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IlpeMaraeTC51 OilHCaHHe pa3pa60TKH MeTO,I:(OB H cpe,I:ICTB M51 MHOfOTOqeqHoro 
TpaHcnapeHTHOfO MOHHTOpHpOBaHHa npocTpaHCTBeHHOfO IlOJIO)KeHHa 061,eKTOB. 

YKaJaHHhIH TpattcnapeHTHhIH omnK0-3JieKTpOHHhIH MO.r:IYJih pa3pa6oTatt 
M51 H3MepeHH51 H MOHHTOpHpoBaHHa MexattnqecKHX .r:1ecpopMaIUIH H MaJihIX CMe
meHHH ,I:(eTeKTOpOB 3JieMeHTapttbIX qaCTHU B 60JihIIIHX 3KCnepHMeHTaJihHhIX yCTa
HOBKax cpH3HKH Bh!COKHX 3Heprnif. Mo.r:1yJih MO)KeT 6hITh TaK)Ke HCilOJih30BaH 
B Kpynttora6apHTHhIX HH)KettepHbIX KOHCTPYKUHaX M51 BhICOKOTOqHbIX H3MepeHHH 
.r:1ecpopMal.(HH H CMemeHHH, Bhl3BaHHhIX MexattnqecKHMH HarpY3KaMH, HeO,I:(HOpo.r:1-
HhIMH TenJIOBhIMH nporpeBaMH OT,I:(eJibHhIX qacTeH KOHCTPYKUHH HJIH .r:1pyrnMH 
npttqHHaMH. 

Co3.r:(aHHhIM npoTOTHilOM MO.r:IYJla ,I:(OCTHfHYTa TOqHOCTh H3MepeHH51 MaJibIX 
CMemeHHH CJ ~ 1 + 3 MHKpoH. 

Pa6orn BhinOJIHetta B Ila6oparnpnn a.r:1eptt1,1x npo6JieM 0115IH. 

npenpHHT Om,e)lHHCHHOro HHCTHT)'Ta ll.llepHl,IX HCCJie.zionaHHii. LlytiHa, 1999 

IlepeBO,I:( aBTOpOB 

Gongadze A.L. et al. P13-99-28 
Transparent Optical-Electronic Module 
for Transversal Displacement Measurements of Objects 

The description of the method and means design used for objects space dis
placement multipoint transparent monitoring is offered. 

Elaborated transparent optical-electronic module is destined for measuring 
and monitoring of mechanical deformations and small displacements of elemen
tary particle detectors inside big experimental set-ups of high energy physics. 

The module can be used also in bfg size engineering constructions, for fine 
measurements of deformations and displacements caused by the mechanical load
ing, non-homogeneous warming of construction parts and arbitrary other reasons. 

The measurement accuracy CJ ~ 1 + 3 µm was obtained for small displacement 
using the produced prototype of module. 

The investigation has been performed at the Laboratory of Nuclear Problems, · 
JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna, 1999 



Bae~eHue. CoBpeMemrne Kpymmra6apttTHhle aKcnepttMeHTam,Hhle ycTa

HOBKlf q>H3lfKH BblCOKHX 3Hepntii: BKJlloqalOT B ce6R 6om,rnoe ){OJIH'teCTBO ClfCTeM 

pa3Horo nma. Pn.n. 3TlfX CHCTeM, K KOTOpblM MO>KHO OTHeCTH CBepxnpoB0)1,IIIUtte 

MarHHTbl, npn6opbl BblCOJ<OBOJihTHOro tt IIB.3KOBOJihTHOrO nttTaHHR, orpoMHOe Ka-

6eJihHOe X03RHCTBO, RBJIRIOTCR ttCTOqIIB.J<aArn 3HaqlfTeJihHhIX MarIIB.THhIX lf TeMne

paTypHhIX HeO.n;HOpO.n;HOCTeii. Bo BpeMR npoBe,lJ.eIIB.R cptt3ttqeCJ<liX a1<cnepttMeHTOB 

aTH Heo.n;Hopo.n;HocTtt Bbl3blBaIOT He>KeJiaTeJihHhle MexaHttqeCKtte .n.ecpopMarnm .n.e

TeI<TopoB aJieMeHTapHh!X qacnm B no.n;.n;ep>K11Ba10IUHX ttX MeTaJIJIOl<OHCTpy1<uitii:. 

cho npttBo.n;uT 1< yBeJittqeIIB.IO oruu6KH B onpe.n;eJieHliH Tpae1<TopliH aneMeHTap

HhIX qacnm tt ){ yxy.n.rneIIB.IO cpyHJ<QHOHHpOBaHliR ycTaHOBJ<tt B u.eJIOM. Bonpoc 

nep110)J.ttqec1wii IOCTHpOBJ<H npH6opoB .n;aBHO RBJIReTCR O)J.HHM H3 OCHOBHhIX npo-

6JieM BO BpeMR npoBe,lJ.eHHR a1<cnepHMeHTaJihHhJX pa6oT. B COBpeMeHHblX 31{C

nepHMeHTaJihHhIX ycTaHOBJ<ax noMHMO BblRBJieHIUI .n.ecpopMal1.Hii CTOHT H .upyran 

npo6JieMa - HeB03MO>KHOCTh I<oppeJ<THpoBJ<H 3TliX CMemeHHii. PerueIIB.e 3TOH npo-

