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Bauanue napamempoe eudpayuonnoi 0opadbomku
Ha Wepoxoeamocmsy na10CKUX KOiKoe
Yupkoe M.U., TI'yces B.A.,
Kocmpomckoi 2ocyoapcmeennulii mexnonocuuecKuii yHueepcumem

B cmamve npe@cmaeﬂeubl pesyibmame meopeMmudeCcKux U IKCnepumMeHmailbHblx UCCNIe008AHUNL NO OYEHKE
GIUAHUS PENCUMOB 6u6poo6pa60mi<u HA KayecmeeHHnvle noxkasameiu nioCKUx KOJKO06, UCNOIb3YemMblx onst

PA360JI0KHEHUA MEKCMUNbHBIX 0mx0008 Ha PA36ONOKHAIOWUX MAULURAX.

Ha ocHOBaHMM  SKCMEepUMEHTamnbHbIX  UCCNedOBaHUA  HaMuW  YCTaHOBIIEHO,  4TO
LLepoXxoBaTOCTb MOBEPXHOCTU Ra paboynx 3nNeMeHTOB TEXHOMOMMYeCKOW OCHACTKM (KOSKOB)
obopynoBaHus gna nepepaboTkn BTOPUYHBIX MaTepuanbHbiX pecypcoB (BMP), okasbiBaeT
CyLLeCTBEHHOe BIMUsHWE Ha rMpouecc paspaboTkM Martepuana, a MMEHHO Ha Ko3dduUMEeHT

pa3BOSIOKHEHUS - K),.
B HacTosillee Bpems B OTAEMOYHOM MPOU3BOACTBE MPEANPUATUN PasnUYHbIX oTpacnen

OTeYeCTBEHHOM M 3apybeXHON MPOMBILLIIEHHOCTU LUMPOKOE pacrnpoCTpPaHeHne Mosyyunn npouecc
BMOpaumoHHon obpaboTkn ogHOTUMHBLIX M3denun (BuO), KOTOpPLIM OCYLLEeCTBNSAETCH Ha CTaHKax
Ansa BmbpaumoHHon obpaboTkm gebanaHcHoro Tuna ¢ U- obpasHon unu KonbLeBown (TOPOWAHOW)

Kamepou.
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Puc. 1. Cxema konebatenbHoOn cucteMbl BUBpOYCTaHOBKN



Paboyas kamepa TakoW YCTaHOBKM ONMpPaeTCs Ha CTanbHble UUINMHAPUYECKUE MPY>KUHbI,
pacnonoXeHHbIe MO OKPYXXHOCTU OCHOBaHWSA BUOpauMOHHOW ycTaHoBKW. log kamepown, BOoonb ee
BHYTPEHHEN 4acTu (ropnoBuHbI), pacnonoxeH BubpaTop ¢ ABymsA gebanaHCHbIMK rpy3amm Ha
Bany. BepTtukanbHas ocb pabouyen kamepbl (TOPOMAHOrO KomnbLa) U OCb Bana BubpaTtopa
COBMELLEHbl, MyTeM pPerynvpoBaHns yrrna caBura BEpXHEro U HWXKHEro rpysoB [ocTUraeTcs
n3MeHeHne amnnutyabl konebaHui COOTBETCTBEHHO B T[OPWU3OHTanbHOM W  BepPTUKarbHOM
HanpaBneHunsix. Bo Bpems paboTbl yCTAHOBKM BepXHW HecbanmaHCMPOBAHHLIA IPy3 Bbl3biBaeT
konebaHMsa B ropM3oHTanbHOW NAOCKOCTU (MO OKPY>KHOCTW), Toraa Kak bonee TxXenbin HUKHUA rpy3
co3gaeT BepTuKanbHble konebaHus. B pesynbraTe BO3HUKAOT NPOCTPAHCTBEHHbIE KonebaHus, noa
OENCTBMEM KOTOPbIX YacTuubl paboden cpenbl U obpabaTbiBaeMble geTann nepemeLLarTcs Mo
HernpepbLIBHOW CrvpanbHON TpaeKkTopuu BOKPYr OCW Komnbua paboden kamepbl. Takas ¢opma
paboyen kamepbl cnocobGCTBYeT nydwlemMy pacnpefeneHuio getanen B paboden cpefe, 4UTO
NoBbILLAET PaBHOMEPHOCTb U KayecTBO X 06paboTku.

