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fepreu 3. H .c:tp. 10- 11210 

MareMaTH'IeCKHe MeTO.c:thi uccne.c:toBaHHH xapaKTepHCTHK .c:tpellljloBbiX 

KBMep 

B pa6ore uanOJKeHhi MeTO.c:thi onpe.c:teneHHSI napaMerpoB nepe.c:taTO'IHOII 

ljlyHKUHH .c:tnSI nepeXO.QB OT BpeMeHHhiX BenH'IHH 1 3BUOMHH8eMbiX perHCTpHpyiO

Il1eii annapaTypoi!, K KDOp.QHHSTBM TO'IeK TpaeKTOpHH 'ISCTHU. 11anolKeHbl T8KlKe 

MeTO.Qhl onpe.c:teneHHSI aljlljleKTHBHOCTH H TO'IHOCTH .QpellljlOBbiX KSMep C Y'I~TOM 
BKna.c:ta MHoroxparuoro Kynouoacxoro pacceHHHH. 

Pa6ora BhiUOnHeHa B na6opaTOpHH Bhi'IHCnHTenbHOII TeXHHKH 

H 8BTOM8TH38UHH 0115111. 

Coo6weHBe 06WJl)IHeHHOI"O BBC:TBTYT& •.11epBWll BC:C:Jie.IIOB&Bd. ):ly6B& 1978 

Gergei E. et al. 10 - 11210 

Mathematical Methods for Investigation of Drift Chamber 
Characteristics 

Methods for determining parameters of the transfer function 
at the transition from time values stored by the detecting apparatus 
to co-ordinates of particle trajectory points are presented. Methods 
for determination of drift chamber efficiency and accuracy taking 
into account the contribution of the multiple Coulomb scattering are 
also described. 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR. 
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OnuweM KOHCTPYKUHJO uccneJlyeMbiX JlpeiilfloabiX KaMep 

( D.K), onycKaH HeKOTOpbie Jl9Tanu, HeCOMHeHHd, B8)KHbie 
JlnH pa6oTbi KaMepbi, Ho ae npeJlcTaansnomue HHTepeca c 
TO'IKH 3peHHH pewaeMbiX B 3TOH pa6oTe 3aJla'l. 

D.K (pH C • 1) npeJlCTaBnHJOT co6oii: Ha6op 3KBHJlHCTaHT
HbiX curaanbHbiX H noTeHuuanbHbiX npoaonoK, B npocTpaacT
ae Me)KJlY KOTOpbiMH UpH UOMOIIlH JlOUOnHHTenbHbiX aneKTpo
JlOB C03JlaHO aneKTpH'19CKOe none, 38CTaBnHJOIIlee aneKTpOHbi 1 

o6pa30BaBWHeCH B pesynbT8Te HOHH3aUHH rasa KaMepbi 
nponeTeaweli: sapH)KeHHoii qacTuueii, cKannuaaTbCH aa 6nu
)KaA:weii K MeCTy npOXQ)KJleHHH '18CTHUbi CHrHanbHOii npOBo
nOKe (noTeHuuanbHbie npoaonoKH nuwb JlensT npocTpaHCTBO 
aa ., clflepbi anHHHHSI"). BpeMH JlpeA:Ifla aneKTpoaoa oT TO'IKJI 
npOXO)KJleHHH 'laCTHUbi JlO CHTHanbHOH npoaonOKH H3MepHeTCH 
cneuuanbHoii annapaTypoii H cny)KHT KOOpJlHHaToii nepeceqe

HHH '18CTHUeA: nnOCKOCTH D.K B CHCTeMe KOOpJlHHaT JlaHHOH 
npoaonoKH. 

T BKHM o6pasoM, Ka)KJlBH D.K npeJlCTaanseT co6o:H: Ha6op 
o6nacTeii C C06CTBeHHbiMH CHCTeMBMH KOOpJlHHaT, CBH38H
HbiMH C CHrHanbHbiMH npOBOnOKaMHo 

D.ns Toro 'IT06bi D.K MO)KHO 6bmo aoo6me ucnonbsoaaTb, 
He06XOJlHMO HaA:TH npeo6pa30BaHHe OT CHCTeMbl KOOpJlHH8T 
nro6oA: us aTux o6nacTeii K KaKoA-To o6meli: JlnH aceli: ycTa
HOBKH JleKapTOBOH CHCTeMe KOOpJlHHaT. 3anuweM 3TO npe
o6pa30BaHHe B BHJle 

i 0 i 
X = ± f (t 

1
) + X 0 I (1) 

rJle fi(t i)- npeo6pasoaaaue ( aoo6me roaops, aenuaeli:aoe) 
OT CHHMaeMoro C K8M9pbl BpeMeHH Jlpeii:lfla t i K paCCTOH
HHIO JlO UpOBOnOKH, X i - KOOpJlHHaTa i -H npOBOnOKH B 9JlH-

o 
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CMrHAJ~HYE nPOBOJOKM 

p 

0 

P H c • 1. flpHHUHnHanbHaSI cxeMa apeil:¢oaoil: KaMephr, P H Pl
noreHUHanbHhre npoaonoKH CHrHanbHoil: nnocKocrH. 

