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AnHoTanms: IlpencraBieHbl MPUHIMIBL, KOTOPHIMH PEKOMEHIOBAHO PYKOBO-
JICTBOBATBCS MPH aBTOMAaTU3UPOBAHHOM IPOCKTHPOBAHUH TEXHOJOTMYECKOro 000py-
JIOBaHHUST MHOTOACCOPTUMEHTHBIX XMMHYECKHX ITPOM3BOJICTB: JEKOMIIO3UIMH OOILEH
3a/laud MIPOEKTUPOBAHUS HA PsJI B3aMMOCBSI3aHHBIX MOJ3a7ay, MOAEIUPOBAHUS IIPO-
eKTHBIX peIICHUI ¢ OpHeHTanuel Ha (GOPMHPOBAHUS MOJECH ONpeAeIeMbIX MapaMeT-
POB, ONITUMAJIBHOCTH MPOEKTHBIX PELICHUH U MPOEKTHpyeMOocTH. IIpHHIMITBI TIPOMILITIO-
CTPHPOBAHBI HA NPHUMEPE 3a/aull OIPEIECNICHUs aNnapaTypHOro O(pOPMIICHUS XHMHKO-
TEXHOJIOTHYECKOM CHCTEMbI IPOEKTHPYEMOTO MHOTOACCOPTUMEHTHOTO XHMHYECKOIO
MPOU3BOAICTBA.

BBenenue

ABTOMaTI/Bl/IpOBaHHOe IMPOCKTUPOBAHUC TCEXHUYCCKHUX CUCTEM BKJIIIOYACT KOM-
IUIeKC 33734, MOCTAaHOBKA M PELIeHHEe KOTOPBIX OCHOBAHBI HA UCIOJIb30BAHUU METOJIOB
CHCTEeMHOI'0 aHalli3a, MaTeMaTHYeCKOr0 MOEIMPOBAaHMUS, ONTHMHU3AINH, 00paboTKH
nHpopmanum.

OCOOEHHOCTH MHOT0ACCOPTHMEHTHBIX XUMH4Yeckux mpousBoacts (MXII), Takue
KaK IIMPOKUH aCCOPTUMEHT BBIMYCKa€MON NPOAYKIUM IIpH HeOONbIIMX (MeHee
1000 1/rox) oObemMax BbIYCKa MPOJYKTOB M YaCThIX M3MEHEHHSX aCCOPTHMEHTa, CY-
LIECTBEHHO YCIJIOXKHSIOT Ipouecc ux npoekruposanus. [Ipumepamu MXII moryt ciy-
JKUTh TPOHM3BOJCTBA CHHTETHUYCCKHUX KPACHUTEJCH U MOJYIMPOAYKTOB, (hapMalieBTHYC-
CKHX IIpernapaToB, XUMHUUECKUX PEaKTHBOB. XuMHKoO-TexHonorndeckue cucreMbl (XTC)
MXII, xak npaBuUIO, OPUEHTUPOBAHbI HA BBIIYCK HECKOJIBKMX MAapoOK NPOAYKLHUH,
CXOJIHBIX IO TEXHOJIOTHH CUHTE3a, IPUUYEM B KaXKJbIii MOMEHT BPEMEHHU OCYILECTBIISET-
Csl BBIIIYCK €AMHCTBEHHOTO MPOyKTa. XUMHKO-TeXHOonorndeckue cucremsl MXII pabo-
TAIOT B NEPUOJUUYECKOM PEXKUME, TO €CTh MPOTYKTHI BBITYCKAIOTCA OTJACJIBHBIMU Map-
THSIMH, KOTOPBIE TTOCIIEIOBATEIBHO IPOXOIAT BCE ITAIbl IEPEPabOTKH, MPETyCMOTPEH-
HbIE TeXHOJOrmueckuMu peraameHTamu. Cragun XTC mpeactaBisioT coO00i COBOKYII-
HOCTH OCHOBHBIX M BCIIOMOTATEJIbHBIX ANNAapaToB, MPEAHA3HAYCHHBIX ISl peann3alin
3TaIoB NepepadOTKU MapTHIA MPOAYKTOB.

Ha ocHOBE MHOTOJIETHETO OIbITA PAOOTHI C MPOEKTHBIMU OPraHM3ALMAMHU U TPO-
€KTHO-KOHCTPYKTOPCKHMU TOJIPa3ICICHUSIMU TIPOMBIIUIEHHBIX MPEANPHATHH, Y4acTus
B IMPOCKTUPOBAHUHN ANECATKOB MPOMBIINIJICHHBIX TCXHUYCCKUX CUCTEM XUMHUKO-TCXHOJIO-
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THYECKOTo MPOGWIS MpeanararoTcsl MPUHINIB aBTOMATH3MPOBAHHOTO HPOEKTHPOBA-
HUS TEXHOJIOTHYecKoro obopyaosanust MXII, KOTOpble MOTYT CIYXKHTh PyKOBOACTBOM
JUIS TIPOBENICHHUS HAYYHO-HCCIICAOBATCIBCKUX M  OIBITHO-KOHCTPYKTOPCKUX padoT
B JIaHHOM 00J1aCTH.

IpuHuMN K1eKoMNO3MIHH 001IeH 3aJa4i NPOEKTUPOBAHUSI

JeranbHas GopmynupoBka oOLiei 3a1a4n npoeKkTHpoBaHus obopyaoanus MXII,
KaK IPaBHJIO, OECCMBICIEHHA, TaK KaK BBICOKAs Pa3MEPHOCTb U CI0XKHAsI CUCTEMA pas3-
HOPOJHBIX OIPAaHUYCHHH JIETIAI0T €€ PEelIeHHe HeBO3MOKHBIM. OOIIyI0 3a7ady CieayeT
MNpeACTaBJIATL B BUJAC CUCTEMblI B3aUMOCBA3AaHHBIX JIOKAJIBHBIX 3aa4 U Npe€aycMarpu-
BaTh PEAM3aLUI0 UTCPAI[HOHHON MPOIEAYPhl UX COBMECTHOIO PELICHUs C HEOOXOIu-
MOH KOppEKLMEH HCXOIHBIX JaHHBIX AJIS CICAYIOLIEH UTepaluu 0 pe3yjbTaTaM Bbl-
MOJIHEHUS npeapiaymeH [1].

