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Beeoeuue 

,lJ;eyxMeTpOBaH rrporraHOBaH· ITY3blpbKOBaH KaMepa OIUIH 
/,lJ;TilK-5OO// 1/6b1Jia 06ny,.1eHa B rry'IKe 1T-•Me30HOB C HMITYJib• 

coM /40,00±0,24/ r3e/c Ha· yc1<opuTeJie 114>B3 /Ceprryxoe/. 

B pa6oTe / 2/ ,ll,aHO OITHCaHHe OITTH'leCKOH CHCTeMbl KaMepbl 

H MeTO,ll,HKH orrpe,!1,eJieHHH OITTH'leCKHX K0HCTaHT. 

B HaCTOHil.leii pa6oTe rrpHB0,ll,HTCH HeK0T0pbie MeT0,ll,H'ieCKHe 

pe3yJibTaTbl o6pa60TKH co6bITHH, 3aperHCTPHPOBaHHblX B KaMepe: 

,ll,aHHbie 0 T0'IH0CTH orrpe,!1,eJieHHH rrpocTpaHCTBeHHbIX KO0p,!1,HHa T 

B KaMepe; BbI6op 3¢¢eKTHBHOH o6JiaCTH perHCTpaUHH 3Be3,ll,, 

y ·KBaHTOB H HeiiTpaJibHblX CTpamthIX qacTHU; OWH6KH H3MepeHHH 

yrJIOB H HMITYJibC0B BT0pH'IHblX qacTHU, a TaK)Ke T0'IH0CTb orrpe­

,ll,eJieHHH rrapaMeTpOB y ·KBaHT0B H KpHTepHH BbI,ll,eJieHHH T0PM03" 

HblX }' "KBaHTOB. 

§I. TO'IHOC111b onpeoe11eHUJI npoc111pauc111aeHHblX KOOPOUHQ111 
e KaMepe 

,lJ;nH orrpe.neJieHHH T0'IH0CTH B0CCTaH0BJieHHH K00PllHHaT B rrpo­

CTpaHCTBe KaMepbl 6blJIO rrpOH3Be,ll,eH0 H3MepeHHe KO0p,!1,HHaT 

KpeCTOB, pacrr0JI0)KeHHblX Ha eepxHeM CTeKJie H ,ll,He KaMepbI. 

PacrrOJIO)KeHHe KpeCT0B H BbI6paHHble rrpH 3T0M H3MepeHHH CHCTe· 

Mb! KO0p,ll,HHaT H3o6pa)KeHbl Ha pHC. la, 16. CHcTeMa K00PllHHaT, 

HCITOJib3yeMaH B KaMepe rrpH o6c'leTe co6bITHH, rrpHBe,ll,eHa Ha 

pHC. 1B. 

Ha pnc. 2 /a,6/ rrpHBe,ll,eHbl pacrrpe,ll,eJieHHH OTKJIOHeHHH H3" 

MepeHHbIX KOOPllHHa T X " y KpeCT0B OT HX ITOJI0)KeHHH Ha 

CTeKJiax KaMepbI. Ka)K,ll,aH T0'IKa Ha pHCYHKe C00TBeTCTByeT 

cpe,ll,HeMy H 3 4- X He 3aBHCHMblX H3MepeHHH Ka)K,ll,0ro KpecTa. 

Cpe,!1,HeKea.npaTH'iHOe 0TKJI0HeHHe H3MepeHHbIX K00p,ll,HHaT OT rro­

JIO)K~HHH KpCTOB Ha ITJIOCK0CTH XY 0Ka3aJI0Cb paBHbIM y' <r 2::,= 

= ,JII\X)2 +(i\})2 ,l/iJ±i) MKM, rrpn 3T0M H3MepeHHH KPCCT0B Ha 

CTeKJie H ,!),He KaMephl IT0Ka3ann, 'IT0 T0'IH0CTb B0CCTaH0BJieHHH 

Z ·KOOp,!1,HHaTbl e cpe,!1,HeM C0CTaBJIHeT /440±60/ MKM. 

