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HCCJIIEJOBAHUE KHHEMATHUYE CKUX OCOBEHHOCTEM
MHOT'OHOMEHKJIATYPHbBIX POTOPHbIX MAIIINH

Bynenxkos E. A., Yoknaauii U. B. (xageopa TM, [JonHTY, 2. [loneyx, Ykpauna)

[IpumeHeHne MHOTOHOMEHKJIATYPHBIX POTOPHBIX CUCTEM JUJII U3TOTOBJIEHUS pas3-
JUYHBIX U3JEJIMM ABISETCA INMEepPCIEKTHBHBIM IyTEM aBTOMAaTH3aluu IpousBojcTBa [l1].
OpHako HOBbIE MHOTOHOMEHKJIATypHBIE POTOPHBIE CHUCTEMBI O00JAalOT CTPYKTYypPHO-
(GYHKIHOHATBHBIMUA 0COOCHHOCTSIMU [2, 3], KOTOpPbIE CYIIECTBEHHO YCIOXXHAIOT MPUMEHE-
HUE JUI1 UX CO3/1aHUSl U3BECTHBIX METOAMK NpoekTupoBanus [4]. OObequHEHUE TPYIIIIBI
CEpUUHBIX MPOU3BOJACTB JAJI M3TOTOBJIEHUS W3AEIUN HA MHOTOHOMEHKJATYypHBIX POTOp-
HBIX CHCTE€Max IO3BOJISIET C OJHON CTOPOHBI 00ecneuyuTh TpeOyeMylo 3arpy3Ky AaHHBIX
CHUCTEM, HO C JIPYTOMl CTOPOHBI U3TOTOBJIEHUE TPYIIbl U3IEINN B KaKJ0M MHOTOHOMEHK-
JaTypHOU paboyeil MO3UIIMU MPUBOIUT K YBEIUYCHUIO KOHCTPYKTUBHON CJIOKHOCTH BCEH
cuctembl. Pa3paborka oOmieii MEeToauKHu CO3JaHUsl HOBBIX BBICOKOA()(EKTUBHBIX MHOTO-
HOMEHKJIATYPHBIX POTOPHBIX CHUCTEM TO3BOJIMT YUYECTh MX CTPYKTYpPHO-(YHKIHOHAIBHBIE
0COOEHHOCTH M OOOCHOBAHHO DEIIATh BOMPOCHI CHUKEHUS KOHCTPYKTUBHOM CIIOMKHOCTHU
JTAHHBIX CHCTEM.

MHOTOHOMEHK/IATVPHEIF —— Ha puc. 1 msobpaxena
HHCTPYMEHTA/TBHEIT ) cXeMa MHOTOHOMEHKJIATypPHOHU

BIoK  ~ portopHoi#t Mammmubl Tpi, oGec-
nevyuBammeir  00paboTKy He-
CKOJIBKMX M3IEIUU B KaKIOU
paboueit nozunmu. Ilpu aTom Ha
PUCYHKE HW300pakeHbI YETHIpE
MHOTOHOMEHKJIATypHBIX ~ HHCT-
PYMEHTAJIbHBIX OJIOKa, B Kax-
JIOM U3 KOTOPBIX pacrojararoT-
csl MHCTpyMEHTajbHble Oapada-
HBI, COJEpXKallue II0 YEeTbIpe
----- S Sttt Kt =t : nHcrtpymenra. [Ipu oGpabotke,
u3enusl MOCTYMalT U3 TpaHC-
noptHoro poropa TpP1 u o6pa-
0aTbIBalOTCSI B MHOTOHOMEHK-
JaTYpHOM HMHCTPYMEHTAJIbHOM
0JI0KE OJTHUM U3 UHCTPYMEHTOB.
[Tocne 3aBepuieHUs TEXHOJIOTH-
YECKOTO LKA 00pabOTKU M3MEeNus MepeaaroTcs B TpaHCopTHEIN poTop TpP2, a 3a Bpe-
Msl XOJIOCTOTO XOJla B MHOTOHOMEHKJIATYpHOM HHCTPYMEHTAJIbHOM OJIOKE MPOUCXOJUT
3aMeHa MHCTPyMEHTa AJsl 00paboTKH u3/eaus ApYyTrod HOMEHKJIATyphl IOBOPOTOM HMHCT-
pYMEHTallbHOTO OapabaHa.

KoncTpykTuBHas CI0KHOCTh MHOTOHOMEHKJIATYPHBIX poTOpHbIX MamuH (MPM) on-
penensieTcsi He00X0IUMOCTHIO 00pabOTKM OOJIBIIOTO KOJIMYECTBA M3/EUNA Ha MAIlIMHAaX C He-
OOJIBILIMM YHCJIOM MHOTOHOMEHKJIATYypPHBIX pabodux no3uuumil. B cBs3u ¢ 3TuM, nmapamerpsl
KUHEMAaTHKU OyJyT pa3iIMYHbIMU JJIS Pa3IMYHbIX COOTHOLICHUN YHCiia TUTIOPA3MEPOB U3Jie-
i 1 gyucna pabounx no3uiuid. Cienyer OTMETHUTh, YTO YMCIO MHCTPYMEHTOB B KaXKIOi
MHOTOHOMEHKJIaTYpHOH pabouell MO3UIMK ONpeIesieTcsl IPU aHaJIu3e napaMeTpoB Maplipy-

Puc. 1. Cxema MHOTOHOMEHKIATypHOMI
POTOPHOM MaIlIWHBI
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TU3AIMU u3enuil. B cBs3u ¢ 3TUM, BpeMsi pab0oThl MHOTOHOMEHKJIATY PHBIX Pa0OUYNX MO3UIHNA
Ut pa3nuaHelx MPM Oyzaer pa3nuuHbIM.

YuurteiBast CTpyKTYpHO-(pyHKIIMOHaNBHBIE ocoOeHHOCTH MPM, UX CTpyKTypa KuHE-
MAaTHUKHU KPOME BPEMEHM KMHEMATUYECKOIo IUKIa Ty, MpUCyIero BCeM pOTOPHBIM MalllMHaM,
OyZeT BKIIIOYaTh BpeMs LIMKJIA TUNOpasMepoB usnenuil Tz, u Bpemsa uukiaa MPM Ty, (puc.
2). Ilpu 5TOM BpeMs IHKIIa TUIIOPA3MEPOB OTOOpakaeT BpeMsi, HeoOXoumMoe Jijisi 00paboTKu
BCEX THUIIOpPa3MepoB m3nenuii Ha nanHod MPM, a Bpems nuxina MPM nokaseiBaer Bpems, B
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Puc. 2. CtpykTypa KHHEMaTUKA MHOTOHOMEHKJIATypHOU paboueil nmo3uimu

TEYEHUE KOTOPOI0 BCE MHOTOHOMEHKIaTypHble pabouue noszunmu (Uy) i-f MPM nmpumyT
yyactue B o0paboTtke muznenuil. Ciaenyer OTMETHTh, YTO BpEMsI KHHEMAaTHUeCKOTO 1ukia Ty B
JAHHOM CIly4yae YKa3aHOo JJIsl KaKI0W MHOTOHOMEHKIATypPHOU paboueil Mmo3uimu, B CBSI3H C

T

4yeM BO BpeMeHHU 1iukiaa MPM oHO cMenaeTcs Ha BEIMYUHY Up .
p1

B crpykrypy kunematrku MPM BXoauT BpeMs mukiia paboueit mo3unuu Ty, mokasbl-
BalOLIEEe BpEMs, IO MCTEYEHUU KOTOPOTO CTPYKTYpPHBIE 3JEMEHTHI MHOTOHOMEHKJIATYyPHOU
paboueil mo3uLuK BO3BPAIIAIOTCS B UCXOAHOE MoJiokeHue (puc. 2). [lpu 3Tom B CTpyKType
[IUKJIa KQKAOTO CTPYKTYPHOTO 3JIEMEHTa MHOTOHOMEHKJIATYpPHOU pabodeil MO3UIiK PUCYT-
CTByeT Bpemsi 3arpy3ku m3aenus t; (1), Bpems o0paboTku m3nenus t; (2), BpeMs BBITPY3KHU
uznenus t3 (3), Bpemsi CMEHbl CTPYKTYpHOTO 3yieMeHTa ty (4). Bpems oOciyxuBaHUs CTPYK-
TYpHOIO 3JieMeHTa t5 (5) HE BXOAUT B CTPYKTYpPY LMKIA KaXKAOTO CTPYKTypPHOIO 3JIEMEHTa
MHOTOHOMEHKJIaTYpHOH pabouell mo3uuuu, Tak Kak OOCIy)KUBaHHE OCYILECTBIISIETCS IMOCIE
3aBeplIeHHus 00paboTKU. B cocTaB CTpyKTYpHOro 3J€MEHTa BXOJAT JIEMEHTHI, CBA3aHHbIE C
MHCTPYMEHTOM U MPUCNIOCOOJICHUEM, NTPEAHA3HAYEHHBIE I OTAENBHBIX THUIIOPa3MEpPOB U3-
JIETINH.

Paccmorpum napamerpsl kunematuku MPM.

Bpewms mxina MPM onpenenseTcs 1o BeIpaKEHUIO

Ty, =U,T,.
AHaJOTUYHO HAXOJIUTCS BpeMs IMKJIA TUIIOPA3MEPOB W3/ICITHIA:
T, =Zo-T,.

Bpems nukia pabouei mo3uium pacCYMTHIBAETCS C YUETOM KOJIMYECTBA PACIIONIOKEH-
HBIX B MHOTOHOMEHKJIATYpHOM paboueil HO3UIMU CTPYKTYPHBIX 3JIEMEHTOB IO (popMyJie



HHKEHEP, Ne 12, 2011 1.
ABTOMATH3AIIHA B MAIMIHHOCTPOEHHH

T, =V, Ty.

IIpu »ToM BpeMs IMKJIA CTPYKTYPHOTO 3JI€MEHTa MHOTOHOMEHKJIATYPHOI pabodei
HO3UIIMH COCTOUT U3 HECKOIIBKUX ITapaMeTPOB:

T, =t,+t,+1;+1,.

B kadecTBe momymieHHs, HA HaYaIbHOM dTamne mpoekTupoBanus MPM g ymporre-
HIISI pac4eTOB MOKHO IIPUHATE 1, ~ 1, . Torna selpakeHne UL ONpeNeNeHs BpeMeHH LIIK-
1a pabodeil MO3HIH MOKHO IPEICTABUTh B TAKOM BHIIE

y- :Vz,-p T

BaxHoe mpakTHyeckoe 3HaYeHHEe HMeeT BpeMs OOCIYKHBAaHUS CTPYKTYPHOTO 3lle-

MeHTa MHOTOHOMEHKIIaTypHOIT paboueil Mo3HIINHI, KOTOpOoe HaXOAUTCS 10 GpopMyIie
t, =T, —TU:V@-T,C -7, :Tk-(V@—l). (1)

[Ipu 3TOM 3aBuCHMOCTh BpeMeHH IukiIa MPM oT BpeMeHHN mukia padodeil MO3HIIH

OMHCHIBAETCS BBIPAKEHIEM
.
Up
AHAJIOTHYHO HAXOIUTCS 3aBHCHMOCTh BPEMEHH IHKJIA TUIIOPAa3MEPOB H3AENIl OT
BpeMeHH IIKJIa pabodeil MO3HIIN
Zo
Ty = v
Up

Taxum oGpasom, mpeUIoKeHHAS MeTOANKA [TO3BOJISET PACCYNTATh KHHEMATHYECKHE
napaMmeTpsl MPM 1 onpeensieT COOTHOIIEHUS MEKIY HUMI.

