
89--Yt>-O 

A 91 

0 ti b e A M H e H H bl A 
MHCTMTYT 
RAE pH bl X 

MccneAOBaHMA 

AYfiHa 

/J.13-89-450 

A.H.AcTaxoe, /J,.6eH4e, A.K~weapaA~. 
n.MonHap, n.M.CopoKO 

CPABHEH~E BWXO/J,HWX /J,AHHWX 
B ME3OOnT~YECKOM ~YPbE-M~KPOCKOnE 
~ B TPA/J.~~~OHHOM onT~YECKOM 
~3MEP~TETTbHOM M~KPOCKOnE 
norpeWHOCT~ ~3MepeH~~ 

HanpasneHo B OprKoM~TeT KoH~epeH4~~ no onT~Ke 
(3pHCT A66e-KOH~epeH4~H), ~eHa, rnP, 1989 r. 

1989 



i 

>, 

Acraxoe A.R. H .AP. 

CpaeHeHHe BWXOAHWX AaHHWX B Me3oonTH4eCKOM ~YPbe-MHKPOCKone 
H B TPaAHttHOHHOM onTH4eCKOM H3MePHTenbHOM MHKPOCKOne. 
nurpewHOCTH H3MepeHHH 

.!113-89-450 

.QaH aHanH3 norpewHOCTeH H3MepeHHH c~eAOB 4aCTHl4 B Me3000Tl14eCKOM ~ypbe­
Ml1KPOCKOne /M~/. noAP06Ho paCCMOTpeHO noeeAeHHe ABYX Me3000T114eCK11X 11ao6pa­
.eHHH cneAa 4acTHl4W Ha 3KPaHe AHCnneff aeToMaTH3HPOBaHHOH CHCTeMl,I npoCMoTpa 
ffAePHOH ~T03MynbCl1H Ha OCHoee M~M. noKa3aHo, 4TO Al1CnepCl1ff 113MepeHHH z­
KOOPAHHaTW cneAa 4aCTl114W C OOMOlllblO M~M u(z) = 4 MI04, X-KOOPAHHaTW u(x) = 
= 6 MKM, yrna op11eHra1411H u(8s:y ) =0 ',6 H yrna norpY)l(eHHff u(l1z ) = 7 '. KpoMe 
3Toro M~M noaeonReT 113Mepl1Tb 11CKPl1BneHl1e cneAa 4aCTHUl,I_B RAepHOH ~T03MYnb­
C11H PaAHYCOM p =IO M C norpewHOCTblO ± 2 M Ha AnHHe o6MepReMoro cneAa 4acr11-
i4W /!iy = 6,5 MM. 

Pa6ora ewnonHeHa e na6oparop11H RAepHwx npo6neM OlfRH. 

IIpenpHBT 061.e.ttHHeHHOro HHCTHTyTll ,mepm.a HCClleJlO&aHHA. Jly6Ha 1989 

IIepeno,o; aBTOpOB 

Astakhov A.Ya. et al. 

Comparison of the Output Data in Mesooptical 
Fourier-Transform Microscope and in Traditional Optical 
Microscope. Measurement Errors 

D13-89-450 

The analysis of the measurement errors for the particle tracks in the 
mesooptical Fourier-Transform microscope (MFTMi is presented. The behavi­
our of the,two mesooptical images of the particle tra~ on the display 
screen of the automatic search system for nuclear emulsion on the basis 
of the MFTM is treated comprehensively. It is shown that the measurement 
variance for the Z-coordinate of the particle track in the MFTM is equal 
to u(Z) = 4/lm ; for the X-coord inate, u (X) = 6/lm; for- the orientation ang-
1 e, u(l1xy ) =0 ',6;and for the deep ang I e, u(11z ) = 7 '. bs ides the curvature 
radius of the particle track in the nuclear emulsion of the order of 
p=lO m with error ±2 m over the length of the measurement particle track 
liy = 6,5 mm can be measured as well with MFTM. 