3 
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IIpnee,neHHhle norpelllllOCTH xapaKTepH3YJOT onTnqecKyro CHC • 
TeMy KaMepbI H nporpaMMy peKOHCTPYKUHII KOOp,nnimT /JI_ Cqu­
Tanocb, qTo 4-KpaTHOe H3Mepenue KpeCTOB HCKmoqaeT OWH6KH 
H3MepeHHil:. , , . . 

):(mi oueHKH H3MepHTenbHoil: owit6KH ·e onpe,neneHHH npocTpan~ 
CTBeHHbIX KOOp,L\HHaT TOqeK B Ka~epe 6binH J{Ba)K,L\hl_ H3MepeHbl 
Koop,nHHaTbl ToqeK B3aHMo,neil:CTBHH. nepBH~HhIX ri- ·Me30H0B H 
ToqeK KOHBepCHH y "KBaHT0B no BCeMy 06'beMy KaMepLI. B Ta6nuue' 
l npHBe,neHbI nonyqeHHbie 3HaqeHHH cpe,nHeKBa,npaTuqni1x owi16oK 
H3MepeHHH npocTpaHCTBeHHbIX Koop,nHHaT X ;Y H Z .nnx e ± H 
TT- - Me 30HOB. CooTBeTcTeyromue pacnpe,neneimx eenu•mn u 
a H a 6nH3KH K HOpManbHbIM. X y z 

§2. Bb16op 3¢¢eKT11UBHoii 0611ac111u pezuc111pa11uu 3Be3o 
U y • KBUHTIIOB 

):(nx Bbl6opa 3<P<PeKTHBHOH o6nacTH perHCT})aUHH 3Be3,n B KaMepe 
6bmH nocTpoeHbl pacnpe,neneHHH no KOOp,nnHaTaM X, Y, Z, yrny 
f3 B nnOCKOCTH XY H TaHrency rny6HHHOro yrna a , OTH0CHIUHecx 

K nepBHqHblM TpeKaM, ;:i;aromHM 3Be 3;:ihl B l H I I non0BHHax 
KaMepLI /puc. 3 H 4/. 3TH pacnpe,nenennx cornacyroTcx c none­
peqHbIMH pa3MepaMH nyqKa, nonyqeHHbIMH C noMOIUblO cqeTqHKOB 
/pHc. 5/. Ha ocnoeannu 3THX pacnpe.nenennil: 6Lina Bb16pa11a 
3<P<PeKTHBHax o6nacTb .nnx perucTpaunu 3BeJ,n B nepeoil: nonoBHHe 
KaMepbI: 

- 4 CM :S X 1 :S 6 CM 

· 88 CM <Y < -33CM 
- I -

22 CM $_ Z I ;S 28 CM 

1,557 pa,n :S {3 1 :S 1,572 pa,n 

-0_013 ~ tga
1 

:s 0,009,. 
BO BT0poil: nonoBHHe KaMepbI: . 

6 

- 3 CM < X < 7 CM 
- II -

15 CM <f < 70 CM 
- II -

22 CM ~ l 11 ,S 28 CM 

1,543 pa,n :; B 
11 

<;;;. 1,562 pa,n 

-0,012 i tg a :,; 0,006. 
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YrJIOBOH pa36poc qacTHU B ny'IKC no .namlhlM C'ICT'IHKOB 