LLlepoxoBaToCTbl0 MOBEPXHOCTU AeTanen B npouecce BuMO MOXHO ynpaBnsaATb 3a cyeT
N3MEHEHNS] PEXMMOB, KOTopble OOycnoBneHbl AByMs baktopamm — aMmnnuTygon U 4acToTown
konebaHumn paboyen kamepbl. Hanbonee cylecTBEHHbIE N3MEHEHMWS LLEPOXOBATOCTM MOBEPXHOCTU
aeTtanen NponCXoasT Npy BapbMpPOBaHUU BENUYNMHOM aMnnuTyabl konebanui — A.[1].

3agaden AMHamMmM4ecKkoro pacyeTa ABnseTcs BblOOp TakMx NapaMeTpoB YCTAaHOBKW, KOTOPbIE
obecneymBaloT HEOOXOANMYIO aMNIUTYAY M YacToTy konebaHuin paboyern kamepsbl.

[ns ynpolieHnsa cocTtaBneHns pacyeTHON CxemMbl OAHOMACCOBOM konebaTenbHow CUcTeMbl
(pnc.1.) npumem psa AonyLeHUn:

1. XapakTtep OBMXEHUsI — rapMOHUYecKme konebaHus;
2. XKecTkoCTU cBA3eN paBHbI Mexay COBOoRn, MX pacrnofnioXeHne CUMMETPUYHO OTHOCUTESTbHO OCU
paboyen Kamepbl U BCEN KOHCTPYKLNN;
3. LleHTp TskecTn BCen CUCTEMBI PacrnonoXeH Ha BepTUKaNbHOW OCK KaMepbl;
4. Ocb BpalleHus gebanaHcoB COBNagaeT C OCbo CUMMETPUN paboyein Kamepsbl.
5. BnuaHnem rupockonudeckoro acbdekra npeHebperaem.
KonebatenbHasa cuctema obpasoBaHa TefioM Maccbl M 1 ynpyrumn aneMmeHTamm nogBecku

(puc.1), n3obpaxeHHbIMU B BuAe napannefnbHo coeduHeHHbiXx npyxuH C,,C,, aKBMBaneHTHas

n3rnbHas >KeCTKOCTb KOTOpPbIX C Cawy npu nocrtynatelibHbIX nepemMeleHnax, co3gaet

Ok x ?

BOCCTaHaBMMBAlOLLYIO cuny, NponopumoHanbHyto nx gedopmaumm C,  x, Ca,wyy. KonebaTtenbHas

Dké x
cucTeMa MOXeT coBepLuaTb NOCTynaTenbHble NepeMeLLeHNst X, y B MNOCKOCTU xoy W yrnosble 6,&
BOKpPYr ocen x, ).

OKBMBaNeHTHas oceBas >XECTKOCTb YMNpPYrmx 3NeMeHTOB, Mpu YrNoBbiX MNepeMeLLeHnsax
BOKpYr oce x,)y cooTBeTCcTBeHHO Oyaet C (pnc.1). BosbyxaeHne konebaTtenbHOW CUCTEMBI

Okez *
ocywectensietcs aebanaHcHbiM BubpaTtopoM ¢ AByms gebanaHcamu, macca U 9KCLEHTPUCUTETHI
KOTOPbIX paBHbl COOTBETCTBEHHO m,F,,m, 7, . YINOBas CKOPOCTb BpalleHus Bana gebanaHca @ .
PaccTosHne oT BepxHero u HmxHero aebanaHcoB 4O LeHTpa Macc konebaTenbHom cucTembl
O COOTBETCTBEHHO paBHbl ¢ N d . PacctosHue oT 1.0 A0 NMOCKOCTU, B KOTOPOMW PaCnosiOXeHbI
TOYKM nogseca paboyen kameptl, - a . MNpu pabote Bubpatopa gebanaHckl co34aloT BpaLLaloLmecs

