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NHOOPMALNIMOHHASA TEXHOJIOTHUA YIIPABJIEHUA TOHKUM
MN3MEJBYEHUEM

Ileap paGoTbl — ompeesieHHe YCIOBHI CHIKEHHS! SHEPrOEMKOCTH TOHKOTO [OMOJIA IIPU COONIOACHHUH He-
00X0MMOr0 BBIXOJd TOHKOAWCIIEPCHOTO MPOAYKTAa HA OCHOBE PE3YJITATOB aKyCTHYECKOTO MOHHTOPHHIA HPO-
Hecca M3MeNbYCHUs C NMPUMEHeHHeM MH(OPMAIMOHHBIX TexHosorni. Ha ocHoBe 0600LIEHHS pe3y/IbTaToB HC-
ciieoBaHuil pazpaboTaHa MH(POPMALMOHHAS TEXHOJOIWsI CTPYHHOTO M3MENBYCHHMS, [TO3BOJLSIOIIASI [IPH MUHH-
MaJIbHOM KOJIMYECTBE HayallbHbIX JKCIEPHMEHTAIbHBIX JaHHBIX aKyCTHYECKOI0 MOHHTOPHHTIA MPOLIECCa H3MENb-
YEHHUsI BBINOJHUTH BBIOOP €r0 ONTHMAJIBHBIX [IAPAMETPOB IS PA3INYHBIX MATEPUAIOB M TEXHOJIOTHYECKHX pe-
KUMOB. OmpeJieNieHbl OCHOBHBIE TEXHOJIOI0-aKYCTHYECKHE KPHTEPHH DPabOThl W3MENbYUTENBHONW yCTAHOBKH,
JIaBIIHE BO3MOXKHOCTH ONTHMH3HUPOBATH MPOLIECC M3MENbYCHNS. Pa3paboTaH MeTO OLIEHKH YHEpPro3arpar, OCHO-
BY KOTOPOI'O COCTABIISIIOT CBSI3H TEXHOJIOIMYECKHX, aKYCTHYECKHX M JHEPreTHIECKHX M0Ka3aTenei paboThl Mellb-
HHIIBl B PA3IHYHBIX 00IACTSX AMCIIEPCHOCTH MOJIY4aeMOro TOTOBOrO MpoaykTa. [Iporao3upoBanue xona mpowuec-
ca M3MENbYCHHS MHMHEPAJIOB C HCIOJIb30BAaHHEM MOJCIUPOBAHUS M MH(MOPMALMOHHBIX TEXHOJOTHIl I1O3BOJHUT
CHU3HTH €r0 MHEPLHOHHOCTh M OCYLIECTBIATH YIPEKIAIOMINE YIPABIAIOMINE BO3ACHCTBHS Ul 0OECHEeUeHHs
9 HEKTUBHOCTH IPOU3BOCTBA TOHKOJHCIIEPCHBIX TIOPOIIKOB.

Ha ocHOBI y3aranbHeHHs pe3yJbTaTiB JOCIIKEHb PO3pOOIeHO iH(MOPMALIHHY TEXHOJIOTII0 CTPYMHHHOTO
MOAPiIOHEHHS, IO JO3BOJIIE NPHM MiHIMalbHIH KiTbKOCTI MOYaTKOBUX €KCIEPUMEHTAIBHHUX NaHHX aKyCTHYHOTO
MOHITOPHHTY BUKOHATH BHOIp ONTHMAJIBHUX HMapaMeTPiB MPOLECY CTPYMHUHHOTO MOAPIOHEHHsI IS PI3HUX Mate-
pianiB i TEXHOJIOTIYHUX PEKHUMIB. BU3HAUCHO OCHOBHI TEXHOJIOr0-aKyCTHUYHI KpHUTepii poOOTH MIMHA, IO JAIOTh
MOXKTHBICTh ONTHUMI3yBaTH NPOLEC MOAPiIOHEHHs. Po3p0o0IeHo METo/ OLiHKKA €HEProBUTPAT, OCHOBY SIKOTO CTa-
HOBJIATH 3B'S3KM TEXHOJOTIYHHX, aKYCTUYHHX | €HEPreTHYHMX MOKa3HHKIB pPOOOTH MJMHA B PI3HHUX 00OIACTSX
JIMCTIEPCHOCTI OJIP)KYBAHOTO T'OTOBOrO NpOAYKTY. IIporHosyBaHHs X0y mpolecy 3/piOHIOBAHHS MiHepawiB 3
BUKOPUCTaHHAM MOJETIOBaHHS 1 iH(pOpMaiifHUX TEXHOJOTIH JO3BOIUTH 3HU3UTH HOTO iHEpLiliHICTS i 3xiiicHIO-
BaTU KepyI0Ui MONepeKyoUi ail st 3a6e3neueH s epeKTUBHOCTI BUPOOHHUITBA TOHKOJUCIIEPCHUX MOPOIIKIB.

