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B nanHoil pabore mpencTaBieHbl MpeIBAPUTENIbHbIE Ppe3ybTaThl Pa3pabOTKH
UH(POPMALMOHHON TEXHOJIOTUU O 00paboTke M300pakeHuil Kupiman s Mcnonb30BaHUS B
IUArHOCTUYECKOU CHUCTEME.

B nacrosiee Bpems noa nzobpaxkenneM KupnuaH MOHUMAIOT 3aperucTpUpoBaHHOE Ha
¢doTomarepuane cBeUeHHE Ta30BOTO Pa3psiaa, BO3HUKAIOIIETO BOJIU3U TTOBEPXHOCTH 00BEKTa PH
MOMEIIEHUH €0 B AJIEKTPUYECKOE TOJIe BHICOKOW HamNpshkKeHHOCTH. Kupnuanorpadus momydnia
OoNBIIOE pacHpOCTpaHEHHWE B MHUpPE KakK METOJ OKCIEPUMEHTAIBHBIX HCCIIeIOBAHUM:
oubnuorpadust mo s¢dexry Kupnman HacuuThiBaeT Thicsun myOnukanuil. Hambonbimmit
MHTEPEC BBI3BAIM HCCICIOBAHUS KHPJIMAHOTPAMM OHOJIOTUYECKHX OOBEKTOB, B OCHOBHOM
OpraHu3Ma YeoBeKa.

[TepBrie e uccnenoBanus n300paxkeHuii Kupiaman mokasaim, 9To BHJ KHPIHAHOTPAMM
MEHSIETCS IPU U3MEHEHUH COCTOSHUS YenoBeka. Hampumep, Mo BUAYy KUPIMAHOTPaAMM MalbIEB
PYK ¥ HOT OKa3aJoCh BO3MOXKHBIM CYAWTH 00 OO0IEM ypOBHE M XapakTepe (hU3HOIIOTHIECKOM
AKTUBHOCTH OpraHM3Ma, OI[EHUBATh COCTOSIHUE OTACNbHBIX €r0 CUCTEM M CIEIUTH 32 BIUSHUEM
pa3UYHBIX BO3JCHCTBUIA: TpemaparoB, Tepanuu u T.1m. [[lecorkas,l]. DTo mo3BONMIO pa3BUTh
3¢ (heKTUBHBIE CUCTEMBI IUarHOCTUKH, OCHOBAaHHBIC HA UCTIOIK30BaHNM 3 dexTa Kupnuan.

Oddexr Kupnman spiusercs B
: JaHHBIA ~ MOMEHT  €IWHCTBEHHBIM
J o UHCTPYMEHTAJIBHBIM METOOM,
| o i Q MO3BOJIAIOIIMM Ha  (U3HYECKOM U
i 9HEepro-uH(pOpMaIMOHHOM YPOBHSIX
l o o 0 OLICHUTh COCTOSIHHE€ HE OTICIBHOTO
i o opraHa WIH CHCTEMBI, a BCETO
/ opranmu3ma B EeJI0M BO
[ B3aMMOOTHOIICHUH OT/ACIBHBIX YacTei
-. Ipyr ¢ Aapyrom. B mepcrektuBe 3TOT
METOJ BUJIUTCS BOIUIOIICHHBIM B BHJIE
a O o b MPAKTHYECKOr0 WHCTPYMEHTA Ha CTOJIe
' mo0oro Bpaya. Coznanue
UHGOPMAIIMOHHON  TEXHOJOTHH s
ABTOMATH3MPOBAHHOM 00paboTKH
nzoopaxennit  Kupnman  sBnsercs
OYepeIHBIM IAaroM Ha NYTH K
UCTIOJIb30BaHUIO MeToja B
MOBCEIHEBHOM BpaueOHOM MpPaKTUKE.
N3ob6paxenus Kupnunan
MPEACTABIISIIOT co0oit CHUMKH,
MOJTyYeHHBIE Ha CHeIHaTbHOM
dotomnenke, pasmepom AS, Ha
KOTOPBIX 3a(PUKCHUPOBAHBI CBEUCHUS OT
KOKJIOTO M3 TATH TnanbieB (puc.l).