Cpenu JIOKaJbHBIX 33134 BbLAeINM omnpenenenue yncia XTC u accopTuMenTa ux
NpOJYKIUH, BEIOOp ammaparypHoro odopmienust (AO) craanit kaxnoit XTC, pazme-
IMIEHHE TEXHOJIOTHYecKoro obopynoBanust Bcex XTC B HpOM3BOJICTBEHHOM IOMEIIE-
HHH, pa3pabOTKy KaJCHJApHOTO IUIaHa BBIITYyCKA MPOAYKIMH, METOJMKA PEIICHNS Kaxk-
JIOM M3 KOTOPBIX TAKXKE MPEAYCMaTPUBACT JEKOMIIO3UINIO Ha JIOKAJIBbHBIE 1T0/[331a4H.

B kagectBe mpumepa paccMmoTpuM 3amady omnpeneneHust AO oxnoit nz XTC mpo-
extupyemoro MXII. McXoqHbIMY NaHHBIMU IS €€ PEIIEHHs SIBIAIOTCS HAUMEHOBAHUS
MPOJIYKTOB U 0OBEMBI BBIMYCKa KaXJOT0 M3 HUX (MECSYHBIC, KBAPTAIBHBIC MM T'OMI0-
BbI€), TEXHOJIOTHYECKUE PErIaMEeHThl CHHTE3a IPOJYKTOB. Pe3ynbTar peieHus: 9ucio
Y TUIIOpa3Mepbl OCHOBHBIX alapaToB Ka)IOW CTaJUH, MapaMeTpbl pexxuma (yHKIHO-
HUPOBaHMsI OOOpPYJNOBaHMS KaXKIOW CTaJMM M CHCTEMBI B LIEJIOM, OOecIieunBaroIHe
TpeOyeMyro IPON3BOIUTENBEHOCTD 110 KKIAOMY HPOIYKTY IPH MUHMMAIIBHBIX 3aTpaTax
Ha o0opyzoBaHME W 3HeproodecnedeHne. JTa 3ajada OTHOCHTCS K KJlaccy 3a7ad cMe-
IIaHHOTO JUCKPETHO-HEINHEWHOTo nnporpaMmmupoBanus (axen. Mixed Intrger-Nonlinear
Programming), oOmenpuHsTas METOANKA PEUICHNs KOTOPHIX 0 HACTOSIIETO BPEeMEHHU
He pa3paboTaHa.

3anaua RF: onpenenicHne napamMeTpos pesina QyHkuno-
npposanns TC i obopynosanns ee crauit

Y !

a) pa3Mepsl MapTHii NPOIYKTOR; a) YHCIIO OCHOBHBIX ANMAPATOR CTAMMI, HEoDX0NMOE
0) MaTepHANbHEIE HHIEKCH, UTHTEIBHOCTH LHKIOR 1A nepepaboTKH MAPTHil KAAL0T0 POIYKTa;
00paloTku MApTHl NPOLYKTOB HA CTAIHAX; 0) ykasatenu cnocoba nepepaGoTki NapTHil NPOLYKTOB
B) VIHTE/IBHOCTH OCHOBHBIX ONEPALNiL, YIebHbIE Ha CTATHAX,
TIPOH3BOAHTENBHOCTH OCHOBHEIX AINAPATOB B) Pa3Mepbl OCHOBHBIX ANNAPATOB HEKOTOPBIX CTAHIT
HEKOTOPBIX CTAHI (HIBTPOBAHMA W CYIIKH. (HABTPOBAHHA H CYLIKN.

! !

Janaua V4 ;: BRIDOP PA3MEPOB H THCIIA AMIMAPATOB CTAIHH M2 J

see - - b e
crocodoB nepepaboTKi NApTHil NPOIYKTOB
a) THN aNNapara, OMpeIenAOmi reoMeTPHISCKHIT pasmep; ) PEKHM PeATHIALHN ONepalmii: TeMnepaTypa,
) nepetieHs peaTH3yeMbIX ONepauHii, ATHTENBHOCTH H JABNEHNE, KHHETHYECKHE XaPaKTePHCTHKH;
MATEpHAILHBIE HHACKCH ONepauHnii; {3) YTOUHEHHBIE MATEPHAIBHBIE HHCKCI,
B) (DH3HKO-XHMHYCCKHE XAPAKTEPHCTHKM Pabouix cpex, JUIHTEBHOCTH ONEpaLIuil, yIe/bHbIE PACXO/IB!
BH/IBE TENA0-XTAIATEHTOB; 3HEPrHH; YAeNbHbIE NPOH3BOHTELHOCTIE,
T) COCTABHBIE YACTH ANNAPATA, KOHCTPYKIHOHHBIE MATEPHATHL. B) TEOMETPHYECKHE PA3MEPBI COCTABHEIX HacTeii.
3amaua OA. : ONTHMH3AINA NAPAMETPOB KOHCTPYKINH
cee if : xx
W pexnma anmapata Ne f cragnm Ne j

Puc. 1. Uepapxus 3anay AO TC MXII 1 uHpopManHOHHbIE CBSI3M MEKAY HUMHM
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IIpennaraemast cTparerust JEKOMIIO3ULIMHU 3a7a4dd OIMpPEAEICHHs amapaTypHOro
oopmiiernss TC MXII, B omnune OT pacCMOTpeHHBIX paHee [2 — 4], 6a3upyercst Ha
MPUHIUIE pa3JesieHus] MapaMeTpoB 3afaudl MO XapakTepy MX M3MEHEHMs: OTIeNCHHS
napameTpoB pexxuma GyHkunonuposanus XTC, U3MEHSIOIUXCST HETIPEPBIBHO, OT UC-
KPETHBIX XapaKTEepUCTUK 000pynoBaHus ee craguil. C y4eToM OIpeAesIonero Bius-
HUA 1apameTpoB pexnma ¢pyHkrnronnposanust XTC na AO cranuii cucteMsl B Ka4ecT-
BE 33J[a4M BEPXHETO YPOBHS MEpapXud BbIOpaHa 3a1a4a RF ONTHMHU3aIWH IapaMeTpoB
pexxnma QyHKIuoHUpoBaHUs XTC mpH BBEITyCKE B TEUCHHE IUIAHOBOTO Iepuoma Ip

BCEX IPOIYKTOB 3aJaHHOTO accopTuMeHTa I/ B TpeOyembix odwvemax O, i = 1, ..., 1.