Crnenyer OTMeTHTb, YTO Onarofapsi CTPYKTYpHO-OYHKIIMOHATbHBIM OCOOEHHOCTSIM
HOBBIX MPM, B CIPYKType HX KHHEMATHKH BpeMs OOCITY:KHBAHUS CTPYKTYPHBIX 3IIEMEHTOB
MHOTOHOMEHKJIATYPHBIX pa00YNX MO3HINII CYIIECTBEHHO MPEBBIIIAET aHAJIOTHIHOE BpeMs B
MHOTOHOMEHKJIATY PHBIX POTOPHBIX MAlIHHAX, B KOTOPBIX 00padaTsiBaeTcs M0 OOHOMY H3/ie-
T B KaKIOH padoueil mosuuu. MHCTpYMEHTHI U mpucnocoOieHns B HoBbIX MPM o0ciy-
KuBaroTcs 6osee 3(heKTHBHO, YTO MOBBINIAET UX PabOTOCTIOCOOHOCTh U OIArOMpHITHO CKa-
3BIBa€TCS HA Ka4ecTBe MONTyd4aeMbIX m3lenmil. [Ipn 3ToM, ¢ yBennmdeHneM 4Yiciia HHCTPYMEeH-
TOB B Ka/K[IOIl MHOTOHOMEHKJIATYPHOIl padodell MO3HINN BpeMs OOCITy:KHBaHIS HX CTPYK-

TYpPHBIX 31eMeHTOB (hopMyna 1) yBemmunBaetcs (puc. 3). JlaHHOe 0GCTOATENHCTBO MO3BOIUT

Y EH|

VU = &

T, . MHH

Puc. 3. 3aBHCHMOCTB BPpECMCHH OGCHY}KI'IBEIHH_H OT BpCMCHH
KHHECMaTHYECKOI'O IITKIIa
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pean3oBath Tpedyemoe BpeMst 00CTyKHUBAHUS MHCTPYMEHTOB W MPUCIIOCOOJIECHHIA NpU pas-
paboTKe TPYNMOBBIX TEXHOJIOTMYECKUX MPOIECCOB M3TOTOBJICHHS M3JENUI U NPU CTPYKTYp-
HOM cuHTe3e MPM.

Crnenyer OTMETUTh, YTO HCCIEJOBAHUE OCOOEHHOCTEH KWHEMAaTHKU TO3BOJIMIIO BbI-
SBUTbH CKPBITBIE PE3€pBbI NMOBBILICHNUs NpousBoauTenbHoct MPM. B crpykrype nukia pa-
00dYeil MO3UIMK NP OCYIIECTBICHUH 3arpy3KH M BBITPY3KH H3JEIUsI BHE 30HBI 00pabOTKH
(puc. 4) nuki paboyeii NO3ULKMK YMEHbIIACTCS Ha Beanauny V- (¢, +1,) . Kpome storo, Bo3-
MOJKHO yBEJMUEHHE BPEMEHH 3arpy3KU M BBITPY3KU U3JENIUI 32 CUET YMEHBIICHHUS BPEMEHU

00CITy>)KUBaHUSI CTPYKTYPHBIX 3JIEMEHTOB MHOTOHOMEHKJIATYpHON paboueil mosummu. Bce
0003HaUYEHUs HA PUCYHKE 3 COOTBETCTBYIOT 0003HAUYECHUSIM, IPUBEJCHHBIM Ha PUCYHKE 1.
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Puc. 4. Bapuant cTpyKTypbl KHHEMaTUKA MHOTOHOMEHKJIATYPHOM paboveit MO3HUIIHH.

Takum 00pa3om, ocoOeHHOCTH KuHeMaTuku MPM  sgBnsioTcs UX CTPYKTypHO-
(GYHKIIMOHAIBHBIMU 0COOCHHOCTSAMU. [IpoBeneHHbIe uCCiieOBaHUs MO3BOJISIIOT PEllaTh BO-
IPOChl KOHCTPYKTUBHOM cioxHOcTH MPM 3a cuer pa3meleHust yCTpOHUCTB 00CTy KUBAHUS
MHCTPYMEHTOB U NPUCTIOCOOJICHUI BHE 30HBI 00pabOTKH, a Takke oOecreueHus: kodhhurm-
€HTAa UCII0JIb30BAHUS MAIIMH 32 CYET PE3EPBOB KUHEMATHUKH.

Cnucok smrepartypsbl: 1. Komxkun JI. H. PotopHbie u poTopHO-KOHBEMEepHbIE IMHUM.- M.:
Mamunoctpoenue, 1986.- 320 c. 2. bynenkoB E. A., Muxaiinos A. H. Onpenenenue mna-
paMeTpOB MapIIpyTHU3aIMH H3ACIHH B MHOTOHOMEHKJATYPHBIX POTOPHBIX CHUCTEMax C
MOMOIIBI0 MHOTOMEpHOU anreOpsl rpynt. //[IporpeccuBHbIE TEXHOJOTHH M CHCTEMBI Ma-
HIMHOCTpoeHMs: MexayHapoaHslii ¢0. HayuHbIX TpynoB. - Joneuk: HonHTY, 2005. -
Bein. 29. C. 38 - 44. 3. bynenkoB E. A., Muxaiinos A. H. Mcnonbs3oBanue IByXMepHOM
anreOpbl  Tpymm  Tpd  CHHTE3¢  MHOTOHOMEHKIJIATYPHBIX  POTOPHBIX  CHCTEM.
//TIpoTpeccUBHBIE TEXHOJOTHH U CUCTEMbI MAITMHOCTPOCHUs: MeXIyHapO HBIN ¢0. Hayd-
HeIX TpyAoB. - Jouenk:JJoaHTY, 2005. - Beim. 30. C. 48 - 55. 4. Knnycos U. A. IIpoekTu-
pOBaHHME POTOPHBIX MAIIMH W JIMHUW: YdueO. mocoOue I CTYIEHTOB MAaIlIMHOCTPOWT.
cretl. By30B.- M.: Mamunoctpoenue, 1990.- 320 c.; un. S. Muxaiinos A. H. OCHOBBI CUH-
T€3a MOTOYHO-IIPOCTPAHCTBEHHBIX TEXHOJOTUYECKHX CHCTEM HENPEPHIBHOTO EHUCTBUS.-
Honenk: {onHTY, 2002.- 379 c.
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KOHCTPYKTUBHBIE OCOBEHHOCTHU TPAHCIIOPTHBIX CUCTEM
TOPI'OBBIX ABTOMATOB

Maasipenko A./L., ipo6oBa A.A. (FHTY, .Munck, Pecnyonuxa benapycy)

OnHuM U3 (aKTOpOB TMOBBIIIEHHS KyJIBTYphl OOCIY>KHBaHHS, OCOOCHHO B cdepe oomecT-
BEHHOI'O MUTAHWs, BJETCA UCIOJIb30BAHUE TOPIOBBIX aBTOMATOB. Peanusanus oTAeNbHbIX BU-
JIOB MHUINEBOI MPOIYKIMU Yepe3 aBTOMAThl 00ECIIEYNBAET OTEPATUBHOCTH OOCITY KMBaHMUS 1OCE-
TUTEJICH, TO3BOJSIET PACIIMPUTH TOPTOBYIO CETh M YBEJIMYUTH O0BEM TOBAapOOOOPOTa, CHIKAET
NOTPEOHOCTh PaCHIMPEHNS 1ITaTa COTPYJHUKOB U MOBBIIIAET PEHTAOEIBHOCTD NPEANPUATHS, Ae-
JIaeT BO3MOKHBIM TIPUOOpETaTh TOBAPHI B JFOO0OE BPeMsi CYTOK.

ToproBbiMu aBTOMaTaMH Ha3bIBAIOTCSl yCTPOIMCTBA, KOTOPHIE B aBTOMAaTUYECKOM PEXHUME
(6e3 omepaTopa) OCYMICCTBISIOT MPOIECC MEXaHUYECKOro OOMEHa TOBapa Ha JIEHBIU WU
JIpYyTue AeHeXHble SKBUBaIEeHTHI [1]. Iy mpoaaku UCHOJIB3YIOT pa3IMuHble BUABI TOPTOBBIX
aBTOMaToB. TOproBbie aBTOMAThI KIACCH()UIUPYIOT B OCHOBHOM IO JIBYM IPH3HAKaM: IO ac-
COPTUMEHTY (IS MPOJAKU JKUJIKHUX M INTYYHBIX TOBAPOB) U CIIOCOOY BBIIaYH TOBAPOB.

PaccMOTpUM KOHCTPYKTHBHBIE OCOOCHHOCTH TOPTOBBIX aBTOMATOB IS MPOJAKH IITYY-
HBIX TOBapoB. TOBapbl B aBTOMATax 3TOTO KJacca, yIaKOBaHHBIE B MAKeThl, KOPOOKH, Oy ThLI-
K{, TTAYKH U T.II., pa3MEIIaloT B 3arpy30UYHbIX YCTPONUCTBAX OTKY/a C MOMOILBIO OTPEAEIICH-
HOT'O MEXaHU3Ma TOBap TPAHCIIOPTUPYETCS K MECTY BbIIAaUH.

He3aBucuMo OT Ha3HaueHUs U CBOMCTB IpOJaBaeMOW MPOAYKLHU TOPTrOBbIE AaBTOMATHI
UMEIOT CIIEAYIOIINE Y3JIbl U MEXaHU3MbI: KOPILyC, EMKOCTb JJIl XpaHEHHsI TOBapa, JO3UpPYyIo-
iee yCTpOMCTBO, TPAHCHOPTUPYIOIIEE YCTPOMCTBO (MEXaHW3M BBIJA4U TOBapa), KyIIOPO-
WIM MOHETO-IIPUEMHHUK, YCTPOUCTBO AJIs MOJIEP KAHUS 3aJaHHbIX TEMIIEPATYPHBIX PEKUMOB
U JIaBJICHHS, DJIEKTPOOOOPYI0BAaHUE U JIEMEHTHI aBTOMATHKH, BCTIOMOTAaTeIbHOE 000pyI0Ba-
Hue. OCHOBHBIM YCTPOICTBOM, ONpPEIEIIAIOIINM yCTPOICTBO TOPTOBOTO aBTOMAaTa, SIBJISETCS
TPAHCHOPTUPYIOLIEE YCTPOMCTBO.

Hcxona 3 0coOeHHOCTEN MEXaHHW3Ma TPAHCIOPTUPYIOLIEr0 YCTPONWCTBA TOPIOBBIE aB-
TOMAaThl MOKHO Pa30WTh Ha CIEIyIONIMe TPYIIBI: aBTOMAaThl ¢ 000iMeHHOH (6apabaHHON)
BBIJIaY€ TOBApa, aBTOMATHl CO CIIMPAJIBHOM BBIAYEH TOBapa, aBTOMATbl ¢ KOHBEWEPHOM BBI-
Jlayeil ToBapa.

