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CO3JTAHUE YHUBEPCAJIbHbIX MHOTO®YHKIIMOHAJIbHBIX
VCTPOMCTB JUIS1 MAKETUPOBAHUA CUCTEM
ABTOMATH3UPOBAHHOI'O YITPABJIEHUA MOBUJIbHBIMI

VCTPOMCTBAMMU

C.H. Tecniok, XapbkoGeKkuti HAYUOHILHbLH YHUGEPCUMEN pAOUOITEKMPOHUKY

B cmambe HA OCHOGAHUN HMPOBEOEHHO20 AHANU3A
U3BECHIHBIX CIPYKMYD CUCHEM HPU80008, UCHONb3YeMblX
6 pobomomexniKe, CHOPMYAUPOBANDL mpebosanus K
NP OEKMUPYEMOMY KOMNIEKCY NPUS000s.

V cmammi Ha nidcmagi NposedeHo2o aHanizy
8idomux cmpyKmyp cucmem npusodis, AaKi
SUKOPUCTNOGYIOMbCA 6 pobomomexniyl, chopmynboeari
BUMO2U DO POEKINOBAHO20 KOMIIEKCY HPUGOJIE.

In the article, based on the analysis of known
structures of drive systems used in robotics, the
requirements for the projected drive complex are
Jormulated.

Kniouessle cnoea: mobuibhuill pobom, cucmemd
npueodoe, konmponiep, HK - usnyueHie.

BBeneHue

B wacrosuiee Bpems HauGolee Iienecoo0pasHOM
TpeCTaBIAeTCs Pa3paboTka KOMOHHHPOBAHHBIX CHCTEM C
BO3MOYKHOCTAMH ABTOMAaTUYECKOT0 M MCTAHLIHOHHOTO
cymepeuzopHoro  ympaenenus. Hampumep, — «3axBar»
JOPOTM W BHIXOJ HA Hee OCYLIECTBIACT 4YEIOBEK, 4
JBIDKEHHE 0 J0pOre - aBTOBOIUTENb, TIOMCK OPHEHTHPOB
Ha MECTHOCTH M HX WIeHTHOHKAIWIO - YeNOBCK,
BLIMHCIEHHE MeCTOTONoKeHHs pobota — Goprosas
cucrema ynpasneHua [l1]. MckmoueHue denoBexa M3
mporecca  HEMOCPEICTBEHHOrO  YNpaBIEHHA  PE3KO
cokpamaer ~ o0beM  mepenasaemoif  uepes  adup
wHpopMalK, a BO3MOMKHOCTH €r0 BMEIIATENbCTBA B
CIIOAHBIX CHMTYAIMAX PAacUIMpAET KpYyr pellacMbIX 3ajad.
KpoMe TOro, asToMarideckas CHCTeMa OOccnequMBacT
NPONOJUKEHHE BBHITIONHEHHs 3alaHusd MM 3BAKyaLHio
pofoTa W3 OMAcHOI 30HBI NPH HApYLIEHHH CBA3M H3-32
NPUMEHEHHs. CPEJICTR  PAjMOINONABICHAA HIH  OTKasa
paguoodopy A0BAHHS.

[puMeneHne  MoOwipHOro  pobGora  Goiee
>(QeKTHBHO TPH HCMONL30BAHHH TOCIEJHET0 B COCTABE
POBGOTOTEXHIYECKOTO KOMILTEKCa, 00pasoBaHHOro TpyInof
MOOHIBLHBIX poboTos, CpercTBaMK IOCTaBKH,
JHeproofecrieueHus M TEXHHYECKOro 0OCTyKMBaHNA,
LEHTPA/IbHBIM TI0CTOM YNPaBIeHHA 1 00pabOTKH JaHHBIX.

MoGuabpHBlE pPOoOOTEl YHHBEPCAIBHBI M 1103TOMY
MOTYT ObITh MCIIONIB30BAHEI B PasHbIX 0O1acTsX [2].
[IpHMEHHTENBHO K WMCIOIB30BAHMIO POGOTOTEXHHKH B
BOEHHBIX LEMIX W B  UPE3BBYAHHBIX  CUTYALHAX
TIPHOPUTETHOE 3HAYECHHE AMEKOT TEXHAYECKHE
"criocobrOCTH" POOOTOB, MPHIOJHOCTH K JKCILTyaTaluu B
JKECTKMX W IKCTPEMATBHBIX YCIOBHAX M CIOCOOHOCTH
o0ecreYnTs 3alluTy oﬁcnymmammero nepconana. [Ipu
HCIOTB30BaHUH po6oTor B rpakIaHCKoi
NPOMBIIUIEHHOCTH HauboMbllee 3HAYEHHE NPUIAETCA HX
HKOHOMUYECKON 3(heKTHBHOCTH.

© C.H.Tecmok

0030p ana102uMHBIX KOHCMPYKUUI

MobunsHeiit podotr HPHC-2

O6muit  Bua MobwieHOoro podora HPUC-2
mpenctasieH Ha puc. 1. C  KOHCTPYKTMBHOH U
(yHKIMOHAIBHOM TOUEeK 3PeHHs podOT BKIOYAET B celn
ClIeIyIOMUe KOMIIOHEHTBI:

— TPAaHCIOPTHBI  MOIyJb c TIPUBOIOM-
JBUKHTETIEM;

— TEXHOJOTHYECKUA  MOIYIb, cofepKallnii
BHIEOKaMeEpy,

— CHJIOBO MOZIYITB;

— GOpTOBOil KOHTPOJLIEP IBUKEHHS,

—  CEHCOpHBIH MOJIYIIb;

—  MOIYJb CBA3H.

