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.llHKycap H,,ll,, /11\opoa B.H. P10 - 10798 

3KCnepHMeHT8flbHOe MCCneaOB8HHe TO'IHOCTH H3MepeHHR 

CKSHHpyJOmHM aBTOMSTOM HPD penepHbtX KpecToB Ha 

CHHMK8X c MHC Ol·HIH 

npoaeaeHHoe HCCneaOB8HRe noKaaano, 'ITO HCK8)1(eHRe nneHC>K MHC B 

npouecce ~TOrp8~HpOB8HRB H R3MepeHHH HOCHT AOCT8TO'IHO npoCTOH xapaK

Tep H MO)I(eT Ob!Tb nerKO yqTeHO. 

nocne M8TeMBTH'IeCKOH KOMneHC8UHH HCK8)1(eHHH HBnO)I(eHBe apyr H8 

apyra 1500 H3MepeaHA xaapoB oaHoA nneHKH aaeT paa6poc penepoa u ~u < X y-
~3 MKM. 

B accneaoBSHHB Hcnonb30Banocb 40 penepoB, paBHOMepHo paaMemeHHbtX 

HB BCeM none Jtaapa. 

Pa6oT8 BbtnonHeHB B na6opaTOPHH Bbi'IHCnHTenbHOH TeXHRKH 

M 8BTOMBTB38UHH 011$111. 

COo611leBRe 061.e ... ReRROrO RRCTRTYT& uepRWX RCCJieJIOB&RRi. Jly6R& 1977 

Dicusar N.D., Moroz V.I. P10 - 10798 

Experimental Investigation of FSD -Precision 
in the Processes of Measuring of MIS (JINR) 
Fiducials 

The investigation demonstrated,that the distortions 
of the MIS JINR film in photo and measuring (FSD) proces
ses are simple enough and it is easy to take it into ac
count. 

After a mathematical compensation of distortions, 
the dispersion of fiducials is u ~u < 3 microns (-1500 
measured projections, 40 fiducialxs ony e;ch). 

The investigations has been performed at the 
Laboratory of Computing Techniques and Automation, JINR. 
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Hcnonh30BaHHe ~oTonneHKH KaK HOCHTens auanoroaoa 

HH~OpMaUHH IH306pa)l(eHHHI Tpe6yeT HCCne~oBaHHH ~aKTO
pOB, BHOCHIUHX HCKa)l(eHHH, H IIpHMeHeHHH CIIeUHanhHhiX 

Mep, HanpaBneHHhiX KaK Ha yMeHhiiieHHe, TaK H Ha KOMIIeH
CaUHIO HCKa)l(eHHH. 

llpHMeHHTenhHO K H3MepeHHID ~OTOrpa~HH C TpeKOBhiX 

KaMep ua cKaHHPYIOIUe~ -'-aBTOMaTe HPD 3TH npo6neMhi 
o6cy*~anHCh B pa6oTax 1 · 5 1. 0TMeqanocii31 , qTo: 

1. llneHKa MO)I(eT 6hiTh ~e~opMHpoaaHa lynpyrol a ~Hnh
MOBOM KaHane ~oToannapaTa; 

2. Bo3MO)I(Ha Heynpyras ~e~opMaUHH nneHKH npH nposB
neHHH H CYIIIKe; 

3. llneHKa MO)I(eT ~e~OpMHpOBa ThCH B ~HnhMOBOM KaHane 
H3MepHTenhHOro npH6opa. 

3TH 3aMeqaHHH HOCHT o6IUHH xapaKTep. KoHCTPYKUHH 

npH6opa HPD I MARK-2 , SOGENIQUE I no3BonseT KOH

KpeTH3HpOBaTh (3) • ,LJ;e~OpMaUHH nneHKH B ~HnhMOBOM 
KaHane HPD CBH3aHa co cne~YIOIUHMH ~aKTopaMH: 

a;{ nepeKocoM ae~yiUHX Ka6ecTaHOB (CAPSTAN ) H ponu
KOB I I/ ; 

61 paccornacoaaHHeM ao apeMeHH Me~y pa6oTOH Mexa-

HH3Ma ~HKCaUHH rrneHKH H ee IIpOTH)I(KOH Ka6ecTaHaMH /I/; 
Bl HeO~HOpO~HOCThiD IIO~nO)I(KH ~HnhMa/5/ • 

B ~OIIOnHeHHe K a/ H 6/ OTMeqaeTCH 

r I qacTHqHoe rrpocKanh3hiBaHHe rrneHKH oKono Kpaea 

IIpH3Mhl B rrpouecce H3MepeHHH /rrpOCKanb3biBaHHe IIpHBO~HT 
K HepaBHOMepHOMy paCTH)I(eHHID Ka~pa/; 

~/ ~e~opMaUHH rrneHKH rrpu ee BhlpaBHHBaHHH. 