HOR CHCTeMe KOopaHHar, X - KOopaHHara TO~KH B eaHHOR 
CHCTeMe KOopaHHar, 

HeoaHoaHa~HOCTb a (1) B03HHKaer H3-aa roro, ~ro no 
aenH~HHe CHSIToro c npoaonoKH orc~era Henb3SI cyaHTb, 
cneaa Hn~ cnpasa or 3Toil: nposonoKH npowna ~acrHua. 
nnSI ycrpaHeHHSI 3TOR HeOJlii03H8~HOCTH MOryr 6b!Tb npH
HSIThl cneuHanbHhle rexHH~eCKHe Mephl. 

Mhr onHmeM MareMaTH~eCKH:e Meroahr HaxoMaeHHSI npe
o6paaosaHHSI (1) ("nepeaaTO~HOH <flyHKUii!i"), 3<fl¢eKTiiBHOCTH 
H TO~HOCTH nK, HCnOnb3YSI B OCHOBHOM peaynbT8Th! HCcne
aoBaHHSI CliCTeMbi apeil:<fJOBh!X K8Mep Ha CliHXpo<fla30TpOHe 
OH.HH It/. 

Ha pH c. 2 noKa3aHo pacnono:lKeHH:e CliCTeMb! nK H 
nponopU!iOHanbHh!X K8Mep (fiK) npa accneaOB8HiiSIX nK. 

't ~)nKI 
"~ ... 

nK 2 JK I AK2 • 
c 

JK 

b 

c 

.. K4 
II 

nK 3 

• 
P H c. 2. CxeMa pacrrono:lKeHHSI aeTeKTopos a ycraHOBKe. 
fiK - nponopUHOHanbHh!e K8Mephr, nK - apel<fJOBhie KaMe
phi. 

4 

.. 

... 

Ha HeM yKa3aHw sena~H:Hhl apel¢oshlx npoMeMyTKOB H Ha

npasneHHSI ocel CliCTeMbl KOopaHH8T 1 KOTOpyro Mb! 6yaeM 
B aanbHelmeM Hcnonbaosarb. Oco6oe pacnonoMeHHe cur
HanbHhiX H noreHUHanbHh!X nposonoK nK 2 noasonSieT ycrpa
HSITb HeoaH03H8~HOCTb nepeaaro~HOll <flyHKUHH npaKTH~eCKH 
so scel o6nacTH KaMephr, B aanbHeil:meM 6yaer cywecr
BeHHO HCnOnb30B8TbCSI TO, ~TO ~eTHb!e KaMephi CaBHHYTh! 
OTHOCH:TenbHO He~eTHh!X H8 BenH~IiHY apeil:<flosoro npoMe
:lKYTKa (eM. puc. 2). 

l1H¢opMaUHSI c nK H fiK nocTynana B 3BM HP2116B, 
KOTopaSI ocymecTsnSina ee rrpHeM, HaKorrneHHe Ha Mfl H 
o6pa6oTKy. PeaynbTaThr o6pa6oTKH HCrronbaosanHCb rrpH 
Bbi6ope pe:lKHM8 pa60Th! nK. 

flpH o6pa6oTKe aaHHhiX Ha HP2116B B xoae H3MepeHHil 
IIpearronaranOCb, ~TO fi(ti) ami BCeX IIpOBOnOK HMeeT BHa 

i i i i 
f (t ) = v(t - t 

0
). (2) 

rae V - oaHH8KOB8SI anSI BCeX KaMep OUeHK8 CKOpOCTH 
apeil:¢a, t i - cMeilleHHe oueHKH t i ( IIbenecTan 3neKrpoHH-

. 0 . 
KH), t~ MO:lKHO HaiTH K8K nesyro rpaHHUY pacrrpeaeneHHSI 
(IIOCKOnbKY i -SI IIpOBOnOKa H8XOaHTCSI B o?naCTH rry~Ka, 
neBBSI rpaHHU8 COOT~eT~TByeT ~yne~OMY paCCTOSIHH!O OT 
rrposonOKH, r.e. v(t 1 -t~)=O, t 1 =t~). 

flapaMeTp V MO:lKHO 6bJnO 6b! OIIpeaenHTb K8K OTHOilleHHe 
S/ T , rae S - paCCTOSIHHe no OCH X MeMay CH:rHanbHhiMH 
IIpOBOnOK8MH nK S , nK 4 ; r - cpeaHee 3H8~eHHe cyMMhl 
t S H t 4 , 0aHaKO S 6bJnO H3BeCTHO HellOCT8TO~HO TO~HO, 
II03TOMY ~eTBepT8SI K8Mepa CllBHranacb B HanpaaneHHH X 
erne Ha paCCTOSIHHe ~S = 10 MM ( aenH~IiHY ~S MO:lKHO 
6hinO OIIpeaenHTb C ny~mell: TO~HOCTb!O), H CKOpOCTb apeil:<fla 
onpeaenSinacb no ¢opMyne: 

~s 
V= ---

lr 1 - r 2 I 
rae r 1 , r 2 - 3Ha~eHHSI r ao H rrocne caaHra. 

