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CNnocob KOJIMYECTBEHHOIO OMNMPEAENEHUA YNCTOTbI OBPA3LIOB C
HEBUWOMMbIMA HEBOOPYXXEHHbLIM IMNA30M HYHACTULAMUK

ObnacTb TEXHUKK

Hacrosiuiee wusobpeTeHne OTHOCUTCA K CMocoBy OLEHKM U  KONMUYECTBEHHOTO

N3MEepPEHNS YNCTOTbl o6pasLa C UCNONb30BaHUEM INEKTPOHHOW MUKPOCKOMWN.

YpoBeHb TEXHUKN U pacKpbITUE N300peTeHus

PaspaboTtka n npoussoacTeO 6GuodapmaleBTUUECKMX NpenapaTtoB, Kak npasuno,
BKMoYaeT B cebsi HECKOMbKO 3TanoOB OYNCTKU, HA KOTOPbIX KNETOUYHbIE OCTaTKU, paspyLUeHHbIe
yacTuubl, gpyrve 3arpssHsaloLWme BewecTBa M knactepbl, U T. M. AOMXHblI 6biTe yaaneHbl Tak,
yTobbl KOHEYHbIN NPOAYKT codepxan Tonbko Tpebyemble nepBuYHbIe yacTuubl. Yuctota un
pacnpejeneHne npeacTaBRSOWMUX WHTEPEC MNEepBMYHbIX 4acTuy (TO €CTb Heé KnacTepHbIX
NepBUYHbIX YacTUL) B KOHEYHOM MpPOAYKTE BaXHbl ANA €ro kadectsa M 3PPEKTUBHOCTN.
CnepoBaTenbHO, KONMYECTBEHHOE OMNpeAeneHne YNCTOThbl UTPaeT BaXKHYIO POnb AN KOHEYHOro
NPoAYyKTa, a Takke B XOA4e HayamnbHbIX NpoueccoB paspaboTky n NponsBOACTBA, ANA OLIEHKM
3P PEKTUBHOCTU N BAUSHUS KaKAOro 3Tana OYUCTKU. OMNEKTPOHHAs MUKPOCKONUA SBMNSETCH
cnocoBom, ¢ NOMOLLbIO KOTOPOro HEBUAWNMbIE HEBOOPYXXEHHbIM FNa3oM Yactuubl MOryT ObiTb
oTOOpaxeHbl C paspelleHneM, JOCTATOYHbIM ANA uaeHTUdUKauMn MHTEPECyoWMX Yactuy
(NepBMYHBIX YacTul), a Takke Mycopa, 3arpsi3HsIILMX BELLECTB U KnacTtepos B obpasuye. Bo
MHOIMX MNpoLeccax BaXHO OBBEKTMBHOE KOMNMUYECTBEHHOE M3MepeHWe 4ucToTbl obpasya ¢
HEBUAUMBIMA HEBOOPYXEHHbIM T[Ma3oM 4acTuyamu, TakuMy Kak BUPYCHbIEe 4acTuupbl,
BUpPYCONoA06HbIe YacTuLbl, HEOPraHWYECKUe rpaHynbl U Apyrue HaHOYacTULbl U MUKpOYacTuLbl
3 xmakmx obpasuos. Hanpumep, moandMUMPOBaAHHbIE BUPYCHbIE BEKTOPbl OObLIYHO
NCNOMNb3yT NPU NPUMEHEHUN FEeHHON Tepanuu, a MoanUUMPOBaHHbIE BUPYCHbIE YacTuubl
nucnonb3yloT B kauyectse BakunH. OAHAaKO, CyLleCTByWOLME B HacTosLee Bpems cnocobbl
KONMNYECTBEHHOW OLEHKM YWCTOTbl HEe CAUWKOM TOYHbl WM 4acTo BkNwo4yawT B cebs
BbINOMHSAEMbIE BPYUYHYHO 3Tanbl, KOTOPbl€ MOTFYT MCKaXaTb KOHEYHbI pesynbtaTt. CywiecTeyeT
noTpebHoCTb B Oonee 3hheKTUBHOM M HAZEXHOM Cnocobe OLUEHKM M M3MEPEHUS UYUCTOThI
Xugkux obpasuoB, Coaepx)awux HEBUANMbIE HEBOOPYXEHHBIM rMasoM NepBUYHbIE YaCTULbl 1
3arpasHsALWne BewecTesa/mycop.

Cnoco6 cormacHo Hacrtosiwemy unsobpeteHuio obecneumBaeT pelleHMe yKasaHHbIX
Bblwe npobnem. bonee KOHKpPeTHO, AaHHbIM cnocol npeagHasHavyeH ANS KONMUYECTBEHHOIO
onpejeneHns  4YucToTbl ob6pasyoB  HEBUAMMbBIX  HEBOOPYXEHHbIM  [MasoM  YacTul.
AHanuaupyemblin o6pasel] NOMELLAIOT B SMEKTPOHHbIA MUKPOCKON ANA NOMyYEHUSA 3NEKTPOHHO-
MUKPOCKONUYECKOTrO n3obpaxeHus obpasya. Obpasely coaepuT 00beKTbl NEPBUYHBIX YacTUL,
a Takke mycop. Mycop moxeT ObiTb CMOMaHHBIMWU UMW YacTaMu (CyGbeanHuLammn) NepBUYHbIX

