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OBIIASA XAPAKTEPUCTUKA PABOTbBI

AKTYaJIbHOCTh TeMbl. TE€XHOJOTHS M3rOTOBJICHUS pAlla HEOOXOJMMBIX
MaTepUalioB TMPEIyCMAaTPUBACT UX TOJYyYEHUE W3 BIAXKHBIX HEOJIHOPOIHBIX
CyOCTaHIIN, IEPEMENTMBAEMBIX B ITPOIIECCE MPON3BOICTRA.

HamHOrmX mnpeanpuaTusXx B COCTaBE TEXHOJOTHYECKOTO O00pYIOBaHUS
AKCIUTYaTUPYIOTCSI MAIIMHBI U allllapaThl, COJIEPkKAIIUE y3TIbl KOHBEKTUBHOTO THUIIA,
a HMEHHO YCTPOWCTBA, OCYIIECTBIAIOIINE IEPEMENIMBAHNE HEOJHOPOIHBIX
MaTepHaIOB, COCTOSIIUX W3 XUAKON U TBEepAOW (a3pl (TEXHOJIOTHYECCKUE JTUHUU
XUMUAYECKUX  TMPOU3BOACTB,  NPEANPUITHUS  CTPOUTENBHBIX  MATEPUAJIOB,
TEXHOJIOTUYECKHE TMPOIECChl 0OOTaIIeHHs MOJE3HbIX MCKOMaeMbIX U T. I1.). Ilpu
TOM KayeCTBO KOHEYHOTO MPOJyKTa BO MHOTOM 3aBUCUT OT 3((PEKTUBHOCTHU
paboThl KOHBEKTUBHBIX y3JI0B.

B wacTHOCTH, KOHCTPYKLIMEH psiia IEKTPOHHBIX MPUOOPOB MPETyCMOTPEHO
MPUMEHEHUE y3J0B, OCHOBAaHHBIX Ha W3JENUAX U3 MapraHel-IUHKOBBIX
beppuToBbIX MOPOIIKOB. [IpUMeHsIeMBIil 1711 UX TOJYYEeHHs] pPEeaKTOp-OCAJAUTEIb
HE MO3BOJISIET MOJIy4aTh OCAJKH C XOPOIIO BOCIPOU3BOJUMBIMHU CBOMCTBAMU 0O€3
€ro PEeKOHCTPYKIIMH, T.K. B pEaKTOpe HE JOCTUTraeTcss HeoOXoaumasl CTEeleHb
OJTHOPOJHOCTH KOMITIOHEHTOB B OCaJIKE, MPOUCXOUT 3ajJeTraHue TBEepAou (a3bl Ha
JTHUIIE, HAOII01aeTCsl HAIMIIaHUE OCAJKOB Ha CTEHKax. PEKOHCTpyKIIus armapara
TpeOyeT COOTBETCTBYIONIETO OOOCHOBAHUS, UTO BBI3BIBAET HEOOXOJIUMOCTD
TEOPETUYECKUX U SKCIIEPUMEHTAIIBHBIX UCCIIEOBAHUM.

AHaJIOTHYHBIC MTPOOJIEMBbl TPEOYIOT pElICHUs TPU MPOCKTUPOBAHUU MAIIIVH,
U3TrOTaBIMBAIOIINX OETOHHBIE CMECH, KOHCTPYUPOBAHUM TEXHOJIOTHUECKUX JTUHUH,
OCYIIECTBIISIONIUX TMOATOTOBKY YBIAQXHEHHBIX MacC OOOTamEHHOTO yIJig, U B
JIPYTUX OTPACIIAX.

Takum oOpasom, crour oOmas mnpodieMa pacyeTa ONTUMAIBHBIX
apaMeTpoB PacCMaTpPUBAEMBbIX allapaToB, YTO HEMOCPEACTBEHHO CBS3aHO C
BAXHOW TMPAKTUYECKOW 3aJayei ITOBBIIICHUS MPOU3BOJUTEIBHOCTA M KadyeCTBa
MPOAYKIIUU.

KapnunanbHeIM  HampaBJIeHMEM pelIeHus JTOM MIpoOJeMbl  SBISIETCS
MPUMEHEHUSI MAaTEMaTUYECKOTO MOJICIMPOBAHUS C UCIIOJIb30BAHUEM COBPEMEHHBIX
MOJIENIEN U KOMIIBIOTEPHBIX TEXHOJIOTHI.

B 3T10i cBsI3M pa3paboTKa AETEPMUHUPOBAHHBIX MATEMATHUYECKUX MOJENeH
npoIeccoB (DYHKIIMOHUPOBAHUS amNNapaToB, COJEPHAIIUX Y3Jibl KOHBEKTHBHOIO
TUNAa, W OOOCHOBaHME C UX NpUMEHEHHEM H>(P(GEKTUBHBIX MapaMeTPOB
000pyIOBaHUS SIBISCTCS aKTyaIbHOM HAyYHO-TEXHHMUYECKOHW 3a/iauei, MMEIoIeH
OTpPACJIEBOE 3HAUYCHHUE.

Crenenb  pa3padoTaHHOCTH TeMbl  HMccJaedoBaHusi.  Bompocamu
COBEpIICHCTBOBAHUSI TEXHOJOTMM UM METOJOB HCCIEIOBAHUSI MPOLECCOB U
anmapaToB IOCBSIIEHBI paOOTHl psifa OTEYSCTBEHHBIX W 3apyOEKHBIX aBTOPOB.
Bonpmioli Bkian B perieHUE MpoOJIeMbl BHECITH PAOOTHI, BBIMOJHEHHBIC IO
pykoBonctBoMm akaaemuka B.B. Kadaposa (buproxos J.I1., Jlopoxor W.H.,
Epemenko B.B. u np.), roe paccMOTpeHbl KOHCTPYKIIMU almapatoB W METOJbI
pacudeTa napaMmeTpoB, TCOPETUUECKUE U TEXHOJIOTHYECKUE OCHOBBI MPOIIECCOB.
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Bwmecte ¢ TeM, ocTaeTcst psll HEpEUIeHHBIX 3a/1a4 B 00JACTH ONTUMU3ALMU
napamMeTpoB U COBEpIIEHCTBOBAHMUS KOHCTPYKUMW anmapatoB. OgHuUM U3
3¢ (EKTUBHBIX METOAOB pEIICHHS pacCMaTPUBAEMbIX 3a/1ay SIBISETCS METO[
MaTE€MaTUYeCKOro MOJEIMPOBAHUSA, MO3BOJSIOIIMN TOJYYUTh C IOMOIIBIO
KOMITBIOTEPHBIX ~ TE€XHOJIOTMA  JOCTAaTOYHO IIMPOKHA HAO0Op JaHHBIX O
PEKOHCTpyHUpyeMOM  OOBeKTe  6e3  MpOBEeNEHUs  JOJTOBPEMEHHBIX U
JIOPOTOCTOSIIIINX HATYPHBIX HUCCIECIOBAHUM.

eabro padoThI SBISIETCS COBEPUICHCTBOBAHME MAaTEMATHYECKUX MOJEIIEH,
BBIYHMCIIUTENBHBIX aJTOPUTMOB U TMPOTPAMMHBIX CPEJICTB MJIsi HCCIEIOBaHUS
MPOLIECCOB U OOOCHOBAHUS MapaMETPOB TEXHOJOTHYECKUX CHUCTEM, COJEPKAIIUX
y3JIbI KOHBEKTUBHOI'O THIIA.

JUist  JOCTUXKEHHS TIOCTABJICHHOW 1ed CHOPMYIHPOBAHBI U  PEIICHBI
cJeayloIme 3a1a4u:

— BBITIOJTHUTD aHamu3 TE€XHOJIOTUYECKUX CXEM U IIPOLIECCOB
(YHKUMOHUPOBAHUS ~ OOOPYIOBAaHMS, OCYLIECTBISIOIETO  MEpPEMEIINBAaHUE
MHOTOKOMITOHEHTHBIX CMECEH C LENbI0 ONPEAETICHHUs] 0COOCHHOCTEN MPOTEKAHUS
MIPOLIECCOB U OMNPEICICHUS MapaMeTpPOB, BIMSIONMX HAa KAaue€CTBO KOHEYHOMU
PO KLUK;

—  pa3paboTaTh MaTE€MaTUYECKHE€ MOJEIM M MPOBECTH KOMIBIOTEPHBIE
UCCIIEOBAHUS IPOLIECCOB B YCIOBUSAX BapUallUM TEXHOJOTHUUECKUX TapaMeTPOB;

—  [pOaHaJIU3UPOBaTh MaTeMaTU4YECKHE MOJEIIN U IIPOBECTH
MOJEJIUPOBAHUE TMPOLIECCOB B  YCIOBHSX NPHUMEHEHHS KOHCTPYKTHUBHBIX
Moau(pUKaLKil 000pyA0BaHMS;

— CHCTEMATH3UpPOBAaTh  pPE3YyJbTaThl  MOJEIUPOBAHMS  TEXHOJOTMH U
pa3zpaboTatb aITrOPUTMBI 000CHOBaHUS napaMeTpoB MPOIIECCOB,
o0ecreunBarNINX MOBkIMIeHNE YHPEKTUBHOCTH PabOTHI 000PY10BaHMUS;

—pa3paboTaTh PEKOMEHJAIMH 0 MOJCPHU3AIUMU MApaMETPOB TEXHOJIOTHUECKUX
MPOIIECCOB U 000PYIOBAHUS;

— pa3paboTaTh METOJbl HHXKEHEPHOro pacuéra MapaMeTpoB Ipolecca s
oOecrieyeHus: ONepaTuBHOM OLEHKU WX 3HAYEHUH MPH MPOEKTUPOBAHUY;

— pa3paboTaTh CTPYKTYpY CHCTEMBI aBTOMAaTHU3HPOBAHHOIO MPOEKTUPOBAHUS
o0opy/ioBaHUSI W TEXHOJOTMM  MPOLECCOB  KOHBEKTUBHOM  00pabOTKH
MHOTOKOMITOHEHTHBIX MaTE€pHaJOB;

— pa3paboTaTh PEKOMEHJALMU Il MPAKTUYECKOrO0 MNPUMEHEHHS pPe3yJIbTaTOB
paboThl B 00JIACTH MPOU3BOJICTBA MHOTOKOMITOHEHTHBIX MAaTE€pUaIOB METOJO0M
KOHBEKTUBHOI'O BO3JICHCTBHUS.