B aBTomarax c o0olMeHHOW BbIJlayeil TOBapa MEXaHU3M BBIJIa4M IPEJACTABIAET cOOOM
000iiMy, B KOTOPYIO 3arpy>KaeTcsi ToBap, 1 Mpu OJUHOYHOM CpabaThIBAaHUH 3aTBOpPA U3 000~
MBbl W3BJIEKAETCSl €IMHUYHBbIA ToBap. ToBap 3arpy»kaeTcsi B BEpTHKAJIbHbIE KOJOHKH, BHU3Y
KaXK/101 KOJIOHKM HAaXOJWTCS CTBOpPKA BBIJAUM TOBapa, KOTOpasl CBA3aHA C AJIEKTPOJBUTATE-
neMm. [locne mosrydeHnss aBTOMaToM OT MOKyHaTessl Hy>KHOM CyMMBI J€HET C IJJaBHOT'O KOH-
TpoJulepa MOJAeTCsl CUTHaJl Ha BbIJA4y TOBapa; MPU 3TOM BKIIOYAETCS 3JIEKTPOABUIATElNb,
KOTOPBIM OTKpBIBAET CTBOPKY BblAa4uu. /[ng TOoro 4ytoObl Bech TOBap U3 KOJOHKHU HE MPOBa-
JIUJICSL Yepe3 OTKPBIBIIYIOCS CTBOPKY, U3 CTEHKU KOJIOHKHM BBIJBHraetcs nemidep (TopMoss-
1ias MIaCTUHKA), KOTOPBIA yIUpaeTcss B MPENNOCIeAHUNA TOBap U MPUKUMAET €ro K CTEHKE
KOJOHKU. Ha KaXXqyro KOJOHKY Takux JeMngepoB JiBa: OAMH IMPIKUMAET MPEeANOCciIeIHUMN
TOBap, a JIPyroil BBIABUTaeTCs B LIEHTPE KOJOHKH, YMEHbINAs J1aBJICHUE OCTAJbHBIX €IUHUI]
TOBapa Ha HWXHIOW. [lockonbKy mpeanocinenHuil ToBap MpMKaT IeMI(epoM K CTEHKE KO-
JIOHKH U CTBOPKA BBIJIa4M OTKPBITA, TO MOCJIETHUM TOBAp IO/ IEWCTBUEM CBOEro Beca MpoBa-
JMBaeTCA B OKHO BblAaud. [1o okoOHUaHUM LMKJIA BbIJIa4u ToBapa Jaemidepsl youparorcs 00-
pPaTHO B CTEHKY KOJIOHKH, M OCTaBIIMICS B KOJIOHKE TOBAp MOJ| CBOEH TSAKECThIO OIyCKaeTcs
Ha 3aKpBIBIIYIOCS CTBOPKY Bbliauu (puc. 1) [2].
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Puc. 1. Cxema o0oiiMeHHOM BbIIauX TOBapa

Takoli cioco0 BbIIa4 UMEET sl HEMOCTATKOB. TOBaphl JOJDKHBI OBITH ONPEICTICHHBIX
rabapuToB ¥ (OPMBI B COOTBETCTBUH C pa3MepaMH KOJOHKH. Eciiu ToBap CIMIIKOM Mall, TO B
TEYEHHUE [IMKJIA BbIIaYH IeMI(epbl He CMOTYT MPIKATh €ro K CTEHKE KOJIOHKU M 4acTb TOBa-
pa, ycreBIIasi MPOHUKHYTh Ye€pe3 OTKPBITYIO CTBOPKY 3a MEpPUOJ BbIIAYH, ITONAAAET K IOKY-
HaTesto, 4YTo MPUBOAMT K yObITKaM. [Ipu upesmepHo Gosbliux rabapurax TOBap MOKET 3a-
KJIMHUTBb BHYTPHU KOJIOHKH, W TOT/1a ITOKYIIATENb €T0 HE TIOJy4UT.

K nmocronHcTBaM MOKHO OTHECTH TOT (haKT, YTO aBTOMATHl UMEIOT 3aKPHITYIO BUTPUHY U
TOBAPBI HAXOATCA B 3AKPBITHIX KOJOHKAX, 4TO MO3BOJISET 3aIUTUTL TOBAp OT Kpax. B To xe
BpEMsI 3aKpPBITYK0 BUTPUHY MOKHO OTHECTH M K MHUHYCaM, MIOCKOJIBKY MOKyIaTeNb, MOAXO0As K
aBTOMAaTy, HE BUJIUT PEabHOTO TOBApa, KOTOPBI OH X0YeT NPUOOPECTH.

Taxum oOpa3om, JaHHAs KOHCTPYKLMS aBTOMaTa IpearnoaraeT y3Kuil 1uana3oH pazMe-
pOB TOBapoB Ui mpoaaxu. [Io3ToMy 1 BapbUpOBaHUA pa3MEpOB NPOJAABAEMBIX TOBApOB
MOJKHO HCTIOJB30BaTh Pa3IMYHbIC THITBI MPOCTABOK, KOTOPhIE HEOOXOAMMO KpPEMHUTh K CTCH-
KaM KOJIOHKH JUI1 TOBAPOB MEHBILIETO pa3smepa.

Jpyroii pa3HOBUIHOCTBIO TOPTOBBIX aBTOMATOB JJIS LITYYHBIX TOBAPOB SIBIIIOTCS aBTOMAThI
CO CHMpAJIbHOH BBIJaYeil ToBapa, KOTOPbIE BHITYCKAIOTCSI MHOTUMH QupMaMu. J[aHHBIN THI aB-
TOMAaTOB — CAMBbIN PacIpOCTPaHEHHbIM B Mupe. /[ anmapaToB XapakrepHa OTKpbITas BUTPHHA,
KOTOpasi 0OBIYHO IMOJCBEYMBAETCS U BCE TOBApbI MOKyIaTelb MOKET BUJIETh Yepe3 CTeKJIo. But-
pWHA COCTOWT M3 TIOJIOK, PaCTIONIOKEHHBIX JAPYT MO/ IpyroM. [losku pa3oUThl HAa KOJIOHKH, B Ka-
JKIOW M3 KOTOPBIX PACHOJIATaeTcs Chupanb. Mexay BUTKAMU CIHMPAJICH 3aKJIQIbIBACTCS TOBAap
o ponaxu. Crimpanyd UMEIOT COOCTBEHHBIHM AJIEKTPOJIBUTATENb, PACIIOJIOKEHHBIN B 3aaHEl
YaCTH IOJIKA U CBSA3aHHBINA CO CIMPAJBIO Yepe3 peayKLUHOHHbIE IIeCTEpHU. MexaHnu3M nepeme-
LIEHUS TOBapa K YCTPOWCTBY BbIIAYM CIIEIYIOLIWIN: TJIABHBIA KOHTPOJIJIEP MOJAET CUTHAJ Ha BbI-
Jlaqy TOBapa, AJIEKTPOJIBUTATEINb 3aIlyCKAeTCsl M CIHAPAb JeslaeT 000pOT BOKPYT CBOEH OCH, T0-
CJIe 4ero 3JIEKTpOJABHrareib oTkiroyaercs. [Ipu BpalieHuM crimpany BJIOKEHHBIM B HEE TOBAp
IepeMeNIaeTcs Mo CIMpAIv B HaNpaBjaeHUH BUTpUHbL. Korna crimpans 3akaHuMBaeTcs, TOBap Ia-
JIaeT B JIOTOK BBIIa4H, OTKY/a OH U3BJIEKAECTCS MOKyIareJaeM, a HaXOAAIINECS 32 HUM €IUHMIIBI
NPOIYKIMH NPUOIMKAIOTCSI HAa OJIMH ILIar K Kpato CIIUpaIH.

JlocTonHCTBa JAaHHOTO TUIA TOPTOBBIX ABTOMATOB SIBJISIETCS] YHUBEPCAILHOCTD — CIOCO0-
HOCTb NPOJIaBaTh TOBAphl pa3Hoil GpopmMbl yrnakoBkH. J[is1 TOro 4ToObl NEPECTPOUTH aBTOMAT
JUISL IPOJJAKU IPYTHX TOBApOB HEOOXOIUMO MPUMEHATH CIIUPATIU C PA3IMYHBIM LIArOM, MOX-
HO 00BEIUHATH AUEHKHU U MCII0JIb30BaTh JBOMHBIE CIIUPAIM C MPOTUBOIOJIOKHBIM BpalleHU-
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M, IJId MPOAAaXU Y3KHUX TOBApPOB H606XOI[I/IMO HCIIOJIb30BATh CIIUPAJIbHBIC PA3ACIIUTCIIN (pI/IC.
2).

Puc. 2. Bapuantsl cimpaneit

HenocratkoMm crmpalbHOM KOHCTPYKLMHM B TOPTOBBIX aBTOMATAX SIBISETCS OTPAHUYECH-
HOCTb aCCOPTHMEHTA — IPOJIaBaTh MOKHO JIMIIIb TOBAPHI, BBIACPKUBAIOIIUE IAJICHHUE C BBICO-
ThI; BBICOKAs BEPOSATHOCTb 3aKJIMHMBAHUSA TOBapa — HaIpUMEpP, MEKIAY IOJIKAMH U CTEKJIOM
BUTPUHBI.

Bropyio u3 mepednciaeHHbIX PoOJIeM MOKHO YaCTHYHO PEUIMTh C MOMOIIBI0 JaTYyhKa
KOHTPOJISI BbIJaYM, CKAHUPYIOIKI OKHO BbIlauu. Korjga ToBap momnagaer B 1oJie 3peHus cKa-
HEpa, KOHTPOJUIEP MOJIy4YaeT CUTHaj, YTO TOBAp JOCTABJIECH IO HA3HAYEHHMIO, a €CIIM CUTHAJ
OTCYTCTBYET, TO CIIUPaJb MIPOKPYIUBACTCS BTOPUYHO.

Tperbeil pa3HOBUIHOCTBIO TOPrOBBIX aBTOMATOB JUJIS IITYYHBIX TOBApOB SIBIISIFOTCS ABTO-
MaThl ¢ KOHBEMEpHOM BbIauel TOBapa. B aBTOMaTe MMEIOTCS TOPU3OHTANIBHBIE ITOJIKU JUIS
YCTaHOBKHM TOBapoOB M JH(TOBas MOJKa IS TPAHCHIOPTHPOBKHM TOBAapa K OKHY BBLAAYM (PHC.
3a).

FPaapsarme s rossps
Horeshepran nevra TOmAD

a) 0)
a) BHYTPCHHHUIA BUJ, 0) cXxeMa 3arpy3Ku KOHBEHEPHOM JICHThI
Puc. 3. ABToMara ¢ KoHBelepHOU BbIaveit

Ha kaxxnoii noske pacroiokeHbl KOJIOHKU (0T 2 710 5), BHYTPU KOTOPBIX HAXOASATCSI KOH-
BellepHbIe JIEHTHI (TpaHcnopTepbl). ToBap yKiaabIBalOTCsS HAa KOHBEHWEp MEXIy IUIaCTUHAMU-
pa3IenuTeIsIMH, 3aKpEIUICHHBIME Ha KOHBEHEepHOH jeHTe (puc. 30), KOTOpBIC JOBOJBHO JIET-
KO YCTaHABJIMBAIOTCS HA JICHTY C Pa3iMYHBIM ImaroMm. Ilpm BeIOOpe MOKymaTeneM HY>KHOTO
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TOBapa MOMCKOBAsi CHCTEMa aBTOMATa BKIJIIOYAET JU(PTOBYIO MOJIKY, KOTOpas NepeMeIaeTcs K
BBIOpAHHOI MOJIKE ¢ HY>KHBIM TOBAapOM; MOCJIE OCTAHOBKH JTM(TOBOM MOJIKM BKIIOYAETCS JICH-
Ta-TPAHCHIOPTEP C BHIOpAHHBIM TOBapoM. [Ipu IBM>KEHHH KOHBEHWEPHOH JIEHTHI TOBAp, HAXO-
Jsmicst 6mke K T TOBOM MoJike, MaJaeT B Hee U nepecekaeT nH(ppaKpacHbIe JIydH, OCie
4yero KOHBEWEpHas JICHTa OCTaHaBiIMBaeTcs. JInToBas mMojka OIMyCKaeTcs JO OKHA BbIAAYU
TOBapa, U BKIIOYACTCS KOHBEWEpHAs JICHTA, YCTAaHOBJICHHAS HA JTU(PTOBOH MOJIKE, OCIE YEeTo
TOBAp IOJAETCA B OKHO BBIAAYMU, I'ZIC OH CTAHOBUTCS JOCTYIIHBIM IOKyNarenao. Pacmmpurs
aCCOPTUMEHT IIPOIABAEMbIX TOBAPOB IO3BOJIIIOT aBTOMATBI C MHOTOPSTHBIM PACIIOJIOKEHUEM
TPaHCIOPTEPHBIX JEHT [1].

JlocTOMHCTBaMM TaKOTO THUIIA aBTOMATOB SIBIISIIOTCS BBICOKAs CTENEHb 3arpy3KU U LIUPO-
KU Auana3oH pa3MEPOB MPOIaBAEMbIX TOBAPOB. JTO aBTOMAT MOCJIEIHETO TOKOJIEHHUS, B KO-
TOPOM YCTPaHEHbI HEJOCTATKA aBTOMATOB, OITMCAHHBIX BBIIIIE.