06IUeiipHHJITaH MeTO~HKa aHanH3a HCKa)l(eHHH Ha CHHMKe 

COCTOHT B cpaBHeHHH H3MepeHHhiX KOOp~HHaT perrepHhiX 
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KpeCTOB Ha ,naHHOM CHHMKe C 3TanOHHblM Ha6opOM. IlpH 

3TOM npoH3BO,nHTCB: no.nroHKa MHK H3MepeHHoro Ha6opa 

K 3TanOHHOMY C HCDOnh30BaHHeM nHHeHHOrO npeo6pa30BaHHB: 

c wecTLIO Ko3<i>clJHI.I,HeHTaMH. OnbiT noKa3blBaeT, 'ITO B 

6onLWHHCTBe cnyqaeB ,na:>Ke nocne nuaTenLHoro ycTpaHeHHB: 

norpeWHOCTeH, OTMe'leHHblX B a/ H 6/, OCTaeTCB: 0611.1,aB: 

,ne<iJopMai.J,HB: Ka,npa /HCKpHBneHHe/, 3Ha'leHHe KOTOpOH MO:>KeT 

6LITL oueHeHo no BenH'IHHe cTpenbl nporu6a /carHTTe/ Ha 

H3MepB:eMOH ,nnHHe Ka,npa /120 -'-150 MM/. 

B pa3nH'IHblX 3KcnepHMeHTanLHblX ycnoBHB:X carHTTa 

OKa3blBanaCL paBHOH: 

-·12 MKM, HPD2, U.EPH /nneHKa Ha ocHoBe MaB:napa;/
1

{ 

--21 MKM, HPD 2 , U.EPH /nneHKa Ha ai.J,eTaTHOH ocHo-

Be//1 ,3/; 

--/5--15/ MKM, HPD' 1..\EPH; 

-· /10720/ MKM, HPD /5/;. 
- 2 MKM /nocne H3MeHeHHB: CHCTeMbl <iJHKCai.J,HH H BblpaB-

HHBaHHB: nneHKH Ha npH3Me/, HPD, UNl/ 4/. 
IlpHBe,neHHble BblWe BenH'IHHhl carHTTbl Ha nneHKe Hy:>K

HO cpaBHHBaTL C BenH'IHHOH norpeWHOCTH onpe,neneHHB: 

KOOp,nHHaT penepHblX KpeCTOB, KOTOpaB: OI.J,eHHBaeTCB: KaK 

3 MKM / 2•3/ • 

KoHcTpyKI.J,HB: HPD TaKoBa, 'ITO HCKa:>KeHHB:, BHOCHMLie 

ODTH'IeCKHM KaHanOM, KOMDeHCHpyiOTCB:. IlpoBepKH, DpOBO

,nHBWHeCB: Ha pennHKaX C TO'IHblX ODTH'IeCKHX CeTOK, HaHe

CeHHhiX Ha CTeKno/l/ , HnH C CaMHMH CeTKaMH Ha CTeK

ne I 41 , noKa3blBanu, 'ITO onTH'IeCKHH KaHan HPD (MARK-2) 
He BHOCHT nO:>KHOH KpHBH3Hbl B H3MepeHHB:; COOTBeTCTBeHHO 

OTCyTCTByeT BKna,n B carHTTy, CBB:3aHHblH C ODTH'IeCKHM 

KaHanoM HPD . 
B OMJIM ocHOBHblM H3MepuTenLHblM npu6opoM .nns 

CHHMKOB C DB:THMeTpOBOrO MarHHTHOrO HCKpOBOrO CDeKTpO

MeTpa /MMC/ /6/ B:BnB:eTCB: CKaHHPYIOII.I,HH aBTOMaT 

I MARK-2, SOGENIQUE ;, .nns KoToporo npoBe,neHo 3KC

nepHMeHTanLHOe HCCne,noBaHHe DOBTOpB:eMOCTH H3MepeHHH 

penepHblX KpecToB Ha CHHMKax MMC. 

Pa6o'IHH o6'heM cneKTpoMeTpa <iJoTorpa<lJupyeTcs Ha clJo

TonneHKY WHPHHOH 35 MM C naBCaHOBOH no,nnO:>KKOH TOnll.I,H· 

HOB 65 MKM. ,L(nHHa OT,nenLHOrO Ka,npa COCTaBnB:eT 150 MM, 

H ell.l,e 20 MM 3aHHMaiOT CTOD·MeTKH lipeHHepa BMeCTe 

C 6nOKOM cny:>Ke6HOH HHclJOpMai.J,HH /eM. puc. Jj. 
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Ha CHHMKe .RCHO BH,nHO TpH THna penepHbiX KpeCTOB. 
12 CaMhiX fionbWHX /no pa3MepaM/ penepHbiX KpeCTOB HaHe
ceHbl Ha npH)I(HMHOe cTeKno 4JoToannapaTa. 3TH penepHble 
KpeCTbl He HCnOnb3YIOTC.R B nporpaMMe reoMeTpH'IeCKOH 
peKOHCTPYKUHH. BHewHee opHeHTHpoaaHHe cTepeoclloToanna
paTa ocylll;eCTBn.ReTC.R no 20 cpe,nHHM H 20 ManhiM penep
HhiM KpecTaM. 3TH KpeCTbl pacnonO)I(eHbl Ha BepxHeH H HH)I(
HeH nnOCKOCT.RX, orpaHH'IHBaiOili;HX pa60'IHH 06'beM cneKTpo
MeTpa/6/ . CooTHoweHHe .nnHH nneq penepHbiX KpecTOB Ha 
CHHMKe COCTaBn.ReT 2:1:0,4. 

llpH Hccne.noaaHHH TO'IHOCTH HPD HcnonbJOBanc.R /B oc
HOBHOM/ Ha6op penepHbiX KpecToB BHewHero opHeHTHpoaa
HH.R. 

