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L\e1lbl0 H3CTOHIUC~ f)CJ60Tbl llUJIHJlOCb I-13MCPCHI-1l! npOCTpaHCTBeHHbiX 
Xapai<Tepi-1CTI-1K /noncpC4HbiX pa3Ml!POB 'l gMI-1 T T 8HCOO 1-1 pClCXOAI<'IMOCTI-1/ 
ny4Ka 3neKTPOHOO yci<OP~<'~Tl!Jlll Cl1flYHA . I-13Y4CIII-1C 1-1 onTI-1MI-13al.l~<'~R 

¢aKTOpOB, BJli-1FII01ll1-1X IICI OTI-1 X<J pa I<TCpi-1CTI-1K~1 n PV1 1-!H)I(CI<l.ll-11-1 ny4Ka 
s agre3arop no.oron·m.J l<onnei<TI-IBHOro ycKOPI-!Tcnn TflmCJlbiX 1-!0HOB 
/KYTI1/ 01-1511-1 12 •31 . Tpc6ycMbiC napaMeTpbl nyLtKa np11 11H»<e•<Lll-1~<'~ s ag
re3arop KOJlJlCKT110HOrO YCKOpi1TCJlfl C 3JleKTpOHH~MI1 KOJlbl.laMI-1 /V on
pegellfliOTCR ycnoBHflMI1 KOMnpecci1H H gnR nporor11na KYTH cocrasnHIOT: 
nonepC4HWC nonypa3MCP~ a~y! 2 CM, npOAOJlbHaR CKOpOCTb ~ =0,97 
/B CA11H11LlaX CKOPOCTH CBeTa/, pCJ1AT11BI1CTCKH~ ¢aKTOp y=4,],BCJli1411-
Ha TOKa /np11 AJlHTeJlbHOCH1 V1Ml1Y1lbCa - 10 HC/ t~: 200 fl. 0rpaHI14e
HHfl 11 BeJ11<1411HW nonepe4H~X 3MI1TTaHCOB ~x,y OnpegenHIOTCfl 3H34CHHfl
MH $a30B~X 06bCMOB 6eTaTpOHH~X KOJle6aHI1~ LtaCTHLl 0 none agre3a
TOpa I 4 I. 

a2 
- _.!I.¥ __ vx,y ' 

cx,y- rin 

rge fJn - pagHyC 11H)I(CKL.lHH, vx,y - OTHOCHTCJlbHWC 4aCTOTW 6era
TpOHH~~ Kone6aHI1~ Ha nepsoM o6opore. AnR xapaKrepH~x napaMerpos 
npororHna KYT11: v x;; 0, 9, vy;: 0, 5, fin =40 CM - npegenbHble 3HaLte-
HI1R ( COCTaBJlRI()T 90 CM Mpag V1 50 CM Mpag COOTBCTCTBCHHO, 

x,y 

METOAHKA 113MEPEHI1R 

CxeMa pa3Me~UCHI1R 3KCnepi1MCHTa1lbHOro o6opyAOBaHI-1R npegcrasneHa 
Ha PI1C.1. I13MepeHI1R npOI13BOAH1l11Cb B KaMepe agre3aTopa 1 npH 
11HmeKLl11H ny4Ka 113 CI1J1YHAA 4epe3 31leKrpoHonpoaog 2 11 11H$neKrop 6. 

