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l.BrRenoeHHUe

Cropoers cuéra dusagdeckoro nponecca ¢ cesenneM O Ha BCTPEHUHBIX Ny4Kax HMeer
BHI: 3 :
=Ll (1)

Kosddumuenr [, BaseiBaeTcd cBeTHMOCTLIO M He 3@BHCUT OT THOA PUSHYIECKOrO NMPO =
necca, OH 3aBACHT TONBLEC OT HAPAMETPOB HakomuTeld BCTpeuHhix ny4koe. BAII=3, ctpon=-
TeNnLCTBO KOTOpOro aapepumaerca B Mucruryre anepuoft puamku, B HlopocH6upcke, uMmeer
Ol SNEXTPOHHBIA ¥ ON HE MOSHTPOHHEI! CryCTKH, BpalLAOLIMecd N0 OO HO# Oop6HTe B HPOTH =
BoOlloNOM HEIX BHanpaBneHUsx OPyr oTHOCHTEeAbHo Apyra,. [lma rakoro ciydaa CBeTUMOCTL Oa =
8TCH B BHO&!:

L ot .[_ ‘I*
e | Sxp | (2)

roe I- " I-r - TOKH S/1€KTPOHOB ¥ NO3UTPOHOB COOTBETCTBEHHO, E - gacToTa ofpalueua
Ny41KOoB H S ¥»P. - abdexTHBHEAS ONOLIAAL NONepeyYHoro cedeHnsd o6onX nydkor. [Ipamoe ua—
MepeHHe CBeTHMOCTH Ho ypaBHeHuio (2) HeTo9HO, TAK KAK TPYAHO H3MEPATH HPOCTPaAHCTBEH =

Hoe pacunpefieneHie MIQTHOCTH YaCTHN B OIYy4YKAX,

BoaMox BRI inyTe H3MepeHNd CBEeTHEMOCTH 34Kni0YaeTCd B HCOONMb30BAHAM H3BECTHOI'O Npo=
pecca no ypaesesmio (1), Cpenx Takux nponeccor HauGonee yOo6HEIME SBITRIOTCHA OpoOneccsl ©
FoNbILEM CeYeHHeM B HanpabBleHuH namﬁ_eﬂnﬁ HavYanpHEIX 9acTHN, | IpHYKHEE 3akniogaeTcd B
TOM, 9T0 HepeaBaeMblll 4eThipexMepHbl i MMOyNbC B TAKEX PEaEKnUSX OUeHb Mall, MO3TOMY
cHpapedNABOCTE KBAHTOBOH aAeKTpoO HHAMEKE Xopollo o6ocHoBaHa TEOPeTHYECKH, & TaKXKe
IpoBepeHa B HeKOTOpHIX 2KcnepumeHrtax /1, 2/. KpomMe Toro, TH nponecchkl HMelOT AOBOMNBHO
GONBIIYI0 BeNUYHHY CedYeHHd, 9TO gBndercd yOo6HeM Ong GEICTPOro H3Mepe HHA CBeTHMOCTH,
CywecTByeT MHOI'O TAKHX 3MeKTPOMAIHETHBEIX NpONeCCOB Ha BCTPeYHBIX Ny4YKax: ynpyroe
paccegHde, O[IHOKPaATHO® TOPMO3HOe Hany4deHue, [ BOHHOE TOPMO3HOE H3Ny4YeHHe, OBoilHoe
TOPMOB3HOe ually4eHue, NByXKBAHTOBAS & HHEMAM4nMs ¥ T.1, HekoTopbie B3 9THX DpPoneccoB
y)Ke HCHONb30BalkChL Alld H3MepPeHHA CBeTUMOCTH HA HAKONATENISX BCTPeHHLIX ny4koB /1, 2, 3,
4 /. B Hawuux yCloBHSX HE8MEepeHHe CBeTUMOCTH 10 PACCEOSHHIO Ha M&/ble yI'VIEl HaM KaeTcd
Haubotee nenecoobpasubiM, B Gynymem Mbl OIpennolaraeM NpuMeHsTh OPYyrHe peaKndd I

OHpOBEePKH 3TOro Merola H3MepeHHd CBeTHUMOCTH,

Bonebiuas 4acTh HacTofil el CTATHLE NOCRILIEHA DOHCAHHIO CHCTeMbl MalbIX yrjioB, INViap=
Hofi nenso KoTopo# ABANeTCH HaMepeHHe abcoNTHOH BeNHYHHBEl CBETHMOCTH C TOYHOCTBLIO IO~
panka 1%. B rnaese I1 mbl aHanusupyem abgekTs BIUSHEA COABHIMOB NY4KOB Ha abCOMOTHYIO
BeNHYHHY CEETUMOCTH ¥ mpeanaraem crunocob O ycTpaHeHHd 9THX obdexToB, JateM Mbl IpH~
BOO MM NONPABKH, 06yCAOBIeHHsIe YIVIOBOH pacxoAUMOCTRIO NYYKOB B MeCTe BCTPeYd, U pazua -
nHoHHEBIe monpaBkH, B KoHue rnapbl NPpUBOOHTCH onUcalHue CHCTeMbl CHETYHKOB K SMEKTPOHHKH,

B ranaee Ll EpaTKo paccMoTpeHsl BOSMOXHOCTH OPHMEHE@HRUS peaknuil ¢ ‘5 ~KBAHTAMH ONg H3™
MepeHHs cBeTiMocTH Ha B3I 11 1-3,
F :
3
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I'l. Cucrema mosmTopEpopanus, ucnonsayowas € &  paccessme Ha mamme yram

11,1, OB111ee onucaHUEe CHCTEME]

CucTeMa COCTOMT 3 WeTHIPEeX TENeCKONOB, H KaXI1klk TEeNeCKon COCTOUT HE MANEHLKONG
CcY9&TY9HKa Pi. 2 BoNblLLIOro CoHOBRYA S;_ , KaxK nokasaHo Ha pec.l, CuHHETHNAG TODEl MaNeHE
' 3
KHX CHETHHKOE HMeT paamepsl 5 x 30 x 30 MM, CpenHull yron paccesHHbIX 2MeKTDOHOB, No=

5]
nagaruiix B 3TOT CHETYHK, OKolo 3 .

Puc.1. 'eomeTpuveckoe pacnonoxenne cyeTHHKOB;

f:f ~ Ma/leHbKHH CYETYHK, S;_ - ceEOBHY, V - BAKYYMHad Kamepa,

Aneprypa ceHoOBrEuelt coctaBngeTr 120 MM B BePTHKATBLHOM H&np&ﬁ-.ﬁenna ¥ 100 MM B pa -
AuaibioM HanpaBnedwu, CO9HOBAYK NOSBONFIOT YMEHBIUUTh BKNad MATKUX Y44CTHN B CKOPOCTb
cyéra, Bonbiuwe paameprl canapuYell NOSBONLIOT KOMIOeHCHPoBaTh ahdeKTsl KoHedHol npotd -
MEHH OCTH NYy4YKOB B a3HMyTallbHOM HaNpPaBll@HHuH, a TAKX e OLLUUGKH, BO3BaHHLIE COBHIOM MHy4=

KOB, XapaKTepPHCTHKY BCeX CHETYHKOB NMAlOTCH HUXKe,

Crosuine ¢ omHo#t CTOpOHE! TenecKonkl 3aKpenneHsl Ha »ecTKOoMH n1aTghopMe " pacuaiuo=
K@HbI B BePTHKANLHOM MIIOCKOCTH CUMMETPHYHO OTHOCHTENLHEO OCH NY4KA. [Tnatdhopma, xKax
Lneloe, 3aKpennesa Ha Q ~nuH3e, [lapa ManeHLEAX CUETYMKOB MOMKET MEHETH CBOE [ONOMXKE =
HHe OTHOCHTENbHO My4YKsa, He MeHdHd IPH 3TOM CBoero B3aWMHOI'o pacnonoxeHud, B Takoilt KkoH-

h

&

purypanud MoryT 6blTh CHenaksl TPH THOA COBHA @Hul:

=3,k 8K

6) 3-xpaTHbie COBIAIeHHS TI o Si ;:;. S_r, ) Tq_ 5 Sq R}_ SH

a) 4-KpaTHbIe COBINAIlGHHEH: F.13 - Slpt Sae_r. 3



Tz.'—'*ss% Spy, Ty= SeF S,
B) UIK: Uis= Tirle=Fix , O£4=T1*Tq“‘ Fau

BenencreEe cAMMe TPDUHHOS FeOM@TPHR TE/I@CKOIOB cyMMa J=KpaTHsIX COBHAOEHHH HmMe-—
€T KOMIEHCANHIO OLLUHG0K B CKOPOCTH €4&8T&, BEISBAHHEIX BO3SM OM HLIMHE CBUMaMH HC TOUHHES .,
IMTosToMmymel 6y1eM ECOONBLAOBATL STY BeNUUUHY AN onpesencHus aGCoMOTHON CBETEMOCTH,
Ficomonbays pasHHNY B CKOPOCTHSX CY&Ta pa3Mu4HbIX 3=KpaTHEIX COBHALEHHH, Mbl BoIYHCHHM
BenuYuHy cMewnenna uctouduka ([1—4), CoorHowuenns MeXOy CKOPOCTAMHE CU4&TE pPa3nuYHbIX
TUIOB COBHAN@HHH MBI 6y[1eM HCOONL3OBATH /18 ONPEe/1SeHns [ANUHL ACTCYHUEA B &3AMYyTalL -

HoM Hanpabnenum ([1-8),

3aMeTHM, 4TO TPH THIA COBIaleHHE He ABNEIOTCH HEB3ABMUCHMEIMH, NO3TOMY CpaBHUBAS

HX, MBEl MOK@M NPOBepPETh CHCTEMY,

[1,2. BrigucneHume ckopoCTH CHY&Ta

-
Ceuenue ynpyroro € & paccesHua Ha Mansle yrisl NpelcCTABNSeTCHS B BHAG:

de _ {h} Y

dn Q4 | (8)

g
Tatmncu. aTo#f hbopMmynel nydue gem 10 B HauieM cnydae, [Ipeancnoxum, 9$To HCTOYHUK™
= rogeunsit, METerpupys (3) mo TenecHoMy yrny c4&THAKOB, OONIYYHM BRIpaX<eHHe ONg CKo=

PocTH cuéTa 3=~KpAaTHEIX COoBOameHui:;

L p ot 8p2¢i 4
n=L 22 (a4 ) 42 (4 - 4)

roe PE = :.=:,z/1r"r'h::'z 3 f o E" mc"; ﬁ.f = pa3aMep MANeHBKOI'0 CYETYHKA B paluanb=

HOM HAUpAaBl@HHH; BeJIHYHHLI 8 ' {11' H O, OOKASaHbI Ha pHC.].

Dopmyna (4) DoBONBLEO CNOMXKHA, HOBTOMY HUMXKE MBI ByoeM HCHONBIOBATH ClAeOYIOLIHe

npubnuXeHHA
: 3’32Pe£(i___i)
o o RN
ol () (3 &) Vig

E (7)

roe S oasazaer IIOLLAA L MANEeHLKOro cuéTanka B o - pacCToOdHEEe OT OCH Ny4Yka [0
LHeHTpa ManeHLKOro CY&TYHKa. | 09HOCTH NPHBOL MMEIX NPHONH:KeHHE N1 Hae#d CHCTeMbl

cnen yoluiue:



PaccMorpumMm cniyqalt xoHeqHOR NPOTHKEHHOCTH IYHKOB B a3HMYyTaTLHOM HanpabBleHHdH,
OnsiT B2I'IT1=2 nokassiBaeT, 9T0 B HAKOOHTENe BCTPEYHEIX NYyYKOB PacHpesieneHre NNOTHOCTH
HACTHI B OyYEaX B a3HMyTalTbHOM HANpAaB/IeHHH C Xopoiuell TOYHOCTHIO AB/IdeTCd I'ayCCOBHIM,

Me oxunaem, 9To Ha BOJ1[1=3 asauMyranwHoe pacnpellenesne CBETHMOCTH BYIeT TAKKE

I'a yCCOBBEIM .
2
P(X = - e 2o,
e Yo - 6L (8)
2 o; 6.2
roe 6'L=: 52 + o2 : E{,’_ u O_ XapakTepuayKT ONEHE HNO3HTPOHHOrO H SIEKTPOHHOI'O
Vg -

ny4kop. HMcnonsaya npubnuxenue (6) u dysxnmio pacnpeaene Hud (8_) MOXHO BbIYHCITHTE

CKOPOCTEL C4éTa 4-EpaTHHIX coBnaneHuil:

2 e x% 2
- e 1P N et £=-x g+x | .
WAL VI e F (T T DR
I.f( L) _J o 615{ dy a1 ( )
. 0 .
roe Xgo=w 2:;‘21 e . AHanorg4HEEIM 08pa3oM, CKOPOCTL C98Ta J=KpaTHBIX copng -

OeHHEd MoXeT OBITL 3a0UCaHa B BH.E[E

syto)=L o 2 ge zu-z{(%‘f.)”‘_ (e )L s

(10)

?3 2o (4 _ 4 g ?"’_;['{” Jo [ex)" f dy]
L (o gt B 1(*1;;-*}-(;;) 7
Xy = 3;5;1 £

Cxopocrtu cudta nng MJIM moryr 6EITL Nerko BHYRCIEHL COMMACHO onpenenenmo, Cro-
POCTH CHETA OJF K&XOOro H3 TPeX THIOB COBNAlleHHH NpHBeleHhLl HA PHC.2 B 3aBHCHMOCTH OT
01 . M3 prc.2 MoxHo BuerTs, 9To S3~KpaTHele coBnaZeHus cnabo @aBECAT OT IUIHHEl HCTOY—
Huka, ecnz O, Meuwuwie 15 oM, B To Bpema kak 4=xpaTirle copmamennd x MJ/IMA OoBonwHO
YYBCTBHTENLHE K ANHHE HCTOYHHEA.
B runmgHOM cnydae, ecnm 2Heprug ny4ka cocraBiger 2 ['2B H CBETHMOCTE
5x 1033 CM_2 ttac-l, CEKOpOCTb cuéTa 3=KpaTHBLIX COBnareHuit 6yaer okoio 4 cobeitullt B ce~

KyHAy, 9TO JOCTATOYHO [/1d ONepPATHBHOIO H3MEpeHus CBeTHMOCTH B KOPOTKHA mepxon.,
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Puc,2, 3aBucuMoCTE CKOPOCTH CY&TA OT ONHHB HCTOYHUKA .

nsanﬂ'

= CEKOpoCTHE cuéTta aAng 3 ~, 4 -

g U1K =~ coBnamednit,
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[1.3. UsMmeneHus CKOPOCTHE CU&Ta, BHIARAHHEIS CMelLleHAEM NyHKOB

CyluecTByeT OsTh THIOE BOSMOM HEIX CMeIleHEl ECTOYHHKA OTHOCHTE/BHO CHCTeMbI, K
HiM OTHOCSTCH: &) CMelueHHe NyYKoB B-BepTHKalbHOM HanpaBleHuH, 6) asuMyTanbHoe cMe~
[{edde, B) NOBOPOT NYYKOB B BepTHRANLHON WIOCKOCTH, I') paszianbHoe CMELleHHe, R R
BOPOT OyYKOE B paluanbHoll niockocTH, OnesHM H3MeHeHA! CKOPOCTH cyéTa Ang 3-KpaTHBIX
copnanenmit, B oflieM cnyyae, eClld IPOH3BOMLHOS CMELeHHe 09eHb Malo # npencrabpngeTcd

MansIM IIapaMeTpoM E . CKOPOCTB CY&Ta ANd Ka#A0ro B3 3-KpaTHBIX coBnaleHHi MoXeT

6LITL @QUHCEHA B ClleAyilueM BHIOe:

h(E]"" n(o)+ %—E - T P ( jl )F‘U (11)

