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YacTb 3. O6HapyxeHne gedeKToB
NONYyNPOBOAHNKOBBIX MIACTUH
B NONAPM30BaHHOM CBETe

B Yactu 1 ctatbm (cm. DK N22, 2025 r.) 6b1in onvcaHbl MeToAbl U CNoco6bl Ha-
CTPOVIKN N306pa)keHnii 4ns BUANMOrO Aviana3oHa o6Hapy»KeHus AedeKToB ¢ no-
MOLLbI0 aBTOMaTU3MPOBaHHOrO NporpamMmmMHo-annapaTtHoro kommnnekca (AMAK). B
Yactm 2 (cm. DK N23, 2025 r.) paccMOTpeHbl MeToAbI M3MepeHUs, Knaccudrkayum
n ¢popmupoBaHua 6asbl gaHHbIx (B[1]) aedpekToB c nomowbio AMAK gans noncka
AedeKkToB n3genuni snekTpoHHom TexHnkn (M3T) c coxpaHeHnem nsobpaxeHns
Aedekra B B[l Ana ganbHelwero npuMmeHeHus. B Yactn 3 onncaHo o6HapyKeHune
AedeKToB NosynpoBOAHNKOBbIX MIACTUH B NONAPN30BaHHOM CBeTe.

B cnepyowmx yacTaX cTaTby ONMCbIBaOTCA GYHKLMM aBTOMaTN4ECKOro ONo3Ha-
HUA aedeKToB, TPe60BaHNA K YCTPONCTBAM KOMMNbIOTEPHOrO 3peHus, cucTemam
ynpasnieHnsa po6oTusvpoBaHHbiMu ycTpoiictBamu AMAK, npyimepbl BHegpeHns
B NPOUN3BOACTBO M3 NPaKTUKN NcCefoBaHUi, pa3paboTkuy 1 3KcnlyaTauum Ha

AO «LIKB «[lenToH»

BBeageHune

TexHosOrMs IPOU3BOJCTBA MOTYIPOBOIHIKOBBIX IIACTUH (TTIT) i
U3JeUI MUKPOSJIEKTPOHUKH IIPEBPATUIIACH B BOCIPOU3BOJUMBIN U Ha-
IeKHBII TPOM3BONCTBEHHBIH Iporiecc. OHAKO ITOT MPOIiecc He ujea-
sten, u I1IT Bce ermte m3roTasnuBaoTcs ¢ fedexramu. Hexotopsle u3 9Tux
neheKTOB He MO3BOJISIIOT UCIIOJIB30BATh BCIO IIomans I1I1, mockombKy
nmo60e usnesnie aeKTpoHHON TexHuKE (MDT), H3roToBiIeHHOE C TAKHUM
neeKTOM, IPUBOIUT K OTKA3y MK HHBIM 06Pa3oM CTAaHOBHTCS Hepabo-
TOCIOCOOHBIM.

IIT o6ecreduBaeT OCHOBY, AJII KOTOPOI KAIeCTBO U IUCTOTA UMEIOT
permarolniee 3HaueHue 15 Hajuiexaineil paboter UOT. ITo mepe Toro xak
VDT yMeHBUIAIOTCS 1O HAHOMETPOBOTO MAcIITaba, OHM CTAHOBSTCS BCE
60)’168 9YBCTBUTEJIbHBIMU K MUHUMAJIbHBIM ITOBEPXHOCTHBIM HUJIN 0613'
emubIM geexram I1I1.

ITose3Ho 3HATH KOOPAUHATHI U pa3Mepsl fedekra Ha ITT1. Kpome Toro,
npu usrotosnenun MOT mapamerpsr ot6opa kpucrasios ¢ I1IT aas Hux
MOYKHO U3MEHUTb, 000HISI Te, KOTOpPbIe conepkaT fedexts ITI1.

K aucny nedexros mosepxuocru I1IT oTHOCSTCS:

e [apallMHbI U CKOJIbI HAa IIOBEPXHOCTHOM CJIO€ IIJIACTUHBI, BbISBAHHbIE
KOHTAKTOM C IIPOU3BOICTBEHHBIM O60pYJIOBaHI/IeM Wi NHOPOJHBIMU
JaCTUIAMU. DTH HAPAIUHBI U CKOJIbI HAPYIIAIOT IUTOTpapuaecKue
TTPOIIECCHI;

3aBopax-usrorosurenax U3T n nepcnekTuebl passutuna AMAK.

¢ SMKHU — KpPOIIE€YHbIE YTJIY6HEHI/IH Ha ITOBEPXHOCTHU IIJIACTUHBI, I'le
MOTYT CKAIUIUBATHCS 3aTPSISHEHUSI, KOTOPBIe 3aTeM IIePEHOCITCS
Ha yCTPONCTBa;

 YACTHI[BI — 3aTPSIHSIONIIE BEIIeCTBA, OCTABIIINECS B Pe3y/IbTaTe KOH-
TAaKTOB C 060pyﬂ0BaHI/IeM, JIIOABMU UJIA XUMUYIECKUMU peareHTaMu.
OTH 9aCTHUI[BI IPEISITCTBYIOT IUTOTPAUL U OCAKIEHHIO CIOEB.

O6bemubie nedexrst [T11:

e IIyCThIe IIPOCTPAHCTBA M 3a30pbl BHyTpH 11 co3maroT mpobieMuble
MecTa;

*  CKOJIB3SIINE AUCIOKAIIUE — HECOOCHOCTh MEKIY KPUCTAINIeCKUMU
CTPYKTYPaMH IIPENATCTBYET IIOTOKY HOCUTEJIEl;

e IIpUMeCU — UHOPOJHBIC 3JIEMEHTHI NI MOJIEKYJIbI, BKIIOYE€HHbIE
B KPEMHUI, OTPUIIATEIBHO BJIUAIOT HA IIPOBOIUMOCTD;

o ,HeCI)eKTbI OKCHTAlIUY — HAPYIIEHHBbIE OKCUTHBIE CJIOU U3MEHSAIOT JJIEK-
TpUYeCKIe CBOMCTBA Ha FPAHUIAX Pasliea.

Bosuukatomiue B I1I1 nedekThl MOTYT MPUBECTH K CIIEAYIOIIUM IPO-
6remam:

e wHapyiuenue turorpadun. CBepxmasbie 3J€MEHThI Ha CI0SIX BbITPAB-
JIUBAIOTCSL C IOMOLIIBIO TUTOrpapUIecKyX Iporeccos. JIo6ble IoBepX-
HOCTHBIC ﬂe(l)eKTbI, JacCTUI bl WJIN HAapalluHbl HA IIJIACTUHE MEIIAIOT
CBETOBBIM y30paM, HeO6XOHI/IMbIM [JIsL TOYHOTI'O IIPOEUPOBAHUS CXEM -
HBIX KOHCprKL[I/Iﬁ Ha ITIOBEPXHOCTD IJIACTUHBI. DTO MOXKET IpuBecTu
K HETOYHBIM pa3MepaM 3JIEMEHTOB WIH UX aedopMariu;
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e IepeHOC 3arps3HeHuiL. JIF0Oble 3arpsI3HSIOLITe BeIeCTBa, IIPHCYTCTBY -
fomue Ha nopepxHoctu [1I1 min BHYTpH MOAIOBEPXHOCTHBIX MY CTOT,
MOTYT IIPOHMKATh Uepe3 OCaKeHHbIe CION. MeTalnnieckue MpuMecH
YT OpPraHIYecKKe OCTaTKH MOTYT MUTPUpPOBaTh B uanekTpuku MOT,
YXYJILIast X TTapaMeTpsl;

® CHWKeHMe IOJBIKHOCTH HOocuTelNel 3apsana. OpraHu3oBaHHast CTPYK-
Typa KPHCTALUIMIECKOI PelIeTKH KpeMHUs obectiednBaeT 3¢ dHeKTuB-
HBIIf IIOTOK 3JIeKTPOHOB. TouedHble 1edeKThl i AUCTOKAIUY [IPETIsIT-
CTBYIOT IIOJIBYJKHOCTU HOCUTEJIEH 3apsi/ia, 4TO CHIDKAET pabodue 4acTo-
TBI 1 CKOPOCTH TIePEKITIOUEH NS,

e (abast CTPYKTypHast LeJIOCTHOCTD. TPeIHbI, CKOJIBI, SMKH, ITyCTOTBI
u my3bipu B I1I1 co3maroT cabble MecTa ¢ MeXaHUIeCKOII 1 dIeKTpIde-
CKO¥1 TOUKM 3peHus. Oto nenaetT MOT ckIOHHBIMU K OTKa3y Ipu Tep-
MOIUK/INPOBAHUH HJIU TIPUJIOKEHHOM HAaIPSUKEHUH BO BpeMs pabOThL.
BHYyTpeHHIe HAIIPSDKEHNS MOTYT CO BpeMeHeM YBEeIHIUTh 9TU CIabble
MecTa;

e  JJIeKTpUYECKHe KOPOTKHE 3aMBbIKAaHHS U yTeuKH. [1ycTOThI M 3arpsis-
HSTIOIIYe BEIIeCTBA, IPOHHUKAIOIINE B 00JIACTU U30JIILUH MKy dJIe-
MEHTaMH, YXYJIIAIOT H30JISIMOHHbIE CBOICTBA. DTO IPUBOJUT K yTed-
Ke TOKa MEKIY LeIsIMHE, CHIDKast 9ppeKTUBHOCTD U YBeTUINBASL IITYM.
B TspKeNbIX CTydasx MOTYT BO3HHKATh KOPOTKHE 3aMbIKaHNS, KOTOPbIE
ocTaHaBnuBaOT PyHKIHOHATLHOCTS OT;

e HEOJHOPOJIHOCTH O BCeH TuIacTuHe. MI3MeHeHus B TOJIIINHE, YHCTO-
Te, KadecTBe U nedekTax mosepxHocTu 1o Beeit 1T mpuBoasT K He-
COOTBETCTBUSIM B IIPOU3BOAUTENBHOCTH MeXAy Oynymumu UDT.
XapaKkTepUCTHKH HHTErPAIbHBIX CXeM, H3TOTOBJICHHBIX Ha HIeaIbHbIX
yuacrkax [1II1, mpeB3ozinyT xapakrepuctuxu cxeM Ha I1IT ¢ 1okaabHBI-
mu fedpekTamu.

