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,lJ;peB:IiJoBLie KaMepLI npHBJieKaJOT BCe 60JILWee BHHMaHHe 
4JH3HKOB- 3KCnepHMeHTaTopOB. B na6opaTOpHH BLICOKHX 
3HepruB: OHJIH 6LIJI BLIITOJIHeH p.11~ pa6oT no H3y'feHHJO 
B03MO)I(HOCTeB: 3THX ~eTeKTopoB 71 •2 / Ha CHHxpo4Ja3o
TpoHe nB3 OHJIH npoBe~eHLI HCCJie~oBaHHJI c u.eJIL10 
Ollpe~eJieHHJI OCHOBHLIX XapaKTepHCTHK CHCTeMLI ~peiiliJOBhiX 
KaMep B peaJILHLIX pa6o'IHX ycnoBH.IIX. 

I. 3KCIIEPHMEHTAJibHAJI YCTAHOBKA 

CucTeMa H3 Tpex nponopu.uoHaJILHLIX KaMep pa3MepoM 
150xl50 MM 2 /J/ H 'feTLipex ~peiiliJOBLIX KaMep /,ll;K/ pa3-
MepOM 200x200 MM 

2 
pa6oTana Ha JIHHHH c 3BM HP-21168. 

CxeMa pacnoJIO)I(eHH.Il annapaTypLI noKa3aHa Ha puc. 1. 

j)Kt JJK~ 

I r I II r II I t· 
nKI nK2. J)K2 .iJKit flK3 

iL 
0,5-'1 

Puc. 1. CxeMa pacnoAOJICeHUJI oemeKmopoe e ycmaHoeKe. 
S - CI.IUHmUAAJII.IUOHHbl€ C~em~UKU, IlK - nponOpi.IUOHQAbHble 
KaMepbl, ,l(K - opeilrjoeble KaMepbl. 
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1.1. ,4peu¢oeble KaMepbl 

)l;peH<ilOBbie KaMepbl HMeJIH paCCTOJIHHe Me)I(,D.y CHrHaJib

HOB H KaTO.IJ.HbiMH rrnocKOCTJIMH, paaHoe 7 MM. Ha KaTo,D.

Hbie IlpOBOJIOKH IIO,D.aBaJIOCb B03pacTaiOmee HallpJI)I(eHHe OT 

UM1H ,ll.O ul\1aKC, war HaMOTKH KaTO,ll.HbiX IIJIOCKOCTeH co

cTaBJIJIJI 2 MM. IJoTeHUHaJibHbie IlpOBOJIOKH CHrHaJibHOH 

rrnocKOCTH HaXO.D.HJIHCb rro.D. HarrpJI)I(eHHeM UMa~, curHanb

Hbie IlpOBOJIOKH /.IJ.HaMeTpOM 20 MKM/ - IIO,ll. "3eMJIJIHb1M" 

rroTeHuuanoM. BenuquHa ,D.peii<Poablx rrpoMe)l(yTKOB KaMep 

COCTaBJIJIJia: 

)l;K1 - 50 MM, 
,UK2 - 23 MM, 
,UK3 - 24 MM, 
,UK4 - 24 MM. 
B ,UK2 ,D.JIJI ycTpaHeHHJI neao- rrpaaoil Heorrpe,D.eJieHHOCTH 

CHrHaJibHbie IlpOBOJIOKH ycTaHOBJieHbl rrapaMH C paCCTOJIHH

eM B 2 MM. Me)I(,D.y rrapaMH CHrHaJibHbiX IlpOBOJIOK IIOMeme

Hbl pa3,D.eJIHTeJibHbie IIOTeHUHaJibHbie IlpOBOJIOKH /P 1/ ,D.Ha

MeTpOM 0,1 MM, HaXO,ll.Jlll\HeCJI IIO,ll. HallpJI)I(eHHeM U pi. 

