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I'maBa 1

BBenenne

1.1 VYcramoska C3M

ITaker mporpammuoro obecreuenus “PemroCkan Ounaiiv” npegHasHAYEH [IJIs1 YIIPABJICHUS CKa-
HUPYIOIUM 30HIOBBIM MUKPOCKOIOM ¥ 00pabOTKY M300parKeHwil 30HI0BO MUKPOCKONTUHU. Pe3yiib-
TaThl PADOTHI HAIPAMYIO 3aBUCAT OT MOHUMAHUS TOJb30BATEIEM MPUHIUIIOB PAOOTH MEUKPOCKOIIA,
[MOHMMAHWS MPUHIKIOB [IPEICTABJIEHNUS JAHHBIX W AJTOPUTMOB UX 00pabOTKU B 30HIOBON MUKPO-
ckonuu. [ToaTomy B 9TOM PyKOBO/ICTBE CHAYasIa OyAyT JAHBI HEKOTOPbIE OCHOBHBIE IOHATHUS, 3HAHUE
KOTOPBIX HEOOXOIMMO s JAJIHHEHIIeH yCmenrHoi paboThI.

1.1.1 Cxema yCcTaHOBKH

Puc. 1.1. Cxema ycranoBku. 1 - mukpockon, 2 - 6ok ITATT u AIITI, 3 - 6/10k ynpaBJieHus OIArOBBIM JIBUTA-
resem, 4 - wiara DSP, 5 - komubiorepst (ciesa - cepsep, CupaBa - yAaJI€HHbIH [10JIb30BATEID).

VYcTraHOBKA, CKAHUPYIOIMIETO 30HIOBOIO MUKPOCKOIA COCTOUT W3 HECKOIHKUX (DYHKIMOHAIHHBIX
OJIOKOB, N300paKeHHBIX HA puC. 1.1. DTO, BO MEPBBIX, CAM MUKPOCKOI C MbE30MAHUITYTSITOPOM IS
YIPABJIEHUS TOJIOKEHIEeM 00pa3Iia, MAarOBbIM JBUTATEIEM JIJIs TOIBO/IA 0DPA3IA U JeTeKTUPYOIIei
TOJIOBKO#; OJIOK aHAJOrO-IU(POBBIX U MH(PO-aHAJIONOBBIX MMPeodpa3oBaTeieil U BHICOKOBOIbTHBIX
ycunuTejeit; OJI0K yrnpaB/eHus MUKPOCKOIIOM, BBITIOJHEHHBIN Ha, 0a3€e MepCOHATIBHOTO KOMITBIOTEPA,
TOJT YIIPABJIEHUEM OIEPAIMOHHO cUCTEMBI cemeiicTBa Windows, ¢ yCTaHOBJIEHHBIM B HEM CUTHAJIb-
HBIM IIPOIIECCOPOM, PACCYUTHIBAIOIIMM CUIHAJ 0OPATHON CBSI3U; y/IAJIEHHOIO KOMIIBIOTEPA C YCTa-
HOBJIEHHBIM KJimeHTCKuM uHTepdeiicom (nporpammoit PemtoCkan Ounaiiv) (puc. 1.2). Biok-cxembl
YCTAHOBKHU CKAHUPYIOMIEr0 TYHHEIBHOIO MUKPOCKOIA U KOMMYTATOPA OT/EIbHO MPEJICTABIEHbI HA
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puc. 1.5 u puc. 1.3 coorBercrBenno. Biok-cxembl ckarupyomux roiaoBok ais ACM, PACM u RSM
npeacTaBieHbl Ha puc. 1.6.

1.1.2 MexanndeckKad cucTeMa MIKPOCKOIIA

Puc. 1.7. Mexanuueckas cucrema mukpockona @PemroCkan.

OO0mumit BY T MEXQHUIECKON CHCTEMBI MEKPOCKOIIA MTPEICTABJIEH Ha, puc. 1.7. B Mexanuueckyo cu-
CTEMY BXOIWUT OCHOBAHUE C MHE30MAHUIYIATOPOM M CHCTEMOI TIABHOM momadn 00pasiia Ha IMaroBOM
JIBUTATEJIE C PEIYKTOPOM U JBE CheMHbIE U3MEPUTEIbHBIE TOJIOBKY /1151 PAOOTHI B PE2KAMAaX CKAHUPY-
TOTMIel TYHHEIbHON U aTOMHO-CHIOBOM MUKPOCKOIHU., MHUKPOCKOI MTO3BOJISET MOJIYIATh YCTOMIHBOE
aTOMHOE Pa3pelleHre HA TPAJAUIMOHHBIX TECTOBBIX HOBEPXHOCTAX 0€3 IPUMEHEHHUS JOIOIHUTEIb-
HBIX CECMUYECKUX U AKYCTUIECKUX (DUIBTPOB. BJIOK-CXeMa MeXaHWdeCKOil YacTu TpeaCcTaBIeHa Ha
puc. 1.4

1.1.3 CrpyKTypa nporpaMMHOTO obeclieueHnsd

[Iporpammuoe obecniedenre paboTaeT B OMEpPanoOHHBIX cucTeMax cemeiicrea Windows XP.

Bcro crpykTypy nporpaMMHOro obeciedeHusi MOXKHO Pa3/IeIuTh Ha HECKOJIbKO ypPOBHEi (puc.
1.8). Huxknuii ypoBeHb - mporpamma CUrHaJIbHOIO npoueccopa iarst DSP. Bropoit yposenb -
JIpaiiBep OmepamuoHHOM CHCTEMBI, TIO3BOJISIONINI 0OMeHnBAThHCA nHpOopManueii ¢ minaroit DSP uepes
TOPTHI BBOA-BLIBOIA. Tperuii ypoBeHb - cepBep, 00eCIeINBAIOIINIA y/IaJeHHOE TIOAKIIOIEHNE, 1, Ha-
KOHEII, 9eTBEPTHII - KJIUEHTCKas TPOTPaMMa, ¢ KOTOPOii paboTaeT mojib30BaTe/b. Takas CTPYyKTypa
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00ycoBIeHA TPEDOBAHUSIMHE, IPEIbABISIEMBIME K CHCTEME: TOYHAS CHHXPOHU3AIHS [TPOIIECCOB, BbI-
COKasl CKOPOCTH IEPe/lavd JTaHHbIX, HOJEPKKA CeTH, yA00CTBO UCnosab3oBanus. CHHXPOHU3AIUIO
obecreunBaer miara DSP, 6oabias cKOpOCTh Mepenadn JAHHBIX JTOCTUTAETCS 3a CYET OTKA3a, OT
CTAHJAPTHON CXEMbI CBS3U Y€pe3 MEJJICHHBbIE YCTPONCTBA MEpeadn JAHHBIX (IOC/IeI0BATE/IbHbII,
napaJlie/ibHbIi) u ycranosku uarepdeiictoit DSP miarhl HENOCPeACTBEHHO HA pa3beMe MaTepUH-
CKOIl TIATHI cepBEpHOTO KoMmbioTepa. CereBble BO3MOKHOCTH OOECIIEYUBAIOTCS BBEJIEHUEM CTPYK-
TYPbL KJIMEHT - CEPBEP, yI00CTBO JaeT UCIOJIb30BaHUe OneparmoHHoil cucrembl Windows.
Hanee oTmenbHbIe KOMIIOHEHTHI OyIYT PacCMOTPEHBI 6osiee MOIpPOOHO.

1.1.4 IIporpamma naarbi DSP

IMporpamma maarst DSP dhopmupyer Bce ynpasasionme curaabl s 6moka ITATI-ATIIT u ma-
rOBOTO JIBUTATE/IsI. DTU CUTHAJBI ycTaHaBauBaioT 3Hadenus: [TATIoB, 3amyckaoT mpeobpa3oBaHus
1 POBBIX 3HAYEHUI B AHAJIOTOBBIE U OOPATHO, 33aI0T PEXKUM PAOOTHI IIIATOBOTO IBUTATENS, BbI-
3BIBAIOT €ro 3ammycK u ocTaHoBKY. PopMupoOBaHe CUTHAIOB OMPEIE/ISIeTCsl PEKUMOM CKAHUPOBAHU S
¥ mapaMerpamu renu ooparHoit cBa3u. B mporeccope cyimecTByer TaiimMep, MO3BOJISIONIAN OCyIIe-
CTBUTH TOYHYIO CHHXPOHU3AIMIO TPOIECCA CKAHUDOBAHMWS.

3HaueHHne U3MEPSIEMOro CUTHaJA, (TYHHEJBHOIO TOKA, CUJIBI B3AUMOJEHCTBUSA U IIP.) HOCTYIaeT
ua AIIIl u mepemaeTcst B CUTHATBHBIN MTPONECCOP, KOTOPBI BLIUUCISIET CUTHAT OOPATHON CBS3W.
Jlis BBIYMCIIEHUS CUTHAJIA OOPATHOM CBSA3M HUCIIOJIB3YETCH CXeMa C MPOMOPIUOHATBHBIM W HHTE-
IPAJIbHBIM 3BEHbSAMHE, MOJIEPHU3UPOBAHHASA /)15l IPUMEHEHUs yCPEIHEHUs CUIHAJIA OeTryIIuM OKHOM.
3HadYeHNsT U3MEPSEMOTrO CUTHAJIA U CUTHAJIA OOPATHON CBSA3W 3aTEM TEpPENaioTCs B KOMITBIOTED IJIst
mocsIe Iy Iomeit 00paboTKH.

To, 4To 1enb 0OPATHON CBI3M 3aMBIKAETCs HA YPOBHE CUTHAJIBHOT'O TIPOIIECCOPA, TO €CTh IIPOIIeC-
cop 6Ji0Ka yrpaBjieHus He yYACTBYET B €e BBIUUCIIEHUH, [TO3BOJISET CIeJIaTh OOPATHYIO CBs3b OoJiee
YCTONYINBOM 1 HE3ABUCHUMOI OT paboTh! 010K yrpasieHus. UTo 0coOeHHO BazKHO, 3TO TAET BO3MOXK-
HOCTH MCIOJIB30BATh ISl YIIPABIEHUsT MUKPOCKOIIOM MHOPO3a/IaqHyIo cucremy cemeiicrea Windows
XP. Takum obpazom, Ha OJIOKE yIIPABIEHUS JIEKUT 337a49a 00paOOTKY U MEPeIadn JAHHBIX, & IIaTa
DSP BemosaseT 3a1a4u, KPUTAIECKUE 110 BPEMEHH.

Boranciennntit curaan o6paTHOil CBS3U MOCHLIAETCH HA Z - MAHUITYAATOp. [loMrmo sToro, mpo-
rpaMMa TeHepHupyeT CUTHAJIBI [ IepeMerneHns oopasna mo X u Y - koopanaatam. Ilepemerenue
MOZKET OCYIIECTBIIATHCA C OJHOBPEMEHHBIM CHATHEM JAHHBIX U HAKOILUIEHWEM ux B Oydepe ms mo-
CJIeIy0MIEet epeiadn B KOMITBIOTEp (PeXKUM CKAHUPOBAHUSA), WU 0€3 HAKOIJICHUS JAHHBIX (DEXKUM
NO3UIMOHUpPOBaHus). Tak:ke mporpamMMa ¢ MOMOIIBIO [IIArOBOrO JBUrATE s YIIPABJILET [epeMele-
HUEM CTOJIMKA C 00pa3IOM. DTOT PEKMUM KCIOIH3YETCs MPU MOABOIAE U OTBOE 30HIA.

Bce napamerpsl obparHoil cBs3u, nepemenienuii, aapeca IIAIloB 3amarorcs myTeM yCTaHOBKH
3HAYEHUI IePEMEHHbBIX, XPAHUMbIX B IAMATH CUTHAJILHOrO nporeccopa. Takum 06pa3om, HACTPOIKa
MapaMeTpOB CKAHWPOBAHUS TTPOU3BOJAUTCS M3MEHEHHEM JTUX MEPEMEHHBIX, U MUKPOCKOI METHKOM
MOXKET YTPABIATHCA IJEKTPOHHBIM METOAOM. DTO MO3BOJISIET ABTOMATH3INPOBATH MPOIECC CKAHW-
poBaHus. A ¢ UCTIOIH30BaHUEM BCTPOEHHBIX B mporpaMMubiii maker "®emtoCkan Onnaiin"cereBbix
TEXHOJIOTUI CKAHWPOBAHUE MOXKHO OCYIIECTBJISATDH JaXKe C APYTroro KOHIA 3eMHOIO Iapa.

1.1.5 IpaiiBep onepamuoOHHON CUCTEMBI

Bce obienne Mexk /Iy onepanuoHHoi cucremMoii 610Ka yrpasiaenus u mwiaroit DSP npoussogurcs
gepes3 MopThl BBOJA-BHIBOAA. B oneparmonnoii cucreme cemeiictsa Windows XP gocrym k mopram
BO3MOXKEH TOJIBKO JJIsI IpaiiBEpOB, pabOTAIOIIMX HA YPOBHE sIIPA, OMEPAIMOHHOM CUCTEMBI. VIMeHHO
JUIS CHATHUS 9TOrO OrpaHUYeHus HeoOXoauM mpaiisep. Kpome TOro, mpu CKaHUPOBAHUHU IIPOUCXOIUT
6bicTpoe 3anoHenue Oydepa maabix B maare DSP, u Hy»KHO mepuogudecku 3abUparTh ITH JTAH-
Hble, 9TOOBI HE MPOUCXOMUIA MoTepsa wHdopMannu. Tak KakK IporpaMMbl, paboTaroime Ha YPOBHE
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[TOJTb30BATEIIST OMEPAIMOHHON CUCTEMBI, CUJIbHO 3aBUCAT OT CHUCTEMHBIX PECYPCOB, OT KOJIAYECTBA
OJIHOBPEMEHHO PAOOTAIOIIMX IPUIOKEHUI, OHU HE MOI'yT ODECIIeINTh HYXKHOU YaCTOTHL U CHHXPOH-
HOCTHU ODOpAIlleHUsT K TIOPTaM BBOJIA-BBIBOIA.

Korna nammbie B mare DSP roroBbl fj1d mepemadn, reHEpUpyeTcs mpepbiBaHue. B oTBer Ha
MpEpBbIBAHUE JpaiiBep CUYMTHIBAET OJIOK nHGMOPMAIME U MEPEJAET ero CepBepy JJisd JaJbHeirei
obpaboTku. B 3aBucHMOCTH OT peXKuMa CKAHHPOBAHUS BO3MOXKHBI PA3THIHBIE CIIEHAPUN 00pabOTKH
npepbiBaaus. Uudopmanusa uabrpyercs ocobbiM 00pa3oM, ITOObI UCKIIOYUTD MOTOK HEHYZKHBIX
JIAHHBIX, YTO CHUYKAET 3arpy:KEHHOCTH TPOIECCOPa OJIOKA, YITPABJIEHUSI.

1.1.6 Cepsep

EFEF: Fmboard

= ,,|1;a=.= w o [ Q% F] P

Consale | Images

18:18:27  master client connected: atcwst -
18:18:22  contral stream bound from GIME
18:18:19  control stream disconnected
18:18:14  client Filonoy fram atc-wst? 3052
18:18:03  control stream bound from GIMF
18:17:40  control stream disconnected
18:17:21  contral stream bound from GIMME
18:15:51  control stream disconnected

18:14:36  master client connected: atcwst
181401  cantrol stream bound from GIMF Address |user | Buffe... | 1de
18:09:24  control stream disconnected @ atc-wst7: 3053 Flonow 0 10
18:08:30  contral stream bound from GlkE
18:05:58 control stream disconnected
18:05:49  control stream bound from GIME
18:04:46 control stream disconnected
18:04:17  control stream bound from GIME
175757  control stream disconnected
17:54:472  SPM initialized

H
175441 DSP program build version: 1.17 » [ Er'i Download |
Jl > J,'Jl“qlulh-I\Im'"Jnfuﬁ.f‘fu"m'n"'ﬂﬁhdplll"ﬂ [ o

Puc. 1.9. Pabodee oxkHO mporpaMMbl MOHUTODHHTA cepBepa. Pazpaborannsiii narepdelic 1103BoJigeTr KOH-
TPOJIMPOBATH PAbOTYy MUKPOCKOIIA M COOMPATHh PA3IMIHYIO CTATUCTUIECKYIO MH(MOPMAIUIO 0 paboTe I0/Ih-
30BaTesnen.

CepBepHasi 9aCTh MPOTPAMMHOTO ODECTIEYEHUST SIBJISTETCST CBSI3YIONINM 3BEHOM MEKIY IpaiiBe-
POM OIEPAITMOHHO CUCTEMbI ¥ KJIUEHTOM (KJIMEHTAMHU ), T.€. KOHEUHBIM M0JIb30BATEIEM MUKPOCKOIIA.
9TO cuCTeMHAs CJIyXK0a, aBTOMATHIECKY 3aMyCKAeMasl IIPU CTapPTe OMEPAIMOHHON CUCTEMBI OJIOKA,
yupasierus. Cepsep obecnednBaeT CBOEBPEMEHHbIN TPUEeM JIaHHBIX OT JIpaiiBepa, X HAKOILICHUE U
nepemady KianeHTaMm. /[y yrmpaBieHns cepBepOM CYIIECTBYET CIennaabHoe mpuioxkenne Fmboard,
[TO3BOJIATONIEE OCYMIECTBIASATH MOHUTOPUHT IPOECCA CKAHUPOBAHUS, YIPABJIATH IEPEMEIEHUEM CTO-
JINKA ¢ 00pa3IoM, 3arpyxKaTh mporpaMmsel B miary DSP. M300parkenne pabovyero OKHa, mporpaMMbl
Fmboard mpezgcrasieno uva puc. 1.9. [IporpamMma mmeer 0KHO ociiuiiiorpada, Ha KOTOPOM [0 BBIOOPY
MOKeT 0TOOPAXKATHCST 3HAYEHHUE OMOPHOIO CUTHAA WU CUTHAJIA OOPATHOM CBSA3M.

Ha cepsepe ycranaBamBaioTCs Takue MapaMeTpbl, KAK CKOPOCTDH MTOIBO/A CTOJHMKA € 0OPA3IOM,
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agpecanus ITAIIos, MakcuMaIbHOE KOJIMYECTBO II0JIb30BaTelell 1 HeKOTophle aApyrue. Ha kaxKmoro
KJIMEHTA 3aBOAUTCH OTAEbHbIA Oydep manubix, nadoOpManus U3 KOTOPOIO CYUTHIBAETCS B ACHH-
XpoHHOM pekuMe. CBeleHusi O TEKYINUX COEJIWHEHWSX MOTYT OBITh BBIBEIEHBI B OKHO COOBITHIA
CHEeraJIbHON KOMaHOI.

VupaBisaTh MUKPOCKOIOM MOXKET TOJIBKO OIWH IOJIb30BaTENb. I 9TOTO OH TOIKJIIOYAETCS
B pexkume Macrep. OcraibHble MOTB30BATEH TOJIBKO HAOJIOJAIOT 33 MPOMECCOM CKAHUPOBAHUS
(pexxum Kimenr).

Ecnu mo kKakuM-TO MPUYIHHAM CBSI3b C KJIMEHTOM HAPYINEHA, OH aBTOMATUYECKN OTCOEIUHSIETCS
OT cepBepa. ITO TMO3BOJsAeT N30€XKAThH MEePEnoIHeHs BHyTpeHHero oydepa manubx. OTKIIIOUeHIE
OJIHOTO TIOJIb30BATE/I HUKAK HE BJIMAET HA PA0OTY APYTUX KJIMEHTOB, YTO ODECTIEYMBAETCS ACHH-
XPOHHOCTBHIO TTEPEJAYN TAHHBIX.

st HOpMaTbHOM PabOThI cepBepa 3aILyCK MPOrpaMMbl MOHUTOPHHTA HE 00s13aTEIEH, OHA, HY KHA
TOJIBKO /U5l M3MEHEHUs KAJIUOPOBOYHBIX KOHCTAHT U JIPYIUX HACTPOEK.

1.1.7 Kuoauenr

[ijwemrolran Onnadt - YORONI11.006 5]
afin - [paska - C3M - Bna - Okra Crnaiin Comouts -
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Puc. 1.10. ITop3oBaTenbckmit naTEpdeiic KINEHTCKON JaCTH MIPOrPAMMHOTO 00eCIIedeHumsl.

IIporpamMmMa-KJINEHT - 3TO TPOrpamMma, ¢ KOTopoii paboraer moss3oBaTenb. Ilosromy ee paspa-
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OOTKe M COBEPIIEHCTBOBAHUIO OBLIO yIET€HO 0cOO0e BHUMAHMUE.

IIporpamma 3amyckaercs oz oneparuonabiMu cucremamu cemeiicrsa Windows. duis coenume-
HUsT ¢ cepBepoM ucnosb3yercst mporokon TCP/IP, 4To mo3Bosisier MOIKIIUATHCS K CepBepy He
TOJIBKO TI0 JIOKAJIbHO# ceTu, HO U depe3 UuTepHer.

Bce mapamerpbl CKAHMPOBaHUS, 3a/aHHBIE [TOJIL30BATEJIEM, MTEPEIAIOTCA B CEPBEp U Jajiee - B
MHUKPOCKOII U JPYTUM TI0Jb30BATENAM, MoaKa0YeHabiM B pexkume Knment. Ilocie 3amycka mporec-
Ca CKAHWPOBAHUS OTKPHIBAIOTCH OKHA, B KOTOPBHIX B PEAJIbHOM PEXKMMe BPEMEHU IMOKA3bIBAIOTCS Pe-
3yJIbTATHI — MOJIyYaeMble N300PAXKEHNUsT, UX PA3MePhI, PEKUM CKAHUPOBAHUSA, TAPAMETPBI 00PATHON
CBSI3M, TEKYIIee MOJIOYKEeHNe 30H/1a, CKOPOCTh CKaHnpoBaHusi. OIHOBPEMEHHO TTOIH30BATEIh MOXKET
00pabaThIBAThH MOy YE€HHBIE JAHHBIE, UCIOIb3Ys MUPOKWU HAOOP PA3INIHBIX (DYHKIWIA, BKIIOUEH-
HBIX B cocTaB nmporpammbl. Ha pucynke 1.10 npemcrasiieno n3obparkenne pabouero OKHA KIUEeHTCKON
IPOrPaMMBbl BO BpeMsi CKAHUPOBaHus. BuaHb! nanesn, 0To0pazKarolre TeKyIne HACTPONKH, i OKHO
CO CHAMAEMbIM H300PazKEHHUEM.

[IporpaMMa-KIMEHT MMEEeT MHOKECTBO PA3IUIHBIX (DYHKITHIT, TPEIHA3HAYEHHBIX 71 00pabOTKU
¥ aHAJIN3a, N300pakeHuil 30HI0BO MUKPOCKOIIHMH, & TaK e Apyrux un3obpaxkenuit. C ux IOMOIIHIO
HCCJIe0BATEb MOYKET JIETKO M3BJI€Yb HYXKHYIO eMy WH(MOPMAIUIO U3 MOJIy9YeHHbIX JAaHHBIX. [lepe-
9eHb pPeasn30BaHHbIX (GyHKIWmi npeacTassier B Tabsuie 1.1. Eciu HekoTopbhie mocsenoBaTerbHOCTH
orepanuil BBIIOJHAIOTCS 9ACTO, TO WX MOYXKHO CI'DYIIHMPOBATH B OTJEIbHYI0 MAKPOKOMAHIY, 9TO
3HAYUTEIFHO YCKOPSET PaboTy.

[Iporpamma coxpansier n300pakeHus B OPUTHHAIHLHOM (hOpMATE, MO3BOJIAIONIEM XPAHUTD B OI-
HOM (haiiyie HeCKOJIbKO N300pakeHni Pa3InIHOIO PA3PEIIeHNs U PA3MEPHOCTH, a TaK Ke CIIyKeOHYT0
nHMOPMAITHAIO.

1.2 Meroapl mocTpoeHnsa n o6paboTkm M300parKeHmi

[Ipu uzyverwn CBOHCTB OOHEKTOB METOMAMU CKAHUPYIOIIEH 30H/I0BOM MUKDPOCKOIUU OCHOBHBIM
PE3yIBTATOM HAYYHOIO MOUCKA SBISIOTCS, KAK MPABUIO, TPEXMEPHbIE M300paykeHusi MOBEPXHOCTH
9TUX 0OBEKTOB. AJEKBATHOCTH MHTEPIPETAIINN U300PAKEHUN 3aBUCUT OT KBAJU(DUKAIUMH CIEIHA-
smcra. Bmecre ¢ Tem, ipu 06paboTKe U MOCTPOEHNN W300PAYKEHNH UCTOIB3YETCS P TPAIAIIAOHHBIX
MIPUEMOB, O KOTOPBIX CJIEIYyEeT 3HATH NMPU AHAIN3E U300PAKEHHI.

Cxanupyomuii 30H710BbI MUKDPOCKOI TOSBUJICS B MOMEHT WHTEHCHBHOTO DPAa3BUTHS KOMITHIO-
TepHON TexHUKH. [ToaToMy mpu 3amucu TPeXMEpHBIX H300payKeHwit B HEM ObLIH HCIOIb30BAHBI
udpoBbie METObI XpaHeHus uH(OpMaIyu, pazpabOTaHHbIE I KOMIbIOTEPOB. DTO HTPHUBEJIO K
3HAYUTEIbHOMY yI0OCTBY Ipu aHaim3e U 00paboTKe Mm300pakeHnit, OJHAKO MPHUIILIOCH [TO2KEPTBO-
BaTh (HPoTOrpadUUIecKNM KAIECTBOM, TPUCYIIAM METOJAM JIEKTPOHHON MUKPOCKOIUH.

WNudopwmarius, mogydeHras ¢ MOMOIIBI0 30HI0BOI0 MUKPOCKOIA, B KOMIIBIOTEPE MPE/ICTABIISIET-
csl B BUJIE JIBYMEPHON MATPHIBI TeJbIX dnces. Kaxioe 9ucio B 3TOi MaTpuile, B 3aBUCUMOCTH OT
PEXRUMMA CKAHUPOBAHMUSI, MOXKET SBJIATHCS 3HAYCHUEM TYHHEJIbHOTO TOKA, WU 3HAYEHUEM OTKJIOHE-
HUs KAHTUJIEBEPA, WU 3HAYEHUEM KaKOH-TO Oosiee cyioxkHON dynkimu. Eciau mokasars 4esoBeky
9Ty MATPHUILY, TO HUKAKOTO CBSI3HOTO TPEJCTABJIEHUsT 00 MCCIEeAyeMON TTOBEPXHOCTH OH IMOJIYYUTH
me cMoxket. Tak, mepsas mpobseMa - 3TO Tpeodpa30BaTh YNUCIA B BUI, YAOOHBIH IJIsT BOCIIPUSITHSA.
Jemaercs 3TO CJIeAYIONAM 00pa30M.

Yucna B UCXOTHON MATPHUIE JIEXKAT B HEKOTOPOM JHANA30HE, €CTh MUHUMATHLHOE U MAKCUMaJlh-
HOE 3HAYEHUsI. DTOMY JIUANIA30HY TEJIbIX YUCEJI CTABUTCS B COOTBETCTBUE IIBETOBAS MaJuTpa. Takum
00pa3oM, KarXK10€ 3HAYEHUE MATPULbl 0TOOPAKAETCS B TOYKY OIPEIEJIEHHOIO I[BETA HA IPSIMOY '0JIb-
HOM m3obpakeruu. CTpoOKa U CTOJOEI, B KOTOPBIX HAXOIUTCS ITO 3HAUEHWE, CTAHOBATCSH KOODIH-
HaTaMu TOYKW. B pe3ysbrare Mbl mMOJydaeM KapTUHY, HA KOTOPO, HATPUMED, BHICOTA MOBEPXHOCTU
TepeaeTcs MBEeTOM - KakK Ha reorpaduaeckoii kapre. Ho Ha KapTe 0OBIMHO MCIOMB3YIOTCS UMD €~
CSITKH I[[BETOB, a HA HAIlell KApTUHE UX COTHU U Thicsa4uu. st yno6cTBa BOCHPUSITHSI TOYKHU, OJIU3KIE
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OyuKIMH 00pabOTKU JAHHBIX

Onepanuu ¢ JaHHBIMA

Cepsucabie byHKIIAN

O6pesanue

WNMuBepcus

Vcpennenne

YBenudenne pe3KoCTh
Ounprp Bumepa
Memunannas ¢uabTparus
OnTuMu3anms MKaJjIbl
TpamncrmornpoBanme
IloBopoT Ha TPOM3BOILHBIHI
yTOI

BoipaBHuBaHue Mo MeTKam
BroipaBnuBanue mo
BBIJIEJIEHHBIM Y9aCTKAM
BoipaBauBanme craiitHoM
CriaskuBaHue yIacTKa
AHasu3 1mepoxoBaToCTH
Iloporosas dpunbrparus
Brraucienne nepemnaaa BHICOT
M0 MHTEPMEPEHITHOHHOM
KapTUHE

Vcepeamenue Mo crpokaM
Ucnpasenne nckakenmit
Brigenenne 3epen
Brigenenne rpanuis
Jluneitubie GUIBTPHI
(rpajiueHThl PA3HOCTHOMN
Marpureit, marpureit Cobesns
u [IpeBuTa, MmaTpuirb
Jlanmaca u Taycca)
Mopdosorudeckue HpuabTph
Koppensamumonsbie pyHKIINNA

IMocrpoenue cevenuii (Tak
JK€ CO CJIOKHBIM Tpoduem)
N3mepenne paccTroganmnii
IlocTpoenune uzoaunamit
N3mepenne yrios
W3mepenne amun
MPOTSYKEHHBIX OOHLEKTOR
KomnupoBanue BbIIETIEHHBIX
objacTeit B HOBOE
n300parkeHne

IlocTpoenne TpexmMepHBIX
n300parkeHuit
Dypne-anaan3
IlocTpoenne ructorpaMm
pacIpesiesieHust 0 BBICOTE
Haxoxnenue o6 bekToB
Haxoxnenue crymneneit
IMocTpoenne KaIUOPOBOYHBIX
KPUBBIX

Haxoxnenne oobemMa,
00beKTa, OrPAHUIEHHOTO
U30JIMHuei

CroeHne U BEITUTAHNE
n300parkeHumit

W3menenne pasperierus
Brruucnenue mnomaan
[MOBEPXHOCTH

Permukanus

IMoxacserka (rpaguenTHOE
npeobpa3oBaHue)
ViaBoeHune 4ucia TOYEK

Orkpbitue GaitiioB pasHbIx
dopmaros

Boccranosenune daiira x
MEePBOHAYAILHOMY BUIY
Coxpanenwe aiiion
Vranenue daiiion
Buneozaxear

3axBaT U3 UCTOYHUKOB
TWAIN

Coxpatenre n300paskeHuii B
dopmare BMP, JPEG, TIFF
DKCIOPT TEKCTOBBIX JAHHBIX
DKCIOPT TPEXMEPHBIX
n300paskennii B popmare
VRML

I'pymmoBoit akcmopt
n300pakKeHn B PA3INIHBIE
dopmaTs

BricTporit mpocMoTp
OOJIBIIIOrO KOJIMIECTBA,
daiinos

Cuaiiz-toy

ITewatn

IIpocmoTp TeKCTOBOTO
3aroJioBKa (paitna

Cosnanne MaKpOKOMAaH/,
Buibop mpousBoabHOI
LBETOBOM 1AJIMTPbL
Bormenenne obmactu
MPUBSI3KY MAJTUTPbI

OrMmena mociemHeil onepaun
3anuch W300paKeHUN U TeK-
cTOBO# nHMpOPMAIMK B [ANKY
obmena (clipboard)

Tabsmma 1.1. Oyaxnun, peaTn30BaHHbIE B KJINEHTCKON YaCTU IPOIPAMMHOIO 00eCIedeHns
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IO BBICOTE, JTOJIZKHBI MEPEIABATHCS CXOIHBIMU [IBETAMH.

Moxker oka3zaTbCs, ¥, KaK IPABUJIO, TaK BCErJa U ObIBAET, Y4TO JUANA30H MCXOIHBIX 3HAYCHUN
0OJIbINE, YEM YHCJIO BO3MOXKHBIX I[BETOB. B 3TOM Cilyuyae mpoOMCXOAUT TOTEps WHMOPMAIINU, U yBe-
JINYEHNE KOJMYECTBA, [IBETOB HE SBJISETCS BBIXOAOM U3 TOJIOKEHWS, TAK KAK BO3MOYKHOCTH UE€IOBE-
9eCKOro rjia3a orpanmdenst. Tpebyerca monomHuTebHAsS 00paboTKa nHMOPMAIINH, TPUYIEM B 3aBHU-
CHMOCTH OT 3324 0O6paboTKa J0KHA OBITH pa3Hoit. Komy-T1o HEOOXOANMO YBHIETH BCIO KAPTHUHY
[EJTUKOM, & KTO-TO XO4YeT PACCMOTPETDH JeTasu. Jjis 3TOro uCnoib3yoTcs Pa3sHOOOPA3HbIE METOIbI,
OTMCAHUIO KOTOPBIX MOCBSIIEHA CIEAYIOMAs YaCTh CTAThU. B KadecTBe mpuMepa OyayT pacCMaTpH-
BAThCHA W300paKEeHMsI, HA KOTOPBIX [BETOM MEPEIAETCS BHICOTA TOUKH.

1.2.1 Beruuranue cpeaHero HaKJOHA

TIoE¢pPXHOCTS |

HOBEPXROCTS MOCHe ERIYeTA
CPedHero HA¥XNOHA

m

JIHHHA CpeXHeT 0
HAEKNMOHA

Puc. 1.11. Borunranue cpeaHero HaKJIoHA.

[Tonyennbie n300parKeHNsT TACTO UMEIOT OOIIHH HAKIIOH, KOTOPBII MOYKET TOSIBJISITHCS O Pa3-
HBIM TPUYUHAM. DTO MOXKET OBITh PeabHbIH HAKJIOH MOBEPXHOCTH; MOXKET ObITh TeMIIePATYPHBIH
Jpeiid, KOTOpbIi NPUBOAUT K CMEIEHWI0 00pa3iia BO BPeMs CKAHMPOBAHWUs; MOXKET ObITh HeJIH-
HEHOCTH MHhE30KEPAMUYECKOr0 MAHUMYAATOpA. Kak 6bl TO HEU OBLIO, 3TO MPUBOIUT K MOSIBICHUIO
00IIIero HAKJI0HA, U HA M300PaKEeHWHW OOBIYHO 3TO MEIIAET BBISBICHHUIO CTPYKTYpPbl oObekTa. [ljs
TOTO, YTOOBI 3TOTO M30eKaTh, M3 UCXOAHON MATPHIIHI 3HAYUEHWH BBIYWTAETCS MIIOCKOCTH CPETHEro
HakJoHA. [losicHUM 3TO OfHOMEpHBIM ciryudaeM (puc. 1.11).

B pesynbraTe mosydaercss MaTpuna ¢ MEHBIIUM /IMAITa30HOM 3HAYEHHH U MeJIKHE JIeTAJIN 0TOO-
pazkaoTcs OOBIIMM KOJTHMIECTBOM I[IBETOB, CTAHOBATCS Gosiee 3aMeTHbIMEU. HemuHelHOCTH TTHE30-
MAHUITYIATOPA MOIYT HPUBOJUTH TAKKE K TOMY, 4TO H300DAKEHHE MOy IaeTCsd BOTHYThIM. B aTOoM
CJlydae Hy?KHO BBIYMTATH HE IIOCKOCTb, a 00Jiee CIOKHYIO IHOBEPXHOCTH - NapaboMIecKyio wiu
TUEPOOTTMIECKYIO.

1.2.2 Ycpeanenue

[ToMuMoO TO/IE3HOrO CUTHAJA HA W300paKEHWM BCET/Ia MPUCYTCTBYET ITyMOBAas COCTABJISIONIAS.
Yro6br yOpaTh €€, 9aCTO JOCTATOYHO 3aMEHHUTH 3HAYEHNE B KarKI0M TOYKE CpeTHUM aprudMeTHIe-
CKUM 3HAYEHMIl BCEX TOYEK B HEKOTODOIi GuimxKaiiieii ee okpecrnoctu (puc. 1.12).

Ecsu 310 He nomoraer - Hanpumep, ecjid yPOBeHb IIyMOB JIOBOJIbHO BbICOK - TPEOYETCs IIPUMeHe-
Hue 00JIee CIOXKHBIX MeToA0B. Hampumep, MOKHO MOMPOOOBATH BBIIEIUTH TOJIE3HBIN CUTHAT, yOpaB
BBICOKOYACTOTHYIO COCTABJSIONIYI0 UCXOAHOTO curHaja. B cymmnocTn, ycpeanenne 1Mo OKPeCTHOCTH
7 ecTh Takasd puiabrpanusa. 1acTo moMoraer yBeJwdeHrne pa3MepOB OKPECTHOCTH, IO KOTOPOW Be-
jercsi ycpeanenue. PaccMoTpuM st mprMepa OJHOMEPHbBIN CJIydail, T.e. He ABYMEPHYIO MATPHILY,
a CTPOKY 3HAYEHHUI.
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—N

Puc. 1.12. Ycpenuenue.

[Mocrpoum rpaduk, Ha KOTOPOM 110 TOPU3OHTAHN OTJIOKUM KOODAUHATY TOYKHU, a MO BEPTHKAIA
3HadeHus TO4YeK. B pesynbrare moaydurcs npodusib crpoku. Ha puc. 1.12 nzobpazken 3ToT npoduiib
10 1 mocie (PUILTPALIVIH.

1.2.3 MeauanHasa dbuabTpanusd

—N
- _‘/ -

Puc. 1.13. Megnaunas ¢uabrparms.

Xopoiiue pe3yibraThl JaeT MeAuaHHast (pUuabTpanus. IT0 HETUHEHHbIH MeTo 00paboTK 1300~
pazkeHwuii, MO3BOJILIOMUN yOpaTh pe3kue BbIOPOCHI, HO, B OTJIUYUE OT yCPEJHEHUS, OCTABJIAIONIHI
cryneHbku. [1osiCHUM 3TOT METOJ Ha, OJHOMEPHOM Ciaydvae. 110 TOpu3oHTaIN OTI0KEH KOOPINHATA,
TOYKHU, O BepTHKA U - 3HadeHue. llomyuaercs mBymepHbiit mpodwuab. Ias dumbrpyemoit ToUku
OepyTCs 3HAYEHUs €€ COCe/ell U 3aHOCATCH B TAO/IMILY. DTa TAOIUIA COPTUPYETCHA IO BO3PACTAHUIO,
¥ 33 HOBOE 3HAYEHUE TOYKHU MIPUHUMAETCS 3HAYEHUE U3 CPeHel sueifiku TabIuIibl.

Takum obpasom, eciu B TOUKe ObLT BBIOPOC, TO OHA OKA3BIBAETCsS HA KPAid OTCOPTUPOBAHHOI
TabJIUIIBI U HE TTOTAIAET B 0OT(MUIBTPOBAaHHOE n300parkenne. CTymeHbKY Ke OCTAIOTCs 063 M3MEHEHU T
(puc. 1.13). Eciu cpaBHUTH yCPEJIHEHUE U MEIUAHHYIO (DUTBTPAIUIO, TO JIEFKO 3aMETUTD DA3JINIMs
B KOHEYHbIX pe3yiabrarax (puc. 1.12; 1.13).

1.2.4 VYcpeaHeHue mo CTPOKaM

N306pazkennss B CKAHUPYIOMIEit 30HI0BOM MHKPOCKOINN XapaKTEPHBI TEM, 9TO (POPMUPYIOTCS
onu nocrpouno. Takum 06pazom, HOsBIIAETCs BblaeJeHHOe Hanpassienue (hopMUpOBaHUs CTPOKH),
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Puc. 1.14. NI306paxkeHus MHOTOKOMIIOHEHTHOM opranudeckoil mieaku. Ciesa - 10 yCpegHeHns 10 CTPOKAM;
CIpaBa - 10CJe yCPeIHEHUSI.

BJOJTb KOTOPOT'O M300pakKeHne NMEeeT XapaKTepHble ocobeHHocTH. Jlemo B TOM, 9TO CHITHE CTPOKH
[IPOUCXOUT OBICTPO, a MEXK/y CHATHEM COCEJHHX CTPOK MPOXOJUT HEKOTOpoe Bpems. Ilpu stom
MOZKET [POU30UTH KAKOH-TO COOM, U CJIeAYIONHMe CTPOKU OKAXKYTCH PE3KO CABUHYTHIMH BBEPX HJIU
BHU3. Ha n300paskeHn MOSBIIsSeTCs TOPU30HTAIBHAS CTYIEHbKA, KOTOPOI HET HA, PEAIbHON OBepX-
mocTu. UT00BI yOpaTh 3TOT HedeKT, TPUMEHSETCS YCPeIHEeH e 0 CTpoKaM. Bee cTpoku n3obpaske-
HUsI CIIBUTAIOTCS BBEPX WM BHU3 TaK, 9TOOBI UX CPEIHUE 3HAUEHUS ObLITH OJUHAKOBBIME. [Ipu 3T0M
upoduiib CTPOKK OCTAETCH NPEKHUM, a HPOhUIIb CTonb1a MEHETCs, - YOUPaoTcs CTyleHbKu (puc.

1.14).

1.2.5 IloacBerka

YenoBeuecknit T1a3 JIyHIle pa3andaeT KOHTpAcTHbIE peaMmeTsl. [loToMy Ha n3o0parkeHun, rie
IIBETOM TIEPEIAETCs BBICOTA, MEJKHE IeTAJN He 3aMeTHbI Ha (hOoHE KPYymHBIX 00bekToB. Kak xke
IIOCTYIUTh B 3TOM CJiydae?

Ectp cocob coBmecTuTh mHGOPMAIINIO O BBICOTE 00bEKTa ¢ MHMOPMAIHEH O BBICOTE MEJKOIt
JIeTaJid HaJi €ro moBepxHocThio. IIpeacraBbre, 9ro Bbl jeTuTe Ha camosere naj ropamu Kaskasa.
Brr sicHo paznniaere BCe YIIEIbst M YTEChl, XOTs MO CPABHEHHIO C CAMUMHI TOPAMHU TIEPENa/l BHICOT
TaM COBCEM HEBEJIWK. JTO MPOWUCXOIUT Ojarofapsi Wrpe cBeta W TeHwu. Eciaum comnmie B 3eHHUTE, TO
TOPU30HTAJIbHBIE YIACTKHU MOBEPXHOCTHU OYIYT OCBENIEHBI CUIbHEE, YeM CKJIOHBL. 110 BemunHe TeHu
Balll MO3T CAM PACCYUTHIBAET BBICOTY OOBEKTA.

Takum obpazom, ecim CMOAETUPOBATH HA M300pakeHnn (PpPEKT OCBEIIEeHNs, TO MPOSIBIAIOTCS
MeJIKKe Jeranu, upudem 6e3 norepu undopmanuu 0 Kpyunbix oobekrax (puc. 1.15).
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Puc. 1.15. KommbioTepras 00paboTKa TO3BOJISIET MOBBICUTH KOHTpACT m3o0parkenuii. CjieBa - MCXOIHOE
n300parkenue; CripaBa - n300parkeHne ¢ mpuMeHeHneM 60K0BOI moicBeTKu. Vccmemyemsrit 00beKT - GakTepun
Escherichia coli (knmeunas mamouka). Pasmep xaapa 4,6 x 4,6 mxm>.
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Yupapienune C3M

2.1 Cepsep

ITporpamma-cepeep (daiin fssrv.exe) gBjsieTcst CUCTEMHO CyKO00i OMEPaIMOHHON CUCTEMBI
OJI0Ka YIPABJIEHUsI, ¥ 3AIYCKAETCA aBTOMATHYECKHU TIPU ee crapTe. s yrmpaBaeHus MUKPOCKOIIOM
C YIAJIEHHOTO KOMIbIOTEpa He 00S3aTeIbHO BXOAUTH B OMEPAIMOHHYIO CHCTEMY OJIOKa ylpaBie-
uus. Jlyis ynpasiieHusi CEpBepoM 1 ero HacTpoiKaMu ucioJib3yercs nporpamMma Fmboard (puc. 2.1),
daiin fmboard.exe. [Ipu MuHMMU3aLIKMKM OKHA IPOIPAMMbI OHA MCYE3a€T U3 CIUCKA 331a4, U OCTAETCs
TOJIBKO B BUJE 3HAYKA, & e system tray (cumcremHO# TaHe M, OOBIYHO PACIOIOKEHHON B HUKHEM
OpaBOM yIuIy 9Kpana). [Ipu 1BOWHOM HasKaTHU MBIIIBIO HA 3HAYOK OKHO BOCCTAHABJIUBAETCH B IED-
BOHAYAJIHHOM Buje. Haxkaruem mpaBoit KHONKY MBIIIHM HA 3HAYKE BBI3BIBAETCS MEHIO C KOMAHIAMU,
KOTOPBIE MOXKHO BBINIOJHUTD, HE BOCCTAHABIMBAST OKHO MPOTrPAMMBL.

2.1.1 IIporpamma MOHUTOPMHTIAa U HacTpoiiku cepBepa Fmboard

B pabouem okre Fmboard pacmnosozkeHnb! maneib HHCTPYMEHTOB, OKHA COODITIeHn, OKHA CKaHHU-
POBaHMSI, OKHO CO CMMCKOM KJIMEHTOB, OCIIMIIorpad, KHOMKY 3arpy3kn DSP u BbIxoga n3 mporpam-
Mol (puc. 2.1).

Ilanesb MHCTPYMEHTOB

Ha nanesin uHCTPYMEHTOB HaxodTCs (CJieBa HAIPABO): KHOIKHU OBICTPOrO MOABOJA U OTBOAA
CTOJIMKA, KHOIIKA BKJIIOUEHU s /BbIKJIIOYEHMs IIMTAHKU JABUrATE s (€1 9Ta BOBMOXKHOCTD BKJIIOUYEHA
B KOHMUTYpaInK), KHOMKA 3arpy3KU MPOrpPaMMbl CUIHAJBHOTO MPOIECCOpa, KHOMKA BBI30BA, OK-
Ha KOH(MUIYpAIMU, KHOIKU KOHTPOJIsI COCTOSIHUSI CUCTEMHOI C1yK0bl (cepBepa), KHOIMKA BKJIIOYe-
HYs/BBIKJIIOUEHHS 3BYKA, KHOIKHM TPOMKOCTH, KHOITKA CBOPAYMBAHNS OKHA (B CBEPHYTOM COCTOSTHHN
BBIBOJUTCS TOJIHKO OCHHUJLIOrpad ¥ MaHe b WHCTPYMEHTOB, 3ar0JI0BOK OKHA yMEHBINEH, OKHO Pac-
LOJIAraeTCs IIOBEPX BCEX OCTAJIbHBIX OKOH), KHOIIKA BbIBOJAA OKHa About.

IIpn mepBoHAYATIBHOM YCTAHOBKE 00PA3IA OTIEPATOP MOYKET BBIMTOJTHUTE OBICTPHIN TIOABOJ, CTOJIH-
Ka, 9TOOBI YCKOPHUTDH MPOIECC MoaBoaa. [Ipu 3ToM cireyer Bu3yajqbHO KOHTPOJIMPOBATH MMOJIOKEHUE
30H/Ia BO M30eXKaHNe ero MOBPEeKIeHus .

Kuonka BkiIO9eHUsT 3ByKa BBIBOAUT CHTHAJI C OCHUAIOrpada HA 3BYKOBOE YCTPOMCTBO, ycCTa-
HOBJIEHHOE HA KOMIIbIOTEpPE, €CJIM TaKOBoe cymiecTByeT. IIpu 3ToM apyrue mporpamMmbl HE CMOLYT
BBIBOJUTH 3BYKOBbIe coo0menus. VI obparHo, eciiu 3ByKOBOE yCTPOMCTBO y2K€ 3aHATO JAPYIrOil 1po-
TpaMMOii, BKJIIOYEHHE 3BYKa HEBO3MOXKHO.

16
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b7 Fmboard

lml
il
= Tz

aAx ww L

-l T B ==

Console || Errors |

18:18:27  master client connected: atcwst -
18:18:22  contral stream bound from GIME
18:18:19  control stream disconnected
18:18:14  client Filonoy fram atc-wst? 3052
18:18:03  control stream bound from GIMF
18:17:40  control stream disconnected
18:17:21  contral stream bound from GlkE
18:15:51  control stream disconnected
18:14:36  master 2’ent connected: atcwst
18:14:01  contral stream bound from GIME
18:09:24  control stream disconnected
18:08:30  contral stream bound from GlkE
18:05:58 control stream disconnected
18:05:49  control stream bound from GIME
18:04:46  contral stream disconnected
18:04:17  control stream bound from GIME
175757  control stream disconnected
17:54:472  SPM initialized

1754:41  DEPF program build wersian: 1_1c|;|
4| b

Images
Address | Lzer | Buffe. .. | Idlle
e atc-wst?: 3053 Flonow 0 10

4

H
Def Download |
Fric
-

J,'Jl“qlplwIVm'l'Jtfuﬁ."‘f&"mﬁ"”""qlwp'll"'l

CIINCOK KJIMEHTOB, 5 - ocnuyiorpad.

17

Puc. 2.1. Pabouee oxuo nmporpammel yupasienus cepsepom Fmboard. 1 - naness uHCTPYMEHTOB, 2 - OKHA
coobmrenwit, 3 - OKHA CKaHUpOBaHuUs, 4 -
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OxkHa coolIreHnii

B oxue coobrmennii Console BBIBOAUTCS CHUCOK KOMAHI CHCTEMHONW KOHCOJIW. BHU3Y crmcka
HAXOJUTCS OKHO BBOJA KOMaH. CHUCOK BO3MOYKHBIX KOMAHJ MOYKHO MOJIYYUTh, BB/ KOMAHIY !
uu help. Pabora ¢ cucTeMHON KOHCOJIBIO [TOJIXKHA BBITOJIHATHCS TOJBKO ONBITHBIM TOJI30BATEIEM,
MIPOIIE UM Kypc oOyduenHns: pabore ¢ Hero.

B okne coobmennit Events BoiBoguTcs mHpOpMAIEa O TEKYIEM COCTOSHAN MHUKPOCKoma. Bce
coobmenus xpausares B daitne suna evt%y%m%d.log (%y%m%d — Texymume roa, mecsr u anucyio) B
momKaTajore Logs WHCTAJIAIIMOHHOTO KATAJIO0ra.

B okme Errors - mrdgopmanmsa o6 ommbOKax B padOTe MHUKPOCKOIA, HAIPUMEpP, O BHE3AITHOM
OTKJIIOYEHUH TOIB30BaTeNs pu ¢6oe B cetn u T.1. Paitn ommbok Haspisaercs err%y%m.log u xpa-
HUTCs TaK ke B Kartasore Logs. BeiBosx siroboro coobiieruns COmMpOBOK IAETCH 3BYKOBBIM CHTHAJIOM.
Hacrpoiiky 3ByKOBBIX CUI'HAJIOB MOXKHO M3MEHWTH 4depe3 HnaHesb yrnpasieaus Windows, 3amycTus
TIPUJIO’KEHNE HACTPOUKH 3BYKOB U ayJIHOYCTPOMUCTB.

OxkHna CKaHupoBaHUA

B okHax cKaHMPOBAHUS TOKA3bIBAETCS PE3yJIbTAT CKAHUPOBAHUS TOBepxHOCTH. [lpm 3ToM, B
ydacTKax n300parkKeHus, HMeIomX roy0oil 1BeT, 30H1 He JOCTAET 10 MOBEPXHOCTH 00pa3ia, a B
y4aCTKaX, UMEIONINX KPACHBIHM [IBET, 30H YIUPAETCs B 00pa3el;  HeOOXOAMM HEeMeIJIEHHBINH OTBOI
CTOJINKA BO M30erKaHWe TTOBPEXKICHUs 00pasIia Wn 30H1a.

