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Bac,mwwwH 6. B. , BonKoB B. H. , KynwKoB H. It. P9-85-28 7 
H3MepeHJ-le 3MHTTaHca nyt1Ka B KaHane MeAJJeHHoro BblBOAa 

H3Mepe1rne 3MHTTaHCHblX xapaKTepHCTHK nyt1Ka B KaHane MeA
neHHOro BblBOAa rrpOH3BOAHTCR B paMKaX aBTOMaTH3HPOBaHHOH CHCTe
Mbl KOIITPOJJR 11 ynpaaneHHR napaMeTpaMH BbIBOAa 1-1a 6a3e 3BM 
EC-1010. MeTOAHKa H3MepeHHH OCHOBaHa Ha npeAITOJlOJ!CeHHH 06 
3nnwnTHt1eCKOfl ¢>opMe qia3oaoro rropTpeTa rryqKa. liCXOAHblMH AaHl-tbl
MH CJJYJl(aT HIIAYKUHR rnaBHOro MarHHTHOro rronR YCKOpHTenR , rrpH 
KOTOpOH npOH3B0AHTCR B~BOA ITYt!Ka, TOKH B 3JleMeHTaX MarHHTHOH 
OITTHKH KaHana TpaHCITOPTl1POBKH, pa3Mepbl nyt1Ka B Tpex TOt!Kax 
TpaCCbl BbIBOAa. Pe3ynbTaTbl ll3MepeHHH HCITOJ1h3YIOTCR AJIH pact1eTOB , 
HaJJaAKH 11 OITTHMH3aUHH pe~HMOB TpaHCllOPTHpOBKH ny~Ka K 3Kcne
PHMeHTaJlbHblM qJH3HtleCKHM YCTaHOBKaM. 

Pa6oTa BbinOJlHeHa B Jla6opaTOPHH BbJCOKHX 3Heprm1 omm. 

ITepesoA O.C.BwHorpaAOBOH 

Vasilishin B. V. , Volkov V.I . , Kulikov I . I. P9- 85-287 
Beam Emittance Measurement in Slow Extraction 
Transport Line 

Beam emittance characteristics measurement in the slow 
extraction transport line is realized with the help of 
a control system based on ES- IDIO computer . Method of Measu
rements is found on the assumption of bea~ phase diagram 
elliptical shape. Initial data are the gu ide magnetic filed 
induction during the beam extraction, currents in the beam 
transport line elements and beam sizes at three points of 
the extraction route. The measurement results a r e u sed for 
calculations, tuning and optimization of beam transport to 
experimental physical installations. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 

Col!lllunication of the Joint Insti tute for Nuclear Research . Dubna 198S 
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. l13MepeH11e 3Ml1TTaHCHblX xapaKTep11CT1i1K ,nY4Ka B. KaHane. Mej:\.nett
···• - Hero BblBOAa /1/ 'npOl13EH)AHTCR B paMKax aBTOMaT~:31tiposaHi-fon CHCTeMbl 

KOHTPO.rlR· 11 ynpaBJleHHR' napaMeTpaMH BblBOAa Ha 6ase 3BM EC:-·1 Ot O 1~1; . 
MeTOAHKa 113MepeHHH OCHOBaHa Ha npeAnOilO>KeHl-111 06 3J1.n11nrn4eCKOH ,· 

Y cl)opMe ·cl)~3osoro nopTpeTa nY4Ka 131: · 

· yq 2 + 2a qq' +·8 (~'f = < ., 
\ ./ -

rAe ·., :- . 3MHTTaHc ny4Ka; q .- n106aR 113· nonepe4Hb1x· KOOPAHHai .x 
,11Jl11···Y; a ~./3; y·>- napaMeTpbl' cl)asoeoro 3Jllll1nca,>'onpeAellRIOU111e ero 

·cl)opMfHop11eHTa41110 •• >· . . 
'. > •. Ha ne,pso_M. 3Tc.Hle' onpeAellRIOTCR; n_apat:ieTpbi . aQ, l:3o / Yo B ·' Ha4aJlb,

HOH T04Ke KaHana 's'i-iewHeH_. TpaHcnopiHpOBKH 11 ·3Mi1TTaHc Bb1sep,e1-1Horo 
. ny4K_a. r B 11POl13B0IlbHO~ T04Ke KciHana: . 

