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The multipotes for SLS Storage Ring having very hatd requirements to the manufacture and the alignment
of the multipoles relative to the ideal axes were manufactured and magnetic measured by BINP. The Rotating Coil
Systems (at BINP and PSI) for the precise magnetic measurements are described in the paper. The main RCS pa-
rameters and main statistic results of the magnetic measurements are discussed.

1. Introduction

The specialized synchrotron radiation source SLS (Swiss Light Source) is built at PSI (Paul
Sherrer Institute, Switzerland). The SLS system consists of the 2.4 GeV electron storage ring 288 m in
circumference, the booster synchrotron with the circumference of 270 m for the same energy and the
linear accelerator for an electron energy of 100 MeV. The SLS was designed with the main aim ([1] -
[3]) to reach a very high brightness of the SR sources, perhaps at the expense of the maximal possible
number of these sources. Source quality (brightness) is determined mainly by the electron beam quality
(small emittance). Hence, the SLS was optimized with the aim to obtain minimal horizontal emittance for

‘assigned dimensions of the ring.

The storage ring consists of 12 sectors, 4 girders in each. The magnetic system of the storage
ring contains 36 dipoles, 174 quadrupole lenses and 120 sextupole lenses, installed with a high precision
on the 48 girders differing in length and set of elements.

A feature of the SLS are very hard requirements to the magnetic field non-linearity at the equilb-
rium orbit restricting the dynamical aperture of the storage ring and, as a sequence, the electron lifetime.
This leads, in own turn, to harder requirements to the accuracy of manufacture and alignment of the
magnetic system elements near the ideal axis (377,000 mm and 15,000 mm relative to horizontal and
vertical girder base surfaces). Groups of 5 to 8 multipoles are installed with high accuracy on the girders
over the base surfaces. :

BINP manufactured 8 types of multipoles (narrow and wide quadrupoles 200, 320 and 440 mm in
length and narrow and wide sextupoles 200 mm in length) for the storage ring.

The measurement system shall perform the measurement accuracy of the magnetic field harmm-
ics relative to the main harmonic not worse than 2:10™ for the quadrupoles and 510" for the sextupoles,

of the multipole magnetic axis position of + 10 Um and of roll angle of the multipole of + 0.35 mrad.

2. Rotating Coil System

A special stand for magnetic measurements based on “Rotating Coil System”[4] was made at
BINP for the SLS multipole parameters measurements. A similar system was made and delivered to the
SLS (PSI) to carry out the final magnetic measurements of the multipoles before their installation on the
ring. Two special girders for RCS have ~ 5 pm accuracy of the base surfaces.
' Position of the magnetic axis, roll angle and harmonic coefficients of the serial multipoles were
measured by RCS. The méasurement coil was calibrated on the basis of a multipole prototype magnetic
field map measurcd with the set of the 11 Hall probes at different currents. The magnetization curve and
the magnetic strength of serial multipoles were measured with Hall probes locating in the multipole
center.
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The coil inserted into the magnet aperture is rotated round the ideal axis. The measurement coil
consists of four independent sections, cach containing 8 turns made on multi-layer foiled textolite. Two
coil sections have the outer size R and length L/2 ¢ach, other two coils have the outer size R/2 and the
same lengths. Connecting the sections of the full and half radius by the subtraction scheme, one can
compensate the multipole main harmonic component of the signal and increase the measurement accuracy
for the rest harmonics. The measurements by left and right coil sections allow obtaining the longitudinal
roll angle of the multipole. :

The coil is rotated with the help of the step motor SigPositec with a 1:10 reducer and the angle
encoder ROD-250. The 8-channel 12-digit ADC picks up the signals of the coils by with a minimal
measurement time of 10 psec/channel. The coil position is controlled with the help of the angle encoder
(accuracy of 0.3 prad) and the signal from the coil arrives through the amplifier/commutator to the ADC.

3. Basic theory of RCS measurements

The radial measurement coil rotates in the multipole aperture around the ideal axis and measures
the voltage (U) induced on it from the 8 component of the magnetic field.

B=B,=Y (-4, -Sin(n0)+ B, -Cos(nd))-r""

de d(IB-dS) d _ R"
Us——=w—-e——=L.— ) (-4, -Sin(n@)+ B_-Cos(nB)) - —,
S dt dt dt ;( o+ Sin(n6)+ B, - Cos(n0)) n

‘where B., A, are the normal and skew components of the magnetic field, L ~ the coil length,

The system under consideration worked with the use of stepwise rotation of the coil. When the
coil rotates, the veltage induced over the coil is read inside one step. The total number of the signal
readings is ~ 4000 at cach angle step, the angle step 2d® ~ 5°, and number of steps is 85 in standard
measurement cycle, The voltage signal obtained is subjected to integration and the resulting value corre-
sponds to the rotation angle 8+d8. After the interpolation of the angle dependence with a cubic spline,
the function is expanded at the normalization radius of 28 mm by Fast Fourier Transform method on
harmonics (B, A,), which reflect the magnetic field properties. The subtraction scheme of coil sections

~ connection improves the measurement accuracy of the higher magnetic field components.

