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AHHOTaums. B cTaTbe npusefeHbl JaHHble MO NOCTPOEHNIO aaanTUBHOW CUCTEMbI
KOHTPONA U PerynupoBaHns acMHXPOHHOIO 3NeKTpoasuraTens cTaHka. Mofenb CUCTEMbI
BK/OYaeT B cebs [Ba KOHTYpa perynnpoBaHus: TOKa 1 CKOPOCTW BpaLleHWst BbIXOAHOIO Ba-
na. Peakunsi HeNMHEHOW AMHAMUYeCKOW CUCTEMbI 3NEKTPOABUraTeNs CTaHKa C HelipOKOH-
TPONNEPOM Ha CTYNeHYaTble BO3AEWCTBUS CO CAyYyaliHO aMninTyaoin, UMeeT MUHUMU3K-
pOBaHHbIN KonebaTeNbHblA XapakTep ¢ ObICTPLIM 3aTyXaHNEM.

KntoyeBble cnosa: anekTpoasuraTeb, CTaHOK, afanTuBHas cucTema, HelnHenHas
AVHamMnyeckas cucTema.

1. BBepgeHue

TpeboBaHUA K KayeCTBY PerynvpoBaHus 18 CNOXHbIX OOBEKTOB C ABHO BblPaXKeH-
HbIMW HENMHEAHOCTSAMM NOCTOSAHHO BO3pacTatoT. ATO CNOCOOCTBOBA/IO Pa3BUTUIO B NOC/e[-
HWe rofibl COBPEMEHHbIX METOLOB perynnpoBaHnsa. OLHUM U3 TaKUX METOZO0B ABMIAETCA pery-
NMPOBaHMEe Ha OCHOBE HEMPOHHbLIX CETei AMHAMMYecKor Mogenn obbekTa. [JaHHbliA MeToq,
Haxo4uT BCe OONbLUee MPYMEHEHWE B NMPOMbILLIEHHbIX CUCTEMAX YMNpaB/ieHNs, YTo 06yC/OB-
NEHO ero npemmyuiectsamun. OQHO M3 HUX - MUHUMYM MapameTpoB, TPEBYHOLLMX HACTPONKW.
MpeAnoCbINKOA YCNeLwHOro NCnonb30BaHMA Takoro Biaa perynmpoBaHns SBASETCS Hanuume,
Mo BO3MOXHOCTW, TOYHOI Mofenn 06bekTa. Kak npasuio, AN HeNMHeHbIX cucTeM hopmu-
poBaHVe Takol MoAenu 3aTpyfHeHO. B CBA3M € 3TUM 34ecb NpeAcTaBnseT UHTepec npumMe-
HWUTb HEMPOHHbIE CETW, CMOCOOHbIE anmnpPOKCMMUPOBATL MPaKTUYECKN Nt0Oble HeNMHENHbIe
CUCTEMbI. TeOpPeTUYECKN MOCTPOEHNe HEMPOHHOW MOAEeNM He [LO/MKHO Bbl3blBaTb MPO6GeM,
TaK Kak Mnpv 3TOM HUKaKOW MCXOAHON MHopMaLm 06 06beKTe perynmpoBaHus He TpebyeT-
ca. MNpakTnkKa 0fHaKo MoKa3sbIBaeT, YTO CTPYKTYpa HEPOHHOI CeTH, YNCNO ee BXOAHbIX Mne-
PEMEHHbIX, METOZ TPEHUPOBKWU W, B OCOBEHHOCTWU, TPEHUPOBOYHbIE MHOXECTBA [aHHbIX
[O/MKHbI 6bITb ONTUMU3NPOBaHbI[1].

2. OCHOBHOE cofiepXXaHue 1 pesy/ibTaTbl paboTbl

B faHHOiA paboTe 6bl1M 3aTPOHYTbI BOMPOCHI MOCTPOEHMS alanTUBHOW CUCTEMbI KOH-
TPONA W PerynMpoBaHUs aCMHXPOHHOMO 3N1eKTPOABUraTeNsi CTaHKa. BaKHON 0COBEHHOCTbIO
HEMNPOHHbIX CeTei ABNAETCA UX BO3MOXHOCTb NMPUMEHEHUS 41 PErynvpoBaHns 1 KOHTPONS,
NPy X HEnocpeACTBEHHOM BO3MOXHOCTM OBHApY>EHUS U MOCTPOeHMSt (DYHKLMOHANIbHbIX
3aBMCUMOCTEN MeXay ANHaMUYECKMMM NapaMeTpaMu CUCTEM YNpaB/ieHus.

HeipoHHble Mofe-

NN 06LEKTOB YNpaB/eHUs,
= vk-D) KaK MpaBu/io, UCTOMb3Y-
4 >
=] eTcsA B 3aja4ax perynampo-
v(k)
w u(l) o) BaHWS B CNeAyHOLNX
e NN » STRECKE > CRyuasx:
e inv. - 06LEKT YrpaB/e-
— w1y | Modell o
N HUS ABNAETCS HENMHEN-
HOW AMHAMMYECKOI CUC-

Puic. 1. Cxema MOZieN NPsIMOTOHHOIO MHBEPCHOTO perynupo-  T€MOW,
BaHNA - CTPYKTYpa (1

17


mailto:m�@mech.dgtu.donetsk.ua

NH>XEHEP, Ne 14, 2013 r.

BbICOKO3®PPEKTVBHOE TEXHO/IOIMMYECKOE OBEOPYJOBAHUE.
MPOBJIEMbI MPOEKTUPOBAHUA

napameTpbl) CUCTEMbI, YaCTUYHO WU NOTHOCTbK HEWM3BECTHBI.

B Takux cnyyasx, Ans noCTPOEHUS ANHAMUYECKO CUCTEMbI, CMOMb3YIOT T. H. NARX
- Modell (Nonlinear Autoregressive with eXogenous input) [2].

MpeacTaBneHa CxeMa PerynmpoBaHuns ¢ HEMPOKOHTPOEpPoM T.H. “Direkte inverse
Regelung®. [imarpamMmma noToka CUrHa/oB Harnsa4Ho npeacrasneHa Ha puc.l:

[na naHHoro metofa, AN oNucaHUs 3aBUCMMOCTY CUTHAIOB NPW PerynmpoBaHmm,
NCMOMb3YIOT CefytoLee BblpaXKeHue:

(k) = N(ygop (k+1),y(k), ..., y(k —ny +1),4i(k — 1),...,4(k —n, + 1)) (1)

MepepatouHas GyHKUmMa ans nocnegosatensHoi Lenu NN inverses Modell n 06bekTa
YMpaB/ieHNs CTPEMUTCA TEOPETUYECKMN K 3HAYEHUIO (1). STO NO3BONAET KOMMEHCUPOBATb
MMetoLLMEeCs B CMCTEME HelMHeHoCTK [3].

B paboTe npuBOAMTCA ONUcaHNe MOAENN 3N1eKTpoaBuraTens ctaHka. Mogens cucre-
Mbl MpejcTaBfeHa Ha puc.2:

? or 1+T_p i \'( i : M R ?
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Puc. 2. CTpyKTypHasi MOAE/Nb 3NeKTPOBUraTeNsi CTaHKa

Mogenb BKOYaeT B cebs Ba KOHTYpa perympoBaHus: TOKa 1 CKOPOCTY BpaLeHUs
BbIXOJHOT0 Basia. B OCHOBY NPOEKTMPOBAHS KOHTYpa PErysMpoBaHiist TOKOM MOJOXKEH
MPUHLMN MOAY/IbHOT0 ONTUMYyMa. [/1s1 KOHTYpa PerynupoBaHnst CKOPOCTbHO 1CMONb3YeTCs
MPUHLMN CUMMETPUYECKOr0 ONTUMYyMa. Huke nprBeaeHa TabnmLa NapamMmeTpoB CUCTEMbI

3].

Ta6nuua 1. MapameTpbl 3NEKTPOMEXAHNYECKOI CUCTEMDI

OnucaHne napameTtpa CumBon
NnocTosiHHasa BpemeHn yucnutens Pl - perynaTtop e
NOCTOAHHaA BPeMeHU 3HaMmeHaTenb Pl - perynarop =
9KBVB&/IEHTHAA MOCTOSAHHAA BPEMEHN =
NMOCTOSIHHaA ABurartens k
COMNpPOTUBIEHNE AKOPA R,
MexaHu4ecKas BpeMeHHas NnocTosHHaa ABurarens Ty
HOMWHa/IbHbI TOK ABUraTens Iy
yacToTa BpallleHusa asurarens Jl

MpoBOAMIOCL MOCTPOEHME BXOLHOIO BEKTOPA HEPOHHOM CETU U BbIXOLHOI0 BEKTOPA
Lienn Ha ocHose BcTpoeHHOro naketa Neural Network Toolbox gns o6y4eHuns ceT Ha OCHOBe
MHOIOCNOMHOIO NepcenTpoHa ¢ 06paTHbIM pacnpoCcTpaHeHeM OLWNOKK JleBeHbepr-
Mapkapara [4].
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Ha puc. 4 BUgHO, 4TO BEKTOP Lenn (CUHUIA LBET), COBMAAAeT CO BXOAHbLIM BEKTOp (3e-
NeHbI LBET). bbl0 0CYLLECTBNEHO NOCTPOEHME U MOAEeNMpoBaHue npolecca 0byyeHns Narx
— Modell anekTpoaBurarens cTaHka.

C—t]

Clock To'Wokspace

Tons+1 1
. .
Ll
Random Tow.s 27 Tsig+
L] Transfer Fend Transfer Fen
To Watspace10 To Wfotspace2

To Wotspace]

Puc. 3. Mogenb anekTpogsurarens ctaHka B nakete Matlab Simulink
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Puc. 5. Narx — Modell anektpozsurarens ctaHka

19



NH>XEHEP, Ne 14, 2013 r.

BbICOKO3®PPEKTVBHOE TEXHO/IOIMMYECKOE OBEOPYJOBAHUE.
MPOBJIEMbI MPOEKTUPOBAHUA

Ha puc.5 npeactasneH rpamk obydeHHor Narx — Modelln anekTpogsurartens, ans
KOTOpOro BekTop uenu (rony6oi UBeT), COOTBETCTBYET BXOAHOMY >XeNaeMOMY BEKTOpY
(KpacHblii LBET).
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Puc. 5. padmk 06y4eHHon Narx — Modellv anekTpogsuratens craHka

3. 3aKnyeHne

3 aHanmn3a NonyyeHHbIX AaHHbIX CeAyeT, YTO peakuus CUCTEMbl Ha CTyMeHYaTble
BO3[ENCTBMSA CO CMy4YaliHOW aMNIMTYAON BNOHE YAOBNETBOPUTE/IbHA, UMEET MUHUMU3MPO-
BaHHbIVi KonebaTenbHbI XapakTep € LOCTaTOYHO ObICTPbIM 3aTyxaHueM. TakuMm 06pas3om,
HelipokoHTponnep ansa Narx —Modell HenHeHOW AMHAMUYECKO CUCTEMbI MOXHO LLIMPOKO
MCNONb30BaTb ANA PEryNMPOBaHUS MEXAHUYECKMX W 3MIEKTPUYECKNX XapaKTepUCTUK ABWa-
Tens cTaHka.

Cnucok nutepatypsbl: 1. 3anora B. A., Kpusopyuko . B., MuweHnH A. A. Bbibop
ONTUMaNbHOW CTPYKTYPbl HEMPOHHOW CETW A4NA pelleHuns 3a4ady Teopun pesaHns// PesaHue v
WHCTPYMEHT B TEXHONOrMYeCKUX cuctemax: Mexp. HayuyH. TexH. cOopHuk. —X.: HTY
«XMW», 2002. -Bbin. 63. —C. 65-71. 2. Measeaes B. B., Koanesckas E. C. HelipoceTteBoe
MOZeNnpoBaHMe Kak napaguMrMa onvcaHus KauyeCTBEHHbIX NpPeobpa3oBaHUiA B TEXHOMOMMYe-
CKMX npoueccax // MexayHapofHas Hay4dHas KOH(epeHums «HelpoceTeBble TEXHOMOMMN 1
NX npumMeHeHue». — KpamaTopck: [JoH6acckas rocyfapcTBeHHas MallMHOCTPOUTE/bHasA aka-
aemus, 2002. 3. Mepageaes B.C., MNoTtemknH B.I". HelipoHHble ceTn. Matlab 6/ Mog 06wy, Peg.
K.T.H. B.I". MoTtemknHa. — M.: uanor — MU®K, 2002. — 496 c. 4. Neural Network Toolbox.
Howard Demuth, Mark Beale 2003. 5. bpokoB M.b. C/CTeMbI UCKYCCTBEHHOIO MHTE/eKTa
B MaLUMHOCTPOEHUN: Y'ueb. Mocobure. CapaTos: Capart. roc. TexH. yH-T, 2004. 119 c.
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PACUETbI HA MPOYHOCTb 3YBUATbIX KOJTIEC PEAYKTOPA
B CPEJIE MATHCAD

Batyes LI.A., Erogypos I'.C. (kadegpa CM, BCI'YTY, I. YnaH-Y a3, Poccus)

AHHOTaLMA. B cTaTbe UCCNeAoBaHO Hanpsa>KeHHoe COCTOAHUE HePaBHOMEPHO ABW-
>KyLmxca (UM paBHOMEPHO BpaLlarLmMXcs) Tef C MCNob3oBaHem npuHuuna [’ Anambepa.

KntoyeBble cioBa: NPOYHOCTb 3ybuaThbIx Kosec, npuHumn [’ Anambepa, Hanps»KeHus,
ceyeHue.

Mo ycnosmsm paboTbl GONbLUMHCTBO AeTaneli MaliUH HaxOAATCA B ABVKEHWUM (Ha-
npumep, nonaTkm U AUCKWA TypObOMaLLMH, WaTyHbl U T.4.). BO MHOrMX cnyyasx ycKopeHus
ABVDKYLLMXCS 3/1EMEHTOB MPaKTUYECKN He 3aBUCAT OT KX AeopmMaumu 1 MOryT ObITb Orpe-
[ileNeHbl MeTof4aMy KMHEMaTUKN TBepAOro Tena.

YCKOpeHNs TOYeK paBHOMEPHO Bpallaromxca Ten (4UCKW, LUKMBbLI) NMOCTOSAHHBI MO
Be/IMYMHE N Hanpas/ieHuto. VX HanpsXeHHOe COCTOSAHME He M3MEeHsieTcsa Mo BpeMeHu. Ecnu
YKe YCKOpeHWs B MpoLecce ABVKEHUS MEHAIOT BEIMUMHY U HarpasieHne (Hanpumep, Lwary-
Hbl), TO MOXHO 1CCNeL0BaTb HaMPSXXeHHOe COCTOAHME B OTAE/IbHble MOMEHTbI BPEMEHM.

[N n3yyeHns Hanps>KEHHOro COCTOAHMS HepaBHOMEPHO ABMXKYLLMXCS (MK paBHO-
MEPHO BpalatoLmMxcs) Ten BOCNosb3yemcs npuHumnom [’Anambepa. Cuctemy 6yaem pac-
CMaTpMBaTb Kak HEMOABWKHYIO, HO K KO0 ee TOUKe MPUIOKUM CUy, NPOnopLUOHasIb-
HYIO NJIOTHOCTM MaTepuana, YCKOPEHUIO W HanpaB/ieHHY0 B CTOPOHY, MPOTMBOMOMOXHYHO
YCKOPEHWI0. 3T JOMONHUTESbHbIE CUMbl OYeM Ha3blBaTb CUMAMU UHEPLMW. 3aMETKM, YTO B
3Ty CXEMY BMUCbIBAETCA W pacyeT Tes, HaXoAAWMXCA Mof, AeiicTBUEM COGCTBEHHOIO Beca.

B anemeHTax BpalLalOLWNXCA UK ABUKYLLUXCA HEPaBHOMEPHO CTEPXXHEBbLIX CUCTEM
BO3HMKaeT OAHOOCHOE HanpsiXXeHHOe COCTOSAHWE N BHYTPEHHKE CUbl (2 MO HUM U Harnpse-
HUS) ONpesenstTCcA MeTOLOM CEYEHWA.

Bo BpalatoLmxcs guckax nMeet MecTo oceBast cUMMeTpusi. Cunbl, LelCTBYIOLLME Ha
AMCK, B TOM YUC/e LEeHTPOOEXHbIe CU/bl OT BPaLLEHWs, HarnpaBeHbl paguaibHO Y paBHOMER-
HO pacnpejeneHbl B OKPY>XHOM HarpasfieHnn. HanpsXeHHoOe COCTOSAHME B AWCKE — [ABYXOC-
HOe, HanpsXeHUs paBHOMEp-
HO pacnpejesneHbl NO TOMLLU-
He.

o, hrdp+d(a, hrdp)

prdpdrhey’r —

Ha puc.l nokasaH
o, hdr 3NEMEHT AMCKa To/LmHOM h ¢
WHEPLMOHHBIMY Harpyskamu.
TonwwmHa h npegnonaraetcs

g hrde L
dp MaJioil MO CPaBHEHWIO C Ha-
PY>KHbIM paguycom r,.
a) 6) B AMCKe MOCTOSHHOM
Puc. 1. PacyeTHaa cxema BpallatoLLleroca ancka n Hanps- TOMLMHbI OKPY)XHbIE 0y (1) 1
YKEHHOe COCTOsiHME paguanbHble o (r) Hanps-
YXeHus onpegenstoTcs no gopmynam [1,2]
_ B 1+30L 22
ot(r)—A+r—2- 3 [(ploo” r“ +EF(r)-alAt(r)),
o,r(r):A-r%-3’8ﬂtpmo2 2 - E[F(r),
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.

F(r)=—Cadt(n)hdn,  msnsr,

r r

roe rp - BHyTPeHHWA pagunyc aucka; At(r) - yHKUmMs Temnepatypbl AWUcCKa No paguycy; v -

KoahpmumeHT MyaccoHa. Temnepatypa Ancka npegnonaraeTca NOCTOAHHOW MO TONWUHe. B
PaBHOMEPHO HarpeTom Nno pasuycy ANCKe TeMnepaTypHble HanpPsHKeHWUsA OTCYTCTBYIOT.

7. | o, MocTosHHbIE A N B

, y | % OMpeaenstoTCs 13 rpaHny-

HbIX YC/IOBWIA B 3aBUCKMO-

S CTK OT (POPMbI AUCKa U Cro-

a L
7

1 YYyo. ] W |" coba ero Harpyxenus. I"pa-

. - - HWYHbIE YCMOBUA HA KOHTY-

3 b c pe Aucka MoryT ObITb 3aja-

Hbl B MepemMeleHnax win

Puc. 2. BapyaHTbl rpaHNYHbIX YCNOBUIA Ha KOHTYpE AMCKa cunax. Ha puc.2 nokasaHbl
pa3/IMyHble BapuaHTbl rpa-

HUYHbIX YCNIOBUIA, KOTOPbIE BCTPEUAOTCS Hanbosnee YacTo. Ha Hapy>KHOM KOHTYpe Auncka npu
r=r, 0, =0, WM 0, =0 (puc.2,a). FpaHNYHbIE YCOBUSA HA BHYTPEHHEM KOHTYpE pa-

anyca
r =ry AMCKA 3aBUCSAT OT YC/OBMIA €ro 3akpenneHus. Ecnu auck cBO60AHO MOCXeEH Ha Basl

WK LEHTPa/IbHOE OTBEPCTUE CBOGOAHO, TO Gpq =0. ECAM AMCK NOCakeH Ha Bas C AnameT-
pa/ibHbIM HaTAroM A W 3TOT HaTAr AOCTAaTOUYeH, TO FPaHNYHbLIM YC/IOBUEM SIBNSETCS YCI0BUE

o 1
COBMECTHOCTU fethopmaumii amcka v Bana (puc.2,c): U —Ug ZEDA rae u u ug - paguanb-
Hble MepemeLLeHns AucKa W Bana noj AeiicTBreM BCeX (hakTopoB (Mocafku, TemnepaTypbi,

LIEHTPOGEXHbIX CU/T), 4acTo NPUHUMAKOT Ug =0. Hatar A paseH pasHuLe MeXay paguycom

Ba/1a U painycoM OTBEPCTUA AncKa. IHOrAa AMCKU BbINOMHAIOT 6e3 LleHTPalbHOro 0TBEPCTUA
(puc.2, b). B aTom cnyyae Ha HekoTopom masiom paguyce r; =(0.01...0.05)r, 0, =0y;.

CyLLECTBYET 3HaUeHWe YrioBOW CKOPOCTY, Bblllie KOTOPOTO KOHTAKT MEX/y BasoM W
LIUCKOM HEBO3MOXEH. JTO 3HaUeHMe Wy Ha3bIBAETCS 0CBOOGOX/AOLLEN Yr0BOW CKOPOCTHIO

1 ero MoXXHo onpefienuTs u3 ycnosma A, =0 . Mpy 0cBOOOXKAAIOLLEN YaCTOTe BPaLLEeHNs Gy

KOHTaKTHOE [aBNeHNe MEX Y BasloM W AVCKOM CTaHOBMTCS PaBHbIM HY/IHO 1 3afa4ya CBOANTCS
K PELLEHUIO ANCKA CO CBOBOAHOI BHYTPEHHE 1 HAapyXXHOW MOBEPXHOCTSMM.
PaccMOTPUM MpUMeEp pacyeTa Ha MPOYHOCTb 3y6GUaTOro Koneca peayktopa AuameT-

poM M:=m MM:=10"m kH:=10°IN MMa:=10°[Pa c:=s Kr:=kg
Dy :=200 MM, nocaxeHHoro Ha Ban d :=30[MM c Hatarom /4 (puc.3,a). B kauectse

o o d
pacyeTHOM CXeMbl BblIOUpPaeM TOHKUI AUCK C BHYTPEHHUM W HapyXXHbIM paguycamun I = PE
_ D1 . y
Iy .:7, MOCTOSHHOM TonwmHbl h:=50CMm (puc.3,b). Ban Bpawlaetcs C 4acToTOiA

w:=2620¢ n nepegaeT KpyTawmin momeHT T :=0.095[kH [ . MaTepunan gncka — CTanb
mapku cT.30:

0, =300MMa E =2010° (Mfa p:=7.8010° (kr a3 v:=03
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Puc. 3. PacueTHasa cxema Basia pefyKTopa v 3ybyatoro Koneca

HenpoBopaunBaemMocTb AMCKa MO OTHOLUEHWIO K Basy Mpu nepegade MomeHTa T
o6ecrneynBaeTca 3a CYET CUN TPEHUS MeXAy BaioM W OUCKOM (KOI((MULMEHT TpeHus
f :=0.15). Ycnosue HenpoBopaunBaeMocT (C HOPMAaTUBHbLIM KO3P(UUMEHTOM 3anaca

Nadm :=1.5) nmeet Bug [2]

v Do
T= = ,
Nadm Nadm
OTKy/a ONpe/ieNiiM KOHTAKTHOE [JaBMIEHNE Py, MEXY BA/IOM U AMCKOM Mpu BPaLLEHU Bana

C YI/IOBOVi CKOPOCTHIO ()

20 Mygm
Pkw = Pkw.ad Pkwadm = —— 5 - Pke.adm = 13.44MMa.
W wW.adm w.aam T[|]j2 [th w.aam
Haiigem Hatar A, npu paboyem uymcne ob60opoTOB, 06ecreumBaroLwuini Tpebyemoe

KOHTaKTHOE [1aBNeHNE Py = Pkey.adm - BOCMONb30BABLLNCE (POPMYIION [2]

+ I’ r2 + rl
Pko» = —T VB > TVg
EEB - r2 —rl

Haxoamm
D2
Dy = =2 Mg agm M 3 1 A, =4.125%10 %M.
EN 1[|D1 +d2 )
Cssasb A\, CHaya/bHbIM HATATOM £y [aeTcsa BblpaKeHVEM [2]
g PaB*vy) 2 -
N; f1 - E ff1-vg )0 -
_ 00 Vo) _ P Vv 2 L
By =t 1[%%’” ) e low)o, ©
Eg Es [ C
SR Vo) 32 C
H = F
0TKyaa
2 2
Ao _—Dwm‘*’[EJ'?’m’ (@ (pCDf +w’ (@ [p(Df ¥ Dy =4.787x10 0 m.

