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akagemmmn Hayk» (UK PAH)*

3A0 «CI1 NHTepacTpo», MockBa?

A.H. JiunaTtos, A.H. Jlsw, B.C. Makapos, B.A. ®posos,
A.Il. DKOHOMOB,
C.A. AHTOHeHKoO, I.B. 3axapkuH

Paspabotantbii B MHctutyte kocmuueckmx mccnegoeanuin PAH ontuueckmit natumk koopamHaT asnaeTca
4OCTLIO ANMAPATHO-NPOTPAMMHOIO HABUTALMOHHOTO KOMMIEKCA [N ABTOMATMYECKOTO YNPABAEHMS MOCALKON M
CTBIKOBKOW OBMTAEMOro ry6okOBOAHOTO QNMAPATA C 3AACHHBIM O6bEKTOM. TekylumMe KOOPAMHATL NOABOAHOMO
annapaTa OTHOCKTENbHO HEMOABMXHOrO OOBEKTA, OCHALLEHHOTO TOMOrPAbUYECKMMU MAPKEPOMM, ONpemsens-
IOTCA C NMOMOLLBIO BOPTOBOM HOTOTENEBUIMOHHON CUMCTEMBI. HAUMBOMBLIYIO AKTYQNbHOCTb 1S PELUEHMS AAHHOM
30044 NPEACTABIAOT oblee YyCTPOWCTBO ANMAPATHOM YACTM KOMMIIEKCA, MPUHLMMILI PABOThl ONTUYECKOro 4AT-
YMKQ, TEXHUYECKME XAPAKTEPUCTMKM M OCOBEHHOCTM MOCTPOEHMS M3MEPUTENBHOrO TPAKTa npubopa. B uenom
AnnNApaATHO-MPOTPAMMHbIA KOMINIEKC MO3BOMAET 3AMEHUTL TPYAOEMKMI PEXUM PYYHOrO YNPABNEHUSA MPOLECCOM
MOCOAKM M CTHIKOBKM MyGOKOBOAHOIO QNNAPATA M OHECNEeYMTh NO3ULMOHUMPOBAHUE C TOYHOCTLIO O CAHTUMETPA,
4TO OCOBEHHO BAXKHO B YC/IOBMAX BHELLIHMX BO3MYLLEHMA M MPU KPUTUHECKMX YIIOX B3AMMHOMN OpPMEHTALMM OOb-
ekToB. PaB0Ta AOTYMKA KOK SNIEMEHTA CMCTEMBI TEXHMYECKOTO 3PEHUA OCHOBAHA HA MCMONb3OBAHMM QNrOPUTMOB
KOPPEKUMM AMCTOPCUU M30OPAXEHMUS, PACMO3HABAHMA OOBLEKTOB B M30OPAXEHMM HA dOHE MOMEX, BbIAENEHUS
OBOBLEKTOB-MAPKEPOB M OTOXAECTBIEHMS WX C QNPUOPHOM rEOMETPUUECKOMN BUryPOK. PesynbTaTsl HATYPHbIX MCMbI-
TaHWI NPUOOPA KAK B yCNoBMAX 6ACCENHA, TaK 1 B NpubpexHbix Bogax bapeHuesa mops Ha 6opTy obutaemoro
rmybokosoaHoro annapata AC-34 noaTeepxaaioT HOLEXHOCTb NPEMIAraeMoro METOAA M3MEPEHUS KOOPAMHAT.

BBEAEHUE

Ha mnporsxkenun psga Jier B
UK PAH mpoBomsrcs paboOThI
TEOPETUUECKOI0 M IKCIEPUMEH-
TaJbHOTO XapakTepa IO pPa3BUTHIO
CUCTECM  YIpaBJICHUA JIBUIKCHUEM
MOOMIIBHBIX OOBEKTOB B Pa3IHMUYHBIX
cpenax. [lpyruMm BaskHBIM Harmpas-
JIeHHeM paboT MHCTUTYTA SIBIISETCS
KOCMHUYECKOe TMPHOOPOCTPOCHHE, B
TOM 4HCIie pa3pabdoTKa yCTPOICTB U
nprOOPOB HABHTAllMM KOCMHUYECKUX
anmnapatoB. Ha ocHOBaHMM OIbITa,
HaxorienHoro B UK PAH no pas-
paboTKe CHUCTEM acTPOOPHEHTAIINU
U TCJICBU3UMOHHBIX KaMC€p aBTOMa-
THYECKUX KOCMHYECKUX amlapaTos,
BBINOJTHSUTUCH PA0OTHI 110 CO3JAHUIO
KOMILJIEKCa, MPEIHAa3HAYCHHOIO [UIs
YHOpaBJICHUA ABUKCHUEM IMOABUKHO-
ro oObekTa B BOAHOH cpene. M3me-

puUTeNbHAs 4acTh KOMILIEKCA CTPOU-
Jlacb MO TMPUHLHUINAM TOCTPOEHUS
3BE3MHBIX JaTYUKOB, CIIOCOOHBIX
pacro3HaBaTh HaOIIOMaeMbIC B TIOJIC
3pEHUS CO3BE3MIUS ¥ BBIYUCIIATH OpH-
SHTAITUIO0 0Ce KOCMHYECKOTO arma-
paTta, OCHAIIEHHOTO 3BE3IHBIM JaT-
YHUKOM, C BBICOKOW TOYHOCTBIO.
BaxueimuM  2JI€MEHTOM — CH-
CTEM YTIPaBJICHUS ABIKCHUS CITy’KaT
YCTPONCTBA, OOECIICUHBAIOIINE KO-
OpIVHATHBIC U3MEPEHUS TTOTOKCHHUSI
00BbEKTa, pabOTAOIINE B PEIKUME pe-
aJbHOIO BpeMeHU. Takue ycTpoiicTBa
KOOPAMHATHBIX HW3MEPEHUH MOTYT
OBITH pelIeHbl Ha OCHOBE HCIIOJIB30-
BaHUSI CUCTEM TEXHUUECKOTO 3PEHUSL.
OJHUM U3 IPUMEPOB TaKOW paboThI,
JIOBEJICHHOM 10 IITaTHOrO 0o0pasiia,
SIBJISICTCSI CHCTEMa aBTOMAaTHYECKOU
MOCAJIKH U CTHIKOBKH IITyOOKOBOHO-
ro ammapara. Cucrema HeoOXonuma
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UL 3aMEHbl KpaliHe TPYIOEMKOTO
U HaOpsDKEHHOTO PEXHMa PYYHOTO
yOpaBiICHUS JABMKEHHEM MHOIO-
TOHHOTO INIyOOKOBOJIHOIO ammnapara
MIpH TIOCa/Ke U CThIKOBKe. OcobeH-
HO 3TO B&KHO, KOTJ[A CTBIKOBKA OCY-
MIECTBISICTCSL TIOJT OONBIIUM YITIOM
K moBepxHocTH. CucTema mo3BOIs-
€T YNPOCTUTh U YCKOPUTH IMpOIecc
MOCAJKU U CTHIKOBKH, OOecIeunBast
MO3UIIMOHUPOBAHUE C TOUHOCTHIO JI0
CaHTHUMETpPa, YTO 0COOCHHO Ba)KHO B
YCIOBUSIX BHEITHUX BO3MYILCHHUH H
NPy KPUTUYECKHUX YIVIaX B3aMMHOM
opHueHTaluu 00bekToB. KoHKpeTHas
pa3paboTKa TMpexkIe BCEero Ipel-
Ha3HaueHa JJs OCHAILIeHHs O0u-
TaeMbIX TITyOOKOBOIHBIX allaparoB

1117997, Mockga, yi. IIpodcorozuas 84/32.
Ten.: 8 (495) 333-52-12. E-mail: iki@cosmos.ru

2 117997, Mockaa, ya. [Ipodcoroznas 84/32.
Ten.: 8 (495) 333-24-32. E-mail: eslab@mail.ru
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tuna «lIpu3» xknacca AC-34 (mpoekt
1855).

B craree mpencrasieH onrtuue-
CKMHM JaT4uK KOOpIMHAT, paccMma-
TPUBAaEMbIH KaK SJIEMEHT TeXHHUYe-
CKOTO 3pEHHs, oOecneynBarouei
KOOpAWHATHBIMH HW3MEPCHUSMH B
PeKUME pEaTbHOTO BPEMEHH CH-
CTEeMYy AaBTOMAaTHUYECKOH IOCAJKH.
Jarunk obecrieunBaeT wH(pOpMAIH-
el anmaparHO-IPOrpaMMHBIA KOM-
IJIEKC, BXOAALIMN B COCTaB MOOMJIb-
HOTO O0BEKTa M peIlaroIluil 3a1auy
aBTOMAaTHU3UPOBAHHOTO yIPaBJICHUS
B CJIOKHOM, HEONPEIEICHHON U OBI-
CTPO HM3MEHSIONIEHCS BHEIIHEH 00-
CTAHOBKE.

Pazpaborannoe B MKW PAH
YCTPOMCTBO — ONTHUYECKUH JaTUUK
KOOpAMHAT — MPEJHA3HAYECHO IS KO-
OPIMHATHBIX U3MEPECHHUI MOJIOKCHUS
MOABUKHOTO 0OBEKTa, OCHAILIEHHOTO
TaKAM JaTYUKOM, OTHOCHTEIILHO He-
MOABWKHOM MOCAJIOYHON MIIOCKOCTH
c TomorpadMuecKUMH MapKepamH,
00pa3yloUMi  T€OMETPHUYECKYIO
(burypy Ha 3TOH IITOCKOCTH.

Habmomaemoe B mociemHee
BpeMsl yBEJIIMYEHUE 00beMa TO/BO-
JHBIX MCCIICIOBAHUI CBSI3aHHO Kak
C yBEIMUMBAIOLICHCS TOTPEOHOCTHIO
B TakuX paboTax, Tak M C YpOBHEM
PasBUTHS  COBPEMEHHBIX  IOJBO-
IHBIX TEXHOJOTMH, BKIIIOYAIOIINX
3NIEMEHTHl pOOOTOTEeXHUKHU. B mox-
BOJHBIX HCCIICIOBAHUSX IPUMEHS-
I0TCs1 OOUTaeMble U ABTOMAaTHYECKHE
HeoOHUTaeMble TOIBOAHBIC aIaparhl
(AHITA).

O0630p METOIOB, COCTOSIHHE
COBPEMEHHBIX  pa3paboToK,  pe-
3yJBTaThl UCCICIOBAHHNA M JKC-

mryataruun AHITA mpencraBieHb
B MoHorpaduu [1]. Ocoboe mecto
B MOHOrpauu yaelneHo cucreMam
yrpaBinenus u Hasurauuu AHITA.
B manHO#t MoHOTpadum comepkar-
Cs ONHUCAHUS THUAPOAKYCTHICCKUX
HapuranmoHdsix cucreM (I'AHC),
MpEeIHAa3HAYCHHBIX JJIs OPUCHTAIIUU
n Hasuraimu AHITA. O6ocHOBaHBI
MIPUHIIUIIBEI BBIYUCICHUS] KOOPAWHAT

10 M3MEPEHHSIM HAaKIIOHHOH JTaTbHO-
CTH JI0 TUAPOAKYCTHYECKHUX MasKOB,
TPAHCIIOH/IEPOB MHOTORJIEMEHTHOMN
MPOCTpaHCTBeHHON 0asbl. [lokasbl-
BaeTCs, YTO OJIHO3HAYHOE OIlpesie-
nenue koopaunat AHITA Bo3mMoxHO
P OHOBPEMEHHBIX HW3MEPEHUIX
TambHOCTEH 10 Tpex MaskoB. On-
Hako 'TAHC mnpexnae Bcero mpenHa-
3HaueHbl il paboThl B YCIOBHUSX
OOJIBIION MPOCTPAaHCTBEHHOH 0a3bl,
Ha PaCCTOSHUSIX MEXIy OOBEKTaMH
OT JIECATKOB METPOB JI0 KHIIOMETPOB.
M3MepeHns HaKJIIOHHBIX JajJbHOCTEH
TaKUMU METOJaMHU UMEIOT IPUHIIM-
MUaIbHbIE (U3UYECKHE OrpaHHuye-
HUS1, 00yCIIOBIICHHBIE ITTHHON BOJIHBI
30HAMPYIOIIETO N3ITYyUEHHSI, HEOAHO-
POIHOCTBIO CKOPOCTH PacIpocTpa-
HEHUS aKyCTHYECKHMX BOJH B BOJHOM
cpene W psAoOM ApPYrux (akTopoB.
B moHorpadum mpuBeneH nerab-
HBI aHamu3 (aKTOPOB, BIHSIOMINX
Ha TOYHOCTb MU3MEPEHUH THAPOAKY-
CTUUECKHX CHCTEM. 3HAYUTEIbHO
YBEJIMYUTH TOYHOCTH KOOpPJMHAT-
HBIX W3MEPEHUH MO3BOJSAIOT METO-
JIbl KOTEPEHTHOIO MpHEMa CUTHaa,
WCIOJb30BAHNE MHOTO3JIEMEHTHBIX
MPUEMHHKOB C aMILTUTYIHO-(ha30BOH
00paboTKOI CHrHajla Ha YIBTPaKoO-
potkoii 6a3e. MakcuManbHO JTOCTH-
*uMast TouHOCTh m3mepenuss TAHC
COCTaBIISIET JCCATKH CaHTUMETPOB,
a COOTBETCTBEHHO PAaCYETHBIC TOY-
HOCTH YTIIOBBIX KOOpJIWHAT — JECs-
ThIE JIOJU Tpajyca MPH PaCCTOSHU-
SIX OT AMHUIL 10 JECATKOB METPOB,
YTO HEIOCTATOYHO JJIi TOYHOTO IT0-
3WIIMOHUPOBAHUSA,  HEOOXOAMMOTO
JUTS. BBHITTOJTHEHHUST OOJIBIIIOTO KJlacca
TEXHUYECKUX 3ajad. TeM He MeHee
TaKhe METOAbl MOTYT TPUMEHSITHCS
JUTS TIPOIIECCOB CTHIKOBKH W JIOKH-
POBKHM aBTOMAaTHYECKHX ITOJIBOTHBIX
arnmaparos.

Jpyroii, 6omee BBICOKWI TOpsI-
JOK TOYHOCTH U3MepeHuil obecnedu-
BalOT ONTHKO-JIEKTPOHHBIE CHCTe-
MBI, pa0OoTaronIfe B BUINMOM HIIH
nH(ppaKpPaCHOM JTHAra30He CIEKTpa.
OrpannueHneM Ha TpUMEHEHHE

ONTUYECKUX TPHUOOPOB B BOJHOU
cpele SBISIETCS WX NATbHOCTh JeH-
CTBUS, 3aJaBaeMas MaKCHUMallbHOU
TAITBHOCTHIO BUAMMOCTH, KaK IIpa-
BWJIO, HE TpeBbIatomas 20 MeTpoB
B HJICATBHBIX YCIOBUAX TITyOWHHBIX
OKE€aHMYECKUX BOJ M 3—5 METpOB B
TIPUOPEIKHBIX.