6JieMbl 3aI{JI10qaeTCR B C03)J.aHliH TaJ<HX H3MepHTeJibHhIX CHCTeM' J<OTOpble .ua.n.yT 

B03MO>KHOCTh lf3MepRTh H MOIIB.TOpHpOBaTh OORBJIRIOIUHeCR .uecpopMarnm. Bno

CJie.l{CTBliH 3Ta HHq>OpMaQHR 6y.n;eT yqTeHa npH aHaJilf3e nonyqeHHhIX .uaHHhIX. 

CJIO>KHOCTh .uaHHoii 3a.uaqn COCTOHT B TOM, qTo Heo6xo)J.HMO li3MepRTh H MOHHTO

pHpoBaTh nonepeqffbie .n.ecpopMarnm .ueTeI<TopoB aneMeHTapHhIX qacTHU. B 6oJ!b

rnoM 1<0JilfqecTBe ToqeJ<, pacnonomemrnx B.llOJ!h Hem:>Topoii pecpepeHcHoii octt 

o.n;Ha 3a .upyroii. ,UaHHhlli Bli.ll npocTpaHCTBeHHoro J<OHTpOJIR MO>KHO Ha3blBaTb 

MHoroToqeqm1M TpaHcnapeHTHhIM MOHHTopHpoBaHneM nonepeqffhIX .uecpopMa

Il.Hll 061,el{TOB. 

B 3J<CnepttMeHTaX no cptt3HKe Bh]COKHX 3HeprliH B HaCTOR[Uee BpeMR npttMe

HRCTCR HeCKOJ!hl{O BapHaHTOB H3MepHTeJihHblX ?.IOJJ.YJieii, l{OTOphle B o6JiaCTH HX 

npuMeHeHHR cnoco6Hbl peUIHTh nocTaBJieHHble 3a.uaqH. 

CyUieCTBYIOIUM CHCTe~rn RASNIK [l], ocHoBaHHM Ha reoMeTpttqecI<oM Me

To.ue H3MepeHHR nonepeqHhIX CMeIUeHlfii 061,el{TOB, lfMeeT TpexT011e1my10 l{OHcptt

rypauuIO. B nepBOll TO'lKe pacnonaraeTCR no.uCBeqeHHM CBCTO)J.HO.llOM OIJTH'le

CKM MaCI<a, B TpeTheii - CBeTOnpHCMHM KaMepa Ha OCHOBe nptt6opa C 3apR.llOBOH 

CBR3hIO (Il3C). 0.n;HoJIHH3oBwii 061,eKTHB pa3MemaeTCR Me>K.n.y HHMH Bo BTopoii 

TOql{e. Jfao6pa>KeHlfe OOTttqeCKOH MaCJ<H BBO)J.HTCR B KOMilhlOTep c fl3C-KaMephl 

.llJIR aHaJ!lf3a npocTpaHCTBeHHhIX napaMeTpOB CTPYKTJpbl MaCKH C ueJiblO H3Me

peHHR nonepeqHoro CMeIUeHHR 061,el{TttBa C norpeIIIHOCThlO He 6oJiee 2 MHRpoH. 

Ho cHcTeMa RASNIK ttMeeT orpaHHqeHHy10 o6nacTb npm1eHCHHR. 0Ha He .uaeT 

O.n;H03HaqHoro onpe.ueneHHR, cMememteM 1<aRoro ee HoMnoHeHTa forn o6ycnoBJieH 

C)J.BHr H306pameHHR MaCI<H Ha Il3C. 8Ty CttCTeMy HeB03MO>KHO TaK>Re npttMeHHTh 

.llJIR H3MepeHHR nonepe11Hb1x .uecpopMaunii B .uonomnneJihHhIX TO'lKax, pacnono

>KeHHhIX Mem.n.y ee I<OMilOHe1naMtt. 

,UeTe1nop MaJihIX c~emeHttii ALMY Ha ocHoee nonynpo3pa1mwx cttJ!lfKOHo

BhIX onTHqecKux ceHcopoB [2] 06ecne110BaeT onpe.uene1me Koop.ZlHHaThI nona-
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.uaHHR Jia3epHOro nyqa TaK>Ke C MHKpOHHOll TQqttOCThJO, I1cnoJih3JR npo3paq