The investigation has been performed at the Laboratory of Nuclear Prob­
lems, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1989 



1. BBEAEHHE 

I 1 ' ,[\aHHaR pa6oTa RBnReTCR nPOAOnmeHHeM pa60Tbl , B KOTopo~ Ha 
OCHOBaHHH ~onocTaBneHHR BWXOAHWX AaHHWX B Me300nTH4eCKOM ¢YPbe­
MHKPOCK6ne /M$M/ H B TPaAH4HOHHOM onTH4eCKOM H3MepHTenbHOM 
MHKPOCKone 6wnH CAenaHW 04eHKH KanH6pOB04HWX K03¢¢H4HeHTOB, C 
nOMO~b~ KOTopwx no nonomeHHRM ABYX Me3oonTH4eCKHX H306pameHH~ 
Ha TeneBH3HOHHOM AHCnnee KOMnb~Tepa MOmHO 04eHHTb KOOPAHHaTbl 
x Hz, a TaKme yron opHeHTa4HH 0xy H yron norpymeHHR ~ o6Me~ 
pReMoro cneAa 4acTH4w. 

B AaHHO~ pa6oTe npOH3BeAeH aHanH3 norpeWHOCTe~ H3MepeHH~ 
cneAOB 4aCTH4 B M¢M. noAP06Ho paccMoTpeHo noBeAeHHe ABYX Me-
300nTH4eCKHX H3o6pameHH~ cneAa 4aCTH4W Ha 3KpaHe AHCnneR aBTO­
MaTH3HPOBaHHO~ CHCTeMW npocMOTpa RAePHO~ ¢oT03MynbCHH Ha OCHO­
se M$M. 

2. YCnOBHR l-13MEPEHl-1~ 

YcnoBHR H3MepeHHR B AaHHO~ pa6oTe nonHOCTb~ cosnaAa~T C OnH­
caHHWMH paHee 'l'. 6wn HCnonb30BaH TOT me CBOAHW~ MaCCHB H 
Ta me HyMepa4HR 06MepReMblX cneAOB 4aCTH4' 4TO H B 

111 
• 

3. A~CnEPCHR l-13MEPEHl-1~ 

/ 1 / 
06pa6oTKa AaHHWX, nPHBeAeHHWX Ha pHc. 3 pa60TW 'n03BOnR-

eT Ha~TH AHcnepcH~ H3MepeHH~ KOOPAHHaTbl Z C nOMO~b~ M$M: a(Z)= 
= 4 MKM. 3Ta 04eHKa He nPOTHBope4HT AaHHWM O 3Ha4eHHRX z(y), 
nPHBeAeHHWX Ha PHC, 1 H 2 AaHHO~ pa6oTW AnR scex o6MepeHHWX 
cneAOB 4aCTH4, Ha PHC, 3 BHH3Y noKa3aHO pacnonomeHHe 06MepeH­
HWX cneAOB 4aCTH4 B nonepe4HOM Ce4eHHH RAePHO~ ¢oT03MYnbCHH 
TOn~HHO~ 200 MKM, a CBepxy - 3Ha4eHHR AHCnepCHH a(z) H3MepeHH~ 
Z -KOOPAHHaT B 3aBHCHMOCTH OT Z-KOOPAHHaTW /TeMHWe KPYmKH/ 
/a/ H MaKcHManbHWe pacxomAeHHR ~zmax /TeMHWe TpeyronbHHKH/ 
/ 6 /. l,13 PHC. 3 BHAHO, 4TO HHKaKo~ KoppenR4HH yKa3aHHWX se­
nH4HH C KOOPAHHaTO~ Z He HMeeTCR. 