HalaeHHaSI TaKHM o6paaoM oueHKa v cocraanSieT 
0,13 MMIOTC~eT (1 OTC~eT = 2,3945 HC), 

(3) 

EnH3KH:I K aroMy peaynbTaT 6brn rrony~eH npH orrpeae
neHHH v KaK OTHomeHHSI aenH~HHhr apeil:¢oaoro rrpoMeMyTKa 
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K lllHpHHe pacnpeneneHHH t i . OnHaKo B03MO)f(HOCTb npHMe
HeHHH aToro cnoco6a orpaHnqeHa Tpe6oaaHHeM, qTo6bi aecb 
npeii:4JoBbiii: npoMe)f(yToK aaxonnncH a o6naCTH nyqKa. KpoMe 
Toro, He nnH acex npoaonoK perucTpnpy~lllaH aneKTpOHHKa 
ABBana B03MO)f(HOCTb CHHM8Tb KOOpAHHaTy, COOTBeTCTBy~
my~ paccTOHHH~ no noTeHunanbHOii: npoaonoKn. 

f1apaMeTpb! X~ 0 a4J4JeKTHBHOCTH H TOqHOCTH KaMep onpe
nenHnHCb C ITOMOWb~ MeTOnHKH, OITHC8HHOii: B /2/. 

nnH yToqHeHHH napaMeTpOB nK 38ITHC8HH8H Ha Mn HH-
4JopM8UHH o6pa6aThiBanacb aa 38M CDC-6400. 

CymecTaeHHhiM oTnnqueM npuMeHHeMoii: npu aToM MeTo
AHKH HBHnocb ncnonbaoaaHne HH4JopMaUHH c TIK. CyTb ero 
aaKn~qanacb a ToM, qTo cucTeMa TIK Hrpana ponb "aTanoH

Horo" npH6opa, H3MepH~mero "HCTHHHy~" KOOpnHHaTy npo
XO)f(neHHH qaCTHUhl qepe3 nnOCKOCTb K8Mephl. 3HaH STy 

KoopanHa Ty ( Mhi 6yneM o6oaHaqaTb ee x A) H cooTaeTcTay~
my~ KoopnnHaTy x i , CHHMaeMy~ c npeii:<tJoaoii: KaMephi, anH 

,[1 
KB)f(noro npOXO)f(neHHH qaCTHUbl qepe3 CHCTeMy KBMep, Mbl 
MO)f(eM BOCC l'8HOBHTb nepena l'OqHy~ 4JyHKUH~ K8K nH HH~ 

perpeccnn x h no. xA .< x A MO)f(er coanauaTb c t i, Ho Mhi 
HCnonbaoaann x 1 = ¢ 1 (t 1), rne ¢ 1- npH6nn)f(eHHaH nepeaa
ToqHaH 4JyHKilHH0 nonpo6Hee 06 3TOM - Hlf)f(e) • 3Ta npHH
UHITHanbHO npocTaH aanaqa ocno)f(HHeTCH TeM, qTo aapaHee 
HeH3BeCTH00 HBnH~TCH nn X H X,[l pa3HbiMH KOopnHH8T8MH 
OAHOii: H l'Oii: )f(e qaCI'Hilhi. -fpynHOCTH B03paCTa~T H3-3a 
HeOAH03HaqHOCTH perHCTpHpyeMbiX nK KOOpAHHaT.X H X 

u u n .LI ecTeCTBeHHO CqHT8Tb KOOpAHH8T8MH onHOH H TOH )f(e TOqKH 

B TOM cnyqae, ecnn OHH B K8KOM-TO CMbJCne "6nH3KH" • 

Mbi cquTann ux 6nH3KHMH, ecnH jxn-x.r:~l <L OnaaKo anH 
ycTaHOBneHHH 4JaKTa 6nH30CTH Heo6xonHMO 3H8Tb nepeaa
TOqHy~ 4>YHKilH~. PellleHHe aToro npoTuaopequH cnenyer 
HCK8Tb B HTepaUHOHHOM npouecce, B KOTOpOM Ha k -ii: HTe
p8UHH nnH YCT8HOBneHHH 4JaKT8 6nH30CTH HCITOnbayeTCH 
nepeaaTOqHaH 4JyHKUHH 0 nonyqeHHBH Ha (k-1) -ii: HTepaUHH. 
TiapaMeTphi nepenaToqHoii: 4>YHKUHH yroqHH~TCH, qTo no
aaonHeT Ha (k+1) -ii: HTepaUHH COBeplllHTb MeHbllle OlllH60K 
npH Bhi6ope MHO)f(eCTBa TOqeK (Xn ,X ,[1) nnH H8XO)f(JleHHH 
nepenaToqHoii: 4>YHKUHH H T.n. I1pu onpeneneHHH nepenaToq
HOii: 4>YHKUHH oT6upanHCb co6biTHH, B KOTOpbiX TIK aape
PHCTpHpoaanH 1 TpeK. 

