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Taking into account high power consumption of thin grinding, it is necessary to develop achievement
conditions of mill optimum productivity level of a thin grinding at observance of a necessary output of a con-
trol class product and process power consumption decrease. On the basis of programming system AnyLogic
the complex of two models describing technology of the closed cycle of fine grinding of materials, the ap-
proach including discretely — events for imitating modeling all technological grinding process and dynamic
modeling of material fractional structure kinetics in the mill chamber is developed.

Key words: closed cycle, fine grinding, dynamic modeling, breakup
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COBPEMEHHAA TEXHOJIOI'MA OBYYEHMS CIIEHUAJINCTOB
O MPOU3BOJACTBY HEMEHTHO-CBIPLEBBIX CMECEM

PaccmarpuBaioTcst BONpOChl COBPEMEHHOW TEXHOJOTMHM OOy4YEeHHS CHEUUAINCTOB, IO MPUTOTOBJICHUIO
LIEMEHTHO-CBIPEBBIX CMECEN 3aJJaHHOTO cocTaBa. ba3oi A 3TOro ABIAETCS KOMIBIOTEPHBIN TpeHAKED
Ha OCHOBE MMUTALMOHHON MOJIEIN TEXHOJOTHMYECKOIO MPOLECCa MPUIOTOBIEHHUS LIEMEHTHO-CBIPhEBBIX
cMeceidl. DTo To3BONIET OTpadaThIBAaTh MOTOPHO-PE(IIEKTOPHBIE HABBIKH M PEAKIIMU 00y4aeMbIX TEXHO-
JIOTOB Ha IUTAaTHBIE W HEIUITAaTHbIE CUTYallMH, TEM CaMbIM, HOBBIIIATH KBAJU(HUKALUIO 3THX CIELHATH-
CTOB.

KuroueBble ¢j10Ba: IEMEHTHO-ChIPbEBAsi CMECh, TEXHOJIOTHsI, MaTEMaTUYECKask MOJIEAb, KOMIIb-
I0TepHas] IMUTAIIMOHHASI MOJIETb, YUEOHBIH MPoIlecc, KOMIBIOTEPHBIN TpeHaxEp, nHTepdeiic, omnepaTo-
PBI-TEXHOIIOT .

CoBpemeHHbIe HEePTEXMMUYECKHE KOMIUICKCHI, DHEPreTUYecKue Mpeanpus-
tua (ADC, TOLl, I'DC), nemeHTHBIE 3aBOJbI, TOPHOPYIHBIE W O0OTATUTEIHHBIC
NPEANPUATHS TIPEACTABISAIOT CO00M OOBEKThI MOBBIIIEHHOW OMacCHOCTH. DTO CBS-
3aHO CO CTOXACTHUYECKOW MPUPOAON HCIOIB3YEMOTO ChIPbS, MPOMEKYTOUHBIX U
KOHEUHBIX MNPOAYKTOB. Takas OCOOEHHOCTb HaKJaJIbIBa€T Ha HHXEHEPHO-
TEXHUYECKUU TEPCOHAN OMPEICICHHYI0O OTBETCTBEHHOCThH, T.€. HEOOXOAMMOCTH

NPpUHHUMATH PCIICHHUA B P€aJIbHOM BPEMEHHU (OHHaﬁH), 3a4aCTVYIO B OKCTPEMAJIbHBIX
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WIM aBapUMHBIX cuTyauusx. Hanpumep, no naHHbIM 3apyOexHOM nedatu, B 001a-

cti HedTexumuu, B 26 % cilydaeB, BHHOBHUKAMU aBapUU SBISIOTCSA ONEPaTOpPhI
(MO’XHO BCIIOMHHTH OTE€YECTBEHHBIH UepHOOBUIB), MPHU ATOM YIIEPO OT KasKIon
aBapuM MOXKET JOCTUTATh MUJUIMOHOB U MUJUTMAP/IOB JI0JIAPOB.

[TosToMy, Kak mMOKa3bIBaeT 3apyOEKHBIH M OTEUECTBEHHBIN OIBIT, 3ajaya
oOyueHHUsl ¥ TePEnoArOTOBKH OMEePaTOPOB-TEXHOJIOTOB CTAHOBUTCS BCE Oosee ak-
TyaJbHOH, U pemaTh e€ HaJo ¢ MOMOIIBIO CIEIHATU3UPOBAHHBIX CUCTEM HMUTa-
[IMOHHOTO MOJIEIMPOBAHUSA XUMHUKO-TEXHOJIOTHUECKUX cucteM [1,2] u KomIbio-
TEPHBIX TPEHaXEPOB, MPUHIMIIMATIBHAS CXeMa OJHOTO W3 HUX MOKa3aHa Ha pU-
cynke 1.