Puc. 1. O6umit Bua MobuisHOTo podora MPUC-2

OObexToM  paspaloTKH  ABJSETCS  KOMILIEKC
uu(poBEIX NpUBONOB. KOMIUIEKC BKIIOYAET B cebs naBa
[pMBOA: TPHBOX ABHraTens MOOWIBHOrO poboTa M
NPHBOJ YCTAHOBJIEHHOI Ha po0OTe BH/ICOKAMEPEL.

Ha ocHOBaHHH IIPOBEIEHHOIO aHaIN3a M3BECTHBIX
CTPYKTYp  CHCTEM  TNpHBOLOB,  HCHONB3YEMBIX B
pOoBOTOTEXHHUKE, " ocobeHHocTel npoiiecca
dyrkmuonuposarms pobora MPUC-2 copmyniposaHsl
TpeGoBaHMAMH K TPOEKTHPYEMOMY KOMIUIEKCY MPHUBO/IOB.
OHH ABNSIOTCA OCHOBOI JUIS BCEX OCTAIBHBIX pellcHH,
NPHHEATEIX B [polecce npoekTuposanms. [Ipeie seero, B
moGmneHOM poGote MPHC-2 pemieHo HCHONL30BATH
CTPYKTYpY KOMIUIEKCA NMPHBOIIOB, KOTOpas HPE]CTaBiICcHA
Ha pUcyHke 2.

B cocTaB KOMIUIEKCA BXOLAT IH(POBOH KOHTPOIIIEP
W IOBEe WICHTHUHBIE MOACHCTEMBI DETYIHPOBAHHA TOKOB,
BKJIIOYAroIye B cebsi CHIOBBIE MCIIONHUTENbHBIE 9aCcTH
npuBosioB. KoHTpojiep, YNpaBJsOUMi  OIHOBPEMEHHO
JBYMS HCTIOJHUTENbHBIME JBATATE/IAMH, BKIFOUACT B ceds
YIPABIISIOILYI0 DBM, apXUTEKTypa KoTopoii
COOTBCTCTBYET apXHTCKTYPE TIEPCOHANBHOTO KOMIMBIOTEPA,
yeTpoifctBo  00palOTKM  CUTHAIOB  (hOTOMMITYIBCHBIX
JaTYMKOB U 3aMBIKAHMS  OOpaTHBIX — CBs3ed M
[BYKaHaIBHBIH LH(PO-aHANOTOBbI MpeobpasoBaTeNnk.
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Puc. 2. Crpykrypnas cxema KOMIUIEKCa IPHBOIOB

C nomompio 2BM nporpamMMHO peamH30BaHbI
PETYIATOPBI MOJIOKEHHS H CKOPOCTH JBYX NPHBOIOB, a
Takxke (POPMHpOBATENs 3aIAKOMUX Bo3fdelcTBmit, M3
coolpaxeHuii YHU(DHKAINM IOJCHCTEMBI PETYIHPOBAHHA
TOKOB ¥ HCIOIHUTEJBHBIE YacTH 00OMX TPHBOIOB
KOMIIEKCA ~ WMEIOT  OJMHAKOBBIE  CTPYKTYPHI U
HCTIONB3yeMyro djieMeHTHyl0 0Oasy. Kawnas momcmctema
BKIIOYaeT B cebA perymarop Toka, TPaH3HCTOPHBIN
CHJIOBOIA npeodpa3oBarenb, IJaTUnK TOKa u
HCTIOJTHHUTEIIBHBIA BUraTeNb.

Takoe pemenne ymoOHO TeM, YTO TMO3BOJIAET
0(OPMUTH KaLyl0 IOACHCTEMY PETYIMPOBAHMS TOKA KaK
000c0o0NeH b B (YHKIIMOHABHOM H KOHCTPYKTHBHOM
OTHOIIEHHH MOJTYJIh,

C Uenblo pacliMpeHHs [MOJOCH  IIPOIYCKAaHUS
TIO/ICHCTEMBI PETYIMPORAHHA TOKA, YIPOLIEHHS pPEINSHHU
3a1avd  OrpaHMYEHMs TOKAa sKOPA HA  3a@HHOM
MakCHMalbHOM  YPOBHE H  ONHOBPEMEHHO  JUIT
YOCIUCBICHHA  aNNapaTypsl TNPHBOLOB  UCIIOJB3YETCA
PeIeHHBIH 3aK0H PEeryJIMpOBaHHA.

Hnsg  1oBelIeHHsT OBICTPOAEHCTBHS IOICHCTEMEL
PEJIEHHBIH 3aKOH pErynupOBAaHHA TOKA OCYIICCTBIAETCH
IIOCPEICTBOM aHaJIOrOBOT0 KoMIIapaTopa c
MONOKUTENIBHOW  00paTHON  CBA3EIO, KOTOpast BBOJMT
THCTEPE3HC B €r0 XapaKTEPHCTHKY, CBA3BIBAIOLIYIO BXOJ M
BBEIXO.