HOCTh nJiaCTHH, ecTh B03MO>KHOCTh nocTaBttTh B.l{OJ!h .n.ecpopMHpyeMOll noBepx

HOCTH no nyTH Jia3epHoro nyqa HeCKOJ!hKO TaKttX ceHCOpOB H noJiyqlfTh noJI

HJIO KapTHHJ .uecpopMarum KOHCTpJKil.BH (T.H. MHOroToqeqttOe TpaHcnapeHTHOe 

MOHHTOpttpOBaHHe). Ho HeO.llHOPO.llHOCTh KoacpcpID.UfeHTa npeJIOMJieHHR cpe.Zlbl 

Bbl3blBaeT HeKOHTpOJ!lfpJCMble OTI<JIOHCHHR Jia3epHoro Jiyqa, cho RBJieHHe 3Haqn

TeJihHO ycno>KHReT npHMeHeHHe ceHcopoB ALMY B KaqecTBe aneMeHTOB cHCTeM 

MHoroToqeqttoro TpaHcnapeHTHoro MOHHTOpttpoBaHHR. ,Unn no.uaBJieHHR yKa-

3aHHhJX OTKJIOHeHHH nyqa pa3pa6aTblBaIOTCR cneQHaJihHhle noKpblTHR, 

B HacTonmlfii MOMeHT .ueTeKTOpbl cMememrn: RASNIK H ALMY HCTTOJih3J

IOTCR .llJIR ocymecTBJieHHR nporpaMMbl IOCTHpOBKH .ueTeKTOpoB aKcnepHMeHTOB 

ATLAS, CMS (UEPH) [3, 4, 5, 6]. rz . 

PHc. 1: 06mlfii BH.ll nporoTHna T08M: 1 - ocHoBaHHe, 2 - .n.ep>KaTeJih Il3C

KaMep1,1, 3 - cBeTOq>HJihTp, 4 - .uep>KaTeJih cBeTO.l{eJ!lfTeJihHOli nJiaCTHHhl, 5 - cBe

TO.l{eJilfTeJihHM nJiaCTHHa 

Pa3pa6aTblBaeMblll TpaHcnapeHTHblll OnTHK0-3JieKTpOHHhIIl MOJJ.YJih (T08M) 

(pHc.1) peaJ!lf3JeT reoMeTpttqeCKlfll nyqeBOll MeTO.Zl H npe.lllla3HaqeH .l{JIR H3Mepe

HHR yrJIOBblX H nonepeqffl,JX cMemeHlfii 061,eKTOB. Bo3MO>KHOCTh HCil0Jlh30BaHHR 

T08M .UJIR o6ecneqeHHR MHoroToqeqttoro TpattcnapeHTHoro MOHHTOpHpOBaHHR 

rrorrepeqffl,JX .uecpopMaiutii: orrpe.ueJIReTCR BblCOKHMH rrapaMeTpaMtt OIITttqeCKOll 

0.llHOPO.llHOCTH rrpo3paqttblX aJieMeHTOB MOJJ.YJIR, B KaqeCTBe KOTOpblX rrpHMeHR

IOTCR cTeKJIRHHhle CBeTO.l{eJilfTeJihHble rrnacTHHbl. I1crroJih30BaHHe B COCTaBe MO

JJ.YJIR .llBYX Il3C-KaMep ~aeT B03MO>KHOCTh TaK>Ke H3MepRTh yrnoBwe cocTaBJIRIO-

IUHe .uecpopMaUHH 061,4roB: . . 
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TexH11qecKoe pemeHHe T08M. OcHoBy H3MepHTeJibHOH K0HUernurn 

TO8M cocTaBJI.HeT reoMeTplf'IeCKHH nyqeBo:ti Mem,n;. OcHOBHblMH aJieMeHTaMH 

MO.l(JJI.H JIBJI.HIOTCJI ,n;Be cBeTorrpHeMHble KaMepb! Ha ocHoBe MaTplf'IHblx ll3C H .[(Be 

CTeKJI.HHHl,le CBeT0,l(eJIHTeJibHble IIJiaCTHHbl, HMeIOmHe Bb!C0KHe xapaKTepHCTHKH 

rrapanJieJibH0CTH, IIJI0CK0CTH0CTH H ~CT0Tbl IIOBepXHOCTeH rpaHeH. CBeTO,l(eJIH

TeJibHble IIJiaCTHHbl xapaKTepH3JIOTCJI TaIORe Bb!C0KHMH rrapaMeTpaMH 0,D;Hopo,n;

H0CTH cTpyKTYPb! MaTepHaJia. Jla3epHb!H rryqoK, opHeHTHpoBaHHblH rro rrpo,n;oJib

HOH OCH M0,l(JJIJI, rrpoX0,l(HT qepe3 CBeTo,l(eJIHTeJibHble IIJiaCTHHbl, ycTaH0BJieHHble 

II0,l( yrnoM 45° K HeMy (pHc.2, rryqo~ 1). OTpaH<eHHI,IH OT CBeT0,l(eJIHTeJibHblX 

IIJiaCTllH Jia3epHb!H rryqoK cpopMHpyeT Ha CBeToqyBCTBHTeJibHblX II0BepxH0CTJIX 

ll3C, pacrrono.lReHHI,IX BHe 3000 pacrrpocTpaHeHHJI ocHOB~mro rryqKa, cBeToBble 

IIRTHa-MapKH. lloJio.lReHHe cBeToBb!X IIRTeH B rrnocK0CTJIX ll3C MeHJieTCJI B 3aBH