AnropHTMbi npou;e.nypbi onoJHaBaHHH penepHbiX KpecToB 
no HJMepeHHHM Ha HPD HJno)l(eHbi B pa6oTax/8,9/. 

AHcnepcHH(a 2 ) Koop,nHHaThl aoccTaHoaneHHoro u;eHTPR 
penepHoro KpecTa o6paTHO nponopu;HoHanbHa 'IHcny OTC'Ie' 
TOB HPD Ha nneqe penepHoro KpecTa, no3TOMY ao acex 
paC'IeTHbiX 4JopMynax BeCa penepHbiX KpeCTOB 6biJIH npHHHTbl 
W =1 /,nng cpe,nHHX KpeCTOB/ H W =0,4 /,nng ManbiX Kpe

CTOB/. 

1. CpeoHeKeaopamuttHa.R owu6Ka onpeoeAeHu.R 
KoopouHam t~eHmpa penepHozo Kpecma 
/cpeoHezo no pa3Mepyj npu MHOZOKpamHoM 
U3MepeHuu ooHozo u mozo JKe Kaopa 

Anx onpe.neneHH.R 3TOH aenH'IHHhl 6Lin npo.nenaH cne,nyiO
IUHH 3KcnepHMeHT. O.nHH H3 Ka,npoa, 6e3 BH,nHMbiX HCKa>Ke
HHH, 6biJI MHoroKpaTHO npocKaHHpoaaH Ha HPD B ycnoBH.RX 
nOCTOHHHOH HOpManbHOH 4JHKCau;HH Ha H3MepHTenbHOH npH3-
Me HPD . no peJynbTaTaM Ka>K.noro j - ro CKaHHpOBaHH.R 
I j ::; 80/ onpe.nenxncx Ha6op Koop,nHHaT penepHhiX Kpe
CTOB (x;y)ij , i =1,2 ... ,40. An.R Ka>K,noro Ha6opa Bhi'IHc
n.RnHcb 6 K03414JHu;HeHTOB nHHeHHOrO npeo6pa30BaHHH H 3 
K03414JHu;HeHTa KBa,npaTH'IHOrO npeo6pa30BaHHH flO OCH y , 
KOTOphle ,naiOT B CMhlcne MHK HaHnyqwee cornacoBaHHe 
C HeKOTOpbiM HCXO,nHbiM 3TanOHOM. llonyqeHHble nocne npe
o6pa30BaHHB KOOp,nHHaTbl Ha6opa ycpe,nH.RnHCb no BCeM j 
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B peJynLTaTe qero nonyqanc.R 3TanoH .naHHoro Ka,npa.3a
TeM CHOBa Bbi'IHCnHnHCb 6+3 K03414JHu;HeHTa ,nn.R Ka)l(,nOrO 
CKaHHpOBaHHH H cpe,nHeKBa,npaTH'IHOe OTKnOHeHHe OT 3TanoHa 
Ka,npa, KOTOpoe OKa3biBanOCb paBHbiM 3,0 MKM no OCH X H 
3,1 MKM no OCH y* , /BenH'IHHbl npHBe,neHbl ,nn.R OT,nenbHOrO 
H3MepeHHH. llpH HX Bbi'IHCneHHH BHeCeHa nonpaBKa Ha KO
nH'IeCTBO K03414JHu;HeHTOB, HCnOnb30BaHHbiX npH no,nrOHKe/. 

Anx npoaepKH noBTOp.ReMOCTH nonyqeHHbiX peJynLTaToB 
3TOT )l(e Ka,np fihln elll;e pa3 MHOrOKpa THO npOCKaHHpOBaH 
B .npyro:H .neHb. CpaBHeHHe .nayx 3TanoHOB Ka,npa noKaJano, 
'ITO OHH OTnH'IaiOTCH MeHbWe 'leM Ha 1 MKM Ha BCeX 
penepHbiX KpecTax. 

2. Ilpot~eoypa Mame,wamuttecKoil KOMneHcat~uu 
OefPOpMOfiUU nAeHKU 

EcnH B OnHCaHHOH BbiWe npou;e,nype orpaHH'IHTbCH TOnb
KO nHHeHHbiMH npeo6pa30BaHH.RMH /6 K034J4JHu;HeHTOB/ H 

npHMeHHTb ee ,nng Bblpa60TKH 3TanoHa no cepHH H3MepeHHH 
pa3nH'IHbiX Ka,npOB, TO cpe,nHeKBa,npaTH'IHaH OWH6Ka pe3KO 
yaenH'IHBaeTC.R ,no /7-'-15/ MKM H CTaHOBHTCH HenOCTOHHHOH 
Ha none Ka,npa, 'ITO yKa3biBaeT Ha HanH'IHe HenHHeHHbiX 
HCKa)l(eHHH 4JHnbMa. 

3TH 34l4JeKTbl yMeHbWaiOTCH nocne Tlll;a TenbHOH IOCTHpOB
KH Ka6ecTaHOB H ponHKOB 4JHnbMOBoro KaHana HPD , HO 
OCTaiOTC.R Ha ypOBHe, 3Ha'IHTenbHO npeBbiiiiaiOill;eM 3 MKM. 

