETIIEHHOW BOIBI" OTOOpa)kaeT
CIEIYIONINe XapaKTePUCTHKH 00pabaTeiBaeMON BOJBI: COACp)KaHHE B3BE-
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LIEHHBIX yacTull (Mr/i), pH, kapboHaTHYIO XECTKOCTH (MI-3KB/JT), TEMIIEpa-
Typy (°C) COOTBETCTBEHHO JUISI HICXOAHON M OCBETIEHHOH BOJIBL.

[Ipy HenpaBUIBHBIX NEHCTBHUSX onepaTopa (HarpuMep, €Cii PacTBoOp
KoaryissHTa win [TAA mepenur) Ha NEpPEeJHIOI TaHelb BBIBOAUTCS CO00-
mieHre 00 ommobke. ITo Ke COOOIIeHNe 3aMiChIBaeTcs B (Daiiil, a HEBEepHBIM
napamerpam IPHCBanBaeTCs HEOOXOIMMOE 3HAYCHUE H paboTy ¢ TpeHaKE-
POM MO>KHO IPOAOJDKATH AajIblIe.

[Tanens "KoHIeHTpanus B3BEIICHHBIX BEIIECTB' OTpa)kaeT cozepika-
HHE B3BEIICHHBIX BEIIECTB B 0OpabaThiBaeMOil BOJEe BO BPEMEHHU M II03BO-
JISIET OTCIIEKHUBATH IPPEKTUBHOCTH OCBETIICHH.

[Ipu ynpaBneHUH MpoLneccoM IpenBapHTeIbHON 00pabOTKH BOIBI He-
00XOANMO PYKOBOACTBOBATHCS PEIITAMEHTOM M HCIIOJB30BATh KHONKH H
Cpe/cTBa YIpaBJIeHUs, pacloiockeHHbIe B obsacTu "Pabouee mecTo omepa-
Topa" u "BenoMoraTensHas naHems".

9.4. TPEHAXEP OITEPATOPA CUCTEMbI
BUOJIOTMYECKOM OUYUCTKH CTOYHOM BOJIbI

Ilepennsist maHens TpeHaxEpa omeparopa OHOIOTHYECKON OYHCTKH
(puc. 9.3) cocrout n3 Tpé€x obnacreii: nanenu "Pabouee MecTo onepaTopa U
IyJIbT TpeHaxEpa'", maHenu "AHanu3upyeMble okazaTenu" U MaHedH, 0To-
Opaskaromiei CyTOYHBIH MMPUTOK HCCIECTYEeMON BOIBI.

B ob6nmactu "Pabouee MecTo omepatopa W MyJbT TpeHaxépa" m3obpa-
JKEHbI OCHOBHBIC OUYHCTHBIE COOpPYKCHHs (TIEPBHUYHBINH OTCTOMHHK, a’po-
TEHK, BTOPUYHBIH OTCTOMHUK, BO3AYXOJQYBKa M T.J.), BBIMOJHSIOIINE TIO-
CJIEZIOBATEINILHYIO OYMCTKY CTOYHOM BOBI, @ TaKkXKe NMPHOOPHI KOHTPOIS U
yIpaBJIeHUs] COCTOSHUEM OYHIaeMoil BoJs! (TepmoMeTpsl, pH MeTpsl, pac-
XO/IOMEpbI, YPOBHEMEPHI H JIP.)

ITanens "CyTouHbIH NPUTOK" OTpa)kaeT pacxo]l MOCTyNAoLEH CToY-
HOH BOJIBI OT BpEMEHH 3a ONpeAenEHHbIN nmepuo, Hampumep, 06.01.2010 —
07.01.2010.

[lanens "AHanm3upyeMble IMMOKa3aTeNU" BKIIOYACT TPH 0oONacT (Imo-
CTymnaromas BoJa, ocJie IepBOro OTCTOMHMKA, TI0CI€ BTOPOTO OTCTOWHHKA).
Cutyanuu 1...4 MOAETHPYIOT pa3iUYHbBIE BApHAHTHI COAEPKAHUS HCCIEaye-
MbIX napameTpoB (BIIKsy;60,r, B3BEIICHHBIE BENIECTBA, HOHBI aMMOHHMS, (oc-
¢ater) B Boge. OmepaTop 10IDKEH OBITH 03HAKOMIICH C JJOIYCTHMBIMH 3Ha4e-
HUSIMH aHAJIM3UPYEMBIX MOKa3zaTeleld M, B 3aBUCHMOCTH OT BBHIOPaHHOHM CH-
Tyallud Ha HaHenu "AHanu3upyeMble MoKa3aTenu', IPUHUMATh BEPHBIE pe-
menus. Hanpumep, ecnn XoTss Obl OJMH W3 aHAIM3HPYEMBIX I1apaMeTpOB
MPEBBINIAET AOIyCTIMOE 3HAUCHUE, HEOOXOANUMO IPOJIUThH MPOLECC adpa-
L[UM B A9POTEHKE WIIX OTBECTH YaCTh BOJBI HA COCEAHIOI0 OUepeb.

Komrieke BHpPTyanbHBIX TPEHAKEPOB TAKXKE BKIIOYAET: ONHCAHHE
TEXHOJIOTHYIECKUX IIPOILIECCOB; PYKOBOJCTBO IIOJB30BATENS; KOHTPOIbHBIE
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TECTHI /I CAMOCTOSITEIIbHOW MpeIBapUTEIbHOI MPOBEPKU 3HAHUH 00CTy-
’KUBAIOIIETO MEPCOHANA; MYJIbTUMEAUITHBIE POIUKH, TEMOHCTPUPYIOIIUE B
IWHAMHUKE pOIecC pabOoThl OMEpaTopoB, COMPOBOXKAACMBIE 3BYKOBBIMH H
TEKCTOBBIMH KOMMeEHTapusaMH. CIeayeT OTMETHThb, YTO JAHHBIE POIHKA
MOKa3bIBAIOT TOJBKO OCHOBHBIC MPUHIHUIBI YIIPABICHUS CHCTEMaMu 00pa-
OOTKH W OYHMCTKH BOABL. BHpPTyasbHbIC TPEHAKEPH! UCIIONB3YIOTCS B yueO-
HOM IIPOLECCE IMPH IOATOTOBKE CIICHUATHCTOB-HHKCHEPOB TEXHHYECKOTO
npodus [10 — 11].

Peanu3yst METOOIOTHYECKUE OCHOBBI Pa3pabOTKH BUPTYAIbHBIX MO-
Jeneit TEeXHHYECKUX cucTeM [3], ObLT co3MaH KOMIUIEKC BUPTYalIbHBIX Tpe-
HaXEPOB, MPOJEMOHCTPUPOBAHHBIH HAa MPHUMEPE CHUCTEM MOATOTOBKH U
OYKCTKH BOJIbI, KOTOPBIA CHOCOOCTBYET (OPMHUPOBAHHIO y OIEPATOPOB
MPaKTHYECKUX HABBIKOB M YMEHHUI MPUHATHS M BBIOJHEHHUS PEIICHUHA 1O
YIPABICHAIO TEXHOJIOTHYSCKUMH MPOIECCAMH CTaIii BOMOMOATOTOBKH H
OYKCTKH CTOYHBIX BOJI, & TAKXKE MO3BOSIET CBECTH K MHHHMYMY OIIMOKA
OIIepPaTOPOB IPH YIPABICHHH PEaabHBIMH OOBEKTAMU.

BOIIPOCHI 4JIs1 CAMOITPOBEPKH

1. Jlng KakuxX neseil MCHONB3YIOTCS BHPTYalbHBIE TPEHAXEPHI HPHU
9KCIITyaTalli TEXHUIECKUX CUCTEM?

2. Kakue MeTompl MOJACIMPOBAaHHUS HCIOJB3YIOTCS MPH pa3paboTKe
BUPTYAJILHBIX MOZENEH NesITeIbHOCTH oneparopa?

3. B kakoMm Buzme MOeT OBITh Npe/ACTaBICHA MaTeMaTH4ecKas Mo-
JIeNb IesITeIbHOCTH omepaTopa?

4. Kaxkas cpena nporpaMMHPOBAaHUS MOXKET OBITh MCIIONB30BaHA IPU
paspaboTke TpeHaxEPOB?

5. HasoBure ocHOBHbBIE (DYHKIIUHM BUPTYAIBHBIX TPEHAXKEPOB CHCTEM
TIOJITOTOBKH ¥ OYMCTKH BOJIBI?

CIINUCOK JIMTEPATYPBI K I'/TABE 9

1. HemrtuuoB, B.A. MHpOpMAIMOHHBIA aHAN3 W MOJICIUPOBAHHE
00BEKTOB MPUPOIAHO-TIPOMBINLICHHON cuctembl / B.A. HemtunoB. — M. :
WznarenscTBO MamuHocTpoenue, 2005. — 112 c.