Ecnm CyMMHEPOBaTh CKOPOCTH C4éTa BCeX J~KpaTHBIX coBnaieHull, mepbhie WIeHbl PAINOXK eHUA

Bppan & ofpaluanTcd B Hylb, TAK K&Kk CHACTeMa CHUETYREOB CHMME@TPHYHA OTHOCHTEIBHO

nexrpa ofnacre BaumonedicTeus. B pesynibraTte CyMMHEDOSAHHES HNOMyIHM

A(E)= i + (jlal_{)a—

Uro KacaeTcd cmemennﬁ Ny4KOE B BEPTHKANLHOH MNOCKOCTH, CKOPOCTHL CHETA 3=Kpa THEIX

(12)

coBramenui, Tir'- S.;Pi g3  MOXKeT 6bITH Nerxo BHYHCNeHA OPH HOMOIUE Npubiauxe —

gra (7).

a) cMmelLeHHe B BePTHKATbHOM HAOPaBMEHHE He ASNHYARY AZ

Yo% 2

n=n(o){i+ + 10 (%3-) } (13a)
6) cMelle aue BOONL aanmy"ranhﬂofn panpapnesns Ha penmamHy AX @

Lk 11:'&)’. . ALX *

n_.n(c]{i-f- 3 ( ) k (136)
B) HOBOpPOT B BEPTUKA/ILHON MIOCKOCTH Ha yIol A8

o ¢ a6 A0

h= i) {1- 1522 + 10 (&7 2 (130

[lng cMmemesnl Dy4Kop B PaIKANbLHOR MIOCKOCTE Mbl HCHONBb3YyeM ypapHenue (4):

r) eMelueHHe B PallafibHOM HANDPABN@HAM Ha BeNHIUHY ﬂ‘j

I;1= ﬁ{{}}{i- 5-(.%1)1} (13r)

1) moBOPOT B palHanbHOR NNOCKOCTH HA yIoil ﬁ"F

{i‘s(aw)} | o (13a)

Bennuam BBl (n o I"i(ﬁ ) / ﬂ( ) npuBeneHs Ha puc.d Anga 3-KpaTHEIX coBOa =

Il

[ eHui Tj_ ¥ [ CYMMBI BCex 3=KpaTHBIX coBnadeHul,



E ¢ E’{'HP; 9).
Ty

0.051

2 X € ay (mpad)

9)

Puc,8. MaMeHenus CKOpOCTH CHETA

BLISBAHHLIE:

4) BePTHRAIELHBIM CMEILIeHHSM

6) asEMyTalbHBIM CMEeLLeHEeM

B) HOBOPOTOM B BEPTHKANLEOH
NNOCKOCTH,

I') padHanbREIM CMeLlleHHeM ,

N1) DOBOPOTOM B padHA&NBHOMN

INOCKOCTH.

s 8
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1.4, PacuéT BenmuYEES CMELUEHHd NyYKOB H KOCTUDOBES CHCTEeMEl CHYETIUROB

QTHOCATENLHO HyIKOB

Kax nokadaHEo B mpeanayliefl rnape, eCTe TPH THOZ CMEILISHHHA HCTOYHUEA, N&MOLIEX
[OBOMBHO GoNBLIOR BEIAS B CKOPOCTL cH8Ta mobbix 3-~gkpaTHslX cobnaneHuft, K HaMm oTHOCHT—
of CMelLeHHs HCTOYHHEA B BepTHEAMuHOM nnockocTH, B Eameldl cucTeMe Mbl HMeeM YETHIp@
pE3MepaeMblX BEeNTHIKHEL Tﬁ_ : Tl : 'l'3 , Ty . Mai xoTHM y3HATL BeTHYHHY CMeLLeHHS NyT-
K& OTHOCHTeNLHD CHCTeMb! CYETYHKOB, HCIONbAYS 3T Ham#sie, [IpousBonmmad takaMm ofpa -
30M IOCTHPOBKA EMEET QYeHb Gonpiloe BHaNeHAe Nng aGCOMOTHONO H3MEPeHHS CBeTHMOCTH,
TAK KaK CylueCTBYeT oYeHb MHOI'O NONPABOK K B@NHYHEe CBeTHMOCTH, BEIMHCNEHHBIX Ana Cay™

yag, KOraa OTCYyTCTBYST CMELIeHHe KCTOYHHKA,

Wcnonsays nputnmxenue (7), Mbl MOMKEM BLIYECAKTH CKOPOCTH CH&Ta MoBHIX S=Kpa THH X

coBOnaneHBuil A8 CMeLUEHEE NIYIKOoR B BEePTHEANLHOM NNOCROCTH:

= ﬁ(o)[1+cie.z +CoAX + C5A0 +CyAZAX+Csa2 a8+ Coarab +CAZ% cgax¥ gab? ]  (14a)

Tg= n(oj [+ . R ¥ - o Gl + + ] (146)
T - - 4 + L W
Ty= ﬁ(s) [= + - - - e + + + ] ( 1#)

roe [',".1':1{/& 9 Cp=12/C , c3=46/d y Cy= S/Cf‘e y Cs= 1.0&!'/423
C£= S/d ) C1=io/d1; C3= 1}'81 \ c9= iUﬂ"/Jz'

OnpenenuMm 4eThipe KOMOHHANME BeNHYHH Ti : T-;_ ' T3 24 Tq KaX:

T= T-1+T1 "'T3*+ Tq = Llﬁ(o) [1 +Cz42%4 Cgax? + Conf?] (15a)
U= Ty-To-T3 + Ty = 4 io)[ cqax + Csaz 48] (166)
V‘: Tl_i-T-z—Tg'—-Tq = qg}(ﬂ}[ﬁiﬁ? +C6Axﬂe] (15m)
W=T-Ty +Ts-Ty =4 (o) [ceaf + C,azaX] o

Vicnoneays mMeTox HCCleoBATeNbCKHX NPHGAmKeHu ANd peienus at1o#l cEcTeMbl ypaBHeHEHR
[ ]

(15), MOXHO HONY4HUTD !

i [V C¢ UW] (16a)

i
4z'= = | = —

10



1 e G VW
U i ] i i
g Ca L’R CqCs TE] (166)
ol WS _ . iLW U'V;l {188)
Al c3Ll® I
e B I T ' gq-4
Nﬂl’-‘ 4 1*0?(‘5*2) +Cs(&1) + Cq (gse‘] | (16r)
riae
vii U\ W \2qet
e i'?-C‘(-—- "“"Cr"—") +c{-—---)
R | [ ¥ CsT) ichT ﬁ\C-sT ] il

Mcnoneays nonydeHHble BeNUYHHb CMeLleHul (16), MO¥ HO BBICTEBHTH CHCTEMY CHET=
YHKOB OTHOCHTENBHO NydKoB, I Tocne aroil nponeaypsl Mbl OyaeM HMeThb CYLIECTBOHHO MEHE ~
IIYI0 BeNuYdHy CMelleHHs Ny4KOoB M MaleHbKYIO Pa3HHIY B CKOPOCTHX cuéTra 3=KpaTHsiX COB-
nanesu#. 3areM NpuMeHEeM Hall MeToa HOBTOpPHO, Takum o6pasoM, MBl MOXMEM BHICTABUTEL
CHCTeMY CYETYMKOB B NPaBHIBHOE MONOXeHHe OTHOCHTeNbHO NYy4KOB ¥, TéM CAMEM, yIydllaTe

TOYHOCTL UBMepeHHus CBeTHMOCTH,

BoaMoXHOCTH 3TOr0 MeTola HpOoH/Aioc TpHpoRaikl B ra6nune 1, Ha nmpaMmepax, npuse -
reHHpiX B Tabnuoe 1, MOMXKHO BHAETHL, 4TO ANd GONLIIMX BeNHYUH CMELLEHHA Ny4KOoB Heobxo=
OBMO NPEMEHATH MeTOI NBa pasa, B TO BpeMd Kak ON# MAENBIX cMelneHuli TodHbIe Pel3ynLTa Th

nony4al TCH Nocne nepBo# CTHPOBKH CHETHHKOB.

Ta6nuna 1, Beiuucnenne cMelueHusd Iy4Ka
AZ - BepTHKaNbHOe CMelueHrne B MM, AX = asuMyTalbHOe CMeLleHue B CM, Al - yrofn
HOBOPOTA B BePTHKANLHOH# NNoCKoCTH B Mpan, T;_ ~ CKOpPOCTH c4&Ta J~KpaTHEIX coBnase =
Hui, Csarnuoch,T/L'  ecTb CymMMa || , B TO BpeMsl Kak ift‘l[[}] = eCThb HCIpaBNeHHad
BenHYiHa CBeTHMOCTH, " I~ - o3HavdaeT HadanmnHblie BenUYuHBl, C * - oru Ke BelIHIMHL]

nocne neppoil nepecTpofkE CHCTeMhbl CYE&THHKOB,

I ¢ I . it .8
CMeileHue AZ 0.08 5] 0.03 10 - 1,17
HCTOHHHKE aX 5 0.33 10 0.31 10 |=~-9.13
AB -0.18 5 -0.42 10 | -1.68
" RIE T1 [1.688 | 0.997 2.262 0.877 | 5.062 | 0.727
b T, p.ees |1.018 |0.767 | 1.020 | 0.882 | 1.217
Ts [0.687 | 0.978 | 0.851 | 0.863 | 1,084 | 1.077
Ty [0.747 | 1.014 | 0.630 | 1.035 | 0.881 | 1.047
T
CBeTAMOCTS - /l{ 1,048 | 1.000 | 1.165 | 1.001 | 1.787 | 1.017
A(c) [1.000 | 1.000 | 1.014 | 1.000 | 1.084 | 1.001
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INpennaraemut MmeTon moXxeT 6biTh HCOONB30OBAH TaAKKE B Clydae, Koraia .-‘,'5'L bonp -

me 15 eMm, Tak Kak xoaddunuentn (; aBngroTcd cnabblMu dyugnuamu ot 6, .

11.B. 2dderTel yraosoi pacxod#MOCTH OYIKOS B MECTE BCTPEHH

Ona nony4eHrd BEICOKHX 3Ha4eHUH CBeTHMOCTH Mbl yMeHbilaeM BeIHYHAY ﬁ -h yHKIHH,
yCTAHaBNABAY EBALPYUONLHEIe NTHHSEL 0O ofe cTopolsl oT obfnacTE B3auMonelicreuii, B Taxom
crnydae SMEKTPOBHBIE H NOSHTPOHHBLIA My9KH HMEIT GonBlLIYO YIIOBYK PacXoOdEMNCTh, KOTOpAad
NpEGNHIETENLEO 06paTHO NPOMNOPNHOHEANBHA KBAAPATHOMY KOPHIO H3 BelHYHHEI ﬁ b yEKnui,
Benencrere ny4ok=nyNKoBOro p3auModeficTBUA TPYAHO BEIMHEC/IHATL pacmpeneneHue MIOoTHOCTH
B hasopoM ODpocTpaHCTBe 6eTaTpoHHEIX Konebammit, Oxumaercd, 4TO dasoBbllt 06Bé&M GymeT
COCTEBIATE 2.10-3 cM.pal N5 BepTUKANLALIX 6eraTpoHHE X KonebGanui, [lanee, MoXHO
NpeAIoNoXKATE, UT0 YrIoBoe pacmperneneHne YacTHN B BePTHKANLHOH INIOCKOCTH ABIHETCd ra~
yCCOBAIM €O CTAHOAPTHEIM OTKIOHeHHEM GQ nang aINeETpPoHROro nNy4dKa ¥ 6; ong noSUTPOH™
Horo nyska, [lo mopamxy BenuquHbl 8,; H 93 COCTA&BNAIOT :

6,, 5= 33Ty |
Jr f.'; (18)
roe ﬁ maMepgeTcd B CM. DTO o3Ha4aeT, ITO B NPelellbHOM cliydae, CKaXkeM, IIpH ﬁ = BoMm,

e’?, H 9; cCoCTaRpgaT io Mpan, 9To Ja&T 3HAaYNTEeNLHOe yBellHdYeHHe CKOPDOCTH c4YéTa.

HMenonesays npubnuxelne ypaBHe HES (B) MO HO #-IMHCTHETE H3MeHeHHe CKOPOCTH CYéTa.
Brauane Mhkl paccMAaTPHBa@M CnelyioLl ui é:nyqaﬁ: 8NeKTPOH C PHeprue# En OPpOXOOUT Yeped
ofnacTks B3auMoOelCTRUSE OO YyI'IOM '?, K CTanKEBaeTcd C NOSHTPOHOM, KOTOpHIH HMeeT Ty
¥e @Hepruo, Ho yrom g . 3aTeM 3MeKTPOH ylpYro pacceHBaeTcd B HanpaBlleHUH 9 A pe-
rECTpupyeTcd B CHY&THHEE P [ [TosrTpoE pacceHBaeTcsd NOL ONpeeieHHbIM yIVIOM HeKon =
NEEeAPHO 2NeKTPOHY, O HAKC, OTK/IOH6HHEe OT KO/VIHHEAPDHOCTH He3HAa4YUTEeNbHO, HO3TOMY II0 ™
SHTPOE peracrpupyercd B SonblioM C3HOBHYE, Mgl BeigECnEnE MaTpPHLY npeofpasopaHns ,CBI ~
BLIBAIOILLYIO NAGOPATOPHYIO CHCTeMY C cucremoll mearpa Macc, | Ipenebperasg unesaMH BbILUE

EBANIPATHYEBIX IO . E ¥ |, MBl NOJIy4YHIH CledylllHe ypapHeHHS

Px Py
Pyl =" | Py
CluM L EJARS.

H
n*tez 1+3 \
1- z 7 0
Fi= s i o8 = s s i i A
5. % p 5 9
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roe P,. ¥ Py = HMOynbChl SMEKTPOHA B A3UMYTANBLHOM ¥ BEDTHKATLHOM Hanpasies #ax co =

OTBETCTBE@HHO. D Heprus énax'rpoua 1 NOBHTPOHA B CHCTEMe HeHTPa MACC CoCTaBngeT
‘i
=
=E,41- (20)

Uenonsaya (19), MoXHO BHIYACTATE 1 HdbepernunansHoe cedenue B nabopaTopHoll cucreme:

e ). (553 ocl]

dan
s 1

(21)
a‘l"'; En
HuH, l_lpannunaraﬂ 9TO Oy4KH HMEIOT rayccoBoe pacupenenexue no § # & |, Marerpupys

rae os3HadaeT nupdepeHnualiLHoe cedeHue B cliyiae NoGOBbIX CTONKHOBS

(21) mo § ® 3 , Ml nonyanM 2heKTHRHOE CedeHHe B BUAE:

ﬁmds;). . “} ' .
da dalge {1 3 ot s

ApanorauasiM o6pa3oM Mbl BEIMHC/IHM CedMeHHe ONd cnydas, KOroa HO3MTPOH peracTpu-
pyercd B ManeHekoMm cuérduke, CymMmEpyd ofa ceweHHs H MHTErPHPYS 0O yIily MANeHbKOrO

CYETYHKA, Mbl NGIAYYHM BhiparK€HHe [ANd CyMMbl CKopocTell cuéra J-KpAaTHBEIX COBHAIIEHNH;

2 z
+
N=N {i+-3-6»—3~—--6;' (23)
° 10 Gf'
roe 6.]_'-: ag,/e- : KoMGuuupys (23) u (18), MOXHO BEIYHCTHTHL H3MEHEHHE CKOPOCTH CHE-

TA B 3aBHCHMOCTH OT Belld4MHbI ﬁ ~pyuknmu (puc.4). B npenensHoM cnykdae, npu ﬁ =5 CM,

yBenu4yeHHe CKOPOoCTH cuérta cocrapnger 11%.