IlpHHUHIIHaJibHaJI CXeMa ,UK2 IIOKa3aHa Ha puc. 2. 
Bee ,D.peii<PoBbie KaMepbi rrpoaepJIJIHCb Ha cTeH.D.e c rro

MOII\blO {3--HCTOqHHKa. Ha puc. 3 IlpHBe,D.eHa THIIHqHaJI 3a

BHCHMOCTb BpeMeHH ,D.peii<Pa OT IIYTH, IIOJiyqeHHaJI Ha CTeH,D.e 

.D.JIJI ,UK2. 

Karo8Ha~ nJTOCKOCmb 

•••••• if~: •L• • i•J p 
0 

• • ••••••• 

CU2HG.II6Hble 
npo6o.11oKu 

Puc. 2. IIpum~unuaAbHQJI cxeMa opeu{fioeou KQMepbl c ycm
paHeHUeM Aeeo~npaeou HeonpeoeA~HHocmu. P u PI - no
meHijUaAbHbJe npOBOAOKU CUZHQAbHOU nAOCKOCTIIU. 
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T(HCIK) 

500 

400 
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200 
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L f..u.u} 

Puc. 3. 3aeUCUMOCTIIb epeMeHU opeu(Ja 0111 nymu OAJI opeu
ffioeou KQMepbl C KOHCTIIpyKTIIUBHbiM ycmpaHeHUeM Aeeo- npa
BOU HeonpeoeAeHHocmu. 3aeucuMocmb noAy!ieHa Ha cmeHoe. 
ra306QJI CMeCb - apzoH, -100),- U306ymaHa, -50),- Memu
AQAJI. U MaKe= 6,8 KB; U Ml1H = 2,0 KB; U pi = 1,2 KB. 
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B xo~e H3MepeHH~ Ha ycKopuTene ~pe~<Poubie KaMepbi 
npo,l],yBanHCb ra30BOH CMeCbiO. aproH + 10o/o H3o6yTaHa + 
-4o/o MeTunanH. Hanp.H:>KeHHe Ha KaMepax • 6bmo Bbi6paHo 
paBHbiM: 

,JJ;K1: u Ml1H = 1 '7 KB; U MaKe = 7,75 KB. 
,!J;K2: UMI1H = 1,8 KB; UMaKC = 5,75 KB; up! = 1,1 KB. 

,JJ;K3: t 
)J;K4: u Ml1H = 1,8 KB; UMaKc = 5, 75 KB. 

1.2. Pezucmpupy10~aJ1 .:vzeKmpoHuKa 

PerucTpupyrowa.JI 3neKTPOHHKa ~nH ~peB:<boBbiX KaMep 
pa6oTana COBMeCTHO C perHCTpHpyroweB: 3neKTpOHHKOH ~nH 
nponopu;uoHanbHbiX KaMep ycTaHOBKH "<l>oToH". HH<bopMa
UH.H nepe~auanacb B 3BM Tuna HP-2116B. linoK- cxeMa 
annapaTypbi ~aHa Ha puc. 4. CurHan "cTapT", Bblpa6aTbl
uaeMbi~ 6biCTpoB: 3neKTpouuKoB:, no~aeTcH ua cxeMy couna-

DK1 DK~ 

!JCWIUmt.AU it !11Jtf'13 

QAOKU Gtlcrpo,:, 3AtKTpDHUI(U 
.crapr" 

c:ron' 

Puc. 4 . .5AoK- cxeMa ycmaHoeKu. 

~eHH~ H npu Hanuquu curHana "Tpurrep", ucnonb3yeMoro 
~nH c'Tpo6upoBaHHH curHanoB nponopu;uoHanbHbiX KaMep, 
Bbl3biBaeT 3anyCK 6nOKOB BpeMeHHbiX 3KCnaH~epOB H 6nOKOB 
perucTpau;uu R-301 . Hcnonb30BaHue curHana "Tpurrep" 
~n.JI opraHH3au;uu pa6oTbi 6noKOB perucTpau;uu R-301 no-
3Bonuno npHMeHHTb norHKY OT6opa C06biTHJI H cqHTbiBaHH.JI 
uH<bopMau;uu, npuMeHeHHYIO B ycTaHoBKe "<l>oToH" I 5/. Cur
Han c ~pe:B:<Pouo:B: KaMepbi no~aeTcH Ha pacwupuTenb ape
MeHHbiX HHTepuanoB, <bopMHpyiOID;HX CHrHan "cyon" ~nH 

