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BBEOEHUE

CoBpeMEHHBIH YPOBEHb Pa3BUTHsSI NPOCKTHPOBAHHSA M YIPABICHHA
TEXHHYECKHMHU CHUCTEMaMH TIPEIIIONIaracT HCIOIb30BaHHE HMH(OPMALOH-
HBIX TEXHOJIOTHI Ha BCEX dTarax >KU3HEHHOTO LIUKIIA.

OCHOBHBIMH 3TalaMH KHU3HEHHOTo IWkia TexHudeckux cucteM (TC)
SIBJIAIOTCS. IPOCKTUPOBAHNE, MOHTaXX M SKCIUTyaTanysl, MOCIEoyIomas PeKoH-
CTPYKLMS WM yTHIM3alMs CHCTEMBI. B mporiecce mpoekTupoBaHus OCylie-
CTBJISIETCS! IOMCK (DYHKIMOHAJIBHBIX PEIICHUH, MPEICTABISIEMBIX U JOKYMEH-
THPYEMBIX B BUJIE (DyHKIIMOHAIBHON CTPYKTYPBI, KOTOpPast 3aTEM MOKET OBITh
MaTepHaIN30BaHa C TOMOIIBIO ONPEACIEHHBIX MPEANTICaHni. DTH Tpearu-
CaHUsI CITy’)KaT ISl U3TOTOBJICHHUS KOMIIOHEHTOB CHCTEMBI M COCTaBIISIIOTCS
TakuM 00pazoM, 4ToOBI Bce (YHKIMOHATBHBIE TPeOOBaHMS OBUIM BBINOJIHE-
HBI. B 3TOM cMBICiIE mporiecc TPOEKTUPOBAHMUS IPETIONAracT MNOIyucHUE He
TOJIBKO BCEX HEOOXOAMMBIX YEpPTEXKEH M3AeNusl, HO U pa3pabOTKy TEXHOJIO-
TMYECKHX IPOLIECCOB €T0 M3rOTOBJICHU. Llebio0 MPOeKTUpOBaHNUS SIBIISIETCS
pa3paboTka u GopMHUpOBaHUE (PYHKITUI TEXHUUECKOW CHCTEMBI IIyTEM Tepe-
PpabOTKH TEXHOJIOTHIECKOW U OPTraHM3aIIMOHHON HHPOPMAIIHH.

Bo Bcex oTpaciisix IPOMBIIIICHHOCTH YCTaHOBJICHBI CJICAYIONINE CTa-
MK pa3pabOTKH KOHCTPYKTOPCKOHW NOKYMEHTAIlMH: TEXHHYECKOE 3aJaHHe
(T3), TexHMYECKOE MPEMIOKEHHE, ICKM3HBIN POEKT, TEXHUUECKHUH IPOEKT,
pabouyas mokyMmeHTaus. Yacto craauy pa3pabOTKH TEXHHYECKOTO IPOEKTa
n pabouell JOKyMeHTalMu OOBEIUHSAIOT B OJHY. Bce mepeuncienHsle crTa-
JIMH TIOATOTOBKH TEXHHYECKOH HOKYMEHTAIMHU SBJISIIOTCSI PE3YJIBTATOM BbI-
TIOJTHEHHS ONPEICIIEHHBIX ITAIlOB ITPOCKTUPOBAHUS.

®ynkunonuposanue TC TpeOyer HaIMYMS aBTOMAaTU3UPOBAHHOM cHC-
TEMBI yIpaBieHHs TexHoyoruueckuM mnponeccom (ACY TII) u cucTeMsl
orepaTuBHOro ynpasieHust npoussogacteoM (COVY). JlaHHBIE CHCTEMBI OpH-
EHTHUPOBAaHbBl HAa NPHMEHEHHE COBPEMEHHOW BBIYMCINTECIBLHOW TEXHHKH U
paspabaTbIBatoTCs, Kak npaBuio, Ha 6a3e m3BecTHbIXx SCADA u ERP cuc-
TeM. OHHM TIpeJHA3HAYEHbI AT PEIICHUS 3a/1a4 ONEPATUBHOTO KOHTPOJA
COCTOSTHHH TEXHOJIOTHYECKOTO Tpoliecca u obopyznoBanus TC; ynpaBneHus
MIPOM3BOJICTBEHHBIM TIpolieccoM; (OpMHUPOBaHMS IUIaHa BBIMYCKa MPOIYK-
MM ¥ TIPOBEICHUS IUIAHOBO-TIPEAYNPEIUTEIBHBIX PEMOHTOB; PEIICHUS
OpraHU3aIMOHHBIX BOIIPOCOB H JP.

CoBpeMEeHHBIH YpPOBEHb pa3BUTHSI WHPOPMAIMOHHBIX M KOMMYHHKa-
IIMOHHBIX TEXHOJIOTHH Ha MPOM3BOJCTBE MO3BONIAET aKTHBHO HCIOJIB30BATh
MIEpEeIOBbIE CHCTEMBl aBTOMATH3alMM TEXHOJOTHYECKOTO TIpolecca M
YIpaBJeHUs] BHIITYCKOM MPOAYKIHU U TpeanpusitieM B nenoM. Co3maHue
eANHON WH(OPMAIMOHHON CHUCTEMBI MPOMBIIUICHHOTO TPEINIPHUITHS T10-
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3BOJISIET OCYLIECTBUTh KOMIUIEKCHOE PELICHHE 3afau YHMpPaBICHUS BBIIyC-
KOM IIPOIYKINH, ONUPAsCh HA B3aMMOJCHCTBHE HHTETPUPOBAHHBIX aBTOMA-
TU3UPOBAHHBIX HH(POPMAIIMOHHBIX CUCTEM.

[epBas yacTh yueOHOTO MOCOOUSI BKITFOUAET:

e o0mue CBEJEHUS O CHCTEMaxX aBTOMAaTH3MPOBAHHOTO NPOEKTUPO-
BaHMs TexHojoruueckoro obopynosanus (TO) u reomH(OpMALUOHHBIX
cUcTeMax MPOEKTUPOBAHMS M SKCILTyaTallH TEXHUIECKUX OOBEKTOB;

* mpexacTaBieHUE CTPYKTypbl TO M €ro TUMOBBIX 3JIEMEHTOB B WH-
(hOpMaNMOHHBIX CHCTEMAX;

*  CTPYKTYpY, QYHKIMHU U IPUEMBI paOOTHI C aBTOMaTH3UPOBAHHBIMH
unpopmannonasiMu cucremamu (AUC) kommoHoBok TO, TexHOmoOrude-
CKHX pacuéToB TEMIOOOMEHHOTO OOOPYIOBaHHS, aBTOMATH3MPOBAHHOTO
COCTaBJICHUS] MECSIYHBIX rpauKkoB peMoHTOB TO);

*  TpHEMBI HCHOJB30BAHMSI CHCTEMbl MOJICIMPOBAHUS JUHAMHUYECKHX
MIPOIIECCOB JIJISI OTIEPATHBHOTO YIIPABICHHS MPOMBIIIIIEHHBIM IIPOU3BOICTBOM;

* MCTOIWKH NPUMEHEHHUS CpPEACTB MYyJIbTUMEONa IpPH CO3AaHUH
ANC o0ydenust nepcoHana NpeanpHATHA XUMHIECKOTO W MAaIIHHOCTPOU-
TETHHOTO MPOQIIS.

Bo BTOpYI0 YacTh MOCOOWS BOIILIN:

* CBEJICHMS O IIOCTAHOBKaxX 3a/a4, METOJAaX WX pEIICHWs M IIpo-
TpPaMMHBIX Cpe/iaX, CHOJIb3YeMbIX MPH aBTOMATH3MPOBAHHOM MPOEKTHPO-
BaHHMHU TEXHOJIOTMYECKOT0 000py10BaHMUS,

* TEOPETHYECKUE OCHOBBI IOMCKA PEXUMHBIX M KOHCTPYKTHBHBIX
XapaKTEePUCTUK TEXHOJIOTMYECKOT0 000py10BaHMS,

* ONUCAaHUE TEXHOJOTWUH MOAACPKKU MPUHATHSA PEHICHUH Ul Mpo-
EKTHPOBAHMSI TEXHOJOTMYECKUX TIIPOIECCOB Kilacca IPOM3BOJICTBEHHBIX
CHCTEM CIIOKHO# CTPYKTYphl (Ha MpUMeEpe MANIMHOCTPOUTENBHBIX MPOU3-
BOJICTB);

* ONHCaHHUE Pa3INYHBIX METOIOB MPOTHO3UPOBAHUS EMKOCTH PBIHKA
MHOT'0aCCOPTUMEHTHOH MaJIOTOHHAXHOW MPOIYKIUH C TIOMOIIBIO anmnapara
HEHPOHHBIX CETEeH;

* MCTOIUKH NPOCKTHPOBAHUS TPEHAKEPHOTO KOMIUIEKCA AT 00y-
YEHUsI IEPCOHAIA TEXHUIECKOW CHCTEMBI.

Tperbs yacTh MOCOOUS MOCBSIICHA:

* KpaTKOCPOYHOMY IIPOTHO3MPOBAHMIO IPOU3BOJUTEILHOCTH OC-
HOBHOTO 000pYyJJOBaHHSI TEXHUYECKHX CHUCTEM;

* MOJAEPHM3ALUU XUMHUKO-TEXHOIOTMYECKUX CUCTEM JEHCTBYIOLIETO
MHOT0aCCOPTUMEHTHOTO MPOM3BOJICTBA NMPU M3MEHEHUH IUIAHOB BBITYCKa
MPOXYKINH;
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* pa3paboTke HMHPOPMAIMOHHO-JIOTHYECKOH MOZEIH TPacCUPOBKH
TEXHOJIOTHYECKHUX TPYOOIIPOBOIOB,;

* pa3pabOTKe METOAMKHU pacyéra M BHIOOpa MEXaHWYECKHX IepeMe-
IIMBAIOIIUX YCTPOHCTB BEPTHKAIBHBIX EMKOCTHBIX allapaTos,

* MOJEIMPOBAHMIO TIpolecca Harpesa mnpecc-(hopMsl Ui IPOU3BOI-
CTBa PE3UHOTEXHUYECKUX M3JCMUH Ha MHIYKIIMOHHOM BYJIKaHW3AIIMOHHOM
npecce;

* pa3pabOTKEe TEXHOJOTUH aBTOMAaTU3UPOBAHHOTO CHHTE3a CHCTEMBI
000pPOTHOTO BOJOCHA0KEHUS XUMHYECKOTO TPEIIPHUITHS;

* pa3pabOTKe KOMIUIEKCA BHPTYaJbHBIX TPEHAKEPOB IS OOCITYKH-
BAIOIIETO MEPCOHAJa CHCTEM NOATOTOBKH M OYHCTKH BOJIHI,

* pa3pabOTKE TEXHOJIOTHH CO3/aHMS 3JIEKTPOHHBIX MHOTOLEJIEBBIX
0AHKOB JaHHBIX;

* OpraHM3allii JIuajora C IOJB30BAaTeISIMH B HWH()OPMAIMOHHBIX
CHCTEMaX yIPaBJICHHS IPOU3BOJICTBOM;

* MPEACTABICHUIO TEMAaTHYECKHX IPOCTPAHCTBEHHO-PACIPEACIIEH-
HBIX JaHHBIX B CETH UHTEPHET.

ABTOPBI HAICIOTCA, UTO JJaHHOE YueOHOE mocoOue OyaeT MoJIe3HO JIJIs:

— CTYJCHTOB BBICHIMX Yy4YEOHBIX 3aBEACHHH, OOyJaromuxcs MO Ha-
NpaBJICHUIO MOAroToBKH criermanmuctoB 151701 TlpoexkTnpoBaHue TexHO-
JIOTMYECKUX MAIIMH M KOMIUICKCOB",

— yJamuxcsi MarucTparypbl mo HampasieHusM: 150700 Marmmao-
cTpoeHHe", ocBauBalOMX TmporpamMy “HH(popmairoHHOe obecrieueHue
MammHocTpouTenbHoro mnpousBoactBa; 220100 Cucremuplii anamm3 u
ympaiieHre", ocBauBaroMuMXx nporpaMmy "CHCTEMHBIH aHAIHU3 MPOEKTHO-
TEXHOJIOTUIECKUX PEIIeHU ",

— acIHMpPaHTOB, NMPOBOSIIMX HUCCIEIOBaHHUS B 00JaCTH ONTHMAaIBHOTO
MpOEKTUPOBaHuUs U ynpasiueHus TO.

Hammume B mocoOum pas3fgenoB Ha AHTIMHICKOM SI3BIKE ITO3BOJISET
UCTIONIB30BATh €r'0 MPH JIBYSI3BIYHOMN ITOJITOTOBKE.

Paboma evinoanena 6 pamkax —20CyOapCMEEHH020 KOHMPAKMA
Ne 02.740.11.0624Deoepanvhoii yenesoii npocpammet " Hayunvle u nayuno-
neodazoeuueckue kaopwvl unHosayuonnou Poccuu na 2009 — 20130061"



Masal

KPATKOCPO4YHOE NPOrHO3UMPOBAHUE
nPOU3BOAUTENIBHOCTU OCHOBHOIO
OBOPYOOBAHUA TEXHUYECKUX CUCTEM

B Hacrosiiiee BpeMs BOMPOCHl NPOTHO3UPOBAHUS M OILEHKH BasKHEH-
IIMX TI0Ka3aTeNlel AeATeIIFHOCTH XUMHUYECKOTO MPEANpUATHI Ha OymyInii
OTPE30K BPEMEHHU CTAHOBITCS OCOOCHHO aKTyaJbHBIMH. ACCOPTHMEHT TIPO-
JIYKIUHA MHOTOACCOPTUMEHTHBIX MAJIOTOHHAXKHBIX XWUMHUYECKHUX MPOU3-
BOJICTB OTPOMEH: KPacHTEH, HOIYHMPOAYKTH, KHHO(POTOMATEPHAIIBI, TIPO-
OyKIusi OBITOBOM XMMHM, W TOABEPKEH MOCTOSHHBIM W3MeHeHusM [1].
B cymectBylomieit 5KOHOMUUECKON CUTyally MJIaHOBHIE 3aJaHHsl OTCYTCT-
BytoT. Ilepen pykoBOACTBOM MpeANpUATHS BCTAET CIIOXKHEWIAs 3aaada
OCYIIECTBJICHHUS TPOTHO3a CIPOCca Ha MPOM3BOIUMYIO MPOAYKIHIO, KOTO-
pbIi MOXKET HCHOJB30BaThCS ISl OMpENEICHHs MPOU3BOJICTBEHHOU MpoO-
TpaMMBI, TIPOM3BOJUTEIBHOCTH OCHOBHOTO 00OpYJIOBaHUS, IMOTpeOHOCTEH
B CBIPbC U MaTEpHaax.

1.1.BBEJIEHME B UCKYCCTBEHHBIE HEIPOHHBIE CETU

Pa3BuTHEe MPOrHOCTHKY KaK HAyKH B MOCIEIHUE NCCATHUIICTHS TPHBE-
JIO K CO3[JaHMIO0 MHOKECTBA METOJIOB, NMPOLELYpP, NPUEMOB IIPOrHO3UPOBaA-
Hust. HacunTeIBaeTcst CBBIIIE CTa METOJIOB IIPOrHO3UPOBAHNS, B CBSI3U C YEM
nepe] CIenraliCTaMH BO3HHUKAET 3aada BEIOOpa METO0B, KOTOPHIE J1aBa-
71 OBl a/IeKBaTHBIC MPOTHO3bI ISl H3y4aeMBbIX IPOLECCOB U cUcTeM. B Ha-
M JTHU BO3pacTaeT HEOOXOJUMOCTh B CHCTEMaX, KOTOPbIE CIIOCOOHBI HE
TONIBKO BBIMOJHATh OJHAXKABI 3allPOTPAMMHPOBAHHYIO TIOCIEIOBATEIb-
HOCTH JICHCTBHH C 3apaHee ONpeaenEHHpIMU TaHHBIMH, HO U CIIOCOOHBI ca-
MU aHaJIM3UPOBATH BHOBB IIOCTYIAIONIYI0 MH(OPMAIMIO, HAXOJUTh B HEH
3aKOHOMEPHOCTH, MPOU3BOANTH MPOTHO3MpOBaHHE. B 3T0i obmacth mpu-
JIOKEHUH CaMbIM JIyYIIUM 00pa3oM 3apeKOMEHI0BAIN Ce0s1 HCKYCCTBEHHBIE
HelpoHHble ceTu [2] — addekTuBHBIN MaTeMaTHuecKuil ammapat s obpa-
00TKH "HCTOpHUECKUX" JaHHBIX O TpoIIecce.

Heiiponnas ceTh — rpoMaJHbIi pacnpenenEHHbIN MapayiebHBIA TPo-
LIECCOp, COCTOSIIIUKA M3 3JIEMEHTapHBIX €AMHHI 00paboTKH MH(pOPMAIHH,
HaKaJIMBAIOIINX IKCIICPUMEHTAIbHBIC 3HAHUS U MIPEAOCTABISIONINX MX JUIS
nocyieayromei 00padboTKH.

[Ipouenypa, ncrnons3yemast Uit polecca 00ydeHHs, Ha3bIBaeTCs all-
roputMoM oOydeHus. OHa BBICTpauUBaeT B ONpECIEHHOM IOPS/IKE CHHAI-
THYECKHE Beca HEMPOHHOH ceTh It oOecredeHuss He0OXOIMMOM CTPYKTY-
PpBI B3aUMOCBsi3ell HeiipoHoB [3].
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Heiipon mpencraBisier coboil eaununmy oOpaOoOTKM WH(pOpManuu B
HeWpoHHOU ceTn. Mojenb HelpoHa, JeXallero B OCHOBE MCKYCCTBEHHBIX
HEHPOHHBIX CeTel, moka3ana Ha puc. 1.1.B aToif Moe MOKHO BBIIEIHUTH
TPH OCHOBHBIX JJIEMEHTA!

1) HaGop CHHAIICOB WIIH CBA3€H, KXl U3 KOTOPHIX XapaKTepU3yeT-

¢ CBOMM BECOM HJIM CHJIOH, B 4aCTHOCTH, CUrHAJI X | Ha BXOJIe CHHAICa i
CBSI3aHHOTO C HEMPOHOM K, yMHOaeTCst Ha BeC ij;

2) cyMMaTop CKIIanbIBaeT BXOJHBIC CHTHAIIBI, B3BCLICHHBIC OTHOCH-
TENbHO COOTBETCTBYIOIUX CUHANICOB HEHPOHA;

3) GyHKIMSA aKTHBALUK OrPaHMYMBACT AMILUIUTYIY BBIXOJHOTO CHTHA-
Jla HeWpOHa; OHa TaK)Ke Ha3bIBaeTCsl PYHKIMEH CKaTHS.

B Monenp HelipoHa, mokazaHHyI0 Ha puc. 1.1, BKIIIOUYEH MOPOTOBBII
9JIEMEHT, KOTOPBIi 0003HAUCH CUMBOJIOM Dy , OTpaskaromuii yBenuaeHHe WIn

YMEHBIIICHHE BXOTHOTO CUTHAJIA, [10J]aBaeMOr0 Ha (D)YHKIIMIO aKTHBALIUH.
B maremaTnueckoM TpeAcTaBiIeHHH (YHKIHOHHpOBaHUE HeWpoHa K
OTINCHIBAETCS yPaBHEHUSIMU

U = D WX
=1
Vi = o(u +hy),

TaE X ,Xp,...,Xy — BXOIHBIE CUTHAIBI;, Wq, W5 ..., — CHHANTHYECKHE
Beca Heiipona K; Uy, — inHeiHas KOMOHHALHST BXOJHBIX BO3ACHCTBHM; 0, —

nopor; ¢() —dyHKIHU aKTHBAIMY; Y| — BBIXOJHOW CHI'HAI HEHpOHA.

[opor

Bxooume BH:KQ‘IIHGF'
Y

CHHaNTHYCCKHE
BECa

Puc. 1.1.Mopenas HeiipoHa
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Knacc 3aga4, KoTopble MOKHO PEIIMTH C MOMOIIBI0O HEHPOHHOU CeTH,
ompeJenseTcs TeM, Kak CeTh paboTaet, U TeM, Kak oHa oOydaercs. [1pu pado-
Te HEHpOHHAs CETh MPUHHUMAET 3HAUYEHUS! BXOIHBIX MEPEMEHHBIX U BbIAAET
3HAYCHMS BBIXOIHBIX IIEPEMCHHBIX. TakuM 00pa3oM, ceThb MOXKHO TIPHUMEHSTh
B CHTYAIlWH, KOTJa MMECTCs ONpeeIEHHAs U3BeCTHAs MH(pOpMAIUs, U HyX-
HO U3 He€ MOJTYYUTh HEKOTOPYIO MOKa HEU3BECTHYIO HH()OPMAITHIO.

BaxkHoe yciioBHE NpPUMCHEHHS HEHPOHHBIX ceTeil: Heo0X0oauMo,
9TOOBI MEXIy H3BECTHBIMH BXOJHBIMH 3HAYCHUSIMH W HEH3BECTHBIMHU
BBIXOJIJAMH MMeEJach CBA3b, KOTOPas MOXKET OBITh MCKa)keHa IITyMOM, HO OHA
JTOJDKHA CYIIECTBOBATE.

DOyHKIMKA aKTUBALUM OTPENEIISIOT BHIXOJHOW CHUTHAJI HEWpOHa B 3a-
BHCHUMOCTH OT WHAYIIMPOBAHHOTO JOKAJIHHOTO TMOJIT U . MOXXHO BEIIEIHUTH
TP OCHOBHBIX THUIA ()YHKIIMHA aKTHBAIIHH:

1. @ynxyusa eounuunozo ckauxa, WA TOPOTOBask (PyHKIWS, THIT KOTO-
poii mokasad Ha puc. 1.2 OMKMCHIBACTCS CACIYIOIINM 00pa3oM:

H(V) 1 eciu L=0;
V) =

0, eciiu U<O.

B texnuueckoit muteparype 3ta Gpopma (HYHKINN €ANHIIHOTO CKadKa
0oObIYHO Ha3pIBaeTcs (yHKIueld Xoapucaiina. COOTBETCTBEHHO BBIXOJHOU
curHain Heitpona K Takoi pyHKIIMH MOXHO TIPEICTABUTH Kak

_ 1 ecmm vy =20;

Yies 0, ecin vy <0,

rae U, —HHIYIUPOBAaHHOE JIOKAJIBHOE M0JIe HEHPOHA, T.C.

m
U = ) WX +by.
j=1
B wMmogpenu, HaseiBaeMoW B juTepaType Mopenbto Mak-Kammoka-
[MuTia, BEIXOIHOW CUTHAN HEHpOHA MPUHUMACT 3HaYeHue 1, eciu WHAYIH-
pOBaHHOE JIOKAIbHOE II0JIe OJTOr0 HEHpoHa HE  OTPULATEIHHO,
u 0 —B MPOTHUBHOM CiTydae. DTO BBIPAKCHUE OMUCHIBACT CBOMCTBO "BCE MITH
auyero” moaenn Maxk-Kammoka-ITurma.
2. Kycouno-nunetinas @ynkyusi — TAII KOTOPOH MOKa3aH Ha puc. 1.3,
OTIMCBHIBACTCS CIICIYIOIINM BEIPAKCHUEM

1
v+,
L 2

MW=|%+%>U>‘%
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1,2
Ik olv)
0.8
0,6
0,4

T
L

Puc. 1.2. ®yHKIUs eIMHUYHOIO CKAYKa

1,2
r Plv)
0.8 J
0,6
0.4 ]

Puc. 1.3.Kycouno-1uHeiinasi pyHKums

3. Cuemouoanvhas gynxyus, rpaduK KOTOPOH HAaIlOMHUHAET OyKBY S
SIBISIETCSI CaMOW pacTpoCTpaHEHHON (YHKIMEH, UCTIONB3YeMOH 11l co3/a-
HUSI HICKYCCTBEHHBIX HEHPOHHBIX ceTeil. DTo OBICTpO Bo3pacTaromas QyHK-
L¥sl, TOAJIEP)KUBAET OaaHC MEXIY JIMHEHHBIM W HEJIMHEHHBIM HOBEICHH-
em. [Ipumepom curmonaansHON (YHKIMH MOKET CITYXKHTh JIOTHCTHYECKas
GbyHKIMA, 3aaBaeMast CIICIYIOIINM BBIPAKEHUEM:

dU)=
1+exp(-av)
rle a — napaMerp HakJIOHa CHUIMOMIAILHOU (YHKIMH, U3MEHAS KOTOPBIA
MOYKHO ITOCTPOUTH QYHKIIHH C Pa3InyHOM KpyTu3Hoi (puc. 1.4).

IMepBolii TpaduK COOTBETCTBYET BEJIWYMHE IMapaMerpa, paBHOU al4.
B npenere, Korga mapaMeTp HaKJIOHA JOCTHTAaeT OECKOHEYHOCTH, CHTMOM-
najbHas QYHKIUS BEIPOKIAETCS B MOPOroByr. Eciu moporosas QpyHKIHs
MOKET TPUHUMATEL TOJBKO 3HaueHus O m 1, To curmoumanbHas QyHKIHS
NPUHUMAET OECKOHEYHOE MHOXKECTBO 3HaueHui B quanaszone 0...1.Cueny-
€T 3aMETUTh, YTO CHTMOUIAIbHAS QYHKIUS ABIseTcs AuddepeHnnpyeMon
B TO BpeMs Kak noporosas — HeT. JIuddepeHunpyeMocTs akTHBALMOHHON
(GYHKIMU UIPAET BaXKHYIO POJIb B TEOPHU HEUPOHHBIX ceTel [4].
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1,2
1

0.8}
lv)
0.6} v
BENIHYEHHE
04 a 4
0.2} J

0

-0 -8 6 4 2 0 2 4 6 8 10
v

Puc. 1.4.CurmonganbHas pyHKIuMs Ui pa3In4HbIX 3HAYeHU I MapaMeTpa a

UroObl OTpa3uTh CyTh OMOJOTHYECKHX HEHPOHHBIX CHUCTEM, OIpe.e-
JICHWE HMCKYCCTBEHHOTO HEWpOHa HaéTcs CIEAYIONUM 00pa3oM: HCKYCCT-
BEHHBI HEHPOH MOJy4YaeT BXOJHBIE CHIHAIBI (MCXOIHBIE [aHHbBIE JHOO
BBIXOJIHBIC CHTHAIBI APYTHX HEHPOHOB HEHPOHHOH ceTH) depe3 HECKOJIBKO
BXOJIHBIX KaHaJIOB. Kax/Iplif BXOJTHOM CUTHaJ MPOXOAUT Yepe3 COeAUHEHHUE,
HMEIOLIee OMpeeNEHHYI0 HHTCHCHBHOCTD (HJIH 6ec); ATOT BEC COOTBETCTBY-
€T CHHANTHYCCKOH aKTHBHOCTH OHONOrHYeckoro HedpoHa. C KaxIbIM
HEUPOHOM CBSI3aHO OIpPEACIEHHOE TOPOTOBOE 3HAYCHHE.

Beca MOTryT OBITh OTPULIATEIBHBIMH, YTO O3HAYAET: CHHAIC OKA3bIBAET
Ha HEeHpOH He BO30Y)KAarollee, a TOpMO3siliee BO3IeHCTBUE (B MO3re MpH-
CYTCTBYIOT TOPMO3SIIIIE HEHPOHBI).

Ecnu ceth mpenmnonaraercs Ui 4ero-To HCIOJB30BaTh, TO y Heé
JIOJDKHBI OBITH BXOJbI (IPUHUMAIOIIME 3HAYCHUS WHTEPECYIOIIUX HAC Iie-
PEMEHHBIX U3 BHEIIHEr0 MHpPA) U BHIXO/AbI (MPOTHO3bI MM YIPABISIOIIHE
CHTHAITBI). BXO/BI M BBIXOMBI COOTBETCTBYIOT CEHCOPHBIM W IBUTATEIbHBIM
HEpBaM — HANIPUMEP, COOTBETCTBEHHO, UIYIIMM OT Ta3 u B pyku. OnHaKko
B CETH MOXeET OBbITh €I MHOTO MPOMEXYTOUYHBIX (CKPBITHIX) HEHPOHOB,
BBITIOJHSAIOMINX BHYTpeHHHE (YHKIMH. BXOJHBIE, CKPBITHIE W BBIXOJHBIC
HEMPOHBI JOJDKHBI OBITh CBA3aHBI MEXKITY c000ii [3].

Ipocreiiiias ceTh UMEET CTPYKTYPY MPSMON Mepeiavuu CUTHAIIA: CHr-
HaJIbl TTPOXOJSIT OT BXOJOB 4Yepe3 CKPHIThIC JIEMEHTHl U B KOHIIE KOHIIOB
NPUXOIAT Ha BBIXOJHBIE dJIEMEHTHI. Takasi CTpyKTypa UMeeT yCTOHYMBOE
noBeneHue. Ecnu ke ceth pexyppenmuas (T.e. COICPKUT CBSI3H, BELYILIHE
Ha3aj OT OoJiee AaNbHUX K Gosiee OIMKHUM HEHpOHaM), TO OHAa MOXET OBITh
HEYCTOWYHMBa M UMETh OYCHb CIOKHYIO THHAMHKY MOBeAeHHs. PekyppeHT-
HBIE CETH MPE/ICTABIIOT OOJIBIION MHTEPEC ISl HCCIIeI0BaTelNel B o0acTn
HEUPOHHBIX CETeH, OJJHAKO MPU PEIICHUH MPaKTHYCCKUX 3aiad Hauboliee
MOJIE3HBIMU OKA3aJIMCh CTPYKTYPBI IPSMOIl Mepeiayu.
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Tunuueell nmpuMep ceTd C MpsMOIl mepegauell cUrHajga IMOKa3aH
Ha puc. 1.5.HelipoHBI perynspHBEIM 00pa3oM OpraHH30BaHEI B CJIOM. Bxox-
HOH CJIOW CIY’KHT IIPOCTO JUIS BBOAA 3HAYEHUH BXOJHBIX NEPEMEHHBIX.
Kaxnplii M3 CKpBITBIX W BBIXOAHBIX HEHPOHOB COETMHEH CO BCEMH
JIEMEHTaMH HPEABIAYIIero ciiosd. MoxHO OblIO OB paccMaTpUBAThH CETH,
B KOTOPBIX HEHPOHBI CBA3aHBI TOJIBKO C HEKOTOPBHIMH M3 HEHPOHOB MPENBI-
JIYIIEro CJosl; OJHAKO, /Ul OOJBIIMHCTBA NPWJIOKECHUH CETH C IOJTHOH
CHCTEMO} CBsI3el mpeanouTuTenbhee [5].

IIpn paboTe ceTn BO BXOJHBIC JIEMEHTHI MOJAIOTCS 3HAYCHUS BXOI-
HBIX NIEPEMEHHBIX, 3aTEM II0CIICJOBATEIbHO OTPadaThIBAIOT HEHPOHBI MPO-
MEXYTOYHBIX M BEIXOZAHOTO CII0EB. KaXkablil N3 HUX BBIYMCISIET CBOE 3HAYE-
HHUE aKTHUBALMH. 3aTeM 3HAYEHHs aKTHBALUH NPEoOpa3yroTCs ¢ MOMOILIBIO
(YHKIMM aKTHBAalMU, U B pe3yibTaTe IoJIydaeTcst BEIXoa HeifpoHa. ITocne
TOTO KakK BCSI CETh OTPa0OTAET, BEIXOAHBIC 3HAYCHUS 3JIEMEHTOB BBIXOHOTO
CJIOSI IPUHUMAIOTCS 32 BBIXOJ BCEH CETH B IIEIIOM.

IIpn TPOTHOZMPOBAaHMHM HYKHO 3HATH (DAKTOPHI, KOTOPBIE BIHSIOT
Ha crpoc.

Puc. 1.5.Cetb ¢ npsiMoii nepeaayeii curuana
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IIpemmaraercst MCIONB30BaTh Takue (PAKTOPHI, Kak I[cHA HAa MPOIYK-
U0, CPEHUM TOXOM HACEIIEHHs, MPOKUTOUYHBI MUHUMYM, TEMITBI CTPOH-
TENbCTBA, [IEHa Ha MPOAYKLHUIO Y KOHKYPEHTOB, KypcC JoJuiapa, HHACKC LEH,
MOPTQEIh 3aKa30B, YPOBEHb 0€3pabOTHIIBI, PACXOIBI HA PEKIaMY.

1.2.®AKTOPHOE ITPOT'HO3MMPOBAHUE

[ToctaHOBKa 3amayll MPOTHO3UPOBAHUS (POPMYIHPYETCS CIICAYIOMINM
00pazoMm.
Jnst u3BecTHBIX OOBEMOB cIlpoca Ha MPOIYKIMIO acCOPTUMEHTA!
ibi=1, ..l
1 AL 1 1 1,
Q1. Q2, Qg Qe Qs
2 ~2 2 2 2 .
QI—J.'QI—Z'QI—IS!'--: —j l"-yQt—na

Q4R Qg0 Qe Qe

1 (haKTOPHBIX IPU3HAKOB N3BECTHBIX 3HAYEHUIH:

— pen Ha npoaykuuio XL 4, X1 _5,..., XL

— cpeaHero goxona HaceneHust X2, 4, X2 5., X2y,

— TPOXUTOYHOrO MUHUMYMa X3 3, X3 5 ..., X3}

— TeMmIoB cTpouTenscTBa X4, 4, X4 5 ,..., X4,

— UCH Ha IPOAYKIHIO y KOHKYpeHTOB X5,_;, X5, ..., X5_;

— Kypca gomtapa X6,_4, X6,_5,..., X6;_p;

— wungekca ueH X7, 4, X7 o,y XTi_p;

— mnoptdens 3akazoB X8 _;, X8, _,,..., X8_,;

— ypoBHs 6e3pabotunibl X9 _3, X9 _5 ..., X9y,

— pacxozos Ha peknamy X10,_,,X10,_,,..., X10,_,
oNpesiensieM BBIIYCK NpOXyKIWMH B MoMmeHT Bpemenn t QF, QF,
Q@,...4Q...Q.
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AJNTOPUTM peEIIeHUS 3aa4H MPOTHO3UPOBAHUS BKIFOYACT CICAYIOIINE
JTAIb:

1. IMoaroToBka HMCXOIHBIX JAHHBIX MO TPOJAXKaM 3a IPEIBITYIIHA
nepro.T ¥ (aKTOPHI, BIHSIONINE HA 3TH MPOIAaXKH.

2. Coszmanne 00y4aroieil, KOHTPOJIBHOW W TECTOBOW BBIOOPOK — He-
00X0IMMO IIJIs1 O0YUIESHUS B IPOBEPKH CETH.

3. ®opMHUpOBaHHE apPXUTEKTYphl HelpoceTH (BBIOOP KOIUYECTBA
CJIOEB U KOJMYECTBA HEHPOHOB B KaXKIOM CJIO€). BBIOOp THIIA CETH 3aBUCHT
OT BHJAA PEIIaeMOW 3ajJaddl W OT OIBITAa pa3pabOTUHKa, KOTOPBIH CMOXKET
BBIOpATh HAWIIYYIIMNA THI CETH ISl KOHKPETHOH 3am1aun. Eciu BeIOOp THIIA
CeTH HEesICeH, TO MOYKHO BHIOpaTh Cpa3y HECKOJBKO THIIOB, a MOTOM OTO-
OpaTh HAMTYYIITHH.

4. Beibop amroputma oOyuenuss (0OpaTHOe pacmpoCTpaHeHHE,
JlesenGepra—Mapkapa, ObicTpoe pacmpoctpanenue, delta-bar-delta [2]).
HccrenoBanust mokas3aiy, 4To Ui JaHHOHM 3aJadd MPENNOYTHTEIBHO BBI-
OpaTh ATOPUTM 0OPAaTHOTO PACIPOCTPAHEHUSI.

5. Tlpumenenue HeitpoceTn. 3aryck ceT 1uist €€ 00yueHHUSI.

6. Pacuér ommoOku. IToaronka BecoB HEHPOHOB IUISI COOTBETCTBHUS
00y4JaroIel 1 KOHTPOJILHOM BEIOOPOK.

7. Bp10op Hamryuined cetd. 113 HECKONBKUX CeTei BBIOMpAeTCs CETh
C HaUMEHbIIeH ommnoOKoi. Kpocc-poBepka — He3aBUCUMast TIPOBEpPKa Kade-
CTBa IPOTHO3a SABISETCA OJHOM M3 BaXKHBIX 3a/1a4 B NPOTHO3WPOBAHUH.
IIpennaraercst mepea MpPOBENCHMEM aHAJIM3a HCXOJIHBI BPEMEHHOW psll
YKOPOTHUTH HA YEThIpE HENENU. "XBOCT' psAla COXpAHACTCS JUIS JalbHEHIe-
ro aHajw3a, a MoCJie ATOT0 CTPOUTCS MPOTHO3 "YKOpOUEeHHOTO" psima U pe-
3yJIBTaT CPaBHUBACTCS C OTIOKEHHBIMU TaHHBIMHU. [Ipu ycrmoBum, 9TO TMOX
KOHeIl HaONIoZaeMoro mepuoja Ha pPsA HE NMPOW3BOAWIOCH MHTEPBEHIMH,
MOXKHO OXKHUJaTh, YTO Mepa OIIMOKH, IMOJYYCHHOH NPH COMOCTABICHUH,
OyZer OIEHKOW OmMOKM Ha Oynaymwid mnepuon. MHBIMH CcJIOBaMH, €CIH
Ham TporHo3 Ha 5...10% omimdyaercs OT HAOMIONACMBIX JAaHHBIX, MBI
MOKEM OXKHIATh, YTO 3Ta ONIMOKA COXPAHUTCS M Ha OyIyIIui HeHaOIoIac-
MBIl MIEPHO/I.

Pemmv 3amady nmporHO3UPOBAHMS CIIPOCa HA MPOAYKT A U IIpoaHaiu-
3UpyeM pe3ynabTathl. UMeroTes nanubie 3a 84 Henenu.

ITocne obyuenust 30 cereii OBLTO BHIOPAHO YETHIPE, KOTOPHIC HCIIOJIb-
30BaJIMCh IS Kpocc-TpoBepku (puc. 1.6).

Kak Bugno u3 rpadukos, "Cetb Ne 1" (puc. 1.6,a) umMeer MEHbBLIYIO
omuOKy, CleIoBaTeIbHO, OHa OYyJET HCIOJIb30BAaThCS Ul HOCTPOCHHUS
KpaTKOCPOYHOI0 Mporuo3a Ha 12 vepens (puc. 1.7).
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1.3.BE3®AKTOPHOE ITPOI'HO3MPOBAHUE

Ecnu ¢axktopHble NPHU3HAKK BBISBUTH 3aTPYAHUTENBHO, TO MOXKHO
BOCIIOJIB30BAThCS MPOTHO3UPOBaHUEM 0e3 yuéra (akTopoB, T.e., ONEepHPYs
TOJILKO HCTOPHUYCCKUMHU JaHHBIMH O TIPOJIaxax.

ITocranoBka 3amaun 6e3()aKTOPHOTO MPOTHO3ZUPOBAHUS (HOPMYITHPY-
€TCsl CIISTYIOIINM 00pa3oMm.

Jis u3BecTHBIX OOBEMOB CIIpoca Ha MPOAYKIMIO ACCOPTUMCHTA!
i,i=1,..l

Q1 Qo Qs Qe Qi
QL Q%5 Qs QY QL

Q1 Q 2 Q5 QL s Qg

OIpeAC/IA€M  BBIITYCK HOPOAYKOMU B MOMCHT BpPEMCHU t Ql, QZ,

Q@...4Q...Q.

ANTOPUTM penIeHus 3a/1a4i NPOTHO3UPOBAHUS BKIIOYACT CIIEIYIOIINE
9Tambl

1. TToxroroBka MCXOAHBIX AAHHBIX IO MPOJAXKAM 3a HPEABIAYIINI
TIEPHOI.

2. Coznanne oOyuvaromiei, KOHTPOJBHOW U TECTOBOW BBIOOPOK — He-
00X0TMMO IJIs1 O0YUIEHUS B POBEPKH CETH.

3. dopmMupoBaHHEe apXUTEKTYpHI HEHpoceTH.

4. Bribop anroputma ob0ydenus (obpaTHoe pacmpocTpaHeHue, JIeBeH-
Gepra—Mapkapa, ObIcTpoe pacnpocTpanenue, delta-bar-delta)liccnenosanus
MOKa3aiy, 4TO ISl JAAHHOW 3aladdl NPEIOYTUTENHHO BBIOpPATh aIrOpUTM
00paTHOTO pacrpoCTpaHeHHsL.

5. TIpumenenue HepoceTH. 3aITyCcK CETH sl €€ 00ydeHHUS.

6. Pacuér ommbOku. IToaroHka BECOB HEWPOHOB I COOTBETCTBHS
oOyyaromieif 1 KOHTPOJILHOH BBIOOPOK.

7. Bwi6op Hammyumieii cetd. 113 HECKOJIIBKUX ceTell BBIOMPAETCSI CETh €
HaUMeHbIIeH ommoOKoid. Kpocc-poBepka — He3aBUCHMAas TPOBEPKa KauecTBa
NIPOTHO3a SIBJISIETCS OHOW M3 BaXKHBIX 3a/]a4 B MporHozuposanuu. [1pemnara-
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eTcsl Tepe] MPOBEACHUEM aHATN3a UCXOIHBIA BPEMEHHOM sl YKOPOTUTH Ha
YeThIpe HeNeNU. "XBOCT' pspa COXpaHseTcs Ui AalbHEUIIero aHaimsa, a
TIOCJIE ITOTO CTPOUTCS MPOTHO3 "YKOPOUSHHOT0" psifia M pe3yibTaT CpaBHU-
BAETCS C OTJIOKEHHBIMY JaHHBIMU. [IpU yCIOBHH, YTO MO KOHEI] HAaOmo1ae-
MOTO MepHoJa Ha PsiJi HE MPOWU3BOAMIOCH WHTEPBEHIIMH, MOXHO OXKHIATh,
YTO Mepa OMIMOKH, TIOTYICHHOM MPHU COMOCTaBICHNH, OyIEeT OIEHKO# OmIno-
K1 Ha Oymymwmii mepuona. MHbpIME clioBaMu, eciii Hami nporHo3 Ha 5...10%
OTJIMYAeTCs OT HAOMIOAAeMBIX TAHHBIX, MBI MOYKEM OXHJATh, YTO ITa OLIHO-
Ka COXpaHUTCS M Ha OyayIuii HeHaOII0aeMblid TIEpHOT.

Pemmenne 3amaun NpOrHO3MPOBAHMS CIIpOca Takke OYIET OCyIEecTB-
JSIThCS Ha ipoaykTe A. IMeroTes naHHbIe 3a 84 Hepeny.

ITocne obyuenust 30 cereii ObLTO BHIOPAHO YETHIPE, KOTOPHIC HCIIOJIb-
30BaNUCh TS Kpocc-npoBepku (puc. 1.8 — 1.11).

Kak BumHO u3 rpadukos, "Cerb Ne 4" (puc. 1.11) uMeeT MEHBLIYIO
omuobKy, CleIoBaTeIbHO, OHA OyJET HCIOIb30BAThCS Ul TOCTPOCHHUS
KPaTKOCPOYHOTO TporHo3a Ha 12 Hemenpb (puc. 1.12).

4 _ THC. M. 4 _THC. m.
— 1 — 1
6 R 6 -
5 5
4 2 4 2
3 3
2 2
1 1
0 T T 1 0
0 2 4 6 Henenu 0 2 4 6 Henenn
a) 0)
THIC. TIIT. THIC. INIT.
12 7 1
— 2 6

10 - o __.7'24

8 / 4 —

6 / 1 3

4 2

2 1

0 . . . 0 . . .

0 2 4 6 Hemenn 0 2 4 Hé e
6) 2)

Puc. 1.8.Kpocc-ipoBepka ceTeii:
1 —wucropust; 2 —cetb; a —Ne 1;6 — Ne 2;
6—Ne 3;2—Ne 4,
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Puc. 1.12.I1porno3 npoaa:x 6e3 y4éTa neTepMHHAHTOB

Takum o6pazom, "Cetb Ne 4" OyJeT UCTIONB30BATLCS ISl TOCTPOCHHS
KPaTKOCPOYHOTO MPOTHO3a Ha 12 Heelb.

