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OrrttcaH OfibIT C03):laHlf}I lf3MepttTeJihHOro CTeH):la J:IJI}I KOHTpOJI}I pa.3MepoB 
crreiiceptthIX rrnacTHH aJ:IPOHHoro KarropttMeTpa ycrnHOBKH ATLAS. B Kaqecrne 
lf3MepttTeJibHOro ycTpOHCTBa HCTTOJib30BaH cepttHHbIH CKaHHep C OTTTHqeCKHM pa3-
pellleHtteM 800 x 1600 dpi (16 x 32 MKM). lfao6pIDKeHHe, rronyqeHHOe c Hero, o6-
pa6aTbIBarIOCb Ha KOMTTbIOTepe C l.(eJibIO HaXo)KJ:leHlf}I rpaHHU ):leTarIH lf fIOJIO)KeHH51 
ornepCTHH. TecTttpOBaHtte CHCTeMbl TTOKa.3arIO, qTo J:IOCTHrHYTa51 TOqHOCTb lf3Mepe
HHH COCTaBJI}leT ±100 MHKpOH. 

Pa6orn BblfIOJIHeHa B na6opaTOpHH }IJ:lepHblX rrpo6neM 0115111. 

Coo6mettHe O6bemrneHHOro HHCTHTyra llllepttbIX HCCJJe)10BaHHii. Jly6Ha, 1999 

IlepeBOJ:1 aBrnpoB 

Prokoshyn F.V., Shevtsov Y.V. Pl3-99-271 
Setup for Measuring of Spacers for the ATLAS Tile Calorimeter 

Development of test setup for dimension control of spacer plates of Hadron 
Tile Calorimeter of ATLAS detector has been described. Standard flat-bed scan
ner with optical resolution 800 x 600 dpi (16 x 32 µm) was used as a measuring 
device. Image received from scanner then was proceeded by computer to find 
spacer margins. It was shown during testing of system that precision received is 
±100 micrometers. 

The investigation has been performed at the Laboratory of Nuclear Problems, 
JINR. 
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Anpo_HHbIH KaJJoprrMe-rp ycTaHOBKH ATLAS [1] npencTaimxeT co6oiI · 

COBpeMeHHblll neTeKTOp, C03i(aHHe KOTOporo -rpe6yeT peweHHH MHOJKeCTBa 

HHiKeHepHO-TeXHHqecKHX npo6JieM. Oi(H0ll li3 TaKHX npo6JieM HBJIHeTCH 

li3fOTOBJieHHe 60JibIIIOro ·KOJillqecTBa IIJiaCTHH c BbJCOKOll TOqffOCTbIO: 40000 
'. '··,•;: ... ; .... ~.- .i-.-. ~·-·.·~,:":"''"·/.,·;,~ 
Mac:repH1'IX ... li,·. i&00.00J cneiicepHbJX 1 ~ - TliIIOpa3MepoB. fa6apHTHbJe . pa3Mepbl 

'~:. ·, ' , _t ·• •. -·.:·;;_ >' .,~.:·, .. , .. \; ' . .; . ' 
CIIe~cepHbiX ', frnacni.~( OT 238x102 MM i(O 372x261 MM. OTKJIOHeHHH 

re<)~~;p1tj~c~tt~,;}ri~t!p0B i IIJiaCTHH OT HOMHH8JlbHblX He i(OJIJICHbl npeBbIIIIaTb 100 
·-:,•-·:-: ;'\ • ·:' ·: \ ,,._: ·_,: • • :... - .: .s,,/_, ...... c,,,,. "· ., .. 