Cnenyer OTMETHTb, YTO C MO3ULIUN
Puc. 1. IIpumepsr nzobpaxenuit Kupnuan: ABTOMATHYECKOH WA

a — TAJIBIIBI JICBBIX PYK, b — MaIbIIbl MPABBIX PyK ABTOMATU3MPOBAHHOW 0OO0pabOTKH MAMist
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M300paXKeHU XapaKTepHbl HECTAOMJIBHOCTh W HEPAaBHOMEPHOCTh (HOHA, 3HAYUTEIHHOE
KOJIMYECTBO IIOMEX, KOTOpBIE IO YPOBHIO SIPKOCTH W BEJIWYMHE CPAaBHUMBI C OOBEKTaMH,
HEYCTOWYMBOCTb (DOPMBI U YpPOBHS SIPKOCTH CaMUX OOBEKTOB. XOTS MO JAUArHOCTUYECKOMY
COJICPKAHMIO HAa HACTOAIIEe BpEMsl 3TH HM300paKEHHUsT MOTJIM OBl CUMTAThCA OWHAPHBIMH,
OJTHAKO, AaXKe 3a/la4a OMHapHU3alMU TaKUX N300pakeHUM HE MOXKET CUMTAThCsl TPUBUAIBHOM, HE
TOBOps YK€ O 3aJauax JajbHelei o0paboTKH, B YACTHOCTH, 3aJjauyaxX pacro3HABAHU C LEIbIO
IUAarHOCTHKH.  M300paxkeHHe cBeYeHMs KaKIOro Majblla MMEEeT BHMJ TEMHOIO Opeola,
00paMJISIIOILIETO CBETJIOE MATHO, Mo (popme vacTo O6imu3koe K sumncy. lupuHa opeona Moxer
ObITh pa3HOM, Jaxe i1 OJHOro u300paxkeHHs. YacTo opeos HMeeT He CIUIOIIHYI0, a
IPEPBIBUCTYIO (hOpMy, a TakkKe MOXKET COCTOSTh U3 OTAEIbHBIX (pparmeHTOB (puc.l). Caetnoe
ISTHO BHYTPH OPEOJIa COOTBETCTBYET MECTY KOHTAKTa Iajblia C
IUIGHKOM M €ero SpKOCTb COOTBETCTBYET SPKOCTH (hOHa
N300paKeHMSL.

B mHacrosmee BpeMs JUIsl AMAarHOCTHYECKHX —Lielel
UCTIONB3YETCsl  CTaHJApTHOE  MPHUKIAgHOE  obecrieueHwue,
IOCTaBJIIEMOE BMECTE C MPUOOPOM, pabOTAIOUUM MO METOAY
KopotkoBa [KopoTrkos,2]. 3Drtor mnpubop mnpemycMaTpuBacT
HOCJIEI0BATENbHOE MOJY4YeHHE M300paKEHUl OTHAENBHO IO
KaxaoMy mnanbly (puc.2). UToObl MCHOIB30BaTh CTaHIAPTHOE
nporpaMMHoOe — obecriedeHue Uil u3oOpakeHuit  (puc.l),
HEOOXOIMMO  TIPEBAPUTEIHHO CEeTMEHTHPOBAaTh  TaKHe

Puc.2. U3o6paxenue U300paKeHHsl, TO €CTh U3 OOIIero H300paKEHUS BbIICIUTDH
Kupiian CBeueHus OMHOTO  pa06nayeHme KaI0ro Manbla M MOBEPHYTh €ro, 4T00bl OHO
frasbra COOTBETCTBOBAJIO BEPTHKAJILHOMY HAIIPABICHMIO MaNbLA.