-2M11M12 , 

~ 

Mij ~ an~ME!HTbl Maip1-14_i,1 nepeXOAa. OT -Ha4allbi-lOH iw 
. . saeMon 'To41<1-1. · Jl1-1Hen'Hhle or116a1011111e ny4Ka ·o_npeAenRioTCR 
'", W = .V /) l ·• '. . ' -• . 

'OriepaT'HBHble: J.-!3MepeHltlR ao' .80; ,Yo , ( ·i,f't<OHTPOil_b nony4aeMblX ' 
pe3yllbTaTOB ocy111ecTBJ1R10Tcn c 11c'r10.nb30BaHi-teM j:\11arHocT·114ec1<0H 
annap,nypbl, ycTaH?BJleHHOH Ha ~a4allbHOM y1.iaciKe KaHana s'~ewi-ieH 
i-paHcr,oprnpoBKW BblBE?AeHHOro riy4Ka • .TpaHcnoprnpOBKa ny4Ka B '.3TOH 
4aCT\'I KaHa.na \,1 'ere cl)opM11posa·H11e B ·paHOHe Mi-iweHHOH CTi3H41111 F3 ; 

· .. /p11c: 1 /, npOl13BOAATCfl. C OOMO~blO AByx'· AY6JleTOB. kBaAPYflOJlb Hbix' .· . . 
~ar:H:HTHblX n'11H3:nma 20K100 /H·a.i:rncyHKe -1 +4· Kl 00/ .,,Ase .nocneAylO-•. 
~11e·I111H3bl nina 20K200.11'20K100'/1-1a.p1,1cyHKe 11K200 11 SKlOO/ RB-
~ '. ' .-. - , . " ' ., . . .· ,· - . ·- ' . ~ 

JlRioT.CR riepBblMk 3JleMeHTaMl1 Ka Hana . Bn"'.1 :TpaHcnopT11POBK11 :ny4Ka .,· 
K' cl)H3Y14eCKH;:, ,YCTaHOBKaM 3Kcnep11MeHTaJ1bHOr~ sana N'205 14.•51; C .· ' 
CTpyK,:ypa·: paccMaip11aaeMoro Y4clCTKa <l>A-<l>A.::Aiti.;<l>A B rcip(130HTa.n·b~ ' 

·HonC llllOCKOCTHi · BAOilb ;Tpacc~I. pa3Me111eHbl_:AaT4lilKl1 • npocTpaHCTBeHHblX 
-~apaKTep11cTl-1K ny4Ka - MHoronposo.no4Hbie HOHl13c31.1110HHble :KaMel)bl . 
/rn-1K7l7n11K,-S/(6I, rioAK.11104eHHble K 3B.M EC:-:'1010:. Ha4a.no\oTc4eTa 

,~;~~~~~~o; Hf:l . BblXOAe nY4Ka' ~3 ,YC,<oirn:re~R. B 1:1ecTe 

e-v1s11eumill IICfflYT ,. ·. 
•• u~ilX 11tc1e1onlld •· ·••·. 
· ' ~!--ir-. ftf, •:;,TE"f.< ~ , : . 

,:~,~.,. ··_ ..,.;..-..· .. --··· .· ·.' 
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PHC. 1 • CxeMa Ha•mJibHOH 'I~CTH Kattana TpaHCilOPTHPOBKH Bbl-. . . . , . . . 

