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BBegemrn 

B HaCTOH~ee BpeMH Bee 6orree WHpOKOe 

rrpHMeHeHHe HaXO;QHT TpeKOBhle ;QeTeKTOphl Ha 

OCHOBe TOHKOrrrreHoqH@X gpeH~OBhlX Tpy6oK 

(CTpoy) [ 1 ] . 
B03HHKaID~HX rrpH 

HaH6orree BaZHhlX 

Cpe;QH MHOZeCTBa rrpo6rreM, 

HX C03;QaHHH, O;QHOH H3 

HBITHeTCH o6ecrreqeHHe H 

IIpHMOITHHeHHOCTH O;QHOpO;QHOCTH KOHTporr:o 

CTpoy rro pa3MepaM KaK B rrpoQecce 

TOHKOIIrreHOqH&IX Tpy6oK, TaK H H3rOTOBrreHHH 

rrpH c6opKe Bcero ;QeTeKTopa. HarrpHMep, 

coqeTaHHe TpeKepa H geTeK~Opa peHTreHOBCKOrO 

rrepeXO;QHOrO H3rryqeHHH (PITH) Ha OCHOBe CTpoy, 

rrpoeKTHpyeMoro ;QITH BHyTpeHHero ;QeTeKTOpa 

ycTaHOBKH ATLAS, rrpe;Q~HBITHeT crre;QyID~He 

Tpe6oBaHHH K CTpoy: OTKITOHeHHe OT cpe;QHero 

;QHaMeTpa He ;QOITZHO rrpeB@WaT:o 10 MKM, carHTTa 

;QITH CTpoy ;QITHHOH ;QO 50 CM ;QOITZHa 6@TI, MeHee 

0 , 3 MM [ 2 ] • 3TO IIpHBO;QHT K Heo6xo;QHMOCTH 

rrpoBepKH BCex CTpoy rrepeg HX OKQHqaTerr:oHOH 

c6opKOH B MO;Qyrr:o. HaH6orree IIpOCThlM H 

;QOCTaTOqHQ 3~~eKTHBHhlM MeTO;QOM rrpoBepKH 

CTpoy HBrrHeTCH HX TeCTHpoBaHHe Ha 

rrpoxozgeHHe rryqKa cBeTa c perHcTpaQHeH 

CBeTOBOro IIHTHa, o6pa3yID~erocH Ha BhlXO;Qe 

CTpoy, IT3C-MaTpHQeH. IlpH 3TOM B03MOZHhl ;QBa 

Me Toga H3MepeHHH. B QEPH, B paMKaX rrpoeKTa 

ATLAS, C03;QaHa ycTaHOBKa Ha OCHOBe, 

OIIHCaHHOH B pa6oTe [ 3 ] • Ha 3TOH ycTaHOBKe 

CTpoy rrpoBepHIDTCH Ha IIpHMOITHHeHHOCT:O 

rrocpe;QCTBOM CKaHHpOBaHHH TOHKHM CBeTOBI>IM 



nyqoM BHernHei rroBepXHOCTH Tpy6KH, 
meicH BOKpyr CBOei OCH. QqeBH;QHOe 

BpamaJO
rrpenMy-

mecTBO Me Toga CKaHHpOBaHHH - BhlCOKaH 
rrpocTpaHCTBeHHaH ToqHQCTn. OgHaKo rrocnegHHH 
orrpegenHeTCH He TOflnKO pa3MepOM egHHHqHfilX 
3TTeMeHTOB II3C-MaTpHQI:iI, HO H rrpeo;H3HOHHOCTn!O 
3aKperrneHHH H rrepeMemeHHH CTpoy COOTBeTCT
ByJOmei MexaHnqecKoi cncTeMoi. KpoMe 3Toro, 
MeTO;Q Tpe6yeT MHOroKpaTHhlX H3MepeHHH H 
cnegoBaTennHO, orpaHnqeH rro BpeMeHH B cnyqae 
TecTHpoBaHHH 6onnrnoro qncna cTpoy. C gpyroH 
CTOpOHI:iI, 
rrpOCMOTpOM 

MeTog 
CTpOy 

CKaHHpoBaHHH 
TOflnKO C ero 

orpaHnqeH 
BHernHei 

CTOpOHhl H He rro BCeH rroBepXHOCTH, qTo He 
IlO3BOnHeT o6HapyZHTn ge~eKThl, CBH3aHHhle C 
noKannHhlM xapaKTepoM IlOBpezgeaHH IlOBepXHOCTH 
CTpoy. 