J 10 20 30 A ccm)

Pic.4, lamMeHeHHe CKOPOCTH C48Ta B 3aBACHMOCTH OT BeMHYHHEI GeTaTpoHHO! ¢ yHKIUA.
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[1.8. Brnmapme HerouHocTel yCTaHOBKM CH8TIHKOB QTHOCHTENLHO ADPYT ADYra

B npensiAyUIHX I'aBax Mel mm:enﬁ, 9T0 NPpUMEHS HHe HOeH KOMIeHCANUME B IOCTHPOBEA
CHYATYHEEOB MO H3BGCTHEIM CKODOCTEM CHETA SHAYHTENLEO YM@HBLIUAIOT OLIHGKHE, 06yC/loBI@HELe
BO3MOMKHBIMHE CMelLUeHngMH ofnacTu BaauMoNeACTEHYE OTHOCHTENLHO Henoo BHXX HO# cHCT@ME
cdéTurEon, ONHaKD No~NpeX HeMy OCTalTCH OIHOGKH, onpenendeMsble BHyTpeHHe# KoHDHIYypPaA—
nuelt cHcTeMH CY&TYAKoB. OneHrM STH OLIAGER, HCOONL3YH NPAGNHKeHHe (7), u ygaxxem He -

06XoIEMbIe NONYCKHE Ha YCTAHOBKY CH&THHKOB.

a) Paccrostme MexXOy ManeHLKEMHE CY8TYHKAME o BepTukand, [TycTs AZ — o1 H6Ka
A3MEpeHHd paCCTOSHUL 2d MeXXOy neHTpaMi MANGHBKEX cu&T4ukKoB. B Taxom cnyuae oL uf ~

KA B CKopocTH cuéTra 6yneT COCTABIATD!:

an__ ZAZT (24)
N d

Tousocts yeranopks AZ = 0,4 MM [0OCTATO4HA AN TOro, 9TO6H HMETH OMIAGKY B CKO-

pocTH CuéTa MeHwblie yeM 1%.

6) PaccTogiure MeX Ay CYSTYUKAME OO 43EMYTY.
INyere AX - rowHocTs H3MEpeHAS pacCTod HEA 2.€ Mmexny cudTIMEAME B ASEMYTENTL-

HoM Hanpaenengs, Ma (7). nerko mony®aTh:

Al A
h e (25)

TounocTs ycTahoBk® AX = 1,3 ¢M COOTBeTCTByeT OLUEGKe B CKOPOCTH C49€T& pPaBHOM 1%.

B) TouHOCTL E3roTOBNGHES CHOMHTHINETOPA CHETHHKA

[Mnomans CHHETHANSTOPA MANGHLKOr( CY8TYHKA NEHefdHo BxomuT B dbopmyny (7). Ilo-

aToOMY éﬁ = _z}__g_
n S ( 286)

CnmaTrAnsTOPS! HAroTOBIEHE B Gopme kBanpara co croposed 30 + 0.05 mm, 3maqmr,
AN/ A = 0,3 %.

n) Bnuanwe KoOHe4HON TOMUIHHEL CHEETHANETOPaA CHETIHKA .
[ng wacTan, neTdxx E3 neHTpa HcTodHHEKa (puc.B), KkoHewHad TOMUHHA CHEHTHINATOPA
NpHBOAMT K E3MeHeHu0 sbheKTuBHOA IIOWALY, & , AHAYAT, X K H3MEHeHHIO CKOPOCTH cHérTa,

Onenum BpEnN&n aToro shdexTa BA HIDKHEM KOHI® CHRHTHINIETOPA.

OTHOCHT@NEHO® H3MEeHeHHe CEOPOCTH CHeTa PaBHO!

8,
i Ssra}de/e“'
(.@".l i ““‘g _ (27)
o Y
0,

roe &(GJ - apheKTHBHOCTh PerEcTpauMd YacTHOEl, HpoxXoAdlied wepesa HUK HUA Kpa#l cuuH=—

THANETOPA, 3aMeHUM 8{6] Ha ero cpenHee sHadeHmre, 6muskoe k 0,5.
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Prc.5. Kpaesbie adpheKkTsl B CHHHTHANATOPE ManeHLKOro CY8THHKA,

Torma ua (27) nerko mony4uTh:

{éﬁ) = —2".2. (28)
HAM( g

rane + = TomumHa cumHTHNIETOpa, AHaNOrHYHEIM 06Pa3OM MOXHO OLEHUTH aQheKT: Ha

pepxHell 1 60KOBbLIX 'PAHEX CHUHTHIANGTOpA:
(éﬂ) S e 0.6% (29)

A 1 apx ¢,

051

gox - 6 ' (30)

4
n

OfL1ee H3MeHeHHe CKOPOCTH CYéTa 6yOdeT COCTaBAATh:

(.a.‘ﬁ') coviabat (31)
N Jodw ¢

YucneHnHoe sEavesne (31) B Hawem cnydae cocrasnder 0,4%.

11.7. PanuannonHsle nonpaBKH

HManygyenue PoToHOE NPH' PACCesHHH DN@KTPOHOB Ha NO3HTPOHAX npnaﬁﬂ UT K HSMEeHeHHIO
CKOPOCTH CY&Ta ynpyroro paccesHus, Takse panuanzoHHeie nompapks (PI1) 6mam paccMor—
perst B/ B / Ang SKCNEPUMEHTOB HA BCTPEYHBIX Iy9Kax. '

[Tycts p, = P'J. HMIOYNBLChl PacCedHHbIX SNeKTPOHA H NO3HTPOHA COOTBeTCTBEHHO. |

Cpen Huit yron e paccedHHs onpenenseTcd TAK, KAK 9TO NoKa3aHo Ha pHc. 6.
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Puc,B8, CxemMaTraeckas nuarpamMma mpouecca palldalMoHHOro paccessns.,

B rakom cnydvae yriel paccesiHasl SNeKTpPoHAa M NO3MTPOHA 6YOYT paBHbI E}*rﬁﬁfz a G‘ﬁ.e/Q
COOTBETCTBEHHO, | Ipn PHUKCHpOBAHHOM yrie 9 cevyeHHe TakKofl peaKuWM UHTErpHpyeTCH BHYT=
PH 2NIMICA C NONYOCHMHU &G’/Q_ Hﬁ‘f’/?, NpH YCITOBHA:

1/5¥ <400
Cedenne, BK/IOYALICe BAKYyMHBI@ BKNAllbl ¥ BKIAOL OT HINYyYeHHS KECTKHEX HOTOHOB, HMEe T

crnelyowWwul Bun :

d6=d6,{(1+8) (32)

Bre,ae)=%__-_;’-_fem4§~_- £ v alue] + (e 48)

¥
&4 ___ ._.+_ ﬁu "l‘,f’_‘;. ] l :
roe g=1— 'rmn /Ea n |- mia COOTBETCTBYET NOPOry PeruCTPamMy YaCTHIbI,

I'lpennonowxum, 4To pacnapenenesue CBeTAMOCTH = To4eqHOe,

Paccmartpupas PIT ons 3=kpaTHblXx coBnaeHuit Mbl MOXeM BbIENKTH TPH cnyyas, Koroa
PTT nawr cywecreesnslit Bknan,

B nepesoMm cnywae snekTpoH uanvLaer 'nr ~KBaHT B HYNeBOM HANpPABIeHHH H PelrHCTPHPY =
eTCd B CYETUHEKE P'_ , B TO BpeMf KakK NO3HTPOH Peruc TpHPyeTCHd = C3H[BHYe ﬂ B offnacTu
MY ai " l:: » KaK NoKkasaHo Ha puc,7a, Tague cobbiTHd He PErHCTPUPYIOTCS B cayuae
4UCTO ynpyrorc npouecca, Yris paccesHus E-; nekar B obnacTn i)l /Q <@L &/ AL .

[ ng pernctpaunn HeoSX0AUMO, YTOGH! BHINONHANUCH CNE YIOLIHE yCITOBHA ;

AG/2 ¢ 0= b,/8
66/2<a,/l -6 (:

G
i
S

I3



N c)

Puc,7, Mamocrtpanus Thex ciy4yaes panunamuoHHbIX monpasnk,
P = MaleHbKUH CY9EéTYHK, S = C3HAO BUY,
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r.—__egi- ¥

AQ/"?. > f{-l/ ?/ gz 9
O6nacTh "A”, COOTBETCTBYOLlad 3TuM HepPABEHCTRAM, nokazana #a puc.8. Cpenngsa senu=

YHHa 81_ pan@anuoHHO NoONpaBkd B N@PBOM ClyHae BEIMUCNAETCS crnedylowuM ofpa3oMm:

/%
{(§&f=0-5)- §(48= 2 )} ;00
0, .
8-1= e 0278 i (38)
2\ 6048
a,/¢
riae 91: -(-;: ( -gé -+ -gé») . MHuoxkuTens 2 B 3HaMeHaTene (35) ossagaeT, 4TO He pac -

cMaTpHBAOTCH BENAObl OT H3NyYeHHd HadalbHbIM OO3UTPOHOM,
Bo eTopoM cliydae SneKTPOH HanydaeT ‘gj' =KBAHT H yI'Mbl 9 HaxoOosaTcd B obnacTH

Q, /34 B< a:/@ . Kax noxasaHo Ha puc. 76. Co6piTHE 6yOyT PeruC TPHPOBATHLCH NPH yCIIOBH™
AB/Q. < ag/e i 9
£0/2 < 6 - b/E (386)

XS

100+

60 -

20 -

'l:t'z,?t? eraa’j

Puc, 8, CooTHoOlI@ HRE MeXAy 9 u 59 aAng TPéxX cinyyaep palaandoHHBRIX HONpPaBoK.
O6nacta A, B+C 1w C+D naoT BEAAIL B ASPROM, BTOPOM H TPEThEeM
cnydagx CoOTBeTCTBEHHO,
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Cymma obnacreit “B” m "C” ma puc.8 COOTBeTCTBYeT STEM HepapeHcTBAM. Beipaxse -

e aong PI1 B sToM cliydae HMeeT BHI

: ) :
(%:9-%)%9&9 i o %8(%?: _‘?_%__ )qede %
& )2 .,

s
8
32': 7 kit 8 - : (87)
0 _Sﬁ;edﬁ
a,/¢

B rperneM Cny€Zae NO3HTPOH EINydaeT 3’ ~KBaHT B yI'Bl 9 Haxonsarcd B oBnacTH
mexay @, /¢ u @,/ , xax noxasaro sa prc.7c.

HepapescTea ¥MEIOT BHI ;

dG/Q <8 ~a/L
£8/2 (_g!_ p (38)

i HM COOTBeTCTByeT cymMa ofnacret * " m "3 “ Ha prc.8. Paamanuonnas nonpabka B

aToM crysae mveer Bun: Oz2/€

SS(Q-Q:e—%)s; 9.d0

S’ _- Gl
e gl g /e (3D)

BriGepem Eu =]11Ies ; A\P= Q,j‘b /Q, , ¢= { ; TMocne wacneRHoOro HHTErpPHPOBAHES

oo y9EM .
S:L"‘ 1.1% 82_=.‘2.3% H 83 = 1,6% ; E= 8,1'* Si+ 83 = 5%.
3apucEmocTs PIT oT 2Hepruu B HauieM cCnydae o4eHw cnabas, Tax, Hanpamep, OpH
En = 3,6 "'se PI1 cocrapnger B5.2%.

[Tpu paccmoTpesud PIT MoXeT BO3HAKHYTE BONPOC, CBA3aHHLIA C TeM, 4TO yCIOBHS
ﬁ_ﬁ <« €  ge pcerna BmmonEmercs B Hawem cnyuae. OHaKo 3aBECHMOCTB _ 8(6‘, 59)
or 460 cnabas B paccuma rpaBaemoit HamMu ofnacTu yriop, nodToMmy Hap}'menné yCHOBHS

A D& 6 He BHeceT Go/NbLUIOrO BENana B palHANHOHHLI@ NONPABKH,

11.8. ViaMepeHue a3EMyTaNbHOr'O pacmpereneHnd CBeTEMOCTH

AauMmyTanbHOe pacnoperieneHHe CBe THMOCTH MOXKeT OblTh NONy4eHO NOC/Ie OKOHYaHud 3K=
cnepamesnTa BbiGopom cobeiTE onperienexHol peaKuuu B pa3NHYHBIX TOYKax ofnacTd B3auUMOo ~
neicTeud. M Bl XOTHM, OO HAKO, H3MEpPATL pacnpeeNedne CBeTUHMOCTH BO BpeMd# 3KCHepAMEeH=~
Ta. Ecny 650 Mbl HMeNE BO3MOX<HOCTH [106aBATEH NPOBONOYHEIE HCKPOBble KaMeph! nepesl Kax -
OLIM TeNeCKONOM CHETYMKOB, MBI Mornu 66l H3MEpHaTHL pacnpenenedne CBeTEMOCTH C XopoLue
TouHOCTBIO, Takylo CHCTeMy, O/l HaKo, TPyAHO H3I'OTOBHTL H paoTaTh C Hell B Te4eHHe SKCHE =

paMeHTa,
B cnygae B3111 -2 asuMmyTancHad O10THOCTE pacopedenedud YaCTHI B Oy4Kax asaMepd =,
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nack He3aBHCHMO NOCPEOCTBOM CHHXPOTPOHHOrO manydenus / 6/, CuHcrema HMelna pasperuaio*
mee spemg 0,05 HCeX, YTO COOTBETCTBOBAIIO NPOCTPAHCTBEHHOMY paapewendo 2,5 cm, Onar
B3l1IT~2 pokassipaeT, 4To a3EM yTallbHad ONOTHOCTE pacnpedeneHud qac'rn,ﬁ B ny4YKax xopo=-
1O ONECHBAETCd MAyCCOBLIM pacnpesenesueM, 3aTeM MOMKHO BRIFECISTE pacoperene HHe cCpe-
TH MOCTH HO a3uMyTy, M B XOTMM HCHONB3OBATH Takoit e meron u Ha B3I1I1-3, B noBasne-
HMe K ®TOMy, MEl NpenronaraeM NPHMEHHTH CHeAYOLUHA MeToA IONA A3MepeHHs Benuuusl O
BO BpEMSEA SKCHeDHMEHTa.

B pawelt MmosuTOpHpylOLIeHd cucTeMe Mbl UHMeéeM [ Be He3aBICHMBIX BeNHYHHEI: CyMMa
cxopocTefi cuéra 3~KpaTHBEIX COBnalleHui#, n - , 4 cymMMa CKopocrTell cuéra 4=~KpaTHBIX COB

narenu#, N . V3 prc.2 MoxHO BuOeTH, 4To N, cnabo aasucur or O , B TO BpeMmsa

F
L]
KaK nF CHMLHG MeHFeTcs ¢ uamedenueMm O . OTHoweHue

L] L]
s J
CHABLHO 34ABHCHT OT BeNHYHHE] 6}_ A He 3aBHCHT oT afconioTHo#t BeNnUYUHE CBeTEMOCTH, Tod=

HOCTb onpenenesus O o pelEusHe [  MoxerT 6HTL 3aNECaHA B ClelymIeM BHIe:

0L .. - AF
OL 6 -dFfde. F

(40)

Koadbdunuesr K: F/G"L: d F!fd €, HaHeceH Ha puc.8. Vs puc.8 MOXKHO BuAeTL, 4TO B 06—
nacTd oxunaemo# penuuunrl O or 10 cM Oo 15 cm @nauende Koabdbunnenra K Ha -

xonutca Mexay 1,6 g 2,6,

s i) =
0.2-
0.6 -
0.9 -
.