TecThl Ha MPaBUIILHOCTH MPOTHO3a JaIH MOJOXKUTEIBHBIN Pe3yIbTar.
CrnenoBatenbHO, (QaKTOPHBIA MPOTHO3 Najl HauOojee TOYHBIA TPOTHO3 U
MOXET OBITh MPUMEHEH, HO BBHIOOP 3HAYMMBIX (PAaKTOPOB W UX YHCICHHBIX
3HAYCHUH — TPYNOEMKHUI TpoIecc Haxke s KBaTU(PHUIIMPOBAHHOTO CIIC-
UajgncTa B JaHHOW oOmactu. TakuM oOpa3om, pa3pabOTaHHBIA alTOPUTM
MOXeT OBITh HUCIIOJIH30BaH ISl PELICHUsI 3a1a4K IPOrHO3MPOBAHUS CIIpoca
HAa aCCOPTHMEHT IPOIYKIMH U Jajiece JJIs ONPEACICHUS MPOU3BOAUTEIEHO-
CTH OCHOBHOT'O 00OPYIOBaHUS TEXHUYCCKUX CUCTEM.

BOIIPOCEHI JJIs1 CAMOITPOBEPKH

1. Yro Takoe HEHpOHHAs CETh.

N

Yro Takoe aropuT™M 00yUEHHS.

w

HazoBute Tpu OCHOBHBIE DJIEMEHTHI UCKYCCTBEHHOW HEHpOHHOMN
CETH.

Kaxoe BasxHO€ ycinoBue NpuUMeHEHUs HelpoceTeil.

Kakue cymecTByrOT BUIBI (DYHKIIMI aKTUBAINH U B YEM UX Pa3IIHIHS.
HazoBure BUBI aNTOPUTMOB O0yUESHHUS.

No g s

Onwuimmre aropuT™ peIIeHus 3a1a41 IPOTHO3HPOBAHUS.
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MnaBa 2

MOAEPHU3ALUNA XUMUKO-TEXHOJTOMMYECKNX
CUCTEM OEUCTBYIOLLEFO MHOFOACCOPTUMEHTHOIO
nPOn3BOACTBA NPU UISMEHEHUN
NMAHOB BbIMYCKA nNPOAOYKLUU

MHoOroaccopTUMEHTHbIE XUMuueckue mnpoussoacTea (MXII), mpume-
pPaMu KOTOPBIX MOTYT CITY>KUTH IPOM3BOJICTBA CHHTETHYECKUX KpacuTeen n
TIOJTYTIPOAYKTOB, (papMaleBTUUECKUX IIPEnapaToB, KHHO(OTOMaTepHalos,
XapaKTepU3yIoTCs IIUPOKHUM acCOPTHMEHTOM IPOAYKTOB IIPH HEOOJIBIINX
06béMax (mo 1000t1/rox) 1 CpaBHUTEBEHO KOPOTKUX CPOKAX HX BHIIMYCKA.

OCHOBHBIMU CTPYKTYpHbIMH 31eMeHTaMu MXII ABASAIOTCS XUMHKO-
texHonornueckue cuctemsl (XTC) — anmapaTypHO-TEXHOJIOTHUSCKUE KOM-
IUIEKCHI, OPHEHTHPOBAHHBIE Ha BBIMYCK HECKOJBKHX MPOIYKTOB, CXOIHBIX
o criocoOy monyuyenus, mpuaéM oombHCTBO X TC MXII npennazHavyeHbI
JUISl TIOCJIC/IOBATENILHOTO BBIITYCKA IMPOIYKTOB (PUKCHPOBAHHOTO aCCOPTH-
MeHTa ¥ (YHKIHOHHUPYIOT B MIEPHOINIECKOM PEKUME, XOTS HCIIONB3YIOT U
000pyI0BaHNE HEIIPEPHIBHOTO JICHCTBUS.

Omnpenenenune annaparypHoro odpopmierus (AO) XTC BHOBb mpoek-
tupyeMoro MXII — 3710 BEIOOp ONpPENENSIONMNUX TEOMETPHUECKUX Pa3MepOB
(pabourx 00BEMOB HIIH/H MOBEPXHOCTEN), YHCIIA ANNAPATOB CTaHii CUCTE-
MBI M XapakTepHCTHK pexuMa e€ (pyHKIMOHMPOBAHMS, 0OECIICUHNBAIOIINX
BBIITYCK MPOJIYKTOB 33JaHHOTO accopThMeHTa | B TpeOyembIx 00béMax Q,
i =1, ...,1 3a mepuon Tp, cMm. [1 — 3]. B mociennue roasr HoBbie MXII
B Poccum npakTuyeckn He MPOCKTUPYIOTCS U pacu€Thl, CBSI3aHHBIE C OTIpe-
neneaneM AO XTC um pexuma (QyHKIHOHHUPOBaHHMS WX OOOPYIOBaHMUS,
OCYIIECTBIISTIOTCS. TIPH M3MEHEHWH IUIAHOB BBITyCKA MPOAYKIMH JEHCT-
BYIOIIUX MPOU3BOJACTB (ACCOpPTHMEHTa, 0OBEMOB WJIM/H CPOKOB BBIMYCKA
MPOJYKTOB) B CBSI3H C H3MEHEHHUSMH PBIHOYHOM CHTYALIUH.

2.1. METOJOJIOI'Us OITPEAEJIEHMS ATIIIAPATYPHOI'O
ODPOPMIIEHUA XMMHUKO-TEXHOJIOTUYECKUX CUCTEM

Paspaborannas Hamu Metogonorus onpeaenenuss AO XTC MXII [3]
IpeAycMaTpUBaET MPEACTABICHUE 3TOM MPOOJIEMBI B BUIE BYXYPOBHEBON
nepapxuy 3aJad. Ha BEPXHEM YPOBHE peIIaeTcs 3ajada ONTHMHU3AIMU Ia-
pameTpoB pexnMa ¢yHkronupoBanusi XTC B 1iesioM 1 000pyoBaHus €€
anmapatypHbIX cTaauit (3amada AQs), a Ha HIDKHEM ypoBHe — 3amaun AQO
anmapatypsbix craguit XTC, T.e. BBIOOpa OMPEeIIIOMUX TeOMETPHIECKUX
pa3MepoB H YHCIIa X OCHOBHBIX anmnapartos (3azaun AQy), cM. puc. 2.1.
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3agaua AQg ompeenicHue XapaKTEPUCTHK PEKUMA
¢dyakauonuposanust XTC Ne su o6opynoBanus e€ cramuit
A

A J

a) pa3Mepbl apTHH MPOILYKTOB; ) YKCII0 OCHOBHBIX alaparos;

0) MaTepHUaIbHbIe HHICKCHI U IEPHOIbI 0) ykasarenu crocoba nepepaboTKH
00paboTKH MPOAYKTOB Ha CTAAUIX; HapTHH POIYKTOB;

B) JJIUTEIBHOCTH (HIBTPOBAHHUS B) pa3MepOB alapaToB CTaIui
U CYILIKH, yJeIbHbIC (GUIBTPOBAHUS U CYIIKH
MPOU3BOJUTENBHOCTH ANIapaToB

A

3amaua AQs onpenenenrie AO craguu Ne j XTC Ne s,
cnocoba nepepaboTKy NapTHH NPOTYKTOB

Puc. 2.1.3agaun onpenenennsa AO XTC MXII

3amada AOs hopMyIHpyeTCs Kak 3a/iada HEIMHEHHOTO MPOrpaMMHUPO-
BaHus, a 3a1a4n AQgj — KaKk 3a1aui AUCKpeTHOH onTuMusaiuu. Tako# mox-
XOJl TIO3BOJIIET M30eXaTh 3aTPYJHEHHsI, MHOTOKPAaTHO YIIOMHHAEMOTO B
HAYYHBIX MyOJMKAIUSIX [0 PaccMaTpUBaeMOH MpobjeMe (CM., HApHUMED,
[4] — [7]) — HeoOXomMMOCTH pemiaTh 3aJa4y CMEIIAHHOTO JHUCKPETHO-
HEJTMHEWHOTO MPOTrPaMMHPOBAHUS, OOMIETIPUHATAS METOIWKA PEIICHHS
KOTOpO# B HACTOSIIIEE BPEMS OTCYTCTBYET.

Just pemmenust 3apaun AOgs HEOOXOIMMBI HEKOTOPBIE Pe3yJbTaThl pe-
menus 3agad AQg;, MO3TOMY METOAWKAa COBMECTHOTO PEIICHUS 3THUX 3a1ad
MpeaycCMaTpUBAcT MPOTHO3 M HTCPAIMOHHOC YTOYHCHHE 3HAYCHHMA Cie-
JIFOIUX TapaMeTPOB:

— YHCIO OCHOBHBIX ammapaTtoB ctamuid XTC, HeoOXomuMoe s Tie-

pepaboTKn mapTHii Kaxaoro npoxykra Ny, i =1, ...,1,j 0 J;;
— yKasaTeju crocoba nepepabOTKM MapTUil IPOXYKTOB Ha CTAAUAX [,
i=1,..,0,)03% (p = 0,ecnu ocHoBHBIe armapatkl cTaguy j XTC nepepaba-

TBIBAIOT TAPTHH i-TO MPOAYKTA IIEIUKOM, IPHHAMASI MX ITOOYCSPEIHO, & SCIIH
BCE aIlIapaThl CHHXPOHHO NIepepabaThIBAIOT PABHBIC O MIAPTHH, TO [ = 1);

— K03 HULIHEHTHI I3BMEHEHHUS Pa3MepOB MApTHil IPOLYKTOB Ha CTAAUSX
rj, i =1, ..,1,j0J (rj = 1, ecim na craguu j XTC pasmep naptud i-ro npo-
IyKTa He M3MeHseTcs, lj =y, Y > 1, ecau mapTus pasnensercs Ha Y PaBHBIX
HOpLKii, HepepabaThIBaeMbIX MOOYEpeIHO, Ij = 1f, v > 1,ecin ocymiecTiseT-
st 0OBEIMHCHHE Y 1IENbBIX TTAPTHH AT UX COBMECTHOI! mepepaboTKm);

— OompenesoIIne pa3Mepbl OCHOBHBIX ammaparos craaui j O Js/Jf,
3HAYCHUSI KOTOPBIX 3aBHCST OT IPOJOJDKUTEIBHOCTH IepepaboTKU HapTHi
NpoayKTOB (CTamuu QUIBTPOBAHMS U CYIIKH).

3neck J; — MHOXecTBO HOMepoB craamii XTC, ammapaTbl KOTOPBIX
YYaCTBYIOT B IlepepaboTKe HapTHil i-ro IPOIyKTa.
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2.2.YCJIOBUS PASPEHIMMOCTU 3AJAY OIIPEJJEJIEHUA
ATITTAPATYPHOI'O O©OPMJIEHUA

Heob6xoaumeie ycnoBus paspemrumocts 3amad AOsu AQ;, j = 1, ...,J
(J — umcno ammaparypubix craguii XTC) HO3BOJSIOT IPEIBAPHTEILHO,
TOJIBKO C TIOMOIIIBIO MCXO/HBIX JIAHHBIX, BBISBISTH HEOOXOIMMOCTD U OTpe/ie-
JATh HAIpaBIEHHs M3MEHEHM: 3HAaUeHHi mapameTpos Ny, Py, f, i O(L, ..., 1),
i O, ..., J), xoTopble MOTYT 00ECIEYUTh CYLICCTBOBAHHE JOMYCTUMBIX
pelieHui 3aay.

1. VYcnoBue "coBMECTUMOCTH' MPOAYKTOB BRIOPAHHOTO aCCOPTHMEHTA,
T.€. BO3MOXXHOCTH OCYIIECTBJICHHsI BCEX ITAIIOB CHHTE3a MPOJYKTOB B arlma-
parax, KOTOpble MOTYT OBITh UCTIOIb30BaHbBI ISl OCHAIEHHS cTaguii X TC

W W =1, (2.1)

rme W, W™ — MUHMMaNTbHOE U MAKCUMAIBHOE J0IYCTHMBIE 3HAYCHHUS

pa3mepa mapTuH i-ro MPOAyKTa (Maccel HapTHH, MPOLICUICH BCe CTaguu
nepepaboTKi), OmpelesieMble MO pe3yibTaTaM BBIYMCICHHN HIDKHHX U
BEPXHUX OIICHOK OMNPEENSAIONINX Pa3MEpPOB OCHOBHBIX alNapaToB CTAIUH
XTC, BepXHUX OLEHOK JJIUTEIHLHOCTEH MepepaboTKy MapTHH MPOAYKTOB Ha
cramusix j 0Js/Jf u HmwkHell oueHKH AMTENBHOCTEH LMKIOB BBITyCKa

NapTHH IPOAYKTOB (TuiD' i=1,..10).

3nech J§ — MHOMKECTBO HOMEPOB CTajuii MepepabOTKH MapTHid i-ro
MPOJIYKTa, OCHOBHBIMH aIlapaTaMy KOTOPBIX SBJSIOTCS (UIBTPBI U Cy-
mmnke; Jfi — MHOKECTBO HOMEPOB CTaIMil IIepepabOTKH MapTHH i-Tro Hpo-
JIyKTa, OCHOBHBIMH alllapaTaMd KOTOPBIX SIBJISIOTCS paMHbIE U KaMepHbIC
(bUIBTpPIIPECCHI, BRIACISAIOMNE TBEPAYIO a3y oOpadaThiBaeMON CyCIIEH3HH.

2. Ycnoeue Hanmuus B MHOXecTBax X§, j = 1, ...,J pa3mepoB cTaH-
JIAPTHBIX OCHOBHBIX alMapaToB, MIPUTOIHBIX JJIsl YCTAHOBKH Ha KO U3
anmapatypHsix craguii XTC,

[x},x‘f]mxsjm, j=1...3, (2.2)
TIe X}‘ , XJLJ
OIIPENENAIONIErO pa3Mepa OCHOBHBIX armaparoB craaud | XTC, BEIYUCIEH-

— MHUHHUMAQJIBHOC W MAaKCHUMAJIBbHOC ITOIMYCTHUMBIC 3HAYCHUA

HBIE C UCTIOJIB30BaHMEM 3HaueHuit W, W™ i=1, ...,
3. VYcnosue obecnieueHus Tpedyemoii npousBoautensHocTd XTC

IZQTmD/V\f.’“aXsTlo, (2.3)
i=1

T.e. BO3MOXXHOCTH BBIITyCKa BCEX MPOAYKTOB B 00béMax Q;, i = 1, ...,1
3a BpeMms Ip.

25



s crydaeB HEBBITIONHEHUs ycinoBuid (2.1) — (2.3)paspabotansl peko-
MEH/IalIMH [0 M3MEHEHHI0 (QUKCHPOBAHHBIX 3Ha4eHWit Ny, Py, Mj, 1 = 1, ..., 1,

j O J;, xoTopele MOTYT 00ECIEUNTh MX BBINOJNHEHKHE. Hampumep, B curya-

147058 er(nln > WLnax, kO (l vyl ) MO>KHO TIOTIBITATHCS THOO YMEHBITUTH Wlf"n,

b0 yBeIMYUTH W . VMEHBWHMTH W' MOXHO 3a CUT yBEIHYECHHUS

3HAYCHUS Uy, T.C. YMCHBIICHUS 3HAa4YCHHS Iy, (0ObEAMHEHHS B ammapaTax
cragun | XTC HeckoIbKHX mapThii K-ro mpojykra uis COBMECTHON o0pa-
60TkH, MO0 TIpH Ny > 1 u Py = 1 —oTKkaza OT CHHXPOHHOH 0OPadOTKU
paBHBIX jgojnell maptuu K-ro mponaykra B ammapartax crtagud | (mepexona
K Py = 0).IToapoOHee 0 GOPMYIHPOBKE YCIOBHI M PEKOMEHIAMUAX [0 MX
BBIITOJTHEHHIO CM. B [3].

3amernM, 4TO BbIMOJIHEHUE ycnoBuid (2.1) — (2.3)He rapaHTHpPYET mO-
Jy4eHHs IOMYCTUMOIO PEIICHHUs 3a[a4, OJHAKO MO3BOJISIET cpa3y OTOpo-
CHTh SBHO HEJONYCTHMble KOMOMHALMK 3HA4eHWH Ny, Pj, I, i=1, ..1,
j O Ji. HanpumMep, mpoBepKa 3TUX ycaoBuit B xoxe onpenenenus AO XTC,
coctosmiet 3 11 ammapaTypHBIX CTaiuii, Ha KOTOPOH MpeaInoJiarajoch
3a Tp = 34204 BeImycTUTH 7 a30KpacuTeed IPH COBOKYITHOH MOIIHOCTH
314 1, no3BosIIa BEIIBUTH HEOOXOANMOCTD HMCIOJIBb30BaHUS JBYX OCHOB-
HBIX amnmnapaToB Ha OJHON W3 craauil GUIBTPOBaHMS M HEOOXOIUMOCTH
0o0beMHEeHNSI MapTHH HEKOTOPHIX MPOIYKTOB HA CTAAMAX DPAaCTBOPCHHUS
oy padpuKaToB.

2.3.II0OCTAHOBKU 3AJJAY MOJIEPHU3 AN
ATIIAPATYPHOI'O O®OPMJIEHUS JIEMCTBYIOILIUX
XUMHUKO-TEXHOJIOTHYECKUX CUCTEM

Ipennaraemsie noctaHoBkH 3anaun AQs B ciiydae KOPPEKIMH Xapak-
TepUCTHK pexknMma GyaknnoHupoBanus XTC neiictByromero MXII u 3amag
AQ;;, j =1, ..., koppekuuu AO eé craauii mpyu U3MEHEHUH IJIaHA BBITYCKA
MPOIYKIUHN NPeyCMaTPUBAIOT BO3MOXKHOCTh BBeIeHUs B cocTaB AO Heko-
Tophix ctaguii XTC IOMONHUTETHHBIX OCHOBHBIX M BCIIOMOTATEIbHBIX all-
MapaToB, 3aMEHbI YaCTH OCHOBHOTO H(MITH) BCIIOMOTATEILHOTO 000pyI0Ba-
HMSI KaKUX-JIHMOO cTaaui, a Taxke BBeaeHus B X1TC IOMOIHUTENBHBIX all-
TapaTypHBIX CTAIWH IS Pealn3aluy CTaAui CHHTE3a HOBBIX NMPOIYKTOB U
BBIOOP 00OpYIOBaHMUS JJIsl UX OCHAINICHUS (M3 YHCIIa PE3ePBHBIX almnapaToB
MPOM3BOJICTBA, JINOO BHOBH MprobpeTaeMbix). Kpome Toro, aHann3 mpakTu-
Ki paboThl TPOEKTHO-KOHCTPYKTOPCKUX OTACIOB nedcTByrommx MXIIT
B yactu pacuéroB obopymoBaHuss XTC mpu M3MEHEHWH IIJIAHOB BBIMYyCKa
WX TPOAYKIUH MPHUBENT HAC K HEOOXOAMMOCTH Y4éTa BO3MOXKHOCTEH
m3MeHeHnss AO, KOTOpBIE TPAaKTHUECKH HE PacCMaTPUBAINCH B HAYYIHBIX
TyOITUKAINSX
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1) B coctaB AO cragun XTC MOryT ObITh BKJIIOYCHBI MapaicIbHbIC
OCHOBHBIE amIapaTrsl, UMEIOIINEe HEOIWHAKOBOE HCIIONHEHHE W Pa3INYHBIC
OTIpENICIIAIONINE TEOMETPUIECKHE Pa3MEPHI, IPUIEM KaXXIbIi U3 HUX MOXKET
OBITH UCTIONBH30BAH JJIS TIEpepaOO0TKU MAPTHA OTPEISIIEHHON TPYIIIBI MPO-
JIyKTOB M HE Y4aCTBOBATH B BBIITYCKE OCTAIBHBIX;

2) B ammaparax OJHOW W TOH e ammaparypHoil craguu XTC moryr
OBITH TTOCIIEIOBATEIHFHO PEATH30BaHBl HECKOJIBKO CTaANN CHHTE3a OJHOTO U
TOTO K€ MPOJAyKTa (HampuMmep, PaCTBOPEHHE OJHOTO W3 BUIOB CHIPbS, XU-
MUUECKasl PEaKIlus ¥ BBIJEICHUE POIYKTA).

3aMeTHM, YTO pEIICHUs O MOCIIEI0BATCIFHON peallu3alliy psaa CTa-
JIMH CHHTE3a KaKOTro-THOO MPOJXYKTa C ITOMOIIBI0 000pYJOBaHMS OIHOM U
Tol e anmapaTtypHoi cragun XTC kacarores craauii j O Jby, i O (1, ..., 1),
peanu3yeMbIX B EMKOCTHBIX alapaTax, Tak KaK OCHOBHBIC amliapathl Jpy-
rux craauil (QuiIbTpoBaHUs, CYIIKK) OOBIYHO CHEIUATH3HPOBAHBI U HE MO-
T'yT OBITH MICTIONIB30BAHbI TSI peai3aliy APYTHX IPOIIECCOB.

MaremaTtuueckass moaenb GyHknuonupoBanuss AO XTC melcTByIO-
mero MXII npu u3MeHEeHUH TUTAaHOB BBIMTYCKa €ro MPOIYKIMH TIpeTepIiena,
10 CPABHEHHMIO C [2], clleayrolie n3MEHEHHUS:

— KakK CIIICTBHE BO3MOXKHOCTH 1) MpeayCMOTPEHO (HOPMHpPOBAHKE
s kaxoi cramuu j XTC mHoxecTB Fj, i = 1, ...,| HOMEpOB OCHOBHBIX
anmaparoB craguii XTC, ydyacTByromux B IepepadOTKe MapTHil KaKaoro
KOHKPETHOTO TPOJYKTA, a TAKXKE 3aBUCHMOCTh HEKOTOPBIX XapaKTCPUCTUK
9TUX anmnapatoB (yAeTbHON MPOM3BOJUTEIBHOCTH (HIBTPA WU CYIIIKH,
TIyOWHBI paMbl WJIM KaMmephbl (IIbTP-TIpecca, MaKCUMAaJIbHOW CTCIICHH 3a-
MOJTHEHUsI 00BEMA CYIIUIIKH IEPUOIMIECKOTO ACHCTBHS) OT UX UCTIOTHEHNUS,

— Y4YTEHO, YTO YHCJIO OCHOBHBIX AMMapaToOB CTaJWH | MPH UX CKBO3-
HOM HyMepalHuu COOTBETCTBYET MaKCUMAalbHOMY 3JIEMEHTY MHOXkeCTB Fj,
i=1, .., Te.

N; =maXf|fOR} j=1
i=1,l

— Kak CJEICTBHE BO3MOXXHOCTH 2) NIPEAYyCMOTPEHO (OPMHUPOBAHHE
MHOXeECTB Vi, | O (1, ...,1),j O Jb, c= ..,Cij 3Ha4YeHHI MaTepUaIIbHEIX
WH/ICKCOB HEKOTOPBIX aIMapaTypHBIX CTaL[I/II/I 0 OJHOMY U TOMY K& TpO-
aykry (Cj —umcio ctaanii cuHTe3a i-ro IPOIyKTa, pealu3yeMbIX B aapa-
tax craguu | XTC) u COOTBETCTBYIONIHE M3MEHEHUS B OrPaHUUCHUAX HA
3HAYCHUS Pa3MEPOB allapaToB dTHX CTaIHA.

Hempro pemenns 3agaun AQ; SBIIICTCS MUHUMH3ALUS YHEPro3aTpar Ha
TEXHOJOTUYECKHUE IETN B TEUCHUE TUIAHOBOTO Ieproia (hyHKIMOHHUPOBAHUS
XTC (Tp), a nensto pemenns 3anaun AQ; — obecriedeHHEe BO3MOXKHOCTH

peanu3alyy CTaAui BBITyCKa BCEX MPOAYKTOB IIPY MHHUMAJIBHBIX JOTOTHU-
TeJbHBIX 3aTpaTax Ha OOOPYIOBAaHHE ammapaTypHOW CTAJUH | CHCTEMBI,
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NpUYEM YUIHTHIBAIOTCS TOJIBKO 3aTpaThl HAa JIOMOJHHUTEIHHO IPHUBJIEKAEMOe
OCHOBHOE M BCIIOMOTATeIbHOE 000pyIoBaHHE. BO3MOXKHOCTE BBICBOOOKIE-
HUS 9aCTH OCHOBHOTO W BCIIOMOTaTelIhbHOTO oOopynoBanus craamii X 1TC He
YUHTBIBACTCS, TaK KaK dTH ammaparhl 00bI9HO ocTarotes B coctaBe AO XTC
U MOTYT OBbITh HCIIONB30BaHbI MPHU OYEPEIHBIX M3MCHEHMAX e MPOM3BOIU-
TEJIBHOCTH I10 BBIITyCKAEMBIM MIPOIYKTaM W/WITH HX aCCOPTUMEHTA.

3amMeTuM, 4TO IPH PEIICHUN ITHX 3aJa4 B YCIOBUSIX OTPaHMYCHHOCTH
napka obopynosanus nerictBytomero MXII ocoOyro BaxXHOCTH proOpeTa-
eT y4éT BO3MOXKHOCTH ApOOJICHUs/YKPYTHEH ST TAPTHH MPOAYKTOB Ha He-
kotopbix cTaausix XTC (cm. [1] — [3]). Hanpumep, B cutyauuu

{ } Vijcwl . .
%%Jx Xie | X OXSjp<y o 0@, 1), jOJy,c0@...,C)

ijc

(pasmep Xjf MaKCMMAJILHOTO OCHOBHOTO aIlliapata, HPHIOHOTO JUISl ycTa-

HOBKM HA CT3JIUH | CIMIIKOM Mal JJIsl nepepaboTKy MapTuii i-ro mpopyKra)

MOYHO YMEHBIIUTH KOO (PULHUEHT U3MEHEHHS pa3Mepa MapTUn
Pyt @epy)ng 1

(2.4)

(pa3nenuTh MapTHIO MPOAYKTA HA PaBHBIE MOPIMH JUIS TOCIEA0BATEIBHON
nepepaboTKU), €Ciau SKCIEPT (OMBITHBIA TEXHOJOI) COYTET HTO IOMYCTH-

MbIM. 37eCh W, — pa3Mep MapTHH i-T0 MPOAYKTa,; ¢ich — MaKCHUMAJIbHO J0-

MyCTHMasl CTENEHb 3allOJHEHHs AallapaToB CTaAWU | MPH pealnu3aluu
C-if cTaauu CUHTE3a I-TO TIPOIYKTa.

2.4 METOJIMKA PEIIEHWS 3ATAY MOJEPHU3ALINN
ATITTAPATYPHOI'O O©OPMJIEHU A JEMCTBVYIOIINX
XUMHUKO-TEXHOJIOTHYECKUX CUCTEM

Hrepanuonsslii npouecc pemenus 3agaun AO; u 3anag AQy;, j =1, ...,J
BKIIIOYAET:

1) mpenBapuTeNbHBIH INIPOTHO3 3HAYSHHWI MapaMeTpoB Ny, Py, [,
i=1,..,,j0J;

2) mpoBepky u obecrieueHHe BbIMONHEHMs ycnoBuit (2.1) — (2.3)
cymectBoBaHus pemennit 3anau AOsu AQy;, j =1, ...,J;

3) npornos 3nauenuit Xy, j O Js/Jf, f = 1, ..., N; u onpenenenue
B pesynbrare perienus 3amaund AQs snauenuid Wi, i = 1, ..., |, oOecrneun-
BAaIOIIUX BBITYCK BCEX MPOIYKTOB B 3aKa3aHHBIX o0béMax Q, i =1, ...,
3a nepuon 1p;

4) ompeneneHue B pesynbrate pemeHus 3agad AQy, j = 1, ..., J

pa3MepoB U YHCIIa arapaToB KaKI0W CTaJUU CHCTEMBbI, a TaKXKe 3HAYCHUI
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Mg, P, Fijp 1 =1, ...,1,j O J;, obecrieunBaromux BO3MOKHOCTb NIEPePabOTKH
HmapTuil Kaxaoro NpoaykTa B anmapartax Bcex craauil XTC, ydacTBYyIOLIUX
B €r0 BBIIIYCKE, I MUHUMYM 3aTpaT Ha JOIOJHUTEIEHO NpUBJIeKacMoe 000-
pyIOBaHUE;

5) Bo3Bpar Ha 1. 3 IpU HECOBNAICHUH 3HAYCHHIT Ny, Py, Mj, | = 1, ...,1, ]
O J, monydeHHBIX B pesyinbrare pemiends 3amaa AQg, j = 1, ..., J,
C UX 3HAYCHUSMH, MPU KOTOPHIX B I. 2 OBbUIO OOECIEYEHO BBIMOJIHEHHE
ycaoswuii (2.1) — (2.3).

W3MmeHeHne nnaHa BhIMycKa mpoaykuuu aeicteyromero MXII gacto
CBS3aHO C BHINOJIHEHHEM 3aKa30B IO BBIMYCKY KOHKPETHOTO HOBOTO
MIPOAYKTa B 3aJaHHOM O00BEME K YKa3aHHOMY CPOKY, T.€. TIpH (PUKCHPOBaH-
HOM 3HAa4YeHUH MPOJODKUTEIBHOCTH NEPHO/ia BBITYCKa 3TOTO MPOJAYKTa, U
3agaun AOs 1 AQ;j 00BIYHO PEIIAOTCsA TONBKO I OZHOTO KOHKPETHOTO
MIPOAYKTA.

[IpenBapuTenbHO OCYLIECTBIISICTCS BBIOOp ammapaTypHBIX CTaani
XTC, obopynoBaHne KOTOPBIX NPUTOHO JJIsl peali3aliyl CTaIui BBIITyCKa
HOBOTO MPOIYKTa, GOPMHUPYETCS CTPYKTYPa MaTePHAIBHBIX CBA3CH MEKIY
HUMHU U npeAanojiaraemMeiii coctaB ux AO, B TOM 4Hcle U CTaaui, BHOBb
BBoguMBIX B XTC (MHOXecTBa X§, j = 1, ...,J). 3aMeTHM, 4TO YHCIIO NPH-
TOMHBIX ISl MCIIOJIB30BAHUS. HAa CTaJWH | OCHOBHBIX W BCIIOMOTATEIBHBIX
anmapatoB B JaHHOM Cllydae, KaKk MPaBUIIO, HEBEUKO (qBa-TPU MOAXO.IS-
IIMX amfmapara, 4Yallie BCero — OJWH), MO3TOMY IPOBEPKA YCIOBHUI
(2.1) — (2.3)Hepeako NPUBOIAMT K IOJYYEHHIO JIOMYCTHMOTO PEINEHHS.
Hanpumep, mpu pemieHHM 3ajad OpraHW3aldd BBITyCKa IOTYNPOIYKTa
1,3-penmnenguammaa texandyeckoro Ha XTC OXHOTO M3 HPOM3BOJCTB
Tam6oBckoro OAO "IurmeHt" u3MeHeHus 3Hadenuit Ny, P;, 15, j U (1, ..., J),
OKazaBIIMECS HEOOXOMMMBIMH IJIsl BBIMONHEHUs yciouid (2.1) — (2.3),
obecriedmyii BBIITYCK 3TOTO MOJYNpOAykTa B TpeOyemoMm o0wvéme 170 T
3a 264049acoB ¢ IOMOIIBIO HMCIOIIUXCS OCHOBHBIX allllapaToB.

3anaun AQy 11 caydas opraHu3alliy BBITYCKa OJHOTO HOBOTO NPO-
IyKTa C TOMOINblo0 oOopynoBanus neictBytomeil XTC pemratorcs mpu
(UKCUPOBAHHOM 3HAYEHUH pa3Mepa ero MapTHu W, HalJICHHOM IIPH perie-
uun 3amaun AOs HEOOXOOUMO BBIICHHTBH, CIIOCOOHO i AO KOHKPETHOM
craaun ] XTC ocylecTBUTh MepepaboTKy MapThil Takoro pasmepa ¢ yué-
TOM BO3MOXKHOCTEH M3MEHEHWs 3HaueHMs Uj (cM. (2.4)) u(unm) npusiede-
HUS JOMIOTHUTEIHHOTO 000pynoBaHus. /11 OTBETa Ha ATOT BOIPOC IPOBE-
psieTcsl BBINIOJIHEHUE OTpaHMYECHUI Ha pa3Mepsl anmnaparoB, HalpuMmep Ui
OCHOBHBIX anmapartos cragui j [ Jb — orpannueHus

¢Ijjc Xjf

¢jCD xjf .
_max__———,<WU; £ _min , (2.5)
C=le ;f=l,Nj VjC C:l,CJ' ;f:l,Nj VjC
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a IS OCHOBHBIX AamaparoB, OCHAIIAEMBIX PAMHBIMH MM KaMEpPHBIMH
GuibTpIpeccaMu Ui PEATU3ALMU NPOLECCOB BbIIAEIEHU TBEPAON (hasbl
cycnensuu (j O Jf) —orpannuenus

j< _min_ S (2.6)
C—l,Cj ,f—l,Nj V]C

rzie Sjct — TONIIMHA 0CaJIKa (ITONOBHHA TIIyOUHBI PaMbl HIIM KaMepsl (pUIbTPa).

2.5.TIPUMEP MOJIEPHU3AILIMU ATTIIAPATYPHOT'O
O®OPMJIEHU ST XUMUKO-TEXHOJIOTMYECKUX CUCTEM
JEEVNCTBYIOILEIO ITPOM3BOJICTBA

IIpennoxxennas meroauka koppekunn AO XTC peiictyromero MXIT
MPY U3MEHEHUH TJIAHOB BBIIYCKA €ro MPOIYKIUH IPOTECTHPOBaHA Ha MPH-
Mepax M3MEHEHHUs TIPOU3BOIUTEILHOCTEH PeaibHBIX MPOU3BOICTB (IaHHbBIC
npepocraBiedbl OAO "Dkoxummpoekt’, r. Tam6oB). C e€ MOMOILBIO
peuiensl 3amaun Koppekimn AO AeHCTBYIONIETro MPOU3BOJICTBA AMCIEPC-
HbIx kpacureneid OAO "Tlurment” (r. TamGOB), HEOOXOUMOIH IS BBIMTYC-
Ka acCOPTHMEHTA IPSIMBIX KPAcHUTeJNeH, a TaKkXKe 3aJa4d OpraHU3alllH BbI-
MyCKa OTIENbHBIX KpacHTeNeill U MONyNPOAYKTOB C MOMOIIbI0 000pyaI0Ba-
HHSI TOTO )K€ MPOU3BOJICTBA.

Cranus 1. PacTBopenHe Cragna 2. OunctHoe  Cranmma 3. [Ipurotopnenne  Cramus 4. IIpHroTornenme
nHAz0THpOBARHeE, X = 12 M ¢umTporanme (DKM),  koMmOHEHTOB, X,=32 M pacTRopos, X,=16 e
X, =40w
12 23 ™~ 13
1-3 » > »
N > > —3
1,2
3 23 13 1
= — & 2
Cranus 5. XHMHYeckHe
peakiuH, Xj =25 Cramus 6. Cragus 7. Konmencanua Cragus 8.
o | ®umiposamme (OKM), © BEIZeneHHE, X, =125 w Ouibtposanne (OKM),
} X =426 X,=426 3
] <
> . >
1,2 — 1
(> ) o o)
— Z_\ 7\
3(na cymrky) 2(Ha pemyMbNANHIO H CYIIKY) énapenym,naunm H CYIIKY)

Puc. 2.2.Cxema MaTepuajJbHbIX NOTOKOB, HAUMEHOBAHUS CTAAHIT 1
pa3Mepbl ocHOBHBIX annapatoB XTC /s BeInycka NpsIMbIX KpacuTeJiei
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B kauectBe mpumepa paccmorpum XTC, chopmupoBaHHYIO U3 pe-
3epBHOTO 00OPYHOBAaHUSI TPOU3BOJCTBA MOJYHNPOAYKTOB U KpacuTeien
OAO "TIurment" (r. TamGoB) st Beinycka 3a TP = 25209acos (105cyrok
IIPU KPYTIIOCYTOYHOM paboTe) CIEAYIOIUX KPACHTEIEH:

1) npsmoit xénteiii CB 2KM — Q, = 25T;

2) npsimoii cuamii CB 2KM — Q, = 20rT;

3) npsimoii uépusiii M (coBenan) — Qs = 200T.

CrpykTypa MaTepuanbHbIX MOTOKOB 3Toil XTC npu BhIMycKe MPOAYK-
TOB, HAUMEHOBAHHS ANNAPATYPHBIX CTAHii, TUIBI U OMpPEICISIONINE pa3-
MEpbl UX OCHOBHBIX aIlapaTOB IPEACTaBIICHBI Ha puc. 2.2. Bce cragum
XTC KOMILICKTYIOTCS €JUHCTBEHHBIM OCHOBHBIM aIlllapaToM.

B ammaparax craauit 3, 4, 5u 7 npu Beimycke npoaykroB Ne 1 u Ne 2
PEATU3YIOTCSl HECKOJIBKO CTaJUi MX CHHTe3a. Tak Mpu BBIMYCKE MPOIYKTa
Ne 1 B anmapare craguu 4 cHavana TOTOBUTCSI MEAHO-AMMHUAYHBIA KOMILIEKC
IUTSL peakLy TPHa30JIMpOBaHus Ha cTaauu Ne 5, a 3aTeM — pacTBOpP TIIFOKO3bI
JUTSI BBIZIEIIEHUS Kpacutenst Ha ctamuu Ne 7. B ammapate cramuu Ne 5 mocie-
JIOBATENIbHO OCYILECTBISIIOTCS peakuuu auazotupoBanusi JTHC-kucnoTsl,
a30CoYeTaHMs M TPUA30JIHpoBaHus. B anmmapate cramuu Ne 7 nocnenoBaresb-
HO PEaM3YIOTCS CTAJNU PACTBOPEHHUS MACTHI TPHUA30IUPOBAHHOTO TPOIYKTA,
KOHJICHCAIIMH U BBIIENCHUs Kpacutelist. [Ipu Beimycke mpojaykra Ne 2 B amma-
pate cramuu 3 TOCIIEIOBATEIFHO PCATM3YIOTCS CTAIUK PAacTBOpeHHs P-comm
(a1 mepBOTO a30CcOYCTAHMUSL), PACTBOPEHHUsT M-KUCITIOTHI (IU1s1 BTOPOTO a30C0-
YETAHHS) U MPUTOTOBICHHS METAUTU3UPYIOIIETO areHTa (Ui MeTaJUTU3aIUN
U BBIJEJTECHUS Kpacutelst). B anmapare craauu 5 mociie[oBaTeibHO peanusy-
I0TCSL BCE TPH YIOMSIHYThIE XUMHYECKHE PEAKIIHH.

Ipu npoBepke BeIMoOJHEHHs yeaoBui (1) — (3)cymiecTBoBanMs peleHni
3amaa AOsu AQy; j = 1, ..., 8BbIsBICHa HECOOXOMMOCTB TIPUTOTOBJICHHS Pac-
TBOpa alleTaTa HATpHs B ammapare CTaauy 3 cpa3y Ha JBe MapTUH TPEThEro
npoaykra (a3 = 1/2).Pesynprarel pemenns 3anaun AOs cBeieHs! B Tabi. 2.1,

JnarpamMmma OJHOTO IHKJIA paboOThl OCHOBHOTO obGopynoBanus XTC
MU BEIMyCKe TpoaykTa Ne 2, MoNydeHHas B pe3yJbTaTe PEUICHUS 3aJadd
AQ,, mpencrasnena Ha puc. 2.3.

2.1.XapakTepucTHKH pe;kuMa (yHKIMOHHPOBAHUS
XTC BbInycka NpsIMBIX KpacHTeeil

Ne Pasmep | Mexamxiossit | Liuxt paboTst Hncno naprit, IIponomkurensHOCTL
MPOJYKTa | MapTUH, T NEpUO], Y. XTC, u. Bbugzc;cszﬂmm BBIITYCKa, Y.
1,006 51,2 117 1 1338,7
1,299 50,28 63,03 1 867,5
4,25 10,4 15,4 2 2497
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Puc. 2.3.Inarpamma nukiaa paéorsl XTC npu Beinycke npoaykra Ne 2

Perrenne 3amau AQg, j = 1, ..., 8B maHHOM cilyyae CBEJNOCH K MpPO-
BEPKEe BBINOJIHEHHS orpanunuenuii (2.5), (2.6)npu GpUKCUPOBAaHHBIX 3HAYE-
HUSIX Pa3MEpOB MAapTUil MPOIYKTOB M OMPEACISIONINX Pa3MEPOB OCHOBHBIX
anmapaTos.

BOIIPOCEHI JJIs1 CAMOITPOBEPKH

1. Kakue pesynbraThl pemenns 3anaq onpeneneans AO craguit XTC
MXII (3amau AQ;, j = 1, ...,J) ABIAIOTCSA MCXOAHBIMH JAaHHBIMH JUIS pelle-
HUS 33Ja9M BBIOOpA XapaKTePUCTHK PeXNMa (QYHKIHOHUPOBAHHS CHCTEMBI
(3amaun AOy)?

2. Kak ucnons3yrorcst ycnosus paspemmmoctd 3agad AOs u AQy;,
j =1, ..., B rporecce ux pereHusn?

3. Kakue Bo3moxnoctu m3meHeHuss AO XTC TpaauIIMOHHO YYUTHI-
BAIOTCS B MOCTAHOBKAaX 3ajad mepenpoduinpoBaHus ACUCTBYIOLIETO TPO-
M3BOJICTBA Ha BBINTYCK HOBOI npoaykiun? Kakue HOBbIe BOBMOXKHOCTH y4-
TEHbI B TIpe/TaraeMbIx nmocraHoBkax 3amad AOsu AQg, j =1, ..., ?

4. Tloyemy 3amaun AOs u AQsj B cUTYyallMi H3MEHEHHS T1aHa BBITYC-
Ka mpoayKiuu nerctByronero MXIT oOb9HO pemaroTest TOJIBKO M OJTHO-
o0 KOHKPETHOTO MPOIYKTa?

5. Kako#i nmpuéM HCIONB3yIOT MPOCSKTUPOBIIUKA B CITydac HEXBATKU
OCHOBHBIX alIlapaToB NCHCTBYIOIIETO MPOU3BOACTBA IS PEali3alii BCEX
CTaauii HAPaOOTKH HOBBIX MPOJTYKTOB?
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MnaBa 3

NMPUMEHEHMWE METOOA BETBEN N TPAHUL
AnsA ONTUMAJIbHOIO BbIBOPA AINMAPATYPHOIO
O®OPMINEHNA XUMUKO-TEXHOJIOMTMYECKUX CUCTEM

Bribop anmapatypHoro 0(OpMIICHHSI XUMHKO-TEXHOJIOTHYECKHX CHC-
TEeM — OJIHA U3 OCHOBHBIX 327124, BO3HUKAIOIINX IIPH IMPOESKTHPOBAHINH MHO-
TOACCOPTUMEHTHBIX XHMHUYECKHX MPOU3BOACTB. K 0COOCHHOCTSIM TakmWx
MIPOM3BOJICTB MOYKHO OTHECTH CPaBHHUTEIHLHO HEBBICOKHE OOBEMBI MPOM3-
BOJICTBA M BBICOKHE LIEHBI Ha MPOU3BOAMMBIE NMPOAYKTHI, IIMPOKUHA accop-
TUMEHT BBIITYCKAEMOI MPOIYKIHH, BO3MOXKHOCTH OBICTPOTO IIepexoja ¢
BBIMYCKa OJHOTO NMPOAYKTa Ha APYroi (BbICOKas THOKOCTB), OONBIIOE YHC-
JIO TEXHOJIOTHYECKHUX CTaJWi NMPOM3BOACTBA, (hYHKIHMOHHPOBAHHE 000pY-
JIOBaHUs B TIEPUOJMYECKOM WJIM MOJYHENpepbiBHOM pekume [1]. TIpume-
paMH TaKuX MPOU3BOJCTB SBISIOTCS MPOM3BOACTBA XHMHUYECKHX PEaKTH-
BOB, (papMarieBTHUECKHUX MPETapaToB, KpacUTeNeld M MOIYNPOAYKTOB, IH-
IIeBBIE TPOM3BOJICTBA.

