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Pa3spabotka n BHegpeHue AlMNAK
ANA noncka ge¢peKros nsgenumn
MUKPO3JIeKTPOHUKM C MOMOLLbIO
NCKYCCTBEHHOIO MHTEJIeKTa

YacTb 2. U3mepeHune obHapy»KeHHbIX
nepeKToB B BUAVMOM AMarnasoHe

B nepBoi1 yacTu ctatbu (cm. DK N22, 2025 r.) 6b1511 onmMcaHbl MeToAbl 1 CNOCO6bI
HaCTPOIK n306pa)keHni1 ANA BUAVIMOro Aiana3oHa o6HapyKeHnA aepeKToB.
Bo BTOpOI1 YacTn paccMaTpUBalOTCA MeTOAbl U3MepeHus, Knaccupukaumm un
dopmupoBaHua 6a3bl gaHHbIX (B]]) fedeKTOB c nOMoLLbI0 aBTOMaTN3NPOBaH-
HOro NporpamMmmHo-annapatHoro komnsnekca (AMAK) ans nouncka gepekroB
nsgenuin SneKTPoHHom TexHukn (U3T). Mpu sTom nsobpakeHme pedeKkra co-
XpaHseTcs B 6a3e flaHHbIX ANA AaNbHellero NpuMeHeHNA.

B cnepyiowmx yacTaAX cTaTby ONUCbIBaloTCA GyHKLMM aBTOMAaTNYE€CKOro Ono3Ha-
HUA AedeKToB, TPe60BaHMNA K YCTPONCTBAM KOMMbIOTEPHOIO 3peHUA, cucTeMa
ynpasieHnsa po6oTnsmposaHHbiMu ycTpoictBamu AMAK, npyumepbl BHeApeHna
B NPON3BOACTBO U3 NPaKTUKN NccnefoBaHnii, pa3paboTKu 1 3KcnayaTaLum Ha

reHepanbHbIii AUPeKTop,
AO «LIKBb «[lerToH»

BBeageHune

Paspa6otka u Baenperne AITAK nposenena crerpramcramu AO «LIKB
((IIQIZTOH>) B IIEJIAX COKPAIEHUA 3aTpaT U IIOBBIIICHNE Ka9e€CTBA IIPOAYK-
LMY, BBIITYCKAEMOM NPENIPUATUAMUI PANUOIIEKTPOHHON TPOMBIIIIIEH-
HOCTH.

O6napyxenue 1edeKTOB ¢ MOMOIIBI0 KoMITbIoTepHOTO 3perus (K3)
B nipousBoyicTBe MIOT — aBTOMaTH3NPOBAHHBII IIPOIIECC, B KOTOPOM HC-
IIOJIB3YIOTCSI KAMEPBI-MUKPOCKOIIBI BBICOKOTO Pa3peleHus], Iporpam-
MmHoe obecriedenne (ITO) mist mpoBepku Hamm4us 1epeKTOB B BUAMMOM
IUAalla3oHe ¥ UX aHAJIN3a B PeKUMe PealbHOTO BPeMEHH, y3Ibl POOOTO-
TeXHUIEeCKHX CPenCTB Ayt otbopa MDT, obecriednBast BLICOKOE KaIeCTBO
1 9 beKTHBHOCTD IIPOLECCOB IPOU3BOICTBA.

JledextoMm sBsieTCst Kaxkpoe oTaenbHOe HecooTBeTcTBre VIOT Tpebo-
BAHUSM, YCTAHOBJICHHBIM HOPMATHBHOM JOKyMeHTanuei. Jedexramu
MOryT 6I)ITI) HE TOJIbKO HEAOITYCTUMbIE HAPYIIIEHNUA [IOBEPXHOCTU B BUIU-
MOM JHanasoHe ux o6HapyskeHus asemenToB MOT, HO U BBIXOZ pasmepa
anemenTa MOT 3a mpepestsl 10ITyCcKa, HECOOTBETCTBUE CTEHIEHHU IIIEPOXO-
BAaTOCTU ITOBEPXHOCTU U3ETINA HOPMATUBAM, HAJIMINE LAPAIIUH U CKOJIOB
Ha IIOBEPXHOCTH, COZiepyKaHNe CTOPOHHUX ITPHMeCeH 1 T. I,

CTpykTypa MaTepHasia He SBJISIETCS UJeadbHO CIUIONIHON U ITpeicTaB-
JIs1eT COO0I XUMIIECKYIO CHCTEMY, COCTOSIIYIO U3 OCHOBHOTO MaTepHaa,
BHYTpH U II0 TPaHUI[aM KOTOPOI PacIIpesie/IeHbl IPUMeCH, a TAkKe Tedek-
TbI, Pa3IHYAIOIINecs pagMepamy, HOpMOIL U pacronoxenueM [1].

B cTpyxType MaTepraza MOXKHO HAOMIONATh JUCTOKAI[UY U BAKAHCUH
(MCKaKEHUS U HECOBEPIIICHCTBA KPUCTALINIECKON PEIIeTKI MaTepraa).

3aBogax-usrorosutenax U3T n nepcnektusbl passutua AMAK.

B MEKPOCTPYKType UMeIOTCSI MUKPOTPEITUHBI 1 MUKPOTIOpHI. B Makpo-

CTPYKTYpe — TPEIUHBI, PAKOBUHBI, PACCIOCHUS, PBIXJIOCTH U IIp.

B HOpMaTHBHOI JOKYMEHTAIlUU TOJDKHBI YeTKO YKa3bIBAThCS IIPeIIeIIb-
HbIe OTKJIOHEHUS IIOBEPXHOCTU j1eMeHTOB MIDT 0T HOMUHAIBHBIX 3HA-
qeHUi, TP KOTOPbIX DT BEIIOMHAIOT cBoU (YHKIUY 6€3 CHIDKEHIS
HaJIe>KHOCTH.

OTKJIOHEHUEe CYUTACTCS IOITYCTUMBIM, €CIIU YUC/IEeHHOE 3HAYeHe
rapameTpa U3Jie/Ixsl He BBIXOIUT 3a IIpeJiesIbl, yCTaHOBIeHHbIe HOPMATHB-
HOU IOKyMeHTaIllel. BpIXom 9TOI BeIMUUHBI 3a IIpefieIbl 03HAYAET, YTO
UDOT umeer necexr.

1O AITAK no3BosisieT pa3inyarh:

e KpUTHUYECKHe OTKJIOHEHUS IPHU HAJIUYUU KOTOPBIX HeJIb3s UCIIOJIb-
3oBath MOT 1o HagHaueHMIO, TaK KaK OHA He OTBeYaeT TPeOOBAHUIM
6€e30ITacHOCTH;

e 3HAYMTEIbHbIE OTKIOHEHNS BIUAIOT Ha UCoab3oBanne MOT mo Ha-
3HAYEHMIO U Ha ee OJITOBEYHOCTh, HO He SIBJISIIOTCS KPUTUYeCKAMIE;

® MaJIO3HAYUTEIbHBIE OTKJIOHEHNUS CYIIeCTBEHHO He BIUSIOT HA UCIIOJIb-
3oBanue MOT.