Crnemyer OTMETUTH, YTO ONITHKO-
JIEKTPOHHBIC CHUCTEMBI HABEICHUS
Y HABUTAIMH JTaBHO WCTIOIB3YIOTCS
JUTSL YIIPABIICHUS TIOIBOIHBIMH aIl-
maparamu. Tak, B CTaTbe aMepUKaH-
CKHX CITeIIMAJTUCTOB [2] ommchIBaj-
Cs TOJBOJHBIN anmapar, UMeUUn
ONTUYECKUI KBAaJPAHTHBII OPUECHTA-
TOP, 3aXBaTbIBAIOLIMNA BUJIUMBINA CBeE-
TOBOM MCTOYHUK HA CTHIKOBOYHOM
y3ne. Ilo cyTu, 3T0 ycTpoiCTBO MO-
BTOPSUIO TEXHUYECKOE pelIeHue, 1c-
MIOJTb3yeMO€e TSl HaBEACHUS yIIpaB-
JIIEMBIX CHAPSIOB W OMUCAHHOE B
kaure «ONTUKO->TICKTPOHHBIC MPHU-
Oopbel HaBeneHus» [3]. OmHako Ta-
KHE YCTPOHCTBA OBUIH HE CIIOCOOHBI
pemath 3a7adu OMpEICIICHUs] B3a-
HMHOTO TPOCTPAHCTBEHHOIO MOJO-
KCHHSI COMMKAIONIUXCS OOBEKTOB U
U3MEPEHUS MapaMeTPOB JBUKCHUS
OTHOCUTEJIBHO JIPYT IpyTa.

B nacrosiee BpeMsi JOCTUTHYT
CYILLIECTBEHHBI Tporpecc B IMpH-
MEHEHHH ONTUYECKUX METOMOB IS
KOOPJIUHATHBIX HW3MEPEeHUH, CBS-
3aHHBIA C pa3BUTHEM (POTOTENEBH-
3MOHHON TEXHHUKH, TIEPEXOIOM OT
AHAJIOTOBOTO K IIU(PPOBOMY CIIOCOOY
MOJTyYeHUs] U300paKCHHS, C Pa3BU-
THEM MaTEeMaTH4YeCKHUX METOMIOB 00-
paboTKU M300paKeHUS W yBeIUde-
HHAEM MOIITHOCTH BBIYUCIIATEIHHBIX
yCTpOMCTB. Peanuzanus Takux MeTo-
JIOB HAaIIlJIa IPUMEHEHHUE B CHCTEMAaX
texHuueckoro 3penus (CT3), paspa-
0aTpIBa€MBIX Pa3TUYHBIMH Hay9HO-
HCCTICMOBATCIIbCKUMHU  TPYIIIIAMH.
Jst pemieHus 3amadMl  TMHAMHYC-
CKOTO TIO3UIIMOHUPOBAHUS TOJBO-
JTHOTO arfrapara B peKUMe BUJICOHA-
Buranuu B pabote [4] mpemioxkeHa
nudposas pororenecrucTeMa, Imo3Bo-
JIAIOMIAs U3MEPSTh €ro IepeMerte-
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HUSl OTHOCUTENIBHO HCKYCCTBEHHBIX
MapKepoB U CBETOBBIX HCTOYHHKOB,
pa3MEIIEeHHBIX Ha MIOCKOCTH AOKH-
POBKH, U peaJii30BaHHasl B COCTaBe
cucreMsl ympasinenuss HITA. Asro-
paMu cTathu [5, 6] NpeAIOKEH U 3KC-
MEPUMEHTAIBHO TIPOBEPEH CIOCO0
JUHAMHYECKOTO TO3ULIMOHUPOBAHHS
MOABOIHOIO amnmapara HaJl 00beKTOM
Ha OCHOBE aHaJIN3a MOKaIpPOBOTO
CMELICHUS [TPOU3BOJIBHBIX 00BEKTOB
MOPCKOTO JIHa Ha M300pa’KeHHU.

bnwxaiimumu  aHanoramMu 1o
Ha3HAYCHUIO U HPUMEHSAEMBIM Me-
TOAAM MOTYT CIIy’KHUTb Pa3pabOTKH,
Benymuecss B MI'TY um. baymana
[7]. Cmemmamucramu HUUW crenm-
ampHOrO MamuHoctpoenuss MITY
Obula co31aHa TEJICBU3UOHHAS CH-
CTeMa OIpe/eIeHuUs] KOOpAUHAT. BbI-
YHUCJIEHUS! OTHOCHUTENIBHBIX KOOPIU-
HaT NPOU3BOAMIINCH 110 U3MEHECHUIO
pa3mepa 1 (OpPMbI T€OMETPHUECKOM
(urypsl — KoJbIla, HAHECEHHOTO Ha
IIOBEPXHOCTh MOCAJ0YHON IJIOCKO-
CTH B MECTE CTHIKOBKH TOABIKHOTO
MMOJBOJTHOTO ammapara. Pe3ynbTarsl
9TOH HMCCIIEOBATEIBCKONH PabOTHI
MIPEICTaBIIEHBI B HECKOJIBKUX MTyOITH-
Kanusx [8, 9].

O0BeKTHB
21

v 4

Puc.1. Cxema meToAa n3mepeHuii KoopamHar:

1,2,.5 — mapkepbl, Oxy — nocagoyHas nrno-

ckocTb, O,X,y, — ocv NPUGOPHO CUCTEMBI KO-

OPAVHAT, CBSi3aHHble C MaTpuLei ONnTUYecKon
cucTemsl

B (O6ocHoBaHHe MIPUMEHEHHS

Jnst 000CHOBaHUSI MPUMEHEHUS
OINITHYECKOTO JIaTYMKa PacCMOTPHUM
BOIIPOC COMMIKEHUS ¥ CTHIKOBKH JIBYX
00BEKTOB B 3aKJIOUUTEILHOU (haze
CTBIKOBKM Ha HEOOJBLIMX PacCTOs-
HUSIX MEXIYy KOHTaKTHPYIOIIUMHU
o0bekTaMu. JlanbHOCTh COMMIKCHHS
HUMeeT IUana3oH OT €AMHUIl A0 Jie-
CSITKOB METPOB, CKOPOCTH COJIMIKe-
HUS COCTABJISIIOT BEJTMUMHBI TOPSIKA
HECKOJIBKUX METPOB B CEKYHJY.

[lokaxeM, uTO M1 IOCTpOE-
HUSl TIOJHOTO IPOCTPAHCTBEHHOTO
ynpaBiieHHsT OOBEKTOM B KauecTBE
HU3MEpUTEIbHOrO Tpubopa nocra-
TOYHO HCIIOJIb30BAaTh TOJBKO OITH-
YECKHUM aT4MK, OPUEHTUPYIOLIUICS
B HaTpaBJICHHN Ha pEriepHbIC TOYKH,
3aKperIeHHbIC Ha ITOCAJI0YHON TUI0-
ckoctu. CyTh MeTOza MpEeNCTaBIIeHa
Ha puc. 1. 3mech Oa3oBas cucTemMa
KOOpAMHAT, 0003HaYeHHast Kak OXyz,
CBsI3aHAa C PENEPHBIMU 3HAKAMHU C
MOPSAJIKOBBIMM HOMepamu 1-5, pac-
MOJIOKEHHBIMHU Ha MOCAaJOYHOHU ILIO-
CKOCTH. LIeHTp cucTeMbl KOOpPIAUHAT
COBIIAIaET C LEHTPOM PEIEPHOro
3HaKa HOMEp S5, KOOPJIUHATHI pernep-
HBIX 3HAKOB B IJIOCKOCTH 3apaHee
n3BecTHbI. [logBrkHast (mpubopHast)
cuctema koopaunar OX,y,z, cBsA3aHa
C OITHYECKUM JIETEKTOPOM, YCTa-
HOBJICHHBIM Ha TIO/IBM)KHOM arnapa-
te. Ocu Ox, Oy nexar B TUIOCKOCTH
CBETOUYBCTBUTEJIbHONW MaTpHLbl Jie-
TEKTOpa, a ocb Oz HanpasieHa BOJIb
onTuueckoi ocu mnpubopa. [lomy-
CTHM, YTO IPUOOpHasi cucTeMa KOop-
JUHAT PaclojioKeHa B IIGHTPE Macc
anmapara ¥ OCH KOOPJIMHAT COBIa-
JIal0T C IIaBHBIMU OCSIMM MHEPLIUU.
Takoe nomyiieHne HENPUHIUIHAIIb-
HO, M BCErna JaHHbIC, IOJyYCHHBIE
B NpHOOPHOH cHCcTEeME KOOPIUHAT,
MOTYT OBITH MPEOOpa3oOBaHbBI C IIO-
MOIIbIO MaTPHILl KOOPIAMHATHBIX Tpe-
00pa30BaHUil K MCTUHHOMY LIEHTPY
Macc ¥ OCSIM MHEPLHH arniapara.

Oo6mas 3aga4a ynpasieHus (ak-
THUYECKHU 3aKIIFOYAETCsl B TOM, YTOOBI
COBMECTHUTh OCH JBYX CHCTEM KOOP-
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JUHAT. 3a/iadya yHpaBiICHUS BBIION-
HAETCS IPU peaau3aliy MOoCaea0Ba-
TENBHOCTH CIIEYIOIINX MPOLEAYp:

— OIpeseNieHne NMPOCTPAaHCTBEH-
HOTO TIOJIOXKEHUSI O0BEKTa M YIJIOB
[IOBOPOTOB OTHOCHUTEIBHO HEMOJ-
BIDKHOW CHUCTEMBI KOOPJIMHAT;

— OIpeeNIeHue B KaKIbIH MO-
MEHT BPEMEHH CIIa)KEHHBIX 3Haue-
HUWA JIMHEHHBIX U YIVIOBBIX CKOPO-
CTeH U KOOPIHHAT;

— TIOCTPOCHHS 3aKOHA TEpPMH-
HaJHHOTO YIIPaBIICHHS,

— OTpe/ieNIeHre KOMaHTHBIX CHUT-
HaJOB JUIsl BBIJAYM Ha YIIpaBIICHUE
JBIOKATEISIME armnapara.

OmnpeneneHrie TPOCTPAHCTBEH-
HOTO TIOJIOKEHUS TTOJIBIYKHOTO O0B-
€KTa OTHOCHTEIIFHO HETIOABIKHON
CHUCTEMBI KOOpJWHAT OCHOBAaHO Ha
TOM, YTO MaTpu4Has CTPYKTypa Jie-
TEKTOpa II03BOJISIET 0 HW3MEPEHHIO
JIByXMEPHBIX KOOPAMHAT (HOMEPOB
MUKCENsI) M300pakeHUsT Mapkepa B
KapTHHHOW TJIOCKOCTH OTPEACITUTh
JIBE TIPOCKITUH YIIa MEXy ONTHYe-
CKOW OCBIO M HampaBJeHHEM Ha pe-
mnep . v n. B cOOTBETCTBUM € 3TUMHU
0003HAYCHHUSIMH JICTEKTOP B KaXK bl
TEKyIIMHd MOMEHT BPEMEHH OIpeie-
JSeT TATh Tap YIIOBBIX KOOPAMHAT
LEHTPOB PENEPHBIX TOUEK ¥,(t) N (1),
rae 1=5. 3Has JIMHEHHbIC KOOpAuHA-
TBHI PEIEepOB B HEMOJBUKHOU CHUCTE-
M€ KOOPJIMHAT, a TaK)Ke WX TeKYIIHe
YTJIOBBIE KOOPMHATHI B TTOJBIKHOM
CHCTEME, CBSI3aHHOW C TUIOCKOCTBIO
MaTpHIIBl, BOIIPOC 00 OINpeaeieHUun
TEKyIlero MPOCTPAHCTBEHHOIO I0-
noxenus x(t), y(t), z(t) mearpa macc
arrapara CBOAUTCS K PEIISHHUIO TIPO-
CTOM reOMETPUYECKOM 3a1auu.

Hanee ompenenstorcss TeKyliue
yIJIBI [IOBOPOTA armapara OTHOCH-
TENBHO Ocell 0a30BO CHUCTEMBI KO-
opauHar: @(t) — OTHOCHUTEIIBHO OCH
Ox, y(t) — orHocutensHO ocu Oy,
0(t) — orHocurensHO ocu Oz. [lan-
HBIE YTVl BBIYMCISIOTCS Ha OCHOBE
pelIeHus] CHCTEM JMHEWHBIX ypaB-
HEeHUil, 00pa30BaHHBIX MTPH YMHOXKeE-
HAW BEKTOpA HATPABIISIOMINX KOCH-
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HYCOB M MaTpHII ITOCJICA0BATEIBLHBIX
MOBOPOTOB BOKPYT oceil. Hampapmsi-
IoLIMe KOCHHYCBI AJISl OTPE3KOB a, b
U C BBIUMCIISIIOTCS 110 PaHee Paccyu-
TaHHBIM JUTHHAM COOTBETCTBYIOIIUX
OTPE3KOB.

Crnemyer OTMETHTh, 4YTO IIO-
JydeHHbIE JaHHbIE O TIPOCTPaH-
CTBEHHOM TIIOJIOKEHUH OYIyT BCer-
Jla collepKaTh CIIy4aliHbIe OIIUOKH,
CBSI3aHHBIC C TIPUPOAOH H3Mepe-
Hui. JlJI1 TOYHOrO yIpaBIICHUS He-
o0XomuMa MHUHAMM3ALMS OLIMOO0K
M3MEpeHHH Kak IMpuOOpHas, TaK |
nporpammHas. Kpome Toro, npuse-
JICHHAs CXeMa W3MEpPEHHH He JaeT
nH(pOpMaIMK 0 TWHAMUKE TIpoIiecca,
0 CKOpOCTSIX M3MEHEHUS JTMHEHHBIX
Y YTJIOBBIX KOOPIUHAT.

Jns  umpTpanmu  ommOOK M
OTIpEZICTICHUS JINHEWHBIX M YTJIOBBIX
CKOpPOCTEH COCTaBIISIETCS MOJEIBHOE
ypaBHEHHE JBMXKEHUs (BpalleHus)
anmapara. YpaBHEHHS MOAEIU — 3TO
YpaBHEHHS OTHOCHTEIHHOTO  JIBH-
JKEHUS ammapara, HPUMEHUTEIBHO
K paccMarpruBacMOMy CJIy4aio CThI-
KOBKM OOBCKTOB B BOJHOW cpele —
MpeleNbHO YIPOLIEHHbIE YPaBHEHHS
OTHOCHUTEJIBHOTO JIBIDKCHHUS IIEHTpa
Macc armapara B CHCTeMe KOOPIUHAT
Oxyz, CBSI3aHHOH C MOCaI0YHON TLIO-
CKOCTBbIO. YpaBHEHHUS JIONOJHSIOTCS
YPaBHEHUSIMH  YIJIOBOTO JIBHDKCHHS
armapara (MOJIENBIO YTIIOBOTO JIBIKE-
HUA). B KkadecTBe TakWx ypaBHEHHI
MOXKHO HCIIONIb30BaTh TMHAMUYECKHE
1 KUHEMaTU4eCKHe ypaBHEeHHs Diie-
pa. B naHHbBIe ypaBHEHUS BKITFOUCHBI
WCTUHHBIE MaCCHI arllapara, MOMEHTBI
WHEPINH, TATOBBIE YCHUIIHS Ha IBUKHU-
TeJISAX, COMPOTHUBIIEHUE CPEJIbI U T.1I.