E
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MpoBepMM NPOYHOCTb AWCKA MO TEOPUM MaKCUMaslbHbIX KacaTeslbHbIX HanpsKeHWi
Tpecka-CeH-BeHaHa. Mpy onpeaeneHnn HanpsiXeHUiA BOCMOMb3yeMCst MPUHLMMNOM Cynepro-

31MumKn. VIHepuMOHHbIe HanpskeHus (pyc.4, rpaHWYHbIE YC/TOBUS UMEKOT BUA: MPU =1 1
r=r, 0, =0) B TOYKax AnCKa BLIYNCAKTCA MO (hopMy/am:

2 22 0
(6 r2 &
Ur.MH(r):=pTE63+v)[§§+r12_ 2 0f _ 2f] g

2 " j
_ pl? 2. 2, B0 1430 2ﬁ.
Gt.mn(r)-—T[@"'V) 2t t 7 I %

3+v

r:=0.0140.014 +0.002..0.1
h

0.t 0.1

0.08 0.08

qmr (f") : . :

S 0.06 0.06

g T I
SHEN , 0.04 0.04 N
S 0.02 et 0.02 P

Tr.in®) Tt inl0)

Puc. 4. 3Nopbl MHEPLIMOHHbIX PaguaibHbIX Oy (1) M OKPYXHBIX Ot 4y (1) HANPSXKEHWIA

KoHTaKTHble HanpsXXeHus (puc.5, rpaHuWyHbIe YCNOBUA WMEIOT BUA: NPU I'=n
Or = Pyon W F =1y 0, =0) B AncKe onpeaensoTca no opmynam:

2 2
0r.KOH(r)::_T:I-Epkoo.admmZD 412] _le 2%
(-D? +d?)@% 0
o 4% +D? E'
(-D? +d?)?
r:=0.0140.014 +0.002..0.1

-1
Ot gou(r) = e [Peo.adm [

_!1

i1 | 0.1
i
00 0.0
A 0.06
QT‘ ‘ “-\-3 |(\] ‘ v . (]
A & 0 AN
| — 02 0.02
AN | _ |
Pros Ty kon®) Tt kon(t)

Puc. 5. 3nopbl KOHTAKTHbIX PaguanbHbIX Oy you(F) M OKPYXHBIX Ot on () HAMPSHKEHWIA

CknafiblBasi MHEPLMOHHbIE 1 KOHTaKTHbIe HaNpshKeHUs, nonyymm (puc. 6)
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Or(r):=0pyu(r)+0pou(r)d
0t (1) =0 yu(r) + 0 kon(r) D,
r :=0.014,0.014 +0.002..0.1.

! ‘\ ot t =l

q., r(?‘) 08 0.08 \
g | - 6 0.06

= t .
Q ‘N ) P [} — 0.04
LAl -~ g — gy B 0.02
N !
P KOH Urir) oy (1)

Puc. 6. 3nopbl CyMMapHbIX paguaibHbIX () 1 OKPYXXHBIX Gy () HanpsHKeHwWid

N3 puc.6 cnegyeT, UTO OMAcHOI SBNSIETCA BHYTPEHHSA TOYKa Aucka. KacaTenbHble
HanpsHKeHWs B 3TOM TOUKE AMCKAa PaBHbl KacaTe/lbHbIM HampsXKeHMsIM Ha NMOBEPXHOCTM Ba-

na(T =T, ) M ONpeenatoTca U3 0UEBUAHOTO0 COOTHOLEHNA T =T; = Pky.adm L » OTKYAA
T = Pkw.adm f , t=2.016MTlla

HanpseHHoe COCTOosHME B paccMaTprBaeMoii TOUKE N306paXKeHo Ha puc.7.

[n1A TOYeK y BHYTPEHHEN MOBEPXHOCTW AWCKa NPW I =Tr; UMEeT MECTO M/I0CKOe Ha-
MPS>KEHHOE COCTOAHME C MNMaBHLIMU HaMPAKEHNAMM:

01 :=18.624MTlla gy :=0
03 :=-13.567Mla

OKBMBA/IEHTHOE HampsKeHWe Mo TeoPUN MaKCUMaIbHbIX

KacaTenbHbIX HanpsbkeHnin Tpecka - CeH-BeHaHa
Oeq =09 —03

Puc. 7. HanpsbkeHHoe co- KoathduumeHT 3anaca NPoYHOCTY 41s AUcKa
CTOSHME B TOUKE Ha BHYT- g
PEHHel NOBEPXHOCTH ni=—_ n=9.319
fMcKa Oeq

Takum o06pa3omM, paspaboTaHHas NporpaMma pacuyeta B
cpene Mathcad Ans GbICTPO BpaLLAOLLMXCSA AUCKOB MO3BO/SIET MPU NHOOLIX UCXOAHbLIX AaH-
HbIX:

1) onpegensTb KOHTAKTHOE [aBfieHNe Py, MEXAY Ba/lOM U UCKOM;
2) HalTu HaTar A, npu paboyem uyucne o60pOTOB, O6ecreumBaroLuin Tpebyemoe
KOHTaKTHOe 1aBNeHne Py = Pkeo.adm |

3) NpoBepsATbL NPOYHOCTL AMCKA MO 1060 TEOPUM NPOYHOCTH;
4) npy HeO6XOAMMOCTI YYeCTb (PYHKLMIO TEMNEPATYpPb! AMUCKA MO paguycy.

Cnucok nutepatypbl: 1. ®deogockeB B.M. ConpoTusneHne matepuanos.-M.: Hay-
Ka, 1986.- 512 c. 2. BajmH P.K., Erogypos I'.C., 3aHreeB b.M. PacuyeTbl Ha NPOYHOCTL 3fie-
MEHTOB MALLUWMHOCTPOUTENbHBIX KOHCTPYKUMIA B cpefe Mathcad.- YnaH-Yaa: BypaT. KH. U3f-
B0, 2005.- 600c.
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YAK 681.3
METO/L PACIMAPANNENNBAHNA MNMPOUELYP OBPABEOTKN MACCKBOB
BHYTPU LUIMKNOB B NOCJIEAOBATEJIbHbIX NMPOIPAMMAX
CO CBA3AMMU MO YTIPABJIEHNIO

Bop3os 4.5, Kopoit B.B (KO3I'Y, r. Kypck, Poccus)
Ten. +7(4712)58-71-05; E-mail borzovdb@kursknet.ru

Abstract: The paper about parallel executing procedures in loops from the sequential
program of the multiprocessor computer systems.

Key words: multiprocessors systems, sequential program, parallelization, array proc-
essing, loop, program procedures.

Pa3BuTHe napaifiefibHbIX BbIYMUCIUTENbHBIX apPXUTEKTYP B Halle Bpems MPUBENO He
TONbKO K MOBbILLEHWIO NPOU3BOAUTENBHOCTW BbIYUCAUTENbHBIX CUCTEM, HO U NMOPOAMIO NPO-
61eMy HeONTUMabHOIO 3aJeliCTBOBaHUA BCEX PECYPCOB TakuX cucTeM. OAHUM 13 peLLeHuii
3TOW NpobneMbl ABNSETCA NpeobpaszoBaHMe NOC/NeA0BaTe/IbHbIX YY4aCTKOB MporpaMm B Ma-
pannenbHble [1], 4TO NO3BO/SET paLMOHa/IbHEE UCMO/b30BaTb PECYPChbl MHOTOMPOLLECCOPHbIX
CUCTEM 1 MOBbILLATH CKOPOCTb BbIYUCNEHWIA.

PaccMOTpMM NPOCTENLLMIA y4aCcTOK NPOrpaMmbl C MCMOb30BaHMEM BbI30Ba MPOLEAYPLI
BHYTPW LMK/Ma CO CHETYMKOM, rAe BbI30B (DYHKUUWN HE M3MEHSIeT XO4 UuuKna, a SIZE - KoH-
cTaHTa:

Tabnmua 1. BbI30B Npoueaypbl BHYTPY LMKIa

int mas[SIZE];
int i=0;
while(i<SIZE)

func(mas[i]);
i++;

¥

cnonHeHue 3TOro yyacTka nporpammMbl B MPOLLeCcope NoB/ieveT 3a Co60M BbINOMHEHME
cneayroulero anroputma [3] npu SIZE=4: (yyacTku anroputMa OyayT NOBTOPATLCS, MOKa
nepemMeHHas i He CTaHeT paBHOW KoHcTaHTe SIZE, meTka end 0603Ha4aeT KOHeL, NporpaMm-
HOro Kofa, if — oneparop ycnosus, func(mas[X]) — BbI30B npoueaypb! C 31eEMEHTOM MaccuBa
nof HomepoM X B KayecTBe aprymeHTa ) (CMm. Tabn. 2).
ANropuT™M 13 Tabnuupbl 1 He BO3MOXXHO MOABEPrHYThL pacnapanieiMBaHNO No MeToay
[2], T.K. OH He noAxoAuT Nog ycnoBue:
F(i,k) = (1; 0O ) U (I, 0G;) (G UO),
rge | - matpyua BXOAHbIX nepeMeHHbIX, O - MaTpuua BbIXOAHbIX NepeMeHHbIX , P - matpuua
HENoOMHOro napainenusma. Anroputm u3 Tabnmupl 2 NOAXOAWUT NOA 3TO YC/IOBUE U MOXKET
ObITb pasgeneH Ha He MeHee Yyem Ha SIZE napannenbHO-UCNOMHAEMbIX YacTeil CreayroLmm
obpasom:
1. Oneparop LMK/a 3aMeHseTcs 0nepaTopoM ycoBus
2. BMecTO nepemeHHOW-nHAeKca (B JaHHOM criyyae i) CTaBUTCA KOHKPETHOE Yncno (B
3aBMCUMOCTU OT 3HaYeHUs | B LIUKSIE)
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Tabnuua 2. BbinonHe- 3. TopacTtasnseTcs Teno LMKna, ornepaTop MHKpemMeH-
HWe npoueaypsb! Ta/[leKpeMeHTa 3aMeHAETCA Ha NMPUCBOEHME COOT-
BETCTBYHOLLLEr0 YnCNa
If(0<4){ 4. TloBTopsieTcst HAbop AencTemin 1-3, ans Apyroro
func(mas[0]); npoxoga umkna (T.e. 4Ns pyroro 3HayeHus i)
i=0+1: Pe3ynbTaT npeobpa3oBaHus Koga NnokasaH B Tabnuue
} 2.
else goto end T.e. npu Hannumm 6IOKOB Koja 06paboTKM MaccyBOB
If(1<4){ BHYTPY (DYHKLMIA, He BAUSAIOLLMX HA KOIMYECTBO NPOXOAO0B
func(mas[1]); UMKNa, a TaKKe MNpu M3BECTHOM KO/IMYECTBE MPOXOA0B
i=1+1; UMKNa CTaHOBUTLCA BO3MOXHbIM Mpeobpasosatb rpynny
} rnocnefoBaTeNbHbIX BbI30BOB PYHKLMN 06paboTKM MaccuBa
If(2<4){ BHYTPY LMKNa B napansiesnibHble 6/10KM no meTogy [2], uTO
func(mas[2]); npuBegeT K 6013ee ONTUMaTILHOMY 38e/iCTBOBAHNIO MHO-
i=2+1: rornpoL,ecCOpPHO CUCTEMbI B TaKMX BbIUYNC/IEHNSAX.
|%(3<4){ Cnucok nutepatypsbl: 1. BoeBoanH B.B., Boeso-
func(mas[3]); avH Bn.B., MapannenbHble Bbluncnedns // BXB- lMeTep-
i=3+1: oypr. — CaHkT-IMeTepbypr, 2002.— 608 c. 2. Arobptokc C.A.
} MeToA, anroput™ 1 YCTPOMCTBO 06ecneyeHns pacnapasine-
If(4<4) NMBatoLLElt KOMMUAALMW NOCeA0BaTeNbHbIX NPOrpaMM A5
goto end; BbIYNCMIUTENbHBIX CUCTEM: AWC. KaHA. TEXHUY. Ha-
end YK.:05.13.05: Kypck. ['oc. TexHud. yHuBepcuteT, Kypck ,
2010.-C.34. 3. TpaxTeHrepy, 3.A. BBefieHne B Teoputo aHa-

nn3a U pacnapannenusaHmsa nporpamm 3BM B npouecce
TpaHcnayuun. — M.: Hayka, 1981. — C. 184-187.

YK 629.73(09)
MH®OPMALIMIOHHOE MOAE/IMPOBAHWE HAIPEBA U PA3PYLLEHNS
CMYCKAEMbIX AMMAPATOB B 3EMHON ATMOC®EPE

MapaHuHa B.M., Xonogosa C.H. (4I'TY, r. PocToB-Ha-[oHy, Poccus)

AHHOTauma. OTpaboTaH [ByX3TanHblii Cnocob KOHCTPYMPOBAHWUS MUHUMAbHBIX
afieKBaTHbIX Mofeneld AN OLUEHKN MIHOBEHHbIX TennoBblX MOTOKOB HA NOBEPXHOCTb CnycC-
KaeMbIX KOCMUYECKMX annapaToB MpU pasuyHbIX CLeHapuax nocagku. Ha nepsom sTane
BbIENAEeTCA BeAyLLUMA MeXaHU3M Harpesa, B O THOLIEHW KOTOPOro OCyLLecTBAsSeTCS nocne-
Ayouwas aeTanusauns QuMKo-xMMn4YecKoro onmcaHus.

KntoyeBble cioBa: MOAeNMpoOBaHWe, Harpes, TeNa0Bas Harpyska.

MocTtaHoBKa 3agayn. Mpobnema HaLeXXHOCTU U 6e30MacHOCTM CNyCKaembIX annapa-
TOB 06YCNOBMEHA BbICOKON MEXaHUUYECKOW U TEPMUYECKON HANPS>XKEHHOCTbI (DUHULLIHOTO
yyacTka Tpaektopuu [1]. MNpnbnnxeHHble MeToAMKM [2,3] NO3BONAIOT OLEHMBATb reOMeTpU-
yecKue, CUJIOBbIE U TEMNJIOBbIE MapameTpbl Pas3/INYHbIX TPAEKTOPWIA, B T.Y. IOKaIM30BaTb y4a-
CTKW, rfe BO3AenCTBME aTMOC(epPbl HA KOCMUYECKUIA neTaTenbHbI annapaT (K/1A) akcTpe-
Ma/lbHO. N8 3TUX KPUTUYHBIX Y4aCTKOB TPebyeTcs AeTan3npoBaTh OLEHKY TepMOMEXaHu-
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yeckoro HarpyxeHus KJ1A, 4tobbl CKOPPEKTMPOBaTb KOPPEKLMIO TPAeKTOpUKN U/unu afanTu-
poBaTb TeMnI03aLUnTy.

BblgenaoTca Tpu napasinefibHbIX MexaHn3Ma Harpesa NoBepxHOCTU CMyCKaembIx anna-
paToB: KOHBEKLMS, XMMUYECKME peakLmmn 1 n3nydeHue. MpoTekaHne peakuuii U paguaumoH-
Hble npoLeccbl 06bIMHO HEpaBHOBECHbI [2,3]. M03TOMY CMOCOOGHOCTL afeKBaTHO BOCMPOU3BO-
ANTb HEPaBHOBECHOCTb (PU3MKO-XMMUYECKMX B3aMMOLENCTBUIA BbICTYMNaeT rnaBHbIM Tpe6o-
BaHMEM K YTOYHAKOLLMM UH(OpMaUMOHHbIM MogenaM (MIM). CnoxHOCTb AeTaslbHbIX MOJe-
neli TensiomMaccoobmeHa s crnyckaembiX KJ/TA o6ycnoBneHa B3avMOBIUAHMEM MOMEN ra3o-
AVNHAMWYECKNX, XUMUYECKNX N paauaLMOoHHbLIX NapaMeTpoB. 3ajada pellaeTca pas3geieHneM
MPOCTPAHCTBEHHO-BPEMEHHbIX MaclUTaboB: B pe3y/bTaTe YAaeTcAa BbILENUTb TpU Cy6-
MOZeNIN — ra3oBoi ANHAMUKN, XUMUYECKO KMHETUKM 1 paamaLlMoHHOro nepeHoca.

MeTog MofennpoBaHus. MNpefnaraeTcs MCMONb30BaTb ABYX3TamnHbI METO[, pacyeta
TEPMUYECKMX HArpy3oK Ha CryCKaeMblil annapar: Ha NepBoM 3Tarne OLeHOYHo [2,3] nokanu-
3yloTCs Hanbonee TennOHaMNPsXKEHHbIE YYaCTKN TpaeKTopun 1 nosepxHoctn KJ1A, a Ha BTO-
POM — KOHCTPYMPYIOTCA U UCCNeytoTCs feTasibHble VIM [1] Harpesa v paspyLueHus.

PacnpocTpaHeH/e MeTOLO/0OrMYecKMX pe3ynbTaToB [1] Ha MOMeTHbIe YCNOBUA MO3BO-
NAET YYnTbIBaTb BK/AZ Pa3INYHbIX PaKTOPOB — KOHBEKLMW, paguaumm n XMMUYECKUX peak-
WA B COBOKYMHbIN Harpes cryckaemblx annapatoB K/1A. Ha puc. nokasaHo TUNMYHOe pac-
npegenieHve TeNI0BOW Harpy3ky Ha NoBepxHOCTb KJTA 04HOKPaTHOro M MHOropasoBoro mc-
MoNb30BaHUS.

Pe3ynbTaTbl BbIUMC/INTENIBHOIO 3KCNepuMeHTa. PakTUYECKN TenioBas Harpyska Ha
MOBEPXHOCTb MHOropa3oBbiX KJ/TA 0Ka3bIiBaeTCs NOYTU BABOE HMXKE, YeM CeayeT U3 AaHHbIX
PUCYHKE, 3a CYET UCMO/Mb30BaHUA HU3KOKATIMTUUYHLIX MOBEPXHOCTHBLIX MaTepuanoB. Taknum
CrnocoboM peKOoMOUHALMOHHYHO COCTaB/AIOLLYHO TEMIOBOro NMoToKa yAaeTca ocnabutb npu-
MEPHO Ha MOPSAOK BEIMUYMHBLI U CBECTU TEPMUYECKOEe BO3LENCTBME TeYeHMs Ha annapaT K
YMCTO KOHBEKTMBHOMY. IMpy MCMOMb30BAHUN XUMUYECKM MHEPTHLIX MOKPbLITUIA TpaeKTopus
LaTTNa B eIMHCTBEHHON Touke U = 5 KM/c, H = 65 KM KacaeTcs MHUKN YPOBHS Tena0BOro
noToka = 310 BT/cM?, 0CTaBasiCb Ha y4acTKax 3aMeTHO MeHee TenoHarnpsKeHHON.

PaavauVOHHBIA Harpes NOBEPXHOCTM AOMUHUPYET Npu G6anamcTuyeckom cnycke KJ1A,
BXOAALLMX B M/IOTHbIE CIOM aTMOCHEPbLI CO CKOPOCTLIO PaBHOWN UK 60/bLUIEN BTOPO KOCMU-
yeckoil. Mpeobnagarollas ponb pagvaLMOHHOrO HarpeBa 0OYCNOB/IMB/IEHA Ype3BblYaiHO
CWbHOM 3aBUCUMOCTBIO BENIMUMHbI (g OT CKOPOCTW annapata U: U3ny4yatesibHas ClocO6HOCTb
C/10A MPOMNOPLMOHaIbHa MPOU3BELEHNIO KO3(DULMEHTA MOM/OWEHNSA U YEeTBEPTON CTEMNeHN
TemnepaTypbl rasa B ygapHom cnoe. Mo 3aBucuMocTu gr(u), NONYHYEHHOW MyTEM YNUC/IEHHOTO
WHTErpupoBaHusi COOTBETCTBYHOLMNX YPaBHEHWNIA pafnaLMOHHOW ra3oBO AUHAMUKN MOXHO
OLLeHNTb 3HEPIUI0 «ONTUYECKOM aKTuBauum» Bo3ayxa [1] — nHTerpasbHo ansa Y® v BugMmon
obnacTeli cnekTpa. BennumHa 3Heprum akTMBauumn Ans YCPEeAHEHHOrO B npejenax Criek-
TpanbHOro nHTepBana (111 = 0.2+0.8 MKM Koa(puLMeHTa NOr/IOWEeHNA N3/Ty4eHNs HepaBHO-
BECHbIM BO3JyXOM B yAapHoM cnoe coctaBnseT ~ 30 KK, UTo ABNAeTCA cpefHEB3BELLEHHbIM
(C y4eToM XMMM3Ma W 3HEPreTMYecKOn HepaBHOBECHOCTW) 3HAYEHWEM A/ SHEepPruu anekx-
TPOHHO-BO36YXKAEHHbIX COCTOSAHUI OCHOBHbIX U3nyyaTeneit — yactul, No*, NO, No, N n O.
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80, 3 380+ Bg0- —
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Puc. 1. TennoHanpsKeHHOCTb U CTPYKTypa TePMUYECKOW Harpysku Ha noBepXHOCTb
CrycKaemblIX annapaToB B aTMocdepe 3emnu: a — B — abCOMOTHbIE 3HAYEHWS KOHBEKTUBHOIA,
pafnaLoHHOM U PeKOMOMHALMOHHOWA COCTaBNAKOLWMX; I — CYMMApHbIA MOTOK; | — nnaHu-
pytowas TpaekTopusa cnycka K/1A «Cnelic wattni»; |l — aTMocthepHbIii y4acToK 6annnctuye-
cKoin TpaekTopuu; Kpyxku (1) n ksagpatbl (1) — MeETKM BpeMeHHbIX MHTepBanos no 100 c.
BeposTHOCTL reTeporeHHoN pekoMbuHaL My nonaranack pasHoim 1

Mpw BbI6paHHOM ymncne Da,, LOMUHMPYIOLLMIA haKTOp HarpeBa - reTeporeHHbIe peak-
UMM - No npowecTsnn ~ 50% BpemeHM Crycka B aTMocthepe YCTynaeT MeCcTO KOHBEKLUN, a
Be/IMYMHA COBOKYIMHOrO TEnj0BOro MOTOKa yMeHbLuaeTcsa BABOe. CTPYKTypHas AMHaMuKa
TEN0BOro NOTOKa NO3BOMSET KBAMPULMPOBATL rETEPOreHHY0 PeKOMOUHALMI0 aTOMOB Ha
Tenn03awmTHON noBepxHocTh 6onbioro K/1A Kak, ¢ Of4HON CTOPOHbI, OAVH 13 BeAYLUMX Me-
XaHWU3MOB ee Harpesa W/unn paspyLleHuns, a ¢ Apyrou, - NpUHUMNUansHO ynpasnsemMblid. Co-
OTBETCTBEHHO B 3TOM Hanpas/ieHNV TPebyeTCs KOHLEHTPUPOBATL YCUINA MO COBEPLUEHCTBO-
BaHMIO HaZEXHOCTM CMYCKaeMbIX annapaTos.
3akntoyeHve. OTpaboTaHHbIN B AaHHOW paboTe MeTof ABYX3TarnHOro onpegeneHus
TENNOBOW Harpy3Kku Ha NOBEPXHOCTb CMYCKaeMbIX annapaToB BKYMe ¢ HAbopoM Mogenei, an-
rOPUTMOB W CPELCTB aBTOMaTu3auuMm pacyeToB [1] MO3BONSAET OLEHUBATbL TEM/IOHAMPSAXKEH-
HOCTb CMYCKaeMOWN TPaeKTopumn /19 pasfiMyHbIX NONETHbLIX YCN0BUIA. Ha OCHOBaHWUM Tpy6bIX
MOZeneli BbIABNAETCH BeAyLUMIA MeXaHU3M Harpesa; nocnefyrowas getanmsaums (usnko-
XUMUYECKNIA MOJENeid OCYLLLECTBAETCA C YH4eTOM ero JOMUHUPOBaHWA. KackafHblil cnocob
KOHCTPYMpOBaHusA Mofeneli obecrneymBaeT ObICTPbIA BbIXOL Ha afeKBaTHble MUHUMa/IbHbIE
MOZENN, YTO [ieniaeT ero 0co60 NpuBeKaTe/lbHbIM NPY NPOEKTUPOBaHMK Tenio3anTbl KA.
CnepyeT 0c060 OTMETUTL, YTO NPUBELEHHbIE pe3y/bTaTbl HEO6X0AUMO YBA3bIBATL Kak
C [eTa/lbHbIMU KUHETUYECKMMMW MOAENAMM, OTBEYalOLMMUN B3aMMOLENCTBUAM B CUCTEME
KJTA — BO3MyLLEeHHbIN BO3A4YX [4], TaK 1 C AaHHbIMW MONETHbLIX 1 1abopaTOpHbIX N3MEPEHUIA.