Kpurnueckue v 3HAYUTENbHbIE OTKJIOHEHWS CIMTAIOTCS TedeKTaMu
1 6paKoM, [UISI MX BBISIBJIEHUSI KOHTPOJIb JOJDKEH OBITH CIUIOIIHBIM U B OT-
IeJIbHBIX CIy4asiX — HeOMHOKPAaTHBIM. Maslo3HaYNUTeIbHbIe OTKIOHEHUS
canTaoTcst gedeKTamu, Ho He OpakoM, OIHAKO Y HeKoTopbix DT coBo-
KYIIHOCTH OTKJIOHEHUM, KK 0e U3 KOTOPBIX SBJISETCSI MAIO3HAYUTEIIb-
HBIM, MOTYT OBbITh 9KBHBIEHTHBI 3HAYUTEIbHOMY HIIH KPUTHIECKOMY
OTKJIOHEHHIO M OTHOCSTCS K COOTBETCTBYIOIIIE KaTeropu [2].
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Pa6ora AITAK Ha mpoM3BOICTBEHHBIX JTUHUSX HPEIIIPULTHIL TTOMIIEP-
JKUBAETCS U COIPOBOKIaeTcs crenuanucramu npepnpustuii u AO «LIKb
«Jle’'TOH» B 9aCTH COBEPIICHCTBOBAHUS HOBBIX TEXHOJIOTUI UCKYCCTBEH-
Horo uHTesutekta (W), GyHKInOHMPOBaHUS CPeNCTB POOOTOTEXHIKU
U MeXaTPOHUKHU.

Ha npennpustusx pafuo3aeKTpOHHON IPOMBIIIIEHHOCTH KOHTPOJIb
BHeIHero Buna MOT Heo6X0/M [1JIs1 OIIpeie/ieHUs] UX Ka4eCTBa, TOCKOJIb-
Ky BHEIIHHUI B BIusieT Ha QyHKIMIO uaneans. OJHAKO TaKue Xapakre-
pucruku DT kak MUHMATIOpU3aIKs, TOYHOCTD, BBICOKAs TNIOTHOCTD JJ1e-
MenTOoB VDT (B MHOTOKPUCTAIBHBIX MOLYJISIX, THOPUAHBIX MEKPOCXEMAX,
MHKPOCOOPKaX U T.[I.) MPECTaBISIIOT C000# OrPOMHYIO IpobieMy st
PYYHOTO OCMOTpA IOl MUKPOCKOIIOM, IIOJTHOCTBIO 3aBHCSIITYIO OT 3peHNs
HHCIIEKTOPa U CyObeKTUBHOrO CyxaeHust. Takum 06pasom, 1/t aBTOMa-
TH3AIMU KOHTPOIIs BHeltHero Buna UOT crano Heo6XomuMbIM 1 00Ha-
pyxenue neexToB Ha 0OCHOBe 060pabOTKU U306PAKEHHUI C TOMOIIIBIO
texnonoruii M. ATTAK numuTupyer BocIpusiTie 4eJ0BeYeCKUM IJ1a30M
IeeKTOB C UCIOIB30BAHNUEM KaMePhI-MHUKPOCKOIIA U IPUHUMAET peliie-
HUS C IOMOIIIBI0 KoMItbioTepoB 1 [10, peansyst GesonacHslit, a¢dexTis-
HBII 1 6eCKOHTAKTHBII HepaspyIIAIOIINil KOHTPOJIb BHeIHero Buga MOT.

PasButie npenpuaTHil 0TEYECTBEHHON PAIIOIEKTPOHHON MPOMBIIII-
JICHHOCTH TpebyeT CO3MAHIs PA3HBIX PKUMOB KOHTPOJISI KadeCTBa [IpH
CMEIITaHHOM CEPUIHOM IPOU3BOJICTBE, MHANBU/YaTbHOM MEJIKOCepUIi-
HOM ITPOU3BOJICTBE, a TAKKe IPUMEHEHMs CUCTEM OIIeHKU KayecTBa Ma-
TepHaJIoB U U3MIEJINH Ha BCEX YUaCTKAX MPOU3BOACTBEHHBIX IPOIIECCOB.
Kpowme Toro, cienyer IpuMeHSTh BOSMOKHOCTU aBTOMATH3AI[UH MHOTUX
TPaIUIMOHHBIX IPOIECCOB, K KOTOPBIM OTHOCSATCS BTOPUYHAs BHIOOD-
Ka I0CJIe TPOU3BOJICTBA WM OTCIIEKUBAaHME KauecTBa C OT/IEbHOM ITpo-
BepKO JIsI MHOTOTUIIHBIX U3JeIUi1, COBMEIeHHBIX B oqHOM VDT, Ot
IIPOU3BOLCTBEHHBIE CLIEHAPHUH, KaK IPABUIIO, IPELCTABILIOT CO00I Gomtee
CJIOJKHBIE IIPOIIeCCh, 60JIee BHICOKYIO CTEIIeHb aBTOMAaTH3aIuH, 6oiee
cTporue Tpe6OBAHMUS K Ka9eCTBY U B GOJIbILIEH Mepe Hy>KIAIOTCSI B THOKOM
cucrematusuposaHuoM 10 s onenkn kadectsa. OmHAKO aHAIU3 HC-
nosb3yemoro K3 3a py6esxoM BbISIBIIsIET HECKOJIBKO 3aMETHBIX IIPOGIIeM
B 3TOY TeXHOJIOTHH, OTPAaHUIMBAS ee IPIMEHEHHE C YIIOMSHYTBIMU CIIe-
HapusiMi. OCHOBHBIE TPOGIeMbI BO3HUKAIOT [IPH PeIleHHH HOBBIX 331249
C ACTIOJIb30BaHNEM TPaIUIIMOHHBIX METOMIOB, BKJIIOYasl a/JAlITHBHOCTD Pa3-
HBIX XapaKTePUCTHK H300pasKeH¥st, TPe00BAHIsI K MHOTOKPATHOMY YBeJIH-
TeHUIO H300PasKeHISL, TOBBIIIEHHUIO IPOU3BOAUTEIBHOCTH, OOHAPYKEHHIO
HOBBIX BUIOB JIepeKTOB U T. 1. [3].