6 

(J 

" 

nnH BH3yanbHOPO nayqeHHH BHna nepenaToqHoii: 4JyHKUHH 
B nonyqeHHH aaqanbHOPO npH6nH)f(eHHH ee n~paM~TpOB CTpOH
nOCb AByMepHoe pacnpeneneaue aennqHH x ~. t 1 • Ecnn 
ITOCTpOeHH8H no 3TOMY pacnpeneneHH~ nHHHH perpeCCHH 
COCTOHT H3 ABYX BeTBeii:, neaaH ee rpaHHUa COOTBeTCTByeT 
nbenecTany t~ 0 Xn - KOOpnHH8T8 neaoii: rpaHHUhl HBnHeTCH 
caanroM npoaonoKH OTHOCHTenbHO cncTeMhi TIK. B npoTHB
HOM cnyqae HeB03MO)f(HO paaaennTb cncTeMaTnqecKoe CMe
meHHe KOOPAHH8Tbl nK Ha ITbenecTan H reoMeTpHqeCKHH 
caanr npoaonoKH (aro nponcxonHT Torna, Koraa npoaonoKa 
He nonanaer a o6nacTb nyqKa). BennqnHa £ TaK)I{e Bhi6H
paeTcH na anna pacnpeneneHHH. 

HayqeHHe TBKHX pacnpeaeneHnii: noKaaano, qTo nepeaa
TOqHbie 4JyHKUHH BCeX npoaonoK npaKTHqeCKH nHHeii:Hbl 
noqTH aa seeM apeii:<tJoaoM npoMe)l{yTKe aa ncKn~qeHneM 
MBnbiX OKpeCTHOCTeii: CHPHanbHhiX H ITOTeHUH8nbHbiX npoao
noK. HcKn~qna H3 paccMoTpeansi: aTH yqaCTKH, Mhi npencTa
annu nepenaToqHhie 4>YHKUHH B BRAe 

X i = V i • (t i - t i ) + X i 
0 0 (4) 

f1apaMeTpbi V i 1 X ~ H8XOllHTCH H3 HTepaUHOHHOrO npouecca 

i(k) ( i(k-1) ( i(k) i ) i(k-1)) {3 
X =a V •t -t +X + 

,[1 i 0 0 i 

V i(k) =a. v i(k -1) , X i(k~ a. X i(k-1) + {3 . • 
1 0 1 0 1 

(5) 

BcnoMoraTenbHhie napaMeTphi a i, f3 i HaXOAHTCH H3 ycnoanH 
MHHHMYMB 4JyHKUHOHana 

L·k 
ci> i(k1 = y_

1 
(x i~k) _ x i(~) ) 2 

j =1 llj .LIJ 

3AeCb k - HOMep HTepaUHH, i - HOMep npoaonOKH, J - HO
Mep TOqKH 1 BOllleAllleii: B HTepaUH~, Lik - KOnHqeCTBO 3THX 
ToqeK. HHneKc k y xn 1 x.LI oaHaqaeT 1 qTo a cyMMY axonHT 
TOnbKO TOqKH, ynoaneTBOpH~WHe ycnOBH~ 6nH30CTH Ha k -ii: 
hTepaunn. TiapaMeTphi x i(o) , v i(o) , KaK y)f(e roaopn-o . . 
nOCb, 6epyTCH H3 COBMeCTHOPO pacnpeneneHHH X~ 1 t 1 

• 

HTepaunoHHhiii: npouecc nponon)l{aeTCH no Tex nop, noKa 

a i == 1 , {3i == 0. Bo acex HTepauHHX1 KpoMe Hyneaoii:, yqacT
ay~T TOnbKO ToqKu, nnSI KOTOphiX jx n -x.LI I < £ = 2 MM. 
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06pa6oTKa CMOlleJIHpoBaHHoro no MeToay Moare-Kapno 

MaTepHana noKaaana, qro HTepaUHOHHbiH npouecc aelicTBH

TeJibHo CXOllHTCH K HCTHHHbiM 3HaqeHHHM napaMeTpOB C XQ

porneft roqaocTbJO. OaaaKo Hcnonb30BaHHe nponopuHoHaJibHbiX 

K8Mep C 60JibiliHM rnarOM H8MOTKH npH M8JIOH paCXOllHMQ

CTH nyqKa MO~eT npHBeCTH K CHCTeMaTHqeCKOMY CMerneHHIO 

OUeHOK napaMeTpOB nepenaToqHOH ~YHKUHH. flng CMOlleJIHpo

B8HHOro nyqKa, paBHOMepHO nepeCeKaJOmero flK 
1 

H flK 
4 

B 06JiaCTH 17 MM, CMerneHHe CKOpOCTH llpeft~a OK838J10Cb 

paBHbiM- 2%. B aaBHCHMOCTH oT reoMeTpHH ycraHOBKH H 

BHll8 nyqKa B03MO~Hbl H 60JibiliHe CMerneHHH. 

ITocne Toro KaK nepeaaroqaaH ~YHKUHB H8HlleHa, nK 

Mo~eT cny~HTb H3MepHTeJibHbiM npH6opoM. OcraeTCH onpe

neJIHTb CBOHCTB8 8TOrO npH6opa: 8~~eKTHBHOCTb H TOqHOCTb. 

Ba~HbiM a·ranoM onpeaeneHHH 8THX BeJIHqHH HBJIHeTCH pac

noaaaBaHHe TpeKOB qaCTHU B CHCTeMe ITK H nK. Heoaao

aaaqaoCTb onpelleJieHHH KOOpllHH8Tbl flK CHH~aeT llOCTOBep

HOCTb peayJibTaToB, noaToMy ~enaTeJibHO npHBJieqeHHe ITK. 