MKM. niui cfropoii'II' 50'MKM:nJIH:oTBepcmiI. 60,!JblIIHe norpewHocm, B oco6eHHocm 
. . _, 

norpeIIIHOCTli IIOJIOJKeHHll OTBepCTHll, MOryT npHBeCTH K cepbe3HbIM TPYilHOCTHM B 

npouecce c6opKH li ycTaHOBKli MOi(yJiell KaJJOpHMe-rpa. Tio3TOMY Heo6XOi(liM 
'' ;, •.' ;,·1 . ·-

MeTpOJIOmqecKHll KOHTpOJib cnencepHblX li MaCTepHblX IIJiaCTHH Ha 3TaIIe 

li3fOTOBJieHHH. l13MepeHHe cy6MOi(yJICll li MonyneiI Ha 3TaIIe c6opKH OilliCaHO B [2]. 

DOJlbIIIOe KOJIHqecTBO li3MepxeMbIX neTaJJell n cpaBHHTeJibHO BbICOKHe -rpe6oBaHHH K 

li3MepeHHH 

aBTOMaTH3HpOBaHHOll CHCTeMbl. 

2; YcTp01!1CTBO ClllCTeMbl 

o6ycJiaBJIHBaIOT He06XOi(HMOCTb co3naHHH 

'j:(JIH KOHTIJOIDI pliJMepoB cnencepHbIX nnacmH, HJroTaBJIHBaeMbIX Ha 

MHHCKOM TpaKTOpHOM 3aBone, '6i~~ p'a3~a6o;~~k ~3Mepn;e~b~~ cii:c;eMa Ha 

OCHOBe nepcOH8JlbHOfO KOMIIbIOTepa (PC) li cepHHHOfO IIJiaHIIIeTHOro CKaHHepa. ,[{Jrn 



pa:3pa6oTKH MeT0.z:tHKII H3MepeHIDI 61,m C03.z:taH np0T0THil YCTaH0BKH, B K0T0p0M 

HCilOJib30BaJIC.sI CKaHHep q>OpMaTa A4 C Hil3KHM pa:3peweHileM (300 TOtJeK Ha .z:tlOHM 

(dpi), tJTO cooTBeTCTByeT pa:3peweHHJO 85 MKM). Ha HeM 6MJIH OTPa6oTaHbI 

0CH0BHbJe :meMeHTbI aJiropHTMa H3MepeHIIH. 

B OKOHtJaTeJibH0M BapHaHTe YCTaH0BKH IICil0Jib30BaJICH nJiaHIIIeTHblH 

CKaHHep MapKH UMAX Mirage 16L q>opMaTa A3, HMeJOIUIIH 0ilTiltJecKoe 

pa:3peIIIeHHe 800xl600 dpi (16x32 MKM) II pa6otJYIO o6JiaCTb 297x420 MM II PC c 

npoueccopoM Pentium-ISO, 64 MB O3Y, OC Windows 95. 

/Spacer PC 

Scanner 

Puc. J. YcTpoiiCTBO CJC3HHpy1oweii CIICTCl\lbl 

IIporpaMMHoe 06ecne11eHHe pa:3pa6oTaHo B cpe.ne LabVIEW [4], 

npe.z:tOCTaBJIHJOIUeii Y.z:t06Hbie cpe.z:tCTBa .z:tJI.sI C03,ztaHIIH rpaq>IltJeCKOro IIHTepqieiica 

IlOJib30BaTeJI.sr, Bil3YaJIIl3aUIIII II o6pa60TKII .z:taHHb!X. YnpaBJICHile CKaHHepoM H 

npHeM rpaq>H'ICCKOH HHq>OpMaUHH ocymecTBJIHJIIICb npII Il0M0IUII HanHcaHH0H .z:tmI 

:noii uemr 6I16JII10TCKI1 npoue.nyp B CTaH.z:tapTe TWAIN [3]. Jl:JI.sr o6pa6oTKH .z:taHHbIX 

61,ma pa:3pa6oTaHa 6I16JII10TeJCa npoue.nyp Ha R3bIKe C. 
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3. AI1rop1t1TM "13MepeH"1fl 

11HHUH3JIH3ailHH CHCTCMLI 

npe/leapHTCJILHOe CK3HHp0B3HHC C HH3KHM p33peweHHCM .!IJIH onpe.11e11eHHH npHMepuoro 

Il0JI0lKCHHR .lleT3JIH Ha IlJlaHWeTC CK3HHepa 

Onpe)leneHHe 0611aCTH 

CK3HHp0B3HHH 

CKaHHpoeaHHe C BLIC0KHM p33pewe111ie~ C npHn0JKCHHLIMH nnaCTHHaMH. 