Coordinates of the multipole magnet axis are determined from the low-order coefficients of the
harmonic expansion (A;, B; and B, for the quadrupoles and A,, B, and B; for the sextupoles). .The
vertical position of the magnet axis was a determined subject to the temperature correction for a
temperature of 24°C taking into account the temperature fields of the RCS at the mechanical alignment
and magnetic measurements as well as to the temperature at which the mechamcal jig height was
measured. :

The roll angle was determined from the main signal:

_ A 4
@, =arctg %32 , @, =arclg %3'

4. Measurement accuracy

The measurements are under influence of the time dependence of the processes occurring at the

measurement time and the mechanical accuracy of manufacture and adjustment of the elements of the*

Rotating Coil System:
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Mechanical accuracy of manufacture of the RCS elements:

- mechanical jigs (+ 1-2 pm for the axis position)
- shaft diameters (£ 1.5 pm for the axis position)

- rollers and shafts of the measurement coil (£ 2 pim)
- mechanical level (~ 0.05 mrad).

Accuracy of alignment of:
- coil’s supports (£1.5 pm for the axis position)

- slit dowel on the girder (+2 Wm for the horizontal axis position)
- level on'the measurement coil (total error at calibration ~ 0.1 mrad).

Equipment operation accuracy: .
- measurement of temperature (~ 0.1° gives £1 im for the vertical axis position)

- angle encoder (0.3 [irad)
- nonlinearity of the ampllﬁer (107%)
- measurement of the main signal by the 12-digit ADC (~ 5:10™) for roll angle

Time instabilities during measurement cycle:
- mechanical vibrations of coil (10 pm vibration gives an error of 0.2'10"* for the harmonic coef-

ficients and of £ 0.6 {m for the axis posntlon)
- of the power source {~ 107 gives an error of ~ 0.2 10" for the harmonic coefficients and of

+0.3-0.6 pm for the multipole axis position)
- of the multipole temperature (heatmg/coolmg can give the roll angle change of from 0.3 to
0.5 mrad at 5- 10 degrees change).

Main parameters of Rotating Coil System are shown in Table 1.

Table 1. Main parameters of Rotating Coil System.

Reproducibility Accuracy Sensitivity
Harmonic coef- i ped " 0310~ quadrupoles
ficients +0.510 +0.510 0.5'10™ - sextupoles
Axis position £2 Um +10 pm 1 um
" Reoll angle 0.05 mrad + (.35 mrad ) .03 mrad

5. Statistical data on the magnetic measurements of SLS multipoles

The measurement results show compliance of the multipole parameters with the assigned re-
quirements and good agreement of the magnetic measurements performed at BINP and SLS. Table 2 pre-
sents the average values and standard deviations of the magnet axis positions and roll angles for mul-
tipole types. A small systematic difference in the BINP and SLS measurements of the vertical axis dis-
placement is probab]y explained with the distinctive feature of the mechanical assignment of the nominal
axis (differences in the nominal sizes of the RCS elements and girders).

Table 3 lists main harmonic coefficients of the magnet fields for the multlpole types. The ob-
tained harmonic coefficients satisfy the requirements of SLS multipoles because of the main symmetric
coefficients have the opposite signs and the harmonic coefficients determined by the geometrical accu-
racy of the assembly are enough small.
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roll angles.

. Table 2. Average values and standard deviations of the magnet axis positions and

Multipole type (quan-

<x>to,, BINP

<y>toy, BINP

. <p>*Gy,, BINP

tity of magnets) (SLS), pm (SLS), pm (SLS), mrad
QA (43) J1416 (0+17) 8413 (19414) ((-)61516:3,’112)
QAW (13) 428 (-711) 6+12 (14114) {é’fjj& 12.?)
QB (54) 2414 (2£14) 8411 (13412) (-3,(())67.;&,1177)
QBW (13) J311 (-4+17) 5+15 (5218) ((?812531261)
QC (54) 2411 (1212) 7411 (14£12) (gggig};’)
QCW (13) L2+14 (0£12) L2414 (2£12) ('('i 339 fg,’llf)
SR (84) 1211 (312) 819 (18£11) (:gzggzg:z)
SRW (39) 049 (-1£15) 4£11 (8111) (%%821%1288)

Table 3. Main harmonic coefficients of the magnet fields for the multipoles.

Quadrupole <Bj> <A 3> <B,> <A <Bs> <B ;s>
type £0p; 1oy; 1084 10y4 ZTp¢ 20p1e
0A -0,02 -0,07 0,01 0,04 0,18 -0,62
+ 0,28 + 0,29 + 0,19 +0,14 +0,13 + 0,03
QAW 0,07 -0,22 -0,09 -0,06 0,20 -0,59
+0,27 +0,34 + 0,17 +0,12 + 0,11 + 0,02
QB 0,01 -0,24 ~0,00 -0,01 0,25 -0,42
- 10,22 - +0,31 + (0,19 + 0,08 + 0,07 + 0,01
QBW -0,15 -0,13 0,00 -0,03 0,18 -0,38
0,25 + 0,26 + 0,22 + 0,06 + 0,04 + 0,01
QC -0,06 -0,13 ' -0,03 0,00 0,21, -0,32
+ 0,15 + 0,32 + 0,14 + 0,06 t+ (4,05 = (0,02
QCW -0,04 -0,12 0,35 0,00 0,19 -0,29
‘ . +0,12 +0,13 + 0,16 + 0,06 + 0,04 + 0,03
Sextupo!e <BI> <A1> <B4> <A4> <Bs> <Bg> <Bj'5> <B;”>
type £ap; 2oy, topy | 2044 | tops | Fap | Fop;s | tapy
SR ~-1,05 0,08 0,03 -0,38 0,17 -0,41 2,68 -2,37
+0,76 +0,63 +0,52 +0,49 +0,35 +0,08 +0,05 +0,03
SRW -1,12 .1 0,07 10,03 -0,46 -0,52 -0,29 || 2,63 -2,32
0,83 | +1,18 +0,44 +0,48 10,36 +0,08 0,05 0,04