[IpenBapurensHas obpabotka Kwupmuan wu3z00pakeHuit npeIHa3HaueHa s
UCIOJIb30BAHUS B IUATHOCTUYECKON CUCTEME C LIeTIBIO:

— BU3YaJIM3alliH JJaHHBIX 0 cuTHajax Kupinuan Ha sKkpaHe;

— MpeBapuTeIbHOM 00pabOTKK JaHHBIX 0 curHanax Kupnuas;

— KOPPEKIMH TaHHBIX B UHTEPAKTHBHOM PEXUME

— XpaHeHus nzoopaxenuit Kupnuan B 6a3e JaHHBIX AMArHOCTUUYECKOW CHCTEMBI.

PazpaboranHoe mporpamMMHoOe oOecrieueHre MpeaHa3sHaueHO IS TOyaBTOMaTHYECKON
CerMeHTaluu U300paxeHnit ceeueHust Kupnuan ot mstu najieleB Ha H300pa’keHHsI CBEUEHHUS OT
KaXX/IOTO TaJibla OTAEIbHO, aBTOMATHYECKOW KOPPEKTUPOBKH OPHEHTAIMHM KaXKIOTO Tasblia,
KOPPEKTHPOBKH pabOThl PYHKLUI HACTOSALIETO MAKeTa B UHTEPAKTUBHOM PEXHME.

N300parkeHre cBeYCHHS JUTSI Ka)KJOTO TMaiblia BBIIEISIOT B OTACIBHBIN (aiii, mpuiaeM
n300pakeHNe KaXAOro Majblla COOTBETCTBYET €ro BEepTUKalIbHOM opueHTauuu. Jns
BBITIOJIHEHHUS] OTEpAallMd OPHEHTAIMK TPEAyCMOTpeHa (YHKIMS TOBOPOTa HM300paKEHHS
CBEUEHUS JUISI KAKAOTO Majblia BOKPYT YCIOBHOTO LIEHTPA.

@®opmar H300paKEHUS] KAKIOrO TMajblla COOTBETCTBYET BXOXHOMY (opmaty s
porpaMMHOro obecnedenus npudopa Koporkona.

[TporpammHOe obecnieueHre BEIOIHACT cleayIomue GyHKINN:

— OTKphITHE (aiina .bmp MoIyTOHOBOrO M300paXKeHUs, CUMThIBAHUE H300paXKeHUs BO
BHYTPEHHHH MAacCHB M OTOOpa)XCHHE €ro Ha HKpaHe MOHHUTOpA ISl MPEIBAPUTEILHON OICHKH
9KCHEPTOM U BO3MOXKHOM KOPPEKTHUPOBKHU B HHTEPAKTUBHOM PEXHUME C LIEJbI0 YAAJICHUS TOMEX;

— WHTEPAKTHBHOE OIPE/ICICHNE PACIIOJIOKEHHS] CBEUYCHHUS TMANbLEB Ha HM300paKCHUN
MyTeM YKa3aHHUs OIEpaTOPOM LIEHTPOB YCIOBHBIX LIECHTPOB CBEUCHMUS;

— MPUCBOEHIE HOMEPA KaXKJIOMY CBEUCHHIO MAJIBIIEB 110 UX B3aHMHOMY PACIOJI0KECHHUIO;

— onpezieNIeHUe LEHTpa JaJl0HU U YCIOBHBIX YTJIOB IOBOPOTA MaJIbLIEB;

— OIpeJeNIeHUe TapaMeTpOB MPSIMOYTOJBHUKOB, BKIIIOYAIOIINX CBEYCHHS OTAEITBHBIX
NAJIBLIEB C YYETOM YTJIa HOBOPOTA KaXKA0TO MPSIMOYTOJIHUKA,;
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— TIOBOPOT M300pakeHU OT/ICTBHBIX MAJIbIICB;

— (opmupoBanme (aiioB .bmp cBeUYEHHUS KaXIOro Majblia; (GOPMUPOBAHHUE OMUCAHUS
Ka)KJI0r0 ajblia.