Aanee HJnaraeTc.R npou;e.nypa, noJaonBIOill;a.R onpe.nenHTb 
H MaTeMaTH'IeCKH KOMlleHCHpOBaTb ,ne4JopMali;HIO nneHKH. 
3Ta npou;e.nypa pacna.naeTC.R Ha onpe.neneHHe 3TanoHa no 
HPD -HJMepeHH.RM l XE , YE l , Ha onpe.neneHHe HCKPHBneHH.R 
Ka)l(.noro H3Mep.ReMoro Ka,npa H BHeceHHe nonpaBoK. 

2. 1 . 0 n p e .n e n e H H e 3 T a n o H a HPD 

An.R onpe.neneHHB Ha6opa Koop,nHHa T penepHbiX KpecToB, 
KOTOpbiH B ,nanbHeHWeM Mbl 6y,neM Ha3biBaTb 3TanOHOM 

*3TH BenH'IHHbl 3aBHCBT OT Ka'leCTBa Ka,npa; B ,naHHOM 
cnyqae OHH onpe.nen.RnHCb .nnB Ka,npa H!!398 Ha nneHKe 
H!!649. 
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HPD I XE , Y E l, ucxo,D;HbiM JIBmieTc.ll ua6op Koop,D;BHaT 
penepHbiX KpeCTOB Ha CHBMKe IXnYOC• Ynyocl, Y.D:OB
neTBOp.IIIO~BH Tpe6oBaHB.IIM nporpaMMbl reoMeTpB'IeCKOH 
peKOHCTPYKUBB, B KOOp,D;BHaTbl BCeX penepoB Ha BCeX BJ· 
MepeHHLIX ua HPD Ka,D;pax ,D;auuoii: nneHKB. Henocpe,D;CTBeu

Hoe ucnonLJosauae ua6opa I XnYoGYnyoclsMecTo I X E• Y El 
MO)I{eT npusecTB K ysenB'IeHBIO cpe,D;Hero"wyMa" ax , a y 

penepHbiX KpecToB, T .K. caMo onpe,D;eneuue ueHTpa penepuoro 
KpecTa, soo6~e rosop.11, oTnB'IaeTcJI ,D;n.ll paJnB'IHLIX npu6o
pos. 3Ta pa3HBUa 06bi'IHO OUeHBBaeTC.II B 1/10 WBpBHbl TOH
KOro penepuoro KpecTa ua nneHKe, 'ITO cocTaBnJieT 
- 2,5 MKM / 2/. 

3Tanou I X E , Y F I onpe,D;enJieM cne,D;yJO~BM o6pa30M. 
lllar 1. ,ll;n.11 Ka)I{,D;oro j -oro H3Mepeuuoro Ka,D;pa onpe,D;enJI
IOTC.II 6 K03cWIBUBeHTOB I al, a2 , a3, bl, b2, b3 I, o6pa~a
JO~Bx B MBHBMYM BenB'IHHY 

2 40 ,2 ,2 
<llii =i:l Wi I<XnYOCxi) +<1-JyOCYi) li , /1/ 

r,D;e 

x ~. = a. x. . + a
2 

y . . + a 
3 

, 
1) l I) I) 

/2/ 
Y. ~ = Bl X .. + B2 y .. + b3 , 

lj lj lJ 

a CYMMBpOBaHRe no BH,D;eKcy i 03Ha'laeT CYMMBpOBaHRe 
no penepHbiM . KpecTaM ua j - M Ka,D;pe I xi i ~ Yi i - IIPD
KOOP.D:BHaTLI 1 -ro penepuoro KpecTa ua J "M Ka,D;pe/. 
lllar 2. ,ll;n.11 Tex )l{e BJMepeuuii onpe,D;enJIJOTC.II K03cWIRUReH
TLI A , B , C , o6pa~a10~ue B MBHBMYM senB'IRHY 

¢
2 

= ~ w. I Ynyoc -y~~ l ~. 
ij i=l 1 IJ I 

/3/ 

Y:~ =Y.'. H 
IJ IJ y 

x~: =X~. H 
IJ IJ X /4/ 
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r,D;e 

f =A<x.'.-x.'> 2 +B<x.~-X:~ >+C, f =-<2A<x.'.-x~ ><Y.'.-'Y~ >. 
y 1) ) 1) J X IJ J 1) ) 

x' 
j 

1 i X '
1
. 

- J n. i=l 
J 

y~ 
J 

_!_ t 
n. i=l 

J 

y ~-
1) 

/5/ 

/6/ 

3,D;eCL n j - 'IBCnO B3MepeHHbiX penepHLIX KpeCTOB Ha j • M 
Ka,D;pe C Be COM Wi > 0. 
lllar 3 . Bb1pa6aTb1BaeTcJI npoMe)l{yTO'IHLIH 3Tanou: 

40 40 
(0) 

1 N 2 W· · X~~ (0) 
1 

N 2 ~. y~~ 
I XE li = N 2 i=l 1) 1) 