Yyactuy W/wvnu 3arpsasHUTEnen, wunu knactepamu Unu arperatamv nepBUYHBIX YacTul WUnu
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Mycopa, WnM OCTaToYyHbIM MaTepuanom dasel npomssoactBa. O6bekTbl Ha U306paKeHUm
yCuUneHbl U WMEKT pasMepbl, KOTOPble OTNUYAKTCA OT JuanasoHa pasmMepoB MNEepBUYHbIX
yacTuly 1 pasmepoB, KOTOPbIE HAXO4ATCSA B AManasoHe pa3MepoB NepBUYHbIX YacTuy. OObekTbl
Ha n306paxeHnn BbIABNAIT B KAYeCTBE MNEPBUYHbIX 4YacTul unum mMycopa. BbiSBrneHHble
nepBUYHbIE YaCTULbI UCKMIOYAKOT U3 OCTaBWUNXCH OOBLEKTOB Tak, YTO OObEKThI, BbIABNEHHbIE B
KauyecTBe Mycopa, COoAEepXaT TONbKO MYCOpP W HE COAEepXaT NepBuMYHbIX vacTtuy. NamepsioT
nepeyto nonHyto nnowaab (T1) BbIABNEHHOro mMycopa. MamepsatoT BTOPYHO NOMHYH nnowagb
(T2) BbIABNEHHbIX MNEPBUYHbIX 4YacTuy. [ns onpeaeneHns KONMMYECTBEHHOro nokasaTtens
YnCTOThl OOpasua BbIMUCASAKT OTHOWEHWE nepBoM nonHon nnowaaun (T1) KO BTOPOW NOMHOWN
nnowagn (T2).

B Apyrom BapuaHTe OCyL|EeCTBRNEHMA rpaHuUbl 06bEKTOB Ha M3006paXeHnn yCUneHsbl, a
06 bEeKTbl UMEIOT pasmep, KOTOPbIN MO CyLECTBY aHanormyeH guanasoHy pasmepoB NepPBUYHBIX
yactuy. ng naeHtudunkayum nepBrUYHbIX YacTuL aHanu3npyrT OKPYrnocTb 0O bEKTOB.

B apyrom BapmaHTe oOCyllecTBNeHUs OObekTbl Ha un306paeHuun, KoTopble UMET
dopMy, MO CYLWECTBY aHanoruyHyro opmMe nepBUYHbIX 4YacTuy, UAEHTUDULMPYIOT Kak
nepBUYHbIE YacTULbl.

B Apyrom BapuaHTe OCYyLLECTBNEHMS rpaHuLbl 0O6bEKTOB Ha M300paxeHnn yCuneHsl u
06 bEeKTbl UMEIOT pasmep, KOTOPbIN MO CyLECTBY aHanormyeH guanasoHy pasmepoB NepPBUYHBIX
yactud, U ana uaeHTUMKauMm NEepBUYHBIX 4YacTUL, aHanuM3uMpyloT paauvanbHbin npodunb
NNOTHOCTN OO BLEKTOB.

B ewe oaHOM BapumaHTe OCYLECTBMEHUA rpaHuubl OBGBLEKTOB Ha wnsobpameHun
ycuneHbl 1 06bEeKTbl UMEIOT pa3Mep, KOTOPbIA NO CYLEeCTBY aHanornyeH gmanasoHy pasmeposB
NepBUYHbIX YacTuL, a OTHOLWEHWEe CUrHan/Wym Ha rpaHiye oB6beKkTOB aHanu3vpyrloT nyTem
N3MEPEHUSA CPeAHEN UHTEHCUBHOCTN BHYTPEHHEN YacTu OOBLEKTOB NO CPaABHEHMWIO CO CPeaHeNn
WHTEHCMBHOCTbIO HEMOCPEACTBEHHO 3a npejgenamm oObLEKTOB.

B Apyrom BapuaHTe OCYyLLECTBNEHMS rpaHuLbl 0O6bEKTOB Ha M300paxeHnn yCuneHsl u
06bEeKTbl UMEIOT pasmep, KOTOPbIN MO CyLECTBY aHanormyeH gmanasoHy pasmepoB NePBUYHBIX
yacTtuy, a foKanbHbI KOHTPacT OOBLEKTOB U3MEPSAIOT MyTEM aHanu3a Pe3KoCTU HapyXHOW
rpaHnubl 06bEKTOB.

B Apyrom BapuaHTe OCYyLLECTBNEHMS rpaHuLbl 0O6bEKTOB Ha M300paxeHnn yCuneHsl u
06bEeKTbl UMEIOT pasmep, KOTOPbIN MO CyLECTBY aHanormyeH gmanasoHy pasmepoB NePBUYHBIX
yactul, a CTPYKTypy OOBEKTOB M3MEpPSAI0T NyTEM aHanmsa TeKCTypbl Ans uaeHTudmkaumm
NnepBUYHbIX YacTuL.

B apyrom BapuaHTe OCYLLECTBNEHNSA CTPYKTYPYy OOBbEKTOB Ha U3obpaxeHnn namepsaoT
nyTeM aHannsa TEKCTYPbl U aHANU3UPYIOT 4NA UAEHTUUKALUN NEPBUYHBIX YaCTuIL.

B apyrom BapuaHTe ocyuwiectsrneHma obpasey, coaepxawnid BUPYCHbIE YacTuLbl Unu
BUPYCONoA06HbIE YacTuLbl, MTOMELLAIOT B 3NEKTPOHHbBIA MUKPOCKON.

B ewe oaHOM BapuaHTe OCYLLECTBNEHNS un3o0paxeHne UNbTPyeTCcs ABYyMS
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crnaxuBaroowmmm unbTpaMmm Ans Co3jaHus NepBOro OTPUIbTPOBAHHOTO K30OpaXKeHUs U
BTOPOro OTCPUNBbTPOBAHHOTO U30OpPaXXeHNs U BblYUTAHUS NEPBOro  OTPUMNbTPOBAHHOMO
n3obpaxeHns 13 BTOPOro oTOUNbTPOBAHHOTO N30OpaXKEHUS.