!1Jo6paJKeHHe,3anHci.rnaeTcii ·e 6irrMan-q,alln 
• ·• •• •• ➔- t.•· 

•: ••' C • .; :, • '; \·~••,; ... ~ 
Pacn03HaB3HIIC I"P,3HHU .lleT3JIH 

Pacn03H3BaHHe H 'iipe.(lCT3BJ)CHHe KP0MOK;cn~ll~epi llp)IMLIMH H 0KPYlKH0CTHMH. 

HaxOlK.!ICHHe MaTe~af1i<iicKii51 TO~e1(ffepece<ieiiHH H·ueHTpOB 0KPYlKHOCTell 

L. 

Pac'leT HCK0MLIX p33Mepoe 

CKaHHpoeaml'e c ili.JcoKHM p33pe1.1IeHHCM 6CJ nnaCTliH · 

PacnoJuaeauHe rpaHHU .lleT3JIH 

Onpe)lCJICHHe 0TKJI0HCHHR rpaHH'IHLIX T0'ICK OT paC'leTH0ro 

ll0JIQlKCHHH rpaHHU .lleT3JIH 

BH3y3JIH33UHR 0TKJI0HCHHll 

3anHCL pe3yJJLT3T0B H3MepeHHH B q,alln 

PI1c.2. OJIOK-CXeMa pa60Thl H3MepI1TCJibHOH ycTaH0BKH 
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CKaHHpOBaHIIe ocymecTBJUieTCH B npoxo.wi:meM cBeTe. ITpn TaKoM cnoco6e 

KOHTpacTHOCTh H306pa)KeHHH 3HaqHTeJibHO Bhinie, qeM npn pa6oTe B OTPa)KeHHOM 

cBeTe, qro o6nerqaeT pacno3HaBaHHe rpaHHU neTanH. ITonyqeHHM KapTHHKa 

3anHChmaeTcH B Windows-6HTMarr qiaii:n c rny6HHoii: H3o6pa)KeHHH 8 6HT. B 

AallhHeii:meM H3 :noro q>aii:na MOryT 6b1Th cqHTaHhl mo61,1e yqacTKH H306pa)KeHHH 

~ AallhHeii:meii: o6pa6oTKH .. 

11CT04HHK CBeTa 

~OTOnpH8MH11K 
(CCD MaTp11ual 

Cner:icep 

Puc. 3. Cxcr.ra cxannponamur1rnpoxo1I11uteM cneTc 

B nonyqeHHOM qiaii:ne K~M ToqKa H3o6pa)KeHHH (nHKCen) npeACTaBJIHeTCH 

qHCJIOM,COOTBeTCTByIOmHM HpKOCTH OT O AO 255. 0 COOTBeTCTByeT qepHbIH, a 255-

6eJiblll UBeT. ,[leTanh l!MeeT TonmnHy 4 MM,H no3TOMY rpaHHUhl AeTallH pa3Mh1Thl, TO 

eCTh nepexon Me)KAY ((qepHOH» (AeTanb) H «6enoii:» o6naCT.l!Mll, '!TO 3aTpyAHHeT 

TOqHoe onpeneneHne nx nono)KeHHH. 

)],JIH 
·, 

yMeHhIIIeHHH IIIHpHHhl rpaHHUhl AeTanH K rpaHHM cneii:cepa 

npHKnaAhIBaIOTCH CTanhHbie nnacTHHhI,n3roTOBJieHHI,Ie c TOqHOCThIO 10 MKM (pnc. 