2. TexHoJOrusi aBTOMaTH3UPOBAHHOTO CHHTE3a CHCTEMbI 000POTHOTO
BoJOCHaOKeHusT xuMuueckoro npeanpusitust / B.A. Hemtunos, 10.B. Hewm-
trHOBA, A.B. Canymesa, E.C. Eropos // Becthuk TamG0BcKoro rocyaapct-
BEHHOro TexHuueckoro yHusepcurera. — 2011. — T. 17, Ne 1. — C. 6 — 16.
(cT. Ha aHIIL SI3BIKE).

3. MeToabl ¥ aJIrOPUTMBI CO3/1aHHS BUPTYAJIbHBIX MOJIENIeH XUMHUKO-
TEXHOJIOTMUECKNX cucteM : MoHorpadus / B.A. Hemrtunos, C.B. Kap-
nymkuH, B.I. Mokpo3y6 n ap. — Tam6oB : Mzmarensckuit nom TI'Y
nm. I'.P. lepxaBuna, 2011. — 236 c.
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4. Kpacusackuit, M.H. CucteMHbIil mo1xoJl K NPOEKTUPOBAHUIO aB-
TOMAaTH3MPOBAHHONH HMH(MOPMAIMOHHOW CHCTEMbI OOYdYCHHS CTYICHTOB H
TPEHUHTA ONEepaTOPOB XUMHKO-TexHoJormdecknx cuctem / M.H. Kpacusn-
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BeHHOTO TexHmueckoro yauBepcutera. — 2009. — Ne 4. — C. 926 — 935.

5. HHTerpanms BHPTyalbHBIX TPEHAKEPOB B MPOIIECC OOYIEHUS OIIe-
pPaTopoOB TEXHUYECKUX CHCTEM C HCIIOJIB30BaHHEM VHTEpHET-TEXHOIOTHI /
M.H. Kpacusuckuii, C.B. Kapnymkun, [1.JI. Ienos, A. Octpoyx // uc-
TaHIMOHHOE U BUpTYyajbHOE o0yueHue. — 2010. — Ne 7. — C. 38 — 49.

6. Kpacusuckuii, M.H. [IpiMeHeHne BUPTYaIbHBIX TPEHAXKEPOB LIS
00y4eHUs CTYyJICHTOB XUMMKO-TEXHOJIOTHUECKOT0 NPO(WIS U MOBBIIICHUS
KBTU(UKANK TTepcoHana XumMuiaeckux npeanpustuii / M.H. KpacusHcknid,
C.B. Kapmymixus, FO.B. Haykus // OtkpbiToe oopa3oBanue. — 2005. — Ne 6. —
C.51-54.

7. Moxkposy0, B.I'. MeTomonorndeckie OCHOBBI ITOCTPOCHHS aBTOMa-
TU3UPOBAHHOM CHCTEMbI NMPOEKTUPOBAHUS TEXHOJIOTHYECKOTO 000pymoBa-
aus / B.I'. Mokposy6, M.II. Mapuxkosckas, B.E. Kpacunsaukos // Cucremsl
ynpaBieHus u uHpopmanuoHHble TexHomormu. — 2007. — Ne 1.2(27). —
C. 259 - 262.
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9. BacunbeB, A.H. MoaenupoBaHue NpoLeccoB yIpaBJIeHHUs] BTOPHY-
HBIMH BOJIHBIMH pecypcaMu TpoMmblluieHHoro y3ia / A.H. Bacwuibes,
B.A. HemrunoB // Ycrmexu B XMMHUM M XHUMHYECKOM TEXHOJIOTHH : CO.
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10. Mcnonp30Banue WHTEpHETa HPH HWHPOPMAIMOHHOHN ITOJAEPIKKE
NPUHATHS PELICHHH MO YNPABICHUIO NPOMBIIUICHHBIM OpennpustueM /
B.A. HemtnrOB, A.M. ManaenkoB, B.B. Mopo3os, E.C. Eropos // Ilpu-
knannas uapopmatuka. — 2010. — Ne 4, — C. 8 — 12.

11. UndpopmMaiimoHHOE NPOCTPAHCTBO NPHU YHPABICHUH XUMHYECKUM
npeanpusituem / B.A. HemrtunoB, A.M. ManaenkoB, B.B. Mopo3os,
K.B. HemTtuHOB // Xumuueckas npoMblnuieHHOCTh ceronus. — 2010, —
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MnaBsa 10

APPLICATION OF VIRTUAL SIMULATORS FOR TRAINING
STUDENTS OF THE CHEMICAL TECHNOLOGY TYPE AND
IMPROVEMENT OF PROFESSIONAL SKILLS OF CHEMI-
CAL ENTERPRISES PERSONNEL

10.1. VIRTUAL SIMULATORS IN THE CHEMICAL INDUSTRY

In XX century numerous attempts to automate production processes in
various industries were carried out. In 1980-1990s computers became availa-
ble and widespread, which caused rapid development of automated manage-
ment systems of technological processes. Nowadays such systems are widely
applied at the automated assembly (automobile, electronic industry, etc.), and
for the control of technological processes at chemical and power enterprises.

Modern chemical industry actively uses systems of automated control
over technological processes, considerably improving the quality of products,
as well as giving its employees convenient and simple in use tools to control
technological processes and prevent extraordinary and extreme situations. No
doubt, in order to use such systems the personnel should have certain training.
Thus, it is necessary to create the simulators, intended to give students of
chemical technology type and chemical enterprises employees an opportunity
of practicing and improving their professional skills to use the systems of the
automated control and management of technological processes.

Today there is plenty of software intended for training the personnel of
industrial enterprises — simulators, programs for testing and so on. Introduc-
tion of such software packages at the enterprise raises the quality of person-
nel training and contributes to the formation of skills. It should be noted that
computer-aided training involves the use of visual methods; besides, it is
very convenient and easy to use. Simulators and training programs have
become very popular in chemical and power industries since the employees
at these kinds of enterprises quite often use remote controls in their work;
these operations can be easily performed by means of programs-simulators.

Besides, application of programs-simulators seems to be quite promis-
ing in training students at higher educational institutions of chemical tech-
nology type. It is very important for the students to have both theoretical
knowledge and practical skills necessary for the solution to certain industri-
al tasks. It can be achieved through application of systems simulating the
work of particular technological lines. Thus, two goals are achieved: on the
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one hand, students have deeper understanding of the studied material as
representation of devices performance in dynamics is frequently more in-
formative than text descriptions and static illustrative materials; on the other
hand, students have an opportunity to get practical skills necessary for their
further work, without the necessity of using real equipment which is quite
often unavailable, or its use is connected with some difficulties. It is obvi-
ous, that in such cases the use of simulators is, practically, a unique way to
give students the necessary knowledge and skills.

A long-range direction in creation of computer-aided training systems
for chemical enterprises employees and students of corresponding specialties
is the use of SCADA-system as realization medium. With its help it is possi-
ble to create simulators, interaction with which completely simulates the work
at a control panel at the real manufacturing enterprise equipped with a similar
system. It allows the trainee to receive skills, in many respects similar to prac-
tical work at the plant. Another advantage of SCADA-systems for the creation
of simulators is that nearly all the basic network reports are integrated into the
systems of this class, including TCP/IP that enables to create training pro-
grams with the removed access through Internet.

10.2. AUTOMATED SYSTEM OF EDUCATION
AND TRAINING OF THE STUDENTS

The department “Computer-aided design of the process equipment” of
Tambov State Technical University is engaged in the development of the
automated system for of education and training of the students of the spe-
cialization “Flexible automated systems in technology of machines and de-
vices of chemical production” and the personnel of “Pigment” plc, Tambov.
The given system is developed on the basis of LabVIEW programming me-
dia made by the company National Instruments.

The developed system includes the following components:

1. The virtual simulator of a workstation of the operator, controlling
the work of pigment-making device.

2. The module of trainee testing, providing the knowledge check of
simulated technological processes and chemical technologies as a whole.

3. The help system including the description of simulated production
technology.

The training module represents a set of virtual tools created in
LabVIEW system. It consists of two basic components: a simulator intend-
ed for practicing actions in case of emergency, and a simulator imitating the
regular work of the technological circuit.
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Fig. 10.1. Main panel of simulator “PLAS-T”
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The simulator “PLAS-T” (fig. 10.1) represents the virtual tool intended for
improvement of personnel actions in case of emergency, created on the basis of
the existing Plan of Emergency Localization (PEL) of the plant specialized in
production of monometylaniline at “Pigment” plc, Tambov. It represents a
complex including the forward panel, the panel of preliminary adjustments,
subsystems of answers’ processing and those of testing results output.