Ha ocHoBe ananmu3a pa3nu4HbIX KOHCTPYKLMM aBTOMATOB, MOXHO CHEJIaTh CIEAYIOLIUE
BBIBOJIbI: KaXJIbIM M3 PACCMOTPEHHBIX MEXAaHU3MOB JUI IEPEMEIIEHUS U BbIJA4U TOBapOB
UMEET KaK CBOM NMPEUMYUIECTBA, TaK W HexocTatku. OpHako Hambouiee 1enecooOpa3Ho wuc-
II0JI30BaTh aBTOMAThl C KOHBEMEPHOU BbIa4eil TOBapa, TaK KaK MCIIOJb3yEMBbIE 31€Ch MeXa-
HU3MBI XPAHEHHs U MEPEMEIIEHUsT TOBapa IMO3BOJIIIOT: BO-IIEPBBIX, IPOAABaTh TOBAPHI pa3-
JUIHON (POPMBI B pa3MepOB, BO-BTOPBIX, MEXAHU3M IEpEMEIIEeHHs U BbIAauu ToBapa (Jmdro-
Bas I0JIKa, KOHBEWEpHasl JIEHTa) MO3BOJIIET MPOAaBaTh TOBAPHI, HE BBIACPKUBAIOLIUE ajie-
HUE C BBICOTHI (CTEKJISTHHAS Tapa).

Cnucox gutepatypbl: 1. Kamenko, B.®. Toprosoe obopynosanue / B.®. Kamenko,
JI.B. Kamenko. — Mocksa: Anbpa-M, 2006. — 397 c. 2. I'ynsaes, B.A. O6opynoBanue npes-
NpusATHI TOproBim U obmmecTBenHoro mutanus / B.A. I'ynses, B.I1. Banenko, H.W. Hcaues.
— Mockga: Undpa-M, 2004. — 541 c.

CTATUCTHUYE CKHUI AHAJIN3 CTABWIBHOCTH TEXHOJIOI TYE CKOI'O
MNPOLECCA HA ITIPUMEPE COIIPSAKEHUSA BAJI - IATYH

MepkyaoB M.B. (kagh. TM, /lonHTY, [oneyx, Yxpauna)

Ha 3aBone «Kommpeccop» npoBoAMIOCH UCCIEIOBAHUE COIPSIKEHNS Basla C IIATYHOM
B IIOPLIHEBOM Kommpeccope. PaccMaTpuBaemoe compsikeHue (rmapa Baji-IIaTyH) UCHOJb3YyeT-
Csl B MOPIIHEBOM I'€pMETUYHOM KOMIIpECCOpE, T/l Nepeiaya JABMKEHUS] MOPIIHS OCYIIECTB-
JSIETCSl ¢ TIOMOUIbIO KPUBOILIUITHO-IIATYHHOTO MeXaHu3Ma. B yclIoBHSIX HENpephIBHOTO MpoO-
M3BOJICTBA BBIOOPKH J€NAINUCh NEPUOANYECKUA. DTO MO3BOJISIET CYyIUTh 00 N3MEHEHUSIX B Ha-
JaKEHHOCTH TEXHOJIOIMYECKOT0 IpoLecca.

[lepen 3amonHEHHEM TPOCTHIX KOHTPOJBHBIX KAapPT SKCIIEPUMEHTAIBHBIMU JTaHHBIMHU
Ha HUX HAHOCUTCS TpaHuUIa PEeryJupOBaHUs, COOTBETCTBYIOLIAs MPEICIbHOMY 3HAYEHUIO
KOHTPOJMPYEMOTro TapaMeTpa IMpHU HaJa)KEHHOM TEXHOJIOTMYeCKOM Ipolecce. B naHHOM
NpUMepe 3TO BEpXHEE M HW)KHEE Ipe/ebHble OTKIOHEHUS OT HOMHUHAJIBHOTO pa3Mmepa. B
clly4yae MPEBBILICHHUS ATOT0 3HAYEHHs] KOHTPOJUPYEMBIM MapaMeTpoM (BBIXOJa 3a TPaHUILy
peryMpoBaHusl) NIPUHUMAETCS pEIIEHHE O TOM, YTO TEXHOJOTHYECKHUN MPOLIECC pa3faXeH U
TpedyeT peryaMpoBkH (Hamaaku). [1]

Ha puc. 1 mpeacraBiena cxema conpspKeHUs Bajia ¢ maTyHoM. Ban 1, nmametp KoTo-
poro o6o3HauuM di, conpsiraercs ¢ BHyTpEeHHENH IMIMHIPUUECKONW MOBEPXHOCTHIO LIAaTyHa 2
(nrnametpoM D). ®@unumHas o6paboTka Baja OCYILIECTBIISIETCS Ha KPYIJIOUUIM(POBAILHOM
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cranke mojemu 3M 153 CD1. OunuirHas 06paboTKa IIaTyHa MPOUCXOIUT HA XOHHHIOBaJIb-
HOM crtaHke mojemu 3E 820 MOII 323.

Puc.1. Cxema napsl Ban-maryH

HccnenoBanue mapsl BBIMOTHSJIOCH 3aMEPOM KKIOTO U3 TTApaMETPOB BaJia U IIaTyHa:
di, Dmin 1 Dmax (MUHMMaJIbHOE ¥ MaKCHUMaJIbHOE OTKJIOHCHHUE OT KPYTJIOCTH) MPU IMOMOIIN
BEIOOpKK 00beMOM B 50 m3Mepenwmii. Pe3ysbTaThl, MOJy4eHHBIC PU U3MEPCHUH, MPEICTAB-
JieHsbl B Tabnumax 1 u 2.

Tabmma 1. OTknoHeHus quameTpa Bania di

Ne 1 2 3 4 5 6 7 8 9 10
HOeT.
di | 20 | 20 | 22 | 20 | -19 | 21 | 21 | -19 | -19 | -18
Ne 11 12 13 14 15 16 17 18 19 20
OET.
di | -18 | -18 | -19 | 20 | 23 | 20 | -19 | -20 | -21 | -18
Ne 21 22 23 24 25 26 27 28 29 30
OET.
di | -19 | 22 | .18 | -19 | -19 | -19 | -18 | -21 | -21 | -20
Ne 31 32 33 34 35 36 37 38 39 40
JOET.
di | 20 | 21 | 21 | 20 | 21 | -21 | 20 | -21 | -21 | -19
Ne 41 42 43 44 45 46 47 48 49 50
JOET.
di | 21 | 21 | 21 | 20 | -21 | 21 | 20 | -18 | -21 | -22

11
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Ta6mima 2. OTkIoHeHHS AHaMeTpa ImaTyHa (Dmin u Dmax)

Ne 1meT. 1 2 3 4 5 6 7 8 9 10
Dmin 5 4 6 7 4 5 5 6 8 6
Dmax 5 4 7 8 5 6 6 7 9 7

Ne geT. 11 12 13 14 15 16 17 18 19 20
Dmin 6 3 8 6 6 6 3 10 5 6
Dmax 7 7 9 7 7 7 4 11 6 7

Ne geT. 21 22 23 24 25 26 27 28 29 30
Dmin 6 3 6 3 5 7 10 4 4 6
Dmax 7 6 7 6 6 8 11 5 5
Ne zeT. 31 32 33 34 35 36 37 38 39 40
Dmin 3 5 3 5 2 5 2 4 3 5
Dmax 4 6 4 6 3 6 3 5 4 6
No 1eT. 41 42 43 44 45 46 47 48 49 50
Dmin 2 4 3 3 3 4 4 3 3 3
Dmax 3 5 4 4 4 5 5 4 4 4

Ha puc. 2 mpenctaBneHa QuarpaMMa paccelBaHUs 3HaUeHHs auaMmeTpa Baia di; maH-
Hble I [IOCTPOEHNS NHATPaMMBI B34ThI U3 TaOMMIel 1. ['paHuIel OIS OOIMyCKa BBIIEIECHBI
JKUPHBIMHM JIMHUAMH. AHAIM3UPYS Pe3yiabTaThl H3MEPEHMIl, MOKHO KOHCTAaTHPOBATh TOT
(bakxT, 94TO GpaKOBAHHBIX JIeTalleil BO B3TOIl BHIOOPKE HET.

Ha puc. 3 mpencrasnena quarpaMma paccemMBaHUA 3HAYCHHII AuaMeTpa IUIMHAPIYe-
CKOIT moBepxHOCcTH maTyHa (Dmin u Dmax). Yto kacaeTcs pasMepoB MO JaHHBIM H3MepeHHU-
SIM, TO B JaHHOI BBEIOOPKE Opak Tak ke He ObLUT O0OHAPYKEH.

-13 Homep getanu
14 4L 3.5 79 1113 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49

-15
-16

,OTHAOHEHWE, MKM,

¥}
]

-23
-24

-25

-26

-27

Puc. 2. JlnarpaMma paccenBaHUs 3Ha4eHUS TuaMeTpa Baia di
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12 T .

11

10

(o2 I B + < B ¥

——Dmin

Dmax

OTKNOHEHHE, MKM

—ES

1 3 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 3941 4345 47 49

Homep getanu

Puc. 3. JIlnarpamma paccenBaHUs 3HAYEHIS AHaMeTpa IIITHHIPIIeCKOH
HOBepXHOCTH mIaTyHa (Dmin 1 Dmax)

B mHactosiee BpeMst It onpeneneHus 3pQGeKTUBHOCTH MPON3BOACTBEHHOTO MpoIlec-
ca Bce yallle HCIONb3YIOT JaHHBIN CTATUCTHYECKUil MeToN aHamm3a. OH OTIHYaeTcss HU3KOI
CTOUMOCTBIO U TPYIOEMKOCTBIO, TTO3BOJISIET HAITH YCIOBUS HAIUTY4IIero (yHKIIMOHHPOBa-
HIIS U3y4aeMoro mpotiecca. [2] Takoil MeTon OCHOBaH Ha MOMYYeHHH 1 00padoTKe GONBIIOTO
KONM4ecTBa HaOMIOIeHMHI, KOTOpble 00eCTIeYHBatOT MOMHbI 00heM HHbopMari. CTaTHCTH-
YeCKUIT MeTO/1 MPUMEHSIOT [UISl UCCIIeI0BaHIsI TOYHOCTH TEXHOIOTHYECKHUX MPOIECCOB B Ce-
PHUITHOM H MacCOBOM IPON3BOJICTBAX, MO3TOMY JAHHBII METO1 MOKHO HCIIOJb30BATh B YCIIO-
BISTX MaCCOBOTO MPOU3BOJICTBA Ha 3aBozie «KoMmpeccopy.

BBIBOIBI: KOHTPOIb SIBIISIETCS BAKHBIM BHIOM IIPOM3BOACTBEHHOI NesTelTbHOCTH. B
padoTe UCMOMb30BaH HHCTPYMEHTAIBHBII METO/I KOHTPOIIS, KOTOPBIIl TaK k€ HOCUT Ha3BaHIE
TEXHHYEeCKOTO. DKCIIepPUMEHT TOKa3all, YTO BBIOOpKa He COMEPKUT OpaKOBaHHBIX AeTaneil, a
3HAYUT TEXHOJOTHYECKUIT MPOoIlece MX M3TOTOBIEHUs SBIsIeTCs CTa0IIbHBIM. B mampHeiimeit
paboTe maHupyercs 6ojee OCHOBATEIbHOE HCCIIENOBaHNe Maphl BalI-MIATYH, ¢ UCIONb30Ba-
HIIEM KapT KyMYJISITUBHBIX CYMM JUUISI aHAITN3a BBIOOPOK.