0 " v 0

0 10 L0 30

6, (¢4)
Pre,8, Orgowesne , CKopocTeli cyéta 3=KpaTHbIX ¥ 4-KpaTHLIX CO BIa/l1eHUll B 3aBu=—

CHMOCTH OT ANHHB HceTouHHKa, Koadbdunrest K onpenenseT TOYHOCTH HaMepdeMol
LNHAHEl HCTOYHHKA,

>
O HaKo Hy HO 6BITH OCTOPOX HBIM LPH U3MEPEeHWH OTHOIIeHEs | |, Tak K&k N T cnabo

3aBHCHT OT CMeIlLleHni Ny4dKa, B To BpeMd Kak hF LOBONBHO YYBCTBHTENLHO K CMellleHHAM,

K CYaCTRIO, MBIl HMEeM BO3MOMMHOCTE BHICTABHTEL CUETUYHKH B IIPABHIIBLHOO nonoxeHue Me=

20




ToOOM, onucaHHeiM B [1.4, B TakoM cnyvae BenuYumHA G[_ MOXeT ObiTh H3MepeHa ¢ Toy~

HOCTBIO B HeCKOJNbKO NPOUEHETOB,

[1.8, Ceéruuks A SHeKTPOHUKE

CHMHTHANATOPE C9&TYHEA i uaramanem ra nnactmaccal NE - 102 pasmepom
30x30x5 MM3. CpeT cobupaercd Ba QOTOYMHOMUTENb C HOMOLUBLI BOBIYLIHOIO CBETOEBOMLA
Anubofi 12 cM ¥ aneprypot 2x B E:Mz. CTeHKM BOSOyLLIHOIO caei‘naﬂﬂa H3roTOBIEHE H3 CTa~
nu TonuiHEo# 0,2 MM B NOKPHITEI BHYyTPH amoMuaEHeroll dhonwroi. Mceononeaymwres hoToyMHOMKE =
Tenn @3 Y-30 ¢ nnamMerpom dororatTona B0 MM, KeauTopel# Brixon oTobpapseix &3 Y orkono
8600 dorosnerrponos/M ap npr 100%-xomM cbope ceera, AGcomo Tt KosddunneHT CRETOCHO ~
pa cuérddka cocraenger 8%. AMONATYNHOe pa3pelleHne, H3MEPeHHO® HAa KOCMHYECKMX Jydax,
okono B0% (nonHas wupUHA Ha DONYyBLICOTE )., DdPEeXKTHBHOCTh peruCTPanME KOCMHYSCKHX YaC~—
THER 61udxa X 100%. B6naa moBepxuocTe doroKaToaa nomMmeule Hil ¢ OTOSMECCHOHHEI® [ HOE],
No3BONAILIHe NPpoBepATE CYETYHEH B moGoe BpeMmd,

CenaBuan EMeOT CNeIyILy0 CTPYKTYPY: 20MM PL:- +4 x (B MM cumar.+ B muPb ¥,
Ha puc.10 npupenena xackazHas KpPHBAS O/g SNEKTPoHOB c 2Heprueidl 1 ["eB, noxassiBaolias
cpenHee YHCNO 3apsa)XeHHHIX Ya4CTHU B cBHANe, CumHTUNNE TOPE CAHIBKEYA HAXoAdTCHd Ha 38 =
HWITPEXoBaHHON! o6n1acTH Kackan Holt xpueok (puc.10). Sra ofnacTe He Na8T MAKCHMAaNLHOIO
KONH9eCTBa CBeTa, OO HAKO OHA NO3BOMSET XOPOLUO PA3lendTh BHCOKOHEpre THYHEe 2eKTpo~-

HbI OT MAI'KHX YACTHI,

|
\
\
\
|
Ne |
|
|
|

A

L] ¥ B L |
% 2 4 ) 1 10 t fxa)
Puc.10, /lupneBas kpupas nns anekTpoHoB ¢ sHeprueidl 1 [ap B cBukne, Ng = YACHC 3apaXKeH—
HBIX yacTru, [ ny6raa 't H3MepseTcd B pallHANHOHHEIX e rHANAX, CogHTUNNE TOPSE] HAXOOAT=
Ca B 3aLUTPUXOBaHHONK obnacTu.
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AMINHTYAHBIe COEKTPh! [ANs 3MeKTPOHOB C BHepriefl smwke | ['ap Obl/1M paCCUATAHBl Me~
tonoM MoHte~Kapno u npupeneHds! Ha prc,ll. 2PPhekTUBHOCTE PErUCTPALKA B 3aBACHMOCTH
oT Hopora OHCKPUMHHATOpA, NOKa3aHa Ha puc.lZ, DHepreTudyeckoe paspelueHie u appekTEB ~

HOCTH PErUCTPANlHA peanbHoro C3HA BUYa 6yOyT HaMepsThbesa Ha nydkax BIIITI-3,

E’= 100 M

0:"

0.4
E,= 300138

02 £, =1000 M3

AernAdTIAA

Puc.11, AMONUTYO HBle CHEKTPsl B CPHABHYe, paccyuTaHHsie MeToaoMm M onre~Kapno, AmMnnu-
Tyna uamepdercd B eOMHANAX AMIVIETYAbl OT YACTHIEl C MEHEMAa/bHOA MOHH3auHeH,
npoxonguiell uepes conapuny GCea ofpas’oBaHHd KaCKaO HOI'O IHBHA,

Brnok=cxema 2/1eKTPOHHKK NMoKasaHua Ha puc,l13. OHa COCTOHT Ea YeThbIpeX KaHalloB
(T, +» Tq, Ty & T,‘ ) 3=KpaTHBIX COBN ameHnl, AByx KaHanos ( F:l'z, ,F:,?_‘|| ) 4=KpaTHLIX
coBnarieHut u Tpex xaHanos ( OI:‘S , 0‘2.4 O ‘234 ) U, Paaspemranuiee speMsa cxeMm coena=-
nenult 40 Hcek, Brixookl co cxeM coBnadeHH#l nomoamwTcd HA NepPecY&TKH ¢ MakCcuMalbHOH gac=
Toroft cpabaTsiBanud 5 Mru, 9ro aBngeTcs MocraToulkiM ang B3ITIT-3, rak kak wacrora o6~
pallleHus YacTHI B Hakonutene cocraenger 4 Mru.

[Mpeanonaraerca mMeTh ABa cnocofa BhIBOMA [AHHBIX C nepecuydTHEIX cxeM, [Tepseri
crnocof aTo npocTolf MHTerpanbHELIA CYET B TedeHHe Kaxraoro saxona (HEHTerpamsHbi KOHTPONSL ),
HMudopmanus ¢ nepecyeTok 6yeT BbIBOLAHTHCH Ha NEHTY umpporedaTraioluero yctpoicrea H
sanuceBaTLCH Ha MarsuTHyo nerty 3BM | [Nonydenusie nauusie 6yayr npeacrapnsite coboft
DonHEIA HHTErpan OT CBeTHMOCTH Ho BpeMeHu, Bropofi cnocof (aubdepennnansHeft KDHTPDHB).
3axmovYaeTcs B TOM, 4TO NaHHEle C NepecdY&ToK BbipondrcH 4yepea xaxayw 1000 cexyuny. OTH
[aHHble NO3BONAIT CNeNHTh 3a BaprauasiMa abcomnioTHo# Be UMM Hbl CBeTHMOCTH, KOHTPONHPO =
B&THL NOJMOMeHHe ob6NacTH B3aUMOoAedCTBHE B BHOCHTEL HeoGXO[MMbIe NONPaBKH K CBEeTHMOCTH ,

o6 yCnoB/MeHHEbIe BOSMOMKHBEIM CIBHI'OM NMYyYKOB.
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Puc, 12, IddekTasEoCcTs perucTpanuu C2HABANE Kak G yHKIHS SHEPrHER maaamluell wacruns,
[ladps y XpEBEIX 03HAYA0T HOPOr AACKPEMHHATOPA B €IHHHNAX AMIAMTYOL 01
JaCTHUL C MEHHEMANBLHOH HOHH34HHH,

Bce 6nokm snekKTPOHHKM HAXOOATCH B CYE&THOH KOMEATe, CBI3aHHON CO CYETYHEAMHE

B80=-MeTpoBeIMH KabendMHu ¢ BONHOBEIM ConpoTEatedneM 50 oM,

X

g e L R s L Dbt e Tl . T



F e
'—A3 D P = ce
: g i
a3 H p j 1 2%
Ss _(_EF R o | o] HAH
— A3 D 7 %
5
. 3
A3 D " O
———au o O34
B —{a3 o P E cel3
P R,
S F 4
L. A3 D P L
% o ml mn—l
Sy W I_
- - G
N3 % o év OZ'F
Py |
—A3} e B e i ce

Puc.13, Biog~cxema snekTponuku, /13-nueus sanepku, [l = nmckpumusarop , P - pas -
. petBurens, CC = c¢xema copnanenmit, MW - cxema WIJIH.




111. Bo8Mo)»XHOCTH OpAMEHeHHd paeknuid ¢ E[ ~-KBAHTAMH 0718 A3MEepPeHHd CBeTHMOCTH

B npenminyuieil rnape Mbl OOKa3a/®l, YTO H3MepeHHe CBe TUMOCTH IO paCcCedaHHI0O Ha Ma -
neie yrael gRnsercd BnonHe moaxoaswum ang BITIT1=-3, OnHako MBI XOTHM HMETH eilie H [py-
rolf THO MOHUTOpA, IOCKONSEY ABa He3ABACUMEIX M OPOREpPdOIUEX APYyr Apyra MOHHTOpa Ha =
OyT Gonee y6enHTeNbHEE Pe3yNLTATE H3MEPeHUs CBETHMOCTH, UTO 0CO6eHHO BaXXHO B HEHC =
cnenopalxoil oBbnacTH sHepPrui,

BA3II[1=3 nmeeT OBa OpEMONEHEHHBIX NPOMeXYTKA OAmuHod 12 M, B 0eHATpe KOTOophblix
crankasaoTcs nyukd, Taxold NMEHEBIE DpoMeXyToK Heynober NAnd PerucTpanud 7 —KBaHTOB.
Cerois AMeeTcd MHOI'C NNaHoR NepedeNKr npamMonunHefiHbx npoMex yTrop, OO HE H3 HUX 3a~-
KNIOYAI0TCS B TOM, 9TO CPady e 3a QPoKyCHUPYOLIEMHE KBaZPYNIONbHEIME NMHE3aME Gy yT 0o -
MelleH bl TOBOPOTHbEIE MArHATHI, IO2TOMY HOSBATCHE BOSMOMKHOCTL YCTAHOBHETE O@TEKTOP

¥ -xBanTOB Ha paccTosHmu okono 500 cM OT NeHTPA mPOMEX yTEa. DTOT MIaH e He ocy -
LI@CTRIeH, N0dTOMY, B HalbHelilueM, Mbl 6y1eM HCXOOHTH H3 NepBoHajallbHOH KoH(HEr ypanku
npasMoNaEHeiHOro NpoMex yTEa,

HrTo Kacaercd e TeKTopa 'a' ~KBAHTOB, TO MhI NIPANOTOBH/ITE YepPeHKOBCKUHA CYETYHK NOIM~
Horo nornowesus, [ IpenpapuTensHble PKCIePHEMEHTEl HOKASKBAIOT, NTO OPH PHEPI'HH BhILUE

1 'ss paspewenne cuérunka nydiue 10%,

Ill,1. OoBoEpaTHOE TOPMO3HOEe HANydeHHe

OudbdepennuansHoe ceyeHde 0OHOKPATHOID TOPMO3HOIO UBNIyYeHAd Ha BCTPeHHBIX 3/1eK—

TPOH—IOBHTPOHHEIX Ny9Kax Oaérca B BaOe / 7 /:
i
2y dw e 2 (e gy JE(w)
dsﬁ_qr“&“ﬂ?[“‘(l w) 3_(i w)][q,é’n W '] (41)

roe (0 = s"Heprug Y ~KBasTa B e[ EHANAX PHEPIHA OyIKOB. CeueHHe, OpoHHTErpHPOBaHHOE

OT onpelleneHHol BelnHYHHBI Et 10 MAECAMAaNuLHOH e2Heprmu, npuBeneHo Ha puc.l4. B teoua-
HoMm cnydae, npu E = 2 [Cam, L =6x 1033GM_2=:&::-1 H OpH DoporoBofl aHepruu HeTeKTopa
200 Map cropocTs cuéra 6yner okono 300 xro,

Hyx Ho 6bITH 09@Hb OCTOPOMHBIM, KOI'la CKOPOCTh C4&Ta npubGAHMKaeTcd K yacrore 06 -
pawiesug nyukob. | Ipuunna sakniogaercd B ToM, 4To OeTEeKTOp ‘g’ -KBAHTOB He MOXeT pe =
Fr’ECTPHPOBATE pasadelbH0o HeCKONbKO a’ ~-KBaHTOB BHYTPH MHTepBana BpeMeHH CTONKHOBeHHd
nyakop ( ~ 3 HCek), 2To o3HayaeT, 4TO HPAMEHEHHE O HOKPA THOI'®0 TOPMO3HOI'O H3Ny4eHHd
GyOoeT onpaBoaHHbBIM [ANd CBETEMOCTH MeHbLUHX 4eM B X 1033::14-—2'1&0_1. Ona 6Gonblu X CBe~
THMOCTell HaCcTymaeT HachlllleHHe CKOPOCTH CH&Ta H aMIVTETYOHbLIA cnekKTp UCKaXxaeTcHd, B
TpUHOHTE, B TAKOH CHTYAIHHE MOJKHO OTKA3aThCd OT H3MepPeHH# CKOPOCTH CY€Ta H H3MEepPATH
NONHbLIA NOTOK magamwluel sHeprud, KOTOPEIA TaKXKe npondpnrmnaneu cee tumocTH, OnHako Tpe=-
ByeTcs Gonee TLLaTe/lbHOE H3y4eHHE STOrO Bompoca.

- Mlamepenne onHOKpaTHOr'O TOPMOSHOIO H3/y4YeHHd HMEET APYyryio TPYAHOCTH, CBA3aHHYIO

¢ thoHom, OcHOBHEIM (DOHOBEIM IpONECCOM gBAgeTcd TOPMO3HOe H3NydeHHe Ha OCTATOYHOM rase.
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Puc.14, FiarerpansHoe ceveHEe O[HOKPATHOIC TOPMOIHOrO H3NYyYeHHd, “dT, ;
E, }E

B 3aBHCHMOCTH OT Hoporosoft saepraz, &, .

