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MOJAEJIUPOBAHUE MPOLUECCA ®OPMUPOBAHUA
MOKPBITUM HA JETAJISIX MAILIUH

3anpornoHOBaHO CTOXAaCTHYHY MaTeMaTH4HY MOJeNb Mpolecy (opMyBaHHS IMOKPHUTTIB Ha
JeTalsiX MallliH, fKa MICTUTh HPOTHO3YKUMH OJOK Ha HEWpoHHIH Mepexi. ['onoBHOIO
BiIMIHHOIO PHCOIO0 TIPOMOHOBAHOI MOJIENl € Te, IO 10 yBaru MpUHMAIOThCS MPAKTUYHO BCi
napamMeTpu HaHECEHHS MOKPHUTTIB, 110 3HAYHOIO MipOI0 BIIMBAIOTH HA OPUCTICTD, BiJ SIKO1, B
CBOIO UePry, 3ajJekaTh Maike yci pi3uKo-MexaHiuH1 BJACTUBOCTI TOKPHUTTIB.

[TpennoxeHa cToxacTHueckas MaTeMaTHueckas MoJIeNb mpolecca GopMUpOBaHUS MOKPBHITUI
Ha JIETANsIX MAIllMH, COJIep Kalllasi MPOTHOZUPYIOIUK OJIOK Ha HEMpoHHOU ceTu. ['nmaBHOM
OTJIMYMTEIBHOM 4YepTOM MpejyaraéMod MOJEIM SBJISETCS TO, 4YTO BO BHHUMAaHHUE
IIPUHUMAIOTCSI IIPAKTUYECKN BCE MapaMeTpbl HAaHECEHUs IOKPHITUM, B 3HAYUTEIBHON Mepe
BJIMSIOUINE Ha MOPHUCTOCTb, OT KOTOPOW, B CBOIO O4YEpe/b, 3aBUCIT MOYTH BCE (UIUKO-
MEXaHUYECKHE CBOMCTBA MOKPBITUH.

The stochastic mathematical model of a covering on machine details formation process which
engages the forecast block on a neural network is offered. The main distinctive feature of
offered model is that in attention almost all parameters of the coverings drawing are accepted,
appreciably influencing porosity, from which almost all physic-mechanical properties of
coverings, in turn, depend.

[TokpbITHst WrparoT OOJBIIYIO pPOJb B COBPEMEHHBIX TEXHOJIOTHSIX
YOPOUHEHUS JeTajied MamMuH. KadecTBO 3THUX NMOKPBITUM 3aBUCHT OT MHOTHX
(akTOpOB, HO TJIABHBIMU W3 HUX SIBISIOTCS MMPOYHOCTh M MOPUCTOCTh. OOBIYHO
XapakTep pa3pylICHHSs, HapUMeEp, HAMBUICHHBIX Ta30TE€PMUYECKUX MOKPBITHUI
IPU COBMECTHOM JIe(OpMHPOBAHUU C MaTEpPUAJIOM OCHOBBI 3aBUCHUT OT
COOTHOUIIEHHUSI AAT€3MOHHOW W KOTE€3MOHHOW MPOYHOCTU. OJHAKO BEIWYHUHBI
MOCJEAHUX OMNPENEAIOTCS, TJaBHBIM 00pa3oM, MOPUCTOCTHIO U HAIUYUEM
OKHUCJICHHBIX 30H B TOKPHITUH [1].

OT TOPUCTOCTH 3aBUCAT MOUYTH BCe (DU3MKO-MEXaHUYECKHE CBOMCTBA
MOKPBITUH. OTa 3aBUCUMOCTh CTOJb CHJIBHA, YTO 4YacTO IOPUCTOCTh
paccMaTpWBalOT B KadyeCTBE IMapaMeTpa COCTOSHHS B (DYHKIIMOHAIBHON
3aBUCHUMOCTH «YHUCJICHHAs XapaKTepUCTHKAa CBOWCTBA — MOPUCTOCTH» [2].
Benuuunbl, onpenensionue MpoBOIUMOCTh (JIEKTPO- U TEIUIONPOBOIHOCTD,
MarHuTHYIO M JTU3JIEKTPUUECKYIO TTPOHUIIAEMOCTH), YIPYTOCTh (HOpMaIbHBIN U
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CIIBUTOBBI MOJYJb YNPYTrOCTH), COMPOTHBIICHUE IJIACTHUYECKOHN AedopMmariuu
(mpenen TEKy4ecTH, TBEPAOCTb), MOHOTOHHO YOBIBAIOT C YBEIHMYEHHEM
NOPUCTOCTU M B OOIIEM BHUAE MOTYT ONUCHIBATHCA OOOOIIEHHOW CTENEHHOM
OMHOMHMHAJIBHOM (pyHKLIMEH [3 ]