C nepHonYHOCTHIO [0 BpEMEHH
St ¢ ONTHYECKOTO AETEKTOpa MPHUXO-
JIAT JIaHHBIE O TEKYIIMX KOOpAHMHA-
Tax X(t), C TOH k€ NEPUOANIHOCTHIO
BBIUHCISIIOTCSI  MOJIEBHBIE  KOOp-
AUHATHl X (t) M CKOPOCTH Ha OCHO-
BE MHTETPHPOBAHHUS W UYUCIECHHOTO
pelIeHusT MOJCTBHBIX ypaBHEHUH
nBwkeHus. Ha HexoTopom wuHTEp-
Baje HaOmromeHus T cocraBisercs

pPa3HOCTh MEXKIy HW3MEPEHHBIMH H
MOJICIBHBIMH KOOpAMHATaMU OX(1) =
x(t)-x_(t.), KaK JUCKpeTHas (yHKIMsA
[1aroB HaOIIOEHUS, TJIE 1 MpoderaeT
3gadenus or 1 go n = T/dt.

AHanM3 OTHOCHTENBHOTO JIBH-
JKEHUsT OOBEKTOB B BOJHOM cpese
MOKA3bIBAECT, UTO JIJISI MTOYUYCHUS JI0-
CTOBEPHBIX OIICHOK KOOPAWHATBHI U
CKOPOCTH Pa3HOCTHYIO KpUBYHO 0X(1)
JIOCTAaTOYHO alMpOKCUMHUPOBATH Ma-
pabomoii Ha OrPaHUYCHHOM BPEMECH-
Hom uHTepBane T. KoadduimerTsr
napadoITbl OMPEACIISIFOTCS 10 METOLY
HAMMEHBINUX KBaJPaTOB, a B KOHIIC
WHTEpBalia aHalu3a ONpPEIeISIOTCS
3HAUCHHS KaK CaMOM Mapadolibl, TakK
U e€ MepBoM U BTOPOI MPOU3BOIHBIX.
[Mony4eHHble TaKMM 00pa3oM BeEIH-
YWHBI CKJI/IBIBAIOTCS ¢ MOJICTTHHBIMH
3HAUEHHSMHU KOOPAMHATHI M CKOPO-
cti. B pesynbrare B KOHIIE WHTEp-
Bana T ompenensitorcss CrilaKeHHbIC
3HAUCHHs HMCKOMBIX BEIMYWH. AHa-
JUTUYECKHA 3Ta MpOIEAypa HMeeT
CIIEAYIOIINI BUI:

X () =x, )+ in (i)6x(t,),

e K (i) — xoaduuunentsr puib-
TpalMu U CIIaKuBaHus, X (t) — Ko-
opArHaTa (CKOPOCTh), BHIYHCIICHHAS
1o Monenu, 0x(i) — pa3HOCTh MEXIY
MO/ICJIbHBIMH U U3MEPEHHBIMU KOOP-
JTMHATaMHU.

[Ipu BBIMTOJHEHUH TIOCAKH O/
BOJIHOTO arrapara WHTEpBal aHa-
mu3a T BeIOMpaeTcs paBHBIM 8—12
cexyHaaMm. CieoBaTeinbHO, IPH 3Ha-
YeHHH IMIara omnpoca uH(opMarun
ot =10.05-0.1 c anmpOKCUMHPYIOTITHE
3HAUEHHs CHIHAja M €ro IpOU3BO-
nHOM ompexpenstoress mo  100-200
HaOMI0IaeMbIM 3HAYCHUSIM. DTO T0-
3BOJISIET 00eCHeyuTh (UIBTPALHIO
CUTHajJa OT OIIMOOK HaOIIOMEHMS.
Taxum 006pa3oM, ¢ IEPHOANIHOCTHIO
o BpemeHu dt MBI MMeeM TOIHBII
HabOp TEKyIIUX MPOCTPAHCTBEHHBIX
KOOPJIMHAT U CKOPOCTEH, HEOOXOIu-
MBIX JIJISl IOCTPOEHUS TEPMUHATHHO-
TO YIIpaBIIEHUS aIapaToM.

AHanormgHBIM 00pa3oM TOIY-
YaloTCsl U BCE OCTaJIbHbBIE IPOCTPaH-
CTBEHHBIE, yIJIOBBIE KOOPAWHATHI H
COOTBETCTBYIOIIME CKOpOCTH. boiee
JETAIbHO MaTeMaTHYeCKHUe BBIKJIAI-
KM puBOASTCs B padore [10].

TepMuHanbHOE yIIpaBieHue
JBIDKCHHEM arapara OCHOBaHO Ha
pEelIeHNn KpaeBo# 3ajadyd U TOJ-
poOHO m3maraercs B paborax [11,
12]. B o01em Bujie cTaBUTCS 3aj1a4a
COOIIIOZICHNsT TPAaHWYHBIX YCIIOBUH,
TaKUX YTOOBI B MOMEHT KacaHHs
CTBHIKOBOYHBIX TNIOCKOCTEH 3HAYCHHUS
TEKyIINX KOOPAWHAT M CKOpOCTei
MOJIBU)KHOTO 00BbEKTa B 0a30BOM CH-
CTeMe KOOpAMHAT PAaBHSUTUCH HYIIO.
IIpu peliennu Takou 3a1a4u AJisd He-
KOTOpOTO, 3apaHee 3a/JaHHOTO 3aKOHA
JIBMOKEHUSI BBIYUCISIFOTCS BEJTMYHHBI
COOTBETCTBYIOIINX  YTPABIAIONINX
BO3ZICHCTBUN (3aKOH YTPABICHUS).
3aKkoH YOpaBICHUS TIPEIACTABISICT
co00H KemaeMoe yrpasJstolee Bo3-
JeficTBHE, KOTOPOE HEOOXOAUMO CO-
00ITUTE 00BEKTY B MOMEHT BPEMEHH
t. ¢ TeM, YTOOBI B KOHIIE BDEMEHHOTO
WHTEpBaJa yIPaBICHUs] OH HAXOHJI-
Cs B 3aJlaHHOM TEPMHHAIBHOM CO-
CTOSTHUH.

OnpejieficHHbIC BEJIUYHUHBI  YTI-
paBIIOLIIMX BO3JIEHCTBUHI TIepena-
FOTCS K UCTIOJTHUTEIIBHBIM DJIEMEHTaM
amnmapara. YIpaBlieHHE amiaparoM
HauWHAaeTcs B KOHIIE MEPBOTO WH-
TepBasia aHanuza T, panee WHTEpBal
aHaJM3a CABUTACTCS Ha BETMUUHY Ot,
BBITIOHSIFOTCS. BCE U3MEPEHUS U BbI-
YHUCIICHUS, PEATM3YIOTCSl HOBBIE 3HA-
YEHUS YINPaBJISIONIUMX BO3JACHCTBUI.
[Ipomiecc moBTOpsieTCSl 10 MOMEHTA
CTBIKOBKM NOBEpxHOCTEH. [l mo-
CTPOCHMSI aBTOMATHYECKOTO YITPaB-
JICHWs IBIDKCHHUEM armapara B Kade-
CTBE U3MEPUTEIIbHBIX HHCTPYMEHTOB
CUCTEMBI yIPABJICHUS HCIIOIb3yeTCs
TOJBKO ONTHYECKUH MaTYUK, OpH-
CSHTUPYIOIIUICS B HAINPaBICHUH Ha
penepel. Mcxomnas wuHDOpMarus
00 YITIOBBIX TOJOKEHUSX PETepoB
OKa3bIBA€TCs JIOCTATOUYHOW IJIsi BBI-

NoABOAHBIE UCCNEAOBAHNA N POBOTOTEXHWUKA. 2014. N2 1(17)

21



CUCTEMbI U TEXHOJIOMUW. CPEACTBA U METOZbI OBPABOTKM CUTHASIOB M M30BPAXEHWI

YHUCIEHUSI C BBICOKOW TOYHOCTBHIO
TEKyIIHUX 3HaYeHUH NMPOCTPAaHCTBEH-
HBIX KOOPAMHAT M CKOPOCTEH 00b-
eKTa YOpaBJICHHUS. ODTO TO3BOJISIET
3HAUUTEIBHO YNPOCTUTH 00padOTKy
Tekyuel HMH(OPMALUH, YHPOCTUTD
paboTy M3MEPUTEITHLHOTO KOMIUIEKCA
1 OJHOBPEMEHHO IOBBICUTH HAIEK-
HOCTB €ro (PyHKIIMOHHPOBAHMS.

B MoaeabHas
IKCNEPUMEHTABHAS
YCTAaHOBKA

Js  SKCIepUMEeHTalIbHOM Mpo-
BEpKH U OTPaOOTKH METOMOB, aJlroO-
PUTMOB M OTAEITBHBIX TEXHHUYECKHUX
9JIEMEHTOB ObliIa M3rOTOBJIECHA J1a00-
paTopHas MOJIENh CHCTEMBI aBTOMa-
THYECKOTO YIIPABJICHHSI IBIKEHUEM
MOABOJIHOTO  anmnapara. BHemHuit
BUJ JIBUKYIIIEUCS TIOJIBOAHON YacTh
J1abopaTOpPHOU MOAEIHU MPEACTABIICH
Ha puc. 2.

B cocraB MoOmenmpHOro KoMm-
IIJICKCAa BXOOAT. aBTOHOMHBIﬁ arira-
patr, OCHAIIEHHBbIA JABUKUTEISAMHU U
OINITUYCCKUM JOAaTYUKOM I/I3MepeHI/I$[
KOOpAWHAT, MOCAJ0YHBIC MapKEpHI,
BBIYUCJIIUTCIIBHAA CUCTEMA. BI)I‘H/IC-
JMUTEIbHAST CHUCTEMa pealn30BaHa

taok naTepdeiicor

Ha TICPCOHAILHOM KOMIIBIOTEpE U
BKJIFOYAET TPOTPAMMHBIN KOMILICKC,
OCYIICCTBISIONINN  KOOPUHATHBIC
nu3MepeHus, o0pabdOTKy HaHHBIX H
(hopMupoBaHHUE YIPABISIONINX BO3-
JNeHUcTBUNA. ABTOHOMHBIM amnmapar
o0yiajjaeT TOJTHBIM TPOCTPAHCTBEH-
HBIM YTIPaBJICHUEM U OCYIIECTBISET
B aBTOMaTHYECKOM PEKUME TIOCATKY
Ha TMPOW3BOJIBHO OPHEHTHPOBAH-
HYI0 B TIPOCTPaHCTBE IOIBOTHYIO
muiieHb. CBs3b BBIUUCIUTEIBHOM
CUCTEMBl C WCIOJHHUTEIBHBIMU U
W3MEPHUTETHHBIMA  YCTPOHCTBAMHU
OCYIIECTBIISIETCS TIO TePMETHYHO-
My kabemto. Cucrema ympaBlIeHHs
COCTOMT W3 BOCHMH JBIKHATEIEH
(amexTpomBHTATEId ¢ TPECOHBIMH
BUHTaMH) OINTHYECKOH CHCTEMBI,
OpPHEHTHPYIOIIEHCS B HaNpaBICHUH
Ha CBETOBBIE PETIePHI, 3aKPEIIICHHBIE
Ha TOCaJ0YHOM MecTe. B kagectse
penepHbIX 3HAKOB MEPBOHAYAIBHO
HCTIOJTH30BAITHCH CBETOM3ITyUaro-
ITUE Ja3ePHBIC THOIBI B KOJTUICCTBE
5 ITyK, YCTaHOBJICHHbIC B BHJIC
T-o0pasnoro 3Haka. B kauectBe
ONTHUYCCKOrO JIaTYMKa KOOPJIWHAT
npumensiack [13C — xamepa HE3-
KOTO (TEIEBU3MOHHOTO) pa3perie-
HUS C Tiepefayveld aHaJOrOBOIO CUT-

i e

Puc. 2. O6wun Bug nabopaTopHon mogenu
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Hama Uit ouu(ppoBKU U 00paboOTKH
Ha TEPCOHAIBHOM  KOMIIBIOTEpE.
Onrtryeckas CHCTEMa PErucTpUpyeT
MapKepbl KaK TOYEYHbIC MCTOYHHKH
CBETa, C BBICOKHM KOHTPAcTOM IO
OTHOLICHUIO K ()OHOBOH OCBEILEH-
HOCTH, YTO IO3BOJIMJIO MaKCUMaJIb-
HO YHIPOCTHTH TPOIECCHl 00padoT-
KM H300paKeHUH M COCPEAOTOUHUTH
BBIUUCIUTEIbHBIE PECypchbl Ha 00-
paboTKe aaropuTMOB YIIPABJICHUS.
B mpouecce 3kcrieprMEHTOB ynaBa-
JIOCh OCYIIECTBIIATH NOCAIKY Ha IO-
BEPXHOCTH C YIJIOM HOpMasd 10 60
IpagycoB OT MECTHOW BEpPTHKAJHU.
Takke ObUIO YCTaHOBJIEHO, YTO Iie-
71eco00pa3HO Peaan30BbIBATh YIVIO-
BOC VIPABJICHHE TaKUM 00paszoMm,
9YTOOBI HANPAaBUTh ONTHYECKYIO OCh
JETEeKTOpa Ha LEHTP MOCaJO4yHOH
IUIOCKOCTH M YIEPKHUBATh 3TO II0JIO-
KEHHUE JO MOMEHTAa KOHTAaKTa 00BbEK-
ToB. Torna npu cTpeMyIeHUH KOOPIu-
HAT IIEHTpa Macc armapara K HYIo
ero IMocaJioYHasi TUIOCKOCTh Oyaer
CTPEMHTBCS 3aHATH IMOJIOKEHUE Ta-
paJIENHbHO TUIOCKOCTH Mocauku. Ta-
Kasi cxeMa IMOCaJIKi BechMa ynoOHa,
TaK KaK rapaHTHPYeT HaXOXICHHE
BCEX PEMEPHBIX TOUYEK B IOJIC 3PCHHUS
JETEKTOpa B TEUEHUE BCETO MPOLEC-
ca yrnpaBJIeHUs.

[IpuBeneHHbBIE SKCIEPUMEHTAIIb-
Hple paboThl MOATBEPAMIIH, YTO
MpeArnogaraeMplii  cocod ympas-
JICHHsl BIIOJIHE peaju3yeM Ha Ipakx-
tuke. Takoil crmocob obecrieunBaeT
YCTOWYMBOCTh K  3HAYUTEIBHBIM
BO3MYILEHHUSIM,  CHCTEMaTHYHOCTb
XapakTepa M BBICOKYIO TOYHOCTb
BBINOJIHEHUS TIOCTaBICHHON 3a1a4u
(B MOMEHT KOHTakTa OIIMOKH CO-
BMEIIEHNSI TTOCAJ0YHBIX MECT CO-
CTaBJISIFOT HECKOJIBKO MUJUIUMETPOB,
OTHOCHUTEIIbHAsT OpHEHTalus oceil
co0nroaercsi [0 EOUHUL YIIOBOH
MHUHYTHI). Pa3pabortannas Momennb
CIOCOOHa pean30BaTh MOIHOE MPO-
CTPAaHCTBEHHOE YIPABJICHHUE JBIKE-
HUEM M MMEET XOpOLIMH 3amac Mo
TSTOBOOPY>KEHHOCTU. DTO JIaeT BO3-
MOXXHOCTb HMHTHUPOBATh JUHAMU-
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YEeCKHE XapaKTEPUCTHKH PEajbHOTO
MOABOIHOIO arapara.