Ha cpennem ypoBHe pemarorcs 3agaun VA;, j=1, ..., J, BeiOOpa onpeiesomux pas-
MEpOB U YHCJIa OCHOBHBIX allapaToB KaXJ1oW u3 J ee CTaluii, a TakiKe crioco0oB repe-
pabOTKK MApTHH MPOAYKTOB OCHOBHBIMH amiapaTaMd KaKJOW CTaJud CHCTEMBI.
Ha nmxneM ypoBHe — 3a1aun OA;f onTUMHU3aLMU IAPAMETPOB KOHCTPYKLIUU M PEKUMA
(hyHKIMOHUPOBaHUS f-T0 anmnapara craauu j (puc. 1).

B cBoto ouepens, sanaun OAj; j=1, ...,J, f=1, ..., F}, n1a xaxjaoro us F; anna-
paToB CTAIMM j TaKkKe MOTYT OBITh JEKOMITO3MPOBAHBI HAa OCHOBE Pa30OMEHHS BCEX €T0
3JIEMEHTOB Ha OCHOBHBIE, (JOPMHUpYIOIINE PabOUyI0 30HY, U BCIIOMOTaTEIbHbIE, HEMO-
CPEACTBEHHO HE BIMAIOIINE HA pabouylo 30HY, HO HEOOXOIUMBbIE AJISI HOPMAIbHOTO
¢ynkuronupoBanus [5]. COOTBETCTBEHHO, CHaYala OCYILIECTBIISIETCS MOUCK IapaMeT-
POB OCHOBHBIX 3JI€MEHTOB, Ha OCHOBAaHHM PE3yJIbTAaTOB KOTOPOTO OINPEEIAIOTCS Mapa-
METpPBbI BCIOMOTaTeIbHBIX 2JIEMEHTOB (puc. 2).

[Ipexne yeM HaXOIUTH NapaMeTpPbl OCHOBHBIX 3JEMEHTOB, HEOOXOANMO OIpese-
auTh UX THIBL [Ipyn pacyere OCHOBHBIX TEXHOJIOTHYECKHX M KOHCTPYKTHUBHBIX Iapa-
METPOB HEKOTOpbIE KOHCTPYKTHBHBIE NapaMeTpbl NPUXOJHUTCS 3a/laBaTh, TaK Kak HX

€21 . ;

" ; n2, Py - Texmmm”mx }?oxygfmam
i l ; s - . —d pard, i
Yy 21 I// k .
o Bribop THIOB H ! ! [ g
pacueT OCHOBHBIX e 22 124,
WIEMEHTOB : f .
N armapara o l e 24, l e
A2l 4 A ~4-» Paspaborka
/I BriGop TamoB 1 |. _ | rpatumeckoii 1
pacsueT 2 et
A BLTIOMOTATETBHEIX o r) - ﬂo&cyﬁ:;;]::;:}m
y Koncrpyxrop IMEMEHTOB e A24
anmapara 3 ; :
; > A22, aJaHHe M pacder |-
OOCAmUK, JUITYCKOE
/’Z/T | paswucpos, gopum Koncmﬁp
Kuoncrpyriop —»]  PACTIOIOREHUH;
’ »| mepoxoBatocteii n
TBEpOOCTEHR
WIEMEHTOB JeTaneH
anmapsTa 123,
A23,
TexXHHUECKOE 3aIAHNE, {2 g
| KonctpyrTop )
P

Puc. 2. ®ynkuunonanbHas quarpaMmma paspa6orku annapara craauu XTC:

{z — TEXHUYECKOE 33/1aHKe Ha pa3paboTKy ammapara; /1, /2 — COOTBETCTBEHHO OCHOBHBIE M BCIIO-
MoraTesbHbIe AJIEMEHTHI amnmaparta u ux pasmepsl; C21, C22, C23, C24 — HOpMaTUBHBIE JOKY-
MEHTBI, METOAUKU pacyeToB; /21, /22— TUMbI BCHOMOTATE/IFHBIX 3JIEMEHTOB U UX OCHOBHBIC Pa3-
MEpbI COOTBETCTBEHHO; /23 — yHHUTapHBIC (3aBUCSIINE OT OCHOBHBIX) Pa3MEphl BCIIOMOTaTelb-
HBIX JJIEMEHTOB ammapara; /24 — rpadudeckast 1 TEKCTOBask JOKYMEHTAIHs Ha SJIEMEHTHI anmnapa-
Ta; 122° — mepedeHs ¥ pasMephl BCIOMOTATE/IbHEIX SIEMEHTOB, BEIOOP KOTOPEIX MOYKET IIOBIHATH
Ha pe3yJIbTaThl MIOMCKA ITAPAMETPOB OCHOBHBIX d1eMentos; 123 — mepedens 3Hauennmii hopMel
U PAaCIIOJIOKEHHUS, BHIOOP KOTOPBIX MOJKET IOBJIHATH Ha PE3yJbTaThl BHIOOPA OCHOBHBIX WIIH
BCIIOMOTaTeIbHBIX DJIEMEHTOB
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3HAYCHHS HE MOTYT OBITh HAlJICHBl HAa JAHHOM YpOBHE. Hampumep, TONIIMHA CTCHKH
KOpITyca €MKOCTHOI'O armapara, KOTopas BIUsIET Ha TEIUIOBBIC MPOILECCHI, MPOTEKA0-
e B pabodeil 30He armapara, OTHOCUTCS K BCIIOMOTATEIbHBIM MapaMeTpaM U OIpe/ie-
nsieTcs Ha ypoBHE A3.

BcnomorarenbHbIe 3J1€MEHThI, KaK MMPABUIIO, SIBJSIFOTCS CTAHAAPTHBIMH HJIM THUIIO-
BBIMH. 3aJladqd WX BBIOOpA 4acToO CBOIATCS K paspemeHuro ycioBuit Buma «ECIIN ...,
TO...». B HOPMAaTHUBHBIX ANOKYMCHTAX BCIIOMOTATCJIbLHBIC J3JICMCHTBHI MNPEACTAaBJICHBI
tabnuuamu tunopazmMepos. [Ipu N3BECTHOM THIIE 3JIEMEHTA €ro BHIOOpP OCYILECTBIISET-
CA IO OJHOMY HJIM HECKOJIbKUM ITapaMe€TpaM, OAHO3HAYHO OIPCACIIAIONINM 3HAYCHUA
BCEX OCTaJbHBIX. Hampumep, mapaMeTpsl (DIaHIIEBOTO COCTUHECHUS (YUCIIO M JTUAMETP
OTBEpPCTHUH MMOJ OONTHI, TOJIIUHA TAPEIKH, pa3Mephbl YIUIOTHUTCIHHOW IMOBEPXHOCTH
U JIp.) ONPEICIISIOTCS 10 BHYTPESHHEMY THAMETpPY Tapeiku (iaHia.