B=po(1-1ID", (1)
rae  — 4YucieHHas XapaKTepUCTUKa HEKOTOPOrOo CBOWMCTBA MOPHUCTOrO TeEja;
By — TO ke s MaTepuala, UACHTUYHOTO B CTPYKTYPHOM COOTHOIIICHUU, HO HE
coaepkaiiero nop; I1 — mopucTocTs; m — mokaszaTtenb ctenenu (m > 1).

MHuoroo6pasue ¢GpakTopoB, OTBETCTBEHHBIX 3a (hOPMHUPOBAHUE MOPUCTOM
CTPYKTYpPbl HAINbBIJICHHBIX IJIA3MEHHBIX MOKPBITUN, OO0YCIOBIMBAET TPYIHOCTH
MOCTAHOBKM AHAJIUTUYECKUX METOJOB H3Yy4YeHHs Mopuctoctu. KomnuuecTBo
Takux pabOT OrpaHUYEHO, U BBIIIOJIHEHbBI OHHU TMPU BECbMa BOJIBHBIX
nonymenusix [4, 5]. Kpome Toro, B OCHOBHOM HCCII€IOBajIach 3aBUCHUMOCTH
MOPUCTOCTH HOKPBITHUS TOJIBKO OT €IMHUYHBIX [TAPAMETPOB HAIBIJICHUS.

B nacrosmeit pabote mpenyokeHa cieayroias MoJeinb (GOpMUPOBAHUS
IJIA3MEHHOTO TMOKPBITUS Ha JETalsAX MallvuH. Ee OCHOBHOM 3ajayel ABISETCS
OMpeNieJICHHEe TOPUCTOCTH TIOKPBITHSL B 3aBUCMMOCTA OT IapaMeTpoB
MpOIIECCa HAIbIICHUS.

['maBHOW OTIMYUTENBHOW YEPTOM MPEIJIAraéMod MOJIECIU SIBJISETCSA TO,
YTO BO BHUMAaHHE MPUHUMAIOTCS NMPAKTHUYECKU BCE MApaMeTpbl HAIBLJICHUS, B
3HAUUTEJILHON Mepe BIUAIONIME Ha MOPUCTOCTh. DTO CTaJ0 BO3MOXHBIM,
OJlarogapsi MCIHOJIb30BAHUIO HEUPOHHON CETH B KAaueCTBE «AMMPOKCUMATOPA
3aBUCHUMOCTEN MOPHUCTOCTH OT OTIENbHBIX NapamerpoB. [Ipu monpenupoBaHuu
C/eJIaHO JOIMYyIIEHUE, YTO pa3Mep YIPOYHSEMON JeTald HAMHOTO OOJbIle
pa3mepa 4acTUIbl HAbUISIEMOTO MOPOILIKA.

Ha ctpykrypHoit cxeme mozaenu (puc. 1) mepBsiM OJIOKOM 00pabOTKH
BXOJHBIX JIAHHBIX SIBJIAETCS OJHOPOAHAsI TPEXCJIOWHAas HEWpPOHHAs CETh C
nocjaeAoBaTeabHbIMU  CcBs3siMu.  OHa  oOywaercs 1o pe3yibTaram
AKCHEPUMEHTAIIbHBIX JAaHHBIX [2, 6] U aHAJTUTUYECKUM 3aBUCHUMOCTSIM IOpPUC-
TOCTH OT OTJICJIbHBIX MapaMeTPOB HalbLIeHUS [2, 6, 7].

