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AHHOTaNUA

B craTpe mperncraBieHo onvcaHue mpuMeHeHHs porpamMmHaoro komruiekca « UFOModeler» ms
MOCTPOCHUS HMMHTAIMOHHBIX MOJeNie (QYHKIMOHUPYIOIIUX CUCTEM pPa3IMYHON TMPUPOJIBI.
[IpencrarieHHsblid B paboTe MPOTPaAaMMHBIN KOMIUICKC SIBJISIETCS MEPCIICKTUBHBIM HHCTPYMEHTOM,
MpeIHAa3HAaYeHHBIM JUIA  TIOCTPOSHHs] WMUTAIMOHHBIX ~ Mojeneid  00beKkToB. Momenb
(YHKIIMOHUPOBAaHUSI OOBEKTa MPEACTABISAET COOOI0 CHCTEMHO-O0BEKTHYIO MOJETh B TEPMHHAX
rpadoaHaIUTHUECKOr0  moaxoja «Y3en-OyHknus-O0beKT», KOTOPBI B CBOIO  OuYEpe/lb,
MpeIoiaraeT ONUCaHNe MOJAETHUPYEMOTrO OOBEKTa KaK CHCTEMBI, COCTOSIIEH W3 TOJCHUCTEM H
SIBJISIFOIIEICSA YaCThI0 HEKOTOPOU HaJICUCTEMBI.

PaccmaTpuBaeTcs 1Ba mpuMepa moCTpOCHUs MoJienel (YHKIIMOHUPYIOIIUX TEXHUUECKUX CUCTEM:
TEXHUYECKass JMHUS [0 MPOU3BOJCTBY IUIACTUKOBOM Taphl, a TakKe JHUHHUS IO CHHTE3Y
MOAUGHUITNPOBAHHOTO HAHOKPUCTAUIMYECKOTO THAPOKCHIIanaTuTa. lIpuBoAsSTCS: OmMHCaHHE
TeXHUUYECKUX YCTPOMCTB, BXOJAIIMX B COCTAB MOJCIMPYEMOro OOBEKTa; IMPOIEecC pa3pabOTKH
CTPYKTYpHOH TpadoaHAIMTUYECKOH MOJIEId CHUCTEMbI; IPOILIECCHl OIMUCAHUS ITOBEICHUS
OTHIETHHBIX TEXHHYECKUX YCTPOMCTBR.

KaoueBbie caoBa: cucreMa; (QyHKIMOHHPYIONIAS  CHUCTEMA; COCTOSIHHE€  CHCTEMBI,
MMUTAIlMOHHAs ~ MOJENb; JWHAMUKAa CHCTEMBI, rpadoaHaIMTHYECKOE  MOJEITUPOBAHUE,
«UFOModeler».
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Abstract

The article describes the use of complex software “UFOModeler” to build simulation models of
operating systems of different nature. The introduced software system is a promising instrument
for construction of simulation models of objects. Model operation of the facility represents a
system-object model in terms of the "Node-Function-Object" graphic-analytical approach, which
in turn implies the description of the object being modeled as a system consisting of subsystems

and which is part of a super-system.

We consider two examples of construction of models of functioning of technical systems: a
technical production line of plastic containers, as well as a line on the synthesis of modified
nanocrystalline hydroxyapatite. We provide: a description of technical devices that make up the
modeled object; the development process of the graphic-analytical structural system model; the
processes describing the behavior of certain technical devices.

Keywords: system; operating system; system state; simulation model; system dynamics; graphic-

analytical modeling; “UFOModeler”.