Hnd  TOBBIIEHUS HANEKHOCTH M PaCIIHPEHHS
()YHKLIMOHANBHEIX BO3MOMKHOCTEN TOICHCTEMEL B CHIIOBOM
npeoGpasoBaresie HCIIOJIB30BAHEBI COBpEMEHHBIE
ObICTPOEHCTBYIOMIHE CHIIOBBIE KITFOYH HA OCHOBE MOJIEBBIX
MOSFET Tpan3ucTopoB. 3TO MO3BOMMIO JIETKO PEIIMTH
npodlieMy  OXM@XICHHS CHJIOBBIX TPAH3HCTOPOB TIPH
BHICOKOH 4YacToTe MX Tepekmouenns. llpumeneHue
CeUAaNbHBIX ~ HHTETPalbHBIX  MUKpPOCXeM-ApaiiBepos
MNO3BOMMIO  YOPOCTHTL — OPraHM3allMi0  YIIPaBIeHUA
CHNOBBIMM KMo9amMH. B cocrar ¢yskumit mpaiisepos
BKJIIOYEHBl  BO3MOJKHOCTL  TIEPEKIIOYEHHS  KIHOYEH
JIOTHYECKUM CHTHAJIOM H MCKIIOYEHHEe CKBO3HBIX TOKOB
4epe3  TPaH3UCTOPEl  CHIIOBOTO  MOCTa MPH  HX
nepekmroueHrr. OcoOeHHOCTh pa3paboTaHHOM  CXeMBI
COCTOMT B TOM, 9YTO, B OTIHYHE OT TPAJUINOHHEIX
CXEeMHBIX  DEIICHHH, BepXHHE IUIeYH  JpaiiBepoB
3aIMTHIBAIOTCA  TOCTOSHHBIMH  HATPSDKEHMAMH  OT
CTIEHANEHO OPraHM30BaHHBIX HCTOYHHKOR c
ralbBaHU4ECKONW pa3Bsa3koif. DTO IMO3BOIMMIO A00HTHCA
HEOTPAaHHYEHHOM JUIMTEJBHOCTH BKIIIOUEHUS CHJIOBBIX
KIFOYCH BEPXHEr0 YPOBHA H YCTPAaHHTL OIACHOCTE
(GYHKUMOHANBHBIX ~ OTKA30B, CBA3AHHBIX C  pa3psaoM
KOHIEHCATOPOB.
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Peanmuszanmsa alroputMa TeperIIOUEHHS KIOUYeH
CHIOBOTO npeoOpazoBares nperycMaTpUBaeT
HCTIONIB30BAHKE CHENHalbHOM Jloruyeckoit cxemsel. OnHa
BBC/ICHA /ISl OBLIIEHHA Ge3011acHOCTH paboTEI IPHBOJIOE,
H [afr, B YacTHOCTH, BO3MOKHOCTh TIPHUHYIUTENBHOMN
OCTAHOBKH JBHUIaTeNIeH B aBapUHHBIX CUTYAIHAX.

3aMpikaHue 0oOpaTHOI CBA3H MO TOKY HMEET psij
ocobenHocTell. JI1d TIOBBILIEHHMS OBICTPOAEHCTBHS U
YHOPOIUEHHs. CTPYKTYPBI MOACHCTEMBI PETYIHMPOBAHUA TOKA
NPUMEHSETCS HEMOCPEICTBEHHOE M3MEpeH e TOKa SKOps ¢
NOMOIIBIO  JarTdyhka ToKa B BHJIE  CEPHECHOrO
compotuBiieHHs  0e3  Hcrmonb3osanua ALl u
ranbBaHNYecKoli pasBA3ku. IIpy 3ToM B cXeMy BKIHOYEHBI
lBa  CHOCUWANBHO  MOJOOPAHHBIX  HWHCTPYMEHTAIBHBIX
YCHITUTENS!, MO3BONAIOIMX PeIIUTs NpoblieMy H3MepeHH:
Manoro AudepeHIHaIbHOTO HANPSKEHHS, MA/Al0IIero Ha
CEPHECHOM  PE3MCTOpe, INPH  HATHYAH  OOJIBIIOrO
CHH(A3HOTO HANpPSKeHMsA, OOYCIOBIEHHOTO XapaKTepoM
KOMMYTalliH TPAH3UCTOPOR CHIIOBOTO Mpeobpa3oBarelis.

PoGor wumeer ©OpTOBOH HCTOYHHMK DHEpPTHH,
BBINAIOINHH TOJILKO ONHOIONAPHOE Hampsukerwe 12B.
[Tostomy s nuTamms ycwimreneif W KommnapaTopa
IBYXTIOJISIPHBEIM HANpPsKeHHEM pazpaboTaH W M3TOTOBIEH
HMITYTECHEIH TPAH3HCTOPHO-TPaHC(HOPMATOPHBLI
npeoGpasoBaTens HanpskeHHA. JId MHTAHHA MHKPOCXEM
IpaiiBEpOB UCIIONL30BAH 3TOT 3Ke NpeodpazoBareb.

IoxgcucTema perynmMpoBaHHA TOKA peanH3OBaHa H
HCIBITAHA COBMECTHO C JiBMTaTeeM MOOHILHOrO podorta
HPHC-2. @ororpaduu peanu3oBaHHOW KOHCTPYKIHH
YCTPOHCTBA MPEICTABICHBI HA PUCYHKE 3.

Puc. 3. Peamuzanms yerpoticrsa

KOHCTPYKTHBHO paauaTop ¢ CHIOBBIMH KJIOYAMHU U
mevarHas miata o0beeHeHbl B eIHHBIH 3aKpEITEIH OIIOK,
MOHTHPYEMBIH B COOTBETCTBYIOIIEM OTCEKE MOOHILHOIO
poboTa.

B pesynpTaTe KOMIBIOTEPHOTO MOIETHPOBAHHA
MOJICHCTEMEL  PETYJIIHPOBAHMA TOKAa Oblma 1mopobpana
IIMPHUHA TIETAM THCTEPEe3Nca, MNO3BOSIONAT  TONYYUTh
KoneOaHua ToKa sKops ABHrarels ¢ gatotoil 10 ki npu
HYJIEBO} cpesiHeit cocTaBnsionielt Toka.



PazpaboTka cTPYKTYPHOIi cxemMbl yeTpoiicTea

Pacemotpum pUMep KOHCTPYKTHBHOTO
HCTIONHEHHs aHAIOIHIHOrO MobmIbHOTO pobora P1.

PoGor P1 mpexcrtaenseT co0olf aBTOHOMHYHO
MOOHIBHYI0 KOHCTPYKIMIO C OOPTOBBIM BBRIYHCIHTEIEM
771 BHIMOJIHEHHS 3apaHee OIpeJeneHHoro Habopa 3amady
memxerma mo HMK-maskam. Kunemarddeckoll cxeMoi
poGota sBIAeTCA CXeMa [BYCKATHOH  TENEKKH ©
ynpaslsieMo# nepelHell MOBOPOTHOM BHIIKOH M BEIYIIHMHI
3aIHHMHU KOJTeCaMH.