gpyrHM MeTO;QOM, rrpegcTaBneHHhlM B HaCTOH-
meH pa6oTe, HBnHeTCH aHaTTH3 H3o6pazeHHH 
cBeToBoro rrHTHa OT rrpoxozgeHHH rrapannennHoro 
rryqKa CBeTa qepe3 HerrogBHZHhle TeCTHpyeMhle 
CTpoy. 3TOT MeTog, 6onee rrpHMOH, XOTH H 
MeHee TQqHfilH rro rrpocTpaHCTBeHHOMy pa3pe
lli8HHIO, O;QHHaKOBO qyBCTBHTeneH KaK K rrpHMOTTH
HeHHOCTH, TaK H K noKannHI:iIM ge~eKTaM CTpoy. 
OH OTnnqaeTCH rrpOCTOTOH HCilOTTHeHHH, BO3MOZ
HOCTn!O T8CTHpOBaHHH ycTaHOBTT8HHhlX B Mogynn 
CTpoy, H, rro KpaH:HeH'. Mepe, B gecHTKH pa3 
MeHnlliHMH BpeMeHaMH 3KCilO3HQHH rrpH T8CTH
poBaHHH. KpoMe Toro, BTOpOH MeTO;Q gaeT 
BO3MOZHOCTn IOCTHpOBKH co6paHHhlX B egHHhlH'. 
Mogynn CTpoy go ycTaHOBKH B HHX aHO;QHhlX 
rrpoBonoqeK. 3To MozeT cymecTBeHHO o6nerqnTn 
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c6opKy MHOroMogynnHhlX TpeKepoB gnHHOH 50 CM 
H 6onee. 

Qenn!O rrpegcTaBneHHOH'. pa60Thl HBflHTTOCn 
HccnegoBaHHe BO3MOZHOCTH rrpocTOH'. H 6hlCTpoi 
rrpoBepKH H OT6paKOBKH CTpoy MeTO;QOM aHanH3a 
H306pazeHHH OT cBeTOBoro IlHTHa rrpH 
rrpoxozgeHHH rrapannennHoro rryqKa cBeTa qepe3 
BHyTpeHHIOIO rroBepXHOCTn CTpoy. 

3KcrrepHMeHTannHaH ycTaHOBKa 

Ha pnc. 1 rroKa3aH cxeMaTnqecKHi BHg 
3KCrrepHMeHTannHOi ycTaHOBKH. CBeTOBOi IlOTOK 
OT HCTQqHHKa rrocne KOflflHMaQHH ~OpMHpyeTCH 
OilTHqecKOH'. CHCTeMOH'. B rrapannennHhlH'. rryqoK 
cBeTa c pacxogHMOCTn!O He · xyze O , 2 Mpag H 
rrpoxogHT qepe3 TecTnpyeMNi o6~eKT. 
HHTerpannHoe H3o6pazeHHe 3Toro o6~eKTa, 
rrocne rrpoxozgeHHH ~opMnpyJOmeH H3o6pazeHHe 
TTHH3hl, rrpoeo;npyeTCH Ha IT3C-MaTpno;y 
pa3MepHOCTn!O (512x512) 3fleMeHTOB, c 
flHHeiHhlMH pa3MepaMH egHHHqHoro 3neMeHTa 
( 16x16) MKM. YcTaHOBKa pa6oTaeT Ha nHHHH c 
3BM, B KOTopy!O 3aITHCI:iIBaeTCH HH~OpMaQHH 06 
HHTeHCHBHOCTH CBeTOBOrO IlOTOKa B KaZgOM 
3neMeHTe MaTpHQhl H cnegoBaTennHO, o 
pacrrpegeneHHH CBeTOBOro IlOTOKa BHYTPH 
rronyqeaaoro H3o6pazeHHH. ITpegBapnTennHaH 
o6pa60TKa HH~OpMaQHH rrpoBO;QHnacn rrocpegCTBOM 
CTaHgapTHhlX rrpoo;egyp rro BfilqeTy ~OHa, CMa3a, 
KOHTpacTHpOBaHHH H ~HnnTpao;HH gaHHhlX. 
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CxeMaTH':leCKOe H3o6pa:iK:eHHe ycTaHOBKH: 

( 1 ) HCTO':IHHK CBeTa; ( 2 ) 

KOTITIHMaTOp; ( 3, 
;qep:iK:aTenH cTpoy; 