— UHTEPAKTUBHBIN PEKUM KOPPEKTHUPOBKH PE3yIHTATOB PaOOTHI (DYHKIIUH.

Haubonee cnoxHOW sBisieTcs (YHKIUS YTOYHCHHOTO OIPEICICHHS PACIIOIOKCHHUS
CBEUCHMSI MMaJbIla HA W300paKCHHUH, OTIPEICIICHHUS TPAHUI] M YCIIOBHOTO IIEHTPA MATHA.

Hcxonss w3 o0mmx mpeactaBieHuit o0 wu3oOpaxkeHusx Kupnwan, npeacTaBuiioCh
[eIeCO00pa3HbIM, C IICNBI0 BBIACICHUS CBEUYCHHMS KaXKJIOrOo TMaiblla Kak oOOBeKTa Ha
HU300paXCHUM M ONPEICIICHUS €ro IapaMeTpoB,  alPOKCHMHUPOBATh BHYTPCHHHH KOHTYP
CBEUCHUS KAXJOr0 Tallblla JJUIMIICAMU, a BHEIIHWE TPAHUIBI CBEYCHUS KAXKIOTO Mayiblla —
OKpyx)HOCTsIMU. [lapameTrpamu 3JITUIICa SBISIFOTCS KOOPAMHATHI €T0 [IEHTPA, pa3Mephl MOJTyocen
U YroJl HakJIoHa 0osibioi ocu. [TapameTpamul OKpYKHOCTH, OIIMCAHHON BOKPYT TEMHOTO OpeoJia
KKIOTO Tajblla, SBISIOTCS MEHTP W auameTp. L[eHTphl ayumica U OKPY»KHOCTH COBIAIAOT.
OKpYy’>KHOCTh JIOJDKHA OXBAaTUTh BCE CBeUEHHE (TEMHBIH Opeoi), IO BO3MOXKHOCTH HCKIIOYast
TOHKWE TepuepudecKue JIMHUA — <«JISHAPUTH». lIlpemmonaraercs, YTO LEHTP JIAJOHU
HAXOJIUTCSI Ha CEPEIMHE OTPE3Ka, COCAMHSIONIETO IICHTPBI MEPBOr0 W MATOrO majibieB. LleHTp
JAJIOHU COCAWHSIIOT C IEHTPAMH BCEX TAJBIEB, JJIS ONPEACICHHUS YIJIa TMOBOPOTa KaXIOTO
naJiblla OTHOCUTEIBLHO BepTUKAIH. byieM cuntarh, 4ro n300paxkenne Kupiuan kaxmaoro majibiia
OTPAaHWYCHO KBAJPATOM, OIMHMCAHHBIM BOKPYT OKPYXXHOCTH, OXBATHIBAIOIICH TEMHBIH Opeoy, U
MIOBEPHYTHIM Ha yroJl HAKIIOHA JIMHUH, COCTUHSIFOIIEH IEHTP JIAJIOHU C IIEHTPOM CBEYCHHUSI.

Ncxomnas naopManus — MpeaBapUTEIbHBIA CIIMCOK KOOPAMHAT IICHTPOB CBEYCHHUS X/,
yi1, [ =1,5 — nsITH IasbIIeB.

BreixogHas nH(DOpMANHS — CIUCOK MAapaMeTPOB IATH OKPYKHOCTEH, OrpaHHMYUBAIONIUX
NSITHA, CIIUCOK MTapaMeTPOB TISITH DIUTUIICOB, OTPAHNYMBAIONINX BHYTPEHHOCTD TISTHA.