<PopMHposaHHe H rpaHcnoprHpOBKa ny4Ka A Cl1flYHAE OCY~UCCTBJIRJIHCb 
npOAOJlbHWM MarH11TH~M noneM, ¢opMI1pyeM~M COJleHOHAa1lbH~MI1 KaTyWKa
MH 3. B npogonme1111e 3Toro nonfl KaHan rpaHcnopTHpOBKH ny4Ka 
npegCT3BJ1Rn co6o~ Henpep~BH~~ COJ1CH011A 4. B KOHL.lC KaHana ycra
HOBJlCHa $OKYCHPYIO~Uall JlHH33 5 C He3aB11CI1MO~ peryJII1POBKO~ TOKa. 
OcHOBHble napaMeTpbl t<aHana rpaHcnoprHpOBKI-1 cocrasnRnH: ancprypa 
3neKTPOHOnpOBOAa 05,8 CM, AJlHHa coneHOI1Aa L 1 =83 CM, An11Ha cso-
6ogHoro npoMcmyrKa L 2=2 eM, gnHHa 11HH3~ L3 =15 CM, A1111Ha 11H$neK
ropa L4=J5 CM, pa3MCP BWXOAHOrO OKHa 11H$1leKTOpa 4,0x4,0 CM. 
BenH4HH~ none~ nog6Hpa1l11Cb 8 3aB11CHMOCTH or Hacrpo~KH ycKOpHrenR 
8 npegenax 500 .;- 8QQ 3, TaK11M o6pa30M 1 4T06bi Ha BbiXOAC 113 HH¢1lCI<
TOpa B T04KC HH)I(CKL.lHI1 npH 3agaHHOM 3MHTTBHCe ny40K OOJla/laJl MHIIH
MaJlbHO~ pacXOA~<'~MOCTbiO. ToK ny4Ka KOHTponHpo8ancR nollcOM Poro8-
cKoro 7. AnR aHanH3a 1<1Cnonb30Banach menesall ill1adlo.arMa 8. 
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PHc. I • CxeMa 3KcnepHMeHTa.TibHoro o6opy,o;oBaHmi. I - KaMepa 
a,o;re3aTopa; 2 - 3JieKTpouonpoBo,o;; 3 -1 !l>oKycHpyiOmi!e Ka
TYlliKH ycKopHTennuoro TpaKTa ycKOpHTenn CHTIYHD; 4,5 -
COJieHOH,!l; H JIHH3a KaHana TpaHCITOpTHpO;KH; 6 - HH!l>JreKTop; 
7 - none PoroBcKoro; 8 - meneBan ,o;Ha¢parMa; 9 - naMenn
mrl'r ,o;a T'lHK • 

HaMepeH~e paaMepos nonepe4Horo c~4eH~R ny4Ka s paan~4H~x To4-
Kax KaHana TpaHCnOpT~pOBK~ ~ Ha y4aCTKe APe~$a sa T04KO~ ~HmeK-
4~~ np0~3BOA~fl0Cb nepeAB~mH~M /BAOflb OC~ ny4Ka/ ABYXKOOPA~HaTH~M 
AaT4~KOM naMeflbHOrO T~na 9, pa6oTaBW~M B pem~Me ~HTerp~pOBaH~R 
TOKa 4acr~ ny4Ka, nonaAaswero Ha norno~an~~e naMen~. PaaMep~ 

~ KOfl~4eCTBO naMene~ ~3MeHRfl~Cb B 3aB~C~MOCT~ OT ycnos~~ ~3Me
peH~R. HH$OpMa4~R c naMen~~ s B~Ae HanpRmeH~R, nponop4~DHanb
Horo 3aPRAY OCTaHOB~BW~XCR B H~X 3fleKTpOHOB, nOCTynana Ha 6noK 
MHoroKaHanbHoro aHanorosoro MynbT~nneKcopa, C4~T~sanacb np~ 
noMom~ crpo6~pyeMbiX AUn s 6y$epHy~ naMRTb ~ aareM c noMO~b~ 
cne4KOHTponnepa HanpasnRnacb s 3BM M-6000. On~caH~e pa6or~ 3neKr
pOHHo~ annaparyp~ np~BOA~TCR s 151• B c~creMe npeAYCMorpeHa 
soaMomHOCTb B~BOAa aHanoros~x c~rHanos c B~XOAa MYflbT~nneKcopa 

Ha oc4~nnorpa$. Ha p~c.2 npeAcTasneHa T~n~4HaR oc4~nnorpaMMa 
pacnpeAeneH~R c~rHanos no naMenRM DAHO~ KOOPA~HaTHO~ rpynn~. 