Beeoenue
B [IOCJIEIHHAE TOJIBI AMHUTAIIOHHOE
MOJICITUPOBAHUE CTAIO OJHUM M3 PACIPOCTPAHCHHBIX
METO/I0B HCCIIEJOBaHU (YHKIIMOHUPYIOIINX

cucteM. CylecTByeT HEMAJIO MPOrPaMMHBIX CPEJICTB
U MHCTPYMEHTOB HMMMTAIlMOHHOTO MOJEINPOBAHUS,
HampaBlIEHHBIX HAa TO, 4YTOOBI  yMEHBIIWUTH

TPYLOEMKOCTb MTOCTPOEHUS MMUTAIIMOHHBIX
mogaeneil. B HacTosmeit pabore s pa3paboTKH
UMHUTAIMOHHBIX ~ Mojeled  (QYHKIHOHHPYIOUIHX

CHCTEM, IIpe/ylaraeTcss HWCIOJNB30BaHHE METoJna
CHUCTEMHO-O0BEKTHOIO ~ MMHUTALMOHHOTO  MOAEIH-
pOBaHUSI M  COOTBETCTBYIOILIEIO IMPOrPaMMHOTO
uncrpymenrtapusi «UFOModeler» (CBuneTenscTBo 0
perucTpanuu 1o Ne 2015663240,
http://http://ufomodeler.ru/),  pa3zpaboTanHoro ¢
NPUMEHEHHEM  CHCTEMHOTO  mozaxoxa  «Y3el-
OyakIua-O0bek™ [1] W wucuucnenwss OoOBEKTOB
Abamu-Kapnenu [5].

JlaHHBII  NporpamMMHBIA ~ MHCTPYMEHTapHil
MIO3BOJIAET CO3[aBaTh MOJEIM OPraHHU3ALHOHHO-
JEJIOBBIX W  NPOU3BOJCTBEHHO-TEXHOJIOTHYECKHUX
CHUCTEM, BBIYUCIATh WHTEPECYIOIINE TTOKa3aTeln
nporecca (GpyHKIMOHUPOBAHHS CHUCTEMBI B pPEXHUME
peaJlbHOrO  BPEMEHHM 3a  CYeT  pealn3aluu
(yHKIIMOHANa  CHUCTEMbl B  BHJE  CKpHUITA,
OTIHMCHIBAIOIIETO peoOpazoBaHue BXOJTHBIX
[apaMeTpoOB CHCTEMBI B BBIXOAHBIE. (DaKTHUECKH,
MMUTAIMOHHAsI MOJENbh CHUCTEMBl COCTOMT W3
OTJIENbHBIX HWCHONHSIEMBIX OJIOKOB MPOTPaMMBEL.
UcnonpzoBanne KoHCTpyKuuu  «Y3en-DyHkius-
O0bekt» [3, 4] MO3BOJISIET ONHCATh MPOLECC
CHUCTEMHO (€ro CTPYKTypHblE, (YHKIUOHAIbLHBIE W
00BEKTHBIE XaPaKTEPUCTHKH).

Umuranust  QyHKOUOHUPOBAaHUSI CUCTEMBI B
«UFOModeler» OCYIIECTBIISAETCS yTeM
BBITNIOJTHEHHMS CIIETYIOIINX [IaroB:
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- IOCTPOCHHE KOHTEKCTHOM MOJEIU
aHAJIM3UPYEMOTO IIPOLIECCa;

- ompeneneHue  (YHKUMOHAIBHBIX  Y3J0B U
nocTpoeHue uepapxudeckon Y ®O-Mo1eIu CUCTEMBL;

- onucanue (QYHKIHMOHUPOBAHUS IOACUCTEM
MOJENUPYEMOro OOBEKTa € NPUMEHEHUEM S3bIKa
Y®O-ckpurT;

- IpOBEICHUE MMHUTAUUU (YHKIHUOHUPOBAHUS
CUCTEMBHI, KOoTOopast MIPOUCXOAUT myTeM
MHULMAIN3AM1 KOHTEKCTHBIX IIOTOKOBBIX OOBEKTOB
(COOTBETCTBYIOIIUX BXOJHBIM CBSI3IM KOHTEKCTHOTO
npoliecca), 3HaueHUs KOTOPBIX MepelaroTcs B MO
COOTBETCTBYIOIIUX Y3JIOBBIX OOBEKTOB U BBI3BIBAIOT
MeToAbI (QYHKIMHU) y3IIOBBIX 00BEKTa, OMHCAHHBIE C
UCIIOJIb30BaHUEM si3bIKa Y @O-CKpUINT.