Ha PHC. 4 npHBeAeHbl 3Ha4eHHR AHCnepCHH a(xl) AnR H3MepeHH~, 
swnonHeHHWX Ha M¢M /a/ H Ha AHn-1 /6/ AnR scex cneAOB 4acTH4. 
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Puc. 7. THilHtJHbJe CHTYaI~HH C O)J;H'­
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B11,QHO, 4TO a(x 1) = 0,9 MKM, a u(x 3) = 6,7 MKM. 0,QHa 113 np11- . 
411H CYl!leCTBeHHOrO pa3I111411.R Me)l{,QY a ( X 1) 11 a ( x3) COCTOl1T B TOM, 
4TO 113MepeH11.R Koop,q11HaT x 1 Ha AHn-1 se1111cb c 4eHoA oTc4eTa 
~ 1 = 0 '5 MKM' a KOOP,Q11HaTbl X3 Ha M<l>M C 4eHOH OTC4eTa ~X3 = 
= 2,5 MKM, 0,QHaKO a(x3 )/a(x1 ) = 7,45:1, a He 5:1, 11 n03TOMY 
Ha6rno,qaeMoe pa31111411e Me)l{,QY a (x1 ) 11 u (x3) He MO)l{eT 6b1Tb o6b.RC­
HeHo TOilbKO 3~0H nPl1411HOH. 

Ha p11c. 5 np11se,qeHw 3Ha4eHl1.R ,q11cnepc11A a(0z) 11 a(0xy) ,Qil.R 
scex cne,qos 4acT114, o6MepeHHWx B on11cwsaeMwx 3Kcnep11MeHTax. 
AHoMailbHO BblCOKYIO ,q11cnepc1110 11Me10T c11e,qb1 N°5 11 tfl O. Ha611io,qaeMblH 
Bb16poc (1 ( 0 z) ,Qil.R cne,qa 4aCTl14bl tf5 MO)l{HO o6b.RCHl1T b TeM' 4TO 
OH I1e)l{l1T 4aCTl14HO no,Q MaPKl1POB04HOH ceTKOH. HanOMHl1M, 4TO w11-
p11Ha MaPKl1POB04HoA ceTKl1 pasHa 10 MKM, a war 1 MM. Oo3TOMY se­
po.RTHOCTb 3aTeHeHl1.R cne,qa 4aCT114W MaPKl1POB04HOH ceTKOH co­
CTaBil.ReT He 6011ee 1 % . 4To KacaeTc.R Bb16pocos ,q11cnepci:.iA a( 0z) 11 
u(0xy) ,QilR cne,qa 4acT114~ tflO, TO 11x cne,qyeT np113HaTb peailbHW­

Ml1, a 11CXO,QHa.R r11n0Te3a O np.RMOI111HeHHOCTl1 Cile,QoB 4aCT114 B 
npe,qenax o6Mep.ReMoro y4aCTKa HesepHa ,QilR cne,qa 4acT114w tflO. 
3TOT BblBOA no,QTBep)l{,QaeTC.R HaI111411eM CKa4KOo6pa3HblX 113MepeHl1H 
yr110B 0xy 11 (1z ,QilR cne,qa 4aCTl14bl tfl O B 0611aCTl1 y"" 6 MM 
/p11c. 6;. np11 3TOM Mxy =8',6±1',4'/15%/, a Mz =80'± 9' 
/± 12%/. TaKl1M o6pa3oM, cne,q 4acT114w tf10 3,QeCb 11cnwTwsaeT pac­
ce.RH11e C O,QHOBpeMeHHblM 113MeHeHl1eM yr nos 0xy 11 0z • 3aMeT11M' 
4TO npe4113110HHwe 113MepeH11R Koop,q11HaTw x1 Ha AHn-1 He no3so11.R-
10T 3aMeTl1Tb pacce.RHl1e 4aCT114W ~a CTOilb Mailwe yrnw, TaK KaK 
~xpacc.~ 1,2 MKM, a ,q11cnepc11.R OT,QeilbHOro 113MepeHl1.R KOOPA11HaTW 
x Ha AHn-1 pasHa a(xl) = 0,9 MKM. 