C ToMOTIIIhI0 MOZICITH OBLIT TIPOBE-
JCH UKJI DKCIICPUMEHTOB 110 aBTOMa-
THYECKOMY YIIPAaBJICHUIO IOCAIKOM.
HmutnpoBanuch ycioBHs, MpHOIH-
JKCHHBIC K p€aJIbHbIM YCJIOBUAM IIPU
HAJIMYMN TEYCHUH, HEPO3PaYHOCTH
BOJHOI cpelbl U OTCYTCTBUHU yNpaB-
JeHust 1o KpeHy win auddepeHty.
Takue TecToBbIe, MOJEIBHBIC IKCIIE-
PUMEHTBI TIO3BOJIMIN «HACTPOUTHY
JICTEKTOp M OTPabOTaTh aJrOPUTMBI
JUISL ONTHMU3ALMN PEKUMa aBTOMa-
TUYCCKOTO YIIpaBJICHUA IMOABOJIHBIM
anmapaToM.

B Onrtuyeckas cucreMa
ompe/eJeHUs] KOOPAMHAT

s MIPOTPaMMHO-
annapaTHOro KOMIUIEKca, obecre-
YHMBAIOIIETO KOOPJMHATHBIC HW3Me-
penusi, Obla mpopenaHa OoJbIast
uccienoBaTenbckas pabora mo msy-

CO3a1aHusA

YCHHUIO ONTHYECKUX CHCTEM B YCIIO-
BUSIX peasibHOU BOJIHOM cpebl. [1po-
BOJIMJIMCH TEOPETUYECCKUE PaCUCTHI,
MO/JICJIMPOBAHUE M HATYPHBIC JKCIIC-
PUMEHTHI 110 BBIOOPY CHCTEM OCBe-
IICHHS, PA3JIMYHBIX THUIIOB M pa3Me-
POB CBETOOTPAXKAIOIIUX MAPKEPOB.
OTtmetnM 4TO, 0OJ€€ MEpPCIEeKTHB-
HBIM TIPEICTaBISICTCS HCIIOJIb30Ba-
HUE CaMOCBETSIIUXCS, TOYCUHBIX M
MOHOXPOMATHYECKUX  HCTOYHUKOB
CBETa, HAMPUMED JIA3EPHBIX JHUOJIOB.
OyHaKo TaKUMHU MapKepamu 3aTpy/-
HUTEJIbHO OCHACTHTh BECh CIIEKTP
O00OBEKTOB CTHIKOBKH. [laccuBHBIC
CBETOOTPAKAIONINE MapKePhl SBIIS-
[OTCsI OoJiee YHHBEPCAIBHBIM CPEIl-
CTBOM (DOPMHUPOBAHUS ONTUYCCKUX
CUTHAJIOB.

OO0mmas cxema CTBIKOBKH H pas3-
MEIICHNST ONTHYECKOTO KOMILIeKca
Ha TIOABOIHOM armapare IMpecTaB-
neHa Ha puc. 3. [1o KOHCTPYKTHUBHBIM
COOOpaKCHUSIM JTATYUK pacrojiarai-
Csl BHYTPU TEPMETHYHOTO KOpITyca
MOJBMYKHOIO 00BEKTa, HAOIIOAECHHE

onTHYecknii JaTank ROOpANHAT

MoasoaHbIA
annapar

MuweHb Ha

NANOCKOCTKU Nocaaku
N >

0-6
MeTpoB

Puc. 3. ObLas cxema CTbIKOBKA 1 pasmeLleHna onTu4eckoro gaTt4ynka koopamnHat
Ha nogBodHOM arnnapare

3a TonorpauYeCcKoll MHUIICHBIO Be-
JIETCsl yepe3 IUTI030BYI0 CTHIKOBOY-
HYI0 Kamepy.

Takoe pacnoyioKeHHE AaTuuKa
OJTHO3HAUYHO OIpEAeNseT MaKCH-
MaJIbHO BO3MOXHBIH YTOJ 3pEHHS
npubopa, B KOTOpBIA HE Momaja-
0T 3JEMEHTBhl KOHCTPYKIMH TMOJ-
BIDKHOW Mar(opMbl M HIIIO30BOM
KaMepbl. 3HAYUTEIBHOE YMEHBIIe-
HHE TOJS 3PEHHs] OT MAaKCHMaJbHO
BO3MOXKHOI'O — HELEIecCOo00pasHo.
Cyxenue 1oJdsl 3peHUs Tpedyer
yYMEHbLICHUS 0a30BBIX pa3MepoB
3JIEMEHTOB TONOrpadguueckor Mu-
OIEHU U BEAET K CHIKECHHUIO TOY-
HocTH u3MepeHuil. Kpome Toro,
ONTHYECKUN JIaTYMK KOOpIMHAT
nepenaer W nudppoBoe BUAECOU30-
OpakeHHe Uil BHU3YaJIbHOIO OTO-
OpakeHus Ha MOHUTOPE OIlepaTopa.
BusyansHoe otoOpakeHue HeobOxo-
JTUMO JJI KOHTPOJSA U JTOKYMEHTH-
pOBaHUS MpoIecca MOCAAKH U CTHI-
KOBKH.

CymiecTBeHHBIM  TpeOOBaHHEM,
MIPEIBSBIIEMBIM K CHCTEME, SIBIISET-
Csl BBICOKas TOUHOCTH OTIPENIEICHHUs
KOOpJAMHAT M BBICOKAs 4acTOTa BHI-
naun uadopmanmu 10—12 I'o.

B AnnaparHoe o0ecrnieyeHue
ONTHYECKON CHCTEMBI
u3MepeHus1 KOOPAUHAT
JIJIS aBTOMaTH4eCKOil
MOCa/IKH, CTPYKTYypa
U COCTAB JAaTYUKA KOOPIANUHAT

B cocraB ammapaTHBIX CpeICTB
CUCTEMBI OMpECIICHUs] KOOPJAUHAT
BXOJIAT ONTHYECKHUU JaT4WK, CHCTe-
Ma OCBEIIeHHs, Tomnorpaduyeckas
MUIICHb U BEIYUCIUTEILHBIE yCTPOH-
cTBa. INaBHas 3amada ammaparHOM
YacTH CHCTEMBI 3aKIIFOYaeTCs B I10-
JTy4eHUH KauyeCTBEHHOTO M300paske-
HUs Tonorpadudeckoit mumenn. Ka-
YEeCTBO M300paKeHUs, MOIYyJaeMOro
B BOJHOMU Cpejie, OnpeensieTcs 1allb-
HOCTBIO BHUAMMOCTH OTPAYKAFOIINX
o0bexToB [13]. B obmem cmyuae,
TIpu HAOTIONEHNH 0OBEKTOB B peallb-
HOW MOPCKOW BOJIE C PACCTOSIHUM OT
OJTHOTO /IO JIECATKOB METPOB, CYIIe-
CTBYeT TpeNeNbHOE YITIOBOE paspe-
[IeHNEe TIOABOIHON CHEMKH, OTIperie-
nseMoe (PU3NYECKUMH CBOHCTBAMHU
Cpembl, TAaKUMH KaK CIIEKTpaJbHOE
TIOTJIONIEHHE, MyTHOCTB, OIITUYECKast
HEOJHOPOAHOCTh M IPYTUMHU (UIYK-
TyaIrusiMHU TIOKa3aTeNs MPeToMICHIs
pazIMYHON PU3UUECKOM MTPUPOJIBL.
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Bnusinue stux ¢aktopoB Ha mO-
Jy4YeHHE KaueCTBEHHOIO H300pa-
KEHUSl aHaJIM3UPOBAIOCH W MPO-
BEPJIOCH  DKCIEPUMEHTAJIBHO Ha
Pa3IMYHBIX MOAU(UKALMIX YCTPOK-
CTBa  ONpEACICHUS  KOOPAMHAT.
OcHOBHBIE TEXHUYECKUE XapaKTepH-
CTHKH CHUCTEMBI M PSiJi SKCIIEPUMEH-
TaJbHBIX PE3YJbTAaTOB MpeACTaBIIe-
HBI B paborax [14, 15].

Pa3paboTka KOHCTPYKIMH OTpa-
KaTeJbHBIX MapKEpOB TpeOyeT yueTa
HE TOJIBKO ONTHYECKHUX CBOWCTB IO-
BEPXHOCTH, HO U (haKTOpa CTOHKOCTH
K arpecCUBHON MOPCKOM BOJIE, CTOM-
KOCTH K OOpacTaHHI0 OpPTraHUKOMH.
KonTpacTHass =~ 4yBCTBUTEIBHOCTD
KaMepbl ONPEACISICTCS] THUIIOM YyB-
CTBHUTEJIbHOW MaTpULbl U YaCTOTHO-
KOHTpAacTHOH (yHKIMeH mnepenadn
oObekTnBa. CBerocuia NpUMEHse-
MOTO OOBEKTHBA 3aJaeT TpeOoBa-
HUSL K DHEPreTHMYECKHM XapakTe-
pUCTUKaM  CHCTEMBbl  OCBCLICHUSI.
OueBuaHO, YTO MapKepbl BCeraa Ha-
OJIrOAlOTCSl Ha YPOBHE HEKOTOPOTO
HEHYJIeBOro (hOHa 3aCBETKH, ONpeie-
JISIEeMOTO JBIMKOW paccesHusl CBeTa
B BOJIHOH cpene. s MUHUMM3aIUU
Takoro ()oHa MCIIOJIB3YETCsl CUCTEMa
ONTUMAJIBHOUN CIIEKTPabHOW (DHITh-
TpaLuy U3Ty4EeHHUsI OCBETUTENEH, OT-
PaXEHHOTO OT MapKepa.

CrpyKTypHast cxema JaT4nka Ko-
OpAMHAT aHaJOTHYHA CXeMaM Jpy-

MX CHCTEM MAIIMHHOTO 3pEHUs,
HCTIONIB3YIOIINX TOMOrpaprueCcKyIo
MulleHb. B coctaB nmpubopa BXOIT:
00BEKTHB, MPOCIUPYIOLINI H300pa-
KeHHS, TUIaThl (hoToTpreMHONW Ma-
TPHIIBI, TUIATHI TPOIIeccopa U TMamsi-
TH, ICTOYHUK BTOPHUYHOTO IMUTAHUS U
MOPT BBOJA-BhIBOJA MH(POPMAIIOH-
HBIX ITOTOKOB X CUT'HAJIOB. q)yHKHI/IO-
HaJbHas cCXeMa MPUBECHA Ha puc. 4.
KoHCTpyKTHBHO BCE y3ibl pa3Melle-
HbI B OJJTHOM Kopryce. BHeniHuit Bua
npubopa TpeACTaBieH Ha pHUC. 5.
JlaTuuk KOOpIMHAT SIBISIETCS ChEM-
HBIM YCTPOMCTBOM M KpPEHHUTCS 3a
MJUTFOMHUHATOPOM JIFOKA IIIJIF030BOM
kamepsl. [Ipu ycraHoBke Ha OOBEK-
T€ NaTYuK Ui AOTIOJHUTEIHHOHN 3a-
IIUTHI OT BJIAard, MEXaHWYECKUX I10-
BPSXKJICHUN W TIEPEnaioB JTaBICHUS
yCTaHaBIMBACTCS B TEPMOKOPITyCE.
B cocras npubopa Taxxe BXOIAT
TororpadMuecKue MHIICHHU, pa3Me-
IIaeMble Ha TI0CAJI0YHOH MII0CKOCTH.
Buj MuliiieHeit, MCosib3yeMbIX B CH-
CTeME IMOCAJKH W CTHIKOBKH, TIPE-
cTaBiieH Ha puc. 6. B pabore mpu-
MEHSUTNCh MUIIEHH JBYX THIIOB, C
MIATHIO U CEMBIO OTPAXKAIOIITUMH Map-
kepamu. CBeToOTpa)arolue map-
Kepbl M3TOTOBIICHBI B BHJIE JIMCKOB
n3 ¢roporiacta. droporiact — 310
xopomuit  mudPy3HBINE  OTpaxkarelh
C BBICOKUM Kod(dumuerTomMm orpa-
KEHHS B BUJIMMOM JHMAIa30HE CTIeK-

Moaceerka 2
ObbexTun Ipoueccop
MNJIUCC o3V
| MoacseTka 1
cCh sy RS-422 Yewaurens
s
Ceass ¢ BY
BHII con
27B

Puc. 4. (DyHKLlI/IOHaJ'IbHaﬂ CXemMa faTtyduKa onpeneneHna koopamHat
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Puc. 5. BHewHun Buag gatymka
onpepeneHns KOopanHaT

Tpa, XMMHYECKH HHEPTEH W Mallo
MTOIBEPKEH OOpaCTaHWIO BOJHBIMHU
pactenusmu. Ilpu orcyTcTBHM BO3-
MOXXHOCTH yYCTaHOBUTH MapKephl U3
(roporacta gonyckaercs UX HaHe-
CeHHe SIpKOW Oesoil cBeTooTpaKaro-
1€l KpacKoi Ha TEMHOU IOBEPXHO-
CTH II0CAJI0YHOH TUIOCKOCTH.

B cxeMHON peanusanuu Ipu-
0opa MOKHO OTMETHTBH CIEIYIOIIHe
0COOEHHOCTH:

® HCIOJB3YETCs CBETOUYBCTBH-
tenpHast MaTpunia KAC-9638 dupmer
KODAK ¢ uucioM HCHONb3YeMBIX
mukceneit 102411024 npu pasmepe
MUKCENst 6 MKM; MaTpyLia U3rOTOBJIIe-
Ha o KMOII-TexHomoruu, odecre-
YUBAIOLIEH MPOU3BOJIbHBIN AOCTY K
4acTH N300paKEeHUS;

® HCIOJIB3YeTCsl  MPOrpamMMu-
pyemast marpuua Ha ocHoBe O3Y
¢upmer  XILINX, mo3Bomstomias
MHOTOKPaTHO  IEPEKOH(UTYpUpo-
BaTh MpUOOp B Ipolecce OoTpadoT-
KM, a TaK’Ke MUHUMH3UPOBATh YHCIIO
JIEKTPOHHBIX KOMIIOHEHTOB.