Cnincok nutepatypsbl: 1. bakynuH B.H., J/Tagowa E.H., MNoTonaxnH B.A., AueHko O.B.
MporpaMMHble CpefcTBa CUMHTE3a M aHa/M3a KOMMbIOTEPHLIX Mofesieit ((hoTo)-XMMUYECKN
aKTVBHbIX ra3oB 415 a3pOKOCMUYECKUX mUccnefoBaHuii // Mat. mogenvposarme. 2006. T. 18.
Ne 9. C. 79-91. 2. NlyHes B.B. ['Mnep3ByKoBas aspoanHamuka. M., 1975. 3. HepaBHOBECHbIE
(hM3nKo-XMMmnYecKme npoteccbl B aspoanHamuke / Mop pea. .. Maiikonapa. M, 1972. 4.
PU3MKO-XMUYECKME MPOLLECChI B ra30BOi AnHammnKe. KOMMNbOTEPU30BaHHbINA CNPaBOYHUK /
Mog pegn. I'.I'. YepHoro n C.A. Nlocesa. M.: 13g-80 MI'Y. 1995.
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YK 658.012.011.56
OJOCNIO>XEHHA ANHAMIUHNX TTPOUECIB Y CUCTEMI MNMPUBOAY 13 3A-
CTOCYBAHHAM MNAKETIB MATLAB | SIMULINK

Mony6os A.M, INopobeup 1.0. (AoHHTY, M.[loHeubK, YKpaiHa)

AHHOTauif. CTaTT$ NpMcBAYeHa AOCNIAXKEHHIO AWHAMIYHMX NPOLIECIB Y CUCTEMI
npusogy i3 3acTocysaHHAM nakeTis MATLAB i SIMULINK.

Knouosi cnosa: gvHamivyHMX npolecis, nakeTiB MaTlas i simulink, po3paxyHku, pe-
AyKTOp.

Cuctema NpMBOLY OKPEMO Ta CUCTeMa PefyKTop — ABUTYH Lie AVHaMiYHa cucTema sika
€ BXNMBOK YaCTUHOK MalUMHKW. 30KpeMa LA CUCTeMa eNeKTPOMOCTOBOrO KpaHy MOBUHHA
MaTy BUCOKY MILHICTb NPX NOCTIHUX | MiHAMBMX 3aBaHTaXXEHHAX ANs 3a0e3neUeHHs Hagiii-
HOCTI MexaHi3My. [ns 3a6e3neyeHHs po6oTy NpU IHTEHCUBHKX PeXMnmMax AaHa cuctema no-
BUHHA MaTK 3HA4YHY MILHICTb Y CTAaTUYHUX | AUHAMIYHUX peXnmax.

CyKYMHICTb TEXHIYHUX BUMOT, fKi NPeL'aBAdoTbCA A0 CUCTEMU NPUBOLIB LbOrO Me-
XaHi3My BMMaratoTb po3paxyHKOBOI0 BU3HAYEHHS JUHAMIYHUX XapaKTePUCTUK.

[MpaBUIbHO OLIHWUTU HaBaHTAKEHHSA, L0 AI0Tb HA MY(JTY, | BU6PATU KOHCTPYKTUBHI
napameTpy Tak, 06 06MEXMTU Lji HABAHTAXKEHHA 3aaHUMW MeXamMu [03BO/IAE 3HaHHA u-
HaMiYHUX XapaKTepUCTUK.

PefyKTop sB/sE CO60I0 CKMaHy 6araTtoNaHKoBY AUHAMIYHY CUCTEMY 3 PO3MNOAINEHN-
MW Macamu puc. 2.

Puc. 1. Po3paxyHKoBa cxema peayKropa

MapameTpy cuctemy (Maca eneMeHTIB, TBEPAICTb, HEMPY>XHWUIA OMip) MOXYTb OyTU
BM3HAYeHI Nicnsa aHanizy KOHCTPYKLIT A yMOB 1T eKcrinyartauii.

[ns BM3HAYEHHA AMHAMIYHWX XapakTepuCTWMK MpuBOAa, Hacammnepes, Migrotyemo
pO3paxyHKOBY CXemy, TO6TO 06UMCAMMO MOMEHTM iHepuii 06epTOBUX eNeMeHTIB NpuBoaa
(BaniB, 3ybyacTmx Korsic), TBepAocCTi (MigaaTaMBoCTi) NPY>XXHMUX NaHOK MK LMMKW AeTasgMK, a
TaKoXX BUKOHAEMO [MHaMiYHE NPUBELEHHS LMX €NeMEHTIB 40 CUCTEMMU, YCi eNeMeHTU AKOT
MaroTb OZJHAKOBY CEpPefHH0 LUBUAKICTb.

[Jani cnpocTMO po3paxyHKOBY CxeMy peaykTopa. Lle 3pobneHe ans nosnerwieHHs
PO3paxyHKiB ANHAMIYHUX XapaKTePUCTUK e/IeMEHTIB CUCTEMMU.

PefyKTOp B3aEMO3a/IeXXKHWUIA 3 €NeKTPOABUTYHOM, SKWUIA € TOJIOBHUM [PKEPEIOM eHepril
AN BUKOHaHHS npouecy poboTu KpaHy. Halibinbll WWMPOKMM NONUTOM Y Liid cdhepi Kopuc-
TYKOTbCA aCUHXPOHHI MaLLMHWU TPUPA3HOro CTPyMy.

EnekTpomarHiTHe none ABMryHa Ma€ BNacTMBOCTI NMPYXXHOCTI i AeMndipyBaHHS.

[vepeHuianbHi PiBHAHHA, AKUMW ONUCYETLCA ANHAMIYHWIA NPOLEC CUCTEMN:
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Puc. 2. Po3paxyHKoBa CXema [/1s1 JOCAiIXKeHb AUHAMIYHIX MPOLIECIB

Jyo,+ (0, +d, ), +(C +C, ), — 0, 9,—C, 0, =0,

J, 0,10, 0,+C,0,~0,0,—C, 0, =M .

Buxoaaum 3 uux piBHAHb Y NogasibLLOMY Mae 6yayBaTUCS MOLENb.

Ob6epToBi getani npusBoga peaykropa (Bann, 3y6yacTi Koneca) posrnsgatoTb AK ene-
MEHTW i3 30cepepkeHMN Macamn. 3BUYaHO AeTani NpMBoAa MatoTb LMAIHAPUYHY opMy 3
OiNbLIOKD KINbKICTIO YCTYNIB (CXifyacTi Basv, LUECTIpHI), TOMY ANS BM3HAYeHHS MOMEHTIB
iHepuiT Wi enemMeHTN po3bmBatoTb Ha YaCTUHI 3 MOCTINHUMK AiaMeTpamu i BU3HAYarTb MO-
MEHT iHepLiT KOXHOT AiNAHKMN.

AKWO feTanb Mae MOPOXHWHU LMUNIHAPUYHOT (POPMK, TO CMOYaTKy PO3PaxoBYHOTb
MOMEHT iHepUiT AeTani SK CNOMOLWHOro Tifia 06epTaHHs, a NnoTiM BigHIMatOTb MOMEHT iHepLLiT
MOPOXHWHW. [eTasni (pacoOHHOro NPOgI0 3py4HO 3aMIHATY Tilamy CXig4acTol (hopMu, Kifb-
KICTb LWAabNiB BUOMPAETLCS 3a/1€XKHO Bif HEOOXiAHOT TOYHOCTI po3paxyHKiB. 3ybyacTe Koneco
PO3rNAAaETHCA AK CYLiNbHE Tifo.

Po3paxyHku 6ynu nposegeHi nporpamoto KOMIMAC suxogsaum 3 3D mogeni.

KoHiyHa nepesfayva

J11=0.0267 Krm’,

31 =0.1774 krw’.
Koco3syba uuniHapuyHa nepegava

J31=0.0477 Kr’,

J,1=0.2836 Krlm’.
Mpsamo3yba unniHapryHa nepegaya

J51=0.0624 Krlm’,

J61=0.4808 Krlm’.

‘]1 = ‘Jll +(‘J12 + ‘Jl3)mulz)+(“]14 + ‘J15 ) mUZZ )+ ‘]16 mUSZ )’
J, =0.0267+(0.1774+0.0477) [(3.15° ) +(0.2836+0.0624) [(5.6? ) +0.4808[(3.15 2 ) =12.761 Krm°,
Mpw BU3HAYEHHI MOMEHTY iHepLiT poTopa eNeKTPOABUTrYHa, (PUKLIAHUX | NPYXXHUX

MY(T KOPUCTYHOThCS KaTanoramu.
YKOpPCTKICTb BU3HAYATUMETbCS 32 POPMY/IOHD:

_ 7Gd*
c=
32l
ne | — poexxunHa Bany, m; d — giametp Bany, M; G — MoAyNb NPY>KHOCTI, Ansa ctani 79,3

Ma.

o= [79300000000 [0.05"*
32[0.295
c=" (79300000000 [0.056*
32[0.484

=164856.3157 H/M — AnA nepLuoro sany peayKTopa,

=158110.096 H/M — fins apyroro Bany peayKTopa,
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4
— 7[19300000000(0.1° _ 1591270.45 H/M — ons TpeTboro Bany pefykropa,
3210.489
= 7 (79300000000 (0.16" =6203845.45 H/m — pig 4eTBEpTOro Baly peayKropa.
3210.822
[na nofanbLumx po3paxyHKiB 3HaAeMo NpuBeSeHY XXOPCTKICTb BasliB peayKTopa
C, = ! ,
s
- 1 = H/m
C, = =75872 7M.

1 1 1 1

+ + +
164856.3157 158110.096 1591270.45 6203845.45

Mpun npoBefeHHI AMHaMIYHOIo pPo3paxyHKiB NPUBOAAa HEOOXIAHO 3HATWN Xapak-
TEPUCTUKM JemnipyBaHHsA abo PO3CiOBaHHA eHeprii KonBaHb, TOMY LU0 BeMYmHa feMndi-
PYBaHHSA BU3HAYa€ IHTEHCUBHICTb KPYTWUIbHUX KOMMBAHb | AVMHAMIYHUX HaBaHTaXeHb Yy Npu-
BOZi NPV pe30HaHCHMX peXnmax.

JemnipyBaHHS B NPMBOAI BU3HAYAETLCA €/IEKTPOMArHiTHUM aemnipysaH-
HAM [BUrYyHa, PO3CitOBaHHAM eHeprii B CTUKaxX (LUNOHKOBI i LWAMLEBLIE CNOMYKKU, ONOPY Ba-
NiB, HEPYXMBI MOCafKKW) i B CneLiabHUX NPY)XXHO- efleMeHTax, Lo AeMNgipyoThb.

Po3citoBaHHS eHeprii B MaTepiani feTaneil MOXHa He BpPaxoByBaTW, TOMY LLO
BiZIHOCHE PO3CitoBaHHSs eHepril i Mano y =(0.01...0.02) 4ns CTUKIB y =(0.6...1.2). AKL0
B NPVBOJI HEMAE creLlialbHUX efleMEHTIB, WO AeMNgipytoTb (My(hTH, AMHaMIYHI racuteni i

T.M.), Te AeMndipyBaHHA MeXaHi4YHOI CUCTEMW NMPUBOAA BM3HAYAETHCA PO3CIFOBAHHAM eHepril
B CTUKaXx.

Y MexaHi4YHUX eneMeHTax npveofa AemnipyBaHHs BiAmnoBigae norapugmiy-
HOMY [EKpeMeHTY 3aTyxXaHHA 4 =(0.15...0.3), a Koe(ilieHT AeMndipyBaHHS d moxHa Bu-
3HaYUTK Mo hopmyri:

d ——x/J [ .

[JaHi o0 MOMEHTIB iHepLiT OTprMaHo Bmxo,qﬁqm 3 3D mogeni 3a onomoru nporpamu
Komnac.

d -—\/0 0014 [164858.3157 = 4.2258,

=02 /5.0036 158110.096 =12.016.
T

d= —Jo 0374 [1591270.45 =39.851,

d= —\/0 4123[6203845.45 =84.068 .

3HaxoAMmo nNpuBeaeHUi Koecblu,leHT AemMnyBaHHs.

1,
Q=TT
24,

i=1 Y
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d, = L =2.8023"
271 1 1 1 -
+ + +
4225 12.016 39.851 84.068

Mogenb cteoptoeTbcd Yy MATLAB SIMULINK.

Cimeiticteo MATLAB i SIMULINK MicTuTb 6iniblue 80 NpofyKTiB AnS MPUCKOPEHHS
IHHOBALi Ta NiABMLLEHHS eheKTUBHOCTI TEXHIYHNX PO3POOOK Y BCIX rany3sax: NoYMHaroum
Bif aBiaLiT i KOCMOCY, TefIeKOMYHIiKaLii Ta MiKpOeNneKTPOHIKM i 3aKiHYYyOUM MPOMUCIOBOT aB-
TOMaTMKOL, hiHaHcaMu i GioTexHonorismu. MATLAB - Le CBITOBUIA CTaHAAPT Y BLLiIA OCBITI
i HaykoBuX gocnifpkeHHsAX. SIMULINK noefgHye B c06i HaO4YHICTb aHa10roBmMx MallvH i TouY-
HIiCTb UmMpoBux obumncitoBanbHNX MawwmH. SIMULINK 3a6e3nevye KopucTysayy 4OCTYN [0
BCiX MOXmBocTeil naketa MATLAB, B ToMy uuncni 40 BefMKOI 6i6nioTeli YncenbHUX MeTo-

AiB.

MigrotoBka 3aBaaHHA ana mogentoBaHHA B SIMULINK npoBoauTbes B Takili nocnigo-
BHOCTI:
1. Bwubip po3paxyHKOBOT CXEMMU.
CKnafaHHa CUCTEMM PIBHSAHb, LLIO ONUCYHOTb A0C/IAKYBaHWI MPoLeC.
MpvBEeLEHHS CUCTEMM [0 BUAY, 3pYYHOr0 A4/15 BUPILLEHHS (403Bif WOAO cTap-
LUMX NOXIAHWUX).
Br3HaueHHs No4yaTKOBUX YMOB.
CKnagaHHsa CTPYKTYPHOT CXeMU.
MogentoBaHHS 36YprOOUNX PYHKLIA.
Bu3HaueHHs BUXIAHNX JaHWX.
CknagaHHsa mogeni B cepegosuuli SIMULINK.
. BKntoyeHHs 3aco6iB BisyanizaLlii.
10. TecTyBaHHS.
11. PiLLeHHS.
12. AHani3 pe3ynbTaris.
13. 3BiT.

MpoaHanisyinmo oTpumaHi rpaiku. Ha puc.4 mn MoXXemo No6aymTi KONMBaHHS LLO
BUHMKaKOTb B HACNifOK 3anycKy ABUryHa. Lii KonnBaHHA MalOTb NOPIBHAHO BENNKY aMNiTy-
Ay, ane 3a HeBeIMKUIA NPOMDKOK yacy (0,2 ¢) BOHM NPaKTUYHO 3racatoTb i GiflbLue He BMn-
BalOTb Ha CUCTEMY.

wn

©ooN A

=

phi_1_2 phi_1_1 Fen

Scope

Socopet 1 1

phi_2_2 phi_2_1
1 Fend

Puc. 3. Mogens y SIMULINK
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Puc. 5. KonvaHHA L0 BUMHUKAIOTb Ha ,qlnﬂHu,l pepyKTopa

3 iHWoro 60Ky Ha AinAHui peayKTopa KO/MBAHHA MPOLOBXYKOTLCA [40BONI [O0BrO,
MPOTe BOHU MatOTb Ay>Ke HeBenuKy amnniTygy. YactoTa KonmMBaHb MeHLIA HiDXXK Ha AinsHU
[BUTYHA.

TakvM YMHOM MOXXHA CKasaTW, L0 Lji KOMMBaHHSA HE MOXYTb CEPO3HO BMNINBATK, SIK
Ha po60TYy peayKTopa Tak i Ha MyqTy WO 3’ €AHYE ABUTYH 3 PELYKTOPOM.

YK 531.8; 621.01
NCNEJOBAHUE CTPYKTYPHbIX KWHEMATUNYECKIX CXEM N KJTACCW-
OPUNKALMNA MIC

XKenypeHko A.B* (kap MCMO, [loHHTY, r.[JoHeuK, YKpanHa)

AHHOTaUMs. B cTaTbe paccMOTpeHa BO3MOXKHOCTb (DOPMUPOBAHKS NHOGOr0 Mo
(DYHKLMOHANLHOMY Ha3HAYeHU0 TEeXHONOrNYeCKoro 060pyA0BaHNS C 3aaHHbIMK (DYHKLIMO-
Ha/lbHbIMW U TEXHONOMMYECKNMU BO3MOXKHOCTSAMM NMYyTEM PaLWOHaNbHOrO BblGOPA KOM-
NneKTa CoCTaBHbIX MOAyNel, KOTOpbIi NO3BONNT 3HAUNTENBHO COKPATUTb CPOK TexHWYe-
CKOI1 NOAroTOBKM M ONepaTWBHO Y/0BNeTBOPUTb TPEGOBaHNS COBPEMEHHOIO PbIHKA CObITA
CTaHKOCTPOUTENbHOI NPOAYKLMN.

KntoueBble €noBa: KMHEMATMWYECKME CXEMbl, TEXHONOTMYecKoe 06OpYyAOBaHWE, CO-
CTaBHble MOZ/M, MEXaHW3Mbl NapasnenbHbIX CTPYKTYP.

B HacTosLLee BPpeMs KOHCTPYKTMBHbIE PE3ePBbl MOBbILLIEHUS TOUYHOCTM CTaHKOB, B Ya-
CTHOCTU MHOTOLe/NEBbIX, B OCHOBHOM McYepraHbl, MOCKO/bKY, HanpumMep nepemelLeHuns pa-
6OYMX OPraHOB OCYLLECTB/SIETCS B HUX MO HANPaB/SIOLMM C TEOPETMYECKU OrpaHNYeHHOM
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TOYHOCTBIO 1 >KECTKOCTbHO. Heo6X0AMMOCTb, MPE0A0eHNS YKa3aHHbIX HE40CTaTKOB CTAHKOB
TPaLMLMOHHOIO UCMOMIHEHNSA MpuBena K paspaboTke B page cTpaH (Poccun, CLUA, LlBeiua-
pun, ANOHKUM) CTAHKOB HOBOWM KOHLENLUMMW, OCHOBAHHOM Ha NMPUMEHEHUN MeXaHU3MOB napas-
nenbHbIX CTPYKTYp (MIC),0606LeHHas CTPYKTYpHas cxema npvseseHa Ha pucl. [1,2]

B camom o06Luem Buge B MINC MOXHO BblAeNNTb BbIXOAHOE 3BEHO M OCHOBaHWe, KO-
TOpble COeMHEHbI HEKOTOPbIM KOMIMYECTBOM N KMHEMATUYECKUX Lienein napannesbHo B Mo-
HUMaHWUK Nepefayvn ABMKEHUS U YCUNNIA. B KaXA0M KMHEMaTUYECKOW Lieny ycTaHaBNMBaeTCs
OAMH WM HECKO/IbKO MPVBOLOB. Ha BbIXOAHOM 3BEHE YCTaHaB/IMBAETCH UHCTPYMEHTa/IbHAA
Unn m3meputenbHas ronoska. MIMC no3sonseT obecneunTb [0 LUECTU CTereHeid cBo60/bl
BbIXOZHOr0 3BeHa, YTO pacLUMpsAeT TEXHOIOMMYeCK/ e BO3MOXHOCTM CTaHKa.

‘ BbixogHoe 3BeHO ‘

‘ OcHoBaHuWe ‘

Puc. 1. O60o6LieHHas CTPYKTYPHO-KMHeMaTnyeckas cxema MINC

KoHuenuusi co3faHns HOBOrO MOKO/EHNSI TEXHOMOMMYECKOro 060pYA0BaHNS peanu-
3yeTcs nyTem BHefpeHus B Hem MIC, BcneAcTBMUE Yero 060pya0BaHMe MOMyUYnMT HOBOE Ka-
YeCTBO W Mepexof K peannsaumy 6onee COBPEMEHHbIX TEXHOMOrMUYecknx npoleccos. MIC
OTNNYAOTCS Pa3HOOOPa3neM KMHEMATUYECKMX CXEM, MeTOoaMK Npeo6pa3oBaHus ABMKEHNA,
CTeneHsiMM cBOGOAbI, KOMMOHOBKAMM 1 KOHCTPYKTUBHbIM MCMONHEHNEM OCHOBHBIX 3/1EMEH-
TOB.

Bce MIIC, KoTopble MCMOMb3YHOTCA /11 KOMMOHOBOK TEXHOMOMMYeCKoro 060pyaoBa-
HUSl, HECMOTPS Ha Pa3HO0BpasNe NX KMHEMATUUECKUX CTPYKTYP W KOHCTPYKTUBHOIO MCMo/-
HEeHWs NoAPa3eNstoTCs Ha Be FPYnMbi:

- NoNHonapan/enbHble 3TO MeXaHW3Mbl, B KOTOPbIX KOMMYECTBO CTEMeHel CBOGO/b
ncnonHuTenbHOro opraHa (MO) paBHSETCS KONMMYECTBY KMHEMATUUYECKUX Lienei ¢ HAVBY-
[yanbHbIMW NMPYBOAAMU, C MOMOLLbIO KOTOPbIX CO3AatoTcs nepemellieHne MO 0THOCUTENbHO
oceii KoopayHar;

- HemonHonapansesnbHbIe 3TO MeXaHW3Mbl, B KOTOPbIX KOMIMYECTBO CTeNeHein CBO6O b
NO Gorblue, YeM KONMMYECTBO KMHEMATMUYECKMX Liernei, Kakaas U3 KOTOpbIX MMeeT fBa W
6o/blUe UHANBUAYANbHbIX MPUBO/OB.

Mo meToAy npeo6pa3oBaHust ABMXKeHMIA MIC noapasaenstoTcs Ha MexaHU3Mbl, B KOTOPbIX
ABMKeHVe IO NpoucxXoanT pasHbIMU MYTAMU, NPUBEAEHHbIMI Ha puc. 2.

BeixogHoe 3eeHO

MyTem

NPpUHYAUTENEHOrO

WNamepenwne puHyA
BpaleHua

KoopOWHaT NamepeHwre - NamepeHwre
OMOPHbIX ONWHBI LWITaHr pHUApa, ONVHBI WTaHr

CMOHTWPOBAaHHOro
LIapHUpoB

Ha HeNoOABWHHOM
anemMmeHTe

Puc. 2. KnaccumKkauys MexaH13MOoB NapasienbHoi CTPYKTYpbI M0 METOAY Npeo6pasoBaHus
ABWKEHWIA MCMONHUTENBHOIO OpraHa
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CTPYKTYPHbIe CXEMbI N CXEMbl MEXaHW3MOB Hanbos1ee pacnpoCTPaHeHHbIX TUMNOB
TEXHONO0rMYecKoro 060py0BaHNsA ¢ NapansieflbHON KUHEMAaTUKOW NpuBeAeHbl B Tabnuue 1.