CI105KHOCTD U Pa3HOOOPa3ue XapaKTepUCTUK U300pakeHUsI fedeKTOB
VDT, B OCHOBHOM, SIBISIIOTCS Pe3yIbTaTOM BMeIIATeNIbCTBA (PAKTOPOB
OKPYIKAIOLIeH CPebl U HeIPeICKa3yeMOCT! caMuX fedektoB. Bosmukaer
psn mpobiieM, K KOTOPBIM OTHOCSITCS, HAIIPUMED, Pa3HbIe BAPHAHTHI
BHEIITHETO BHJIA, HEONITUMAIbHOE OCBEIlleHHe, Talollee 3HAYUTETbHYIO
uHDOPMAIHIO, KOTOPas He OTHOCUTCS K IIOCTaBIeHHOM 3aade (doH mwim
1ryMm). IS TpafUIIMOHHbBIX aITOPUTMOB 0OHApY KeHHs feeKTOB He3Ha-
YuTebHbIe I3MEHEHHs H300PKEHHUS MOTYT IIPUBECTH K COO0 Ha TI060M
JTarle IPOU3BOJCTBA U IOSBJICHUIO ITAPTHU OPAKOBAHHBIX U3/

IedekTbl MOTYT BaphbUPOBATHCS OT HE3HAYUTENBHBIX ITPOOIIEM, KOTO-
Ppble OKa3bIBal0T MUHUMaIbHOE BusiHe Ha VIOT, 1o cepbesHbIX, KOTOPbIe
nenaoT UOT HemprromHbIM 1S HCIIOIB30BaHS WK mporiecc Headexr-
TUBHBIM. Otipefiesnisist 1 K1accuUIUpyst TUIIBI 1eheKTOB, KOTOPbIE UMEIOT
oTHOIIIeHHe K oneHnBaeMoMy VOT mu mpotieccy, mpennpusitust obecrre-
YHBAIOT COTJIACOBAHHOCTD B OTYETHOCTHU ¥ CPABHEHUH.

ATTAK paspa6oras ¢ Hanexxabim 110 m1st mpoBepku Haymaust 1eheKToB,
OCHOBAHHOM Ha MeTOAaX 06pabOTKH H300paKeHNUI, BKIIIOYAst yCTPAHEHIe
¢ona, anmporcumanuio rpanui, anantanuio kK 9T ¢ pasapiMu Matepua-
Jamu 5eMeHTOB. D10 ITO obecrednBaeT UCIOIb30BAHYE GECKOHTAKTHOTO
METO/Ia, TAPAHTUPYIOIIETO OTCYTCTBUE 3aTPASHEHUH WIIN ITOBPEXKIEeHUI
BO BpeMst 0cMOTpa 1 9P PeKTHUBHO BBIBIISIOIIETO BU3YIbHbIE HCKAKe-
HUSI, OTKJIOHEHUSI [I0OBEPXHOCTU ¥ HHOPOJHBIE ITPEIMETBL.

B AITAK coueraercst mpuMeHeHHe TPaguIMOHHEIX 2D- u 3D-mMeTon0B
K3 ¢ macrepckrMu HaBBIKAMH HHCIEKTOPA, OTBEYAIOIIETO 3a KaYeCTBO
napenus. TpagunuonHoe 2D K3 pecatuneTusyMu UCnoab30BaIoch IS aB-
TOMATHU3UPOBAHHOTO KOHTPOJIs KadecTBa MIOT. B ocHoBHOM, OHO cocTOUT
U3 OITHOY MJIM HECKOJIBKUX KaMeP—MHUKPOCKOIIOB, KOTOPbIE 3aXBaThIBAIOT
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U300paKeHNe, U KOMIIBIOTEPA, KOTOPBII 00pabaThiBaeT 3T0 H300pasKeHHe
u Ha ocHoBe [1O onpenenser coorsercrBue nposepsieMoro MOT ykasan-
HbIM Tpe6OBaHI/IHM K Ka9€eCTBY.

B mocieniame rozipt 3D-TexHOIOTMsE GYKBaTbHO 100ABHIIA TOIOTHITENb-
HOe u3MepeHue K BoaMokHOCTsiM K3. Takoe o6HapykeHIe neaTbHO Ipu-
MeHSIeTCsI LIS IIPOBEPKU Pa3MepoB i popM edeKToB IIHPOKOro CIIeKTpa
TUIIOB, KOTOPbIe MOYKHO OIIHCATD U OLTHMU3UPOBATD [4].

ATTAK no3BoJisieT pemarh 3agadu, Koraa gedekt CTaHOBUTCS TPYII-
HO onucats. Hanpumep, mpu o6HapyskeHUH TedeKTHBIX MOTEPTOCTEH
nosepxuoctu MOT, 3agada 0TOPakOBKE KOTOPBIX TpeOyeT BhISBICHUS
U OLICHKH OIIBITHBIM MHCIEKTOPOM. OOYHasICh ¢ IIOMOIIBIO H3006paKe U
o6pasmos nedexros DT, AITAK umutupyer paboTy OIBITHBIX HHCIIEK-
TOPOB T10 06ecredeHuIo 6oIee IOCIeT0BATEILHOIO I TOYHOTO IpoLecca
npoBepku. CTaHapTHBIE KOMIIOHEHThI aBTOMAaTH3MPOBAHHOTO 0OHAPY-
JKEHUs ,Hecl)eKTOB CTaIX DOCTYITHBIMU B TOTOBOM BHU/E, HO JIJIA ITOJTYYE€HUA
OITHUMAJIBHOTO Pe3yJIbTaTa HeOOXONIUMO ITTyO0KOe IOHIMAHNE HCIIOIB30-
BAHMS TEXHOJIOTHII U HAJIMIME HABBIKOB B 00J1acTi 0OHApYKeHus nedek-
TOB, BKJIIOYasI KPEaTHBHOE MBIIIIICHHUE, YIPAB/ICHUE KaMePOI-MUKPOCKO-
IIOM U OCBeIIIeHHeM LT 3aXBaTa TpeOyeMbIX H300paKeHHIL.

ATIAK npenBapurensao o6pabaTsiBaet moBepxaoct VDT ¢ momormbio
2D/3D-3penust. UTo6bI ONTUMU3UPOBATD LIPOLECC U U30EXKATH HeOOXOIU-
MOCTH 00paBOTKH HEPOHHOM CEThIO BCETrO H300PAKEHNsI, UTO SBIISETCS
PECYpPCOEMKUM U OTHUMAET MHOT'O BPEMEHU, UCIIOJIb3YETCA TPATUIIUOH-
Hast TexHoIorus 2D/3D-3peHust UL BHISIBIICHHST BO3MOKHBIX 1e(heKTOB
Ha 3aJaHHOM Yy4aCTKe IIOBEPXHOCTU WJIH, APYTUMU CJIOBAMU, IS YKa3aHUA
obtacreit, TpeOYIOIINX AATbHEHIIIEro HCCIeN0BaHusL. BeiOpanHble obmactu
3aTeM IepeflaloTCst B HEMPOHHYIO CeTh, 00yIeHHYI0 Ha GOIBIIOM KOJIH-
gecTBe 00pasiioB, KoTopast 06pabaTsiBaeT H300payKeHNe U IIPUCBANBAET
€My OLIEHKY, OIIPEeJIeJISIOIIYI0 er0 COOTBETCTBUE YCTAHOBJICHHOMY CTaH-
mapry Kadecrsa [5]. Eciin pesysibTar oljeHKH HaXOIUTCS Ha OTPaHUIHOM
yposHe, AITAK BbImosHsIeT I0cTO6pabOTKY ¢ HcHoab30BaHueM 2D/3D-
3peHUsl, BBISIBUB KOHKPETHbIE, TIPeIoTpeesieHHbIe THIIBI Te(DeKTOB WITH,
HaIlTpuMep, U3MEPUB UX Pa3MEpPhI.