6noKOB perucTpau;uu R-301. ,!J;anee HH<bopMaUHH nepe~aeTc.JI 
u 3BM c noMOJUbiO KOHTponnepa C-004. AnnapaTypa Bbi
nonHeHa B cTaH~apTe KAMAK. 

1.2.1. linOK perHCTpaD;HH 

llpeo6pa30BaHHe HHTepuanoB BpeMeHH Me:>K~y HMnynb
CaMH "cTapT" H "CTOn" B UH<bpoBO~ KO~ npOH3BOMTCJI 
6noKaMH perucTpau;uu R -301 , pa6oTaiOID;HMH no npuuu;uny 
npHMoro 3anonHeHHH. 

linOK n03BOnJieT perHCTpHpOBaTb ni06ble ~Ba H3 qeTbi
pex curuanou "cTon", npuxo~HI.UHX ua uxo~ /no cxeMe 
"HJIH"/. 0,11,HOBpeMeHHO C H3MepeHHeM upeMeHHbiX HHTepua
noB KO~HpyeTCJI HOMep KaHana, no KOTOpOMY nocTynaeT 
curHan "cTon". 

MHHHManbHOe BpeMH Me:>K~y CHrHanaMH "cTapT" H 
"CTOn 1", "CTOn 1" H "CTOn 2" - 8 HC. MHHHManbHaJI ~o
nyCTHMaH ,l],nHTenbHOCTb BXO~HbiX CHrHanOB - 5 HC. MaK
CHManbHOe BpeM.JI KO~HpOBaHHJI- 2040 HC. linOK pa6oTaeT 
couMeCTHO c reHepaTopoM TaKTHPYJOIUeB: qacTOTbi 125 MT11 
Tuna G-301. 

<l>yHKUHOHanbHaH cxeMa 6noKa npe~cTauneHa Ha puc. 5. 
0Ha BKniOqaeT u ce6H cxeMy "cTapT- cTon", ~Ba ~BouqHbiX 
cqeyquKa, ~ua perucTpa HOMepa Bxo~a, KOMMyTaTop cqey
quKoB u cxeMy noruKH KAMAK. 

linoK pa6oTae'f cne~YIOIUHM o6pa3oM. llo curHany 
"cTapT" 3anycKaiOTCH o6a cqeyquKa u pa3pewaeTCH npo
xo~eHue curHanou "cTon". llepubl~ npuwe~wu:B: cHrHan 
"cTon" ocTaHaunuuaeT nepBbi~ cqeyquK. HoMep KaHana, 
no KOTOpOMY nOCTynHn 3TOT CHrHan, perHCTpHpyeTCJI B nep
BOM perHCTpe HOMepa. Ilocne npHeMa ~BYX CHrHanOB "cTon" 
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JanpemaeTCH .nanLHe:Hwee npoxo:>K.IJ.eHHe 3THX cHrHanoa B 
cxeMy. B cnyqae nepenonHeHHH c'leT'IHKOB BLipa6aTLIBaeTcH 

CHrHaJI "aBTOC6poc", OCTaHaBJIHBaiOIUHH ,naHHLIH C'leT'IHK, 

"o6HyJIHIOillHH" ero H COOTBeTCTBYIOIUHH eMy perHCTp Ho
Mepa. B cnyqae nepenonHeHHH aToporo cqeT'IHKa .nonoJIHH

TeJILHO llpOH3BO)I,HTCH 6JIOKHpOBKa llpOXO)I()I,eHHH CHrHaJIOB 

"cTon". 
B 6noKe BLillOJIHHIOTCH <l>YHKUHH KAMAK - F0 H F2 

IlepBLIH cqeT'IHK H nepBLIH perHcTp HoMepa - cy6a.npec A 0 
BTopo:H cqeT'IHK H perHcTp HOMepa - cy6a.npec A I . 