PaboTocniocoOHOCTE MeToJa W MPOTrPaMMHOIO
CpencTBa IPOBEPEHBI IIyTEM MOJIEIHUPOBAHUS psaa
TEXHOJIOTUYECKUX JIMHUUA. PaccmMoTpuM nBa npumepa
CO31aHUs HUMHUTAIIMOHHOM MOJIECIIN
(yHKIMOHUPYIOLIEH CUCTEMBI.

1. Mooenuposanue mexnonozuueckou TUHUU
nO RPOU3600CMEY NIACMUKOGOI Mapbl
PaccmaTprBaemast TeXHOJIOTHUECKas JTUHUSA
COCTOWT U3 MIEPEUUCIIEHHBIX HIKE arperaToB
(TeXHIUECKHX 00BEKTOB):

1. Okecrpyaep, KOTOPBIA TMPOU3BOIUT IUICHKY
JUTS MOCIIEAYIOTIEH thopMoBKH W3JIENHS.
Ucnoneayercs sxctpyaep Anexo Muau 1100-55. Ha
BXOJ  DJKCTpylepa moparoTcsi rpanyiasl  [IB]]
(TONMATUIIEH BBICOKOTO JIABJICHUS) CO CIEAYIOIIIMHU
(hU3MYECKUMU XapaKTePUCTUKAMH:

- maoTtHocTh 900-930 Kr/M3;

- Ttemmneparypa maBienus 100-115 rpamycos

Lenbcus.

Ilocne momaym TpaHyn B TOATOTOBUTEIHHBIN
OyHKep JKCTpyJAepa, TpaHylbl pPacHpeleNsioTcs IIo
KaMepaM HarpeBaHusi C MOMOIIBIO CIIEIUAITBHOTO
IIHEKa, TOCIie 4Yero IMoJ JAaBieHueM (opmupyercs
IUICHKa C 3aJaHHOM ToNIuMHON. DKcTpyaep Aleko
Mugn 1100-55 HMEET  MPOU3BOAUTEIBHOCTH
200 xr/gac.

2. Ileub, B KOTOpYIO MOJAETCS IJIACTUKOBOE
MOJIOTHO W HarpeBaeTcsi 10  OMNpPEIeIeHHON
TEMIIEPATyphl, YTO HEOOXOAMMO I IPHIAHHUS
KOHEYHBIM M3JIeTUSIM COOTBETCTBYIOIICH (OPMEL.
Ileur sBHIAETCS KOMIUIEKTYIOIIUM  YCTPOWCTBOM
tepmodopmoBouHoii MamHbl HSC-660A.

3.  TepmodhopMOBOYHBIH arperar B BHIE JIBYX
ps0B GOPM I CTAaKaHYUKOB, B KOTOPBIE MOJOTHO
3acacelBaeTcs 1o gasneHueM. llpeacrasiser coboro
gacTh MarmuHel HSC-660A.

4. YcrpoiicTBo OXJIKICHHUS 3aroTOBOK,
MpeIHa3HAYeHHOE IS OXJIAXJCHHS 3aroTOBOK,
sBIstrorTieecs arperaroM Mammabsl HSC-660A.

5. Tpummep, KOTOPBIM BBHIPE3aCT TOTOBBIC
CTakaH4YWKH U3 obmero moiortHa. [Ipencrasiser
co6oto yacTh MammHel HSC-660A.

6. I'paHynsaTop, BBHINONHSIOMUA  TTOBTOPHYIO
riepepaboTKy 0Ope3HBIX OTXO0B TPUMMEPA B TPAHYIIBL.
B MopenupyeMoll JMHUM HCIONB3YETCSl TPAHYISTOP
Anrerr 60, ¢ MakCUMaJbHOM MOIIHOCTBIO —
70 xr B Hac.

