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1. BBE,l\EHHE 

B HacToR~eA pa6oTe onHc~saeTcR MeTOAHKa onpeAeneHHR reoMeT
PH4eCKHX nonpasoK, APeA$os~x xapaKTepHCTHK H KOOPAHHaTHoA T04-
HOCTH nonyMeTpOBbiX APeH$OB~X KaMep/1 I, AeHCTBYIO~HX B co
CTaBe 3KCnepHMeHTanbHOH YCTaHOBKH AnR HCCneAOBaHHR npo~ecca 
06paTHOrO 3neKTp0pOmAeHHR nHOHa Ha npOTOHe H nerKHX RApax/2/. 

eHcTeMa APeA$OB~X KaMeR /,l\K/ COCTOHT H3 18 KaMep C 4YBCTBH
TenbHOH o6naCTbiO 48x48 CM 2 H COAepmHT 864 KaHana CbeMa HH$op
Ma~HH. AK co6paH~ s TPH naKeTa no weCTb KaMep B KamAOM, TPH 
H3 HHX AaiOT X KOOPAHHaT~ TpeKa, a TpH, nosepHyTble Ha 90°, -
Y KOOPAHHaTbl. KaMep~ HMeiOT cneAYIO~He reoMeTpH4eCKHe napaMeTp~: 
war HaMOTKH aHOAH~X /cHrHanbH~X/ npOBOnOK S= 10 MM, AHaMeTp -
50 MKM; war HaMOTKH KaTOAHbiX /BbiCOKOBOnbTHbiX/ nposonOK - 2 MM, 
AHaMeTp - 100 MKM; 3a3op MemAY aHOAOM H KaTOAOM L= 8 MM. Pa6o-
4aR ra30BaR CMeCb - TeXHH4eCKHH aproH, MeTaH H MeTHnanb B co
OTHOWeHHH 62:21:l], 

0TMeTHM HeKOTOp~e OC06eHHOCTH AaHHWX KaMep, KOTOpwe cy~ecT

BeHH~ AnR onpeAeneHHR HX reoMeTpH4eCKHx nonpaBoK, APeA$oswx 
... 1 ... ,... 

~d~dKI~~~~~~~ ~ ~UU~~~MalnU~ IU~MU~I~. 1. I'OMC~~ ~CVVIO 

lOT B caMoraCR~eMCR CTpHMepHOM /ere/ pemHMe/ 3/. 3TOT pemHM HMe
eT PRA npeHMy~ecTB nepeA nponop~HOHanbHWM, OAHaKo ero BnHR
HHe Ha speMeHHbte $nyKTya~HH cHrHana c KaMepw cne~HanbHO He 
HCCneAOBanOCb. no3TOMY onpeAeneHHe KOOPAHHaTHOH T04HOCTH Ka
Mep HMeeT He TOnbKO npaKTH4eCKHH HHTepec, HO H n03BOnReT cy
AHTb 0 speMeHHWX $nyKTya~HRX CHrHana B ere pemHMe. 2. B AaH
HWX KaMepax OTCYTCTBYIOT noTeH~HanbHWe nposonOKH, KOTOpWe o6w4-
HO ycTaHaBnHBaiOTCR B APeH$0BWX KaMepax nocpeAHHe MemAY aHOAHW
MH npoBonoKaMH. Bee KaTOAHWe npOBOnOKH HaXOARTCR nOA OAHHM no
TeH~HanoM. no cy~eCTBY 3TO 06W4HWe nponop~HOHanbHWe KaMepw, 
C KOTOPWX CHHMaeTCR HH$OpMa~HR 0 BpeMeHH APeA$a, 4TO ynpo~aeT 
KOHCTPYK~HIO KaMep, HO npHBOAHT K Cy~eCTBeHHOH HenHHeHHOCTH 
APeA$oswx xapaKTepHCTHK. 3 . .l\nR AaHHWx KaMep oKa3ancR HenpH
eMneMWM CTeHAOBbiH cnoco6 onpeAeneHHR APeA$0BWX xapaKTepHCTHK 
H KOOPAHHaTHOH T04HOCTH C nOMO~biO $ -HCT04HHKa, HCnOnb30BaH
HWH e pa6oTaxl~/, H3-3a 6onbwoA Ton~HHW naKeTa AK H 3Ha4H
TenbHoro MHOrOKpaTHOro pacceRHHR $ -4aCTH~. no3TOMY AnR H3Me
peHHR APeA$os~x xapaKTepHCTHK Heo6xOAHM ny40K AOCTaT04HO 3Hep
rH4HWX 4aCTH~. 4. XoTR T04HOCTb H3roTosneHHR OTAenbHWX Ka
Mep AOCTaT04HO B~COKaR /-0,1 MM/, C60pKa HX B naKeT B~nonHeHa 
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PHc.J. feOMeTpHH H CHCTeMa Koop

ro-:t:HaT p;ByX rraKeTOB .[.(K, iloKa3aHbJ 

TOJlbKO CHrHaJibHbJe IlpOBOJIOKH, 

C ropa3AO 6onee CB060AHbiMH AOnyc
KaMH. AnH yT04HeHHH B3aHMHoro pac
nonomeHHH AK TaKme Hcnonb30Banacb 
HH$OpMa~HH, nony4eHHaH npH o6ny-
4eHHH KaMep Ha ny4Ke 4aCTH~. 