BO3MyLIAOWME  CUNbl Mm@, m,7,@°, W BpalalolMecs  BO3MYyLLAIOWME  MOMEHTbI
mrnw'e,mr,0’d. J, J, - NpUBEdEHHblE MOMEHTbl WHEepUMM OTHOCUTESIbHO OCeil  X,y.
Bocnonb3yemcss OBymsi cucTemamMy KoopauHaT — HEMOABWXKHOM Xxyz, W MoABwxkHOW x'y'z'.

[MomecTM Ha4dano HenoaBWXHOW CUCTEMbI KoopanMHaTt Xxyz B UEeHTpe MaccC konebatenbHon
CUCTEeMbl B MNMOJNOXKeHNEe ee CTaTUu4eCKOro paBHOBECUA Ha yNpyrux cBA3AX, HanpasmB OCUM X U y B

HanpaBneHnn 3KCTpeMalbHbIX 3HAYEHNN UX KECTKOCTU, a OCb z nepneHankKynapHO MJIOCKOCTU
Xoy . Havano nogBm»KHOM CMCTEMbl COBMECTUM C OCblO BpaLleHunA pebanaHcoB, T.0. 4YTOObI OHa

coBnagana Cc OCbio z .

Onpep,enMB noTeHumnanbHytO II n KMHEeTUN4YeCKyto T SHEepru paCCManMBaeMOIZ
konebaTenbHON CUCTEMBbI U ncnonb3ys YpaBHEHUA J'IarpaH>|<a, nonyynMm JnumHeapun3oBaHHYHO



cuctemy audppepeHumanbHblix ypaBHeHui (1), KoTopasa no3sosiieT NpoaHanM3npoBaTh ABWMXKEHUS
konebaTenbHOM CUCTEMbI HAa XONOCTOM XoAy (B OTCYTCTBUE paboymx CONPOTUBIIEHNNA).

n
Mx + ZC@K@X X = m1@° cosot + m,r,m° cos(wt + )
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Cuctema pguddepeHumanbHblx ypaBHeHuA (1) npeactaensieT cobon cuctemy C
NOCTOSIHHLIMW  KO3PPMLUMEHTAMKN, pELUEHNE KOTOPOM MOXeT ObiTb HangeHo CTaHOapTHbIMU
MeToAaMMm.

Llenbto gaHHOM paboTbl SIBNSNOCH YCTaHOBMEHWE 3aBUCUMOCTM LLUEPOXOBATOCTU MITOCKUX
KONMKOB Pa3BOSIOKHAKLWMX MalWH OT napamMeTpoB BUOPooO6paboTkn, a WMMEHHO: 4acToThbl
NPMBOAHOIO ABMratens u yrna mexay gebanaHcamy. SKkCnepuMeHTbl TPOBOAMNUCH B nabopatopum
kacdbegpbl TXOM n TC KITY Ha HeaBTOMaTu3MpoBaHHOW BUOPALMOHHOM YyCTaHOBKE oO6LLero
HasHayeHunst mogenu YBI-70, B KOHCTPYKUMIO KOTOPOWM ObiNM BHECEHbI U3MEHEHWsI, NO3BONALIME
GeccTyneHyaTo perynMpoBaTb 4YacTOTy BpalleHus anekTpoaBuratens 3a cyeT MCMoNb30BaHUs
npusoga J3lMY2-1-271E ¢ TupuctopHbiM ynpasneHnem. BO3MOXHOCTb YCTaHOBKMA Yyria mexay
aebanaHcamn NnpegycMoTpeHa KOHCTPYKLUMEN YCTaHOBKM (puUc.2.).