DJeMeHTHl, W3 KOTOPHIX COCTOHT poOOT, MOJMKHO
pa3menuTs Ha MEXaHMHECKylo, 3JIeKTPOMEXaHHHECKYH H

3NEKTPOHHYIO TPYIIIIBL.
K MeXaHHIeCKOH rpyme OTHOCHTCSA
IIOpAIOMUHNEBOE  IHaccd  po0oTa, HAa  KOTOPOM

CMOHTHPOBaHEl BCE OCTalbHBIE 371€MEHTHl KOHCTPYKIHH,
TpH KoJeca poboTa, a Taloke PeNyKTOPBI 3aHHMX BeLylIuX
KOJIeC — MOHIDKAONIAs NIepefiadya ¢ JUCKOM KBaIpaTypHOro
cUeTYHKa M MOCIeIyIoIeli peMeHHOH mepenadeil Ha Balbl
Kolec, M PpENyKTOp MepenHeli BHAKH C BBIXOAOM Ha
IPeUH3HOHHBIH IOTEHIMOMETP JaTdika yIjia II0BOpOTa
Buiky. Ilepe/iHee NOBOPOTHOE KONECO ABJISETCA CRODOIHO
MOCA)KEHHBIM Ha OCh BpameHus. CTpykTypHas cXxema
pobota, copmepkamas  BIEMEHTHl  3JEKTPOHHOH W
MEKTPOMEXAaHHIECKOl TPYILI, IpHBeIeHa Ha PUCYHKE 4,
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Puc. 4. CrpykrypHas cxema MoOHIIBHOTO poSoTa

Pacemotpum Bonee noapo6HO JEMEHTHI
NMpUBeIeHHOH cxeMbl. TOHKHMH CTpeNKkaMH Ha CcXeMe
ykazaHpl MHpOpMalMOHHBIE MOTOKH  (YIIPABIIAIOLINE
CHCHANBI), IMHPOKAMH CTpEIKaMM — CHJIOBBIE JIMHHU 7
nepejadd  HaNpsKEHHs TNHTAaHWA, IMyHKTHPHBIMH —
MeXaHHIecKHe CBA3H. B kadecTBe OOPTOBOTO BEIYHMCIIHTENS
HCIIONB30BaHA CTaHJapTHas TIPOMBIIILIEHHAS
MHKPOKOHTpPOJLIEpPHAs aTa OTEYECTREHHOTO
IIPOH3BOJCTBA, TOCTPOEHHAsA Ha 0a3e MHKPOKOHTpoOIepa
KM1816BE31, pabotalomero ¢ TakToRoi uacToToH 11
MIl'n, aHanmora IODHPOKO W3BECTHOTO 8-MH pPa3pAIHOTO
xkoHTponnepa 18051 ¢upmer Intel. B apxurektypy
BBEIYHCITHTENS BXOAAT:

- BHemHsAsA onepartuBHag nmamaTh (O3VY) — 8 kb ms
XpaHeHMs Koaa OOPTOBOI MpOrpamMMel, KOTOpas NOJDKHA
OBITL 3arpy;eHa IMepej 3amyckoM po0oTa ¢ BHELIHEero
KOMIIBIOTEPA;

- BHelnHAd mocTtosHHas naMmate (I13VY) — 8 kb s
XpaHeHHSI Kofja TNPOrpaMMbl HHUIHATH3AINH TNaThl U
ofMeHa ¢ BHEITHUM KOMIBIOTEPOM, KOTOPBIH MOXKET ObITh
MOJIKITFOYEH K 1iare yepes uHTepdeiic RS-232;
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- nepudepuiiHas JOruKa 1A OpraHi3aliy BHeITHEH
MIHHBI JaHHbIX H HOpTOB BBOI[a/Bl:IBO,Ha;

- muHTepdeiic RS-232 mid cBA3UM €  BHEIIHHM
KOMITBEOTEPOM.

OcransHasg OJJEKTPOHHKa pPOo00Ta MOMKET OBITh
pasjienieHa Ha HeCKOIbKO OJIOKOB:

- cxema 06pa0OTKH BHIEOCHIHAJIOB M CHTHAJIOB
Jokatopa — OTBEYaeT 3a 00padOTKYy BHJEOCHTHAIOB C
sugeokamep u curHanoB MK-noxatopa. Comepxut
AHANIOTOBYIO0 4acTh PaboTel ¢ BUASOCHTHAIOM, LH(POBYIO
4acTh OUU(DPOBKH 3TOr0 CUTHAIIA M CXEMY €ro nepejadu B
00pTOBOI BBUUCIHMTEN, CXeMy OOpabOTKH CHTHAIOB C
JOKATOpa M YNpaBJeHUs IPHBOIOM JIOKATOPa;

- cxeMa (DOPMHUPOBAHUS HIMPOTHO-MMITYILCHO-
MOAyIupoBaHHOro curHama (IIMM) - coyxur ang
(hOopMHpPOBaHNA YNPABIAIONIHX CHIHAIOB sl yCHIHTEICH
MOIOIHOCTH BHGK'I]'JO,HBI/IFHTBJIE’,ﬁ BEAYLIMX KOJEC TII0
JaHHbBIM GOPTOBOI'O BeruucinTens. Cxema sBasieTca 8-Mu
pa3psIHO, TO eCTh CYIIECTBYET BO3MOKHOCTE 3a1aTh 255
YpOBHeH HampsyKeHWs NUTaHHA dneKTpojasuraresnci (ot 0
1o 24B);

