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I'maBa 1

BBenenne

1.1 VYcramoska C3M

[Taker nmporpammuoro obecrieuenust “PemroCkan OHnaiin” peHa3HAYEH JJjIs YIIPABJIEHUS CKa-
HUPYIOIUM 30HIOBBIM MUKPOCKOIIOM 1 00pabOTKU M300parkeHuil 30H0BOM, 9JIEKTPOHHON U OITH-
qeckoit Mukpockonmu. KadecTBo n300pazkeHuil, Oy YeHHBIX HA 30HJI0BOM MHUKPOCKOIIE, B IIEPBYIO
0dYepe/ib, 3aBUCUAT OT TOTO, HACKOJBKO XOPOIIO II0JIb30BATEIh HOHUMAET (PU3NIECKUE IIPUHIIHIIBI,
JiesKalliue B OCHOBE IIprubOpa, METOMbI IPEJICTABJIEHNs] TAHHBIX U aJITOPUTMBbI, IPUHATHIE B UX 00-
paboTke. DTU 3HAHWSA HEOOXOIUMBI HE TOJBKO JjIsi HACTPONUKHU IpHOOpa, HO W JJIsi KOPPEKTHOMN
WHTEPIIPeTaIui Pe3Y/IbTATOB SKCIIEPUMEHTA, JJjIs UX BepHOil 00paborku. [losroMy B HacTosieM py-
KOBOJICTBE CHAJaJIa OyIyT JAaHBI HEKOTOPhIE OCHOBHBIE MTOHATHS, 3HAHNE KOTOPBIX HEOOXOIUMO JIJTst
JaJIbHENIeil yCrenHoi paboTh.

1.1.1 Cxema ycTtaHOBKHM - BapuaHT 1
(‘
Puc. 1.1. Cxema ycTaHOBKHU C pa3feIbHBIMU OJIOKAMU IIpeobpasoBaTesieil M ynpaBjeHus. 1 - MUKPOCKOII,

2 - 6sok npeobpaszosareseii (ITAIT u AIIIT), 3,4 - 610Kk yupasieHust (KOMIBIOTEP-CEPBED), 5 - KOMIIBIOTED
YIAJIEHHOTO TOJIBL30BATES.

VcraHOBKa CKAHUPYIOIIErO 30HI0OBOINO MHKPOCKOIA COCTOUT W3 HECKOJIBKUX (DYHKITHOHAJIBHBIX
6J10KOB, M300parKeHHbIX Ha puc. 1.1. DTo, BO-IEPBBIX, CAM MUKPOCKOII, TO €CTh €r0 MEXaHUIeCKasi
9aCTh, COCTOSINAS U3 TbE30MAHUITYJISITOPA JIJIsl YIIPABJIEHUs TIOJIO2KEHHEM 00pa3Iia, [MaroBoro JIBu-
rareJis JJisl TIOABO/Ia 00pasiia U IeTEeKTUPYIONEH TOJOBKU. BTopast 4acTh MUKPOCKOIA — 3TO OJIOK
aHasoro-1udPOBHIX U U PO-aHAJIOTOBBIX IIPE0OPa30BaTesell 1 BHICOKOBOJIBTHBIX yemanTesei. Tpe-
Thsl — OJIOK YIIPABJIEHUSI MUKPOCKOIIOM, BBIIIOJIHEHHBINA Ha 6a3e MePCOHAIBHOTNO KOMIIHIOTEPA IO/T



I'maBa 1. Bsegenue 2

yIpaBJIeHUEeM OlepannoHHoi cucreMbl cemeiicrBa Windows. B aToM KoMmbioTepe yCTAHOBJIEH CIie-
UAJTBHBIN CATHAJIBHBIN TTPOIECCOD, PACCIUTHIBAIOIINI CUTHAJI 0OPATHOM CBA3U B PEKUME PEaTbHOTO
Bpemenn. Bes paboTta ¢ mpubopoM MOXKET OCYIIIECTBIISAATHCS C ITOTO KOMITBIOTEPa, HEITOCPEICTBEHHO
MIOJICOEIMHEHHOTO K MUKPOCKOIy. Ec/tu ke u3MepeHust mpoBOJIATCA YAAJIEHHO, TO 3aJIeHCTBOBAH €ITIe
OJIMH KOMIIBIOTEP ¢ YCTAHOBJIEHHBIM KaneHTcKuM unrepdeiicom (mporpavmoit PemtoCkan Onnaiin).

Puc. 1.2. Cxema ycTaHOBKY C MHTErPUPOBAHHBIM OJIOKOM yIIpaBJieHus. 1 - MUKPOCKOT, 2 - OJIOK yIpaBJIeHMs],
3 - cereBoit KoMMyTaTop (ommus), 4, 5 - KOMIBIOTEPHI YJATEHHBIX ITOJb30BATEICH.

1.1.2 Cxema yCTaHOBKHU - BApHAHT 2

1 2 3

5

VcraHOBKa CKAHUPYIOIIETO 30H/I0BOI'O MUKPOCKOIIA COCTOUT U3 HECKOJIBKUX (DYHKIMOHAJBHBIX
6J10KOB, M300parKEHHBIX Ha puc. 1.2. DT0, BO-IEPBBIX, CAM MUKPOCKOII, TO €CTh €r0 MEXaHUIeCKast
9aCTh, COCTOSAINAS U3 MTbE30OMAHUITYJISITOPA IJIsi YIIPABJIEHUs TIOJIO2KEHHEM 00PA3Ila, IMAaroBOro JIBU-
raresis JIJIsl To/IBOo/Ia o0pasiia U JeTeKTUPYIOIIel TOJI0BKU. Bropast 9acTh MUKPOCKOIA — 3TO OJIOK
yUpaBJIeHUs , cojiepKammii B cebe cTabuIN3UpPOBAHHBIN MCTOYHUK MUTAHUSI, aHAJIOrO-T(POBbIE
7 g po-aHAJIOrOBBIE IIPEObpa30BaTe I, BHICOKOBOJIBTHBIE YCUJIMTEIN, BCTPOEHHBIN KOMITbIOTED. B
9TOM KOMIIBIOTEPE YCTAHOBJIEH CIIENMAJIbHBIN CUTHAJIBHBIN IIPOIECCOP, PACCUYUTHIBAIONIUN CUTHAJ
00paTHOI CBSI3M B PEXKUME PeajbHOTO BpeMeHn. Bes pabora ¢ mpubOpOM OCYIIECTBIISETCS C KOM-
IBIOTEPA, [TOJICOEIMHEHHOTO K MUKPOCKOILY TI0 CETH - HAIIPAMYIO WIn depe3 KoMMmyTaTop. [logkote-
HUE Yepe3 KOMMYTATOP JIaeT BO3MOXKHOCTD HMOJK/IIOYAThCS K MTPUOOPY HECKOJIBKHUM TOJIb30BATEISIM
oJiHOBpeMeHHO. Pabota ¢ npubopom ocyinecTslisiercst depe3 nporpammy PemtoCkan Onnaiiv.

1.1.3 MexaHndyeckasi CUCTeMa MUKPOCKOMAa

Ob6muit Buji MeXaHMIECKON CHCTEMBbl MUKPOCKOIA TpejcTaBieH Ha puc. 1.3. B Mmexanmdeckyio
CHCTEMY BXOJUT OCHOBaHUE (B HEM PACIOJIOKEH [IbE30MAHUIIYJIATOD U CHCTeMa IIJIABHOM Hojaqu 00-
pasla Ha IIaroBOM JIBUTATeJIe C PElyKTOPOM) U JIBE CheMHbIe N3MEPHUTEIbHbIE [OJIOBKY J1Jisi PADOTHI
B peXKUMaX CKaHUPYIOIIel TYHHEJIbHON M aTOMHO-CHJIOBOM MUKpOCKomwmu. MUKPOCKOII MO3BOJIsSIET
[IOJIyYUTh YCTOMYIMBOE aTOMHOE pa3pelleHne Ha TPAIUIMOHHBIX TECTOBBIX MOBEPXHOCTSX O€3 IIpu-
MEHEHUsI JTOTIOJIHUTEIbHBIX CEHCMUIECKUX U aKyCTHIeCKUX (DUILTPOB. B TO yKe BpeMmsi, 0OBITHO IIpU
YCTAHOBKE MHUKPOCKOIA MPUHUMAIOT TPOCTEHINe Mepbl IO MUHUMU3AINHA CEICMUIECKUX HABOJIOK.
Hampumep, st MEKpOCKOIIA JIydIiie BBIOUPATH OOJIBINON M MACCHBHBIN CTOJI, TIOJT HOXKKH KOTOPOTO
PEKOMEH,IyeTCsl TOJIOXKUTh PE3UHOBBIE MPOKJjaaku. CaM MUKDPOCKOI HUHOIJA Pa3MEIIAT Ha Mac-
CHUBHOII KaMeHHOII rmre. U, pazymeercs, Jiydile He IPUKACATHCS K CTOJLY, HA KOTOPOM YCTAHOBJIEH
MUKPOCKOII, BO BpeMsi CKAHUPOBaHUA. BJIOK-CXxeMa MEXaHUIECKON JacTu IIpeJIcTaBIeHa Ha puc. 1.4.
Bo Bpems ckanupoBaHus liepeMenienue obpasi@a 110 BepTUKaju (B HALPABIEHUU OCH Z) U B ILJIOC-
KocTr XY OCYIECTBJISIETCS TIPU ITOMOIIH MTHe30TPYOOK, a IMPHU IOIBOIE U OTBOJE, KOraa TpedyeTcs
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Puc. 1.3. Mexannueckas cucrema mukpockona PemroCkam.
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CABUHYTH OOpasery Ha GOJIbITOe pacCcTOsiHNe, pabOTaeT MAaroBelii Jeurareh. OCHOBAHNE MUKPOCKO-
r1a CHa02KEHO JOIIOJHUTEIBHBIM TEPMOPEryIATOPOM, KOTOPBIH pU HEOOXOIMMOCTH OCYIIECTBJIISIET
KOHTPOJIUPYEMBIi TTOJOTPEB 00pa3Iia.

MexaHu4eckas Yacte
——

Cronuk

Warossii asMraTent

[

4

Puc. 1.4. Mexanudeckasi 4aCTb MUKPOCKOIIA.

CKaHupyioLLas ronoska

[Oepxarens ¢ nrmoin

C—

Puc. 1.5. Ckanupyromas rojgoska jysi pexkuma CTM.

BJ1ok-cxembl cCKaHUPYIONUX TOJOBOK Jist TyHeabpHoro mukpockorna, ACM, PACM u RSM npe-
crapyieHbl Ha puc. 1.5 u 1.6. B TyHHeJIbHOM peXuMe HU3MepsieTCsl TOK, MPOTEKAIOIINi MeXK 1y 00-
pasioM u ursoil. ToK, IPOXO/SINil Yepe3 UIJly YCUJIMBAETCS U OTIPABIISETCS HA KOMMYTATOD JIJIst
masbHelmeil 00paborku. Jdta cxema mpocta. CjiokKHee yCTPOEHBI JPyTHue CKAHUPYIOIINE TOJIOBKH.
Ornenpao Ha puc. 1.7 mpejcraBiena cxema koMmmyrtaropa. OH Hy»KeH JJIsl pa3JieIeHus] CUTHAJIOB
pasaugHOro Tuna u nepeHanpasienns ux B 610k AITIl. C kommyraropa (cm. puc. 1.8) curaas
norataeT Ha npeaycusnresab 6s1oka A, Ha atom sTamne u3 mero remepupyercst Ipoduiib HCCIELY-
eMOli TIOBEPXHOCTH, a II0CjIe 00pabOTKN B CHCTEME BBIMUCIEHUsI OOPATHOI CBA3M OH IIpeobpa3yercs
B HaIIPsiKEHUE sl YIIPABJIEHUsT THe30TPYOKOI BO Beex Tpex HarpasieHusx XY Z.

1.1.4 CrpyKTypa nporpaMMHOro obecrnevdeHusi - BapuaHT 1

[Iporpammuoe obecniedenne paboTaeT B OMEPAIMOHHBIX CHCTEMax cemeiricrBa Windows.

Bcro cTpyKTypy HIpOrpaMMHOTO 0O0€ecTiedeH st MOsKHO Pa3/IeJIATh HA HECKOJIBKO ypoBHel (puc. 1.9,1.10).
CaMblif HUXKHHUII YpOBEHb — IIpOrpamMMa CUT'HAJBHOIO Ipoleccopa marskl DSP) ycranoBiieHHON B
6j10Ke ympaBjeHus. BTopoil ypoBeHb — JpaiiBep ONEpalMOHHON CHCTEMbI, TO3BOJISIIOIIMI 0bMe-
HuBaThCca mHGOpManuei ¢ mwiaroir DSP depes moprsr BBoma-BbiBOma. Tpermit ypoBeHb — cepBep,
00eCIIeYnBAIOINY yIAJeHHOE TOIKJIIOYEHNE, U, HAKOHEIl, 9eTBEePTHIl — KJIMEHTCKAas IPOrpaMMa, C
KOTOPO# paboTaeT MOJb30BaTeIb. Takas CTPYKTypa 00yC/JIOBIeHA TPEOOBAHUAMU, MPEIbIBISEMbI-
MM K CUCTeMe: TOYHad CUHXPOHU3allud IIPOIECCOB, BbICOKadA CKOPOCTD Iepeavn JaHHbIX, ITOJJIEeP2K-
Ka ceTH, yiobcTBo ucnoiab3opannsa. Cuaxponusanuio obecrednBaet mwiara DSP, Gosbnias ckopocThb
epeiavin JAHHBIX JOCTUTAeTCsl 38 CYeT OTKa3a OT CTaHJAPTHON CXEMbI CBSI3M 4Yepe3 MeJljIeHHbIe
YCTPOICTBA TIepeiavn JAHHBIX U yCTaHOBKHU nHTepdeiicaoit DSP mraThl HemocpecTBEHHO HA Pa3b-
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IS
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Puc. 1.7. KommyTaTop.

eMe MaTePHHCKOH IIAThI CepPBEPHOr0 KOMIbioTepa. CeTeBble BO3MOXKHOCTU ODECIIEUINBAIOTCS BBE-
JIEHWEM CTPYKTYPbI KJIMEHT - CEPBEP, YI00CTBO JaeT MCIOJIb30BaHNe HanboJiee PaclpoCTPaHEHHOM
oneparmonHoi cucrembl Windows.

Jasiee oTebHBIE KOMIIOHEHTHI OYIyT PAacCMOTPEHBI H0jiee TIOIPOOHO.

1.1.5 IIporpamma miaarer DSP

[Iporpamma miater DSP dhopmupyer Bee ynpasisroniue curuajist s 6oka ITATT-ATIIT u ma-
TOBOT'O JIBUTATENsI. DTU CUTHAJBI ycTaHaBauBaioT 3Hadenus: [[Allos, 3amyckaror mpeobpaszoBaHust
1 POBBIX 3HAYEHUIT B aHAJIOIOBBIE U OOPATHO, 3aJIaI0T PEXKUM PabOTHI IIANOBOIO JIBUTATE]IsI, BbI-
3BIBAIOT €r0 3aIlyCK U OCTaHOBKY. POpMUPOBaHIE CUTHAJIOB OMPEIEISeTCs] PEKUMOM CKAHUPOBAHUST
U mapamMeTpaMu renu obpaTHol cBa3u. B mporeccope MIaThl CyIecTByeT TaiMep, MO3BOJIAIONTI
OCYIIECTBATH TOYHYIO CHHXPOHUZAIUIO ITPOIECCa CKAHNPOBAHUSI.

3HavueHNe U3MEPSEMOro CUrHAJIA, (TYHHEJIBHOrO TOKA, CUJIBI B3AMMOJEHCTBUS U IIP.) TIOCTYIIAET
va AIIIl u gepe3 ycumTe b mEpeIaeTcss B CUTHAJBHBIN [IPOIECCOpP, KOTOPBI BBIYUC/IAET CUTHAJ
obpaTHoOit cBs3u. [ljisi BhIUMCIIEHUs] CUTHAJIA OOPATHON CBSI3M UCIIOJIB3YETCSI CXeMa C IIPOIOPIHO-
HaJIbHBIM W WHTETrPAJIbHBIM 3BEHbSIMU, MOJEPHU3NPOBAHHAS JJIsi IPUMEHEHNUsI YCPETHEHNsT CUTHAJIA
OeryimuM OKHOM. 3HAYEHUsT M3MEPSEMOr0 CUTHAJIA W CUTHAJIA ODPATHON CBSI3U 3aTeM MEPEIaloTCs B
KOMIIBIOTEP IS TIOCTIeIyToneit 00paboTKM.

To, aro 1enb 0OPATHON CB3M 3aMBIKAETCSI HA YPOBHE CHTHAJIBHOIO IMIPOIECCOpPa, TO €CTh IIPO-
meccop GJIOKA yIpaBJICHUS He yJIacTBYeT B €€ BBIMUCJIEHUU, MMO3BOJISIET CJIEJATh ODPATHYIO CBSI3b
6oJiee yCTOMYMBOIM M HE3ABUCUMOI OT PabOThI OJIOKA yIpaBjeHus. 1TO OCOOEHHO BaXKHO, ITO JIAET
BO3MOYKHOCTH HCIIOJIB30BATH JIJIsl YIIPABJIEHUST MUKPOCKOIIOM COBPEMEHHYIO MHOTO3aIa9HYI0 CUCTE-
my. Takum obpazom, Ha OJIOKE YIIPaBICHUs JEXKUT 3a1a9a 00pabOTKN U TepeIadn JAHHBIX, & II1aTa
DSP BbinoJiHsieT 3318491, KpUTHIECKUE 110 BPEMEHH.

BorauciieHHBIN curHall oOpaTHON CBsI3U IEPeIaeTcs Ha Z2 — MAHMILYJIaTop. IloMuMo 3Toro, mpo-
rpaMMa TeHepupyeT CUTHAJIBI JJIs lepeMelennsi obpasma mo X u Y — KoopauHaTtaM. [lepemerenne
MOYKET OCYIECTBJIATHCSA OJHOBPEMEHHO CO CHSITHEM JIAHHBIX U HAKOILICHUEM UX B Oydepe Jiist mo-
CIIeyIOIEelt TIepeiadn B KOMIIbIOTED (PEeXKUM CKAHUPOBAHHUS ), UK 6e3 HAKOIUICHUsI IAHHBIX (PEeKUM
nosunponuposanust ). Takke nporpamma DSP miaTel ¢ MOMOIIBIO [IATOBOrO IBUTATEJIs YIIPABIISET
[IepeMeITeHneM CTOTMKA ¢ 00pa3IoM. DTOT PEKUM HCIOJb3yeTCsI [IPHU MOJIBOJIE W OTBOJE 30H/IA.
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Puc. 1.8. IIporpammuoe obecrieuenne, maata DSP u 610K 971€KTpOHUKH.
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Puc. 1.9. Crpykrypa nporpaMMHOro obecriedeHust — BapuauT 1.
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Bce napamerpsl obparHOil cBs3u, nepeMerntenuii, aapeca IIAIloB 3amaiorcst myTeM ycTaHOBKHU
3HAYEHUH TIePEMEHHBIX, XPAHUMBIX B [IAMSITH CUTHAJIBHOTO Iporieccopa. Takum o6pa3omM, HaCTPOKa
rmapaMeTpoB CKAHUPOBAHUS IPOU3BOIUTCS U3MEHEHHUEM STUX MEPEMEHHBIX, 1 MUKPOCKOII IEJTUKOM
MOXKET YIPABJIATHCS ¢ KOMIIBIOTEPA. JTO IMO3BOJISIET ABTOMATH3MPOBATH [IPOIECC CKAHUPOBaHUS. A
€ MCIOJIb30BAHUEM BCTPOEHHBIX B mporpammubiii naker "®emtoCkaH OHnaiin"ceTeBbIX TEXHOIOTHI
CKAQHUPOBAHME MOXKHO OCYIIECTBJIATH JaKe C APYTrOoro KOHIA 36MHOIO IIapa.

1.1.6 IpaiiBep onepanmoHHOI CUCTEMbI

Bce obimenne Mexx /1y oneparoHHON crucreMoii 6710Ka yrpasiaenust u mwiaroit DSP mpoussoauTest
4Jepe3 [IOPTHI BBOJIa-BhIBOJIA. B oneparmonnoit cucreme cemeticrsa Windows gocTyn K mopraM HMEIOT
TOJIBKO JIpaiiBephl, pabOTAIOIINE Ha YPOBHE sjipa OlepalmoHHoil cucrembl. [lo sToil npuunbe jist
pabotsl ¢ mraroit DSP neobxomum mpaiiep. Kpome Toro, mpun cKaHUpOBAHUE ITPOUCXOIUT OBICTPOE
zanosHenne Oydepa manubx B mwiate DSP, u HyXHO nmepuoandecku 3a0upaTh 9T JaHHBIE, ITOOBI
He IIPOUCXOMIIA 0Tepst nHOopManuu. TaK KaK mporpaMMbl, paboTaioliue Ha yPOBHE [TOIb30BATEIIs
OIIEPAIMOHHOI CUCTEMBI, CUJIBHO 3aBUCAT OT CHCTEMHBIX PECYPCOB, OT KOJIHMYECTBA OHOBPEMEHHO
paboTaroIuX IPUJIOKEHMIT, OHI HE MOI'YT 00ECIIeYNThb HyKHOI 9aCTOThI U CHHXPOHHOCTHU OOpaIlleHUsT
K TIOpTaM BBOJA-BBIBOJIA.

Korma mammbie B mmare DSP roroBber jy1s mepemadn, reHepupyercs mpepbiBanue. B oTBer Ha
[IpepbIBaHUe JpaiiBep CUYUTHIBAET OJIOK MHMOPMAIMH U IIEPEJAET €ro CepBepy s JTaJibHeffrei
06paboTKu. B 3aBHCHMOCTH OT peKUMa CKAHUPOBAHUS BO3MOXKHBI PA3THIHbIE CIIeHAPUN 00pabOTKHI
npepbiBanus. Uudopmanus GuabTpyercss 0ocoObIM 00pa3oM, YTOOBI UCKJIIOYUTH MOTOK HEHYXKHBIX
JIAHHBIX, YTO CHUXKAET 3arPYKEeHHOCTh IPOoIeccopa OJI0Ka, YIIPABJICHUS.

1.1.7 CepsBep

CepBepHast 9acTh TPOTPAMMHOIO ODECIIEUEHUS SIBJISETCST CBSI3YIONINM 3BEHOM MEXKIy JpaiiBe-
POM OILIEPAIIMOHHO CHCTEMBI ¥ KJIMEHTOM (KJIMEHTAMH ), T.€. KOHEYHBIM [I0JIb30BaTeIeM MUKPOCKOIIA.
D10 cucremMHast CiyK0a, aBTOMATHIECKU 3allyCKaeMasl IIPU CTapTe OMEPAIMOHHON CHCTEMbI HJIOKa
yupasiieausi. CepBep obecriednBaeT CBOEBPEMEHHBIN IPUEM JIAHHBIX OT JpaiiBepa, UX HAKOILIEHUE
nepejiavdy KymeHTaM. J[Jist yIipaB/ieHUsI CepBEPOM CYIIIECTBYeET ClielnajibHoe npuioxkenne Fmboard,
[TO3BOJISTIOIIEE OCYIIECTBIIATH MOHUTOPUHT IIPOIECCA CKAHNPOBAHUSI, YIIPABJISTH [T€PEMEIEHIEM CTO-
JInKa ¢ 00pa3IoM, 3arpyarh nporpammel B miary DSP. M306parkenne pabodyero okua mporpaMMbl
Fmboard npencrasieno ma puc. 1.11. IIporpamma mmeeT oKHO ocrunorpada, Ha KOTOPOM IO BbI-
060py MO2KeT 0TOOpaKaThCs 3HAYEHNE OMMOPHOTO CUTHAJIA WJIM CUTHAJA 00paTHO# cBsa3u. B Tekyteit
BepCHU IIPOrPaMMHOTO obecredeHnsl OCIMLIOrpad OTKJIOUYEH U MTOKasbiBaeT 0-if curHaJl.

Ha cepBepe ycranaBamBaioTcs Takue MapaMeTpbl, KaK CKOPOCTD I10/IBOJIA CTOJIMKA ¢ 0OPA3IoM,
anpecarus [TATTos, MakcuMaibHOE KOJIMYECTBO MOJIb30BaTe el U HeKoTopbie apyrue. Ha kaxkaoro
KJIMEHTA 3aBOJUTCS OTIAETIbHDLIN Oydep maHHbIX, HHGOPMAINS U3 KOTOPOTO CUYUTHIBAETCS B ACHH-
xpoHHOM pexkume. CBeJIeHUsT O TEKYIUX COEIUHEHUsIX MOIYT OBITh BBIBEIEHBI B OKHO COOBITHIA
CIIelaJIbHOM KOMAaHIOM.

Viupapiisith MUKPOCKOIIOM MOXKET TOJIBKO OJIMH I0JIb30BaTe/b. JIIsi 9TOr0 OH IOIKJIIOYAETCs
B pexxkume Macrep. OcrajbHbIE TOJIB30BATENN TOJBKO HAOJIIOMAIOT 3a IIPOIECCOM CKAHUPOBAHUS
(pexkum Komenr).

Eciin o kaknM-TO npuvnHaM CBS3b C KJINEHTOM HapyIIeHa, OH aBTOMAaTUYECKU OTCOEIUHAETCS
OT cepBepa. DTO MO3BOJIsIeT N30EKATH MEePEIoJIHEHNsT BHyTpeHHero Oydepa Janubix. OTKIo9eHne
OJIHOT'O TIOJIb30BaTE/IsI HUKAK He BJIMseT Ha PabOTy APYIrUX KJIMEHTOB, YTO O0ECHeYMBAETCsl aCUH-
XPOHHOCTBIO TIepeIadn JAHHBIX.

Jli1st HOpMaIbHOI PabOTHI cepBEPa 3aILyCK ITPOrPAMMBI MOHUTOPUHTA HE 00si3aTesIeH, OHA HYXKHA
TOJIBKO [IJIsi M3MEHEHNs KAJNOPOBOYHBIX KOHCTAHT M JIPYTUX HACTPOEK.
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started: management
control connection with server <192.168.1.70:25002> established

Def Download

Close

Puc. 1.11. Pabouee okHO mporpamMMbl MOHUTOPHUHTA cepBepa. PazpaboraHHblil nHTEP@EC MO3BOJISIET KOH-
TPOJIUPOBATH pabOTy MHKPOCKOIA M COOMPATH PA3IMYHYIO0 CTATUCTHIECKYIO HHMOpMAIUIO 0 paboTe IMojb-
30BaTeseH.
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Puc. 1.12. IlonszoBarenbcknit nHTEPdENHC KINEHTCKON 9acTh MPOTPAMMHOTO 0OECIIEIeHNSI.

IIporpamma-KimmeHT — 39TO Iporpamma, ¢ KOTOpOil paboTaeT IOJb30BaTesb. Ke pazpaboTke u
COBEPITIEHCTBOBAHUIO OBLIO Y/IE€JICHO 0c000€e BHIMAHHUE.

IIporpamma 3amyckaercst o, onepanuoHHbIME cucTemamu cemeiictBa Windows. st coemume-
HUsd C cepBepoM ucnosib3yercs nporokos TCP/IP, 4ro mosBosisger moix/ouarbcs K cepBepy He
TOJIBKO TI0 JIOKAJIbHOM ceTu, HO U depe3 MuTepHer.

Bce napamerpbl CKAaHUPOBaHUSI, 33/ IaHHBIE TI0JIH30BATENIEM, [IEPEIAIOTCS B CEpBEp U Jajiee — B
MHKPOCKOII U JPYTUM II0JIb30BaTe/IsIM, OAKI0UeHHbIM B pexkuMe Kiuent. [Toce 3amycka mporec-
ca CKaHMPOBAaHUs OTKPBIBAIOTCS OKHA, B KOTOPBIX B PEAJIbHOM DEXKMME BPEMEHU OKA3bIBAIOTCS Pe-
3yJIBTATHl — [OJIyYaeMble N300pasKeHUsl, IX PA3MEPbl, PEXKUM CKAHUPOBAHUSI, TApaMeTPhbl 00PaTHOM
CBsI3W, TEKYIIee MMOJIOKEHHEe 30H 18, CKOPOCTh cKaHupoBanus. OTHOBPEMEHHO MOJIB30BATEIb MOYKET
006pabaThIBaTh IOJIyYeHHbIE JaHHBIE, UCIIOJIB3Ysl MUPOKUil HAOOp PA3IMIHBIX (DYHKITU, BKIIOUEH-
HBIX B cocTaB mporpaMmbl. Ha pucynke 1.12 mpejicrasiieno n3obpazkeHre pabouero OKHa KJINEHTCKON
[IPOTrPaMMBbI BO BpeMsi CKAHUPOBaHUsI. BUIHBI TaHe/ M, 0TOOpaXKaroliye TeKyIue HaCTPOMKY, 1 OKHO
CO CHUMAEMbIM N300PaKEHUEM.

[IporpaMma-KIHEHT IMeEeT MHOXKECTBO PA3JIUIHBIX (DYHKIHI, IPeIHA3HAYEHHBIX I 00paboTKI
U aHAJIM3a N300parKeHMit 30HI0BOI MIUKPOCKOIINH, & TakK ke Apyrux uzobpakennit. C UX MOMOIIHIO
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HCCJIEIOBATETH MOYKET JIETKO U3BJICYb HYKHYIO eMy HH(MOPMAINIO U3 MMOJIyIYeHHBIX JTaHHbIX. [lepe-
YeHb PeaM30BaHHbIX (DYHKIN mpejcraBien B Tabsmie 1.1. Ecim HeKoTOpbIe TOCIe10BATEILHOCTH
omeparuii BBIOJIHAIOTCS YACTO, TO WX MOYKHO CIPYIIIMPOBATH B OTIEJIBHYIO MaKPOKOMAaHJLY, 9TO
3HAYUTEJIHHO YCKOpsieT PaboTy.

[Iporpamma coxpansier n300pakeHNs B OPUTHHAJIHLHOM (hOpPMATE, MO3BOJIAIONIEM XPAHUTD B O/I-
HOM (haiiytle HECKOJILKO M300paskeHnil pa3InIHOrO pa3pelleHnst U PA3MEPHOCTH, & TaK YKe JIOMOJIHU-
TEIbHYIO CIyKebHyI0 nadopmarmio. Kpome Toro, BO3MOXKEH IKCIOPT (pailioB B OAUH M3 CTAHIAPT-
HBIX Tpadudecknx HopMaTOB.

1.2 Metoabl mocTpoeHns 1 00pPabOTKU M300pa>kKeHuii

[Ipu u3yvyennn cBOWCTB OOBEKTOB METOIAME CKAHUPYIOIIEH 30HI0BOM MUKPOCKOIIMH OCHOBHBIM
PeE3y/IbTaTOM HaydIHOI'O IIOUCKa ABJIAIOTCA, KaK IIPaBUJIO, TPEXMEPHbIC I/1306pa)KeHI/Iﬂ IIOBEPXHOCTHU
9TUX OO0BEKTOB. AJIEKBATHOCTH WHTEPIIPETAINN N300parKeHnii 3aBUCUT OT KBaJIU(DUKAIMHN CIIeIra-
Jiucra. Bmecre ¢ Tem, ipu 06paboTKe U IMOCTPOEHUH N300PaYKEH I UCIIOIB3YETCsI Pl TPAIATTMOHHBIX
MIPUEMOB, O KOTOPBIX CJIEJyeT 3HATH MPHU AHAJN3E U300PAKEHMUIA.

CraHupyIOMNil 30H10BbIII MUKPOCKOIT TIOSIBUJICS B MOMEHT HHTEHCUBHOT'O PA3BUTHs KOMITBIOTEP-
Hoit TexHuKH. [Ipu 3anucu TpexMepHBIX N300pakeHnii B HEM ¢ CAMOI'o HavaJa ObLIN UCIOJb30BAHBI
1 pPoBble METO/bI XPAHEHUsI UH(MOPMAIMKA. JTO IIPUBEIO K 3HAYUTEJILHOMY yI0OCTBY IIpU aHa-
Jim3e u 06paboTKe M300parKeHuil, OHAKO IPUIILIOCH TOXKEPTBOBATE (POTOrpapuIecKuM KadeCTBOM,
MPUCYIIUM METOJIAM 3JIEKTPOHHON MUKPOCKOIIHUH.

Nndopmarust, moaydeHHas ¢ MOMOIIBI0 30HI0BOT0 MUKPOCKOIIA, TPEJICTABIISIETCS B BUJE JIBY-
MEPHOI MATPHIIBI TEJIBIX drces. Kaxki0e Yucyio B 9TOI MATPUIE, B 3aBUCUMOCTH OT PEXKUMa CKAHU-
POBaHMSsI, MOXKET SIBJISITHCsI 3HAUEHNEM TYHHEJILHOI'O TOKA, UJIU 3HAYEHUEM OTKJIOHEHUsI KAHTHUJIeBe-
pa, Wau 3HaYeHneM Kakou-To 6oJiee cjioxkHOM dyHKimu. Tabsuia npegcrasiisier coboit TpexMepHbIe
JIAaHHBIE W €CJIU TIOKA3ATh €€ YeJIOBEKY, TO HUKAKOTO CBS3HOTO IIPEJICTABJIEHUs] 00 MCCIIeIyeMOil mo-
BEPXHOCTH OH IOJIyIUTh He cMoxKeT. UTak, mepBasi 3aj1ada — Mpeobpa3oBaTh TaOJUILy YHUCEJT B
YIOOHBIN J1jIsT BOCHPUATHS BUJ. JlesraeTcs 9TO CJIeIyIONUM eCTeCTBEHHBIM 00pa30M.

Yucna B UCXOTHON MATPHUIIE JIEXKAT B HEKOTOPOM JHANA30HE, €CTh MUHIUMAJIHLHOE U MAKCHMAJIh-
HOe 3HAYEHUs. DTOMY JIMAIa30HY IEJIbIX YUCe/I CTABUTCS B COOTBETCTBHUE I[BETOBAS MaIuTpa. TakuMm
00pa3oM, KarxK0e 3HaYeHNe MaTPUIIBI 0TOOPAYKAETCS B TOUKY OIPEIEeIEHHOIO I[BETA HA IIPSIMOYTOJIb-
HOM m3o0pazkenuu. Jjist ymobcTBa BOCHPUATHS TOYKU, OJU3KUE 110 BHICOTE, MEPEIAIOTCS CXOTHBIMA
nBeramu. CTpoKa U cTOJIOEI, B KOTOPBIX HAXOJUTCS ITO 3HAUEHUE, CTAHOBATCS KOODMHATAMU TOY-
ku. B pesysibrare MbI IOJIydaeM KapTHHY, Ha KOTOPOH, HAIPHMED, BBICOTA TOBEPXHOCTHU HEPEIAeTCs
[IBETOM, KaK Ha reorpadudeckoit kapre. Ho Ha Kaprax 0OBIYHO HCIIOJIB3YIOTCS JIMIIb JIECATKHA I1BE-
TOB, a Ha HaIllell KApTUHE X HECKOJIBKO coTeH. Kak mpaBujio uCmoib3yercs naaurpa u3 256 1BeToB.

MozkeT oKa3aThCst, U, B IEJIOM, TaK BCEr/a 1 ObIBAET, UTO AUANa30H UCXOIHBIX 3HAYEHU OOJIbIIe,
9eM YUCJI0 BO3MOXKHBIX I[BETOB. B 3TOM cjiydae MPOMCXOAUT TOTepss WH(MOPMAIUH, U yBEJIHICHUE
KOJIMYECTBA IIBETOB HE SIBJISIETCs] BBIXOJOM W3 IMOJIOXKEHUS, TAK KAaK BO3MOYKHOCTU YEJIOBEUECKOTO
rja3a orpaHuveHbl. 1T pebyeTcs JIOMOJHUTEbHAsE 00paboTKa NHMOPMAIUT, IIPUYEM B 3aBUCUMOCTHU
OT IIOCTABJIEHHON 3asa4dn 06paboTKa JI0KHA ObITh pas3Hoil. KoMmy-To HEOOXOIUMO YBUIETH BCIO
KaApTUHY IEJIUKOM, 8 KTO-TO XOUeT PACCMOTPETH JeTayn. J[Jist 9TOro ucrmoab3yoTes pa3Hoobpas3Hbe
METO/IbI, OIUCAHUIO KOTOPBIX MTOCBAIIEHA CJIEIYIONasi YacTh BBeeHus. B KadecTBe MpuMepoB Oy Iy T
pPacCMATPUBATHCS N300PAXKEHUS, HA KOTOPBIX IIBETOM IIEPEIAETC BBICOTA TOUKH.

1.2.1 BpluutaHue cpeaHero HaKJIOHA

[Tonygennble n306parkeHns YACTO UMEIOT OOIIUN HAKJIOH, KOTOPBI MOXKET IOSBJIATHCA IO Pas-
HBIM MPUYMHAM. JTO MOXKET OBITH PeajibHbIIl HAKJIOH [MOBEPXHOCTHU; MOXKET OBITH TEMIIEPATYPHBIN
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CepsucHble DyHKIUH

OyuKIMY 06pabOTKU JTAHHBIX

Onepanun ¢ JaHHBIMA

Yrenne paitioB pa3HbIX
dbopmaToB

Boccranosnenue daitna k
[IEPBOHAYAJILHOMY BULY
Coxpanenue daitioB
Vranenne paitnos
Buneosaxsar

3axBaT U3 UCTOYHUKOB
TWAIN

Coxpanenne n300pakeHuii B
dopmare BMP, JPEG, TIFF
DKCHOPT TEKCTOBBIX JAHHBIX
DKCIIOPT TPEXMEPHBIX
n3o0pazkenniit B popmare
VRML

I'pymnmosoit sxcmopt
n300pazkeHnit B pa3InIHbIe
dbopmaTb

BricTpeiit mpocmorp
GOJIBIIIOTO KOJTMIECTBA,
daiton

Craiig-moy

Ileuars

IIpocmoTp TekcToBOrO
3aroJioBKa, (paitaa

Coznanre MaKpOKOMaH]
Bribop mpoussosibHOI
I[BETOBOI HaJIMTPBHI
Brinenenne obnacru
[IPUBSI3KH [AJIUTPHI

OTMmenHa mocseHell oneparm
Samnuch n300paxKeHuit u TeK-
CTOBOI MHMOPMAIUH B MMAIKY
obmena (clipboard)

Obpe3anue

WNusepcust

Vcpenaenne

VBenudenne pe3KoCTu
OuisTp Bunepa
Memnannast dbuabTpaIys
OnrruMu3aIust MKaJibl
Tpancriornposanue
IToBopoT Ha MPOU3BOJIBHBII
yroJt

BoipaBHuBaHTE 110 METKAM
Broipasuusanue mo
BBIJICJIEHHBIM YIACTKAM
BripaBauBanue crjiaiiHOM
CryraxxuBaHue yJIacTKa
Amnaymz mepoxoBaTocTu
Iloporosas punbTparus
Berauncsenune niepemnajia BbICOT
110 UHTEePMEPEHITUOHHOM
KapTuHe

Ycpegaenne o CTpoKam
Wcnpasiienne nckakeHuit
Broinenenne 3epen
Brinenenue rpanuig
Jluneitable pUIBTPHI
(rpaiueHThl Pa3HOCTHOM
marpurieit, marpureit Cobesns
u [IpeBuTa, MaTpUITHI
Jlanmaca u Taycca)
Mopdoiiorudeckue puiIbTphI
Koppensuonubie dyHKImm

ITocrpoenue cevennii (Tak
JK€ CO CIIOKHBIM TTPOGUIIEM)
N3mepenne paccrosHuMi
ITocTpoenue uzonuumit
WN3mepenne yriaos
Wsamepenne mima
MPOTSI?)KEHHBIX 0OHEKTOB
KonupoBanue BbIIEIEHHBIX
obJjiacreil B HOBOe
n300pakeHue

[MocTpoenne TpexMepHbIX
n300parkeHunit
Oypbe-aHamn3
[TocTpoenne rucrorpamm
pacIpeie/ie st 110 BBICOTE
Haxoxenune 06bekTOB
Haxoxxnenme crymeneit
ITocTpoenne KaIuOPOBOTHBIX
KPUBBIX

Haxosxnenne obbema
00beKTa, OrPaHUIEHHOTO
U30JIMHUEH

CiioxkeHre 1 BBIYUTAHUE
n300parkeHuit

WNsmenenne pasperieHust
Brrunciaenne miomaan
MMOBEPXHOCTH

Permkanmsa

IMonceerka (rpaueHTHOE
peobpasoBaHue)
VYaBoeHue 4mcia TOUEK

Tabsmna 1.1. OyHKIMY, peaJu30BaHHbIE B KJIMEHTCKON YaCTH MPOrPAMMHOTO 00OECIIeYeHMsI.
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npouib —

NOBERXHOCTH
- nopepx40CTe NOCNE
BoIHMTaHKWA CpefHerd HaknoHa

ST B

Puc. 1.13. Berauranue cpesinero HakJjIoHA.

Jpeiid, KOTOPBINl IPUBOIUT K CMEIIEHUI0 00pa3iia BO BpeMsl CKAHUPOBAHUS; MOXKET ObITH IIPOSBIIE-
HU€ HEJIMHEHHOCTH ITbe30KEPAMUIECKOr0 MAaHUITYJIATOpa. Kak Obl TO HU OBLIO, MOsIBJIEHHE ODIIero
HaKJIOHA Ha M300parKeHUU OOBIYHO MEIIAeT BBISBJIEHUIO CTPYKTYPbI oObekTa. [ljis Toro, urobb
n30aBUTHCH OT 3TOr0 3hdEKTa, U3 UCXOTHON MATPHUIBI 3HAUEHUN BBITUTAIOT ILJIOCKOCTH CPEIHErO
naksiona. [TosgcauMm 310 Ha npumepe Gynkiuu oxuoi nepemennoit (puc. 1.13). Ilycrs umeercs rpa-
buk GYHKIUE HA KOTOPOM IO MOPU30HTAJIU OTJIOYKEHBI KOOPJMHATHI TOYEK BJIOJIH HAIPABJICHUS
CTPOKH, & II0 BEPTUKAJU — BBICOTA [MOBEPXHOCTU B TUX TOYKaX. MBI MOy Ynn mpodujib CTPOKU.
B srom ciiyuae simHEsST 0611€T0 HAKJIOHA MOXKET OBITH HAlijIeHAa METOJIOM HAMMEHBIIUX KBaIPATOB.
Tlocse BerauTanust TuHUN OOIIErO HAKJIOHA IOy YNTCS HOBast (DYyHKIHA, 00IaCTh 3HAYEHUN KOTOPOIA,
KaK BUJHO, 3HAYUTEIHHO YMEHBIIIIACD.

Amnajlornaabie METOIBI TPUMEHUMBI U JJIs TPEXMEPHBIX u3obpakenwii. B pesysbrare 1momob-
HOIl 00PabOTKU IOJIydaeTCss MATPHUIA C MEHBIIMM JUAlla30HOM 3HAYEeHWl M ee IIPEeJICTaBJIEHUE B
nayguTpe u3 256 I[BETOB CTAHOBHUTCH 0OJiee HAIVISIAHBIM, MEJIKHE JIETAJIU OTOODPAXKAIOTCs OOJIBIIIM
KOJIMYECTBOM IIBETOB M CTAHOBATCs 0OJiee 3aMeTHbIMU. HenHeHOCTh The30MaHUIYISTOPA MOXKET
[IPUBOJUTH TAKXKe K TOMY, YTO M300PaKeHHe IMOJIyIaeTCs BOTHYTHIM. B 3TOM cirydae HY>KHO BbI-
YUTATH HE IJIOCKOCTH, & IMOBEPXHOCTH BTOPOTO MOPSIKAa — MapaboJIMIecKyio WJIH THuiepbosmyae-
CKYIO.

1.2.2 VYcpeaHneHue

Puc. 1.14. Ycpenuenue.
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[TomMuMO TIOJIE3HOTO CHUTHAJIA HA M300PaYKEHNU BCETJA MIPUCYTCTBYET MIYMOBAsi COCTABJISIIONIAL.
Y1066l yOpaTh €e, 9acTO JOCTATOYHO 3aMEHUTH 3HAUEHWE B KAXKJOH TOYKE CPEIHUM apudMeTH-
YeCKUM 3HAUEHWH BCEX TOUEK B HEKOTOPOl Gimxkafimeii ee okpectHoctn (puc. 1.14). Takoii meToxn
XOPOIIIO MTOAXOIUT JIJIs YAAJEHUs IIyMa ¢ n300parKeHuil KPYIHBIX 0ObEeKTOB.

B kadecTBe HATJISITHOM MJLTIOCTPAIINY K YCPEIHEHUIO IT0 OKPECTHOCTU CHOBA PaCCMOTPUM (DYHK-
IO OJTHOW TIEPEMEHHO, TO eCTh CTPOKY €O 3HadeHusmMu. [locrponm rpaduk, HA KOTOPOM 110 TOPU-
B0HTAJIU OTJIOXKUM KOODJMHATY TOUKH, & [0 BEPTUKAIM 3HAYEHUs (DYHKIUHU B TOYKAX (HAIPUMED,
BBICOTY TI0BepxHOCTH). B pesynbrare nosmyuntces npodmis crpoku. Ha pue. 1.14 uzobparken stor
pouJib J10 1 1ocje (PUILTPAIUN.

Eciin Takasi ob6paboTKa HE MOMOTAaeT — HAIPUMED, eCJIi YPOBEHb IIyMOB CPABHUM C YPOBHEM
curHaJIa — TpeOyeTcs mpUMeHeHrne 0oJiee CIOXKHBIX MeTOMOB. MOXKHO TOpOOOBATEH BBIIEIUTD I0-
JIE3HBII CUTHAJ, YOPAB BBHICOKOYACTOTHYIO COCTABJISIONLYIO UCXOJHOTO curHaja. Jlemaercs aTo mpu
oMot Pypbe-bUabTpaITIn.

1.2.3 MeauanHass dUIbBTpALUS

—N
- _‘/ -

Puc. 1.15. Meaunannas dpuibrparus.

Xoportrue pe3yabTaThl JaeT MeIuaHHass (PUIbTPalus. JTO HEJIMHEHHBII MeTo 00paboTKH n300-
paXKeHuil, TO3BOJIAIONMI yOPaTh pPe3Kne BBIOPOCHI, HO, B OTJIMYNE OT yCPEIHEHUs, COXPAHAIONINN
crynenbku. [Tosicaum sTor merox npumepom. Ha pucynke 1.15, Kak u panbIie, 10 TOPU3OHTAIH OT-
JIOXKEeHa KOOPJIMHATA TOYKHU, [0 BepTUKaJM - 3Hadenue. [loaydaercsa npoduab ctpoku. s duib-
TPpyeMoil TouKn OGepyTcsi 3HAUEHUSI ee COCeell U 3aHOCATCA B TaOJUIYy. DTa Tabauna COPTUPYETCs
10 BO3PACTAaHUIO, U 38 HOBOE 3HAYEHUE TOYKHU IIPUHUMAETCS 3HAUYEHUE U3 CPeIHell STIeiiKu Tab/InIIbI.

Takum obpazom, ecin B TOYKe OBLI BBIOPOC, TO OHA OKA3BIBAETCs HA KPAK OTCOPTUPOBAHHON
TaOJIUIBI ¥ He TIONAIaeT B OTGUIBTpOBaHHOE n300parkenue. CTYIIEHbKH JKe OCTAIOTCs 663 N3MEeHEeHUS
(puc. 1.15). Ecsiu cpaBHUTH yCpejHEHUE U MeJIUaHHy0 (DUIBTPAIMIO, TO JIEFKO 3aMETHTh Pa3JIAIMsl
B KOHEUHBIX pe3ynbraTax (puc. 1.14; 1.15).

1.2.4 VYcpenmHeHue 1Mo CTpokKam

Nsz006paxkeHusi B CKAaHUPYIOIIEH 30HI0BOM MUKPOCKOIUHN (DOPMUPYIOTCS MOCTPOUHO. FKcrecTBen-
HBIM 00PA30M, TIOSIBJISIETCS BbIJEJeHHOe HallpaBjieHne (Hamnpasiienue (hOPMUPOBAHUS CTPOKH ), BIOJIb
KOTOPOTO M300pazkeHne MMeeT XapaKTepHble ocobeHHocTH. Jle10 B TOM, 9TO CKAHHPOBAHUE CTPOKU
IIPOUCXOIUT OBICTPO, & IIPH IIEPEXO/IE C OIHON CTPOKU HA NPYTYIO IPOXOIUT HEKOTOpoe Bpems. I1pu
9TOM MOXKET TIPOU3OUTHU COOM, U CJIEYIONIE CTPOKHU OKAYKyTCsl PE3KO CIBUHYTHIMU BBEPX WJIM BHU3.
Ha uzobpazkeHun mosiBJIsieTCsl TOPU30HTAIBHAS CTYIIEHbKA, KOTOPOIl HET Ha peajibHOM IOBEPXHOCTH.
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Puc. 1.16. 306parkennsi MHOrOKOMIIOHEHTHON Opranuveckoii mieHku. CiieBa — 710 yCPeIHEHHsI 110 CTPOKAM;
cpaBa — MOCJe yCpeIHEeHU.

Y1066 yOpaTh 3TOT 1eEeKT, MPUMEHIEeTCS YCPeJHEeHne I0 CTpoKaM. Bee cTpokn n300parkeHust CIBU-
raloTCs BBEPX WM BHHU3 TaK, 9TOOBI UX CPEJIHNE 3HAYEHUsT ObLIA OJUHAKOBLI. IIpm sToM mpoduiib
CTPOKM OCTAETCsI IIPEXKHUM, a TPOdUIb CTOJIOIA MEHsIeTCsl — ucue3anT crynedbku (puc. 1.16).

1.2.5 TIlomcBerka

YesioBeueckuil 1i1a3 Jiydiie pasjindaeT KOHTPACTHBIE mpeaMeTrsl. [loromy Ha m300pakeHuu, riie
[IBETOM IIE€PEJAETCS BBICOTA, MEJIKUE JIeTaJu He 3aMeTHBI Ha (DOHE KPYITHBIX O0BEKTOB.

Ectp crocob coBmecturs mHMOpMAINo 0 BbICOTE 00beKTa ¢ nHMOPMAIHEl O BBICOTE MEIKOI
JIeTAJIA HAJI €r0 MOBEPXHOCTHIO. IIpecraBbre, YTO BBI JIETUTE HA CAMOJIETe HaJ ropamu. BbI sICHO
pasjmdaeTe BCe KOJIyapbl U YTEChI, XOTs 110 CPABHEHUIO C CAMHUMHE BEPIITIMHAME [IE€PEIra ] BBICOT TaM
COBCEM HEBeJIMK. DTO MMPOUCXOIUT OJiarojapsi Urpe cBera W TeHU. FCu COJIHIE B 3€HUTE, TO TOPU-
30HTAJIbHBIE YYACTKH TOBEPXHOCTHU OYIIYT OCBEIEHbI CHUIbHEE, 1eM CKJIOHBL. [1o BenunHe TeHn MO3r
CaM PACCUYUTBIBAET BBICOTY OOBEKTA.

Takum 06pa3oM, ecau CMOJAETIUPOBAThH Ha N300pazkeHnn 3(PpPEKT OCBEIIEeHUsI, TO MEJIKNIE TETATN
pOSIBIISIOTCS 6e3 mmoTepn nHMOPMAIUU 0 KPYMHbIX o0bekTax (puc. 1.17).
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Puc. 1.17. Komubiorepuasi 06paboTKa MO3BOJISET MOBLICUTH KOHTPACT u3obpaxkenuit. CiieBa — UCXOMHOE

n300parkeHue; cripaBa — U300parkeHne ¢ MpuMeHeHneM O0KOBOI mojcBeTku. Vccieayemblit 00 beKT — Oak-

repun Escherichia coli (kumeunas nasouka). Pasmep kajapa 4,6 x 4,6 mxm>,
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Yupasaeane C3M

st ynpaBiieHns: CKAaHUPYIOIUME 30HIOBBIMEI MUKpOcKomamu cepun PemtoCKaH HCHIOIB3YI0TCS
IIporpammer “@PemtoCkan Onnaiin” u “Fmboard” . Fmboard — npuioxkenue jij1st 1pocMoOTpa COOBITUH
cepBepa, u3Menenns npoduss (npodusieil) MUKPOCKOIa, aJMAHUCTPUPOBaHUs ToJb3oBareeii. C
€ro ITOMOIIBI0 MOXKHO yIPABJIATH KAK MUKPOCKOIIOM, KOTOPBIN JIOKAJIBHO MOACOEINHEH K JTAHHOMY
KOMITBIOTEPY, TaK U Y/IAJeHHBIM MUKPOCKOIIOM.

[Tporpamma “®PemtoCkan OHnaiin” — 9T0 KJIMEHT, OCYIIECTBISIONNI yIIPaBIeHIe MUKPOCKOIIOM
KaK Ha JIOKAJIbHOM, TaK M Ha yJaJleHHOM IIpubope.

2.1 Cepsep

ITporpamma-cepsep (daifin fssrv.exe) siisiercst cucTeMHOM Ciry»K60i ONEPAIMOHHON CHCTEMBI
6JI0Ka YIIpaBJIEHUsI, ¥ 3aITyCKAeTCsl aBTOMATUYIECKHU 1Ipu ee crapre. JLjis ynpaBjieHnss MUKPOCKOIIOM
C yIAJEeHHOrO0 KOMIIBIOTEpa He 00s3aTeIbHO BXOIUTH B OIEPAIMOHHYIO CHCTEMY OJIOKa yIIpaBJie-
uus. s yupasiieHust cepBepoM U €ro HacTPORKaMu HCIoJib3yercs nporpamva Fmboard (puc. 2.1),
daitin fmboard.exe. IIpn MUHUMU3AINNT OKHA IIPOIPAMMBI OHA UCYE3AET U3 CIIMCKA 3a0a4, U OCTAETCS
TOJIBKO B BHje 3HaUKA R B system tray (cucTeMHOl maHe M, OOBITHO PACIOJIOKEHHON B HUXKHEM
IPABOM yIUIy 9KpaHa). [Ipu JIBOMHOM Ha’KaTHU MBIIIBIO HA 3HAYOK OKHO BOCCTAHABJIUBACTCH B IIEp-
BOHAYAJILHOM BHjie. HaxkaTmem mpaBoil KHOIIKY MBIIITH HA 3HAYKE BBI3BIBAETCSI MEHIO C KOMAHIAMU,
KOTOPBIE MOYKHO BBIITOJTHUTD, HE BOCCTAHABJINBASI OKHO ITPOTPAMMBL.

2.1.1 IIporpamma MOHUTOPMHIa U HacTpoiiku cepBepa Fmboard

B pabouem oxne Fmboard pacmosiokenbl mame b WHCTPYMEHTOB, KOHCOJb, OKHO COOOIIECHHIA,
OKHO OINMMOOK, OKHO CO CIIMCKOM KJIMEHTOB, ocuuuiorpad, KHouku 3arpy3ku DSP u Beixoga u3s
nporpammsl (puc. 2.1).

[Ipu HakaTum JIeBOM KHOIIKON MBIIM Ha UKOHKY Iporpammbl Fmboard B BepxHEM JI€BOM yTiIy
OTKPBIBAETCSI OCHOBHOE MeH0. KpoMe TPUBHAJIBHBIX ONeparii B HeM MOYKHO 3aIlyCTUTh TE€CTUPO-
Banme namsTu mwiaTel DSP rectupoBanme wacrorubix rerneparopoB u IRQ. Do jgumarnocrudeckue
[IPOTPAMMBI, UCIIOJIb3YEMbIE DU YCTAHOBKE U IEPBOil HACTPOIKe MPpUOOpa, SKCIIEPIMEHTATOD HUKO-
IJla HE UCIOJIb3yeT UX B Xoje paboThl. Tak »Ke B 9TOM MEHIO HaXOJMTCS KOMAaHJa ITOJIKJIFOYeHsT K
cepsepy Connect, mocTymHas Tak ¥Ke Ha IaHeJ U WHCTPYMEHTOB. IIpu BbIGOpe 3TOH KOMAHIbI BbI-
BOJUTCSA OKHO Jijig BBoJa IP-ajpeca wim umenu Mukpockona (06braHO Buja FSXX e xx - HOMep
upubopa).

19
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2010.12.09 14:09:23.578 started: watchdog

2010.12.09 14:09:23.593 started: driver

2010.12.09 14:09:23.640 started: server

2010.12.09 14:09:23.671 downloading...

2010.12.09 14:09:23.703 16-bit Bus 10 mode detected

2010.12.09 14:09:23.906 testing IRQ

2010.12.09 14:09:23.968 DSP board downloaded successfully

2010.12.09 14:09:23.984 DSP program (16-bit) build version: 16.15

2010.12.09 14:09:26.093 SPM initialized

2010.12.09 14:30:16.370 control stream bound from atc-it-nb1.nanoscopy. org: 293¢

H
Def Download

Close

Puc. 2.1. Pabouee okuo mporpammsbl ymnpasienusi cepeepom Fmboard. 1 - manesp mHCTpyMEHTOB, 2 - 3a-
KJIaJIKa KOHCOJIA, 3 - 3aKJaJKa coobmeHunii, 4 - 3akJjajka OMMOOK, 5 - 3aKJ/Ia/IKa CIHCKa KJIUEHTOB, 6 -
ocumtorpad.
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Fmboard
= =lilg n e ol

Puc. 2.2. Bug MunnMu3upoBaHHOTO OKHa mporpaMMbl Fmboard.

Ilanesib MHCTPYMEHTOB

Ha naHesm MHCTPYMEHTOB HAXOJSITCs (CJI€Ba HAIIPABO): KHOIKHM OBICTPOTO MOABOJA M OTBOJA
CTOJIMKA, KHOIIKA BKJIIOYEHM s / BBIKIIOYEHUS [TUTAHUS JBUIATE s (€C/IU 9Ta BOZMOXKHOCTD BKJIIOUEHA
B KOH(MDUI'YpAIMHU), KHOIKA IIOJKJIOUYEHHs K CEPBEPY, KHOIKA 3arpy3KH IIPOIPAMMbBI CUTHAJIBHOIO
[IPOIECCOPA, KHOIMKA BBI30BA OKHA KOH(MUTYPAIUH, KHOIKHA KOHTPOJIS COCTOSHUS CUCTEMHOM CJIy K-
Ob1 (CcepBepa), KHOIIKA BKJIOUEHNs / BBIKJIIOUEHUS 3BYKa, KHOIIKA I'POMKOCTH, KHOIIKA CBOPATMBAHMS
OKHa (B CBEPHYTOM COCTOSIHMM BBIBOJIUTCSI TOJBKO OCIMIUIOrpad M IMaHeJ b MHCTPYMEHTOB, 3aro-
JIOBOK OKHA YMEHbBIIEH, OKHO PACIOJIAraeTcs IOBEPX BCEX OCTAJILHBIX OKOH), KHOIIKA BBIBOJA OKHA
About (o mporpamme).

[Tpu nepBoHaYaIBHOM yCTAHOBKE 00pPA3IIa OMEPATOD MOXKET BBIIIOJHUTH OBICTPHII IOIBOJ, CTOJIU-
Ka, 9TOOBI YCKOPUTH MPOTIECC Mo/IBoA. [Ipn HaXKaThuu Ha KHOIKY &= CTOMIK ¢ 00pas3IoM HAYMHAET
OITYCKAThCH JI0 TeX MOp, [TOKa KHOIKa He OyJieT Haxkara Bo BTopoi pa3. [Ipu srom cirejryer Busyasnb-
HO KOHTPOJIMPOBATH IIOJIOZKEHUE 30HIa BO U30eKaHWE ero MOBPEeXKJeHWUs. AHAJOIUYIHO JeficTByeT
KHOTKA, == JIJIsI TIepeMeIeHnsT CTOJIMKa BBepX. VCIob30BaTh 9TH KHONKK 0e3 0coboit HeoOXomu-
MOCTH HE PEKOMEHIYeTCsl, TOCKOJIBKY 3TO MOXKET IIPUBECTU K IMOBPEXKICHUIO UIJIBI 1 MUKPOCKOIIA.
Ha mpakTuke mepemertenue CTOJMKA PEIKO OCYIIECTBIsIeTcss n3 mporpamMmbl Fmboard. Kak mpa-
BWJIO, BCE OIEPAIH TAKOTO POJa IMPOU3BOJSATCS IIPU HOMOIIN KJIMEHTCKON YacTH IIPOrPAMMHOTO
obecriedeHusl.

Krorka OCYIIECTBJISET mepe3arpy3Ky nporpammbl mwiarel DSP. Ilpu sTom npoucxonut xaub-
poeka AIIIl, ycranoBka wauaabHbix 3uadenuii [[IATToB n ocraHOBKa TEKYIIEro CKAHUPOBAHUSI, HO
[oCJIe 3arpy3KU BCe TeKyIIUe IapaMeTpbl CKAHMPOBaHUs (II0JI0XKEeHHUEe [Tbe30MAaHUIIYIISITOPOB, OLOD-
HOe 3HaYeHNe TOKA, 3BeHbsI OOPATHOM CBSI3H U T.I1.), yCTAHOBJIEHHBIE KJIMEHTOM, BOCCTAHABIMBAIOTCS.
BrimostaaTs 3Ty onepariuio HyKHO IPH KaK/IOM BKJIIOUEHUH OJIOKA TpeobpasoBaTesieil, a TakKe IpH
U3MEHEHUH TIapaMeTpPOB cepBepa.

KHolka BK/IIOUeHHs 3ByKa Wl BLIBOAUT curHas ¢ ocnuuuorpada Ha 3ByKOBOE YCTPOICTBO, yCTa-
HOBJIEHHOE HA KOMIIBIOTEPE, €CJIM TAKOBOe CyIiecTByeT. IIpm sToM apyrue mporpamMMbl HE CMOTYT
BBIBOJIUTH 3BYKOBBIE coobIenusi. 11 obpaTHO, eciin 3ByKOBOE YCTPOICTBO y»Ke 3aHATO JPYTOil Ipo-
rpaMMOii, BKJIIOYEHNE 3BYKa HEBO3MOXKHO.

Kuonka cBopaunBanust okHa L& 11o3BoJIsieT BO BpeMsi CKAHUPOBAHUsI BUJETH CUT'HAJI OCIIIorpada
U BCerjia MMeTh B JIOCTyIHOCTH KHOnku Fmboard’a, HO B TO »Ke BpeMsi He TEPSITh MECTO Ha pabovueM
cTOJIe JyIsl pa3Melenust okHa nporpamybl Fmboard nesmkom. MunuMusuposannoe okuo (puc. 2.2).
OyZeT PACIOJIOZKEHO MOBEPX BCEX OCTAJIBHBIX OTKPBITHIX OKOH.

OxkHa coobrieHuii

B okne coobmiennii Console BbiBoguTCst MHGMOPMAIHS O COCTOSIHUN IIPOTPAMMBI B BHJIE KOMaH]T
CHCTEMHOI KOHCOTU. BHU3Y OKHA HAXOINTCS CTPOKA BBOJIA KOMAH/I. [[0/THBI CLIMCOK KOMAH, MOYKHO
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IOJTy9IUTh, BBEA KOMaH Ty ? miu help. Pa6ora ¢ cncTeMHOM KOHCOIBIO TOJIZKHA BBITIOJTHATHCS TOJBKO
OTIBITHBIM TI0JIL30BATEJIEM, TIPOIIE/IIIM Kypc 00yuerus: pabore ¢ Heo. Onucanue J000H KOMAHIBI
MOYKHO TIOJIyUNTh, HabpaB 7 1 UMs KOMAaHJIbl, HAIIpUMEP, ! constant.

B okne coobmienuit Events BoiBomuTcst nHGOPMAIMS O COCTOSTHUN MUKPOCKOITA M BCEI UCTOPUU
TEKYIIEro ceaHca CKaHmpoBaHus. Ha MUKpOCKOIIAX € pa3ie/bHbIMU OJIOKOM IpeobpasoBaTeseil u
6JIOKOM ylIpaBJieHusl Bce cooliienus xpansarcs B daiuie Buna evt%y%m%d.log (Y%y%m%d — rexy-
pe TOJI, MECsI] U YUCJI0) B IoJKaTajore Logs MHCTAUISAIIMOHHOIO KaTajora.

B oxne Errors — undopmarius 06 ommbKax B paboTe MUKPOCKOIIA, HAIPUMEDP, O BHE3AITHOM
OTKJIFOUEHUH TI0JIb30BaTe sl IIpU cOoe B ceTu U T.I. Ha MEUKpPOCKOIIaX ¢ pas3ejbHbBIMUA OJIOKOM IIpe-
obpaszoBareseil n 6JIOKOM ynpaieHns (aii omubok HaszbiBaeTca err%y%m.log n xpanures Tak ke
B Kartasiore Logs. BriBom r000ro cooOIeHnst COMPOBOKAAETCS 3BYKOBBIM curHasioM. HacTpoiiky
3BYKOBBIX CUTHAJIOB MOYKHO M3MEHHUTDH Yepe3 HaHe/ b yiupasieHns Windows, 3amycTiB MpUIOKeHUE
HaCTPOMKM 3BYKOB U ayAUOYCTPOMUCTB.

Crucok KJneHTOB

B crnucke k/meHTOB BBIBOISATCH MMEHA ITOJICOEIMHEHHBIX ITOJIH30BATENEN U BEJIUINHA 3aI0JIHE-
aust 6ydepos. ITompzosarenn, noakmodennse B pexknme Client, orobpazkaiorcs co smaukom e B
pezknme Master — co 3nadkom 4. Beipas 0{HOTO M HECKOIBKHX KJIMEHTOB, [0 HAYKATHIO IIPABOIl
KJIABUIIY MBI MOYXKHO OTCOEIMHUTD UX OT CepBEpa WJIU IOcjarTh uM coobienue. [Ipu nepemnosite-
Hun 6ydepa KJIMEHT OTCOEINHSIETCS aBTOMATHIECKH.