[2]

Tabnuua 1. CTPYKTYpHbIE CXEMbI 1 CXEMbI MEXAHI3MOB

Ng Twun CTpyKTypHasa cxema OnucaHune Cxema mexaHu3ma
06-HUA

TexHuyeckoe 060pya0-
BaHWe C napasiesibHoM
KWHEMAaTUKOM, NOCTPo-
€HHOe Ha OCHOBE KWHe-
MaTUYeCcKoro coefjHe-

1 | bunopg

SHHOW ANNHHBI

TexHuyeckoe 060pyA0-
BaHWe C napasine/ibHoM
KWHEMAaTUKOM, NOCTpPo-
€HHOe Ha OCHOBE KWHe-
MaTU4YeCcKoro coefjHe-
HWA ABYX LUTAHT nepe-

nana MEHHOW ANMNHHBI

HUA ABYX LUTAHI MOCTO- ;g%
2

TexHu4eckoe obopyao-

—| BaHMWe C napannenbHoM

a{m KMHeMaTWKOM, MocTpo-

€HHOe Ha OCHOBE KMHe-

nog, MaTU4YeCcKoro coefjHe-

HWS TPeX LUTaHr nepe-
MEHHOW ANNHHBI

} TexHuueckoe 06opy/o-
] BaHMe C napasfie/bHoli

[vrin] [vmn) [Mng] | kwHemaTykoid, nocTpo-
eHHOE Ha OCHOBE KUHe-
4| Tpu- MH - MaTU4YECKOrO COe/MHe-
rnang | ! HIS TPEX LLTaHT MOCTO-
MCE | SHHOM A/MHHBI

TexHuyeckoe 060pyz0-
BaHWe C napasiesibHoM
KWHEMAaTUKOM, NOCTPo-
@ eHHOe Ha OCHOBE KMHe-
—MaTN4ecKoro coefHe-
494 wecTy wraHr ne-
'DEMEHHO /IHHbI

5| Mekca- | Loy T ]
YL i) [ven) e
nog | el bedl| ) [

¥ich]
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MpogomkeHne Tabnunupl 1.

Ne Twun CTpyKTypHasa cxema OnwucaHue Cxema mexaHn3ma
06-
HWA

TexHuyeckoe o6opy-
[0BaHWe C napannenb-
HOW KWHEMaTWKOM, Nno-

MITT CTPOEHHOE Ha OCHOBE
o) e e | enmieror o
6| lex- |[5a '“f{ ﬁ;ﬂ_“ MH h}m }F" LITAHT MOCTOAHHOA
@ MCE | ANVHHBI
rnang,
TexHuyeckoe o6opy-
[0BaHWe C napannesb-
HOW KWHEMaTWKOM, no-
—— CTPOEHHOE Ha OCHOBE
ﬂ‘:f‘_f] KMHEMaTNYeCKoro co-
! eVMHEHNS LUTAHT, KO-
IMPIL VT TOPbIE BbIMO/HEHbI B
I | BMAE Napasnenorpam-
(MTTP{ | MITP | HOFO MeXaHu3Ma, a
- e peanayern
7 | Oenb- A NPUHYANTENbHBbIM Bpa-
Ta LLiEHVEM OMOPHbIX
LLIAPHMPOB MOCTOSIH-
HOW A/IHHBI

TexHuyeckoe o6opy-
AOBaHWe ¢ napannenb-
HOW KUHEMaTWUKOA, no-
CTPOEHHOE Ha OCHOBE
KMHeMaTnyecKoro
\/-006pasHbIX coefnHe-
HWS ABYX NPSIMOYTO/b-
MCB HbIX MMaCTVH, a Npeo6-
o pa3oBaHue [ABMKEHMNS

1 [ |
peev ] o] [wsa] vl | peanuayetcs nyTem

B VCMNO/b30BaHUA [ONOS-
HUTENbHBIX KUHEMATV-
YECKMX 3BEHbEB CO
8 | Hox- LUTaH-raMy NepemMeH-
HULLbI HOW [/INHbI, LIAPHUPHO

COe/IMHEHHbIX C nof-
BVDKHBIMU U/ He Noj-
BVDKHBIMU 3/1EMEHTaMW
MeXaHM3Ma

AHann3 CTPYKTYPHbIX CXeM TEXHOJIOMMYecKoro o6opynoBaHMs ¢ napannenbHOn Ku-
HEMaTWKOI MOKa3bIBaeT, YTO BCE OHO COCTOMUT M3 ONpeLe/ieHHOro KOSIMYeCTBEHHOIO COOTBET-
CTBYIOLLMX MOAY/IENA.

MI"1- Moaynb rnaBHOro ABMXeHNS
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M3/- Moaynb U3MEHEHUA O/INHBI LUTAHT

MTP- Mogynb NPUHYAUTENbHOTO BPALLLATENbHOTO ABMXEHNA OMOPHbIX LLAPHNPOB
MWK- Moaynb n3sMeHeHNs KOOPANHAT OMOPHbLIX LWapHUPOB

MH- Moaynb HanpaBnALLNX

MILW- Mogynb napanenorpamHnX LUTaHT

MM - Mogynb WTaHr NOCTOSAHHON 4/INHBI

MBM- Mogynb V-nogo6HOro mexaHnsma

MCB- Mogay/b HeNoABMXKHOTO CTaLMOHapHOro 6/10Ka

Bbl60p KOHKPETHON MOAMGUKaLUM TEXHONOrMYECKOro 060pyfOBaHWS 3aBUCUT OT
KOMMJIeKCa TEXHOMOMMYECKMX 3a4ay, Macchbl U rabapuTHbIX pasMepoB [eTan, ee KOHCTPYK-
TUBHOI (POPMbI, KOMMYECTBA CTOPOH, KOTOpble 06pabaTbiBaloTCs, a TakKe KOHKPETHbLIX Tpe-
6oBaHuIA NoTpebuTens.

JlocTaTouHbI U 00653aTeNbHbIA KOMNAEKT MOAyNeid HeobX04UMO AOMNOMHUTL COOT-
BETCTBYIOLLMMY CUCTEMaMU, KOTOPbIE 06ECrneynBaloT CEPBUCHbIE YCNOBUS (PYHKLIMOHMPOBA-
HWS TEXHONIOrMYeCKOro 060pyL0BaHUA, @ UMEHHO CUCTEMamW: YNpas/ieHUs, KOHTPONA U M-
arHOCTMKW, NOAa4n CMa30UHO-OXTKAAIOWMX CPEACTB, YaaneHne CTPYXXKM, aBTOMATUYeCKOiA
3aMeHbl UIHCTPYMEHTA N APYTUMN.

Takum 06pa3oMm, YUnTbIBasA KOHKPETHbIE TPeboBaHWSA NOTPeOUTENA U YCIOBUA NPOU3-
BOACTBA, MOXHO CHopMMpoBaThb /1060 Mo (PYHKLMOHAIbHOMY Ha3HaYeHU0 TEXHOJornye-
CKoe 060pyfoBaHue C 3a4aHHbIMN PYHKLUMOHA/IbHLIMU U TEXHOIOTMYECKMUN BO3MOXHOCTS-
MW NyTeM paLMOHaNbHOIO BbI6GOpa KOMMIEKTA COCTaBHbIX MOAY/IEeN, KOTOPbIV MNO3BOUT 3Ha-
4MTE/IbHO COKPaTWUTb CPOK TEXHUYECKOW MOATrOTOBKM W OMEpaTVBHO YAOB/ETBOPUTL TPebo-
BaHWUA COBPEMEHHOIO PbIHKA CObITA CTAHKOCTPOUTEIbHON NPOAYKLNN.

*PaboTa BbINO/IHEHa NoOJ, PYKOBOACTBOM Npod. Mopobua N.A.

Cnucok nutepatypsbl: 1. AQoHuH, B.J1. ObpabaTbiBatoLee 060py0BaHE Ha OCHO-
BE MeXaHW3MOB napannenbHoi CTpykTypbl/nod. ped. B.J1. AdoHunHa [TekcT] / B.J1. AGOHUH,
M.B. Moasopos, B.B. Cnenuos. - M.: Yuye6Hoe nocobue. M3gatenscteo MITY CTAHKUH,
AHyc-K, 2006. 452 c. 2. KysHeuos HO. H., Amutpues A. A., AnHesuy . E. KOMNoOHOBKa
CTaHKOB C MexaHu3Mamu napanniefsibHou CTpykTypbl / nog. peg. HO. H. KysHeuoBa. — Xep-
COH: Yl Bbiwemupckuia B. C., 2010. — 471c.

YK 621.879.3
MOZE/IMPOBAHUE MOBEPXHOCTU AHWLLA
KOBLUA POTOPHOIO 3KCKABATOPA

KocTrokeBud A.J1., KOpyeHko N.K., AXOHVH B.W.
(kadh. rpacpmkmn, LJOHHTY, r.[JoHelK, YKpaunHa)

AHHOTauus. npegnaraeTca rpaduyecknii cnocob NpoguIMpPoBaHMs ouyepka AHWLLA
KOBLLIA POTOPHOr0 TPaHLLUENHOI0 3KCKaBaTopa NPOAO/LHOIO KOMaHus.

KntoueBble cnoBa: TpoxonaabHble KpuBble, TEOPeTNYECKas NOBEPXHOCTb, KOOPAYU-
HaTbl, TPAEKTOPWS.

POTOPHbIV TPaHLLENHbIA 3KCKaBaTOP NPOA0/bHOIO KONnaHWs B 00bIYHOM MCMOMHEHNN
COCTOMT M3 CNeaytoLWmMX OCHOBHbIX Y3108 (puc. 1): paboyero o6opyaoBaHns 1, ycTaHOB/EH-
HOro Ha cneynanbHO pame 2, LapHWPHO MOABELLEHHOW K pame 3 X0A0BOW TENEXKM Mallu-
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Hbl 1 XOA0BOW TeNEXKMN 4, Ha KOTOPOI pacronoXeHbl CUI0BOe 060pyaoBaHMe 5, TpaHCMUC-
cum 6 /18 NpMBOAA BCEX MEXaHM3MOB 9KCKaBaTopa. PacrosfioXeHHbI BHYTpY poTopa nore-
PEYHbIA NEHTOYHBI TPAHCNOPTEP 7 MOXET BblABUraTbCA A4/ 06pa3oBaHMA 0TBasa Ha 060
CTOpPOHe 0TpabaTbiBaeMOi TpaHLUlen. Pa3paboTka TpaHLUen OCYLLEeCTBISEeTCA BpallaroLmes
POTOPOM C >KECTKO 3aKpPen/ieHHbIMM Ha HEM KOBLUAMW MPY O4HOBPEMEHHOM MOCTYMaTe/lbHOM
rnepemeLLeHN caMol MaLUMHbI. TakMM 06pa3oM NIOCKOCTM BpaLleHUs TOYeK poTopa coBna-
[al0T WX napasinebHbl HanpaseHNo NIOCKOCTU ABVXKEHUS MaLlUMHbI, T.e. TOUKN PeXYLLnX
KPOMOK KOBLLIE/ ONMCHIBAIOT TPOXOMAA/IbHble KpUBbIe, PaCCMOTPEHHbIE B paboTe [1]. Touku
PeXyLLEeN KPOMKM KOBLUA 06pa3ytoT 0fHONapaMeTpUYecKoe MHOXECTBO TaKMUX MHUIA, NHaYe
roBOpSi TEOPETMYECKYHO NOBEPXHOCTb KPUBOIMHENHOIO 32608,

Bbl6op 06LLENPUHATON BENMYMHbI 3aaHEro yrna y = 5°+10° He UCK/OYaeT TpeHus 3a-
[He NOBEPXHOCTYM (AHMLLA KOBLLA) O KPUBOMIMHEHYHO MOBEPXHOCTH 320605, ITO 0ObACHAET-
CA TeM, YTO CKOPOCTM BpaLlaTe/lbHOro ABUXKEHWUSA pOTOpa U MOCTYNaTebHOro ABVMXKEHUA Ma-
LUMHBI ABNSAKOTCA COM3MEPUMBIMU NMPU pPeasibHbIX peXxumax paboTbl. [03aTomy B criyyae nnoc-
KOro [HULLA KOBLUA W/IN OYEpUEHOro Ayrov OKpyXHocTu paguyca R = (1,8 + 2,0)h, [3], He
BbINOMHAETCA MHENHBIA 3aKOH YBENMYEHUS HOPMa/IbHbIX PacCTOSHUIA MeXay MOBEPXHOCTS-
MM 32609 1 KOBLUA MO Mepe yAaneHus OT pexyLueli KpOMKU. TakKoi 3aKOH ABNSeTCs o6Lyen-
PUHATBIM U MHOTOKPaTHO NPOBEPEH MPaKTUKOM 3KCKaBaLMOHHbIX paboT.

"eOMeTpMYECKM ero MOXHO TPaKToBaTb TakK. EC/im moBepXHOCTb 32604 1 3afHAA No-
BEPXHOCTb paboyero opraHa 6yaLyT M0CKOCTAMM (puC. 2a), TO MO Mepe YAaleHUs 0T pexy-
e KpomKu (Toukn O) no nnMHMM 3a608 OX, opAnHaTbl COOTBETCTBYHOLLMX TOYeK 1,2 1 T.4.
YBE/IMYM-BAIOTCA MO SIMHENHOMY 3aKOHY, ONpeaenseMoMy BelIMYMHON yrna y . Takum obpa-
30M TOYKM IMHMK 32605 OX 1 Toukn npamoii OE npuBefeHbl BO B3aMMHO-04HO3Ha4YHOE COO-
TBeTCTBME (MPUHATO NOMOXWUTENbHOE HanpasneHue HopManeld), a npamyto OE MoXHO pacc-
MaTpuBaTb KakK pe3y/ibTaT pacCCMOTPEHHOr0 reoMeTpMYecKoro npeobpasoBaHNA TOYeK Mps-
moii OX.

Ecnn Tenepb B pacCMOTPEHHOM arnrnaparte npeotpasoBaHNs BMeCTo npsmoil OX B3ATb
KpuBYO (2 O4epKOBble IMHWN MOBEPXHOCTEN 33005 3eM/IEPOHBLIX MaLUMH B 60/bLUMHCTBE
C/lyyaeB ABMAKOTCA UMEHHO KPUBbLIMW), TO MosydeHHas NMHUA OE TOXKe OKaXKeTCsi KpUBOW
(puc. 26). CnepoBaTenbHO, NPU KPMBONNHENHOM 3a60€e ONTUMa/IbHbIM NPOKIeM 3a4Hei no-
BEPXHOCTN paboyero opraHa, no PacCMOTPEHHbIM BbilLE COOOPaXeHWUAM, BydeT Kpusas /u-
HWS. Tak, 419 OKPY>KHOCTHOMN TpaeKTopun abCoOMOTHOIO ABVXXEHWUS OMTUMA/bHLIM MPOQU-
neM 3afiHei MoBepPXHOCTW paboyero opraHa 6yaet cnvpanb Apxumega (puc. 26), napameTp
KOTOPOW OnpefenseTcs BeIMYNHONM 3a4Hero yrnay .

Puc. 1. O6wuiA B, pOTOPHOIO TPaHLLENHOMO 3KCKaBaTopa
[ns TpoxouaaibHOW TPaeKTopuK abCoMOTHOIO ABUMXEHUS TOUEK PEXYLLMX KPOMOK

KOBLLIEI POTOPHOrO TPaHLLEHOIo 3KCKaBaTopa ONnTVMasbHbIM Npogunem 6yaeT crnvpanesu-
[Has
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KpuBasi, BUZ KOTOPOI Ha MHTEPECYIOLLIEM HAC YHacTKe A/IMHbI 3aBUCUT OT BbI6GOPa MOOXKEHNS
LleHTpa npeobpasoBaHns O Ha 6a30BON NMMHMKU. AHaNIU3 Pa3HOBUAHOCTEN OYEPKOBLIX y4acT-
KOB MOJTyYeHHOV KPWBOI MO3BONSET CAeNaTb BbIBOA, YTO MOMIOXKEHNE LieHTpa npeobpa3oBa-
HMA O Hafo BbIOMPaTb B TOUKE OUYEPKOBOW NIMHUM 33004, rAe KPMBU3HA ee ABSETCA MaKCK-
Ma/IbHON. B 3TOM ciyyae o4epK 3afHeli NOBEPXHOCTM paboyero opraHa y40BMETBOPUT BbliLle
paccMOTpPEHHbIe TpeboBaHMS U ANS OCTa/IbHbIX TOYEK NOBEPXHOCTM 3604, IAe KpUBM3Ha Me-
Hblue. Takum 06pa3oM NpouAMpoBaHMe OYepka AHMLLA KOBLUA POTOPHOr0 TpPaHLIENHOro
9KCKaBaTopa NpojosibHOro KornaHuUs He06X0AMMO BECTU B TaKOW NOCNeL0BaTE/IbHOCTY.

1. MocTponTb abCONOTHYIO TPAEKTOPUIO ABVXKEHWUSA TOUKM MepeceveHmns pexxyLleinl KpOMKM
KOBLUA C MN/IOCKOCTbIO €ro CUMMETPUM ANA NPefeNibHOro pexxmma paboTbl 3KCKaBaTopa, T.e.
TPaeKTOPMIO MUHUMaNIbHOTO MOAYNA. TpeaenbHbIM PeXMMOM paboTbl CrefyeT cumtaTb Mu-
HMMa/lbHOE 3HaYeHNe OTHOLLEHWUIA CKOPOCTM S NPOAONBLHOIO ABMXEHUS 3KCKaBaTopa K CKO-
pocTy V BpalleHns poTopa.

S

— “min
mmin _V

max

2. BblGpaTb MONOXeEHWE LieHTpa npeobpasoBaHus (Toukn O) Ha MOCTPOEHHON KPUBOWA, MMest
BBMAY, YTO KOBLU B3aVIMOAENCTBYET C FPYHTOM HE Ha MPOTSHXKEHUW BCEN TPAEKTOPUM ABMXKE-
HWS ero paboyero LMKNa, a Ha ONpeaenieHHOM ee y4yacTke. Ha aTom y4yacTke v cneflyeT onpe-
AENNTb TOUKY MaKCUMa/lbHOW KPUBW3HbI, T.€. LLEHTP npeobpasoBaHus O.

3. Mpeobpa3oBaTb BblAENEHHbIA Y4YaCTOK TpaeKTopumn (6a30BYHO NIMHMIKO) PACCMOTPEHHbIM
BblLLIE CNOCO6OM, NpeaBapuTeNbHO 3aaBLUMCh BENMUMHON 3a4HEr0 Yria pexyLue YacTu Ko-
BLUA.

4. MonyyeHHas Kp1Bas ABMSETCA TEOPETUYECKMM OYEPKOM AHULLA KOBLUA 3KCKaBaTopa. OHa
MOXXET ObITb annpPOKCMMMPOBaHa [PYyroi KPMBOWA C LieNbio YMPOLLEHNS TEXHOMOTUI N3roTOB-
NEHNs BCEN MOBEPXHOCTN KOBLLIA.

Ha puc.3 nokasaH nprumep NpoguaMpoBaHns AHMLLA KOBLLIA POTOPHOMO TPaHLLEAHOrO

3KCKaBaTOpa MpPOA0/bHOIO KonaHua Aana cnyyas Korga m=1/3. MNocTpoeHHas TeopeTnyeckas
0YepKoBas KpuBasi annpoKCUMUPYETCA AYroi OKPY>KHOCTK , MapameTpbl hOPMbl 1 MOMOXKEH-
HS KOTOPOIi ONpeaenstoTcs rpanyecku.
PaccMOTPeHHbI MeToA, rpatimyeckoro NpoguIMpPoBaHNs 3aaHEN MOBEPXHOCTM paboyero op-
raHa MOXeT ObITb MPUMEHEH B yrneAo0bIBatoLLEN, MeTaN10- U [epeBo0bpabaTbIBatoLLEN, a
TaKXKe B APYrMX OTpacnsax MPOMbILWIEHHOCTM MpY NPOEKTUPOBAHUM U3AeNNiA, NpeaHa3Ha-
YEHHbIX N5 Pa3pyLLEHUS CPea.

F
2-‘
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o |
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Puc. 2. TpodunmposaHve gHKMLLA KOBLUA
a — 04epKoBas MHUA 3a604 — npsamas, 6 — o4epKoBast IMHNUA 32608 - OKPY>XKHOCTb
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Puc. 3 - MpothmnpoBaHne AHWLLA KOBLLA /151 peasibHbIX YCNI0BUI paboThl

Cnucok nutepatypsbl: 1. FOpyeHko N.K. O reometpun paboymx opraHoB HEKOTOPbIX
3eMNIepONHbIX MaLLUH, 06YCNOBNEHHON TpaekTopuel aABuxeHus. CO6. "TpuknagHas reomet-
pusi N MHXeHepHas rpaduka”. Buin.14, Kues, «byanBenbHuk», 1972. 2. ®dpelikmaH U.E.,
Nnbronuc B.K. 3emnepoiiHble MallunHbl. JleHWHrpag, "MatwumnHocTpoeHue", 1972.

Y[K 621.791.76 § §
MOZE/NIVIPOBAHVE KOHTAKTHO MAFHUTHO-MMMY/IbCHOW CBAPKM

Napowa E.H., Ubimbanos 4.C., AueHko O.B.
(ArTY, r. PocToB-Ha-foHy, Poccus)

AHHOTauua. AsTopamy npeaiod>keHa W oTpaboTaHa OpuUrMHanbHas MoAeNb
BbICOKOTEXHO/IOrMYHOrO  Mnpouecca — KOHTaKTHOM  MarHAWTHO-UMMYNbCHOM  CBapKW.
OcHoBaHHast Ha cucTeMe [AudepeHUManbHbIX — YpaBHEHUA  TennoMaccoobMeHa B
cBapMBaeMOW 3aroTOBKE MOfeNb MO03BONSET paLMOHaNIN3MPOBaTL NapameTpPUYECKyHo
oNTUMU3AUMIO paccMaTpuBaemMon TexHonorun. [lonyyeHHble B paboTe pesynbTaThbl
aKTya/bHbl 419 MALLUMHOCTPOEHNSA N a3POKOCMUYECKUX MPUNOXKEHWIA.

KntoueBble cnoBa: MOfe/b BbICOKOTEXHONOMMYHOIO Npouecca, KOHTaKTHas MarHnT-
HO-MMMYNbCHas CBapKa.

Pa3BMTVE CBAPOUHBIX TEXHOMOMUIA CTUMYMPYETCA BO3PacTaroLMMM NOTPEGHOCTAMM
nepeaoBbIX oTpacneit NPOMbILINEHHOCTN — MUKPO3/IEKTPOHUKK, a3POKOCMUYECKOW OTpPac/u,
aBToOM0obuNecTpoeHus 1 psga ap. [1,2].