Cunraercst, 1to Tpy6Uarble mycrotsl B [111, 00BIMHO OpreHTHPOBAHHbIE
HepHeHINKYJISPHO OJINPOBAHHON ITOBEPXHOCTH, CO3/Ial0T OCHOBHBIE
IPOG6IIEMBI € KAIeCTBOM, IIOCKOJIBKY OCOOCHHO OHU CHIDKAIOT BBIXOJ TOfI-
HbIX U3fenuii [1], oTpunaTebHO BIMSIOT Ha 9JIEKTPIIECKIe XapaKTepH-
crukn MOT, MOTyT BBI3BIBaTh CHIKEHNUE TIPOU3BOIUTEIBHOCTH 1 HaleK-
HOCTH yCTpoiicTB. KpoMe TOro, 311 ITyCTOTHI MHUIUUAPYIOT OUIIOJISAPHYIO
Terpajialluio B YCTPOHCTBAX, T7ie MPsAMOe MaleHue HaITPsLKEH s YBeIIn-
BaeTCsS BO BpeMsl IIPSIMOi IPOBOJIMOCTH.

B03MOKHOCTb 06HAPY KeHHsT HAINIHS U (DH3UIECKOTO PACIIOIOKEHHS
necdexros I1IT mossosuster mpoussoputernsiv MOT onpenensts pusudeckue
obmacru I, re MOYKHO MOTYYnTh pabodie KpUCTauibl 6e3 Takux nedek-
TOB, KOTOPBIe yXYAIIAIOT WIK HapyInaioT GyHKnnoHamsHocTs UOT.

Panee MeTOIBI OIpefeIeHust U pacooxenus gedexros I1I1 Broua-
71 B ce0st TpaBJIeHNEe U IPUMEHEHHUE IIPOCBEYNBAIOIIETO 3JIeKTPOHHOTO
MuKpockomna. OfHako 06a MeTofa SBISIOTCS eCTPYKTHBHBIMHE, UX [IPH-
MeHeHHUe IPUBOIUT K HEITPUTOHOM 11 ncnonb3osanus 111 n He BomHe
MOZIXOIUT MJIsl TECTUPOBAHUS Ha TPOM3BOJICTBEHHOM INHNN. [IpyTHe ke
MeTOJIBI TPeOYIOT I0POTOCTOSAIIEr0 000PYIOBAHIS WK CHEINAIBHBIX T10-
Merienuit. Hampumep, [UIs peHTIeHOBCKOM TOMOTpadur HeOOXOLUM UC-
TOYHMK CHHXPOTPOHHOTO CBETa, KOTOPBIH NMEETCS TOJIBKO B HECKOJIb-
KHX MCCIeIOBATeIbCKUX IIEHTPaX B MUpe. JIpyrue MeTobl, K KOTOPhIM
OTHOCATCSI aTOMHO-CHJIOBasl, CKAHUPYIOIIAsl 9JIEKTPOHHAsS M ONITHYeCKast
MUKPOCKOIIH, 0OHAPYKUBAIOT He BCe iepeKThL. Beirontee 09epTuTsh 1 J10-
Kaym3oBaTh Aecexrsl I1I1. Mi3BecTHO, 4TO 06BeMHBIE Ae(DeKThI IPOHUKAIOT
B CTPYKTYPY BO BpeMsl SIIUTAaKCUAIBLHOTO POCTA U BBI3BIBAIOT OTKA3 YCTPO¥-
crBa. Kpome Toro, edpeKTsI MOryT ObITh BBI3BAHbI TAKIMU IIPOLIECCAMHU KAK
pe3ka, moarpoBKa u moprotoBka [11 k mabHeiieMy HCHOIb30BaHHIO [2].

ITpexe He cyrmecTBoBaI 3¢ (eKTHBHBII METOM MK CHCTeMA IS Xa-
pakrepuctuxu nedexros. Kpome toro, panee He 65110 3 deKTUBHOTO
MeTOJIa WIH CUCTEeMBI JULS OIIpefie/ieHus TeheKTOB U UX PaCIIPOCTPAHEHIS
7100 MX KOPPEJISIUH C IMKAMH POCTA SMUTAKCUAIBHOTO CIIOSL.

B ocHoBHOM, mpexne ugeHrudukarnus gedexros 11T ocHoBbIBaIaCh
Ha PYYHOM BH3yaJIbHOM OCMOTpPE — METOJIé C BBICOKOI CTOMMOCTBIO, 3a-
TpaTaMu BPeMeHH U HU3KOH 9 PeKTUBHOCTHIO UL MACCOBOTO IIPOU3BOJ-
crBa. B Hacrosiee Bpems 0OHapy KeHHe IUIACTHH OCHOBAHO Ha 30HI0BOM
obHapysxeHnn. Takoi MeTOL MO3BOJISET ONPENESITh TOIBKO IIEKTPUIe-
CKHUe XapaKTepucTUKH KpucTasia Ha [1I1 1 MokeT BbI3BaTh MeXaHUIeCKHe
MOBPEK/IEHNL.
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NcnbiTaHue U TeCTUpoBaHne

Takum 06pa3om, pa3paboTKa HepaspyIIAILel, HeOPOroit U GBICTPOIL
cucTeMbl OOHApYKeHHs U MeTo/a onpenenenus nedexros Ha [T siBiser-
¢s1 3amatett, Ha KOTOPYIO GbUIO 0OpAIIleHO Hallle BHIMAHIE.

[1IT cocTosSIT M3 HECKOJIBKUX CJI0€B. [IJIs1 KaXKIOTO CJIOST BBITIOJIHSIETCS
CJIO’KHBIA ¥ TOYHBIN IPOIECC OCAKIEHNA MaTeprajla, HAHECEHU PE3UCTa,
HI/ITOI‘paCl)I/II/I, TpaBJI€HUA U MOHHOU UMIUTAaHTAIlUH, II0CJIE Y€TO PE3UCT
ymaystercst. [lepen HaHeceHHeM CIIELYIOLIETO CI0SI HEOOXOIUMO IIPOBEPUTD
HOBbIIT Ha Hanuaue nedextos. Ciou [TI1 MOTYT UMeTh ITUPOKUIL Psif fie-
(beKTOB, KOTOPBIE BIUSIOT Ha KOHEIHYIO IpousBoxuTensHocts DT, Ecm
UX He OOHAPY>KUTD CPasy IIOC/IE OCAKICHHS CJI0SI, TaKKe Ae(eKThl MOTyT
6I)ITI) BBIABJIEHBI TOJIBKO IIPY OKOHYATEJIbHOM TE€CTUPOBAHUH, YTO ITPUBO-
IIUT K HOTepe IIEHHBIX PeCyPCoB 3 CYET YBEIMYeHUsI CTOMMOCTH U3
Xyske TOT0, fedeKThI Ha CAMBIX HUSKUX YPOBHSIX MOTYT BOOOIIe He 0OHa-
pyuBatbcs. Jaxe eciu OHH IIPOXOIAT OKOHYATEIbHOE JJIEKTPHIECKOe
TeCTUPOBaHUe, HeOOHAPYIKEHHbBIE TeeKThl MOTYT CHU3HUTh HAJIEKHOCTh
OKCIUTyaTallly, BHI3BAB IIPEXKIEBPEMEHHDBIN OTKA3.

O6m1acTh BO3MOKHBIX Te(peKTOB BeIUKa U OHM MOTYT PacIIONIaraThCst
B m060M Mecte ITI1. [leheKThI B IOKPHITHSX MOTYT IPOSIBILITHCS B BUIE
HernpencKasyeMbIX H3MEeHEHHI [[BeTa U JOJDKHBI ObITH 00HAPYIKEHBI
Ha CJI0)KHOM (pOHe paHee HaHECEHHBIX CJI0eB. Ye1oBedecKoe 3peHue He-
CIOCOOHO OOGHAPYIKUTD TAKOU IIIUPOKUIL PSIL OUIMOOK U HEHAEKHO [IPH
o6HapyskeHHH TeheKTOB Ha MHOTOCIONHOM (oHe.

MBbi paspaboTaiu CHCTeMy A1 aBTOMATUIECKOTo 0OHapy KeHuUs Hedek-
TOB C Y4€TOM UX XaPAKTEPUCTUK U IIPEIJIOKUIN JJITOPUTM I 06Hapy>Ke-
HUISI UX [IOJIO’KEHHST Ha H300PaKeHNH C UCIIOIb30BAHNEM JUCIIEPCHOHHOTO
¢bunbTpa. MBI IPOIEMOHCTPHPYEM He TOJIBKO Pe3yIbTaT aBTOMATHIe-
CKOTO OOHApPY>KeHUsI NeheKTOB, HO U IPOLECC PeaTH3al[ii AITOPUTMA X
BBISIBJICHU .

OcHOBHasA 4YacTb

Cy1iecTByoIne MeTonb! 06HapysKeHus AedexToB mosepxuoctu I1I1
MOJKHO Pa3ieIUuTh Ha [Be OCHOBHbIE KATETOPUH: METOIBI, OCHOBAHHBEIE
Ha 00paboTKe H300paKEHHUIT, i METOMIBI Ha OCHOBE TJIyOOKOTO MAIITHHOTO
o6yuenust. Pannne Meropsl o6Hapyskerus nedexros I1I1 ocHoBaHb! Ha Tex-
HoJIoruK 06pabOTKYI N300paKEHMIA, Ha BEIMUCIEHUH Pa3HUIIBI MEXKTY H30-
OpaxeHneM, HOIIEKALIM TeCTUPOBAHMUIO, U ITATOHHBIM U300paKeHIeM
U B 3HAYUTE/IBHOI CTETIeHH 3aBUCST OT TOTHOCTH STAIOHHOTO H300P@KeHIsL.