IIIHHLIR: Rl- RS -HH<l>opMaUHHC'IeT'IHKa, R9-Rl0-

HH<l>opMaUHH perHCTpa HOMepa. 
CHrHaJI L BLI)I,aeTcH npH HaJIH'IHH HH<l>opMaUHH a O.IJ.HOM 

H3 perHCTpOB HOMepa. KoHCTpyKTHBHO 6JIOK BLillOJIHeH B BH

)I,e H'leHKH KAMAK O.IJ.HOKpa THOR wHpHHLI. 

Puc. 5. fl>yHKIJUOHaAbHaJI cxeMa 6AoKa pezuclllpaiJUU R-301. 
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·/ 
\ 

I 
1 

1.2.2 .. .1iJIOK apeMeHHLIX 3KCllaH,nepOB 

KaK yKaJLiaanocL BLIWe, 6JIOKH perHCTpaUHH R-301 no-

3BOJIHIOT npOH3BO)I,HTL H3MepeHHe BpeMeHHLIX HHTepaaJIOB 

c qacToTo:H .IJ.HCKpeTHJaUHH 125 MF11, T.e. c ueHo:H oTc'leTa 
8 HC. HcnoJIL30BaHHe apeMeHHoro 3KcnaH.IJ.epa noJBOJIHeT 
yMeHLWHTL ueHy oTc'leTa .no 2,4 HC. CxeMLI apeMeHHLIX 

3KcnaH.nepoa onHCLIBaJIHCL a pa6oTax 
16 

•
7 1

. Ha puc. 6 
npHae.neHa npHHUHnHaJILHaH cxeMa O.IJ.Horo KaHana apeMeH

Horo 3KcnaH.nepa. 3apH.IJ. eMKOCTH Cl ocymecTBJIHeTcH 

TpaHJHCTopoM T2 , pa3pH.IJ. - TpaHJHCTopoM T 3 .)l;HcKpHMH

Ha Top HYJIH BLmonHeH Ha TpaHJHCTope T 4 H .IJ.HO.IJ.e )1;2. 
3KCllaH)I,ep BLipa6aTLIBaeT HMllYJILC )I,JIHTeJILHOCTLIO 30 HC. 

IlpoMe:>KyTOK apeMeHH Me:>K.IJ.Y BLIXO)I,HLIM H "cTapTOBLIM" 

HMllYJILCOM I TBbiX- TeTapT / JIHHe:HHo JaBHCHT OT /TeTon-
TcTapr / H onpe.nenHeTCH BLipa:>KeHHeM: 

TBbiX -TeTapT =3,34 (TeTon -TcTapT } + Tconst 

npH 60 HC _< (TeTon - T eTapT ) ::;; 600 HC. 

I::. I I I ~ ~I 
c >----_._--i 

c 
1 

Sl 

Puc. 6. llpUHIJUnuaAbHaJI cxeMa epeMeHHozo 3KcnaHoepa. 
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• 1'10 

m 
210 

1JS 

liD 

115 

150 

1)5 

flO 

10 

fO 

~5 

lD 

15 

IIKa~a11a 

150 lDO ~50 tOO twt'tK 

Puc. 7. 3aeucuMocmb, xapaKmepu3Y10Uia.R AUHeilHocmb epe
MeHHozo 3KcnaHC)epa. 

XapainepucTuKa JIHHe:HHoCTH apeMeHHoro 3KcnaH,n;epa 
I puc. 7/ CHHManacb Ha 3 BM EClOl 0 c ucnonb 30BaHHeM 
6JIOKa perHCTpa~HH · 

KoHcTpyKTHBHO 6noK apeMeHHoro 3KcnaH.n;epa BblflOJIHerl 
B MexaHH'IeCKOM cTaH,n;apTe KAMAK - a .H'IeHKe o.n;HoKpaT
HOH IUHpHHbi. B o,n;HoM 6noKe pa3Me~eHbi 4 3KcnaH,n;epa. 