COCTaBJI.!IJI /'J.{3,,,,Q,6 Mpa.n, a /'J.tga""O,5x1O-~ 

Pa3MCphI 3$$eKTHBHoii o6JiaCTH perHcTpauHH y -xBaHTOB 

H V0 -qacTHU no OC.!IM X H f onp,e,neJI.!IJIHCh B03MO)Kl{OCThlO H3Me­

peHH.!I npo,nyKTOB pacna,na. Ilo OCH X 3ip$eKTHBHa.!I o6JiaCTh pc -

rucTpaUHH 6LIJia B3.!1Ta OT - 20 CM .no + 20 CM, .no OCH )' B I -oii 

noJIOBHHe xaMepLI - 90 CM ::; Y1 :::;- IO ·cM H no I I-ii noJIOBHHe 

10 CM ::: Y 11 ~ 90 CM. )];JIH onpe,neJieHHH. 3ipipeKTHBHOii o6JiacTH 

perHCTpauHH y -xnaHTOB. H V0 
-qacTHU no ocH Z 6Lma c,neJiaHa 

cneuHaJILHa.!I npoBcpKa: BapLHPOBaJiaCL-06JiaCTh perHCTpaUHH 

y-xnaHTOB no OCH Z npH nocToH1111oii 3$$eKTHB11oii o6JiacTH pc­

rHCTPaUHH 3BC3,D;. 

B cJiyqae o,nHuaxoBoH qyncT~HTCJihHOCTH ~aMephl no rJiy6Huc 

noJIHOe 'IHCJIO Y -xnaHTOB C Y'ICTOM 3IPIPCKTHBHOCTH HX pcrHCTpa­

UHH .nom1rno OCTaBaThC.!I nocTO.!IHHhlM B npe,neJiax CTaTHCTH'ICCKHX 

OWHfiOK. Pe3yJILTaThl HCC,JICJlOBaHH.!I npHBCJlCHhl B TafiJIHUC I I. 

BH.D;HO, 'ITO, Ha'IHHa.!1 -c HHlKHCH rpaHHUhl o6JiaCTH perHCTpaUHH 

3BC3Jl /28 CM/, HMCCTC.!1° TCHJlCHUHJI K YMCHhWCHHlO cyMMhl BCCOB 

y -KBaHTOB. 3TOT 3ip¢ci<T 06'h.!ICH.!ICTCR He,nocTa TO'IHhlM OCBCIUCHH -

CM pafioua .nua KaMephl. liCXOJlJI H3 noJiy'ICHHhlX ,naHHhlX, JlJl.!I 

perHcTpauHH y -xBa.11-i-oB H · V" -qacn1u 6Lma aL16pa11a o6nacTL 

no l OT 2 .no 30 CM. )].JI.ff ~UCHKH noTeph y -KBaHTOB, JICTRIUHX 

B HHlKHlOlO nonyc¢cpy~ fihlnri npoa11anH3npoBaHo-pacnpe.nenc11Hc 

y-KBaHTOB no a3HMyTaJibHOMY yrny rp B nnoCKOCTH, nepneHJlHKy-

JIRPHOH 11anpaBJICHHlO nepBH'IHOro TpcKa. 

Ha PHC. 6 npc,ncTaBJICHO pacnpe,nencHHe y -KBaHTOB c Y'ICTOM 

3ipipeKTHBHOCTH HX pcrHcTpaUHH no a3HMyTaJI.hHOMY yrJiy. Hcxo.nH 

H3 Toro, 'ITO pacnpc.nencHHC )' -KBaHTOB no a3HMyTaJihHOMY yrny 

JlOJllKHO fihlTh H30TponHhlM, H, C'IHTaH, 'ITO BCC y -KsaHThl, JICTR­

IUHC B BcpXHlOlO nonycipcpy, perHCTPHPYlOTC.!I, MOlKHO OUCHHTh 

nonpaBKY K 061UCMY 'IHCJIY 3aperHCTpHpoBaHHhlX: y -xnaHTOB. Ona 

oxaJanacL panuoii 1,09. AminorHtJ:Hoe pacnpe.ncneHHe .nnH TpcKon 

H3 3BC3Jl npHBCJlCH0 Ha PHC. 7: KaK BHJlHO H3 PHCYHKa, nonyqeH­

uoe pacnpencneuHe B npc.nenax cTaTHCTH'ICCKHX owH6oK cornacy­

CTCJI C H30TPOIIHhlM, T.e. IIOTepeH cne,noB, HJlYIUHX BHH3, MOlKHO 

npette6pctJ:L. 