OnHa U3 BaYKHBIX 0COOEHHOCTEN
anmaparHoro o0ecneYeHust 3aKioya-
eTcsl B TOM, YTO ONTHYECKUN JaT4UK
OCHAIIIEH CUTHAJIBHBIM MTPOIIECCOPOM
u 00paboTka M300paKeHHs MPOUC-
XOIUT B camMoM jaruuke. Ha Bbrunc-
JIUTEJIBHOE YCTPOMCTBO CUCTEMBI aB-
TOMAaTHYECKON IOCAIKU NEPENAI0TCA
TOJIBKO KOOPJMHATBHl HM300pakeHUs
MapKepoB B PHOOPHOI cucTeMe Ko-
OpIMHAT U MPOPEKEHHOE N300pake-
HUE JUIs1 OTOOPaKEHUsI ¥ BU3YaJIbHOTO
KOHTpOJIsL Ipouecca nocaaku. [lar-
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Puc. 6. Bug Tonorpadunyeckmx MULLEHEN, NPUMEHAEMbIX B CUCTEME aBTOMATUYECKON NOCaaKn

YUK KOOPIAMHAT paboTaer aBTOHOM-
HO, HE TIeperpyKasi BEIYUCIUTEIbHbIC
MOIIHOCTH CUCTEMBI YIIPABJICHHS 110-
CaJIKi, TEM CaMbIM IOBBIILIAS HATEK-
HOCTb BCEHl CUCTEMBI.

Jlpyroii 0COOCHHOCTBIO OIITH-
YEeCKOTO JIaTYMKa CIYXKUT TO, YTO B
mporecce IMoucka W aHajau3a H30-
OpaskeHHMs B JaTUUKE aBTOMaTHUYECKU
noAOUPAIOTC ONTHMAJIbHOE BpeMs
AKCITO3UIINN Kazpa W KOIPPHUITHEHT
YCHJICHHUS, 110 BHYTPEHHHM aJro-
pUTMaM, CBS3aHHBIM C MaKCHMallb-
HOM TnoMexoycToHuuBOCThIO. Jlto-
OONBITHO, YTO N300paKEHUE CLICHBI,
nepenaBaeMoe Jisl BU3yalu3aluy Ha
9KpaH MOHHUTOpA, HE COOTBETCTBYET
ONTUMAaJbHOMY BOCIPHSTHIO 4Ye-
JIOBEUECKUM TJIa3oM U TpedyeTr ao-
MOJHUTENIBHOH — raMMa-KOpPEeKLUH,
0aJaHCUPOBKM KOHTPAaCTHOCTU H
sapKocTH. Takast KOPPEKIHS JIeIaeTCsI
MPOrpaMMHBIM 00ECIIEUEHHEM BbI-
YHUCIUTENIFHOTO YCTPOHCTBA CHUCTEM
oToOpakeHus HH(OPMAIIHH.

B KoHCTpyKTHBHBIE
0COOEHHOCTH ONTHYECKOI0
TpPaKTa

[IpoBeseHHBIE  TIpEABApPUTEIb-
HbIE OKCIICPUMEHTHI B PEAIbHOU
BOJIHOM cpelie Ha MakeTe Jarduka
C Ppa3IM4YHBIMH THUIIAMU OOBEKTH-
BOB TIO3BOJIMJIM YTOYHHUTH PACUCTHI
ONTUYECKOTO JaTYMKa KOOPJ/IMHAT,
chopmynupoBaTh TpeOOBaHUS K 00b-

eKkTuBy. [ns mratHoM peanuzanuu
Jartyika Obul BBIOpaH OOBEKTUB C
nocTosiHHBIM  (pokycom. Kamepa c
(uKcupoBaHHBIM (QOKycoM obecrie-
YUBaeT pa3yMHOE CHUKEHHE TOYHO-
CTH KOOPJMHATHBIX W3MEPEHHU Ha
yAaJeHUH OT MUILIEHHU, a TIOBBIIIe-
HUE TOYHOCTH JI0 HYKHOW BEJIMYH-
HBI TIPOUCXOANT TIPHU TPHUOINKESHUH.
Takoe M3MEHEHHE TOYHOCTU H3MeE-
pEeHHI corTacyeTcsl ¢ alropuTMaMu
YIIPaBIEHHS MPOIECCOM CTHIKOBKH.
B pamkax nmanHON paGoOTHl OBLT
CHEIHMAbHO Pa3padoTaH M M3TOTOB-
ned B OKb CII6I'Y UTMO o005b-
extuB  «I'mapopyccap-CIl», mpo-
JOJDKUBILUM JIMHEHKY OOBEKTUBOB
«'mppopyccap» UIsi  TOJBOIHOM
chbEMKU KOHCTpykuuu M.M. Pycu-
HOBa. OOBEKTHB OOECIIeunBacT He-
00XOAMMYIO CBETOCHILY, pa3pelicHre
¥ TIO3BOJISIET OCYHIECTBISATH KOM-
MeHCalM1 TeOMETPUUYECKUX HCKaKe-
HUHA TOpOCThIMU MeTonaMu. Pacuer
00BEKTHBA MPOU3BOAMIICS C YUETOM
TOJIIIMH ONTHYECKUX MOBEPXHOCTEH
OKHa TePMOKOHTEHHepa W WILTFOMH-
HaTopa JIIOKa IIUTFO30BOH KaMephl.

OCHOBHBIE XapaKTEPUCTUKU OOBEK-
tuBa «l uapopycap-CID» npruBeaeHst
B Tabnuie.

[Ipu pa3paborke oObeKTHBa pe-
majgach 3ajgada ONTHMAaJIbHON CIEK-
TPaIbHOH (QUIIBTPAIIMH ONITHYECKOTO
CUTHaJa.

[Ipn pacnpocTpaHeHHH MYYKOB
CBETa OT IUTATHBIX CBETWJIBHUKOB K
MHUILEHU 00pa3yercs 30Ha, B KOTOPO
9TH TMYYKH IOIAIAI0T B TOJI€ 3PEHUS
TesekaMepbl. B 3TOM 30HE mpowuc-
XOJSIT MOJIEKYJISIPHOE PacCEeMBaHUE U
paccerBaHHE CBETa Ha a’dPO30JIbHBIX
YaCTUIIAX, B3BEILICHHBIX B Boze. HacTb
9TOTO CBETa TOMAJaeT B MOJIe 3PEHUS
Kamepbl, YBeJIHMIMBAs IPKOCTh (POHA U
CHIDKasl KOHTPACT U300paKeHHs1 Map-
KepoB. [l yBenuueHus KOHTpacra
n300paXkeHus: HEOOXOAUM ONTHMAITb-
HBIH QuiIbTp. Takoil GUIBTP JTOJKEH,
He 0cnalss OTPaXKeHHOE OT MUIIEHU
M3Ty4€HHe, MaKCHMAJIbHO IOAABUTH
M3Ty4eHHe, BO3HUKAIOIIee M3-3a pac-
cestHust B OmmkHed 3oHe. [Ipowus-
BE/ICHHBIE PACUEThl CIEKTPAIbHBIX
pacIipeneneHnil paccesHHOTo M3Iy-
YEHUs] Ha OCHOBAHUM MOJIEINPOBAHUS
CIHEKTPAJBHOIO COCTaBa W3ITy4YeHHs
CBETHJIBHUKOB, CIIEKTPAIbHOIO IIO-
IJIOLIEHUS BOIbI M CIIEKTPAJIbHOM 1yB-
cTBUTenbHOCTH KpemHeBoit KMOII
MaTpHILbl TO3BOJIUIIU MOTYYHUTh CIIEK-
TpPaJbHYI0 KpPUBYIO ONTHMaJIbHON
¢wrerpanmu. s mpakTHYeCcKOM
peanm3anuu Takoro (WIBTpa ObBLTH
BBIOpaHbI MapKa M TONIIMHA [IBETHO-
IO CTEKJIa CO CIIEKTPAJILHONH KPUBOH
MIPOITYCKAaHUSI, MAKCUMAJIBHO OJTU3KOM
K PacyeTHOU KpUBOH.

OObexkTuB  gatunka (akTude-
CKU SIBJISIETCSI CBETOCHUJIBHBIM KO-
POTKO(GOKYCHBIM LIMPOKOYTOJIBHBIM

OcHoBHbIE XapakTepHcTUKH 00bekTHBa «I'napopycap-CII»

3HaueHue
Hawnmenosanue napamerpa
Bo3zmyx Bona
dokycHoe paccrosiHue f, MM 5,34 7,12
YI1oBoE 1MoJie B MpeIMETHOM IPOCTPAHCTBE 2 ®, TPal. 65,40° 48°
OtHocurensHoe otBepcTre D: f 1:1,5 1:1,5
CHeKTpanbHbIH Anana3oH, HM 400...700 400...700
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00beKTHBOM. OOBEKTHBBI ~TAaKOTO
THTIAa HE CBOOOJIHBI OT JUCTOPCHUH.
Juis iprOOpOB MAIIMHHOTO 3pEHUS
TpeOyeTrcsi KOMIICHC AN JTUCTOPCUHU
C TOYHOCTBIO, JOCTATOYHOM Il BbI-
MOJTHEHMsI OCHOBHOM 3aJjauul, CTOs-
meit nepen npudopom. Ilapamerpsr
TUCTOPCUU U3MEPSIOTCS B TIpoIlecce
KaTMOPOBKH JIaTYHKA.

Meton u croco0 KOMITEHCAIUH
TUCTOPCUHU I JTAHHOTO TprOopa
ObUT BBIOpAaH M3 MPEANOJIOKCHHS O
TOM, 4YTO OTJIMYHUE pPEaIbHOU aHC-
TOPCUU OOBEKTHUBA OT HJICAITBHOMN
LEHTPUPOBAaHHOW  HE3HAYUTENBHO,
B TIpesieniax JOMYyCTHMON TOYHOCTH
paboThI ipudopa.

WUneanpHas LIEHTPUPOBAHHAS
JTUCTOPCHUST B TIOJSIPHBIX KOOPIWHA-
Tax OT yIJIa HE 3aBUCHUT, U IJIS TIpe-
00pa3oBaHUsl KOOPIUHAT MOXKHO 3a-
MHCATh CIECTYIONINE BBIPAKCHUE:

X=X, 001 Pys =Y, P>

rie X,, ¥, — KOOPJMUHATHI TOUKU M30-
OpaxxeHusi 0e3 TUCTOPCHHU, B Tpsi-
MOYTOJILHOH ~ CHCTEME KOOpPIHHAT
MaTpHUIIbL; X,, Y, — KOOPMHATHI TOUKH
B pealbHOM HM300paKeHUU C JIUC-
TOPCHUEH; p, p, — COOTBETCTBYIOIINE
panuyc-BeKTOPHI.

Bribepem (byHKuvyHo p,p,) B
BUJIC TOJMHOMA IISITOW CTENEHH C
HEHYJEBBIMH KOA(PPHUIUCHTaMU MTPH
YJICHAX C HCYCTHBIMHU CTCTICHSIMHU:

pr=ap, +bp; +cp;,
e p, = ()c22 +y22)”2.

Bre16op monmmHOMa Takoro BUaa
00yCITOBJICH CIIEAYIOMUMH coobpa-
JKCHUSAMMU.

e B mpubope MaTemaTHdecKas
00paboTKka OCYIIECTBISAETCS OTHO-
CHUTCJIbHO MAJOMOIIHBIM CHUI'HAJIb-
HBIM TIPOIECCOPOM, UTO TpeOyeT Mu-
HUMHM3AallU1U MAIIUHHBIX onepaum‘v'l C
LIEJBI0 YBEIIMYCHUS 00IIEro ObICTPO-
JICHCTBHS;

o (pu3mueckn aUCTOpCHUS SBIIS-
€TCsl KPUBOUM TPETHhEro MOpPSIKA MPH
pa3lIoOKEHWH TIO0 OTpe3KaM B IIIO-
CKOCTH M300pa)XeHus, 4YTO M TOA-
TBEPKIACTCS SKCIIEPUMEHTAIBHBIMU
pesyibpTaTaMu, 00eCTIeYHBAIOIIUMHI
HEOOXOAMMYH TOUHOCTD.,

OKcIleprMeHTalbHAS KpHUBas
OCTaTOYHBIX OIIMOOK KOMIICHCAIlun
JUCTOPCUU MPEJCTaBICHA Ha pUC. 7.

Benuuuna ocratouyHol ciydaii-
Hoi ommbOku mo 90% mons u3o-
OpakeHUl B TUIOCKOCTH MAaTPHIIBI
He npesbimaer 0,5 mUKcens, WU
3 MKM IS JAHHBIX OOBEKTHBOB.
Takass ommOKa COOTBETCTBYET JIH-
HEWHON ommMOKe MO3UIIUOHUPO-
BaHus +/- 1 MM Ha JaTbHOCTH JBa
Metpa. KosadpdunueHTsl moanmHOMA
AT POKCUMAIIHH OTIPENEISIIUCH
AKCIIEPUMEHTANIBHO TIPH yCpeIHe-
HAW W3MEpPEHWH, TOJyYEeHHBIX IO
MHUIICHAM THIIA CE€TYATOro I10JIAd,
JUTSL IBYX B3aMMHO OPTOTOHAIBHBIX
HanpaBieHuil. s HamISIAHOCTH
paboThI AITOPUTMA KOPPEKIIHH JIUC-
TOPCUM Ha pHUC. 8§ MPUBEAEHBI HU30-

Puc. 7. SkcrnepvMeHTanb-
Hasi KpuBasi OCTaTOYHOM
OLWMOBKM CKOPPEKTMPOBaH-
HOW AucTopcumn obbekTrBa

a=0.840315
| b=0.119405

2,0 - |

ocTaTtoyHas ownbka nukcens

2,5 " c=0.03755

s ONsi OBYX OPTOroHarbHbIX
ocen B MrOcKoCcTu nsobpa-
XKeHun

d T v T v T
-600 -400 -200 v 200

HOMED NUKCENA

T v 1
400 600
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OpakeHHWEe MUIICHH U KOMITBIOTEp-
Hasi KOPPEKITUS ITOTO U300pasKeHUS
B COOTBETCTBHU C HCIOJb3YCMbIM
anroput™MoM. Ha pucyHke HarisiHO
MOKAa3aHO BOCCTAHOBJICHUE (HOPMBI
MapKepoB OT UCKKEHHOW JUCTOP-
cueil oBanbHOU (DOPMBI K KPYIJIOH
¢dopme. Takke 3aMETHO BOCCTAHOB-
JICHUE JIMHUW, COCIMHSIONINX ICH-
TPBI MapKepoB JI0 MpsMbIX. B nat-
YHKe MepegaBacMoe H300paKeHHe
HE HCIIPABJIAACTCA, TaK KakK KpaﬁHe
TPYZHO IIPOBOAUTL MaTeMaThye-
CKy10 00paboTKy KaJpoB U300paxe-
HUS B PealbHOM BPEMEHH Ha Malio-
MoOIIHOM Tporieccope. Koppekius
AUCTOPCUU TIPOU3BOJUTCA TOJIBKO
Ipru KOOPAWHATHBIX BbBIYHCJIICHU-
SIX pa3MepoB (POPMBI U TIOJTOKCHUS
LEHTPOB MapKepoOB B MPOTPAMMHOM
obecrneueHNH TIpUOOpAa.

Oco0060 0TMETHM, YTO CTOIb MPO-
CTOH CHoco0 KOMIICHCAIUU JTUC-
TOPCHUM, MPUMEHEHHBIH B mpuOOpeE,
SIBIISICTCS.  PE3yJIBTATOM KOHCTPYK-
TUBHBIX PEHICHUH, 3aJI0KEHHBIX MPH
pa3paboTke 0OBEKTHBA, U KAIECTBOM
ero cOOpKu.