Puc.2. 3kcnepumeHTaibHanA BUBPOLIMOHHAA YCTAHOBKA

IOna  ykasaHHOW Ha  puc.2.  3KCMEpMMEHTanNbHOM  YCTaHOBKM  ObiNnn  HaWgeHbl
MaCCOUHEPLMOHHbIE N XECTKOCTHbIE XapaKTepuUCTUKM KonebaTenbHOW CUCTeMbl B LENIOM U ee
9MNEeMeHTOB, MOCTPOEHbl 3-X MepHble MoAenu OTAenbHbIX AeTanen u ux cbopka (puc.3), 4To
No3BOMsieT TEOPETUYECKN NCCNeaoBaTb ANHaMMYECKYI0 Moaenb konebatenbHon cuctemsl (1).



Puc.3. 3-D mogenb BMOpaLMOHHOM 3KCNepMMEHTanbHOM YCTaHOBKM
1-paboyasn kamepa, 2-UMnMHapuUYecKkme NpyxuHol, 3-subpaTop; 4-aebanaHcHble rpysbl.

OKCnepMMeHTbl NPOBOAWMMCE C UCMNOMb30BaHMEM MNMOckMx KonkoB npoussoactea OAO
«KpacHas MaeBka», nocne TepmoobpaboTkn, KOTOpble He noaBepranucb  UHULLHOMY
NONMPOBaHNIO B ranToBoYHbIX GapabaHax. Konku obpabaTbiBanucb B BMOpPaLMOHHOW YyCTaHOBKE
(pnc.2.) npy pasnuyHbIX YacToTax MPUBOOHOrO ABuratens v yrnax mexay aebanaHcamu. Bcero
npoBeaeHo 35 ONbITOB : NPU CEMMU 3HAYEHUSAX YaCTOT BpaLLEHMs NMPUMBOAHOMO 3NeKkTpoaBuraTtensa oT
1500 MuH" go 4250 MuH ', Ana nNATM 3HauveHwit yrnoB Mexay aebanancamu: 0° .....180°. O6bem
napTun KONKOB B KaxaoMm onbiTe coctasnan 30wT, Bpemsa o6paboTtkm 60 muH. B kavectBe abpasvsa
ncnonb3oBarncsa kapoua KpemMHUs YepHbin ¢ 3epHucTocTbio 500...1000 mMkm (puc.4.).

Puc.4. QkcnepyMeHTanbHble nccnegoBaHWs BIUSHUS NapamMeTpoB
BMOpPOOOPaboTKM Ha LLEPOXOBATOCTb KOSIKOB

M3mepeHuve LepoxoBaTOCT NOBEPXHOCT 06paboTaHHbIX AeTanen Npon3BoaunIocCs No NATU
obpasuyam Ha npodunometpe MarSurf PS1 (puc.5), 3HayeHuss KOTOpbIX 3aTeM YCpPeaHANUChH.
Mpodunometp MarSurf PS1 ¢ onopHbIM gaTtynkoM siBNseTcst yaoOHbIM B SKcnnyataumMm npubdopom
ANS U3MEPEHUI LLEPOXOBATOCTU B YCNOBUAX NPOM3BOACTBA.



Puc. 5. Mpodwunometp MarSurf PS1 (Mahr GmbH)