CHnmncok KJIMEeHTOB

B crnucke KiIMEHTOB BBIBOJSATCS MMEHA MOJICOEIMHEHHBIX MOIH30BATENEH U BEJUINHA 3AMOJTHE-
uus 6ydepos. ITomp3osarenn, nogkmodennse B peskume Client, orobpazatorca co 3paukom [@; B
pesxxume Master — co 3nauxom 6. Bribpas o1HOr0 mim HECKOIBKIX KIMEHTOB, 0 HAJKATHIO TTPABOit
KJTABUIITU MBI MOYKHO OTCOEIWHUTDh WX OT CEPBEPA WJIU MOCJaTh uM coobienue. [Ipu nepenoae-
Hun Oydepa KINEHT OTCOEIUHSIETCS aBTOMATHIECKH.

Ocmunnorpad

B okue ocuumiinorpada BolBOAUTCs 1O BbIOOPY (C HOMOLIbIO KHOLOK, HAXOAAIIUXCH CLPABA OT
Hero) curaai obparHoii ces3n H, curaasn ommGku obparHoit cestau Def (AIIIT 1) mawm curnan Fric
AIIIT 2. CuruaJji, BIBOAUMBIN Ha OCIUJIOrpad, aBTOMATHYIECKH MACIITAOUPYETCS TAKUM 00pa30M,
qTo ) HAXOOWTCA B IEHTPE OKHA, BECh CHTHAJ yMEMIAeTCA B OKHE OCHALIOrpada, MOI0KATETHHBIE
3HAYEHWS BBIBOJATCA B BEPXHIOK YaCTh OKHA. B MpaBoii 9acTu OKHA OCHuLIorpada HaxXomauTes Jio-
rapudpmMuieckuii 15-cerMenTHBI nHARKATOP MacuITaba, KaxK/Iblii CErMEHT KOTOPOrO0 COOTBETCTBYET
omHOMYy OuTy curHama. JJaHube mjs ocrmorpada YATAIOTCS HETIOCPEJICTBEHHO U3 ApaiiBepa, Mu-
Hys CEpPBEpP, 9TO O0ECTIIEYNBAET BBICOKYIO CKOPOCTH PADOTHI OCIUIIOrpada.

3arpyska miaarer DSP

C nomompio kaonkn Download mmu xuonku 4 B 1060if MOMEHT MOKHO BBINOIHATEH 3arpy3-
Ky nporpammbl B DSP. D1y onepaiuio HeoOXOAMMO BBIMOJIHATH [MOCJIE KAXK/IOM0 BKJIIOYeHHs OJIOKA
npeobpasoBaresei, Tak KaK BO BpeMsl 3arpy3KU MPOUCXOIUT YCTAHOBKA HAUAILHBIX 3HaueHui 1TA-
ITor u kajmubGposka AIIIL. 3arpys3ky He PEKOMEHJIYeTCsl BBLITIOJIHSATH BO BpEMs CKaHUPOBAHUS, T.K.
9TO OCTAHOBHUT TEKyIlee ckanupoBanme. llocite 3arpy3ku Bce TeKyIue mapaMeTpbl CKAHUPOBAHUS
(mosioxKeHne Ibe30MAaHUILY/ISTOPOB, OIIOPHOE 3HAYEHHUE TOKA, 3BEHbs OOPATHON CBA3M U T.II.), yCTa-
HOBJIEHHBIE KJIMEHTOM, COXPAHSIOTCS.
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Options m
Profiles | Lsers I Calibration I Logging I

Mame | Fath |
B Current FSMO511
op FSMOB14 C:\Program Files\Advanced Technologies Center...
oo FSM0508 C:\Program Files\Advanced Technologies Centers...
on test profile -1 test profile -1.ini
op FSMO511 C:\Program Files\Advanced Technologies Center...
o f=16 C:\Program Files\Advanced Technologies Centers...
) Interferometer Interferometer.ini

Mew... Delete | Rename, |
{OR I Cancel | Apply

Puc. 2.2. Baknanka ynpasieHust TpodUISTMIA.

2.1.2 Koudwurypanusa cepBepa

OKHO KOH(UTYPAIIH CepBEpa MOKHO BbI3BATH HAKATHEM KHOIKH L HA TIAHE/N HHCTPYMEHTOB,
WJIA HAXKATUEM PABOY KHOMKYM MBIIMIKA HA 3HAYKE MPOrPAMMBI B System tray u BHIOOPOM KOMAHIbI
Options, wiu BEIOPAB 3Ty KOMAH/IY U3 CHCTEMHOTO MEHIO, KOTOPOE MOSIBIISIETCsl TIPU HAYKATHHU HA, 3HA-
YOK B JIEBOM BEPXHEM yIUly OKHA TPOrpaMMbl. B okHe KOH(MUTIYypAIUU 3a/1a10TCs 3HAYEHUsI, KOTOPbIE
OIIPEJIEIISIOT IIPABUIILHOE [TOBEJIEHUE CEPBEPA M MHTEPIPETAILUIO JIAHHBIX, [I09TOMY U3MEHEHUE TUX
3HAYEHUN PEKOMEHIYETCS TOJIBKO OMBITHBIM MOJIH30BATEIsIM. BHI3Y OKHA HAXOIASATCSA TPU KHOIKU -
Ok, Cancel u Apply. IIpu naxkaruu Ha KHONKY Apply MPOUCXOIUT 3arpy3Ka HOBOU KOH(MUTYpPAIUU
cepBepa 6e3 BaKPBITHS OKHA.

IIpodnnan

Habop kanmbpoBOYHBIX KOHCTAHT, MPUCYIIUX YCTAHOBJIEHHBIM MEXAHUIECKON 9aCTH MUKPOCKOIIA,
u 070Ky mpeobpazoBareseil, Ha3bIBaeTCa mpoduaeM mpudopa. IIpoduas coxpaHsercs B TEKCTOBOM
Bue B ¢aiise ¢ pacmmpenueM .ini. Ilpr 3amene gacreit MUKPOCKOIIa, HEOOXOIMMO YyCTAHOBUTD HOBBIiT
npoduiib, MpeOCTaBIEHHBIN IPOU3BOUTEIEM. Y IPABJIEHNE IPOMUIAMEI IIPOUIBOAUTCH HA 3AKJIA]-
ke Profiles okna kondurypamuu cepsepa (puc. 2.2). Tak ke Ha 3TOil 3aKjaJKe MOXKHO CO3/1aBaTh
HOBBIE TPOMUIIH JJIs TIOCTIEIYIOIIEro MepeKIIovYeHnst Mexxay uuMu. Ilpu co3manmu HOBOro npoduist
TEeKyIas KOHPUTypalus KOOIUPYeTcsi B HEro.

IToab3oBaTenn

HocTyn K cepBepy ONpeaesseTcss Ha OCHOBE OINpeJIe/IeHUs TPUHAIEKHOCTH TOIH30BaTENd K
OJIHO¥ W3 rpymm mojib3oBareneil. [1o0 yMOI9aHuIo, CYIeCTBYeT 3 IPYIb TOab30BaTe el -~ A IMUHI-
crparopsl, [lonb3oBarenn u T'octu. Eciiv nMs monp30BaTestst He IPUCYTCTBYET HU B OIHOI W3 TPy,
WJIM OH BBeJI HEIIPABUJIbHBIN [1aPOJIb, TO MOJIb30BATEIb ABTOMATUYIECKA CUUTACTCA IPUHAJIEIKAIIAM
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Profiles  Users |Ealibrati0n| Loggingl

Users file IC:\Program Filez\Advanced Technologies Center\FemtoSca .. |

Groups

Group | Permizsions |
Administrators admin,manage.connect
Guests manage, connect
Users manage, connect

New.. Delete Edi... |

Cancel | Apply

Puc. 2.3. Bakagka ympaBaeHus MOJIb30BATEISIMHA.

K rpynme rocreii. Bee mosib3oBaTenn oHO#M IPyIIbl UMEIOT OJUHAKOBBIE IIPUBUJIEIUH, IIPUCBOCHHBIE
o1oit rpymme. CyIecTByer Tpu BUIA TPUBUJIETHI:

e admin - AIMUHUCTPUPOBAHUE — HO3BOJILET HOJAKIIOYATHCS B PEKUME master Jaxke ecim yxKe
€CTh KJIMEHT, TOIKJIIOYEeHHbIN B pexkume Master.

e manage - yrpaBJieHHe — TIO3BOJISIET MOIK/II0YAThC B pexkume Master 1y ynpaBjieHusi MEKDPO-
CKOITOM, €CJIM HeT JAPYroro KJINEHTa, MOJAK/IIOUYEHHOTO B 9TOM peXKHME.

e connect - MOICOEIMHEHNE — MO3BOJISET MOJKIIOUYATHCS K MHUKpockormy B pexkume Client mis
oIy YeHnsT n300parkKeHuil, HO He JAeT MpaBa W3MEHSTh MapaMeTPhl CKAHUPOBAHISI.

VYiupasjieHue rpyninaMu U H0JIb30BaTe/IaMU IIPOU3BOAUTCA Ha 3akjajake Users (puc. 2.3) okHa
KoHpuUrypamnun ceppepa. s pesakTUpOBaHUS CBOWCTB KOHKPETHON TPYIIIbI MCIOIB3YeTCS IHha-
Jor cpoiicrs rpyuubl (puc. 2.4), KOTOpPbIl HOsiBiIsieTcs 10 HaxKaruio Ha kHouky New... mwiu Edit...
3akganku Users.

B cnwmcke mosib3oBaTesieil, TPUHAIIEKAUX TPYIINE, KAXKIOMY MMOJIb30BATENI0 MPUCBANBAETCS
mapoJib. [lepBoHada bHO y BCEX MOJIb30BATENEH MAapO/Ib He 337aH. HesaBucumo OT JJIMHBI AP0,
B CITUCKE I0JIb30BATEJEN MAPOJIb MOKA3aH KAK 8 3BE3/I0YEK.

Ob61mag KaJanbpoBKa

Bakmazaka Calibration (puc. 2.5 mo3BoJIsIeT 3a1aBaTh OCHOBHBIE MAPAMETPHI MUKPOCKOTIA, TPU-
BOIUTH KOH(MUTYPAIUIO TPOrPAMMHOTO OOECIIeYeHNsT B COOTBETCTBUE C alapaTHOW KOH(MUTYpaIH-
eii. Habop mapaMerpoB, IpUCYIINX MUKPOCKOIY, cojepxkutcsa B daiime settings.ini. Ilyrs k aTomy
daitny 3amaercs B BepxHel dyacTu 3aKIaKu — B aseMenTe Variables. OcraibHy0 9acTh 3aKIJIKA
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Group properties m

Group name IUsers
Admin M
Manage ird
Connect v
—Lser
I Add
Lser | Password | Remove |
oo Filonow i
i Temkina RIS

Cancel

Puc. 2.4. OxkHO pegaKTUPOBAHUS CBONCTB I'DYIIIHL.

Prafiles I Users  Calibration | Logging I
Variables |vanced Technologies Center\FemtoScan Online YWWheettings.ini . |
Parameter | Walue | -
00 Hysteresis C:AProgram Files\Advanced Technologi..
abe Client interface favarlist. 1.1
@ Security ]
B Encryphion Disahle
B Meszage Digest SHal
Ei Cipher BlowFish
E Mode CBC
oo Key Length 128
E Padding PKLCS?
o DAC Maw., ¥ 3
o ADC Maw, W 10
Ea Ut
oo Max, Y 9;
oo Biaz, mY 0
oo Ut bas., ¥ 3
oo Freq. Max., KHz 10000
on Z Ampl. kax, mi 500
2Pl Gaing Scale B
yolnverse 2 Yes
TR it =l
Cancel | Apply |

Puc. 2.5. Baknanka KaJauOpPOBOTUHBIX KOHCTAHT.
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3aHuMAaeT TabauIa, B KOTOPOM MOXKHO PEAKTHPOBATH 3HAYEHUSI KOHCTAHT, COIEPXKAIUXCs B (aiiie
settings.ini. KanubpoBodnbie KOHCTAHTBHI 33JAI0T APAMETPbl MHUKPOCKOIIA, [TO3BOJIAIONINE IIPE0D-
pa3oBaTh MUQPOBbIE 3HAYEHNUS B PEATbHBIE BEJIMYUHBI - BOJBTHI, HAHOMETPHI, aMIephl U T.1. Tak
ke B TabJINIE MPUCYTCTBYIOT 3HAYEHUS, OMPEIEISIONNE HAJUYINE UJIH OTCYTCTBHE HEKOTOPBIX OII-
[IMOHAJIBHBIX KOMIIOHEHT MUKPOCKOIA, W 3aJAI0NNe PEXUMBI ero padborst. 1lo HaxkaTwio KiaBuiiu
Ok wnu Apply 3Hadenuss KoHCTaHT OyayT 3amucadbl B (aitan Tekyiero npodumis, a eciu BIOPaH
npodune default, To B aitn calibration.ini. Ognospemenno Gyaer nepesarpyzkeHa KoH(Urypamms
cepBepa MyTeM TOCHLIKN KOMAaHIbl KOHcosu reload.
IMoxpobuoe omucanne KOHCTAHT TMPUBEIEHO B MPUIOXKEHUU B.

IIporokoJ cobbITHii

Ha zakmanke Logging 3amaiorcst ommum BeieHUsT TPOTOKOJIOB COObITHH U ommOoK. MoxkHO OT-
KJIFOUUTD IIPOTOKOJIMPOBAHKME, U3MEHUTD IIyTH COXPAHEHMs IIPOTOKOJIOB U UMeHa (ailjioB IPOTOKO-
ja. B mMeHa MOXKHO TOACTABIATh CHENUAIbLHBIE CUMBOJIBI, KOTOPBIE OYIyT 3aMEHEHBI Ha, 3HAYECHUST
TEKYINEro Mecsa, TOAa U JTHS:

%a coxpallleHHOe Ha3BaHUe JHHA Helesn
%A monHOe Ha3BaHUWE IHA HEIEJN
%b coxpalenHOe Ha3BaHUE MeCANa
%B moJiHOe Ha3BaHME MeCcAla
%d memwb mecama (01 - 31)
%;j menn roma (001 - 366)
%m wmecar (01 - 12)
%U momep Hemesu B rofy, C BOCKPECEHbEM B KauecTse mepBoro aus megenn (00 - 53)
%w menn nenenu (0 - 6; Bockpecenbe coorBercTryer 0)
%W mOMep Hemenu B rofy, ¢ TIOHEAEIHLHUKOM B KadecTse niepsoro maus veaean (00 - 53)
%y rom 6e3 ykazanus Beka (00 - 99)
%Y rom ¢ yKazaHuem Beka

%% snak mpouenrTa

2.2 KuueHnt

B kumenrckoii uactu nporpammuoro obecrievenus (nporpamma PemtoCkan Ovnaiin daiin femtoscan.exe)
YCTAHABIMBAIOTCS BCE IIAPAMETPBI CKAHUPOBAHUS, U3 ITON MPOrPAMMBL IIOJAIOTCS BCE KOMAH/IbI 110
3aIyCKy W OCTAHOBKE CKQHUPOBAHUSA, MOABOIY W OTBOLY CTOJIUKA ¢ 06pa3ioM. B npuHIume, mpomecc
CKaHWPOBAHUs HE TpeDyeT MHTEPAKTHUBHOH pPabOTHI C CEPBEPOM, YeM OOYCJIOBJIEHA BO3MOYKHOCTD
YIPABIEHUS MUKPOCKOIIOM Y€Pe3 CEeTh ¢ YIAJTEHHOIO KOMITHIOTEPA.

st ynpaBienusi MEKPOCKOIIOM TpeHa3HavqeHbl KoMaun bl Meato C3M u KHONKW maHead wWH-
crpymenroB C3M. I[Ipu pabore nporpammbr merio C3M ecrb Beerja, a nanesib uacrpymenros C3M
MOYKHO BKJIIOYATH M BRIKIIOUATH — 34 9TO OTBEYAET rajoduka HanmpoTus cjioBa Toolbar B mernio C3M.
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Coe AHHEHWE C CEPBEPOM (]

| CosauHerue | EesonacHocTs
NokaneHei KorMnskTep

Mopr 2500 = |

Mosnbacear... [[f

Napons T

3anoMHHTE Napons

Ofpasen ||

K.omrdeHT apuil

[QoeﬂMHEHMeH OTreHa ]

Puc. 2.6. OKHO TI0IK/IIOYEHUS K CEPBEPY

2.2.1 TloakJrovueHUe K cepBepy

st mogkmouenusi Beibepure B Merro C3M komanmy Ilomcoennunthess MacTepoM (KHOTKA ?&)

uiu oxpcoepuuurbes Kiuenrom (KHoLKa ?&) [Toaksogenue B pexkumve Macrep BO3MOKHO, TOJIBKO
€CJIM K MUKPOCKOITY He MOJKJII0YeH apyroit Macrep.

B magasre momk/ioueHusi mepes, BaMU TIOSBUTCS OKHO, TOKa3aHHOoe Ha puc. 2.6. B sTom okme
HYKHO yKa3aTh aJIpec cepBepa U BBECTH HEKOTOPBIE JOMOJTHUTEIbHbIE JAHHBIE.

Korna cepep HaxoamuTcs Ha 9TOM Ke KOMIIBIOTEDE, JOCTATOYHO MOCTABUTH T'AJIOYKY HAIIPOTUB
“JIoKasIbHBINA KOMIIBIOTED” U [IEPEXOAUTH K 3AI0IHEHUIO OCTaIbHbIX 1oseil. Eciiu xxe cepsep pacrio-
JIOXKEH B JIPYTOM MECTEe, TO HY’KHO CHSATH TajIOUuKy HAmpoTuB “JIOKaIbHBIN KOMIBIOTED” - TTOSIBUTCS
moJie “Aipec”’, B KOTOPOM BBI JIOJIXKHBI HAITKCATH €10 aJpec. AJIpecoM MOTYT OBITh UMsI KOMITHIOTE-
pa B sokasbuoi ceru Microsoft Windows Network (mampumep, COMP145), ero URL (manpumep,
mycomp.mydomain.ru) wiu IP anpec (manpumep, 123.132.231.213). B cuenyromem mose (mocse
JIBOETOYMs ) HEOOXOAMMO yKa3aTh [OPT, 10 KOTOPOMY BbiioJHseTcs noakderue (25000 1o ymos-
YAHWIO, €CJTH OTEePATOP CEPBEPa HE M3MEHUJI €r0).

B nonsx “O6pasern’” u HAXOAAMEMCS IO HUM TIOJIEM JIJIT KOMMEHTAPUEB YKa3bIBAETCs WH(POP-
Marysi, KOTopasi 0Tpasurcs Ha ¢ailiax, mojgydaeMbix npu ckanupoBanun. B mose Obpaserr pexo-
MEHJIyeTCsl YKa3bIBATh HAZBAHUE HUCCJIEyeMOro 00pa3iia — 3TO Ha3BAHUE OKAYKETCs B UMEHAX TOJy-
qaeMbIx (aitnos. B mose “Ilonb3oBaresns” HyKHO yKa3aThb ¢Boe uMs. M u maposb UCIOIb3YIOTCS
st ayrenrudukanuu Ha cepsepe (pasges 2.1.2). Ilose kommenrapus 6yaer COXpaHEHO B TEKCTO-
BBIX 3ar0oJIOBKAX MOJIyuaeMbixX (paityioB. Bo BpeMsi CKAHMPOBAHUS MOXKHO W3MEHSITh BBEIEHHOE UMS,
Ha3BaHme 00pa3a W TEKCT MOJIsd KOMMeHTapus. Kak 3To caenarh, HaTuCaHo B pas3mere 2.2.9.

Ha zakmagke BesomacuHocTs 3amatorcs mapaMerpsl mndpoBaHus coeaumnenns. MoKHO OTKITIO-
9UTH MUQPOBAHUE COBCEM, UCIOIB30BATH APAMETPbHI CEPBEPA UJIM YCTAHOBUTH CBOW CODCTBEHHBIE
(napamerpst Kiuenrta). B ciyuae, eciu Boibpan Bapuant “Hasunaunrs napamerpol kiauenra’, Ha cep-
Bepe JOKHO cToaTh jaubo “Accept Client Parameters”, mu6o “Force Server Parameters” ¢ anajo-
TUYHBIM HAOOPOM mapameTpos mudpoBanusd. IIpu coeauuennn OyIeT CreHeEPUPOBAH KJII0Y TEKYIIEi
ceccuu, U BCe IepejiaBaeMble JIaHHbIe OyyT MudpPOBATHCS 110 BHIOPAHHOMY AJIFOPUTMY.

Eciu npu ayrenrudukanum OKaxKercs, 9T0 NOJb30BATETb He 3aPEernCTPUPOBAH HU B OTHON TPYyI-
e, Wik HEe COBIAJET IAPOJib, MOJIb30BATEb OylAeT aBTOMATUYECKHA HPUYMCIEH K IPYIIe rocTei
(ecin oHa HE OTKIIOYEHA), U OYIET BHIBEICHO COOTBETCTRYIOMEe npeaynpexaenue. [ludposanue B
9TOM cjiydae OyIaeT MeHnee DE30MACHBIM — KJIIOY CecCuu OyIeT TepeIaBaThCs B HE3AIMUIIEHHOM BUIE.

3aKkOHYMB 3aIOIHEHNE TOJIell OKHa moak/odeHus k ceppepy, Haxkmure OK. Ilocme sToro ocy-
IECTBJISETCS TIOJIKTIOYEHNE K cepBepy. B ciiydae eciv yKa3aH HENPABUIBHBIN aIpec, TOIK/TI0UeHUS
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TeKYIHE NAapaMeETPLI B

He B ceTn ﬂ
I'IaEaMETE 3HaYeH... Z_

Puc. 2.7. Texymue mapamMeTpbl CKAHUPOBAHUS

He npou3oiiaer, n kuonku Kanent u Macrep na nanenu nactpymeaToB C3M ocTaHyTCst OT?KATHIMU.
Ecan npou3BomuTcs moakiovenne B pexkuMe Macrep, a K cepBepy yxKe moakaoden oquHa Master,
TO npousoiiger noxkiaoderne B pexxume Kowment. Ilpu sToM HaKaTOl OKaXKeTCHd TOJIHKO KHOIKA
Kiment. IIpu ycnemnom mogkaiodennu B pexkuMe Macrep, HaxKaTol OKaXKyTCsi 00€ KHOIKH.

[Mpu monkstouenun B pexkume KjmenT Oymer moka3aHO OKHO TEKYIIUX MapaMeTpOB CKAHWPOBA-
Hus (puc. 2.7), npeJHa3HAYEHHOE TOJIBKO Jjid Habmonenus. B pexkxume Macrep Gyer BbI3BAHO OKHO
HACTPONKM MapaMeTpPoOB CKAHUPOBAHMs, II03BOJIAIONIEEe U3MeHdTh mapamerpbl (puc. 2.2.2) . Iocse
V/IA9HOT'O IMOJIKJIIOYEHUsI K CEPBEPY MOXKHO HAYUHATH CKAHWPOBAHWE, HO MPEABAPUTEIHLHO CJIEIyeT
3a/1aTh [MapaMerpsl [enu 0OPaTHOM CBA3U U HEKOTODbIE JIPYTHE.

2.2.2 IlapamMmeTpbl CKAHNPOBAHUIA

Bce mapamerpbl ckaHupoBaHua 330a10TCA B OkHe [lapamerpsr (puc. 2.2.2). Korna Ber nogkiio-
Jaerech Kak Macrep, TO mporpaMMa aBTOMaTHYIECKH OTKPBIBAET ITO OKHO. Ecim okHa 1Mo KaKoi-To
MIPUYUHE HET, €r0 MOYXKHO BBI3BATHh HAYKATUEM KHOIKH Ell ua nanesm HHCTPYMEHTOB WJIA KOMAaHIOH
mento C3M/ IMapamerpsi. Bee 3amaBaemble mapaMerpbl aBTOMATUYECKU HPOBEPSIOTCH M YTOYHSI-
I0TCsl MPOrPAMMOIl B COOTBETCTBUHU C KAJIUOPOBOYHBIMU KOHCTAHTAMH, IIOJIYYEHHBIMHU C CEPBEPA.
[TosTomy, ecan TMOAKITIOYEHNST K CEPBEPY He MPOW3OIIIO0, TO 3HAYEHWsT MOTYT HE COOTBETCTBOBATH
peasbHbIM. Ecim OTKpBITH OKHO MapaMeTpoB JI0 MOJKJIIOYEHNsT K cepBepy, TO mHTepdeiic OKHA Ta-
paMeTpoB He OyJIeT IPUBEIEH B COOTBETCTBUE CO CIICKOM IIePEMEHHBIX CEPBEPA, U OKHO ITapaMeTpPOB
OyIeT BBITJISIeTh HEIUTAEMbIM.

Ecsu Bor u3mensere napamMerpsl IyTeM Py9HOrO BBO/IA, TO /I TOTO, YTOOBI M3MEHEHUs BCTYIIH-
Jm B cuily, Heobxouumo Hazkars 8o, (kiaasuuly “Enter”). IIpu srom eciu okaxKeTcst, 410 BBEIEHHOE
3HaYeHNe HEJOMYCTUMO, OHO Dy/IeT 3aMeHeHo Ha OsmxKaiiiiee W3 BO3MOKHBIX. Ecin ke mapamMeTpsl
U3MEHSIIOTCS TIyTeM HAYKaTHs KHOMOK CO CTPEJIKAMU, TO OHU TPOBEPSIOTCS HA UCTUHHOCTD U TIe-
penaroTcs cepBepy aBToMarudecku. s MCKIIOYeHnst OmuO0K BOCTIPUATHS 3HAYEHUN TTAPAMETPOB
CKAHUPOBAHUSI, B TIOJIE PAOM C KaXKOW BEJTMIMHON [IPY €€ N3MEHEHUN aBTOMATUIECKH U3MEHSeTCs
Y MHOXKUTEJ/Ib K €JUHUIE U3MePeHus Ha HanboJsiee MOAXOAAIINi B JJAHHOM CJIydae.

IMporpamma “@emtoCkan OHnaiin” MO3BOJIAET yIPABIATH CKAHUPOBAHUEM B PA3IUYHBIX DEXKU-
Max, B 3aBUCHMOCTH OT napamerpoB cepsepa. CraHgapTHbIE PEKUMBI BKIIOYAIOT B Ce0s TYHHEb-
ueiit (CTM), aromuo-cuiosoit (ACM) u pesonaHncHbli aromHO-cusioBoit (PACM). as ykazanust
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MapamMeTpbi 5]

NoseprrocTe | Deypanar 4 *
Pestim Tonorpadu
Ofiwme I—

1

Pesturd cr.aHup.

TyHH. ToK 0,305 nd
TYHH. Harp. (275 B

b

¥
WHT. sBEHD ﬁ WuptHa
Mpon. zeeHo ﬁ Bricora
YepegHenwe [T - Yucno cTpok
HucnoTousk [z A Ho [218pm &
CropocTs @ Yo [Zilpm =
TouHER 2 I Hanp-e ropis. (X @Y
Craew, Toka fl Yucna ckaHas
Temneparyp... EI OTkn. BepT. pasee...

=0

Bepr. paze. BEep:

Faxan 1 F.aHan 2

|Bb|co‘ra V| |I'I|3050.|1Mr Vl

(OO LT

Moz, nogeoga 234 um

Puc. 2.8. ITapamerps! ckaunuposauus. Pexxum CTM.

MapaMeTpbi 5]

Pestr craHup. | arp W ZH NoeeprHocTe | Ocuuanary § %

Chna o % Pestiam Tonorpagi 4
Hecteoote  [B0pH/M % Ofiwme I—
MHT. zEeHo [q = Whpwra 37w ([ $
Npon. seera [§ = Bricora W
YepeaHenus (4 - Yucno ctpok  |[512

Uncno Tovek IE o [218um =

Cropocte 1831y

Hanpsserie 985 wE

o 211 pm
Hamperopua..() % @)Y

Yucno cranos ([

OTkn. BEpT. pazee...

I

D<> 4

TouHEI £

Crigty. ciing! TI
Termnepatyp... 'EI

I

=0

Bepr. pase. 6Eeps

Kanan 1 F.anan 2

|Bb|c:0’ra V| |I'Ip05cu1ur Vl

(N VNNV RRR AN NN RR RN

Moz, nogeoga 234 um

Puc. 2.9. ITapamerpsl ckanupoBauusi. Pexxum ACM.
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Mapametpol

Pesr ckaHip. | pach v [MoEepxHOCTE L@%EH—DE S
Avnnpes. g P TonorpadoM ¥ |
YCTaEKa 05 OBume |
HKectkocTe (50 mH/m LmpiHa 547 um b
AMn. Mog. 500 B BeicoTa 5.47 pm s
YacToTamon. ﬁ Hucooetpok (512
Paza 0 *0 -2.11 pra C-
VHT. s88HD  |q o 336 =

Mpon. z=eeHo |q Hanperopnz..@x Qv

Yicno ckaHoe | ~
|_ w

OTkn. BERT. pE3EEQ... IF
[]

BepT. pase. eeepx

YopeaHeHie g

Hucno Tovek 512

CrkopocTe 105T0

BllAR |k |40 4| 4|4 <>||€> Ar(4n] 4

HanpasmeHne | KaHan 1 KaHan 2

TouHbI £ |OTKJ‘IDHBHI o | |TpeHMe B |

CMELLL aMAnm...

Ternepatyp... [47 5

Moz nogeona 13.2

2]

Puc. 2.10. [Tapamerpsl ckaunpoBanus. Pexxuv PACM.

pexRmMa CKAaHUPOBAHUS MTPEeTHA3HAYEHO ToJIe PeyKnM, pacmooKeHHOe B BepXHEH JIEBOI YaCTH OKHA
[TapameTrpsr.

B neBoit wacTu okHa mapaMerpoB PACIOJIOXKEHBI IJIABHBIE [MapaMerphl 1enu OOPATHON CBs3H,
HYy?KHbIE [IDUA CHATUU M300parKeHuil OBEPXHOCTEH U IOABO/IE 00pa3Ia:

TyHH. TOK — ONOPHOE 3HAaYeHue TyHHEJIbHOro Toka (pexkum CTM).
Cuna — omopHoe 3HaueHHe CHJIbL B3auMoneiicTsus (pexum ACM).
TyHH. HAOP.  HAIpsXKeHHEe Ha TyHHEeJIbHOM mnepexoze (pexkum CTM).

Awmmur. pe3. — 3HadeHre, K KOTOPOMY Oy/IeT HOJrOHATHCH BeJINYNHA PDE30HAHCA TIPH HACTPOHKE
(pexkum PACM).

YcraBka — KO3(DDUIMEHT, C TOMOIIBI0 KOTOPOrO 33A€TCs OMOPHOE 3HAYeHWE CUTHAJIA 0D-
parsoit cBasu (pexxum PACM). Omnoproe 3madenne Beramcisierca mo dopmyne Defls, =
Defl x Setpoint.

Awmt. mozx. — ammunryaa moayasinuun (pexxum PACM).

Yacrora moxa. — wyacrora moaynsuuu (pezkum PACM).

Daza — dasosoe cmelleHre OLOPHOro curHaja ¢gaszosoro gerekropa (pexum RAFM).
WuTt. 3BeHO — mMHTErpabHOE 3BEHO Tenu 0OpPaTHON CBs3MH.

IIpomn. 3BeHO — IPOMOPIUOHAIBHOE 3BEHO TN OOPATHOM CBA3MH.
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e YcpenHEeHHe — YHUCJIO U3MEPEHHi, 0 KOTOPHIM IPOM3BOJUTCI aBTOMATHYECKOE YCPEIHEHHE
curnasia. 3Hadenne 1 COOTBETCTBYET OTCYTCTBUIO yCpeaHeHus. Bo3aMoKHO 3a7aHue 1pOOHBIX
3HAUYEHUIA.

Hwuxe napamMeTpoB 00paTHOI CBSI3U PACITIONIOKEHBI IPYTHe BasKHBIE TTAPAMETPHI, O0IINe IJIst Pas3-
HBIX PEKUMOB CKaHUPOBAHUA.

e Yncio TOUEK — YHMCI0 TOUEK B CTPOKE CKAHUPOBAHUS.
e CKOpOCTb — CKOPOCTH CKAHUPOBAHUS, BBIPAKAECTCS B YUCIE CTPOK B CEKYH/LY.

e Tounblil 7Z — BK/IIOYAET PEXKHUM TOBBIIMIEHHOW TOYHOCTHA O OCH 7 — B 3TOM PEXKUME CHTHAJ
00paTHOW CBSI3U TOMAETC Yepe3 BBICOKOBOJIBTHBIN yCUJIUTEb ¢ YMEHbIIEHHbIM KO3( duiiu-
€HTOM YCHUJIEHWS, 38 CUET YEer0o YBEJUUNBAETCS PA3PEIIEHNE, HO YMEHBITAETCS TUHAMUIECKU
JIAAaTTa30H.

e Cwmewl. TOKA,/CHIIbL/aMILITY (bl — 3HAYEHUE CMEILEHUs] HyJIsd CUIHAJIA OLUMOKU 0OpATHOl CBsi-
3u. CMelenne yCcTaHABINBAETCS 3aMyCKOM mporiecca “Set Bias”, Taxk e ero MoxHo cOpocuTh
B 0 HaykaTMeM Ha KHOIKY C HaJMUCKHIO “>0<".

e Temmeparypa — TeMmmeparypa o6pasia (ecan yCTaHOBJIEH NPEIMETHBI CTONK C TEeMIepaTyp-
HBIM KOHTDOJIEM).

e Ilo3. nouBoga — cuerdyux 1oJioxkeHus obpasua. Cyerdyuk MOXKHO OOHYJIMTDL B JIFOOOH MOMEHT
HayKaTWeM Ha KHOMKY ¢ HaAmuchio “>0<".

B nenTpe OKHA apamMeTpOB BBIBOIUTCS WHAWKATOP TEKYIIETO MOJOKEHWS KAHTHIEBEPa, TAKOH
K€, KaK ¥ B OKHE TEKyIIuX napamerpos (puc. 2.7).

Bce ocranbHBle mapaMeTphl CPYIIUPOBAHBLI IO 3aKIaJKaM M PACIOJIOXKEHBI B IIPABOH 4acTH
OKHa nmapamerpos. Kaxkias u3 3aKIaJ0K BEPXHErO YPOBHSA OTBEYACT 33 OJMH U3 PEKHMOB CKAHH-
POBAHHMS.

3akJiaagka IloBepxHOCTH

3/1ech 331a10TCs TApaMeTPhbl CKAHUPOBAHUS, OTHOCAIINECH K CKaHUpoBanuto nmosepxuoctu Z(X,Y).
CkanmpoBaHHE MOXKET TPOUCXOANTH B HECKOJbKHX pexkuMax. Pexum 3a7aeTcsd B BBIMAIAIONIEM
CIICKE, PACIIOIOKEHHOM B BepXHEil JacTu 3akiiagku.B 3aBucuMocTu OT BRIOPAHHOIO DPEKUMA IMO-
SIBJIATOTCS OJTHA WJIM HECKOJIbKO TIOJ3aKJIA/IOK, IIePBasi U3 KOTOPBIX CONEPKUT OOIIre mapamMeTpbl
CKAHUPOBAHUS IIOBEPXHOCTH, & OCTAJIbHbIE — IIapaMeTpPbl, criernuduIHbIe /Jisi BBIOPAHHOIO PEXKUMa,
CKAHUPOBAHUSI.

Ha monzaknanxe OO6rue 3a1a10TCs CJIEIYIONINE BEJIMINHbBI:

e Xo, Yo, IlTupuna, BeicoTta - KOOPAUHATHI HUKHETO JIEBOTO YIJIa OKHA CKAHUPOBAHUSA WU €r0
pasmepsbl (puc. 2.11). Pazmepsl 1 1103ULUI0 MOXKHO MEHSITh BO BPEMsi CKAHUPOBAHMS, U3MEHE-
HUsT OyIyT MPOM3BEIEHBI Ha XOAy. [Ipw m3MeHeHWM 3THX MAapaMEeTPOB PA3Mephl OKHA MWMEIOT
OOJIBIITNI TPUOPUTET, U B TOM CJIy9ae, KOTJA PA3Mepbl 33Jal0TCs JOBOJIBHO OOBITAME, KOOP-
JMHATHI HUYKHETO JIEBOTO YIJIa AaBTOMATHYECKH yMeHbInaioTcs. [Ilupuna Bceria cCoOOTBETCTBYET
TOPU3OHTATIHLHOMY pa3Mepy OKHa, a BricoTa BepTHKATBLHOMY, HE3aBUCHMO OT BBHIOOpA OBICTPOit
ocu ckanupoBanwus. [Ipu m3MeHeHUH MIMPUHBI MEHAETCSH OJHOBPEMEHHO W BBHICOTA, YTOOBI Be-
JINYWHA, TIIAra MO0 TOPU30HTAN U TI0 BEPTUKAJIN OCTABAJIACH MOCTOSTHHOM. 10 3T0il ke mpuunHe
MIPU U3MEHEHWN BBICOTHI MEHSETCS YWMCJIO CTPOK B M300DaYKEHUH.

IIporpamma ®emtoCkan OHnaliH aBTOMATHYECKU CIEIUT 32 TE€M, YTOOBI OKHO CKAHUPOBAHUS
He BBIXOAMJIO 3a JuHaMUYecKuil auanas3on ckanepa. Touka ¢ xkoopaunaramu (0,0) sBisiercs
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Puc. 2.11. Pa3mepbl OKHa CKaHHUPOBAHUS.

IIEHTPOM OKHA CKAHUPOBAHUS MAKCHMAJIBHOIO pasmepa. IIpu BbpiOOpe 3TOro oxkHa 3nadenus
Xo n Yo aBTOMATHYIECKN TPUMYT MUHUMAJTHHBIE 3HAYECHUS.

e Yuciio CTPOK — YHCJIO CTPOK B M300PAKEHUU. DTO MOJE HEJOCTYITHO JIJIsi HETIOCPEICTBEHHOTO
n3MeHeHus. Jjis1 u3MeHeHus: 9ucia TOYeK B CTPOKe OoTBeaeHo mosie “Uucso Touex” B 00IMux
MapaMeTpax, a YuCJIO CTPOK PACCIUTHIBAETCS WCXOMsS W3 COOTHOIIEHUS TAapPAMETPOB ITUPUHBI
U BBICOTHI.

e Haup-e ropus. passeprku — HanpassieHue ObICTPOrO CKaHUPOBaHUs (CTPOYHOI Pa3BEPTKU) B
1002 IBHBIX KOOPIUHATAX.

e Yucno ckaHOB — yKa3bIBaeT CKOJIBKO Pa3 CKAHUPOBATH MMOBEPXHOCTDH. Kciau B mome crout 0,
TO CKAHMPOBaHUE OyJeT IIPOI0JIZKATHCH, 1T0Ka Bbl camu ero me ocranoBure.

e OTKJI. BepT. pa3BepPTKU — OTKJIIOYEHUE BEPTUKAIbHOI pa3sepTku. Ilpu OTKII0O9eHHON BepTH-
KaJIbHOIl pa3BepTKe JBUKEHUE 10 MeJJIEHHOI OCU He IIPOUCXOJIUT, XOTA B OKHE CKAHUPOBAHUA
cTpoka Oyzer npomosizKarh ABUrarbed. 1Ipu aTom BCe Kaapbl OyAyT PUCOBATHCH B OJHOM Ha-
TIPaBJIEHUN MeJJIEeHHOW Pa3BEePTKH.

e Bepr. pa3s. BBepX — HAIpaBJIEHNE MEJIEHHON PA3BEPTKH. B KOHIIE KAXKIOTO Ka/IPa MEHSIETCS
HAa IIPOTUBOIIOJIOXKHOE.



Imasa 2. Yupasmaernne C3M 29

B aByx pamkax — Kanan 1 u Kanan 2 — crpynnupoBaHbl TapaMeTphl IJi IEPBOTO U BTOPOTO
U300paKeHuH, OTHOCAIIMXCS K OJHOMY M TOMY K€ [POXO/y IOBEPXHOCTU. BHyTpu 0bemx paMmox
JIOCTYTIHBI TOYTH OJUHAKOBBIE TAPAMETPHI.

e Brinajaromuii cuucok, cocrogmuii u3 Beicora, Orkiionenne, TpeHue u Apyrux THIIOB JAHHBIX
(B pamke 2-ro kanasa Kpome Toro eme ecrb Orkirouen) — 3ajaer, 4ro Oyjer 3allUMCaHO B
n300pakeHnu. BricoTa — BBICOTA TOBEPXHOCTH, PABHAS C TOYHOCTHIO 10 3HAKA, OTKJIOHEHUIO
croiuka. OTKIOHEHNEe — OTKJIOHEHWE CHTHAJIA OT OMOPHOrO 3HadYeHusi. Tpenne — CUTHAJ To-
PHU30HTAJILHOIO OTKJIOHEHU Jiyda Jasepa co ceeroauona (ACM, PACM). UurencusHocts —
cymmapHbiii curuas co ceeronuona (ACM, PACM). Orkiionenue 2 — curiaj BEPTUKAIBLHOTO
orkJonenus Jy4a jasepa (B pexxume ACM on coBuasaer ¢ curnanom OTKJOHEHHE, B PeKUME
PACM curnan OTkiioHenune 6epeTcs CO CPeTHEKBAIPATUIHOTO JeTeKTopa), Paza — curHai ¢
dazosoro merekropa (PACM), ®aza* - conpsizkennas dasa, [IpoBOAUMOCTb — CUIHAJ TPOBO-
maumoctu, Kanasn 6,7 — JonosHUTEIbHbIE KaHAJIbI JaHHBIX. ECIu Ha cepBepe BKJIIOYEHA BO3-
MOXKHOCTb CHATHS JaHHBIX C JOINOJHUTEILHOIO yCTrpoiicTBa, moakiaodennoro Kk COM-nopry,
TO B CIIMCKE TaK K€ IOABUTCS TUIl JaHHbIX Auxiliary.

[Tomumo 3THx mapamerpos, Ha 3akjaaake OOIMe B 3aBUCHMOCTH OT BBIODAHHOTO PEXKWMA CKa-
HAPOBAHWS MOTYT MOSBJIATHCS €Il HECKOIbKO mapaMerpos. B mannoit Bepcun nporpaMmMHOro obec-
[Ie4eHUus PeaM30BaHbl CJIeIyIOINe PE?KUMbl CKAHUPOBAHUSA [TOBEPXHOCTHU:

e Tomorpadus - OOBITHBIN PEKUM CKAHHPOBAHUS TOBEPXHOCTH.

e JIBOIHOM IPOXOJ - PEKUM CKAHUPOBAHMS TIOBEPXHOCTH C ITOBTOPHBIM MIPOXOA0M cTpokm. [Ta-
pamerpbl OOpATHON CBA3M JJjisi BTOPOIO IPOXoja Oepyrcsa ¢ 3ak/aanaku Jpoitroit mpoxoa. Ha
zakaaake OOIpe MOABISIOTCS IBe JOMOJHATEILHBIX METKH “2if CKaH’ — 10 OJHOM JJIsT KaXKI0-
r0 M300parKeHUsT — TIO3BOJISIOIINE BHIBOAUTD HA N300paKEHNE PE3YJIbTAT IIOBTOPHOTO MPOXOIA
CTPOKH.

e Ilepemexkaromuiicss - pexkuM CKaHMPOBAHUS C IIOBTOPHBIM IPOXOIOM CTPOKH IO IPOQUIIIO,
CHATOMY IIPU IIEPBOM IIPOXOZE CTPOKH, ILIIOC CMeIleHue, 3aaBaeMoe Ha 3akjiaiuke Ilepeme-
Karomuiica. Orpunare/bHOE CMEIIEHHe COOTBETCTBYeT YAAJEeHUIO 30H1a OT nopepxuocru. Ha
sakaaake OOIme MosSBIAIIOTCSA IBe ITOMOJTHUTENHLHBIX MeTKH “Tlepemeskaromnuiicss” — mo omaHoit
JUIST KaXKJI0TO M300paskeHust — MO3BOJISIIONINE BBHIBOAUTD HA, W300paKEHNE PE3Yy/IbTaT MOBTOP-
HOT'O MPOXO0/a CTPOKH.

e C OTBOIOM - PEXKWMM CKAHHPOBAHUS C MOBTOPHBIM MPOXOI0M Kaapa. CKaHMpOBaHUE MOBEPX-
HOCTH TIPOXOAUT B ABa dTana. Ha mepBom 3rame ckaHupyercs BHIOPAHHOE ITOJIE C PErucTpa-
1ueil BBICOTHI IIOBEPXHOCTH B IIPsIMOM M OOPATHOM HAIIPABJIEHUHU MPOXOXK/eHus crpoku. Ha
BTOPOM 3Tare 30H], JABUXKETCS TI0 TJIOCKOCTH, COOTBETCTBYIOINIEl CpeaHeMy HaKJIOHY TIOBEpX-
HOCTH, BBIYMCJIEHHONW MEeTOJIOM HAMMEHBIINX KBaJIPATOB HA OCHOBE JAHHBIX MEPBOTO JTAIla,
IJIIOC CMelenune, 3aaaBaemoe Ha 3akiagake C orBomom. OTpunarenbHOE CMEIEHHE COOTBET-
CTBYET YJIAJEHUIO 30HIa OT TOBEPXHOCTH.

e Jlutorpadus - pexum murorpacdun. Jlutorpadus MoXKeT BBIMOJHATHCS B TPEX PEKUMAX
- smrorpadus 3ouaom (Bbicora), smrorpadus nanpsikenunem (Hanpsixkenue), u Jsurorpa-
dbus mounynsuueit onopuoro 3uavenus (Ycraska). Ha saxsauxe Jlurorpadus sbibuparorcs
n300paskeHNe-MacKa, PEXUM JUTOrpadun ¥ TMapaMeTpbl BO3JEHCTBUS HA TOBEPXHOCTH. [lpn
HAXKATUU Ha KHONKY “Bbibpars” mosssiercs OKHO BbiOGOpa uzobpaxkenusa-mMacku (puc. 2.12).
Eciiu pa3mepbl MacKu He COBIIAJIAIOT € pa3MepaMy CKaHUPyeMoii obsacTu (B TOYKAX), TO Mac-
Ka Oyler COOTBETCTBYIONUM O0Pa30M CKaTa WU PACTIHYTA. SHAYEHWS BBICOTHI MACKH OyIyT
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Puc. 2.12. Beibop macku Jiurorpaduu

TTPOHOPMUPOBAHbI OT MUHUMYMa JI0 MaKCUMYyMa COTJIaCHO BBICTABJICHHOMY 3HAYECHWIO MaCIITa-

Oa.

B pexume “Boicora’ ckaHmpoBaHue WIeT B ABa dTana. Ha mepBoM dTame CHUMAeTCsT TTPOMUIIbh
nosepxHocru (Breicora) B nipsgMoM u o0paTrHOM Hampas/ienuu. Ha BTopoM srarie BbIYHUC/ISIeTCs
IJIOCKOCTH CPEIHEer0 HAKJIOHA MOBEPXHOCTH, K Hell mobaBiserca npomacirrabupoBannas ot 0
110 “Maciraba” macka co cmenieaueM “Cmernerne”, 1 301 UAET 110 101y YeHHOM IIOBEPXHOCTH.
B pexxume “Hanpsizkenune” Bo BpeMmsi ckanupopanus nosepxHocru Ha LIAII TyHHebHOro Ha-
MPSIPKEHUsT BBITAETCS MPOMUIBL CTPOKHU, B3ITHIN U3 MAacKu n3obpaskenus. B pexxume “YcraBka”
TEKYyIIee OMOPHOE 3HAYEHNE O0PATHON CBA3M M3MEHSIETCS B COOTBETCTBUM C MACKOIA.

3akaagka Ocuousutorpad

Ha sroit 3akmagke 3amaercs pexxuM paboTsl ocnuaorpada.

e Kaman 1, 2 — Tun JaHHBIX, OTOOPaAXKkaeMbIX B OKHaX ocuuiaorpada. Moxer 6brTh BohicoToit,
OTkJjIOHEHHEM CUTHAJIA, OOPATHON CBSA3W OT OMOPHOTO 3HAYEHWS, WJIM OJHUM W3 CATHAJIOB CO
sroporo AIIIT (ocrasbhble 3HaveHNs ).

e OTkil. 00p. CBsI3b — OTKJIIOYEHHE 00paTHOi cBsa3u. [Ipu ycranoBiaeHHOM iare OIOpHOE 3Ha-
JeHue OOPATHON CBA3W U 3BEHbs OymyT ycranopsieHbl B (), 4TO yOeper cMelieHue u3 CHUrHAJA
omubKy 0OpATHON CBsA3M 1 3aPUKCHPYET MOJOKEHNE KAHTUIEBEPA.

3akgagka Moayasmust Z

B pexwume monynsnuu Z Ha Z-KOODAWHATY MMOJAETCS OJWH W3 BBIODAHHBIX mpoduieii — um-
IIyJIbCBI, TPEYIOJbHbIA HPOMUIb, WA CAHYCOUAa. AMILIATYHAa CUrHaja Mmaciiradbupyercsa or 0 1o
3a/IaHHOrO 3HaYeHus “AMIUTyAa”. DTOT PEXKUM MPEJIaraeTcsd UCI0JIb30BaTh s 10400pa OITH-
MaJIbHBIX TTAPAMETPOB 00paTHON CBsA3M. B OKHE CKAaHMPOBAHUS TTPU 3TOM KPACHBIM IIBETOM TOKa3hI-
BaeTcs npodbusib UAEATHHONO OTKJINKA (€CJIU BLIOpAH TUI JaHHBIX BbicoTa).

e AMIINTY/Ia — AMILUIATY/IA [PAMOYTOJBHOIO UMITYJIbCA.
e IIpodunp — dpopma mpoduis, mogaBaeMoro Ha Z-KOOPIANHATY.

e Kanan 1, 2 — Tun JaHHBIX, OTOOPAXKAEMBIX B OKHAX CKAHUPOBAHMUSI.
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Puc. 2.13. HacTpoiika Ha pe30HAHC.

Sakiagka ITouck pesonanca (pexkum PACM)

31ech 337a10TCs TapaMeTphl HACTPOWKY Ha PE30HAHC. B 3TOM pexknume CHUMAIOTCS 3aBUCAMOCTH
curaana Orkjonenne u Pasza or gacrorsl. [Tapamerpst Crapr u Pasmep 3ama0T mepBoHadaabHYIO
BEJINYUHY Pa3BepTKU. B pexknmMe aBTOMATHYIECKON HACTPOMKY MPOrpaMMa CHUMAET KPUBYIO OTKJIIH-
K&, BBIOMPAET CAMBIN CUJIbHBI PE30HAHC, HOJACTPAUBAET AMILIATY/LY MOJYJISIMA TAKAM OOPAa30M,
4TOOBI 3HAUEHNE CUTHAJIA B PE3OHAHCE PABHSIOCH 3HAUEHWIO, 3aJaHHOMY B mose “Ammi. pes.”, u
yMeHbIIaerT pa3Mep passeprku. (cm. 2.2.2). CyKeHue pa3sBepTKU WIET J0 TeX MOp, MOKA 3HAYCHUE
CUrHAJIa B MakKCUMyMe He OyJeT paBHO 33JaHHOMY 3HA4YEHUIO (B mpejejax ypoBHs iryma). Ilocie
HAXOXKJIEHUsI PE30HAHCA C MAKCHUMAJIBHO BO3MOXKHON TOYHOCTHIO, TOACTpamBaeTcs ¢a3a CUTHATA
TakuM 00pa3oM, I4TOOBI B MakcuMyMe (pa3a OTKIMKA OblLTa PaBHA HYJII0 M UMENa OTPHUIATEIbHYIO
pou3BOHYI0. B pyYHOM pekuMe CKAHUPOBAHHUE IIPOU3BOAMTCS HEIPEPHIBHO, HA OKHE CKAHUPOBA-
HUS TOJIH30BATEIb JBYMs BEPTUKAIBHBIME METKAMU BLIOMDAET HYKHBIH DE30HAHCHBIH NHK (pHC.
2.13) u HazkuMaeT KHONKY Zoom In @, [IporpaMma BBICTABJISET MPEIEIbl CKAHMPOBAHUS 110 3TUM
yKa3aTejsiM U MEHSeT aMILIUTYAY MOMYJSINHM TaK, 9TOObI 3HAYEHNE CUTHAJA B MAKCUMyME B BbI-
OpaHHOM JMAla30He PABHAIOCH 3aJaHHOMY B mosie “Amiur. pe3.”. Eciun B Menio Scan/Tune by...
BbiOparo Amplitude, To HACTPOWKA YACTOTHI MPOU3BOAUTCI HA MAKCHMYM AMILIATY/IbI; €CJIA BbI-
6pano Phase, To HacTpoiika mIpou3BOAUTCS Ha 001aCTh MAKCHMAJIHHOTO HAKJIOHA, (DA3bI.

