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J1CCJIE,ll;OBAHJ1E PACTIA,ll;OB K_~ -ME30HOB 

Cne{\HaJibHOCTb 040 3KCnepHMCHTaJibHaJI l}lH3HKa 
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n11ccepTaU11H conep>KHT pe3ynhTaThl 11ccnenoaaH11H caoilcTB 

pacnanoa K: -Me30HOB .. ( 3KCnep11MeHTbl C KaMepoil 811nhCOHa), 

. 11ccnenoaaHHH HOBblX MeTOAOB q>ll3H'!eCKOI'O 3KCnep11MeHTa (co3-

naH1ie 3KCnep11MeHTanbHblX ycTaHOBOK) 11 oueHKII 3KCnep11MeHTanbHblX 

B03MOl!<HOCTeil C03AaHHblX II C03AaBaeMblX ycTaH0B0K. 

OcHOBHOil 3KcnepHM(lHTanhHblil MaTepnan nony,ieH B 1965 rony 

np11 o6pa6oTKe q>OTOI'paqinil 6onb1110n KaMepbl B11nbCOHa ( 100 X 

3 
X 60 X 17 CM ) ' K0T0pag 3KCn0H11poaanacb B ny,IKe MenneHHblX 

· • 0 0 
Ka0H0B B n88 0l1JH1. np11 BblB0Ae nC>A yrnoM 90 ;!:_2 0TH0CHTenb-

H0 np0T0HH0I'0 nyqKa CIIHXpoq>a30TpOHa, GpeAHHH Kl!HeT11qecKaH 3Hep-
o . 

I'HH KL -Me30H0B paBHHnacb 120 _MaB. KaMepa B11nbc0Ha 6bma 

ycTaH0BneHa a MaI'Hl!Te (8700 apcTen) a 6 M OT. Ml!llleHH ir per11cT

p11poBana oKono · 10 V O 
c06b1T11il B qac. 

KaMepa 3KCnnyaT11poBanacb COBMeCTHO C rpynnon ql1!311KOB 

J1HCTHTyTa q>H311KII .AH fpy3HHCKOfi CCP II n.Hn QJ1.H_J1, qacTb 

Ma Tep11ana 6bma o6pa6oTaHa B nas ( 4330 K\ - pacnanoa). 

B • /1/ 
npouecce aKcnep11MeHTa pe111ancH 11111poK1111 Kpyr 3anaq , aeKo-

. /2/. 
TOpble 113 HHX, ony6nHKOBaHHbJe B pa6oTe ' HBnmoTCH 0CHOBOil 

n11ccepTau1111. 

8 HallleM 3KCnep11MeHTe 6binll qeTK0 11neHTHq>IIUHpOB8Hbl 17° -Me-

30Hbl B pacnanax K0
L ➔ 3 17° 11 Ki➔ 17+ 17 - 17°. (no e+ e- napaM 

BHyTpeHHeil KOHBepc1111). nng aane>KHOil 11neHTHq>HKau1111 aneKTp0HOB 

ileo6xon11Mo 6binO npOll3BeCTII IIOHH3aUl!OHHbJe 113MepeHHH, KOTOpble 

ocymecTBnHnHCb nyTeM cpaBHeHHH onT11qecKoil nnOTHOCTII TpeKOB • 

Ebinll ycTaHOBneHbl Kp11Tep1111 np11MeHHeMOCTII IIOHH3aUH0HHblX 113Me

pea11n: nonyCTIIMbJe KOHq>11rypau1111 H3MepHeMOI'O TpeKa II TpeKa 

3 
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cpaBHeHl!H (penHTl!Bl!CTCKl!H MIO0H µn11 sneKTpOH' 113 K0HB8PCIIII 

qJ0HOBb~X y . -KBaHTOB)·. EbmO TaKlKe,'.ycTaH0BneH0, "ITO sneKTpOH 

II MIO.OH, sneKTP0H II JJl!0H A0CTaT0"lH0 HaAelKH0 (96%) pa3AensiroTCH 

B TOM cny-qae, ecn11 l!MJJYJibCbl ·coOTBeTCTB8HHO p ll < 85 MsB/c,. 

II P,r < 105 MsB/c (p11c. 1). 

~ 

"° 

45 

~ 

u 

1/J 

u 

• 

to"----~-....---........... ~..__._...._.._._~--
sa IOCl ISO lOO Prxa&1c,• 

P11c. 1. Kan116poBO"lHbJe Kp!!BbJe AnH l!0Hll3au110HHhlX 1!3MepeHIIH. 

OTHOCl!TenhHhle JJ0"lepHeHl!Sl TpeK0B pa3111!"1HbIX !!OHl!3aUl!H 

(no qJOTOrpaqil!HM MeTp0B0H KaMepb! B11nhCOHa). 3a 8AIIHll

uy npl!HHT0 JJ0"lepHeHl!e TpeK0B penHTIIBIICTCKIIX MIO0H0B. 
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3TH rpaHl!Ubl. 6hinl! ~IlP":AeneHhl Ha 0CH0B8HIIII Kann6pOB0"lHblX 

_Kpl!BbJX, nony"leHHblX AnH 0TH0CHTenhHblX "JJO"lepHeHl!H TpeK0B pe-. 