JIyis TIoWicKa TapaMeTpOB OKPYIKHOCTEH W DJUIMIICOB HCIOIB3YIOT ONTHMH3AIMOHHBIC
QITOPUTMBI, PEATH3YIOIIHE METO IPAIMCHTHOTO CITyCKa.

JInst OKpy KHOCTEH MapaMeTpaMy ONTHMHU3AINU SBJISIOTCS KOOPAMHATHI LEHTPA X,V U
BeNMYKMHA paguyca . LleneBas ¢pyHkums

c=max § , npu Zv(x,y)< 0¥ , (1)

OKp
X, (x—xu)2+(y—yu)2<r2
rae @~ 0.9 — HeKOTOPBIiA TOPOT, OTPe/IeISIEMbIi SKCIIEPUMEHTABHO,
v (x,y) — 3HaYCHHE ONTUYECKOH IJIOTHOCTH MUKCENA C IEeJI0YUCICHHBIMA KOOPAUHATAMH X,);

Y= Y v, j) — CyMMapHasi OINTHYeCKas IUIOTHOCTh B Tpeienax Kpyra
(i=x) U =2,) P
MaKCHMAJIFHOTO painyca CBEUCHHS Fmyx C KOOPAWHATAMHE LICHTPA Xy, )y
i,j — IeTIOYHMCIICHHbIE KOOPAUHATHI ITUKCEIA.
Jns SnnuncoB mapaMmeTpaMH  ONTHMH3AIMM  SIBISIOTCS KOOPIMHATBHI IEHTPA X,V
BEJIMYHMHBI 0OJIBIION @ 1 Maoil b mosryoceil u yroa noBopora o. LleneBas ¢pyHkuums
c= max § ,mpu D v(x,y)<6-¥ 2)

a,b,a
x”ayua ) (X_Xu)z (y_yu)z
—t <1

a2 b2

Anroput™M (GyHKIMOHMPOBAHUS CUCTEMBI 3aKJII0YaeTCs B cieaytouem (puc.3).

1. Omeparop yka3plBaeT KypcopoM Ha »JKpaHE€ MOHHUTOpa NPUMEPHOE MECTO
pacIoIOKEHUs IEHTPa U300pakeHHs KaXKIO0To naybiia. MecTONoN0KeHHE IIEHTPa MOXKET OBITh
yKa3aHO MPHUOIM3UTENHFHO, HO 0053aTElIbHO JODKHO HAaXOAUTHCS B IpelesiaX CBETJIOrO ISTHA.
Cucrema ompenensieT KOOpIMHATHI YKa3aHHBIX [IEHTPOB.
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2. Tlo yka3aHHBIM KOOpJIMHATaM aBTOMAaTHYECKU OMPEAEISAIOTCS MapameTphbl UIMICA U
OKpPY)KHOCTH Il W300paskeHUs] Kaxaoro maibla. [Ipy HE0OOXOJMMOCTH OmepaTop MOXKET
CKOPPEKTHUPOBATh LIEHTP M300pakeHUs Majblia, IPU ITOM
IepecyeT  MapamMeTpoB  JJUIMICA U OKPYXHOCTH
OCYILECTBUTCSA aBTOMaTHUYECKHU.

3. ABTOMaTM4eCKH ONPEAENAIOTCS KOOPAMHATHI
LIEHTpa JIaJIOHH, 3HAYEHUs YIJIOB IIOBOPOTA M300paxKeHUH
NajblieB W [apaMeTpbl  ONMCAaHHBIX  KBaJpaToB,
OrpPaHUYMBAIOUINX U300paXKEeHUsI OTAEIbHBIX NaJIbLEB.