DHepreTUYecKkHe CHEKTpPbl H yriopble pacnpeneneHusd o6oux peaknufi o9eEr GAHIKH, NOSTOMY
OTHOENHATBCS OT QOHA, HCHONBAYHd pad/iA4YHe B ceyeHuHdX, Ypespblgalfino TpyaoHo. OTHolWIeHMEe
adhpexTa X dpory mDaérecd B cnenyolleM BHEIE! '
: -39
Ry= 0,635410" -—ELL——,

64 IF’ A (42)
roe I - TOK B aMIepax, F ~[aRNeHuie B Toppax, E.I = O JIHHA NpgaMOHHeAHOrQ npo -
MEeXYTKa B cu' a L. ~crerumocts B cmhzqachl. B THOAYHLIX SKCNepPHMEeHTallbHEIX YyCITOBH=

r = -
TOPP, ﬁ =600cm 7 L =5x IOSBCM 2!:&:: ! Be/IH4H HA

X OpH I - 100 ma, P = 10 ”
R‘d oxono B, dna BeiuuTanna oBa MEl npeanonaraeM MHXeKTHPOBaTh [OONONHUTENbHLIH
CrycTOK SMeKTPOHOB B KONBHOO HaKommrens, 2TOT CI'yCTOK He 6ydeT CTalKHBaTLCS CO Crycr=
KOM NO3HTPOHOB B M@CTe BCTPeYH, NO3TOMY CKOPOCTh CY&Ta OT Hero fyderT nelHKoOM ompe -

OensaThCd TOPMOBHBIM H3NydYeHHeM Ha oCTaTo4dHoM rase, Mchnonwayd copnmaneHus c daaoi

HaCTOTH OfpalleHES YaCTHI, MO HO Nerko pas3fenuTk CKOPOCTZ CY&Ta A/ 06eHXx SMeKTPOH=
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HEIX CI'YCTEOB:

ﬁ 3 ;1 g I_
* ¥ (43)

ﬁ&._—' KI_

. |

roe n.; = CKOPOCTBL CH&Ta OO HOKPATHOI'O TOPMOS3HOI'O HANMyHYeHHS , I_ =~ TOK OCHOBHOI'O
i ; : 3

9NIeKTPOHHOI'O C'yCTKA H I_ = TOK OONONHUTeNLHOr o cryctka. Kpome Toro, Mmel 6ynem ua-

f

MEepATE OTHOLLeHHe TOKOB H= I_. / I - , DO3STOMY:
w W L (44)
V=, n‘l/ H

Own6Ea B K3MepeHHH nﬁ , o6 yclnoBne HHad TOYHOCTRI AaMepeHus H , COCTABUT:

ﬂl — _—-.._i ,.-{:"-i-l- {45)

L]
N ¥ Ry H

CywecTeyeT MHOIO cOOCOG0B H3MEPeHHES OTHOLICHES ToKoB, Cpedn HAX OLAHHM H3 NySIIHX

npeacTapligeTcs cuocob ¢ HCNONb3DBAHHEM CHHXPOTPOHHOINO H3NYyYeHHd, DTHEM MEeTOOOM MO -
HO USMEPATL: BENHYHHY H ¢ rounocTLI0 BeckOMBEO nponedTop. [loaToMy CBETEAMOCTE MO =

XeT 6BITL H3MepeHa C TOYHOCTLIO NOPH1Ka NpoueHTa,

11,2, Hpotinoe TopMoanoe Ha3NnyHenLne

L soiinoe TDPMOIEHQE Hany4eHHe HCOONL3QBAlIOCE [/id H3MEPE@HHd CBEeTHMOCTH HAa yCTa ~
Hopxax BOIll~1/1/, BIIIll=-2 /8/ u ACOQO /2/, ooHako ero Henp3s NpEMeHETH Ha BATTI1=3,
lpyunna sakmodaercd B HE3KOM OTHOLIE HEE addexTa X gory, OTHoweHHe 3pderTa K (oHy
e@CTh OTHOULIE HE® CKOPOCTH CH&éTa ABOHHOIO TOPMOBHOIO HINYy4YeHHS H CKOPOCTH c4éTa cnydait—

HEIX COBOAN@HHH OT 7 =—KBAaHTOB OLHOKPATHOI'O TOPMOBHOI'O HANYYSHMHH :

S Gax (48
i )
Ray = 7 62

roe Ogy = 5‘ = ceyeHHd OBOHHOrO TOPMOBHOIM H OJHOKPATHOrO TOPMO3HOIO HINy4YeHHs,

Ceqenue NBo#HOI0 TOPMO3HOI'O HBNy4eHHus Gelno paccuuralo BaliepoMm u np, /9/. B Hawux

TO.
YCNOBHEX yCNoBUSX oTHowenne ahdexra k bouy pasae 10°“/ L, rne L =ceBeruMocTs B
CM Hac ., ITo o3HAYAET, YTo ABoHHOE TOPMO3HOE MBNYyUYEHHE MOXKET OLITh HCHONL30OBAHO

32 =2 =]
Oong ai3MepeHus CB@THMOCTH, eClTH CBETHMOCTL He Beilue geM 10 oM “wac .

I11.3. OmHokpaTHOe TOPMO3HOE HaNyieHHe C perrcTpanuelfl anexTpPoHa oTAa4Yd

Mgl paccmarpuBaeM clielyiOLlHEA Hponecc: 3MeKTPoH CTANKEBAETCH C NO3HTPOHOM H
A3Nny4daeT Wa’ ~KBAHT, KOTOpPLI# PErdcTPEpyeTCHS HeTeKTopPOoM ?.f -kBaHTOoM, [ loaaTpoH oToa-
Yl TepAeT MAayK YacTh CBOe#l 3HepPI'HH X pPerHCTPUPYeTCH B CY&TYHKaX CHCTEMbBI MAalblX yr—
nop B coBnanesugx ¢ ¥ =KBaHTOM, CeueHHe STOIO mpouecca MOMKeT 6EITL NErKo Honyye-
HO B3 hopMynkl OHbdDepeHNHAIBHONO CeYeHud OO HOKPaATHOrO TOPMO3HOro Hany4denns /5/, Ec-
MM Mbl IPELINONOXK UM, YTO SHeprud nyika 2 [ eB, nopor perucrpauuu Y —HeTeKTopa

200 M ap, u saTeM NpoHHTErpPHPyeM Ce4YeHHE [0 TeJleCHOMY yriy 4eThipex Cc®Hpu4ell, To mon”

gt




Ol wS
Hoe cedenue Oyader coctanarek 10  ©M ~, ¥TO OOCTATOYHO BENHKO ONG H3MEpPeHHS CBETH-

Oreourenue addexra K poHy MoXeT GbITh NpedcTaBlieHD B CNeAVIOLeM BHIe:

il
REE e

L Syl (47)
roe Oy - nnddepennransroe cedenne STOro mponecca, O o)  — CedeHHe yUpyIoro
€~ e paccesanns, ITo oTHOLIGHUE MOYTH He 3ABNCHT OT SHEPrUH HyYKa H mOpoOra ¥ -nme-
33
TekTopa, B HaweMm cnydae orHomexse R ¥e Okomo 4x 107/ , 9TO 0O3HAYAET, HTO

i

S b R
STOT M@TOI NPHMEeHHM, eCNH CBeTHMOCTb MeHslie 4eM 10 oM “wac °, [TpumenarensHo, uTo
B 2TOM MeTolle CBE3aHbl CHCTeMbl PerACTPANHH SNMEeKTPOHOB H “5 ~KBAHTOB, HO2TOMY 3TOT

MEeTOLO CHYMHT Xopoluel npopepko#f nna o6emx CHCTeM,

11,4, OeyxxBaHTOBaS AHHUIANENUES

Cedenne AByxKBaHTOBOH aHHErENANHE o6paTHO NPONOPLEOHATBLHO KBAIpaTy SHEPIrHH nyd=
Ka, B TO BpeMs Kak CeYeHHd Peakuud TOPMOBHOI'O HanydeHus crabo @aBECAT oT aHeprau. [lo-
®TOMY IPH BbHICOKHMX 3HEPrHAX H3MEpeHHe N BYXKBAHTOBOH AHHUIHNENHEE 34TPYOHEHO MOLLHBIM
doHOM TOPMOBHOrO H3nyyeHud. OO UH U3 BOBMOMHBIX nyTell ang HBMEepeHus aHHATHISNAE 348~
KNi09aeTCsl B RCHONB3OBaHME 7 =/1€TOKTOPA C BbICOKAM SHEPreTHYeCKHEM DaSPeIleHHeM.
OnHago YepeHKoOBCKAEe CY&TYHKE MOMHOMO HOLNOLIeHEE AMET paapeluedne okono 10%, 4To
HeIloCTATOYHO ANd pasnenesns coOuITHi aHHUIENANEE OT COGLITHR TOPMOBHOIO MANyYeHHS.
Hpyrok nyTe saxmogaercd B ACHONL3OBAHUA PABIHIHES B yCNIOBBIX pacnpeleneHHdX TOPMO3™
HOI'O H3Ny4YeHus U N BYXKBAHTOBOH aHHArHNANMH, YI'7IOBOe pacnpe ielieHHe ’{ ~KBAHTOB I BYyX™
KBAHTOBOH AHHHIWISAUME O0BONBbHO nnaBHoe (puc,15), B To Bpems Kak pacnpeneneHus TOpMo3—
HOro HanydeHEd HMEIOT pe3Kkuie NHKHE B HyleBOM HanpapneHuH, Tak, HaupumMep, eclii HepPrHY
ny4ka 2 ['ae, To 9B% ‘6 ~KBAHTOB O HOKPATHOIO TOPMO3HOI'0 manydehus # 80% '{ -KBaH -

TOB NBOHHOI'O TOPMOSHOI'O HI/IyHeHHS HaXOAsSTCH BHYTPH TeNnecHoro yrna 2.B Mpan,

INomecTum nepen YepeHKOBCKEM CHETYHKOM CHHHTH/JIATOP, & nepen CHHHTHIUTATOPOM
yCTAHOBHM KOHBEPTOP M3 cBHHNA, CHEHHTHANATOP MOMNXKeH GbITh paspesaHd B paldalbHOM Ha-
NpaBleHHA Ha NIOCKOCTH onpeneseHHo# wapnsEsl, Kaknas nonocka 6yoeT BblBOOAMTBLCS Ha
ceoli P Y, Ecnu cuuTaTe CoOBOazeHAd MEeXKAY 1€PeHEKOBCKAM CYeTYMKOM M CHEHTHIISIHOH -
HbIM CYETHYHKOM, OTCTOSLIEM HA HEKOTOPOM PaCCTOSHHM OT HEHTDPA, TO MOXKHO H3MEpATEH CKO-
pPocCTL CY&TA h’ -KBAHTOB AHHHIH/ISOKE C XOPOLUMM OTHOLIeHHeM achdekTa K dony, [lLlupuna
IHOMOCOK [ OMXKHa BhIGHPaTBLCS, HCXOOH M3 YINIOBEIX pacnpenemeHmil peakunii, a ragxe yrio -
BOH paCXOAMMOCTH NYYKOB B MeCTe BCTpPedH,

Cevenne OBYXKBaHTOBOH aHHAMMNANAK, IPORHTEPEPOBaHHOE ITO onpeneneHHOMYy yray

Oaércd B BpOe:

6@) = & T o L_..E.‘i]*'] (48)

A me®
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Puc,16, Cevenue OpyXKBaHTOBON AHHEUIHNMALIMH, NPOMHETErPHPOBA HHOE 5O yray 8 .3mnep ~
rug nydka 2 I'ss,

¥ HaHeceHo Ha puc.l15 ona sneprun 2 [ aB. [Ipapenem npumep, [TycTe yrnoeas pacxonu =

MOCTE Iy4KOB B MecTe BCTPedd 5 Mpal H yrnoBble pasMepsl COHHTHINZTOPA HAXOASTCH B

39 1 ow@ o]
CM "wac ', To CKo =

npenenax ot 10 Mpan no 20 mpan. Ecnu ceetumocTs 6yner 5 x 10
pocTk c4éra cocTaBuT 125 cobeituil B 4ac. OrHowieHne agdexTa K oy okono 100, Huskas |

CKOPOCTEL CHéTa OenaeT 3TOT cuocob HeydofHEIM Ang GpICTPOro HBMEpeHHdS CBeTHMOCTH, !

1Y, BeiBonsl u ofcyxaeHus

Mel nokasanu, 4TO H3MepeHHe CBeTHMOCTH [0 yIPyroMy PacCesHHI0 Ha Mansle yrisl sB-~

ngercd BO3MOXKHBIM Ong B2IT11=3 ¢ cucremaTuyeckoil oiuubxoit nopaika HeCKOALKUX Opo - i
nesrop, CHMMeTpHYHO® PACHONOXK eHHe CYETYHKOB 48T aBTOMA TUYECKOe HOoralieHHae OLIUGOK,
o6yCclloBneHHEIX NepBblM NOPAOKOM CMeLueHHd ny4ka, BoaMoXHOCTL IOCTHPOBEM H IepecTpoi-
KH CHCTeMbl CYETHHKOB KaK Le/ioro HaéT noraiueHye NoopaBkd BTOPOro NPHGAMKEeHHS N0 cMe
LUEeHHIO Ny4YKa B BePTHKA/bHOH NIOCKOCTH, O HAKO 3TO He A48T BO3MOXHOCTE BBECTH HNoIpas—
Ky K CMelue HHEM B panganwHodl miockocTH. [Toaromy kenarenvHo Oo6aBATE elle OOHY CH =
CTeMy CHETHHKOB MallbiX yI'lloB, PACHONOMKEHHbIX B MedHa HHOH NMOCKOCTHE HaKonuTend, | ag#e
l1Be CHCTeMbl CHETHHKOB OAOT NONHYI0O HHDOPMANHKIO O CMEILeHNR Ny4YKa H NONPABKY K Benu4u-
He cBeTHMOCTH, KKpoMme Toro, cCpaBHeHHe CKOpoOCTe# CY&Ta ABYX CHCTeM CHY&TYHKOB MalbiX

yrilioB AaéT npercTasliedde 0 CHCTeMaTHYeCKo# owubke H3MepeHHs CBETHMOCTH,
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O pyriM BO3MOX HEIM MCTOYHMEOM OLIHGOK MOyt OsiTH 3a0yCKH CY€TYHKOB OT THBHEH,
ofpa30BaHHBIX CTONKHOBEHUSIMY YACTHN Ny4YKa C OCTATOYHEIM M430M HIH CO CT@HKAMH BaKyyM=
Ho# KaMepbl, YBeNE4YeHHe CKOPOCTH CHY&Ta 3aBHCHT OT HE/IOro pdlla NpAYHH, HADpPAMED, Napne-
HHS OCTATOYHOrO rasa, KOHpHrypauuy BakyyMHoll KamMepsl, XapaKTePHCTHK COHOBEYA H T.L.
Ha nepeofl cTanud NpPOBEPKH CHCTEMBI MEI XOTHM H3MEepPHTEL BpeMd INponéTa MeX Oy CHe THUES ~
MH B A3AMyTansHoM HanpaBnenmu, CperHdd Be/nudnHa BDpEeMEHH NpojiéTa B Halled cHCTeMme
oKONo 8 HCeK, HO®TOMy pacnpelellie Hue Nerko AaMepuTs., ECnE CcKxopocTh c4&Ta OT NHBHe# 6y-
[OeT SHAYHTeNbHO NpeBhllaTh 1% OT HCTHHHON CKOPOCTH CcH&Ta,Mbl XOTHM [106aBATEH COHHTHI-
NANHOHHBIe CYETYHKH mepell KaxK/biM CAHABHYIEeM, Aneprypa 2THX CYSTYHKOB OOMKHA BLITE
HeCKoNneLKo MeHnlle, YeM anepTypa caHndBrdyeil, Pasfpoc BpemeHH HapacTaHud HMIOYNLCA MEX -
Oy 3TEMH CYéTYHKaMid 6yOeT 3HaduTeNkhHO MeHblle, YeM [1/1d CHABHYel, ﬂnammﬁr BpeMa Opo=
néra 6yoer HaMepsaThCH C Aydwel TOYHOCTBIO, 4TO j?MEHLLLlﬁT perucrpanMio nupHel, Bropoe
OIpeHMYyLLIEeCTBO [IOIONHATENBHEIX CHETYAKORE COCTOHT E CNeyKIleM: COHBAYYE UMelT 6one -
YO TOMUIMHY, HOO2TOMY Ha KpasiXx CaHO BHYA CyLUECTReH . KpaeBble ad(eKThl, KOTOPbIe BHO™
cAT olIHOKY B CKOPOCTHL cuéTa, ocobeHHO, B crydae ANUHHOIO HCToYHHKa ceeTuMocTH, [Jdomon-
HUTelbHble CYETYHKA CMOrYT 4&TKO oOopedeNuTh pafouylo aneptypy cauaBuya, [ losroMy COB =
nafieHud 6ONbLLIOrO CYETYHKA C CBHOBUYEM YMEHBIUHAT HeOOdHO3HAYHOCTL, O0yCNOBIEHHYO
KpaeBblM 2 PeKToM B C3HIIBHYe,

YCcTaHOBHE CB3H MeX IOy CKOPOCTAMHE CY&TA pA3/IMYHLIX COBIA/leHHHE H CBA3aB HX C pa~-
Goraromue#t Ha ON — LI NB 3BM, Mbl MOXeM SLI4HCIETE BADHANAE CBETHMOCTH H
CMeLUEeHHs Ny9KoB H BEIBOOHTL &TH OaHHbIe KaKEM-nub6o cnocobom, Takasd cucrema 6yner no=
nesapa ansg paboTsl H KOHTPO/s CaMoro BOrIIl1=3, a takxe nact 6baepiuyo ybeadHTeNbHOCTE
3KCHepUMeHTaNbHbBIM peaylbTataM, MBI XOTEM OpHEMeHATH TAKYI0 cHcTeMy B GydyiieM,