- nHTH~HCTCKl!X MIO0H0B, sneKTp0H0B II MeAneHHblX ( p < 200 MsB/c) 
IT 

. Ill!0H0B. Kann6pOBO"lHbJe Kpl!Bhie 110Kasan11, "ITO cymeCTByeT 3aBIICI!-

M0CTb M8lKAY 0TH0lli8H!leM l!0H1138UIIII II 0TH0lli8Hl!8M JJO"lepHeHl!H 

k 
l/l 0 =(F/F0 ),rAe I ,1 0 - l!0Hl!3aUl!H ABYX TpeK0B, F • F -

0 

JJ0"lepH8Hl!e TeX lKe TpeK0B, k - JJ(?CT0HHHaH. C .Apyrofi CT0p0HhI, 

Kan116pOBO"lHbJe Kpl!Bhle 1103B0l11!111! oueHHTb orn116KI! l!OHl!38Ul!OHl!blX 

1!3MepeHHH, nony"ll!Tb ylKe ynoMHHyThie rpaHl!"lHbJe IIMITynhCbl pas

AeneHl!H "laCTIIU, n, cneA0BaTeJJbH0, Heo6XOAl!Mble nonpaBKII 11p11 

Bbl"lllCneHl!I! sqiqieKTHBHOCTI! per11cTpau1111 11 OTHOCl!T811bH0H Bepo-

Ko + - o Ko o o o 
HTH0CTII pacJJaA0B ➔ IT IT IT L ➔ IT IT IT 

L L.....-, e+e-y, &.---. e+e-y 

I10Hl!38Ul!OHHhle 1!3MepeHIISI 11p11MeHnn11cb TaKlKe np11 1meH-

THqJIIK8UIIII KO - , K O - pacnaA0B B Tex cny"lanx, K0rAa IIM-
e3 3 11 · 

rrynhc "l8CTl!U 6hm AOC Ta T0"lH0 Man, 111111 AnH BbIAeJJeHl!SI 11p0T0H8 

B HeK0T0pblX pacnaAaX A
O ➔ p IT - • • OAH8KO, ecn11 AITH K0 ➔ 317 ° 

• L 

qJOTOMeTp11poBaH11e TpeK0B e + e - HBJJHJJ0Cb o6nsaTeJJbHOH npoueAy-

poA, TO AITH KO , KO ➔!7+17-170 pacnaA0B (ecn11 He C"ll!T8Tb 
e 3 L 

"leTblpexny"leBbie co6hJTl!H K ~ ➔ IT + IT - e+ e - ( y) ) l!0H1!38Ul!0HHbJe 

l!3MepeHl!H HBJJSIJJHCb T0JJbK0 A0JJ0JJHIITenbHblM Kp11Tep11eM l!AeHTII-

qJHKau1111. TeM He MeHee B HeK0T0pblX pacnaAax Ko 
•a 

YA8110Cb 

l!AeHTl!qll!UllpOBaTb sneKTp0Hbl II nony"lllTb B 1963 r. Ha116onee 

T0"!Hyro, 110 T0MY BpeMeH11, BeITl!"lllHY sapHAOBOH 8CHMMeTpllll 

B pacnaAax K~- ➔ ·,re·v 

R. =N:/ N: = 0,89 -t0,19. 

TeM C8MblM 6bJJJO JJ0K838-H0, "ITO Hapyrne1111e CP-l!HBapnaHTHOCTII 

/4/ 
He M0lKeT 6bJTb 3H8"111TeJJbHblM. KaK Tenepb 1!3BeCTH0 • T0JJbK0 

"lepes HeCK0JJbK0 neT 6h1na A0CTllrHyTa Heo6XOAl!M8H T0"lH0CTb 

-3 ( 10 ) • "lT06bJ 3aMeTl!Tb sapHA0BYIO 8CIIMMeTpmo B nenT0HHblX 

pacnaAax. 
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Llm1 onpeneneHl!ll napu11anbHblX BepOllTHOeTeti_ 3apmKe
0

HHbIX_ 

MOA paenana K ~-Me30HOB 11enonb3OBane11 eTaT11eT11'!eeKIIH nonxon. 

noeKOilbKY 11Mnynbebl KBOHa II HeHTpanbHblX nponyKTOB paenana 

Hel!3BeeTHbI, 6binll noeTpOeHbl pacnpeneneHllll e06bITIIH IlO napa- ,'

MeTpy 

E , 
Mg+Mt2 -mo 
- . ½ 
2(M2+P2)2 

t .l 0 

o Ko ( )2 
rne m

0 
11 M0 - MaeebI TT - 11 L -Me3oHoB, Mt • E+ +E_ -
- 2 

- ( p + - p _) -- scpcpeKTl!BHSll Maeea 3aplllK8HHblX '!aeTIIU, B npen-

nonolKeHIIII, '!TO OHi! llBilllIOTell 1T -Me3OH8Mtfj P.t o - nonepe'!Hblll 

l!Mnynbe HeHTp8IlbHOH qaeTl!llbl 11, enenoB~TeilbHO, E; - nonHall 

3HepI'llll K ~ -Me3oHa B e11eTeMe, B KOTOpoti npOAOilbHble eoeTaB

IlllIOIUIIe IIMilynbeOB BTOpll'!HblX 3aplllKeHHblX qaeTIIU paBHbl II npo

TIIBOilOilOlKHbl npyr npyry. Monennp0Ba1111e noKa3ano BeebMa_ 3Ha-

'IIIT8IlbHOe pa3Illl'llle napaMeTpa E; Ailll 
0 

K•a K
0
a1r 

0 
Kµa-

-paenanoB, '!TO IlO3BOil11IlO pa3nen11Tb napu11anbHhle BepOllTHOeTII 

eoo-rBeTeTBYIOIUIIX paenaAOB (p11e. 2). 

W(K:TT) ~ 
rL(TT+TT-TTO) 

_ ""0,194 + 0,023 
r L (Bee 38plllKeHHbie) -

W(K
0 

)= 
•a 

r (TT e II) 
L = 0,48 + 0,06 

r ( Bee 38plllKeHHble ) -
L 

W (K O 
) = 

µ3 
r L( 1rµv) = 0,32 + 0,05 

r ( Bee 3aplllK8HHbJe -
L 

B 1965 rony 3TH pe3ynbT8Tbl llBilllilllCb Ha116onee TO'IHblMII, 

11 IlO3lKe nonHoeTblO IlOATBepn11n11eb ASHHblMII, nony'!eHHblMII e no

/5/ 
MOIUblO npyroti M8TOAIIKII • Pe3yilbT8Tbl nan11 BO3MOlKHOeTb npo- _ 

0 
/), I = 1 /2 B nenTOHHblX paenanax KL -Me3OHOB. Bep11Tb npammo 
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. P11e. 2. 