I I. OEPAEOTKA HHtPOPMA~HH 
H 3KCIIEPHMEHTAHbHb/E PE3YHbTATbi 

06pa6oTKa .n;aHHbiX no.n;pa3.n;enHeTcJI Ha .n;aa :nana: 
- onpe,n;eJieHHe napaMeTpOB nepe,n;aTO'IHOH <iJyHK~HH ,LJ;JIJI 

nepexo.n;a oT apeMeHHbiX aeJIH'IHH, 3anoMHHaeMbiX perucT
PHPYIOI.Qe:H 3JieKTPOHHKo:H, K Koop.n;uHaTaM TO'IeK TpaeKTopuu 
qacTu~; 

- OITpe,n;eJieHHe TO'IHOCTH H 3$$eKTHBHOCTH ,n;peH$OBbiX 
KaMep. 

I 

I • 
I 
\ 
I 

• 
I 

t 

t 

i 

Ilpu o6pa6oTKe ,n;aHHbiX a xo.n;e H3MepeHHH npe.n;nonara
JIOCb, 'ITO BblfiOJIH.HeTC.H CJie,n;yiOI.Qee COOTHOIUeHHe: 

r i = v < t i - ti ) en 0 ' 
• u i 

r,n;e 1 - HOMep CHrHaJibHOH npOBOJIOKH; t - CMei.QeHHaH 
o~eHKa apeMeHH .n;pe:HllJa oT TO'IKH npoxo>K.IJ.eHHJI qacT~hl 
.LJ;O CHrHaJibHOH npOB<?JIOKH, H3MepJieMa.H annapaTypo:H; t ~ -

CMe~eHHe O~eHKH t 1 /nbe,n;ecTaJI 3JieKTpOHHKH/; V - CKO
pOCTb ,n;pe:HllJa j,n;JIHHa nyTH 3a e,LJ;HHH~y H3MepeHHH BpeMe
HH - 2,3945 HC/, 3Ha'leHHe V C'IHTaJIOCb O.LJ;HHaKOBbiM 
,LJ;JIJI BCeX CHrHaJibHhiX npOBOJIOK; f bn - paCCTOJIHHe OT TO'I
KH npOXO)K,LJ;eHHJI qaCTH~hl qepe3 fiJIOCKOCTh )J.K ,LJ;O CHr

HaJihHOH npOBOJIOKH. 
IlapaMeTp_ tb onpe,n;eJIJIJICJI KaK neaaH rpaHH~a pac

npe.n;eneHHJI t 1 npu ucnoJih30BaHHH ycJIOBHJI, 'ITO nyqoK 
qaCTH~ npOXO,!I,HT qepe3 1 -TyiO CHrHaJihHYIO npOBOJIOKy. 

)J.JIJI onpe,!l,eJieHHJI V 'leTBepTaJI )J.K, C.LJ;BHHyTaJI OTHOCH
TeJihHO TpeThe:H Ha aeJIH'IHHY .n;pe:HllJoaoro npoMe)Ky-x:Ka 
I puc. 8/, nepeMei.Qanach .n;onoJIHHTeJihHO Ha paccTOJIHHe 
S = 10 MM, u 3Ha'leHHe V onpe,n;eJIJIJIOCh no llJopMyne 

s V=-----, 
I T2 - TI I 

JJK-1 
~~ -

I~ 

j)K-3 
j)K-2 })K-If 

Puc. 8. PacnoAoJICeHue opeil,P06bJX KQMep 6 yCIIIQHOBKe. 
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3 4 
r,IJ,e r 1 - cpe,IJ,Hee 3HaqeHue cyMMbi t u t , CHHMaeMhiX 
C )l;K3 H )l;K4 ,!J,O C,!J,BHra; r 2 - TO )Ke nocne C,!J,BHra Ha 
uenuquHy S. ~ • 

Haii.,IJ,eHHoe TaKHM o6pa3oM V = 0,13 MM/,..omc<~em. 
IlpuMeHBncB TaK)Ke ,IJ,pyroii. cnoco6 onpe,IJ,eneHHJI V ~ KaK 
OTHOIIIeHHB ,IJ,nHHhl ,IJ,peii.$OBOrO npoMe)KyTKa K IIIHpHHe pac
npe,IJ,eneHHJI t4. 3TH cnoco6hi ,IJ,anucornacyiOIUHecBpeJynh
TaThi. 