IIpuHIMI MOaETUPOBAHMSA NMPOEKTHBIX peleHnii

Bun cooTHOmeHU# 1 006J1aCTh ONpeneIeHHs] MaTeMaTHIECKOW MOJIETH MPOSKTHOTO
peuicHuA MnpsaMo CJICAYIOT U3 MOCTAHOBKU 3adavdd MMPOCKTUPOBAHMS. Maremaruueckast
MOJIEJIb MIPOEKTHOTO PEIICHUS] MOXKET BKJIIOUATh MaTeMaTHUeCKHE MOJENHU IPOLECCOB,
peann3yeMbIx B 00BEKTE MPOSKTUPOBAHUS, €CJIN OHU pa3padOTaHbl U YPOBEHb UX JIeTa-
JM3aLUH JOCTATOYEH VIS LeNeil TPOSKTUPOBAHMUSL.

JKenarenpHo, 4TOOBI MaTeMaTH4YeCKHUE MOJENN MPOLECCOB, pealu3yeMbIX B 00b-
€KTe MMPOCKTUPOBAHUS, OBLTA OPHEHTHUPOBAHEI HAa ()OPMHUPOBAHUE TIOJICH OMpPEIeIIIeMbIX
mapaMeTpOB: KOHIICHTPALIUH, TeMIIepaTyp, CKOPOCTEil IIOTOKOB, Harpy30K, AedopMariiii
u T.1. [Iporecc MPUHATHSA MPOEKTHBIX PEIICHUH C MPUMEHCHHEM TaKhX MaTeMaTHye-
CKHX MOZEJNeH CBOAWTCSA K MOAOOpY COYETaHWH MapaMeTpOB KOHCTPYKLIHH M PEXUMA
(hyHKIIMOHMPOBAHUS HCCIIEAYEMOT0 OOBEKTa, 00ECIIeUNBAIONINX ONTHMANbHBIC 3HAYE-
HUS TTapaMeTPOB 0OBEKTA.

Hampumep, npu pelieHuy 3aadu ONTUMU3ALKMYA [1aPAMETPOB KOHCTPYKLMU U Pe-
*KuMa (YHKIMOHHPOBAHHS MEXaHMYECKOrO IEPEMEIIMBAIOIIEr0 YCTPOWCTBA BEPTH-
KaJIbHOTO €MKOCTHOTIO armnaparta (oxHoi u3 3anau OAjf) 1jid MaTeMaTU4ECKOro ONuca-
HUS TIPOLIECCa MEXaHNIECKOTO IepeMeIINBaHuUs HCIIONB30BAHEI OCPEIHEHHBIE IO Peii-
HOJNB/ICY ypaBHeHHs HaBbe—CTOKCa B IMTMHIPHYSCKONW CHCTEME KOOPIMHAT IIPH JO-
MYIIEHH 0 CHMMETPUIHOCTH TIOJISI CKOPOCTEH MepeMeIrnBaeMon Cpebl OTHOCUTEIEHO
OCH BpAIICHUS MEIIAJKH, TO €CTh IIOCTOSHCTBA OCPETHEHHOTO 3HAYEHHUS COCTABIIIIO-

1wieil BEKTOpa CKOPOCTH U, (¢ — MOISPHBII yro) Bo BceM o0beMe ammapara (00yciioB-

JICHO OCJIa0JICHHMEM TaHTCHI[HAIbHBIX MTOTOKOB JKUIKOCTH MPHU YCTAHOBUBIIIEMCS PEKHU-
Me TMEepEeMEIIMBaHMsI 33 CYET CYIISCTBEHHOTO YCHIICHHS PAaHabHBIX M aKCHAIbHBIX
notokoB) [6]. [ToaToMy MonenmupyeTcs ompeieicHue OCPETHCHHBIX 3HAYEHUIH COCTaB-
JISIFOLLMX BEKTOPA CKOPOCTH u; U u, (IO BbICOTE / U paauycy r anmapara), COOTBETCT-

BYIOIINX KOMOWHAaUK (PUKCHPOBAHHBIX 3HAYCHMI YacCTOTHI BPAILICHUS Bajla MEIIAIKA
n, ee nuametpa D,y,, BBICOTHI JIONACTH H,; U BBICOTHI PACIIOIOKEHHSI HAJl JTHUIIEM arla-

para hy,, U ycTaHOBHUBIIErocs (KBa3uCTallMOHAPHOIO) TEYEHUS] TOMOTEHHOW JKUAKO-
CTH B aIlapare Ipy IIOCTOSIHHOM TeMIiepaType.

JIi  KOMIIBIOTEPHOTO MOJENMPOBAHUS TpOIecca IEpPEeMEUINBaHNs JKUIAKOCTH
B BEPTHKAIFHOM €MKOCTHOM allllapaTe MEXaHWYECKOW MEIIaIKoW HCIOIh30BaHA MpO-
rpamma Open FOAM [7], BBHAY TOTO, YTO €€ KpOocC-KOMITWIMpOBaHHas Bepcus Blue
CFD, npenma3nadeHHas il paOOTHI TMOJA YIPABICHHEM OMNEPAIIOHHBIX CHCTEM
Windows, siBisieTcsi CBOOOZAHO PACHPOCTPAHSIEMbIM HHCTPYMEHTAPHUEM BBIYHCIUTEIb-
HOW THAPOAWHAMHUKH JUII omnepanuii ¢ moimsmu. Ha pucyHke 3 mpezacTaBieHsl n3o0pa-

JKCHHMS TI0JIeH CKOPOCTEH, TOTy4YeHHbBIC [TPU ONTHUMAIbHBIX 3HAYCHUAX 1, Dy, Hyy v hppy,
JUTS Pa3JIMYHBIX THIIOB MEMIAJIOK, YCTaHABIMBACMEIX B JIAOOPATOPHOM armapare.
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Puc. 3. ITosst ckopocTeii nepeMemInBaeMoii *KHIKOCTH B BEPTUKAILHOM eMKOCTHOM
anmapaTe Npu ONTHMAJILHBIX 3HAYEHUAX MAPAMETPOB MelIAT0K:
a — ABYXJIONIACTHOM; 6 — TypOMHHOM OTKPBITOM; 6 — TPEXJIONACTHON
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C mpHMEHEHHEM TaKOTO IMMOAX0Ja K MOJCIUPOBAHHUIO MPOIECCa MEXaHHYECKOTO
TIepEMEIINBAHIS IPOBEJICHBI paOOTHI MO pacdeTy U moa0opy 3(h(GEeKTHBHOTO TepeMeIi-
BaIOLIET0 YCTPOMCTBA C IKOPHOW MEIIATIKON JUIsl POMBILIEHHOIO arnapaTa, BXOISIIEro
B XTC npousBoactsa (ramonnannya meau B riexe Nel5 AO «ITurment» (TamO0B).