Bba3za ucxoaubix
JAHHBIX

1l

Mogaeanpyrommii

Padounii
uHTepeiic
00yuyaeMoro ﬁ

omeparopa

Padounii

< ——> wunrepdeiic
NmurannonHas HHCTPYKTOpa
MOJEIb

Biaok craTucruueckoii
o0padoTkm

KOMIIBIOTEP

Puc. 1 — CtpykTypa COBpeMEHHOTO0 KOMITBIOTEPHOT'O TPEHAKEPA

A Takas yCKOpeHHasl «IpakTu4eckas 00KaTKa» OrnepaTopoB-IIPOU3BOJICTBEH-
HUKOB Ha TpeHaxépe (mim On3Hec-o0pa3oBaHUE) OPUEHTUPOBAHA HA PEIICHHUE aK-
TYaJIBHBIX TTPAKTUYCCKUX MPOOJIEM, TOCTHIKEHNE KOHKPETHBIX PE3YIIBTATOB «3/I€Ch
u ceruacy. Ecnu st TpaIWIIMOHHOW CHUCTEMBI OOyUYEHHUSI XapaKTEPHBI «Pa3Mbl-
ThIe», OTAAJEHHBIC IIEIM — OCBOCHHME, (OPMHUPOBAHME, H3yueHUE, OOydeHHE
«BIPOK», TO I OM3HEC-00pa30BaHUs XapaKTEpPHA OpUEHTAIUS Ha (popMuUpoBaHUe
KOHKPETHBIX YMEHUW W HaBBIKOB, HCOOXOIUMBIX TSI BBITOJTHCHHUS YETKO ITOCTaB-
JICHHBIX TIPOM3BOJICTBEHHBIX 3a7a4. IMEHHO B 3TOM — 3a510T €0 3PHEeKTHBHOCTH.

[ToaTomy B naHHOW paboTe paccMaTpUBAIOTCS BOMPOCHI MOCTPOCHHUS COBpE-
MEHHON TEXHOJOTUU OOY4YEHHUS MPOU3BOJACTBEHHOMY IPOIIECCY MPUTOTOBICHUS
[IEMEHTHO-CBHIPHEBBIX CMecei Ha 0a3e KOMIBbIOTEPHOTO TPEHAKEPA.

OCHOBOI TEXHOJIOTHH TIOJTY4YEHHUs I[EMEHTa TapaHTUPOBAHHOTO KadyecTBa

CIIY>XXHUT, KaK H3BCCTHO, CTaOMJIILHOCTh COCTaBa U CBOMCTB HCMCHTHO-CLIPB@BOﬁ
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cMecH. [IpuroroBneHre Takux cMeceil BO3MOKHO TOJBKO IPU TOYHOM JO3HpPOBA-
HHUU B CHIPHEBBIE MEIIBHUIIBI UCXOJHBIX KOMIIOHEHTOB M3BECTHOIO XHUMHUYECKOTO
coctana. [Ipu 3TOM, B TEXHOJIOTUYECKON IEMOYKE IMOTYYECHUS IEMEHTA, caMa 3a/1a-
4a MOJIyYEHHUsI CMECH 3aJaHHOI0 XMMHMYECKOIO COCTaBa BCTPEYACTCS ABAXKIbI WIN
TPUKBI, B 3aBUCUMOCTHU OT TEXHOJOTHYECKON CXEMBI Kapbepa U ChIPhEBOTO MEpPE-
nena [3].

[ToaTOMy KaduecTBO TOTOBOM cMecH oOecreunBaeTCsi TUO0 JT03UPOBKON CMe-
Ceil MPOMEKYTOYHOTO COCTaBa, JTUOO MPEABAPUTENHFHO YCPEIHEHHBIX B CKJIaAax
(wu nutaMbacceiHax) UCXOHBIX ChIPhEBBIX MATEPUAIOB, IMOCTYMAOIINX U3 IKC-
KaBaTOPHBIX 3a00€B[4].