Pemennem 3To# 3amaun ABISETCA YMCIIO OCHOBHBIX aIlllapaToB Kax-
JIOW CTaJjM CHUCTEMBI, a TaK)Ke pabounii 00bEM MM TUIOIma s pabouei mo-
BEPXHOCTH Ka)KJOTO amIapara, 00ecTIeYMBaONINX 3aJaHHBIA BBITYCK Kax-
Joro TmponykTa. Paboune oOBEMBI M TUIOMATU PabOYMX TOBEPXHOCTEH
OOBIYHO BBIOMPAIOTCSl M3 MHOXKECTBA CTaHIApTHBIX 3HaueHHH. TpeOyercs
HaWTH ONTHMAJIFHYIO0 KOMOMHAIMIO YUCIIa U ONPEICIISIONINX Pa3MepoB ar-
naparoB craanii XTC U3 BCEro MHOXKECTBAa BO3MOXKHBIX BapHAHTOB, MPH
3TOM KpPHUTEPUEM ONTHMAIBHOCTH MOTYT CIIY>KHTh, HAIPUMEpP, CYMMapHbIE
KaluTanbHbIe 3aTpaThl Ha obopymoBanue [1]. Pesynbrartel pemieHus 3Toit
3a7a9i BO MHOTOM OIIPEAEISIIOT Ka4eCTBO MPOEKTHBIX PEIICHHUH MO KOMITO-
HOBKE 000pyI0BaHHA U KaJICHAAPHOMY IUTAHUPOBAHUIO BBIITYCKA MPOTYKIIHH.

PaccmaTpuBaeMas 3a1ada OTHOCHUTCS K KJIaccy 3aJad 4aCTHYHO-LEINO-
YHCJIEHHOTO HeJMHelHoro mnporpammupoBanus (Mixed Integer Nonlinear
Programming — MINLP) [2, 3].

s xaxmoro paborocmnocoonoro Bapuanta AO XTC mapameTpsl pe-
XrMa (YHKIIHOHHPOBAHHS CHCTEMbI (pa3Mephbl MapTHii MPOIYKTOB U Tie-
PHOJIbI MX BBIMTYCKA) ONPEICISIIOTCS OJJHO3HAYHO, T.€. 3a/1a4y MOMCKa OITH-
ManbsHoro Bapuanta AO XTC M0XKHO paccMaTpHBaTh Kak 3a1ady JUCKpET-
HOHN ONTUMH3ALHH.

[Ipumenenne moHOTO TIepedopa BapHaHTOB TS MOTYUCHUS TI100ah-
HOTO ONTHMAJIBHOTO PEIICHHs 3aTpyAHEHO H3-3a OOJBLION pa3MepHOCTH
3amaud. Hanpumep, B paborte [4] mpencraeiena XTC, cocrosias wu3

34



16 TexHonornveckux cranuii. Ha xaxmol cranuu MoxeT OBITH yCTaHOBIIE-
HO 5 — 12THnopa3MepoB craHIapTHOro obopynoBaHus. Ecim momycTurs,
YTO Ha KaXIOH CTaMU MOXET ObITh YCTAaHOBJIEH €AWHCTBEHHBIH armapat,
TO TMOJNHOE KOJHYCCTBO BAPHAHTOB mepeGopa cocrtaBut 5° — 12° (uro,
npumepHo, pasuo 10t — 10,

Yame Bcero HCIONb3yeMble UL PELICHHs 3TOH 3aJa4d IOAXO.BI,
B TOM yucie Meronsl MoHTe-Kapio, reneTndeckue aaropuTmsl, 3BpHCTH-
YECKHEe METO/BI, MO3BOJIIIOT IOIYYHUTh JIHIIb KBAa3HONTHMaNbHBIEC (CyOor-
TUMaJIbHBIE?) PEIICHMS.

BeTBu ¥ rpaHUIBl — OJUH W3 TOIMYJSPHBIX METOAOB, MCHOJIB3YEMBIX
JUISl PEIICHHs] ONTHMHU3AIMOHHBIX 33/1a4 B Pa3JIMYHBIX 00JIacTsIX, HAIPUMED,
TaKUX KaKk KOMOHMHATOpHas ONTHMHM3ALMSA, HCKYCCTBEHHBIH HHTEIUICKT
u T.A. Taxke BOBMOXKHO €ro NMpUMEHEHHE IS pelIeHHs 3a1ad 4acTUYHO-
LETOYUCICHHOTO HENMHEItHOTO mporpaMMupoBanus [5]. B ocHoBe MeTona
BeTBEH W TpaHul [6] JeKHUT Maes MOCIeI0BaTENbHOrO Pa3OUEeHHsT MHOXKE-
CTBa JOIYCTHUMBIX PEIICHHH Ha IOJMHOXKECTBA. 3aTeéM OCYILECTBICTCS
HIDKHSISL OLIEHKA IS 1IeJIeBOM (DYHKIMM Ha JaHHOM IOJIMHO)KecTBe. Ecnm
HIDKHSISL OIIeHKa HEe MEHbIIE HaWIy4lIero U3 HalaeHHbBIX PelIeHuH, TO oa-
MHO>KECTBO OTOpachIBaeTCs.

B nmaHHOH T71aBe peICTaBIeH AJITOPUTM, OCHOBAaHHBIN Ha METOJIC BET-
Beil rpaHMIl, OCYIIECTBISIFOT €r0 ONTUMH3AIUIO U UCCIEAYIOT BO3MOXXHOCTh
€ro IPUMEHEHHUs IS NOMCKa INI00aIbHOTO ONTUMANBHOTO PEIleHHs Ipel-
CTaBJICHHOM BBIIIIE 3aa4H.

3.1.IIOCTAHOBKA 3AJIAUU

XUMHUKO-TEXHOJIOTHYECKAs] CHCTEMa IMPEJCTABISACT COO0H MHOXKECTBO
TEXHOJIOTUYECKOTO 00opynoBanust (EMKOCTEH, peakTopoB, (HUILTPOB,
CYIIMJIOK M JIp.), HPEIHA3HAYEHHOTO IS Pean3allid TEXHOJOIMYECKUX
CcTaauil MPOU3BOJCTBA HEKOTOPBIX MpoAyKToB. [lpu pomyiieHuu, 4yTo Ha
kaxaoi cragnu XTC MOXeT ObITh YCTAHOBJICH OAWH arapar, 3aada Mo-
KeT OBITh CHOPMYIIHPOBAHA CIEAYIONAM 00Pa30OM.

XTC mnpencraBiseT coOOW MOCIEAOBATEIHFHOCTh | TEXHOIOTMYECKUX
craauit. Kaxknas i-s1 TeXHONMOrHYeCKast CTasi CUCTEMbI MOXET ObITh 000pYy-
JI0OBaHa alIlapaToM, BEIOPAHHBIM U3 HEKOTOPOIO KOHEYHOTO MHOXECTBa X,

KOJIMYECTBO 3JIEMEHTOB KOTOPOro paBHO J; . MHOXeECTBO X; IpeNCTaBiIsAeT
co0oli BCe BO3MOXKHBIC BAPHAHTBHI ONpEICIIAIONINX Pa3MEPOB AalllapaToB
craguu i: X :{)ﬁ,j}’ i=11,j=1J, rae X ; — onpeaensommi pasmep
(paboumii 06BEM, mIOmans pabodeil MOBEPXHOCTH U T.J.) j-TO alIlapara,

KOTOPBIM MOKET OBITH 000pYy10BaHa i-s1 TexHoIornyeckas craaus XTC.
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Kaxnerii BapuantT XTC Qe,e=l_E, rne E= |_|i|=1Ji — KOJINYECTBO

BCEX BO3MOJKHBIX BApHAaHTOB CHCTEMBI, IPEICTABISIET COOOH yropsioueH-
HYIO COBOKYITHOCTBH OIIPEIEIISAIONINX Pa3MEpOB armnaparoB, BEIOpaHHBIX U3
COOTBETCTBYIOIMX MHOXecTB. Hampumep, cymectByer XTC, cocrosimas
u3 Tpéx craauii (I = 3).IlepBas cramust CHCTEMBI MOXKET OBITH 000pYHOBaHA
annapaToM, ONpEeCIIONINA pa3Mep KOTOPOTO BBHIOMPAETCS M3 JIBYX BapH-
AHTOB, T.C.

3122, Xy ={x 1 %00

BTOpasi CTaAus — U3 TPEX BapHaHTOB

J2=3 X, ={X2,11 X3, 21 XZ,S};

TPEThs — U3 ABYX BapHaHTOB

3322, X3 ={xg 1, Xq 2} -

OO11iee KOIMYECTBO BCEX BO3MOXKHBIX BapuanToB AO XTC E = J,J,J5 =12,
INopsinok mepepaboTKy HMapTHUil MPOAYKTOB OCHOBHBIMHU aIIiapaTaMi
cramuii B XTC »xécTko 3agaH 3apaHee, T.€., HalpUMep, BAPHAHTHI

{X:L 1 X2,l’ X3’ 2}, {Xl 21 X2’1, X3v 1} JOITyCTHUMBI, @ BApUAHTBI {st 1 X2’1, Xl. 2} y

{XZ, 21 X3’1, Xl. 1} — HCT.
Jns kaxxznoro padorocnocobnoro Bapuanta AO XTC Q. momkHbI BbI-

TIOJTHATBCS YCIIOBHSI COBMECTHOTO (DYHKIIMOHUPOBAHHS OOOPYIOBAHUS pas-
mnussix e€ cramuit S(Q,) =0 (oepanuuenue na pabomocnocobrnocmo XTC).

Kpome toro, pabortocmocobnsrii Bapuant AO XTC momxen obecrie-
YHBATh BBIMYCK MPOAYKIMHU 33IaHHOTO0 00BEMA 3a 3a/IaHHBINA [IPOMEKYTOK
BpeMeHH, T.e. T(Qg) < T . (0epanuuenue na onumensnocmo gynkyuonu-
posanus XTC), tae Tmax — 3aaHHOE MaKCHMAllbHOE BpeMs TpeOyeMoro
00BEMa IPOAYKITHH.

Takum 06pa3oM, 3amady BbIOOpa ANMapaTypHOro 0GpOPMIICHUS XUMH-
KO-TEXHOJIOTHYECKON CHCTEMBI MOXKHO C(HOPMYIHPOBATH CICAYIOLIMM 00-

pa3oM: He0OXOIUMO HAWTH TaKOW BapHUaHT Q;,e= LE XTC, mpu koTopom

*
KPUTEpHil ONTUMATBHOCTH — KanutanbHbie 3arpatel COS(Q,) — nocturaer

MHHAMYMa ¥ BBIOJHSIOTCS OTpaHWYEHHs HA pabOTOCIOCOOHOCTh W JJIH-
TEJILHOCTD (yHKIMoHUpoBanHus XTC:
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Q. =argminCos{(Q,), Q' 0Q,, e=1E; (3.1)

Qe:{xljl'xz,jzv--’)ﬁ,jl ji:H,i:H},e:l_E; (3.2)
,0X,i=11,j=1J; (3.3)
S(Q.) =0,e=1E; (3.4)
T(Qe) < Trnaxs €= LE . (3.5)

[Mogpo6Ho Maremaruueckas wmoxens (yakumonupoBanus XTC,
BKJIIOYAOLIAasl B TOM YHCIE BBIPAXKEHUS ISl IPOBEPKU OTPaHUUYECHUH, BBI-
YHUCICHUSI KPUTEPHsI OMTUMH3ALMH U T.1., IPeCTaBieHa B [7].

3.2. AJITOPUTM PELIEHUA

Bcé€ muoxectBo BapuantoB XTC, cocrosmieid u3 | craawid, MOXKeT
OBITh IPECTABICHO B BUJIE JepeBa, cocTosiero u3 | spycos (puc. 3.1).

Kaxnpiii sipyc nepeBa cootBercTByeT cragun X1C. Kaxnoe pedpo ne-
peBa  COMOCTaBIsIeTCS OJHOMY BBIODAaHHOMY DJIEMEHTY MHOMKECTBa
X; ={>gyj}, i=11,j=1J,. Hanpumep, p&bpa, HCXOMILINEC W3 KOPHEBOIl

BepIIuHbl (HYJIE€BOM spPyC), COOTBETCTBYIOT JJIEMEHTAM MHOXECTBa Xj.

Puc. 3.1.06x0x B 1i1y0OuHY iIepeBa BAPHAHTOB
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Kaxneii yzen Ny, spyca N; :{rh, M2y eee ni,k}’ i :ﬂ, k=1K;,
K = |_||j=1‘]' cooTBeTCcTBYeT Bapuanty (parmenra XTC, cocrosimiero w3

craauit 1 —i (u3 | HavanbHbIX cTaauit). Kaxaplil MOMHBINA MyTh OT KOPHS Jie-
peBa K OTHOMY H3 €ro JUCTheB (KOHSUHOMY Y3I1y) IpeAcTaBIsieT coboil Bapu-
anT AO XTC. JIns nepebopa Bcex BO3MOXKHBIX BapHaHTOB X TC HCIOIb3yeT-
cst 00x0[1 AepeBa B riiyouny [8, 9].

Ha xaxxmoMm sipyce nepeBa OCyLIECTBISICTCS MepeOop ONpeAesomuX
pa3sMepoB ammaparoB, MOOCTYNMHBIX M OOOPYOOBaHUS JTOM CTaIuH.
BriOpannbIii pazmep nobasisieTcst K HadabHOMY ¢pparmenty AO XTC, mo-
Jy49eHHOMY Ha HpeIpIIyuX sipycax Jnepesa. [Iporecc nponosmkaercs: pekyp-
CHUBHO JUTSI BCeX pabOTOCIIOCOOHBIX HAYANBHBIX ()ParMEHTOB CXEMBI. Takum
o0pa3oM, Ha TIOCIIEHEM spyce AepeBa MOTydaeTcs TIONHbBI paboTocToco0-
ubiii BapuaHT AO XTC, pexypcHUBHBIN IPOLECC OCTAHABIMBACTCS W IOJNY-
YCHHBIN BapUaHT CPABHUBACTCS C TEKYIIMM ONTHMAJbHBIM. Eciu momydeH
JYYIITHHA BAPUAHT, TO OH 3aMEHSET TeKyIllee ONTHMAaIbHOE PEIICHHE.

Tonueiii 06x0/ nepeBa BapuaHToB (pukcanus Ha kaxmon cragun XTC
BBIOPAHHOTO M3 COOTBETCTBYIOIIETO JUIsl 9TOW CTaJUM Psifa pa3MepoB ara-
para) u JanbHeiinas nposepka orpannyenuii (3.4)u (3.5) npuBenér K 3HAYH-
TEJIFHBIM BBIYHCIUTETBHBIM 3aTpaTaM. J{JIs CoKpaleHus 4rcia repedupae-
MBIX BapHaHTOB UCIIOIB3YETCS AITOPUTM, OCHOBAHHEIN Ha METOJC BETBEH U
TPaHHUII, ICEBAOKO/] KOTOPOTO MPEACTABICH HIDKe (MMEeHa OOJBIIMHCTBA TIe-
PEMEHHBIX COOTBETCTBYIOT HIMEHAM, HCIIOJIb3YEMBIX B TOCTAHOBKE 3a/1a4H):

1 FindSolution () { EnumerateVariants (0); }

2

3 [* pexypcuenuviii 006x00 depesa *|

4 EnumerateVariants (i) {

5 if(i<{

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

7 [* cozoanue nau. ppaemenma XTC (cmaouu 1 —i)*/
8 WIi] = XIi, jI;

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

11 [* pexypcusnulii nouck */

12 EnumerateVariants (i + 1); } } }

13 else {I* oocmuzenym xoneunviii yzen depesa *|

14 I* nposepxa ozcpanuuenus (5) */

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

16 I* npoeepka kpumepus onmumuzayuu */
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17 if (Cost(W) < minCost) {

18 [* coxpanenue nosozo onmumanvnozo peuterus */
19 Wopt = W;

20 minCost = Cost(Wopt); } } }

21}

OO6xo1 JOepeBa BapHAHTOB HAYMHACTCS C BBI30BA MPOLEAYPHI
EnumerateVariantsa nysiesom spyce (crpoka 1). DTa mporieaypa BeI3bIBaET-
¢Sl PEKypPCHUBHO BILIOTH 10 spyca | — 1 (cTpoka 5). Tekymuuii ONTHMAIIBHbIN
BapuaHT XTC coxpansiercst B Bekrope WOpPt nmunb! |, Kaskaplil aeMeHT Ko-
TOPOTO XPaHHUT BHIOPAHHBIN OMpPEAEIAIONIMN pa3Mep anmapara Ha KaxmIoi
cranuu. Pa6ouwmii Bapuant XTC XpaHuTcs B aHATOTHIHOM BekTope W.

Jnst coxpallieH!s] BApUAHTOB Mepebopa B OPUTHHATIEHOM BapUaHTE ajl-
rOpUTMa IPUMEHSIACH cleayromas cxema. Ha kaxxmoM sipyce | nepeBa mpo-
BepsieTcst orpannuenue (3.4) @pouemypa PartS(),ctpoka 10) yenosus co-
BMecTHOTO (pyHKIIHOHHpOoBaHUS obopynoBanus XTC, Ho He s Bcert XTC
LEJMKOM, a TOJBKO s e HaYalbHOTro (hparMeHTa, COCTOSIIETO U3 yikKe
MPONICHHBIX BBILICTEKAIINX ApycoB U Tekymiero (pparmenr XTC, co-
crosuii u3 craguii 1 —i). Ecin yacTh cXeMbl yke HepaboToCnocoOHa, TO
HET CMBICIA MepeOupaTh anmnaparhl Ha HIDKENEXKalux spycax. [lepexon Ha
CIIenyIOIUiA ypoBeHb pekypcuu (BBI30B mpoueaypbl EnumerateVariants ()
Ha ypoBHe i + 1, crpoka 12) MpOMCXOIHUT JIHMIIL B TOM ClIydae, €Clid Ha-
yanpHbeld pparment XTC, cocrosmmii u3 craguit 1 — i, padorocmocobeH,
MHAYe MPOUCXOAUT BO3BPAT HA MPEIbLAYIINiT APYyC nepeBa.

Ecinu mocTurHyT KoHeuHsli y3en gepesa (i = |, crpoka 13), mposepsi-
ercs orpannuenue (3.5) Ha umTenpHOCTh (QyHKIMOHUpoBanus XTC (mpo-
uenypa T(), ctpoka 15). Eciu orpanuyenue (3.5) BeimonHsercs, To HaiiieH
HOBBIN paboTocmocobHbIi Bapuant XTC u janee ero cTouMoCTh (Iporery-
pa Cost())cpaBHHBAETCSA CO CTOMMOCTBIO TEKYLIETO HAMIYYIIErO BapHaHTa
XTC minCost ¢rpoka 17). Ecnu HalifieHO Jydlliee peleHHe, OHO 3aMEHSICT
TeKyllee onTuMmaibHoe peuienne Wopt (ctpoka 19), a ero cTouMoCTh CO-
XpanseTcs B mepeMenHoii minCost ¢rpoka 20).

Wnnnuanusanus nepeMedHoir MinCost ocymiecTBaseTcss Kak cymma
MaKCHMAJIbHBIX CTOMMOCTEH armapatoB K0 CTa IHH.

3.3.PE3VJIbTATHI SKCIIEPUMEHTOB U
OIITUMU3ALIA AJITOPUTMA

Jlst mpoBeICHHST YHUCIICHHBIX dKCIIEPUMEHTOB pa3paboTaHa Mporpam-
Ma Ha si3bIke mporpammupoBanus C++, peanusyromias MpeaCTaBICHHBIN
BBHIIIE aNropuTM. B kadecTBe TeCTOBOro mpumepa ucnoibizoBaiach XTC,
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cocrosmmas u3 16 anmaparypusix craauit (I = 16), s Kakaoi U3 KOTOPBIX
JOCTYITHO TISITH CTaHAAPTHBIX TUIIOpa3MepoB o0opymoBanus (cM. prc. 3.2).

XTC nmomxkna B TeueHue 74009acoB 00eCHICUUTh BBIMYCK TPEX BHUIOB
kpacureneit 00béMom 2250, 101 50 TOHH COOTBETCTBEHHO.

DKCIepUMEHTHI TIPOBOJIMIIUCH Ha KOMIIBIOTEpPE CleAyIolIeii KOHpHTY-
pauuu: npoueccop Intel Pentium 4 Takrosoii yactoroit 3000MI'L, 06bEM
oneparuBHoil mamsitu 2048M6, onepanmonnas cucrema Scientific Linux 5.3.
Jliist KoMKy IporpaMmsl ucronb3oBaincs GCC 4.1.2.

Pesynbprar pemenus 3amaum BeiOopa AO mist TectoBoit XTC mpen-
cTaBjeH B Tabn. 3.1.

Jlst BeIsSIBIICHUST HanOodiee "y3KuX" MECT alroputMa ObLIH TPOBEICHBI
OIICHKA BPEMCH BBITIOJHECHUS OTICIBHBIX €r0 3JICMCHTOB. Pe3yibTaThl
MpeCTaBICHEI B Ta0I. 3.2.

[o mpezacTaBieHHBIM pe3yibTaTaM BHIHO, YTO HauOoJiee TOpOroi ore-
panmei SBISETCS TpPOLEAypa IPOBEPKH OTPaHWYCHUS HA JUIUTCIBHOCTH
¢dyukumonnposanus XTC T(W). st cokpaiuenust o0uiero BpeMeH:n paboThl
aJIrOpUTMa HEOOXOJMMO CBECTH K MUHUMYMY KOJIMYECTBO BBI30BOB 3TOM HPO-
LEypHl, AJIs 4ero ObLIa MPOBE/ICHA CIIeIYIOIIast ONITHMH3AIINS alTOPUTMA.

106 Hpuroroncie 108 Ouncrioe 125 Hpurotopacnue
127 Pacteopennie
asococrapstiomeii @uanposame asococtapastiomeii

123 1 1 23
3
1
12

118 Azocoueranne

123 Pacreopenne

110 Asocoueranmwe 115 Juasornponanne
101 P 103

122 Brinenenne
1 KpacuTeseii
123 1
123 123 123

145 Cymka kpacuteneii 138 Cyenensupopanme

134 Guastposanne
pacuTeaeii

123

1. Ilurment npamoii gepHerii 2¢

2. IIurMenT npAMoii opamkeBo-KopHIHeBnlil K misa koxu
3. [lurMenT npAMoii KOPHIHEBLIH

Puc 3.2. TecToBbIif NpIMeP XHMHKO-TEXHOIOIHYECKOH CHCTEMBbI
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3.1.Pemenne 3axaun Boidoopa AO 151 TectoBoii XTC

Ne OcHOBHOI1 pa3mep
10 exeMe HaumenoBanue craguu 0G0y IoBAHHS

101 PactBopenue

103 JuasotupoBanue

106 IIpurorosneHue a30coCTaBISIOIIEH

108 OurctHOE GHUIBTPOBAHKE

110 A3zocoueraHue

115 JuasotupoBanue

127 PactBopenue

125 IIpurorosneHue a30coCTaBISIOIIEH

111 dunbTpOBaHUE

112 PactBopenue

118 A3zocoueraHue

122 Brinenenue kpacuteneit

123 PactBopenue

134 OUIBTPOBAHUE KpAaCUTEECH

138 CycneH3upoBaHUe

145 Cymika kpacurenei

3.2.0OueHKH BpeMeH BHITIOJTHEHHS 3JIeMEHTOB aJIrOpuTMa

DeMeHT ajropurMa OL[eHKa BPEMEHHU BBINOJIHEHU, MKC
PexypcuBHbIit BBI30B MPOIIE/TY PEI 0.58
EnumerateVariantsf 1) '
SW) 22,07
T(W) 1329,86
CostWw) 2,41

Iporienypa mpoBepku Kputepusi onrtumusanun COStW) semsercs
CPaBHMTENLHO JeéBoii oneparnueii (cM. Tadi. 3.2). BHIIOIHUB MPOBEPKY
KPUTEPHsI ONTUMH3ALNN Cpa3y IOCIe MOMydeHNsT paboTOCIIOCOOHOTO BapH-
anta XTC, MOXHO UIS 3aBEIOMO HEONITUMAIBHBIX PEIICHUH HE TIPOBEPSTH
orpaHuuyeHue Ha uTeNbHOCTh (yHKimouupoBanus XTC T(W). Taxum
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00pa3oM, HECMOTpPS Ha TO, YTO KOJMYECTBO BBI30BOB mpoueaypbl CostiN)
VBEJIMYUTCS, 3aMETHO COKPATHTCS KOJNYECTBO BBI30BOB mporeaypsl T(W),
YTO B UTOTE MPHUBEAET K YMEHBIIEHUIO OOIIET0 BpeMeHU paboThHI ajIropuT-
Ma. Hmke npencTaBieHbl cACTaHHbIE B AITOPHUTME H3MECHEHUS.

13 else {I* oocmuzenym xoneunviii yzen depesa *|

14 I* npoeepka kpumepus onmumuzayuu */

15 if (Cost (W) < minCost) {

16 I* nposepka ocpanuuenusn (5) */

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

18 I* coxpanenue nosozo onmumanvrozo pewienus *|
18 Wopt =W,

19 minCost = Cost (Wopt ); } } }

Bo Bropoit Moaubukanuu aaropurma Oblia u3MmeHeHa crpoka (10)
OPUTHHAIBHOTO AJIrOPUTMA CIEAYIOIMM 00pa3oM:

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

B ycnoBum mepexona Ha HIDKENIE)XKAIMEe yYPOBHH JEpeBa JIOMOIHU-
TENbHO CPAaBHUBACTCS CTOMMOCTD HavansHOro ¢parmenta XTC (npoueaypa
PartCost(),ctpoka 10), CO CTOMMOCTBIO TEKYILETO HAWIYYIIETO BapHaHTa
XTC minCost.Takum o0pasoM, Imepexo Ha CIEAYIONUi yPOBEHb PEKYP-
cuu (BbI30B mpoueaypsl EnumerateVariants @a yposre i + 1, ctpoka 12)
OCYIIECTBIISICTCS JIMIIL B TOM Cily4dae, eci HadaiubHeId ¢parment XTC,
cocTosnuii u3 cramuii 1 —i, Bo-nepBbIX, paboTOCIIOCOOEH, U, BO-BTOPHIX,
€ro CTOMMOCTb HE IPEBBIINIAET CTOMMOCTH HAWJIy4IIEro Ha TEKYIIMH MoO-
MeHT Bapuanta XTC. B npoTuBHOM ciydyae MpOUCXOAUT BO3BpAaT Ha Ipe-
NIBIAYIIUN SIpyC AepeBa.

Beutn npoBeseHB! BBHIYMCIHUTENBHBIE KCIIEPUMEHTHI ISl Pa3IMyHOTO
KOJIMYECTBA BO3MOXKHBIX BapMaHTOB O00OpPYJOBaHMS JUIS KaKAOH craaun
(ot 2 mo 5 BapuanTOB). 3aMeEpPSUTOCH BPeMsI BBIMOIHEHHS KAK OPUTHHAIBHO-
T0, TaK W ONTHMHU3UPOBAHHBIX BAPHAHTOB aJITrOpHTMa. Pe3ympTaTsl mpen-
CTaBJICHBI B Ta0I. 3.3.

Ilo pe3ympTaTaM 3KCIIEPUMEHTOB MOXKHO CJIENaTh BBIBOJ, 4TO B pe-
3yIbTaTe ONTHMH3ALUHM alIrOPUTMa BPEMsS €ro BBINOJHCHMS YIaloCh
YMEHBIIUTH B cpenHeM B 1,8 — 2pasa. bonee 3HaunTensHOE yMEHbIIEHHE
BpPEMEHH BBINIOJIHEHHUS JUIA citydas TpEX BapuaHToB AO Ha CTaauu MOKHO
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3.3.BpeMeHa BBINOJHEHHS PA3THIHBIX MOAHUKAIMIT aIropuT™Ma

Komnuuectso Hepaas Bropas
AO OpuruHaabHbINA MOTU(PHUKALASL MOTU(PHUKAIS
BAPHAHTOB ITOPUTM, Y4:MM:CC aNropuTMa, aNropuTMa,
Ha crafum Y4 MM:CC YY: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

OOBSICHHTB TEM, YTO JUIS TOT'0 HA0Opa JOCTYITHOTO 000PYIOBaHUS CYIECT-
ByeT 0oJIbIliee KOJUIeCTBO paboTocmocoOHbIX BapranToB X TC, o cpaBHe-
HHIO C IByMsl, YETHIPbMS U IATHIO BapuaHtamu. [Jisi KaKa0ro paboTocmo-
CcOOHOrO BapHaHTa B OPUTHHAIHHON BEPCHUU aJrOpUTMa MPUXOIUTCS TPO-
BEPATh OTPAaHMYCHUE HA IUTENLHOCTH (yHKiuoHupoBanus XTC T(W).
B Moau(uIMpoBaHHBIX BApHAHTAX 3TOTO HE MPOUCXOINT.

B menoM, HecMOTps Ha IPOBEASHHYIO ONTHMHU3AIIMIO AITOPUTMa, Bpe-
M1 BBITIOJTHCHHS OCTAETCSI 3HAYUTEIBHBIM. B manpHeiem st COKparnieHus
BpeMeHHU pabOThI MPECTaBISAETCS IeIecO00pa3HbIM pa3paboTka U H3yde-
HHE NapaJuiesIbHOM BEPCUH NPEICTABICHHOTO aJrOPUTMA.

BOITPOCHI AJISI CAMOITPOBEPKI

1. Tlepeunciute ocHOBHBIE ocobenHOCTH MXII.

2. Chopmynupyiite 3anauay Beioopa XTC.

3. K kakoMy Kiaccy ONTHMH3AaLMOHHBIX 3a/ad OTHOCHTCS 3amada
BbIOOpa AO XTC?

4. Cdopmynupyiite 00IIyIO HACI0 METOA BETBEH U IPaHMUII.

5. HazoBuTte 00ylacTi MpUMEHEHUS METOJIa BETBEH M IpaHUII.

CIIMCOK JIMTEPATYPBI K I'JIABE 3
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MnaBa 4

INFORMATION AND LOGICAL MODEL OF TRACING
OF TECHNOLOGICAL PIPELINES

For problem formalization we will make followingssnptions: trace
is made up of the rectilinear fragments locatedntgarallel coordinate
axes; initial and final points of lines are comtaneith the centers of devic-
es; points of transition from a floor on a flooeaombined with the centers
of devices-sources of lines.

As a result of the decision of problems of a preasguipments choice
[1] and placing [2] the initial information for tcang of technological com-
munications is received: N-quantity of devicéx;;, Vi, zi), i=1,2,...,N-

coordinates of the centers of deviceﬁq;, b, q), i=1,2, .., N-overall
dimensions of devices(xc,Yc, Zc) — overall dimensions of an industrial
premises.

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

parallel to an axi®©Y level [Upy Upy] , and for the pipelines parallel to an

axis OX level [Ug*, Ug*] is allocated. At each level of pipelines laid at n

more than two rows.
Let's enter into consideration matrix H_.{Jor the characteristic of set
of lines. Here L-quantity of communication$;; and f,; —numbers of the

devices connected by-th line; f; D{lz,..., R} — number of a connecting

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

Tj :(on. Yior Zjos Xj11 Yjur Zjli---'Xjkj ) yjkj ) ijj) ,
where j=12,...,L —line number;(xjo, Yjos zjo) — coordinates of the be-

ginning of a line (i.e. coordinates of the center the devicefy;);
(xjkj » Yik; » ijj) — coordinates of the end of a line (i.e. coordinatf the

center of the devicé; ); (xjn, Yins zjn), nD{ 12K —l} — coordinates
of points of an inflection of a linek; — quantity of rectilinear fragments.

Let's consider conditions which should be execwettacing of pipelines.
We will designate through m-number of a conditiovd ave will unite all
lines for which the condition m in skt ™ is satisfied.
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Condition1. Lines from setM?® are laid within an industrial premise.
Let d; — diameter of the pipeline gfth technological communications;

j — a thickness of isolation pth pipeline.

Then for anyj O M' and anyn= 0,1 2...,k; there is

d dj
7+|]+IdSXJnSX Ij_ld_7'
d.
Sl Hlg Sy <Y -l -l - 4.1)
2 2
d d
7+I|+IdSZJnSZ I _Id_7'

Condition 2. For any point of a inflection (xjn,yjn,zjn),

n=1%2..k;-1of j-thline jOM 2 there is such numbgrthat:

2 oz v Jubruy ] @2)
I.e. any point of an inflection of a line is in onéthe levels allocated
for a lining of lines.
Condition 3. We take some horizontal fragmelixjn, Yins Zjn;
Xin+1s Yjn+1s Zjn+1) of alineT; UM 3. Then Of Xjn41 % Xj, (the fragment is
parallel to an axis), oy,.1 # ¥, (the fragment is parallel to an axis).

Zjn, zimlm[ug*,ug*] A Zj,, zjmlm[ug*,ug*] : 4.3)

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

Condition4. In lines possibility of occurrence of stagnaanes is ex-
cluded from set K1 We will divide set M into two subsetsM * — pipelines
on which liquids flow; M — pipelines for gases. If 1M ? then the pipe-
line line shouldn’t have local minima; if DM;1 then the pipeline line
shouldn't have local maxima. Hense, for any[ Mf and any
n, Ny, nsD{ 012,.. kj} such that m>n,>n; that inequalities

zj,, >0 can't be carried out simultaneously.

Ziny = Zjn, > 0:Zjn, —
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This condition we will write down in the form of amequality:

Zim = Zinz >00Z,05 =2, > 0] M4

(4.4)
Dnl,nz,ngD{012 k} n, >n, >ng.
Condition5. A of condition not crossings of lines.
Let j',j"OM?®. We take any points
¢ (%' Yo 2) OTjo " (4 Yer 260 ) O T
We will define distance as
() = (e =+ (v = Yoo P # (20— 2
then the condition 5 can be written down in a kind:
oy dp+de s
p(c,c)z > o+, O J"OM . (4.5)

Condition 6. The condition 6 consists that lines from bt aren't
crossed with columns of a building constructiont &M ® . We take any
point d(xc. Yes zc.)DTj . The condition 6 can be written down in a kind:

|

Condition7. A condition of not crossings of lines with thiced de-
vices. Let jOM’. We take any pointc‘(xc., Yes zc.)DTj . Let further

—K

X =X

a; +d; K b; +d;
2= D‘x —yc.‘z S+ |- (48)

D{ 12,..., N}- any of numbers of the placed devices, exceptingcdev
fijand f,; , and § —width of a zone of service of this device. Then

(Ix Xc|> d’+3+l +IdJ (Iy. yc|> OIJ+s+| +|dJ 4.7)

Condition8. On conditions of production zones, forbiddenddining
of pipelines should be provided. Let's designate rough
(xm, Y zm), m=12,...,k, — coordinates of the centers of such zones;

(5m, [ Em) — their overall dimensions. Then for glJH® and any point
(% Yo %)OT; itis had
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3, +d. b +d
(|>_(m‘xc'|2am2 l+|j+|d)|:|(|ym_yc‘|2bm2 J+|j+|de

dJ
0% 4> 5 +IHJ

(4.8)

Condition9. This condition is shown by safety precautianpipelines
with explosive, combustible, inflammable and agsgnes substances. Let

Megﬂ — set of pipelines on which explosive, combustibidlammable sub-
stances are transporteMiA — set of pipelines on which acids and other
aggressive substances are transported. Let's chidd'se M U M)KA The
pipelines entering into seM ® settle down as follows: if the distance be-

tween pointscUT, DMeH, c'UT, OM?, doesn't surpass the set size,

then z, = z... Thus for any point€’T; U Meﬂ, c'UT; 0 M2 itis had

((ple'0)<1x) Oz 2 z)) Dlple. )z ) (4.9)

Condition 10. The length of the pipelines united in $4t° shouldn't
exceed in advance set sizes. Thus for anyj OM™:

Kj
qujnﬂ - Xjn| +|yjn+1 - y1'n| +|Z|n+1 - zjn|)S gj. (4.10)
n=0
As criterion of economic efficiency of the desigectsion we will
consider cost of capital expenses for a liningipéfines

L
Z(Smb, +S,K;). (4.11)

=1

Where §; — cost of unit of length gfth pipeline;

Ki-1
¢; = i (|Xjn+1‘xjn|+|an+1—an|+|2jn+1—2jn|)m — Length ofj-th

n=0

pipeline; S,; —expenses for technical realization of one turrhefpipeline
of j-th line; K; — quantity of turns if-th line.
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Thus the problem of trace of technological commatigns can be
formulated as follows:

TO f|nd TJ :[on, ij’ Zlo, le, yjl’ Zjl"xjkj’ kaJ y ZJkJ]' J = 1, 2,,L

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

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

BOITPOCHI AJIS1 CAMOITPOBEPKI

1. KakoBa HE0OOXOJUMOCTh aBTOMATH3AI[HH TPACCHPOBKH TEXHOJIO-
THYECKUX TPYOOIPOBOIOB?

2. B uéM TpymHOCTH aBTOMATH3AIWHU TPACCUPOBKH TPYOOIIPOBOIOB?

3. Kak npoBepsieTcst afIeKBaTHOCTh pa3paboTaHHOM Mojienn?

4. Kakue JOMYIIEHUS WUCIONB30BaHbI IPH (OPMATU3ANNK 3a1adl U
KakK 3TO OTPakacTcst Ha KOHCYHOM PEIICHUH?

5. Kakwue anropuTMsl TpaCCUPOBKH BbI 3HAETE?

6. Kak peanu3yrorcst OrpaHHYCHUS] MOJICITH B CHCTEME?

CIIMCOK JINTEPATYPBI K I'JIABE 4
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Mmasa 5

METOOUKA PACHYETA N BbIBOPA MEXAHUYECKUX
NEPEMELUMBAIOLLIMX YCTPOUCTB BEPTUKAIIbHbIX
EMKOCTHbIX ANMAPATOB

B maHHOW T7aBe paccMaTpHBACTCS METOAMKA aBTOMATH3MPOBAHHOTO
pacuéra M BBIOOpPa MEXaHMYECKHX IEPEMEIINBAIOIINX YCTPONUCTB BEPTH-
KaJIbHBIX EMKOCTHBIX alapaToB, pa3paboTaHHAas B Pe3y/bTaTe HUCCIIEN0Ba-
HUS BIMSHUS TEOMETPHYECKUX XapaKTEPUCTHK KOpIlyca amnmnapara, Gpu3muko-
XAMHYECKUX W TEIIOPHU3NUCCKAX XapaKTEPHCTHK MepeMEIInBaeMoil cpe-
IIBI, PeKUMa TEPEMEITNBAHMS, YCIOBUH MPUTOAHOCTH Baja MEIIAIOK |
TePMETU3HUPYIOLICH CIIOCOOHOCTH €ro YIUIOTHEHHs, YCIOBHUil TemnooOMeHa
B ammapare Ha CIEAYIOUINE MapaMeTpbl KOHCTPYKIMH TIEPEMEIINBAIOIICTO
YCTpOMCTBa!

— THI MEIIaJKH, PacYETHOW XapaKTEPUCTHKOH KOTOPOro mpH TypOy-
JICHTHOM DPEXHUME MEepPEeMELINBaHUs SABIseTCS KOd()GDUUHUECHT e€ ruapaBiu-
yeckoro conporusienus (();

— YHCJIO MEUIANIOK Ha Bally YCTPOWCTBa (Z,);

— npuamerp memanku (d,);

— 9acToTa BpallleHHs Bajia yctpoiicTsa (N);

— nmamerp Bana (d);

— mapamMeTpbl MEIIANoK, HCIIOJIb3yEeMbIX UISl TEPeMEIIUBAHUS TIPU
MEPEXOMHOM ¥ JIAMHHAPHOM PEKMMAax: YHCIO TOPH3OHTAIBHBIX TPaBepc
pPaMHOI U JIEHTOYHOH Memanok (N,), mar Mexay TpaBepcaMu JIEHTOYHON
memranku (I,) u yucno e€ nomacreit (N;), BEICOTA MIHEKOBOW Mewaiku (H,,)
U LIar BUHTOBO# TuHKY stonactH (1)

B kadyecTBe OCHOBBI ATOTO HCCIIEIOBAHUS BEIOpaHA PEKOMEHIOBAHHAS
HUUXUMMAII [2, 3] MeTonuka pacuéra;

— 3arpaT MOLIHOCTH Ha mepemerunBanue (N) B BEpTHKAJIbHOM EMKO-
CTHOM armapare Mmpu TypOYJICHTHOM PEKUME;

— TapaMeTpoOB IUPKYJAIUN U TypOyleHTHOH muddy3un mepemern-
BaeMoOMU cpepl;

— TapaMeTpoB, XapaKTePU3YIOLIMX KAYECTBO MEPEMCIIMBAHUI pa3-
JMYHBIX CPeJl IPH TypPOYICHTHOM PEXUME: MPOIAOLKUTENFHOCTH TOMOTECHH-
3allid B3aUMHO-PACTBOPHMBIX JKUAKOCTEH, paclpeeieHUss KOHLCHTPALUH
TBEPIOI (a3bl CYCIICH3MIA O BBICOTE U PAIMyCy almapara, CKOPOCTH Imepe-
MEIIIEHHsI Kalleslb TUCTIEPCHOM (pa3bl M MX pa3Mepa MpH TepeMeTnBaHUN He-
CMEIIMBAEMBIX JKHAKOCTEH, CPEIHETO YACTLHOTO Ta30COMEPKAHUS CPEIBI
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pa3Mepa My3bIPHKOB IMPH IMEPEMEIIMBAHIN T'a30)KUAKOCTHBIX CHCTEM, IPO-
JIOJDKUTEILHOCTH PACTBOPEHHS TBEPAOTO MOJIHUINCIIEPCHOTO MaTepHualla;

— MOIIHOCTH TMCPEMCIINBAHUS TPH JAMUHAPHOM U IEPEXOJHOM
pexuMme;

— MapaMeTPOB IUPKYISIIUU U TPOJOJIKUTEIEHOCTH TOMOTCHHU3AIUN
MEPEMEIINBACMON CPEIbI IPH JTAMUHAPHOM U MEPEXOTHOM PEKUME;

— JWaMeTpa Balia IEPEMEIUBAIOIIETO yCTpoiicTBa (Hambosee pac-
MPOCTPAHEHHOTO KECTKOTO KOHCOJIBHOTO Bajla MOCTOSIHHOTO CEUCHHS), ISt
KOTOPOTO BBIMOJHSFOTCS yCIOBUS BHOPOYCTOMYMBOCTH, KECTKOCTH U
MPOYHOCTH;

— KO3(pUIMEHTA TEIIOO0TAaYN OT MEPEeMEIUBAEMON Cpeabl MPH
Pa3IMYHBIX KOHCTPYKIUSIX alliapara i PeKuMax IepeMeITnBaHuS,

— TeMJIOBOTO IIOTOKA, KOTOPBIH MOXKET O0ECHeYHTh HMEIoLIeecs B
annapare TerI000MEHHOE YCTPOUCTBO.

Pacuér ynenpHOW yTeuku paboueii cpeibl B 30HC YIUIOTHCHHUS Balia
MEPEMEIINBAIOIIETO YCTPOUCTBA OCYIIECTBISIETCS coracHo [9].

MertoauKa BKIIOYAeT MATEMaTHYECKYIO MOCTAHOBKY, METOI M ajro-
PUTM peIICHUs 3aJadd BBIOOpa MapaMETPOB MEXaHHUYCCKOTO TEePEMEIIH-
BAIOIIETO YCTPOHCTBA U MOTOP-PEIYKTOPA, ONTHMATBHBIX JJIS OpTaHH3alUuN
NepeMeIInBaHusl KOHKPETHOM CpeJibl B KOHKPETHBIX YCIOBHUSX C TOUKHU 3pe-
HUSI IPUBENEHHBIX 3aTpaT.

5.1.TIOCTAHOBKA 3AJIAYU PACUETA U BBISOPA
MEXAHMYECKOI'O I[TEPEMEIIMBAIOILIEI'O YCTPONMCTBA

IToctaHOBKa 3ajadu SBISCTCS MOJCpPHH3AIMCH IMMOCTAHOBKH, TpPEA-
CTaBJIEHHON B [7], ¥ 0OBEOUHAECT CAyYad JIAMHUHAPHOIO U TYpOYJIEHTHOIO
pexuMa MepeMelnBaHms, TaKk Kak Ha MPOU3BOACTBE HEPEAKH CIIydau, KO-
IJla 0 XOAy TEXHOJIOTHYECKOTO Tpoliecca TypOYICHTHBIH pPEXHM CTaHO-
BUTCS TIEPEXOHBIM, & 3aTEM U JIAMUHAPHBIM.