np~ o6pa6DTKe peaynbTaTOB ~3MepeH~~ nnOTHOCTb 3fleKTpOHOB 
s ny4Ke annpoKc~M~posanacb ABYMepH~M pacnpeAeneH~eM raycca 

a2N Ne _.!_[(X-Xo)2 + (~)2] 
~-·= ----e 2 ax ay 
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PHc. 2. Tnm-t'!Han ocu;mmorpaMMa pacnpe,o;enemm uanpnJKeHHR 
no JiaMeJI!IM O,IJ;HOH IWOp~!!aTHOH rpyrrrrbl ,o;aTtiH!~a • 

rAe •x· By - cpeAHeKsaApaT~4H~e paaMep~ /,o;~cnepc~~/ nonepe4Horo 
ce4eH~R, x0, Yo - KOOPA~HaTbl "4eHrpa" ny4Ka, N 0 - nonHoe 41-1cno 
4aCT~4. HaMeHeH~e nnOTHOCT~ 4aCT~4 BAOflb OAHO~ KOOPA~HaT~ On~c~

sanOCb OAHOMepHbiM pacnpeAeneH~eM: 

dN 
dy 

dN N _ _!_(x-xo2 
dx = e e 2 -a-) 

av 2rr 

/1/ 

BB~AY aKc~anbHO~ c~MMeTp~~ ny4Ka ax= a y= a, fx = 'y =f. TorAa 
pacnpeAeneH~e 3aPRAa 4aCT~U, B~CaA~BW~XCR Ha 4YBCTB~TeflbH~e 

3neMeHT~ DAHO~ KOOPA~HaTHO~ rpynn~ A~CKperHoro AaT41-1Ka , ,o;onmHo 
"~MeTb B~A: 

/2/ 

A(x 1 ) A 0 e 
.!_ ( Xj - X 0 ) 2 
2 a 

rAe Xi - KOOPA~HaTa i -roro 3fleMeHTa. 

"3MepeHHOe Ha i -roM 3fleMeHTe naMenbHOro AaT4~Ka HanpRmeHI-'!e 
ui ,o;onmHO CKflaAbiBaTbCR ~3 ABYX Ben~41-1H ui = Ai + u (jJI ,rAe A i- HanpR
meH~e, o6ycnosneHHOe B~CaA1-1BWI-1MCR Ha naMenb aapRAOM, U¢i 
ypOBeHb 11$0Ha 11

, T, e, BKflaA B I-13MepeHHOe 3Ha4eHI-1e BTOp~4HbiX 3neKT
pOHOB, eMKOCTHO~ CBR31-1 flaMene~ MemAY C060~ ~ anna~aTypH~X nbe
AeCTaflOB. UnR nony4eHI-1R AOCTosepH~x 3Ha4eH~~ napaMeTpos pacnpe
AeneH~R A 0 , a , x 0 He06XOAI-1MO ~MeTb ~H¢0pMaU~~ 0 BKflaAe BCeX 
yKa3aHH~x ¢aKTopos, n~6o ~3Mepi-1Tb 3Ha4eH~R U¢· AflR KamAO~ naMenl-1, 
4aCTO /6,7/ yposeHb $OHa np~HI-'!MaeTCR nOCTORHHbl~ no BCe~ 4YBCTB~
TeflbHO~ o6nacr1-1 AaT4~Ka. KoHTponbH~e I-13MepeH~R, s~nonHeHH~e Ha 
OTAeflbH~X naMenRx, noKaaanl-1, 4TO yposeHb ¢oHa He npes~wan 20 
npoueHTOB seni-14~H~ MaKCI-1ManbHoro c~rHana, I-13MepeHHoro c naMene~ 
AaHHO~ KOO~fli-1HaTHO~ rpynnbl. TaKI-'!M o6pa30M, 6blfl0 np~HRTO u¢1 c; Uq_j 
=0' 2 U max· 
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napaMeTpbl pacnpegeneHI-1R Ao, a , Xo HaXOAI-1ni-1Cb MeTOAOM MI-1HI-1MVI-
38~1-11-1 KB8ApaTI-14HOro $yHK~VIOHana, nOCTpOeHHOrO V13 OTKnOHeHI-1~ 