Ha mepBom 3tame pa3paOOTKM WMHUTAIMOHHOMN
MoOJenH  (YHKIIMOHUPOBAHMS  TEXHOJOTHYECKOM
JUHAA C TIOMOIIBIO TpEIaraéMoro MeTofa W
IIPOTPaMMHOTO WHCTPYMEHTa CTPOUTCS BHU3yajbHas
rpadoaHanuTHYECKass MOJETh JAHHOW JIMHUH B BHUJIE
HaOOpa Y3JIOBBIX OOBEKTOB, COOTBETCTBYIOIIHMX €€
arperataM, KOTOpPBIE CBSI3aHBI MEXIy COOOM
IIOTOKOBHIMH ~ OOBEKTaMH,  COOTBETCTBYIOIUMH
peasbHBIM TIOTOKaM 3JIEMEHTOB MEXIY arperaTamu
[1, 2, 3]. dopmManbpHO, CpEACTBAMH HCUUCICHUS
o0bekToB AOamm-Kapmenn MOTOKOBBIE OOBEKTHI
OIMCHIBAOTCS CICAYIONIMM 00pa3oM:

a; = [lj=bj], (11)
rae:

- ai — UM ITOTOKOBOI'0 00BEKTA;

- 1j = bj — mons 1j moToxoBoro oOwvekTa ai ¢
HEKOTOPBIMHU 3HAYECHUSIMU bj.

B pamkax paccMaTpuBaeMoro nmpoekTa ObuTH
BBIJICJICHBI CIIETYIOIIIE TOTOKOBBIE OOBEKTHI:

- I'panynst IIOBJI [Bec] — Bec rpaHyn
U3MepseTCsl B TpaMMaXx;

- IInenka II9B/] [nnuHa, mypuHa] — 3HaYEHUS
NPECTABISIOTCS, B MUJTUMETPaX;

- Harperas nnenka [mnuHa, IMpUHA] —
3HAYEHUS MPEJICTABISIOTCS B MIJUTUMETPAX;
3aroroBka [KOJWYECTBO];

OxJaKJeHHAas 3ar0TOBKA [KOJIUYECTBO|;

- ToroBas nponykuus [KOJIMYECTBO];

- Otxonpl TpUMMEpa [BeC] — BeCc U3MEpsIeTCs B
rpaMmax;

- TI'pamynast IIOBJ] (orxom) |[Bec] — Bec
H3MEPSETCS B TpaMMax.

B coorBeTcTBMM ¢  ONKMCaHHOH  BBINIE
MpoLeAypol (PYHKIIMOHHPOBAHUS TEXHOJOTHYECKOM
JUHAHA TIO TIPOU3BOJICTBY IUIACTUKOBOM Tapbl ObLIa
pa3paboTaHa TpelCTaBICHHAs Ha pHCYyHKe | ee
rpadoaHamuTHYeckass Moxaenb. llpencraBneHHas Ha
JAHHOM PpHUCYHKE, JAuarpaMMa TEeXHOJOTHYECKOM
JIMHUY OTIPENeNISIeT TPaHMIbl MOJEIH M TOKa3hIBaeT
[IOCIIEZIOBATEHHOCTD npeoOpa3oBaHus OJIHUX
MTOTOKOBBIX OOBEKTOB B IPYTHE.

Ha cnegyromem »sTame ams KaXIoro ysma
paspabatsiBaercs ckpunt (Ha a3pike Y DO-cKpunT),
OIHCHIBAIOIINN pouecc (pyHnKIIHIIO)
peoOpa3oBaHusl BXOIHBIX IMOTOKOBBIX OOBEKTOB B
BeIXOMHBIE. [l kaxkmodt (QyHKIMH ~co3maeTcs
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00BEKT, KOTOPHIH ee peanun3yeT. B paccmaTpruBaemom YCTPOWCTBA, KOTOpBIC pEaU3yloT (QYHKIHOHAIBI
cjiy4dae 00BEKTAMH SIBIISIFOTCSL TEXHHUYCCKHUEC Y3J10B.

TexHONOrUNECK 3R NMHMA N0 NPOM3BOACTEY NNSCTHKOBOM TaPE!