Ilepe,IJ,aToqHaJI $yHKI.I,HJI B CHCTeMe KOOp,IJ,HHaT, e,IJ,HHOH 
,IJ,ns ucex ,D;K, Bblpa)Kanach cne,IJ,yiOll.I,HM o6pa3oM: 

xi =±ri +Ai 
~ en ' /1/ 

r,IJ,e A i - napaMeTp napannenhHoro nepeHoca oT cucTeMbi 
KOOp,IJ,HHaT i -TOH CHrHanhHOH npOBOnOKH B e,IJ,HHyiO CHCTe
My. OueHKH 3$$eKTHBHOCTH u ToqHocTH, nonyqeHHble MeTo
.IJ.HKoii., paCCMOTpeHHOH B / 3/, npHMeHJinHCh ,IJ,nJI HaCTpOHKH 
)l;K. 

)l;nB yToqHeHHB nonyqaeMbiX napaMeTpou JanucaHHaJI 
Ha MJI HH$opMal.I,HB o6pa6aThiBanach JaTeM Ha CDC-6400 , 
npH 3TOM CYIIIeCTBeHHO HCnOnb30Banacb HH$OpMal.I,HJI C IlK. 
IlapaMeTpbi nepe,IJ,aToqHoii. ciiYHKI.I,HH ,IJ,nB Ka)K,IJ,OH curHanhHoii. 
npouonoKH Haxo,IJ,unuch HeJaBHCHMO KaK napaMeTphi nuHeii
HOH ciiYHKI.I,HH perpeccuu uenuquHhi x ~ no x ~. x :~ - Koop
.IJ.HHaTa TOqKH nepeceqeHHB TpaeKTOpHH qacTHI.I,bi, BOCCTa
HOBneHHOH no ,IJ,aHHhiM C IlK, C nnoCKOCThiO COOTBeTCTByiO-
ll.l,eH )l;K; Xi Bblpa)Kanacb COOTHOIIIeHHeM /1/. 

0 g -
CHOBHble TPY.IJ.HOCTH npu onpe,IJ,eneHHH nepe,IJ,aToqHoH 

$yHKI.I,HH, CBJI3aHHble C HeO,IJ,H03HaqHOCThlO KOOp,IJ,HHaTbi, 
perHCTpHpyeMOH )l;K, nO)J{HbiMH OTcqeTaMH, HH3KOH Toq
HOCThiO IlK, 6blnH npeo,IJ,oneHhi nocne,IJ,oBaTenhHbiM yToqHe
HHeM napaMeTpOB. B npol.l,ecce HTepal.I,HH yToqHJinOCh MHO
)KeCTBO TOqeK, HCnOnh3yeMbiX ,IJ,nJI nOCTpOeHHJI nepe,IJ,a TOqHoH 
$yHKI.I,HH. 

)l;nB BblqHcneHHJI TOqHOCTH H 3cllcileKTHBHOCTH npOH3BO
,IJ,HnOCh On03HaBaHHe TpeKOB. TpeKOM cquTanH MHO)KeCTBO 
ToqeK, ne)Kall.I,HX BHYTPH Kopu,IJ,opa IIIHPHHOH 6 MM, BKmoqaJO
ll.l,ee no,IJ,MHO)KeCTBO ToqeK c ,IJ,peii$oBbiX KaMep BHYTPH 
KOpH,IJ,Opa 1,6 MM. 06ll.l,ee KOnuqecTBO ToqeK Ha TpeKe ,!J,OJDK
HO 6biTh He MeHee 6, H3 HHX He MeHee Tpex ,IJ,OJDKHbi cooT
BeTCTBOBaTh )l;K. KaJl(,IJ,OMY TpeKy CTaBHnCJI B COOTBeTCTBHe 