§3. BblOeAeHue 1110PM03Hb1X y - l(BQHTIIOB 

)].n,i BhlJlCJICHHfl 1opM03HhIX }' -KBaHTOB 6LIJIH paCC'IHTaHhl 

3ipipcKTHBHLIC Macchi nap r -Kna1110B Myy, ,nm, co6LITHH c 'IHCJI0M 

y-KBaHl0B ;,: 2. )]..llfl 'rrap ·} ~KBaHT0B C M )'} :.:_3Q M·rn/c 2 fihIJIO 

IIOCTpOeH0 HMnynLCH0C pac.rrpcJI,l'JICHHe }' -KnaHT0B, HMClOIUHX 

MCHhlllYJO BCJIH'IHHy HMilYJlbl:l /pit<. 8a/. 
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f.26 2.5{ 3.71 5,03 ( paOUQH) 

~2 1" 3,Y2 2f' 

Pacnpe,neJieHHe TpeKOB HJ JBeJ.n no aJHMyTaJibHOMY 

·/ 

KaK BH,D;HO HJ pHCYHKa, :no pacnpe.neneHHe xopowo onHCbIBaeT· 

CJI JaKOHOM l /Py , qTo O)KJf)J;aeTCJI J];JIJI TOPMOJHblX y ·KBaHTOB. 

AttanorHqHoe pacnpe.neneHHe ,D;JIJI nap y ·KBaHTOB C 34><lieKTHBHOH 

Maccoii B HHTepnane 30 MJB/c 
2:S:Myy _::; 60 MJB/c 

2 
peJKO OTJIH• 

qaeTCJI OT JaKOHa 1/Py /pHC. 86/. Ha pHC. 9 npe,ncTaBJieHO 

pacnpe.neneHHe nap y -1rnaHTOB c M yy _::; 60 MJB/c 2 no yrny 

HX paJJieTa 0yy .Co6LITHJI C 34><lieKTHBHOH Maccoii M yy,Jie:lKameii 

B HHTepBaJie 30 M:rn/c 
2 .::;.Myy _::; 60 M-:rn/c 

2
• Bbl,D;eJieHbl.~ITPHXOB· 

KOH. Ha OCHOBaHHH 3THX pacnpe.neneHHH 6LmH BLI6paHbl cne.nyro­

lI.IHe KPHTCPHH ,IlJIJI Bbl,D;eJieHHJI TOPMOJHLIX y ·KBaHTOB. 

TopMOJHblM cqeTaeTCJI y ·KBaHT HJ napLI, ,IlJIJI KOTOpoii 

a/ Myy ::, 30 MJn/c 
2

, 

6/ yron paJJieTa 0 ::, 0,025 pa.n, HMelOII.IHH MeHLWHH HMnyJILC 

H pacnoJIO)KeHHblH ,naJILWe OT JBeJJ];bl. O611.1ee qucno y ·KBa.HTOB, 

y.nonJieTBOpJIIOII.IHX 3THM KPHTepHJIM, COCTaBJIJleT ""3°/o OT noJIHoro 

qecna JaperecTpeponaHHLIX y KBaHTOB. 

+ §4. Tot.tnocmu U3MepenuR napaMempoe mpe,we " - • Me3onoe, 
311e1<mponoe u no3umponoe 

XapaKTepHCTHKOH KaqecTBa HJMepeHHJI TpeKOB j!BJIJIIOTCJI ne­

JIHqHHbl X \y H X ~ paccqHTaHHbie Ha 0.IlHY CTeneHL cao6o,nLI I 4/. 
,r:i:n,i BbI6opa KPHT~PHJI xopowero HJMepeHHJI 6LIJIH nocTpOeHbl 

pacnpe,neJieHHJI TpeKOB nepaHqHLIX TT-·MeJOHOB, a TaK:lKe JJieKT· 

POHOB H nOJHTpOHOB OT y ·KBaHTOB no 3THM BeJIHqHHaM/pHC. 10/. 