The basic features of system “PLAS-T” are:

— Conformity of the skills formed via the simulator, to the skills ob-
tained through working life (it is ensured by the fact that the simulator is
based on the existing PEL which is the basic document regulating the be-
havior of people in charge if the emergency occurs) and, thus, it secures the
identity between the actions which operator is obliged to take in case of real
failure and those which he does while being trained on the simulator;

— Inhibition of the skills giving a negative effect when put into real
conditions as the trainee learns about the mistake or the wrong answer thus
helping them to avoid a similar mistake in further testing;

— An opportunity to vary testing conditions; it is ensured by two time
modes of testing and the opportunity to choose a stage of technological pro-
cess, its conditions and type of emergency;

— Registration of the results required for further analysis; these are pre-
sented inside the program in the form of a chart showing correct and incorrect
answers, and as an external file containing complete information on testing;

— Methodical purposefulness of the simulator covering all possible
variants of emergency occurrence and development as stipulated in PEL and
a set of the exercises for students.

The second component of the training module is the “Training-K” sys-
tem simulating control panels of combined technological circuits (for ex-
ample, production of a vinous pigment and a red G one) (fig. 10.2). The
simulator is based on working modes of products manufacturing. The con-
trols are located on the forward panel of the simulator, enabling to supervise
the movement of working media along the circuit, the work of mixing de-
vices drives, and also the indicators of medium level in the devices. With
the help of this simulator the trainee has an opportunity to receive skills of
control over real technological system without using the real equipment.

The important feature of the given simulator is the opportunity to do
personnel training and testing remotely through Internet with the help of a
usual Internet-browser without installation of the additional software. For
this purpose the Internet-page is created; it has constantly updated image of
the forward panel of the simulator on which the active zones corresponding
to its controls are marked. Pressing these zones with the help of a cgi-script
turns into signals, which influence the simulator.
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Fig. 10.2. Main panel of simulator “Training-K”
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10.3. THE COMPLEX OF VIRTUAL SIMULATORS FOR CHEMICAL
TECHNOLOGY SYSTEMS OPERATORS

A number of training modules forming “The complex of virtual simu-
lators for chemical technology systems operators” have been developed by
students of department CDPE of TSTU on the basis of the technique devel-
oped during the creation of the described training modules, which you can
find at http://www.170514. tstu.ru/tren/index.html (fig. 10.3) is developed.

The testing module is created on the basis of “Knowledge control sys-
tem Knost 1.0.4.”(www.scorp.ru), designed for the creation of electronic
tests, testing and viewing of its results. The system consists of two modules:
"Knowledge Control: Testing" (knosttester.exe) and "Knowledge Control:
Administrator” (knostadmin.exe).

With help of administrator module it is possible to create tests and car-
ry out the remote testing on a local network. The test created in the system
Knost, represents a set of questions and several variants of answers to each
question. Each question may have an image in .bmp format, stored in a test
file. Besides, each question has the so-called maximum point received for
the correct answer. Thus, it is possible to identify the complexity of the
question and its effect on the total score.

The set of questions together with the variants of the answers covering
both general knowledge of chemical production technology and the particu-
lar production process presented in the module is stored in the test file.
When the test is over the file is created; its name contains the initials of the
student who has completed the test, and the title of the test itself. This file
can be viewed only with the help of the program "Knowledge Control:
Administrator”. The score file contains the following information: the title
of the test and the student’s surname, the number of questions, correct and
wrong answers, factor of knowledge and a mark given according to a five-
point scale. Besides, the examiner can look through the answers given by
the student.

In addition to training and testing modules the structure of information
system for training chemical enterprises employees includes the help sys-
tem. It contains the descriptions of technological processes used in the train-
ing module, and also the user's guide for training modules, created with the
help of Macromedia Captivate system and representing interactive demon-
stration of simulator’s opportunities, its controls and principles of work.
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The result of the represented work is the complex system which con-
tains the testing module for high schools students and chemical enterprises
employees intended to identify the level of knowledge of technological pro-
cesses and the training module which enables to increase considerably the
quality of training and retraining of personnel, to achieve deeper under-
standing of work principles of the studied equipment. The application of the
given system makes it possible to do practical classes teaching students
skills required at chemical enterprises, thus pulling together university edu-
cation and real production. The other important area of application of the
given system is training and retraining of chemical enterprises personnel,
revealing the degree of their readiness to various situations, including cases
of emergency.

BOIIPOCHI 4JI1 CAMOITPOBEPKH

1. KakxoBa HE0OXOIMMOCTh NPUMEHEHHUSI BUPTYAIBHBIX TPEHAKEPOB B
XUMHUYECKON MPOMBILUIEHHOCTH?

2. Kakne KOMIOHEHTHI BXOJST B COCTaB aBTOMAaTH3MPOBAHHOW CHC-
TeMbl 00y4eHHS U TPEHUHTa CTYACHTOB?

3. Tlepeuuncnure ocHOBHBIE 0OcoOeHHOCTH cuctembl "PLAS-T".

4. Kakoe nporpaMMHOe o0OecrieueHre UCIOIb3YeTCs P pa3padoTKe
MIpUBEIEHHBIX B raBe 10 BUPTyalbHBIX TpeHAKEPOB?

5. C moMOIIBI0 Yero OCYMIECTBIIACTCS OTOOpaKeHHUE MepeIHel maHe-
JIM BUPTYaJILHOTO TpeHaxEpa B MIHTepHET-Opay3epe monp3oBarens?
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Masa 11

TECHNOLOGY OF CREATION OF THE ELECTRONIC
MULTI-PURPOSE DATABANK

Computers and information technology are well established in various
areas of modern life. These technologies are also used in education. Elec-
tronic textbooks, multimedia aids developed and used everywhere. Another
equally important trend among electronic educational resources is the de-
velopment of the electronic databanks of the equipment.

Study of various technical disciplines, as well as the work of special-
ists of various levels requires a large amount of reference materials. Using
electronic databanks does work with a lot of the material faster and more
convenient. Their purpose — the structuring and provision of information in
a convenient form for experts.[1] In this case, information about equipment
includes not only the parameters of the equipment, its description and other
textual information, but also a set of graphical information, which includes
2D drawings and 3D parametric models of equipment. Such systems allow
you to quickly get all the necessary information about any equipment that is
stored in the catalog, view the drawings, which in consequence can be used
in the project documentation. Also, information from the electronic data-
banks are used for aided solution of problems of the designing [2].

In order to electronic databanks have a wide range of applicability,
they must satisfy the following requirements:

- provide quick selection of information in a convenient form and
satisfy the needs of a wide range of specialists;

- does not contain contradictions within a single catalog, and be-
tween different catalogs;

- should be as complete as possible in the relevant field;

- provide expansion and changes in the content at constant principles
of organizing information.

In analyzing these requirements and the specific of the information
that is contained in databanks we developed a technology of creation of the
electronic multi-purpose databank.

At the initial stage of development of electronic databanks it's neces-
sary to select the database structure that is provides complete information
about equipment and fast access to stored information. Structure depends on
specificity of the information stored in the database. To use the graphical
information the structure of the database contains an attribute that specifies
the directory that contains graphic images of the equipment.

Consider the structure of database of the electronic databank of chemi-
cal equipment, which is shown in Fig. 11.1.
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Types of equipment Sizes -
Connections
Name Name
Name
2D drawing Length —
Designation
3D model Width —
Description
2D raster form Height -
Location
Isometry Connections

Fig 11.1. The structure of the equipment database

In the table of types of equipment are stored the data on types of
equipment. Each record corresponds to a table of the sizes units of equip-
ment. Also in the table of types of equipment are stored addresses of graph-
ic files. Table of the sizes contains the name modification of equipment,
overall dimensions, as well as the basic dimensions that define the position
of the main structural elements and connections. A list of connections is
stored in table "Connections". The records of this table contain the name,
designation, description, and location specified by the deviation from the
center of the device for each connection.

Graphic images of equipment useful to store in the vector graphics
formats DXF to 3D models and DWF to 2D drawings. Formats are chosen
due to their widespread availability for developers their specifications.

In the next step, the database of the selected structure created and
filled with the collected information, which reflect information about the
equipment. Format DB used to store the database. To work with the data-
base of this format there are a large number of common editors (eg MS Ac-
cess).