Ocuunnorpad

B oxkme ocrmiorpada BBIBOAUTCS IO BBIOOPY CUTHAJ obpaTHOil c¢Bsa3u H, curnas ormmubku 06-
patsoit cesizu Def (AIIIT 1) wum curnan Fric (ALIIT 2). Beibop ocymiecTBisieTcs IPU MOMOIIBIO
KHOIIOK, HAaXOJAIIUXCA ClIpaBa oT okHa. CUTrHAJ, BBLIBOAMMBIA Ha OCHHLIOrpad, aBTOMATHIECKU
MaCIITAOMPYETCs TAKUM 00pazoM, 9To () HAXOAWTCS B MEHTPE OKHA, BECh CUTHAJ YMEIAETCA B OKHE
ocrtorpada, MOJIOKUTEIbHbIE 3HAYCHNS BBIBOAATCA B BEPXHIOIO 9acTh OKHA. B IpaBoil dacTu
okHa ocruaorpadga HaXOauTcs JorapudMUIecKuil 15-cerMeHTHBI HHANKATOp MacmTaba, KarK-
JIBI CerMEHT KOTOPOrO COOTBETCTBYeT OJHOMY OMTy curHaja. Jannble ms ocnmiiiorpada duTa-
I0TCsl HENOCPEJCTBEHHO U3 JpafiBepa, MUHYS CEePBEP, ITO 00ECIIEUNBAET BBICOKYIO CKOPOCTH PabOTHI
ocrmytorpada. B Tekymeil Bepcum IporpaMMHOTO 00€CIIeYeHnsT OCIALIOrpad OTKIIIOYEH.

3arpyska niaret DSP

C nomompio xHonku Download mmm kHomku *# B 11060/ MOMEHT MOKHO BBIIOJIHUTB 3arpy3-
Ky nporpammbl B DSP. DTy oneparuio HeOOXOIMMO BBIIOJHATE MMOCIE KAaXKJIOTO BKJIIOUYEHUS OJI0-
Ka Ipeobpa3oBaTesieil, TaK KaK BO BPeMsl 3arPy3KM IIPOUCXOJUT YCTAHOBKA HAYAJbHBIX 3HAYCHUN
ITATIoB u kamubposka AIIIl. 3arpy3ky He PEKOMEHJIyeTCsl BBITOJIHITH BO BPEMsl CKAHUPOBAHUS,
T.K. 9TO OCTAHOBHUT TeKyIlee cKaHnposanue. [lociie 3arpy3kn Bce TEKyIue mapaMerpbl CKAHUPOBa-
HUsl (IIOJIOYKEHUE [THe30MAHUITYIISITOPOB, OIIOPHOE 3HAUEHUE TOKA, 3BeHbsl OOPATHON CBSI3W M T.IL.),
YCTAHOBJIEHHBIE KJIHEHTOM, COXPAHSFOTCH.

2.1.2 Koudwurypanusi cepsepa

OkHO KOHUTypalny cepBepa MOYKHO BBI3BATH HAXKaTUEM KHOIIKH 1% na nanesm WHCTPYMEHTOB,
WM HAXKATHeM JIEBOIl KHOIKYM MBININ HA 3HAYKE IIPOrPAMMbI B system tray u BHIOOPOM KOMAHIbI
Options, nin BeIOpaB 3Ty KOMAaHIY U3 CACTEMHOI'O MEHIO, KOTOPOE IOSIBJISIETCS MPU HAXKATUU Ha,
3HAYOK B JIEBOM BEPXHEM YIJIy OKHA IIpOrpaMMbl. B okHe KOHMUTrypanun 3aa10TCs 3HAICHUsI, KO-
TOpPBIE OIIpeJIeIAI0T IIPAaBUJIbHOE IIOBEJIeHUE cepBepa M BEPHYIO MHTEePIpPeTalUIo JaHHBIX, II09TOMY
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Profiles IUsers | Calibration |

Current profile [delault

Profiles list

Name | Path
calibration.ini

Delete | Henama..l Save... | Upload... |

0K | Cancel | Apply |

Puc. 2.3. Baknanka yupasienusi TpodUIsiMU.

U3MEHEHUE ITUX 3HAYCHUI PEKOMEHJIYeTCS TOJILKO OIBITHBIM TOJIL30BaTEe/IIM. BHU3Y OKHA HAXO-
naarest Tpu kaonku - Ok, Cancel u Apply. Ilpu maxkatun Ha kHOnky Apply mpomcxoguT 3arpyska
HOBO#T KoH(uUryparun cepsepa 6e3 3aKpbITHsT OKHA HACTPONK.

IIpodunn

Habop kambpoBOYHBIX KOHCTAHT, IPUCYIIUX YCTAHOBJIEHHON MEXaHUIECKON YaCTH MUKPOCKOIIA,
u 6J10Ky mpeobpasoBaTeeil, Ha3bBaeTcst mpodusaem npubopa. IIpodusb comepKuTcs B TEKCTOBOM
Buze B daite ¢ pacimupenueM .ini. [Ipu 3amene gacreit MUKpOCKoIia, HEOOXOIUMO YCTAHOBUTH HOBBIT
1poWIIh, MPEOCTABIEHHBIH TPOU3BOIUTEIEM. Y IPpaBIeHIe TPOMUIISIMU ITPOU3BOIUTCS HA 3aKIIA -
ke Profiles okna kondurypaun cepsepa (puc. 2.3). [lepBoHAYANIBHO CINCOK CONEPKUT TOIBKO OJIMH
npoduib, ycraHoBieHHbI 110 ymosrdanuio (default), on ke ycranosnen kak tekymuii (Current).
s Toro, arobsr paboTaTh ¢ APYruM MpoduiieM, ero HyKHO J00ABUThb B CIIMCOK YCTAHOBJIEHHBIX
npodumiteit. s sToro MoxkuO mofitn aByms myTtsamu. [lepsoiit Bapuant — HaykaB Ha KHONKY New
€O3aTh HOBBII IpoduiIb (KOIMIO TEKYIIEro), BhIOpaTh ero rekymumM (B BepxueM mosie Current profile
U U3MEHUTDb HeoOXOmMMble KOHCTAaHThI Ha 3akianke Calibration. Bropoit BapuanT — eciin y Bac yke
ecTb baiiy nmpoduis, 3arpy3uTh ero Ha cepsep ¢ nomorbio kaonku Upload. Eciu npu naxkarun
Upload ue Boibpan Hu ogun mpoduib, To OyIeT CO3/aH HOBBIN, HHAYE - 3aMeHeH (hailjl BHIOPAHHOTO
pocuist.

Tak ke Ha 9TOi 3aK/Ia/[Ke MOXKHO IEPEMMEHOBBIBATH TPOMUIIN U YAAIATH Jurrane. MoXHO Tak
JKe COXPaHUTh (aila mpoduis Ha JUCK I Pe3epBHON KOIINH.

IToab3oBaTesn

HocTym K cepBepy ompejiesisieTcs Ha, OCHOBE OIpPEJIe/ICHUs MPUHAJJIEKHOCTH TI0/Ib30BATENT K
OJTHOW M3 Tpymnn nojab3oBaTesei. [lo ymomuanuio, cymecTByeT Tpu IpymIbl moJab3oBareneit — An-
vuaECTpaTopsl, [losb3oBarenn u T'octu. Ecian nMms nmosp3oBarTesis He NPUCYTCTBYET HU B OJIHOM n3
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Profiles  Users ICaIiblalionI
Groups

Name I Permissions Users
Administrators admin,manage,...

Guests manage,connect
manage,connect

Group permissions

Admin
Manage
Connect

Group users

Name
Delete I Rename... | User

Bl
El

New... | Delete IHenama..l

Set password...

o]

Puc. 2.4. Sakiagka ympaBaeHUs MOJb30BATEISIMA.

IPYIIL, WIX OH BBeJ HElIPaBUJILHBIN IIapoJib, TO M0JIb30BAaTEIb aBTOMATUYECKNA CUUTAETCA IIPUHA/I-
JIeXKaIuM K rpyte rocteit. Bee mosib3oBaTesn oiHON TPYIIIBI UMEIOT OJUHAKOBBIE NTPUBUJIETUH,
npucBoeHHbIe 31oi rpymnmne. CyIinecTByer Tpu BUa TPUBUJIETHIA:

e admin — aJMUHHCTPUPOBAHUE — [TO3BOJIAET TIOJKJIOYATHCI B PEXKUME master j1axe ecjid yxKe
€CTh KJIMEHT, MOJKJII0UYeHHbI B pexxume Master. Ilo3Bosisier u3MeHdaTh 3HAYEHWS KOHCTAHT
ueriocpeictBenHo n3 PemtoCkan OHnaliHuepes maHes b aJMIHICTPATOPA.

® manage — yIpaBJieHHe — II03BOJISET MIOJIKJII0YAThCH B pexknme Master st ynpaBjeHus Muk-
POCKOIIOM, €CJIM HeT JAPYroro KJIMEHTa, MOJKJ/IIOUYeHHOI'O B 3TOM peKUMe.

e connect — IOJCOeAMHEHNE — IO3BOJIAECT IOAKJIIOUAThCA K MUKpockony B pexknme Client s
TIOJTy IeHUsT N300parKeHuil, HO He JIaeT IpaBa U3MEHSATh MapaMeTPhl CKAHUPOBAHUSI.

VYupasiieHne rpynnaMu U II0Jb30BATENSIMA TIPOM3BOIUTCS Ha 3akiajake Users (pue. 2.4) okHA
KoHuryparuu cepsepa. [ peakTHpoBaHus CBOWCTB KOHKPETHOMN I'PYIIIBI UCITOIB3YeTCsl IIpaBast
9aCTh 3aKJIAJIKM, COCTOSTHIE KOTOPOI OOHOBJISIETCSI IPU CMEHE BBHIODAHHOW I'DYIIIIHI.

B cnmcke mosib3oBaTesieil, mpuHaIIeKANUX TPYIITE, KAXKIOMY [OJIb30BATEI0 TPUCBANBAETCS
mapoJib. I[lepBoHAYAIBHO ¥ BCEX ITOJIB30BATEIEN MAPOJIb HE 33/IaH; €r0 OIPEJIEJIsieT OIEPATOP Cep-
Bepa M COODIAeT KJIMEHTaM, YTOOBI OHHM MOIVIM HCIOJIH30BATH TOT IAPOJIb IPHU MOJKIIOYEHUH K
Mukpockory. CMEHUTh apo/Ih MOYKHO HasKaB Ha KHONKY Reset password.

OO61ias kaanbpoBKa

aksazka Calibration (puc. 2.5) 1103BoJISI€T PEIAKTUPOBATD OCHOBHBIE IIADAMETPBI MUKPOCKOIIA
U IPUBOJIATH KOHMUIYPAIUIO IPOrPAMMHOIO 00eCIIedeHnsI B COOTBETCTBUE C AIlllapaTHON KOHDU-
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Profiles | Users ~ Calibration I

Device Isellings,ini

Parameter

a0 Hysteresis
Bo Log
o Events
3 Save threshold
3 Erase threshold
110 Errors
3 Save threshold
w3 Erase threshold 10
10 Download on startup
EIDSP Mode Auto
ats Client interface fsvarlist.1.4
o Security
a0 DAC Max., V
0 ADC Max., V
o Ut
oo Max., V
an Bias, m¥/
oo Freq. Max., KHz
00 Z Ampl. Max., mV

O VI N

Puc. 2.5. Baknanka KaaunOpOBOYHBIX KOHCTAHT.

ryparueit. Habop mapamMeTpoB, Ompeie/aonux KOH(PUTYpaIrio TpOrpaMMbl, COAEPKUTCA B daii-
Jie settings.ini. IlyTe k sTOMYy ailny 3amaercs B BepXHell 4acTH 3aKJIaJKU B 3jieMeHTe Variables.
OcTajbHyIO 9acTh 3aKJ/IaJIKA 3aHIMAET TabJINIA, B KOTOPOIl MOXKHO PEIaKTUPOBATH 3HAUEHUST KOH-
cTaHT, cojepKamuxcd B daitiae npobuisa upudopa (cm. 2.1.2). KaaunbpoBodyHble KOHCTAHTBI 33IA10T
napamMerpbl MUKPOCKOIIA, [TO3BOJIAIONTIE TPeobpa3oBaTh MudpPOBbe 3HAYEHUsT B PEAJIHHBIE BEJINIU-
HBI — BOJIBTBI, HAHOMETPBI, aMIlephl U T.J1. Takke B TabOJHIE MPUCYTCTBYIOT 3HAYEHUSI, OMPEIeIsl-
IOI[Fe HAJINYUE WIN OTCYTCTBAE HEKOTOPBIX OIMITHOHAJIBHBIX KOMIIOHEHT MUKPOCKOIIA, W 33 IAI0NIue
pexuMbl ero paborsl. [lo Haxkaruio kiaasurmm Ok mian Apply 3HaUeHMsT KOHCTAHT OYIyT 3aUCAHBI
B daiin Tekymero npoduis, a ecan Boiopan npoduis default, To B daiin calibration.ini. OxroBpe-
MEHHO OyJIeT mepe3arpyKeHa KOH(MUTypalis cepBepa IyTeM MOCHLIKN KOMAaH bl KoHcosu reload.

[Tonpobuoe onmcanue Koucrant npuseeno B npuioxkenun C. Ilpu paGore B mraTHoM pexkume
WCIOJIB3YETCST TOJIBKO MaJiasl YacTh HACTPOEK.

e Download on startup Ilpu nopx/moueHnr K MEKPOCKOITY 3arpy3kKa mporpammel B miary DSP
(Download) MoKeT TPOUCXOMUTH aBTOMATHYECKHU. JIJIsT 9TOTO 3HAYEHHWE JAHHOTO IapaMeTpa
HY>KHO M3MEHHUTb Ha Yes. DTO yj0OHO IpH yJaJIeHHOIl pabore Ha MUKPOCKOIE, KOIJ/a HET
JIOCTyTIa K CEPBEpPY.

e Security Dra rpymra 3aKJIaJ0K OTBeYaeT 3a MudpoBaHue MU Mepejiade JAHHBIX OT CepBepa
kK kineHty. [lo ymomuanuro 3nadenume napamerpa Encryption ycramosmeno Disable, To ects
mudpoBaHue OTKII0YeHO. PeKoMeHIyeTcst BKIIIOYUTD MUMPOBAHNE €CIIU JAHHBIE [T€PEIAI0TCS
3a IpeJiesibl JIOKAJbHOR CeTH.

e Precise XY DACs Ilpu pabore Ha MaJIeHLKOM I0JIé CKAHUPOBAHUS, MUKPOCKOI MOYKET aBTO-
MATHUYIECKHU MTEPEXOJINTh B PEKUM H0JIee BHICOKOI'O paspelienus B miockoctu X Y. s sToro
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3aJIefICTBYIOTCS CclenuaibHble yeraurean. [1o ymomdanuio ata GhyHKIUsT BKIIOYEHA, 3HAYCHUE
rmapamMeTpa yCTaHOBJIEHO Precise, HO B HEKOTOPDBIX CUTyaIllsIX OHA MOXKET MemraTh padbore. 13-
3a CMEHBI CXeMbl MTO3UITUOHUPOBAHNS TPUOINKEHHBIH KaJIp JaCTO OKA3bIBAETCS PACIIOIOKEH
He TaMm 171e Bbl X0Tesn, a 3aMeTHO ¢ABUHYT. ECiu TOYHOCTD KaIpupOBaHUs BaykKHee pa3peliie-
HUs B IIOCKOCTH XY, TO PEKOMEHIyeTCs OTKIOINTD 31y dynkuuio (Disabled).

e Resistance / Mode Dror napamerp onpejeisierT TUIL CXEMbl, 10 KOTOPOil PEruCTPUPYETCs CO-
MIPOTHBJIEHNE TTPU paboTe B PE3UCTUBHOM PEXKUME: C JIeJIUTeIeM Win 6e3 Hero.

e AFM / Cantilever Regidity 9ToT napamerp 1103B0JISIET YCTAHOBUTH TOUYHOE 3HAYECHUE YKECTKO-
CTU KAHTHUJIEBEPA, MIPEJIOCTABIEHHOE IPOU3BOJAUTENEM. DTO HYXKHO JIEJIaTh, €CIU TpebyeTcst
TOYHO U3MEPUTH BEJUYUHY CHUJI, CHATH CUJIOBble KpuBble. I[Ipn 00ObIUHON paboTe B PeskuMe
Tororpadguu ycraHaBJIUBATH TOYHbIE 3HAUEHUSI JKECTKOCTUA KAHTHUJIEBEPA HEe 00sA3aTEbHO.

e Landing / Draw Back on Every Step Ecsiu 3nagenue sroro mapamerpa ycranosjieno Draw, To
[IPY TIOBO/IE MUKPOCKOII OyIeT IOoc/Ie KarXKIO0ro Iara JBUTATess IPHU TOMOIMU Tbe30TPyOKn
MIPOBEPATDH HET JIU PSIAOM C UIJION MOBEPXHOCTHU. PeKMM MeIMKATHOTO TOIBOIA MOYKHO PEKO-
MEHIOBATDH IIpH paboOTe ¢ CYIepPOCTPhIMUA KAHTUJIEBEPAM.

e Network ITapamerpsl 9TO IPYIIIBI TTO3BOJISIIOT HACTPAUBATH HOPTHI JJIsi CETEBOTO MOIKIIIOYe-
HUS, OTPAHUYNBATHD MAKCUMAJbHOE KOJIMYECTBO IOJIb30BaTEIEN.

e Watchdog /Ijis1 uaTerpupoBanHoro 6JI0Ka yIIPaBIeHUs €CTh BO3MOKHOCTD 33JIaTh CTOPOXKEBOM
taiimep. [lpu mcnonb3oBanum TaiiMepa ecjm cepBep 3aBUCHET, TO OH OyJIeT aBTOMATHIECKU
repe3arpyzkeH B TeUeHUN YKa3aHHOT'O B HACTPONKaxX TaiiMepa BPEMEHU.

[TomauTe, YTO M3MEHEHNE 3HAUEHUI HEKOTOPBIX MApaMeTPOB MOXKET MPUBECTH K IOoTepe pabo-
TOCIIOCOOHOCTH MUKPOCKOIa! 9TO B IMEpBYIO OYepelb OTHOCUTCS K napamerpam B rpymmnax DACs,

STM, AFM, RAFM, DSP Timing, Stepper.

2.2 Kuuenrt

Bce ynpasiienne MEKPOCKOIIOM MOYKHO ITPOU3BOIUTD C IIOMOIIBIO KJIMEHTCKOI YaCcTh IPOrpamMM-
Horo obecriedenus (porpamma PemtoCkan OHnaiiH , daiin femtoscan.exe). B neii ycranasiausaiorcst
BCe TIapaMeTPhl CKAHUPOBAHUS, U3 TON IPOrPAMMBI ITOJIAI0TCS BCE KOMAHJIBI IO 3AIIYCKY U OCTAHOB-
Ke CKAHWPOBAaHUSI, TIOJIBOY U OTBOJLY CTOJIMKA ¢ 00pa3noM. B mpuHIuie, mporecc CKaHNpOBAHUS He
TpebyeT MHTEPAKTUBHONW PAbOThI C CEPBEPOM, UTO IIO3BOJISIET YIIPABJISITH MUKPOCKOIIOM Yepe3 CeTh
C YIAJIEHHOTO KOMITBIOTEpA..

s yrnpaBiaeHust MUKPOCKOIIOM TpeiHa3HadeHbl KoMaH bl MeHio C3M u KHONKHN maHeu WH-
crpymentoB C3M. Ecin manes b 0TCyTCTCTBYET, €€ MOYKHO OTOOPA3UTh MMOCTABUB Iaj0vIKy CJIEBA OT
nosist Toolbar B mento C3M.

2.2.1 IloakaioyeHme K cepBepy

st nopksoyenus soibepure B Meno C3M komany Iloncoemunurbes Macrepom (KHOIKA §5&)
uin [opcoenuanrbes Kimenrom (KHoKa v&‘). Tloakmrouenne B pexkume MacTep BO3MOXKHO, TOJTBKO
ecJiM K MUKPOCKOITY He IOJIKJII0UeH Japyroit Macrep.

B mauaJie moikJItOUeHUs Iepej] BaMU IIOSIBUTCsI OKHO, IIOKa3aHHOe Ha puc. 2.6. B sToMm okHe
HY?KHO yKa3aTh aJlpec CepBepa U BBECTH HEKOTOPBIE JIOTOJHUTE/IbHBIE JAHHBIE.

Korma cepep HaxomuTcss Ha 3TOM 2Ke KOMITBIOTEPE, JOCTATOYHO MOCTABUATH TAJIOYKY HAIIPOTHUB
“JIoKaJIbHBINI KOMIIBIOTED” U MEPEXOAUTD K 3AII0JHEHUIO OCTAJbHBIX 1moJsieil. Kcim ke cepsep pacro-
JIO2KEH B JIDYT'OM MECTE, TO HYKHO CHATD I'aj04uKy HAnpoTusB “‘JIOKaJbHBIN KOMIBIOTED”, TIOCTIE Y€ro
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Puc. 2.6. OkHO NOJKIIIOYEHNS K CEPBEPY

nosiBUTCs 1oJie “Ajipec”’, B KOTOPOM BBI JIOJIZKHBI HAIIKCATL €ro ajpec. AJgpecoM MOryT ObITH UM
KoMIbIoTepa B jiokasbHoi ceru Microsoft Windows Network (nanpumep, COMP145), ero URL (na-
upumep, mycomp.mydomain.ru) wiu IP agpec (manpumep, 123.132.231.213). B cuepyromiem mosie
(mocste 1BOETOUMSI) HEOGXOANMO YKA3aTh MOPT, 0 KOTOPOMY BBIIOJIHSIETCS oaKouenue (25000 mo
YMOJIUAHUIO, €CJIU OIIEPATOp CepBepa He U3MEHUJI ero).

Yr0o0BI IpU TIOTEPE COENMHEHUsI TPOTPAMMa, aBTOMATHIECKHU ITOJICOEIMHSAIACH CHOBA, OTMETHTE
noste “Tlomgmep:xuBaTh coemunenne’”.

Ecmm moctaButh 3nadenue mossa “‘BoccranaBiaumBarh coctosinne” B 3HadUeHnne, orimdHoe ot “Hu-
KOIyIa”, TO TOCJIEe MOJICOeIMHEHNsI IPOTpaMMa, Oy/IeT yCTaHABJINBATH 3HAYEHUSI [1ADAMETPOB MUKPO-
CKOITa, KOTOPBIE MCIIOJIb30BAJIACH [IPU IOCIEHEM MOAK/IF0UeHnn MacTepoM.

B nosisix “O6pazer”’ u HaXoIsIIeMcst TIOJT HUM II0JIeM J1IJIsi KOMMEHTapueB yKa3biBaeTcs HHpopMa-
1usi, KOTOpas OyIeT oToOparkeHa B 3arojiOBKax (hailjioB, OJyIEeHHBIX DA CKAHUPOBaHWu. B moste
Obpa3ser; peKOMEH IyeTCsT yKa3bIBaTh HA3BAHUE UCCJIEYeMOro 0Opas3iia — 3TO HA3BaHWME OKAYKETCS B
nMeHax moJiydaeMbix daitio. B mose “Tlonb3oBarens’ HyKHO yKa3aTh cBoe nMs. VIMs u maposib
UCHONB3YIOTCs JIsi ayreHTHdUKanmu Ha cepsepe (paszen 2.1.2). Bo BpeMsi CKAHUPOBaHUST MOXK-
HO WM3MEHsITh BBEJIEHHOE UMsl, Ha3BaHUEe 0Opaslia M TEKCT IOJis KOMMeHTapusi. Kak 310 cjearh,
HaIMCaHo B pasjese 2.2.11.

Ha zakmagke BezomacuocTs 3a7a0Tcsa mapaMeTpsl i poBanns coeauHenns. MoKHO OTKITIO-
9UTh MUMPOBAHUE COBCEM, UCIOJIB30BATH APAMETPhI CEPBEpa UJIM YyCTAHOBUTH CBOM CODCTBEHHBIE
(mapamerps! KianenTa). B ciyuae, ecan Beibpan BapuanT “HasHaunTh mapaMeTpsl KJIneHTa , Ha cep-
Bepe J0JKHO cTosiTh Jjinbo “Accept Client Parameters”, nmu6o “Force Server Parameters” ¢ anajio-
TUYHBIM HAOOPOM IapaMeTpoB mudpoBanus. [Ipu coenuennn OyIeT CreHepUPOBAH KJTIOY TEKY e
ceccuu, U BCe TepelaBaeMble JTaHHble OYAyT MIUMPOBATHCS IO BLIOPAHHOMY AJITOPUTMY.

Econ nipu ayrenTudukannm 0KaXkercs, 9To MoJb30BaTeIb He 3aPErnCTPUPOBAH HU B OJTHON TPYII-
1ie, WJIM HEe COBIIAJET apoJib, OH OyJeT aBTOMATHYECKH IPUIHUCIIEH K TPYIIIe rocTeii (ecim Ta rpy-
Ia He OTKJIOYeHa), n OyJIeT BBIBEJEHO COOTBETCTBYIOIee npeaynpexenue. [1udposanue B 3T0M
cirydae Oyjter MeHee ODe30IaCHBIM — KJIOY CeCCUU OyJleT IepeiaBaThCsl B HE3AIUIIIEHHOM BUJIE.

3aKOHYMB 3allOJTHEHME ToJieil oKHa mojak/odenus K cepsepy, Haxkmure OK. Ilocse sToro ocy-
IIIECTBJIAETCS MOJIKJIIOYeHne K cepBepy. B ciydae ecm yKa3aH HEIPABUIHHBIN &/Ipec, TOIKIIIOIeHUsT
ue pousoiijier, u kaonku Kinent u Macrep Ha nanesu nactpyMerToB C3M octanyTest OTXKATBIMH.
Ecin npoussoaurcst nojkiouenue B pexxume Macrep, a K cepBepy yiKe MOAKr04YeH ogua Master,
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Puc. 2.7. Texyrmmue mapaMeTpbl CKAHHPOBAHUS

TO Tpom3oiier mojKouYeHue B pexume Kiment. Ilpym sToM HaXKaTON OKAXKETCsS TOJBKO KHOIKA
Kiment. Ilpu ycnemmaom nogkiovennn B pexkume Macrep, HaxKkaTbiMu OyryT 00e KHOIIKH.

[Ipu nopxiouernn B pexkume KimeHT OymerT MOKa3aHO OKHO TEKYIUX MapaMeTPOB CKAHUPO-
BaHust (puc. 2.7), IpeHA3HAYEHHOE TOJIBKO i Habmonenus. B pexkume Mactep GyieT BBI3BAHO
OKHO HACTPOMKY IapaMeTPOB CKAHNPOBAHUS, IO3BOJISIONIEe N3MEHSITh napaMeTpsl (puc. 2.9) . TTocse
VIIAYHOIO ITOJIKJIFOYEHNs] K CEPBEPY MOXKHO HAYMHATH CKAHWPOBAHUE, HO MPEIBAPUTEILHO CJIeIyeT
33J1aTh MapaMeTphl el 00PATHON CBA3U U HEKOTOPBIE JIPYIHe.

2.2.2 Bpibop npodunis

Eciin ma MEKPOCKOIE yCTAHOBJIEHO HECKOJILKO Ipoduieit 000pyIoBaHUs, TO MOXKHO BBIOPATH
HY2KHBI1 11podusb Beinoauus KoManay Menio C3M /Beibpars npoduis. Eciu yeranossiena omust
“BoccranaBanBaTh cocTostHIE B 3HaUYeHMe, oTandHoe oT “Hukormaa”, To mocjieunit ucioib30BaHHbBII
npocuiib OyJIeT Ha3HAYeH aBToMaTndecku. FKcym nmpoduib MEKPOCKOIA TOJBKO OJMH, TO KOMaHIA
BBIOOpa 1poduiisi Oy1eT HEJIOCTYITHA.

2.2.3 Ilanenp agMuHHCTpaTOpa

Eciin mosip30BaTesib IpuHAAIEKUT K TPYIIIE aIMIHICTPATOPOB MUKPOCKOIIA, TO OH MOXKET Me-
HATH TapaMeTpbl KajubpoBku. B mento C3M B TakoMm ciiydae CTAHOBHUTCS JOCTYITHONH KOMAHJA
“Tlokasare manenb Ajqvuaucrpartopa’ (puc. 2.8). Ilpu BBIGOpE 5TONH KOMAHJBI OTOOPAYKAETCS OK-
HO C TEeKyIIUMHU HacTpoitkamu npoduis. MOXKHO IOMEHSITH JiFoOble 3HAYEHUsI U HA3HAYUTH (DAlJIbI
KaJIMOPOBKY I'UCTEpEe3Nca u TeMmieparypbl. HoBble 3HAUEHUS TIPEIAIOTCS Ha CePBEp TOC/Ie HAXKaTUsI
kaonky “IIpumennTs”’. Iloka 3HadeHmsT He MEepeIaHbl Ha CEpBEP, NX MOXKHO OTMEHHUTH, OTCOEINHIB-
IIUCh OT MUKPOCKOIIA.
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Puc. 2.8. Menro C3M.

2.2.4 IlapameTpbl CKAaHUPOBaAHUS

Bce napamerpnl ckanupoBanus 3aai0rcst B okae [apamerpor (puc. 2.9). Korpa Bor nogkioua-
erecb Kak MacTep, TO mporpaMMa aBTOMATHYECKH OTKPBIBAET ITO OKHO. Ecin OKHA 10 KaKOi-TO
IIPHYAHE HET, €ro MOKHO BBI3BATH HAYKATHEM KHOIKH Bl Ha IaHeIn MHCTPYMEHTOB UM KOMAHIOI
menio C3M/ ITapamerpsi. Bee 3ajaBaemble napaMeTpbl aBTOMATHYECKH [IPOBEPSIIOTCH U yTOYHSI-
FOTCsI IIPOI'PAMMOIl B COOTBETCTBUU C KAJMOPOBOYHBIMU KOHCTAHTAMHE, IIOJIYYEHHBIMU C CEPBEPA.
TTosTomy, eciu mOmKJIFOUEHUsT K CEpBEPY HE MPOM3OIIJIO, TO 3HAYEHUs MOT'YT HE COOTBETCTBOBATH
peasbHBIM. ECn OTKPBITH OKHO IMapaMeTpoB JI0 MOJK/IIOYeHNs K CepBEPY, TO MHTepdeEc OKHA Ia-
paMeTpoB He OyJeT IPUBE/IEH B COOTBETCTBUE CO CIIICKOM IIEPEMEHHBIX CepBepa, M OKHO [TapaMeTPOB
OyIeT BBIIVIAIETh HEIUTAEMO.

NsMeHsTh TapaMeTpbl MOXKHO JIBYyMs criocobamu. MOXKHO BPYyYHYIO BBOJIUTH 3HAUYEHUS I1apa-
METPOB B IIOJIsl TAOJIHUIIBL, JIJIsi TOrO, YTOOBI M3MEHEHHsl BCTYIMIM B CHJLY, IIOCJIE STOTO HEOOXOIMMO
naxarhb kiaasuiny eoz (“Enter”). Ecim okazkercst, 9T0 BBEJIEHHOE 3HAYEHUE HEJIOMYCTUMO, OHO OyIeT
3aMeHEHO Ha OJimrkaiiiiee m3 BOSMOXKHBIX. JIpyToil criocod — BBIIEINB TOJI€ CO 3HAYEHUEM IIapaMeT-
pa IJIABHO yBEJUYNBATH UJIN YMEHBIIATH €r0 3HAYEHNs HA’KNMas Ha KHOIIKHU CO CTpejiKaMu. B arom
cily4yae 3HAYEHUs I1apaMeTpa IPU KaKJIOM HayKaTHH HA KJIABUIILY U3MEHSIOTCH Ha MUHUMAJBHYIO
BO3MOXKHYIO BEJIMUHHY, IIPOBEPSIOTCS HA HCTUHHOCTH U [IEPEIAI0TCsI CEPBEPY aBTOMATHYeCKH. B 1mo-
Jie PSAJIOM C KaKJ0# BEJIMYWHON MpU ee N3MEHEHUU aBTOMATUYIECKU KOPPEKTUPYETCsl M MHOXKHUTETh
[IpY eMHUIAX U3MEPEHUsI.

[Tporpamma “@PemtoCkan OHnaiiv” MO3BOJISIET yIPABJISITH CKAHUPOBAHUEM B DA3IUIHBIX PEXKU-
MaX, B 3aBHCHMOCTU OT mapaMeTpoB cepBepa. CTaHmapTHbIe PEXKUMbBI BKJIIOYAIOT B ¢e0s TYHHE b
ueiii (CTM), aromuo-cunosoit (ACM) u pesonancubiii atomHO-cusiopoit (PACM). [lust yrasanust
peKrMa, CKAaHUPOBAHUSI IIPETHA3HAYEHO T10J1e PeyKuM, pacroioKeHHOe B BepXHEH JIeBOI 4acT OKHA
[TapameTpsbr.

B neBoit yacTu okHa cCOOpaHbI OCHOBHBIE HACTPOIKH, HCIIOIL3YIOIIIECS BO BCEX PEKUMAaX pabOThI
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Puc. 2.9. ITapamerps! ckanupoBanus. Pexxum CTM.
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Puc. 2.10. ITapamerpsr ckanupoBanusi. Pexxum ACM.
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Puc. 2.11. TTapamerps! ckanupoBanusi. Pexxum PACM.

npubopa: B Tomorpaduu MOBEepPXHOCTH, IIPH TOJBOJE, CHATAE KPUBBIX 3aBUCUMOCTEH U JIp.

e TyHH. TOK — OIOpHOE 3HAYEHNE TYHHEJHHOIO TOKa IpH cKanupoBanuu B pexxume CTM. B
Ka2K/IOM KOHKPETHOM J9KCIIEpDUMEHTE OY€Hb BazKHO BI)I6paTb €ro IIpaBUJIbHO. ILH?{ HEKOTOPBIX
M3BECTHBIX ITOBepXHOCTEH B Tabsmie XXX mpuBeieHbl PEKOMEH IyeMble 3HAUYEHUsI TYHEIbHOIO
toka. Fcim ke Bbl ckanupyere yHUKaIbHBIN 00pasel], TO B Ka4eCTBE HAYAJBHONW YCTAHOBKU
MOXKHO IIOIpoOoBaTh TOK 1 HA.

e TyHH. Hamp. — HalpsiPKEHWE Ha TYHHEJBLHOM Iepexojie pu ckanupoBanuu B pexkume CTM.
DTO OIOpPHOE 3HAYEHUE JIJIsi CUCTEMbI OOPATHON CBSI3M, B KaXKJIOM KOHKDETHOM CJIydae OYeHb
BayKHO BBIOPATDH €ro MpaBUJIbHO. /[JIsi HEKOTOPBIX M3BECTHBIX IMOBEpXHOCTEH B Tabsuie XXX
MIPUBEJIEHBl PEKOMEH/IyeMble 3HAYeHUsl TYHEJIbLHOro Harnpsikenus. Eciau ke Bl ckanupyere

VHUKAJbHBIN 00pa3ell, TO B Ka4ecTBe HAYAJIHHON YCTAHOBKM MOYKHO TIOITPOOOBATEH HAIIPSI?KEHUE
50 MmB.

e Cua — OmopHOe 3HAYEHUE CHUJIBI B3aMMOJIEHCTBUSI MEXKJIy MOBEPXHOCTHIO 00pa3ia M KAHTH-
sgesepoM B pexknme ACM. Bribuparsh 3HaUeHHE CHJIBI B KaXKJIOM KOHKDETHOM CJIydae JIydIine
BCEro II0 JIAHHBIM CHUJIOBOM KPHUBOI, CHSITOW MMEHHO STOI WIJIOW HaJl IOBEPXHOCTHIO JTAHHO-
ro obpasmna. Tem He MeHee, CYIIECTBYIOT U 001ue pekoMeHpanuu. Kak mpaBuio HeoOXOIIMMO
CKAHUPOBATH C MAJIOH CUION BozzeiicTBus. i 5T0ro B CBOOOIHOM COCTOSTHUU UTJIBI (DOTOIM-
O/l HACTPAMBAIOT TaK, YTOOBI JIYIUK Jia3epa IOMajajl HuXKe ero mnearpa. [lpu sTom 3nadenue
CHJIBI OyZIeT OTpUIaTe bHbIM. s ToaBOMAa BEIOMPAIOT CHJTy paBHYIO Hyi0. Eciu nmpu Takom
3HAYEHUU CUJIBI HE YIAeTCsl MOJIYUYUTh JIOCTATOYHO YETKOe M300parKeHne, TO CUJIY IIOCTEIIEHHO
YBEJINYNBAIOT, JIOOUBAIOCH YIOBJIETBOPUTEIHHOIO KAYECTBA, KAPTUHKU.

e 2KecTKOCTh — TOYHOE 3HAYEHME XKECTKOCTH KAHTUJIEBEpa. DTOT IapaMeTp TaKxKe 3aJIaeTCs B
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HacTpoitkax cepsepa (cM. pazzgen 2.1.2). Tounoe 3a1anue xxecTKOCTH He TpebyeTcst 1pu paboTe
B pexxuMe Tonorpadun, O0HO HEOOXOIUMO TOJIHKO JIJIsi PETUCTPAINN CUJI, HAIIpUMED, ecjin Bac
MHTEPECYIOT TOYHbIE YNCJIOBbIE 3HAUEHUSI [P CHSATUU 3aBUCUMOCTE.

e AMIul. pe3. — 3HaYeHUE, K KOTOPOMY OYyIeT IMOArOHATHCSA BEJIMINHA PE3OHAHCA IIPU HACTPOIKe
cBOGOIHBIX KoJiebanuil KanTuiesepa B pexkume pesonancuoit ACM (PACM). Usmepsiercs: B
Bonabrax, wem Gosbiite 3HadeHne, TeM OOJIBbITIE OYIET aMILIUTYAa Koebanuit B HM. Pekomen-
ngoBaHoe HadajbHoe 3Hadenne — 2000 mB.

e YcraBka — K03(hMUIINEHT, C TOMOIIHI0 KOTOPOI'O BHIYUCIISETCS OIOPHOE 3HAYEHNEe CUTI'HAJIA 00-
parHoii cBsa3u B peskume PACM. B aHrmosn3eranoit iureparype Jijist 3TOro mapaMeTpa IPHHATO
nazpanue Setpoint. [Ipn ckannpoBaHuu BO3HUKAET KPATKOBPEMEHHBIN KOHTAKT KOJIEOJIIOIIE-
rocst KanTujesepa ¢ oopasrom. V3-3a aroro amuanTy/ia Kojaebanuil majjaeT, HO OHA He JOJIKHA,
YMEHBIIUTHCS CJUIKOM CHJILHO — 9TO OyJIeT 03HAYATh, U9TO 30H]] BPE3AJICsl B MOBEPXHOCTD.
Pabouast aMIuTy/ 18 JOKHA COCTABJIATH HEKOTOPBIN IIPOIEHT OT aMILTUTY/IbI KOJIeOaHU! KaH-
TIIIeBepa B cBOOOIHOM cocTosiHuu. OTOpHOe 3HAYEHNE CUTHAJIA 0OPATHON CBA3HU BBIUHUCIISIETCS
no dopmyine Deflg, = Defl + Setpoint. OHO cOOTBETCTBYeT TOMY OTHOCHUTEJILHOMY H3MeEHe-
HUIO aMIUIATYIbl KOJIebaHuii KaHTUIeBepa, KOTOpOe MHTEPIPETUPYETCs KaK BO3HUKHOBEHUHU
KOHTAaKTa C IOBEPXHOCTHIO oOpasmna. PekomenmoBanoe Hagasibaoe 3Hadenue — 0,9. Econ ka-
YeCTBO KAPTUHKU MPU ITOM HEYJIOBJIETBOPUTEJIHLHOE, TO BEJIMIUHY YCTABKYM HAJIO ITOCTEIIEHHO
MoHM»XkaTh ¢ marom (,1.

e AMILUI. MOJ. — AMILINTYa BO3OYXKIAIOMUX KojebaHuil mhbe3okepamuku B pexkume PACM.
Or 3HaYeHMs] TOrO MApaMeTpa 3aBUCHAT AMIUIATYJIa KOJIeDaHWil KaHTUIEBEpa B CBODOIHOM
coctossHr. Uem 0OosIbIlle aMILIMTY/Ia MOIAEIUPYIONNX KojaebaHuit, TeM OOJIbIe W aMILIUTY-
J1a, KoJiebaHmii caBMOTO KaHTU/IeBepa. TakuM o0pa30M 3TOT MapaMeTp OKa3bIBAeTCs CBSI3aH C
AMILI.pe3. 1 U3MEHEeHUe OJHOTO U3 HUX ... X X X. PeKOMeH/I0BaHHOE HAYAJIbHOE 3HAYEHUE ITOIO
mapamerpa He 6osee 100 mB.

e Yacrora MoJ. — 9acToTa BO3OYKIAMIINUX Kojilebanuii nbezokepamuku B pexkume PACM. Ona,
KaK MPABUJIO, JOJIZKHA, COBIIAJIATH C PE30HAHCHOM YacTOTON KaHTUJIEBEpa.

e daza — dazoBoe cMereHne oropPHOTo curuaJia ¢pa3oBoro Jerekropa B pexkume PACM. Kanmm6-
POBKY ba3bl MOXKHO IIPOBOJIUTH IIPU HACTPOWKE Ha, pe3oHaHC. [ljist 3TOro napaMerp u3MeHseTCst
BPYUHYIO JIO0 TeX 10P, [oKa (a3a B PE30HAHCE HE CTAHET PaBHA HYJIIO.

e UHT. 3BeHO — MHTErpabHOE 3BEHO Tenu 00paTHOi ¢Bsa3u. MeTomo/10rusa HaCTPOKN 3BEHBEB
oOpaTHOI CBsI3U TOJIpOOHA JlaHA B OMHUCAHWU K pubopy. Kak mpasuiio, mpu padbore B peKu-
max ACM u PACM M0KHO ITepBOHAYAJIBHO YCTAHABUTH HHTErPAJILHOE 3B€HO paBHOe 1 u 3aTeM
CKOPPEKTHPOBATDH 10 J@HHBIM ocimsiorpada (0TpaboTKa CTYIIEHN), I HEIOCPEJICTBEHHO 10
pe3yJIbraTaM CKAaHMPOBAaHUS MOBepxHOCTH. [Ipn MaIbIX 3HAYEHNSAX UHTErPAJIHLHOTO 3B€HA KOH-
TYPBI CTyIIeHel U 00bEKTOB Ha IOBEPXHOCTH BBITVISIAT CIJIAKEHHBIMU.

e [Ipom. 3BeHO — MPOMOPIMOHAIBLHOE 3BEHO menu OOpaTHOU cBsizu. MeTo1o/10rus HaCTPOMKY
3BEHBEB 0OpPATHON CBA3M MOAPOOHA JaHa B ommcaHuu K npubopy. Kak mpaswmio, mpu pabo-
te B pexknmax ACM n PACM M0KHO TIepBOHAYATBLHO YCTAHABUTE ITPOHOPIIHOHAIBHOE 3BEHO
paBHOe 1 U 3aTeM CKOPPEKTHPOBATH IO JAHHBIM OCIUIorpada mo oTpaboTKe CTYIIEHU, WU
HEITOCPEJICTBEHHO I10 Pe3y/IbTaTaM CKAaHMPOBaHUsI MOBEPXHOCTH. [Ipu cumKom GOJIbIINX 3HA-
YEHUsIX MTPOIOPIIMOHAIBHOIO 3BEHA PsJIOM C KOHTYDPAMU CTYIIEHEH 1 OObEKTOB IOSIBJISIOTCS
3aTyXaIOIINeE ,, TEHN ‘— Pe3yJIbTaT FeHepaIun Kojiebannii B 1enu obpaTHOM CBA3M.

IIpu patore 8 CTM nHa mocrarodHO OOIBITUX TOKAX JIYUIIE CTABATH KAK MOYKHO MEHBIINE
3HaYEHNs 000UX 3B€HbEB 00paTHO cBsi3u. [Ipu padoTe ¢ MAIBIMUA TOKAMU IIPUXO/INTCS CTABUTH
GOJIbININE 3HAYEHUS 3BEHHEB OOPATHOM CBSI3M JIJIsT YCUJIEHUsI CUTHAJIA.
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e Ycpennenune — KO3 DUIIMEHT, OIPEIEISIONNiT BKJIa HECKOILKIX N3MEPEHHBIX 3HATCHUN Ha-
NIpsI?KEHNsT TIPU OIIPEJIe/ICHIN 3HAYeHUsI B JIAHHON TOUKe oOpasma. MUKPOCKOI 3aMepsieT Be-
JINYUHY CUTHAJIA TIOCTOSHHO, BHE 3aBUCUMOCTH OT YCTAHOBJIEHHON IOJIB30BATEIEM CKOPOCTH
ckaHupoBanus. Jacrora cobcreernoi paszseprku 15 KI', To ecTb 1npu CKOpOCTH CKaHUPOBa-
aust B 1 ' Ha omgay Touky mpuxomurcs 30 peasibHBIX U3MEPEHUil. ITO JaeT BO3MOKHOCTH
YCPEIHITh CUTHAJ JIsI IOy IeHns bojee O6/"beKTI/IBHbIX JAHHBIX. SHAYEHNE B TOUKE ¢ OIpeIe-
JIIeTCST 110 PeKypPCHBHON dopmyie: E! = w B sroit dopmyne E; — mocienmee

u3MepeHHoe 3HadeHue, a B! | — upeaplyee 3HageH1/1e, OIIpe/Ie/IEHHOE TI0 PEKYPCUBHOIT (hop-

myste. [Tapamerp YcpeaHenue 3ajiaeT Besinanny Koadduiumenta F;, 3uadenue 1 coorBeTcTByeT

OTCYTCTBUIO yCpe/HeHUsl. BO3MOXKHO 3a/iaHue JIpOOHBIX 3HAYEHUIA.

Hwxe mapamMeTpoB 00paTHOl CBSI3U PACIIONIOXKEHBI JIPYTHE BayKHbIE TTApAMETPhI, 00IIne JJTst pas3-
HBIX DEKUMOB CKaHUPOBAaHUA.

e Yucso ToYeK — 4YHCIIO TOUYEK B CTPOKE CKaHWpoBaHusA. MakcuMaibHOE 3HAYEHHE STOTO I1apa-
Merpa 512 Touek B cTpoke. OOBIYHO NPUHATO UCIOJB30BaTh 512 miam 256 Touexk.

e CKOpOCTb — CKOPOCTh CKAHUPOBAHMUsI BBIpazKaeTcst B unciie cTpok B cekyHty (I'm). IIpu paGore
B pexkume CTM pekomentyercst BbiOupaTh ckopocThb 1 I'it f1st Kaapos cpeaero pasmepa. [pu
pabore B KoaTakTHOM pexkume ACM ckopocTs MoxkeT ObiTh Bbimie: 2-3 ', a 8 PACM — 1 T'n,

e TouHbI Z — BKIIIOYAET PEXKUM TOBBIMIEHHOW TOYHOCTH TI0 och Z. B aToM pexknme curua ob-
DPATHOI CBSA3U MOJIAETCs YePe3 BHICOKOBOJILTHBIN YCUIUTEIb C YMEHBIIEHHBIM KO3MdUIIneHToM
YCHJIEHUd, 33 CUET Yero YBeJMYUBAETCs pa3pelleHne, HO YMEHbBINAeTCd JIUHAMUYECKHUH ua-
ma3oH. [leaecoobpasHo UCIOAB30BATH STOT PEXKUM IIPU CKAHUPOBAHUN HEDOJIBIINX 00HLEKTOB:
JHK, PHK, 6ekoB, KpUCTAJLIMIECKUX CTYIIEHEH.

e Cwmern. TOKa,/CHIIbI/aMIUIUTYIbI — 3HAYEHUE CMEINEHUs HyJlsd CUTHAJA OIMUOKU 0OPATHO CBs-
3u. CMelleHne yCTaHABIMBACTCS 3aIlyCKOM Tporiecca “Set Bias”, Tak ke ero MoKHO cOpOCUTH
B 0 HazkaTWeM Ha KHOIKY € HaJIuuchbio “>0<". DTo Hy»KHO JIeJIaTh I0CJIe [IEPBOI0 IOJIBO/IA B
CTM u Kazkzplii pa3 Iocje IoABoJa K ImoBepxHocTu obpasna B pexxkume ACM.

e Temneparypa — Ecin Ha MUKPOCKOIE YCTAHOBJIEH NPEIMETHBIN CTOJIUK C TEeMIEPaTypPHBIM
KOHTPOJIEM, TO MOXKHO 33JIaTh TEMIIEPATYPY JIO KOTOPOU CJIe/yeT HAarpeTh 06paserl, U KoTopast
Oy/leT MOMJIEPXKUBATHCS C BBICOKOW TOYHOCTBIO. Jnamason moctymnubix Temmeparyp 1o 80° ¢
tounoctsio 0, 05°.

e Ilo3. mosBoja — cueTvynK 1oJioxKeHus obpasia. CYeTdynk MOXKHO OOHYJIMTBH B JIFOOOM MOMEHT
HaXXaTHUeM Ha KHOIKY ¢ HaJanuckio “>0<". [lesrecoobpa3Ho 0OHYIUTE €ro cpasy MmocJie moIBojIA,
4TOOBI IPUHATH ITOT YPOBEHb 3a HYJIEBYIO BBICOTY.

O6pa3ert TynenbubIit TynenbHoe WNurerpansrog Iponopru-
TOK HAIpsI?)KEHUE | 3BEHO OHAJILHOE
3BEHO
I'pacdur 500 mA 40mB 0,03 0,03
3oJ10TO 1000 oA 100 mB 0,08 0,08
ArromMuHwMi 300 nA 2B 2 3

B nentpe okHa mapamMeTpoB BBIBOIUTCS WHINKATOD TEKYIIErO IMOJIOKEHIS KAHTUIEBEPA, TAKOI
JKe, KaK M B OKHe TeKymux napamerpos (puc. 2.10). OrcyTerBue curaaza 0603HAYAET OTPBIB UIJIBI
OT ITIOBEPXHOCTHU 00pa3la, a 3allKaJUBaHUe — OOJIBIIYIO CUJIY B3aUMOIEHCTBUS WUIVIBI C 0OPa3IoM,

BO3MOXKHO, B/IABJIMBAHUE UIJIbI B IIOBEPXHOCTb.

Bce ocranmpbable mapaMeTpbl CrPYyNIUPOBAHBI IO 3aKJ/I3/IKAM W PACIOJIOXKEHBI B MPAaBOM YaCTH
okHa mapamMerpoB. Kakmas n3 3aKiIaf0K BEPXHETO YPOBHS OTBEYAET 33 OJINH U3 PEKUMOB CKAHU-
pOBaHusd.
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3akaanka IloBepxHocTh

3/1ech 3a1a10TCsI TTApaMeTPhI CKAHUPOBAHMsI, OTHOCSIIIMECS K CKaHNpoBaHuio nopepxHoctn Z(X,Y).
CkaHUpOBaHUE MOXKET IIPOUCXO/IUTH B HECKOJBKUX peKUMaX. PeXXuM Hy»KHO BbIODATb B BBIIAJIA-
IOIIEM CITHCKE, PACIIOJIOKEHHOM B BEPXHEN YacT! 3aKJIAJIKNA.B 3aBUCHMOCTH OT TOTO, KAKOU PEKUM
BBIOpaH, HOSBJISIOTCS O/IHA UJIN HECKOJIBKO IO3aKJIAJIOK, [I€PBast N3 KOTOPBIX COAEPKUT O0IIue ma-
paMeTphbl CKAHUPOBAHUS TOBEPXHOCTH, & OCTAJIbHbIE — IaPAMETPBhI, CIeNNMUIHbIE [1JI1 BBIOPAHHOTO
peKuMa CKaHUPOBaHUS.

Ha nmomzakianke O61ue 3a1at0TCst CJI€IYIOINE BEJIMYUHBI, OOIIUE JIJIsl BCEX PEXKUMOB CKaHUPO-
BaHUs:

e Xo, Yo, lllupuna, BricoTa — KOOpAWHATHI HUKHETO JIEBOTO YIJIa OKHA CKAHUPOBAHUSA U €0
pasmepsbl (puc. 2.12). PazMepsl 1 I03UIUIO MOXKHO MEHSATH BO BPEMsl CKAHMPOBAHUS, U3MEHe-
Hust OyJIyT IPOM3BEeHbl Ha XOy. IIpn m3MeHeHun STHUX IMapaMeTpPOB pa3Mepbl OKHA MMEIOT
0oJIbIINIT IPHOPUTET, U B TOM CJIy4ae, KOTJIa pa3Mephbl 33J[al0TCs JOBOJIBHO OOJIBININMHU, KOOD-
JIMHATHI HUZKHETO JIEBOTO yIJIa aBTOMATUIeCcKN yMeHbIatoTcsd. [[lupuaa Bcersia cooTBeTCTBYET
TOPHU30HTAJILHOMY pa3Mepy OKHa, a BhIicOTa BEpTUKAJIBHOMY, HE3ABUCUMO OT BBIOOpa OBICTPOM
ocH CKaHWpOBaHWsA. [Ipn M3MeHeHNN MUPUHBI MEHSETCH OMHOBPEMEHHO M BBICOTA, YTOOBI Be-
JINYWHA I1ara 10 TOPU30HTAJN U 110 BEPTUKAJIHM OCTABAJIACh ocTogHHOoi. [To 9T0it 2ke npuyanne
[P U3MEHEHUN BBICOTHI MEHSETCs JHCJIO CTPOK B M300parKeHUH.

ITporpamma PemtoCkan OHnaiiH aBTOMATUYECKU CJIEUT 3a TE€M, YTOOBI OKHO CKAHUPOBAHUS
He BBIXOAWJIO 3a JMHAMUYECKHil juanas3on ckanepa. Touka ¢ xoopaunaramu (0,0) sBisiercs
IIEHTPOM OKHA CKaHWPOBAaHUs MaKCHMAJILHOTO pas3mepa. [Ipm BBIOOpEe 3TOro OKHA 3HATEHUS
Xo n Yo aBTOMATHUYIECKU TMPUMYT MUHUMAJIbHBIE 3HATCHUSI.

e ucJI0 CTPOK — YHCJIO CTPOK B M300PakKeHUuU. DTO 110JI€ HEJIOCTYIIHO JIJIsi HEIIOCPE/ICTBEHHOIO
n3MeHeHus. J{jisi m3MeHeHnsT 9uciia TOYeK B CTPOKe OTBeeHo moste “Hucesmo Toyek” B oOImmx
rmapamMerpax, & IucjIiO CTPOK PACCIUTHIBAETCS MUCXO/S U3 COOTHOIIEHUsI TapaMEeTPOB MIUPUHBI
U BBICOTHI.

e Hamnp-e ropus. passepTku — HalpasjieHre ObICTPOro CKAHMPOBaHUs (CTPOYHON Pa3sBEPTKU) B
rI00aJIbHBIX KOODIUHATAX.

e Yucjio ckanos — YKa3bIBa€T CKOJIBKO Pa3 CKaHHUPOBAThb INOBEPXHOCTD. Ecsz B moste crour 0,
TO CKaHHPOBaHHUE 6y,ZLeT IIPOJOJIZKATBCA, IIOKa Ber camu ero me ocranosure.

e OTKJI. BEPT. pa3BepTKH — OTKJIIOUYEHUE BEPTUKAILHON pa3BepTKu. IIpu OTKIIOUEHHON BEpTH-
KaJIbHOI pa3BepTKe JBUKEHUE 110 MEJIJIEHHON OCU He TIPOUCXOJIUT, XOTS B OKHE CKAHUPOBAHUS
CTPOKa OyIeT MpOoJ0JIXKaTh JBUraThCs. Fciu obpaser; ¢ TedeHrneM BPEMEHU He MEHSIeTCsl, TO
KapTuHKa Oymer craTudHa (BCe CTPOKHU OyIyT OJUHAKOBBI), €CJIU YK€ HA IIOBEPXHOCTHU IIPO-
UCXOJIAT KaKue-TO M3MeHeHus (HalpuMep, pacTer CTYIEeHb KPUCTAJUIA), TO UX MOXKHO Oyier
BHUJETH B pa3BepTKe 110 BpeMenu. [Ipu sTom Bce Kaapbl OyayT pHCOBATHCS B OJHOM HAIIPaB-
JICHUU MeJJIeHHOH pa3BepTKHU.

e Bepr. pa3B. BBepx — HaIpaBjeHUE MEJJICHHON Pa3BEPTKH. B KOHIIE KAXKJOTO KaJIpa MEHSIETCS
Ha IIPOTUBOIOJIOXKHOE.

B aByx pamrax — Kanan 1 u Kanan 2 — crpynnupoBaHbl TapaMeTphl I IEPBOTO U BTOPOTO
n300parKeHu, OTHOCAIIIXCS K OJHOMY W TOMY K€ IPOXOJy TOBEPXHOCTU. BHyTpm obemx pamox
JIOCTYIIHBI [IOYTH OJUHAKOBBIE [TAPAMETPHI.

e Brumajaromuii crimcok, cocrosmuit u3 myHKToB Boicora, OTkionenue, Tpenne u Jpyrux TH-
OB JaHHBIX (B paMKe 2-I0 KaHaJjla KpOMe TOro elle ecTb BapuanT OTKIIIOYeH), 3a/1aeT THIL
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JIAHHBIX, KOTOPBIe OY/IyT 3alncanbl B H300parkennn. BricoTa — BBICOTA MOBEPXHOCTHU, PABHAS
¢ TOYHOCTBHIO JI0 3HAKA OTKJOHEHUIO cTosimka. OTKJIOHEHNEe — OTKJIOHEHHUE JETEKTHPYEMOIO
CUTHAJIa OT OIOPHOro 3HadeHus . Tpenme — B pexkxume ACM curHaji rOpu30HTAIBHOIO OT-
KJIOHeHUs Jyda Jasepa co ceeroguoga (PACM). MHTEHCUBHOCTD — CyMMAapHBIA CHI'HAJ CO
cseroauoga (ACM, PACM). OrkiioHenue 2 — CUrHAJ BEPTUKAJBLHOIO OTKJIOHEHUS JIyda Jia-
zepa (B pexkume ACM on cosuagaer c¢ curnajgom Orkionenue, B pexxume PACM curmas
Orkitonenne 6epeTcst co CpeHeKBaJAPATUIHOroO Jerekropa), Paza — curnasn ¢ dazoBoro me-
rekropa (PACM), ®@aza* — conpsikennas dasa, [IpoBOIUMOCTh — CHIHAJ TPOBOJUMOCTH,
Kanas 6,7 — momosHuTE/IbHBIE KaHAJBI JaHHBIX. KCnm Ha cepBepe BKJIFOYEHa, BO3MOXKHOCTH
CHSITHS TAHHBIX C JIONOJHATEIHHOTO yCTpoiicTBa, mojakaodenaoro Kk COM-mopry, To B criucke
TaK YKe MOFBUTCS TUIM JAaHHbIX Auxiliary — JaHHBbIE ¢ BHEIHETO YCTPONRCTBA.

[Tomumo 3THX TapamMeTpoB, Ha 3akjajake OOIe B 3aBUCHMOCTH OT BHIODAHHOI'O PEXKMMa CKa-
HUPOBAHUS MOT'YT IOABJIATHCS €Ille HECKOJIBKO ITapaMeTPOB.

B mammoit Bepcum mporpaMMHOrO OOECIIEYeHNsT PEATN30BAHBI CJIEAYIONINE PEKUMbBI CKAHUPOBA-
HUS IIOBEPXHOCTU:

e Tomorpadus — OOLITHDIN PEXKUM CKAHUPOBAHUsT TOBEPXHOCTH. JIOCTYIIEH BO BCEX TPEX PEeXKU-

Max paborsl Mukpockona CTM, ACM u PACM.

e JIBOIiHOII IIPOXOJI — PEXKUM CKAHMPOBAHUSI IIOBEPXHOCTH C IIOBTOPHBIM IIPOX0/I0M CTPOKU. [la-
paMeTpbl OOPATHOI CBsI3U JIjIs BTOPOI'O IIPOXOa 3aJaf0TCs Ha 3akKjaJjke JIBOHHOI IpOXO.I.
Kpowme Toro, na 3axmaake OO6Ine MOSIBISIOTCS JIBE JOMOJHUTENIbHBIX METKH ‘“2if ckaH” — 1o
OHOM JJIsT KaXKJI0TO M300paskeHusi — IMO3BOJISIONINE BHIBOAUTH B OJHOM M3 KAHAJOB M300pa-
JKeHUs JTaHHbIe, TMOJIYIeHHbIE BO BTOPOM IIPOXOJE CTPOKH.

e Ilepemexkaronuiicss — pe;KUM CKAHUPOBAHUS C IIOBTOPHBIM IIPOXOAOM CTpOKHU. Ha nepsom mpo-
XOJIe PErUCTPUpYeTCs Tororpadust MOBEPXHOCTH, 8 Ha BTOPOM HIJIA JIBUKETCs BBIIIIE IIOBEPX-
HOCTHU Ha BEJIMYMHY CMEIIEHUs 110 BEPTUKAJIN, 33/laBaeMoro Ha 3akJjajike lepemerxaronuiics
U MIOBTOPSIET MPOMUIIb, CHITHINA IIPHU IIEPBOM Ipoxoe cTpokn. OTpHUIaTeIbHOE CMEIEHNe COo-
OTBETCTBYET VJAJEHUIO 30H/a OT IMOBEPXHOCTU. B 3ToM pexume Ha 3akiajre OOrue mosis-
JIATOTCS B€ JOTOJHUTEILHBIX MeTKH “Ilepemerkatomuiicsa” — 1o OgHOM I KaXKI0T0 M300pa-
JKEHUsI — IO3BOJISIONIE BHIBOAUTH Ha U300paskeHue Pe3yJibTar MOBTOPHOIO IIPOX0Ja CTPOKHU.
DTOT PEXKUM HCIIOJIb3yeTCsd B MAarHUTO-CUJIOBOM MUKPOCKOIIMHU M 3JIEKTPO-CTATUIECKON CHJIO-
BoIi MuKpockornuu. Ha mepBoM mpoxojie CHUMAeTCsl Tonorpadust IOBEPXHOCTH, & Ha BTOPOM,
3a CYEeT OTBOJIA 30HJIa OT MOBEPXHOCTHU, UCKI/IFOYAETCS MEXaHUIECKOe B3ANMOJECTBIE 30HIA C
00pas3IoM, U PETUCTPUPYIOTCSI MATHUTHBIE WA JIEKTPO-CTATUIECKHUE CHJIBI.

e C 0TBOZIOM — pEXKMM CKAHHPOBAHUS C MOBTOPHBIM IIPOXOA0M Kajipa. CKaHWpOBaHUE MOBEPX-
HOCTH IIPOXOJIUT B JBa Tana. Ha mepBoM 3rame CKAaHUPYeTCs BRIOPAHHOE II0JI€ C PErUCTpaIiieit
BBICOTHI IIOBEPXHOCTHU B IPSIMOM M OOPATHOM HAIIPABJIEHUH IPOXOXKIeHus crpoku. Ha BTopom
3Talle 30H]1 JIBUXKETCS 110 IIJIOCKOCTH, COOTBETCTBYIOIIEI Cpe/lHEMY HAKJIOHY TTOBEPXHOCTH, BbI-
YHUCJIEHHON METOJ0M HAaMMEHBINNX KBaJPaTOB HA OCHOBE JIAHHBIX IIEPBOIO dTalla, U CABUHYT
OTHOCHTE/ILHO Hee Ha BEJIUYIUHY CMEIeHusi, 3a1aBaemMoro Ha 3akiaake C orBomom. Orpura-
TeJIbHOE CMeEIlleHNEe COOTBETCTBYET YJAJEeHUIO 30H/1a OT IIOBEPXHOCTH.

e Jlurorpadus — pexkwum smrorpacdun. JIlurorpadus MOKET BBHIIOIHATHCS TPEMs CIOCODAa-
Mmu: siurorpadust 3oux0M (Boicora), surorpadus nanpsikennem (Hanpsizkenwe) u smrorpa-
dust momynsmeil onoproro 3uadenus (Ycraska). Ha sakiaznke Jlurorpadus Beibuparorcs
n300pakeHne-MacKa, PeXXUM JINTOrpadun U IapaMeTpbl BO3IEHCTBUs HA IOBEPXHOCTH. 1lpu
HaXKaTUU Ha KHOIKY “Boibpars” nossiserca okHO BbiGOpa uzobpaxkenusg-macku (puc. 2.13).
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BriGop Macky nuTorpagmm B

Kaonua N1 aadina HELICK
|Konua NeT patina HELICT

Britpars I OTreHa |

Puc. 2.13. Boeibop macku simtorpadumn.

Eciin pasMepbl MacKu He COBIAJIAIOT C pa3sMepaMy CKaHUPYeMOH o6s1acTu (B TOYKaX), TO Mac-
Ka OyJ1eT COOTBETCTBYIOIIMM 00pPa30M CXKAaTa UJIN PACTAHYTA. SHAUEHUS BBICOTHI MACKU OyIIyT
[IPOHOPMUPOBAHBI OT MHUHUMYMAa [0 MAaKCHMyMa COIVIACHO BBICTABJICHHOMY 3HAYCHHUIO MaC-
mraba. [Ipyn mcmopb30BaHUN CITOXKHOM MACKHU JIVUINTE 3apaHee M03abOTHTCS O ee pa3Mepax u
JIMHAMUYECKOM JTHAIIA30HE.

Pexkum “Boicora” peanusyerca B ACM. Takag surorpadus npoxoqur B jaBa srana (Kak B
pexkume “C orsogom”). Ha niepsom srane cuumaercs npoduiib nosepxuocru (Boicora) B ps-
MOM ¥ 0OpATHOM HampaBJieHUH. 110 9STUM JAHHBIM BBIMUCIISIETCS TIIOCKOCTH CPETHErO HAKJIOHA,
ITOBEPXHOCTH, K Heil jgobaBiisiercsi mpomaciirabupopantas or 0 g0 “Macirraba’ macka ¢ 3a-
maHabIM cMemenneMm “Cuemnenne”. TTomoykurenbHOe cMeIeHne o3HaYaeT MpUOIMyKEHNe 30H-
Jla K moBepxHOCTH obpasna. Ha BTopoM sTarie 30H]T JBUMKETCs 10 TIOJIYY€HHON TOBEPXHOCTH,
MIPOJIABJINBAsT PUCYHOK MacKu. Takast mrTorpadus MOXKeT ObITh OCYIIECTBIICHA He Ha BCEeX Io-
BepxHOCTsX. Hanmmydmum o6pa3oM Jijist Hee MOJIXO/IAT MITKIE MATePUaJIbl, HAIIPUMED, MHOTHE
[oJTMMEpPHBIe IIeHKH. [loMHMTE, 9TO juTorpadust Ha YKECTKUX KPUCTAJIMIECKAX TOBEPXHO-
CTSIX MOXKET IPUBECTH K 3aTYILJICHUIO U ITOJIOMKE UIJIbI!