KauectBo n300pakeHHs: UMeeT ePBOCTEIICHHOE 3HAYEHUE JUIS Pe3yIlb-
TaTa IIPOBEPKU U 3aBUCUT OT OCBEIIECHUSA, SKCIIO3UIIUY, OIITUKU KaMe-
poI-MuKpockomna. CyTh B TOM, 9TO IMEHHO COUYETaHHe BCEX JIEMEHTOB
TI03BOJISIET PA3[BUHYTh I'PaHUIIBI Bo3aMoxkHOCTel AITAK.

Yacro norpebroctn B Texnonorusix AITAK Bogpacrator ¢ ycinoxxHeHreM
3agad1. Oco6eHHO BOCTPeOOBAHbI ITHUX TEXHOJIOTHH IS PEIIeH s 3aad,
KOTOpbIe B IPOTHBHOM CiTy4ae moTpeGoBaii Obl MPUBJIEIEHNUS HHCIIEK-
TOpa ¢ 60JbIINM OmbITOM. JIydInuM mpumepoMm sBysieTcst mposepka UOT
Ha IIpeJIMET IUI0X0 0OHAPYKUBAEMBIX [1€(DeKTOB, M «COMHHUTETbHBIX
necexToB». OOBIMHO 9TO OLEHKA Ha OCHOBE TAKOIO KOJIUIECTBA [Iapame-
TPOB, KOT/Ia CIOKHO JOCTATOYHO TOYHO yKa3aTh HEOOXOAUMBII YyIaCTOK
IULSL IPOBEPKH, YTOOBI BBIIIOIHUTD TY 5Ke IPOBEPKY, ITO H OIIBITHBII HH-
CIIEKTOP.

B ciydae, Korma peds uueT 0 6OIBIIOM KOJIUIECTBE MEKPOYIACTKOB
nosepxuocreit VDT, KoTopble IPOBepSIOTCs Ha Hatmdue aeeKToB, 00pa-
60TKa Bcero N300paskeH s ¢ TOMOLIbI0 K3 9acTo CTaHOBUTCS pecypcoeM-
koii. [Tpu aTom ncnonb3aytorcst Merofsl 2D/3D-3penus nis mpeBapuTeb-
HOI 06paboTKN U300paKeHUIT U OIpeneseHns 061acTeil n300pakeHns
C HOTeHIHATBHBIME AeheKTaMu, ITOObI depe3 HeUPOHHYIO CeTh IIPOXONH-
JIA TOJIBKO COOTBETCTBYIOLIME YIacTKH [6]. Takoe ru6puiiHoe pereHue me-
Jsecoobpasto, korna 2D/3D-3penne u MarnHHOE 06yderue (MO) MOKHO
00beNVHUTD JIJIs [TOBBIIIIEHUS HAIeXKHOCTU U [IJIs 3aXBaTa IIOAXOIAIIIIX
u3o6paxkeHnIt Tpedyercst 6oiIee TOTHAS IPOBEPKA KAIeCTBA IOBEPXHOCTH
WOT. IlpumeHenne rTHOPUAHBIX METOIOB IaCTO IPOUCXONUT B YCIOBUSIX
IIPOMBIIIUICHHOM 9KCILTYaTaIuy, Iie CHIDKAETCs] BO3MOYKHOCTb OOHapysKe-
HUSL ne(j)eKTOB 13-3a, HAIIPUMEP, BHICOKOM CKOPOCTH KOHBENEPHON JIEHTBI,
HEJOCTaTOYHOTO OCBEIIIEHNS, HEOAXOAIIEH TeMIIepaTyphl, IbUIA U T. II.
Ecim 3aava 3aK/II09IaeTcs BCEro JIMIIb B «IIOfCUeTe IUKCeNIeil» U U3Me-
PeHUM pa3MepoB, KOIUIECTB HIH I€r0-TO MOAO0OHOrO s OLIeHKH TOTO,
HaxXOOUTCA JIA JE€TAJIb B IIpEeIaX YKa3aHHBIX JOITYCKOB, PEIKO BOSHUKAECT
HeoOXOIUMOCTD B UCIOIb30BaHMU MeToyioB MO. B Takux ciryvasx tpaju-
1oHHoe 2D/3D-3peHne MOXKeT 0Ka3aThCsl eAUHCTBEHHBIM 3(D(HEeKTHBHBIM
CIIOCOO0M IOCTIDKEHUS IIeTH. AHAIOTUYIHO, HEKOTOPbIE 3aIadll PEIIaloTCs
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CTaHJAPTHBIMU CHOCO6aMI/I. K gum 06bI‘iHO OTHOCATCA CPABHUTEJIBHO
IIPOCTbIE 3aa9H, KOT'Ja JIETKO HHeHTI/I(bI/IL[I/IpOBaTb 1 aHHOTUPOBATD €~
(exrpl, a BLIGOPOIHOE TPOCTPAHCTBO IO OTHOLIEHUIO K Ie)eKTaM MeHb-
mre. B CTAaHJAPTHBIX PEIIEHUAX ABTOMATU3UPOBAHHOI'O ITOUCKA JIereKTOB
IIpenBapHUTeIbHAsI 00PabOTKA /15 BEIOOPA YIACTKOB N300PasKeHUS He BbI-
IHOJIHSIeTCsT — 06pabaTbiBaeTcst Bee n300pakerue. CIenoBaTeabHO, 0OBIIHO
[IPeIBAPUTEIbHBIM YCIOBUEM SIBJISETCS OTHOCUTEIBHO HU3KAsl CKOPOCTh Pa3Mep CTOPOHEI KaTHGp. KBagpata (Mym): 10 3 J - OYHCTHTH OKHO
o6HapyxeHHs 1eeKTOB, YTO [TO3BOJISIET IPU ABTOMATH3UPOBAHHOM I10-
HUCKe ycreTb 06paboTaTh n300pakeHne u Haiitu nedekTol. Ecian o6bem

IIPOM3BOJICTBA HEBEJIMK VI COCTOUT U3 HeOOJIbIINX HAPTHIl Pa3HBIX U3~ @\'._. - OTpe3ka THHHH (JUTHHA THHHH) Co a*“‘c 5 eq)“etfr’g‘\'l”em

Ienuit, pekoMernyercst mpuMersTh 2D/3D-3peHre kak Hanboee mMoaxo-

EnuaHna H3MepeHns: (10 MEM

H3MepaTs aedeKThl (31eMEeHTHI H3/1eTHA) ¢ MOMOMIBIO:

IAITAR MeTOf, C = BUACAHRROH OKPYXHOCTH (3aHIICa) 'OTKpm‘b Gazy :leq>e1:ron ‘
N3amepenus nedeKTOB OTHOCATCS K KOTUIECTBEHHBIM MepaM, HC-
- OPAMOYTObHHKA
I0JIB3YeMBIM JUISL OLIEHKH U aHam3a kadecrBa IDT. Ouu obecrieanBaoT @/ D)~ TPAMNT
CTaHIAPTU3OBAHHBIN IOAXO0], K BbISBIEHUIO, OTCIEKUBAHUIO ¥ aHATIU3Y
AlZ= BITHCAHHOTO TPEYTOJIbHHKA
Ipo6IeM KadecTBa, KOTOPbIe BOSHUKAIOT TP IIPOU3BOJCTBE, d TAKKe [0~
MOTQIOT IPEANPUSTUSIM OLEHUBATH YPOBEHb HECOOTBETCTBUS, OIpere-
@ | - oTMeTHTB AedeKThI (31eMeHTHI H31eTHs)
JISITh OCHOBHbIC TPUYUHbBI U IPUHUMATH PEIlleHNsI Ha OCHOBE NaHHBIX JIJIS ®/~
YTy UIIe NS Ka9ecTBa 1 COKpAIIieHns 1eekToB [7].
ATITAK aBromarmdecku 06Hapy) uBaer nedeKTHbIe 0COOEHHOCTH, 13- Puc. 1. BHewHuii nntepdelic B pasgene nsmepeHus AedekTos ¢ 0603HaueH1em OpraHos
ynpasnieHus

MepsieT UX pa3Mephl ¢ IOMOIIbI0 KaMepbl-MuKpockomna u [10. AITAK
PperucTpupyer napameTpbl K3MepeHuUs! OJHOTO U TOTO XKe jedeKra ¢ HeKo-

TOPbIMU BapuanusMU B IIOJIOJKEHUH, B OCHOBHOM IIOTOMY, 9TO II0JIy-
JAIOTCsI PasHble H300paKeHHs. DTO BBI3BAHO ONTHIECKUMHU (pakTopamu, 0.01mm
HEepaBHOMEPHBIM OCBeIIeHHeM, CIyJalHbIMY ITyMaMu U T. 1. 71 pertie- gg§$$
HUSL TAKOH IIPOGIIEMBI HCIIONB3YIOTCS Pa3HbIe METObI U3MepeHIs HeeK- AT
TOB Ha OCHOBE MX PasMepoB. PesysibTaThl OKa3bIBAIOT, YTO 3TU METO/BI 0.07mm
SHAYUTEJIbHO IIOBBIIIAIOT HANEKXHOCTh U COIVIACOBAHHOCTD U3MEPEHUA 0.1mm
pasmepa nedpekra. [Ipu yCI0BMU HajyIeKaIIEro MOJIEIMPOBAHUS METO/bI 0.2mm
H3MepeHs IPHMEHSIIOTCS K AedeKTaM pasHbIX TUIIOB. g::z
10mm 20mm 30mm 40mm S0mm
OcHoBHas yacTb sttt ool ot

It u3ameperust neheKToB BUIMMOTO THATIA30Ha UX OOHAPYIKEHUS Pas-
PaboTaHBI CPEICTBA, IPECTABICHHbIE BHEIITHIM HHTepdeHcoM Ha BKIAI-
ke «Mamepenus» crpanunsl «[IynpT ynpasnenus Kommiekcomy, 9To mo-
3BOJISIET HACTPOUTH upeHTHduUKanuio fedekTos. Buernuit nurepdeiic
B pasfese udMepeHust feeKToB ¢ 0003HaUeHNEM OPraHOB YIIPABICHNS 1
IIpeCcTaBjieH Ha puc. 1.

Puc. 2. KannbpoBouHbi WwabnoH

Kanu6poBkKa 1 I0CTMpoBKa Kamep-MUKPOCKONOB

Kanu6poBka — 9T0 3aada HOIyIeHNs BHYTPEHHUX U BHEIITHUX Iapa-
METPOB KaMephl 10 OTCHATOMY elo n306paxenuio. Kamun6poska kaMmepst 2

UCIIONB3YeTCst Ha HaYaIbHOM 3Tarte pertienus 3anad K3 st yaera ocobeH- / \
HOCTEH CYLIECTBYIOLIEN PeaIbHOCTU U YBEIMIEHHsI TOYHOCTU 3aMepa pas-
MepoB nedextos [8].

B ornune o KaIu6pOBKY, KOTOPast IO3BOJISIET KOPPEKTUPOBATD 110~
Ka3aHUs1 KaMep—MHUKPOCKOTIOB € YU€TOM UX XaPaKTEPUCTHUK, IOCTUPOBKA Puc. 3. PacnonoxeHue Kamepbl-M1KPOCKONa OTHOCUTENbHO LWaboHa
HalpaBjIeHa Ha ONTUMM3AIUIO IIaPaMeTPOB MOJI0KEHUS KaMep—MHKpPO-
cxonoB AITAK i nmonydenus Hauaydmux pesynbratos. AITAK mpn
IIPOBEJICHUHU MHCIIEKIINY BBIIOIHSIET OCTOSIHHYIO IIPOBEPKY OpPUEHTAIMN
KaMep—MHUKPOCKOIIOB oTHOCUuTeIbHO noBepxHocreit IOT. ATTAK BbI-
HOJIHSET IOCTUPOBKY KaMep—MHUKPOCKOIIOB JIJIsl ONTUMHU3AIIUK B3aMOpPa-
CIIOJIOKEHUS JJIEMEHTOB KaMeP—MHKPOCKOIIOB U HHCIIEKTHPYEMBIX I10-
BepxHocreit IDT. [l 0603HaueHns HOJOOHBIX NeHCTBHUIT B OTHOIIEHUH
PasHbIX IPHOOPOB TAKKe HCIIOTIB3YETCSI TEPMUH «PEryIMPOBKa» HIIH «IPa-
nynpoBka». OcTupoBKa KaMep—MHUKPOCKOIIOB, KOTOPAsi PaCCMaTPUBAETCS
B CJIEAYIOIINX YACTSX [IUK/IA OIUCAHUI IIPOLIECCOB Pa3pabOTKY U BHEAPe-
Hust AITAK, BeIroHseTCss HeMpephIBHO Ha 3Tanax MpOBepKH KadyecTsa
UOT ¢ nomorsio 1O u y3noB pobororexandeckux cpencrs AITAK.

7151 mpoBeeHysT KaTHOPOBKU HCIIOIB3YeTCsl KaIMOPOBOIHBII 1IIA6IOH.
OH npegHasHayeH Ui Kaau6poBku Kamep—Mukpockomnos u [10 K3 ms
u3MepeHHs pa3MepoB fieheKTOB B peaibHbIX enuHunIax. KanbpoBouHslit -
11a6JIOH IIpejiCcTaBIisieT COO0I IPO3PAYHYIO IUIEHKY C HAHECEHHOM Ha Hero
MUKPOMETPHIECKOII LIKaIOH (puc. 2).