Cnucok JHTepaTyphbI: 1. «lIporpeccuBHbIE HAPABICHUS PA3BUTHS MAIIHHOIPHOOPO-
CTPOUTENBHBIX OTpaciell U TPAHCIOPTa»: Te3UChl MEKIYHAPOAHOH HAyYHO-TEXHHYECKOI
KOH(epeHIIN CTyAeHTOB, acCMUPaHTOB U MOIOMABIX y4eHbIX, CeBacTOmoNb: M3aaTenbeTBoO
CesHTY, 2010. 2. umkun U. ©. Kortpomns: Yueod. nocodue. — CIIO.: C3IIA. 1992 —
62 c.
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OIIPEJAEJIEHUE ITAPAMETPOB MAPIIPYTU3IINN
W3IEJWHN B PASBETBJISIOIUXCS MIOTOYHO-ITIPOCTPAHCTBEHHBIX
TEXHOJIOI'MYECKHUX CUCTEMAX

Mmuxaiinos A.H., Muxaiinos [I.A. (xagpeopa TM, JonHTY, 2, [loneyx, Yxpauna)

@OYHKIIMOHUPOBAHUE IOTOYHO-IPOCTPAHCTBEHHON TEXHOJOTHYECKOM cucTeMbl [1]
MPEJICTaBISIET COOOM CIIOKHBIN MPOLIECC, KOTOPBINA 3a7aeTCs €€ CTPYKTYPOH M OmpeensieTcs
KaK MHOKECTBO IOCIIEIOBATEIbHBIX BO BPEMEHH COCTOSTHUI MHOYKECTBAa OJIOKOB TEXHOJIOTHU-
YEeCKOIro BO3/IEHCTBUSA (31eMeHTOB). X (yHKIMOHMpOBAaHUE — 3TO CTaOMIbHAS CIOCOOHOCTD
K IeJICHATIPABIICHHBIM TEXHOJIOTHIECKUM BO3JICHCTBUAM OPYAHN H CPENCTB 00paboTku (6110-
KOB TEXHOJIOIMUYECKOI'O BO3IEHUCTBUS) HA U3/IE€IHsI, BBIIIOJIHIEMBIX B COOTBETCTBUH CO CTPYK-
TyPOU TEXHOJIOTMYECKOM CUCTEMBI 110 3aJaHHOMY JITOPUTMY.

[ToToyHO-IpOCTpaHCTBEHHAS] TEXHOJIOTHYECKAs CUCTEMA HEMPEPBIBHOTO aecTBus [1]
OOBIYHO COCTOMUT M3 OOJBIIOTO YHUCIA MOJCUCTEM M TEXHOJOTHYECKUX AJIEMEHTOB (OJIOKOB
TEXHOJIOTUYIECKOTO BO3JEHCTBHA), CTPYKTypa KOTOPOH CPOUTCS Ha 0a3e MHOTOMEPHBIX CYy-
neprpyn (puc.l). 3To BBI3BIBAET CIOXKHBIM Nporiecc PyHKIHOHUPOBAHHS TaAKOW TEXHOJIOTH-
YECKOW CUCTEMBI, KOTOPBIA MIPOSABIISICTCS BOSHUKHOBEHHUEM CJIOKHOM CTPYKTYpPhbl MApLIPYTOB
JBIKEHUS M3JIE€IUI 1O MO3ULMSAM U MOJCHUCTEMAaM TEXHOJIOTHYEeCKOi cuctemsl. IIpu sTom
OTIpe/IeJICHHEe M YIpaBJICHWE TOKa3aTeNsiMU KadecTBa (YHKIMOHHPOBAHMS TOTOYHO-
NPOCTPAHCTBEHHO!N TEXHOJOTUUECKONW CHCTEMBI HEBO3MOKHO 0€3 MCCIEI0BaHUs MapaMeTpoB
MapupyTusanuu uaenui. [loaTomy B n1aHHON B paboTe BBIMOJIHSIOTCS WUCCIEIOBaHUS, CBSI-
3aHHBIE C OINpEIEICHUEM OCHOBHBIX IAapaMETPOB MapUIPyTH3allUd H3JAEIUN B IMOTOYHO-
NPOCTPAHCTBEHHBIX TEXHOJIOIMYECKUX CUCTEMAX C Pa3BETBIAIOIIMMUCS MMOTOKAMHU U MMEIO-
IIMX MHOTOMEPHYIO CTPYKTYpy OJIOKOB TEXHOJOTHYECKOIO BO3AECHCTBHUS.

B pa6ote [1,2,3] pemieHbl BOPOCH! ONPEIETCHHs TapaMeTPOB MapIIpyTHU3ALIUU U3]Ie-
JM B TOTOYHO-IIPOCTPAHCTBEHHON TEXHOJIOTMYECKOM CUCTEME, CTPYKTypa KOTOPOM OIMUCHI-
BAETCs. MHOTOMEPHOM CyNeprpynnold U MMEIIIEH OJUH BXOJHOW M BBIXOJHOM IOTOK M3Je-
ii. MOKHO 3aMETUTh, YTO OIPEAEICHUE TapaMeTPOB MapIIPYyTU3ALUU U3AEIUHI 111 IOTOY-
HO-TIPOCTPAHCTBCHHOHN TEXHOJIOTHYECKOHN CHCTEMBI C TIOMOIIBIO OOBIYHOM anreOpsl rpyr [4]
HE TIpeCTaBisIeTCsS BO3MOXKHBIM. [ToTomy B pabote [1] paspaboTrana MHOromepHasi aiaredpa
IpyIibl, MO3BOJISIONIAS ONPEAEIUTh NapaMeTphbl MapIIPyTU3ALUU U3AEIUHN, IPOXOASAIIMNX 110
MHOTOMEPHBIM CYTEpTpyIIaM U TMPEICTaBISIOMUX CO00N 3aMKHYThIE PEKyppPEHTHBIE MHO-
TOMEpHBIE IPYIIIHL.

Cyneprpymnna (puc.l) MHOXe-
cTBa Aj 37eMeHTOB (OJIOKOB TEXHOJIO-
TMYECKOT0 BO3ACHCTBUSI) MOPSIKA Vi
COCTOUT M3 MHOXECTBa p—TO Kjacca
HIOJCUCTEM A, TOPSZIKA Vip, KaXKIas U3
KOTOPBIX TaKke COCTOUT U3 MHOXKECT-
Ba (p-1)-T0 Kinacca MOJACHCTEM Ajp-1)
HOpsAZKA Vip-1) (00Oee HU3KOro Kiac-
ca), KOTOpbIE TaKXe COCTOSIT U3 MHO-
JKecTBa MOJICUCTEM elle 00Jee HU3KO-
ro Kjlacca, M TaK jajee, IMpUYeM IIO-
CJIEJTHUE IOJICHUCTEMBI COCTOAT YK€ U3
371eMeHTOB (OJIOKOB TEXHOJIOTHYECKO-
Puc.1. CTpyKkTypa MHOTOMEpPHOM CyTIEepTrpyIIIbI ro BO3JIEHCTBHA). 31€Ch CICIyeT OT-
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METUTb, YTO MHOKECTBO IOJCHUCTEM KaXKI0r0 Kjacca B IIOTOYHO-NPOCTPAHCTBEHHOW TEXHO-
JIOTUYECKON CUCTEME SIBJISICTCS 3aMKHYTOM PEKYPPEHTHOM LUKINYECKOM IPYIIIION, KaXaas U3
MIOJCUCTEM KOTOPOM B CBOIO OYEpPENb SBJISAETCS 3aMKHYTOM PEKYPPEHTHOM LHKIMYECKOU
IrpyHnnou, u Tak jpainee. To ecTb B Cyneprpymme CylecTBYeT MHOTOMEPHOCTb IOCTPOCHHUS
a1eMeHTOB. [IopsAI0K MoACMCTEM MHOTOMEPHOM CyNIEPIPyIIIbl ONPEAEIAETCS MHOKECTBOM:

Vi = Vil’viz,""vip s
e V;; HOPSIOK MOJACHCTEMBI Kk —To Kiacc;
P - 9MCIIO KJIACCOB TIOJICKCTEM CYTIEPTPYIIIIbL.

MOXHO 3aMeTHTb, YTO 0TOOPaXKECHHE OTHOMEPHBIX rpyil, Hanpumep A; Ha A, | Mo-

JKeT ObITh TpeX TUIoB [5] (puc.2):

- HHBEKTUBHOE 0TOOpakeHue (puc.2, a);

- OuekTuBHOE 0TOOpaxenue (puc.2, 6);

- CYpBEKTHBHOE 0TOOpaxkeHue (puc.2, B).

OcHOBHBIE TAapaMETPHl ATHX OTOOpaKEHWH Ui OJHOMEPHBIX LHUKINYECKUX PEKyp-
PEHTHBIX TPYII MOTYT OBITh HaiieHbl ¢ momouipto anreOpsl rpynm [4]. C To4uku 3peHus
MapIIpyTH3aLMKA U3 B TEXHOJIOTMUECKHUX CHUCTEMaX HENPEPBIBHOIO AEHCTBHSA, BBINOJ-
HEHHBIX Ha 0a3e pOTOPHBIX WM POTOPHO-KOHBEHEPHBIX JHUHUMA [6], 0TOOpakeHHsT MHOXKECTB
(puc.2) MOXKHO BBIPA3UTh C MOMOIIBIO CIEIYIOIIMX BUOB MAapUIPYTH3AIUN U3/1CIUN:

- pocTas Mapupyrtuzanus (puc.2, a);

- HemoJiHas Mapupytusanus (puc. 2,0);

- CJI0KHas MapuIpytuszamus (puc.2, 0).

Ecin muoxectBa A; u A, mpenctaBmsioT coboii MHOTOMEpHBIE PEKypPEHTHBIC

cyneprpynnsl [1], To MeXay KakIpIM KJIacCOM IMOJICUCTEM MOJKET J€MCTBOBAThH OJIHO U3 TPEX
TUIIOB OTOOPa)XEHUM, YUCIIO KOTOPBIX OyJEeT PaBHO KOJIMYECTBY KIACCOB IOJCHCTEM CyIep-
rpymmsl. O01ee YUCI0 BO3MOXKHBIX Pa3IMYHBIX KOMIIO3HULMA OTOOPaKeHUH B CyleprpyIie
10 KJaccaM MOACHUCTEM ONpeAeisieTcs o GopmyJie:

S =3P,
I€ p; - YUCJIO KJIACCOB MOJCHCTEM i — W CyNEeprpymbl IOTOYHO-NPOCTPAHCTBEHHOTO TEXHO-

JIOTUYECKOT'0 MOAYJIS.