The research aim is to define conditions for lowering in the power consumption of fine grinding in condi-
tions of a necessary yield of the fine dispersion product, based on the results of acoustic monitoring for grinding
using information technologies. The information technology for jet grinding is developed generalizing the re-
search results. It allows the selection of optimal parameters for different materials and technological conditions
with minimum initial experimental data of grinding acoustic monitoring. The main technological-acoustic opera-
tional criteria of the jet mill are determined resulting in the optimization of grinding. Based on technological,
acoustic and power parameters of the mill operation in different dispersion areas of the final product, the method
of power consumption evaluation is developed. Forecasting for mineral grinding using the simulation and infor-
mation technologies results in reduction of its inertia and predicted control actions for providing the efficiency of
production of fine dispersion powders.

Knrwouesvie cnosa: ungopmayuonnvie mexnonrocuu, CmpyiHoe usmenvyenue,
Kpumepuu, aKycmuyexuti MOHUMOPpUHe, SHeP20eMKOCb, dIPDEKMugHOCHb

Beenenne. l3MmenbueHue SBISETCS BaKHBIM OTAaoM MOJTrOTOBHUTEIBHBIX
MPOIIECCOB B OOOTAIEHUH TTOJIE3HBIX UCKOMaeMbIX. D((EKTHUBHOCTh 00OTAICHHS
TIOJIE3HBIX MCKOMAEMBbIX OIpeNesieTcs, MPex/JIe BCero, KaueCTBOM, 00BEMOM I0-
JMYYEHHBIX TPOJYKTOB OOOTalICHUS] U HEOOXOJMMBIMH JUISi 3TOTO TEXHOJIOTHYe-
CKMUMH W TIPOM3BOJICTBEHHBIMH pecypcaMy. TOHKOe H3MelbYeHHe — Hanboee
9HEPrOEMKHI MOATOTOBUTENBHBIN MPOIIECC B TEXHOJIOTMYECKOM 3aMKHYTOM LIUKJIE
oboramenus. [ToaToMy KpaiiHe Ba)KHO CO3/1aBaTh U COBEPIICHCTBOBATH CHUCTEMBI
yIpaBieHUS TPOIECCOM H3MEIbUEHHUS B HANpPaBICHWU IOBBILICHHUS MPON3BOIU-
TEJBHOCTH MEJIbHUII, & 3HAYUT, CHIDKECHHS YHEPrOEMKOCTH TIpoIiecca MpH CoOIIto-
JIeHUW TpeOyeMoro KadecTBa Mpojykra. [Iporpecc B onTUMHU3AIHMU 00OTaTUTENb-
HOTO TPOM3BOJICTBA HEBO3MOXEH 0€3 HIMPOKOTO MPUBJIEUYEHUS] COBPEMEHHBIX HH-
¢dopmanmonnsix TexHodoruid (UT), xapakTepu3zyeMbIX MUPOKUM CHEKTPOM (PyHK-
UK.

CHoXHOCTh B MHOTO(AaKTOPHOCTH TPOIIECCOB MEPEPadOTKH TOJIE3HBIX HCKO-

MaeMbIX B YCJIOBHAX PEAJIBHOTO IMPOU3BOJACTBA HAKJIAJAbIBACT CYIIECTBCHHBIC Orpa-
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HUYCHUS TIPH CO3JAHHUM aJICKBATHBIX MOJENCH yrpaBiseMbix mpormecco [1]. Ilo-
9TOMY TOJYYEHHbBIE Pe3yIbTaThl [2] B 001aCTH MPUMEHEHHS aKyCTUIECKOTO MOHU-
TOPUHTA TIPU COBMECTHOM HCIIOJH30BAHUM PA3IIUYHBIX METOJIOB U TEXHOJIOTHUI
KOMITBIOTEPHOTO MOJICITHPOBAHHUSI TIPOLIECCOB CTPYWHOTO U3MENLYCHUSI MOTYT HC-
MOJIb30BATHCS MIPH CO3JaHUK WHOOPMAIIMOHHBIX CHCTEM MPUHSTHS PEHICHUH MO
YIPaBICHUIO HEMPEPHIBHBIMH IPOU3BOACTBEHHBIMH MIPOIIECCAMH U3MENTbUCHUSI.