Hamu, Ha ocHOBe paHee BBITIOJIHEHHBIX HCCeoBaHui[S], paspaboTaHa KoM-
nptoTepHass mnporpamma  «KoppekTupoBka XHMMHUYECKOIO COCTaBa IIEMEHTHO-
CBIPBEBOM CMECHY.

Ota mporpaMma IMO3BOJISIET CTa0MIM3UPOBATh KAYECTBO MPHUTrOTaBIMBAEMOM
CMECH U COKPATUTh BpEMsI €€ ITPUTOTOBIICHUS.

A 3TO, COOTBETCTBEHHO MO3BOJSAET YMEHBIINUTH PACXOBI JJIEKTPOIHEPTUH HA
paboTy HACOCOB, CXKATOTO BO3/AyXa HA MEpPEMEIIMBAaHUE, PACXO/Ibl HA TPAHCIIOPTH-
pOBaHUE JIOTIOTHUTEIBHBIX KOPPEKTUPYIOIIUX JOOABOK, ONTUMAJIBHO IJIAHUPOBATH
paboTy KaphepoB MO J0OBIYE CHIPhs, HE JOIYCKas MEeperpou3BOACTBA WIH, HEO-
CTauy ChIpbA U T.J.

Pazymeercs, uto 11t paboOThI ¢ TaKOM KOMIBIOTEPHOM MPOTrpaMMoOi OT TeX-
HoJIOTa-ornepaTopa (MM XUMHUKa-TEXHOJIOra) TpeOyeTcsi TOCTAaTOYHO BBICOKUMN
YpOBEHb KBanu(UKaIMU U 00JIaJaHue COOTBETCTBYIOIIMM YPOBHEM KOMITbIOTEP-
HOM MOJATOTOBKH U JOCTATOYHO OBICTPHIMU MOTOPHO-PE(DICKTOPHBIMU PEAKIIUSIMU
HA U3MEHEHUS! KOHKPETHOU TPOU3BOACTBEHHON CUTYallUH.

TeopeTnueckor OCHOBOM KOMIIBIOTEPHOI'O TPEHAXKEPA SABIISAETCS MaTEMaTUYe-
CKasi MOJIeJIb TpOIlecca CMENIMBaHUs, KOTOpasi CTpoUTCs Ha 0a3e ypaBHEHUU Oa-
JJaHCa MAaccChl ChIPbS, BOJIbI, COJICP’KAHUS OTACJIBHBIX XUMHYECKUX OKCHIOB, 3a-
JAHHBIX 3HAYEHUW TexHosormdeckux moxayiei (KH, cunrkatHoro u rimHo3éMHO-
ro) [6].

B Tabmuie 1 mpeacTaBieHsl ypaBHEHHs MIpoIlecca CMEITMBAHUS KaK JIJisl CTa-
TUYECKOTO COCTOSIHUS (CTaTUKa Mpoliecca), TaK U B COCTOSIHUM U3MEHEHUs (AuHa-
MUKHU Tiporiecca). [Ipu 3ToM, UMUTAMOHHAST MOJEIb TEXHOJOTMYECKON IEMOYKU
CTpouTCs Ha 0a3e TEOPUH KYyCOYHO-TTMHEHWHBIX arperaToB [7], a MPUMEHHUTENIbHO K
IIEMEHTHOMY TPOW3BOJICTBY, JOMOJHUTEIBHO YYHTHIBAIOTCS Cly4daliHble Koseba-
HUSI TapaMeTPOB Ipolecca CMenBanus [8].
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Cama no cebe MMUTAIMOHHAs MOJENb-TPEHAXKEP MpPENCTaBISET cO00M KOM-
IJIEKC B3aMMOCBSI3aHHBIX MPOrpPaMM ISl aBTOMATH3UPOBAHHOTO paboyero mecra
CMEHHOI'0 XMMHUKa-TEXHOJIOTa B CHIPHEBOM LIEXY, LIEXY IIOMOJIa KIMHKEpa WM LIeH-
TpaJIbHOW 3aBOJICKON JaOOpaTOpHH.

Tabmuua 1 — Martemarnyeckue MOZENU MpOIEcca MOJyUYEHUsI HEMEHTHO-ChIPBEBBIX CME-
Cell 3aJaHHOI0 XMMHYECKOIO COCTaBa.