CymiectBytoT Metons! iposepk 111, ocHoBaHHBIE Ha COIIOCTaBICHUH
111a6710HOB. IIPHMeHSIIOTCS TakKe MHOTOCTIONHAS TOPOrOBast CerMeHTAIIIsI
U JIOKaJIbHAst OUHAPHAS CeTMEeHTAISI AU OTAeIeHNs OT GoHa neheKToB,
K KOTOPBIM OTHOCSITCS 3aTPSISHEHUsI, CKOJIbI M TPEIIUHbL. XOTSI 9TH Me-
TOIBI 00PabOTKU H300pAKEHUI TO3BOJISIIOT 0OHAPYKUTH gedexts! 111,
GOJIBIIIHCTBO U3 HUX IIPeIHA3HAUECHO IS KOHKPETHBIX CTydaes. Takue
MeTOJIBI IUIOXO OOOOIIIEHBI 1 He MOTYT ObITh TOCTATOYHO PACIINPEHBI LS
ob6Hapysxenus gedextoB napyrux [1I1. TTIOCKOIbKY He Bee ITaCTHHBI OHHA-
KOBBI, KaKIasl IMeET CBOK OCOOHHOCTIL

B nocrenHue rofp! paciinpseTcst IpuMeHeHue [IyGOKOro MAIIHHOTO
o6yuenus mist o6Hapysxkenus nedexros I1I1 Graromaps BO3MOKHOCTH
U3BJICICHISI IPU3HAKOB. Y COBEPIIEHCTBOBAHHBIE aJITOPUTMbI KJIacTe-
pusarnuu 6b11H 00befHHEHbI ¢ MOP(HOIOTIIeCKUMY METOIAMU IS [0~
BBILIEHUS] YCTONIUBOCTH IIPOLECCa U3BIICICHIsS CeTMEHTAINY 1e(eKTOB
K mrymy. [Iperaranucs TpexaTanHble MeTOLbI OOHAPYsKeHUs feheKTOB
I1I1, B TOM YHCIIe ITAIIBI PACIETOB JTOKAIbHBIX 00IACTel, 00HAPY KEHUsI
nebeKTOB U YTOUHEHNUS. BBIIOIHSIINCH HCCIIOBAHNUS B IaCTH KBAHTO-
BOI KJIACCHIeCKOI THOPUAHOM Mofeu it obHapyskerus fedexros I1I1.
XoTst MeTOnBI [IIY6OKOT0 00y IeHISI 1 HOBBICIIM TOTHOCTh OOHAPY KEHMS
nebeKTOB, UX IPUMEHEHNe IO-TIPeXKHeMy TpebyeT OOBIINX BHITUCII-
TeJIbHBIX PeCyPCOB U MPOITOJDKUTEILHOTO BpeMern. Kpome Toro, mist 06-
ydIeHUsI He0OXOMUM 3HAUUTEIbHBIN 00beM MapKUPOBAHHBIX TAHHBIX,
a obuapyskenue I1I1 gpyrux TUIOB TpebyeT IOBTOPHOIO 0OYIEHHs C HO-
BBIMU MapKUPOBAHHBIME 0OpasuaMu. st MHOTUX THIIOB 3agad oOHa-
pyxenus nedexros ITIT MbI HCIIOIB3yeM MeTOABI KIacTepusanuy. Harr
METOJI CerMeHTHpYeT oKanbHbie obnactu 111  oTMedaer nedexrHbIe
MecTa Ha KapTe IUIACTUHBL. AHAIN3 KapT feeKTHbIX IIACTHH IIOMOTaeT
H3TOTOBUTEIISIM BOBPEMSI OLIPENE/IUTD IPUIUHY Ae(eKTOB.
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ucnbiTaHue n TeCTupoBaHune

LlensiMu JaHHOTO UCCIIEOBAHUS U CO3[AHUS aBTOMATU3UPOBAHHOTO
[IPOrPaMMHO-AIIIIAPATHOTO KOMILIEKCA ISl TOUCKA 1eDeKTOB M3menuit
MUKPOJJIEKTPOHUKHU € UCIIOJIb30BAHUEM TEeXHOJIOTUU UCKYCCTBEHHOI'O
MHTEJLIEKTA SIBISIETCS] pa3paboTKa HeIopOrolt, ObICTPOIT, Hepa3pyIaoLeit
CHUCTEMBI ¥ METOJIa OIIPEIe/IEHHS ,[IerEKTOB B I1I1 ¢ smuTaKkCcHaIbLHBIM CJI0-
eM 11 6e3 Hero, MeTOf[a HCCIeIOBAHMUS B3AUMOCBSIY MEXKIY fedeKTaMu
ITIT u kagecrBoM VDT, MeTo[a MCCIEIOBAHNS PACIPOCTPAHEHNS Tedek-
TOB OIpeJieJIEHHOrO THIIA.

HepeqmcneHHble eau TOCTUrarTCs ITyTEM HUCIIOJIb30BAHUS II0JIAPU30-
BAHHOTO CBeTa J/IsI BBIIOJIHEHUS OBICTPOTO, HeIOPOrOro U Hepa3pyIiao-
11ero Metozia OGHapyxeHwus edextos [3].

Pe3ynbTaTbl TeOpeTNYECKNX NCC/IeA0BaHNIA
nonApusaLum v aHaan3a n3ob6paxkeHunin
Ans o6HapyxeHus gepeKToB

[Tpu reHepanuy MOJIAPU30BAHHOTO CBETA MCHOJIB3YIOTCS MOJISPU3ATO-
PBI JBYX THUIIOB:
® JIMHEWHbIN MOJIAPU3ATOP, OCHOBAHHBIA Ha MCII0JIb30BAHUU OJHOTO

13 Tpex (u3MIecKux sBaeHuil. [TepBoe — IBOMHOE TydenpesOMIeH e,
BTOpPOE — JINHENHBIIT IUXPOU3M (sIBJIEHHE, COCTOAIIEE B PASTHIHOM
IIOTJIOIIIEHUH BEIIIECTBOM CBETA B 3aBUCHUMOCTH OT €TI0 nonﬂpm3au1/11/1),
TpeThbe — IOJSAPU3AIH CBeTa IIPU OTPAKEHUH Ha IPAaHHIAX pasjesa
cper. JIMHeHbIH IOIAPU3aTOP MOKET UCII0JIb30BAThCS 17T JINHEHHOU
HOJISIPU3AINH UCTOYHUKA CBETA, IIPOLIEAIIIEro Yepes3 IVIACTHHY U IOy~
IEHHOTO KaMepOH—MHUKPOCKOIIOM [4];

e KPYroBOII IIOJISIPU3ATOP MPEACTABISIOT COO0H COBOKYIIHOCTD JIMHET-
HOTO IToJIgpusaTopa u quBeprBOHHOBOﬁ IITAaCTUHKHA (OHTI/I‘ICCKOI‘O
KOMITEHCATOPA).

HedexTbr 06HAPYKUBAIOTCSE, KOT/IA HAIIPsDKeHHbIe 001acTu (eeKTor)
[1I1, onTrYecky H30TPOITHOTO MaTepHala, CTAaHOBSATCS AHU30TPOIHBIMH,
TeM CaMBIM [JOITyCKasl IBOMHOE IPeIOMIIeHHe, KOTOPOe MOKHO OOHApY-
JKUTD U 3apUKCHPOBATH € IOMOIIBIO KaMepbI-MHUKPOCcKoTa. JedeKkTs
BBI3bIBAIOT HAIIPSDKEHUE BOKPYTI MECT UX HAXOXAEHUA, KOTOPOE€ TAKUM
o6pasom obHapyxuBaercs [5).

B pasHbIx cirydasx aubo JTuHeitHast, 60 KpyroBast moJsipusanust ooe-
CrIeYnBaeT JIYdITyto HHCIeKIuo. OHAKO pe3ysIbTaT MOKHO YJIYUIINTh,
€CJIN YYUTBIBATh UHTEHCUBHOCTD pacCeAHUs U OPTOrOHAJIbHOCTD 110~
asipusanuu Mexay aedexramu [T u ocHoBHBIMU MaTepuanamu T111.
KauecrBenno OPTOI'OHAJIBHOCTD ITOJIAPUIAITUN ABIAETCA Mepoﬁl TOro, Ha-
CKOJIBKO paccestHust fehextoB u moBepxuocTu I1IT MoryT 65ITH pasne-
JIEHBI OIITUYE€CKU Ha OCHOBE PAa3HUIIbI B UX COCTOAHUAX ITOJIAPU3AITUN.
Hanpumep, ecnu paccesiaust Kak nedexros, Tak u [111 muHeHO mospu-
30BaHbI 1, KPOMe TOT0, €C/IM ONHO U3 HUX MMeeT P-mmosipusaruio (onHa
U3 BO3MOJKHBIX IIOJIIPU3ALNIT CBETA, HA/IAI0IIero Ha IVIOCKYIO TOBEpX-
HOCTb pasJiesia IBYX Cpell, XapaKTepU3yeTCs TeM, YTO BEKTOP HaIPsDKEH-
HOCTH 9JIEKTPUIECKOTO MOJISL JIKUT B IIIOCKOCTH IIafieHusI), a IPYroe —
S-monspusanuio (HAIpsUKEHHOCTD JIEKTPHIECKOTrO MOJIS JJIEKTPOMAr-
HUTHOW BOJIHBI [I€PIIEHAMKYJISPHA IJIOCKOCTH IIaleHUs U IapaJijiejbHa
IUIOCKOCTH I'PAaHMIIBI Pasfielia cpefl), UX OPTOrOHAIBHOCTD HOJSPU3AL UK
MOJKHO OIIpeNenuTh Kak 1 [6].

B arom ciyyae paccesiaue I1IT MoKeT OBITh HOJIHOCTBIO ITONABICHO
JIMHENHBIM MOJIAPU3ATOPOM, B TO BpeMs KaK CUTHaJI APYTrOM YaCTULbI
OCTAaHETCI HEU3MECHHBIM. HaHpOTI/IB, ecin o6a paccesHua JIAHENHO T10-
JIAPU30BAHBI, HO IIapaJlIeJIbHbL IPYT APYTY, UX OPTOTOHAJIbHOCTD II0JIS-
PH3AIIH MOKHO OIIpesieuTh Kak 0. B aToM cirydae HeT BO3MOKHOCTH
nuddepeHINpPOBATh UX € IOMOIILIO IoJsIpU3aTopa. Kpome Toro, ecnu
paccesiHUe JaCTHILL IMHEMHO MOJIIPU30BaHO, a paccesHue [T numeer kpy-
TOBYIO IIOJIAAPU3AUIO, UX OPTOrOHAJIbHOCTD ITOJISAPU3ALTUN MOXKHO OIIpe-
neauThb Kak 0,5, IOCKOJIbKY JIMHEHHBIH aHAIN3 MOKET OBITh BBIPOBHEH
C HalIpaBJICHUEM IIOJIAPUIANUU pacCeAHUA YaCTULl 1 ONHOBPEMEHHBIM
YMEHBIICHUEM pACCeAHUA IJIACTUHBI B IBA pasa.

qTO6bI KOJIMIECTBEHHO OIINCATH OPTOTrOHAJIBHOCTD ITOJIAPU3AN NN TT0JIA E
YHCTO IOJIIPU30BAHHOTO CBETA, HEOOXOAUMO OIPENeIUTh BeKTop [KoHca
[7], KOMIIOHEHTBI KOTOPOTO HeCyT UH(MOPMAIHIO 00 AMILTUTYAX U (azax
COCTaBJISIFOIIMX BEKTOPA HALPSUKEHHOCTH 3JIeKTPUdecKoro mosst (1):