H1-1me noApo6Ho onHcaHa npo~eAy-
vi. 'v5 'vii Y1 Y2 Y3 pa nony4eHHH reoMeTpH4eCKHX no

npaBoK, APe~$oB~x xapaKTepHCTHK 1-1 KOOPAHHaTHO~ T04HOCTH Ha 
npHMepe nepBoro BapHaHTa 3KCnepHMeHTaJ1bHO~ YCTaHOBKH, KOrAa 
ABa ~aKeTa AK 6~n1-1 pacnonomeHbl Ha o6~e~ nnaT$opMe napannenbHO 
APYr APYrY /pHc. 1/. AK o6ny4anHCb paBHOMepHo no Bee~ nno~aAH 
ny~KOM rr--Me30HOB c 3HeprHe~ 80 M3B 1-1 yrnoBo~ pacxoAHMOCTb~ 
-2 OT CHHXPO~HKJ10TPOHa nRn O~R~. Dblna CAenaHa cepHH o6ny4e
HH~ npH pa3H~X yrnax MemAY ny4KOM VI KaMepaMH. BenH4HHa yrna 
MemAY HanpaBneH~eM ny4:a VI nepneHP6HKYJ1HPOM K nnOCKOCTH KaMepbl 
H3MeHHnacb oT 0 AO 40 c waroM 10. AnH KamAoro yrna 6~no Ha-
6paHo OT 1 ,5 AO 5 T~C. TpeKOB. 

2. rEOMETP~4ECK~E nonPABK~ 

HaXOAHnHCb cneAY~~He nonpaBKH Ha nonomeHHe KamAo~ AK: CABHr 
no KOOPAHHaTe, H3MepHeMO~ AaHHO~ KaMepo~, CABHr no OCH Z VI yron 
nOBOpOTa B C06CTBeHHO~ nnOCKOCTH. Qfi~aH CHCTeMa KOOPAHHaT/pHC. 1/ 
3aAaBanacb ABYMH napaMH BHeWHHX KaMep I X1 , X6 1-1 Y 1 , Y6 -~-.--
T.e. C4HTaJ10Cb, 4TO OHH He HMe~T B3aHMH~X CABHrOB VI nOBOPOTOB; 
paCCTOHHHe Me>KAY KaMepaMH Y 1 VI Y6 fi~no H3MepeHO J1HHe~KO~ C 
T04HOCTb~ +1 MM. CneAyeT OTMeTHTb, 4TO TaKoe 3aAaHHe CHCTeM~ 
KOOPAHHaT ffie3 T04HO~ npHBR3KH BHeWHHX, OnOpH~X, KaMep K CHC
TeMe KOOPAHHaT YCTaHOBKH/ npHBOAHT K He60J1bWO~ ee HeOpTOrOHanb
HOCTI-1. 0AHaKO yrnoB~e OWHfiKH AJ1H TpeKOB npH 3TOM AOCTaT04HO 
Man~ /-+1 MM/400 MM = 2,5 MpaA/ VI npaKTH4eCKH He YXYAWa~T on
peAeneHHH KHHeMaTH4eCKHX xapaKTepHCTHK H3y4aeMoro npo~ecca. B 
TO me BpeMH npHHHTaH CHCTeMa KOOPAHHaT n03BOnHeT onpeAeJ1HTb Ha
J1H4He BepWHH~ B3aHMOAe~CTBHH, 4TO HeOfiXOAHMO no YCJ10BHHM 3KCne
PHMeHTa. CHa4ana reoMeTpH4eCKHe nonpaBKH onp_eAenHnHCb c Hcnonb-
30BaHHeM HH$OpMa~HH TOJ1bKO 0 HOMepax cpafioTaBWHX npOBOJ10K Me
TOAOM HaHMeHbWHX KBaApaTOB. 0KOH4aTeJ1bH~e 3Ha4eHHH nonpaBOK 
nony4anHcb c Hcnonb30BaHHeM HH$opMa~HH o speMeHH APe~$a. no
npaBKH AJIR X H Y KaMep onpeAeJ1RJ1HCb OAHHaKOBO, npo~eAypa OnH
CaHa HH>Ke Ha npHMepe X KaMep. 
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<l>yHK~HOHan AJIH onpeAeJ1eHHH CABHrOB no KOOPAHHaTe X VI yr
JIOB noBopoTa AJ1H KaMep X 2- X 5 HMen BHA: 

.N S T 3 2 
F'= ~ I ( X' ' - x .. ) ' 

j=l i=2 I J IJ 
/1/ 

rAe l - HHAeKC KaMepbl; J - HHAeKC TpeKa; N- 4HCJ10 TpeKOB; 
Xfj - pac4eTHOe 3Ha4eHHe KOOPAHHaTbl T04KH nepeCe4eHHH Onop-
HO~ npHMO~, npoBeAeHHO~ 4epe3 KOOPAHHaT~ Xlj VI X6j, aaperHCT
PHPOBaHHble e onopHbiX KaMe pax, c i -KaMepo~; xi} - 3KcnepHMeH
TanbHoe 3Ha4eHHe KOOPAHHaT~, nony4eHHOe AJIH i -KaMep~. <J>yHK
~HOHan /1/ B~4HCJ1HJ1CH B ofi~e~ CHCTeMe KOOPAHHaT. nepeXOA H3 
COfiCTBeHHO~ CHCTeMbl KOOPAHHaT B ofi~y~ AenancH cneAY~~HM o6pa-
30M: 