Mbl oeHHNH yBeNnu4YeHHe CKOPOCTH cyéra, obyciioBleHHoe yIJIoBo#d pacXOLHMOCTBIO Iy 4=
KOB B M@CTe BCTPe4H, H Hall/l}, YTO yBenu4deHue 6y eT HOBONBLHO 3HAYUTENBHBIM, Koraa 6e -
TaTpoHHAR hyHKuusl 6yneTr mMafleHbKol, K HecHacTwio, Mbl He EMeeM MeTola [Ng HaMepeHud
MJIOTHOCTH pacnperiefleHus 4actTdun B cbadoeoM npoctpadcTee 6eraTponHsix Konebaunfi, [TosTo~
MY, BoIYMCIEHHbI HAMH NMonpaBo4HLIA MHOMHETENbL MOXKET coaepkaTk Gonpiuyio ownbky, Mel
XOTHM PEeKOMeHOOoBaTs YCTAHOBATHL B 6y ylleM NponopuHoHaNlLHbIe Kaﬁepm nepen KaxdblM
TeleCKOoIIOM CYeTYUHKOB, 2 To NO3BOIHT H3MepPHdaTh A3HMYTAJIBHYO NINOTHOCTH paclupelleileHdsd
CReTHMOCTH, 4TO OCOGEHHO BaXKHO IPH DONBLIUUX CBETHMOCTHX,

Me1 Bunenn B rnage LI, uro peaknunu c ?_f - KBAHTAMM TakKmke SABALIOTCH NoOXoOdLUIH=
MH Ong MoHETopApoBaHud, M MeTw Hame»HBIH KOHTPOAL CBETHMOCTH 0CO6@HHO BaXHO B HEHC-
crnenobaHHol obnacTu PUSHKHN HACTHL BICOKUX 2Heprufi, Ecnu 651 Mbl UM eNH ABe MOHHTOPH —
Pyl He CHCTEMEl, NpoBepdIoLIMe APYyr Apyra, To nolydeHHele peadynbTaTsl 66lnu 661 Haubonee
ybenurenwasiMi, [ToaToMy, MBI XOTHM HMETE MOHHUTOPHPYROLIYIO CHCTEMY C HCOONB30BAHHEM
1eTeKTopoB ‘;{ -KBaHTOB, K coxaneHuwo, Ang peructpanua Y —KBAHTOB HEOOGXOAHMO
AMETHL HOBOPOTHEIE MArHKTE BO6NU3HU ofnacTu B3auMoldeHCTBHYE, YTO B HACTOdllee Bpend 3a-
TPYOHUTENBHO H MOXKET 3alep)kaTk NepBbie aKcnepuMeHTsl Ha BOI] ﬂ-d Tem He MeHeo, MBI

nollgyepruBaemM HeobX0OdHMOCTL BTOpPOI'O MOHHTOPA,
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T. Introduction

Tn a colliding beam machine, the occurence rate
of a certain physical process which has a cross seC=—
tion 6 can be represented as

n=L¢6 (1).

mhe coefficient, L. , which is called luminosity,
does not depend on types of physical processes. It
depends only on the properties of circulating beams,
VYEPP=3, which is now closing to the end of its const=-
ruction in the Institute of Nuclear Physics, Novosi-
birsk, has one electron bunch and one positron bunch
which are circulating on the same orbib and in the
opposite direction with respect to each other, In such
a case, the luminosity is given &s

Spt
. L5 O

where I.. and. I . represent the current of electrons and

positrons respectively, gis the revolution frequency

of beams and Se“ is the effective area of the cross

section of both beams, The direct measurement of the

luminosity by the use of eq.(2) is no® accurate,

because it is difficult to measure the spatial distri-

pution of the beam density.

The possible way to measure the luninosity is

the use of known processes according to the eq.(l).

Among them, electromagnetlic processes in the forward

direction are suitable, The reason is that, in electro-

magnetic processes in forward direction where the four

momentum transfer is small, the validity of the Quantum-

electrodynamics has been established theoretically and

also has been proved in some experiments /1,2/. Fuarther-

more, these processes have rather large Cross section,

(2),

so that these are_convenient for a fast measurements of
the luminosity. There are many electromagnetic processes
in an electron-positron colliding beam: elastic scatter-

-_—



ing, single bremsstrahlung, double bremsstrahlung,
double bremsstrahlung, two ) -ray anmihilation etc,
Some of these processes has been used to measure the
luminosity in many colliding beam machines /1,2,3,4/.
In our conditions the measurement of elastic scatter-
ing in forward direction seems To be more adequate
for the luminosity monitor, which has been adopted by
the ADONE group /4/. Therefore, we have decided to use
this method as the main monitor systenm, _

| Chapter II describes the monitor system using
elastic scattering of electrons and positrons, We
analyze the effect of possible beam deviations on the
absolute value of the luminosity and propose & method
which eliminates these effects, Then we give correc-
tion factors for counting errors caused by angular
spreads of beams and by radiative scatterings, In the
last part, properties of counter and electronics are
written, In chapter III, we suggest briefly another
possible monitor system using Y -rays detections,
which may be used for VEPP-3.

TI. Monitor system using e”e’ elastic scattering

TI-l. General description of the apparatus.

The apparatus consists of four counter teles-
copes and each telescope consists of a small defining
counter P and a large sandwich counter §;, as il-
lustrated in Fig,l. The scintillators of small defining
counters are 5 mm thick and 30x30 mma wide, The average
angle of scattered particles hiting small counters is
about 3°, _

The aperture of sandwich counter is 120 mm in the
vertical direction and 100 mm in the radial direction,
The role of sandwich counter is to reduce the contribu-
tion from soft particles to counting rates, Their large
sizes permit to compensate the effects of finite length
of beams in the azimuthal direction as well as errors
caused by beam deviations, Characteristics of all
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rig.l. Geometrical configuration of counter telescopes;
R - defining counter, S;_- sandwich counter,

and V - vacuum chamber,

counters are given in later.
Two sets of telescopes make a pair and are set

on & rigid platform and are placed in the vertical
plane symmetrically with respect to the beam axis, The
platform is fixed to the Q-magnet, however, the pair of
small defining counters is adjustable their position
without changing their relative distance., Another pair
of telescopes is set in the same way at the opposite
side of the intersecting region, With such a configura-
tion three types of coincidences can be made :

a) four-fold coincidence: pr S;ﬂ%% - F,_.,-—-S,LP,LSHPW

b) three-fold COincidence:T; - S,ﬂSa ,Tg_ e Sg_Pz 5.,,
T;="‘ Sapg,gi ,T‘l:' S'-IP‘I Sz

¢) OR - coincidence:
Ol?.:= T1+T3- F1'5 ) Oiﬂ= T:.qu-F?."l
Because of the symmetrical geometry of counter



telescopes the sum of three-fold coincidences has The
best compensation for counting errors caused by possikle
deviations of the source, Therefore, we want to use the
sum for the determination of the absolute luminosity.

By the use of differences of eounting rates between
three-fold coincidences we can evaluate the value of
beam deviations as described in section II-4.

The ratios between counting rates of three types
of coincidences make us to determine the source length,
which will be written in section II-8, Three types of
coincidences are not independent, so we can check thew
internally by comparing them.

IT-2, Calculation of counting rates.

The cross-section of the e -et elastiec scattering
at the small angle, @ , is represented as:
2
de _ (:Lra) 1
T -
The accuracy of this formula is better than 0,1 % for
our case, For simpliecity, at first, we assume that the
source is point like, Integrating the eq.(3) over the

counters which are illustrated in Fig.l, we have the
counting rate of each three fold coincidence as

=L Z'U {4(‘ ij-iﬁ'ﬁt(—é—sﬂ—ég)ﬁ' (4),
L
where f;= e*/mc® ; y=E./m ; Lp is the size of the
small counter in the radial direction; 3-, a;, and Qg
can be understood from Fig.l.

The formula (4) is somewhat complicated to'uﬁe,
so that, in later, we will wuse following approximé-

tions
Sn 4 14
ut-"L 3_6,_ ( ﬂm) (o)
1 .02
i 1 [an) L (_1_ - |
o= L (22) 57 a* a:) i



= L (24 )1 %ﬁ' (7,

where 3 means the area of small counters and d, means

the distance of the center of small counters from the
beam axis, Accuracies of approximations are as follows:

Now let us consider the case where beam bunches
have finite lengths in the azimuthal direction. Experi~
ences in the VEPP-Z2 told us that, in such a colliding
beam machine, the density distribution of particles
elong the aziwuthal direction is well approximated by
a gaussian distribution. Therefore, we are Sexpecting
in the VEPP-3 that the asimuthal distribution of the
luminosity will be also a gausslen distribution as

xl
4 glor B
Xl= e 19 8
P( ) ﬁﬁ.i‘ L ( )l
1
where 6” €§*+ ;1 y ©O& apd 6. are the characteris-
+

tie length of positron beams and that of electron beams
respectively. By the use of the approximation of eq.(6)
and the distribution function of eq.(8), one can calcu-
late the counting rate of each four-fold coincidence as:

Xo ;;1
- 2P 262/ ¢-x\* (L+x )
6. )= (‘Lﬂ') — S "{ —_—) __X) d
h(&I=L 3 Vm 6, d oe. ( aa) (a:. i
a, Ay
where Ay= W £ ., In the similar way, the count-
: 1 :
ing rate of each thre';-‘e-fo}id coincidence is given as
2 R -
:Lr) A S “E’Fﬁ{ Eﬂ( }d
& -
ni( ")KL( Va6, d # xqﬂax ’
T [ oA 262 { [ Lox| €
&1 (4 al)(eﬂ) div e -'-{(—..FJ [h)}dx}
LL a,~ba ) a ﬁg a;~b 8 (10)
= X o z = !
g™ xi Q|+bl Las PRy + b, Q'i'b;
=5 Aa- Li
e a,t+ 51€



The counting rate of each OR~tcoincidence can bs
calculated sccerding to their defimitions. The ecount
ing rate of each three types of coincidence are plott=
ed versus O, in Fig.2., From the figure, ons can see
that the counting rate of the three-fold coincidance
depends very little on the source length if 6, is less
+than 15 cm, while the four-fold coincidence and OR-
coineidence are rather semsitive to the source length,

i i | |

]
9 5 io 15 20 5 6, (Cm)

Fig.2. Dependence of counting rates on the source
length. n, , Ny , and n, meams three-fold,

four-fold and OR-coincidence, respectively.



In the typical case, when the beam energy is
2 Gev and the luminosity is 5x10° ca <h™+, the count-
ing rate of 3-fold coimcidence is 4 per second. It is
enough large to measure the luminosity in a short
period,

II -3, Variation of counting rates caused by devia-
tions of the source.

There are five possible deviations of the source
with respect to the position of the detector system,
which give variations to counting rates. They are:

a) the besm displacement in the vertical direction,

b) the radial displacement, ¢) the azimuthal dicpla-
cement, d) the angular deviation in the wertical plane,
e) the angular deviation in the horizontal plane. Let
us estimate the variation of counting rates for each
three-~fold coincidence. In general, 1f any deviation
is sufficiently small and is represented by a small
parameter, § , the counting rates of each three-fold
coincidence can be written

: - 2 (d*n
i 5] ¥ (520
When the counting rates of four three-fold coincidences
are summed up, the first terms of the variation are
cancelled out and vanished, because the four telescopes
are placed symmetrically with respect to the center of
the intersecting region and also sandwich counters are
enough large compared with small counters so that
counting rates are almost depended on only small count-
ers, Then the summation becomes

n(g)= n(ﬁ) B %: (%")}'=0 : (12)*

Concerning to beam deviations in the vertical
plane, counting deviations of the three-~fold coincid-

L0




-

ence, 1,= S,P, S, , are easily calculated under the
approximation described in Eq,.(7). They are:
a) displacement in the vertical direction, by amount

of 4% :
2 .
n= no)[1+ —‘“‘5 +10(d) ok ) - (13a)

b) displacement along the azimuthal directiom, by
amount of AX

. P 24X L |

A=) [1+ 25+ ()] (13b)
¢) angular deviation in the vertical plane, AQ:

s 4€40 | ,(Lab

n= n@)[i Tha g 10( ) ] (13¢)

For beam deviations in the horizontal plane, we must
use the approximation of eq.(4).
d) displacement in radial direction by amount of &H :

n=no) [ 1 - 5(%E)"] (13d)
e) angular deviation 1n the horizontal plane, &T’ :
n-n(o)[ 1~ 5(‘8&?) ] (13e)

Values of (n-n(o))/ n(o) are plotted.in Fig.3
for the coincidence [y and for the summation of four
three-fold coincidence.

11




0.4

12

‘Fig.3. Deviations of count-

ing rates caused by
a) vertical displacement
b) azimuthal displacement

¢) angle in the vertical
plane

d) radial displacement
e) angle in the radial plane



II-4. Evaluation of beam deviations and the reslign-

ment of the detector system.

As deseribed in the previcus section, there are
three types of beam deviations which give rather large
variations to counting rates of each three~fold coinci-
dence, They are beam deviations in Hhe vertical plane,
In eur system, we have four data T; ,'TL s T;'ama-r o
We want to know relative deviations between beams and
the detector system using these four data, After eva-
luating the relative deviations, we can realigne the
detector with respect to beams, This realignment is
very important for the measurement of the absolute
value of the luminosity, because there are many correc-
tions to determine the absolute value of the luminosi-
ty, which can be only estimate by calculations for the
case where there are no beam deviations, _

By the use of the approximation of eq.(7), count-
ing rates of each three-fold coincidence in the case
where there are beam deviations in the vertical plane
can be calculated as
T:l'_‘ n(o) [i +C A Z+CAX+Ca0+C, AZAX+ G524 04 Axaﬁfcgﬂ'*cgn"dr(‘gaeﬂ (14a),

Te=n t o e & b ' + s o +

i, - ](141:).

= f‘l(ﬂ}[“ e + — - o+ + ] (1e)
4

Eot, S  0  NRE T ee

where ¢;=4/d, C,=2/¢, c=4€/d , &= 3/dL | Cs= 20€/d*
Cc=3/d , GG=10/d* Cg=1/g2 Cq=1087/4*

We define four combinations of Ty, 1. , |3 and Ty as
T=Ta#Ta* T+ Ty = Hn(o) [4403 a8+ Ggax cg 46* ] (15a).

U= Ti=To=Ta+T,= Hn(o) [c.aX + C5 2240 ]

(15b),
V=T1+T1’|'T3—?T‘{= 4 h(ﬁ] [Ci&z hates W 9] (15¢),
W=T,~T,+Ty ~Ty=Hno) [a8 + €y 42 ax] (154).
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We use a successive approxiﬁatif:zz to solve these equa-
tions and have

' v C_ﬁ_ Uw $
AZ = ii [T o R Tn.] (lea),
4 [ U Cs VW
NS EE[.R ¢, T* (16b),
3 iy W 1, Cy UV (16¢)
e CS[ R ¢,Ca o :
x ' g -1
where
1 3 s
o Vv U T WS P
R"T[1‘+C*(E:I‘)+C’(CLT/ *“’%(0,1‘” s

Using the estimated values of deviations, one
must realigne the detector system with respect to
. beams, After doing the realignment, we shall have small
deviations of beams and small differences between each
counting rate. Then, again we apply this method succes-
sively. At last we can set the detector system in the
right pasition and we will have amn accurate absolute
value of the luminosity.
10 show the availability of this method, we have
done a simulation and some of their results are listed
up in Table 1. One can see from the ‘Y'able 1, that for
the large values of beam deviation it is necessary to
use the method successively, while for the small values
of beam deviations we obtain accurate results after the
first realignment,

lable 1, Evaluation of beam deviation.