7 ) - TIHH3hl; ( 4 1 6 ) -

(5) - CTpoy 

YcTaHOBKa pa6oTaeT B ycnoBHHX 06hl':IHOro 

OCBemeHHH H He Tpe6yeT ;qorronHHTenbHOH 3amHThl 

OT cBeToBoro cpoHa. liCTO':IHHKOM CBeTa cny:iK:HT 

naMIIO':IKa HaKanHBaHHH MOmHOCTb!O HeCKOTibKO 

Ba TT, a B Ka':leCTBe OIITH':leCKOH CHCTeMI>I, 

cpopMHpyIOmeA rrapannenbHI>IH IIY':IOK CBeTa, -

CHCTeMa H3 Tpex TIHH3. BcH ycTaHOBKa co6paHa 

Ha OIITH':leCKOH CKaMbe H 3aKperrneHa Ha 

IIOBOpOTHOM ycTpOHCTBe, IIO3BOTIH!OmeM rrpOBO;QHTb 

KanH6poBO':IHhle H OCHOBHhle H3MepeHHH B 

ropH3OHTaTibHOM H BepTHKaTibHOM rrono:iK:eHHH 

TeCTHpyeMhlX CTpoy. Bhln ~a3pa60TaH 

crreQHanbHhlH ;qepzaTenb, qJHKCHPY!OmHH 

TeCTHpyeMOe CTpoy . OTHOCHTenbHO CBeTOBoro 

nyqa. KOHCTpyKQHH ;qep:iK:aTenH IIOKa3aHa Ha 

pHc.2. Ilepe;q ycTaHOBKOH CTpoy H 

KanH6poB0':1HhlMH H3MepeHHHMH IIpOBO;QHnacb 

TmaTenhHaH IOCTHpOBKa BepxHeH H HHZHeH qacTeH 

;qep:iK:aTenH OTHOCHTenbHO CBeTOBoro rrytJKa IIO HX 

H306pa:iK:eHHHM Ha Il3C-MaTpHQe. H306pazeHHe 

3aKperrneHHOrO TaKHM o6pa30M 3TanoHHOro CTpoy 

C HyneBNM H3rH60M cny:iK:HT OIIOpHhlM B 
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KoHcTpyKQHH MexaHH':leCKOro ;qepzaTenH 

;qnH ycTaHOBKH CTpoy 

KanH6poB0':1HhlX H3MepeHHHX. IlpH 3TOM 

Heo6xo;qHMO OTMeTHTb, 'ITO TaKoe 3aKperrneHHe 

CTpoy C HyneBhlM H3rH60M ;qOTI:iK:HO HCKa:iK:aTb 

(BhlIIpHMTIHTb) ;qecpopMaQHIO HCIIhlTNBaeMoro 

o6pa3Qa. O;qHaKO rro;qo6Hhle HCKa:iK:eHHH 6y;qyT 
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BO3HHKaTb H npH c6opKe CTpoy B e;QHHOM 
MO;Qyne, H OKOHqaTenhHYID IDCTHpOBKY npH c6opKe 
MO:lKHO npOBO;QHTh no npegno)KeHHOH MeTO;QHKe Ha 
aHanorHqHoH ycTaHOBKe. 

ToqHOCTD ycTaHOBKH CTpoy o6ecneqHBaeTCH 
B npegenax 20 - 40 MKM, BpeMH ycTaHOBKH 

5 - 10 c. liCnfilTfilBaeMoe CTpoy ycTaHaBnHBaeTCH 
B gep)KaTenh H nocpe;QCTBOM MHKpOMeTpHqecKoro 
ycTpOHCTBa, 
CKaMbe, 
gecj_JopMaQHH. 
STanOHHOro 
npOBO;QHnCH 

3aKpenneHHOro Ha onTHqeCKOH 

nogBepraeTCH MexaHHqeCKOH 

IlpH 3TOM 1 H3-3a OTCYTCTBHH 

CTpOy C HyneBoIM 

OT60p 

nocnegoBaTenhHfilX 
cxeMe oT6opa. 

TaKoro sTanoHa 
npH6nH)KeHHH no 

H3rH60M 1 

MeTO;QOM 
cnegyromeft 

IIo nonyq~HHfilM KanH6poBoqHfilM KpHBfilM (pHc. 
5, 6, 8, 9) 3aBHCHMOCTeH napaMeTpOB, 
xapaKTepH3yromHx gecj_JopMaQHro gnH oTo6paHHoro 
o6pa3Qa, yToqHHnach HyneBaH no3HQHH c 
xapaKTepHNMH gnH TaKoro Hegecj_JopMHpOBaHHOro 
cTpoy _napaMeTpaMH. ~anee, H3 HMeromH~CH cTpoy 
Bfil6HpancH o6pa3eQ C MHHHManbHfilM, cornaCHO 
npegBapHTenI>HfilM KanH6poBoqHoIM KpHBNM, 
H3rH6oM, nocne qero BCH npoQegypa KanH6poBKH 
noBTOpHnach 
o6pa3Qe. IIpH 

Ha STOM OT06paHHOM STanOHHOM 
He06XO;QHMOCTH npoQegypy MO)KHO 

6Nno nOBTOpHTh. 
Ha TaKOM OTo6paHHOM sTanOHHOM CTpoy H 

nonyqeHN Bee KanH6poBoqHfile KpHBfile, 
npe;QCTaBneHHfile B HaCTOHmeH pa6oTe. 