4,5). lllup1ma nnaCTHH 25 MM, Ha OAHOH H3 CTOpOH HMeeTCH CKOC. l1MeeTCH 5 nap 

nnaCTHH pa3JIHqHoii: WIHHhl - napa ~ CTOpOH, KOTOpbie Ha pnc. 5 ropH30HTallhHhl, 
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H 4 napbl MH BepTHKallhHhIX CTOpOH. l1cnOJih30BaHne nnacTHH n03B0JIHeT, BO-

nepm,IX, nOBhICHTh TOqHOCTh Haxo~eHHH rpaHHUbl 3a cqeT yMeHhIIIeHHH 

pa3Mh!TOCTH rpaHHUhl neTann H, B0-BTOpbIX, nonyqfffh ra6apHTHbie pa3Mepbl AeTanH 

no MaKCHMallhHO BhICrynaiomnM qacrnM. ,nnjl nOBhIIIIeHHH TOqHOCTH Haxo~eHHH 

rpaHHU OTBepCTHH ncnOJih3yeTCH Ha6op cneunanhHhIX BTYJIOK pa3nnqHhIX 

AHaMeTPOB C BHYTPeHHHM OTBepcTHeM •KOHYCOBHnttOro npoq>HJIH, KOTOpbie 

BCTaBJIHIOTCH B OTBepCTHH cneii:cepa. ·3TH BTYJIK~ no3B0llilJ?T 1.f36~BHT~.II OT BJIH.IIHHH 
.. . 

TeHeii:, OT6pac1,maeMbIX KpaeM OTBepcrnH, ttiiiiTH noJIO)KeHne"ueHTpa:'oTBepcrnii:, a 
' i • : . ~ .: 