Conclusion
The magnetic field parafneters of SLS multipoles produced by BINP were measured at the specially

designed Rotating Coil Systems. Such precision magnetic measurement system permits obtaining the
harmonic coefficients, axis position and roll angle with high accuracy.
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-CucTema craﬁumnamm NYYKORB cuuxpOTpommro H3JTy4deHusl
HaKOIHTes B31111—3

A.H.Anemaes, C. . Mnunes, M.I".®egoros; B.®.ITusaopus, B.E.I'IauquKo,'
H.I".T"aepuiaos, H.B.ITonetace,
Huemumym adepnoii husuru CO PAH, Hosocubupcek, Poccus

B.I1. Tonouxo
Hucmumym xusuu meepdozo meaa CO PAH, Hosocubupck, Poccus

Ha naxonumene BOIII-3 (HAD COPAH, HoeocuGupc:c) Peanu3oeqana cuchmema cmaﬁuﬂuzaquu opBumast
nyuka ¢ Mecme svinycka CH, 0cHOSAHNAA Ha uzMepenuy notoxcerua osyx nyuxos CH, uzryuaemuix uz 0gyx 6:1usxo
PACTORONCEHHBIX YHACTIKO8 Hakonumens. 1pusodamea onucanue cucmemsl, pesyiemamst ee Mecmupoeanis, oyen-
Kit moyrocmu noddepaicanus opoumet 6o epemn pabomet Ha nompebumeneti CH. '

Haxonutens B3I111-3 gacTh BpeMenn pabotaer Ha norpeduteneH cuuxporpontoro Hanydenus (CH) na sneprun
E = 2T'3B ¢ TokoM nyuxa oko:;10 100 MA. Hcrourukom CH g GonpIIHHCTBA ABIAETCA TPEXNOMIOCHBIR BHITIEp €
noneM 2 Tn; uacTs noTpebutencii enons3yer CH 13 coceHero moBopoTHOro MarHuTa ¢ nonem 1.7 T

s skenepumeHTOB Ha ny4kax CH saxua crabuneHocTs opOHTEl M3AYYAKOUIETO NYYKa 31€KTPOHOB [0 BEPTH-
Ka/IbHOI KOOpAMHATE U YTy B MecTe reHepaimu CH B Teuenne Bcero BpeMeru paboril. B To ke BpeMs M3BECTHO,
uyto opbuTa mydka 8 B3IIII-3 Moxer H3MERATECA €O BpeMeHEM B 3aBHCHMOCTH OT TEMIICPATYPLI MATHHTHLIX H KOH-
CTPYKLIHOHHEIX 3JIEMEHTOB. AMIUTHTYAA H3MEHEHHA BEPTHKANBHON opOHTHI COCTABIAET HECKOBKO MH/UTHMETPOR, 3
H3MEHCHHC YITIOB — NOPAAKa JoNell Mpal; NOCTOAHHBIE BPEMEHH ITHX H3MEHEHHH — OT HEeCKONBKHX HacoB 00 AecAT-
KOB 9aCOB.

Crafunuzanus opGUTEL N0 HIMEPEHMAM ¢ HOMOILBH RHKAN-3IEKTPOA0B HE 0TBE4aeT TpeGoBaHMAM IKCIepUMeH-
10B ¢ CH: Bo-nepBhIX, H3-3a HH3KOH TOYHOCTH, BO-BTOPLIX, H3-33 MEXaHHYECKOH NPHBASKY MAKAOOB K KOHCTPYKLH-
OHHBIM 3IEMEHTAM HAKONHTEIA, K3-32 9ero cTaluaLHOCTE OPOUTE N0 OTHOLICHHIO K MIHMKANAM €IS HE 03HAYACT CTa-
GIBHOCTH TOYKH H3TYUSHHA,

HenocpeacteenHoe onpeaenciye nonoxeHus mydxos CH Ha 3KCNepHMEHTANbHEIX CTAHLIHAX MOMXKET OBTh BHI-
[OJIHEHO ¢ MUKPOHHOM TOYHOCTERIO M IHILEHO HEAOCTATKOB CHCTEMBl NHKan-3/1ekTpoaos. HaMepsas nonoxenue ny4-
ko8 CH, MO#HO onpeNeIMTL KOOPAHHATY H YTOX OpGHTEI 3IEKTPOHOB B TOYKE MINYYCHHA TpaaultMOHHO 3TO jAeNa-
CTCA MO Pe3yABTATAM HIMEPEHHHA napameTpos oanoro my4dka CH, Ho ps sroro neoGxoauMsl XBa ASTEKTOPA, pacio-
NOXEeHHEIX Ha Goubioit Hase.