KanH6pOBOqHfile H3MepeHHH 

KaK OTMeqanocb Bfilllie, egHHCTBeHHfilM, no 
cymecTBY, HegocTaTKOM npegno)KeHHoro MeToga 
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HBnHeTCH nnoxoe npocTpaHCTBeHHOe pa3pemeHHe 

ycTaHOBKH, 
ofrI>eKTa, 
Pa3pemeHHe 

CBH3aHHOe C npoTH)KeHHOCThID 
npocMaTpHBaeMoro II3C-MaTpHQeH. 
B g_JOKanhHOH nnocKOCTH ycTaHOBKH 

onpegenHeTCH pa3MepaMH egHHHqHoro sneMeHTa 
MaTpHQoI' CHMMeTpHqHfilM . o6pa30M yxygmaHCI> no 
Mepe yganeHHH no o6e CTOpOHfil OT q_JOKanhHOH 
nnoCKOCTH. PHC. 3 npegcTaBnHeT 3aBHCHMOCTD 

FIIIM ( mkm l 
450.00 

400.00 

350.00 

300.00 

250.00 

200.00 

D 

0.00 +-+-+-+-+-+-+-+-+----+-4--+-+-+-_,_,_-+-i--+--+-i-i 
-10.00 -5.00 0.00 5.00 10.00 

PHC. 3. 3aBHCHMOCTh 
(FWHM) OT 
nnocKOCTH 

L( cm) 

pa3pemeHHH 
paccTOHHHH go 

7 

ycTaHOBKH 
q_JOKanhHOH 



npocTpaHCTBeHHOro pa3pemeHHR ycTaHOBKH 

( FWHM) KaK ipyHKI:(HIO pacCTORHHR OT !pOKan:&HOli 

nnoCKOCTH. ;QnR onpe;r:i;eneHHR !3TOli 3aBHCHMOCTH 

CHHManoc:o 

HaTRHYT:&IMH 

Ha pHC. 4. 

H3o6pa:>KeHHe KOTTTTHMaTopa C 

TOHKHMH npoBonoqKaMH, .noKa3aHHOe 

IlepeMemaR KOTTTTHMaTop OTHOCHTen:&HO 

!pOKan:&HOH nnoCKOCTH, no nonyqeHHoIM CBeTOB:&IM 

H306pa:>KeHHRM npOBOTTOK Ha Il3C-MaTpHI:(e 

onpe;r:i;enRnoc:o npocTpaHCTBeHHoe pa3pemeHHe 

ycTaHOBKH. H3 pHC. 3, 4 BH;tJ;HO, qTo CBeTOBoe 

H306pa:>KeHHe B q_JOKan:&HOli nnOCKOCTH ycTaHOBKH 

nepeHOCHTCR 6e3 HCKa:>KeHHli Ha Il3C-MaTpHI:(Y H 

npocTpaHCTBeHHoe pa3pemeHHe onpe;r:i;enReTcR 

pa3MepaMH ee e;r:i;HHHqHoro sneMeHTa, no3BOTTRR B 

npe;r:i;enax npOTR:>KeHHOCTH o6'.6eKTa B 1 CM 

B:&IRBTTRT:& noKan:&H:&Ie ;r:i;eipeKT:&I noBepXHOCTH C 

TOqHOCT:&IO He xy:>Ke 3 0 MKM. O;r:i;HaKO Ha 

paCCTORHHRX, COH3MepHM:&IX C npOTR:>KeHHOCT:&IO 

cTpoy, npocTpaHCTBeHHoe pa3pemeHne 

cymecTBeHHO yxy;r:i;waeTCR: TaK, Ha paccTORHHH 

20 CM y:>Ke He y;r:i;aeTCR H;tJ;eHTHqJHI:(HpoBaT:& HHT:& 

;tJ;HaMeTpOM 100 MKM. QqeBH;tJ;HO, qTo BO3MO:>KHOCTH 

S!ptpeKTHBHOro TeCTHPOBaHHR Ha no;r:i;o6HOH 

ycTaHOBKe npoTR:>KeHH:&IX o6'.6eKTOB 3aKnroqaIOTCR 

He B B:&IRBTTeHHH TTOKan:&H:&IX ;r:i;eq_JeKTOB, a B 

o6pa60TKe HHTerpan:&H:&IX xapaKTepHCTHK 

CBeTOBOro nRTHa. 

Hcxo;r:i;R H3 !3Toro, Hcnon:&3yeM:&Ie B 

;r:i;an:oHeftmeM napaMeTp:&1, xapaKTepH3yromne 

CTeneHn ;r:i;eq>opMaI:(HH CTpoy, ycpegHRTTHC:& npn 

o6pa60TKe no 1440 3HaqeHHRM yrna noBOpOTa 

OTHOCHTen:&HO B:&16paHHOH reoMeTpHqecKOli OCH 

H306pa:>KeHHR. IlpH !3TOM sneMeHToI MaTpHI:(oI 

npoeI:(HpOBanHC:& Ha COOTBeTCTBYIOmHH yrny 
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a) 

PHC. 4. 

6) 

a) H3o6pa~eHHe KOITITHMaTopa (~ =5 MM) 

C HaTRHYTNMH Ha Hero HHTRMH 

gHaMeTpaMH 20 MKM H 100 MKM B 

~OKaIToHOH IlITOCKOCTH ycTaHOBKH; 

6) TO ~e Ha paCCTORHHH 1 CM; 

B) Ha paCCTORHHH 13 CM OT ~OKaIToHOH 

IlITOCKOCTH 

B) 



PHC. 5. 