Ta6nuua. Mprmepbl HOPMa30BaHHbIX BEKTOPOB [KoHCa

Onucanmne 3Hauenmne
JInHeiiHas nonApuU3aLa B HanpaBeHH X (ropu3oHTaNbHaA) (1)
; 0
JIuHeiiHaA nonApu3aLma B HanpaeMeHIn y (BepTuKanbHas) 1
JIuHeiiHaA nonapu3aLmna nof yriom 45° K HanpaneHmio X 1
(amuaroHanbHas) 1
JInHeiiHas nonApu3aLia nog yrnom —45° K HanpasMeHuio X 1
(aHTMAMaroHanbHas) -1
1
[paBocTOpPOHHAR KpyroBas nonApu3aLus Ha yron Ap A
1
JleBOCTOPOHHAA KpyroBas nonApy3aLya Ha yron A —to
E, ae™
E=lo =] ) M
y
y ae
Te ay ¥ &y — AMIUIUTY/Ibl KOMIIOHEHTOB 3JIEKTPHYECKOro MOJLs, A Px U Py —

cbasm OTUX KOMIIOHEHTOB. HJIH IIOJIHOTO OIIpENIEJICHUA COCTOAHUS 1101~
pusaruu Tpebyercs pasHOCTb (a3 (2):

d3=0,-0,. (2)

B Tabmiie IpUBOIATCSA [IECTh TPUMEPOB HOPMATH30BAHHBIX BEKTOPOB
IxoHca.

OpTOroHAIBHOCTH MOJIAPHU3ALIH IBYX MOJSIPU30BAHHbIX T0JIeil E, oiHOo
13 KOTOPBIX TIPeIHA3HAYECHO IS paccestHus Ha IedeKTax, a Apyroe — JUist
paccesiHUs Ha IIACTHHAX, MOKHO HHTEPIPETUPOBATH KAK | MUHYC HOP-
MaJIM30BaHHAsL BeJMIMHA OJHOTO BeKTOpa rmojs E, cipoerupoBanHas
Ha 1pyroii BekTop 1oJis E.

3HaYeHUs! OPTOTOHATBHOCTH HONSPHU3AIIHN IBYX OJISPU30BAHHBIX
noneit E Haxoparcs B quanasone 0-1, roe 0 03Ha9aeT, 4TO [IBa COCTOSHUSA
HOJISIPU3AINY UIEHTUYHBL, @ | 03HAYAET [OJIHYIO OPTOTOHAIBHOCTb.

Jlns mepoxoBateix mosepxHocTedt I1I1, paccesHHBIN cBeT MOXKeT
6BITh 9aCTUYHO HOJISIPU30BAH, KOTOPBII MOXKHO OIPENIeIUTh BEKTOPOM
Croxca [8]. [liist cpaBHeHus1, BeKTOp JKOHCA IPUMEHUM TOJIBKO JIJIsI [OJI-
HOCTBIO TIOJISIPU30BAHHOTO U3JIYYEHHUS U CBSI3aH C KOTEPEHTHBIM U3JTyde-
HueM. Bekrop Crokca orpefierieH Kax (3):

SO

) 3)

e Sg, Sy, Sy, S3 — ueTrIpe anemenTa BekTopa CTOKCa, KOTOPbIE MOKHO U3~
BJIEYDb U3 I/I3M€peHHﬁ IIOJIAPUMETPUU. HMHTeHCUBHOCTD HOJIHprBOBaHHOfI
9acTH ompefessteTcst o popmyie (4):

S, =S +S3+S; - (4)

VHTEHCHBHOCTD HETONAPU3OBAHHOTO CBETA ONPENENsIeTcs o hopmy-
ne (5):

Sunpol = S0 _Spol' (5)
CrereHb OJSIpU3aUy orpefesstercst o popmyie (6):
S
o= el (6)
P S()

KOMIOHEHTHI X 1 y TIOJISIPUBOBAHHOTO CBETA OIPENENSIOTCS 110 (hopMy-
am (7):

Bl = 3(S+S))
7
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Pasuoctb a3 MesKIy KOMIIOHEHTaMU X/Y HOJISIPU30BAHHOM IaCTH IIOJISL
E Beipakaercst crrenyrorum o6pasom (8):

tgo = S—3 (8)
S,

ITo ompenenenuio, pa3HoCTh (a3 MEXIY KOMIIOHEHTAMU X/Y HEIOIsI-
pusoBanHOI YacTy ot E cirygaiitneiM 06pasoM pacrpeniesieHa B Auama-
3oHe 0-360°.

Pasmeps! nHCekTrpyeMbIx Ha [TI1 qacTuir 06bIMHO TOCTATOYHO MaJIbl,
TaK 4TO PAcCCEesTHHBIN CBET OT HUX Beerzia nosspusopat. CieoBaTeNbHO,
YaCTUYHO MOJISAPU30BAHO TOIbKO paccessHue nosepxuoctu [1I1. [Toms-
PpH30BaHHYIO YacTh paccestHus [1I1 MOXHO paccMaTpuUBaTh Kak 00CyxX-
IAJIOCh paHee, a HEIOJIIPU30BaHHas acTh paccestus [1I1 o6braHO Hamo-
n0BuHY octabiena. HemogasieHHast 9acTh HEIOISIPU30BAHHOTO CBETa
paccestrus IIT npencrasiseT co60i OCTATOYHBIN (HOH, KOTOPBI MOKHO
YIUTBIBATh B ITPOLIECCE ONTUMH3AIIUHL.

Teoperndeckue nccienoBaHus MOISPU3ALUY U aHAIN3A N300paKe-
HUi 17151 o6HapysKkeHus feextos [T mpUMEHSIOTCS IPY TOCTPOSHUI
AITAK.

OcHOBHOe Ha3HayeHne cocTaBHbIX Yacten AMAK
1 nx GyHKLMOHMpPOBaHue

Pasgpa6oranusrit AITAK MOKeT OIpefiesIsTh MeCTOIONIOKeH e U, CIIeN0-
BaTeJIbHO, KapTHpoBaTh Aeekrst I1I1. ATTAK mpencrasisier co60it cucre-
My wist o6Hapysxenus gedexros B I1I1, B cocTaB KOTOPOIL BXOISAT:

e KOMIBIOTEP C MOHHTOPOM;

o IO ¢ MHCTPYKUUSAMU IO YIPABICHUIO CPECTBAMHU [IepeMeIeHusT (Ka-
MepO—MHKPOCKOIIOM U IIePE/IBIKHBIM CTOJIOM C OTPaKaIOLIel Mo~
BEPXHOCTHIO);

e (as3a JaHHBIX;

e Habop MHGOPMAIIH C ONUCaHNEM T1eheKTOB;

®  KaMepa—MHKpPOCKOII;

¢ JCTOYHUK IOJIIPU3AIINOHHOTO CBETa;

e IIEPEIBIDKHOM CTOJ C OTPAKAIOIIEN IIOBEPXHOCTHIO.

Kommbioreproe 3perne (K3) nmonyuaer nrdopmanuio — u3obpakenue
¢ nedeKTaMi, OCBEIleHHBIMU OJIPU30BAHHBIM CBETOM, U HabOp Ipo-
IPaMMHBIX HHCTPYKIIH, BKIIOYeHHbIX B [1O 1151 BbIfie/IeHNs] MHOKeCTBA
cBs13aHHbIX ¢ 1T oburacTeit ckaHMpOBAHUS, HONyIeHHUsT HHPOPMAIHU
CKaHMPOBAHMS, [10 MEHBIIIEH Mepe, O[HOI obmactu ¢ momoribio K3 u st
OTOOP@KEHHsI Pe3yIbTaTOB CKAHUPOBAHUS Ha MOHUTOPe. TakuM 06pasom,
OCBelIleHHbIe ITOIPU30BAHHBIM CBeTOM fedexTs! I1IT MoKHO OBICTPO
OIIPeLe/IUTh HEPa3PYIIAIONIAM CLIOCOOOM.

ATTAK copepskuT porpaMMHbIe HHCTPYKIHUHU A5 XpaHeHust HHPOP-
MaliH O CKAHUPOBAHUY B KOMIIBIOTEpe, ¢ HAKOIUICHNUS IJIs CO3[JaHuUs
1 poBoit KapTeI, Ipeacrassionieit Bcto obmacts I1I1. B ATTAK umeer-
Cs1 IIPUBOJ U1 IPUBEIEHNUS B IefCTBHE KaMmepbl-MUKpockoma K3 u Ha-
60p IIPOrpaMMHBIX HHCTPYKIHUI [JIs1 HOJTyIeHus HHPOPMAIIUH O Pa3Me-
mennu obmactu 111, 3amycka kamepei-mukpockorna K3 B cooTBeTcTBUN
c unpopmarueir o pasmerennu obnacru [1I1. B cocras ATTAK Bxomut
HCTOYHUK OTPa’KaloIIero CBeTa, pacroyoxeHHbll pagoMm c 111, nis o1-
paxxerust cBeta ot I1IT, koTopstit fo/wker 651Th mpuusT K3. [Tporpammuoe
obecredenye COIEPIKUT UHCTPYKIHH [LS Oy deHus nH(opMmanuu 06 ot-
paxarortiem csete 0T 1T i oro6pakenust nrdOpMaIHu 06 OTPasKAIOLIEM
CBeTe Ha MOHHUTOPE IJIsI IPOCMOTPA UCKAKEHUH B OTPAKAIOIIIEM CBETe,
npepcraistionux fedexrs B [TT1. B Habop xapakTepucTuk nedektos, co-
IepyKalIyXCs B CAUTHIBAEMOM KOMIIBIOTEPOM HOCUTeNe, U B HAOOp CYUTBI-
BAEMbIX KOMIIBIOTEPOM MHCTPYKIIUI BXOIAT HHCTPYKIUH JULS IIPOCMOTpA
uHbOPMALINY CKAHUPOBAHIST, OIPefIeIeHUsT HAIMIHS eeKTOB IyTeM HX
uaeHTU(UKANUY B COOTBETCTBUU C XapaKTePUCTUKaMU B HH(OpMAIiu
ckannposanus. AITAK MoxeT comepskaTh CIUThIBaeMble KOMITBIOTEPOM
MHCTPYKI[IH IS OlIpefiesieHns o6iacreit KoHTpacTHoi nuddepeHiima-
1y, npencrasitomyx kpas 111 B cooTBeTcTBHH ¢ nH(OpMAIIHEi CKa-
HUPOBAHUsI, ¥ CO3NAHMS IPAHUIHON HH(OPMAIUU B COOTBETCTBUH C 06-
JIACTSIME KOHTpacTHOH auddepeniuaun u pacdera mwioanu I1I1 B co-
OTBETCTBUY C IPAHUTHOM HH(OPMAIIEIL.
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NcnbiTaHue U TeCTUpoBaHne