Ho· HcnoJib30BaHHe ITK B aroft CHTyauHH npeacTaBJIHeTcH 

3aTpyllHHTeJibHbiM H3-38 TOrO, qro HX norpeiliHOCTb npH

MepHO Ha nopMOK Bbiilie norpeiliHOCTH flK 1 H KOpHllOp, 

HcnonbayeMbiH npH noHCKe TpeKOB B ITK, CJIHWKOM BeJIHK 

llJlH npHMeHeHHH ero B flK. floaTOMY 6b!Jl HCnOJib30B8H 

HeCKOJlbKO yCJIO~HeHHbiH anropHTM nOHCKa TpeKOB. 

BaaqaJie B CHCTeMe ITK H nK OTbiCKHB8JlCH Ha6op H3 

6 ToqeK, ne~amHx B KOpHaope D = 3 MM oT npHMoft, npo

BeneHHOH qepe3 Kp8HHHe TOqKH Ha6opa. ECJIH MHO~eCTBO 

TOqeK 8Toro Ha6opa, npHH8llJie~alliHX TOJlbKO flK, o6paayeT 

no 8THM ~e npaBHJiaM TpeK c qHcJioM ToqeK 3 H KOpHaopoM 

0,8 MM, BeCb nepBOHaqaJibHbiH Ha6op TOqeK CqHTaeTCH Tpe

KOM OllHOH qaCTHUbl H BHOCHT BKJ18ll B BbJqHcJieHHe a4><f>eK

THBHOCTH H TOqHOCTH. 3~~eKTHBHOCTb onpeneJIHJ18Cb no 

MeTOlly, OnHC8HHOMy, HanpHMep, B/3/.ToqHOCTb flK onpeae

JlHJiaCb KaK c HcnoJib30BaHHeM HH~opMaUHH c ITK, TaK H 

6ea yqera ee. flpeaBapHTeJibHO, no onHcaHHOMY B/2/ cnoco-

6y, 6bma aaftaeaa ToqaocTb ITK. 3aTeM llJIH Ka~aoro aaft

aeaaoro TpeKa, HMeJOrnero KOOPllHHaTy B ll8HHOH flK H 

onopHbiX ITK, BbiqHcJIHnocb OTKJIOHeHHe KoopllHHaTbi, aape

rHCTpHpoBaHHOH flK, OT npHMOH 1 npoBelleHHOH qepe3 onop

Hbie roqKH B ITK. flHcnepCHH d aroro OTKJIOHeHHH CBH3aHa 

c llHCnepCHHMH 0IliH60K nK H ITK COOTHOilieHHeM 

8 

j 

' 

\ 
I 

2 
d = D A + D rr (2k - 2k + 1) , (6) 

rae D )J, ' D rr - llHCnepCH H OiliH60K nK' ITK' 

zA- z 1 ( k = ----- z , z 
1

, z a.- z -KoopaHaaTbl nK, rrK 1 , 
z3-z1 )J, 

ITK 3 ) • l1a aroro cooraorneHHB aaxonHTCH D A. CnHWKOM 

6onbrnaH norpernHOCTb ITK npHBena B HeKoTopbiX cnyqagx 

K oTpHUaTeJibHOH DA , qro 6eCCMbiCJieHHO. flonyqHTb aocro

Bepawe OUeHKH norpernHOCTeH flK T8KHM cnoco60M He 

yaanocb. OaaaKo npH HCnOJib30BaHHH B KaqeCTBe onopHbiX 

KaMep C MeHbllieH norpernHOCTblO 8TOT MeTOll MO~eT 6b!Tb 

npHMeHHM. 

l1cnOJib30B8HHe llJlH onpeneJieHHB norpernHOCTeM flK 

TOJlbKO HH~OpM8UHH C flK Tpe6yeT npeanono~eHHH paBeH

CTB8 HX roqaocreli 121. flpH aToM npeanono~eHHH norpern

HOCTH flK 2 - flK 4 OK838JIHCb paBHbiMH 0,16 MM. flng OUeHKH 

norpeWHOCTH flK 
1 

6biJI HCnOJib30B8H anropHTM, npeano~eH

HbiH B / 4/: 

D 
1 

= d + D • (2k 2 
- 2k + 1) , 

D 1 - llHCnepCHH OiliH60K nK 1 , D - llHCnepCHH OiliH60K 

flK
2 

-flK 
4 

, d - llHCnepCHH OTKJIOHeHHM KOOpllHHaTbl B flK 1 
OT npHMOMI npoBelleHHOH qepe3 ToqKH B nK 2 I nK4; 

z -z 
k = 1 2 (z i-z- KOOPllHHaTa i-H nK). 

z4- z2 --
flonyqeao 3HaqeHHe a 1 =yD 1 = 0 123 MM. 

B onHcaHHbiX Meroaax onpeaeneHHH nepeaaroqHbiX 

~yHKUHM H norpeiliHOCTeM flK cymeCTBeHHO HCnOJib30B8Jl8Cb 

HH~OpM8UHB C H3MepHTeJibHbiX npH60pOB 1 CBOHCTBa KOTOpbiX 

H3BeCTHbi (ITK). 