- ,, Re* JO-(MKM) 
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◊ (MKM) 

3aBHCHMOCTo cpegHeapH~MeTH'tfeCKOro 
3Ha'tfeHHB pagayca H3o6pa~eHHB oT 
ge~opMaQHH CTpoy 

IlOBOpOTa pagayc-BeKTOp. B HH~enpaBegeHHDIX 
BDipa~eHHBX acnono3OBaHDI cnegyromae o6o3Ha'tf
eHHB: Nij - QH~POBOH . KOg 3neMeHTa MaTpHQ&I 
(i - HOMep CTpOKH, j - HOMep CTon6Qa), COOT
BeTCTByromHH HHTeHCHBHOCTH: CBeToBoro H306pa
~eHH5I B gaHHOM 3neMeHTe MaTpHQ&I i q - yron 

IlOBOpOTa pagayca-BeKTOpa, npoBegeHHOro H3 

reoMeTpaqecKoro QeHTpa H3o6pa~eHHB oTHOCH
TenoHO BDI6paHHOH OCH; Ro - reOMBTpaqeCKHH 
pagayc cTpoy; R - TeKyma:0 pagHyc H3o6pa-
~emrn:; sneMeHTY MaTpHQDI npHCBaHBaIDTC51 

3Ha'tfeHH5I Ili j = 1, ecnH Ni j > No,HnH Ili j = 0, 
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PHC. 6. 

0 (MKM) 

3aBHCHMOCTo cpegHeapH~MeTH'tfeCKoro 

OTKTIOHeHH5I BOCCTaHOBneHHoro pageyca 

OT reoMeTpeqecKoro QeHTpa 0306pa~eHHR 
KaK ~YHKQH5I ge~OpMaQHH CTpoy 

ecne Ni j < No; No 

HHTeHCHBHOCTH. 

BDI6paHHDIH nopor no 

O6pa60TKa HH~OpMaQHH npoBogenaco 
'tfeTDipoMR cnoco6aMH: 
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1. no epegHeape~MeTeqeeKoMy 3HaqeHHID pageyea 
e3o6pazeHeH Rq, BNqeenseMoro KaK gneea pageyca-

BeKTopa OT reoMeTpeqeeKoro QeHTpa H3o6pa
zeHeH go rroenegHero 3Haqamero sneMeHTa 
MaTpeQN e (Ilij)q = 1, T.e. go rpaHeQN e3o6~a
zeeeH. 3aBeeeMocT~ epegHeape~MeTeqecKoro 
pageyea OT ge~opMaQeH rrpegeTaBneHa Ha pee.5. 
2. no epegHeape~MeTeqeeKOMY 3HaqeHHID pa3HHQN 

~=No~R") 1 Mezgy reoMeTpnqeeKHM ll BOCeTa

HOBTTeHHNM rro rrpegNgymeMy anropeTMY pageyeaMH 
(pee. 6). 

3. no 3aBeeeMOCTe X2
, rronyqeHHOH Ilpll BITHefil

BaHHH rrpHMOH B paerrpegeneHne pageyeoB. Ha 
pne. 7 rroKa3aHo pacrrpegeneHne pagnyeoB 
n306pazeHeH, rronyqeHHoe rro 1440 3HaqeHHHM 
yrna pagnyea-BeKTOpa, e BrreeaHHaH B 3TH 
gaHHoie rrpsMaH. BeneqnHN pagnyeoB gaHN B 
OTHOeeTennHfilX egeHeQax MaTpllqHfilX sneMeHTOB, 
rrpoeQepyeMNX Ha pageye-BeKTOp. 3aBneeMoeTn x2 

OT ge~opMaQHe eTpoy rrpegeTaBneHa Ha pee. 8. 
3aBeeHMOCTe, rrpegeTaBneHHNe Ha pnc. 5, 6, 8, 
rronyqeHN rro egHHOMY anropeTMY e KaqeeTBeHHO 
egeHTeqHN, ogHaKO eOBMeeTHOe eerronn3OBaHee 
STHX rrapaMeTpOB MOZeT cymeeTBeHHO ynyqmeTo 
eTerreHo goeTOBepHOCTH e3MepeHeH. 
4. no HHTerpannHOH eHTeHeeBHOeTe eBeTOBOro 
n306pa~eHeH (pee. 9). 