Ha p11c. 7 noKa3aHW Tl1n114HWe Cl1Tya41111, KOTopwe MOrYT Ha61110-
,QaTbC.R B .R,QepHOH ())OT03MYilbCl111 /cnesa/ 11 COOTBeTCTBYIOl!ll1e 11M 
3as11c11MocT11 O(y) B M<l>M /cnpasa/. P11c. 7a cooTseTcTsyeT npRMOMY 
~Ile,Qy 4aCTl14bl, 11,QYl!leMY no,Q yrnoM 00 K OCl1 Y. CooTBeTCTBYIOl!laR 
<!>YHK411R O(y) npe,qcTasnReT co6oA np.RMYIO 1111H1110 O(y) = 00 , 11,qy­
lllYIO napannenbHO oc11 y. npo4ecc pacce.RH11.R 4acT114b1 Ha yron 
~0 /al 011,qeH s M<l>M KaK cKa40K ¢YHK41111 0(y) Ha sen11411Hy ~O /r/. 
Ecn11 cne,q 4aCT114W 11CKPl1BileH C noCTO.RHHWM pa,Ql1YCOM KPl1B113HW ~ 
IA!, TO ¢YHK411.R O(y) npe,qcTaBil.ReT co6oA nPRMYIO Ill1H11IO, HaKilOH­
HYIO K OCl1 y /e/' np11 3TOM TaHreHc yrna HaKilOHa ~0/ ~Y=1 Ip . 
B .R,QepHOH ())OT03MYilbCl111, KOTopa.R 11cnwTwsaeT CilO)l{HWe ,qe¢opMa41111 
B npo4ecce ())OTOXl1M114eCKOH o6pa6oTKl1' cne,q 4aCTl14bl MO)l{eT 6b1Tb 
11CKPl1BileH TaK, 4TO 3HaK KPl1B113HW 113MeH.ReTC.R Ha o6paTHWH /)I{/. 
B 3TOM cny4ae <l>YHK411.A O(y) COCTOl1T 113 ABYX nPRMWX Il11Hl1H /3/. 

Ha p11c. 8 11 9 np11se,qeHbl 3aBl1Cl1MOCTl1 Oxy (y)' 113MepeHHble np11 
noMOl!ll1 M<l>M ,Qil.R cne,QOB 4aCTl14 tf4, 7, 1 11 tf3, 8, 2, 6 COOTBeTCT­
seHHO. AaHHwe o cne,qe 4acT114w tflO, KoTopwe cooTseTcTBYIOT 
p11c. 7s,r, 6w1111 np11se,qeHw paHee Ha p11c. 9. H3 p11c. 8 11 9 

5 



MOmHO CAenaTb oqeHKH PaAHYCa KPHBH3HW cneAOB 4aCTHQ, CHnbHOe 
HCKPHBneHHe HMelOT cneAbl 4aCTHQ N"3' 7' 1 0: p) ( 3) = ( -1 '88 ± 
± 0,16/ M, p2 (3) = /2,15±0,27/ M, p(7) = 2,15± 0,22/ M, 
p

1 
(10) = /-2,4± 0,8/ M, p

2
(LO) = /3,8± 1,5/ M, p3 (LO) = /-2,9± 

± 0,9/ M. Cna6oe HCKPHBneHHe HMelOT cneAW 4aCTHQ N"4, 1, 8, 2, 
6: p(4) =/-6,2±1,5/ M, p(l) =/3,2±0,3/ M, p(8)= 50 M± 
± 200%, p(2) = /4,6± 0,7/ M, p(6) =/9,1±2,1/M. CneAbl 4aCTHQ 
N"3 H 7 Ha PHC, 8 H 9 COOTBeTCTBYIOT PHC. 7m,3. 