12 

ueKTop a { ak !;k=1,7. Ecnu k -ThiH ,IJ,eTeKTop npe,IJ,cTauneH 
TOqKOH Ha TpeKe, TO a k= 1, HHaqe - ak =0. BeKTOpy a CTa
BHnHCh B cooTBeTCTBHe ,IJ,Ba a,eKTopa, o I o k ! u A I A k!, no 

7 
cne,IJ,yiOIIIeMy npauuny: ecnu ! ak = n . = 6, TO ok = 0 

k= I mm 

Ak = (ak +1) mod2; HHaqe ok =ak, Ak = 1. OueuKa 3$-
clleKTHBHOCTH onpe,IJ,enBnach no $opMyne 

M M 

pk = ( i~l ~i ) I i::l A ki I 

r,IJ,e M - o6ll.l,ee KonuqecTBo Haii,IJ,eHHbiX TpeKoB. 3$$eKTHB
HOCTh ,!l,peH$OBhiX KaMep COCTaBnBna - 99o/o. Tonorpa$HJI 
co6hiTHB no cucTeMe ,IJ,peii$oBhiX KaMep, nonyqaeMaJI B 
xo,IJ,e H3MepeHHH c noMOll.l,hiO HP-21168 , noKa3aHa Ha 
puc. 9. OueHKa ToqHoCTH npoH3BO,IJ,Hnach no TeM )Ke Tpe
KaM, KOTOpbie HCnOnh30BanHCh ,IJ,nJI BhiqucneHHJI 3$$eKTHBHO
CTH . 

B npe,IJ,nono:lKeHHH pauuoToqHoCTH 2, 3 H 4 ,LJ;K oueHKa 
cTaH,IJ,apTHoro OTKnoHeHHJI 0 = 0,16 MM /puc. 10/. )l;nB 

~ - -

- . 
:-

-
Puc. 9. TonozparjJUJI co6bi111UJI no CUC1!1eMe opeu(JoebiX KaMep. 
CHUMOK c oucnAeJI. 
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Puc. 10. rucmozpaMMa omKAoHeHuu KoopouHam e ,4K3 om 
mpeKa. JUaz zucmozpaMMbl - 0,04 MM. 

OU:eHKH rrorpelllHOCTH rrepBOH ,D,pe8$0BOH KaMepbl 6LIJ1 uc
IIOnL30BaH anropliTM, rrpe,D,no)KeHHLIH B pa6oTe 14 ~ Cornacuo 
yKa3aHHOMY anropHTMY 

D 
~ 2 

D 1 -02 (2t -2t+l), 

r,D,e Dg : ou:euKa ,D,ucrrepcuu uccne,D,yeMoii ,D,peii$oBoii Ka-
Mephl; D 1 - ol(eHKa .D.Hcrrepcuu BenH"'HHhi ( x: - x ug ) X; - 3Ha"'eHHe KOOp,D,HHaTLI, H3MepeHHOe HCCne,D,yeMOH Ka
Mepoii; A X~ - COOTBeTCTBYIOIU:ee eo Bbl"'HCneuuoe 3Ha"'e
HHe; D 2 - ou:euKa .D.Hcrrepcuu orropuhlx KaMep, no ,D,aHHhlM 
C KOTOphlX BOCCTaHOBneua TpaeKTOpHJI "'aCTHU:hl; 

t = zl- z 2 

z4 -z2 

Zl , z 2 , z4,z - KOOp,D,HHaTbl ,D,peH$OBLIX KaMep. 
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ITonyqeuuaJI TaKHM o6pa3oM ou:euKa cTau,D,apTuoro oT
KnoueuuJI al = 0,23 MM /puc. 11/. llpuBe,D,eHHhle ou:eHKH 
rrorpelllHOCTeii ,D,pe8$oBhlX KaMep BKJDO"'810T Ta.IOKe rrorpew
uocTH 3a C"'eT KynoHOBCKOrO B3aHMO,D,eHCTBHJI. 