Craruka JnHamuka
ﬁj:iaxﬁ” ARj:ﬂ];J i R”_F”[Pl(t)]x{u in+5[P2(di)]}
= = ITA

1=1

Yenosnble 0003HaueHus: R, — cpenHee 3HAYEHNE J-TO XUMUYECKOTO OKCH/IA

B I-M CBIPREBOM KOMIIOHEHTE; N — KOJIMYECTBO CHIPHEBBIX KOMNOHEHT; d; — cpen-
HsS TO3UPOBKA 1-TO CBIPHEBOTO KOMIIOHCHTa; Rj; — cpeiHee 3HaYCeHUE J-r0 XUMH-

YECKOro OKCHJa B 1-M CBIPphEBOM KOMIIOHEHTe; AR;— OTKJIOHEHHE OT CpeaHEro
3HAQ4YEHUsl KOJeOaHUN XMMHYECKOro okcuna R;j; Ag — ycpenHuTeNbHasi Crocoo-
HOCTh KOHEYHOI'O TOMOT€HU3aTOPa; Ajj— YCPEAHUTEIbHAs CIOCOOHOCTH IPOMEXKY-
TOYHOTO FOMOTI'¢HHM3aTOpa Ha l-if ctagumm a1 R; okcuaa i-ro ChIpEBOro KOMITO-

HEHTAa,; ﬁlj — cpenHee 3HaueHue okcuaa R; Ha 1-ii craguu nepepaOOTKU I-ro ChI-
pbeBoro kommoHeHTa; R j[P1(t)] — Texymee 3nauenne j-ro okcuma Rjj Ha
I-#i cTamuu nmepepabOTKU I-TO CBIPHLEBOIO KOMIIOHEHTa, MoauruHEéHHOE P1(t) 3aKoHy
pactipenenenus BeposaTtHocte; U — (yHKUMOHANM ynpaBieHUs, OKa3bIBAIOIIHUMA
BJIMSIHUE HA M3MECHEHUS KOPPEKTHPYIOUIMX A03UPOBOK i I-r0 CBIPHEBOTO KOMIIO-
HeHTa, 0[Py(d;)] — ommbka no3uposanus, noqunHénHas P, 3aKOoHY pacnpeaeicHus
BEPOSATHOCTEH IS I-TO CHIPhEBOTO KOMIIOHEHTA.

TpeHaxxep COIEpPKUT:

1) IMHAMHUYECKYI0 HMHTAIMOHHYIO MOJENIb TEXHOJOTHMYECKUX IPOIECCOB
CMEILIMBAHUS U YCPEAHEHUS 1IEMEHTHO-ChIPbEBBIX CMECEH, MO3BOJISIONIYIO MPOBO-
JUTh MAIIIMHHBIE YKCIEPUMEHTHI PabOThl 000PYIOBaHUSA, C YYETOM CIIy4ailHBIX
BO3MYIIICHUM U MIOMEX;

2) MHOTOOKOHHBIN MHTepderc (puc. 2), MO3BOJAIONIMA CMCHHOMY XHMHKY-
TEXHOJIOTY HAa MOHUTOPE HATJIAIHO BUJIETh COCTOSIHUE IIPOLIECCa;

3) psn clieHapUeB aBapUIHBIX CUTYAIlMH ISl POBEICHUS TPEHUPOBKH CTa-
XKEPOB, IEMOHCTPAIIUU aBapUii, MOKa3a MPaBUILHBIX IEUCTBUM (puc. 3).
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HOI IIporpamMMbl KOPPEKTHPOBKH IPOLIECCAa MPUTOTOBIEHUS [IEMEHTHO-CHIPHEBBIX
cMeced 3aJJaHHOTO COCTaBa MPU MOKPOM M CYXOM CIIOCO0ax MpPOM3BOJCTBA (Kak
IUI TIOTOYHOM, TaK M MOPLHUOHHONW TEXHOJIOTHH). JTa KOMIbIOTEpHAs MporpaMma
MOET OBITh MCIOJIb30BAHA B KauecTBe y4eOHOro TpeHaxEpa JUisl MOArOTOBKU
OIIEPATOPOB-TEXHOJIOI0B. HECOMHEHHOE NPEUMYIIECTBO TPEHAKEPA 3aAKIF0YACTCS
B 0e30macHOCTH O00y4YeHHUs, TIOCKOJIbKY JEHCTBUSI CTaxképa Ha peanbHO-
JEHCTBYIOIIEM TEXHOJOTUYECKOM 00O0PYIOBAHUM MHOTAA HE MPOCTO HEXeNaTelb-
HO, HO U OIaCHO.