B [IporpaMMHBbIe AJITOPUTMBI
padoThI ONITHYECKOTO
AATYUKA KOOPIAMHAT

ANTOpuTMBI  paboThI, TOCIE0-
BATENBHOCTb JEUCTBUM, KPUTEPUU
OoOHapyXeHHsI MapKepoB MHIICHU U
METOZBl BBIYHCICHHS LEHTPOB KO-
OpAMHAT COCTABISIOT MPOTPaMMHOE
oOecrieueHne JaTymKa.

OcHOBO#1 Pa3pabOTKU aIropuUT-
MOB TEXHHYECKOTO 3PEHHS SIBIISCTCS
aHaiMTHYecKas (opmanmzanus, 0e3
KOTOPOH HE MOXeT OBITh pelreHa
MHOTOoIapaMeTpuicCKas 3ajjadya BbI-
ACJICHUA W pacClO3HaBaHUA O6’I>CK-
ToB. CerMeHTauus SIBISIETCS OIHUM
13 BKHBIX METOJIOB, UCTIOIB3YEMBIX
Ha paHHEH CTaJuy PacIO3HABAHU
00pa3oB CHCTEMOH TEXHHYECKOTO
3pEHHSI.

CerMeHTtauusi HeoOXoguMa JUIS
paszaeneHust BUAMMOTO N300paskeHMs
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Puc. 8. Koppekumn ouctopcum B AaT4nke KOOpPAUHAT: crieBa U3obpaxeHue, nonyyeHHoe aar-
YMKOM, CrpaBa TO Xe M306paxkeHne nocne KOMMNbTEPHON 06paboTku

Ha COCTAaBISIONIME YacTH WIH O0b-
eKTHI, Ha HA9aJIbHOW CTa/INH, TaK KaK
MMEHHO Ha 3TOH cTaauu 00paboTKH
O0OBEKTHI BBIIEISIFOTCS JUIS TalTbHEH-
LIET0 paclo3HaBaHus ¥ aHanu3a [16].
ANTOPUTMBI CETMEHTAIlMH OCHOBa-
HBI B OCHOBHOM Ha JIByX NMPUHIIATIAX:
Pa3pbIBHOCTH U 1oa00uu. B Hamem
npubope MCIOJb3YITCsS 00a MpPUH-
uuna. BwiOpannas ¢urypa u3Ha-
YaJIbHO TIPEJICTABIIsIIa COOOH TPyYIITY
MTOMOOHBIX OOBEKTOB (MapKepoB),
Pa3HECEHHBIX OTHOCHTEJBHO JIPYT
apyra. Meron mofo0usi MOBBIIIAST
HaJIeKHOCTh JIMHAMHYECKOTO  BBI-
6opa ypoBHs mopora. OH IIPHUTOAEH
U 00pabOTKM KaK CTAaTHICCKHUX,
TaK U JUHAMAYCCKUX (MEHSIOLIUX-
csl BO BpeMeHH) n3o0paxkeHuit. s
CErMEHTAIlMH HEOOXOJMMO 33aThCsl
BBIOOpOM HaboOpa IECKPHUIITOPOB,
KOTOPBIC MOJHOCTBIO HJCHTUDUIHU-
PYIOT OOBEKTBHI OJHOTO OIPENEIICH-
HOro Kiacca. HeoOxommmo Takxke
BBIOMpATh JECKPUNTOPHI, MaJIO 3a-
BHCSIINE OT pa3MepoB OOBEKTa, €ro
OpPHUEHTAIINN M PACTIONOKEHHSI.
Bo3MOXXHOCTH cUCTEM TEXHH-
YECKOTO 3pPEHUS OTPaHUYUBAIOTCSI
CIIOCOOHOCTBIO MPUMEHSIEMBIX aJITo-
PUTMOB BBIIEISATh U3 W300parKeHUs
IJIaBHYIO0 HH()OPMAITIIO TIPY pa3iind-
HBIX YCIIOBHSIX HAOJIIOIEHUSI C HC-
MOJIb30BAaHUEM alPUOPHON HH(OP-
MaIUH O mapameTpax 00bEKTOB. DTH
AITOPUTMBI 00paOOTKH TIO PSAY MIPH-

YiH (HEpaBHOMEPHOE OCBEIICHHE,
3aMyYTHCHUEC CpPEbl, HAJIN4YUC TECIJI,
3aropakMBaIOIIUX OOBEKTHI, TI€O-
MeTpus HaOmtoeHus) TpeOyIoT 3Ha-
YUTETBHBIX BBIUYMCIUTENBHBIX pe-
cypcoB. CyIIeCTBEHHBIC TPYTHOCTH
npu 0oOpaboTKe BBHI3BIBAIOT TEHEBBIC
3¢ GEKThI, YCIOKHSIOIMUE TPOIECC
OIIpEeNIeHNs KOHTYypa JEeCKPUITO-
pa, ¥ HEOTHOPOAHOCTH WX TOJIOXKE-
HUS Ha TIIAJKUX TTOBEPXHOCTAX. DTO
4aCToO HOpPUBOAUT K TOMY, YTO OHH
pacro3HalTCsl KaKk HECKOJIbKO 00b-
EKTOB WJIN KaK €AMHUYHBIA ype3aH-
HBI OOBEKT, B pe3yJbTare Yero He
MOXKET OBITh TIONy4YeHa Tpedyemas
TOYHOCTH ONPCACIICHUSA KOOpAWHAT
IIPpU BBIYUCIICHUAX LICHTPA OIO3HAH-
HeIX ¢uryp. [lpumep Ttakoro wuszo-
OpakeHusl TIpEe/CTaBIeH Ha puc. 9.
Od4eBHIHO, YTO MHOTHE U3 OTHX

mpo0sieM 00yCIIOBICHBI TEM, UTO JTH-
HaMHUKa OCBEIIEHHOCTH M OTPaXKEeH-
HOTO CHTHajla OT 00BEKTa BO BPEeMs
JIBUKEHUS B Cpezie ObICTPO M3MEHUH-
Ba M, KaK MPaBHIO, TUIOXO TTOMIACT-
cs popmanmsaruy. Takke UMEIOTCs
TPYIHOCTH B ONPEACICHUN CBOMCTB
1 (GOpM JIOKHBIX OOBEKTOB, HAXOS-
IIMXCSI B MPOCTPAHCTBE MEKIY (H-
rypoil u kamepoil. @opmanuzanus 1
MO/ICJIMPOBAHUE TAKOH CpPEbl SBJIsI-
eTcs CIOKHOM 3a/aueii, TpeOyromiei
3HAYUTENIBHBIX  BBIYUACIHUTEIBHBIX
pecypcoB. Co3aanue HEKOTOpou (u-
Typsl U3 Jeckpuntopos [17] mo3so-
JIAET C IOMOUIBIO Pa3METKU JIUHUHN U
COCJIUHCHHI MEXITy HUMU JOOUTHCS
NnoJoKUTeNbHOTO 3(ddekra B OTO-
XKJIECTBIICHUH BBIOPAHHOW (HTYPBI,
alpUOPHO 33JaHHOM IO €€ YacTsaM,
OJIHAKO TaKOM METOJ[ HE II03BOJISET
YYUTBIBATh KOJIMYECTBEHHBIC dPPEK-
ThI B3aUMOJICHCTBUS OCBEUICHHS U
OTpaXKCHUS B IMOJIHOM 00beMe.
IIpoBepka ycTOMUMBOCTH — aj-
TOPUTMOB aHaliu3a U300paKeHUs
IPH SPKOCTHO-TEOMETPUUECKOU H3-
MEHYHMBOCTH OOBEKTOB TOKa3bIBACT
CWJIbHYO 3aBUCUMOCTB PabOTHI aJro-
PUTMOB OT HAJIUYHUS JIOKHBIX ITOMEX
U CTAaOWIBHOCTA B JIOCTOBEPHOCTH
nneHTuuKkanuu o0bekToB. MHOTHE
JIOXKHBIE OOBEKTHI HICHTH(PHUIIMPOBA-
JIUCh KaK UCTUHHBIC, & UCTUHHBIC HE
nneHTuGUIupoBaIuch Booodme. J{ist
MOBBIIIICHUS YCTOHYMBOCTH  OBLITH
MIPUHSATEl MEPhl B YacTH CO3JaHUS

Puc. 9. N3o0bpaxeHne MuLeHn noa BoAOW 1 NPOunb MHTEHCUBHOCTM BblAENEHHOTo
dparmeHTa
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MHOTOYPOBHEBBIX (WIBTPOB B pas-
JIUYHBIX TOYKAX aJITOPUTMOB.

Ha mepBomM ypoBHE HCITOINB-
3yeTcsl CaMmblii MPOCTOM alrOpUTM
OTOpPaKOBKH  JIOKHBIX  OOBEKTOB,
OCHOBaHHBIH Ha TPUMEHCHHU KPH-
Tepusi MoAoOMs, 3a CYET 4Yero or-
OpaKOBBIBAIOTCSI OOBEKTHI, CHIBHO
OTIIMYAIOIKEecs OT 3aJaHHBIX TI0
pa3mepam. Ha BrOopoMm ypoBHE HC-
MOJB30BAINCH (PUIIBTPBI, KOTOpBIE
obecrieunBain OTOPAaKOBKY 1o Oojiee
CIIOKHBIM KpuTepusM. OTOpakoBKa
MIPOUCXOAMIIA TI0 KpUTEpHUIo o0pasa,
KOTOPBIA yYUTBHIBaJ HE TOJBKO I'€O-
METPUYECKUE TMOITYocH 00BEeKTa, HO
u QGopMmy curHaia obpaza B IHEp-
TeTUYECKOM TPOCTpaHCTBe (TI0/0-
Oue THCTOTpaMM HWHTEHCHBHOCTEH).
Ha camMoM BBICOKOM ypOBHE HCIIOJIb-
30Basiach QUIBTPALUS IO KPUTEPUIO
JIOCTOBEPHOCTH BHUJIUMOW (PUTYPHI
anpuopHo 3aaaHHoi. Ha nocneanem
JTare WMCIONb30BaiIcs (UIBTpP CIia-
JKUBAHHS JUJISl YCTPAHCHUS CIMHHUY-
HBIX COOCB U MEPIAINIUX 00bEKTOB
Ha HEKOTOPOM BPEMEHHOM HWHTEp-
Bane. B coBokynmHOCTH BBeICHHBIC
(PWIIBTPHI MOBBIMIANIA YCTOWYHUBOCTD
paboThI BCEX alrOpUTMOB MTPHOOPA.

Wznoxenne anmapaTHBIX — all-
TOPUTMOB Y TOCJE0BATEIILHOCTb
MIPOrPaMMHOTO IIUKJIA COCTaBJISIOT
MOJTHOE OIMCaHWE JIOTHKH PabOTHI
puOopa, B KOTOPOM JIajiee BBIICTHM
OCHOBHBI€, KITFOUEBbIE MOMEHTHI.

[Ipexxne Bcero OCHOBOM ISt
MIPUMEHEHUSI AJITOPUTMOB  CITY)KUT
MOJTydeHNe MMePBOHAYAIBHOTO Kajipa
M300pakeHUs ¢ MaKCHUMalbHO BO3-
MOYKHBIM KauecTBOM. /{1 mocToke-
HUS KaueCcTBa N300pakeHHUs Ha TIPe/I-
BapHUTEIHHOM JTarie paboThl KaMephl,
MOCJIE €€ BKJIFOYCHHUS, TIPOU3BOIUTCS
MepBOHAYaNbHAs PErylupoBKa YCH-
JICHUSI ¥ BBIOMPAETCS] BPEMsl IKCIIO-
3unuu. B kamepe ycTaHaBIMBArOTCS
HEKOTOpBIE HadalbHbIE 3HAYCHUS
BPEMEHHU JKCIIO3WINH U KOAPDHUITH-
eHTa yCUJICHHsI. DTH 3HAYCHHUS OIIpe-
JEINISIOTCS IO pe3yabTaTaM Kanuopo-
BOK IPU HACTPOIKE B3aUMOIEUCTBHUSA

KaMepbl C KOHKPETHOH cHUCTEeMOM
ocBelieHus. BeiOop BpeMeHH dKcTo-
3ULUM TPOU3BOIUTCA 110 PE3YJIbTaTy
aHaJIM3a TUCTOTPaMMBI pacipeserse-
HUSl OCBELICHHOCTH, BBIYMCIISIEMON
10 BCEM MUKCEIsIM MaTpulsl. [ ucro-
rpamMMa paclpeieieHus] WHTEHCHB-
HOCTH TMKceled HeoOXommma [uis
HOPMHpPOBaAHHUSA 00paza U odecreue-
HUS [IPaBUIIBHOTO BbIOOpA JUHAMU-
gyeckoro avanasoHa. Ilo rucrorpam-
M€ TaKXe ONpENesieTcs CpeIHUH
YPOBEHB IITyMa (hOHOBOTO H300paxke-
HUsl. 3aMETUM, YTO AOIyCKaeTcs Ha-
CBIIIEHHUE (OCTI)KEHHE MAaKCUMalb-
HBIX 3HAYCHUH WHTCHCUBHOCTH) JUIS
HEKOTOPOTO, HO CTPOTO OTpeJIesICH-
HOTO 00bEMa THUCTOTpaMMBbl. Takoe
JOMyIIeHUue TI03BoJsieT  paboTrarh
JaTYNKy TPH HAIAYHHA UCTOYHHUKOB
Mapa3uTHBIX OTMKOB, 00pa30BaHHBIX
OJecTAIMMHI ACTANIMH KOHCTPYK-
UM, CTEKJSIHHBIMU M IIOJMPOBAH-
HBIMH METAJUIMYECKUMH IOBEPXHO-
CTSAMH JIUOO JPYTUMU HEYYTCHHBIMH
HCTOYHHKAMH CBETA.

[locne moaydeHust Kaapa Ipo-
W3BOJUTCS €ro aHaJIW3 Ha MpenMeT
OoOHapyXEHHS THKCEIIeH, comepkKa-
IIMX TIOJIE3HBIN CUTHAN U OOHAPYKH-
BaeMbIX 110 KPUTEPHUIO MPEBBIILICHHS
3aJJaHHOTO COOTHOILLUCHMSI CUTHA/
myM. Boobmie, B mpubope 3to co-
OTHOLICHUE 33aeTCsI HECKOJIbKUMHU
JMCKPETHBIMU 3HAUCHHUSMHU U H3Me-
HSIETCS B 3aBUCMOCTH OT COCTOSTHHS
MOMEXOBOW 0OCTaHOBKH.

VYpoBeHb LIymMa OOpeaensercs
o miasatouieMy OkHy. [lukcens,
coliepXaliuii MoJe3HbIM CUrHall, HO
SIBJISIFOIUICS ONMHOYHBIM, T.€. HE
rpaHUYaIii ¢ MOJOOHBIMHU, CUHTA-
eTcs IIyMOBBIM U OTOpachIBacTCA.
Takast oTOpaKoBKa IUKTYETCs amnpu-
OPHBIM 3HAHHUEM O T€OMETPHUYECKUX
pa3Mmepax u300pakeHUil MapKepoB B
3aJJaHHOM JMaria3oHe AaJbHOCTEH 0
MmuineHu. Takxke oTOpackIBalOTCs U3
paccMmoTpeHust GUTYpbl — OOBEKTHI,
00pa3zoBaHHbIE TPyNIIAMH MHUKCEIeH
C JIMHEWHBIMH pa3MepamH, 3Hauu-
TEJIbHO HPEBBILIAIONINMU Pa3Mephbl
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M300paKeHUH MapKepoB C Y4YETOM
BO3MOXKHBIX HCKa>KEHUH.

