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BBEJAEHHUE

[InmmeBble coeqUHEHUS SIBIASIOTCS OJHHUM W3 OCHOBHBIX BHJIOB COCIWHCHHUU
neraned mamuH. B o0mem mammHoctpoeHun 6osiee 80 % NUTMLIEBBIX COCAMHEHUMN
UMCIOT TPSIMOOOYHBIA  MIIUIEBBIA  TPO(Ib, OKOJO TIOJOBHHBI  KOTOPBIX
MPUMEHSIOTCS 0€3 3akayku. BompocaM MporHO3WpPOBaHUS TOYHOCTH H3TOTOBJICHUS
NpsAMOOOYHOTO  HUIMIEBOTO COEAUHEHUS] TOCBSIIEHBI HUCCIEIOBAHUS MHOTHUX
OTCUECTBCHHBIX M 3apYyOCKHBIX aBTOPOB. ITH WCCIEIOBAHUS IPOBOJIUIUCH TIO
HECKOJILKMM HaIlpaBJICHUSM, B TOM YHCJIEC TIO OOECIMEYEHUI0 TEeOMETPUICCKOM
TOYHOCTH IUIMIIEBOM MOBEPXHOCTU HA 3Tanax €€ U3roTOBJICHUS, COOPKU, KOHTPOJIS.
Henocratkom gaHHBIX UCCIEA0BAaHUN SIBISIIOCH OTCYTCTBUE KOMILJIEKCHOTO MOAXOA,
CBSI3BIBAIONIETO BCE YKa3aHHBIC ATalbl MIPOU3BOJICTBEHHOTO Mpoliecca. [IpuMenenue
TaKoOTO MOJX0Ja K HCCIEJOBAHUIO IMO3BOJSIET MOJIHEE PACKPHITH CYLISCTIBYIOIINE
pe3€pBbl  MOBBIIMICHUST TOYHOCTH HW3TOTOBJEHUS MPSIMOOOYHOFQ . ILJIUIIEBOTO
coenuHeHus. IlosTomy HacTosas auccepTalMoHHAas. padoTa . HalpaBjieHa Ha
Hay4yHO€ OOOCHOBAHHUE MpEAJIaraeMbIX PEHICHUM 10 00ECleUYCHUIO U TOBBIIICHUIO
TOYHOCTH TPSMOOOYHOTO IUIUIIEBOTO COSIWHEHMS, OXBAThIBAIOIIMX MPOIECCHl €ro
W3TOTOBJICHUS, COOPKM M  KOHTPOJSL, AKTyalbHBIM. TPU ITOM  SIBJISIETCS
BBICOKOTOYHBIN aHAIN3 KOOPAWHAT TOYECK IUJIUIIEBOM. MOBEPXHOCTH, MO3BOJISIOIINM
OTIPENEIUTh BIUSHUE PEKUMOB OOpPabOTKH, TEOMETPHUYECKUX TapaMeTpOB U
JKECTKOCTH TEXHOJIOTMYSCKOM CHCTEMBl Ha ~TOYHOCTH H3TOTOBJICHHUS IIUIHIICBOM
MOBEPXHOCTH, a TaKXe€ MPOU3BECTU CBS3b ITUX JAHHBIX C TOYHOCTHIO COOpKH
COCTUHCHMS.

OBIIASA XAPAKTEPUCTHUKA PABOTbI

Cesa3b padoTbl ¢ KPYIHbIMH HAaYyYHBIMHM NpOrpaMMamMu (IIpOeKTaMH) M
TeMaMu. —JIcciieoBaHus \[I0 TeMe AUCCEPTALUU COOTBETCTBYIOT MPUOPUTETHBIM
HalpaBiICHUSIM (DYHAAMEHTAIbHBIX W NPHUKIAJAHBIX HAYYHBIX HCCJIEIOBAHHM
Pecnnyonuku bemapyer Ha 2006 — 2010 roasl, B 4YacTHOCTH paszaeily —
“KOMIBIOTEPHOE ““MOJEIUPOBAHNE U HCIBITAHUE MAIIMH U MEXAHU3MOB™ TEPEYHS,
YTBEPKJIEHHOTO noctaHoBieHueM CoBera MunuctpoB Peciyoinuku benapycs Ne 512
ot 17.05:2005. HuccepranuoHHas paboTa BBINOJIHSJIACH B paMKaX TOCOIOKETHBIX
tem ['b-0619 “Co3nanne MHTEIEKTYAIbHBIX CUCTEM C aJalTUBHBIMH CBSI3SIMU IS
YOPaBICHUS KadyecTBOM wu3aennii MammHoctpoeHus. u ['b-064D “Cosznanue
AMHAMUYECKUX MOJIEJel KOHTAKTHOTO B3aMMOJCHCTBUS 3BEHHEB KOHUYECKO-
HUJIMHAPUYECKON MPELeCCUOHHOM Mepeaadn ¢ pa3padoTKO Ha UX OCHOBE CIIOCOOOB
CHMWKEHUSI KWHEMAaTUYECKOM TOTPEIIHOCTH ¢ BHOPAIMOHHBIX XapaKTEPUCTHUK
MPEIECCUOHHBIX  PEAYKTOPOB”, TpPHU BBINOJHEHUU KOTOPHIX aBTOpP  SBIISIICA
HCTIOJTHUTEIIEM.



Heap u 3agaum wucciaeaoBanms. llenpio Hactosmeil paboThl sBIsSETCS
o0ecrieueHre TOYHOCTU H3TOTOBICHHUS MPAMOOOYHBIX MUIMIIEBBIX COCAMHEHUN Ha
OCHOBE IPOTHO3UPOBAHUS ONTHUMAJIBHBIX IAPAMETPOB TEXHOJIOIMYECKOW CHCTEMBI
IIOCPEACTBOM  aHAJIM3a W MOJEIMPOBAHUSA  TEXHOJOTMYECKUX  IPOLIECCOB
M3rOTOBJICHHSI IJTMLEBBIX IOBEPXHOCTEN BaJIOB U COOPKU COETMHEHMIA.

JIns MOCTHXKEHWS TOCTaBIEHHOW 1€MW HEO0OXOJUMO PEIIUTh CIIEAYIOIINE
3a1a4H.

I. OOecrneyeHne TOYHOCTM HM3TOTOBJICHHUS MNPAMOOOYHBIX  IIJIUUEBBIX
IIOBEPXHOCTEN BAJIOB 3a CUET ONTUMHU3ALNN NTAPAMETPOB TEXHOJIOTHYECKON CUCTEMBI
nuMiedpe3epoBaHns ¢ y4€TOM BIHUSHUS PEKMMOB pE3aHHUs, T€OMETPUUYECKON
TOYHOCTH U KECTKOCTH DJIEMEHTOB TEXHOJIOTUYECKON CUCTEMBL.

2. OOecrieyeHne TOYHOCTH UEHTPUPOBAHMUS MPAMOOOYHBIX  ILIULEBBIX
COCIMHEHUI MyTeM ONTUMHU3ALMH B3aUMHOTO IOJOKEHUS JETAIed OpH-cOOpKe ¢
Y4ETOM NOTPEIIHOCTEN NUIMIEBON MIOBEPXHOCTH BaJIA.

3. Pacmmpenve (QyHKIMOHAIBHBIX BO3MOYKHOCTEH KOHTPOJSI TOYHOCTHU
MPSAMOOOYHBIX HUIMIEBBIX NpOo(dUied U MOBEPXHOCTEH HAa OCHOBE KOOPAMHATHOIO
METOJIa MOAETUPOBAHUS.

4. Co3maHne Ha OCHOBE MPOBEACHHBIX. UCCIENOBAHNN TPOTPAMMHOIO MPOIYKTa
JUIA TIPOTHO3UPOBAHUS TOYHOCTH UUMHedpe3epoBaHNUs U BHEIPEHHE €ro B
MPOU3BOJICTBO U YUEOHBIN Ipoiiecc.

OOBEKTOM HCCNeOBaHUS SIBASIOTCA TEXHOJOTMYECKHE CUCTEMBI M MPOLECCHI
dbopmupoBaHus MPSIMOOOYHBIX ' MMUIUIEBBIX, TIOBEPXHOCTE BajloB H COOpKHU
NUIMLEBBIX  COCOWHEHMH..- B =~ ponm. | mpenmera  HCCIEIOBAHUM  BBICTYIIAIOT
TEXHOJIOTUYECKUE TMPUEMbL- YIpaBICHUS TpolieccCOM O0OpabOTKH  IUIUIICBOM
MOBEPXHOCTH BaJia, €€ KOHTPOJSL M COOpPKM COEIMHEHHUsS sl oOecredeHus
[MapaMeTPOB TOYHOCTH.

IHonoxkeHus1, BBIHOCUMBIC HA 3ALLUTY.

1. MeToauKa mpOrHO3MPOBAHUSI TOYHOCTU (POpMOOOpaA30BAHMS MPSAMOOOYHOM
[UIALIEBOM TOBEPXHOCTH-HEPBAYHON (Ppe30id, OTIMYAIOIAsCA KOMILJIEKCHBIM YYETOM
VCXOJHBIX JAHHBIX 'O/ COCTOSSHUM TEXHOJIOTHYECKOM CUCTEMBI M WX W3MEHEHHUU B
nporecce oOpaGOTKH, a TaKXkKe CIOCOOOM ONpeeieHUsT BIUSHUS TOTPEIIHOCTEH
CUCTEMBI Ha TOYHOCTh (POPMOOOpa30BaHMs HUIMIIEBOTO Baa.

2. (Metoguka omnpezaeneHus CcOOMPAEMOCTH MPSAMOOOYHOTO  HUIMIIEBOTO
COCAUMHEHUS, OTIMYAIOIIAACI YYETOM IIOIPEIIHOCTEH UUIMLEBBIX ITOBEPXHOCTEU
BAJIOB; BO3HUKAIOIIMX TMPH  H3TOTOBICHWHM, W IMO3BOJSIIONIAS  YCTAHOBUTH
ONTUMAJIbHBIE IO TOYHOCTH LIEHTPUPOBAHUS B3aUMHBIE MOJIOKEHNS BAJIA U CTYTIHULBI
Mpu cOOpKe U AKCILTyaTallMK MoJ1 1eHCTBUEM paboueil Harpy3KHu.

3. MeToarKa KOMIIEHCAIIMU TMOTPEIIHOCTEN (YHKIHMOHAIBHBIX MOBEPXHOCTEH
NUIMIEBOrO0 COEAWHEHHUs], MO3BOJISIIONIAs OCYIIECTBIATh PACUYET HX BEIUYHMH C
o0ecreyeHneM COXpaHEHHUs IEHTPUPOBAHUS COCTUHEHUS.



4. MeroauKa OLIEHKM TOYHOCTHM LIIMUEBBIX IIOBEPXHOCTE HA OCHOBE
KOOPJMHATHOTO METOJa MOJEIUPOBAHUS, OTIMYAIOLIASCS CHIOCOOOM OIpeIeaeHHs
MOJIOKEHUSI 0a30BBIX AJIEMEHTOB MUIMIEBOTO NPOGUIS U MOBEPXHOCTH, a TaKXKe
CIIOCOOOM pa3/iesieHUsl CyMMapHBIX NOTPEIIHOCTEN.

5. Cnocob6 peanuzali KOMIUIEKCHOTO KOHTPOJISI UUIMIIEBOIO Bajia B
MPUCIIOCOOJIEHUH, PACIIUPSIOMEM (PYHKIIMOHAIBHBIE BO3MOYKHOCTH KOHTPOJS 3a
cu€T obecreyeHus] OJHOBPEMEHHOTO W3MEPEHUsS HIMPUHBI NUIMIA W OTKIOHEHUU
pOQ IS MPOAOTBLHOTO CEUCHHS.