IMocranoBka 3agaun. K TexHOIOrMYecKHUM 3a1adaM CO3aHHS MH(POPMAIH-
OHHO-aHAJIMTUYECKOI CpeJIbl MOICPKKH YIPABICHUS MIPOIEeCCaMy 000TaIleHNs B
TOPHOMETAJLTYPIHYeCKOM TIPOM3BOACTBE OTHOCSTCS 33aa4dH MPAKTHIECKON peau-
3aI[M MHCTPYMEHTANBHBIX cpeacTB UT. DTo 6a3bl MaHHBIX U CPEACTBA LENEBOTO
JIOCTyTIa K HUM, TTOJICHCTEMBI aHAIIM3a TaHHBIX ¥ MOJEIUPOBaHM, HHTEp(heiicHbIC
CpPE/ICTBA OIOBEIICHHS U NPEJCTABICHNUS PEKOMEHIAIUH U T. ., a TAKKe 3aJa4H
CO3JaHUsI CHCTEMBI cOOpa OmepaTMBHOM MH(OpMAIUK O MPOTEKAaHWH Ipolecca,
BKJTIOYAOIIHNE KaK aBTOMAaTHYECKUE N3MEPEHUS ITapaMeTPOB U XapaKTEPHCTHK, TaK
¥ BBOJI IAHHBIX, TIOJTy4aeMBbIX C yJacTHEM YelIOBEKa.

OnHako pe3ysbTaThl, UMEIOIINE TEOPETHUECKYIO 3HAYMMOCTD U IIPAKTHIECKOe
NpUMEHEHHE B JIa0OPATOPHBIX HCCIENIOBAHHAX, KpaiHEe PEIKO MOTyT OBITH HC-
HOJIB30BAaHBl UIST TOAJCPKKA NPUHATHS PEIICHUH 110 YIPaBICHUIO PEabHBIM
MPOU3BOACTBEHHBIM MPOLECCOM. JTO OOYCIOBICHO psAAOM IpU4HH [3], B 9acTHO-
CTH:

— HaJM4YHEM B MPOHM3BOJICTBEHHOM IIPOIECCE TPYTHOYIPABISEMBIX BO3MYIIE-
HHH, HE YYUTBIBAEMBIX B MOJIEJISIX, ITOJYYECHHBIX HA OCHOBE TEOPETHIECKUX
3aKOHOMEPHOCTEH Tporiecca N3MeIbUeHNUS;

— HECHOCOOHOCTBIO MPOM3BOICTBEHHBIX alapaToB OBICTPO alalITUPOBATHCS K
M3MEHCHHUIO XapaKTEPUCTHK CBIPBSI H TEXHOJIOTHIECKUX PECYPCOB;

— BIIMSHUEM (PaKTOpa SKOHOMHUYECKOH A(h(DEeKTHBHOCTH ITPOU3BOICTBA.

[TosTroMy HE0OXOOMMO CO37aTh MH()OPMAMOHHBIH KOMIUIEKC YIPABICHUS
HPOLIECCOM M3MEIBYCHUS B 3aMKHYTOM IHKIIE, paboTaromuii 6e3 OCTaHOBKH TeX-
HOJIOTMYECKOTO ITPOIlecca Ha OCHOBE PE3YJIbTaTOB HENPEPHIBHOTO aKyCTHYECKOTO
MOHHTOPHHTA ITapaMeTPOB IpoIecca.

Leab paGoTbl — onpeaercHNUE yCIOBUIl CHUXEHUSI SHEPTOEMKOCTH TOHKOT'O
1IOMoOJIa NP COOJIIOJICHUH HEOOXOAWMOI0 BBIXO/a TOHKOJMCIIEPCHOTO MPOIYKTa
Ha OCHOBE PE3YyJIbTATOB aKyCTHUYECKOIO MOHUTOPWHIA MPOLECCa U3MENbUYEHHUS C
npumeHenuem UT.