B kauecTBe KpUTEpHs ONTHMAILHOCTH KOHCTPYKIIMH MEXaHHYECKOTO
MEPEMEIINBAIONICTO YCTPOUCTBA TPEATIAracTCs UCIOIb30BaTh CyMMY aMOp-
TU3AIMU 3aTpaT Ha MEIIANKH, BaJl ¥ MOTOP-PEIYKTOp, a TaKXkKe 3aTpaT Ha
ANIEKTPOIHEPTHIO, TIOTPEOIIIEMYIO YCTPOHCTBOM B TeUSHHE roja:

Z=EKk[z, s + S(jn d, L2) + 86, My, No, Mp)] +5,(Ti, N), - (5.1)

TJIe TIPU TypOYJICHTHOM TIEPEMEIINBAHIN CTOUMOCTD MEMIATKH S, = Sy(C, jun Ghy),
— IS8 paMHOW MCIIAIKH NP JaMHHAPHOM IIePeMELINBAHUH
Su = Sulive G M),
— uist TeHTOYHO#M Memank Sy = Sy(jy, Dy, Ny, Ny 1),
— JUIS ITHEKOBOM Memalkh S, = S,(jx, Ovy Hu 1);
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Ek — HopmaTuBHSBIH K03 dHUIHEHT oKynaemocTH st obopynosanus (0,15);
ju — MPU3HAK MaTepuaa, i3 KOTOPOTO W3rOTOBJIEHA Melanka (cTajib, THTa-
HOBBIH cIuiaB); S(j,, d, Ly) — 3aBUCHMOCTH CTOMMOCTH BaJjla YCTPOMCTBA OT
Marepuaa, U3 KOTOPOro OH U3roToBiieH (j,), ero auamerpa u umHb (Lo),
oIIpeIeNseMoil BRICOTOU KOpITyca amrapara, KOHCTPYKIHeH CTOMKH HpPHBO-
na (cM. [4, 5]) 1 BBICOTOM pacCIONOKEHHs HIKHENR MEIIAIKA HaJ JTHHUIIEM;
Sty Ny N,, A,) —3aBUCUMOCTE CTOMMOCTH MOTOP-PEIYKTOpa OT €ro

trna (t,), 9aCTOTBI BpAIEHHs BEIXOXHOTO Banma (N,), MOIIHOCTH 3JIEKTPO-
asuratens (N,) ¥ KpyTdmero MOMEHTa Ha BBIXOZHOM Baly (M,);

S,(T,N) — 3arpats! 31eKTpo3HEPrUH 32 BpeMsi paboThl TEPEMEITUBAIOIIETO
YCTPOWCTBA B TEUCHHE roja I, KOTOPOES OMPEIENIeTCs HOPMAMU PEKHMA
peanu3aliid KOHKPETHOTO IMpollecca M KaJCHAAPHBIM IUIAHOM PabOThI
obopynoBanus, [6].

HeobOxonuMo BBIOpaTh 3HAYCHHS MApaMETPOB MEXaHUYECKOTO Iepe-
MEIIHUBAIOIIEr0 YCTPOMCTBA, NpH KOTOphix ¢yHkmusa (5.1) mocruraer
MHUHHAMYMa U BBITIOJTHSFOTCS] HUYKECIIETYIOINE OIPaHUYUCHHUS:

1.Ha mnapaMeTpbl MEHmIANKA W THIPOIMHAMHYCCKYIO OOCTaHOBKY
B arnmapare:

d,0Ssd,., (5.2)

rae Sd, — MHOXECTBO 3HAUCHUI JUaMETPOB CTAHIAPTHEIX MELIATIOK Tuma K,
Hanpumep, s maekosoi: 0,4; 0,56; 0,71; 0,8; 1,0; 1,12; 1,85

G,u<Gp<Gp, (5.3)

rae G Gg — I'PAHAYHBIC 3HAYCHUSA KPUTCPUA TUAPOJANHAMHUYICCKOTO I10-

DD!
n0o6ust (OTHOLICHHST TUaMeTpoB ammaparta U Memanku Gp = D/d,) ans me-

[IAJIKA BBIOPAHHOT'O THIIA, HAIIPUMED, I TYPOHUHHOM GDD =3, GS = 6;

s mrekosoit G =1,8; G5 =5;

[2,3, 4] — nsa pamHO# MeIIaKy;

(5.4)
[3, 4, 5] — as1st TEHTOYHOM MEMIATIKH;
n,U[1, 2J; (5.5)
H,<H, &p.

rae H — BbicoTa 3amonHeHus anmapara; H,, — BpICOTa MeIlaiuku (IJist JIeH-
tounoit H, = (N, — 1)1,);
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(5.7)

{ZIT — IS JIEHTOYHOM MEIIajIKH
1

Kk, H, — A5 IHEKOBOH MEIIaNKH,

rae k, O [0,25; 0,33; 0,5; 1] -Bo3MOKHbIE 3HAYCHUSI OTHOLICHHS IIara
BUHTOBOM JIMHUH JIOIACTH IIIHEKOBOM MEIIAIKHU K €€ BEICOTE;

M, = My + My, (5.8)
rae M,, My, My, — KpyTAIMK MOMEHT, BOSHUKAIOIUK MTPU BPAILCHUH JIO-
nacTeil MelanoK, U MOMEHTBI CHJI COMPOTHUBJICHUS BPAIICHHUIO, BO3ZHUKAIO-

IIMe Ha CTEHKAaxX KOpIlyca ammapaTa U BHYTPEHHHX YCTPOMCTBax MpPHU TYyp-
OyJIeHTHOM MepeMennBanui [1, 2];

H-h, >h,, ecu R, < 0,1DH, (5.9

rae h,, h, — rayOuHa neHTpajgpHONW BOPOHKH, 0Opasyroleiics mpu TypOy-
JIEHTHOM TIEPEMENIMBAHUY U BBICOTA PACIIOIOKEHHS BEPXHEN MEIIAIKH HaJ
QHUIEM anmapara; R,, — CyMMapHOe THIPABIHYECKOE COMPOTHBIICHUE
BHYTPEHHHX YCTPOMCTB, YCTAHOBJIEHHBIX B ammapare, [1, 2].
2. Ha yacroty BpallleHHs Bajla IEPEMENINBAIOIIETO YCTPOWCTBA U €r0
JIAMETP:
nOSn, (5.10)

rae Sr, — MHOXECTBO CTaHAAPTHEIX 3HAYEHHMH 9acTOT BPAUIEHHsS BBIXOA-
HBIX BajoB MoTop-peaykropos (0,5; 0,63; 0,8; 1,0; 1,63; ...; 100; 125; 160;
200; 250; 3154unu );

dop,, (5.11)

rae D, — MHOXeCTBO CTaHAAPTHBIX 3HAYCHUHN JUAMETPOB BAJIOB MEXAHMYECKHX
nepeMeIIrBarouX yerpoiicts: 25, 40, 50, 65, 80, 95, 110, 13 [3, 4];

A=A +{AZ+A, (5.12)

rae Aq, Ao — BcrioMorarebHble PacU€THBIE KOMILIEKCH [3];

2m g (5.13)

p
rme 0)11<p, & — mepBasi KpUTHYECKas YIIIOBask CKOPOCTh Bajla W KOHCTaHTa

yCJIOBHS €ro BUbpoycroitunBoctH, [3];
Q Ji0m
Ay <X, (5.14)
rae AS, A" — IMHAMIYECKOE CMEIICHHE Bala B OMACHOM T10 KECTKOCTH

CEYEHHH U €T0 JIoIycKaeMoe 3Hauenue [3, 5];
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n, =", (5.15)

rae Ny, nf°" —3amnac NpoYyHOCTH B ONACHOM CEYEHMH Bajia 110 IPOYHOCTH H

€ero gonyckaemoe 3Hadenue [3].
3. Ha BenmuuHy yaenbHOM yTeukn pabode cpebl B 30HE YIIOTHEHHS
BaJla EPEMENIMBAIOIIETO YCTPONCTRA;

U<U,, (5.16)

rae U — yreuka paboueii cpelpl B 30HE YILUIOTHEHHS, BEIMYMHA KOTOPOU
3aBUCHUT OT THUNA YIJIOTHEHWs (MaH)XeTa, CaJbHUK, TOPIIOBOE), AUAMETpPa
Bajla W TMapaMeTpoB mepememmuBaemoii cpensl [9]; U,,, — 3HaueHue ymenb-
HOW yTEYKH, oOmpefenasieMoe TpeOyeMbIM KJIACCOM HErepMETHYHOCTU
VILUIOTHEHHS BaJia.

4. Ha TennoBoil MOTOK, 00eCTieunBaeMbIi TETUIOOOMEHHBIM yCTPOKHCT-
BOM armapara, ecjy epeMelnBaeMasi Cpejia HarpeBaeTCs WK OXJIAXKIAeTCS:

> D, (5.17)

rae @ — TermIoBoH MOTOK, HEOOXOUMBIH JIJTSl peaTU3aIlii TEXHOJIOTHIESCKOTO
npouecca B anmnapare; ®” — 3HaueHHE TEIUIOBOTO IOTOKA, KOTOPHIA MOKET
OBITh O0CCIIEYeH KOHKPETHBIM TEINIOOOMEHHBIM YCTPOHCTBOM (pyOarkoif,
3MEEBHKOM) B 3a[aHHBIX YCIOBHSX, C YIETOM COOTHOIICHHUH JUTS OTpeese-
HHs KO3 (HHUIIMEHTA TEMIOOTIAYH OT IepeMemmBaeMoii cpesi [1, 2].

5. Ha xapakTepHCTHKH MOTOP-PEAYKTOpa!

NK, <N, (5.18)

rae K, — ko3 GUIIeHT MyCKOBBIX Meperpy3oK, onpeaeasieMblii 3HaUeHHEM
Gp ¥ THIIOM YCTAHOBJICHHBIX B aMapate BHYTPEHHUX YCTPOHCTB!

1,5 —mns anmaparoB 6e3 BHyTpeHHUX ycTpoiicts npu Gp > 1,5,

2 —ms anmapatoB 0e3 BHYTpeHHHX ycTpoiicTs npu Gp < 1,5,

1,2 —anst anmapaToB ¢ OTPaXKaTEIbHBIMU MIEPETOPOIKAMH,

1,3 —ist anmaparoB ¢ IPYrUMH BHYTPEHHUMH YCTPOHCTBAMU,

M, P n° di — 11pu TypOYJICHTHOM IIepeMELINBaHuUH,

p 2 (5.19)
N/ (2T[n) — IIpH JIAMHHAPHOM TI€PEMEITNBAHUH

n,=>n, (5.20)

rae N, — 9acToTa BPalleH s BEIXOJHOTO Bajla MOTOP-PEAYKTOPa;

6. Ha 3Ha4yeHus mapaMeTpoB KauecTBa MEPEMEIIHBAHHS
a) ISt citydast TypOYJIEHTHOI'O II€PEMENIMBAHMS B3aHMHO-PAaCTBOPH-
MBIX SKHJIKOCTEH
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Ty < Taap (5.21)

TI€ Ty, Tsyy — PACUETHOE BpeMs T'OMOIEHM3AILMH CMecH skuakoctei [1, 2]
H eT0 33JaHHOe 3HaueHHE (HampuMep, YKa3aHHOE B PEriIaMeHTe Ipoliecca);

0) 111 citydasi TYpOYICHTHOTO IEPEMENINBAHKS MAaJTOKOHIICHTPHPO-
BaHHO#W cycnen3uu (00b&MHast mois TBEPHOM (asel He mpesbimaer 0,1,
MmaccoBas — 0,2)

AXmax < AX,, (5.22)

rne AXmax AX, — OTHOCHTENbHAS Pa3HOCTh KOHIICHTPAIIMH B3BEIICHHBIX
YaCTHII TI0 BBICOTE ammapara [1, 2] 1 eé MakCUMaIbHO JOMYCTUMOE 3HAYE-
Hue, a eciim Ry, < 0,1DH u B anmapate yCcTaHaBIHBAIOTCS MEIIAJIKH C TOPH-
30HTAJBHBIMA JIOMACTSAME (JIOTIACTHBIC, MPOMEUICPHBIE, TYpOWHHBIE, IHC-
KOBBIE), TO

Xep
chR = > Xl%i (523)
XR

rac chR, XR3 — OTHOLICHUC KOHICHTPAIUN B3BCUICHHLIX YaCTHUL Y CTCHKHU

ammapara K X CpeHei KoHUeHTpauun [1, 2] 1 ero MUHUMAIbHO OMYCTH-
MO€ 3Ha4eHUE;

B) TS CIIy4asi TypOYJICHTHOTO [EPEeMEIINBAHIS BBICOKOKOHIICHTPHPO-
BaHHOMU CYCIEH3HH

f>f,, R, < OIDH;

(5.24)
Pe>Pg,, R,, > 01DH,

rze f, f, — gacToTa mynkcarmit cpepl y OBEPXHOCTU 0CANKa, CKOPOCTh KO-
TOPBIX BBIIIE KPUTHIECKOW, M KPUTHYECKasl JacToTa IyJIbCAllli, oOecrieun-
Barommas noxbséM ocanxa [1, 2]; Pe, Pe,, —uncno Ilexie n npusenéHHOE YHC-

1o [exrte, obecrieurBaroiee OTCYTCTBHIE OCaJIKa Ha JHUIIE anmapara, [1, 2];
AP = APmax (5.25)

rae AQ, AQ@max — pacu€THas CTENEeHb HEOJHOPOJHOCTH paclpeleeHus
B3BEIIIEHHBIX YACTHI[ [T0 BBICOTE ammnapara, [1, 2] u eé MakcuMansHO JoMmyc-
TUMOE 3HAUYCHHUE;

r) st crmydass TypOYJCHTHOTO TEPEMCIINBAHUS HECMCITHBACMBIX

JKHIKOCTEH
Pe<0,3, 62

rae Pe —uncno Ilekne, paccunTaHHOE U1l CKOPOCTH OCaXICHUs (BCILIbIBA-
HHSL) Karenb qucnepcHoit ¢asel, [1, 2];
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O < dyma (5.27)

rae Oy, Ocmax — pacyETHBINM auaMeTp Kamelb aucnepcHoii ¢assl [1, 2] u ero
MaKCHMAJILHOE JOIyCTUMOE 3HAYEHHUE;

1) Ui ciydas TypOYJEHTHOTO IEPEMENIMBAHUS Ta30KUIKOCTHBIX
CHCTEM

? > Py (5.28)

LO€ @, @iy — CPEIHEE YACIBHOE ra30CoAeprKaHue NepeMeIInBaeMON Cpesibl
[1, 2] u 3amanHast 0OBEMHAs 0151 ra30BO#l a3kl B ammapare;

0y < dumax (5.29)

rae dy, dymax — pacuéTHBIH qraMeTp My3bIpbKOB ra3oBoil ¢assl [1, 2] u ero
MaKCHMAJIbHOE OIyCTHMOE 3HAYCHHE;

€) IS CIlydasi paCTBOPEHHs YACTHUI[ TIOJUANUCIIEPCHON TBEPIOM (hasbl
npH TYpOYJICHTHOM MEpPEMEIINBAaHUE MOXKHO HCIIONB30BATh OJHO M3 JBYX
OrpaHUYCHUN:

maxt,} <t (5.30)

3 !
TOC Tyj, Tsay — PACUETHOE BPEMSI TIOJTHOTO PACTBOPEHHS YaCTHIL i-i (pakuuu
TBEPAOH ¢asel [1, 2] u 3amaHHAs TPOJOKUTEILHOCTh €€ PAcTBOPEHHUS,
1100

Xy < Xyimax (5.31)

e Xy, Xi max — pacu€THas MaccoBasi KOHIICHTPAIUS YaCTHI] TBEPIOH (a3bl,
HE PaCTBOPHBIIHXCS 3a BPEMS Ty, [1, 2] 1 €€ MakCUMAIBHO IOMYCTHMOE
3HAYCHHUC;

K) Ha BpeMsl TOMOT€HHM3AI|K CPEBI IIPH JIAMHHAPHOM II€PEMEIMBAHNN

TS T (5.32)

IZie pacyéTHOE BPeMs TOMOTGHU3AIMH (T,) ONpPEIENIeTCs C HCIOIb30BaHH-
€M 3HAYCHUIl MapaMeTpoB LUPKY/LIIUK [HEPEMEIIMBAEMON CpPEIbl MPH JIa-
MHHApHOM pexume [1, 2].

Ouesuano, uto orpanudeHus (5.2) — (5.20)sBnsrorcs oOumMu ams
MPOIIECCOB MepeMEIIMBaHuS JTIOOBIX cpel, a u3 orpanuuenuii (5.21) — (5.32)
HEO00XO0MMO BBIOMPATh T€, KOTOPBIE COOTBETCTBYIOT MPOLIECCY MEPEMEIIH-
BaHUS KOHKPETHOMU CPEJIbL.

3nechk He0OXOIMMO OTMETHTD!

1. Ecnu 1o X0y peanu3aliy OJHOTO M TOTO KE IPOLECCa PEKHUM IIe-
PEMEIIHMBAHHS MOXET M3MEHHUTHCS (C TypOYJICHTHOTO HA MEPEXOIHBIA HIIN
JaMHUHApPHBIH), TO BO3MOXKHBIMH THIIAMH MELIAIOK SIBIIFOTCS TOJIBKO SIKOP-
Hasli M paMHasi, a IPU PCIICHUH 33aJa4d CICAYeT YIUTHIBATh HEOOXOAUMBIC
orpannyenus u3 uncia (5.2) — (5.9), (5.19), (5.21) — (5.32).
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2.B teuenune meprona T, paccMaTpuBaEeMBIH ammapar MOXKET y4act-
BOBATh B IepepabOTKE MAPTUIi HECKOJNBKHX MPOLYKTOB U OCYLIECTBIATH
pasIMYHBIE CTAJUM WX CHHTE3a, MOTOMY MMOCTAHOBKA 3a1a4M BHIOOPA KOH-
CTPYKIIMH TIEPEMENINBAIOIIETO YCTPOMCTBA TAKOTO arapara MOKET BKITO-
YaTh HECKOJBKO HabopoB orpanmyenuii w3 umcia (5.2) — (5.9), (5.19),
(5.21) — (5.32)paznuuHbIX I pa3HbIX IEPHOIOB €r0 KCIUTyaTalluH.

5.2.METOJIMKA PELIEHUS 3AJIAYU PACUETA U BHIBOPA
MEXAHMYECKOI'O [TEPEMEIIMBAIOIIEI'O YCTPONCTBA

3amaua (5.1) — (5.32)oTHOCHTCS K KJIacCy 3aiad JAUCKPETHOM ONTHMH-
3alliH, TIOCKOJIBKY 3HAYCHHS OMPEICIIEMBIX AapaMeTPOB KOHCTPYKIIHH Me-
XaHHYECKOTO TMEPEMEIINBAIONIET0 YCTPOMCTBA BEPTHKAIBHOTO EMKOCTHOTO
armapara BEIOMPAIOTCS W3 YHCIIAa CTAHAAPTHBIX. UHCIIO CTaHmapTHBIX 3HaYe-
HUH MAMETPOB BaJIOB MEPEMEIIMBAOIINX YCTPOMCTB, MapaMeTpoB KOHCT-
PYKLHMIA CTaHAAPTHBIX MENIAJIOK W MOTOP-PEAYKTOPOB HEBEJHKO, MO3TOMY
NpeIaraeMblii METO PELIIEHHS 3a/Ia4K OCHOBAH Ha CTpaTeruu repebopa:

a) epebop BO3MOKHBIX KOMOWHAIMN THIIOB MEIIAIOK, YacTOT WX
BpAIlCHASI M CTAHIAPTHBIX 3HAYCHHH MapaMeTpOB WX KOHCTPYKIIHH, IS
KaXIOW M3 KOTOPBIX OCYINECTBIISETCS PacuéT 3HAUYCHHS HEHTPOOEKHOTO
kpurepus PeitHonbica:

_ndg

Reuv,

rae v — KHHeMaTHIecKas BS3KOCTh IepeMEINBAeMON Cpelibl, H Olpexere-
Hue pexkuma nepemeumBanus (Reg, > 1000 —rypOysentubiil, Rg < 80 —
namuHapheiii, 80 < Rg < 1000 —rmepexonaHblii), IpOBEpKa BBIOJHECHHS
HeoOX0oauMBIX orpannyenuii u3 yncna (5.2) — (5.10)a taxxe orpaHuueHHH
Ha 3HAYCHWs I[apaMeTPOB KayecTBa IIEPEMEIIMBAHUS COOTBETCTBYIOIICH
cpensl u3 uncia (5.21) — (5.32);

0) IpY  TIOJIOKHUTENFHOM pE3YJbTaTe IIPOBEPKH COOTBETCTBYIOLIAS
KOMOWHAIWS [apaMeTpoB MELIANKH JOIOJIHACTCS MHHHMAIIBHBIM CTaH-
JIapTHeIM 3HaueHueM d, ynosieTBopsitoumm orpannueHusM (5.11) — (5.15);

B) P HEOOXOMMMOCTH IJIsi paccMaTpHBAacMON KOMOWHALWH Mmapa-
METPOB IIEPEMEIINBAIOIIETO YCTPOWCTBA MPOBEPSAECTCS BBIIIOJIHEHHE YCIIO-
Bust (5.16) mpUroAHOCTH YIUIOTHUTENBHOTO YCTPOHCTBA Bajia YCTPOWCTBA U
ycnoBust (5.17)IpUroqHOCTH TEMI00OMEHHOTO YCTPOMCTBA amnapara;

r) U3 BCce€X KOMOMHAIIMN THIIAa MENIAJKM, 3HAYEHUM IapaMeTpoB eé
KOHCTPYKIMH U JUaMeTpa Bajla IPHBOJA, YAOBIECTBOPSIOIINX BCEM OTPaHHU-
YEHHSM, BBIOUPACTCS ONTHUMAIbHASI — [I0 MUHUMATbHOMY 3HAUCHUIO KpHUTeE-
pus (5.1)6e3 yuéTa CTOMMOCTH MOTOP-PEAYKTOPA,;
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) JUTs ONITUMAITbHOW KOMOHHALIMK OCYILIECTBISIETCS T0I00p HAaUMEHee
JIOPOTOCTOSIIIETO U3 CEPUIHO BBIMYCKAEMbBIX MOTOP-PEAYKTOPOB, Uil KOTO-
phIX BeITONHSAIOTCS yeaoBus (5.19) — (5.21).

ANTOpUTM pellIeHHs 3a/1a4i MPEIYyCMAaTPUBACT Pean3alliio HECKOIb-
KUX BJIOKEHHBIX LUKJIOB Mepebopa 3Ha4eHH mapaMeTpoB MEXaHHYECKOTO
nepeMermBammero ycrpoiicrea cornacuo (5.2), (5.4), (5.5), (5.7), (5.10),
(5.11), mpoBepky BeimonHenust orpannuenuit (5.3), (5.6), (5.8), (5.9),
(5.12) — (5.20)a taxxe Tex orpanmdenud u3 yucna (5.21) — (5.32)koro-
pBbIe COOTBETCTBYIOT pean3yeMOMy MPOLECCy.

[epeGop THUMOB MEMIANOK OCYIIECTBISACTCS B CIACAYIOLIEM MOPSAKE:
MELIANKHA C TOPU3OHTANBHBIMHU JIONACTAMH, SKOPHBIC, PaMHBIC MEIIAIKH,
MELIANKA Ui JIAMHHApHOTO TepeMellnBaHusi. B mukne mepebopa craH-
JIAPTHBIX 3HAYCHHU JHAMETPOB MeHIaJKH (PUKCHPOBAHHOTO THUIA PACCUU-
TBIBAETCS 3HAYCHHUE KPUTEPHUS THAPOIMHAMHYecKoro moxobus Gp = D/d, u
npoBepsietcs BuimosHenne ycnosus (5.3). B mukie mepebopa craHmaapTHBIX
3HAUEHHWH YacTOT BpAILEHHS BAJIOB MEPEMEIINBAIONINX YCTPONCTB paccyu-
TBIBAIOTCS 3HAUCHHUS IEHTPOOESIKHOTO KpuTepus PeiiHosbaca U onpeaeseT-
cs1 pexxuM nepementnBanus. [Ipu Re, > 10000n0kupyeTcs BHIOOP JEHTOU-
HBIX M ITHEKOBBIX MEIIAJOK, B MPOTHBHOM CIy4ae — MELIANOK C TOPU30H-
TaJILHBIMH JIOTIACTSMH.

B curyanun Re, > 10000cymniecTBisiercst mepebop Yucia Memanok Ha
BaJly MepeMeIInBaroNero ycrpoicrsa (z, = 1, ..., 5),ecnu 310 Memanka ¢
TOPU3OHTAIBHBIMU JIOTIACTSIMHU, @ JJIsI SIKOPHBIX U PAaMHBIX MEIIAIOK MpH-
HUMaeTcs Z, = 1. BBOIsITCS XapaKTepUCTUKU BHYTPEHHUX YCTPOWCTB arma-
pata (Tpy0, 3MEeBHUKOB, OTpa)kaTeiell M T.I.). PacCUMTHIBACTCS THAPABIIH-
4eCKO€e COMPOTHBIIEHHE KAXIOro ycrpoiicta [1, 2] u ux cymMmapHOe 3Ha-
yenue R,,. IIpoBepsiercs Boimonuenue yciaosust Ry, < 0,1D H. Ilpu BbIIOI-
HEHUH 3Toro ycioBusi ypaBHenue (5.8) pemaercs metomom Gucexkiuu [3]
OTHOCHTEJIFHO HapaMeTpa MpoQuIsi OKPYKHOH CKOPOCTH TIepeMeInBaeMon
cpensl , mpoBepsietcs BeimonHenue ycnosus (5.9). Ecnu xe Ry, > 0,1DH,
To ypaBHenue (5.8) cocTaBnsercst M pemiaeTcss TEM JKE METOJOM OTHOCH-
TENbHO OCPETHEHHOTO 3HAYCHUS OKPYXHOW CKOPOCTH MepeMelInBaeMOii
cpensl U,

JImst Kakmoi mpreMsieMo KOMOWHAIIMY THTIA MEIIATKH M 3HauYeHUH
d,, N, 2, OCyIIecTRIAETCS pacyET 3HAUCHHUI MapaMeTPOB KadecTBa mepemMe-
LIMBaHMsI KOHKPETHOM Cpeiibl U MPOBEPKa BBIMIOIHEHUSI COOTBETCTBYIOIINX
orpannyeHuid. [Ipu BBINOJHEHWH OTpaHWYEHUN B KAa4yeCTBE BO3MOKHOMU
KOHCTPYKIUH HEPEMELINBAIOLIETO YCTPOHCTBA 3aIOMHHACTCS:

— 1pu TypOyIECHTHOM TEPEMEIINBAHIH, & TAKXKE JIAMHHAPHOM U Tie-
PEXOMHOM PEXHMME MEPeMCIIUBAHUSA SKOPHONH MEIIATKOW — KOMOHHALUS
THIA MEIIAJKH, 3HAYCHUH d,, ¥ N, YKCla MELIAJIOK Z;
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— MpH JAMHHAPHOM H TMEPEXOJHOM PEKUME TECPEMCIINBAHUS PaM-
HOM MeIIaNKoi — KoMOMHAIMS 3HaYeHuit dy, N 1 gkcia Tpasepc Ny,

— MpH JAMHHAPHOM U TIEPEXOTHOM PEKUME IEPEMEIIMBAHUS JICH-
TOYHOW MEIIAJIKOH — KOMOMHAIMS 3HaueHuii dy, N, N;, 4ucia JIomacTei N,
JqrameTpa Bana d u mara Mexy TpaBepcami |

— TpH JaMUHApHOM M IIEPEXOTHOM PEXUME IMEPEeMEIINBAHUS IITHE-
KOBOM MeEIIAIKOM — KOMOMHALMs 3HaYeHui dy, N, d, mara BUHTOBOW JTMHHUU
JIOTIACTH t;, ¥ BEICOTHI MEIIaNKH H,,.

J11st 3TOM KOHCTPYKIIMH PACCUUTHIBAIOTCS 3aTPaThl MOITHOCTH HA Tepe-
MemuBaaue N U CTOMMOCTh MEIIANKK S, Kak (yHKIHMsS €€ MacChl U MaTepua-
Jia, U3 KOTOPOTO OHA W3TOTOBJICHA. [Ipu TypOYJICHTHOM MEpEeMCIINBAHUH H
WCTIONIb30BaHUH JUIS JIAMHHAPHOTO TEpeMEIINBAaHUS SKOPHON WM paMHON
MeIIaJIKi BBIOMPAETCSI MUHIMANBHBIN CTaHIAPTHBIA TUaMETp Bajia Iepeme-
[IMBAONIEro ycTpoiicTBa d, ymosierBopstonuii yeiosuto (5.12). Jlnst en-
TOYHO M ITHEKOBOW MEIIAJIK! TPOBEPSIETCS BBITIOIIHEHNE 3TOTO YCIOBHUS LIS
3HaueHUs O, SBIIOMICTOCS MApaMeTPOM PaccMaTPUBAEMOM KOHCTPYKITHH
MepeMENIMBAIOIIero ycTpoiicTa. Jlis BeiOpanHOro 3HavueHus d mpoBepsieTcs
BBITIOJIHEHHE ycloBHd BHOpoyctoitunBoct (5.13), xéctkoctn (5.14) u
npounocTr Bana (5.15). Eciin Bce OHM BBIMOJHAIOTCS, ONMPEAENSETCS CTOU-
MOCTb BaJia S, KaKk ()YHKITUS €ro JUTUHEI, THaMEeTpa U MaTepHaa.

Ecmu mpoBepka repMeTH3UPYIOILICH CIIOCOOHOCTH YIUTOTHEHUSI Bajla He-
00xomMMa, Onpe/eNsIeTCs BETMYMHA yICTBHON YTeUKH pabodell cpe/ibl B 30HE
ymtothenus U [9] u nposepsiercs BoimonHenue ycinosus (5.16).Eciu B arma-
parte OCYIIECTBISIETCS TEIUIOOOMEH, ONpeeiseTcss KOdQ(UIMEHT TermIooTa-
YH OT TIEPEMEIINBACMOM CPEIBI (L, KOAPPHIMECHT TEIUIOOTIAYH OT TEIUIOHOCH-
Tens (ximanarenTa) o, [1, 2] m cpenHss pasHocTh Temmepatyp Aty, paccuuThI-

BA€TCS 3HAYEHUE TEIJIOBOro MoToka ®F, KOTOPHIH MOKET OBITH 0OecreyeH
KOHKPETHBIM TEIUIOOOMEHHBIM YCTPOHCTBOM B 3aJ]aHHBIX YCIOBHSX H TIPO-
BepsieTcst BoimoaneHue orpanudenust (5.17).[Ipu BBIMONHEHUH BCEX Orpa-
HUYEHUH MPOM3BOIUTCS PAcUET 3aTpaT JICKTPOIHEPTHH 3a Bpems T, pabo-
THl TICPEMCIIMBAIOIIETO YCTPOHCTBA PACCMATPUBAEMOW KOHCTPYKIHH
B Teuenue roaa S,(T,, N), a 3aTeM — pacuér 3HAUEHUsI KPUTEPHS ONTUMATb-
noctr (5.1) 6e3 yyéra CTOMMOCTH MOTOP-PEAYKTOpa. MUHMMAJIBHOE 3HAYE-
HUE KPHUTEpUS W COOTBETCTBYIOIIHE €My HapaMeTphl MepeMeIInBaIOIero
YCTPOUCTBA 3aIIOMHHAIOTCS.

[To oxoruanum mepebopa BCeX BO3MOXKHBIX KOMOMHAIMI THIIOB MeTla-
JIOK, CTAaHTAPTHBIX 3HAYCHUH YaCTOT BPAIICHHUS WX BAJIOB U MapaMETPOB KOH-
CTPYKIMH TPOBEpPSETCS HANMYHE XOTS OBl OIHON KOMOHMHAINH, XapaKTepH-
3yIOIeH JAOMyCTUMYIO KOHCTPYKIIMIO MEPEeMEININBAONIero ycTpoiictea. Ecin
TaKUX KOMOWHAIIMI HET, HEOOXOAUMO HECKOJIBKO OCIa0UTh OTPaHUUYCHUS U3
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gucia (5.16), (5.21) — (5.321T00b1 MOHITH TPUYHHY OTCYTCTBHUSI IOIMYCTH-
MBIX PELICHHII 331a4K W COOTBETCTBCHHO M3MEHHUTH HCXOJHBIC TAHHBIC.

Jdnst KOMOMHALMKM MapaMeTpoB KOHCTPYKIHMH TMEPEMEIINBAIOIIETO
YCTpPOHCTBA, KOTOPO# COOTBETCTBYeT MUHUMYM Kputepus (5.1) 6e3 yuéra
CTOMMOCTH MOTOP-PEAYKTOpa, OMPEACISIOTCS THIOPa3Mepbl BCEX CTaH-
JapTHBIX MOTOP-PEOYKTOPOB, MapaMeTpbl KOTOPBIX (HacToTa BpalCHHS
BBIXOJHOTO Baja I, KPYTAIIMH MOMEHT Ha BBIXOIHOM Baly M, n MoI-

HOCTBb 3JeKkTponsuratens N,) ymosiueTBopsior orpanumdeHusM (5.18) —

(5.20). U3 Bcex mMOAXOASAIINX BBIOHPACTCS MOTOP-PEIYKTOP MHHHMAaJIbHOMN
CTOMMOCTH.

ANTOpUTM TIpeIyCMaTpUBacT BO3MOXKHOCTb BBOJA (PHKCHPOBAHHOTO
3HaYeHMs J000T0 MapameTpa KOHCTPYKLUH IIEPEMEIINBAIOIIEI0 YCTPOHCT-
Ba M TOTJa epe0op ero CTaHAAPTHBIX 3HAUCHUH HE TPOM3BOIANTCS.

5.3.IIPUMEP [TPUMEHEHU A METOJJUKU PEIIEHU A 3AJTAUYN

B kauecTtBe npuMepa MPUMEHEHUs TIPeUIaraeMoil METOAMKH PacCMOT-
puM 3amady moabopa Hambosee dPPEKTUBHOTO MEPEMEIIUBAIONIETO YCT-
poiicTBa Juis anmapara, rie OCYIIECTBISIETCS XMMUYECKas Peakius moyde-
HHS Cyab()aMUHOBOM KHCIOTH M3 olieyma (25%) u kapbamuma, 3arpyxae-
MOTO B ammapar HOpLUsIMH, pa3Mep KOTOpPBIX yMeHblnaercst oT 20% obmieit
Macchl B Hadaie mporecca 10 2% — B KOHIIE, T.. MOKHO CUHTaTh, YTO
B amnmapare IepeMeIINBACTCs CYCIICH3HS.

Brauane BS3KOCTh MEpPEMEIIMBAEMOW CpPEIbI HEBEIMKA M PEXKHUM TIe-
pEMEIINBAHUS SIBISCTCS TYPOYJICHTHBIM, a TIOCNIE MPEIIOCICTHEH 3arpy3Ku
kapbaMu/ia BS3KOCTh CpPe/ibl YBEIMYMBACTCS HACTOJBKO, YTO PEXKHUM Iepe-
MEIIUBAHUSI CTAHOBHUTCS MEPEXOJHBIM. 3ajada peraercst s MakCUMalb-
HOM BSI3KOCTH IEPEMEIINBAEMON Cpe/bl, MPU KOTOPOH PEeXUM IMepeMelIn-
BaHMs enié ocTaéTcs TypOYJICHTHBIM, a 3aTeM — JJIsl BI3KOCTH CPEAbl B ca-
MOM KOHIIE MpoIlecca, KOTJa PeXUM MepeMeIIuBaHus NPUOIKAETCS K Ja-
MHUHApHOMY, NPUYEM JIAMUHAPHBIA PEKUM PACCMATPUBACTCSI TOIBKO JUIS
KOHCTPYKIUH TEPEMEIINBAIOIICTO YCTPOWCTBA, KOTOPHIC OKAa3aHCh IPU-
EMJIEMBIMU TIPU TYPOYICHTHOM PEKHME.

B nanHOM ciydae MOJIXOMISAIIMMU Il OPTaHU3AIUH TTePEMEIIHBAHUS
SIBIITFOTCS. TOJIBKO SIKOPHBIC M paMHBIC MEIIANKH, TaK KaK TOJBKO 3TH JIBa
TUTIA UCTIONB3YIOTCS U NEPEMCIINBAHUS KaK MPU TypOYJIEHTHOM, TaK H
IpU JJaMHUHApHOM pexkume [1, 2].

WcxoaHble JaHHbIC AJIsI PELICHUsS 3a1aqH:

— BHyTpeHHHH auamerp ammapata D = 1,8m;

— BbICcOTa 3amojHeHus ammapata H = 1,3 M (B mporecce 3arpy3ku
kapbamuia u3mensiercst B npenenax 1,25...1,354);
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— BHYTPEHHHUE YCTPOWCTBa — TpyOa nepeiaBIuBaHus;

— BBICOTA MOTPYKeHHOIT yacTu TpyOsI h, = 1,3Mm;

— BHemHui quametp Tpyost d, = 0,089m;

— paauyc pacnojoxenus Tpyosr . = 0,85m;

— MaxkcuMallbHasi JMHAMUYECKasi BSI3KOCTh MEPEMEIIMBAEMON CpPeJIbI
pH TypOyJIeHTHOM TepememrBanuy L, = 11la-c;

—  IUIOTHOCTB JKH/IKOH (ha3bl [IEPEMEIIHBACMOM CPesII Py = 1935kr/m;

— MaccoBas jons TBépaoit dasel X, = 0,008,T.e. cycnensus maiuo-
KOHIIEHTPUPOBAHHAS;

— cpenHuii pasmep gacTHIl TBEPIOH basbl Oy, = 1,25MM;

—  IUIOTHOCTB TBEPOI passl p, = 1112xr/m>;

— MAaxKCHMAaJlbHO JOMYCTUMOE 3HAYEHHS OTHOCHTEIBHOM pPa3sHOCTH
KOHIICHTpAIU B3BEIICHHBIX YaCTHI 10 BEIcoTe armapaTa AX; = 0,05;

— BaJl MEPEMEIINBAIOIIETO YCTPOMCTBA KECTKUM, KOHCOJBHBIN, IMO-
CTOSTHHOTO CEUYEHUsI, U3rotosiieH u3 cranu 160°C, smanuposaH;

— mHa Bana L, = 3,75m, nimiaa nponéra L = 0,9m;

— KOOpIMHATA OMACHOTO CEYCHHS 10 MPOYHOCTH B mpoiére z; = 0,9m;

— KOOpJHMHATa ONACHOTO CEYeHHs] MO JKECTKOCTH Ha KOHCOJH
2 = 0,41m;

— THN YIDIOTHEHUS Baja — TopuoBoe Trma T]l, cmocobHoe obecneun-
BaTh Kjacc Herepmernanoctu 1-1, [9];

— HeobXxomuMas TeMIiepaTypa nepememnBaemoi cpens t. = 70°C;

— TEIUIOBOM MOTOK, HEOOXOIUMBIN JIJIsl OTOOpa TEIIOBBIX d(PPeKToB
mpoliecca u moaepkanus 3ananHoi remnepatypsl @ = 81,33KBr;

— cpeaHu#t KO3(GQPUIUEHT TEIIONPOBOIHOCTU CPEJbI IPU TeMIlepa-
Type tC A = 0,65B1/(MK);

CpenHsis TEIIOEMKOCTB cpeibl pH Temmepatype t. ¢ = 1270/x/(krK);

—  TemI000MEHHOE YCTPOWCTBO — IWIINHIPUYECKas pyOalika;

— BBIcOTA pybamku H, = 1,5vm;

— TUIOIIAJh IOBEPXHOCTH TerioooMeHa F = 8,7M2;

— XJjajgareHt —o0opoTHas BOJA;

— HavaibHas Temneparypa Boasl t; = 20°C;

— KOHeYHas Temieparypa Boasl t, = 26°C;

— Marepual Kopiyca ammapara — ctaiap 16I'C, smanmupoBaHHas;

— TOJIIIMHA CTEHKH KOpIIyca ammapara o, = 16mwm;

— BpeMs paboThl MEPEMEIINBAIONIETO YCTPOICTBA B TeUeHHE roja
T, = 2150u;

— JMHAMUYecKasl BSI3KOCThb CPEbl NMPH MEPEeMEUINBaHUU B MEPEX0/-
HOM pexume W, = 17,5Ia-c;
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— TpebyeMmas CTeleHb HEOJHOPOAHOCTH MEPEMELIMBACMOIl Cpebl
npu repexoxHoM pexxume 1 = 0,9;

— MakCHMaJIbHO JOMYCTHMasl JJIUTEIbHOCTh TOMOTEHH3AIMH CPEJIbI
TIPY IEPEXOJTHOM PEKUME Ty = 174;

B paccMmaTpuBacMoil CHTyalluH MpU TYpOYJICHTHOM MEepeMELIMBaHUH
BemmosiHenue yenous R,, = (; h.d, < 0,IDH rapantuposano. Kpurepwuii
ONTHMAIBHOCTH KOHCTPYKIUH MEPEeMEIINBAIOIIET0 YCTPOHCTBA paccMmar-
pHBAEMOro anmapara UMeeT BH]

Z= Ek[SM‘l' SB(jB, d, LZ) + %(tpv np’ Np’ Mp)] + Sa(Trn N)!

IJIe CTOUMOCTD SAKOpHO#M Memanku S, = Sy(jy, 0y), CTOMMOCTH paMHOM Me-
wanku S, = Sy(juy yy Ny)-

Heo6Xx0auMo OnpeaeuTh THIT MEMAIKK (IKOpHAs WM paMHas), Iua-
MeTp Memanky d,, 4acTOTy BpallleHus N Baja yeTpoicTBa U ero aquamerp d,
YUCIIO FOPM3OHTAIBHBIX TPABEPC PAMHOU MEMIAIKH Ny, IPU KOTOPBIX KPH-
TepHii Z JOCTHIaeT MUHUMYMa M BBITIOJHSIOTCS OTPaHHYCHHUS

1) Ha mapaMeTpbl MENIAJIKHA M THAPOIMHAMHYECKYIO 0OCTAHOBKY:

d, 0Sdvy,
G u<Gp <Gp,

Mo =M, +M,; 2
@ = Man Mot Re, = "% 21000,
H-h,>h, Y

n, 0[2 3 4] — st paMHO# MeIIaiKy ;

2) Ha YaCTOTY BpaIICHHS Bajla IMEPEMEIINBAIONIETO YCTPONUCTBA U €ro
JUaMeTp:

nDSQ;

dOD,;

d2y A+ AP+ A,
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3) Ha yaepHYI0 yTeuKy pabodeil cpe/ibl B 30HE YIUIOTHEHHS Baja:

U< 5102 wmwvlc;

4) Ha TEIUIOBOM MOTOK, 00ECIIEYMBAEMBI TEIIOOOMEHHBIM YCTPOMCT-
BOM armnapara:

O° > @;

5) Ha XapaKTepUCTUKH MOTOP-PEAYKTOPA!

NK, <N,

rae K, = 1,3 a1 typOynentroro u K, = 2,0 1 mepexofHOT0 pexuma Te-
PEMEIINBAHNS,

M., p1°dy , ec Re, >100Q
M. >

p=1 N
——, eciim Re <100
27N o RE 9

n,>n;

6) Ha 3HAYCHHE OTHOCHUTEIIBHOM Pa3HOCTHU KOHHCHTpaIII/Iﬁ B3BCIICH-
HbIX YaCTHUII 110 BBICOTE alIiapaTta npu Typ6yHeHTHOM EPEMECIIMBAHUN

AXmax < AX;;

7) Ha TMPOMOIKUTEILHOCTE TOMOTCHHU3AIMN TIEPEMEIINBAEMOMN CPEIIBI
IIPY IEPEXOTHOM PEKUME:

Ty < Taane

PesynbraThl pemreHUs STOH 3amadyd IS TYpOYJICHTHOTO pEXHMa
NepeMeInBaHus IpUBeICHbI B Ta0I. 5.1.