BeJ:leHHoro, nyqKa._· 

Pac~eTbl BblnOilHRIOTCR nporpaMMOH EMIT, ! pa6oTalO~eH -Ha 4e-rsepTOM . 
ypOBHe' npepb1BaHt-1R 3BM EC:-1010. EMIT aKrnBH3t-1pyeTCH B Ka>KAOM 4t,1K

' 11e ycKopt-1Te11R· noc11e noArOTOBKt-1 . APYrt-1Mt-1 nporpaMMaMt-1 06c11y>Kt-1BaHt-1R 
MeAileHHOrO BblBOAa AaHHblX, Heci6xciAt-1MblX AI1R ee Q)YH.Kl.l~OHt,1poBaHt-1H •.• 
HcxOAHblMJ,1 AaHHblMt,1 c11y>Ka"f t-1HAYKl.lt-1R .· /B/ _rnasHoro MarHt-1THoro nOilR 

ycKopt-1TeI1R, np1,1 KOTOPOH npot-13BOAt-1Tcil BbtBOA ny4Ka, TOKt-1 s ·11t-1Hac1x_· 
B ,npo4ecce BblBOAa /7/ t,1 no11ypa3Mepbl r1Y4Ka /3Ha4eH~R .nt-1HeHHb1X.:C 

orn6a~1,1x/ ~o ' wl ,· w2· ·. B MecTax. pacno!lO>KeirnR nHK-1°, nHK-Z; 
nHK-4. CoornoweHt-1fl · 

. 2 .. ' .· 
WO =f3o,t• 

'2 , · . 2 ,· · ~ . · . 2 
,wl = <r 1180 - 2T11 _T12 _ao +_T 12Yo) £., 

I•" ., I' 

2 . ·2 / · • . · .· • 2 
.W2=<Q11Bo -2Q11Q12ao +Q12Yo )r. 

/3_/ 

'/4/ 

- /5/ 

me Tij 1,1 Q~j- 311eMeHTbl MaTpt-14 nepE!XOAa ·oT nl1K-1 AO nHK-2 1,1 OT 
nl1K:-,1 ,AO n11K-.4, COOTBeTCTB_eHHO, BMeCTe C. HOpMt,1p0B04HblM. Bblpa>Ke

Ht-1eM. 

80 y~-a~=1 
\. )6/ 

06paay10-i- c1,1c~eMy 4eTbIpex ypas1-teHt-1H _c 4eTbtPbMfl Het-1asec"f_HblMt-1 -
ao, t3o, Yo.:~(~ 'MaTPt-11.lbi (T) t-1 (Q) .t-1Me10T c11eAYKllltl'1H Bt-1A "/A!lfl rop1,1-,_ 
30HTa!lbHO~ n!lOCKOCTM/: . .. . . . . .. 

' .. 

' .. 1 1 S)· 
-<T)c= (o 1_ • 

·._ 17/ 

r
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' 1_· 
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(Q) = ( I -~~)/°"... . ~ ShF')(\- s3)'( '.°'~• Jir, ~lnF, V w_:8/~\ n 
O 1 \v"K;shF2 · chF2 O 1 -ffisi~F1 cosF1Ao i\o 1/ •. 

(8/ 

2 ·'• 

rAe F{;,,·L 1v'KpF2 =L2v'K2 ~-K 1=G 1/BR, ~2=02 iBR ; 01 1,1 02 ·.:. rpali1-1~eH

Tbl MarHt-1THoro. nOilfl. 1111H3 ·· 1 Kl 00 (,1 2K100; Bbl4t,1CJleHHble no t-13MepeHHblM 
• se11114t-1HaM TOKOB c ·1,1cno11t,;aosaHHeM nacnopTi-t~x xapaKTept-1cT11K11t-1H3 

rnna 201<1 o_o;' L1 (,1 L2 ,- 3Q)Q)eKrnBHbte' ,[l!lt-1Hbl Jlt-1H3;' B~ - Mar~t-1THaR - . 
>KeCTKOCTb.~ . . . , 

·Ha ypaBHeHt-1H·/3/+/6/ onpeAeJlRIOTCfl 3Ml1TTaHC ' 
. ,. • • • . * • 

. 2 2 · 2 ·2 · · 2 · 2' .. . -, , - . . 2 
1 2wow1 2wow2 . 2w1w2 _(T11Q12-T12Q11) .. 4 

t=-[----+---+-------'""'-,--------,w -
, 

2 
Ti~ . Qi2"1 (T11Q12-T12Q1/ T1~qf2 o 

.Q2 T2· .· I ·,:. 
12 . ·. 12 . 4 1, 2 

----------- W4 - ----------- W2 ] . , .. ·. - 2 ~ . · . 2· l · 2 · , · · · 2· . ' ' 
T12(T11Q12-T12~11) Q,12<T11Q12-T12Q11) 

