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B pa60TC IIpC,llJIO)l{CH MCTO,ll OIIpC,llCJICHIUI IIOJIO)l{CHHH L(CHTpa 

3JICKTpOMarHHTHOfO JIIIBHH B, rO.ll?CK<:mn,eCKOM 'ICp~HKOBCKO_M, 1KaJIOpiiMCTPC 

noJinoro m:ir.IT<;iuieiiiiH c 'HqeiiKa;.{ii:_'· pa3n~r? .,p:l,3Mepa~'.'.3TOT 'MCTO,ll 

IICIIOJib3YCT~H ' .ii.JIH BOCCTaHOBJieHIIH Koop:n'lliiaT TO'ICK ni6:zia y-KBani~s. 
e~ (e-) B KaJIOpHMCTp. . . . . . , . . . . . 
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il3MepeHIIH IIpOBO,llliJIIICb Ha JIHBHCBOM ro,llOCKOIIII'ICCKOM 

qepeHKOBCKOM KaJIOpHMCTpe ycTaHOBKH "fHIIepoH" [ 1] B II)''IKC II03IITpOHOB 

c 3Heprne:ii 5 f3B I c. KaJiopnMeTp npe.z];CTaBJIHeT co6o:ii MaTpHL(Y 24x24 
3JICMCHTa pa3MepoM 85x85x350 MM

3 
, L(CHTpaJibHaH o6Jiacn; cocTOHT H3 64-x 

c'IeT'IIIKon pa3MepoM 42.5x42.Sx350 M:M
3

• 2S6-I<amill~H:ir~ · ripoToTnn 
• ,. ' .\ .. ( I • 

· .neTeKTopa onncan n pa6oTe '[2]. · · 
KaJin6ponKa 3JieMenTon KaJiopnMeTPa np!JH3no.nnJiacb no conni):(emiro 

. .... :. ; t; -· : ·- -; - v • . . 

3HCpriiii 3JICKTpOMarHHTHOrO JIIIBIIH ' C 3HeprHCH Bbl3Banrnero JIHBCHb 

II03IITpOHa. ilMIIYJibC qacTIIL(bl II3MCpHJICH C IIOMOmbiO MarHIITa H CHCTCMbl 

rrporropl(IIOHaJibHbiX KaMep. HaJinqne ceMII IIJIOCKOCTeii nponopl(IIOHaJibHbiX 

KaMep MC)l{,lly MarHIITOM II . ~<lfiOPIIMCTpOM. II03BOJIHJI() onpe~e~II~~ TO'IKY 

IIOIIa,llaHIUI qacTIIL(bi B KaJIOpiiMCTp II yroJI IIa,llCHIIH. 

Mbi II3y'IaJIII pacrrpe.neJienne 3Heprnn n rpyrrrrax 3x3 3JieMeHTa '.nM 

HqeeK 85x85 MM
2 

(6oJibrnne) Ii B rpynrrax SxS 3JieMeHTOB .llM HqeeK 

42.5x42.5 MM
2 (MaJICHbKne)~ UenTpaJibHbiM ·. ~JieMeHTOM rpyrrnhi 

Bbi6npaeTCH TOT, B KOTOpbiH IIOIIa,llaJI II03IITpOH (p1Ic.'1) ~- . . - . . . ' .. . . ' ~ 

3a naqaJIQ KOOp,lliiHaT IIpiiHHT JICBbiH Hll)l{HIIH. yroJI L(CHTPaJibHOro 

3JICMCHTa, CCJIII CMOTpCTb IIO JianpaBJICHIIIO ITa,llaiOme:ii qac_TIIL(bl. 
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·Puc. {. fpynnbi .H'IeeK Ka.ITopnMeTpa, B KOTOpbiX I~3Y'I~Jiocb 
pacnpe.zleJI~nrre JIUilH.H. B uenTpMbHYIO .H'IeiiKy nonaJia tiacTnua 