Ha ocnoBe BHenpenust T okaszanoch BO3MOXKHBIM CO3/aHHE IMPOOJIEMHO-
OpPHEHTUPOBAHHOW MH(OPMAIIMOHHOM crucTeMbl. HpOpMaLus, noay4deHHas B XO-
Je aKyCTHYECKOrO0 MOHMTOPHHTA, NPOXOAMT IpeaBapUTENbHYI0 00paboTKy H
HakaruBaeTcsi B Oasze JaHHBIX. Hapsimy ¢ ucmosib30BaHHEM WH(POPMAaLMOHHBIX
CHCTEM U cHUCTeM TpaduyecKodl WIACHTU(HUKALNU, UCTIONB3YIOTCS M CHEeLHaIN3HU-
POBaHHBIE CPEACTBA MAaTEMAaTHYECKOTO MOJEIMPOBAHMS IpOLecca TOHKOIO M3-
MEJIBYCHHUS B 3aMKHYTOM LIUKIIE.

Ha puc. 1 moka3ana ykpynHeHHas cxema ucronb3oBaHuss MT B mpouecce
MIPUHATUS PEIICHWH MO0 YHPAaBICHHUIO NMPOLECCaMU HM3MEIbUYEHHS MHHEPAIbHOTO
CBIpBSI.

[Ipencrasisiercs 1enecooOpa3HBIM BEICIIEHHE OCHOBHBIX TPYI JaHHBIX, KO-
TOPBIMH OIIEPUPYIOT CHCTEMbI WH(POPMALMOHHONW MOJAEPKKU YIpaBieHHUS IPO-
HeccamMy u3Menb4eHus. K HUM MOYKHO OTHECTH AAHHBIE, COIEPIKALIHE:

— XapaKTEepUCTHKH UCXOJHOTO MUHEPAIBLHOTO CHIPBS;
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— XapaKTepPUCTHUKH 000PYHAOBaHUS;

— TEXHOJIOTHMYECKHE TTapaMeTphl MPOoIIecca;

— YOpaBJISIONINE aKyCTHYECKHE TTapaMETPHI;

— TMIOKa3aTend, onpeaesstonre 3¢ HeKTHBHOCTh N3METbYCHUS.

IIportecc IT2MmeHeHIIe
H3MEbIeHHA ‘: TEXHOI0 THYIeCKHX
HapaMeTPoB
e - IIpHHATHE
AKYCTHIECKHI] peleHt
MOHHTOPHHT
' T'padirieckoe
TIpenpapHIETHLHAA OpeXCTABTIEHITE
00padoTKa JaHHBIX pesybTaToB

o : .
P ‘: K oMIITeKCHB I
AHATIH?Z JAHHBIX

Ga3bl JAHHLIX .

Puc. 1 — Cxema ucronp30BaHus CpeacTB HHPOPMALIMOHHON
MOJJIEPIKKU B YIIPABJICHUH MPOLIECCAMU U3MENIbUEHHS

PesynbpTar paboThl MHGOPMALIMOHHOW CHCTEMBI TOJDKEH SIBHO MJIM OIIOCPENO-
BaHHO J]aBaTh 3HAYEHMsI TEXHOJIOTHYECKUX MapaMeTpOB HM3MENbUYCHHS NPU OmIpe-
JICJIEHHBIX XapaKTePUCTUKaX MUTAHUs, YCIOBUAX IKCIUTyaTallud U3METbYUTEIbHO-
ro o0opyaoBaHus, TpeOyeMoll AUCHEPCHOCTH NPOLyKTa U3METBUYCHHUSL.

Ha ocHOBe MeTOAMKHM aKyCTH4YE€CKOIO MOHMTOPWHIA 30HBI W3MEIbYEHUS U
knaccudukanuu [4 — 7] MOXHO onpene/iuTh 0a3y JAaHHBIX aKyCTHYECKUX Mapa-
METPOB ¥ TEXHOJIOTHUECKUX MOKa3aTesaei CTpyIHHOro u3MeNbueHusl.

BrImien3nosxeHHOe M03BOJIAET YCTAaHOBUTH B3aMMOCBSA3H OCHOBHBIX TE€XHOJO-
THYECKHUX U aKyCTHUYECKUX MapaMeTPOB U BBIIEIHUTD CIEAYIONINE 3aKOHOMEPHOCTH
AKyCTUYECKOTO U3IyUEHUsI CTPYHHOM YCTAaHOBKH:

— ammmaTyna akycrudeckux curHaios (AC) u ee pacupe/encHue mo BeIu-
YHHE XapaKTepU3yIOT CTETEHb 3aTPy3KH CTPYH 3HEPTOHOCUTEINS TBEPAOH
¢azoii;