[nana3oH wun3mepeHnsa 6Gnarogaps wHAMBUAyanbHOMY npeobpas3oBaTento cocTaenseT
makcumym 350 MkM. Bnarogapsi BCTpoeHHOMY nNpyBoAY NepemMeLleHnst AaTynka n3aMepeHnst Bo BCex
nonoxeHuax npuvbopa BO3MOXHO 6e3 noTepu BpemMeHW Ha noarotoBky. MakcumanbHas gnvHa
TpaccupoBaHus coctasnset 17,5 mMm. Kpome BO3MOXHOCTM Bblbopa HeobXxoouMMbIX OoTcevek Lara
onepartopom, B npubope ecTb pexum aBTomaTudeckoro Bblibopa otcevku wara. [encreme npubopa
OCHOBaHO Ha MpuHUMNE OLyNblBaHWA HEPOBHOCTEN MOBEPXHOCTU ariMasHom Wrnon wu
npeobpa3oBaHMs BO3HMKAKOLWMX MPU ITOM MexaHuyeckux korebaHun wyna (C MNOMOLLbIO
WHOYKTUBHOIO MNEPBUYHOrO npeobpasoBaTens) B WM3MEHEHUS HanpsikeHWs, nponopuMoHaribHble
3TMM KonebaHusMm, KoTopble YCUNUBAKTCA M NpeobpasytoTcs SneKTPOHHbIM Briokom. [pubop
cnocobeH 3anomuHatb pesdynbtaTthl 20000 namepenunii n 15 sanmncen npodpuns. MarSurf PS1 MoxHO
noaknoyaTb HenocpencTBeHHO K komnbloTepy vepe3s USB nopt. OH BocnpuHumaeTtcsa kak USB-
MoAynb NamaTy U pacno3HaeTtcs 6e3 Aparsepa. Takum 06pa3om, MOXHO NepPeHOCUTb pesynbTaThl
n3mMepeHun n npodunn B KOMMbKOTEP, 4YTOObI Hanpumep, aHanuM3MpoBaTb WX C MOMOLLbIO
nporpammbl  oueHkMMarSurf  (puc.6). PacwupeHHble BO3MOXHOCTU MpoOrpaMmbl  MO3BOMSIOT
OCYLLECTBUTb rMbKoe ynpasreHne 1 AoKyMeHTanbHoe 0hopMIieHNe pe3ynbLTaToB U3MEPEHNN.

MarSurf PS1 Explorer [V1.00-10] %]
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Puc. 6 NHtepdeinc nporpammel MarSurf PS1 (Mahr GmbH)

Ha ocHoBaHuUWM npoBedeHHbIX WccrefoBaHu 6Obinyv  MOMyYeHbl rpadukn  3aBUCUMOCTHU
LLIEpOXOBATOCTU MfIOCKMX KOJSIKOB OT MapameTpoB BUBpoobpaboTkm (puc. 7.) nm noctpoeHa 3-X
MepHasa mogens (puc.8.).
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Puc. 8. 3aBucUMOCTb 1IEPOXOBATOCTH MOBEPXHOCTH IJIOCKUX KOJIKOB Ra 0T yacToThI

BpallleHUs] IPUBOJIHOTO BaJla U yIjla MeX1y JedanaHncaMu



Ha ocHoBaHuK pe3ynbTaTtoB NpoBeaeHHbIX nccrnegoBaHuii MOXHO caenaTtb cnepyrowme BbiBOObI:

2.

BunbpaunoHHasa obpaboTka getanen aBnseTcs COBPEMEHHbIM U MEPCNEKTUBHBIM CNOCOOOM
obpaboTkm peTaner TEKCTUINbHOIO Ha3HadeHusl, KoTopasi no3BonseT AobueaTbes
pasnMyHOro KadecTtBea noBepxHOCTU obOpabaTbiBaemblX fetanen, nytem nogbopa
COOTBETCTBYHOLLMX TEXHOJOMMYECKUX NapameTpoB 06opyaoBaHuS.
YCTaHOBMNEHO, YTO LUEPOXOBATOCTb MOBEPXHOCTU OAHOTUMHBLIX AeTanen  (KONKoB)
CYLLIECTBEHHO 3aBMCUT OT NapameTpoB paboTbl BMOPOYCTAHOBKM, @ MMEHHO: OT 4acToTbl
BO3MYyLLAKOLLEN cunbl 1 yrna mexay aebanaHcamu.
PaspabotaHa maTemaTuyeckas MoAeNb, OnMUChbIBalOWas OBWXKeHMs pabouven kamepbl B
3aBMCUMOCTM OT 3aJaHHbIX MNapamMeTpoB, YTO MO3BONMSIET TEOpPEeTMYECKM uccrenoBaTb
MPOLLECC N YyCTaHOBUTb ONTMMarbHbIE peXxumbl 06paboTkn C Lenbio nonyvyeHnsa Tpebyemon
LLIEPOXOBATOCTN MOBEPXHOCTW.
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