MoOXHO OTMETHUTh, 4YTO KOIZJAa B3aUMOJCHCTBYIOIIME COCEIHHE ITOTOYHO-
NPOCTPAHCTBEHHBIE TEXHOJOTUYECKHE MOJYJIM MUMEIOT TOJIBKO OJWH BXOJHON M BBIXOJHOM
MOTOKH U3JENUH, TO 3/1€Ch MapaMeTpbl OTOOpaXKEHUN OINpPENETSI0TCS HA OCHOBAHUU METOAM-
KU NpuBeJeHHOU B paboTax [1,2,3]. OqHako Ha MpakTUKE BO3MOXHBI CIy4yau, KOrja noToy-
HO-TIPOCTPAHCTBEHHAs! TEXHOJIOTMUECKAsl CUCTEMa HMMEET CJIOKHYIO CTPYKTYpY, BBIIIOJIHEH-
HYI0 B BHJI€ CYNEPIpyNIl, COAEPKUT HECKOJIBKO BXOJHBIX MM BBIXOJHBIX MOTOKOB W3/EIHH.
DTO 0COOEHHO YacTO BCTPEYAETCS] HA MHOTOHOMEHKJIATYPHBIX U COOPOYHBIX TEXHOJOTHYE-
CKHX CHCTE€Max. 3aMEeTUM, UTO I TEXHOJOTUYECKUX CHUCTEM COCTOSIIUX W3 OFHOLMKINYE-
CKUX TPYII U UMEIOUINX HECKOJBKO BXOJHBIX WM BBIXOJHBIX IMOTOKOB M3JIEIUI MapaMeTphI
O0TOOpa)KeHUI AJIEMEHTOB Tpynn (mapaMeTpbl MaplIpyTHU3alliu) OmpeneieHsl B padote [7].
I[Ipy »sTOM omnpeneneHue NapamMeTpoB  MapUIpyTHU3allUM  W3JEIMA B MOTOYHO-
MPOCTPAHCTBEHHBIX TEXHOJIOTMUECKUX CUCTEMaX, C Pa3BETBIISIOMIMMUCS MOTOKaMU HU3/1ETHH,
ABJIETCA KpaliHe HeoOXO0IUMOH 3a/1auelt Ui U3y4YeHHsl U YNpaBJIeHUsT UX MpoleccoM (pyHK-
nuoHupoBanus. [loaToMy nanee mpuUBOIUTCS pellieHUE dTOM MpobyieMbl Ha Oasze pazpaboTaH-
HOM B pabote [1] MHOrOoMepHOI anredpbl rpymil.
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Ha pwuc.3 noka3ana runoTeTuveckas MOJIeb IOTOYHO-MPOCTPAHCTBEHHON TEXHOJIOTH-
YECKOW CHCTEMBI C Pa3BETBIISIOIIUMUCS MOTOKAMHU H3JACIHN. 37eCh MPEACTAaBICHO: V - BXO
m3nenmui, W = { Wy ,Wy,.Ww, }- 0000IIEHHBIN BBIXOJA H3ACHMH, A — BXOJHOH IOTOYHO-

NPOCTPAHCTBEHHBIM TEXHOJIOTMYECKUI MOJYJIb (BXO/Has MHOTOMEpHas 3aMKHyTasi peKyp-
peHTHas CyHeprpyima >JIeMeHTOB (OJIO0KOB TEXHOJIOTHYECKOrO BO3JCHCTBUS)), B; - i-il BEI-

XOJIHO! MOTOYHO-IPOCTPAHCTBEHHBIN TEXHOJIOTMUECKUNH MOJYJIb (i—1 BBIXOJHAsi MHOTOMEp-
Hasi 3aMKHYTasi PEKyppEeHTHas CyNeprpyIina 3JIeMeHTOB (OJIOKOB TEXHOJIOTHUECKOTO BO3JIECH-
CTBHS)), 1 - 00IIIEe YUCIIO BHIXOJHBIX TEXHOJOTHYECKUX MOJIYJICH.

3amauM MHOTOMEPHYIO CTPYKTYpPY OJIOKOB TEXHOJOTHYECKOTO BO3IECHUCTBHS BXO/IHO-

Ai A;_q AE AIM AF

O—0O O

Au,

CTBOM:

A=Ay Ay oo A e A 4y .

Ap = -1 Ap-1)2Ap-ju,

@ W Ap-1 = Hp-2)4p-2)2Ap-2)u,, 13

Puc.2. OtoOpaxenus: MHOXe-
ctBa A; B Aj+;: a — UHBEKTUB-
HO€, 0 — OMEKTUBHOE, B - CYypPb-
EKTUBHOE

A ={Ag-1 )1 A% -1)2 A1 )u, 5

A2 = {All’Alz"”’Aluz },
4; = {an:alz,---’alul }

rie Ax — MHOXKECTBO HOJcUCTEM (k-1)-T0 Kinacca B IOJICUCTEME k-TO Kiacca;
A(k—l)n - -5 moacuctema (k-1)-ro kjacca B MoJACUCTEME K-TO KJlacca;

Uy - IOPSIOK MHOXKECTBA Ay;
a 1m — M- DIIEMEHT MHOXKeCTBa A;.

MHOX€ECTBO B COAEPKUT CIIETYIOIIHE II0ICUCTEMBI

4/

Ox

HW

AN
Puc.3. I'mnoretnueckas Mo-
Jelb  TOTOYHO-TIPOCTPAHCT-
BEHHOM TEXHOJIOTHIECKOM
CUCTEMBI C  HECKOJILKHUMH
BXOJHBIMH HIH BBIXOIHBIMH
MMOTOKaMH

r:

B={B,,B,,...B,}
31ech:

B; ={Bjy . Bi(p, —1y»sBit, s Bin Bit}
Bip, =Bi(p, 01> Bi(p, 2>+ Bi(p, -1y, I3
Bi(p,-1) = Bi(p,~2)1>Bi(p,~2)25+ Bi(p, ~2)v ) I3
e ¢ 6 6 06 0 0 0 0 0 0 0 o
Bik, = Bi(k, ~0)1>Bik, ~1)2>+++ Bi(k, -1y, 13
e ¢ 6 6 06 06 0 0 0 0 0 o o
Bip ={Bi1> Btz Bity, 1
Bj ={bi1:bi125--bity, 5

rae B; - i-s noacucrema MHoxecTBa B ;

n - YUCJIO BBIXOAHBIX TEXHOJIOTMYCCKUX MO]:[y.J'IGfI;
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Bi(k—l)n - -5 - mojAcucTeMa (x -1)-ro Kjacca B MOJCUCTEME K-TO KJIACCA MHOKECTBA i—TO

BBIXOOHOT'O TCXHOJIOTUYCCKOTO MOIYJIA,
Vii- TIOPSIOK MHOXecTBa B ;

b.

i1 - M-¥ SIEMEHT MHOXecTBa By ;

pi - YUCJIO KJIaCCOB IIOACUCTEM MHOKECTBaA Bi )

B cucremax ypaBuenuii (2) u (5) oOmuii mopsijoK 6JI0KOB TEXHOJIOTUIECKOTO BO3/ICH-
CTBUA MHOXECTB An B,‘ ONpCaACICTCA BbIPpAKCHUSAMMU:

p
u= [Tuyg, (6)
k=1
p
vi=Tlvg - (7)
k[:l

MO>KHO OTMETHTB, YTO B CIIy4ae, KOT/ia OIMH U3 TIOTOYHO-TPOCTPAHCTBEHHBIX TEXHO-
JOTHYECKUX MOIYJIEH TEXHOJOTHYECKOW CUCTEMbI UMEET OJJTHOMEPHYIO 3aMKHYTYIO CTPYKTY-
py, To BblpaskeHus (1) u (4) npuHUMAIOT ClIEAYIOIINE 3HAYEHUS:

A={4},
B =1{B;}:

Jns pemienust TaHHOW 3aJ1a4y 3a1aAMMCS HAYAJIbHBIMU Y CIIOBUSIMMU:

1.IToTo4HO-TIpOCTpAaHCTBEHHAs TEXHOJOTHYECKAsi CUCTEMa COCTOUT M3 OJHOTO BXOJ-
HOT'O TEXHOJIOTHYECKOTO MOAYJISI U 7 BBIXOJIHBIX, CTPYKTYpa KOTOPBIX OTIPENENIEeTCs MHOXKE-
ctBamu (1), (2) u (3), (4), (5) mmm (1),(2), (3), (4), (5) u vactuuno (6), (7).

2. IlpoHy™MepyeM 3JIEMEHTHI M MOJICUCTEMBI BXOJHOTO TEXHOJOTHYECKOTO MOJYJIS: B
nojacucteme 4; [-ro kjiacca Mo3ULMHU IEMEHTOB [/,2,...,7y,...,u;; B noacucreme A; 2-ro
KJIacca MO3UILMU MOJCUCTeM 1-ro knacca [,2,...,1»,...,Uz, ...; B IOACUCTEME A-TO Kjacca Io-
3uMu nojcucteM (k-1)-ro kmacea 1,2, ..., 1, ..., ux, ..., B IOJCUCTEME A, p-TO KJlacca MO3ULUH
noacucrteM (p-1)—ro xiacca 1,2,...,1p, ..., Up.

3. [IpoHyMepyeM BBIXOTHBIE TEXHOJIOTHIECKHE MOy 0003HaYaeMbIe
MHO>KECTBOM B cleyoUMy No3ulusImMu 1,2, ...,i, ...,n.

4. IlpoHyMepyeM 3JIE€MEHTHI M MOJICUCTEMBI i—TO BBIXOIHOTO TEXHOJOTHYECKOTO MO-
IyJis: B OJCUCcTeMEe Bj; [-ro Kjlacca MO3ULUU AJIEMEHTOB /,2,...,7; ...,vi; B TIOJCUCTEME B>

2-TO KJacca Mo3ulMM nojacucteMm /-ro kmacca /,2,...,12,...,V2, ..., B TIOJICUCTEME Bik. ki—10
1
KJlacca mo3unuu nojacucrem (k—I)-ro kmacca 1,2,..., M, ..., Vk, ..., B TIOJICUCTEME Bl-p, pi—TO
1
KJIacca MO3UIMHU TOJICUCTeM (p;—1)-ro kiacca 1,2, ..., Ny, sV, -
1 1

5. 3aganuMmcs TeM, YTO MEPBBIM MapUIPYT MPOXOIUT MO MEPBLIM MO3ULIUAM dJIEMEH-
TOB U IIOACHUCTEM Ka)KI0T0 Kiacca.
6. [To3unuu 1 nMoAcUCTEMbI KaX/10r0 Kilacca SIBISIOTCS 3aMKHYTHIMU PEKYpPPEHTHBIMU

nOoCJICA0BATCIIBHOCTAMHU.
7. U3genus ¢ BXOJHOIO TEXHOJIOTHYECKOTO MOAYJIA TMOCJICA0BATCIIBHO IMOOYUCPEIAHO
MOCTYIIAarOT B ],2, «.0,1, ...,n BBIXOJHBIC TEXHOJOTUYCCKHUE MOIOyJiM, 3aTCM  LUKJIBI IOBTOPAIOT-

Cs.
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Jng  HaxoXIEHUS  MapamMeTpoB  MapUIpPyTH3alUMM  M3ACTUH B MOTOYHO-
NPOCTPAHCTBEHHBIX TEXHOJOTHYECKUX CUCTEMAaX C Pa3BETBISIOMIMMUCS TOTOKAMH U3/ICIIUI B
paboTe mpeycMaTpUBAETCS BBITIOJHUTH CIICAYIOLIEE:

- HalTH 0OIIee YNCIIO PA3IMYHBIX MAPIIPYTOB JABIKCHUS M3/ETHMN MO MO3UIUAM TeX-
HOJIOTHYECKOM CHCTEMBI;

- YCTaHOBHTbH YHCIIO H3JENUH, MOCIEe MPOXOXKACHUS KOTOPHIX B TEXHOJOTHYECKOM
CHCTEME 3aBepIIACTCs IOJHBI KUHEMATHYECKUH ITUKII JIBUKCHUS €€ 3JIEMEHTOB M TOJICHC-
TEM, TO €CTbh Cy4ail KoTJa BCe MO3ULUH M MOJCHUCTEMbl TEXHOJOTHYECKOW CUCTEMBI BO3Bpa-
IAIOTCS B KICXOJTHOE TIOJIOKEHUE;

- ONpEIENTUTh HOMEpa MO3UIHMK 3JIEMEHTOB M MOJICUCTEM TEXHOJOTHYECKOW CHCTEMBI
10 KOTOPBIM MPOXOIUT MApIIPyT JFOOOT0 HOMEpa U31ENHs;

- OTIPEJICIUTH YUCIIO TO3ULUI AIIEMEHTOB MOJCUCTEMBI 1-r0 Kiacca BXOJHOTO TEXHO-
JOTHYECKOTO MOJYJISl, ¢ KOTOPBIMU B3aUMOJICHCTBYET (PUKCHPOBAHHAS TO3UIHMS AJIEMEHTOB
MOJICUCTEMBI 1-T0 Ki1acca i— T0 BBIXOAHOTO TEXHOJIOTHYECKOTO MOJYJISI CUCTEMBI.