5.1.OnTuMajbHbIe KOHCTPYKIMH NEePeMelINBAIOIIET0 YCTPOHCTBA

JJISl TYpOYJIeHTHOI0 NepeMelHBAHUS

c g
g A | 2 N
Z EZ g =
= =® Q a,
E 2% g2 £2 | sf¢
3 g8 z 2 23 o2 2
=] a > 5= g = 20 R
g o B == ol £EEg
=) = 20 B ok
=} 5 X Bz £ 2 2> e
= o 2 S 85 o < 2
= gz o 2 28 gge
| 5 5 £E*g
3 o B o
< = 2
N4 o ‘8
SxopHas 8 d,=1,4m; n=45mun;d=0,08w | 2331 | 19150
Pamnas d, = 1,6m; n=31,5munY; d = 0,08m 2115 21110




Pelienne 3a7aun NpH MEPEXOIHOM PEXUME JJIsI ONTHMAIIBHOU KOHCT-
PYKIIMHU TIEPEMEIINBAIOIIETO YCTPOICTBA C SIKOPHOM MeEIAJKOM IoKa3alo,
YTO 3Ta KOHCTPYKIHS SIBISIETCS IPHEMIIEMOH, TaK KaK 3aTpaThl MOLITHOCTH Ha
nepemeninBanue coctaBuwin 1812Br, a mpoJonKUTEIbHOCTh TOMOTEHU3AIMN
HepeMenInBaeMor cpefibl T, = 2685c¢, T.e. MEHBIIE T,,,. YJeNbHAsA yTedyka
pabodeii cpeibl B 30He VIUIOTHEH:s He npesbimaet 4,87107 2 m/m/c.

Yro Kacaercsl XapakTEPHCTHK MOTOP-PEIyKTOpa Ui ONMTHMATbHOMN
KOHCTPYKIIMU MEPEMEIINBAIONIETO YCTPOHCTBA, TO HEOOXOAUMBIN KPyTs-
A MOMEHT TIPH TypOYJICHTHOM pexume coctaBuin 445,4H-Mm, a npu na-
MuHapHOM — 332,2H'M. MOIIHOCTE 3JICKTPOIBUTATEINS, HEOOXOqMMAasT IS
TypOyJIeHTHOTO pexnma nepemerinBanus pasaa 3,03 kBT, a nns nepexon-
Horo — 3,62kBt. CrietoBareibHO, 4acTOTa BPAIIECHHS BHIXOHOTO Bajia MO-
TOP-PeAyKTOpa TOJDKHA OBITH paBHA 45 MUH , KPYTALIH MOMEHTA BBIXOJ-
HOM Baity mpeBbImaTth 445,4H-M, a MOIITHOCTh JJICKTPOABUTATENSI — TIpe-
BbImaTh 3,62 KkBT. IToAXOMAMUME SBISIOTCS IIECTH THIIOPA3MEPOB MOTOP-
penykropa MIIO-2M-15. Tunopa3smep Haubojee MOIXOAAIICTO —
MIIO-2M-15-32,1-5,5/4% roumocteio 31560p. (B nenax 2002r.).

PesynbpTaThl penieHus 3TOW 3a/1a4u BHEJPEHBI B JCUCTBYIOIIEE MPOU3-
BOZCTBO CyJbhamMuHOBOH KHCIOTHI (1iex Ne 33) OAO "Tlurment”, . TamboB.

5.4.CUCTEMA OITPEJIEJIEHUS OIITUMAJIbHBIX KOHCTPYKIIMIA
MEXAHUYECKMX ITEPEMEIIMBAIOIIUX YCTPOMCTB
EMKOCTHBIX AIIIIAPATOB

Cucrema MixerOptimization, paspaGorannas B cpexe Visual Basic,
peanm3yeT airOpUTM peIIeHHS 3aJaddl  ONPEACICHHS ONTHMATBbHBIX
KOHCTPYKIIMM MEXaHHMYECKUX TNEPEMEIIMBAIOIINX YCTPOUCTB EMKOCTHBIX
afmapaToB.

5.4.1.CTpyKTypa H cOCTaB CHCTeMBbI

CrpyKTypa M cOCTaB CHCTEMBI NpejcTaBieHsl Ha puc. 5.1.nmaBHbM
3BEHOM, KOOPJMHHUPYIOMNM €€ paboTy, SBISETCS YNPAaBISIOMNN MOIYIb.
OH ocCyIIECTBIISICT ClIEAYIONINE (QYHKIIHH:

— TPOBEPKY KOPPEKTHOCTH MCXOIHBIX IJAaHHBIX U YKa3aHHE Ha OLINOKH;

— BBIOOP METOIVKH pacdéTra 3aTpaT MOIIHOCTH Ha IEepeMEeIINBaHNe C
y4ETOM 3HAYEHUS MEHTPOOESKHOTO KpUTEepHus PelHoibaca U CyMMapHOTO
THIPABIMYECKOTO COTPOTHBIICHHUS BHYTPEHHUX YCTPONCTB;

— TIPOBEPKY KOPPEKTHOCTH UCXOIHBIX JAHHBIX U YKa3aHHE Ha OIINOKY,;

— BBIOOP METOIVKH pacdéTra 3aTpaT MOIIHOCTH Ha IEepeMEeIINBaHNe C
yu€ToM 3HaueHHs LEHTpOoOeXHOro KpuTepus PeifHonblIca W cyMMapHOTO
THIPABINYECKOTO CONPOTHUBIICHUS BHYyTPEHHUX YCTPOMUCTB;
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XapakTepucTuKa anmapaTa NudopmanronHsIi :> Pacuérnbit

010K 010K

Buytpennue yctpoiicTBa

BSaI/IMHO'paCTBOPI/IMLIC JKUIOKOCTHU

e | Baun npuBona | ﬁ [)///1
=)
=)
= | Cycnensun |
. ®
% YHPaBHXlOI.LII/II/I £
[ OMyIbCHH =)
=S MOJYJb g
5 =
= | T"a3-xunkoctb | s Mortop-
| | Ny 2 Lo

PacTtBOpenue

Oruér

Puc. 5.1.Ctpykrypa u cocraB cucrembl MixerOptimization

— BBIOOp METOAMKH pacyéra mapaMeTPOB KauyecTBa MEPEeMCIIUBAHUS
KOHKPETHOU Cpe/ibl;

— TMPOBEPKY BBINOJHEHHWS OTPAHWYCHUI Ha 3HAYCHHS MapaMEeTpPOB
Ka4yecTBa NMEPEMCITUBAHUS IS PA3IIMYHBIX CPE]T;

— BBIOOp METOIUKHM pacy€Ta Bajia MEePEMENIMBAIOIIECTO YCTPOMCTBA B
3aBUCHMOCTH OT €r0 KOHCTPYKIMH (KOHCOJILHBIM, OHONPOJIETHBIN);

— TMPOBEPKY BO3MOKHOCTH OOCCIICUCHUs YACIBHON yTCUKH padbodeit
cpexpl B IIpenesiax TpedyeMoro Kiiacca HerepMeTHIHOCTH YIUIOTHEHHMS Baja;

— TPOBEPKY BO3MOKHOCTH OOECTICUEHHUsI TEIJIOBOTO IOTOKA, HEoO-
XOJMMOTO JUTS PeaH3aliy MPOIecca;

— yuér (M0 yKa3aHWIO TMOJB30BATEINIS) JOMOJHUTEIBHBIX OrpaHHUYe-
HUIl Ha KOHCTPYKLHIO MEXaHHYECKOTO IEepPEMEIINBAIONIETO YCTPOHCTBA,
TaKHUX KaK 3aJJaHHOC YHCIIO MEIIANIOK, (PUKCUPOBAHHBIA THI MEIIATKH, Yac-
TOTa BpAlICHUS BaJa U T.II.;

— 00paboTKy aBapWUHBIX CHTYyaIlWi, BO3HUKAIONIUX B IIpoIecce pa-
OOTBI CHCTEMBI, U BBIJaUy PEKOMEHAAINI 110 UX YCTPaHEHHIO,

— yIpaBJICHUE B3aUMOJCHCTBUEM pPacdETHOTO OJioka ¢ MH(OpMALH-
OHHBIM OJIOKOM ¥ 0a30i TaHHBIX,

— ofecneueHne nepegayn JaHHBIX B OJIOK CO3MaHUS HTOTOBOTO OTUE-
Ta ¥ €ro BBIBOJ HA DKPaH.

Mopymne "Wcxomubie manubie” obecreunBaeT BBOA HHpoOpManmm 00
ammapare, IepeMeInnBaeMol cpele W TpeOyeMBIX YCIOBHSAX pPealn3aluf
mporiecca, a Takxke, MPU HEOOXOIUMOCTH, MOAUMDUKAIIUIO HCXOJHBIX JTaH-
HBIX, K KOTOPBIM OTHOCSITCS:

— TCeOMETpPHUYECKHE pa3Mephl ammapara — AHaMeTp M BBICOTa €ro 3a-
MIOJIHEHUS IepEMELIUBAEMON cpeioH;
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— (¢u3HYecKue CBOICTBa M MapaMeTphl ePEMEIINBAEMBIX CPEll — CO-
CTaB, TUIOTHOCTh, JMHAMUYECKas WM KHHEMAaTHYeCKas BSI3KOCTH KOMIIO-
HEHTOB H T.IL.;

— THIIBI U TEOMETPUYECKUE Pa3Mephl YCTAHOBICHHBIX B alIapare BHYT-
PEHHHUX YCTPOMCTB (TpyOBI, OTpakaTebHbIC TIEPETOPOIKH, 3MECBHK H T.1I.);

— KOHCTPYKIHS M T€OMETPUYECKHEe pa3Mephl Bajla YCTPOWCTBA, KO-
OpPJMHATHI OMACHBIX CEUEHHUH MO KECTKOCTU U MPOYHOCTH;

— TpeOyeMble 3HAUCHISI MAPaMETPOB KaYeCTBa EPEMCIITUBAHNS;

— TEIUIOBOI MOTOK, KOTOPHIH HEOOXOIMMO 0OECTICUHTD;

— BpeMs pabOTHI YCTPOMCTBa B TEUCHUE KAJICHIApPHOTO I'o/1a;

— (UKCHPOBaHHBIE TAPAMETPhI MIEPEMEIINBAIONIETO YCTPOCcTBa (pu
HAJIMYHHA JOTIOJTHUTEIIFHBIX OTPAaHUYCHUHN Ha €ro KOHCTPYKIHUIO, HApUMEp
3aJaHHBIM THUIN MEIIAJKHM, WX YWCIO Ha Bally, 4acTOTa BpalleHHs Bayia
1 1.11.). OKHa BBOJIa JIAHHBIX 00 armapare, epeMenInBacMoi cpesie U BHYT-
PEHHHX YCTPOMCTBAX Mpe/CTaBleHbl Ha puc. 5.2.

Mcxoanbie gaHHbie 05 BHG0DA KOHCTPYKIWM NpuEoga MY

JNuameTp annapara, m |2
BrIcoTa San0AHEHWA ANNAPATE CPEAOH, M ...ooooocveereeeeieaes |3'5

£ MonHoeTer 3an0IHeH
% Co ceofoaHoi NOBSpXHOCTE

MNOTHOCTE #MAKDN PaSHI CYSIEHSHM, KM EYE. .. |1 160
[MAOTHOCTE MATEPHaNE TEERA0N Paskl, KM KYE. .........cccccco |1 720
KMHEMATHIECKaA BASKOCTE cycnetaHk, 1076 rMKB./Co..... |4'24

YpoBeHE 3aN0AHEHMA SNNAPaTa CRELO

CpeaHui guameTp HEIX HCTHLL, b ID,DDDDDS
K.oHUEHTpaUMA TEEPAON ®askl B CYSMEHIMM [Macc.aomm] ... ID'D5
Bpema pator MNY, [cyr. Broa) ... ... ... ... |330
nﬂpﬂMETpH KAayecTea nepeMellMBaHHA
OTHOCHTENEHAEA PASHOCTE KOHUEHTPALMEA HE!
YACTHL MO BEICOTE SMMNAPATE HE BOMEE ... |U.U5
OTHOWEHWE CPEAHEN KOHLEHTPAUMA K KOHUEHTPALUMK Ha
pagMYCE HEe MEHEE 0.85
a)
BHYTpeHHUe ycTpoicTEa OauHouHaR TOAGA
¥ Oaurouran Tpyta HAPYHHBIR  BRICOTAMOM-  YHEAD paEgHYC
I™ DauHouHan nnacTiHa Ok OMEMETR  PUKHOA 4acTH  TPYS  PacTonokeHuA
[~ OtpasarensHsie neperopoakH TR TPy, b Tpydel i
T —— fo.108 35 1 03

I 3meesuki

0)

Puc. 5.2.0xHa BB0Ja HCXOAHBIX JAHHBIX:
a —IapaMeTpsl anmapara 1 nepeMenInBaeMoil cpe/ibl (MaJIOKOHLICHTPUPOBaHHAS
cycrneH3us, 6 —uHpopMauus 0 BHYTPEHHUX YCTPOUCTBAX
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Monynb "PacdéTHbIi OJIOK" OCYIIECTBIISET:

— pacuéT 3HaYCHUS IICHTPOOCIKHOTO KpuTepus PeitHombaca,;

— pacuéT CyMMapHOTO THIPaBIMYECKOTO COIPOTHUBICHUS BHYTPEH-
HUX YCTPOMCTB;

— pacuéT nIyOuHBI IICHTPATbHON BOPOHKY;

— pacy€T MOIIHOCTH, 3aTpaurBaeMoOi Ha NIEpeMEIINBaAHUE;

— pacyéT 3HAUYCHMM TapaMeTPOB KayecTBa IEpPEeMEIINBaHUS KOH-
KpPETHOM Cpelibl;

— pacuéT HeoOXOAMMOTOo JHaMeTpa Bajla NEPEMEIIUBAIOIICTO
YCTpOUCTBA,

— pacyér yAeNbHOU YTEUKH paboyeii Cpeibl B 30HE YIDIOTHEHHS BaJia;

—  pacuéT K03 (PUIMEHTOB TEILIOOTAAYN OT MEPEMEIIUBACMON CPEIIBI
U TEIUIOHOCHTENS, KOA(PHUINECHTa TeIUIONEpeadyd U 3HAYCHHUS TEIUIOBOTO
MTOTOKA, KOTOPBIH MOXKET OBITh 00eCredYeH KOHKPETHBIM TEIUIO0OMEHHBIM
YCTPOWCTBOM B 33JaHHBIX YCIOBHSX;

— Tmepebop CTaHIAPTHBIX 3HAYCHUH MapamMeTpOB MEXaHWIECKOTO Iie-
PEMEIIMBAOIIETO YCTPOHCTBA, KOTOPHIE HE 3a(DNKCHPOBAHBI ITOJTE30BATEIICM,;

— B3auMojeiicTBue ¢ 6a30# JaHHBIX mocpeacTBoM SQL-3anpocos;

— pacuéT 3HAUCHHWS KpPUTEPUS i1 KOHKPETHOW KOHCTPYKIIUHU
YCTpOMCTBA.

Monyns "HNHpOpMamoHHbIl OJ0K" 00ecreunBacT MOJIB30BATEIS U
pacuéTHbI 0JIOK HH(OpMAIHEH CIIPABOYHOTO XapaKTepa:

— TOPSANOK OTpPENeICHUs] THAPABINIECKOTO CONMPOTHUBICHUS HanOo-
JIee 4acTO BCTPEYARONIUXCS BHYTPEHHHUX YCTPOWCTB,;

— 3HAuYCHHSA HEOOXOMUMEBIX JJIS Pacu€ToB XapaKTEPHUCTHK HaubOolee
pacrpoCTpaHEHHBIX MEIIANIOK;

— 3HaueHHA KOI(D(UIIMCHTOB TPEHUS PA3IUYHBIX CaJbHUKOBBIX
HaOWBOK O IOBEPXHOCTH BaJia MMEPEMEIIUBAIOIICTO YCTPOHCTBA;

— ¢opMmynsl IS pacu€Ta HEOOXOIUMBIX (U3NIECKUX CBOHCTB
BEIIECTB JJISI CIIy9YaeB MepeMEIINBAHIS PA3INIHbIX CPEJ;

— 3aBHCHMOCTH 3HAYCHUH (PU3UKO-MEXaHHUUCCKUX CBOICTB MeTal-
JIOB, HAaUOOJICe YACTO MCIOJB3YEMBIX JUIS M3TOTOBJICHUS BAJIOB MEXaHHYC-
CKHX MEIIAJOK, TeIIO(U3NIECKUX MMapaMeTPOB HEKOTOPHIX pabodux cpex,
XapaKTePHBIX JIJISI MHOTOACCOPTUMEHTHBIX XHMUYECKHX TPOH3BOJICTB,
a TaKke HauboJIee YacTo MPUMEHSICMBIX TCTUIOHOCHUTEINICH U XJIaJareHTOB OT
TeMIepaTypsbl.

Moaymnp "OTaér" GopMuUpyeT TEKCTOBBIN (aiiyl ¢ MOAPOOHBIM MPOTO-
KOJIOM pabOTHI CUCTEMBI, KOTOPBII BKIIFOYAET:

— wucxonHble maHHbe (KaKk BBEAEHHBIC MOJIB30BATENEM, TaK W TONY-
YeHHBIE B pe3yJIbTaTe PaOdoThl HH(GOPMALIMOHHOTO 0JIOKa);
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— 3HayeHHe LEHTPOOEKHOTro Kpurepusi PeliHoibaca M ykazaHuWe Ha
PEXUM NIEPEMEILIUBAHNSA;

— 1pu TypOyJIEHTHOM NepeMeIINBaHIH PEe3yIbTaThl pacuéTa THAPaB-
JIMYECKOTO COTPOTHUBIICHUS BHYTPEHHUX YCTPOUCTB U TITyOHHBI BOPOHKH,

PezyILTATHI pacdeéTa Jpsi1=053653 [Mki=0,2132

CTangapTHiie SHaYeHHA NapaMeTpoE Pacyer onTHManbHeIX NapaMeTpos
NEPEMENIMBANLIEr0 YCTPOACTEA

EOHCTDYKEUHH NPpHEOAd MEWANKH

CraHaapTHeIE SHAYEHWA Tun mewancu IDaMHaH
Mz Kosg-T  ydcio  QWMEMETE  MMCio K,
COMP-A MEWAN0K  MEWANKKH 06/ MMH DGR CE AL I1 28
] 128 ] 15 3 Yucno mewanok. Zra=1
2 1.28 1 16 a0 I_—
3 155 1 15 a IHEMETP MELWAKH, M =18
4 1.28 1 1.7 50 acTora BpaWEHHA, oS tuH |n=31 5
5 1,28 1 1.7 B3
g 1.28 1 1.7 a0 MoTpetnAeman Mo HOCTE, BT |N=2BED,542
7 1.28 1 1.8 315
g 128 1 18 40 Erouroete npueoaa (Ges [z=51574,37563890
g 1.28 1 18 50 MOTOR-PEAYKTORA], put,
10 1.28 1 18 B3 K.puT AWM roreHT, Hia Mkp = 812,0842
Bpera okoHYaHWA pacueTa
Bpema, saTpausHHoe Ha pacqet m
NogGop moTop-pegykTopa i
OrmrumansHaa koHcTpykuua MMNY onpegenendoro Tuna
Tun MewankK JDuarerp mMewanku | HacTora epawenya | MowHocTe, BT | CToumocTe, pyd. !
W ecTHnonacTHaA 1} 0 0 0
PataHas 1.8 3.5 2EE0 542 51574,38 H

Buifiop pegukTopa no y4cny ofopoToe: ‘ Wyei efmaes. e ,3157
O60p0TE B MHH Tun Tunopasmep WenonHerre Mepenar wwcno Bz mome ~
32 MNo-2-18 MMN0-2-18-45.5-7.5 / 34B. BK 45.5 2037 |
32 M3-40 M3M-40-0,75/32 /8K 28 220
32 T3k-40 M3M-40-0,75/32 /8K 28 220 b
Erd M3k-An M3k-RNT RA2 MARK e 4RN hd
L« [
Kpurawui rorent, H - (212 naa2
Tunopasten WenonHeHue MNepenar ywcno Bty tareHT Hid 3 Tnopastiep 3L MOWHE &
MN0-2-15-45.5-11 / 32|B, BE 455 2987 AWPT32M4 11 ]
MN0-2-18-45.5-7.5 / 34B. BK 45.5 2037 AWP132M4 75
M3k-65-3.0/32 M/BK 287 500 AUPT12MAE 3 -
[+ | o[]

0)

Puc. 5.3.0kHa BbIBO/1a Pe3yJIbTATOB Pad0ThI CHCTEMBI:
a —BbIOOp onTUMaNbHBIX MapameTpoB MIIY; 6 —BeIOOp MOTOP-peayKTOpa
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— pe3ynbTaT pacdyéTa MOIMHOCTH MEepPEMEIINBAHUS;

— pe3ynbTaThl pacuéTa 3HAUEHUIl MapaMeTpoB KauecTBa MEpeMEIIH-
BaHUSI KOHKPETHOU Cpebl;

— JOIyCTUMBIC KOHCTPYKLHH YCTpOMCTBa (THI, YHCIO, dYacToTa
BpAILleHUs] U MapaMeTpbl KOHCTPYKIHH MEIIANOK), CIIOCOOHBIE 00ECIeUNTh
TpebyeMoe KauecTBO MEpEeMEIINBaHNS,

— pe3ynbTaThl OMpENEICHUS JUaMeTpa Bala AN AOIYCTUMBIX KOH-
CTPYKIMH yCTPONCTBA;

— pe3yJbTaThl MIPOBEPKH NPUTOJHOCTH BHIOPAHHOTO YIUIOTHEHUS Ba-
JIa ¢ TOYKH 3PEHUS 3HAUEHUsI yTEeUKU paboueil cpesisl,

— pe3yJbTaThl MPOBEPKH IPUTOAHOCTH TEINIOOOMEHHOT'O YCTPOHWCTBA
anmapaTta ays obecrieueHus: TpedyeMoro TEIIoBOroO OTOKa,

— ONTHMAJbHYIO0 KOHCTPYKIHIO MEXaHHMYECKOrO MEepPEMEIINBAIOIIETO
YCTpOMCTBA W THHOPa3MeEpPbl MOTOP-PEAYKTOPOB, MOAXOAALINX U HEE ¢
TOYKH 3pEHUsI 00ECIeYeHNsI YacTOThl BPALICHUS! BBIXOAHOTO Baja, KPYTs-
IIET0 MOMEHTA, NPHUIOKECHHOTO K JKUIKOCTH IIPU BPAIICHUH JIOMACTEH Me-
IIAJKH, ¥ MOIIHOCTH 3JIEKTPOABUTATELS;

— KOHCTPYKLMIO NPUBOAA M THUII MOTOP-peIyKTOpa, obOecrednBaro-
1€ MUHUMYM KPUTEpHsL.

Pucynok 5.3 mmumoctpupyer (opMy NpeACTaBICHUS OCHOBHBIX pe-
3yJIBTaTOB PaOOTHI CHCTEMBL.

5.4.2. AudopmanuoHHoe odecneyeHue CHCTEMBbI

baza gaHHBIX CHCTEMBI COACPIKHUT 3HAUCHHS XapaKTEPUCTHK Hauboee
pacpoCTpaHEHHBIX MEXAaHUYECKUX MEIIATIOK, MPUMEHIEMBIX B MPOMBIII-
JICHHBIX ammapatax (JomacTHas, TpéxionactHas, ¢pesepHas, TypOMHHAs
OTKpBITas, TYPOUHHAS 3aKPBITas, pAMHast, SKOPHas, ICHTOYHAs, IITHEKOBAS),
a TaK)Ke XapaKTEPUCTHK CEPUNHO BBIMTYCKAEMBIX MOTOP-PEIYKTOPOB U MPH-
BomoB (MPB-02, MPB-04, MITIO-1, MIIO-2, MP-1, MP-2, MP-3, TIOM,
I15M 1A, II15M 2). Basza paspaboTtana Ha OCHOBE JOKyMeHTOB [17, 18]u
karanora npoayknud 3A0 "3aBoa TambGoBnomuMepmMan'.

Jlist MenrajioKk yKa3aHHBIX THIIOB B 0a3e MX XapaKTePHCTHK COAEPIKAT-
sl 3HAYCHUS CIICAYIOIIHMX MapaMeTPOB:

— KO3 PUITUESHT THAPABINIECKOTO COMPOTHUBIICHUS,

— KO3 (UIMEHT pacxo/a,;

— UHTEpPBAN JOMYCKAEMbIX 3HAYCHUN KPUTEPHUS THIPOTHHAMHYECCKO-
ro nogoous Gp;

— JMaMeTpPbl CEPUIHO BBIMTYCKAEMbIX MEIIAIOK U COOTBETCTBYIOIIHE
3HAYEHMS MX MACChI (JIJIsI CTAaJIBHBIX MEIIAJIOK).
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J7st Ka)Ioro U3 yHOMSHYTBIX MOTOP-PEAYKTOPOB U IPHBOIOB B Oase
MX XapaKTePHUCTUK COMCPIKUTCS CICAYIOIIAst HHPOPMAIIHS):

— THUIIOpa3Mep YCTPOUCTBA;

— 9acToTa BpallleHHs BEIXOAHOro Baja (B 1/Mumn);

— MOMEHT Ha BBIX0aHOM Bajty (H-m);

— THIOpa3Mep JNEKTPOABUIATEIS;

— MouHOoCTh dMektpoasuratens (KBr);

— crouMocTh ycTpoiictea (p. B ienax 2002r.).

C nOMOIIbIO JAHHOH CHCTEMBI OMpPEACIICHbl KOHCTPYKIIMH TTEPEeMELIH-
BAIOIIMX YCTPOWCTB psima ammaparoB Tamb6oBckoro OAO "Ilurment”
(cm. pasmen 2.3):

— cynmbypartopa R2407 (lex Ne 33, mpousBoactso 4-roiayuauH-3-
cyib(hoHaTa);

— peakrtopa R2506 (iex Ne 32, mpoussoctso ynaka [1D0-060);

— peakropa K480K (uex Ne 20, mpoussozcteo oréenusareis OB);

— peakropsl 1b, 1c¢, 1difex Ne 19, mpoussozctso kies [IBA);

—  peakTOpPbI MPOM3BOJICTBA CYJIb(HaMHHOBOM KUCIOTHI (1ex Ne 33).

Takum 00pa3oM, METOAMKA BBIOOpA ONMTUMANBHON KOHCTPYKIHH Me-
XaHMYECKOTO MEePEMELINBAIOIIETO YCTPOHCTBAa BEPTHKAIBHOTO EMKOCTHOTO
ammapara peanu3oBaHa B Buae cucteMbl MixerOptimization, pesyabrarsl
paboThl KOTOPOW HCIOIb30BAHBI MPH PEKOHCTPYKIMU PEATbHBIX MTPOMBIILI-
JICHHBIX AIIapaToB.

CucteMa YCIEIIHO MPOIDIa MPOLERYPY TOCYIapCTBEHHOW PErHCT-
pauum.

5.5.BAPMAHTBI 3AI[AHvHIﬁ 10 PACUETY U
BbIbOPY KOHCTPYKIUN MEXAHNYECKHUX
IMEPEMEHINBAIOIINX YCTPOUCTB

Jis 3amaHHON KOHCTPYKIIMM MEXaHHYECKOTO MepeMeIInBaIOIero
YCTPOWCTBA ONPEAETUTh 3aTPaThl MOITHOCTH Ha IEpPEMEIINBAHNE U 3HAYeE-
HUS MMapaMeTPOB KAuecTBa MEPEMCIIMBAHUS IMPH PEaH3alud YKa3aHHOTO
npouecca. OnpeaenuTs ONTUMaIbHYI0 KOHCTPYKLHIO YCTpOMcTBa JJisl 3a-
JAHHBIX 3HAYCHUI MMapaMeTpOB KavyecTBa IMEPEMEIIMBAHUSA M IOJ00paTh
CTaHJAPTHBIA MOTOP-PEAYKTOP C MOMOINBI0 WHPOPMANUOHHOW CHCTEMBI
MixerOptimization.

3ameuanue. Ilpu onpeneneHuy 3aTpaT MOIIHOCTU Ha IepeMEIINBaHNIE
1 3HAYCHHH MapaMeTpOB KadyecTBa MEpeMEINIUBaHUS IS 3aJaHHOW KOHCT-
PYKIMH MEXaHHYECKOTO IIePEMEIINBAIONIETO YCTPOHCTBA HEOOXOIUMO
HaWTH 3HA4YCHUE XapaKTePUCTUKHU TepEeMEIINBAacMOM Cpelibl, 3allMCaHHOU
kypcuBoM. IIpu ompeneneHud ONTHUMaJbHOM KOHCTPYKIMU YCTpPOMCTBa
cuMTaTh 3amucaHHbie B TaOna. 5.2 — 5.73HaueHHMsS 3THX XapaKTEPUCTHK
3aJaHHBIMH.
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BOIIPOCHI J4JIs1 CAMOITPOBEPKH

1. Kak ompenensroTcs 3aTpaThl Ha 3JIEKTPOIHEPTHIO, MOTPEOIIEMYIO
MEXaHUYECKUM MEePEMEIINBAIOIIIM YCTPOHCTBOM B T€UEHHE To/1a?

2. KakoBa MakCHUMaJbHO AOMYCTUMas TIyOHWHA LEHTPAIbHONH BOPOH-
KU TIPH MEXaHUYECKOM TTepPEMEIIHBAHUN?

3. Kakoif MeToj ONTHMH3ALMU PEKOMEHIYETCs MPUMEHSTh JUIs
pelreHus 3amaun pacy€Ta W BBHIOOpAa MEXAaHHMYECKOTO IMEPEMEIIUBAIOIICTO
ycrpotictBa? [louemy?

4. Tlo xako¥W MPUYHHE PEKUM MIEPEMEIINBAHUS TIPU PCATTU3AIMH TCX-
HOJIOTHYECKOTO TPOIeCCa MOKET M3MEHUTHCS C TypOYJIEHTHOTO Ha Iepe-
XOJHBIH W JIAMUHAPHBIH, €CJIM YaCTOTa BPAIICHHS MEIIAIKH HEU3MEHHA ?

5. Tlodemy mpejuiaraeMblii METOJ PEIICHHS 339l pacuéra u BEIOOpa
MEXaHUYECKOr0 MEePEeMEIINBAIONIETO YCTPOWCTBA MpeaycMaTpUBAET BHIOOD
MOTOP-PEAYKTOPa TOJIBKO JAJIsl ONTUMAaIbHON KOHCTPYKIMU YCTPOHCTBA?
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naBa 6

MOJOENUPOBAHME NMPOLIECCA HAIPEBA MNPECC-®OPMbI
1A NPOU3BOACTBA PESUHOTEXHUYECKUX U3OENTUN
HA HOYKUMWOHHOM BYJNTIKAHU3ALMOHHOM NPECCE

IIpon3BOACTBO PE3WHOBEIX H3JCIHI, COTIACHO NaHHBEIM LleHTpa pas-
BuTHs HalMOHAIBRHOTO HCCIIEA0BATEILCKOTO YHUBEPCHTETa — BhICIIei
MIKOJIBI SKOHOMHUKH [1], MMeeT yCTOWYMBYIO TEHIECHIMIO K YBEIUYEHHMIO.
Hanpumep, WHIEKC MPOMBIIUICHHOTO MPOM3BOACTBA PE3UHOBBIX U IUIACT-
MaccoBbIx m3menuii B Hoss0pe 2010 r. otHocuTensHO aekadbps 2009 r.
cocraBuil 138,4%.B cBsi3u ¢ 3TUM BO3HHKAeT HEOOXOOUMOCTH CO3IaHUS
HOBOTO M YCOBCPIICHCTBOBAHHUS CTApOro 00OpYyIOBaHHWs, 00JaJAIOIIECrO
0oJiee BBICOKOH MPOU3BOIUTEIHHOCTHIO U OCYIIECTBIIIONICTO BBIMYCK Ka-
YECTBEHHOM MPOIYKIIMK ¢ HAMMEHBIIIMM TIPOIICHTOM Opaka.

Hawubonee uacto pesunotexuuueckue usnenus (PTU) uzroraBnuBarotcs
METOIOM TOPSYETo MMPECCOBAHMS, KOTOPBIH MOXKHO IPEACTABUTHh B BHJE I10-
CJICZIOBATEIFHOCTH CIICAYIOIIUX OTICPAIiA: ByJTKaHU3yeMasi CMECh MOMeIla-
€TCsl B MaTpuILy mpecc-(Gopmbl, MPHKUMAETCS ITyaHCOHOM M HarpeBaeTCsl Ipu
3a/IaHHBIX TEMIIEpaType U JABJICHUH. PerylupoBaHHe TeMIEpaTyphl OCYyIIe-
CTBIIICTCS TI0 ABYXIIO3UIIMOHHOMY 3aKOHY Ha OCHOBE M3MEPEHHMS TEMITCPaTy-
PBI C IOMOIIBIO KOHTPOJBHEIX TepMonap. [llupoko mpuMeHsIeMbIM 000pyHO-
BaHHMEM ISl TOPSIYETO MPECCOBAHMUS SBITIOTCS THAPABINYCCKUC BYJIKaHH3A-
IUOHHBIC PECCHI C MHIYKIIMOHHBIM CIIOCOOOM HArpeBa IUIHT.

Crnemyer OTMETHTbD, YTO Ka4eCTBO MPOIYKIIMA BO MHOTOM OIPEIEIIsi-
€TCsI pABHOMEPHOCTBIO TEMIIEPATypHOTrO MO B 00bEMe m3nmenus. Ha pas-
HOMEPHOCTD TIOJISl BIAMSIOT Mapamerphbl mpecc-GpopMbl (reoMeTpust, TEIUIO-
(u3nyecKkue CBOWCTBA) U CHCTEMBI €€ 00orpeBa (MOIIHOCTh U PacIOIoKe-
HHE HArpeBaTEJbHBIX 3JEMEHTOB — HHIYKTOPOB), IO3MIHOHUPOBAHHE
npecc-(pOpMbI Ha MOBEPXHOCTH TLIUTHI, TEITO(U3NUECKIE CBONCTBA ILIUTHI,
K KOTOPBIM TIPEIBSBIIAIOTCS] 0COObIe TPeOOBaHUSI.

B nmanHO#l paboTe Ha mpHMepe MOJCIUPOBAHHS MpOIEcca HarpeBa
npecc-GopMbI I TMPOM3BOACTBA PE3WHOBBIX YIUIOTHEHHH Ha BYJIKaHHM3a-
[HOHHOM TIPecCe MPEANPUHSTA MOMBITKA MPOAHAIM3UPOBATH TEMIIEPATYP-
HbIe 0cOOEHHOCTH 3TOTO criocoba m3rotoBneHus PTHU. Ha ocHoBe pesysb-
TATOB aHaNIM3a CPOPMYIHPOBAHA 33/(aya MPOSKTUPOBAHUS HATPEBATEIbHBIX
IUTAT TPECCOB /ISl U3TOTOBJICHUS KOHKPETHOM MPOTYKIIHH.

6.1.TIOCTAHOBKA 3AJAYU MO/JIEJIMPOBAHU
HATPEBA TTPECC-®OPMBbI

IIpenenvHOM 3amaueii oborpeBa mpecc-GopM Ha BYJIKAHU3AITUOHHOM
mpecce SBISETCS CO3JaHHE 3aJaHHOTO TEMIIEPATypHOTO MO BO BCEM
00BéMe mpeccyemoro m3aenus. [l e€ BHIMOTHEHHUsS HEOOXOAUMO PacCUH-
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TBIBaTh MPOLECCHl PACIPOCTPAHEHUSI TEIia B CHUCTEME 'TUIMTa — Ipecc-
¢dopma — m3nenue”. BaxHO OTMETHTH, YTO NAHHYIO 331a4y HEOOXOIMMO
paccMarpuBaTh Kak TPEXMEPHYIO HECTAIIMOHAPHYIO, YYMTHIBAS HEJHHEH-
HBIC 3aBHCUMOCTH TEIIO(GU3MICCKUX CBOWCTB MATEPHAJIOB OT TEMIICPATY-
pel HarpeBa. KpoMe Toro, Ha TeMIiepaTypHOE IOJIC OKAa3bIBACT BIUSHHE
BYJIKAHU3AIMS, KOTOPAs SABJISETCS CIOXKHBIM (DU3UKO-XUMUIECKUM TIPOIIEC-
COM ¥ COCTOUT W3 MHOXECTBA ITOCIICIOBATECIHHO-TIAPAIUICTBHBIX CTAAUN C
Pa3IMYHBIMK TEIUIOBLIMU d(dexTamu [2].

Ham He u3BecTHBI pabOTHI, IZie 3a4ayll PacHpOCTPAHEHHs TeIuia B
npecc-hopMe pacCMOTPEHBI B TTOJTHOM 00BhEME ONMMCAHHBIX BEINIE MPOOIEM.
Kak npaBuiio, MOJETUPYIOTCS ABYMEPHBIC 33/1a4d MPH JOMYIIEHHUAX O IMO-
CTOSTHCTBE CBOWCTB MaTepualia U3JeIHis 1 HarpeBaTeNIbHOM TUINTHI B paMKax
onpeenéHHbIX TeMIepaTypHbIX MHTepBajoB. OIHAKO, 1O CHPABEIIMBBIM
3aMEUaHUSAM CaMUX aBTOPOB, M 3()(HEKTHBHOIO MOICIHPOBAHUS TeMIIepa-
TYpHOTO TOJS Tpecc-GOPMBI U BYJIKAHU3UPYEMOTO H3JCITHS HEOOXOIUMO
pacCUMThIBATH TPEXMEPHBIE MOEH [3]. DTO MOXKHO C/IeNaTh, UCTIONB3YS IS
KoMIbloTepHOTr0o Mojieinposanus copemenubie CAD- u CAE-cuctemsl.

OpHOW W3 TIIAaBHBIX MPOOJEM NPU MOJCIHPOBAHUM HArpeBa Ipecc-
¢opMBI Ha IUIMTE Tpecca SBISCTCS 3alavya TEIUIOBOTO pacyéra IUIHT.
B o01iem ciydae MHAYKIMOHHBIA HArpeB SIBISIETCS! CJIOKHBIM HPOLIECCOM.
Jlyist ero TOYHOTO ONHMCAHHsI CIIEAYET paccCMaTpUBaTh CEPHIO CBSI3AHHBIX
3aja4. 3JEKTPOMArHUTHYIO, TEIJIOBYIO, TMIPOJHHAMHYECKYIO, MeXaHHYe-
CKYI0, METAIITyprudeckyto [4]. B umKeHepHBIX pacuérax CHCTEM HHAYKIIU-
OHHOTO HArpeBa pacCMaTPHUBAIOTCS JIBE TIEPBbIC 3a/1a4H.

MoenupoBaHue Mpolecca MHAYKIMOHHOTO HarpeBa B WHXKEHEPHBIX
cucTeMax pacuéra OTHOCHUTCS K KJIACCY CBSI3aHHOTO aHalW3a, COCTOSIIETO
U3 KBa3MCTAMOHAPHOM 3JEKTPOMATHUTHOM 3a/laud W 3aja4yu pacyéra He-
CTAIlMOHAPHOTO TEMIIEPATypHOTO MOJIA. BIOK-cXeMa CBSI3aHHOTO aHalu3a
npejcTaBieHa Ha puc. 6.1,rne P — yIenpHOe dIEKTPHIECKOE CONPOTHBIIC-
HHe Marepuana minThl, OM'M; |[I — OTHOCHUTEJbHAS MATHUTHAS MPOHUIAE-
MOCTh MaTepHaja IUIMThI;, 1 —Temneparypa Harpesa miuthl, K; H — Hamps-
MEHHOCTD JIEKTPUIECKOTO OIS B 00bEMeE mnThl, B/M.

Kak moxa3zaiu 4uCIiCHHbIE SKCIEPUMEHTHI [5], Hamboiee CIOKHBIM
C TOYKH 3PEHHS 3aJaHUsI UCXOIHBIX JAHHBIX M pacyéra sSBJISIETCS rapMOHH-
YECKHI AJIEKTPOMArHUTHBIN aHanmu3. [Ipu ero peanm3anuud ¢ MOMOIIBIO
CAE-cucreM, HUCHOJNB3YIOMIMX METOA KOHCYHBIX JJIEMCHTOB, BO3HHKAIOT
CIEIyIONINe TPYAHOCTUA. Bo-TepBBIX, 3TO 3aJaHHE pPa3MEPOB KOHEYHO-
anemenTHoM (KD) ceTkn BOIM3M MHAYKTOPOB. ['TyOMHA NPOHUKHOBEHHUS
AJIEKTPOMArHUTHON BOJIHBI B CIUIONIHOE (hDEPPOMATHUTHOE TEJIO OIPEAeIsi-
etcs 1o popmyie [6]:

A =500 |-
uf

rae f —gacrtora Toka, I'm.

91



Havano

¥

CospnaHue reoMeTpnmn, BEOA NCXOOHBIX

AaHHbIX U reHepauna ceTkn

.
OneKTpoMarHUTHbIA
rapMOHWUYECKMIA aHanms

p=f@), p=jyIT.H)

BHyTpeHHKne
TEennoBbIAENeHns

HecTauuoHapHsblit
TEennoBoW aHanus

Pacnpenenenuve
TemnepaTypbl

— =1+ A2

TemnepaTtypHoe
none

Puc. 6.1. AJIropuT™ CBSI3aHHOI'0 AHAIH3A
pacuéTa ycTpoiicTB HHAYKIIMOHHOIO HarpeBa

s cramu 45 nipu gactore Toka f = 50T rimy6uHa cocrasisier ~ 2,1MM.
Jlnst TOCTIO)KEHHUS alleKBaTHBIX pe3ysIbTaToB pasMepsl KO BOIM3M HHIYKTO-
POB NOJDKHBI OBITH B HECKOJBKO pa3 MEHBIIE IIOJYYCHHOTO 3HAYCHHS.
C yBennuYeHNEM JUIMHBI BUTKA HHIYKTOPA 3HAUYUTENILHO BO3PACTaeT pazMep
CETOYHON MOJETH. B 0THenbHbIX ciIydasx mpu cOONIIOCHUH STUX PEKOMEH-
Januii 9uclio JJIEMEHTOB TOJBKO B CHUCTEME ''OCHOBaHME—UHIyKTOp—
kpbimika" (cM. puc. 6.2) nocturaer 1,5 muminona. [Toatomy pacuér peaib-
HBIX KOHCTPYKLHMH C HEOOXOIMMOHW IIOTHOCTBIO CETKH NPHHIHUIIHAIBHO
HEBO3MOXEH Ja’ke Ha COBPEMEHHBIX IIEPCOHAIBHBIX KOMIBIOTEPaX BBHUIY
HEJIOCTaTOYHOCTH alapaTHBIX PECYPCOB.

Bo-BTOpBIX, 3TO HEOOXOANMOCTh y4éTa U3MEHEHHMsS DJIEKTPOMAarHWT-
HBIX CBOHCTB MaTepHaJoOB IUIMTHl M HHAYKTOpoB. HamMeHnee w3ydeHHas
XapaKTEepPUCTHKA, KOTOpast OKa3bIBacT OONBIIOE BIMSHHE HA BECh Pacuér —
MarHuTHas IIPOHUIIAEMOCTh MaTepHala IUIMTHI. 3aBHCHT OHA, TJIABHBIM 00-
pa3oM, OT HANpPHKEHHOCTH 3JIEKTPOMArHUTHOro mouisi. Mmeromuecs nas-
HbIE, MPEICTABICHHBIC B [7], HOCAT SMIUPHYCCKUI XapakTep W MalOIpH-
TOMHBI AJIsI IPOBEICHHUS HHKECHEPHBIX PACYETOB HArPEBATEIbHBIX TLIHT.
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PesynpTaToM perieHus 3aadu 3JEKTPOMAarHUTHOTO aHAIM3a SBISETCS
TEIJIOBBIACIIEHUE, KOTOPOE UCIOJIb3YETCS MPU PELICHUH 3aJlauM TEIUIOBOTO
aHaM3a B Ka4eCcTBE 00BEMHOTO TPaHUYHOTO yciaoBus. OqHAKO, ECITH H3BEC-
TEH METOJ] HaXOKICHHUS TEIUIOBBIICICHIH HHIYKTOPOB, TO BO3MOXKHO TIPO-
BEJIEHUE TOJIbKO TEIUIOBOTO aHajiHu3a, pealu3alus KOTOPOTO HE BbI3bIBAECT
6ompmmx TpynHOCTeH. [l NCKITIOUeHHS 3JICKTPOMAarHUTHOTO aHAlIn3a BBE-
€M CcIeTyToIie JOMyIeHHS.

1.3amaun ompenencHUs MOUTHOCTH, BBIICIIEMON B IMa3aX HHIYKTO-
POB, ¥ PacIIpOCTPaHEHHUS TeIlIa B MaTepHalle TUTUTHI PEIIAIOTCs] He3aBUCUMO
IpyT OT JApyra, TOCKOJBKY TpeOyemas TeMmIepaTypa HarpeBa IUTUTHI HE
npesocxoaut Temmneparypy Kropu (750°C) [7].