ATTAK copepskut crioco6 onpenernenus nedexros B [1I1, BKIrogarommit
ee pa3MelleHNe HIDKe HCTOYHNKA [IOJIIPU30BAHHOTO CBETA U KaMepbl—
MHKPOCKOIIa, a TAKXe cerMeHTanuio n3o0paxenus [1I1 Ha MHOXeCTBO
o61acTeil CKAHUPOBAHUS U IIPOCMOTPA, 6Iaronaps emMy 00ecreanBaeTcst
HepaspyIIAOLINIT MEeTOJ OIpefiesieHust Ne(heKTOB B IOTYIPOBONHIKOBOM
IUIACTUHE C MCIIOIb30BAaHUEM IIOJIAPU30BaHHOTO cBeTa. [Tocmenylomuit
AHAJIM3 MOKHO OCYIIIECTBILITH C IOMOLIBIO KapThI ¢ COXPAHeHHO HHOP-
Malyel CKaHIPOBAHKSI MHOKeCTBa obacreit. Kapty co ckaHupOBaHHO
uH(pOpMaIFeil MOXKHO UCIIOJIB30BATh 1L OTOOpaKeHUsI Habopa Xapak-
TepUCTUK feheKTOB U 0630pa MOy IeHHON NHPOPMALINH IS OIIpese-
JIeHUs Hanudaus geekToB IMyTeM UX HAeHTU(UKAINY B COOTBETCTBUN
¢ HaOOPOM XapaKTePUCTHUK Ae(DeKTOB, IIONTYIEHHBIX B OTCKAHUPOBAHHOM
uabOpMALIUHL.

[Mocnenyioree ogpo6HOE ONUCAHNE ITAIIOB MOXKHO IPELCTABUTD
B TepmuHax [10 AITAK.Otu npornenypHbie onucaHus SBJISIOTCS TPei-
CTaBJIEHUSIMH, HCIIOJIb3YEMBIMH CIeIUHAIICTAMU B JAHHOI 00JIACTH IS
Haubosee 3pPeKTUBHOM Mepeadn CyTU pe3yIbTaToB PabOThI APYTUM
crenuanucraM. ONucaHHbIe TPOLENYPbI, KaK IIPABUIIO, HPEICTABISAIOT
c06011 CaMOCOIJIACOBAHHYIO [IOC/IEOBATEIbHOCTD 1IIaTOB, IPUBOJUILIYIO
K JKeJIaeMOMY Pe3yJIbTaTy. DTU LIATH TPeOYIOT MAHUIY AN TAKUMI
(usmaeckuMu BeMIMHAMY KaK 9JIEKTPHIECKIe HIM MarHUTHbIE CUTHA-
JIBL, KOTOPBIE MOTYT ObITH COXPAHEHBI, IIePeaHbl, 00beIUHEHDI, CPABHEHEI
WIA UHBIM 00pa3oM 06pabOTaHBI ISt BBITIOJHEHUS OLIPe/IeSIeHHOM 3a/[au
WM 3a71ad.

Cxema ¢yukuuonuposanus AITAK s obuapyskenus nedexros I1I1
B HOJIIPU30BAHHOM CBETE IIPECTaBjIeHa Ha puC. 1.

KoMmbioTep MORKIOUIeH K HuGPOBOMY YCTPOUCTBY GOPMHUPOBAHUS
1300 paKeHNI KaMepe — MUKpOcKoIry. st monydenus nudpoBbIX H30-
6paXkeHUI ITepeIBIKHON CTOJI ONEPATUBHO CBSI3AH C KOMIIBIOTEPOM
u obecriednBaeT repeMeleHne IoJyIPOBOIHIUKOBON IUIACTUHBI IIepef
KaMepON—MUKPOCKOIIOM, ITO3BOJISIA €l CKAHMPOBATDb BCIO IIOBEPXHOCTD
TIOJTYIIPOBOJJHUKOBON TITACTHHBL OTPaKaIOIIast IIOBEPXHOCTD IEPE/IBIDK-
HOTO cTosa Haxoputcs oz 111 u mo3BosiseT KaMepe—MUKPOCKOILY 3a-
XBATHIBATH H300pAKEHNeE He TOIBKO C IOBEPXHOCTH IIACTUHEL, HO U ee
BHYTpPeHHIOI 1acThb. Kommbiotep monydaer uHbopManuio o hU3HIeckoMm
MECTOHOJIOKEHHH Oy IPOBOIHUKOBOM IUIACTUHBI, CKAHUPYET ee B COOT-
BETCTBHU C €e MECTONOJIOKeHHeM. [lajiee OJTyIIpPOBOIHUKOBAS IUTACTUHA
CerMEHTHPYeTCsI Ha 00JIaCTH CKaHIPOBAHUS, TaK YTO KaMepPa—MHUKPOCKOI
3axBaThIBaeT HHMOPMALUIO IJIsI KXKAOM 00IaCTH CKAHIPOBAHUS U OT-
IIpaBJisieT 9Ty HHPOPMALINIO Ha KOMIIBIOTEP UL XPaHeHIsI X HAKOILICHUSI.
Haxarumisast nudpoByio HHGOPMALINIO UL KOKLOM 00IACTH CKAHIPOBa-
HISL, MOSKHO 0TOOPAa3UTh HeheKThl Ha BCell IUTACTHHE.

ITporiecc o6Hapysxerns nedexros 1T HaunHAETCS C I1ara, KOra OHa
IIOMeEIIAeTCs Ha TIePeIBIKHOM cToil. Mi3so6paxkeHue, NOIydeHHOE B pe-
3yJIbTaTe CKAHMPOBAHMs, 0TOOpaxaercs Ha MoHuTope. ['paruier [1I1
YKa3bIBAIOTCSL, TAK YTO CIUTHIBACMbBIE KOMIIBIOTEPOM UHCTPYKIIUH MOTYT
CBSI3aTDb 9TU TPAHUIIBI C (PUIHTIECKUM MECTOMOIOKEHNEM 1 OHH H3BeCT-
HBI 1151 CKaHUPOBaHus. D10 no3sosseT 110 «udyunts» rpanurs: I1I1,
9TO0BI CKAHMPOBATH BCIO IUIACTHHY, MaHUIYIHpYst efo. [10 ucmonpayer
MHCTPYKIUH [ OIlpenesteHyst pasmepa I111 u3 nudopManun ckaHupoBa-
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ucnbiTaHue n TeCTupoBaHune

Puc. 2. OparmeHT n3o6paxeHns M co 3HaunTenbHuIMK fedektamn Ha Kpato M

HIS, a He 110JIarasch Ha u3Mepenus npoussoputess 111 wiu pydsoit BBof.
I'panmuist TTIT Takke MOXKHO OIPeeNITh, 0OHAPYKUB KOHTPACTHYIO TU-
(bepeHIMAIINIO B CBeTe, IOITYICHHOM KaMePOH—MHUKPOCKOIIOM. YIacTKU
¢ nocraTouHoi auddepeHnnanyel KOHTPAKTa COOTBETCTBYIOT IPAHUIle
II1. Ompernenenue nHGOPMALIUY O TPAHUIIE IO3BOJISIET PACCIUTATD ILIO-
mianb T,

CxaHHPOBAaHIe HAYMHAETCS C TeKyIeil 00IacTH U COXPAHEHUs pe-
3YJbTAaTOB CKAHUPOBAHUS Ha KOMIIBIOTEPHOM HOCHUTEJIE C I/IH(i)OpMaIII/IeI;I
0 MeCTOIOIOXKeHU . [Ipoliecc CKaHMPOBAHUS MOKHO IPHOCTAHABIIL-
BaTh, COXPAHSIS Pe3y/IbTaThI KAKIOT0 CKAHHPOBAHUSL, U BO30OHOBIIATE 6e3
nepesarycka. [Ipy HaTMYUK OCTABIIMXCS IS CKAHUPOBAHUS 06IacTeit
IIpoIIecc BO3BPAIIIAeTCs A/ CKAHUPOBAHUS clefyloleit ob6aactu. Ecnu
YCTaHOBJIEHO, YTO BCe 00JIACTH OTCKAHUPOBAHBI, HH(POPMAIHS O CKAHI-
POBAHUY MOKET ObITH H3BJIeUeHA C KOMIILIOTEPHOTO HOCHTEJISL, HAKOILIEHA
st GOpMUPOBAHUS KapThL, IIpefCcTaBIsIoNIeil ndobpaxkerue 111, u oto-
6paxkeHa juist o6Hapyskerus neekToB. C IMOMOIIBIO 9TUX IIar0B 1e(eKThI
IIIT MoryT ObITH yBeIUICHBI B pa3Mepax, ITO 0OJerdaeT OpeseeHIe
MeCTOIIOJIOKEeHHS 1 KapTHpOBaHue. KpoMe TOro, HCIOIb3Y ST TEXHUKY
HBeTHOI;I BU3ya/IU3aluU 111 COOTBETCTBYIOIIETIO ITOBEAECHU OIITUIECKOI'O
HAIPSDKeHUs., T0aydeHHoro u3 fedextos I1I1, HEOMHOPOTHOCTD ILTACTH-
HBI MOXET OBITh IPOMUTIOCTPUPOBAHA HETOPOTUM ObICTPBIM Hepaspy-
IIAIOIUM CII0c060M. TpanunuoHHbIe MeTOABI OOHAPYsKeHUs feeKTOB
I03BOJISIIOT OIPENEISITh TAKOE MECTOIIONIOKeH e i OTOOPKATD Ae(DEKTHL.