KpaTtkoe onucaHne YepTexen

Ha chur. 1 npeacraBneHo nsobpaxeHne 3NeKTPOHHOro NPOCBEUYMBAHNSA C HEFATUBHbBIM
KOHTpacTom obpasua 6Monormyeckon YacTulbl B pacTBOpE;

Ha dwur. 2 npeacraBneHo wu3sobpaxeHue, AEMOHCTpUpYOLWEee pesynbTar nocne
NPUMEHEHUS METO4a PasHOCTU rayCCUAHORB, UCMONb30BAHHOIO ANSA YCUMNEHNS TOHKUX FpaHunL;

Ha cwur. 3 npepcraBneHo wmsobpaxeHue nepBUYHbIX OOBLEKTOB, BbISIBMEHHBIX Ha
n3obpaxeHnn, MOKa3aHHOM Ha ur. 2, nyTeM MPUMEHEHUS cneunuyeckoro meToaa
BbIABNEHUS;

Ha cur. 4 npeacraBneHo nsobpaxeHue, nokasbiBawllee pesynbTaT Nocne yCuneHus
06 BHEKTOB C TUMWYHBIM PasMepoM Mycopa € NCMOoNb30BaHWEM METOAa Pa3HOCTM rayCCUaHoB Ha
NCXO4HOM N30B6pakeHun;

Ha cur. 5 npepcraBneHo nsobpaxeHne, nokasblBawwlee pesynbTaT NOCne Noporoson
00paboTKN YCUNEHHOTO N306paxeHns o0bekTa;

Ha cur. 6 npeacraBneHo nsobpaxeHue, NokasbliBalOLlee pesynbTaT nocne yaaneHus
06bEKTOB, COOTBETCTBYIOLLNX NEPBUYHBIM YacTULAM; 1

Ha dwur. 7 npeactaBneHo wunsobpaxeHne, MOKasbiBalLEE KOHEYHbIN pesynbtarT,

BKIIOYAIOLLEE KaK NEPBUYHBIE YaCTULbI, TAK U MYCOp.

MNoapobHoe onucaHne n3obpeTeHus

B HacTosiwem nsobpeTeHnn onncaH yHUKanbHbln cnocob KONMUYECTBEHHOTO N3MEPEHUS
yuctoTbl obpasua, coaepXkallero HeBUMANMbIE HEBOOPYXEHHbIM [na3oM uvacTuubl WUnu
HaHovacTuybl (KOTOpble, Hanpumep, MOryT mmeTtb pasmep okono 100 HM) B pacTBope, Ha
OCHOBE aBTOMAaTW4YECKOr0 W OOBEKTMBHOIO  aHanu3a  3NeKTPOHHO-MUKPOCKOMMYECKUX
nsobpaxeHun obpasya. Obpasey MoxeT ObiTb, HANPUMEP, XUAKAM, PACTBOPEHHBIM TBEPAbLIM
NN NOPOLLUKOBbBIM 00pasLoM.

Moryt ©OblTb  WCNOMb30OBaHbl  U300paXkeHUs  MNPOCBEYMBAIOLLEN  3NEKTPOHHOM
MUKPOCKONUN C HeraTuBHbIM KOHTpactoM. B ofwem, nokasatenem 4YUCTOTbl COFMAacHo
HacTosLlWeMy N306pEeTEeHNIO NPeUMYLLECTBEHHO ABMAETCH OTHOLWIEHWE MNMNowWaan NepBUYHbIX
yactuy K nnowagayn HemnepBuYHbIX YacTuy (BKMHOYAOLWMX MENKAA Mycop, a Takke Gonbline
knactepbl Mmycopa). OCHOBHble 3Tanbl cnocoba cornacHo HacTosALWEeMY U30OpETEHUIO:

1. YcraHoBKa aHanusMpyemoro obpasya B 3NEKTPOHHbIN MUKPOCKON ANS MNOMydYeHUs
3NEKTPOHHO-MUKPOCKONMYECKOro n3obpaxkeHns obpasya;

2. YcuneHne rpaHuy (Takmx Kak TOHKME rpaHuubl) NEPBUYHBIX YacTuL Ha N306paxkeHun,

KOTOpbIE UMEIOT pasmep, ABNAIOLWMNACA TUNUYHBIM ANS NEPBUYHBIX YacTul,



10

15

20

25

30

35

4

3. Cneuyndunuyeckoe BbISSBNEHWE BCEX MNEPBUYHBIX YacTuy B M300paxeHun ¢
NUCNOnb30OBaHNEM METOAAa, KOTOPbIN MpefHasHayeH ans  uaeHTudmkaumm KOHKPETHbIX
NepBUYHbIX YacTuL;

4. YcuneHne OoOLEKTOB C pasmepamu, TUMNUYHBIMA ANA  KNacTepoB Mycopa W
3arpA3HAKLWNX BELWECTB, Ha n3obpaxeHuu;

5. BoiiBneHne BCeX YCUNEHHbIX N300paxeHnin 06 bEKTOB Ha 3Tane 4 C UCNONb30BaHUEM,
Hanpumep, MeToga 3agaHus nopora.

6. MWcknwoueHne (BbluUTaHWE) UAEHTUPUUMPOBAHHBIX MEPBUYHBLIX YacTuy W3
BbISIBMIEHHbIX YCUNEHHbIX N300paXeHnn 06bEKTOB;

7. NamepeHne nonmHOW NNOWAAMW BbISBMEHHbIX W OCTABLUMXCH KNacTEpoB Mycopa U
3arpA3HAKLWNX BELWeECTB ¢ 3Tana 6;

8. MamepeHne nonmHOW nnowagn BbIABMNEHHbIX MNEPBUYHbBIX YACTUL, BbIABMNEHHbIX Ha
atane 3; u

9. BbluMCneHMe OTHOLWIEHUS nnowagn, noNyyYeHHOW Ha 3Tane 7, K nnowaaw,
Nnony4yeHHoOn Ha aTane 8.

TunuyHbin  npumep unsobpaxeHnsa 100 nokasaH Ha dwmr. 1, a sTanbl 2-6
NpPOVNNIOCTPUPOBaHbl Ha dwur. 2-6. Ha dcur.7 nokasaH KOHeuHbln pesynbTat 102, T. e.
nepBuYHble YacTuupbl 120 n o6bekTbl Mycopa 106. MlamepeHHble nnowaan NnepBUYHbIX YacTuy n
06bEKTOB MyCOpa, COOTBETCTBEHHO, UCMOMb3YIOT Ha 3Tanax 7-9 ANs nonydvyeHus nokasatens
UYNCTOTHI.