1,1 napaMeTpbI t10 , 8 0 · , Yo • 13 Ka4ecT~e nonypaaMepos nY4t<a 6epyTCR, 
se11t-14t-1Hbt 2u l u·- napaMe.Tp HopMailbHoro pacnpeAe11eH11R n110THOCTt-1 . · 
ny4Ka B nonepe4HOM HanpaBJ1eHt-1H/, 4TO COOTBeTCTByeT' COAep>KaHt-1,IO 
s (j)a30BblX 311111,1.ncax :" 95% 4acrn4 ny4Ka: HH(j)opMa41,1R· o peay11bTaTax 
t-13MepeHHH B Ka>KAOM l.ll1Kile YCKOPHTe!lR- BblBOAt-1TCfl Ha ·a11(j)aBt-1THo-41,1(j):. 
POBOH At-1Cn11ei1 t-11111 Al.lnY /p1,1c.2/. KOHTPOilb CTarncrn4eCKOH ycrni1-
llt-1BOCrn p~3YJlbTaTOB t-13MepeHt-1H ocy~eCTB!lfleT~R . C nOMO~b·IO nporpaM- : 
Mbt; npo1,1asoAR~ei1 HaK,on11eHt-1e 1-1 · Bblso,q · Ha 3KpaH rpa(j)1,14ecKoro AHcn

.. neR rt-1cTorpaMM pacnpeAe!leHHH ,·llHKJlOB. YCKOpt,1TeI1f1 no 3Ha4eH~flM 
3Mt-1TTaHca BblBeAeHHoro ny4Ka. iHa p11c.3 .npeACTaBJleHbl AaHHble, Ha
KOrl!leHHbte 3a ..:. 750 l.lt-11<!108 YCKOpt-1TeJ1R B pe>K11Me BblBOAa ny4Ka' Ha 

,, r11aBHOM none 1, 07 T. no BepTt-11<a1111 OTJlO>KeHbl, 4aCTOTbl pea111,13a41,1i1 
se111141,1t-i _3Mt-1TTaHca /cnesa rop1,1aoHTa!lbHoroi ~~pasa ~- sepT~Kailb~ 
Hora/• OTMe4eHHblX Ha .Ht-1lKHt-1X WKaJlaX. 3Ha4eHt-1R 3MHTTaHca ny4Ka . 
s paEcMaTpt-1B~eMoM pe>Kt-1Me: BblBOAa cocTaBnRIOT rx =/25_:t2/" •.~M ~MPaA, 
'Y = _ /37±_3/ ,, • MM .MpaA_ /yKa3aHbl cpeAHe_KBaA·parn4Hble OTKJlO_HeHHfl/. ' 
. . no11y4aeMaf1 Ha, paCCMOTpeHHOM BblWe _3Tane <l>YHKL1t-10Ht,1pOBaHt-1R npo

'rpaMMbl EMIT t-1HQ)OpMaL1t-1fl O peailbHblX xapaKTep11cTt-1Kax BblBeAeHHoro 
ny4Ka npeAcTaB11ReT wi1poKi1e B03MO>KHOCTt-1 Ailfl onepaTt-1BHOro' MOAenw-' · 
poBaHt-1R', HaI1aAK"1 '. t,1 · OnTt-1Mt-13a1.111t-1 pa3I1114HblX pe>Kt-1MOB TpaHCllOPTt-1POBKt,1 

, - '" ,.· . . . . J . ' ' 

ny4Ka K (j)t,131,14ecKt-1M ycTaHOBKa.M. P.eaI1t-13aL1t-1fl OAHOH H3 HHX l1I1IllOCTpt,1-, 

. 8=10700 GS 
X-BEAM III O.,.H(MM> 

tJIC-1 °1806 ·E+02 
IIIC-2 ·•2592 E:+02 
tJlC-4 •3199 E+02 

- Y-BEAM 1H OTH(M:1> 
' •2063· E+02 

~3198 E+02, 
,2134- E:+02· . · 

LENSES CURRENTSCA> 
lKl00- 1607 2Kl00~ 1879 3KI00- 3416 
EXTRACTED BEAM EMITTANCE (MM•MRAOf 
HORIZONTAL +,2521144 E+02 

ALPHA0•-•6797409 E-01. B£TA0a+.1294000 E+04 
. VE:ttTlCAL +04011943 £+02' .. 