Kpowme Toro, ucronb3yemble KOMIBIOTEPOM MHCTPYKITUM aBTOMATH-
vecku obuapyxusaiotT nedexrst I111. ITpu aBTOMaTHIeCKOM OOHAPYIKe-
HUH 1e(heKTOB IPIMeHEeHIe dTHX HHCTPYKIUI I03BOJISIET CKAHUPOBATD
HAKOILIEHHYIO 1udpoByI0 nHGOpMAIHO 06 N300pAKEHUH U CPABHHU-
Bath ee ¢ nHGOpMarmeir o fedexrax A HOIyIeHHs KapThl feheKTOB
Ha [1IT. Uadopmanus o nedekre Moxer npeacrasisitb popmy, pasmep
U SIPKOCTH OCBeltleHHOro fiedexta. Ha 0cHOBe IpenonpeneieHHbIX 3Hade-
HUN PpasMepa U ApKOCTU CYUTBIBAEMbIE KOMITBIOTEPOM UHCTPYKIIUU MOTYT
CpaBHHBATh HHGOPMAIIIO CKaHUPOBaHUs ¢ popmoii edekra mpemomnpe-
JIeJIEHHOTO pa3Mepa U IpeoIpeNeleHHOM SPKOCTH, YTOOBI YCTAHOBUTD
IpucyTcTBUe gedeKra.

ATTAK mosBoJisteT IpOBOIUTH GBICTPYIO U HOAPOOHYIO OIIEHKY fedhek-
toB [1I1. [yis1 mesieit MHCIIEKI[UH B&)KHO HE TOJIBKO BBISBIATD [e(eKTHI,
HO ¥ cobupars WHOOPMAIHIO 06 UX pacIpesieSIeHUU U IIIOTHOCTH ISt
KOHTPOJISI KadecTBa. JJeheKThl, KOTOpbIe IIOKA3bIBAIOT YeTKUI KOHTPACT,
MOKHO OOHAPY)KHTh OTHOCUTEJILHO JIETKO ITyTeM 00paboTKu n306paske-
Huit. ONHAKO KOHTPACT MY IPOHU3bIBAIOIINMIE JUCIOKAIIIIMHE CIabee
U CJIOXKHee, YTO 3aTPYAHsIET UX aBTOMAaTHIeckoe obHapyxenue. Kpome
TOT0, IIOCKOJIBKY B 3aBHCUMOCTH OT KaIeCTBa IIOJHPOBKH 0OPATHOM CTO-
pous I1IT KOHTpacT MOKeT OCTabeBaTh 13-3a PACCESTHIISI CBETa, UCIIONb3Y -
€TCs1 PellIeH e 10 IPUMEHEHHIO K H300paKeHHI0 (DUIbTPa AUCIePCHH, KO-
TOprfI BBIIC/ISCT 06HaCTI/I C p€3KUMU U3MEHEHUAMU NHTEHCUBHOCTHU. D10
petterne 3¢hpeKTUBHO yIaBIKMBaeT JTIOKATbHbIE H3MEHEHHsI KOHTPACTA BO-
KpPYT IPOHU3BIBAIOIINX AUCIOKAIMI. 3aTeM OT(UILTPOBAHHOE H300pa-
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Puc. 3. OparmeHT n3o6paxerns MM ¢ gedektom Ha Kpato MM B BUAE CKOMa, BUANUMbIN
B NONAPN30BaHHOM CBETe

JKeHHe OMHAPU3YeTCs], U 00JIACTH C BLICOKUM KOHTPACTOM TPYIITHPYIOTCS
11st upeHTHUKAUN TUCIOKanuit. VICIob3ys aTOT OAX0/, KOHTPACThI
IMCIIOKAI[HIT aBTOMATHYECKU OOHAPYKUBAIOTCS M BBIJIEJISIIOTCS, JIAKe eCITH
KOHTPACT OTHOCHTEIBHO CIIAOBII MU CIIOKHBII.

UccnepoBaHusa npoueccoB o6HapyKeHun gedpeKToB
nonynpoBoAgHNKOBbDIX M1aCTUH

Yro6er 06HapyskuTh gedekr I1I1, ucoabyercs addexr dboroympy-
TOCTH, IIOCKOJIBKY fe(DeKT BBI3bIBAET U3MEHEHNUE B pacIpefie/leHIU Ha-
HPSDKEHUI BOKPYT MeCTOIOIOKeHuUsL. H(opManust cKaHHpOBaHUS € Ka-
MepBI-MUKPOCKOIIA IIepefaeTcs Ha KOMIIBIOTep. DTa KaMepa CKaHUpPyeT
ompefenenHyio o6macts win Bcio [111, cobupaer u XpaHUT 061acTH CKa-
HUpOBaHUs B 6a3e naHHLIX. [1O cOIepKUT UHCTPYKIIUK IS YIPABIICHUS
IepeBIDKeHISIME U 7151 0OHApY KeHus NeheKToB U3 UHMOPMALHIL, TTOJTy-
TeHHOM OT KaMepbl-MUKpOcKoma. B mpomuecce padorsr I1IT ckanupyercs
0 06JIaCcTSIM UM UHBIM 06pasoM (cM. puc. 1), a 3aTeM oToOpaskaeTcst
Ha MOHHUTOpe. B mpenerax n3obpaxerust mokasaua I1I1 ¢ pasubiMu 0671a-
cramu. [IporpammHoe obecrederye IO3BOJISET YBEIUINBATH H300pasKe-
Hue [T 1 mo6bie nedexTsl mist yio6cTBa MPOCMOTPA.

B IIT HU3KOTO KauecTBa INIOTHOCTH eheKTOB MOXKET OBITH CIIUIIIKOM
60JIbI110i1, 9TOOBI 06eCIednTh OUepTaHie KAKAOro JedeKTa, ITOCKOIbKY
Pe3y/IbTaTbl OCBEIIICHNS IOJIIPH30BAHHBIM CBETOM MOTYT IIEPEKPBIBATh-
Cs1, HHT@HCUBHOCTD IIOJISIPU30OBAHHOTO CBETAa MOXKET OBITh yMeHbIIIeHa,
9TOOBI YMEHBIINTD WIH IPEIOTBPATUTH TAKOE IePeKPhITHE. 3aTeM CBET
orpaxkaercst oT I1I1 1 ucronb3yercst Aj1st 0O4epInBaHuUs AeeKTOB B Code-
TAHUH C IOJIIPU30BAHHBIM CBeTOM. OTpaXKeHHBII CBET BBI3BIBAET I1OSIB-
JIeHUe 3aTeMHEHHOU 001acTH ¢ AepeKToM, 9TOOBI IIOMOYb B JaIbHENIIIIeM
ero ouepunBaHuu. OTpaXkaloIas IOBEPXHOCTH SIBILIETCS HCTOIHIKOM
orpakeHHOro cBera Ha [1I1 1 IpUHEMAETCS KaMePOU—MHUKPOCKOIIOM.
VickaskeHUs! OTPaKEHHOTO CBeTa, BhI3BaHHBIe nedexramu B 111, ocobeH-
HO JIIUTAKCHATIbHBIM CI0eM, PETUCTPUPYIOTCS KAMEPOI—MHUKPOCKOIIOM.
Takum 06pas3oM, gedeKTbl MOTyT OBITh HAeHTU(HUIIIPOBAHBI [0 HCKAXKe-
HISIM OTPA’KEHHOTO CBETA.

[TockosbKy HabOp XapakTepHUCTHK (omucanue) nedeKToB ComepKUTCS
B HOCHTeJIe, NH(OPMAIISI CKAHUPOBAHUSI MOXKET CPABHUBATHCS € HA60-
POM XapaKTepUCTUK fNeeKTOB ITACTUHBI 17151 HX uaeHTuduKarun. Habop
XapaKTepPUCTUK JedeKTOB MOKET BKII0UATh HH(OPMAIIUIO, IPECTABII-
oy Gopmy nedekra, pasmep Hopmsl, siprkocTb. Kpome T0ro, MOryT
OBITH IIOTyYeHbI IOBEPXHOCTHBIE Y30PbI, IPOTHO3UPYIOIIre feeKThI
sayTpH [1I1.

Ha puc. 2 moxasau ¢parment uzobpaxernus I1I1 ¢ nedexramu Ha ee
Kpato. Beoit cTpeskoii mokasaH Kpaii IIACTHHBI, KeNTOMN — leeKThI.
B BepxHeit 1eBOI 9acTH U306PAKEHUSI COCPENOTOUCHBI IOBEPXHOCTHBIE
y30pbl, mporuosupyiorrue gedexrs: Buytpu 11

YacTb fehekTOB Maso3aMeTHA, HO HAaOJIIOIeHNe B IOJIIPH30BAHHOM
CBeTe I03BOJIsIeT OOHAPY)KUTh UX HAJIMIMeE U MecTonosoxenue. Kpome
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TMynet ynpasnenns Komnnekcom = O X

Hsobpaxerne M3MepeHnd 3amyck [Jarumkn OOyuenne HHCTPYKIHMH YCTaHOBKH

EHHHIIA H3MEPEHHA: O4epTHTH KBagpar
Pa3syep CTOpOHBI KaTHOp. KBazpata (Mm): 10 3] j - OHCTHT OKHO
H3MepATh JedeKThI (37eMeHTEI H3eTH) C IOMOMIBIO:

COXpaHHTb (parMeHT
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j - BITHCAHHOH OKPY/KHOCTH (JIIHIICA) OTKpEITH Gazy Aedexton
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A | - BIHCAHHOTO TPEeyTOJbHHKA

@ | - oT™MeTHTH HedeKThI (31eMeHTHI H3IeTHA)

NcnbiTaHue U TeCTUpoBaHne
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Puc. 4. Hactpoliku 1 yctaHOBKM pa3fiena «/3mepenns» AMAK

TOTO, IIYCTOTBL, KOTOPbIE CO3NAIOT OGOJIBIIINE [0S HALIPSDKEHMUIT, 0TO6pa-

JKalOTCA HAMHOI'O KOHTPAaCTHEE U ONTHO3HATHO I/I):[QHTI/ICI)I/IL[I/IPYIOTCH.

Ha puc. 3 noxasan ¢pparment uzobpaxenus I111 ¢ nedexrom ckoma
Ha kpaio [1I1 B monspusosannom caere. Cxon [1I1 ogepuen ayumumcom ¢ pa-
nuycamu 55 1 40 MKM C TIOMOII[BIO HHCTPYMEHTOB pasfiena «amepenns»,
HACTPOMKY U YCTAHOBKH KOTOPOTO OIMCAHbI JacTh 2 CTaThy U IOKA3aHbI
Ha puc. 4.