B xone pacdeToB BBIBICHO, YTO ONTHMANbHAS C TOYKH 3PEHUS CTETIIEHH PAaBHO-
MEPHOCTH TOJISI CKOPOCTEH BBICOTA YCTAHOBKU MEIMIANKH /iy, = 0,05D,,, onTuMansHas
BBICOTA Jionactu mewanku M, = 0,85D,, npu pekoMeHJalu HOPMAaTUBHOTO JOKYMEH-
ta HUMXUMMAIUI [8] Hy, = 0,7D,,, nuametp memanku Dy, = 0,95D,. (D, — BHyTpeH-
HUM auamMeTp ammapata) npu pexkomennanuu [8] Dy, = (0,7...0,9)D,.. Hlupuny nomnactu
MEIIaIKH MOoTPeOOBaJIOCh YBEIMYIHUTH 10 3Ha4eHui L, = 0,15D,, npu pekomenmanmu [§]

m = 0,07D,,

[Tocne mpoBemeHUs MyCKOHAIAAOYHBIX PAabOT M OMBITHOM SKCIUTyaTalludl ObLia
noaTBepxkAeHa 3P PEKTUBHOCT MPEUIOKEHHONH KOMIIOHOBKH, KOTOpasi MO3BOJIMIA CO-
KpaTUTh MPOJODKUTEIBHOCTh cTaguu ¢ 20 10 18 u (yBenndyeHre MOIHOCTH MPOU3BOJI-
crBa ¢ 1188 nmo 1320 1/rox). [Tomumo atoro, morpebisieMasi Ipu MepeMeNIMBaHHN
MOILHOCTb MPUBO/Ia MELIAJIKK YMEHbIIUIAch Ha 16 %.

OTCYTCTBHE MAaTEeMAaTHYECKAX MOJEJCH pealu3yeMbIX MpPOIIECCOB HE SIBISCTCS
MPEMSATCTBHEM I Pa3paOOTKU MaTeMaTHYECKOW MOJICNU MPOSKTHOTO PEUICHUS:
UCTIONB3YeTCsI MHPOPMAIUI U3 TEXHUIECKOTO 3aJaHUs Ha MMPOSKTUPOBAHKE, PETIIaMEH-
TOB BBINIYCKa MPOIYKTOB M HOpMaTHBHEIX nokyMeHTOB (I'OCT, PII, PTM).

IpuHIMI ONITHMAJIBLHOCTH NPOCKTHBIX PelleHui

3agaun MPOEKTUPOBAHUS CllefyeT (pOpMynIHpOBaTh KaK 3aJaull MaTeMaTHYECKOTro
NpOrpaMMHUPOBAaHUS WM BapHallMOHHBIE, TO €CTh OOOCHOBBIBATH BBIOOD KpUTEPHs
(KpuTepHeB) ONTUMAIBLHOCTH MPOEKTHBIX PEIISHUI U 00JIaCTH MOWCKA 3HAYeHUI napa-
METPOB KOHCTPYKIHUI U PEeXUMOB (PYHKIIMOHHUPOBAHHS 3JIEMEHTOB TEXHUYECKOW CHC-
TEMBI Ha BCEX ITAIaX €€ MPOEKTUPOBAHMUS.

B kauectBe kpuTepus ONTHMAaJIbHOCTH PEIICHUS 3alaud RF, TO eCTb pekuma
¢ynkronupoBanust TC, onpenenseMoro 3Ha4eHUSIMH Pa3MEPOB MAPTUI MPOIYKTOB

w;, i=1,...,] , MOMEHTOB Hayaja U OKOHYAHUs /-} onepaunuu k-ro LUKIa paboOThI amma-

paros craguu j XTC npu BbUIycKe i-ro NPORYKTa [0Sji;, (05, i =1,....1, j€J;,

k=1..,Kj, [=l,..,Lj , NpeaIoKeHO HMCIONB30BATh HIDKHIOI OLEHKY CTOMMOCTH

9HEPropecypcoB pasIMUHBIX BHJOB (IJIEKTPUUECTBO, TEIUIO, XOJIOX), MOTPEOISIEMBIX
NpU peau3aliy orepanuii nepepaboTKH MapTHH NPOJYKTOB B TEYCHHUE MEPUOAA IKC-
mwtyaranuu Ip [9]:

1/k Ke

1
Ze=Y we; p —— ey Z > 2 CHenif gocyy(1ofua —tosua). M

i=1 JjeJi  Tij  k=li=lke=l

e C* - crommocts  enuHMIBI (1 Ox) oHepropecypca Buma ke;
1,ecin p;; =0

pnj = — K03 (HUITMEHT yBETHMUSHHS 3aTpaT YHEPTUH HA j-H CTaIuu
1,05 n;;, ecm py; =1

TC npu cuHXpOHHON 00pabOTKe PaBHBIX HOJIEi MAapTUH i-TO MPOAYKTa B HECKOJIBKUX
HapaUIeNbHBIX annapaTax (3a CYeT yBEIUYEHHUs TOTEPH), pjj — yKasaTenb crnocoba 00-
paboTKu mapTuii i-ro nponykra annaparamu craguu j XTC (p;j=1 — cunxponHas 00-
pabotka 1/n; oau mapTHU B Kax0M arnnapate, p; =0 — o6paboTka mapTuii HeIuKoM
B MOPSAJKE MOCTYILICHHS); 74f — KOO(O(QUIUMEHT H3MEHEHHS Pa3Mepa MapTHH i-T0 IPOIyK-
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ta Ha cranun j XTC; gocy; — mMatepuaibHbIil HHIEKC [-ii onepaunuy k-ro uukia pago-

ThI anmnaparoB ctaguu j TC npu BBITYCKe i-r0 MPOAYKTa, KI/T; eni]ﬁ

xox, BT/kr, sHepropecypca Buaa ke rmpu peai3aliy 3TOH olepaliyy.