Ability to work with databases and graphic images is provided by the
kernel. The core of the system is a program that allows the user to view, edit
and add information of electronic databanks.

Consider the structure of the system, which is shown in Fig. 11.2.

Design of the user-friendly interface is aimed at maintain an interac-
tive dialogue with the user of the system. The main functions of the user
interface include a mapping of current information, such as the technical
parameters of the selected equipment, and convenient graphical display of
the image of equipment.

The functions of the visualization include the formation of a graphical
representation of a 3D object and 2D drawings according to information
received from the DBMS. In this case, the actual size of selected equipment
is important. Because of this parameterized constructing of a 3D object are
performed according to standard sizes, contained in the database while for-
mation of a graphical image. 2D drawings serve to illustrate the chosen unit
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VoloView libraries

Fig. 11.2. The structure of electronic databanks

of equipment with corresponding sizes. This approach allows us to provide
the user corresponding to the selected standard size 2D and 3D images of
equipment. You do not need to keep a separate drawing and 3D model for
each size, which for each specific unit of equipment can be quite a lot.
This avoids data redundancy and reduces the volume occupied by
the catalog memory.

For visualization of vector graphics we use COM-object Autodesk

Volo View Control. Choice of COM-technology frees the developer of the
databank from the creation your own rendering Ul. In this application Volo
View is free and publicly available for download from Autodesk. Capabili-
ties of this interface can display both 2D drawings and 3D objects
withconvenient control display options. Among them there is the possibility
of rotation of the camera in any plane, which allows to consider the equip-
ment.
It is also possible to select 3 display options: wireframe model, flat shaded
mode, Gouraud shaded mode. The use of interface Volo View to render
graphic images allows us to provide the user with information about equip-
ment in the most convenient form.

Consider the creation of 3D graphic images on the information ob-
tained from a database of equipment. In the database stores a reference to
the program in the language of AutoLISP, this allows to form a new draw-
ing with the desired dimensions. When you select record from the catalog
the repeated reference to a DB of the equipment for the purpose of carrying
out of initialization of parametrical variables by final values of standard
sizes for the chosen equipment is carried out. Then the construction of 3D
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images is carried out by means of language AutoLISP. Separately, let's note
the presence of information about the title of the parametric variables,
which are stored in the database and presented in the LSP file that is con-
nected to create a graphical image.

The system of electronic databanks in its composition must have in-
struments to edit, add and delete entries. Consequently, the user interface of
the system contains the elements needed to manage the contents of the data-
base. You do not need to have knowledge about the system, you just need to
fill in the database and specify the path to the directory containing the 2D
drawings and 3D models of the equipment. Being able to edit and update
the records allows them to be timeless.

The form of the output information can be a DB file, which contains a
list of information about the selected equipment, as well as links to the di-
rectory where are located files containing graphic images of the equipment.

A distinctive feature of modern databanks is their accessibility, provid-
ing an opportunity to work with their content via the Internet. For optimal
performance with electronic databanks= on the Internet is advisable to use
AJAX technology. It allows updating only the changed portion of a page for
the response to a user request that allows you to save web traffic and in-
crease download speed of content. This makes the system more quickly and
conveniently, even on computers with slow Internet connection. However,
the functionality of the online catalog is somewhat narrower than the local
version. The user can access tables of equipment, choice of sizes. For the
convenience of searching it is possible to filtering of records and search on
various attributes. When you select records of interest displayed 2D draw-
ings of equipment and its isometry. To ensure this capability in the database
the attributes that refer to raster image files in bmp, gif, jpg are provided. If a
user needs a drawing or model of equipment in a vector format for use in dif-
ferent design systems, it should be possible to download it from the server.

Consider the scheme of the Web interface (Fig. 11. 3). User selects the
equipment on the web page. AJAX-script on the client side generates a re-
quest to the server to obtain the required information. On the server side re-
quest is being processed by PHP-script that accesses the database and sends a
response to the client. The answer is processed on the client using AJAX-
script that updates the page, giving the user interesting information [3].

Selecting of
- Server Client equipment
request " User
PHP-script N AJAX-script

respornse
sizes
drawing
isometry
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Fig. 11.3. The scheme of the web interface

Described in this article electronic databank of the equipment meets all
requirements imposed on such systems. The ability to display 3D models of
equipment allows detailed study construction of equipment. The developed
system of electronic databanks is used for both training purposes and for
purposes of design industries, with the ability to import entries of the cata-
log into the computer-aided design engineering. The described system is
used in the learning process to get acquainted with the equipment, its types,
function, and as a reference material when performing laboratory work,
curriculum development projects.

The proposed approach is implemented in the development of elec-
tronic databank of technological equipment used in the design
multiassortment productions and in the learning process.

BOIIPOCEHI JIJIs1 CAMOITPOBEPKN

1. KakoBa HEOOXOOUMOCTh pa3pabOTKH OAHKOB JaHHBIX MHOTOIIETIE-
BOIr'0 Ha3HAYeHUA?

2. Kakum TpeGOBaHUAM JOJDKHBI OTBEYATh NIEKTPOHHO-TpadUUECKIe
KaTaJIOr'd MHOTOIEJIEBOI0 Ha3HAYEHH?

3. B xakux ¢opmarax nenecooOpa3HO XpaHHTh IpapUYECKyr0 WH-
¢dbopmarmro?

4. TlepednciuTe OCHOBHBIC ATAIbI CO3JJAHUS MICKTPOHHBIX KaTaJOroB
MHOTIOIIEJIEBOT0 Ha3HAYECHHS.
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MnaBa 12

DIALOGUE ORGANIZATION WITH USERS
IN INFORMATION SYSTEMS
OF PRODUCTION MANAGEMENT

Modern management systems contain great volumes of information
which is processed and provided in certain format on users’ queries. At the
process of information system’s design it is impossible to predict all possi-
ble combinations of future queries. Hence, an information system should
allow users to make queries using understandable language and to provide
results in a format defined by user.

Nowadays the most often used model of information systems is the re-
lational model. The basic programming language of modern relational data-
bases (RDB) is Structured Query Language (SQL).

The purpose of this article is developing of simple queries syntax and
their conversion to SQL syntax. The publications [1] on this topic mainly
describe what has to be done to formulate users’ queries using understanda-
ble language and to lesser extend [2] what has to be done to minimize pro-
gramming burden.

For the purpose of our discussion we divide RDB into two classes de-
pending on their structure:

- traditional databases or databases with flat tables;

- databases of OBJECT-ATTRIBUTE-VALUE type.

By traditional RDB we will indicate databases where entities are pre-
sented by wide tables. For example, the information entity "Product deliv-
ery to a warehouse by production unit" is characterized by attributes: "Prod-
uct”, "Quantity”, "Production_Unit", "Date_of manufacturing”, "Deliv-
ery_date", etc. Here RDB is represented by relation (table) where all listed
attributes (fields) are presented.

Databases of OBJECT-ATTRIBUTE-VALUE type are represented by
three basic tables: "Register of objects”, "Register of attributes”, "Values of
objects’ attributes". Last table has connections with the first two of “many
to one” type.

12.1. DIALOGUE ORGANIZATION IN TRADITIONAL DATABASES
Let's present normalized RDB BDT as follows:
BDT ={R,,....R,,...,R,}, i=11,
R ={PK;, FK;, D;},
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FK; ={FKy, ..., FKyj, .., FKy}, =13,
D, ={D;, ..., Dy, ...,Di}, k=LK,

where R; — i-th relation (table); 1 — number of relations in a database;
PK; — key attribute of i-th relation; FK;— set of attributes for external keys
of i-th relation; J — number of attributes for external keys; D;— set of data

attributes of i-th relation; K — number of data attributes (indices iJ and K
are set aside).

_ |
Lets put W ={Wj, ...,W,,...Ws}, t=1T, W, e JD; - set of attrib-
i

utes, which can be used to make a query or for data output. By elementary
condition of a query p we will understand the notion p=<a, f,z >, where

a— attribute aeW, z — set of attribute values, f — condition

(equal, not equal, greater, lesser, etc.), for example <City = 'Moscow'> or
<Data ='01.01.2008'>.

User’s inquiry S is represented by a set of elementary queries, which
are connected by logic operators AND, OR, NOT :

S=F(Pis s Py -r P ) m=1M ,

where F — function which connects elementary conditions of queries;
M — number of  elementary conditions, for example
S =p; AND (p, OR p;) AND(NOT p,).