bonee KoOHKpeTHO, dur. 1 saengetTca wusobpaxeHnem 100 npoceeynBaroLlen
3NEKTPOHHON MUKPOCKOMUN HEFATUBHO KOHTPACTUPOBaHHOIrO obpasuya 6uonormyeckon Yyactuupbl
B pacteope. buonornyeckne yactuybl MOryT 6biTb BUPYCHBIMW YacTULAMMW UMW KaKUMU-NMGOo
ApyrvuMin opraHuyecknmmn yactugamm. O6pasypl, KOTOpble COAepXKaT HEOPraHnYeckne 4yactumubl,
Takke MoryT OblTb NpoaHanuaupoBaHbl C MOMOLWbBK crnocoba CcornacHo HacTosawemy
n3obpeTeHuto. [Ansa ycuneHnsi, HanpumMep, TOHKNX rpaHuny (MM KOHTPACTHBIX/TOHKUX obnacTten)
o0bekTtoB 116 Ha un300pakeHUN, UMEKWUX pasMep, XapakTepHbIn ANs  aHanuanpyembix
nepBUYHbIX YacTuy (31an 2), MoxeT ObiTb MCNONb30BaH NOAXOAALNA METOL, TAKOW KaKk METOA
pasHOCTU rayccuaHoB unu Kakon-nmbo apyrom noaxoaswmi metoa. Ha dur. 2 nokasaH
pesynbTtaT 105 nocne npyuMeHeHna MeToa pasHOCTW rayCCUaHOB AMNS yCUNeHUsa n3obpaxeHuns
TOHKUX rpaHny naeHtTudpnynposaHHbix 06bekToB 116. MaeHTndnynpoBaHHble o0bekTel 116
ABNAOTCA B OONbWIMHCTBE NMEPBUYHBIMK YacTMLaMK, HO MOTYT COAEpXaTb HexenaTenbHble
MyCOp 1 3arpsasHsitowmne sewectsa 106 (6onee nogpoOHO onMCcaHO Hke). OnpeneneHHbIn TUN
BUPYCHBIX 4acTuUL MOXET UMeTb oxumaaembln pasmep 100 HM, Tak 4YTO vacTuubl, pasmep
KOTOpbIX CYLLEeCTBEHHO OTNUYAETCH, CKOpee BCEro, SBMAITCH He MepPBUYHbIMK YacTulamu, a
BMECTO 3TOro 4yactmyammn HexenartenbHoro mycopa 106. CnepyeT 3amMeTuUTb, YTO aHanus3 Ha
aTane 2 He MoxeT OblTb OrpaHUYeH pasmepoM BCEX 4acTuy. Takke UMEEeTCH BO3MOXHOCTb

COCPEAOTOUNTECA Ha ydyacTKax CTPYKTYpbl MNEPBUYHON 4YacTuupbl, KOTOpble SIBMSOTCS
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cneunryeckuMmn anga KenaembiX MNEPBUYHbIX YacTUL, TakKMX Kak CTPYKTypa 4actuubl vnu
TOMLWWMHA HAPYXHOW rpaHnLpbl. 3aTE€M MOXHO YCUMUTb KOHKPETHbIA Y4acTOK YacTuLbl, TAKON Kak
CTPYKTYpa Unum TONWMHA HapPYXHOW rpaHuLbl YacTuybl.