Varure, 9TO HYJIEBOW yPOBEHB MPOTPAMMA, BHICTABJISIET ABTOMATUYECKH 110 MEpBOMY CKaHy. I1o-
9TOMY, €cJin HACTPOHKa 3aImyIieHa ¢ OYeHb y3KUM JHANAa30HOM BOJIM3M Pe30HaHCa, HOJIb OY/IET BbI-
CTaBJIEH HEMIPABUJILHO, U ITPU TOJCTPOIKE aAMILIUTY/IbI MOYJ/ISIIUN Oy/IyT 33/1aBATHCS HEMTPABUIbHBIE
3HadeHns. UToObI n30eKaTh STOr0, BCErIa HATMHANTE HACTPOUKY HA PE30OHAHC C MHUPOKUM HAYIATb-
ubiM guanazosom (300 - 500 KT'n).
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Bakiagku It(Z) (pexxum CTM), F(Z) (pexxum ACM), D(Z) (pexxum PACM).

Ha 5TWX 0IMHAKOBBIX 1O COCTABY 3aKJaIKaX 33/IaeTCs TNANAa30H CKAHMPOBAHUS KPHBHIX 3aBH-
cumocreit 1t(Z), F(Z), D(Z).

Bakaanka It(Ut) (pexxum CTM).

Ora 3aKJIaJKa HCIIOJIb3yeTCd OJId 6bICTpOI‘O 3alaHuA OUalla30Ha CKAHUPOBAHUA 3aBUCHUMOCTH

It (Ut).

3akmaagka Kpussie

Ha sT0it 3ak1a/1Ke 33/1a10TCs TapaMeTPhl CHATUS 3aBUCAMOCTEN — CIIEKTPOCKOMUIECKUX U3Mepe-
Huii. BO3MOXKHO CHATHE 3aBUCHMMOCTH OJHOIO WU JBYX BbiOpanubix curuanoB (Kawan 1 u Kanan
2) or ofHOro WM AByX ApryMenToB. ApryMeHTsl 3a1a10Tcst ¢ noMolipio coorsercryonmx [[ATIos
— Bricora, Tynnennsroe namnpsxenne, Temmneparypa, Kourpomnep 1 n 2. Ecnmu 2-it apryment He
OTKJIIOYEH, TO PE3YJIbTATOM CKAHHPOBAHUS OyIeT AByMEpHOe n300pakeHue, NHAYe - KPUBas.

3akaagka /lomossHATENBHO...

Ha s7oit 3akaike MOXKHO 3a/1aBaTh 3HAYEHHUs JOMOJHUTENbHBIX ycTpoiictB — aByx L[Allos u
reLeparopa 4acTOTbl.

2.2.3 CkaHupoBaHNe MOBEPXHOCTH

Temepnb, KorJa yCTAHOBJEHO COEINHEHNE C CEPBEPOM M 33aJJaHBI BCE MapaMeTpbl, MOYKHO HAYATh
paboty. Ilon3yHOK, HAXOAAMINICS B IIEHTPE OKHA MAapaMETPOB CKAHWPOBAHWS, TMOKA3BIBAET BBHICO-
Ty 30HIa HAJ, MOBEPXHOCTHIO. IIpy mpaBuIbHBIX mapaMerpax oOpaTHON CBs3W, KOTJAA O0pa3er] He
TTOBE/IEH, TTON3YHOK JIOJIZKEH HAXOAUTCS B KpaifHeM HUKHEM MOJIOKEHUH.

3arpyska mporpamMmmsbl miaatbl DSP

C nomormpio Komarasr Menro C3M/ Bamyck/ 3arpy3ka BBIMOJIHSIETCS 3arpy3Ka MPOrpaMMbl B
mwrary DSP. 91y omepaluio HeOOXOMMMO BBIMOJHATE TPU KAXKJIOM BKJIIOUYEHUN JJIEKTPOHHON HacTh
MuKpocKona. OObIYHO 3Ty ONEpAIMO BBIIOIHSIET OMEPATOP CEPBEPA, HO MOXKET CIETATH U YIAATEH-
HBII OJIb30BATEIb.

YcraHoBKa CMellleHUud HYJId

IToka oGpaser HAXOAUTCS B OTBEIECHHOM COCTOSTHUM, HYYKHO BBICTABUTH HOJIb CUTHAJIA OIMUOKU
obparHoit ceazu (Deflection). D910 mesraercs BbIOJHEHHEM KOMAH/IbI YCTAHOBKA CMEIIEHU , KOTO-
pasi pacnosoxkerna B Mernio C3M/ 3amyck. 9T0 ke MEHI0O MOXKHO BBI3BATh, HasKaB KHOIKY @. B
JaJIbHeHIeM, Koraa OyIeT rOBOPUTHCSA O MEHIO KHOMKHU @, MMOMHHUTE, YTO 3TO MEHIO PaBHOCUJIHLHO
mento C3M/ Bamyck.

VceranoBka cMerenust Hylis 0ocobeHHO BaxkHa B pexkume ACM — npaBuibHOE 3HAYEHUE TIO3BOJIAT
B JaJibHelilieM, Hocjie KaJubpOBKU 4yBCTBUTEILHOCTH 110 KpuBoil nojsouna-orsona F(Z), sazasars
MPABUIBHYIO CUJIYy B3aMMOIEHCTBUST KAHTHUIEBEPA C 00pa3IoM. B Ipyrux pekmmax yCTaHOBKA CMe-
IIIEHUsT TaK Ke TOBBICUT TOYHOCTDH 3aaHUsI OTIOPHOTO 3HAYEHUST OOPATHON CBSI3U.



Imasa 2. Yupasmaernne C3M 33

[ emroCran Onnaitn - calibr_new_csc21_16.9

Oafin Mpaska C3M MaTeMaTHRS OMepalid Bia  OkHa OHNaiH  Monolle

e 2R b wREB g 7
_

Napamerpo:

Pestumt carbip. | PaCh 2 [Mopepriocts | Douunnon €

| Awnnpes [305mE Pesair Taonorpagu ¥ | [
fatibe Yetaeks  [aonT Dwne
Wwphria 73w
Beicora E7aem
Hacrotamon, [4E57 iy % Uneao crpok. 512
Paza 0 = *a Z18mm
WHr. 2eeHo Yo [Z17pm
Hanperopus.. )% @Y
Uneno ekaros [

Kectroote

Annn mog,

Mpon. seero [

u,
e

Uncno Touek y—m
Cropocre 7831
Hanpsese [Tog

TouHeii 2

Orn. sepr. pasee
Bepr. pase. eoepx

Kanan1 KaHan 2

Beicora | | Mposoa

0lse <>4> LRIRE

Chew. ann.. [

Terneparyp ’—‘2

MNos. noneona

3500 nm L d : ) i
Daiin: calibr_new_csc21_16.9 7oa 3500 nr
HanHete uzobpakenna: Deflection Dain: calibr_new_csc21_16.9

Hannble naobpakenna: Height

]
%=2575 nm, Y=2323 nm, 7=0.06136 nm

ank), KOHT .. (20l ceaich with Google = & C)(R) 10:45

Puc. 2.14. CkanupoBaHue 1OBEPXHOCTH.

IToaBox, obpa3sma

IToason 3amyckaercss komanaoit [Togsos.

ITocne 3amycka KOMaHIBI MOJABOIA, B OKHE TIAPAMETPOB CKAHWPOBAHUS HAYHET YBETMINBATHCS
sHadenne CUeTUrK IIaroB, TMOKA3BIBAIOIIEE, HA CKOJILKO IArOB CABUHYJICA OOpasel, OTHOCUTEIHLHO
MTOJIOXKEHNSA, B KOTOPOM OH ObLI BHaYaJe JAHHOIO TOIKJIIOYeHHsi. Korma moaBon AeifiCTBUTEIHHO
3aBEPIINTCSA, TO WHIAKATOP IOJOXKEHUsI OyIeT y:Ke He B KpaifHeM HHUXKHEM COCTOSHHE, & TIe-TO
nocepeaune. Ecim ke MoaBo, He TPOU3O0IIES, 8 MUKPOCKOI IPUHS CIyIaiiHbIil BHIOPOC 38 CHUTHA,
TO MHAUKATOD OCTAHETCA BHU3IY.

Ecnu o6paser 611 moasesen Ha Gosbinoe paccrogaue (00branao 100 mum), a obparHas CBA3b
Tak U He cpaboTaja, TO MOSBUTCS COODIIEHWE O HEYJAYHON MOIMBITKE MOABOIA C MPEIJIOKEHHEM
nponokuTh noasoa. Orserbre Ok.

Hauajo CKaHUPpOBaHUA

Ecain npownsormesn yaadHbIi MOABOJ, MOXKHO HAYWHATH CKAHUPOBAHWE. DTO OCYIIECTBISETCS KO-
MaHO# Menio KHomKn (&) / Z(X,Y) . Ilocse BbIMOSHEHUST STON KOMAHIBI B 3aBUCHMOCTH OT yCTa-
HOBJIGHHBIX TTAPAMETPOB TIOSBUTCS OJIHO MJIH JjBa OKHA cKaHUpoBaHus (puc. 2.14). ITo n3obparkeHuio
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JIBUTAETCS TIAHKA, TTOKA3bIBAIONIAsT TEKYIIYI0 CTPOKY CKAHUPOBaHWs. IIpu MoiydeHnu o9epeHoro
n300paKeHnsi, OHO MOXKET ObITh ABTOMATHUYIECKHA OTKPBITO B HOBOM OKHE, a MOXKET OBITh 3a0BITO
(pazmen 2.2.9). Tlocie TOro, Kak CHATO OYEPETHOE U300PAKEHNE, CKAHUPOBAHUE TPOIOJIKACTC B
TOM ke OKHe B obparuyio cropony. Iloka mmer ckanmmpoBanme, Bor yike moxkere 00pabaThiBaTh
OTCHSATBHIE W300PAKEHUS.

N3menenue pPa3sMepoB OKHa CKaHUPOBaHMUA

C nomoubio koman Mento Ckanuposanue,/ ITpubnusurs u Ckanuposanue/ Yianurb uid KHO-
nox B 1 & moxuo YBEJIMYUBATH UJIM YMEHbLIATH PA3MePbl y4aCTKa CKAHUPOBaHUs (€C/iu Pa3Mepbl
TEKYINEro y4acTKa 3TO TMO3BOIAIOT). [l yMEHBINEHUs BHIOEPUTE HYKHYIO YaCTh MOBEPXHOCTH U
naxxmure [Ipubam3urs. HoBoe m3o0parkenue Oymer COOTBETCTBOBATH BHIODAHHOMY ydYacTKy. Jljist
YBEJINYEHUsT BEIOEPUTE YIaCTOK TOBEPXHOCTH, KOTOPOMY OyIeT COOTBETCTBOBATH HA HOBOM M300pa-
JKEHUU TEKyIlee OKHO, U Haxkmure Yaanuth. CKaHupoBaHue OyJer MpPOIOJIKEHO B TEKYIIEM OKHE,
HO ¢ HOBbIMU HapamMerpavu. OHOBPEMEHHO U3MEHATCS YCTAaHOBKU B OKHE [lapamerpsr.

V4acTKy BCerJa BBIIEISIOTCS C TeM YK€ COOTHOIIEHNEM CTOPOH, KaKoe y TeKYIIero Kajapa.

CMe[[[eHI/Ie OKHa CKaHUpOBaHUA

s Toro, 9T00BI TEPEMECTUTH OKHO CKAHWPOBAHUS B JPYrO€ MECTO, BHIOEPUTE KOMAHIY MEHIO
CkanupoBanue,/ YCTaHOBUTDH CMEINIEHUE MJIM HAXKMUTE KHOIKY " 1 BbiOepuTe KOMaH/1y YCTaHOBUTH
cmertenne. Kypcop npumer Buz mumnenu. IIpunenbrecs um HA TO MecTo, rae OyJaeT HEHTP HOBOI'O
n300pasKeHus, ¥ HAYKMUTE JIEBYIO KJIaBuUIny Mbimu. CKaHWpOoBaHue OyIeT MPOJOIKEHO B TEKYIIEM
OKHe, HO C HOBbIME mapamerpamu. OIHOBPEMEHHO U3MEHSTCSA yCTAaHOBKY B OKHe [lapamerpsi.

Ilepe3amyck ckaHUpOBaHUS

Ecau uzobpaxkenune gaio cbon u Bl XoTHTE MOMTYyIUTHh HOBYIO KAPTHUHKY ITOTO K€ yIaCTKa, He
JIOZKU/IAsICh OKOHYAHUS TEKYIIEro CKAHMPOBAHUs, HAXKMUTE KHONKY % niu B, d1u ke KOMaH/bl
noctynubl u3 MeHio CrannpoBanmne — 310 [lepesamyck Ceepxy u Ilepesamyck Cuuzy.

IloacTpoiika MOJIOXKEeHUS CTOJINKAa

Ecau Bo Bpems ckaHmpoBaHus n3-3a apeida Wim M0 KAKHM-IH00 errne IpuInHaM 00pa3er] 0To-
IeJT CJIAIIKOM JAJIEKO, UM HA00OPOT, 30HJ HAYaJl 33/I€BaTh 33 MOBEPXHOCTH, TO 0Opa3ell MOZHO
MOJBMHYTH € TIOMOITBIO KOMAaHI TIOMMATOBOTO MOABOAA/OTBOMA. [IJIsh 3TOTO €CTh KHOMKH == W *=.
BrimosiHerme 3TuX KOMaH I, IepeMeIaeT CTOJUK Ha, OUH IAr MAroBOTO JBUTATEJIS BBEPX WJIW BHU3.
YVaurbiBaiiTe, 9T0 y MEXAHUYIECKOM CHCTEMBI BCETIA CYIIECTBYET HEKOTOPBIA JIOMPT, U MpU MEPBHIX
marax mepeMerneHns CTOJUKa MOXKET He TPOU30HTH.

OcTaHOBKa CKaHMPOBaHUSA
Y100kl OCTAHOBUTH MPOIECC CKAHUPOBAHUS, HAXKMUTE KHOIKY @ v komaHxy mento C3M/
OcraHoBUTh. YUTHTE, 9TO BO BpeMsi CKAHUPOBAHUSI OKHA CKAHUDPOBAHWS 3aKPbITh HEJIB34.

BroikiroyeHne nuTaHUd IMIaroBOro ABUrarTreJsid

Lo
IIuranue 1marosoro JABUraTeigd MOXKeT OBbITH OTKJIIOYEHO KHONIKON . DTa KHOIKA IOSBJISETCS
Ha IIaHeJIM MHCTPYMEHTOB, TOJIbKO €CJ/Id Ha CepBEpPE BKJIIOYEHA COOTBETCTBYIOIIAA BO3MOXKHOCTD.
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BoicTpblii OTBOA MUTJIBI

B MUKPOCKOTIE €CTh BO3MOXKHOCTH OTBECTU UTJIY THE€3OMAHUMYJIATOPOM B Kpaf/’IHee TIOJIOZKEHUE —
B TaKOM COCTOAHUU MEHBINTE BEPOATHOCTH IIOBPEIUTH 30H/I. OTO BBIMOJIHIETCS HAYKATUEM Ha, KHOTIKY
-E. IITaroswrii JABUTATEJIb IIPXU 3TOM HE TPOraeTCdd. HpI/I HavaJji€e CKaHUPOBaHUA KHOIIKA aBTOMaTHUYe-
CKH OT?KHMaETCH.

2.2.4 CHgrue 3aBUCUMOCTEN

Pexxum ckarmpoBaHus 3aBUCAMOCTEN 3aBUCUMOCTD MO3BOJISIET TIOJIYYUTh 3aBUCUMOCTD CHTHAJIA
IO BBIOPAHHBIM KAHAJIAM OT OJHOTO WJIM ABYX apryMeHTOB. Hampumep, 4TOOBI MOIYyUNTh B PEIKUME
ACM zasucumocts F(Z), nyxuo Beibpars kanaa Orkjionenue, u apryment Z. Ilpu 3amycke ckanu-
POBaHWS OTKPBIBAETCsT OKHO, B KOTOPOM BBIBOJISATCSI OTCHSTHIE KPUBBIE. 3€/IEHBIM I[BETOM BBIBOIUTCS
Pe3yIbTaT MPSAMOro IPOX0/1a, KpacHbiM — obparnoro. Illkana aBroMaTudecKkn Macurabupyercs Tak,
9TOOBI BCE KPUBbBIE YMEIIAINCH HA M300pakennu. Ecin B mapamMerpax CKAaHHPOBAHUS UMCIO CKAHOB
OTJIMYHO OT HyJisL, TO OyZeT OTCHATO YKA3aHHOE YHCJIO KPUBbIX. Pe3ysibrar CKaHupOBaHuUs yCpPeaHs-
eTCsl O YUCJIY TPOXOJOB MO Mepe CHATHs KpubbiX. Ecim B Hucsao ckanos crout 0, TO ycpemaHeHUst
HE TPOUCXOJIUT, & CKAHMPOBAHNUE MTPOIOIXKAETCS 0 OCTAHOBKH TOJIB30BATEIEM KHOMKOM @ mynm KO-
manaoil merro C3M/ Ocranosuth. B ar0oM cilyuae Ha H300PaKEHUU COXPAHAETCS TOJIBKO PE3yJIbTaT
ITOCJIETHETO TTPOXOA.

[Ipu cusitum 3aBucCUMOCTH OT ABYX aPIyMEHTOB, IMOSBJISAETCSH OKHO, AHAJIOIMIHOE OKHY CKAHHPO-
BAHUS TIOBEPXHOCTH, HO MO OCH X OTKJIAILIBAETCS TIEPBBIN apryMeHT, a 10 ocu Y BTOPOIi.

2.2.5 Ocmumaorpad

Pexxum ocrimsstorpada 3amyckaercss BHIDOPOM KOMAaHIbI MEHIO KHOIKHA @ / Ocumtorpad. B
OTBET HA 3Ty KOMAHJy OTKPbIBAETCS OKHO, AHAJIOTMIHOE OKHAM CHSATHS 3aBUCUMOCTEH, 33 MCKJIIIO-
YEHUEM TOTO, 9TO IO TOPU3OHTAIBLHON OCH OTJIOKEHO BpeMS.

Hazno ormeruTs, 9T0 BCe KOMAHIBI MEHIO KHOIKH @ asnsores B3anvmo HCKJTIOYAIOIINMHE, T.€.
[IPU 3aI1yCKe HOBOI'O IPOIIECCa TeKYIIHil OCTAHABINBAETCS.

2.2.6 Moxaynauuga Z

Pexxum Monpynsinuu 7 3amyckaeTcss BBIOOPOM KOMAHIBI MEHIO KHOITKH @ / Monynsust Z.

2.2.7 ®oromuox (pexxkum ACM)

Komamnma mMeHio KHOTTKT @ / @oToIMOM, BRI3BIBAET OKHO, B KOTOPOM TIOKA3BIBAETCS MOJIOKEHNE
JTA3EPHOTO MyYKa Ha, (POTOAMOIE ¥ MHTEHCUBHOCTD ITOTO IMydYKa. KCIM MOHUTOP HAXOIUTCS PSAIOM C
MHUKPOCKOTIOM, TO yI00HO, risas Ha okHO Porommon, Bpamarsb HACTPOEUHbIE BUHTHI (DOTOAUOAA U
JOOMBATHCS XOPOIIETo MOMAIAHNS Ha HEro Ja3epHoro ay4a. B memnto Bua M0oKHO OTMETHTD raovuKoit
crpouky HopmupoBaTh M0 MHTEHCHBHOCTH — TOrJIA OTKJIOHEHHE JIyda OyJaeT HOPpMAaIn30BAThCA C
YI€TOM €ro MHTE€HCHBHOCTU — IPH HU3KOW HMHTEHCHBHOCTH CHUI'HAJIA TyBCTBUTEJIBHOCTH HE Oyer
Ma/1aTh.

2.2.8 CHaTue KpuBbIX B TOYKE N300parKeHUd

CHsATHE KPUBBIX B TOYKE CKAHUPYEMOTO M300parkKeHWsl 3allyCKAeTCs BHIOOPOM KOMAHI MEHIO
Kionkn @ / F(Z) B..., D(Z) B... , It(Z) B..., It (Ut) B.... Kypcop upumer dopmy Murienu, u npu Hazxka-
THH HA HOJIE TEKYIIEro OKHA CKAHUPOBAHMSA IIPOU30MIET 3allyCK BHIOPAHHOIO PEXKUMa CKAHUPOBAHKS
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Mepemnewenre obpasya

PaccToaHu9e, mKkm; :m

@B

[I'Iepemec:'rmbl [ OTtreHa ]

Pwuc. 2.15. HacTpoiika Ha pe30HAHC.

3aBUCAMOCTH C HAYAJbHBIMA KOOPIWHATAMH, COOTBETCTBYIOMMUMHU 3TO# Touke. I[lapamerpsni, cooT-
BETCTBYIOIINE BHIODAHHOMY PEXKUMY, OYIYT aBTOMATHYECKY BBEIEHBI HA, 3aKJIAIKEe 3aBUCUMOCTbD.

2.2.9 JlonmoJaHUTEJbHbIE KOMAaHIbI

ITomumo onucannbix, nporpamma PemtoCkan Onnaiin comepXuT HAOOP KOMAHI I pabOThI
MIPU CKAHUPOBAHUH. DTH KOMAHJIBI TIO3BOJISIIOT BBIMTOJHUTH HEKOTOPHIE CIEIUATbHbBIE OMEpaIiu 110
VIPaBIEHUIO MHKPOCKOIIOM M HACTPOiike mHTepdeiica.

BoicTphlil TOABOA M OTBOJ, 30HIA

st GBICTPOrO mepeMerenus 30H1a (HampuMep, JJIS ero OTBOAA B KOHIE paboThl) BOCIOJb-
3yiirech Komanoii menio C3M/ IlepemectnTh obpaszerm. DTa KOMAHIA BHITOJIHSET TE€PEMEIEHIe
obpasua Ha yKa3aHHYIO BeJIMYMHY BBEpX (K 30HMY) wiau BHEH3. B mosBuBmiemcs okue (puc. 2.15)
HAXKaTHeM Ha KHONKY HabepuTe HEOOXOAMMYIO [JTHHY MEepeMeIleHns: i BhIOePUTe HAIIPABJIEHUE JBHU-
KeHns obpasia.

O6MeH coolOIeHnaMu

s oOMeHa COODIEHUSMU C CEPBEPOM W OCTAJbHBIMU KJIUEHTAMU HYXKHO OTKPBITH CIIEITHAJb-
HOe OKHO Yar. 9T0 MOKHO caenarsb, ormetus ciioBo Okuo yara B Merio C3M, win HaXkaB KHONKY
£ B none Honcoenunenmsre kuenTs! okna UaT MOKA3BIBAIOTC BCe KJIHEHTBI, TTOJIKJIIOYEHHBIE K
cepBepy, B noJie Mcropus — Bce coobienusi, Koropbie Bol ornpasuin win noaydunn. g Hamm-
caHus cooOmeHuit cayxkut Tperbe nose (OTnpaBuTh coobIIeHnE), B KOTOPOM BbI MOMXKETEe BBECTH
cBOe mocianue. Kcm 0HO mpeHa3HadYeHO BCeM KJIMEHTaM, TOICOEINHEHHBIM K CEPBEPY, MPOCTO Ha-
JKMUTE BBOJI, U COODIIeHne OyaeT OTIpaBiIeHo. UTo0bI COODIIEHNE MONAI0 TOJBKO K HEKOTOPBIM U3
KJHEHTOB, BbiJeauTe ux B moje [lomcoe uHenHble KIHEHThl ¢ MOMOIbI0 MbIimm U KHOMOK Ctrl u
Shift, mocsie gero Toxke HaxkmuTe BBOA. Bee ormpaBiieHHbIE COODIIEHUS MOSIBJSIIOTCS HE TOJBKO Y
KJIMEHTOB, K KOTOPbIM OHHM OTIIPABJIEHbI, HO U B OKHE coobmenuii cepsepa Coobienmnsi.

PexxuMm coxpaHeHUsI M300pa>kKeHn i

Korna Bor BoimosasgeTe CKAHIPOBAHWE, TO BO3MOXKHBI HECKOJTBKO BADUAHTOB JAefCTBUIT TpOrpaM-
MBI C OTCHATHIME H300parkenusimu. [IporpamMma MoxKeT coXpansaTh ux B (haisibl HA IUCKe, BHIBOIUTH
B OT/IEJIBHBIX OKHAX, & MOXKeT 3a0biBaTh. UT00bI JaHHBIE BHIBOJAMJINCH B HOBBIX OKHAX, B MeHi0 CKa-
HUPOBAHWE HATPOTUB 3aXBAT JOJIXKHA CTOSTH FAJI0YKa, YTO PABHOCUILHO TOMY, UTO HAYKATA, KHOMKA,
. dro JeJIaTh JJIS aBTOMATHYeCKOT0 COXPAaHeHUs JAHHBIX HA JHUCK, HANNCAHO HUXKE.

HelicTBus mporpaMmbl ¢ moJiydaeMbiMu (paitiamum

Ecnu Boibpars komangy mento C3M/ Ounuu KimeHTa... , TO HOSBUTCH OKHO, IIOKA3aHHOE HA
puc. 2.16. B tpex mHmKkHUX 10X OKHA Bbl MOxkere MenaTh mHdOpManuio, KOropas ObLia BBEIEHA
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OrnuWi KnveHTa
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Puc. 2.16. OkHO HAaCcTPOEK, BAULAIOMUX HA PA0OTY LPOIPAMMBI C II0JIyYa€MbIMU U300PaKEHUAMU

npu noaksodennn. O ToMm, 9To 310 3a nHMOpPMAaIKs, HAMKMCAHO B pa3jene 2.2.1.

Eciin ormedeno ABrocoxpanenue, ToO HoJydaeMble B300pakenus Oy IyT aBTOMATHIECKHU 3AITHChI-
BAThCS HA JUCK B KATAJIOT, BEIOPAHHBIN B moje [1yTh.

[Mapamerpwr BoipasauBanue u MacmitabupoBaHue OTBEYAIOT 33 TO, KakK Oymer 0ToOpaxKaTbCs
nadOpMaIys B OKHAX CKAHUPOBAHNS IOBEPXHOCTH, HE BN HA camu fAaHubie. [Ipu BripaBHuBaHUT
CYUTAETCS CPEeIHWI HAKJOH IJis KaXKIOH CTPOKU W ABTOMATHYECKH BBIYMTAETCS U3 ITOH CTOKH.
MacirabupoBaHue MOACTPANBAET I[BETOBYIO MIKAJIY OTAEJIHHO O/ KaXKIYI0 CTPOKY, TAK 9TO JAHHBIE
OKAa3bIBAIOTCH “PACTSHYTHI” HA BECH Juala3oH 1seros. O0a mapamerpa, XoTs U JAeJ1afoT n300parKeHue
HEMPABUJILHBIM, TTO3BOJISIIOT CAEJIaTh 00JIee BUAUMBIMU MEJIKUE JETAJN MTOBEPXHOCTH.

[Mapamerpsr dymi. mpu cmene Hanp-s, ymi. npu macmrabupoBaruu u /Iyl mpu CMeneHnn
BKJIIOYAIOT PEXKUMBI, KO[/Ia ,COOTBETCTBEHHO, IIPU TOBTOPHOM CKAHWPOBAHUU, N3MEHEHUU PA3MEDPOB
OKHA CKAHUPOBAHWS W CMEIIEHWN OKHA CKAHUPOBAHWS, YK€ MMEIOIIUecs [TaHHbIe OyIyT BbIBEIEHbI
B HOBBIX OKHAX.

N3smeneHnune nuMmen ckaHupyembrx (paiioB

ITo ymomganuio orcHsaThIM daiijaM JAI0TCA UMEHA B COOTBETCTBUHU C WHMOpMAaIneil, KoTopas
Obuia BBeJeHa npu noakiaodenun (pasgen 2.2.1). Eciau HyKHO U3MEHUTH 3TH MMEHA, 3TO MOXKHO
crenarp na 3akiazke Coenunennve B nose Obpasen. Homepa, npucBanBaembie daitiam, n3MeHSIOTCs
B Tabsuie Ha 3akaajake [lapamerpor.

Bkurouenne 3BYKa

Bo Bpems ckaHMpPOBaHNS BO3MOYKHO BKJIIOUEHNE 3BYKOBBIX CUT'HAJIOB, OTIOBEIAIOIIAX O TOM, IYTO
30H/I CUIIKOM OJIM3KO MOOIIENT K 0Opasity, ub0 HaoOopoT, He JocTaeT A0 Hero. B okme Tekyrtmme
IApAMETPBI /I STOr0 €CTh KHOIKA M (iiu “@). Eciiu puraMuk, HADUCOBAHHBIA HA KHOIIKE, Hepe-
YEPKHYT, TO 3BYKOBBIE CUTHAJIBI BHIKJIIOYEHBI, B TTPOTUBHOM CJIy4ae BKJIIOYEHBI. ITOOBI M3MEHUTH
COCTOsTHWE KHOIKMW, TTPOCTO HAYKMUTE HA, HEE.
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2.2.10 Oxkon4yanue paboTwI

B komie paboThl OCTAHOBUTE CKAHWPOBAHWE W OTCOEIMHUTECH OT CEPBEPA, MOCJIEI0BATEIHLHO
y6pas rasoukn B MeHio C3M/ Ioxcoenuunthes Macrepom n C3M/ Ioacoennuanrbes Knnenrom.
[Ipu 3aKkpbITHHE TPOrpaMMbI BCE TEKYIIHE MAPAMETPHI, & TaK K€ KAJUOPOBOYHBIE KOHCTAHTHI, IMO-
JIy4EHHBIE C CEpBEpa, aBTOMATHYECKU COXPAHSIOTCI Ha BaliemM KoMIbIOTEpe, U HIPU CIeLYHOIeM
3allyCKe IIPOrpaMMbl OyyT BOCCTAHOBJIEHBL.



I'maBa 3

O0paboTKa n300parkKeHuii ¢ IOMOIIbLIO
rnporpaMMbl “@PemtoCkaH OHnaiin”

ITporpamma @emtoCkan Onnaiin TpeocTaBiser mupokuit Habop GyHKIHH 06padOTKU 1 aHAJIU-
3a m300parkeHuii. YCIeIHOCTh UX UCIOJb30BAHNS 3aBUCUT OT MOHUMAHUS TIOJb30BATETIEM METOIOB,
HCIIOJIB3YEMBIX DU MOJIYYE€HUU JAHHBIX U UX 00padoTKe.

B tom ciyuae, korja B gasbheiinieM onucanuu OyJeT yKa3blBaTbCsd KaKas-inb0 KOMAaH/IA MEHIO,
yUITHUTE, 9TO OOJBIMTUHCTBO KOMAH] TAK YK€ JOCTYITHO Yepe3 BHIMAIAIOIIEE MEHIO, TOSBISIOMIEECS TPU
HaXKaTUU TPABOI KJIABUINEH MBIMIN HA MOJIE W300PAYKEHNS.

3.1 Hacrpoiika obmux nmapamMmeTposB

s obecrievenusi yao0CTBa pabOThI ¢ KJIMEHTCKONW 9aCThI0 MPOrPAMMHOIO 00ECTIeYeHNs B TJI0-
6ampaoM MeHi0 Daii mpeaycmorpena komauga Omruu. Ilpu BbI30BE 3TON KOMAHIBI MTOSBISETCS
OKHO ODOIIUX MAapaMeTpPOB, B KOTOPOM KJIHEHT IO CBOEMY YCMOTPEHHIO MOYKET W3MEHSATh PA3JINIHbIE
HaCTPOMKU.

Bo Bxitagke NuaTepdeiic mpeacraBieHbl OCHOBHbIE HACTPOMKH ITOIb30BATEIHLCKOr0 nHTEpdeiica
(puc. 3.1). g usmenenus s3b1ka naTepdeiica He0OX0IUMO U3 PACKPHIBAIONIETOCs CIIMCKA B TIYHKTE
A3pik uaTEpdeEiica BEIOpATh HYKHBIM I3bIK, MOATBEPAUTH BHIOOP Haxkaruem kKHonku OK u mepesa-
IyCTUTh MPOTPAMMY.

B 310it 3Ke BKIaJKe MOKHO HACTPOUTH TaKue mapaMmerpbl, Kak CTaHgapTHBIE OMIUH [JIATHHOB,

WHrepdeiic | Easza .uaHHblxl DﬁHanEHuql
AsbIk MHTEpDECa -
CTaHa, onuMM NAarHHoE -

MoHWTOp NonHoE KpaHHOro |1 _l:
PurkosoacTeo nonssosarens IE:\Program Fileghtdy ... |

[ aneHEKME KHOMKM Ha MAHEM MHCT... I_

NokaneHad naHens HHCTD'_-|...| Kak B rnacHoM okHe vi
Ok I OTreHa | Mo yron4aHuo |

Puc. 3.1. Oxno O6mue mapameTpsl, BKIaaka VaTEpdEiic

39
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WHreppeiic Eaza naHHbx | DﬁHanEHMql

Eaza usopaeHui lfs_images—
HocT IW
MonesoeaTens IW
MNapone I"’""""""‘—

Ok I OTreHa | Mo gManaHuDl

Puc. 3.2. Okno Ob6iue napamerpsl, BKJIaaka Ba3a gannbix

WHreppeiic I Bazaganmbix  JBHOENEHMA |

MpoEEpATE OOHOENEHKA v

[POBERATE B NOKANEHOM ZPaHMHLLE v

NokaneHae ApaHMAHILE lm _I

Maxer [FemtoScan Online.mst

3arpyzque Isetup.exe—
Ok I OTreHa | Mo yronuaHuo |

Puc. 3.3. Oxno O6mue napamerpst, Bkiaaka OOHOBIICHNMST

MaJsienbKre KHOIIKM HA IIAHEJU UHCTPYMEHTOB, JIoKajibHas HaHe b MHCTPYMEHTOB. MOXKHO yKa-
3aTh MOHUTOD (B CJIy4ae, eC/id K KOMIIbIOTEDY MOIKJIIOUYEHO HECKOJIHKO MOHUTOPOB), HA KOTOPOM
n300pakeHus OyayT OTOOPAKATHCS B TOJHOIKPAHHOM DEXKUMeE. 37eCh Ke MOXKHO yKa3aTh IMyTh K
DPYKOBOJCTBY I10JIb30BATE/Isl IPOrPAMMOl ([IPU OTJIMYUU OT YKA3AHHOIO [0 YMOJIYAHHUIO).

Bo Bragke Baza maHHBIX IO yMOTIaHUIO YKA3aHH HANMEHOBAHUE U MIYTh K 0a3e m300parKeHwmit
nporpammMbl PemtoCkan Onnaiiv B cern MuTepHer, a Takyke HEOOXOAMMBIE JJis BXOJA B 6a3y uMs
MosIb30BaTesst U napoib (puc. 3.2).

Bo Bkiaake OOHOB/IEHNS MOYKHO YCTAHOBUTH (DYHKIMYA ABTOMATUYIECKON MPOBEPKU OOHOBJICHUI
(mpu HajnMuuu NOAKJIOUeHUus K ceru MHTepHET), a TakxkKe MPOBEPKH ODHOBJIEHUIl B JIOKAJIHHOM
xpanunuie (puc. 3.3). B nociensem ciydae HeOOXOAMMO YKa3aTh [YTh K JIOKAJIBHOMY XPaHUIMIILY
obuossienuit nporpammbl PemtoCkan Onnaiib B crpoke Jlokambhoe xpanunuiie. B crpokax [Taker
7 3arpy3dunK MO yMOJYAHUIO YKA3AHBI JAHHBIE O COOTBETCTBYIOIINX MTPOTPAMMHBIX MTPOIYKTAX.

3.2 Pabora c daiimamn

IIporpamma mozxker paborars ¢ daitiamu, mosryYeHnbiMu Ha MuKpockonax @emroCkan, Nanoscope
IT, T11, u HEKOTOPbIX APYyTUX MUKpOCcKonax (cm. Tabmauiy 3.1). [Tpu coxpanennn daiiios Nanoscope
II, IIT B TexcTOBOM 3arosioBKe haiiyia COXPAHIETCS TOIbLKO mHMOpMalus, odmas ¢ ¢popmaTom daii-
0B @emToCkan. TekcTOBBIN 3aro/I0BOK daiiia BCEr1a MOXKHO IIPOCMOTPETh, BHIOPAB KOMAH/IY MEHIO
Buz/ ITapamerpst....
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®dopmar Tun maHHBIX

Qopmar daiina nMenn (aitna [Toeepxnoctu | Kpusbre
®emtoCkan Onnaiin *_ spm . °
NT-MDT * mdt, *.sm2 . .
NanoEducator (NT-MDT) *.spm .

NanoScope 1T *.077 .

NanoScope III *077 ° °
Ckan 8 * tmd °

Park Scientific * hdf °

Molecular Imaging * stp °

Asylum Research (Igor Pro) * ibw . .
WSxM Nanotec Electronica * ¥ °

Nanotop *.spm .

Amphora (onTny. naHubIE) *tlk o

WITec * wip .

Omicron * par °

Nanosurf * nid .

Pacific Nanotechnology * pni °

Digital Surf * sur .

AIST-NT * aist . .
LEO * tif (16-bit grayscale u uBernbie) .

Bitmap * bmp .

Jpeg *.jpg, *.jpeg .

TekcTosbrii popmar * txt, *.dat . .

Tabsmia 3.1. Bocompuanmaembie hopMaThl TAHHBIX



I'maBa 3. Ob6paborka m306paskeHmit 42

3.2.1 OrkpeiTue n uMoopT ¢aitaos

OrkpbiTue GaitioB MPOU3BOAUTCS HAKATHEM HA KHOIKY & ym BbIGOpOM KOMaH 1kl MeHto Daiis/
OTkpbiTh. B mogBsgioneMcs OKHe BbI MOXKETe BbIOPATH CPa3y HECKOJBKO (DaAiljioB, HCHIOIb3Ys CO-
veranus kiaasunl Shift, Ctrl u jesoit kuonku wmbimu. Beibpanubie daitiabl MOryT ObITh OTKPBITHI
KaK B OTHOM OKHE, TaK W KaXKJbIii B OTJEJILHOM OKHE, [jist 3Toro napamerp COBMECTUTH TOKYMEH-
THI HYKHO TOCTaBUTh B 3Hadenme /la mim Her coorBercrBenno. Ilocmemnnit KaTamsor, B KOTOPOM
MTPOMCXOIUJIO OTKPBITHE WJIU COXpaHeHue (DAiIOB, 3alOMUHAETCS MPU BBIXOAE W3 MPOTPAMMBIL, U
ABTOMATHYECKN BOCCTAHABIMBAETCS MPH HOBBIX 3AIMYyCKAX MPOrpaMMbl. TeKymuit KaTasor Ajs Cra-
ceHus HOBbIX (hailioB MOxKHO u3MeHuTh KoMan ol menio Paiis/ Coxpandars B....

Komanna mento @aiisi/ OTKpbiTh, KAK U KHOLKA ﬁ, [IO3BOJISIET HE TOJBKO OTKPBLIBATH (Daii-
JIBI 30HIOBON MUKPOCKOIUY (CM. BBIIIE), HO W WMITOPTUPOBATH maHHbie 13 TeKCTOBbIX ASCII daii-
noB u u3 rpaduueckux daiinos B dpopmarax Bitmap (pacumpenue BMP) u Jpeg (pacmupenue
JPG/JPEG).

Jlannabre B TEKCTOBBIX (haiiyiax, OTHOCAIIUXCA K MOBEPXHOCTSM, JOJKHBI OBITH OPraHM30BAHbI
ciaemytomuM obpa3om. Ilepsbie 1Be KOJOHKH, HTH KOJIOHKH C 3aroJIOBKaMu X 1 Y, TOJI?KHBI 381aBATh
KOOD/IMHATHL TOYEK, & B OCTAJbHBIX KOJIOHKAX YKA3bIBAIOTCH 3HAYEHUS B ITUX TOYKAX. KOJIOHKU
paszensitorcst Tadymsiiueii. Ecian komoHok kpome X u Y HECKOJIBKO, TO OyIeT OTKPBITO HECKOIHKO
n3o0pakenuii. B 3arosoBkax KOJOHOK IOC/I€ HA3BAHWS Yepe3 3aMATyI0 MOXKHO YKA3aTh €IWHUIIBI
U3MEPEHHs.

Jlanable B TEKCTOBBIX (hailylax, COAEPKAIMUX KPUBBIE, TOJ2KHBI ObITh OPraHU30BAHBI B BUJE
HECKOJIbKUX KOJIOHOK. KOJIOHKa C rOpU3OHTAIbHBIMUA KOOD/IMHATAMHU [JOJ2KHA OBITH JinOO I1epBO,
6o ¢ 3arojoBkoM X. Ecim kooHOK Oymer 60bIe ABYX, TO OYyIeT OTKPHITO HECKOJIBKO KPUBBIX.
B 3arosioBkax KOJIOHOK TIOCJIE HA3BAHUS YEPe3 3AIMSITYI0 MOXKHO YKA3aTh €IMHUIIHI H3MEPEHUS.

[Iporpamma aBTOMaTmyeckn pacmno3uaer ¢popmar ¢aiiaa mo ero CoaepKUMOMY, PACIINPEHNE HUC-
TOJTb3YeTCs TOJIBKO st yA00DCTBA MOJIB30BaTe/ . BO3MOKEH MMIOPT CPpa3y HECKOIbKUX (DaitioB.
Eciu rpaduyecknii daitn comepKuT najguTpy, TO 3HAYEHUS BBHICOTHI IOBEPXHOCTH B UMIIOPTHUPO-
BaHHOM (hailjie COOTBETCTBYIOT MH/EKCAM HAJIUTPbl. B 1pOTUBHOM Cilydae B BbICOTY 11peo0pasyercs
WHTEHCUBHOCTH W300paKeHUs.

3.2.2 Coxpanenne u 3kcropt gaiijon

[IporpaMma mO3BOJISET COXPAHATH JAHHBIE O TIOBEPXHOCTSX W KpuBbIX B (popmare PemroCKaH.
Jms coxpanenus aitia HAXKMUATE KHOIKY EH wm Bbibepure komany mento Daiisi/ CoxpaHuTb.
Husa coxpanenus daiina nox apyrum umenem sbibepure komanay mento Paiisn/ CoxpanuTh Kak....
H106bl COXpAHUTL BCE U3MEHEHHbIE UJIM HeCOXPaHeHHble (dailibl Bbibepure Komany menio Paiii/
Coxpanuts Bce. HoBble (aiiib ipu 3ToM GyIyT COXPAHEHBI B TEKYIIUi KATaa0r (YKA3aHHbBIA B MEHIO
®@aitn/ CoXpaHATh B...).

B mporpaMme mpeycMOTpeH KCIopT u3obpaxkenuit B rekcrosbie (aitnsr ASCIL, B daitnsr pu-
cyukoB Bitmap u Jpeg, a rakxke B (ailibl Tpexmephbix uzobpazkenuil juis Internet (Vrml). Bos-
MOYKHOCTH 9KCIOPTa JJis PAa3JIMIHbIX M300pakenuii npusenenbl B tabsumie 3.2. Ilpu sxcnopre B
TEKCTOBBIN (popMaT He coxpaHsercs WHMOPMAIUS O BBIIEJEHUSIX, METKaX, MKAIaX W T.I., a [JIs
dopmaros Bitmap u Jpeg, 9T00bI cOXpaHuTh 3Ty WHMOPMAINIO, HYKHO B JHAJTOTOBOM OKHE JKC-
mopT (haiIOB yCTAHOBUTH TapaMeTp IJKCIOPT C Aekoparusamu B 3uadenue Jla. Uwmeiire B Bumy,
YTO TOC/Ie SKCIOPTUPOBAHUS UMIIOPTUPOBATH IIOJIyYUTCs TOJILKO (baiisibl Bitmap (coxpanentbie 6e3
LIKAJI, METOK, Bbljesienuii), T.K. popMar Jpeg He UMIIOPTUPYETCst, & OPraHU3alKs JAHHBIX B UMIIOD-
THPYEMbIX U IKCIIOPTUPYEMbBIX TEKCTOBBIX (DAMIax Pa3/IdIaeTCs.

DKcmopT mpon3BoAnTCst KoMaHoit MeHto Paitn/ DkcnopT. B mosiBIIsIONeMcst OKHE MOXKHO BbI-
oparb ¢opmar daitma. Hamzo orMeTuTh, 9TO SKCHOPT M300pasKeHWH MOBEPXHOCTEH B TEKCTOBBIM
dopmar MoKeT MOTPeOOBATH OOJBIIOE KOJTHIECTBO AUCKOBOTO MPOCTPAHCTBA.
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Bumer nuzobpakenuit

DopmaThl IKCIOPTA,

* txt

* bmp

*.jpeg

* wrl

O6brunbie M300paXkeHUsi KPUBLIX U MOBEPXHOCTEH

Ceuennuga

I'ucrorpammbt

Juarpammbr “Enum Features”

N306paxkenust ypbe-CreKTpOB

TpexMepHbie N300paAKEHIT

Tabsmma 3.2. DKCIopT JAHHBIX

IpYNMNOEOA IKCNOPT W300paseHuii

[

D:Mbmp

MNepesanuceiBare Ges zanpoca

P OpMaT SKCNOpTa | Teut Files [7.tut] v |
Napatetp SHaueHue
[ Arcnopr ] [ OrreHa ]

Puc. 3.4. OkHo rpynmoBoro skcropTa (haiiios.

43
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st sKcnopra cpa3y HeckosibKux (haiiyioB ucnosb3yercs komanaa mento @aitn/ T'pynnosoit sxc-
uopr. IIpu BbioOHEHUU TOIT KOMaH/bl OTKPBIBAETCs Auasor Bbibopa (dhaiiaos mis sxciuopra (puc.
3.4), B KOTOPOM MOYKHO BBIOPATH CPEIM OTKPBITHIX (DAiiIOB, KaKue SKCIOPTUPOBATE, BHIOPATH (hop-
MaT I 9KCIOPTA, W 3aJaTh MapaMeTphbl, 3aBHUCAIHE OT (GopMara. B 3aBUCHMOCTH OT TOTO, Ka-
KU€ OKHA BBIOWPAIOTCS [IJIsi IKCIIOPTA, CIUCOK BO3MOXKHBIX (DOPMATOB MOYKET MEHSATHCS: HAIPUMED,
TpexMepHbIe m300parKeHusi MOKHO 3kcropTuposath B hopmar VRML, o eciim Boibpano aBymepHOe
n300paKeHHe OBEPXHOCTH, TO TAKON THII SKCIOPTA OYI€T HEIOCTYIEH.

3.2.3 Vpaneuune daiision

Ecnu Ber cunraere, 9T0 Kakoit-To (haiiyi HyKHO yIAJUTH C JUCKA, B MOYKETE CIEIaTh 3TO, BbI-
6paB OHO M3 M300pasKeHuil, coepyKaIuxcst B 9ToM daiise, u Bbimoauns Komanay Paitn/ Yiamurs.

3.2.4 BoccranoBjenue daiision

B ciaydae HeoOX0IMMOCTH MOXKHO OTMEHWTDh BCE M3MEHEHUs, MPOHUCIIeaue ¢ hailioM BO BpeMs
ero 06paboTku, BbiOpaB koman Ly Mernto Paitn/ Boccranosurs. Paiist Gyaer 3aHOBO CUUTAH C JUCKA
B CBOEM TEPBOHAYATBLHOM COCTOSTHUH.

3.2.5 DBeicTpeiii mpocMmoTp ¢aitios

Loak in: | 1 Awrurm stm v! ¢ ? s [~
LY @ 3D Konma 1 darna Aurum_stm.plane. 033
| :3 m abz Konma 2 arina Aurum_stm.plane, 030

My Recent f;ﬂ 3D chakina Aurum_stm. plane
Dacuments | ||@) Aurum_stm . dep.002 — -
_‘ m.ﬁ.urum_stm.dep.DDS ;_ypn?: Main AaHHelx Femtoscan Online
- ize: 437 KB
@Aurum_stm.plane.DZg Dake Modified: 07.07,.2008 15:53
J}ﬂ Aurum_skm.plane. 030
m Aurum_skm . plane, 031
Aurum_stm.plane. 032
f;ﬂ Aurum_stm,plane, 033
m Aurum_stm.plane. 034
m Aurum_stm.plane. 035
m Aurum_stm.plane. 036
Aurum_stm,plane, 037
I{onnﬂ 1 dhaiina Aurum_stm.plane. 029

=9

e

=
I
i
i
=1
i}

&

My Documents

My Computer
--_- File narne: || b | [ Open l
- : T —
My Metwork Files of type: | Boe wopmatsl v | Cancel
3aronosok Nereqaa

(O Mma Pacumpere [ Mmaeaing [ Nokasats ece
(&) Pacwmpenie. M ma JlaHHEIE

() <Pazmepy HM Paztep
O FPazsepTra [] Pazeeprra
(O Nara DNara

Puc. 3.5. Okuo Bbi60Opa (aitios s 6GpICTPOro NPOCMOTPA.

'}
st 6BICTPOro MPOCMOTPA HECKOJIBbKUX (DANIOB B TEKYIEM KATAJIOTe HAXKMHUTE KHOIKY B
Bbibepure komany mento Paiiin/ Boicrpeiit npocmorp. B nosBusiiemcs okue (puc. 3.5), Bblaesure
daitaet mj1st mpocmoTpa u HaxkmMuTe OTKpbITh. BeiOpautbie hailibl OTKPOIOTCS B YMEHBITIEHHOM BUIE
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u OyIyT paBHOMEPHO PACIIONIOKEHBI HA BCEM MPOCTPAHCTBE pabodero okHa mporpamMMbl. JIBOHBIM
HaKaTHeM JIEBOH KJIABUIIH MBIIIN HA II0JIe OKHA 6I>ICTpOFO IIPOCMOTPA 3TO OKHO BOCCTaHABJIMBAECTCA
JI0O HOPMAJILHOTO Pa3Mepa W CTAHOBUTCS JOCTYMHBIM Ijis 00paboTKu. B 3aro/ioBKA W JIETEHIHI,
0TOOPAKAEMBIX B OKHAX OBICTPOTO MTPOCMOTPA, ONPEIEIIeTC B OKHE BHIOOpa (PalyIoB /111 OBICTPOrO
mpocmorpa. B pamke 3aroioBok ykasbiBaeTcs wHMOpPMAaIus, KOTopas OyIeT MoKa3aHa B 3ar0JIOBKe
OKHAa OBICTPOTO MPOCMOTPA, & B pamMke Jlerenma yka3nBaeTcss COCTaB €ro JjereHabl. Kean HanpoTus
cioB Ilokazarh Bce Ha MaHe M BHIOOPA MOCTABIEHA TAJI0OYUKA, TO MPHU OBICTPOM IIPOCMOTPE Ha KAXKI0E
n300pazkeHne, coaepIKaleecs B oaHOM (daitie, OyIeT OTKPBITO OTAeIbHOE OKHO. MHave Ha KasKabIit
daiia Oymer OTKPHITO TOIBKO OJHO OKHO C TIEPBBIM M300paKEHWeM U3 COMepIKaIuXcs B daiie.