2. TernoBsIACICHHE OCYIICCTBISCTCS PaBHOMEPHO BO BCEM 00BEME
rasa Moj KaXkJIblii HHIYKTOP, AJIA ONpe/eieHus] 3HAYeHUH MOIIHOCTEHN Ter-
JIOBBIJIEICHUN HCHOJBb3YyeTCs] METO/AMKA, OCHOBAaHHAsl Ha SKCIIEPUMEHTAIb-
HBIX HCCIICIOBAHUSX WHAYKIIMOHHOTO HarpeBa (peppoMarHuTHOM cramm [7].
XapaKTepHUCTHKU MaTepraia o0béMa, 3aIMoTHIeMOTr0 HHIYKTOPOM H CIICITH-
aJbHON OPraHOCHIIMKATHOM KOMIO3HUIMEH, COOTBETCTBYIOT CBOMCTBaM Ma-
TepHaia IUIUTHL.

3. TernoBbie 3 (eKThl ByIKaHW3AIMKA PE3MHOBOTO YIUIOTHEHHUS He-
3HAYUTENbHBI TI0 CPaBHEHHUIO C MOIIHOCTSMU WHAYKTOPOB U UMH MOXKHO
npeHeopeys.

MonenupoBanue mporiecca Harpea mpecc-popMbl Ha ByJIKaHHU3AIH-
OHHOM IIpecce ¢ MHAYKIIMOHHBIM METOJOM O0OTpeBa ILTHT MPOBOIIOCH B
cucreme COMSOL [8] u, xak B m1000# cHCTEME KOHEYHO-3JIEMEHTHOTO
aHalin3a, COCTOSUIO W3 CEPHUU CBA3aHHBIX 33/ad. IOCTPOCHHS T'€OMETPHH,
3alaHusl CBOMCTB MaTCpHAJOB, ONpEIeNeHUs (U3UISCKONH MOJEIU U Io-
ctpoenust KO cerku.

6.2. YCJIOBUA MOJEJINPOBAHUA HAT'PEBA ITPECC-®OPMBI
U BYJIKAHU3UPYEMOI'O U3AEJINA

B kadecTBe mpumepa paccMOTpeHa cuCTeMa HarpeBa Ipecc-(popMBl C
MOMOIIBIO ABYX THT JyinHO# | = 500MM, mupunoii S = 410MMm, u BICOTON
h = 70 MM ¢ 4eTBIpbMS HHAYKTOPAMH TPSAMOYTOJBHON (HOPMEBI pasMepamu
172x127vM B mazax ceueHneM 25x25mM. BBuny cuMMeTpuyHOCTH KOH-
CTPYKLIMH TUTUTHI U C 1I€TbI0 YMEHBIIECHUS 00bEMa BBIUYUCIICHUI TeOMETPH-
veckas (pacuéTHas) MOJENb pa3paboTaHa ISl YCTBEPTH HarpeBaTeIbHOM
IUTHTBI, CM. puc. 6.2.

['eomeTpuyeckass MOJIENb MOACIHUPYEMOH CHCTEMbBI COCTOHMT U3 IEBSITH
JIIEMEHTOB. MEK]y YETBEPTAMU BEPXHEN M HHKHEHN TUIMTHI (OCHOBaHMS 1 U 7,
HHIYKTOPE! 2 ¥ 8, KphIKK 3 U 9 COOTBETCTBEHHO) PACIIOIAracTCs Ipecc-
¢bopma (MaTpuua 4 u myaHCOH 6) ¢ BYJIKaHH3yEeMbIM PE3HHOBBIM KOJIBLIOM 5.
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9

Puc. 6.2.T'eomeTpuyeckasi MOjieIb MOIeJINPYEMOTr0 00beKTa (Pa3HECEHO):
1 —ocHoBanue wintel 1; 2 — nHAYKTOP; 3 — KpBIIIKA [UTHTHI 1;
4 —wmarpuia; 5 — Koinblo; 6 — IMyaHCOH; 7 — OCHOBaHHUE IUTUTHI 2;
8 —unayKTOp; 9 — KpHILIKA IIUTHI 2

[Mo3umnmonnpoBanue mpecc-GopMbl Ha TOBEPXHOCTH IUTUTHI OCYILECTBIISA-
JIOCh TakuM o00pa3oM, 4ToOBI OOecneYnBatach KOHIIEHTPHUYHOCTH OCEH
CUMMETPHH UHIYKTOPOB U npecc-hopMbl. JlaHHOE pacIioioXeHHe SBISCTCS
cKopee "eCTeCTBCHHBIM', YeM HauOoJiee MOIXOMAIINM sl TOMYICHUS Tpe-
OyeMoro TeMIepaTypHOTO II0JISI BHYTPH U3JICIHS.

Ipecc-dpopma coorBerctByer I'OCT 26619—85 TIpecc-hopmbl oxHO-
MECTHBIC JUIS H3TOTOBJIEHHMS MAamXKeT THIPABIMYECKUX YCTPOHCTB.
JlmameTp MaTpHIBI U ITyaHcoHA 124 MM, THaMeTp BYJIKaHH3YeMOIo KOJbIa
6 MM. BbIOOp MMEHHO ATOrO THIOpa3Mepa O0YCIOBICH HEOOXOJUMOCTHIO
COOTBETCTBUS TabapuTOB OJHOU mpecc-popMbl pa3MepaM YeTBEpPTH Harpe-
BaTEJIbHOW TUTUTHI.

TpéxmepHast reomMeTprudecKkast MOAENb pa3paboTaHa B CUCTEME TPEX-
MepHoro TBEpaoTenbpHoro moaenuposanust KOMITAC-3D.

[Ipu pa3paboTke MOJENHN TEOMETPHS OTIACIBHBIX AJIEMEHTOB ObLIa yII-
poreHa. 13 Monenel oCHOBaHMH M KPBIMIEK OBLIM MCKIIIOUEHBI OTBEPCTHSA
JUISl KpENEKHBIX 3JIEMEHTOB U TEPMOTIap, B ITyaHCOHE U MaTpPUIIE HE YYTECHBI
dacku u ranrenu. JJaHHOE YIPOILIEHHE MO3BOJSIET YMEHBIINTH HEOOXOIM-
Moe kommaecTBO KD ceTku u COKpaTHTh BpeMs pacuéra.

CpoiicTBa cTanu 45, U3 KOTOPOW M3TOTOBJICHBI OCHOBAHMS M KPBIIIKA
T, B3aTel U3 [9] (cMm. puc. 6.3). [l MHTEPIIONAIMA 3aBUCHMOCTEH 3Ha-
YeHHH TeIUIO(QHU3NIECKUX CBOMCTB OT TEMIIEpaTyphl HCIOIb30BaHA KycOY-
HO-JIMHEIHAsA 3aBUCUMOCTb.
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Puc. 6.3.3aBucuMocTh Tem10U3HMIECKUX CBOMCTB cTaan 45
ot Temmneparypsl (rpaa K):
a — IVIOTHOCTH, Kr/M”; 6 — temnoéMkocts, Jx/(kr-K);
6 — TEIIONpPOBOAHOCTh, BT/(M'K).

CornacHO MPUHSATHIM AOIMYIICHHSAM, HHIYKTOPBI (neMeHTsl 2 1 8 Ha
puc. 6.2) MOXKHO paccMaTpuBaTh Kak KOMOWHALMK MapasuleseHHIe OB,
W3TOTOBIICHHBIX U3 CTaiH 45, 00bEMBI KOTOPHIX COOTBETCTBYIOT 00BEMaM
ma3oB B minTax (memeHTtsl 1 1 7 Ha puc. 6.2).

B kadecTBe Marepuasia BYJIKaHH3YEeMOTO M3JIEIHs BhIOpaH OyTaIueH-
ctupobHblit kKayuyk (CKC), comepkaHie CTHPOJIBHBIX 3BCHBEB B KOTOPOM
cocraBmsiet 23% [10].3T0 Haubonee pacnpoctpanéunsiii 3 CKC tum kay-
gyka obmero HasHadeHus. [lo o0béMy Beimycka CKC 3anmMarot mepBoe
MECTO CPEAN BCEX CHHTETHYECKUX KayqyKoB. Ha MX OCHOBE H3rOoTaBIMBAIOT
MHoTourcneHHble PTU — koHBeliepHbIe JICHTHI, pyKaBa, MpoQIH.

Jng yaéra BIUSHUA BYJKaHM3alUH Ha TeMIIEpaTypHoOe I1oje ObUIH Hc-
TI0JIb30BaHbI 3aBUCUMOCTHU TEIUIO(HU3MYESCKUX CBOHCTB KaydyKa OT TeMIlepa-
Typhl 13 BerpoenHoit B COMSOL 6ubsmoreku Matepuanos [11]. ITnoTHoCTH
SBISICTCS BETMYMHOM MOCTOSIHHOW, paBHOW 956 Kr/mM3, 3aBUCHUMOCTH TEILIO-
EMKOCTH U TETUIONIPOBOJHOCTH OT TEMIIEPATYpHI IIPEACTaBICHEI Ha puc. 6.4.
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Puc. 6.4.3aBucumoctsh cBoiicts kayuyka CKC-23 ot remneparypsi (°C):
a —teruoémkocts, Jlx/krK; 6 —remnonposoaaocTs, Br/mE.

Kak BuIHO, W3MEHEHHE TEIUIOEMKOCTH B HMHTEpBalle TEMIIEpaTyp
80...300 T (puc. 6.4, a) u Temtonposoguoct B untepsaie 60...300 T
(puc. 6.4,6) HOCHT CIIOXKHBIN XapakTep. Bo MHOTOM MMEHHO TaKHe 3aBUCH-
MOCTH CBOWCTB KaydyKa OT TEMIIepaTyphl JeTal0T NPAaKTHIECKH HEBO3MOXK-
HBIM PUMEHEHHE YUCICHHBIX METOJOB JUISl PEIICHUS 3a1ad paclpocTpaHe-
HUS TEeIUIa B BJKaHU3YEMBIX MaTepHalax.

MOIIHOCTH MHAYKTOPOB IUIMTHl HEJIMHEHHO MEHSIOTCS C TEYEHHEM
BpeMeHH HarpeBa. UToOBl y4ecTh 3TO, IPEIBAPUTEIBHO OBUTH PACCUUTAHBI
3HAUCHMs BBIACISIEMONH MOIIHOCTH I Pa3HBIX 3HAUYEHHH TeMIeparypbl
HarpeBa COTrNIaCHO MHKEHEPHOW MeTouKe, onucanHoit B [7]. [loxyueHHbIe
3HAYEHMS MIPEACTaBIICHEl Ha puc. 6.5, U1 HHTEPIONSANNY UCTIONBH30BaH Ky-
OWMYeCKUH CIIaiH.
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Puc. 6.5.3aBHCHMOCTH MOIIHOCTH HHAYKTOPA OT TEMIEPATYPbI
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CorjacHO TPUHATHIM JOMYIICHUSIM, B KaueCTBE WUCTOYHHKOB TEILIa
ObLTH 3a/1aHbI 7Ba 00BEMHBIX UcTOouHKKA 2 U 8 (cM. puc. 6.2) ¢ cooTBeTCT-
BYIOLIMMH pHC. 6.53aBUCUMOCTSIMH MOIIHOCTH OT TEMIIEPATYpPhl HArpeBa.

Jnst maHHOM 3amadn HEOOXOIWM YYET TeIIOOOMEHa IUTUT W Tpecc-
¢dopmsl ¢ okpyxaroreit cpegoir. B COMSOL nmMeroTcst BO3MOXKHOCTH pac-
4yéTa KOHBEKTHBHOTO M JIyYHCTOI'O TEINIO0OOMEHa, OJIHAKO, C LEeJbI0 YMEHb-
LICHHUs] HArpy3Kd Ha BBIYHMCIUTEIBbHBIC PECYpChl KOMITbIOTEpA, I yuéra
BHEIITHETO TEIUIOO0OMEHA MPEIBAPUTEIFHO PACCUUTHIBAINCH 3HAYCHUS KO-
3¢ PUIHEHTOB TEIUIOOTAAYH COTJIACHO pekoMeHaausm [12].

Jst moctpoeruss KO Mozeny ObLT HCITOJTB30BaH TETPAIAPUUSCKAN THTT
CeTKH. MaKCHUMaNBHBIH pa3Mep dieMeHTa 4 MM, MEHUMAIbHBIH — 0,25MM.
B wurore, crenepupoBannas cerka umeer 2002421snement. OTMeTHM, 4TO
NpU peaju3ali TOJIBKO TEIUIOBOTO aHajin3a OTMafaeT HeoOXOAUMOCTh B
HCTOJIB30BaHUH 00JIee TUIOTHOW CETKU BOIU3U UHIYKTOPOB IS aJICKBaTHO-
T'O DIIEKTPOMATHUTHOTO aHaiu3a. TeM caMbIM, YMEHbBIIACTCs O0Iee BpeMs
pacuéra. CeTka HaHOOJBIIEH TUIOTHOCTH (POPMHUPYETCST HETTOCPEICTBEHHO B
BYJIKAHU3YEMOM KOJIBIIC, IOCKOJBKY IICITBI0 MCCIICOBAHUS SBISCTCS HAXO-
KJICHUE TEMIIEPATYPHOTO MO HIMEHHO B 00BEME H3ICIHS.

6.3.PE3YJIbTATHI MOJIEJIMPOBAHUA HAT'PEBA ITPECC-®OPMBI
U BYJIKAHU3UPYEMOI'O U3AEJINA

C ncnomnszoBanneM COMSOL 6611 mpon3BeéH HECTAIIMOHAPHBIN Te-
IUTOBOM pacu€r cucremsl, U300pakéHHOW Ha puc. 6.2. Koneunoe Bpems
HarpeBa coctaBmio 2450¢, eMy COOTBETCTBYET CpeAHsIE 00bEMHAS TEMIIC-
parypa pesuHoBoro kojipna 180 T, uro sBisieTcss oNTHMaNbHOW TeMmepa-
typoii Bynkanuzaumu CKC [10]. Ilar o Bpemenu coctaBun 50 c. Moaenu-
poBanue O0buTO mpoBeaeHo B nporpamme COMSOL 4.0Ha koMmbOTEPE CO
crenyrolnei KoHpuryparueii: yeteipéxpsaaepHblil npoueccop Intel Core 2
Quad Q660Q wactoroii oxHoro siapa 2,4 MI ', oneparuBHas namsts 8 I'0,
omeparonnas cucrema Microsoft Windows Server 2008x68pogomku-
TENBHOCTB pacuéra cocTaBuia /2,3MHUHYTHI.

[omydeHHoe B pe3ynbrare 00BEMHOE TEMIIEPATYPHOE TI0JIE CUCTEMBI,
MpeaCTaBiacHO Ha puc. 6.6,a, Ha puc. 6.6,6 — TeMIepaTypHOe IOJIE TOIe-
PEYHOTO CeYeHUs CHCTEMBI, Ha puc. 6.7 —reMIiepaTypHoe I10J1e IIPOIOIEHO-
IO CEYEHHsI PE3MHOBOrO KOJblia. MaKCHMalIbHBIH Mepenaj TeMIeparyp 1o
00BEMyY Monemupyemoit cucteMbl coctaBmn 21,6 T. Haubonbimas temme-
parypa 190,9 T nHabmromaeTcst Ha BHYTPCHHHX IMMOBEPXHOCTSAX MEPBOU U
BTOpO# TumMThl. MuHUManeHas Temneparypa 169,3 T nabmomaercs Ha
HAPYKHBIX yIrJIax IUIUT.

MakcuManbHas pasHHIA TEMIIepaTyp B MOIEPEYHOM CEYEHHH MOJe-
nupyemoii cuctemsl (cMm. puc. 6.6, 6) cocraBuser 14,4 T. Haubonbiuas
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temrnepatypa 190,7 T nabmonaercss B 00bEMe MHIYKTOPOB, HaMEHbBIIAS
176,3 T —na ropnax miuur. OTMeTHM Hanniue 00bEMHOTO MeperpeBa cuc-
TeMbI B e€ [eHTpalbHON obnacTu (paBast 9acTs Ha puc. 6.6,6), KOTopHIit
BBI3BaH HEONTHMAJBHBIM PacIIONOKEHHEM HHIYKTOPOB B 00BEME IUTUTHI U
npecc-hopMBI Ha TIOBEPXHOCTH IUTHUTHI. MOXKHO CHOETATh BBIBOJ, YTO ITHUM
BOIIPOCaM HEOOXOANMO yIEIATh OBBILICHHOS BHUMAHHE.

A 1909

190
185
180

175

170

v 169.3
a)

A 190.7

v 176.3

0)

Puc. 6.6. TemnepatypHble moJs:
a —9eTBepTH MOJIEINPYEMOI CHCTEMBI; 6 — MONEPETHOTO CCUCHUS CHCTEMBI
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Puc. 6.7. TemnepatypHoe moJie Npoa0IbHOI0 CeYeHUs PE3HHOBOr0 KOJIbIla

Kak BugHO u3 puc. 6.7, MakCUMabHBIN Hepenaj TeMIepaTyp B Ipo-
JIOJIBHOM CeYeHUH Koubla cocrapisier 2,7 C. MakcumanbHas TeMieparypa
181,5 T cooTBeTcTByeT BHEIIHEH IMOBEPXHOCTH KOJIbIA, HAXOSIICHCS
BOJIM3M LEHTpa IUTNTHI, MHHUMabHas 178,8 T — npoTHBOMOIOKHOMW BHYT-
peHHel 4acTH KOJjblia.

ITo MeToauke, n3aokeHHoM B [13], ObLI MPOU3BEAEH TEIIOBOM PacUET
TOJIBKO HATrpeBaTeNbHOW MIMTHI (OCHOBaHWE 7, MHAYKTOp 8, Kpbimka 9,
cM. puc. 6.2). BBumy cuMMeTpuu pacu€THash MOJENb BKIIOUAET YETBEPTh
TUTUTHI.

TemneparypHoe moJie, COOTBETCTBYIOIEE CpEeIHEH TemrepaType Mo
nosepxaoctd 180 T, mpu pacuéTHOM Iiare mo JUIMHE W IIMPHHE S5 MM,
npezacTaBiaeHo Ha puc. 6.8. MunnmansHyro temrnepatypy 173,2 € nmeror
Kpast pac4éTHO# MOJIENIH, KOTOPbIE COOTBETCTBYIOT LIEHTPY IUIUTHI, YIiaM U
TOpIaM IUTUTBI. MakcumanibHas Temreparypa 182,7 T nabmromaeTcs Ha
MOBEPXHOCTH HEMOCPEICTBEHHO HaJ MHIYKTOPOM, PACIIOJIOKESHHOMN OIvke
K HEHTpy IuuThl. Kak BuaHO, MaHHas ruiMTa GOPMHUPYET TeMIlepaTypHOe
I0JIC ¢ TIepPEIa oM TeMIIEPaTyp Ha MOBEPXHOCTH 0KoJio +5 °C.

Takum 00pazoM, Jake MPH KCIOJIB30BAHUHM HArPEBATENbHBIX IUIUT,
(bOpPMHUPYIOLIMX TEMIEPATYPHOE MOJIE ¢ CYLICCTBEHHBIM IEpPEnaoM TeMIie-
paryp, KOHEUHBIH Mepernaj TeMIEepPaTyp BHYTPH BYJIKAHH3YEMOTO H3JCIHS
cocrasisiet meHee +1,5 C. DToT mokaszarens SBISETCS YIOBIECTBOPUTEIb-
HBIM JUTS TIPOBEJICHHS TPOIECCa BYIKAHU3AIHH.

OTMeTHM, YTO TPAJUIMOHHO KAYeCTBO HATPEBATENBHBIX TUTUT OLICHUBACT-
CsI TIO CTETEeHH PABHOMEPHOCTH TEMIIEPATYPHOTO MOJIsl Ha UX paboueii moBepx-
HoctH. CyMTaeTcsi, YTo TpU BYJIKAHHM3ALKMHK TIEperajl TeMIepaTyp o padodeit
MOBEPXHOCTH COBPEMEHHBIX IUIAT JIOJDKEH HaXOAWThes B mperenax +1-2 T.
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Puc. 6.8.Temnepatypnoe nmose yerBepTu mantbl 500¢<410Mm

OpHako, Kak MOKa3ajd YHCICHHBIA SKCIICPUMEHT, MATUKPATHOE YBEIHMUCHHE
9TOTO Iepenaga He MPHUBOAUT K HETIPHEMIIEMOH HEPaBHOMEPHOCTH TEMIIe-
pPaTypHOTO MOJIs B 00BEME U3ICIH.

AHau3 MONYYCHHBIX PE3YNbTAaTOB MO3BOJSIET CAEIATH CICAYIOIINE
BEIBOJIBL

1. B xaXI0M KOHKPETHOM CIy4ae MPOMBIIUICHHOTO HCIIOJB30BAHUS
CYIIECTBYIOIIUX W TPOCKTUPOBAHUS HOBBIX WHAYKIIMOHHBIX HATPEBATCIIh-
HBIX IUTUT CIIEAyeT MPUHHMATh BO BHUMAaHHE CIICIIHABHBIC TPEOOBAHUS K
(dbopMupyeMOMY TeMIIEpaTypHOMY IOJIO B 00BEME HarpeBaeMoro Tena,
LEJIECO00Pa3HOCTh UCIOIB30BAHUS CYIICCTBYIOIIMX TEXHOJOTHH U accop-
TUMCHT BBIITYCKaeMOH Ha TPECcCe MPOTYKITUH.

2. HepaBHOMEPHOCTH TEMIIEPATypPHOTO ITOJIS MO paboUcii MOBEpXHO-
CTH TUTHL B Tpenenax 5 °C He sBISETCS KPUTHYHOW AJISI MPOBEICHUS
BynkaHuzauuu PTH.

3. HcnonezoBanue coBpemenusix CAD- m CAE-cuctem siBisiercst
MIEPCIICKTHBHBIM HAIlPaBICHUEM B 00JIaCTH MOJIEIMPOBAaHUS HarpeBa mpecc-
(hopM Ha WHAYKIHMOHHBIX IDIMTAX, MOCKOJBKY TO3BOJISET YYECTh HEITUHEH-
HBIC 3aBHCUMOCTH DHEPTrECTHUCCKUX W TCIUIO(PU3UUCCKUX XAPAKTCPUCTHK B
mporiecce ByJIKaHU3AINH.

4. Metoauyeck 0OOCHOBAHHBIM SIBIISICTCS MPOBEICHUE YHCICHHBIX
9KCICPUMCHTOB IS HauOoJiee pacpoCTpaHEHHBIX Tpecc-GOpM U HCIOIb-
3yeMBIX Kay4yKOB IO HAXOXXICHHIO OOBEMHBIX TEMIIEPATypHBIX IIOJIEH B
BYJIKAHM3YEMBIX H3/CIHAX. Takol MOAX0J MO3BOJIUT CHOPMHPOBATH Ipa-
BHJIA JIJIsl OTITUMAITBHOTO MPOCKTUPOBAHUS HATPEBATCIBHBIX TUTUT MOJ] KOH-
KPETHBIC MPOIIECCHI U PEKOMEHIAINH 110 PACTIONIOKEHUIO pecc-(hopM.
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Takum o00pa3oM, 3agada TPOCKTUPOBAHHS HATPEBATEIBHBIX ILIAT
MIPECCOB ISl MPOU3BOICTBA PE3NHOTEXHUYECKUX U3ICTUI COCTOUT B OIIpe-
JIEJICHUH KOJTMYECTBA M MECTOIIOJIOKEHHSI HHAYKTOPOB B IUTUTE, HAYAIbHON
MOIIHOCTH Ka)XJOT0 HHAYKTOpA, KOJHMYECTBA M MECTOIOJIOXKCHHS CTaH-
ApTHBIX Tpecc-GpopM Ha pabodeld TOBEPXHOCTH IUIUTHI, IPH KOTOPHIX He-
PaBHOMEPHOCTh TEMIIEPATYPHOTO IOJA B BYIKAaHH3YEMBIX H3ACIHSIX yKa-
3aHHOTO BH/a ¥ pa3MepOB HE IPEBBIIIAET TPEOyeMOii.

B 3axiroueHue 3aMeTHUM, YTO 0C000€ BHUMAHUE MPU MPOCKTUPOBAHUU
U DKCIUTyaTalliil HarpeBaTCIbHBIX IUTUT BYJIKAHH3AIMOHHBIX MPECCOB CIie-
IyeT YAENSATh BOIPOCAM ONTHMAIBHOTO YIIPABICHHUS W3MCHCHHEM TEMIIC-
PaTypHI IUTHAT IS TOJTYYCHUS 3aJaHHOTO TEMIICPATYPHOTO TOJIS.

BOITPOCHI AJIs1 CAMOITPOBEPKI

1. IloyeMy HpHHATH IONYLICHHS, ITO3BOJIUBLINE HCKIIOYHTH 3JICK-
TPOMAarHWTHBIA aHalW3 W3 MOJCIMPOBAHHSA MPOIEcCa HAarpeBa CHCTEMBI
"mMra—pecc-popma—usgeine”?

2. Ilouemy oxa3ayoch HOCTATOUYHBIM MOJEIUPOBATH TOJBKO YETBEPTh
peanbHO# cucTeMsl "utuTa—mpecc-hopma—u3aenue”?

3. Kak yuuThIBaJIOCH NPU MOJEIMPOBAaHWM H3MEHEHHE MOIIHOCTH
MHIIyKTOPOB B ITPOIIECCE Pa3orpeBa HarpeBaTeIbHBIX IUIUT Ipecca?

4. Tlouemy TemIepaTypHOE MOJE B BYJIKaHU3UPYEMOM HM3AEIHU MO-
xeT OBbITh Ooyiee paBHOMEPHBIM, 4eM B CHCTeMe 'TumTa—Tpecc-popMa—
n3nenue”?

5. TlouemMy npM NPOEKTUPOBAHWHM HArpeBaTENILHBIX IUIMT IIPECCOB
00BIYHO CTaBUTCS 3a/lada MOTyYeHUs PABHOMEPHOT'O TeMIIEPaTypHOTO OIS
10 paboyeil TOBEPXHOCTH IUIUTHI?
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MaBa 7

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

7.1. INFORMATION TECHNOLOGIESN EDUCATIONAL PROCESS

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

Creation of learning environment includes the depaient of mathe-
matical models of under-research processes, digusiof problem-solving
and databases, possibilities of carrying out distagxperiment on remote
equipment and result processing. The applicatiomedins of mathematical
and computer modeling in development of new mettaodtsforms of edu-
cation makes possible visual presentation of shgigibjects and registra-
tion of the dynamics of their characteristics.

Centralization of methodological aids, softwardy &uipment and a
wide access to distributed information resourcesinternet allows to
prompt updating of the learning environment contenticcordance with
new knowledge and technologies. Creation of labotenaccess installa-
tions enables the implementation of practical ssidind laboratory works
using very expensive and unique equipment. We vaiddhe unnecessary
production of lab equipment. In this case we cantbe direct economical
effectiveness of the implementation of new inforioratechnologies in the
training process.

Creation and development of the concept of lab teraocess installa-
tions ensure the providing of educational servie@hin the framework of
distance learning program.

Creation of the automated remote access laborattmys to carry out
laboratory works on design and exploitation of teslbgical systems and is
conditioned by the necessity of acquiring practiskills in development
and control of chemical production. Every studess An opportunity to go
through the whole process: from the moment of decitaking on the vo-
lume of production output till the moment of creatiof schedule of devel-
oped production functioning and the graph of theigment maintenance.
Active enterprises cannot give such opportunityhi® students on account
of some objective reasons: the equipment is usegrfmduction 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 "Designidgeaploitation
of chemical technological systems" includes (fid.)7

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

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

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

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

5. Software of remote access to the iab resourcesndmmination ex-
change with users.

Software of the laboratory is based on the mathiealanodels of de-
signing processes and exploitation of technologsyatems worked out at
the Department of Flexible Automated Manufactur8ygtems. It allows us
to make prompt calculations, to analyse the redeiméormation, to carry
out the corrections of initial data and to recenaw results without any
material expenses.

» Semi-industrial chemical <
‘———; technological system 4——‘
A
Librfxry 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 capaof initial data,
necessary for carrying out calculations, requinesdevelopment of produc-
tion output databases. The application of remotess technologies facili-
tates this process as it allows to introduce amgeconew information.

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

BOITPOCHI AJIS1 CAMOITPOBEPKI

1. KaxoBBI BO3MOXXHOCTH NPHUMCHCHUS COBPEMCHHBIX HH(OpMAIU-
OHHBIX TEXHOJIOTHI B 00pa30BaTeIbHOM Ipoliecce?

2. KakoBa HE0OXOJAMMOCTH UCIIOJIb30BAHUS TEXHOJIOTUH YHan&HHOTO
JIOCTYTIa B HHXKCHEPHOM 00pa30BaHUU?

3. Kakue npenmyIecTBa 1mojiy4aet CTYACHT MPH BBIMOJHEHUH J1a00-
PATOPHBIX pabOT HA YCTAHOBKAX C YAAJIEHHBIM JOCTYIIOM?

4. OmummTe MPUMEPHYIO CTPYKTYPY Ja00paTOpur YIAIEHHOTO TOCTYTIA.

5. Kakne 0CHOBHBIC HAIpaBJICHUS UCIIOJIb30BaHUS JIAOOPATOPH yaa-
JEHHOTO I0CTyma?

CIIMCOK JIMTEPATYPBI K I'JIABE 7

1. Automated Remote Access Laboratory "Design andditgtion of
Technological Systems" / E.N. Malygin, M.N. Krasngay, S.V. Karpush-
kin, V.G. Mokrozub /Bectauk TaMGOBCKOTO TOCYIapCTBEHHOTO TEXHUYE-
ckoro yHuBepcureta. — Tambos, 2000. —T. 6,Ne 2. —C. 332 — 335.

2. TexHONOTUs OPraHU3aAUKN OTKPHITOTO YAATEHHOTO KOMIBIOTEPHO-
ro JIOCTyIa K JIabOpaToOpHBIM pecypcaM Ha 0ase cpelpl IporpaMMUPOBaHHs
LabVIEW / M.H. Kpacusiuckuii, E.H. Mansirun, C.B. Kapmymikus,
B.I'. Mokpo3y6 // Uadopmarmonnsie TexHomorud. — M., 2001. —Ne 8. —
C. 41 - 46.

3. HoBsbsle uH()OPMAIMOHHBIE TEXHOJOTHH B OTKPHITOM HH:KEHEPHOM
obpasosannn (yue6uoe mocodue) / E.H. Manbirun, M.H. KpacHsHCKwHiA,
C.B. Kapnymkun, B.I'. Mokpo3y6. — M. : Mammunoctpoenune-1, 2003. —
124c.
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nepHoro oOpasosanus / M.H. Kpacusuckuii, E.H. Mansirud, C.B. Kap-
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5. VHTepHET-TEXHOJOTHH B MHXEHEPHOM O0pa3oBaHUU. ABTOMATH-
3UPOBaHHBIC Ja0OpATOPHBIC TPAKTHKYMBI W BHPTYalbHBIC TPEHAXKEPHI /
M.H. Kpacusuckwuii, C.B. Kapnymkun, J[.JI. Jlemos // LAP LAMBERT
Academic Publishing GmbH&Co.KG. — Germany, 201Q32c.
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MnaBa 8

AUTOMATED SYNTHESIS OF RECYCLING WATER
SUPPLY SYSTEMS AT CHEMICAL ENTERPRISES

Nowadays many sectors of economy use water for faatuing of
target products. After water goes through differprdcesses at the enter-
prises or is used in household purposes, it lasemitial quality and ad-
versely affects the state of natural water resesveihich receive this
wastewater. One of the most water-intensive secibthe economy and,
simultaneously, one of the most intense "generatufrgolluted waste wa-
ter is chemical industry. In order to eliminate @apollutants dump into
water reservoirs in a relatively short period ofidi it is necessary to devel-
op and gradually implement self-contained systehwgater recycling. Such
systems allow: to significantly reduce industriahsumption of fresh water,
to use fresh water only for drinking purposes amdlk losses in recycling
systems, to significantly reduce or even eliminateses of valuable raw
materials and supplies occurred with sewage dumiiaffective and relia-
ble operation of such systems is only possible wtherchoice of appropri-
ate equipment is made taking into account all pctdo requirements and
environmental conditions.

Analysis of literature [1, 5 — 9] shows that thesgers are mostly fo-
cused on the issues related to hardware desigexisting technological
schemes, and to a lesser extent on selection ghtis¢ suitable technologi-
cal scheme for concrete conditions and criterizifipd by consumers.

Therefore the purpose of this paper is to devehepprrocedure of au-
tomated synthesis of water preparation stagesditgrmine the effective-
ness of recycling water supply (RWS) system ofenubal enterprise.

The RWS system consists of two parts. The firstuohes stages of
target products manufacturing processes, techredbgirocesses that use
water for heating or cooling of equipment (reacdighmass in it). The other
part contains stages which provide restorationasfsamer characteristics
of water and its supply to the main technologiciiesne.

Stages of water preparation are: cleaning, coolhesating), adding
(if necessary) and water injection. Fig.8.1 showssible variants of water
preparation stages that implement various techicdbgrocesses; Fig. 8.2
depicts possible variants of water preparation sesefor RWS system.

In general, the problem of automated synthesis afewtreatment
stages for a self-contained FWS system includesctsire generation for a
technological scheme, choice of type, quantity basic geometric dimen-
sions of equipment for each stage of the chosesgnseh
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8.1. STATEMENT OF THE PROBLEM

Input parameters are: efficiency of technologicelesne for target
products manufacturing, pressure in the schemgaligind final tempera-
ture of the target product and recycling water tfes@hange surface, cha-
racteristics of main equipment, target products reegcling water (viscosi-
ty, density, thermal conductivity coefficient, sgecheat, pH, total hard-
ness, alkalinity, content of calcium, iron, sulfgtéotal dissolved solids),
scheme of the main part of RWS system and pipetii@seters.

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

lope =minF,, (8.1)
subject to constraints:
T ST Cpe<C™ (8.2)

and operators which represent mathematical modeleasion support for
variants generating of:
— structural chart of an auxiliary part of RWS gyst

W G>(Tin >(Tout XT"m >(Cin >(Cout XC"m - K ; (8‘3)

— hardware design for the structure chat of anlianyiparts of RWS
system:

Q:GxT, xT, T xCi, xCouth"rn ><kopt - R (8.4)

ut

Problem (8.1) — (8.4) belongs to a class of contbiie problems. If
stated as above, the solution to this problem calbembtained due to high
dimensionality of system variables set, complegitynathematical models
of technological processes at each stage, etcthése reasons the proce-
dure of RWS system synthesis consists of a segleutnsideration of two
sub-problems of smaller dimension which in additiveive independent
values for design process:

— variants generation for technological schemascsires of an aux-
iliary part of a RWS system and their optimal clegic

— calculation of hardware design for the chosehntetogical scheme.

If there is no solution for the second stage otlsgsis, decision maker
(DM) chooses a different solution form the set olusons obtained at the
first stage. This choice is based on the rulesudsed below.

8.1.1. Problem of selection of technological schersucture

Problem of selection of technological scheme ofaxiliary parts of
RWS system from a set of possible variants on #sisbof mathematical
optimality criteria is, as a rule, rarely solvededio complexity of imposed
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system conditions and a large set of evaluatioteréai as well. The most
advanced method for solving of this problem typéhis use of expert sys-
tems [1]. In order to choose an optimal structura process from a set of
variants it is necessary to clearly define the watidn criteria, which are
divided into three groups: cost, reliability andesg. In this case, it is rec-
ommended to use an integrated assessment basdibaatien of weights
between these summing groups subjected to speoffiditions.

In this paper we propose the following problemestant for technol-
ogical scheme structure generation: find a sequehgeocess steps of the
system such that under conditions:

T

out

ST"m, Cout < Clim ’ (8.5)

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

Kopt = argmin Ql(k). (8.6)
kOK

As we propose to use multi-criteria selection @& tptimal technolo-
gical scheme structure, it is necessary to choosmalization and ranking
methods for the set of criteria and a multi-crdaeselection method. In this
paper the optimality criterioQ; represents the sum of weighted relative
losses of the following criteria: reduced costsifoplementation of an aux-
iliary part of RWS system, reliability of the systetechnological effective-
ness and the safety of process [2].

Integral criterionQ; is

4
QK = (P (K)), (8.7)
i=1

Herep, p2, p3, p4 are the weights.

4
p={pi}={pi 0 >0i=1.,4>p =1}, (8.8)
i=1
where p,, w (k) — weighted loss of the i-th criterior; (K) = w; (F; (K)),
(i=1..,4,kOK) — monotonic functions which convert each objective

function F4(k) to dimensionless fornt,1(k) — economic criteria which in-
cludes costs of implementation of the systém(k) — criterion of reliability
of system functioningk13(k), F14(K) — criteria of technological effectiveness
and criterion of safety respectively. Here we fmthimum value for func-
tion F1;1(K), and maximum values for functiofgx(K), F13(K), F14(K).
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Functionswy; (k) (kO K) are written as:

_ Rk -R3 Fio(k) = F)

oy5(K) v (k) = ==, (8.9)
FlTaX‘Fn Fl%_ 1?"1
Fia(k) - F Fra(k) - FX
e e R N e L R T
F3-F Fa—Fy

Here

FT" — maximum value of minimized functiof,;(k)(k (1K) on a
feasible set K;

o, REN . EMM — minimum values of maximized functions
Fo(k), Fa(k), Fulk) (kOK) on afeasible set K;

FS, RS, RS, FS — optimal values of objective functiors,(k),
Flz(k), Fls(k), Fl4(k) (kD K) respectively on a feasible set K. Values of
wy;(k) (i=1...4k0OK) range from O to 1.

We need to find a compromise varigiit[]K) that will not be optim-

al for objective functionsFll(k), Flz(k), Fla(k), F14(k), but it will satisfy
the integral criterion Q1(Kk).

In order to find a single solution of a complex lgm one has to set
the weightspi(i =ﬂ) which satisfy (8) and reflect relative importarafe

objective functionsFy;(k), F,(k), Fia(k), Fiu(k) (kOK). In this case the

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

Economic criterion. During the process of filling a database of water
preparation methods at each stage we take intauatestimated consolidat-
ed cost of their implementation. This criterion slo®t provide exact cost
value, as at this stage we have data only abo@tr\pag¢paration stages based
on which we can give approximate cost estimatioscbemes functioning for
an auxiliary part of a RWS system using expernesipns [4]. Components

of criterion Fy,(k) are:

Nk Nk
Fi=> 5(G)+> Sk (G.m) kOK. (8.11)
i=1 i=1

It should be noted that different expendable mal®rtan be used in
implementation of process steps, for instance, are use oxyethylidenbi-
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phosphone acid, nitrilotrimetilfosphonic acid anithers to implement the
complexone technology.

Criterion of equipment reliability. Reliability ia property of equip-
ment to perform its functions maintaining its ialticharacteristics within
acceptable limits, corresponding to the terms aodditions of its use,
maintenance and repair within time span. Religbifita complex property,
thus, it can comprise no-failure operation, mammhility and conceivabili-
ty separately or in combination depending on egeipinfunctions and op-
erational conditions for the equipment unit andifeparts:

N
Flzzm}?xl_l Pt,, kOK. (8.12)
1=

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

Criteria of reliability and safety can be descritsgailarly.

Using data from a database created during purificatvater cooling
(heating) and other processes design and defiiegatm, for example,
quality of water in the system, we can find a camktion of technological
stages to achieving this aim with the use of denishaking mechanism.
Fragment of such database is shown in Table. &&. database contains
rules, empirical knowledge and general data thavélable to experts.

For a formalized description of data sets requiredolve the above
problems it is necessary to create a structureabdae. Data structure for
this research area is displayed as a set of intiwna and logical models
(ILM) and rule-based models (RBM) of decision suppsystems. Data
normalization requirements for such models shoelduffilled and models
themselves should be represented in canonical form.

In general view, an ILM for selecting of technoloai schemes of wa-
ter purification stages and of appropriate hardvassign represents a sum
of data sets and links between them written irfohe of production rules.

A coherent system is formed by combining severat@ss steps with
different efficiency (e.g. water purification pr@s. First, we choose feasi-
ble variants of system structure using data abargmeters of water at each
technological stage and linked stages. Then wesghao optimal scheme
for the auxiliary part of RWS system based on eatioms of consolidated
reduced costs, reliability, technological effectiess and safety criteria.

Feasible set of technological schemes for RWSegsystis formed us-
ing a heuristic algorithm. At first we formulatelagonships between tech-
nological stages that allow to receive requiredewaiarameters, input and
output of the main equipment used at certain stdgés between current
and proceeding stages and other similar relatipsshithe form of rules.
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8.1. Fragment of a database for water preparation pcess

<3 Equipment | Technological| Probability of
8 Method Equipment reliability effectiveness,| fire/explosion
n (0...1) rank (0...10) (0...1)
Electro- APU-150 0.78 6.5 3.500*
chemical
Water King 1 0.68 52 2.610™
Acoustic T2 0.73 5.3 3.110™
Acoustic Ekoacoustic 0.7 5.3 3.000*
USP-300 0.63 4.8 2.710*
£ AktiIMAG
IS i
0.86 8.5 3.510*
£ | Magnetic TS156
9]
g
= Complexone -6 0.82 45 3.510*
Complexon ADK-08(07) 0.6 7.8 2.310*
e IZH-25 0.83 4.9 2.mo*
technology ™o ise -2 0.78 6.8 2.510°
Cation D-V4450 0.86 5.8 1.7110*
filters
Rosinka-5 0.80 8.5 2.5010™
EKM 0.85 7.9 2.310™
GMVB-10 0.79 8.7 2.410%
Coolers
VODEH-700 0.81 7.4 3.110*
= GM-2 0.84 7.9 2.200*
=
o
- Dual heat
% exchangers 084 83 2.7m10™
= OVE-25-03-13 0.79 7.9 2.610*
Ejection
Coolers ROSA 0.83 8.1 2.110*
pumps
c
8
S Centrifugal
L 0.82 6.0 4.810*
£ Pumps pumps
9]
g
Turbine pumps 0.81 6.0 45410
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Since dimension space of combination set does xu#esl 1000, and
taking into account high performance of modern qeat computers, the
solution can be obtained by exhaustive search girall possible combina-
tions of schemes.

8.1.2. Choice of equipment

The next step at synthesis of water preparatiogestdor RWS sys-
tems is calculation and choice of standard equiprsezes for a selected
technological scheme.

Most types of equipment have standardized sizgs ¢eoling towers,
pumps, etc.). Ejection coolers, dual heat exchanged heat pumps can be
manufactured according to individual orders.

This problem can be stated as follows: for eachestaf an auxiliary
parts of RWS system we have to find type of equipimiés geometric di-
mensions and quantity of each type that providenabfunctioning regime
of the whole system:

lopt = ArgMINQ, (r) (8.13)
rOR
subject to constraints:
Tou<T™, CyesC™ (8.14)

for the operator represented by a mathematical mofl@lecision-
making support for hardware design variants geiggrdbr an auxiliary part
of RWS system (8.4).

Components of the criterion are:

Nt Kl

Nt
Q=Y nogVP +3 > nist . (8.15)
1

i=! i=11=1

Mathematical model of decision making for hardwadesign selection
for specific equipment types includes formulaedalculation of equipment
volumes and parameters based on the notions shoyh + 9, etc.]. All
methods of calculation for certain equipment typésRWS system for
software design problem are presented as a basdoolation modules.

Since the number of standard sizes for each equiptype is not
large (for example, cooling towers "Rosinka" hawtydive sizes) it is ap-
propriate to use full exhaustive search for cakiofeof its required quanti-
ty. By doing so we achieved the global minimum educed 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) — (B\M:& have devel-
oped an information system which includes a damlbdgquipment used in
RWS systems and software that allows user to sefeoptimum scheme of
RWS system and equipment with necessary charaatsris

Automated synthesis procedure for a RWS system alfeamical en-
terprise was implemented at modernization of RW&esy of the public
corporation "Pigment" (Tambov). Based on the pregoapproach we se-
lected the scheme which includes the following popgnt: electrochemical
water purification apparatus "APA-150"; cooler Rdsi, centrifugal pump
150-125-315 with characteristics: (supply — 200rcd.h, pressure — 32 m,
with engine capacity of 30 kVt/1500), with initialater characteristics: pH —
7.8, chlorides 269 mg / |, sulphate — 332 mg Atdmess — 9.2 mEq / L, iron
—3.2mg /|, suspended solids — 16 mg / |, trarespey of — 20 cm.