JInunplii BKJIaa couckaresisi. ABTOpOM pabOTBl pa3pabOTaHbl OCHOBHBIE
nosioxkeHust aucceprauud. COBMECTHO C Hay4YHbIM PYKOBOJUTEIEM COUCKATEINb
MpUHUMAJ y4acTHE B MOJATOTOBKE €€ OCHOBHOMW Hjeu. Pa3paboTka HpucnocoOneHus
IUIsI KOMIUIEKCHOTO KOHTPOJISI UIUIMIIEBOTO Baja OCYIIECTBIEHA COBMECTHO C
Hay4YHBIM PYKOBOAMUTENIEM U J-POM TE€XH. HayK., mpod. M. ®. TlamkeBuuem ABissich
WCIOJIHUTENIEM, COUCKATENb ydacTBOBaN B BeinosiHeHnH HUP no Teme muecepranmm.

AnpobGanuss  pe3yJbTaTOB  JaMccepTaunMu, -  Pe3ynbTaThl v nuccepranuu
noknanpiBanuck Ha  40-i1 CTyleHYeCcKOM HAay4YHO-TEXHUYECKOU KOoH(epeHUuu B
benopyccko-Poccuiickom yauBepcutere (2004 r.), Ha pecHyONMKAaHCKUX HAy4YHO-
TEXHUYECKUX KOH(PEPEeHLHSIX acCIUpPAHTOB, MArMCTPaHTOB W CTyAeHTOB ‘“HoBbie
Marepuaibl, 00OpyIOBAaHHE W TEXHOJIOTMH. B IPOMBIIIIEHHOCTH B benopyccko-
Poccuiickom ynuBepcutere (2004, 2005 r1r.), Ha MEXIYHAPOAHBIX HAYYHO-
TeXHUYECKUX KOoH(pepeHIusax ~MaTepuanbl, 000pyI0BaHUE U pecypcocOeperaronme
texHosnoruun” B benopyccko-Poceuiickom yHuepcurere (2007, 2009 rr.), Ha nsaTon
MEXPETHOHAIBHON HAyYHO-TEXHUYECKOM KOH(EpEeHLHH CTYAEHTOB M acCHUpPaHTOB
“UnpopmaninoHHble TEXHOJAOTUHU, SJHEPreTUKa U s3koHOMUKa” B ¢uinaie ['OY BIIO
“MOCKOBCKHMI  DHEPLETUUYECKUN.. \MHCTUTYT (TEXHUYECKMH YHUBEpPCUTET)” B
Cwmonencke (2008 ‘1), Ha V' MSKAYHAPOIHON HAYYHO-TEXHUYECKOW KOH(DEpPEHIIMU
“ITpoOnemMbl HPOECKTHUPOBAHMUS W TMPOM3BOJCTBA PATUOIIEKTPOHHBIX CpPEICTB”
(2008r.), Ha, VII Mex1yHapoJHOM HAyYHO-TEXHUYECKOW KOH(pepeHInn ~“MaTtepualisbl,
TEXHOJIOTHMM . U O0OpYAOBAHHE B TPOU3BOJICTBE, OSKCIUIyaTallUh, PEMOHTE H
MojaepHu3auu Manua” B HoBomnostornke (2009 r.).

Ony0/IMKOBAHHOCTHL Ppe3yabTaToB Auccepranuu. OCHOBHBIE PpE3YJIbTATHI
auccepTalMy onyoJuKoBaHbl B 13 medaTtHbIX paboTax, B TOM YHCIE€ B UYETHIPEX
CTaThsX, BKIIOYEHHBIX B mnepedeHb BAK, natu marepuanax MexIyHapOIHBIX
HAay4YHO-T€XHUYECKUX KOH(pepeHIui, TpEX CcOOpHHMKAX TE3UCOB  JIOKJIAJ0B
koH(pepenuuii. Kpome TOro, oCHOBHbIE pe3yJbTaThl AUCCEPTALUU BKIIIOUECHBI B JBa
otyéra no HMP, nonyden nmareHT Ha MOJIE3HYIO MOJETb.

CTpykrypa M o0bem auccepramum. Jluccepranus COCTOMT U3 THUTYJIBHOTO
JIUCTA, OrJIaBJIEHUS, BBEACHHS, OOILIEH XapaKTEPUCTHKU pPabOThl, OCHOBHOM YacCTH,
BKJIIOUAIOINIEH 6 riaB, 3aKkiIr0dyeHus, Onbiuorpaduueckoro CrnucKa, BKIHOYAIOIIETO
CIIUCOK MCTOJb30BAHHBIX UCTOYHUKOB M3 120 HAMMEHOBAHMI M CIIMCOK MyOIMKaUn



couckarens u3 13 HammeHoBaHui, 7 mpwiokeHuil. Jucceprauus comgepxur 124
CTpaHUIBl OCHOBHOTO TE€KCTa, 97 pucyHkoB. O0BEM npuioxxeHuii — 34 crpaHuIIbl.

OCHOBHOE COJEPKAHUE PABOTbI

Bo BBenenun u o0mieii xapakrepucTuke padoTbl 000CHOBAHA AKTYaJIbHOCTh
JMCCEPTAIMOHHON paboThl, a TaKkKe HEO0OXOJUMOCTh MPUMEHEHHSI KOMILJIEKCHOTO
MOJIX0/1a MPY MPOTHO3UPOBAHUU TOYHOCTH M3TOTOBJICHUS MPSMOOOYHOTO ILTUIEBOTO
coeMHeHus, CcOpPMyIMpOBaHBl 1€db M 3aJa4d HUCCIEJOBAHMM, JaHbl O0IIas
XapaKTePUCTHKA pabOThI U MOJIOKEHHSI, BRIHOCUMBIE HA 3aIUTY.

B nepBoii riaBse mpoBeseH 0030p JUTEPATYPHBIX MCTOYHUKOB' ITOCBSIIICHHbIX
POTHO3UPOBAHUIO W TEXHOJOTHUYECKOMY OOECHEUEHHIO TOYHOCTH HW3TOTOBICHUS
psIMOOOYHBIX [UIALIEBBIX COEIMHEHUM. OnpeneneHa HEO0OXOAMMOCTD
OCYILIECTBJICHUS JAJbHEUIIINX UCCIETOBAaHUN MOCPEICTBOM @HAIN3a, MOJICITUPOBAHUS
M ONTUMH3ALUHUHM  TEXHOJOTHYECKUX  MPOLECCOB. | “U3rOTOBJIEHUS  HUIMLEBBIX
MMOBEPXHOCTEHN BaJIOB ¥ COOPKU COCTMHEHUIA.

B pamkax ykazaHHOTO HampaBlieHUs ' pa0OTHl SBISIOTCS aKTyaJlbHBIMH
CIEAYIOLINE 3a1aUH:

1. OOecrieueHne TOYHOCTH HW3TOTOBJICHUS OPSAMOOOYHBIX  IIIUIEBBIX
MOBEPXHOCTEH BaJOB. AKTYyaJbHOCTh 3TOM 3a/a4yil ©OOCHOBBIBACTCS OTCYTCTBHUEM
KOMILJIEKCHOM ~ METOJMKH  MPOTHO3UPOBAHUS . ~~TOYHOCTH  (PopMOOOpa30BaHMUS
IIUTHIIEBON TTOBEPXHOCTH YePBAUHOM (hpe3oii:

2. OOecnieyeHre TOYHOCTH IICHTPUPOBAHUS MPSMOOOYHBIX  ILIUIEBBIX
coenuHeHnii. HeoOXoMMMOCTh pelieHus JaHHOW 3a7au 00OCHOBaHa OTCYTCTBHUEM
B3aUMOCBSI3aHHOM METOAMKHN OIIEHKH COOMPAaeMOCTH IUIAIIEBOTO COSTMHEHUSI.

3. Pacmupenue * QyHKUHOHAIBHBIX BO3MOXKHOCTEH KOHTPOJIS TOYHOCTH
NPSAMOOOYHBIX HIAUIEBBIX MPOGUIEH U MOBEPXHOCTEH HAa OCHOBE KOOPJAMHATHOTO
METOa MOJEIUPOBAHUA: Y IPOLUICHHBIM KOHTPOJIb LUIMLUEBOM ITOBEPXHOCTH IPU
BBICOKHX TPEOOBAaHMSIX K- CBSI3aHHOM C HEW (PYHKIIMOHAIBHOW IMOBEPXHOCTH HE
obOecrieunBaeT yu€ra) psga MapaMeTpoB, OOYCIABIMBAIOIIMX TOYHOCTh HX
B3aumoeicteus.. [loaTomy 3amada co3manusi 3((PEKTUBHBIX CIOCOOOB W METOIUK
KOHTPOJII MUIANEBOM TOBEPXHOCTH, OOCCIEUYMBAIOIIUX HAPSAIYy C BBICOKOM
MPOU3BOAUTEIBHOCTHIO KOMIUIEKCHBIM YYET BCEX KOHTPOJMPYEMBIX MapaMeTpoB,
SABJISICTCSI, 3HAYUMON M TO3BOJIIET OIEHUTh (PAKTUYECKYI0 TOYHOCTH HUIHIIEBOTO
COGIMHEHUS Ha 3Tare €ro KOHTPOJIS.

Bropas rinaBa nocssieHa pa3paboTke METOJUKHA MTPOTHO3UPOBAHUS TOUHOCTH
(dhopmooOpa3oBaHUs NMUIUIEBON MOBEPXHOCTU YEPBSIUHON (Ppe3oit. st 3Toi 1enu
MpOaHAIM3UPOBAaHA CHUJIOBasl cxeMa Tpoliecca mumiedpe3epoBanus, OMpPeIeICHbI
COCTAaBJIIONIME CHJI PE3aHUsl, [JICUCTBYIOLIME HA WHCTPYMEHT M 3aroTOBKY.
VYcraHOBIEHBI 3aBUCUMOCTH, CBSI3BIBAIOLME PEXKUMBl pE3aHUs U BXOJIHbBIC



napamMeTpbl TEXHOJOTUYECKON CHUCTEMBI C TOTPENIHOCTSIMU (DOPMBI, Pa3MEpPOB H
OTHOCUTEJILHOTO TIOJIOKEHUST 00pabaThiBaeMOW ILIUIEBOM IMOBEPXHOCTH Baja.
BxoaapiMu mapamMeTpaMu TEXHOJIOTHYECKON CHCTEMBI TIPU 3TOM SBJISIOTCS: PEKUMBI
pe3aHusi, CMEMICHHUS MOCAJA0YHBIX THE3 WHCTPYMEHTAIBHOW OIPaBKH B CTOPOHY
JNEUCTBUA CHUJ, XKECTKOCTH INIMUHIASIBHOTO y3Jla W 3adHeW 0aOKu, KpyTHIIbHAsS
MOJATIMBOCTh TPHUBOJA CTaHKA, JKECTKOCTH BEPXHETO U HIDKHErO THE3/Ia
WHCTPYMEHTAJILHON OTMPAaBKH, CMEIICHUE OCH 3a/JHeW O0a0KM M0 BEPTHUKAIU U TIO
TOPU30HTAJIM, CTOMKOCTh (Ppe3bl, yroya moabéMa BHUTKA (Ppe3bl, JJIWHA W JUAMETP
WHCTPYMEHTAJILHON OTPAaBKH, BEIWYMHA M yTOJ CMEIICHHS IIEHTPOBBIX OTBEPCTUN
3aroTOBKH, €€ OBAJIBHOCTh M KOHYCHOCTh. llpm ocymecTBieHHH pacdEToB < O
pa3pabOTaHHON METOJMKE YUWUTHIBAIOTCS BIHMSHUS yNPYyTUX AehOpManuii 3arOTOBKH
Y IIMUHACIBHOTO Y3712, HHCTPYMEHTAIBHOU ONPABKH U €€ TTOCaAOIHBIX THE3.
[Tporu6 3aroToBKH MO IEWCTBHEM CHJI PE3aHUS B TOYKAX WX MPUJIQKEHUS ObLT
ompenenéH Kak i 0ajakd, YCTAaHOBJICHHON Ha JIBYX OMOpPax, ¢ y4éTOM M3MEHEHUS e
KECTKOCTH B TIporiecce (hopmooOpa3zoBaHus MUIHIIECB 110 (popMytam:
Px 'L(Z) '(L_Lo)2
x 3. E-I-1 I (]LO+IO(L_L0)), (1)
0
P L(L-L)
T3EI, PP
raie P, — paauanbHas COCTABMAIOINAs CINIBI PE3aHUs], HANPaBJIEHHAs K OCH
3arOTOBKH, TAPAJUIETHHO €€ TOPILY;