N 

z Z(J(J 

' Z50 

ZIIO 

'i68 t;J99 .fZB 
E.' /f.,8 s, 

1/16 '1'16 1/78 '19J- .f08 

£_:.lf:14 -

N 
z 

♦18 t,t,8 '178'19J 5IJ8 538 £;, l'f:18 

PaenpeneneH1111 no napaMeTpy Es' (rpacp11K11 a,6,B). 

1 - r11eTorpaMMbl sKenep11MeHTanbHoro paenpenenemrn, 

2,3 - KpllBbie TeopeT11'leeK11X paenpeneneH11ti, HOpM11po

B8HHbie Ha nonHoe .;111eno eo6bITIIH ( 1082). KpllBble 

2 (a,6) - V - Bap11aHT B3a11MonetieTBllll nn11 K 03 11 Kµa; 
KpllB8ll (B) nony'leHa B npennonolKeHIIII noeTOllHHOI'O MaT

pll'IHOI'O sneMeHTa nepexona K ~ ➔ 31r ; KpllBhie 3 __ ·a11a

nor11'!Hb1e KpllBbie Ailll S - Bap11aHTa B381!MOAeHeTBllll, 
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E'cnif rlOCneJ:mee npeACKa3bIBaeT·· OTHOWeH11e·· 
r L. (nen;OHbl)= · 2, 

r + (nenTOHbi) • 

TO aaMII 6bl/IO nony'leHo r L (nenTOHbI) / r + (nenTOHbi) = 1,96±. 
.. . 0 

t_0,34 ( r L II r + - COOTBeTCTBYIOWlle WHpllHbl J:1/ISI KL - II K + -Me
!: 

30HOB), 'ITO He npOTIIBOpe'IIIT npaBIIIIY OT6opa 61 = 1/2, 

Aaanna no napaMeTpy E ; ):Ian B03MOlKHOCTb BbI):lelIIITb 

280 pacna):IOB K 371 C np11MeCblO APYI'IIX MOA s 6%, OKa3a-

/IOCb, 'ITO cneKTp 71 O -Me30HOB A/ISi 3TIIX pacnaAOB He/Ib3SI on11-

. ca Tb <!Ja30BOH Kpl!BOH, 'ITO CBIIAeTellbCTByeT B nollb3Y B3allMOAeii

CTBIISI B KOHe'IHOM COCTOSIHHH 71 + 11- - Cl!CTeMbl, OAHaKO TaKOe 

OTK/IOHeH11e HeAOCTaTO'IHO BblpalKeHO, 'IT06bI OKOH'laTe/IbHO onpeAe

/IIITb np11p0Ay B3811MOAeiiCTBIISI, Ec1111 npeAnOIIaI'aTb, 'ITO 3T0 peao-

HaHc T11na EpaiiTa-B11r-aepa, TO 

t.,15 M3B (pnc, 3), 

M 
1111 

350±_10 Mss, r =75±. 

0 + - 0 
Ha OCHOBaHIIII aaa1111aa 229 co6b!Tllii KL ➔ 71 11 11 6bI/I onpe-

flelleH aepXHllli npeAe/I CTeneHII aapyweHIISI CP-1lHBap11aHTHOCTII 

no saepr-eT11'1ecxoii ac11MMeTpnn B 11-+- 11 11 - - cneKTpax. E~1111 

N ( T > T ) - q11c110 co6h1T11ii, Alla KOT0pbIX sHepr-11a 11 + 6011bwe, 
+ .-

'leM saepr-11a (T_) 11- -Me3oHa, TO N(T+>T_)/N(T_>T) =1,00±. 

:!:. 0,13 • 

N_e, 
J,01 

JZ 

2ff 

16 

8 

0 IQ 20 .JQ 1/0 JQ 
li,,lf36 8 

3, r11cTor-paMMa AIISI saepr-1111 
11 0 

-Meaoaa B ciicTeMe Ki ...: 
-MeaoHa, Kp11BbJe: 1 - ¢aao

Baa KPHBaSI, 11cnpaBIIeHHaSI 

·aa s¢¢eKTIIBHOCTb per-11cTpa

u1111, 2 - nnHeliaoe np1161111-

>Kea11e BIIAa dN=(l+aT0 /M0 )d<lJ 
C a = - 8,2 ; 3 - AByxn110H

!IblH peaoaaac c M
1117 

=350MsB, 

r = 75 Msa, . 
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/6/ ' 0 + 
Kor-Aa KpoH11H II Apyr-ne 06aapy>K111111 pacnaA K L ➔ 11 11 , 

nOSIBII/IOCb MH0lKeCTBO nonb!TOK 06bSICHIITb ST0 SIB/Ie1I11e 6e3 aapy

WeHIISI CP-11naap11aHTHOCT11. CpeA11 ·pa3HblX r-11n0Te3 6bl/IO H rrpemro

/I0lKeHne 0 HeSKC~0HeHunanbHOM xapaKTepe 38K0!Ia pacna):la 

'laCTHU npll 6oJiblIIIIX BpeMeHaX lKll3HII, Ecn11 aa6JIIO):leHHblll pacna):I 

K o + -
➔ 11 11 

L 
6bl/I 6bl Bbl3BaH HeSKCU0Heau11aJibH0CTblO B pacna):laX 

HeCTa611JibHblX 'laCTIIU, TO B HalIIIIX ycnOBIIHX B KaMepe 811JibCOHa 

MOlKHO 6bIIIO 0lKll):la Tb OKono ):leCSITH CJiy'laeB pacna):la ,, ):IOJII'0lKll-

/7 / 
aymer-o" A O 

- r-11nepoaa. Cneu11aJibHa11 npoaepKa · rroxaaana, 

'ITO TaKIIX A
0 

- pacnaA0B a KaMepe o6Hapy>KeHO He 6bl/IO (<!Joa 

0AHO co6blTHe) CJieA0BaTeJibHO, r-11n0Te3a aesxcnoaeHUllaJibH0I'O . ; 
0 • 

pacna):la np11 6oJiblIIHX BpeMeHaX )KH3HH Henp11MeH11Ma AJISI A -r-nne-

poHOB, 

nanee B AIICCepTau1111 rrp11Be):leHbl xapaKTepllCTIIKII KaOHH0I'0 

· ny'IKa 11 ):laeTCSI o6aop pa3Jill'IHhlX MeTOAOB per-11CTpau1111 11 IICCJie):I0Ba-