ALPHA0•-•1108896 E-:0I . BETA0s+-,1061179 E:+04_ 

4Kl00-.4084 

GAMMA0•+.7764054 E-03 

GAMMA0•+,9424623 .E~0.3 

.PHc.2;,cllopMa·npeACTaBneHHH HH!pOpMaUHH'O napaMeTpax IlY'IKa 
•-,Ha_AUIIY. · · ·, ·· · · 

'\. 
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pyeTCfl. PHC. 4, '.Ha ·KOTOPOM -npeACTasneHbl. paCC4HTaHHble .H BbJBeAeH- .'. 
Hble _ nporp~MMOH -EMIT Ha rpacJ)onoc:TpO~Tellb IlHHeHHble or1-16at0~He:. 
ny41<a· /B BepxHeH. 4acn1 PHCYHKa· ropH.30HTallbHaI! ,• B HHH<HeH~ -··s·ep
THKaJlbHaR0/ OT MecTa. pacnonomeHHfl. m1K-:_ 1 ... AO MHWeHHOH CTaH41-11,1 F4 . I 

B 3KcnepHMeHTallbHOM 3ane N'205 /MarHl1Tbl, o6oa'Ha4eHHble. Ha p1,1cyHi<e, 
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·P«c.5. !l>opMa npe,a;cTaBJleHH.H HHq>OpMa~ii:iJ: Ha·3KpaHe rpaqin-
. ".'lecKoro. ,a;HCilJlE!.H ~ ,· -

\ 

SP401,1 SP57,,BblBOAflT ny40K;Ha.OCbKaHalla. sn~l B i-opH30HTa.ribHOH' 
nnocKOCTH, ,11Hli3bi. 1 11 2 /K200/ cJ)opMHPYIOT KP03,cosep_ B. F4, OCTallb-

. Hble o603Ha4eHHfl COOTBeTCTBYIOT p1,1c.l/. ~ . • 
. Pe3YllbTaTbl PclC4eTOB MOryT TaK>Ke' BblBOJ:iHTbCR no >Kelli3Hl1!0 onepa-

. TO pa. Ha 3KpaH 'rpacJ)1,14ec:Koro AHCnneR El -ka>KAOM 41,11<11e yc.KOPHTellfl .: '. . 
·/CM •. l)HC~ 5, o-ro6pa>Kal0~1,1H OAHH 1,13 sapHaHTOB TpaHcnoprnpOBKl,1 ny4Ka 
J:illR cTpyKTYPbl KaHana Cl>Jl-:Jl<l>:,;.<PJl-Jlel>~ 1,1 Ha p1,1c.6, rAe,np1-1seAeHbl cJ)a- • 
30Bble 31111.1,1nCbl ~Y4Ka B_ T04Kax pacnon~>KeHHfl m1K:.1, 2 ,4 ~ 5;.: Bb141,1Clle
Hl,1e 3·Ha4eH~1i1 orH6a10~1,1x _ npo113BOAi-iTcR . s 85 T041<ax :KaHa.na ~- )l111,1Hbl · 
o-rpe3KOB .. pas61,1eHHH -TpaCCbl OeblBOAa Bb16paHbl C. y4eTOM xapaKTepHblX 
oc66eHHOCTeH or1-16at0utHX 'nylii<a .Ha pa311H4HblX. ee y4'~cTKax. KpHTe-:: 
pHeM' AOCTOBepHOCTH no11y4aeMblX pe3yllbTaTOB cny>KHT · COOTBeTCTBHe. 
paCC4HTaHHblX B TOl!Kax pacnor.o>KeHHfl m1K-5 1,1 m1K;_}3Ha4eHHH orw· 
6a10ui1,1x BellH4i-1HaM;, 113MepeHHblM C nOMO~blO ; 3THX ,qaT4HKOB ·' . -• . 