A% is the vertical displacement in mm, AX is the
azimuthal displacement in cm, and 4 € is the angular
deviation in mrad.-TE are counting rates of three-~

fol: coincidences. ‘the luminosity, 1/ , is the sua-
“wtlen of T , while N(0) is the corrected values

14



with the use of the evaluated values of beam devia=-
tions. "] " means initial values and " (" means va-
Jues after realigna&.

: 3 I A 8 ¢ I -
Beanm AT 3 0.08 . 5 0.03| 10 o T
ideviation ax T 5 0.53 10 0,51 10 ,_9.15

a6 3 -0,18 > ~0.42| 10 -l .6;'

e

Counting | To |*-588 0.9971‘_2.262 0,977 |5.052 | 0.727

rate T, |0-868 | 1.013 |0.767 | 1.029|0.692 | 1.217
Ty |0.987-0.978,10,951 |0, 9631064 1.0'73

.

Ty |0.747| 1.014 | 0.639| 1.035/0.381 | 1.04
Laminosi- T /4| 1,048 | 1.000 | 1,155 | 1.001|1.797 1.017]
A(0)| 1,000 | 1,000 |1.014 | 1,000(1.,084% | 1.00

This method can be applied to the case when 0,
is larger tham 15 cm, because the coefficients (; are
slowly varing function of 0, and the successive re-
alignment is possible, '

1I1-5, Effect of the angular spread of beams on count-
ing rates.

To get a high luminosity, we make values of f -
functions of the orbit near the intersecting region as
smaller as possible by setting quadrupole magnets at
the both sides of the intersecting region., In such a
case, both electron and positron beams have large
angular spreads which are approximately proportignal
to the inverse square root of the ﬁ -function, It is
difficult to estimate the density distribution of
beams in the phase space of betatron dacillations,
because of the beam-beam interactions., machine people

15




' are expecting that the phase volume may be 2110“5an
rad for the vertical betatron oscillation. Then, it
mey be permitted to assume that the distribution of
the projection angle of beams to the vertical plane
including the beam axis is a gaussian distribution
with a stemderd deviation of 9y for electron beams
and 9; for positron beams respectively and the order
of 9.2_ and Oz is

By) 05 = £18" - @8)

whera the unit of p is cm. This means that for
the extreme case, say, p = 5 cm, 0, and 0y become
about 10 mrad amnd give an increment to the counting
rate,

By the use of the approximation of eq.(5), let
us caleculate -the increment, At first, we aonsider
about the following case; an electron with energy
of £ goes inbto the intersecting with an angle of
and collides with a positron which has the same
energy and has an angle of & , Then, the electron
is elastically scattered into the direction of @
and is detected by a small counter. The positron is
scattered into a certain angle not collinear with
respect to the electron, however, the deviation of
the angle from linear with respect to the electron
is so small that the positron is always detected in
coincidence with the electron by.a large sandwich
counter, We calculate the transformation matrix which
connects the laboratory system to the particular
center of mass system in which the electron and the
positron move on the X -axis., Neglecting the higher
terms than quadratic terms of Y, amd ¥ , we have a
following eguation

( PX1 { Px‘

PY -‘-‘I_' Py
= }C"l \E/Laa

16



i G
/"" 3 ) O
~%
= | - -2 - | ay
i S H(m-v[""}
|y 2 8

where Px and Py means the momentum of ¥the electron in
the azimuthal direction and that in vertical direction
respectively. The energy of the electron and the po-
sitron in the center of mass system is calculated to
be

t { e iy
E"'Ef‘ 3 } (20).

By the use of eq.(l19), we can calculate the dif-
ferential cross section in the laboratory system and
the result is

ds de,’) e
da"dﬁ )L ’1,3 EQ{H_ 9 651} (21),

Where I g o means the GrBSS—EthiOH in the case of the
head on collision. Assuming that the electron beam and
the positron beam have gaussian distribution, we in-
tegrate eq.(21) over the whole angle of I and ¥ , we
have the effective cross-section as

-5—2-’-“ } A

d-ﬂ‘)E B{ i

in similar way we calculate for the case where
a positron is detected with a small counter., Summing
up both cross-section and integrate it over small
counters, we have the sum of counting rates for four
three~fold coincidences, The result is approximately

17




fépresantad as;:

n= n(O)[i-f G 91 ] (23)
wnere 0= 4 . Combining eq.(23) and eq.(18) the imcre-
gent of the sum counting rate is calculated as a func~

tion of the f ~function and is plotted im Fig.4. In the

extreme case where p is mearly 5 cm, the increment
becomes 1l %.

an

0.081

QO0Y 1

O *

10 20 30 /3 (dn) .

Fig.4. Increment of counting rate wversus | the betatron
function.



'11-6, Counting errors caused by geometrical errors of
the detector.

- As previously described, the idea of the compen=
s&tian.with.tha use of four symmetric counter teles-
copes and the realignment method of the detector sys-—
tem reduce the counting errors caused by relative geo-
retrical errors between beams and the detector as a
whole, Still, remain eounting errors caused by the in-
ternal configuration of counters and by the counter
sizes and by the edge effects of small counters., We
estimate these counting errors individually by the
use of the approximhtion presented in eg.(7) and give
necessary accuracies for the machinings and the set~
tings .

a) Distance between small counters in a pair of
telescopes, Let Ad be the setting error between two
small counters which have a distance of 24 with res-

. peet to each other. Then, counting error is estimated
to be

an 24
W (24)
Setting accuracy of Ad = 0.4 mm is enough to reduce
the counting error less than 1 %, '
b) Distance between two counter telescopes which
do not make a pair,
Let AU be the setting error. The distance bet-

wWeen two counter telescopes which do mot make a pair
is 20 . Then, the counting error is

Al’l_ae
n . ok -

and one percent of counting error corresponds to the
setting error of 1.3 cm.

¢) Area of small counter

AN _ AS (26)
n S

-




Irn our case, the machining accurscy to make small
counters is 4+ 0,05 mm, and this gives to the counting
error of 0.3 %.

d) Edge effect of small counter,
As illustrated in Fig.5, for a particle which starts
from the source, small eounters ¢an be seen as if the
area is increased near the lower edge and is decreased
at the upper and side edges. The counting efficiency
of the scintillator in these parts, however, is less
than uﬁity, say, £(6) . Then the sdditional contribu-
tion of counting rate from the lower edge part is es-
tinataﬁ to be '

| £(6)d6/6" |
an) _ 646 | (27)
( L ) - o0 N

1
where 91 ’ Qg, and 48 can be understood from Fig.5.

Sl
gt
0, — f—

Fig.5. BEdge effect of small counter.
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In the narrow range of a6 : £(6) may be substituted by
- 1ts average value, that is 0.5. Then we have

an) _ 2t
(r'l)g;} 7 G

where ": means the thickness of small counters. In the
similar way, we can estimate tThe decrement of The
comuting rate., The results are

(ﬂl) _ _ost (29),
N Jup 7
and
; ot
B
fide

for the upper edge and the side edge respectively.
Therefore, the total inerement of the small counter is

any _ o4t :
(’F)d; 0 o

and the numerical value is 0.4 %.

11~-7. Radiative corrections.

Radiative electron-positron scatterings give
additional comtributions to the counting rate of elas-
tic electron-positron scatterings. Such a radiative
correction was calculated in reference /5/. Here we
summarize their result. Let P, and P, be the momentum
of the scattered electron and that of positron respecti-
vely, and define the angle O as the average angle of Ps
and ~p, with respect to incident electron beams, Then,
as illustrated in Fig.6, the angleé of Pi and P, can
be written as @, + -&g and 01— %_@- respectively in the
case when the electron emits ¥ -ray and the signs of

L\ v are inversely when the positron emits ¥y =-ray. Fix-
ing the angle 9 y they integrate the cross-section of
such a reaction within the ellips which is made by the

polar angleaB a0d the angle b under the condition
X K ab«L 6
| 21




FPig.6. Radiative scatiterings.

fhe eross-section which includes vacuum polarizations
and also contributions from hard photon emissions is
written as

do=ds,(1+9] (32)

and
39b9]=-—“{€n ["—26+——+1&€]+€n (64 +

+On b [2hg-1-26+ E" — 2.l ‘”‘i‘;f ]I 522
where £€=1 — Epun [ E and E ., mean the threshold
energy of particles which can be detected. To apply
eq,(6) to the three fold coincidence of .our system, we
divide radiative scattering into three cases.

The first case is when an electron emits a Y ~-ray
and is detected by the small counter and the positron
is detected by the sandwich counter in the region bet-
ween.‘gi and @4 as illustrated in.Fis.7a..Such.a{coinr
cidence does not occure in elastic scatterings when the
source is point like, The regiomn of 6 is between ﬂ:r./ ¢

22



and 6, /€ end the relation between 6 and 4 € is 11~
mited by following three uneqt;alities
26/2 < 6 - 61 /€

48/2 < a./€- O

(34)
AO/L > a, /-6

The region which is limited with these unequalities is
indicated as "A" in PFig.8, Then, the radiative correc-
tion contributed from this case is described as

ofe
[{8(4g=0-§)- S(=¢ -o)}gode

- Go . (35)
S ?Gw
Qe
and 6,= : ("" 3.2 —é) . The factor 2 means that there

are no contribution coming from the case where posit-
rons emit Y -rays,
The second case is that an electron emits a
¥ -ray and the region of 0 is between a,/¢ and a:/¢
a8 illustrated .in Fig.7b, Similary to the first case,
the unequalities are

AOf2<a/e-0 , 4 < 6- by (36)

and the region is the sum of "B" and "C" which is
illustrated in Fig.8. The radj&ﬂtiw correction is
6
(§(42<0-5) 048+ |  8(A%= % _g)s, 040
31-_-.- S“t!c( . 2 T (37)
ERWCAL:
afg
The third case is that a positron emits a
¥ -ray and the region of & is between Q, /8 and az/@
as shown in Fig.7c. The unequalities are

A8f2<6-F , A%< B0 (38)

and the region is "C" 4+ "D" in Fig.8. The radiative




| *“’j/&/ .
e e+
| q (c)
| Fig.7. Illustration of three cases of radiative scatter-
ings, P: small defining counter. S: sandwich
counter,
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J, 8044=0- )z oas
§.= z i (39)
3 Qz2/¢
2 5 o, 9db
| /e

The numerical calculations shows that the emnergy
dependence of the radiative correction is rather small,
In our system £=1 is always satisfied, Then, for the
enexrgy of 1 GeV the radiative corrections of each cases
are & = 1.1 %, 82 =2.3%, d,=1.6% and the total
is & = 5.0 % respectively, while for the energy of
3.5 GeV the total is 5.2 %.

One question will arise, because the requirement
that A® is enough smaller than € is not always satis-
fied in our case, The dependence of 6‘(9, &9) on a0 in
the region of 9 which we use here, however, is rather
slowly. Therefore, the large value of 4 0 does not give
a large error to the radiative 6prredtinn.

cérreation is

II-8, Measurement of the azimuthal distribution of the
luminosity. |

The azimuthal distribution of the luminosity can
be measured after am experiment was done by choosing
events which occured in a certain interaction but in
different positions of the source, We wish, however,

Yo measure the luminosity distribution during the expe-
riment, If we will be possible to add sets of wire

spark chamber in front of each counter telescope already
described, we can measure the luminosity distribution
with a good accuracy, This method is desirable, however,
troublesome to make and to operate.

In the case . of VEPP-2 the azimuthal density dis-
tribution of both .electron and.positron_bnnnhaaihad
been measured independently by the . use of synchrotron
radiation /6/, The apparatus has the resolving time of
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,E{){J Q(mrad)

Fig.8. The relation between € and AD® in the three
cases of radiative scatterings. Regions A,
B+C and C4+D give contributions to the first,
the second and the third case, respectively.

0.05 msec which corresponds %o the spatial resolution
of 1.5 ¢m, The experience of VEPP-2 told us that the
azimuthal distribution of bunches were very closely

to a gaussisn distribution. Then, they could calculat-
od the azimuthal distribution of the luminosity. of
course, we will apply such a method to the VEPP-3. In
addition to this we will try %o use the following
method to check the walue of the characteristic half
iength of the .luminosity, 0, » during an experiment.



In our monitor system, we have two independent
data, One is the sum of the counting rates of the three-
fold coincidence, ﬁf . Another is the sum .of the four-
fold coincidences, N, . ume can see from Fig.2, that N,
is not sensitive to the value of 6, , however, n. is
largely varied with G, . Them, the ratio

LaLYLE
has large dependence on the value of 06, and is inde-
pendent from the absolute value of the luminosity. The

accuracy of the determination of 0, with the use of thse
values [ is presented as |

AG, F ak

0, g dF de
In Fig.9 the coefficients of F[G',;dF/dﬁ;_ are plotted,
One cean see that in the region of the expecting value
" of 6, , that is from 10 cm to 25 cm, vhe values of the
coefficient are in the range between 1.5 amnd 2.5.

(40)

0 ‘20 30
6'|_ (Uﬂ)

Fig.9. The ratio, F , between the counting rate of the
three~fold coincidence and that of the four-fold
coincidence versus the source length, K means
the error coefficient of the measured source length,
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Oone must be careful to measure the ratio F , because
Ny 1is not sensitive to the beam deviations as was
already mentioned, however, the counting rate N, is
rather sensitive to beam deviations. Fortunately, we
have the alignment system of counter telescopes as &
whole with respect to the possible beam deviations as
desoribed in section IT-4. Thenm the systematic errors
of measured values of 6, is expected to be within se-
veral percents, ‘lherefore, we can determine the value
of 6, within an accuracy of several percents.

I1-9, Counters and electronics.

Small defining counters are made by plastic scine
til1ator N F-102. Their sizes are 5 mm thick and
30x30 mm wide. the lights generated are guided by air
light guides to photomultipliers. The air light guides
are 12 cm long and inside apertures are 20x50 mma.-
They are made by steel 0.2 mm thick and inside walls
are covered with aluminium foils. Fhotomultipliers are
FEU-30 which have diameters of 50 mm. With the use of a
cobalt source, the quantum efficiency were measured to
be 500 photoelectrons/MeV when the efficiency of light
collections .were 100 %. With these light guides, the
efficiency of light collection was measured to be 8 %.
With cosmic rays as a source, the amplitude resolutions
were measured to be about 50 % in full width of the
half maximum, and counting efficiencies were also mea-
sured and they were very close to 100 %. Near the s8ide
tops of photomultipliers, there placed photoemission
diodes, with which the whole'systen can be checked in
any times.

Sandwich counters comnsist of four layers, each
of which consists of a plastic scintillator of 5 mm
thick and a lead plate of 5 mm. In front of layers, a
lead plate of 20 mm thick is placed, which prevents to
count soft energy particles and makes to develop
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cascade showers. The shower curve shown in Fig.10 shows
the average number of charged particles in the lead
block when an electron with the initial energy of 1 Gev
goes through, Scintillators of sandwich counters are
placed in the shaded regiom of Fig.l0. This region does
not give a maximum amplitude to scintillators, however,
give well a distinction between high energy electrons
and soft particles, The lights generated in scintilla-
tors are gathered and guided by the two plexiglasses to
one photomultiplier FEU-30,

4 '

9 |0 2 t

¥ig.1l0, Shower curve for 1 Gev electrons in lead.
Nemeans the number of charged particles pro-
duced. Abscess is the pass length in unit of
the radiation length, Scintillators are dis-
tributed in the shaded region.
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The amplitude spectrums ¢f sandwich counters for
electrons up to 1 Gev were calculated by the use of
Monte Carlo method and results are plotted in Fig.ll.
The counting efficiencies were also calculated and are
illustrated in Fig.l2. The energy resolutions amnd the
counting efficiencies of real sandwich counters will
be measured with beams of the VEPP-3.