—  BenuumHA aMIUUTYABI AC B XapaKTEPHBIX COCTOSHUSAX CTPYH (pa3rpys3ka
W 3aBaj) MpH W3MEIbYEHWH WMEEeT 3HAYMTENbHbIE pa3inuus — J0 He-
CKOJILKUX TIOPSIIKOB, YTO MO3BOJIsieT 3(pPEeKTUBHO MPUMEHSTh aKyCcTHYe-
CKM MOHHUTOPHHT ISl PETyJIMpPOBaHHs Ipollecca Ta30CTPYHHOIO W3-
MeJbUeHUs;

—  m30BITOYHAS 3arpy3Ka CTpyH MaTepHaioM COMPOBOXKAAETCS YMEHbBIIEHHU-
€M aMIUIUTY/bl aKyCTHYECKOTO U3ITYUYECHHS, YTO YKA3bIBAET HA CHIDKEHNE
JTUHAMHYHOCTH U3MENbYECHHS.

CrnexyeT OTMETUTH, YTO MPOIECC HAKOTUIEHUS B CIEKTPaX aKyCTHUYECKUX CHT-
HaJIOB C MajJbIMH 3HAaYeHUSAMHU aMImtuTyn (topsaka 5 — 40 mB) xapakrepusyer
MIPENMYIIECTBEHHOE CO/IeP)KaHNe B CTPye YacTHUIl MAJbIX pa3MepoB, T. €. mpeodiia-
JlaHWe B KHHETHWKE M3MelbueHus 3(h(eKToB nucreprupoBanus Matepuana. [Ipu
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WCCIIEIOBAHUN TIPOIlecca M3MENbUEHHs] Ha JTa0OpaTOpHON YCTaHOBKE CTPYWHOTO
u3menbueHuss YCHU-20 MuctuTyTa TeXHUYeCKOH MexaHuku HaimoHanabHON aka-
JIeMUH HayK YKpauHbl U ['O0Cy1apCTBEHHOIO KOCMHUYECKOTO areHTCTBa Y KpauHbI
(UTM HAHY u I'KAY) ycTaHOBIIEHBI CBSI3H aKyCTUYECKHX ITAPAMETPOB C YIEIb-
HOU MOBEPXHOCTHIO S,y TOTOBOTO MPOJYKTa U3MenbueHus. Ha puc. 2 3aBucumMocTH
BEJIMYNHBI MAKCUMAJIbHONH aMIUTUTYIBI Ayax ¥ TOTA MANOAMILTUTYJHBIX CHTHAJIOB

N (A740) OT yJIeThbHOHN MOBEPXHOCTH M3MENbYSHHBIX MaTePHUAIOB HILTIOCTPUPYIOT

XapakTep aMIUTUTYIHO-YAaCTOTHBIX XapaKTEPHUCTHK MPOIEcca CTPYHHOTO M3METbye-
HUS TIPU M3MCHEHHHU Y/ICIHHON MOBEPXHOCTH S,o. T1OBBINICHHE TUCIIEPCHOCTH W3-
MENIbYaeMOr0 MaTepualia COMPOBOXKIAETCS yMEHBIIEHHEM XapaKTepHOH (MakcH-
MaJTbHON) BEIMIUHBI aMIUTUTYABI A g © POCTOM JOIHA MATOAMIDIATYTHBIX CUTHAIOB

(r. e. otHocurensroii gom N(A ;) curnanos ¢ ammmaryoi Menee 40 MB).

A 0
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B | -

. ;\ P 100
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Puc. 2 — 3aBUCHUMOCTH BETUYUHBI MAKCUMAIBHOW aMIUTUTYbI U J10-
JM MaJOAMIUTUTYHBIX CHTHAJIIOB OT YAENbHON MOBEPXHOCTH W3-
MeJIbYeHHBIX MaTepHaloB IIOTHOCTHIO 2,8 — 3,0 r/em®

HNHdomanimoHHbIE TEXHOJOTHH CTPYWHOTO HM3MENBbUCHHS B OCHOBHOM 0a3u-
PYIOTCS Ha CIENYIOLUX aKyCTO-TEXHOIOIMYECKUX KPUTEPUSIX:

— KPUTEpHU ONTUMAIBHOM PabOTI MENbHULBL Kowm = A, - I\.IZ (B/c);
— kpurepuii sgdexrnrocTn namenvuenns: K, = G/N s (r/mvm);
— kpurepuit sdppextusnoctn mucnepruposanus: Kg =G-S /Ny (em*/umm);

— AaKyCTHUYECKHH TOKa3aTellb SHEPTOEMKOCTH M3MEIbUCHHS Dy (MMIUT) — Be-
u4rHa, oopatHas Koy,
— aKyCTUYECKUH TOKA3aTENb SHEPTOEMKOCTH JIUCTIEPTUPOBAHUSA Doycn (MMIT/CM?)