OO0bekT uccaenoBaHmMii — mpoiecchl (HYHKIIMOHUPOBAHUSL 000PYI0BaHUA,
OCYLIECTBJISIOIIEr0 MPOU3BOJCTBO MPOAYKIIMH W3 MHOTOKOMIIOHEHTHBIX CMECEM
CIIOCOOOM KOHBEKTUBHOW 00pabOTKH.

IIpeamMer wuccie0BaHUM — MAaTEMAaTHYECKUE MOJIEIINA, BBIYUCIUTEIbHbBIC
METOJIbl U AITOPUTMBI KOMITBIOTEPHOTO MCCJIEAOBAHHUS MTPOIIECCOB, HAITPABJICHHbIC
Ha MOJU(DUKALINIO TapaMeTPOB 000PYAOBAHUS.

HUness paGoTbl COCTOMT B HCIHOJIB30BAaHUU OCOOCHHOCTEH MpPOTEKaAHUS
MPOLIECCOB KOHBEKTHUBHOW AUG( Y3UH, NPOUCXOIAIIUX MPU OCYLIECTBICHUU



NepeMENIMBaHUsl  MHOTOKOMIIOHEHTHBIX ~ HEOJHOPOJHBIX  MAaTepuasoB, IS
0o0OCHOBaHUS MOAM(UKAIMK MapaMeTpoB, OOECIEUMBAIOIIMX  IOBBIIICHHE
3¢ (HEKTUBHOCTH TIPOU3BOJICTBA.

Metoabl ucciaeaoBanus. /[ pemieHus MOCTaBICHHBIX 3a7ad B padoTe
IPUMEHEH KOMIUIEKCHBIA METOJ, BKIIIOYAIOMIMM B ceOs: aHaiu3 U 00o0OIIeHHe
JTAHHBIX HWCCIICIOBAHUI MPOIIECCOB KOHBEKTUBHOTO TMEPEMEIIMBAHUS U METOJIOB
pacuera napaMeTpoB 000pyAOBAHUS; MAaTEMAaTHIECKOE MOJICTUPOBAHUE TIPOIIECCOB
Ha OCHOBE JIETEPMHUHHUPOBAHHBIX MAaTEMaTHUYECKUX MOJENeH; TEOopeTHIEeCKOoe
o0OCHOBaHWE TyTel MOBBIMIEHUS APGHEKTUBHOCTU TMPOILIECCOB 3a  CYET
MOAU(PUKALIMK [TaPAMETPOB; KOMIBIOTEPHBIE SKCIEPUMEHTBI JJISI UCCIEIOBAHUS U
000OCHOBaHUSI TTApPAMETPOB MPOLIECCOB.

Cas3b padoThl ¢ HAYYHBIMHU NPOrPaMMaMH, INIAaHAMH, TeMaMu. Pabora
BBINIOJIHEHAa B  COOTBETCTBMM C TeMaTMYeCKUMHU I1aHaMu  JloHelkoro
HAI[MOHAJbHOTO TEXHUUYECKOIO YHUBEPCUTETA U SABIISETCS YacTbIO MCCIIEAOBAaHUM,
B KOTOPBIX aBTOp MpPUHUMANAa y4yacTHE KaK HCIOJIHUTENb: roctembl H-19-10
«Pa3paboTka ® wWcclegOBaHWE MATEMAaTHUYECKUX MOJENe U MPHUKIAIHOTO
IpPOrpaMMHOT0 OOecredeHus Uil KOMIBIOTEPHOTO MOJECIUPOBAHUS U pacyera
[IapaMETPOB  CIIOKHBIX  JHHAMUYECKHX cHcTeM», Ne ['oCymapCTBEHHOU
peructpammu 0113U000955; rocrembr H-25-05 «MccnemoBanue mpoIeccos,
pazpaboTka MaTeMaTHMYeCKUX  MOJENeH, TPUKIATHOTO U CHCTEMHOTO
IpPOrpaMMHOTO OOecTieueHusT s MOJCIMPOBAHHMS U pacueTa IMapaMeTpoB
IUHaMHuYecKkux cucrem»; rocreMbl H-18-15 «MccnenoBanne u pa3paboTka
MaTEeMaTUYECKUX MOJEJIEH U MPOrpaMMHOro o0ecredeHust Juisi MOAEIMPOBAHUS U
pacuéra napameTpoB AMHAMHUYECKUX cucTem»; rocteMbl H-20-18 «MccnenoBanue
IPOLIECCOB, pa3paboTKa MaTeMaTHUYECKUX MOJIENIEH U IPOrPaMMHOT0 00ecrieYeHus
JUI.  KOMIBIOTEPHOTO MOJEJIHUPOBAaHMUS M pacu€ra MapaMeTpoB  CIOKHBIX
JUHAMHYECKUX CUCTEM).

Hayunasi HOBUM3HA M MNpaKTHYecKas I[EHHOCTh  MOJIYYEHHBIX
pe3yJbTaToB.

Hayunasi HOBU3HA:

— BrniepBeie pa3paboTana JeTepMUHUPOBAHHAS MaTeMaTHIeCKasi MOJIEIb
mporecca MPUHYIAUTETFHOM KOHBEKIIMA HEOJHOPOIHBIX CMeEcel, B OCHOBY
KOTOPO¥H TMOJIOKEHBI ypaBHEHUsI MaTeMaThuueckoi ¢pusuku. Mcnonb3oBanue HOBOM
MOJIEJIN TO3BOJISET ONpPENEIUTh BIMSHHE OCHOBHBIX MapamMeTpoB 00OpYyIOBaHUS
Ha Ka4eCTBO NPOAYKIIHH.

— BnepBoie  00ocHOBaH BBIOOP M BBIMIOJIHEHA  MOAU(DUKAIUS
BBIUHCIIUTENHHBIX METOMOB /I KOMIBIOTEPHON pealn3aliiid MOJEIH C YIETOM
TEXHOJIOTHUECKHUX TTapaMeTpoB 000pyI0BaHUS.

— OOocHOBaHBI ~ HaNpaBIEHUS  COBEPIICHCTBOBAHWS  IapaMeTpOB
00O0pyTOBaHUS /IJIsl TIOBBIIIICHHUS KaueCTBa KOHEYHOTO MPOIYKTa.

— Tlonyunna nanpHeiliee pa3BUTHE TEOpUs MPOEKTUPOBAHUS AamNMapaTos,
OCYILECTBIISIOUIUX MPOLIECCHl MEepeMEIINBaHUsI MHOTOKOMIIOHEHTHBIX CMeced Kak
OCHOBY Il TPOM3BOJCTBA HOBOM TEXHOJOTMYECKONM NPOAYKIMH B BUEC
KOMIO3UIIMH UCXOTHBIX MaTepHaIOB.




IIpakTHYeckas HEHHOCTH:
- Pa3paboTanbl aJropuT™Mbl U MaKEThl MPUKIAAHBIX MPOTpaMM st

KOMITBIOTEPHOU peanusanuu MIPETI0KEHHOU JNETEPMUHUPOBAHHOMN
MaTeMaTHYECKOW  MOJEIM  Ipolecca IPUHYAUTEIBHOIO  IEpPEMEIINBaHUs
HEONHOPOIHBIX  CMECEH,  4YTO  MO3BOJSAET  HCCIEAOBAThb  IapaMETPhI

(YHKIIMOHUPOBAHMS alapaToB KOHBEKTHMBHOTO THIA B PAa3IMYHBIX OTPACIIX
IIPOU3BO/ICTBA.

- Ha ocHOBaHuMM pe3yJlbTaTOB BBIYHUCIUTEIBHOTO AKCIEPUMEHTA
00OCHOBaHbl 3HAYEHHUS YCOBEPUICHCTBOBAHHBIX MAapaMeTpOB ammapara JJis
noJiydeHusi (heppUTOBOrO TOPOIIKA C LEJIbI0 YCTPAHEHHUS  BBISIBICHHBIX
HEJOCTATKOB CYLIECTBYIOLIUX arperaTos.

Pe3ynpraThl HccnegoBaHUM HMMEIOT MIMPOKUN CHEKTP MNPUMEHEHUS IS
pa3IMuYHBIX MpeIMeTHBIX obOnacteil. [IpeanoskeHHas mpakTUUecKas peanu3anus
pa3pabOTaHHON MOJIETU MO3BOJISIET (POpMUPOBATH 0a3bl JAHHBIX O BO3MOXHBIX
Ha0opax mapamMeTpoB OOOpYJOBaHUSI JUIsl HUCIOJb30BAaHUS B  CHUCTEMax
aBTOMATU3UPOBAHHOIO YIPABJICHUS W MPOEKTUPOBAHUS, YTO MOXKET MOCIYKHUTh
(YHKIIMOHAJIBHBIM JIONOJHEHUEM U PpPa3BUTHEM HH(GOPMALMOHHBIX CHUCTEM
Pa3JIMYHbBIX IPEANPUITUN U OpraHU3ALUMN.

Teopernyeckass 3HAYMMOCTH PA0dOTHI COCTOUT B TOM, YTO 000CHOBAHHAs
METOJMKA  IIOCTPOEHUS  JETEPMHUHUPOBAHHOM  MAaTE€MaTHYECKOW  MOJEIH,
OCHOBAaHHOW Ha YPaBHEHMUSX B YACTHBIX IMPOU3BOJHBIX, OTpa)xarolmux (QpU3MKy
IIPOLIECCOB, MPOUCXOJAIIMX B  HEOJHOPOJHOM  CIUIOLIHOM cpene mpu
KOHBEKTUBHOM  BO3JCHCTBUM MEXAHMYECKUX YCTPOMCTB, SBIJISIETCSI HOBBIM
3 ()EKTUBHBIM TEOPETHUYECKUM HHCTPYMEHTOM HCCIEIOBAHUS TEXHOJIOTHYECKHX
IpoLeccCOB 0€3 MPOBEAEHUS JOJITOCPOYHBIX JOPOTOCTOAIIMX MPOMBIIIICHHBIX
AKCIIEpUMEHTOB. [IpenokeHHbI MOAX0A B JAJIbHEUIIEM MOXKET OBbITh pACIIMPEH
Y JOMOJHEH (PYHKUUSMHU aBTOMAaTHYECKOIO YIPAaBJICHUS U aBTOMAaTHU3UPOBAHHOTO
MPOCKTUPOBAHMS JJI TOBBIIIEHUS KauecTBa BBIXOJHOW NPOAYKIMHU, a TaKKe
MO3BOJISIET CTaBUTh M  pelaTh OOJBIION  CIEKTp  CTAaTUCTUYECKUX U
MaTE€MaTUYECKUX PACUETHBIX 3a/a4, CBSI3aHHBIX C IPUHATUEM PEIICHHUM, NMEFOIINX
MECTO B TEXHOJOTMYECKUX cHUcTeMmax. Pa3BuTue naHHOW pa3pabOTKH MOXKET
OCYILIECTBIISATHCS IYTEM JIONOJHEHUS €€ HOBBIMU pELIEHUSIMH B 00JIacTH
AHAIMTHYECKOTO M YHCIEHHOTO  aHaJIM3a  TEXHOJOTHMYECKHX  CXEM,
YCOBEPILEHCTBOBAHMUS METOJIOB OpraHu3aluu u yIpaBJICHUS
CHEUATN3UPOBAHHBIMH IIPOU3BOJCTBAMH.