[panynbl

naBea

BkeTpyaep MNnexka M3BA, Hsmrirsis HarpeTan nnexka TepMogopmoBaUHan |
MalnHa
3aroToBKa
[panynbl NM3BM (oTx0M0,)
OxnaxneHHan 3aroToBKa
OxnaxpeHne
[paHynATo|
PaHy) P §OTtxonbl TpUMMepa Tpummep PR —
MoToBan npoaykuna
Puc. 1. Monenb TEXHOIOTHYECKON JTUHUN
Fig. 1. Production line model
,Z[J'IH MOACINPOBAHUA pa60TI)I SKCTpyAcpa Ha BBIXOJC, NPCAHA3ZHAYCHHOTO I H3rOTOBJICHUA

3aalUM JUCKPETHBIA BPEMEHHOM HWHTEpBan I
oTcueTa, KOTOpBIH B pa3pabaThiBaeMOil MOJENH
Oyner pasen 1 cekynume. Jlamee HeoO0X0auMo
paccumMTaTh, CKOJIBKO  MWIUIMMETPOB  IUICHKH
MPOU3BOANT DOKCTPYAEpP B CEKYHAY C YYETOM
HCIIOJIb30BaHMA BBIIICOIIMCAHHOT'O ChIPhA C 3aJIaHHOI\/'I
IINIOTHOCTBO U Tpe6yeMI)IMI/I napamMeTpamMu I10JIOTHa

IUTACTUKOBOM Tapbl. 3apaHee H3BECTHO, YTO BEC
IJIEHKN IUIOMAAbI0 B 1 KB. M. M TONIIUHON B 1 MM
paBer 1340 r1p. IlpumeHsst S3bIK  OMHCAHUS
(¢yHKUMOHANBHBIX y3710B Y®O-ckpunr, pazpaboraH
CKPHIIT, ONMCHIBAIOLIMHA pPabOTy OdKCTpynepa (cM.
puc. 2).

Nuarparada  [porparea  Cocrosmme = flor  Kowcone | MNapatdetpel

wal

& real;
zreal
begin

SetLink[Tparyne N3B M1 Bec'. 1000);
Setlink[Tlnersca M3B A Wupswa', GetObPropF (lupuHa nnewkm]);
a=Get0bPropF[MposseoaurensHocTy |1 000/60,/60;

z=[a/GetObiPropF(Bec noroxHoro merpa’)f1000;
vHe_ GellinkF(T parynst M3B 1 Bec|+GelLinkF{Tpanyns: M3B Qjorsoa) Becra do

SetDbiProp[Hactive' iue):
SelObiProp('Hibuzy’, 100):

SelLink(T parrynet M3IB A Bec', GellinkF((Tparyne: N3B 1 Bec'))-a):
Sellink(Trerwa N3B A Omena’, GellinkF({Tneqra M3B O davnnaT)z);

del_ag{'ll;

end;
wihile GelLinkF(T parymet N3B NloTxon) Bec'>a do

begin
SetObiProp("Hactive’ iue);
Sel0biProp{"Hbuzy’, 100);

Setlink[T pareyne: N3B Mforxoa) Bec', GellinkF([Tparyns N3B O{orxoa) Bec'))-a);
Setlink[Tlnerxa M3B1 Qe GetlinkF([Tnerxa MNIB L Do)+

dela:'['ll

Seiﬂthop[ Hactive’ false]:
end.

Puc. 2. YOO-ckpunr, onuceBaromuii paboty 3xctpyaepa Anexo Mumu 1100-55
Fig. 2. UFO script describing the work of the Aleko Midi 1100-55 extruder
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Io aHaJIOTHH c MOJICITUPOBAHUEM
(hyHKITMOHUPOBAHUS DKCTPYAEpa, ObLTH OMCAaHBI BCE
MIEPCYUCIICHHBIC ~ arperatbl,  y4YacTBYIOIIHWE B
TEXHOJIOTHMYSCKOW  JIMHMM, TIOCi€ 4ero Obuia

Duarparaa Mporpamsa  Cocrosmse  Mor  Kowcons | MNapamerpot

Ipanynbl
naea

Mnenka MN3BO

Arwuns=2028
Whprna=700

SkeTpyoep

paHynel M2BA(oTxoq)

Bec=41

MpanynaTop OTtxoabl Tp pa

Bec=0

MOJTyYeHA WMHUTAIMOHHAS MOJIEIb TEXHOJIOTHUECKON
JIVHUY 110 TIPOU3BOJICTBY TIACTHKOBBIX CTAKAHYHKOB.
OOmui BUI MOJIENH [TOKa3aH Ha PUCYHKE 3.