, , , , 
3 3 ·'· 3 . . ·'· 3 3 ·'· xij = xij cos'f'xi - Yij sm'f'xi + cxi "'Xij - Yij 'f'xi + cxi• 121 

, 
rAe ~xi VI 1/Jxi - COOTBeTCTBeHHO CABHrH H nOBOPOT~ KaMep; XiJ 

VI Ya - 3Ha4eHHH KOOPAHHaT, aaperHCTPHPOBaHH~X B COOTBeTCT
By~~HX KaMepax. 

napaMeTpbl Cxi , 1/Jxi onpeAeJ1HJ1HCb nyTeM MHHHMH3a~HH $YHK-
~HOHana /1/ Ha OCHOBe HH$OpMa~HH, nony4eHHO~ npH 06J1~4eHHH 
KaMep ny4KOM, nepneHAHKynHPH~M K HX noBepxHoCTH (a =0 }. Peaynb
TaT~ npHBeAeH~ HHme B TafinH~e. 

CABHr no ocH z onpeAenHnCH cneAY~~HM o6paaoM. EcnH Ae~cTBH
TenbHoe nonomeHHe KaMepbl cMe~eHo OTHOCHTenbHO npeAnonaraeMoro 
Ha BeJ1H4HHY /"! Z, TO 3Ha4eHHe CABHra no KOOPAHHaTe X, nony4eHHOe 
C nOMO~b~ ¢YHK~HOHana /1/, fiyAeT HMeTb CHCTeMaTH4eCKY~ 3aBH
CHMOCTb OT yrna naAeHHR ny4Ka a CJieAY~~ero BHAa: 

c( a ) = c ( 0) + !"! z. tg a , /3/ 

4To nerKo noHHTb c noMO~b~ pHc.2. PeaynbTaT~ B~4HCneHHH CASH
roB cxi npH pa3H~x yrnax naAeHHH ny4Ka npeACTasneH~ Ha PHC. 3. 
AaHH~e 3Toro PHCYHKa noaeonH~T eBeCTH nonpaBKH Ha nonomeH;e--
KamAO~ KaMep~ Ha OCH z. ~3 PHCYHKa TaKme BHAHO, 4TO CABHrH /"iz 
AJ1H KaMep X 3 1-1 X 4. 6onbwe, 4eM AJIH KaMep X 2 1-1 X 5; KpoMe Toro, 
CABHrH AJ1H X 2 H X 3 npoTII!BononomH~ no 3HaKy CABHraM AJ1R X 4 H X 5. 
CoBOKynHOCTb 3THX COOTHOWeHH~ OfioRCHHeTCH TeM, 4TO nocne cfiop
KI-1 naKeTbl CTanH HeCKOJ1bKO TOJI~e no CpaBHeHH~ C npoeKTOM, T, e, 
yBeJ1H4HJ10Cb paCCTOHHHe MemAY KaMepaMH /B cpeAHeM npHMepHO Ha 
0,24 MM/, 

CABHrH cxi onpeAenHnHcb TaKme APYrHM MeTOAOM. AnH Kamao~ 
KaMep~ CTpOHJ1aCb rHCTOrpaMMa pacnpeAeneHHH BeJ1H4HHbl IJ.= xT- ,{):. 
BenH4HHa !"! MomeT npHHHMaTb TOJibKO ~en04HCneHH~e 3Ha4eHHH /0, 
~1/, TaK KaK AJ1H onpeAeneHHH KOOPAHHaTbl X HCnOJ1b30BaJ1HCb TOnb-
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X1 Xi X6 PHc.2. H.nJIIOCTpa'-\HH K ¢opHyJie /3/. 
IlyHKT!ipOM noKa3aHo npep;noJiaraeMoe 
noJioJKemte KaMepbi. 

AC 

.. 
~ 

PHc.3. 3aBHCHMOCTb cp;BHra no 
KOOp,IJ;HHaTe OT TaHreHCa yrJia 
nap;eH!iH ll)T'IKa ,[\JlH tl:eTbipex BHyT
peHH!iX X KaMep; 3KcnepHMeH-

1.6 

1,2 

• 
Q8f ~ 

------~ 0,4 ~ • 
6

/ ----------... 

~-

0.6 0.8 

-Q8 

-1,2 ' 
TaJibHbie TOtl:Kii annpOKCHMHpOBaHbl -1.6 
¢opMyJIOH /3/. 

• i=2 

0 i =3 

' i =4 
• i •5 

1,0 tg.t: 

KO HOMepa cpa6oTaaw~x npoaonoK. C,qa~r a~pa~aeTcR 4epea co,qep
~~Moe KaHanoa r~cTorpaMM~ ~ paccTORH~e Me~,qy c~rHanbH~M~ npo
~uJIUKi::lMI-1 :; cne,qyiOlliiiiM oopa3oM: 

n 
C=± S • -----, 

N+n 
/4/ 

r,qe N - co,qep~~Moe KaHana, cooTaeTCTBYIOU1ero !'J. = 0; n - co,qep
~~Moe KaHana, COOTBeTCTBYIOU1ero !'J. = + 1 ~n~ -1 ; 3HaK C COOT
BeTCTBYeT 3HaKy /"J.. PeaynbTaTbl o6o111x MeTo,qoa B~4~cneH~R c xi coa
na,qaiOT a npe,qenax +0,04 MM. 

reoMeTp~4eCKJ.1e nonpaBK~, HaJii,qeHHble C ~CnOnb30BaH~eM ~H<)>op
Ma4~~ o HOMepax cpa6oTaaw~x npoaonoK, yT04HRn~cb c ,qo6aaneH~eM 
111H<)>opMa4~~ o apeMeH~ ,qpe!li<)>a cne,qy10111~M cnoco6oM. 