3.2.6 ABTomarmyeckmuii mpocMoTp daiision

PexypcueHo ||
‘ “Shanoscopy.orgiroothstudentsiLinets\My Documents\Aurumiaurum stm ‘ r
Sagepwka,c |3 5|
# My i M=% T. % N % P.|# C. % KW|]s 0. Al
“whanoscopy.orghioothstudents... 30 .. Fpm 3. 1200 120 134
“whanoscopy.orghioothstudents.. 300 spm plane 447 115 116 134
“whanogcopy.orghioothstudents.. 3D 2pm 200 14 123 1230
‘whanoscopy.orghroothstudents... Auru... Tpm o0z o 32 1 1R2. 1340
‘whanoscopy.orghroothstudents... Auru... Fpm 003 3524 11 B2 134
“whanoscopy.orghroothstudents... Aur... Fpm 029 210.. 111, 145, 135.
Yhnanogcopy. orgiroothstudents...  Aun... Fpm 030 210 111, 123, 123
mnoscopy orgroothstudentshLinets'Wy Documents' Aurum'aurunm stmdum_stm, plane 031, spm[
“wnanogcopy.orghoothstudents.. Aur... Zpm 03 210 P A 134
‘whanoscopy.orghroothstudents... Auru... pm 033 210.. 114 134
‘whanoscopy.orghroothstudents... Auru... zpm 034 210.. 116, 134
‘whanoscopy.orghroothstudents... Aur... Fpm 035 210.. 16 | 134
‘whanoscopy.orghroothstudents.. A, Fpm 036 210.. 120, 134..
“Wwhanoscopy.orghroothstudents... Aur... Fpm 037 210 12:3.. | 1235
“whanogoopy.orghioothstudents... Cop... 346... 186, 134.
‘whanoscopy.orghioothstudents... Kon... 029 plane 487 123 923
‘\hanoscopy.orghroothstudents... Kon... 033  plane B527.. 145, 135. |
_hnanoscoov.orgirocthstudents... Kan... 030 plane  508... L146, (132 [ 68
i oK [ OrraeHa

Puc. 3.6. [TapameTpsl aBTOMAaTHIECKOTO IPOCMOTPA

Daiisbr JIFOOOTO KATAJIOTA U €r0 MOAKATAJIOIOB MOYKHO TTPOCMOTPETH B @BTOMATUYECKOM PEXKUME
¢ momoripio Komauapl Paitn/ Craita-moy. IIpn sToM BaM cHavasa GyJeT MpeIIoKeHo yKa3aTh Ia-
pamerpbi mpocmorpa (puc. 3.6). Ha kHOnKe B BepxHeli yacTu Juajiora HAUCAHO HA3BAHUE MAIKHU, B
KOTOPO#t 6y1eT MpoXoauTh TpocMoTp. [Ipyu HaXKaTuu 3T0il KHOIKHU BbI CMOYKETE CMEHUTD MAINKY s
upocMorpa (10 yMOJI4aHuio BbIOpaHa Tekyias). B noue 3ajepxKka,c yKa3blBaercs BPEMeHHAs 3a-
JIepIKKa, a HAPOTUB PeKypCUBHO MOXKHO OTMETHUTH, MPOCMATPUBATEH BJIOYKEHHbBIE TTAITKW WX HET. B
[IEHTPE AUAJIOTA HAXOMUTCS TAOIHUIA, TIe MPUBEIEHBI BCE JOCTYIHBIE (hailIbl U3 BHIOPAHHON TMAKHA.
MoxkHO ymaaaTh u3 Tabsuibl Gailjibl, HaKuMas KJIABUINY YIAJIUTb Win BeiOupas koMauay CKpbITh
BBIJIEJIEHUE U3 MEHIO, TOSBJIISIONIEroCs MPY HAYKATUY TPABON KHOIKHU MBIIIHU. Y 1ajeHHbie (Pailyibl He
Oy/1yT MOKA3aHBI IPHU IPOCMOTPE, HO C JMCKA OHU HE yJIAJSIOTCS.

IMocne maxkarust kwonku OK mepen Bamu OyayT OOWH 33 APYTUM IHUKJIAYECKU TTOKA3BIBATHCS
n300paskeHus C BHIODAHHOW BpPEMEHHON 3amepkkoif. MuHnMabHas 3a1ep:KKa PaBHA 3 CEKYHIAM.
YT00BI TPHOCTAHOBUTH /IPOJOJIKATH TPOCMOTD, HAXKMHUTE MPOOEJI, BHIXO/ U3 TPOCMOTPA TPOMCXO-
auT npu HaxKaruu Kiaasuimu “Escape”. Ilpm BbIXOZE M3 MpoCMOTpa IpOrpaMMa OTKPBIBAET aii,
KOTOPbIH TOKA3BIBAJICS [TOCJIE [HIM.
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3.2.7 Pabota c daiitamMmn KpuBbIX

ITpu OTKPBITUN KPUBBIX, OHU OTOOPAYKAIOTCSA B TAKWX K€ OKHAX, KAK U cedenusa (pasgen 3.6.2)
U BO3MOXKHOCTH 0OpabOTKU M HACTPOIKH OTOOpaKEHWS KPUBLIX Te Ke, 9T0 u y cedenwmii. [lpu
OTKpbITHN (DAMIOB KPUBBIX B HEKOTOPBIX ¢ropmarax, Hampumep, PemtoCkan Ownaiin, Nanoscope
III, NT-MDT B oxHOM OKHE MOXKeT OBITH MOKA3aHO HECKOJbKO KPUBBIX. IIpm 3TOM oHa KpuBast
Oyzer TekyIeil u m300pakarbCs CILIONIHON JiMHWEH, a ocrajbHble TpuxoBbiMu. Pypbe-crekTp
OyIeT TMOKA3LIBATHLCS MJIsT TEKyIneil KpuBoii. [lepekodarhcs MeXIy JTUHUSMU MOYKHO KJIABUINIEH

Tab.

3.2.8 IIpocMOTp TEKCTOBBIX 3aroJIOBKOB (paiijioB

VY daiinos B dpopmare PemroCkan OHnaiiH €CTh TEKCTOBBIE 3ar0JIOBKH, KOTOpble BbI Moxkere
upocMorperb, Bbibpas koManay menio Bux/ Ilapamerpsr... . OTKpoercs OKHO, /e II0Ka3aHbl BCE
[IapaMerpbl, PU KOTOPHIX MIPOUCXOAUIIO CKAHUPOBAHUE — BO BPEMsl CKAHUPOBAHUS ITU APAMETPBI
ObLIN ycTaHOBJEHBI B OKHe Ilapamerpni (pazmen 2.2.2), a Takxke uH(OpMaNUg O JaTe TOABICHUS
daitna, 0 TOM KTO CHUMAJ N300Pa’KEeHNe W er0 KOMMEHTAPWH.

Brr Mmoxkere MeHsTH 3amucanabie B daiiie KomMenTapuu. [jist 9Toro BhiOepuTe KOMAHIY MEHIO
Buy/ Kommenrapuu... u BOuimre B 10Jie OTKPBIBIIErOCH OKHA TO, YTO BAM HYKHO.

3.2.9 W3menenune maciitaba m3o0pakeHnii

Ecan 1o KakuM-TO TpUyYnHAM Yy M300pa’keHnst MOBEPXHOCTH WMJIN KPWBOH YCTAHOBJIEH HETpa-
BWJILHBIN TOPU30HTAIBHBIA WM BEPTUKAILHBIH MaciiTad, Bel Moxkere mcnpasBuTh ero. s 3ro-
ro BeiOepuTe KoMaHIy MeHio Bua/ Paspemenwe... . Komanga gocrynHa, eciim OKHO, ¢ KOTOPBIM
Bu1 paboraere, — m3obparkeHne MOBEPXHOCTH, THCTOIPAMMA, CeYUE€HNE WU KpruBad. Ecmm KoMaHga
Paspemnienue... BbIOIHEHA /U1 TOBEPXHOCTH, HA KOTOPOI HET M3MEPEHHOIO PACCTOSIHUS, TOSIBUTCS
JIIAJIONOBOE OKHO, HOKA3aHHOE Ha puc. 3.7(a).

PazpeweHue (%] § Pazpewenne (%]

Z z

Bricota EqmHmuel f”“" Beicora 3 242 EamnHmuE! fnm
Haléur 001428 | pooepnoz|12.583 Haléur [0.01428 | pooyennoz (12583
H HY

PaccToaHu9e EguHmue ”“" T PaccToaque 20_? 511 EamHuuel nm =
D Pastep no & ;_999-91 b D I 197.243 Pazrep no ;_999-91 &

Dy
CoxpaHuTE NpOnopLMK

| Pazmepno™| 939.918

Dy £4.442

CoxpaHWTE MponopLmm|

| Pazmepno’| 933.916

[ pUMEHMTE KO BoEM ME0OPAKEHHAN

Lok |

[ OTrmeHa

[]TTpHMERMTE KO BoeM MSOBPaKEHMAM AOKUMENT S

L_ox ]

[ OTreHa

(a)

(b)

Puc. 3.7. Okna st m3menennsi Macmraba m300pakeHuil TOBEPXHOCTEH

B sTom okme Bwr MokeTe yKazaTh HOBBIE €IUHUIIBI U3MEPEHUS TI0 BEPTUKAJIN U TOPU3OHTATIA —
JJIS 3TOTO TpeaHa3HadeHbl ABa noys Exununpl. B mone Pazmep mo Z yka3bIiBaeTcs mepenaji BhICOT
Ha MMOBEPXHOCTH.

Bonee nonpobuo ocranosumcs Ha mose Ha 1 6ut. B dpopmare daitnos PemtoCkan OHnaiiH 3ua-
9eHHs 110 OCH 7 XPaHATCS B IEIbIX YUCIaX pa3MepoM B aBa Oaiira. /I mepeBoma menblx ducen B
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peanbHbIe 3HAYEHUs UCIOIB3YI0TCa KodddurumenThl. Ecau Bl orkpeiBaere daiin apyroro dpopma-
Ta, B KOTOPOM BBICOTA XPAHUTCH HE B ABYX OaiiTax, mporpaMMa Ipu OTKPBITHH IPe0bpa3yeT JaHHbIe
B CcBOIl nByxOaiiToBeiii ¢popmar. B mosre Ha 1 6uT yka3wiBaeTcst BHICOTA, COOTBETCTBYIOIIAST OTHOMY
OouTy u3 ykasaHHbIX AByX OaiiT dpopmara PemtoCkan OHnaiin.

B nmonax Pa3smep mo X u Pasmep mo Y yka3wiBaloTCsi TOPU3OHTAIBHBIE PA3MEPHI M300PAXKEHUS.
Ecnu ormeuena onius CoxpaHUTh NPOMOPIMH, TO OTHONIEHWE PA3MEPOB M300parxKeHUs Mo X U 110
Y ocranercsi KakuM ObLIO, B IPOTUBHOM CJIy49ae Bbl CMOXKETE MEHSITh Pa3MePbI 110 3TUM JABYM OCHAM
Hesasucumo. Ecimm ormederno IIpuMeHnTh KO BCeM M300paskeHWsAM JTOKYMEHTa, TO MaciTad Oymer
OIMHAKOBO MEHSATHCS HA BCEX mM300parkennsax aiija, a €Cau 3THU CJIOBA HE OTMEYEeHbI, W3MEHEHUST
OyIyT MPOUCXOIUTH TOJHKO C BHIOPAHHBIM M300DAYKEHUEM.

Hekoropsie o B okHe Ha puc. 3.7(a) HegocTynubl g u3Menenus. OHU MOy T ObITh JOCTYIIHBL,
KOIJ]a HA TIOBEPXHOCTH W3MEPEHO HEKOTOPOe PAaCCTOsHUEe, WM KOMaHa Pa3perienwue... BIIOIHEHA
JIISL CeYeHUs, KPUBOI MJIM IUCTOIPAMMOBI.

Oxmno, nokazanuoe Ha puc. 3.7(b), MOABUIOCH TIPU BBLIMOJHEHUH KOMaHIbI Pazperienue... 1js
cedenusi. B sTom okHe B mosile BhicoTa yKa3hIBaeTCss BBICOTA HEKOTOPOro obObekTa. s cedenwust
WJIM KPUBOIi 3TUM OOBEKTOM Oy/IeT PA3HOCTh BHICOT MEXK/y METKAMHU HA IITPUXOBBIX JIMHUAX (pas-
nest 3.6.2), 1uist rucTOrpaMMbl — PA3HOCTD BBICOT MEXK/Ly INTPUXOBbIME JiuHusAME (pazzuen 3.8.4). B
nosie Paccrosiue yka3piBaeTcss pacCTOSHUE ME2K/1y IITPUXOBBIMU JIMHUSAMU HA CEYEHUN, KDUBOU MJIU
U3MEPEHHOE PACCTOsTHME HA ToBepxHocTH (paszen 3.6.3), a B nonsax Dx u Dy — x- u y-mpoekiun
9TOrO PACCTOSTHUSI.

Eciu Bbl MeHsieTe TOJBKO MOpU30HTAIbHOE (BEPTHKAJIBHOE) DA3PEIICHNE, OCTABJIANTE HEOTMe-
gyennoit Mmerky Z (X-Y), urobbl uzbekarh CMEHBI BEPTHKAIBHOIO (FOPU30HTAIBLHOIO) PA3PEIICHHU .

3.3 IlepekiodyeHue B MOJTHOIKPAHHBIN PEXKUM

Bce okna ¢ rpadudeckumu n300paXKeHUsIMUA MOYKHO MPOCMATPUBATH B MOJTHOIKPAHHOM DEXKU-
me. i nepexosia B MOJTHOIKPAHHBIN PEXKUM HYKHO HaxkaTh KomOuHanuio kiaasuil Ctrl-F win Boi-
6parb komauy menio Bug/ Iosnblit sxpan. Bbixo U3 1OJIHOIKPAHHOIO PEKUMa OCYIIECTBIISAETCS
nosropubiM HaxkarueM kiasui Ctrl-F, muto Esc, mu6o mpu cMene BRIOpAHHOTO OKHA, (TIPH MEPEXoIe
B Jpyroe npujoxenue mo kjaasumam Alt-Tab wiu npu akTuBanmum Apyroro oKHa, HATPUMED OTIIHi
U300parkeHns).

3.4 Tlonmy4denme m3o0parkeHuii ¢ JPyruxX yCTPOICTB

C nomompio porpammbl PemtoCkan OHnailH MOXKHO MOJyYaTh W300PAYKEHUsT OT CKAHEPOB U
BHU/IEOKaMeP.

3.4.1 Buneokamepst

[MporpaMma mo3BOMISIET BUJAETH TO, YTO CHUMAET BUIEOKAMEpA, 3aIlUCHIBATH BHUACO-(GAIbl U
M3BJIEKATH OTAEIbHBIE KaPbl, KOTOPBIE IIOTOM MOXKHO OymaeT oOpabaThiBaTh.

Huist navasa upouecca gocrarodso sbibpars komanay mento Paitn/ Saxsar.../ Buugeo wiu na-
KATh KHOIIKY ﬁ‘, [PU 9TOM HA IKPAHE IOSABUTCHA OKHO, rJe OyJer IMOKA3bIBATHCS BHJIEOCHEMKA.
s BBIOOpA BUIEOYCTPONCTBA W HACTPOWKY APYTUX MAPAMETPOB, TAKUX KaK KOIEK, UCIOJIb3yeMbIii
MIpY 3aIUCH BUIEO, 9ACTOTA CHATHS KAJIPOB, 8 TAKXKE HACTPOWKM, KOTOPHIE MMPEIOCTABIISAET APaiiBep
BHUIEOYCTPONCTBA, HEOOXOAMMO HAXKATH MPABYI0 KHOIKY MBIITH HA, BUAEO-OKHE.

YTo6b! OTYyIUTh TEKYIHiT KAIp KaK PUCYHOK, C KOTOPBIM MOXKHO paboTaTh, BHIOEpUTE KOMAaH-
1y meHio Buyieo/ 3axsar Kajpa v HAXKMUTE KHOLKY K. TTocse sroro nossures nosoe OKHO, Ijie
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Oymer moka3aH Kajp. llomydeHHbIN puCyHOK OymeT comeprKaTh ABa MOAM300ParKeHns ¢ PACTPOBBIM
pucyakom BMP u daitiom SPM, B nporpamme MOKHO 00pabarbiBaTh TOJIBKO BTOPOE MOAR300pa-
JKEHUE.

Kpome oTaenbHBIX KaapoB, MOKHO TOJIYYATh PUCYHKY, SBJISIOMIMECS PE3yJbTaTaMU yCPEeIHE-
HUs HECKONIBKHUX KaApoB. s 9TOro mpenHa3HadeHa KOMaHIa MeHIO Bugeo/ 3axBaT MHOMKECTBA
KQJIpOB M KHOITKA B . Iloce BBIOOpA TAKOi KOMAHIbI MOSIBUTCSI OKOIIIKO, I7le HY?KHO YKAa3aTh WH-
TepBaJl MEXKJYy YCPEIHSEMbIMH KaJIpaMyd W UX KOJIm4decTBO. [T0 HAXKATHIO KHONKH 3aIlyCK B 3TOM
OKOIIIKEe, HAYMHAETCH BHIOOPKA KAJPOB U WX yCPEeJIHEHue. YCpeaHeHHOe n3obpakeHue Oyer BbIBO-
nurbest B popmare SPM. Ilepes nadanom npeobpazosanust nosiBurcs okHO Omniuu npeobpazoBaHust
B Bitmap, nokazannoe Ha puc. 3.8, B KOTOPOM MOYKHO OyJIeT HACTPOUTH MapaMeTphl Mpeodpa3oBa-
uus. [Ipu nmpeobpa3oBanuu 1[BeTa B BHICOTY, TPOrpAMMa OYIET /1e/laTh BHICOTY MPOMOPIMOHATIBHON
CyMMe MHTEHCUBHOCTEH TPeX KOMIIOHEHT I[BETA C BECAMU, YKA3aHHBIMHU B 3TOM OKHe. Eciu ormedeHo
nosie TaBepTupoBaTh Kajp, mporpaMmMa Oyaer CINTaTh PUCYHOK HETATHBOM, M BBIYUCIIATH BBICOTY
coorsercrByfomuM obpasom. Iocne naxarus kaonku Convert npeobpaszoBanue OyJeT 3aBepIIeHO,
TOJTy YeHHOE M300PasKeHne CTAHOBUTCS JOCTYITHBIM I 00pabOTKH.

Bitmap conversion optiol x|

Fed Green Blue

oo = TTfonn = fronn =

[~ Invertimage

Canwvert Cancel

Puc. 3.8. OkHo juis yka3aHus mapaMerpoB npeobpa3oBanus pacrpoBoro pucynka B C3M-uzobpakenue

Jlna samacu Bujeo Bbibepere Komamay MeHio Bujeo/ 3amuch min Haskmute KHOKy @ Jlns
OCTAHOBKM 3aIlUCH BbIOepeTe KoManay Mento Bujeo/ OCTaHOBUTH WM HaxKMUTe KHOTKY ™. Vms
daitra, B KOTOPBIit OyIeT MPOU3BOIUTHCS 3aMUCH, U IIyTh K HEMY YCTAHABIUBAETCS B OIIMSAX, BbI-
3bIBAEMBIX 110 PABON KHOIIKE MBbIIIIH.

1T BOCCTAHOBJIEHNsT MCXOIHBIX Pa3MepOB BHIE0-OKHA BhlOepeTe KoMaHmy MeHio Bumeo/ Boc-
CTAHOBUTH PEAJIbHBIN pa3Mep.

3.4.2 Cxkanepsnl

Ilepen monyuernnem m3oOparkKeHuil, HEOOXOINMO YKa3aTh MPOrpaMMe Ha HYKHbBIH ckaHep. [ls
sroro 3amycrure Komany meno Paitn/ Baxsar.../ TWAIN.../ Beibparb HCTOYHUK... U B IOSBUB-
IIeMCsl OKOIIIKE BbIOEPHUTE HY2KHOE YCTPOUCTBO.

Terreph MOXKHO BHIOMPATH KOMAHIy 3aXBAaTHTh..., HAXOISIIYIOCS B TOM e Menio. Ilo 3Toit Ko-
MaH/Ie 3alyCKaeTcs MporpaMMa CKaHHPOBAaHMA, KOTOPAs yCTAHOBJIEHA HA BAIlleM KOMIIbIOTEpE JJIs
yTIpaBJIeHusT BBIOpaHHBIM CKaHepoM. llocie ycmeraoro ckanumpoBamusi, B mporpamme PemroCkan
OHnaiiH MOABUTCST OKHO C TIOJIYyY€HHBIM H300pakeHueM, npudeM (HpopMar u300parKeHus — PacTpo-
BoIii pucyHok. Kak cmenars m3obpazkeHne JTOCTYITHBIM i JaJbHeieil 06paboTKu HAIIMCAHO B

TTPEeILIIYIIEM pa3eie.
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3.5 Pabora c majgurpoii

Bux n3obpazkenust BO MHOTOM 3aBHCHAT OT BHIOOPA COOTBETCTBHS IIBETA M BHICOTHI — MaIUTPhI. B
[IpOrpaMMe CyILIECTBYET HECKOJIbKO 3apaHee CO3/[AHHBIX [IBETOBBIX HAJIUTP, a TAKXKE I0JIb30BATEIIIO
MTPEIOCTABIISIETCS BO3MOXKHOCTH CO3aBATh CBOU COOCTBEHHBIE TAJUTPHI. Kcin n300parkeHust majinT-
PBHI HA TIAHEJN HHCTPYMEHTOB HET, TO er0 MOXKHO BBI3BaTh, TIOCTABUB TAJ04YKy B MeHIo Buy,/ Ianenn
manporus [IIkana. Beibop Tekymeit mamuTpbl OCYIMIECTBISETCA HAXKATHEM MIPABOI KJIABUIIU MbBIIITH
Ha n300pPaKEHUU MAIUTPHl — B OTBET IOSBJISETCs BBINAIAIONIEe MEHIO CO CIIMCKOM MaJIHTP.

Komannoit HoBag masmrpa BbIIaal0ero MeHI0 BbI3bIBAETCH OKHO CO3JAHUS HOBOH MAJIUTPHI
(puc. 3.9). B 3ToMm okHe Bbl MOXKeTE MOKOMIIOHEHTHO 33/1aTh OTOOPAYKEHUE [[BETOB HA MIKAJLY BEPTHU-
KaJIbHBIX 3HAYeHUit ToueKk m3oOpaykennsa. Knonka “CriaaauTh’ MO3BOJISET CriIaykKHBATh HAPUCOBAH-
HYIO IIBETOBYIO KpuByI0. Ilamurpsr MOKHO coxpaHaTh — KHONKA “COXpaHuTh’; 8 MOTOM CYATHIBATH
coxpaneHHble — KoMaH1a “Barpysurs’. [locie naxkarus Ha KHOUKY “/la” co3manHas majuTpa cra-
HOBUTCA TEKYIIEen.

Co3/,aHWe HOBOA NanuTpbl X

Ueer
(®) KpacHbii
() Benemei
() CuHui

m =
2arpysie

[ 0k, ] [ OtreHa ] CoxpaHHTE

Puc. 3.9. Pa6ora ¢ masmTpoit

B muxkHell 9acTu MEHIO, BBINAJAIONIErO IPH HAXKATHU IPABOM KJIABUINEH MBI HA MAJTUTPY,
MOXKHO BBIOpATH PEKUM MACIITAOMPOBAHUS MAJTUTPDI.

B pexxnve @ukcHpOBaHHAS ITKAJIA HA W300PAYKEHUN MAJTUTPHI HA, MMAHEN WHCTPYMEHTOB BBIBO-
JIATCS BE TepeMeraemMbie mwianku. [lagurpa Oymer B 9ToM caydae 0ToOpaxKaThbCd HA, MOIINATIAa30H
BO3MOXKHBIX 3HAYEHUIT, COOTBETCTBYIOIIUI PACCTOSTHUIO MK Iy IJIaHKaMu. [Ipu mepemernenun mia-
HOK HA MMAJIUTPE BBIBOJSATCS TPHU YUCTA — ITO IMUPUHBI TPEX MOJIOC B muKcenax. Eciau B mento Bus
HanpoTuB ABTOOOHOBJIEHUS CTOUT OTMETKA, TO IIPU HEPEMEIIEHUH [LIAHOK AKTHBHOE U300parKeHue
OyZeT aBTOMATHYECKH OOHOBJIATHCA. JIjisi OOHOBJIEHUST M300PaAYKEHNsT BPYUYHYI0 HAXKMUTE KHOTKY

nin BeiGepuTe KoMaHay MeHoo Bua/ O6HoBuTh. IIpw nBOMHOM IesdKe HA MAJIATPY OHA PAc-
THATUBAETCA OT MHHAMYMa 0 MAKCUMyMa TEKYIero m3obparkenus. JIpyrue m300parkeHusi MOXKHO
IEPEPHCOBATD B 9TOM 7K€ LIKAJIE, €CJIM HAXKAT HA KHOIKY 'F.. EC/I €IMHAIBI M3MEPEHns BePTHKAb-
HOW TIKAJIbI M300paykKeHUs HE COBIAJAIOT C eJIMHUNIAME U3MEPEHUsT U300PAKEHMs, yCTAHOBIEHHOIO
JIBOWHBIM IETIKOM TIO TAJUTPE, TO JJIs TAKOrO W300payKeHusl MaJuTpa OyIeT pacTaHyTa Ha TOJIO-
BUHY BO3MOYKHOTO /IMANA30HA, TAHHBIX.

Ecsin B HacTpoiikax nzobpaxennst (okHo Hacrpoitkn, Bei3biBaeMoe KoMman1oit Bui/Hacrpoiikn)
IKaIa 7 HACTPOEHA B OTHOCHTENbHBIX EIUHHIAX, TO IMKaJa OymerT oroOpakarbcsd OT MHUHUMYMA
JAHHBIX. EC/iim HACTPOEHBI aOCOMIOTHBIE eIUHUIBI, TO MKAJIa OyIeT 0TOOpaKATHCSI B aDCOTIOTHBIX
KOOD/IMHATAX.

B pexxkume ABTO-MacHITabMpOBAHUE MAJIUTPA OYIeT aBTOMATUYECKN PACTATUBATHCS HA JUATIA30H
OT MHHHUMAJIBHOTO JI0 MaKCHMAJBLHOIO 3HAYEHNUIT, comeprKaIuxcs B n3obpaxennn (puc. 3.10(a)).

B pexxume ITocTpoumblit aBTo-MacInTab maanTpa N3MEHSIeTCs It KaxXK 0 CTPOKH N300ParKeHHsI
- oHa OyZer pacTAruBATHCSA HA JAMANA30H OT MHUHUMAJBHOIO JI0 MAKCHMAJIBHOTO 3HAYEHUil, comep-
)amuxcs B u3oopazkenuu (puc. 3.10(b)).

B pexwume ITocTpounsiii aBTO-MACIITAO-+BHIPABHUBAHNE MAJIUTPA PACTIATHBACTCS HA KAXKIYIO
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CTPOKY M300parKeHusi, KAK W B TPEIBIIYIIEM CJIy9Iae, HO TIPH 3TOM KasKIast CTPOKA MPEIBAPATETHHO
BBIDABHUBAETCS - U3 Hee BBIUUTAETCS cpefnunii HakaoH. [lomyyatomeecs B pe3yabrare n300parkeHue
ABJIsieTcs Hanbosee KOHTpacTHbIM (puc. 3.10).

-1600

-1600 -1600 - 1600 nm

File: HOPG04 plane.206 File: HOPGO4 plane. 206
Image tata: Heizht Image data: Height

File: HOPGO4.plane 208
Image data: Height

Puc. 3.10. Pazimunbie peXuMbI aBTOMACIITAOMPOBAHUS ATUTPHI

Ecnu Bor BeiOpa/in Kakyio-TO MajauTpy, TO OHA, OyIET MCIOJIb30BATHCA /I BCEX OTKPBIBAEMBIX
n300pakeHuil, a TakKe /i BCEX yKe OTKPBITHIX IpU UX OOHOBIEHWH. Takoe MoBeIeHHEe MOXKHO
U3MEHUTD, €C/IU [JIsl KAKOrO-TO U300pazKeHus MOCTaBUTh Iajodky B MeHio Bua/ Banomuurb na-
quTpy. B sTOM Ciiydae m3MeHeHHE HAJMTPbI, KOIJIA BBIOPAHO KAKOE-TO JIPYyroe m300paKeHwe, He
OTPA3UTCS Ha TMAJUTPE JaHHOro. Kpome Toro, ecim n3obpazkenne ObIJIO COXPAHEHO ¢ OTMEUEHHBIMHI
cJ0BaMu 3AOMHUTH TAJIUTPY, TO TIPYU €r0 OTKPBHITUHU B JTAJIBHEHIIIEM, OHO OTKPOETCS C COXPAHEHHOMH
MaJIUTPOMA.
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3.6 Pexxumbl Kypcopa

B srom paznene, kak u B paszgenax 3.7 u 3.8, pacCKa3bIBAETCH O JIeHCTBUAX, [IPEIHASHAYEHHBIX
71 paboThI ¢ moBepxHOCTAMU. s 00paboTKu OIHOMEPHBIX N300paKeHuil OHM HEIOCTYITHBI.

[Ipu HaxkaTuu MpaBol KIABUIIEH MBI HA, TIOJI€ N300PAYKEHNS TTOSBJISIETCS BBITAIAIOINIEE MEHIO.
B ero nepsom paszene 3ajaercs TeKyImil pexkuM Kypcopa (oTMedeH rajoukoii). g usmenenus
pekrMa Kypcopa MpoCTO BbIOEPUTE HOBYIO CTPOYKY MEHIO. TakiKe PexXuM Kypcopa MOXKHO MMOMe-
HATH C TIOMOINBIO HAXKATHUSA OHON W3 KHOIIOK, PACIIOJIOXKEHHBIX B JIEBOH 9YaCTH KayKJIOrO OKHA C
n300paZKEHUEM.

3.6.1 BplaeneHne y9acTKOB IIOBEPXHOCTH

ITo ymosmuannio Bcerma BKJIIOUEH peXuM Kypcopa Borimemenme. B srom pexkmve Bor moxkere
BBIJIEJIATH YIACTKHU MOBEPXHOCTH [IJIs X TOCaeayoteit 0opaborku. CyIecTByeT BO3MOKHOCTE BbI-
JleJIeHUs] TIPAMOYTOJIBHBIX U JUIMITHYECKUX YIACTKOB, & TaKKe U30JUHUH (T.€. JIMHUA HOCTOSHHOMN
BbICOTHI). 10 yMOIYAHMIO BKIIIOYEH DEXKUM BbLIEJEHUs HPAMOYIrOJbHbIX obsacreii. I3MenuTs pe-
JKAM BBIJIEJIEHUS MOXKHO BO BCIJIBIBAIOIIEM MEHIO, KOTOPOE BO3HUKHET IIPHU HOBTOPHBIM HAXKATUU
Ha pekuM Kypcopa Bormemenne.

B kaxkaom pexumme BBIIETEHUS MOXKHO BBIIENIATH HECKOJBKO YYACTKOB, JIJIST 3TOTO, TTOMUMO
yJeprKaHusl JIEBOW KHOIKM MbIIIU, HY:KHO Haxkarb Kiasuiny Ctrl (puc. 3.13). Taxxke BO3MOKHO
BBIUYUTATH U3 YYACTKA YIACTOK, ylep:KuBas Kiasuiiny Alt, u mepesBurarh BbIIEIEHHYIO 00JIACTH,
yaep:xkuBag kjasuinty Shift. Eciu HagaTh BbIMUTATH BBIIEIEHWE TPU OTCYTCTBUU BBIIEIEHUS, TO
ABTOMATHYECKH 110J1y YA€TCs MHBEPTUPOBAHHASA 00JIACTD BbLIEIEHHS - KAK €CJI Obl H3HAYAJIBHO ObLIO
BBIZEJIEHO BCe M300paskeHne.

B pexxume BhimereHnsT M30JUHUN HA SKPAH BBIBOAUTCS WHMOPMAIUS O TOCIEIHEN BBIIEIEHHON
M30/IMHUN: €€ [IJINHA, a €CJIU U30JUHUS OKA3AJIaCh 3AMKHYTOM, TO M OTPAHUYEHHAS €10 TLJIOMAIb.

.~ graphite.plane.012]... |LJ| . " molecular_imaging....
TR P : e . -
1 I

Puc. 3.11. Beinesrenne y4gacTkos.

3.6.2 Ceuennsa

B pexxume Cedenne Bor Mmoxkere cTpouth cederus moBepxHOCTU. CedeHns PeKOMEHIyeTCs CTPO-
UTh HA U300paXKeHUsX, cojepKalux ganubie o soicore (Boicora). st BbinosiHeHus onepaiuu Ha-
JKMUTE JIEBOM KJIABUINEH MBIIIM B TOYKE, KOTOpas OyIeT HAYAIOM JIMHUU CEYEHUs, U HE OTIYCKas
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emToCKan OHnafiH - Konva Ne1 darina HELICOBA.020
rHa  Onaiin Dowows -

Kpyea
CE PR & e RE5 7

At EIREEg e AV AR O W LW EE VE

EElKonua No1 daiina HELICOBA.020[Height]:1

600 800 1200 1500 1800 nm
& 8513 nm dY: 27.37 nm
A 2922 B: -0.08241 R%2: 0450 4419

0.00s oo 0015 0.0z 0025 Tinm
X BB.76 nm S:0.0001083 Phage: -131.2

o N
[1} 1000 2000 3000 4000 5000 5000 7000 8000 nm

@ain: Konua Nel dakina HELICOBA 020
HanHele wsofipakenmna: Height

#=8492 nm, ¥=5381 nm, 7=-229.8 nm
distart| | & || & wenrotkan onnamm - .. < e | 0 Femtoscan main databas.. | < Winkck - [DridaviFamta. FsCnlineManual,pdf - Ad... | =

Puc. 3.12. IlocTpoenune cedenmii.
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MBIIIIb, IPOBEAUTE JUHUIO cederus. 1locite TOro, Kak KJIaBHUINA MBIIK OyJeT OTIyIeHa, OyaeT mo-
CTPOEHA, JIMHUS CEYEHUS U MOSIBUTCH OKHO, CO/eprkaliee npoduiib MOBEPXHOCTU B/IOJIb ITOU JIMHUU
(puc. 3.12). Eciu daiin comepKuT HECKOJIbKO M300parKeHUil, TO JIMHWSA CEUYCHWs MOSBUTCA W HA
Jpyrux n300parKeHUsIX.

OHOBPEMEHHO C CEYEHWEM MOXKHO YBHIETH €r0 CIEKTD, a Takke JIMHUIO TpeHIa, KOTOpas Xa-
pakTepusyer obiuii HAaKJIOH 00pa3na. s 3Toro HaXKMUTE HA CeYeHre MPABO KHOMKON MBIIIN WA
Bbibepure KoMany Menio Buu/Hacrpoiiku... u B nosBusliemcs okHe ormerbre Ilokasarb cuekrp
u Jlurws Tpermga. KpacHbIM I[BETOM B MOJ€ CMEKTPA HAPUCOBAH CIEKTP MOIIHOCTH, a CepbIM —
criekTp dasbl. cnonp3ys komauay Mento Bua/Hacrpoiiku... wim HaXkaB npaBoil KHOIKON MBIIIN
Ha OKHe u300pakeHus npoduiis cedenus, Ha Bkjajike Jlunuu okua Ilapamerpor (puc. ??) MOXKHO
10 >KEeJIAHUIO0 U3MEHUTDH TOJIIUHY JINHAW CIEKTPA U MPOMUIA TOBEPXHOCTH.

MNapaMeTpbi )
Ofiwes  MHa | MacurraﬁuposaHuel Cunoeaa kpue 4 I 4

A

!

'
SN0 Do M0 G0 oo o

(== vy b u B = = B vy i 1}

MokasbiEaTe

IBce KPHEGIE
TonumHa

kLI« ..

Ok I OTreHa Igarpgsmbl QoxpaHMTbl ETaI—u:LapTI

Puc. 3.13. IlocTpoerne cedenmii.

ITo kpasiM OKHA CEYEHUS HAXOIATCH JIBE MITPUXOBBIE JTUHUM, MEPEIBUrasd KOTOPBIE (C TIOMOIIBIO
JIEBOI KJIABUINIU MBbINTH), Bbl MOXKeTe u3MepsTh PACCTOSHNS U BBICOTHI Ha MOCTPOEHHOM IIPOdUIIE.
OHOBPEMEHHO € TIepeMeIeHrneM TUX JIMHUN Ha MePBOHAYAIBHOM H300PaYKEHUH MEPEMEeIatoTcs
JIBa TPEYrOJbHBIX Kypcopa, COOTBETCTBYIOIIHE TOMoKeHuo jJuanii. HaskaB npaBoil KiraBuimeil Mbi-
I Ha [0JIe CeYEHUs, B MEHIO IapaMeTpoB Bbl MOxkKeTe W3MEHUTHh XapakKTep BeJIUYHH, PACCUUTDI-
BAEMBIX I YYACTKOB KPHUBBIX MEYKJY METKAMW, [0 TOPU3OHTAIM U BepTUKAIU (110 TOPU3OHTAIN
MOXKET BBIYUCIATHCS PACCTOSHUE MEXKIy METKAaMW, KOHTYPHAS JJINHA, WHTErpaJjl Wid ILIOIIAIb O
y4aCTKOM KPHUBOIi; IO BEPTUKAJN MOXKET BBIYUCIATHCH PACCTOSHUAE MEXK/Ty KPDAWHUMHU TOIKAMU UJIN
yroJl HAKJIOHA COeIUHSAIONIero ux orpeska). Ha uzobpaxkenuu crekrpa cedenusi Bbl, ¢ MOMOIIBIO
TAKWUX 2Ke JINHU, MOXKeTe [OJydaTh 3HAYEHUs MOITHOCTU U (ha3bl.

B mento Bug/HacTpoitkn... MOKHO 33aBaTh PEsKUM MTOCTPOEHHST CEYEHHH TT0 TOPU30HTATIBHON 1
BEPTUKAJIBHON ocu. /115 TOpU3OHTAIBHON OCH MOXKHO YCTAHOBUTH pexkuM OUKCUPOBAHHBIN MaCIITa0
nin OukCupOBaHHAs MUpUHA. B mepBoM cjydae mpu u3MEHEHUH PA3MEPOB OKHA CeUeHus OyIyT
MEHATHCST ¥ PA3MEPhI CAMOTO cedeHust. Bo BTopoM citydae IMMpUHY CeYeHrs] K3MEHUTD OYIeT Helb3sl.

s BEPpTUKAJILHOM OCH CedeHUsl MOXKHO BbIOpaTh pexkuM ABTO, IpU 3TOM MaciuTad 110 BepTH-
KaJIbHOI ocu Oyer BbIOpaH Tak, 9T00bI IPOUIIb MOJHOCTHIO 3AIIONHSI PAMKY cedenns. B pexxume
DuUKCUPOBAHHBIN MOXKHO YKA3aTh PA3Mep BEPTUKAJIHHOM ITKAJIBI.

Touky NpPUBSA3KY CEUEHUS MOXKHO TIEPEMEIATh M0 OKHY M300parKeHusi MOBEPXHOCTH, TIPU ITOM
ABTOMATHYECKU U3MEHSETCS COAEPIKUMOE OKHA CEUEHUs.

3.6.3 WU3mepenme paccTrogHMil

Pexum Paccrosinue mo3BosseT u3MepsaTh PACCTOSHUSA HA MOBEPXHOCTH n300pazkeHus. Paccros-
HUsl U3MEPSIOTCH B IIPOEKIMK HA IJIOCKOCTh X-Y, 6e3 yuera paccrosdxus 1o Beprukasau (no ocu Z).
N3mepennas BeJIMUMHA BBIBOIUTCS PSIIOM C TIOCTPOEHHON JTHHUEH.
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3.6.4 IN3mepeHue yrJjos

B pexxume Yros mpou3BOAUTCS U3MEPEHUE YIIOB MEXK Iy AByMs oTpe3kamu. CHAYAIa CTPOUTCS
TIePBBIN OTPE30K, a 3aTeM BTopoil. IIpm 3TOoM, KOrja BBl yKa3aju MEPBbIi KOHEIl OTPe3Ka U, YIAep-
JKUBasd HaXKaTOH JIEBYIO KHOIKY MBIIIN, JBUTAETE €ro BTOPOH KOHEIl, B JIEBOM HHMKHEM YIJIy OKHA
MIPOTrPaMMBbI TIOKA3bIBAETCS, KAKOW YOl OTPE30K 00pa3yer ¢ TOPU30HTAIBIO.

3.6.5 PaccranoBka MeTOK

B pexxume MeTku mpou3BOIUTCS PACCTAHOBKA METOK Ha m3o0pakenwu. Bua meTok ompesess-
ercst B MeHto Bua/ Crus Merok. Ecan BoiGpano mosie Hymeparyst, To BO37ie KaskI0il MeTKM Oyer
BBIBOJIUTKLCS €€ TIOPSIKOBBIA HOMEp. MeTKu MOTyT BBIBOAUTHCA B Bue crpesodek (Crpenku), 6o
B Buzie rajodek (lamouku). Yiaaurh METKY MOXKHO, HABE/Isd Ha Hee KypCcop [0 IOSIBJIEHHs KPACHOIO
kpecra (TonbKo B pexkume MeTKu), nin MOXKHO yJAaJIuTh BCE METKHU, BLIOpAB KOMaH1y MeHio Bu/
Ouucrurs/ Merku (B a1060M pexkume). [Ipu nepexirouenun pezkuMa Kypcopa METKU COXPAHSAIOTCA.
Merku MOXKHO I€peMeInarTh npyu HaXKaTol Kiasuiie Shift.

3.6.6 IlocTpoeHmne KpuUBBIX

Puc. 3.14. I3mepenne nauH KPUBBIX.

Pexum Kpupas maer Bam BO3MOXKHOCTH M3MEPATHh IJIMHBI KPUBBIX. [l 9TOr0 mpOCTO pac-
CTaBbTe TOYKM BJOJIb M3MEPAEMON KPHUBOIl — ee jjuHa Oyjer nojcyurTaHa aBTOMAaTHYecKu (PUC.
3.14). Yro6bl yuauurh KPUBYIO, HABEAUTE KYPCOP HA e Hada/10 (OTMEYEHO 3eJIeHbIM KBA/PATOM) U
HaXKMUTE JIEBYIO KJIABHUIMTY MbImu. Kcim Bbl HaxkMeTe Ha KaKyO-au00 APYTYI0 U3 PACCTABIEHHBIX
TOYEK, TO OHA OyZIeT yJajieHa U3 KPUBOii, IPEANIECTBYONAA el U TOCAeAYONIas TOYKA COETMHATC.
st mobaBieHus HOBOM TOYKM MEXKIY JBYMsl CYIIECTBYIOIMMHE MTOJBEIUTE KYyPCOP K OTPE3KY, CO-
eUHATONEMY UX, U HAXKMUTE JIeBYI0 KHONKY Mbiiu. [Ipu Haxkaroil kinasumm Shift Touku kpusoii
MOKHO IIEPEMEINATD.

MO>KHO OCTPOUTH OJTHOBPEMEHHO HECKOJBKO KPWBBIX. JIjIs TOTO, 9TOOBI HAYATH OTMEYATH HO-
BYIO KPUBYIO, & HE TTPOJOJIZKATE CTAPYIO, TPU HAYKATHUY JIEBOU KHOIKHU MBIIIH YIEPKUBANTE HAKATON
kaasunry Ctrl.

Bce nocrpoentbie KpuBbie MOXKHO yaaiauTh KoMauaoi merto Bua/ Ouucrurs/ Kpusbie. Takke
KaxK/as KpuBasd MOxKeT ObITb 1peo0pa3oBaHa B CEYEHUE C LOMOIIBI0 KoMaH/bl Menio Ouepanuu/
[Tpeobpa3oBaTh KPUBYIO B CEUEHUE.
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3.6.7 BrigeaeHue CTPOK

B pexxume Boinenenve BepTuKaIbHOM JIMHUN BO3MOXKHO MIOCTPOEHUE CEUYEHMI BIOJIb BCEH CTPOKHU
ckanupoBanus. Haykmure Ha HYKHYIO CTPOKY — CTPOKA OKAXKETCs BBIIEJIEHHOMN, U OyIeT TTOCTPOEHO
€e CedeHre C yKa3aHueM HOMEepa CTPOKW, CUWTas OT HUYKHETO Kpas. BBIIEIEHHYIO CTPOKY MOXKHO
JBUTATD, TMOMB3ysACh Kiaapumamu “1” n “|” Ha KmaBuatype. B ToMm ciydae, ecinm HAa M300parKeHUH
LUPUCYTCTBYET CTPOKA C ILUIOXUM POMHUIEM, €6 MOXKHO YAaJIUuTh KoMaH 1ol Mento Jlunus/ Cruaaurs
. B pe3ynbrare BHIMOJHEHUS 9TONH KOMAHIBI BHIODAHHAST CTPOKA 3AMEHSIETCS CPEIHUM 3HAUEHUEM
IByX cocennux crpok. Komanzpr mento Jlnuus/ Ilepemecrnts B Bepxuioo n Jlnnus/ Ilepemectnts
B HumxkHI0I0 3aMeHSIOT BHIOPAHHYIO CTPOKY HA, COCEIHIOI CBEDPXY WJIU CHU3Y.

3.6.8 Brigegenune cToJOIIOB

B pexxkume Boliesienue BepTUKaILHON JTMHUN BO3MOXKHO IOCTPOEHHE CEeYeHU BAOJIb BEPTHKAb-
HBIX JIMHUH HA HM300pazkKeHnw — cTosionoB. HaxkmuTe Ha HYKHBIH CTOJOEI — OH OKAsKeTCsT BBIIE-
JIEHHbIM, ¥ Oy/IeT IIOCTPOEHO €r0 CedeHue C yKa3aHueM HOMepa CroJ/ibla, CYuTas OT JIEBOIO Kpasd.
Boigenennubiit cTosi0en MOXKHO JBUTATH, MOIL3YSACh KiaBumamu “«—’ u “—” Ha KjaaBuarype. B Tom
CJIydae, ecjid Ha n300paskeHuu MPUCYTCTBYET CTOJIOEI] C MJIOXUM TPOMUIEM, er0 MOKHO y/IAJIUTh KO-
manaoil mento Jlunus/ Craaaurs . B pesyibrare BbIIOIHEHUs ITONH KOMaHIbl BLIODAHHBIA CTOIOEL]
3aMEHSETCs CPeJIHUM 3HavYeHueM JAByX cocennux crosbuos. Komanpr mento Jlunus/ Ilepemecrurs
B Bepxuioro u Jlunusi/ Ilepemecrurs B Huknioro 3amensiior Bbibpantbiii croaber Ha coceHuii ciesa
7 CIIpaBa COOTBETCTBEHHO.

3.6.9 BeigesneHne IpOTIKEHHBIX 00bEKTOB

B pexume Bouiesenue nporsizkeHHOro 00bekTa (KHOIKa E) BO3MOKHO BBIJEJIUTD IPOTIKEHHbBIE
obbekTol. Ilpu noxBeseHnu Kypcopa K OJHOMY W3 KOHIIOB IIPOTSI?KEHHOI'O OOBEKTA M HAKATHH HA
JIEBYO KHOIIKY MBIIITH, TIOSIBJISIETCS TOYKA U 04ePUIUBACTCsI KOHTYD oObekTa (puc. 3.15). He ormyckas
JIEBYIO KHOITIKY MBIIIH HY?KHO ITPOBECTH KYPCOP BIOJIb KOHTYPA O0BEKTA, 10 €r0 KOHIIA W OTIYCTUTH
JIEBYIO KHOIKY MBIIITH, IPX 9TOM BJOJIb KOHTYPA, HAYWHAS C TEPBOM HAXKATONU TOYKH OyI€T TOCTPO-
eHa KpuBas, COCTOSIIAs U3 MHOMKECTBA COEJMHEHHBIX APYT ¢ Apyrom orpe3kos (puc. 3.15). Pabora
C BbLJEJEHHbIMEM TaKuM 00pa3oMm oObekTaMu aHajsorudna pabore ¢ Kpusbimu (cMm. naparpad 3.6.6).

X]
100 T-I,J !
2

5] ]

&
3

RIFE] <] &)

Puc. 3.15. Boimesnenne npoTsKeHHBIX 00HEKTOB.
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3.7 @Dyskumm o6paboTku gaHHbIX (MeHIO Maremarnka)

B nporpamme peasn30BaH MMpOKUil HAOOP PA3IUIHBIX MATEMATHIECKUX (DYHKIMH 00pabOTKU 1
aHAIN3a JAHHBIX. DT (DYHKIUH PACIOI0KEHbI B ABYX MeHio — Maremaruka u Oneparuu. Paznene-
Hue PyHKIU MeXK1y MEHIO JOBOJIBHO yciaoBHO. Koman bl Mento MaremMaTuka CiiyKar, B OCHOBHOM,
JUIST KOPPEKTUPOBKY JTAHHBIX, a B MeH0 Onepainun pacrnojioyKeHbl, NJIaBHBIM 00pa3oM, YHKIUH
aHaJIM3a JAHHBIX. B 3TOM pasjese paccCMaTpUBaIOTCS KOMAHIbI MeHI0 Maremaruka. Bece komanibt
JIAHHOTO PA3/IeJa, JOCTYITHBI TAKKE MO HAXKATHUIO MPABON KHOMKHU MBI HA W300PaYKEHWH.

3.7.1 MW cnoap3oBaHue MaKpPOKOMAaH

g ﬁ ﬁ HoBaA makpokomaHaa
CylecTEYOWMHE KoMaHAE! -] m IHoBaq M3KPOKOMEHLS j

*rz Meguana 1
e
i KomaHge! makp... | Onumn |

27 MeauanHei duneTp .

ﬂ MEQMaHHBIR GUALTD KpecT i‘nil SEBDD:;HHE Bptionss
Utipeaars, i Crr?:fmb gqam Options.
== JrmuruzHpoBaTs Wrany ol
@ MNosopor

2 TIOpOrOBEA PUATPALMA

A Craagume yacTok

ﬁ‘ T paHCNOHMPOBATE M30BpaKEHHE
- HeenuuMTe peskocTE

2~ YepeaHerme

Ll YepegHeHws no cTpokan: Boe nso
il YepenHeHe no cTpokan: Mokt
ﬁ Punetp Bunepa

Pl | | » 0] 4 I OTHeHa

Puc. 3.16. Oxuo yupaBjenusi MAKPOKOMAHAMU.

CozaBaTh MaKpOCHI ¥ YIIPABJISTH NMH MOYKHO C TIOMOIIBIO KOMaH bl MeHio Martemarnka,/ Mak-
poc... IToc/e BbimoHEHN STON KOMaHIbI HOABIAETCS OKHO MaKpoc ¢ HECKOJIbKUMY TaHe sIMu (PHC.
3.16). Ha sieBoii nanesu nokazan HabOp BO3MOXKHBIX KOMaH/| U KHOIKHU, IIPUCBOEHHBIE UM Ha [TAHEJIH
nHcTpyMenToB. IleperackuBasi UX MbINIBIO HA IPABYIO IAHEJb, Bbl (DOPMHUPyETEe MAKPOKOMAHY C
UMEHEM, KOTOPOe BbICBEYMBAETCs HaJ| naHesnbio (naupumep, Hosas makpokomanua). Iopsuok ko-
MaHJ MOXKHO MEHSATb, OLUATH K€, C noMouipbio Mbimu. Eciu Ber nHaxkmere Ha KHONKY X , TeKyIuii
Makpoc Oymer ymajeH. B BepxHeil CTpOYKe BBICBEUMBAETCS MMsI MAKpPOCA, MPUCBOEHHOTO KHOITKE
M na nanmesn uHCTPyMeHTOB. BhiGpaTh pejakTupyemblii Makpoc (€cm uX y Bac yKe HECKOJbKO)
MOXKHO C TIOMOIIBIO BBITIAIAIONIETO MeHIO. PerakTupyemblit MaKpoC MOXKHO TPUBA3ATh K IMaHEIN WH-
CTPYMEHTOB, HaXKaB KHOIIKY . Co3mannple MAKpPOCHI MTOMEIAIOTCA B MeHI0 MaremaTnka B caMom
HE3Y TIOC/Ie pasfennTensd. Ilepselil n3 HUX IPHCBOEH KHoNKe ® Ha mamen HHCTPYMEHTOB.