Pexum “Hanpsizkenne” peasnmsyercs npu pabore B CTM. Ilpsamo Bo Bpemsi CKaHHPOBaHUs
noBepxaocTu Ha LIATl TyHHEIBHOrO HAIPSKEHUsI TIO/IA€TCsI JIOMOJIHATEJbHBIN CUT'HA — IPO-
buIh CTPOKHU, B3ATHIN 13 Macku m300paxkenusi. [1oj1 jeiicTBHEM 3TOr0 HAIIPSIXKEHUST ITPOUCXO-
JIUT 3JIEKTPO-XUMUYIECKOe TPaBJIEHNE TIOBEPXHOCTH 00pa3ia. Takas jsimrorpadus MOXKeT ObIThH
OCYIIIECTBJIEHA HE HA BCEX THUIAX MoBepxHOcTel. Hawmmydammum obpa3om Jjist Hee TMOIXOIAT TH-
TaH, AJIOMUHWA, TpaduT.

B pexume PACM Tak:ke MOXKHO IpOBOIUTH Jurorpaduio tuma “Ycraska’. B atom pexu-
M€ TEeKyIlee OIOPHOE 3HaYeHNe ODPATHOM CBA3U M3MEHSIETCS B COOTBETCTBUU C MACKOM, 9TO
[IPUBOIUT K HEPUOIUIECKOMY BO3HUKHOBEHUIO OOJiee ILIOTHOTO KOHTAKTA WIVIBI ¢ 0OPA3IoM.
Kak u B ciayuae pexxuma “BoicoTa” rpaBUpOBKa MOBEPXHOCTU BO3HUKAET B PE3ysabTaTe Me-
XaHUYECKOr0 KOHTaKTa ¢ 30H10M. COOTBETCTBEHHO, IOBEPXHOCTD JOJIXKHA, OBITH JIOCTATOYHO
MATKOHA.

3akaaaka Ocruiniorpad

B sroMm pexkmme MHUKPOCKON MPOJOJIKAET CKAHUPOBATH, HO JAHHBIE, KOTOPBIE OH IOJTYyYaeT, BbI-
BOJIATCSI HE B BUJIE IIBETOBOI KapThI, & B BUJE MPOMUIsT TEKyIIei CTpoKH, Kak Ha ociuiorpade. Ha
9TOM 3aKJIaJIKe COOPAHBI TapaMeTphl PaboThI ociimiorpada:

e Kanan 1, 2 — Tun maHHBIX, 0TOOpaXkaeMblx B OKHaX ocnmuiorpada. Moxer 66ith BricoToit,
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OTKJIOHEHNEM CHTHAJIa OOPATHOI CBA3W OT ONOPHOIO 3HAYEHHs!, WM OJHAM U3 CHIHAJIOB CO
sroporo AIIII (ocrasbHble 3HAYEHNS).

e OTkJ. 00p. CBsI3b — OTKJIOYeHHE 0OpaTHOi cBsi3u. [Ipu ycraHoB/IeHHOM hjiare OmopHoe 3Ha-
qeHre O0PATHOI CBA3M W 3BE€Hbs Oy/IyT ycTaHOBJEHBI B 0, YTO ybepeT CMelleHne U3 CUrHAJA,
omuOKN 0OpaTHOI CBsI3U U 3aDUKCUPYET IIOJIOKEHNE KAHTUJIEBEPA.

3akaaaka Moayistusa Z

B pexxume mopynsaium Z Ha Z-KOOPAWHATY TOJAETCS OJUH U3 BHIOPAHHBIX TMPOMUIIEH — UMITY Th-
Chbl, TPEYTrOJIbHBIN POQMUIb, CUHYCOUIA MM IOJb30BATEILCKUN. AMIUINTYIa CUTHAJA [PU ITOM
mactrrabupyercs ot 0 J10 3aaHHOrO 3HaYeHus ‘AMIIATYIa”. DTOT PEKUM IIPEJIAraeTCsl UCIIOJIb-
30BaTh JJjIsl IOI00Pa ONTUMAJIBHBIX [IAPAMETPOB 00PATHOI CBsi3u. B OKHe CKaHUPOBAHUS TIPU ITOM
KPaCHBIM [BETOM HOKA3bIBAETCsI HPOMUIb UIEAILHOIO OTKIUKA (€Cu BHIOPAH TUIl JAHHBIX BbICO-
Ta).

(] AI\/IHJH/ITy,Ha — aMIIATyJda IIPAMOYTOJILHOTI'O UMITYJIHCA.

IIpoduns — dopma npodus, mogaBaemMoro Ha Z-KOOPIUHATY.

Kanau 1, 2 — THun JTaHHBIX, OTO6pa)KaeI\/IBIX B OKHaX CKaHUPOBaHUA.

e Yuciio CKaHOB — KOJIMYECTBO IocJieZIoBaTeJIbHO CHATBHIX KPUBBIX.

Bakiaaka IMouck pesonanca (pexkxum PACM)

B sToM pekmme TPOXOIUT HACTPOKA HA PE30HAHC KAHTUJIEBEPA JUIsl JIAJIbHEHINero mpoBe/ie-
nust usMmepennit B pexkume PACM. s 9T0oro cHUMAOTCs 3aBUCUMOCTH cUrHAJIOB OTKJIOHEHUE U
®a3za OT YACTOTHI BHIHYXKJIEHHBIX KoJiebanuili kanrujesepa. [lapamerpor Crapt u Pasmep 3amaror
[IEPBOHAYAJIBHYIO BEJIMUUHY PAa3BEPTKU. B pexkruMe aBTOMATHIECKON HACTPONKYN TpOrpaMMa CHAMa-
€T KPUBYIO OTKJINKA, BRIOMPAET CaMbIil CUJIbHBIN PE30HAHC, MOJACTPAMBACT AMILIATYIY MOIYJISIIAN
TakuM 00pa3oM, YTOOBI 3HAYEHWE CUTHAJIA B PE30HAHCE PABHSJIOCH 3HAYEHUIO, 3aJJaHHOMY B TIO-
je “Amiut. pes.”, u ymenbinaer pasmep passeprku. (cMm. 2.2.4). CyzkeHue pa3BepTKU HIET 0 TeX
10D, IOKA 3HAUEHNEe CUTHAJA B MAKCUMYMe He Oy/IeT PABHO 33/JaAHHOMY 3HAUEHUIO (B IIPEJIEIaX YPOB-
Hg nryma). [ocsie HaxX0KIeHs PE30HAHCA ¢ MAKCUMAJILHO BO3MOYKHON TOYHOCTBIO, MOACTPANBACTCS
daza curaasia TakuMm 06pa3oM, ITOOBI B MAKCUMyMe (pa3a OTKJINKA ObLIa paBHA HYJIIO U UMEJIa OTPHU-
[ATEJHHYIO TTPOU3BOHYI0. B pyYHOM pekuMe CKAHHPOBAHME MPOU3BOIUTCS HEMPEPBLIBHO, HA OKHE
CKAHUPOBAHUSI TOJIH30BATENb JIBYMsI BEPTHKAJIHHBIMA METKAMHU BBIOMPAET HYKHBIH PE30HAHCHBIH
vk (puc. 2.14) n Hazkumaer KHonKy Zoom In =3 IIporpaMma BBICTABJISIET MIPEIE/TbI CKAHUPOBAHUS
10 TUM YKa3aTeJsiM U MEeHsIeT aMILIATY/y MOLYJISIUU TaK, YTOObI 3HAYEHNE CUTHAJIA B MAKCUMY-
Me B BBIOPAHHOM J(MAIa30He PABHSIOCH 3aJaHHoMy B noje “Amiut. pes.”. Eciu B merio Scan/Tune
by... Beiopano Amplitude, To HaCTpOKa YACTOTHI TTPOU3BOIUTCS HA MAKCUMYM AMILIATY/IBI; €CJIH
BuIOpano Phase, To HacTpoiika Mpon3BOaNTCSA Ha 00JaCTh MAKCHMAJIBLHOTO HAKJIOHA (Da3bl.

Vuarure, 9TO HYJIEBOI YPOBEHB IIPOIPAMMA BBICTABJISIET ABTOMATUIECKH 110 TIepBoMy cKany. [lo-
9TOMY, €CJId HACTPOMKa 3allyIlleHa C OYeHb Y3KUM JIUAIIA30HOM BOJIM3M PE30HAHCA, HOJIb OYIET BbI-
CTaBJIEH HEIIPABUJIBHO, U IIPU MIOICTPONKE AMILITUTY Il MOJLYJISIIIAN Oy/IyT 33/1aBAThCs HEITPABUJIbHBIE
gHadenusi. ITobbl n36eKaTh ITOT0, BCErJa HAYNHANTE HACTPONKY HA PE3OHAHC € IMIUPOKUM HAYA Th-
HBIM guanazonoM (200 — 500 KT'm).
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Tuning[Deflection]:1
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Puc. 2.14. Hacrpoiika Ha pe3oHaHC.

Baknanku It(Z) (pexxum CTM), F(Z) (pexxum ACM), D(Z) (pexxum PACM).

Ha 5THX OZMHAKOBBIX [0 COCTABY IIAPaMETPOB 3aKJIAKAX 33aeTCd JUAla30H CKaHUPOBAHIS
KPUBBIX 3aBHCHMOCTell Toka oT BbicoThl B pexxume CTM It(Z), curer or Boicotsr B ACM F(Z) n
AMILTUTYIbI KOJe0aHnil KaHTHIeBepa oT BhIcOTHL B pexkume PACM D(Z).

Baknanka It(Ut) (pexxum CTM).

Dra 3aKJajKa UCHOIb3YETCst JJisi OBICTPOro 3aJaHusl JUAla30HA CKAHUPOBAHUS 3aBHCHMOCTH
Toka oT Hanpsikenus B pexkume CTM It(Ut).

3akaanka Kpusbie

Ha sToi1 3aK/1a/71Ke 3a7a10TCSI TapaMETPHI CHATUS 3aBHCUMOCTEN — CIIEKTPOCKOINYECKIX U3Me-
penuii. MOXKHO CHATH 3aBUCHMOCTH OJHOIO WK JBYX BbhiOpanubix curnajoB (Kanan 1 u Kanasn 2)
OT OJIHOTO WJI JIBYX APTryMEHTOB. APryMeHTHI 3a/Ial0TCsS C IOMOINBI0 coorBercTByomux [IAIlos
— Buricora, Tyuuenbaoe mampsizkenue, Temmeparypa, Koarpostep 1 u 2. Ecim 2-it aprymenT He
OTKJIIOYEH, TO Pe3yJIbTATOM CKAHUPOBAHUSI OyJIEeT JByMEpHOe N300parkeHNe, B IPOTUBHOM CJlydae —
KpHUBasi.

3akyaaaka JIomoJaHUTEIbHO...

Ha sroii 3akajKe MOKHO 3a/IaBaTh 3HAYEHUS JIOMOJHUTEbHBIX yeTpoitctB — aByx [TATlos u
refepaTopa 4acTOTHI.

2.2.5 CkaHupoBaHHE ITOBEPXHOCTU

Korna ycramnosiieHo coequneHne ¢ cepBepOM, BLIOpAH PeKUM PabOThI U 33IJaHbI BCE TTapaMeTPhI,
MOXKHO HadaTh pabory. [1o3yHOK, HAXOISIMiiCs B IIEHTPE OKHA ITapaMeTpPOB CKAHUPOBAHUSI, TOKa~
3bIBaET BBICOTY 30HJA HAJl MOBEPXHOCTHIO. IIpy mpaBMiIbHBIX mapaMerpax OOpaTHOIl CBsA3U, KOTJA
obpasert He MTO/IBE/ICH, MOI3YHOK JTOJI2KEH HAXOIUTCS B KPAlHEM HUKHEM IOJIOXKEHUH.

3arpys3ka nporpamMmsbl miaatel DSP

C nomompro komaael MeHto C3M/ 3amyck,/ 3arpyska BBIIOJHSIETCsT 3arPy3Ka [IPOrPAMMBI B
mwiaty DSP. 91y oneparuio He0O6X0IMMO BBIIOIHSATD IPYA KAaK/I0M BKJIIOYEHUH SJIEKTPOHHON YacTH
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MHUKPOCKONa. OOBIYHO 9Ty ONEPAINIO BBHIIOJIHSIET OLEPATOD CEPBEPA, HO MOXKET CAEIATh U YIaJIeH-
HBII IOJIL30BATEJD.

YcraHOBKAa CMelIleHu:dA HYJIA

[Toka obpaser; HaXOUTCS B OTBEJIEHHOM COCTOSIHWM, HY>KHO BBICTABUTH HOJIb CUTHAJIA OIIMOKU
obparnoii ceaszu (Deflection). Do mesmaercs BbIOJHEHNEM KOMAHbI YCTAHOBKA CMEIIEHUs , KOTO-
pag pacuosioxkena B MeHro C3M/ Crapr. D10 Ke MEHIO JOCTYIHO 110 HAXKATUHM HA KHOIKY @ B
JaJbHeRIeM, Koraa OyIeT FrOBOPUTHCA O MEHIO 9TON KHOIIKH, IIOMHUTE, 9YTO OHO PABHOCHJIBHO MEHIO
C3M/ Crapr.

VcraHoBKa cMeleHust HyJisi 0cOOeHHO BaxkHa B pexkuMe ACM — npaBujibHOe 3HAYEHUE TIO3BOJIUT
B JaJibHERIeM, noc/ie KaJubpoBKU 1y BCTBUTEILHOCTH 110 KPUBOH mojsojga-orsoga F(Z), sagasars
IPABUJIbHYIO CUJIYy B3aMMOJIENCTBUS KaHTHUIEBepa ¢ 00pas3nomM. B 1pyrux pexmmax yCTaHOBKA CMe-
[IEHUsI TaK YK€ IOBBICUT TOYHOCTH 3aJaHUsl OLIOPHOIO 3HAYEHUsI OOPATHON CBS3H.

IloaBon k obpasity

TozBo1, 3aIycKaercst KoManoii Menio kuonkn & / Tloxsoy,.

[Tocse 3amycka KOMaHIbI TIOABO/IA, B OKHE ITapaMETPOB CKAHMPOBAHUS HAYHET YBEJIUINBATHCS
3HAYEHUE CUETINKA [IAr0B, MOKA3BIBAIOIEE, Ha KAKOe PACCTOSTHUE CIBUHYJICS 00pa3erl OTHOCUTEIHHO
[TOJIOXKEHUs, B KOTOPOM OH OBLI B HadaJie JIAHHOIO IOJIKJII0YeHus. Korja mojBoJl AefcTBUTEIBHO
3aBEPIIUTCs, TO WHIUKATOD TOJOXKEHUs OyJeT yKe He B KpailHeM HUYKHEM COCTOSIHUH, & TJe-TO
rocepeinbe. Eciu »Ke MMOJBOJI HE IIPOU3OIIEST, 8 MUKPOCKOII IIPUHSLI 38 HEro CJIyYaiHbIi [1yMOBON
BBIOPOC B CUTHAJIE, TO WHIUKATOP OCTAHETCS BHU3Y.

Ecsin obpazen 6bur mogasenen Ha Gosbmoe paccrosuue (06prano 100 pm), a obparHas CBs3b
Tak u He cpaboTaja, TO TMOSBUTCS COODIIEHWE O HEYJATHON MOIBITKE IMMOJIBOJA C MPEJJIOYKEHUEM
nponoskuTh moasox. Orsersre Ok.

Hauagno CKaHUPpOBaHUA

Ecyin mpowsormest yiadnblii 01BO, MOYXKHO HAYMHATH CKAHUPOBAHME. DTO OCYIIECTBJISETCS KO-
MAHIOH MEHIO KHOIKH & / Z(X,Y) . Ilocste BBINOIHEHNUS STON KOMAH/IbI B 3aBUCHMOCTH OT YCTAHOB-
JICHHBIX 11ADAMETPOB IOSBUTCs OJHO WIM JIBa OKHa cKaHupoBauusd (puc. 2.15). ITo uzobpakenuio
[IepeMeIaeTcs IJIaHKa, TOKA3bIBAIONIAs TEKYIILYI0 CTPOKY CKaHupoBaHusd. [Ipu nmosydenun ouepes-
HOTO M300pasKeHust, OHO MOXKET ObITh ABTOMATHIECKN OTKPBITO B HOBOM OKHE, & MOYKET OBITH IIPO-
urnopuposano (pazzgen 2.2.11). Ilociie TOro, Kak CHATO OYepeIHoe M300parKeHue, CKAHMPOBAHUE
[IPOJIOJI?KAETCS B TOM K€ OKHE B OOpaTHYIO CTOpPOHY. B TO BpeMmsi Korja mieT CKaHupoBaHWe, BbI
yKe Mo¥KeTe 00pabaThIBATL OTCHATHIE M300PAKEHMSI.

Nsmenenue pa3dMepoB OKHa CKaHUPOBaHUA

C nomomipto koman s MeHio Ckanuposanue, Ipubnusuts n Ckanuposanue, YIaJIuTh WId KHO-
10K % 11 /¥ MOXKHO yBEJIMUMBATE MM yMEHBIIATH PA3MEPhl yIACTKA CKAHUPOBAHHS! (€CIIH Pa3Mephl
TEKYIIEro y4acTKa 3TO MO3BOJLIOT). s yMeHbIIeHus BhIGEpUTE HYKHYIO YaCTh IIOBEPXHOCTU U
naxxkmure [Ipubsmsurs. HoBoe n3obparkenue Oyner cOOTBETCTBOBATH BHIOpAHHOMY y4acTKy. s
YBEJIMYeHNsI BBIOEPUTE yIaCTOK IIOBEPXHOCTH, KOTOPOMY OyJIeT COOTBETCTBOBATH Ha HOBOM HM300pa-
JKEHUH TeKyIllee OKHO, U HaXKMHUTe YaauTh. CKanuposanue OyaeT IPOIOJIZKEHO B TEKYIIEM OKHE,
HO ¢ HOBBIMU TlapamMerpamu. OHOBPEMEHHO M3MEHSITCsI YCTAaHOBKU B OKHe llapamerpsr.

V4acTKu BCerjia BBIJIEISIOTCSA C TeM K€ COOTHOIIEHNEM CTOPOH, KaK y TEKYIIEero KaJjpa.
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Puc. 2.15. CkanupoBanue moBepXHOCTH.
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CMeH_IeHI/Ie OKHa CKaHUPOBaHUA

st Toro, 9TOOBI TIEPEMECTUTH OKHO CKAHUPOBAHUS B JIPYTO€ MECTO, BHIOEPUTE KOMAHY MEHIO
CkanupoBanue,/ YCTAHOBUTD CMEIIECHUE UM HAXKMUTE KHONKY & 1 Boibepure KOMaHIy YCTAHOBUTD
cmerrenne. Kypcop mpumer Bug mutieru. [Ipunenbrech um Ha TO MecTO, Tie OyIeT MeHTP HOBOTO
n300paKeHnsl, ¥ HAXKMUTE JIEBYIO KJIaBuIry Mo, CKaHnpoBaHue OyIeT MPOIO/IZKEHO B TEKYIIEM
OKHE, HO ¢ HOBBIME Hapamerpamu. OIHOBPEMEHHO M3MEHSITCSl YCTAHOBKY B OKHe [lapamerpsi.

Ilepe3amnyck ckaHMpOBaHUS

Eciin 1o xakoili-ro npuumHe Bbl XOTHTE MMOIYyYUTHh HOBYIO KAPTHHKY TOIO y4YacTKa, KOTOPBIA
ceifyac CKaHUPYeTCsl, He JOKUIAsCh OKOHYAHMS TEKYIIEro CKAHUPOBAHUS, HAXKMUTE KHOIIKY U wm
Q. D1y xe KOMaH/IbI JOoCTYIHBI 13 MeHio CkanupoBanue — 310 Ilepesamnyck Csepxy u [lepesamyck
Cuuszy.

IloacTpoiika 1moJIo2KeHus CTOJIUKA

Eciiz Bo Bpemsi CKaHWpOBaHUS U3-38 TEMIEPATYPHOIO jpeiida WIN M0 KaKUM-IH00 eIle Ipu-
qrHaM 00pa3er] OTOIIE I CAUIIKOM TAJIEKO, WJIM HA0DOPOT, 30H, HAYAJ 3aJI€BaTh 33 IMOBEPXHOCTb,
TO 06pas3er, MOXKHO IIOJBUHYTH € IIOMOIILIO KOMAHJI IOIIAr0BOr0 0ABOA,/0TBOAa. Jjis 3Toro ecrh
KHOIIKY 2= 1 2=. Briro/memme sTix KOMaH/, llepeMeliaeT CTOJIMK Ha OJIMH IIar II1aroBoro JBUTaTesIsd
BBEPX WJIA BHU3. Y YUTHIBAATE, YTO ¥ MEXAHUIECKON CHCTEMBI BCETIA CYIIECTBYET HEKOTOPDI JIIOMT,
U [IPU IIePBBIX IIarax lepeMelleHns CTOJIMKa MOXKeT He IIPOU30HTH.

OcranoBka CKaHUPpOBaHUA

YT06BI OCTAHOBUTH IIPOIECC CKAHNPOBAHUS, HAXKMHUTE KHOIIKY U BBIOEpHUTE KOMAH/y MEHIO
C3M/ OcranoBuTb. Y4THUTE, YTO BO BPeMsl CKAHMPOBAHUA OKHA CKAHUPOBAHUS 3aKPBITH HEJIb34.

BrikiodyeHne nuTaHusd MIaroBoro ABUrarTeJjis

oy

IIuranune marosoro JABHUT'aTeJId MOZKeT OBITHL OTKJIIOUCHO KHOIIKOH ¥=. OTa KHOIKA IOSBJISCTCS
Ha ITaHE/JIX UHCTPYMEHTOB, TOJIBKO €CJIM Ha CEpBEPE pa3pelieHa TaKasd Oolepallus.

BricTphlit OTBOI UTJIBI

B mukpockorie ecTh BO3MOXKHOCTH OTBECTH WIJIY OT TOBEPXHOCTH ITPU TOMOIIU TbE30MaHUITY-
JIITOpa B KpaiiHee mojioxkerne. Kcim mocse 3Toro HadaTh OOBIYHBIN OTBOJ IIPU TOMOIIH IIIArOBOIO
JBUTATE/Is, TO MEHBIIE BEPOSITHOCTD MOBPEINTh 30H 1. OTBOJ, IPH MIOMOIIX [THE30MAHUILYIATOPA BbI-
HOJIHsIeTCS HAYKATHEM Ha KHONKY ==. [IIaroBblil BUTATENL IPH STOM HE TPOTAETCH, a IMPH JI000M
cJeyIoneM JeCTBUUA KHOIIKa aBTOMaTU4YeCKH OTKMMaeTCd.

2.2.6 Cudgrue 3aBucUMoOcCTEN

Pexxum ckarmpoBaHus 3aBUCHMOCTEH 3aBUCAMOCTD [TO3BOJISIET Oy IYUTHh 3aBUCHMOCTH CATHAJIA,
110 BBIOpAHHBIM KaHAJAM OT OJIHOTO WJIM JBYX apryMeHTOB. Hampumep, 9T00bI MOy IUTh B PEKUME
ACM zasucumocrs F(Z), nyxkHo Boibpars kanaia Orkionenne, u apryMent Z. IIpu 3amycke ckanupo-
BaHUsI OTKPBIBAETCSI OKHO, B KOTOPOM BBIBOJSITCS OTCHSITHIE KPUBBIE. 3€JIEHBIM IIBETOM BBIBOJIUTCS
pe3ysIbraT IpaMoro mnpoxojaa (1moasof), kpacabiM — obparnoro (orsox). Ilkasa aBroMaTudecKu
MacIITabupyeTcs: Tak, ITOOBI BCe KPUBBIE YMEIAJNCh Ha n300pakernn. Kcan B mapaMerpax CKaHU-
poBanus YucJI0 CKAHOB OTJIMYHO OT HYyJIsI, TO Oy/IeT OTCHSATO yKa3aHHOE YNCJIO KPUBBIX. Pe3ymbrar
CKAHUPOBAHUSI YCPEHSIETCs 110 YUCJLY MPOXOJOB O Mepe CHsTUsl KpUBBIX. Eciu jyist mapamerpa
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Yucio ckaHOB ycraHoBjeno 3uadenue (), TO yCpeaHEHUS He MPOUCXOUT, & CKAHUPOBAHUE IIPOJIOJ-
2KaeTCsl JI0 OCTAHOBKY I10J1b30BaTeeM KHoukoit & ninu komannoit menio C3M/ Ocranosuts. B aTom
CJIydae COXPAHSIETCsT TOJBKO PE3yJIbTAT MTOCIETHEr0 ITPOXOIA.

[Ipu cHATHH 3aBUCHMOCTH OT JIBYX apryMEHTOB, IOSBJISETCS OKHO, AHAJOIMYHOE OKHY CKAHU-
pOBaHMs MOBEPXHOCTHU, HO IO OCA X B HEM OTKJIAIBIBACTCS IIE€PBBI APTYMEHT, a 10 OCH Y BTOPOIA.
IIBeTrom mepenmaercs 3HAYCHNE BHIOPAHHOTO KAHAJIA.

2.2.7 Ocuunnorpad

Pexxum ocrmiimorpada 3armyckaercss BBIDOPOM KOMAaHIIbI MEHIO KHOIIKH & / Ocumtorpad. B
OTBET HA 3TY KOMAHJIy OTKPBLIBAETCS OKHO, AHAJOIMYHOE OKHAM CHSTHUS 3aBUCHMOCTEH, B KOTOPOM
110 TOPU30HTAJIBHON OCH OTJIOXKEHO BPEMSI.

Ha/o OTMEeTHTD, 9TO BCe KOMAH/IBI MCHIO KHOIKN & SIBISIOTCS B3AMMHO HCKJIOYAIONUMHE, T.C.
[P 3aIyCKe JIF0OOI0 HOBOI'O IIPOIECCa TEKYIINA OcTaHaBIuBaeTCs. [ljist TOro, 9T0o0bl yBUJIETH CUTHA
ocriorpada OJHOBPEMEHHO CO CKAHUPOBAHUEM ITOBEPXHOCTHU, MOXKHO BOCIIOJIL30BATHCS IIPOrPaM-
moit Fmboard.

2.2.8 Monynsauunsa Z

Pexxum momynanum 7 3amyckaeTcsi BLIDOPOM KOMAaHIbI MEHIO KHOITKHT < / Monynsimust Z. B
HEM Ha Z-KOOPIWHATY IMOJAETCsS C HEKOTOPOH aMILIUTYION M 9acTOTON OJWH U3 IpOodueil — uM-
IIYJIBCBI, TPEYTOJbHBINA TPOMUIH, WA CHHYCOUIA. DTOT PEKUM YIOOHO MCIOJIB30BATE JJIs TOI00Pa
ONTUMAJIBLHBIX TTApaMeTPOB OOpaTHOi CB3u. B OKiHe CKAHHPOBAHUS MPHU ITOM KPACHBIM I[BETOM
[OKa3bIBaeTCs UPOMUIIb UIeaIbHOINO OTKJIMKA (eCjau BbIOpAH THUIl JAHHBIX BbicoTa), a 3eJeHBbIM -
peanbHbIi TPOMUIb, KOTOPDLI 0TpabaThIBAET 00pATHAS CBSI3b.

2.2.9 ®oroauox (pexxum ACM)

KoMamia MEHIO KHOIKH & / @oroauoj| BHI3BIBAET OKHO, B KOTOPOM IIOKA3bIBAECTCS IIOJIOZKE-
HUe€ JIA3ePHOI0 IyYKa Ha (POTOMO/Ie U UHTEHCUBHOCTH 9TOTO IIydKa. DTa (DYHKIUS HCIIOJIb3yeTCst
B [IEPBYIO OYEpPE/b NIPU HACTPOIKe Jiazepa nepel ckanupoBanueMm B pexkumax ACM u PACM. Ec-
JII MOHUTOD HaXOJUTCsI PSIOM C MHUKPOCKOIIOM, TO yI00HO, risas Ha okHO Dorommoma, Bpamarh
HACTPOEYHBIE BUHTHI (POTOINOMA U JOOMBATHLCS XOPOIIETO TOMaaHus Ha HEro Ja3epHoro jgyda. B
MeHIo Bua MOKHO OTMETHUTH rajioukoil ctpouky HopMmMupoBaTh 10 MHTEHCUBHOCTH — TOT/IA OTKJIO-
HeHUe Jiy4a OyJeT HOPMAaJU30BATHCA C YIETOM €r0 MHTEHCHBHOCTU — IPU HU3KOW MHTEHCUBHOCTH
CUTHAJIa 9YBCTBUTEJILHOCTH He OyJIeT 1ajarh.

2.2.10 CHAaTUe KPUBBIX B TOYKE M300pa>KeHUsI

CHsATHE KPUBBIX B TOYKE CKAHUPYEMOTO M300parKeHUsl 3aIlyCKaeTcsi BBHIOOPOM KOMAaHJ, MEHIO
KoKy @ / F(Z) B..., D(Z) B... , It(Z) B..., It(Ut) B.... Kypcop upumer ¢dopmy Mmuienu, u mnpu
HAKATHU Ha, II0JIEe TEKYIIEro OKHA CKAHMPOBAHHSA MTPOM3OMIET 3aIlyCK CKAHUPOBAHMS 3aBUCAMOCTH
¢ Ha4aJIbHBIMU KOODJMHATAMHU, COOTBETCTBYIOIIUMHE 3TOH Touke. IlapaMeTpbl, COOTBETCTBYIONIAE
BBIOPAHHOMY PEXKHUMY, Oy/IyT aBTOMATHYECKH BBEJECHbI Ha 3aKJaJKe 3aBUCHMOCTD.

2.2.11 domosHuUTEJIbHbIE KOMaHIbI

[TomuMoO onrcaHHBIX BBIIE BO3MOXKHOCTEH, mporpamma PemtoCkan OHnalin comeput HabOp 10~
[TOJTHUTEJIbHBIX KOMAaH JjIst PA0OTHI ipr ckanupoBanny. OHU MO3BOJISIIOT BBIIOJHATE CIEIHATbHBIE
OIIepaIH IO YIPABJIEHUIO MUKPOCKOIIOM M HACTpOiike nHTEpdeiica.



I'naBa 2. Yupapiaeane C3M 44

Mepemnewenre obpasya

PaccToaHu9e, mKkm; m

@B

[I'Iepemec:'rmbl [ OTtreHa ]

Puc. 2.16. Menro st 66ICTPOro MOJIBOJIa U OTBOJIA 0OPA3Ia.

BricTpshlii mOoaABOA 1 OTBOI 30HIA

st 6BICTPOrO TepeMerneHnsl 30Haa (HAIpuUMep, JJis ero OTBOJa B KOHIE pafoThl) BOCHOJb-
gyitrecs komamgoi mento C3M/ Tlepemecturh obpasern. DTa KOMAHIa BBIIOJHAET II€PEMEINCHIE
obpasia Ha yKa3aHHYIO BeJIMIMHY BBepxX (K 30HJY) miu BHM3. B mnossusmemcs okue (puc. 2.16)
HasKaTHeM Ha KHOIKH HabepuTe HEOOXOAMMYIO JJIMHY MEPEMENIeHnsT 1 BHIOEPUTE HAIIPABJICHUE JIBH-
JKeHnns obpasria.

O6MeH coolIeHusIMU

st o6MeHa COODIIEHNSIMU C CEPBEPOM U OCTAJIBHBIMU KJIMEHTAMU HY?KHO OTKPBITH CIEIIAIHLHOe
okmo Yar. D10 MOKHO caeaaTh, ormerus myHKT OKHO yara B Merio C3M, min HAXKAB HA KHOIKY #.
B noste Ilojcoenunennble KIMEHTH OKHA JaT MOKa3bIBAIOTCS BCEe KJIMEHTHI, IO/IKJIIOUEHHbIE K CEP-
Bepy, B moJie McTopust — Bce coobrmennsi, KOTopbie Bbl oTpaBuin win moayduan. s nanucanms
coobmiennii cayut tperbe mosie (OTnpasurh coOBIEHNE), B KOTOPOM BBI MOXKETe BBECTH TEKCT
cBO€ero mnocjanus. Eciam 0HO npeHa3HatMeHO BCEM KJIMEHTAaM, MOJCOSIMHEHHBIM K CEPBEPY, HIPOCTO
HaXKMUTE BBOJI, U cOOOIIEHEe OyieT oTIpaBieHo. IToObl COODIIEHNE MOIIAI0 TOJBKO K HEKOTOPBIM
13 KJIMEeHTOB, BblenauTe ux B nosie Ilozcoeiiennble KIMeHTHI ¢ OMOIIbI0 Mblmu 1 KHotok Ctrl
u Shift, mocse ero Toxxe HaXkMuTe BBOA. Bee oTHpaBieHHBIE COOONIIEHNS MOSBIISIOTCS HE TOJBLKO Y
KJINEHTOB, K KOTOPBIM OHU OTIIPABJIEHBI, HO U B OKHE coobrennuii cepsepa Coobrienns.

PexxumMm coxpaHeHUs N300pa>keHUin

Korma Berl BeimosiHsieTe cKaHMpOBaHUE, ABTOMATHIECKYT OTKPBIBAIOTCS OJTHO MJIX JBa PAbOYNX OK-
Ha, B KOTOPBIX B PEKUME PEaIbHOIO BPEMEHHU BBIBOSATCH MOy 9aeMble n3obpakenus. Kak mpasuiio,
[IporpaMMa HACTPOEHA TAaKUM O0OPa30M, YTO IOCJE 3aBEPIIEHUs] 0YEPEIHOIO KaJipa CKAHUPOBAHUE
cpa3y 2Ke IIPOJIOIKAETCS B MIPOTUBOIIONIOKHOM HAmpaBenun. [Ipu 3Tom B paboumx OKHAX MPeJIbl-
JIyIue KapTUHKA ITOCTEIIEHHO 3aMEHsSIIOTCsI Ha HOBBIE. J[jisi paboThl ¢ OTCHATHIMU U300parKeHUsIMU
HY>KHO COXPAaHWUTb WX, B IMPOTUBHOM CJIydae ITU JaHHBbIE OyIyT 3a0bITHI 10 MEpe ITPOXOXKJICHUsT
CJIEYTOIIEro Kaapa. UToObl JaHHBIE COXPAHSJINCh W BBIBOIAW/INCH B HOBBIX OKHaX, B MeHi0 Cka-
HUPOBaHKUE HAIPOTHB TOJIsI 3aXBaT JOJKHA CTOATH Taj0dKa, 3TO PABHOCHJILHO TOMY, 9TO HAXKATA
KHomKa . DTy omepanmio HeoOX0IIMO TIOBTOPATE /IS KayKI0ro HHTepecylomero Bac Kajpa. AsTo-
MaTU3UPOBATH 3Ty MPOIEILYPY MOXKHO IIPH ITOMOIIY HEKOTOPBIX HACTPOeK. Kcjiu BhIOpAaTh KOMAHLY
mvernio C3M/ Ounuu KjueHra... , TO HOABUTCs OKHO, NOKazaHHoe Ha puc. 2.17. B Tpex HuKHUX
[OJIAX OKHA Bbl MOXKeTe BUAETh (U CKOPPEKTUPOBATDH IIPU HEOOXOAUMOCTH) UH(MOPMAIHMIO, KOTOPast
ObLIA BBEJIEHA MPU TOAKJIIOYEHHN K MUKpOCcKomy. O ToM, 9To 5T0 3a nHGOPMAIHS, HAIUCAHO B
pazzene 2.2.1.

Eciyin ormeueHo 1mosie ABTOCOXpaHeHue, TO BCe MOJIy YaeMble M300parKeHus OYIyT aBTOMaTHIECKU
3alUChIBATHCS HA JIUCK B KATAJIOT, YKa3aHHBIN B miosie [IyTh.

[Tapamerpsr BeipaBauBanme n MacmrabupoBaHue OTBEYAOT 3a TO, KaK OyIeT 0TOOparxKaTbCs
nadopMaIms B pabounx OKHAX CKAHHPOBAHWS IIOBEPXHOCTH W HE BJIUSIOT Ha caMmu jgaHubie. [lpn
BBIPABHUBAHUU CUUTAETCS CPEIHUAN HAKJIOH /I KaK/I0M CTPOKU M aBTOMATUYECKH BBIYUTAETCS U3
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OnLA KnveHTa =

Onuim | CoeamHerme | BesonacHocTs
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ABTOCOXpAHEH Oynn. npm cre ]
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MapareTp 3HaYeHMe
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Puc. 2.17. OxHO HaCTPOEK, OIPENESIONUX PaboTy MPOrPaMMBI C IIOJIYYaeMbIMA N300PaKEHUIMU.

nee. MacmrrabupoBanue MOJCTPANBAET I[BETOBYIO MIKAJIY OTJEJBHO IO/ KAXKIYI0 CTPOKY, TaK UTO
JIaHHBIE OKA3bIBAIOTCs “pacTsHYTHI Ha BECh IMAIa30H I[BETOB. PeKOMeHIyeTcsl MCIO0JIb30BaTh 00e
OIIINH, ITOCKOJIBKY TaKas 00paboTKa Jejaer n3o0parkenne Oojiee HALVISIHBIM U [TOIYEPKABAET MeJ-
Kue jerain. bes Hee MOXKeT OBITH TPYJIHO C MEPBOrO B3TJISIIA OIEHUTH KAYECTBO M300PaKeHNs.

[Tapamerpsr lyma. npu cmene namp-s, Jlyma. npu macmrabupoBanun u JyIr. mpu CMemeHnn
BKJIIOYAIOT PEXKUMBI, B KOTOPBIX y2Ke MMEIOIINecs JaHHble OYyIyT BBIBEJIEHBI B HOBBIX OKHAX IIPH,
COOTBETCTBEHHO, IIOBTOPHOM CKaHHPOBAHUU, U3MEHEHNH Pa3MEPOB OKHA CKAHUPOBAHUSI U CMEIEHUN
OKHA CKAHUPOBAHUS. JTO ITAET BO3MOXKHOCTHb HE MOTEPSITh JAHHBIE IIPU IPEXKIEBPEMEHHON CMeHe
00JIACTH CKAHUPOBAHUS.

NzmeHeHne nMeH cKaHUPyeMbIX (aiijioB

ITo ymom4yanuio orcHATHIM dailaM JAl0TC UMEHA B COOTBETCTBUU C MHMOpMaIueil, KoTopas
ObLiIa BBEJIEHA [IPU TIOJIKIIOYEHNN K MUKPOCKoIry (paszen 2.2.1). Eciu nmo Kakoif-To IpranHe HyKHO
U3MEHUTh UMEHa, 9TO MOXKHO ¢jiesiaTh Ha 3akjianke Coenunuenne B nojie Obpaserr. Homepa, npucsa-
uBaeMble ailyiaM, I3MEHSIOTCs B Tab/uIle Ha 3akiraiake [lapamerpsr.

Bxkirouenune 3BYKa

s nadopMHUPOBaHUS KCIIEPUMEHTATOPA O HEIOJIAIKaX IIPU CKAHUPOBAHUU IIPEIYCMOTPEHBI
3BYKOBBIE CUTHAJIBI, COODIIAIONINE O TOM, UTO 30H] CJUIIKOM OJIM3KO IOJOIIe] K 06pa3iry, Jimbo
HaobopoT, He JocTaeT 70 Hero. OTKIIFOUYEHNEe STUX 3BYKOBBIX CUTHAJIOB, JOCTYIIHO B OKHe Tekytue
IapaMeTphl IS 9TOr0 €CTh KHOIKA & (nm “@) Ecin munamuk, HApHUCOBaHHBIN HA KHOIKE, ITE€pe-
9EPKHYT, TO 3ByKOBbI€ CUTHAJIBI BBIKJIIOYUEHBI, B IIPOTUBHOM CJIy4ae BKJ/IIOYEHBI. ITOOBI M3MEHUTH
COCTOdHME KHOIIKM, IIPOCTO Ha;KMUTE Ha Hee.

2.2.12 OxkoHuaHue paboTbI

Kora sKcriepuMeHT OKOHUYEH, OCTAaHOBUTE CKAHUPOBAHUE U OTCOEIMHUTECH OT CepBepa, IoCJIe-
noBarebuo yopas ramouku B Menio C3M/ Toacoemunurnes Macrepom u C3M/ Tloacoeauuurs-
csg Kimenrom. [lpm 3akpeiTum mporpaMMbl BCce TEKYIIHE TapaMeTpPhl, a TakK Ke KaJauOpOBOYHBIE
KOHCTAHTBI, TIOJYIEeHHBIE C CEPBEPA, aBTOMATUIECKH COXPAHSIOTCS Ha BalreM KOMIbIOTEpe, W TIPHU
CJIEJIYTOIIEM 3aIlyCKe IIPOrPAMMBI OYIyT BOCCTAHOBJIEHHI.
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Ob6paboTka m300parKeHuii ¢ ITOMOMILIO
rmporpaMmbl “PemtoCkaH Onnaiin”

[Tporpamma PemtoCkan Oxnaiin mperocrasisier mupokuiit Habop dyHKIMH 06pabOTKN 1 aHAJIU-
3a M300parKeHnii. YCIEITHOCTh UX UCIOJb30BAHNS 3aBUCUT OT IIOHUMAHUS IOJb30BATEIEM METO/IOB,
WCIOJIB3YEeMbIX TIPY MOJyIeHUN JIAHHBIX U UX 00paboTKe.

3.1 O6mmwmit Bua mmporpaMMbl

OCHOBHOE OKHO IIPOrpaMMBbl IIPEJICTaB/IeHO Ha pucyHKe (puc. 3.1) Beepxy pacmosioxkeno riasHoe
MeH0. Ecjim HeT OTKpPBITBIX M300parkKeHnii, To OHO coctouT u3 6 yacreii: menro Paits, C3M, Bu,
Oxkna, Onaiin u [Tomomp. ITox HUM pacioJioxKeHa HaHe b Jjist paboThl ¢ (ailjiaMu, elle HUXKe JBe
raHeJm, cojiepzkaliue Habop yHKIwMIi jist 06paboTKu n3odbpazkenuii. B caMoM HU3Y IJIaBHOIO OKHA
MIPOrpaMMBbl HAXOIUTCS CTPOKA COCTOAHUsI. Bo BpeMst pabOThI MPOrpaMMbl B Heli BEIBOIUTCS pa3Hast
rojie3nast nHMOPMAITUS.

3.2 Hacrpoiika obmux nmapamMeTposB

Jitst ynobcrBa paboThl ¢ KJIUEHTCKON 9aCThIO IIPOrPAMMHOIO 00ecriederust B TJI00aIbHOM MEHIO
Qaiin npemycmorpena kKomauga Onmun. [Ipu BbI30Be 9T0i KOMAaHIBI MOSBJISETCS OKHO, B KOTOPOM
KJINEHT 110 CBOEMY YCMOTPEHHIO MOYKET U3MEHSITh Pa3JuJIHble HACTPOHKH. OKHO COJEPKUT YeThIpe
Brjaaku: Muarepdeiic, Buyg okon, Baza nanabix u O6HoBjIeHus. BHu3y pacmosioxkenbl kKHonku: OK
— npuMeHuTh u3MeHeHusi, OTMEHA — OTMEHUTH M3MEHEHWs W BBIATU U3 JIMAJIOrOBOrO OKHa, 1lo
YMOJIYAHUIO — BOCCTAHOBJIEHUS 33/[AHHBIX 110 YMOJIYAHUIO IIAPAMETPOB BO BCEX BKJIAJIKAX.

Bo Brnagke WUuTepdeiic nmpecTaBieHbl OCHOBHBIE HACTPOWKHM MOJIB30BATEIHLCKOIO HHTEpdeiica
(puc. 3.2). s usMenenus s3blKa nHTEPMdEiica HEOOXOUMO U3 PACKPBIBAIONIErOCs CIUCKA B ILYHKTE
3wk nHTEpdeEiica BRIOpATh HYKHBIN SI3BIK.

IIpu obpaboTke m300pazkeHUl B IEJIOM psje PUIBTPOB HEOOXOIUMO YCTAHABJINBATH 3HAYEHUS
TeX WJIU UHBIX I1apamMeTpoB. Eciim Bel cobupaeTech UCIOIb30BATh TOIBKO T€ 3HAYMEHHS [1apaMETPOB,
KOTOPBIE YCTAHOBJIEHBI TI0 YMOJTIAHUIO, TO MOXKETE B 9TOH K€ BKJIAJKE YCTAHOBUTH TAJIOUKY HAIIPO-
TuB nyHkTa CTaHgapTHBIE ONIUK IJIATMHOB U BaM HE MPUAETCH KAXKJIBI Pa3 MOITBEPKIATH BHIOOD
CTaHJIAPTHBIX [TApAMETPOB HaXKaTueM Ha KHOIKH OK.

Hactpoiika IToHO9KpaHHbIi peKUM TO3BOJISIET BHIOPATDH YIOOHYIO KOHMUTYPAIIUIO JIJIsI IIOKA3a,
n300parkKeHUl B IOJTHOIKPAHHOM DEXKHME B CJIydae, eCJU K KOMIIBIOTEPY IMOJKJIOUEHO HECKOJIHKO
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Cxan Onnaitn - Graphite.001

Mpaska  Pypee B OkHa  Ownafin  Momo

®aiin: vtm_1.000

[ aHHble uaoBpaxenun: Height

Puc. 3.1. OcHOBHOE OKHO NIPOrpaMMBI.

Onuud
HHTepbelic | Bug okoH | Bazagante | OfHosaeHua
Azblk MHTEpERca | Pucckuii M
CraHa, anuHH nnarHHos O
[MoAHES KPEHHEIR Peskr |AKTMBHbu“4 MOHMTOP M
Pykosoacten nonesosarens [usF5 Orlinetanual pdf
3anepiKka NOABNEHUA MNaHEAH HHCT PYMEHT OB ’T%
MpeanouTHTENEHEIE BAHHMLEL XY MM w
MpeanoyTkTe dbHEIE SaHHMLE £ Hi v
Ml acuManeHEIR pasMep konoHkK Meria b7y %

[ Ok ” OtreHa ][ Mo yronuaHu ]

Puc. 3.2. Okno Omnuu, Britagka VaTEpdeiic.
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Onuwym B

WMHTeppeiic | Bua okoH | Basa gantes | OfHOEREHMA

T Oguc 2007 [v]
Crune 0 6eHaHaHOE0-4EPHER v
PaCLIJMDEHHbIE NOACckaskH
LlBETHbIE ZaK.NagkM naHenek D
OkHa B 3aknagkas

Bua zaknagok

kak B OneMote

LleeTHEIE

O0F X

KHonka FAKPEITHA Ha AKTHEHOR 3aknagre

[ Ok H OTreHa ][ Mo gmonuaHum]

Puc. 3.3. Okno Omnmun, Britajgka Bun okoH.

MOHUTOPOB. BbI MOXKeTe BBIOPATh, Ha KAKOM U3 HUX OYIYT MOKA3bIBATHCS M300PAKEHNUS.

B nosie PykoBoicTBO 110J1b30BaTE IsI MOYKHO yKa3aTh JIOKAJbHBIN aJpec, 10 KOTOPOMY PAaCIIOJIO-
JKEHa T0JIb30BATE/IbCKAA JOKYMEHTAIMsl (IPU OTJIMYUHU OT IIyTH, YKAZAHHOIO 10 YMOJIYAHUIO).

B moste 3ageprxka mosiBjieHns TAHEI HHCTPYMEHTOB 33/1a€TCsA BPEMsi, B T€UEHNE KOTOPOTO HEOD-
XOZUMO YJIEPKUBATH HAXKATOW KHOIIKY MBIIIA JJIsI IOy 9€HUsI PA3BEPHYTON [TAHEJ HHCTPYMEHTOB
u3o6pazkenus. IIpu KOpOTKOM HazKaTHK BLIOMPAETCs TEKYIIUI HHCTPYMEHT (TOT, KOTOPBIl HApUCo-
BaH Ha KHoIKe). [1o ymMomuanuio ycraHoBieHO 3HadeHne 500 MC 1 ero peKOMEH/[yeTCsl NCIOIb30BaTh
B IITATHOU CUTYyaIlUU.

B nongax [Ipeamournrenbunie eanauibl XY u IIpeamodruresbuble e IMHALBI Z MOXKHO BBIOpATH
73 PACKPBIBAIOIIErOCs CIUCKA 0003HAYEHNE €INHUIl N3MEPEHUs, KOTOPOE IPEAIOITUTETHHO B O~
nucsx 1o ocaM XY u Z coorBeTcTBeHHO. [lepBOHATAIBHO TPEATIOUTUTEILHBIE €IMHUITHI He BHIOPAHBI
U OIIPEJIEIAIOTCH aBTOMATHYECKH I KayKJIOI'0 KOHKPETHOI'O0 M300PasKeHMsI.

Camoe 60JIbIIIOE MEHIO B IIpOrpaMme — 310 MeHto Maremaruka, oHO oObenunsier B cebe 30 pas-
JmaHBIX QyHKIWiL. [y Toro, 9To0b MEHIO 0TOOPaXKAJIOCh KOPPEKTHO Ha Barem MoHUTOpE, 33/1aiiTe
IO/IXO/IsAIIee 3HadeHne B mosie MakcuMasbHbil pa3mep MeHio Maremarnka. B mem ykasbiBaercst Ko-
JINYECTBO IYHKTOB MEHIO, KOTOPBIE OYyT PACIOJIOXKEHBI B OJIIH CTOJIOUK.

Bo sruazixe Bugt okon (puc. 3.3) onpeessiercst CTIIMCTAKA OCHOBHOTO OKHA MTPOIPAMMBI U BCEX
OTKPBITHIX B Hell pabounX OKOH U JIMAJIOrOB.

Bo Bkianke Baza maHHBIX 110 yMOJIMaHUIO YKa3aHbl HANMEHOBAHNE U IIyTh K Oa3e n3o0pakeHuit
nporpamMbl PemtoCkan Onnailin B ceru MuTepHer, a Tak:ke HEOOXOAUMBIE JIJIs BXOJa B 6a3y MMs
HOJIb30BaTENsA U Haposb (puc. 3.4).

Bo Britasike O6HOBIIEHUST MOYKHO YCTAHOBUTD (DYHKIINU ABTOMATHIECKON TPOBEPKU OOHOBJICHUH
(TIpU HAJIMYUM TIOJKJTFOUEHHs] K ceTn VIHTepHET), a TaKKe IIPOBEPKU OOHOBJIEHUH B JIOKAJBLHOM XPa-
Huwmame (puc. 3.5). B mocsensem ciyuae HeOBXOAMMO yKa3aTh IyTh K JIOKAJBHOMY XPAHUJIUIILY
obuossiennit mporpammbl PemtoCkan Onnaiin B crpoke JlokaabHoe xpanmiuie. B crpokax [laker u
3arpy3qnK mo yMOJIYaHUIO YKA3aHbI JJAHHBIE O COOTBETCTBYIOIINX IIPOrPAMMHBIX ITpOAyKTax. Ecin
BBl HE XOTHTE, 9TOOBI IIPOrPaMMa aBTOMATHYECKH IIPOBEpsJia Hajudee OOHOBJIEHHUI, yOepure ra-
JIOUKY HampoTus myHKTa IIpoBepsiTh obmoBenus. [locme Toro, kak Bce HEOOXOAMMbIE HACTPOMKHI
cienanbl, HazkmuTe KHONKY OK.
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Puc. 3.4. Oxno Onmun, Briaagka baza maHHbIX.

Onuud I

| MHrepeeiic | Bug okon | Basa ,U.aHHbI:-:l OfHoENEHMA l
MNpoEepATE OGHOENEHHA
TMpPOBEPATE B AOKANEHOM XPaHUAMLLLE
MoraneHoe spaHIIMLE #:\FemtoScantinstalhpre-release |
Marer FemtoS canOrline. msi
Sarpyzume setup.exe
[ Ok ” OTreHa ][ Mo yroA4aHMD ]

Puc. 3.5. Ox#o Onuun, Briaagka OOHOBIEHUS.
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3.3 Pabora c daitiamu

®opmar Tun mamuabIx

®opmar daiira nmenn (aitna Tlosepxuoctu | Kpusbie
®PemtoCkan Onnaiix * spm . °
NT-MDT *.mdt, *.sm2 . .
NanoEducator (NT-MDT) *.spm .

NanoScope 11 *.07? .

NanoScope 111 *.077? .

Dimension (VEECO) *.07? o

Cxkan 8 * tmd °

Park Scientific * hdf .

Molecular Imaging * stp .

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

Nanotop * spm .

Amphora (ouTuy. nasHbie) * 1l .

WilTec *.wip °

Omicron * par .

Nanosurf * nid .

Pacific Nanotechnology * pni )

Digital Surf * sur .

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

JEOL *.tif (16-bit grayscale) .

Bitmap * bmp .

Jpeg *.jpg, *.jpeg .

Texcrosbiit popmaT * txt, *.dat . °

Tabnuma 3.1. Bocupunumaemblie popMaThl JTaHHBIX.

[Iporpamma moxker paborarh ¢ aiijiamu, Mojry4eHHbIME Ha MuKkpockoriax PemroCkan, Nanoscope 11,
Nanoscope III, u HekoTopbix Japyrux Mukpockonax (cm. tabuuiy 3.1). Ilpu coxpanenun daiinos
Nanoscope II, III B TekcToBOM 3arosioBke daiiyia coxpaHsieTcs TOIbKO nHdopMalus, odmas ¢ Gpop-
matoMm daittoB PemroCran. TekcToBbIN 3aro/ioBOK haiijia Beerja MOYXKHO IIPOCMOTPETD, BhIOpaB
koMmaHn 1y Mmenio Buy/ Ilapamerper....

3.3.1 OrTkpbIiTue u uMnopT aiijion

JLy1st TOrO, 9TOOBI OTKPBITH (haiisl HAZKMHUTE Ha KHOIKY o MM BEIOHPETEe KOMAHJLY MEHIO Daiin/
OtkpbiTh. B nossisiiomemest okue (puc. 3.6) Bel MoxkeTe BbIOpaTh cpasy HECKOJILKO (ailyioB, uc-
oJIb3ysi coderanus kjasumn Shift wim Ctrl u menruox JieBoit KHONKU MbIIU. Buibpanubie (aiiyibl
MOI'YT OBITH OTKPBITHI KasKJIbIil B OT/IEJIbHOM OKHE, HUJIU K€ BCe BMECTe B OJIHOM 0biieM okue. [[jist
sroro mapamerp COBMeCTUTB JOKYMEHTHI Hy?KHO IMOCTaBUTh B 3HavueHne Her wim Jla coorBeTcTBEH-
HO. YT0OBI M3MEHUTH 3HAYEHUE, YCTAHOBJIEHHOE JIJTsI JJAHHOTO [IapaMeTPa, MEJKHUTE JIEBOH KHOMKON
MBIIIIH TIO TIOJTIO € €r0 TeKyNuM 3HadenneM. [locieauii KaTauor, u3 KOTOpOro ObLIN OTKPBITHI UJIH
B KOTOPOM ObLITH COXpaHEHbI (hailyibl, 3AIIOMIUHAETCSI [IPU BBIXOJIE€ U3 IPOTPAMMBI, I ABTOMATHIECKH
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BOCCTAHABJINBAETCS IPU HOBBIX 3aIIyCKaX MPOTPAMMBI. TEKYIIHil KATAJIOT JJIs COXPAHEHUS HOBBIX
daitioB MokHO u3MenuTh KoManoit Menio Paitr/ CoxpaHsTh B....

Open

Look . | £ BTM ¥ @ & > @
Y HEETM_2 Copy 1 of BTM_2.000
{ :) EEETM_2 Copy 1 of BTM_2.004
My Recent BTM_2.000
Documents BTM_2.001
— BTM_2.002
[ BTM_2.003
e BTM_2,004
BTM_2.005
. BT _2.005
,__/' @] BTM_2.005
BTM_2.006
Iy Documnents @BTM_Z.DDE:
} ETM_2.007
3})3 ET Copyl of BTM_Z
- CopyZ2 of BTM_2
My Computer @ opyes -
- File rame: BTM_2 005 [v| [ gpen ]
My Network, | Files of type: |Bce POPHETEI [v] [ LCancel ]
MNaparetp SHaueHue

10 COBMECTUTE A0KUMEHTEL  Her
B+ unetp Bce

Mok asbEaTE

Puc. 3.6. Okuo BBIGOpaA (haitios.

Komansa mento @ait;/ OTKPBITH, KAK U KHOIKA Ld, IO3BOJISET HE TOILKO OTKDPHIBATH (haii-
JIbL 30HJOBOI MUKPOCKOIMHU (CM. BBIIIE), HO U UMIIOPTUPOBaTH janube u3 TekcroBbix ASCII daii-
JoB u u3 rpaduueckux daiiyioB B dpopmarax Bitmap (pacumpenne BMP) u Jpeg (pacruupenue
JPG/JPEG).

Jannble B TekcTOBBIX (haiiax (.txt), OTHOCSIMXCST K IOBEPXHOCTSIM, JIOJKHBI ObITH OPraHU30-
BaHBI CJeayomuM obpasoM. [lepBbie jBe KOJIOHKM, WU KOJOHKH C 3arOJIOBKaMud X U Y, JOJIXKHBI
3a/1aBaTh KOOPJWHATHI TOYEK, 8 B OCTAJHHBIX KOJIOHKAX YKA3bIBAIOTCS 3HAYEHUsI B ITUX TOUKAX.
Kosonku pasznesnsitores rabynsanumeit. Ecan kosmonok kpome X n Y HECKOJBKO, TO OYJE€T OTKPBITO
HECKOJIBKO n300pakeHuii. B 3arojloBKax KOJIOHOK ITOCJIe HA3BAHUST Yepe3 3alsATyI0 MOXKHO yKa3aTb
€JTMHUIIBl M3MEPEHMUS.

JlaHHBIE B TEKCTOBBIX (pailjiaX, COJMEPXKAINUX KPUBBIE, JIOJKHBI OBITh OPraHU30BaHbLI B BUJE
HECKOJIBKMX KOJIOHOK. KOJIOHKa C TOpU3OHTAJIbHBIMUA KOODIMHATAMHU JOJI2KHA JIMOO OBITH EpBOIA,
Jinbo ObITh O3arjaBieHa X. Bo BTOpOil KOJIOHKe JTO2KHBI PACIIONATAThCA 3HAUEHUs . FKCm KOJIOHOK
GOJIBIIE JIBYX, TO OY/IET OTKPBITO HECKOJHKO KPUBBIX. B 3ar0JI0BKaX KOJOHOK ITOC/IE HA3BAHUS I€DE3
3AIATYI0 MOYKHO YKA3aTh €JIMHUIIBI M3MEDEHMUSI.

[Iporpamma aBTOoMaTHIeCKU pacro3HaeT dopMaT daiiia 10 ero coaepKIUMOMY, PACIIUPEHIE UC-
[I0JIB3YETCsl TOJIBKO ISl yJI00CTBaA IOJIL30BaTENsI. BO3MOXKEH UMIOPT Cpa3y HECKOJIBKHUX (DailioB.
Eciu rpadudeckuit daiti comepKuT majurpy, TO 3HAYEHUS BBICOTHI TOBEPXHOCTU B MMIIOPTUPO-
BaHHOM (aiijle COOTBETCTBYIOT UHEKCAM MAJUTPBI. B IPOTUBHOM CjIydae B BBICOTY Ipeobpasyercs
WHTEHCUBHOCTh U300paskKeHusl.
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3.3.2 BsoicTpehlii npocMmoTp daiijionB

Open

Look in:

-

£E)

My Recent

() 09031 0_Alternantera protein

[=)090310_1_pHE.000
= n90310_1_pHa.001
=) 090z10_1_pHe.002

52

Documents | | 090310_2_pHs.000

— = 030310_2_pHe.001

Desklop

D

My Documents

-
wi
My Computer
ﬁh']. File name: 090310_1_pH8 v
3 =
by Metwark. Files of type: Bce poprate Rd

Saronosok Nerenna
() WA Pacumperie. [ MmAagaing [ Nokasars ece
) Pacwwperve Mma [ Hadvsie

() <Pasmeps Hw [] Paztiep
() Paseeptka [] Pazeepria
) Dara DNara

Puc. 3.7. Okno BbIGOpa (haitioB it OBICTPOTO MPOCMOTPA.

IIpu momoru KHOIKH = wm BbIGOpOM KOMaH bl MeHlo Daiin/ BrIcTphIil TPOCMOTP MOXKHO
OTKpaTh (hailabl B BUAE MaJEeHbKUX SCKU30B JJI IPEIBAPUTEILHOrO IIPOCMOTpa. B mosBusiemcst
okue (puc. 3.7), Boygenure dailibl 1jis npocMorpa 1 HazxkMure OTKPbITh. JBOIRHOIN KKK 110 9CKU3y
OTKpbIBaeT daiil i gajabHelimeil padborsl. OKOMIKO ¢ 3CKU30M MOXKHO MacIITabUpOBATD, IOTIHYB
3a yroJi, HO Ka4eCcTBO KAPTHHKM IIPH 3TOM OyJleT XyKe OpUruHaJia. Buji 3arojioBKa U JIETeHJIbl,
0TOOpaXKaeMbIX B OKHAX OBICTPOroO IPOCMOTPA, OIPEIE/IAECTCA B JUAJONOBOM OKHE BhIOOpa (hailaos
J1st GBICTPOrO MpocMoTpa. B paMke 3aroloBOK yKa3bIBaeTCst MHMpOpMAaIusi, KOTopas OyIeT MoKa3aHa
B 3ar0JIOBKE OKHA OBICTPOro MPOCMOTPA, a B paMKe JIerenia yKa3plBaeTcst COCTAB €ro Jjeresabl. Eem
Hanpotus c1oB I[lokazarh Bce Ha naHe/n BLIOOPA IIOCTABJIEHA I'aJI0UKa, TO IIPH OBICTPOM IIPOCMOTPE
Ha KazKJi0e M300parkeHnne, cojepKalreecs B ogHoM daitie, O0y1eT OTKPBITO OTAe bHOe OKHO. VHade
Ha KaXKJblil (paiiyi OyJeT OTKPBITO TOJBKO OJHO OKHO C IIEPBBIM H300parKeHUeM U3 COIEPIKAIIMUXCS
B daite (06b19HO 3TO TONOrpaduIecKue JaHHBIE).

3.3.3 ABTomaruyeckuii mpocMoTp ¢aiisioB

Daiibl 110600 KATajIora U ero IoAKaTaJoroB MOXKHO IIPOCMOTPETH B ABTOMATHYECKOM PEXKUME
¢ nomoripio koMmanasl Paitnr/ Craii-1oy niu KHOUKA = . IIpu stom Bam cuavasa Oymer mpemio-
JKEHO yKa3aTh napameTpsl npocMorpa (puc. 3.8). Ha KHOIKe B BEpXHEH YaCTH JMAJIOra HAIMCAHO
Ha3BaHUeE AIKW, B KOTOPOU Oy1eT mpoxoauTh npocMorp. [lpu HaxkaTun Ha Hee Bbl CMOYKETe CMEHUTh
HAIKY JJisl IPOCMOTPa (110 YMOJIYaHUIO BRIOpaHa TeKylast). B mose 3a1epkKa,c yKa3blBaeTcs Bpe-
MeHHas 3aJIep:KKa, a raJJovKa HAIIPOTUB MYHKTa PeKypCUBHO O3HAYAET, ITO OyIET MPOCMATPUBATH-
CsI COIEPXKUMOE TI0JIKATAJIOr0B. B IleHTpe JuaJjiora HaXoIuTcst TabJIUIa C IIepeYHEM BCeX JIOCTYITHBIX
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Cnaig-woy 3|
PekypcueHD
Z:hstudentshSushko\AFMY2009\K arpoyah090203_DNADNP

Janepwka, c |3
# My i W| & T17. /%8 N0|]% P|]% C.| % WU|] & 0| )
Zhatudents\Sushka \AFMA200...  090... (i} 105.. 122, 7BE. 217
Zhstudents\Sushko \AFMA200...  090... om 105.. 122, 917.. 217
Zhstudentsh SushkobaFN200.. 090, anz 105, 122, 121, 21.7.
Zhstudentsh SushkobaFN200.. 030, aoo 105, 122, 105. 21.7.
ZhstudentshSushkod\aFMY200..  090... om 105.. 122, 105, 217.
ZhstudentshSushko\AFMAV200..  090... oo2 105.. 122, 105, 217.
Zhatudents\Sushka \AFMA200..  090... 003 105.. 122, 120.. 217.
Zhstudents\Sushko \AFMA200...  090... on4 105.. 122, 120, 217
Zhstudentsh SushkobaFN200.. 090, ans 105, 122, 120, 21.7.
Zhstudents\ SushkobaFN200.. 090, aoe 105, 122, 120, 21.7.
ZhstudentshSushkod\aFMY200..,  090... oo7 105.. 122, 120, 217.
ZhstudentshSushko\AFMA200..  090... 0on 105.. 122, 917.. 217.
Zhstudents\Sushka \AFMA200..  090... om 105.. 122, 917.. 217.
Zhstudents\Sushko \AFMA200...  090... ooz 105.. 122, 105, 217
Zhstudentsh SushkobaFN200.. 090, ooz 105, 122, 105. 21.7.
Zhstudentsh SushkobaFN200.. 030, an4 105, 122, 105. 21.7.
ZhstudentshSushkod\aFMY200..  090... 005 105.. 122, 105, 217. .
Zhstudentsh SushkohaFh200..  030.. doc 434, 127 124, 7. ]

[ Ok ] [ OTreHa

Puc. 3.8. [lapameTpbl aBTOMATUYIECKOTO IIPOCMOTPA.

daitoB u3 BeIOpaHHOil manku. MoXKHO yIaasaTh CTPOKA U3 TabJIUIIBI, HAXKUMas KJIABUITY YIAJTUTh
i BeiOupast KoMaH 1y CKpBITh BbIJIEJIEHUE B MEHIO, MOSIBJISIONIEMCST IIPU HAXKATUU [TPABOM KHOIKU
MBIIIU. YaJIeHHbIe (hailyibl He OYIyT MOKa3aHbI IIPU IIPOCMOTPE, HO C JIMCKA OHU HE YIAJISIIOTCS.
[Tocne maxkatus kmomku OK mepen Bamm OymyT omwu 3a APYrUM MOKAa3aHHBI BCe M300paKe-
HUs C BBIODAHHOI BpPEMEHHOI 3a/ep:KKoil. MuHuMmaibHas 33aJepKKa pPaBHA 3 CEKyHIaM. ToObI
[IPUOCTAHOBUTD / IPOJIOJIZKUTH IPOCMOTP, HaXKMUTE IIPOOEJI, BBIXOJ U3 IPOCMOTPA IIPOUCKOAUT IIPU
naxkatun kjaasumu “Escape”. Ilo okoHuaHun mpocMoTpa UK OyJIeT MOBTOPEH € CaMOro HadaJa.
IIpu BBIXOIE M3 TPOCMOTpPA MPOrpPaMMa OTKPBIBAET (ailjl, KOTOPHIN MOKA3BIBAJICS TOCIETHUM.