TpeK~, nony4eHHble no,q yrnoM a • 0°, paa6~aan111cb Ha aoceMb 
rpynn, OTn~4aiOU1~XCR y KOOPA~HaTOH: 5<y1.::;10, ..• 40 <y8 ,:;; 45 
/yKa3aHbl HOMepa npoaonoK/. AnR Ka~,qoili KaMep~ cTpo~nocb pacnpe
,qeneH~e !'J. • xT - x 3 ,qnR Ka~,qo!li rpynnbl TpeKoa /npo4e,qypa a~6opa 
TpeKa ~ano~eHa a cne,qy10111eM paa,qene/. Ha p~c.4a B~AHO, 4TO no
no~eH~e n~Ka ~MeeT C~CTeMaT~4eCKOe CMellleH~e B 3aB~C~MOCT~ OT 
rpynn~. TaKoe cMellleH~e aoaH~KaeT, ecn~ ~cnonbaoaaHH~e aen~4~H~ 

nonpaBOK C xi ~ tPxi OTn~4aiOTCR OT ~CT~HH~X. 0Tn~4~R !'J. C ~ !'J. tP 
CBR3aH~ co cpe,qH~M 3Ha4eH~eM pacnpe,qeneH~R ~ ~ cpe~Heili Koop,q~
HaToili rpynn~ Y cne,qyiOU1~M COOTHOWeH~eM; 

f\=Ac-y 3 ·sin/"J.tjJ::: Ac-y 3 '· !'J.tjJ. !51 

4 

.. 

100· 

so, 

60" 

40· 

20· 

0" 
-QB -Q4 0 Q4 

a 

r"n 

Q8fl(MM) 

-0,2 

-0,3 

1o.J 
I 

6 

• i= 2 
0 i= 3 
'i=4 
• i= 5 

PHc. 4. a - pacnpep;eJieHHe BeJIHtl:liHbi !'J. .. xT- x 'J B KaMepe X 5 
,ll;JlH ,IJ;BYX rpynn TpeKOB, OTJ1Htl:a10L111iXCH y KOOp,IJ;HHaTOH; 
6 - 3aBiiCHMOCTb IIOJIOJKeHHH IIHKa OT cpep;Hefl Y KOOp,D;HHa
Tbl rpynnbi ,IJ;JlH qeTblpex BHyTpeHHHX X KaMep; 3KcnepHMeH
TaJibHbie TOtl:KH annpoKCHMHpoBaHbi ¢opMyJiofl I 5/. 

Ta6JIH'-Ia 

IIapaMeTp cxi /MM/ tP xi /pap;/ !'J. zxi /MM/ 

TAuTTovr-

(jrepbl N T-N N T-N N T-N 

2 0,99 -0,04 0,0010 0,0014 0,14 (),25 
3 -0,31 -0,04 0,0006 0,0002 I ,45 0, II 
4 -0,37 -0,03 -0,0008 -0,0009 -I ,44 -0,16 
5 0,67 0,06 0,0000 0,0008 -0,51 -0,19 

Ha pa-~c. 46 npc,qcTaaneH~ aaa~clo1MOCT~ A ( y), ~3 KOTOPbiX 6~n~ 
onpe,qeneHbl aen~4l-1Hbl !'J. c ~ !'J. tjJ ,qnR KalK,qoili KaMep~. 

C,qa~r~ KaMep no oc~ z YT04HRn~cb npaKT~4eCKJ.1 TeM lKe cnoco-
6oM, 4To ~ np~ l-1CnonbaoaaHJ.1111 TonbKO HOMepoa npoaonoK. A ~MeH
HO - ,qnR Ka~,qoili KaMep~ ~3y4anacb aaa~c~MOCTb cpe,qHeili aen~4HHbl 

pacnpe,qeneHHR !'J. = xT- x3 oT yrna na,qeH~R ny4Ka, KOTopaR TaK~e 
J.1MeeT BH,q: ~ = !'J. z.tg a. 

B Ta6n1114e cae,qeHbl peaynbTaTbl B~4~cneH~R acex reoMeTpH4eCKHX 
nonpaaoK no HOMepaM npoaonoK (N) H YT04HeHHR no apeMeHH ,qpeili
$a(T-N).Ha 3TOH Ta6nH4bl MOlKHO 3aKni04~Tb,4TO ~cnonb30Bi::lHHe TOnb
KO HOMepoa npoaonoK np111 ,qoaonbHO He6onbWOM Konlo14eCTBe TpeKoa 
/nopRAKa HeCKOnbK~x TbiCR4/o6ecne4~BaeT T04HOCTb nonpaaoK no
PRAKa 0,1 MM,4TO anonHe AOCTi::lT04HO ,qnR MHOrHX <)>J.13H4eCKJ.1X 3KCne
p~MeHTOB. 
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3. APE~~OBWE XAPAKTEPHeTHKH 

ApeA~oa~e xapaKTepMCTMKM M3BneKanMcb MeTOAOM nocneAOBaTenb
HbtX npM6nM>KeHMH M3 MHciJOpMal.IMM, nony4eHHOH Ha ny4Ke 4aCTMl.l. 