3.7.2 O6pe3anne n3odbparkeHuit

Ecnu na n300paskeHnu BhIIeIeHa HEKOTOpas 00/1acThb, TO ¢ TOMOIbI0 KoManasl O6pesars(Crop)

WJIN KHOMKY Ed m300paykenne MOXkKeT OLITH 0OPE3aHO MO MPAHUIAM TPAMOYTOJBHUKA, OMMCAHHOTO
BOKDPYT BBIIEIEHHON 00JIaCTH.
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3.7.3 MHuBepTupoBaHHue

C nomompio komanapl UaBepTupoBars (KHOIKA ) MOXKHO U3MEHUTDb pesibed n300pazkeHus,
a WMEHHO, BO3BBIIIEHHOCTU 3aMEHUTHh HA yIuIyOJeHus u HA00OPOT, T.e. NPU BBHINOJHEHUU (DYHKIIUU
U3MEHUTCs 3HAK KOOPJMHAT IIOBEPXHOCTU OTHOCUTEJIbHO CpejHero yposas (cm. puc.3.17).

i ire_3 000
age dirs Haght

Puc. 3.17. Uzo6paxkenne m0 (cmesa) w mocyie (Crpasa) WHBEPTUPOBAHUS

3.7.4 OnruMu3anmsa IIKAJIbI

Oynxnus Onruvmusuposath mkady (Adjust Scale) (knonka ==) ucnob3yeTcs A1 MacHITabUPO-
BaHUS 3HAYEHUI N300parKeHus 10 BePTUKAJIN BO M30erKaHnne ONnbOK OKPYTJIEHUS U MePernoJHEHMS
npu gaibHelimeir obpaborke. Ilocme nmpumenenus 3Toil GYHKINA MHUHAMAJIBHOE 3HATEHHE TOUYEK
n300pakeHus craHoBuTCs paBHO -16384, makcumasnbaoe +16383. Kosdbdurnmentsr qis npeobpazo-
BAaHUS IEJIbIX 3HAYCHUN B PEAJIbHBIE BEJUIUHBI YTOUHSIOTCS COOTBETCTBYIONUM OOPa30M.

3.7.5 VYcpeameHue

Vepe/iHente BHIIOTHACTCS KOMAHIOH YCpeTHenne MiN HAXKATHEM KHOTKH Ci= HA TAHeTH HH-
CTPYMEHTOB. PasMep MaTpuipbl ycpeIHeHus MOXKeT ObITh YCTAHOBJICH B HOABJIAIOIIEMCS IIPU BbI30BE
MEHIO 11apaMeTpoB (MOXKHO BbIOparb MaTpuupl 3X3, 5X5 U 1.11.).

3.7.6 YBeamueHue pe3KOCTH

Veenuuenue pe3KOCTH OCYIIECTBIISAETCA KOMAHION ¥YBeIUYuTh pe3kocTh (Sharpen) waun ¢ momo-
mpIo KHONKH i. Ilpn YBEJIMYEHUN PE3KOCTH TOIIEPKUBAIOTCS PABIUUNAS MEXKJY IBETAMY CMEK-
HBIX TMKCEJIOB W BBIJIEISAIOTCS HE3aMETHBIE JIeTajn. B sipe pe3KoCTH MEeHTPAIbHbBIN KOI(h UIHEHT
Gosibiiie 1, & OKPY?KeH OH OTPHUIATEIbHBIMA JHUCJIaMu. TakuMm 00pa30M yBeIWYUBAETCS JIIOOOH Cy-
IMECTBY 0NN KOHTPACT MEXK/IY IIBETOM IHUKCesIa W IBeTaMu ero coceneit.Ilpm obpaboTke KaxKmoro
[IAKCeJa B n300pazkeHnu UCIOJIb3yeTcs saapo pe3koctu pasmepom 3x3. Kpacuas, 3esenas u cunss
IIBETOBBIE COCTABJISAIONINE 00pabATHIBAIOTCS OTIEILHO W TO3YKe O00bEeIWHSIOTCSA, ITOOBI C(hOPMUPO-
BaTh 24-6uTHOE 3HadeHne 1Bera. OTpUIaATEILHBIE BECA BOKPYT IEHTPA SAPa YBEIUIUBAIOT KOHTPACT
MEXKTy IEHTPAJIHHBIM TUKCEJIOM U cocensivu. Konednoe m300parkenue 00jiee 9eTKOe IeM OPUTHHAJ.
IIponecc yBenuyeHuss pe3KOCTH IOBLIMIAET CYIIECTBYIONIUI KOHTPACT MEXKIy IUKceaaMmu. IIpu mo-
BTOPHO# 00pabOTKe N300parKeHmsI IeTKOCTh MOXKET YBEIUIUThCA erre Oosbie. B mannoit Gyukmmm
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HCIOJIb3YyeTCsl MATPHTIA 3X3 BUIA!
-1/8 -1/8 -1/8
A=| -1/8 16/8 -1/8
-1/8 -1/8 —-1/8

3.7.7 TpaHcmorupoBaHHEe M300parkKeHue

B caydgae, ecniu Ber cHuMasnm n300parkeHusi OJHOTO yYaCTKa MOBEPXHOCTH B ABYX PA3TUUHBIX
Hanpasyenusix (mo X u mo Y), To COBMeCTHTh BBl UX CMOXKeTe TOJIBKO € TIOMOIIBI0 3ePKAJIBLHOTO
orobpazkenns. Komamaa Tpamcnonnposats n3obpakenne (Flip) (kronka B ) BHITOTHSIET 3epKah-
HOE OTOOpaKeHNe KapPTUHKU OTHOCUTEIHHO Ocu X=Y.

3.7.8 Puabtp Buuepa

Jlannast GyHKINS TPeIHAZHAYEHA JIJI YHUUTOXKEHUST T0OABOYHOTO ITyMa, CYIIECTBYIOIIEro Ha
MN300parKeHnu, C MOMOIIbI0 MeTo/a dbuabTpali BruHepa ¢ Mackoil Tpou3BOJILHOTO pa3mepa. s
BbI30Ba (pyHKIMK Bbi3oBere kKomany @uibrp Bunepa (Wiener filter) uim nHaskmure KHONKY 2 na
[TaHe/ W yIPAaBICHUS.

3.7.9 Meanauuas puabTpanusd

Ora oneparys BoinoHAETCa KoManaoit Meauannbiii dunbrp (Median) wim ¢ moMOIIbI0 KHOIKY
3. B kagecTBe MACKH MOMKET BLICTYIATh KBAPAT IIPOH3BOJLHON MIHPHHEL.

3.7.10 Menunannag duaprpanug mackoii X

T
+

Ora onepaius BoinoHgeTCsa KoMauaoii Memuana X (Median X) wiu ¢ momomipio kHonku =%, B
KadecTBE MACKHU HCIIOIb3YeTCs KOHGMUTYPAIUa BHAA Q) pa3MepoM 3X 3.

|

3.7.11 Meanannaa duaprpanung mackoii Kpecrt

Ora onepanus BbINOIHsAETCS KoMauaol Meauanubiit dbuabrp kpecr (Median Cross) wiu ¢ no-
=T
MOIIIbIO KHOTIKU =%. B KauecTBe MacKu UCHOJb3yeTcs KOHMUTrypanus Buaa ¢ pa3zmepoMm 3x 3.

3.7.12 Bpeigeaenue 3epeH

Bbizesierne 3epen oCyIIecTBISeTcs ¢ MOMOIIbI0 KOMaH bl BbiaeuTh 3epHa (KHOMKa, ) Jlannas
dbyHKUUS npUMEHsIeTCs 1J1s OLPeIeIeH s 'PAHULL MKy BBICTYIAIONMMU 00beKTaMU (4aCTHIAMMY).
[MosepxHOCTD JIy4ilie IpUMEHATH cocTosiyto u3 "3epen" (puc. 3.18).

ITpu upumenenuu 310if GPyHKIUM BLIXOAUT OKHO HAacTpoek (puc.3.19)

B s3TOM OKHE HACTPOEK 331aeTCsT TOPOT 1)1 TTIOPOTOBOH (bUIbTPAINN, 3HAYEHHE TITYMOBOTO (DUTh-
Tpa, TIE:

1. Her — ybupaer 1mymoBoii ¢puibTp;
2. Memnanublii — MequnanHas QUILTPAINKS, T.e. OepeTcsa cpeaHee 3HAUCHHE;
3. Munumym — Gepercsd MUHUMAJIbHOE 3HAYEHUE.

[Tocse dpunprpanum ocraioTcs YepHbIEe 00JIACTH, KOTOPHIE YMEHBIMAIOTCS C KaXK/IbIX CTOPOH
OTHOCHTEJIHHO OObEKTa, 0 TeX TOpP, MOKA OHU HE YMEHBIIAThCs /10 1-r0 MHUKCesia, T.e. He CTaHyT
rpanunei oobekTa.
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Ob6paboTka n300payKeHmi

Puc. 3.18. Boraenenue 3epen.

BhIAENWTE 3EpHa B
Mopaor fn

HpnanaTE rpaHMYHEIE 08N3CTH

WyraoE0l duneTp

Lef <1 Lk

IMHHHMHM

Her
M e aHHEIG

Puc. 3.19. OkHO HACTPONKMN IIPY BHIIEJICHUN 3€PEH.

99
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3.7.13 Belgeaenue rpaHuii

Jannast PyHKIMS OCYIIECTBISIETCS C IIOMOIIBI0 KOMaHIbl BbLIEIUTh IPaHUIbl 1K KHOIKH ™
Oyukuus NpejHa3HAYEHA /IS BblIeJeHus rpanul, 00bekToB MerogoM Kannu (cum. puc. edgedet).
QyHKUMS HOAXOMUT st N300pazKeHuil ¢ KPyIHbIMU OObEKTaMK, UMEIOLIIUMU YeTKUE IPAHUIIbI.

O

1000 nm

Puc. 3.20. Boiuenenue rpanumr (C1eBa - 10 BbIIOJHEHU, CIIPABA - IOC/IE BBIIIOJIHEHNA).

IIpu BBI3OBE (DYHKIMM TTOSIBISETCSI OKHO [APAMETPOB, B KOTOPOM HEODXOIUMO HACTPOUTH
BEJIMYMHY IOPOTrOBOI'O 3HAYEHHS W YPOBEHb MIyMa B J0IAX OT 1.

3.7.14 TIloBopot

I10BOPOT H306pazKeHust OCymecTBIseTcs: KoMan ol 1losopor (kuonka B). IIpu 310M BHIXOIUT
okHO (puc. 3.21) B KOTOPOM MOYKHO BBIOPATD:

1. Ilo wacosoit Ha 90 — moBopoT Ha 90 TPALYCOB IO TACOBOM CTPETIKE;
2. 90 cownterclocwise — moBopot u3obpaxkeuusi #Ha 90 rpayCcoB MPOTUB YACOBOU CTPEJIKM;

3. Ha yros — moBopoT n300parkeHust Ha 3aJaHHBIH TOJIH30BATEIEM YTOJI.

MNapaMeTpbl 4] I

Tun nogopaTa Il'lo yacosal Ha 90° _J

90 counterclockwize
Ha yron...

Ok I DTMEHal

Puc. 3.21. TToBopoT m306parkemHus.

Eciu u3obpakenune nmeso mpsiMOyTOJIBHBIN BHJI, €10 Pa3Mepbl U3MEHSITCS COOTBETCTBYIONTAM
0bpazoM.
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3.7.15 BpeipaBHuUBaHUE

Bo3MOXHO BRIUMTAHNE IBYX THIOB MOBEPXHOCTE — MOBEPXHOCTH TIEPBOTO MOPsiiKa (TIOCKOCTH),
U TIOBEPXHOCTU BTOPOTO MOpAIKa. BeIpaBHUBAHNE OCYIIECTBIIAETCA IO KOMaH e BrIpaBHUBaHNE
(Fitting) B MeHI0o MaTemMaTuKa WM NPH HAYKATHHA HA KHOIKY 41, KOTOpas HaXOJUThCA Ha MaHEN
HHCTPYMEHTOB.

MNapaMeTpbi 4]

T WM NOEEPAHOCTH TNMuHeliHan

O6patioTka noa-wzoGpaikeHi [ o AKTHMEHOMY

Hﬂ.a.ﬂﬂTb NOCTOAHHYKD COCTAENAKWYKD

Ll

¥aanate MOCTOAHHYHD COCT 3B N
1

Puc. 3.22. Okno nmapamerpos.

[Ipu BBIO/IHEHUY STON KOMAH/IbI IOABIIAETCA OKHO napamerpoB (puc. 3.22), B KOTOPOM MOXKHO
yKa3aTh TUI BBIYATAEMOl HOBepxHOCTH: JIMHEHAS — J1JIsi IOBEPXHOCTH EPBOIO MOPSIIKA
(nwnockocru) uiu ITapabosimueckast — Jisi HOBEPXHOCTH BTOPOIO LOPsi/iKa. Tak 2Ke BO3MOKHO
BBIOpPATH 00PAOOTKY TOAN300PAYKEHMIA:

1. PasgenbHO — 111 KazKI0r0 MOAU300PAXKEHNST BHICIUTHIBACTCS CPEIHSS TIOBEPXHOCTH
METOOM HAWMEHBLITINX KBAAPATOB IO OTIECILHOCTH;

2. Ilo akTUBHOMY — PACCYUTHIBAETCS JJIsi AKTUBHOTO TOANB00DAKEHNsI, & BHITUTAETCS W3 BCEX;

3. Ilo Bcem — paccUUTBHIBAIOTCH CPEJIHME IOBEPXHOCTH 10 BCEM [10U300DA2KEHUAM U
yCPEeJHAIOTCA.

Eciu manporus "YaaiaTh HOCTOSHHYIO COCTABIISIONLY 0" CTOUT rajovuka TO yOupaercs HyJIeBoe
CMEITIEHTE.

3.7.16 Cruaaiin

IMporpamma PemtoCkan OHnaiil MOXKET CTPOUTH OUINHEHHbIE KyOndecKue CIUIaiftHbl 115
MTOBEPXHOCTEH 1 MPOM3BOJAUTH BBHIUUTAHNE CIIJIAHHOB M3 MOBEPXHOCTEH. UTOOBI BRIYECTH CILIANH M3
[OBEPXHOCTH WJIM ee 4acTH, Bbibepure Komanay BoipaBuusanue ciuiaitnom (BSpline fitting).

s mocTpoenus crtaiiHa MOBEPXHOCTH PA30MBAETCs HA MPAMOYTOJIbHUKH, CTOPOHBI KOTOPBIX
YKa3bIBAIOTCH B JIMAJIOIOBOM OKHE, IIOSBJIAIOIEMCS IIPU BbI30BE€ KOMaHIbl. [l KaxKI0ro
MPSMOYTOJIbHUKA, MINETCS CPEIHEE 3HAYEHUE BHICOTHI TOBEPXHOCTH U CIJIAWH CTPOUTCS TIO
[IEHTPAJIBHBIM TOYKAM TPAMOYTOJBHUKOB, T/€ 3HAYEHUSIMA IO OCHA 7 CIUTAIOTCSH BBIYUCIEHHBIE
CpeH¥e BBICOTHI.

B mmamoroBom okHe TakKe MOKHO BBIOPATH 0OJIACTH, IO KOTOPO# OYAET BBITUCISATHCS CILIAMH.
s nons O6paborka noau300pazkenuii MOXKer ObITh BbIODAHO 3HAYEHUE:

1. PasienpbHO — B 9TOM CiIyvae i KazxKI0Tr0 HOaAn300paKeHusi B OTAEIbHOCTH BBICIATHIBACTCS
CpeIHss MOBEPXHOCTh METOIOM HAMMEHBITUX KBAJIPATOB ;

2. Ilo akTUBHOMY — B 9TOM CJIyYae pacyeT cpeiHeil TOBEPXHOCTH BEIETCS JIJIT aKTUBHOTO
MOAN300parKeHMsI, KOTOpast 3aT€M BLIYUTAETCS M3 BCEX.
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3.7.17 CraakuBaHue y4acTKa MOBEPXHOCTH

CriakuBanue y4acTka MOBEPXHOCTH OCYIIECTBIseTca KoManaoi Criaaauts yaactok (Smooth
Region) (KHOHKasﬁ ). Heo6x0oamMo BBIIEIUTH MPSIMOYTOJIBHBIN yUACTOK C KAKAM-TO MEPUMETPOM,
B KOTOPOM MPUCYTCTBYIOT HEHYKHbIE BLICTYIbI. Ha 9TOT mepuMerp, Kak Obl, HATATUBAETCS
IJIeHKa, yOupasi BCe BBICTYIIBI HA BbIIEJIEHHOM ydacrke (puc. 3.23).

Puc. 3.23. CrnaxuBanue y4acTKa MOBEPXHOCTH.

®opwmyita, KOTOPOil ONMUCHIBAETCS 3T, OMEPaIusi, UMeeT BU/I:

L€ T — PACCTOAHEE OT TOYKU € KOOPAUHATOH (X,y) O KaxKIOH TOUKU HEPUMETPA, Zp — BBICOTA.

3.7.18 VYcpeaHeHue 110 CTPOKaAM

ITonpobroe ommcanue 31oit HyHKIUU TAHO B IEPBOI 9aCTU PYKOBOJCTBA. YCPEIHEHUE IO CTPOKAM
MOzKeT ObITh BBIIOJIHEHO 110 BceMy uzobpazkenuto (Mento Maremaruka,/ YcpejHeHue 1o crpokam
(Adjust Scan)/ Bce uzobpazkenme(Whole Image) nnn kuonka &) wiu mo obnacru, ne
BKJIIOYatomeil Beraenennyio (Mexto Maremaruka,/ Yepennenue 1o crpokam (Adjust Scan)/

Uckmrouas spibpannoe(Excluding Selection) mimu knonka ) |

3.7.19 MHcupaBiieHue mCKaXKeHUit

®yukuus ucnpasienus uckaxkenuii (Dewarp) (kuomka ﬁ) IpesHA3HAYEHA I/ KOPPEKTHPOBKH
M300paKeHNsT UCXOA U3 HHMOPMAIHH O KAJTHOPOBKE.

[Ipu BbIZOBE (PYHKLIMH LOABJIAETCS OKHO C IIapaMerpaMu, B KOTOPOM HEOOXOAMMO 3aJaTh MM
daiina ¢ koadduimentamn, onuchbiBaommnMu rucrepesnc. Cosnanne daiina ¢ KoddpuimenTamn
onmcano B paszaene 3.8.8. Paitn JOMKEH comeprKaTh JAaHHBIE IJIA KaXKI0W W3 oceil n300paskeHusi, B
mpocreiiieM ciydae daila Oyger uMeTh ABa pasjeia: X-KamubpoBKa U y-KaIubpoBKa-MeIJIeHHO.
CrapgapTHas IOCIeA0BATEbHOCTD JAeHCTBUI BHITJIAIUT CAELYIOMKUM 00pa3oM:
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1. Ilonyuaror n3obparkeHne KaTHOPOBOTHON PEIIETKH, IEPUOANIECKHE CTPYKTYPBI JIydIire
BBIPOBHSATH BJIOJIb OCEHl CKAHUPOBAHUS, CKOPOCTH CKAHUPOBAHMS JIOJKHA, COOTBETCTBOBATH
CKOPOCTH MPU KOTOPOi OBLIN TIOJIYI€HBI W300PAXKEHUS.

2. CrposiTcd nBe KaJInOPOBOYHBIE KPUBBIE HA W300PAYKEHWUN DEIIETKHU, C N3BECTHBIMA
paccTosHugMEU MexK1y y3iamu KpuBbix (puc. 3.47). Ilo kaxoii u3 kpuBbIx coznaercs aitn
kaubposku. Ilpu 3anucu daiima MOKHO yKa3bIBaTh OIHO M TO ke mMs (aiina maa oboux
KPUBBIX — JaHHbIE Oy/lyT COXPAHEHbI B HYy?KHYIO CEKIUIO, B 3aBUCUMOCTUA OT OPUEHTAIUU
KPUBOH.

MapameTpbl E3

Partn KOAIMUMEHT OB ||D:'\,spm filesivasinskyical |
BrICTpOE CkaHMpOBaHME No X

[ Ok ][ Cancel ]

Puc. 3.24. Hactpoiika mapamMeTpoB i NCIPABICHNS NCKAKEHUI.

3. Coxpanennblit (aitn ycranapiuBaercs B kadecrse daityia Ko uimenTos B okue
napamerpos (puc. 3.24).

4000,
4000,

3000,
3000

2000
2000,

1000 1000.

a 3000

File: Cu2R_01 632 daP File: Cu2R_01 632 daP
Image data: Comverted Text, Photo Image data: Comverted Text, Photo

(a) (b)

3000 6000 9000 12000 15000

Puc. 3.25. Ycrpanenune uckakeHwii.

4. BrITIONHSAETCS KOPPEKTUPOBKA NCKAYKEHNIT HA WHTEPECYIOMNX N300parkKeHNnsIX KOMAHI0it
Ucnpasnenne nckaxkennii (Dewarp) (puc. 3.25).
3.7.20 Jluneiinbie (pUIBTPHI

B nporpammve ®@emtoCkan OHnaiiH peanu3oBaHbl TpU (DUIBTPA U3 KIACCA JTUHEHHBIX:
rpaauentHbiit, buasTp Jlamnaca u duasrp laycca.
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I'pagmeHT

B ob6miem Bue mpousBogHas mo ocu x (0CH y) Jis AUCKPETHOH (byHKIMH MPEJICTABUMA B BUIE
hy @ S (hy ® S), rme ® obo3HadaeT CBEPTKY ABYX DYHKIWH, h, u h, — HEKOTOPBIE TUCKPETHBIE
dbyukuuu (marpurp), S — auddepennupyemas GyHKIMsA. 3HAsT TPOU3BOIHBIE TOBEPXHOCTHU 110
JIBYM OCSIM, HETPYIHO HAWTH MOJY/Tb TPAJAMEHTA KaK KOPEHb U3 CyMMbI KBajipaToB. B mporpamme
JIOCTYIIHBI TPYU BAPUAHTA BBIYUCJIEHUs IpajuenTa: pa3noctb, [Ipesur u Cobesib, BoIOpATH OfKMH U3
KOTOPBIX MOYXKHO B JUAJIOTOBOM OKHE, TIOSIBJISIOIIEMCS TTPU BHI30BE KOMAHIBI. DTU BAPUAHTHI
Pa3INIalOTCa MaTpUIamMu h, n hy. B Tabmmie 3.3 npuBeneHbI NCTOIB3yeMble MATPHIEL. B
JIMAJIOTOBOM OKHE TaK¥Ke MOXKHO BBIOpPATH CIOCOO BBIYUC/ICHUST KOMOWHAIIMY MEYK/Iy BeJUIHHAMHU,
BBIYUC/IAEMBIME IO JBYM OCSIM. 9TO MOTYT OBITH: TOPU3OHTAIBHAS WU BEPTUKATbHAS MTPOEKITHS,
[IPOEKIHUS HA BEKTOP, JINOO aMILTUTYIA.

Ry hy

00 0 0 1 0
Paznocts 1 0 -1 0 0 0

00 0 0 -1 0

1 0 -1 1 1 1
Tpesut il 10 —1 sl 0 0 o0

10 -1 -1 -1 -1

1 0 -1 1 2 1
Cobeib i1 20 -2 il 0 0 o0

1 0 -1 -1 -2 -1

Tabauma 3.3. Marpuiibl, HCIIOIb3yeMble IIPU BBIMUCICHUY [T€PBBIX ITPOU3BOIHBIX

Jlamiac

@uyibrp Jlamiac BBIYUC/IAET Jaliacuan ciaeayommmM obpasom: Laplace(S) = h ® S, rae

0 1 0
h=|1 -4 1
0 1 0

Taycc

Quprp laycca ucmosnb3yer cienyonyo MaATPUILY i BbIYUCIEHUS] CBEPTKU:

1/16 2/16 1/16
2/16 4/16 2/16
1/16 2/16 1/16

h

3.7.21 Mopdoaornueckue puabTpbl

Bce mopdostornyeckue puibrpbl OCHOBaHBI Ha, IBYX onepanusx — dilation u erosion . Ouu
onpenendaoTcesa caeaymum odopasoM. Ilycrs y HAC ecTh Ba MPOU3BOJIBHBIX HAOOPA TOYEK B
JIMCKpEeTHOM aByMepHOM mpocrpanctee: {(m,n)} u {(p,q)}. Ha sTux naGopax onpemennm
dbyukuuun A(m,n) u B(m,n) — Gyaem Has3bBaTh ux obbekramu A u B. Tenepb onpepeaum
onepauio dilation (pacuupenue):
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QuibTp Onucanne

Smooth Smooth(S, F) = Close(Open(S, F),F) = E(D(D(E(S,F),F),F),F)

Contrast Contrast(m,n) = Wc(é‘(m, n)—E(m,n)) — 34ecb NP BHIYACICHAN
dilation u erosion MPUMEHSIETCS CTPYKTYPHBIi demeHT F'.

Min B kauecTBe 3HavUeHUd TOYKM OEpETCS MUHUMAJBHOE W3 3HAYEHUN CaMO TOU-
K{A W BOCHMH MPUJIEraionmx. B TepMuHax MOPGOIOTHIECKUX OMEPAInil — ITO
onepanys erosion co CTPYKTYPHBIM JIEMEHTOM 3 X 3, IJe Bce 3HAYEHUs PABHBI
HYJIIO.

Max B kauecTBe 3HaUeHust TOUYKM Oepercss MAKCHUMAJIbHOE M3 3HAYEHHI caMOil TO4-
KA ¥ BOCHMH IMPUJIETalonmX. B TepMuHax MOPGOIOrHIeCKUX OMEPAnii — ITO
oneparnus dilation cO CTPYKTYPHBIM 3JIEMEHTOM 3 X 3, I/le BCE 3HAYEHUs] PABHDI
HYJTIO.

Dilate Omnepanust dilation co cTpyKTYpHBIM d7eMeHTOM F.

Erode Omneparnust erosion co CTPyKTYPHBIM 3jieMeHTOM F.

Open Open = D(E(S,F), F)

Close Close = E(D(S,F), F)

Gradient Gradient = £(D(S,F) — E(S,F))

Laplace Laplace = 3[(D(S,F) — S) — (S — E(S,F))] = 3[D(5,F) + E(S,F) —2- 5]

Tabnuma 3.4. Cranmaprabie Mopdosornyaeckue puabTpsl, peaau3oBannbie B mporpamme PemtoCkan OHnaiiH

D(A,B)(r,s) = (J{I;?é(B(A(r —j,s—k)+ B(j,k))

Omnepanus erosion (pa3beqaHnue) BHINISIUT TaK:

E(A,B)(r,s) = min (A(r+j,s+k)— B(j,k))

(4,k)eB

B npuBeneHHBIX BhIpaXKeHUsX A MpUHATO HA3BIBATH W300paskeHueM, a B — CTPYKTYpPHBIM
snementoMm. B peanuszoBannbix B mporpammve ®emtoCkan Onnaiin MOPQOIOrHIecKux omepanusx
POJib n300pazkeHust Urpaer noBepxHocTb (Oynem oboznadars ee S), a Pposb CTPYKTYPHOIO
3JIEMEHTa — dYallle BCero 00beKkT F', mpuBeIeHHbIN HUXKE.

F =

o = O

1
3
1

o = O

3aecoh 3Hadenue 3 coorBercrsyer koopauuare (0,0).

Crangaprabie Mopdosornueckue GpuabTphl, umeromuecs B mporpamMmve ®emroCkan Ounaliv, u ux
oTMcaHus, MpUBeJeHbI B Tabsure. 3.4.

Kpowme 06braubx MOpdoI0rudeckux huIbTPOB, B MPOrpaMMe eCTh (DUIHTPHI, CIENnaIbHO
MPYIYyMAHHBIE JI7IsI CKAHHPYIOMEH 30H10B0OM MuUKpocKomnuu. [loapobHo o pabore atux GUILTPOB
HanucaHo B crarbax J.S.Villarrubia, Surface Science 321 (1994) 287-300 u J.S.Villarrubia, J. Res.
Natl. Inst. Stand. Technol. 102 (1997) 425.

ITpm 3amycke xomanabt Henckarkaromas Uriaa mMpOM3BOAUTCS PACUeT MAKCHMAJIbHO TYTOi hOpMbI
UTJIbI, KOTOPAs MU CKAHUPOBAHWU HE BHOCUJIA UCKAYKEHWH B TIOJIyY€HHOE U300pakenue (ujiu
BbIOpaHHYIO 9acTb u3obpaxkenus). JIpyrumu ciosamu Bbl cauraere, 4ro ganHoe n300pakeHue —
TOYHAs KOIMHUS [MOBEPXHOCTH U WINETE TAKYIO WLy, KOTOPAsk MOLJIa O0ECIIeYnTh TAKOe YIATHOE
CKaHUPOBAHUE.
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@uibrp Crenas anmnpokcuMaruyst (POPMbI ULJIBL TOXKE BBIUUCISIET MAKCUMAJIBHO TYIYIO (GOpMY
UIJIbL, C HOMOILBLIO KOTOPOH MOLJIO ObITh 110Jy4eH0 u3obpaxkenue (uiu yacrb u3obpaxenus). Ho
Ternepb OTCYTCTBYeT TpeOOBaHNE HEMCKAYKEHHOCTH TIOBEPXHOCTH. B manHOM ciydae Ha (opmy
UTJIBI IEHCTBYET OrpaHWYeHne Apyroro poga. ITIoHaTHO, 9TO ec/in TPOU3BOAUTCSA CKAHUPOBAHUE
UTJION C HEKOTOPBIM PAINYCOM KPWBU3HBI, TO HA M300PAKEHUN HE MOABATCS BBIMTYKJIbIE OOBEKTHI C
OosbIneit KpuBu3HOH. TakuM 06pa30M BBITYKJIOCTH HA TMOBEPXHOCTH OIPAHHUIUBAIOT (POPMY HIJIBI.
[Tpu 3anycke punbrpa Crenas annpokcumaiius GOPMbL UIJIbI MOABJISETCH OKOIIKO C HHIUKATOPOM
mporpecca. B xome paboThl (hbuabTpa MPOU3BOISITCS UTEPAINN, W OXKUIAETCSA, ITO PE3YIbTaT
ciemyromeil nrepanun OyJaeT OTAMYaThCs OoT npenbiaymeil. Ecian B pesynbraTe odepemaHoit
WTEpAIuy HUKAKUX U3MeHeHui B (DOpMe UIJIBI He MPOM30IIII0, padboTa GbuabTpa 3asepiiaercs. B
MOZKETE 3aBepIuTh paboTy MUIBTPa U HE MOKHIASCH TOKA OH CIIETAeT 3TO CaM — JJIsi 3TOrO
naxkMure OTMEHUTDH B OKOMIKe 3amytieHHoro ¢guiabrpa. Ilpu srom pesynbrarom paboTsl dbusibrpa
OyzeT pe3yJibrar urepanuil, KOropyio OH BBIIMOJIHSI IIPU HAXKATUK KHONKYA OTMEHUTBD.

[To xomamme TIpoaOIKUTH ANMPOKCUMAITNAI0 (POPMBI UTJIBL... TOSBJISETCS OKHO CO CITUCKOM BCEX
OTKPBITHIX B MPOrpaMMe m300paskeHuil moBepxXHoCcTeil. Boibepure TO OKHO, T/ y2Ke HAXOIUTCS
oreHKa, (POPMBI UTJIBI U HazKMUTE BuiOpars. Ajroputm gaHHOro GbuiIbrpa TOT ¥Ke, 9TO U Y
dunbrpa Crenast anmpokcuManysi (POPMbI ULJIBL, C TOW TOJBKO PA3HUIIEH YTO HYJIE€BOI uTeparueit
OyzeT He ILJIOCKOCTH, & BhIOpAHHAS OIEHKA.

[To komamHIe DPO3US C YIETOM UTJIBL... TIOSBJISIETCS OKHO, B KOTOPOM HYYKHO M3 BCEX OTKPBITHIX B
porpaMMe M300parkeHnii BIOPATh OEHKY (hOpMbI Uriibl. Pabora dbuibTpa 3aKII09AETCS B
BBIMOJIHEHUH OIEPAIUU €r0Sion HAJ TAHHBIM W300parKeHueM C BHIOPAHHOM WIJIOW B KAYECTBE
CTPYKTYPHOTO 3JIEMEHTA.

3.7.22 Koppeadanuu MexXJ1y n300parKeHngaMu

CyuiecTByeT HECKOJIBKO CIIOCODOB OIPE/IeIeHUs] CTEIIEHN COOTBETCTBUS MEXKLY JIBYMS
n3o6paxennsivu. OnMH U3 HUX — TOCTPOEHNE KOPPeasunonHHoit dyukuun Ry, (r, ¢) mast
M300pasKeHNsT U ITA0I0HA:

tpR—1tpC—1

tpR tpC
thrc Z Z (7’+r7p73j+cfp7)v

rae z(r,c), t(i,j) — 3HAYEHWs] AHATN3UDPYEMBIX (DYHKIWMI, HAMPUMED BBICOTHI, B TOYKAX (7, ¢)
u3obpaxkenns u (i, j) mabiona, tpR n tpC — mupwura n qymHa mabioHa. Yem Gosblee 3HAYEHNE
MPUHUMAET KOPPEJAIUOHHAs QYHKIMS B TOYKE, TEM MOJIHEe BOJIU3M Hee COBIAIAeT N300paskeHune
¢ MIAOJIOHOM.

B nporpamme ®@emtoCkan OHNaiiH BLIYKCIIETCS HOPMATH30BAHHAST KOPPEIAIMOHHAS (DY HKIIHS

Ptz (T, €):
Ry (r,c)

\ Raw(r,0) - R (152, 2

e R, n Ry ABISIOTCS aBTOKOPPEISAIUOHHBIMY (DYHKIUAMEA U300PaKeHus U MabIoHa
COOTBETCTBEHHO:

Ptx (Ta C) =

9

pr 1 pr— 1

r4+ = c+ =

Rwa:(ra C) = Z Z $2(Z,]) 5

tpR—1 ._ pr—l
A joe O

1=r— c—

tpR—1tpC—1

tpR tpC o
Rtt(T:T): Z Z t2(i,4)
=0 j=0
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[Ipu BeraucIEHUSIX KOPPEIAIUOHHON (DYHKIINN 3HAYEHUS & U ¢ B TOYKAX, BBIXOIAIIUX 38 MPEETbI
n300pazkeHns U IMIabI0HA, IPUPABHUBAIOTCS HYJIIO.

YT06BI CPABHUTH [IBA N300parkeHWsi, BhiGepuTe KoMaHxy Koppensinns/ BaanMHas KOppessiys,
IPX 9TOM OKHO OJIHOTO M3 M300parKeHUil JOJIKHO ObITh AKTUBHBIM. VI3 MpEII0KEeHHOrO
oporpamMMoii crmcka Boibepure mab/ion (Bropoe usobpaxkenue). Koppenauunonnas ynkius Oyner
MOCTPOEHA B HOBOM OKHE, Pa3Mephl MATPUIIHI CO 3HAYEHUSIMU (DYHKIIUU OYAyT COBIAIATH C
pa3MepaMu MaTPUIIbI, 33/IA0IIel epBoe n300parKeHue.

st ycTaHOBJIEHNUST KOPPEJISINil B TIPEIeiaX OJHOTO M300parKeHUsT BHIOEPUTE KOMAHITY
Koppensiusi/ ABrokoppessinust. B arom ciydae ma6ioH coBMagaeT ¢ n300paskeHneM.

3.7.23 Amnanu3s 1MepoxoBaTOCTU MOBEPXHOCTU

ITo komamIe AHA/JIN3 MIEPOXOBATOCTH BBIYUCIISIETCS HAOOD MAPaMeTPOB, XapaKTePU3YIOIINX
III€POXOBATOCTH TIOBEPXHOCTH B BBIIEIEHHOM yYACTKE TIOBEPXHOCTH, UM BO BCEM HU300DAYKEHWH.
[ToapobHo 06 3TX mapamerpax pacckaszano B npuiokenuu F. IIpu Bbi3oBe pyHKIINM MOSABISETCA
JuasioroBoe okHo (cM. puc. 3.26), B KOTOPOM MOrYT ObITb HACTPOEHbL HEKOTOPBIE OLLMU J1J1s1
JaJbHENIero anajansa.

MapaMeTpbl B
Yy cedeHMA IE—E
Mpofien Mexay ceseHiamd  [5 25 =
Ouarerp cedeHua 100 =
Unanare HaknoH  TPOBEN MEMAY CEHEHHANMA
BriSiop yrna |BD9‘4H9|0 ﬁ'
Yran ISD—E
Ormena |

Puc. 3.26. OkHO HACTPOWKN MapaMeTPOB aHAJIN3A MIEPOXOBATOCTH

3.7.24 TIloporoBas dpuabTpanus

C momorsio koMmauasl [loporoBast hunbrpanys BeI3BIBAETCS OKOIIKO, TOKAa3aHHOe HA puc. 3.27. B
s1OM OKomike Bbl Mokere 3a1arh HOPOroBblii ypoBeHb (B JA0JIX OT MAKCHMAJILHOM BbICOTBI
u300pazkeHus), 1 1peobpa3oBarb YacTu [OBEPXHOCTH, OKa3aBIlUuecs Bblile u Huxke Hero. Eciu
HAIIPOTUB 110J1s YCTAHOBUTD BBIIIE CTOUT AJI0YKA, TO 3HAYEHHUIO BHICOTHI BO BCEX TOYKAX, IJI€ OHO
MTPEBBIIIAJIO 3HAYEHNE TIOPOTOBOTO YPOBHsI, Oy/IeT MTPUCBOEHO 3HAYEHNE, PABHOE MAKCHMAJIHHON
BBICOTE HA TMOBEPXHOCTH, JJUOO BHICOTE TIOPOTOBOTO YPOBHS, B 3aBUCHMOCTH OT BBIOPAHHOTO.
Ananorngso, eciau raaodka CTOUT HAIPOTUB MO YCTAHOBUTDH HUKE.

Moporosan HnbTpaLya ]

YpoeeHe

YeTaHoBMTE BRILE -

ha Marcurym %

YeTaHoBMTE Hike I~
5l YposeHs -
Corce

Puc. 3.27. OxHO BBIOOpA TOPOTOBOTO YPOBHS
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3.7.25 BpeicoTa no nuHTepdEPEHIINOHHOI KapTUHE

Jannast GyHKIUS TPETHAZHAYEHA JIsT W3MEPEHUsT KPYTU3HBI POCTOBOTO XOJIMUKA, HA TIOBEPXHOCTH
KpucTaJIa mo uaTepdepennmontoil kaprune (kuonka, &F).

g Hagaja HEOOXOAMMO BHIOPATH OTPE30K WJIM OTPE3KH, HAKJIOH KOTOPBIX OyIeT HAXOIUTHCS
nagnee. s sroro Mmoxer 6bITh MCHOIb30BaH pexkuM Kypcopa Ceuenue uiu Paccrosuue (o pabore
C PeKUMaMK Kypcopa MOXKHO y3HaTb B pasiese 3.6).
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Puc. 3.28. Boimenenne orpe3ka Ha mHTEpMEPEHITNOHHON KapTUHE.

Sarem B MeHI0 Maremaruka HEOOXOAUMO BbI3BATh (DYHKIUIO BbhicoTa no nHTEepdEepeHinonHoM
kapruue (Maremaruka/Bpicora 1o unrepdepenuuonnoii kaprune). Ilpu Boizose dyukimu
HOSIBUTCS MEHIO ¢ TapaMerpaMu (puc. 3.29), B KOTOPOM 33aeTCs JIMHA BOJHBI A IAI0IIEr0
TOTOKA, ¥ TIOPOT, 33 A0l MUHUMAJIbHYIO BEJIMYUHY aMILIATYIbI, KOTOPAs €€ BO3MOXKHA JIJIst
OJTHOTO TIEpUO/IA. JHAYEHHE TIOPOra 33/1aeTCs B MPOIMEHTAX OT MAKCUMATBHON aMILTATY/IbI.

MapaMeTpel B |
I nHa BonHel Im 3:

MNopor ona amnaHTyae!, |5 ﬁ

k. I EITMEHal

Puc. 3.29. ITapamerps! dyHKIMM.

[lepBoHavua bHO BHIYUCIEHUS OYIyT TPOU3BEIEHBI C MapaMeTpaMu 1o ymoadanuio. Eciu onn He
COOTBETCTBYIOT JTAHHOMY CJIY4al0, TO UX CJIEIAYeT 3aMEeHUTHh. Pe3ybTaThl BHIBOAATCS B BHUJIE
rabiuupl (puc. 3.30), B KOTOPYIO 3alUCHIBAETCS BEJIUYUHA 1AJE€HHUs BbICOTbI Ha, BLIODAHHOM
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orpeske (ITagenue) u paccrosuue mexay Konunamu orpeska (Paccrognue). Eciu 310 Bo3MoxKHO
JUIsl IAHHBIX €JIMHUL, U3MEPEHHs, TO BBIYMC/IAETCA yroJl HAK/IOHA KPUCTA/LIA HA BHIODAHHOM
ydacrke.

B Snapshot_061120_000.bmp:3 [ |1 X]

Drap,nim Distance px
1 1959.58 44,911

b
o

Puc. 3.30. Pesynprarer Beraucaenuii.

3.8 Amnanus gauusix (Menio Oneparun)

Komanel, cobpanubie B Menio Onepanuu (Bce OHU JOCTYIHbBI TAK¥Ke 110 HAYXKATHUIO MPABON KHONKY
MBIIIU HA U300paZKeHNH ), MO3BOJISIOT TI0JIyYaTh PA3HOrO POJA WHMOPMAIMIO O [OBEPXHOCTH,
CKJIaIbIBATH M300parKeHus, Ae1aTh n300parkeHus 6oee HATTISIHBIMHA.

3.8.1 lyb6smupoBaHue m300parkKeHuit

Nzo6parkeHust TOBEPXHOCTH BCErIa MOXKHO npoaybaupoBars Komauaoii Co3arh KOIUIO WK
HaYKaTHEM HA KHOIKY é', KOTOpasi HAXOIUTCS HA, MAHEN WHCTPYMEHTOB. Kcim Ha n3obpaskeHnn
BBIJIeJIeHa HEKOTOpasi 00JIacTh, TO MPOAyOIMpOBaH Oy/IeT MMEHHO ITOT y4acTOK, WHAYe — BCe
n300pakeHue.

3.8.2 IlocTpoenue 3x-MepHBIX M300pa>KEeHUI

Puc. 3.31. TpexmepHoe m306parkeHue.

[Iporpamma mo3BO/ISIET CTPOUTH TPEXMEpPHBbIE H300PaKeHUs MOBEPXHOCTH. UTOOBI CAETaTh 9TO,
Bbibepure komany [locrpours 3D (kHonka o ). C nostyuuBLIuMcs 3Xx-MEPHbIM OOBEKTOM MOXKHO
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IIPOU3BOJIUTH MHOXKECTBO OIlepaIuii.

— IlIkaner HA BCeX KOOPAMHATHBIX OCSIX MOXKHO TOKA3BIBATH, & MOXKHO yOpaTh. 3a 3TO OTBEYAET
rajio9uka, MOCTaBJIeHHAs WJIM He MocTaBjeHHas Hanporus cyioBa Ocu B JJononHureibHbIX
97IeMeHTaxX B OKHe HacTpoek [lapamerpsl (puc 3.32), KOTOpOe BBI3LIBAETCS KOMAHIOM
Buy/HacTpoiik... Win NpH HasKaTHH TIPABOii KHOTKON MBIIIN Ha 3-X MEPHOM M300DasKeHUH.

Mapamerper &
Dﬁu.leel Wrana MHon. 2aemeHTel | JkHD NpoekLLAL lll_’l
Oecu [# Ceuenus . I
TeHE [~ Moanucu ]
MeTtm v
F.puBbIE o

Ok I OtreHa | Jarpysure| CospaHuTe | CraHoapr

Puc. 3.32. Oxno nacrpoek Parameters

— Ecnu penbed 3D moBepXHOCTH MMEET CUJIBHBIE MTEPEMAJIbI BHICOT, P BPAIIEHUN
MTOBEPXHOCTU MOTYT BO3HUKHYTH TPYIHOCTH C TO3UIMOHUPOBAHUEM KOODJIMHATHBIX OCEH,
BCJIEZICTBHE COOTHOIIEHUS UX PA3MEPOB C TOJIMUHON TOBEPXHOCTH. [109TOMY BO BKIAJIKE
Jlerenyia okna ITapamerpor (puc 3.33) MOXKHO U3MEHHUTDH TOJILIMHY OCEil /s W300pazKeHust
3D pesbeda. izt 31010 HEOOXOMMO IPABOIT KHOLIKON MBIIIA HA2KATh HA N300PaKEHUU U B
okue [Tapamerps! BoIOpaTh BKIAAKY Jlerenaa, mpu m3menennn napamerpa Tommuaa, oceit 10
HeoOXOoIUMOM BeJinunHbl 1 HaxKaTh OK.

MapamMeTpbl

I paHvue | WokgaT | PoH J'Ierem:ta: 4
)

S

TDJ‘ILLLIAH&DCBIZ?H — :

[ Ok H OTreHa ]lﬁarpySMTb”QDXpaHMTb][QTaHﬂapT

Puc. 3.33. lI3menenne TOMIMUHBI OCEi

— MoxkHO MOKa3BIBATH UJIN CKPBIBATH MOCTPOEHHBIE HA TIOBEPXHOCTH METKH, KDUBbBIE,
U30/IMHUN U CedeHusi. Jljisi TOro 9To0bl 9TU JIEMEHTHI ObLIN MOKA3aHbI, B OKHE HACTPOEK
Parameters (puc 3.32) posmxubl 66iTb orMevensbl Merku, Kpusbie u Ceuenust
coorBercTBeHHO. Ecim ormedeno Tlognucu, 1o OyayT MOKa3aHbl MOAIMUCH K TOKA3bIBAEMbIM
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ameMenTaM. Korma BbI HA OOBITHOM M300pPAKEHUN MOBEPXHOCTH, JJIsT KOTOPOrO OBLIO
[IOCTPOEHO TPEXMEPHOE, MOCTPOUIM HOBBIE JJIEMEHTbHI, 9TH JIEMEHThI HE Oy 1yT
ABTOMATUYECKY OTOOPAYKEHBI HA, TPEXMEPHOM n300parkeHuu. st Toro 4rodbl OOHOBUTH
TPEeXMepHOe M300paKeHne, HAXKMHUTE HA HEro JIEBON KHOMKON MBIMIA B TEYEHUE CEKYHIbI, a
3arem ormycture. OOHOB/IEHNE MOYKHO TaK YK€ BBHITIOJHUATH HAYKATHEM KHOITKHU

— IloBepxHOCTH MOXKHO IIOBOPAYMBATH BOKPYT BEPTUKAJIBHOU ocu. [liisi 3TOro HaxxmMure JeByio

KHOTIKY MBITIHU U, YAEPXKUBas €e Ha}KaTOI'/’I, ,ZIBI/II‘&ﬁTQ MBIIITH BIIPABO WJINW BJIEBO.

- ,HJIH HpI/I6J’II/I}K€HI/IH " yAaJICHUd TMMOBEPXHOCTU yACPZKUBAA HaXKaTOM JIEBYIO KHOIIKY MBbIIIHA,

repeMeniaiiTe Kypcop BHU3 UJIU BBEPX.

— MoXKHO U3MEHUTH MacmTad u3obpaxkenus mo seprukaau (ocu Z). s 3TOro, mpu HaXKaToi

KHOIIKEe Z, ONIATH 7K€ HY?KHO HazKaTh JIEBYIO KHOTIKY MbIIIA W, HE OTIIyCKad ee, IBUTraTh
MBIIIb BBEPX W BHUS.

— IloBepxHOCTH MOXKHO IOBOPAYMBATH BOKPYI 'OPU30HTAJIBHON OCH, J€XKalllell B IIJIOCKOCTH

skpana (och Y), 1 BOKPYr OCH, NEPHEHIMKYISPHOI 110ckocTr 3kpana (ock X). st sroro,
yaep:kuBas HazkaTbiMu Ctrl v JIeByI0 KHOINKY MBIIIN, JBUTAWTE MBIIb BBEPX-BHU3 U
BJIEBO-BIIPABO.

— II306parkenne MOXKHO CABUTATH MBIIIHIO BJIEBO-BIIPABO W BBEPX-BHU3 IIPYU HAXKATOHN KJIABUIIE

Shift.

— Ecau B mento Bun ormeueno cioBo IlosicBeTka, TO MTOBEPXHOCTH OKA3BIBAETCS OCBEIIEHHOI.

IIpu 3TOM €CTh BO3MOXKHOCTH MEHSATH MOJOKEHUE HCTOYHUKA CBETA, YTO MOMKET CHIBHO
CKa3aThCsd HA HALJISITHOCTH u300parkeHus. Yaep:kuBas Haxkarbimu Shift, Ctrl u jeByio
KHOIIKY Mbliu, Bbl, nBuras Mpluibio, Oy/iere IBAraTh U MCTOYHUK CBETA.

- B IporpamMme IpeayCcMOTpeHa BO3MOZKHOCTb HE TOJIBKO YHIPABJIATH ITMOJIOZKEHUEM MCTOIYHUKA

CBETA, HO U MEHSITh ONTHYECKUE CBOWCTBA MOBEPXHOCTH. Be3 mcrnonb30Banus 310l
BO3MOXKHOCTH MOYKHO JIEFKO OOOUTHCH, TIOITOMY €€ OIHCaHue ObLIO PACIOJIOKEHO B
npusoxkenun E.

3anuch mpoJieTa HAJ TPEXMEPHOI ITOBEPXHOCTHIO

ITporpamMMa TO3BOIAET 3AMOMAHATH PA3INTHBIE CIIEHBI TTPOCMOTPA TIOBEPXHOCTH W 3aNNCHIBATH
mepeMenenne KaMephbl MeXKIy CIEeHaMW. B pes3ysibrare moiyvaercs KpacodHbIi (DUIbM, HATISIHO
npeacTasasomuii hopMy moBepxHoCTH. s co3manus (pUIbMOB HCIIONIB3yeTCA TAAJIOT
yIpaBJieHus ClleHaMHU, BbI3biBaeMblii Koman10il Mento Buy/Cosnanue nposera HaJl HOBEPXHOCTHIO
(puc. 3.34). Ilpouecc co3nanust IPOUCXOIUT CJIELYIONIUM 00PA30OM:

1
2

=~ W

. BoeiOupaercs kemaeMblit paKypc TPEXMEpPHOTO n300parKeHus.
. BoiOpannbrit pakypc 3aiOMUHAETCST HaXKaTHeM Ha KHONKY JlobaBuTh.
. IlyukTsr 1 1 2 HOBTOPSIOTCS, MOKA HE OyAeT 3a/aH BECh MAPIIPYT KAMEDHI.

. Hasiee MOKHO 110MeHsATH cleHbl Mecramu (KHOLKK Beepx u Buus), yaaaurs juiinue CleHbl
(xHOUKM YaanuTh U YJAauTh BCE), U U3MEHUTH CKOPOCTb LIEPEMEILEHUsl KAMEDDL B 110J1€
Texymas. [Ipu HaxkaTun Ha KHONKY V3MEHUTH TEKyIINe HACTPONKY OYyIyT 3amrcaHbl BMECTO
BBIODAHHO# CIIEHBI B CITUCKE CIIEH.

Cuucok CieH MOXKHO COXPAaHATh B TEKCTOBbIN (Dailil U CAUTHIBATH M3 HErO, TAKUM 0OPa3oM
BO3MOZKHO 3arpy’Karhb paHee CO3/aHHbIe CIEHAPUU IIPOJIETA [JIsi HOBBIX M300DarKeHuii.
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CO3aHWe NPONETA HAA, NOBEPKHOCTEHY ]

CueHer:

Angl ghtFi
Angle: 248 625 LightFi:

2SD,L|ghT heta:B0,0ffzet:2 412

Sanepka: [ i TeKHmamhnnn;z. 000 s

Jotasure | Beepx I
HSMEHMTbl EHuz I Sanuce |
Haanume LCorpaHure
Yganure Bce DarpYsHTE: 3akpere |

Puc. 3.34. OKkHO yIpaB/ieHHs CIIEHAM.