3.3.4 Ileuatp daiisoB

[IporpamMma 1mo3BOJIsIET TOTOBUTH K I€YaTH W IeYaTaTh (ailjibl n300parkeHuil, KPUBbIX, THCTO-
rpaMM ¥ TEKCTOBBIX TaOJHIL ¢ TapaMeTpamu. s Toro, 9To0bI HAIIeIaTaTh OTAETHHOE N300paKEeHMeE,
BBIGepuTe KoMaHTy Memio Paityn/ [lewaTh min HaXKMHUTe Ha KHOIKY = Ha MaHeJd WHCTPYMEHTOB.
IIpu sToM Oyier moka3aH CTaHIAPTHBIN JIMAJIOr, B KOTOPOM MOXKHO BBHIOpaTh IIPUHTED U KOJUYECTBO
revaTHbIX Kommii. [Ipu »KejjaHum, peBapuTeIbHO MOYXKHO 3AIyCTUTh IPEANPOCMOTD medaru. st
sToro Beibepure nyukT menio Paiin/ [Ipennpocmorp negaru.

ITpu oM npsiMO B OKHE U300pazkeHus OyIeT OTKPBLITO OKHO IpeanpocMorpa (cm. puc. 3.9).

[Iporpamma mo3BoJIsIeT MevaTaTh KoJtaxku. JIIst 9TOro HeoOXOIMMO BBIOpATH KOMAHIYy MEHIO
@aitn/ Tleuarars Komtax. [logBATCS OKHO MIPEANPOCMOTPA U JUAJIOr HACTPOEK medaru. [Ipu co-
CTaBJIEHUU KOJLJIaXKel Ha OJIHOM WJIM HECKOJIbKHUX IM€YATHBIX JIICTAaX COOMPAIOTCSI BCE OTKPBITHIE
n300pakeHusi, KpUBbIE W I'UCTOTPAMMBI, KOTOPbIE OTKPBITHI HA 9TOT MOMEHT. B KoJj1axke ydIacTBy-
0T U Te n300paKeHusi, KOTOPble MUHIMU3UPOBAHHBI. V300parkeHust OyIyT PACIOJIOXKEHBI Ha JINCTE
B TOM HOPSIJIKE, B KOTOPOM OHM OBLJIN OTKPBITHI B Iporpamme. TeKcToBbIe TabJIUIBI DU COCTABJICHIH
KOJIJIa’Ka HE YIUTHIBAIOTCS.
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{on1a 1 dhaiina A_75_0

Puc. 3.9. OkHO npeBapuTeIbHOrO TPOCMOTPA TIEYaTH.

Print

Printer

MNarne: HP Laserlet 3050 Series PCL & 'l] [ Properties... ]

Status: Ready

Tupe: HP Laserlet 3050 Series PCL &

where:  DOT4_002

Eemment: [ Prink to e

Print range Copies

@al Nurber of copies: |1 1%

(O Pages  from: |1
Selection

Puc. 3.10. OkHO 1npeiBapuTEILHOTO IPOCMOTPA MEYATH KOJLIAXKA.
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3.3.5 CoxpaHeHnue u 3KcIopT aiijioB

[IporpaMma mO3BOJISIET COXPAHATH JAHHBIE O IIOBEPXHOCTSIX U KPUBBIX B COOCTBEHHBIX CIIEIU-
anbHbIx (opmarax. s coxpamennst ailia HasKMATE KHOIKY & min BbIGEpHTe KOMAHILY MEHIO
Daiin/ Coxpanurs. s coxpanenus dailia Mo ApyruM UMeHEM BbiGepuTe KoManLy Merio Paii/
CoxpaHuTh KaK.... 1TOOBI COXPAHUTH BCE M3MEHEHHbIE MJIM HECOXPaHEeHHbIe (Dallyibl BHIOEPUTE KO-
many Menio @aitr/ Coxpanurs Bece. HoBble daitiibl npu aroM Gy1yT COXpaHEHbI B TEKYIIUI KaTaIor
(yxazannbiii B MeHio Paitn/ CoxpaHATh B...).

B mporpamme 1perycMoTpeH sKcropT uzobpazkenuit B rekcrobbie daitabl ASCII, B daitibr pu-
cynkoB Bitmap u Jpeg, a Takxke B daiianl TpexMepnbix uzobpaxkenuii miug Internet (Vrml). Bos-
MOXKHOCTH SKCIIOPTA I PA3JIMIHBIX M300pakeHuil mpuBeieHbl B Ttadaure 3.2. [Ipu skcmopre B
TEKCTOBLIN (hopMaT He coxpaHdercss MHMOPMAIUsS O BBIIEJIEHUAX, METKAX, IKAJaX U T.II., & JJIsd
dopmaros Bitmap u Jpeg, 4T00bI COXpaHUTH 3Ty HWHMOPMAIINIO, HY?KHO B JUAJOIOBOM OKHE DKC-
opT (paitJioB YyCTAHOBUTH IIapaMeTp JKCIOPT ¢ Jekoparusimu B 3Hadenue Jla. meiire B Buy, 910
10CJIe 9KCIIOPTUPOBAHUS UMIIOPTUPOBATH (baityibl Bitmap u Jpeg KOppeKTHO MOy IUTCsT TOJIBKO IPU
OTCYTCTBHUU JIOTIOJHATEBHBIX 9JIEMEHTOB, TAKAX KAK IMTKAJbI, METKHU, BBIJICICHUS.

PopMaThl FKCIOPTA

Bunpr m3o6pazkennii *txt | *.bmp | *.jpeg | *.wrl
OO0bIuHbBIE N300paXKeHNsT KPUBBIX U [TOBEPXHOCTE o ° .

Cedenns ° ° °
I'uctorpaMmbl ° ° °
Hunarpammer “Enum Features” ° ° °
N3zobpaxkenuss Oyphe-crieKTpoB ° °
TpexmepHble N300paKeHMsT ° ° °

Tabnuna 3.2. DKCHOPT JAHHBIX.

DKCIOPT MPOM3BOUTC KOMaHI0i MeHIo Daiin/ Jxcnopr. B NOSBISIIONEMCsT OKHE MOYKHO Bbl-
6pars ¢opmar daitna. Hamo ormernts, 9T0 SKCHOPT M300pazkKeHUil MOBEPXHOCTEl B TEKCTOBBIN
dopmaT MoKeT TOTPedOBaThH OOJIBIIOE KOJIMIECTBO JUCKOBOTO IIPOCTPAHCTBA.

st sKcnopra cpa3y HecKoJIbKUX (hailyioB ucnosb3yercs komanaa Menio @aitn/ I'pynmnosoii skce-
nopt. ITpu BelIOIHEHUN TOI KOMAH/BI OTKPHIBAETCs Auasor Beibopa (daiijioB s sxciopTa (puc.
3.11), B KOTOPOM MOKHO BBIODATH CDEIU OTKPHITHIX (DailyioB, KakKne SKCIOPTHPOBATH, BHIOPATH
dopMaT JIst IKCIOPTa, U 33J1aTh IapaMeTphl, 3aBucsIue orT ¢popmara. B 3aBuCHMOCTH OT TOrO, Ka-
Kr€ OKHA BBIOMPAIOTCS JIJTsi 9KCIIOPTa, CIIUCOK BO3MOXKHBIX (DOPMATOB MOYKET MEHSIThCS: HAIIPUMED,
TpeXMepHbIe M300parKeHnsT MOXKHO IKCIOpTHpoBaTh B (hopmar VRML, Ho ecsu BbIOpano aByMepHOe
n300parkeHue MOBEPXHOCTH, TO TAKON THUII SKCIOPTA Oy/IeT HeIOCTYIIEH.

3.3.6 VYpnanenue daiijion

Eciu Bbl camraere, 910 Kakoi-To hailsi HYyKHO YAAJIUTh C JUCKA, BBl MOYXKETE CIeJIATh 3TO,
BBIOpaB J1r060e U3 n300parkeHuit, copepKaIuxcs B 9ToM daiiie, n BoogHuB Komauxy Daiin/ Yiua-
sinth. [logTBepKIeHNe KOMaH bl He TPeOYeTCs, TaK ITO Oy/ITe OCTOPOXKHBI IIPU BBIOOPE (baitioB mist
yaajeHust!

3.3.7 BoccranoBjsienne daiijioB

[Ipu HEOOXOIMMOCTH MOYKHO OTMEHUTH BCE M3MEHEHWUsI, Ipoucinemue ¢ GpaiijioM BO BpeMsl ero
obpaborku, Beibpas KoMamiy Mmeno Daiisi/ Boccranosurs. Paiin Gyjier 3aHOBO CYUTAH C JIUCKA B
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TPYNNOBOH 3KCNOPT W300paseHH =l

030203_4.000:Height
030203_4.007:Height
030203_4.002:Height ; o
030203_4.003:Height
030203_4.004:Height
030203_4.005:Height

[;tudents\S ughkohaF \2009\Karp0va\080203_0NA[]

MNepezanucbiBaTE G835 Sanpoca
Poprar akcnopra | JPEG eaiine(” jpeg) v

MNapametp 3Ha4eHHE

0 Export with deca... Her
£3JPEG Quality 50

[ Jrenopt ] [ OTreHa ]

Puc. 3.11. Oxuo rpynmnoBoro skcnopra ¢aijios.

CBOEM II€pBOHAYAJIbHOM COCTOAHHH.

3.3.8 BwaemHMit B/ OKHA N300parKeHus

Hacrpoiika BHeNIHEro Buja OKHA M300parKeHus pou3BoauTcs u3 Mento Bun/ Hacrpoiiku, wim
B pazuese HacTpoilku BBITAAAIONIErO MEHIO, IOABJIAIOIIEr0Cs IIPH HAXKATHH IIPABOI KHOIIKOM MBIIIN
Ha n3o0paxkennu. (1o yMoTUaHWIO, IPU HAYKATUM MPABOI KHOMKON MBIIN HAa OKHE M300pParKeHWst
nosiBjIsieTcsi caMo Jmasorosoe okHo Hacrpoitku) B 3akianke OOliee BbIBEJEHBI CAMble OCHOBHBIE

HaCTPOUKHU.

HacTpoiku X
Ofiwee | KonrekcrHoe MeHio | BrgeneHve [paHkLE 4 *

KoamMnakTHelH v F Mokazare wkan..

P alI0BLIE AH... O O081acTE MHTEPE... (|

NapareTpel il CTarueTHka (|

Oes = nm v Wkanax DTHDCHTI:V:

Oce Y - ™= Wkana'' OrHocsm |+ |

OcvZ nrm ] WkanaZ DTHDCHTI:V:

[ Ok ] [ OTtrieHa ] [Qarpgswt.] [QoxpaHMTb] [ LCranaapr ]

Puc. 3.12. Hacrpoiika BHelHero Bujia OKHa H300paKeHUs.

Nzobpazkenne MOXKeT OBITH MIPECTABICHO B KOMIAKTHOM BHJIE WIN B PACIINPEHHOM. B mepBoM
cJIydae TPaHUIIBl OKHA N300parKeHust Oy Iy T COBIAJIATH C TPAHUIIAMU PUCYHKA U BCsI JIOTIOJTHATEbHAS
nHdoOpMaIus OyIeT 0TOOpaXKaThCs MOBepX Hero. Bo BTOpoM ciiytae BOKPYT PUCYHKa Oy/IyT TOJIS,
Ha KOTOPBIX Oy/ieT 0TOOparKaThCsl JOMOJTHUTE IbHAsT nHMOopMarusi. st Toro, 9robbl n306parkeHue
MMeJIO KOMIIAKTHBIN BHJI, [TOCTaBbTE TAJIOUKy HarpoTusB mosis KommakTHbil Buj. FKcim ee mer, TO
OKHO OyJ/IeT UMETh PACIIUPEHHBIA BUJIL.
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Ecmm Bwr xoTtnTe, 9TOOBI BHM3Y M300paskeHMsT BBIBOJIUIOCH Has3BaHWe Qaitia, yCTAHOBUTE Ta-
JIouKy Hampotus mojs PaitoBbie mamuble. Ecim BbI X0TuTe, 9TOOBI CIIpaBa OT U300PAXKEHUST ObLIA
[IOKa3aHa ero IajuTpa, IOCTaBbTe IaJIoYKy HalpoTus 1ojis 1lokasars mkasy. Ecim BbI xOoTHTE,
9TOOBI B OKHE M300pakKeHWsl BBIBOJMJIACH MHMOpPMAIUs O IIapaMeTpax CKaHHPOBAHUsI, IOCTABLTE
rajiouKy Harnpotus moJis [lapamerpsr. Eciun manporus nosst Crarucruka ycTraHOBJIEHA OTMETKA, TO
Ha n300parkeHnn OyieT BbIBeeHa HHGMOPMAIHS 0 MAKCHMAIBHON (max) 1 MEHIEMAJIBHOI (min) BbI-
coTe Ha N300paXKEHWH, 0 MAKCUMAJILHOM Ieperaje BhICOT Rmax u o mapamMeTrpax ImepoXOBaTOCTH.
TloapobHee 0 HUX MOXKHO IIPOYUTATh B IpuioxkeHuu G.

Eciin aBTO-MacmrabupoBaHue MajuTpPbl HACTPOEHO HA HEKOTOPBINH yYaCTOK KAPTUHKU IPH II0-
momu byukimun MuTepecyiomas 001acTh (@),TO 9TOT y4acTOK Oy/eT BBIIEJEeH KPACHON DaMKOIi,
moka HanpoTuB myHKTa O0/1acTh WHTEpeca yCTAHOBJIEHA TAJIOUKA.

Bo Britagke O61iee MOXKHO BLIOpaTh Cr10co0 HMOIIUCH JAHHBIX 110 ocsaM X, Y u Z. AGCOIIOTHBI-
MHJ KOOD/IMHATAME HA3BIBAIOTCS KOODJIMHATHI CKaAHEpa MUKPOCKOIA HHMOpMAIHs 0 HUX 3aliCaHa, B
KaxkioM daiije. OTHOCUTEIbHBIMU KOOPMHATAMY HA3bIBAIOTCsSI OCU, ITIOCTPOEHHBIE OT CAMON HUK-
Hell TOUYKM 110 7 Ha M300parKEHUU W OT HUXKHETO JIEBOIO yTJia KApTUHKHU 1m0 X, Y.

Bo Bkiajnke Konrekcraoe menio Bbl MoXkeTe HACTPOUTDH MOBEJIEHUE MTPOTPAMMBI DU HAYKATUA
paBoil KHOMKOM MBIINHN Ha n3obpazkernn. [lo yMOTIAHUIO TP MPABOM KJIUKE OTKPBIBACTCS CAMO
OKHO HACTPOEK, HO €CJIU IO KaKoW-To mpuunne Bam 3TO HEym0O0HO, TO MOXKHO BBIOPATDL JIOOYIO
KOMOMHAIMIO W3 TPeX IPEJJIOYKEHHBIX BApUAHTOB: OTOOpaKeHHe PEXKUMOB KypCopa, OIEPalldu C
daitlaMu wim cuucka (GUIBTPOB U3 MEHI0 MaTEeMATHKA.

Bo Brnagke Brormenenue coOpanbl HACTPOWKM, MO3BOJISIONINE CAEJIATH IOCTPOCHUE CEUCHUN U
camoe OOBIKHOBEHHOE BbIJIeJIEHUE 001aCTell MAKCHMAJIBHO YIOOHBIMHE IJIs UCIIOJb30BAHUS B PA3HBIX
cutyarnax. Ecan ana napamerpa IlputaruBars Kypcop BuIOpaHo 3Hadenne Her, TO rpaHUIlbl BbI-
JleJIeHUsT M KpaifHue TOYKHU CeYeHUil Oy/yT pPACIOJIaraThCsl POBHO TaM, TJ€ MOJIb30BATENb yKa3all
MBIIbIO. Kcm ke 11 9Toro napamerpa BoIOpaHbl 3HaUeHuss K Makcumymy win K MuHUMYMY, TO
rPaHUIBI OYIyT HEMHOIO CABUTATHCs, ABTOMATHIECKU OIPEIe/isisi OJMKANIINN K YKA3aHHON TOUKe
MaKCUMYM WU MUHUMYM.

[To ymosrganuio Ha M300paKeHNU IMYHKTHPOM 3aKpalleHa 00/IacTh, He TOMABIIAS B BbIJIEJICHUE.
Ecsm Ber xoTuTe, 9T00BI 3amTpuxoBaHa Obljaa BbIJAeJIeHHasT 00J1aCTh, U3MEHUTE IIapaMeTp 3aKpa-
muBaTh. B Toii 2Ke BKJIaJIKe HACTPAUBAETCsI [BET ILyHKTUPA.

Eciin daiin conepkuT HECKOJIBKO N300paXKeHuil (HanpuMep, JaHHbIe [0 BBICOTE U OTKJIOHEHUIO ),
u BO BKJaJIKe Bbizesenne mamporus myHkTa CUHXPOHHOE BBIJEIEHHUE YCTAHOBJEHA TAJIOYKA, TO
00JIaCTh BBIJIEJISIETCS OJHOBPEMEHHO HA BCEX M300pasKeHUsIX.

Bo Brmagke ['paruiibl MOXKHO 3a/1aTh PACCTOAHUS OT M300parkKeHusl /10 TPAHUI] OKHA B PACIIU-
PEHHOM pexKMMe U pa3Mep IOJIsI TapaMeTpPoB.

Bo Brutajike [pudt perymupyercs pasmep mpudTa Haanuceil Ha n3odbpakernu. Bo BKagkax
®on u Jlerenma MOXKHO HACTpAWBATH IIBeTa OOpaMJieHUst M OyKB COOTBETCTBEeHHO. BKianku Beime-
serne, Texkcr u PoH TeKCTa JAIOT BO3MOXKHOCTH HACTPOUTH BHEINHUN BUJ BBIJEJIEHUN U OTMETOK,
KOTOPBIE TIOSBJIAIOTCS Ha n300parkeHuu Ipu padoTe.

3.3.9 Pabora c 6ydepom obmena

JIioboe n3obparkeHne: MOBEPXHOCTD, KpUBasi, CedeHne, TUCTOrpaMMa, (hypbe-06pa3 uin TeKCTOo-
BOE OKHO MOXKeT OBITh CKOIUPOBAHO B Oydep oOMeHa Jjisl UCIIOJb30BaHUS B JIPYIUX MPOrpaMMax
u npuwioxkeHusix. Jjist Toro, 9robbl CKOMMPOBATH AKTUBHOE OKHO, COJEpIKalllee KaPTUHKY, HAXKMU-
Te KHOIKY 'L Ha IAHE/M HHCTPYMEHTOB IIPOrPAMMDI, HJIH BHIGEPATE IYHKT MEHIO Ipaska,/ Konus,
win HaxkMuTe crarjapTHoe coderanne Kiaasuin Ctrl+C. Nzobparkenue Oyer ckonupoBano B 0ydep
obMeHa.

st Toro, 9To6bl CKOIMPOBATH TEKCT U3 AKTUBHOI'O TEKCTOBOIO OKHa (TabJIMIB), BBIIEINTE BCe

€ro coJaepzKnumMoe (I/IJ'II/I TOJIBKO Ty 4Y9aCTb, KOTOPYIO XOTHUTE CKOHI/IpOBaTb) 1 HaXKMUTE Ha KHOIIKY
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win ucnoabsyiire coderanue kiaasum Ctrl+C u myaxr menio IIpaska/ Komwms. Ilpu arom crpokn
TaOJIAIBI OCTAHYTCsI HEM3MEHHOMN JIJIMHBI, & CTOJIONLI OYIyT pas/iaeieHbl 3HAKAMU TaOY IS,

Kpome Toro, mpejrycMoTpeHa BO3MOYXKHOCTH KOIIMPOBAHMS TEKCTOBBIX JIAHHBIX C M300pParKEHUsI.
Hamnpumep, eciiv B akTUBHOM OKHEe M300parKeHWUsi CIIPaBa BBIBEJIEHBI KaKue-HUOYIb [1apaMeTphl,
[TOCTPOEHA KPUBasi U 0TOOPaXKAETCS ee JJINHA, TO BCIO 3Ty TEKCTOBYIO MHMOPMAIIUIO MOYKHO CKOIIHU-
pOBaTh, HayKaB HA KHOIKY {1 Ha nanesn WHCTPYMEHTOB. B 6ydep MokHO 100aBIsaTh HHPOPMAIINIO,
JI7IST 9TOTO TpeaHasHadeHa Kuonka L. HoBble TekcTOBBIE maHHbIe T00aBIAIOTCS B Oydep Ha HOBYIO
CTPOKY.

3.3.10 Pabota c daiistamu KpuBbIX

[Tox kpuBoOif MBI Oy/ieM MOHUMATH JAByMEPHBIE JaHHBIE, ITOJIyYeHHbIE, HAIPUMED, IIPU CHATUU
CIJIOBBIX KPUBBIX HA MUKPOCKOTE. [Ipr OTKpBITHE KPUBBIX, OHU OTOOPAXKAIOTCS B TAKUX YKE OKHAX,
Kak u cedenus (paszzgen 3.7.2), BO3IMOXKHOCTU 06pabOTKM U HACTPONKHU 0TOOpazKeHUsl KPUBBIX Te JKe,
qaro u 'y cedennii. [Ipu orkpoitun ¢dailjioB KpuBbIX B HEKOTOPHIX (hopmaTax, Hanpumep, PemtoCkaH
Onnaiin, Nanoscope III, NT-MDT B omHOM OKHe MOXKeT OBITh IIOKA3aHO HECKOJIbKO KPUBBIX. I1pu
9TOM OJIHA KpUBasi OyJjeT TeKyIeil u m3006parXKaThCsl CILJIONIHON JIMHUEH, & OCTaJIbHbIE IIyHKTUPHBI-
vu. Dypre-criekTp OyreT TOKa3aH TOJBKO JjIs TeKyIei KpuBoii. [lepekIouaTbes MexK Iy JTUHUIMA
MOKHO Kjapuireir Tab.

3.3.11 IIpocMOTp TEKCTOBBIX 3aroJIOBKOB (paitjioB

VY daitnos B hopmare PemtoCkan OHnaiiH €CcTh TEKCTOBBIE 3aT0JIOBKH — KOMEHTAPHUH, KOTOPbIE
Bbr Moxkere npocMorpers, BeiOpas Komamy Menio Bug/ ITapamerper... . Orkpoercs oKHO, rje 1o-
Ka3aHbl BCE IIAPAMeTPhI, IPA KOTOPBIX IIPOUCXO/INJIO CKAHUPOBAHKE , & TaKKe MHMOPMAaIUsi O jiare
nosiBjIeHus (paiiyia, 0 TOM KaKOii 10JIb30BaTe b Oy YU/l JAHHOE N300pakeHne U ero KOMMEHTAPUN.
Bur moxkere BoiOpaTh nHTEpecytomue Bac mapamMeTpbl U COCTABUTDH UX CIIMCOK, HAYKUMAs HA KHOII-
Ky “>". Korma crmcok cocrasien naxmure na Kuonky OK. Temepn crpaBa B OKHe M300parKeHUs
BBIBOJISITCS 3HAUEHUS ITUX napameTpoB. [logpobHee o ToM, KaK HACTPOUTH OTOOpPAKEHUE ITaPAMET-
poB, 6bLI0 cKa3aHo Beile. s ¢aityioB, 3amcanubix Mpu ToMOIu MUKpockonoB Nanoscope 11, 111,
NT-MDT wu ap., 31a urdopMaIust JOCTYIIHA TOJBKO YACTHIHO.

Ber Moxkere MeHsATH 3anucanabie B aiiyie KOMMeHTapuu. jist 9T0ro BeIOEpUTE KOMAHIY MEHIO
Bun/ KommenTapun... 1 BIUIIaTe B [0JI€ OTKPBIBIIErOCS OKHA TO, 9T0 BaM HyzKHO.

3.3.12 UI3meneHue MaciiuTaba n300pa>KeHuit

Eciu 1o kakuM-TO mpudnHaM y U300paykeHusl OBEPXHOCTH WMJIM KPUBOW YCTAHOBJIEH HEIpa-
BWJIbHBIN TOPU30HTAJIBHBIN MJIM BEPTUKAJIBHBIN MaciiTad, Bbl MoxkeTe ucnpasBuTh ero. s aro-
ro BeiGepuTe KoMmaHy MeHo Buu/ Paspemenwue... . KomaHna J0CTyIHA, €CJM OKHO, ¢ KOTOPBIM
Brr paboraere, — n3obparkeHue MOBEepXHOCTH, TUCTOIPAMMa, CedeHrne Uian Kpusas. Ecim kKomania
Pasperienne... BoINoIHEHA JJTs IOBEPXHOCTH, Ha KOTOPON HET M3MEPEHHOIO PACCTOSHUSI, TOSIBUTCS
JIIAJIOrOBOE OKHO, MOKa3aHHOe Ha puc. 3.13(a).

B sTom okue Bbl MOXKeTe yKa3aTh HOBBIE €JMHUIIBI H3MEPEHUsI 110 BEPTUKAIU U TOPU3OHTAJNA —
JIJTsl 3TOTO TIpeJIHA3HAYEHBI J1Ba 1oJist Eauaunbl. B moste Pasmep o Z ykasbiBaeTcst mepernaj] BbICOT
Ha [OBEPXHOCTH.

Bonee monpobuo ocranosumcs Ha nojie Ha 1 6ur. B dopmare daitiios PemtoCkan Onnaiin 3ua-
YeHUS 10 OCH 7 XPaHATCS KaK IeJIble YhCia pa3MepoM B JBa Gaiita. [ljist mepeBoja mesbix auces B
peabHbIe 3HaYeHUs UCTIOIb3YI0TCst KodddunumenTot. Eciim Bor orkpoiBaere daiin apyroro ¢dpopmara,
B KOTOPOM BBICOTa XPAHUTCS B JIPYTOM BHJIE, IIPOrpaMMa IpeobpasyeT JaHHble B CBOI IByxOaiiTo-
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(a) (b)
Puc. 3.13. Okna gy namenennst macinraba n300parKeHMil TOBEPXHOCTEI.

Boiit popmat. B mosie Ha 1 6ur ykasbiBaeTcst BICOTa, COOTBETCTBYIOIIAS OJHOMY OUTY U3 YKA3aHHBIX
JaByx Gaitt (popmara PemtoCkran OnnaiiH.

B monax Pasmep mo X u Pasmep o Y yka3siBaioTcsi TOPU30OHTAIBHBIE PA3MEPhI M300PAXKEHUSI.
Ecim ormeuena omrns CoxpaHUTh MPOIOPIMNA, TO OTHOINIEHIE PA3MEPOB M300parKeHust M0 X W 110
Y OCTaHETCAd KaKUM 6])1.]'[07 B IIPOTUBHOM CJIy49a€ Bbl CMOXKeTE€ MEHATH Ppa3MepPhbI 110 3TUM JIBYM OCAM
HezapucuMo. FKcim ormedeno IlpuMennTs KO BceM m300parkKeHUsIM JIOKYMEHTa, Ha BCeX M300pake-
HusX (baiiyia OyIeT yCTaHOBJIEH OMMHAKOBBIM MaciITad, a ecjid 3TU CJIOBA HE OTMEYEHbI, M3MEHEHUsT
OyIyT IPOUCXOIUTH TOJBKO C BHIODAHHBIM M300DaKEHUEM.

Hekoropsie nosist B okHe Ha puc. 3.13(a) HegocTynubl st usMenernsi. OHE MOI'YT ObITh JIOCTYII-
HBI TOJIBKO TOI/Ia, KOTJIa Ha ITIOBEPXHOCTU M3MEPEHO HEKOTOPOEe PacCTOsSHEe, MM KoMaHIa Paspe-
[IIEHUE. .. BBIIIOJIHEHA JIJIsI CEYEHNsI, KDUBON WJIM TMCTOI'PAMMBI.

Oxmno, nokazannoe na puc. 3.13(b), mosgBrIOCH IpU BBHIIO/IHEHUE KOMaH (bl Paspemenue... s
ceuerns. B sTom okHe B moJsie BricoTa yka3biBaerTcsi BBICOTa HEKOTOPOro obdbekrta. st cevenwust
UM KPHUBOIL 9TUM 0ObEKTOM OyJIeT PA3HOCTH BBICOT MEXK/Iy MEeTKAMU HA IITPUXOBBIX JIUHUAX (pas-
Jeat 3.7.2), Uit THCTOTPaMMBI — PA3HOCTD BBICOT MEXKJLy ITPUXOBBIME JuHUsiMA (paszaern 3.9.4). B
ojie PaccrosiHue yKa3blBaeTcsl pacCTOSTHIE MEK 1y IITPUXOBBIMU JINHUSIMU HA CEYEHUH, KPUBOI UJIN
U3MEPEHHOE PACCTOsiHME Ha MoBepxHocTH (paszen 3.7.3), a B nojax Dx u Dy — x- u y-npoekiyu
9TOr0 PACCTOSTHUSI.

Ecsin Bbl xoTHTE M3MEHUTH pa3pelleHre TOJBKO 110 OJHOMY HAIIPABJEHUIO (TOJHKO I'OPU30H-
TaJbHOE WM TOJHKO BEPTUKAJILHOE), ocTaBisiite HeorMedeHHON MeTKy Z (X-Y), urobbl uzbexkarsb
aBTOMATUYECKOII CMEHBI pa3penieHnd 110 BTOpOMY HalIpaBJIEHUIO.

3.4 IlepekirodeHne B MOJTHOIKPAHHBIN PeXKNM

Bce okna ¢ rpadgudeckuMu n300parkeHUsIMA MOXKHO IIPOCMATPUBATH B ITOJTHOIKPAHHOM PEXKU-
Me. JIjist iepexo/ia B IIOJIHOIKPAHHbBIN PEXKUM HYKHO HaKaTh KoMOuHanuio Kjiaasuil Ctrl-F uiu Bei-
6parb KoMamy Menio Buy/ Tosublit sxpan. BeIXo/| U3 HOJIHOSKPAHHOIO PEXKUMa OCYIIECTBIISIETCS
nosropabiM HaxkarueM Kjasuin Ctrl-F, iu6o Esc, mubo npu cMene BIGpAHHOIO OKHA (IIPU IEPEX0JIe
B Jipyroe npuiaoxkenue 1o kiaasuimam Alt-Tab win npu akTuBanuu apyroro oKHa, HAIIPUMED OMITHi
U300paKeHH s ).
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3.5 Iloaydenme m300parKeHnii C APYTUX yCTPOICTB

C momompio porpammbl PemtoCkan OHnaiiH MOXKHO MOJIy9YaTh M300PAXKEHUST OT CKAHEPOB U
BHJIEOKAMED.

3.5.1 Buneokamepsbl

[TporpamMma 1o3BoJIsIET BUIETH HA SKPaHe KOMIBIOTEPA TO, YTO CHUMAET BUJIEOKAMEDA, 3AIIMChI-
BaTh BUIEO-(DailjIbl U U3BJIEKATH OTIAEIbHBIE KAJIPhl, KOTOPbIE IOTOM MOXKHO 00pabaThIBaTh.
s Hagasa nporecca 10cTarouHo BeiOpaTh KoMangay mento Paitn/ 3axsar.../ Bumgeo win na-

JKATh KHOIKY &, TDI 5TOM Ha SKpaHe [HOSBUTCS OKHO, B KOTOPOM GY/IeT MOKA3bIBATHCS BIIEOCHEMKA.
s BBIOOpA BUIEOYyCTPONCTBA U HACTPOMKY APYTUX [IAPAMETPOB, TAKUX KAK KOJEK, UCIIOJIb3yeMbIil
[IpU 3aIMCH BUJIE0, YACTOTA CHATUSA KAJIPOB, 8 TAK2Ke HACTPOUKU, KOTOPbIE IIPEIOCTABIISIET ApaiiBep
BHUJIE0YCTPONCTBA, HEOOXOMMO HAYKATh IIPABYIO KHOIKY MBIIIH Ha BUIEO-OKHE.

Y1006 MOIyIUTh TEKYIUI KaJp KaK PUCYHOK, C KOTOPBIM MOXKHO paboTaTh, BEIOEpUTE KOMAHLY
Menro Buyeo/ 3axsaT KaJpa MM HasKMHTe KHONKY &, Ilocie 9TOro MOSBHTCA HOBOE OKHO, TIE
6yner nokazan kaiap. [lomydennsiit pucyHOK Oy1eT coMepKaTh /IBa HMOIN300PaKEHNs ¢ PACTPOBBIM
pucyakom BMP u daitniom SPM, B mporpamme PemtoCkan OHnaliH MOKHO 06pabaThIBATH TOJIHKO
BTOpPOE MTOIU300paKeHHeE.

Kpome oT/iesibHBIX KaJIPOB, MOXKHO IIOJIYYATh PUCYHKH, SIBJISIFOIIUECS] PE3Y/IbTATAMU yCPEIHEHUSI
HECKOJIbKUX KaJIpoB. Jljisi 3TOro npeHasHadeHa KoMaHaa MeHio Bujeo/ 3axBar MHOKECTBA Kajl-
POB ¥ KHOIIKA B . Iocre BBIOOpA TAKONl KOMAHJIbI MOSBUTCS OKOIIKO, B KOTOPOM HYKHO YKAa3aTb
MHTEPBAJI MEXKJY YCPEIHSIEMbIMU KapaMid U UX KojmdecTBO. [1o HaxkaTnio KHOKK 3alyCcK B 9TOM
OKHe, HAUNHAETCsI BRIOOPKA KAJPOB U UX yCPeIHeHne. YCpeIHeHHOe n300pakeHne OyIeT BhIBOIUTh-
csa B dopmare SPM. Tlepen naganom mpeobpasoBanust NosBUTCs OKHO Omnmuu mpeoObpa30BaHusl B
Bitmap, nokazannoe na puc. 3.14, B KOTOPOM MOYXKHO OyJIeT HACTPOUTDL MapaMeTpbl Ipeobpa3oBa-
uusi. [Ipu npeobpazoBaHuu 1BeTa B BBICOTY, IPOrpaMMa OYIeT JieJiaTh BBICOTY ITPOIOPIMOHAIBHON
CyMMeé MHTEHCUBHOCTEH TpeX KOMIIOHEHT I[BETA C BeCaMU, yKa3aHHBIMUA B 3TOM OKHe. Fcim orme-
geno nosie luBepTupoBars Kajp, mporpamma OyJeT CINTATbH PUCYHOK HETATHBOM, W BBIIUC/IATH
BBICOTY cooTBeTcTByIommM obpasom. [locsie maxkatust Ha kaonky Convert mpeobpasoBanue Oyjer
3aBEPIIEHO, MOJIyIeHHOe M300paykeHne CTaHeT JOCTYITHO JJIs 00pabOTKH.

Bitmap conversion optiol x|

Fed Green Blue

Thoon = Tfrooo = TYfroon

[~ Invertimage

Conwvert Cancel

Puc. 3.14. Oxno gzt BeIGOpa nmapaMerpos npeobpa3oBanus pacTpoBoro pucynka B C3M-uzobparkenue.

s 3anucu Bugeo BoiGepere KoMaHay MeHio Bugeo/ 3anmch uam Haxkmure KHONKy . st
OCTAaHOBKHM 3alliCU Bbibepere KOMaH Iy MeHto Bujeo/ OcTaHOBUTH WM HasKMUTe KHOUKY M. Mms
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daiisa, B KOTOPBI OyIeT MPOM3BOIUTHCS 3AIACh, U IIyTh K HEMY YCTAHABJIUBAETCS B OIIUIX, BbI-
3bIBaEMBIX 10 HaKaTHUIO IIPAaBOH KHOIKM MBIIIH.

Buieo-okHO MOXKHO MacCIITaOMPOBATD, TEPETACKUBas 3a Yros. /IS BOCCTAHOBICHUST UCXOTHBIX
pa3MepOB BUJIEO-OKHA BbiOepere KOMaH Ly MeHio Bumeo/ BoccranoBuTh peasbHbIH pasMep.

3.5.2 Ckanepsl

[Tepes oty 4eHreM cTaTUIeCKUX U300pasKeHuil, NCIoIb3yerca Komamaa mento Paiin/ Saxsar.../
TWAIN.../ Beibparb ucTo4YHUK.... B n0sgBUBIIEMCs OKOIIKE BbIOEPHUTE HYXKHOE YCTPOICTBO.

Korga ykazano mMst HCHOIB3YEMJIONO CKAHEPa, MOXKHO BBIOMDATH KOMAHJIY 3aXBATHTb..., Ha-
XOJIAIIYIOCS B TOM 2Ke MeHIo. [1o 3Toif KomamH/e 3amycKaercs IporpaMMa CKaHUPOBAHUsI, KOTOPast
YCTAHOBJIEHA Ha BallleM KOMIIbIOTepe JJIsi yIIpaBJjieHusl BIOpaHHBIM cKanepoM. llociie ycrerHoro
ckanupoBanusi, B porpamme PemtoCkan OHnaliH MOABUTCS OKHO € MOJIYYEHHBIM U300parKeHUEM,
dopmaT nzobpakeHnus — pacTPOBBI PUCYHOK. Kak caenars n3o0pakeHne JOCTYIHBIM ISl JaJTb-
Heiimreit 00pabOTKU HAMMCAHO B MPEILIAYIINEM pas3jiesie.

3.6 Pabora c maautpoit

But nzobparkenust BO MHOIOM 3aBHUCUT OT TOTO, KAKHE [IBETA TOCTABJIEHBI B COOTBETCTBUE BHICO-
TaM — OT MaJuTpPhl. B mporpamMmMe ecTh HECKOJIBKO NOTOBBIX IIBETOBBIX MAJIUTD, KPOME TOTO, TIOJTH30~
BaTEJIO MPEJIOCTABIISIETCS] BOBMOXKHOCTD CO3/IaBaTh CBOM COOCTBEHHBIE MAJUTPLI. Ecin mo Kakoii-To
npuvuHe M300pakeHne NAJUTPBI HA [MAHEJHd WHCTPYMEHTOB OTCYTCTBYET, TO €r0 MOXKHO BBI3BATh,
nocraBuB rajgouky B Menio Buy/ [lanenn nanporus [kasia. BeiGop najauTpsl oCymiecTBIsgeTCa Ha-
JKaTUeM TPAaBOY KJIABUINK MBIIIA HA U300PAXKEHUN MAJUTPhl — B OTBET TOSBJISIETCS BBIIAJIAIONIEE
MEHIO CO CITMCKOM TIaJIUTP.

Komansoit HoBast masmrpa BBITIAIAIONIET0 MEHIO BBI3BIBAETCSI OKHO CO3JIaHWsI HOBOW MAJIATPHI
(puc. 3.15). B srom oKkHe Bbl MOKeTe chHOPMUPOBATH HOBYIO IBETOBYIO IAJUTDPY BPYUHYIO WM
BOCCTAHOBUTD M HCIOJIB30BATh paHee COXPAHEHHYIO najutpy. s cozmanus HoBoil naauTpsl Bam
HEOOXO/IMMO 3aJIaTh ee IBETOBON mpoduiib B Tpex KaHAJaX: KpAcHOM, cuHeM u 3ejenom. Crpasa
OT OKOIIKA JIjIsi PUCOBAHUS PACIOJIOXKEH IIE€PEKJoYaTe/ b BeTOB. Bribpas 1per (110 yMOIYAHUIO
BHAJaJle BbIOPAH KPACHBIH I[BET), [IPOBeUTe JUHUIO. BHU3y oTo6pasuTcs mocTpoeHHas mkasa. 1lo-
BTOPHUTE 3TY OIEPAIMIO JJISI BCEX TPeX I[BETOB, YTOOBI MOJIyIUTh YKeJIaeMbIil pe3yibrart. [locse sToro
MOYKHO HaxKaTh Ha KHONKY CriiajiuTh, 9TOOBI BBIPOBHATH BCE TPU JTUHUU. UTOOBI MPUMEHUTH TIAJIAT-
py Haxkmure OK, 9T00b! BRIATH U3 Auasora He COXpaHsis m3MeHeHus, HaxkmuTe OTMmena. [laaurpor
MOXKHO COXPaHSATH, YTOOBI UCIOJB30BATH B JajbHelieM npu padore. s 37oro HaxkMuUTe Ha KHOI-
Ky “CoxpaHuUTh’, & IIOTOM CUNTHIBATE COXPAHEHHBIE MAJUTPHI IPU TOMOIIN KOMAHJIbI “3arpy3uTs’.

B mumkHeil 9acTu MeHIO, BBIIAJAIONIET0 DU HAYKATHN IPABOM KJIABUINEH MBIIN HA ITAJIHTPY,
MOYKHO BBIOPATH PEKUM MACIITAOUPOBAHUSI TATUTPHI.

B pexxnme Apro-macurrabupoBanne naanTpa Oy/IeT aBTOMATHIECKN PACTITUBATHCS HA JUATIA30H
OT MHHUMAJILHOIO JI0 MAKCHMAJLHOIO 3HAYEHHUIT, coepKaluxcs B n3o0paxenun (puc. 3.16(a)).

B pexume TTocTpounbiit aBTo-mMacinTab majnTpa HACTPAUBAECTCS OTIEJIBHO JJIs KaXKI0N CTPOKH
nzobpakenusi. B Kaxkjoil cTpoke oHa OyjeT pacTArMBATLCA HA JAWANA30H OT MUHMMAJILHOTO [0
MaKCUMAJIbHOTO 3HAYEHUIl, copepKaIuxcs B janHoit crpoke (puc. 3.16(b)).

B pexume Iloctpounslii aBTo-MaciiTab-+BbIpABHUBAHIE MAJIATPA PACTATUBACTCH HA KaXKIYIO
CTPOKY M300parKeHust, KAK U B IPEBIIYIIEM CIyIae, HO IPH TOM MIPEIBAPUTETHHO KaxKIast CTPOKa,
BBIDABHUBAETCS - U3 HEe BLIUUTAETCs cpennuit Hakon. [loyuaromieecss B pe3yabrare n300parKeHue
ABJIseTC Hanbojlee KOHTpacTHBIM (puc. 3.16).

B pexxume PukcupoBaHHAs IIKAJIA [TOJIH30BATENIO JAETCS BO3MOXKHOCTH CAMOCTOSITEIBHO OT-
MacIITabUPOBATh HAJIUTPY U BBIICJIUTH C €€ OMOIIBIO Te JeTajIn N300parKeHusl, KOTOpble HanboJee
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Puc. 3.15. Pabora ¢ nmajautpoit.

BaskHBIL. [Ipu mepexosie B 9TOT peXKuM BHU3Y HAJUATPHI MOSABATCS METKHU, TOKA3BIBAIONINE COOTBET-
CTBHE MEXK/y I[BETOM TEKYIel MAJUTPhl U BBICOTOM TOYKU. TAKXKe B IEHTPE MAJUATPHI MOSIBSITCS
JiBe TIepeMelnaeMble IIAHKH, CIBUrasi KOTOPble MOXKHO MEHSThH Macrrtad miaJbl. [lenrpaibHast mo-
JIOBUHA TIAJUTPBI OyJIeT B 9TOM CjIydae 0TOOparKaThCs Ha JUAIA30H 3HAYEHU, COOTBETCTBYONIUN
HOBOMY PACCTOSTHUIO MEXK Iy ITaHKaMu. Kcyim B MeHio Bui HanpoTus myHKTa ABTOOOGHOBJIEHUE CTOUT
OTMETKa, TO IPU IEPEMEIEHNN IIAHOK aKTUBHOE n300pakeHue Oy[eT aBTOMATHYECKU IEPEPUCO-
BuIBaThCA. J/1s1 OOHOBIEHUS M300parKEeHUsI BPYIHYIO HAKMUTE KHOIKY < wm BBIOEpUTE KOMAHLY
meHio Buy/ O6uoBuTs. [Ipu 1BOHHOM IIeI9Ke [0 HATUTPE OHA PACTAIUBAETCS OT MUHIMYMA JI0 MaK-
CUMyMa TEeKYIIEro n300parkeHns, Kak [pU aBTo-MacinTabMpoBanuu. JIpyrue n3obpaskeHusT MOXKHO
[IePEPUCOBATH B ITOM Ke IIKaJIe, eCJIM BbIIEIUTh UX U HAXKATh HA KHOIKY % WJIM CJeJIaTh JBOITHON
IETYEK 10 TajuTpe. Keim enHnuIbl n3MepeHns BePTUKAJIBHON TIKAJIbl n300pakeHusi He COBIIAJIa~
0T C €IMHUIIAMU M3MEPEHUsi, YCTAHOBJIEHHBIMU Ha IAJUTPE, TO [JIsi TAKOIO N300PaKeHNs MAJIATPA
Oy/leT paCTSHYTa Ha MOJOBUHY BO3MOXKHOTO JIHANIA30HA JTAHHBIX.

Ecnu Bo BeiOpaan Kakyo-TO TAJIUTPY, TO OHA OYIET UCIOJIH30BATLCS JIJIS BCEX BHOBDL OTKPDI-
BaeMbIX U300PaKEHUI, a TaK¥Ke JIJId BCEX YK€ OTKPBITHIX IIPU MX OOHOBJIEHUU (IOMHHTE, 9TO 00-
HOBJIEHUE IIPOUCXOAUT BCAKUI pa3, KOrja Bbl HpuMeHsere Kakoi-mu6o ¢uibrp). Takoe noseenue
MOKHO OTMEHUTD JIJI KazKJ0r0 KOHKPETHOI'O U300pazkeHusl, €CJIU IIOCTABUTh rajlouKy B MeHio Buy/
3anoMHUTH TAJTUTPY. B 9TOM cilydae m3MeHeHHe HAJUTPBI JJIs KAKOTO-TO JIPYTOTO M300parKeHUst
HUKaK He OTPA3UTCI Ha MaanuTpe JaHHoro. Kpome Toro, ecim m3o0pakeHnue OBIIO COXPAHEHO C Ha-
CTPOIKOIl 3allOMHUTB ITAJUTPY, TO OTKPBIB €r0 B CJELYIONIU pa3 Bbl aBTOMATUYECKU IIOJIyIUTE
CTapyo HAJUTPY.

3.7 Pexxumbl Kypcopa

B sToMm pasnene, kak u B pasjenax 3.8 u 3.9, paccka3bIBAETCsi O METOJAX PabOTHI ¢ IOBEPXHOCTSI-
mu. st 06paboTKu OJHOMEPHBIX U300parkeHuil (cedeHuii 1 KPUBBIX) ITU OLEPAIUN HEJIOCTYIIHBI.

B neBoit wacTn Kaxk10ro OKHa ¢ M300parKEHWEM PAaCIIOJIOKEHA MaHeJ b HHCTpyMeHTOB. OHa co-
CTOUT U3 BOCBME KHOIIOK, (DYHKITUU KOTOPBIX MBI PACCMOTPUM II0-OTEIbHOCTH.
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Puc. 3.16. Paznnanabie pekuMbl aBTOMACIITAOMPOBAHUS TTAJTHUTPHL.
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3.7.1 BblaereHne y4acTKOB IIOBEPXHOCTHU

Bepxusist KHOIIKA, — 9TO pexkuM Kypcopa Boimenerne. B srom pexnme Bor MoxkeTe BBIIEISATH
YUACTKHI MOBEPXHOCTH ISl MX IIOCIe IyIonel 0opaboTku. Haskap Ha KHOIKY = 1 yIep:KuBas JIEBYIO
KHOTIKY MBIIIHU, BBl MOXKETE BBIOPATH OIWH U3 TPEX PEKUMOB: BBIIEJIEHUE IIPIMOYTOJBHON 001acTh
&, Bryzenenne obnactu B opme SJLIHIICA : WIN BBIIEJIeHNe 00JIaCTH, 3aKII0YEHHON BHYTPU H30-
suHAA (T.e. JIMHAW MTOCTOSIHHOW BBICOTBI) S,

MOKHO BBIJIEJTUTD YIaCTOK CJIO0YKHOMI (DOPMBI. [1J1s1 9TOr0 BBIIEINTE TOCIEI0BATEIHLHO HECKOIBKO
obnacreit, ynepxkusas kiaapumry Ctrl. (puc. 3.17). ObsacTn BbleneHnsI MOKHO He TOJBKO CKJIAJIbI-
BaTh, HO W BBIYUTATH JIpyT U3 npyra. s sroro Bmecto Ctrl yuepxkusaiire kiasunty Alt. [lepeasu-
raTh BBIJIEJEHHYIO 06JIACTh MOXKHO, yaepxKuBas kiaasuiry Shift. MokHO HHBEpTHPOBATE BbIIE/ICHUE.
st aroro ucnosbayiore komamiy IIpaska/ VluseprupoBarh BblIeJeHHOE.

Meshkov Red_silver_holesteric[Height] (

6000 8000

Puc. 3.17. Boigenenne y4acTkoB.

3.7.2 Ceuenug

IIpu momormu kromkw K4 MozkHO OCTpONTE pasmmansie cevenns m3o6pazxkenus. Haxxas na KHOI-
Ky W yJIep:KUBas ee HaXKATON MOXKHO BBIOPATDH OJIMH M3 TPEX PEXKMMOB 3TOI0 HHCTPYMEHTA: TIOCTPOe-
HIIe CeYeHHsI 110 IPOM3BOIBHOMY OTpe3Ky K4, mocTpoenne cedenmst cTpokn 52 mium cedenuii crooma

I, s mocrpoenus cevenusi cTpokn mim cTosbua BHIGEPUTE COOTBETCTBYIONIM HHCTPYMEHT U
IETIKOM MBIIINA YKAXKATE Ty TOYKY Ha M300parKEHUU, Yepe3 KOTOPYIO XOTHTE IPOBECTU CEUYEeHMUE.
Ha skpan GyJer BbIBEIeHO OKHO ¢ ipodusieM Bbieaennoii crpoku (croubia)(puc. 3.18). IIpu momo-
U CTPEJIOK MOXKHO IIePEMECTUTD BbIIEJIEHHE Ha IPYIYIO CTPOKY (cTosiberr) n300paKeHusi, ceIeHne
Oy/leT epeprucoOBaHO ABTOMATUIECKU.

O6parure BunManue Ha MeHto Buy/ Hacrpoiiku. Bo Briaake Boiienenne cobpanbl yi00HbE HH-
CTPYMEHTHI JijIsi paDOThI C CEUeHUsIMU U BbleeHusiMu. Feym st napamerpa [lpursruBars Kypcop
BBIOpaHo 3Hadenne Her, TO rpaHUIlbl BhIZEIEHNS U KpPaiiHNe TOYKN CEYeHH OYIyT PACIIOIAraThCs
POBHO TaM, TJie MOJIb30BATEb YKA3aJ MBIIIbI0. ECiu ke JIJIs 9T0ro napamMerpa BbIOpaHbl 3HAYEHUS K
Makcumymy wim K MuHAMYMY, TO TPAHUIIBI OY/IyT HEMHOT'O CJIBUTATHCS, ABTOMATHIECKHU OIIPEJIeIsis



I'maBa 3. O6paboTka m306pa>keHmit 65

naiiH - Meshkov Red_silver_holesteric

! @alin C3M Npasca /Nunma Bua Okna  Ownaiin  Momows

Meshkov Red_silver_holesteric[Height]: 1

. &““\ﬂf‘vfh

Meshkov Red_silver_holesteric[Height] (76%):2

2000 4000 6000
Crpoka: 268 dX: 3354 nm dY: -0.7408 nm
A 09795 B -0.0001838 R'2 045 SD.,0.5922

4000 6000 004 0.008 0.012
S:0.0001469 Phase: 1377

Puc. 3.18. TlocTpoenne ceuennii.
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MeTku Oce X nm hd

Mokazare Bep’ruKamt Oce 2 M T
BeniamHel OHocuTes| ¥ | MuHWA TpeHoa [¥|
Mo ropUzaHT... | 1 kg | | Mokasarb cnekTp r
Mo BEPTMRAM | Bricara |

[ Ok, H OTreHa ][Qarpgsmb] [QDHD&HHTb][ETaHﬂaPT]

Puc. 3.19. OxHO HACTPOHKHU MApAMETPOB CEYEHUsI.
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OMKAMIIIII K YKa3aHHON TOYKE MAKCUMYM WA MUHUMYM.

OJTHOBpEMEHHO C CeYeHMeM MOYKHO YBHUJETH €ro CIIEKTD, & TaKKe JIMHUIO TPEHJIa, KOTOpas Xa-
pakTepusyer OOIuil HAKJIOH JAHHON CTPOKH. Tak»Ke MOXKHO PEeryJIMpOBATH KOJUYECTBO TEKCTOBOM
nH(pOpPMAIMN, BbIBeIEHHO 1101 rpadukoM. HacTpoiika nmapaMeTpoB ceYeHusT MOYXKET ITPOBOIUTHCS
u3 meno Bug/Hacrpoiiku... B TO BpeMsi, KOIJIa CEUeHUE SABJISIETCS AKTUBHBIM OKHOM, WJIU 110 Ha-
JKATUIO IIPABOI KHOIKU MBIIMIA HA OKHe cedeHus. B mosBuBImemcs okne HacTpoiiku ectb Bocemb
3aKJIAI0K. Jakiajka Obmee (puc. 3.19)maeT BO3MOXKHOCTD OLPEIEIUTh, KAKUe JaHHbIE OYYT Bbl-
BOJIUTHCSI BMECTe ¢ cedeHneM. MoxKHO BBIBECTH HA SKPAH WM CKPBITh CIIEKTD M300pakeHus (B moJe
CIIEKTPa KPACHBIM I[BETOM HAPUCOBAH CIIEKTDP MOIIHOCTH, & CEPhIM — CHEeKTp (as3bl), 0TOOPa3uTh
WJIM CKPBITH JIMHUIO TPeHJa U ee napamerpbl (koaddunuentor y = Ax + B, cpelHeKBaIPATHIHOE
orksonenne R? u crangaprhoe oTknonenue SD). MoyKHO BLIGPATH PA3IMYHbIH XapakTep TyHKTHD-
HBIX METOK, IIPEeIHA3HAYEHHBIX [IJIsI U3MEPEHUS PACCTOSTHUS MEXKIY PA3INIHBIMU TOYKAMU CEICHUS.
BeprukajbHBIE METKI TO3BOJISIFOT U3MEPATH PACCTOsIHUE (WM JIPYTHe MapaMeTphl, CM. HUXKE) IO
BEPTUKAJIU U TOPU30OHTAJIM MEXKy HUMU. [lepeKkpecThe 1103BOJIsIET N3MEPSITh PACCTOsIHAE OT HAYajIa
KOOPJMHAT JI0 OTMETOK.

B zakiajke Jlunun HacTpanBaercs 1BET JUHAN MPOQUIIS U TPEHIA, TOJIIINHA OCHOBHOM JIMHUN.

B zakmagke MacirabupoBamne MOXKHO OTPErympoBaTh Macmrrad mo ocaM rpaduka. [lo ymosr-
YaHUIO OH OIpEJesIseTCsl aBTOMATUYECKH. J[Jjisi TOPM30HTAJILHON OCH MOYKHO YCTAHOBUTH PEXKUM
QukcupoBaHHbIil MacTab uiu PUKCHPOBaHHAs MUPUHA. B 11epBoM cilydyae Ipu U3MEHEHUU pa3Me-
POB OKHa cevueHusl OYIyT MEHSIThCS ¥ Pa3MepPhl CAMOI'O CedeHusi. Bo BTOPOM ciiydae IMUPUHY CeUYeHUsT
U3MEHUTH Oy/IeT Hesib3sl. [IJisi BepTUKAJIBHON OCH CeueHUsT MOYKHO BBIOPATh PesKUM ABTO, IPU 5TOM
MacmTad 1Mo BEPTUKAJIBHOM ocu Oyer BBIOpAH Tak, 9TOOBI MPOMUIIb HOJHOCTHIO 3AIOJHSII PAMKY
ceuenns. B pexxnme OuKCHPOBAHHBIN MOXKHO YKa3aTh pa3Mep BEPTHKAIBHOMN MIKAJIBI.

B zakuajke I'panuiipl HacTpanBaOTCs OTCTYIIBI OT IrpaduKa 10 I'PAHUI] OKHA, PACCTOSHUE MeK-
Jy rpaduKOM U TeKCTOBO# mojnuckio K Hemy. [IlpudT mogmucu u nser ¢poHa HACTPAMBAIOTCA BO
Bryaakax [{Ipudr u @on coorBercrBernno. HacrpouTs niBer moamnuceit u oceil, MX TOJIIAHY MOXKHO
BO BKJaJKe Jlerenma.

MeTkn Ha ceveHUU IPEACTABJIAIOT CODOIl ABE MITPUXOBLIE JIMHUH, KOTOPbIE MOTYT OBITH PAacCIO-
JIOXKEHBI BEPTHKAJIBHO WJIH IIePEeKpeluBaThcst (cM. Bbie). [lepensuras MeTKH C IOMOIIBIO JIEBOI
KJIABUIIU MBI BbI MOXXeTe U3MepsITh PACCTOsIHUSI U BBICOTHI Ha HOCTpoeHHOM mpoduie. OmHo-
BPEMEHHO C II€pEMEINeHNeM STHUX JIMHUN Ha M300parKeHnr MOBEPXHOCTHU IEPEMEIAI0TCS J[Ba, Tpe-
YTOJIBHBIX KypPCOpa, COOTBETCTBYIOIINE IMOJIOXKeHUIo JinHuit. HakaB mpaBoil KjaBuIlell MBIIHU HA
mojie cevenus, B Menio Hacrtpoitku Bbl MOxeTe M3MEHUTH XapakKTep BEeJIMYNH, PACCIUTHIBAEMBIX
JUIs yYACTKOB KPHUBBIX MEXKJIy METKaMH, [I0 TOPU30HTAJU U BepTukasau. [lo ropumsoHTamym MOKeT
BBIUKCJIATHCA PACCTOSTHUE MEXKJIy METKaMW, KOHTYPHas JJIMHA, WHTerpaJl WM IUIOMA b MeXKJLy
YYIACTKOM KPUBOI U OTPE3KOM, COEIMHSIIOIINM ee KOHIIbI. [Ipr 3TOM Te y9acTKH IJI0IaIu, KOTOpbhIe
PACIIOJIOYKEHBI BBINIe KPUBOI OEPYyTCs C ILIFOCOM, a T€, KOTOPbIE PACIIOJJIOXKEHBI HIXKE - C MUHYCOM.
Ilo BepTuKaIum MOXKET BBIYUCIATHCH PACCTOSHIE MEXKJIy KPANHUMHU TOYKAMHU WA yTOJ HAKJIOHA
COEIMHSIIONIEro X oTpe3ka. Ha n3obparkeHnn CreKTpa cedeHusi Bbl, ¢ TTOMOIIBIO TAKUX YK€ JIMHUM,
MO2KeTe TI0JIy4aTh 3HAYEHNUsT MOIIHOCTU U (ba3bl.

AGCOJIIOTHO aHAJIOIMYEH B MCIIOJIB30BAHMN ¥ HACTPOiikax mHcTpyMeHT L4 Om mossosser mo-
CTPOUTH CEYeHUe BIIOJb JIFOOOro oTpe3ka. st 9Toro, yaepKuBasi HaXKaTo JIEBYIO KHOIKY MBIIIIHT,
[IpOBEJINTE JUHUIO Ha m300parkeHuu. B okHe cedenns: Oymer mocTpoeH ee mpodub.

JloTIOTHUTESIBHO BBIJEIEHIE CTPOK U CTOJIOIOB MOXKHO HCIIOJIB30BATh B TOM CIIydae, €CJId Ha
n300parkeHNn IPUCYTCTBYET CTpoKa (crosbern) ¢ moxum npodusiem. Boimeans, ee MOXKHO uCTpa-
BuTh KoManoi# Menio Jlunus/ Criaaurs . B pesysibrare BbIIOJHEHUS 3TOW KOMAHIBI BHIODAHHA
CTPOKA 3aMEHSAETCS CPEIHUM 3HAYEHUEM JBYX cocefnux ¢Tpok. Komammpt mento Jlunus,/ 3amenurn
ua Bepxuioro u Jlunus/ 3amennts Ha HuzKHIOW0 3aMEHSIOT BBIOPAHHYIO CTPOKY HA COCEIIHIOI0 CBEPXY
uin caudy. Komanna menio Jlunus/ Y6pars yuasisier JIMHAIO U3 U300parKeHUsI.
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3.7.3 WN3mepeHue paccTostHUiA

Cremyrotast KHOIIKA B TAHE TN HHCTPYMEHTOB N300pakeHus == — 9T0 peKUM N3MEPEHHUST PACCTO-
suust. OH MO3BOJISIET U3MEPSITh PACCTOSTHUSI Ha MOBEPXHOCTH M300paskenust. jis 3Toro mposegure
Ha n300paKeH! JIMHUIO, YAEeP:KMBas HaXKATOH JIeBYI0 KHOIKY MBIIIN. PaccTosdHns M3MePAIoTCs B
POEKIMA Ha TUIOCKOCTh X-Y, €3 yuera paccTosiHusl 110 BepTuKaau (o ocu 7). VaMepeHHas: Besn-
YUHA BBIBOJUTCA PAJOM C IIOCTPOECHHON JimHueil.

3.7.4 W3mepeHme yrJjioB

WNucrpyment S IIpe/IHA3HAYEH /I M3MEePEeHHus YIJIOB. B HeM mpou3BOJAUTCS U3MEPEHHE YIJIOB
MexK 1y AByMsi orpeskamu. CHagaia, yIepKuBast HaXKaToil JIEBYO KHOIIKY MbIIIHU, ITPOBEIUTE JIMHUO,
COOTBETCTBYIONIYIO [IEPBOMY OTPE3KY, & 3aTeM TakKuM Ke o0pa3oM moctpoiite Bropoil. Ilpu sTom,
KOTJIa BBl YKa3aJIU TEePBBIil KOHEI OTPe3Ka U, yAePKUBas HayKaTOH JIEBYIO KHOIKY MBI, JTBUTAETE
€ro BTOPO# KOHEII, B JIEBOM HU2KHEM yTJIy OKHA IIPOrPAMMBbI IIOKA3aHO, KAKOH yroJl OTPe30K 00pa3yeT
C TOPU30HTAJIBIO.

3.7.5 IlocTpoeHue KpUBBIX

Puc. 3.20. smepenue ajuH KpUBbBIX.

Cienyiomasl KHOIIKA Ha [aHeaun o0bennHsieT B cebe JiBa PeKUMa JJIsl MOCTPOEHNsI KPUBBIX U
u3MepeHns ux jymH. VIHCTpyMeHT A nossosser BPYUYHYIO PacCCTaBUTh TOYKH BJIOJIb U3MepPAEMOit
KPUBOIl U ee jiHa Oyuer nojcunTana apromarudecku (puc. 3.20). Urobbl yuaauTh KpuByio, HaBe-
JIATE KypCOp Ha ee HAuaJo (OTMEYEHO 3€JIEHBIM KBaJIPATOM) W HAYKMUTE JIEBYIO KJIABUIILY MBIIIN.
Ecin Bor HazkMere Ha Kakyo-aubO JAPYryio U3 PACCTABICHHBIX TOYEK, TO OHa OyJeT yiajieHa u3
KPHUBOI, & IPEJIIEeCTBYIONAs eif U ITOCJIEIYIONast TOUKU coeuusTesd. s obaByeHust HOBOI TOU-
KH MEXKJIy JIByMs CYIIECTBYIOIIMMH IO/IBEIUTE KyPCOP K OTPE3KY, COSJUHSAIONIEMY UX, U HAXKMHUTE
JIEBYIO KHOIIKY MbIIH. TOYKM KPUBOI MOYKHO ME€pEMeIaTh, yIepKuBas HaxkaTol kiaasuiry Shift.

MozKHO OCTPOUTDH OJIHOBPEMEHHO HECKOJBKO KPUBBIX. Jl1s TOro, 4T00BI HaYaTh OTMEYATHh HO-
BYIO KPUBYIO, & He IIPOJO0JI2KATh CTapYyIO, IIPU CJIeIYIONeM HaKaTUU JIEBOI KHOIIKU MBIIIN YIEPKU-
BaiiTe Haxkaroii kinapuiry Ctrl. Haunercst HoBast akTuBHasi KpuBasi. UTOOBI BEDHYTHCST K IIPEIBLILY-
Ieit KpUBOIi, HaBeIUTe Ha Hee Kypcop. [locie Toro, kKak Kypcop u3MeHUT (POpMY, METKHATE MBIIIHIO
10 KPUBOM, U OHA CTAHET AKTUBHOM, PSIZIOM C ee HAYAJIOM Oy/ieT BbiBegeHa WHMOPMAIUS O JIJINHE.

Bce mocTpoennble KpuBble MOXKHO YJaJIUTh OJHOBPEMEHHO KOMaHIoil MeHi0 Buu/ Ouncrurs/
Kpussie. IIpu HeobxomMocTn KaxK1as KpUBasi MOXKeT OBITh IIPE0OPa30BaHa B CEYEHUE C IOMOIIBIO
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koMman 16l Merio Onepain,/ IIpeofpazoBarh KpUBYIO B CeYEHHE.
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Puc. 3.21. Boigesenne npoTszKeHHBIX 0OBEKTOB.

BTopoii HHCTPYMEHT — fi IEPEBOIUT KyPCOP B PEKHM BBIICICHHs IPOTSKEHHBIX O0HEKTOB.
IIonsemuTe Kypcop K OHOMY U3 KOHIIOB IIPOTSI?)KEHHOI'O O0'bEKTA, HAXKMUTE Ha JIEBYI0 KHOIIKY MBIIIN
U y/IepKUBaiiTe ee B TEUEHNN HEKOTOPOro BpeMeHu. I1osgBUTCS TOUKA U OYEPTUTCH KOHTYD 00bEKTa
(puc. 3.21). He ormyckas JieByI0 KHOIKY MBIIIU HY?KHO IPOBECTH KyPCOD BJOJb KOHTYPa 00beKTa
JIO €ro KOHIIa M OTILyCTUTb JIEBYIO KHOIIKY MBIIIHN. Bob 00BeJIeHHOTO KOHTYpa OyJIeT IIOCTPOEHa
KPHBasi, COCTOSIIIAasl U3 MHOXKECTBa COEIMHEHHBIX JIPYT C JAPYroM oTpe3kos (puc. 3.21).