— yIlelbHbIU pac-

B kauecTBe KpHTEPHs ONTUMAIBHOCTH PENIECHUS KaXmod u3 3amaq A npemo-
JKC€HO HUCIIOJIb30BATh OPUCHTUPOBOYHYIO CTOMMOCTDH B]:l6paHHle OCHOBHBIX allliapaToB
koHKpeTHOU ctaauu. Craguu XTC MXII, kak npaBuiio, KOMIUIEKTYIOTCS CTaHIapTHbI-
MU anmnaparaMy, CTOMMOCTb KOTOPBIX MOXKHO OIpPEJENIUTh 10 MpelCKypaHTaM LeH Ha
o0opy/sioBaHUE, BBIIYCKAaEMOE NPENNPUATHSIMH XUMHYECKOTO MAIIMHOCTPOCHHUS.
st mprOim3uTeNnbHON OLEHKH CTOMMOCTH 000pY/I0BaHMS IpeJyIaraeTcsl UCIoIb30BaTh

(yHKIMOHAIBHBIC 3aBUCHMOCTH II€HBI alllapaTa OT €ro THHa (fd;) M OIpPEIENAIOIIEro
pa3mepa
B, .
S(taj,Xj)=0LJX] . J=1,..., J,
rae o; =0a; (ta j), B;i=B; (ta j) — k03 pUIIHCHTRI, OnpeneIsieMble METOAAMHU PErpec-
CHOHHOTO aHaJIn3a Ha OCHOBE MMEIOIIeicss HHPOpPMAIMH O IIeHaX Ha amaparhl pa3jind-
HBIX THIIOB, HAallpUMep, Ul CTAIbHBIX 3MAIMPOBAHHBIX €MKOCTHBIX allllapaToB C ILIU-

JUHAPUICCKUMHA py6am1<aM1/I, CAJIBHUKOBBIMHU YIUIOTHEHUSAMU U MEXaHUYCCKHUMHU TIEPE-

. 0,368
MEUIMBAIOIIMMH YCTPOUCTBAMH, BKIIKOYAs MOTOP-PENYKTOPEI, — s(fa;,X;) = 94,643.X;7" .

C npuMeHeHHeM MOJO0OHBIX 3aBUCUMOCTEH KaluTalbHbIE 3aTPpaThl HA OCHOBHOE TEXHO-
norndeckoe obopynosanue craauu j XTC MXII MOXXHO OLEHUTH 1O hopMyJIe

ZJ:NJS(taj,Xj),

a 11 obecrnevyeHusi COBMECTMMOCTH KPMTEPUEB ONTUMAIBHOCTH pelleHui 3ama4 VA,
1 3amadu RF B kauecTBe meneBoil pyHkun 3amaqun Beroopa AO cragun j XTC ucnois-
3yeTcsi CyMMa aMOPTU3AIIMOHHBIX OTYUCICHHI OT CTOMMOCTH 00OPY/IOBAHHSI CTAIUH 32
MEepHO/1 BBIITYCKA IMPOIYKTOB B INIAHOBBIX 00beMax

Zk ; = Ek(Tp/Ty)(N ; s(ta ;, X ), )

rne Ek — HopMaTuBHBIN K03 duiment okymaemoctu as odopynosanus (0,15); Ty —
rogoBoi 3 dekTuBHbIA GoHx padodero Bpemenn XTC, 4, ¢ yueToOM CMEHHOCTH €€ pa-
0OTHI ¥ NIPOJIOIKUTEIEHOCTEH MEPEeX0/I0B C BBITYCKa OHUX IPOAYKTOB Ha APYTHE CO-
[JIaCHO KaJeHIApHOMY IUIaHy.

B kauecTBe KpUTEPUs ONTHMAIBHOCTH PEINCHUS ONHOM U3 3ama4 OAjf: OnTHMH3a-
MK [apaMETPOB KOHCTPYKIHMU U pexuMa (YHKIHMOHHPOBAHUS MEXaHWYECKOTO Iepe-
MEIIMBAIOIIEr0 YCTPONUCTBA BEPTUKAJIBHOIO €MKOCTHOTO ammapaTa IMpejlaraeTcsi Uc-
HOJb30BaTh MUHUMYM OMCIEPCUU CyMMAapHOM JUIMHBI BEKTOpa CKOPOCTH IEepeMellu-
BaeMOM cpeibl, XapaKTepHU3YIOIIeH CTereHb PABHOMEPHOCTH T0JIsl CKOPOCTEH B 00beMe
anrapara:

Koys == ~uey | 3)

z
rJe U; =+Uf +U> — CyMMapHasi JUIMHA BEKTOPA CKOPOCTH, M/C; Ugp = lz up s —
Z j=l1
CpeJIHEE 3HAYEHHE CyMMApHOI UTHHBI BEKTOPA CKOPOCTH, M/C; Uj;,U,; — OCPEIHEHHbIE
10 PelHONB/ICY 3HAYEHHMsI COCTABISIONIMX BEKTOPA CKOPOCTH VISl i-TO y3lia KOHEYHO-
SJIEMEHTHON PacyeTHOM Mozenu, M/c; [ — TeKylilee 3HAYEHUE YPOBHs JKUIKOCTH B arlla-

pare, M; r —TeKylllee 3HaUCHUE pajiuyca amnmnapara, M; z — o0IIee YKCII0 Y3I0B KOHEUHO-
9JIEMEHTHON pacyeTHON MOJIENH.
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B ClIy4dasx, Korjaa JIOKaJIbHbIC 3aJa41 MMOJIHOCTbIO HE3aBUCHUMBI IPYT OT ApYyra, Ha-

npumep 3axauu VAj, j=1, ..., J, HX cleayeT pemarb ¢ NPUMEHEHHEM TEXHOIOTHH Ma-
payienbHbIX BeruucaeHui [10].

I[puHIMN NPOEeKTHPYEMOCTH

HpI/IHHI/IH MIMPOCKTUPYCMOCTH — (l)OpMI/IpOBaHI/Ie " npeaBapyuTCiibHAasA NPOBCPKA BbI-
IIOJIHCHUA YCJIOBI/Iﬁ Pa3speIMMOCTU 3a1a4 NPOCKTUPOBAHUS (qame BCCro, HCO6XOHI/IMBIX).