Ha OCHOBaHHH npene,neHHLIX pacnpe.neneHHH 6LIJIH BbI6paHbl KPHTe· 

PHH xopowero HJMepeHHJI TpeKOB: X ~y< 3,5, Xi-< 3,5. Cpe,D;HHe 

JHaqeHHJI ,IlJIJI TpeKOB JJieKTpOHOB H noJHTPOHOB 0KaJaJIHCL paa­

HblMH <x~?=0,74, <x!>= 0,87npH TeopeTHqecKOM JHaqeHHH 

<x2>=l. 
,r:i:n,i TpeKOB, y,noaJieTBOPJIIOII.IHX KpHTepHJIM, npHBe,neHHLIM Bbl· 

we, 6LIJIH onpe,neJieHbl OWH6KH HJMepeHHJI HMnyJILCOB e yrnoa. 

B Ta6JIHUe I I I npeae,neHLI cpe,nHHe OTHOCHTeJILHble OIIIH6KH HJ -

MepeHHJI HMnyJILCOB BTOpHqHLIX 1T ± ·MeJOHOB B JaBHCHMOCTH OT 

,D;JIHHbl TpeKa. 

Cne,nyeT OTMeTHTL, qTO cpe,nHJIJI J];JIHHa BT0pHqHLIX TpeKOB HJ 

JBeJ,n paBHa < L > = /31, 3 ±0,2/ CM, a TpeKH c ,IlJIHHOH > 20 CM 

COCTaBJIJIIOT 7O,3"/o. Ha pHCYHKe 11 npeBe,neHO pacnpe,neneHHe 

OTHOCHTeJibHLIX OIIIH60K B orrpe,neJieHHH HMnyJibCOB qacTHU, HMero­

lI.IHX ,IlJIHHy cne.na L > 20 CM. BH,nHo, qTo MaKCHMYM 3TOro pac­

rrpe,neJieHHJI COOTBeTCTByeT "" 6,5"/o. ,r:i:n,i JJieKTPOHOB H noJHTPOHOB 

< l'ti.P IP>= /12,6±O,3/"/o. Cpe,nHHe owH6KH HJMepeHHJI yrnoa ,nn,i 
TpeKOB BTOpHqHblX qacTHU HJ JBeJ,n paBHbl: 

<l'ti.tg a>= /0,0061±0,0001/, 
< ti. f3 > = /O,OO37±O,OOo'l/ pa.n. 
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):(nH :rneKTpOHOB H no3HTPOHOB </':,.tga> = 0,0175±0,0005, 
a < /':,. {3>= /0,0105±0,0003/ pa,ll. 

Ha OCHOBaHHH H3MepeHHLIX yrnoB H HMnynLCOB 3IleKTPOHOB 

H no3HTPOHOB C noMomLIO nporpaMMLI :no,q_roHKH. onpe,llenHilHCb 

napaMeTpLI y -KBaHTOB: HMnynLc, yron {3, tg a H x: hi . 
Cpe,llHHe TO'IHOCTH onpe,lleneHHJI napaMeTpOB y -KBaHTOB OKa3ailHCL 

paBHbIMH: </',,,P/P>y=/12,4±0,1/11/o, 
</),, tga >y = 0,00317±0,00003, 
</',,,{3> y = /0,0045±0,0001/ pa,ll. 

Ha puc. 12 npe,llcTaaneHo pacnpe,lleneHHe y -KBaHTOB no 
2 

BeilH'IHHe X y · raMMa-KBaHT C'IHTailCJI OTHOCHmHMCJI K 3Be3,lle, 

ecnu .llilH Hero X: < 11. Cpe,llHee 3Ha'leHHe <x}·= 2,55±0,05, 
c a y = 2,47. TeopeTH'leCKOe 3Ha'leHHe BenH'IHHbl < X ;> = .3 c 