OnHrneM aeKoTopwe MeTOllhl onpeaeneHHH xapaKrepHCTHK 

flK, CB060llHbie nOJIHOCTblO HJIH qaCTHqHO OT HCnOJib30BBHHb!X 

npennono~eHHM. 

flng onpeneneHHH nepeaaroqHbiX ~yHKUHH Tpex flK Bbi6e

peM o6my10 CHCTeMy KOOpllHHBT, T8K qro6bi nepell8TOqHbJe 

~YHKUHH HMeJIH BHll (a 11 a
2 1 a 31 8 - HCKOMbie napaMeTpbl)! 

X=at X=at 
1 1 1' 2 2 2 

s, X =at 
3 3 3 

(7) 
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nycTb HMeeTCSI B03MO)I{HOCTb caBHraTb .UK2 BaOnb 
OCH x • YcnosHe Toro, 'ITO aaperHCTpHposaHHhie KaMepaMH 
KOOpaHHaThi j -ii: 'laCTHUhi ne)f{aT H8 npSIMOR, HMeeT BHa 

j j j 
x 

2 
= ( 1 - k)x 

1 
+ kx 

3 
, 

k = z 2- z 1 

z 3- z 1 
8hipa)f{eHHOe qepea KoopaHHaThi t

1 
, t 

2 
, t 

3
, 9TO ycnosHe 

C y'leTOM npeo6pa30BaHHSI (7) HMeeT BHa 
j j j 

a2 t 2 = (1- k)a 1 t 1 + ka3 t 3 + s + ~ 

( ~ =0 ao casHra, ~,£0 nocne casHra). napaMeTphi nepeaa
TO'IHhiX !j:JyHKUHR HaxoaSITCSI H3 ycnOBHSI MHHHMyMa !j:JyHKUHH 

N j j j 2 
<I> =.I (a 2 t 2 -((1-k)a 1 t 1 +ka3 t 3 +s+~)), J = 1 

rae N - KOnH'IeCTBO TpeKos: HcnonbayeM peaynbTaThi u:aMe-

peHHii: ao H ITOcne caBHra, 'ITO npHBOaHT K CHCTeMe ypas

HeHHR (seaae CYMMHpOBaHHe ITpOH3BOaHTCSI no onyrueHHOMY 
HHaeKCy j ) : 

a 1 ( 1-k) :I, t i - a 2 It 1 t 2 + a 3 k :I, t 1 t 3 + S :I. t 
1 

=-:I, t
1 
~ , 

2 
a 1 (1-k):I.t 

1 
t 

2 
-a

2
:I.t 

2 
+a

3
k:I.t

2 
t 

3
+s:I.t.

2 
=-:I.t 2 ~, 

(8) 
a 1 (1-k):I.t1 t 3 -a2 :I.t 2 t 3 + a3 klt~ +S:I.t 3 =-:I.t 3 ~, 

a 
1 

(l - k) :I. t 
1 

- a 
2 
I t 

2 
+ a 

3
k :I. t 

3 
+ s • N =- :I,~. 

Ecnu: s~ H3BeCTHO aapaHee aocTaTO'IHO TO'IHo, {8) npe
spawaeTCSI B CHCTeMy Tpex ypasHeHu:ii:. B aTOM cnyqae ~ 

MO>KeT 6biTb paB~hiM 0. 06pa60TKa ITO OnHcaHHOMy anro
PHTMy CMoaenu:posaHHoro MaTepHana noKaaana, 'ITO npu: 
ny'IKe C pacxoaHMOCTblO 25 .}Q- 3 paa, aeii:CTBHTenbHOR se

nH'IHHe S = 25 MM H ~ =}Q MM TO'IHOCTb onpeaeneHHSI a 
2 

H S npHMepHO pasHa 0,2%. 
PeaynbTaThi onpeaeneHHSI norpeumocTeii: KaMep noKa3hi

saiOT, 'ITO ycnOBHe paseHCTBa TO'IHOCTeH MO)f{eT He Bhi

ITOnHSITbCSI, .UnSI onpeaeneHHSI norperuHOCTeii: KaMep 6ea 
aroro npeanono>KeHHSI H 6ea npHsne'leHHSI apyrHX H3Mepu:-

10 

TenbHhiX ITpH60pOB Heo6xoaHMO npeaycMOTpeTb B03MO)f{H0CTb 
nepeMerueHHSI oaHOH H3 KaMep aaonb OCH Z / 5/. 

nycTb TaKOH nepeMeruaeMOH KaMepoii: 6yaeT .UK 2 1 H ee 
rronO)f{eHHe OTHOCHTenbHO OCT8nbHhiX K8Mep XapaKTepH3yeTCSI 
K09!j:J!j:JHUHeHTOM k f , npH'IeM 

f 
z 2- z 1 

ke = --- ce = 1,2,3). 
z 3 - Z 1 

Z 1 , Z 3- Z -KoopaHHaTbi .UK l , .UK 3 ; Z~- Z -KoopaHH8Thi 
.UK 2 B ~ -M nonO)f{eHHHo 

.Uu:cnepCHSI OTKnOHeHHSI TO'IKH B .UK 2 OT ITpSIMOfi, npo
seaeHHOfi qepe3 TO'IKH B .UK 1 , .UK 3 , B e-M nonO)f{eHHH 
.UK 2 HMeeT BHa /2/ 