MBI IpeINIoKHAIN CXCMY ONPEACACHHS NapaMceTpoB OPOHTH, OCHOBAHHYIO Ha H3MCPCHHH IIONOXKCHHA [IYYKOB
CH u3 AByX pasiauMuHLIX y4acTkoB opOuThl 2aekTponoB. Jng Hakonutens B3IIM-3 3agaua ofneryactes TeM, 4TO
NpaKTHYECKH Bee moTpebrTenn nomyqaroT CH 13 0AHOr0 MCTOYKHKA — KOPOTKOIO TPEXMOMKCHOTO BHUITICPE, B KO-
TOPOM H HYHO cTaBIIM3HpoBaTh opouTy (pHc.1).

Jnsg peanuzanuy npeanokeHnoii cucTeMs! cralmmmsanm Ha Haxkonutene BOIMI-3 nenonvsosannces nyukn CH
u3 nosopotroro Maruura (3B8) u purrnepa (WG). 31H ABa nyuka BeigoAaTcA B KaHan Ne 7 BOIIII-3 u suaHe Ha
3IKpaHe, Ha KOTOpHIit HaHeceH colt moMuBodopa (pHe.2). :

OzaHOBpeMeHHOE M3MepeRHe NoJmkenns ofoux mydkoB CH mo3BongeT onpeAenuTh BEPTHKANEHYEO KOOPIHHATY
M yro1 OpBHTEI 3TEKTPOHHOTO HYUKa B BUITIEpe NIPH YCIOBHH, 4To Haler Ga3bl BePTHRAIBHEIX SETaTPOHHBIX KOXe-
Gasuil MexIY TOUYKAMH H3TYMEeHNS, BHIOPAHHEIMH JUIT JHATHOCTHKY OPOHUTE!, CTaOUICH H HMCECT BCIHYHHY HODRI-
Ka T/2 (MexIy BUITICPOM H IIOBOPOTHEIM MarHHTOM HAXOMUTCA MarHUTHAs nuH3a 3E8).

Ins crabunmsausn opGHTE B BHITIEpE HYXKHBL, KaK MUHHMYM, ABa KOpPpeKTOpa opOuTh, Haber ¢a3sl BepTH-

KABHEIX KOeOaHnil Mex Xy KOTOPHIMH TAIOKe NOPAAKa T2 (HCIoNb3yIoTes KoppekTopet 425 u 427, cMm. puc.1).
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Puc. 1. Bud ¢ naane ghpazienmos naxonumena BIII-3, Gyuxepa CH u paduayuonno onaciozo omceka ¢ OsYMA OGmyuKamy
noaoxcenus nywxa CH. Q1 - 14 — oyGremur maznumublx unz nakonumens; 4Z5, 427 — sepmuxanvusie xoppexmopst opGumet,
acmpoensie 6 Aunssl; WG — mpexnomocnstii euzenep; 388 — nosopomuniii mazrum; 3F8 — mazrumnan aunsa; 3P8 4P2 ~ nuxa-
Fibl 012 UIMEPEHUR OPOUMBL HYUKA 6 HAKONNUMENE.

Nyaxu CH ocnabasiores $uasTpaMy M NOMANAOT HA NMOKPHITHI moMunodopom 3kpa. H3o0pakeHus nytuxos
HA 3KPAHE IPOSKTHPYIOTCS OOBEKTHBOM Ha B2 IMHCHHAIX npuGopa ¢ 3apanosoi ceassio (I13C), KoTophie HIMEPAOT
NpOGHLTH BEPTUKANEHOTO PACTIPEAENEHHUA APKOCTH Myuxos CUL. TlepsuiHad KOMMbIOTepHAR obpaboTka pe3ynLTaToR
M3MCPEHHIt NIO3BONSET OMPEACIHTE LUEHTP TAKECTH, IHPHHY W aMILIMTYAY GyHKUAI pacnpenelcHus RPKOCTH s
oloux nyuxos. ITH AaHuEE N0 cucTeMe cBasy Ethemet nepematorca 3 9BM, ynpasnsiowmyto MarHuTHOH CHCTEMOH
saxonutenn BITII-3. - .

Puc, 2. Bud na momunoghaprons sxpane nyuxos CH uz nosopomrozo mazruma (3B8) u euzz-
aepa (WG).