Myt & painy [Dspm flesvFashkavicht
Kq,uupgnou.luﬁ...lNDne VI_I

Crapr

Ok | Ormena

Puc. 3.35. OkHO 3ammucu BUIEOCIOKETA.
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IIpu maxxkarnm Ha KHOMKY lIpomrparsh 3amycKaeTcs peXKuM IpPeaIBapUTETLHOTO IMPOCMOTPA C
LOHM2KEHHbIM pas3peltenueM. [Ipy HaxKaTuy Ha KHOLKY 3allMCh [OABJISETCH JUAJIOr 3AIIUCH
Buzeociokera (puc. 3.35, B KOTOPOM MOYKHO 33JaTh UMS 3aMUCHIBAEMOro daiiia, BeIOpaTh
CIrocob KOMITPECCHH W HACTPOUTH MapaMeTphl CxKaTus n3odpaskenns. [Ipu HaxkaTnm Ha,
kuonKy CTapr B AmaJjiore 3amucy HAYHETCs 3amuch m300parkenus B (ait, Tekymuil Kaap
OyIeT MOKa3bIBATHCA B OKHE MPEIBAPUTETHHOTO IPOCMOTPA.

3.8.3 IIpeobpazoBanue Pypbe

[IpeobpazoBanne @ypbe sABIAIETCS MOIIHBIM CPEICTBOM OOPAOOTKHU U aHAIN3a N300parKeHuit.
[MonyunTs TpencTaBienne IByMepHOTO n300parkenns B @ yphe-TpOCTPAHCTBE MOXKHO C TTOMOIIHIO
KoMaHIbl Pyphe. Y TOTYyUIeHHOrO M300paykeHnsi MOXKHO MEHSATH KOHTPACTHOCTh — JJIsT 9TOTO B
meHi0 Oypbe BbIOEPUTE OJIMH U3 TPEeX BApUAHTOB KoMaHAbl KonTpacTupoBars: Bosbiie
(yBesmuenue KoHTpacruocTu), Menbiie (ymenbiienue) uin Boccranosurh (BoccraHaBiIuBaeT
UCXO/HYIO0 YCTAHOBKY). TU TPU BaPUAHTA KOMAHJIbI MOXKHO 3aIlyCTUTh U YEPe3 MEHIO,
BBIIAIAIOMIEE [0 HAKATHUIO [IPABOM KHONKHU Mbiiu Ha Pypbe-u300pakenuu.

B oxme @yphe-crieKTpa MOXKHO BBIIEIATH HECKOJIHKO MPON3BOIHHBIX O0JIACTEHl — PEKIM
Boienenne nin craBuTh MeTKH — pexkuM Merku. [lyist BeIOOpa pesknMa HakKMHUTE HA CIHEKTD
OpaBoii KHONKON Mbiiiu. UT0o0bI yAaIuTh BblJAEIEHUE, HABEJAUTE Ha HEro Kypcop (IpH 3TOM DsI0M
C KyPCOPOM HOsIBUTCS KPACHbI KPECTUK) ¥ HAXKMUTE JIEBYIO KHOIKY MBbIIIIH.

Ecau Bor Beiaenunin kakue-1o 06/1acT CIIEKTPA, TO MOXKETe OOHYJIUTh UX BHYTPEHHIOI TN
BHEITHIOI YaCTh — JIJIsT 3TOTO ecTh KoMaHabl OOHYInTh BHYTPpH 1 OOHYINTH CHAPYKHU, TOCTYITHBIE
0 HAYKATUIO TIPABON KHOIKM MBI, a Takxke n3 Menio @ypre. IIpn aToM mpoucxozsimie
n3Menenust B @ypbe-ClieKTpe cpa3y OTPAKAIOTCS M HA U300pPaKeHNN TTOBEPXHOCTH.

B crarychoit cTpoke TIaBHOrO OKHA MPOTPAMMbI BbI MOXKeTe yBUIETH BEJTUYHHBI,
COOTBETCTBYIOIIME MEPUOAAM ¥ HEHOPMHUPOBAHHOW MHTEHCUBHOCTH CIEKTPATHHON ILIOTHOCTU B
Touke Pyphe-TI0CKOCTH, HAJI, KOTOPOI HAXOAUTCS B HACTOsIee BpeMst Kypcop. Korma Ber craBure
METKHU B pexknMe MeTKH, TO PsAJI0M C TTOMEUeHHON TOYKOI BHIBOINUTCS COOTBETCTBYIOIIN TTEPUOJ 1
MHTEHCUBHOCTD.

3.8.4 IlocTpoeHme rucTOrpaMm

[Tocse BoimoTHEHNST KOMAHABI [ HCTOrpaMMa MOABIAETCA OKHO, COIEPIKAIIEe PACIPEIETIEHNE TOUEK
ITOBEPXHOCTH 110 BbicoTaM. llepemernas mrpuxoBble BepTUKAIbHbIE JuHUNA, BbI MO2XKETE N3MEPATH
OTHOCHUTEJIbHYIO ILJIOLIA/b BbIIEJIEHHOrO yuacrka rucrorpammbl. [To komanue mento ['ucrorpamma/
O06pe3aTh BBICOTA KAXKIOW TOUKH, OKA3ABIIENHCS CHAPYKU OT BEPTUKAJIbHBIX JIMHUHA CTAHOBUTCS
PaBHOH BBICOTE, YKA3AHHON COOTBETCTBYIOIIEH BEPTUKAJIBHONW JIMHUEH.

3.8.5 Haxoxkxagenne o6’bEKTOB

C nomornpo KoMaHabl BeraemuTs 06beKThl HA MOBEPXHOCTH OTBICKUBAIOTCS OOBEKThI, KOTOPbIE
3aTeM momevaioTcs Ha uzobpakenuu. Puc. 3.36 nmosicaser, uro cunraercs obbekrom. s
LOBEPXHOCTH BBIYMCJIAIOTCS cpennuii yposedb (Cpeunuiil ypoBeHb), cpe/Hee KBaipaTuiHoe
orkjonenue (Ha pucynke — d) u MakcumasbHas Bbicota (MakcuMaibHas BHICOTA). 3aTeM
cpaamBaroTcs ase miaockocTr — A u B. Ilmockocts A mmeer BbicOTY, cpenrion Mexay CpemHuii
ypoBenb u Makcumasbuas BeicoTa. 1lmockocts B Ha 2d Boimie vem Cpemauit yposers. I1mockocTs,
OKAa3aBIIAsCHd HUKE CTAHOBUTCS MMOPOTrOBOi, ¥ T€ YACTH MOBEPXHOCTHU, KOTOPHIE OKA3BIBAIOTCS
BBIIIIE HEe, CIUTAIOTCH OOBEKTAMMU.

ITo komamnme BeimeanTs 00HeKTHI HA M300paskeHn N TOSBISIOTCS PACCTABIEHHBIE METKH 1
BO3HUKAET JBA HOBBIX OKHA: TAOJIMIA CO CBOMCTBAMM OOBEKTOB, i TMCTOIDAMMA, HA KOTOPOt
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Puc. 3.36. Boraesienue 06 bekToB

TOKA3aHbI 0OBEKTHI — UX ILJIOMIAIN U KOJUIECTBO.

Tabura co cBoficTBaMu OOBEKTOB COIEPKUT KPOME HOMepa 00beKTa 8 KOJIOHOK: Square
(mnomaze), Perimeter (mepumerp), Volume (06bem), RMS (aucnepcust Beicorst obbekra),Form
Factor 1 (xapakrepusyer okpyriocrb obbekra), Form Factor 2 (xapakrepusyer Ha CKOJIBKO
00bEKT OJIM30K K CBOEMY CKEJIETY, T.€. Ha, CKOIbKO o ToHkuii), H (BeIicoTa), <H> (Ccpemuss
BbICOTa). MOXKHO COPTUPOBATH OOBEKTHI 110 JIIOOOMY CBOWCTBY, HAXKMMAasl HA HA3BAHUE KOJIOHKU.
[Ipu 5TOM 0OBEKTHI TEPEHYMEPOBBIBAIOTCSA. B Tabiinite MOKHO BBIIEIUTH BCE OOBEKTHI WIIN
HECKOJIbKO M CKONIMPOBATH WX CBOiicTBA B Oydep obmena. Ijs BbIaeIeHNST HECKOIBKAX 00HEKTOB
HY?KHO HAXKAMaTh HA HUX MbIIIbIO, yaepxkuBasa Haxkaroi kiaapunry CTRL wiu SHIFT, a qna
korupoBanus HaxkaTh CTRL+C uan Beimonuuth kKomauny Komus tekcra u3 menio I[Ipaska.

B ok#e rucTorpaMMbl MOYKHO JBUTATh JBE BEPTUKAIHHBIE JIMHUNA U, TAKAM O0OPa30M, MPOBOIUTH
orbop 06bekToB 1o miomaau. Eciu B okue Ilapamerpsr (Puc. 3.36), Koropoe NosiB/sgeTcs Ipu
HAXKATUW HA NPABYIO KHOIKY MBIIIM B OKHE [MCTOIDAMMbI, HAIPOTHB HA/IUCU (B 3aKJjajKe
O6uiee) OcraBidaTh BHYTD... CTOUT FAJ0YKa, TO OyayT 0TOOPAHBL TOJIBKO OObEKTHI, BHYTPEHHHUE K
BEPTUKAJIBHDBIM JIMHUSIM, €CJIM 9Ty Iajgo4dKy yoparb — TO TOJbKO BHemHue. B 91oM okHe Takzxke
BO3MOXKHO 33/IaBaTh THUI MAaCKH B CTpoke Tum macku:

1. None — ormeHnsieT MacKy u B pe3yJbraTe OCTAIOTCS TOJIHKO METKH yKA3bIBAIOIINE HA OOBLEKT U
€ro HOMep;

2. Mask — ocrapisger HajigeHHbIE OOBEKTDI, & BCE 9TO HUZKE MOPOTa yIAIIET;

3. Contour — uzobpazkeHue He U3MEHSETCsl, HO y HAWIEeHHBIX OObEKTOB BHIYEPUUBACTCSA KOHTYD,
IIBET KOTOPOI'O MOYXKHO 33/1aBaTh B 3akiaake llser konTypa;

4. Skeleton — uzo6pakenue He MEHSIETCs, HO HAWIEHHBIE OOBEKThI OTMEYAIOTCS KAPKACOM.
B okue [Tapamerpbl MOXKHO BBIOPATH PEYKUM TOPOTOBO#H (DUIBTPAINU B CTPOKe Perknm:
1. Auto — moporoBoe 3HAYEHUE PACIUTHIBACTCS ABTOMATUYIECKH;

2. Manual — moporoBoe 3Ha<€eHHE 33/1a€TCSI B PYIHYIO, IPH 3TOM BBIXOIUT ITKAJA HA KOTOPOit
MOKHO 3aJiaTh ropor ot 0 jio 1.
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Puc. 3.37. Boiaenienre 06 beKTOB

O6beKThI, KOTOPbIE HE OKA3ATUCH OTOOPAHHBIME, MOYXKHO YAATUTE. IS BBIIETEHHBIX OOBEKTOB
upeaHazsadena komanaa Mexo O6bekTbr/ Yaamurs ¢ uzobpaxenus/ Boiuenennbie (06beKTbI
YAAIAIOTCs Ha M300parkeHuu), a oruUIIbTPOBAHHbIE /Ul OT(UIBTPOBAHHDLIX - KOMaH a O6bekTbl/
Ynanuts ¢ uzobpakenusi/ OcTajabHbIE.

Komanna merto O6beKThl/ YIAJIUTh ¢ THCTOrPAMMBI yIajisieT HeOTOOpaHHBIE O0HEKTHI U3
THCTOIPAMMBI, OCTABJISIS UX HETPOHYTHIMU HA TOBEPXHOCTH.

ITo komane Boeraucaars cpeauioo Boicory u3 MeHto OObeKThI BHIYUCISIETCS CPETHSIS BICOTA
obbekToB. emaercsa ato ciaeayromum obpaszom. Haxoaurcs cpeansis BbICOTa MOBEPXHOCTH Oe3
y4eTa BHIOPAHHBIX OOBEKTOB. 3aTeM JIJIsT KayKI0TO OOBEKTa BBIYUCIISIETCS €ro CPEIHsIsT BhICOTA,
KOTOpasi PABHA CPEIHE(l 110 CTPOKAM MAKCUMAJILHON BBICOTE (OTHOCHUTENHLHO HOBOIO CPEJIHErO
yposas). ITocsie 3TOro cayuraercs cpenHee 3HAYEHUE MEKJY BbICOTAMK BCeX 00beKkToB. Ilosryuennoe
3HaYeHre u OyJIeT BHIBEJICHO HA KPAH B HUXKHEM MPABOM YIJIy W300pakeHus MOBEPXHOCTH.

[To komane 3anosHuTh BHyTpeHune obsactu u3 MeHio OObEKThI HE YIUTHIBACTCS BHYTPEHHSS
9aCTh O0BEKTA, eCJn 00bEKT nMeeT (POPMY KOJIbIA.

3.8.6 CrynmeHd4yaTtas CTPYKTypPa IIOBEPXHOCTH

Ha moBepxHOCTH KPHUCTAJIJIOB MOYKHO OOHAPYKUTh CTYMEHBKHU. JTO CBI3aHHO C POCTOM KPUCTAJLIA
cioamu (puc.3.38). Kaxkapiii HOBO# ¢j10ii 06pa3yeT ¢ HpeAblAyInuM CTyneHbKy. [locrenenso cioi
pacrer, yBenuduBas IIOMAAL U CTyleHbKa nepeasuraercs. C momorrpio koMasapl Haiitu
CTyIEHbKU MOYKHO OIHCHIBATH POCT CTyIIEHEK BO Bpemenu. 110 3T0it KOMaH/e OTKPbIBAETCS
okowko (puc.3.39). Boibupaem HalpaBieHUe UCCIIEN0BAHUS: CIEBA HA IIPABO — €CJIM caMasi
BEpXHsIS CTYIEHBb CJIEBA, & HUXKHsIS CIIPAaBA,MHAYe CIIPABA HAJIEBO.

Ckanupyem BCerma OJHY CTPOUKY, & BEPTUKAIbHAS PA3BEPTKA HIET 110 BPEMEHH.

Cuuraercs npoussoanas. [Ipoucxoaur ceeprka ¢ sapom (1,0,—1) wau (—1,0,1), T.e. cTpoka
3HaveHuii ymHoxkaercd Ha Bekrop (1,0,—1) mis Hanpasienus ciesa na npaso, uwiu (—1,0,1) —
cupaBa HaseBo. Ouepaiys OCyNIECTBISeTCs CHU3Y BBEPX CO CTPOKHU, KOTOPAash YKA3BIBAETCH B
nyukTe ,Hagamno paga “, no crpokn — ,, Kowner psma “.

Juia nosryduBIneiics MpOU3BOAHON CUMTAEM CPEIHEKBAAPATUIHOE OTKIoHeHe — RMS(aucnepcus
BBICOTBI OOBEKTA).

[Ipoucxonur noporosas dunbrparus th = RMS ® x(nopor), ruae x 3agaercsa B crpoke , [Topor “.
To, 4T0 HEMKE IOPOra MbI HE yYUTHIBAEM, a CPE/IA 3HAYEHUI BBIIIE TIOPOTa UIIEM JIOKAJIbHBIE
MaKCUMyMbI, ipucBanBas 1 — ecim ecth makcumym, 0 — wer. [Ilupuna okHa 1y Onpe/iesienust
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JIOKAJIbHBIX MAKCUMYMOB 33/1aeTcsi B cTpoke ,, Hakmon “. Takyro omepamnurio gejgaeM ¢ HeCKOJTbKUME
[IEPBBIME CTPOKAMU, KOJIMYECTBO KOTOPbIX 3aiaercs B crpoke ,, Haganbubie crpoku “. Cymmupyem
pe3ysbTar.

JLJ1s TOJTy 9€HHOTO PsiZia OMSITh WIMEM JIOKAJIbHBIE MAKCUMYMBbI. B OKPECTHOCTH 9TUX MAKCHMYMOB B
TEPBOHAYAJIBHBIX JAHHBIX WINEM MAKCAMYM U 3TO CIUTAETCS HAYAJIOM CTyrmeHbKu. [logammaemcs
Ha CTPOKY BBEPX U HA HEW UINEM MAKCHMYM B OKPECTHOCTH KasK/IOTO MAKCHMYMa ITPOIILION
crpoku. Eciim MmakcuMmyma Her, TO cTpoka npoimyckaercs. KoanuecTBo mporyInenHbix CTPOK I
KaXKJIO CTYMEHM He MOJIYKHO TPEBBIIIATH YUCIIO, 3aJaBAEMOe B CTPOKe ,, MaKCMaJIbHBIN WHTEPBAJ
. WHaYe 9Ta CTYMeHb 00pBhIBAETCs. ECanm MakCUMyM Uit JAHHON CTYTEHU B T€IEHUU
MaKCHMaJIbHOTO WHTEPBAJIA TOSBUJICSA, TO OH COEIMHSAETCS MPSIMOIl JIMHUEH C TTPEIbLIY M.
Haxwumaem kuonky OK u 11s Kask10# CTYMEHBKH CTPOUTCS KOOPAUHATHAS (DYHKIUS —
3aBUCUMOCTb KOOPAUHATHI CTyleHbKH 110 X or Bpemenu 110 Y (puc.3.40). Ha sroii 3aBucumoctu
[IepeABUrasi BEPTUKAJIbHYIO MPAMYIO MbI [IOJIy49aeM HOBbIH I'PadUK rOPU30HTAILHOIO CEYEHUs
moBepxXHOCTU. C MOMOIIBI0 KOMAHIRI ¥YIAJUTh JIUHUIO TPEeHIa B MeHi0 KpuBasi MOKHO BBIPOBHSTH
n300paskeHne TeKyIero TOPpU30HTAILHOTO cevueHus. 110 9Toit KoMaHae u3 Haleil KpUBOH
BerauTaercs muHusa Tpenga (puc.3.41).

st KoopauHATHON (DYHKIIUU MOXKHO CJI€JIATH ABTO—KOPPESINI0 KOMAHI0H ABTO—KOppEIsIus B
mento Kpusas (puc.3.42). A ¢ nomouipio komanubl Crpykryphas yakuus B mento Kpupas
HOJIYYUM CTPYKTYpHYIO DYHKIMIO (puc.3.43), BBIUUCALIONIYIOC TI0 clenyomeil dhopmyie:

S(At) = ([z(t) — z(t + At)]?). (3.1)

Jlerko yBuierb, 4To KOPpEeIsMOHHAS ¥ CTPYKTypHas PyHKUuU cumMerpudnbl (puc.3.42 u

puc.3.43).

3.8.7 IIpeobGpa3oBaHue KPUBBIX B CEUYEHUS

Bbr MOXKeTe MOCTPOUTH cedeHre TOBEPXHOCTH TIO JIOMAHOU JuHuA. J[7Is 3TOr0o HAZI0 B PEKUME
LOCTPOEHUsI KPUBBIX OTMETHTb HA IIOBEPXHOCTU KpUBYIO (padzen 3.6.6), a 3areM BbIIOJIHUTH
xomauay IIpeobpasoBarh KpuByo B cedenne. Cedenne OyIeT BHIBEIEHO B HOBOM OKHE.

3.8.8 Cozmanmne ¢aitsia KaanOpPOBKMN TucTEpE3Nnca

Cozpnanue (aiina KaaubOpOBKU CBOAUTCS K CJAEAYIOMIAM JEACTBUAM [10JIb30BATEIA:

e Ha monydennom m300pazkeHnn KATHOPOBOTHOTO 00pa3Ia MOCIEI0BATEIBHO C IIOMOIIHIO
JIOMAHO} OTMEYAIOTCs Y3JI0Bble TOYKU C U3BECTHBIM PACCTOAHUEM JAPYL OT aApyra (ijist
yA00cTBa 1HOCTPOEHUST KPUBOH MOXKHO ormeruTs onuuio Kypcop/ Snap to Maximum) (puc.

3.44)
e Buibpas komanay Ouepanuu/ Coszars KaauOPOBOYHYIO KPUBYIO, B IIOSBUBLIEMCs OKHE
YBUIUM JIB€ KOJOHKH (puc. 3.45)

B sieBoit KosioHKE 0003HAYEHBI TTAPAMETPhI (JJIMHBI OTMEYEHHBIX TPOMEKYTKOB), B IPABOIi
WX 3Ha4YEHHs, KOTOPble HY2KHO YCTAHOBUTH, Ky/Jla Mbl 1 BIUCBIBAEM U3BECTHbIE HAM TOYHO
PACCTOsIHUA MEXK/Iy TOUYKaMu (K IIPUMEDPY LEPUOJL PEIeTKH ).

e Ilo mpeyIoKeHnio TporpaMMbl coxpaHsieM (hailyl KaTnOpPOBKU B HYKHOE HAM MECTO Ha, IUCKE.

e Ilocste 3TOrO MpOrpaMMa CTPOUT JBE KAJTUOPOBOYHBIE KPUBHIE X-KAaTuOGpOBKA U
y-KambpoBKa-MeIJIeHHO (JIjIs OCH X M Y COOTBETCTBEHHO) W BBIIAET uX Ha KpaH (puc. 3.46):

ITo ocu abeuuce Ha rpaduke orMedeHbl poeKiuy Ha ocb X (min Y) TOYeK JIOMaHOM
OTMEYEHHON Ha MMOJIyYEHHOM H300PAXKEHUH, [0 OCH OP/JUHAT - UCTUHHBIE 3HAYEHUS TEX K
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Copy 1 of LY3.056[Deflection](200%):1

hm || —
3200 2
2400 |
]
1600 |
800
] -2
[N i . | ! ]
0 500 1600 2400 3200 nrm
File: Copy 1 of LY3.056
llrnage data: Deflection

Puc. 3.38. Bce crynenpku IpOHyMepOBAaHbL

MapaMeTpbi B

HanpagneHue waros

Mopor
Haknon 3
HavaneHeie CTROKK 6

Makc. uHTEpEAN

Il

Ha4ano pAaa
Kareu prana 512
Orvens |

Puc. 3.39. Okno napamerpos pacdera
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X Copy 1 of LY3.056[Step 5]:6

line

a a0 100 I 150 200 line
X127 5 line 2 15 line
A 1870 B: 0.1078 Rr2: 08754 S0 3.011

0.8
06
0.4
0.z

] 0.1 0.2 0.3 0.4 1/line
¥4 line 5 2583E-005 Phase: 33.76

Puc. 3.40. 3aBucrMOCTh KOOPAMHATHI CTYIIEHBKN OT BPEMEHU IS 5 CTYIEHbKH

X Copy 2 of LY3.056[Step 5]

line
12 :
5 :
O A
3 E
0 i i
0 50 100 180 200 line

dx: 85 line dY: 3.804 line
A4 BAEEO0E B 234E-003 R 3315E-01350: 3.011

s
06
0.4
02

0

a 01 nz 03 0.4 1line
o4 line 3 2.582E-005 Phage: 33.73

Puc. 3.41. JIuana Tpenna ropu3oHTAIbHA
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X Copy 4 of LY3.056[Step 5]

2
16
i
0a
0.4

]

0 ] it T 200 lire

dX: 85 line dy: 0.8833
A -0.1309 B: 0.001585 R 0.0527 30: 0.4976

(R
06
0.4
0z

]

a 01 nz 0.3 0.4 1line
X 4 line 3: 8.727E-006 Phasge: 122.3

Puc. 3.42. Koppensimponnas byHKIwMs

X Copy 5 of LY3.056[Step 5]

line”2
24
B i
12
G
0 H H
a a0 100 150 200 ling
d¥ B4.34 line  dY: -20.35 line"?
A 19.16 B: -0.01383 Ra2: D.D11?I'? S0: 9.584
0.8 :
06
04
0z
o !
a 01 nz 0.3 0.4 1line
o4 line 5 0.0001101 Phage: 141.9

Puc. 3.43. CrpykrypHas dyHKIwms

79
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1000 i}

st p—

Puc. 3.44. OrckanupoBanuoe n300paKeHNe ¢ OTMEYEHHBIMU TOYKAMUA.

Calibration table i x|
Parameter [ value [
D1=1393.542 nm 1000
D 2=1326.707 nm 1000

D3-1239583nm
D 4=1173188 nm
DE=1154.746 nm 1154.75
D B=1053633nm 108363

Puc. 3.45. Tabauma mjis onpeie/ieHust TOYeK, HEOOXOAUMBbIX [JIsi [IOCTPOEHUsT KaJuOPOBOYHBIX I'pad -

KOB.
Il

6e+003
5e+003
4e+003
3e+003 + +
284003
18+003

0

1e+D03  2e+003  3e+003 de+D03  5e+003  Ge+003
dx=3484 dv=0 Angle=0 deg

Puc. 3.46. Kanubposounstii rpaduk x-calibration.
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rouyek. Crpourcs: rpaduK, OTMEYEHHBIH 3e/IeHON TuHAel, a KpacHas KPUBast MOIydaeTcs ero
3epPKAJIbHBIM OTOOPaKEHNEM OTHOCUTEIBHO IPSMO#, ABJsoNelicss O6ucceKTpucoit yria,
00pa30BAHHOTO OCSIMU KOOPAWHATHON CETKY, T4 KPUBAST MCMOJIB3YeTCs I KOPPEKTUPOBKH
HAIPAZKEHNS, YIPABIAIOIIEro Mbe30KePAMUIECKUM MAHUITYIATOPOM.

Ecrb o410 3amedanue: eciiu IPOEKLIUY TOYEK HOCTPOCHHOMN JIOMAHOM Ha OCb Y (MJlM X) MaJlbl,
YTO MOYKET MPOW30UTH K MPUMEPY B TOM CJIyHae, €CJIH JIOMaHas MOYTH MapaljieThHa OTHOMN
OCH TIPOEIUPOBaHUs (JOCTUTAETCs BBICOKAS TOYHOCTH) W TEPIEHIUKYJIAPHA BTOPOil OCH
(Bosuukaer Gojibiiag omubka). B 9ToM ciiyuae HEOOXOAMMO MOCTPOUTD JIBE KPHUBbIE JIJIst
ObICTPOrO U Me/JIEHHOIO HAIPABJIEHUs CKAHUPOBaHUs (X-KalubpoBKa U
y-KaumbpoBKa-MeJIEHHO), /Il TOI0 OTMEYAeM Ha, [OJLyYeHHOM M300DaXKEeHUU JIB€ KPUBbIE,
TaK 9TOOBI TTOJYYUINCH "Xoporue " MpoeKIuy Kak Ha OJHY Tak W Ha JAPYIYIO OCh (CM. PHUC.
3.47). g Toro 4robbl HAYATH CTPOUTH BTOPYIO KPUBYIO 0€3 NPUBA3KY K MEPBOI
Heobxommo, Hazkumas Kiasuiry CTRL, orMeTnTh nepByio TOUYKY HOBOW JIMHUU.

1000 i}

“HBAA
x

Puc. 3.47. IlocTpoenne AByX JIOMAHBIX HA OHOM U300PaKEHUH.

IIporpaMma aBTOMATHYECKU COXPAHUT JAHHBIE /I8 MPEUMYIIECTBEHHOTO HAapaBjeHus. s
OIpe/IeJIeHN s, COXPAHATh JAaHHbIE WJIM HET /11 KOHKPETHOT'O HAITPABJIEHU, BBIUYNCIAETCA
MIPOEKINA KPUBOH HA 3TO HaIIpaBJIEHUE, U €CJIM OHA B 3 pa3a MEHbIIE IPOEKIUN Ha JPyroe
HallpaBJIeHNe, TO JaHHbIE HE COXPAHIIOTCS.

o Ilonyuennbrit pait UCIOMB3YeTCs B KAJTHOPOBKE THCTEPE3NCA IPU KOH(MUTYPUPOBAHUNN
cepsepa (cMm. nipusoxkenue B).

[Monxyuennsrit KaIUOPOBOUHBIHM (DA MOYKHO HUCIOJb30BATD [IJIsi MCIPABICHUST M300parKeHUsT
TOJIKO B OJJHOM HAlPABJIEHUM CKAHUPOBaHUsA (ONUCAHHBINA cirydaii mia X-uanpasienus). s
TOrO 9TOOBI MOJIYYUTh KATHOPOBKY MHCTEPE3UCa B OOOUX HAMPABJIEHUIX CKAHUPOBAHUS,
HEOOXOIUMO TPOM3BECTH BCE Te 2Ke OIEePAny ¢ n300parkeHneM TeCTOBOrO obpasiia
OTCKAHUPOBAHHOIO ¢ Y-HanpassenueM. MOKHO COXpaHATh JaHHbIE B (Daill ¢ APyruM UMEHeM, U
OCJIe 3TOTO OOBETUHUTD MOy YeHHbIE (DANIIBI KATHOPOBKU B OIUH, 8 MOKHO CPa3y COXPAHITH
JaHHBIE B TOT ke (DA - OHM BAMUIIYTCA B CEKINH X-KaIubpoBKa-MeIJIeHHO U y-KanubpoBKa.

3.8.9 BprrunciaeHne OrpaHNYEHHOTO U30JIMHUEH 00beMa

Eciu na n300pakeHnn MOBEPXHOCTH OTMEYEHA, 3aMKHYTasi W30JINHUs, TO €CTh BO3MOXKHOCTH
MIOCYUTATH 00bEM Tesa, KOTOPOe M30JUHHSA “0Tpe3aer” OT MOBEPXHOCTH. JIJIst 3TOro mpegHa3HaAdeHa
komanaa O6beM U30IMHUN.
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3.8.10 CuoxkeHne u BBIYUTAHUE N300parkeHuii

Kowmanzapst mento Onepannn/ Onepannu ¢ nzobpaxenusivn/ Jobasursh, Beraecrs n CroxHast
TTO3BOJISIOT CKJIAIBIBATH M BRIUUTATH W300parkenusi. IIpu BHIOOpE OMHON W3 9TUX KOMAHI
HOSBJIAETCS OKHO BbIOOpa u3obpaxkenus (puc. 3.48(a)), koropoe Gyzer npubaBI€HO UJIU BHIYTEHO
M3 TEeKyIero m3odpazkenns. Beibpas n3obpazkenne, Haxkmute “‘Boiopars”’. Eciin BeImomHAIACH
komauga Jlobasurh uin BeraecTs, TO cpa3y Oyaer mpom3BEeIeHO CIOXKEHHe WM, COOTBETCTBEHHO,
BhIUMTaHUE W300paxkeHuii. [Ipu 3TOM CYNUTAETCST, YTO JIEBBIE HUYKHUE YTJIBI N300parykeHmii

COBIIQJAIOT, a HOBafdA BBICOTa K&)K,LLOI‘/JI TOYKHN 6y,aeT ToJIy9€Ha KaK TTOJIyCyMMa WUJIW TOJIYPA3HOCTH
BBICOT Ha HCXOJIHBIX I/I306pa}KeHI/IHX.

Hobaenevve uzobpamenyn <)

X

i

Britpare I OTrmeHa

(a) Betbop u3obpaxkenus.

CnoxHan onepaugqsa B

% Nofaeure S0 (185
" Bewmects Yo |02

[ele

Wrana 1 '_......."—.......... 0.50
Wkana 2 ——=mF Joso

OTreHa |

(b) Oxmo coxenus m306pake-
HEIl ¢ PACIINPEHHBIMA BO3MOK-
HOCTAMM.

Puc. 3.48. /Inanoru ciokeHus ¥ BRIYUTAHUS W300parKeHUi

Ecnu Bomonaganack komanga CiioxkHas, TO MOABUTCA ele onHo okHO (puc. 3.48(b)). 3aech MmoxkHO
CABUraTh KPACHBIN MPIMOYTOJIbHUK (BTOPOE M300pazkeHne) OTHOCUTEIHLHO YepHOro (IepBoe
u300pazkeHre) NpsiMo Ha II0Jie, TJe OHU HAPUCOBAHBI, & MOXKHO, YTO PABHOCUJIBHO, U3MEHSAThH
napamerpbl Xo u YO, KOTOPbIE SIBJISIOTCS PA3HOCTHIO KOOPAMHAT (B MKCEJIAX) JIEBBIX HUKHUX
yrios m3obpazkennit. Ilapamerpsr [llkana 1 n [llkama 2 BiugioT HA TO, KAK OyI€T CAUTATHCS
BBICOTA TOYEK MOJIyuaeMoro n3oopazkenns. CoOTBETCTBYIOIMAs (hopMyIa

Z = (Scalel) - Zy 4 (Scale2) - Z,.

O6parnTe BHUMAHWE, 9TO TIO OCH Z B PA3HBIX M300PAKEHUSIX MOTYT OTKJIQIBIBATHLCS PA3HbIE
BesnIuHbl. [IoMUMO OOBIYHBIX €IMHUIL JJIMHBI HHOTJAA MOTYT OBITH OTJIOXKEHBI TOK HJIH
nanpsikerne. CKiaabBaTh n300parKeHust, HA KOTOPBIX MOKA3aHbl PA3HBIE BEJIUIUHbBI, OYEBHUJIHO, HE
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nMeeT CMbICJIA.

3.8.11 IN3MmeHeHHe pa3pemnieHud

[Ipu BbioHEHNE KOMaH/ b1 I3MeHUTD pa3Mep MOsBJISETCS AUAIOIOBOE OKHO, IIOKA3AHHOE HA

puc. 3.49. B aToMm oKHe HAXOmATCsa aBe KOJIoHKHU mojeit — Ceituac n U3mennts wa. [lons B
koJionke Ceifgac HEIOCTYITHBI [JIsT PEIAKTUPOBAHNS U TOKA3BIBAIOT 3HAYEHNS, KOTOPHIE
YCTAHOBJIEHBI HA JAHHBIA MOMEHT. B mojisix Ko/IOHKHU V3MEeHUTh HA yKa3bIBAIOTCS HOBBIE 3HAUECHMUS.
Ecan Bl xoTuTe n3MeHuTh XpaHeHne 3HAYEHH 1o ocu Z, mocrasbre ramodky y lkana Z wan
Cupur 1o Z. O rom, Kak Xpanarcsa JaHHbie 0 BoicoTe B (popmare PemToCkan OHnaiiH HamucaHo B
paszesne 3.2.9. B nosie Ha 1 6wt yka3biBaeTcst, KaKasi BHICOTA MPUXOIUTCS HA, ONWH OUT U3 IBYX
0aiiT, OTBEIEHHBIX Ha, XpaHeHue 3HadeHus 1o Bbicore. OTanmyne mosisa Ha 1 6ur okuHa V3MeHuTh
pa3mep ot noiga Ha 1 6ur okna Paspemenue (pasaen 3.2.9) cocrour B TOM, 9TO B HEPBOM CJIydae
IO 3HAYEHUIO B T0Jie OyIyT N3MEHEHbI IeJIble BYX0aiiTOBbIe YUCIa BHYTPEHHErO MPEICTABICHNS
JIAHHBIX, & BO BTOPOM Cjiydae — KO3 MUIUEHT MepeBOa STUX [EJIbIX YUCesI B 3HAYEHHU 110 BBICOTE.
B nosie RMS ykasbiBaercst pucnepcus BbICOThL IIOBEPXHOCTH B OUTAX.

B mone <Z> yka3bIBaercs, Ha KaKyi0 BBICOTY BO BHYTPEHHEM MMPEICTABJICHUN JAHHBIX OyIeT
MIPUXOIUTCS CPEIHEE 3HAUEHUE BHICOTHI TIOBEPXHOCTH.

JIist m3MeHeHusT KOJTMYIeCTBA TOUYEeK B m300pazkennn ciyzkat moss [Ilupuna u Boeicora.

W3MeHUTL pasmMep B

Cefvac  MameHuTs Ha

vV WkanaZ |

Haler  [0028 0 o
p— 1
Ducrepowa (1152700 1.4
I auckpeTos

375363 [375363 ‘

WptHa IS1 2 |51 2
Bricora |51 2 |51 2

¥ | Conpatime npancpumy

[V MprMEHTE Ko Boet MB0BDAKEHUAM LOKUMEHTE

oK I OTreHa

Puc. 3.49. OxHO [ist M3MeHeHNEe BHYTPEHHET0 IIPEICTABICHUS JAHHBIX

3.8.12 Bprumcaenue miaoniad y9acTKa IMOBEPXHOCTH

Ecnu Bor Beimemim y4acToOK n300pazkKeHusi, TO C MOMOIIbI0 KOMAHIbI 11momans moBepxaocTr Bhi
MOZKeTe TIOJIYUHUTD TLIOMA b COOTBETCTBYIONIETO YIACTKA TTOBEPXHOCTH. PII0M ¢ BbIIETIEHTEM
[OSABJIAETCA HAIIUCh, [Je S — yKa3aHHas IIOMAlb, a dS — pa3HOCTh 3TOM IO U ILIOMIAIU
MIPOEKIINK yIacTKa Ha IJIOCKOCTH X Y.

3.8.13 Tloacserka

[Toaceerka m3o0paxkenus ocymecrsisgerca komanaoi Iloacserka B BapuanTax Ilo yray, Ilo cumycy
u ITo ranrency. I1o cyTu, mpu BBHITIOJHEHUN OTHON M3 ITUX OMEPAIWil HOBBIM IIBET TOYKM OyIeT
OIIPENE/IATHCSA Y2KE He €€ BBICOTOM, & HaKJIOHOM IIOBEPXHOCTHU B JIAHHO TOYKE (TaKOro poja
ollepaly HAa3bIBAIOT IPAJAUEHTHBIMY IIpeobpa3oBanusaMu). BapuanT KOMaH/bI OIPEIEISAET, C
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[OMOINIBIO KaKOil (PYHKIHK YITIa HAKJIOHA GyIeT BHIOpAH HOBBIH 1BeT TodeK. KHomka ==
coorsercrByer Bapuanty Ilo yriy.
3.8.14 VYaBoenme n3obparkeHus

Komanna Yiasouts (KHOIKA @) YBEJIMYINUBAET YHUCJIO TOUEK B M300pPaKEHUN WIH B BBIACTECHHOM
yY9acTKe W MOMEIIAeT Pe3y/IbTaT B HOBOE OKHO. acToTa caeaoBaHus TOYEK IO HAIPABICHUAM X,
Y u amaronasisiM CTAaHOBUTCH B /iBa pasa Oosibine. HoBble TOYKN PACCIMTHIBAIOTCS METOIOM
JWHEHHOTO crJaiiHa.

3.9 Pabora ¢ KpuBLIMU

B nporpamme ®emtoCkan OHnaiin npeaycMoTpeHa BO3MOXKHOCTD PAbOThI ¢ OOBIYHBIMU 1
mapaMeTpUIecKuMu KpuBbiMu. [Ipu BRIOOpE OKHA C JAHHBIMU CEYEHUST UJIN CUJIOBOM KPUBOM
mosiBisiercst MeHio KpuBasg. C mOMOIIBI0 KOMAHI, 9TOT0 MEHIO MOXKHO TTPOBOJAUTH 00PAbOTKY U
AHAJIA3 JIAHHBIX KPUBOIA.

3.9.1 duddepeHupoBanue

Komanma IuddepentmpoBars BuIMOIHsIET AuddepeHITnpoBaHne JAHHBIX IIyTEeM CBEPTKHU C SPOM
{=0.5,0.5}. s KpUBBIX, OTKPBITHIX u3 (aiiia, onepanys IPOU3BOIUTCSA HAZ, JaHHbIMEU (aiira.
Juia cedenuii TaHHbIE TIEPBOHAYATIBHOIO N300pasKeHusi (MOBEPXHOCTH) HE MEHSIOTCS.

3.9.2 Koppenanusa

Koppensauuonnas: GyHKINS BEIYUCIAETCs O (opmyie:

A(D) = (2(t) - 2(t + At)). (3.2)

B mento Kpusasi/Apro-koppesisiiys KOPpeJsilius BbIIOJIHAETCs, IPU BbIOOPE OAHOIO U3 IyHKTOB
Ounnrnas nan [uknandeckasd, rue:

1. ®uanTHAST — 03HAYAET, YTO KOTIA MPOUCXOINT HAJIOKEHWN IBYX M300pPAXKEHWU, BCE UTO HE
BXO/IUT B ME€PECEYCHUE ITUX NI00PAKEHUIN 3ATIOHAETCS HYJISIMHU.

2. Huknugeckas — 03HAYAET, 9TO TP HAJIOKEHWH JIBYX M300pPAKEHUN 3AMOJTHEHNE 00IacTell He
BXOJAIINUX B IIEpECeICHUE IIPOUCXOJIUT IMUKJIMNICCKH.

[Toapobuee 06 UCTIONIB30BAHUN KOPPEISAINOHHON (DYHKIMU MOXKHO TPOYUTATh B paszeie 3.8.6.

3.9.3 CrpykrypHasa pyHKIUA
Komanga CrpykrypHas GyHKIMS TpeIHAZHAYEHA ISl BBIYUCIEHUs CTPYKTYPHOM ByHKIMN:
S(At) = ([z(t) — z(t + AD)]?). (3.3)

[Ipu BbIBOBE (DyHKIEH MOXKET OBITH BBHIOPAH OJWH W3 JIBYX CIIOCOOOB pacdera — OUHATHAS WU
Hwkanyaeckas, rie:

1. @uanTHAS — 03HAYAET, YTO KOTIA MPOUCXOINT HAJIOKEHWN IBYX M300pPAXKEHWU, BCE UTO HE
BXO/IUT B MEPECEYCHUE ITUX N300PAKEHUIN 3ATIOHAETCH HYJISIMHU.
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2. lMuknudeckas — 03HAYAET, 9TO MIPH HATOXKEHUH IBYX M300paKeHUi 3aloTHeHne 00IacTeil He
BXOJAIIUX B IIEPECEYCHUE TPOUCXOIUT UKITHICCKH.

ITonpobuee 06 ucnosib30BaHUN CTPYKTYPHON (DYyHKIIMU MOXKHO IPOYUTATH B paszese 3.8.6.

3.9.4 IlocTpoeHne ruCcTOrpaMmbI

Kowmamnma I'mcrorpaMma CTPOUT THCTOTPAMMY C PACTPEIEIEHNEM JTAHHBIX TTO BEPTUKATLHOW OCH.
9Ty KOMAHIy HEJb3s BbI3BATDH JIJIsi CEUEHUIA.

3.9.5 KomnupoBaHnue KpuBoii

Kpusas Bcerna moxer ObITh CKOMUpOBaHa KOMaH10i Konuposars nim HaXKaTueMm Ha KHOIKY i‘,
KOTOpast HAXOAUTCS HA TMAHEIN WHCTPYMEHTOB. Kciin Ha KpUBO# BBIZEIEHA HEKOTOPasi 06JIACTh, TO
mpoayOMMpoBaH OyJIeT UMEHHO STOT yIaCTOK, NHAYE — BCS KPUBAS.

Dra KOMaH/1a MOJIE3HA JIJIsI TOr0, 9TOOBI 3AIOMHUTH TEKYIIee CeYeHUe — IIPU CMEIIEHUN TOYEeK
CeYEeHMs HA M300pPa’KeHUH MOBEPXHOCTH, KOMUsA He OyJIeT MEeHAThCS.

3.9.6 IlocTpoenue mapamMeTpmYecKoOil KpUBOii

ITo aBym cymecrByromum He napamerpudeckuM KpusbiM Y 1(X) u Y2(X) moxker 6biTh HOCTpOEHA
onna mapamerpuyeckas Y2(Y1). Jas sToro nmpu akTreHOM OKHe KprBoit Y2(X) HeobxommmMo
BeIOpaTh KoMauxy Kpupasi/ Beibpars kpusyto mist X... IIpu aToM Ha 9KpaHe MOsSBUTCS
JIMAJIOTOBOE OKHO CO CIHUCKOM OTKPBITHIX HA JAHHBIH MOMEHT KpWBBIX. Bribepure B 9TOM OKHE
KPHUBYIO, KOTOpas OyIeT BBICTYNATh B KAYECTBE MapaMeTpa MPU MOCTPOSHUH TapaMeTPUIECKON
KpuBOii, m HazkMuTe KHONKY BoiOpars. ITocie aToro mapamerputdeckas KpuBas OyaeT MOCTPOEHA B
HOBOM OKHE.

Jannast GyHKIWUS MOXKET TPUTOIUTHCS, HATTPUMED, €CJIM OTKPBITHI IBA OKHA, - C JAHHBIMU
OTkJIOHEHUE OT BpEMEHU, U TAaHHBIMU Z-CEHCOpPa OT BpeMenu. BriOpas Z-ceHcop B KadecTBe OCcu X
qitst Orknonenue, Oyaer mocrpoena 3aBucuMocTh OTKIOHEHWE OT KOOPAUHATHL 7.

3.9.7 OOpe3anune KpuUBOii

Ecsu na kpuBoii BblIeeHa HeKoTopas 06J1acTh, TO ¢ noMouipio koManabl O6pesars(Crop) wiu
KHOIIKH n300pazkeHne MOXKeT ObITh 00PEe3aHO MO TPAHUIAM BLIIETEHHONH 00IaCTH.

3.9.8 VcpeaueHue

Komanma Ycpennenue BpIIONHAET yCPEeJHEHUE JTAHHBIX OKHOM IIMPUHOI B 3 To4uku. i KpUBBIX,
OTKDHITHIX U3 Gaiina, onepannst MpOu3BOAUTCS Ha TaHHBIMY (baiina. s cedeHnit qaHHbIE
MEePBOHAYAIILHOTO N306paskeHust (MOBEPXHOCTH) HE MEHSIIOTCS.

3.9.9 W uaBepTupoBanme

C nomompio koman bl aseprupoBars (KHOLKa [ ) MOXKHO 3epKaJIbHO OTOOPA3UTh KPUBYIO
OTHOCHTEIHHO TOPU3OHTAJIBHON ocr (cM. puc.3.50).
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Puc. 3.50. KpuBas mo (cieBa) m mocsie (CpaBa) MHBEPTHPOBAHUS

3.9.10 VYsBeaumueHue pe3KOCTH

VBennuenne pe3KoCTH OCYIIECTBIAETCS KOMAHIOH YBeIuuuTh pe3kocTh (Sharpen) wmm ¢
TOMOIIBIO KHOMKH . [IpH yBeJIMTMeHNN pe3KOCTH BBIIEIAIOTCS He3aMeTHBIE aetann. B saape
PE3KOCTH MEHTPAIbHBIN KO3 dunmenT 6obine 1, 8 OKPYKEH OH OTPHUIATEIHbHBIMU YHCJIAMHU.
Takum 00pa30M yBeJIWYUBAETCS JIFOOOI CYIIECTBYOMINY KOHTPACT MEXKIY COCETHUMU TOIKAMU
kpuBoii.IIpu 06paboTke KarxKaI0ro MHUKCETa B W300PAKEHNH UCIOIb3YeTCs AP0 PE3KOCTH
pasmepom 3. Koneunoe uzobpazkenne 60siee yerkoe dem opurunas. [Iporecc yBenndenus pe3kocTu
[TOBBIMIAET CYIIECTBYIOMHUI KOHTPACT MexK 1y nukcenamu. Ilpu mosropHoit o6paborke
n300paKeHUsT YeTKOCTh MOXKET YBEJIUYIUTHCS ere Oosbiie. B mamwoit hyHKINN ncnoap3yercs
CJIeTYIONINI BEKTOP Pa3MepHOCTH 3:

V=(-1/2 4/2 -1/2)

3.9.11 MenuanHaga dpuabTpanug

Dra onepaiys BbIOIHAeTCH KOMannoit Meauanubiii duibrp (Median) uim ¢ mnoMorpio KHOIKY
EE. B kauecTBe MACKH MOYKET BBICTYIATh BEKTODP NPOU3BOJILHOMN bl (3, 5, 7 u T.71.).

3.9.12 OntuMnsanus IIKAJIBI

Oyuxuus Onrumuzuposars mkany (Adjust Scale) (kHonka ==) ucnosnbayercs s
MacTabupoBaHus 3HAYECHUI KPUBOI TIO0 BEPTUKAIKM BO U30EKAHUE OIMMOOK OKPYIJIEHUS U
[IepeIoHeHns [IpH JajbHelimei oopadorke. [locie npumenenns 310l GYHKIUT MAHEMATILHOE
3HaYEHNEe TOYEK KPUBOI CTAHOBUTCS paBHO -16384, makcnMasibroe +16383. Ko duimenTs! ajis
Mpeodpa30BaHUS TEJIBIX 3HAYEHNI B PEAbHBIE BEJIMYNHBI YTOUHAIOTCA COOTBETCTBYIOIIUM
0bpazoM.

3.9.13 BeipaBuuBaHUTE

Bo3MmokHO BhUMTaHUE ABYX THUIOB KPUBOI — MPAMON WJIM KPUBON BTOPOTO MOPSIKA.
BoipaBuuBanue ocyecrsisercs no komanae Boipapausanue (Fitting) B mento Kpusas uiu tipu
HaXKaTHUU HA KHOIKY éﬂ, KOTOPast HAXOIUTHCH HA TMAHEJIU WHCTPYMEHTOB.

[Ipu BblIO/IHEHUH STOW KOMAH/IbI IIOABIIAETCH OKHO napamerpos (puc. 3.51), B KOTOPOM MOXKHO
yKa3aTh TUT BLIYATAEMOI KpuBoil: Jlunelnas — [y KpUBOH MEpBOro MOpsAaKa (Mpsamoii) win
[Tapabomuueckas — it KpUBOiT BTOPOro Mopsiaka. Tak e BO3MOKHO BbIOpATH 00pabOTKY
TTOAN300paAXKEHMIA:

1. PasmenbHO — 111 KaKI0T0 MOAM300PAXKEHUS 110 OTIETbHOCTHA BBICIUTHIBACTCS BBITIUTAEMAS
KpUBas METO[O0M HAMMEHBINNX KBAJIPATOB ;
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MNapamMeTpel B

T 1N NOBERXHOCTH NuHeiiHas

Dpatiorka non-W30BRaMEHHA Mo akrismony

T lale

Ynanare NOCTOAHHYD COCTAENAKILL YD

YaanaTe MOCTOAHHYHD COCT 3EN
1

Puc. 3.51. OkHO mapameTpoB.

2. Ilo AKTUBHOMY — BbhIYUTaeMad KPUBaAA PACCHUTHIBACTCA OJId aKTUBHOT'O HO,ZLI/I306pa)KeHI/IH, a
BBIYUTACTCA U3 BCEX;

3. Ilo Bcem — pacCUUTHIBAIOTCSA KPUBBIE I BCEM MOAU300PAYKEHUN W yCPETHSIIOTCS.

Eciu manporus "YaaiaTh HOCTOSHHYIO COCTABIISMIONLY 0" CTOUT rajovuka TO yOupaercs HyJaeBoe
CMEITIEHTE.

3.9.14 Cuaaiin

IMporpamva PemtoCkan OHnaitH MOXKET CTPOUTDH OUIMHEHHbIE KyOHUeCKue CILIAifHbI I KPUBBIX
¥ TPOU3BOIUTDH BHIYUTAHUE CILIAMHOB U3 KPUBBIX. UTOOBI BHIYECTH CILUIANH W3 KPUBOU WM €€
yacru, Boibepute Komauy BoipaBuusanue ciiaitnom (BSpline fitting).

st mocTpoenust ciutaitna KpuBas pa3bUBaeTcs HA OTPE3KH, JJITUHBI KOTOPBIX YKA3bIBAIOTCS B
JIMAJIOTOBOM OKHE, MOSIBJISIONIEMCST TTPY BBI30BE KOMAHIHI. JIJIs KayKI0r0 OTPE3Ka UINETCs CpeIHee
3HAYEHNE BHICOTHI HA KPUBOM M CIJIAHH CTPOUTCS TIO MEHTPAJIHHBIM TOYKAM OTPE3KOB, TJIe
3HAYEHUSIMU TI0 OCH Z CIUTAIOTCS BHIYUCIEHHBIE CPEIHIE BBICOTHI.

B mmamoroBom okHe TakKe MOKHO BBIOPATH 0OJIACTH, IO KOTOPO# OYAET BBITUCISITHCS CILIAMH.
s nons O6paborka moa-u300pakeHuii MoxKeT ObITh BLIOPAHO 3HAYEHUE:

1. Pa3nenpbHO — B 9TOM CIyvae [ KaxKI0TO MOAn300paKeHNsT B OTAEIbHOCTH BBICIATHIBACTCS
yCpeIHeHHAsd KpUBasg METOJI0M HAMMEHBIINX KBA/IPATOB ;

2. Ilo akTuBHOMY — B 3TOM CJIy4ae pacyder yCPeIHEHHOI KPUBOU BEJIETCH /il AKTHBHOIO
MoIM300parKeHsl, KOTOPast 3aTEM BBIYUTAETCS W3 BCEX.