Eﬂ-"i 100 MeV

i 5;2300 MeV

0.2 + E;:ioaﬂnev

S R WA, R o 7
Pulse haigﬁf

Fig.,ll. The calculated pulse height spectrums of sand-
wich counters, The unit of the pulse height is
taken as when a minimum ionization particle
goes through the counter without generating
cascade showers,

The block diagram of electronics is shown in
Fig.1l5. There are four channel of three-fold coincid-~
ences ( [, T, T,andTy), two of four-fold coincidences
(Fi3,F2y ) and three of OR coincidences (0, Oy, Os. ).
The resolving time of coincidence circuits are 40 nsec.
These output are registered with scales which have cycle
times of 6 MHz and are enough fast to compare the revo-
tion frequency of beams, 4 MHz, There are two types of
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the data handling. The first onme is simply to integrate
counts during each run of the operation of VEPP-3, This
gives the integrated absclute values of the luminosity.
The second is that: after each period of 1000 seconds,
each data registered in scalers are readed out and are
recorded on a trap and on a magnetic tape of the comput-
er system, These differential data are used to know the
time variations of the absolute value of the luminosity
and also variations about beam deviatioms., The later
informations give the correction factor to the absolute
value of the luminosity. In future we will intend to
make some displaying system to show beam characters and
their time variations by the use of an on-line computer
system connected to the electronics, Thi3 system will
be useful to make an experiment more accurate and sure
and also to give a good control to the operation of

1.0

| L

100 200 200 500 700 1000 e\

Fig.1l2., Counting efficiency of sandwich counters as &
function of the particle energy. Numerals written
on curves mean the threshold emnergy of the de-

tector in units of the pulse height given by a
minimum ionization particles,

O
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Fig.l3. Block-diagram of electronics, DL-delay line,
D-discriminator, F-fan out, CC-coincidence
circuit, OR-or-circuit,

To eheck of the operation of the system as a
whole .is carried by the use of photo-emission diods
which -are set to all of photomultipliers and make &
simulation of beam passing through eounters, All of
electronic e¢ircuits are placed in the counting room
and are comnected to counter Yelescopes with cabels
of 80 m long, which have impedance of 50 ohms.
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III, Possibility of luminosity mwonitors measurius -Irays,

We have mentioned in previocus sections that the
luminosity monitor using small angle e - e elastic
scattering is available and suitable for VEPP=5., Still
we want to have another type of monitors, because we
want to make the system to be a trustfull ome, especial~
ly in the unstudied emergy region of colliding beam
machines, In the case of VEPP=2 they had used phenomena
of double bremsstrahlung as luminosity monitors,

VEPP=3 has two long straight sections of 12 m, in
the middle of which beams are colliding. Such a long
stralght section is inconvenient to detect forward

Y -rays., Nowadays, there are many plans how to deal
with long straight sections, One of them is that, just
behind focusing quadrupole magnets, bending magnets are
placed so that y -ray detectors can be placed in the
forward direction to beams at 500 cm from the intersect-
ing region., Unfortunately, the plame is not yet concret-
ed, however, we assume the configuration of straight
sections and discuss the possibilities of luminosity
monitors measuring Y -rays in brief.,

Concerning with ) -ray detectors, we are now
preparing lead-glass total absorption Cerenkov Counters.
A preliminary experiments shows that their energy reso-
lution are less than 10 % at the energy exceeded over
1l GeV,

IIl-1, Single bremsstrahlung.

The differential cross section of the single
bremsstrahlung produced by head-on collisions of elect~-
bons and positrons have been given in the ref./7/ and is

1" -~
doy = L{ou;"du?fi +(4-w)* Z (1-w)[[ Ll = {_5 1w) _ 1] (41)
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where (0 means the Yy =ray energy in unit of the beam
energy. The integrated cross sectiom over a certain
value of Ey to maximum energy is plotted in Fig.l4. In
the typiecal con&ition, where E = 2 GeV, L =5x1035emf3h71
and the threshold energy of ¥ ~detector is assumed to

be 200 MeV, the counting rate is 3x10° per second,

6y (mbarn)
i + £
e +€ —> ¢ v+ + J"'
2004
100 L
0 : .‘ ! |

0.2 0.4 0.6 0,8 EtfEp

Fig.l4. The integrateq. cross section of single brem-
sstrahlung, SE%&J versus threshold energy, £, .



One must be careful when the counting rate becomes
comparable to the revolution frequency of beams, because
one collision time is about 3 nsec during which Y -ray
detectors do nobt resolve successive ) -rays. This means
that the detection of single bremsstrablung can be a
candidate of the luminosity monitor if the luminosity
is less than leoﬁicmfehfl. when the luminosity exceeds
this value, there occurs pile up phenomena of Y -Tays
and the counting rate begins to saturate and the detect~
ed energy spectrum of J -rays will be varied, In pri-
nciple, if we measure the counting rate and the energy
spectrum of ) -rays simultaneously, it may be possible
to determine the luminosity, however, this method is
tedious to calculate.

The measurement of single bremsstrahlung has
another difficulty caused by the mixing of ¥ -rays
which are gemerated by collisions between beams and
residual gases., Unfortunately, the encrgy spectrum and
the angular distribution of both 7 -rays are very si-
milar and do not distinet with each other, The ratio
between the counting rate of beam-beam collisions and
that of beam-gas c¢ollisions is

2 Gy L

where ]: is the beam current in ampere, p is the va-
cuum pressure in Torr, ¢ is the length of straight
pass seen in cm and [ is the luminosity in cm2 l
Under the typical experimental condition, where

[ = 100 ma, p = 10" %torr, £ = 600 cm and

L = 5x10"35¢m2/h, the ratio RB’ becomes 5., To subtract
the contribution from residual gases, another bunch of
ealectrons is injected in an emp¥y bucket. This buanch

of electrons does not collide with the positron bunch

at the intersecting region, so that if we measure count-
ing rates of both cases separated by time discriminating

(42)
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A= kI (43)
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where ﬁﬁ- is the eounting naxa_bf_electrmnpggﬁitron
collisions, J. is the eurrent of the electron bunch
which.collidé'with.tha positron bunch at the intersect-
ing region and I is that of the suxiliary electron
bunch, Purthermore, we measure the current ratio H=1_/I.
by some methods and, then, we have

. * 1
na':: l’ll—' e - - (44)

n
H

The systematic exrrors ef‘ﬁglaansaﬁ.%g the measurement
=
R

of H 1is : . x
| Any 4 aH 93
na’ H H : %
There are many methods to measure the current ratio,
Among them, the usege of synckrotron radiatiors seems
%o be the best. This method gives several percent
errors to H . Then, the absolute value of the lumino-

s8ity can be measured with amn errer of 1 %.

III-2, Double bremsstrahlung.

Detections of dﬁnbia'bre@astrahlung_aa a lumino-
sity monitor had been used in VEP-1 /1/, VEPP-2 /8/
and ACO /2/, nevertheless, will not be used in VEPP-3.
The reason is accidental coincidences caused by single
bremsstrablungs. The S—/V. ratio, that is, the ratio
between the coincidence counting rate of double brem-
sstrahlung and that of accidental coincidences is easi-
1y calculated under the assumption that the number of
events during one collision of bunches is much less
than unity. It is

§ 6ay

o 6y  we,




where 0.y and 6y are the cross sections of double and
single bremsstrahlungs,respectively, which are integ-
rated over the whole angle and also are integrated over
a eertain energy range of Y =-rays. The cross section,
0’%, , was given by Baier et al./9/. When the threshold
energy of j§ =-ray detectors is chosen av one~third of
the beam energy, the S-n~ ratio becomes 1052114 .
where L. 1s in unit of unah“l. This means that double
bremsstrahlung can be a possible luminosity monitor
if the luminosity is much less than 1052¢mahfl.

III-3, Single bremsstrahlung J -rays in coincidence
with recolled alectrbn.or positron.

We consider the following process; an electron
collides with a positron and emits a § -ray in the
forward direction which is detected by a ¥ ~ray de-
tector, The recoiled positron loses its energy little
and is detected in coincidence with Y -ray by counter
telescopes which are prepared for the monitor system
using the detection of electron-positron elastic scat-
terings. The cross section.of this.process can be easi-
1y deduced from the formula for the differential cross
section of single bremsstrahlungs, which was given in
the reference /5/. For example, when we assume that
the beam energy is 2 GeV and the threshold energy of

§ —detectors is 0,2 GeV and we integrate the cross
- section over the range of the ¥ -ray energy and over
the solute angle of four sandwich counters, we have
the total cross section of 1.2x10"°%u™% which is
enough large for the system to be & luminosity moniftor,

The signal to .noise ratio of coincidence countings
is represented as

9ol i e

where 0, is the differential cross section of this
process and O is that of e + e elastic scatterings.

(47)
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‘ghe ratio is almost independent on the beam energy
and the threshold energy of Y -detectors. Im our
case, it is about 4x10°°/L which means this method
is useful if the luminosity is less than 10°Zemh™%,
The most important fact is that this method gives a
connection between electron detectors amd ) -detec~
tors so that it plays a good check to both systems,
IIT-4, Two X -rays annihilation.

L*

The c¢ross section of the electron-positron
annihilation into twe ) -rays is proportional to
the inverse square of the beam energy, while the
energy dependence of the cross section of single
bremsstrahlungs and that of deouble bremsstrahlungs
are rather slowly varied., Therefore, in the high
energy region, it was considered that the coincid-
ence measurement of two J -rays annihilation must
be masked by accidental coincidences caused by single
bremsstrahlungs and coincidences from double brem-
sstrabhlungs. One possible way %o measure annihila-
tion Y -rays is to use a Y -ray detector which
- has a good energy resolution. Unfortunately, the
total absorption Cerenkov counter made by lead glass
has an energy resolution of about 10 %, and it is
not enough to distinguish annihilation events from
other processes, One fact may give us a possibility
to eliminate contributions coming from single and
double bremsstrahlungs, That is, single and double
bremsstrahlungs have sharp angular distributions in
the forward direction, while the two }j -rays anni-
hiletion has a rather wider angular distribution as
illustrated in Fig.1l5. For example, when the energy
of beams is 2 GeV, 99 % of )Y -rays caused by single
bremsstrahlung are concentrated within 2.5 m rad,
.amnd 80 % of double bremsstraehlungs are also in this
cone,
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Fig.l5. The cross-section of two | =-rays annihilations
integrated over an angle, O . The beam energy
is 2 GeV,

Then, if we provide a scintillation counter and a lead
plate converter in the front of the Cerenkov counver
and make a slit in the scintillator with a certain
width in the radial direction and take coincidences
between the secintillation counter and the Cerenkov
counter, we can measure two } -ray annihilations with
a good signal-noise ratio., One must be notified <That
the slit is necessary instead of a hole, because

¥ -rays which are produced by the beam-residual gas
collisions during beams pass through the bending mag-
net and change their direction hit the scintillator to
give accidental coincidences. Concerning with the width
of the slit, one must take into account the angular
spread of beams except to the angular spread of ) -rays.
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The cross-section of two ¥ ~rays annihilation
integrated over a certain angle, § , is given as

5(6)= =5 tm [1+ (Fe)'] 55

which is plotted in Fig.l> for the beam energy of

2 Gev. Now we want to give an example. We assume that
the angular spread or beams is 5 mrad and the maximum
detectable angle of ) -rays is 20 mrad. ‘the maximum
8lit angle of 10 mrad is enough large to eliminate
the contamination by single and double bremsstrahlungs,
The counting rate is 125 per hour if the luminosity

is 531053m2h'1. The signal to noise ratio is more than
hundred. The counting rate is too small and this method
is not suitable for a fast luminosity monitor, however,
the data is clean,

IV. Conclusions and discussions

Now it is clear that the luminosity monitor
system using electron-positron elastic scatterings
is available in the emergy region of several Gev.
The estimated systematic error was within several per-
cents, The symmetric configuration of counter tele-
scopes gives an automatic cancellation to counting
errors caused by first order deviations of beams,The
realignment system of counter telescopes as a whole
gives second order corrections to any beam deviations
in the vertical plane, however, it does not .give cor-
rections to deviations in the radial plane. So it
is desirable to add another set of counter telaacape
which is just the.same.tao the first.one, but is
placed. in the medium plane of the storage ring. These
two sets of counter telescopes give the complete _in-
formation about beam deviatioms, and the correction
factors to the luminosity. Furthermore, the compari-
son between counting rate of two sets of telescopes
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will give some idea Yo the systematic error ol the
system,

Another possible counting errors except beam
deviations may be caused by cascade showers which are
originated in the upstream of beams to the counter
telescopes by collisions of beams to residual gases
or to the vacuum chamber, The increment of coincid-
ences depends on the whole system, that is, on the
vacuum pressure, configuration of the vacuum chamber
and the characteristics of sandwich counters etc. In
the first stage of testling the system, we will try
to measure the time difference between two counter
telescopes. The time difference in the case of show-
ers is about 8 nsec which can be measured easily.
Then, if the counting rate of showers is larger than
one percent compared with that of true events, we
will add another plastic scintillation counters just
before every sandwich counters, These scintillation
counters have their apertures a little smaller than
sandwich counters and have much faster rise times of
pulses than that of sandwich counters. Then, the {ime
different between two counter telescopes are measured
between the small counter of one telescope and the
large counter of the other telescope. Another conve-
nience to add these large scintillation counters is
as follows: Sandwich counters have large thickness
and have edge effects which give some errors to the
counting rate specially in the case where the source
is long, The large scintillation counters can help to
define the effective area of sandwich counters by
taking coincidences between large counters and sand-
wich counters, Therefore, these coincidences reduce
the ambiguity caused by edge effects.

Making some combinations between counting rates
of each counter telescope and connecting them to an
on~-line computer system, we can calculate the varia-
tion of the luminosity and deviations of beams and
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can display them with some method during experiments,
Such a display system will be useful for the operation
and the control of VEPP=-3 itself and also give & trust
on experimental results, We will intend to make the
system in future.

We have estimated the increment of counting
rates caused by beam divergences and have found that
it was rather large when betatron functions became
small. Unfortunately, we have no way to measure the
density distribution of beams in the phase space of
betatron oseillations. ‘he correction factor for this
phenomena may have large error, i‘hen we want to re-
commend that, in future when one wants to get a larger
luminosity, ome must set Charpak chambers in front of
every counter telescopes, which also help to measure
the azimuthal density distribution of beans,

One can see in the chapter III that Y -ray de-
tections are also available for monitor systems. To
have a trustful beam monitor is the most important
things, specially, for the stuly in the unknown re-
gion of the particle physics., If we have two monitor
systems and check each other, then, the system becomes
more trustful, Therefore, we want to have a monitor
system using ) -ray detectors. Unfortunately, it is
necessary for the ) -ray detectors to have bending
magnets near the intersecting region which is trouble-
some to make and may delay the first experiment, 'The
decision in which the second monitor system will be
made or not depends on the whole project of VEFPP-3,
Nevertherless, we want to emphasize the necessity of
the second monitor, '

We appreciate the invaluable discussions with
Prof,V,A.Sidorov, Prof. A,G,Khabakhpashev and

Dr.y,E.Balakin, We are owing to Dr.V.S.,Fadin who

gave us useful suggestions about radiative correc-
tions and to Mr,A,.D.Bukimn who had done computer calcula-
tions on sandwich counters, We thank Prof.T,Fujui who had
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been in the Institute for two months left from the lo-
stitute of Nuclear Study, University of Tokye, and had
taken part in the study of the § -ray monilor system.
One of the authors, K,Huke, would like o express his

gratitude to Prof.G.I.Budker for his hospitality which
makes the author possible to study in the Institute.
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OrpeTcTBeHHsll aa Beinyck CepelHAKOB C.H.

[MoanucaHo K nedaT: /&, 57_ F/

Yen, /4  ned.i., THpax 202 °k3. becnnartso,
- 3akaa Ne /S : TMPETIPUHT

"OTnegatado Ha poranpunte B MAPD CQO AH CCCP, aaB.
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