Omm 10mm 20mm 30mm

Puc. 4. OqepuMBaHme KBagparta Ha |/|306pa>KeHv|v| HaXaTnem KHOMKu 3
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Puc. 5. PesynbTat U3mepeHs fedekTa — TpeLnHbI B BUAVMOM AnanasoHe obHapyxeHus
C MOMOLLbIO CTPENKY (OTpe3Ka IMHUK)

Ha puc. 3 moka3aHo pacronoxeHue KaMepbl-MHKPOCKOIIA OTHOCHTENb-
HO 111a6JI0Ha, Ie 1 — KaMepa—MUKPOCKOIL; 2 — mabioH; f — paccrosinue
OT KaMepblI 10 I1a6iIoHa. [1py TakoM 1oJI0KeHIH IPOBOAUTCS KAIMOPOBKA.

Ha mma6one BbIOHpaeTcst 00BEKT MIs KAMUOPOBKY KaMepbl, HallprMep
KBajpaT | Ha puc. 2, UMEIOLINI PeaIbHBII 3apaHee U3BECTeH C TOYHOCTHIO
10 MEKPOMETPOB, pa3Mep. YKa3bIBaeTcs eIMHUIIA N3MEPEeHNUs Pa3MepoB Jie-
bexToB B OKHe 1 puc. 1 1 pa3Mep CTOPOHBI KBafipaTa IA0JI0Ha, B OKHe 2, PHC. 1.

Ha uso6pakeHnH KBagpaT 04epIMBAETCS OT BEPXHETro JEeBOrO yIia
110 HIDKHETO [IPaBOTO MPY HAKATUH KHOIIKK 3, yKasaTenb 1 (puc. 4).

1O AITAK paccuuThiBaeT KOIHYECTBO MUKCeelt, BXojsiee B (hakTu-
YecKUH pa3Mep CTOPOHBI U3MePSeMOro KBajipara. Vcxons u3 noxyyeHHbIX
TAHHBIX O peallbHOM padMmepe L KBajipaTa i KOJIMUECTBE HAXOMAIIUXCS
B HeM ITHKCeJIel N OIpefesIsieTcs IieHa ie/eHnst uKcesst X 1mo dpopmyite

X=L/n (1)

Ilist omperieniernst pasmepa eeKToB HEOOXOIMMO IIOJYIeHHOE KO-
JIAYECTBO MUKCEIeN n yMHO)KI/ITb Ha L[eHy ITHUKCEeJIsd XB COOTBETCTBUU
¢ popmyuoit

S=nX. ()
N3mepeHme gedeKToB C NOMOLLbIO OTpe3Ka INHUN

Pesynbrar usMepenus ned)eKToB B BULUMOM [HANIa30He UX 0OHApY-
JKeHHUs C IOMOIIBIO OTpe3Ka JIMHUU II0Ka3aH Ha puc. 5. B aTom ciaydae
U3MepsieTcs XOp/a TPELIUHbI B BUie Ayru. [l HeKOTOPBIX U3IeNInil 3TO
YaCTBII CITyYait, KOT/[a TPEeliHa 00pasyer AyTy, a pasMep JIHHBI XOP/IbI

Puc. 6. Mopanok nsmeperna anuHbl xoppasl (1) n BbicoTsl cermerTa (h)
[NA pacyeTa 0BasIbHOCTY TPELLMHbI

OIpenesieT KPUTePHil OTHeceHus iedekTa K OpaKy, WK CHIDKEHHE YPOB-
HSI KayecTBa uazienuit. MiamepeHus mocie Haxatust Kinasuiu 7 (cM. puc. 1)
OCYIL[ECTBIISIIOTCS MBIIIIBIO, € IIOMOLIIBIO KOTOPOIT CO3IAeTCS CTPEIKa 3elie-
HOTO I1BeTa. OMHOBPEMEHHO PACCIMTHIBACTCS [UIMHA 9TOU CTPEJIKH (11~
ITyrem usmepenust el Xopas! (1) 1 BeicoTs! cermenrta (h) paccauTsr-
BAETCSI TAKKe OBAIBHOCTD TPEIIUHBI (CM. IIOPSIIOK U3MEPEHIUS Ha PHC. 6).
Pacuer npoussonutcst I1O B coorBeTcTBUE ¢ POPMYIION
12
d= E +h. (3)

B aToM ci1ydae 0BaIbHOCTD OIpeeNsieT KpUTePHil OTHeceHus fedeKTa
K OpaKy, WIK CHIDKCHUIO YPOBHSI KaIeCTBa H3MIeHIL.

Kpowme toro, [1O AITAK paccanTbIBaeT paguyc 0BaJbHOCTH TPEIIUHBI
o ¢popmyie

2
R=2y L
2 8h

Pannyc B OTZeIBHBIX CTy4asxX UTPAET PEIIAIONIYI0 POJIb B OLIEHKe fie-
(exra. Tperrunsl ¢ paguycom 6ombine R1 u Merbiie R2 moryT npepcras-
JIATH OIACHOCTD 110 IIPHYHHE BO3MOKHBIX BBIIafieHUil (PParMeHTOB H3fe-
JHsL, HapyIiasi ero (pyHKIHOHAILHOCTD.

Orpesox munuu B I1O ATTAK dopmupyercst ¢ TOMOIIBIO ABYX map KO-
opaouHaT X1 y1 u X2 y2 — HauaJbHOI ¥ KOHEYHOU TOYEK, COOTBETCTBEHHO.
JlnuHa 0Tpe3Ka IMHUU OIIPefeIsIeTCst C IOMOMIBIO (POPMyIIBL

1= J(x2=x1)* + (y2-yl)’*. 5)

4)

ynoT ynpasnenua Kounnexcom

Lieltlal o] t]

Puc. 7. Vi3mepeHne feeKToB C MOMOLLbIO BNMCAHHON OKPYXHOCTM (0Bana)
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Puc. 8. Pesynbrat n3mepeHna fepeKToB B BUAUMOM fyanasoHe nx obHapyxeHus
C MOMOLLbI0 ONMCAHHOTO NPAMOYTObHIKA
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Puc. 9. PesynbTat u3mepeHuie fedeKToB A BUAMMOTO Aana3oHa UX 0bHapyXeHuns
C OMOLLbIO OMNCAHHOTO TPEYTrObHUKa

N3mepeHune pedeKToB C NOMOLLbIO BNVICAHHON
OKpYy»KHOCTK (oBana)

Pesymbrar nsmepenus neeKTOB B BUAUMOM [UAIIa30He X OOHApyKe-
HUS C TIOMOII[BIO BITHICAHHOI OKPY)KHOCTH (OBaJIa) MOKa3aH Ha puc. 7.

MaMepeHus HaUMHAIOTCS IOC/IE HAKATHS KJIABUIIN 8, TOKa3aHHOM
Ha puc. 1, Iocjie 4ero ¢ HOMOIIBIO MBIIIN YEPTUTCS OBAJI CHHETO IIBETa.
OnHOBPEMEHHO B €T0 JIeBOM BePXHEM YTIIy YKa3bIBAIOTCSI BEPTHKAIbHBII
U TOPU30HTAIBHBIN PaZInyChl.

ITO AITAK npu usmepeHun neeKTOB € HOMOIIBIO BIIICAHHOTO OBAJIA
PaccIMTHIBAET /IBa ITapaMeTpa: TOPU30HTANILHBIA 1 BEPTUKAIBHBIN pajii-
ycbl. MakcumanbpHast BeIMIMHA Paidyca sBIISIeTCSl KPUTEPUEM JUIS OTHece-
Hus ledexTa K Opaky.