ABTophl Bhlpa)KaiOT rny6oKyro 6naro,D,apuocTL rrpo4lec
copy A.M.JiaJI)l.HHY 3a uurepec K pa6ore, a TaiOKe 6naro
,D,apHT P.A.AcTa6aTJIHa, M.H.JiaBH)KeBa, B.A.JienJIKOBa, 
H.IT.BonKoBa, H.A.Ky3LMHHa, C.Ji.JIJI6"1yKa, A.E.MocKoB
cKoro, E.A.HoBHKOBa, H.M.ITucKyuoBa, B.IT.ITyra"'eBH"'a, 

" >3 
n 
H 
~ 

~ 

•• 
" ]P 

u 
~ 

n 

" l< 
n 

" l8 
~ 

" " 42 

"' ~ 
4~ 

"" L7 

"" 49 

•• 51 

" "' " n 

" .7 .. .. 
~ 

•• &l 
b] 

•• 
~ 
M 
07 

•• 
" ~ 
71 
n 
7l 
~ 

" n 
n 
" 

., 
"' 

YX 
XX 

'(X)()()( 

XX'U)I)l'l( 

)()()()()( 

)()()()()(l()()(y 

XXII: )I XXX X). 
)tl!)()()'){ 

)()(X)()()(()()()()( 

)(l(JI lOtJ((IO.JI.XXY'(XX 

X.: XXX X XXXX X XX X.C lt XXX X X XX u:XX;t 
lOCK)( lf X .(lfX lfXX1 X)()( XXX)( 'JI)(){)(X 

){)()()()()()(V)()( ;0)1.)()()1 ,,;xl() XX (X:)(l(XXJI 

).')(XJX )()(XXX )I')()( XXX lOOt X X XXXX:AXX~X XXX XXXX)( K 

XX .()(X X X XXX 'J XX XX XX XXX )I' XXX l()(J()()( XXXXXXXXXXX J( 

XX.( )l')rX X )I' X )I' XX)' XXXXXXX>" u:xxxx:o::x XXXX X XXXXXXlf :l 

Yl(.( X XY '(.XXX)() HX X)(J()(){ XXXX)(XXV.X )()()()(XX XXX)()()()()(;)( 

)()(XX )I)()( ){X)()():)( (X )(X)( X )(V XX)(){)()()()(){)()()()()()()()( K 
1)(-1( X 'k X t. XX XX ll} XX X •XX X "1. )()' XXXX)fX XXX(:t lfXXXXJIO XXX 

XXX: XX X: II. XXX X))' XXX lOCX XX XXX .-xx XX XXX 
)')('( X1X ( XXJI.XliX XX)')')()( X )r'.()( XXXXXYX 
XU X YX '()()()(X Xlo. XX )(VXX X XXXXXXX n X XXX XXX XX t 
XX ·otxxxx nx.-x u: X)'XXX).XX'l'X x:xxxxu< 
"XX 'a. XX '11 nXX UXXX XXX)( X ll X :X: 
XXX XXXX XXXX )()I()( )()I')( 
XXXX ,_)1'1 XXXX)()( XX )I.a. X 
)I'J(It')')l)()(){l(X)I:'II)()CX 

XXXX:X)(JOOvX 
XXU:XXXIIXXXX)CX 

XUUJI.XX 
XXXXXXXXXXXX 
X:XXXXXX-l(X'UIXYXH 

)(){JI)()(t 

XXXXlll(XI(XXXH 
)(J()()()' 

XJU.'IIIt: 
XX 
XXX 

KIX~ 

Puc. 11. ruc•ozpaMMa <>•KAOHeHUU KOOpOUIUJ. 6 ,/lKl o• 
•peKa. JDaz zuc•ozpaMMioJ - 0.04 MM. 
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