- ananoro-uudporoit npeobpazosarens (ALIT)
CHrHayila ¢ M[OOTCHHHOMETpa JaTdyuKa YIria I[0BOpOTa
nepenHeil Buiku — 8-mu OutHeiit AL ¢ untepdeiicom k
60pTOBOMy BBIUMCIIUTEID, BBIJACT YHCIO0 B AHAIA30HE
0..255, nponopuroHaIBHOE YIUIy TIOBOPOTA;

- KBajpaTypHble CUETYMKH — NpeoOpaszyioT
KBAIPaTYPHBIit KOJl CO CUETHBIX JMCKOB BEIYLIMX KOJEC B
YHCII0, NPOMNOPLUOHATIBHOE YTIIOBOM CKOPOCTH BpalIeHHs
KOJIec, ¥ TIepe/IaloT 3TH JaHHEIE B BEIMHCIHTEND;

- unrepdelicHas yacTh — oTBedaer 3a pabory 8-mMu
OHMTHOIH IIHHEI O0OMEHAa BCEMH JaHHBIMH OT NPEIbIAYIIMX
OIIOKOB K BBIYHCIHTEIO;

- OJIOKM NUTaHHA — VMMIYJIBCHEIE Npeo0pa3zoBaTennt
HANpPsUKEHUH, KOTOpBle BHIPA0ATHIBAIOT W3 HANpPsHKEHUA
AKKYMYIATOpHBIX Oarapeit (2x12B) HanpsykeHNI IHUTaHUA
BCell AMeKTpOHWKH podoTa MW ero nardukoB (+5B, -5B,
+12B);

- YCHNHTENIH  MOIDHOCTH —  MMITYJLCHEIE
npeobpazopaTeny HANPSKEHHH C MOCTOBBIM RBBIXOJHBIM
KacKalOM, pacCUMTaHHBIM Ha TOK Harpy3skd 10 2A u
HanpsKeHUE 36B, TO3BOJIAIOIIHE COTJIacHO
YIPaBIAIOIIEMY ITHM-curnany (hopMHpOBATE
HaNPsOKeHHE TTHTAHWA JIEKTPOABHIaTeNeil BelyHX KOolec
C 3aIUTON OT Ieperpy3KH.

L1 ynpaBieH#s 3NeKTPOHUKOH poboTa CITyKUT P
TymOepoR Ha 3ajHell maHenu pobOTA, TMO3ROIAIOIIMX
BKJIIOUATE/BEIKIIFOUATE Ty WIH HHYKH cHcTeMy pobota
(crIoByIO 4acThb, YOPaB/SIOILY IO EKTPOHHKY,
BHOeokamepsl W T.4.). Crnemyer OTMeTHTB, 4TO
TIepBOHAYANBHO HA podoTe OBLIO YCTAHOBIEHO IBE YEPHO-
Oenble BUJIEOKAMepBI: TepBas B mepelHel uacTH pobora
JJ1A BBIACJICHUA Ha INIOCKOCTH JBMIXKEHHSA I/I306pa}i{€HH}I
3amaroneif TPaeKTOPHIO MOJNOCH], BTOPas yCTaHABIMBANACh
Ha BepTHKaJBHOMN INTaHre MM morydeHHst nosuimi MK-
MaskoB [3]. Onnako, 0coOEHHOCTH cXeMbl 00paboTKU
MOJIyY4aeMbIX BHIeOM300pakeH!i He MO3BOMUIN JOOHTLCH
YCTOWUHMBOTO (YHKIIMOHUPORAHUS CHCTEMBl YIIPABJIECHUS
pOGOTOM IIpA IBHIKEHHWHW T10 [IOJIMT'OHY. ,[[J'[ﬂ INOACHEHMA
pPaccMOTPUM HPHHIHMHATBHYO cXeMy 00pabOTKH YepHO-
Oenoro BWJIeOCHrHANA (PUCYHOK 5), HCIIONB30BaHHOI Ha
pobore P1.