., nporpaMMa EMIT -3aHHMaeT 06'},eM ·naMRrn "'20- K CllOB' ee pa~4eT-::-
.. Hafl 4aCT~ pea111-1sol3aHa· H_a R3b1Ke ·cJ)opTpaH' a 'rlOAnporpaM_Mbl. np1,1e'Ma 

1,1 BblBOAa HHcJ)OpMa41,11,1 - Ha fl3b1Ke 'acceM611ep 38M EC:,;_;1010. np1-1Me-.. 
Heime, TeXHl,11{1,1 nepeKpblTHH np1,1 KOMnOHOBKe n~c:>rpaMMbl. no3so.ri1-1110 ·o6ec-

5. 
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Puc. 8. OceBb1e, TpaeKTopiui n. oru6aroll{ue. nyqKa B Hat1anbHOH . . ', . y . 

tlaCTU KaHarra. Ocb,IlY~Ka Ha BbIXOAe U3, YCKOpUTenH OTKJIO~ 
HeHa Ha 4 MPM. _oT onTut1ecKoii oci-r KaHana. 

ne4HTb COBMeCTHOe $YHK4HOHHposaHHe EMIT H OCHOBHWX nporpaMM 
06cJ1YlKHBaHH'R Me.t1J1eHHoro' BblBO.tia '. 611aro.t1apR 4eMy, AOCTHrHyTa MaK-
CHMaJlbHaR onepaTHBHOCTb H3MepeHHA, . , . . .. ' 

. Pe3YJlbTaTbl. ~3MepeHHA. napaMeTpOB ny4K'a'•Ha 'SblXOAe .H3 ycKdpHTe: 
'IIR Mor,yT 6wTb ~cno11b30Bi3Hbt AIIR MOAem1posaHHR · pe>KHMOB TpaHcnop:.. 
rnposKH no scei1 Tpacce swsoAa c,noMOl1\b10co3AaHHoA· Ha 3BM,EC-1010' 

· HHTepaKTHBHOA nporpaMMbl paC4eTa ·KaHaJlOB ipaHcnopTHpOBKH IS/, Ha· 
PHC-7 npe,qcTaBJleH OAHH H3_Bap1-1aHTOB Tpa~cnoprnpOBKHnY4Ka no 
KaHaJly Bn-'1 /a sepxHeH 4aCTH PHCyHKa npHBeAeHw ropH30HTaJlbHble, 
B HH>KHeH - . sepTHKaJlbHble on16aro1111-1e ny4Ka/. 803MO>KeH aHaJlH3. CHTya;.. 
4HH, 3aKJll04al011\"1XCR B OTKJlOHeHHH OCeBOH TpaeKTOpv111.ny4Ka OTOnTv1-

:4eCKO~ OCvl KaHaJla TpaHcnopTl1pOBKl1 BCJle~CTBvle HeOnTHMaJlbHWX pe~ 
>KHMOB .pa6oTbt Mar·Hv1Tos BHy.;peHHeA TpaHcnopT11pos1<v1 ny4K'a, Koppe1<
Tv1pyro1111-1x 3JleMeHTOB B Ha4aJlbHOi1 ,4aCTl1 KaHana, MarHHTOB cor11aco
BaHl1R •Ha4anbHoA 4aci-11. KaHana c· .Sn:-1. 11· T~A- :Ha p11c.8 /Ha4anbHaR 
4acTb Ka Hana/ ~ p11c. 9 /Ka Han sn-1 /· noKa3aHbt ocesb1e Tpaei<Top11w: 

·11 Jll1Hei1Hwe or116aro11111e ny4Ka All.A CJly4aR, COOTBeTCTBYIOlllero OTKJlo-:-· 
HeHHIO OCH, nY4Ka Ha. BblXO,qe 113 .YCKOp.11TeJlR Ha ·.,.4 MPaA OT onTl14e.:.. 
CKo.:ii OCH KaHana s'rop113oH,:aJlbHOH'H aepT11KaJlbHOi1 nJlOCKOCTRX. 
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