Hllll pacna):10B K: -Me30HOB, 'IT06bl 06bSICHIITb npll'IIIHbl C03):laHllll 

ycTaHOBKII C IICKp0BblMII KaMepaMH, 

KaMepa BIIJibCOHa (aecMOTpSI Ha MHOI'lle _AOCTOHHCTBa) He 

YAOBJieTBOpl!Jia TeM, 'ITO Ha6op CTaT11CTIIKII, oco6eHHO ):IJISI pe):IKIIX 

MOA pacnaAOB, 6bl/I C/IIIIIIKOM Me):IJie!IHblM, TT 0STOMY y)Ke a 1963. I'O

AY, eme BO BpeMSI o6ny'leHIISI KaMepbl BIIJibCOHa, 6bl/III Ha'laTbl pa-

6oTbl ITO C03):laHIIIO ycTaHOBKII C 1IIllpOK03a30pHblMII IICKpOBblMII KaMe

paMII B MaI'HIITH0M none, KOTOpbie MOI'JIII 6bl Ha nopSIAOK yaen11-

'IIITb CK0p0CTb Ha6opa CTaT11CTIIKII AJISI per-11cTpau1111 TaK11X p_ac-

na~OB KaK, Hanp11Mep, Kr? ➔ 2-y .K ~ ➔ 11+11-y IIJIII K0
L ➔ 1T + 1T-,-

0 
KL➔ 11ev n T.A. (3aMeTIIM, 'ITO KaMepa B11JibCOHa M0I'Jia 

IICITOJib30BaTb TOJibKO 0,02 ➔ 0,03% OT MaKCIIMaJibHOil IIHTeHCHB

HOCTII ycKOp11TeJISI). O):IHaKO 06 IICKpOBblX KaMepax nOA06HOI'O. Tl!_na 

6 
. /8/ 

B TO BpeMH bl/Ill nony'leHbl T0JibK0 CaMble nepBbJe coo6meHHSI ' 

no3TOMY 6blJIO 1ieo6xo):111MO npoaeCT!! BCe MeTO):lll'leCKlle !!CCJie):lo

BaH!lll no HacTpoiixe ycTaHOBKll a pa6o'IIIX ycJI0B!ISIX. 
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Ebinll nonr1eHbl BeCbMa Ball<Hhle unll CO3):laHl!lI ycTaHOBKII 

uaHHwe 06 s¢¢eKTHBHOCTII perHCTpaUHH (cpenoBaHHe TpeKa no 

TpaeKTOpHH '!aC_Tl!Ubl np11 pa3Hb!X HanpaBneHHlIX, npH pa3Hb!X 
,,. 

pelKHMaX BblCOKOBOnbTHOI'O rn!Tamrn, npH pa3HbIX aanepll<KaX HM--

nynbca, BnHlIHl!e COCTaBa HanonHeHHlI H T.u.) • Ebma llOKa3aHa 

BO3MOlKHOCTb aanycKa ycTaHOBKH C'IE!T'IHKaMH feiirepa-M10nnepa 

B ycnOBHlIX Cl!nbHOI'O pauHaUHOHHOI'O ¢oHa, I1cKp0Bbie KaMepbl 

6hinH OKpyll<eHhl 4 ➔ 6 p11naM11 C'IE!T'IIIKOB (no 20 C'IE!T'IHKOB _B pn

llY). 8neKTp0HHKa no3BOmma OT6HpaTb OJ:IHOBpeMeHHOe cpa6aThl

BaHHe npOH3BOnbHOI'ci '!Hcna C'IE!T'IHKOB ( "1,2,3 H T.u.) B Kall<):IOM 

PllllY H n106b1e KOM6HHaUHH COBnaneHHii 11nH aHTHCOBnaueH11ii HMnynb

COB OT pnnoB - STO nano BO3MOlKHOCTb nerKo MeHlITb nor11Ky OT-

6opa co6bITHii. C upyroii CTOpOHhI, CHCTeMa aanycKa, coneplKalllalI 

OKOno 150 sneMeHTOB, OKa3anacb llOCTaTO'IHO CTa611nbHOii II HanelK

HOii, 

?f 
cn--40 

·~,}wyt, 

PHc. 4~ CxeMa sKcnepHMeHTa co CTpHMepHoii KaMepoii (nonepe'I

Hoe ce'leHHe) 1 - BblCOKOBOnbTHhlii sneKTpou, 2 - 60KO

Bhle C'IE!T'IHKH, 3 - 3a3eMneHHb!H sneKTpon-nnaT¢0pMa, 

4 - KOHBepTOpbl H3 TlllKenoro llHSneKTPHKa, 5 - pacnanHhlii 

. 061>eM ( Ce'!eHHe ny'!Ka)' 6 - llOHHbie • C'!E!T'IHKII, 7 -061>eK

THBbl ¢oToannapa Ta, 8 - 3alllHTa. 
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npo6Hhl8 SKCnO3HUIIII ycTaHOBKII Ha CIIHXpo¢a30TpOHe noKa

aann, '!TO l!CKpOBbie KaMepb! TaKOI'O Tnna MOI'YT xopomo perncT-. 
0 . . 

pnpoBaTb V - co6hITHlI, HO 3HB'IHTenbHO XylKe - cnolKHbie MHOI'O-

'!aCTH'!Hhie co6hITl!lI, a TaKlKe KOHBepcHOHHbie e+e- - napbl, TpeKI!. 

. KOTOpblX B MaI'Hl!THOM none paCXOJ:1-lITClI nou pa3Hb!MH yrnaMI! 

OTHOCl!TenbHO sneKTPl!'18CKOI'O nong B KaMepax, I!. llpKOCTb TaKHX 

TpeKOB O'18Hb c11nbHO paanuqaeTClI. 