YcuneHne TOHKMX rpaHuy BbIGpaHHbIX 4YacTuL UNu MEepBUYHBIX YacTuy (Hanpumep, ¢
NCNonb30OBaHNEM METOAA PasHOCTU rayCCUaHoB) Ha M300paxeHWn Jano HeoXWAaHHble W
nopasnTenbHO Xopolne pesynbTatel. Hanpumep, KOHTpacTMpoBaHue BUONOrMYeckux
06pa3uoB (TakMx Kak BUPYCHbIE 4acTuLbl) NPUBOAUT K PasnUYHOMY KOMUYECTBY KOHTPACTHOrO
mMaTepuana, okpyxawuwlero obbekTbl/yacTviybl Ha M306paxkeHun, ns3-3a pasnMyHON TOMWUHbI
KOHTPaCTHOro marepmana Ha pasHbix ydacTkax obpasya, paBHO Kak U BOKpyr o6bekToB/yactumy
pasHoro pasmepa. KonunyectBo (TOMWMHA) KOHTpPACTHOro mMartepuana Wu, cneaoBaTersibHO,
MeCTO, rge Ha CeTKe BbIYMCMAETCH nokasaTenb YWCTOTbl, HENOCPEACTBEHHO BMNSET Ha
nokasaTtenb YACTOTbl U MOXET cAaenatb M3MepeHWe MeHee KOppekTHbIM. Kak ykasaHo Bblle,
rpaHnubl Mnu o6bekTbl B BbIGpaHHOM AgManasoHe pasmMepoB Ha M306pakeHun ycunueawT C
NCNonb30BaHNEM, Hanpumep, NOAXOA4a PasHOCTW rayccuaHoB. [OMXKHO OblTb MOHATHO, 4YTO
Takxe MoryT 6blTb MCMOMb30BaHbI APYrMe NOAXOAbl YCUNEeHUs rpaHulbl unm obvekrta. B metoae
pasHOCTM rayccrnaHoB nsobpaxeHne punbTpyeTCa C NOMOLLBIO ABYX CriaxmnBarowmx dunbTpoB
laycca (Mmerowmx pasHble  KoahpuymeHTol  crnaxuesaHua curma). 3atem  OfHo
OTPUNLTPOBAHHOE M300paxeHne BbIMUTAETCA M3 APYroro, 4To MPUBOAUT K M300paxeHuno ¢
YCUMEHHbIMU rpaHuLlamMn UnyM yCUneHHbIMU obbekTamun, Hanpumep, onpeaeneHHoro pasmepa.
PesynbTaT 4acTM4YHO 3aBUCKT OT KOMOMHaALUMN UCMOMb3YyeMbIX KO3I(PPULNEHTOB CriaxmnsaHus.
Ha 3tnx mogndpnynpoBaHHbIX N306paxeHnsiX 3aTeM BbIABNAIOT NePBUYHbIE YACTULbl, MyCOp 1
3arpasHsapowmne Bewectea. Kak ykasaHo Bbilwe, 3Tan yCUneHWs rpaHuubl/o6bekta ymeHbllaeT
BNUSAHNE Pa3NUYHbIX KONMYECTB U HEPABHOMEPHOTO pacnpejeneHns KOHTPacTHOro Matepuana.
CnepoBaTenbHO, 3TOT BaXHbI M WHHOBALMOHHBLIA 3Tan HeoOXoguM MNpU UCMOMb30BaHUW/B
Cnyyasix, Korga HepaBHOMEPHbLIN KOHTPACTHbIN MaTepuan siBndetTcsa npobnemon, Hanpumep,
npy aHanuse Guonormyeckux obpasyoB BUPYCHbIX YacTuy M Apyrux 4dactmy. B obpasyax,
cogepXalmnx TOMbKO HEOPraHUYecKUin mMaTepuan/yactuubl, 3Tan YCUNEHUSs rpaHulbl MOXeT
OblTb UCKNoYeH. Kpome Toro, ycuneHne ob6bekToB (T.€. NEPBMYHLIX YacTUL Ha dTanax 2/3) ¢
onpejeneHHbIMA BbIOpaHHbIMW Pa3MEpOM WINW  XapakTEPUCTUKOW, TakMMW Kak TOMWMHA
rpaHnupbl NN CTPYKTYpa, Nepes BbISBNEHWEM BCeX OObEKTOB NOCNe YyCUNEHNss B COOTBETCTBMUM
C 9Tanom 4 (ONUCaHHbIE HXKE), YMEHbLUAIOT NpoBrnemy HEpaBHOMEPHOrO OKpalmnBaHusa doHa u
OCBELLEHNSA Ha n3obpaxeHun, 4Tto, B MPOTUBHOM Criydae, Morno 6bl erko NPpMBeCTn K NOXHOMY
NO3NLUOHUPOBAHNIO rpaHuL o6bekTa W jJaxe npMBECTU K TNOXHbIM UnM  OWnboYHO
NPONYyLEHHbIM, WNU BbIABNEHHbIM ob6bekTam. [pyrumn cnoeamu, ycurneHuwe Ha a3tane 2
obneryaet ugeHTUPUKALMIO NEPBUYHbIX YaCTUL C YYETOM pPasnuuHbiX LBETOB ¢oHa un
OCBELUEHNA OT MUKpockona. Hanpumep, ycuneHue yaanseT unvm ymeHbllaeT BnnsHue Gonee
CBETMbIX LBETOB B OMpPefeneHHbIX CermMeHTax u3obpaxeHus un BAUAHUE T[PaAAWNEHTOB

MWHTEHCUBHOCTMW.
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OpfHaKo HEKOTOPbIE U3 HeXenaTenbHbIX YacTuy Mycopa U 3arpAa3HsALWNX YacTuy, MoryT
UMETb pasmep, KOTOPbIA aHanorMyeH pasmepamM aHanu3vMpyemblX NepPBUYHBIX YacTuy. MHaue
roBOps, YCUMEHne Ha dTane 2 MOXeT yCunvBaTb 4acTuubl, KOTOPbIE MHOTAA UMEKOT CXOXMWM
pasmep WnuM NMET APYrMe XapakTepUCTUKW, CXOAHbIE€ C MEPBUYHbIMW 4YacTULAMMW, HO He
ABNAOTCA MNEpBUWYHbIMM  YacTuyamu. B 3ToM cnyyae HeobXxogumo  AOMNOMHUTENbHO
npoaHanuanpoeaTb YCUNeHHble OObeKkTbl Ha 3Tane 2, Hanpumep, aHanusnpysa opMy unm
OKpYrnocTb 06bekToB 116, UTOOLI NAEHTUDONUMPOBATL U OTINYNTE NEPBUYHBbIE YacTuubl 120 oT
Mycopa, KOTOPbI MOXET MMETb pasMepbl, HAXOAAWMECA B npejenax AuanasoHa pasMepoB
NepBUYHbIX YacTuy. IJTO BbINOMHAT Ha stane 3 (1 pesynbTtat 107 nokasaH Ha ¢ur.3), Ha
KOTOPOM MAEHTUPULUMPYIOT (NOKa3aHO GenbiM LIBETOM) BbisIBIEHHbIE NepBUYHbIE YacTuubl 120
C WCMOMb3OBaHMEM MeTOA4A BbIABMEHUS, TAaKOrO0 Kak aHanus pajuanbHOW CUMMETPUN
yactTny/o0beKTOB, MAEHTUDNLMPOBAHHBIX HA 3Tane 2, U Kak NoKasaHo Ha chur.2.