MO>KHO TOCTPOUTH OJHOBPEMEHHO HECKOJIBKO KPUBBIX. DTO MPOUCXOAUT ABTOMATHYIECKH IIPU
BBIOOpE HOBOW HadabHON TOUKW. Ecsm simHus, Kotopyio Bel xormre 00BecTH, mpepbiBaeTcs Ha
HECKOJIbKO CTPOK M300paXKeHWs, a MOTOM IIPOJIOJIZKAETCsl CHOBA, TO €€ MOXKHO COCTaBUTH U3 JBYX
KyckoB. [Ij1s1 9TOro BbIJIEINTE IEPBBIN KYCOK TaK, KaK 9TO HAIMCAHO BBIIIE. 3aTeM, V/lepKuBasi Kila-
sumry Ctrl, ykakuTe TOUKY B KOTOPO#l HaYnHAETCS BTOpas mosioBuHa Kpusoit. [Ipn sToM akTuBHAas
KpuBas OyIeT JIOCTPauBaThCs, & KpallHue TOYKHU COeIMHATCS 110 NpsIMOit. B 1iesioM ke, paborta ¢ BbI-
JIEJIEHHBIMU TAKUM 00pa30M 00bEKTAMU TTOTHOCTHIO AHAJIOTUYIHA PAOOTE C KPUBBIMH, TOCTPOCHHBIMH
BPYYHYIO.

3.7.6 PaccraHoBka MeTOK

Nucrpyment ¥ 1m0o3BoJIsIeT PACCTABIATL METKH HA M300DAKeHHH . BHJ METOK OIIpeIesIsercs

B Menio Buy/ Cruib merok. Ecsm Beibpano nosie Hymepanus, To Bo3iie KaxKioi MeTku Oymuer
BBIBOJIUTHCSI €€ TOPsIIKOBBIH HoMep. MeTKn MOryT BBIBOAMThCs B Bujle crpesodek (Crpesnkn), 6o
B Bu/Ie Tastouek (lasmoukn). YianuTh MeTKY MOXKHO, HaBeJlsl Ha Hee Kypcop (710 TOsIBJIEHUs] KPACHOTO
KpeCTa) U INEeJKHYB JIEBOH KHONKON MbImu. Vjim MOXKHO yJajJiuTh BCE METKHU, BHIODAB KOMAHJLY
menio Buy/ Ouncrurs/ Merku. Merku MOXKHO nepeMemarTh npu Haxkaroil kiasumne Shift. TIpu
[IEPEKJTIOUEHNN PEKUMA KYyPCOPa METKU COXPAHSIOTCS.

3.7.7 DBokoBas mojacBeTKa

ITo maxkaTum Ha KHOIKY 4 na n300paKeHNN BKJIOYAETCS U BLIKJIIOYAETCA OOKOBasI MOJICBETKA.
IIpu BbITOSTHEHUM ITOIN OIEpAINN U3MEHSIETCs I[BET KaXKJI0#M Toukm u3obparkenus. HoBblit 1BeT
TOYKHU OIPEJIENISIETCsI y2Ke He ee BBICOTOM, a YIJIOM HAaKJIOHA NOBEPXHOCTH B JIAHHOH TOYKe (TAKOoro
POJia OIlepalii HA3BIBAIOT I'PAIUEHTHBIMU IPEOOPAZOBAHUSIMMT).
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3.7.8 HNuBepcusda 1BeToBoOil NAJINTPHI

Tocte iHsisl KHOIKA Ha TIAHEIN HHCTPYMEHTOB MR [O3BOJISIET M3MEHHTb MANTDPY H300pasKeHmsl
TaKUM 00Pa30M, UTO BO3BLIIMIEHHOCTH CTAHYT TOTO IBETA, KOTOPOTO ObLin yriayb/enus u HaobopoT,
T.e. IIPU BBIOJHEHNN (DYHKIUH [TAJINTPA 3aMEHUTCS Ha MHBEPTUPOBAHHYI0. AHajornanas yHKIUs
u3 menio Maremarnka,/ Musepruposarsh padoraer no-apyromy. OHa usmensier pesbed uzobpazke-
HUSL.

vtm_1.000[Height] (66%)
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™ 2000 \ ' / \/ &
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:; 1200_/' ’ = l #- L
. £ 74k A
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Puc. 3.22. Uzobpaxkenne 70 (cneBa) u mocse (crpaBa) HHBEPTUPOBAHMS.

HpI/I IIOBTOPHOM HaKaTHUX Ha KHOIIKY h BOCCTaHaBJIMBAECTCHA II€pBOHaYaJIbHad IaJIUTPaA.

3.8 @ynkiunm odbpaboTKm JaHHBIX (MeHIO MateMaTuka)

B mporpamme peaunzoBan MUpOKHil HAOOP PA3IMIHBIX MaTEMATHIECKUX PYHKITHI 00pabOTK 1
aHaJIM3a JAHHBIX. DTU (DYHKIMU PACIIOJIOXKEHBI B IByX MeHI0 — Maremaruka u Oneparuu. Paziese-
Hre PYHKIMIA MEeXKTy MEHIO JJOBOJIbHO yCIoBHO. KoMmaHnabl MeHI0 MaTtemaruka CIyKaT, B OCHOBHOM,
JIJIsT KOPPEKTUPOBKU JIAHHBIX, a B MeH0 Ouepanuu pacrojioyKeHbl, IJIABHBIM 00pa30oM, (OYyHKIMH
aHaInM3a JAHHBIX. B 9TOM pasiese paccMaTpuBaiOTCsS KOMaHabl MeHo Maremarnka. Muorue n3 Hux
PO/ Ty OJIMPOBAHBI KHOTIKAMU HA, IAHEJN WHCTPYMEHTOB TPOrPaMMBI.

3.8.1 MHNcnosib30oBaHue MaKpPOKOMAaH/JI

CozaBaTh MaKpOChl U YIPABJIATH UMU MOXKHO C HOMOIIBIO KOMaH bl MeHio Maremaruka, Mak-
poc... ITocsie BBITIOJTHEHNST 9TOH KOMAH/BI NOSIBISAETC OKHO MaKkpoc ¢ HECKOJIBKUMH TIaHe MU (pUC.
3.23). Ha JieBoii manesm 1mokasad HabOp BO3MOXKHBIX KOMAH][ U KHOIIKH, IIPUCBOCHHBIE UM Ha, [IAHEe-
Jin HHCTPYMeHTOB. [lepeTackuBasi X MBIMIBIO HA MPABYIO MTAHE b, BBl (DOPMUPYETE MAKPOKOMAHLY
¢ MMeHeM, KOTODOe BbICBeUMBaercsd Haj HaHebio (Hanpumep, Hosas maxpokomanmia). ITopsiiok
KOMAHJT MOYKHO MEHSITD, IIEPETACKUBAs UX C MIOMOIIbIO MbImnu. FKcim Bl HaskMeTe HAa KHOIKY
, TEKyIIMii Makpoc Oyzer ymajieH. B BepxHeill cTpOUYKe BBICBEUMBAETCS WM MaKpOCa, IPUCBOEH-
Horo kuonke M Ha mamesn uHCTPYMeHTOB. BBIGpaTh pesakTUpyeMblii MaKpoc (ecim UX y Bac yie
HECKOJILKO) MOYKHO € TIOMOIIBIO BBIIAJIAIOIIEr0 MEHIO. PeJakTHpyeMblii MAKPOC MOYKHO IIPUBA3ATH K
[TaHe/ I MHCTPYMEHTOB, HaxKaB KHONKY tu . Co3/1aHHbIe MAKPOCHI IOMEIIAITCs B MeHio MareMaTuka
B CaMOM HHE3Y IIOCJIe pasiesauTesd. 1lepsolii u3 HuX nprucBoeH KHomnke # ma mame/n HHCTPYMEHTOB.
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Puc. 3.23. OxHO yupaBjieHnsi MAKPOKOMAHIAMUA.

3.8.2 OOpe3anue n300parkeHUi

Eciu na m306pakeHnn BbIe/IeHA HEKOTOPasi 06JIACTh, TO € MOMOIBIO KoMaH 16l O0pe3ars mim
KHOIKH & n306paskeHne MozKeT ObITh 06PE3aHo 110 IPAHUIIAM HPAMOYTOJILHIKA, OIMICAHHOIO BOKPYT
BBIJIEJIEHHOIT 00JIaCTH.

3.8.3 MWuBepcus BBICOTHI

IMpunmun pabors! dyukuun Musepruposars u3 Menio Maremaruka (KHOIKa B Ha obueit na-
HeJIn I/IHCprMeHTOB) CYIIECTBEHHO OT/IMYaeTCd OT I/IHBepTI/IpOBaHI/IH H‘BeTOBOI‘/JI aJINTPBL (KHOIIK&
I ciesa or u3o6paxkenus). [Ipu BeiGope Komanzbl Martemaruka, VIHBEPTHPOBATH U3MEHSIIOTCS
JIaHHBbIE M300parKeHUsI: BECh JUAIa30H 3HAYEHUIT OT MUHUMYMAa JI0 MAKCUMYyMa IePeluChIBaeTCs U
[IPUCBANBAETCS TOYKAM B OOPATHOM TOpPsiAKe. 10 €CTh TOYKHU, B KOTOPBIX ObLIO MAKCUMAJIHLHOE 3HA~
YeHne MOJIydYaT [OC/Ie MHBEPCHH MUHUMAJIBHOE, & Te, B KOTOPBIX 3HAaYeHHEe ObLIO, HAIpuMep, Ha 1
HM MEHBIIIe MAKCUMAJIBHOTO CTAHYT Ha 1 HM GOJIbIIIE MUHUMYMA.

3.8.4 VYcpenHeHue

VepeiHenue BHIIOTHIETCS KOMAHIO0H YCPe/HEHIe I HayKATHeM KHOIKH = Ha, AHe I HHCTPY-
MeHTOB. Pazmep obactu ycpeiHeHnst MOXKET OBITH YCTAHOBJIEH B MOSIBJISIONIEMCS [P BBI30BE MEHIO
(MoxkHO BBIOpaTh MaTpulpl 3x3, 5x5 u T.2.). Boibop 60sbiioii 061acTi yepeiHeHusl IPUBOAUT K
3HAYUTETHLHOMY PA3MBIBAHUIO M300paKeHNUs.

3.8.5 VYBejmdyeHHe pe3KOCTU

YBenudeHne pe3KOCTH OCYIIECTBIISAETCS KOMaH 0 YBeanauTh pe3kocTh (Sharpen) nim ¢ momo-
.
IbI0 KHONKK —i. [Ipu yBeIMueHnn pe3KoCTH MO IIepKUBAIOTC PA3/IUdnsl ME2K Ly IIBETaMU CMEXKHbIX
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MMIKCEJIOB W BBIIEIAIOTCS MaJjIo3aMeTHBIe fAeTan. [Ipu o6paboTke KarKI0ro MUKCea N300parKeHust
HCIIOJIB3YETCS sA/IPO PE3KOCTU — MaTpuia pasmepoM 3x3. Kpacnasi, 3ejieHas u CHHSISI I[BETOBBIE CO-
CTaBJIAROIIE 00PabATHIBAIOTCS OTHAEJIBHO U O0BEeINHSIIOTCS TOJBKO ITocie 00paboTKH, YTOOBI cop-
MHUPOBaTh 24-O0MTHOe 3HAYEHUe I[BeTa. B MaTpuile pe3KoCTU IeHTPAJIbHBIN KoM UIMEHT 0oJIbiie
1, a ocrasbHBIE OTpUNIATETBHBI. TaKuM 00Pa30M yBEJIMUMBAETCS JIIOOOH CYIIECTBYOMNNA KOHTPACT
ME2K/Iy IIBETOM IHUKCEJIa U [IBETaMu ero cocelieil. Koneunoe n300parkeHne BbIVIAAAT OOJIEE I€TKO I€M
opurunaJ. [Ipu moBTopHO#t 06pabOTKe M300pakKeHnsT YETKOCTh MOXKET YBEJTHIUTHCS eIre 0obIre. B
JAHHON (DPYHKIUU UCIIOIB3YETCsS MaTpHUIla 3x3 BUIA:

~1/8 —1/8 —1/8
A=|-1/8 16/8 —1/8
~1/8 —1/8 —1/8

3.8.6 ®PuabTp Bunepa

Jannast QyHKIMS Tpe HAZHAYEHA IS YHUITOXKEHUsI CJIyJAHOTO IIyMa, IPUCYTCTBYOIIErO Ha
n300pakeHnu, ¢ MOMOIIBI0 MeToa GuiIbTpanun BruHepa ¢ MacKoil MPOU3BOIBLHOTO pasmepa. s
BBI30Ba PyHKINU Bb3oBuTe KoMaHy Puiabrp Bunepa mim HaKMuTe KHONKY Al HA TAHETN YIIPAB-
JICHUS.

3.8.7 Meanannas duabTpanus

Dra omeparys BBIIOIHSETCS KOMaHIoH MennaHHbIH (DIIBTP MM ¢ MOMOIIBI0 KHONKH 2. ITo-
ApobHO 00 3T0i hyHKIMHN OBLIO CKa3aHO BO BBEJCHUN. B KadecTBe MaCKH MOXKET BBICTYIIATH KBAIPAT
C MPOU3BOJILHOM JIUHON CTOPOHBI. BBHIOOpP GOJBINON MACKH MPUBOAUT K 3HAYUTETLHOMY pPa3MbIBa-
HUIO M300paKeHnsI.

3.8.8 Meauannasa dpuaprpanusa mackoit X

(Y =
DTa oreparys BBINOJIHsIETC KoMaHoil Menunana X winM ¢ MOMOIIBIO KHONKHU *&. B kadecrse
MaCKH HCIIO/Ib3yeTCss KOHMUryparus Buja @ pasMepoM 3X 3 MUKCea.

3.8.9 Meanannasa douiabTpanus mackoii Kpecr

o o Sy
DTa oneparus BbIIOTHIETCsS KoMaH 0l Memnanubrit (pUIbTp KPecT Wiin ¢ HOMOIIBIO KHOIKU =,
B kadecTBe Macku ncnosiblyercs KOHMUIypaIus BUAa B pasMepoM 3X3 MUKCea.

3.8.10 OnrumMuzanus IIKaJIbI

15t BHyTPEHHEro IPeJCTAB/IEHNs JAHHBIX B IPOrpaMMe HCIOJb3yIoTcs 16-OuTHbIe 1esible 3HaA-
KOBble umncya. VIx nuama3on 3mHadenuii — ot -32768 mo 32767. g mepecdera B peasibHbIEe 3HAME-
HUsI, KOTOPbIE BBIBOJATCSI IIOJIb30BATEIO HA CEUEHUSIX, IPU U3MEPEHUH BBICOT U T.JI., UCIIOJIb3yeTCsl
MacmTabHbI KO3 UIIMEHT U 3HAYEHNE CMEIIEeHUs HyJisl, KOTOpble XpaHsaTcs ornebHo. Ho Bee
MaTeMaTUIeCKUe OIepaIui, (pUIbTPLI U MIPeodPA30BAHNS TPOU3BOIATCS HAJT IMCIAMA BO BHY TPEH-
HEM IeJIOYUCIEHHOM TIpeJIcTaBIeHIu. [[09TOMYy, B HEKOTOPBIX CJIydasiX MOXKET IIPOUCXOIUTH MOTEPs
TOYHOCTH [IPU OKPYTJIEHUH UJIH TIEPEIIOJHEHNE, eCIIU MeJIOUNCIeHHbIe 3HAYEHUsT HAXOJATCS B CJIHII-
KOM y3KOM WJIU CJIAIIKOM IIMHPOKOM JiMana3one. Irobbl n30eKaTh I0Tepr TOYHOCTH, [IPOU3BOIUTCS
onepanus OnTuMuU3HpoBaTh MmKary (KHonKa BL)| KoTOpas Ipeobpasyer HeJ0UHCIeHHbIe SHAYCHNS,
KOTOPBIE BCTPEYAIOTCH HA M300PaXKIEHUN, TAKAM 00pAa30M, ITOOBI OHU 3aHUMAJIA HEKYIO CPEIHIOK
00JIaCTD B IMANa30He BO3MOXKHBIX 3Ha4YeHu, oT -16384 10 +16383. Hemaercst 9T0 myTeM MacITadu-
poBaHus U caBura. Eciau Ha n3o6pakeHnu ectb 00s1acTh (Md TUII 00BEKTOB), TOYHOCTH U3MEPEHHsI
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pa3MepoB KoTopbix Bac nambosiee mHTEpECyeT, TO HEOOXOIAMMO BBIAEIUTH 3Ty 00JAcTh (Win yda-
CTOK TIOBEPXHOCTH, COJIEPXKAIMUI TONBKO OOBEKTHI XapaKTEPHOTO Pa3Mepa) W HAXKATh Ha KHOIKY

Bl Tannble OyayT mepemMaciiTabUpoOBaHBI TAK, YTOOBI TOYHOCTH B OIPEIEICHAN STUX BBICOT ObLIA
MaKCUMAaJIbHOM.

3.8.11 TpaHcrioHUpOBaHUE N300pA>KEHUST

B ciyuae, ecim Bpl cHuMasm m300parkeHnsi OJHOTO y4YacTKa IOBEPXHOCTH B JBYX II€DII€H/IU-
KyJIIpHBIX HanpasieHusix (o X u mo Y), To coBMecTuTbh BBl HX CMOXKeTe TOJBKO C MOMOIIBIO

-
3epKajbHOro orobparkennsi. Komanma TpaHcnoHmpoBaTh M300paykeHne (KHOHKa L] ) BBIIOJIHSIET
3epKaJIbHOE OTOOpaXKeHne KAPTUHKU OTHOCUTEIBHO och X=Y.

3.8.12 IloBopor

ITosopor u3zobpazkenus ocyecrsisiercs komanoii [losopor (kHONIKA Eﬂ‘). IIpu sTOM mosIBIETCS
okzo ITapamerpbi(puc. 3.24) B KOTOPOM MOYKHO BBIOPATH OJIMH U3 TPEX THUIIOB MOBOPOTA:

1. Ilo gacosoit Ha 90 — moBopoT Ha 90 TPaYCOB IO TACOBOM CTPETIKE;
2. Ilporus uacosoit Ha 90 — moBopoT n30bpaxkenus Ha 90 IPayCOB TPOTUB YACOBON CTPEJIKY;

3. Ha yros — moBopoT n3obpazkeHusi Ha MIPOU3BOJIBHBIN YTOJI, 33/ IAHHBIN ITOJIH30BATEIEM.

MapaMeTpel £

Tun nogopaTa Movacoeoi na 907 |w

Mo yacoeoi Ha 307
MNpoTye yacosok Ha 90°
Ha yron...

[ Ok H OTreHa ]

Puc. 3.24. IloBopor nzobparkenus.

[Tpu noBopoTe uz0bpazkeHue Ha yroJi, orandHbiil oT 90 TpajycoB, OHO OyIeT cMacITabupOBaHO,
9TOOBI YMECTUTHCS B UCXOJHOM OKHE.

3.8.13 BpeipaBHUBaHUue

[Tonygyennbre n300parkeHusi 9acTO MMEIOT ODIMUiIl HAKJIOH MJIM ODIILYIO BBIMYKJIOCTh. Takwue wuc-
KaXKEHUs MOTYT MOSABJISTHCS 110 PA3HBIM IpuyunHaM. Kak MpaBmio OHU CBS3aHBI C TEMIIEPATYPHBIM
JipeiihoM 1 HEJTMHEIHOCTHIO MHE30KEPAMIUIECKOTO MAHUILYJISITOPA. DTOT MAKPOCKOIIMIECKUH pesibed
OOBIYTHO MeIIaeT BLISABJIECHUIO CTPYKTYPBI 00beKTa. UToObI N30aBUTHCS OT HEr0, U3 MCXOTHOW MaT-
PHIIBI 3HAUEHUI BBIYUTAIOT IOBEPXHOCTH IIEPBOr0 MM BTOPOTO MOPsIKa, (INIOCKOCTH, NapaboJry mim
runep6osty ). BelpaBHUBaHUE OCYIIECTBIISETC 110 KOMaH e BripaBHuBanue B MeHIO MaTeMaTuka uim
[IpY HAXKATUU HA KHOIKY dﬂ, KOTOpasl HAXOUThCS HA MAHEJIM WHCTPYMEHTOB.

[Tpu BBINOIHEHUY STOH KOMAHJIBI HOSABJISETCS OKHO IapaMeTpoB (puc. 3.25), B KOTOPOM MOXKHO
yKa3aTh TUIl BbIYUTAEMOIl IIOBepXHOCTHU: JIuHEeiiHAs — J1JIsl IIOBEPXHOCTHU [EPBOro HOPsijika (IIJI0CKO-
cru) mwin [lapabosmyeckast — Jyisi HOBEPXHOCTH BTOPOro nopsijka. Ecin ucxopusiii dailin cogepKuT
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MapaMeTpbi |:|
Tun NoEepsHOCTH NuHeiinas ™=
DfpatioTk.a Noa-HSoGpakeHui | n s v
YanATe NoCTOAHHYM COCTAEMADL Y

Oena

Puc. 3.25. Okno mapameTpos.

HECKOJIBKO M300paXKeHuil, To 00padaThiBaTh NX MOXKHO OJIMHAKOBBIM 00pPA30M HJIU HE3aBUCUMO JIPYT
OT Jpyra. 1o ompenesercs mapamerpom OOpaboTKa MoA-u300pakeHui:

1. PazmesrbHO — 15T KarKJI0r0 cojieprKalierocst B (aitjie n300parkeHnsl BBICIUTBIBAETCSI CPEJTHSISI
MMOBEPXHOCTD, OIpEIeIeHHAs METOJIOM HAUMEHBIINX KBaJIPaTOB JIJI KOHKPETHOTO M300parKke-

HUS;

2. Ilo akTUBHOMY — MMOBEPXHOCTH PACCUUTHIBAETCS JJIsi AKTUBHOTO MTONN300DAKEHNs, 8 BbIIUTA~
eTcs U3 BCEX;

3. Ilo Bcem — paccaMTHIBAIOTCS CPEIHAE IOBEPXHOCTHU 110 BCEM IOAM300PaKEHUAM U YCPETHSIIOT-
co.

Eciiz manpotuB nosis YaasisiTh OCTOSTHHYO COCTABJISIIONIYIO0 CTOUT Taj049Ka, TO 00IIee CMeneHne
BCell TOBEPXHOCTH OTHOCUTEIHHO HYJISI YIAAJISIETCS.

Heobxommmo TOMHUTE, ITO €CIu MepeJ] TeM, KaK BbI3BAThH KOMAaH/1y BbipaBHUBaHIE ﬁ, Bo1 BoI-
Jesiute HeOOJIBION (pparMeHT M300parKeHusl, TO NP BBIYUC/IEHUE YPABHEHUS [IOBEPXHOCTH OYIIyT
HCITOJIb30BAThCS TOJIBKO 3HAYEHNSI TOYEK, IMONABIINX B BblaeaeHue. [Ipu 3ToM mocTpoeHHast IoBepx-
HOCTB OyJ/IeT BBIUTEHA U3 BCETO M300PaKeHUs.

3.8.14 Cujaiia

[Iporpamma ®emtoCkan OHnaiiH MOXKET CTPOUTH OWIMHENHHBbIE KyOMYecKue CIIARHBI JJIst 0~
BEPXHOCTEH W MPOU3BOIUTH BBIYUTAHUE CILIANHOB M3 MOBEPXHOCTEH. YTOOBI BBIYECTH CILIAMH U3
IOBEPXHOCTH, BBIOEpUTE KOMAHLY BhIpaBHUBAHIE CIUIANHOM MM HAYKMUTE Ha KHOIKY .

JLJisi IOCTpOeHUsI CILIaiiHA MTOBEPXHOCTh Pa3bUBaeTCs Ha MPSMOYTOJBHUKH, CTOPOHBI KOTOPBIX
YKa3bIBAIOTCS B JINAJIONOBOM OKHE, TIOSIBJISIFOIIEMCs IIPU BBI30BEe KOMAaH/ b, B mapamerpax [Iar mo X
u ar mo Y. [list Ka2K0ro nmpsiMOyroJIbHUKA HAXOIUTCS CPEJHEe 3HAYEHNE BBICOTHI TIOBEPXHOCTU U
CIIAH CTPOUTCS IO IEHTPAJIHHBIM TOYKAM [IPIMOYTOJILHUKOB, /i€ 3HAYSHUAMI 10 OCH Z CIUTAIOTCS
BBIYHCJIEHHBIE CpeJIHUE BBICOTHI. [t Hamty4dnieil paboThl TaHHOro (pUIIbTPa JIydIllle BBIONPATH TaKue
pa3Mepbl CTOPOH IIPSIMOYTOJIBHUKOB, YTOOBI HA N300PaskeHUH YKJIJIBIBAJIOCh UX IeJI0€ YHCJIO.

Kak u B ciydae ¢ BblumTaHmeM MOBEPXHOCTH, s mosis OOpaboTKa moan300parkKeHuil MOKeT
OBLITH BBLIOPAHO 3HAYUEHUE:

1. PaznenpHo — B 9TOM ciydae s KarXKI0r0 MOAM300ParKeHUsi B OTJAETbHOCTH BBICIUTHIBACTCS
BBIUUTaeMasd TOBEPXHOCTH;

2. Ilo akTUBHOMY — B 9TOM CJIy4dae pacder CpeJHeil MOBEPXHOCTU BEJETCS JJIsi AKTUBHOTO IIO/IU-
300pasKeHusl, MOCJIe Yero 9Ta MOBEPXHOCTH BBIYUTAETCS U3 BCEX M300DaKEHH.
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3.8.15 CryiakuBaHue y4acTKa NOBEPXHOCTH

CryiazkuBaHue y4acTKa HOBEPXHOCTH OCYIIEeCTBIIsAeTCs KoMaH 1ot CriiaiuTh y4acToK (KHOIKA 2 ).
Yro0bI 3amyCcTUTh €e, HeOOXOIUMO BBIIEIUTDL YIACTOK IIOBEPXHOCTH, HA KOTOPOM IPUCYTCTBYIOT
HEHY>KHbIe BBICTYIIbI. Ha rmepuMerp BBIJIEJIEHHOIO yYacTKa, HATATUBAETCH ILIOCKOCTh, KOTOpas 3a-
MeHSIET TIEPBOHAUAIBHBIN pesibed MOBEPXHOCTH HA BBIIEJEHHOM ydacTKe (puc. 3.26).

Puc. 3.26. CrnakuBanue ygacTka IOBEPXHOCTH.

®opmysa, KOTOPO OIMCHIBAETCS ITA OIEPAIHST, UMEET BUIL:

>,
p=0
>

p=0
rJie 7, — PacCTOsIHUE OT TOYKHU C KOODJIMHATOMN (x,y) JI0 KaXKJI0il TOYKH IepUMETPa, Zp — BBICOTA.

Jjtst TOro, 9TOOBI STOT YyIACTOK MMOBEPXHOCTU HE OKA3aJICsi HEECTECTBEHHO TUIAJKUM IIPEIyCMOT-
peHa BO3MOXKHOCTH J00ABJIEHUS CJIyIaifHOTO IITyMa.

Z(.’E,y) =

‘Uﬁml = ‘Uﬁml'ﬁN

3.8.16 CJioxkKeHHne u BbIYUTAaHNE M300pa>KeHuii

Komannpr menio Maremaruka,/ Apudmernka/ Cymma , Pasnocts u Ciioxknast ornepaiust 1103-
BOJISIIOT CKJIQJIBIBATH U BBIYUTATH M300pazkenus. IIpu BbIGOpE OFHON M3 9TUX KOMAHJ, HOSBJIAECTCS
OKHO BbIGOpa n300pazkenus (puc. 3.27(a)), KOTOpoe JA0JZKHO OBbITH IPUOABJIEHO UJIM BHIYTEHO U3 Te-
KyIero n3obpazkenus. BoiopaB n3obparkenne, Ha;KMUTe Ha KHONKY Bbioparh. Ecin BeImoHAIACH
koManya /lobaButh nim Berdects, TO cpa3y Oyjer HPOU3BEIEHO CJIOXKEHHE HJIA, COOTBETCTBEHHO,
BhIUMTaHUE W300parkenuii. [Ipu 3TOM cumTaercs, 9To JIeBble HIXKHIE yIJIbl N300paKeHuil COBIIaIa-
0T, & HOBas BBICOTA KAXKJIOH TOUYKU OyJIeT MOJIyUIeHa KaK CyMMa MJIA PA3HOCTHh BBICOT HA MCXOIHBIX
M300paAKEHUSIX.

Ecin Beimonasiiack kKomania CiiozxKHast omeparysi, TO MOsIBUTCS eIlle OKHO BBIOOpa ImapamMeTpoB
onepanuu (puc. 3.27(b)). 3mech MOXKHO MOXKHO M3MEHSITH HapaMerpbl X U Y, KOTODPBIE SIBIISFOTCS
Pa3HOCTBIO KOODJAMHAT (B IIMKCEJAX) JIEBBIX HUXKHHUX yIyIoB m3o0parkenuii. [lapamerpsr ITlkasa/
MN3zob6paxenne 1 u N300parkenne 2 BIUSIOT HA TO, KAK OYIET CINTATHCHA BHICOTA TOYEK ITOJIYIAEMOIO
usobpazkenusi. Popmysia, COOTBETCTBYIOINAs JaHHOM onepaiuu umeer Buy Z = (Scalel) - Z7 +
(Scale2) - Z,.
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r
nanoscope3. 000:Height

l Brifipate I [ OTreHa

(a) Boi6op m3obpazkeHusi.

Macwrat

Mzofpaterie 1 ~ |nos2

Waotpakerme 2 |1

(b) OxHO cioxkKeHUsT N306parKEHUH C PACIINPEHHbI-
MU BO3MOXKHOCTSIMH.

Puc. 3.27. Jlnajoru ciaokeHus U BBIYUTAHIS N300DarKeHMIA.
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Obparture BHUMAHUE, 9TO MO OCA Z B PA3HBIX M300paKEHUsIX MOTYT OTKJIAJIBIBATHLCS PA3HbIe
BesinIuHbL. [ToMMMO BBICOTBI IO OCH Z WHOT/IA MOXKET ObITH OTJIOXKEH TOK min Hampsizkenue. Ckiia-
JIBIBATh M300pakeHus, Ha KOTOPBIX MOKA3aHbI PA3HbIE BEJIUYUUHBI, OUYEBUTHO, HE UMEET CMBICTA.

Eciu cpenn Z-oceit uzobpazkenuii ectb coBMectumbie (mpeobpasyeMble APYT B Apyra gobase-
HUEM MACIITAOHBIX MHOMKHUTEJIEH, HAIPUMED MUKPO- MJIM HAHO-), TO OII€PAIUS BBIIIOJIHIETC B 9TUX
eJIMHUIAX, IPUYEM B IIEPBYIO OYepe/lb UILYTCs €UHUIBI JJIMHBL (HAHOMETPBI U COBMECTUMbIE C HU-
MHU), €CJIM TAKOBBIX HE HAXOJUTCH - IIPOU3BOJUTCS 11epebop BCeX OCeil, eciii COBMECTHMBIX U B 9TOM
cJIy4ae He HallJIeHO - OIlepallisl BBIIOJIHAETCS B €/IMHAIIAX CAMOIl IIEPBOit OCH KaXK0r0 N300parKeHH .

3.8.17 Mopdosorudeckue buJIbTPHI

B ocnoBe mopdoaorndeckux (puIbTPOB JieXKaT TeOMeTpPUYecKre Mpeodpa3oBaHust POPMbBI OJI-
HOTO m3 00beKTOB mocpencrBoM spyroro. B C3M mukpockonuu TakuMu OOBEKTAME Yallle BCEro
SIBJITIOTCS TIOJIY 9€HHOE M300parkeHrne U MOJEeTb (POPMBI UTJIBI.

Janubie GUIBTPHI UCIOIB3YIOTCS [Tl YAAJEHUsT YITUPEHUH Ha N300paskeHnsIX IIOBEPHOCTEH NN
0O'bEKTOB, KOTOPBIE IOSIBJISIIOTCS N3-38 KOHEYHOM (opMbl 30HIa. A Tak ke yrajieHus: 3pderTa
JIBOEHUsI IIPU CKAHUPOBAHWY BUCKEPHBIMU KaHTUJIEBEPAMU.

Pacmupenne (Dilation)

Pacwuperue (Dilation) — mopdosiorudeckas onepalys HaJ, JAByMsl MHOXKeCTBaMu To4eK (A u
B), pesysibrar KOTOpOil BRIYUC/ISETCS O hopMyJIe:

D(A,B)(T,S) = (]I’I;?’é(B(A(T — 75— k) + B(jvk))

DTa oneparys HaJ| IBYMsl [IPOM3BOJIHLHBIMY N300PAYKEHUSIMU UIJIBI U MIOBEPXHOCTH MOXKET OBIThH
BBITIO/THEHA KoMaH1oit Pacwupenue (Dilation) nim naxatnem KHONKH #% AKTHBHBLIM TIPH 3TOM
JIOJIZKHO OBITH OKHO 00padaThiBaeMOro H300pakeHus, a W300parkKeHue UIJIbl CJIeJlyeT BbhIOpaTh B
MOSIBUBIIIEMCSI JIUAJIOTOBOM OKHE.

o
et 3200,

2200,

B

1600,

Puc. 3.28. IIpumep: pacmmpenne BUCKEPHBIM KAHTUIEBEPOM (TIOSIBJICHUE JIBOCHUA B N300PAKECHNN ).

Oposus (Erosion)

Oposus (Erosion) - mopdosorndeckasi omeparysi Haj, JByMs MHOxkKecTBaMu Touek (A u B),
pe3yJIbTaT KOTOPOH BBIYUCIISIETCS 0 (hOPMYJIE:

E(A,B)(r,s) = (ﬁcl)igB(A(r +4,s+k)—B(j,k))
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DTa oneparnys HaJ| IBYMsl IPOU3BOJIHLHBIMY N300PAYKEHUSIMU UIJIbI U MIOBEPXHOCTH MOXKET OBIThH
BBITIOJTHEHA KOMaH 0 Jposua (Erosion) nim naskaTneM Ha KHONKY #% AKTHBHBIM IPH 3TOM JIOJIK-
HO OBITH OKHO 00pabaThIBAEMOTO M300parKeHUs, 8 N300parKeHne UTJIbI CJIeIyeT BLIOPATDH B MOSIBUB-
IIeMcsl JUaJIOTOBOM OKHE.

P e

2200, 3200,
2400,

1600, 1600,

00 1600 zine 3200 . a0 1aon 2400 30 m

Puc. 3.29. IIpumep: 3po3usi BUCKEPHBIM KAHTUJIEBEPOM (yJIaJeHUE TBOCHUS).

Kpowme 06branbIx MOPdOIOTHIecKuX (GUILTPOB, B TPOTPAMME €CTh (PUILTPHI, CIEINAILHO TPHU-
JIyMaHHBIE [JIsI CKAHUPYIOIIel 30H710B0i Mukpockoruu. [1ogpodbro o pabore 3Tux (HpuabTpoB HAIU-
cano B crarbax J.S.Villarrubia, Surface Science 321 (1994) 287-300 u J.S.Villarrubia, J. Res. Natl.
Inst. Stand. Technol. 102 (1997) 425.

[Tpu 3amycke komanaer Henckaxkaromas uriia mpowsBOIUTCS pacdeT MAKCUMAJIBHO TYIO# dop-
MBI UIJIbI, KOTOPasl IPU CKAHMPOBAHUU He BHOCHJIA MCKAXKEHUil B IOJIydeHHOe uzobpakeHue (min
BBIOPAHHYIO YacTh n300parkenusi). Jpyrumu ciosamu Bbl cumTaere, 9TO JaHHOE M300payKeHHe —
TOYHAs KOIHUsSI MOBEPXHOCTU U UIIETE TAKyIo ULy, KOTOpas MOIJIa ODECIEeYNTh TaKoe yJadHOe CKa-
HUPOBAHMUE.

Qubrp Crenas anmpokcuMarist (GOPMBI UIJIBI TOXKE BBIUHUCIISIET MAKCUMAJIBHO TYIIYIO (hOpMy
UIJIBl, C IIOMOINBIO KOTOPOi MOIJIO 6bITH II0JIy4eHO m300parkenue (wim 4yacTb u3obpazkenus ). Ho
Telepb OTCYTCTBYET TpeOOBaHNE HEMCKAYKEHHOCTHU ITOBEPXHOCTU. B TaHHOM ciiydae Ha POPMY UIVIBI
JIefiCTByeT orpaHudeHne JApyroro poga. IIoHSATHO, 9TO ecsin MPOU3BOJUTCS CKAHUPOBAHME UIJIOHN C
HEKOTOPBIM PaJINyCOM KPUBHU3HBI, TO HA M300PayKEHNN HE HOSBSITCS BBITYKJIbIe O0BEKTHI C OOJIbIIe
KpuBHU3HOI. TakuM 00Pa30M BBIMYKJIOCTH HA MIOBEPXHOCTHA OTPAHMIMBAIOT (DOPMY HUIJIBL.

[Ipu zamycke dunbrpa Cirenasi anmpokcumariust (GOPMbI UIJIBI MOSIBJISIETCST OKOINKO C WHJINKA-
TOpoM mporpecca. B xozie paborsl GuIbTpa NPOU3BOAATCS UTEPAIIH, U OXKHUIAETCS, YTO PEe3yJIbTaT
CIeJIyIoNell urepanuu OyAeT OTJINYaThCs OT Hpenablaymieil. Eciau B pesynbraTe odepeHoil urepa-
MU HUKAKAX U3MEHeHMiT B (hopMe UIJIbl He IIPOU30IILI0, paboTa GpuiibTpa 3aBepiiaercs. Bl MoxkeTe
3aBepIIUTH PAbOTy (DUIBTPA U HE JOKUIASICH TIOKA OH CIIEJIAET ITO caM — Jjist TOro Haxkmure Orme-
HOATH B OKOIMKE 3aIynieHHoro pumwibrpa. Ilpu sTom pesymbrarom padboTst Guiabrpa OyaeT pe3yabrar
UTepaInit, KOTOPYIO0 OH BBIMOJIHSJI IPU HAYKATUU KHONKYA OTMEHUTB.

HO KOMaH/Ie HpO,JIO.TI}KI/ITb AIIIIPOKCHUMAITUIO (bOpMI)I HUIJVIBI... IIOABJIAETCA OKHO CO CIIMCKOM BCEX
OTKPBITBIX B IPOTpaMMe U300pakeHnii HoBepxHocTeil. BoibepuTe TO OKHO, IJie y2Ke HAXOINTCSI OIIE€H-
Ka (POPMBI UIJIbI ¥ HaxKMUTe Boibparh. AJiropurM JaHHOTO (BUILTPA TOT ¥Ke, YTO Uy (hUuabTpa
Crenas anmpokcuMariusi GOPMBI UIVIBI, ¢ TOH TOJBKO PAa3HUIIEH 9TO HYyJIEBOI mTeparueil Oymer e
ILUIOCKOCTD, & BHIODAHHAS OIEHKA.

[To Komam e DPO3USL € YIETOM UIJIBL... HOSBISETCS OKHO, B KOTOPOM HY?KHO U3 BCEX OTKPBITBHIX B
rporpamMme n300parkeHuil BLIOpaTh oneHKy (hopMbl uriibl. Pabora duibTpa 3aKII09IaETCS B BBIIOJ-
HEHHUY OIIEPAIINH erosion Ha/l JAHHBIM N300parkeHueM ¢ BLIOPAHHON UIVIOH B Ka4eCTBE CTPYKTYPHOTO
SJIEMEHTA.



I'maBa 3. O6paboTka m306pa>keHmit 78

MogenupoBaHue 30HIA

Jannast GyHKIMsI TTO3BOJISIET CO3/[ABATH M MOJIEINPOBaTh pasanusbie dbopmbl 308108 (Kornve-
ckuit, CyioxKHBIN KOHWYecKnii, [IupamMuiaibHbIil, BI/ICKepHLII‘/’I) II0 HEKOTOPBIM U3BECTHBLIM I'€OMeT-
pUUecKnM napamerpam. BIiociescTBIN cO3/IaHHbIe H300PaKeHust 30H10B MOYKHO UCIIOIH30BATD JIJIsT
uposesenus onepanuit Pacwupernus (Dilation) u Oposuu (Erosion).

Ora dbyHKIMA MokeT ObITH BbI3BaHa KoMaHmoit Momemuposanne 3ouga (Tip modeling) nm
HazkaTneM KHomKH /. B mossusmenmcs okme Parameters Moxkmo BEIGpATh OPMY MOAEINPYEMOTO
3oH1a (mapamerp Type), U3MEHUTH COOTBETCTBYIOIIIE MeOMEeTPIIECKUE TAPAMETPBI MOJIEIH (CIIMCOK
napaMeTpoB 3aBUCUT OT BBIODAHHOI MOJIENN), a TaK K€ 33JaTh PaspelleHne N300PasKeHusl UIJIbl
(mapamerp Resolution).

1) Konuueckud sond (Cone) Mojiestb KOHIYECKOTO 30H/1a IPE/ICTaBIIseT OO0 yCeIeHHBII KOHYC,
KOTODBIN K BEPIIUHE IJIABHO TIEPEXOIUT B cepy. DTa MOIESb 33/IaeTCsI ¢ TIOMOIIBIO JBYX IeOMeT-
PHUYECKUX MApaMeTpoB - yroJ cxoxiaeHusi (mapamerp Angle) m pagmyc octpust 30Hma (mapamerp
Radius).

e Ornaii - untitled.bmp

Mpaska Maremarika Onepau BWa Owia Ownaiin Momouss

Napavetp
BType
wRads, nm
wAnge, deg
BlResolution From image
@X,px
@Y, px 128

& untitled. bmp[Tip]:2

0.
0 20

il untitied.bmp.
Aaie ysoBpaxenia: Tip

Ky ML, STOBH NIOBEDHYTE HIOBPAXEHHE BOKDYT BEPTHKANEHON OCH; yASPXHEAITTe Ctrl, Shift, Z wi Clrl+Shift, 4TOG! HAKIIOHITE, CHECTHTE, HIMEHHTE MACILTAG 110 OCH Z Wk 1

Puc. 3.30. IlocTpoeHne KOHUYIECKOTO 30HIA

2) Crooterni kKonuveckut sond (AdvCone) Mojenb CJI0XKHOTO KOHHYECKOIO 30H/A SBJISIETCSI
YCJIOXKHEHHBIM BapMaHTOM KOHHYECKOTO 30H[a. Pa3indne 3aK/I0YaeTCs B TOM, UYTO OCTPHE 3aKaH-
qUBAETCSI €Ie OJHOM, MaJjoi cdepoif. DTa MOAETb 3aJaeTCs € IMOMOIIBIO TPEX TeOMETPUIECKIX
napamMerpoB — yroJ cxoxkzienusi (mapamerp Angle), pamuyc ocrpus 3onma (napamerp Radiusl) u
panuyc Manoii cdepsr (mapamerp Radius2).

3) ITupamudanvrwud 30md (Pyramid) Monens nupaMuiaabHOrO 30HAa — OOBIYHAST TE€OMETpHIYe-
cKasi (burypa mupaMuia. 3a7aeTcst 0 OJHOMY TapaMeTpy - BBICOTE.

4) Buckepnoiii 3on0 (Visker) ®@opma BUCKEPHOrO 30HIA MPEICTABISETCS B BUE COBOKYIIHOCTH
JIBYX OY€HBb OCTPBIX, PA3IMYHBLIX 10 BHICOTE MUKOB. MOIEIb 3a4aeTCa 10 YeTHIPEM ITapaMeTPaM —
pamnyc mumna (Radius), yros opueHTAIINE OJHOTO IIUIA OTHOCHTENHHO JIPYTOTO B TUIOCKOCTH TEP-
NeHIMKyYIApHOH nx Hanpasaenuio (Angle), paccrosiaue Mexk 1y HUME B TOIt 2Ke 1ockocTu (Distance)
u paznnare B BbicoTe Mexky munamu (Height difference).
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1 Onnaii - untitled.bmp

auum Bua OkHa Ownaiin Momouss

untitled.bmp[Tip](400%):1

SHaverie
AdvCone
20

5

0
From image
128

128

o.

o 20
0aiin: untitied bmp.
Aanwie n3oBpaxenna: Tip

Puc. 3.31. IlocTpoenne c10:KHOTO KOHMIECKOTO 30HIA

emroCkan Ornaith - untitled.bmp

Momouss

untitled.bmp[Tip](400%):1

BType
wHeight, nm
BResolution

0.

[ 20
0aiin: untitied.omp
Hele HaoBpaxeHna: Tip

Puc. 3.32. IlocTpoenune cji0:KHOTO KOHUYECKOTI'O 30H/1a

79
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aiin C3M Mpaeka | Bua Okwa Ownaiie Moot

Parameters

NapaveTp 3Haverve

BType Visker
wRads, nm 2
wange, deg 45
et diterence nm _Jso ]
wDistance, nm 50

BResolution From image
@, px
@Y, px 128

o

Cri+Shift, STOGb HAKTIOHNTS, CMECTHTS, UEMEHHTS MACLUTaG 10 0CH Z WA W

Puc. 3.33. IlocTpoenne c10:KHOTO KOHMIECKOTO 30HIA

3.8.18 Amnajimu3 mepoxoBaTOCTU MOBEPXHOCTU

Oyuknus AHAJIN3 MEPOXOBATOCTH BBIYUC/IAET HAOOP MApaMETPOB, XapaKTePU3yOIUX MepOoX0-
BATOCTh TMOBEPXHOCTH Ha BBIACJICHHOM yYIacTKe, WU Ha BceM m3obpazkenuu. Ilomgpobmo o mapa-
MeTpax, XapaKTepHU3yIoIuX IePOXOBATOCTh pacckazano B npuwiokennn G. IIpu BbrzoBe dyHKIMH
HOSIBJISIETCSI TAAJIOTOBOE OKHO (CM. puc. 3.34), B KOTOPOM MOTYT ObITh HACTPOEHBI HEKOTOPbIE OIIIHN
JUIs naJibHeiiero anaausa. B npocreiiem ciydae, mepoxoBaTocTh (a UMEHHO Ry, CpeIHsIs MIepo-
XOBATOCTh) — 3TO CpejiHee apupMETHIECKOe OTKJIOHEHUE POMUIIsl CeUeHHs] OT UPIMON €ro o0uero
nakJjona. [y Toro, 9To0bI OMPEIeTUTD CPETHIOK IIEPOXOBATOCTD TOBEPXHOCTU CTPOST HECKOIHKO
ee cedennit. Jlmasorosoe okno [TapameTps JaeT BO3MOXKHOCTH BBIOPATH KOJTMIECTBO TAKUX CEUCHUIA,
paccTodHue MeXKJ/1y COCEJIHUMU CeIYCeHUAMU, JTJIUHY ceveHuit u yroJj ux HakKJIOHa K I'OPU3O0HTAJIN.

NapaMeTpbl |:|
HuCno ceueHMA 5 (4]
Mpoien Mexay cedeHHamM... (5 25 [a]
Luatetp ceusHMa, % 100 o]
YpnandaTe HaknoH c...

BriGop urna ABTOMATHMECKH | ¥
TodHoCTE, * 0z ES

Puc. 3.34. OxHO HACTPONKHN IapaMeTpPOB aHAJIN3a IIEPOXOBATOCTH.

Yrosm HaK/JIOHA MOXKHO 33/aBaTh BPYyUHYIO. ECIu Ke MOBEPXHOCTH IMPEICTABISIET COOOH CJI0-
UCTYIO CTPYKTYPY, TO JIyHIlle HCIOJIH30BaTh ABTOMATHUYECKOE OIpeNeeHrne yriaa. B aToMm ciydae
ceveHust OyJIyT MPOBEEHBI B HAIIPABJICHUH, IEPIIEHINKYISPHOM HAIIPABJIEHUIO C HAWMEHbIIE IIie-
poxoBarocTbio. /lonosiHnTeIbHO Oy/1€T BBIBEIEHO OKHO C THCTOTPAMMOIL, 10 KOTOPOU OMPEIEsIsIOCh
9TO HAIPABJIEHUE. DTO 3aBUCUMOCTD CPEHEr0 KOJIMYECTBA TIepeceveHnil ceueHust Co CBoell cpeHeit
JguHe#t or yria. MUHUMYM 3TOH 3aBHCHMOCTH COOTBETCTBYET HAIIPABJIEHUIO cryieHeil. [lapamerp
TounocTh — 3TO mIAT IO yIULy, KOTOPBII UCIIOJIB3YETCs IIPU IOCTPOEHNN rpaduka.
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3.8.19 IloporoBas duabTpanus

[Tpu BeI30Be KOMaH B! [ToporoBast pusbTparmst ¥ nossserca JMAJIOTOBOE OKHO, TIOKA3aHHOE HA
puc. 3.35. B HeM MOXKHO 3a/1aTh HOPOrOBbIii YPOBEHD (B JOJIAX OT MAKCUMAJBHON BBICOTHI U300pa-
JKEHUST), W OTPEJIEJIATh, KAKIM 06pa3oM Oy1yT 0OpabaThIBATHCsI TOUKN, OKA3ABIINECS] BBIIIE U HIKE
sero. Eciin HanpoTus 1oJjisi YCTaHOBUTD BBIIIE CTOUT I'ajI0YKa, TO BO BCEX TOYKAX, IJle€ BHICOTA IIpe-
BBINIAET TOPOTOBBIN YPOBHB, OHA OY/IEeT yCTAHOBJIEHA HA 3HAYEHUE, PABHOE MAKCHMAJIBLHON BBICOTE
MOBEPXHOCTH, JTUOO BBICOTE MOPOrOBOIO YPOBHS, B 3aBUCUMOCTHU OT BBIOPAHHOIO. AHAJIOTUYIHO, €CITH
rajlogKa CTOUT HAIPOTHUB IIOJsI YCTAHOBUTH HUKE, TO Ha MUHUMAJbHOE WJIN IIOPOTrOBOE 3HAYEHUE
OyJ/IyT YCTAHBJIUBATHCS BBHICOTHI TOUYEK, HAXOMSIIMXCS HUYXKE OPOra.

Moporosas dgunbTpaLHa =
YpoeeHs 1 05 [
YeTaHoEHTE BILLE

Ha YpoeeHs v
HCTaHOEMTE HWE
(i) [ 4

Puc. 3.35. OkHo BbIGOpaA OPOrOBOrO YPOBHS.

3.8.20 Bpicora no nHTEepdEPEHITMOHHON KapTUHE

Hannas GbyHKIINAS IpeIHA3HAYECHA [IJIsT M3MEPEHUsT KPYTU3HBI POCTOBOTO XOJIMUKA HA IOBEPXHO-
CTH KPHUCTAJUIA 110 WHTEPMEPEHITMOHHON KAPTHHE, [MOJIyIE€HHO’, HAIIPUMED, [IPU IIOMOIINHA 3aXBaTa
n300paKeHNs ¢ BUIEOKAMEPHI.

s Hagasa Heob6X0IMMO BBIOPATH OTPE30K, [0 KOTOPOMY BbI XOTHUTE OIPEIEJINTh HAKIOH. Eciun
nHTepdEPEHIINOHHAs KAPTUHA UMEET BU/JI POBHBIX OKDPYKHOCTEIl HJIM IT0JIOC, TO JJI 9TOTO MOXKHO
HCII0/IB30BaTh pexkuM Kypcopa Ceuenne min Paccrosinue. Eciu ke 0Ha HCKPUBJISETCs, TO IOCTPOIiTE
TaKyIO JIOMAaHYIO, KOTOpas 00XOanT medeKThI.

Korna orpe3ok BoiOpan, B MeHI0O MaremaTnka HEOOXOIMMO BbI3BAThH (DYHKINIO BbicoTa 1m0 MH-
repdepennmonnoii kaprure (Maremaruka,/Bbicora 1m0 nHTEpQEPEHIMOHHON KAPTUHE MM KHOIKA
@) IIpu BBI30BEe DYHKIME TOSIBUTCSI MEHIO ¢ mapaMerpamu (puc. 3.37), B KOTOPOM 3aJ[aeTCsl JJIn-
HA& BOJIHBI I1a/IAIONIET0 U3JIyYeHUs], KOTOPOe T'eHepUpPyeT HHTePMEPEHITHOHHYI0 KAPTUHY, U ITOPOT B
[IPOIIEHTAX OT MAKCHUMAaJbHON aMIiuTy/bl. OH Hy»KeH JiIsi TOro, YTOObI CaydailHbI IIyM Ha H300-
pakeHnn He OBLI MPUHSAT 33 MAKCUMYM WJIX MUHUMYM HHTEP(MEPEHITNOHHON KAPTUHBHI.

[TepBonagaspno BhraucaeHus Oy/LyT IPOU3BEIEHBI C TApAMETPAME 10 yMoJrdanuio. Eciu oHn me
COOTBETCTBYIOT JIAHHOMY CJIy4alo, TO X CJIeIyeT 3aMeHUTh. Pe3ysibTaThl BEIBOIATCS B BUIE TaOJIAIIBI
(puc. 3.38), B KOTOPYIO 3alMCHIBAETCS BEJMUMHA NAJeHNUsI BBICOTHI HA BHIGpaHHOM oTpeske (Drop)
U PAcCTOsiHue MeXKy KOoHIamu nocrpoennoit juunuu (Distance). Ecyin 970 BO3MOXKHO /ISl JAHHBIX
©JIMHUI] U3MEPEHHUsI, TO BHIYUC/IAETCS YIOJI HAKJIOHA KPUCTAJLIA Ha BhiOpanHoM ydacTke (Angle).

3.8.21 Haiitu neHTp Macc

Ora GYHKIU I03BOJISAET OIIPENE/INTh, B KAKOI YacTu I0JIsI PACIIOJIOMXKEH IEHTDP MAcC 0ObEKTOB.
PesynbraT BEIBOIUTCS B OT/IEJIBHOM OKHE B BHJIE Iapbl KOOpAUHAT XY, & TOYKA OCTAETCS OTMEUYEHA,
Ha U300ParK’>€HUU 3€JIEHBIM.
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Puc. 3.36. Beigenenne orpeska Ha nHTepdEpPEHIMOHHON KapTHHE.

i iapaMEprl 5

InuHa EoHE [RE Hp {ﬁ

Mopor gnA arnauTyael, %[5 %

[ Ok, ][ OTreHa ]

Puc. 3.37. Ilapamerpsr dyHukInn.

12.04.2007-17.04.4:3

Drop,nm Distance mkm Angle, deg
1 1201.08 1661.09 0.0414285

Puc. 3.38. PesynpraTh! BEIYKC/IEHNIH.

82
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3.8.22 Amnanus 3epeH

OyHKIWS [IpeHA3HAYEHA, JJIsl OIPee/IeHNs] UCTUHHBIX IeéOMETPUYIECKUX XapPAKTEPUCTUK O0b-
€KTOB Ha IoBepxHOCTH. Hamryummit pe3ynbraT oHa jaeT npu paboTe ¢ BBITYKJIBIMU OObeKTaMU,
[IepUMEeTP KOTOPBIX OJIM30K K OKPY2KHOCTH.

st Hadasia BBIIEINTE HA MCXOTHOM M300pakKeHun 00JIACTh, COMEPIKAILYI0 POBHO OJINH HHTEPE-
cyrommii 06bekT (puc. 3.39). Haxkmure Ha KHOIKY | ym BblbepuTe MyHKT MeHIO Maremaruka,/
Anasmuz 3epen. IosBaTcs /Ba HOBBIX OKHA: OKHO CEYEHHUsS W JIMAJIOrOBoe OKHO. Kpome sroro, Ha
HCXOJIHOM PUCYHKE IOSIBSITCS JIOTIOJTHUTE/IbHBIE JEKOPAIIAN.

O0bekT BhIENsieTcs aproMarndecku. Ha m300parkeHnn OH OyJIeT IOJICBEYEH IOJIYIIPO3PATHBIM
CHHUM IBETOM U 00OBejieH cuHell KOHTypHOil jmamefi. CaMasi BepxH#s TOYKa (MakcumyM) Oyzer
OTMedYeHa Ha M300paykeHnn KUPHOM CUHEH TOIKOIA.

[Ipu BBI3OBE DYHKIMM €e TapaMeTpbl HACTPAUBAIOTCS aBTOMATUYECKH. B COOTBETCTBHUU ¢ HIMHU
BBIUMCJISIOTCS CJIEIYIONINE 3HAYEHUSI:

1. Area, MKM"2 — 3T0 miomans obobexTa. OHa ONpEEsSeTCsl KaK IUIONaab (Urypbl, OrpaHi-
9eHHOI cuHeil juHuel B miockocTn XY (6e3 ydera BBICOTHI).

2. Circularity — sT0 BejmmumnHa, XapakTepusyolias 6,iu30CTh (POPMbI KOHTYPa 00bEKTa K OKPY K-
Hoctu. OnpeiesisieTcst OHa KaK OTHOIIEHUE IIoMma/m obbekTa (Area) K IUIOMAM OKPYKHOCTI
SKBHUBAJIEHTHOI'O TIEPUMETPA..

3. Heigh, am — 370 BBICOTA 0OBEKTA. Pacrosinne or TOUYKM MakcuMyMma, 10 6A3MCHOI IIOCKOCTH
(mompobuee 0 TOM, Kak CTPOUTCS 6a30Basd IIOCKOCTD PACCKA3AHO HUKE)

4. Perimeter, MKM — AjmHa KOHTYPHOU JINHUY B ITPOEKITNU HA IJIOCKOCTH X Y.

5. Volume, am"3 — Ob6bem obbekTa. OH onpeensiercs: 1o GopmyJie Z = S;; * h; 4, Toe cym-
ij
Ma, GepeTcs IO BCeM TOYKaM, OIPEIeJICHHBIM KaK 9acTh 00beKTa, S j — IUIOMAb SJICMEHTa
wromanu B mwiockocta XY, a h; j — BbIcOTa B 9TOH ToUKe (10 Ga3HCHON IJIOCKOCTH).

JlnasioroBoe OKHO IIpeJIHA3HAYEHO I O0Jiee TOYHOI'O IOCTpOeHMs 6a30Boil 1tockoctu. [lmoc-
KOCTb CTPOMTCS IO JBYM IEPIEHIUKY/IAPHBIM IPAMBIM. YTOJI IOBOPOTA TUX NPAMBIX (6a3UCHBIX
JIMHU{T) OTHOCUTE/ILHO U300pasKeHNe OLPEIe/IgeTcs IapaMeTpoM Yros cedenus. Hakjion 6a3ucHbix
JINHUH OTHOCUTEIBHO BEPTUKAJIN MOXKHO CKOPPEKTHPOBATH BPYYHYIO pu OMOIH napamerpoB Ha-
kyiou 6azopoit uann 1 1 Hakmon 6a3oBoit iuann 2. JIOMOJMHUTENBHBINH CABUAT TIJIOCKOCTHA B HAIIPAB-
Jlenun ocu 7 3ajaercs mapamerpoMm Cwmerrnenue 0a30BOil ItockocTr. Ha mcxoaHOM M300parkKeHuu
TOYKHU, HAXOJSIIUECs] HUXKe 0Aa30BOil IJIOCKOCTHU, JIOTOJHUTEBHO ITOJICBEUMBAIOTCS ITOJIYIIPO3Pad-
HBIM cepbIM 1BeToM. B ujease Bol 70/2KHBI HACTPOUTH OA30BYIO IJIOCKOCTH TAKUM 00pPa30M, ITOOBI
BeChb OOBEKT IMOJICBEIMBAJICS CBETJIOCHHAM TOHOM, & BCE TOYKHU BHE O0bEKTA 3aKPAITHBAJINCH CEPBIM,
TO eCTh HAXOUJINCH HIKe 6a30BOil IJIOCKOCTH.

Korna 6a3oBast m10ckoCTh BhIOpaHa, U BCE XapPAKTEPUCTUKU 00HEKTA OIPEIE/ISIOTCS TPaBUIBLHO,
MOXKHO HaxkaTh Ha KHOIKY Jlo6aBurh 06beKT. IIpu 9TOM MOSIBSITCS €llle JiBa OKHA: OKHO I'MCTOIDAM-
MbI 1 TabJIAIA CO CIUCKOM 00bekTOB. JlaHHbIE 00bEKTa, C KOTOPBIM BbI paboraju OyiyT BHECEHBI
B Tabsmiy. Teneps MOXKHO BBIIEIUTH HOBYIO 00JIACTH HA MCXOMHOM H300paKeHWH W mepeiitu K 00-
paboTke cieytomiero oobekTa. st Toro, 9Todbl yaaanTh KakKoi-aub0 00beKT n3 TabJ/IMIIbl, CHOBA
obBejTe Ha M306paXKeHnH 06JIaCTb, B KOTOPO#l OH HaxouuTesl (1IpH 9TOM OObEKT Ha W300paKeHun
Gy/IeT MOJICBEYeH CHHUM), U HAYKMUTE HA KHOIKY Y/AauThb 06bekT. MOKHO He yIalsiTh OObEKT, a
[IEPEHACTPOUTH [MapaMeTPhI JIJIsl €10 BbIJIEJIEHUSI.

[To Mepe HaKOILIEHUS CIIMCKA, CTPOUTCS TUCTOIPAMMa, PaCIpeesieHns 00beKTOB 10 BHIOPpAHHO-
My mapamerpy. s BeiOOpa mapameTpa BBIIEJNTE COOTBETCTBYIONLYIO KOJOHKY B Tabsmie. Bausy
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Puc. 3.39. Pabora ¢ dyukumeii Ananus 3epeH.
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OKHa TUCTOIPAMMBI TIOKA3aHbl 3HAYEHUSI [TapaMeTpa B TeX JBYX TOYKAX, B KOTOPBIX PACIIOJIOKEHBI
BEPTHUKAJIbHBIE METKH, U 0BIIee KOJINIeCTBO OGbEKTOB, IONAIA0NIUX B BblIeIeHHbI naTepBa (V).
Kak u B apyrux (pyHKIUsIX, MOXKHO OCYIIIECTBJISATH OTOOD 3JIEMEHTOB II0 T'HCTOIPAMME, [T€PEIBUTAsT
BepTuKajbHble MeTKU. CIICOK 00bEKTOB B TAOJIHUIE IIPU ITOM KOPPEKTUPYETCSI aBTOMATUIECKHU.
3akoHunB BbIZeseHNe 00bekToB, HaxkmuTe KHONKY OK. JlmasmoroBoe okHO OymeT 3aKphITO, a
BCE OCTAJIbHBbIE OKHA OCTAHYThCA U BbI cMOXkKeTe Tpoo/kuTh padboty. s Toro, 4rodbsr yopars Bce
JIMIITHUE SJIEMEHTBI C HCXOJIHOIO n300pazkenust, Bbibepure yHKT MeHio Buj/ Ouncrurs /dexoparun.

3.8.23 YcpeagHeHue no cTpokKaM

[Toxpobnoe onmcanue 1ol MYHKINKA JAHO BO BBEJICHUU. YCPeTHEHUE MO CTPOKAM MOYKET OBITh
BBINIOJTHEHO 110 BeeMy nm300paxkenuio (Mento Maremaruka,/ YcpeaHenue no crpokam, Bee msobpaske-

=)

HUE U KHOIIKa w110 06J1aCTH, He BKIIOYAoIel BblieseHHy 0 (MeHo MartemaTnka, YcpesHenue

no crpokam,/ Vckiouasi BBIOpaHHOe Wi KHOIKa i),

3.8.24 lcnpaBiieHue UCKa>KeHUIi

DyHKIMs UCIPABJICHUS MCKAYKEHUI (KHOIKA ﬁ) IpeiHa3HaY€eHa JIJIsi KOPPEKTUPOBKHU M300pa-
JKEHUsI B COOTBETCTBUU ¢ nHpopMalueil o Kajbpoeke. B ACM-u300pakeHrsIX MOXKET 3HAYUTEHHO
[IPOSIBJISITCSI HEJIMHEHHOCTD ITbe30KEPAMIYIECKOI0 MAaHUILYJISITOPa MUKPOCKOIIA, M3-3a 9TOT0 pa3Me-
PBI OOBEKTOB IO KpasiM KaJIpa OKa3bIBAIOTCST YBEJIMIECHbI.

[Ipu BBIZOBE (DyHKIMU MOSIBJISETCsT OKHO C IIapaMeTpaMu, B KOTOPOM HEOOXOINMO 33/1aTh MUMsI
daitia, comepkariero koagdurmenTs rucrepesuca. aitsr TomKeH coIepKaTh JAHHbIE I KaXK 0
u3 oceil n300parKeHusI, B IPOCTEIeM cirydae daiis Oy/1eT UMeTh TOJIBKO J[Ba Pa3/ielia: X-KalubpoBKa
" y-ranubpoBRa-MemieHHO. Jljis1 Toro, ITOOBI OIPEIETUTh 3HAUEHHUSA ITHX KOI(PDUINEHTOB, CHA-
JaJia [oJIydaloT n300parkeHue KaaunOpoBouHOil pemerku. IIpu sTom obpazery jydine pacrosararhb
TakK, YTOOBI IEPUOIUIECKIE CTPYKTYPhI OBLIN BHIDOBHEHBI BJOJIb Oceil ckanmposanus. [1lo m3o06pa-
JKEHUSM PEIeTKH C U3BECTHBIM PACCTOSHUEM MEXK/Iy y3JIaMU CTPOSTCS JB€ KAJIUOPOBOYHBIE KPUBBIE
(puc. 3.61). ITo kax10it U3 KpUBBIX cozuaercs daiin Kaaubposku. [Ipu coxpanennu dailioB MOKHO
YKa3bIBaThb OJJHO U TO 2K€ UM JIJId O6eI/IX KPHUBbBIX — JITaHHbIE 6yﬂyT COXpPaHEHbI B HY2KHYIO CEKIIUIO, B
3aBUCHMOCTH OT opueHTanun kpusoii (mo X miam o Y). Bo BpeMst 9KCIIEpUMEHTOB CKOPOCTh CKaHU-
pOBaHNs HY>KHO BBIOUPATH TAKAM 00pa30M, YTOOBI HA KaJIUOPOBOYHBIX 00pA3IaxX U Ha UCCJIELyeMOn
[TOBEPXHOCTHU OHA ObLIA OIMHAKOBOIA.

MapaMeTpei =

P &l Ko PEHLHEHTOE E

EbICTROS CRaHWPOBaHKE no &

Puc. 3.40. HacTpoiika mapaMeTpoB /I UCIPABJIEHNS UCKAKEHU.