4. W300paxeHus  NaJblLEB 3alUChIBAIOTCS B
OTJICTBHBIC PACTPOBEIC (ailibl (prc.4).

Anroputm aBTOMaTHYECKOI'0 olpesieeHus
MapaMeTpoB AILIUIICA U OKPYKHOCTHU JUIsl KXKIOTrO Majibla
COCTOUT B CIIEAYIOIIEM:

1. Onpegenstor sipkocth (poHa B MecTe
pacIoyIOKEHUs] CBEUEHMs KaKAOoro mnaiblia. B kauectse
SApKOCTH (POHA TPUHUMAIOT CPETHIOO SIPKOCThH B KBaJpaTe,
pasmepoM 10x10 nmukcenoB, HEHTP KOTOPOTO COBMANAET C

# / UEHTPOM M300pakKeHHMs MaIblLa.
Puc.3 Usobpaxenne Kupnnan n 2. OnpenendioT napamMeTphl DIIIHIICA
BBIJICIICHHBIC HA HEM M300pakCHHs MAaKCUMaJIbHOM IUIONIAJAN MPH BBIOJIHEHUU OTPaHUYCHUI

CBCHCHUH OTACIBHEIX TATIBICH (2), KCTIOMB3YSt METOJI TPAMEHTHOTO CITYCKa.

2.1. B HyneBOM IpUOIMKEHUH UCTIONB3YEeM KOOPIMHATHI [IEHTPA JJUTUIICA, TIOTyYeHHBIE
B UHTEPAKTUBHOM peXHUME, pazMep moiyoceit paBeH 10 mukcenam, yroa moBOpOTa paBeH HYIIO
rpalyCoB OTHOCUTEIHHO BEPTHKAIH.

2.2. V3MeHss 3HAYeHUs MapaMeTpoB Xy, Vy, d, b, O, ONpEAeTstoT HUX  3HAYCHHUS,
MaKCHUMU3HUPYIOUIUE IJIOAAb 3JUIAIICA IIPU BBIIIOJHEHUH OTPAaHUYEHUN IO IPKOCTH (2).

3. OnpenensioT AUAMETP OKPYKHOCTH, OXBAThIBAIOIIEH TeMHBIN opeon. KoopauHats
LIEHTPa OKPY>KHOCTH COBMAAAIOT C KOOpAMHATAMU LIEHTpa 3JUIHUIICA.

Fasn I BN ] 2 ‘ 3

Puc. 4. MI300paxkeHus! OTNIENBHBIX MANBIEB, BEIPE3aHHbIC U3 001Iero n3oopaxenus: Kupnman n
3alMCaHHbIC B OTIENIbHBIE halibl

4 5

3.1. B kauecTBe HYJIEBOI'O NPHUOIMKEHHUs BBIOUPAIOT PAAMYC OKPYKHOCTH, PaBHBIN
OOJIBIIIEH TIOJTYOCH DJUTHIICA.

3.2. H3MmeHss 3HaueHHs pajauyca 7, ONPENeNAloT €ro 3HaueHHe, MaKCUMM3HpYIollee
IJI0LIa/1b OKPYKHOCTHU IIPU BBIIOJHEHUH OIpaHUYEHUi 1o apkocTH (1).

ITpoBeneHHbIE 1a0OpPaTOPHBIE UCTIBITAHUS TOKA3aJIl pabOTOCIOCOOHOCTh U BO3MOKHOCTh
HCIIOJIB30BAaHNSI  CO3/JaHHOM  TEXHOJOTHH o0pabotkn  m300pakenudt Kupmman B
JMAarHOCTHYECKUX CUCTEMAaX.

Jluteparypa

1. [Tecomkas JI.A., Kommannen B.A. CoBpeMmenHas Kupnuan nuaraoctuka B c0. crateit O dext
Kupnuan. — JInenponerposck, /Jnenponerposckuii nentp HTH, 2008. c. 9-15.

2. KopotkoB K.I'. OcunoBsl I'PB 6uoanexrporpaduu. — CI16, Mza-so CII6I MTMO, 2001. 360 c.

200 uepsens 2008 p. m. Kuis Cucmemu niompumxu npuiinamms piwiens. Teopis i npakmuxa.