i HarpeTan nneHka ©pMOGOPMOBOYHAA |
D rn a=A060 ¥
Whpnna=700

Puc. 3. IMmutanimoHHas MOJIENIb TEXHOJIOTHYECKOM TUHUHI
Fig. 3. The process line simulation model

C moMOWIBIO0 TOJNYYEeHHOW MOJEIH TMPOBEACH
pSII OKCIEPHMEHTOB, KOTOPHIE IMO3BOJIIN CHEIATh
CJICTYIOIINE BHIBOIBI.

1. I'panymsTop, Y4aCTBYIOIIMI B
TEXHOJIOTHYECKOH JINHHUM, 3arpy’KeH HE IOCTOSHHO,
HO, (aKTHYeCKH, padoTaeT IOCTOSHHO TpH
BKIIIOUEHHON JIMHWH, TiepepabaThiBasi HEOOJIbIIOE
KOJIMYECTBO ~ OTXOJIOB  TPUMMEpa  OTAEIBbHBIMH
nopuusiMu. TakuM 00pa3oM, ecii yCTaHOBUTH HEKHI
OyHKEp ONpEeCIICHHOrO pa3Mepa, B KOTOPbIH OyayT
MOCTYNaTh OTXOJbl TPUMMEpa M KaK TOJBKO STOT
OyHKep OyJeT HaloJHEeH — IOAKII0YaTh TPanyJIsTop,
Torja Ha paboTy JMHUU OyAeT 3aTpayeHO MEHBIIe
ANEKTPOIHEPTUH.

2.3HaueHne (3arpyska) y3JI0BOrO OOBEKTa
MEXIY NeYbl0 M TepMO(GOPMOBOYHOM MAIIMHOMN
MOCTOSIHHO ~ pacTeT, 3TO TOBOPUT O TOM, 4YTO
TepMOQOPMOBOYHASI ~ MalllMHA  HE  IO3BOJISIET
00paboTath HEOOXOIMMOE KOJHMYECTBO ILICHKH.
Takum 006pa3om, MOKHO CHHU3UTH MOIIHOCTH PaOOTHI
neuu WIn YBEJIINYHUTH MOIITHOCTb
TepMO(OPMOBOYHON MAIIUHBI, YTO MOBBICUT OOLIYIO
NPOU3BOJAUTENBHOCTD JINHHU.

2. Mooenupoeanue mexnonozuueckoi 1uHuu
HO NPOU3600CHMEY MOOUPUUUPOBAHHO20
HAHOKPUCMATIIUYECK020 ZUOPOKCUANnAmuUma

PaccmoTtpum npoLenypy pa3paboTku
UMHUTALUOHHOM MOZEIH TEXHOJIOTHYECKOTO
nporecca  TMPOU3BOJCTBA  MOAUMDUIIMPOBAHHOTO

3aroToBka

Konwusvectho=18

OxnaxgeHHaR 3aroToBKa
I onKYecTEo=0r
OxnaxgeHue
3aroTOBOK _
[oToBaA npogykumua
KonuvecTro=702
HaHOKPUCTATIIINICCKOT'O TUApOKCHUIIaIIaTuTa

(MHTAII), BemonaenHo#t mpu mnogaepxke OOO
«HaHoanmatuty, BKJIIOYAMOIIYIO IPEACTABICHHBIC
HUXKE JTaIlbL.

Ha stame BomonoaroToBku paboTa BBRIIOTHAETCS
B YCTAaHOBKE IIOJIYYCHHS  OYHINEHHOW  BOJIBI
aHajguTH4eckoro kauectsa YIIBA-5 — mquctwuisrope
(Komn4ecTBO MOTPEOIIIEMO NCXOAHON BOJBI 36 11/4,
HOMHHAJbHas MoTpedisiemMas MOUTHOCTh — He Oolee
3,6 kBT, MIPOU3BOAUTEIHLHOCTh 15am3/4).
DIEeKTPOIPOBOTHOCTH MIOJTYICHHOM BOJIBI
coctaBisgeT1-1,6 MkCwMm/cMm.