Hanpumep, KOMIUIEKC yCIOBUI CyLIECTBOBAHMA PEILEHMM 3anaun RF u 3amayu VA;, uc-

MOJIb3YEMBIM [IJIs1 ONpeAesieHUus] NTPOrHO3HBIX 3HAUYE€HUH Njj, Bjs Dijs | = L1,jeJ;, He-

00XOIUMBIX ISl TIEPBOHAYATIBLHOTO PEelIeHHs 3a/1a4i RF, BKIIIOYALT:
— YCJIOBHE BO3MOXXHOCTH OOpPa0OTKH MapTUil KAXKIOTO U3 MPOIYKTOB B OCHOBHBIX
anmapatax Bcex craauit XTC

’inj(wi-)s gaxj(wy-), i=1,.,1, (4)

ceey y yeers

e Wjj — BO3MOXKHBIE 3HAYEHMs pasMepa MapTUM i-ro MPOJyKTa MpH UX 00paboTke

B anmnaparax CTAJuH j, ONPENeseMble TI0 PE3yJIbTaTaM BbIYMCICHUH HIkHUX X ;'

N BEPXHUX X;-nax OIICHOK ONpCACIAIOIHNX pasMEPOB OCHOBHBIX aImaparoB CTaZ[I/Iﬁ

% o *
XTC, a TaKKe BEPXHHX OLCHOK JUIATEIBHOCTEH MepepabOTKU MapTUi NMPOAYKTOB T;
Ha cTaausx j € Js; (puc. 4);

— YCIIOBHE CYIIECTBOBAHUS XOTs OBbI OJIHOTO OCHOBHOTO amrapara, pa3mMep KOTo-
poro mo3BoisieT 00pabdaThBaTh MAPTHUH BCEX MPOAYKTOB, A Kakaon m3 craguid XTC
(puc. 5)

L X INKS # 0, j=1.7 . 2

rnue )(}L, )(}U — COOTBETCTBEHHO MHUHHUMaJIbHOE€ M MaKCUMAaJIbHOE JIOITyCTHMbIC 3HAYCHHS
OTIPEJICIIIONIETO pa3Mepa OCHOBHBIX alIapaToB CTAJWH j, BEIYMCICHHBIE C HCIIOJIB30-
BaHMEM 3HadyeHuil w, = min (wi-) uow = max (w,»j); XS; — MHOXeCTBa pa3MepoB
J=lend j=lend
CTaHJapTHBIX OCHOBHBIX aNlapaToB, NPHUIOAHBIX JUIsl YCTaHOBKHM Ha cramusx XTC
(opmupyroTCst TpeaBapUTENLHO Ha OCHOBE KaTaJoroB 000PYI0BaHUS U TIPaiC-IUCTOB,
CBEJICHHH O pe3epBHOM 000PYIOBaHUH AECHCTBYIOIIETO IIPON3BO/ICTBA);
— ycioBue obecnieueHus Tpedyemoi mpomsBoguTebHOCTH X TC
! Q Tcx;
1 1
———F—<1p, ©)
;=1 max (WU)
=l
TO €CTh BO3MOKHOCTH BBIITYCKa BCEX MPOIYKTOB B 00beMax (; 3a BpeMs Ip.
K umcny ycnoBuil paspemmMocTy 3a1a4d ONTHMH3ALNN MTapaMeTPOB KOHCTPYK-
MU ¥ pexnMa (QyHKIHOHMPOBAHHS MEXaHHUUYECKOTO IMEPEeMENINBAIOIIEr0 yCTPOUCTBa
BEPTUKAJIHHOTO EMKOCTHOTO armnapaTa MO>KHO OTHECTH:
— OrpaHMYCHUE Ha 3HAYEHHWE OTHOILICHMS BHYTPEHHETO JAuMaMeTpa armapara
K AMAMETpPy MEIIaIK1

D, .
Gds <—<Gd", )
D

m

%
TJIc MHTEPBAI JOMYCTHUMBIX 3HaueHu# [ Gdx,Gd | ompesenseTcss THIIOM MEIIAIKH, Ha-

npuMep 1t aByxionactaot Gdx =15, Gd ¥ = 2,5;
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Ji EJb,

J2 €Jfi

Js € Js; /(Jf, U Jd,) 177777707077

j.eJd, 7

1

Jb,, J/[Iy Jd

Xm0 X™ . . W,
A Y] A L

J.o.ov P -
11:}1 uf:}] vi,_;'l ui;jl

Vi

max
X575, Wi

Vig "M

*

X5ty TNy Wi
8ij " Uig
Xj’inax 'cp;df
Vi, Y,
%/////////////////////////////////////////////////////A y 2max R w
R VR ¥ s
Mgy " Uiy
w;“jﬂ Wi
Puc. 4. Uauroctpanus K ycJioBuio (4) 1Jisl i-ro npoayKra:

MHOYKECTBA HOMEPOB CTaAUH BBIIMYCKA i-r'0 IPOJYKTa, OCHOBHBIMH arapaTaMu Ko-

TOPBIX SBJIAIOTCSA €MKOCTHU C IMEPEMEHINBAIOIIUMHU yCTpOI/ICTBaMI/I u 6e3 HUX, paMHbBIMHU I/IJ'II/I Ka-

MCpHBIMU

(GUIBTP-TIpeccaMy, POTOPHBIMU BaKyyMHBIMHU CYIIMIIKAMH COOTBETCTBEHHO; (pU s @ —

T'paHUYHBIC 3HAYCHHU CTCIICHU 3aIllOJIHCHUS allliapara CTaZ[I/II/Ij IIpH BBIIYCKE i-ro OpoaykKTa; gj,
Vij, M;j — COOTBETCTBCHHO OCHOBHOI/I 00BEMHBIN U MacCCOBBIi MaTEpUAJIbHBIC WHACKCHI CTaZ[PII/Ij

npu BLIHyCKe i-ro Hpo,uyKTa Kr/T, M/T; a; —
Jjeds, kr/(m*c), M

yllelbHas IPOU3BOAUTEIBHOCTD alllapaTa CTaJuu
M /(v*c), M/ e); u;; — 0N NapTHH (MM YMCIIO TIAPTHUIA) i-ro MPOIyKTa, Hepe-

pabaTbiBacMas B OTHOM OCHOBHOM alapare CTaauH j

WO ) s
p eyt v, o™
w, o1 Uy
i.J o -7 Q-
TPOAYKT /y i, Xo.s
Upz° ICEALCI ;wgm Uy Vi 'wil;ax
’ Py, s Py
TIPOTIYKT i3 T ) Xis
Uy 'vis,j ;L;;m Ui IV%J Iw;;m
’ Qs Qs
MHOeCTBO XS, X; X7 X,
X, X, X, X, X X,