TIpu pacxXomaeHHH H3MEPEHHBIX H “OmOPHBIX” (3AMHCAHHEIX B maMaTH IBM) nomoxenuit tentpos nyukos CH
DBM paccudTHIBAET M BBOAMT LOOABKH TOKOB B KOPPCKTOPH CHCTEMHL ympasieHus opbutoii. ITocne HeckoneKuxX
urepanuii nonoxeHus mydxos CH cxomaTcd K ONOPHEIM 3Ha4“eHMAM M YACPKMBAKOTCA OKONO HUX € TOYHO-
CTbI0 %10 MKM B TeUEHHE BCErO IKCHEPHMENTA (HCCKOMBKO MacoB — 10 CAEAYILIEH HHKeKuni y4ka). CooTreTcT-
ByiOIIME OIUMOKH B BEpTUKAILHOH KOOpAMHEATE H YTIe OpOHTHL MyYKa B BUITIEDE cocTaBamoT +2 MkM M +1 MKpaz.
TTpomMexyToK BpeMEHH MEXKAY HTEPAIUAMH B HACTOAIIEE BPEMA COCTABNIET OKONIO 5 CEK, XOTA NPH HeobX0AMMOCTH
OH MOXET OBITE 3HAYMTENLHO COKPAIIEH. Omnopuele 3HadeHns nojoxenus myukos CH BrSupanuck no cornacosa-
HHIO ¢ NOTPeOHTENAMY; IPH HeoBXOMHMOCTI OKH MOCYT GEITh H3MEHEHH OMEPATOPOM, KOTOPEIil YUPABIACT HAKOMH-
tenem B3IIII-3.

Jna susyanssoro Habnonenus 3a paboToif cueTeMsl 00paTHOM CBAIM HA OJAHOM M3 IYJILTOBHIX MOHHTOPOB BEI-
ZIENeH0 OKHO, B KOTOpoM rpadidecKd ¥ mudpaMi MoKazaHo oTkIOHeHH¢ HeHTpos nydxos CH oT omopHLIX sHave-
nuii. Ecnu cucteMa o6parnoii ¢Ba3H He paboTaer, B OKHE NOABNAETCA “KOA owndKKH™ — YHUCHC, HOKA3BIBAICLISE IPH-
yHHy HepaBoTocnocoGHOCTH (KEHCIPaBHOCTE HIM HECOOTBETCTBYIOMMIE PexUM yeTanopkn BOIIII-3).
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Puc, 3. Oxno axpana monumopa ora nabniodenus 3a pabomoil cucmemsl cmabunuzayuu. Creea - omxpuimelii 3ameop ona aul-
nyexa nywxa CH & Gynxep. Capasa - omiiionenus nyuxoe CH u3 nosopomuozo mazuuma (3B8) u euzenepa (WG) om onoprvix
SHauennil (Yucna — 8 MM, ONOPHbIE IHAYEHUR — NyRKmMuUpKbie aunuy). IToxazano cocmonnue, kozda cucmema cmabuIuzayuy eue

He npumznyﬂa nyKi CH x nonoxcenus, 5JIH3KH.M X OHOprlM

Jng TecTupoBanua paboTe! cucTeMbl OOPATHOMH CBA3N B TCYEHHE OAHOTO UMKIA paboTE! Ha CI/I ¢ NEPHORMYHO-
CTBIO OKOMO | MHH 3aIHCHIBATMCH HEKOTOPHIE IAPAMETPEL: OTKIOHEHNA nonmkenui nyukos CH oT onopHbix 3Hade-
HHl, CHIIBI ABYX KOPPEKTOPOB, Y4aCTBYIOIIHX B PaboTe CHCTEMbI 0OPATHOMH CBA3H, K KOOPAMHATE! OPGHTHL, H3MEPEH-
HEle JByMs 6moxailuumu K Burraepy nukanamu. Ha puc.4 u 5 mokasal pa3bpoc pesylbTaTos H3MEPEHHS CMELIEHUA
nyuka CH, BHIXOZALIETO M3 BUITIEpA, OTHOCHTENLHO ONOPHOIO 3HAYEHUA B COCTOAHUH, Koraa pafotaer crabumu-
saus opGursl. IpuMepro Tak xe Bexyt cebs HaMepeHUs cMelerns myuxa CH #3 NOBOPOTHOr® Maruura.
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~ Ha puc. 6 noKasano, Kak MCHACTCA C TEYCHHCM BPEMEHH CiL1a KOPPCKTOPOB, y4acTBYIOUMX B crabummza-
LK opGHTH. MOHOTOHHOC M3MEHEHHE CHIIBI KOPPEKTOpa 475 CBA3AHO ¢ M3MEHCHHEM TCIIOBOTO PEKHMA HaKomu-
Tess, TaK KaK 0 HAYANA JaHHO# CCPHH M3MEDEHHH HAKOMATENb B TEUEHHE MPUMEPHO 124acoB OBl BEIKTIOYEH.
Ha puc. 7 nokasano, Kax MeHseTcst opGuTa IyqKa, n3MepeHHas IBYMs OminkalilunMi K BAITIEDY MHKAnaMu.
BuniHo, uTO ecau 6Ll cHCTeMa CTAGHAM3AIMH ONMPANach HA M3MEpEHHA OpGHTH MydKa 37EKTPOHOB ¢ OMOLLBIO MH-
KATIOB, OHA He MOIMa 6kl YAePKHBATh B NOCTOSHHOM noaoxenny nyqku CH. Eciu ycTaHOBKa XOPOWO IPOTDETa,
HATIpHMED, B TeueHHe CyToK paboTana Ha notpebutencii CH, To CHIlb! KOPPEKTOPOB M N3MCPCHHAA IHKANAMH opbura

MECHAKTCA MAJ1O0.
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IIpoexT HOBOTO 3JIeKTPOH-NO3MTPORHOro Koinafinepa BOIIII-2000
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" A.B.Ot16oes, E.A Ilepesenernes, C.I1.Ierpos, C.}.Cepenuixon, A.H.Cxpumckmit,
IL.IO IMarynos, YO.M.Illarynos 1B JlIsapn, JI.M.lllerones, C.1.Oitneneman
Huemumym gdeprot dusuxu um. I'.M.Bydxepa CO PAH, Hosocubupcx, Poccus