CTano lICHO, '!TO ·unn nocTaTO'IHO s¢¢eKTHBHOli perucTpau11u 

y -KBaHTOB B pau11aunoHHwx pacnauax unu unn perncTpaunn 

BCeX 3aplllK8HHbIX '!aCTHU B MHOI'O'laCTH'IHblX pacnanax Heo6xo-· 

ll!!MO ·nonb3OBaTbClI 6onee H3OTponHhlM npn60JJOM, I1cKp0Bbie KaMe

pbl 6hinl! . 3aMeHeHhl CTpHMepaoli KaMepoli, a C'IE!T'l!!KH felirepa-M10n-, 

nepa - 6onbllll!MH CUffHTnnnlIUHOHHblMI! C'IE!T'IHKaMH, CTpnMepHalI 

KaMepa ycTaHoBneHa B TOM lKe MecTe, rne pa6oTana KaMepa 

B11nbCOHa. _BoKpyr KaMepbl pa3MeIUeHhl CU!!HTHnnnunoHHbie C'IE!T

'IHKH (cM. pnc. 4), KOTOph1e perncTpifpy10T npouyKThI pacnana 

K o ·c·- " • 
L - M83OHOB, yIUeCTBeHHOH neTanbIO ycTaHOBKH lIBnlleTClI 

BepTop nm1 per11cTpau1111 raMMa-,KBaHTOB, 0KpylKa10mnli pacnau

Hhili 061,eM B CTpHMepHoii KaMepe. 8To no3BOnlleT B8CTH no11CKH 

0- + 0 0 0 0 
pannaunoHHhIX pacnau_oB KL➔ TT TT-y, KL ➔ TT e+e - , KL➔ TT yy 

11 T.n. B TO lKe BpeMn ycTaHOBKa o6nanaeT xopomeli s¢¢eKTHB

HOCTbIO, 'IT06hI nccnenoBaTb "'!e.Tblpexny'!eBhie" pacnanbI 

K0 ➔ TT+ TT-e +e -(y). Boo6me roBopn, s¢¢eKT!!BHOCTb pe~ncTpaunn 
L . , 

3aBl!CHT OT MHOI'IIX ¢aKTopoB,· (cxeMa· BKnIO'leHHlI C'IE!T'll!KOB, 

HanplllKeHHOCTb MaI'HHTHOI'O nong, HanplllK8HlllI Ha <t>8Y' cxeMa 

pacnaua K O 
n T.n.), n nnn ocl!oBHhIX MOU peuKnx pacnanoB 

L 

KOH-

oaa cocTaBnlleT 1-t·5%, Hanp11Mep, -nn11 noKaaaaaoli Ha pnc. 4 

CXeM),I pa3MeIUeHHlI C'IE!T'IHKOB :11 nnll H =6000 raycc,npn aanycKe 

OT Tpex aaplllK8HHblX '!aCTHU, BblXOJ:llIIUHX 113 pacnanHoro 061>eMa, 

s¢¢eKT!!BHOCTb perHCTpau11n nnn pacna[IOB K: ➔ TT+ TT - TT O 

(c KOHBepcneli OAHOI'O y -KBaHTa) paBHa 0,02. KaK noKaaann 

nepBbie SKCnO3HUIIII, aa 100 '18COB pa60Tbl ycKOpl!Teng npn IIH-

10 
T8HCIIBHOCTII 6.10 npOTOHOBIU11Kn CTpl!MepHalI KaMepa perncT-

11 
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, P.nc, ~3cpcpeKTIIBHOCTb per11cTpau1111 1:m11 ciwoeHHoro C'leT'IIIKa 

(aaBIICIIMOCTb OT HanpmKeH11S1 Ha <t>SY-30) - KPIIB8SI 4. 

KpllBbie 2 11 3 - ang COOTBeTCTBY!OIUIIX paaaeneHHbIX 

,,. 

C'l8T'IIIKOB, KpllB8SI 1 - ny'IOK npoxoa11T 'lepe3 CUIIHTlln-

nSITOp irn 0,5 M 6n11JKe ( OTHOCIITenbHO <t>3Y)' 'leM np11 

CHSITIIII KpllBb!X 2,3,4, 

p11pyeT 450-500 V 0 

Ta, "'100 pacnaaoB 

C06bITHll C KOHBepcnell OAHOl'O 1'8MM8-KBaH

K ~ ➔ 11+ 11- e +e - (y) 11 3500 V 0
-co6bITllii 

6ea BHAHMOll KOHBepc1111 y -KB8HTa ( B OCHOBHOM K; ➔ 11 + 11 -11 O 

C KOHBepc11ell y -KB8HT8,B CTeHKaX KaMepbl, II C'l8T'IHKax). ITpea~ 

,BapnTenbHble oueHKII noKa3bIB8JOT, 'ITO OJKnaaeMag TO'IHOCTb H3-

MepeHHSI nMnyn&ca He xyJKe, 'leM B KaMepe B11n&c0Ha ( fq,/p -:::: 7%), 

TaK KaK Tonmnirn KOHBepTopa paBHa O, 1 paanaUIIOHHOll anHHbI, TO'l-

HOCTb H3MepeHIISI aHeprHH y-KBBHTa 6yaeT B npeaenax 15=20%, 

Co6bITIISI B CTp11MepHOll KaMepe cpOTOrpacpnpyroTCSI Ha nneHKY 

1500 ea, rocT (MHP-1 =35 MM, 0TH, OTBepCTlle 1 :2,8; M8ClllTa6 

1 :25). noaTOMy annHa CTpHMepOB He MeHbllle, 'leM 4-8 MM, 

B a11ccepTaUHII BeCbMa noapo6HO on11caHbl OCHOBHble MeTO

AH'leCKl!e paapa60TKH H IIX peayn&TaTbI: 113l'OTOBneH11e MOHonnT

HOl'O n11Toro KOHBepTopa, OKpyJKaromero Bec& pacnaaHhiii o6beM 

12 

(75 x 25 x 1.6 Cl\?) 6on&woii CTplll\lepHoii K8Mepbl ( 1 00, x 60 x 
3 . 