3neprrr.H II0311TpOHa paBHa IIOJIHOMY 3HeprOBbi.l{C~CHI110 B rpynne 

3JICMCHTOB: 

n 

Etot = L E; 
i~I 

HaMU 6biJia IIOCTpoena pa3HOCTb 3HeprOBb!JieJICHil.H CJICBa II cnpana OT 

UCHTpaJrbiiOH .H'ICHKII B 3aimcJIMOCT1I OT KOOp.l{~HaTbi TO'IKII BXO.l{a '!aCTIIUbl B 

.l{CTCKTop: 

Rexp (x) = Rleft(x)- Rright (x ), 

nl 

LE; 

r.ne Rleft (x) = ;~tot. ; 

n2 
IE-

R,ighr(x) = •~nl ·' 

Etot ' 

nl = 3 ,nJI.H 6oni:.nmx .H'IeeK; 

n[ = 1 0 .l{JI.H MaJICHbKliX .H'ICCK. 

nf = 1;' n2 = 9 .l{JI.H. 6onbiUIIX .H'ICCK; 

n f = 16, n2 = 25 .l{JI.H l\laJICIIbKilX .H'ICCK. 
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Mbi nprrMemvm no.no6ny10 MCTO.l{liKY B cJiytiae pa3BiiTrr.H JIHBH.H 

B6JI!13li rpaHJIU 1\Ie)l(.l{y 3JICMCHTaMJCpa3110fO pa3Mepa .. ,llJI.H, IIJIJIIOCTpaUJIU 

MCTO.l{a paCCMOTpiiM .l{BC B03MO)l(Hb!C KOHqmrypaUilii, npliBC.l{CHHbiC Ha 

prrc.2. 

y y 

14 

X 3 X 
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''· 
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(a) (6) 

Pnc.2. Ilona,nanrrc '!acTJIUbi. B6JIJI311 rpaHIIUI>J .H'!ce~ pa3110ro pa3Mepa 

B cJiytiae (a) R1eft (x) anaJiorutiuo npune.neimmty Bbi!lle ,nJI.H 

MaJICHI>Krrx .H'ICCK, a cyMMIIponallnc 3Hcpruii n Rright (x) npo113BOJliiTC.H no 

.H'ICHI<aM 16 - 18., 

B cJiytiac · (6) 6cpcTc.H n• paccMoTpciiiJe :ToJII>I\0 '!aCTI> .JIJIBII.H,' 

npoii3BO.l{JITC.H cyMMnponanHc no . .H'IciiKaM -~ ~. H 11 n Rrighr ( x) 11 no .H'ICHKal\1 

1 - 6 n .~left(x)_;·. ' . : ... • \ ~~ 

· Bo. nccx•;.paccMoTpcuiibiX' CJIY'Ia.HX, 3To, paciipc.nencime, n npc.ncnax 

ornu.6m<,. MO)l(IIO onncaTb. ¢ym<uncii . . , 
\ ., ; .. •' · ; ~- • , ' , ' . • , o, , , : I,\ I " , · ; , . 

,;.•:· • R(x);: a~·, (arcig(a2x)- arct~(a2 (h...: x))), · ;;(1) 
; ' ' . . . ' : ' \ ., . ' . " ~ . : : ~ 

r.ne h·-:nmp1111a UCIITpaJibiiOH H'lciiKn; a 1==. 0.346; a2 = c0.16. 

; 3Kcrrcplll\1CllTMI>iiOc pacnpcJI.cJICllllC R exp (x) . JlJIH . 6o.iiuiimx . HtlCCI( II 

pe3yJibTaTur q)Iiniponann'H ~ro '¢yiiKUHeii (1): npuncil.ciib; 11ri pl~c:3. · 
. . . . l ~ . ' • ' ' : : . . ' . -, . . 
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Pnc.3. 3K_crrepiiMCHTaJibHOC pacrrpe,neJICHIIC pa3HOCTII MC)l(.D:Y 3Hepro-

Bbi.D:CJICHIICM CJICBa II crrpana OT UCHTpaJibHOH H'ICHKII B 3aBliCIIMOCTII OT 
Koop.n:IInaTbi TO'IKII nxo.n:a x. CrrJimnnoii JIIIHIIeii II3oopa)l(ena ¢ynKUIIH ( 1) 