3.9.15 Amnajau3s 111epoxoBaTOCTH

Komanga AHam3 mepoxoBaTOCTH PACCUUTHIBALT MapaMeTPhl IIEPOXOBATOCTH MTOBEPXHOCTH,
ONMCAHHBbIE B MpUIOKeHnn F.

3.9.16 Iloporosasa ¢dpuabTpanusd

C nowmomisio kKomauael [Toporosasi huabTpalius BbI3bIBAETCS OKOIIKO, TIOKa3aHHOoe Ha puc. 3.52. B
910M OKowKe Bbl MOzkere 3a1arh HOPOroBblii yPOBEHD (B 10J19X OT MAKCHUMAJIbHON BHICOTHL HA
KDPHUBOIi), M Ipeodpa30oBaTh YacTH KPUBOIi, OKa3aBINecs BB W/Wian HIKe Hero. Ecan HampoTus
MOJIst YCTaHOBUTD BBIIIE CTOUT FAJIOYKA, TO 3HAYEHUIO BHICOTHI BO BCEX TOYKAX, TI€ OHO
MIPEBBIIIAJIO 3HAYEHNE TIOPOTOBOTO YPOBHsI, Oy/I€T IPUCBOEHO 3HAYEHUE, PABHOE MAKCHMAJIHHON
BBICOTE HA MOBEPXHOCTH, JIUOO BBICOTE TIOPOrOBOTO YPOBHSI, B 3aBUCUMOCTH OT BBHIOPAHHOTO.
Anasiorngso, eciau rajaodka CTOMT HAIIPOTUB TOJs YCTAHOBUTDH HUZKE.
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Puc. 3.52. OxHO BBIGOpPA MOPOTOBOTO yPOBHS

3.9.17 Amnanu3 cuja0BOI KpPuUBOil

[Mporpamma ®emtoCkan Onnaiin obnazaer psagom GyHKIME A7 PabOTHI ¢ CUIOBBIMU KPUBBIMU U
UX aHAJM3a B PAMKAX HEPCUCTEHTHON MOJEJU IIOJTMMEDPHON e, IPEIOCTABIIsA BO3MOKHOCTH
00pabOTKM KAaK €IUHUIHBIX KPUBBIX, TAK W MACCHBA KPUBBIX OJHOBPEMEHHO.

Momyib 1m0 06pabOTKE CUIOBBIX KPUBBIX BKIIOYAET Tpu (DYHKIIAU:

e Hopmanmsosars cunosyio kpusyio (Normalize force curve) - s HOpMaau3ayuu CHIOBBIX
KPUBBIX U MPUBEIEHNS BCEX KPUBBIX K YIA00HOMY BUIY IS JaJibHeineil 00paboTku

e Kpusas pasnenenus (Separation Curve) - 1y npeoOpa3oBaHusi UCXOAHON KPUBOH K KPHUBOI
B koopaunarax Cuna or Paccrosgnust MexKay KaHTUIEBEPOM U 00Pa3IloM

e WLC anamuz (WLC Analysis) - HenocpeCTBEHHBIN aHAJIU3 U MOy YEHUE TIapAMETPOB
KPHUBO#l B IpUOINKEHUN MEPCUCTEHTHON MOJIEIH MOJTUMEPHOM eI

Hopmasimsanusa cuyioBoii KpuBoii

s majnHeiimei paboThl HEOOXOINMO, YTOOBI KpUBas UMEJIA OMPeIeIeHHbIA BUI: 001aCTh
KOHTAKTA JIOJI2KHA, HAXOAUTHCS CJIEBA, JIMHUK HYJIEBOTO YPOBHS JJIS BCEX KPUBBIX TOJI2KHbBI
COBIIAJIATH, OBITH CTPOrO0 FOPU3OHTAJBHBIMY U IPOXOAMTEL Yepe3 Hyb ocu F, ydacTku,
COOTBETCTBYIOIIME KOHTAKTY KAaHTUJIEBEPA C IOBEPXHOCTHIO, TAKKe JIOJ2KHbBI COBIAIATH JIJIsi
KPUBOI 1101B0OJIa U OTBOAA (B CJlydae OTKPbITUSl HECKOJIbKUX (DailjioB - Jyis BeeX KpuBbix). s
mpeoOpa3oBaHnss KPUBOI K TAKOMY BHIY UCHOJb3yeTcs dbyHKINsS Hopmaiusosams cusosyo
Kpueyto 13 Menio Curve (KHomka ).

040 BEIPOBHATE HyMb N0 BEIQENEH.
0.3 COEMECTHTE YUACTKM Hakno
0.2 H BrIB0AMTE CTATHCTIRY O

0.1

01

02

0 B0 120 180 240 300 nm

Puc. 3.53. Oyukimsa HOpMaIU3anuu CUIOBOM KPUBOIL.
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Ecrbh BO3BMOXKHOCTH aBTOMATHYECKOTO TIEPEBOPOTA KPUBBIX, HE MMEIOIIUX BBIIIE OMMCAHHBINA BUI,
(3nauenue Aeémo jis napamerpa Ilepegopauusams) wiu e BbIOOD BPYUHYIO: 1I€PEBOPAYUBATD BCE
KpuBble (3Hauenue Jla) Wiy He mepeBOpadnuBaTh HU ofHON (3Hauenue Hem). Ilpu BeIGOpE
nmapamerpa BuposHams Hyab no ebidesehHomy TTPOUCKOINT BLIDABHUBAHNE HYJIEBOTO YPOBHS
IIyTeM BBIYETA MPSAMOIi, alPOKCUMUPYIONIEH YIaCTOK, BRIOPAHHBIN C MOMOIIBI0O METOK, JIJIs
KayKJI0ro noau3obparkenus. Eciau BeiOpan napamerp Cosmecmums yuacmry HaKAOHA, TO
ABTOMATHYECKHU COETUHSAIOTCS YYACTKU HAKJIOHA B HAYAJE KaXKJOr0 HOAM300pakeHus.

Ecnu tpebyercs paccunTaTh mapaMerphbl KPUBOI, TAKWE KaK HAKJIOH yUYACTKA HAKJIOHA,
COOTBETCTBYIOIIEr0 KOHTaKTy dF/dZ w Ang, ypaBHeHHE MPSMOii, COOTBETCTBYIONIEH CBOOGOIHOMY
TOJIOYKEHUIO KAHTHUJIEBEPA, CPEIHEKBAIPATUIHOE OTKJIOHEHUE TAHHBIX OT ITOH MPAMOIt, TO
HEOOXOIMMO BhIOpATh mapamerp Cmamucmuka. Beibop moau3obpaskenuii 1yt aHAN3a 33/1aeTCst
OIIIMOHAIBHO, PACYET MOXKET HPOBOIUTHCS Uil BBIIEJIEHHON 001acTH, JUO0 Ke i KPUBBIX
[OJIBOJIA UJIM OTBOJIA B II€JIOM, B 9TOM CJIy9ae HAXOAUTCH CTATHCTHKA HAKJIOHHOI'O M HYJEBOIO
YYIACTKOB.

Eciu pacuer craTucTuku mpOU3BOAUTCS MO JIJIsi BEIODAHHON 00JIACTH, TO [IJIsT KaXKI0W KPUBOit
BBIOpAHHBIN y9acTOK ammpokcumupyercs mo MHK u maxomsrcs coorBercTByIoIime

KO3 PHUIUEHTHI.

Pacuer jyist KpUBBIX B [EJIOM PEAU30BAH CIEYIONMM 00Pa30M.

1. TlocTpoenue criakeHHON KPWBOI IO MCXOAHBIM JAaHHBbIM. B 3aBucmMOCTH OT KOJIHMYeCTBA
TOYEK, BLIOMPAETCs OUH U3 TPEX BAPUAHTOB:

o N<=64 - ycpennenue GerymumM OKHOM IMUPUHON 3 TOUKH
o N<=256 - ycpeaHenue OryIuM OKHOM ITUPUHON 5 TOYEK

e N>256 - nocrpoenue businneitHoro ciuiaiaa mo 64 Toukam
2. Boruucienne mepBoit mpou3BOIHOIA.

Quibrpanus MepBoil TPOU3BOAHON MeIUMAHHBIM (DUIBTPOM IMUPUHON 3 TOYKH.

- W

Boraucienue cpegHekBagpaTHIHOrO OTKJIOHEHNS TIepBOil npousBoauoi RMS.

5. Ilouck makmonHoro y4yacrka. lmercs mepsbiil cjieBa HEHYJIEBON y4aCTOK, HA KOTOPOM
3HAYEHUE MEePBOil NPou3BOAHON MeHbine 3Hauenus (—RMS). Ha srom yuacrke meTomom
HAMMEHBITNX KBAIPATOB IO MCXOJHBIM JAHHBIM CTPOUTCS MPSAMAas HAKJIOHA.

6. TTonck muaro. Mmercst mepeblii cnipaBa y4acTok JJnHOM 6ostee 1/5 obimeii ninHbI KPUBOH, HA
KOTOPOM MOJIYJIb TIEPBOi MPOW3BOIHON MeHbIe 3uadenns RM S. Ha sTom ydacTke mMeTomom
HAUMEHBIINX KBAIPATOB MO MUCXOIHBIM JJAHHBIM CTPOUTCS MPsiMas ILIATO.

7. Bprauciienne HaKJIOHA, CHIOBOM KPUBOH. 3a HAKJIOH MPWHUMAETCS YIOJI MEXKIY MPIMOit
IJIATO U MPsAMON HakjoHA. Kcu npsamas miaro He ObLia HalEHA, 32 HAKJIOH MPUHUMAETCS
yIOJI HAaKJIOHA IIPAMON HaKJIOHA.

Borauciiennbie npsivbie 0TO0OPaXKAaOTCA HA KPUBOH CHHUM IIBETOM.

Kpusaga pasnesienuns

®yukims Kpusas/Kpueas pasdesenus TpenHasHadeHa JJist TTOCTPOEHUST KPUBOH Pa3Ieienust
(kHOTTKA E[:Jm). Brrancienne k03 GunmenToB HAKJIOHHOM MPSMOIi, COOTBETCTBYIOIIEH 001acTH
KOHTAKTA KAHTUJIEBEPA U TIOBEPXHOCTH, PEAJTM30BAHO AByMs crocobaMu - myTem pacdera mo MHK,
JII/I6O 10 KaJII/I6pOBO‘IHbIM JaHHBIM MHUKPOCKOIIA. HepBbIﬁ METO CTOHUT IIPUMEHATH JIMIIb B TOM
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cayyae, ecau uHQOPMalUs O KaIUOPOBKE OTCYTCTBYeT (ITO MMEeeT MECTO, €CJIM B BO3MOXKHBIX OCHX
LISl CUJIbL OTCYTCTBYIOT HaHoMmerpbl). Pacuer no MHK npoussoaurcs ¢ yuerom mywma,
3a/1aBaeMoro Kak napamerp (Ypoeens wyma).

KpwvBaa pasgeneHis

tMeTon Mo kHE, v
YHOBEHD LyMME

Kz kanmdpoekK

Ok ] ’ Cancel

Puc. 3.54. IlocTpoeHne KpHUBOU pa3/iesIeHHS.

WLC ananus

AnBanu3 Ipom3BOOUTCA B ABA 3TAIA - MOMCK JOKAJIHHLIX MEHAMYMOB U IIOJIydY€HHE IapaMeTPOB U3
nepcucrenTHoit Mogenu. IIpu BbI30Be KOMaH/IbI HOsBIIAETCH MeHIO ¢ napamerpamu (puc. 3.55) s
HadaJ1a HeOOX0IUMO BhIOPATh KPUBBIE, HA KOTOPBIX OyIeT IPOU3BOAUTLCA AHAJIN3, €CIH IOJIE
Buibpams nodusobpasicenus He yCTAHOBJIEHO, TO aHAIN3 OyIET WATU TIO0 BCEM HEUYETHBIM
noau300pazkeHusaM ([OAPa3yMEBAETCs, YTO HEYETHBIE MOAN300pasKeHusl COOTBETCTBYIOT KPUBBIM
OTBOJIA), ecii XKe TPeOyeTcst NPOU3BOAUTDH AHAIU3 [0 YETHLIM I10IU300PAKEHUAM WU YKE JJIst
OJIHOIO, TO i napaMerpa Ilodusobpasicenus HyKHO yCTaHOBUTH 3Hadenue Ilodeod, eciu
HHTEPECyeT TOJIbKO aKTUBHOE IMOAN300pazkeHune - 3Hadenue Axmuenoe.

WLE aHans &3]
BrifipaTe noauaobpaxeHia
NoawzobpakeHia OTeog -

NokanbHbIE MAHMMYMB!

(8) AsTonomck () Koppekuma BpyuHyin

BrifipaTh y4aCTOK BPy-HyI0
VposeHs wyra h
Okio noucke 63

CTpomTe FMCTOr pary

e |

MNepcrcTeHTHAA MOdENb

TemnepaTypak 300

Hyn. coenr Hynesoi

< |la»

PaccuntaTts

Cancel

Puc. 3.55. ITapameTpsr.

CyiiecTByer aBa MeTO/Ia MOUCKA, JIOKAJIbHBIX MUHUMYMOB: aBTOMATUYECKUii (ABTONOUCK) UK
nosnuocTbio pyunoii (Koppekuust Bpy4nyio). Pekomenayercs cHadasa BOCHOIb30BATHCS
aBTOIIOMCKOM, & 3aTeM IIPpHA HEeOOXOAMMOCTH IOJAKOPPEKTHPOBAThH HAlJEeHHbIE YyIAaCTKH BPYYHYIO.
1. Pexkum aprorouncka.

[Tonck JTOKAJIBLHBIX MUHIMYMOB MOXKHO TTPOBOIUTDH HA YYIACTKE, TOAOMPAEMOM ABTOMATHIECKH
(mone Buibpams yuacmok 6py4nyto He YCTAHOBJIEHO) C UCIOJL30BAHUEM I1APAMETDA IIYyMa
Vposenwv wyma, nim ke BHIONPATH €r0 BPYUIHYIO, /I TOrO HY?KHO BBIOPATH HYXKHBIN yIaCTOK C
[IOMOIIBI0 METOK ¥ HaXKaTh YCMaHO8UMb. JHaYeHNe, BbIOpanHoe s napamerpa Hlupuna okHa,
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OTPaKaeT TOIHOCTD IO OTHOIMIEHUIO K MIYMY, ¢ KOTOPOil OyIyT MCKATHCSA JIOKATHHBIE MUHIUMYMBIL.
Ha nzobparkenun HaiiieHHbIE JTOKATbHBIE MUHEMYMbBI OTOOPaKAIOTCS CHHIMA TOYKAMU, TAKKE
PUCYIOTCHA JIOKAJIbHBIE MaKCUMYMBbI - 3€JIEHbIE TOYKU. AHHpOKCI/IMaHI/IH C IOMOIIIBIO WLC MOaeamn
6yﬂeT TPOBOJAUTHCA HA YIaCTKAX MEXKAYy MaKCUMyMaMu JO MUHUMYMAMM.

2. PexxuM KOppEKITHH.

YT06bBI TOAKOPPEKTHPOBATH YIACTOK OT MAKCAMYMa 0 MUHAMYMA WA TOOABUTH HOBBIA,
BBIOEPHUTE C MMOMOIIBI0O METOK IMPABUIbHLIA M0 Bamemy MHEHHIO yIaCTOK W HAXKMUTE
Koppexmuposams no memxam.

ECTL BO3MOZKHOCTH CTATUCTUYIECCKOI'O aHAJIN3a HaI.;I,HQHHbIX JIOKAJIbHBIX MUHUMYMOB, IOJIsI 3TOTO
HYKHO BbIOpaTh mapamerp Ilocmpoums eucmoepammy. Ilocie sToro Oyaer mocTpoeHa
PHCTOIPAMMa BCEX JIOKAJIbHBIX MUHUMYMOB U BbiBeZeHa Tabiauna ¢ Humu (puc. 3.56).

g

:;J 40 =0 Min2, nm l 0.9

02 Min2: 318398 am N 21 1538 2043
1865 40.73

9 107 40.79

Puc. 3.56. Haxoxx1eHne JTIOKQJIbHBIX MUHUMYMOB.

B tabnmie Kaxkas cieyonias CTpoKa COOTBETCTBYET HOBOM KpuBoil. B crosbiax HaxomsTes
KOODJIMHATHI HAMIEHHBIX MUHUMYMOB. ['HMcTOrpaMMa CTpOUTCs 110 BHIOPAHHOMY CTOJIOILY, T.e. JIUIIb
JIIs MUHUMYMOB C OIIPE/ICJIEHHBIM HOMEPOM OT HAYaJIa, MO 3TOMY Ke CTOJIOIY IIPOUCXOIUT
COPTUPOBKA TAOJNIIBI, MTOBTOPHOE HAYKATHE MEHSET COPTUPOBKY TI0 YOBIBAHUIO HA COPTHUPOBKY MO
BO3pacTanmio. Kcim BeiOpana CTpoka B TAOIUIE, TO COOTBETCTBYIOIIEE e moan300pakeHne
CTAHOBUTCS aKTHUBHBIM.

C noMoImp0 METOK Ha THCTOMPAMME MOXKHO BBIOPATH HEKOTOPYIO 0OJIACTH, IPU I3TOM B TAOIIHIIE
OCTAHYTCS JIUIIIb T€ KPUBbIE, MUHUMYMbI KOTOPBIX B AKTHBHOM CTOJIOIE MOIAIAI0T B BHIOPAHHBII
uaTEpBaJ. g pabornl ¢ rucrorpaMMoil B MeHIO Items ecTh HECKOJIBKO CHEeNuaIbHBIX (DYHKITAIL.
VIanuTh HEUCTIOIH30BAHHbBIE YIAJISET U3 W300payKeHUs Te KPUBbIE OTBOA U COOTBETCTBYIOIINE UM
KPHUBbIE MOJBO/IA, HA KOTOPBIX HE HANIEHO JIOKAJBHBIX MUHUMYMOB. YIAJUTh OT(UIBTPOBAHOE
yIAJsieT KPUBbBIE, HE MOMABIINE B BRIOPAHHYIO HA THCTOrpaMMe 0DJIACTh, IPU ITOM KPUBbLIE €3
MUHUMYMOB HE YAAIAIOTCS. YIAJIUTh BBIJIEICHHOE yIAJsieT KPUBbIE, MOMABIINE B BBIICIEHHYIO HA
rucrorpamme obnactb. Kpome Toro 70 Hadana anajm3a U3 MacCUBAa KPUBBIX MOXKHO Y/IAJISATh
AKTHBHYIO KPUBYIO U BTOPYIO, COOTBETCTBYIOIIEH €if, ¢ momorpio dyukimn Kpusas/Yaanuts
AKTUBHYIO KPUBYIO.

Korna xoppekTupoBaHue HallJJeHHBIX JIOKAJbHBIX MUHUMYMOB 3aKOHUYEHO, MOYKHO MEPEXOINTH K
ananm3y.Ha KaxK/10M U3 yIacTKOB MeXK/ly JByMsl MUHAMYMAMU OBEJEHUE KPUBOH MOXKeT ObITh
OIMCAHO NEPCUCTEHTHON MOJEJIBIO € MOCTOSIHHBIME HapaMerpamu. B mosie BeIOOpa mapaMmerpos
HY’KHO YCTAHOBUTH TE€MIIEPATYPY U BBIOpaTh anroputm (napamerp Hyaeeoli cdsuz), Mo KOTOPOMY
Oy/IyT AlMmpOKCUMUPOBAHBI BCE YUACTKU PACTSIKEHUs] Ha KPUBBIX. Peajm30BaHO TPU BAPUAHTA:
Hyaeeotl - ¢ HyJlIeBbIM BEPTUKAJILHBIM CIBUTOM; [10 danHbimM - C BBEIEHHEM BEPTUKAJIBLHOTO CJIBUTA,
JUIsL KAXKJIOrO ydacTKa (B 9TOM CJlyYae BEJIMYMHA BEPTHKAIBHOIO CABUTA BHIYUCIISETCS KAK TPETUil
Bapuanuonublii napamerp F0); Cynepnosuyus - ¢ y4eroMm Cylepro3uiuu, T.e. aHAJIU3 YIaCTKOB
BEJIETCs CLIPABA HAJIEBO, 11€pBast (caMas LpaBasi) KpuBas 00pabarblBACTCs HELIOCPEICTBEHHO, JJIst
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Kaxk/JI0i Moc/enyomeil Npou3BOAUTCS BhIYeT "XBOCTOB"BCEX KPHUBBIX, JIEXKAIUX [IPABEE ITaHHOM,
BEPTUKAJIbHBIN CBUI HE yIUTHIBAETCs. 110CIe 3TOro /jisi HEIOCPEACTBEHHOIO PACIeTa HEOOXOIUMMO
HaXKaTh KHOMKY Paccwumams, Toraa OyaeT TpOu3BeIeH pacueT U pe3yJbTaThl OyIyT BHIBEICHBI HA
9KpaH B BuJE Tabuipl (puc. 3.57).

[l )

Curve Fmin,nN Zmin,nm 3 Lenm 5 Extension dF/dx
1

87.5434 0.871853 00284863
57,007 . 00118018
73.3497

53,3004

95,4314

56,8593 .

44 8765 00276767
75.3441 DE7077E 00037375
992048 0707816 -0 N06A%E72
5 61 4603 0752178 00191611
0363154 55,8086 0.822145 00174007
018397 63 6086 081013 00261968 v

a &0 120 180 240 300 nm

Puc. 3.57. BeiBoz pe3yiabTaToB.

BoeiBogarca cieayromue Benuunnbt: loan3obpakenue - Homep nomam3obparkenunsi, KpuBas- Homep
KPHUBOI Ha JAaHHOM moau3o0paxkenuu, Fmin - kpurudeckasi cuiia, Tpu KOTOPOH MTPOU30IIe
KOH(DOPMAIMOHHBIN IePEX0/T WK PA3PhIB, XMin - JUIMHA, IPU KOTOPOU ITPOU3O0IIET
KOH(OPMAIMOHHBIN 1IePex0/] uiin Pa3pbis, Lp - nepcucrenrnas jgiuuna, Le - kourypuas maiuna, FO
- BEJIMYMHA BEPTUKAIHHOTO ¢aBura F0, MCIOIb30BAHHOTO KAK JOMOJHUTEIBHBIN TapaMerp,
Extension - orHocuTenpHOe pactsizkenue, dF /dx - mpomsBogHas or HaiiIleHHON KPUBOil B TOYKe
nepexona (paspbisa).

3.10 Pabora c 6ydepom odbmeHa

B wmenro [IpaBka ects Tpu KOMaHABI 1jisi PA0OTH ¢ OydepoM obMeHa — 3T0 KoMaHIbl Komms,
Komusa texcra n Jobasutsh Texkcer. Komanma Konus konupyer comep:KuMoe aKTHBHOTO OKHA, B
manky oomena. Komanga Komnusa Tekcra momerniaer B manky oOMeHa TEKCTOBBIE JTAHHBIE, KOTOPHIE
€CThb B AKTUBHOM OKHE, yJlaJisisd DU 9TOM MMeloleecs: copepkumoe nanku. Komanga obaBurh
TeKCT, B oTstiane oT Konwst TekcTa, J00aBIsSeT JaHHBIE B TANKY OOMEHa, He yIaJjss yiKe
MMEIOIINECS TaM.

3.11 OTMeHa U BOCCTAHOBJICHUE M3MEHEHUM

Korna Bor o6pabarbiBaere n3obpaskeHne, TporpaMMa 3arOMUHACT CIeIaHHbIe N3MEHEHHS, TaK ITO
MIOTOM MX MOXKHO OTMeHATHh Komanmoii Merio [Ipaska/ Ormena (knomka ), a Takxke
BOCCTAHABIMBATH OTMEHEHHBIE W3MeHeHns: KoManoi mento [Ipaska,/ Ilosrop (kmomka £*).
Caeayer OTMETHTD, 9TO IPOrPAMMa HE 3allOMUHAET U3MEHEHUI B IIPEICTABJICHUN JAHHBIX, TAKUX
KaK CMEHA NAJUTPbI, PACCTAHOBKA METOK, DUCOBAHUE CEYEHUH U T.1. .
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3.12 Pabora c okHaMn

3.12.1 VYwnopgaagouumBaHUE OKOH

s ynopsinouuBanusi OKOH npeanasnadenbl kKoman bl Kackan u Mozanka u3 menio Okna. Ilo
komane Kackaza okma OyIyT pacrmoioXKeHbl OJHO MO APYTHM MO JUATOHAJIN OT JIEBOTO BEpXHEro
yria. ITo komanae Mozanka OKHa pacrojiaraioTcsi He TePeKPhIBAsICh, CIeIys APYT 3a APYTrOoM
CJIeBA HAMPABO U CBEPXY BHU3.

Ecsu B paboueit obiacru nporpaMmbl €CTb CBEPHYTHIE OKHA, TO MOC/Ie KoMaH bl Merto Okua/
BbipoBHSATH MKOHKH WX 3ar0J0BKH Oy/IyT PACIOJJIOXKEHbBI BILIOTHYIO JPYT 3a APYrOM CJIEBA HAIIPABO
U CHU3Y BBEDX HAYMHAS U3 JIEBOIO HUXKHEIO YIJIA.

Ecnu BbI X0THTE 3aKPBITH BCE OKHA (U BUAMMbBIC, U CBEPHYTHIE), BHIOEPUTE KOMAHIY 3aKPbITh BCE
TOTrO YK€ MEHIO.

3.12.2 CwMelreane OKOH

C TOMOIIBIO MBIIITH ¢ KOJIECOM MOYKHO CMEIIATh BCE OKHA, HAXOSIIMECsS BHYTPH IJIABHOIO OKHA
nporpamumbl. Jisi BEPTUKAIBHOIO CMEIIEHHs [IPOCTO BPAIIAMTE KOJIECO MBIIIHU, & JJIs
POPU30HTAJIBHONO — Bpalliaiire KOJeco, ylepxkuBas naxkaroi kiasuiry Ctrl.

3.12.3 Bsi6op uzobpakenus

Select image... x|

wm_1 ‘Height
PETF_FT1.000.spm:Deflect

Select Cancel

Puc. 3.58. Oxno BBIOGOpA M300parKeHMUs.

C nowmorupio koman bl Mero Okna/ OkHa... Bol MoxkeTe GbICTPO 1IepeiiTH K HYKHOMY
uzobpazkenuto. [Ipu BBHIMOTHEHUN 3TOM KOMAH/IBI MOSIBJISIETCS MAJION CO CIIUCKOM BCEX OTKPBITHIX
okon (puc. 3.58). IlepenBurasich Mo CIUCKY, BBl yBUANTE B MPABOil YaCTH IUAJIOTa YMEHDIIEHHOE
n300parkeHne BLIOPAHHOTO OKHA. [locjie HaykaTuss KHOMKY “AKTHUBUPOBATEL’ BHIODAHHOE OKHO
CTAHOBUTCS aKTWBHBIM. Haxkap KHONKY “3akpbiTh OKHO”, Bl 3akpoere BhIOpaHHOE M300parKeHNUE.
Beibpars Hy:kHOE n300paxkenne MoKHO u mpoire. CIrcok OTKPBITHIX W300pasKeHuit ecTh B
HukHel gactu Merio OKHa, HO TaM TPOMUCHIBAIOTCs He OoJiee JIEeBATH U3 HUX.

3.12.4 W3mMmeHeHnii pazmMepoB OKHAa

N3menurs pazmep okHA ¢ n300pazKeHUEM MOXKHO CTAHIAPTHLIM Jjid cucreMmbl Windows o6pazom.
[Ipu moaBeneHny Kypcopa K Kpaio OKHA, OH MPUHUMAET (hOpMY JIMHUU C AByMs cTpenkavu. [Ipu
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Takoil popMe Kypcopa, eciIu HaXKaThb U YAEPKHUBATH JEBYI0 KHONKY MBIIIH, TO C JIBUKEHUEM
MbIIIH pa3mep okHa Oymer mensarbcs. [Ipu n3menennu pasmepos HA OKHE Oy/1yT [MOKA3aHBI [IBE
IMITPUXOBBIE JTUHUH C TIOIMTUCAMHY, TTOKA3bIBAIOIINMA pa3Mep OKHA B TOYKAX.

3.12.5 BoccraHnoBjenne pazMepoB OKHa
Eciu Ber pacraruBaim wim CKUMAIM OKHO, UCIOJIb3ys CTaHmapTHbE npueMbl Windows, TO
BOCCTaHOBUTH €r0 [EPBOHAYAJIBHbIE PA3Mephl MOXKHO KOMaH/0i# MeHIo Bux/ PeanbHblii pasmep.

3.12.6 ®opmart JereHabl

Bce manumymsiiium ¢ popMaTroM BBIBOAA M300parKeHHs HA SKPAH MOTYT OBITH OCYIECTBJICHBI Ha
zaksiaake Obliee B OKHE 1aPAMETPOB, BbI3bIBAEMBIX C HOMOILIBLI0 KoMauabl Buj/ Hacrpoiiku...

Fili GROH_DE R0E 1
Irmage data Heght

Puc. 3.59. Kommakrabiii (cieBa) n pacmmpennbiii (cipasa) popMaThl JI€reH b

N306pazkenne MOKET BLIBOAUTHCSA B JBYX PEKMMAX - KOMIAKTHOM U pacupentom (puc. 3.59).
Ecau Bt xotuTre, 9T00bI H300pazkeHne BBIBOJMIOCH B KOMIIAKTHOM BH/IE, TO IMIOCTABHTE TATOUKY
nanporuB nosig Komnakraerit Bua. Ha m3o0pazkennu moBepxHOCTH OOBITHO BBIBOJIUTCS JIENEH/ 1A,
COCTOAIIASA W3 MACIITAOHON JTUHUH (B KOMIIAKTHOM PEKMME) WU Oceil (B PACIIMPEHHOM DEKUME),
IITKAJIBI COOTBETCTBUS [[BETA, W BBICOTHI, U JOMOJHUTEIHHOM nHbOpManuu o ¢daiijae u JAHHBIX 9TOr0
n300pakenus. BbIiBog BepTHKAIBHOM MIKAJIBI MOYKHO BKJIIOUUTDH UJIU OTKJIIOYUTDH C TIOMOIIBIO TTOJIs
[Tokasarp mwKamy Z. AHajsorugabiM 06pa3oM MOXKHO yIIPABJISTH BBIBOAOM HA U300PazKeHUH
undopmalyu 0 HazBaHuu U ocobennoctsx daitia (one PailioBble JaHHBIE), TAPAMETPAX
u3obpazkenus (nose TlapaMerpbl) U CTATHCTUYECKUX JAHHBIX TI0 U300pasKeHuio (moJje
Crarucruka).



IIpunoxenne A

Nucranaganumss mporpaMMHOIO
ooOecIIeyeHd

YcraHoBKa MPOrPaMMHOIO 00ECIIeIeHUs MPOU3BOINTCS IIyTEM 3aIlyCKa MPOrpaMMbI Setup.exe,
HAXOJAIIEHCS HA MHCTAIAIHOHHOM JucKe. [locie 3amycka yeTaHOBKY MOSIBUTCS OKHO BBIOODA
si3bIKa. g yCTaHOBKE PYCCKOM BEPCHE TIPOrPAMMBI BBIOEPUTE PYCCKUiT SA3bIK.

BuumarenpHo npounraiite JUNIEH3MOHHOE corsianienue. st yeTaHOBKY IPOrpaMMbl HEOOXOIUMO
MPUHSATH €r0 YCJIOBUS.

Ha crpanure nadopmalium 0 moJIb30BaTEIE BBEIUTE PETUCTPAIIMOHHOE UM U CEPUIHBIN HOMED,
MOJIyYeHHBIE OT MOCTABINIUKA. Kciu uMsa unu Homep OyayT BBEJIEHBI HEIPABUIBHO, TPOrPAMMA,
"FemtoScan nmpu mepBoM 3aIrycke MOMPOCUAT BBECTU BEPHbIE JTAHHBIE.

B okne BbiGOpa Buja yCcTaHOBKH BbIOEpuTe HOAXO/sdnuil Bapuant. Bapuant “O6braHbiii®
YCTAHABIUBAET KJIUEHTCKYIO YaCTh MPOrpaMMHOro obecneuenust (mporpaMma ”PemtoCkan
Onnaiin), pyKOBOJCTBO TOJIb30BATEIsA, U (Gailyibl mpuMepoB. Eciu Hy»KHO yCTAHOBUTH CEPBEPHYIO
9acThb, BbiOepuTe BapuanT "Bribopounas’. I3HavasbHO BHIOpAHBI BCe KOMIOHEHTHI. [Ipu xkeanun
MOKHO M3MEHUTD MAIKY, B KOTOPYIO YCTAHABIUBAETCS MIPOrPAMMA.

Jlanee Bce omepaiuu BbITOJHAIOTCS ABTOMATHYIECKHU. [Ipu ycTaHOBKE cepBepHOil dacTu
MTPOTPAMMHOTO ODECIIEYEH ST, BO-TIEPBBIX, HA KOMIBIOTEPE JTOJIYKHA OBITH YCTAHOBJIEHA
onepamuonnas cucrema cemeiicrsa Windows 2000, Windows XP, uan Windows 2003 Server, a
BO-BTOPBIX, HEOOXOIUMO BONTH B CHCTEMY C IIpaBaMu aIMUHUCTPATOPA, WHAYE OyIeT BBIIAHO
MpeynpexRIeHrne 0 HEBO3MOKHOCTH YCTAHOBKHU U OYJIET MPEJIOKEHO BhIOpATh APyToil HAbOP
KOMITOHEHTOB WJIU MPEPBATH MHCTALIAIUIO. [10 OKOHYaHUU YyCTAHOBKM CEPBEPHBIX KOMIIOHEHT
HEOOXOMMO [IEPe3arpy3uTh KOMIIBIOTED, 4T00bl ObL1 3amyineH japaiisep mwiarbl DSP.

Ecnu mporpamma ycTaHABINBAETCS B MEPBBIN pa3, MOCJe Mepe3arpy3Ku MOsIBUTCS COOOIIEHNE O
TOM, 9TO HAilJIEHO HOBOE yCTPO#CTBO. /IpaiiBep JJIsi 3TOrO yCTPOMCTBA JIEKUT B TOU JKe IMaIKe,
KyJla YCTAHOBJIEHA TpOrpaMMa. B OTBET Ha 3ampoc CHCTeMbI, YKayKUTe MyTh K jpaiisepy. [locie
YCTAHOBKH JIpaiiBepa B JUCIETYEPe YCTPOWCTB MOXKHO Oy/ier Haittu B pazjesne Scanning Probe
Microscopes ycrpoiicrso FemtoScan DSP Board.
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IIpnaoxenue B

Onucanme KaJnOPOBOYHBLIX KOHCTAHT

e Hysteresis - myTb K ¢aitiny KaaubpoBku rucrepeduca. Jjisi KOppEeKTHPOBKHU HEJTHHEHHBIX

HUCKAyKEHU pa3MepoB 00pa3Iia, MOy YaroIiuXCsl BCJIEICTBIE HAJIMYNS y Mhe30KEePAMUKI
PUCTEPE3KCa, UCTOIB3YETCs KaIuOpOoBOUHbIH (daiis, co3maBaembrit mporpammoii "®emroCkaH
Oxnaiit 1o BBEJEHHBIM MOJIB30BAaTENEeM JaHHBIM (cM. 3.8.8).

Client Interface - Hazpanue KaMETCKOro wHTEPdEiica. ¥ KIUEHTa TPU MOACOeIUHEHNN OyIeT
3arpyzken naTepdeiic OKHA, mapaMeTpoB ¢ 3TuM uMmeHeMm u paciuperuem "XMLY. Tekymas
Bepcus uaTepdeiica — "fsvarlist.1.14.

Security - pazaen onuuit mudpoBaHus.

— Encryption - pexkum ycTaHOBKE mapamerpoB mudpoBanus — 6e3 mudpoBaHusd,
MCTIOJIL30BATh HACTPOWKHU CEpBEpa WJIM HACTPONKM KiueHTa. B ciayuae, ecoin
YCTAHOBJIEH PEXKUM HCIOJH30BAHUS TapPAMETPOB CEPBEPA, Y KIIMEHTA JTOJIKEH ObITh
YCTAHOBJIEH AHAJIOTWYHBIN PEXKUM - HHAYE OH He CMOXKET MOJKIIOYNTHCS .

— Message Digest - pexxum renepanuu noanucu 0J0Ka JTAHHBIX.

* Cipher - agropurm mudpoBanus.

* Mode - pexxum mudposanus - 6nokamu (ECB), nenoukoii (CBC) wiu ¢ obGpaTHoii
ces3bio (CFB).

* Key Length - quinna ceccmonHOro Kiito4da, cam KJII04 M€HEePUPYETCH aBTOMATUIECKH.
* Padding - merox monosinenus 6J0Ka JAHHBIX 10 KPATHON JJIMHBL (HYJISMU WU 11O

aaropurmy PKCST).

DAC Max., V - makcumasibaoe BbixoHoe nanpsizkenne [[ATl. Hanpsixkenue Bapbupyercs: B
mmnanazone ot —DACMax no DACMazx. CrangapTHoe 3uadenne — 3 B.

ADC Max., V - makcumanbroe BxogHoe Hanpsizkeaue AIIIl. Hanpsixkenue Bapbupyercs: B
muanaszone or —ADCMax 1o ADC M ax. Crangaprroe 3aagenue — 10 B.

Ut - mapameTpnl TeHepaTopa ONmopHOro HampsikeHus Uy.

— Max., V - MakcuMaJjibHOE BBIXOAHOE HAIPSXKEHUE IeHEePATOPa OIOPHOIO HAIIPSAXKEHUS
U;. Cranpgapraoe 3uadenue — 9 B,

— Bias, mV - cmermenne Hy/1s TeHEPATOPA OMOPHOTO Hanpskerus Uy.

Freq. Max., KHz - makcumanbHas 9acrora reHepaTopa 4acrorbl. CTaHIapTHOE 3HAYEHHUE —

10000 KT,
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e 7Z Ampl. Max., mV - makcumaabHOE HaNpsiKeHue rereparopa dactorbl. CranmapTHoe
suadenue — 500 mB.

e PI Gains Scale - Mmacurrabupyomuit MHOKHUTEJb TPOMOPIUOHAIBHOIO U HHTErPATIHBHOTO
3BeHbEB. BHyTpeHHee MpeIcTaBIeHne TTO3BOJIAET 33aBaTh 3HAUYEHNS 3BEHBEB B THATIA30HE OT
—21'5 10 2'5 — 1, HO paboTa ¢ TAKUME BeTMUNHAMHI HEYIO00HS, JJId MOIb30BaTesa. IlosToMy
BBO/JIUTCS MACIITAOMPYIOMINN MHOKHUTEb, W MOJIH30BaTE/b PAOOTAET C BEJIMYWHON, PABHOMI
Gain x 2~ PIGansScale  Crapgnapraoe 3nagenue — 6 (coorBercrByeT MacIITabUPYOIIEMY
k03 dunuenry 1/64.

Inverse Z - manpasienue nongpusanuu Tpyoku. IIpuaaro, 9To ecnnm npu momatie
[OJIOKUTETBHON PA3HOCTH HMOTEHIIUAJIOB HA Z-00KJIA/IKU IIbE30MAHUILYJIATOPA OH C2KUMAETCs,
10 InverseZ = Yes, ecnu pactaruBaercs, To InverseZ = No.

Precise X,Y DACs - nagnune B aekTponuke ycunureneit X,Y 115 CKAaHUPOBAHUS C
TTOBBINIIEHHBIM PA3PENTeHUEM.

Reduced Z DAC - najuuue B 3JIEGKTPOHUKE YCUIUTENSA 7 NJIsi CKAHUPOBAHUS C TIOBBITIIEHHBIM
pa3peIeHneM.

Sensitivity - 9yBCTBATENIHPHOCTH MHE30MAHUITYIATOPA. JHAYEHUS IYBCTBUTEIHHOCTH MOXKHO
MEHSTh IIPH IPOBEJAEHNH KAJIUOPOBKH IIbe30cKaHepa. Hampumep, eciau yCTaHOBIIEHA,
YYBCTBUTEIBHOCTD X Sensitivity = X sens0, W MEPUO PEIIETKN rpaduTa IPH KATHOPOBOIHBIX
U3MEPEHUSX TOIYUAETCS PABHBIM L, a TabJiMdHOe 3HAYEHNE PABHO L1, TO MPaBUIHHOE
3HAYEHNE YYBCTBUTEHHOCTH HAXOIUTCS 1O (POpMYIIe

XsensO
Xsensl = —F Ll
Lo

— X, nm/V - mo ocu X.
- Y, nm/V-noocu Y.
— Z,nm/V - 1o ocu Z.

1 mhe30cKaHepa ¢ Auara3oHaMu CKanmpoBaHud mo X-Y-7Z 10 X 10 X 2 ym cTaHmapTHBIMU
3HAUEHUSAME ABJIAIOTCA 45 X 45 X 7 um/B.

e Gains - K03)GUIMEHTHI YCUIEHUST BHICOKOBOJIBTHBIX YCUIUTEIEH. BBIXOMHOE HAPSKEHTE
ITAII, ymHOXKEHHOE Ha 3TH KO3(D(DUIUEHTD], IOAAeTC Ha OOKJIAIKHA IIHE30MAHUILYIATOPOB.

X - koaddurment ycumenus no ocu X. Cranmaptroe 3HaueHue — 40.

— X Precise - koaddunmenT ycuneHus mo ocu X YCHUIUTENS C MOBLIIEHHBIM
paspermmennem. CramgapTHoe 3Hauvenne — 1.25.

Y - koadpdurment ycunenus mo ocu Y. Crangapraoe 3uadenue — 40.

Y Precise - koadduruent ycumenus mo ocu Y yCUIUTENS C TOBBITEHHBIM
paspemenunem. CrammapTHoe 3HadeHne — 1.25.

Z - koaddurment ycunenus 1o ocu Z. Cranmapraoe 3Hadenue — 40.

Z Reduced - xo3ddurimenT ycurenus mo ocu Z yCUIUTEssi C MOBBIIMIEHHBIM
paszpemenuem. CrangaprHoe 3HadeHue — 2.5.
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e Resistance - mapamerpsl ycunuress curiana, canMmaemoro no kanaiay Conductivity B
PE3UCTUBHOM DPEXKHME.

— Rfb, MOm - comporuBjerne 0OpaTHON CBI3U OMEPANMOHHOTO ycuauressa. CTanmapTHoe
saadenne — 3 MOw.

— Mode - pekuM moJadu OMOPHOro HampsiKeHus U; — HAPSIMYIO WU Yepe3 JeJIUTE/Ib
(mpu moaksroueHuu yepes Kabesb "PesucTuBHblil peRum®).
x Ra, KOm - conporusnienue nieda gemurens a. Crapgapraoe 3uadenne — 10 KOwm.

x Rb, Om - comporusnenue mieda pemurens b. Crangapraoe 3uagernue — 10 Owm.

e STM - napamerpst rosoBku st pexkuma CTM.

— Rfb, MOm - comporuBierue 0OpaTHON CBI3U ONMEPAIMOHHOTO YCUIUTEIIS B
CTM-ronoeke (puc. B.1).

— It Max., nA - TOK HACBIIIEHWS, PACCIUTHIBAETCS aBTOMATHYIECKHU 110 Hampsixkeauio AIITI
¥ COMPOTHUBJIEHUIO OOPATHON CBS3H.

— Inverse Feedback - pexkxum maBepcun obparnoit cBsa3u. Ecin maa Koppekmnum
[OJIOKUTETLHOIO 3HAYEHUST ONTUOKU OOPATHOM CBsi3u TpeOyeTcs yBeIMYeHUe CUTHAJIA,
obparHoit cB#a3u (yranenue obpasua or 3o14a), 10 InverseFeedback = No, eciu
TpebyeTcst yMeHbIIeHne CurHaga oopaTHoit ¢ss3u, To InverseFeedback = Yes.
CrangaptHoe 3nadenne — No.

— Inverse It - pexxum wHBepCcHHU 3HAYEHUsT OMUOKY 00paTHON cBs3u. Eciu B 1ienu curuasia
OIUOKY €CTh UHBEPTUPYIOMIMI 3j1eMeHT (HAIPUMED, ONEPAIMOHHbBIN YCUIUTENb), TO
Inverselt = Yes, unaue Inverselt = No. Cranmapraoe 3Hadenue — Yes.

— Feedback Channel - nomep kanama AIIT 1, Ha KOTOPOM PErHCTPUPYETCS CUTHAI
omubku obparuoit ces3u. Crangapraoe 3naderue — 0.

e AFM - mapamerpsni rojioBru s pexkuma ACM.

— Force Max., nN - makcuMmaJ/IbHasT PETUCTPUPYEMasi CHIa B3aNMOIEHCTBHs 30H1-00pa3err.
ITO 3HAYEHUE BCErJa ABJIAETCS NPUOIU3UTEbHBIM, PEATbHOE 3HAYECHUE
YCTAHABJIUBAETCS MOCJIE KAJTUOPOBKHU TOJIOBKH M0 KPUBOU TOIBOIA-OTBOIA.

— Inverse Feedback - peskum muBepcun obparnoii ces3u. CranmapTHoe 3HaUeHne — NO.

— Inverse Force - peskum mHBepCHU 3HAUEHWS OMUOKYM 0OpaTHOi cBsi3u. CrangaprHoe
3Hadenne — No.

— Feedback Channel - nomep kanasa AIIIT 1, Ha KOTOPOM PErHCTPUPYETCSA CUTHAI
ommOKu 0OpaTHOi cBs3u. CranmaprHoe 3Hadenwue - (.

— Cantilever Rigidity, N/m - »KecTKOCTh KaHTHJIEBEDA, 3Ty BEJHYHUHY MOYKHO y3HATDH B
crenudUKAIUU yCTAHOBIEHHOTO KaHTUIeBepa. [lapaMerp KeCTKOCTH UCTIOTb3YeTCsT JIJIst
IpeoOpa30BaHUsI BETUINHBI OTKJIOHEHUs KaHTHIeBepa dZ B cuiy B3ammomeiictsus dF'
uo ¢opmyne dF = dZ x (Cantilever Rigidity).

e RAFM - napameTpsl rojioBKu [jig pe3onancHoro pexxuma ACM (PACM).

— Deflection Max., mV - MakcuMaJbHOE PETHCTPUPYEMOE 3HAYEHUE CUTHAIIA
CPEIHEKBAIPATHIHOTO JIETEKTOPA AMILIATY/IbIL.

— Inverse Feedback - pexkxum nnBepcun oOpaTHON CBsI3H.

— Inverse Deflection - pe:kuMm uHBepcuu 3Ha4YeHHs OLIMOKM OOPATHON CBs3H.
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Puc. B.1. CTM-rosioBKa — Bu CHU3y. Bumen HOMUHAI COMTPOTHUB/IEHUS OOPATHOM CBSI3U OTIEPAIOH-
HOTO YCHUJINTEJIS.
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— Feedback Channel - Homep kanama AIIIT 1, Ha KOTOPOM PErHCTPUPYETCS CUTHAI
orubKu OOPATHON CBSA3M.

— Cantilever Rigidity, N/m - »kecTKOCTh KaHTHJIEBEDA.
e DACs - agpeca ITATI-0B, OTBETCTBEHHBIX 32 PAa3JIMYHbIE KOHTPOJIIEPHI U YCUTATEJIH.

— X - yeusnress X. Cranjapraoe 3HadeHue — 8.

X Precise - ycunurens X MOBBIIIEHHOTO pa3perinenns. CTaHmapTHOe 3HAUYEHHE — 9.

— Y - yeuwnurens Y. Crangapraoe 3uadenue — 10.

Y Precise - ycunurens Y moBbiieHHOro pasperienns. Ctanmapraoe 3HadeHne — 11.
— 7 - ycunmurens Z. Cranpapraoe 3Hadenue — 12,
— Z Reduced - ycunurenb Z noBbineHHOr0 paspernenns. CtanmapTHoe 3HaYeHne — 13.

— Ut - reneparop onopuoro Hampsizkenusi Uy. Crangapraoe 3uagenue — 0.

Stepper - kKoHTpOJIIEp maroBoro asuraress. CTangapTHOe 3HAYEHWE — 7.

Generators Data - perucrp JaHHBIX TeHEPATOPOB YacTOThI. CTaHIAPTHOE 3HAYEHHE — 5.

Generators Configuration - perucrp KoHpUTrypauu reHePATOPOB 9aCTOTHI.
CranmaprHoe 3Hadenue — 6.

Controller 1 - Bcnomorarebubiit KouTposaep 1. Crargapraoe 3uagenue — 1.

Controller 2 - Bciomorarenbubiit KoHTpOAAEp 2. CrangapTHoe 3HAUEHHE — 2.

Temperature - koaTpostep Tepmocrara. Crangapraoe 3HAUYEHHE — 3.

e DSP Timing - onopabie gacToTbl curaanbaoro mporeccopa, ITATIos u AITI.

— DSP Freq., MHz - TakTOBasg 49acToTa CUTHAJIHHOTO MTPOIECCOPA, PABHA, YABOEHHOM
qacToOTe 33JA0MIEro Kpapiesoro remeparopa. Crammapraoe 3Hadenne — 32.768 MI .

— DAC Clock, MHz - rakroBas wactora [TATlos. CranmaprHoe 3uauenne — 4.096 M.
— ADC Clock, MHz - takrosast gacrora AIIIIl. CranmgaprHoe 3nagenne — 1.024 MT'm.
— Timer - 9acTOTHI MpPepbIBAHNSA TalMepa CUTHAJIHLHOTO TTPOIECCopa.

* Resolution, us - paspemenue (4acrora npepbiBaHus KPATHA PA3PEIIEHUIO).
CrangaprHoe 3nadenue — 5.5542 pc.
x Freq., KHz - gacrora npepsiBanus. Cranmapraoe 3uadenne — 60.0147 K.

— ADC Read Freq., KHz - wacrora onudposku curaaja AIIIl. PaccunrbiBaercs
ABTOMATHUYIECKH.

— Feedback DAC Update Freq., KHz - wacTora 00HOBJIEHHSI CUTHAJIA OOPATHON CBS3H.
PaCC‘{I/ITbIBaeTCH ABTOMATUYECKHU.

— Max. DAC Update Freq, KHz - makcumasbias gacrora obnossienus 3nadennii ITTATT.
PaccunThiBaeTCst aBTOMATHIECKH.

e Stepper - HACTPOKA KOHTPOJLIEPA IIATOBOrO ABUTATE N si. KOHTPOJLIED MIATOBOTO JIBUTATEIS
COBMEIIEH ¢ KOMMYTATOPOM BXOIHBIX Kanajos AIIIl, mosToMy YacTh €ro HaCTPOEK
OTHOCHUTCS K KOMMYTATODPY.

— Step Size, nm - pasmep onuoro mara. CraggaprHoe 3naderue — 20 HM.
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— Speed, nm/s - CKOPOCTHh HEpPEMEILEHNUsT, 3ABUCUT OT BEJIMYKUHbI [IAra, OrPAHUIEHA
CBEpXY allllaPATHBIMU BO3MOXKHOCTAME KOHTPOJIJIEPA, TAK 9TO HAYMHASA ¢ HEKOTOPBIX
CKOPOCTeH KOHTPOJIJIEP HAYMHAET MPOMYCKATh ITaru, U YCTAHOBJEHHAS 3/1eCh CKOPOCTh
MOKET He COOTBETCTBOBATH JseficTBurensHoii. CranmaprHoe 3Hadenne — 1630.84 um/c.

— "Forward"Value - 3nadenune 6ura HanpasjeHus s 10ABojga oopasua. CraHgaprHoe
3nagenne — (.

— "Backward"Value - 3aayenune 6ura HanpasiaeHus 1 orsoga obpasua. CrangapTHoe
3nagenue — 1.

— "Power On/Off"Feature - Ha HEKOTOPBIX MOJEJIAX KOHTPOJLIEPOB €CTh OTJEIbHBIN GUT
JIJIs1 BKJIFOYEHHS] U BBIKJIIOYEHHs] IATAHUS [IArOBOIO JIBUIATENsl, 3TOT HapaMerp 3a1aeT
Hasimaue 1ot Bo3moxkuaoctu. CranmaprHoe 3Hadenue — Disabled.