(ILO +10(L_L0)), (2)

P, — cocTaBnsOIAast CUJIBI PE3AHHS, HAIIpaBJICHHAS MIEPIICHIUKYISIPHO OCH

HApE3aeMOro Baja;
L — nnvHa Baa;

L,,1,— nivHa 1 0ceBOi MOMEHT MHEPIIMH NIJIMIEBOIO yYacTKa BaJia;

| — oCeBOli MOMEHT WHEPITUH KPYTIIOTO MPOQUIIs BaJia;
E — MOnysb yAPYTOCTH.
Cxema’ nieopmalin.3aroToBKH, 3aKpeIIEHHON B LIEHTpaX MOJ JEHCTBHEM CHJI
pesanus P, u P, nmpescrapieHa Ha pucyHke 1.
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Pucynok 1 — Cxema neopmManuu 3aroTOBKHU



KacarenpHast cunma P,, melicTByromas Ha 3aroTOBKY, BBI3BIBACT €€ YIIIOBYIO
aepopmaruio. OTHOCUTENbHbBIE YITIBI 3aKPYYHMBAHUS KaXI0M TOYKH IIIUIEBON
IIOBEPXHOCTH OINPENEIAIOTCA IO (popmyIie

0=0,+0,, (3)

re 6, — COCTaBJISAIONIAasl yrjla 3aKpy4yMBaHUs, CBSI3aHHAS C MOJATIMBOCTHIO
3arOTOBKU;
6. — COCTaBIsIOIIas yrja 3aKpy4duWBaHHs, CBsI3aHHAs C TMOJATIMBOCTHIO
1enu ookaTta ¥ MpuBoa NUIHLE(HPE3EPHOTO CTaHKA.
Cocrasnsmomas 6, onpezaensercs no Gopmyie

PTG\ g, J,

2 2

M((LK_LO) +(L_LK) ]’ (4)

r7ie M - KpyTSAIUHA MOMEHT, BBI3BaHHBIN CHIION L ;

G — MOZyJIb YIIPYTOCTH BTOPOTO POJA;

L, - IJWHA y4acTKa BaJia, MOJIekKAUIETo Nutuiedpe3epoBaHulo;

J - TONAPHBIM MOMEHT HWHEPIMHW Yy4acTKa Bajla, MOJICKAIIETO
nuniedpe3epoBaHuIo;

J, - IOJSIPHBIM MOMEHT UHEPLMU KPYTJI0ro mpodusis Baa.

CocraBnsitomas 6, onpeneisercs no-hopmyse

0. =Me,, (%)

Ilie e, - KpyTHIIbHas MOAATIMBOCTD LIENH 00KaTa U MpUBoa NuMIedpe3epHOro
CTaHKa.

Jns_OUEHKM BO3AEHCTBUSA KaXXIOr0 BXOJHOIO IMApaMeTpa HAa TOYHOCTh
dhopMooOpa3oBaHus UNIAHEBOrO Tpoduis B JOOOM IMOMNEPEYHOM CEYEHHUM Baja
BBEJICHA CHUCTEeMa OTCHETa, B KadyecTBE KOTOpPOW B HacTosAled paboTe BbIOpaHa
JeKapToBa NMpsIMOYroJibHasg cuctema koopauHaT OXYZ. E€ opuentanusi B pabouem
npoctpaHcTBe. HOpMOOOpa30BaHUsl NEPBOHAYAIBLHO ONpEAeNeHa A UACAIBHOro, a
3aTeM JJIT pealibHOTO ciydas (popMooOpa3oBaHMs NUIMLEB. B uaeanbHOM ciyyae B
YCIIOBHSIX ~a0COJIIOTHOM KECTKOCTH TEXHOJIOTMYECKOW CHUCTEMbl M MPU TOJHOM
OTCYTCTBUU KAKUX-JIMOO MOTPEIIHOCTEN €€ 3JI€MEHTOB OCh 3arOTOBKU U TPACKTOPHSI
OEepeMENIeHUs] 4YepBSIYHOM  (pe3bl NPEeNCTaBIAIOT CcO00Ml  mpsMble, CTPOro
napamiensHeie aApyr napyry. Ilpu 3toM uepBsuHas (pe3a GopMHpPYET B KaxkaOM
MOTNIEPEYHOM CEYEHUHM Bajla TOYHBIM HUIMLEBbIM npoduias. KoopauHatHas ock Z
BBIOPAHHON CHCTEMbBI KOOPJMHAT COBMEMIAETCS C OChIO 3arOTOBKH, IIPU 3TOM OCh
3arOTOBKM M  TPAEKTOPHUSl TEpEeMEIEHUs 4YepBSYHOM  (pe3bl  IepeceKaroT



KoopAauHaTHYO0 TMockocTh XOY B onpenenéHHbix Toukax. Hauvano cucremsl
KOOPJAMHAT coBMeInaeTcs ¢ Toukoir O, mepecedeHns 0Chbio 3ar0TOBKU KOOPIMHATHOM
mwiockoctd XOY, a ock Y HampasisieTcss yepe3 Touky O, mepecedeHus: TpaeKTOPHH
¢dpe3bl ¢ iockocThio XOY (pucyHOK 2).

Touku O; u O, omnpenensiroTcs Kak Hadana JIOKAJIBHBIX CHCTEM KOOPIUHAT
COOTBETCTBEHHO 3arOTOBKHU U (Ppe3bl, OTHOCUTEIHLHO KOTOPBIX OYJIyT OTCUUTHIBATHCS
UX TEKYIIHE MOJIOKEHHSI U OPUEHTALIMH C YYETOM MOTPEIIHOCTEN PEabHbIX YCIOBUN
paboThl TEXHOJIOTHYECKON cUCTEMBI. OTHOCUTEIBHO JIOKAIBHON CUCTEMBbI KOOPAMHAT
(bpe3bl  ompenenstoTcs TOJMOXKEHHS caMoil (¢pe3bl W €€ YCIOBHOW TepemHen

MOBEPXHOCTH, KOTOpas (opMHUPYEeT B NPOCTPAHCTBE WICAIBHBIN IITUICBBIN
npo(dusIh, IEHTP KOTOPOTO COBMAJTAET C OChIO 3aTOTOBKHU.
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OcChb 3aroTOBKH

Tpaexropus

Pucynok 2 — Pacnosio:xenne cucreMbl 0TC4éTa

JIJist KOTMYECTBEHHOM OIICHKM BIUSHUS YKa3aHHBIX BXOJHBIX MapaMeTpoOB Ha
TOYHOCTHh (HOPMOOOpPA30BaHUS NUIMIIEBOTO TMPOGUiIsi B pPEATbHBIX YCIOBHUAX
MCIIOJIb30BAaHO MOCTPOCHHE €T0 KyCOUYHO-HEMPEPHIBHON (PYHKITUU
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rnie R u ¢ — TNoMApHBIA paAuMyC U TMOJSPHBIM yroia Todek mpoduis
COOTBETCTBEHHO;

D,d,b — wnapyXHblii, BHyTpEHHHH IuaMeTp M TOJIIMHA NUIMNA MPOdUiIst
COOTBETCTBEHHO.

Z — YUCJIO IUIMIIEB.

B peanbHBIX ycmoBHsIX (HOpMOOOpa3oBaHMs, MPH HATWAYHH B TEXHOJIOTUICCKON
CHCTEME TMOTPEIIHOCTEH, MapaMeTpbl JaHHOW (DYHKIIMM W3MEHSIOTCS CIETYIOIINM
obOpazom

d' = d + AHP(D + 2AOP<D + AFP<D + ACI/]PGf’L + 2A3Y + 2’A]_HBY + 2ACBXL 3
D'=D+A,(1+CosQp+7r)+A(L—L)/L;¢' =p+06;

D"'=\|D" = (20, Sin(p+ @)’ + 24, Cos(p+@,); )
b"'=bCosy ;,Cosyc,,

rne d',D',D",b'", ¢'- nmocienoBareiabHbIe PACUETHBIC 3HAYCHUS ApaMETPOB
KyCOYHO-HeMNpepbIBHON (hyHKIMH (6);
A ,pp — yupyTas aedopmManysi HHCTpyMEHTa;
ore — YIIPYTas edhopMaIiys ornop HHCTPYMEHTAAbHOM ONPaBKH;

A
A ¢y — CMEIIICHUE OCH HHCTPYMEHTATBHOMN OMPaBKH,
A, — ynpyras nedopmaius 3ar0TOBKH;

A

sy — YIpyras nedopmauus HIIUHIEIBHOTO y3I1a;
A cgx1. — CMEIIIEHUE OCU-3aHCH 0a0KH;
A , — OBAJILHOCThH 3arOTOBKH;
A« — KOHYCHOCTb 3aIrOTOBKW;
A ¢, — CMEIICHHI IEHTPOBBIX OTBEPCTHUI 3aTOTOBKH.

B wurore paccuuThIBAlOTCA MOJSPHBIE KOOPJIMHATHI BCEX TOYEK HUIMIIEBOTO
npoduisi, @ B JaJbHEHWIEM, MPU MOBTOPEHUH pacyeTa, — KOOPAUHATHI TOYEK
IUIALIEBOM MTOBEPXHOCTH, 00paOOTaHHOM B PeaIbHBIX YCIOBUSAX POPMOOOpPA30BAHHUS.

Ha ocHOBe ' BBIIIEU3T0KEHHBIX MAaTEMaTUYECKUX 3aBUCUMOCTEH W CHOCOOOB
y4€Ta MOTPEIIHOCTEN TEXHOJOTUYECKOM CHUCTEeMbl Oblla pa3padoTaHa MmporpaMma
MIPOTHO3UPOBAHUSI TOYHOCTU HUIMIE(dPE3epOBaHUs, MMO3BOJSIOMIAs TOCIE BBOJA
MCXOJIHBIX JaHHBIX TPOU3BECTH PACUET JEUCTBUTENHHOIO TMOJIAPHOTO paguyca
Ka)KII0I TOUKHU ITMIEBON TTOBEPXHOCTH, a TAK¥KE C UCIOIb30BAHUEM PACCUUTAHHBIX
JAHHBIX OMNpEACNIUTh BEIMYMHBI €€ TOTPEeIIHOCTEd U BJIMSHUE  KaXJ0ro
PACCMOTPEHHOT0 mapaMmeTrpa Ha €€ TOYHOCTh. C HCMOIBb30BaHUEM pa3zpabOTaHHOM
MporpamMMbl  TIPOU3BEACHO TEOPETUUYECKOE HCCIEAOBAHME TOYHOCTH IUIULIEBOU
MOBEPXHOCTH, (hopMUpyeMOil B 3ajaHHBIX yclioBUsiX. [1o pe3ynbraram uccienoBanus
MOCTPOEHBI rpauKK 3aBUCUMOCTEN €€ TIOTPEIIHOCTEN OT PEKUMOB 00PaOOTKH.