N=II~-
1 J 

O6pamaeT Ha ee6H BHeMaHHe HeMOHOTOHHI:,IH xog 
Kane6pOBOqHNX KpeBNX (pee. 5, 6, 8, 9), 
yKa3NBaromnH Ha KOMrrneKeHNH xapaKTep 
c~opMHpOBaHHOro Ha BNXOge eTpoy eBeTOBOro 
IlHTHa ll OTpa~aromeH BKnag MHorex rrpoQeceoB. 
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Pee. 7. 

a) 

50 100 150 200 250 300 350 

50 

BrreeaHHaH B 
e3o6pa~eHeH 
a) 0 MKM, 
6) 300 MKM 

6) 

I I I I I I 
200 250 300 350 

0 (rp) 

paerrpegeneHee pageyeoB 
IlpHMaH rrpe ge~opMaQHe: 

YKazeM, B 
BHyTpeHHee 

qaeTHOeTe, Ha ogeH - IlOTTHOe 
OTpa~eHee. Heo6xogeMo OTMeTeTo, 

MeTOgN 06pa60TKe rrpoBogHTeH rrpe qTo Bee 

ogHOH 3Kerro3eQee e, enegoBaTennHO, He 
Tpe6yroT gorronHeTennHoro BpeMeHe, T.K. 
rrogaBnHromyro qaeTn rroenegHero cocTaBnHeT 
yeTaHOBKa eTpoy e e3MepeHeH, egeHNe gng Beex 
MeTogoB o6pa6oTKe. no rronyqeHHNM 
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PHC. 8. 

0 
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() (MKM) 

X 2 BilHCaHHOA OKpy)KHOCTH KaK ~YHKQHB 

ge~opMaQHH CTpoy 

KarrH6poBoqHI>IM 

TeCTHpoBaHHe 

KpHBI>IM MO)KHO 

H OT6paKOBKY 

npOBOgHT:O 

CTpoy Ha 

npHMOJIHHeAHOCT:O, a TaK)Ke Ha BO3MO)KHfile 

rroKarr:oH&e g~~eKTfil BHyTpeHHeA noBepXHOCTH. 
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PHc. 9. 3aBHCHMOCT:O IlOJIHOro q:Hcrra cpa6oTaBillHX 

3JieMeHTOB MaTpHQfil OT ge~opMaQHH CTpoy 

Pe3yrr:oTaTfil npoBepKH o6pa3QOB CTpoy 

KaK y)Ke OTMeqarroc:o BO BBegeHHH, grrg 

OKOHqaTeJI:OHOro yToqHeHHB KarrH6poBOqHfilX 

KpHBfilX, npHMeHBJICB MeTog nocrregoBaTerr:oHoro 

OT6opa 3TaJIOHHoro CTpoy C MHHHMaJI:OHfilM 

3HaqeHHeM ge~opMaQHH H Bee B&menpegcTaBrreH

HI>Ie Karra6poBoqHfile KpHBI>Ie norryqeH& Ha TaKOM 
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STarrOHHOM o6pa3qe. grrg oqeHKH CTa6HITbHOCTH H 
ogHO3HaqHOCTH Bcea ycTaHOBKH B qerroM H 
OgHO3HaqHOH ycTaHOBKH CTpoy B gep~aTerre B 
qacTHOCTH, 6Nrro npoBegeHo MHOrOKpaTHOe 
TeCTHpOBaHHe STaITOHHOro CTpoy c 38 
He3aBHCHMfilMH ycTaHOBKaMH nocrregHero B 
MexaHaqecKHH gep~aTerrn. Berraqam,1 geqiopMaQHH 
onpegerrHrrHCb no Karra6pOBOqHfilM KpHBfilM pHC. 5, 
6, 8, 9. Pe3yITbTaTfil STOH npoBepKH no KpHBOH 
pac. 5 npegcTaBrrem,1 Ha rHcTorpaMMe pac. 1 O • 
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Pac. 10. PacnpegerreHHe 
H306pa~eHHH npH 

ID 2 
Entries 38 
Mean 2003. 
RMS 6.337 
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-
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I I 
Ro(MKM) 2010 2015 

cpegHHX pagHyco 
38 nocrregoBaTerrnHN 

ycTaHOBKax 

gep~aTerrn 
STarrOHHOro CTpoy 
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ropH3OHTaITbHI>IMH npHMI>IMH Ha pHC. 5 OTMeqeHfil 

MHHHMaITbHOe H MaKCHMaITbHOe 3HaqeHHH cpegHero 

pagayca H306pa~eHHH. HaH60ITblliee OTKITOHeHHe 
BerraqHHoI geqiopMaQHH, xapaKTepa3y10mee KaK 
ogHO3HaqHOCTb H nOBTOpHeMOCTb pe3yrrnTaTOB 

MHOrOKpaTHfilX HCnNTaHH€ STarroHHOro 06pa3qa, 

TaK H ToqHOCTb ycTaHOBKH CTpoy B gep~aTerre, 
COCTaBITHITO He 6orree 100 ~KM. 

grrg OQeHKH scpcpeKTHBHOCTH npegrro~eHHOro 
MeToga 6NrrH OT06paHfil KOHTpOITbHfile o6pa3Qfil, 
npegBapHTeITbHO ~3MepeHHfile Ha ycTaHOBKe B 

QEPH MeTOgOM CKaHHpOBaHHH, onacaHHfilM BO 

BBegeHHH. Pe3yrrnTaTN npegcTaBrreHN B Ta6rraqe. 
81, 82, 83, 84 - norryqeHHoie gecpopMaQHH B MKM no 
BCeM qeTNpeM KarrH6poBoqHfilM KpHBfilM pac. 5, 6, 
8, 9 COOTBeTCTBeHHO; 8k - pe3yrrnTaTN 
KOHTpOITbHfilX H3MepeHHH. OqeHoqHoe 
TOqHOCTH KOHTpOITbHfilX H3MepeHHH 
100 MKM. 