Ha nepBoM 3Tane Mcnonb3oaanocb HeKoTopoe Ha4anbHoe npM6nM
>KeHMe AnH 3aBMCMMOCTM paccTOHHMH TpeKa AO cMrHanbHoA npoaono
KM 1'1 X 10 ~ 1'1 X~ 5 MMI OT BpeMeHM ApeActJa t. Ha OCHOBe 3Toro npM-
6nM>KeHMH 4epe3 KOOPAMHaT~ 4aCTMl.l B ABYX onopH~X KaMepax(X1,X~ 
npoBOAMnacb onopHaH npHMaH. PaccTOHHMHM 1'1 x oT 3TOA npHMoA 
AO 6nM>KaHWMX CMrHanbH~X npOBOnOK BO BHyTpeHHMX KaMepax, B~-
4MCneHH~X c y4eToM reoMeTpM4eCKMX nonpaBoK, conocTaBnHnMcb 
COOTBeTCTBY~~Me 3aperMCTpMpOBaHH~e BpeMeHa ApeActJa t. B pe3ynb
TaTe AnH Ka>KAOH KaMep~ o6pa30B~BancH Ha6op T04eK !Ax, ti,KOTO
PbiH MCnonb30BancH AnH onpeAeneHMH napaMeTpOB APeActJoBoA xapaK
TepMCTMKM IAnH Ka>KAOH KaMep~l. 3aAaBaeMoA B BMAe: 

1'1 X ( t) = a I 1 - exp r- b ( t- fo) l I . 
161 

rAe a M h - cBo6oAHble napaMeTp~; to - annapaTypHbtA napaMeTp, 
cllMKCMpoBaHH~A AnH Ka>KAOA KaMep~. AnnpoKCMMal.IMH Ha6opa T04eK 
!1'1 X,t! ciJYHKl.IMeH 161 npOM3BOAMnacb MeTOAOM HaMMeHbWMX KBaApa
TOB C MCnOnb30BaH~eM CTaHAapTHOH nporpaMM~ MMHMMM3al.IMM ciJYHK-

' '7/ l.IMOHana - FUMILI 1 
• 

Ha cneAY~~eM 3Tane onopHbte KaMepbt MeHHnMcb IHanpMMep -X 2 , 
X5 I, M npOl.leAypa nOBTOpHnacb Ha OCHOBe HaHAeHH~X 3Ha4eHMH 
napaMeTpoB aM n. LMeHa onopH~x KaMep no3BOnHna HaXOAMTb napa
MeTp~ APeH$OBOH xapaKTepMCTMKM He3aBMCMMO B Ka>KAOH KaMepe, 

Haxo>KAeHMe onopHoA npRMoA ocno>KHRnocb neBo-npaBoA Heonpe
AeneHHOCTb~, M3-3a KOTOpOH B Ka>KAOH KaMepe He06XOAMMO paCCMaT
PMBaTb no ABe T04KM: x( N) ±i\ x( t), rAe X( N) - KOOPAMHaTa, 3a
perMCTPMPOBaHHaA no HOMepy npoaonoKM. KpoMe Toro, npM npoxo>K
AeHMM 4aCTMl.l~ nocpeAMHe Me>KAY ABYMH npOBOnOKaMM B03MO>KeH c6oA 
KOAa, npM KOTOpOM, 6narOAapH npMMeHeHM~ KOAa rpeH, 3anMC~BaeT

CH HOMep OAHOH M3 cpa6oTaBWMX npOBOnOK M MeHbWee M3 BpeMeH 
APeActJa, T.K. OHO 3anMC~BaeTCA OAHO AnH BCeA KaMep~ 'l ·. no3TOMy 
He06XOAMMO paCCMOTpeTb e~e ABe T04KM B Ka>KAOH KaMepe C KOOp
AMHaTaMM: x(N+1)-tn(t)M x(N-1)+1\x( t).TaKf.1M o6pa3oM, B Ka>K,aoA 
onopHOH KaMepe MMeeTCH no 4eT~pe T04KM, 4epe3 KOTOp~e MOlKHO 
npoBeCTM WeCTHaAl.laTb npHM~X. OnopHOH C4MTanacb Ta M3 HMX, KO
TOpaH MMena HaMMeHbWee 3Ha4eHMe ciJYHKl.IMOHana: 

ll>k =. t ( x(k - x(k ) 7 17 I 
Ja!! 

rAe k - MHAeKC npHMoA; x& 
npHMOH C i -KaMepoA; ~~ 
MO>KH~XI, 6nM>KaAweA K X~ • 

6 

- KOOPAMHaTa T04KM nepeCe4eHMH 
- KOOPAMHaTa T04KM 1M3 4eT~pex B03-

\ 
I 

) 

3ToT anropMTM Haxo>KAeHMH ApeActJoBoA xapaKTepi1CTMKM npoBepHn
CH MeTOAOM MOHTe-Kapno. npoBepKa nOKa3ana, 4TO OH AaeT HeCMe
~eHH~e 3Ha4eHMH napaMeTpoa Aa>Ke B cny4ae 3aAaHMH 3aBeAOMO nno
xoro IHanpMMep, nMHeAHorol Ha4anbHoro npM6nM>KeHMH AnH APeActJo
aoA xapaKTepMCTMKM. 