JUiss 1poBeneHHsI JAOINOJHHUTEIBHOM OLEHKH pPe3yJbTaTOB TEOPETHUYECKOrO
UCCIENOBaHMUs pa3paboTaHa METOAMKA KOMIIBIOTEPHOTO KOHEYHO-3JIEMEHTHOIO
MOJIETTUpOBaHus nedopMannii B TEXHOJOTUYECKOW cUCTeMe Huiniedpe3epoBaHus,
MO3BOJIAIONIASA  OMPEACNUTh Mporudsl oOpabaTbiBaeMoro Bana u jaedopmanuu,
BBI3BIBAIOIINE BO3HMKHOBEHHE €ro mnorpemHocreid. Pacuer mo 3Tol MeToauke
MPEANOoaraeT ydeT BIMSHUSA TeX K€ (PAKTOPOB, YTO M MPU MaTEeMaTHYECKOM
MozaenupoBaHuu. C  NOMOLIBIO  KOMIBIOTEPHOW  METOAMKM  IPOU3BEAECHO
HCCJIEIOBAHNE, AHAJIOTMYHOE TEOPETUYECKOMY. YCTAaHOBJIEHO, YTO IIOJYYEHHBIE
obonMmu MeTogaMu (OPMBI 3aBUCUMOCTEH COBIAJAIOT W TOAJIERKAT MPOBEPKE
JaNbHENIIINMH 3KCIIEPUMEHTAIIBHBIMU UCCIIEI0BAHHUSIMMU.

B Tperbeil ri1aBe IpuBEICHBI PE3YIBTATHI SKCIIEPUMEHTANBHBIX MCCICI0BAHUN
TOYHOCTH UUTUIEPpe3epoBaHUsl UYepBsIUHON (ppe3oit. [l mpoBEepKH MPOTHO3HBIX
MoKa3aTesied MaTeMaTUYEeCKOr0 MOJEIIMPOBAHUS, MPEACTABICHHBIX B MPEIbITyIICH
riaBe, ObUI 3alJTAHUPOBaH MW TMPOBEAEH NOJHO(MAKTOPHBIM sKemepumeHT. [lo
YCIIOBHSIM 3KCIEPUMEHTA Obli1a 00padoTaHa U MPOKOHTPOIMPOBAHA [IAPTHUS BaJIOB U3
ctanu 45 co numueBoi noBepxHocThio d—6x21h9%25D9 x5, B, inana3zone ckopocten
pezaamst 15-30 m/muH, mogad — 0,5-2 MM/00, 6€3 pa3aeicHus U ¢ pa3AcICHHEM
CHUMAaeMOro IpHITyCKa Ha JaBa pabounx xona. lIpousBeseHa cratucTuyeckas
00paboTKa pe3yiabTaTOB M TMOCTPOCHHE 3aBUCUMOCTEH TIOTPEIIHOCTEH IUIUIIEBOM
MTOBEPXHOCTU OT PEXUMOB 00paOOTKU. sl mpuMepa Ha pUCYHKE 3 MpeCTaBIEHBI
rpauKy 3aBUCUMOCTEN MOTPEIIHOCTEN MpoQUILs. IPOJOIBHOIO ceueHus: oopas3ua B
€ro CepevHe.

a) 0)

Annc_co, Mm Annc_co, MM
0,055 0,04

0,05 4 0,035

0,02 0,005

0,015 T T ] 0+ T T
0,5 1 1,5 2 0,5 1 1,5 2

——\/=15 M/MWH ——\/=20 M/MUH S MM/o6 e \/=15 M/MUH el \/=20  M/MUH
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a — oOpaboTka 3a jaBa pabounx xoza; 6 — 00paboTka 3a 0UH paboUnil X0,
9KCICPUMCHTANBHBIC 3aBUCHMOCTH (-); TEOPETHUSCKUE 3aBHCUMOCTH (---)

Pucynok 3 — U3mMeHeHue nmpo¢uJisi NpoI0JIbHOI0 ce4eHus odpa3ua

[Io pe3ynbraram aHanaM3a TMOCTPOCHHBIX 3aBUCHUMOCTEH  YCTAHOBJIEHBI
COOTHOILICHUSI BEJIMYUH PEKUMOB HUTHIIE(PE3epOBaHUs, TO3BOJSIONIMX YMEHbBIIATh
MOTPEIIHOCTH IIUIMIIEBOTO Bajla Ha BEJIWYUHY, COOTBETCTBYIOIIYIO TPEOOBaAHUAM



TouHOCTH. [IpH 3TOM HaMMeHbIIas MOrPEUTHOCTh MPOMUIS MPOAOIHHOTO CEUCHUS B
pa3HbIX TOYKaX MO JUIMHE Baja o0ecneunBaeTcs npu nojgave A0 1MM/06 U ckopocTu
pe3anust oT 25 mo 30 M/mMuH ¢ 00paboTKOM 3a ABa xoaa. MUHUMAILHOE 3HAYCHHE
OTKJIOHEHHsI OT TMapajieIbHOCTH OOKOBBIX CTOPOH HaOJIOAAaeTCs IMPH CKOPOCTU
pe3anus 30 M/MUH U IpoAobHOM noaayde 0,5 MM/00, a TakkKe MpU CKOPOCTH PE3aHHUs
15 M/MuH u mpojoiapHOM momade 2 Mm/00. IlorpemrHocTh TONIIMHBI HUIKALA
BO3paCTaeT C YBEITUUCHHUEM MTPOJOIBHOM MMOAaYU U CKOPOCTHU PE3aHMUSL.

CpaBHUTENBbHBIN aHAIM3 PE3yNbTaTOB IKCIHEPUMEHTATIBHBIX U TEOPETHUECKUX
UCCIIEIOBaHU Tmporiecca numnnedpe3epoBaHus YEpBSIYHON (Gpe30il MOATBEPAMI
aJIeKBaTHOCTh  pa3pa0OTaHHOW  METOJMKM  TMPOTHO3UPOBAHUS  TOYHOCTU
dbopMooOpa3oBaHMs MUTUIIEBOI MOBEPXHOCTH YEPBIUHOMN (ppe3oil (pacxokaeHue s
Pa3JIMYHBIX TOTPEITHOCTEN KoJieOaeTcss B uHTepBaie ot 15 no 18 %).

B d4erBepToii ryaBe paszpaboTaHa METOIWKA OMPEACAEHUS COOMPAEMOCTH
IPsIMOOOYHOTO NITHIIEBOTO COCTMHEHUS, 111 KOTOPOW B Ka4ECTBE MCXOQAHBIX JAaHHBIX
MOTYT OBITh HCIIOJIB30BAaHBI KOOPAMHATHI TOYEK “IIUIMIEBOM  TIOBEPXHOCTH,
MOJTyYEHHBIE TIPH MPOTHO3UPOBAHUHU TOYHOCTH Himmiedpe3epoBanisi. OHa MO3BOISIET
YCTaHOBUTH YCTIOBHS COOMPAEMOCTH IUIALIEBOTO COIMPSHKEHUS 10 OOKOBBIM CTOPOHAM
nuina. [Ipu 3ToM BO3MOXKHBI CIEAYIOMMUE cayyau: 1) oopa3yroiire O0KOBBIX CTOPOH
napajulebHbl M PACIONIOKEHBI TaK, YTO MEXIy HHUMH oOpa3yercs 3a3o0p;
2) oOpa3zyromue OOKOBBIX CTOPOH MapajBieIbHbl M MEXIY HUMU 0Opa3yeTcsl HATHT;
3) oOpa3yroiire OOKOBBIX CTOPOH  I1€PECEKAIOTCS CO CBOOOJHONM U HECBOOOJHOM
COOMPAEMOCTBIO IUIMIIEBOTO « COMPSUKCHMS. B KaXIOM ciydae OIpeaeieHb
3aBHCHMOCTH, MTO3BOJIAIONIKE TIOJYyUNUTh-KOHKPETHBIC 3HAUEHUS 3a30pPOB U HATATOB B
conpsbkeHud. J1Jis 5TOre~00KOBBIE ITOBEPXHOCTH IUIMIIEB MPEACTABISIOTCS B BHIIE
00pa3yroImux NpsSMbIX., YpaBHEHUs 00pa3yromnx OOKOBBIX CTOPOH 3alHCHIBAIOTCS B
HOpPMaJIbHOM BHUJIE!

Ax+By+C =0,i=12, (8)

rac Ai = Yior™= Vs B,

1

=X, =X, C,=Xx,y, —X,¥, — KOIPOUIHUEHTHI QyHKIINU;
X, »¥is Xi,V, — KOOPJIMHATHI JBYX TOYEK Ha 0Opasyromei OOKOBOI
MMOBEPXHOCTH IUTHAIA HA Bally — JIJIs1 1 = 1 ¥ B OTBEPCTHH — JIJIsT 1 = 2.

C moMOuIbI0 HOPMAJIBHBIX YpaBHEHUN 00pa3yronux OOKOBBIX MOBEPXHOCTEH
NUIMI[a, HA BaJy W B OTBEPCTUM OMPEACISIOTCA YCIOBUS COOMPAEMOCTH
MpAMOOOYHOTO MUIMIIEBOTO COSAMHEHHS 10 OOKOBBIM CTOpOHaM nutuna. [ cioydas
CBOOOTHON COOMPAEMOCTH IILTUIIEBOTO COMPSIKEHUS YCIOBHE COOMPAEMOCTH
MIPUHUMAET BU]T

f <t )



TAe t,,t, — PAcCTOSHUE OT OCH CHUMMETPUHU COMPSHKEHHUS A0 00pa3yroIINX
OOKOBBIX TIOBEPXHOCTEH IIJTUIA HA Bally U B OTBEPCTHH COOTBETCTBEHHO.

B cnyuae BbeimonHeHus ycnoBuil (9) B compsbKeHUHM MEXAYy OOKOBBIMHU
CTOpoHamMu o0Opa3yeTcs 3a30p A, BEIMUMHA KOTOPOTO OMPEAEIISETCA U3 BBIPAKEHUS

< &

A= - .
\/Azz +B; \/Af + B’

(10)

BennuuHbl 3a30poB (HATATOB) MOTYT OBITh HMCHOJB30BAHBI I ONPEAEICHUS
ONTHUMAJIBHBIX IO TOYHOCTH LEHTPUPOBAHMS B3aUMHBIX IMOJOKEHUN Baja U CTYIIHIIbI
IIPU NPUIIOKEHUH K BaLy KPYTSIIEro MOMEHTA (PUCYHOK 4).
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Pucynok 4 — Pacnipeesiennie padoveii Harpy3Ku Mexxay HUTHIAMM COeIMHEHUSsI

JIJist 3TOr0 COCTABJICHO ypaBHEHME PABHOBECHS] CUCTEMbI LUIMIIEB, OHO HUMEET

BH/]I
F, <t Z:cos2 Q; Zcos a;sing, ZROI. cosa, | | x
F, & D cosagsing,  Ysinfa, Y Rysing, || y|. (11)
. 2
M ZRm cosq; ZRm sin ¢, ZRm ®
rae F,,#,~ CHIbl, IEHCTBYIOIINE B HAIIPABJICHUAX KOOPAMHATHBIX ocei OX,
Oy,

M — KpyTsS1uii MOMEHT;

G — MOAYJIb YIIPYT'OCTH BTOPOI'O poJaa;

A — II01Ia1b MPOJOJIBHOTO CEYEHUS IITULA;

L — nnvHa Ha CABUT;

o; — YrOJ1 HaIlpaBJISIOLIETO0 KOCUHYCA;

R,;— IIJIEYO CUJIbI, PABHO IIOJIOBUHE CPEIHETO AUaMeETpa NUIMLIEBOTO Baja;

X, ¥, ¢ — JIMHEHHBIC U YIJIOBOE NIEPEMELIEHHUS LIIJIULIEBOrO Baja OTHOCUTEIBHO
OTBEPCTHS.