TaK)Ke npOKOHTPOJIH})OBaTh MHHHMaJihHhlll Allfil1eTp OtBepc~HH. . ·\ .,_ 

~a _c..--

, , . . · 8;:y~K~ . ·.· . . · 
Cncnccp . ~,-~-:E;'•cn:Ha 
~~~ .,,,..a,.} 
. ,, ,~.f ~- ••; '.' • . 

., • ' ~ < •-·~· -·• .. ,. '"'":, ✓.,,,,...,~.,--,<'' . ~ . 

Pnc. 4. l1cnon1,30Ba!Jl1e ncnoMoraTeJihHhJX nnacnm 11 BTYJIOK 

Cephe3HYIO npo6neMy npencTaBJUieT HeonHopoAHOCTh pa6oqeii: o6nacrn 

CKaHHepa, Bhlpa)KaIOmMCH B TOM, ~o OTHOIIIeHHe paccTOHHHH Me)f(Ay 3JieMeHTaMH 

CKaHHpyeMoro 061,eKTa H nonyqeHHoro H3o6pa)KeHHH pa3JIHqHo MH pa3HhIX ee 

o6nacTeii:. ,nnjl KOMneHCaUHH 3TOH HeOAHOpOAHOCTH npHXOAHTC.11 BBOAHTh 

Kann6poBoqHbie nonpaBKH B 3aBHCHMOCTH OT noJIO)KeHHH H pa3Mepa neTanH. 

l13MepHeMM · neTanh pacnonarae-rcH Ha cTeKne cKaHHepa. Bo n36e)KaHHe 

noBpe~eHHH CTeKna Me)f(Ay HHM H neTanbIO KnaAeTCH nneHKa H3 npo3paqHoro 

MaTepnana. ,[(eTanh rpy6o Il03HUHOHHpyeTCH Ha CTOJie CKaHHepa npn IlOMOmH 

cneunanhHoro yronKa. 

BHaqane npOH3BOAHTCH CKaHHpOBaHHe C Mallh!M (100 dpi) pa3pemeHneM no 

Bceii: pa6oqeii: o6nacTn CKaHHepa. flpn noMomn anropHTMa, nonpo6Ho onncattHoro 

HH)Ke, npOH3B0.l{HTC.II onpeneneHHC nOJIO)KCHHH cneiicepa. 3To Il03BOJUleT 
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yMeHbllllITb. rrnoma,nb rrocnenyromero CKaHHpOBa.Hll51 C 6onbllllIM pa:3pellleHHeM ll, 

cnenonaTenbHO, COKpaTHTb 061,eM rrepenanaeMbIX co CKaHHepa naHHbIX, 'ITO 

cymecTBeHHO (B HeCKOilbKO pa:3) yMeHblllaeT BpeM51 BblilOnHeHH51 3TOH orrepaunn. 

TaIOKe orrpeneMIOTC51 o6naCTll, B KOTOpbIX 6yAeT IIpOHCXOAlITb IIOHCK rpaHHU 

AeTanll. 

05Jlacm OOIICKI '1'_.,_ .. _m __ _ 

/" J 

Puc. 5. Pacnonome,me nenor.ici~aTe111,111,1x 11nacT1t1111 nrynoK 

., • ,r; 

K CTOpOHaM crreil:cepa rrpHKn8,LlbIBaIOTC51 BCIIOMOraTenbHbie rrnaCTlIHbl lI 

rrpOH3BOAHTC51 CKaHHpOBa.Hlle o6nacrn C pa:3pemeHHeM 600 dpi, B KOTOpoil: 

HaxOA}ITC51 crreil:cep lI BCIIOMOraTenbHbie rrnaCTlIHbI. IlonytieHHOe H306palKeHHe 

3annc1,rnaeTC51 B 6ttTMan-qiail:n. Ifa :noro qiail:na rrooqepentto CtIHTbIBaIOTC51 yqacTKH 

ll306pameHH51, coneplKamne rpaHHUbI rrnacrnH lI nrynoK. 

,lln51 Haxo)I(AeHH51 rpaHHUbI orrpenen51IOTC51 TO'!Kll, B KOTOpbIX rrpoXOAHT 

rpaHHUa Me)l(Ay «tiepHbIMll» H «6enbIMll» o6naCT51Mll ll306pameHH51. Hcrronb30Ba.H 