Cmucox smmreparypol: 1. Odunmansusii caiit UniSim Design:  https://www.honeywellprocess.com/en-
US/pages/default.aspx. 2. Komm’roTepHe MOJENIOBaHHSA B XiMii Ta TEXHOJOTisX: | Hayk.-mpakT. KOH(. 3

MDKHApOIHOK y4dacTio, 12-16 tpas. 2008 p.: Te3u mom. / M-Bo ocBiTH i Hayku Ykpainu, Ham. TexH. yH-T
VYxpainu «KIl», Uepkacekuii qepk. TexH. YH-T, Uepkacbke perioH. Bimain. Ykp. TexHn. Axagemii. — Uepkacu:
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PosrnsiaroTeest MUTAHHS CydacHOI TEXHOJIOT1] HaBYaHHS (axiBIliB 3 TOTYBaHHS [IEMEHTHO-CHPOBHHHHUX
cymimei 3agaHoro ckiamy. bazoro 11 boro € KOMITIOTEPHHUI TpeHaXkep Ha OCHOBI IMUTAIIHHOT MOzei TexX-
HOJIOT1YHOTO TPOLIECY TOTYBaHHS IIEeMEHTHO-CUPOBUHHUX cyMimel. 1le mo3Bossie BiqnmpanboByBaTH MOTOPHO-
pedIeKTOpHI HAaBUYKH Ta peakilii HaBYaEMUX TEXHOJIOTIB Ha INTaTHI i MO3aIITaTHI CUTYyallii, THM CaMHM, TIij-
BHUIIIYBATH KBaITi(iKaIliF0 UX (axiBIIiB.

Kuro4oBi cjioBa: 11eMeHTHO-CHp’€Ba CyMilll, TEXHOJIOTis, MaTeMaTU4YHA MOJICNb, KOMIT FOTepHA 1MiTa-
1ilfHa MoJIesb, yUOOBHH IpoLec, KOMII I0TepHUH TpeHaxep, iHTepdelic, orepaTopu-TeXHOIOTH.
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They are considered questions to modern technology of the education specialist on preparation cement-
raw materials mixtures of the givenned composition. The base for this is a computer simulator on base of the
simulation model of the technological process of the preparation cement-raw materials mixtures. This allows
to perfect motor-reflex skills and reactions trained technologist on staff and no-staff to situations, hereunder,
raise the qualification these specialist.
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BBICOKOIIVIOTHBIE KEPAMMNYECKHUE MATEPHAJIbBI
HA OCHOBE KAPBUJIA KPEMHUSA C JOBABKAMMU HUTPUJIA
AJIIOMUHUA

Pa6oTa mocBsiieHa YCTaHOBICHHIO 3aKOHOMEPHOCTEH CHHTE3a U TEXHOJOTHYECKHX aCMEKTOB 00Opa3oBa-
HHsl KEPAMHUYECKUX MATepHAIOB HA OCHOBE KapOuaa KpeMHHS U HUTPUIA aJFOMHHHS METOJIOM TOPSYEro
NPECCOBAHUsI, & TAKXKE MCCIIEAOBAHUIO €€ CTPYKTYPHBIX CBOHCTB. B paboTe mpuBe/eHbI pe3yibTaThl (a-
30BOro aHajimsa kepamuueckoro oopasia SiC — AIN (70 Bec. % SiC), mONIy4eHHOTO METOIOM TOPSYEro
NPECCOBAHUS TIPH MCIOIB30BAHIN TEXHUIECKOTO KapOu/1a KpEMHHSI.

KnroueBble ciioBa: kapOu KpeMHHsS, HUTPUI aTIOMHHHS, KEPAMHYECKHE MATEPHAIbI, TOpsuee
[PECCOBaHMUE, CIIEKaHNe, CTPYKTYpa, (ha30BbIil aHAIH3.

Cpenn kepaMUYECKUX MaTEpPHaIOB KOHCTPYKIIMOHHOTO Ha3Ha4YeHUs ocoboe
MECTO MPHUHAIICKHAT KOMITO3UIIMOHHBIM MaTepuanam SIC — AIN, koTopsie coue-
TaIOT BBICOKUI YPOBEHb XapaKTEPUCTHUK, MPUCYIIUX WHIUBHUTYATbHBIM KOMIIOHEH-
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