Ha BXOn HEHpPOHHOW CETH MOCTYNAKT 3HAYEHUS TEXHOJOTHUYECKUX
napamMeTpoB HaIbUICHUS, TpeOyrolre MNpeaBapuTeIbHO 00pabOoTKU Tmepen
nojaveil B OJI0OK cToxacTudeckor oo6padoTku (X ... X|7): MaTepuan MmojjioxXKH,
TerIopU3nYecKre CBOMCTBA MOJJIOKKH, TeMIlepaTypa IMOJOTpeBa MOAJIOXKKH,
koo dumuenT  cimoxHOCTH  (GOPMBI  HAMBUIIEMOTO  HM3JEIHS, COCTaB
HAIMBUIIEMOTO TOPOIIKA, TEMIO(PU3NIECKHEe CBOWCTBA MOPOIIKA, CKOPOCTh
YaCTHUIl MOPOIIKA, CHJIa TOKA MJIa3MEHHON YCTaHOBKH, HANPSXKEHUE MJIa3MEHHON
YCTaHOBKH, pa3Mmep 3PQPEKTHBHOTO MATHA TEPMHUYECKOTO BO3JCHCTBUS Tia
MO/IJIOKKY, pa3Mep 3¢G(EKTUBHOTO TSATHA HAMBUICHUS, TEMIIepaTypa Ta30BOM
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CTPYH, COCTaB IIa3M000pa3yIoIero ra3a, cCocTaB ra3oBOM Cpejbl HAIbUICHHUS,
JUCTAHIIMS HAIbUIEHUS, PACXOJl PpACHbUIAEMOr0 MaTepuaja, MECTO I0Jayu
MaTepuaja B pacClbUIMTEIbLHYIO TOJIOBKY.

[TapameTpsl HaNBIIEHUS

Xl\ ‘XN X | - [ X

Heliponnas
CEeTh ITapameTpsr
TOYHOCTH
A MOJEIN
F
Bbiok croxacTuueckoi
00paboTKH
Fr
IT

Pucynok 1 — CTpykTypHas cxema MOJIeNi HallbUICHUS

Btopoit 0Onmox — OJOK CTOXacTHYECKOM OOpabOTKH — MOJEIUPYET
IOCJIOMHOE 3all0JIHEHUE HAaNbUIIEMOIO MMOKPBITUS OTIEIbHBIMU YacTULIAMHU
nopomka. Ha xaxaoM 1mare wmojenupoBaHusi J00aBIseTCs HEKOTOPOe
KOJIMYECTBO YaCTHUI], pacloyiaraéMblX CIIydallHbIM 0Opa3oM Ha IOBEPXHOCTH
TEeKyuiero (QukcupoBaHHOro ywactka Mmojend. llomydyeHo Bu3yanbHOE
OTOOpaKEHHE MOJEINHU B INIOCKOCTH BEPTUKAIBHOTO pa3pe3a MOKpbITUs (pUc. 2).
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PI/IcyHOK 2 — CoCTOsIHHE CTOXaCTUYCCKOM MOJCIHN 1I0CJIC n-10
mara HaHCCCHUA MMOKPBITUA

Ha Bxomst Y; ... Y; Onoka croxacTuyeckoil 0OpaOOTKH MOCTYyNAIOT
CIICyIOIIME BBIXOABl HEUPOHHOW ceTH: KOd()PHUIMEHT pacliaBICHHOCTH
qacThll, KOd(Q(UIMEHT pacTekaHus (PacIUTIONMBAHUS) YaCTHUIl, MPOIEHT
HEPACIJIABJICHHBIX YaCTHUI], CpeIHEe KOJMYECTBO YaCTHII, IMONAJAIIUX Ha
MOBEPXHOCTh 3a | ¢, CKOPOCTh OKHCJICHHSI IOJIOKKH, CKOPOCTh OKHCIICHUS
MaTepuaa MmopoIIKa, CPEIHsISI BBICOTAa OJHOTO CIIOSI.