— BeIM4MHa, obpaTHas K,

rae G — npousBoauTenbHOCTh MenbHUIBEL, Ny — 00liee KOJINYEeCTBO CUTHAJIOB B

CYETHBIN ITPOMEIKYTOK BPEMEHH.

Ha ocHoBe 3THX KpuTepHeB pa3paboTaHa cHUCTeMa ONTHMHU3AIMH Mpoliecca
W3MEJIBYEHUST U NPOTHO3UPOBAHUS IAUCHEPCHOCTH H3MEIBYEHHOIO IMpoIayKTa. B
YaCTHOCTH, BBISIBJICHHAS CBA3b KpHUTEpHs d()(PEKTHBHOCTH C YAECTHHOW MOBEPXHO-
CTBIO TIO3BOJIIET KOHTPOJIMPOBATh IIOKA3aTellb JUCIEPCHOCTH IPOIYKTOB
(Sya, cM?/1) (cMm. puc. 3) .
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Puc. 3 — 3aBucumocth ko3 durmerta 3pPeKTUBHOCTH OT YACTHHON
MIOBEPXHOCTH M3MEJIbUCHHBIX MaTePHAIOB

YyutsiBasi GOJBLIYI0 SHEPIrOEMKOCTh TOHKOTO M3MEJIbUCHHSA, 0c000€ BHUMA-
HHUE IIPU ONTHMHU3ALUH YICNSETCS CHIKCHHIO HEPronoTpeOIeHUs] MEIbHULBI U
OTIPEIENICHUIO ONTUMAJIFHOIO PEXHMa HU3MENbUYEHUS Ul MOJIY4YEHHUsS] MPOAYKTOB
3aJaHHOM KPYNMHOCTU NPU MUHUMAIBHOU 3HeproeMkoctu. C 3TOH 1enblo onpeae-
JICHBI aKyCTHYECKHE IapaMeTpbl SHEPrOEMKOCTH, MO3BOJIAIONINE KOHTPOIUPOBATh
SHEpromnoTpedIeHre B Xo4e U3MeNbUeHUs 0e3 ocTaHOBKM npouecca. [lonTeepxe-
HBl TEHJICHIIMU CHWXCHHUS yIOCNBHBIX aKyCTHYECKHX 3HEPro3arpar I (UMIVT) U
Douen (MMI/CM?) C TIOBBIIIEHHEM TPOU3BOAMTENBHOCTH MeIbHULEI (cM. puc. 4). Ha
OCHOBE YCTAHOBJICHHOM 3aBUCHMOCTH aKyCTHYECKUX IapaMeTpoB OT MPOU3BOIU-
TENBHOCTH MEJBHHLBI MOKHO IMPOTHO3UPOBATh SHEPrOEMKOCTh KaK M3MENbUYEHUS
Oysus TAK U JUCTIEPTUPOBAHUS Ioucn. HammpuMmep, yBemueHrEe IpOU3BOAUTEIBHOCTH
ot 0,7 mo 1,3 r/c conpoBoXXaaeTcss yMEHbIIEHNEM 3HAYSHHH aKyCTHUECKHUX ITOKa-
3aTesiell YHEProeMKOCTU H3MENIbYEHUS] M AUCIEePTUpoBaHMs (KBapLEBOrO IECKA)
COOTBETCTBEHHO B 2 1 1,5 paza.
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Puc. 4. — 3aBucumocTy nokaszaresneil 3JHeproeMKOCTH U3MENTbYEHUS
Ousn M TUCTICPTUPOBAHUS Dpuen KBAPLEBOTO IECKA OT IPOU3BOIM-
TENBHOCTH JlaboparopHoit ctTpyitHoit MmenpHuipl YCHU-20 (mpu
naBieHnH 3HeproHocutens Py = 0,3 MIla, o6opoTax kiaccudpuka-
Topa N = 2500 — 3000 mun?, S0 =0,48-0,75 cm? /r).