Beeneuune

Ilocaenume 5—6 et xomnaiinep BOIIII-2M ycmenmio paboTaer ¢ AByMs COBPeMeHHEIMU JeTeKTO-
pastyr CHII [1] u KMII-2 [2]. Habpamuas nerekropamu KMJI-2 u CHII mHTerpambHas CBeTHMOCTD
oxomo 50 n6~! maer BO3MOXHOCTE M3YYNTH C BEICOKO TOYHOCTHIO GOIBINMHCTBO KAHAJIOB aXPOHHOM
AHHUTMIIAUY OT IIOPOTa POXMCHUI aJpOHOB N0 MaKcHMAaNeHoi sHeprmm BDIHI-2M 2 x 0.7 I'>B.
Buecte ¢ 24 6!, maxomremsnmu na BOIII-2M B mpeAEIAyIneM IOKOJICHIN S5KCIIEPMMEHTOB (1974~
1987 rr.), 3Ta MHTeTPAadbHAA CBeTHMMOCTH Gollee WeM HA IIOPANOK Be/IMIMHEL HPEBRIUAET 6 6!,
HabpaHHEIe BMecTe PasIMYHEIMY 5KCIEPMMeHTANLHEIME rpymravu B Opcs m Ppackatu B ofia-
ety sueprim oT 1.4 mo 2 I'sB. Taximv ofpasoM, MeXIY MaKcHMalbHOM SHeprueif, JOCTIDKIMOR Ha
BOII-2M, u 2 I'>B mMeerca 3aMeTHELI Pa3pEIB, B KOTOPOM TOYHOCTE MMEIOIIIXCA JAHHEIX HU3Kad.
B T0 e BpeMi XOpOIIad TOYHOCTE 3HAHUS ATPOHHBIX CedeNUit B 5TOM AMaNa3oHe SHEPIINL ABILETCA
pelnaiomeil A4 JYYIIero NOHMMAHNI MHOTYX SBJICHWH QU3MKM BEICOKMX 3HepIuit.

1. Cxema m onTuuecKas CTPYKTYPpa Kojulaimepa

Becnoit 1999 roga B USIP npumaro pemenue o mMopepuusaiym kommexca BOIII-2M mma noprr-
LIeHUS CBeTHMMOCTH M YBE/IMUEeHMI MaXCUMaTLHON mocTHXmMoi sHeprmm mo 2 ['sB, uro mosposmur
CYIeCTBEHHO YIYYIIMTH BOXMOXHOCTH.MPOBEAEHNA SKCIEPHMEHTOB Ha KoJllaitnepe. Hopbmit mpoexT

nonyunn Hassamme BOIII-2000 (puc.1). _
' OmnTHKa HOBOTO HAKOMUTENS OCHOBaHa

Ha KOHNeIMu KPYyrJEIX mydxos [3, 4], ko-
Topas MOLPa3yMeBaeT BEIOJHEHWE CIISAY-
IOUINX OCHOBHEIX YCIIOBMIL:
1) papHrle Mankle S-QyHKIMM BCTped-
HEIX NIIYYKOB B OO0JacTH B3aMMONEH-
CTBUA '

— —_ .
B = .= 8"

2) paBHBIE TOPH3OHTANLHENI M BepTH-
KaJbBHBOI SMHTTAHCH €, = €,, B0O30Oy-
JKIaeMEle B apKaX KBAHTCBEIMM GIIyX-
TYaIlHAME M3TydeHNd;

3) paBHzle 4acTOTH GeTaTPOHHOTO IBH-
xexua Q, = Q,.

Yenosus 1), 2) n 3) npusofaAT K coxpane-
HMIO YTJIOBOTO MOMEHTa, ¢ IOMONIBKY KOTO-
POTO TIONepeYHoe MBUXeHNe CTAHOBUTCA Ol
HOMEPHEIM ¥ MHTerpupyembmM. Ilpm sToM
YMEHBITAETCA CHUIa DPe30HAHCOB, KOTODHIE
Puc. 1: Cxema xonnaiinepa BOIIII-2000. MOI'YT TpPUBOOUTE X Pa3snyBaHMIO Ny4Ka,
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YMEHBLIIEHHIO BPeMeHN XH3HM ¥ KUHaMuYeckoi amepTypel Ilma mocTipxenus MakcHMaJbHOTO 3HA-
YeHMd TapaMeTPa NMPOCTPAHCTBEHHOTO 3aPANa MYYKa fmez CACAYET BEIGHpATL APOGHYIO YacTh Ge-
TaTPOHHBIX YacTOT YyTh BEIIE NEJOTO pesoHalca. B ciyuae Kpyrvoro myuka MaKcUMAaIBHOE OXU-
maemoe 3Hauenue &£ ~ 0.1, wTo Gompmre mocTuXMMoil BemrumHer £ ~ 0.05 B cryqae ITOCKOTO IIyYKa.
OcHopniie Tpe6OBAHMA KOHICIIY KPYT/IOTo MyUKka Ha IPaKTUKe MOTYT ObITE yAOBRIETBOPEHE! IpH-
MeHeHMeM CEePXIPOBOMALIIX COJICHOMIOB MIZ POKYCHPOBKM B 060X MeCTaX BCIDEYM.