3HaqeHae 
COCTaBITHITO 

Ta6rraqa 

N 81 82 83 84 6mean 6k 

straw 

2 260 260 300 280 275 370 
4 120 100 150 100 115 115 
5 115 200 140 130 150 90 
6 100 100 150 100 110 100 
7 275 285 315 280 290 390 
8 230 190 230 250 225 300 
9 300 310 350 325 330 435 

10 200 190 140 200 180 230 
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~anee 6@nH npoBegeH@ H3MepeHHH 

gecpopMaqm1 cTpoy no BCeM MeTogaM o6pa6oTKH 

CBeTOBOro H306pazeHHH cornaCHO KanH6po

BO'IHfilM KpHBfilM. 11CTHHHOe 3Ha<IeHHe gecpopMaQHH 

npHHHManoch KaK cpegHeapHcpMeTH<IeCKOe OT 

H3MepeHHolX 3Ha<IeHm1 - (81+ 82+ 83+ 84)/4. KaK 
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PHC. 11. 

OrKJioHeHHe ( om. ell.) 

PacnpegeneHHH OTKTTOHeHHH Mezgy 

Bfil'IHCneHHoIMH H reoMeTpH<IeCKHM pagay

caMH: a) , 6) , B) , r) COOTBeTCTBYIOT 

3Ha<IeHHHM gecpopMaQHH o, 100, 200, 300 
MKM 
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BHgHO H3 Ta6nHQfil, H3MepeHHfile HaMH gecpopMaQHH 

KOHTponhHfilX o6pa3QOB ygoBneTBOpHTenhHO 

cornacyroTcH gpyr c gpyroM H c pe3ynhTaTaMH 

He3aBHCHMfilX H3MepeHHH. 

IlpOBOgHnach TaKze oqeHKa 

H3MepeHHH gecpopMaQHH 'cTpoy. Ha 

npHBegeH@ 

Bfil'IHCTT8HHOro 

pacnpegeneHHH 

H reoMeTpH<IecKoro 

TO'IHOCTH 

pHC. 11 

OTKTTOH8HHH 

pagHyCOB 

H306pazeHHH. BenH<IHHfil OTKTTOHeHHH 3agaHfil B 

OTHOCHTenhHfilX egHHHqax H nony<I~Hfil no 1440 
3Ha<IeHHHM yrna _noBopoTa pagHyca-BeKTopa. B 

Ka qecTBe KpHTepHH TOqHOCTH HaMH BoI6paHa 

BenH<IHHa gecpopMaQHH, npH KOTopoft pacnpegene

HHH Ha pHC. 11 pa3genHIOTCH c cpaKTOpOM pezeK

QHH, paBHfilM geCHTH. ITpegBapHT8TThHOe 3Ha<IeHHe 

TQqHOCTH npH 3TOM COCTaBnHeT - 200 MKM. 3Ta 

BenHqHHa He npOTHBOpeqHT pe3ynhTaTaM, 

npHBegeHHfilM B Ta6nHqe. 

3aKnIO<IeHHe 

OCHOBHoie oco6eHHOCTH rrepe<IHCTTHM 

npegnozeHHoro MeToga H napaMeTpoI ycTaHOBKH 

gecpopMaQHH no H3MepeHHIO npHMOTTHHeHHOCTH H 

CTpoy MeTogoM H3MepeHHH HHTerpanhHoro 

H306pazeHHH Ha BfilXOge CTpoy: 

1. TO<IHOCTh H3MepeHHH gecpopMaQHH CTpoy 

(OTKTTOH8HHH OT npHMOTTHHeHHOCTH) B npegenax 

- 200 MKM. 

2. BO3MOZHOCTh BfilHBneHHH TTOKanhHfilX gecpeKTOB 

B npegenax 3TOH TO'IHOCTH no BC8H noBepXHOCTH 

CTpoy. 

3. Bo3MOZHOCTh T8CTHpOBaHHH Ha npHMOTTHHeft

HOCTh H gecpopMaQHH CTpoy B Mogyne TpeKepa. 
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4. gorronHHTenbHaB BO3MO~HOCTb TeCTHpOBaHHB 
TO":Ie":IHI:,IX 06'1:>eKTOB C nHHeI1:HI:,IMH pa3MepaMH I He 
rrpeBI>IIIIa!OlllHMH 10 MM c TO":IHOCTb!O ± 10 MKM; 
HarrpHMep, rrpoBegeHHe BXOgHoro KOHTponB 
KOMrrneKTY!OlllHX geTaneI1: gng CTpoy geTeKTOpa. 

5. 
6. 