,l{JIH BOCCTaHOBJICHIIH KOOp.D:II!IaTbl TO'IKH BXO,na y-KBaUTa B 

KaJiopiiMeTp ua ¢oi>MY Jib! ( 1) rroJiy'IaeM o6paTHyiO ¢ym<umo x ( R): 

x(~) = a2h· tg(b1R)- 2+ ~4+ a/h2
• tg2 (b1R)-4tg

2
(b1R) 

2a2 • tg(b1R) ' 

r.n:e b1 =_I/. 
jal 

(2) 

. 3Ta ¢ynKUUH IIMeeT neorrpe,neJiemwcTb n TO'II<e R = 0. Mbi rroJiaraeM, 

'ITO B aToii TO'II<e ¢ynKUIIH. panHa cnoeMy rrpe,neJibHOMY ana'Ienmo: 

lim x(R) = h/
2

. 
R-}0 /2 

.l{JIH KOHTpOJIH <lJopMyJibl (2) Mbl BOCCTaHaBJIIIBaJIII Koop,niiHaTy 

· rrorra.n:aniiH IT03IITpona n . KaJIOpiiMeTp (teal) II cpammBaJIII ee c 

Koop.n:IInaToii, II3Mepennoii c rroMOII{biO rrporropuuoHaJibHbiX KaMep (xch). 

Pacrrpe,neJieHIIH paanocTII DX = Xch - Xcal .D:JIH MaJICHbKIIX II 6oJibiiiUX H'ICCK 

rrpune.n:enbi na pucynKax 4 u 5. Bu.n:no, q.fo n MaJieHbi<liX H'IeiiKax DX 
XOpOIIIO OIIIICbiBaeTCH <lJym<uueif raycca C cr = 4.5 MM. 3Ta BCJIII'IIIHa 

orrpe,neJIHeT. Koop.n:uH:aTnoe, paapeiiienue MaJieHbKHX H'IeeK KaJiopnMeTpa .. B 
cJiy'Iae )l(e 6oJibiiiUX HqeeK paapeiiiemie aaniiCIIT oi' Toro, KaK 6JIII3Ko oT 
rpaliUUbi Me)l(.n:y H~eiikaMII rrpoliwa qacTliua. . · 
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Nf.l, MM 
x'/ndf75.15 I 93 
Constant 1702.±. 11.41 

1600 r t Mean -.5903 ± .3646E-01 

rt Sima 4.563± .3751E-01 
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. . .DX,MM . 
Pnc.4 .. Pacrrpe,neJieniie paanocTII DX Me)l(.n:y Koop,niiHaTaMII ToqKu 

IIOIIa,naHIIH II03UTpOHOB, peKOHCTpyiipOBaHHbiX C IIOMO!Ub!O 

rrporropuuonaJibHbiX KaMep II MaJICHbKIIX H'!eeK KaJIOpiiMeTpa. CrrJioiiinaJI 

JIIIHHH - <lJyHKUIIH raycca 

N/1, MM 

x'/ndf 1471. I 97 
Constant 1554. ± 6.610 

1800 
+ Mean -.5812 ± · .3502E-'01 

Sigma 7.018 ± · .3879E-'01 
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DX,MM 
Pnc.S. Pacnpe,neJieniie paanocTII DX .D:AA 6oJibiiiiiX H'!eei< 

KaJIOpiiMeT{>a. CIIJIOIIIHaH JIIIHH.SI - ¢YHKUII.SI raycca 
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IJo3TOMY pacrrpe,n;eJiemre Ha piic.5 HBmJeTCH cyMM:OH HOpMaJibHbiX 

pacrrpe,n;eJieHIIH. Cpe.n;uee pa3perneHIIe ,n;JIH 6oJibiiiiiX H'-leeK · c:r = 7 MM. B 

OUCHKY BCJIII'-IIIHbi KOOp,ll;HHaTHOfO pa3pCIIICHIIH BXO,ll;IIT TaK:JKC OIIIU6Ka B · 

orrpe,n;eJICHIIII, Xch• KOTOpM COCTilBJIHCT.1 MM. 