CoeHoMIHL ¢O3RAI0T paBHEe J*-QYHKIDO B MeCTax BCTPEUN IYYKOB M BPAIAIOT IIOCKOCTH Ge-
TATPOHHEIX KoleGammit Ha 7 /2. DTo NPUBOIUT K CMeHe INTOCKOCTel coGCTBEHHBIX MO 6eTaTPOHHOTO
IBMXEHN, UTO B CBOIO OYepelhb IPHBOANT K PABHEIM YAaCTOTaM ¥ OMMHAKOBOU packayKe IMUTT2HCOB
€ U ¢, OnTUdeckue GyHKIDM CTPYKTYPH HOEOTO HAKOIMTENA ¢ KPYIJIEIM YYYKOM IPEACTaBIeHEL
Ha pHC. 2, a OCHOBHEIe IapaMeTPH — B Tabi.1. B Halinensoit onTuke yoaaocsk 3dnynnTL IUCIIepCH-
oHHEle GYHKIMML B MeCTaX BCTPeuM, pPe3oHATOpe M y9YacTKaX MHXekuuy. BribpanHas oImTHIecKad
€XeMa MMeeT ellle OHO NPeMMYINeCTBO: M3MeHeHUe HOKYCHPOEKM COJCHOMIOB NPUBORUT K IpONOp-
IMOHANILHOMY M3MeHeHMIo §° M 3MUTTaHCOB, COXPAHAi Pa3Mep IYYKOB B CONCHOUAAX. 9710 maeT
BO3MOXHOCTL HAaCTPaMBATE ONTHKY KONBUA Ha MAaKCHMANLHYIO CBETIMOCTH. JTO Xe yCIoBue Ha
OKYCHPOBKY COICHOMIOB CO3ZIAET 3ABUCHMOCTE CBETMMOCTH Xy Ha MallbiX DHEPTUIX, BMECTO xy?
B cxeMe ¢ $UKCHPOBaHHOMA 3*. _

Ta6muma 1: OcHOBHEIe MapaMeTDE KoJuTalinepa Ha sHepruu E=900 Ma>B.

Ilepumerp, M II 24.388
Yacrora BY, MI'n fo 172.
Hanpsxenue BY, xB v 100
BY-rapmonnxa q 14
KospduinesT ynnorHeHUI op- a 0.036
6ut
CHHEXpPOTDOHHAL YacTOTa, XL'I v, 30,73 (o = 0.036)
DMHUTTaHCH, CM « Pax €2 2.2.10°%
€, 2.2.10°5
Tlotepu sneprum/ oGopoT, k3B AEq - 41.5
BeapasmepHtle &, 2.3.10°%
HeKpeMeHTH : b 2.3.10°5
3aTYXaHasA 6, 4.6-1075
DrepreTuyeckuil pasépoc T 6.4-10°%
Bz B MecTe BCTPEUH, CM Bz 6.3
f3: B MecTe BCcTpeuy, CM B 6.3
BeTaTpoHHEle 9acTOTH Q:, Q, 4.1,2.1
Ynpcno wacTuu B crycTKe e, et 1.0.10%
Yueno crycTKoB B HYUKe ‘ 1
Cosury gacToT £, & 0.075, 0.0675
CBeTUMOCTE Ha ONHO MeCTO | Lmaz | - 1.0-10%
“mcTpeun, cM~2 - ¢! ' ' :

2. Cxema MHXeKIIHU

VHKeKIma myYKoB B HOBOE HAKOIMMTEIBHOE KOO OyAeT MPOBOANTECA B rOPM30HT/ILHOM II0C-
KOCTH B IIyCTOIt IPOMEXYTOK HAIIDOTHB pe3cHaTopa. ClcTeMa BIIycka IOCTPOEHA II0 MpUHIITY ollHO-
0GOPOTHOM MIDKEXIN ¢ IIPERYLAaPOM HaKCINIEHHOIG IIYYKa, ]/_IHc;)JIeKTopmie ITacTHHEL OyXyT pasMe-
IMAaThCA B BAKYYMHOM KaMepe BHYTPM IIOBOPOTHEHIX MArHMTOB, IIPMMEKAOLMX K KOHI[aM BIIy CKHOI'Q
IIPOMEXYTEa [0 MX BHYTPeHHeMy U BHelllHeMy pajuycam. [Ipemuymiectso TAKOM CXeMEI COCTOUT B

39



o

He3aBUCHMOCTH TPaeKTOPHI BI[YIIEHHOIO NyYKa OT IOJIA COICHOMIOE. DTO MaeT BO3MOXHOCTE IIO-

- IIpo0OBATE PA3MMdHLIe BaDHaHTH OIMTWIECKOM CXeMBI; OBLIMIEDL KPYTIBIE MyYoK, cxeMa “Mébuyc”,

a TaKxe IUIOCKMH IIyuoK Ges BpallleHHs IUIOCKOCTel GeTaTPORHEIX KoIeGamit,

1200 — J . e — 120
~--- BetaZ ", : - —— Dispersion
. Beta X ‘
1000 1 100
800 ~4 B8O