CHM0CTH OT IIp0CTpaHCTBeHHoro II0JI0.lReHHR Jia3epHoro rryqKa (pHc.2, rryqKH 2 H 

3) n 0.l(H03Haqtto orrpe,n;eJI.HeT ero yrnoBoe H rrorrepewoe rrono.lReHHe. l1HcpopMa

l.UIR c ll3C c~Tb!BaeTCJI B K0MilbIOTep ,n;nR UH<ppoBo:ti o6pa6oTKH. B rrpoQecce 

o6pa6oTKH H3o6pa.lReHHH 0QeHHBaeTCJI II0JI0.lReHHe CBeT0Bb!X IIRTeH B IIJI0CK0CTJIX 

ll3C H pemaeTCJI CHCTeMa ypaBHeHHH, 0IIHCb!Ba10mHx 3aBHCHM0CTb rrpocTpaH

CTBeHHoro II0JI0.lReHHR Jia3epHoro rryqKa OT II0JI0.lReHHJI IIRTeH. Pe3JJibTaTOM UH

cppoBOH o6pa6oTKH JIBJIJIIOTCJI oQeHKH yrnoBoro n rrorrepeqttoro rrono.lReHHJI na-

3epHoro rryqKa. 

2 
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PHc. 2: CxeMa npoxo.lR,l(eHHR na3epHoro nyqKa B ropH30HTanbH0M ceqeHHH 

TO8M: 1 - ncxo,D;Hoe nono~eHHe nyqKa, 2 - napannenbHo-nonepeqHoe cMe

meHHe nyqKa, 3 - nonepeqttoe H yrnoBoe CMemeHHe nyqKa 

CymecTBJIOT ,n;ee ocHoBHble cTpyKTypHb!e onTlf'IecKHe cxeMbl TO8M: cxe

Ma c ,n;ByxcTopoHHHM (onn03lllUIOHHb!M) pacnono.lReHHeM ll3C (pHc.3a) H cxeMa 
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c o.l(HocTopoHHHM pacrrono.lReHHeM ll3C (pHc.36). B rrepBo:ti cxeMe CBeTo,n;eJIH

TeJibHble rrnacTHHbl pacrronaraIOTCJI II0,l( yrndM 45° K rrpo,n;OJibHOH OCH MO,l(JJI.H H 

rrepneH.l(HKJJI.HPHbl ,n;pyr ,n;pyry. ll3C pa3Mema10TCJ1 B ,n;Byx npo,n;oJibHblX 6a3o

Bb!X nnocK0CTJIX 0illl03lllUI0HH0 ,n;pyr ,n;pyry co CMemeHHeM B,l(OJib npo,n;OJibHOH 

OCH MO,l(JJI.H. Bo BTOpOH cxeMe CBeT0,l(eJIHTeJibHble nnacTHHbl pacnonaraIOTCJI no,n; 

yrnoM 45° K npo,n;onbHOH OCH MO.l(JJIJI H napannenbHbl ,n;pyr ,n;pyry. ll3C pa3Me

ma10TCJ1 B o,D;Ho:ti npo,n;onbHOH 6MoBoH nn_?CK0CTH. 

{! 
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(a) (6) 

PHc. 3: CTpyKTJpHb!e onTlf'IecKHe cxeMbl TO8M: a) c ,n;eyxcTopmnnrn pacno-· 

no.lReHHeM ll3C, 6) c o,D;HocTopoHHHM pacnono.lReHHeM ll3C 

CxeMa c ,n;eyxcTopoHHHM pacnono.lReHHeM ll3C o6na,n;aeT onpe,n;eneHHblM npe

HMymecTB0M. CeeTo,n;eJIHTenbHble nnacTllHbl, pacnono.lReHHble nepneH.l(HKJnRpHo 

,n;pyr ,n;pyry, o6pa3JIOT npocTeHmHH BapHaHT TaK Ha3b!BaeMoro onTlf'IeCKoro ane
MeHTa npJIMoro Bll,l(eHHR. 8ToT aneMeHT 3Ha~TeJibH0, HO He nonH0CTbIO, K0MneH

cnpyeT.nnocKonapannenbH0e cMemeHHe na3epHoro nyqKa Ha Bblxo,n;e m TO8M 

B ropH30HTaJibH0M npo,n;onbH0M ceqeHHH. B 3T0M ceqeHHH CMemeHHe nyqKa oco-

6eHHO BeJIHK0 no np~e 6onbmoro yrna na,n;eHHR -nyqKa ( 45°) Ha cBeTo,n;eJIH

TenbHNe nnacnnn.t. llpH aToM cMemeHHe nMepHoro nyqKa B ropH3oHTanbHOM 

H BepnmanbHoM ceqeHHJIX cTaHOBJITCJI paBH0BeJIHKHMH. OcHOBHOH He,n;ocTaToK 

cxeMbl c ,n;ByxcTopoHHHM pacnono.lReHHeM ll3C - oqeHb Tpy,n;oeMKaJI npoQe,n;ypa 

IOCTHpoBKR aneMeHT0B MO.l(JJI.H, TO eCTb npoQecc Bb!C0K0T0qff0ro Bb!CTaBneHHJI ero 

aneMeHTOB OTH0CHTeJibH0 ,n;pyr ,n;pyra no JIHHeHHb!M H yrnoBblM K00p.l(llHaTaM. 