IIpakTH4Yeckass 3HAYUMOCTh NMOJYYEHHBIX Pe3yJabTATOB 3aKIIOYACTCs B
TOM, YTO PEe3yJbTaThl UCCIAEAOBAHUI MMEIOT IIMPOKUNA CHEKTp MPUMEHEHUs AJis
pa3IMyHBIX TMpeAMETHBIX obOsacted. IlpennoskeHHas mNpakTUYecKas peanu3anus
pa3paboTaHHONW MOJIEIU T03BOJIsIeT (POpMUPOBATH 0a3bl JTAHHBIX O BO3MOMKHBIX
Ha0opax mapamMeTpoB OOOpYyJOBaHMUsI JUISl HCIOJb30BAaHUS B  CHUCTEMax
aBTOMATU3UPOBAHHOTO YIPABJICHUS W MPOEKTUPOBAHUSA, UYTO MOXKET MOCIYKHUTh
(GYyHKUMOHATIBHBIM ~ JTOTIOJJHEHUEM U pPa3BUTUEM HWH(OOPMAIIMOHHBIX CHCTEM
Pa3IMYHBIX OPEANPUATUN U OPraHU3ALIHAM.

Hayunble mosioxxeHnsi, BBIHOCUMbIE HA 3a1MTY.
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1. Y CTaHOBIEHO, YTO OCHOBHOE€ BIIMSHHE HA IPOLIECC KOHBEKTUBHOIO
IIEpEMEIIMBAHUS ~ MHOTOKOMIIOHEHTHBIX ~ MAaTE€pHaloB  OKa3bIBAKOT  Kak
reoMeTpuyeckne (KOOPIMHATHl YCTaHOBKHM 3JIEMEHTa BpalleHUs, KOOPAUHATHI
pPacHoJIOKEHHUS] BXOJHBIX TPYOONPOBOAOB /I MOCTYHAIOIUX KOMIIOHEHTOB), TaK
Y TEXHOJOTUYECKUE MapaMeTphl (CKOPOCTh BPAIlIEHUs] KOHBEKTUBHOT'O 3JIEMEHTA).

2. [Toxazano, 94T0 0OOCHOBAaHHBIE METOJBI MOAU(DUKAIMK TMAPAMETPOB
00Opy/IOBaHUSI  CHOCOOCTBYIOT ~TOBBIIICHHIO 3(PQPEKTUBHOCTH Tpolecca M
KAaueCTBa MOJIYyYaeMbIX MaTEPHAJIOB.

CreneHp 10CTOBEPHOCTH M 000CHOBAHHOCTH Pe3yJbTATOB, IOJIOKEHHI
M BBIBOJOB 00€CIIEUMBACTCS KOPPEKTHBIM HCIIOJIb30BAHUEM  pE3YJIbTATOB
VCCJIENOBAHUM, HWMEIOIIUX IIMPOKUA CHEKTp IPUMEHEHUS i1 Pa3IMYHbIX
oTpaciei, VICIIOJIB3YFOIIMX IIPOLIECCHI IPUHYIUTEIbHON KOHBEKIUHU
HEOJHOPOJHBIX CMECEH; NPENIOKEHHAsI MPAKTUYECKasl peanus3alus pe3yibTaToB
MaTEMaTUUECKOr0  MOJIEIMPOBAHUS  IMO3BOJIIET  PEKOMEHIOBAaTh  CIIOCOOBI
MOAU(UKAIIMM TEXHOJOTMH M MapaMeTpoB, YTO MOXET IOCIYKUTh HOBBIM
pEIICHUEM 3a/1a4d MOBBIIIEHUSI KaYeCTBA MPOAYKIIMH, & TAKKE€ Pa3BUTUS TEOPUU
MOCTPOEHUSI CUCTEM aBTOMATHU3AIMU YIIPABJICHUS MPOLECCAMU U MPOECKTUPOBAHUS
o0opy10BaHUsI.

Peann3zanusi BLIBOJAOB M peKOMeHAALMii padoThI MOATBEPKIAETCH:

— BHEJPEHHEM B NPAKTUKY paOOThl MPOU3BOACTBEHHO-TEXHOJIOTUYECKOTO
ornena OOO «CJIABEH» (Poccuiickass ¢enepauus, r. Pocros-Ha-/{oHy)
MaT€MaTUYeCKUX MOJENEed MW PpPEKOMEHJAUMA [0 MUX MPUMEHEHUIO U
OIIPEIENICHNS U YIIPABJICHUS MTapaMeTpaMH MPOLECCOB NEPEMEIINBAHUSA BIAXKHBIX
MHOTOKOMIIOHEHTHBIX HEOJHOPOAHBIX MAaTE€pPUAJIOB B 3aKpBITBIX amnmaparax
KOHBEKTUBHOIO THNa (akT o BHeApeHuu oT 12 wmas 2019r., nportokon
TEXHUYECKOTO coBemtanus paboueit rpynmsl Ne 3/05.19 ot 12 mas 2019r., cnpaBka
O BHEJIPEHUU, YTBEPKAEHHAS JUPEKTOPOM IPEIITPUATHUA);

— BHempeHHMeM B yueOHBII mporecc 1'OY BIIO  «JIOHEIKUI
HAIIMOHAJIBHBIM TEXHWYECKWN YHUBEPCUTET» (cnpaBka Ne 52.1-
04/19 ot 14.05.2019 06 ucnonp30BaHUM B y4€OHOM IpOIIECCe MPU YTCHUH JIEKIUH
Y MPOBEJICHUHU MPAKTUUYECKUX 3aHATUN Ha Kadenpax «VICKyCCTBEHHBIN MHTEIIEKT
U cucTeMHbIl aHanmu3» U «llpukiiagHas Maremartuka» MO0 JUCHUIUIMHAM:
«YpaBHEHHsS] MareMaThyeckoh Qui3ukm», «MaTreMaTuuyeckoe MOJEITUPOBAHUEY,
«BpruncnuTenbHas MaremMaThKa», «Pa3HOCTHbIE METOAbl PEIICHHS KpPaeBbIX
3agaw», «MHpopMalnvoHHbIE CUCTEMBI U TEXHOJOTUN», «HHUCIIEHHbIE METOMbBI»,
«MaremaTn4ecK1e MaKeThl MPUKIIAJHBIX ITPOrPamMm»).

Anpodanus pe3yJibTaTOB JUCCEPTAIUN.

OCHOBHBIE TOJOXEHHUS JHUCCEPTALMOHHONW pabOThl JOKJIAABIBAINCH U
oocyxnanuck Ha: VII MexayHapoaHOUW HayYHO-METOAUYECKON KOH(MEpeHIUU
«CoBpeMeHHbIe TTPOo0OJIeMbl TeXHOC(hEphl U MOATOTOBKH MHXKEHEPHBIX KaJIpOB» B
ropozae Cycc (Tynuc) ¢ 08 mo 17 oktsa6ps 2013 r.; [X MmexayHapoaHOW Hay4dHO-
npakTuyeckor KoH@epeHunu «IIpoGieMbl TOpHOro Jena W 3KOJOTHH TOPHOTrO
npousBojacTBay (24-25 ampens 2014 r., r. Autpauur); XXI MexayHapoaHoi
Hay4YHO-TEXHUUYECKOW KoH(pepeHuun «MamuHoctpoenue u TexHocepa XXI
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Bekay (r. CeBactomnoib, 15 — 20 centsaops 2014r.); VIII MexayHnapoaHoi Hay4dHO-
Meroanuecko KoHpepeHuu «CoBpeMeHHble TMpoOJeMbl TEXHOCPEPHl U
MOATOTOBKU MHXKEHEPHBIX KajapoB» B I. XammameT (TyHuc) ¢ 28 ceHTsiops mno 5
okTs0pss 2014 r1.; XXIII MexayHapoAHONW Hay4YHO-TEXHUYECKOW KOH(EPEHIUU
«MammHoctpoenue u texHocepa XXI Beka» B r. CeBactomnone 12-18 centsdps
2016 r.; IX MexayHapogHOW  HAay4YHO-METOAMYECKOW  KOH(pepeHUuu
«CoBpeMeHHbIE TIPOOJIeMbl TeXHOC(hEphl U MOATOTOBKH MHXKEHEPHBIX KaapoB» B
ropoae Cyxym, 01 — 09 okts0pst 2016 r.