Kpome toro, Ha BXOasI Xig ... Xp3 BTOporo 0j0ka 0OpabOTKH MOJAIOTCS
CJIETYIONTUE TTapaMeTPhl HAMBIICHUS: CKOPOCTh MEPEMEIEHUS Ta30BOM CTPYH,
CpEIHUI pa3Mep YacTHI] MOPOIIKa, TUCIEPCHOCTh YACTHI] MOPOIIKA, TOIIIHHA
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HaIlbUIIEMOTO TOKPBITUS, LIEPOXOBATOCTh ITIOBEPXHOCTH IOJJIOKKH, BpPEMsI
MEXy HAHECEHHUEM CJIOEB.

JUIsL  OCyIIECTBIIEHHS KOMIIBIOTEPHOTO MOJEIMPOBAHUS JIBYXMEPHOE
MPOCTPAHCTBO pa3pe3a MOKPBITUS JOJKHO OBbITh HAUCKpETHBIM (puc. 2). s
3TOrO €ro pa3duBaiu Ha KBajpaTHbIe ssUekku. [locKOIbKY BCe 0OBEKTHI MOAETH
(4acTULbI MOPOILIKA) UMEIOT OKPYTJIble (POPMBI, MPEAJIOKEHA TUCKPETHAS CETKa
C TpeMmsi COCTOSHUSMH  SY€eK: MyCTas; HaIOJIOBUHY  3alOJIHEHHAs,
MOJIHOCTBIO 3aII0JIHEHHAS.

OTO MO3BOJISIET, HE yMEHbLIAs LIar JUCKPETU3allMH, PE3KO YBEIUYUTh
TOYHOCTb MOJIEIIN.

[Ipu omnpeneneHur MOPUCTOCTH MOKPBITHM  YYUTHIBAIA  CTENEHb
OKHCJIEHUS TOJI0KKH M HANbUIIEMOro mopoika. Jljig 3Toro nocie OKOHYaHUs
MOJIETIMPOBAHUS HAMbUICHUS Ka)KJOTO CJIOS MOJIyU€HHOE 3HAYE€HHUE TOPUCTOCTU
KOPPEKTHUPOBAJIH 110 €€ 3aBUCUMOCTH OT CTEIIEHU OKHUCIICHUSI MaTepHaJIOB

Hi' = Hz‘ tcn Von / hia (2)

rae II — oxkoHyaTenbHass MOPUCTOCTH i-T0o ciof; [I; — mopucTtocts i-ro cios,
MOJIy4eHHAs P MOJEIUPOBAHUM; f.; — BPEMSI MEKy HAHECEHUEM CIIOEB; Vo —
CKOPOCTb OKUCIICHUSI MaTepuaa Mmopoiika; /; — BICOTa i-T0 CIIOSI.

TOYHOCTh CTOXAaCTUYECKOW MOJEIU YIIPABISETCS C MOMONIBIO Iara
JTUCKPETU3AINK MPOCTPAHCTBA F| 1 1ara JUCKPETU3AINH BPEMEHH [).

B mpakTtHke Ta30TepMHUYECKOTO HAMBUICHUS HEOOXOIWMBIE 3HAYCHUS
NOPUCTOCTH MOAOUPAIOTCS JKCIEPUMEHTANbHO. /[l 3TOro 3arpaymBaroTCs
00JIbIII0E KOTUYECTBO MAaTEPUAIOB, YHEPTHH U BPEMEHH.

Pa3paGorannass Mozenb mno3BosiieT u30exarb 3Toro. OHa faer
BO3MOXHOCTh OBICTPO M yJOOHO MPOTHO3UPOBATH MOPUCTOCTH IJIA3MEHHBIX
MOKPBITUNA JUIsI KaXJJI0T0 KOHKPETHOro ciyyas. [Ipy 3TOM TOYHOCTH MPOTHO3a
JIOCTAaTOYHO BBICOKAs, YTO TMOATBEPKICHO OMBITAMH C MOJIUOICHOBBIMU
NOKpHITUSAMU. WX TMOPUCTOCTh OMNpEeNesuii  METOAOM THAPOCTATHYECKOTO
B3BEIIMBAHUA U C MOMOUIBIO0 pa3paboTaHHON Mojenu. CpaBHEHUE MOTYyUYECHHbBIX
3HaUYeHUM najio oTkioHeHue B 10 — 12 %.
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