2 2 
de= (1-kf) D 1 + D 2 + keD 3 , 

rae D 1, D 2 , D 3 - ancnepCHH ornH6oK .UK 1 , .UK 2 , .UK 3 • 

Onpeaenus senH'IHHhl de no peaynbTaTaM npoxo)f{aeHHSI 
'18CTHU qepe3 CHCTeMy KaMep, nony'IHM CHCTeMy ypaBHeHHfi 

2 2 
d 1 =(1-k 1 ) D 1 +D 2 +k 1D 3 , 

d 2 = ( 1 - k 2) 
2 

D 1 + D 2 + k ~D 3 , ( 9) 
2 2 

d 
3 

= (1 - k 3) D 1 + D2 + k 3 D 3 

c onpeaenuTeneM, paBHhiM 0 TonbKO npH k n = k . (e ,£ j). 
L J -

PernHB CHCTeMy, HaxoaHM norperuHoCTH KaMep a.=yD .• rae 
i - HOMep K8Mepbl (i = 1,2,3), 

1 1 

8hipa>KeHHSI (9) cnpaseanHBhi s TOM cnyqae, ecnH BKnaa 
MHOrOKp8THOro KynOHOBCKOro pacceSIHHSI (M.K.p.) 3H8'1H

TenbHO MeHbrue onpeaenSieMOR norperuHOCTH KaMep • .UnSI 

.UK, HMeiOWHX norpernHOCTb - 0,1 MM, a To ycnosHe MO)f{eT 

He BhmOnHSITbCSI1 ll09TOMY anSI TO'IHOro onpeaeneHHSI no
rperuHOCTefi K8Mep Heo6xoaHMO Y'IHThiB8Tb BKnaa M.K.p. 

B BenH'IHHy df. 
nycTb '18CTHUa npoxoaHT qepe3 CHC'reMy K8Mep .UK l , 

.UK 2 , .UK 3 1 H X l' X 2 1 x3 - KOopaHH8Thi 1 KOTOpbie 6hinH 
6bi 3aperHCTpHpOB8Hhl K8MepaMH 1 eCnH 6b! He 6hin0 9KCne

PHMeHT8nbHhiX ornH60K H M.K.p. Toraa 
z - z 

(k = _2 __ 1_ ) • 

z 3- z 1 
x 

2 
= (1 - k )x 

1 
+ kx 3 

(10) 
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3 K 
DycTb ~. H ~ . - COOTBeTCTBeHHO 9KCTiepHMeHTanhHaSI OWHfi-

1 I 
Ka i -fi KaMepbl 11 OTKnOHeHHe B Hell 3a C'IeT M.K.p., a X~-

1 
113MepeHHoe 3Ha'IeHI1e Koopai1Harw: 

X ~ = X . + ~'). + ~ ~ 
I I I I 

KaK o6w'IHO, Bhl'II1CnSieM een11'I11Hy OTKnoHeHHSI KoopaHHaTw 

X~ OT TipSIMOH, npoeeaeHHOH 'Iepe3 x; , X~ 
14 14 14 

~ = x 2 - (1 - k)x 
1 

- kx 3 
3 K '3 K 3K 

= x2 + ~ 2+~ 2 -(1 - k)(x 1 +~1 +~1)-k(x3+~3+~3). 
Y'IHTbiBaSI (10), HMeeM 

3 3 3 K K K 
~ = [~2 -(1-k)~l -k~3]+[~ 2-(1-k)~l-k~3]. (11) 

DoCKOnbKY 9KCTiepHMeHTanbHbie OWHfiKI1 H OTKnOH6HHSI 3a 
C'IeT M.K.p. He3aB11CI1Mbi, aHcnepCI1SI eeni1'111Hbl ~ pasHa 

a2(~) = a2[~32 - (1- k)~~ .:.. k~~] +a2[~~-{1-k)~~-k~J. ) 
(12 

(9) 
3 

Dp11 HeKoppenl1poeaHHbiX ~ \ HMeeM B o6o3Ha'IeHI1SIX 
( D~ - nonpaeKa Ha M.K.p. J: 

2 2 K de = ( 1 - ke ) D 1 + D 2 + ke D 3 + D i ( 13) 

3HaSI D~ , nonyqaeM CI1CTeMy, aHanorH'IHYIO (9). OcraHo
BHMCSI Ha Bbi'IHCneHHI1 D~. l13 (13) 11 (12) 11MeeM 

D~ = a2 [~K2_ (1- k)~K1 - k~ :] = 

= a2(~K) + (1- k) 2a2 (~ K) + k2a2(~K)-2c (1-k)-
2 1 3 12 

( 14) 
- 2kc 23 + 2k(1·- k)c 13 , 

2 ( K 2( K 2( K) rae a ~ 1 ), a ~ 2), a ~ 3 - aHaroHanhHbie, a c
12

,c
13

, 
c 23 - Heal1aroHanbHhle aneMeHThl KOBapHaUHOHHOH MaTpi1Uhl 
C cny'IaiiHbiX eeni1'111H ~ ~. ~ ~, ~~ • 

B 6onbWHHCTBe cny'Iaee eemecreo, Ha KOTopoM npoHcxo
aHT pacceSIHHe, COCTOHT H3 TipOTSI)KeHHOH oaHopoaHOH cpeabi, 

B KOTOpOH pa3MewaeTCSI ycTaHOBKa, H Hafiopa TOHKHX pac-

12 

CeHBaTenefi, TaKHX, 'ITO KOOpaHHaTHblM CMerneHHeM Ha HHX 
MO)KHO npeHefipe'lb. K 'IHCny TaKHX pacceHBaTenefi OTHO

CSITCSI CaMH KaMepbl 1 a TaK)Ke C'IeT'IHKH, KOHBepTOpb! H np., 
eCnH OHH HMeiOTCSI B ycTaHOBKe. 