UToObl oOcywecTBUTb €Nocob COrmacHo Hacroswemy u3obpeTeHno U caenartb
KONMUYECTBEHHbIN MOKa3aTenb YACTOTbl OOGBEKTUBHBLIM (TO €CTb HE3aBUCKMMOE OT NONb30BaTEnNs)
U HagéxXHblM, 3Tanbl HacToswero cnocoba npeanouYTUTENbHO AOMKHbI  BbINONHATHCH
aBTOMATUYECKM C WCMOMNb3OBAHMEM MONb30OBATENbCKOrO BBOAA TOMbKO AN Bbibopa
NpNBNM3nTENbHBbIX PA3MEPOB MEPBUYHBIX YacTUL, PABHO KaK W HWKHUX U BEPXHUX NpeaenoB
HEeNepPBUYHbIX 4YacTML/oObekToB (Mycopa W KrnacTtepoB). BaxHbiM acnektom HacTosLwero
n3obpeTeHns SBNSETCA BO3MOXHOCTb aBTOMATUYECKM OTNNYATb MNEPBUYHbIE YaCTULBI OT
HenepBUYHbIX YacTuu/obbekToB. Kak ykaszaHO B OTHOWEHUM 3Tana 3, Kpyrfbleé NepBUYHbIE
yactuubl (TakMe Kak BUPYCHbl€ BEKTOPbl), Hanpumep, MOryT ObiTb BbISBMEHbl Ha OCHOBE
XapaKTepPUCTUK KPYroBOW CUMMETPUM WRKM  APYrMX CnocoBoB, KoTopble crneynduruyeckm
onpeaenaloT nepeBuyHble 4vacTtuybl 120. Hanpumep, pagunanbHO-CUMMETPUYHAas CTpyKTypa
BUPYCHOM YacTuubl MOXeT ObiTb NpeobpasoBaHa B Npodunb OTTEHKOB ceporo. OH MOXeT BbiTb
NCNonb30BaH ANA ONUCAHWSA CTPYKTYPbl MYTEM BbIYMCNEHUA CPEefHEero OTTEHKa Ceporo Ha
KaxaoM pacCToAHNM OT LEHTpa, WA OT LEHTpa HapyXy MO HanpasneHuto Kk nepudepnun unm
00ONnoUKe CTPYKTYpPbl BUPYCHOW 4acTuubl. Takke MOXHO paspaboTtatb MaTemaTnyeckmne
anropuTMbl ANS ONUCAHUA CTPYKTYP uUnum OpMbl BUPYCHOW 4acTuLbl, BMECTO TOro, ytobbl
nonaraTbCs Ha NpodnnNN OTTEHKOB CEPOro.

BaxHon ocobeHHOCTb0 cnocoba cornacHo HacTosiwemy MW3oOpeTeHuro sBnsAeTcs
BO3MOXHOCTb CO34aHnNs WabnoHOB Ha OCHOBE MPOMUNEN OTTEHKOB CEPOro Ans 00bLEKTUBHOIO
onucaHnua BUPYCHbIX vactuy. LabnoHel moryT 6biTeb CO3AaHbl Takke C WCMONb30BaHUEM
MaTeMaTuyecknx MeTonoB. Takum o06pasom, BCe BbISBNEHHble OOBLEKTbl B HEKOTOPOM
AnanasoHe pasMepoB MOXHO CpaBHWUTb C npodunem unu wabnoHoM, NpenCcTaBnAIWUM
TUMWYHYIO MEPBUYHYIO YacTuly, W MCNonb3oBaTb npodunb/wabnoH, 4tobbl onpeaennThb,
4OCTaToOyHO N noaobeH BbISIBNEHHbIN  00bekT  npochunto/wabnoHy, utobbl  ObiTb
KnaccudumuupoBaHHbIM Kak UCTUHHAA nepsuyHas vactuya 120. Ha aTtane 3 Takke MOXHO

Ncnonb3oBaTb Apyrne cnocobbl AnA uaeHTUdMKaUMM nepBuYHbIX dYactuy 120, TakMe Kak
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cnocobbl BbIABNEHUSA SNNUNTUYECKNX, CTEPXKHEBUAHBIX UMK KpUCTannonoaobHbix hopm.

[omkHO 6bITb MOHATHO, YTO BbILLEYNOMSAHYTASA CCbINKa HA BUPYCHbIE YacTULpbl ABNAETCS
NPOCTO NPUMEPOM, U HACToHALLEee N300peTeHe He OrpaHMYeHo BUPYCHbIMU YacTuyamm. Kpome
TOro, CCbIMKa Ha OKPYrNoCTb/KPpYyrooBbpasHOCTb YacTulbl ABNAETCA NPOCTO MPUMEPOM, U MOTYT
TaKxKe WCMONb30BaTbCA JpYrMe XapakTepucTuKku, Takue Kak cneumdudeckue CTPYKTYphl,
cneyundnyeckne hopmMbl N NOBEPXHOCTM OObEKTA.

Yto kacaeTca aTana 3, KOTOpbIA CBA3aH CO cneyndrUYECKUM BbiSBNEHUEM MEPBUYHbBIX
yactuy 120 (U ana  WUCKNIOMEHUA HEMNepBUYHbIX YacTuy, pasMep KOTOPbIX aHanorudyeH
NnepBUYHbIM YacTuuyam), MOXeT ObiTb BKMIOUYEH AOMOMHWTEMbHbIN 3Tan, KOTOPbIA MCNOMb3yeT
OTHOLIEHNE CUrHan/WymMm WNM nokanbHble KOHTpacTbl Ha rpaHuye obbektoB 116. 3T0
BbIMOMHAT ANA JanbHEWWero ynydyweHus obHapyXeHus nepBuYHbIX vactuy 120 w
aBTOMATUYECKOrO PeLIeHUss O TOM, YTO SABMSETCH WU He SABNAETCA NEepBUMHON YacTuUen.
OTHOWeEHWe curHan/Wym, NpeanovTUTENbHO, U3MEPSAIOT KakK CPEeAHIO WHTEHCUBHOCTb BHYTPU
yacTulbl MO CPaBHEHUIO CO CPeAHEeN WHTEHCUBHOCTbIO HENOCPEACTBEHHO 3a npegenamu
yactuubl. [na aHanvM3a pes3koCTU HapyXHbIX WUMW BHYTPEHHUX FpaHuL 4acTtuubl MOXHO
NCNonb30BaTh METOA NOKANbHOrO KOHTPACTA, YTOObl MMETb MyYLLYI0 BO3MOXHOCTb ONpeaennTb
nepBMYHasA Ny 3TO YacTMUa unu HeT. Takke B OTHOWEHUW 3Tana 3 ANns Hechepuyeckux Jacruy
MOryT 6bITb MCNONb30BaHbl Apyrue cnocobbl, NpeaHasHa4YeHHble ANS BbIABNEHUS KOHKPETHbIX
hOpM UNKN ApYyrux xapakTepucTuk nepeuyHbIX Yactuy 120, Taknx kak TekcTypa (CTpyKkTypa Ha
NOBEPXHOCTU YacTuL).