The output of a query is composed by elements of set B, which con-
sists of elements of set W :

B ={B!, B*},
B ={bl,...b%,....bL}, blew, c=1C,
B? ={o1(b), ... (), ....oL (b))}, b €W, b? ¢ B, I=1L,

where B-— set of data attributes, which are components of output, and
where such aggregate functions as (Sum, Max and others) are not applica-

ble; b|2, | =1,L — set of data attributes, which are components of output,
and where aggregate functions are applicable; o, , | =1L- aggregate func-
tions, which are applicable to elements b?. For example B'={Product,

City}, B?={Sum(Amount)}.
The process of making a query and obtain its results is divided into the
following steps:
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— input of elementary conditions, {pl,..., Pos--s po};

— input of a query line, S=F(p;,..., Pm»---» Pm) m=LM ;
— input of output fields Bl:{bll,...,bé,...,bé} ,btew, c=1C;

— input of output fields B? ={¢@,(B7)...., ¢ O).....p, (B},
b% eW, b% ¢B!, I=1L;

— execution of a query and obtaining an output.

To convert a query line S into SQL format elementary queries formu-
lated as <a, f,z >, are represented as <alD, f,zID >, where alD — name

of primary key for a, zID - set of primary key values field for set of attrib-
utes Z. For example, elementary condition <City = 'Moscow"> in program-
ming has to be changed for <IDCity = IDMoscow>, where IDMoscow — val-
ue of key field of value 'Moscow'. At the same time elementary condition
<Data> 01.01.2008> remains unchanged. In the first case we name the ele-
mentary condition as ‘condition for ID’, in the second case as ‘condition for
value’. Converted query line S is named SI .

In order to organize the dialogue with users at elementary conditions
input it is necessary to provide the choice of attribute a and input (choice) of
attribute values z. For a we create an attribute table G ={GID, A, AID}.
Values (domains) of the field A are given bye setW ={W,,...W,,...W;}.
Domain of the field AID are names of key fields for W ={W\,,...W,,...\W; },

if it is an elementary condition for ID or names if it is an elementary condi-
tions for wvalue. Elementary conditions are kept in the table
Y{Condition_name, A, AID, f,Z,ZID}.

Let’s put V{PK,,...,PK;,...,PK,,W,,....W,,...,W; } — representation
(View), by which output is composed. Then a query on SQL can be written as:

select B from V where SI group by B* order by B!.

Let’s examine the program dialogue on the example of products’ de-
livery to consumers. Each product is produced by defined production unit.
The database is represented as:

BDT :{Rl’ Rz, R3, R4, Rs},

R, (IDR1, IDConsumer, IDProduct, Quantity, Delivery_date) — delivery of
a product; R, (IDProduct, IDProduction_unit, Product_title) — products;
R; (IDConsumer, IDCity, Consumer_title) — consumers; R, (IDCity,
City_title) — cities; Rs (ID_Production_unit, Production_unit_title) — pro-
duction floors.
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Thus, delivery is characterized by six attributes "Consumer”, "Prod-
uct" "Quantity", "Delivery date", "Production unit", "City".

User can formulate a query to get an output with any combination of
attributes, for example, delivery report for products manufactured by unit
1, 3, 10 in Moscow, Lipetsk, Tambow in January 2008 and January 2009.
Forms of output can be various, for example, Product-Quantity, City-
Product-Quantity, Product-City-Quantity, etc.

Set W ={Consumer_title, Product_title, City title, Produc-
tion_unit_title, Delivery_date, Quantity }.

For the given example attribute table of queries G is presented as
(Table 12.1).

To get an output V{PK;,...,PK;,...,PK,, W,...,.W,,... W }=V{IDR1,
IDConsumer, Consumer _title, IDProduct, Product_title, IDCity, City title,
ID_Production_unit, Production_unit Delivery date, Quantity} the query
has to be as follows:

select IDR1, IDConsumer, Consumer_title, IDProduct, Product title,
IDCity, City title, ID_Production_unit, Production_unit_title, Delivery date,
Quantity from R;,R,,R3,Rs,Rs where R;.IDConsumer= R;.IDConsumer

and R,.IDProduct= R, .IDProduct and R, .IDProduction_unitr= Ry
.IDProduction_unitand R,.IDCtiy=R, .IDCity.

Query line is represented by logic formulation of elementary condi-
tions. For example, query line “delivery of products manufactured by unit 1,
3, 10, (IDProduction_unit — 2,5,8 respectively) in Moscow, Lipetsk, Tam-
bov (IDCity — 10,11,12 respectively), in January 2008 and January 2009”
will be represented as follows:

12.1. Query attributes G

IDG A AID
1 Consumer_title IDConsumer
2 Product_title IDProduct
3 Production_unit_title IDProduction unit
4 City title IDCity
5 Delivery_date Delivery_date
6 Quantity Quantity
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S=F(py, P2, P3, P4, Ps, Pg)
p. AND p, AND (p; AND p, OR ps AND pg),

Where p; — production unit=(production unit 1, production unit 3,
production unit 10); p, — City=(Moscow, Lipetsk, Tambov); p;— Deliv-
ery_date>01.01.2008; p,— Delivery date <31.01.2008; p;— Delivery_date
>01.01.2009; pg— Delivery date <31.01.2009.

Input of every elementary condition <a, f,z >consists of the follow-
ing steps:

— attribute choice a from the table of query attributes G ;

— set the condition, f ;

— input of value or set of values, z .

Together with this we create table 12.2, columns 1,2,4,5 which are
presented to user.

Than user inputs condition query line
S =p; AND p, AND (p; AND p, OR ps AND pg). Undoubtedly users
have to be able to compose logical expressions. Practical experience shows
that half hour training allows any user to get acquainted with this aspect.

Output fields (fields of V representation), are also chosen by users
from a table of attributes G. As a result we obtain the following sets:

B ={Product_title, Production_unit_title, sum(Quantity)};

B! = {Ptoduct_title, Production_unit_title};

B? = {sum(Quantity)}.

Query condition line S based on table Y (Table 12.2) is converted
into line SI :

SI = pi; and pi, and ( pi; and pi, or pis and pig),

where pi; — IDproduction_unitr in zi;; pi, — IDCity in zi,; pi;— Deliv-
ery_date> ziy; pi,— Delivery date <zi,; pi;— Delivery_date >zis; pig—

Delivery_date < zig,
ziy = (2,5,8), zi, =(10,11,12),

Ziy = 01.01.2008, zi, = 31.01.2008, zi; = 01.01.2009, zig = 31.01.2009

As a result we formulate a query: select B from V where Sl group
by B! order by BL.
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12.2. Table (Relation) Y

Condi-
tion A AID f Z ZID
1 2 3 4 5 6
i production unit 1,
p, |, Produc- JIDProduc) | oy cion floor s, | 25,8
tion_floor_title | tion_unit .
production floor 10
L . _ | Moscow, Lipetsk,
P2 City _title IDCtiy | = Tambov 10, 11, 12
. Deliv-
P3 Delivery_date ery_date > 01.01.2008 01.01.2008
. Deliv-
Py Delivery_date ery_date < 31.01.2008 31.01.2008
. Deliv-
Ps Delivery_date ery_date > 01.01.2009 01.01.2009
. Deliv-
Ps Delivery_date ery_date < 31.01.2009 31.01.2009

12.2. DIALOGUE ORGANIZATION IN DATABASES
OF OBJECT — ATTRIBUTE - ATTRIBUYE VALUE TYPE

Examples of databases with this type of structure are database of
equipment, reference of substances’ properties, etc.

The essence of database query is searching of such objects whose at-
tributes satisfy to required conditions. For example, making a search of ca-
pacitive apparatus which have anchor-impeller mixer and volume more than
10 cubic meters in the database of equipment. Database BDO in this case
can be presented as:

BDO ={0,S,SO,SZ},

where O (IDO, Object _title) — objects; SW (IDSW, Attribute_title) — at-
tributes; SO (IDSO, IDO, IDSW, Attribute value, IDSZ) — attribute values
of the concrete objects , SZ (IDSZ,IDSW, Probable_value) — list of attrib-
ute values.

Relation SZ is entered for those attributes, whose values are chosen
from a concrete list, for example mixer type is selected form the list: blade,
turbine, frame, etc
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Table of attributes is presented in explicit form (SW ) and it is not
necessary to create it as described above. Also there is no need to create
representation V , as its role is executed by tables O and SO.

The sequence of making a query and its proceeding will be examined
on the following example. Make a search of capacitive apparatus which
have turbine mixer and volume less than 10 cubic meters in the base of
equipment.

Query S will consist of two elementary condition connected by logi-
cal AND : "volume of apparatus is less than 10 cubic meters." "mixer type —
turbine".