e l.lenb~ nony4eHMH Ha4anbHoro npM6nM>KeHMH AnH APeAcllOBbtX xa
paKTepMCTMK MCnOnb30BanMCb MHTerpanbH~e BpeMeHH~e cneKTp~ CMr
HanoB c AK ' 4• B/. ey~HOCTb 3Toro cnoco6a cocTOMT B TOM, 4To npM 
paBHOMepHoM no KOOPAMHaTe o6ny4eHMM AK AMcllctJepeHl.IManbH~A Bpe
MeHHoA cneKTp CMrHanoB lpMc.5al OTpa>KaeT 3aBf.1CMMOCTb APeActJo
BOH cKopocTM oT BpeMeHM APeActJa: dN I d t = dN I dx· dxl dt= const.v( t). 
no3TOMY MHTerpan OT 3TOrO CneKTpa lpMc.561 C T04HOCTb~ AO Hop
MMpOB04HOrO K03$ciJMl.IMeHTa npeACTaBnHeT APeActJoBy~ xapaKTepMCTM
Ky: 

1'1 x( t) = .:.s... _NitL , 
2 N 181 

rAe N(t)- 4MCno co6~TMH Ha KpMBOA MHTerpanbHOrO cneKTpa B T04-
Ke t ; N - non Hoe 4Mcno co6btTMA B cneKTpe. Ha4anbHbte napaMeT
P~ APeActJoa~x xapaKTepMCTMK nony4anMCb annpoKCMMal.IMeA MHTerpanb
H~x BpeMeHH~X cneKTpOB 181 ciJYHKl.IMeA 161. 

Pe3ynbTaTbt o6pa6oTKM MHciJopMal.IMM, nony4eHHoA Ha ny4Ke 4aCTMl.l, 
noKa3anM, 4TO npolleAypa nocneAOBaTenbH~x npM6nM>KeHMA npaKTM4e
CKM He MeHHeT Ha4anbH~X 3Ha4eHMH napaMeTpOB APeHciJOB~X xapaKTe
n~rT~~ ~Tn n~~~U~PT UTn ~~TPrn~nh~hiP RnPMP~~hiP rnPWTnhl MnrVT . -
6btTb Mcnonb3oBaHbt AnH npAMoro onpeAeneHMH APeActJnBbtx xapaKTepM-
CTMK. Ha PMC.5B noKa3aH pe3ynbTaT annpOKCMMal.IMM Ha6opa T04eK 
IAx,t! APeActJoBoA xapaKTepMCTMKOH c napaMeTpaMM, B3HT~MM M3 
MHTerpanbHoro cneKTpa lpMc.561. 

Ha p1o1c. 6 nplo1BeAeHbt APeActJoBbte xapaKTepMCTMKl-1, nony4eHHbte AnH 
pa3H~x yrnos naAeHMH ny4Ka. ey~ecTBeHHaH Henlo1HeAHOCTb xapaKTe
Pl-1CTlo1Klo1 B03Hlo1KaeT AnA 4_acTlo1l.l, npoxoAH~l-1x npMMepHo nocpeAMHe 
Me>KAY Clo1rHanbH~MM nposonoKaMM npM Man~x yrnax naAeHMA. Bonpoc 
o HenMHeAHoCTl-1 APeActJosoA xapaKTepMCTlo1KM B KaMepe AaHHoA reoMeT
PMM pa36MpanCA B pa6oTe 19

'. 0AHaKO TaM 6~nM nony4eH~ cy~eCTBeHHO 
6onee nl-1HeAH~e xapaKTepMCTlo1Klo1. Pa3nl-14Me o6bHCHHeTcH l-13MeHeHl-1eM 
ra30BOH CMeCl-1. B HaCTOH~eA pa6oTe AnH nony4eHMH YCTOH4MBOro ere 
pe>KMMa lo1CnOnb3yeTCH 3Ha4lo1TenbHaH A06aBKa MeTlo1nanH, KOTOpaH npM
BOAlo1T K yMeHbWeHM~ CKOpOCTM APeHctJa 3neKTPOHOB npM ManoA HanpH
>KeHHOCTl-1 3neKTPM4eCKOrO nonR. 

AnA onpeAeneHMH Bl-1Aa APeActJosoA xapaKTepMCTlo1KM, OTBe4a~~eA 

npolo13BonbHOMy yrny naAeHlo1H TpeKa, napaMeTpbt, onpeAeneHH~e 
3Kcnepl-1MeHTanbHO np1o1 pa3H~x yrnax naAeHlo1H, 6~nM annpoKCMMMpo
aaHbt cneAY~~MMM ciJYHKl.IMHMl-1: 

{
a( MM) = 5,0·exp( 1,2 tg2a) 
b ( 1/Hc) = 0,021-0,014 tg2a 

191 
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Puc. 5. a - p;a¢HPepeH~HaJibHbiH spe
MeHHoil CileKTp CHI'HaJIOB C KaMepbl 
npa a = 0°; 6 - HHTerpanbHbiH speMeH
Hoil cneKTp; B - p;peil~oBaH xapaKTe
PHCTHKa ~K, noJiyqeHHaH nyTeM an
npOKCHMa~HH 3KCnepHMeHTaJibHb!X TO
qeK ~YHK~Heil .c\x( t)==al1-exp(-b(t-t0 )l!; 
B KaqeCTBe HaqaJibHOI'O npH6JIHXeHHH 
HCllOJib30BaH HHTerpaJibHbrn BpeMeHHOH 
cneKTp. 

Pac.6. CeMeilcTBO p;peil~oswx xapaKTe
PHCTHK; napaMeTpOM CJI~HT yroJI na
p;eHHH nyqKa. 