Takum  00pa3oM  pacCUMTHIBAIOTCA  3HAYEHHS]  BCEX  OTHOCHUTEIBHBIX
[epEMENIEHUI W TOBOPOTOB Bajla M CTYNMIbl NPH 3aMbIKAHHHM 3a30pOB IO
Harpy3koil, 4To Ja€T BO3MOXHOCTb OLEHHUTHh COXPAaHEHHWE LEHTPUPOBAHUS
COEIMHEHHUS B 3KCIUTYyaTallMOHHBIX YCIOBHSIX.

[Ipy DpOrHO3UPOBAHMM TOYHOCTH LIIMLEBBIX COCAUHEHUH, NETalu KOTOPBIX
MO/IBEPraloTCcsl  TepMOOOpPAaOOTKE, MPEIOKEHO MNpU  pacdy€re  KOOpAHHAT
HCIIOJIb30BaTh KOA((GUIIUEHTHI, TTO3BOJISIONINE YUYUTHIBATh CHIDKEHUE TOYHOCTH TPU
TepMO0OpabOTKE U MOBHIIICHHE TOYHOCTH IPU HUTH(OBAHUY.

Jnst yuéra morpemHocTedl  (HhOopMOOOpa3yrONIMX TOBEPXHOCTEH IUIMIIEBOTO
COEIMHEHHUS pa3zpaboTraHa METO/IMKA KOMITCHCALIUH MOTPELIHOCTEN
(bopMOOOpPa3yIOMIUX TMOBEPXHOCTEH HUIMIIEBOTO COSAMHEHUS, OCYHICCTBIIAIONMIAA UX
Y4€T U MPOBEPKY BBINOJIHEHUS LUEHTPUPOBAHUA COeAMHEHUS .~ LloydeHbL 3HAaUCHMSI
CYMMapHbIX OTPEIIHOCTEN B CTAHIAPTHBIX COCAMHEHUSIX CPA3NUUYHBIMU, CIOCOOAMU
LHEHTPUPOBAHHUSI, HE OTPAHUYMBAIOIINX COOMPAEMOCTb.

B nsToi riaBe IpEeqIOKEHO OLEHKY TOYHOCTH IUIMIEBBIX “TIOBEPXHOCTEN
JieTanei MalluH OCYIIECTBIIATh HA OCHOBE U3MEPEHUS ' KOOPIMHAT TOYEK IUIULEBOIO
npodguist. B kayecTtBe 0a30BBIX 3JIEMEHTOB . LIMIIEBOFQ . MIpOUIIsL MpU 3TOM
HCIIOJIb3YIOTCSl CUCTEMBI OCEH IIJTUIEB MPOPUIIS U LIEHTPA CUCTEMBI OCEl, B KAUe€CTBE
0a30BbIX 3JIEMEHTOB ILIMIEBOM MOBEPXHOCTH — OCH W IUIOCKOCTEH CHUMMETpPHH.
CdopmynupoBanbl 0OLIME TPHUHIMIIBI  pa3IE€IeHUsE CYMMAapHBIX MOTPEUNIHOCTEN
OOKOBBIX CTOPOH LUJIMIIEBOTO MPOQPWIIS U NUIHIIEBOM OBEPXHOCTH HA 3JIEMEHTApHbIE
MOTPEUTHOCTH.

Pazpaborana u 3amareHTOBaHAa KOHCTPYKIMS MPUCTIOCOOTIEHUS IJIsI KOHTPOJIS
[UIMLIEBOM MOBEPXHOCTHU;-O0ECTIEUNBAIONIAs OJJTHOBPEMEHHOE M3MEPEHUE TOJIIMHBI,
OTKJIOHEHHUSI OT CUMMETPUYHOCTH. U_HNapaJlJIeIbHOCTA LUIMIA, €r0 HalpaBleHUs, a
TaK)Ke OTKJIIOHEHHSI PO IS TIPOAOTHHOTO CEYSHHsI (PUCYHOK 5).
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1 - mpucnocobseHne sl KOHTPOJIS IIUIMIEBBIX BAJIOB; 2 - MHAYKTHBHBIE JATYMKH JINHEHHOTO MepEeMEIIICHHS;
3 - uHTepoeiic; 4 - OBM

PucyHok 5 — YcTpoiicTBO 1151 KOHTPOJISA HIJIMIEBOr0 BaJja



Jnst  TOBBINIEHUS ~ NPOU3BOAMUTENBHOCTH  KOOPAMHATHOTO  KOHTPOJIS
MPUCIIOCOOTCHNE BKIIOYEHO B  COCTaB  aBTOMATHU3MPOBAHHOTO  KOMILJIEKCA,
OCHAILIEHHOT'O MEPCOHAIBHBIM KOMIBIOTEPOM U MPOTPAaMMHBIM OO€CIIEUEHHUEM IS
0o0pa0OTKM ¥ aHalM3a TMOJYYeHHBIX JaHHBIX. [IpucmocoOneHue mpomuuio
MIPOU3BOJICTBEHHBIE HCIBITAaHUS HAa MOTrMJIEBCKOM 3aBOJE “DNEKTpOABUIATENb’, a
Takke BHeApeHo B yueOHbIi mnpouecc ['Y BIIO “Benopyccko-Poccuiickuit
YHUBEPCUTET

B mecroii riiaBe 1aHO ONKMCAHKUE IPOTPAMMBI 1711 TPOTHO3UPOBAHUS TOYHOCTH
dbopMooOpa3oBaHMs IITUIEBOM TMOBEPXHOCTH YEPBAYHOU (Ppe3oi, B OCHOBY
aropuT™Ma KOTOpPOM TOJIOKEHA pa3zpaboTaHHasT METOJIMKAa MPOTHO3WPOBAHUS.
[IpuBenén pacu€t 3KOHOMHUECKON APHEKTUBHOCTH BHEJPEHUS MTPOTPAMMEI, KOTOPOE
osmo ocymectBieno Ha PVYIIIT “Cranko3aBon Kpacuwiii 6operr”, (r. Opmia) u Ha
PVII “Morunésckuii 3aBoj ~InekTpojaBurarenb.” Ha mepBoM npeanpusarud — B
TEXHOJIOTHYECKYIO  IMOATOTOBKY  IPOM3BOJACTBAa  YETHIPEX  M3AEIUWN  OOUIUM
koqnuectBoM 440 mr. OxoHOMUYECKHH A(PGEKT 'OT BHEAPCHUS COCTaBUII
4045337 p. Ha BTOpOM mpeanpusiTud — /B TEXHOJOTHYECKYI0 MOATOTOBKY
MPOU3BOJICTBA OJHOTO U3JIeNIUd C TOJAOBBIM . 00bEMOM«.Bbilycka — 3000 miT.
OxoHomuyeckuit 3¢ exT BHeApeHus: cocTaBuii S 425 681,7 p.

JAKJTIOYEHUE

B nmmccepranmmm perneHa  akTyanbHaS TSI MAIIMHOCTPOCHHUS HAYYHO-
TeXHUYECKas 3amada O0eCHeUYeHUs « TOYHOCTH WM3TOTOBJICHUS  TPSIMOOOYHBIX
IIUTAIIEBBIX COEIMHCHU~HA-~-OCHOBE TPOTHO3MPOBAHUS ONTHUMAJIBHBIX IMapamMeTpOB
TEXHOJIOTHYECKOW CHUCTEMBI _.IIOCPEICTBOM  aHamW3a W  MOJCIUPOBAHUS
TEXHOJIOTHYECKUX “TPOIECCOB | NBFOTOBJICHHS IIUIAIICBBIX ITOBEPXHOCTEH BAJIOB H
COOpKHU COCTMHEHU.

OcHOBHBIE HAYYHbIE Pe3yJabTAThI JUCCEPTALMH.

1. [JocturHyro oOecrieyeHUE TOUYHOCTH HW3TOTOBJICHUS MPSIMOOOYHBIX
IUIMLEBBIX _IIOBEPXHOCTEH  BaJOB 32 CYET  ONTHUMM3ALUMU  [ApaMETPOB
TEXHOJIOTUYECKOW CHUCTEMbI NUTMIEdpe3epoBaHUs € YYETOM BIMSHUS PEKHUMOB
pe3aHusl, TEOMETPUUECKON TOUHOCTH U KECTKOCTH TEXHOJIOTUUECKON CUCTEMEI [2, 4,
5, 8, 11, 12]. lns pemenus mocTaBIeHHOM 3a/1au B HacTosel paboTte pazpadboraHa
METOAMKA MPOTHO3UPOBAHUS TOYHOCTH (POpMOOOPA30BAHMS IUTUILIEBOM MOBEPXHOCTH
qepBsauHON (Dpe3oil.

OTa METOAUKa OTIIMYACTCS:

— KOMIUIEKCHBIM YY€TOM MCXOJHBIX JaHHBIX O COCTOSIHUM 3JEMEHTOB
TEXHOJIOTMYECKOW CUCTEMbI U X U3MEHEHUSMH B Mpoliecce 00pabOTKH, B TOM YHUCIIE
1 )KECTKOCTH 3arOTOBKH MpU (DOPMUPOBAHUHU JIETAIIH;



— YCTAaHOBJICHHBIMA ~ 3aBUCUMOCTSIMH  JUIsl  OMNPEACIICHUS  BJIMSIHUS
MOTPENTHOCTeH TEXHOJIOTHYECKOM CHCTEMBl Ha TOYHOCTH (hopmMooOpa3zoBaHuUs
[TMIIEBOTO BaJsa, JJIsl Yero yCTaHOBJEHA CHUCTEMa OTCUETa, B KOTOPOM ILIUIICBBIN
mpoIb MPEACTABISIETCS B BUAC KyCOYHO-HEMPEPBIBHOW (DYHKIMH, MPUPAIICHUS
KOOpJMHAT TOYEK KOTOPOW OIpPEAENSIOTCS C y4eTOM YHpyrux aedopManuii u
re€OMETPUUYECKON TOYHOCTH BCEX AJIEMEHTOB TEXHOJIOTUYECKOW CUCTEMBI.

[Ipumenenue pazpabOTaHHON METOIUKH ITO3BOJISAET:

— YCTAHOBHUTH B3aMMOCBS3b BXOJHBIX MApaMETPOB TEXHOJIOTHMUYECKON CUCTEMBI
C MOTPEIIHOCTIMH (DOPMBI, Pa3MEPOB U OTHOCUTEIHLHOTO MOJIOKEHUSI (POPMUPYEMBIX
[UTAIEBBIX TOBEPXHOCTEH BAJIOB;

— ONPENETUTh ONTUMAIBHBIE PEXUMBI PE3aHHsI W YOPABISITH BXOIHBIMHU
napaMeTpamMH TEXHOJIOTUYECKOM CUCTEMBI JJIsl 00eCTIeueHUs U MOBBIIICHUSL. TOYHOCTH
M3TOTOBJICHHSI MPSIMOOOYHBIX IUTHUIEBBIX TOBEPXHOCTEH BaJIOB.