ITocne cenexumu Tpymm MUKCe-
et mo pazmepam popMupyercs mac-
CUB 00BEKTOB-00pa30B. UHCII0 Takux
O00BEKTOB, TIpEeNHA3HAYCHHBIX IS
MTOCIIE/TYIONIETO aHaIN3a, OrpaHIye-
HO CBEPXY BBIYHUCIUTEIBHBIMU BO3-
MOYKHOCTSIMH IPHOOPa 1 BEIOUpaETCst
9KcrepuMeHTabHO. [Ipu mpeBblie-
HUU KOJHMYECTBA OOBEKTOB JaeTCs
KOMaHJla Ha W3MCHEHHE HAaCTpPOCK
KaMephl, peali3yeMbIX IOCIe0Ba-
TenbHO. [Ipou3BOUTCS YMEHBIICHHE
BpPEMEHH JKCIIO3UIINH, K03 duImeH-
Ta YCUIICHHS WIN YBEITHMUYCHUS TIOPO-
TOBOT'O YPOBHSI COOTHOILICHHS CUTal/
mymMm. B cinyuae ecnum oObekToB ce-
JIEKIIMY MEHBIIIE YETHIPEX, T.€. YNCIIa,
HEOOXOAMMOTO JIJIsl UBMEPEHUH Jallb-
HOCTH, BBIJIAETCSI KOMaH/a Ha IPOTH-
BOITOJIOJKHBIE JEUCTBUS.

Bropoii BakHbIii 3Tan GuisTpa-
us MaccuBa 00pa3oB OCHOBaH Ha
aHaymse (popMbl 00pazoB. OUeBUIHO,
YTO B 3aJIAHHOM JIMAIa30HE JIAbHO-
cTeil 00pa3bl MapKepOB UMEIOT BHUJ
9JUIMIICOB COOTBETCTBYIOIUX pa3Me-
POB C Y4E€TOM JOIMYCTHMBIX OTHOCH-
TENBHBIX YIJIOB HAKJIOHA TIOCKOCTH
u aucTopeun oObekTrBa. Ha manHoM
JTane MPOUCXOIUT OIPE/ICIICHHE T10-
Jyocei nMerouxcst Guryp, Kaxaomy
OT/IEIIBHOMY 00pa3y MPHUITHCHIBACTCS
YUCJIOBOM TMapameTp, OTPaKaroIIHii
COOTHOIIIGHHE mojiyocer. OOpasy
TaKKe TPHITUCHIBACTCS BTOPOH YmC-
JIOBOM MapaMeTp — AHEPreTUYeCKHI.
DTOT mapaMeTp COOTBETCTBYET KO-
JUYECTBY SHEPTUU B 00pase, T.e. ITO
HOPMHUPOBaHHAsI CyMMa HHTEHCUBHO-
CTel Ka)JI0ro MUKcessi B oopase. 3a-
TEM BBIYUCIISIIOTCSI KOOPIMHATHI LICH-
Tpa Kaxmoro ooOpasa. KoopmuHaTh
IeHTpa 00pa3a BEIYUCISIOTCS KaK KO-
OPJIHATHI LIEHTPa TSHKECTH IIIOCKOH
¢urypsl. [lnockas ¢urypa 3amaercs
KOHTYpOM MaccuBa INHKceJeld oOpa-
32 CO 3HAYCHWEM HWHTEHCHBHOCTU B
Ka)XJIOM ITUKCEJIe, PAaBHOM CpETHEMY
3HAUEHHIO TI0 00pa3y. PU3HYECKH ITO
000CHOBaHHO TeM, YTO TPOQHIH UH-
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TEHCUBHOCTH HJICaJIbHOTO M300paxe-
HUSI MapKepa NUMEeT IIOCKYIO BEpILH-
HY U PE3KUH craJl Ha Kpasix.

Tperuii BaxkHbIi 3Tam B pabore
QITOPUTMOB — 3TO OOBETUHEHUE OT-
JeITbHBIX 00pa30B B rpymiibl. [ pymmu-
POBKa OCYIIECTBIISIETCS TI0 MTPUHITHITY
mofooust 00pa3oB B YaCTH COBIIaJIe-
HUS YHCJIOBBIX TMApaMeTPOB COOTHO-
IIEHUS TIOTYOCei ¥ SHEPreTHIECKOTO
mapamerpa. [paHWIIBI HMHTEpPBAJIOB
COBIIQJICHUI OTIPENEeNSIOTC U3 HH-
3WYECKUX COOOpaKEHUH 1 TOACTPau-
BalOTCSl OKCIEpUMEHTANbHO. YacTb
00pazoB ¢ apamMeTpamMu, He Tomaa-
IOIIMMHY B TEOMETPUYECKH Pa3yMHBIH
JTaITa3oH, OTOPAKOBBIBACTCSI.

UYerBepThii dTam B 00paboT-
Ke — 9TO aHalu3 rpynn o0pa3oB Ha
reoMeTpuyeckoe Monooue 3aJ1aHHON
(armpuopHoit) ¢urype. [Ipu anammze
WCTIONB3YETCS KPUTEPUIT HAXOMK ISHHST
LEHTPOB TPeX 00pa30B Ha OTHOH Tpsi-
MOH. J[7151 IpOM3BOJIbHOM APkl TOYEK,
COOTBETCTBYIOLIMX LIEHTPaM 00pa3oB
MapKepoB, HAaXOIUTCS ypaBHEHHUE
MPSIMOM W TIPOBEpsieTCs TOTaIaHue
JPYTHUX TOYEK HA 3TY MPSMYIO C JOITY-
CKOM, OIIPE/IENIIEMbIM HETOYHOCTBIO
OINITHYECKON CHCTEMBI U MPUOIMKEH-
HBIM XapaKTepPOM BBIYHCIICHUS TOJI0-
KeHWH 1eHTpa o0Opas3oB. Dopmmupy-
eTCsl MAacCHB TPSIMBIX, COJEPIKAIINX
MO TPU TOYKH, 3aTE€M PEILIAFOTCS I10-
MapHO YpaBHEHUs, ONpEeISIONIe
KOOpPAMHATY TIEPECEUCHUSI TPSMBIX,
W TIpOBEpsieTCs HAIMYHUEe B OKpPECT-
HOCTH TOYKH TIEpeceueHrs MEeHTpa
oOpaza mapkepa. B ciyuae Haxox-
JCHUSI IBYX TaKHUX IEPECEKAIOIINXCS
NPSIMBIX 33/1a4a 10 OTOXKIECTBICHHIO
oOpasza cuuTaeTcs peleHHon. Booo-
11e, ISl TOJTHOTO OTPE/IeNICHHsT KOOp-
JIMHAT JOCTAaTOYHO 3HATh KOOPIHMHA-
ThI YETBIPEX MapKepoOB B MPHOOPHOI
cucreMe koopauHatr. [1aTh MapkepoB
JTAFOT OTHO3HAYHOCTD B OTIPE/ICIICHUH
o0pasa u 00J1a1at0T U3OBITOYHON UH-
(hopmarueif, 9To TO3BOJISET YBEIH-
YUTh TOYHOCTh U3MepeHuil. Hanuuue
CEeMH MapKepOB B MHUIIIEHH TTO3BOJISIET
YBEIIMYATh TOYHOCTH HM3MEPEHUH u

MOBBICUTb HAJEKHOCTh pacro3Ha-
BaHMs 00pa3oB, TapaHTUpPYyeT pado-
TOCIIOCOOHOCTh CHCTEMBI B Ciydae

3arpsi3HEHUS, TOBPEXKICHUS WM
yTpaThl IBYX JIOOBIX TPOU3BOIBHBIX
MapKepoB.

[IaTerii 3Tanm 00pabOTKK 3aKJTIO-
YqaeTcs B MOAOOpE ONTHMAJILHOTO
YPOBHSI JKCIIO3UIMH U KO3PPHIH-
eHTa YCHJICHUs, 00eCIeUMBaIOIINX
MaKCHMaJIbHOE COOTHOIICHHE CHI-
HaJ/IIlyM B OKPECTHOCTH 00pa3oB
MmapkepoB. [IpomnsBonsTcss yTouHeH-
HBIE M3MepeHust (pOpMBI M KOOPIH-
HAT IIEHTPOB MapKepOB C YYETOM
MIONPaBKH Ha JUCTOPCHIO. Bramcis-
I0TCS TIOKaJPOBBIE CIBHIH IIEHTPOB
MapKepoB U HMPOTHO3a JBHKCHHS
W OI[CHKH CMEIICHUs. BbIunciieHHbIe
KOOP/IMHATHI [IEHTPOB MapKepoB Tie-
pelaroTcs BO BHEIIHEE YCTPOWCTBO.
OnHOBPEMEHHO BKITFOYACTCSI PEKAM
3axBara W aJalTHBHOTO CIICKEHHS
3a OOHapyKeHHBIMH MapKepaMHu.
B nmannom pexume HET HE0OXOmu-
MOCTH 00pabaTeIBaTh BeCh Kaap, M
00pabOTKH TOCTATOUYHO HEOOBITHX
OKOH M300pa)KeHHsI BOKPYT OOHapy-
KEHHBIX MapKepoB C Y4YETOM IIOKa-
nposoro casura. KMOII-marpuna
W YIpaBJsIoNiast JOruKa MO3BOJISIOT
OpTaHU30BbIBATH MPOU3BOJIBHBIN
JOCTYIl K BBIJICTICHHBIM OOJNaCTSIM
MAaTpHIIbl, CHUXKAsl BPEMSI YTCHUS H
00beM 00paldaThIBACMBIX JIAHHBIX.
YMeHbIIIeHUE BPEMEHH CUHUTBHIBAHHS
1 00paboOTKH Kajpa MO3BOISET IO0-
BBICUTh YaCTOTY BBIJIAYH TIOJIE3HOM
uHpOpMAIMK 10 BEJIWYMH, odecrie-
YHUBAIOIINX JTUHAMUKY YIPABICHUS.

B Texnuueckue
XapaKTePUCTUKH Mpudopa

[IpuGop paboTtaeT OoT HampsvKe-
Hus 27 B, B TeMiiepaTypHOM juarna-
30oHe OT -30 mo +45°C, motpebise-
Masi MOIIIHOCTh He TpeBbImaeT 3 BT.
Macca npubopa cocrapnser 400 1.
CBs13b C BHEIITHUM BBIYUCIIATEIIEHBIM
YCTPOHCTBOM OCYLIECTBISACTCS IO
crannapry RS-422 na ckopoctu 7500
kout/c. [Ipubop obecrneunBaeT TOY-

HOCTb YIJIOBBIX U3Mepenuit ot 0,2 10
1,5 mpaj, mo 3ajgaHHON Tomorpadu-
YECKOH MHIIEHH Ha PACCTOSHUHM OT
1,3 mo 10 m Ha Bo3myxe. B BomHO#
cpefe TpH MaTbHOCTH BUAUMOCTH
He MeHee 20 M Ha paccTosiHuAX 1,5 M
OT KaMephbl /10 MOCaJ04YHOM MI0CKO-
CTH JKCIIEPUMEHTAJIBHO U3MEpPEHHAs
TOYHOCTh IO3UIIMOHUPOBAHUSA CO-
CTaBWJIa BEJIMYMHY +1 MM.

Harauk mpezacraBisieT  coOoit
MIOJTHOCTBIO ABTOHOMHOE YCTpOH-
ctBo. Kamepa Bkmrouaercs mopauent
Ha Hee NHTaHus, 3aTeéM IMPOBOJIUT-
Csl CaMOTECTHPOBAaHUE JaTyhKa KO-
OpauHAT Ha PabOTOCIIOCOOHOCTE.
[Iporecc camompoBepkr 3aHUMAET
HECKOJIbKO CeKyHJ, Jaliee KaMmepa
roroa K pabore. 3amycK LUKIO-
rpaMMbI KaMEPhI B PEXKUM aBTOMATH-
YECKOW CTBIKOBKH 00ECIIeUnBaeTCs
10 KOMaH/i¢ OT IIaBHOTO OJIoKa 00-
pabotku. Ilo »TOM KOMaHIe Kamepa
MIEPEXOIUT B HETPEPHIBHBIA PEKUM
CHhEMKH, TIOMCKA U 3aXBaTa KOOPIIH-
HaT MapKepoB.

B pexume noucka nepenada u3o-
OpasKeHHUs1 OCYILIECTBISIETCS C 4acTo-
toii 4 I'm. B ciywae oOHapyxeHUs
MUIIIEHN W OTIPENeNeHUs] KOOpAHHAT
KaMepa MepexXOIUT B PEXHUM CIIexKe-
HUSl, Tiepe/iaBasi KOOPJMHATHI U HU30-
OpakeHUE C YacTOTOM He MeHee 12
I'u. ITpu HEBO3MOXKHOCTH UICHTUDU-
Kallii MapKepoB BO BpeMs COMKe-
HUSA B OJIOK 0OpabOTKHU ITOCHUTACTCS
nHpOpMALIUS C TIPEeIyTPEKICHUEM.
Cuwnraercs, 4To, €CIM yAajJoch JO-
CTOBEPHO HACHTH(UIMPOBATH XOTS
OBl IISITh MapKepoB M3 CEMH WU ye-
TBIPEX U3 IMSATH, MOJKHO IMPOIOJIKAThH
CTBIKOBKY. DTOTO ymaeTcs TOOUTHCS,
COXpaHssl B MaMATH MPEIBICTOPHIO O
JIOCTOBEPHON WICHTH(HUKAIINK Map-
KepoB. Takoil moaxo/ MOBBILIAET J0-
CTOBEPHOCTB ONPe/ICTICHNS MApPKEPOB
Y HAJKHOCTh PabOTBHI BCETO aro-
putma. B anroputmax paboTel npen-
YCMOTpEHa BO3MOKHOCTbH 3aIIUTHI OT
ciydaiiHoro c0os (CBsI3aHHOTO, Ha-
puMep, ¢ KPaTKOBPEMEHHBIM Tiepe-
KPBITHEM TIOJISI 3PSHHS KaMephl HITH
resoro psinsg MapkepoB). Ilonck map-
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KEpOB BO300HOBIISIETCA B 00JIACTAX
n300pakeHUsT C Y4YETOM INPOCTpPaH-
CTBEHHBIX C/IBUIOB U C HaCTpOHKaMH
Kamephl, 3aUKCUPOBAHHBIMH  JUIS
MOCJIEIHETO YAAYHOTO Kajpa.