cnenyIDllllIH anropHTM:. An51 Ka)KAOH TO'!Kll. ll306palKe_HH51 cpaBHlIBaIOTC51 KORH'leCTBa 
:-, - .. ' 

«6enbIX» H «tiepHblX)) coceneil: (T.e. C 51pKOCTblO 6onbllle lI MeHbllle orrpeneneHHOfO 

rropora) B o6naCTll 5x5 IIlIKCen (pix). HaxOA}ITC51 TO'!KH, y KOTOpbIX KORH'!eCTBO 

«6enbIX)) li «tiepHbIX» coceneil: rrpn6ntt3HTenbHO paBHO. ,lln5I OTCeBa OAH_HO'!HbIX 

TO'!eK, He rrpHHaAnelKaw;HX rpa.Hnue neTanll, B03HHKaIOW:HX ncnencrnne 

3arp513HeHHOCTH CTeKna CKaIIHepa H IIpO'llIX neq>eKTOB H306pameHH51 An5I Ka)KAOH H3 
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Hail:neHHbIX TO'!eK B o6nacTH 0,5 MM :(15 pix)' IIOAC'!HTbIBaeTC51 KORH'!eCTBO 

rpaHH'!HbIX TO'leK. Ecnn lIX KORH'!eCTBO Mettee 5, TO TO'!Ka oT6pacbmaeTC51. ,lln5I 

ycKopeHH51 BblilOnHeHH51 orrepaunn HaxO)I(AeHH51 lI OTCeHBaHH51 TO'leK rpaHHUbI 

peanll30Ba.Hbl B BlIAe 6n6nHOTeK rrpouenyp, HallHCaHHbIX Ha 513b!Ke C H 

ttMrroprnpOBaHHbIX B Lab VIEW. 

,llanee HaxOA}ITC51 rronolKeHH51 BHelllHH.X KpOMOK BCIIOMOraTenbHbIX rrnacrnH, 

a TaK)Ke KOOpAHHaTbl ueHTPOB BrynoK [5,6]. ,lln5I 3TOro rpaHH'!Hbie TO'!KH. 

COOTBeTCTBYIOW:HX o6nacTeil: q>HTHPYIOTC51, COOTBeTCTBeHHO, IIp51MbIMH H 

OKPYlKHOCT51MH. Hcrronb30BaHHe rrpouenyp q>HTHpOBaHH51 II03BOn51eT YM~HblllHTb 

rrorpelllHOCTb, Bbl3BaHHYIO pa:3pemeHHeM CKaHHepa 3a C'leT 6onbruoro KORH'!eCTBa 

o6pa6aTbIBaeMbIX TO'!eK. ,lln5I . HaxO)I(AeHH51 nHHHH HCIIOilb3YeTC51 CTaHAapTHM 

rrpouenypa H3 6n6nnoTeKH LabVIEW, rro3BOn51IOW:M orrpeneMTb rrapaMCTPbI 

(HaKnOH lI CMemeHne) rrp51MbIX. )ln5! HaxO)I(AeHH51 KOOPAHHaT ueHTPOB OTBepcrn:il 

lICIIOilb3yeTC51 anropHTM, OIIHCaHHbIH B [5]. AnropHTM II03B0n51eT HaxOAHTb 

KOopnnmi.Tbl ueHTPa H pa,nnyc OKpYlKHOCTll, rrpHtieM norrycTHMO OTCYTCTBHe TO'leK 

Ha qaCTll nyrn. 

Ilono)KeHHe ra6apHTHbIX nHHHH .. neTan:ii: orrpeneMeTC51 rrpH IIOMOIUH CABHra 

Ha H3BeCTHYIO lllHpHHY rrnaCTlIHbl. IIonolKeHHe ueHTPOB OTBepCTHH conrra,naeT C 

rronolKeHHeM ueHTPOB nrynoK. 

3HM rrapaMCTPbI IIp51MblX 1,2,3,4 (pnc.6), KOOpAHHaTbl HX rrepecetieHHH, a 

TaK)Ke KOOPAHHaThI ueHTPOB OTBepCTHH, Mb! MOlKeM rryTeM TPHfOHOMeTPHtieCKHX 

BbNHcneHHil: orrpenenHTb nx B3aHMHoe rroriolKeHue H nro6b~e TPe6yeMhie pa:3MepbI. 

Pa:3Mep~I Hl H H2 HaxOA}ITC51 rryTeM BbI'llICneHH51 pacCT051H~ OT rrp51MOH 3 