JInuHbIA BKJIAJ COMCKATEJNS COCTOMT B (HOPMYJTUPOBAHHUM IIENIH, 3a]a4
UCCJIEIOBAHUM, OCHOBHBIX HAay4YHBIX TIOJOKEHHUW U BBIBOJOB, pa3pabOTKe
MaTEeMaTUYECKUX MOJIEeH U MPOrpaMMHOr0 o0ecreueHus i UX KOMIIbIOTEPHON
peanuzanuy, pa3pabOoTKe PEKOMEHJAUMA 1O NPAKTUYECKOMY IPUMEHEHUIO
pe3yibTaTOB; OCHOBHBIE HAy4YHBIE PE3YJbTAaThl JAMCCEPTALMM BKIIOYAIOT B ceOA
JNETEPMUHUPOBAHHBIE ~ MAaTeMAaTHYECKHME  MOJENIH,  JOCTATOYHO HIOJIHO
YUUTBHIBAIOIIME  OCOOCHHOCTHM  MPOTEKAHMsI  IMPOLIECCOB  IEpPEMEIMBAHUSA
HEOJHOPOJHBIX  MaTepUalioB, BBIYMCIUTEIbHBIE METOJBI, AJITOPUTMBI U
IpPOrpaMMHBIE KOMIUJIEKCHl [l KOMIIBIOTEPHON peanu3aluud MOJejeil, 4YTo
BIIEPBBIE TO3BOJIMJIO MOJYYUTh IMOJHOE MPEACTABICHHE O NPOLECCaX, BBIABUTH
OPUYUHBl ~ HEAOCTATKOB  CYUIECTBYIOUIMX  CIIOCOOOB  MPOEKTUPOBAHUS
000pyA0OBaHUs, ONPEICIUTh HANpPaBICHUE IMOBBIIICHUS KayecTBa MPOU3BOAUMOM
OPOAYKUMUA 3a CYET OOOCHOBAHMS HOBBIX IapaMeTpPOB OOOPYIOBaHUS; TEKCT
JUCCEPTALIMK HAMCAH aBTOPOM CaMOCTOSTEIIBHO.

IIyosmkamuu.  OCHOBHBIE ~ HAyyHbIE  PE3yJbTaTbl  JUCCEPTALMH
ony0JauKoBaHbl B16 Hay4dHbIX paboTax, U3 HUX 7 cTaTedl B CHEIUAN3UPOBAHHBIX
n3nanusax, pekomeHnoBanubix BAK JIHP u B penensupyembix xKypHanax, 3 B
JIPYTUX U3JaHUSAX (B TOM 4ucie 2 MOHOTrpaduu), pe3yabTaThl MPOILINA apoOaIuio
U onyOJMKOBaHBl B MarepHasiax 6 MeXAYHapOAHBIX HAyYHO-TEXHUYECKUX
koH(pepeHuid. [Tyonukanuu B JOCTaTOUHON Mepe OTpaKaroT CoAepKaHue pabOTHI.

CooTBeTcTBHE TeMbl U COAEP:KAHUS AUCCEPTALUM NMACIOPTY HAYYHOM
CHenuaJIbHOCTH.

[Tonmy4yeHHble pe3ynbTaThl, MOJOKEHHUS W BBIBOABI OTBEYAIOT TPeOOBaHUAM
nacriopra crnenuanbHoctd  05.13.18 — «MaremaTuyeckoe MOJAEIUPOBAHMUE,
YUCJICHHBIE METOJIbl M KOMIUIEKCHl MporpamMM (TEXHUYECKHE HayKu)», B
yacTHOocTH: 1.1 «Pa3paboTka HOBBIX MaTEeMaTHYECKHMX MOJENIEH M METOJIOB
KOMIIBIOTEPHOTO MOJICIMPOBAHUS SBJIEHUH, OOBEKTOB, CUCTEM M MPOLIECCOBY; 1.4
«Peanuzanus >(QQEKTUBHBIX YHUCIEHHBIX METOJOB M aJrOpUTMOB B BUJE
KOMIUIEKCOB ~ MPOOJIEMHO-OPUEHTUPOBAHHBIX ~ IPOrpaMM Il NPOBENEHUs
BBIYMCIIUTEIBHBIX 3KCIEPUMEHTOBY; 1.5 «KoMIIeKCHbIE HCClIeT0BaHUs HAYYHBIX
U TEXHUYECKUX TMPoOJeM ¢ TMPUMEHEHHEM COBPEMEHHBIX TEXHOJOTUH
MaTE€MaTUYECKOr0 MOACIMPOBAHUS U BEIYMCIUTEIBHOTO IKCIIEPUMEHTAY.

Tema u conmepxkanue nuccepranuu «MaTtemaTH4ecKoe MOJEIMPOBAHUE U
000CHOBaHUE napameTpoB anmnaparos, OCYUIECTBIISIOLIUX nporecc
nepeMenIMBaHusl HEOJHOPOJHBIX MAaTEpPHAIOB» HA COUCKAHHME YYEHOH CTENeHU
KaH/IUJaTa TEXHUYECKUX HAyK COOTBETCTBYET MAcCHOPTy HAYYHOM CIELMATIbHOCTH
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05.13.18 — «KMaremaTn4eckoe MOJICIUPOBAHNE, YHNCICHHBIE METObl U KOMILICKCHI
nporpamMm (TEXHUYECKHE HAYKH)», MO KOTOpPOMl JuccepTallMOHHOMY coBery [
01.024.04 npenocTaBlieHO MPABO MPUHUMATh JUCCEPTALUOHHBIEC PAOOTHI K 3aLIUTE.

Ctpykrypa u o0bem padornl. [luccepranus cOCTOUT U3 BBelneHUS, 4
pa3genoB M 3aKJIIOYCHMS, U3JI0KEHA Ha 152 cTpaHunax MalmMHOMUCHOTO TEKCTa,
collepkUT 49 pucyHKoB, 16TabnuIl, CIMCOK MCIIOIB30BAHHOMN JIuTEepaTypsl U3 129
HAaVMEHOBAaHHUU U 2 NIPUJIOKEHUS HA S5 CTPAHUILIAX.

OCHOBHOE COIEPKXAHUE PABOTbI

B nmnepBom pasgesne «AHaIM3 TEOPETHUYECKUX OCHOB M TEXHOJIOTHUU
MPOIIECCOB  MPOW3BOACTBA MPOMBIIIJIEHHBIX MAaTE€pUalioB C [PUMEHEHUEM
KOHBEKTHUBHOI'O BO3/ICWCTBHA HAa MHOTOKOMIIOHEHTHbIE cMecH. llenp u 3amadm
MCCIIEOBAHUS HA OCHOBAaHUU PE3yJIbTATOB aHAJIM3a UCCIEA0OBAHUN psiia aBTOPOB
Y OpraHU3alMil YCTAaHOBJIEHO, YTO OJTHUM U3 OCHOBHBIX CAEPKUBAIOIIUX (PAKTOPOB
IpU  BHEAPEHWHM COBPEMEHHBIX  TEXHOJOTMYECKHX  PEIIECHUN  SBISETCA
HECOBEPILIECHCTBO MMEIOLIETOCA B HACTOSIIEE BPEMs MATEMATUYECKOTO aIlapara
JUISL UCCIIEOBAHMUSI IPOLIECCOB U pacyeTa MapaMeTPOB TEXHOJIOTHUECKUX CXEM.

Haunbonee 3((exkTUBHBIM COBPEMEHHBIM CPEIACTBOM PpEIIECHUS JaHHOU
3a1a4d  SABIKIETCS. METOJ MATEMaTUYECKOTr0 MOJEIUPOBAaHUA C IPUMECHEHUEM
JNETEPMUHUPOBAHHBIX MATEMATUYECKUX MOJIEIIEH.

Ha 0a3ze wMaremarnuyeckoil Monaenu oOBEKTa (DOPMUPYIOTCS KPUTEPHUH
KayecTBa M OIPAaHUYEHHUs, BBIOMPAIOTCS CTPYKTypa M MapaMeTpbl MpPOEKTa
CUCTEMBI, TEXHUYECKHUE CPEICTBA PEATU3ALINH.

[IpoBeneHHbIe MCCIIENOBaHUS MO3BOJIWIN CHOPMYIHPOBATh LEIb U 33Ja4u
paboTHI.

Bo BTOpoM paszgese «Marematnuyeckoe MOAEIUPOBAHUE U UCCIIEAOBAHUE
[IapamMeTPOB aIapaTa ¢ OJHOJIONACTHBIM KOHBEKTUBHBIM 3JIEMEHTOM» BBITIOJIHEHO
000CHOBaHUE HAIPaBJICHUS! Pa3BUTHsI MAaTEMAaTUUYECKHUX OCHOB JJIsi MCCIIEIOBAHUS
u O00OCHOBaHMS MapaMeTpOB MpOLEcca KOHBEKTHUBHOTO BO3JCHCTBUSA Ha
HEOJHOPOIHBIE CMECH.

B opHOMONAacTHOM KOHBEKTMBHOM alllapaTe MaTeMaTH4decKas MOJIEIb
mpolecca NepeMelBaHUus MHOTOKOMIIOHEHTHOM CMECH CTpOMTCS Ha 0ase
YpaBHEHUH, OTpaKalIUX (PUINYECKU NpPoLEecC KOHBEKIHMH MAacChl, KOTOpas
MIPOMCXOINUT 3a CYET IMEPEMEIIMBAHAS CMECH JIONACThIO, YTIJIOBas CKOPOCTH
BpAILICHUS KOTOPOU @.

CxeMa DOCTpOEHMS MaTEMaTUYECKOM MOJENM alrapara MNpHUBEIEHA Ha
pucyHke 1.

Bonbuioe konuyecTBO paboOT MO YMCIEHHOMY PELIEHUIO KPaeBbIX 3aJad CO
CBOOOJHOW TpaHUIICH, CBSA3aHHBIX C TEPEMEIIMBAHMEM MHOTOKOMIIOHEHTHOM
cpenpbl, BeimosHeHo akan. B.B. KadapossiM. [Ipu 5TOM moHMMAaeTCs, YTO U3BECTHO
1oJie CKOpOCTeW pacTBopa B amnmapare. B ngaHHO#l ke paboTe npensiokeHa
MaTeMaTU4YECKasi MOJIEJb, IO3BOJIAIONIAS PACCUMTHIBATH 3TO MOJIE B MPOLECCE
peuieHus KpaeBod 3amaud. B 3TOM  COCTOMT CYUIECTBEHHOE OTJIUYHE
MIpEeIaraéMo MOJIENIA OT PACCMOTPEHHBIX PAaHEE.
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Pucynok! — Cxema mocTpoeHrs MaTeMaTH4eCKOM MOJIENIH arapara:
a)l — kopryc, 2 — BXOJHbIe TPyOOIIPOBO/IbI, 3 — BEpXHUM NEPENIUB (BBIXOIHOMN
TpyOomnpoBox), 4 — Melaika.
0)K BIOOPY KOOPJIMHAT U IOCTPOEHUIO PA3IUYHBIX THUIIOB MOJIENEH.
[Ipocreiimelr MOAENBIO SBISAETCS MOJAEIb HACATBHOTO MNEPEMEIIMBAHUS.
[Ipy 3TOM KOHILEHTpauus TBEpAoH (a3bl ABiIsSeTCS (QYHKUHUEH TOIBKO BPEMEHH,
t.c. C=C(1).
Bropoii Mozenbio SBASETCS OJAHOMEpHAash MOJEb NEpEeMEINBaHUs MHOTO-
KOMITOHEHTHOM Cpenbl B allapaTe ¢ yY4eTOM BHXPEBOIO TeueHus pactsopa. Ilpu
TOM TIOJIE€ CKOPOCTEM pacTBOpa pPACCUMTBHIBACTCA B IUIOCKOM ciydae. Beens

byHKIHIO TOKa w(x, y), MBI ONpPENEIISIEM €€ W3 PEIICHHS KpaeBOW 3aJauu IS
ypaBHeHus Ilyaccona.