llpeirnymecTBOM cxeMbl c o,D;HocTopoHHRM pacnono.lReHHeM ll3C JIBJIJieTCJI 

6onee npocToH npoQecc 10cTnpoBKH, He,n;ocTaTK0M - 3Ha~TenbH0e nnocKonapan

nem,Hoe cMemeHHe na3epHoro nyqKa B roptt3oHTanbH0M npo,n;onbH0M ceqeHHH 

M0,l(JJIJI. 
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,lJ.Ba ocHoBHhlX KOHCTPYRIUI0HHhlX napaMerpa TO9M onpe.n;eJIRJOT ero no3H

un:oHHy10 'lYBCTBHTeJibHOCTb (pnc.3). IlapaMeTp D xapaKTepH3yeTCJI BeJIH'IHHO~ 

c,zumra 113C OTHOCHTeJibHO ,n;pyr ,n;pyra B,Zl;0Jib npo,n;OJibHOH OCH M0,ll;yJIR, a napa

MeTp L - BeJIWIHHoH cMemeHHJI 113C B nonepe'!HoM HanpaBneHHH OTHOCHTe1IbHO 

npo,n;oJibHOH OCH MO,n;yJIR: ,lJ.JIR noBblllieHHJI no3HUHOHHOH 'lYBCTBHTeJibHOCTH MO

,ll;yJIR Heo6xo.n;HMO yBe1IH'!HBaTb napaMeTp D H yMeHbmaTb napaMeTp L. Heo6o

cHoBaHHoe yBeJIH'leHHe napaMerpa D, onpe,n;eJIR10mero ,n;1IHHy Mo,n;ynJI, CHH3HT 

JKeCTKOCTh KOHCTpyRIUIH. MHHHMa111,Hoe 3Ha'leHHe napaMeTpa L, onpe,n;eJIRIO

mero lliHpHHy MO,ll;yJIR, CBJI3aHO C BeJIWIHHOH ,n;HanMOHa H3MepeHHJI, 3aBHCJimero 

OT cpopMaTa MaTpH'!Horo 113C. 

Ilo3HUHOHHo-nepe,n;aTo'!HaJI cpyHKUHJI P, OilHCblBaro·maJI 3aBHCHMOCTh yrno

Boro noJioJKeHHJI Jia3epHoro· nyqKa { nepeMeHHhle a;; H /3;;) OT nonoJKeHHJI cBeTo

BhlX IlJITeH B nJIOCKOCTJIX 113C {nepeMeHHhle Xij H Yi;), C0CTOHT H3 ,n;Byx noJIH

HOMOB mecToro nopJI,n;Ka. KaJK,n;blH H3 noJIHH9MOB OilHCblBaeT yrnOBoe nonoJKeHHe 

ny'!Ka COOTBeTCTBeHHo B ropH30HTa1IbH0M npo,n;01IhHOM pH H BepTHKa1IbH0M npo

,Zl;01IbHOM ceqeHHJIX pV MO,IJ;yJIR. 

P = (PH, Pv)(x;;,y;;,a;;,/3;;, L, D, ... ). 

Ko3q>q>HUHeHThl noJIHHOMOB 3aBHCJIT OT napaMeTpoB M0,IJ;yJIR. MH.n;eKc i=l,2 -

o603HaqaeT HoMep m!MepJiromero 6JioKa B Mo,n;yne no ny'IKY, a j=0,1,2 ••. - HoMep 

H3MepeHHH. HyneBoe H3MepeHHe BXO.n;HT KaK napaMeTp, OTH0CHTeJibH0 KOToporo 

6y,n;yT npOHCXO.n;HTb Bbl'lHC1IeHHJI CMemeHHH. 

IlonoJKeHHe cBerOBhlX IlJITeH B nnocKoCTJIX 113C on;eHHBaeTCJI c noMomhro an

ropHTM0B aMnJIHTy.ziHoro HHTepnoJIHpoBaHHJI. IlpH Bhl'lHCJieHHH KOpHeH noJIHHo

MHaJibHhlX ypaBHeHHH npHMeHJIIOTCJI H3BeCTHble aJiropHTMbl pemeHHJI ypaBHeHHH 

BblC0KHX nopJI,n;K0B. 3Ha'leHHe 0.n;H0I'0 H3 ,n;eHCTBHTeJibHhlX K0pHeH KaJK,n;0I'O ypaB

HeHHJI JIBJIReTCJI on;eHKOH yrnoB0l'0 nonoJKeHHJI Jia3epH0I'O nyqRa C00TBeTCTBeHH0 

B ropH30HTaJibH0M H BepTHRaJibH0M ceqeHHJix MO,IJ;yJIR. On;eHKa yrnoBoro no

JI0JKeHHJI Jia3epHoro ny'!Ra HCno1Ib3yeTCJI. ,ll;JIR KoppeRIUIH on;eHKH nonepe'!H0I'0 

nonoJKeHHJI nyqKa H ,Zl;JIR noJIHOH KOMneHCaUHH ero nnocKonapaJIJieJibH0J'0 CMeme