AO TO'leK rrepecetieHH51 rrp51MblX 4 H 2 C rrp51MOH 1. Eonbruee H3 HH;_ naeT ra6apHTHbIH 
• ' . i 

pa:3Mep H, a . pa:3HHUa He .zionlKHa rrpeBbilllaTb rrpenenbHO AOII)'CTHMOfO 3HatieHH51. 

Pa:3Mep A BbNHCn51eTC51 KaK pacCT051HHe Me)l(Ay TO'!KaMH rrepecetieHH51 IIp51MbIX 4 C 3 

lI 2 C 3, 13 ...:. 4 C 1 H 2 C 1. CnenyeT rronqe~KHyTb, 'ITO paccMa~HBaIOTC51 HMeHHO 

paCCT051HH51 Me)l(Ay rrepeceqeHH51MH KaCaTenbHbIX K CTOpOHaM, KaK YKaJaHO B 

tiePTelKax, 6e3 ytieTa yrnoBbIX cpe30B. 
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Pnc. 6. CxeMa n3MepeHnif cneifcepoB 

,[{naMe-rp1,1 · ornepcmif onpe,neJUIIOTCH no ,nnaMe-rpy caMoif 6on1,rnoif 

BXO,ZJ;Xllleli B OTBepcTne BTYJIKlf. 

H3MepeHHbie BeJilfqlfHhl, HX OTKJIOHeHlfll OT HOMlfHaJIJ,HJ,IX BJ,IBO,ZJ;XTCH Ha 

.nncnneif, n B cnyqae, ecnn OTKJIOHeHne npea1,1rnaeT ,nonyCTnMoe 3HaqeHne, 

COOTBeTCTBYIOilllfli napaMeTp BbI.ZJ;eJUieTCH CBeTOBblM cnrHaJIOM. Pe3yJIJ,TaT 

lf3MepeHlfll TaK)l(e 3anlfChlBaeTCll B TeKCTOBl,lli q>aHJI. 

Bo3MO)l(HO npoae,neHne .llOilOJIHHTeJIJ,HOrO CKaHHpOBaHHll (6e3 

BCilOMOraTeJIJ,HJ,IX nnaCTHH) ,nJUI HaxO)l(.ZJ;eHHll MeCT, B KOTOpbIX rpaHHUJ,I ,neTaJIH 

BJ,IXO,ZJ;XT 3a .nonycTHMble npe,neJihl. Ha nonyqeHHOM H306pa)l(eHHlf C 

lfCilOJIJ,30BaHHeM anropHTMa, OilHCaHHoro BhlIIIe, HaxO.ZJ;XTCll rpaHHqttJ,Ie TOqKH H 

BJ,NHCJllleTCll OTKJIOHeHHe Ka)l(,ZJ;OH OT <<H.ZJ;eaJIJ,HJ,IX» rpaHHU .lleTaJIH, onpe,neJUieMJ,IX 

HCXO,ZJ;X H3 HOMHHaJIJ,HJ,IX pa3MepoB. EcJIH OHO 60JIJ,Ille .nonycTHMOH BeJIHqHHbl, TO \ 

TOqKa OTMeqaercx Ha .llllCilJiee UBeTOM, B 3aBHCHMOCTlf OT 3HaKa H BeJIHqHHJ,I 

8 

OTKJIOHCHHH. TaKlfM o6pa30M, MO)l(HO 61,1cTpo HaxO,ZJ;HTJ, MCCTa, B KOTOpbIX eCTJ, 

JIOKaJIJ,Hbie ,!leq>eKTbl . 

TTpouecc H3MepeHHll 0,!lHOH .neTaJIH 3aHHMaeT OT 10 .no 20 MHH B 

3aBHCHMOCTH OT ee pa3MepoB. bOJII,IIIaH qacTJ, :noro BpeMeHH 3a-rpaqnaaeTCll Ha 

CKaHHposaHHC .llCTaJilf B pe)l(HMe BJ,ICOKOro pmperneHHll. CKopOCTJ, 3TOH onepauHH 

onpe.nem,eTCll KaK CKOpOCTblO CKaHHpOBaHHH, TaK H 60JIJ,IIIHM 061,eMOM 

nepe,!laBaeMOH HHq>OpMaUlfH (.no 30 Mera6aifT). 

ToqHOCTb H3MepeHHll 3aBHCHT OT CJICJlYIOilllfX q>aKTOpOB. 

• PmperneHHe CKaHHepa; npH lf3MepeHHHX HCIIOJII,3yeTCH pe)l(HM 600 dpi 

HJllf 32 MKM. TTpnMeHHCMbie anropHTMJ,I paCII03HaBaHHll 3JICMCHTOB 