B TecToBble HCNILITAHUSA
JATYUKA ONpeaeeHust
KOOPAMHAT

Jlarumk onpeneneHust KOOpAUHAT
MTPOXOJIVST aBTOHOMHBIE WCIIBITAHUS,
HACTPOMKHU 1 KaIMOpPOBKHM B Oaccei-
He. DOKCIepUMEHTAIbHBIE PaOOTHI
MIPOBOJIMIIACH B THAPOAKYCTHUECKUX
M3MEpHUTEIhHBIX OacceifHaX AKyCTH-
YEeCKOTO MHCTHTYTa WM. aKaJeMHKa
H.H. Annmpeea (AKMH). Ha nno
OacceliHa moMemniaics CTeHI-MaKeT ¢
penepHBIMA 3HaKamMu. JaTdank Koop-
JTHAT B TEPMETHIHOM KOPITyCe C CH-
CTEeMOH OCBEIIEHHS YCTaHaBINBAJ-
CSl Ha MITAHTY C AJIEKTPOIIPHBOIOM.
B Gacceiine ¢ moMOIIBI0 TOABMKHOM
MOTPY>KaeMOM IITAaHTH TTPOBOANIIACE
MMUTAIMA CONMKEHUS W TOCAJKH
Ha pacctosHus oT 6 10 1 M B ycio-
BHUAX XOpoliei mpo3payHocTu. M3-
MEpeHHas JallbHOCTh BHJIMMOCTH B
BOJIHOM cpene OacceliHa cocTaBuia
BennunHy ~20 M, YTO COOTBETCTBY-
€T YUCTOH TITyOMHHON OKEaHNYECKOM
Bose. B OacceitHe ymaBajoch mpo-
BEPUTH HAKIOHHOE NPUOIHKCHUE K

MOBEPXHOCTH MHUILIECHU. AOCOIIOTHAS
TOYHOCTh HM3MEPEHUIl IMpOoBepsIIach
CpaBHEHHEM JIaTbHOCTH, paCCUUTaH-
HOM MO TOKa3aHUSM ONTHYECKOTO
JaTyiKa KOOpJAMHAT, W HeNocpen-
CTBEHHO M3MEpPEHHON BEJINYMHBI.
CrnyuvaiiHas ommOKa H3MEpeHHH
OTIPEIEISUIOCh 10 CTaTUCTUYECKUM
JaHHBIM TIIpW Habope MaccuBa W3-
MepeHuil. TOUHOCTh HU3MEpPEHU Ba-
pbupoBasiack oT 5 MM a0 1,5 MM B
JUana3oHe AOCTYHHBIX JalbHOCTEH
or 5 M 10 1,3 M (MUHHMaIBHOE pac-
CTOSIHUE CTHIKOBKH). K coxanenwuro,
[0 TEXHUYECKUM YCIIOBHUSIM SKCILTY-
araii M3MEpPUTETbHOTO OacceiiHa
HE YIAJIOCh IPOBEPUTH JHANa30H
paboTOCTIOCOOHOCTH JaTYMKa TIPH
KOHTPOJIMPYEMOH MYTHOCTHU BOJHOH
cpenpl. C MOMOLIBIO BO3MYILICHHUS
JOHHBIX OTJIOXKEHHH B OacceliHe co3-
JlaBajach IOMEXOBask 0OCTaHOBKA B
BUJE IUIABAIOLIMX B TOJILE U OCe-
JAOLINX Ha I[IOBEPXHOCTh MHUILEHU
XJIOTIBEB OCaJKa M Mycopa Pa3HOro
pasmepa. Pesymbrarel MoaenupoBa-
HUS, DKCTIEPUMEHTAJIbHAsL 0TPabOTKa
MO3BOJIMJIM BBIOPATh U YTOUHUTD ajl-
TOPUTMBI, 00eCTIeUNBAIOIINE:

— BBICOKYIO JIOCTOBEPHOCTBH BBI-
JeNeHns U UICHTU(PHUKALUN 0OBEK-
TOB U (UTYPBI;

— BBICOKYIO TOUHOCTb OIIpeJIeie-
HUS KOOPAMHAT;

Hocurean

Jona 3axsara Tl'll[l'll']'lil@l’l‘ll?t‘l\‘nii METenn

Vuactok clunxenns B PYUHOM peEHMEe

YUacTok aBToMarHuecKoi nocaikn

Crenp Maker

Puc. 10. Cxema
NpoBEAEHUS UC-
NbITAHUA Ha no-
nuroHe bapen-
LeBa Mopsi
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Puc. 11. dotorpadcus cTeHa-makeTa nepeg
NorpyxeHuem

042 . IM

Puc. 12. O6wuin BUA, CTEHA-MaKeTa Ha AHe
nonuroHa, gotorpadusi ¢ KypcoBomn
Tenekamepbl

- BBICOKYIO yCTOMYHBOCTH pado-
THI IpUOOpa B CIIOXKHOM cpejie.

[onuroHHble WCHBITAHUS ATYH-
Ka KOOpJMHAT MPOBOIMIIUCH B COCTa-
BE BCEro KOMILJIEKCAa CHCTEMbI aBTO-
MaTH4YeCKOW nocajku. B axkBaropuu
npuOpexHbIX BoI bapeHieBa mops
OBLTH TIPOBE/ICHBI PA0OTHI IO AKCILTY-
aralMy ONBITHOTO 00pa3la CUCTEMbI
aBTOMAaTHYECKOM IMOCaJKH, YCTaHOB-
JIEHHOTO Ha NIyOOKOBOAHOM armapa-
te Tuna «IIpu3» knacca AC-34. Pa6o-
ThI poBoaWiICh B 2007-2008 romax.
OOmias cxema HCHBITAaHUN MpUBEle-
Ha Ha puc. 10. ITogBonHbIi anmapar
JOCTaBISICS K MECTy MpPOBEACHHS
UCTIBITAaHUN CY/THOM-HOCHTEJIEM,
NpUONMKEHHE K MECTY TIOCAJIKH MIPO-
BOJWJIOCH B PYyYHOM pEKUME OIle-
partopoM TIyOOKOBOAHOTO ammapa-
ta. Ha nHe akBaropuu pasmeniaincs
CHELHAIbHO M3TOTOBJICHHBIN CTEH[-
MakeT C TOmorpaduuecKol Mwuile-
Hpto. Dortorpadust crenma-makera,
MOTPY’)KaeMOro Ha JHO IIOJIMIOHA,
npencranineHa Ha puc. 11. Ha puc. 12
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nokaszaHa (ortorpadusi Makera B
BOJIe, HaOIIomaeMasi OIepaTopoM ¢
9KpaHa KypcoBOil TeJeKaMephl.

KonTpons mpoiiecca mnocaaku
1 paboThl JaT4MKa KOOPAWHAT OCY-
IIECTBISIETCS, ONEepParopoM IO KOM-
MBIOTEPHOMY MOHHTOpPY, TJ€ Ipo-
rpaMMHBII uHTepdeiic oToOpaxkaer
pe3yabTartbl  paboThl  ONTHYECKOTO
JlaTduKa KOopIuHaT. Byt axpana npu-
BezieH Ha puc. 13. O0mmuii BuI pazMe-
IIIeHNs] MOHUTOPA Ha pabodeM MecTe
oreparopa MpeacTaBieH Ha puc. 14.
B BepxHell yacTu cepeArHBI KpaHa
BBIBOJIUTCS TEJICBU3MOHHOE H300pa-
KeHHe, TolydaeMoe M 00padaThl-
BaeMoO€ JTaTYMKOM. B HIDKHEN yacTu
Ha TpadudeckoM 3KpaHE BH3yalld-
3UPYIOTCSI paCUETHBIC IOJOKEHUS H
pa3Mepbl MapKepOB B KOOPIUHATHOMN
TUIOCKOCTH, CBSI3aHHOU C TIOCAI0YHON
IJIOCKOCTBIO, HEOOXOIUMEIE [IJIsk KOH-
Tpoist U cpaBHeHHsl. C JBYX CTOPOH
JKpaHa OTOOpaKAIOTCS CITyKeOHas
nH(POPMAITUS O COCTOSHIH aBTOMATH-
YECKOW CHCTEMBI U TEKYIIHe JTaHHbIE
00 OTHOCHTENBHBIX KOOPIUHATAX.
B Tenemerpuueckux Kaapax Imepe-
JlaBaeMbIX C JaTdyuKa KOOpAWHAT CO-
JCPIKUTCSL CITy))eOHas MHGopMaIys
O COCTOSIHUHU MOMEX B OKpYXKaroien
cpene, pa3iuYHbIE MPOMEXYTOUHBIC
JTAHHBIC, aHAIM3UPYEeMbIe Ha dTarax
HACTPOMKH M300paKeHUs], JaHHBIE O
¢wibTparuu  00pa3oB. Drta UHGOP-
Marusi TPOTOKOIHPYETCSI M HCTIOIb-
3yeTcs Ui JTABHEHINEro KOHTPOJIS
W yAy4IIeHuss padoThl aJrOPUTMOB
KOOpAMHATHOTO narymka. llpu mpo-
BEICHUM TIOJUTOHHBIX HCIBITAHUH
9TU JaHHBIC 110 TEXHUYECKUM HPUYH-
HaM 3aIiCaHbl He ObUTH U JICTaJIbHBIH
aHalM3 TIONHBIX JAHHBIX JlATYMKA
KOOpAMHAT HE TMpoBoamics. Takxke
He OBLIM TOJYYeHBI JaHHBIE OOBEK-
TUBHOTO KOHTPOJISI O COCTOSIHUH TIPO-
3pavyHOCTH BOAHOH cpeapl. OnHaKo B
[IEJIOM CHUCTEMa OMpEAeICHUsT KOop-
JIHAT YBEPEHHO paclio3HaBaia W Ha-
YIHAJa 3aXBaThIBaTh MApKEPHBIEC 3HA-
KA TONOTrpauuecKoil MUIIEHU TIPH
TIOTIaJIaHNH B TI0JIE 3PEHUST KaMePHI C
paccTosiHUS B 5 M.
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Puc.13. Mpadmyeckoe n3obpaxkeHne akpaHHOro MHTepdenca cMcTeMbl aBTOMaTUYECKOM
nocagku

[IpoBeneHHBIE HUCIBITAHUS CH-
CTEMBI
ku (CAIl) mokazanmw, 4TO CHCTe-

ABTOMaTHYECKOH  Mocaj-
Ma BBIBOJUT ammapar B TOYKY HaJ
LIEHTPOM MOCAJI0YHON TUIOIIAJAKH
crenn-makera. Cucrema CAII ymep-
KUBaja TIIOJIOKEHWE TIOJIBOJTHOTO
anmapara HajJ IEeHTPOM MUIICHH U
pasBopauuBaja amnmapar o Yriy
Kypca. Ilocine BbIIONIHEHUS 3aJaH-
Horo manéBpa cucrema CAIl cau-
JKaja ammapar 10 5 CaHTHUMETPOB
MEXIY TOCaTOYHBIMHA TUIOCKOCTSI-
MU, 9TO (PUKCHPOBAIOCH KaK ymad-
HOE 3aBEPIICHHE CTHIKOBKH.

Puc. 14. Pa3melyeHne MoHUTOpa U ane-
MEHTOB CMCTEMbI aBTOMATUYECKON Nocaaku
B pybke noaBoAHOro annapara

Pa3paborana, wusroroBieHa U
WCIIBITaHA ammaparypa TeXHHUYe-
CKOTO 3pEHUS ISl pelICHHs 3a/1ad
HaBHUTAIlUU B CHCTEME aBTOMAaTHhye-
CKOM ITOCAJIKW TOJBOTHOTO arlapa-
Ta Ha 00BEKT, PACIIOJIOKEHHBIN IO
BOJIOH.

CoszmaHHas anmaparypa TpoIia
WCTIBITAaHUSI B PEaJbHBIX YCIOBUAX
MOPCKOU CpeJibl, yCIeTHO paboTas B
COCTaBE CHCTEMBI YIIPABJICHHS aBTO-
MaTHYECKOW TIOCaJIKOW TOABOAHOTO
ammapara Ha TUTOIIAJKy, OCHAIeH-
HyI0 TONOrpaduYecKoll MHUIIEHBIO.
Jarunk obecnieunBasl 0OHapyKEeHUE,
WICHTU(UKAIINI0 MapKepoB TOIIO-
rpaduIecKoil MHIIEHH HA PacCTOs-
HUU 10 5 M [P MyTHOCTH, COOTBET-
CTBYIOIIEH MYTHOCTH TPHUOPEKHBIX
Bojl bapenuieBa mops. Bricokas crte-
MIeHb WHTETPAIH, KOMIIAKTHOCTb,
HaJEKHOCTH IO3BOJISIOT HCIIONB30-
BaTh AATYHK JJIS CUCTEM YITPABICHHS
MOCaJKOW M CTHIKOBKOM ammaparoB
pPa3IMYHOTO  HAYYHO-TEXHHYECKOTO
HazHayeHus. Bo3MOXXHOCTE THOKOTO
U3MEHEHHUSI NPOrPaMMHOM  JIOTMKH
MO3BOJILACT aJallTUPOBATh HaTUYWK U
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U ApYroro poaa 3aaa4q HOZ[BO}_IHOI;'I
HaBUTallUW, BU3yaJIU3allUU U HOKY-
MCHTHPOBAaHUSA 00CTaHOBKH.
HepCHeKTI/IBHOCTL BBIpa6OTaH—
HOI'0 IoAxoJa K CHUCTCMaM YyIIpaB-
JICHUSI CTBIKOBKOH U pa3pa60TaHHI>Ie
MCTOABI ONPCACIICHUA KOOPpAWHAT
npu 1moMoIu OITHYECKOU U3Mepu-
TEIBHOU CHUCTEMbI MOATBCPIKACHBI
HAaTYPHBIMU UCIBbITAHUSIMU. K coxa-
JICHUIO, HC YIAJIOCh ITPOBCCTHU OIbIT-

HYI0 MpPOBEPKY B pEXHUME J0JITO-
BPEMEHHOI JKCIUTyaTallud B IIENSAX
JAJIbHEHIIEr0 yIy4IIEeHUs] U OITH-
MU3aLUN  aITOPUTMOB, BBISBICHUS
mpoOneMaTuku BO BCEBO3MOXKHOM
MHOT000pa3uy MEHSIOIINXCS] BHELI-
HUX YCJIOBUH.

OOHazexxuBalomIne PEe3ysbTaThl
OTIBITHON SKCITyaTallil ONTHYECKO-
ro JaT4vKa KOOPAMHAT B COCTaBe CH-
CTEMBbI aBTOMATHUYECKOM ITOCAAKH I10-

3BOJIMJIM TIPEIJIOKUTH ONTHUYECKYIO
CUCTeMy I OCHAIlleHUs oOuTae-
MBIX ITOJIBOJIHBIX aIlllapaTroB ¢ Iud-
POBBIM  YIPABICHUEM JBUKEHUEM
KaK IITaTHOE CPECTBO HABUTALIMOH-
HOI'0 KOMILIEKCA Ha ATaIl€ CTHIKOBKHU.
B BacTosmmii MOMEHT Takasl CHCTe-
Ma CYIIECTBEHHO TepepadaThiBaeTCst
Y BHEAPSETCS JPYTHM KOJUIEKTHBOM
aBTopoB — corpyanukoB UKW — na
HOBOM TITyOOKOBOJTHOM ariapare.
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