EcnH OT6pOCHTb rHnoTe3y O nPRMOnHHe111HOCT"1 cneAOB 4aCT"1Q 1,1 
r1P"13HaTb peanbHblM HCKPHBneHHe cneAOB 4aCT"1Q, KaK :no 6brno CAe­
naHd swwe, To AHCnepCHR a(0xy) YMeHbWHTcR B ABa Pa3a. Ha p1,1c,S 
HOBWe 3Ha4eHHR AHCnepcHH a(0xy) o6o3Ha4eHW 6enWMH KPYmKaMH C 
HHAeKCOM 11a 11

• 0AHOBpeMeHHO YMeHbWalOTCR AHC~epcHH a( ez ) H 
a(Bxy ) AnR cneAa 4aCTHUbl N'l O, c a(R z) = 6c ,6 AO a a (0 z) = 1~ 7, 
T.e. no4TH B 4 pa3a, H c a(Bxy> =2',6Ao aa(0xy)=1',0. EcnH 
Ranee npeAnonomHTb, 4TO cneA 4aCTHUW N"lO noABepraeTCR cnomHo­
MY HCKPHBneHHIO C nepeMeHHOIII 3HaKa KPHBH3Hbl, TO AHCnepCHR H3-
MepeHHIII yrna norpymeHHH e AOnonHHTenbHO yMeHbWHTCH AO ab(A) = a z z 
- 1 , 5 /6enbllll KpymoK c HHAeKCOM "b" Ha PHC. 5/. 
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TaK KaK AHCnepcHR H3MepeHHIII yrna ez npHMepHO B 6 pa3 6onb­
we, 4~M AnR yrna Oxy• a TOn~HHa cnoR ¢oT03MYnbCHH B npoqecce 
¢oTOX"1MH4eCKOIII o6pa60TK"1 YMeHbWaeTCR B 3 pa3a, TO HeYAHBHTenb­
Ho,· 4TO rHnoTe3a O nPRMOnHHelllHOCTH cneAOB 4aCTHU B sepTHKanb­
HOIII nnoCKOCTl,1 He MomeT 6WTb nposepeHa. 3To BHAHO Ha PHC. 10 
H 11, rAe npHBeAeHw 3aBHC"1MOCTM 0z (y) AnR scex OCTanbHWX cne­
AOB 4aCTMQ, KPOMe cneAa 4aCTHUW N"lO. 

4. ME300nTH4ECKHE H306PAmEHHH 
HA 3KPAHE AHCnnEH 

4To6w AOnOnHMTenbHO nORCHMTb pe3ynbTaTW aHanH3a AMCnepCHIII 
M3MepeHMIII npM nOMO~H M¢M, PaCCMOTpHM noBeAeHHe ABYX Me3oonTH-
4eCKMX M3o6pameHM~, nesoro 1,1 npasoro, Ha 3KpaHe AHcnneR KOM­
nblOTepa. Ha pMC. 12 noK~3aH ¢parMeHT MaTPHUW n3C C KOOPAMHaT­
HWMM OCRMM Xyv M YTv M paBHOMepH0111 ceTKOIII npRMWX nMHMIII, KOTO­
pwe pa3AenRIOT coceAHMe 3neMeHTW MaTPHUW n3C. nocneAHMe MMelOT 
BHA KBaAPaTMKOB, XOTR B AelllCTBHTenbHOCTM 3neMeHT MaTPMQW n3C 
MMeeT BMA nPRMoyronbHMKa co CTOPOHaMH 21 M 27 MKM.nesoe Me3oon­
TM4eCKOe M3o6pameHMe (L) pacnonomeHo HaA npaswM Me3oonTM4eCKMM 
1,1306pameHMeM (R) . 