AHalm3 TPUBEJCHHBIX JAHHBIX MOKAa3bIBAET, YTO 3HAYEHUS aKyCTHUECKOU
SHEPrOEMKOCTH H3MEJIBYCHHS Dy, (MMIIT) U JUCIIEPIUPOBAHUS pyucn (MMI/CM?)
OTJIIMYAIOTCS Ul ONTUMAJIFHOTO U HEONTHMAJIBHOTO peXuMa u3MenbueHus. Tak,
IPU U3MEHEHUH TTpou3BouTeNbHOCTH G oT 800 10 1400 kr/9 (N = 80 — 107 Mun™)
9HEpro3aTparhl Ha U3MellbueHHe yMeHbinatotces (ot 843 mo 381 umr/t). [lepexon k
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ONTUMAJIBHBIM YCJIOBHSAM JUCIEPTUPOBAHUS II03BOJIIET YMEHBIIUThH YHAEIbHBIE
JHEpro3arpatsl B 2 — 2,5 pasa.

PaccmoTpenue aHepronorpediieHuss KOHKPETHOM MEIbHUIBI IPOU3BOIUTENb-
HOCTBIO G = 1,02 1/4, Geonm = 0,43 T/4 IpH MOILIHOCTH MPUBOJA KOMIIpECcopa
N = 285 kBT maet pacdeTHyO CpEIHIOI0 BEIHMYUHY SKOHOMHUH YAEITHHBIX JHEPro-
3arpar AE,, = 659,7 — 278,7 = 381 kBT-4/T pu MOJIyYCHUU TIOPOIIKA C YACTHHON
IOBEPXHOCTHIO S;y = 2200 — 2300 cM?/T .

Takum o0pa3om, IoKa3aHa BO3MOXKHOCTb CHIDKEHUS! yIICJIbHBIX BEIWYHMH TEX-
HOJIOTMYECKHX PHEPro3arpar B 2 — 2,5 pa3a ¢ HCIIOJIb30BaHUEM JIaHHBIX aKyCTHYe-
CKOT'0O MOHHUTOPHHTA M PACUCTHBIX 3HAUCHUN Dysn 1 Doucn -

Ha ocHoBe ananmu3a [8] nokasareneit akycTHUeCKOU (Dusw, Ioucn) U TEXHOIIOTHU-
yeckoil (E,o, Es) PHEPTOEMKOCTH HM3MENbYCHHUS M AWCIIEPTUPOBAHWS IHUPKOHA B
PasInYHBIX peXHMax padoThl Ki1accu(HUKATOpa MPOMBIIUIEHHONH MEJIbHUIBI Ha
BosbHOTOpCKOM rOpHO-MeTautyprudeckom komOunate (BI'MK) mokaszana Bo3-
MOYKHOCTb CHMXEHHUS YIENbHBIX BEIHYMH TEXHOJOTHUECKUX JHEeprosarpar B 2 —
2,5 pasa ¢ UCHOJIB30BAHMEM JaHHBIX aKyCTHYE€CKOTO MOHMTOPHHIA M PacUeTHBIX
3HAYCHUHN sy B Doucn.

Hcnons3zoBanue pa3zpaboTaHHON HH(DOPMAIMOHHON TEXHOJIOTHH TMO3BOJUIO
OIIpENIeJIUTh ONTHUMAIbHBIE PEKUMBI PAOOTHI IPOMBIIIICHHON CTPYHHOM MENbHU-
el Ha BIMK.

[Ipu xpymHOCTH TIpoAykTa 63 MKM (wiu 45 MKM) ONTHMAaIbHBIMHU SBISIOTCS
CIIEIYIOIINE XapaKTEPUCTHKH IIPOLecca U3MEIbUCHHS:

npousBoauTenbHOCTE G = 960 — 1270 kr/g4 (530 — 620 kr/r); ynenapHas TO-
BEPXHOCTh M3MEIBYEHHOTr0 mpoaykTa Sy, = 1500 — 2000 cm?/r (2400 — 2600 cm?/r);
KO3 GUIMEHT onTUMaTEHOCTH Konm = 60 — 130 B/c (10 — 60 B/c) u apdexTuBHO-
ct Kopgp = 25 — 60 r/ummn (23 — 46 r/umm; sHEpro3aTpaTsl HA H3MEINBYCHHUE Dysy =
480 — 580 wmm/r (980 — 1300 mmr/r) m  gucneprupoBaHue ouen = 0,2 —
0,3 umn/cm? (0,4 — 0,5 umn/cm?).