Teneps coxpanennsiii aitn ycraHaBamBaeTcsi B KadecTse (daiiina K09 PUimenToB B OKHE mmapa-
merpos (puc. 3.40). U BeiosHsiercss KOPPEKTUPOBKA UCKAZKEHUIi HA HHTEPECYIONUX N300ParKeHUsIX
komaH 1ol Menpasienne nckaxkennii (puc. 3.41).
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Puc. 3.41. Ycrpanenune uckakeHwuii.

3.8.25 Bpeigesieane 3epeH

Jlj1st onipejiesieHust TPAHNIL MEK Ty 00JIACTSIMU, IPUXOIANIUMUCS Ha, BI:ICT%&IOH_II/IG H&,T TIOJIJIOXK-
KOI O0bEKTHI (YaCTHUIBI) IIPUMEHsIETCs KoMaH a Boimeants 3epHa (kHomKa ). TanHast GyHKIms
Jydie paboTaeT ecian uccieayeMasi HOBEpXHOCTh cocTonuT n3 "3epen” (eMm. puc. 3.42).

Beigenns sepHa O

Mopor s =3
O

Ypanare rpaue i ofnseTis

Ugworones (e ]

Puc. 3.42. Boiienenue 3epen.

TIpu npumeHeHnn 5TOH (BDYHKIMU MOSIBIIsIETCs] OKHO HACTpPOeK (puc.3.43)

|
B ENMThL 38pHa

Mapor |||:|_5 %|
HpnanaTE rpaHHYHEIE 08NaCTH ]
WyrioEoi duAsTp | M uHUNYM [vl

[ ()3 ] [ OtraeHa ]

Puc. 3.43. OkHO HACTPOWKU IIPY BBIJIEJICHUH 3€PEH.

B sTom okHe 3a71aeTCs TOPOT UCXOsT U3 3HAYEHUSI KOTOPOIO OTOMPAIOTCSI TOYKHU, KOTOPBIE IIOTOM
cTaHyT HeHTpaMmu obsacreil. I'paHuilel 3Tux obJacTell MOCTEIIEHHO DPACIIMPAIOTC, IPUOABIIAS 110
OJIHOMY TIHUKCEJIY JI0 TeX II0P, OKA MEXKJy HIUMU HeJIb3si OyJIeT MPOBECTU IPAHNYHYIO JUHUKD. JTO U
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Oyzier pa3bueHre Ha 3epHA. 3aTeM, UCIOJIb3Ysl OMEPAINio BuiIeauTh 00beKThI, MOKHO OMPEIETUTD
ILJIOIIA b 3€PEH.
Eme omqun nmapaMerp — 3HaUeHMe IIyMOBOTO (DUJIBTPA, TIIE:

1. Her — yOupaer nrymoBoii huiasTp;
2. Memunanublit — MeuanHas GUIBTPAINS, T.€. OepeTcs cpejiHee 3HAYUECHIE;
3. MunumyMm — 6epeTcss MUHUMAJILHOE 3HAYCHUE.

Tanouka HAIIPOTHUB [OJIsT YIAJIATh IPAHAYHbIE OBJIACTH O3HAYAET, UTO 3€PHA, IPAHUIA KOTOPHIX
[POXOJIAT 10 KPato M300pakeHust, Oy/IyT y/IaJIeHbl U3 PACCMOTPEHUS M 3aKPAIIEHbI Y€PHBIM (TO eCTh
OGHYJIEHBI ).

3.8.26 Bpigesenue rpaHuiy

Hanuass QyHKIINA OCYIIECTBIISETCS C MTOMOIIBI0O KOMAH/IbI BIAEINTh IPAHUIBI WU KHOIKN ™
DyHKIUS IIPeHA3HAUEHA ISl BbIJIeIeHnsl TpaHull 06 bekToB MeTooM Kaunnu (eMm. puc. 3.44). PyHK-
WSt TIOIXOAUT JIJIst N300paKeHuil ¢ KPYITHBIMUA O0'bEKTaMHU, MMEIOIINME JIOCTATOYHO YETKHEe TPaHU-

TBI.

vtm_1.000[Height] (58%)

1600 : 300 1200 1600

Puc. 3.44. Boiuesnenue rpanuiy (C1eBa — 10 BBINOJHEHUs], CIIPABA — IIOCJIE BBIIOJIHEHUS ).

HpI/I BbBISOBE (byHKL[I/II/I IIOABJIFAETCA OKHO ITapaMeTpOB, B KOTOPOM HeO6XO‘HI/I1\/IO HaCTPOUTH BeJIU-
YUHY ITOPOT'OBOI'O 3HAYCHUsA U YPOBEHD IIIyMa B JIOJIAX OT 1.

3.8.27 Jluneitnble puabTphI

B mporpamme PemtoCkan OHnalin peasn3oBanbl Tpu GUIBTPA U3 KJIACCA JTUHEHHBIX: IPAJIUCHT-
woiit, uasrp Jlamnaca u dunsrp Taycca.
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I'paguent

B ob6miem Bujie nponsBojHast 10 ocu & (0CH y) JJIst IUCKPETHOH (DYHKIMA NPEJICTABUMA B BUE
hy ®S (hy®S), roe 3Hak @ 0603HAYMAET CBEPTKY AUCKPETHLIX QyHKUuiL, by u h, ¢ quddepennupy-
emoii dyukimeit S. Mojysb rpajiuenTa HAXOAUTC KAK KOPEHb U3 CYMMbI KBAIPATOB TPOU3BOJIHBIX
10 JIBYM IEPIEHIUKY/ISIPHBIM HAITPABJICHUSM.

B30 mannoit GyHKIME OCYIECTBIIAETC IIyTeM BbIOOpa KOMaHIbl MeHio JIuneittnbie puiabTpob
I'pajuent i KHonkoi #i. Ha sKpane MOSIBIISIeTCs IMAIOTOBOE OKHO C J[BYMsI IapaMerpaMu. 1lapa-
MeTp AJITOPUTM OIpEEIIsieT METOI, KOTOPBIM OYJIET BHIYUCISTLCS TPAJMEHT. B mporpaMmMe J10CTyII-
HEBEI TPU MeTona Berancienns: Pasnocts, Ilpesur u Cobens. OHn oTimdaioTcsa MaTpuaMu h, 1 hy.
B rabnure 3.3 mpuBeieHbI UCTIOIb3yeMble MATPUIIBL. BeJMInHy TpPOU3BOIHON B TOUKE ONPEIEIAIOT
BBICOTBI COCEJIHUX To4YeK. B ajropurme PasznocTh Mpom3BojHas — 3TO PA3HOCTD MEXKY COCEIISIME
CJIeBa ¥ CIpaBa 10 CTpoke (MM CBepXy ¥ CHu3y 1o cTosidiy). B asropurme IIpeBur — s10 Tperh
OT CYMMBI TAKUX PA3HOCTEHl MEXK/y COCE/ISIMU B CBOEH CTPOKE, Ha CTPOYUKY BbIIIE U HUXKe (UJIH JKe
B TpexX cToJlIax — CBOeM, cTojibme cjiesa u croJbie cupasa). Hakonen, B ajgropurme Cobenb pas-
HOCTbh MEXKJIy COCelsiME B CBOeil crpoke (miu crosibie) Gepercs ¢ BABOe GoJbInuM BecoM. Bropoit
napamerp Kak caurarh onpejessier crocod BHIYUCTIEHNS KOMOMHAIIMY MeXK/ Ty BeJTMINHAMY, BBITUAC-
JIEHHBIMU 110 JBYM OCSIM. DTO MOIYT ObITh: FOPU30HTAJIbHAS MJIM BEPTHKAJIbHAS IPOEKIUs (B 9TOM
citydae BKJIaJ| Oy/1eT BHOCATH TOJBKO YaCTHAs IIPOM3BOHAS 110 COOTBETCTBYOIIEMY HAIIPABJIEHNUIO),
[POEKIHsl Ha TIPOM3BOJIBHBIN BEKTOD, JIOO aMIIATYAA (TO eCTh KOPEHb M3 CYMMBbI KBa[PATOB).

ha hy

00 0 0 1 0
Pasznocrs 1 0 -1 0 0 0

00 0 0 -10

10 -1 1 1 1
IpesuT sl 10 -1 sl 0 0 o0

1 0 -1 -1 -1 -1

10 -1 12 1
CoGes 1120 -2 i1 0 0 o

1 0 -1 -1 -2 -1

Tabsuma 3.3. Marpuriisl, UCIIoab3yeMble IPYU BBIYUCIECHUN IEPBLIX ITPOU3BOIHBIX.

Jlamnac

Quibrp Jlamwiac Berauciser Janiacuan ciaepyomum obpasom: Laplace(S) = h ® S, rue

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

T'aycc

OuibTp ['aycca ncmonb3yeT /I BRIYUCIEHUST CBEPTKU CIIEIYIONTYI0 MATPHILY:

1/16 2/16 1/16
h=| 2/16 4/16 2/16
1/16 2/16 1/16
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3.8.28 Koppensanun mMexkay n300pa>keHusIMu

Cy1ecTByeT HECKOJIBKO CIIOCOOOB OIMpEeJIeJIEHUsI CTEIIEHN COOTBETCTBHUS MEXKILy JIBYMsl M300pa-
kerusivmu. OJIMH M3 HUX — IIOCTPOEHUE KOPPEeIAIMOHHON byHKmu Ry, (7, ¢) 1uist m306paskeHns: u

mrabJIoHa.:
tpR—1tpC—1

. tpR | tpC
Riz(r,c) = Z Z x(@+r—p771+c—p7)7
1=

rie x(r, ), t(i, j) — 3HAUEeHUs] aHAIM3UPYeMbIX DYHKIUI, HAIIPUMED BBICOTHI, B TOUKax (1, ¢) n306pa-
»kenws u (i, 7) madsona, tpR u tpC — mupuna u ayuaa mabaona. Tem Gosiblee 3HAYCHIE IPUHUMAET
KOPPeJIANnOHHAasT PYHKIUS B TOYKE, TEM ITOJTHee BOJIN3U Hee COBIAIAI0T n300parkeHue ¢ MabIOHOM.

B mporpamme PemtoCkaH OHnaiiH BBIYHCISIETCST HOPMAIU30BAHHAST KOPPEJISIITMOHHAST (OYHKITHST

Ptax (Ta C)Z
Ry (1, )

\ Raw(r,0) - R (152, 5

rne Ry, n Ry SBIAIOTCS aBTOKOPPEISIUOHHBIMA (DYHKIMSMEI N300pakeHns u 1abjioHa COOTBET-
CTBEHHO:

Ptz (Ta C) =

9

pptRE=L oy tpO=1
Rmx(r7 C) = Z Z xQ(ivj) )
i=r— tp];_l j:cftch_l
tpR—1tpC—1

Rtt(thR tpC’ Z Z t2(4, 7)

IIpu BbIYHC/TIEHUSIX KOPPEJISIUOHHON (DYHKIINN 3HAYEHUSA & U t B TOUKAX, BBIXOJSANIUX 38 MPEIEIbI
n300pakeHusl U MabJIOHA, IPUPABHUBAIOTCS HYJIO.

Yrobb! cpaBHUTH JBa n306pakenus, Boibepure kKomanay Koppessiusi/ B3anMuast Koppestsiis,
[IpY 9TOM OKHO OJ[HOTO M3 U300paKeHM i JOIKHO OBITh aKTUBHBIM. V13 IIpejI02KeHHOT0 TTPOrpaMMOoi
crucka Boibepure 1mabisioH (Bropoe nzobpazkenue). Koppessiuonnas GyHKims GyJer IOCTPOEHA B
HOBOM OKHE, pa3Mepbl MATPHIIBI CO 3HAUEHUSIME (DYHKITUHN OYIyT COBIAIATH C pa3MepaMi MaTPUIIBI,
3a1a101el epBoe n300parKeHue.

JLJ1st ycTaHOBJIEHHsT KOPPEJISIAN B IIpejiesiaX OMHOro m300pakeHusi BbibepuTe KoMaHty Koppe-
Janus/ ABrokoppestsiius. B aroMm ciydae mabiioH coBIaJaer ¢ u300parKeHueM.

3.8.29 OrmpenesieHne MEPCUCTEHTHOM JIJTMHBI

[lepcucrenTHas AIMHA — 3TO CTATUCTUIECKAS XaPAKTEPUCTUKA TOJMMEPHON MOJIEKYJIbI, XapaK-
TEPU3YIOIasd €€ YKECTKOCTh. JTO CPEIHssl KOHTYPHAs [JINHA MEXKJy 3BEHbsSIMU, HAIIPABJIEHHS KO-
TOPBIX OTINYaioTCsa Ha 1 paguan. To ecThb, YeM MsArde MOJIEKYJIa, TeM Jallle OHa U3TrH0AeTCsT U TeM
MeEHbIIIE TIEPCUCTEHTHA JIJINHA.

B nporpamme PemtoCkan OHnalin peaan3oBal CTATUCTUYECKHI METO IIOICYETa IePCUCTeHTHOR
nymHbl 10 ACM-u300pazkeHusM MOJIEKYJI, 3a(pUKCUPOBAaHHLIX Ha MOMJIOXKKe. IIpu 3ToM npeamnosia-
raeTcs, 9TO aACOPOITHsT MOJIEKYJT Ha IOBEPXHOCTD MIPONCXOINIA IIOCTEIIEHHO, T€Pe3 Pl PABHOBECHBIX
COCTOSTHUA.

Boimenute KpuByo Ha n300pasKeHUN (3To MOXKeT OBITH C/IeJaHO JTIOOBIM M3 JIBYX CYIECTBYIO-
UX THCTPYMEHTOB CM. Iaparpad 3.7.5) u BoIGepuTe KomMany IlepcucrenTaas muna,/ Jo6aBurh
KPUBYIO UM Ha)KMHUTE Ha KHOIKY [, Ilocsie aToro Ha ’KkpaH OyJET BBIBEJIEHO OKHO, B KOTOPOM
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Heo0X0IMMO YKa3aTh afpec daitia, B KOTOPOM Oy/IyT 3allMCAHbl KOOPAMHATHI TOUEK KPUBOL. YKa-
3aB ajpec, nHaxkmure kHonky OK. Jlob6aBisist KpuBbIe 1O OJHON B 3TOT (ailyr BBl cMOXKeTe codpaTh
GOJIBIIYIO TAOJIHUILY JAHHBIX. deM GoJibIlle Oy/IeT CTATUCTUKA, TEeM TOYHEE MMOJIyIUTCS PE3YJIbTAT.

Korpma craructuka nabpana, BeiOeputTe KoMauay llepcucrentnasi qmmaa/ O6paborka. [Tocse
9TOr0 Ha IKpaH OyJeT BBIBEIEHO IUAJOTOBOE OKHO. B mporpamme peajim30BaHbI pa3IUIHBbIE aJl-
TOPUTMBI JIJIsl BBIYUCJIEHUsI TEPCUCTEHTHON JJIMHBI. B 3aBHCHMOCTH OT KOHKPETHBIX YCJIOBUN OHU
MOTYT JIABATh HEMHOTO PA3IUIAIONIAECcs PEe3yIbTATHI.

Bor Mmoxkere BBIOpATh OJIUH U3 TPEX BAPUAHTOB AJTOPUTMA!

— Sushko. B sTom ajiropurMme mepcucTeHTHas JJIMHA OIpPeessieTcsl KaK BeJNYnHa, oOpaTHas
K TaHreHcy yria nakiona rpaduxa (©2)(l), rme | — xourypuas jymna, a (©2) — cpeauuit
KBaJIpaT yIrja MeXK/ly HAIPaBJIECHUIMU CETMEHTOB IEIH, V/IAJIeHHBIX JPYT OT JPyra Ha TaKoe
KOHTYPHOE PACCTOSTHUE. Y TOJI HAITPABJIEHUsI KAXKJIOI0 YIACTKA IEMH OIPEJIE/ISieTCsI IO HAKJIOHY
IpsiMOiA, TpoBeaerHoi 1o Metoaxy MHK wepes mannyro ToUKu KpUBOii 1 COCeTHUE C HEH TOTKM.
Pazmep okpectnoctu onpesmensercs napamerpom MHK-okpecTHOCTD.

— Filonov. B stom ajropurMe mepcucTeHTHAsS JJINHA TAKXKE OMPEIE/ISeTCa KaK BeIUINHA, 00-
paTHas K TaHTeHCy yria Hakiona rpaduka (©2)(1), HO yros HalpaBjIeHHs y9acTKOB IENH
OIIPEJIEJISIETCS] TOJIBKO COCEJIHMMU MMHUKCeJIaMu. TaKuM 0Opa30M, OH MOXKET PaBHSITHCSI TOJIBKO
0°, 45° umm 90°, HO 6aroaps yCpeTHEHHIO MOIydaloTess pa3HoobpasHble 3HadeHns (©2).

— Anropurm Q peasiuzyer mojcUeT 10 NEePCUCTEHTHON ojesn. B Heit orHomenue cermenta Kyna
(R?)

K nepcucTeHTHOl JiymHe pasHo JByMm. Cerment Kyna [, = “~*— 3T0 OTHOIIeHHE CpeJIHEro
KBa/IpaTa PacCTOSHUS MKy KOHIIAMU IeN K KOHTYPHOIl JJINHE.

Bo Bcex Meromax Juisi yBeJIMUEHHUsI CTATUCTAKUA PEKOMEHJIYETCs 3aJaTh 3HAYEHUE [apaMerpa
MaxkcumasibHas aymmaa KpuBoit. OH O/2KEH 3HAYATEIFHO IIPEBBINIATh OKUIAeMOe 3HAUCHUE TIePCH-
CTeHTHOM JnHbI. Bee mocTpoennbie KpuBbie OyayT pa3dUBaThCA Ha YIACTKU TAKOH JIUHBI, 00CUIN-
THIBAIOIINAECS OTIAEJIHHO.

3.9 Amnasm3s ganubix (Mento Oneparun)

Komanspr, cobpannbie B MeHio Otiepalini, MO3BOJISIIOT MOy YaTh PA3HOTO POJia HHMOPMAIIIO O
[TOBEPXHOCTH, JleJIaTh n300paykeHusi OoJiee HAIIATHBIME. MHOTMEe KOMAaH/bl JOCTYIHBI HA HAHEJH
MHCTPYMEHTOB IIPOTPaMMBI.

3.9.1 JlybmupoBaHue n3o00parKeHuii

Nsz006paxkeHne MOBEPXHOCTH BCETJa MOXKHO MpoaybsimpoBaTh KoMaHoit Co3marh KOO WU
HAXKATHEM Ha KHOIKY fF, koTopas HaxOIUTCH Ha HaHeNIH nHCTPYMeHTOB. Eciim Ha m300pakeHnn
BBIJIeJIEHA HEKOTOPas 00JIaCTh, TO IPOIyOJUPOBAH OYIET TOJIBKO ITOT yIACTOK, MHAYE — BCE U300-
pakenne. Ecau BuIzeenne nMeeT JTHITHIECKYIO WM CJA0KHYIO GOPMY, TO TpOoayOnpoBan Oy1er
YYACTOK IIPSIMOYTOJIBHON (POPMBI B KOTOPBIil BIIUCHIBAETCSI UCXOJIHOE BhIJIEJIEHUE.

3.9.2 [IlocTrpoenune 3x-MepHBIX M300parKeHUt

[Iporpamma 103BOJISIET CTPOUTH TPEXMEPHBIE N300pakKeHusl TOBEPXHOCTH. UTOObI c/iesiaTh 9To,
BBIGepuTe Komanmy Iloctpouts 3D B mento Omneparuu wim naskvuTe Ha Knonky . C momyums-
IIUMCS 3X-MEPHBIM 00bEKTOM MOXKHO IIPOU3BO/UTH MHOYKECTBO OII€PAIINIA.



I'maBa 3. O6paboTka m306pa>keHmit 91

Puc. 3.45. Tpexmeproe nzobparkeHue.

— IloBepxmoCcTh MOXKHO IOBOPAYMUBATH BOKPYI BEPTUKAJILHON ocu. [jIs 9TOro Ha)KMUTE JIEBYIO
KHOIIKY MBIIIH U, yJ/IepKUBasd ee HaxKaToil, JBUraiiTe MBIIIb BIIpABO MJIM BJIEBO.

— Jlns npubsimKeHUst U yIajeHus TOBEPXHOCTH HAXKMUTE JIEBYIO KHOIIKY MBIIIH U , yI€PKUBAST
ee, IepeMerTaiiTe MBI BHU3 WJIN BBEPX.

— MoxkHo usMeHnTb MaciTad n306parkenus 110 Beprukasu ( 1o ocu Z). s 9Toro, ipu HaxkaToit
KHOIIKe 7, HayKMHUTE JIEBYIO KHOIKY MBIIIU U, He OTIIyCKAasl ee, JBUTaiiTe MBIIb BBEPX U BHU3.

— IToBepxXHOCTH MOXKHO MOBOPAYMBATE BOKPYT TOPHU3OHTAJIBHON OCH, JeXKalleil B IJIOCKOCTH
skpana (ocb Y), U BOKpPYT' OCH, HEPIEeHJIUKYJIAPHOI wiockocru 3Kpana (och X). st aToro,
yaepkusast Haxkarbimu Ctrl m JIeBy10 KHONKY MBIIIHU, JBUTAATE MBIINIh BBEPX-BHU3 U BJIEBO-
BIIPABO COOTBETCTBEHHO.

— M306parkenne MOXKHO CABUTATH MBIIIBIO PU HAXKaTOM Kjasuiie Shift.

— Ecmu B menio Bung ormedeno cioso IlogcBeTka, TO MOBEPXHOCTH OKA3BIBAETCSH OCBEIEHHOM.
IIpu »TOM ecTh BO3MOYKHOCTH M3MEHHUTH IOJIOKEHWE UCTOYHUKA CBETa, YTO MOXKET CHJIHLHO
CKa3aThCsl Ha HAIVISIHOCTU U300parkeHust. ¥ aepKuBas HaxkarbiMu Shift, Ctrl u jieByro KHONKY
MbIIH, Bbl, JBUrasi MBIIIbLIO, OyIeTe IepeMeIiaTh UCTOYHUK CBETA.

— B mporpamme mpeaycMOTpeHa He TOJHBKO BO3MOXKHOCTD YIPAB/IATDH MOJOKEHAEM HCTOYHUKA
CBeTa, HO W MEHATDH ONTHUYECKHNE CBOMCTBA CBETA M CaMOIl MOBEPXHOCTH. Be3 MCIOIb30BAHUST
9TOI BO3MOXKHOCTH KaK MPABHUJIO MOXKHO ODONTHUCDH, IIOITOMY €€ OIUCAHUE JTaHO B IPUJIOXKE-
aun F.

— Ilpu maxxaTuu mpaBoil KHOMKOI MBIIIN HA OKHE TPEXMEPHOTO M300PaXKEHNUsI MOABIISIETCH OKHO
nacTpoek. Ero moxkno BbI3BaTh Takxke komaunoir Bua Hacrpoiiku. B Hem muoro 3aksamok,
caMble OCHOBHBIE TAapaMeTpbl BBIBEJEHBI Ha 3akiaajky Obmiee. 371eCh MOYKHO BKJIIOYUTH U
BBIKJIFOYUTD IIOJCBETKY, OTPErYJINPOBATH CBETUMOCTh MaTEPUAJIA U PACCTOSIHUE JIO HCTOYHUKA
cBeTa. BuiOparh crrocod 0TobpazkKeHust MMOBEPXHOCTHU: B BHUJE IIBETOBON KApPTHI WU CETKH.

— B zakmazke [Jorr. DyreMeHTH MOKHO BBIOPATH, KAKUE JIOMOJHUATEIbHBIE TEKCTOBbBIE 3JIEMEHThI
Oy/LyT IMOKA3aHbl HA M300pPAXKEHWH. DTO MOJMIUCH OCel, TeHb I10JI N30DPaXKEHNEeM ILJIOCKOCTH,
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MapameTpoi D
O6wes | Wrkana| Hon 3nemedten | Okxe npoetumd (<] ]
Ocu Cevetua F]
TeHE [] Noaneu
MeTku
Kpuetie
[ Ok ][ OTreHa ][Sarpgamb] [EDHpaHHTb][ETaHuapT]

Puc. 3.46. Oxno nacrpoek 3D.

METKU, KPUBBIE U CEUYEHUsI, TOCTPOEHHBIE Ha MCXOIHOM ILTOCKOM m3obpazkenun. Eciaun Bor xo-
TUTE, ITOOBI HA TPEXMEPHON KapTUHKE 0TOOparKaJINCh N3MEPEeHHbIe JINHBI, YIJIbI, HOMEpa Me-
TOK, TO HEOOXOAMMO MOCTABUTH rajodky B mosie ITogmnucu (puc 3.46). Korga Bbl Ha 06bI9HOM
n300paykeHU MOBEPXHOCTH, JIJI KOTOPOro OBLIO IOCTPOEHO TPEXMEPHOE, ITOCTPOUJIA HOBBIE
9JIEMEHTBI, 9TU JIEMEHThI He OY/IyT aBTOMATUIECKH OTOOPAXKEeHbI Ha TPEXMEPHOM U300pazke-
nnn. Ij1s1 Toro 9To66I OOHOBUTH TPEeXMEpHOe N300parkeHne, HayxKMHUTE Ha, HEro JIEBOI KHOITKOI
MBIIIA B Te€YEHUE CEKYHIBI, a 3areM oTmyctuTe. OOHOBIEHHE MOXKHO TaK K€ BBITOJHUTH Ha-
FKATHEM KHOTKH ..

— Ecin Bor me xotuTe, 9T00BI Ha PUCYHKE ObIIa HAPHCOBAHA IBETOBAS MAJUTPA OCH Z, yoepure
raJiouKky HarmpoTus moJist [loka3eiBaTh mKasay Z Bo BKaaake [Ikasa. Tam ke MOXKHO HACTPOUTH
BBICOTY U IIUPHHY MAJUTPHI, €e MOJIO0KEeHNe Ha PUCYHKE (32 9TO OTBEUYAIOT mapaMeTpsl Jleast
IpaHMUILA,

— Eciu penbed 3D moBepxHOCTH MMEET CUJIbHBIE [IEPETIAJIBI BHICOT, IIPU BPAIIEHUH IIOBEPXHOCTH
MOTYT BO3HUKHYTBH TPY/JHOCTU C TO3UIIMOHUPOBAHUEM KOOPIUHATHBIX OCeli, U3-3a COOTHOIIIE-
HUsT UX PA3MEPOB ¢ TOJIUHON noBepxHocTH. [TosTomy Bo Britazke Jlerenma okuna Hacrpoiiku
(puc 3.47) MOXKHO UBMEHHUTD TOJIIMHY Oceil Jjist n3obpazkenust 3D pesbeda. s sroro neob-
XOIUMO BO BKJIaJKe JlereHjia yCTaHOBUTBH IOJXOJsINee 3HAYEHUe Jiis napamerpa TosmHa
ocefi.

— Bo Briajke Ocu MOKHO BBIOPATH OTHOCUTEILHOE (neBmﬁ HIDKHUN yTOJI U300paKeHnsT TPUHST
3a HAYAJI0 CHCTEMbI KOOPAMHAT XY, BBICOTA OTCUYUTBHIBAETCS OT CAMON HUXKHEH TOYKM) UK
abcosoTHoe (CcrucTeMa KOODJAMHAT IIPUBSA3aHA K JAHHBIM OT CKaHEPa MUKDPOCKOIIA) PaCIOJIO-
JKeHUe OCei.

— Bo Brmagke HIpudT MOXKHO M3MEHUTH MIPUQPT MOAMICEH IO OCIM.
— Bo Bkmagke Pon — 1Ber doHa.

— Bo Bkiazke IIper TekcTa HaCTpamBaeTCs IIBET TEKCTA Ha M300PaKeHNM.

3amnuck npoJiera HaJl TPEXMEPHOUN MOBEPXHOCTHIO

[IporpaMma mO3BOJISIET 3aIIOMUHATH PA3IUYHBIE CIIEHBI IIPOCMOTPA MTOBEPXHOCTH M 3AINCHIBATH
repeMerrenre KaMepbl MeXJIy ClieHaMu. B pe3ysibrare MmojydaeTcs KPaCOUYHbIA (DUIIbM, HAIVISIIHO
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MNapaMeTpel Ij
| Oeu || WpmpT || FoH | Nerenaa ||.|.BE.‘T TEKCTa ||EML]
B —
e }
’ 3
TonwmHa ocel [z

[ Ok, H OTreHa ][Qarpgsmb][En:-:paHMTb][QTar-uapT]

Puc. 3.47. Iamenenue TOIIAHBI OCEH.

Co3AaHMe NPONETA HAA, NOEEPRHOCTLHD &=

CueHer:

Angle:176.646 LightFi: 280, LightT heta: 60 Offset 1. 754
Angle:305.318 LightFi: 280, LightT heta: 60, Offset: 1.943
Angle:305.318 LightFi: 280, LightT heta: 60 Offset: 1.943
Angle:176.646 LightFi: 280 LightT heta: 60 Offzet 1. 754

Sanepska: 1 cek  Tekywan: 2.000/4.000 5
[ Jatasure ] [ Beepx ] [ MNpourpare ]
[ MsteHiTE ] [ BHuz ] [ Sanuck ]
[ Yoanrs ] [ CDHDaHHTb]

[Hnanmb Bce] [ 3arpysuTe ] [ Jakpeme ]

Puc. 3.48. OkHO ynpaBiieHUsI CIIEHAMH.

Fanvce 3D AVI %)
Myt K Pating C:\Program Files\Advance E
Ko.uupgrou.lulit..E]

Puc. 3.49. OkHo 3amucu BUIEOCIOXKETa.

93



I'maBa 3. O6paboTka m306pa>keHmit 94

pecTaBsionuit popmy moBepxuoctu. /s co3nanns GuiibMOB HCIIOIB3YeTCsl TUAJIOT YIIPABJIEHUS
CIleHaMH, BbI3bIBaeMblil KoManzoii menoo Buj/Cosganue nposera Haj, oBepxHOCTBIO (puc. 3.48).
IIporiecc BuI€OCHEMKY IPOUCKXOIUT CJIE/IYIOMIMM 00PA30M:

1. Bribupaercsa kesraeMblil Ha9aIbHBIN PAKyPC TPEXMEPHOTO M300parKeHNs.

2. BpibpaHHBIil pakypc 3amnmcbiBaeTcs HakaTneM Ha KHONKY JlobaButh. IIpm sTom B BepxHeM
I10JI€ IUAJIOTOBOTO OKHA IOSBHUTCH 3allMCh, COOTBETCTBYIOMAs KOOPJAWHATAM STOTO PaKypca.

3. Tenepsb MOKHO MOBEPHYTH ITOBEPXHOCTD, BEIOMPATH M 3AIIOMHUTH CJIEIyIOIIee mojioKeHue. [1pu
HaXXaTuu Ha KHOINKY Jl00aBUTH pakypC 3aIllUChIBAETCsI B KOHeI OOIIEero CIUCKA.

4. Takum 0Opa3oM, MOCTEIIEHHO, IO TOYKAM, 33[a€TCsI BECh MAPIIPYT KaMEPHI.

5. Ilosydennnrit crienapuii MOKHO pemakTupoBaTh. IIpm momormu KHOMOK BBepx m Buus BbI-
OpaHHBIN PAKypPC MOXKHO IIEPEMECTHUTD HA JIPYTO€ MECTO B MIOCJIEIOBATETHHOCTH, [IPU IOMOIITA
KHOIKY VI3MEHUTHh MOXKHO 3aMEHUTH BBIOPAHHYIO CIIEHY Ha TEKYIIUN PAKYPC. YIAJIATH JIUIII-
HU€ CIIEHbl MOKHO IIPU IIOMOIIY KHOIIOK YJIAJUTh U YIAJIUTH BCE.

6. Korma mociie/1oBaTeIbHOCTD CIIEH OKOHYATEJIbHO copMupoBana, Bl MOXKeTe 3aIlyCTUTh Pe-
JKAM TIPEJIBAPUTEIHHOIO IIPOCMOTPa. B HeM BHJIe0-pOJIMK Oy/leT IIPOUrPaH C MOHMKEHHBIM
pasperienueM. [lo ymomdanuio mepexoji MEXKJIy JBYHsI COCEIHUMU CIIEHAMU OCYIECTBJISIETCS
3a 1 cexynmy. Kak mpasuio, ato ciaumrom obicTpo. Eciin Ber xoTtuTe, 9T0061 KAKON-TO U3 TIEPE-
XOJIOB IIPOUT'PBIBAJIC € MeHbIell (nm Gosibiieil) CKOPOCThIO, BHIGEPUTE CIIEHY, OTBEYAIOIILYIO
3a ero HAJaJI0, U B MOJIEe 3aJIePyKKa YCTAHOBATE TAKOE BPEMsl, KAKOE XOTUTE.

7. Ilpu HaxkaTuu HA KHONKY 3alUCh IOsIBJIAETCS JAMAJOr 3alucu Bujeociokera (puc. 3.49), B
KOTOPOM MOXKHO 33/1aTh UM 3aIIUCHIBAEMOro (aiiyia, BRIOPaTh CIIoc06 KOMIIPDECCHH U HACTPO-
UTh MapaMerpbl cxKaTus uzobpaxkenust. [Ipu Haxkarun Ha KHONKY CrapT B auajiore 3allicu
HAYHETCs 3aIUCh M300parkKeHust B (Daiilyl, TEKyIIil KaJap Oy/IeT MOKa3bIBATHCS B OKHE IIPEIBa-
PUTENBHOTO TPOCMOTPA. IJTa MPOIEIypa MOXKET MOTPebOBATH HEKOTOPOE BPEMSI.

8. Cnmcok CIleH MOXKHO COXPaHATh B TEKCTOBBIN (pailil 1 CINTHIBATHL U3 Hero. TakmMm oOpas3oM,
BO3MOXKHO 3arpy2kaTh paHee CO3JaHHbIE yJIaTHbIe CIIEHAPUU IIPOJIeTa JJisI HOBBIX OBEPXHO-
cTeil.

3.9.3 IIpeobpazoBanue Pypbe

[IpeobpasoBanune Dypbe sIBJISIETCS MOIIHBIM CPEJICTBOM 0OpabOTKM M aHAIU3a M300parKeHUi.
TlosyunTs npejicraBjenne aByMepHOro n3obpakerus B Oypbe-MpoCTPAHCTBE MOXKHO C IOMOIIBIO
koManubl Pypbe mim KHonkn EM. IIpu 9TOM Ha 9KpaH OyIeT BHIBEICHO OKHO C M300PAsKeHHEM
Dypbe-o0bpasza n300parKeHnsI.

[Ipu markaTwm mpaBoOil KHONKOW Mali Ha M300parkKeHun MosABJsteTcs MeHo. B Hem Bbr moxkere
BLIOpATH OJIMH U3 JIBYX PEKUMOB Kypcopa: Boiaenenne obsactu unu Merku. Boimenenue obmactu
[TO3BOJISIET BBIJEJIUTD IS JlajibHeiineil 00paboTKu CUMMeTPUYHbIE OTHOCUTEIFHO Hada/Ia KOOPIH-
wat yuactku. [lociaenoBare/ibHO BbIjie/IEHHBIE 00JIACTH CKJIaIbIBAIOTCs. [ljist TOro, 9T06B OTMEHUTH
OJIHO U3 BBIJEJEHUIl, HaBeIUTe KypCop Ha ero objacTb(Ipu 9TOM DSJIOM € KyPCOPOM IOSBUTCS
KPaCHBIl KPECTUK) U HAXKMUTE JIEBYIO KHOIIKY MbIIIH. DTa 006/1acTh GyJeT UCKJIIOYeHa U3 00LIero
BoIesenns. [Ipu momoru kKypcopa MeTKr MOYXKHO paccTaB/IATL OTMETKN Ha n3obpazkennu. B mo-
[IACU K BBIJIEJIEHOI TOYKe OYyyT yKa3aHbl JBa lapaMerpa: L — 3To 1mepuoj B HM, COOTBETCTBY FOIIUN
BBIODAHHON TOUYKeE, & S —3TO HEHOPMUPOBAHHASI MHTEHCUBHOCTD CIIEKTPAJIBLHON IJIOTHOCTH B TAHHON
touke Dypbe-II0CKOCTH. DT MapaMeTphbl 0TOOPAXKAIOTCS TaK Ke U B CTATYCHOW CTPOKE IJIABHOT'O
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OKHa MIPOrpaMMBbI TIpH TepeMerniennn Kypcopa nan Pypohe-nzobparkenuneM. B crarycnoit ctpoke Bor
MOXKeTe TaK2Ke YBUIETh 3HAUEHUE [I€PUOJIOB 110 HalpasieHuio oceit X nu Y OTIeabHO.

Mo2KHO MEHSITH KOHTPACTHOCTD n300pakenuss Pypbe obpasza — it 3Toro B MeHio Pypbe Bbibe-
puTe OIMH U3 TPEX BAPDUAHTOB KOMaH bl KonTpacruposarh: Bosbine (yBejudeHne KOHTPACTHOCTH ),
Memnbine (ymenbinenue) win BoccTaHOBUTH (BOCCTAHABIMBAET MCXOIHYIO YCTAHOBKY ). DTU TPU Ba-
praHTa KOMAHIbI MOXKHO 3aIlyCTUTh W U€pPe3 MEHIO, BBIAJAIONee 110 HAXKATUIO MPABOM KHOIKA
MbIa Ha Pypbe-n300paskeHnn.

Ecnu Bor BBIIEIMIN HEKOTOPYIO 0DJIACTH CIIEKTPA, TO MOXKeTe OOHY/IUTH €€ BHYTPEHHIOI WJIN
BHEIITHIOI YaCTh — JIJIs 9TOr0 ecTh KoMaH bl O6HyIuTh BHyTpU 1 OOHYJIMTH CHAPYKU, JTOCTYITHBIE
[0 HAYKATHIO MPABOl KHONKHU MBINIH, a TakXKe u3 MeHi0 Pypbe. AHAJOTUYHO MOYKHO YBEJIUIUTD
WA YMEHBIIUTDh BKJIAJ BRIOPAHHBIX JACTOT C ITOMOIIBIO KOMAHJ, ¥ BeJIMYUTDh WU ¥ MEHBINUTD. [1pn
ycueHnn, ocaabieHn 1 OOHYIEHIN BBIOPAHHBIX IacTOT n3MeHeHus B Oypbe-cruekTpe cpa3y ke OT-
paxkarorcst Ha uzobpazkeruu mosepxuoctu. OciiabjieHne BEICOKOYACTOTHON COCTaBJIAONIEH Ha N300-
PaXXeHUU [IPUBOIUT K YMEHbBIIEHUIO YPOBHsI IIyMa. YCHUJIEHHS TeX WU UHBIX YaCTOT IIPUMEHSIETCs
JIJIS TOTO, YTOOBI TIOJIEPKHYTH HAJUYUE IIEPUOIMIECKON COCTABJILIONIEH Ha M300paKkeHuu (4acTo
UCIIOJIB3YeTCsl IpU 00paboTKe N300paKeHuil ¢ aroMapHoi roppUPOBKOIi MOBEPXHOCTH ).

3.9.4 IlocTtpoeHue rucrorpaMmm

[Tocsie BBIIOJTHEHMST KOMaH ibl [ MCTOrpaMMa WM HaXKaThsl Ha KHONKY all 10siBJIsieTCsl OKHO,
cojiepaKallee pacupeeeHne ToUeK TOBEPXHOCTH 10 BbicoTaM. 1Ipn nepemenennu mMTpUXOBLIX BEP-
TUKAJbHBIX JIMHUIA, B HAXKHEH CTPOYKE OKHA OTOOPAYKAIOTCS UMCJIOBBIE JTAHHBIE.

(] XO — 9TO BBICOTa ITOBEPXHOCTHU, COOTBETCTBYIOIIAA JIEBOIT OTMETKE Ha rucrorpamMme.

(] X1 — 9TO BBICOTa ITOBEPXHOCTHU, COOTBETCTBYIOIIAA HpaBOIU/I OTMETKE Ha I'MCTOI'paMMe.

X1 — Xo — pa3HOCTb B BBICOTAX JBYX ITUX TOUEK.

o % — OTHOCHUTEJIbHas IJIOIa/ b BBIJICJICHHOI'O y49aCTKa I'MCTOTpaMMbl B IIPIIEHTaX.

ITo xomanzme menio I'mcrorpamma/ O6pesaTh BbICOTAa KaXKIOH TOYKH, OKA3aBIIEHCd CHAPYKH
OT BE€PTHUKAJBbHBIX JIMHUN, CTAHOBUTCA PaBHOHU BBICOTE, YKA3aHHONU COOTBETCTBYIOIIEH BEPTUKAJIb-
HOM1 JInHUEN. DTN U3MEHEHUsI CPa3y Ke OTPaXKAKTCsI Ha n300parkKeHnuu MoBepXHOCTH. [ 'mcrorpamma
TaK>Ke CTPOUTCS 3aHOBO W MOKeT MMeTh COBEPIIEHHO HOBBIM BHJI.

Hacrpouts BHemHM Bu AparpaMMbl MOXKHO TIPHU TIOMOIIY IUAJI0TOBOTO OKHA mapaMeTpoB. OHO
BBIBOJIUTCA Ha 9KPaH IPU HAaKaTUU IIPaBOil KHOIIKOI MBIIIIM Ha F’HCTOI'PaMMeE U UMeeT CTaHJapTHBIN
BU/I.

3.9.5 HaxoxaeHne o6beKTOB

C noMoIbio KOMaH bl BbIe/InTh 00BEeKTHI BBI3BIBAETCH (DYHKIIUAsI aBTOMATHIECKOI0 PACIIO3HA~
Bauusi 00beKTOB. Puc. 3.50 mosicHsieT, Kakue 3J1eMeHTHI pejibeda canTarTcs oObeKTaMu. Boraunciis-
ercs cpenuuil yposenb nosepxuoctu (Cpenuil ypoBens), cpejiHee KBaAPATUIHOE OTKJIoHeHue (Ha
pucynke — d) u MakcumasbHas Bbicota (MakcumasbHast BbICOTa). 3aTeM CPABHUBAIOTCH JIBE ILJIOC-
koctu — A u B. ITimockocts A mmeer BoicoTy, cpeuioio Mexay Cpemunii ypoenb u MakcnMasibHast
BeicoTa. [lmockocts B Ha 2d Beime uem CpenHuii ypoBeHb. [110cKoCTh, OKa3aBIIasiCs HUXKE, IPHU-
HUMAaETCsl 3a IOPOTOBYI0. Bee 4acTu MOBEPpXHOCTH, KOTOPbIE OKA3BIBAIOTCS BBIIIE Hee, CIUTAIOTCS
00bEKTaMHU.

ITo xomanne Boerieants 00beKTHI OOJIBINAS YACTh N300PAKEHUS OKA3BIBAETCS 3aKPAIlleHa dep-
HBIM (BCe, KpOMe caMuX O6bEKTOB), Ha N300PayKeHUU PACCTABJIAIOTCS METKU U BO3HUKAET JIBa HOBBIX
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Maxamum height
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Puc. 3.50. Boigenrenne o6 beKTOB

OKHa: TabJINIA C TEOMETPHIECKIME XapaKTEePUCTUKAMU 00'bEKTOB, U THCTOIPAMMAa, Ha KOTOPOIi 10~
Ka3aHbl OObEKTHI — UX ILIOMAIN U KOJIUIecTBO. [[jist Toro, 9robb1 m36aBuTCs OT 4epHOro GoHa Ha
H300pasKeHN HAZKMATE Ha KHOIKY & (O6HOBUTH) HA NAHEJU UHCTPYMEHTOB.

Tabsuria co cBoiicTBaMU OOBEKTOB COJEPYKUT, KPOMe HOMepa 00beKTa, BOCEMb KOJIOHOK: Square
(momans obbekTa B mwiockoctu XY), Perimeter (mimua rpanunpt obbekTa B ILockoctd XY ),
Volume (o6bem obbekTa), RMS (aucnepcust BbicoTsl 06bekTa). Form Factor 1 — 310 orHOIEHNE
paJinyca OKPY?KHOCTHU SKBUBAJECHTHOHN IJIOMA/ M K PAUYCY OKPY?KHOCTH 3KBBIBAJIEHTHOI'O IEPUMET-
pa. s xpyraoro oobekta stor Popm-dakTop paBeH eaumHuile. deMm CuiibHee M3Pe3aH MEPUMETD
obbekTa, TeM OmKe ero 3uadenme K Hymao. Form Factor 2 — 3T0 oTHOmeEHWe yIBOEHHON JIJIMHBI
ckeJsieta 00bEeKTa K ero mepuMerpy. s TOHKOH HATH 9TO OTHOINEHNEe PABHO €JIUHUIIE, JIJIsT OKPY K-
HOCTH OHO paBHO HYyJI0. EIrle jiBa mapamMerpka — 3T0 MaKCHUMaJsbHas BbIcOTa 0bbekTa H, u cpeuss
BeIcoTa <H>.

MOKHO COPTHPOBATE OOBEKTHI IO JIIOOOMY CBONCTBY, HaXKMMasl HA HazBaHue KOJIOHKY. [Ipu aToM
OOBEKTHI TIEPEHYMEPOBBIBAIOTCS M METKU Ha M300parkeHnu OOHOBJISIOTCH. [ 'mcTrorpaMma mpu 9TOM
TakzKe Oy/IeT IepeprucoBaHa MoJi COOTBETCTBYIONIHI TapaMerp.

B Tabsmiie MOYKHO BBIJIETUTD Bce 0OBEKTHI UM HECKOJIBKO U CKOMUPOBATH UX CBOUCTBA B Oydep
obmena. Jljisi BbIIEIEHUST HECKOJIBKUX OOBEKTOB HYXKHO HAaXKMMATh Ha HUX MbIIIBIO, YIEPXKUBAs
maxkaroit kiaapumry CTRL wim SHIFT, a gna konmposanus waxkars CTRL+C wiu BBIIOJHUTH
romanay Komms Tekcra n3 mento IIpaska.

B okHe rucrorpaMMbl MOXKHO ITPOBOJUTE OTOOP OOBEKTOB IO ILJIOMIAJIH, ITepEeMeIasi B¢ BePTHU-
kasbHble JuHNN. Ecim B okne Hacrpoiiku (Puc. 3.50), mosiBaistforeMcst Ipyu HaXKaTHU HA IPABYIO
KHOIIKY MBIIIN B OKHE TUCTOrPaMMBbl, B 3akJajike Obiiee HanpoTus mosist OCTaBIsITh BHYTP... CTOUT
rajiovka, To Ha n300parkeHuu Oy1yT 0TOOParKEHbI TOJIBKO T€ 00BEKThI, KOTOPBIE IOl BHYTPb BEP-
TUKAJILHBIX JIMHWIL; €CJIU 9Ty TajovuKy yopaTh — TO TOJBKO BHeMTHUE. [Ipr 3TOM B OKHE CO CIIUCKOM
00'BbEKTOB TIO TIPEKHEMY OyIIyT yKa3aHbl Bce 00beKTbl. OOBEKThI, KOTOPbIE COBCEM HE MHTEPECHBI,
MOXKHO YJAJUTh U3 CHUCKA. J[JIsT 9TOr0 BBIJEINTE HA THCTOTPAMME TOJBKO T€ 00BEKTBI, KOTOPHIE
XOTHUTE OCTABUTD, MpUMeHuTe KoMauay MmeHio O6bekTol/ Yaamurh ¢ rucrorpammbl. OHa yaaager
HEOTOOpaHHbIE O0BEKTHI U3 THCTOTPAMMBI M CIHCKA, OCTABJIAS WX M300pakKeHUEe HA MOBEPXHOCTH
HeTPOHYTHIM. IIpu KeJaHuu MOXKHO BOCIOJIB30BAThCA KOMaH 0l O0beKThl/ YIaauTh ¢ u3obpazke-
uusi/ Boiiesrennble (00BEKTHI YIATIAIOTCA Ha H300paskeHn ), a nin KomManoit O6bekTsl/ YIamnTs ¢
uzobpazkenusi/ Ocranbuble (1711 OTQUILTPOBAHHBIX Ha rucrorpamme 06bekToB). Cinucok 0o6beKToB
B 9TOM cjydae Takxke Oyjer obHOBieH. Obe QyHKIMH JMOCTYIHBI B TOT MOMEHT, KOTJ[a AKTHBHBIM
SIBJISIETCsI OKHO T'UCTOTPAMMBI.

CymectByeT u 60jiee IPOCTON MeTOJT ISl YAAJeHHs OOBbEKTOB U3 T'MCTOTPAMMBI U TAOJIHIBI:
HaBeJINUTE KYypCOp HA OTMETKY, COOTBETCTBYIOILYIO TOMY OOBEKTY, KOTOPBIH CJIEyeT YIAJUTH, HA
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SKpaHe 0BO3HAYHTCS CHMBOJ yiaajenusi MeTku (). HaskMuTe j1eBOH KHOIKON MBIITH, I METKA
Oyzer yopana ¢ uzobpaxkenusi. OJJHOBpEMEHHO Oy/IeT CKOPPEKTUPOBAHBI TAOJIMIIA U THCTOTPAMMA.
B okHe HacTpoek I'MCTOrpaMMbl TaKXKe MOXKHO 3aJ/iaBaTh THUII MacKH B 1ojie THui Macku:

1. None — ormenster macky. Ha Ha ncxommom m300pazKeHnr 0TOOPaAXKAIOTCsT TOJIBKO METKH, YKa-
3BIBAIOIIIE HA OOBEKT U €ro HOMED;

2. Mask — Ha nCXOMHUM M300PaKEHNN PUCYIOTCS TOJBKO HaiIeHHbIE OOBEKTHI, IX HOMEPA U MET-
ku. Bee 9T0 HuKe mopora yuaJisiercsi, 3Tu 06J1acTi M300parkKeHusl PUCYIOTCsSI Y€PHBIM I[BETOM.

3. Contour — uzobpazkeHre He U3MEHSIETCsI, HO y HailJleHHBIX 00bEKTOB KPOME HOMEPOB M METOK
BBIUEPUUBAETCH €Ile U KOHTYP. [[BeT KOHTypa MOXKHO 3a/1aBaTh B 3akaajke [IBeT KoHTYypA;

4. Skeleton — nsobpazkeHne He MEHSIETCS, KPOME METOK M HOMEPOB OTMEUYAETCs KapKac HailIeH-
HBIX O0'BLEKTOB.

nm

— . HacTpoiiku =
1 Ofwee | Mpanvusl | Wpwer | Fod | Nereqoa
= 1600 Tun Macku Fask 4| Oob nm w
% DNenequs Ao w| Oocb'Y am -
Oce 2 ot v
<y 1200 / a
/58 CTABNATE BHYTP...
J Mopar
500 Peskim Marual |
L ¥ | YpoEeHe 0 0z -
h 400 I Ok ] [ OtreHa ][Qarpgsmb] [onpaHuTb][ETar—w.ap’r ]

300 1200 1600 nm

Puc. 3.51. Boinenenre 06beKTOB.

B toMm ke okne HacTpoiiku MOXKHO BBIOPATH PEXKUM IIOPOrOBOi (hUIbTpAIM B CTPpOKe Pexxum:
1. Auto — HOporoBoe 3HAYEHNE PACUUTHIBAETCS ABTOMATHIECKU;

2. Manual — moporosoe 3Ha"eHNe 33/14€TCsT BPYIHYI0, OHO U3MEPSIETCS B J0JISIX OT MAKCHMAJBHOI
BBICOTHI Ha u3o6paxkerun (or 0 10 1).

OcrajibHble HACTPOIiKKM MeHI0 HacTpoliku cTaH1apTHHI.

Kora okHO rucrorpaMMbl aKTHBHO, B IJIABHOM MEHIO IIPOrPAMMBI TIOSIBJISIETCS Pa3Jiesi JJIsi pa-
60T1bI ¢ OObeKkTaMu. JacTh KOMaH]] 9TOr0 MEHIO yke 00cyKgajiach Boime. 1lo komanae Beraucisars
CPEIHIO BBICOTY 13 MeHIO OOBbEKThI BRIUHUCJISAETCS CPE/IHssT BBICOTa 00bEKTOB. [lesraercst 910 cirery-
oM obpaszom. Haxomures cpenfsist BBICOTA OBEPXHOCTH 0€3 ydeTa BhIOPAHHBIX O0bEKTOB. 3aTeM
JIJIsT KaXKJI0I'0 O0'bEKTa BBIYUCIISIETCS €0 CPEJIHAs BHICOTa, KOTOPAasi PaBHA CPEJIHEN IT0 CTPOKAM MaK-
CUMAJIbHO} BBICOTE (OTHOCHTEILHO HOBOTO CPEJIHEro ypoBHs). I10csie 9TOro BBIMHUCIISIETCST CPeJIHEe
3HAYEHNE MEXK]Iy BBICOTAMU BceX 00bekTOB. llosryuenHOoe 3HaueHUe OYIeT BBIBEJIEHO B OTIEJIbHOM
OKOIIIKE.
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Komana 3amonantsh BHyTpeHHHe obacTu u3 MeHio OObEeKTHI IpeHa3HAYeHA JJIsT PADOTHI C
00beKTaMU, UMEIOIUMHU KOJIbIEBYIO hopmy. [lo ymosrdanuio ux BHyTPEHHsS YaCTh HE YIUTHIBAETCS
[IPY BBIYKMCJIEHUN ILIOMIAIU U T.)1. Eciu Bel XoTuTe y4ecTsh 9TH yIACTKY IIPU BBIYUCIEHUH IIJIOIAJIN,
BOCIOJIB3YHATECh 9TOX KOMaH0M.

Yro6bl yaaauTh METKY 10 3aBEPIIEHII0 06pabOTKK BOCIOJIL3YiiTech KoMan 1ol Menio Bux/ Oun-
ctuth MeTkm.

3.9.6 CryneHuaras CTPYKTypa IOBEPXHOCTH

Ha moBepxHOCTH KPHCTAJLUIOB MOYKHO OODHAPYKUTH CTYHEHBKH. DTO CBA3AHHO C POCTOM KPH-
crasta ciosvu (puc.3.52). Kaxapiit HoBoil ¢i10ii 06pasyeT ¢ npeiblIyuM CTYIeHbKY. [locTenenHno
CJION pacTeT, yBeJM4YuBasl IJIOMa b, CTyleHbKa nepeasuraercs. C moMoripo KoMan sl Haiitu cry-
[MEHbKY MOXKHO OIMCHIBATH POCT CTYIIEHEK BO BpeMmeHwu. [[Jist MCroib30Banust 3TON (DYHKITMN HYKHO
B3ATh M300paKeHUe, MMOIYyIeHHOE B CIIEIUATHLHOM PeXKUMe PabOThl MUKPOCKOIIA, KOTJA OIHA W Ta
JK€ CTPOKAa CKAHUPYyeTCs ¢ pa3BepTkoil no Bpemenu. [lo komammae Haiitu crynenbku oTKpbIBaeTCs
Jasoropoe okHo (puc.3.53). BeibupaeM HapaBJIeHUe UCCIIe0OBAHNUS: CJIeBa Ha IIPABO — eCJIN CaMast
BepXHsisl CTYIIEHb CJIEBA, & HUXKHsIsI CIIpaBa,MHade CIpaBa HAJIEBO.

CryneHbKI HAXOMSATCS 10 CKAYKAM ITPOU3BOIHOMN. [[Jisi ee BBIYMC/IEHUS] IIPOUCXOIUT CBEPTKA C
sapom (1,0,—1) mwium (—1,0,1), r.e. crpoka 3uadenuit ymuoxkaerca ua Bexkrop (1,0,—1) ajis manpas-
JieHus cjieBa Ha upaso, win (—1,0,1) — cupasa HasieBo. Onepalys OCyIIECTBIISIETC CHU3Y BBEPX CO
CTPOKH, KOTOpasl YKa3bIBaeTCs B IIyHKTE ,, Hawaso psama , 1o crpokun — ,, Konerr psa “. Ilocse sToro
JJTsT TIOJTY IMBINEHCs TPOU3BOJHON CUNTAEM CPEJIHEKBaIPATUIHOe OTKJIOHeHNe — RMS (aucnepcnst
BBICOTHI 00bEKTA) U MPOBOAUM MOPOroByio dubrpamumio th = RMS & z(nopor), rie x 3agaerca B
nosie [Topor. To, uTo HUXKe MOpPOTa MBI HE YYUTHIBAEM, & CPEIU 3HAYCHU ITPEBBIIIAIONIX IIOPOTOBOE
UIIEM JIOKAJbHBIE MAKCHMYMBI, IIPUCBanBasi 1 — ecyu ectb MakcumyM, 0 — ecsim ero mer. [Iupuna
OKHA JIJIsT OIIPeJIeIeHNs JIOKAJIBHBIX MAKCUMYMOB 33/1aeTcs B cTpoke , Hakmon “. Takyio omeparuio
JieJIaeM C HECKOJIBKMMU IIEPBBIMHU CTPOKAMU, KOJIMYECTBO KOTOPBIX 33/1aeTcsl B CTPOKe ,, HauanbHble
crpoku “. CyMMEUpyeM pe3yJibTar.

JLJIst TIOJTy 9€HHOTO PsIia OISsITh WINEM JIOKAIbHbIE MAKCUMYMbI. B OKpEeCTHOCTH 3TUX MaKCHMYMOB
B [IEPBOHAYAJIBHBIX JAHHBIX UINEM MAKCAMYM U 9TO CAUTACTCH HAYAJIOM CTyIeHbKHU. llomanmaemcs
Ha CTPOKY BBEPX U HA HEl MINEM MAKCHMYM B OKPECTHOCTH KaKIOTO MAKCHMYMa IPOIILIOi CTPOKU.
Ecimu makcumyma HeT, TO cTpoka mporyckaercsa. KoamdecTBo MPOIyIIEHHBIX CTPOK JJId KaXK oM
CTYIIEHU He JIOJIXKHO IIPEBBIIIATE YKCJIO, 33/[aBaeMOe B CTPOKe ,, MaKkcuMaJibHbIi HHTEepBaJ “, nHa4de
9Ta CTyIeHb obpbiBaeTcs. Eciin MakcuMyM JiJist JAHHOM CTYIEHU B TE€IYEHUN MAaKCHUMAJIBHOIO WHTEP-
BaJIa MOSIBUJICSI, TO OH COEJUHSIETCS MPSAMOI JIMHUEH C TIPEBIIY M.

Korna Bce macrpoitku rorossl, naxkumaeMm kuaonky OK. s KaxKmo#t cTyIeHbKH CTPOUTCS KO-
opauHaTHas (QYHKIMs — 3aBUCUMOCTD KOOPJIMHATHI CTYIEHbKY 110 X oT BpeMenu 1o Y (puc. 3.54).
Korma Mbl HaunHaeM IepeBUTaTh BEPTUKAJIBHYIO IPSMYIO Ha OJHOM U3 I'PadUKOB, MBI IIOJIyYaeM
HOBBIH IrpaduK TOPU30HTAIBHOrO cedenus nosepxaocru (puc. 3.55). C momommpio KoManapl Boipas-
HUBaHUE B MeHIO KpuBas MOXKHO BBIPDOBHSATH N300paKeHNE TEKYIIEro TOPU30HTAIBHOIO CEUCHMUS.

s KoopauHATHON (DYHKIIUU MOXKHO CJIeIaTh aBTO—KOPPEJIANNI0 KOMaHI0i ABTO—KOppesdnus
B Menio Kpusas (puc. 3.56). A ¢ momompio komanapl CrpykrypHas dyHKIm:A B MeHio Kpubas
HOJIyYUM CTPYKTYPHYIO byHKIuo (puc. 3.57), BBIUUCISIONLYIOCS IO CJeayoneit hopmyste:

S(AL) = ([(t) — z(t + A)?). (3.1)

JIerko yBuzeTh, 9TO KOPPEJSIUOHHAS U CTPYKTYpHas MyHKIMU cuMMeTpudHbl (puc. 3.56 u puc.

3.57).
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Puc. 3.52. Bce cTynenbku npoHyMepOBAHBL.

'Eapame‘rpbl
Harpaenerie Waros | Brepa Hanpaso b
Mopor 1 &
Hatknon 3 =l
HayaneHele cTpoku E
Makc. HTepsan 15 =
Hauano paga 1 A
KoHew pAaa 52 &

Puc. 3.53. Okno nmapamerpos pacdera.
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Puc. 3.54. 3aBucuMocTb KOOpJAMHATHI CTYIIEHHKH OT BPEMEHU JJIst 5 CTYIEeHbKH.
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Puc. 3.55. ropuzonTanbHOE cedeHne MOBEPXHOCTH.
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Puc. 3.56. Koppensmonnast dpyHKIns.

X127 5line Y:17.43line"2

21947 B:-0.01579 R"2:0.01537 SD:9.359, ) )

08

06 :

04 :

0.2

0| T T : T T T
o] 01 0.2 0.3 04 1/line
X dline 5:7.8BE005 Phase: 149.3

Puc. 3.57. CrpykrypHas dyHKImA.
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3.9.7 Ilpeobpa3oBaHue KpUBbIX B CE€UEHUSI

BoI MoKeTe MOCTPOUTD CEUEHHE TOBEPXHOCTH 110 JIOMAHOMN JTUHAA. JJIs 3TOr0 HAJ0 B PEXKUME TI0-
CTPOEHUs] KPUBBIX OTMETHTD Ha IIOBEPXHOCTU KPHUBYIO (paszest 3.7.5), a 3aTeM BBIIOJHUTH KOMAHLY
IIpeobpazoBars kpuByio B cedenue. Cedenne OyaeT BHIBEIECHO B HOBOM OKHE.

3.9.8 Cozaanue (aiijia KaJInbpPOBKHU rucTepe3unca

Cozmanue daitia KaTuOpOBKH CBOJUTCS K CJIEIYIONIUM JeHCTBUSAM TOJIB30BATEIS:

o Ha nzobpakeHnn KagonOpOBOYHOr0 00pa3Ia MOCIeI0BATEHHO C IIOMOIIBIO JIOMAHOM OTMEThTE
Y3JIOBBIE TOYKH PACCTOAHME MEXKIY KOTOPBIME U3BeCTHO (puc. 3.58)

Puc. 3.58. N300pakenne KaanOPOBOIHOM PEIIETKH C OTMEYIEHHBIMY TOYKAMHU.

e Bribepure xomany Onepaiun,/ Cosnars KaanbpoOBOUHYIO KPHUBYIO, IOSIBUTCST OKHO C JIBYMsI
KosioHKaMu (puc. 3.59)

'Kannﬁposouuan Tabnvua =

Mapamerp 3HaueHHe
o D 1=114.36.. 100
o D 2=110.05.. 100
oo D 3=101.26.. 100
o D 4=83687 .. 100
a0 D 5=36.666 100 v

[ ]9 ] [ OTreHa ]

Puc. 3.59. Tabmuna mj1st onpeiesieHnst TOYEK, HEOOXOIUMBIX JJTsT TIOCTPOEHUsT KAJTUOPOBOYHBIX T'PAMUKOB.

B s1eBoit KosoHKE 0603HAMEHBI TTApAMETPBI (HOMEpa U M3MEPEHHBIE JJIMHBI TPOMEZKYTKOB), B
NpAaBoii T€ 3HAUEHHsI, KOTOPbIE HYXKHO yCTaHOBUTH. OTpeakTupyiiTe IPaByI0 KOJOHKY, BIIH-
IIMTE N3BECTHBIE JIIMHBI PACCTOSHMIT MeXKy TOYKaMu (K IpPUMepy [epuoJ| KaJauOpOoBOUHOI
peIeTKn).

e Ecymm Bl xoTuTe 0oTMeHNTD n3MeHeHUsI, HaskMuTe Ha KHONKY OTMmena. [liist coxpanenns: daitia
naxxmure OK. Ilo npejiozkenunio mporpaMmbl coxpanuTe (aili KaJuOpPOBKYU B HYKHOE MECTO
Ha JIUCKE.
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e ITociie 9TOTO IPOrpaMMa CTPOUT JIBE KaInOpOBOYHbIE KPUBBIE X -KaIUOGPOBKa 1 y-KalubpoBKa-MeAIeHHO
(U1st oceil X Uy COOTBETCTBEHHO) M BBIBOAUT MX HA 9KPAH B OTJeAbHOM OKHe (puc. 3.60):

= x-calibration.spm =0 x|

6e+003

5e+003
1e+003
3e+003
2e+003
1e+003

a

Te+003  2e+003  3e+003  4e+003  Se+003  Ge+DO3
dr=3484 V=0 Angle=0 deg

Puc. 3.60. KagubpoBounsrtit rpaduk x-calibration.

Io ocu aberuece Ha rpaduke OTKJIAABIBAIOTCS MPOEKIUHA Ha 0Ch X (mau Y) TOYEeK JIOMAHOM
OTMEYEHHON HA ITOJIyIeHHOM M300DarKeHUU, [0 OCA OPJINHAT - UCTUHHLIE 3HAYCHUS TEX 2Ke
touyek. Crponrcst rpaduK, OTMEUEHHBII 3€JIeHOI JIUHIEH, a KpacHas KPUBAsl MOJIYIaeTCs ero
3€pKaJIbHBIM OTOOPa’KEHNEM OTHOCHUTEJIBHO IIPSIMOIl, SBJISIOINIEiCcs OMCCEKTPHUCOi yriia, obpa-
30BAHHOT'O OCSIMU KOODJIMHATHOM CETKH, 3Ta KPUBAs HUCHOJb3YeTCs JJisi KOPPEKTUPOBKHU Ha-
[IPSIPKEHUS, YIIPABJISIONIETO TbE30KEPAMUYECKUM MaHUILYJISATOPOM.

Ectb 071HO 3aMeuaHme: ecau IPOEKIN TOUEK MOCTPOEHHOH ToMaHoit Ha och Y (min X) Mauibl,
YTO MOXKET IIPOU30MTH, K IIPUMEPY, B TOM CJIydae, eCIu JIOMaHasi IOYTH [apaJlie/bHa OIHON
OCH TIPOEUPOBaHusl (JOCTUTAETCS BBICOKAsi TOYHOCTD) U NMEPIEHIUKY/ISIPHA BTOPOii ocu (BO3-
HUKaer Oosibinasg ommbka). B 91oM ciryuae HeOOX0IUMO IOCTPOUTD JBE KPUBbIE JIjisi OBICTPOrO
U MeJIJIEHHOI'O HAIIPABJIEHNs CKAHUPOBaHUs (X-KalubpoBKa U y-KalubpoBKa-MeJIEeHHO ), I
9TOr0 OTMEYAEM Ha ITOJIy4YeHHOM U300pasKeHUM JB€ KPUBbIE, TaK YTOOBI ITOJIYyYHJINCH "XOpO-
e IpoeKIy Kak Ha OJ(HY, TaK M Ha JAPYryio och (eM. puc. 3.61). Ijst Toro 4robbl HAYATH
CTPOUTH BTOPYIO KPUBYIO 0€3 MPUBSA3KU K IepBOil HeoOxomumo, Haxkumas kjiaapuiry CTRL,
OTMETHUTD MEPBYIO TOYKY HOBOU JIMHUMU.