51



Texnonozua npubopocmpoenun 1° 2018

KommyTartop,
YCUNUTENb 1
‘AeKoaep
BUAEOCUTHAN0B  [leTeKTOp YPOBHA

@:> Kagpossie HMMT > Bydep —

Buaeokamepa No2

Bugeokamepa N1

Y

BoptoBsoii
BblMWMCNUTENDL

0200
CTPOKOBLIE MMNYNECH| |
I

\

CueTumK CTpoK B
kanpe

Puc. 5. IIpunuunuaneHas cxeMa o6paboTKH BHAEOCHTHAIIA

AHaNoroBele  HU3KOYACTOTHBIE  CHTHAIBI  C
BUIIEOKAMED,  COJAepIKallIHe MIOCTPOYHO-TIOKAIPOBYIO
BPEMEHHYH) DPa3BepTKy u300paxeHus, MOCTYNAIOT B
KOMMYTaTOp CHIHAJIOB, KOTOPBIi B 3aBUCHUMOCTH OT
curHaja (Ha cxeMe He INoKas3aH) OOPTOBOI0 BEIMHCIIHTENA
IEepPenaeT Ha BXOJI YCWIMTENd OJUH W3 BHIECOCHTHAJIOB.
Taxum oOpasom, BBOIMTCA mNepBOe OTpaHHYEHHE — B
TEKYIUHA MOMEHT BPeMEeHH MOKHO 0OpabaThIBaTh TOIBKO
OIWH W3 BHIECOCUIHANOB, YTO HCKIIIOYAET BO3MOXKHOCTH
OJHOBpPEMEHHOI paloTel Mo MaskaM W mosoce. Jlanee
YCHIHUTENE TPHUBOAUT  BLIOpAaHHBIM  BHIOEOCHTHAI K
3aJaHHOMY YPOBHIO. YCHJICHHBIH CHIHal TOCTYNaeT Ha
BXOJl JIEKO/epa, KOTOPKIH BBIJEIAET U3 CHIHATA KaIpOBbIE
(oaMH MMIYTbC Ha KaXKIbli kajip) U CcTpokoRkle (OIHUH
UMITYJIBC Ha KaXKIYK CTPOKY M300pameHHs) HMITYJIbCEHL
BrineneHHsle HMITyIbCHl TOCTYIAIOT HA BXOJ CYETUYHKA,
KOTOPBIi MOACYHUTEIBAET HOMEP TEKYIIEH CTPOKH B Kampe.
Cam BHIEOCHTHAI IIOJAETCA HA JETEKTOP YPOBHS, KOTOPBI
BBIIAET  JIOTHUECKYID  €AMHHMLY TIPH  JOCTHIKEHHH
COOTBETCTBYIOIIETO YPOBHs CHIHANA WK JIOTHYECKUI HOJTb
B MNPOTHBHOM ciy4ae. Takke [ETEKTOP COISPIKHT
HacTpaMBaeMbIid  TaiiMep, KOTOphId cpabarbiBaeT B
3allaHHBId MOMEHT BpEMEHHM IOCJIE Hayala O4YepeaHOH
cTpoky. Kak Tombko TafiMep cpaboTan, Tekyllee 3HaueHue
CYeTYHKa CTPOK NepesamuckiBacTcs B Oydep W maetcs
curnan HoproroMmy BeMuHCIHTENH. [locmemumit momken
YCIIETh CYMTATh 3TO 3HAUEHHE IO IIPHXOJA CIEIYIOLIEro.
OnHOBpeMEHHO CUMTBIBAETCA IOKasaHHe AeTekTopa («O»
WK «1»). B uTore B G0PTOBOM BBIMUCIHTENIE MOMKET OBITH
chopMHpOBaH MacCHB ¢ HOMepaMH CTPOK H300paKeHHs W
UX TEKYHNIMM «IBeTOM» (depHas wnu Oenas). T.e. w3
IBYMEPHOI0 M300pakeHus JieslaeTcs 0JHOMepHas BLIOOpKa
& OJHOOHMTOBOM  TUCKpeTH3almeit, onpenesieMas
MOMEHTOM cpabaTeiRaHua TaiiMepa. I3 ocobennocreit
CXEMBI HeOﬁXO,H,IIMO OTMETHUTH HEBO3MOXKHOCTH
IpOrpaMMHOH HAacTPOHKH YpPOBHA [ETEKTUPOBAHHUS U
BpeMeHH cpabartbiBaHHA TaiiMepa, 4TO ABIAETCS BTOPHIM
OIpaHHYEHHEM PACCMATPUBAEMOI CXEMBI.

ITokaxem, xkak nomnoOHAas cxemMa TIO3BOJSET
ONPENENATh MO3HIUIO MONOCH! HA TOJUTOHE OTHOCHTEIBHO
pobora. Ha pucyHke 6 TpHBEIEHO CXeMaTHUHOE
H306pa}1<e}me TIOJIOCRI B KaJpe.

Jns  dyHKIMOHMpOBAHWS  OIMCAHHON  CXEeMBI
BHIEOKaMepa nosopauyusacTca Ha 90° 1m0 OTHOILEHHIO K
HANpaBJIEHMIO IBIKEHHMs poboTa W yCTaHABRIMBAeTCd Ha
poboTe Tak, 49TOOBI «BHAETB» MONOCY IEPEH POOOTOM.
HanpasneHne CKaHAPOBAHHMSA KaMcpoil B 3TOM Cilydae
NOKAa3aHO Ha pPHCYHKe 6: MO Kaapy — clieBa Halpago, II0
CTpOKaM — CHH3Y BBepX. IIyHKTHpPOM yKazaH «cpes3», IO
KOTOpOMY TIIPOHCXOOHT JAETCKTHPOBAHME I1[BETAa TOYKH
CTPOKH.
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Puc. 6. CunreiBanne HHGOPMALIMHK C KaMepE

Ero monosxeHue B kKaJIpe 3a1aeTcs BBIIEONHCAHHBIM
TaiiMepoM. M3 pucyHka BHIHO, 9TO YacTh INepecedeHHii
CTPOK M «Cpe3a» IoNajJaeT Ha Oeloe, a 9acTk - Ha YEPHOe.
Homepa Bcex CTPOK OZHO3HAUHO OMPEIENSIIOT IMO3HIIHIO
CTPOK B KaJpe, a COOTBETCTBEHHO U PeaJbHOE MOTOMKEHHE
3NIEMEHTOB H300paKeHHs Ha IUIOCKOCTH JBIDKEHHS, Ecim
TEHEPE B 60pTOBOM BBIYHCIIUTECIIC NMOCYMTATE KOJIHYECTBO
CMEH LIBETA CTPOK, T.€. KOHTPACTHBIX NEepPeX0IoRB, TO, 3Has
HX IIO3HILIHH, HECTOKHO BEIYHCINUTE T0JI0/KEHHE TTOJIOCH Ha
TIIOJMIOHE OTHOCHTENbHO pofoTa. B mpocteiimem ciyuae
9TO [JeraeTcs IyTeM YCpelHEeHWMS TO3HIHH  Bcex
HaMIEHHBIX KOHTPACTHBIX IIEPEX0I0B.

AHanoOrH4IHBEIM 00pa3oM MoxkeT OHITh IOCTPOEHA
pabota BTOpOif BHAeOKaMephl, oTciaekuBaromen HMK-
Madgkd, OIHAaKO H3-3a CYIIECTBEHHO MEHBINEr0 BUIUMOTO
pasMepa MasKka B Kafpe, 4eM I0JIOCHI, TpeOyeTcs TouHas
YCTaHOBKa KaMephl, 4T00BI H300paKeHHE Masika MOTJIO
TI0TIacTh Ha JTUHHIO «cpe3a» [4].