®u3uka Mporecca, OCYIIECTBIIEMOro 3a CYET BpAILLEHUS KOHBEKTUBHOIO
AJIEMEHTa, OTpakaeTcst (PYHKIIUECH:

0
v(I?x* +h?y?) " x#0, y =0, (0,0) = @

I7ie - YIJIoBasi CKOPOCTh BpaIllEHUsI JJONAcTH (MEIIAJIKH), vV - KO3(PPUIUueHT
BS3KOCTH pacTBOpa, N- XapakTepHBIM TONEpeuHbli pa3mep ammapara, | -
MIPOIOJIBLHBIN pa3Mep amnmnapara.

u(x,y) =

Brens pynkiuo Toka v (x, y)’ 3amuIleM 33/1a4y B BUJIC:

1 o’y 1 0

12 l/2/+_2' l/::ﬂ(xly)!

I ox° h® oy (x,y)eG

v (X y) =0, (x,y) € G

TIpu stom Bektop ckopoctd wactnublV u gynkuus toka ¥ (*Y) ceazansi
CJIEAYIOIIMMHU PABEHCTBAMM:

Vx — 6_!//’ V — _a_l//’

o 7

HauGonee WHTEPECHOU u MPAKTUYECKHU BAXHOU SIBIIAETCS

OoceCUMMETpUUecKass MoJenb anmapata. BsTtom ciiydyae reoMeTpuyecKuMu
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MEPEMEHHBIMH SIBJISIIOTCS paauyc I U BbicoTa Z.-Torma ¢yHKIueH Toka w(r.z)
ABJISICTCS PEUICHHUE TAKOW KPaeBOM 3a7auu

1 61//2+ 1 o’y 1 oy r-o-R

W o TR o Rr o RAAHTZ

D=(0<r<10<z<l

w(r,z2)=0; (r,z)edD

(H u R — xapakTepHbIe pa3Mepsl ammapara).

[Tociie Toro, kak moje CKOPOCTEM 4YaCTHUI[ B alllapare ONPEACICHO W3
pellIeHnsT KpaeBol 3ajJadu, KOHIeHTparus tBepaon ¢aser C(t,r,z) HaxomuTcs u3
pelIeHus CIeAYIONIEH 3a1a4uu:

1 1 oy 1y o 0

T o r-R-H o oz r-RH 6z o " oz?

. D, Q{E.QE)+QA01+CZ+C3+CQ+QZCS—QC

r-R or or Vv
O<r<l 0O<z<l1
oC

—=0, (t,r,z)edDx|0,T
— (t,r,z) e 3D x[0,T]
C(0,r,z) =C,

(31ech 1 BHEIIHSIST HOpMAIb K 06IacTH D * [O’T]).

Kak yka3plBaioch BBIIIE, OTIMYUE ITUX MOJIENIEd OT HM3BECTHBIX paHee
COCTOHT B TOM, YTO MOJIE CKOPOCTEW YACTHI] B anmnapaTe ONpeaesieTcsl B MpoLecce
pelIeHus 3a1ay.

[Ipy 4MCIEHHOM pELICHHH KpPaeBbIX 3a7ad, MOJCIUPYIOIIMX MPOLECCHl B
anmapare, COOTBETCTBYIOIIME JU(PepeHIHalbHbBIE YpABHEHUS 3aMEHSIOTCS
KOHEUHO-Pa3HOCTHBIMH.

B ocHOBe uMClIeHHON peanu3aiiu MOJACIH JICKUT NPUOIMKEHHOE PelleHre
AIUTUNITUYECKOTO U MapabOJIMYecKOro ypaBHEHUH, 3aBA3aHHBIX MEXAYy cOOOH B
CHUCTEMY JIByX YPaBHEHHI MOCPEACTBOM MpaBOM 4YacTH. Torma 3amada COJEPIKHUT

JIBE HEU3BECTHBIC (PYHKITUU v )y C(t,x,y).
3ameHssl ypaBHEHHE PA3HOCTHBIM COOTHOIIICHUEM, TTOJTyYaeM:
1 C_lf+0,5 _Ck V C_k+0_,5 _Cil;+0,5 _\i . C-k _C: +& . Clliioj,S _ZCil;+0,5 +Cik:i’0j,5 .

i,j+1

T 05H, |  h-H, h  H, 12 H?

3neck Hy - mar mo BpeMeHH, Hy - mar mo nepemenHon xafl,- mar mno me-

o Ck=cC(t,, x,e.
peMeHHOH y, U (o x;;) Janee, Baadase Ha mare (k+0,5) pemaercst cucrema
ypaBHEHHH IS IPOJIOJIEHOTO CMEIIEHHUS:

D k+0,5 1 Vx 2-D k+0,5 D Vx k+0,5
BUHA _(OS-T-H I PR A (ETER T At
X ! T X X

X X

Vv D 2-D v D
- 2 - 2 'Ciki+1 * 2 Hz - = S 'Cil; TR - 2 ’Cikjfl - f.
h-H h*-H/ ’ h*-H; 05T-H; h-H, h®-H

y
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3arem Ha (K+1) mare — cucremMa s IMONEPEYHOro CMeEIIeHHs (cxema
Jyrnaca):

D Vv 2-D D Vv
2 ; 2 'Ciifj%l_( : - 2 Hz}'ci‘rl"'[ 2 A 2 - ' ]'Ciifﬁ1:
h®-H; 05-T-H; h-H h-H; h*-HS h-H,

y
\ DL k+0,5 2'D|_ 1 \ k+0,5 DL k+0,5
- CT+ - - [.CiT+——-C 7+ f.

(I-HX |2-H5J WOBHE 05 T-H, 1H, ) T 2Rz T

[Ipn 4KrCIEHHOM MOCTPOCHUH IIOJII CKOPOCTEM KpaeBas 3ajjadya 3aMEHSECTCA
KOHEYHO-PA3HOCTHBIM aHAIOroM. [Ipu 3TOM:

w(x,Y;))=vw; i=0L.,N; j=01..,M;

Woi =¥ni =00 Wi =i =0.
YpaBHEHHE B Pa3HOCTHOM BapUAHTE MMPUHUMAET BU/L:

1
Vi = Z(WH,J' TV TV +Wi,j+1)

i=01..,N; j=01.. M.

OcHoBHasi mporpamma pa3zpa0oTaHa C IEJIbI0 YHCJICHHOTO MOJEIUPOBAHUS
TUJPOJIMHAMUYECKUX TPOILIECCOB MpU pabOTe MaIlMH KOHBEKTMBHOIO THUIIA Ha
npuMepe arrmapara Jijisi moiaydeHusi GeppuTOBOTO MOPOIIIKA.

B ocHOBy Mojenu IOJ0KEHO ypaBHEHHE KOHBEKTUBHOM nuddy3uun B
NPSIMOYTOJILHOM ~ 00JIacTH, TMPEJCTaBISIIONICH OCEBOE CEUEHHE arrapara.
VYpaBHeHHe B 0e3pa3MepHBIX BETUYNHAX UMEET BU/I:

16C_1 oy 1 oy € [, 0°C A, &C (o ¢
T ot I-h oy oy I-h oy ox 17 ox* h*> oy?
O<x<1l O<y<] O<t<l1 (1)

HauansHoe ycnoBue:
Cx¥.0)=Co(2)

['paHuyHBIe YyCIOBHS IPU OTCYTCTBUM OOMEHA C BHELIHEH Cpeloi:
C.0,y,t)=C, (Ly,t)=0

Cy(X,O,t) = Cy(X,l, t) = 0 (3)
Oyukuuu f umeror Bua:

0 XX Y=Y,
f,=4Q,-(C,+C,+C,+C,) X=% Y=Y,

vi (4)
0 X=X, Yy#Y,
f, = Q,-C, X=X, Y=Y,
V1 (5)
0 X#X; Y#VY,
fy= _Q~C X=X3 Y=Y,
V1 (6)

®OyukIius Toka Y(X,y) OnpenesieTcss U3 pelieHus] KpaeBou 3a1aun
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i.azt//Jr 1 oy

- . = X, ,
12 ox*> h® oy? Hx.Y)
O<x<l O<yx<l (7)

w

\H X=Xy Y=Y,
/U(X1y): W

VIR (o f ooy
(8)

v (x0)=y(x1) =y (0.y) =w(Ly)=0(qg)

[IpencraBieHHasi cUCTeMa OIMCHIBACT MPOIECCH paclpeiesieHus] TBEPAOH
¢da3bl Tpy KOHBEKTUBHOM MEPEMEIIMBAHUN CYCTICH3UH B ILIHJIUHJPE.