Input of each elementary condition <a, f,z > consist of the following
steps:

— attribute choice a from attribute table SW ;

— set of conditions, f ;

—input of value z or their choice from the table SZ .

Together with this relation Y (Table 12.3) is created, and its columns
1, 2, 4, 5 are presented to users.

Than user formulates a query:

S=p, and p,,

where p; — Mixer_type=turbine; p, — Device volume<10.
Query condition line based on table Y (Table 12.3) is converted into
line:
Sl = pi; and pi,,
where pi; — exists (select * from SO where O.IDO=S0.IDO and SO.IDS=5
and SO.IDSZ=15); pi, — exists (select * from SO where O.IDO=SO.IDO
and SO.IDS=7 and SO.Attribute_value<10).

12.3. Table (Relation) Y

. Z ZID
Condition A AID .
- f (SZ.Possible_value or (Sz.1DS
name (S.Attribute_name) | (S.IDS) constant) or Null)
1 2 3 4 5 6
P1 Mixer type 5 = Turbine 15
Device volume,
P2 : 7 < 10 Null
cubic m.
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It is not complicated to create elementary conditions pi as they have

similar part "exists (select * from SO where O.IDO=SO.IDO and" and vari-
able part, which is composed based on table 12.3.
Thus a query on object search, which satisfy conditions SI , can be
written in the form:
select * from O where SI .

Fig. 12.1 shows a sequence of dialogue organization in the information
system of repair management system of public corporation "Pigment" [3],
which contain equipment database. Numbers above the arrows 1, 2, ..., 8
signifies sequence of user’s actions.

The described above means of query setup was used by the authors in
the frame of corporate information system of public company “Pigment” at
sales department for delivery information search and at the plant engineer
department for search of equipment with given characteristics. Three years
use of this approach has proved its effectiveness. This approach is of uni-
versal use and can be implemented in information systems of various
purposes.

Characteristic :Mixer Turnaround time, hours.
Value :Turbine — |1 Turnaround cycle, hours.
Condition: P1= Turbine > Mixer

Engine power, kilowatt
Catalogue notation
=>Apparatus volume, cubic meers

Characteristic :Apparatus 1.3
volume cubic meters.
Value :10

Condition: P2=10

Three-blade double-row

[ Blade
4 Equipment query setup. Propeller
Stage 1 Propeller double-row
5 | P1 Mixer = Turbine Propeller-turbine
P2 Apparatus volume |21 Turbine
cubic meters = 10 Anchor
6\ 8\
Equipment query setup. Search results
Stage 2 :
1. Vertical apparatus,
P1AND P2 cylindrical, V = 10 cubic meters.
7\ R2302 Production unit 33
- 2. Vertical apparatus,
Search by equipment cylindrical, V = 10 cubic meters.
characteristics R2302(A) Production unit 33

Fig. 12.1. Dialogue organization for equipment query setup
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SELF-ASSESSMENT QUESTIONS

Databases of OBJECT-ATTRIBUTE-VALUE type.
Examples ofOBJECT-ATTRIBUTE-VALUE databases.
Organization ofdialogues in traditional databases.
Formulation of users’ queries in traditional databases.
Formulation of representations for an output report.

6. Organization of dialogues iInOBJECT-ATTRIBUTE-VALUE
atabases.

7. Dialogue sequences for formulation of users’ queries on equipment
selection.
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MaBsa 13

NMPEACTABINEHUE TEMATUYECKUX
NMPOCTPAHCTBEHHO-PACNPELOEJNIEHHbLIX AAHHbIX
B CETU UHTEPHET

B Hacrosmiee BpeMst IpH PEIICHUH 33134 aBTOMATU3aIMN YIIPABICHHS
XMMHUYECKUM TMPEATIPUATHEM PEIKO IMOJHUMAETCS] BOIIPOC O CO3/IaHHU EOH-
HOTO WH(OPMAIIMOHHOTO TPOCTPAHCTBA TPEANPHATHS, COCTOSIIETO M3
TpEXMEPHOH MOJENH peallbHOTO 00BEKTa, COMYTCTBYIOIIEH TEKCTOBOIl aT-
puOyTHBHOW WHPOPMALINHU, TBYMEPHBIX IUIAHOB M KapT. A Takoil crmocod
NIPE/CTAaBICHUS JaHHBIX 00 00BEKTE MPEIOCTABISET MOJIB30BATEN0 HAOO-
Jiee TIOJIHYHO U UCUCPIBIBAIONIYI0 HH(OPMAIHIO JIF000ro BHaa 00 MHTEpe-
cyromieM o0bekTe. BaxkHo, 4TOOBI JOCTYIT MOJTHBINA/HETIOMHBIH K TTOZ00HBIM
pecypcam ObUT y Ka)KJIOTO COTPYIHHKA, a K HEKOTOPBIM (Hampumep, K npo-
JOYKIMH) U U3 ceTH VIHTepHeT, MO3TOMYy HYXHa Takas CHCTeMa, KoTopas
OyneT GpyHKIMOHUPOBATH HE TOJBKO B JIOKAIBLHOM CETH MPENIpHSTHS, HO
MIPEAOCTaBIIATH JaHHBIE B CETh MIHTEpHET.

Ceifuac Ha XMMHUYECKHX NMPENPHUATHIX HCIOJIB3YIOTCS TAKUE MOIIHBIC
nporpammHusie makeThl kak Autodesk AutoCAD, Solidworks, KOMITIAC u
JpYyTHe CPEICTBA AJISI MPOSKTUPOBAHUS TEXHOJIOTHYECKOTO 000pYIOBaHMS.
AKTHBHO CO3JAIOTCsI 0a3bl JaHHBIX C pa3MUuHON MHPOpMarmeii 06 obopy-
JIOBaHWHM, KOMMYHHKALIMSX, [IeXax U IpYrux oobekTax npeanpusitus. [Ipo-
0JieMa COBMECTHOro oToOpakeHHs Habopa THX NaHHBIX, UX Kiaccupuka-
LML, TIOMCK TI0 3aJIaHHBIM KPUTEPHUSM OCTaéTCsl aKTYaJIbHOM.

OnHuM U3 crmoco0OB pelieHusT JaHHOW MpoOIeMbl SBISETCS MPEAio-
JKEHHAs! aBTOPAMH TEXHOJIOTHS MpeacTaBIeHHs HHopMau 00 o0BeKTax
XMMHUYECKOTO TMPEIIPHUITHS, Ha OCHOBE KOTOPOW BO3MOXKHO MOCTPOUTH
cucteMy oToOpaXkeHusl 1 0OMeHa IaHHBIMH, B TOM 4Huciie ¥ 1o cetn MHTep-
HeT. UTO HEMaJOBaXXHO B CHCTEME HCIIONB3yeTcs CBOOOIHO-PACIIPOCT-
paHseMoe mporpaMMHOE 00ecTieueHre, ero CIICOK IMpuBeaeH B Tadm. 13.1.

KiroueBbIM MOMEHTOM SIBIISIETCS HCIIOJIb30BaHHE TeOMH(OpMAnnoH-
HBIX TEXHOJIOTHH IUISi OTOOpa)KeHHS JBYMEPHBIX MaTEpPHANIOB, TaKHX Kak
IUIAHBI [IEXOB M KOMMYHHUKAINH, TEXHOJIOIMYECKUE CXEMbI, YePTEXKH arra-
patoB u mp. (cM. puc. 13.1). B kauecTBe 6a3bl Iyisi BU3yaIu3allui dTHX Ma-
TEPUAJIOB KCIOJb3yeM Kaprorpaduueckuii BeO-cepsuc — Mapserver [1].
DTOT HpOrpaMMHBIN MPOJIYKT MO3BOJISIET OTOOpaXkaTh JBYMEpHbIE Mare-
puansl B OKHE BeO-Opays3epa ¢ mpuMeHeHHeM ciio€B. IIpenmymiecTBa uc-
MOJIb30BaHUs CJIOEB OYEBHMHBI — MOJIB30BATENIb CaM PELIaeT ¢ Kakoil ya-
CTBIO MH(pOPMaK eMy paboTaTh (HarpuMep: MOXKHO OTOOpaKaTh Ha IuIa-
HE MPEANPHUATHS He BCe KOMMYHHUKAIIHMH, a TOJIBKO IIOTOKH ropsdell BOAbI).
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13.1. CXEMA B3AMMO/JIEMICTBUS KOMIIOHEHTOB CUCTEMABI

PaccmoTpum  cxeMy  B3aUMOAEHCTBHS ~ KOMIIOHEHTOB  CHCTEMBI
(cM. puc. 13.2). B xauecTBe OCHOBHI BBICTYIAeT BeO-cepBep, KOTOPHIH pas-
BEPHYT Ha TF0OOOM COBPEMEHHOM Hpennpustud. ['eonHPOpMaIMOHHOM cHc-
TeMo# BeIcTymaeT MapServer, KoTopelii mepeaaét BeO-cepBepy TBYMEPHBIC
nanueie [2]. PaccMotpum noapobHee cxemy pabotsl Mapserver a.