The proposed procedure of automated synthesis afntdogical
scheme for recycling water supply system for a dbahenterprises using
the theory of expert systems allows to choose thst suitable water purifi-
cation system for specific conditions and critese&t by consumers under
conditions of large-scale dimension of variants.

Notations

C, ., Cor 1 C'™ — total concentration of contaminants in watethat

beginning and at the end of production cycle féarget product, and their
maximum allowed values;
F, — integral criterion for the w-th variant of RW¢stem;

G — water discharge;
K —set of variants for structural schemes of RWS syste

kopt — Optimal variant of technological scheme of an aaxjlipart of

RWS system;
m, — expenditure rate for materials needed for watanfication

process at the i-th stage of the k-th variant ofR¥ystem;
m, — expenditure norm of I-th material needed forewaturification

processes at the i-th stage;
N, — number of stages for the k-th variant of RWSeys

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-thysta
Ph, — static probability of fire (explosion) at thé¢hi-stage of the k-th

variant of CW system;
Pt; — probability of non-failure work of equipment ¢me i-th stage

of the k-th variant of CW system;
Q, Q, — criteria for selection problems for technologicaheme
structure and equipment for RWS system respectively
R —set of hardware design variants for RWS systemlianxipart;
I'opt — Optimal hardware design variant for RWS system;

Sk (G,my) — consolidated capital expenditures (cost of basit aux-

iliary equipment) for implementation of procességte i-th stage of the
k-th variant of RWS system;

Sk (G,m,) — consolidated operating expenses for implememtatf
processes at the i-th stage of the k-th variamR\WS system, including the
cost of expendable materials (complexones, eléstrietc.);

st — unit cost of the I-th type of expendable materia

Teq,; — technological effectiveness of water preparatiothe i-th stage
including: type of process and equipment with tbheresponding expenda-
ble materials;
T, T 1 T'™ — set of temperature levels at the beginning aritlea
end and maximum feasible value of the minimum tewdpee 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 ={k0pt; ropt} — an optimal variant;
a;,B; — coefficients reflecting dependence of equipnwodt at the

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

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

BOIIPOCEHI JJIs1 CAMOITPOBEPKH

1. Toyemy B HacToOsIIee BpEeMs B JUTEpPAType OCHOBHOC BHHUMAaHHE
yAeTSIeTCS BOIPOCaM, CBA3aHHBIM C pacuéTaMM ammapaTypHOTro odopmiie-
HUSI U3BECTHBIX TEXHOJIOIMYECKUX CXeM?
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2. Tlouemy 3amaya CUHTE3a CTAJMA BOJOMOATOTOBKH pa3OWBacTCsS Ha
ZIBE TIOA3a1a4n?

3. U3 xakux coobpakeHuil B 3a1aue POPMUPOBAHHS BApUAHTA CTPYK-
TYPBI TEXHOJOTUUECKON CXEMbI UCIIOIB3YETCSI MHTETPAILHBIN KPUTEPHiA?

4. Kakue METOIblI HCIIOJIB3YIOTCS TIPY 3alaHui BECOBBIX KOd(hdHIIN-
€HTOB JIJIsl OT/ICJIbHBIX KPUTEPUEB 3a]auu?

5. Kakue MeTO/1bI MOXHO HCIOJIB30BATh TIPH PEIICHUN 3aaYK CHHTE-
3a CTaIUH BOJOIOATOTOBKHA?
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Cepust: Texunueckue Hayku. — 2009. Ne 1(23). —C. 233 — 236.
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Teopetnueckrue OCHOBBI XuMmYeckor Texnomoruu. — 2003. —T. 27,Ne 3. —
C. 613 - 620.
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YEeCKHX MpeAnpustuid @ cmnpaBoynoe mocobue / B.C. IloHOMapeHKO,
H0.1. ApedbreB. —M. : Dueproatomusaar, 1998. — 37&

8. bemukos, C.E. Bogomnoaroroska : cnpaBounuk / C.E. benmukoBa. —
M. : AxBa-Tepm, 2007. — 24Q@.

9. HUeanos, B.I'. BogocHaOkeHHe NPOMBINUICHHBIX HPEANPUATHH /
B.I'. BanoB. —CII0. : ITetep6. roc. yH-T myTeit coobmienus, 2003. — 53%.

117



MaBa 9

KOMMNNEKC BUPTYANbHbIX TPEHAXEPOB Onsi
OBCINTYXUBAIOLLEINO NEPCOHAJIA CUCTEM
NnoAroToBkn n O4YUCTKU BOAbI

JIst TOCTMKEHUsI COBPEMEHHOTO YPOBHS KauecTBa BOJIBI, B CBSI3U C I10O-
BCEMECTHBIM 3arpsA3HEHHEM MCTOYHHKOB BOJOCHAOKEHMS (KAK ITOBEPXHOCT-
HBIX, TaK M MOJ3EMHBIX), OCTPO BCTAET MpobiieMa OYUCTKU BOAbL. OCHOBHBIM
HCTOYHHMKOM 3arpsi3HCHUH SKOJIOTHYCCKOW CHUCTEMBI SIBISIFOTCS HECOUHINCH-
HBIE WIIK [IOXO OYHMIIEHHbIE cToYHbIe BoabI [1]. Kak mpaBuito, Boma, mpenoc-
TaBJIIEMasl UTS MCIIOJIb30BAHMS, HC MOXET OBITh NMPHUMEHCHA U TCXHHYE-
CKUX IeJIiell WM OBITOBOTO WCIIONB30BaHMS O€3 CIICIUAIBHOW O0OpPabOTKH.
TpebyeMoe kauecTBO BOJBI MOXKET OBITh JOCTHUTHYTO MPH MPUMEHCHUU Pa3-
JIMYHBIX TEXHOJIOTMYECKUX CXEM IIOATOTOBKH W OYMCTKH BOABI [2].

B cBOO ouepepb HE MEHBIIYIO 3HAYNMOCTE MPHOOPETAET YCKOPCHHAS
1 3¢ exTUBHAS TOATOTOBKU KBAUTA(DUIIMPOBAHHBIX KaIPOB JIJIs YIPABICHUS
CHCTEMaMH TIOJTOTOBKH M OYHMCTKH BOIBI. Takoe MO0OKEHNE BEIIEH nemaeT
aKTyaabHON 3a7ady pa3pabOTKH KOMILICKCA BHPTYadbHBIX TPEHAKEPOB
U CHCTEM JJIsi OOYYCHHUS ONEpPaTOPOB HABHIKAM YIIPABICHHUS TCXHOJOTH-
YECKHMHU TIPOLIECCAMH DPA3IUYHBIX CTAJAWHA BOJOMONTOTOBKH W OYHCTKH
CTOYHBIX BOJI.

9.1. METO/JbI U AJIT'OPUTMBI PASPABOTKHN BUPTYAJIBHBIX
TPEHAXKEPOB CUCTEM INOATOTOBKY M OUMCTKU BOJbI

Pa3paboTka BUPTyalbHBIX MOJIENCH NEATCIFHOCTH OIepaTopa OcyIie-
CTBJISIETCSI HA OCHOBE METOIOB IKCIEPUMEHTAIBHOTO, MaTEMAaTHIECKOTO
MMUTAIMOHHOTO MOJICIIUPOBAHHS.

OpHoit U3 pa3HOBUAHOCTEN HKCIIEPUMEHTATIHLHOTO MOJICIIMPOBAHUS Aesi-
TEBHOCTH OTIepaTopa SBISETCS JIAOOPATOPHBIN IKCIIEPUMEHT, KOTOPBIH MO-
JKeT OBITh NBYX BHUJIOB. CHHTETHUECKHHU M aHanuTHieckuid. [lpu cuHTEeTHUE-
CKOM DKCIEPUMEHTE MCCIIEOBATENN MbITAIOTCS BOCHPOU3BECTH BO3MOXKHO
0oyiee TOYHO BCE I W YCIIOBHSI JAHHOTO BUAA TPYMOBOW NEATEIHLHOCTH.
[Ipy aHAMTHYECKOM JKCTIEPUMEHTE B JIA0OPATOPHBIX YCIOBHSIX BOCIPOM3-
BOJISIT TOJILKO KaKON-TO OJIMH 3JIEMEHT TPYAOBOH JEATEIBHOCTH, BCE OCTAITh-
HBIC AJIEMCHTHI TIPH 3TOM CO3HATEIIFHO MCKIIIOYAIOTCS. DTH BapUAHTHI MOJIC-
JIUPOBAHUS OTIEPATOPCKOM NEATETHHOCTH MOTYT OBITh NMPUMEHEHBI JIHIIH B
peaslbHO CYLIECTBYIONIMX cHcTeMax "dyeoBek-marimna" (CUM) win npu Ha-
JIUYUH UX MaKETOB, UMHTATOPOB, HCIBITATEIILHBIX CTCHIIOB.
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MateMaTHueCKOe MOACIHPOBAHUE MPUMEHSICTCS s (hopMaln30BaH-
HOTO OTMCAHWSA M TOCTPOCHHUS MATEMaTHYCCKUX MOJEICH AeATeIbHOCTH
omneparopa.

OCOOCHHO MIMPOKOE MPHMEHEHWE B IOCICAHEE BpeMs MPHOOpETaeT
COYETaHNE E€CTECTBEHHOTO IKCIEPHMMEHTa ¢ MAaTEMaTHYCCKUMH MOJCISIMHU
NIeSITETFHOCTH OTIepaTopa.

OnHako MEPEeYUCIICHHbIE BBIIIE METOJBl MOJIEIMPOBAHUS ONEpaTop-
CKOI1 IeATENFHOCTH HE MOTYT OBITh MCIOJH30BAaHBI ISl U3yUCHUS M aHAIIH-
3a JeSATeIbHOCTH oreparopa. Toraa moje3Hble pe3yabTaThl JaéT MpUMeHe-
HHE CTATHCTHYECKOTO MOJCITHPOBAHUS (MMHTAIIMOHHOTO MOJEIUPOBAHUS).
MeTox OCHOBaH Ha UMUTALMU BO3JCHCTBUS CITyYalHBIX (PaKTOPOB HA Aes-
TeNBHOCTh omeparopa W ¢yHkmuonupoBanue CUM HemocpeacTBEHHO B
X0ZI€ MOJICITUPOBAHHS.

0O030p METOJOB MOJCIHPOBAHUS NEATCILHOCTH YeIOBEKa-omeparopa
MoKa3all, YTo MpH pa3pabdOTKe BUPTYaJIbHBIX TPEHAXEPOB I O0ydeHHS U
TPEHHWHTA OIEPATOPOB CHCTEM IIOATOTOBKH M OYMCTKH BOJBI, Hanboiee
LEJIECO00Pa3HBIM SIBIISICTCSI PUMEHEHHE METOIOB UMHTAIIHOHHOTO MOJIC-
JIUPOBaHUS.

AJNTOPUTM NPOEKTUPOBAHUS BHPTYAILHOTO TPECHAKEPHOTO KOMILIEKCA
BKITIOYAET CJICAYIOUIUE MPOIECCH: pa3padOTKa CTPYKTYPHl BHPTYabHOTO
TpEeHXKEPHOTO KOMIUIEKCA; aHalN3 HOPMATUBHOM NTOKyMEHTAallUH, pa3pa-
00TKa TIepeHel MaHean TpeHKEPa, pa3paboTka MaTeMaTHIECKOW MOJIEIH
JIESITEFHOCTH OlepaTopa, pa3paboTka OCHOBHBIX MOIYJEH TpeHaKEPHOTO
KOMILIEKCa.

9.2.MOJIEJIb AEATEJIBHOCTU OIIEPATOPA

BaxHyo poJib npu pa3paboTke TpeHaKEPHOTO KOMILIEKCa UrpaeT Mo-
JIelb JICSITENIbHOCTH YeJIOBEKa-0lepaTopa, KOTOPylo Heo0X0auMo pa3pado-
TaTh emié HA CTAJANU MPOCKTUPOBAHUS TEXHUYCCKON CUCTEMEI.

Jlns ommcaHds MaTeMaTHYECKOW MOJENU Hcronb3yercs rpad (4, B)
(puc. 9.1).TIpumenenue rpada MO3BOIAET HATIBIAHO WILTFOCTPHPOBATH MO~
CJIeIOBATENILHOCTD AEATENbHOCTH omeparopa. PaccMorpum mpornecce ¢op-
MHUPOBaHHS MaTEMaTHYECKOH MOJENM JESATENBHOCTH YeJ0BeKa-ornepaTopa
Ha CJEAYIOLEM IpUMepe. IyCTh MPOU3BOJICTBEHHAS JEITEILHOCTh OMHUCHI-
BaeT rpad, Kaxaoi BepurHe rpada (MHOKECTBO A) CTABUTCS B COOTBETCT-
BUE TMPOAYKIIMOHHOE NPaBHJIO BHUIA: eCau yciosue, mo oelicmsue, uHaie
Oeticmeue (1abn. 9.2), a nyre (MHOKECTBO B) COBOKYIIHOCTH JICHCTBHIA,
KOTOpbIE HEOOXOAMMBI Ul IIEPEeX0Jia M3 OJHOTO COCTOSIHUSI B IPyroe
(tabm. 9.3). CooTBeTcTBUSI 0003HAUCHHUIT HIIEMEHTOB Ha MYJIBTE OMEPaTopa
1 0003HaYEHUIH MaTeMaTHYECKOH MOJIENTH pUBeIeHbI B Ta0ur. 9.1.
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9.1. CooTBeTcTBHS 0003HAYEHHS )JIeMEHTOB Ha MyJIbTE ONepaTopa u
0003HaYeHHS 3JIeMEHTOB MaTeMaTHYeCKOoi MoJeIn

OnemeHT Ob6o3HaueHne OnemeHt O6o3HaueHue
S Tepmomerp Z3 | 3amopHas apmarypa K1
S Hacoc H1 Z, |3amopnas apmarypa K2, K3
S |Hacoc H2 Zs  |3amopuas apmarypa K5, K6
S Hacoc H3 Zs |Ilomaua pactBopa [TAA
S Hacoc H4 Z; | 3amopHas apmarypa K7
JlaTuuk pacxona pacTBopa
S KoarynsTa Zg |3amopnas apmarypa K8, K9
S JlaTyuk pacxoza BOAbL Zy  |3amopnas apmarypa K11,K12
S | Harunk pacxona pactopa [TAA Zyo |3anopnas apmatypa K 10
S Taiimep Zy; |3anopnas apmatypa I13
z Perynsrop temnepatypsl
' |mapoBoro nonorpesarens
9.2. IIpoayKIUMOHHBIE MPABHJIA
Bepumna IIponykuuonHoe Bepumna IponykuuonHoe
rpada TIPaBUIIO rpada TIPaBUIIO
A1 |ECIIM S < 20TO B? Ay ECJIN S =0u$=2TO B
. ECJIM 10 000 <S; < ;
A, < 25 000TO Bg As ECIIN§=0TO B,
43 | ECIMS,=0TOBS As ECJIN S, =0 TO B}
A" |ECIIM S;=0TOBS...
y ITomaua ocBeTIEHHOIT BOJBI HA
8 JanbHEHIIyI0 00paboTKy
9.3. CoBokymHOCTB JAeiicTBU
Pebpo C . . Pebpo C . .
rpa(i)a OBOKYINHOCTbH ACUCTBUH rpaq)a OBOKYINHOCTb ACUCTBUH
B? 2,=1,2,=0 By | Zu=1S=(0250357=0
Bg Z,=1;%=(2,7,6,8)Z,=0 BZ Z;=1;Z3=1,72;=0;Z3=0
BY | Z3=1;25=1;23=0;Zs=0 | B} Z;=1,29=1;Z,=0;Z4=0
B, | Z=1,Z=12=0,2=0
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Jis peanmuzanuu TpeHaXEPOB BBEIOpaHA cpela MPOrPaMMHPOBAHUS
LabVIEW 7.0. LabVIEW —510 cpena paspaboTku u ruiardopma Ui BbI-
MOJIHEHHS IPOTPaMM, CO3JaHHBIX Ha TPa(UUecKOM SI3bIKE MPOrpaMMUpPOBa-
nusg "G" ¢upmer National Instruments [8]EE npumeneHHe 00yCIOBIEHO
BO3MOXKHOCTBIO MOYTH MOJHOW UMUTALIMH PEabHOW MAaHeNH IyJIbTa yIpaB-
JICHUSI orieparopa, KOM(POPTHOCTBIO Cpelibl Pa3padOTKH U COBMECTUMOCTBIO
C COBPEMEHHBIMH SI3bIKAMH [IPOTPAMMHUPOBAHUSI, JOCTYITHOCTHIO.

B cOOTBETCTBUH C METOOJOTHUCCKUMHI OCHOBaMH pPa3pabOTKH BUP-
TyaJbHBIX MOJIENIEH TEXHUUECKHUX CHCTEeM [3 — 7] B pamMKax JdaHHO# paboThI
OBLT pa3paboTaH KOMIUICKC BUPTYaJbHBIX TPCHAXEPOB MO OTPAOOTKE ACH-
CTBHII omepaTopa, KOTOPEIH pacCMOTPUM Ha MPUMEPE MOCIEI0BATEIFHOTO
BBITIOJIHEHHST CTaJUil TpeIBapUTENLHON 00pabOTKH BOABI (MPEJOUUCTKH)
MO0 CXeMe KOaryJsilus B OCBETIUTEIE C JIO3MPOBKOW IMOIHAKpPHIAMHU/IA
(TTAA) (puc. 9.2)u GHOIOrHYeCKON OUUCTKH CTOYHOM Boasl (puc. 9.3).

Pa3paboTaHHble TPEHAKEPHI SBISIOTCSI CTATHYECKUMH, T.€. B HUX OT-
CYTCTBYIOT (DU3UKO-MaTEeMaTHYECKUE MOJIENHN TPOIECCOB, MPOUCXOSIUX B
000pYIOBaHUH, HO NEMOHCTPUPYETCS OMPEIACIEHHBI TOPSIOK JCHCTBHI
orepaTopoB. Tak e B HUX MPEICTABICHBI OCHOBHBIC ammapaThl, MPUOOPHI
U OpraHbl YIPABICHHUS.

OCHOBHOW 3ajjaucii paccCMaTpPUBaeMbIX TPECHAXKEPOB SABISICTCS UMHTA-
WS TIpOIIecca YIPABICHUS U B3aUMOJICHCTBHS MEXKIy CTAIUSIMU HA TIPUME-
pe TpenBapuTebHOW 00paboTKU BOBI IO cxeme "Koarymsamus B OCBETIIH-
TeNe ¢ JAO3UPOBKOM MOJMAKpWiIaMuaa", a TaKKe OMOIOTHYECKOW OYHCTKH
CTOYHBIX BOJI, PACIIOJIOKCHHBIX HAa OYHUCTHBIX KOMMYHAJIBHBIX CHCTEMAax
(OKC). K QpyHKIMAM JaHHOTO KOMIUIEKCA BUPTYaJIbHBEIX TPEHAKEPOB MOXK-
HO OTHECTH:

— oTpaboTKa AEHCTBUIl ONepaTopoOB B PA3IMYHBIX YCIOBHAX (YHKIIAO-
HUPOBaHHsSI OYUCTHOTO 00OPYIOBAHUS;

— 00yueHHe OMepaTopoB MOCICJOBATEIbHOCTH ACHCTBUI Ui TOCTH-
JKEHUsI 33JaHHOTO YPOBHS OYMCTKH CTOYHOI MM 00pabaThiBaeMoil BOJIBI;

— IpUOOpPETCHHE OTIepaToOpaMu MPEACTABICHUI O MEXaHU3ME PabOThI
OYHCTHOTO U BOJIOTIOATOTOBHUTEIEHOTO 000PYIOBAHUS,

— OTCIIeXKHMBaHHE 3HAYCHUN Temreparypbl, pH u Ipyrux xapakrepu-
CTHK, TO3BOJIIONINX OMEPaTOPy YOSIUTHCSA B PEKUME HOPMAILHOTO MPOTE-
KaHUs MPOLEcca OYUCTKH;

— MIOJTyYeHUE OIepaTopaMy TpaguuecKoro OTOOpaKCHHs 3aBUCUMO-
creit (Hampumep, 3aBUCHMOCTH CYTOYHOTO MPUTOKa CTOYHOMN BOMIBI OT Bpe-
MEHH, T03BOJISIOLIEH OTCICIUTh MOCTYIUICHHUSI CTOYHOW BOJIBI Ha COOpYIKe-
uust OKC).

K BO3MOXHOCTSIM BBIIICYITOMSHYTBIX BHPTYalbHBIX TPEHAKEPOB
MOIKHO OTHECTH CJIEIYIOIIHUE:

— BO3MOXHOCTh MPOPadOTaTh pa3IMYHBIC BapHAHTHI IPOXOXKICHHS
HCCIICAYEMOH BOBI 110 HMEIOIMMCS CTAIUSIM OYUCTKH;
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— MCTOJIb30BaHue (Ha mpuMepe OHOJIOTHYECKOH OUUCTKU) BO3MOXKHO-
CTH TIOJJAYU CTOYHOM BOJBI HA MapajlIeIbHO PabOTAIOIIYI0O OYepEb OUUCT-
HOTO 000pyIOBaHMsI OOJNBIIETO 00BEMA, B CiIydae MPEBBIMICHHUS JTOITYCTH-
MOTO YpoBHS 00BEMa a’dpOTEHKA MM HEOOXOIWMOCTH TOBBIMICHHS JIITH-
TEIBHOCTH TPOIIECCa adpalliy B a9POTCHKE;

— BOBMOJKHOCTD (Ha TIpuMepe TpeBapHUTeIsHOM 00paGOTKH BOIBI) BBI-
6opa OIHOTO W3 BO3SMOJKHBIX MpEAaraéMbIX PacTBOPOB KOATYJISAHTOB, pa3-
JINYHOTO MPOIICHTHOTO COJEPKAHUSI, TIPH JAHHBIX KOHKPETHBIX YCIIOBUSAX;

— BO3MOXHOCTb PYYHOTO U aBTOMATHYECKOTO YIIPaBICHHUS,

— BO3MOXHOCTb MOJEITUPOBAHUSA M OTPAOOTKH aBapHUHHBIX CUTYaIHi
u 1p. [9].

PaccmorpuM monpoOHee (QYHKIMOHATBHBIE BO3MOXKHOCTH ITaHENCH
TPEHaXEPOB.

9.3. TPEHAXEP OIIEPATOPA CUCTEMBI
IMMPEABAPUTEJIBHON OBPABOTKI BO/IbI

IMocne 3amycka TpeHak€pa MpeaBapUTEIBLHON 00paOOTKHM BOIBI Ha
9KpaHe MOSIBIISIETCS ero mepenuss maHenb (puc. 9.2) tpeHaxképa, KoTOpas
COCTOUT W3 JBYX oOsacteii: "Pabouee mecto omeparopa’ u "Bcemomora-
TeJNbHAs TTaHeNb" .

B ob6nactu "Pabouee mecTo orneparopa” npeacTaBieHbl OCHOBHBIE arl-
maparbl (0akd ¢ pacTBOpOM Koaryisiuta W ITAA, OCBETIMTENb W T.JI.) U
MIpUOOPHI, PETHCTPUPYIOMINE HUCCIEAYeMbIe TTapaMeTPhl TEXHOJIOTHYECKOTO
mpoliecca mpeaBapuTenbHONH 00paboTky Boabl. Hapsimy ¢ 3TuM Ha maHenn
TpeHaxEépa pasMeIeHsl TPyOOIpoBOAEl C KJIAIaHAMH, HACOCHI, 3aIBIKKH
OTKPBITHS/3aKPBITHS KIIANIAHOB, MHAWKATOPHI UIT OTOOPaKEHUS: TeMIiepa-
TYpBI, pacxosa 00pabaTeIBacMOii BOJIBI, pacxona koaryisara u [TAA, nas-
JICHHS B BO3YIIHBIX KOJITAKaX W TPYOOMpPOBOJAX, a TAKXKE TaiiMep, CHTHa-
JTU3UPYIOMNH 0 HaYalle TTOAaYl PearcHTOB.

BcrniomorarenbHast maHeb COCTOMT U3 TPEX obiacTeil: manenu "Brioop
koaryisHTa", maHenu "Tloka3ateny UCXOMHOW W OCBETIEHHON BOABI U JUa-
TpaMMBl, HIUTIOCTPHUPYIOIIEH coep kaHIe B3BEIICHHBIX YaCTHI] BO BPEMEHH.

[Tanens "Bpi6op koaryisHTa" MO3BOJISIET BHIOpATh OAWH M3 BO3MOX-
HBIX TpEJIaracMbIX PAaCTBOPOB KOATYISHTOB, Pa3JIMYHOTO MPOICHTHOTO
CoNlepKaHMs TPH TAHHBIX KOHKPETHBIX ycioBusAX. HambGompmiee pacmpo-
CTpaHCHHE TP KOATYJSAIMH TONYYWI CEpHOKHCIBIN aTIOMHHHUH, OIHAKO
ero mpUMEHEHHe orpaHmuyuBactcs pH oOpabateiBacmoii Bomer 6,5...7,5.
CepHOKHCIIOE WK XJIOPHOE JKeJle30 JO0IMycKaeT Koyiebanne BennduHsl pH B
npexaenax 4...10. [IpoueHTHOE cofepkaHUe PacTBOpa 3aBHCUT OT KOHIIEH-
Tpanuu pacTBOPEHHBIX BEUICCTB B 00padaThIBaMOil BOJIC.

ITanens "Tlokazarenu MCXOMHON M OCBETIEHHOW BOABIT OTOOpaskaeT
CIEIYIONINE XapaKTEPUCTUKU 00padaThiBAEMOM BOJBI: COJCPXKAHUC B3BE-
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eHHbIX yactun (Mr/in), pH, kapOoHaTHY0 KECTKOCTH (Mr-9KB/IT), TeMmepa-
Typy (°C) COOTBETCTBEHHO ISl UCXOIHOM U OCBETIEHHON BOJIBI.

[pu HenpaBWIBHBIX ICHCTBHUIX orepaTopa (HarmpuMmep, eCiid pacTBOP
koarymsiHTa Wi [TAA mepenuT) Ha MepelHIO MaHeNlb BBIBOJIHUTCS CO00-
meHne 00 ommoKe. ITo ke COOOIIEeHNE 3aMUChIBacTCsl B (haiiil, a HeBEpHBIM
napameTrpaM NpUCBanBaeTCsl HEOOXOAMMOe 3HaueHHE U paboTy ¢ TpeHaxE-
POM MO’KHO NPOIOJDKATh AajblIe.

ITanens "KoHIeHTpaIus B3BEIICHHBIX BEIIECTB" OTpa)kaeT CoJIepika-
HHE B3BEIICHHBIX BEIICCTB B 00padaThIBa€MO BOJE BO BPEMEHH H T03BO-
JSIET OTCIIEKHUBATH PPEKTUBHOCTH OCBETICHUS.

[Ipu ynpaBlieHUH MPOLIECCOM IpeIBapUTEIbHON 00pabOTKH BOJIBI He-
00XOIMMO PYKOBOJCTBOBATHCSI PErNIAMEHTOM U HCIOJb30BaTh KHOIKH WU
CpENCTBa YIPAaBJICHUS, PACIIONOKEHHEBIE B 001acTu "Pabouee Mecto omepa-
Topa" u "BcnomorarenbHasi maHemb" .

9.4, TPEHA)I(E? OIIEPATOPA CUCTEMBI
BUOJIOTUYECKOHN OYNUCTKU CTOUYHOU BO/IbI

Ilepennssi maHenb TpeHaxEpa ormepaTopa OHOJOTHIECKOW OYUCTKH
(puc. 9.3)coctouT u3 Tpéx obnacreil: manenu "Pabouee MecTo omeparopa U
MyJIbT TpeHaxEpa", maHenu " AHaJM3UpyeMble ITOoKa3aTesiu' | MaHeIH, 0TOo-
Opakaromie CyTOYHBIN MPUTOK UCCIICTyEMOH BOJIBI.

B o6nactu "PaGodee mecTo ormepaTtopa W MyJbT TpeHaxépa' n3o0pa-
’KEHbl OCHOBHBIC OYHCTHBIC COOpPYXEHHs (MEPBHYHBIA OTCTOWHHK, a3po-
TEHK, BTOPHYHBIN OTCTOWHHK, BO3IYXOAYBKa M T.I.), BBITIOJHSIOIIHE MO-
CJIEIOBATENILHYIO OYUCTKY CTOYHOM BOJBI, @ TakKe MPUOOPHI KOHTPOJIS U
YIPaBJICHUS] COCTOSTHUEM OYHIIaeMOoi BOb! (TepMoMmeTprl, pH mMeTpsl, pac-
XOJIOMEPHI, YPOBHEMEPHI | JIP.)

ITanens "CyTo4HBIH MPUTOK" OTpaXkaeT Pacxo]l MOCTYIAIOMEHR CTOoY-
HOH BOJIBI OT BPEMEHH 3a OIpeAeEHHbIi nepruos, Hanpumep, 06.01.2010
07.01.2010.

Ianens "AHanmu3supyeMble IOKa3aTedH' BKIFOYAeT TpH o0jactd (mo-
CTyMaroIas BoJa, MOCIe IIEPBOr0 OTCTOMHUKA, TOCIE BTOPOrO OTCTOWHHUKA).
Curyarn 1...4 MOZIENTMPYIOT pa3inyHbIe BapHaHThI COAEPIKaHMs HCCIeaye-
MbIX napaMeTpoB (BIIKs,.q.r, B3BEIICHHBIE BELIECTBA, HOHBI aMMOHHS, (OC-
dbater) B Bome. OnepaTop AOMKEH ObITh 03HAKOMJICH C AOMYCTHMBIMHU 3Haue-
HUSMH aHAJM3UPYEMBIX TIOKa3aTeled ¥, B 3aBHCUMOCTH OT BBIOPaHHOW CH-
Tyaluy Ha TaHeTW " AHalIu3upyeMble MoKa3aTeny’, MPUHUMATh BEpHBIE pe-
mieHusi. Hanpumep, ecnu XoTss Obl OJMH W3 aHAIM3HUPYEMBIX MapaMeTpoOB
TPEBBIMIAET AOIyCTHMOE 3HAueHHE, HEOOXOAMMO MPOIUIUThH IMpOLECC aj’pa-
LMY B @3POTEHKE WIIK OTBECTH YacTh BOJIBI HA COCEIHIOI0 OYepe/lb.

KoMmruieke BHPTYaJbHBIX TPEHaXKEPOB TaKKe BKIIIOYACT. OIMHKCAHHUE
TEXHOJIOTMYECKHUX ITIPOLECCOB; PYKOBOJCTBO MOJB30BATEIIS; KOHTPOJBHBIE

126



TECTHI JJI CAMOCTOSITENIbHOW MpeIBapUTEIbHON MPOBEPKH 3HAHUIT 0OCITy-
’KUBAIOIIETO MEPCOHANA; MYJIbTUMEAMIHBIC PONUKH, IEMOHCTPUPYIOIINE B
IMHAMHKE MPOLECC PaboThl OMEpaTOPOB, COMPOBOKIACMBIC 3BYKOBBIMH H
TEKCTOBBIMH KOMMeHTapusiMu. CleayeT OTMETHTh, YTO HaHHBIC POJUKH
MOKa3bIBAIOT TOJBKO OCHOBHBIC NPHHIHUIBI YIIPABICHUS CHCTEMaMH 0o0pa-
OOTKM W OYHMCTKH BOABI. BUpTyasbHbIE TPEHAXKEPH! HCTIONB3YIOTCS B yueh-
HOM IIPOLIECCE MPH IOATOTOBKE CIICHUATNCTOB-HHXCHEPOB TEXHUIECKOTO
npodust [10 — 11].

Peanu3yst METOOIOTHYECKHE OCHOBBI Pa3pabOTKH BHUPTYAIBHBIX MO-
nerell TexHuueckux cucteM [3], ObUT cO3MaH KOMIUIEKC BUPTYaIbHBIX Tpe-
HaxEPOB, MPOJCMOHCTPUPOBAHHBIA HA HpPHMEpPE CHUCTEM MOIATOTOBKH H
OYKCTKH BOJBI, KOTOPBIl CIOCOOCTBYET (OPMHPOBAHHIO Y OINEPAaTOPOB
MPaKTHYECKUX HABBIKOB U YMEHHI MPUHATHS U BBIMOJIHEHUS PEIICHHUI MO
YIPABICHUIO TEXHOJOTHYCCKUMHU MPOLECCAMHU CTAAUH BOAOMOATOTOBKH H
OYKCTKH CTOYHBIX BOJ, & TAK)XE IMO3BOJISICT CBECTH K MHHUMYMY OLIHOKH
OIIepPaTOPOB IPH YIPABICHUH PeaJbHBIMH 00BEKTaMH.

BOITPOCHI AJIs1 CAMOITPOBEPKI

1. Jlng xakmx Iejeidl MCTIOJB3YIOTCS BHPTYyalbHBIE TPEHAXKEPHI MPHU
IKCIUTyaTal[ii TEXHUIECKUX CUCTEM?

2. Kakue MeToapl MOJEIMPOBAHUS HCIIOJIB3YIOTCS NpU pa3paboTke
BUPTYAJIBHBIX MOZENIEH NIesITeIbHOCTH orieparopa’?

3. B kakoM Buzme MOXET OBITH NpEACTaBICHA MaTeMaTH4ecKas Mo-
JIeNb JesITeNIbHOCTH oneparopa’?

4. Kakas cpea nporpaMMUpPOBaHUSI MOXET OBITH HCIIOJIb30BaHA TPHU
pa3paboTke TpeHAKEPOB?

5. HazoBute ocHOBHBIE (PYHKINN BHUPTYaIbHBIX TPEHAKEPOB CHCTEM
MOJITOTOBKH M OYUCTKHU BOJIBI?

CIIMCOK JIUTEPATYPHI K I'JIABE 9

1. HemtunHoB, B.A. MHpOopMalmoHHBIH aHaIW3 W MOICIMPOBAHUE
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WznarenscTBo Mammuoctpoenue, 2005, — 112,

2. TexHONOTHS aBTOMAaTH3UPOBAHHOTO CHHTE3a CUCTEMBI 00OPOTHOTO
BOJOCHa0XeHUsT XuMuueckoro npennpustus / B.A. Hemtunos, 10.B. Hem-
tiHOBa, A.B. Canymiesa, E.C. Eropos // Becthuk Tam00BcKoro rocymapcr-
BEHHOT'O TeXHHWYecKoro yHusepcurera. — 2011, —-T. 17,Ne 1. —C. 6 — 16.
(cT. Ha aHTIIL S3BIKE).

3. Merozbl U aNrOpUTMBI CO3JaHUS BUPTYaIbHBIX MOJEIEH XUMHKO-
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5. Haterpamus BUpTyaIbHBIX TPEHAXEPOB B MpoIlecC 0OyIEHUS OTIe-
paToOpOB TEXHHYECKUX CHCTEM C HCITOJb30BaHMEM MHTEepHET-TeXHOMOTHi /
M.H. Kpacusuckuit, C.B. Kapnymkun, J[.JI. Jenos, A. Octpoyx // duc-
TaHIMOHHOE U BUpTyaJbHOE o0yueHue. — 2010. Ne 7. —C. 38 — 49.

6. Kpacusuckuii, M.H. [IpumeHenre BUPTYaJIbHBIX TPEHAXKEPOB IS
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HBIMH BOJHBIMH pecypcaMu TpombiinieHHoro y3ina / A.H. Bacuibes,
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MaBa 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 praodmgbrocesses in
various industries were carried out. In 1980-198@wputers became availa-
ble and widespread, which caused rapid developofeatitomated manage-
ment systems of technological processes. Nowadays s/stems are widely
applied at the automated assembly (automobiletrefgc industry, etc.), and
for the control of technological processes at chah@nd power enterprises.

Modern chemical industry actively uses systemsutbraated control
over technological processes, considerably impgptie quality of products,
as well as giving its employees convenient and lginmpuse tools to control
technological processes and prevent extraordinaayeatreme situations. No
doubt, in order to use such systems the persohnaldshave certain training.
Thus, it is necessary to create the simulatorgnddd to give students of
chemical technology type and chemical enterprisgsi@yees an opportunity
of practicing and improving their professional kkib use the systems of the
automated control and management of technologicakgses.

Today there is plenty of software intended forrtirag the personnel of
industrial enterprises — simulators, programsdstihg and so on. Introduc-
tion of such software packages at the enterprisesahe quality of person-
nel training and contributes to the formation aflskit should be noted that
computer-aided training involves the use of visoathods; besides, it is
very convenient and easy to use. Simulators andintaprograms have
become very popular in chemical and power indusiiace the employees
at these kinds of enterprises quite often use reroohbtrols in their work;
these operations can be easily performed by mdgregrams-simulators.

Besides, application of programs-simulators seentgetquite promis-
ing in training students at higher educationaliinsbons of chemical tech-
nology type. It is very important for the studetshave both theoretical
knowledge and practical skills necessary for tHatem to certain industri-
al tasks. It can be achieved through applicatiosystems simulating the
work of particular technological lines. Thus, twoads are achieved: on the
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one hand, students have deeper understanding oftticked material as
representation of devices performance in dynansickeiquently more in-
formative than text descriptions and static illatre materials; on the other
hand, students have an opportunity to get pracsiidls necessary for their
further work, without the necessity of using requi@gment which is quite
often unavailable, or its use is connected with esdfifficulties. It is ob-
vious, that in such cases the use of simulatorgragtically, a unique way
to give students the necessary knowledge and .skills

A long-range direction in creation of computer-gideaining systems
for chemical enterprises employees and studentsroésponding specialties
is the use of SCADA-system as realization mediurith\its help it is possi-
ble to create simulators, interaction with whiclmgtetely simulates the work
at a control panel at the real manufacturing erspquipped with a similar
system. It allows the trainee to receive skillapiany respects similar to prac-
tical work at the plant. Another advantage of SCAB/tems for the creation
of simulators is that nearly all the basic netwatorts are integrated into the
systems of this class, including TCP/IP that erslbtecreate 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 psegsipment” of
Tambov State Technical University is engaged indbeelopment of the
automated system for of education and trainindghefstudents of the specia-
lization “Flexible automated systems in technolofynachines and devices
of chemical production” and the personnel of “Pigifieolc, Tambov. The
given system is developed on the basid @thVIEW programming media
made by the compariyational Instruments

The developed system includes the following comptsie

1. The virtual simulator of a workstation of theeogtor, controlling
the work of pigment-making device.

2. The module of trainee testing, providing the Wlealge check of
simulated technological processes and chemicahtdogies as a whole.

3. The help system including the description ofudated production
technology.

The training module represents a set of virtualstaveated in Lab-
VIEW system. It consists of two basic componentsinaulator intended for
practicing actions in case of emergency, and alsiimuimitating the regu-
lar work of the technological circuit.
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The simulator “PLAS-T” (fig. 10.1) represents thigual tool intended for
improvement of personnel actions in case of emesg@neated on the basis of
the existing Plan of Emergency Localization (PEL}he plant specialized in
production of monometylaniline at “Pigment” plc, Mibov. It represents a
complex including the forward panel, the panel cdliminary adjustments,
subsystems of answers’ processing and those ofgessults output.

The basic features of system “PLAS-T” are:

- Conformity of the skills formed via the simulatdo, the skills ob-
tained through working life (it is ensured by tlaetf that the simulator is
based on the existing PEL which is the basic doctimeggulating the beha-
vior of people in charge if the emergency occurs), ahus, it secures the
identity between the actions which operator isg#dito take in case of real
failure and those which he does while being traimedhe simulator;

— Inhibition of the skills giving a negative effecthen put into real
conditions as the trainee learns about the mistakbe wrong answer thus
helping them to avoid a similar mistake in furthesting;

— An opportunity to vary testing conditions; it issemed by two time
modes of testing and the opportunity to chooseagesbf technological
process, its conditions and type of emergency;

- Registration of the results required for furthealgsis; these are pre-
sented inside the program in the form of a chartviig correct and incorrect
answers, and as an external file containing compidrmation on testing;

— Methodical purposefulness of the simulator covertigpossible
variants of emergency occurrence and developmestiadated in PEL and
a set of the exercises for students.

The second component of the training module isThaining-K” sys-
tem simulating control panels of combined techniglagcircuits (for ex-
ample, production of a vinous pigment and a redn@) dfig. 10.2). The
simulator is based on working modes of productsufaaturing. The con-
trols are located on the forward panel of the sata| enabling to supervise
the movement of working media along the circuig thork of mixing de-
vices drives, and also the indicators of mediunellénr the devices. With
the help of this simulator the trainee has an oty to receive skills of
control over real technological system without gdiine real equipment.

The important feature of the given simulator is tpgortunity to do
personnel training and testing remotely throligiernet with the help of a
usual Internet-browser without installation of theditional software. For
this purpose the Internet-page is created; it bastantly updated image of
the forward panel of the simulator on which thevaczones corresponding
to its controls are marked. Pressing these zontsthe help of a cgi-script
turns into signals, which influence the simulator.
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10.3. THE COMPLEX OF VIRTUAL SIMULATORS FOR CHEMICIA
TECHNOLOGY SYSTEMS OPERATORS

A number of training modules forming “The complevirtual simu-
lators for chemical technology systems operatoes’ehbeen developed by
students of department CDPE of TSTU on the basikefechnique devel-
oped during the creation of the described traimmggules, which you can
find at http://www.170514.tstu.ru/tren/index.htrfig( 10.3) is developed.

The testing module is created on the basis of “Kladge control sys-
tem Knost 1.0.4.”(www.scorp.ru), designed for theation of electronic
tests, testing and viewing of its results. Theaystonsists of two modules:
"Knowledge Control: Testing" (knosttester.exe) dithowledge Control:
Administrator" (knostadmin.exe).

With help of administrator module it is possiblecteate tests and car-
ry out the remote testing on a local network. Téwt treated in the system
Knost, represents a set of questions and sevetiahts of answers to each
guestion. Each question may have an image in .lnmpatt, stored in a test
file. Besides, each question has the so-called maxi point received for
the correct answer. Thus, it is possible to idgntife complexity of the
guestion and its effect on the total score.

The set of questions together with the varianthefanswers covering
both general knowledge of chemical production tetdgy and the particu-
lar production process presented in the moduledeed in the test file.
When the test is over the file is created; its na@mtains the initials of the
student who has completed the test, and the fittheotest itself. This file
can be viewed only with the help of the program &itedge Control:
Administrator”. The score file contains the followgiinformation: the title
of the test and the student’s surname, the numbguestions, correct and
wrong answers, factor of knowledge and a mark gaesording to a five-
point scale. Besides, the examiner can look thrahghanswers given by
the student.

In addition to training and testing modules theicture of information
system for training chemical enterprises employieekides the help sys-
tem. It contains the descriptions of technologmalcesses used in the train-
ing module, and also the user's guide for traimmaglules, created with the
help of Macromedia Captivate system and represgmtiteractive demon-
stration of simulator’s opportunities, its contralsd principles of work.
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The result of the represented work is the complestesn which con-
tains the testing module for high schools students chemical enterprises
employees intended to identify the level of knowgedof technological
processes and the training module which enablésctease considerably
the quality of training and retraining of personrelachieve deeper under-
standing of work principles of the studied equipmaime application of the
given system makes it possible to do practicalselageaching students
skills required at chemical enterprises, thus pgliogether university edu-
cation and real production. The other importantavé application of the
given system is training and retraining of chemieaterprises personnel,
revealing the degree of their readiness to varsiusitions, including cases
of emergency.

BOITPOCHI AJIS1 CAMOITPOBEPKI

1. KaxoBa HE0OXOJMMOCTh IIPUMEHEHUS BUPTYaJIbHBIX TPEHAKEPOB B
XUMHYECKOI POMBIIUICHHOCTH?

2. Kakne KOMIIOHEHTHI BXOIAT B COCTaB aBTOMAaTH3UPOBAHHOH CHC-
TeMbI 00y4EeHHUS U TPEHUHTA CTYACHTOB?

3. Ilepeuncnure ocHOBHBIE 0OcOOeHHOCTH cucteMbl "PLAS-T".

4. Kakoe mporpaMMHOe oOecliedeHre HCITOJIb3YeTCsl TP pa3paboTke
npuBeEHHBIX B TaBe 10 BUpTyallbHBIX TPEHAXKEPOB?

5. C nomomipro 4ero ocymecTBisieTcs 0ToOpakeHHe nepeaneil naxe-
T BUPTYyaJILHOTO TpeHaxépa B HTepHET-Opay3epe monp30BaTens?