Ha pHc. 12 noKa3aHw TPM nocneAoBaTenbHWX nonomeHMR nesoro 
1,1 npasoro Me3oonT"14eCK"1X M306pameH1,1111 AnR cneAa 4aCTHUW N"3 B 

TP"1 pa3nM4HWX MOMeHTa speMeH"1, 

Y,v 
I 

110 

90! L 
70 

sol • 
301 

R \'··'" I 
10 

0 
100 120 140 160 X,v 

. KOrAa KapeTKa M¢M HaXOA"1TCR co­
OTBeTCTBeHHO B nonomeHMHX C KO­
OPAHHaTaM"1 Xo = 1,24, Xo =1,26, 
x 0 = 1,28 MM nPM y 0 = 2,0 MM. 
To4K"1 c MHAeKCaM"1 11a 11

, 
11h 11 M 11c 11 

MMelOT KOOPAHHaTW 

L R 
XTV+ XTV 1,1 

L R 
YTv+YTv 

/1/ 
2 2 

AnR Tpex yKa3aHHblX BblWe nonome­
H"1111 KapeTKM M¢M. 

Pttc. 12. Tpn nocnegoBaTen&Hwx 
nono~eHHH ABYX Me3OOIlTHqecKHX 
H306pa~eHHH cnena qaCTHl.J;bl N'3 AJIH 
y = 2, 0 MM IlPH pa3JIHqHbIX. nono~e­
HHHX KapeTKH MiJ>M: Xo= 1,24, 
J,26, ),28 MM, 
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X~v-X~v 

0 40t 1 _:::.- I 

x,v 

2~ ~ IV 

I, 

0 x,v 

-20 

1.24 1.26 1.28 Xomm 

X:1.2630 

Pttc. 13. IloBeAeHHe pa3HOCTH 

X ¥v- X ~v B 3aBHCHMOCTH OT KO­

OPAHHaTbl KapeTKH M<I>M Xo AllH 

cneAa 'IaCTHI.I;bl N'3 npH y = 2, 0 MM. 

6 1'•;~-ill ~ X,v ® 
58 

56.65 

56 x,v 

54 

52 

-20 0 20 x;,x~v 

Puc. 14. IloBeAeHtte nonycyM­

MbI 
2
1 (y L +YR ) B 3aBHCHMO-

. TV TV 
CTH OT pasHOCTH x\v-xfv AllH 

cneAa tJaCTHI.I;bl N'3 TIPH y = 
= 2,0 MM. 

lfa p1-1c. 13 B"1AHO, 4TO pa3HOCTb X ~v- X~v o6pal.llaeTCR B HYllb' 
KOrAa npRMoA c11eA 4acT1-14w nepeceKaeT onT"14eCKY~ ocb M<l>M. TaM 
me noKa3aHw KaAPW c Me3oonT"14eCK"1M"1 1,1306pameH"1RM"1 AllR Tpex no-
11omeH1-1A KapeTKl-1 M<l>M. lfa p1-1c. 13 B"1AHO, 4To pasHoCTb xi'v -x:v 
H3MeHReTCR llHHeAHo C KOOPA"1HaToA Xo, "1 no3TOMY ee MOmHO HCnO11b-
3OBaTb B Ka4eCTBe He3aBHC"1MOA nepeMeHHOA. TaK"1M o6pa30M, KOOP­
AHHaTbl qeHTpa TRmecTH Me3OOnTH4eCK"1X "1306pameH"1A Ha 3KpaHe AH­
cn11eR (x ~v, xlv, yTLV , y fv ) c11eAyeT i-13MePRTb s no11omeHHH KapeT-

Kl-1 M<l>M, KOrAa X~v- X ~v = o. Ec11~ 3TO Tpe6osaH11e 8blnO11Hl1Tb He 
YAaeTCR, TO MOmHO npoBOAHTb 11HHe"1HY~ 11HTepnO11R411~ AaHHWX, KaK 
3TO noKa3aHO Ha PHC. 13. 