OcHOBHBIM KOMTIIOHEHTOM BhIcTymaer CGl-mporpamma mapserv.exe, B
KOTOPYIO OT TIOJIB30BAaTENsl NMEPEAAI0TCS MapaMeTpsl (CIoM KapTel (IIaHa
NIPEATIPUSATHSL), pa3Mephl, (ainbl ONHCaHus), yKa3aHHbIE B CTPOKE BeO-
Opaysepa. Pe3ynbTaToM BBIOTHEHHS 3TOH IPOTPaMMBI SIBISETCA CTCHEPH-
POBaHHBIN PAacTPOBBIA (aiiyl, KOTOPEI B CBOIO OYepeAb BCTPAMBACTCS B
html-mokyment. B cnenuansHoM daiie ¢ pacuimpeHHeM .Map yKa3bIBaloT-
Csl CBEIICHHMS O TOM, Kakue ClIoM OyIyT OToOpakatbes, OTKyAa OynayT

13.1. bazoBoe mporpaMMHoe ofecrieyeHmne

HasBanue u Bepcus Vcenosus VI
OdunmansHbIi caiT
NPOAYKTa pacrpocTpaHeHus
MapServer for freeware http://www.maptools.org/ms4w/
Windows 2.3.1 —

UHCTPYMEHT JUTs
CO3/1aHHMs KapTo-
rpaduaecKux
web-cepBucos

Openlayers 2.8 — freeware http://openlayers.org/
CKPHUIIT BU3yaJIU3allun
WMS u WFS cnoés
Ha eIUHON web-
KapTe, a TaK¥Ke obec-
Ie4YuBacT y,Z[06H06

MaCI.HTa6I/Ip0BaHI/I€

Quantum GIS 1.0.0 - freeware http://www.qgis.org/
reonH(pOpMaIIOHHAS

CHCTEMA

Google SketchUp 6 — freeware http://sketchup.google.com/

nporpamma Tpéxmep-
HOTO MOJICITUPOBAHHS
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MOCTYMaTh AaHHbIC, OyAyT JIM HOANKCH Ha KapTe (ruiane) u mp. dust Oosee
yIOOHOH HAaBUTALMKM II0 JBYMEPHBIM IAaHHBIM aBTOPaMH CO3MAH CKPHIT
openlayers, mo3BoJsOIIKI KOMIICHCHPOBATh 3TH MUHYCHL. Jluctuar html
CTpaHUIIBI ¢ BCTPOCHHBIMU 00bekTaMu Mapserver'a nmpuBeaéH HIKe.

<html>

<head>

<script

src="0OpenLayers.js"></script>

</head>

<body>

<div style="width:100%; height:100%" id="map"></div>
<script defer="defer" type="text/javascript">

varlon=7;
var lat = -3;
var zoom = 3;

var map, layer;
function init() {
map = new OpenLayers.Map('map");
var wms = new OpenLayers.Layer. WMS("OpenLayers
WMS","http://localhost:8888/cgi-
bin/mapserv.exe?map=/ms4w/apps/wms.map&",
{layers: 'rastr,centr’} ,{numZoomLevels: 5});
map.addLayer(wms);
var overviewl = new OpenLayers.Control.OverviewMap();
map.addControl(overviewl);
map.setCenter(new OpenLayers.LonLat(lon, lat), zoom);
map.addControl(new OpenLayers.Control.PanZoomBar()); }
</script>
<body onload="init()">
</head>
</body>
</html>

OO0paTuM BHHMaHHE Ha BU3YaIU3aLHUIO TPEXMEPHBIX MOJENeH. Y npo-
rpammuoro makera AUIOCAD wu Solidworks cymiecTByrOT pacliupeHus,
MO3BOJIAIOIINE NPOCMAaTPHBATh MOJCIH B OKHe BeO-Opaysepa — Web-
Publishing u eDrawings. C ux moMoIipi0 BO3MOKHO YBHAETh MOJENb, HE
yCTaHaBJIMBAasl MPU 3TOM 0a30BYI0 BepCHIO mporpammel. [lomnmo pacumpe-
HHU{ JUI MOILIHBIX MPOrPAMMHBIX MAaKETOB Ul MPOCMOTpa MOJENEH uepe3
BeO-Opay3ep, cymiecTByeT OTKpHITEIH GopmaT VRML — akTMBHO HCHOJB-
3YIOLUICS IS BU3YAIU3alMM TPEXMEPHBIX MOZEIIEN B UHTEPHETE.
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Mapserver
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Puc 13.2. CTpykTypHasi cxeMa (pyHKIIMOHUPOBAHUS KOMIIOHEHTOB CHCTEMbI
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[ToMumo oTOOpaskeHUs! IJIAHOB W MoOAENed HeoOXOoIuMa COMPOBOXK-
Jaromas ux atpuOyTuBHas wH(popMarws. 3adacTyro mogoOHas mHpopMa-
LS YK€ MMEEeTCs B COOTBETCTBYIOIIMX 0a3axX JIaHHBIX HPEANPUSATHS, I10-
3TOMY JIOCTaTOYHO CO3/aTh METOJBI JJIS TMOKMCKA, PElaKTUPOBAHUS U TPO-
CMOTpa 3THX JAHHBIX, HApHMep Ha si3bike Php (361K, Wi reHeparn html
cTpaHHI] Ha BeO-cepBepe). Tak Kak CyIMIECTBYIOT COOTBETCTBYIOIIHE OMO-
JHOTEKH /s pabOTHI ¢ pacpoCTpaHEHHBIMU 0a3aMu JaHHBIX it Php — 3To
HE COCTaBUT 0COOOTO TpyIa.

B wTOre MBI TMONyYaeM CHCTEMY COCTOSINYIO U3 TPEX KOMIOHEHTOB:
Mapserver, eDrawings u ba3a naHHEIX, pacmojaraolytocs Ha Web-cepsepe
TP IIPHATHS.

13.2. CXEMA INIPEJCTABJIEHUA NTHOOPMAIIUN
HA DKPAHE ITOJIB3OBATEJIA CUCTEMBI

[Janee paccMoTpuM Ho/ipoOHee, Kak NpencTasiseTcs HHpopManus Ha
9KpaHe KOHEYHOTro Mojb30oBatelis (cM. puc. 13.3). B unpopmarmonsoit 06-
macta Ne 1 oroOpaxaercs mH(pOpMaIus, mnpencraBieHHas Mapserver om.
[Mosp30BaTeNi0 AOCTYMHBI CIEAYIOUINE (YHKIMH: BKIIOYUTH/BBHIKIIOYUTH
CJIOH, a TaK)Ke METOJOM BhIOOpa OOBEKTa Ha IIAHE MEPEUTH K OoJiee me-
tanpHOMY Buay (Hanpumep: Ilnan npennpustusi->Ilnan nexa->Ilnan sra-
xa->UepTex anmapara).

1

N

N e

CERERUCHLY | RT-A
LE}

SN /g /

Puc 13.3. Cxema npeacraBjieHust HHpopMaun
Ha JKPaHe M0JIb30BaTeJIsl CHCTeMBbI
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B nndopmannonnoit obnactu Ne 2 oroOpaskaercst BCsl IOCTYIHas atT-
pubyTrBHas HH(MOPMAIHA O BBIICICHHOM 00BeKTe. BO3MOXKHBI pa3nuuHbIe
KOMOMHAIIMU BBIBOJIA JAHHBIX (TEKCT C PUCYHKaMH, TaOJHUIIBI CO CBOMCTBA-
MU U 3HAYECHUSIMHU, CTATUCTUYECKHE TaHHBIE).

B undopmarnmonHoit obmactu Ne 3 monp3oBatento OyneT npeacTaBie-
Ha TpEXMepHas MOJENb MHTEPECYIOUIEro ammapara WIN IPYyroro o0beKTa
XMMHUYECKOTO npennpusarus. Tak ke MOMHUMO TpEXMEpHOH MOJENIH BO3-
MOYKHO OTOOpa)kKeHHE B 3TOM 001aCTH AETATBHOTO YEPTErKa almapara.