Pemenne 3Tux 3amad sBISETCS OCHOBOM OTpeNeNeHHs MapaMeTpoB MapUIpyTHU3AIHN
U3ENHA B Pa3BETBIIIONIUXCS TOTOYHO-TIPOCTPAHCTBEHHBIX TEXHOJOTHUECKUX CUCTEMaxX, 0e3
3HaHUI KOTOPBIX HE MPEACTaBISIETCS BO3MOXKHBIM BEJI€HHE YTIpaBJICHHs TOKa3aTenell Kade-
CTBA BBIITYyCKAaEeMBbIX M3JIEIHH.

Hcnonp3ys mpemioxenus, TeopeMbl U (OpMyJIbl MHOTOMEpHOU anreOpsl rpymm [1]
oO1iee YnCIIO Pa3IMYHBIX MapIIPYTOB JBMXKEHHS W3AETUS M0 MO3HIMAM TEXHOJOTHYECKON
CHCTEMBI C Pa3BETBIIONIUMHUCS MOTOKaMHU OyJET ONpeneNsThCsi Ha OCHOBAHUM CIIEYOIINX
BBIPAKCHUM:

n Pi
Ny=> HOK| G, ] v |
i=1 k=1 "
p (8)
HOK| Tlu,n
G- k=1 ’
n

rie — N; o0lee 9rcio pa3IndHbIX MapIIPyTOB JBMKCHUS U3EIAN 110 TTO3UIMSM TEXHOJIOTH-
YECKOM CHCTEMEI,

HOK| G, ﬁ Vi, |- HAUMEHBIIEE o0IIee KpaTHOE IBYX YHCEIL
kizi

IIpu 3TOM KOJMYECTBO W3MEINMN, MTOCTE MPOXOKIAEHUS KOTOPBIX, B TEXHOJIOTHIECKOMN
CHCTEME 3aBEPIIACTCS MOJHBbIA KMHEMATUYECKUU LUKJ JBHKCHHU €€ AJIEMEHTOB W IOJICHC-

TEM, ONPEACISICTCS 10 ClieayoIei popme:

V4 P Py
N, =nHOK| G,HOK| 1] Vi, 5 11 Vi, oo I1v, {1, 9)
k=1 k=1 k, =1

B nostyuennoit popmye (9) Benuunna G BBIYUCISIETCS HA OCHOBAHHUU BhIpaykeHus (8).
Homepa no3unmii 371eMEHTOB U MOJICUCTEM TEXHOJIOTMYECKON CHCTEMBI, [0 KOTOPHIM
NPOXOJUT MapuIpyT S; TH000T0 U3AENUs ONpeAeseTcs Ha OCHOBAHUM CJEIYIOLIUX CHCTEM
YPaBHEHHUI:
- JJIl BXOJTHOTO TEXHOJIOTUYECKOTO MOIY IS
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Sy =mpuy, +ry,;
"p
mp-| +§— =Mp-DU(p-1) T (p-1);
P
Fp—-1

p .
p-1 +—§p_1 = M(p-2)(p-2) *1(p-1)> (10)

&
my +—2=m1u1 +I"1,

- JUIS1 i—TO BBIXOJHOT'O TEXHOJOTHUYECKOTO MOayJid

S, =m,n+i;

I
mn +—=mp‘va +l"p';
g i i i
r
Pi _ .
Mp, + & =M(p,-HV(p,-1) +V(Pi_1)’ (11)
P

W)
my +—=myv+n,
2
rie S— HOMep U3/eNUs OCTYIAIOUIEr0 B TEXHOJIOTHYECKYIO CUCTEMY;
My, Mi- LEJIble YNUCIA, MPEACTABIIAIOIINE IOBTOPSIEMOCTh LIMKJIOB MO3ULME noacucreM (k-1)-
ro WM (k;-1)-ro xjacca B MOJACUCTEME K-I'O WM K;—T0 KJlacCa BXOJHOTO WU [—T'0 BBIXOJHOTO
TEXHOJIOTHYECKOI0 MOy JIs;
Tk, Fki - HOMEpP MO3ULMU IOJICUCTEMBI k-I'O JIM K;-I'O Kjlacca BXOJHOTO WJIM i-I'O BBIXOJHOTO
TEXHOJIOTUYECKOT0 MOJYJIsI, COCTABIJIAIOIIMIA MapIIPYT ABUKEHUS Sy U3 EIHS.
Cnenyer uMeTh BBUAY, YTO IPHU BBIYUCIEHUU MApaMETPOB IO CUCTEME YpaBHEHUM
(10) HE0O6X01MMO UTOOBI BHITIOIHSIUCH CIEAYOIIHE YCIOBUS:
-JJIA IPAaBOM 4aCTH ypaBHEHUH
eci 1= 0, TO 1y = uy;
- U1 JIEBOW 4aCTH YpaBHEHUH

ecmn 1, =0, T0E, =uy;
ecau 7, =0 T10&) = a.

Hnst cuctemsl ypaBuenuit (11) HeoOxoaumMo, 9TOOBI Tak)Ke BBITIOJIHSIIUCH CIICAYIOIINE
YCIIOBUS:
- ISl IPABOY YaCTH ypaBHEHUMN

ecmn i =0,T01 ="n;
ecmut 1, =0,T0 7% =Vp 3

- U JIEBOM 4aCTH YpaBHEHHUU
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ecm i=0,10& =n;
ecmu i =b, 10 & =b;
ecmn 1y, =0, 108 =V
nur = T =C.
€CIH 1y =C,TO&y =C

Uucno nmo3uuui 3J€MEHTOB MOACUCTEMBI 1-ro Kjacca BXOJHOTO TEXHOJOTHYECKOTO
MOJyJIl C KOTOPBIMU B3aMMOICUCTBYET (DUKCUPOBAHHAS MO3UIIMS FJIEMEHTOB MOJICUCTEMBI |-
ro KJIacca i—T0 BBIXOJHOIO TEXHOJIOTUYECKOIO MOJYJIS OIPEEIIIeTCS HA OCHOBAaHUM HAXOXK-
JICHUS IOPSJIKAa HOPMaJIBHOTO JenuTens [1] u BeipaXkaeTcs Clieay oMy GopMyJIaMu:

P
HOK| Tluy,n
Ry = e ;
n
Pi
HOK| Ry, I vi.
k=1
R, = 7 ,
[T v,
ki:l

rae Ri— 4nciio MO3UILMHA 3JIEMEHTOB MOJACUCTEMBI 1-rO Kjlacca BXOJHOTO TEXHOJIOTMYECKOTO
MOAYJisd C KOTOPBIM BSaHMOHeﬁCTByeT OJUH BbIXOI[HOfI TEXHOJIOTHYECKUN MOYJIb,

R>-4ucIio mo3uimii 3JIeMeHTOB MOACUCTEMBI 1-T0 Kjlacca BXOJITHOTO TEXHOJOTUYECKOTO MOJTY-
JI1 ¢ KOTOPBIMH BSaI/IMOILGfICTByeT (1)I/IKCI/IpOBaHHaSI IIO3UIIUA DJIEMEHTOB ITOACUCTEMBbI 1-ro
KJIacca i—I'0 BBIXOJHOTO TEXHOJIOTMYECKOTO MOJIYJIA.

Taxum 006pa3oM, pazpabOTaHHBIN MOIX0/1 U TIpeaiaraeMbie (HOPMyJIbl, IOJTyUEHHbIC Ha
OCHOBE MHOTOMEpPHOW ayireOpbl rpynn [1], MO3BOJISIOT ONPENETUTh OCHOBHBIE MapaMeTpbl
MapumpyTu3anunu H3I[€JIPII71 B Pa3BCTBIIAIOIINXCA IMOTOYHO-IIPOCTPAHCTBCHHBIX TCXHOJOTMYC-
CKHX cHUcTeMax. A 3To Aa€T BOSMOKHOCTD YIIPABJIATH IMMOKA3ATCIKIMU Ka4€CTBAa U3IOTOBJICHUA
I/I3I[€JII/If/'I n Q)yHKHHOHI/IpOBaHI/IH TCXHOJIOTHUICCKHUX CUCTEM, IMOBBICUTH YPOBCHb aBTOMATU3a-
oy MpoOr3BOJACTBCHHBIX IPOLECCOB Ha 6336 TCXHOJIOTUICCKUX CUCTEM HEIIPCPBIBHOT'O Z[Cfl-
CTBUA.

Cnucoxk aurepatypsni: 1. Muxaiino A.H. Pa3zpaboTka MeTo10B NpOEKTUPOBAHUS
BBICOKOA((EKTHBHBIX MOTOYHO-POCTPAHCTBEHHBIX TEXHOJIOTHYECKHX cUcTeM. Jluc... a-pa
TexH. HayK — XapbkoB: XIIN 1991. — 498 c. 2. Muxaiinos A.H., Teputox H.O. K pacuery na-
paMeTpoOB MapUIPyTHU3ALUH H3/IEIUN B MIOTOYHO-IPOCTPAHCTBEHHBIX TEXHOJIOTUUECKUX CHC-
temax // W3Bectust By30B. MammHoctpoenue, 1990, Ne 11. C.60-63. 3. Muxaiinos A.H.
CtpykTypa MapmpyTOB M  3aKOHOMEPHOCTH JIBWKCHUH W3IEIMA B  TMOTOYHO-
NPOCTPAHCTBEHHBIX TEXHOJOTHYECKHX cucTeMax // [IporpeccrBHbBIE TEXHOJOTUH U CHCTEMBI
MalMHOCTpoeHus: MexayHapoaHbli ¢0. HayuHbIX TpyaoB. — Jonenk: Joul'TY, 1998. Boim.
3. C.64-79. 4. Kypom A.I'. Kypc Beicuieit anreopsl. — M.: Hayka, 1971.- 431 c. 5. Maremartu-
YeCKH IHIMKJIoNeanueckuii cioBapb. — M.: CoBerckas sHiukionenus, 1988. — 847 c. 6.
®ponosuu E.H., Tunsxkos I'.A. Mapuipytuszainus o0beKTOB 00pabOTKM B aBTOMaTHYECKHX
POTOPHBIX M POTOPHO-KOHBEHEPHBIX JIMHUAX // Teopusi MalIMH aBTOMAaTHYECKOTO JIEHCTBUSI.
M.: Hayka, 1970. C. 93-97. 7. Umenko A.JI., Muxaiitnos A.H., Kpeunn [I.H. IIpoGnemsi
MapIIpyTU3AIHUN U3/IEUH B POTOPHBIX CHCTEMaX COOPKU C Pa3BETBISIONIMMUCS TTOTOKaMH //
[IporpeccrBHbIE TEXHOJOTUN W CHCTEMBl MAIIMHOCTPOEHHS: MeXTyHapOIHbIH ¢O. HAyIHBIX
TpynoB. — Houeux: JJoul'TY, 1998. Bemn. 5. C. 72-77.
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HNCIIOJIB30OBAHUE METOJIA HCUKABBI IIPU ITPOEKTUP OBAHUN
TEXHOJIOTI'MYECKOI'O IMTPOIECCA CBOPKH

Crtpyxkos P.A., Kynsouga O.0., Umenxo AJL. (JonHTY, 2. [loneyx, Yxkpauna)

Pa3BuTHE YKOHOMHKH, BO3pACTAIOIINE TOTPEOHOCTH 00IIeCTBa TPEOYIOT YCKOPEHHOTO
Pa3BUTHS MAITMHOCTPOCHUS, TIOBBIIIEHHS KaueCTBa MPOAYKIUH, CHIKEHHS Ce0ECTOMMOCTH U
HACBIIEHUS PhIHKA HEOOXOAMMBIMH TOBapaMH. DTO BEJET K HEOOXOIMMOCTH MCIIOJIB30BAHUS
HOBEHIIEH TEXHUKHU U POIPECCUBHBIX TEXHOJOTHYECKUX IIPOLIECCOB.