CneaylowWwnmM 3Tanom ABNAETCA BbIABNEHNE HEXeNnaTenbHOro Mycopa 1 3arpasHsaoLmx
BewectB B obpasye. Ha ¢ur.4 nokasaH pesynbtat 108 nocne TOro, kak o6bekTbl Obinu
ycuneHbl Ha uCxogHoM u3obpaxeHun. OgHa m3 npobnem COCTOUT B TOM, YTO aHanms u
ycuneHne Ha 3tane 4 Takke WAEeHTUPUUUPYIOT M BKMNo4vawT B cebs HekoTopble nnu BCe
nepBuYHbIe YacTnupl 120, naeHTUdUMpoBaHHble Ha aTane 3. Ha aTtane 4 Bce 00bekThl 114 Ha
n3obpakeHMn yCcunueawT C WCMNONb3OBaHWEM, Hanpumep, MeToja pPasHOCTU rayCCUAaHOB.
Mycop u knacrtepbl, HaNnpUMep, Takke MOryT ObiTb BbISBNEHbI C MOMOLLbIO (aBTOMATUYECKOTrO)
MeToAa 3ajaHus nopora WHTEHCUMBHOCTW, Takoro kak metoh 3agaHma nopora Ouy (Otsu).
PyuyHoin BbIGOp nopora MHTEHCUBHOCTM Takxke OyaeT paboTaTtb, HO OH MOXET Nerko BHECTU
HexenaTenbHbI CyObEeKTMBU3M NONb30OBATENS.

MpeanoututeneHO 06bekTbl 114  umaeHTUUUMPYIOT nyTeMm  (OKYCUPOBKU  Ha
onpejeneHHOM JAuanasoHe pasMepoB, KOTOPbIN XapakTepeH AN knacrtepa Mycopa u
3arpA3HAKWNX BELECTB, MOCKOMbKY MYyCOpP/3arpAasHsloWmne BelecTBa MOryT MmeTb nobyio
dopmy 1 UseT. BHauane mMoxHO cocpeaoTounTbCs Ha obbekTax C pasmepamu, XapakTepHbIMM
ANA Mycopa M 3arpA3HSAWMUX BELWEeCTB, HO MEHbLUUMW, YeM MepBUYHbIE YacTuubl, a 3aTem
coCcpefoTounTbC Ha OBbekTax ¢ pasmepamu, KoTopble 6onblue, Yem NepBUYHbIE YacTULb.
MHTEHCMBHOCTb 06bekTOB 114 NpeanouYTUTENBHO aHaNU3NPYIOT AN naeHtTndukaymm odbnacren

UMW 30H, KOTOPbLIE COAEPXKaT MyCOp U 3arpsA3HSIOLME BELLECTRA.
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Takum oBpasom, Bce ycuneHHole o6bekTbl 114 Ha n3aobpaxeHun BbisIBMNEHbI Ha sTane 5,
n pesynetat 110 nokasaH Ha ¢ur. 5. MHaue roeops, cnocob nageHTudnkayum, NCnonb3yemMblin
Ha 3Tane 4, HeA0CTaTOYHO cneyndmnyeH ANS UCKNIYEHNA nepBuYHbIX YacTtuy 120 u, noatomy,
Kak Mycop, Tak U HEKOTOPble UMW BCE MEPBUYHbIE YacTULbl NAEHTUDNLUNPOBAHbLI KaKk 00BbEKThI
114 n nokasaHbl B pe3ynbtaTte 110.

Ha stane 6 naentudnympoBaHHble nepBudHble Yactuybl 120, onpeaeneHHble Ha aTane
3, KOTOpble Takke BKMNOYeHbl B 00bekTbl 114, ucknovalT unn BoluMTalT U3 o0bektoB 114,
nokasaHHbIX Ha cur. 5, Tak 4To Ha chur. 6 B pesynbtaTe 112 nokasaHbl TOMNbKO BbiSBNEHHbIE
MYCOp W 3arpsisHsowmne Bewectea 106. 310 03HavaeT, UYTO Kakne-nnbo nepBUYHbIE YacTuLbl,
KOTOpble, Kak okasanocb, 6binu BkNoYeHbl B 06bekTbl 114, B pesynbtate metoga yCuUneHus,
NCcnonb3yemoro Ha aTtane 5, yaaneHbl u, cneagoBaTenbHo, B pesynbtate 112 nokasaHbl TOMbKO
MyCOp 1 3arpssHaowme yactmybl 106.

Ha atane 7 namepsoT NonHyo nnowaab T1 ocTaBwmMxca nocne stana 6 o6bekToB Unu
mycopa 106, To ecTb nocne yaaneHus nepeBuyHbIX 4actuy. Ha atane 8 m3amMepsalOT NOMHYHo
nnowaab T2 BbIABMNEHHbIX NepBUYHbIX 4YacTtuy 120, kak nokasaHo Ha cur. 3. Ha atane 9
BbIYUCASAIOT OTHOWEHWE R nnowaaen, nony4YeHHbIx nocne stana 7 u 3tana 8 COOTBETCTBEHHO.

OnucaHHbIA NOAXOJ, KONMWYECTBEHHO ONpeaensowmin YNCTOTY Kak OTHOLLIEeHuE
nnowagen nepBUYHbIX YacTuy K ApyruM obObekTam, SBMNSEeTCH HageXHbiM. Heckonbko noxHO
BbIABMNEHHbIX MMM NPONYLEHHbIX MEePBUYHbIX 4YacTul BIMAKT Ha pesynbTaT nullb
He3HaunTenbHbiM 00pa3oM, MOCKONbKY W3MEPEHWe OCHOBAHO Ha 60nblIOM KOMUYECTBE
n3obpakeHnin, KOTOpblE XOPOLIO NpeAcTaBnsaloT obpasel, NpeanoYTUTENbHO NOMYYEHHbIX NpK
aBTOMATUYECKOM 3axBaTe m3obpaxeHns (He3aBMCUMO OT MOMb30BaTENs) WMKU MOMYYEHHbIX B
PYYHOM peXMME N306pakeHnn.