MocTaHoBKa 3agaun. MNMpouecc KOHTAKTHOW MarHUTHO-MMMY/bCHON cBapku (KMIAC)
OCHOBaH Ha OMWYECKOM Harpese ¥ MocieaytoLeM MexaHUYeCKOM CAaBNMBaHUMN KOHTaKTHOA
30Hbl MOCPEACTBOM MHTEHCUBHbIX 3N1EKTPOMArHUTHbIX noseli [1]. Cxema cBapuBaHUA TakuM
CNOCO60M TOHKUX MeTasIMyecknx o6pasuoB (060/104eK) NpuseseHa Ha puc. 1. YcTaHOBKa
KMWC coctouT 13 uHayktopa 1 (puc. 1), KOHAeHCaTOpHO-KOMMYTUpYytoLero 61oka (2) u
MaTpuLbl COOTBETCTBYHOLLErO Tunopasmepa (3). 3aroToBka MpeAcTaBNseT COO0M TOHKYHO
MNaCTUHY W3 LBETHOIrO MeTasNa, NPeaBapuTelbHO CBEPHYTYHO B KOMbLLLO MO hopMe ByayLero
nspennsa (4) ¢ HebonbWNM Haxnectom (5) B 30HE HamMe4yaemMoro CBapHOro coeamHeHus. B
npouecce KMIC 3arotoBka NoOMeLLaeTCs MeXay Matpuueli U MHAYKTOPOM, NMoc/e Yero npo-
M3BOAUTCA pa3-pag KOHAEeHCATOPHOM GaTapen Yepe3 MHAYKTOP. VIHAYKTOP MOXET noMeLLaTb-
cs Kak BHyTpu (puc. 1, a), Tak 1 BHe (puc. 1, 6) MaTpuubl: B NEPBOM C/lyyae MPOMCXOAUT pas-
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fiaya obpasLia 31eKTPOMarHUTHLIMI C/MaMK, BO BTOPOM — CxKaTue. HaBefieHHble B 3aroTOBKe
3N1EKTPOMArHMTHbIM nonem (SMI1) nHAYKTOpa TOKM 1) popMupyroT BTOpUYHOE IMIT, KOTO-
poe BCTYMaeT BO B3aVMOZENCTBME C MONEM MHAYKTOPA M 2) Bbli3blBAtOT OMUYECKWI Harpes
3arotoBku. NMapameTpbl ycTaHOBKM KMIWC 1 3aroTOBKM BblOMpatOTCA TakuM 06pa3om, YTOOb!
MarHWTHOe Mosie MHAYKTOpa He ycnesasio AvgdyHAMpoBaTb B 0bpasel,. Mpyu 3TOM 3Heprus
MarHUTHOro B3aVMOJENCTBUA NHAYKTOPA U 3aroTOBKN TPaHCHOPMUPYETCA B IHEPTUIO MeXa-
HWYECKOro [BMXEHWS NOCNefHei: 3aroToBKa OTTaKMBAETCs OT WMHAYKTOpa, NpensTcTBYS
MPOHVKHOBEHWIO B HEe BHeLUHEero (MarHUMTHOro) nons. Ha paHHei cTagmu npolecca noBbl-
LEHHOe yAeNnbHOe COMPOTUB/EHNE KOHTAKTHOW 30HbI (Hax/iecta) crnocob6CcTBYET ee NpenmMy-
LLLleCTBEHHOMY HarpeBy UHAYLMPOBaHHbIM TOKOM. COBMECTHOE BO3e/CTBME MEXaHNYECKOTO
M TEPMUYECKOrO (haKTOpPOB MPWBOAMT B OMNPeAe/eHHbIX YCNOBUAX K 06pa30BaHWIO KayecT-
BEHHOr0 CBapPHOro CoeiMHEHNA B 30He HaxnecTa [1,2].

OCHOBHbIMK fedheKTaMn U3roToBneHns getaneli TexHonorvein KMNC senstotea [3]:
1) upe3mMepHbIi NeperpeB KOHTAKTHOW 30HbI, COMPOBOXAAOLMIACA BbIMNJECKOM CPaBHUTENb-
HO 60/IbLIOr0 KONMYeCTBa MeTasiia Un Aaxe NporopaHuem, n 2) HaobopoT, HeJOrpeB 1 He-
focxkatne B 06/1aCTU HaX/IECTa, BblpaXatoLMINCA B HepaBHOMEPHOM OCTPOBHOM CBapvBaHWK
WK B OTCYTCTBUM coeuHeHNs BoobLLe. C LieNbio UCKUYNUTL NOLOOHbIE CUTYaUMKN B CEepUii-
HOM NPOMN3BOACTBe TpebyeTcA TOUHO ycTaHaBMBaTb pexxumbl KMUC B KaX0M KOHKPETHOM
cnyyae. MapameTpamy ynpasneHns 34ecb CyXaT 3Heprus 1 yactoTa paspsga. PasHoobpasme
CBapviBaeMbIX MaTepuasnos, (hOpM 1 pa3MepoB 3aroTOBOK TPebyeT MHOXECTBEHHbLIX 3KCMepu-
MEHTOB A/ Bblbopa onTuManbHbIX NapamMeTpoB KMWC. BblMUCANTENbHbLIA 3KCNEPUMEHT
(B3), npesnonaraetcs, NoOMOXeT KapAvHa/IbHO COKPaTUTb 00beM 3KCMepUMEHTa/IbHbIX UC-
cnefoBaHmMin no ontummsaun KMWC.
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Puc. 1. Cxema KMIC: a — ¢ pab0oToli 3NeKTPOMarHUTHbIX CU/T Ha pa3fady 3arOTOBKY;
6 — Ha cxatue

Mogenb TexXHONormu. ABTopaMn COBMECTHO C PYKOBOAUTENIEM OTpaboTaHa opuru-
Ha/lbHas H(opmMaLmoHHas mogens (MM) KMIC, cxema KOTopoit npuBeaeHa Ha puc. 2.
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3agaHne HauaneHbIX NapaMeTpoE, = KpwTepuaneHar
YCACBUA M PEXKIMTE OLEHKE KauecTea
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Puc. 2. Ctpyktypa UM KMKNC

Mpy PeANUCTUYHBIX (PU3NYECKMX AONYLLEHUSX MOAENb NPUHMMAET MaTeMaTUYECKYHO

thopmy:
— ypaBHeHs BM>KeHUS (CAABNMBAHUS 3ar0TOBKM) HbloTOHA —

d x/dt = v(t) M
d v/dt = Py(t)/(xoL)) e~ C(MTna/5Pu®T ’
2 ()
Pu(t) = Uo?C/(rrl) sin®[Tte ™ @)

G(T)=Glr=0 (1~ T/To)? 10 LT =Tnn)/Tnnl
J{ 100 T =Ta Tl 4 13 4

— TennosblgeneHne n Harpes B CBapHOVI 30HE — .

dQ/dt = q(t) = Uo* R(y) OR(y) + Ry) *sin® e &, (5)
dQs/dt = gx(t) = Uo*(Ru(y) + Re) *sin’lite™ ©)

T1(t) = [Q(t)/CL) = LIH/CL =% Ty Hamet) ] /
/[ + 1/3 Mawelaox) 21 (aoxt) 2 + E(1)]

(7)
= 0() = CTan/(CTan + [H) Hame) [t -t )1’22] (8)
t7 T =1C0 Q@) / [0+ 172 (ay L
+ 1/3 (aMe/an) D f"(U{ xt )1/2] - TI'II'I y (9)
Rs=200rs/(Lsxols) , (10)
Ru(y) = RK|y=yo [bloo(T 0.9 yo)/yo/ [elOO(.y— 09Yo)lyo 4 1], (11)
— BbIN/ECK pacniasa 13 CBapPHOI 30HbI —
dy/dt =yo/(d + &(t)) Du(t) , (12)

0603Ha4YeHNs N pa3MepHOCTb BE/IMYUH B KOTOPbLIX COOTBETCTBYHOT UCMO/b3YEMbIM B TEOPUU
cBapku [1,2] v BBefjeHHbIM Ha cxeme puc. 3.
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Puc. 3. FeOMeTpUs KOHTAKTHOM 30HbI B TexHonorum KMC n 06o3HadeHuns B (1)-(12)

Tabnumua 1. XapakTepHble AnanasoHbl YCI0BMin 1 napameTpos KMKC

MapameTp EanHnda | MnHumansHoe | MakcumarnibHoe
N3MepeHuns 3HauveHue 3HaueHue

EmkocTb Hakonutensa C MK® 50 5000
Hanps)keHne paspaga U KB 5 50
CobCcTBEeHHaA NHAYKTUBHOCTL YCTaHOBKM Ly MKI™ 0.01 1
CobCTBeHHasa YacToTa ycTaHoBKM fy = [1/2[] Ky, 10 150
DHEProeMKOoCTb paspsAHOro YCTpolicTBa Eq KK 3 100
TonLMHa CBapnBaemMoro U3Lenns Xo MM 0.3 3
Pafinyc 060/104KMN Iy CM 1 20
TonuwmMHa OKUCHON NNeHKN [ HM 3 15
LLIepox0BaTOCTb NOBEPXHOCTU 3arOTOBKM [ MKM 0.3x 10 2 x 200
Y fenbHas 3N1eKTponpoBoAHOCTbL Me [ Om e ™ 6000 70000
TemnepaTyponpoBogHocTL Me a cme/c 0.1 1
MarHuTtHaa npoHuuaemocts Me [ Lo 1 10°
Nerkonnaskoctb Me, pasHast [ IH/CTp, 6e3pasm. 0.3 10

B 1a6n.1 npuBefeHbl napameTpbl Mogenu (1)-(12), npefocTaBieHHbIe BeAYLUUM Mpes-
MeTHbIM crieupanuctoM (npogp. CTpudKakosbiM B.J1.). 3HaUeHNA COOTBETCTBYHOT TEXHO/O-
rmn KMWC 060104eUHbIX U3AENNIA NS a3pOKOCMUYECKOW NPOMbILLIEHHOCTY [3].

Pe3ynbTaTbl KOMMbIOTEPHOrO 3KCMNepvMeHTa. Pe3ynbTartbl YACMEHHOTO WHTErpu-
pOBaHUA ypaBHEHUI ABVKeHUS 1 pa3orpesa 3arotoBku npu KMNC (1)-(12) ana TMAMYHbIX
YCNOBWIA NpuBefeHbl Ha puc. 4. MpeacTaBneHHble AaHHbIe CBUAETENbCTBYIOT O CU/IbHON He-
NMHEMHOCTU NPOLECCa, BbIpaXatoLLencs B ObICTPOM CMeHe BeAyLLEero MexaHnsma obpasoBa-
HWS COAMHEHNS — 33 CYET 060CTPEHHO MPOTEKAIOLLLEr0 HarpeBa KOHTaKTHOM 30HbI.

IMOCKONbKY MOMEHT MepeK/ItoUeHNs PeXMMOB OT CBAPKM MIaBlEHNEM K CBapKe faB/e-
H1eM [1,2] 3aBMCUT OT MHOXKECTBA NapameTpoB (3/1eKTPOAVHAMMYECKNX XapaKTepucTuK pas-
PSAHOrO YCTPOWCTBA, FEOMETPUYECKUX U TEMJI03NEKTPOPU3NYECKMX NapaMeTpOB 3aroTOBKMU,
KayecTBa 06pabOTKM NMOBEPXHOCTU M APYrMX TOHKOCTE TEXHONOMMYECKOro npoecca), cBa-
pUBaHVE MOXET OCYLLECTBAATLCSA MO CaMblM Pa3HOO6pasHbIM cueHapusM. MNprBeAeHHbIN Ha
puc. 4 BapuvaHT cBapuBaHUA 630K K OMTUMabHOMY: 1) NporpeBaeTcs U BbINJECKUBAETCA
cnoi Me, ToMWMHA KOTOPOro ConocTaBuma € HenfeasbHOCTbH0 MOBEPXHOCTU, 2) AMHAMUKA
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TeMnepatypbl N AaBNEHNA NTOKAIN3YETCA B 30HE KOHTaKTa TaKMM o6pa30M, UTO HEMPON3BO-
OUNTEJNIbHbIE AHEPTETUYECKMNE NOTEPU TAKIKE HEBETUKN.

104 7g a) 14 Flg &)
nn. |
1 i
0.014
0.1 N
10 A
0.01 - i
£, MEG £, MEG
0 5 10 0 5 10
TP;’ & z
1177 6 L RoR /
0.01 0.014
[ YT f, MEC
—4 4 —4 4
1':' T 1 1E| T 1
0 5 10 0 5 10
4 &-(Hg- %) e)
&
:2_
|:|_
f, MEC
T 1 '2 T 1
0 5 10 0 5 10

Puc. 4. AnHammka napameTpoB npouecca KMWC: a — Temnepatypbl; 6 — MarHUTHOro
[aBNeHNs; B — UHTErpasibHOM 3HEPreTMYECKOM XapakTepUCTUKK Npouecca; I — ConpoTuBe-
HUS HaxNecTa; [ — rnybuHbl pannasneHns Me [ 1 TONWMWHBI BbIMIECHYTOr0 €108 (pacn/iasa);
e — CPaBHUTE/IbHOW 3HAYMMOCTU TEMIOBOr0 Y MeXaHW4YeCcKoro PakTopos npu 06pasoBaHMK
CBapHOro coeAnHeHus. [N HarngagHOCTY pesynbTaTbl NpYBeAeHbI B 6e3pasmMepHOM Buie

O MPOrHOCTUYECKNX BO3MOXHOCTAX npeanoxeHHo VUM KMWC cBugeTensCTByOT
thoTorpaduy MUKpPOLLMGOB Ha pUC. 5, 0TBEYaKOLLIME YCIOBUAM KavyecTBeHHOro (a, 6) ceapu-
BaHMA 1 Heforpesa (B) COracCHO MOAE/bHbIM pacyeTam. XOpOLUO 3aMeTHO, YTO napameTpam
CBapuBaHMs, XxapakTepusyembIM B pamMmKax Halleli MOAenn Kak Heforpes, OTBEYAET /IOKa/In3a-
LMS CBAPHOIO COEAMHEHMS B OTAENbHbIX TOYKaX — OCTPOBAX WM B TEPMUHAX HeNMHENHO
TEnnoNpPOBOAHOCTM S-pexxum TensiomaccoobmeHa. Huumnanumsaunein MM KMKC no onbiT-
HbIM [aHHbIM Y[aeTCA COKpaTUTb 06bEM HEOOXOAMMbIX OMTUMMU3ALMOHHBIX TEXHOMOrnYe-
CKMX 3KCNEPUMEHTOB, KaK MUHUMYM, Ha nonTopa nopsaka [3].

MepcnekTrBbl pa3BUTUA oTpabaTbiBaemoi mogen KMWC BngsTca B COBEPLUEHCTBO-
BaHWUW MMAPOANHAMUYECKOro 6/10Ka MOAeNn — AN y4eTa TOHKMUX NMOBEPXHOCTHbLIX 3P(EKTOB,
3HayeHMe KOTOpPbIX BO3pacTaeT No Mepe CHVXKEHNA 3HEProeMKOCTH npoLiecca U MUHUATIOpK-
3auuMn n3roTasnMBaemblx fetaneid. CnefyeT Takxe nNpefycMOTPeTb BO3MOXHOCTb JeTa/n30-
BaTb OMMCaHWe MepBMYHONO HarpeBa C Le/Ibl0 MHTEPMPETUPOBATL B/IUSIHWE CMELUpPUYECKNX
(haKTOpOB, HaNpMUMep, Bakyyma Ha AUHaMnNKY, 3hheKTUBHOCTbL U KavecTBo KMIC.
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Puc. 5. MyKpoLnnbl CBApPHOIO COeANHEHWA: a, 6 — Ka4eCTBEHHOE CBapUBaHUE;
B — «OCTPOBHOE» CBapuBaHue, HeorpeB

BbiBogbI. [1yTeM npefBapuTe/IbHOro aHasiM3a 31eMeHTapHbIX MPOLLECCOB B TEXHO/IO-
rum KMWC ycTaHoBneHa nepapxums COOTBETCTBYHOLLUNX BPEMEHHbLIX U SHEPTrETUYECKNX MOKa-
3aTesieil, Ha OCHOBaHWW KOTOPOI CKOHCTPYMpOBaHa TOYevHas MOLeNb AMHAMWUKK CBapuBa-
HUA.

Mogenb peanv3oBaHa Kak COOTBETCTBYHOLMIA MPOrpaMMHbIA MOAYMb B CUCTEME
MathCAD v nHuumannsnpoaHa B COOTBETCTBMU C UMEKOLMMUCA LaHHbIMW TeXHONOorn4e-
CKOTr0 3KCMNepuMeHTa.

B pamkax npeanoxeHHOM TOYEYHON MOLEN ONMCaHbl TEXHOMOMMYECKN BaXKHbIE Yep-
Tol gnHamnkn KMUC: 1) noaTBepXKaeH (hakT paBHOM 3HAYMMOCTM TEMJIOBbIX U MexaHu4e-
CKMX NPOLLECcCOB Npu 06pa30BaHUMN CBApPHOIO COeAMHEHUS, 2) YCTaHOBMEH NepPeK/IHoYatoLwmi
XapakTep HenMHeHocTK, 0bycnosmBatoLLein guHammky KMUC — crnepBa AOMUHMPYIOT Ten-
N0Bble NMPOLECChl B 30HE KOHTAKTa, KOTopble (M3-3a CUNbHOM 3aBUCUMOCTM KOHTaKTHOMO CO-
MPOTUB/EHUSA OT COCTOAHMSA MOBEPXHOCTU B 30HE Hax/ecTa), 3aTeM OHW ObICTPO yCTynatoT
MECTO npoLieccaM MexaHU4Yeckum, 3) faHa KnaccumKaums TeNOBbIX PEXXMMOB KOHTaKTHOA
30HbI, UCCMef0BaHa ANHaMUKa TeMMepaTypHOro nons.

HawmeueHbl nyTn cosepLueHcTBoBaHNA UM KMIWC: onucaHve gMHaMUKK CBapuBaHuA
C Y4YeTOM MPOCTPaHCTBEHHOW pacrpefeneHHOCTN NpoLecca U MHTerpaumMm KOMMbIOTEPHOrOo
9KCMEPUMEHTA C (PU3NKO-TEXHONOTUYECKUM.

Cnucok nuTtepatypbl: 1. AyanH A.A. MarHMtHo-uMnynbCHas cBapka mMeTaioB. M.:
Metannyprusa, 1979. 2. Koueprud K.A. Capka gasneHuem. J1.: MawmHocTpoeHue, 1973.
3. Strizhakov E.L. et al. Classification of methods and examination of the process of
resistance magnetic-pulse welding // Welding International. 2004. V. 18. Ne 1. P. 57-60.
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YK 621.184.22
NCCNTEAOBAHNE CJTOBOI O BJINMAHNA TPYBHOI O MNYYKA
HA 30HY COEAMHEHUA KOJIJIEKTOPA 1 KOPINYCA
MAPOIEHEPATOPA A3C BB3P - 1000

Nykosckuii AA., ApoxeHHnKoB N.C., Bonoxosckuii B.1O., LLinnkos A.A.
(MAWN(TY), r. Mocksa, Poccus)
Ten./®akc:+7-495-362-77-00; E-mail: mpisiney@mail.ru

Abstract. Influence of the tube bundle on the collector-case zone stress-strain state of
a NPP steam generator is determined in the paper taking into account steam generator (SG)
design peculiarities. Designed and varied regimes of SG heat exchanger tubes operation de-
tails are considered.

Ha MHOrMX AerCTBYIOLMX OTEYECTBEHHbLIX M 3apybexKHbIX 6n1okax ASC HeoaHo-
KpaTHO OblIM 06HapY>KeHbI MOBPEXAEHUSA, CBA3aHHbIE C PaCTPeCKMBaHWEM MeTasina B 30He
CBapHOro COeAMHEHUs Kopryca naporeHepatopa C KOMNeKTOpoM (CBapHOe COeAuHeHue
Nelll) [1]. YcTpaHeHMe AaHHbIX MOBPEXAEHWA PEMOHTOM 060pYAOBaHWs, TPebyeT NPoaon-
YXWUTENbHON 0CTaHOBKM 6/10Ka Y NPUBOANT K CYLLECTBEHHBIM 3KOHOMUYECKUM MOTEPSIM.

Mpwn paccnefoBaHUy NPUYUH NOBPEXAEHWI ObINO BbISBNEHO, YTO paspyLUeHne Me-
Tasina NPoMCXoA4nI0 NO MexaHWU3My 3aMefIeHHOro AeopMaLMOHHOIO PacTPecKMBaHNA Nog,
HanpsxeHnem (3KP), OCHOBHbIM (haKTOPOM /151 MHULMALMM KOTOPOrO ABNSAETCSA Hanyne
pacTArvBatoLLMX HaNpPsHXKeHW Ha YPOBHe npejena TEKYYecTy.

3a nocnegHve rodpl  6bI10  MPOBefeHO  6OMbLIOE  KOMMYECTBO — PacyeTHo-
3KCMEepPUMEHTaIbHOro 060CHOBaHUA NPOYHOCTU Y31a, B KOTOPOM 06HapY>XMBaKOTCS MOBPEX-
feHuns [2]. Tpy 3TOM, HECMOTPS HA MHOTO(AKTOPHOCTb MPO6/IeMbl, AeTa/lbHO He YYUTbIBa-
NOCb B/IMSIHWE TPYBHOr0 Ny4yKa - aHa/n3 ero BANAHUSA Ha KONIEKTOPA TEMNIOHOCUTENS U 30HY
3aieNKn TennoobmeHHbIX Tpy6 (TOT) B KoneKTopax MPOBOAUIN C UCNOb30BAHNEM YMPO-
LEHHbIX MOJEeNei.

Bo Bpems akcnnyatauuy naporeHepaTopoB Hab/oganach Aeopmams OMOpPHbIX
YCTPOWCTB TPYOHOr0 Nyuyka, Bbl3BaHHas HapyLUeHWEM MPOEKTHOW paboTbl cucTeMbl. Takue
MOBPEXAEeHWS MOT/IY MPUBECTU K AONOMHUTENBHOM HeYYTEHHOWM Harpyske Ha 30HY CBapHOro
coeanHeHmnsa Nelll v nepepacnpefenieHnIo HanpsXKeHHO-AeOPMMPOBAHHOIO COCTOAHMUSA YKa-
3a8HHbIX Y3/10B.

B paboTe nosyyeHbl 3HAYEHNA YCUUIA 1 MOMEHTOB OT AelCTBUA TPYOHOr o Myyka Ha
nephoprvpoBaHHYO 30HY KO/MIEKTOPa NPU NPOEKTHOM U HapyLLIEHUW NPOEKTHONM paboThbl Ten-
NOOBGMEHHBIX TPY6 B ANCTAHLMOHMPYHOLLMX PELLEeTKaX OMOPHbIX YCTPOWCTB, a TakxKe onpege-
NeHa CTeneHb BIMAHUA LaHHbIX CUI0BbIX (PAKTOPOB Ha HanpsXeHHO-AeopMUPOBaHHOE CO-
CTOSIHVE 30Hbl COeIMHEHMNS KONIEKTOpa C KOPMyCcOM MaporeHeparopa.

Cnucok nutepatypsbl: 1. Jlykacesny b.W., TpyHos H.B., AparyHos HO.I"., [aBnaeH-
Ko C.E., MNaporeHepatopbl peakTOpHbIX YCTaHOBOK BBOP A/ aTOMHbIX 3/1EKTPOCTaHLMIA. —
M.: KL, «AkagemkHura», 2004. — 391 c.,2. Hecywas cnocobHOCTL NaporeHepaTopoB BOAO-
BOAAHBIX 3HepreTnyecknx peakropos /H.A. MaxyTos, HO.I". AparyHos, K.B. ®ponos 1 gp. —
M.: Hayka, 2003. — 440 c. («/ccnepgoBaHne HanpspKEHUA U MPOYHOCTU SAEPHBbIX PEaKTo-
pOB»).
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YK 62-182.7 .
OCOBEHHOCTU KOHCTPYKUWN TPAHCITOPTHBLIX CNCTEM
TOPIOBbIX ABTOMATOB

MansipeHko A.L., Apo6osa A.A. (BHTY, r.MuHck, Pecnybnuka benapychb)
Ten.: +375 (17) 293-95-05_E-mail: amalyar@tut.by

Abstract: The paper presents the modern transport system of vending machines. The
main element, which determines the slot machine for sale of piece goods is the mechanism of
delivery of the goods. Accordingly vending machines can be divided into the following
groups: with the delivery of the goods, with the spiral delivery of the goods, with the conveyor
delivery of the goods. The authors considered that the most appropriate use machines with
conveyor delivery of the goods as used here mechanisms storage and movement of goods al-
low: first, sell the products of different shapes and sizes, secondly, the mechanism of moving
and delivery of the goods (elevator regiment, conveyor belt) allows you to sell the goods, does
not withstand a fall from a height (glass container).

OfHVM 13 (HhaKTOPOB MOBbILLEHNSA KYNbTYPbl 06CNMY>KMBaHUSA, 0CO6EHHO B Cthepe 06LLEeCT-
BEHHOI0 NUTaHUA, SBSETCA 1CMO/b30BaHE TOProBbIX aBTOMATOB. Peasim3aymns OTAeNbHbIX BU-
[0B MULLEBO MPOAYKLMMN Yepe3 aBToMaTbl 06eCcneynBaeT onepaTMBHOCTb 06CYXMBaHWS Noce-
TUTeNeNn, NO3BO/ISET PaCLLUMPUTL TOProBYHO CETb U YBENNUUATL 06bEM TOBApPOOBOPOTA, CHUKAET
MOTPeBHOCTb PacLUMpPeHns LWTaTa COTPYAHMKOB U MOBbLILLAET pPeHTabelbHOCTb NPeAnpUaTUS, ae-
NaeT BO3MOXKHbIM MpUobpeTaTb ToBapb! B /1060 BPeMS CYTOK.