Y4uTBIBas XapaKTepHYIo 0cobeHHOCTD nedextos, B AITAK ucmons3y-
ercst GUIBTP AUCIEPCUH AL OOHAPY KeHHUsI GOJIBIIIOTO JIOKATBHOTO 13-
MEHEHUS YPOBHA KOHTpAcCTa. (DI/IJ'II)prI [UCIepcun, KOTOpbI€ BBITUCIAIOT
TpajuEHT NI AaHAJIOTUIHOE 3HAYEHNE YPOBHSA KOHTpACTa, HAIIpUMEP
¢unbtp Jlannaca u Gunstp Cobestst, BISIOTCS XOPOLIUM BHIOOPOM ISt
ABTOMATHIeCKOro 0OHapyskeHust. OTMeTUM 0COOCHHOCTH IIPUMEHEHHS
anroput™a oOHapyKeHus 1eeKTOB € HCIOIb30BaHeM (HUIBTPA [I¥IC-
HepCui:

e BO-TIEPBBIX, 8-OUT H306paXkeHNe TNHEIHO IPe0OPA3OBAHO TAKUM 06-
PpasoM, 49TO YCpE€AHEHHDbIC 3HAYECHU A nuKceen HOPMAJIN30BaHHOT'O
U300pasKeHNs CTAIH PaBHEL 128 (1[eHTp IUHAMUIECKOTO JUAIIa30Ha),
a IMCIepCus 3HAYEHU N TTUKCeJIed CTajia ONpeieIeHHbIM 3HAYeHUEM.
ITporecc HOpMAIU3AIUK TO3BOJISIET OOHAPYIKUBATD AeeKThI faxKe
U300pKEHUI C PA3HBIME YPOBHSAMHU KOHTPACTa;

e BO-BTOPBIX, K HOPMATN30BAHHOMY H300paKeHHIO OBUI IPUMEHEH
$bubTp gucIepcuu. AJTOPUTM AUCIEPCHOHHOTO QUIBTPA COCTOUT
13 3aMEeHbI 3HAYEHU N LEHTPAIbHOT'O ITUKCEIS HI/ICHEPCHefI KBajpar-
HOro HabOpa U3 N Ha N, 3HAYCHUI OKPYIKAIOLIUX €ro IIKCeIeH.
HOCKOJH)KY 3HAYE€HUA NUCIIEPCUU BEJIMKU B T€X MECTAX, I'l€ YPOBEHb
KOHTpacTa MEHAETCHA, OHU IIPUHUMAIOT 60JII)IHI/Ie 3HAYCHU A B6HH3H
KOHTPACTOB AUCIOKAIMH. 3aTeM ObLIa BBIIOIHEHA OMHAPHU3ALILS 30~
6paKeHUs C UCIIOIb30BAHNEM IIOPOTOBOrO 3HAUEHMUSI, U [OIYIeHO
JepHO-6ertoe nzobpakerue. Ha Hem GesIblil MUKCeIb O3HATACT, 9TO CO-
OTBETCTBYIOIIee 3HAUCHHE TUCIIEPCHH OOIbINe IOPOTOBOrO 3HAUEHUS.
3areM Gesrble MUKCeIH OBUIH OTMETEHBI TAK, YTOOBI KayKaast FPyIIIIa
COeIUHSIONTNXCS OeIbIX [TUKCeNIeH MMeNa OIMHAKOBYIO MeTKY. Dbl
paccauTan MUHUMITbHBINA NIPAMOYTOJIDHUK IS Ka}KHOfI Tpy1Iibl, uc-
KJII0YeH MEHbIIUH pasMep IPAMOYTOJIbHUKOB, MEHbIIE I0POrOBOe
3HadeHue. Bce KOHTPACTBI [UCTOKALUK ObLTH OOGHAPY/KEHDI TEKYIIIAM
AJITOPUTMOM C OTHOCUTEIbHO BBICOKOU TOYHOCTHIO.

OZHAKO IIpU 3TOM MOTYT OOHAPYKUTHCS OIIMOKH IBYX THIIOB:

e 0mnOKa MHOKECTBEHHOTO OOHAPYKeHHSI, KOT/Ia MHOKEeCTBEHHbIE
IUIOTHBIE NUCIOKAIIMOHHDBIE KOHTPACTDHI YYUTHIBAIOTCA KaK OJUH JUC-
JIOKALIMOHHBINA KOHTPACT;

o nebeKTsI ¢ OUeHDb CIA0BIME KOHTPACTaMU He 0OHAPY/KIBAIOTCSL

DTHX 060K MOKHO N30€KaTh, U3MEHUB IIapaMeTPbl 00HAPYKEeHUS,
ITO MOJKeT BBI3BATh Apyrue ournbxu. Takum o6pa3om, HcCIeToBaHUe
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Puc. 5. Mpumvep kapTbl aedekTos MM

1 BBISIBJICHIE OIIMOOK OTUX ABYX TUIIOB II0KA3bIBaeT HEOOXOMUMOCTD B HX

ydeTe U IPOBECHUN HCIEKIINH.

Yuaer nedexros [TI1 mpoBOAUTCS ¢ HOMOIIBIO TAOIHI] UX KiIacCH(pUKa-
1uu 1 Kapthl gedexros I1I1. TTpumep kaprer nedexros 111 mpencrasien
Ha puC. 5. B staeiiky Tabmmupt kapTst gedexros I1I1 aBTOMaTHIeCKH B IIPO-
I1ecce MHCIIEKIIUY 3aHOCSTCS KOIBI OOHAPYIKEHHbIX 1epeKTOB.

Hywmeparus sraeek onpenensiercs: B AITAK (em. puc. 5):

e  CIUIOLIHASI [I0 TOPU30HTAIIL;

e 110 BepTUKAJIL;

e CTPYKTYpHPOBAaHHAS C YKa3aHHeM HOMepa CTPOKU U CTON6mA It
CIIOKHBIX Tabyu1y KapThl nepexros ITI1.

Pasmep staeex OmpemessieTcst pa3MepoM KPHCTALIOB € YIeTOM IIPOTHO-
3UPyeMOI1 LINPHHBI 1IIBA paspesa (MIK pasioMa) Ha dTarle IpoLecca pas-
IeJIeHUs] KPUCTAILIOB.

B AITAK uMmeeTcst BO3MOKHOCTD PaCCUMTAaTh YHUCIIO LeJIBIX KPUCTA/LUIOB
C y9eTOM pajnyca IUTACTHHBI 38 BBIYETOM MAKCHMAJIbHOM BBICOTEL CPe3a,
HEOOXOIUMOTO ISt OPUEHTAIIUH U 00PabOTKY IUTACTHHBI (puc. 6-14).

B MupoBOIT IpaKTHKe OIpefeieHbl M1a0I0Hbl KapTel gedextos ITI1.
KaXpplit U3 HUX OTHOCHTCS K YHUKAJIbHOMY THIY CO CBOUM Ha3BaHU-
em [9]:

o «llentpanbusli» (puc. 6). ledexts cocpenorodens! B nentpe I1I1.
OHHU MOTYT BO3HUKHYTD B pe3yJIbTaTe IPOOIeM ¢ MEXaHUIECKOH
U XUMHYECKOIT [UIAHAPH3AIelt — KOMOUHAI[MSIMU CIIOCOO0B y/iase-
HISI HEPOBHOCTeH (IIOIMPOBKH) C IOBEPXHOCTEN H3TOTABINBAEMBIX
T1IT;

o «Kombuesoit» (puc. 7). IIpouecc uarorosiaenus I11 - «oromurorpa-
(bugeckuit pe3ucT» COCTOUT U3 OIePALUl TPYHTOBKH, IOKPHITHS pe-
3UCTOM, [TOCT-HAHEeCEHNS, 9KCIIOHUPOBAHMSI, TOCT-OKCIIOHUPOBAHUS,
IPOSIBJICHUSI CLIEKAHUs U ITOCT-06kura. Vicrosb3yemble B IIporeccax
Marepuaibl TpeOyIoT MaKCUMAIBHOM YHCTOTHI, 0COOCHHO IPH 0~
KpBITUH U IIposiieHun. Ecnu otu TpeboBanus He COOMIONEHBI, BO3-
HUKAIOT TeDeKThl, COOTBETCTBYyIoIIMe mIabiony Tuma «KombleBoi».
I[Tpu aTOM He HCKII0YaeTcst 0OpazoBanHue mMopoOHOro 1mabIoHa B pe-
3yJIbTaTe IIOBTOPHOTO OCAXKIEHUS PACTBOPEHHOro (HOTOpe3uncTa 06-
paTHO Ha moBepxHOCTE 11, 4TO cBUAETENBCTBYET O COO0SIX B paboTe
obopynoBaHus;

o «JlokambHblit» (puc. 8). BosHuKHOBeHUE [eeKTOB ITOrO THUIA OOBSIC-
HSIeTCSI Ipe3MepHOil BuOpanueit 060pynoBanus. JedeKTbl TOKIBHOIO
THIIA He UMEIOT JINHENHbIX HIH KPUBOIMHEIHBIX XapaKTePUCTHK, B OT-
nudue ot AepeKTOB THIIA apaInH;

o «JloxambHblil KpaeBoit» (puc. 9). JleeKTsl cOCpeOTOYEHDI Ha KPaIo
ITI1. OHM MOTYT BO3HUKATh B Pe3yIbTaTe BHIITOJHEHUS IIPOIIECCOB
OCaKJIEHUsI TOHKOI IIeHKOM moBepxHocreit [T11: agcopOruu — Ha-
JaJIbHOM (hasbl, KOI/a ATOMBI MaTepHaja OCAKIAIOTCS Ha TOBEPXHOCTH;
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Puc. 6. LLIabnoH KapTbl aedekToB TNa «LleHTpanbHbI»

Puc. 7. LLIabnoH KapTbl aedekToB T1na «KonbLesoi»

Puc. 8. LLIa6noH KapTbl aedeKkToB TUNa «/1oKanbHbI»
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Puc. 12. LLIabnoH KapTbl AedekToB TNa «CryyaliHblin»

Puc. 13. LLIabnoH Kaptel aedekTos M Tvna «4nctoiity

,E(I/ICl)(i)YBI/II/I — ABWJKEHUSA ATOMOB I10 IIOBEPXHOCTU ITOJIOKKU; HYKJIE-
anuy — 06pasoBaHus KIACTePOB, KOTOPbIe IPe0OpasyloTcst B Helpe-
PBIBHYIO TOHKYIO IUTeHKY. Ha o6pasoBanue neheKTOB BIUSIOT TaKie
(bakTOpBI KaK CBOMCTBA MATEPHAIOB U IIAPAMETPBI OCUKIEHIS;
«KopreBoit kpaeBoin» (puc. 10). JedbeKTbl COCPEIOTOTEHbI KOIbLIOM
Ha kpaio [1I1. OHu MOTyT BO3HHKATH B pe3ysibTare npobiieM ¢ Tpas-
JIeHHeM — yIaJIeHUeM CJIOeB B COOTBETCTBUH C PUCYHKaMHU, cHOpMHU-
poBaHHBIME pe3uctoM. Ha o6pasoBanue fedeKTOB BIKSIOT KaIeCTBO