Ha »rtanme mNOArOTOBKH ChIPbS BBIXOJHBIMU
npoaykramu siBistroTcs: pactBop Ca(OH), u H3;PO,.
Jusa momydeHus IaHHBIX PACTBOPOB TMPOHCXOITUT
cmemmBanue cyxoro Ca(OH), u H;PO, ¢ Bomoii B
eMkoctax CMY-150.

Hanee pactBop Ca(OH),, pactBop H;PO, u
peareHTsl TIOCTYMAlOT B peakTop Ui CHHTE3a
MHTI AIT — emxocts CMY-100, MOTOp-penyKTOD, THC
MPOUCXOAUT CMEIIMBAHUE BCEX KOMITIOHEHTOB [IIsI
repenayn  Ha CISAYIONIMA 3Taml — CO3pEBaHUe
MHI'AIL, rme B cnenmanbHOW eMKOcTU (pe3epByap
texHosmornueckuii PT-150) mporucxomuTt co3peBaHue
u orcrauBanue MHI'ATL.

ITocne sroro cozpeBumiit MHI'AIl monanaet B
neHTpudyry, pa3eTSIONIYIO pa3IuIHBIC
10 KOHCUCTECHITMN W IDIOTHOCTH BemiecTBa. [locne
ueHtpudyru cyxoir MHI'AII nepexonuT Ha cranuio
CYIIKH, XUAKUN — Ha CTAAWIO KOHIEHTPHUPOBAHUS.
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I

Tlocne mpoXoXkJeHHUA JaHHBIX OTaloOB TOTOBBIM

MPOAYKT  pacdacoBbIBaeTCA, MapKUpyeTca W
YIaKOBHIBAETCHL.

Ha ocHoBe aHamn3a TEXHOJOIMYECKOH CXEMBI
MPOM3BOJICTBA MHI'AIT OBLTH BBIJICTICHBI
CJICTYFOIINE TTOTOKOBBIC OOBEKTHI;

- BOJa;

- kouneHTtpupoBanusii MHI'AIL

- MHI'AIl; — MHI'AIl xoHIIEHTpHpPOBaHHEII
B0 (Quakxone; — MHI'AII cyxoii pacthacoBaHHBIH; —
MHI'AIl  ymakoBaHHBIN; CHUHTE3UPOBAaHHBIN
MHTI'AIT; — MHI'AIl misi KOHIIGHTPHUPOBAaHUS, —
MHTI'AII Ha cymiky;

- H3POy;

- OYMIICHHAs BOAA;

- peareHThl;

- Ca(OH)2;

- cyxoi MHI'AIL;

- p-p H3PO4;

- yacts H3PO4;

- p-pCa(OH)2;

- gactb Ca(OH)2;

- YacTh PEarcHTOB.

Jns kaxxaoro ysna, NpeAcTaBIeHHOIO Ha CXeMe
(pucynok 4), ¢ mnomompio s3bika Y DO-ckpunr
onucaHa (yHKUMS, NPEACTABISAIONIAs IIPOLECC

| Ouarpamma Mporpamma  Cocrosswe  flor | Koucons  MNapamerpsi

§  uscre ca(oH2
f (]

Ovew=30 § Obven=1248.00

HaPO4 ] wacTe HIFOE

0OroTOBKA ChipbAa
OBreu=31

| oseew=128300 p HIPD4

Ofven=276

soas

1
YeTaHOBKA Ofren=22441.33

Boaa ]

nonyyeHns Boab!
YNBAL

Ofven=1280

eakTop ani
CUHTE3a

6 bemHoM
003aro

Pearenrs uscra paarexton

MHIAM

O6Lew=209.00

KomuenTpuposanssii MHTAT

PRCECHIZ  Cremmpoaanmsii MHTAT
Obvew=203

OHUEeHTpUpoBaHKe

npeoOpa3oBaHUs BXOIAIIETO TIOTOKOBOTO OOBEKTa B
BBIXOJISIIHH.