ToproBbiMM aBTOMaTaMy Ha3blBaOTCS YCTPOMCTBA, KOTOPble B aBTOMATUYECKOM pe-
Xunme (6e3 oneparopa) OCYLLECTBMAKT NPOLECC MexaHUYecKoro obMeHa ToBapa Ha [eHbru
VNN Opyrve geHeXxHble 3KBMBasieHTb! [1]. Ans npofaxu UCNob3yroT pasinyHble BUAbI TOp-
roBbIX aBTOMaToB. TOProBble aBTOMaTbl KNacCUPULMPYIOT B OCHOBHOM MO ABYM MpU3HaKaM:
M0 aCCOPTUMEHTY (4151 MPOAKM XMUAKUX U LITYYHbIX TOBapOB) M CMOCO0Y Bblgayn TOBapOB.

PacCcMOTPUM KOHCTPYKTVBHbIE OCOOGEHHOCTW TOPrOBbIX aBTOMATOB 15 MPOLAXKM
LUTY4YHbIX TOBApOB. TOBapbl B aBTOMarax 3TOro Knacca, ynakoBaHHbIE B MakKeTbl, KOPOOKM,
OYTbINIKK, NaYkM 1 T.M., pa3MeLLatoT B 3arpy304HbIX YCTPOMCTBAX OTKYyZa C NOMOLLbHO Ornpe-
[eNeHHOro MexaHu3Ma ToBap TPaHCMOPTUPYETCSA K MeCTY BblAauu.

HesaBMCYMO OT Ha3Ha4eHWs ¥ CBOWCTB NPoAaBaeMoli NPOAYKLMN TOProBble aBTOMa-
Tbl UMEIOT CrefytoLine y3nbl U MeXaHU3Mbl: KOpryc, eMKOCTb A1 XpaHeHWs ToBapa, 403U-
pyloLLee YCTPOMCTBO, TPAHCMOPTUPYHOLLEEe YCTPOMCTBO (MeXaHW3M Bblfaun ToBapa), Kynopo-
VNN MOHETO-NPUEMHUK, YCTPOMCTBO ANS NOALEPXKaHUA 3alaHHbIX TEMMEPaTyPHbIX PEXMMOB
M LaBfieHWs, 31eKTpoobopyAoBaHVe U 3/1eMeHTbI aBTOMATUKK, BCOMOrarte/isHoe 060pya0Ba-
Hue. OCHOBHbIM YCTPOMCTBOM, ONpeAenstowmym YCTPOCTBO TOProBOro aBToMara, SB/seTcs
TPaHCNopPTUPYIOLLEee YCTPORCTBO.

Ncxofs m3 0COGEHHOCTEN MexaHW3Ma TPaHCMOPTUPYHOLLEro YCTPOMCTBa TOProBble
aBTOMaTbl MOXHO pa3buTb Ha CnefytoLiMe rpynmnbl: aBTOMaTbl C 060MMeHHOl (6apabaHHONA)
Bbla4ei ToBapa, aBToMaTbl CO CNMpPa/ibHON BblAayelt ToBapa, aBTOMaTbl C KOHBENEPHOM Bbl-
Aaveli ToBapa.

B aBTOMaTax ¢ 060MeHHON Bblayeli ToBapa MeXaHU3M BblAauu NpeacTaBnseT coboin
060iMy, B KOTOPYHO 3arpy»aetcs ToBap, U Npyv 04UHOYHOM cpabaTbiBaHUM 3aTBOpa U3 060WA-
Mbl W3B/IEKAETCA €AMHMUYHbIA ToBap. ToBap 3arpy)aeTcs B BEPTUKa/IbHbIE KOJIOHKM, BHU3Y
KaXK[OM KONOHKM HaxoAMTCH CTBOPKa Bbiaun TOBapa, KOTOpas CBsi3aHa C 3/1IeKTpojsurare-
nem. ocne nonyyYeHUs aBTOMaTOM OT MOKYynNaTens HY>XHOW CyMMbl €Her C rNaBHOro KOH-
Tposifiepa NoAaeTcs CUrHaN Ha Bblfady TOBapa; Mpu 3TOM BK/IHOYAETCH 3/1eKTPOABUTraTesb,
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KOTOpbIVi OTKpbIBaeT CTBOPKY Bbifayun. [ns TOro 4tobbl BeCb TOBap M3 KOMIOHKU He npoBa-
NIANCA Yepe3 OTKPbIBLLYKOCA CTBOPKY, M3 CTEHKM KOMOHKW BbIABUIaeTcs Aemndep (Topmoss-
Las MaacTUHKA), KOTOpbIV ynupaeTcs B NpeAnocnefHniA ToBap U NPUKMMAaET ero K CTeHKe
KOMIOHKM. Ha KaXAylo KOMOHKY TakuxX [LemMngepos ABa: OLWMH NPWKUMAaET NpesnocnesHuii
TOBap, a APYroi BbIABUTaeTcs B LEHTPe KOMOHKM, YMeHbLUas [aBNeHne OCTaNlbHbIX efyHNL,
TOBapa Ha HWKHIOK. MOCKOMbKY NpesnocnefHUin ToBap Npwkat AeMn{epoM K CTeHKe KO-
NOHKMN 1 CTBOPKA Bblauu OTKPbITa, TO NOCNeAHUIA ToBap NoJ AeiCTBMEM CBOEro Beca NpoBa-
NBaETCA B OKHO Bblgauun. 10 OKOHYaHWM LUMKNa Bblgayy ToBapa AeMndepbl youparoTcs 06-
paTHO B CTEHKY KOJIOHKW, W OCTaBLUMWIACA B KOJIOHKe TOBAp NOZ CBOel TSXKECTbH OMyCKaeTcs
Ha 3aKpbIBLUYIOCS CTBOPKY Bblgayn (puc. 1) [2].

Takoinl cnocob Bblgaun WUMeeT psf
HeAoCcTaTKoB. ToBapbl A0/MKHbI ObITh Onpe-
[eneHHbIX rabapmMToB 1 OPMbl B COOTBET-

e ¢ CTBMM C pa3mepammn KOMOHKW. Ecnn ToBap

| | C/IMLIKOM MaJl, TO B TeYEHMe LMK/a Bblgauu

e i Aswnbep fieMndepbl He CMOTYT MPUXKATh ero K CTeH-

iy I Ke KOMOHKM W 4acTb TOBapa, YcrnesLUas

) [T MPOHMKHYTb Yepe3 OTKPbITYD CTBOPKY 3a

- T nepuog Bblgaum, monagaeT K MOKynatento,

' YTO MPUBOAMT K YGbITKaM. Mpn YpeaMepHo

i / 6oMbLIMX rabapuTax TOBap MOXET 3aK/u-

nenndep oo HUTb BHYTPW KOMOHKK, 1 TOr4a NoKynatesb
ero He NoayyunT.

Puc. 1. Cxema 060MEHHO Bblfauy ToBapa K BOCTOMHCTBAM MOXHO OTHECTY

TOT (paKT, YTO aBTOMaTbl MMEKOT 3aKpPbITYHO

BUTPUHY 1 TOBapbl HAXOAATCA B 3aKPbIThbIX KOMOHKAaX, YTO NO3BONSET 3alUMTUTbL ToBap OT
Kpaxk. B TO e Bpems 3aKpbITYH BUTPUHY MOXHO OTHECTM U K MUHYCaM, MOCKO/bKY MOKYymMa-
Tenb, NOAXO0AS K aBTOMATY, He BUAWT peasibHOro ToBapa, KOTOPbI OH XO4YeT NpMOBPECTH.

Takum 06pa3oM, AaHHasi KOHCTPYKLMSA aBTOMaTa npeanonaraeT Y3KWin ananasoH pas-
MEpOB TOBApOB A/11 NpoAaxu. NoaTomy Ans BapbypoBaHMs Pa3MepoB NpoJaBaeMbiX TOBApOB
MOXHO MCMOMb30BaTb Pa3/iNyHbIE TUMbl MPOCTABOK, KOTOPblE HEOOXOANMO KPenuTb K CTEH-
KaM KOJIOHKM [N TOBApPOB MEHbLLEr0 pasMepa.

[pyroii pa3HOBNAHOCTLHO TOPrOBbIX aBTOMATOB /151 LLITYYHbIX TOBApPOB SABMSKOTCA aBTO-
MaTbl CO CMMpa/ibHOM Bbldayeli TOBapa, KOTOPbIE BbIMYCKAKOTCA MHOrMMK upMmami. [aHHbIR
TN aBTOMATOB — CaMblii PacNpPOCTPaHEHHbIN B MUpe. s annapaTtoB XapakTepHa OTKpbITas
BUTPMHA, KOTOpas OObIMHO MOACBEYMBAETCS WM BCE TOBapbl MOKyMaTelb MOXET BUAETb 4epes
CTEK/10. BUTpMHA COCTOUT M3 NOJOK, PACMONOXEHHbIX APYr Nof ApyroM. Monku pa3butbl Ha Ko-
NOHKK, B KXK/ION M3 KOTOPbIX pacrnonaraeTcs cnvmpanb. Mexay BUTKamu Cnvipaneli 3aknaiblBa-
eTcsi ToBap A4/15 npoAaxun. Cnvpan MMEKT COBCTBEHHbIV 3NEKTPOABUraTE b, PACMOMOXKEHHbIA B
3a[]Hein YacTy NOMKN W CBS3aHHbIV CO CMPablo Yepe3 PefyKUMOHHbIE LIeCTepHM. MexaHn3Mm
NepeMeLLIEHNS TOBapa K YCTPOMCTBY BblAaun CeAyHOLIWIA: FNaBHbIA KOHTPO/EP NOAAET CUTHa
Ha Bblady TOBapa, 3/1eKTPoABMraTe/b 3anyCcKaeTca 1 Cnvpanb AenaeT 060poT BOKPYr CBOel Ocu,
MOC/e Yero 3M1eKTpoaBMraTe/lb OTKMOYaeTCs. [pn BpaLLeHU CrMpann BOXKEHHLIN B Hee TOBap
nepeMeLLaeTcs Mo CNMpaan B HanpasneHnn BUTPUHLI. Korga cnvpanb 3akaH41BaeTcsl, ToBap na-
[aeT B /IOTOK Bblayn, OTKyda OH U3BMEKAETCA MOKyNaTeneM, a HaxoasLWmecs 3a HUM eavHULIbI
NPOAYKLMMN NPUGAMKAKOTCSA Ha OAVWH LUar K Kpato Crivpasni.

[OCTOMHCTBA AaHHOrO TWMa TOProBbIX aBTOMATOB SIB/NAETCS YHUBEPCA/IbHOCTL — CMO-
COGHOCTb MpoJaBaTb TOBapbl Pa3HOW JOPMbl YNaKOBKW. [ns TOro 4tobbl NepecTpouTb aB-
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TOMAT /151 NPOAKM PYTiX TOBAPOB
HEOBXOMMO MPUMEHATL CrIMPaIn C
Pa3INYHBIM LLIAroM, MOXHO 06beay-
HATb AYeliKM M UCMO/Nb30BaThb ABON-
Hble CrMpanu C NPOTMBOMONOXKHBIM
BpaLLEHMEM, [N NPOAAXKIN Y3KUX TO-
BapoB HEO6XOAMMO  MCMO/b30BaTh
Puc. 2. BapuaHTb! crinpareil cnupanbHble pasaenuteny (puc. 2).

HefocTaTKOM CrMpanbHOM KOH-
CTPYKLMW B TOProBbIX aBTOMaTax ABMAETCA OrPaHMUYEHHOCTb acCOpPTUMEHTa — MpOojaBaTh
MOXHO /IWILLb TOBapbl, BbIAEPXKMBAIOLLME MafiEHNE C BbICOTbI; BbICOKAsA BEPOATHOCTb 3aK/M-
HUBaHA TOBapa — HarpyuMep, MeXAy MojIKaMm1 1 CTEK/IOM BUTPUHBI.

BTOpYIO 113 NePeUnCcieHHbIX NPo6/IeM MOXHO YaCTUUYHO PELUMTL C MOMOLLBIO AaTuKa
KOHTPONS Bblfjauu, CKaHUPYHIOLWMIA OKHO Bblgauu. Korga Tosap nonagaeT B nose 3peHus cKa-
Hepa, KOHTPO/Nep MoMlyyaeT CUrHa/, YTO TOBap AOCTaB/IEH MO Ha3HAYeHWIo, a eC CUTHA
OTCYTCTBYET, TO CNUPasb MPOKPYUMBAETCS BTOPUYHO.

TpeTbeli PasHOBMAHOCTLIO TOPrOBbIX AaBTOMATOB /11 LITYYHbIX TOBApOB ABNAIOTCSH
aBTOMATbl C KOHBeiepHOI Bblaueli ToBapa. B aBTOMare MMEKOTCH FOPU3OHTa/IbHbIE MOJKM
N7 YCTaHOBKM TOBAapoB M NN(TOBasl MO/Ka ANA TPaHCNIOPTMPOBKM TOBapa K OKHY Bbifaun
(puc. 3a).

B r—
Moneehepran neqTa Tonan

6)
a) BHYTPEHHWI BUA, 6) Cxema 3arpy3Ku KOHBEEpHOW NeHTbI
Puc. 3. ABTOMata ¢ KOHBENEepPHOi Bblgayei

Ha Kax[ol nonke pacnonioXeHbl KOMOHKK (OT 2 A0 5), BHYTPU KOTOPbIX HaXoAaTca
KOHBeWepHble NeHTbl (TpaHcrnopTepbl). TOBap YKNaAblBatOTCA Ha KOHBEVep Mexay nnacTtu-
Hamu-pasfennTensmu, 3akpernieHHbIMU Ha KOHBENepHOiA neHTe (puc. 36), KOTOpble JOBO/LHO
NErko yCTaHaB/MBAKTCA Ha NIEHTY C pa3/IMyHbIM LaroM. Mpu Bbibope NOKynaTesiemM HY)XXKHOro
TOBapa MoMCKOBas CMCTEMa aBTOMaTa BK/IOUaeT NN(MTOBYHO MOJIKY, KOTOpas nepemeLLaeTcs K
BbIGPaHHOW NOJIKe C HY>XHbIM TOBapOM; NMOC/e OCTaHOBKM NU(TOBOW NONKWN BK/IKOYAETCH NIEH-
Ta-TpaHCNopTep C Bbl6paHHbLIM TOBApPOM. pW ABUKEHUN KOHBENEPHON NeHTbl TOBap, Haxo-
JAWMIACH 6vKe K MG TOBOM NOJIKe, NajaeT B Hee U NnepecekaeT MHgpakpacHble nyyun, nocrne
4ero KOHBeiepHas fleHTa ocTaHaB/MBaeTcs. JIM(hToBas Nosika OMycKaeTcst 40 OKHa Bblauu
TOBapa, M BK/OYAETCA KOHBEEPHas NleHTa, YCTaHOB/IEHHaA Ha NN(TOBOM MNOJIKE, MOC/Ee Yero
TOBap NOAAETCS B OKHO BblAayu, rAae OH CTaHOBUTCA AOCTYMHbIM MOKyNaTento. Paclumputs
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acCoOpPTVMEHT NPOoaBaeMbIX TOBapPOB MO3BO/IAKOT aBTOMATbl C MHOTOPALHbIM PACMO/I0XKEHNEM
TPaHCMopTepPHbIX NIEHT [1].

[loCTOMHCTBaMM Takoro Tvna aBTOMAaTOB AB/IAKOTCA BbICOKAasA CTEMNeHb 3arpy3ku U Ln-
POKMIN fMana3oH pasMepoB MpPoAaBaeMblX TOBAPOB. TO aBTOMAT NOC/ELHEro MoKoeHNs, B
KOTOPOM YCTpaHeHbl HeJOCTaTK/ aBTOMATOB, ONUCAHHBIX BbILLE.

Ha ocHoBe aHanu3a pasNMyHbIX KOHCTPYKLMIA aBTOMATOB, MOXHO CAenaTb Chneayto-
LLMe BbIBOAbI: KaXAbIM 13 PACCMOTPEHHbIX MEXaHW3MOB A/1 NepeMeLLeHns 1 Bblgaun ToBa-
POB MMEET Kak CBOM MpeuMMYLLEeCTBa, Tak U HejoctaTku. OfHako Hamboree LenecoobpasHo
CNOMb30BaTh aBTOMaThl C KOHBEVEPHO Bblfayeil ToBapa, Tak Kak 1Cnosb3yemble 34ecb Me-
XaHWM3Mbl XpaHeHWs 1 NepemMeLLeHns ToBapa No3BOMAKOT: BO-MNEPBbIX, NPOAaBaTh TOBaphbl pas-
NINYHO (hOPMbI U pa3mepoB, BO-BTOPbIX, MEXaHW3M MepeMeLLeHNs 1 Bblgadmn Tosapa (nndro-
BasA MoJika, KOHBeepHas NieHTa) No3Bo/seT NpofaBaTb TOBapbl, He BbiAepXXMBatoLLMe naje-
HWe C BbICOTbI (CTEKNSAHHAA Tapa).

Cnucok nutepatypsbl: 1. KaweHko, B.®. Toprosoe o6opyaosaHme / B.®. KaleHKo,
N.B. KawweHko. — Mocksa: Anba-M, 2006. — 397 c. 2. 'ynsaes, B.A. O6opyzoBaHue npea-
NPUATUIA TOProBnun 1 o06LLecTBeHHoro nuTtaHus / B.A. 'ynsies, B.IN. MBaHeHKo, H.W. Ncaues.
— Mocksa: ViHthpa-M, 2004. — 541 c.

YK 681.3.07
DPOPMAM3ALMA BA3bI 3HAHUIA SKCMEPTHOWM CUCTEMBI
YTMPABTEH/A TEXHONOMMUYECKMM MPOLLECCOM
ABPA3VIBHO-AJIMA3HOW OBPABOTKM

BepexxHas E.B., MNMonTasey, B.B. (Kagegpa MCMO, [JoHHTY, r. [loHelK, YKpanHa)
E-mail: k-lagidna@bk.ru

AHHOTauMA. B cTaTbe paccMaTpuBalOTCSA CNOCOOLI (POPMaIN30BAHHOIO MpPeACTasNeHus
6asbl 3HaHWIA IKCNEPTHOW CUCTEMbI YNpaBieHUs TEeXHONOMMYeCKMM NpoLeccoM abpasnBHO-
a/MasHoin 06paboTKN. OnNMcaHo MHOXKECTBO MHPOPMAaTUBHbIX NapaMeTpPOB, BAUSIOWMX Ha
TEXHOMOrMYECKUiA NpoLecc, 1 NpuBeaeH hparMeHT 6a3bl NpaBun 3KCNePTHOW CUCTEMBI, MO-
CTPOEHHOI Ha OCHOBE MHEHWIA 3KCNepT OB.
KntoueBble cfioBa: akcnepTHas cucTema, 6asa 3HaHUi, MHPOPMATUBHLIA napameTp

1. BBegeHume

Co3fiaHme cuUCTembl ynpaBneHus TexHonornveckum npoueccom (CYTI1) Ha ocHoBe
NPUMEHeHNs 3KCNepTHbIX cucTeM (OC) MOXET 3HaUMUTeNbHO YCKOPUTL MpoLecc pa3paboTKu
C/IOXHOW CUCTEMbI YNpaB/ieHWs, NOBLICUTb KaYeCTBO PeLLeHUs 3a4a4n U AaTb IKOHOMUIO pe-
CYPCOB 3a CYET 3(h(heKTUBHOro pacnpeeneHmst MYHKLUNUIA LEHTPanbHOro yrnpaBneHus n no-
Ka/lbHbIX U3MEPUTE/IbHLIX 1 YNPaBNAKOLMX NOACUCTeM. Takoi aththeKT LOCTUraeTcs 3a cueT
OTKPbLITOCTM CUCTEMbI NPEACTaB/IEHNS 3HaHUA 06 06BEKTE YNpaB/ieHUs, aganTaumum CUCTEMbI
ynpasieHns K ycnoBusM (DyHKLMOHMPOBaHNA 00beKTa, aBTOMATUUYECKON KOppeKLun yrpas-
NAOLWMX BO3LENCTBUIA MPU M3MEHEHUN CYLLLECTBEHHbIX NMapaMeTPOB B MpoLecce PYHKLUUOHN-
poBaHuA 06beKTa.

B KauecTBe MHCTPYMEHTaNbHOIO cpeAcTea Ans pa3paboTkm CYTI1 npuHsTa sKCnepT-
Haa cpefia CLIPS. 3T1a cuctema B nocnefHee BpeMA MHTEHCUBHO pa3BMBaeTCA N COBEPLLUEHCT-
BYyeTCA: C MOMeHTa pa3paboTkn A3blK cpefbl CLIPS 6bl1 HEOAHOKPATHO MOAEPHU3UPOBAH,
BBeJeHbl MpouefypHble U 00bEKTHO-OPVMEHTMPOBaHHbIE Mapagurmbl, BBeAeHa MOALEPXKKa
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MOZYNbHOIN CTPYKTYpbl NpOrpamMmm 1 MHOroe apyroe. B HacTosuiee Bpems cpeda CLIPS asns-
eTCA MOLHbIM UHCTPYMEHTOM [15 CO34aHMSA 3KCMEPTHbIX CUCTEM U pacrnpocTpaHsaeTca bec-
nnaTtHo. Kpome OTHOCKTE/IbHOM MPOCTOThI NPOrpaMMmMpoBaHns B JaHHON cpege, MOXET 6bITb
obecrieyeHa BO3MOXHOCTb PaboTbl co3gaHHOn OC B peasbHOM MacluTabe BpeMeHW, Korga

peakLUUsi CUCTEMbI Ha BO3MYLLIEHWS HE O/KHA NPEBbILLaTb HECKONMbKUX MUNMceKyHA [1].