HHJI Ha BhlX0,ll;e H3 MO,ll;yJIR. B Ra'leCTBe on;eHKH nonepe'IH0l'0 noJI0JKeHHJI Jia3ep

H0J'O nyqKa HcnoJib3yeTCJI o~eHRa noJioJKeHHJI CBeT0B0ro IlJITHa Ha nepBOH 113C 

M0,IJ;yJIR. 9Ta on;eHKa 3Ha'!HTeJibH0 3aBHCHT OT .yrJI0B0I'O nonoJKeHHJI Jia3epH0I'0 

nyqRa H HyJK,n;aeTCJI B RoppeRTHpOBKe ,ll;JIR HCKJIIO'leHHJI BJIHJIHHJI Ha Hee Yl'JI0BblX 

cMemeHHH. 

OcHOBHble norpemH0CTH H3MepeHHJix yrJIOB0I'0 H nonepe'!Horo noJI0JKeHHJI 

Jia3epHOl'0 ny'!Ra 3aB_HCJIT npeJK,n;e BCero OT: 

- BHyTpeHHero myMa MaTpH'IHoro 113C; 

- npocTpaHCTBeHHOH HeCTa6HJibHOCTH Jia3epHoro ny'!Ka; 

- HepaBH0MepH0CTH q>OTO'lYBCTBHTeJibHOCTH H nJIOTHOCTH TeMH0BhlX TOK0B no 

noBepxHoCTH 113C; 
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PHc. 4: CxeMa H3MepHTeJibHoro cTeH,n;a ,n;JIR npoTOTHna TO9M. OB - onTH'le

CKoe B0JIOKH0, KJI - onTH'!eCKHH K01IJIHMaTOp, JIJI - JIMepHbIH nyq 

- HHTeHCHBH0CTH napa3HTHhlX HHTepcpepeHUHOHHhlX JIBJieHHH; 

- HeT0'lH0CTH IOCTHp0BKH 0nTH'leCKHX H MeXaHH'leCKHX 31IeMeHT0B TQ9M. 

Coa~aHHe TexHonoruqecHoro npoTOTHna. Ha ocHoBe npe,n;noJKemmro 

MeTo.n;a H npe,n;BapHTe1IbHOH pa3pa60TKH MO,ll;yJIR 6hlJI H3I'OT0BJieH TeXH01I0I'H'le

CKHH npoT0THil (pHc.1). 

IlpoTOTHn TO9M co,n;epJKHT .n;Be 113C-RaMephl (MINTRON, MTV-241) Ha 

ocHoBe 1/3 ,n;IOHMOBhlX MaTpH'IHhlX 113C. <l>opMaT 113C-: 500 IlHKceneti B RaJK.n;OH 

H3 582 CTpoK, pa3Mep IlHRCeJIR - 0.0098x0.0063 MM2
• ,lJ.JIR TeCTHp0BaHHJI npoTO

THna MO,ll;yJIR HcnoJib30Ba1ICJI nonynpoBO,ll;HHKOBbIH Jia3ep, H3JiyqaromHti Ha ,n;JIHHe 

B0JIHhl 635 HM. IlonynpoBO,ll;HHKOBhlH Jia3ep C0'l1IeHeH C 0,Zl;H0M0,ll;0BhlM onTH'le

CKHM B0JI0KH0M H onTH'leCKOH K01IJIHMHpy10meti Haca,n;ROH. Haca,n;Ra cpopMHpyeT 

ROJIJIHMHpOBaHHhlH 11a3epHbIH nyqoK C MaKCHMa1IbHhlM ,n;HaMeTpOM 1.6 MM Ha 

pacCTOJIHHH 3 M. ,lJ.JIR BBo,n;a 1rno6paJKeHHH CBeT0BblX IlJITeH B K0MnbJOTep HC

noJih30BaJiaCb cneun:aJIH3HpoBaHHaJI nnaTa, oun:cppOBhlBaromaJI H3o6paJKeHHJI B 

cpopMaTe 768 oTc'leToB B.n;0Jih KaJK.n;OH cTpoKH 113C. 

Cneun:anbHaJI . TeXH0JI0J'HJI IOCTHp0BKH HCn01Ib30Ba1IaCb ,n;JIR BbICOKOTO'lHOH 

opHeHTaUHH noBepXHOCTeH 113C n: CBeTo,n;eJIHTeJibHhlX nJiaCTHH OTH0CHTe1IhH0 

,n;pyr ,n;pyra B npon;ecce c6opKH npoT0THna M0,IJ;yJIR. C n0Momb10 H3MepHTe1IbH0I'0 

MHRpocKona R0HTpoJIHpoBaJiocb JIHHeHHoe noJioJKeHHe 113C H nnacTHH. Mn:Kpo

cRon co,n;epJKaJI nepeMema10mHtiCJI CT0JIHK c ycTpottcTBoM un:cppoBoro oTc'leTa •. 