Ha cbopky B mammHoctpoenuu npuxoautcs 10 40-60% oOmiel Tpya0eMKOCTH H3T0-
TOBJICHUS U3Aenuii [1, 2], mpudueM UMEHHO B mpoiiecce COOPKH, Kak Ha 3aBEpIIAIOIIEM dTare
NPOU3BOJCTBA, MPOSIBISIIOTCSA BCE OTPEIIHOCTU MPEIbIAYIIEH MeXaHHYecKoi 00paboTKu sie-
tanei. HemoctaTku MexaHU4IecKOW 00pabOTKU COCTABISIONIUX H3/ETHS HEU30€KHO BIUSIOT
Ha CoJ/iep KaHHe TEXHOJIOTHUECKOTO Ipolecca cOOpKH, TpeOys JOMOJHUTENBHBIX OTeparmit
MOJHANIA/IKK, CEJICKIIUN WM BBI3BbIBAas HEOOXOIMMOCTH HCIOJB30BAHUS PAa3IMYHOTO pPOAa
KOMIICHCUPYIOIIHX U3/EIIHH.

[Tox TEXHOIOTHYECKUM TpOIIecCOM COOpPKH, B 00IIeM Cilydae, HOHUMAIOT COBOKYTI-
HOCTh OIEpanyii 0 COCTUHEHUIO AeTalell B OINMpEeNeIeHHOW TEeXHHYECKH U DKOHOMHYECKH
1esiecoo0pa3Hoii OCIEA0BATEIFHOCTH IS TTOJTyYEHHS MEXaHW3Ma HIIM MAIITUHBL, TTOJTHOCTHIO
OTBEUAIOUINX YCTAHOBJICHHBIM JJIs1 HUX TpeOoBaHusaM. [Tpu BeimonaHeHnn paboT mo pa3padbort-
K€ TEXHOJIOTHYECKOTO MPOIecca MOXKHO BBIJIEIUTH TAKYIO MOCIIEI0BATEIHHOCTh ATAIOB!

— 0oTpaboTKa Ha TEXHOJIOTUYHOCTb;

— BBIOOp BHUJIa TEXHOJOTHYECKOTO MPOIIECCa;

— TIOCTpOEHHE CXeMBbI COOPKH;

— YCTaHOBJICHHE METOJIOB COOPKHU

— pa3paboTka MapUIPyTHOH U OTIEPAITMOHHON TEXHOJIOTUH;
— BBIOOpP O0OpYyAOBaAHMS;

— OlpenereHne TEXHOJOTHYECKUX PEKIUMOB;

— BBIOOpP WJIM KOHCTPYHPOBAaHUE OCHACTKH;

— Ha3HAYCHHE TEXHUYECKHX YCJIOBUH Ha COOPKY;

— BBIOOp METOOB M CPEJCTB KOHTPOJIS;

— HOPMHpOBAHHUE;

— ompenerneHne Crioco00B TPAHCTIOPTUPOBAHHUS U TAPHI;

— 3anmch TPeOOBAaHMUI MO TEXHUKE OE30MAaCHOCTH M OXPaHbI OKPY KaIOLIeH CPEIbI;
— odopmIieHHE TEXHOIOTHIECKOTO TIpOoIIecca.

JTa NmocIe0BaTeNbHOCTD IPKO XapaKTepU3yeT CIOKHOCTh 3a/1a4H pa3paboTKH TeX-
HOJIOTHYECKOTO Tporiecca cOopku. Pe3ynbraT npomecca cOOpKH 3aBUCHT OT MHOTOYHCIICHHBIX
(baKTOpOB, MEXKAY KOTOPHIMU CYIIECTBYIOT OTHOIICHHMS THMA «IPUYMHA — CIEACTBHE» (pe-
3ynbTar). [ obGecrieueHnst BBICOKOTO KayecTBa COOPKH MPH MPOESKTHPOBAHUN TEXHOJIOTHYE-
CKOTO TIpOIlecca 3TH OTHOIICHHUSI HEOOXOIUMO OTCIIKHBATH, MPHUYEM HEBAXKHO HIET cOOpKa
OT/EJIHOTO Y3J1a WU y>ke Bceil MammHbl. OJTHUM U3 I0CTaTOYHO yJAO0OHBIX CIIOCOOOB aHAIH-
3a TIPUYUHHO-CJICICTBEHHBIX OTHOIIECHHUH SIBIISIETCSI CEMaHTHUYECKasi MOJIENb, TOCTPOCHHAS 110
merony Ucukassr [3]. [Ipodeccop Tokmiickoro ynuBepcuteta K. Mcukasa B 1953 r., 06cyxk-
nasi mpo0JeMy Ha OJHOM 3aBOJE, MPEITIOKII YUUTHIBATh MHEHHS WH)KEHEPOB B (hopme ama-
rpaMMbl, KOTOPYIO 03€E Ha3Balu quarpammoil MicukaBbl Wi AMarpaMMon «pblObU KOCTH»
3a CXO0XECTh C MOCIeAHUMH. J[narpaMma momMoraeT OTACIHUTh MPUYHHBI OT CIICICTBUMA U BU-
3yalM3upyeT MPOoOIeMy EITUKOM.
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Jlis moctpoenwust tuarpaMMbl MicukaBbl HEOOXOIMMO OCYIIIECTBUTH psijl maros [3, 4, 5]:
1. O6o3HaunTh POOIEMY (ITyTEM yMO3aKIIOUEHUHN WM HCTONB3ys auarpammy llapeto

10 pe3yJibTaTaM JIESITEIbHOCTH). 3aTEM B NIPABOM YacTH JIMCTA B MPSMOYTOJIbHON pam-

K€ 3amucarh npodsieMy U MPOBECTH OT PAMKH MPSMYIO JIMHUIO BJIEBO — 3TO I'OJIOBA U

XpeOeT TuarpaMMBbl — «PBHIOBDY.

2. O0603Ha4YNTh IJIaBHBIE YPOBHH (peOpa «pbIObI»), KOTOPHIE SABISIOTCS OOLIMMU MPUYH-

HAMH, BIMSIONIMMHU Ha JaHHYIO mpoOieMy. VX 3amuchiBalOT B MPSMOYTOJBHBIX PaM-

Kax, pacrojararoT ¢ pa3HbIX CTOPOH OT «XpedTa» U COSAMHSIOT CTpelaKamMu (OOJIbIIH-

MU KOCTSIMH) C HUM.

3. BbIIBUTH BTOPOCTENICHHBIE YPOBHHU - MPUYUHBI, BIUSAIONINE Ha 00IIMe M 0TOOPa3UTh
uX B BUJe cpennux pedep. HeoOXoammo yuecTh Kak MOXKHO 0OIIee KOJIMIECTBO MPH-

YUH, IPOCIIEANB MIPH 3TOM, YTOOBI MOJ Pa3IMIHBIMH (POPMYIMPOBKAMHU HE CKPBIBAJICS

OJIVIH CMBICIL.

4. Onpenenutb 3HAYMMOCTD KaXKI0W MPUYMHBI HA 0003HAYCHHYIO MPOOIeMy. DTO MOX-

HO CJIeNaTh, MCIOJIB3Ys CIOCO0 «MO3TOBOTO IITypMay IMyTEM HOCIEI0BATEIbHOTO OT-

CEKaHMsI MEHEe 3HAYMMBbIX NMPUYMH (IPUHLUI MOCIEI0BATEILHOTIO CHKAaTUS allbTepHA-

TUB). DTO MOJKHO CJAENaThb NPOCYMMHPOBAB OLIEHKH YYaCTHUKOB «MO3TOBOTO ILITYp-

May TI0 KaXKI0U mpoobieme.

5. IlpoBecTH aHa/M3 MOJYYEHHBIX PE3YJbTATOB. DTO MOYKHO CJI€NATh, UCHOJB3YS METOJ

u quarpammy Ilapeto no npuuunam. 1 ecom cootnomenue Ilapero (20% npuyuuH BbI-

361BalOT 80% cieicTBUIA) HE BBINOJIHAETCSA, TO CTOUT NEPECMOTPETh MPUUMHBI U UX

3HAYUMOCTH.

Ha puc. 1. npencrasnena quarpaMma, npy MOMOIIM KOTOPOM MOYKHO NMPOBECTH aHa-
3 (GaKTOPOB, KOTOPbIE HEOOXOIUMO YUECTh IPU COCTABJIEHUH TEXHOJOTHUECKOI0 Mpolecca
cOopku. [TaBHBIMHM YPOBHAMHU B JAaHHOM CJIy4ae BBICTYIAIOT MCXOAHASI HHPOPMAIHS, OPY AU
NPOMU3BOJCTBA, TEXHOJIOTHSI, IPOU3BOJCTBO, OKPYKAIOMIAs Cpeaa, MaTeprual COOMpaeMbIX 13-
nemmid. [lpuBeeHHbIe BTOPOCTETIEHHBIE YPOBHU OTPAXKAIOT T€ (PAKTOPBI, KOTOPBIE MOTYT BJIU-
ATh Ha TEXHOJIOTUYECKUH ITpoLiecc COOPKH, BbI3bIBast €ro u3MeHeHne. CocTaBisione JaHHOU
JauarpamMmbl 000011I€HHbIE, HO HE €IMHCTBEHHO BO3MOJKHBIE, Ha KaX/10M KOHKPETHOM IIPOU3-
BOJICTBE MOTYT BO3HHMKATh IpyTHe HA0OpHI (pakTOpoOB.

TexHuueckuil mporpecc B MalIMHOCTPOEHUH XapaKTEPU3YETCsl HE TOJIbKO YJIyUIlIEHU-
€M KOHCTPYKIIMH MAIlfH, HO ¥ HETIPEPHIBHBIM COBEPIICHCTBOBAHMEM TEXHOJIOTHU HUX MPOU3-
BOJICTBAa. Ba)kHO KaueCTBEHHO, 9KOHOMUYHO, C MUHUMAJIbHBIMU 3aTpaTaMy TPyJa U3rOTOBUTh
COCTaBJIAIOIINE YaCTH MAIIWHBI M, YTO HE MAJI0 Ba)XHO, KaYeCTBEHHO MX coOpatk. [Ipobiema
KayecTBa COOPKHM, KaK 3aKIIOUMTEIBHOTO 3Tala IMpoliecca Co3JaHus MallliH U MEXaHU3MOB,
ABJIAETCA OCOOCHHO aKTyalbHOM MpU MOJEpPHHU3ALMU NPOU3BOJICTBA, BHEAPEHUU HOBBIX TEX-
HOJIOTUI W MONBITKAX CHMXKEHMs ce0eCTOMMOCTU MPOIYKILUH, MOTOMY TaK Ba)KHO YJAEISATh
BHUMaHHE YIIPaBJICHUIO KaYeCTBOM COOpPKH Ha BCEX ATanax NpOU3BOJICTBA.

CemaHTHUECKHE MOJENU, NOCTPOEHHbIE Mo MeToay McukaBbl, 3a cuer cBOed He-
3aMKHYTOCTH M BO3MO>KHOCTH PacUIMPEHHsI, MOTYT ObITh y/JauyHO HMCIIOJIb30BAaHbI IPU pellle-
HHUY BCEBO3MOJKHBIX MPOM3BOJCTBEHHBIX 3a7a4 KaK IM0O0ANBHBIX, PACTIONIOKEHHBIX Ha XpeoTe,
TaK U YacTHBIX, PAacMOJIOXKEHHbIX Ha peOpax. lMcmosb3oBaHuEe 3TOro Meroja CTUMYJIHPYET
AQHAJIMTUYECKOE U TBOPUYECKOE MBIIIUIEHHUE, [T03BOJISIET TITyOOKO IPOHUKHYTh B POOJIEMY, YTO
HE MOJKET HE CKa3aTbCs IOJIOXKHUTEIbHO Ha pe3yJibTaTe — pa3padaTblIBAEMOM TEXHOJIOTHYE-
CKOM TIpoIIeCCe.
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