HeobOxonnmocTe ommcaHHOM cxembl 00paboTKu
BH/IEOCHTHATIOB BO3HUKJIA H3-3a HHU3KOIO ObICTpOAeHCTBUS
toproBoro  BelMcaMTENds.  JelicTBHTENLHO, uacTOTa
cienoBanus kazpo 50 I'm, B kagpe aHanm3upyercs
200 ctpok. Kax cnencTBHe — BBIMHCIHTENb TOJDKCH
CYUTHIBATh JaHHple ¢ wactoro 10 x['u. Ecom xe
HCIIOJIB30BaTh THIOBYIO cXeMy 00pabOTKH BHIEOCHIHAINA,
KOIJla aHalM3UpYyeTCs BCA CTPOKA, a HE TOJBKO ee OlHA
TOYKa Kak OBbLIO ONMCAHO BhINIE, TO MpH paspemteHun 200
TOYEK Ha CTPOKY, BBIMUCIUTENb TO/DKEH CUMTHIBATH
JIaHHEIE yiKe ¢ yacToTol 2 MI'1. DT0 HEBO3MOXKHO, TaK Kak
¢usirgeckn OOPTOBOI BEIYHMCIHMTENb, YCTAHOBJIEHHBIH Ha
paccmatpuBaeMoM poboTe cmoco0eH BBINONHATH JIMIND
1600000 sneMeHTapHBIX oONlepalMii B CEKYHIY, 49TO
COCTaBISET CYHMTEIBAHME C MaKCUMAJIbHOM 9acTOTOH 25
k', M3-3a oTcyTcTBHA anmapatHbiXx Oydepor, kyma Ge3s
Y4acTHA  BBIUHCIHTENA  MOIJIO  Obl  MOMEIAThCH
mzobpaxkenne ¢ MeHbIIeil yactoroil, wem 50 I, TpeGyercs
oOpabatriBaTh Kaskapli xaap. K ToMmy ke, He criemyer
3a0BIBaTh, 4YTO OOPTOBOM  BBIUHCIHMTENH  [OMHMO
CUMTBIBAHHA [HaHHLIX C BHACOKAMep JO/DKEH eIle
BBITONHATE M ()yHKIUH YIPABICHUS IBIKEHHEM pofoTa.

HesozMomxHOCTE, Kak yxke ObUI0 cKa3aHO BBIMIE,
MPOrpaMMHO 3aJaBaTh YPOBEHB CpadaThIBAaHUSA IETEKTOpa
pe3ko  cysmma  JONMYCTHMBIH  [Mana3oH  BHEITHETO
oceemieHHA. (DakTHUeCKH IO KawIblii KOHKpETHBIN
cily4ail TNPHXOIMIOCH 3aHOBO HACTpAMBAThH AMMAPATHYIO
YacTh CXeMBl 00paldoTKM BHAeocHIHAna. B ycioBmsx
COpPEBHOBAaHHH BOOOIIE HE IOJYYHIOCH IIPOU3BECTH
HACTPOMKY, TaK KaK CIHIOKOM CHILHOE OCBEIICHHE
co3fano OONBIOH KOHTPACT MEKIY HYEpHBIM H OemsiM



KBaIpaTaMu TIOJIUTOHa, 4TO IPHBOIHIIIO K
paboTocnocoGHOCTH THOO TONBKO IIPH YepHOil mojoce Ha
benoM 1moie, 00 mpu Oenoif momoce Ha YEpHOM IIOJIE.
Hcronn30BaHde BHAEOKaMepsl IIPH  HaOmioJAeHMH 32
MasgKaMHi HMEII0 CBOMM MHHYCOM OIDAHMYEHHBIN CEKTOP
Habmonenus (70°), 9To He MNO3BOJATO pPoOOTY OBICTPO
NBUTAThCA 10 TIOJMTOHY W BBIIONHATL Tpedyemoe
YyIpaxKHeHHE,

Ha ocHOBaHMH 3TOr0 OBLIO OPHHATO PEUICHHUC
OTKasaTbCA OT MCIOJIB30BAHWUA BHICOKaMEpP Ha pOﬁOTfJ, HE
BBITIONTHATE YIIPAXXHEHHA € JABMJKCHHMEM II0 MMOJIOCE, a A
IBWKEHHA M0 MafkaM MNepedTH K cXeMe ¢ IacCHBHBIM
HK-nokaTopoM kpyrosoro o63opa.

IIpurimmuansras cxema MK-nokatopa nokaszana Ha
pucyske 7. JlokaTop cocTOHT M3 Kopiryca I, BepXHssl U
HIDKHAA 9aCTh KOTOPOTO COENHHEHBI Y3KMMH CTOMKami, B
KOTOPOM pPa3MEINEHBl BCe OCTalbHblEe y3ibl [4]. Kopryc
JIOKAaTOpa KPEIHTCA Ha BepTHKalbHOH ImTaHTe Ha pobore,
Ha BBICOTE pacloNoXeHHs MaskoB. PaGora Jokaropa
TIPOHCXOAUT cleAyromuM obpasom: MK-noTok m3nydeHus
MasgKOB TamaeT Ha 3epKalo 4, KOTOpoe Bpamiaercs ¢
IOMOIIBIO ANeKTpoaBuratens 6. OtpaxenHslil BBepx MK-
IOTOK IomajaeT Ha (orosneMeHT 3, CHTHAN C KOTOPOTO
YCHIHMBaeTCA M mepeBomutcs B mudposoit curnan («0» —
HET CHIHana, «1» — eCTh CUTHAN) YCHIIUTENEM 2.
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Puc. 7. Ilpunumnuansyas cxema MK-nokaropa
W €r0 BHENIHHH BH/