X· 16 CM ); 6on&wue CABOeHllbie CUHHT1inn1111110HHhle C'l8T'll!Kli am1 

aanycKa ycTaHOIIKII, a TaKJKe MeTOAH'leCKHe 11ccneaoBaHIISI pa3HblX 

cxeM aanycKt:: ( aneKTp0HliK8 11 pa3nli'IHbie C'leT'lliK!I), cpopMHpOB8HIBI 

- /9/ 
BbICOKOBOnbTHOl'O HMnyn&ca !I T,a. 

HaroTOBneHHbiii H8MII KOHBepTOp XOTSI II IIMeeT cnOJKHY!O 

cpOpMy ( Tp!I nnoCKOCTli C pa3HhIM H8KflOHOM, HeOAIIH8KOB8SI TOfllllllH8 

nnaCTIIH, coem!HeHliSI noa OCTpb!M yrno~) 1 HO HC Bbl3bIBaeT IICK8JKe

HllfI TpeKOB nn11 apyr11x HapyweH11ii pelKHMa paoOTbl KaMepbl, KoHBep

TOp OTnIIBaeTCSI 113 CMec11 OKIICII CBIIHUa Ii anoKCIIAHOii CMOnbI II MO

JKeT HMeTb nro6yJO 3aA8HHY!O ,popMy Ii TOnlUIIHy, 

B 9KCnepHMeHTe 11cnon&ayeTCSI KOHBepTop Tonmrrnoll 4 II 6 MM 

(0,1 n 0,15 paanau1101rnoll annHbI), 

B ycnoBHSIX cnnbHOl'O paanaUHOHHOl'O cpoHa ( "'6 MOT BHyT

peHHell MnweHn ycKopnTen11) an11 3anycKa ycTaHOBKII ycnewHo 11c

non&ayroTc11 6onbume CllHHTl!nn11unOHHbie C'l8T'IHKII, P 83Mep CUIIH-

3 
TunnSITOpa 1000 x 150 x 25 MM , amrna q1eTOBOAOB 1,5 M ('1To6b! 

BbIBeCTI! <t>SY-30 38 npeaenbl Mal'HIITHOl'O nong). C'leT'IIIKII CABO

eHb!, CHl'Han OT K8JKAOI'O cpOTOyMHOlKl!Teng B CABOeHHOM C'l8T'l!IKe 

noaaeTCSI Ha ABOHHY!O cxeMy COBnaaeH11ii, 3To no3BOn11no B 200-

400 paa yMeHblll!ITb 3arpy3KY KaHanoB M8lKOpaTapHOii cxeMbl COBna

aeH11ii, OT611pa!01Ueii OAHOBpeMeHHOe cpa6aTbIBaH11e nro6bIX 2 ,3,4 nap 

CABOeHHblX C'l8T'IIIKOB (B 38BIICIIMOCTII OT H8CTpOllKII cxeMbI) II aa

nycKaJOlllell ycTaHOBKY, .llnSI '18CTl!U !\111HIIM8flbHOll IIOH!l38UIIII acpcpeK

TIIBHOCTb per11cTpau1111 CABOeHHLIM C'l8T'IIIKOM He Mettee, 'leM 0,95, 

Ha pa6oTy C'l8T'IIIKOB He Bn1111eT Mal'H!ITHOe 11 11MnynbCHOe aneKT

pn'leCKOe none ( pnc,5). 

B nocneayrom11x rnaBall: auccepTau1111 aaanua11py10Tc11 aKcnepn

MeHTan&f!Lie B03MOJKHOCTll MeTpOBOii CTpl!MepHOii KaMepbI, np11B0-

AIITCll npoeKT ycTaHOBKII c ABYXMeTpOBOft CTPIIMCpHOii KaMepoii/lO/ 
0 

11 npoeKT a1<cnep11MeHTa C TaKoft ycTaHOBKOii B ny'IKe K L -Me3o-

HOB Ha YCKOpllTene : Y-70 ( 70f:::iB) ,KpoMe Toro, paCCMOTpeHa' 

B03MOlKHOCTb nccneaoBaHliSI MHOl'O'laCTll~HblX pacnaaoB K\ -Meao-

/11/ 
Ha Ha cneKTpOMeTpe C IICKpOBblMII npoBonO'IHb!Mli KaMepaMII 

B xoae OCHOBHOl'O 9KCnepnMeHTa ( pereHepau1111 KO -Me30HOB), 
s 
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B nocnenHefi r-nane m1ccepTau1111 yKaaauo Ha B03MOlKHOCTb 

; ·. · · • Ko . /12/ H . . 
coanaHIISI 'IIICTOI'O ny'IKa s ..;,Me~OHOB • eI1TpanhHhrn KaOHbl 