YcTaHOBIICHHBIE CBA3U XaPAKTEPUCTHK aKyCTHUECKHX CUI'HAJIOB, PEXKUMHBIX U
TEXHOJIOTHYECKUX IapaMeTpPoB IMpolecca M3MENbYCHUS MO3BOJIMIM pa3padoTaTh
HECKOJIbKO HalpaBJIeHUH €r0 ONTUMH3AILINY

— HENPEPbIBHBIN KOHTPOJIb MAaKCUMaIbHON aMIIUTy 16l AC B X0/1€ U3MeIbye-

aus [9, 10];
— KOHTPOJIb Mpollecca M3MENbUeHHs] Ha OCHOBE YCTAHOBJIEHHBIX TEXHHKO-
aKyCTHYECKUX KpuTepueB u Koddduimentos [11, 12];
— KOHTPOJIb Ka4yeCTBa U3MEJbYEHHOr0 NpoAykKTa [13];
— HENPEPBIBHBIN 3HEPreTUUECKUM aHAIU3 aKyCTUYECKUX CUTHAIIOB [14];
— cHUCTeMa BEHBJIET-aHAIN3a AKYCTUYECKUX CUTHAJIOB 30HBI H3MENIbYEHUS
[15];

— HEHpOCETEBOM aHANIK3 PEKUMOB U3MeNbueHus [16];

— aHaNM3 IMOBEPXHOCTH (QYHKIUM IIOTHOCTH PACHpPEAETICHUS BEPOSITHOCTH
3HAQUEHUH aMIUTUTY]l CUTHAJIOB XapaKTepHbIX 30H [17];

— MOJICJIMPOBaHME Ipoliecca U3MeIbUeHHUs Ha OCHOBE Lerneil MapkoBa U Mo-
Jeseil 3aMKHYThIX TUKIOB [18, 19].

BroiBoanbl.

1. Pa3zpaborana wHGOpPMAIMOHHAS TEXHOJOTHS CTPYWHOTO HW3MEIbYCHUS,
MO3BOJISIONIAS. [IPU MUHUMAJIBLHOM KOJHMYECTBE HAYaIbHBIX AKCIIEPUMEHTATBHBIX
JIAHHBIX aKyCTUYECKOTO MOHUTOPHHTA BHITIOJHHUTH BHIOOP ONTUMAIIBHBIX MapaMeT-
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POB TIpoIiecca CTPYWHOTO M3MEIbUEHUS JUIA Pa3TUYHbIX MaTepHUajOB M TEXHOJO-
THYECKHUX PEKIMOB.

2. OnpejeneHbl OCHOBHBIE TEXHOJIOT0-aKyCTHYECKUE KPUTEPHUH PabOThl H3-
MEIbUUTENBHON YCTAHOBKA Konm, Kopgy Dusny oucn, TO3BOIAIONINE ONITUMHU3UPOBATH
MIPOIIECC U3MEITbYESHHSL.

3. Pa3zpabGoTaH MeTO/ OIIEHKH 3HEPro3aTpaT MpHu CTPYHHOM H3MEINbYSHHUH, OC-
HOBY KOTOPOTO COCTABIISIOT CBSI3M TEXHOJIOTHYECKHX, aKyCTUIECKUX U IHEPreTH-
YeCKUX TOKa3arejed padOThl MENBHHUIBI B PA3IMYHBIX 00JACTSX AMCIIEPCHOCTH
MOJTy4a€MOTO TOTOBOTO IPOAYKTA. AKYCTHYECKUI METOJ OLIEHKH dHEpro3arpaT Ha
CTpyWHOE W3MENbYCHNE BKIIIOYAET YCTAHOBJICHHE AaKyCTHYECKHX ITOKa3aTese
9HEPrOEMKOCTH U3MENFYCHUS U IUCIIEPTUPOBAHUSI.

4. Pazpabortannas UT ompoGoBana Ha aboOpaTOPHBIX YCTAHOBKAaX Pa3HBIX
THIIOpa3MepoB npou3BoauTebHOCTEI0 0,2 1 20 kr/au (MTM HAHY u I'KAY) u
MPOMBIIIICHHON CTPYHHO#H METBHHUIE POU3BOIUTEILHOCTHIO 2 T/4 (BTMK).

5. IlporHo3upoBaHue Xofa Mpolecca U3MENbUEeHUSI MUHEPAJIOB C HCIOIB30-
BaHreM MojenupoBanus U UT Mo3BoNHUT CHU3UTh HHEPIHMOHHOCTH YIIPABICHUS U
OCYIIECTBIIATHh YIPEKAAOIINE YIPABISIONAE BO3ACHCTBHS UIa obecriedeHns d¢h-
(heKTUBHOCTH TTPOU3BOICTBA TOHKOAMCIIEPCHBIX MOPOIIIKOB.
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