CeMe~cTso APe~$os~x xapaKTepMCTMK, npeACTasneHH~x Ha pMc.6, 
OTpa>KaeT COOTHOWeHMfl Me>KAY 3aperMCTPMPOBaHHbiM speMeHeM APe~$a 
M KOOPAMHaTO~ T04KM, B KOTOpO~ TpeK nepeCeKaeT OCb X. B Ae~
CTBMTenbHOCTM >Ke 3TO speMfl COOTBeTCTByeT KpaT4a~WeMy paCCTOfl
HM~ Me>KAY CMrHanbHO~ nposonoKO~ M TpeKOM. no3TOMY Anfl AK AaH
HO~ reoMeTpMM eCTeCTBeHHO npeAnOnO>KMTb a3MMyTanbHY~ CMMMeTpM~ 

APe~$080~ xapaKTepMCTMKM, 4TO CBOAMTCfl K cneAY~~eMy: 1/ xa
paKTepMCTMKa a BMAe /6/ Anfl a•0° onpeAenfleT nyTb APe~$a no 
nepneHAMKynflpy K TpeKy, M 2/ napaMeTp~ 3TO~ xapaKTepMCTMKM 
OAMHaKOB~ Anfl scex yrnos a. B COOTBeTCTBMM C 3TMM npeAnOno>Ke
HMeM 6~na onpeAeneHa KOOPAMHaTHafl T04HOCTb AK npM paaH~x yr
naxa, C MCnOnb30BaHMeM COOTHOWeHM~: 

{ 

r( t)== 5,0 !1-exp[ -0,021( t-t )II. 
/10/ 

/\ X= r /cos a , 

rAe r - AnMHa nepneHAMKynflpa Me>KAY CMrHanbHO~ nposonoKo~ M 
TpeKOM. 0Ka3anOCb, 4TO KOOPAMHaTHafl T04HOCTb npM TaKOM cnoco-
6e aaAaHMfl APe~$oso~ xapaKTepMCTMKM npaKTM4ecKM He YXYAwaeTCfl 
no cpasHeHM~ c npeA~AY~MM cnoco6oM. 

4. KOOPAHHATHAR T04HOCTb 

KoopAMHaTHafl T04HOCTb AK onpeAenflnacb M3 pacnpeAeneHMfl oT
KnoHeHM~ 1'1 = xr -X" C MCnOnb30BaHMeM reoMeTPM4eCKMX nonpaBOK, 
s~4McneHH~x no speMeHM APe~$a. XapaKTepH~~ BMA pacnpeAeneHMfl 
L\ noKaaaH Ha pMc.4a. CTaHAapTHOe oTKnoHeHMe 3Toro pacnpeAe
neHMfl Anfl Ka>KAO~ AK a L\i CBfl3aHo c KOOPAMHaTHO~ T04HOCTb~ AaH-
HO~ KaMepbl a xi COOTHOWeHMeM: 

a.c\i = lj • axi• /11/ 

rAe ~ - reoMeTpM4eCKM~ $aKTOp, 3aBMCfl~M~ OT nonO>KeHMfl M3y4ae
MO~ KaMep~ no OTHOWeHM~ K onopHWM. B npeAnOnO>KeHMM OAMHaKOBO~ 
T04HOCTM scex AK /4To Ha npaKTMKe s~nonHfleTCfl nMWb npM6nM3M
TenbHo/ OH MMeeT BMA: 

1.=12[1-
1 

( Zxi -zxl 

zx6- z x l 
) ( 

Z X j - Z l 2 l/2 . + _____ x -) ] I /12/ 
zx6 - Z xl 

3aBMCMMOCTb KOOPAMHaTHO~ T04HOCTM, ycpeAHeHHOH no seeM AK 
M no APeH$osoMy npoMe>KyTKy, oT yrna naAeHMfl ny4Ka npeAcTasneHa 
Ha PMC. 7. 3KcnepMMeHTanbHble T04KM XOpOWO annpOKCMMMPY~TCfl <!>YHK
liMeH: 

ax (MMI)., 0,22/ COS a. /13/ 
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P:ac.7. 3aBHCHMOCTb cpegHeH Koop

AHHaTHOH TO~HOCTH AK OT yrna rra

AeHHH rry~Ka; 3Kcrrep:aMeHTanbHbJe 

TO~KH arrrrpOKCHMHpOBaHbl lPYHK~HeH 
ax /MM/"" 0,22/ COS a. 

TaKaR 3ae~c~MOCTb o6oRCHReTCR 4~CTO reoMeTp~4ecK~. nocKonbKY 
KOOPA~HaTHaR T04HOCTb no nepneHA~KynRpy K TpeKy OCTaeTCR Bee 
epeMR nocTORHHOill ar =ax(. 0°) = const, TO o6nacTb nepeKpbiT~R Tpe
Ka C OCb~ X AOnmHa MeHRTbCR nponop~~OHanbHO 1/COSa. ~3 3TOrO 
cneAyeT, 4TO c yeen~4eH~eM yrna naAeH~R TpeKa, HeCMOTPR Ha 
YXYAWeH~e T04HOCT~ BAOnb KOOPA~HaTHoil! oc~, yrnoeoe pa3peweH~e 
c~cTeMbl .LIK yny4waeTcR nponop~~oHanbHO co sa, T. K. ar- const , 
a 6a3a pacTeT nponop~~oHanbHO 1 /cos a • 