C on1rnaKDBOH BepOSITHOCTblO pacnanaIOTCSI no K,rnanaM K \ II K ~-

ITocKonbKY BpeMSI lKll3llll K ~ Mano, TO ylKe B, HeCKOnbKIIX necSIT-

Kax caHTIIMeTpOB OT TO'IKII pOlKUe!IIISI KaOHOB ny'IOK npaKTll'IeCKII 

He coneplK11T K ~ 
0 

nanoB T11na K 
8 
➔ 3 rr 

3To cymeCTBel!HO 3aTpynasieT no11CKII pac-

11 eme 60~9e - 11ccnen0Ba1111e 1111Tep¢e-

peHu1111 K0 ➔ 3rr 11 
ti 

K ~➔ 3 rr ITp11 ABYXMe30HIIOH aHHIII'llllSIUIIII 

OCTal!OBIIBIIIIIXCSI a11T11npOTOIIO,B ( p p ➔ K° KO 
) o6paayeTcsi c11cTe-

Ma Kao11-a11T11Kao11, KOTOpasi MO)!{eT pacnanaTbCSI, KaK npaB11no, 

no cxeMe K ~ Ki . Ecn11 B. on110M 11anpaBne111111 per-11cTp11poBa Tb 

KZ -Meao111,1 11 on110BpeMe11110 aanycKaTb /:teTeKTop, 11anp11Mep, 

CTp11Mep11yIO KaMepy, peI'IICTp11pyIOmllfi 'JaCTIIUbl B npOTllB0ITOIT0lK

II0M 11anpaane111111, TO· 8TOT neTeKTOp 6yneT peI'IICTP.llPOBBTb 

TOilbKO K ~ -Meao111,1. Eonee Tor-o, MOlKl!O TaK Bb16paTb TO'I-

KY pacnonolKel!llSI aanycKaiomer-o neTeKT0pa, 'ITO B npOTIIB0ITOn0lK-

' 0 0 
HOM 11anpaBne111111 6ynyT peI'IICTpllp0BaTbCSI KS - ll K i. -Me30llbl 

B nI06ofi nariepen aana11Hofi nponopu1111, 'ITO Bhrr-onno nnsi 11a6nm

neH11SI 1111Tep¢epeHu1111 c11nhH0 paan11'Ia10m11xcsi no Ben11'I11He.aMnn11-

Tyn. Hanp11Mep, ecnn cymeCTByeT aanpemeHl!blH CP-1111Bap11aHTIIOCTblO 

pacnan K O ➔ 1T + ,,- 1T 
0 ( op611Tallbllb!H MOMel!T .L = 0 ) ' 11· aanycKaIOIIIIIH 

s 
neTeKTOp pa3Memen Ha paCCTOS!Hllll S = v • T. OT TO'IKII 8111111- ' 

I'IIITSIUIIII ( : V - CKOpOCTb Kao Ha)' TO B np0Tl!BOIT0ITOlK!I0M nanpaBne-

Hllll BepOS!Tl!OCTb 1rn6nIOneHIISI pacnana K ➔ 1T + 1T - ,,
0 

nsieTCSI BbipalKeHl!eM 

onpene-

2 -AT 
Pt (3rr) =I\ AL(3rr )I e s 

-AL t 2 -·ALT, -A st 
e + I A s (3 rr) J e e '. + 

~+AL(T+t) 
- 2 

+ 2 I As (3 rr) II A L(3rr) I e [ eos ( t1m T) cos ( t1mt + <I>)+ 

+ sin ( t1 m T ) sin ( t1 m I + <I> ) ] I • 

14 

3necb AL (3rr) , A s(3rr )- a~nn11TyAbl pa?nanoB K
0 ➔ 3rr 
L , 

. o ·c Ks ➔ 3 1T B COCTOSIHl!ll C op611TanbHhlM MOMel!TOM L = 0), 

<I> - OTl!0C11TellbHaSI <jiaaa 8TIIX aMITill!Tyn; A L• As II mL ,ms-
0 0 

- noCTOSIHl!ble pacnana II MaCCbl KL II Ks -Me30HOB, COOTB8T-

CTBel!HO, a t1 m - pa3HOCTb !IX Mace, - BpeMsi, xapaKTep11ay-

IOlllee TO'IKY pacnana (paCCTOSIHl!e R . OT TO'IKII aHl!III'llllSIUIIII • 

o- 0 
06paaoBaH11SI nap1,1 K K - no TO'IK'! _pacnana paBno R = v t ) • 

OcHOBHhie peaynhTaThI, npencTaBneHHb1e B n11ccepTau1111: 

1. Paapa6oTal! MeTon OTl!0CllTellbliblX l!OHl!3aUIIOl!HblX 1!3Mepe

HIIH TpeK0B B 6onblllOH KaMepe B11nbCOHa (100 x 60 x 17 cM
3

) 
0 

nnSI 11neHTl!<jil!K8UIIII nponyKTOB pacnana K L -M830HOB. 3To 

no3BOITl!Il0 nanelKHO Bhinenl!Tb KOHBepCIIOl!Hbl8 napbl LlannTua B pac

nane 

· 0 + - 0 0 O O 0 

K ➔" " " L + 
II K ➔ " " " . L . + -

i..---. e e y Lr--> e e y 

II onpenenl!Tb !IX OTHOC11Tellbl!YIO BepoSITIIOCTb. 
o· . 

Hne11T11<ji11KaUl!SI K.a - pacnanoB no IIOHl!3aUllll IT03BOITl!Ila 

IICKaTb aap!IAOBYIO ac11MMeTpl!IO B sneKTp0Hl!blX pacnanax 

R: = N
0 

+ /N .- = 0,89 ± 0,18 

0 0 
2. Ha oc110Ba111111 a11an11sa K03 - 11 K3 ,, - pacnanoB, 

pasneneHl!blX CTaTl!CTll'IeCKll, 6hinll nony'IeHhl cnenyIOl!ll!e pesynh

TaTbI: 

0 
KL 

a) napu11anbllbJe Bep0SITHOCTll sapm!<eHHhlX M0A pacnana 

-MesoHa: 

0 
W (Ka,,)= 

W (K
0 

, = 
•a 

. 0 

W (Kµ 3 ) = 

rL(,,+,,-,, 0) 
-----------= 0,194 + 0,023 r L l Bee sapsilKeHnhie ) - · 

rL(rrev) ____ ....;:;. ______ =0,48 + 0,06 

r L { BCe 3ap!llK8llllbJe ) -

rL(rrµv) ____ ...::.._.;_.; ____ = 0,32 + 0,05 , 

rL ( BC8 sapSilKeHHhle ) -
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6) SKCnep11MeHTallbHble naHHble He npOTIIBOpe'Ia T npaB11ny: 

OT6opa· 1'11 = l/2 B nenToHHhIX pacnanax; 

B) Ha ocaoBaH1111 aHan11aa 280 pacnanoB K: ➔11+11-11 ° o6Ha-

pylKeHo + 
TT TT - D3811M0nefiCTBlle B KOHe'IHOM COCTORHIIII, B nped~ 

nO/IO}Ke111111, 'ITO STO scpcpeKT pe3oHaaca B CIICTeMe TT +TT: 6binO no-

nyqeao l\1
1717 350 ±. IO MsB, f' = 75:t_15 MsB, onHaKo onpe-

nen11Tb OKOH'IaTenbHO np11pony 17 TT -B3a11MoneficTBIIR Henb3R no 

np11'!11He cna6ocT11 scpcpeKTa; 

r) nony'IeHa oueHKa BepxHer-o npenena 11apyrnea11a CP-11HBap11-

aHTHOCT11 B K317 - pacnanax, !(03cpcp11u11eHT ac11MMeTp1111 B cneKT-

pax 11+(117 -Me30HOB paBeH 1,00 :t. 0,13. 