DpeacTaBI1M C e e11ae 
M r c = ~ c . ( 15) 

r=o 

rae Cr - KOBapHaUHOHHaSI MaTpHUa OTKnOHeHHH ~ ~ , ~: 
1 

~: TonbKO 3a C'IeT pacceSIHHSI Ha pacceuearene r -ro 

THna. PacceHeaTenb O-ro THna - oaHopoaaaSI cpeaa, a THTibi 
I -7-M enonHe onpeaenSiroTCSI cpeaHeKeaapaTH'IHbiMI1 yrnaMH 
MHOrOKpaTHOro pacceSIHHSI a(o()) Ha HHX. 

EyaeM npeanonararb/6/, 'ITO no npoxo)KaeHHH 'IaCT11Ueii 
cnoSI eemecrea TonmHHoii t yrnoeoe (80) H Koopa.HHaTHoe 
(ox) CMeweH11SI OfiHCbiBaiOTCSI aeyMepHbiM HOpManbHb!M pac-
npeaeneHHeM c napaMeTpaM.H 

E s 1 t 
a(M) = --v- --, 

V. P 2 x 0 

a(oO) = 

..)3 
p = -2-, 

~..; 1 t t, 
v. p 6 xo 

rae V, p - CKOpOCTb H HMTiynbC (M9B/c) 'IaCTHUbi, X -
paaHaUHOHHaSI anHHa eemecrea, E 8 = 21,2 M9B. 0 

Bbi6epeM Ha'Iano KoopaHHaT no oc11 z TaM, rae OTKno
HeHHe 3a cqeT M.K.p. C'IHTaeTCSI paBHbiM 0. Toraa /7/ 

E 3z -z. 
c? = -8-z~ k J (16) 

Jk PV J 12·x 
0 

npH ycnOBHH, 'ITO 0 < Z. < Z k . 
- J-

DycTb cpeaHeKeaapaTH'IHOe 3Ha'IeHHe yrnoeoro OTKno-
HeHHSI qacTHUbi nocne npoxo)KaeHHSI ero pacceueaTenSI i -ro 

THna paeHo a 0 . , H Ha nyTH qacTHUbi j -ii KaMepe npeamecr-
i u k u eyer m pacceHeareneu i -ro THna, a -H KaMepe -n TaKHX 

pacceHeareneil: (IIL<n). Depexoa oT eeKTopa yrnoebiX CMeme-
801 ox j 

HHH ( : ) K BeKTopy KOopaHHaTHbiX CMeweHHH ( ~::- ) 
Ben u~ 
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e KaMepax j , k ocymecrenstercst c noMOlllbiO npeo6paaoea- · 

HHSI 

ax. (~e 1) 
<ax~) = s ~em 

aen 
c MaTpHUeH 8, paBHOH 

( 
e lj f 2j • • • f mj 0 ... 0 ) 

f lk e 2k .. • fm~m+ 1 k ... f' nk 

(f pj - paCCTOSIHHe Me*llY KaMepoH j H pacceHBaTeJieM p). 
YrnoBhie cMerueHHst B pacceHBaTenstx ueaaeRCHMhi, H Ko
eapHaUHOHHast MaTpHUa HX pacnpeaeneHHSl llHarOHaJibHa, a 
no onpeneneHHIO THna pacceHaarenst ace aHarouanbHhie 
aneMeHThi paeHhi npyr apyry. TaKHM o6paaoM, coeMecruoe 
pacnpeaeneHHe axj 1 axi OllHChiB8eTCSl MaTpHUeH 

e tj f 

, ·cjl2j" .. lm; o .•• o )(1 0) f2. f2k • J 
c =~ . 1 

fmj fmk r flk f' 2k'" f'mkfm+l,k "' fnk 0 .\ 
0 f'm+l k 
: 
0 fnk 

. (17) 

cir 

m 2 m 
~ fpj~ fpi fpj 

p=l p=l 
m n 
~ epi e pj ~ e pi e pj 

p=l p=l 

r ' m 
C.k= a~ ~ fPJ.fpk • 

1 r p= 1 

noacTaBHB STH 3Ha'leHHSl elk B {15), a 3aTeM B (14), 
llOJIY'IHM HCKOMyiO BeJIH'IHHY if, l1HTepeCHO OTMeTHTb, 'ITO 

1 
Cr.k 38BHCHT TOJlbKO OT llOJlO)KeHHSl H KOJlH'IeCTBa pacceH-

J u • 

BaTeJieH, npearueCTByiOlllHX KaMepe J , H He 3aBHCHT OT 
CBOHCTB eerueCTBa Me*llY j -ii: H k -H KaMepaMH. 
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