[lepeMeHHbIe, yKa3aHHBIE B YPAaBHEHUAX, UMEIOT CICAYIOIIUNA CMBICI:

X, ¥ - KOOPJIUHATHI IPOCTPAHCTBA, Oe3pa3MepHbIe BeIMUMHSL; T - Bpems, ¢; C
-KOHILIEHTpalusl TBepaol Qa3pl B paboueM 00beMe LMIMHAPA, COJEPIKALIETO
cycrensuo, r/eM” ;| - MakcuManbHbIi pasMep 1o ocu X (paanyc HUIHHApa), cM; H
- MaKCHUMallbHbII pa3Mmep mo ocu Y (BbicoTa mwimHApa), cM; VI - mnomans
MOMNEPEYHOro ceueHus: uuinuuapa, cm; A, g - ko3ppuuumeHTsl npogosibHON U
nonepeunoit nuddysuu, 6e3pazmepusie Benuuunsl; fy, ; - yrkmm, orpaxatomniue
TOUYEYHBIC WUCTOYHUKH TBEPJOU (a3bl, €CM OHU ecTh, r/(c-cMm); f3 - yHKIM,
OTpa)kallllass OTTOK cycmneH3uu, r/(c.cm); Cp - HadanbHOE pacHpelesieHue
KOHIIGHTparmy TBepaoil dassl, r/eM; (X1,Y1)(X2)Y2) - KOOPAHHATHI TOYCUHBIX
UCTOYHUKOB; (X3,V3) - KOOPAUHATHI TOYEYHOTO OTTOKA; Q, Q- MHTEHCHBHOCTH
HCTOYHHUKOB, cm/ C; C1,Cy,C3,Cy, Cs - XapaKTEPUCTUKHU HCTOYHHKOB
(KOHIICHTpAIIHS ), r/em®; Q - wmHTeHcmBHOCTH otToka (Q=Q+Q,) cm/c; C -
XapaKTepUCTHKa OTTOKA, I/cM; T - BpeMs HcclieoBaHus npoiecca, ¢; W - yriosas
CKOpOCTb BpallleHUsl JIONAacTH, €eciau B paboueM oO0beMe YyCTaHABIMBAETCS
YCTOMYMBO KOHBEKTHBHOTO repemMeniuBanus (mpu ero orcyrctsuu W=0), 06/C; xo,
Vo - KOOpAMHATHI UCTOYHMKA BpaieHus; FN — BsS3kocTh cycnien3uu, 6e3pa3zmMepHas
BEJIMYMHA.

JUis uccieaoBaHUs Ha KOMIIBIOTEPE THAPOJMHAMUYECKHX IapaMeTpoB
pa3paboTaHa mporpaMMHasi MOJIEb.

Haznauenue nporpaMMsbl - 4MCIEHHOE PELICHHE 3a/ladydl O pacHpeleseHun
KOHIICHTpaluu pactBopa B anmapare (1) - (6).

s pemieHust 3aadd  MOJCIHMPOBAHHS TMPOTpaMMa TpeOyeT HCXOIHbBIS
nanHele: R - pagmyc muimsapa cm; H - Beicota muimHapa cMm; TMAX - Bpems
uccienoBanus mpomecca, ¢; HX, HY, HT - mar mo ocam x, y, t; EV1, EV2 —
OKpecTHOCTH TOYKH (Xo, Yo); ER - TpeOyemast TouHocTh pemieHus; (Xo, Yo) -
KOOPJAMHATHI JIONACTH Mealku; (X1,Y1),(Xz, Y2) — KOOPAMHATHI HCTOYHHUKOB; (X3,)’3)
- KOoOpAuHaThl OTTOKa; V1 - 1uiomianp MOMEPEeYHOro CEYEHMsI HMCCIEAyeMOro
nammagpa, cm’; W - yIJI0Basi CKOPOCTh BpaleHus: nepemermBatens, oo/c; FN-
BS3KOCTh cycrieH3uu; Cy - Ha4albHOE paclpeesieHue KOHIEHTPAIlUH, r/em®: Qq,
Q, - UHTCHCHBHOCTH HCTOYHHKOB, CMS/C; C1,C,,C3,Cy,Cs-  xapaKTepUCTUKH
WMCTOYHUKOB TBEPIOH (ha3bl (KOHIIEHTPAIIHS);
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[TocnenoBaTenbHOCTh BBOJMMBIX JAHHBIX CTPOrO OINpPEJENeHa, U U3MEHUTD
ee 0e3 U3MEHEHHUsI POTPAMMBI HEJb34.

Pe3ynbTaThl BRIBOJSATCS Ha TMEYaTh WM SKPaH B BHUJIE TAOJHII, CHAOKEHHBIX
KOMMEHTApPHUSMH, YTO YHOpOIaeT ux o0paboTky. [lo 3TMM maHHBIM CTpPOSTCS
KpUBBIC PABHOTO YpPOBHS, MPUYEM OTPHUIATEIbHBIC 3HAYCHUS OIYCKAIOTCS (OHU
COOTBETCTBYIOT HATMIHUIO «BUXPEI).

Pe3ynbTaThl MOJICTMPOBAHUS U IPAKTUYECKHE PEKOMEH/IAITNH.

B mporecce MaremaTuyeckoro MoOJACIHUPOBAHUS pabOTHl — ammapara
CTaBWJIMCh 2 OCHOBHBIE 3ajaud; 1) 3amaya WACHTHU(PUKALMSI MaTeMaTHYECKOM
Mojenu; 2) 3amadya cOOCTBEHHO MOJEIIUPOBAHUS, HAIpPABJICHHAs KaK Ha TOWCK
NyTe COBEpUICHCTBOBAHUSA IMapaMETpPOB ammnapara, Tak M Ha HCCIEJOBaHUE
PEXKUMOB U XapaKTEPUCTUK UMEIONICICS anmnaparyphl.

Jiist petiienrs nepBoi 3a7a4n ObUTH TIPOBEICHBI MATUHHBIE YKCIIEPUMEHTHI,
MO3BOJIMBIIME MOJ00paTh TakuWe MapamMeTpbl MOJENH, KOTOPBIE IO3BOJIST
MPUMEHSTH MTPOTrPAMMHYIO MOJIEIb K UCCIIEOBAaHUIO aHAJIOTUYHBIX alllapaToB.

B mutane moucka myTeil COBEpIIICHCTBOBAHUS MTapaMETPOB aIlliapaTa JTaHHas
MOJIENTb TIO3BOJISIET HWCCIAEAOBAaTh THAPOAMHAMUYECKHE TapaMeTphl arapara:
MIOJIOKEHUE MCTOYHUKOB BXOJHBIX BEIIECTB, MOJIOKEHUE W CKOPOCTH BpAICHUS
JIOTIACTH METIAJIKH.

3amaguM CKOPOCTh BpAIICHHWS IMOCTOSHHOW BO BCEX TOYKAX CCUCHHUS
(upeanu3upoBaHHbIM BapuaHT) U paBHou 0,7 (B Oe3pa3sMepHBIX BEJIUYMHAX).
PaccMoTpuM pe3ynbTaThl MOJEIUPOBAHUS I PA3IMYHBIX TOJOKEHUM TOUYEK C
cocpenoToucHHON KoHIeHTpaluei Cy, Cy, C3, C4 u Cs(pacxoasl Q1=25, Q,=40).

Ha pucynke2 npuBeeHbl TUHUU PABHOTO YPOBHS KOHIIEHTpanuu Ciuis Tpex
BapUAHTOB.

PucyHok 2 —Pe3ynbTaThl MOIEIMPOBAHUS pACIPEICIICHNS 3HAYCHUM
KOHIICHTPAIUH TBEPAOH (ha3bl AJIsl pa3INIHBIX MOJTOKEHUH HCTOUHUKOB!
a) CIlydaifHOE PacMoJI0KEeHHE; 0) CAMMETPUYHbBIE KOOPIUHATHI; B)
pacroioKeHHe B OOIIeH TOUKe.
MonenupoBanuch  BapHaHTBl  BIMSHUS ~ CKOPOCTH  BpallleHUs IMpu

PACIIOJIOKCHUHM JIOMACTH Ha PACCTOSHUM YETBEPTH BBICOTHI OT JHHUINA IS
Oe3pasmepHbix 3HadueHuit ckopocted 0,5; 0,7; 0,9. Ha puc 2.7 mpuBeneHsl
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pe3yJbTaThl MOACIUPOBAHUS, U3 KOTOPHIX BHUIHO, YTO YE€M BBIIIE CKOPOCTh, TEM
MeHbIIIe "3aneranue” TBepaon (a3l Ha JHE.

MonenvupoBanue npoBeneHo npu ckopoctd 0,7 W pa3auvHBIX KOOpAUHATAX
MTOJIOKEHHUSI JIOMIACTU BJOJIb BEpPTUKAIbHOW ocu. Kak cienyer u3 pucynka 3,
HAWJIY4IIUM TIOJIOKEHHWEM JJisi OOphOBI ¢ «3aJleTaHUEM OCaaKa» SBISETCS
MaKCUMAaJIHbHO MPUOJIMKEHHOE TIOJIOKEHHE K THUIILY.

%)

a - 0,5, 6 - 0,7, B~ 0,9

PI/ICYHOK3—PGSYJ'ILT3TBI MOACIIMPOBAHUA IIpOUCCCa IIPU PA3THIHBIX
CKOPOCTAX BpalllCHUS JIOIIACTHU

3amagum ckopocTh 0,7 W paccMOTpUM pa3IUYHbIE TIOJIOKEHHUS BJOJIb
BepTUKaIbHOM ocu. Ha pucynked4npuBeneHbl pe3yibTaThbl MOACIUPOBAHUSA IS
ATUX ciiydaeB. Kak cienyer u3 pucyHka, HAWIYyYIIUM MOJI0KEHUEM sl 00OphOBI ¢
«3aJIeraHueM 0CaJIKay SBJISIETCS MAaKCUMAIbHO MPUOJIMKEHHOE K THUIILY.

4)

/

Pucynox4 — Pacnipenenenrie KOHIICHTpaluu TBEPAOH (Pa3bl Mpy pa3TuIHBIX
MOJIOKEHUSIX JIOMACTH: a — B LIEHTPE peakTopa; O — B YETBEPTh BHICOTHI; B — B
IIPUIOHHOU 30HE.

Takum oOpa3zoMm, MaTeMaTUYECKOE MOJEIUPOBAHUE MO3BOJUIIO YCTAHOBUTH
OpHUEHTUPOBOYHBIE apaMeTphl, o0ecreunBaronye palMOHAJIBHBIN
TUAPOMHAMUYECKUM peKUM pabOThI anmapara.
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B Ttperbem pa3gene «PacmmpeHue nakera MaTEMaTHUYECKUX MOJEIEU
mpoliecca W OOOCHOBaHUE  CTPYKTYpPhl CHUCTEMBl ~ aBTOMATHU3UPOBAHHOTO
MIPOCKTUPOBAHUS OOOPYTOBAHHS BBHITOJTHEHO PACIIMPEHUE MaTEeMAaTHIECKON 0a3bl
JUISL UCCIIEIOBAHUS M pacu€ra mapaMmeTpoB Mpouecca.