Topu3oHTaIbHEL U BepTHKAIbHBLA paguycsl B [0 AITAK dbopmupy-
IOTCA € IIOMOUIBIO IBYX IIap KoopauHat X1 y1 1 X2 y2 — HavaIbHOM U KO-
HEYHOIT TOUeK, COOTBETCTBEHHO.

TOpHU30HTaIBHBIIA PAIYC OIPEIELeTCs C HOMOIIBIO (GOPMYJIbI

_(x2-x1)
=

BepTHKaTBHBIN pajiiyc OpeessieTcst C TOMOIIBIO (OPMYITbI

R1

Ro=2=¥D > D @)

N3mepeHue fedeKTOB € NOMOLLbIO ONVICAHHOFO
npAMOYroJibHNuKa

I/I3M€p€HI/IH HAaYMHAIOTCS MMOCJIe Ha)KaTUs KJIaBUIIHU 9, MOKa3aHHON
Ha puc. 1, 1ocsie 4ero ¢ IOMOUIbIO MBI YePTUTCS MIPSIMOYTOJIbHUK Kpac-
HoOro 1BeTa. OMHOBPEMEHHO B €T0 JIEBOM BEPXHEM YIJIy YKa3bIBAIOTCS
IJINHA BepTUKAJIBHON U TOPU30HTAIBHOU CTOPOH. Pe3ynbTaT usmepe-

Hus 1e(heKTOB B BUIMMOM [HUAIIa30He MX OOHAPY>KEHUS C IIOMOIIBIO OITH-
CaHHOTO NPSIMOYTOJIbHUKA IIOKA3aH Ha pHC. 8.

1O AITAK npu usMepenuu feeKTOB € IIOMOIIBIO OLIICAHHOTO IIPsi-
MOYTOJbHMKA PACCUUTHIBAET [1BA apaMeTpa: JUINHY TOPU30HTAIbHOM
U BEPTUKAJIbHOU CTOPOH.

l'opusoHTanbHas U BepTUKaJbHAsA CTOPOHBI NpsMOyroabHuKa [10
ATTAK dopMupyoTcs ¢ IOMOLIBIO [BYX map kKoopauHar x1 y1 u x2y2 —
HaYaJIbHOM ¥ KOHEYHOM TOYEK, COOTBETCTBEHHO.

T'OpH30HTAIbHASI CTOPOHA OIIPEeNISIeTCsI C IOMOIIBIO (POPMYIIBL

A =x2-xl (8)

BeprukanbHasi CTOpOHA OIIPE/eNIAETCs € TOMOIIIBIO POPMYJIBI
B=y2-yl )

MaxkcuMaiibHas BeIMYMHA TOPU3OHTAIBHONU MIN BEPTUKAIBHOM CTOPO-
HBbI SIBJISIETCSE KpUTEPHEM JUIst OTHeceHus nepekTa K Opaxy.

N3amepeHune fgedeKTOB C NOMOLbIO ONMUCAHHOTO
TpeyroJibHnKa

Pesynbrar usmepenue geeKToB 11 BULIMOTO AUANa30Ha X 0OHAPY-
JKEHMUSI C IIOMOLIBIO OIIMCAHHOIO TPEYTOJIbHUKA II0Ka3aH Ha puC. 9.

M3MmepeHns HauMHAIOTCS IOC/Ie HAKATUS KIaBuIu 10, IOKa3aHHON
Ha puc. 1, mocsie 4ero ¢ IOMOIIbIO MBIIIU Y€PTUTCS TPEYTOJIbHUK SKEJITOTO
1BeTa. OMHOBPEMEHHO B IIPaBOM BEepXHEM YIJIy TPEYTOJIbHHUKA YKa3bIBaeT~
4 BBICOTA, a B JIEBOM HIDKHEM YTJIY — OCHOBaHME TPEYTOJIbHUKA.

Boicora u ocaoBanue [TO AITAK tpeyronbHuka GOPMUPYIOTCS € TOMO-
LIBIO ABYX Iap KoopauHaT X1yl u X2 y2 — Ha4aJIbHOM U KOHEYHOI TOYEK,
COOTBETCTBEHHO.

BbIcoTa TpeyroybHIKa OIpeIesieTcs C HOMOIIBIO (hOPMYJIbI

h=y2-yl (10)

OcHOBaHMe TPeyToIbHIKA OIPE/ENIAeTCs C HOMOIIIBIO (POPMYJIBI

a=x2-x1L (11)
BeHI/I‘{I/IHLI BBICOTBI 1 OCHOBAaHU TpeerHLHI/IKa SIBJIAIOTCA KpI/ITepI/IeM
st oTHecenus fiedbexra K 6paky [9].

BbigeneHune gedpeKToB C NOMOLbIO
COBOKYMHOCTU TOUEK

Jlst amanusa neeKThI MOMEYaIOTCsI COBOKYITHOCTHIO TOUEK C ITOMOII[BIO
MBIIIIN [TOC/Ie HAKATUS KIaBUIIK 11, mokazaHHOU Ha puc. 1. PesynbraT
npepcrasieH Ha puc. 10.

Puc. 10. Bbinenexve aedekTa c NOMOLLb COBOKYMHOCTM
TOueK

Puc. 11. a) 06beKTbI 3MepeHs AedeKTOB Ha MOBEPXHOCTY U306PAKEHNA U3AENNA [O HAKATHAA KNABULIN «OUNCTKa;
6) nocne HaxaTA KNaBuLLK «OYNCTKa» C NOBEPXHOCTI U3AENNA YAANATCA AOMOAHUTENbHDBIE BblLenepeyncneHHble 06beKTbl
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WMma daiina: | defect 18 02_2025_04_57_13

Tun daiina:  Qaiin c gedektom

2]

defect_18_02_202
6] 5_04_57_13

Puc. 12. a) n3obpaxeHuio aedeKta aBTOMATMYeCKV NPUCBAMBAETCA AaTa 1 BPEMSA 3anincy;
6) naeHTMdUKaLMA 1 NpesoCTaBeHe BO3MOXHOCTY flanbHelLLero npocMoTpa AedekTa

OuuncTKa JOMNONHUTENbHbIX 06BEKTOB Ha N306paXkeHUn
NOBEPXHOCTV N3genus

O4nCcTKa JOMOIHUTEIBHEIX 00BEKTOB Ha N300 paKeHUHU IIOBEPXHOCTH
U3[1€IUS BBIIIOJIHAETCS [T0CJIe HKATUS KIIABUIIN 4, TIOKa3aHHOU Ha puc. 1.
Vcxonuoe n3obpakeHue 0 HAKATHSA 9TOM KHOIKHU MPeICTaBIEHO
Ha puc. 11a), a Ha puc. 116) — pesysbTar mocie 09ucTky. Takas QyHKIus
IIO3BOJISIET HAYATh I/I3MepeHI/Ie He(i)eKTOB Ha «<9UCTOM» 1/1306pa>1<eH1/H/1 I10-
BEPXHOCTHU U3[EIIUSL.