Bbi41-1CneHHbiX 3Ha4eHI-1~ A(xi) OT VI3MepeHHbiX Ai = ui -·U cp: 

1 N, 2 
F = . ~ · !. (A 1 -·A(x i )) , 

1 = 1 

rAe N- 41-1Cno naMene~ c Ci-1rHanoM, npeehlwa~~I-1M ypoeeHb $oHa, 
~A- norpeWHOCTb M3MepeHVI~, V13MeHR~~8RCR AnR pa3nM4H~X M3Mepe

HVI~ B npeAenax /3 77/.10-2 Amax. 
CVICTBMa HenVIHB~H~X ypaBHeHM~ AnR onpeAeneHVIR MCKOM~X napaMeT

pOB pewanacb MeTOAOM nocneAoBaTenbHWX npV16nMmeHM~. B Ka4eCTBe 
Ha4anbHOrO npM6nMmeHVIR VICnOJlb30BanVICb: A , KOOPAMHaTa 11 ~eHTpa 

N N max 

TRmecTVI 11 nY4Ka x = ( !. A1x1)/ I A1 VI cpeAHei<BaApaTV14Hbl~ eseeweH-
.c i=l i=l 

I N i-161~ pasMep a = ~ ~ (x 1 - X0 )
2 A1 I.!. A 1 • 1=1 ' I=·l 

AnR aHanV~sa norpeWHOCTe~ onpeAeneHVIR napaMeTpoe pacnpeAeneHVIR 
nnOTHOCTVI ny4Ka HenpepWBHWe pacnpeAeneHVIH 3aMeHRnVICb AVICKpeTHW
MVI 1-1 gnR pa3nM4HWX OWM60K VI3MepeHVIR ~A VI OTHOWeHVIH Wara naMene~ 

K cpegHeKBaApaTV14HOMy pa3Mepy _I!.. BbiRBnRni-1Cb MaKCVIManbHble OW!-16KVI 
a 

~AAQ, ~a, ~XQ,, 3aBI-1Ci-1t40CTI-1 ~(J!.) npVIBeAeHbl Ha pVIC, 3. npRMbiMVI 
0 a a a a 

nyHKTVIpHWMVI nVIHVIHMH nOK83aHW 3KCnep~MeHT8nbH~e norpeWHOCTVI 

_A~-; KPVIBbiMH - COOTBeTCTBY~~He HM norpeWHOCH1 napaMeTpOB, B 
Amax h 
peanbHbiX ycnOBVIHX 3H84eHMR OTHOWeHiiiH a- HaXOARTCR B AHana30He 

24 

t>G 
(ii'!.J 22 

20 

14 

12 

·:r~;7~ -,:~ 
:t~---~---~~~3~·-

,.!. 
0,2 0,4 0,6 0,8 10 12 14 16 ' 'h ' ' 

a 

4 

0, 4 7 0, 9, npH o6pa60TKe H3Me
peHHWX pacnpeAeneHM~ BW4VICneHVIR 

I 

npeKpa~anHCb npVI 3Ha4eHVIRX 
$YHK~I-1oHana F~ 0,5, 4TO npVIeo
A1-1no K norpewHOCTRM B onpeAene-

~a ~xo ~A 
HMVI -·= - .. /1.47 2/--, B 

a a Amax 
3TY OWM6Ky BXOART norpeWHOCTb 

PHc.3. 3aBHCHMOCTb OIDH6KH on
pep;eJieHHH cpep;HBKBap;paTH<IHOI'O 

pasMepa ~a OT OTHOinemm wara 
a 

JiaMeJieH h K cpep;HeKBap;paTHqHOMY 

pap;Hycy g.nl'I pasJIHqHbJX norpernHo

CTeH H3MepeHlm (!!.:' I% - KpHBafl 

I, 3%- I<pHBal'I 2, ·5%- KpHBal'I 3, 
JQ% - I<pHBaJ'I 4. 

i 
$ 
; 

H3MepeHVI~ H norpeWHOCTb, BW3Ba~HaR AMCKpeTHOCTb~ H3MepeHVIH pac
npeAeneHMH nnOTHOCTVI ny4Ka. 