[IPUMEHsIeMBIX MATePHAIOB 1 PEKUMBI PAOOTHI 000PyLOBAHLS;

Puc. 14. LLIa6noH KapTbl aedekTos M Tuna «MonHbln»

«IJapanuua» (puc. 11). dedektsl aT0ro THIa 06BIYHO 06pasy0TCs
n3-32 OmMOOK IepCOHANA UM HEMCIPABHOCTEN Ha 9Talax Xu-
MHUKO-MeXaHHYEeCKO MOJTMPOBKH [IPU TPAHCIOPTHPOBKE U 00pa-
6otke I1IT;

«Cryqaiasii» (puc. 12). Hedexrsr ITIT MOKHO B 1[eJIOM pasneIuThb
Ha 1BE KaTeFOpI/II/IZ CUCTEeMAaTHU4YECKUE U CJIY‘{aI‘?IHbIe. CHCTeMaTI/I‘IeCKI/Ie
nedeKThI SBISIFOTCS Pe3y IbTaToM CO0s1 B IIPOEKTUPOBAHUHU HIIH [IPOU3-
BOJICTBE ¥ HECOOJTIO/IEHHSI ITePeIOBbIX MPAKTHK. JacToTy crcreMarnde-
CKUX I[e(:beKTOB MOJXHO yMeHbH_II/ITb 3a CYET IIOCTOSIHHOTO 1 CTpOFOFO
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YTy dILeHUS IPOLIECCOB, B TOM YHC/Ie KOHTPOJIS KadeCTBa IPUMeHse-
MBIX MaTepUaJIOB.

Cryuaiiable feeKTbl, 00YCIOBICHHbIE IPOL[ECCOM N YCIOBUIMHE
msrotosierys I1IT. Yacrora cydaiiHbIx 1ed)eKTOB CHIDKAETCS Iy TeM IUIy-
60KOro aHa/IM3a IPUINH UX BOSHUKHOBEHUsL. [10sIBIIeHIe CIIyqaifHbIX [e-
(beKTOB SIBIISIETCSI IIPEAIOCBUIKON BOSHUKHOBEHIS HX CHCTEMATHIHOCTH;

o «Hucrslit» (puc. 13). KommaecrBo neeKToB 9TOr0 THIIA MUHIMAIBHOE.
OrnHaxo Heo6xoaMMa IOCTOsIHHASL IpoBepKa I1IT 715 cCBoeBpeMeHHOro
BBUIBJICHUST PaKTa yBEIMICHISI MX HCIIA U IPHHSITUS COOTBETCTBYIO-
IIIUX Mep;

o «Ilonubi» (puc. 14). Iouru nonuoe 3anonuenue I1I1 nedekra-
MH MOJKeT OBITb Pe3yJbTaTOM c6O0sI MPOLeCCOB MIPOU3BOACTBA
IIT. BonbiuacTBO 06acreit [T HercpaBHO U TpeGyeT IIOITATHOTO
aHaJM3a KauecTsa mporeccos usrotosienus 111 (¢pparment nsobpa-
sennst [T, otHecennoit k Tumy «[To/HbIAY», TOKa3aH Ha puc. 15).

Ha mpaxTuxe Taxke BCTPEYAOTCsI KOMOMHIPOBAHHBIE [ITA0IOHbI fie-
¢exros. Oru I1I1 ¢ pasusiMu gedekTamu, 0GHAPYKEHHBIMU B KOHIIE IIPO-
U3BOJCTBEHHOTO IIyTH, 1aCTO 0OPAbATHIBAIOTCS ONHUMU U TEMU 5Ke HEHC-
IPAaBHBIMU HHCTPYMEHTAMU 1 000PYLOBAHHEM.

OTu puMepsl IeMOHCTPHUPYIOT BXKHOCTD MofIepskanus Kadectsa [111
Ha BCeX IIPOU3BOACTBEHHBIX POLeCCaX, HAIMHASL C IOTPY30THO-PA3TPY-
30YHBIX MAIIKH U 3aKAHINBAsI CHCTEMaMH KOHTPOJISI MATePHAJIOB U TECTH-
POBAHUSI IPOU3BOACTBEHHOIO 000PYIOBAHHUSL.

TpaguionHoe pacrosHaBanue geeKToB U KIacCU(UKAIMS KapTh
necexros I1I1, B OCHOBHOM, BBIIOIHSIACH OIBITHBIMU CIEIIUATHCTAMY
C IOMOIIIBIO BU3YIBHOTO KOHTPOJISL. TaKoi MeTOI SIBISIeTCsT IOPOrOCTOSI-
IIIUM U Heles1eco0OPas3HbIM, KOTa HabOPbI TAHHbIX OOJIbIIIHE.

Awnanmus xapt nedexros I1IT faer nrbOpMALNUIO 7151 BBIIBICHUS aHO-
MaJIbHBIX IIPOL[ECCOB, IIPOUCXOISAIINX BO BpeMst mpoussopcTsa 111, mo-
3BOJISIET Y/IyUIIUTD UX IPOU3BOACTBO U IIOBBICUTD KAIeCTBO IIPOAYKIIUH.

BbiBOAbI

OmmcanHble B CTaThe Ae(eKThI — He eIUHCTBEHHbIE, KOTOPbIe MOXKHO
o6Hapy>xuTs ¢ momolrbio AITAK na I1I1. [Ipyrue nono6HsIe geeKThI Tak-
K€ MOJKHO BBISIBJIATH C MCIIOJIb30BaHUEM TOTO KOMILIEKCA.

Pa6ora AITAK moskeT pacrpocTpansiThes Ha coequnenust I11T Ha ocHOBe
SiC (xap6una kpemuus), GaAs (apcenmna raswms), InP (bocduna nunus),
GaN (aurpuna rayutust), AIN (aurpuna amomunust) u AlGaN (HuTpuma
amomuHus — rauus). Kpome toro, AITAK mo3Bossier 06HapyKuBaTh
IeeKThI IOIOXKKH, JasKe KOIZia OHA IIOKPBITA JIUTAKCUAIBHBIM CIOEM,
IIOCKOJIbKY YHHUKaIbHOU ocobenHocThi0 ATTAK siBiisiercst To, 4TO OH MO-
KeT paboTaTh C AMUTAKCHATBHEIM CJI0eM uiu 6e3 Hero. Takum 06pazom,
ATTAK naet BO3MOKHOCTD OIIpefe/INTh PACIPOCTPAaHEeHNe ONHUX fedeK-
TOB U UX KOPPEJIALUIO C IPYTUMU, IIO3BOJISAS YCTAHOBUTD CBS3b MEXKIY
Humu. ATTAK o6HapysxuBaet nedeKThl, KOTOpble PaCIPOCTPAHSIIOTCS de-
pe3 MOMTOXKKY K AIUTAKCHAIBHOMY CJIOI0 U CO3MAIOT APyTrHe fedeKTs
Ha MOBEPXHOCTH 3TOTO CJIOSL.

Xors pabora AITAK 6bl1a onmcana ¢ HCIOJIB30BaHUEM KOHKPETHBIX
TEPMHUHOB, TaKOe OIMCAaHNEe HOCUT UCKJIIOYUTEIbHO HJUIIOCTPATUBHBIH
xapakrep. CilelyeT IIOHIMATb, YTO JOIYCKAIOTCS U3MEHEHUs 1 BAPUAIIUI
6e3 OTCTYIUIEHNUS OT IIeJIeil ¥ 3a[1a4 HaIlINX pa3paboToK.

ATTAK ananusupyer MUKPOCKOIMYeCKHe N300 pasKeHusI 1 obecredn-
BaeT MX OTCIEKMBaHUE /ISl KOHKPETHOTO IPOM3BOJICTBEHHOTO IPOIiecca,
CO3/IaBast YCJIOBHS JUISL ONIPeNIesIeHHs IePBOIIPUYMH U IOCTOSHHOTO YJIyd-
1eHns KoHTposs Kadectsa [1I1. ITpu aToM cTaHAApTU3AIs IPOIECCOB,
Tpe6OBaHHs K Ka4eCTBY OIpPeeIIIOTCS Ha TaIax:

e IPOM3BOJICTBA CIUTKOB: CTPOTHE CTAHIAPTBI YUCTOTHI UCXOJHOTO ChI-
Pbsi; )KECTKHUI KOHTPOJIb APaMETPOB HPOIECCOB; COBPEMEHHBIE 10~
KPBITHUS TULJIEN;

o moauposku I1I1: MHOrOCTyII€HUaThIE TPOIECCHI C HCTIONB30BAHUEM
TOHKO3EePHIUCTBIX A0Pa3uBOB; aBTOMATU3UPOBAHHASI 06PabOTKA YMEHb-
II1aeT IIApATIUHBI;

o Hapesku [1I1: mpumMeHeHne MaTepUaIOB U UHCTPYMEHTOB MUHUMHU-
3UPYIOT IIOBPEXIEHUS UX IOBEPXHOCTEN; KOHTPOJIb UX COCTOSHUS
IIpefIOTBPAILIAeT NOSIBICHNE TPEIIIHH;
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® OYUCTKHU IIIACTUH: CBEPXIUCTDBIC XUMUKATHI YAAIAIOT OCTATKU; IIPO-
MBIBKa JJAMUHAPHBIM OTOKOM TIPeJJOTBPAIliaeT IIOBTOPHOE 3arpsi3He-
HUE;

e XpaHeHUs 1 OOpAIleHHsI: BCe TPAHCIIOPTHBIE KOHTEIHEPDI TIIATEIbHO
OYHMINAIOTCA; OfIEK/A IepCOHaIa NCKIIoYaeT ocbinanue Ha [1I1 cropon-
HUX 9aCTHUIl; XpaHEHUE IO/ ITOJIOJKUTEIIbHBIM JaBJICHUEM 6J'IOKI/IpYeT
3arpsi3HEHMe.

O)KI/IJIaeTCH, 9TO INpeNCTaBJI€HHbIE B 3TOM UCCIENOBAHUU PE3YJIbTAThI

u npumerenue AITAK BHecyT 3HauHTeNbHBII BKIAA B paspaborky IIIT,

yaydmar KoHTpoJb kadectsa [1IT u a¢pdexTHBHOCTH TPOU3BOICTBA

HOT.
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