Puc. 3.61. IlocTpoenne nByX JTOMAHBIX HA OJTHOM H300PaKEHUN.

IIporpamMma aBTOMATHYECKH COXPAHUT JAHHBIE JJIs IPEUMYIIECTBEHHOTO Harpasenus. s
OIlpe/IeIeHNs], COXPAHATD JaHHbIE U HEeT /11 KOHKPETHOI'0 HallpaBJIE€HUHA, BBIYUCIIAETCS 1IPO-
eKIWsI KPUBOM Ha 9TO HAIIpaBJIEHHUE, U €C/IH OHa B 3 pa3a MeHbIIe IIPOEKIINN Ha JPyroe Ha-
IIpaBJIeHue, TO JIaHHbIE HE COXPaHAIOTCA.

[Torygennsrit KaTUOPOBOIHBIH DAL MOXKHO UCIIOTH30BATH JIJIs UCIIPABJICHUST H300PAKEHUST TOJIb-
KO B OJHOM HAIDABJIEHUW CKAHWPOBaHUs (ONMCaHHBIH ciiyuail mus X-manpasmenus). jgs Toro
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9TOOBI TOJIYIUTh KAJIUOPOBKY THCTepe3nca B 00OMX HAMPABIEHUSX CKAHUPOBAHUsI, HEOOXOIAMO
[IPOU3BECTU BCE T€ K€ OIEpAlNU ¢ M300paKeHMeM TeCTOBOro obpasria, OTCKAHHPOBAHHOIO ¢ Y-
HampaBJieHreM. MOXKHO COXpaHSATH JaHHbIe B (aill ¢ ApYruM UMEHEM, W II0CJIe 3TOr0 00beIUHUTH
oJry4eHHbIe (hailjibl KaJMOPOBKYU B OJIMH, & MOYKHO CPa3y COXPAHsITh JaHHBbIE B TOT 2Ke (haill - OHU
BalNITYTCS B CEKINU X-KaIuOpOBKa-MeIJIEHHO U y-KaIubpoBKa.

3.9.9 MNN3menenue pa3penieHus

[Ipu BeImOTHEHNN KOMAHIbI I3MeHUTH pa3mep MOABJSETCH IUAJIOrOBOE OKHO, MOKA3AHHOE Ha,
puc. 3.62. B aToM OKHe KaXKJI0My ITapamMeTrpy COOTBETCTBYIOT JBa 3HadeHus B KosioHkax Ceituac u
Wamenuts Ha. [oss B kostonke Cefivac HEOCTYIHBI [T PEJIAKTUPOBAHNUS U TIOKA3BIBAIOT 3HAYEHUSI,
KOTOpBIE YCTAHOBJIEHBI HA JAHHBIA MOMEHT. B mojisix KoJioHKu V3MeHuTh Ha HYXKHO YCTAHOBUTH
JKeJIaeMble 3HaYEeHUsT IapaMeTPOB.

Ecsiz Bor xotuTte n3mennts K03 bUIMEHTHI TIepecyieTa MeJIOINCIeHHBIX JAHHBIX B NH(MOPMAITIIO
0 BbICOTE TIO Och Z, octasbre Tajgouky y [kana Z win Casur o Z. O ToM, KaK XpaHATCs JJAHHbIE
B ¢popmare PemtoCkan Onnaiin Hammcano B paszese 3.3.12. B nmoje Ha 1 6ur ykasbiBaeTcst, KaKasi
BBICOTa IPUXOJMTCS Ha OJIUH OUT U3 JIBYX OailT, OTBEIEHHBIX HA XPAHEHUE 3HAYEHUsI 110 BBICOTE.
Ormame nosia va 1 6ut okua VsmennTts pazmep or nosist Ha 1 6ut okaa Paspemenue (pasmesn 3.3.12)
COCTOUT B TOM, 9TO B IIEPBOM CJIydae [0 3HAYEHUIO B TOJI€ Oy/IyT N3MEHEHBI IeJIble ABYyXOalTOBbIE
qUCsIa BHYTPEHHETO MPEJICTABICHUs] IAHHBIX, & BO BTOPOM CJiydae — KOI(PMUIIMEHT IePEBOJIa ITUX
[EJIBIX YUCeJl B 3HaYeHus 110 BbicoTe. B mose RMS ykasbiBaeTcst Tucrepcust BBICOTBI IIOBEPXHOCTHU B
6utax. ITocKoJIbKY 9TH JiBe BEJINUNHBI CBI3aHbI, M3MEHEHUsI BTOPOro rapaMerpa Oy/1yT IPOU3BeIeHbI
ABTOMATHUYECKH.

B mone <Z> ykaszbiBaeTcs, Ha KaKyl BBICOTY BO BHYTPEHHEM IIPEJICTABJICHUU JTAHHBIX OyIeT
MIPUXOJIUTCS CPEJIHee 3HAYEHUE BBICOTHI TIOBEPXHOCTH.

st m3Menennst KOJIMIecTBa TOUYeK B n3obparkenun ciyxkat nossa [HIupuna u Boicota. Ecnm ma-
npotus 1oJist [IpuMeHuTh KO BceM n300parKeHusIM JOKYMEHTa CTOUT rajouka, TO BCe N300parKeHust
B Qaitsie OyIyT OTMACIITAONPOBAHBI OIMHAKOBBIM 00pPa30M.

V3MEHWTE pasMep ||

Cefvac  MamenuTs Ha

Wrana £
Ha 1 tur 0.001 0.0 he

Jucnepcua | 4435041 4435041 guckperos

Cogur no £
<2 0.004 0.004 nm

HY
WpuHa 1 A1z

Bricora 512 512

CoXpaHMTE MPOnopLMM

nDHMEHHTb KO BCEM MSDSDB)KEHHQM A0EYMEHTS

I 0K l[ OTtena ]

Puc. 3.62. OkHo mj1s1 n3MeHEeHNEe BHYTPEHHErO IPEJICTaBIEHUS JAHHDIX.
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3.9.10 BpluucieHue MJOHIQN yYacTKa MOBEPXHOCTH

Ecyin Bl BbIIEIMIN yYACTOK M300paskKeHusi, TO C MOMOINBI0 KOMaHIbI 11I0IMa/b TOBEPXHOCTH
Bbl MoxkeTe moydnuTh IIOMAb COOTBETCTBYIOMIEI0 YIaCcTKa TOBEPXHOCTU. PSJIOM C BbIjeJIEHUEM
MTOSIBJISAETCsT HAJMINCh, T7e S — yKa3aHHas IUIOMaab, a dS — pa3HOCTh 9TOH IJIOMAAN U TLIOIAIA
[IPOEKINH yIACTKA Ha ILIOCKOCTH X Y.

3.10 Pabora ¢ KpuBbIMU

B nporpamve @emtoCkan OHnaiiH mpeycMOTpEeHA BO3MOXKHOCTH PabOThI ¢ OOBIYHBIMU U Tia-
paMerpudecKuMu KpuBbIMHU. Korja akTHBHOE OKHO — 3TO OKHO C JIAHHBIMH CEYEHUs] WJIM CHUJIOBOI
KpuBOit nosiBiisiercst MeHIo Kpuasi. C TOMOIIBI0 KOMAHJT 9TOT0 MEHIO MOXKHO IIPOBOJUTH 00PabOTKY
U aHaJIU3 JIAHHBIX KPUBOIi.

3.10.1 unddepennupoBanue

Komanma JludpdepennupoBats BoimoHSIET quddEPEHIINPOBAHNE TAHHBIX IIyTeM CBEPTKHU C siJI-
pom {—0.5,0.5}. Pesysabrarom ssiisercs HoBast Kpusasd. J1jist KpUBBIX, OTKPBITHIX 13 (aiiia, pe3yiib-
TaT ONEPAINU BBIBOIUTCH B TOM 2Ke OkHe. /Ijisi cedenunii qaHHbIE IEPBOHAYAJILHOIO M300parKeHust
(IOBEPXHOCTH) HE MEHSIOTCS M PE3YJIbTaT BBIBOJUTCS B HOBOM OKHE.

3.10.2 Koppensiusa
KOppe.HHLH/IOHHaSI beHKLI‘I/IH BBbIYHUCJILAETCHd I10 (l)Opl\ly.HeZ

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

B menio Kpusas/ABro-Koppessanus KOpPessusl BbIIOJIHIETCs, IIPU BBIGOPE OJHOIO U3 ILyHKTOB
Ounnrnaa win Lukanaeckas, rie:

1. OurnTHAT — 03HAYAET, YTO KOTJA IIPOUCXOIUT HAJOXKEHUU JIBYX M300paKeHUil, BCe UTO He
BXO/IUT B II€PECEYEHNE ITUX N300PAKEHUN 3AIOJIHAETCS HYJISMHU.

2. Iuknudeckast — 0O3HAYAET, YTO PU HAJOKEHUU JIBYX M300paKeHU 3a1o/THeHue o0acTeil He
BXOJIAINUX B IlepecedeHre IIPOUCXOIUT MUKJIMYIECKH.

[Tomgpobree 06 MUCIIOJIB30BAHNT KOPPEJIANMOHHON (DYHKIIUN MOYKHO IIPOYUTATh B pasieie 3.9.6.

3.10.3 CrpykrypHasi QYyHKIUS
Komanma CrpykrypHast GhyHKIUS [IpeIHA3HAYEHA, JIJIsl BBIYUCIECHUS CTPYKTYPHON DYyHKITIH:
S(At) = ([z(t) — z(t + AD)]?). (3.3)

IIpu BBI3OBE (DYHKIMU MOYXKET OBITH BHIOPAH OJWH U3 JIBYX CIIOCODOB pacdera — OUHUTHAS WU
Iuknuyaeckasi, rie:

1. ®unurHas — O3Ha4daeT, 9TO KOr'Zla IIPONUCXOJUT HAJIOXKEHHUN JIBYX I/1306pa}KeHI/IIU/I7 BCE€ 4YTO HEe
BXOJUT B II€peCEYCHUE ITUX I/I306pa,}KeHI/II71 3al0JIHACTCA HYJIAMUA.

2. Ilmknrdeckass — O3HAYAET, YTO TMPU HAJOKEHUN JIBYX M300paKeHUil 3aIoTHeHne 00IacTeil He
BXOJISIIUX B TIepecedeHne TPOUCXOUT TUKITMIECKH.

[Tomgpobuee 06 MCIIOIB30BAHUU CTPYKTYPHON (DYHKITMH MOXKHO IPOYNTATh B pasjieiie 3.9.6.
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3.10.4 IlocTrpoeHme rucrorpamMmbl

IIo KOMaH/Ie FI/ICTOFpaMI\Ia CTPpOUTCA paclipeieJIeHne JaHHbIX 110 BepTI/IKaJTbHOﬁ och. DTa KOMaH-
Jda JOCTYIIHa TOJIBKO JIjIgdd CUJIOBBIX KPUBBIX, €€ HeJIb3s BbI3BAThb JIJIs CEeYeHU.

3.10.5 KonupoBaHnue KpuBoii

Kpusas: Bcerma moxker OBITH CKONMpPOBaHA KOMaHoil KomupoBaTh mian HaXkaTweM Ha KHOIKY
, KOTOpas HAXOAUTCS HA MAHEJ N MHCTPYMEHTOB. Ecjm Ha KpUBOil BbIe/IeHa HEKOTOpas 00/IacTh,
TO TpoyOaupoBan OyIeT UMEHHO 3TOT yYaCTOK, MHAYe — BCA KPUBAs.
DTa KOMaHJIa [0JIE3HA JJIsl TOrO, YTOOBI 3allOMHHUTH TEKYIEE CeYeHHe — IPU CMENIEHUU TOYEK
cevyeHusl Ha N300pakKeHUN MOBEPXHOCTHU, KOIUs He OY/IeT MEeHSIThCH.

3.10.6 llocTpoeHme mapaMeTpU4eCcKOii KpUBOIi

ITo aBym cymiecTByromum He napaMerpudeckuM KpusbiM Y1(X) u Y2(X) moxer GbITh HOCTPO-
ena onna napamerpudeckas Y2(Y1). Hdus sroro npu akrusaoMm okHe KpuBoii Y2(X) meoGxomumo
BoIbparh kKomanay Kpusasi/ Boibpars kpusyio jyist X... Ha axkpan Gyzer BbIBEJEHO JUAJIOrOBOE OK-
HO CO CIIMCKOM OTKDBITBIX HA JAHHBI MOMEHT KPUBBIX. BbIOepHUTE B 9TOM OKHE KPHUBYIO, KOTOpPast
Oy/leT BBICTYIIATH B KadecTBe IIapaMeTpa IPU [MOCTPOCHUU HMAapAMETPUUIECKOW KPUBOH, M HAXKMUTE
kHotky Bwiopars. Ilociie aroro napamerpudeckast KpuBasi OyJeT [IOCTPOEHA B HOBOM OKHE.

Januast DYyHKIMS MOXKET MPUTOIUTHCS, HAIPHUMED, €CJIM OTKPBITHI J[Ba OKHA — C JIAHHBIMU
OTKJIOHEHNE OT BPEMEHW, U JAHHBIMEU Z—CEHCOpa OT BpeMmeHu. Ecjm BBIOpaTh JaHHbIe Z—CEHCOD
B KadecTBe OCH X JIsl JAHHBIX OTKJIOHEHWs, TO OyJeT MOCTpOoeHa 3aBUCHUMOCTb OTKJIOHEHUs] OT
KOOPUHATHI 7.

3.10.7 OOpe3aHue KpuBoOii

Eciyiz Ha KpuBoii BBIIIESIEHA HEKOTOPas 00JIACTD, TO C ITOMOIIBI0 KoMaH 16l OOpe3aTh Mjin KHOIIKU
B uzobpazkenne MoxKeT OLITH 06PE3AHO 10 TPAHUIIAM BIICICHHOH 06JIACTIHL.

3.10.8 YcpenHenue

Komanma Ycpesamenue BBIIOHSAET yCpEAHEHNE JAHHBIX OKHOM IMUPUHON B 3 Toukm. s Kpu-
BBIX, OTKPBLITHIX n3 dailsa, omepanus MPOU3BOANTCH HAJ JaHHbIMU daiira. g cevenuil nannbre
[EPBOHAYAJILHOTO N300pazkeHns (IIOBEPXHOCTH ) HE MEHSOTCS U PE3YJIBTAT BHIBOJUTCST B HOBOM OKHe.

3.10.9 NMuBepTupoBaHue

C nomompio komanas Musepruposars (kuonka bR ) MOXKHO 3epKaibHO 0TOGPASHTH KPUBYIO
OTHOCHUTEJILHO TOPU30HTAJIbHON ocu (cM. puc.3.63).

3.10.10 YBeaumdeHHe pe3KOCTU

VBemueHre pe3KOCTU OCYIIECTBIISIETCS KOMAHION Y BEJIMYUTh PE3KOCTh UJIH C IIOMOIIBIO KHOIIKA
2. Ipu yBeJHUCHHH PE3KOCTH BBLIE/ISIOTCS HE3aMETHBIE JeTaln. B sape pe3sKocTH IeHTpa/IbHblil
ko3 durmenT 6osbIre 1, a OKpYKEH OH OTPUIATEIHHBIMI YUCIaMU. TaKuM 00pa30M yBETHINBACTCS
JII000 CYIIECTBYIONNIT KOHTPACT MEXKJy COCeIHMMH TOoYkamMu KpuBoil.Ilpm obpaborke Kaxkmoro
[IIKCcesa B n300paKeHUH UCIIOJIb3YeTCs si/Ipo pe3kocTu pasmepoM 3. Konednoe nzobparkenne 6osee
YEeTKOE 9eM OpUTUHaJI. Hpouecc yBe/JIM49eHusA pe3KOCTU IIOBbIITaeT CyIILeCTByIOIILHfI KOHTPACT MEXKJ1y
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€2308ph200.036[TM Deflect.:2]

0 50 100 150 200 250 nm

o 50 100 150 200 250 nm
X:20389nm ¥:10.23nm

Puc. 3.63. Kpusast 5o (ciesa) u nocie (cupasa) HHBEPTHPOBAHUSI.

nukcesamu. [Ipu moBTOpHOIT 00paboTKe N300parkKeHns IETKOCTh MOYKET YBEJTHIUTHCS eIne OOJIbIIe.
B mannoit dyHKINK UCIOIB3yeTCA CIIeAYIONNii BEKTOP Pa3MEPHOCTH 3:

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

3.10.11 Menuannas puabTpaus

Dra omepanyus BBLIIOJHASTCA KOMaHmoil Meauannoii GUILTD WK C IIOMOIILIO KHONIKH 2, B
Ka4ecTBe MACKU MOXKET BBICTYIIATH BEKTOD IPOU3BOJILHON JymHbl (3, 5, 7 u T.1.).

3.10.12 OnTuMunsanus HIKAJIbI

Oyukuus OnruMusuposarh mkaidy (kaonka ¥) ucnosnb3yercs mjist MaciTabupoBaHus 3HAUE-
HUII KPUBOI TIO0 BEPTUKAJIN BO M30eKaHMe OMMMOOK OKPYTJICHUsT U TEePEroJIHeHNsT TpU JTaabHeiieit
obpaborke. [locjie npuMeHeHus: 3ToM (DYHKIMU MUHUMAJbHOE 3HAYEHNE TOYEK KPUBOW CTAHOBUTCS
paBHO -16384, makcumasbHoe +16383. KoadpdurmenTs! 11 mpeodbpa3oBaHus IEIbIX 3HAYCHINA B
peaJibHbIe BEJIMYMHBI YyTOTHAIOTCSH COOTBETCTBYIOIUM OOPA30M.

3.10.13 BpripaBHUBaHUE

BosMmoxkHo BhIMnTAHNE ABYX THUIIOB KPUBOM — MPsIMO# MM KPUBOI BTOPOro MOpsiaKa. BeipaBHu-
BaHUeE OCYIIECTBJISETCS 110 KOMaH ie BripaBHuBanue B MeHio KprBasi mim npu HayKaTuy HA KHOIKY

, KOTOpas HaXOJUThCA Ha IIaHEeJM UHCTPYMEHTOB.

ITpu BBIIOJIHEHUH TON KOMAaH/BI TOSIBJISIETCS. OKHO napaMerpos (puc. 3.64), B KOTOPOM MOK-
HO yKa3aTh TUII BbIYUTAeMOl Kpusoii: Jluneitnas — mjis KpuBoil 1epBoro mopsgika (IpsMoi) wiu
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MapaMeTpbi |:|
Tun NoEepsHOCTH NuHeiinas ™=
DfpatioTk.a Noa-HSoGpakeHui | n s i
YanATe NoCTOAHHYM COCTAEMADL Y

Oena

Puc. 3.64. Okuo mapameTpos.

ITapabosmmaeckast — Jiyist KpUBOI BTOPOrO IMOpsifiKa. TakK ke BO3MOXKHO BbIOpaTh 00pPabOTKY MOIH-
300parKeHmit:

1. PasgenbHo — ay1a KaxKJIo0#l KPUBOI, comepskalieiicss B aiijie, OTAETbHOCTO BBICIUTHIBACTCS
BhIUUTaeMas KpuBas METOAO0M HAMMEHLINTNX KBaJIpPaTOB;

2. Ilo akTUBHOMY — BBIUHTaEMast KPUBasi PACCINTHIBAETCS JIjIsi AKTUBHOI'O MOIN300DaKEHUS, a
BBIUUTAETCA U3 BCEX;

3. Ilo BceM — paccYUTHIBAIOTCS KPUBBIE [JIsI BCEM MOAM300DAXKEHUN U YCPEIHATOTCH.

Ecmu manporus "YaaasaTh MOCTOSTHHYIO COCTABJIAIONLYIO" CTOUT rajodka TO yOUPAeTCs HYyJIeBOe
CMeIleHne.

3.10.14 CuJjaiia

[Iporpamma PemtoCkan OHnaiiH MOXKET CTPOUTH OUJIMHEHHBIE KYyOUIeCKIe CIIAWHBI JJIsT KPUBBIX
U [IPOU3BOJIUTH BBIUATAHNUE CIUIANHOB U3 KPUBbIX. ITOOBI BRIUECTH CIJIAHH U3 KPUBOII WU €€ 9acTu,
BBIOEpHUTE KOMaH/y BhIpaBHUBaHUE CILIATHOM.

s mocTpoeHus Cruiaiina KpuBasi pa3bUBaeTCsl Ha OTPE3KH, JJIMHBI KOTOPBIX YKA3bIBAIOTCA B
JIMAJIOrOBOM OKHE, TIOSIBJISIONIEMCsI TIPU BBI30Be KOMAHIbI. JIJIsT KayKJ0ro oTpe3Ka WINETCsl CPeJIHee
3HAYEHME BBICOTHI HA KPUBOH U CIUIAMH CTPOUTCS 10 TEHTPAIBLHBIM TOYKAM OTPE3KOB, TJe 3HAYEHU-
AaMHU 110 OCH Z CUYUTAXOTCsA BbIYUCJIEHHBIE CpEJIHNE BBICOTHI.

B amanoroBoMm OKHe Tak»Ke MOXKHO BBIOPATh 00JIACTDH, 10 KOTOPOIl OYJIeT BBIYUC/ISITHCS CILIANH.
Iitst morss O6paboTKa moA-n300paskeHnit MOXKeT ObITh BHIOPAHO 3HAUEHUE:

1. Pa3zgenbHO — B 3TOM cirydae I8 KaKJIOH KPUBOU B OT/IEJIBHOCTU BBICUUTHIBAETCS yCPETHEH-
Has KpUBas MeTOJIOM HANMEHBITNX KBaJIPATOB;

2. Ilo akTUBHOMY — B 9TOM CJIy4ae pacdeT YCPEIHEHHON KPUBOU BEIETCS JJIsi AaKTUBHOIO IIO/IU-
300pakeHus, a BEIYUTAETCH U3 BCEX.

3.10.15 AmHajgu3 mepoxoBaTOCTU

KOMaHILa Ananns I€epOXOBATOCTU PACCYUTBIBACT ITIapaMeTPhbI MIEePOXOBATOCTHU ITIOBEPXHOCTU, OITU-
CaHHbI€ B IIPUJIO?KCHUN G.

3.10.16 IloporoBas duabTparus

C momormesro koMas el [ToporoBast hubrpalins BeI3BIBAETCS OKOINKO, TOKA3aHHOE Ha puc. 3.65.
B s1om okomike Bbl Moxkere 3a/1aTh IOPOrOBBIA yPOBEHDb (B JIOJIAX OT MAKCHUMAJBLHOM BBICOTHI HA
KPHBOIi), U IIpeobpa3oBaTh YacTH KPUBOIl, OKA3aBIIKMeCs BbIIle U/Wid HuXKe Hero. Eciau Hanporus
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[10JIsE YCTAHOBUTH BBIIE CTOUT TAJOYKA, TO 3HAYEHUIO BBHICOTHI BO BCEX TOUYKAX, [JI€ OHO IIPEBBIIIATIO
3HAYEHNE [TOPOrOBOI0 YPOBHH, OyJIeT IPHUCBOEHO 3HAUEHHE, PABHOE MAKCHMAJIHLHON BBICOTE HA IIO-
BEPXHOCTH, JIUOO BBICOTE MMOPOIOBOIO YPOBHsI, B 3aBHCHUMOCTH OT BBIODAHHOIO. AHAJIOIMYHO, €CJiu
raJlouKa CTOUT HAIIPOTHUB IMOJIS YCTAHOBUTH HUZKE.

Moporosan GUALTPAaLLMA X
YHpoeeHs I, 05 Y
YCTaHOEMTE BhILE

Ha YpoeeHs Kd
YHeTaHOEMTE Hke

A=) Pl WHR Y w

[ ok | [ OTraeHa ]

Puc. 3.65. Oxuo BbIGOpA MOPOrOBOrO yPOBHSI.

3.10.17 AmnHaiu3 cujIoBOii KpuBOii

ITporpamma PemtoCkan OHnaiin obsagaeT psytoM bYHKIMI 11 pabOThl ¢ CUJIOBBIMUA KPUBBIMU
U UX aHajJn3a B paMKaxX MEPCUCTEHTHON MOIEIN IMOJUMEPHOI eI, IPeIOCTaBIIsAsT BOZMOXKHOCTHI
00paboTKN KaK eIUHUYHBIX KPUBBIX, TaK U MACCUBA KPUBBIX OJHOBPEMEHHO.

Moy 1mo 06paboTKe CUIOBBIX KPUBBIX BKJIIOUAET B cebsi Tpu DYHKITAN:

e Hopmasmsosars cusosyio kpusyio (Normalize force curve) - mist HopMa/n3anuy CHIIOBBIX
KPUBBIX U IIPUBEJEHNS BCEX KPUBBIX K YI00HOMY BUJIy JIJIsl JaJibHeiimeil obpaboTku

e Kpusas pasznernenns (Separation Curve) - st npeoGpa3oBaHUs HCXOMHONW KPUBOH B KPUBYIO,
ITIOCTPOEHHYIO B BUJIE 3aBUCUMOCTH CHJIBI OT PACCTOSIHUS MEXKJ[y KAHTUJIEBEPOM U 00Pa3IoM

e WLC ananus (WLC Analysis) - Henocpe ICTBEHHBI aHAJM3 1 TI0JLy Y€HIe TapaMeTPOB KPUBOIL
B IPUOJINKEHUH [IEPCUCTEHTHONW MOJEJU TTOJIMMEPHOI Ternu

Hopmasiusarmusa cuioBoii KpuBoOii

st manbHeiinmeit paboThl HeOOXOIUMO, ITOOBI KPUBasI UMEJIa OIPEIeIEHHBIH BUI: 00/IaCTh KOH-
TaKTa JIOJIXKHA HAXOIUThCS CJIEBA, JIMHUU HYJIEBOIO YPOBHS JIJIsi BCEX KPUBBIX JIOJIZKHBI COBIIAJIATD,
OBITH CTPOIO TOPU3OHTAJIBHBIMU U IIPOXOJUTH Yepe3 HOJIb ocu F, yd4acTKu, COOTBETCTBYIONIUNE KOH-
TaKTy KaHTUJIEBEPA C MOBEPXHOCTHIO, TAKXKE JIOJKHBI COBIAIATDH JJIsi KPUBOI IOIBOJA U OTBOJA
(B ciiyuae OTKPBITUS HECKOJIbKUX (DailyioB - jjig BceX Kpubbix). st npeobGpasoBaHust KPUBOR K
TaKOMy BHIY HcHosb3yercs (hyukuus Hopmaauzosams cuaosyio kpueyro u3 mento Curve (KHOIKA
=)

Kpusble, He nMeroIIee BBIMIEONUCAHHOTO BUJIA, MOTYT [IEPEBOPAINBATHCI aBTOMATHIECKN (3Ha-
vyenne Aemo st napamerpa Ilepesopauusams) WK ¥Ke BbIOOD IIEPEBOPAYNBATH KPUBbIE WM HET
MOKHO IIPOBOJIUTDH BPYUYHYIO: II€PEBOPAYMBATH BCE KpUBbIe (3HadeHue /la) wiu He MepeBOpaInBaTh
uu oxnnoii (3uagenue Hem). IIpu Beibope mapamerpa Buposhams Hyab no 6bideaenHomy TPOUCXOIUT
BBIPABHUBAHIE HYJIEBOTO YPOBHS IIyTEM BBIYETA MPSIMOil, allTPOKCUMUPYIOIIEHl yIacTOK, BHIOPAHHBIIT
C IIOMOIIIBIO METOK, JJjIsI KazKJI0T0 rmoau300pazkenusi. Eciu BeiOpan mapamerp Cosmecmums Yyuacmruy
HGKAOHA, TO ABTOMATUIECKU COEIUHSIIOTCS yYAaCTKHM HAKJIOHA B HAYaJle KarXKJ0ro MOIN300PpaskeHusl.
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HopManvaaumqa KpWBoi sl
MepeeepHyTE ARTO ==
BLIPOBHATE HyNb N0 BEIOENEH. . .
COBMECTMTE YURCT KA HAKMO...
BhIEOAMTE CTATHUCTMKY O

[ Ok ] ’ OTreHa ]

Puc. 3.66. Oyukims HOpMATU3AINH CHIOBOIl KPUBOIA.

Eciyiz Tpebyercst paccauTarh TaKue napaMeTpbl KPUBOIA, KAK HAKJIOH IIPSIMOJIMHEHOIO y4YacTKa,
COOTBEeTCTBYIOMIEro KoHTakTy dF'/dZ u Ang, ypaBueHue IpsMoii, COOTBETCTBYIOMIEH CBOGOIHOMY T10-
JIOZKEHUIO KAHTUIEBEPA, CPETHEKBAIPATHIHOE OTKJIOHEHUE TAHHBIX OT ITO MPSIMOIL, TO HEOOXOIIMMO
BBIOpaTh napaMerp Cmamucmuka. Beibop moan30bpazkeHuii Jjis aHAJIN3a 381aeTCsl OMITHOHAIBHO,
pacUIeT MOXKET IMPOBOJUTHCS JJIs BBIJEJEHHON 001acT, b0 Ke JjIs KPUBBIX MTO/IBOJIA WU OTBOJIA
B II€JIOM, B 9TOM CJIy4ae HaXOJUTCsl CTATUCTUKA HAKJIOHHOTO M HYJIEBOI'O YYaCTKOB.

Ecyin pacyer craTUCTUKU MPOU3BOIUTCS IO Jjisl BEIOpAHHOU 00JIACTH, TO JJIsl KaXKJI0il KPUBOi
BBIOpaHHBIN yuacTok anmpokcumupyercsa mo MHK u naxonsres coorBercTByIoriue KOa(MOUIUEHTEI.

Pacder st KpUBBIX B [EJIOM PEATM30BAH CJIEIYIOIIIM 00Pa30M.

1.

- W

IlIocTpoenmne criiaskeHHOI KPUBOI IO MCXOJHBIM JAHHBIM. B 3aBHCHMOCTH OT KOJIMYECTBa TO-
Y€K, BHIONPAETCS OJIMH U3 TPEX BAPUAHTOB:

e N<=064 - ycpennenne OerymmmM OKHOM IMUPUHON 3 TOUKH

e N<=256 - ycpenHeHue OeryIuM OKHOM ITUPUHON 5 TOYEK

e N>256 - mocTpoenne OunHEHHOrO CIuiaitna mo 64 Toukam
Broraucienne nepBoit mpoOM3BOIHOIN.
QuibTpalius MepBoil TPOU3BOIHON MeIUAHHBIM (DUJIBTPOM ITUPUHON 3 TOUKH.
Broruucienne cpemnekBaIpaTHIHOrO OTKJIOHEHUS TIEPBOit mponsBogHoit RMS.

ITouck maksmonnoro y4dacrtka. Uimercs mepBbliil cieBa HEHYJIEBOM y9IaCTOK, HA, KOTOPOM 3HAadUe-
HU€ [1ePBOii IPOM3BOHON MeHbie 3HadeHus (—RMS). Ha sT1oMm yuacTke METOIOM HAUMEHb-
IIIIX KBAJIPATOB TI0 MCXOHBIM JIAHHBIM CTPOUTCS MPsIMAasi HAKJIOHA.

TMonck mnaro. Mmeres mepBwIii cipaBa yuacToOK JIMHON Gostee 1/5 obmieit AyIMHBI KPUBOIi, Ha
KOTOPOM MO/IyJIb IIEPBOIi IIPOU3BO/IHOM MeHbIle 3HadeHuss RMS. Ha srom ydyacTke MeTomoM
HAMMEHBIUX KBaJPATOB [0 MCXOIHBIM JAHHBIM CTPOUTCS MPSIMAast IIJIATO.

Broruucienne HakjIOHa CUJIOBOI KpUBOH. 3a HAKJIOH IIPUHUMAETCsT YTOJI MEXKJIy MPIMOil ILJIaTO
7 TpsAMOl HakJIOHa. Ecian mpsiMas miaTro He ObLIa HaiifieHa, 38 HAKJIOH IIPUHUMAETCS YTOJI
HAKJIOHA IIPAMOHN HaKJOHA.

Brrunciennbie IpAMbIE OTO6pa}KaIOTCH Ha KpI/IBOﬁ CHUHUM IIBETOM.
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Kpusas pa3zgesienuns

Oyukuus Kpusas/Kpusas pasdesenus TpeJIHASHAYEHA JJIS IIOCTPOEHUS] KPUBOW Da3IesIeHUsI
(kHOTIKA E[:Jm). Berauciienne k03¢ HuImeHToB HAKJIOHHOM IIPSIMOM, COOTBETCTBYOIIEH 00JIaCTH KOH-
TaKTa KAHTHUJIEBEPa U [IOBEPXHOCTHU, PEAIN30BAHO IBYMs crrocobamu - myTem pacdera o MHK, smbo
10 KaJMOPOBOYHBIM JAHHBIM MUKPOCKOMA. [lepBbIil MeTO/ CTOUT TPUMEHSTDH JIUIIh B TOM CJIyYae,
ecsi nHGOpMAIUs O KAJIUOPOBKE OTCYTCTBYET (3TO UMEET MECTO, €CJIM B BO3MOXKHBIX OCAX JJIsl CH-
Jibl OTCyTCTBYIOT HanoMmerpsl). Pacyer no MHK npoussogures ¢ yderom miyma, 3a7aBaeMoro Kak
napamerp (Vposens wyma).

KpvBana pazaeneH n X

tMeTon Ma tHE, ™

“YpOEEHD LLYME. |1

Bl

[ Ok H OTrEHE

Puc. 3.67. Ilocrpoenne KpuBoil pasgeneHus.

WLC anajnus

Anayu3 npousBOIUTCS B JIBa TAIlA - HOUCK JIOKAJIBHBIX MUHUMYMOB U TOJIY9€HUE [1apaMeTPOB
U3 NepCUCTeHTHOH Mozesn. IIpu BBI30Be KOMaHJIBI TOSIBJISIETCS MEHIO ¢ napamerpamu (puc. 3.68)
s Havasta HeOOXOAMMO BBIOPATH KPUBBIE, HA KOTOPBIX OyJeT MPOM3BOIUTHCS AHAJIN3, €CJIUA [TOJIe
Buwibpams noduszobpasicenus He YCTAHOBJIEHO, TO aHAJIN3 OyI€T MIATU IO BCEM HEYETHBIM IMTOIAM300-
paxkeHusIM ([OAPA3yMEBAETCs, YTO HEUYETHBIE [OAU300parkKeHusl COOTBETCTBYIOT KPUBBIM OTBOJIA),
ecm e TpeOyeTcsl MPOM3BOJUTE AHAJIN3 TI0 Y€THBIM ITOJIN300PaKEHUAM HJIM YK€ JIJIsT OJTHOTO, TO
Jutst napamerpa Iloduzobpasicenusn HyKHO YCTAaHOBUTH 3HadeHue [100600, eciiu MHTEPECYET TOJIHKO
AKTUBHOe To/in300pakeHue - 3Hadenne Axmueshoe.

CymiecTByer 7iBa MeTO/a IOMCKA JIOKAJIbHBIX MUHUMYMOB: aBroMarudeckuii (ABTOmOUCK) uim
nosuocThio pyunoit (Koppekius Bpyunyio). PekoMenyercs cHadasa BOCIHOJIb30BATHCS ABTOIIOUC-
KOM, & 3aTeM [PU HEOOXOJUMOCTH MOJKOPPEKTUPOBATH HAMIEHHBIE YIACTKUA BPYIHYIO.

1. Pexxum aBTOTIONCKA.

[Touck JiOKaIbHBIX MUHUMYMOB MOXKHO IIPOBOJUTH HA yYaCTKe, IMOJ0MPAEMOM aBTOMATHIECKU
(mosie Buibpams yuacmok 6pyuhylo He YCTAHOBJIEHO) € UCIOJIb30BAHUEM IIapaMeTpa myMa YposeHs
WYMa, WA YKe BEIOUPATH €ro BPYUHYIO, JIJIsl 9TOTO HY?KHO BBIOPATH HYXKHBIH YIACTOK € MIOMOIIHIO
METOK W HaXKaTh Ycmanosums. 3HadeHue, BuIOpaHHOe it napamerpa [lupuna oxha, oTparkaer
TOYHOCTD 10 OTHOIIEHWIO K IIYyMYy, C KOTOPOIl Oy/IyT HUCKATHCS JOKAJIbHbIe MUHUMYMbI. Ha m300-
paXXeHUu HalijIeHHbIE JIOKAJIbHbIE MUHHMYMBI OTOOPAYKAIOTCS CHHUMHU TOYKAME, TAKXKe PHUCYIOTCS
JIOKAJIbHBIE MAKCUMYMBI - 3eJIeHble TOUKU. Anmpokcumanus ¢ nomornbio WLC mozmenu 6yer mpo-
BOJIUTHCS HA YIACTKAX MEXKIY MAKCUMYMAMU 70 MUHUMYMAMMA.

2. Pexxum KoppexImm.

YT106b! TOAKOPPEKTUPOBATEH YIACTOK OT MAKCUMYyMa IO MUHUMYMa, Wi JOOABUTH HOBBIH, BhIOE-
pUTe ¢ IOMOIIBIO METOK IPAaBUJIbHBIN 110 BallleMy MHEHHIO yYaCTOK M HaxXmure Koppexmuposambv
no MeMmKaM.

Ecth BOZMOXKXHOCTB CTATHCTHYECKOTO aHAJIN3a HAWIEHHBIX JIOKAJBHBIX MUHUMYMOB, JJIsI 9TOTO
HYy?KHO BeIOpaTh napamerp [locmpoums 2ucmoepammy. Ilocse sroro 6ymer mocTpoena rucTorpamMma
BCEX JIOKAJIbHBIX MUHIMYMOB U BbiBeJleHa Tabuuna ¢ aumu (puc. 3.69).
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Puc. 3.69. Haxoxnenue jI0KaIbHBIX MUHUMYMOB.
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B rabmmie xaxkmas ciaemayromasg CTpOKa COOTBETCTBYET HOBOIT KpuBOit. B cTonbrmax HaxomsaTcs
KOOD/IMHATHI HAMIEHHBIX MUHUMYMOB. ['CTOrpaMMa CTPOUTCS 110 BBIOPAHHOMY CTOJIOILY, T.€. JIUIID
JIJIs MUHIEMYMOB C OIIPEJICJIEHHBIM HOMEPOM OT HAavaJsa, IO 9TOMY K€ CTOJIOILYy IIPOMCXOJIUT COPTHU-
POBKa TabJINIbl, TOBTOPHOE HAayKaTHEe MEHSET COPTHPOBKY 110 YOBIBAHUIO HA COPTUPOBKY 10 BO3PAC-
Tanuio. Eciu BeiOpana cTpoka B TabJIHMIE, TO COOTBETCTBYIOINIEE €l MOan300pakeHue CTAHOBUTCS
AKTUBHBIM.

C 1oMOIIBI0 METOK Ha THCTOTPAMME MOYKHO BBIOPATH HEKOTOPYIO O0JIACTD, IIPH 9TOM B TAOJIHIIE
OCTAHYTCsI JIUIb T€ KPUBbIE, MUHUMYMbI KOTOPBIX B aKTUBHOM CTOJIOIE IMONAJMAIOT B BBIODAHHBIIA
uHTepBaJ. /st paboThl ¢ rucTOorpaMMoil B MeHO0 Items ecTh HECKOJIBKO CIIEeNUAIbHBIX (DYHKITUIA.
VIauTh HEUCIIOIH30BAHHDbIE YIAJseT U3 M300parkeHHsl Te€ KPUBbIE OTBOJA U COOTBETCTBYIONIUE
UM KPUBBIE MOIBOJIA, HA KOTOPBHIX HE HAWIEHO JIOKAJBHBIX MUHUMYMOB. YIAJUTh OTMOUIBTPOBA-
HOE y/aJisieT KPUBbIe, He TOMABIINE B BEIOPAHHYIO HA THCTOTpaMMe OBJIACTH, IPU 9TOM KpHUBbIe 63
MUHHUMYMOB HE YJAJISIIOTCSA. YIAJUTh BBIJEJIEHHOE yJIajsieT KPUBBIE, MTONABIINE B BBIJICICHHYIO HA
rucrorpaMme obsractb. Kpome Toro /1o Havaa aHaIm3a n3 MaCCHBA KPUBBIX MOYKHO Y/IAJISTH AKTHB-
HYIO KPUBYIO U BTOPYIO, COOTBETCTBYIOIIEH eif, ¢ momorbio dyrakimn Kpusast/ Y1amnTs ak THBHYO
KPUBYIO.

Korna xoppekTupoBaHue HaflJeHHBIX JIOKAJTHHBIX MUHUMYMOB 3aKOHYEHO, MOYKHO ME€PEXOUThH
K anajm3y.Ha Ka)kKJ0M U3 y9aCTKOB MeXK Iy JBYMsSI MUHUMYMaMU [OBEJIEHIE KPUBOW MOXKET ObIThH
OIIMCAHO MIEPCUCTEHTHOI MOJIEJIBIO C IIOCTOSIHHBIMU IIapaMeTpaMu. B 1moJie BBIOOpa mapaMeTpoB Hy K-
HO YCTaHOBHUTH TEMIIEPATYPY U BLIOpaTh ajaropur™ (napamerp Hyaesotl cdsue), 110 KOTOPOMY OyayT
AIMIPOKCUMUPOBAHBI BCE YIaCTKU PACTSKEHUsI Ha KPUBBLIX. Peann3oBano Tpu Bapuanrta: Hyaegol -
C HYJIEBBIM BEPTUKAJIBHBIM cABUTOM; [0 dammvim - C BBEIEHUEM BEPTUKAJIBHOTO CIBHUTA JJIS KarK-
JIOr0 y4acTka (B 9TOM Cjlydae BeJUYUHA BEPTUKAJIHHOIO CIIBUTA BBIYUCJISETCS KAK TPETHil Bapha-
mponnslit napamerp F0); Cynepnosuyus - ¢ y4eToM CYLEPIIO3UIUY, T.€. AHAIN3 yIaCTKOB BEIETCs
cIipaBa HaJIeBO, IlepBasi (camas IpaBasl) Kpubasi 00pabaThIBAeTCsl HEIIOCPEJICTBEHHO, I KaXKIoH
[TOCJIE Y FOITIEiT TPOU3BOIUTCS BBIYET "XBOCTOB'" BCeX KPUBBIX, JIEXKAINUX [IPABEe JAHHON, BEPTUKAJIb-
HBIH cABUT He yuuTbhiBaeTcs. [locsie 3Toro jijisi HemoCpeJACTBEHHOTO pacdeTa HeOOXOIUMO HaXKATD
KHOTIKY Paccywumams, Torga OyIeT IpOU3Be/IeH PACUET U Pe3yJILTATHI Oy/IyT BBHIBEJCHBI Ha SKPAH B
Bujie Tabmunet (puc. 3.70).

BriBogsiTest ciepyromnue BesimuuHbl: [loguzobpazkenue - HOMep Ioau3o0paskenust, Kpupas- HO-
Mep KPWBOW Ha JAHHOM IMOAW300parkeHnu, Fmin - KpuTwdeckas Chjia, IPU KOTOPOIl ITPOU3OIIE,T
KOH(MOPMAIMOHHBIN [EPEX0J], WK Pa3pbiB, Xmin - JJIMHA, IPU KOTOPO#l Mpou3omies KOHpOpMAaIu-
OHHBII TIePeX0J W pa3psiB, Lp - nepcucrentnas mymna, Lc - kouTypuas mmmaa, FO - Beamanna
BepTHUKAJIBLHOTO ciBura FO, ncrnoabp30BaHHOrO Kak JOMOJHATEILHBIN mapameTp, Extension - otHOCH-
resnbHOe pactsikenne, dF /dx - nponssosiHas oT HaliJieHHON KPUBOH B TOUKe mepexosa (pasphiBa).

3.11 Pabora c 6ydepom obmeHa

B wmemnto IIpaBka ecth Tpu KOMaHIbI 710 paboThl ¢ Oydepom obMeHa — 3TO KOMaHabl Kormus,
Komus rekcra u Jobasuth Tekcr. Komanaa Konust Konupyer cojiep:KuMoe ak TUBHOI'O OKHa, B TIAIIKY
obmena. Komanna Kommst Tekcra mmomernaer B marky oOMeHa TEKCTOBBIE JIaHHBIE, KOTOPBIE €CTh B
AKTUBHOM OKHe, yIaJisdsl IIPU 9TOM HMeoreecs: comepkumoe nanku. Komamna JobaButh TekcT, B
orimune ot Konmst Tekcra, m00aB/IseT TaHHBbIE B MANKY OOMEHA, He yIaJiss yKe UMEIONTHEeCs TaM.

3.12 OTMeHa U BOCCTAHOBJIEHME M3MEeHEeHU

Korya Bbl o6pabaTsiBacre n300pakeHne, MporpaMMa 3allOMIHAET CJIeJIaHHbIe U3MEHEHUs, Tak
9TO IOTOM HX MOXKHO OTMEHSATH KoMaH[oii MeHio IIpaska/ OrTmena (kHomka *), a takke BOC-
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Puc. 3.70. BeiBox pesynbraTos.

CTaHABIMBATH OTMEHEHHBbIE M3MeHeHHst KoMaHoii MeHio IIpaska/ ITosrop (knonka “®). Cremyer
OTMETHTB, UTO IIPOrPAMMA HE 3AIOMUHAET U3MEHEHHI B IPEJICTABICHAN JAHHBIX, TAKUX KAK CMEHA
HaJIITPBI, PACCTAHOBKA METOK, PHCOBAHME CEUCHUIl, YIVIOB, JAJIMH U BbLICJICHMUIL.

3.13 Pabora ¢ okHaMn

3.13.1 VYmuopsjgodnBaHUE OKOH

s ynopsimounBaHus OKOH TipejiHa3HaveHbl KoMarabl Kacka u Moszanka n3 menio Oxna. [To
komanzie Kacka i okHa Oy/yT PacCIOIOXKEHBI OJIHO II0J, APYTHUM II0 JMArOHAJIU OT JIEBOI'O BEPXHEro
yria. ITo komanie Mozanka oKHaA pacrioiaraioTcst He IepeKphIBasICh, CJIe/lys JIPYT 3a JPYIOM CJIeBa
HAIPABO W CBEPXY BHU3.

Ecsn B paboueii o6siacTu mporpaMmbl eCTh CBEPHYTBbIE OKHA, TO IHOcJe KoMaHabl MeHo OkHa,/
BBIpOBHATH MKOHKHU WX 3ar0JIOBKH OY/LyT PACIIOJIOXKEHBI BINIOTHYIO JIPYT 34 JIPYTOM CJIeBa HAIPABO
U CHU3Y BBEpX HaJYWHAsl U3 JIEBOI'O HIXKHErO yIJIa.

Ecyin BBl X0THTE 3aKPBITH BCE OKHA (U BUJIUMbBIE, U CBEPHYTHIE), BHIOEPUTE KOMAHILY 3aKPbITh
BCE TOTO K€ MEHIO.

3.13.2 CwMmelieHne oKoOH

C [IOMOIIIBIO MBIIIA C KOJIECOM MOYKHO CMEIATh BCe OKHA, HAXO/SIIHECs] BHYTPU TJIABHONO OKHA,
rporpaMMbl. J[Jisi BEpTUKAJBHOIO CMEIEeHUsI IPOCTO BpalllaiiTe KOJIeCO MBIIIH, & JJIsi TOPH30HTAJIb-
HOTO — BpaIlaiiTe Kojeco, yiep:kuBasi Haxkaroil kiasumry Ctrl.

3.13.3 Bpi0op u3zodbparkeHusi

C nomonipio komanapl MeHo Okua/ OxHa... Bbl MoxkeTe 6bIcTpO nepeiitTu K Hy2KHOMY n300pa-
»KeHuto. [Ipu BBITOJIHEHUM 3TOH KOMAHJIBI MOSIBJISIETCS JIMAJION CO CIIUCKOM BCEX OTKPBITBIX OKOH
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Puc. 3.71. Oxno BbIGOpa N300paXKeHUsl.

(puc. 3.71). IlepeaBurascsb 1o Cuucky, Bol yBuauTe B IpaBoii YacTy JUajiora yMEeHbIIEHHOe U306pa-
JKeHre BBIOpaHHOrO OKHa. [Tocie HaxkaTust KHONKY “AKTUBUDOBATH’ BBHIODAHHOE OKHO CTAHOBUTCS
akTuBHBIM. HakaB KHONKY “3akpbITh OKHO”, Bbl 3aKpoeTe BrIOpaHHOE M300paskeHue.

Bribpars HyKHOE n300parkeHne MOXKHO U 60jiee TPOCThIM crtocoboM. CIHMCOK OTKPBITHIX 300~
paXXeHuii ecTb B HIKHel yacTu MeHt0O OKHa, HO TaM IPOIHUCHIBAIOTCS TOJIBKO IIEPBBIE JEBSITH U3
OTKPBITHIX OKOH.

3.13.4 l3meHeHuii pa3MepoB OKHa

N3menuTsh pazMep oKHa ¢ H300paskeHneM MOYKHO CTaHAapTHBIM obpa3om. [Ipu nmogsepeHnu Kyp-
copa K Kparo OKHa, OH IpuHuMaeT (hOPMY JIMHUK C IByMs cTpeiakamu. 1Ipu Takoit hopme Kypcopa,
€CJIM HaKaTh W YJIEPKUBATDH JIEBYIO KHOIKY MBIIIH, TO C JIBUYKEHUEM MBI pa3Mep OKHA OyJIeT Me-
HATHCA. HpI/I U3MEHEHUN Pa3MepOB Ha OKHE 6y‘11yT IIOKa3aHbl JIB€ MITPUXOBbIC JIMHUU C IIOAIINCAMU,
[TOKA3bIBAIOIIUMY PA3Mep OKHA B ITUKCEJIaX.

3.13.5 BoccraHoBJIeHEe pa3MepoB OKHa

Eciin Bbl pacraruBan wim CKUMaJid OKHO, WCIOJIb3ys CTaHmapTHbe mpueMbl Windows, To
BOCCTAHOBUTH €r0 IEPBOHAYAJIBHBIE PA3MEPhl MOXKHO KOMaH 10i Menio Buu/ Peasbubiit pazmep wiu

Ipu IIOMOIIN KHOIIKN ﬁ

3.13.6 dopmar JereHabl

Buemnuit Bug 1060ro okHa B iporpaMme (OKHA H300payKeHUsl, CeUeHUsl, TUCTOIDAMMBI) MOYKHO
HACTPOUTH B OKHE [IapaMeTPOB, BBI3BIBAEMBIX C IIOMOIIBbI0 KoMan sl Bux/ Hacrpoiiku... B To Bpe-
MsI, KAK 9TO OKHO BbIODAHO aKTUBHBIM. PaccMOTpuM 1OpoOHEee BO3MOXKHOCTH 110 HACTPONKE OKOH
M300pasKeHUsI.

N306pazkeHne MOXKeT BBIBOAUTHCA B JIBYX PEKMMAX - KOMIAKTHOM M pacmmupenHoM (puc. 3.72).
Ecsiu Bei xoture, urobbl n306pazkenne BHIBOAUIIOCH B KOMIIAKTHOM Bujle (6e3 mosteil, nojimceii cua-
PY2KH OT Oceil), TO HocTaBbTe raJiouKy HarpoTus o Kommnaxkrasiil Bui. Ha nzobparkenun rnosepx-
HOCTHU OOBITHO BBIBOJIUTCS JIETEH I, COCTOSIINAS U3 MACIITAOHOH JINHAK (B KOMIIAKTHOM PeyKUMe) NN
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File GROH_DE 80E.spm
Imigk diks Haght

Puc. 3.72. Komnakrublii (cseBa) n pacmupeHHbiii (cipasa) ¢hbopMaThl JereHbl.

oceil (B pACIIUPEHHOM DEXKUMeE), IIKAJIbI COOTBETCTBUS [[BETA ¥ BBICOTHI, U JIONOJHUTEILHON nHMOD-
Marnuu o daiiie U JaHHBIX 9TOr0 U300pakeHusi. BBIBOJ BEPTUKAIBLHON MIKAJIBI MOYKHO BKJIIOYUTD
MM OTKJIOYUTD ¢ TOMOIIBI0 1oJist [TokazaTs 1mKany Z. AHAJIOrHIHBIM 00pa30M MOXKHO yIPABJISITD
BBIBOJIOM Ha M300parkeHnH NHMOPMAIMI O HA3BaHUU U 0cobeHHOCTAX (dafina (nose Paitiosble naH-
HbIe), apaMeTpax nzobpazkenus (mojie IlapaMeTpsl) U CTATUCTUIECKUX JAHHBIX 110 U300PAKEHUIO
(moste CrarucTuka).



ITpunoxenne A

NucTanngimsa nporpaMMHOTO
obecrieyeHd

VYcraHOBKa IPOrpaMMHOTO OOECIIeYeHUs] TPOU3BOIUTCS IyTEeM 3allyCKa ITPOrpaMMbl setup.exe,
HAXOJAMIEHCS HA HHCTAJISIIIMOHHOM jiucke. [Tocie 3ammycka yCTaHOBKY MOSIBUTCS OKHO BBIOOPA A3BIKA.
L1t yCTaHOBKY PYCCKOM BEPCHM TTPOrPAMMBI BBIOEPUTE PYCCKUN SI3BIK.

BuaumarespHO IpodnTaiiTe JIMIEH3NOHHOE coruiatnienue. JJist ycTaHOBKHU IPOTrpaMMbl HEOOXOIUMO
[IPUHSTH €r0 YCJIOBHUSI.

Ha crpanune wabopMauun o 1mojb30BaTesie BBEIUTE DPETUCTPAIMOHHOE UMsI U CEPUAHBIIN HO-
Mep, MOJIyYeHHbIE OT MOCTABIMKA. Ky uMs wim HoMep Oy T BBEJIEHBI HEIIPABUILHO, TPOrPaMMa
"FemtoScan* mpu mepBOM 3aIrycKe MOIMPOCUT BBECTU BEPHBIE JIAHHBIE.

B okHe BbIOOpa BHja yCTAHOBKHU BBIOEpHUTE IOJAXOAAINNN BapuaHT. BapuanT "O6bIuHbIi" ycTa-
HABJINBAET KJINEHTCKYI0 YacTh IPOrpaMMHOro obecredennst (nporpamma "PemtoCkan Onnaiin®),
PYKOBOZICTBO MOJIb30BaTe s, U (ailbl mpumepoB. Eciin Hy»KHO yCTaHOBUTH CEPBEPHYIO YaCTh, BbI-
6epure BapuanT 'Bribopounas®. V3HadaabHO BBIOpaHBI BCE KOMIIOHEHTHI. [Ipm KejaHWM MOXKHO
U3MEHHUTH MAMKY, B KOTOPYIO YCTAHABIMBACTCS TPOrPaMMA.

Jlajiee Bce omeparuu BBIOJHSIIOTCS aBTOMATHIeCKH. [Ipu ycTaHOBKe cepBepHON YacTH Ipo-
I'pPaMMHOI'O O6eCIIe“IeHI/IH7 BO-TIEPBbLIX, Ha KOMIIbIOTEPE JO0JI2KHa 6bITb yCcTaHOBJIEHa OIlepalluOHHasd
cucrema cemeiicrea Windows 2000, Windows XP, nimm Windows 2003 Server, a Bo-BTOPBIX, HE0O-
XOJUMO BOITH B CHCTEMY C IIpaBaMU aJMUHUCTPATOpPa, WHAYe OyIeT BBIIAHO MPEIyIPeXkKJIeHNe O
HEBO3MOXKHOCTH YCTAHOBKU W OyJIET MPEJJIOKEHO BBIOPATH JAPYroil Habop KOMIIOHEHTOB WJIU IIpe-
pBaTh HHCTAILISIHIO. 110 OKOHYAHUN YCTAHOBKH CEPBEPHBIX KOMIIOHEHT HEOOXOMMO Mepe3arpy3uTh
KOMIIBIOTED, 4T00BI ObLI 3alyiieH japaiisep mwiarel DSP. CepBepHast 4acTh yCcTaHABJIMBAETCS TOJIBKO
B BapuaHTe pa3/e/IbHbIX OJIOKOB IIpeodpa3oBaTesieil U yIpaBJICHUS.

Ecyiz mporpamma ycraHaBIMBaeTCsl B IIEPBBI pa3, MOC/IE Mepe3arpy3Ku MOSBUTCS COODIEHNE O
TOM, YUTO HalJIEHO HOBOE yCTPO#CTBO. paiiBep jist 9TOr0 yCTPOMCTBA JIEZKUT B TOU Ke TAIKe, KyJIa
yCTAHOBJICHA ITporpaMmMa. B oTBeT Ha 3aIIpoc CHCTEMBI, YKaXKUTe IIyTh K jipaiisepy. [locse ycranoBku
JipaiiBepa B JUCIIeTYepe YCTPONCTB MOXKHO Oyser HaiiTu B pasjesne Scanning Probe Microscopes
ycrpoiicrBo FemtoScan DSP Board.
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IIpnnoxkenune B

Kondurypanus BcTpoeHHOTO cepBepa
demToCKan

Cepsep paboraer Ha H6aze onepannonnoii cucrembl Windows XP Embedded. B cepsepe Britoden
VrnaneHHsblit paboduii CTOJI, Y€pe3 KOTOPHI MOXKHO ITPOU3BOJINUTD JIETATHHYIO HACTPONKY 1 KOH(MU-
CypaIuio.

st macTpoiiku cepBepa Heobxoaumo 3HATH ero [P-anpec B jokasbHo# cetu. 1o ymosraamnuio
cepBep HACTPOEH Ha aBToMaTudeckoe mnojydenue [P-anpeca. Eciu B JOKaJabHONW CeTH €CTb cep-
Bep DHCP u umeercs jmoctynm K HEMy, TO HY>KHO ITOCMOTPETh, Kakoii IP-ajipec BblIaH KJIHEHTY C
MAC-ajapecom cepepa. MAC-aapec cepepa MOXKHO y3HATH B macnopre npudopa. Eciu paspere-
na aBroMarudeckas peructparus DHCP-kimmentoB 8 DNS-cepBepe, To Mmoxkuo BMecto IP-ajpeca
UCIIOJIB30BaTh UMst Ipubopa (3armcaHo B nacuopre npubopa, umeer Buz F'S< yHuKaJbHBIA HOMED ™).

Ecsiu DHCP cepBepa B JIOKaJIbHOI CETU HET, WJIX €CJIM OH He HACTPOEH Ha AaBTOMATHIECKYIO BbIIa-
9y aJIpecoB HOBBIM KJIMEHTAM, TO CEPBEP UCIOJIb3yeT ajpec aBrokondurypamun 192.168.0.100. diist
HACTPOWKH MOXKHO HCITOJIH30BATh HOYTOYK WJIM KOMITHIOTED, HAIIPSIMYIO TIOAKIIOUEHHBIN K CEpBEpY,
co crarmaeckn ycranosgeHHbIM [P agpecom 192.168.0.1 nam mobeiv apyrum u3 ogcern 192.168.0.%.

HacTpoiiky MOKHO BBIIIOJIHATD Yepe3 YaJeHHblil pabounii crou, yepes telnet-kinenT (pexoMeH-
nyercst putty) mo mopry 25002, uim ¢ IOMOIIBIO IPOrPAMMbl MOHUTOPHHIA U HACTPONKU cepBepa
Fmboard.

PexomMentyembrif BapHaHT TaKoOi:

1. Hacrpours DHCP cepsep Ha Bbijady dbukcuposannoro IP anpeca mo MAC-anapecy cepsepa

2. (Ounumonanbuo) Pazpemurs perucrpanuio kiauenro DHCP B DNS-cepsepe miu BpydHYIO
nob6asuth 3ammch DNS ¢ IP agpecom u umenem cepepa @emtoCkan (uMs B TAKOM CJIydae
B34Tb U3 [ACIIOPTa IPUOOPA)

3. HoakrouaTbest K mpubopy ¢ momotnbio nporpaMmbl PemroCran Omtaita, ncnossdys ero [P
ajapec uiau umst DNS

4. ApmvuaucTpaTHBHBIE HACTDPOHKU (M3MeHeHUe IPOdUIIs, HACTPOIKa IPYIIl U II0JIb30BATEE,
YCTAHOBKA IapoJielt) IPOU3BOJUTH € TIOMOIIBIO TIporpaMMbl Fmboard.

B.1 Hacrpoiika yepe3 YaaJjieHHbIII paboumii CTOJI

s coenuaenns depes YiaeHHbI pabounii crous o aapecy 192.168.0.100 ucronp3oBaTh
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Jlorun: Administrator
ITaposb: FemtoScan123
VialeHHbIA paboumii CTOJI UMEET CMBIC UCIOIbL30BaATh JIJIsl:

e u3MeHeHHUs mapoJist aamuaucTparopa (depes Control Panel)
e nacrpoiiku Firewall na cepsepe (uepes Control Panel)

e 1psMoii 3arpysku dbaitios npoduseit (crenars nanky c¢ daiinamun npodmis HA JOKAIBHOM
KOMITBIOTEpE JIOCTYITHON I10 CeTHU, & B CEPBEPE BBINOJHUTH IOJICOEINHEHNE CETEBOTO JIUCKA K
9TOIl mamke, U CKOIMPOBATH HYKHbIE (hailyibl ¢ ceTeBoro mucka B C:

Program Files
Advanced Technologies Center
FemtoScan Online VV

)

e 00HOBJIEHUsI cepBepa U JipaiiBepa (KCII0JIb30BATH TOT XKe METO/l, KaK U B IIPEIBIIAYIIEM CILydae)
® HACTDOIKM BUEOKAMEDPDI

Yepes Y aaseHHbli pabo4uii CTOJ MOXKHO OCTAHOBUTH /3amycruThb cepsuc FemtoScan Online Server:
e Bruibpars Start -> My Computer, HaxkaTh IpaByio KHOIIKY MBIIIK U BeIOpaTh Manage.

e B JieBoil yacTu nogBUBIIErocs OKHa pa3BepHYTh BeTKy Services and Applications/Services

e B npasoit wactu Haiiti cayx0y FemtoScan Online Server (Puc. B.1)

_ Computer Management [_TO[x]
=) Fle Action  Vew Window Help =18] =||
& = ERR E Pomonom
3 Computer Management (Local)
=E 9 System Tools
() Event Viewer FemtoScan Online Server Name |lDescription [ Status | startupType [Logonas | =
_‘: . Shared Folders %Event Log Logs event... Started Automatic Local System
7 LDC’_' Users and Groups Stop the service & Extensible Authentication Proto... Provides wi.., Manual Local System [l
Device Manager Pause the service B Fast User Switching Compatibiity  Provides m, , Mariual Local System

a Storage Restart the service

“Fe: lin em
Earias %Health Key and Certificate Man.., Manages h... Local System
% W Cortrid B HID Input Service Started  Automatic Local System

%IPSEC Services Manages ...  Started Automatic Local System ;I

Services and Applications

Puc. B.1. Yupasyenue ciry:k00if cepBepa depe3 YIajeHHBIN pabodunii CTOJ.

CoxpaneHre BHOBb 3aIllCaHHBIX (hailyloB U BOOOIIE JI00ble U3MEHEHUsI B cucTeMe OyIyT OTMe-
HEHBI TI0CJIEe TIepe3arpy3KU, eCu He BBIIOJHHUTH CoOXpaHeHrme HacTpoek. O CoOXpaHeHUUM HaCTPOEK
CMOTDPHTE HH2KE B COOTBETCTBYIOIIEM pa3JeJie.

B.2 Pabora n3 Fmboard

s yrupaBjeHusi CepBEpPOM € IIOMOIIBIO MporpaMMbl Fmboard Hy»KHO 3allyCTUThL €€ U IIPOU3-
BECTH MOJKJIOUeHue, BoinoHuB koMmany "Connect. .. "u3 cucremuoro Menio (BBIIAJAET [IPU Ha-
JKaTHU HAa MKOHKY [IPOIPDAMMbl B 3aroJIOBKEe OKHA WJIM B Tpee). B majbHeilimem nporpamma Oymer
ABTOMATUIECKH MOJK/IIOYATHCS 0 MOCTIEIHEMY UCIOIBL30BAHHOMY aJipecy. AJIpec Hy?KHO BBOJIUTD B
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Profiles  Users ICaIiblalionI
Groups

Name I Permissions Users
Administrators admin,manage,...

Guests manage,connect
manage,connect

Group permissions

Admin
Manage
Connect

Group users

Name
Delete I Rename... | User

Bl
El

New... | Delete IHenama..l

Set password...

Puc. B.2. Ilarens ynpaBieHus MOIb30BATEISMH.

dopmare <IP>:<mopr>, Hanpumep 192.168.0.100:25002, nin <umsg DNS>:<mopr>. IlopT mo
ymorganuio 25002, ero MOXKHO He BBOIWUTH, TOTJA BBOAMTCH TOJBKO mMs win 1P agpec 6e3 nBoe-

tounsi. Pabora ¢ Fmboard me orsimaaercs oT mpeapiayIuxX BEPCHil, 33 UCKJIIOYEHUEM CJIEITYOIIIX
MOMEHTOB:

e Ilanesb yupaBiieHHs MOJIH30BATENSIMI U3MEHMIIA CBOi B (puc. B.2)
e YipaBJjieHHe JIOTOM CODBITHII ITepeHeceHo Ha 3akiajky “Calibration”

e Ocmuuiorpad OTKIIOYEH

B.3 Pabora c maneabio agmMmuHuctparopa B ®emroCkan OH-
JIaiH

st HacTpoiiku napaMeTpoB Kajaubposku B nporpamme PemroCran OntaiiH ciiejlyeT BOCIOJIb-
zoBarbes kKoman ot Menio C3M /Tlokazarh naHejb aJMAHUCTPATOPA

st Toro, 9TobBl TIaHe b TapaMeTpoB Obuia jocryinHa B nporpamve PemtoCkan OHnaiiH, mos-
COEINHEHNE K CEPBEPY JOIKHO ObITH BBHIIOJHEHO II0JIH30BATEEM, MMEIOIIM IPUBUICTUH A/ IMIHU-

crpatopa. Ilo yMoT9aHuIO TPU TIOICOETNHEHNN HY2KHO BBECTU CJIEIYIONINE JTaHHbIE:
Ilosb3oBaresnn: Admin

[Taposb: oTcyTcTByeT
[Tanens mporpammbr Fmboard mporpamme FemtoScan Online cranoBuTcst JOCTYIIHOM B MEHIO

SPM nyukt Show Admin Panel. I3mensaTs mapaMeTpsl B TAHEIH MOYKET TOJBKO CePTUMUITPOBAH-
HBII CIIeINAaJINCT.
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Puc. TTanens mapamMeTpoB JOCTYIHA TOJBKO IIPU BXOJE AIMUHUCTPATOPOM.