PacnpeAeneH~e OTKnoHeH~ill fl. /p~c. 4a/ He on~cbiBaeTCR Kp~eoill 
raycca. KaK 6blnO OTMe4eHO B pa6oTe I lUi. yw~peH~e pacnpeAeneH~R 
11Ha XBOCTaX11 MO>KeT 6b1Tb CBR3aHO C o -3neKTpOHaM~ TpeKa. no3TO
MY w~poKo pacnpocTpaHeHHblil! cnoco6 onpeAeneH~R T04HOCT~ .LIK no 
w~p~He pacnpeAeneH~R Ha nonyeblcoTe e npeAnonomeH~~. 4TO oHo 
HOOManbHOe. T. f'. n ~ ~ fwhm I 2. ~!)5. nniARn.~IAT "' ••r.,.~u·rTa<>uur"·"~' .,,_ 

BbiWeH~~ T04HOCT~. B HaweM cny4ae pa3H~~a MemAY AeillcTB~TenbHOH 
T04HOCTb~ ~ ee O~eHKOil! no HOpManbHOMy 3aKOHY AOBOnbHO Cy~eCT
BeHHa- 0,22 MM ~ 0,15 MM COOTBeTCTBeHHO. 

Ha~ny4WaR T04HOCTb, nony4eHHaR AnR OAHOH ~3 KaMep no o6~e
np~HRTOMY cnoco6y, COCTaB~na 0, 11 MM np~ a"' 0 °, no-B~A~MOMY, 
AnR AaHHOH KaMepbl reoMeTp~4eCK~e nonpaBK~ oKa3an~cb Ha~6onee 
T04HbiM~; KPOMe TOro, norpeWHOCTb B ware HaMOTK~ C~rHanbHOil! 
npoeonoK~ B 3TOH KaMepe MOrna 6b1Tb MeHbWe, 4eM B OCTanbHbiX. 

5. 3AKJ1104EH~E 

TaK~M o6pa3oM, AaHHaR KOHCTPYK~~R .L\K, npo~eAypa nony4eH~R 
APeiii$OBbiX xapaKTep~cT~K ~ ~x Hen~HeHHOCTb, a TaKme ~cnonb3oea
H~e CrC pem~Ma He YXYAWa~T KOOPA~HaTHOill T04HOCT~ no cpaBHeH~~ 
CO CTaHAaPTHbiM ypOBHeM -/0,1-0,2/·MM. 

ABTOPbl Bblpama~T ceo~ np~3HaTenbHOCTb B.B.Kpyrnoey, A.B.Kyn
~oey, A.C.4Bblpoey 3a none3Hble o6cymAeH~R, Jl.Jl.HeMeHoey - 3a 
~HTepec K pa6oTe ~ ee nOAAepmKy. 
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H3nare nbCKHA ornen 06benH He HH OrO HH CTHTYTH HnepHNX HCCnen oeaHH A 

AneKceea r.a .• KanMHHHa H.A., Xa3HHC a.M. 
XapaKTepHcTHKH nonyMeTpoawx ApeA~awx KaMep, 
pa6oTa~HX a CaMOrac~-eMC~ CTPHMePHOM pe~ 

P13-82-42 

OnHcwaaeTc~ MeTOAHKa nony~HH~ reOMeTpH~eCKHX nonpaaoK, ApeA~awx xa
paKTePHCTHK H KOOPAHHaTHOA TO~HOCTH CHCTeMW nonyMeTpoawx ~A~awx KaMep. 
PaccTo~HMe MellfAY aHOAHIIIMH npoaonoKaMM KaMep - 1 0 -, noTeH .. Man .. Hwe npoao
noKH, KOTOpwe o6w~HO HCnon .. symTC~ a APe~awx KaMepaX, OTCYTCTBymT. KaMepw 
pa6oTamT 8 CaMOrac~-eMC~ CTpMMepHOM ~MMe. XapaKTepHCTHKH KaMep H3MepeHW 
Ha ny~Ke nMOHOa c 3HeprHeA 80 M3B. YKasaHHwe oco6eHHOCTH He npHao~T K sa
MeTHOMy yxy~eHMm KOOPAHHaTHOA TO~HOCTH KaMep. CpeAHeKaaApaTH~Ha~ OWH6Ka 
M3MepeHM~ KOOPAHH8TW TpeKa, ycpeAHeHH8~ no aceA CMCTeMe KaMep, COCTaanReT 

0,2 -· 

Pa6oTa awnonHeHa • na6opaTOPMM ~AePHWx npo6neM OHRH. 

C~eHHe ~HeMHOrO MHCTMTYT8 ~AePHWX MCCneAOBaHHA. ay6Ha 1982 

Alekseev G.O., Kallnlna N.A., Khazlns O.H. P13-82-42 
Characteristics of Half-Meter Drift Chambers 
Operating in Self-Quenching Streamer Mode 

The methods to obtain geometrical corrections, drift characteristics 
and coordinate accuracy for the half-meter drift chamber system Is descri
bed. The distance between anode wires in these chambers is 10 mm, potential 
wires which are usually used In drift chamber are absent. The chambers ope
rate In self-quenching streamer mode. Their characteristics are measured at 
80 MeV pion beam. The denoted features do not worsen remarkably the chamber 
coordinate accuracy. The mean square deviation In measuring track coordina
tes averaged over the total chamber system Is 0.2 mm. 

The Investigation has been performed at the Laboratory of Nuclear 
Problems, JINR. 
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OepeaoA O.C.BMHorpaAoaoA. 