Puc. 5. Hiuoctpanus k ycjioBuio (5):

anst cragun j € Jb;, i =1),0,,15: [X XU]ﬂXS {X

]2’X]3’Xj4}
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— OI'paHMYCHUC HAa MOLIHOCTL NPHUBOAA allriapara

Py <11Ppay ®)
. 3

rie Pmax — JOIMYCTHMOE 3HAYCHUE MOIIHOCTH, IPU KOTOPOM Ha KaXKAblid M~ 00bema

anmapara npuxogutcs 1 kBt moutHoctu asurarenss MITY (43 mpakTH4ecKoro ombITa

JKCIUTyaTallid BEPTHKAJIBHBIX EMKOCTHBIX aIllapaToB).

3akjiouenue

Takum 00pa3om, pU aBTOMATH3WPOBAHHOM NPOSKTHPOBAHUH TEXHOJIOTHUECKOTO
000pyIOBaHUSI MHOTOACCOPTUMEHTHBIX XHMUYECKUX MPOU3BOACTB PEKOMEHIYETCS Py-
KOBOZICTBOBATHCS MPUHIUIIAMH JAEKOMITO3HIMN OOIIEH 3a/1a9M MPOEKTUPOBAHMS, MOJIC-
JMPOBAHMsSI MPOCKTHBIX PEIICHUH C OpUeHTanueil Ha (GopMHUpOBaHHE TOJEH ompeje-
JSIEMBIX T1apaMETPOB, ONTUMAIBHOCTH IPOEKTHBIX PEIICHUH M INPOCKTUPYEMOCTH.
Nx npuMeHeHHne 00ecIeqmIo YCIIeIHOE BRIIIONIHEHHE CIIEAYIOINX HayqYHO-UCCIIeA0Ba-
TEJILCKUX M OMBITHO-KOHCTPYKTOPCKHUX PadoT:

— pa3pabOTKy METOJHMKH ONpE/IENICHHs anmnaparypHoro oQopmieHHsS XHUMHKO-
TEXHOJIOTMYECKHX CHUCTEM MHOT0aCCOPTUMEHTHBIX XHMHYECKHX IPOM3BOACTB M €e
MPUMEHEHHE ISl PAcueTOB 000pPYIOBAaHMS MPOMBIIUICHHBIX MPOU3BOJICTB CHHTETHYE-
CKHUX KpacuTelnei u noxynpoaykros no 3akazam AO «ITurment» (TamOoB);

— pa3pabOTKy METOAWKH OIPEIETICHUs] KOHCTPYKIMH U pexnMa (GYHKIIMOHUPOBa-
HUSI CHCTEM HarpeBa THAPABIMYECKUX MPECCOB VI TEPMOOOPAOOTKH PE3MHOTEXHUUE-
CKUX U3AEIHNH, U3eNNi U3 TIACTMAcC, METAIIOB U CIUIABOB, OCHOBAHHON HA KOMIIBIO-
TEPHOM MOJEIMPOBAHNH IPOLIECCOB Pa30rPeBa, CTAOMIM3ALNH TEMIIEPATYPHI M OXJIaXkK-
JICHUSI HarpeBaTeIbHBIX IUIUT U U3JENUH C IPUMEHEHHEM CUCTEMbl KOHEUHO-3JIEMEHT-
Horo aHamm3a ANSYS, u ee ucnonp3oBanue i peanmsanud npoekToB AO «3aBoa
TamOoBIONIMMEpPMALID).
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Principles of Computer-Aided Design of Process Equipment
for Multi-Product Chemical Industries

C. V. Karpushkin, M. N. Krasnyanskiy

Department of Computer-Integrated Systems in Mechanical Engineering,
karp@mail.tstu.ru; TSTU, Tambov, Russia

Keywords: automated design; multi-product chemical industry; principles of
decomposition, modeling, optimality and designability; process equipment.

Abstract: The paper presents the principles which are recommended to be used in
automated design of process equipment for multi-product chemical production:
decomposition of general design problem into a number of interrelated subtasks, modeling
of design solutions with orientation to the formation of fields of defined parameters,
optimality of design solutions and designability. The principles are illustrated through the
example of the problem of determining the hardware design of the chemical industrial
system of the designed multi-product chemical industry.
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Prinzipien des computergestiitzten Designs
der technologischen Ausriistung
der Multisortiment-chemischen Produktion

Zusammenfassung: Der Beitrag stellt die Prinzipien vor, die bei der
automatisierten Projektierung von technologischen Anlagen fiir die chemische
Mehrsortimentsproduktion zu befolgen sind: Zerlegung des allgemeinen Projektierungs-
problems in eine Reihe von zusammenhidngenden Teilaufgaben, Modellierung von
Projektierungslosungen mit Orientierung auf die Bildung von Feldern bestimmter
Parameter, Optimalitit von Projektierungslosungen und Projektierbarkeit. Die Prinzipien
sind am Beispiel des Problems der Bestimmung des Hardware-Designs des chemisch-
technologischen Systems der geplanten Mehrsortiment-Chemieproduktion illustriert.

Principes de conception assistée par ordinateur
de I'équipement technologique de la production chimique multi-gamme

Résumé: Sont présentés les principes qui sont recommandés pour guider la
conception automatisée de I'équipement technologique des productions chimiques
multi-gammes: la décomposition de la tache de conception globale en un certain nombre
de sous-taches interconnectées, la modélisation des solutions de conception axées sur la
formation de champs de parameétres définis, I'optimalité des solutions de conception et
la constructibilité. Les principes sont illustrés a I'exemple de la tiche de la
determination de la conception matérielle du systéme chimique et technologique de la
production chimique multi-gamme projetée.

ABTop: Kapnywkun Cepzeit Bukmoposuu — DOKTOpP TEXHHYECKHX HAyK, IpO-
(eccop xadeapsl «KoMITBIOTEpHO-UHTETPUPOBAHHBIE CUCTEMBl B MAalIMHOCTPOCHUMY;
Kpacnanckui Muxaun Huxonaeeuy — IOKTOp TEXHHUYECKUX HayK, Ipodeccop,
pexrop, ®I'BOY BO «TI'TY», Tambos, Poccusi.
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