B.4 VYupasiueunune uepes TELNET, PUTTY wniu xkoucoabs Fmboard

ITpu mojcoenuuenny ¢ MOMOINBIO KiueHTa telnet (mampumep, putty, uiaM BCTPOEHHBIA KJIMEHT
MukpocodT) MOXKHO YIPaBJISTH CEPBEPOM, UCIOJb3Ysl TEKCTOBble KOMaH Ibl. CIIUCOK KOMAaHJ Bbl-
BozuTcst KoManoi help wm 7. OumrcaHne KOHKPETHONH KOMaH bl BBIBOAUTCS KOMaH 10 help <umst
KOMaHIb1 >, HanpuMep help list, mim 7 <umsa komanap>. Tak »Ke 3T KOMaHIbl MOKHO BBOJIUTDL Ha,
sakaagke Console B mporpamme Fmboard - B HU>KHEl 9acTH PACIIOIOXKEHO OKHO BBOJA KOMAaHJI, B
BepXHEl - OKHO BBIBOJIA pesysbrata. Onucanne KOMaH/I:

e 7, help - Oe3 mapaMeTpPOB BBIBOJUT CIHMCOK KOMAH]I, C TAPDAMETPOM - ONHMCAHWE 33 AHHOIM
KOMaJIbl

e constant - y3HATh/U3MEHUTH 3HAYEHUE KOHCTAHTHI.
®Popmar:
constant <wMs KOHCTAHTH> [=<3HadueHWe KOHCTAHTEH]

€CJIM 3HaY€HUEe KOHCTaHThI HE YyKa3aHO, TO 6y,IL€T BBIBEJICHO TEKYIIlee 3HaYCHUe

e variable - y3HaTh/U3MEHATH 3HAUEHUE [IEPEMEHHON.
®Popmar:
variable <uMsa mepeMeHHOH> [=<3HaueHMe IepeMeHHOH>]

€CJI1 3HaYCeHHe HepeMeHHOfI HE yKa3aHO, TO 6y,ELeT BBIBEJICHO TEKYyIlee 3HaYCHUE

e process - y3HATh/M3MEHUTH 3HAUEHHE MPOIECCA.
®opmar:
process <uMs mpomecca >[=<3HaueHme Ipomecca >] ec/M 3HAUEHHE IIPOIECca He yKasa-
HO, TO OyJleT BBIBEJIEHO TEKyllee 3HaueHue. JHadeHne MOXKHO 3ajaBarh B Buge 1/0, true/false
- ecu 1 mm true, To nporiecc 3amyineH, ecau 0 uiu false, To mporecc ocranossen.

e list - BRIBOJ CIIMCKOB.
®Popmar:

list variables [¢umbTp] - BBIBOJ CIUCKA IIEPEMEHHBIX, HEOOS3ATEIbHBIH (DUIBTD - HAYAIO
UMEHU IIepeMEeHHON

list constants [¢ummbTp] - BBIBOZ CIMCKa KOHCTAHT, HEOOS3aTEIbHBIN (DUIBTD - HAYAJIO
UMEHU KOHCTAHTHI

list processes [¢pumbTp] - BBIBOJ CIIMCKA IIPOIECCOB, HEOOS3aTE/bHBIN (DUIHTD - HAYAJIO
UMEeHU TpoIiecca

list clients - BeIBOJ ciiucka KjreHTOB. CHavaJia BBIBOAUTCS CTPOKA 3ar0JIOBKOB CTOJIOIOB,
ITIOTOM - CTPOKU C HH(MOPMAIIMEH O KaXKI0M I10/ICOEIMHEHHOM KJIneHTe. BBIBOISTCS ClIe Iy olme
CTOJIOIIBL:

address - [P-ajipec kimeHTa
user - lIma kanenra
master - YOpas/sieT KJIHEHT IpUOOPOM MJIM TOJIHLKO HabJIIogaeT

permissions - pa3peneHnd KJIUCHTa
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buffered - obbeMm unbdopmaiuu B 6ydepe (B Gaiitax)
idle - CKOJIBKO CEKYH/I KJIMEHT 6e31eficTByeT

sent - KOJIMYeCTBO IEPEIAHHON NH(MOPMAIIIH
received - KOJUIECTBO MPUHATON MHGOPMAIIN

list profiles - BbIBOJ crucka npoduieil B dopmare <HazBanue rnpoduss>=<daila npo-
bus>

list users - BBIBOJ CIIUCKA IIOJIb30BaTE el B hopMaTe < UM MOJIH30BATEN S >= < XIIII IAPOJIs
II0/Ib30BaTEJIA >

list groups - BBIBOJ CIIMCKA TPYII B (oOpMaTe <HUMs T'PYIIIBI>=<pa3peleHnsi TPyl >,
r7e paspelneHus rpynnsl - Habop 3HadeHnit depes 3anaryo: admin,manage,connect

list events [¢unbTp ZmaTh] - BBIBOJ ciiucka cobbITHil. Keim buabTp JaThl OTCYTCTBYET, BBI-
BozsTcs Bce cobbitusg. Puabrp marsl 3amaerca B dopmare [TTT.MM. I Y9:MM:CC.mmMm
(rom:MecsIr: IeHb 9ac: MUHYTa: CeKY HIa. MUJLIUCEK Yy HIa ). MOKHO yKa3bIBaTh TOJIBKO [ePBbIe 3Ha~
qeHus (PUIBTPA, T. €. HAPUMED TOJI, MECI], JI€Hb W 9ac , & OCTAJbHBIE OITyCKATh.

list errors [¢uasTp maTe] - BbIBOJ cuucka jib,jr. Ecam duabrp garst orcyTcTByeT, BbI-
BoggiTest Bee jib,rb. @uibrp garer 3agaercs B dopmare 'TTT.MM.JIA YY:MM:CC.mmm
(rom:MecsI: IeHb Yac: MUHYTa: CeKY HIa. MUJLINCEK Yy HIa ). MOKHO yKa3bIBaTh TOJIBKO [ePBbIe 3Ha~
qeHus (PUIBTPA, T. €. HAPUMED TOJI, MECIl, JIEHb U Yac , & OCTAJIbHBIE OIIyCKATh.

reload - nepesarpyska KOHMUI'YPAIUH - TEKYIIEe COCTOSHIE Oy/IeT COXPAHEHO U 3arpyzKeHO
3aHOBO. Y IIOJICOEIMHEHHBIX KJIMEHTOB IIPOU30ii1eT 0OHOBJIEHNE KOH(MUTYpaIuu yCTPOICTBA.

download - 3arpyska nporpammbl miarsl DSP.

disconnect - oTCcOe/IlUHEHNE KJIMEHTA.

send - OTIIpaBKa COOOINEHUS OIPEJIEJIEHHOMY KJIMEHTY WJIM BCEM KJIMEHTaM
move - IIepeMelleHNe aroBoro JBUraTe/isd

device - BbIBOJ, uHMOPMAIK 06 YCTPOWCTBE/CMEHA YCTPOWCTBA.
profile - ynpasienue npoduISIMI

user - yIpapJjeHHe I10JIb30BaTeIAMU

group - ylupapJjeHue IrpyniamMu

file - pabora ¢ daitramu

ewf - ynpasisienre puIBTPOM 3aIIUCU HA JTUCK

system - mepe3aIycK WM BBIKJIIOUYeHNEe IPHOOpa

quit - OKOHYaHUe ceccuu
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B.5 Coxpanenue HacTpoek

Bo BcTpoenHOM cepBepe Bech 00pa3 CHCTEMBbl XpaHUTCS Ha (uam-aucke. OdMm-aucKk nMeer
OTPAHUYEHHBIH 110 CPABHEHUIO C YKECTKHUM JUCKOM Pecypc Iepe3anucu. UToObl JUCK He BBIIIEN U3
CTpOsI PaHbIlle BPEMEHH, B CUCTEME YCTAHOBJIEH CIEIMAIbHBIN JIpaiiBep - PACIIUPEHHBIH GUILTD
zanucu (Enhanced Write Filer, EWF), koTopblit smMyJupyeT 3a1mch Ha, JUCK, 8 Ha CAMOM JIEJIe 3aIiCh
[IPOM3BOJIUTCS B MaMsiTh. 103TOMYy, 9TOOBI 3alIOMHUTH W3MEHEHUsl, [IPOM3BE/ICHHBIE B HACTPOITKE
cepBepa, Hy2KHO BBIIIOJHUTD CIIEIAAJIBHYI0 KOMAHIY, KOTOPas Pa3peliaeT 3alich U3MEHEHUI Ha
guck. Komanay MOKHO BBIIIOJTHUTH HECKOJBKUMH CIIOCODAMU:

B VaanenHoM pafodem cTojie 3aIlyCTUTh KOMaH/HYO CTPOKY (cmd.exe) n BBIIOJIHUTD KOMAHIY
ewfmgr c: -commit, moCje Yero mTaTHbIM 00pa3oM (depes3 MeHio Start) mepesarpysurh cepsep.

Yepes kienT telnet (putty) BeimosHETh KOMaHbl ewf commit u system reboot

B Fmboard mocie m3amenenusi mapaMeTrpoB MpOrpaMMa CaMa MPEJIOKUT IIPOU3BECTH 3aINCh
JIAHHBIX Ha JUCK. MOXKHO Tak »Ke Ha 3aKJIaJIKe KOHCOJIU BBITOJHUTH KOMaHbl ewf commit u system
reboot

Tak ke JISII-TUCK HAKJIAIBIBAECT OI'PAHUYIEHUsT Ha PabOTy cepBepa - IPH JUINTEJIbHOH pabore
cucTeMbl (HECKOJILKO JHEHl UM HEJEsb) MOXKET HPOUCXOJUTH 3AI0JIHEHUE BUPTYAJbHON HaMsATH,
7 TOT/Ia CHCTEMa MOYXKET caMa Iepe3arpy3uThes ist ouncTku namsaTtu. CoxpaHeHne M3MEHEHHBIX
mapaMeTrpoB CepBEPa IPU ITOM HE IIPOUCXOIIUT.



ITpunoxenne C

Omnucanne KaJnOpPOBOUYHBIX KOHCTAHT

e Hysteresis — nyThb K daitny KaaubpoBKu rucrepesuca. s KoppeKTUPOBKY HEJTUHEHHBIX UCKa-
JKeHUl pa3MepoB 06pasiia, MOJIyYatoIUXCsl BCIEICTBAE HAJIMYNS Y ITbe30KEPAMUKU IUCTEPE3H-
ca, UCIOJIb3yeTCs KaauOpoBOUHbIN (aiily, cozmaBaeMbrii mporpammoii "®emtoCkan OHnaliH 110
BBEJIEHHBIM T10Jib30BaTesieM AanubiM (cM. 3.9.8). B aroMm mosie ykasbiBaercs nyTh K aiiiry.

e Download on startup — 3uadenust aToro napamerpa Yes uin No onpeessior, Oy/1eT Ju cepBep
aBTOMATUYIECKU 3arPyKAThCS [IPU BKJIIOUEHUU.

e Client Interface — nazBanue kimerckoro narepdeiica. ¥ KIneHTa IPU TOJCOEIUHEHIH OY1eT
3arpykeH maTepdefic oKHa mapaMeTpoB ¢ 3TuM uMeneM n pacmmpenueM "XMLY. Tekymtas
Bepcug unrepdeiica — "fsvarlist.1.4%.

e Security — paszzest omnruii mudpoBaHUs.

— Encryption - pexkum ycraHoBKE TapameTpos mudposanus — 6e3 mudposanus (Disable),
ucno/b30BaTh HacTpoiiku cepsepa (Force Server Parameters) wiu HacTpoiiku KjueHTa
(Accept Client Parameters). B caygae, eciiu ycTaHOBJIEH DEXKUM UCIOJIH30BAHUS [APa-
METPOB CEPBEPA, y KJIMEHTA JIOJ2KEH ObITh YCTAHOBJIEH AHAJOTUIHBIA PEXKUM - MHAYE OH
HE CMOYKET IOJKIIOYUTHCS.

— Message Digest - pexkuM reHeparum nonucu 0JI0Ka, JaHHBIX.

* Cipher - anropurm mudpoBaHus.

* Mode - pexxum mudposanus - 6iaokamu (ECB), nenoukoit (CBC) usu ¢ obparHoit
ceaspio (CFB).

* Key Length - nmunra ceccmonHoro Kitoda, cam KJII0Y T€HEPUPYETCsT aBTOMATUIECKH.

* Padding - merton nomosHeHns: 6I0Ka JAHHBIX 0 KPATHOH JUIMHBL (HYJISIMU HJIA 110
anropurmy PKCST).

e DAC Max., V - makcumasibHOoe Bbixomunoe Hanpsizkenne [TATI. Hampsikenue Bapbupyercs B
muanazone or —DACMax no DACMaz. Crangapraoe 3Hadenue — 3 B.

e ADC Max., V - makcumanbuoe Bxomuoe Hanpsikenne AIIII. Hampsikenuwe Bapbupyercst B
muanaszone or —ADCMax 1o ADCMax. Cranmaprroe suadenue — 10 B.

e Ut - mapameTpsl reHepaTOpa OMOPHOIO HaIpsikeHus Uy.

— Max., V - MakcHMaJIbHOE BBIXOHOE HAIIPKEHNE T€HePATOPa OIIOPHOro Hamnpskenust Uy.
Cranjapraoe 3naqdenue — 9 B.

124
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— Bias, mV - cmerrnienne mysisi renepaTopa OnopHOro Hampskenust Uy.

Freq. Max., KHz - makcumasbHas gacTora remeparopa 4acToTbl. CTaHIapTHOE 3HAYCHUE —

10000 KT

Z Ampl. Max., mV - MakcuMaJIbHOE HAIpsZKeHHe TeHepaTopa 4acToTbl. CTaHJapTHOE 3HAYE-
nue — 500 mB.

PI Gains Scale - macirabupyomuit MHOXKATEIb IIPOIIOPIIMOHAILHOIO U HHTEIPAJIBHOIO 3Be-
HbeB. BHyTpeHHee IpejicTaBIeHNe IO3BOJISIET 3a/1aBATh 3HAYEHUsI 3BEHbEB B JIMAIa30HE OT
—215 1o 2'5 — 1, HO paboTa ¢ TAKHME BeJMYHHAME HeyIToOHA JJIS HOJL30BaTesd. 11o3ToMy

BBOJINTCST MACIITAOUPYIONIMI MHOYXKHUTENb, U MOJb30BaTEIb pabOTAET C BEJMYMHON, PABHOMN
Gain*prlGainsScale

dbunmenty 1/64.

. Crangapruoe 3uadenue — 6 (COOTBETCTBYET MACIITAOHPYIOMIEMY KOI(D-

Inverse Z - nanpasenne noJsisipu3arnuu Tpyoku. [IpunsaTo, 9To ecu mpu mogade moI0KATETb-
HOI1 pa3HOCTH IMOTEHIUAJIOB Ha Z-00KJIaJIK! IbE30MAHUILYJISITOPa OH C2KIMaeTcsi, To InverseZ =
Yes, ecnu pacrsiruBaercsi, To InverseZ = No.

Precise X,Y DACs - nanuuune B 3jieKTpOHUKe ycuaureyeir X,Y Jyisi CKAHUPOBAHUs C IOBBI-
IMEHHBIM Pa3peITeHrueM.

Reduced Z DAC - najuuue B 3JIEKTPOHUKE YCUIUTENSA 7 JIJIsT CKAHUPOBAHUSI C TIOBBIIIEHHBIM
PpaspeIeHneM.

Sensitivity - 9yBCTBHUTENBHOCTH MHE3OMAHUITYIATOPA. SHATYEHUS TyBCTBUTEIHHOCTH MOYKHO
MEHSTh [IPU IIPOBEJIEHNH KaJIuOPOBKU Ibe30CKaHepa. Hanpumep, eciiu yCTaHOBJIEHA 9yBCTBH-
TeNBbHOCTE X Sensitivity = X sens0, ¥ HEPHOJL PEIIETKU TpaduTa Ipu KaJIHOPOBOYHBIX H3Mepe-
HUSIX TI0JIy4YaeTcss paBHbIM L, a TabjudyHOe 3HA4YeHWe paBHO L1, TO NpaBUJIbHOE 3HAYEHUE
qyBCTBUTEJIbHOCTH HAXOIUTCS 10 (DOPMYJIe

XsensO
Xsensl = L Ll
0

— X, nm/V - no ocu X.
— Y, nm/V - no ocu Y.
— Z, nm/V - mo ocu Z.

Jltst mbe30cKanepa ¢ auanasoHamMu ckanmpoBanusg o X-Y-Z 10 x 10 X 2 ym cranIapTHBIMU
3HaYEHUSIME ABIAOTCH 45 X 45 X 7 uM/B.

Gains - k03dduUIMEeHTH yCHJIEHNsT BBICOKOBOJIBTHBIX ycuimTeseil. Boixomnoe HampsikeHue
IIAII, ymHOXKeHHOE Ha 3TH KO3 DUIUEHTD], IIOJAETCI Ha OOKJIAAKHA IIHE30MAHUIIYISITOPOB.

X - ko3ddurment ycuenus mo ocu X. Cranmapraoe 3HadeHue — 40.

X Precise - ko3dPUIueHT ycuienus mo ocu X YCUJIUTE IS ¢ TOBBIIIEHHBIM Pa3peIeHneM.
CrangaprHoe 3Havenue — 1.25.

Y - koaddurment ycunenus o ocu Y. Cramgapraoe 3uadenne — 40.

Y Precise - koadduimenT ycuieHust Mo ocu Y YCUJIUTES C TOBBIMIEHHBIM PA3PEIIeHIeM.
CranmapTHoe 3HaveHue — 1.25.
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— 7 - koaddurment ycunenus: o ocu Z. CrammaprHoe 3Hadenne — 40.

— Z Reduced - ko3ddurimesT ycujieHus o OCU Z YCUJIATEJIs € TIOBBINMIEHHBIM PA3PEIIeHIEM.
CranmaprHoe 3HavUeHHE — 2.5.

e Resistance - napamerpbl ycujuTessi CUrHaJa, cauMaemoro o kKanayy Conductivity B pesu-
CTUBHOM pEXKUMe.

— Rfb, MOm - conporusjieEre 06paTHOIl CBSA3U ONeparuoHHOro ycuauress. CTaHmapTHOe
snagenue — 3 MOwM.

— Mode - pexxum nojaun OMOPHOTO HAPsizKeHUsl Uy — HAIIPSIMYIO WM 9€Pe3 JIeIUTeNb (IIpu
HOJKJIFOUeHNH depe3 Kabesb "Pe3ncTuBHbIN pekuM®).

* Ra, KOm - conporusienne mieqa jgemurens a. Crammapraoe 3naderne — 10 KOwm.

x Rb, Om - comporussenune mieda jeaurens b. Crangapraoe 3uadenue — 10 Owm.

e STM - mapamerps! roJjioBku s pexkumva CTM.

— Rfb, MOm - conmporussieane o6paTHoii ¢Bsizu onepanuonHoro ycuuress B CTM-rooBke
(puc. C.1).

— It Max., nA - TOK HacCbIIIEHUs], PACCIUTHIBAETCA ABTOMATHYECKH 110 Hampsizkernio ATIIT
U COIPOTUBJIEHUIO OOPATHON CBSI3N.

— Inverse Feedback - pexxum muBepcum obparHOoil cBs3u. Ecim 1jisi KOPPEKIMH TOI0XKH-
TEILHOTO 3HAYEHUs OIMIMOKN 0OPATHOM CBI3M TpeOyeTcs yBeJIWUeHNe CUTHAJIA 00pATHOM
cesi3u (yrasnenue obpasma ot 30H1a), 10 [nverseFeedback = No, eciu TpeGyercst yMeHb-
[IeHne curHaJja obpaTHoit cesisu, To InverseFeedback = Yes. CtanmapTHoe 3HAYEHNIE —
No.

— Inverse It - pexxum mHBepcUU 3HAYEHUsT OMUOKU OOpaTHON cBsaA3u. Ecium B 1enn curua-
Jia OMMOKK eCTh WHBEPTUPYIOMUiL 3jieMeHT (HAIPUMED, OIEPAIMOHHbIH YCUIUTEIh), TO
Inverselt = Yes, unade Inverselt = No. CtanmapTHoe 3HAUYEHHE — YesS.

— Feedback Channel - nomep kanasa AIIII 1, Ha KOTOPOM PErHCTPUPYETCsT CUTHAJT OIIUOKN
obpatHoii cBsizu. CrangaprHoe 3HadeHue — (.

e AFM - mapamerps! rosoBku st pexkuma ACM.

— Force Max., nN - makcumaJibHasi perucTpupyeMast Cijia B3auMOIeHCTBHUS 30HI-00paserl.
DT0 3HAYEHUE BCErJa SIBJISIETCS IPUOJIM3UTEILHBIM, PeajJbHOE 3HAUEHNE YCTaHABINBAETCS
ocJjie KaJuOPOBKY TOJIOBKHU 110 KPUBOH ITOIBOJA-OTBO/IA.

— Inverse Feedback - pe:kum unBepcun obparHoii ces3u. CraHmapTHoe 3HaYeHue — No.

— Inverse Force - pexxum naBepcun 3uHadenuns omubdKu obparHoit cBa3n. CtanmapTHOe 3HA-
genne — No.

— Feedback Channel - nomep kanaja AIIII 1, Ha KOTOPOM PErUCTPUPYETCS] CUTHAJ OIIUOKA
obpatnoii cBsizu. Crangapraoe 3nadenue - (.

— Cantilever Rigidity, N/m - 2KecTKOCTb KaHTHJIEBEPa, Ty BEJIMYUHY MOXKHO y3HATH B
cuenuUKAINN YCTAHOBJIEHHOTO KanTuiesepa. IlapaMerp »KeCTKOCTU UCHOJIb3YeTCs st
[1peobpa30BaHusl BEJUIUHBI OTKJIOHEHUS KaHTUIeBepa dZ B CHIy B3auMopeicTsus dF
o dopmyne dF = dZ x (Cantilever Rigidity).

e RAFM - napamerpsl rosioBku i pesonancuoro pexxuma ACM (PACM).
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Puc. C.1. CTM-ronoska — Buz cHndy. Buaen HOMHUHAJ COIPOTHBIICHHS OOPATHOM CBA3U OIEPAIOHHOTO
YCHJIUTEJIS.
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Deflection Max., mV - MakcHMaJIbHOEe PErHCTPUPYyEMOe 3HAYEHUE CUTHAJIA CPETHEKBAI-
PATHIHOTO JIETEKTOPA AMILIATY/IbI.

Inverse Feedback - pexkxum mnBepcun obpaTHOil CBsI3M.
Inverse Deflection - pe:kum uHBepcuu 3HaUYeHMsT OMUOKYM OOPATHON CBSI3U.

Feedback Channel - Homep kanaja AIIII 1, Ha KOTOPOM PErHCTPUPYETCs CUTHAJ OMTUOKH
0OpaTHOI CBSA3M.

Cantilever Rigidity, N/m - :kecTkocTh KanTHIEBEDA.

e DACs - agpeca ITAII-0oB, 0OTBETCTBEHHBIX 38 pa3/IMYHbIE KOHTPOJLJIEPHI U YCUJIUTEIIN.

X - yemmurens X. CranmaprHoe 3HaUeHHE — 8.

X Precise - ycunuresns X noBbliiieHHOro paszpeniennsi. CranjgapTHoe 3HadeHne — 9.

Y - yeumurens Y. Crangapraoe 3nadenue — 10.

Y Precise - ycunuresns Y nobiiennoro paspeniennsi. CranmapTHoe 3Hadenne — 11.

7 - ycumurensb Z. CrangaprHoe 3HadeHue — 12.

7 Reduced - ycunuresb Z moBblllieHHOro pas3perienusi. CTaHmapTHOe 3HadeHne — 13.

Ut - rermeparop onmopuoro Hamnpsizkenus Uy. CranmaprHoe 3Hadenue — 0.

Stepper - korTpoJUIEp TIaroBoro msuraresisi. CtangapTHOE 3HAYEHUE — 7.

Generators Data - perucrp JaHHBIX TeHEpaTOPOB YacToThl. CTaHIapPTHOE 3HAYEHUE — 5.

Generators Configuration - peructp xkouduryparun reaeparopoB 9actorsl. CTanmapTHOE
3HadeHue — 6.

Controller 1 - Bcrtomorarenbubiii kKouTpossep 1. CranmaprHoe 3Hadenne — 1.
Controller 2 - Bcriomorare ibHbI KoHTpOJLIEp 2. CrangapTHOE 3HaYeHnEe — 2.

Temperature - KonTposiep Tepmocrara. CraHgapTHOE 3HaYeHUE — 3.

e DSP Timing - onopuble wacToTsl curaaabaoro nporeccopa, L{AITos u AIIII.

DSP Freq., MHz - TakTOBast 94acTOTa CUI'HAJBHOI'O IIPOIECCOPA, PABHA YIBOEHHO YacToTe
3aJaI0IIero Keapiesoro reaeparopa. CranmaprHoe 3Hadenne — 32.768 MI .

DAC Clock, MHz - takroBast uacrora I1AlTos. Crangapruoe 3uadenue — 4.096 MI'.
ADC Clock, MHz - takroBas yacrora AIIIl. Crannaprroe 3uadenue — 1.024 M.
Timer - 9yacTOTHI IPepbIBaHUS TafiMepa CUTHAJIBLHOTO MPOIECCOPA.

* Resolution, pus - paspeinenue (dacrora HpepbiBaHus KpaTHa paspemenuio). Cran-
JapTHOe 3Ha4deHue — 5.5542 pc.
x Freq., KHz - yacrora npepoiBanus. Crangapraoe suaderne — 60.0147 KI'm.

ADC Read Freq., KHz - gacrora onudposku curnasia AIIIl. PaccunreiBaercs aBroma-
TUYECKU.

Feedback DAC Update Freq., KHz - wacrora obHOBjeHusI cuUrHAJa OOPATHOW CBS3M.
PaccunThiBaeTcsi aBTOMATHIECKH.

Max. DAC Update Freq, KHz - makcumanbHast qacrora obnoBiaenus: 3naderuit [TATI.
PaccunTbiBaercst aBTOMATHIECKH.

e Stepper - HacTpOWKa KOHTPOJLJIEPa IArOBOrO ABUTATENsA. KOHTPOJUIED MIATOBOTO JIBUTATEJIS
COBMEIIEH C KOMMYTAaTOpPOM BXOAHBIX KaHaaoB AIIII, mosromy dacTh ero HACTPOEK OTHOCHTCS
K KOMMYTaTopy.



IIpunoxenne C. Onucanne KaauOpPOBOYHBIX KOHCTAHT 129

— Step Size, nm - pazmep oxmoro mrara. Crangapraoe 3naderue — 20 HM.

— Speed, nm/s - CKOPOCTH IIEPEMEIIECHNS, 3ABUCUT OT BEJUUUHBI Iara, OrPAHIYIEHA CBEPXY
amnmapaTHbIMU BO3MOXKHOCTSAMHU KOHTPOJIJIIEPA, TAK YTO HAUYMHAA C HEKOTOPBIX CKOPOCTELt
KOHTPOJIJIEp HAYUHAET IPOIYCKATDH IMArW, W YCTAHOBJEHHAS 3/16Ch CKOPOCTH MOXKET He
COOTBETCTBOBATH JeiicTBuTebHON. CransapTHOe 3HaYeHne — 1630.84 um/c.

— "Forward"Value - 3nauenue 6ura HapaBjeHust J1jis TOABOAa obpasna. CTangapTHoe 3Ha-
qenne — 0.

— "Backward"Value - 3nagenue 6ura HarmpaBjienus /st 0TBo1a obpasia. CrangapTHOe 3Ha-
qenne — 1.

— "Power On/Off"Feature - Ha HEKOTOPBIX MOJEJSX KOHTPOJLIEPOB €CTh OTIEIbHbIH OUT
JJIs BKJIIOYEHUsI U BBIKJIIOYEHUS MUTAHUS [IATOBOTO JIBUTATEJIS, TOT IIAPAMETD 3a/1aeT
Hasiane 1ot Bo3amoxkuoctu. CramjmapTHoe 3Hadenne — Disabled.

— Power - mapameTps! yrpaBiieHusi TUTAHAEM.

x "On"Value - 3Hauenne 6ura nuranus s cocTosguus " Bkaodeno".

x "Off"Value - snadenune 6ura muranus s cocTosHus "Bouikiodeno".
— Bits - coorBeTcTBHE OUTOB KOHTPOJLIEPA OTHEILHBIM (DYHKITHSM.

* Direction - 6uT HapaBJIEHUS JIBUKEHUSI.

* Step - 6ur mara. Bpaimenue maroBoro JBuUraTeis BBIMOJJIHAETCS ITyTEM ILYIbCAIN
COCTOSAHUS OUTA.

* Power - obuT nuraHust.
* Channels - 6uTbl ynpaBjeHust KaHAJIaAMA KOMMYTaTOPA.

ADC 1 (Feedback) - kommyrarop AIITI 1. Homep KaHaja 3a7a€TCs IMCIIOM OT
0 /10 3, 9TO B JBOMYHOM IIPEJICTABJICHUN BBITJISIIUT KaK J[Ba ONTa WH(MOPMAIIIH.
Hywmepanus 6uros 3a1aer orobpazkeHue GuToB 3T0ro Yuciia (M mnii-HyieBoii )
Ha 6uThl kKouTposutepa. AIIIl 1 ucmonb3yercs st OnMudPOBKY CUTHAJIA OITHOKH
0OpaTHOM CBSI3MU.

ADC 2 (Friction etc.) - kommyTarop AIIIT 2. Homep kKaHasa 3a/1a€TCS IUCIOM
or 0 /10 7, 9TO B JIBOUYHOM IIPEJICTABJIEHUN BBITJISIUT KaK 3 6ura nHMOPMAIIWH.
ATIIT 2 ucnosb3yercst jyist ONUMPOBKU TPOU3BOJIBLHBIX CUTHAJIOB.

e Landing - mapamMeTrpbl orepamyu moIBoja obpasIa.

— It, % - BenMuUMHA TYHHEJLHOrO TOKA, B IPOIEHTaX OT ONOPHOTO 3HAYEHHs, IPU KOTO-
Ppoii TIOBOJ, OYIeT OCTAHOBJIEH. DTOT MAPAMETD BBEJEH JJIs TOrO, YTOOBI IIPU MOIBOJIE B
pexxnme CTM ne nospeauts urity. Crangapraoe suadenne — 30%.

— Speed, nm/s - ckopoctb nogsoga. Crangapruoe suadenue — 401.168 um/c.

— Max. Length, nm - makcumabHas qauHa moasoga. Eciu obpazer ObLT OJBEICH HA 3Ty
BEJIMYMHY, 8 KOHTAaKTa C [MOBEPXHOCTHIO TaK W HE MPOU3OIIIO, TO IOJBOJ OyJeT ocTa-
HOBJIEH, U KJIMEHTCKAas IporpaMMa moTpedyer BMeImaTeIbcTBa oneparopa. CranmapTHoe
snadgenne — 200 pm.

— Update Precision, nm - gacToTa, ¢ KOTOPO HO3UIMSA CTOJIUKA OOHOBJISETCS HA CTOPOHE
rummenTa. Crangapraoe 3uadenne — 200 HM.

— Draw Back on Every Step - Bkiitouenue pexkuma "0cTOpo2KHOIoO" 11o/18ojia. B aToM pexu-
Me Tepej KaXKJIbIM IMaroM CTOJIMK BBIIBUTAETCH THE30KEPAMUKON BIIEPE /10 OTKA3a, W
TOJIBKO €CJIU He OBLJI0 KOHTAKTA C IIOBEPXHOCTHIO, JIEJIACTCH OIUH MJIA HECKOJIHKO IIAaroB.
Ecn »ke KOHTAKT TPOU30IIIES, TO MMOIBOJI, CINTAETCS 3aBEPIIEHHDBIM.
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Drawback - onmun pe:kuma "0CTOPOKHOTO" TIOABOIA.

* Speed, nm/s - CKOPOCTH MIEPEMEIIEHNUsI CTOJNKA TThe30KEPAMUKOI.

* Precision, nm - TOYHOCTb II€pEMEINEHNs CTOJHMKA IILE30KEPAMUKON (pa3Mmep Imara
[IbE30KEPAMUKHN ).

x Step Length, nm - jyinHa nepemernenns: CTOJIMKA MATOBBIM JIBUTATEJIEM.

e Temperature - mapaMerpsl KaJIMOPOBKHM TEPMOCTATA.

Path - nyrs k daiiny kamubposku tepmocrarta. Popmar daitsa 1mogpoOHO ONUCaH B
npunoxkenun D.

Calibration Data - comep:kumoe daiiyia KaauOpOBKH.

e Auxiliary Port - BkJIIOUeHHE TOMOHUTESHLHOTO KaHAJA JIAHHBIX, HoJaydaeMbix gepes COM-
mopt. Ecsim Briiouena sra GyHKIWS, TO B CIINCKE BO3MOXKHBIX KAHAJIOB ITOSIBUTCSI €Il OJIUH,
¢ HazBanueMm Auxiliary.

e AUX - mapamerpsr COM-mopra

Initialization File - myTs x daitny naummaanzamun. Popmat daiina onucan B MpUIoKe-
uun E

Data Units - equuniibpl n3MepeHust JaHHBIX.

Max. Data - MakcuMajbHOe 3HAUEHHEe JAHHBIX (MCIIOJIb3yeTCs JIs IPeoOpa3oBaHus B
BLIODAHHBIE €JIUHUIBI).

COM Port Number - Homep COM-mopra.

Configure - Bb130B jquasora kordurypamnuun COM-mopra.

e Network - cereBble HaCTPONKH.

Listen ip - augpec TCP/IP, na KoTropoM cepBep 0:KHIAeT BXOJSIIIE IIOIKJIOUCHNs KJIIH-
eHTOB. MOXKHO BBIOpATh OJIMH U3 aJIpeCcOB, IPUCBOEHHBIX KOMIIBIOTEPY, JTUOO BCE ajpeca
cpaay.

Listen port - nopr TCP/IP, k koropoMy nojxiiiouaiorcs Kinentbl. CranjapTHoe 3HA-
qenne — 25000. Ilpu cmene 3HaveHus TOPTA HEOOXOAUMO MOMEHSITDH MOPT B KJIMEHTCKOM
IPOrPaMMHOM ODECIIeYEHN .

Max. Users - MakCHMaJIbHOE KOJUIECTBO OJIHOBPEMEHHO ITOIK/IIOYEHHBIX [T0JIb30BATEIEN.
CranaprHoe 3Hauenue — 20 1oJib30BaTeIeli.

Buffer Size, Kb - pasmep 0ydepa ormpasiasembix mganubix. [Ipu 3anmosnenun Oydepa
HOBBIE JIAHHBIE CKAHUPOBAHUS OY/LYT TEPATHCS, EPEIABATHCS OYILYT TOJBKO CJIyKeOHBIE
coobmienust. Crangapraoe 3uadenue — 1 M6.

Max. Buffer Size, Kb - makcumasbubIil pasmep Oydepa ormnpasisieMbrx coobrnennii. [Tpu
npeBbIeHnn pa3Mepa 6ydepa kiment 6y et orcoeannen. Crangapraoe 3uadenue — 1280
Ko.

Max. Idle Timeout, min - MakCUMAJIBHBII TEPUO BPEMEHHU, B TE€YEHUU KOTOPOT'O KJIM-
€HT, TOJCOEINHEHHbBI B PE2KUMe YIIPABIECHUS MUKPOCKOIIOM, MOXKeT ~"MoJraars’. Eciu B
TeYEeHUN STOrO NEPHUOJA KJIMEHT He IPOU3BeJI HUKAKUX JeHCTBU, OH Oy/IeT OTKJIIOYEH OT
yIIpaBJIEHUsT MUKPOCKOIIOM, W TIepelijileT B PeXKUM HaOJro/ieHns. SHadeHne ) COOTBETCTBY-
eT GeckoHeIHOMY Iepruojy MosrdaHust. CtannaprHoe 3HadeHne — 1440 mun. (24 gaca).
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— Max. Authentication Timeout, sec - BpeMsi, B Te4eHNN KOTOPOI'O MOIKIIOYAIOIIMIACS K-
er JoJKeH ayTeHTudunupoBarbes. [lo mcTedennn 3Toro BpeMeHHU KJIMEHT OyaeT aBTo-
MATHIECKHU OTKJIIOUEH. DTOT MapaMeTp BBEJEH i npemoTBpaiierns DoS atak. CraH-
IJaprHoe 3HadeHue — 180 c. (3 Mum.).

e HTTP Server - Briniouenue Bcrpoennoro HTTP cepBepa. Dra omnmust 3amyckaer BUPTYaJIbHBIN
HTTP ceprep, HA KOTOPBIH OYIYT BBIKJIAILIBATHCS CKAHUPYeMble n300parkeHus B dhopmaTe
JPEG ¢ umenamu image(.jpeg u imagel.jpeg, u CIIMCKU TEKYIUX [IapaMeTpPoB C MMeHaMU
image0.txt n imagel.txt.

e HTTP - mapamerpsr HT'TP cepsepa.

Listen ip - agpec TCP/IP, Ha KOTOPOM CepBEp OKUIAET BXOJSIIUE MOIKIIIOUCHUS.

Listen port - mopt BeG-ceppepa. CrangaprHoe 3Hadenne — 80.

— Max. Users - MakcuMaJjibHOE KOJIUIECTBO OJIHOBPEMEHHO IOJIKJ/IIOUYEeHHbIX KaueHToB. CraH-
naptHoe 3Hadenue — 10.

Refresh Timeout, sec - nepuoj 0O0HOBJIeHNsT M300parKEeHUI U CIIUCKOB napameTpoB. CraH-
naptHoe 3HadeHnue — 60 c.

e Video Capture - Briouenune Bugeo3axsarta. CepBep MOXKET TEPUOINIECKN 3aXBATHIBATH U300-
paskeHre ¢ BHJICOKAMEPDI, TIOJIKJIIOUECHHON K OJIOKY yIIPaBJICHUs, U I€PEIaBaATh €ro KJINEHTaM.
Taxk ke OH MOXKeT COXPaHsITh M300parKeHne Ha JIOKAJIBHOM JIUCKE.

e Video - mapaMeTpbl BHACO3aXBaTA.

— Camera - BBIOOp KaMepBhl.

— Configure - koudwuryparus KaMepbl.

Period, sec - nepuosn 3axsara. Cranmapraoe 3Hadenne — 30 cex.
— Save to File - Britogaer coxpanenune B daiir.

— File path - nyTs x daitry.

Publish to WWW - ny6iukanus n3o0pakenus Ha BCTPOEHHOM BeO-cepsepe (ommums J0-
CTYIIHA TOJBKO €CJIA CEPBEP BKJIIOYEH).

— WWW file name - ums pecypca, KOTOpPbIit OyIeT HoCTyleH Ha BeO-cepBepe.

e PIC USB controller - BkjtoueHue JIONOJHATEIHFHOIO KOHTPOJLIEPA HA Da3e MUKPOIIPOIIECCOPA

PIC16C765.

e PIC16C765 - mapameTpbl KOHTPOJLIEPA.

— CLSID - cucreMmHbIil nieHTU(DUKAIMOHHBIII HOMED YCTPOCTBA.

— Device number - nopsiikoBblii HoMep ycrpoiicrsa (Hauuuaercs ¢ 0) — i1 BBIGOpa yeTpoii-
CTBa B CJIy4ae, eCJIN MOJKJOYEHO HECKOJIBKO yCTPOMCTB.

e Alarm action - BkJIIOYeHHE TaiimMepa JJIs 3aIlyCKa MPOU3BOJILHOIO JEHCTBUsA. DTa (DyHKIHS
MTO3BOJISIET OJIMH Pa3 WU HMEPUOJNIECKN BBITOJHITH IPOU3BOJILHOE JIEHICTBUE IIyTEM BBI30BA
dbyuxmn B 3a1aBaeMoit nosb3osarenem oudanoreke (DLL).

e Alarm - macrpoiika TaiimMepa u JefCTBUA.

— Type - Tum coObITHS - OIMHOYHOE WJIU TIEPUOIUTIECKOE.
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— Start date - aTa u BpeMsi IepBOTO 3aIlyCKa, JIeHCTBUS.

* Year - rog.

* Month - mecsi.
* Day - neHb.

* Hour - wac.

* Min - MumyTa.

* Sec - CeKyHJIA.
— Period - mepuoanvHOCTH TOBTOPA JI€HCTBUS.
Days - nan.
Hours - wacsr.

*
*
* Minutes - MUHYTHI.
*

Seconds - CeKyH/IBI.

e Watchdog - BkioueHHe cTOpOKeBOro TaiiMepa (paboraer TOJIBKO Ha GJIOKAX YIPABJIEHHs CO
BCTpOeHHBbIMHU TuTaTaMu). [Ipu 3aBucanun cepsepa (ecau OH He ¢OPOCHT TaiiMep 3a yCTAHOB-
JICHHHOE BpEeMsl 3aJI€PKKM) OJIOK yIIpaB/IeHus OyJIeT Iepe3arpyskeH.



IIpnnoxkenue D

dOopmat (aiiia JaHHbIX
KaJINOPOBOYHOII KPNBOIi CTOJINKA C
KOHTPOJIMPYEMOM TeMIIepaTypoil
obOpasmna

@aitn 3anucaH B TEKCTOBOM (POpMATE W COCTOUT m3 OmHON cekruu. CeKIus HaYMHAETCSI 3aro-
JIOBKOM

[datal

U TIPOJIOJIZKAETCsI 10 KOHITa (haitta. B cekium comepKuTcst HECKOJIBKO 3anmnceil. 3anmuch nveer Gpop-
MaT

<HanpsixeHHne>=<TeMIIepaTypa>;

<HamIpsXeHWe> U <TeMIepaTypa> - BEIIeCTBEHHbIE YNC/Ia B CTAHIAPTHOM HAyIHOM (OpMATe, C
TOYKOIi (.) B KaYeCcTBe JEeCATUIHOIO Pa3IeJInTelsl.
Hixe npusesien npumep dailyia HHAUATIIIAIIN.

[temperature]
-3.00=27.5;

-2.67=28.
-2.33=29.
-2.00=31.
-1.67=33.
-1.33=36.
-1.00=37.
-0.67=39.
-0.33=42.
0.00=42.5
0.33=45.0
0.67=47.5;
1 0
1 0
3 0

e we we

we

we

O O O O U1 o © O

wo

.00=49.
.33=50.
.00=60.
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POopmMmat daiijia HHUIAAJIN3AIAN

COM-niopra

@Daijt 3anmcan B TEKCTOBOM (POPMATE M COCTOUT M3 HECKOJBKUX cekiuit. [lopsimok ciaemoBammst
CeKIMiI He MMeeT 3HavueHnsd. Kaxkaas CeKInsl HAIMHAETCS 3ar0JIOBKOM BHIA

[<uMa_cexmun>]

7 TIPOJIOJIZKAETCS IO HadaJIa, CJIeIYIONel CeKITNN W KOHIa daiiia. B KaxkIoit ceKImun comepsKuTCst
HECKOJIbKO 3ammceil. 3anuck umeer (popMar

<pMd_3anucu>=<3HadeHUue>;

B daiisie nosKHBL OBITH OIIUCAHBI CJIELYIONIMe CeKIMu: init, sample, var, var.scale (He obs-
3aTesIbHO) , var.display (He 06s3aTesIbHO).

B cekiun var omnwmceiBaroTcs nepemMeHHble. VMeHa IepeMeHHBIX MOTYT IOJCTABJISTBCS CO 3HAa-
koM $ B 3Hadenus 3ammceil. B ToM cilydae, ecim CyInecTByeT CeKIUs var.scale, B 3TOH CeKIUU
MOTYT OBITH 3aJIaHbI MACIITAOHBIE KOIMDMUIMEHTHI /i MPpeoOpa30BaHNs 3HAYEHUN MEPEMEHHBIX B
BeIECTBEHHbIE YUCIa. 10rja B OKHE IapaMeTPOB KJIMEHTCKOI'O IMIPOrPAMMHOTO obecredeHus OyIyT
TIOSTBJIATHCST 3HAYUEHUS, YMHOYKEHHDbIE HA MAacIITabHble KOIMDDUIMIHTEI. Ecan CyImecTByeT CeKITus
var.display, B Heil MOIYT 3a/1aBaThCd aJbT€PHATHBHbIE HA3BAHUS II€PEMEHHBIX, OoJiee yI00HbBIE
JITsT TI0JTh30BATEJIS.

B cekrum init JOIKHBI COIEPKATHCS CJICAYIONINE 3aIUCH:

e RdInterval - MAKCUMAJIbLHBIA UHTEPBAJ (B MUJINCEKYHIAX) MEXKIY JABYMS IIOC/IEIbIBATE b
HBIMU CUMBOJIAMU, CHUTBIBAEMBIMH C IIOPTA.

e RdTotMult - MakCHUMaJbHOE BpeMdA CUUTBIBAHUSA OJHOT'O CUMBOJIA.

e RdTotConst - TOCTOSTHHAS CINTHIBAHUS; CIUTHIBAHUE C TTIOPTa CTPOKU B N CHMBOJIOB ITpEpHIBa-
€TCS TI0 TaliM-ay Ty, €CJIA BpeMs CUNTHIBAHASA CTPOKH IIPEBBIMAeT 3Hadenne, pasaoe N¥*RdTotMult+RdTot
JInbO MHTEPBAJI MEXKJY IIPHUXOJIOM JIBYX IIOCJIEI0OBATEIbHBIX CHMBOJIOB IIPEBLINIAET 3HAUEHUE
RdInterval.

e WrTotMult - MakCUMaJIbHOE BpeMd 3allUCU OJHOI'O CUMBOJIA.

e WrTotConst - mocTOgHHAST 3AIIUCH.
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e Speed - dopmyiia, 3a1a0M1as MAKCUMAIbHYIO CKOPOCTb cHsTHs JaHHbIX (B [epriax). B dop-
MyJie MOTYyT OBITH HCIIOJIb30BAHBI IIEPEMEHHBIE, BEIECTBEHHDbIE YUC/Ia, Olepalun + - * / u
ckobku ( ). Ouepanuu yMHOXKEHUsI U JeJIEHUs] UMEIOT IPUOPUTET HAJI ONEPAIMAME CJIOYKe-
HUSI M BBIYUTAHUSI.

e init - CTpPOKa MHUNUAIA3ALUNA YCTPOMCTBA; CTPOKA COCTOUT U3 YMUCJIOBBLIX 3HAYCHUH, 3alep-
KeK U escape-(QyHKIUH, Pa3IeJeHHbIX 3alAThBIMA. 1UCIOBbIE 3HAYEHUs] TPEICTABIIAIOTCH B
necaruguoM (Hampumep 123), mecrHajanarepudnoM (Hanpumep 0xal) WM BOCHMEPUYHOM
(0175) Bume. Kaxkmoe 4mciioBoe 3HaueHUHE COOTBETCTBYET OJHOMY OaiiTy HOCHUIAEMOl HH-
dopmarun. 3ajieprKKa 3alMCHIBACTCS B BHJe !<BpeMsa B MUILINCEKyHAax>, Hampumep !500.
Escape-dyHKIus - 0HO U3 CIEAYIONMX 3HATCHUI:

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

— CLRBREAK
e init_read - ymciio GaiiT, KOTOPhIE HY?KHO CUYATATH ITOCJIE MTOCBLJIKUA CTPOKM init
B cexmun sample JTOKHBI COJIEPIKATHCS CJIETYIONTIE 3AITHCH:

e init - CTPpOKa HWHUIUAJIN3AIUN CHUTbIBAHUA OJHOI'O 3HAYCHMA. CTpOKa COCTOUT TOJIBKO U3
YUCJIOBBIX ?)Ha‘ﬂIGHI/II;'I7 Pa3d€JICHHbIX 3allsITbIMU.

e init_read - 4ymcyio GaiiT, KOTOPBIE HYKHO CUATATH ITOC/IE TMOCBIJIKA CTPOKX init.
e lobyte - CcTpOKA MHUIMAIM3AINNN CINTHIBAHNUS HIXKHErO OafiTa 3HATEHUSI.
e lobyte_read - uncio 6aiiT, KOTOpbIEe HY?KHO CIUTATDb IIOCJE MOCHIIKA CTPOKHU lobyte.

e lobyte_offset - cMmerieHne K HUKHEMY OallTy B CUMTAHHONW CTPOKE, MOXKET OBITH OTPHIIA-
TEJIbHBIM.

e hibyte - cTpoKa MHUIMAIM3AINN CUATHIBAHUS BEPXHEro OaiiTa 3HAYMEHUS.
e hibyte_read - uucio 6aiiT, KOTOpbIEe HY?KHO CIUTATDH IOCJE MOCHUIKKA CTPOKHU hibyte.

e hibyte_offset - cMmemenue K BepxHeMy OaifiTy B CUMTAHHOI CTPOKE, MOYXKET OBITH OTPHIIA-
TEJIbHBIM.

Ob61menne ¢ TOPTOM TPOUCXOIUT CJIELYIONMTUM 00Pa30M:

e IIpu 3arpyske DSP, eciu BKIIIOYEH JONOJHUTEIbHDIH KaHaa AaHHBIX (?77), HPOMCXOIUT 1O-
couika B BeIOpanubiit COM-mopT crpokn [init]init u cunreBaercsa [init]init_read Gaiir.
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e B kaxmoii Touke m300pakeHWs B IOPT IMOCHLIAETCS CTPOKa [samplelinit m cumThIBaeTCH
[samplelinit_read OGaiit. Ilocie ux cuumTbiBaHus MOChLIaETCs CTpOKa [sample]lobyte u
cunrbiBaeTcsa [sample]lobyte_read 6aiiT. 3aTeM aHAIOIMIHBIM 0OPA30M IIOCHIIAETCS CTPOKA,
[sample]hibyte u cunrbiBaercs [samplelhibyte_read Gaiit. VI3 cYuTaHHBIX JAHHBIX JIJIN-
Hoit [samplelinit_read + [sample]lobyte_read+ [sample]hibyte_read Gepyrcs jiBa Oaii-
Ta co cMmemieHusgMu [samplelinit_read + [sample]lobyte_offset u [sample]init_read
+ [sample]lobyte_read + [sample]lhibyte_offset, u3 koTtopsix dopmupyercs 16-OuTHBII
pe3yJIbTaT

Huxe npusenen npumep daiiia nHAITHATA3AIH.

[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,0xfc;
init_read=6;

[sample]

hibyte=0xab;

hibyte_offset=0;

hibyte_read=1;
init=0x30,$C_DvdReg,0x1lc,$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 >> 8;
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;

Ud(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;



IIpnnoxenue F

IlapameTpsbl 3-X MepHBIX
300parKeHnii

[Ipu BBIBOZIE 3-X MepHBIX n300pazkeHuii ncnosb3yorcs dyarnun 6udbmmorek OpenGL. Tlosromy
napaMeTpbl TPeXMEPHbIX u306pazkenuii (puc. F.1) orpaKaiT mapaMerpbl, UCIOIb3yeMbIE B yPaB-
uenuu ocsemennocty (lighting equation), ucnonbzyemom srumu 6ubsmorekamu. Boiryisur oHo cie-
JyIONuM 00pa3oM:

n
L=1M+RY 15+ (RY 15 + RY -1 - (N-Np) +RY - 15 - (Nv -Np,)®
i=1

hIM

)

31ech

I¥ - NnrencusnocTs mamydenns martepuata (Mat. Emission).

RA! - orpazkaiomas criocobnocTh MaTepuadia jyisa paccegnnoro csera (Mat. Color).

R% - OoTpaKalolas CrocobHOCTh MaTepuasia i Harpasenuoro csera (Mat. Color).

R?f - OoTpaKalolas CrocobHOCTh MaTepuasa i orpaxKkaemoro csera (Mat. Specular)
e [ - NHTEHCHBHOCTL COBCTBEHHOI OCBeIIeHHOCTH TIpocTpancTBa (Scene Ambient)

® 1 - YNCJIO UCTOYHUKOB CBeTa (B HAIeM ciydae - 1, ecJim OCBellleHHe BKIOUeHO, n 0, ecun
BBIKJIIOUEHO, 3a1aeTcd KoMamaoi Menio Buy/ Tlogcserka)

MapaMeTpbl =
Owee | lkana | Aon. =nemerrel | OkAo nposk | L 40F
W s00paikeHHe NOBEpAHOCTH llEeroEan KapTa "
TUn HANOKE... | K anan |+ | KaHan Height |+
Moaceetka
CEETUMOCTE MaTepHana )
PaceT-2 o WoTOHMEAS U

[ Ok ][ OTreHa ][Sarpgatma] [EDKDGHMTb][ ETaHELapT]

Puc. F.1. [TapameTpsl TpexMepHBIX N300parKeHUi
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o It - ymrencusnocts paccesmmoro csera (Light Ambient)

L. . .
e [ - nATeHCHBHOCTH HampasienHoro csera (Light Diffuse)

I 5L~ - MHTEHCUBHOCTH oTpazkaemoro csera (Light Specular)

e N - BeKTOp HOPMAJIH K TIOBEPXHOCTH

e N[. - BeKTOp HaIpaB/IeHHs U3 TOYKH TOBEPXHOCTH HA MCTOYHUK CBETA
e Ny - BEKTOD HAIIPABJICHUs M3 TOYKM HOBEPXHOCTH Ha HAOJIIOIATEs

e ShM _ cgerumocts matepuasa (Material Shininess)

B mamtem ciryuae ucrosbayercs Mojienb, B koropoit R = RM | u stor mapamerp maspisaercst Llser
MarepuaJia. Eciu Ha 3akiajgke O6riee ormeuen ¢uiar OHOIBETHAs, TO I[BET Marepuaja OyJer
6parbces ¢ 3akyaaku [{Ber MmaTepuasia, B IPOTUBHOM CJIydae - U3 TeKyIeil MaJuTpbl B COOTBETCTBUU
C BBICOTOM TOYKHU.

R, G u B cocrasasioniue Kaxkm0ro mapaMerpa MOXKHO 3aJaTh KaK C HOMOIIBIO JINHEEK IIPO-
KPYTKH, TaK U C [MOMOIIBIO JIHAJIOTa BBIOOPA IIBETA. DTOT JUAJIOT TOSBJISETCS TPU HAYKATUU JIEBOM
KHOIIKOI MBIIIIY Ha I[BETHOM KBaJ[paTe, PACIIOJIOKEHHOM B IIPABOil YACTH COOTBETCTBYIOIIEN 3aKIIaI-
KU.

Tekymue HACTPONRKN MOXKHO COXpaHUTH B (aiin ¢ pacmupenueM .3dopt, cauTars U3 HEro, Uan
BOCCTAHOBUTH 3HAYEHUSI TI0 YMOJTIAHUIO.



ITpunoxenne G

Ilapamerpnl nmepoxoBaTocTu
IIOBEPXHOCTU

[MTepoxoBaToCTh TOBEPXHOCTH — COBOKYITHOCTH HEPOBHOCTEH TIOBEPXHOCTH C OTHOCUTEIHHO MAJIbI-
MM IIIATaMU, BBIJIEJIEHHAS, HAIIPIMED, C MOMOIIBI0 0a30B0it TUHUHN Wl YacTh miockoctu. OIeHnBATh
epoXOBaTOCTh MoBepxHOCTH B IIporpamme PemtoCkan OHnaiiH MOXKHO KaK JIJIsl TIOBEPXHOCTH, TAK
U /It KOHKPETHOTO BBIJIEJIEHHOTO TPOMUIIS BJIOJIb 33/IAHHOTO OTpe3Ka. B mepBoM ciiydae KOMaH/a
BbI3bIBaeTcsa B MeHI0 Maremaruka, AHaIU3 mepoxoBaTocTH . Jjig TOro 94To0bl BBIBECTH PE3Y/IbTa-
THI JJIsi TPOMUJIS TOBEPXHOCTHU BOJIb BBIIEJEHHOIO OTPE3Ka, HEOOXOMMMO BbIOPATh OTPE30K, Jlajiee
Kpusas/ Aunanus mepoxosaroctu . Jjisi IOBEPXHOCTH B LEJIOM OYJyT BBIBEIEHDI CJIECILYIONIUE I1a-
pamerpsl : Rq, Rimas, Rsk,Rg, Riw(cnM. Tabmumy G.1) g npodusst BOOIbL OTpe3Ka KPOMe ITHX
apaMeTpoB TakKzKe Oy/yT TIPUCYTCTBOBaTh: R, Sy, Sk, Smi(em. Tabmumny G.2).

Hanpumep, cHumok moBepxHocTn MoHeTKH (cM. puc G.1) u BBIJeIeHHass Kpubas Ha Heil (ee
upoduis) (em. puc G.2).

Ra Rmaz Rq Rsk: Rku
1.69am | 17.1aMm | 2.19aMm | 0.614uMm | 3.76uM

Tabauna G.1. [TapameTpsl M1epoXoBATOCTH [Jisl TOBEPXHOCTH.

Ra Rmaa: Rz Rq Rsk Rku S’m Smh Sml
1.2aM | 8.41aMm | 3.89uM | 1.56aM | 1.1am | 4.71uam | 501aMm | 217aM | 292HM

Tabmua G.2. ITapaMeTpsl 1epoXoBATOCTHU JJIsT TPOQUIIS.

Teneps Gostee TOAPOOHO 06 FTUX TAPAMETPAX.

G.1 R, cpeaHsisg HIEpOXOBATOCTb.

DTOT HapaMeTp OIPE/JIEISeTCs KaK cpe/iHee apudMeTHIecKoe OTKJIOHEHHE TPOMUIs OT cpeHei
HAKJIOHHOM IPsIMOii ujin 11ocKocT (cpefueil iuaun npoduist,cpeaeil mIOCKOCTH ), IIPOBEJIEHHOMN
METOJIOM HAUMEHbBINX KBaApaToB. OH ONpee/isieTcss KaK IO /b OTKJIOHEHUs TPOMUIIST IIIePOX0-
BATOCTU OTHOCHTEIBHO CPeJIHeli MOl (IJIOCKOCTH) JIeJIeHHON Ha ODILyI0 JJIMHY 6a30BOM JIMHKY,
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nm I

14

2800

2100

1400

700

1] 800 1600 2700 3600 nm

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

Puc. G.1. IIpumep noBepxHOCTH 1 BLIOOD HIPSIMOI Ha HEM.

700 0 700 1400 2100 " nm
d¥: 1320 nm d¥: -1.264 nm

Puc. G.2. IIpoduib, Beibpanusiii Ha G.1.
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U YUCJIEHHO paBeH MHTerpaJIy:
L

1
R, = Z/|r(x)\dx
0
JUUTsL TACKPETHOTO CILyast

1 N
R, = N;‘Tﬂ

Amnajyiornuno jiyist nosepxuoctu. Ho R, He gaeT MoJHONW KApTUHBI TPOMUIIS IEPOXOBATOCTH ITOBEPX-
HOCTH, BeJlb MHOTHE MTOBEPXHOCTH MOIYT MMETh OJMHAKOBYIO CPEHIOI0 IIEPOXOBATOCTh, HO COBEP-
MIEHHO PA3JInIHYI0 (POpMY.

G.2 R, cpenHekBaJpaTU4Hasl II€POXOBATOCTb.

CpeiHeKBaIpaTUIHAs MIEPOXOBATOCTh BBIUUCIISIETCS Uepe3 JpyTroil nHTerpas:

U XapaKTepU3yeT CPEIHEKBAIPATUIHOE OTKIOHEHNE TTPOMUIIS IIOBEPXHOCTA OTHOCUTEIHLHO 0a30BOit
JIMHUN. Rq nMeeT 3Ha4YeHre B IIpPUMEHEHUU K OIITHUKE, I'JIe OT 3TOro napaMeTpa 3aBUCAT OIITUYECKUe
CBOHCTBa IIOBEPXHOCTU.
G.3 R, HanboJIbIIIasi BbICOTA IIPOUIIH.

R0~ PACCTOSIHIE MEXK Ty JIMHUEH BBICTYIIOB U JIMHUEH BIAJIUH, T.€. HANOOJILIINM ITUKOM U HAU-

GosbIrieil BriaquHON Ha 6a30B0i JUHUHN (TTIOCKOCTH).

G.4 R, BpicoTa HepoBHOcTeil mpoduisa nmo 10 Toukam

1 N
RZ - N Z(anaw + anzn)

n=1
Rymaz m = 1...5 Oa9Thb BBICOT HAMOOJBINMNX TMUKOB, Rymin M = 1...5 IITh BBICOT HAMOOJIBIIIX
BITA/IMH.

G.5 S5, cpenuuii mepuo.

[Tepuosom cumTaeTcst y4acToK MpOMuUIisi, IepeceKInuii CPeIHION JIMHUI CHIU3Y BBEPX JBa pa3a.
Ecmu S; mupuna Kaxk10oro mepuojia, To

1 N
Sm = N ;(Sn)
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Puc. G.3. Berauciienue cpegnero nepuoia 1o MUKaM U BIAJUHAM.

G.6 S, Sy cpeaHue mepuobl IO MUKAM M BIIAAWHAM.

Paccrostaue mexk 1y BIaJuHAMU OIpEJIEISeTCs KaK JJINHA yIACTKa 0a30BOM JIMHUH, B KOTOPOM
IpouJIb TIOBEPXHOCTH IIEPECEKAET CPETHION0 JIMHUIO CHI3Y BBEPX M BEPHYJICH 0bpaTHo. Paccrosnue
MEXK/Iy IIMKAMU OIPEIeIAeTCs KaK JJINHA yIacTKa 6a30B0il JIMHAN, B KOTOPOM IIPOMUIH TOBEPXHO-
CTH IlepeceKaeT CPEeIHION JIMHUIO CBePXy BHU3 U BepHyJicst o6paTHO (cM. puc G.3). Cpextue nepuozpt
10 BIAJUHAM Sy, U MUKAMS,, ), TOJIYyYaeTcs IyTeM YCPeIHEHUs STUX BEJIUYINH.

N
1
Smh =N Z Shn
n=1

G.7 R, mapamMeTrp aCUMMETPHH.

Oyukyst pacupejesneuss BeposTHOCTH. DyHKIMS PACHpPeIe/IeHusl BEPOSITHOCTH JAeT BEPOSIT-
HOCTH TOTO, 4TO IPOMUIL UMEET 3aJaHHYI0 BBICOTY Z. DYyHKIUSA pacupeneeHnsl UMeeT KOJOKO-
JI00Opa3Hyo (GopMy W IOKA3bIBaeT Kakoe "Koju4uecTBO'npoduiisi UMeeT ONpEeIeeHHY0 BBICOTY.
ITapamerp acummerpun onucbiBaer GhopMmy (DYHKIUU PaCHpeIe/ieHusl BEPOITHOCTH, TO €CTh CUM-
METPUIHOCTH pa3bpoca Tpoduiist OTHOCUTEIHHO CPeIHeN JIMHUN.

N
R b § 3d
sk — T X
NR3 n

q9 n=1
IIpoduns ¢ momokuTETBHBIM KOIMDDUINEHTOM aCUMMETPUAN, IMEET I€TKNE BHICOKNE TUKU, KOTOPhIE
BBIJIEJIAIOTCS OT cpenero. IloBepxHOCTH ¢ OTpUNIATEILHBIM KOIMDMUIIMEHTOM aCHMMETPHH (HopH—
CThbIE HOBerHOCTI/I) NMEIOT 9eTKue FJIy6OKI/Ie BIIaJIMHbI B IVIQJIKHUX I1JIaTO. B MeHee OYeBHIHBIX C.Hy—
qasgx R ~ 0. 3naueHus |Rsk| > 1.5 IIOKa3bIBAIOT TO, YTO IMOBEPXHOCTH MMEET HEIPOCTYIO (hOpMY
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Puc. G.4. [Ipumep npodmuiist ¢ y3KMMHM TUKAMU ¥ BIIAJMHAMU.

U TIPOCTBIE TAPAMETPHI, Takue Kak R,, BEPOATHO, HE MOTYT &/I€KBATHO XapaKTE€PU30BATH KAIECTBO
noBepxuocTr. Koapdurment acummerpun 6e3pa3MepeH.

G.8 Ry, Mepa 3Kcrecca

DTOT mapaMeTp XapaKTePU3yeT IINPUHY [MUKOB WM BIAJAWH, T.€. OTKJIOHEHNE THCTOTPAMMBI OT
rayccoBoit (popmbl. Ecim rucrorpamma nmeer rayccosy dopmy, To Ry, =3.

Eciun npoduiib 1oBepxHOCTH UMeeT BhITAHYThIe (y3Kue) nuku uam sruajuisl (cMm. puc G.4), To
Ry > 3 (em. Tabmuny G.3)

Ra Rmax Rz Rq Rsk Rku Sm Smh Sml
0.848 | 10.1 5.05 | 2.03 | —2.57e_gp17 | 6.07 | 0.112 | 0.0564 | 0.0559

Tabmuma G.3. [lapameTpsl m1epoxXoBATOCTH JIJIsT TPOMUIIST, UMEIOIIIe Y3KUEe TTUKU W BIIAIMHEI.

Ecyin ectb mupokue nuku wiu Buaguabl (cM. puc G.5), 10 Ri,, < 3 (cM. Tabuumy G.4)

Ra Rmam Rz Rq Rsk Rku Sm Smh Sml
3.2 1 10.6 6.16 | 3.95 | -0.00219 | 1.6 | 0.296 | 0.147 | 0.149

Tabmmma G.4. IlapamMerpsl mepoxoBaTOCTH M1 TPOMUIIS, UMEIOIIEro MUPOKNE TTUKU U BIIAIIMHEI.
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O = k)W M -] 0D

0.5 1 15 3
4 0.8467 4 -9.945

Puc. G.5. [Ipumep npoduiisi IMEOIIEro MUPOKE MUKW U BIIAIAHBI.
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