ITpOCTOTa ycTaHOBKH Hee 3KCrrnyaTaQHH. 
rronHoe BpeMB 3KCITO3HQHH Ha ogHO CTpoy He 

6onee 
Ha6op 

15 
H 

2 0 c, BKTIIO":IaB ycTaHOBKY CTpoy, 
o6pa6oTKY CBeTOBOro H306pa~eHHB, 

BNgaqy KOHet:Idoro pe3ynbTaTa. 
7. HegocTaTKOM rrpegno~eHHoro MeToga BBTIBeTCB 
Heo6xogHMOCTb rrpoBegeHHB HOBNX KanH6poBO":IHNX 
H3MepeHHH rrpH H3MeHeHHH THITOBNX 

reoMeTpH"IeCKHX pa3MepoB CTpoy. 

1 

2 

3 
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Acrn6aTJJH P.A. H ,np. P13-98-270 
MeT0,ll llHTerpanLHoro H3MepeHllJJ IIplIMOJIHHeHHOCTll 
T0HK0IIJieHO'IHLIX ,npeiiqJOBLIX Tpy6oK 

Ilpe,1lJio)KeH MeTO,ll rrpoaepKH IIplIMOJillHeHHOCTll CTpoy, OCHOBaHHLIH Ha aHaJIH3e qiopMLI 
cBeT0BOro IllITHa, 06pa3yeMoro 11pOX0,1llIIUHM qepe3 Hero rrapaJIJieJILHLIM II}"lK0M CBeTa. 
OIIHCaHa yCTaHOBKa H ee 0CHOBHLie Y3JILI: 0IITlll!eCKal! CttCTeMa ,1lJill qiopMttpoBaHllJJ rrapan
JieJILH0ro rryqKa CBeTa; crreuttaJILHblH rrpeumttOHHLIH ,nep)KaTeJII,, Ha K0T0pblH YCTaHaBJmaa
eTCll TeCTttpyeMbIH CTpoy; pemcTpllpYJOIUal! CBeT0B0e H306p~eHtte Il3C-MaTpnua. nonyqeHLI 
xapaKTepHLie KaJIH6poBO'IHI,Je KpHBbie ,1lJilI pa3HI,IX anropllTM0B o6pa60TKll HHTerpaJII,H0ro 
cBeT0B0ro H306p~eHllJJ. l13MepeHbl xapaKTepHCTllKH ycTaHOBKtt: rrpoCTpaHCTBeHH0e pa3pe
weHtte B qJOKaJII,HOH IIJIOCK0CTH; 3aBHCHMOCTI, rrpoCTpaHCTBeHJIOfO pa3peweHllJJ OT paccTO
l!HllJJ ,ll0 qJOKaJILHOH IIJIOCKOCTH. Pa3pelllaIOIUal! CIIOCOOHOCTI, K tt3m6aM ,1lJill CTpoy 
rrpOTl!)KeHHOCTl,IO 50 CM C0CTaBJIJJeT ~ 200 MKM; IIOJIH0e BpeMll 3KCil03llUHll Ha 0,llH0 CTpoy, 
BKJIIO'lal! ycTaH0BKY CTpoy B CIIeUHaJil,HLIH ,nep)KaTeJII,, Ha6op ll o6pa60TKY CBeT0B0fO H306pa
)KeHllJJ tt BLI,llal!y K0He'IHOro pe3yJII,TaTa ~ 15 - 20 c. MeTO,ll O,llllHaK0BO qyBCTBHTeJieH KaK 
K HapyweHllJJM IIplIMOJillHeHHOCTll (mm6aM) CTpoy, TaK tt K JIOKaJII,HI,IM ,neqieKTaM CTpoy 
110 aceii ero II0BepXHOCTH. OH OTJIHl!aeTCll IIpOCTOTOH HCIIOJIHeHllJJ ll B03M0)KH0CTI,IO 
TeCTHp0BaHllJJ CTpoy, yCTaHoBJieHHLIX B M0.llYJIL ,lleTeKTopa. 

Pa6orn BblII0JIHeHa B Jla6opaTOpllll CBepXBLIC0KllX 3Hepmii 0115111. 

Coo6meHHe Ofu.e,mrneHHOfO HIICTHTYTa ll,llepHblX HCC.Jle,llOBaJIHii . .[ly6Ha, 1998 

TiepeBO,ll aeTOpOB 

Astabatyan R.A. et al. PB-98-270 
The Method of the Integral Measurement of the Straw Straightness 

We propose the fast and simple method of testing straightness and uniformity 
of the straw. The method is based on the measurement of the integral image formed 
by passing a parallel light beam across the straw. The basic parts of the set-up are presented. 
It consists of the parallel light forming optical system; special precise mechanical system 
to set the testing straw; CCD camera is used as visible light detector. The main characteristics 
of the set-up are measured: the spatial resolution in the focal plane is as good as a size 
of a single pixel; the spatial resolution dependence from the distance to the focal plane. 
The total expositions time including one straw installation into the special supports, collection 
and calculation of the light image and obtaining final results are less than 20 seconds. 

The investigation has been performed at the Laboratory of Particle Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna, 1998 