Ha p1-1c. 14 noKa3aHa CBR3b MemAY no11Y~YMM0A ! (y T\ + Y :v) , 

KOTopaR onpeAe11ReT yro11 op1-1eHTa41111 c11eAa 4acT114b1 0 xy np11 noMo-
1.llH ypaBHeH1-1A /3/ s/1/' H pa3HOCTb~ X Lv-X R • 3AeCb TaKme Ha-
6 ~ n T TV ll~AaeTCR lll1He11HaR 3aBHCHMOCTb. O3TOMY, KaK 11 B C11Y4ae KOOPAH-
HaTbf X /pHc. 13/, 3AeCb AonyCTHMa llHHeAHaR HHTepnO11R411R AaH-

HblX. l1Ha4e BeAeT ce6R no11ycyMMa !. (x L + X R ) ' KOTOPaR onpeAe-
2 TV TV 1 1 

llReT KOOPA11HaTy z ClleAa 4acT114w np11 noMOl.lll1 ypasHeH11A /3/ s· 1· 

s, 

Pttc. 15. IloBeAeHHe nonycyMMbI 

~ 
2 @ ! (xT\+ X :v ) B 3aBHCHMOCTH OT 

L R 
pasHOCTJf X TV- X TV 

136 tJaCTHI.I;bl NeJ TIPH Y = 

135.64 
X,v 

135 

1V:0-v!, ® 
551 

x,v , 

54 
53.76 

-20 0 20 
Xiv~v 

53 

Pttc. 16. IloBeAeHHe pa3HOCTH ► 52 

Y}v-Y~v B 3aBHCHMOCTH OT 

pasHocTH x ~-\C x~V AnH cne-

Aa tJaCTHI.I;bl 11'3 TIPH y = 2, 0 MM. 51 

// 

AllH cneAa 

2,0 MM. 

X.v 

. 50 x~.-x:. -20 0 20 

/pHC. 15/, 13 3aBHCHMOCTl1 OT pa3HOC~H XL - ~ R . 3aMeTHM, 4TO 
. ~ TV TV 

Ha PHC. 15 noKa3aH Cl111bHO yae11H4eHHW"1 Y4aCTOK TelleBH3HOHHOro 
AHCnlleR, BHYTPH KOToporo pacno11omeHbl TO4KH 11a 11 , 11h 11 , 11c 11 /CM. 
p11c. 12/. 113 PHC. 15 BHAHO, 4TO AHCnepCHR "13MepeHHA~KOOPAHHa­
Tbl pas Ha tiz = 0 '3 311113 "111"1 tiz = 3 MKM. He111-1HeAHy~ 3aBHCHMOCTb 
nPORBllReT TaKme pa3HOCTb y L - y R , KOTopaR onpeAellReT yro11 
norpymeHHR 8z np1-1 noMOl.lll1 yiJ'aHeA~A /3/ s 111 , KaK <l>YHK411R pa3-
HOCTl1 X of'v- X ~v /pHC. 16/. BHAHO' 4TO AHCnepCHR O4eHKl1 yr11a 
norpymeHHR 0 no nopRAKY ae111141-1Hb1 paaHa ti0 z = 1 , 1 3111,13 
111111 tie z = 4'~2. CTeneHb He1111HeAHOCTH 3AeCb Hese111-1Ka H ecTeCT­
aeHHO BO3HHKaeT sonpoc O TOM, Hellb3R 11"1 noAo6paTb TaKHe yc11O­
Bl1R <l>OPMHPOBaHHR Me3oonTH4eCKHX 1,1306pameH11A, 4T06W nonHOCTb~ 
y6paTb yKa3aHHy~ HeJlHHeAHOCTb. 