1600

Beta (cm)
o
<
Dispersion {(cm)

400 ' 1 40

200 | s 1 20

0 200 400 600 800~ 1000
S (cm)

Puc. 2: OnTuveckne dymkuus momoBumsI nepuosia. S = 0 COOTBETCTBYeT MECTY BETpeun,

3. Koppexuns xpomarusma A IMHAMHYecKad amepTypa

BJIEHHED! B OCHOBHOM HaJIMYHeM CIILHEIX (OKYCHDPYIOMMY CONCHOWIOE. IIpm aToM n3-3a TpeGopamms
DaBEHCTBA HYIDO NUCHEepPCHMM B MeCTaX BCTPEYN M B DE30OHATOPE KOMICHCAIHA XpOMATH3Ma CeKc-
TYNOJSAMY BO3MOXHA TONLKO B “TexHuyeckmx” TPHIUIETHEIX TPOMEXYTKaxX (puc. 1). Pasmecturs
CEKCTYIONMM Z-CeMedCTBa IMIaHUpyeTCs B IIPOMEeXYTKAX MeXAY AUNOALHLEIM MATHHTOM €O cTopo-
HEI MECTa BCTPEHN M TPHILIETOM. X-CeKCTYIIONMI MOTYT GHITH YCTAHOBICHE! B NpOMEXYTKax MeXIy
JMUH3aMI TPUILIETA. _ o

Wsyvenue mumavuxy vacTim B HakomiTene ¢ ¥4eTOM ReNuHeHHEIX KOPPEKTOPOB MPOR3BOMMIIOCE
MeTONOM TPeKHHTa Ipy moMolny mporpammel RING. Ilpu 3TOM IIOMEMO CEKCTYIOMel IPHHNMAJIACE
BO BHIMaHUe TAKXKe Ky6Uuecxas HeJuHeHOCTE KPaeB COVICHOMAOB I KBalPYIONLHELX JrrH3. B npen-
CTaBJeHHOH CTPYKTYpe 3HaveHNe MMHAMNIIECKOH allepTypPH cOCTaBmWIO =~ 120 mirst YacTHIMEL C OTKIIO-
HeEMeM TIo sHepru® § = 1-1073, s iMeronmrxces mamsrx CIERYeT, YTO DPEe30HAHCOM, OIPENETTIONINM
AMHAMITIECKYIO aNePTYPY HeCMOTPA Ha CBOK MAJIY0 aMIUIATYHY, ABJISeTcH dv: = 12, mockomsky
06y CTI0BITeHHELT KPACBEIMY TOTSIMI TIOTOKMTE LT CHBUT 6eTaTPOHHOM YaCTOTH ¢ aMILTHTYHOI
BecbMa Bemtk (Ov/8a® = 1.2 cmu~?). Dror BrBOX TOATBEPXNaeTCs TaKXKe TPEKMHTOM — ha3o-
BEIf IOPTpeT XoseGamiit BOIU3N AMHaMIYecKoil allePTYPEl MMEET XapPAKTEeDHEI TPeyrollLHENT BU,

Ho-summnony, ymenbImTL BEIITIMHY CABUTA aCTOTH MOXHO, YBEIMUVB 3¢ deKTUBHYIO LIMHY
Kpas CONCHOMAOB, IGO0 MpIMeHia OKTYNOJIbHEIE KOPPEKTOPH!, CO3NAKINE OTPUUATENLHELL CABYT,
4TO IIO3BOANT KOMIENCHPOBATE HeJIMHEAHOCTE OCHOBHEIX UCTOUHMKOB. ONTHMU3AINIA CHCTEMEL CER-
CTYNONLHEIX KOPPEKTOPOB B NAHHOM CIyYae He MMeeT 0coGoro 3HAYEeHUA, MOCKONEKY, KaK MOKa3al
TPEXHHT, AAXE YBeIfIe e CeKCTYTIONLHOTO IpanienTa Ha 30% IPaKTHUeCKH He YMeHBIIAST JIHA-
MIYeCKYI0 anepTypy.

Haxomuremrs BOIII-2000 yMeer Gombroit HATyPaIbHEIA XpOMaTH3M ('yg-—: = —13.3) , ofycmo-

40



= ¥y V= % T KT

3axaogyerue

Onrirgeckas cxema BDOIIM-2000, ocHoBaHHad Ha KOHIEIIMHM KPYTJEIX IYUKOB, NO3BOJIET Ha-
NeATHCA MOAYINTH BEICOKYIO CBETHMOCTEH B OGNAcTH JHEpPTMH OT 1.4 mo 2 T'sB. Ilporemeno Mome-
TUpoBaHle NBMKEHIA B CTPYKTYPe € yIETOM HeMMHEHHEIX Ioteit, ¥ HaitmeHa cxeMa KOPPeKTOpOB,
ofecHeuBAIOIINX TPefyeMyo NEHAMITYecKyio amepTypy. Brbpannas cxema MIXEKINDI HO3BOIIET
paboTaTh KaK ¢ KPYIiLIM, TaK M ¢ IVIOCKUM ITy4KaMI.
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