, IYF: li =~ .2 i-l J 11 

2 ~- j-1 fO W·· 2 w . .J=l ~ w .. . I J i=l 
1) j=l 1) i=l 1) J= 

/7/ 

r,D;e ( x.'~, y.'~) nonyqeubl no /4/ - /6/. 
1) 1) 

lllar 4. llonyqeuue OKOH'IaTenLHoro 3Tanoua BblnonHJieTcJI 

no waraM 1-3 c JaMeuoii I XrJyoc Ynyoclua I x<~> , Y~~l I , 

nony'leHHLIH B nepsoii BTepauuu. B peJynLTaTe no cllopMynaM 
/7 I nonyqaeTcJI BCKOMLIH 3Tanou I XE , Y F: I. 

llpu Bblpa6oTKe 3Tanoua HPD B cliYHKUBoHanbl I 1/ B /3/ 
BXO,D;.IIT TOnLKO Te peJynLTaTbl CKaHBpOBaHB.II Ka,D;pa B uenOM 
B onoJHaBaHH.II penepHLIX KpeCTOB, KOTOpble Y.D:OBneTBOp.IIIOT 
Japauee o6ycnosneHHLIM ,D;onycKaM, paBHLIM 100 MKM ua 
Ha'lanLHOH HTepaUBH B 20 MKM Ha OKOH'IaTenLHOH. Ha 
Ka)I{,D;OM Ka,D;pe nposepJieTc.ll, ne)I{HT nu JHa'leHRe carBTTLI 

8 /CM. HR)I{e/ B ,D;OnycTBMLIX npe,D;enax, B npOTBBHOM cny
qae R3Mepeuue 6paKyeTcJI. 

2.2. MaTeMaTR'IecKa.ll KoMneucauuJI 
.D:ecllopMaURR nneHKB 

Ma TeMa TR'IeCKa.ll KOMneHCaURJI ,D;ecllopMaURR BCKa)l{eHRH 
nneHKR OCy~eCTBn.lleTCJI npeo6pa30BaHReM B3MepeHHLIX KO· 
Op,D;RHaT penepHLIX KpeCTOB R BCKp no cllopMynaM /2/ B /4/, 
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BXO)J,Jill.\He B 3TH ciJopMynbl K03clJciJHU.HeHTbl Bbi'IHCnJIIDTCJI 

c Hcnonb30BaHHeM 3Tanoua ! X E, YE I. 
Koop,IJ,HHaTbl penepoB nocne BHeceHHJI nonpaBoK o6o3Ha

'IHM ( xii , y ij ) , OTKnoueHHe OT 3Tanoua HPD - qepe 3 

llxij , ~Yij, r.IJ.e 

llx =x* -X 
ij ij Eij ' 

fly =y'-Y .. .. E"" 1] 1] ,1] 
/8/ 

3. 3KcnepuMeHmaAbHoe onpeoeAeHue ucKaJKeHuii 

3.1. AHa n H 3 H 3M e p e H H B: H a HPD 

,lJ.nJI OI.J,eHKH HCKa)KeHHH Ha Ka)K,IJ,OM Ka,IJ,pe Bbi'IHCnJinHCb 

cne,IJ,yiOll.\He BenH'IHHbl: carHTTa H cpe,IJ,HeKBa,IJ,paTH'IHble OT" 

KnOHeHHJI (ax , ay ) H3MepeHHbiX penepHbiX KpeCTOB OT 3Ta

nona ! X E , Y E I , cpe,IJ,HeKBa,IJ,pa TH'IHOe OTKnoueuHe a s ca

rHTTbl OTHOCHTenbHO cpe,IJ,Hero H Cpe,IJ,HeKBa,IJ,paTH'IHble OWH6· 

KH H3MepeuuJI Ka)K,IJ,Oro i - ro penepuoro KpecTa (ox. , o y. ) 
I 1 

no clJopMynaM /9/ - /12/. 

s 1 
=-(c .+E )-C 

2 ymm ymax ' 

r,IJ,e {ymin'{,ymax 
x = max I x.. I 

i 1] 

Bbi'IHcneubl no 

COOTBeTCTBeHHO. 

a 
s 

N v -1
- I < S - S ) 2 

, 
N-1 

1 
Dx - V lU 

40 2 
I w .. Ll X·· 

1] IJ 

I Wij 
i=l 

i=l 

/5/ ,IJ,nJI x =minlx' .. I H 
j IJ 

/9/ 

1 40 w A y?. I .. u 1
1 

_/ -- lj D =v 40 i=l 

Y I Wij /10/ i=l 

/11/ 1 N 2 
a = y --I Dx. 

X N-4 j=l J 

1 N 2 
a =v-I Dy. 
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1 

W. N 2 
D X • = v _.:_:_L_ I Ll x .. 

I N-4 j=l 11 

W N 
D y i = v ~ I Ll y ~. • I 12/ 

N-7 j=l 11 

BenH'IHHa carHTTbl sj H ,IJ,HcnepCHJI a; /9/ n03BOnJIIOT 
Cy,IJ,HTb 0 HanH'IHH HnH OTCyTCTBHH aHOManbHO 6onbWHX 

HCKa)KeHHH, CBJI3aHHbiX C rpy6b1MH HapyWeHHJIMH pa60Tbl 

ciJHnbMOnpoTJI)KHOrO MeXaHH3Ma. 