5. YrnOBOE PACnPEAEnEHl1E cnEAOB 4ACTl1U 

Ha p11c. 17 noKa3aHa ABYXMepHaR KapTl1Ha 
ClleAOB 4aCTH4 8 CHCTeMe KOOPAHHaT /0, 0 

z xy 

opHeHTa4111,1 o6MepeHHWX 
/. BHAHO, 4TO 061.llHA 
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10 30 5o e.y Pttc. 18. KapTttHa ABYXMepHOH 
optteHTaUHH 06MepeHHblX CJJeAOB 

YaCTHU B CHCTeMe KOOPAHHaT, 
KOrAa aneKc yrnoBoro pacnpe­

AeJJeHHH nepeHeceH B TOYKY 

Puc. 17. Kapnma ,unyxMepuoA 

optteHT.lUHH o6MepelJIIbIX CJJeAOB 

Y.lCTHU B CIICTeMe KOOPAHHaT 

0(0xy' Oz). 

601 38~ 

60 9~y 

0' = 8' = o. 
xy z 

Pttc. 19. Kapnrna ABYXMep11of1 op11eu­
Tau1111 CJJe,UOB YaCTHU B CHCTeMe Ko­

op,umraT (8' ; 38' ) . 
xy z 

aneKc cneAoB 4acTH4 He cosnaAaeT 
C T04KOi:i 8 = 8 = 0. EcnH BBe-z xy 
CTH HOBWe KOOPAHHaTw 

8' =8 -31',5, xy xy 
/2/ 

8 ; = 8 z - 27 ', B , 

To nony4HTCH pacnpeAeneHHe, KoTopoe noKa3aHo Ha pHc. 18.Cnnoc­
HyToCTb no sepTHKanH 3Toro pacnpeAeneHHH MO~HO 06bHCHHTb TeM, 
4TO HAepHaH ¢oT03MYnbCHH yMeHbWaeT CBOO Ton~HHY B 3 pa3a C 
600 AO 200 MKM B npo4ecce ¢oTOXHMH4eCKOi:i o6pa60TKH. 4To6bI 
y4eCTb 3TOT ¢aKT, Heo6XOAHMO nepeseCTH ABYXMepHoe yrnosoe pac­
CeHHHe cneAOB 4aCTMLI B CMCTeMy KOOPAMHaT (~' ,38' ~ H3 pHc.19 xy z 
BMAHO, 4TO B 3TOM cny4ae Ha6noAaeTCH npaKTH4eCKH OAHOPOAHOe 
no a3MMYTY pacnpeAeneHHe cneAOB 4aCTM4. PaAHYC OKPY~HOCTH Ha 
PMC. 19 paseH cpeAHeKBaApaTH4HOi:i AnMHe seKTOpa ;; (8' ' 38' ) . 

xy z 

6. 3AKJll04EHHE 

B pe3ynbTaTe npoBeAeHHoro aHanM3a AaHHbIX, nony4eHHWX ABYMH 
H3MepMTenbHbIMH CHCTeMaMM' M¢M H ,llHn-1 ' 6b1m1 04eHeHbl YT04HeH­
lO 

Hble 3Ha4eHHH norpeWHOCTei:i M3MepeHM~ Ha M<l>M: a(x) = 6 MKM AnH 
X-KOOPAHHaTbl cneAa, 4aCTMl.lbl, a(z) = 4 MKM AnH Z-KOOPAMHaTbl, 
a(0xy ) = 0' ,6 AnH yrna opMeHTa4MM 8xy M a(8 z> = 7' AnH. yrna 
norpy~eHMH cneAa 4aCTMLIW 8z. 0THOCMTenb~aH norpewHOCTb 04eHKM 
PaAMYCa KPMBM3HW cneAa 4acTH4w:Ha AnHHe cneAa Ay = 6,5 MM 3a­
BHCHT OT senH4HHbl PaAHYCa KPHBH3Hbl p : 

p' M 3 10 15 

a(p) IP 10% 20% 100% 

YT04HeHHWe 3Ha4eHMH norpeWHOCTe~ H3MepeHH~, nony4eHHwe B AaH­
HoA pa6oTe, HeCKOnbKO ny4we 3Ha4eHH~, npHse~eHHWX a 121. 
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