CoxpaHeHue n306pakeHNs n3genus c AedeKToB U NPOCMOTP

1O AITAK no3BosisteT IpoBecTH u3Mepenue f1eheKTOB OLHUM U3 BbI-
IIIe[IePeIHCIIeHHBIX CIOCO00B, YOeAUThCS B UX KiIaccuduKanuy kak 6pa-
KOBAHHBIX U COXPAHUTh H306paxkeHye nedekTa ¢ MOMOIIBIO KIABHINN 5,
I0Ka3aHHOU Ha puc. 1. OHO coxpaHsercs B 6ase HAHHDIX [JISI €TO IPUMEHe-
HUA [IPU BBIITOJTHEHUN Cl)yHKL[I/II/I ABTOMATHUYECKOI'O OIIO3HAHU S I[ed)eKTOB,
OIMCAHHOM B CIIEAYIOINX acTsX. VI306pakenuto nedekra aBTOMATHIe-
CKHU IIPpUCBANBAETCA JaTa U BpeMs 3all1CH, a IIPUMEDP €€ I/II[EHTI/ICI)I/IKaL[I/II/I
1 BO3MOYKHOCTH €€ JAJIbHENIIIero IpoCMOTpa I0Ka3aH Ha puc. 12a—6.

st oTHeCeHMs H300paKeHUs € AeheKTOM K TeM WIH HHBIM IPYIIIaM,
Tepe]] 3aMUChIO BBIBOIUTCS OKHO ISt ero Kiaccudukanuu (puc. 13).

HM3obpaskenue ¢ fedeKTaMu MOXKHO IIPOCMOTPETH € IOMOIIBIO KIIABH-
1y 6, I0Ka3aHHOU Ha puc. 1.

BbiBOAbI

V3amepenue nedextoB TpeOyeT HafeKHBIX HHCTPYMEHTOB U METOLO-
JIOT U1, KOTOPbIe 00eCIeInBAIOT TOYHBII COOP, AHAJIM3 1 HHTEPIIPETALIHIO
IaHHBIX. VICIIONB3Ys 9TH HHCTPYMEHTHI, IIPEAIPUITUS MOTYT 9 dex-
THUBHO OTCJIECKHUBATH U OLICHUBATDH ITOKA3aTEC/JIN KAY€CTBA, BBISABJIIATH TEH-
IeHINU U IPUHUMATh 0O0CHOBAHHbIE PelIeHHs. DTOT IPOL[eCC HMeeT
pernaroiee 3HaUeHMe Jist 00€CIIedeHnsT BBITYCKa BEICOKOKAYeCTBEHHBIX
U3JIeNUH MUKPOJJIeKTPpOHUKN. [Ipy mprMeHeHnN aBTOMAaTU3UPOBAHHOTO
[POrPaMMHO-AIIIIAPATHOTO KOMILIEKCa IS TOUCKA J1eDeKTOB M3Ieuit
MUKPOJJIEKTPOHUKH HAPsAY ¢ TexHonorusamu VI Heo6X0MUMO BBIIOT-
HHUTH TPeOOBAHMUS K METOJIOJIOTUH H3MepeHHuit. [1pu aToM cienyer y4au-
THIBATh HECKOJIBKO KITOYEBBIX MOMEHTOB /st 3(h(eKTUBHOTO M3MepeHHU],
aHAJIM3a ¥ aBTOMATH3UPOBAHHOTO 06HApyKeHust ehektoB. OHU BKITIO-
YaIoT:

e yCTaHOBJIEHHUE IIPOIIECCOB ¥ MEXaHU3MOB [IJIst OOHAPYKeHHs U (PUKCa-
1uu edeKToB, 0becredeHne MX TOYHOM PErUCTPALIMH U AHAIIH3A;

° YPOBHI/I HpO6JIeMaTI/I‘IHOCTI/I necbeKTa U UX BO3MOJXHOE€ BJIIMAHUE HA Ka-
YeCTBO M3/IENHil, 6€30I1aCHOCTh MIIH COOTBETCTBHE HOPMATHUBHBIM Tpe-
60BaHUAM;

e OIpe/ie/ieHNe U KATerOPU3AIMIO TUITOB /1e(heKTOB 110 BHEIIIHEMY BHILLY,
KOTOpbIE UMEIOT OTHOIIIEHHE K MHCIIEKTHPYEMOMY H3MIENIHIO;

e ompefejeHre IPOLenyp U KOPPEKTUPYIOMIUX NeACTBUIMA 110 yCTpaHe-
HUIO BBISIBJICHHBIX ﬂeq)eKTOB n HpeﬂOTBpaH_[eHI/IIO nx HOBTOpeHI/IH.
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Puc. 13. OkHo AnA BBOfa KNaccndMKaLMOHHbIX MPU3HAKOB AedeKkToB

Taxue Tpe6oBaHUs 00eCIIEINBAIOT TAKUE XaPAKTEPUCTUKH U3EIUS
KaK HaJIe)KHOCTD, TOJITOBEYHOCTD, (DYHKIMOHAIBHOCTD U IIPOU3BOJH-
TeJIbHOCTD. BRIIOIHSIS oTH Tpe6OBaHI/IH, MIpennpusATUsa MOT'yT UCIIOIb-
30BaThb ABTOMATU3UPOBAHHYIO NHCIIEKIIUIO H3IL€HHﬁ MUKPOJJIEKTPOHU -
KU Ha IIpefIMeT 0OHAPY KeHUS KadecTBa gedeKToB, KOTopble obecredar
1[eJIOCTHOE IIPefiCTaBIIeHNe O TOKA3aTe IsIX KauecTBa U MOTeHI[HAIbHEIX
BO3MOJKHOCTSAX IJIA YTy 9IIEHUS IIPOU3BOLACTBA.

DddexTrBHO aHATUIUPYS U HHTEPIPETUPY S COCTOSIHUE [T C Heek-
TAMU WU3IEJIHIA, TIPENPUSITHS [OIYYaioT 6ostee TIyOoKoe [peicTaBIeH e
O IMMOTEHIIHUAJIbHBIX O6HaCTHX YIJIy4dILI€HUs, IPUHUMAIOT PEIICHU Ha OC-
HOBe TaHHBIX U 00eCIIeINBAIOT IOCTOSHHOE COBEPIIIEHCTBOBAHNUE IIPO-
AYKIHUA. DTOT UTEPATUBHBII IIPOLIECC M3MepeHHs 1edeKTOB, aHAIM3a UX
IIpUPOIbI UMEET BAJKHOE 3HAYEHUE NI HpeﬂHpr{THﬁ, KOTOPbI€ CTPEMATCA
IIPpeNOCTaBJIATD UCKIIOYUTEIbHBIE U3MIEJINS, COOTBETCTBYIOLINE NN ITpe-
BOCXOJUSIIIITE OXKUIAHIS 3aKa3UMKOB U IOTpeOUTeNeH.
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