MaremaTnyeckue MOJEIN NPOLIECCOB MOJMYyUYECHUS CYCIIEH3UM B anmaparax ¢
KOHBEKTUBHBIMH KOMIIOHEHTAMH OCHOBBIBAIOTCSI HA YPAaBHEHUSIX B YaCTHBIX
MPOM3BOJHBIX W TMO3BOJSAIOT  MCCIEIOBaTh OCHOBHBIE  ITApAMETPHI
TEXHOJIOTHYECKOr0 000PYIOBAHHUSI C IOMOIIBIO KOMITBIOTEPA.

Bmecre ¢ TeM, mid ONEpaTMBHOIO pacyeTra MapaMeTpoB Mpolecca BAKHO
UMETh MPHUOJIMKEHHBIE 3aBUCUMOCTH, MO3BOJISIIOLIME OOONTUCH 0€3 TMpUMEHEHUS
KOMITbIOTEpA. 3a1auel JaHHOUM paboThl SBIsIETCA pa3paboTKa MOJIETIH, OCHOBAaHHOMN
Ha KPUTEPUAIbHBIX 3aBUCHUMOCTSIX.

B pabote nony4yeHo kputepuagbHOE YpaBHEHUE:

1/3 2/3,42/3\ 2134213 \%2 2134213 \% 213 ,2/3\%4
dq_=k(cij (Cij (C&j [Clj }
v P P P P
Vz/sqzls *s Q,q 1 Q,q Y2 Q-q PRV n D.ql/?: 4 H.q1/3 z
x| Cs - P vp Vp vp CI2/3 NEE V3 X
T.q%"? i 7.2 p Q H .
([ (& o

Hcnonb3ys nosydyeHHy0 GopMyry, OpeAeisieM yIeIbHYI0 TOBEPXHOCTD:
5 6000
d-p

Bb160p KpuTEprEB OLEHKH NOBBIIEHUS 3P(EKTUBHOCTH NPU MOIU(DUKAITTN
napamMeTpoB TMPOU3BOJUTCS B COOTBETCTBUM C OCHOBHBIM TpeOOBaHUEM:
MOBBIIIEHUE PABHOMEPHOCTH paclpeeeHus epeMennBaeMoi Macchl B paboyem
o0béMe anmapara.

Haubonee sdpdextrBHBIE pe3ynbTaThl pabOThl KOHBEKTHBHOTO armapara
COOTBETCTBYIOT MAKCUMAJILHO BO3MO>KHOMY Pa3Mepy 30HbI BBICOKOW aKTUBHOCTH.

B pabore mnpemiokeHo co3laHuE MOJCUCTEMBl aBTOMATU3HUPOBAHHOTO
IIPOEKTUPOBAHMSI, KOTOpasl IpU3BaHA IMOBBICUTH KAadye€CTBO IIPOEKTOB 3a CYET
3(p(EeKTUBHOIO MPUMEHEHHUS KOMIBIOTEPHBIX TEXHOJOTMM JJs peanu3aluu
TPYAOEMKHUX PYTUHHBIX (PYHKIIHUHA.

Ha pucynkeS mnpuBeneHa (yHKIUMOHAJIBHO-JIOTHYECKAs CXeMa CHCTEMBI
aBTomMaTuzupoBaHHoro npoektupoBanus (CAllp) TexHomoruu mpoiiecca
KOHBEKTHUBHOTI'O NIEpEMEIINBAHUSI.

yo
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PucyHok5— OyHKIIMOHATBHO-JIOTHYECKAsA CXEMA CUCTEMbBI ABTOMAaTU3UPOBAHHOTO
MIPOEKTUPOBAHUS TEXHOJOTHUYECKUX CXEM

B uerBépTOM paznesie «OO00CHOBAaHUE CTPYKTYPHI, TAPAMETPOB U JIEMEHTOB
CUCTEMbl  ABTOMATU3UPOBAHHOTO  YIPABJIEHUS  MPOLECCOM  KOHBEKTUBHOIO
BO3JICHCTBUS HA MHOTOKOMITOHEHTHBIE CMECH» PAaCCMOTPEHBI 3a/1aud 0OOCHOBaHUS
CTPYKTYpbI, BbIOOpa 3JEMEHTHOM 0a3bl M COBEPIICHCTBOBAHUS XapaKTEPUCTHK
CTPYKTYPHBIX 3JIEMEHTOB CHUCTEMBI ABTOMATU3MPOBAHHOTO YIPABJIEHUS MPOLIECCOM
KOHBEKTHUBHOM 0Opa0OTKM MHOTOKOMIIOHEHTHBIX CMECEM TIpU IPOU3BOJICTBE
IIPOMBIIIUICHHBIX MaTepHualioB. Pa3paboTaHbl peKOMEHIAIMH 110 IPHUMEHEHHUIO
MPOrPaMMHBIX Pa3padOTOK H JalbHEHIIEMY pPa3BUTHIO TEOPETHUYECKUX OCHOB
MPOLIECCOB KOHBEKTUBHOTO BO3JICCTBHSI HA MHOTOKOMIIOHEHTHBIE CMECH.
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3AK/IFOYEHUE

JluccepTanyst SBISETCS 3aKOHUYEHHOW HAYYHO-UCCIIEN0BATENLCKON paboToH,
B KOTOPOI MOJy4EHO HOBOE PELICHUE aKTyaJIbHOW HAYYHO-TEXHUYECKOW 3a7auH,
3aKJII0YAIOLIEHCS B Pa3BUTUU M COBEPIICHCTBOBAHUM MAaTEMaTHYECKUX MOJEIIEH,
BBIYHMCIIUTEIBHBIX AJTOPUTMOB M MPOrPAMMHBIX CPEACTB I HCCIIEJOBAaHUSA
IIPOLIECCOB U OOOCHOBAaHUS MapaMETPOB TEXHOJIOTMYECKUX CHCTEM, COJEPKAIINUX
y37bl KOHBEKTHBHOTO THIMA, YTO OOECMeUYHBAeT MOBbIIMICHUE >PPEKTUBHOCTH U
KayecTBa  IPOU3BOJICTBA  KOMIIO3UTHBIX  IPOMBILIUIEHHBIX  MaTE€pHUAaJOB,
MOJTy4aeMBbIX 3a CUET EPEMEIIMBAHUS MHOTOKOMIIOHEHTHBIX CMECEH.

OcCHOBHbIE HAay4HbIE pE3yJlbTaTbl, IOJIyU€HHblE B paboTe, MOXKHO
c(popMyJIMPOBATH CIEIYIOIIUM 00pa3oM.

1.B pesynbrare aHaiv3a JAHHBIX TEOPETUUYECKUX M SKCIEPUMEHTAIBHBIX
WCCJIEIOBAHNN psila aBTOPOB M OPTaHM3aLMN MTOKa3aHO, YTO OJHOW M3 OCHOBHBIX
3aJa4 MOBBIILIEHUS 3(PQPEKTUBHOCTH IPOLECCOB IMPOU3BOJICTBA MaTEpUaJOB Ha
OCHOBE KOHBEKTHMBHOI'O IEpPEMELIMBAaHUA SBIIAECTCS 3a7ada pa3padOTKU HOBBIX
METO/IOB TEOPETHUYECKMX M OSKCHEPUMEHTANbHBIX HccieqoBanuil. HaunbOoiee
3 ()EKTUBHBIM COBPEMEHHBIM CpPEJICTBOM pEIICHUS AaHHOW 3a/laydl  SIBISIETCS
METOJI MAaTeMAaTHUYECKOr0 MOJEIMPOBAHUS C MPUMEHEHUEM JIE€TEPMUHHUPOBAHHBIX
MaTeMaTHYECKUX MOJEIIEH.

2.Pa3paboTaHbl MaTeMaTUYECKUE MOJIENIA OCHOBHBIX THIIOB:

a)MOJIeNIb HJICATbHOIO MEPEMEIINBAHUS, TPU KOTOPOM KOHIICHTpAIUs
TBEpAON (a3bl ABIsAETCS (YHKIMEH TOJBKO BPEMEHHU; MOJIEIb MOCTPOEHA TaKUM
o0Opa3oM, 4YTOOBl OHAa YYHUTHIBajJa KOHIIEHTPAIMM KOMIIOHEHT, MOCTYMAIOIIHUX B
KOHBEKTHBHBIN ammapar, X pacxol M pacXxoJ pacTBOPa, BBIXOIALIETO W3
anmapara;

0)omHOMEpHass MoOJieNb IEpPEeMEIINBaHNs MHOTOKOMIIOHEHTHOM cpeibl B
OJIHOJIONIACTHOM anmnapare ¢ y4eTOM BUXPEBOIO TEUEHUsI PACTBOPA, IPU ITOM I10JI€
CKOPOCTEH pacTBOpa PacCUUTHIBAECTCA B IUIOCKOM Cllydyae M3 pPELICHUs KpaeBOM
3aaum Aig ypaBHeHus [lyaccona;

B)pa3pab0OTaHbl  TaKKe OCeCUMMMETpUuYecKass M  IJIOCKas  MOJIEIHU
nepeMeIInBaHus, OTINYUE KOTOPBIX OT YKa3aHHBIX BBIIIE MOJIEIE COCTOUT B TOM,
YTO KOHIIEHTPALMU SIBJISIIOTCSI COOTBETCTBEHHO (DYHKLIMSIMHU MPOCTPAHCTBEHHBIX
koopaunat C(z,r,t) u C(x,y,t).

3. BrinonHeHa 4uclieHHas peanu3alis KpaeBbIX 3ajad, COCTaBIISIFOIINX
MaTeMaTUYeCKUe MOJENH, U pa3paboTaHbl aNrOPUTMbBI Uil KOMIIBIOTEPHOTO
MOJICJINPOBAHUS IIPOLIECCOB.

4. Pa3paboTanbl ~ KOMIIBIOTEpHBIE  MPOrpaMMbl  JJIs  peaju3aluu
MaTEeMaTUYECKUX MOJEJIEN BCEX THUIIOB M MPOBEACHBI MCCIIEIOBAHUS MapaMeTPOB
IIPOLIECCOB, ONPEEIAIOINX HAPABICHNUS COBEPLIEHCTBOBAHNUS aIlllapaToB.