TMomyuMo 2TOTO YCHWIHTENb CONEPXKUT GHIBTD,
HAcTpoeHHbI Ha wactoTy 16 k[, 9TO0 mHO3BONAET «HE
BUJCTE» UYKMX CUTHAJIOB H eCTeCTBeHHOro cBeTa. Ha Ban
JNIEKTPOJBUIaTENs BMECTe C 3ePKaloM HAcaXKeH TOHKHI
JMCK C NpOpe3bio, KOTOpeiil coBMmecTHO ¢ MK-maTamxom
(omromapa) 5 oOpaszyeT cucTeMy, O0DeCHIEYHBAIONLYIO
BbIlauy OJHOIO 3JIEKTPUYECKOro MMIyJbca 3a 06opoT
sepkana. Tak Kak 2JNeKTPOJBMrarejh 3alUThIBAETCH
MOCTOSHHBIM TOKOM, @ OCh BpallleHus 3epKaia COBNaJaeT ¢
OJHOH U3 INIABHBIX Ocel MHepLMM 3epkana (OTCYTCTBYET
aucOalaHe 3epKajia IPH ero BPAIEHHH), MOXKHO CUHMTATE
YITIOBYIO CKOPOCTH BpAllI€HHMs 3epKala IOCTOSHHOH. B
HTOTe, B OOPTOBOM BBIYHCIHTENb IOCTYTIAET HMMITYJIBC C
gaTdHka 000poTa 3epkana, W TEpBbI HAauWHAET OTCYET
BpPEMEHH, T.e. 3alyckaeT «ceKyHmoMep». Korma c
YCHIIMTENSA  JIOKaTopa MOPHXOAWT  CUTHAT  HAJIHYHA
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I/]:K-HOTOKB, BBIHMHCIWTEL 33aHOCHT TEKYLIEE 3HAYEHUC
«CeKYHIOMEpa» B MAacCHB U IIPOJ0JDKACT CUNTATh JaJIbILIE,
I[I0Ka He TIOCTYITUT CleAyIOLIHi CUTrHal ¢ JaTduka 060poTa.
B 9JTOM CIOydae «CeKyHAOMep» OOHYJIETCA H  BCE
nopropsercsa. OUEBHAHO, YTO [0 TAKOH CXeMe MOKHO
OIHOBPEMEHHO TEJIEHTOBaTh HECKONBKO MadkoB. Tak Kak
CKOpOCTh BpAIIEHHA 3€pKaja IOCTOSHHA, MacchB CO
3HAUEHUAMH «CeKyHAOMepa» B MoMeHTH! (uxcammn MK-
IOTOKA CUMTAETCS MacCHBOM YIJIOBBIX KoopaumHaTt HK-
MAasiKOB.

VrnoBas ckopocTh BpallleHHsA 3epKaia BhIOHUpaeTcs
nopsaaka 25 06/c. Ilpu HeoOXONHMOCTH IOIyUeHHA
paspemenns noxatopa B 1° (360 orcueroB Ha ofopot
3epkana) dopToROMY BBIUHCIHTEITEO Tpebyercs
OnpalluBare Jiokarop ¢ gacroroir 9 k', yro Xopomio
YKIaJbIBaeTCs B BBIIIEO3HAYEHHEIE paMKu
OBICTPOJICHC TR,

B mpmwxenne pobOT mpHBOIAT ABA 3TEKTPHIECKHX
MMKpOJABHraTesiad noctoaHHoro toka AIMP-111, ¢ xaxmoro
U3 KOTOPBHIX Hepe3 MOHIKAIOIINH PeIyKTop H PeMEeHHYIO
repefadyy OCYUIECTRIAAETCH HE3aBHCHMBIH TPHUBOM 3aITHHX
Benylmx konec. [IpuBon mepenneil MOBOPOTHOM BHIJIKH CO
cBOOOIHO MOCAKEHHBIM KONECOM NPOU3BOIUTCSA TPETHHM
mukpojsuratenem (JIIIM) wepe3 uepBAYHBIN PETYKTOP.
DTOT ABHraTenb NUTAETCA MOCTOAHHBIM HampsxeHueM (0-
24B), BenHMYHHY KOTOPOTO HAI0 YCTaHABJIMBATh 3apaHee.
H, CJICA0BATEIILHO, CKOPOCTE IIOBOPOTA HepeﬂHeﬁ BUJTKH
MPOTPaMMHO HE perynupyercs.

BriBois!

B pamkax cTaThM paccMOTpeHa pa3paboTka MaxeTa
AJ1sl W3yYeHns METO/I0R ARTOMATU3MPORAHHOTO YIIPABIEHHA
MOOMIBHBIMH YCTPOHCTBAMH, KOTOPEIH OyIeT UCMOIB30BaH
s yqebHoro mpouecca kadenpsl KMTAM XappkoBckoro
HAalHOHAJTEHOT'O YHHBCPCHTETA PAJHOJIEKTPOHHUKH.

ITpoaHanu3upoBaB  aHAIOTMYHBIE  KOHCTPYKIIMH,
Obuta  pazpaboraHa  CTPYKTypHash — cXema  MOJIyJjs
YIOpaBICHHS.

PaspabortanHoe ycTpoiicTBo mocTpoeHO Ha 0ase
MukpokoHTpoiuiepa (Gupmsr  Microchip PICI16F877 wu
MOKET BBIOJIHATE CleAyromine QYHKIMH: [PHEM KOMAaH/|
OT yNpaBJIfAIOLIEro KOMIBbIOTEpa depe3 uHTepdeiic RS232;
yIIpaBJIeHHe 3BYKOBBIM CHTHAJIOM; YIIPaBICHUE CBETOBBIMH
CHTHalaMH;  YNpaBlI€HHE  IBWUTaTeJIiiMH  MeXaHH3M
NEepeMElIEHHs; T[IPHEM AHAJIONOBBIX CHIHAJIOB, MpPHEM

LU POBEBIX CHI'HAJIOB; yIIpaBieHie nudpoBeIMU
YCTPOHCTBAMM.
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