3, .llna npoBepK11 onaofi 11a r11n0Tea, o6'bacHmornefi pacnanh1 
0 + - O 

KL ➔ 17 11 , 6b11111 npoBeneHLI no11cK11 N nonroJK11nyrn11x u A -r11ne-

po110B, PeaynbTaT npoTIIBOpe'IIIT r-11n0Teae O TOM, 'ITO pacnan 

·. K: ➔ TT+ TT - Bb!3B8H HeSKCnoae11u11anbHOCTb!O B pacnanax HeCTa611nb

HbIX 'I8CTIIU, 

4, Coana11a ycTal!OBKa C IICKpOBbIMII KaMepaMH B MaI'HIITHOM 

none II onpe::1eneaL1 pa60'!11e · xapaKTep11cT11K11 KaMep -. TpeKoBaa 

scjJcpeKTIIBl!OCTb, 3aBIICIIMOCTb ee OT a:inpannemrn TpaeKTOp1111, BpeMa 

naMRTII II T,n. ELma noCTIII'HyTa xopornaa TpeKOBag scpcpeKTIIBHOCTb 

IICKpOBb!X KaMep nna npOCTblX KOHcp11rypau11fi per11cTp11pyeMLIX 'Iac

TIIU (np11 pa6qTe B Mal'HIITHOM none) 11 noKaaaaa B03MOlKHOCTb 
0 0 

perncTpau1111 V - co6LIT11fi ( KL ➔ 11 e v ; 11 µ.v II T,tl,). 

5, Coanaaa II 11cnLITaHa D ny'IKe ycTal!OBKa C MeTp_OBOH CTpll

MepHofi KaMepofi C y -KOHBepTOpOM ,'l/lR per-11cTpau11n 11 11ay'IeH11a 

pet:1K11x II pan11au110HHL1x Mon pacnana nonro;K11nyrnero Ka~.1rn, a TaK-
-o . 

JKe nna 11ay'IeH11a B3allMOtleficTBIIR K- - Me30Ha. TaKaa ycTa-

'HOBKa Ana 11cc_nenoBaH11a K -Me30IIOB IICnO/lb3yeTca BnepBLie, 

B peaynbTaTe SKCnoa11u11fi ycTaHOBneuo: KOHBepTOp He Dbl3b!

naeT IICKaJKeH11fi TpeKOB 11n11 KaK11x-n1160 113MeHeHIIH pa60Tb! KaMepbli 

0 + -BepORTHOCTb per-11cTpau1111 pacnanoB T11na K L ➔ 17 TT y II 

K:➔ TT+11-11°_B ycTaHOBKe - OKOno 0,02 (nepoaTHOCTb KOHBepc1111 

raMMa-KBaHTa 0, 1 ➔ 0,2). 
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3anycK ycTaHOBKII ocymecTBnaeTca cneu11allbHO pa3pa6oTaH-' 

HbIMH 6onbIIIHMH' (cu11HT11nnaTOp :1000 .x. 150 X 25 MM
3 )·, C'I8T'IHKa

MH, pa60Ta10miiM11 B c1111bHOM MaI'HIITHOM (no 10000 spcTen), 

sneKTpll'IeCKOM (no 20 KBICM) n pannaUIIOHHOM (B 6 MOT BHyT-

peHHefi M11IIIeH11 ycKop11Tena) nonax. C'!eT'IIIKII II Bb16p8HH8R 

nocne pana MeTon11'Ie'CK11x 11ccnenciBaH11fi cncTeMa aanycKa oTnH'Ia

IOTCa npoCTOTOfi, 11e6on~IIIIIM 'lllCnOM S/leMeHTOB H HaneJKHOCTbIO, 

a TaKJKe. ~HHBepca/lbHOCTb!O, CKOpOCTb •. 11a6opa CT8TIICTHKH np11 
10 . 0 

IIHTeHCllBHOCTII 6.10 npoTOHOBIU11Kn paBHa 450-500 V - co6LI-

THH c KOHBepcHefi onHOI'O y- KBaHTaj ~ 100 pacnanoB 

O + - + -( ) 0 o K L➔ TT 11 e e y ; 3500 V - co6LIT11fi (B 0CHOBHOM (K ➔ 11+ 11- 11 °) 
L 

6ea BllnllMOfi KOHBepCHll y -KBaHTa aa 100 'IaCOB pa6oTLI ycTaHOBKH, 

Ilony'IeHa cTa611nbHaa pa60T8 MeTpOBofi CTpHMepHOH KaMepbI (100 X 
3 . 

x 60 x 16 CM ) • .lln11Ha CTpllMepoB - 4 ➔ 8 MM, nnaMeTp ~ 1 MM, 

6. Paapa6oTaH npoeKT nByXMeTpOBOH CTp1lMep11oi1. KaMepbl 

H paCCMOTpeHLI B03MOlKHbie SKCnep11MeHTbi, no H3y'IeHIIIO penKHX 
0 

Mon pacnana K - MeaoHa. 
L 

7. Il OKa3aHa B03MOJKHOCTb BL1J:ieneH11a N'IIICTor-o ny'IKa u 

0 
K s - Me30HOB B llBYXMe30HHOH a111111r11nau111l aHT11npoT011a 

(pp ➔KK)YKaaalio Ha B03MOJKHOCTb no11cKa HapyrneHllR CP-11HBapllaHT-

uocTn B·pacnanax K 0 ➔ 3 11 
s 

II 11a6n10neH1la IIHTepcpepeHUllll 

B KaHane Tpexn110.HHbIX pacna)lOB K~ S ➔ 11: TT - .TT O , 8 TaKJKe npo

BepKII npencKa38HH0I'O CPT-1lHBap11aHTHOCTb!O paBeHCTBa Ce'IeHIIH 

pereHepau1111 a ( K: ➔ K so ) '= a ( K0s ➔ Ki ) . 
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