CpaeHeHHe onpeAene~HWX onVICaHHhlM Bhlwe cnoco6oM napaMeTpoe 
ny4Ka a M Xo C Bbi411CneHHbiMVI npf!MbiM CYMMHPOB8HVIeM no naMenRM 
a VI x

0 
nOKaSano, 4TO OTnM4Mfl He npeD~Wa~T nonOBVIHW OWV16KM ~a 

M ~XO AilH y3KVIX ny4KOB, nonHOCTb~ DnVICWB8~~VIXCfl B anepTypy na
MenbHOrO AaT4VIKa. npeVIMy~eCTDO npHMeHeHHO~ 3AeCb MeTOAHKVI 04e
BHAHO B cny4ae yce4eHHWX pacnpeAeJ1eHVI~ C M8KCVIMYMOM, pacnono
meHHWM 6nVI3KO K Kpa~ A8T41-1Ka, KOrAa npRMOe CYMMVIPOBaHVIe Henp!-1-
MeHHMO /OWVI6Ka D onpeAeneHVIVI a npV16nVImaeTCR K 100%/. 

$QPM~POBAH~E nYYKA 

B nepsoHa4anbHWX 3KcnepV1MeHTax HCnOnb30BancR eapMaHT TpaHc
nopTHPY~~ero KaHana, COCTOH~VI~ H3 COneHOI-1Aa 11 ni1H3W, ~a3AeneHHWX 
He60nbWVIM npOMe>K,YTKOM /L2=2 CM/. HsMepeHMe B KaHane pa3MepoB 
nonepe4HOrO Ce4eHVIH ny4Ka C TOKOM 3007 350 A VI 3HeprMe~, COOT
BeTCTBY~~e~ y=4,3,noKasano,4TO B o6naCTH coneHOVIA8 1-1 nVIH3W ny40K 
coxpaHReT pasMep~ ce4eHVIR TaKVIe me,KaK 1-1 Ha ewxoAe CHflYHAA /a= 
=0,9+0,1 cM/,a saTeM 6es RBHO ewpameHHoro Kpoccoeepa pacxo~VITCR: 
Ha ~xoAe e VIH$J1eKTop a =0, 9.:_0, 1 eM, a Ha e'ro BbiXOAe I L 4 = · 
=35 CM- T04Ka VIHmeK~I1M/ 1,5+0, 1 CM, Ha pl1c,4a nyHKTHpOM npeA

·cTaeneHO noBeAeHHe orV~6a~l1\el1-a(z) ny4Ka c TOI<OM 350 A, 
H3MepeHHOe AaT4VIKOM, ny40K ~ T04Ke VIHmeK~VIVI paCXOAR~VI~CR, VI 4e
pe3 3\H- 35 CM AOCTVIraeT pasMepOB 2,57 3,0 CM, 

/ ' v 

C ~enb~ yny4WeHHR $OpMV1py~~VIX CBOMCTB KaHana TpaHcnopTHpOBKVI 
6wn npoBeAeH 4VI~neHHWI1 pac4eT orH6a~~el1 a(~ no ypaeHeHH~ pa-
6oT~/s/ AnR cpeAHeKBaApaTM4Horo paAHYCa ny4Ka, pacnpocTpaHR~ll.\e

rocR B npOAOnbHWX MarHVITHWX nonRX, MOAenHPY~li.\HX KaHan. 
PesynbTaTw p~c4eTa noKasanH, 4T6 npVI yKasaHH~x napaMeTpax 

ny4Ka H saAaHHO~ reoMeTpVIVI 3neMeHTOB /L r=83 eM, L 2=2 CM, L 3 = 
=15 CM/ eap~a~VIRMVI none~ COneHOVIAa 11 nHH3W He YAaeTCH C$OPMVI
poBaTb ny40K C KpOCCOBepOM Ha B~XOAe 11H$neKTOpa, 4TO no3BOJ1VIJ10 
6w non~4VITb MVIHMManbHY~ p~CXOAVIMOCTb B T04Ke VIHme~~VIH, Ha pHc.4a 

a • 
(CMI 3.0 

.. ~--
2,0 

1,0 ______ ,____ I 

I 
10 w Jo 1 'o so ~ ro w 

n Z{CM} 

a •• [CM) 20 .. ~~ 6 

' t' 