— Power - TTapaMeTPBhl YIIPpABJICHUA MATAHUEM.

x "On"Value - 3nauenne 6ura nuranusa g cocTogausa "Bxaodeno".

x "Off"Value - smauenune 6ura muranus g cocrosgaus "Beikmogeno".
— Bits - coorBeTcTBHE OUTOB KOHTPOJLIEPA OTAETHHBIM (DYHKITUSIM.

x Direction - 6uT HapaBIeHUs IBUXKEHUSI.

* Step - Out 1mara. Bpamienue maroBoro ABUraTe st BBIMOJIHAETCS IIyTEM TyJIbCAIIAN
cocToAHUA OUTA.

* Power - Out nuTtaHus.
* Channels - 6uThl ynpaBjenns KaHaJlaMud KOMMYTaTOPA.

ADC 1 (Feedback) - kommyrarop AIIIT 1. Homep KaHasia 3a1a€TCs YAUCIOM OT
0 710 3, 9TO B IBOMYHOM IPEICTABJICHUN BBITJISIUT KaK JiBa OUTa WH(MOPMAIIUH.
Hywmeparusa 6utoB 3amaeT 0To0parkeHne OUTOB 3TOrO YUCIA
(Murauuii-nysesoit) Ha 6urbl Kourposuiepa. AT 1 ucnonb3yerca mis
orudpoBKU curaasa omubdKu 0OPaATHON CBA3H.

ADC 2 (Friction etc.) - kommyrarop AIIIT 2. Homep kanasia 3a/jaercs 4ucjiom
or 0 710 7, 9TO B JIBOMYIHOM IPEJCTABICHUN BBINJISANT KaK 3 Oura uadopMalum.
ATIIIT 2 ucnonw3yercst [Jist OIUMPOBKU TTPOU3BOJIBHBIX CUTHAJIOR.

e Landing - mapamerpsl onepamnuu mo1Boga 00pasia.

— It, % - BeWUMHA TYHHEJBHOTO TOKA, B MPONEHTAX OT OIOPHOIO 3HAYEHHMS, IIPH KOTOPOM
1101BOJ, OyJIeT OCTAHOBJIEH., DTOT IIAPAMETP BBEIEH Jjis TOrO, YTOObIL IIPH LI0IBO/IE B
pexxnme CTM ne mospeants uriny. CranmapTaoe 3nadenne — 30%.

— Speed, nm/s - ckopocrb noasoga. Crangapruoe 3uadenue — 401.168 um/c.

— Max. Length, nm - makcumajbHas AauHA TOABOAA. K obpaser ObLT MOIBEIEH HA ITY
BEJINYUHY, & KOHTAKTa C TOBEPXHOCTHIO TaK W HE MPOU3OIILIO, TO MOABO, Oymer
OCTAHOBJIEH, M KJIUEHTCKAas MPOrpaMMa IMoTpedyeT BMEIIATENbCTBA OIepPaTopa.
Crangapraoe 3uadenue — 200 pm.

— Update Precision, nm - gacrora, ¢ KOTOpOii TO3UIHs CTOJTHKA OOHOBJIAETCSA Ha, CTOPOHE
kiauenta. Crangapraoe 3uadenue — 200 HM.

— Draw Back on Every Step - Brirouenme pekuma ’0CTOpOKHOTO" TOABOIA. B aTOM
pexume mnepe KazKAbIM IMaroM CTOJINK BBIIBUT'ACTCA HbeSOKepaMHKOﬁ BIIEpE R 10
OTKa3a, U TOJbKO €CJIHU He 6])IJ'IO KOHTaKTa C IIOBEPXHOCTBHIO, AETaeTCA OAUH WUJIH
HECKOJIBKO IIIarosB. ECJII/I K€ KOHTaKT IIPOM30IIEJ, TO IIOABO CIUTACTCA 3aBEPIIECHHBIM.
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Drawback - ommun pe:kuma "0CTOPOKHOTO™ TTOABOIA.

* Speed, nm/s - CKOPOCTH TIEPEMEITIEHNST CTOINKA MHE30KEPAMUKOI.

* Precision, nm - TOYHOCTb MEpEMEIeHUsl CTOIUKA TbE30KEPAMUKOi (pa3mMep mara
[HE30KEPAMUKH).

x Step Length, nm - giuna nepeMerienusi CTOIMKA IIATOBBIM JIBUTATEIEM.

e Temperature - mapaMerpbl KaJUOPOBKYM TEPMOCTATA.

Path - oyTs x daiiny kamubposku Tepmocrara. @opmar daitiaa moapodHO OMUCAH B
npunoxenuu C.

Calibration Data - comepxkumoe aiisa KaInOPOBKH.

e Auxiliary Port - BriioueHUE JOMOJHATETHHOIO KAHATA JTAHHBIX, [TOJTYIAeMbIX Y€pe3

COM-nopr. Ecniu Britiodena sra QyHKIWA, TO B CIIUCKE BO3MOKHDBIX KAHAJIOB HOSBUTCS €IIe
onwH, ¢ Ha3BanweMm Auxiliary.

e AUX - mapamerper COM-nopra

Initialization File - myTs k daitny naunuanusamun. @opmatr daiiia onucax B
npunoxenun D

Data Units - equHAIIBI H3MEPEHUS TAHHBIX.

Max. Data - makcuMaiibHOE 3HAYEHUE JAHHBIX (UCIOJIb3yeTcs JJisd Ipeobpa3oBaHus B
BbIODAHHbBIE EIUHULBL).

COM Port Number - mHomep COM-niopra.

Configure - Ber30B guasiora xkouduryparuun COM-mopTa.

e Network - cereBbre HACTPOHKH.

Listen ip - agpec TCP /IP, Ha KOTOPOM CepBep OKHUIAET BXOZAIIHME MOTKIIIOYEHHS
KIreHTOB. MOXKHO BRIOpATh OINH M3 aIPECOB, MIPUCBOEHHBIX KOMIILIOTEPY, JTHOO BCE
ajpeca cpaasy.

Listen port - nopr TCP/IP, k koropomy nouk/rodaiorcs Kinenrbl. CrangaprHoe
suauenne — 25000. [Ipu cmene 3HaveHMsT TOPTA HEOOXOIUMO TIOMEHSTH TOPT B
KJIMEHTCKOM TTPOTPAMMHOM O0ECIIeYEHHH.

Max. Users - MakCUMaJIbHOE KOJMYECTBO OJITHOBPEMEHHO MOAKJIIOUYEHHBIX
nosib3oBaresieit. Crangapraoe 3uadenue — 20 moab30BaTesei.

Buffer Size, Kb - pasmep Oydepa ornpasisembix nannbix. [Ipu 3amonnenun Oydepa
HOBBIE TAHHBIE CKAHUPOBAHUS OYIyT TEPATHCS, TIEPEIaBAThCS OYAYT TOJIBKO CIIyKEOHBIE
coodbmennsi. CranmaprHoe 3Hadenwne — 1 M6.

Max. Buffer Size, Kb - makcumaspHbIil pazmep Oydepa OTIpaBIsieMbIX COOOIIEHNIA.
ITpu npesbiiennn pa3mepa Gydepa kianert Oyaer orcoenuter. CTaHJapTHOE 3HAYEHUE

— 1280 Kb6.

Max. Idle Timeout, min - MaKxCUMaJIbHBIN IIEPUO, BPEMEHH, B TEI€HUH KOTOPOTO
KJIMEHT, TTO/ICOEIMHEHHBIN B PEXKMME YIIPABJIEHIS MUKPOCKOIIOM, MOXKET ~"MOJTIATH".
Eciu B Tedenun 3TOr0 mepuoaa KJIAWEHT HE TMPOU3BE] HUKAKUX MEHCTBUil, OH OyIeT
OTKJIIOYEH OT yIPABJICHWS MUKDPOCKOIIOM, U TEPEHIeT B PEXKUM HAOIIOAeHNs. SHAUCHIE
0 coorBercrByeT HGeckoHeIHOMY mepuoay Momdanus. Crangapraoe 3nadenue — 1440
muH. (24 gaca).
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— Max. Authentication Timeout, sec - BpeMsi, B T€4€HUU KOTOPOI'O IOAKJIIOYAIOIIMIACS
KJIMET JoJKeH ayTeHTudunupoBarbes. Ilo ucredennn 3Toro BpeMeru KJaueHT Oyuer
aBTOMATHUYECKU OTKJIOUEH. JTOT TMapaMeTp BBeJEH JJs mpenoTspaiienns DoS aTaxk.
CrangaprHoe 3uadenne — 180 c. (3 muH.).

e HTTP Server - Bkiiogenue serpoerrnoro HTTP cepsepa. Dra omnmus 3amyckaer
suptyanabubii HT'TP cepBep, HA KOTOPBIi OYIyT BHIKIAIBIBATHCS CKAHUPYEMbBIE
nzobpaxkenns B popmare JPEG ¢ nmenamu image(.jpeg n imagel.jpeg, u CIIUCKKW TEKYNTUX
mapaMeTpoB ¢ nMeHamu image(.txt u imagel.txt.

e HTTP - napamerpst HTTP cepsepa.

Listen ip - agpec TCP /IP, Ha KOTOPOM CepBep OKUIAET BXOIAIINE MOIKIIOYEHHS.

Listen port - mopt BeG-cepBepa. Cranmapraoe 3uaueHne — 80.

- Max Users - MAaKCUMaJIbHOE€ KOJIMYECTBO OAHOBPEMEHHO IIOAKJ/JIIOYECHHDbIX KJIUEHTOB.
Crangaptroe 3nadenue — 10.

Refresh Timeout, sec - mepuron 0OHOBIIEHNST N300PAYKEHUN W CIUCKOB TTAPAMETPOB.
CrangapTHoe 3nadenne — 60 c.

e Video Capture - Briiouenue Buzeo3zaxsara. CepBep MOXKET MEPUOIUIECKU 3aXBATHIBATD
n300pakeHue ¢ BUIEOKAMEDbI, HO/KJIIOYeHHON K OJIOKY yIIDABJIEHHS, U II€PE/IaBATD €ro
kjneHTaM. Tak ke OH MOYKET COXPAHATH W300parkeHre HA JIOKAJIHLHOM JINCKE.

e Video - mapameTpbl BHIEO3aXBaTA.

— Camera - BbIOOP KaMephl.

— Configure - kouduryparys KaMepsbl.

Period, sec - nepuon 3axsara. Craggaprroe 3nagenne — 30 cek.
— Save to File - Brnogaer coxpanenue B ¢aii.

— File path - nyrs x daiiny.

Publish to WWW - nyGnukanus n300paykeHus Ha BCTPOEHHOM BeO-cepsepe (Omiust
JIOCTYIIHA TOJBKO €CJIM CEPBEP BKJIIOYEH).

— WWW file name - umsa pecypca, KOTOpbIit OyIer mOCTyTeH Ha BeO-cepBepe.

e PIC USB controller - Bk/foYeHre JIOMOTHUTEIHHOIO KOHTPOJLIEPA HA 6a3e MUKPOIIPOIIECCOPaA,

PIC16C765.

e PIC16C765 - mapameTpbl KOHTPOJLIEPA.

— CLSID - cucremubiit ueHTH(DUKAIMOHHBIT HOMED yCTPOWCTBA.

— Device number - nopsinkosbiit Homep ycrpoiicrsa (HaunHaercs ¢ 0) — mis BoiGopa
yCTPO#CTBA B CIIyYae, €CJIN TIOAKII0OUYEHO HECKOIBKO YCTPONHCTB.

e Alarm action - BkIIIOYeHHE TafiMepa It 3alyCKa MPOU3BOILHOrO JAeHCTBUsI. DTa QyHKIHS
[I03BOJIFEeT OJIUH Pa3 WUJIU LIEPUOJUYECKU BBIIOJHATDL IIPOU3BOJIbHOE JeHCTBUE IIyTeM BbI30Ba
dyHkumu B 3a1aBaeMoit nosb3osareiaem oubiaunoreke (DLL).

e Alarm - macTpoiika Taiimepa u JeiCTBUA.

— Type - Tun coObITHSA - OMUHOYHOE WJIH IEPUOIATIECKOE.
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— Start date - mara u BpeMmsi mepBOro 3amycka JefdcTBus.

* Year - 1o,

x Month - mecsir.
x Day - nenb.

* Hour - gac.

* Min - MmuayTA.

* Sec - CeKyH/Ia.

— Period - nepuoguanOCTDH MOBTOPA JI€HCTBHSA.
* Days - qun.
* Hours - gacsl.

* Minutes - MUHYTHI.

* Seconds - CeKyHJIBI.



ITpunoxenne C

dOopmMmat (aiijia JaHHBIX
KaJINOPOBOYHOII KPUBOII CTOJIUKA, C
KOHTPOJIMPYEMOI TeMIepaTypom
oopa3sIa

@aii 3amncaH B TEKCTOBOM (POPMATE M COCTOUT M3 OAHOI cexiuu. Cekims HAIMHACTCA
3ar0JI0BKOM

[datal

M MPOIOJIZKAETCs 10 KOHIA daitna. B ceknmn comepKurcs HECKOMBKO 3aMuceil. 3anmch nMeer
dopmar
<HamnpsaxeHue>=<TeMIepaTypa>;

<HaIpsXeHWe> U <TeMIepaTypa> - BENIECTBEHHBIE YNC/IA B CTAHAAPTHOM HayvIHOM dopmare, ¢
TOUYKOI (.) B KAYECTBE JECATUUHOIO PA3IE/IUTels.
Hwuzke npuBezien npumep daiiia MHUIMATN3AINHN.

[temperature]
-3.00=27.5;
-2.67=28.
-2.33=29.
-2.00=31.5;
-1.67=33.
-1.33=36.
-1.00=37.
-0.67=39.
-0.33=42.0;
0.00=42.
0.33=45.
0.67=47.
1
1
3

we

O O O O U1l o OO

.00=49.
.33=50.
.00=60.
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IIpnnoxenue D

dOopmMmat daiija THAITHAJIN3AIAN
COM-nopTta

@aii 3amncaH B TEKCTOBOM (POPMATE M COCTOUT M3 HECKOJBbKUX ceKiuit. [Iopsamok ciemoBanns
ceknuil He nMeer 3HadeHus. KaxKmas cexips HAaYMHAETCsl 3ar0JIOBKOM BHIA

[<mMa_cexmum> ]

7 MPOMOJIZKAETCS A0 HAYAA CISAYIOMeH CeKInu Wik KOHMa (aitna. B Kaxkmoit cexiun
CONEPXKUTCH HECKOJIbLKO 3aluceil. 3ammuch uMeer popMar

<yMd_3anucu>=<3Ha4yeHue>;

B daiisie moskHbI ObITH OLKMCAHBL CIIEAYIONIME CeKlMu: init, sample, var, var.scale (ue
obsi3aresibHO) , var.display (ue 0bs3aresIbHO).

B ceknpm var onmchiBaoTCa mepeMenube. VIMera mepeMeRHbIX MOTYT MOACTABIATHLCA CO 3HAKOM $
B 3HauUeHHUs 3ammuceii. B ToM ciydae, eciu CyIecTByeT cekius var.scale, B 9TOH CEKIIUA MOTYT
OBITH 3a1aHbl MacmITabHbIe KOIDDUIMEHTH! Aj1d MpeoOpa30BaHNs 3HAYEHUI MEPEMEHHBIX B
BeIleCTBEHHbIE YHCIa. 1Orma B OKHE MapaMerpoB KJIMEHTCKOrO MPOrPaMMHOIO obecredeHus OyayT
MOSIBIIATHCS 3HAYMEHNs, YMHOKEHHBIE Ha MacImTaOHble Ko3dgdunmdnTol. Eciu cymecTByer cekims
var.display, B Hell MOTYT 33aBATHCS AJHFTEPHATUBHBIE HA3BAHNS TTEPEMEHHBIX, O0jIee yI00HbIe
JLTST TIOJTHh30BATEJIS.

B cekmum init AOIKHBI COMEPKATHCS CJIEIYIONINE 3aTHUCH:

e RdInterval - MakCUMAJIbHBINA UHTEPBAI (B MUJUIUCEKYHIAX) MEXKJIY ABYMs
IIOCJIEABIBATEIbHBIMU CUMBOJIAMH, CIATBIBACMBIMU C IIOPTA.

e RdTotMult - MakCuMaJbHOE BpEMA CUUTHIBAHUSA OJHOTO CHAMBOJIA.

e RdTotConst - MOCTOSTHHAS CIYUTHIBAHUS; CIUTHIBAHUE C MOPTA CTPOKH B N CHMBOJIOB
[IpepbIBaeTcd 0 TaiiM-ayTy, eC/ii BpeMd CUYUTBIBAHUA CTPOKHU IIPEBBIIIAET 3HaYeHue, PaBHOe
N*RdTotMult+RdTotConst, mub0 MATEPBAT MEXKIY HPUXOIOM ABYX IIOCIEI0BATEIbHBIX
CUMBOJIOB TIpeBbINIaeT 3Havyenne RdInterval.

e WrTotMult - MakcuMaJIbHOE BpeM4 3alUCU OJHOTO CUMBOJIA.

e WrTotConst - moCTOSTHHAS 3aIHUCH.
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e Speed - dopmyIia, 3a4a1011as8 MAKCUMAJILHYIO CKOPOCTh CHATHs JaHHbiX (B epuax). B
dopmysie MOryT ObITH UCIIOIB30BAHbBI IEPEMEHHbIE, BEIIIECTBEHHBIE YHCIIA, oneparun + - * /
u ckoOku ( ). Omepanuu yMHOXKEHUS U JIEJIEHUST UMEIOT TPUOPUTET HAJ OMEPAIUSTMA
CJIOJKEHUS W BHIYUTAHUS.

e init - CTpOKA MHUAINMAIN3AINN YCTPOUCTBA; CTPOKA COCTOUT U3 YNCJIOBBIX 3HAUECHUN,
3a/IepKeK U escape-pyHKIUi, pa3AeeHHbIX 3a0ATbIMA. IHUCIOBbIE 3HAYEHUS
OPEJCTABILAIOTCS B fecaTudHoM (Hanpumep 123), mecrHaguarepudaoM (Hampumep 0xal)
uiu Bocbmepuunom (0175) suze. Kaxoe gucsioBoe 3Hauenue coorBercrByeT ogHoMy Gaifty
nochLIaeMoil napOpMALUH. 3a/ePKKA 3AIUCHIBACTCH B BUJe !<BpeMs B MUIINCEKYHIAX>,
manpumep !500. Escape-dyHKius - OTHO W3 CIEAYIONINX 3HAUCHUN:

— CLRDTR
— CLRRTS
— SETDTR
— SETRTS
— SETXOFF
— SETXON
— SETBREAK

— CLRBREAK
e init_read - 4ymcy0 OalT, KOTOPHIE HYKHO CIATATDH MOCJIE TIOCHIIKN CTPOKK init
B cexknum sample IOKHBI COIEPIKATHCS CEIYIONINE 3AIICH:

e init - ¢TpPOKA MHUIMATU3AIWH CUNTHIBAHWSA OTHOTO 3HadeHnsi. CTpPOKA COCTOUT TOJBKO M3
YUCJIOBBIX 3HAUEHUN, Pa3/IeJeHHBIX 3aMSIThIMU.

e init_read - umcyio OaliT, KOTOPBIE HYKHO CUYUTATDH MOCJIE TOCHLJIKA CTPOKX init.
e lobyte - cTpOKa MHUIMAIM3ANNN CUNTHIBAHUS HUXKHEr0 OafiTa 3HAYEHUSI.
e lobyte_read - uucyio 6aiiT, KOTOpbIe HY>KHO CYMTATDH MOCJE MOCHIKKA CTPOKH lobyte.

e lobyte_offset - cMmemienne K HUKHEMY OalTy B CUNTAHHONW CTPOKE, MOYKET ObIThH
OTPHIATEJILHBIM.

e hibyte - cTpoOKa MHUIMAIM3ANNN CYNTHIBAHNUS BEpXHero OaiiTa 3HAYEHUs.
e hibyte_read - uucsio 6aiiT, KOTOpbIe HY?>KHO CYMTAThH MOCJE MOCHUIKKA CTPOKH hibyte.

e hibyte_offset - cmemeHne K BepxHeMy 0aiiTy B CIMTAHHON CTPOKE, MOXKET OBITh
OTPHUIIATEIbHBIM.

O61menue ¢ TOPTOM TMPOUCXOIUT CIAEAYIONIM 00PA30M:

e IIpu 3arpyske DSP, eciu BritoueH JomnosHuTE bHbI KaHaa gaHubix (?77), npoucxomur
noceuka B BbiOpanubit COM-moprt crpoku [init]init u cumrbiBaercsa [init]init_read
Gaitr.
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e B kak10it TOYKe n300pakeHus B MOPT IMOCHLIAETCH CTPOoKa [sample]linit m cuuThiBaeTCH
[sample]init_read OGaiir. Ilocsie ux cunTbiBaHuA MOCHLIAETCS CTPOKA [sample]lobyte u
cunThiBaeTcst [sample]lobyte_read 6aitT. 3aTeM aHATIOTHYIHBIM 0OPA30M TOCHIIAETCS
crpoka [samplelhibyte m cunrtbiBaerca [samplelhibyte_read Gaiit. I3 cunranubix
JIaHHBIX JINHON [sample]linit_read + [sample]lobyte_read+ [sample]hibyte_read
GepyTtcs aBa baiita co cmemenusivu [sample]init_read + [sample]lobyte_offset u
[sample]init_read + [sample]lobyte_read + [samplelhibyte_offset, u3 KoTOpHIX
dbopmupyercs 16-OMTHBII pe3yabTAT.

Huxe npusesen npumep daiiia MHUITUATH3AINAN,

[init]

RdInterval=500;

RdTotConst=500;

RdTotMult=500;

Speed=1.0/(2.0e-6*x$CCPR2*$TMRQuanta) ;

WrTotConst=0;

WrTotMult=0;

init=SETRTS, !100,CLRRTS,!100,0x74,$Uhv,0xf4,0x74,$Ud, Oxfc;
init_read=6;

[sample]

hibyte=0xa6;

hibyte_offset=0;

hibyte_read=1;
init=0x30,$C_DvdReg,0x1c,$CCPR2High,0x1b,$CCPR2Low,0x29, $TMRQuanta, 0xf2;
init_read=9;

lobyte=0x81;

lobyte_offset=0;

lobyte_read=1;

[var]

CCPR2(Cntr) ,int,0,0xffff=256;
CCPR2High,int,0,255, ,#CCPR2 >> 8=#CCPR2 >> §;
CCPR2Low,int,0,255, ,#CCPR2 & Oxff=#CCPR2 & Oxff;
C_DvdReg(Div),int,0,255=0;

TMRQuanta(Cntr T, ms),int,0,255,0.05*##=40;

Uud(ud, V),int,0,255=20;

Uhv (Uhv, V),int,0,255=200;
sample_freq,double,,,,,1.0/(2.0e-6*x#CCPR2*x#TMRQuanta)=1;



IIpunoxenune E

IlapameTpsl 3-X MepHBIX
N300pakKeHu’ii

[Ipu BBIBOZE 3-X MepHBIX M300parkeHwnii ucnob3yorcs dyukiun oudmmorek OpenGL. I[TosTomy
napaMerpbl TpexMepHbIx u3obpaxkenuii (puc. E.1) orpaxkalor napamMerpbl, UCIOIb3yeMblE B
ypasuenuu ocseriennocru (lighting equation), ucnonb3yemom srumu 6udsinorekamu. Boiriisaur
OHO CJIEIYIOIHAM O0Pa3oM:

L=1} + RY 15+ Y (RN - 1% + RY - 15 - (N -Np,) + RY - IE - (Ny - N, )5

i=1
3nech

o M . Nurencusnocts usmydenus marepuaia (Mat. Emission).

RAM - OoTpazKalolas CrnocobHOCTh MaTepuasa g paccesuHoro csera (Mat. Color).

R%[ - oTpazkarlasi cnocobHOCTL Marepuana aist HanpasaenHoro csera (Mat. Color).

Rg/[ - oTpaKalolas CrnocobHOCTh MaTepuasa g orpaxkaemoro ceera (Mat. Specular)
e [ - MHTEHCHBHOCTH COBCTBEHHON OCBeNmeHHoCTH TpocTpancTsa (Scene Ambient)

® 7 - YKMCJIO UCTOYHMKOB cBera (B HaieM ciydae - 1, eciau ocselenue BKIO4eHO, u 0, eciiu
BBIKJIIOUEHO, 3ajaercs Komanuoit mento Buy/ Tloacserka)

Dwee I LLIKanal Oon. SJ'IEMBHTbII OkHo I'IDDBKLlHHI 1 I 4
WzofpasieHHe NOEEPAHOCTH DaHOUEETHaA j
CBETUMOCTE MaTepMana —_— J—
Pacer-e go wetouHuka s

Ok I OTreHa Igarpgsmbl QoHpaHmbl QTaI—u:LapTI

Puc. E.1. Tlapamerpsl TpexMepHBIX M300parKeHUH
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e It - ynrencusnocts paccesmnoro csera (Light Ambient)

L. . .
e [ - naTeHCHBHOCTH HampasienHoro ceera (Light Diffuse)

I5" - uurencusnocTs orpaskaemoro csera (Light Specular)

e N - BEKTOp HOPMAJIHU K IIOBEPXHOCTH

e N, - BEKTOP HAIPABJICHUA W3 TOYKH IIOBEPXHOCTU HA UCTOYHUK CBETA
e Ny - BEKTOD HAIIDABJICHUH W3 TOYKU IIOBEPXHOCTU HA HABIIOIATE s

e ShM - cgerumocts marepuana (Material Shininess)

B namen ciyuae ucnosibsyerca Mojenb, B koropoit RY = RM | u sror napamerp nasbsaerca
[per marepuana. Ecin na 3aknanke Obimee ormeden ¢aar OaHOIBETHAS, TO IIBET MaTEpHUAIa,
Oyzer O6parhes ¢ 3aKkIaaKku 1BeT Marepuaja, B IPOTHBHOM CJIyYae - U3 TEKYINel MajJuTphl B
COOTBETCTBHU C BBICOTOM TOYUKIMH.

R, G u B cocraBnsiornye KaxK/10ro mapaMerpa MOKHO 331aTh KaK ¢ MOMOIIBIO JIHHEEK MPOKPYTKH,
TaK MU C IOMOIIBIO JUajiora BbIOOPa LBETA. DTOT JAMAJIOL HOSBJISETCS HPU HAXKATUH JIEBOI KHOIKOM
MBI HA IIBETHOM KBaJlpaTe, PACIOJIOKEHHOM B IIPABOIl 4aCTU COOTBETCTBYIOIIEH 3aKJIa K.
Tekymine HACTPOIKK MOXKHO COXpAHUTH B (aiia ¢ pacuiupenuem .3dopt, CIUTATH U3 HETO, WA
BOCCTAHOBUTH 3HAYECHUA 10 YMOJIIAHUIO.



IIpnaoxkenue F

IlapamMeTphbl HHIepoXoBaTOCTHU
IIOBEPXHOCTU

[IlepoxoBaTOCTH TOBEPXHOCTH — COBOKYITHOCTH HEPOBHOCTEH MOBEPXHOCTH ¢ OTHOCUTEIHLHO MaJIbIMU
IIaraMu, BbLIEJeHHAs, HAIIPUMED, C TOMOIILI0 6a30BOH JIUHUHE WU 9acT I0CKOcTH. OQIEeHUBATH
IepoXoBaTOCTh noBepxuocTu B mporpamme PemtoCkan OHnaiiH MOXKHO KAk JIJisl TOBEPXHOCTH, TaK
U JIsi KOHKPETHOIO BbLJIEJIEHHOIO IPOMUIIS BIOJIb 33IAHHOIO OTPe3Ka. B mepBoM ciydae KOMaHIa
BBI3bIBaETCs B MeHI0 Maremarnka,/ AHanns mepoxoBarocTh . [ljist TOro 9TOGBI BHIBECTH
pe3yabTaTh JjIst MPO(UIIs TIOBEPXHOCTH BIOJIb BBIIEJIEHHOIO OTPE3Ka, HEOOXOIUMO BHIOpATH
orpesok, ganee Kpusas/ Auanu3 mepoxosaroctu . s m0BEPXHOCTH B HeJIOM OyIyT BbIBEIEHbBI
caexyomtue napaMerpsl : Ry, Rz, Rsk,Rq, Riw(cM. Tabmuiy F.1) nsa npoduna Booms orpeska
KPOME 3THX 11apaMeTpoB TakKe OyayT upucyrcrsoBarb: R, Sy, Smh, Smi(cm. rabiuuny F.2).
Hanpuwmep, caumok mosepxuoctu Mouerku (cM. puc F.1) u Bbienennas kpusas Ha Heit (ee
npodwie) (cum. puc F.2).

R(L Rma.’r Rq Rsk Rku
1.69uam | 17.1um | 2.19aMm | 0.614uMm | 3.76HM

Tabmuma F.1. ITapaMerps! mepoxoBaTOCTH Il IOBEPXHOCTH.

Ra Rmaac Rz Rq Rsk Rku Sm Smh Sml
1.2aMm | 8.41um | 3.89um | 1.56uMm | 1.1uaMm | 4.71uam | 501uaMm | 217aMm | 2920M

Tabmuma F.2. TTapamerps! mepoxoBaTocTn st IpOhUIISL.

Teneps Gosiee MOAPOOHO 0O FTUX MAPAMETPAX.

F.1 R, cpenussa mepoxoBaTOCTh.
DTOT mapaMeTp OMpeaeIsaeTcs KaK Cpeanee apudMeTnieckoe OTKJIOHEHNE TTPOMUIsa OT CpeaHei

HAKJIOHHOM TPAMOi ujm maockocru (cpeuei uaun npoduis,cpeaHeil I0CKOCTH ), TIPOBEJICHHOMN
METOJIOM HAUMEHBIUX KBaaparoB. OH ompeessieTcss Kak MIoMa b OTKIOHEHU TPOQUIIs

111



IIpunoxxenne F. IlapaMeTpsl IepoxXOBaTOCTH ITOBEPXHOCTH 112

nrm I

14

2800

2100

1400

700

1] 800 1600 2700 3600 nm

File: Copy 2 (Deflection) of Sample. 15
Image data: Deflection

Puc. F.1. Ilpumep mmoBepxHOCTH U BBIOOD IPSIMOiL Ha Heil.

-700 0 700 1400 2100 nrm
di 1320 nm dy: -1.264 nm

Puc. F.2. TIpodnn, Ber6panusnit Ha F.1.
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[IEPOXOBATOCTU OTHOCUTEIHHO CPeHel npsaMoii (II0CKOCTH) JIeJeHHON Ha OOILyI0 JyuHy 6a30BOii
JIMHUM, U YUCJIEHHO PaBEeH UHTerpaJly:

L

R = %/h’(m)\daj

0

A7 TUCKPETHOTO CJIydasd
1N

Ananorngno mist mosepxuoctu. Ho R, He maer mojHON KapTHHBI TPOMUIs MIepOXOBATOCTH
[MOBEPXHOCTH, BE/Ib MHOI'HE TIOBEPXHOCTH MOI'YT MMETh OJIMHAKOBYIO CPEJHIOI0 [IEPOXOBATOCTh, HO
COBEPIIEHHO PA3INIHYI0 (HOPMY.

F.2 R, cpeanekBagpaTrn4vHas II€POXOBATOCTb.

CpenHekBapaTudHasi MEePOXOBATOCTh BBIYUC/IAETCS Yepe3 IPyToil HHTerpaJt:

¥ XapaKTepu3yeT CPeIHEKBAAPATUIHOE OTKJIOHEHNE MPOMU/Isi MOBEPXHOCTH OTHOCUTEILHO 0A30BO
nuHuHA. R, IMeeT 3HadeHre B IPUMEHEHNH K ONTHKE, Il OT 3TOTO ITapaMeTpPa 3aBUCAT ONTHYECKHe
CBOMCTBA IIOBEPXHOCTH.

F.3 R, HauboJbIIiag BbICOTa IPOUIId.

Ryyaz- DACCTOSTHAE MKy JMHUEH BHICTYNIOB U JIMHUEH BIAIWH, T.e. HAKOOJIBIINM ITHKOM K
Haubouibiell BuaauHoil Ha 6a30B0il UK (1JI0CKOCTH).

F.4 R, BeicoTa HepoBHOCTell mpodmiag mo 10 Touykam

1 N
RZ = N Z(anaz + anln)

n=1

Rymaz = 1...5 IATh BBICOT HAMOOJBINNAX MUKOB, Rymin M = 1...5 TATH BRICOT HAUOOJIBIITIX
BITQTVH.
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M
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b0 |
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I

¥ 5]
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Puc. F.3. Boruucienue cpeHero meproja mo nukaM W BIIaIAHAM.

F.5 S, cpeanunii nepuo.

[lepuomom cauraercs yq9acTok npoduis, MepecekInuii CpeIHIOn JUHAI0 CHU3Y BBEDPX JBA Pa3a.
Ecnu S; mmupuaa KaXka0ro mepuoja, To

F.6 S,.., S, cpeagHue nmepuoabl IO ITUKAM M BIIAJIUHAM.

Paccrosguue mex /iy BnagmaamMu ONpeensercsd Kak JAJINHa y9acTKa 6a30B0il JinHUHA, B KOTOPOM
PO UIIbH MTOBEPXHOCTHU TEPECEKAET CPEIHIOK JIMHUIO CHU3Y BBEPX W BEPHYJICS OOPaTHO.
Paccrosame Mexx 1y muKaMu OMpeessercs KaK JJINHY, YIacTKa 0A30BOi JIUHUU, B KOTOPOM
npodu/Ib NOBEPXHOCTH MEPECEKAET CPEIHIOI0 JIMHUIO CBEPXY BHU3 U BEPHYJICS 0OpaTHO (CM.

puc F.3). Cpexnnue nepuosbl 1o Buaguuam Sy,; U TUKAMS,,;, 0Jy4aeTCs IIyTeM YCPEeIHEeHUs STUX
BEJIMYINH.

N
Smh: % Z Shn

n=1

N
1
Sml =N Z Sln
n=1

F.7 R, mapameTrp acUMMeETPUMN.

Dyukiusa pacupenenenus: BeposTHocTr. OYHKINS PACIPEIeTeHIs BEPOATHOCTH TaeT BEPOITHOCTD
TOro, 9TO MPOPUIbL UMEET 3aJAHAYI0 BhICOTY Z. OYHKIINA PACIPEIETICHNST NMEeT
KOJIOKO,/1000pa3Hyo GopMy U LOKa3biBaeT Kakoe "KojudecTso'"npoduiis uMeer OlpeiesieHHY 0
BhICOTY. TlapaMerp acUMMETpHH OMUCHLIBACT (POpMY (DYHKIUH PACITPEICICHUS BEPOATHOCTH, TO
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Puc. F.4. Ilpumep npodunsg ¢ y3KUMU IUKAMHA U BIAIAHAMHA.

€CTh CHMMETPUIHOCTH pa3bpoca npoduiisi OTHOCUTEIHHO CPeIHEN JTUHUH.

1 X,
R = NI Z rodx
qd n=1
[Ipoduab ¢ MOMOKATETHHBIM KOI(MDMUITHEHTOM ACHMMETPHN, HMEeT YeTKHE BhICOKNE MHKH,
KOTOpBIE BBIAEIAI0TCA 0T cpeauero. IloBepxnocTu ¢ orpuriaresbHbiM KO3dduiimeHTom
acummerpun (LIOPUCTbIE IOBEPXHOCTH) UMEIOT YeTKue [yboKue BUaJMHbL B IJIaJAKUX 11aro. B
MeHee OUeBHIHBIX ciydasX Rgp &~ 0. 3nauenus |Rgsy| > 1.5 MOKa3bIBAIOT TO, YTO MOBEPXHOCTD
“MeeT HEmpOCTyo (hOpPMY ¥ MPOCTHIE TAPAMETPHI, TAKNe Kak R, BEPOATHO, HE MOTYT AJIEKBATHO
XapaKTepU30BaTh KA4eCTBO MOBepXHOCTH. Koad duiment acummerpun 6e3pa3MepeH.

F.8 R, mepa 3Kciiecca

ITOT mMapaMerp XapaKTEePU3yeT MUPUHY MTUKOB WJIN BIAJWH, T.€. OTKJIOHEHWE THCTOIPAMMBI OT
rayccoBoit popmbi. Eciim ructorpamma nmeer rayccoBy dopmy, To Ry, =3.

L
1
Rku = l/;l/’l’él(‘r)dl'
0

Ecsu npoduib noepxuocTu uMeer BoiTaHyThie (y3Kue) nuku win Buagauubl (cm. puc F.4), o
Ry > 3 (cm. Tabnuny F.3)
Ecnu ecrs mupokue nuku wian sraguast (cM. puc F.5), 1o Rg, < 3 (cMm. Tabauny F.4)
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R,

Rmam

R,

Ry

Rsk

Rku

Sm

Smh

Sml

0.848

10.1

5.05

2.03

—2.576_017

6.07

0.112

0.0564

0.0559

Tabmuma F.3. ITapamerpsr mepoxoBarocTa [jist NpOMUIsSL, UMEIOINe Y3KNUe UKW U BIIAINHBL.

116

O = kW ke M -] 0D

dx: 0.5467

0.5

dY: -9.946

15

Puc. F.5. Ilpumep mpoduis WMeIONero mupoKne UK U BITa,UHBI.

R,

Rmam

R,

R,

Rsk

Rku

Sim

Smh

Sml

3.2

10.6

6.16

3.95

-0.00219

1.6

0.296

0.147

0.149

Tabmuma F.4. ITapamerpbl mepoxoBaToCTH i MPOQMUIIA, KMEIOIIEero MUPOKUe MUKUA U BIIAUHBL.



IIpeameTHbIil yKa3zareab

Daitn
Onmun, 39

Oypne
Konrpacruposars, 73
O6nysurh cHapyxu, 73
O6muyauTh BHYTPH, 73

I'mcrorpamma
O6pe3arsp, 73

Kpusas, 84
Awnanu3s mepoxosarocru, 87, 111
Arro-koppensius, 84
Huddepenmmponarnb, 84
I'ucrorpamma, 85
Nusepruposars, 85
Konuposars, 85
Kpusas pazaenenus, 89
Mennanubiit GuabTp, 86

HopwmanuzoBaTh CUIOBYIO KPUBYIO, 88

O6pe3sarb, 85
OnruMusupoBarh mKaJy, 86
IToporosas dusbrpanus, 87
Crpykrypuas byukims, 84
Ycpenunenne, 85
YBeIUIuTh PE3KOCTD, 86
Beibpars kpusyio gisa X, 85
BeipaBauBanue, 86
BunipasuuBanme crnaiinom, 87
WLC ananus, 90

JInansa
[Tepemecturs B Hukuioo, 55
[Tepemecturs B Bepxwioro, 55
Craajurb, 55

Mar. dysKIAN
Awnanus mepoxosaroctu, 67
@uapTp Bunepa, 58
WNusepruposars, 57
Ucnpasnenne nckaxxenuit, 62
Jluneitnbie GuabTpsI, 63

Taycc, 64
I'pagment, 64

Jlammac, 64
Menmuana X, 58
Memuannubiit buabrp, 58
Memuannsiit duabrp Kpect, 58

Mopdosiorugeckue dbunbrpsr, 64

O6pe3anne n3obpazkennii, 56
OnTuMu3upoBaTh MIKAIY, 57
[Toporosast dpunbrpanus, 67
ITosopor, 60

Craagurh ygacrok, 62

TpancmonnpoBaTh n3obpaxkenune, H8

Ycpenuenne, 57

Ycpemgnenne Mo cTpokam, 62
VBenumauTh Pe3KoCcThb, 57
Boioenurs rpanumss, 60
Boigesiurs 3epua, 58
BuipasuuBanme, 61
BuipaBuuBanme crutaitaom, 61

Bricora o maTEpdEpEeHITNOHHON KapTHUHE,

68
oACBeTKa, 83
cioxenne, 82
BbIIUTaHUE, 82

Maremaruka

Ananus mepoxosarocru, 111

Memnro ®@aiin

117

BwicTprrit mpocmoTp, 44
Oxkcmopr, 42
I'pynmosoit sxcmopr, 44
OTkpBITh, 42
Cuaaiin-moy, 45
Coxpanutb, 42
CoxpaHuTh Kax..., 42
Coxpanuthb Bce, 42
CoxpaHsTh B..., 42
Vnanurs, 44
Boccranosurn, 44
3axBar...

Buneo, 47

TWAIN..., 48



Ilpegmernsrii yrazarens 118

Memro Maremaruka, 56 Iloanwucu, 70
Awnanu3s mepoxosarocru, 67 Ceuenust, 70
Ounbtp Bunepa, 58 Kommenrtapun, 46
WNuBepTuposats, 57 Hacrpoiiku..., 53
Ucnpasnenne nckaxkennii, 62 Asro, 53
Koppensmusi, 66 QuxcupoBaHHAs IIUPUHA, D3
Asrokoppesrus, 67 QukcupoBaHHbIH, 53
Bzanmnas xoppensmus, 67 OUKCUPOBAHHDBINA MacmTad, 53
Makxkpoc..., 56 O6uoBUTH, 49
Menmunana X, 58 OuncTurhb
Memuanubiit huabrp, 58 Kpussie, 54
Memuanusiit duabrp Kpect, 58 Merku, 54
O6pesarb, 56 [Tanenn
OnTuMu3upoBaTh MKAIY, 57 Ixana, 49
ITo wacoBoii Ha 90, 60 [Tapamerpsr..., 40, 46
[Toporosas: dpunbrpanus, 67 [loaceerka, 71
CraaguTh ydacrok, 62 [Tonnoskpanubiit pexum, 47
TpancrionupoBars n3obpaxkenue, 58 Paspemiennue..., 46
Ycpenunenne, 57 Peannubrit pazmep, 94
Ycpenuenue 1Mo cTrpokam, 62 Cozmanme mpoJsieTa HaJ MOBEPXHOCTHIO, 71
YBeauunuTh PE3KOCTDb, H7 Ctunp merok, 54
Boigenurs rpamums, 60 Menio Bugeo
Boigesnurs 3epua, 58 OcranoBursb, 48
Beipasuusanue, 61 BoccranoBurs peasibublit pazmep, 48
BruipasuuBanwme crtaitnom, 61 Baxsar kazapa, 47
Beicora o uaTepdepeHInoOHHON KapTHHE, 3axBaT MHOYXKECTBA KaIpOB, 48
68 Bamuch, 48
Mento Oneparuu, 69 Mesto neparun
Dypse, 73 O6bem uzosmuum, 81
I'ucrorpamma, 73 Menrio Bum
N3menuts pasmep, 83 3amoMHUTH mauTpy, 50
Haittu crynemspkn, 75 O6beKThI
Oneparyun ¢ n3006paKeHUAMU Viaaurh ¢ THCTOrPAMMBI, 75
HobaButrn, 82 VYranurs ¢ u3006parkenus
Croxwuast, 82 Ocranbuble, 75
Boruectsn, 82 Burnenennnre, 75
[Lmomaas moBepxHOCTH, 83 Borancaars cpeHIo0 BBICOTY, 75
[Toxceerka, 83 OkHa
[Tocrpours 3D, 69 Kackaz, 93
[IpeobpazoBarp kKpusyio B ceuenue, H4, 76 Mo3zauxka, 93
Co3marh KaauOpPOBOYHYIO KPUBYIO, 76 Oxkmna..., 93
Cozmars kommio, 69 BoipoBuaTh nkonku, 93
Vasoutsh, 84 3akpuITh BCe, 93
Boigenurs o6bekThr, 73 ITanurpa, 49
SanoaHuTh BHYyTPEeHHUE 001acTH, 75 Asro-macurrabupoBatnue, 49
Menio Bun OurcrupoBaHHaA MKaja, 49
ApToobHOBIEHHTE, 49 Hograsa nanutpa, 49
Jekoparumn [TocTpounsrit aBro-macinTad, 49
Kpussie, 70 [TocTpounsrii

Merku, 70 aBro-Maciradb-+BbipaBHuBanue, 49



Ilpegmernsrii yrazarens

[Tapamerpsr
HormonauTesnpHo..., 32
Kpussre, 32
Monynamusa Z, 30
Ocmunnorpad, 30
ITouck pezonanca, 31
[Tosepxuocts, 27

JBoiinoit mpoxom, 29
Jlurorpadwusi, 29
O6rmme, 27
ITepemezxarommuiics, 29
Pexuwm, 27
C orsogom, 29

(Z), 32

(), 32

t(Ut), 32
1t(2), 32

[Tapamerpsr obparuoii cBa3u, 26

[IpaBka
JobaBuTh TeKcT, 92
Kommus, 92
Komus tekcra, 92
Orwmena, 92
ITosrop, 92

Pabora ¢ kpuBbivMu, 84
Ananus cunosoit Kpusoii, 88

Kpusas paznenenus, 89
Hopwmanmsamnus cusmosoit kpusoii, 88
WLC anasus, 90
Awnanus mepoxosarocru, 87
Huddepennuposanne, 84
WNaBepTuposats, 85
Konuposanue kpusoii, 85
Koppemnsinus, 84
Mennanuniit GuanTp, 86
O6pe3anne KpuBoii, 85
Onrumu3upoBaTh mkasy, 86
IToporosas: dpunbrpanus, 87
[Tocrpoenwne rucrorpammbi, 85
ITocrpoenue napamerpuyeckoil Kpusoii, 85
Crpykrypuas byukims, 84
Ycpenunenne, 85
VBemauTh Pe3KoCcTh, 86
BeipaBauBanue, 86
BeipaBuusanue crutaitnom, 87

Pexuwmbr kypcopa, 51
Kpwusasg, 54
Metkn, 54
Paccrosamue, 53
Ceuenue, 51

D
F

—

119

Yrom, 54
Boigesenne, 51
Broigenenne mpoTayKeHHOTO 00hEKTa, 55
Brinenenne BepTukaabHON JUHUH, 5D
PekuMbl CKaHMPOBAHUS MOBEPXHOCTU
HBoitroit mpoxos, 29
Jlurorpadus, 29
[Tepemerxkarommuiics, 29
C orsomom, 29
Tomorpadwus, 29
C3M
Oxkno uara, 36
Onruu kiauenra..., 36
OcranoButs, 34, 35
[Tamens, 22
[Tapamerpsr, 24
[Tepemecturs obpazer, 36
[Toacoenuaurnhea Knnentom, 23, 38
IMoncoenmunthca Mactepom, 23, 38
3armyck
®oroanoma, 35
Mopynstus 7, 35
Ocrutorpad, 35
Iloasoxn, 33
YcTaHOBKa, CMeIIeHus, 32
Sarpyska, 32
Z(X)Y), 33
CxanupoBaHue
[Mepesamnyck Csepxy, 34
[Mpubau3urs, 34

Yaanutsb, 34

YcTaHnoBUTH cMerienne, 34
D(Z) s..., 35

F(Z) B..., 35

It(Ut) B..., 35

1t(Z) B..., 35

Cozganne mpoJieTa HaJl MOBEPXHOCTHIO
Hobasuts, 71

Samyck
SaBucumocTb, 35

apaiisep, 7

KJIMEeHT, 9, 22
[Tapamerpsr,

TeC cm.Ilapamerpsr24
[apaMeTpbl CKAaHUpPOBaHusd, 24
co3nanne daiiyia KaInOPOBKN THCTEPE3NCa,

76

Mat. OYHKIUU
mveauannas duabTpanus, 13
rnojiceerka, 14



Ilpegmernsrii yrazarens 120

ycpeHenue, 12
yCpeJHeHue o0 CTpoKaM, 13
BBIUYMTAHWE CPETHETO HAKJIOHA, 12
cepsep, 8, 16
koudwuryparms, 19
Logging, 22
3D Options
Light Ambient, 110
Light Diffuse, 110
Light Specular, 110
Mat. Color, 109
Mat. Emission, 109
Mat. Specular, 109
Material Shininess, 110
Scene Ambient, 109
3D ITapameTpsr
Obee, 110

auxport.ini, 106
init, 106
sample, 107
var, 106

DSP
nporpamma, 7

Fmboard, 16
KJIMEHTHI, 18
koH(pUryparms cepsepa, 19
Calibration, 20
Profiles, 19
Users, 19
OKHA CKaHUpOBaHUd, 18
OKHa cOoolIeHuit, 18
Errors, 18
Events, 18
ocimiorpad, 18
ITaHesIb HHCTPYMEHTOB, 16
3arpyska, 18
Console, 18
Download, 18
Options, 19

Parameters, 25
settings.ini, 96
temperature.ini, 105
View

Highlighted, 109
Options..., 109



	Введение
	Установка СЗМ
	Схема установки
	Механическая система микроскопа
	Структура программного обеспечения
	Программа платы DSP
	Драйвер операционной системы
	Сервер
	Клиент

	Методы построения и обработки изображений
	Вычитание среднего наклона
	Усреднение
	Медианная фильтрация
	Усреднение по строкам
	Подсветка


	Управление СЗМ
	Сервер
	Программа мониторинга и настройки сервера Fmboard
	Конфигурация сервера

	Клиент
	Подключение к серверу
	Параметры сканирования
	Сканирование поверхности
	Снятие зависимостей
	Осциллограф
	Модуляция Z
	Фотодиод (режим АСМ)
	Снятие кривых в точке изображения
	Дополнительные команды
	Окончание работы


	Обработка изображений
	Настройка общих параметров
	Работа с файлами
	Открытие и импорт файлов
	Сохранение и экспорт файлов
	Удаление файлов
	Восстановление файлов
	Быстрый просмотр файлов
	Автоматический просмотр файлов
	Работа с файлами кривых
	Просмотр текстовых заголовков файлов
	Изменение масштаба изображений

	Переключение в полноэкранный режим
	Получение изображений с других устройств
	Видеокамеры
	Сканеры

	Работа с палитрой
	Режимы курсора
	Выделение участков поверхности
	Сечения
	Измерение расстояний
	Измерение углов
	Расстановка меток
	Построение кривых
	Выделение строк
	Выделение столбцов
	Выделение протяженных объектов

	Функции обработки данных (меню Математика)
	Использование макрокоманд
	Обрезание изображений
	Инвертирование
	Оптимизация шкалы
	Усреднение
	Увеличение резкости
	Транспонирование изображение
	Фильтр Винера
	Медианная фильтрация
	Медианная фильтрация маской X
	Медианная фильтрация маской Крест
	Выделение зерен
	Выделение границ
	Поворот
	Выравнивание
	Сплайн
	Сглаживание участка поверхности
	Усреднение по строкам
	Исправление искажений
	Линейные фильтры
	Морфологические фильтры
	Корреляции между изображениями
	Анализ шероховатости поверхности
	Пороговая фильтрация
	Высота по интерференционной картине

	Анализ данных (Меню Операции)
	Дублирование изображений
	Построение 3х-мерных изображений
	Преобразование Фурье
	Построение гистограмм
	Нахождение объектов
	Ступенчатая структура поверхности
	Преобразование кривых в сечения
	Создание файла калибровки гистерезиса
	Вычисление ограниченного изолинией объема
	Сложение и вычитание изображений
	Изменение разрешения
	Вычисление площади участка поверхности
	Подсветка
	Удвоение изображения

	Работа с кривыми
	Дифференцирование
	Корреляция
	Структурная функция
	Построение гистограммы
	Копирование кривой
	Построение параметрической кривой
	Обрезание кривой
	Усреднение
	Инвертирование
	Увеличение резкости
	Медианная фильтрация
	Оптимизация шкалы
	Выравнивание
	Сплайн
	Анализ шероховатости
	Пороговая фильтрация
	Анализ силовой кривой

	Работа с буфером обмена
	Отмена и восстановление изменений
	Работа с окнами
	Упорядочивание окон
	Смещение окон
	Выбор изображения
	Изменений размеров окна
	Восстановление размеров окна
	Формат легенды


	Инсталляция программного обеспечения
	Описание калибровочных констант
	Формат файла калибровки температуры
	Формат файла инициализации COM-порта
	Параметры 3-х мерных изображений
	Параметры шероховатости поверхности
	Ra средняя шероховатость.
	Rq среднеквадратичная шероховатость.
	Rmax наибольшая высота профиля.
	 Rz высота неровностей профиля по 10 точкам 
	 Sm средний период.
	Smh, Sml средние периоды по пикам и впадинам.
	Rsk параметр асимметрии.
	Rku мера эксцесса