BenH'IHHbl Dx. , Dy. H a , a /10,11/ xapaKTepH-
1 ) X y 

3YIOT cpe,IJ,HeKBa,IJ,paTH'IHOe OTKnOHeHHe H3MepeHHbiX pene· 

poB OT 3Tanoua ua Ka,IJ,pe j H cpe,IJ,HeKBa,IJ,paTH'IHOe OTKno

ueHHe OT 3TanoHa BO BCeM 3KCDepHMeHTe. 

BenH'IHHbl oxi ,oyi xapaKTepH3YIOT cpe,IJ,ueKBa,IJ,paTH'I" 

HYIO OWH6Ky B H3MepeHHJIX KpecTa i. 
B ma6.11. 1 npHBe,IJ,eHbl pe3ynLTaTbl 3KcnepHMeHTa, KoTo

pble 6blnH nony'leHbl npH o6pa6oTKe .IJ.BYX o6pa3U.OB nneHKH, 

3KcnouHpoBaHHbiX B pa3HbiX ceaucax ua MHC, H3Me

peHHbiX ua HPD B pa3nH'IHble .IJ.HH npH pa3nH'IHbiX ycnoBHJIX, 

BKniO'IaJI pernaMeHTHYIO nepe6opKy ciJHnbMOBoro KauanaHPD. 

Ta6Aut~a 1 
Pe3YAbmamba u.ccAeooeaHUJI mo•mocmu U3MepeHuJI penepHblX 
Kpecmoe Ha CHUMKax c MHCOH.RHcKaHUPYIOIIIUM aemoMamoM 

/25, 26, 28 JIHeapJI 1977 zooa/. 

,., nJJeH- TipoeK- C:.s- c:)( u~d'' -~~-Kll :zlaTO gl'lfl 
JdKJ.;' I.IJ:Ivl ' 

?6.0!.77 r. I 6,8 3,4 3,2 92 
2 4,8 3,3 3,2 48 

TiepecTpoii- I 6,3 3,2 2,8 86 
K8 I\8H8JI8 

2 5,5 3,7 3,5 83 28.0!.77 r. 
649 

28.0!.77 r. 2 I,5 3,0 3,I 42 cTaTmta 

26 !18 2811 I 6,6 3,5 3,4 88 

28 !18 2611 2 5,3 4,0 3,5 92 

393 25.0!. 77 r. I 7,7 3~7 3,7 46 
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Pe3yJILTaTLI cpasHeHuii no pa3JIH'IHLIM .U.HJIM /B ma6A. 1 
/26 Ha 28" I I noKa3LIBaJOT, 'ITO onpe.u,eneHHLiii no H3no>KeH
Hoii BLIIUe npoue.u,ype 3 T an o H .u. e ii c T B u T e n L H o x a
paKTepu3yeT pacnpe.u,eneHue KpecToB Ha 
.u.aHHoii nneHKe u B onpe.u,eneHHLIX npe.u,enax 
He 3aBHCHT OT KOHKpeTHOH CHTYaUHH Ha 
HPD unu B «!lunLMOBOM KaHane. 

AuanH3 3Ha'IeHHHas B Ta6nuue noKa3LIBaeT, 'ITO Be
nH'IHHa as 3aMeTHO 6onLIUe "IUyMa" OT.U,enLHOrO H3MepeHHJI, 
no3TOMY npoue.u,ypa no npuMeHeHHIO ycpe.u,HeHHoii nonpaBKH, 
HCnOnL3yeMaJI B pa6oTe /3/ , npHBe.U,eT K noTepe TO'I
HOCTH. B HaiUeM cnyqae HY>KHO On03HaTL He MeHee 75fl/o 
KpeCTOB Ha Ka>K.U,OM H3 5 6nOKOB Ha Ka.u,pe, 'ITO BnOnHe 
.u,ocTaTO'IHo .u,n.11 onpe.u,eneHHJI A , B u C no /3/, a cne.u.o
BaTenLHo, u carHTTLI S . Pa36poc 3Ha'IeHHH carHTTLI as 
COOTBeTCTByeT O>KH.U,aeMOMY no HaiUHM OUeHKaM, C.U,eJiaH
HhlM C Y'IeTOM YCJIOBHJI MOHTa>Ka H IOCTHpOBKH «!lHJihMOBOrO 
KaHana HPD . 

Pa36poc carHTT, nony'IeHHLI:ii npu o6pa6oTKe Heno.u,BH>K
Horo Ka.u,pa /CTaTHKa, 28.01.77 r.j COCTaBJIJieT 1,5 MKM, 
'ITO HaXO.U,HTCJI B npe.u,enax, o6ycnOBJieHHLIX TO'IHOCTLIO 
caMux H3MepeHuii *. A6coJIJOTHaJI senH'IHHa caMoii carHTTLI 
B .U,aHHOM cnyqae HeCyiUeCTBeHHa, T .K. B KalJeCTBe HCXO.U,HOrO 
3TanoHa 6pancJI HeKOTOPLIH npoMe>KyTO'IHLIH pe 3YJILTa T, 
He JIBnJIIOIUHHCJI 6a30BLIM Ha6opoM KpeCTOB .IJ,JIJI reoMeTpu
'IeCKOH nporpaMMLI. 