AJIEKBaTHOCTh pa3pabOTaHHOW METOJIWKH MOATBEPKACHA SKCHICPHMEHTAIHHO
Ha ypoBHe 3Hauumoctu 0,05 [9, 10]. dns storo, mo mjaHy SKCHEpPUMEHTa, Oblia
o0paboTaHa nmapTus BaJIOB. DKCIEPUMEHTAILHO. YCTaHOBIIECHO, UTO:

— HauOoJbIIasi TOYHOCTh NPO(UIIS MPOHOJBHOIO CEYEHMs LUIMIIEBOTO BaJa
JOCTUTAETCA TPH BEIUYHMHE CKOPOCTH TAABHOTO NBIKEHUS 30 M/MHUH, BETUYHMHE
nogauu — 0,5 MmmM/00 u ipu ppe3epoBaHUM 3a./1Ba pabOUNX X0/1a;

— HauOousbIas TOYHOCTh IUIUIL TIO WX TONIIMHE TOCTUTACTCS TMPHU TOjade
0,5 - 0,6 MM/00, U3MEHEHHE CKOPOCTH TJIABHOIO ABMKCHMS M YMCJIa pabO4YnX XOJ0B
HE OKa3bIBACT CYIIECTBEHHOTO BO3/ICHCTBHUS Ha BEIMYMHY 3TON MOTPEITHOCTH;

— HaMMEHbIIIee 3HAYEHWE OTKIOHECHUS OT MapajlieIbHOCTH OOKOBBIX CTOPOH
JOCTUTAETCA TIPU CKOPOCTH-TIABHOIO HBMXKEeHHS 30 M/MUH W BENIWYMHE MOJAYd
1,75 —2 Mm/00, yBeaudeHue yucaa. paboyux XOJO0B HE OKa3bIBAET CYIIECTBEHHOTO
BO3JICMCTBHS HA BEIMUYMHY 3TOW MOrPEIIHOCTH;

— OTKJIOHEHHWE OT CHUMMETPHUYHOCTH OOKOBBIX MOBEPXHOCTEH IUIMIIEB MPH
00paboTKe uepBsUHON PPe30ii HEe MPUOOPETAET CYIIECTBEHHBIX 3HAUYCHUM.

2. JHocTurHyro. ~o0ecredyeHue TOYHOCTU IEHTPUPOBAHUSA NPSIMOOOYHBIX
IIUTAIICBBIX COCTUHCHUN TYTEM ONTHMH3AIMHA B3aMMHOTO TTOJIOKEHUS JeTallell Tpu
cOOpKe W COXpaHeHUs TOYHOCTH TPU DKCIUIyaTallud C Y4ETOM TMOTPEITHOCTEH
HUTULEBOM ITOBEPXHOCTH BaJIa.

Jist penieHust 3To# 3a/1aun pa3pabOTaHbl CICIYIOMINE METOAUKH.

Meronuka  ompeneneHHsT  COOMPAEMOCTH  MPSMOOOYHOrO  IUIUIIEBOTO
coegunenus [l, 6, 7], oTaMUamOmAaisCi TEOPETUYECKH YCTAaHOBJICHHBIMU
3aBHCHMOCTSIMH, CBSI3BIBAIOIIMMH KOOPAWHATHI TOUEK IUIMIIEBON MOBEPXHOCTH Basa
C BETMYMHAMHU 3a30pOB M HATITOB B COCIMHEHUHW MPH €ro cOOpKe, a Takke C
MOTPENTHOCTBIO IIEHTPUPOBAHMUS Baja M BTYJKH TPU TPUIOKCHHH KPYTSIIETO
MOMEHTA B MPOLIECCE IKCILTyaTal[Uu.

[IpumeHeHre METONWKH  OMNpelNeieHHs COOMPaeMOCTH  MPSMOOOYHOTO



IUIALIEBOTO COEUHEHUS TO3BOJISIET:

— YCTAHOBUTH B3aWMOCBSI3b MEXIY TOYHOCTBIO HM3TOTOBJIEHHS IIJIULEBBIX
MOBEPXHOCTEH BaJlOB € COOMPAEMOCTBIO COCIMHEHUS W TOYHOCTBIO  €ro
LEHTPUPOBAHHUS IIPU IKCILTYaTALIHH;

— YCTAaHOBHUTHb ONTHUMAJIBHBIE IO YCJIOBUSIM COOMpPAEMOCTH B3aUMHBIE
MOJIOKEHUSI Bajlia M CTYMHUIBI MpU COOpPKE W MO TOYHOCTH UEHTPUPOBAHUS MpPU
MPUWIOKEHUU KPYTSIIEr0 MOMEHTA B IPOLECCE IKCILTYATALIMH.

MeToauka KOMIIEHCAllMM TMOTPEHIHOCTeH (YHKIIMOHAIBHBIX IOBEPXHOCTEH
IUIMLIEBOTO COEIWHEHHs, OCHOBAaHHAs Ha WX pPa3MEpPHOM aHaJIHU3€, C TOMOUIBIQ
KOTOPOM MOJy4Y€Hbl TaOIUIBl AOMYCTUMBIX BEIUYMH CYMMAapHBIX IOIPEIIHOCTEM
[UIMLEBBIX TOBEPXHOCTEHN [eTaneil, o0ecrneunBaromux COOMpPaeMOCTh U TOYHOCTD
LEHTPUPOBAHUSI CTAHIAPTHBIX COEIMHEHU.

[Ipumenenue pazpabOTaHHON METOJIMKH MO3BOJIIET ~HA3HAYATH OHTUMAJIbHBIE
KBQJIMTETHl TOYHOCTH HA HELUEHTPHUPYIOLIUE 3JIEMEHTHI, IPUHAAJICKAN[UE TUIULIEBOU
MTOBEPXHOCTH.

3. Jocturanyro pacuimpeHue (QyHKIMOHATBHBIX BO3MOXHOCTEH KOHTPOJIS
TOYHOCTU NPSAMOOOYHBIX NUIMLEBBIX Npoduied u noBepxHocTedl. g 3toro
pa3paboTaHa METOAMKA OLIEHKM TOYHOCTH. HUIMLIEBBIX TOBEPXHOCTE HAa OCHOBE
KOOPAMHATHOI'O0 MeTo1a MoJienupoBanus [14.3, 13], oTaugaromascs:

— CHocOOOM OIpe/ieNieHUs IOJ0XKEHUsT (0a30BbIX 3JIEMEHTOB MUIUIEBOTO
npoduis Ha OCHOBE CHCTEMBI OCEl HIJIMIIEB B MTpO(duiie, a TakKe 0CeH M TIOCKOCTEH
CUMMETPUHU NPAMOOOYHOM NMUIMIEBON MOBEPXHOCTH;

— CcocoOOM pa3AeNICHUs. CyMMapHbIX MOTPEIIHOCTEN NIIMIEBOTO Npopuis U
MOBEPXHOCTU: ISl NPOQUIIL— OTKIOHEHUH OT MapaIeIbHOCTH, CHUMMETPUYHOCTH,
HAKOIJIECHHOM TOTpelIHOCTH [Iara. W MOrPEIIHOCTH WIUPHUHBI [IIUNA, I
MOBEPXHOCTU — ‘CHMPAIBHOCTH. IIUTMIA Ha JJIWHE HOPMHUPYEMOIO Yy4acTka,
OTKJIOHEHHUSI OT. IJIOCKOCTHOCTU OOKOBOW MOBEPXHOCTU U OT MPOPUIS MPOAOJIbHOTO
CEUEHMSI, -MePHECHIUKYISIPHOTO OCU CUMMETPHUH 1ILITULA.

[IpuMeHeHnEe YTON-METONNKH MTO3BOJISIET:

— TPOU3BOIUTH KOOPJIMWHATHBIA KOHTPOJb MPAMOOOYHBIX  HUIMIIEBBIX
MOBEPXHOCTEH BaJOB MPU OTIIAJIKE U BHIITOJIHEHUH TEXHOJIOTMYECKOTO MPOLECCa;

— yHpaBJifgTh TOYHOCTHIO M3TOTOBJIEHHUS MLUIMIEBOM IMOBEPXHOCTU IO
OTJIETIbHBIM MapaMeTpaM.

4. Co3/an ¥ BHEAPEH B MPOU3BOACTBO KOMMEPUYECKUH MPOAYKT — MporpaMmma
JUIsL” IPOTHO3UPOBAHUA TOYHOCTU (HOPMOOOpPA30BaHUSI UUIMIIEBOM IMOBEPXHOCTHU
gepBsauHON (Dpe3oil.

Pexomenaanuu no npakTu4ecKOMYy MCIOJIb30BAHUIO Pe3yJIbTATOB.
[Ipumenenue  pa3paOOTaHHBIX  METOJIMK  IPOTHO3UPOBAHUS  TOUYHOCTHU
dbopmMooOpa3oBaHUsl NUIMIIEBOM MOBEPXHOCTH UEPBAYHOM (pe3od MO3BOJISET



IpPOrpaMMHBIM  CIOCOOOM  yCTaHOBUTH TpeOyemble [0 YCIOBHSIM TOYHOCTHU
palMOHAIBHBIE PEXUMBI pPE3aHUS C YYETOM HCXOJHOIO COCTOSIHUS OCHOBHBIX
AJIEMEHTOB TEXHOJIOTMYECKON CUCTEMBI.

Hcnonb3oBaHue NpeajaraéMblXx METOJMK ONpeAeNieHus COOMpaeMOCTH
IPsIMOOOYHOTO IIJTUIIEBOTO COSAMHEHUS MO3BOJISIET 00ECIEUNTh €ro COOUpPaeMoCTh U
IpyU HEOOXOAUMOCTH, MOAOOpATh CONpPSraeMble IO NUIMLEBBIM IMOBEPXHOCTIM
JeTalu ¥ ONPEIeTUTh UX B3aUMHBIE MOJIOKEHHSI PU COOPKE, MPOBEPUTH COXPAaHEHHE
TOYHOCTH COEIMHEHUS TIPU MPUIIOKEHUN paboueit Harpy3Ku.

[IpumeHeHre METOAMKH KOMIICHCAIIMU TOTPEHIHOCTEN (POopMOoOpazyronmx
MOBEPXHOCTEH M IMOJYYEHHBIX Ha €€ OCHOBE TaOJMI[ MOTPEIIHOCTEN MPSIMOOOYHBIX
NUIALEBBIX COEAMHEHHUI MO3BOJISIET OCYIIECTBISTh YUET NOTPEIIHOCTEN U MMPOBEPKY
BBIIIOJIHEHHSI LICHTPUPOBAHUS COCIMHEHHUS.

Hcnonb3oBaHuEe METOAMKU OLEHKH TOYHOCTH HUIMHEBBIX MOBEPXHOCTEH Ha
OCHOBE KOOPJMHATHOT'O METO/Aa MOJEIMPOBAHUS MO3BOJISIET MOBBICUTH TOYHOCTH
KOHTPOJISI NUIMLIEBOW MOBEPXHOCTU C MOMOIIBIO UCIOIb3YEMbIX B MAHIMHOCTPOCHHUH
1 pa3pabOTaHHBIX B HACTOSAIIEH paboTe MPUCTIOCOONECHUN U YCTPOUCTB.