I 
•••••••• •••••• 1 . ••••••••••• •••••••• 

10 20 J~o--s·o-- so 10 BO 

ZICMI 

CnnOWHO~ KpHBO~ npeACTaBneHW 
pesynbTaTbl pac4eTa orV16a~111el1 

AnR A8HHOrO eapVIaHTa KaHana. 

PHc. 4. TioBep;eHHe orH6aiOllleH 
TipH pacnpOCTpaHeHHH nyqi<a B 
npocTpaHCTBe gpei1«Pa p;o H sa 
TOqi<oH H~ei<~HH g.llfl p;ByX 
BapHaHTOB TpaHcnopTHp~o~ero 
KaHana. CTIJIOlliHbie I<pHBbie -
pacqeT, nyHICTHPHbie - pesyJin
TaTbi H3MepeHHH. 
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MoAen~poaaH~e or~6a~~e~ ny4Ka Ha 38M CM-4 B pem~Me A~anora 
38M - onepaTop c ~cnon.b3oeaHtA.eM rpa$~-J4ecKoro AVICnlle.R noKa3ano, 
4TO ~3MeHeHVIeM All~Hbl yl.laCTKa 6e3 nOJl.R (L 2 ) t-lelKAY COJleHOVIAOM VI 
JlVIH30~ MOlKHO noB~CVITb 3$$eKTVIBHOCTb JlVIH3~ VI C$OpM~POBaTb Kpoc
COBep 8611~3~ T04K~ VIHlKeK~VIVI /cnJlOWHa.R KpH~a.R Ha· PVIC,46/.nyHKTVI
POM Ha pV1c.46 npeACTaaneHa or~6a~~a.R,VI3MepeHHaR npVI pacnpocTpa
HeHVIVI ny4Ka Ha B~XOAe V13 VIH$JleKTOpa nocne npOXOlKAeHVIR KaHana C 
VI3MeHeHHbiM pacnpeAeneHI-1eM none~ /L 1=70 CM, L 2=15 CM, L3=15 CM/, 
8 3TOM cny4ae ny4oK Ha B~XOAe VIH$neKTopa I-1MeeT MeHbWMe' pa3Mep~ 
fa =0,9+0,1 CM/ H ero paCXOAMMOCTb Cy~eCTBeHHO MeHbWe. nocna 
npoxolKAeHHR yLJaCTKa APe~<Pa Alli-1Hoi1 35 eM cpegHeKBaApan14Hbl~ pa
AI-1YC Ce4eHMR ny4Ka He npeBbiWaeT 1 , 5 7 1 , 6 CM. 

H3MEPEHME <PA3080rO 05bEMA nY4KA 

.QnR onpeAelleHMR 3MVITTaHca r = .1. fdxdx' 1-1 yrnoeoro pacxolKAe.HI1R " . 
ny4Ka B T04Ke I-1HlKeK~I-11-1 a'= •da_l I-1CnOllb30BaJlMCb ABa MeTOAa: 

0 dz zeO 
BOCCTaHOBJleHMe f 11 a& no H3MepeHH~M 8 HeCKOJlbKHX T04KaX y4aCTKa 
APe~<Pa cpeAHeKBaApaTH4HbiM pa3MepaM ny•~Ka 1-1 aHanor MeToga 11t:IBYX 
~ene~•· 191 . 