U:eHa ,n;eJieHHJI - 0.1 MHRp0H. YrnoBoe nonoJKeHHe CBeTo,n;eJIHTeJibHhlX nJiaCTHH 

R0HTpoJIHpOBaJIOCb C noMombro onTH'leCR0I'O aBTOKOJIJIHMaTOpa. U:eHa ,n;eneHHJI 

CeKyH.n;HOH lliKaJibl aBT0K0JIJIHMaTOpa - 0.2 yrJIOBOH CeKyH.n;hl. 

,lJ.JIR TeCTHpOBaHHJI npoTOTHna TO9M n:cnoJib30Banacb TpexTo'le'!HaJI H3-

Mepn:TeJibHaJI cxeMa (~Hc.4). B nepBOH TO'lRe pa3Memanacb onTH'leCKaJI Kon:

JIHMHpy10maJI Haca,n;Ka1 .lJ.onoJIHHTeJihHaJI KOHTpoJIHpy10maJI 113C-KaMepa 6blJia 

pacnoJioJKeHa Ha paccTpJIHHH 3 M oT Haca,ZJ;KH B TpeTbeH T0'!Ke. Mo,n;ynh saHHMaJI 
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noJIOlKeHHe MeiK,Zzy HHMH BO BTopoii: TO'!Ke Ha pacCTOHHHH 650 MM OT KOJIJIHMH

pyromeii: onTHtieCKOH Haca,llRH. 
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Pttc. 5: Peaym,Tan,1 TeCTHpOBaHHH npoTOTHIIa TO9M: a) OTKJIOHeHHH H3Mepe

mtii nonepetIHoro noJiomeHHH MO.z:IYJIH OT OlKH,llaeMoro, noJiyqaeM1.rn nptt nepe

MemeHHH MO,llJJIH B nonepetIHOM HanpaBJieHHH OTHOCHTeJibHO JiaaepHoro nytIKa 

C maroM 5 MHKpOHj 6) norpelIIHOCTI, H3MepeHHii: 6e3 Bl,I'leTa CHCTeMaTH'!eCRHX 

omtt60Kj B) norpelIIHOCTb H3MepeHHii: C BM'!eTOM CHCTeMaTH'!eCRHX OlIIH6oK 

B npou;ecce TecTHpoBaHHH npoToTHII TO9M cMemaJICH B nonepetIHoM Ha

npaBJieHHH OTHOCHTeJlbHO JiaaepHoro nytIKa c maroM 5 MHKpOH B ,lll:lanaaoHe 0.25 

MM c nOMOIUbIO nepeMemaromeroCH CTOJIHKa, HMeromero u;eHy .z:1e.neHHH 1 MHKpoH. 

Tiptt ou;eHHBaHHH noJiomeHHH cBeTOBMX IIHTeH B nJiocK~CTHX TI3C ttcnoJib3o

BaJICH KalK,lll,IH TpeTHH OTC'leT ou;mppoBaHHoro H306pameHHH no RalK,llOH BTO

poii: CTpoKe. OKoH'!aTeJibHaH ou;eHKa noJiomeHHH IIHTeH Bl,I'lHCJIHJiacb Ha OCHOBe 

ycpe,llHeHHH ou;eHoK no 4 TeJieBH3HOHHl,IM Ka,llpaM. Tiptt pemeHHH ypaBHeHHii: 

no3HD;HOHHO-nepe,llaTO'IHOH cpyHKll;HH ycpe,llHeHHe He npHMeHHJIOCb. Bee H3Me

peHHH HMeJIH OTHOCHTeJII,Hl,IH
0 

xapaKTep, TO eCTI, npOH3BO,llHJIHCI, OTHOCHTeJibHO 

HatiaJibHoro noJIOlKeHHH MO,llJJIH. 

Ha pttc.5a noKaaaH1,I OTKJioHeHHH ttaMepeHHii: nonepetIHoro noJiomeHHH TO9M 

OT OlKH,llaeMoro, noJiyqaeMhle nptt nepeMemeHHH MO,llJJIH B nonepe'!HOM Hanpa

BJieHHH OTHOCHTeJibHO Jia3epHoro nytIKa. CiicTeMaTH'!ecRHe omn6RH ll3MepeHHii: 

HaKJia,lll,IBaIOTCH Ha peayJibTaT Kam,lloro ll3MepeHHH ll HapamttBaIOTCH npH nocTe

neHHOM nepeMemeHHH MO,llJJIH. Bea BMtieTa STHX omtt6oK cpe,L1HeKBa.z:1paTHtiecKoe 

OTKJIOHeHHe He npeBMiliaeT 3 MHKPOH {pttc.56). MolKHO cpopMaJibHO HCKJIIO'IHTL 
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omn6RH HapacTaHHH, ecJIH paccMaTpHBaTI, pa3HOCTb MeJK.Zzy .LIBYMH nocJie,llOBa

TeJII,Hl,IMH H3MepeHHHMH ll OTKJIOHeHHe 3TOH ·pa3HOCTH OT BeJIH'lHHl,I mara nepe

MemeHHH (5 MHKpoH). B 3TOM CJiyqae cpe,L1HeKBa,L1paTH'!eCKOe OTKJIOHeHHe BeJIH

'!HHl,I H3MepeHHn OT aa,llaHHoro mara cHHmaeTCH .z:10 1 MHKpoHa (pnc.5s). 