Pa3paboTanHple METOAMKM U NPOCPAMMHBIE CPEACTBA MOTYT  OBIThH
MCIIOJIb30BaHbl HAa MPOMBIIIJIEHHBIX MPEANPUATUSIX ISl 00ECI€UeHUS] U MOBBIIICHUS
TOYHOCTA HW3TOTOBJICHHS, KOHTPOJII M ..COOpPKM “IUIULEBBIX coeAuHEHW. B
npwioxkenun K mnpeacTaBieHbl akThl “MX BHEAPEHUHA HA JBYX MNPEANPUATHIX
MalIMHOCTPOUTENbHOrO Mnpoduis - Pecnyonukn bemapycs. CymmapHbIii TOJOBOM
skoHOMUYeckuil 3pdext cocraBuin 9471018,7 p. IlpucnocobiieHne U METOIUKA
KOHTPOJIS LUIMIIEBOM MOBEPXHOCTH HCHOIB30BaHbI B yueOHOM mpouecce ['Y BIIO
“benopyccko-Poccuiickuii, -~ yHUBEPCUTET  MpPU  MNPOBEACHUM  JIaDOPATOPHOIO
MIPAaKTUKyMa 10 TUCLMIUITMHE “HOopMHpoBaHKHE TOUHOCTH U TEXHUYECKUE U3MEPEHHUS
(mpunoxenue K).

B kauecTBE 'mMepCreKTUB JalbHEHMIEr0 pa3BUTHS HAYYHOTO HaIpaBJIeHUS,
JAHHOW JIMCCEPTAIMOHHOMN | pabOThl, MOKHO OTMETUTh JAJbHEUIIINE HCCICTOBAHUS
MPUCTIOCOOTICHUS JIJIsI KOMIUIEKCHOTO KOHTPOJISL, TOMCK ONTHUMAIBHBIX KOHCTPYKIIUN
U KOMIIOHOBOK -~ HHIMIE(pPE3epHbIX CTAHKOB, OOECHEYMBAIOUIUX TOYHOCTH
0o0pabaTbIBaeMbIX ‘AETANCH, a TAaKXKe OINpeAesIeHHe 30H MUHUMAJIbHBIX AePOopMaluii
TEXHOJIOTUYECKOW CUCTEMbI B CTAphIX M HOBBIX KOHCTPYKUHMAX MUTMLE(PE3EPHBIX
CTAaHKOBj TIOMCK TMyT€Hl YNpaBlieHWs TOYHOCTHIO UUIMIIEBBIX IMOBEPXHOCTEH C
pasIMyHBIM TpoduiieM HCXOAS U3 YCIOBUNA COOMPAEMOCTH M HKCILTyaTaluu
NUTALIEBOTO COEIUHEHMS, B TOM YHUCJE U C HCIOJb30BaHUEM METoAa TPEXMEPHOU
BU3YyaJIM3allii MOBEPXHOCTEM.



CIIUMCOK HYBJII/IKAI_II/Iﬁ COUCKATEJIA IO TEME JUCCEPTALIUA
Crarbn

1. [anerxuH, K.A. Cioco6 obecrieueHust kauecTBa (OPMUPOBAHHUS ITUTHIIEBOTO
coenunenus / K.A. lllanspkun, A.A. XKono6os / Bectauk ['TTY um. I1.0. Cyxoro.—
2006. — Ned. — C. 40-48.

2. IHamepxun, K.A. IIporHo3upoBaHre TOYHOCTH NUIMLIEPpe3epOBaHUS
yepBsuHort ¢pesort / K.A. [lanepkun, A.A. XKomo6oB // Bectnuk benopyccko-
Poccuiickoro  yHuBepcurera  TpaHCmopT  MalMHOCTpoeHue.  MeTtamtyprus
ANEKTPOTEXHUKA HSKOHOMHUKA. DKOHOMHYECKHME HAyKW: Hayd.-MeTOjA. >KypHam. /
penkon.: N.C. Ca3zonoB [u np.] . — Morunes: I'Y BIIO "benopyccko-Poceuniickuii
yauepcuteT".—2008. — Ne 1(18). —C. 87-96.

3. aneokun, K.A. KoopauHaTHBIM METOT KOHTPOJIS NUTHIIEBOM ITOBEPXHOCTH /
K.A.lllanbrxun // Bectnuk TII'Y. — 2008. — Ne2. — C.57-64.

4. Iamepxun, K.A. [IpornosupoBanue < TOUHOCTH (POpMOOOpa3OBaHUS
[IUTUIIEBOM MOBEPXHOCTU YEPBSYHOU (hpe3od €' ydyeToM H3MEHSIOMICHCS JKECTKOCTH
texHonoruueckon cucteMel / K.A. IHamepkun, A:A. XXomob6oB // BecTHuk
benopyccko-Poccuiickoro yHuBepcurera: . Hay4d.-MeTo .- kypHan / peakon.: W.C.
CazonoB [u 1p.] . — Morunes: I'Y BIIO. "benopyccko-Poccuiickuit yauepcurer".—
2009. - Ne 3. —C. 121-128.

Marepuajbl KOH(pepeHui

5. bynkeBuu, < AM. ABromatuzanus  MOpPOTHO3UPOBAHMS  JAepopMaliuu
TEXHOJIOTUYECKOU cucTembl mpu ToueHuu / A.M. bynkesuu, K.A. [lanenkua  A.A.
Xonob6os // HoBbie' MaTepuaibl, 000pyJAOBaHUE M TEXHOJIOTHH B MPOMBIIIJIEHHOCTH:
MaTepHuabl-pecH. Hayd.-TeXH. KoH}. / M—Bo obpa3oBanus Pecn. benapyce [u np.];
penkon.: M.C. CazonoB-[u ap.]. — Morunes: I'Y BIIO "benopyccko-Poccuiickuii
yHuBepcutet".—2004, - C. 22.

6. [anepkun, K.A. TeXHOTOTUYHOCTh KOHCTPYKIIMA COOPOYHBIX COCTUHEHUN
npu aBToMatmaeckoi coopke / K.A. lanbnkun, A.A. Komo6oB // 40-s1 cTyneHueckas
Hay4YHO-TeXHHUecKas KoHpepeHiusa: marepuansl koHP. — Morunes: ['Y BIIO
"benopyecko-Poccuiickuii yausepcurer".—2004. — C. 180.

7. Taneokun, KA. IIporao3upoBanue coOMpaeMOCTH NMUTUIEBBIX COEIUHEHUN
neranert mammH / K. A. Ilamepkwa, A.A. Xomob6oB // HoBweie Marepmasl,
000pyZI0OBaHUE M TEXHOJIOTUH B MPOMBINLUICHHOCTH: MaTepHallbl Hay4.-T€XH. KOH(.
aCIIUPaHTOB, MAarucCTPAaHTOB W CTyNeHTOB/ M-Bo oOpaszoBanusi Pecn. benapyces [u
ap.]; penkoi.: M.C. Cazonos [u ap.]. - Morunes: I'Y BIIO "benopyccko-Poccuiickuii
yausepcutet".-2005. - C. 80.



8. MMamepkun, K.A. IlporHosupoBaHue NOTpEeIIHOCTEN HUIMIIEBOrO Baja Ha
OCHOBE MOJICTTUPOBAHMS W aHaNM3a aeopManmii B TexHosornueckoi cucreme / K.A.
[anepxun, A.A. XKomoboB // Marepuansl, 000pyI0BaHHE U pecypcocOeperarorime
TEeXHOJOTHH: MaTepuaibl MEXKIyHap. Hayy.-TexH. KoH}., Morunes, 19-20 ampens
2007r.: B 3-x 4. Y.1 / M-Bo obpazoBanus Pecn. bemapyce [u ap.]; peaxon.: U.C.
CazonoB [u ap.]. — Morunes: I'Y BIIO "benopyccko-Poccuiickuii yHuBepcurter".—
2007.—-C. 102-103.

9. amsokuH, K.A. IIporHo3upoBaHre M TEXHOJOTMYECKOE OOECIEUECHHE
TOYHOCTH M3TOTOBJICHUS MPAMOOOYHBIX HITUIEBBIX coenunenuit / K.A. Ilanbpkun //
[IpoOneMbl MPOEKTUPOBAHUS W NPOU3ZBOJACTBA PATUOIIEKTPOHHBIX CPEICTB:
MaTepuaibl V MeXIyHap. Hayd.-TexH. KoH}. — HoBomonornk.: YO IIT'Y. — 2008.

10. Komnob6os, A.A.IIporHo3upoBaHre U TEXHOJOTHYECKOE OOeCTeYeHue
TOYHOCTU U3TOTOBJIEHUS MPSMOOOYHBIX HUIMLEBBIX NoBepxHOCcTEH / ALA. XKoma000B,
K.A. Hlanepkun // Marepuaiibl, 000py10BaHUE U pecypcocOeperaomue TeXHOIOTHH:
MaTepuaabl MEXIyHap. Hayd.-TexH. koH(}. B 3-x 4. H.1/ M-Bo_obpa3oBanus Pecm.
benapycy [u ap.]; pemkxon.. M.C. Cazonos/ [m. 1p.]. —.Morunes: I'Y BIIO
"benopyccko-Poccuiickuii yausepcurer". —2009, — C. 64—65.

Te3uchbL AOKIAT0B

11. IHamepxun, K.A. MojenmupoBaHue _.Iipolecca HUIMLEPpe3epOBaHUS
yepBsauHor ¢pesoin / K.A. JHamsokun,. A.A. XKonobos // HNuHpopmarmoHHbIE
TEXHOJIOTUU, JHEPreTHKa M. SKOHOMHKA: 'cO. Tp. V MEXper. Hayd.-T€XH. KOH(.
CTYJIEHTOB W acnupaHToB. — CmoseHck: ¢unuan 'OY BIIO «MOW» (TY) B T.
Cwmonencke. — 2008. =C.\141-145.

12. Mansrxun, -K.A. [IporaosupoBanue ynpyrux aedopmanuii 3aroToBKH IpH
nunnedpesepopanuu / K.A. lanspkun, A.A. XKomo6oB // MaTtepuaibl, TEXHOJIOTUU
1 000pyJI0BaHUE B MPOU3BOJCTBE, IKCILTYaTALMK, PEMOHTE U MOJIEPHU3AIIMN MAIIHH:
c0. Hay4. Tp. MEeXJIyHap:-Hay4.-TeXxH. KoH(]., B 3-x T. T.2 / M-Bo 00pa3oBanus Pecm.
benapycs [u ap.].~ HoBononouk: I1I'Y. —2009. — C. 282-285.

ITaTeHTnl
13> YerpoiicTBO aJisi KOHTPOJIs NUIMIEBBIX BajoB: mar. 2136, G 01B 3/00. /

M.®. | TlamkeBuy, A.A. Xomno6os, K.A. Iamepkun; ['YBIIO benopyccko-
Poccuiickuit ynuepcuteT. — Noeu 20050066; 3asB1. 14.02.2005; omy6:1. 30.09.2005.



PO3IOMD
HTAJIBDKXBIH KIPBUT AJIIKCEEBIY

3al0ecnsiHHE JaKIaaHACHI BbIpa0y NpaMadO4HbIX HLTINABBIX 3JIyYIHHAY HA
aCHOBE NMparHasipaBaHHs aNThIMAJIBHBIX IApaMeTPay TIXHAJATIYHAH CiCTIMBI

KarouaBbisi €/10BBI: IUTLABBIA 3JIyYdHHI, HUTIHA(pI3epaBaHHE, YapBIUHAS
¢bpa3a, KaapABIHATHBI KAHTPOJIIb, 300PHACIID 3TYUIHHSY .