B nmanHOM y31e mpoucxomuT 3a0op 2 eIuHHMIL
pactBopa Ca(OH),, 1 emunuisl pactBopa H;PO4 u
0,5 emuHuUIBI peareHTOB B cekyHmy. lIpomcxomut
nepememmBanue uvacreir MHIAII B Tedenue
Bpemenu t=20. Ilocie nepememmBaHUS TOTOBBIM
IIPOAYKT IOCTYIIAET Ha CIEAYIOIUI y3en B 00beMe
3,5 emuHnnel cuHTe3upoBanHoro MHIAII B
CEKYHIY.

Ha pucyske 4 mnpexnctaBieHO BHU3YyalbHOE
OTOOpaXEHNE H3MEHEHUS COCTOSIHUS Y3JIOBBIX U
IIOTOKOBBIX 06’LGKTOB B XO0A€ HUMHTALIMOHHOI'O
MOACINPOBAHUA B KOHKpGTHbeI MOMCHT BPpECMCHHU.

[Ipu amamuze paboTel oObekTa «PeakTop s
cunteza MHI'AIl» u y3na «lloaroroBka cChIpbsi»
BBIABJICHO, qTo IMPOU3BOAUTECIIBHOCTD O6’I)CKT21
«Peaktop mus cunresa MHIAID» Huxke, ueMm
CKOPOCTb IIOJATOTOBKH CBHIPbS, BCJEICTBHE YEro
MIPOMCXOAUT MPOCTaUBAHHE PACTBOPOB, YTO MOXKET

MHTAN £oMuEKTEHpOR SRS E0 DnaKoHs

Wryw=1

Puc.4. MomeHT BBITTOTHEHHS Tporiecca nponssoactsa MHI'AIT
Fig. 4. Moment of execution of the MNGAP production process

3aknwuenue
[porpammusiii nHcTpyMenTapuit UFOModeler
SIBJSIETCS TICPCIIEKTUBHBIM TSI MCTIOJIB30BAaHUS TIPU
NPOBEJACHHMH  WMHUTALUOHHOTO  MOJCIUPOBAHUS

BIIMATH Ha MX KadecTBo. CliemoBaTelIbHO, s
OIITUMH3aLUN MPOU3BOJICTBA He00X0auMO
IIOBBIIIICHUEC HpOI/I3BO)II/ITCJH)HOCTI/I peaKTopa HIIn
YMCHBUICHHUE MMPOU3BOAUTCIILHOCTU y3jia
((HOZ[FOTOBKa CBIPBS».

EmkocTe ANSR

cospepaHna |

i et

X w:u::;i:zﬂ:akclsuuvu }

g THTAN yngrosanmuiy o
OpraHu3alMOHHO-ACIIOBBIX nu MMPpOU3BOJACTBCHHO-
TEXHOJIOTUYCCKHUX CHCTEM, II0O3BOJIACT OIrcaThb
OpOU3BOJCTBCHHBIC CHUCTCMBI CO CTPYKTypHOfI,
OpPTraHU3allMOHHOW H  (QYHKUHMOHAJIBHOH  TOYEK
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3pEHHUAL. HNmeercss  BO3MOXKHOCTH  OINHCAHHUSA
(YHKLHMOHANBHBIX  Y3JIOB CHUCTEMBI, IOTOKOBBIX
00BEKTOB, a TaK K€ OMUCAHUS (YHKIMOHHUPOBAHUS
CUCTEMBI C MOMOIIBIO CTIeNUalbHOTO ckpunTa. [lpn
3allyCcKe HMMUTAlMOHHOW MOJENIM Ha MWCIOJHEHUE,
BBITIOJTHSIETCS. TPe00pa30BaHNUE BXOTHBIX MOTOKOB B
BBIXO/IHBIE B PEKMME pEallbHOTO BPEMEHHM WJIHM B
3aJaHHOM BPEMEHHOM MaciuTabe, 4TO IO3BOJIIET
U3y4YUTh TOBEICHHE CHUCTEMBI NPH NPOYMX PABHBIX
YCIIOBHSIX.

Hccneodosanue noodepocano epanmamu PODU:
14-47-08003; 16-07-00193a, 16-07-00460a
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