H306pa)l(eHHH H3-3a 60JIJ,IIIOro KOJIHqecTBa o6pa6aTbIBaCMhlX ToqeK 

CHH)l(aJOT BJIHHHHe 3TOro q>aKTOpa Ha cyMMapHyIO norpeIIIHOCTJ, 

• 

H3MepeHHll. 

HeJilfHCHHOCTb 3aBHCHMOCTH KOOp,nnHaT nonyqeHHOro H306pa)l(CHHH OT 

KOOp,nHHaT CKaHnpyeMOro 061,eKTa, o6ycJIOBJICHHaH, 110-Bll.llllMOMY, 

oco6eHHOCTHMlf OIITlfqecKOH CXCMJ,I CKaHHepa. ,[{Jill KOMIICHCauHH 

rrpHXO.llHTCll BBO.llHTJ, 11011paaoqHJ,IC K03qlqJHUHCHTJ,I, IIOJiyqaeMbie npH 

IIOMOillll KaJIH6pOBKH. 

• TTorpernHocTH, BI,IJI,IBaeMbie HeToqHOCTJ,IO 1103HUHOHHpoBaHHll 

3JICMCHTOB OIITHqecKOH CXCMJ,I CKaHHepa, rrporropunoHaJIJ,HJ,IC pa3Mepy 

IIJiaCTHH. OHlf BHOCHT OCHOBHOH BKJia.ZJ; B HeToqHOCTJ, H3MepeHHll H 

rrporropUHOHaJIJ,HJ,I pa3Mepy HJMepxeMOH ,!lCTaJIH. 

• TTorpeIIIHOCTH, BJ,IJJ,IBaeMbie HCIIJIOTHJ,IM npHJieraHHCM 

BCilOMOraTeJIJ,HJ,IX nJiaCTHH. 
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4. Tecrnp9saH~e 

,llJUI OITpe.nenemur T01IHOCTH H3MepeHHH 6bIJJH ITposeneHbl TeCTHposaHml Ha 

KaJJH6pOBaHHbIX 06pa:n-1ax. l13MepReMbie paCCTORHHR Me'lK.1-ly pa3JJH1IHblMH T01IKaMH 

6hIJJH BhI6paHbl corJJaCHO cxeMe, ITOKaJaHHOH Ha . pHC. 6, aHaJJOfH1IHO cxeMe 

KOHTPOJJbHbIX H3MepeHHH. CepHR H3 HeCKOJJbKHX H3MepeHHH 0,llHOH H TOH )Ke neTaJJH 

ITOKaJaJJa HaJJHtJHe pro6poca ITOJJy11aeMbIX 3Ha1IeHHH. 8eJJH1IHHa pro6poca B03pacTaeT 

C yseJJHtJeHHeM pa3Mepa ,UeTaJJH. ,[(JJR CaMOH 60JJbllJOH ,lleTaJJH ITOrpeUJHOCTb 

COCTaBHJJa 100 MKM. IlpH1IHHOH pa36poca B pe3yJJhTaTaX H3MepeHHH RBJJReTCR B 

OCHOBHOM HeCTa6HJJbHOCTb pa60Tbl MeXaHH3Ma CKaHHepa, ITpHBOLlRil-laR K HeT01IHOMY 

IT03HUHOHHpOBaHHIO ::weMeHTOB OITTHtJeCKOH cxeMbl ITptt60pa. 

Propa6oTaHHaR CHCTeMa MO)KeT 6hITb HCITOJJb30BaHa TaK)Ke B 6oJJee IIIHpOKHX 

ueJJRx: )UR o6Mepa .ZleTaJJeii, ,llOCTaT01IHO CJJO)KHbIX ITO csoeii KOHqmrypauHH, .ZlJIR 

H3MepeHHR CTaH,napTHbIMH MeTO,llaMH. TaK)Ke B03MO)KH0. yseJJH1IeHHe T01IHOCTH 

CHCTeMbl 3a CtJeT ITOBbIUJeHHR T01IHOCTH ITpH6opa, ITPH ITOMOII-IH KOTOporo 

ITOJJy11aeTCR mo6pa)Kettne. Propa60TattHb1e anropHTMbl HaxO'lK.1-leHHR 

reoMerpH1IeCKHX pa3MepoB 061,eKTOB ITO mo6pa)KeHHIO He ITpHBR3aHbl K 

OITpe,UeJJCHHOMY THITY BXO.ZJ:HOro ycrpoiicrna H MOryT 6b!Tb HCITOJJb30BaHLI B 

aHaJJOfH1IHbIX H3MepHTeJJhHblX CHCTeMax. 
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