A0’exTamM JAacjiefaBaHHS 3 SYIAIONIA TIXHAJIATIUHBIS CICTAMBI 1 TMPaICHI
dapmipaBaHHA NpPaMaOOYHBIX MUIILABBIX MABEPXHAY Baloy 1 300pKi MUTIABBIX
3IIyYDHHAY.

Mbraii pa6oTsl 3’synsera 3a0ecnssysHHEe TaKIaaHacIll Bblpady mpaMaboyHbIX
NUTIABBIX 3JIYYSHHSY HA AaCHOBE MparHaszipaBaHHS alThIMalbHBIX IApaMerpay
THXHAJIAT1yHaAl CICTAMBI IUIAXaM aHami3y 1 MaJIdTipaBaHHs TIXHAIATIYHBIX Tpandcay
BbIpaly IUTILABBIX NABEPXHSY BAJIOY 1 300PK1 3ITyUSHHAY .

PacnpanaBana 1 3KcHephIMEHTAJIbHA IpPaBEpaHa KOMIUIEKCHAsT METO/AbIKA
MparHasipaBaHHs JakjiaJHacli (popmayTBapIHHS-HUTIIABall HaBEPXHI, Ja3BaJAI0Uas
Ha 3Tane MpaeKTaBaHHs THXHAJOI1, Y KOXHBIM KaHKP3THBIM BbINAAKY, 3a05CIIeYBallb
nakianHacis (papmipyemail nuiinasail, nmaBepxHi. Ha, acHoBe YkazaHail MeETOJbIKI
CTBOpaHa MparpamMa IparHasipaBaHHs aakjagHaciii (opMayTBapsHHS HUTIIABAM
MaBEepXH1 YapBsiuHail ppa3ail.

PacmparniaBara MeToapIka ‘aldHKi 300pHACH] MUTIIaBara 3JIy9Id9HHS, Ja3BaJITr0dast
BBI3HAUBIIb MardbIMaclp /€ aXbIIIAYIEeHHS 1 aTpbIMalb KAHKPITHBISI 3HAYDHHI
3a30pay 1 Haugray na 60akax nurinay-y 3Jay4sHHi, a Takcama JiJisl TI0ObIX 1X 3HAUIHHSY
BBI3HAUBII[b 300pHACHbL NUIILABATa ~37TyYSHHS AJTANAY Y MOMAHT MPBIKIaJaHHS
Harpy3ki. PacmpailaBaHa MeTOJbIKa KamIeHcallbll XiOHacled (QyHKIbISHATBHBIX
MaBEepXHAY ILIiaBara 37Ty43HHs, 3aCHaBaHas Ha 1X pa3MEpPHBIM aHalli3e, 3 Janamoran
AKOM aTpbIMaHbl TaOJIIbIL TAMYIIYaJIbHBIX BEIIUbIHb CyMapHbIX X10HACHEW HITIABbIX
MaBEPXHSAY-JA3TANY;  3a05CIeUBa0OYbIX 300pHACHb 1 JAKJIaJHACLb LPHTPBIPABAHHS
CTaHAAPTHBIX 3ITYUIHHSY.

Pacnpanagana MetozpblKa aldHKI JaKJIaJHACLI NUTIIABBIX MaBEPXHIY HAa aCHOBE
KaapJplHaTHara merana maadiipaBaHHa. CTBOpaHa NpPbICTACaBaHHE JJII KaHTPOJIIO
IUTIaBai_MaBepXHI, SIKOE€ Malublpae (YyHKUbITHAIBHBISI MardybIMacli KaHTPOJIO 32
KOILT 3a0€CIIsUdHHS MardsIMacill aJHavyacoBara BBIMSPAHHS TayIIUbIHI, aaXxiJICHHS
az,. CIMETpBhIYHACLI 1 MapajeibHacIl LUTIA, Aro HAaKIpyHKY, a TakcaMma aJXuICHHS
npodis majgoyxanara csudHHs. BBIHIKI 1aciaeaaBaHHAY MOTYIb ObIllb BIKAPbICTAHBI
Ha TPaMbICIOBBIX MPAANPBIEMCTBAX IpPbl MpPaeKTaBaHHI TAIXHAJOTIA BbIpady 1
KAHTPOJIIO I3TAJIAY, a Takcama 300pKi MpaMaOOUHbIX ILTIIABBIX 3TYUIHHSY .



PE3IOME
HTAJIBDKWH KHPUJIJI AJIEKCEEBNY

Oobecneyenne TOYHOCTH U3TOTOBJIEHUSI MPAMOOOYHBIX HIIMLEBBIX
COeIMHEHMH HA OCHOBE MPOTHO3UPOBAHMS ONITUMAJIbHBIX IAPAMETPOB
TEXHOJOTHYeCKOH CUCTEMBI

KitoueBble c10Ba: NUIMIIEBBIE COCTUHEHUS, NUTUIIEGpE3EepOBaHUE, YePBAUHAS
bpe3a, KOOpAMHATHBIA KOHTPOJIb, COOMPAEMOCTh COSAMHEHU.

O0beKTOM HCCIeI0BAHUSA SIBISIIOTCS TEXHOJIOTMYECKUE CUCTEMBI U MPOLIECCHI
dbopMupoBaHusS TPAMOOOYHBIX MUIMLEBBIX TIOBEPXHOCTEH BajJOB MU COOpKHU
[UTAIEBBIX COCTUHEHUI.

Leabio padoThl SBISICTCS 0OSCIIEUeHUE TOYHOCTH H3TOTOBIIEHUS IPSIMOOOYHBIX
IUIMLEBbIX COEIMHEHU Ha OCHOBE MPOTHOZUPOBAHMS ONTHMAJIbHBIX TIApaMETPOB
TEXHOJOTMYECKOM  CHUCTEMBbl  IOCPEICTBOM  aHajM3a U < MOJCIUPOBAHMS
TE€XHOJOTMYECKHUX IPOLECCOB HM3rOTOBJICHUS LUIMHEBBIX IOBEPXHOCTEH BajoOB U
COOpPKHU COCTMHEHUH.

Pa3paboraHa u »SKCHEpPUMEHTAJbHO HPOBEpEHA KOMIUIEKCHAsI METOJIUKa
IPOTHO3UPOBAHUSI ~ TOYHOCTH  (POpMOOOpPA3OBaHUs ~UUIMIIEBOH  IOBEPXHOCTH,
MO3BOJIAIONIAS HA DJTale MPOCKTHPOBAHUS  TEXHONOTMH; B KaXKIOM KOHKPETHOM
ciydae, o0ecrednBaTh TOYHOCTH (hOpMUPYEMOIl IIIITUIEBOI moBepxHOCTH. Ha ocHOBE
YKa3aHHOM  METOJWKHA  CO37aHa » MpoTrpaMMa-.. IPOTHO3UPOBAHHS  TOYHOCTH
(hopmMo0Opa3oBaHus NUIMLIEBON TOBEPXHOCTU YEPBIYHON (Dpe3oi.

Pazpaborana wmeToauka »OHEHKH .COOMPAEMOCTH IUIMIIEBOTO COEAUHEHUS,
MO3BOJIAIOIIASA  OTPEICNIUTE", ‘BO3MOKHOCTh €€ OCYIIECTBICHUS U  TOJXYYHTH
KOHKpETHbIE 3HAYCHMsI  3a30pOB H. HATATOB HAa OOKOBBIX CTOpPOHaxX UUIMLEB B
COTPSDKEHMM, a TakkKe I JIHoOBIX MX 3HAUEHUH ONpeAesuTh COOMpaeMOCThb
IUIMIEBOTO COEOMHEeHMs] JIETaied Ipu MNpUIOKEHUH Harpy3ku. Pa3pabortana
METOJIMKa  KOMHEHCAlMU < IOrpeHIHOCTe  (PYHKIMOHAIBbHBIX  IOBEPXHOCTEH
[UIMIEBOTO. COCAUHEHMsI, " OCHOBaHHAsi Ha WX pa3MEpPHOM aHajHu3e, C IOMOIIbIO
KOTOpOM ' OJIyueHbl TAONMIIbl JTOMYCTUMBIX BEJIMYMH CYMMapHBIX MOTPEIIHOCTEN
IUIMLEBbIX TIOBEpXHOCTEH neTasiell, obecrneunBaromux coOupaeMoCTh U TOYHOCTb
[EHTPUPOBAHUSL CTAHAAPTHBIX COCTMHEHHIA.

Pa3paboraHa MeToIMKa OIIEHKH TOYHOCTHU IIJIUIIEBBIX MOBEPXHOCTEH HA OCHOBE
KOOPJMHATHOTO MeToaa MojenupoBanus. Co3qaHO MPUCTIOCOOICHNE TSI KOHTPOJIS
[UTAIIEBON MOBEPXHOCTH, pacimpsitoiiee GyHKIINOHATIBHBIE BO3MOKHOCTH KOHTPOJIS
3a CY€T " oOecreueHns BO3MOXHOCTH OJHOBPEMEHHOTO H3MEPEHHS TOJIIHUHEI,
OTKJIOHCHHSI OT CHMMETPUYHOCTH W MapaUIebHOCTH IUIMIIA, €r0 HaIlpaBJICHUs, a
TAK)K€ OTKJIOHEHHUS NpOoGMiIsl MPOIOJIBHOTO Ce4eHHUs. Pe3ynbTarhl HCCiIeI0BaHHMA
MOTYT  OBITh  WCIOJB30BaHBl HA  MPOMBINUIICHHBIX  MPEANPUITHSIX  MPU
MPOEKTUPOBAHUM TEXHOJOTUI M3TOTOBJICHUS U KOHTPOJS JAeTajeil, a Takke cOOpKU
NPSIMOOOYHBIX IITUIEBBIX COCIMHEHU.
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Shalyzhin Kirill Alekseevich

Assurance of accuracy of manufacturing straight-spline connections based on
forecasting optimum parameters of the technological system

Key words: spline connections, spline milling, hobbing cutter, coordinate
control, joint assemblability.

Subjects of inquiry are technological systems and formation processes. of
straight-spline surfaces of shafts and assembly of spline connections:

The purpose of the work is assurance of accuracy of manufacturing straight-
spline connections based on forecasting optimum parameters. of* the technological
system by means of analysis and modeling of industrial processes of spline surfaces
of shafts and junction assembling.

The complex prediction technique of forecasting accuracy of spline surface
forming has been developed and experimentally tested. It makes it possible to assure
accuracy of the spline surface being shaped in each case on the technology projecting
stage. The program of accuracy forecasting of spline surface forming by the hobbing
cutter has been based on the given method.

The method of assemblability«estimation ~of “spline connection has been
developed. It makes it possible to estimate its occurrence and get specific gap value
and tightness on side faces of splines and to test.assemblability of spline connection
of parts for different values at load. The methed of error compensation of functional
surfaces of spline connection. which is based on dimensional analysis has been
developed. With its help-tables of allowable magnitudes of error of spline surfaces of
parts have been created. They made it possible to ensure assemblability and centering
accuracy of standard connections.

The method. of accuracy estimate of spline surfaces based on coordinate
simulation method has been’developed. The device for spline surface control which
broadens’ control functionalities at the expense of ensuring simultaneous thickness
gauging, noensymmetry.and nonparallelism of the spline, its direction and profile
deviation of the Jdongitudinal section. The results of the research can be used on
industrial enterprises at designing the manufacturing and control technique of parts,
assemblage of straight-spline connections.
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