XoTa Hactoswee u3obpeTeHWe OnucaHo B COOTBETCTBUM C NPEANOYTUTENbHBIMU
COYETaHUAMM U BaApMaHTaMU OCYLLECTBMNEHNS, CneayeT NOHMMAaTb, YTO MOryT 6biTb CcaenaHbl
HEKOTOpPblE 3aMeHbl U U3MEHeHus 0e3 OTKNOHEHUS OT CYWHOCTM U obbema cneayrowen

chopmynbl nsobpeTeHus.
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®OPMYIA USOBPETEHNA
1. Cnoco® KONMWUYECTBEHHOrO OnpejeneHus 4YucTtoTbl o6paslyoB € HEBUAUMbIMU
HEBOOPY>XEHHbIM rMa3oM YacTuLamMm, BKITHOYAOLWNIA:

YCTaHOBKY aHanuavpyemoro obpasua B 3MEKTPOHHbIA MUKPOCKON AMS NOMyYeHWs
3TEKTPOHHO-MUKPOCKONNUYECKOro un3obpaxeHns (100) obpasya, npu  3TOM
obpasel coaepxut o0bekThl (114);

ycuneHne obbektoB (114) Ha mM300paxeHun, UMEKLUX pasmepbl, oTnvyarwmecs ot
AvanasoHa pasmepoB nepsuyHbix Yactuy (120), n pasmepbl, HaxoadaWMNeca B
AnanasoHe pasmepoB nepBuYHbIX Yactuy (120);

BbisiBNeHne o6bekToB (114) Ha ns3obpaxeHnn B kKayecTBe NepBuUHbIX yactuy (120) nnn
mycopa (108);

WCKMIOYEHNE BbISIBNEHHbIX MNepBUYHbIX 4Yactuy (120) mn3 obvektoB (114), Tak uTo
o0bekTbl (114) copepxat mycop (106), HO He copepXaT NePBUYHbIE YaCTULbI
(120);

n3amMepeHue nepesor nonHon nnowaawn (T1) BeisBNeHHOro mycopa (106);

n3MepeHune BTOpOn nonHon nnowagn (T2) BbiIABNEHHbLIX NepBUYHbIX YacTuy, (120); u

BbIYNCMEHNE OTHOLIEHUNA NepBon nonHon nnowaan (T1) KO BTOPOW MONHOW Nnowagn

(T2) ansa onpeaeneHns KONMUYECTBEHHOMO NokasaTens YuCcToTel oOpasya.

2. Cnoco6 no n. 1, oTNMYaLWMUNCA TEM, YTO AONOMHUTENBHO BKNKOYaeT B cebs
ycuneHne rpaHuy obwbektoB (116) Ha un3o0paxeHWn, MMELWMX pasmepbl, KOTOpble, MO
CyLLECTBY, aHanorn4yHbl gmnanasoHy pasmepoB nepBudHbIX Yactuy (120), n aHanua oKpyrnoctu

00bekToB (116) Ana ngeHTudKaumMm nepeuUHbIX yactuy (120).

3. Cnoco® no n. 1, oTNMYaKWMNCA TEM, YTO AONOMHUTENbLHO BKNKOYaeT B cebs
ycuneHne rpaHuy obwbektoB (116) Ha um3obpaxeHUn, MMELWMX pasMmepbl, KOTopble, NO
CyLLEeCTBY, aHanormyHbl AnanasoHy pasMepoB nepBuYHbIXx uvactuy (120), wn aHanus
pagunanbHoro npocunsa nnoTHocTn o6bekToB (116) Ana MaeHTMdMKaAUMM NEePBUYHBLIX YacTuy
(120).

4. Cnoco6 no n. 1, oTNMYaLWMNCA TEM, UYTO AONOMHUTENBHO BKNKOYaeT B cebs
ycuneHne rpaHuy obwbektoB (116) Ha un3o0paxeHWn, MMELWMX pasmepbl, KOTOpble, MO
CyLLECTBY, aHanorMyHbl guanasoHy pasmepoB nepBuYHbIX Yactuy (120), n aHannm3 OTHOLWEHMSA
curHan/wym Ha rpaHuye obbektoB (116) nyTeM W3MEpPeHUs CpPeaHEeNn WHTEHCUBHOCTU
BHYTPEHHEN YacTu OOBLEKTOB MO CPABHEHUIO CO CPefHEN MHTEHCUMBHOCTBIO HEMOCPESCTBEHHO

3a npeaenamn o6bekToB (116).

5. Cnoco® no n. 1, oTNMYaKWMNCA TEM, YTO AONOMHUTENbLHO BKNOYaeT B cebs
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ycuneHne rpaHuy obwbektoB (116) Ha un3o0paxeHWn, MMELWMX pasmepbl, KOTOpble, MO
CYLLECTBY, aHanornyHbl gnanasoHy pasmepoB nepsudHbix Yactuy (120), n aHanus nokanbHOro

KOHTpacTa 06bekToB (116) NnyTem aHanusa pe3koCTU rpaHnLbl 06 bLEKTOB.

6. Cnoco6 no n. 1, oTNMYaLWMNCA TEM, UYTO AONOMHUTENBHO BKNKOYaeT B cebs
YCTaHOBKY B  OMNEKTPOHHbIA  MuKpockon obpasuya, cogep)awero BUPYCHble UMK

BMpYcOnogo6Hble YacTuupl.

7. Cnoco® no n. 1, oTAMYaAKWMNCA TEM, YTO AONOMHUTENbLHO BKNKOYaeT B cebs
dunbTpauuio ns3obpaxkeHus ABYMSI Criaxmsarowumn dunbTpaMmn AN CO34aHUS NEPBOro
OThUNBLTPOBAHHOIO N306paKEHU U BTOPOro OTUNbTPOBAHHOIO N306paXKeHWs, N BblUNTAHUE

nepBoro oTMUNbTPOBAHHOIO N306paXKeHNs U3 BTOPOro 0TUIbTPOBAHHOIO N306paXKeHMs.
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