Tabnuua 1. ViHopMaTVBHbIE MapaMeTpbl TEXHOMOMMYECKOro npoLecca 06paboTkKu

kpyramn n3 CTM

O603Ha- Ean-
No yeHue HasBaHue HULa o
[vana3oH 3HayeHni
n/n | napaver- napametpa n3me-
pa peHus
1 Vk CKopocTb pe3sa- m/c | 20-30 (Vk=1), 30-35 (Vk=2), 35-40
HKS (Vk=3), 40-50 (Vk=4)
2 Mopaya npo- m/mMuH | 0,2-0,4 (Sprod=1); 0,5-1,0 (Sprod=2); 0,5-
Sprod [l0NbHas 3,0 (Sprod=3); 3-5 (Sprod=4); 5-10
(Sprod=5); 5-15 (Sprod=6); 8-10
(Sprod=7)
3 Mopaya none- mm/xo | 0,3-0,6 (Spop=1); 0,5-2,0 (Spop=2); 0,5-
Spop peyHas A cto- | 1,0 (Spop=3); 2-4 (Spop=4)
na
4 I Martepuan Kpy- - anmas (1=1), kybuuecknii HUTpUA 6opa
ra (1=2)
5 FnyéuHa wnn- | mv/ge. | 0,005-0,02 (t=1); 0,04-0,1 (t=2); 0,01-0,05
t (hoBaHuMA xon | (t=3); 0,05-0,4 (t=4); 0,05-0,2 (t=5); 0,3-
1,0 (t=6); 0,2-0,6 (t=8)
6 Martepuan cBs3- - OpraHunyeckas (S=1), Kepammnyeckas
S KK (S=2), metannnueckas (S=3), MmeTanoke-
pamunyeckas (S=4)
7 Cnocob6 wnm- - C Bpe3Hoi1 nofayein 6e3 nonepeyHow
(hoBaHMA nepu- (Ds1=1), ¢ 60nbLLOV rNy6UHOI 06paboT-
Dsl (hepueii Kpyra KW 1 Manoi nonepeyHol nogayer
(Ds1=2), c masioi rnybuHom 06paboTku 1
60/bLLONV NonepeyHoin nogavein (Ds1=3)
8 Cnocob wnu- - Co 3HayMTEeNbHbIM HAK/TOHOM OCK Kpyra
(hoBaHusa TOp- MO Hanpas/eHVO NPOLONLHOW NoLaun
Ds2 LlOM Kpyra ctona (Ds2=1), ¢ He3HaYNTE/IbHbIM Ha-
KNoHOM ocu Kpyra (Ds2=2), 6e3 HaknoHa
Kpyra (Ds2=3)
9 Martepuan 3a- - BbiCOKONernpoBaHHble TpyAHO06pabatbl-
Dm rOTOBKM Baemble ctasiv (Dm=1), TuTaHOBbIe Cn/ia-
Bbl (Dm=2), Teepable cnnasbl (DM=3)
10 TpeboBaHUA Mo - 0,4;0,8;1,6; 3,2
Da LLIEpPOX0BATOCTY
NOBEPXHOCTU
11 JocTurHyras - 0,4;0,8; 1,6; 3,2
Dar LLIepOX0BaTOCTh
MOBEPXHOCTU
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2. OCHOBHOE cofiepXXaHue 1 pesy/ibTaTbl paboTbl

B kauvectBe 00beKTa ynpasfieHWs MpuUMeM npoLecc abpasvMBHO-a/IMa3HOW 06paboTKM
3arotoBkn. B paHHoM cnydae CYTI1 Ha OCHOBe NPUMEHEHWS 3KCMEPTHbIX cUCTeM OyadeT
OCYLLECTB/IATL YMNPaB/ieHNe TEXHONOrMYeCKMM MPOLECCOM 06paboTKM 4Yepes3 MoACUCTeEMY
yrpaB/eHns BbICLLEr0 YPOBHSA, CMOCOOHYHD K CaMOCTOATE/lbHOMY (YHKLMOHWPOBAHUIO Y
06€eCneyrBatoLLYO BbIMOJIHEHNE BCEX OCHOBHbIX (PYHKLMIA NO ynpas/ieHUo cb0poM 1 aHau-
30M TEXHONOrMYEeCKOW NHopMaLMK 1 NPUHATUIO ONEPaTVBHbLIX PELLeHW No Xo4y npoLiecca.
B coctas CYTI1 BXoAUT paf NOKabHbIX YNPaBAaOLWMX NOACUCTEM HUXKHETO YPOBHS, KadXK-
[iasa U3 KOTOPbIX OCYLLECTBNAET ynpasneHWe OLHUM W3 KOMMOHEHTOB TeXHO/OrMYeckoro
rnpoLiecca o >ecTKOMy a/iroputmy B peasibHOM BpeMeHU. CYTIT Ha ocHoBe OC obecrneynBa-
eT opraHu3aumto cbopa UHpopmaummn 06 yrnpasnsieMoM MPOLEecce OT JIOKa/IbHbIX MOACUCTEM,
yrpaeneHne peXxxmmMammn nx GyHKLMOHNUPOBAHNSA U MPUHATUE ONepaTUBHbLIX peLueHnid. B 06-
LLemM c/y4yae ynpasneHue TEXHOMOrMYeCKMM MpPOoLLeCCOM MOXET OCYLLECTBAATLCA YaCTUYHO
60 NONHOCTLI0 aBTOMATUYECKN.

3 MHOrmMx BMAOB abpasvBHON 06pPabOTKM BblAenMM 06paboTKy LUANMGOBaNbHbIMU
Kpyramn un3 csepxTsepbix martepuanos (CTM). BbigenMM MHOXECTBO MH(OPMATMBHbIX
(CyLLecTBEHHbIX) MapamMeTpoB, BAUSIOLLMX HA TEXHOMOMMYECKMIA NPOLLECC U NO3BONAIOLLMX
ynpasnsTbh 3TUM MPOLLECCOM C HEKOTOPOI JOCTOBEPHOCTLI0. OLHOBPEMEHHO A1 BbIGPaHHbIX
napameTpoB Bbl4e/IUM WH(OPMATUBHbIE 3HAYEHMS UM UH(OPMATMBHbIE AMana3oHbl 3Haye-
HWIA, UCNOMb3yA CNpaBoYHble AaHHble [2]. BblbpaHHble MH(OPMaTUBHbIE NapaMeTpbl U KX
3HaYeHWs NpescTaBneHbl B Tabs. 1.

Tabnuua 2. dopManm3oBaHHOE NPeACTaBNeHMe 6a3bl 3HAHWIA AKCMEPTHOW CUCTEMbI
ynpaBieHUs TEXHONMOMMUYECKMM MPOLLECCOM 06paboTKM Kpyramu ns CTM

NoNe Dm Da Dar TexHOoNornyeckoe ynpasnaroLlee Bo3- JocTto-
n/n AeicTeme BEPHOCTb
1 1 0,4 0,4 | Vk=3, Sprod=4, Spop=1, t=1, Ds1=2, 0,98
=2, S=1
2 1 0,8 0,8 | Vk=2, Sprod=7, Spop=1, t=2, Dsl1=2, 0,98
=2, S=2
3 3 1,6 1,6 | Vk=1, Sprod=6, Spop=2, t=3, Dsl=2, 0,98
I=1, S=3
4 3 0,4 0,4 | Vk=1, Sprod=5, Spop=3, t=1, Dsl=2, 0,98
=2, S=1
5 3 0,4 0,4 | Vk=1, Sprod=3, Spop=4, t=1, Ds1=3, 0,98
=2, S=1
6 3 0,8 0,8 | Vk=3, Sprod=3, Spop=4, t=5, Ds1=3, 0,98
=2, S=1
7 3 3,2 3,2 Vk=1, Sprod=2, t=7, Ds2=2, 1=2, S=3 0,98
8 3 3,2 3,2 | Vk=1, Sprod=1, t=8, Ds2=2, 1=2, S=3 0,98
9 3 3,2 3,2 | Vk=1, Sprod=2, t=7, Ds2=2, 1=2, S=3 0,98
10 3 3,2 3,2 | Vk=1, Sprod=2, t=7, Ds2=2, 1=2, S=3 0,98

MpencTaBuM Ha OCHOBE MHEHWS 3KCMEPTOB MH(OPMaLMOHHbIE 06pasbl YrpaBnsaroLMX
peleHnii B angaBnTe 3HaYeHWIn MHAOPMALMOHHLIX NapaMeTpoB. B Tabn. 2 npegcrasneH
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(hparMeHT 6a3bl 3HaHWIA (6a3bl NPaBw) IKCMEPTHON CUCTEMbI YNPaBEHNS TEXHONOMMYECKM
npoweccom 06paboTkm kpyramu n3 CTM. 34ecb OCTOBEPHOCTb XapaKTepu3yeT YBepeHHOCTb
aKcrnepTa, YTO TEXHONOMMYECKOe yrpaB/stoLLlee BO3AENCTBME NO3BOUT AOCTUYL 3aaHHOrO
napameTpa 06paboTkn Da Ha OCHOBe AaHHOr 0 BO3AeCTBUS.

3. 3aK/oyeHne

[l0CTOBEPHOCTb  MPaBU/ILHOCTA  TEXHO/IOMMYECKOro  YNpaBNsoLEro BO34ENCTBUS
[0/MKHa aBTOMaTUYECKN KOPPEKTMPOBATLCSA MO pe3y/ibTataM U3roToBneHus getanu. B Tabn. 2
npvBeseH npumep 6a3bl 3HaHUI SC, YNPOLLEHHbIN AN Lenel NpaKTUYeCKOn eé peainsauum.
34ecb He chopMynMpoBaHbl 3a4a4n paboTsbl ¢ 6a3ol faHHbIX. Crefytowmm aTanom gopma-
nmn3ayun 6asbl 3HaHnin IC ana panbHeiwero passutus CYTIT ABnseTcs NOCTPoeHUe 6asbl
Lenein (KOH(IMKTHOr0 MHOXeCTBa npaBwus). Takas 6asa Lenei ABNSETCA BHYTPEHHUM NS
cpefbl CLIPS mexaHU3MoM.

®yHKUnoHMpoBaHne CYTIT B 06LeM Cnyyae COCTOUT B TOM, YTO B npouecce obpa-
GOTKM NPON3BOAUTCA M3MEPEHNE MHHOPMATUBHBLIX NapameTpoB U TEXHONMOrMYeCKMe ynpas-
NALLMe BO3LENCTBMS 334al0TCs B 3aBUCUMOCTY OT pe3y/ibTaToB U3MepPeHUn napameTpoB Ha
OCHOBe npaBm 6a3bl 3HaHUn IC. ECNN N3MeHeHWE BeNMUMHbI TEXHOOMMYECKMX YNpaBsto-
LLMX BO3LENCTBMIA NPOUCXOAUT B peXKnMe peasibHOro BpemeHu, To CY Tl 6yaeT paboTaTs B
aBTOMAaTUYECKOM peXUMe.

Cnuncok nutepatypbl: 1. Yactukos A.lNM. Pa3paboTka skcnepTHbIX cuctem. Cpefa
CLIPS / A.MN.YacTukos, T.A. NaBpunosa, A.J1. benos. — CI16: EXB - MNetepbypr, 2003. — 687
C. 2. CrnpaBOYHNK MHCTPYMeHTasbLumKa / Tog obul. pea. N.A. OpanHapuesa. — J1.: MawuHo-
CTpoeHue. JIeHUHrp. oTA-Hue, 1987. — 846 c.

YK 621.883.002.56

I/ICCI'IE,EI,OBAHI/IﬂUHAI'IPﬂH(EHI/IVI B 3YBUATOW BTYJIKE C I'IPO,EI,UOJ'IbHOI7I
MOOVNDUKALIMEN 3YBbEB MNP OTCYTCTBUW NMEPEKOCA OCEW BAJIOB

TapacoBa E.C., 'py6ka P.M. ( JoHHTY, r. [JoHeuK, YKpaunHa).

AHHOTauusa. CTaTba NOCBALLEHA UCCNeA0BaHNS pacnpeseneHns Hanps>KeHWii B ane-
MeHTax 3ybuaToil BTYNKH.

KntoueBble cnosa: 3ybuyaTas BTY/Ka, NPOLOMbHAA MOAM(IMKALMSA 3yObeB, Nepekoc
ocei.

B paHHoOW paboTe npoBeAeM MCCNefoBaHWS pacnpefefieHns HanpsKeHuid 3y6uartol
BTY/IKE C 3yObAMM C MPOAOSLHON MOAM(IMKALMEN METOLOM KOHEYHbIX 3neMeHToB [1, 2, 3],
ncnonb3ys nporpamMMHbiin komnneke ANSYS 13.0 . PacnpeaeneHune HanpspKeHUi onpeaennm
B COEAMHEHUU MeXay 000MMOM C 3yObsMU C MPAMOSIMHENHON 06pa3ytoLLlein 1 BTY/IKOR C
3y6bAMU C NPOLONBLHOM MOAMDMKaLIME NP OTCYTCTBUM MOrPELLHOCTeN MOHTaXKa BasoB.

WccnepoBaHmsi pacnpefeneHunst HanpshkKeHuin B aneMeHTax 3y64yaToil BTY/IKW BbINO/I-
HUM Ha TPEXMEPHON MOLEeNN NOMoBMHbI 3y6yaToii MydTel puc. 1 a. 3D mogens 3ybuaToii
MYy(Tbl nocTpoeHa B nporpamme SolidWorks 2010 1 cocTouT 13 3y64atoit BTY/IKA U 060AMBI.
Mepen npoBefeHWeM pacyeToB umnoptupyem mogens B ANSYS Workbench ncnonbsys
CTaHAAPTHY (hyHKUMIO «Import». Mocne Yero nNpoBeAeM CTaTUYECKMIA pacyeT MOAEeNu, Uc-
nonb3ys mofynb Static Structural, KOTOpbIA NO3BONAET ONPeAenUTh pacnpesesieHns Hanps-
YKEHNI 1 NepeMeLLeHNI B YCIOBMSAX CTAaTUYECKOT0 Harpy>XXeHUs KOHCTPYKLUN.
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B npovecce cocTaBneHns pacHeTHON CXeMbI:

- 33[]aHO0 OrpaHWyeHne — 3auKCMpoBaHa OT nepe-
MeLLeHMst MOBEPXHOCTb Topua (haHLa 060limbl;

- MPUNOXEH MOMEHT K LMINHAPUYECKON NMOBEPXHO-
CTW OTBEepCTMA BTYNKW, BelMYMHA MOMEHTa COCTaBuna
4000HM, HanpaBneHne — BpalleHMe MO 4YaCOBOWM CTpesKe,
€C/IM CMOTPETb CO CTOPOHbI JIEBOI0 TOPLIA BTY/IKM;

- 33[jaHbl 3HaYeHWA NapaMeTpoB CETKU: 2MM — [/10-
Ga/ibHbIA pa3mep KOHEYHbIX 3/1eMEHTOB , 1MM — pa3mep Ko-
Puc. 1. TpexmepHast MOfie/lb  HeYHbIX 3/1EMEHTOB Ha 3y6uaThiX BEHLIAX.

3ybyatoli My bl

6)
Puc. 2. TpexMepHble Mogenn 3y64aToin My(Tbl 1 ee 3/IEMEHTOB C CETKOM KOHEYHbIX
3N1EMEHTOB: a — 3ybyaToi My(Tbl; 6 — 3y64aTOi BTYNKN; B — 060/MbI

Mocne 3afaHns OrpaHNYeHniA 1 Harpy3oK Gblna NOCTPOeHa CeTKa KOHEUHbIX 3/1eMeH-
TOB A/19 COOPKM NOMOBUHbLI 3y64aTor My(Tbl PUC. 2. U BbIMOSIHEH CTaTUYECKNIA pacyeT Mofe-
nn 6e3 nepekoca 3yObeB BTY/IKM OTHOCUTE/bHO 3y6beB 060iMbI. B pe3ynbTaTe pacyerta no-
NYYEHO pacrnpeaeneHne 3KBUBANEHTHbLIX HaMPSHXKEHNIA B 3yO6UaTON BTYNKE C NPOAObHON MO-
Andukaumeld 3yobes puc. 3. Mpy pacCMOTPEHUM NOMYYEHHBbIX Pe3yNbTaToB ONpeaensnuch
3HAYEHNSA M3rMOHBIX N KOHTAKTHbLIX HarpsXKeHWin Ha GOKOBOW NOBEPXHOCTU 3yObEB BTY/IKM,
KOTOpas HernocpeACTBEHHO KOHTAKTUPYeT C 3yobsaMU 060iMMbl. Mpuyem U3rnbHble Hanpsike-
HUS M3MEPASIUCH Y HOXKM 3y0a BTY/IKW, @ KOHTaKTHLIMU SABMISKOTCA MaKCUMasibHble Hanpske-
HWS, AENCTBYIOLLME Ha pacCMaTpMBaeMOin 6OKOBOI NOBEPXHOCTY 3yba.
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Puc. 3. PacnpegeneHns aKBMBaIEHTHbIX HaNPSXKEHWiA B 3y64aToi BTY/IKE C NPOA0bHONA
MoAM(MKaLmet 3y6beB: a) pacnpefenieHne 9KBUBaSIEHTHbBIX HANPSHXKEHWIA;
6) B4 BTY/NKKU C Hanbosiee 3arpy>XeHHoro Topua

Pe3ynbTarhl
N3MEepeHns  n3ruo-
HbIX W KOHTaKTHbIX
Hanps>KeHWin  npes-
2167 CTaBneHbl B BWAE
anwop  pacnpegene-
HVEe MaKCMMasbHbIX
M3rMOHbIX W  KOH-
TaKTHbIX Hanpsxe-
HAW  Ha  3y6bsX
BTYNKN (puc. 4). Mo
[aHHbIM Ha 3rnopax
puc. 4. onpepeneHsl

6%107 4x10%

2%101

o 10°

S

210" 4x10

a) 0) . MUHUM&/IbHbIE,

Puc. 4. Sntopbl pacnpeeneHne MakCMabHbIX HanpsXKeHWiA CpeaHMe U MaKci-
Ha 3yObAX BTY/IKW: @) KOHTaKTHbIE HanpsXXeHus, Ma/lbHble  3HAUEHMS

6) N3rnbHbIE HaNPSHXKEHUA W3MMBHBIX U KOH-

TaKTHbIX  Hanpsbke-
HWI, KOTOPbIe COCTaBW/IN COOTBETCTBEHHO:

- n3rnbHble: 29,0MMa, 34,0MIMa n 41,4MMMa;

- KOHTaKTHble: 39,1MIMa, 45,9MIMa n 59,2MTlTa.

3 pe3ynbTaToB pacyeTa BUAHO, UTO HAMPSHXKEHUS MeXAY 3yObsaMun BTYNKM pacripese-
NeHbl He paBHOMEPHO, YTO CBA3aHO C OCOGEHHOCTAMU AehopMaummn 3y6beB C MPOAOSLHON
MoaudmKaumeid. Mpy 3TOM MakCUMabHble U3MMOHbIE HANPSHXKEHWS MPEBbLILLAIOT MUHUMASTb-
Hble B 1,43 pasa, a MakKCUMa/lbHble KOHTAKTHbIEe HanpsXKeHWUs NPeBbIwaT MUHUMa/bHbIE B
1,51 pasa.

Cnucok nutepatypbl: 1. Yurapes A.B., KpaBuyk A.C., Cmvaniok A.®. ANSYS anq
MHXeHepoB. CnpaBoyHoe nocobue. - M: MawwnHocTpoeHune-1, 2004. - 512 c. 2. bacos K.A.
ANSYS: cnpaBoyHUK nonb3osartensd. Mocksa: MK [Mpecc, 2005. - 640 c. 3. Anamos-
ckuin A.A. iHxeHepHble pacyeTbl B SolidWorks Simulation. M.: MK [Mpecc, 2010. — 464 c.

YK 681.5
KOMIMEKCHASA MEXAHU3ALA 1 ABTOMATU3ALSA
SNEKTPOTEXHUYECKMX PABOT

LLlanosanos P.I"., Cbicoes B.H. (kadeapa mexanuku, UITA KODY, r. TaraHpor, Poccus)

AHHOTAUMS: B cTaTbe PACCMOTPEHbI OCHOBHbIE MPUHLMMbI KOMMNEKCHOWM MeXaHu-
3aUMM 1 aBToMaTM3auMM paboT Ha 3NeKTPOTEXHUYECKUX NPeAnpusTusax. MpueeaeH co-
CTaB TeNEeMEXaHNUYECKOI CUCTEMbI YNIpaBeHNS.

KntoueBble CfoBa: MexaHu3aums, aBToMaTH3aLus, 3NeKTPOTEXHNYECKNe Npeanpu-
STUS, UHCTPYMEHTbl, aBBTOMATWYECKNE CUCTEMbI, YPABIEHME.
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OfHMM U3 CaMbIX [N1aBHbIX HarpaB/eHN Hay4YHO-TEXHNYECKOrO Nporpecca sABAsSeTcs
KOMMJIEKCHasA MexaHu3aums TpyfoEMKMX paboT. B faHHOe BpeMsi Ha 3/1eKTPOTEXHNUYECKOM
NpeanpuUsaTAM MeXaHM3UPOBaHO MHOXECTBO TPYAOEMKMX PaboT, Takke B OONbLUMHCTBE M3
HMX OCYLLECTB/ISIETCS KOMIM/IEKCHAsA MexaHu3aumsa. 3To CTasio BO3MOXHbIM 6narogaps cosga-
HWIO 1 NCMO/b30BAHMIO NPUBOAUMbIX B AEMCTBME 3MIEKTPUYECKUMI ABUTATENAMUN Pa3/INYHbIX
MeXaHM3MOB, MalluH, 060pyAoBaHMs. Hanpumep, B M3roTOB/EHWUN 3M1EKTPUYECKMX MalUuH
MCNONb3YIOT pas3Hoe MeTasloobpabaThiBatoLLee 060pyA0BaHME OBLLEr0 Ha3HaYeHMs, creuma-
NN3UPOBaHHbIE CTAHKMN M NPUCMOCO6IEHNS.

Bnarogaps NPUMEHEHWIO 3NEKTPUULMPOBAHHBLIX UHCTPYMEHTOB, CBAPOYHOIO 06OpY-
[0BaHNs, rpy30no4beMHbIX YCTPOMCTB, MEXaHW3MOB, MOPOXOBbLIX M MHEBMATUYECKNX WUHCT-
PYMEHTOB W T.M. OCYLLECTBAAIOT MeXaHW3aUMI0 3/1eKTPOMOHTaXHbIX PaboT, UCMOMHSEMbIX
MPY COOPYXKEHUWN NIMHWUIA 3NEKTPONepesay, HOBbIX 3[aHWi, NPU PEMOHTHbLIX paboTax anek-
TPUYECKMX CeTell U 3neKTpoobopyaoBaHMs. OCOOGEHHO LUMPOKOe pacrpocTpaHeHve obpenn
Cneynann3npoBaHHble MHCTPYMEHTbI, MeXaHU3Mbl U NPUCMOCOBIEHUS, MPUMEHSEMbIE, Ha-
npuMep, NPU MOHTaXe KabenbHbIX NMHWUIA 3N1eKTpornepesaydn, COeanHEHNS Y OKOHLEBaHUS
Kabesieil 1 NPOBOAOB, a TaKXXe MOHTaXe BO3AYLUHbIX IMHWIA 3NeKTponepeaayn, pacrnpegenm-
TeNbHbIX YCTPOCTB, NOACTAHLMIA, 3ar0TOBKM OTBEPCTUIA, pa3IMYHOro poga 60po3g v rHéss B
KOHCTPYKUMAX ANS YCTaHOBKW 3/1EKTPOapMaTypbl U YKNaaKn NpoBoJoB.

YCUmna NHXXeHepoB, YUeHbIX, KBaM(ULMPOBaHHbIX paboynx Hanpas/eHbl Ha Mogep-
HM3aLMI0 Y)Ke CYLLECTBYIOLMX CPeACTB MexaHu3aumm, yBenmyeHme nx npon3BognTeIbHOCTH.
TakKe C Le/blo UX MexaHM3aummn OCYLLECTBAAIOT PasinyHble BUAbI 31EKTPOMOHTaXKHbIX pa-
60T B CreumaIn3npoBaHHbIX MaCTEPCKMX M Ha CTaHUMAX MexaHu3auum, 060pya0BaHHbIX Ha
aBTOMOGMNAX M aBToNpuUenax. Hanpumep, co3gaHbl Crieumannm3npoBaHHble MacTepCKme ans
MOHTaXa KabeflbHbIX JIMHWUIA, 3aKPbITbIX pacrpefenTesibHbIX YCTPOWCTB 1 NOACTaHUMIA, Cu-
NOBOr0 W OCBETUTENBLHOMO 3/1eKTPO060pyAoBaHUs. [laHHble MacTepCcKme CHabXeHbl cnecap-
HbIMW BepcTakamu, HeOOXOAMMbIMU NPUCTIOCOBNEHUAMU U UHCTPYMEHTaMW, aBTOHOMHbIMU
MCTOYHMKAMW NMUTaHUA 3neKTpoaHepruein. K npumepy, mactepckas tuna M3-All gns MoH-
Taka 3/1eKTPoo60opyA0BaHNS NPOMBILLIEHHLIX NPeANPUATUA Takke pacnonaraeT Heo6Xoau-
MbIMW CPeACTBaMM Masioii MexaHu3aumm, 3NeKTPOTOUNUIOM, CBEPNIbHBIM CTAaHKOM, MexXaHu-
YECKMM W TWAPaBNYECKMM MPECCOM, 3M1EKTPOCBEPIUILHON MalIMHOW, Tpy6ornoom un T.4.
MacTepckas NOMHOCTbIO 060pyA0BaHa HAGOPOM MHCTPYMEHTOB M MPUCMIOCOBNEHNIA, HYXKHbIX
MpY BbINOSIHEHUN 31EKTPOMOHTaXHbLIX paboT, 4To obecreymsaeT pabouMM-31eKTPUKaM Bbl-
COKYIO NPOMN3BOANTENBHOCTb TPYAA.