IIpnne,n;eHHbie Bbrrne cpopMyJibi orrncbmaroT cJiy'-laH uopMaJibuoro 

rra.n;eniiH qacTIIUbi ua rronepxnocTb KaJiopnMeTpa. IIpn rra.n;ennn qacTnU rro.n: 

yrJIOM K HOpMaJIII KOOp,ll;IIHaTa, paCC'-IHTaiiHM C IIX IIOMOIUbiO, OJ<a:JKCTCH 

CMCIUCHHOH OTHOCIITCJibHO IICTIIHHOH. 

3annciiMOCTb cpe.n;uero 3Ha'-leHIIH ·' DX OT yr Jia rra.n;emm rroJiyqena .n;JIH 

II031ITpOHOB, BbiXO,ll;HIUIIX II3 ManmTa IIO,ll; pa3Jill'-IIIbiMll yrJiaMU, II 

rrpnse.n;eua na pnc.6. Ona orrncbmaeTcH cpynKuneii 

DX(a) = a1 • th(a2a + £Z:3)+ a4 , (3) 

r.n:e a - yroJI BJieTa qacTIIUbL 3uaqennH KoacpcpnunenTos · a1 , a2 , a3 u a4 

rrpnne.n;eubr · 8 Ta6Jiuue N<! 1. 3asucuMoCTb rroJiyqeua ,n;JIH rroJIO:JKIITCJibHb!X 

yrJion a 

DX(a), MM 
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Pnc.6. 3amicnMOCTb pa3HOCTH<DXoTyrJia rra,tiemu1 a. 

CrrJiornnM JIIIHIIH- cpyHKUUH (3) .. , 1 

6 

a, Mp<m 

Ta6Jtuu,a M1 

IIapaMeTp a, a2 aJ a4 

3uaqeuue 14,0 21,6 0,898 10,5 : 

IJoJiyqeJ!IIM ,ll;JIH II0311TpOHOB cpyiiKUUH (3) npUMCHHMa II 

,ll;JIH 'Y-KBaHTOB, TaK KaK B JiaiiieM KaJIOpllMCTpC pa3BUTUC 3JICKTpOl\fafHIITHOfO 

JIIIBHH, Bbi3BaHHOfO 'Y-KBaHTOM, aHaJIOfii'IHO pa3BIITIIIO JIUBHH 

n .n:narra3oue yrJion rra.n;ennH qacTnu ua rrosepxuocTb 

-150 + 150 Mpa.n;. 

)lfiH OTpnuaTCJibHbiX yrJIOB a 

DX(a < o-) ·= -a1 • th(aijaj+ a3 )- a4 • . (4) 

oT rro3IITpoua 

KaJiopnMeTpa. 

C yqeToM aToii rrorrpamm Koop.n;uuaTa rrorra.n;amrH '-laCTnUbi s 

KaJiopnMeTp 

x=xca1-DX(a). 

3aKJIJ01JeHHe . ' 
•I 

OrrncaHHM MCTO,ll;UI<a ; B OTJIII'-IUC. OT rrpe.nJiaraCMblX pauee . MCTOJ{OB 

[3,4,5], II03BOJIHCT BOCCTaHaBJIIIBaTb. KOOp.l{llllaTy TO'-IKII BXO.l(a 'Y-KBaHTOB 

(II031ITpOHOB) B fO,ll;OCKOIIII'-ICCKOM KaJIOpiiMCTpe · n6JIU31I rpaHUU MC:JK,ny 

ElJICMCI!TaMn pa3uoro . pa3Mepa. KpoMe . Toro, rrpe,nJIO:lKCIIIIblll crroco6 

BOCCTaHOBJICIIUH KOOp.l(UHaTbi . MO:lKHO UCIIOJib30BaTb B fO.l(OCKOIIII'-ICCKIIX 

KaJiopnMeTpax c H'-leih<aMn mo6oil IIUiplmhi. 

Y'-leT yrJionoii 3amicnMocnr ycTpan.neT cl!cTeMani'IecKoe Cl\Ientemrc, . . 
B031IUI<aiOIUCC IIpll BOCCTai~OBJieliiUI Koop,n;nllaTbl '-laCTifU. 
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P)'Konncb nocTynnna s lf3.UaTeJibCKnii OT.Uen 
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