HanpaB.JieHHe .l(a.JILHeiimnx paapa6oTOK. KaK noKaaano npe.z:1BapttTen1,

Hoe TeCTHpoBaHHe, reoMeTpH'IecKHii: nyqeBoii: MeTOJ:1, noJio}KeHHl,IH B OCHOBy H3-

MepttTeJibHOH KOHu;eIID;HH TO9M, Momei o6ecnetIHTb acpcpeKTHBHoe pemeHHe 

aa.z:1atIH MHoroTotietIHoro TpaHcnapeHTHoro MOHHTopttposaHHH nonepe'!Hl,Ix .z:1e

cpopMau;Hii: ofrbeKTOB. ,l(aJII,Heiimtte pa6oTl,I 6yJ:1YT ll,llTH no CJie,llJIOIUllM Hanpa
BJieHHHM: 

• - paapa60TKa TeXHHtieCRHX Mep, yMeHblIIaIOIUHX BJIHHHlle napa3HTHl,IX llHTep

cpepeHD;HoHHl,IX HBJieHHii: Ha 06my10 norpemHOCTb naMepeHHH naaepHoro nyqKa; 

- paapa6oTKa MO.LIHq>HD;HpoBaHHoro TO9M c pacmttpeHHl,IM ,lll:lanaaoHoM na
MepeHHHj 

- COBepmeHCTBOBaHHe TeXHOJIOrllH IOCTHpOBKH MO,llJJIH. 

IlpH'!llHoii: B03HllKHOBeHHH llHTepcpepeHu;HOHHl,IX HBJieHHii: HBJIHeTCH npou;ecc 

B3aHMO,lleHCTBHH naaepHl,IX ny'IKOB, OTpalKeHHl,IX OT nepe,L1Heii: ll 3a,l1Heii: IlOBepx

HOCTefi CBeTO,lleJIHTeJII,Hl,IX nJiaCTllH. 9TH napa3HTHl,Ie HBJieHHH 3HatIHTeJibHO HC

KalKaIOT pacnpe,lleJieHHH HHTeHCllBHOCTH H3JiyqeHHH B CBeTOBl,IX IIHTHax, 'ITO B 

HTore yBeJIH'IHBaeT norpelIIHOCTb H3MepeHHii:. YMeHblIIeHHe llHTeHCllBHOCTH HH

TepcpepeHD;HOHHl,IX HBJieHHii: B03MOlKHO aa C'!eT npHMeHeHHH cneu;ttaJII,Hl,IX OIITH

qeCRHX IlOKpMTHH, HaHeceHHl,IX Ha 3a,l1Hlle IlOBepXHOCTH CBeTO,lleJIHTeJII,Hl,IX IIJia

CTHH. CHllmeHHe BJIHHHHH 3TllX HBJieHHii: Ha peayJibTa'i'1,1 ll3MepeHHii: TaKlKe MO}KHO 

peaJIH30BaTI, C IIOMOIUbIO ,llOIIOJIHllTeJibHOH u;ttcpposoii: o6pa60TRH H3o6pameHHii: 

CBeTOBl,IX nHTeH, OCHOBaHHoii:, HaIIpHMep, Ha anropttTMax Me,lll:laHHOH q>HJibTpa
ll;HH. 

,l(ttanaaoH ll3MepeHHii: TO9M onpe.z:1eJIHeTCH cpopMaToM TI3C n ,lll:laMeTpoM 

naaepHoro nytIKa. PacmttpeHHe ,lll:lanaaoHa ll3MepeHHii: 6ea yBeJIH'leHHH cpopMaTa 

TI3C B03MOlKHo aa C'!eT nocTpoeHHH MO.LIHq>HD;HpoBaHHoro TO9M Ha ocHoBe 

KOM6HHau;HH .llByx reoMeTpll'!ecRHx MeTOJ:IOB: nytieBoro H MeTo,lla nocTpoeHHH 

H3o6pameHHii: OIITll'leCKHX MapoK. Mo,L1Hcpttu;HpoBaHH1,IH MO,llJJib 6y,lleT llCIIOJII,-

30BaTb Te me CTpyKTypHl,Ie OIITH'lecKHe cxeMl,I. BBe,lleHlle B COCTaB MO,llJJIH CBe

TopacceHBaIOIUHX q>HJibTpOB H penpo.z:IYKD;HOHHl,IX 061,eRTHBOB n03B0JIHT pacmH

pllTI, ,lll:lanaaoH ll3MepeHHii: 6ea ncnoJib3oBaHHH KpyIIHocpopMaTHl,IX TI3C, HMeIO
IUHX Bl,ICOKYIO CTOllMOCTb. 

Pa60Tb1, ocymecTBJIJieMl,Ie B paMKax nepetIHcJieHHl,IX HCCJie,llOBaHHH, npHBe

.z:IYT K coa.i:1aHH10 He,llopororo yHHcpttu;HpoBaHHoro TO9M, cnoco6Horo pemaTb 
nmpoKHii: Kpyr naMepnTeJibHl,IX aa.z:1aq. 
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