ay = 2,45. 
):(nH npoaepKH BCeii CHCTeMbl o6pa60TKH co6LITHH 6bIIlH pac-

C'IHTaHbl 3<J><J>eKTHBHbie MaCCbl M yy ,llilJI nap y -KBaHTOB c X ~ < 11 

H yrnoM paJneTa fJ :::_oMIN - 2/':,.0MIN*,r.lle 0 
2M o AP 

AO = TT yy 
MIN M 20 + p 2 

TT yy 

= 2arr tg 
M 11° 

Pyy 

):(nH o6naCTH 100 M3B/C 2 s M yy s 170 M3B/c 
2

; '{TO COOTBeT­

CTByeT TpeM cTaH,llapTHblM OTKilOHeHHJIM .OT MaKCHMyMa pacnpe,lle -

,lleneHHll, cpe,llHee JHa'leHHe <M yy > = /136±2/ M3B/C 
2 

C 

aMyy = 14 M3B/c 2 • 3To JHa'leHHe xopowo cornacyeTCH c Ta6-

·nH'IHbIM JHa'leHHeM MaCCbl 11° -Me3OHa, paBHblM M 110 = 

= 134,975 M3B/C 
2

• 
KpoMe 3TOrO 6LIIlH paCC'IHTaHbl, 3<J><J>eKTHBHble MaCCbl ,llilll 

V0 -co6hlTHH A0 H K0 • pacna,llaromuxcii: no cxeMe A
O 

-• p 11+ H 

Ko + -
➔ rr TT • 

Cpe,llHHe 3Ha'leHHJI OKaJanHCb paBHblMH: 

di A0 > = /1,1163±0,0011/ r3a/c 2 

di Ko>= /0,4966±0,026/ r3a/c 
2 

Xopowee cornacue nony'leHHbIX 'Mace 11°-., /.;.
0 

-MeJoHoB 

H A0 -rnneponoa c ux Ta6nH'IHbIMH :311a'leHHllMH yKaJbrnaeT 11a 

OTCYTCTBBe 3~MeTHblX CHCTeMaTH'leCKHX ~wn6oK B onpeneneHHH 

HMnynbCOB H yrnoµ BblileTa BTOpH'IHblX qaCTHU, a TaK)Ke B HX 

H,lleHTU<PHKaUHH. 

*raMMa-KBaHTbl c yrnoM paJneTa, MeHbillHM 0= OMIN-2/1,0MIN' 
C'IJITanHCb npo.llYKTaMH pacna,lla pa3H.blX TT 

O 
- Me3OHOB. . 

20 

'_.~,, 

N 

mJ 

800 

600 

400 

200, 

2 6 14 48. 22 26 30 ~¾ p_ 

Pnc. 11. Pacnpe,lleneHHe OTHOCHTCilbHbIX own6oK onpe,llenennH 
HMnynLca BTOpll'IHLIX qaciuu c ,llilHHOH cne,lla L >20 CM. 

21 



z 

22 

• 

.o 
r-

C) 
~ 

,_ 
·~ 

....I 

C> 
~ 

"° -

,_.;s.. 

>< 
dJ = = :r = i:: 
dJ 
Ill 
0 
t:: 
Ill 
0 
i--= 
l3 
:.: 
;,,._ 

dJ 

= = dJ 
i:: 
dJ 
t:t 
dJ 
p. 
t:: 
(.) 

al 
0.. 

N -
0 
= 0.. 

B 3aKJIJ0lfeHHe aBT0PLI BLipa)KaJOT 6naro.napHOCTb K0JJJJeKTHBY' 
o6cny)KHBaIOmeMy 2 • MeTp0BYIO npona.HOBYIO J<aMepy, Be.nYUlHM HH -
)KeiJepaM: H.A.CMHpHoBy, H.A.Kop)KeBy H coTpy,nHHKaM CH3O 
H«l>B3 3a npoBe,neHHe o6nylfeHHR.MLI npH3HaTenLHLI HryeH ,ll;HH T1,1 
iI B.H.IleHeBy 3a none3HLie o6cf)K.neHHR, a TaIOKe 6naro,napHM 
iawHx na6opaHTOB 3a 6on1,wyro n0Mom1,, oxa3aHHYIO npH BLmon-

. HeHHH HaCTORmeii·pa6oTbl. 
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