MoAo06HO Takoi MacTepcKoi 060pyL0BaHbI 1 OCHALLEHbI ApYrue Cneuuain3MpoBaHHble
MacTepckue, npuyeM 060pyLoBaHMe NOA06HbLIX MacTepckux B OyaylueM 6yAeT COBEpPLUEHCT-
BOBATbLCH.

BaXkHbIM Hanpas/fieHNEM KOMIMIEKCHOW MeXaHW3auum 3N1eKTPOTEXHUYECKMX paboT ocC-
TaéTcA PopMMpoBaHMe TEXHONOMMYECKUX NIMHWIA. Ha 3TUX NMHUAX NPOM3BOAUTCS 3aroTOBKA
N 06paboTKa Kabenei, NMPOBOLOB, 3/IEMEHTOB 3/1EKTPONPOBOAKM. [Mocnenytollee passBuTue
TEXHOMIOTMYECKUX IMHWIA, ONpefeneHHbIX AN MeXaHW3MpPOBaHHOIO OCYLLECTBNEHUS 3/eK-
TPOTEXHMYECKMX PabOT, COKpaLLeHe BPEMEHN, 3aTpaumMBaeMoro Ha peasmsaumio TeXHO0r 1-
4eCKOro npotiecca, — NepcrnekTUBHLIN NyTb pacnpeseneHHONn MexaHu3aumm 31eKTPOMOHTaX-
HbIX paboT.

Ha aneKTpoTeXHUYECKMX NPeNpUATUAX KOMMIEKCHYIO aBTOMATM3aLmMI0, OCYLLECTBSA-
tOT B OCHOBHOM TaK, KaK 3TO MPOU3BOAAT Ha NPeAnpuaTUAX Pas/IMYHbIX MHOTUX APYTUX OT-
pacnei NPOMbILLNEHHOCTH.

OcBamBas Cnocobbl 06pabOTKM MaTepuasioB, UX CBOWCTBA, KOHCTPYKLMIO, a TaKke
MPVHUMN elCTBMA, MaLLWH, annapaToB, MexXaHW3MOB, NPMOoPoB, HabAas B nNpouecce UX
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paboTbl 332 HUMM, YeNOBEK M3B/EKAET CBEAEHNS, HA OCHOBE KOTOPbIX COBEpLUaEeT TpebytoLume-
CA TPYLOBbIE LEACTBUA, PErYNMPYeT XO4 NPON3BOACTBEHHBIX NMPOLLECCOB, YNpaBnsas 060pyao-
BaHMeM. YenoBek NPUMeHsSIeT MallvHbl, annapatbl, MexaHu3Mmbl, NPU6opbl: KOTOpPble Heno-
CPEeACTBEHHO 3aMEHSAIOT ero Tpy4, pean3ys AeNCTBUSA MO PEryinpoBaHuto, YnpasieHo v
KOHTPO/IIO 060pYyA0BaHMS, a TakxKe NMPOTEKaHMIO NPOM3BOACTBEHHbLIX MPoLeccoB. ABTOMaTa-
MV Ha3blBaKOT TEXHMYECKME YCTPOMCTBA, KOTOpPbIE LieN1ecoobpasHo AeCTBYIOT 6e3 NpsaMoro
yyacTus YenoBeka. ABTOMaTbl BefyT paboTy Mo 3afaHHON Nporpamme, CO34aHHONW YenoBe-
KOM. Hanafiky 1 peMOHT OCYLLECTB/AIOT OnepaTopbl, 06CNy)X1BatoLme aBTomarsl (B cyyae
Takoi HeobxoammocTK). OnepaTopbl TaKXKe OCYLLECTBAAIOT 0OLUMIA HAA30p 3a aBTOMarTamu,
BK/IIOHAIOT M HAcTpamBatoT UX Ha HY)XXHbIA pexkumM. B ntoboM aBToOMaTe MMeETCA ynpasnsio-
Las 1 ynpasnisieMas CUCTEMBb.

Ha ynpasnsiemyto cucteMy BO3AeCTBYET MO 33AaHHON YeNOBEKOM NporpammMe ynpas-
nsaoLas cmctema. B KoHeYHOM mTOre ynpaensemas cucTeMa NpPovu3BOAMT HEOOXOANMbIE feit-
cTBMSA. Kak npasuno, ynpasnsemas cucteMa HeceT B cebe pabouyto mawivHy. Tem cambim,
ynpasnsoLLas cucTeMa OCyLLeCTBASET Te PYHKLMK, KOTOPbIE B €€ OTCYTCTBUM pean30BbIBa
Obl YenoBgek.

Ha faHHbIi MOMEHT LUMPOKOe NPUMEHEHME HAXOAAT PasnyHble aBTOMaTUYeCKNe CUC-
Tembl. OHM MOTYT HeCTM B cebe pa3/IMYHOro poda AaTtyuvKu, YCUIMTENN CUTHAMO0B, YCTPOMCT-
Ba AMCTaHLMOHHONM nepefayn CUrHa/IoB, Kakue-nmbo UCMOMHUTENbHbIE YCTPOCTBA. INeK-
TPUYECKMe CUMHa/IbI MOXHO Mepeaasath K ApYrMm 3/1eMeHTaM aBTOMaTMYeckoro yCTpoincTaa
[aTymKa no NpoBOAaM WM XXe PasnnyHbIMU Apyrmiy cnocobamun nepefayn CUrHaios. Tem
He MeHee, cnabblii cUrHan nepegaéTca NULb Ha OTHOCUTENbHO HeboNbLIOe paccTosiHve. B
onpesenéHHON TOYHONM Nepejaye CUrHaNOB Ha OONbLUME PAcCTOAHUA MPUMEHSHOT CUCTEMbI
TefleMexaH1KK, COCTOSLLME U3 CeAYIOLWMX YacTei:

« NepejaroLLee YCTPONCTBO, Ha KOTOPOE NPUXOANUT CUTHaN;

 IMHAW PajMOCBA3N Ha YNbTPaKOPOTKUX M KOPOTKMX PafMOBOSIHAX WU XXe JINHUN
3NEKTPOCBA3N, TenerpafHble M TenetoHHbIE, BO3AYLWIHbIE U KabeNbHble SIMHWUW, BbICOKO-
BO/IbTHbIE IMHUW 3N1IEKTpONepesayun;

* NPUEMHOE YCTPOICTBO.

cnonb3yloT Takke v Apyrue cnocobbl nepejayn CUrHasoB B aBTOMaTUYECKUX CUCTe-
mMax. MOLLHOCTb MOCTynatoLwero oT gaTymka CUrHasa oYeHb Maia M 3a4acTyt0 OHa B He-
CKOJIbKO ThICAY pa3 MeHbLLe TOW MOLLHOCTM YCTPOICTB, paboTol KOTOPbIX 0653aHbl yrpas-
NATb AaTynKn. BeneacTBue aToOro B aBTOMaTUYECKUX CUCTEMaX B YBEIMYEHUN HEOOXOAMMON
MOLLHOCTW CUrHaMa AaTuYMKOB UCNOMb3YKOT yeunuTenu. IcnonHuTeNbHble YCTPOCTBa aBTo-
MaTUYeCKMX CUCTEM MpefHa3HaueHbl NS BO3AENCTBUA Ha YNPaBiseMyto CUCTEMY.

B aBTOMaT1YeCKMX CUCTEMaX MUCMOMb3YIOT BCEBO3MOXHbIE TUMbI Pefe, Takue Kak anek-
TPOHHbIE, 3N1EKTPOTEN/IOBbIE, 3/IEKTPOMArHUTHbIe, 1 T.M. 3aMblKaeMble U pa3MblKaeMble KOH-
TaKTbl ABNAOTCA OCHOBHbLIMU, UCMONHUTENBHBIMI OpraHamu pene. Ecim e yactu ynpasnse-
MO CMUCTeMbl 0653aHbl COBepLUaTb 3HaYUTENbHblE MepPeMeLLeHNs, TO Torja B KayecTse UC-
MONHUTENbHbIX OPraHOB NPUMEHSIOT CONEHOUAHDBIN 1N 3NEKTPOABUraTeNbHbIA NPUBOABI. Tak-
e BO MHOIMX pasHbIX aBTOMAaTU4ecKUX CUCTeMax, B OCOOEHHOCTW WCMOMHUTENbHbIX YCT-
POWACTB, CNY)XaT rmapaBaMYecKme 1 NHeBMaTNYecKne NpUBOAbI.

Pa3nnyatoT CUCTEMbl aBTOMATUYECKOW 3alMThbl Y KOHTPO/SA, aBTOMATUYeCKOro perynm-
poBaHus 1 ynpasneHns. OT psfa YTOMUTENbHBLIX OMepaLmin YenoBeka 0CBOGOXJaeT aBToMa-
TUYECKUIA KOHTPO/Ib, AaBasi BO3MOXHOCTb COBEpLUATb M3MepPeHME Pas/InyHbIX BEIMUYUH B YC-
NOBUSAX OMACHbIX WA MaNOAOCTYMNHbIX 418 HEMOCPeACTBEHHOIO TPyAa YeNnoBeka, UTo yBenu-
4mBaeT ObICTPOTY BbINO/HEHUA KOHTPO/IbHO-U3MEPUTE/IbHBIX Onepauuii U NoBbILWAET TOY-
HOCTb.
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CuUcTeMbl aBTOMATMYECKOr0 KOHTPONS OCHOBaHbI Ha MCMONb30BaHUWN CPEACTB U METO-
[0B U3MEPEHUSA 3NIEKTPUYECKMMMN METOAAMWN HE3NEKTPUUECKMX BE/IMYMH. Pa3OMKHYyTas aBTo-
MaTuyecKas cucTeMa NpefcTasnseT cob60i YCTPOMCTBO, CNeLann3vpoBaHHoOe Ans UCNOMHe-
HWUS aBTOMATUYeCKOro KOHTPonsi. COBOKYNHOCTb [eMCTBUIA, COPUEHTUPOBAHHLIX Ha 06Cny-
XXMBaHVe Unn ynydlieHve QyHKLMOHNPOBaHMS YNpaBNsSeMoro 06bekTa, NPoOM3BOAAT CUCTe-
Mbl aBTOMATMYECKOro ynpaB/ieHns B COOTBETCTBUM C 33laHHON Lie/blo yrpaBneHus 6e3 He-
MOCPeACTBEHHOrO Y4acTWs YesioBeKa.

ABTOMaTMYeCcKass cucTema BbINOMHAET (YHKLUUW MO YrpaBneHU0 06bLEKTOM, Ye/I0BEK
MPON3BOAMT NNLLbL NePBOHAaYabHOe BKNtOYeHMe. MogaepXmBaTb Tpebyemblii pexxum padoThl,
K NMpYMepy 3aflaHHYIo TeMnepaTypy, CKOPOCTb, YPOBEHb XXWUAKOCTU, HANPSHKEHWE U T.M. MOTYT
CUCTEMbl aBTOMATWUYECKOrO YnNpaB/ieHWs NPOM3BOACTBEHHLIX OOBLEKTOB WM TEXHOMOrMYe-
CKMX NpoLeccoB. 3aMKHYTYIO aBTOMaTUYeCKYK0 CUCTEMY MPeLCTaB/iseT CO60M YCTPOMCTBO,
npeaHas3HaYeHHOe A/1 UCMOSIHEHNA aBTOMATUUECKOr0 yrpaB/eHns. Y npasisieMbiM 06BbEKTOM
Ha3bIBalOT annapar Wy MalnHy, Yeil Npouecc NoABepraeTca yrnpasneHnto. Bo3geinctamne Ha
ynpasnsemblii 06bEKT NPOM3BOAUTCA A1 UCMOMHEHUA Lenu Yynpas/eHWUs YnpasastoLwmm
YCTPOWCTBOM. B npouecce paboTbl YNpaBnsieMblii 06bEKT «OLLYLAeT» BHELUHME BO3AENCT-
BUS, UMEHYeMble BO3MYLLEHUAMMW. Bcneactsmne BO3MYLLEHMS MEHSIETCA ynpasnisieMas Benu-
YMHa, 0 4éM nosny4vaeT MHMOPMaLMIO YCTPOMCTBO YNpaBNeHUs. YUUTbIBAIOLWMIA XapaKTep
BO3MYLLEHMS YCTPOWCTBO YNpaB/ieHNs BblpabaTblBaeT HOBbIA CUrHaN yNpaBneHUs, KOTOPbIN
MOCTYrnaeT Ha BXOZ, YrpaBasieMoro 06beKTa.

Cnncok nutepartypsbl: 1. NMaHTenees B. H., MNMpowwnH B. M. OcHoBbLI aBTOMaTM3aLnn
npoussoAcTea. — M.: Akagemus, 2001. — 192 c.

SEMI-ACTIVE DAMPING IN MECHATRONIC DISCRETE
VIBRATING SYSTEMS

Bialas K., Buchacz A., Galeziowski D.
(Silesian University of Technology, Gliwice, Poland)

Abstract: In this paper the problem of semi-active vibration isolation method in dis-
crete mechatronic systems has been presented. Systems are synthesized with commonly known
methods of distribution of dynamical characteristics. Requirements are given in form of reso-
nant and anti-resonant frequencies. By use of selection of various parameters it is shown how
to receive mechatronic structure that contains mechanical model and piezoelectric actuator
which works with external electric LC or LRC network as semi-active vibration absorber.
This structure with negative value parameters has been compared with passive type.

Introduction

Synthesis as a designing of mechatronic discrete systems has been investigated in [1-
3]. By use of algorithm of dimensionless transformations and retransformation [4] it was
possible to extend known problem of solving the reverse task of mechanical systems [5].

The paper is also the continuation of the other works done in Gliwice Research Centre.
It relates to damping methods with passive or active elements [6], application of piezoelectric
actuator [7] and modeling in general by equivalent and graph method of piezo layer [8]. In
papers [9,10] possibility of semi-active damping method has been presented.

Basing on researches connected with issue of negative capacitance, stiffness elements
and mechanisms theory and realizations [11,12] and current authors achievements [1-4],
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semi-active damping vibration isolation method has been studied. The impact on the selection
of various parameters on mechatronic structures with adaptive-passive damping has been in-
vestigated and compared with passive realization of piezostack actuator and connected elec-
tric network.

Semi-active damping realization

Semi-active damping function in mechatronic discrete vibrating system is realized by piezo-
electric element which is connected to external network that contains capacitance with negative
value. Basing on [9-10], the model of piezostack actuator connected to LRC system and electric
network that realize negative capacitance has been presented schematically in the fig. 1.

Fig. 1. Schematic model of piezoelectric actuators connected to external LRC system
with indicated networks that realize negative capacitance

Electric equation of the system has been written as:

... eA . u
IP + Ic + Iz = - Xl +Cpsup + a : 1 :0' (1)
, R, +L, o+ [
ot C

X

Passive and semi-active damping function comparison

Passive function in mechatronic structures is received by the L or LR configuration of
piezo with external electric network. To compare passive and semi active damping, following
requirements have been given:
— resonant frequencies o, =100 rad/s, »; = 300 rad/s,

— anti-resonant frequencies o, = 0 rad/s, o, = 200 rad/s.

In the fig. 2 selected possible mechatronic structures with their mechanical
displacement models have been shown. comparison of amplitude frequency response function
for passive and semi active configurations have been done in the fig. 3 and 4.

C]’

i

Cp Cy
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Fig. 2. Considered mechatronic structures with mechanical displacement models
Negative stiffness in designing process is received from taking the value of the se-
lected stiffness in slowness function U(s) out of required range [5], ex.:

E), H iE @
Cl

Parameters containing negative values are written based on dimensionless
transformations [1,3] and known piezoelectric equations [4,9]:

c C
=2 = 3,4
7= V= (3, 4)
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Fig. 3. Amplitude frequency response functions for passive damping systems L and LR

Values for mechanical elements, included in the structure, have been determined from
distribution of the slowness function into continuous fractions and extended method.
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Fig. 4. Comparison of amplitude frequency response functions of passive LR
configuration and semi-active configuration with negative capacitance LRC

Remarks

Semi-active damping can be implemented in mechatronic discrete systems by select-
ing and adjusting proper dimensionless parameters to receive negative stiffness in replace-
ment model and negative capacitance in final mechatronic structure. What is shown, in the
presented figures semi-active damping is giving more symmetric performance with ampli-
tudes on similar value level. Selection on optimal values for that parameters will be done in
further research works.
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TECHNOLOGICAL DEVICES AND PROCESSES
DESIGN WITHIN EDUCATION

Monkova Katarina, Hloch Sergej
(FMT TUKE, with the seat in Presov, Slovakia)

Abstract: The article deals with basic steps related to the designing of technological
devices and processes within the education at technical schools. In the article are described
activities which students should pass in order to be successful in their study and consequently
in next practice. First, they should learn to create simple parts and then they should learn to
assemble the components into the static or welded assemblies, respectively into movable
mechanism. In higher levels, if they absorb the fundamental theoretical knowledge, they can
subject the 3D models to the analysis, as are stress, kinematics, dynamic analysis, etc. and
compare the computer aided results with the values calculated in classical way. They can use
several CAD/CAM systems for all activities. Students can apply the other advantages of the
virtual models into the drawings preparation in electronic form and at the tool path verifica-
tion during the machining simulation. The whole production process can be designed by stu-
dents, too.
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Introduction

The development of technologies in the industry has brought a new thinking of de-
signers. They use more and more possibilities of virtual visualization as a tool for successful
suggestion of manufacturing processes in its all stages. This fact influences the requirements
for knowledge level of graduate students and forces universities to adapt their study programs
to the new conditions of real practice. Education at technical schools should reflect the needs
of the job market focused not only on current computer skills (working with text editors, table
and database processors), but students should learn to work with basic available CAD/CAM
software [1]. This approach is also realized at Faculty of manufacturing technologies with seat
in Presov, as one of the faculties of Technical University in Kosice, Slovakia. Teachers pre-
pare the intending engineers to be able to use the computers in design of technological de-
vices or processes and to be successful at their job interviews.

The basic steps of educational process with computer aid

Computer modelling is very powerful and effective tool that allows not only creating
the solid body in a virtual three-dimensional space, but it also allows visualizing its behaviour
during the time period with the possibility of induction of various external influences. The
most available and commonly used design software in technical practice are Inventor,
Pro/ENGINEER - today PTC Creo, Solid Works, CATIA, NX, Solid Works. All of this soft-
ware are integrated into the education process at FMT TU Kosice. Fundamental properties of
the software listed above are the parametric modelling and associative operation, what means
that any change in construction activities will be reflected in the whole design and everything
what follows this change is automatically updated.

The operating basis all of these software applications is the work with virtual 3D
model. So, primarily students learn to create simple shapes of the bodies and consequently the
complexity of the part rise. The principal structural element at the designing of the surface,
sheetmetal or solid parts are features that use techniques as are protrusion, cut, hole, thread,
rib, etc.. Students are able to prepare the models of general usage or technical devices. Ad-
vanced modelling makes use of working with surfaces, especially in automotive industry, so
complex designs with unconventional shapes can originate. Virtual model can incept as origin
or as the imitation of existing body. The designing of the car on the basis of skyline projection
on three orthogonal planes is shown in Figure 1.

Ones modelled enables not only visualization and quick modification of the object (the di-
mensions editing or designing of the similar entity), but it also enables the optimization of
structural solution before the part production. The next advantages of 3D model can be sum-
marized to the following points [2]:

Fig. 1. The designing of the car

—the defining of the couples, loadings, materials and other 3D model properties allows
to execute the various types of analysis and so predicts object behaviour in real conditions,

- very simple preparation of the negative shape of 3D geometry for skillet manufac-
turing,
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- by means of the created 3D model it is possible to simulate the machining process
and so to find out the collisions between the tool and the workpiece. Simulation of manufac-
turing operation allows to generate cutter location data and after the postprocessing to make
the NC program for the selected control system of the machine in very short time [3].
Students learn to get all of these advantages under control at the computer aided design les-
sons on various stages of their education and in several software. The example of virtual
model applications (structural analysis, negative geometry, machining process simulation) is
shown on the screw blade for wind power station and they are displayed in the Fig. 2.

Fig. 2. Virtual model applications
(structural analysis, negative geometry, machining process simulation)

The simulation tools of software used at author’s workplace are suitable for the ration-
alization not only alone part but for the optimization of complex devices, too. So the next ap-
plication of 3D models is their implementation into the assemblies, which can be static or
with moving components. Static assemblies are created as the welded assemblies or as bar
constructions (strut-frames) typically designed for the analysis. The examples of static assem-
blies are displayed in the Fig. 3.

Movable sets are represented by various types of mechanisms e.g. quick return
mechanisms, cam mechanisms, gearing mechanisms or others. Students learn to execute the
kinematics analysis of mechanism by three various methods (numerical, graphical and with
the computer aid) and so they can consider advantages and disadvantages of them.
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Fig. 3. Static assemblies

Movable sets are represented by various types of mechanisms e.g. quick return
mechanisms, cam mechanisms, gearing mechanisms or others. Students learn to execute the
kinematics analysis of mechanism by three various methods (numerical, graphical and with

64



NH>XEHEP, Ne 14, 2013 r.

BbICOKO3®PPEKTVBHOE TEXHO/IOIMMYECKOE OBEOPYJOBAHUE.
MPOBJIEMbI MPOEKTUPOBAHUA

the computer aid) and so they can consider advantages and disadvantages of them. Students
study planar mechanism, but the same principles can be used for space motion of mechanism
in the future and real practice. To understand the assembly behaviour it is necessary to simu-
late the kinematics motion and within the software to define the joins through the easy con-
nections as are pin joints, ball joints, sliders and the other. After the mechanism modelling
followed by joints and input parameters specification (component material, input velocity,
acceleration, ...) it is possible to activate the kinematics and dynamic analysis. Output data
can be displayed as values, vectors or as graphs or it can be sent to other software for the next
processing. The type of assembly with components motion in space is represented by robots.
The special module of software application facilitates to imitate the trajectory of every se-
lected point and to generate the work space of robot, so called work envelope. Created enve-
lope can be saved as the virtual part for next utilization. The Figure 4 shows 3D model of ma-
nipulator with the analysis in one of its hydraulic cylinder and its work envelope.
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Fig. 4. Manipulator with output data of kinematics analysis

All parts and devices can be included to the whole production system. The modelling
of the manufacturing process in real time is one of the most difficult parts of process plan-
ning, because it has to imply the knowledge from all fields of the production. The designing
of the process is done step by step; at the first the features of process were prepared, then they
were placed according to workspace plan and at the end the whole process was animated. The
output of suggestion is the *.avi file that can provide to the designers all collision places and
so he can solve the problems before the workshop building. The Figure 5 shows the workshop
for the gears production.

Fig.5 Manufacturing process simulation
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The special utilization of the software application is e-drawings creation. Individual
views are not generated by line and circle drawing, but they are created in one step on the
base of 3D model. It can be displayed in several types of views (axonometric, projected, de-
tailed, cross section). All features can be dimensioned very easily and dimensions are regen-
erated at every 3D model changes.

Conclusion

The reforms in education system have to reflect a high degree of student’s freedom to
choose a form and content of education. At the same time it is necessary to innovate the
school equipments, devices and textbooks at all levels of education to improve the relation-
ship teacher-student. It requires the following steps [1]:

— the contentual and procedural transition of the traditional school into the modern
school with the implementation of changes and study attractiveness increasing,

— the supporting and improving of the education in: foreign languages, information
technology, basic business knowledge and skills of every graduates,

— the quality of teachers improving, especially by improving of conditions for their con-
tinuing education and skills development.

The key for the achieving of these goals is a flexible system in which universities react
mainly to the requirements of young people, but also to the demand for lifelong learning of
experts. Nobody doubt about CAD/CAM advantages, so one of the priority of Slovak univer-
sities is the implementation of computer aid into the most of their lessons and into their study
programs. The utilization of information technologies becomes certainty today. The best Slo-
vak universities are comparative with foreign ones not only in the teaching system but in the
research, too. Through their activities, the universities should also be the "engine" of social
and economic development of region in which they are situated.
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