S. [IpoBeneHHbIE YHCIEHHbBIE YKCIIEPUMEHTHI MO3BOJIUIN CPOPMUPOBATH
PEKOMEHJIallK TI0 COBEPILIEHCTBOBAHME KOHCTPYKIMHM ammapara Ajis yJydlleHus
TUIPOIMHAMUYECKUX [TapaMeTPOB.
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6. KOHCTpYKTUBHBIE YCOBEpPUICHCTBOBAHUS, IO3BOJSIONIME MOBBICUThH
KaueCTBO KOHEYHOr0 TMPOAYKTa, 3aKIIOYalOTCsl B HM3MEHEHHMH IOJIOKEHUS
WCTOYHUKOB  HUCXOJHBIX  pEareHTOB, HM3MCHCHHHM  TOJOXCHUS  JIONACTH
MEPEMEIINUBAIOIIETO YCTPOMCTBA C IEJIbI0 €r0 MAaKCUMAJIbHOTO MPUONMKEHUS K
JHUILY PEAKTOPa, a TAK)KE B YBEITUUEHUH YKCiia 000POTOB JIOMACTH.

7. Jlnst  obecriedeHWs] OMEPATUBHBIX HMHXKCHEPHBIX pacdy€éToB  Ha
OCHOBaHUM PEAYKIIMU KPAEBOM 3a/layll K CHCTEME alreOpanvdecKiux COOTHOIICHHIM
MIOCTPOCHA KPUTEpUAIbHAS MOJIEb, KOTOPasi TIO3BOJISIET HCCIEAOBATh YUCICHHBIM
IyTEM 3aBHCHMOCTh JHaMeTpa KpHCTaslla MojydyaeMoro B ammapare BemecTBa d
or 19 nepemeHHBIX. Pe3ynabTaThl YHUCIEHHBIX MPOCYETOB C HMCIHOJb30BAaHUEM
JAHHOM MOJIeNId TMO3BOJIAIOT YCTAHOBUTH COOTBETCTBYIOIIUE HWHYKEHEPHBIC
3aBUCUMOCTH.  J[aHHOW  3aBUCMMOCTBIO  MOKHO  TIOJIb30BaThCs  IPHU
MPOTHO3UPOBAHUM BEIMYMHBI YJIETBHON TOBEPXHOCTH TBEPHON da3pl Syo B
3aBUCUMOCTH OT OCHOBHBIX MApaMEeTPOB IIPH MOMOIIM KOMIIBIOTEPA.

8. Pa3paboTtanbl KpuTepuM OIEHKM TOBBIMICHUS 3(HPEKTUBHOCTU
poliecca KOHBEKTUBHOTO TIEPEMEIIMBAHMS TTPH MOIU(DHUKAIINN TEXHOJIOTHUECKHIX
MapaMeTpoB B COOTBETCTBHM C OCHOBHBIM TpeOOBaHHMEM: TIOBBIIICHUE
PaBHOMEPHOCTU paclpe/iesieHUus] NepeMelnBaeMoil Macchl B padboyeM oOBbEME
anmnapara.

Q. C  ucrnosib30BaHHEM  pa3pa0OTaHHBIX  KPUTEPHUEB  IMPOBEICHO
uccienoBanne 3(P(EKTUBHOCTH IMpollecca B 3aBUCUMOCTH OT MapaMeTpOB
TEXHOJIOTUYECKOW  CXEMbI, pe3yJbTaThl KOTOPBHIX MOATBEPKIAIOT  paHee
MOJIyYeHHBIC JJAHHBIE MATEMATHUYECKOTO MOJICTUPOBAHMS.

10. Pa3zpabGorana  ¢GyHKIHOHAIBHO-IOTUYECKAss  CXE€Ma  CHUCTEMBbI
aBromaTuzupoBanHoro mpoektupoBanus (CAllp) TexHojmoruu mporecca, Ha
OCHOBAHHMH TIOCTPOCHHOM MaTeMaTHYEeCKON MOJeIu pa3paboTaH alrOpUTM
(GYyHKIMOHUPOBAHUS TOJIOBHOM MPOTPAMMbl  MAaTeMaTHYECKOTO OOeCTeUeHHUs
cuctemMbl. [lo pe3ynpTaTaM UCCI€IOBaHMM MOryT OBITH  pa3pabOTaHbI
pEKOMEHJaluK, MNpeJHa3HAYCHHbIE i1 PaOOTHUKOB CIy:XO W ToApa3ieleHui
MIPEANPUATANA, BBITONHIIONUX pPa0OTHl MO MPOCKTUPOBAHHWIO W OAKCIUTyaTaIluu
TEXHOJOTHYECKHUX CXEM U 000pyI0BaHUSI.

11. Jlng peanuzanuu METOAOB MOBBIMICHUS 3G()EKTUBHOCTH Mpoliecca U
KauecTBa TMPOAYKIIMH, ITOTy4aeMOil TyTéM KOHBEKTHBHOTO BO3JCHCTBUS Ha
MHOTOKOMITOHCHTHBIC CMecH, MPENI0KEHO pa3paboratb CUCTEMY
aBTOMATU3UPOBAHHOTO yIpaBieHus mporeccoM. OOOCHOBaHBI HA3HAUYCHUE U
CTpYKTypa cucCTeMbl. B 0CHOBYy GyHKIMOHUPOBAHHUS YCTPOWCTBA TOJIOKEH
MPOTPAMMHBIM  TPUHIIMIT  BBIMOJHEHUSI aJTOpUTMa YIPABICHUS TIPOIECCOM,
peanu3yeMblii MUKPOKOHTPOJITIEPOM.

CIIUCOK ONNYBJIMKOBAHHBIX PABOT 110 TEME
ANCCEPTAIIMU

Iyoankanuu B pelieH3MPYeMbIX HAYYHBIX JKypHajaX M W3JIaHUSIX, B
KOTOPBIX J0KHBI ObITh ONMYOJMKOBAHbI OCHOBHBIE HAay4HbIe Pe3yJbTaThl
AUCCEPTAIMA HA COMCKAHHE YYEHOU CTenmeHM KAaHIMIATa M JOKTOpPa HAYK B
Joneuxoit Hapoxnoii PecnyoJiuke:
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B nuccepraumu pemieHa akTyajdbHas —Hay4dHO-TEXHMYECKas 3ajaya,
3aKJIIOYAIONIAsiCd B Pa3BUTHH M COBEPILICHCTBOBAHMM MAaTEMaTUYECKUX MOJIEIIEH,
BBIYMCIIUTEIBHBIX AJITOPUTMOB U MPOTPAMMHBIX CPEACTB [JIsi HCCIEAOBAHUSA
MPOIIECCOB U OOOCHOBAHUS MapaMETPOB TEXHOJOTHYECKUX CHUCTEM, COJEpKAIIUX
y3J7bl KOHBEKTHBHOTO THIA, YTO OOECreYrMBaeT MOBBIMICHUE S(PPEKTUBHOCTU U
KauecTBa  MPOU3BOJACTBA  KOMIIO3UTHBIX  MPOMBIIUICHHBIX  MAaTEpUAJIOB,
MOJTy4aeMbIX 32 CU€T MepEeMEIINBAHNSI MHOTOKOMIIOHEHTHBIX CMECEH.

Pazpabotansl MaremMaTH4YecKHE MOJIEId OCHOBHBIX THIIOB: MOJIEIb
UJICabHOTO TEPEeMEIINBaHMsI, OJHOMEpPHAas MOJENIb, OCECUMMETpUYEcKass U
MJIOCKAsi MOJIENIU MePEMEIINBAHUS B XUMUYECKOM PEAKTOPE.

BrimonHeHa 4uciaeHHas peanu3alus  KpaeBbIX 3a]ad, COCTaBJISIOIINX
MaTeMaTUYeCKUe MOJEN, U pa3paboTaHbl AJITOPUTMBI JII KOMIBIOTEPHOTO
MOJEIUPOBAHUS MTPOILIECCOB.

PazpaboTanbi KOMITbIOTEPHBIE IPOrpaMMBbl TSt peanuzanuu
MaTeMaTUYECKUX MOJEJE BCEX THUIIOB U MPOBEACHBI UCCIEAOBAHUS MapaMETPOB
MIPOIIECCOB, OMPEACIISIIOUIMX HAITPABICHUS COBEPILICHCTBOBAHMS allllapaToB.

[IpoBeieHbl YMCIIEHHBIE 3KCIEPUMEHTBI, PE3YyJbTaThl KOTOPHIX MO3BOJIAIN
chopMUpOBaTh PEKOMEHJALIUM IO COBEPIICHCTBOBAHUIO KOHCTPYKIMM ammapara
JUISL yITYUIIeHUS TUAPOIMHAMUYECKHUX MTapaMeTpOB.

Pazpabotana GyHKIIMOHATBHO-JIOTHYECKAs cxema CUCTEMBI
aBTOMATU3UPOBAHHOTO TMPOCKTUPOBAHUSI TEXHOJOTMHM TIpoiiecca, OOOCHOBaH
aNropuT™ (PYHKIIMOHUPOBAHUS TOJIOBHON TPOTPaMMBbl CUCTEMBI.
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MO/I€JIb, aJITOPUTM, CTPYKTYpa.

ABSTRACT
Perinskaja E.V.The mathematical modeling and justification settings



21

for devices in the process of mixing heterogeneous materials.-Manuscript.

The dissertation on competition of a scientific degree of candidate of
technical sciences on specialty 05.13.18 — Themathematical modeling, numerical
methods and complexes of the programs (engineering science) - «DONETSK
NATIONAL TECHNICAL UNIVERSITY», Donetsk, 2019.

In the dissertation solved up-to-date scientific and technical challenge of
development and improvement of mathematical models, numerical algorithms and
software tools for research and validation processes parameters of technological
systems containing nodes convective type that provides improved efficiency and
quality of industrial production of composite materials, obtained due to mixing of
multi-component mixtures.

Mathematical model of main types are represented: model of ideal mixing,
one-dimensional model, axie-simmetrical and flat mixing model in chemical
reactor.

Performed numerical realization of boundary problems constituting the
mathematical models and algorithms for computer simulations.

Computer programs have been developed to implement mathematical
models of all types and studies on process parameters, defining areas for
improvement.

Numerical experiments have been conducted, the results of which made it
possible to generate recommendations on improving designs to improve
hydrodynamic parameters.

Developed functional systems of the automated designing logic process
technology, justified the algorithm functioning head system.

Key words: process, convection, parameter, mathematical model, algorithm,
structure.