Mo>KHO TaK>Ke 3aMeTHTL, 'ITo npu KOHTpone 3a KaqecT
BOM H3MepeHHJI B npouecce CKaHupoBaHHJI HaHPDsenH'IHHa 
carHTTLI S He .U,OJI>KHa 3aMeTHO OTJIH'IaTLCJI OT (S ± a

5 
) • 

BenH'IHHLI cpe.u,HeKsa.u,paTH'IHLIX oiUu6oK ax , ay /«!lop
MYJILI /11/, ma6A. 1/ npaKTH'IeCKH He npeBLIWaJOT .u.ocTH>KH
Moii TO'IHOCTH H3MepeHHJI OT.U,eJILHOrO penepHoro KpecTa 
I cpaBHeHue c Heno.u,BH>KHLIM Ka.u,poM/ u npuMepHo paBHLI 
(a "' a ) , 'ITO yKa3LIBaeT Ha OTCYTCTBHe HCKa>KeHHH no 
K;Koiilnu6o H3 oceii. 

* 0Tcto.u,a cne.u,yeT, 'ITO norpewHoCTL o6cy>K.u,aeMoii npo
ue.u,ypLI KOMneHCaUHH .u,e«!lopMaUHH nneHKH COOTBeTCTByeT 
no>KHOH KPHBH3He 5,4 ·10-4 M-1 /Ha nneHKe/. 
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lh aHanu3a Sx i u o Yi I ma6A. 2/ cne.u,yeT, 'ITO 
a/ OTCYTCTBYIOT HeCKOMneHCHpOBaHHLie CHCTeMaTHlJe

CKHe HCKa>KeHHJI no BCeMy non10 Ka.u,pa, 
6/ CTaTHCTH'IeCKaJI TO'IHOCTh nOCTOJIHHa .U,JIJI BCero 

Ka.u,pa. 

Ta6Auf4a 2 
CpeoHeKeaopamU'lHbte omKAOHeHu.R penepoe om:JmaAoHa /oaH
Hble noAy'leHbJ no 563 KaopaM nAeHKU N£567, npoeKf4UU Nd/ 

Oxi 
MKM 

Sy, 
MKM 

w, 

8•, 
MKN 

Sy, 
MKM 

w, 

8 ., 
MKM 

sy, 
MKM 

"• 

ss, 
MKM 

sy, 
""" 

w, 

~·J I·l 

2,2 I ,u 

~,I 3.C 

I,O O,li 

23 24 

3,2 I,4 

3,7 I,4 

J,4 I,O 

33 34 

2,2 7,0 

2,5 4,I 

I,o 0,4 

43 44 

,,,2 3,7 

I,8 2,2 

o,~ I,o 

I~ IG 

2,4 2,'1 

I,c J ,6 

c,1 I,o 

2S 26 

3,I T1 3 

2,I 2,2 

I,O o,~ 

35 36 

2,7 2,8 

I,8 2,3 

0,4 I,O 

45 46 

2,3 I,5 
I,4 I,6 

r,o 0,4 

I7 

2,G 

') h 

"'•" 
I,o 

47 

2,4 

I,tJ 

0 ,,1 

37 

2,0 

2,0 

I,O 

47 

I,8 
2,2 

0,4 

I8 I9 20 2I 22 

I,3 I,? 4,5 I,7 I,4 

r.~ I,5 2,4 2,0 2,0 

0,4 0,4 I,o I,o 0,4 

2tl 29 30 3I 32 

3,? I,6 I,4 I,9 I,? 

2 1 I 2,5 I,? 2,I 2,I 

I,O I,O 0,4 0,4 I,o 

3[3 39 40 4I 42 

2,8 I,8 2,0 3,6 I,5 

I,8 I,4 2,0 2,I 2,2 

0,4 0,4 I,O I,O 0,4 

48 49 50 5! 52 

!,5 2,0 2,0 2,3 2,0 

I,6 I,5. 2,I I 1 6 I,5 

I,O I,O 0,4 0,4 I,o 
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Pacrrpe~eJieHHB. aeJiuquH S. , D x. H D y. /cl>opMyJibl 
J J J /9/- I 10/, puc. 2/ KOMIIaKTHble H MoryT CJIY)I(HTL KPHTepuB.-

MH ~JIB. oueHKH KaqecTBa pa6oTbl HPD rrpu H3MepeHHH ~aHHoro 
Ka~pa. 

3.2. CorrocTaBJieHue HJMepeHHii 

H a HPD u n Y 0 c a x 

~JIB. cpaBHeHHB. O~Ha H Ta )l(e rpyrrrra Ka~pOB, B3B.TbiX 

IIO~pB.~ Ha ~BYX IIpOeKUHB.X IIJieHKH ~649, fibiJia H3MepeHa 

Ha HPD H TIYOCe. 

<I>HJILMOBbiH KaHaJI TIYOCa rrpe~cTaBJIB.eT co6oii ~Ba 
IIJIOCKHX CTeKJia, Me)l(~y KOTOpbiMH Ja)I(HMaeTCB. cl>HJILM. 

<I>HJILM rrepe~ cl>HKCaUHeH Jie)I(HT CB060~HO, fie 3 HaT B.)l(eHHB.. 

~aHHble HJMepeHHii Ha TIYOCe o6pa6a TbiBaJIHCL aHaJio

ruqHo ~aHHbiM HJMepeHHii Ha HPD , OTJiuque cocTOB.Jio 

TOJILKO B TOM, qyo BCe Beca perrepOB fiLIJIH IIOJIO)I(eHbl paB· 

HbiMH I /W=l/. PeJyJILTaTbl HJMepeHHii Ha TIYOCe H 

Ha HPD rrpuae~eHbl B ma6A. 3 H Ha puc. 3. 