CIIMCOK JIMTEPATYPHI K T'JIABE 10

1. Kapnywkun, C.B. IlpumeHeHne BHPTyaJbHBIX TPEHaXXEPOB IS
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KBaJIM(HUKALMU [IepcoHata XuMuueckux npeanpusrtuii / C.B. Kapnymikus,
M.H. Kpacusiackuii, }0.B. Yaykun // Otkpertoe obpasosanune. — 2005, —
Ne 6. —C. 51 — 54, 96.

2. Application of virtual simulators for training stedts of the
chemical technology type and improvement of proéess skills of chemi-
cal enterprises personnel / M.N. Krasnyansky, Bvdlygin, S.V. Kar-
pushkin, Y.V. Chaukin, A.V. Ostroukh Bectauk TamboBckoro rocyaap-
CTBCHHOTO TEXHHYECKOTO yHHBepcutera. — Tam6oB, 2007, —T. 13,Ne 1B. —
C. 233 - 238.
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MaBsall

TECHNOLOGY OF CREATION OF THE ELECTRONIC
MULTI-PURPOSE DATABANK

Computers and information technology are well dithéd in various
areas of modern life. These technologies are adsal in education. Elec-
tronic textbooks, multimedia aids developed andluserywhere. Another
equally important trend among electronic educatiaaaources is the de-
velopment of the electronic databanks of the eqaimm

Study of various technical disciplines, as welltlaes work of special-
ists of various levels requires a large amountefdérence materials. Using
electronic databanks does work with a lot of thetemial faster and more
convenient. Their purpose — the structuring andipion of information in
a convenient form for experts.[1] In this casepinfation about equipment
includes not only the parameters of the equipmientescription and other
textual information, but also a set of graphicdbimation, which includes
2D drawings and 3D parametric models of equipm8uath systems allow
you to quickly get all the necessary informatio@bany equipment that is
stored in the catalog, view the drawings, whicltamsequence can be used
in the project documentation. Also, informationrfrdhe electronic data-
banks are used for aided solution of problems efsigning [2].

In order to electronic databanks have a wide rasfgapplicability,
they must satisfy the following requirements:

— provide quick selection of information in a convertiform and sa-
tisfy the needs of a wide range of specialists;

— does not contain contradictions within a singlealtsg, and be-
tween different catalogs;

— should be as complete as possible in the releigdt f

— provide expansion and changes in the content ataohprinciples
of organizing information.

In analyzing these requirements and the specifithefinformation
that is contained in databanks we developed a tdoby of creation of the
electronic multi-purpose databank.

At the initial stage of development of electronmtabanks it's neces-
sary to select the database structure that is gesvtomplete information
about equipment and fast access to stored infoomaStructure depends on
specificity of the information stored in the databaTo use the graphical
information the structure of the database contamsttribute that specifies
the directory that contains graphic images of tgigment.

Consider the structure of database of the electrdatabank 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 thta dn types of
equipment. Each record corresponds to a tableeokittes units of equip-
ment. Also in the table of types of equipment doeesl addresses of graph-
ic files. Table of the sizes contains the name ffication of equipment,
overall dimensions, as well as the basic dimensibasdefine the position
of the main structural elements and connectiondistAof connections is
stored in table "Connections". The records of thlsle contain the name,
designation, description, and location specifiedtiwy deviation from the
center of the device for each connection.

Graphic images of equipment useful to store in\teetor graphics
formats DXF to 3D models and DWF to 2D drawingstrirats are chosen
due to their widespread availability for developisair specifications.

In the next step, the database of the selectedtsteu created and
filled with the collected information, which refleaformation about the
equipment. Format DB used to store the databasevork with the data-
base of this format there are a large number ofncomeditors (eg MS
Access).

Ability to work with databases and graphic imagepiiovided by the
kernel. The core of the system is a program thatvalthe user to view, edit
and add information of electronic databanks.

Consider the structure of the system, which is shimwFig. 11.2.

Design of the user-friendly interface is aimed atintain an interac-
tive dialogue with the user of the system. The nfairctions of the user
interface include a mapping of current informatiench as the technical
parameters of the selected equipment, and convegiaphical display of
the image of equipment.

The functions of the visualization include the fation of a graphical
representation of a 3D object and 2D drawings atingrto information
received from the DBMS. In this case, the actues sif selected equipment
is important. Because of this parameterized coastig of a 3D object are
performed according to standard sizes, containgddrdatabase while for-
mation of a graphical image. 2D drawings servdltgtrate the chosen unit
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Formation of the
results

VoloView libraries

Fig. 11.2. The structure of electronic databanks

of equipment with corresponding sizes. This appncatows us to provide
the user corresponding to the selected standaed2§izand 3D images of
equipment. You do not need to keep a separate dgaand 3D model for
each size, which for each specific unit of equipinegn be quite a lot.
This avoids data redundancy and reduces the volwuoeupied by

the catalog memory.

For visualization of vector graphics we use COMeabjAutodesk Vo-
lo View Control. Choice of COM-technology frees tbeveloper of the
databank from the creation your own rendering Wlthis application Volo
View is free and publicly available for downloadiin Autodesk. Capabili-
ties of this interface can display both 2D drawiagsl 3D objects withcon-
venient control display options. Among them ther¢hie possibility of rota-
tion of the camera in any plane, which allows tmsider the equipment.
It is also possible to select 3 display optiongefvame model, flat shaded
mode, Gouraud shaded mode. The use of interface Vaw to render
graphic images allows us to provide the user wiforimation about equip-
ment in the most convenient form.

Consider the creation of 3D graphic images on th#oriation ob-
tained from a database of equipment. In the dagabtges a reference to
the program in the language of AutoLISP, this aiade form a new draw-
ing with the desired dimensions. When you selecbne: from the catalog
the repeated reference to a DB of the equipmenthfopurpose of carrying
out of initialization of parametrical variables lfipal values of standard
sizes for the chosen equipment is carried out. Therconstruction of 3D
images is carried out by means of language Autol &#parately, let's note
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the presence of information about the title of frerametric variables,
which are stored in the database and presentditih$P file that is con-
nected to create a graphical image.

The system of electronic databanks in its compmsithust have in-
struments to edit, add and delete entries. Consdlguéhe user interface of
the system contains the elements needed to managentents of the data-
base. You do not need to have knowledge aboutysters, you just need to
fill in the database and specify the path to tlreadory containing the 2D
drawings and 3D models of the equipment. Being #bledit and update
the records allows them to be timeless.

The form of the output information can be a DB, fiéhich contains a
list of information about the selected equipmestwell as links to the di-
rectory where are located files containing grajimages of the equipment.

A distinctive feature of modern databanks is thetessibility, provid-
ing an opportunity to work with their content viaetInternet. For optimal
performance with electronic databanks= on the haters advisable to use
AJAX technology. It allows updating only the chadgeortion of a page for
the response to a user request that allows yoave web traffic and in-
crease download speed of content. This makes gteraymore quickly and
conveniently, even on computers with slow Interc@tnection. However,
the functionality of the online catalog is somewhatrower than the local
version. The user can access tables of equipmbkaige of sizes. For the
convenience of searching it is possible to filtgraf records and search on
various attributes. When you select records ofrégstedisplayed 2D draw-
ings of equipment and its isometry. To ensure ¢hjzability in the database
the attributes that refer to raster image filebnmp, gif, jpg are provided. If a
user needs a drawing or model of equipment in tovdarmat for use in dif-
ferent design systems, it should be possible tantlead it from the server.

Consider the scheme of the Web interface (Fig3L1User selects the
equipment on the web page. AJAX-script on the tl@de generates a re-
guest to the server to obtain the required infoilonatOn the server side re-
quest is being processed by PHP-script that aceéissalatabase and sends a
response to the client. The answer is processettheglient using AJAX-
script that updates the page, giving the userastirg information [3].

Selecting of
- Server Client equipment
1equest 4 User

PHP-script AJAX-script

Iesponse

A 4

sizes
drawing
isometry

Fig. 11.3. The scheme of the web interface
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Described in this article electronic databank &f ¢élguipment meets all
requirements imposed on such systems. The allithsplay 3D models of
equipment allows detailed study construction ofigapent. The developed
system of electronic databanks is used for botimitrg purposes and for
purposes of design industries, with the abilityrtiport entries of the cata-
log into the computer-aided design engineering. @hscribed system is
used in the learning process to get acquainted tiwérequipment, its types,
function, and as a reference material when perfogniaboratory work,
curriculum development projects.

The proposed approach is implemented in the demedop of elec-
tronic databank of technological equipment usethendesign multiassort-
ment productions and in the learning process.

BOITPOCHI AJIS1 CAMOITPOBEPKI

1. KakoBa He0OXOAMMOCTh pa3pabOTKN OAHKOB JaHHBIX MHOTOIIENE-
BOT'0 Ha3HAYEHUA?

2. KakuM TpeOoBaHUSIM JIOJDKHBI OTBEYATh AJICKTPOHHO-TpadHIecKre
KaTaJIOr'¥ MHOTOIIEJIEBOTO Ha3HAYCHUS ?

3. B kakux ¢dopmarax menecooOpa3HO XpaHHTh rpadHyYecKyro HH-
¢dopmarmio?

4. Tlepeuncnure OCHOBHBIE DTAIbl CO3/IaHMS HIICKTPOHHBIX KaTaJIoroB
MHOTOIIEJIEBOTO Ha3HAUCHUS.
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MaBa 12

DIALOGUE ORGANIZATION WITH USERS
IN INFORMATION SYSTEMS
OF PRODUCTION MANAGEMENT

Modern management systems contain great volumeasfafmation
which is processed and provided in certain fornmtisers’ queries. At the
process of information system’s design it is imflalssto predict all possi-
ble combinations of future queries. Hence, an imfttion system should
allow users to make queries using understandahpubge and to provide
results in a format defined by user.

Nowadays the most often used model of informatimtesns is the re-
lational model. The basic programming language oflenn relational data-
bases (RDB) is Structured Query Language (SQL).

The purpose of this article is developing of simgleries syntax and
their conversion to SQL syntax. The publicationk df this topic mainly
describe what has to be done to formulate useeyieg using understanda-
ble language and to lesser extend [2] what hagtddme to minimize pro-
gramming burden.

For the purpose of our discussion we divide RDB imto classes de-
pending on their structure:

- traditional databases or databases with flaetgbl

- databases of OBJECT-ATTRIBUTE-VALUE type.

By traditional RDB we will indicate databases wherdities are pre-
sented by wide tables. For example, the informaéatity "Product deli-
very to a warehouse by production unit" is charémte by attributes:
"Product”, "Quantity", "Production_Unit", "Date_ahanufacturing”, "De-
livery_date", etc. Here RDB is represented by mfaftable) where all
listed attributes (fields) are presented.

Databases of OBJECT-ATTRIBUTE-VALUE type are regmated by
three basic tables: "Register of objects”, "Regisfeattributes”, "Values of
objects’ attributes”. Last table has connectionth he first two of “many
to one” type.

12.1. DIALOGUE ORGANIZATION IN TRADITIONAL DATABASES
Let's present normalized RDBDT as follows:

BDT={R,...,R,...,R},i=11,
R ={PK;, FK;, D;},
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FKI :{FKil""’ FK“ yueny FKlJ} , J ::L_\]’
Di :{Dila---n Dik . DiK}! k=1K,

where R — i-th relation (table);l — number of relations in a database;
PK; — key attribute oi-th relation; FK; — set of attributes for external keys
of i-th relation; J — number of attributes for external keyS;— set of data

attributes ofi-th relation; K — number of data attributes (indicdsand K
are set aside).

o |
Lets put W={W,...W,...W}, t=1T, WO JD, - set of
i

attributes, which can be used to make a queryraddta output. By elemen-
tary condition of a queryp we will understand the notiop=< a, f,z>,

wherea— attribute alW, z — set of attribute valuesf — condition

(equal, not equal, greater, lesser, etc.), for gramCity = 'Moscow=> or
<Data ='01.01.2008.

User's inquiry S is represented by a set of elementary querieghwhi
are connected by logic operatofND,OR, NOT :

S=F (P Prpsens Pay ), M=LM

where F - function which connects elementary conditions qoieries;
M — number of elementary conditions, for example

S=p; AND (p, OR p3) AND(NOT p,).

The output of a query is composed by elements toBsewhich con-
sists of elements of s&V :

B={B!, B%},
B'={b,...b},....6L}, btOW, c=1C,
B2 ={¢4(b2),.... & (b?),.... 6, (1)}, B2 OW, B2 OB, 1 =1L,

where B'— set of data attributes, which are components utpus, and
where such aggregate functions as (Shhax and others) are not applica-

ble; qz, | =1L — set of data attributes, which are componentsutd,
and where aggregate functions are applicap|e; | =1L- aggregate func-
tions, which are applicable to elemerbé. For example B'={Product,

City}, B%={Sum(Amount)}.
The process of making a query and obtain its ressiidivided into the
following steps:
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— input of elementary condition%pl,..., P s po};
- input of a query lineS=F (P, ., Pmr-» Pm ) » m=1M ;
— input of output fieIdsBl:{bll,...,b:;,...,bé} , bBEOW, c=1C;

- input of output fields B?={¢,(b?)...,d B)....d (b},
b2 OW, b3 OB, I =1L;

— execution of a query and obtaining an output.

To convert a query lin& into SQL format elementary queries formu-
lated as< a, f,z>, are represented asalD, f,zID >, wherealD — name

of primary key fora, zID — set of primary key values field for set of
attributes 2. For example, elementary condition <City = 'Mostowm pro-
gramming has to be changed for <IDCity = IDMoscowhgre IDMoscow —
value of key field of value '"Moscow'. At the sarmad elementary condition
<Date> 01.01.2008> remains unchanged. In the first cas@ame the ele-
mentary condition as ‘condition féb’, in the second case as ‘condition for
value’. Converted query lin& is namedSl .

In order to organize the dialogue with users amnelatary conditions
input it is necessary to provide the choice oflatte a and input (choice) of
attribute valuesz. For a we create an attribute tablé ={GID, A AID} .
Values (domains) of the field are given bye s&/ ={W,,..\W,,.. W;}.
Domain of the fieldAID are names of key fields fW ={W,,... W,,... W} ,

if it is an elementary condition for ID or namestifs an elementary condi-
tions for value. Elementary conditions are kept the table
Y{Condition_nameA, AID, f,Z,ZID} .

Let's put V{PK;,..., PK;,..,PK,, W, ,...W, ,...,.\W;} — representation
(View), by which output is composed. Then a quenB@L can be written as:

selectB fromV where SI group by B* order by B!.

Let's examine the program dialogue on the examplgraducts’ deli-
very to consumers. Each product is produced bynddfiproduction unit.
The database is represented as:

BDT ={R, Ry, Rs, Ry, R},
R, (IDR1, IDConsumer, IDProduct, Quantity, Deliveryate) — delivery of
a product; R, (IDProduct, IDProduction_unit, Product_title) —ogucts;
R; (IDConsumer, IDCity, Consumer_title) — consumemR; (IDCity,
City_title) — cities; R; (ID_Production_unit, Production_unit_title) — pro-
duction floors.
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Thus, delivery is characterized by six attribut€ofisumer”, "Prod-
uct" "Quantity", "Delivery date", "Production unjt"City".

User can formulate a query to get an output with @mbination of
attributes, for example, delivery report for progumanufactured by unit
1, 3, 10 in Moscow, Lipetsk, Tambow in January 2@®8 January 2009.
Forms of output can be various, for example, ProQuantity, 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 querf@sis presented as
(Table 12.1).

To get an outpuV{PK; ..., PK; ..., PK,, W, ... W, ,...,. W; } =V{ IDR1,
IDConsumer, Consumer _title, IDProduct, Produce titDCity, City _title,
ID_Production_unit, Production_unit Delivery datguantity} the query
has to be as follows:

select IDR1, IDConsumer, Consumer_title, IDProduct, Purtdiitle,
IDCity, City title, ID_Production_unit, Productionnit title, Delivery date,
Quantity from R;,R,,R;,R,,R; where R, .IDConsumer= R;.IDConsumer

and R, .IDProduct= R,.IDProduct and R, .IDProduction_unitr=
R; .IDProduction_uniand R;.IDCtiy= R, .IDCity.

Query line is represented by logic formulation ¢téneentary condi-
tions. For example, query line “delivery of prodsiatanufactured by unit 1,
3, 10, (IDProduction_unit — 2,5,8 respectively)Mwoscow, Lipetsk, Tam-
bov (IDCity — 10,11,12 respectively), in January080and 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(P. P2, P3; Pas Ps: Pg)
b1 AND p, AND (p; AND p; OR ps AND pg),

Where p; — production unit=(production unit 1, productiomitu 3,
production unit 10);p, — City=(Moscow, Lipetsk, Tambov)p;— Deli-
very_date01.01.2008; p,— Delivery_date <31.01.2008;p;— Deli-
very_date>01.01.2009;p; — Delivery_date<31.01.2009.

Input of every elementary condition a, f,z> consists of the follow-
ing steps:

— attribute choicea from the table of query attributes;

— set the conditionf ;

— input of value or set of values,.

Together with this we create table 12.2, columrs4]l5 which are
presented to user.

Than user inputs condition query line
S=p;, ANDp, AND (p; AND p, OR ps AND pg) . Undoubtedly users
have to be able to compose logical expressionstiPahexperience shows
that half hour training allows any user to get aigted with this aspect.

Output fields (fields ofV representation), are also chosen by users
from a table of attributeG. As a result we obtain the following sets:

B ={Product_title, Production_unit_title, sum(Quanj}ty

B! ={Ptoduct_title, Production_unit_title};

B? ={sum(Quantity)}.

Query condition lineS based on tabler (Table 12.2) is converted
into line Sl :

Sl = pi; and pi, and( pi; and pi, or pi; and pig),
where pi; — IDproduction_unitiin zi;; pi, — IDCity in zi,; pi;— Deli-
very_date ziy; pi,— Delivery_date< zi,; pi;— Delivery_date> zis; pig—
Delivery_date< zig ,
zi =(2,5,8),zi, =(10,11,12),

zi; = 01.01.2008zi, = 31.01.2008zi; = 01.01.2009zi; = 31.01.2009

As a result we formulate a querselect B from V where SI group
by B! order by B?.
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12.2. Table (Relation) Y

Condi-

tion A AID Z ZID
1 2 3 5 6
Produc- IDProduc production unit 1,
Py tion floor title duc- production floor 3,/ 2,5,8
- - tion_unit production floor 1Q
T . Moscow, Lipetsk,
P> City _title IDCtiy Tambov 10,11, 12
p Delivery_date Deli- 01.01.2008 01.01.2008
3 y- very_date T o
p Delivery_date Deli- 31.01.2008 31.01.2008
4 y- very_date T o
p Delivery_date Deli- 01.01.2009 01.01.2009
5 Yy very_date o S
: Deli-
Ps Delivery date 31.01.2009 31.01.2009
very_date

12.2. DIALOGUE ORGANIZATION IN DATABASES
OF OBJECT — ATTRIBUTE — ATTRIBUYE VALUE TYPE

Examples of databases with this type of structuee database of
equipment, reference of substances’ properties, etc
The essence of database query is searching of ahjelets whose
attributes satisfy to required conditions. For eglenmaking a search of
capacitive apparatus which have anchor-impelleremand volume more

than 10 cubic meters in the database of equipnﬁimabas@DO in this
case can be presented as:

BDO={ QSSQSZ,

where O (IDO, Object_title) — objects;SW(IDSW, Attribute_title) —
attributes; SO(IDSO, IDO, IDSW, Attribute_value, IDSZ) — attribute val
ues of the concrete objectsSZ(IDSZ,IDSW, Probable_value) — list of
attribute values.
Relation SZ is entered for those attributes, whose valueschosen
from a concrete list, for example mixer type isest&dd form the list: blade,
turbine, frame, etc
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Table of attributes is presented in explicit for®W) and it is not ne-
cessary to create it as described above. Also there need to create repre-
sentationV , as its role is executed by tabl@sand SO.

The sequence of making a query and its proceedithdp@vexamined
on the following example. Make a search of capeeitipparatus which
have turbine mixer and volume less than 10 cubitersein the base of
equipment.

Query S will consist of two elementary condition connectadlogi-
cal AND: "volume of apparatus is less than 10 cubic méténsxer type —
turbine”.

Input of each elementary conditiona, f,z> consist of the following
steps:

— attribute choicea from attribute tableSW;

— set of conditionsf ;

— input of valuez or their choice from the tabg&Z .

Together with this relatiory (Table 12.3) is created, and its columns
1, 2, 4, 5 are presented to users.

Than user formulates a query:

S= pl and p21

where p; — Mixer_type=turbine;p, — Device volume<10.

Query condition line based on tab¥e (Table 12.3) is converted into
line:
Sl = pj; and pi,,

where pi; —exists (select * fronsOwhereO.IDO=S0.IDOand SO.IDS=5
and SO.IDSZ=15); pi, — exists (select * fron5O where 0.IDO=S0O.IDO
and SO.IDS=7and SO.Attribute_value<10).

12.3. Table (Relation) Y

. Zz ZID
Condition A AID :

name (S.Attribute_name) | (S.IDS) f (SZ.Possible_value of  (SZ.IDS
constant) or Null)

1 2 3 4 5 6
Py Mixer type 5 = Turbine 15
P Dewce_volume, 7 < 10 Null

cubic m.
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It is not complicated to create elementary condgigias they have

similar part'exists (select * fronsOwhereO.IDO=S0O.IDOand" andvari-
able part, which is composed based on table 12.3.
Thus a query on object search, which satisfy cantiSI, can be
written in the form:
select * fromO where Sl .

Fig. 12.1 shows a sequence of dialogue organizatitime information
system of repair management system of public cetjmr "Pigment” [3],
which contain equipment database. Numbers abovaritosvs 1, 2, ..., 8
signifies sequence of user’s actions.

The described above means of query setup was ystt lauthors in
the frame of corporate information system of pubbenpany “Pigment” at
sales department for delivery information searcti anthe plant engineer
department for search of equipment with given otteréstics. Three years
use of this approach has proved its effectivenEks approach is of uni-
versal use and can be implemented in informatiostesys of various
purposes.

Characteristic :Mixer Turnaround time, hours.

Value :Turbine Turnaround cycle, hours.
- . 1 .

Condition: P1= Turbine —> Mixer

Engine power, kilowatt
3 Catalogue notation
I—)Apparatus volume, cubic mee

Characteristic :Apparatus
volume cubic meters.
Value :10

Condition: P2= 10

_‘
(7]

Three-blade double-row

[ Blade
4 Equipment query setup. Propeller
Stage 1 Propeller double-row
5 | P1 Mixer = Turbine Propeller-turbine
P2 Apparatus volume 2 [ Turbine
cubic meters = 10 Anchor
6\ 8\
Equipment query setup. Search results
Stage 2 :
1. Vertical apparatus,
P1 AND P2 cylindrical, V =10 cubic meter:
7\ R2302 Production unit 33
- 2. Vertical apparatus,
Search by equipment cylindrical, V =10 cubic meter
characteristics R2302(A) Production unit 33

Fig. 12.1. Dialogue organization for equipment query setup
150



SELF-ASSESSMENT QUESTIONS

Databases of OBJECT-ATTRIBUTE-VALUE type.
Examples of OBJECT-ATTRIBUTE-VALUE databases.
Organization ofdialogues in traditional databases.
Formulation of users’ queries in traditional datsds
Formulation of representations for an output report
Organization of dialogues iInOBJECT-ATTRIBUTE-VALUE
atabases.

7. Dialogue sequences for formulation of users’ queeoie equipment
selection.
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MaBa 13

NMPEACTABINEHUE TEMATUHECKUX
NMPOCTPAHCTBEHHO-PACIMNPEAENEHHbLIX AAHHbIX
B CETU UHTEPHET

B Hacrosiiiee BpeMs Py PELICHUH 33]a4 aBTOMATH3aI[UH yIIPABICHUS
XUMHUUYECKUM MPEATNPUATHEM PEIKO MOIHUMAETCS BOMPOC O CO3AaHUM €[H-
HOTO HMH(OPMAIMOHHOTO IPOCTPAHCTBA TMPEINPHUSITHS, COCTOSILIET0 U3
TPEXMEPHOH MOJIENH peaqbHOro 00BEKTa, COMYTCTBYIOIICH TEKCTOBOW aT-
puOyTHBHOW WH(OPMAINH, ABYMEPHBIX IUIAHOB W KapT. A Takod crocod
TIPE/ACTABIICHUS JaHHBIX 00 00BEKTE NMPEJOCTaBISIET MOIb30BaTENI0 Hanbo-
Jiee TOJHYI0 M MCYEPIIBIBAIOIIYI0 MH(pOpMAaIHIo Jr000ro Buxa o0 MHTEpe-
cyromeM o0beKkTe. BakHO, 4YTOOBI OCTYI MOJTHBIA/HEMOMHBINA K MOI00HBIM
pecypcaM OBLT y Ka)XI0ro COTPYAHHKA, & K HEKOTOPBIM (HampuMep, K mpo-
OYKIHMH) ¥ U3 ceTd MHTepHeT, MO3TOMY HYy)KHa Takas CHCTeMa, KOTopas
OyneT GpyHKIMOHUPOBATH HE TOJBKO B JIOKAILHON CETH HPENNPHUITHS, HO U
MPE0CTaBIISATh JaHHbBIE B CETh MIHTEpHET.

Ceituac Ha XMMHUYECKHUX MPEANPHUATUIX UCHONB3YIOTCSI TAKHE MOIIHBIC
nporpammHusle makeThl kak Autodesk AutoCAD, Solidworkd(OMITIAC u
JpyrUe CPeiCTBa ISl MPOSKTHPOBAHUS TEXHOJIOTMYECKOTO 000PYIOBaHHUS.
AKTHBHO cO37ar0Tcsi 0a3bl JaHHBIX ¢ pa3ndHOW WHpopmManuerd 06 obopy-
JIOBaHWY, KOMMYHHUKAIIHMAX, [[eXaX U IPYrux o0BeKkTax mpennpustus. [Ipo-
67eMa COBMECTHOTO OTOOpakeHHs Habopa STHX JNaHHBIX, UX Kiaccuduka-
1ML, TIOMCK 10 3aJIaHHBIM KPUTEPHSIM OCTAETCS aKTyaIbHOH.

OnHUM M3 cnOCO0OB peIIeHHs JaHHON NPOOJIEMBI SIBISIETCS TPEJIo-
KEHHas aBTOpPaMH TEXHOJIOTHS TIpejcTaBieHus nH(opmanun 06 oObekTax
XMMHUYECKOTO TPEIIPHUITHS, Ha OCHOBE KOTOPOW BO3MOXKHO IIOCTPOHTH
cUCTeMy OTOOpaXKeHHUsI 1 0OMeHa IaHHBIMHU, B TOM YHCIIE U 10 ceTn VHTep-
HeT. UTO HEMaJOBaXHO B CHCTEME HCIIOJIb3yeTCs CBOOOIHO-PACIIPOCT-
paHseMoe IPOTrpaMMHOE 00ECIIEYeHUE, €ro CIMCOK MpuBeacH B Tada. 13.1.

KiroueBbIM MOMEHTOM SIBJISIETCS HCIOJIb30BaHUE TeonH(popMaimoH-
HBIX TEXHOJIOTHH Uil OTOOpaKeHHsl JABYMEPHBIX MaTepHajoB, TAaKUX Kak
IUTAHBI [IEXOB M KOMMYHHUKAIMH, TEXHOJIOTHYECKUE CXEMBI, YEPTEXKHU ara-
patoB u np. (cM. puc. 13.1).B kadecTBe 0a3bl 1JIs BU3yalu3alUH dTHX Ma-
TepHaNoB HCHOJIB3yeM KapTorpaduueckuii BeG-cepBuc — Mapserver [1].
OTOT NMPOTrpaMMHBIA MPOAYKT TO3BOJSIET OTOOpa)kaTh ABYMEpHBIE MaTe-
puansl B okHe BeO-Opaysepa ¢ mpuMmeHeHHeM cioéB. [IpemmymiectBa wnc-
TIOJIb30BaHUS CIOEB OYEBHIHBI — MOJIB30BATENb CaM pelIaeT ¢ Kakoi wa-
CTBIO MH(pOPMaMK eMy paboTaTh (HampuMep: MOXKHO OTOOpakaTh Ha ILjIa-
HE TIPESNPUATHS HE BCE KOMMYHHKAIINH, & TOJIBKO MOTOKH TOPSIYCH BOJIBI).
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13.1.CXEMA B3AUMOJIEUCTBH S KOMIIOHEHTOB CUCTEMBI

PaccMoTpuM  cxeMy  B3aMMOJCHCTBHS ~ KOMIIOHEHTOB  CHCTEMEI
(cm. puc. 13.2).B xauecTBe OCHOBBI BBICTYNAET BeO-cepBep, KOTOPBIN pas-
BEPHYT Ha JITOOOM COBPEMEHHOM MPEANPHUATHH. [ eonHPpOPMAITMOHHOH CHC-
TeMoit BeicTynaeT Mapserverkoropslii nepenaér BeO-cepBepy JBYMEpHEIC
nannsbie [2]. PaccmoTpum nogpobuee cxemy pabotel Mapserver a.

OcHoBHBIM KOMIIOHEHTOM BhIcTymaeT CGl-nporpaMmma mapserv.exes
KOTOPYIO OT IOJIb30BATENs MMEPEIAlOTCs MapaMerpsl (Ciou KapThl (wiana
OpennpusATHs), pasMepsl, (ailnpl ommcaHus), yka3aHHBIC B CTPOKE BeO-
Opaysepa. Pe3ynbTaToM BBIIOJIHEHHS 3TO NPOrPaMMEI ABISETCS CTCHEPH-
POBAHHBIH PacTPOBBIA (ailyl, KOTOPHIH B CBOIO OYEpEh BCTPAUBAETCS B
html-noxymenT. B cnenmanpHOM aiiiie ¢ paclupeHHeM .MapyKa3blBaroT-
Csl CBEICHMS O TOM, Kakue cilIou OyayT oToOpaxkaTbes, OTKyga OymyT

13.1. Ba3zoBoe nporpaMMHoe odecrevyeHne

Hazpanue u Bepcus VYcnosus N
O¢unuaneHbIi caiit
NPOAYKTa pacrpocTpaHeHus
MapServer for freeware http://www.maptools.org/ms4w/
Windows 2.3.1 —

HUHCTPYMEHT JIJIsI
CO3JIaHUsI KapTo-
rpaduueckux
web-cepsucos

Openlayers 2.8 — freeware http://openlayers.org/
CKPHUIT BU3yaIU3alul
WMS u WFScnoés
Ha equHON web-
KapTe, a Takxke odec-
MeYrBacT yIA00HOE

MacIITabupoOBaHUE

Quantum GIS 1.0.0 freeware http://www.qgis.org/
reonH()OpMAITMOHHAS

CHUCTEMa

Google SketchUp 6 +  freeware http://sketchup.google.com/

rporpaMma Tpéxmep-
HOT'O MOJEJIMPOBAHUS
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MOCTYIaTh JaHHbIE, OYIYT JIM MOANKMCH Ha Kapre (miane) u up. s Gonee
yOOOHOW HABUralMU 110 JBYMEPHBIM JAHHBIM ABTOPAMH CO3JaH CKPHIT
openlayers,mo3sossronuii KOMIEHCHPOBATh 3TH MUHYCHI. Jlmctuar html
CTpaHUIIBI ¢ BCTPOEHHBIMU 00bekTaMu Mapserver npusenés Huxke.

<html>

<head>

<script

src="OpenLayers.js"></script>

</head>

<body>

<div style="width:100%; height:100%" id="map"><Yck

<script defer="defer" type="text/javascript">

var lon = 7,

var lat = -3;

var zoom = 3;

var map, layer;

function init() {

map = new OpenlLayers.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.OverviewiJap

map.addControl(overviewl);

map.setCenter(new OpenLayers.LonLat(lon, lat)n2oo

map.addControl(new OpenLayers.Control.PanZoomBgr()

</script>

<body onload="init()">

</head>

</body>

</html>

OO0paTuM BHIMAaHHE Ha BU3YaJM3alUI0 TPEXMEPHBIX MozeNel. Y Tpo-
rpammuoro makera AUtoCAD u Solidworks cyimecTByrorT pacimpeHus,
MO3BOJIAIOINNE TPOCMATPUBATh MOJEIM B OKHe BeO-Opaysepa — Web-
Publishingu eDrawings.C ux moMoIinsi0 BO3MOKHO YBHIETH MOIENb, HE
yCcTaHaBJIMBasi IpU 3TOM 0a30BYI0 BepcHio mporpammbl. [loMumo pacrimpe-
HUI ISl MOIIHBIX MPOTPAMMHBIX MTAKETOB VIS MPOCMOTpPa MOJENEH uepes
Be0-Opaysep, cymecTByeT OTKphIThIA Gpopmar VRML — akTHBHO HCHOJB-
SYIOIIHIACS [UTsl BU3YATU3AIUU TPEXMEPHBIX MOJIEEl B HHTEPHETE.
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SolidWorks, VRML u mp.
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Puc 13.2. CtpykTypHas cxema pyHKIMOHHPOBAHHUS KOMIIOHEHTOB CHCTEMbI
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ITomuMo OTOOpaXCHUs TUIAHOB M MOJENel HEoOXomuMa COIPOBOXK-
Jnaromas uxX arpuOyTUBHAs WHGOpManus. 3a4acTyro mojoOHas WHpopMa-
Usl YK€ UMEETCS B COOTBETCTBYIOIIMX 0a3ax NaHHBIX MPEANPHSTHSA, I10-
3TOMY IOCTAaTOYHO CO3JaTh METOJMBI JJIS TIOMCKA, PSAAKTHPOBAHUS U TIPO-
CMOTpa 3TUX JaHHBIX, HAPUMED Ha sA3bIKe Php @3bIK, 11 redeparuu html
cTpaHuI] Ha BeO-cepBepe). Tak Kak CYIIECTBYIOT COOTBETCTBYIOLIME OMO-
JIMOTEKH JIJIsE pabOTHI ¢ PACIPOCTPaHEHHBIMU Oa3zamMu JaHHBIX it Pphp —310
HE COCTaBUT 0CO0OTO Tpyaa.

B urore Mbl MOJydyaeM CHUCTEMY COCTOSIIYIO M3 TPEX KOMIIOHEHTOB:
Mapserver, eDrawings ba3za nanHbIxX, pacroararomnlyocs Ha Web-cepsepe
MPEANPUATHS.

13.2.CXEMA ITPEICTABJIEHUS UHOOPMALIMU
HA BKPAHE ITOJIb3OBATEJIAA CUCTEMBbI

[anee paccMoTpuM noapoOHee, Kak npeacTaBisiercss nHpopManus Ha
9KpaHe KOHEYHOro monb3oBaTens (cM. puc. 13.3).B undopmaunonnoit 06-
nmactd Ne 1 otoOpaxkaercs mHpopMmanus, mpeacTaBieHHas Mapserverom.
[Mons30BaTENf0 MOCTYMHBI CIIEAYIOMNEC (DYHKIIAH: BKIIOYATH/BBIKITIOYATD
CJIOH, a TaK)Ke METOJIOM BbIOOpa 00beKTa Ha IUIaHe IepelTH K Oonee Je-
tansHOMY Buay (Hanpumep: Ilnan npemnpustus->Ilnan nexa->Ilnan sra-
xa->UepTex amnmapara).

1

\ﬁ \/_

Wail ARECHIFLOE K Wb
u

At /8 j

Puc 13.3. Cxema npeacrasijieHnsi HHpopMaun
HA JKPaHe M0Jb30BaTeNsI CHCTEMbI
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B nndopmannonHoit obmactu Ne 2 otoOpaskaercst BCsl IOCTyIHas at-
pubyTuBHas wHQOpPMAIHSI O BBIICIIEHHOM 00beKTe. BO3MOXHBI pa3inyHbIC
KOMOHMHAIMU BBIBOJA JAHHBIX (TEKCT C PUCYHKAMHU, TAOJHUIIBI CO CBOMCTBA-
MU U 3HAYCHUSIMU, CTATUCTUYECKHE JIAHHBIE).

B undopmannontoi obmactu Ne 3 moIp30BaTento OyaeT MmpeacTaBiie-
Ha TpEXMepHas MOJIENb MHTEPECYIOLIEero armnapara Wind Ipyroro o0bekra
XMMHYECKOTO NpennpusaTus. Tak e MoMHMO TpEXMEPHOHW MOJENH BO3-
MOKHO OTOOpa)kKeHHEe B 3TOM 00JaCTH AETATHLHOTO YepTeka arnmnapara.

Tak kak o0JacTH Ha CTpaHUIIE MOCTPOEHBI C UCIIOJIb30BaHUEM (peii-
MOB, BO3MOYKHO U3MEHSTH Pa3Mepbl KaxJ0H 00IacTH C TOMOIIBIO MBIIIH.

B kauecTBE OCHOBHOTO KIIMEHTCKOTO HPOTPaMMHOTO O0ECTIeYeHUs
BBICTYIIaeT BeO-Opay3ep, KOTOpHIil UMeeTcsi B CTAaHAAPTHOMN MOCTaBKe OIle-
paluoHHOM cucTeMbl. OCHOBHBIE JTOCTOMHCTBAMH €0 UCIIOJIb30BaHHMS SIB-
JISTFOTCSL:

1) HeT HEOOXOAMMOCTH YCTAHABJIMBATE IOTOJHUTENBHbBIC TIPOTPAMM-
HBIE TPOIYKThI HA KOMITBIOTEP MOJIb30BATES;

2) Harpy3Ka Ha KJIMCHTCKHI KOMIBIOTEP MHHHUMAJbHA, TaK KaK WC-
MIOJIb3YETCS] ApXUTEKTYpa KINEHT-CEPBED;

3) BO3MOKHOCTh Pa3rpaHHYMTh MpaBa Ha JOCTYN K JOKyMEHTaM Ha
CTOpOHE CepBepa, ¥ TeM CaMbIM OTKPBITH AOCTYII AJIsl IPOCMOTpa OIpese-
NEHHON MH(OPMAIMH MTOJIL30BATEISIM Yepe3 UHTEPHET.

B urore mMbI onydaeM o4eHb THOKYIO CHCTEMY, OCHOBHOM (DYHKITHEH
KOTOpOH sIBJIsIETCs YAOOHOE TpejcTaBlieHne WHpOpMAIUU ISl KOHEYHOTO
nojp3oBarens. [ImocoM NaHHOW TEXHOJIOTHH SIBIsSETCS 000OIIeHHe WH-
(dopmanun 00 00BEKTaX XUMHUYECKOTO MPEANPUSATHS B €AMHBIN MH(pOpMa-
LUOHHBIA y3ed. TakuM 00pa3oM JaHHas TEXHOJOTHS TO3BOJSIET ONEPUPO-
BaTh ¢ OOJNBITUM KOJIMYSCTBOM HH(pOpMANUU 00 00BEKTaX B YAIOOHOM BH/IC.

BOITPOCHI AJIs1 CAMOITPOBEPKI

1. Tlouemy B HacTosiiee BpeMsi B JINTEPaType OCHOBHOE BHHUMAaHHUE
yZeNAETCs BOMPOCAM, CBSI3aHHBIM C pacuy€TaMu ammapaTypHOro ogopmiie-
HUS U3BECTHBIX TCXHOJIOTUICCKUX CXEM?

2. Touemy 3aiaya CUHTE3a CTAJMIA BOJOMOATOTOBKH pa3OuBacTCsS Ha
ZIBE TIoA3a1aun?

3. U3 kakux cooOpakeHMii B 3a1aue HOPMUPOBAHUS BapHAHTa CTPYK-
TYPBI TEXHOJIOTHYCCKONW CXEMBI UCTIONIE3YETCS HHTETPATBHBIA KPUTCPHA?

4. Kakue METOIbl HCIIOJIB3YIOTCS TIPY 3alaHui BECOBBIX KOd(hdHUIIN-
€HTOB JIJISl OT/ICJIbHBIX KPUTEPUEB 33auu?

5. Kakue MeToIpI MOYKHO UCTIONB30BaTh PU PEIICHUH 3aJa4l CHHTE-
3a CTaJuil BOJAOTIOATOTOBKHU ?
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CIIUCOK JIMTEPATYPBI K I'JTABE 13

1. Mapserver —odunuanbHBIi CaliT, pasgen JOKyMeHTaus [DIek-
TpoHHBIA pecypc] — Pexum gnocryma: http://mapserver.org/ documen-
tation.html.

2. TexHonorus CO3IaHUS MPOCTPAHCTBEHHBIX MOJCICH TEpPUTOPH-
albHO PaCHpeACICHHBIX OOBCKTOB C HCIIOIB30BAHHEM Te¢OMH(GOPMAIMOH-
weix cucreM / B.A. HemrunoB, A.M. Manaenkos, B.B. Mopo3os,

K.B. Hemtunos // Uupopmaunonnsie texsHomorud. — 2008. —Ne 8. —
C. 23 -25.



3AKINIOYEHUE

IToaBomst UTOT PACCMOTPEHHUIO MATEPHAIIOB YIeOHOTO MOCOOHMs, Clie-
IIyeT OTMETHTh, YTO KOJUIGKTUB aBTOPOB CTPEMHUTCS YYECTh MOCIICIHHE
JIOCTY)KCHUSI HAYKU M TCXHUKU B 00JIACTH WH(POPMAIMOHHBIX TEXHOJIOTHH,
MaTeMaTHYECKOr0 MOJIEUPOBaHKs, ONTUMAJIBHOTO YIPABICHHS MpHU
MPOCKTHPOBAHUU WM WCCICIOBAHHM XUMHUKO-TEXHOJOTHYCCKUX IPOLIECCOB
U TEXHOJOTHYSCKUX MPOU3BOJICTBCHHBIX KOMIUIEKCOB C YIETOM U3MCHSIO-
HIUXCSl YCIOBUHA MX (YHKIHMOHMPOBAHMS — TMOJHAS WM YaCTHYHAs CMEHa
a4CCOPTHMEHTAa BBIIYCKAaeMOW MNPOIYKLUH, U3MEHEHHE IOPSAKA BBIMTyCKa
MPOAYKTOB U T.II.

Oco6oe BHUMaHHE YAEICHO YEIOBEIECKOMY (GaKTOPy — T.€. 00YICHHIO
U MPOBEpKe 3HAHHI 00CTYKUBAIOIIETO epCOHaA.

Pa3paboTaHHBIC TOIXOMABI, MaTEMATHYCCKHE MOJCIH, AITOPUTMBI,
0a3bl JaHHBIX MPEIHA3HAYCHBI KaK JUTSl MCIIOJF30BAHUS B JIOKATBHBIX CETIX
By3a, TaK W i BeIXoja B Internet,uto maét BO3MOXKHOCTH HCIOJIB30BAThH
pa3paboTaHHEI MPOTPaMMHO-MATEMATHUCCKUN KOMILUICKC JUIS MIHPOKOTO
Kpyra MoJIb30BaTEICH.

Cdepa uncmonp3oBaHus y4eOHOTO TOCOOHMS HE OTPaHUIMBAETCS CTY-
JIEHTAMH, MaruCTPaHTAMH U acTIUpaHTaMH BY30B. Y4ueOHOe T0coOue MOKET
OBITh PEKOMEH/IOBAHO JUTS MIPOSKTHBIX, KOHCTPYKTOPCKO-TEXHOIOTHICCKIX
CIIy’)k0 TPOMBINUICHHBIX INPEANPHUATHIA, a TaKKe Hay4dHO-HCCIIeI0Ba-
TEJILCKUX M POEKTHBIX HHCTUTYTOB COOTBETCTBYIOLIMX MPOQHICH.

Psin paznmenoB y4eOHOTO OCOOUS H3II0KEH HA aHTITMHCKOM SI3BIKE, YTO
OyZeT CrocoOCTBOBATh SA3BIKOBOM MPAKTHKE CTYICHTOB.

ABTOpPBI OTHAIOT cebe OTYET B TOM, YTO CO3JIaHUE TAKOTO CIIOKHOTO
y4eOHOTO TIOCOOMS HE MOXKET OBITh OCYIIECTBIEHO 0€3 HEeIOCTATKOB U C
0JIaroTapHOCTHIO IPUMYT 3aMEYaHUsI U TPEATIOKCHHS.
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