Tak xak 00acTH Ha CTPaHUIIE IMOCTPOSHHI C MCIIOIB30BAHUEM (peii-
MOB, BOBMOYKHO U3MEHSATh Pa3Mephl KaXI0i 00J1acTH ¢ HOMOIIBIO MBIIIH.

B kauecTBE OCHOBHOTIO KIIMEHTCKOTO NPOIPaMMHOTO oOecreueHHs
BBICTYHIaeT BeO-Opay3ep, KOTOPBIIl HMEETCsI B CTAHAAPTHON IOCTaBKE OIIe-
pannoHHO# cucteMbl. OCHOBHBIE JTOCTOMHCTBAMHU €T0 HCIIOJIB30BAHHS SIB-
JSIFOTCS:

1) HeT HeoOXOOUMOCTH YCTAHABIMBATH JNOIOJHHUTEIBHBIC IPOrPaMM-
HBIE NTPOTYKTHI HA KOMITBIOTEP MOIb30BATEIS;

2) Harpy3Kka Ha KIMEHTCKHH KOMIIBIOTED MHHHMANbHa, TaK KaK HC-
TMIOJIB3YETCS] apXUTEKTYpa KIMEHT-CEPBEp;

3) BO3MOXKHOCTh Pa3rpaHUYMTh NpaBa Ha JOCTYI K JOKYMEHTaM Ha
CTOpOHE CepBepa, ¥ TEM CaMbIM OTKPBITH JOCTYII JJIsl IPOCMOTpPA OIpeie-
NEHHON MH(POPMAIIMHU MOJIH30BATENSIM Yepe3 HHTEPHET.

B urore mMbl moiay4yaeMm o4eHb THOKYIO CHCTEMY, OCHOBHOW (yHKIHEH
KOTOpOH sIBJseTCS yAOOHOE IpeAcTaBileHne MH(YOpMALUK s KOHEUHOTO
nojip3oBarens. [LIocoM JTaHHOW TEXHOJIOTHH SIBJISETCS 00O0OIeHHEe HH-
¢dopmanun 00 00bEKTaX XUMHUYECKOTO NPEANPUSITHS B €IUHBIH HMHpOpMa-
LIMOHHBINA y3en. TakuM o0pa3oM JaHHas TEXHOJIOTHS ITO3BOJISET ONEpUPO-
BaTh ¢ OOJIBLIMM KOJINYECTBOM HH(popMmanuu 06 00beKkTax B yA00HOM BH/E.

BOITIPOCHI 4J1I1 CAMOITPOBEPKH

1. Touemy B HacTosIIee BpeMs B JIUTepaType OCHOBHOC BHHUMAaHHE
yAeTSIETCS BOMPOCaM, CBS3aHHBIM C pacuéTaMu ammapaTypHOTO odopmIie-
HUSI U3BECTHBIX TEXHOJIOTHYECKUX CXeM?

2. Tloyemy 3amaua CUHTE3a CTaJUi BOJOMOJIOTOBKH pa30HBaeTcs Ha
JIBE Moa3agaun’?

3. U3 xakux coobpakenuii B 3ajaue GopMHpOBaHHs BApHAHTA CTPYK-
TYpPBI TEXHOJOTHIECKOW CXEMBbI UCTIONB3YETCSI HHTETPATbHBIA KPUTEPUI?

4. Kakue MeToIbl HCHOIB3YIOTCS MPU 33aJaHHU BECOBBIX KOA(PQHIIH-
€HTOB ISl OT/AETbHBIX KPUTEPUEB 3a7aun?

5. Kakue MeTobl MOXKHO HCIIOJIh30BATh MPHU PEIICHUH 3a1a91 CUHTE-
3a CTaJ Ui BOJOIIOATOTOBKHU?
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CIIMCOK JIMTEPATVYPBI K I'JTABE 13

1. Mapserver — opunuanbHEIA CalT, pasaen JTOKyMEHTauus [Diek-
TpoHHBIH pecypc] — Pexum mocryma: http://mapserver.org/ documen-
tation.html.

2. TexHosorus co3jaHus NPOCTPAHCTBEHHBIX MOJENIEH TEppUTOpH-
aNbHO PACIPENCIEHHBIX OOBEKTOB C HCIIOIb30BAHHEM TeOMH()OPMAILOH-
Heix cucteM / B.A. HemrtumroB, A.M. Manaenkos, B.B. Mopo3os,
K.B. HemtunoB // Unpopmanumonnsie texuosorun. — 2008. — Ne 8. —
C.23-25.
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3AKIIOYEHUE

[ToxBoxas MTOT pacCMOTPEHHIO MaTepHalioB ydeOHOTo mocoOus, cie-
JyeT OTMETHTh, YTO KOJUICKTHB aBTOPOB CTPEMHUTCS YUYCCTh IOCIICIHUE
JIOCTIDKEHHSI HAYKH U TEXHHUKH B 007acTH MH(OOPMAIIMOHHBIX TEXHOJIOTHIA,
MaTeMaTHYECKOr0 MOJEIUPOBaHHS, ONTUMAJIBHOTO YIpPAaBICHHS MpHU
MIPOSKTHUPOBAHUU W HCCICIOBAHUM XUMHKO-TEXHOJOTHUYCCKUX IPOLIECCOB
U TEXHOJOTHYCCKUX MPOU3BOJICTBCHHBIX KOMILICKCOB C YYETOM H3MCHSIO-
LIUXCSl YCIOBUH MX (DYHKIHOHMPOBAHMS — TMOJHAS WM YaCTHYHAs CMEHa
ACCOPTHMEHTA BBIMMYCKAEMON MPOAYKIMH, M3MEHEHHE MOpPsIKa BBITYCKa
MPOAYKTOB U T.II.

Oco0oe BHUMaHUE Y/ICIEHO YeI0BeYeCKOMY (HaKTopy — T.€. 00YUCHHIO
U MPOBEPKE 3HAHHI 00CTYKUBAIOIIETO IEPCOHAA.

Pa3paboTanHble TOJXOIBI, MAaTEMAaTHYECKUE MOJCIH, alTOPUTMBI,
0a3bl JaHHBIX MPEHA3HAYCHBI KaK IS MCIIOJb30BAHUS B JIOKAIBHBIX CETAX
By3a, Tak W s Bhixona B Internet, uto ma€t BO3MOXKHOCTH HCIOJIB30BAThH
pa3paboTaHHbBII MPOTPAMMHO-MATEMAaTHUCCKUN KOMIUICKC Ui IHPOKOTO
Kpyra I0JIb30BaTeIICH.

Coepa ucnonp30BaHUsT y4eOHOTO MOCOOMST HE OrPAaHUYHUBACTCS CTY-
JICHTAMH, MATUCTPAHTAMH M aCIIMPAHTAMH BY30B. Y4eOHOE MOCOOHE MOXKET
OBITh PEKOMEH/IOBAHO ISl TPOCKTHBIX, KOHCTPYKTOPCKO-TEXHOJIOTHYCCKIX
CIIy’)k0 TPOMBINIICHHBIX MPEANPHUATHHA, a TaKkKe HaydyHO-HCCIIeI0Ba-
TEJILCKUX M MPOEKTHBIX HHCTUTYTOB COOTBETCTBYIOIIUX MPODIICH.

Psin pa3aennoB y4eOHOro mocoOust U3JI0KEH Ha aHTIIMHCKOM SI3bIKE, YTO
OyzeT crocoOCTBOBATh A3bIKOBOI MPAKTHKE CTYICHTOB.

ABTOpBI OT/AIOT cebe OTYET B TOM, YTO CO3/IaHHE TAKOTO CIIOIKHOTO
y4e0HOTO TMOCOOHS HE MOXKET OBITH OCYIIECTBICHO 0€3 HEIOCTaTKOB U C
0J1ar0TapHOCTHIO IPUMYT 3aMEUAHHS U TPEITIOKCHUS.

159



VYuebOHOE u3nanue

HEMTUWUHOB Bnagumup AnekceeBud,
KAPITYIIKHWH Cepreit Bukroposuu,
MOKPO3VYb Bnanumup ['puropsesud,
MAJIBII'MH EBrennit Hukonaesud,
EI'OPOB Cepreii SIkoBieBuy,
KPACHSIHCKUI Muxant Hukonaesud,
BOPUCEHKO Angpeit bopucosuu,
®POJIOBA TatbsaHa AHaTOJbEBHA,
HEMTHUHOBA lOnus BaagumupoBaa

NHOOPMAILIMOHHBIE TEXHOJIOI MU
I[TPU ITPOEKTHPOBAHUN
N YITPABJIEHUN
TEXHUYECKMMU CUCTEMAMUA
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