Ta6Auija 3 
CpaeHeHue U3MepeHuii ooHux u mex JtCe Kaopoe Ha IIYOCe 
u HPD. 

nAeHKa~49 

~ "' 
npoeKu,uR 1 npoeK£4UR 2 

OYOC 
:S·-14 G's= 13.9 5·- &.s 6$=8.9 

GJ(• 6.2 ~-5.2 ~-8.9 G'y- 5. f 

HPD 
5=-if. G's= 6.4 5=4.1 us• 5.4 

6')'- 4-4 6.- 3. 9 u.,- 4.7 

14 

56+ Kaepo 

-ao -tO o 10 

6, • 8.8HII"H G.- 2.6 MICH 

532 KaiJpa 

0 10 1 3 

()~ •5.5 1'4KH 0•: 2.0 HICI'I 

460Kaapol 

-tO 0 tO 2 

6s=7.6MICH G .. •1.9MKH 

2 

nPeNKa568 
npoeKLCUII 1 

f5y = 2.i HKM 

2 

nneNHa 953 

flPOeKqURf 

.D, 
I (HKM) 

Gy .2.0 HKI'I 

nAeNKQ 95$ 
nPOeKqUf12 

I I :=--- l>y 
2 3 (MKH) 

Oy =f.9MKH 

Puc. 2. PacnpeoeAeHue U3MepeHuii no eeAU'lUHaM S ., D x., D y .• 
J J J 
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nAeNKa 649 
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'L / 
I "" • 

-.50 

Puc. 3. CpaeHeHue cazumm OA.R U3MepeHuil oOHux u mex xe 
KaOpoe Ha IIYOCe u HPD. 

lh conocTaaneHHJI H3MepeHuii Ha llYOCe u HPD O):(HHX 
H TeX )Ke Ka):(pOB CJie):(yeT, 'ITO CYII.\eCTByeT 3aMeTHaJI 
DOJIO)KHTeJILHaJI KOppeJIJIIJ;HJI Me)K):(y carHTTaMH B 3THX ):(ByX 
H3MepeHHJIX; CJie,l:(OBaTeJILHO, carHTTa 'laCTH'IHO CBJI3aHa 
c caMoii nneHKoii, KOTopaJI 6LIJia ):(ecllopMHpoaaHa Ha 3Tane 
clloTorpacllupoaaHHe - XHMH'IecKaJI o6pa6oTKa. 

KaK u O)KH):(aJiocL, conocTaBJieHue 3TanoHoaHPD IXE,YJdHPD 
B llYOC I XE, YE I noKa3LIBaeT Ha ux pa3HHu;y B npe):(e-

TIYOC 
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JiaX 2-3 MKM, 'ITO 06'LJICHJieTCJI pa3HLIMH npou;e,IJ.ypaMH 
onpe,IJ.eJieHHJI cepe,IJ.HHLI penepHoro KpecTa. 

CJie,IJ.yeT OTMeTHTL, 'ITO TO'IHOCTL H3MepeHHJI Ha llYOCe 
HeCKOJILKO xy)Ke, 'I eM Ha HPD. 

3aKAIO'I€HUe 

Onpe,IJ.eJieHHLie B 3TOM uccne,IJ.oBaHHH aeJIH"'HHLI a , a X y 
BKJIIO'IaiOT B ce6JI BCIO COBOKYDHOCTL norpeillHOCTeii, CBJI3aH-
HhiX a/ c pa6oToii clloToannapaTa, 6/ c npoJIBJieHHeM H xpa
HeHHeM DJieHKH, B/ CBOHCTBaMH H3MepHTeJILHOrO npH6opa 
HPD, H MoryT CJIY)KHTL ocHoaoii )l.JIJI ou;eHKH BJIHJIHHJI 3THX 
cilaKTOpOB Ha TO"'HOCTL H3MepeHHJI X - H y ·KOOp)l.HHaT HCKp 
Ha CHHMKax c MHC. 

YKa3aHHaJI npoue):(ypa onpe,IJ.eJieHHJI 3TaJioHa HPD u BHe
ceHHJI nonpaBOK Ha HCKpHBJieHHe Ka,IJ.pa MO)KeT 6LITL peKO
MeH,IJ.OBaHa ,IJ.JIJI no,IJ.roTOBKH pe3yJILTaToB H3MepeHHJI Ha HPD 
CHHMKOB c MHC K reoMeTpuqecKoii peKoHCTPYKUHH. 

)J.JIJI oueHKH Ka'leCTBa H3MepeHHJI Ka,IJ.pa Ha HPD MO)KHO 
ucnoJIL30BaTL aeJIH'IHHLI S. , D x. , D y .. 

J J . J 

ABTOPLI BLipa:lKaiOT 6naro,IJ.apHoCTL H.H.roaopyHy, 
O.A.JaHMH,IJ.Opore, JI.K.JILITKHHY 3a DOCTOJIHHLIH HHTepec 
K pa6oTe u COTPYAHHKaM ceKTopa HPD 3a npoae,IJ.eHue H3-

MepeHHH. 
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