H3MeHeHV1e cpeAHeKBaApaTH4H~x pa3Mepoa aKcManbHo-cHMMeTpi-14Horo 
ny4Ka Ha y4aCTKe APe~<Pa onHc~aaeTcR ypaaHeHHeM 

d2a E2 Q2 
------=0 
dz2 a3 a ' 131 

2 2I m0c 3 
3 rAe Q = ---, I - TOK ny4Ka, I 0 = 4rrr0 =17. 1 0 A - cTaHgapT-

~3y3lo e 
Hafl aenH4V1Ha TOKa, E = ..!:._- cpegHeKBaApaTH4Hbl~ 3M~TTaHc. M3aecTeH . 4 
nepa'bti1 MHTerpan 3Toro ypaeHeHVIR .'9/ 

da 2 E 2 a8 2 a 2 , 2 (-) = (--) (1- -) +Q ln(-) +(a ) . /4/ 
dz a 0 a2 a

0 
o 

Ecn11 TOK ny4Ka I ~ y I-13BeCTHbt, napaMeTp Q 2 Bbi4HCnReTCfl , 1-1 AllR 
4HcneHHoro onpeAeneH~R 3MHTTaHca E 1-1 yrnoao~ pacxogMMOCTH a~ 
He06XOAHMO H3MepHTb BeJlH4~HY cpeAHeKBaApaT~4HOrO pa3Mepa, no 
Kpai'!He~ Mepe, B Tpex T04Kax no z. 

Ben~4HH~ g H a~ HaXOf:IHJl~Cb MeTOAOM M~H~M~3a~M~ KBa~paTH4HOro 
lPYHK~MOHana, COCTaBJleHHOrO ~3 OTKJlOHeH~~ ~3MepeHHbiX 3Ha4eH~~ 

cpegHeKBaApaTH4Horo pa3Mepa e pa3n~4H~x T04Kax yYaCTKa gpe~<Pa 

OT BW4~CJleHH~X B pe3yllbTaTe 4HCJleHHOrO peweHHR ypaBHeH~.R /3/ • 
.QnA HaxolKgeHI-1R HaLJaJlbHOro np~6nHlKeH~R ~cnonb3oeanocb LJacnme 
peweH~e ypaeHeHH~ /3,4/ AllR cny4a.R npeHe6pelK~Mo Manoro TOKa 

ny4Ka (Q « ~): 
ao 

6 

f 

]l 

111• 

) 

a a& 2 E 2 2 t
~-

-·= (1+-z)+(-)z. 
ao ao a2 

0 
nonH~~ 3MHTTaHc e•4E, nony4eHH~A 1-13 M3MepeH~i1 pa3Mepoe ny4-

Ka e 3 7 4 T04Kax y4acnca APeA<Pa nocne T04Kt-~ HHlKeK~t-~H np11 pa3-
111-14H~x HaCTPOHKaX YCKOPMTenn, COCTaBMJl 807100 CM Mpag. 3TOT 
cnoco6 HMeeT HeCKOJlbKO 60JlbWY~ no CpaBHeHH~ C KJlaCCH4eCKMM Me
TOf:IOM nocnegoBaTeJlbHOrO AMa$parM~PODaHHR norpeWHOCTb H3MepeHMfl 
3MHTTaHca, OAHaKo noseon.ReT 6onee onepaTHBHO nony4aTb gocToeep
Hwe sHa4eHMA napaMeTpoa ny4Ka. 8 cny4ae, KOrAa 3Ha4eHHR cpegHe
KeagpaTH4Horo pa3Mepa 113BeCTHW B Tpex T04KaX, OTHOCHTellbHa.R 
ow~6Ka onpegeneHMR e 1-1 a 0 cocTaBnReT _ 5. 6-a . np~ 6onbweM 
4HC1le T04eK onpeAelleHHWH TaKHM o6pa30M 3MHfTaHC OTJll-14aJ1Cfl OT 
V13MepeHHoro Knacc~4eCKI-1M cnoco6oM He 6onee, 4eM Ha 25%. 

BTopoi1 MeTOA - MeTog 11geyx ~enei1 11 
- RBllReTCR KnacCI-14eCKI-1M 

MeTOAOM Allfl onpegeneHI-1R 3MI-1TTaHca, ~03BOJ1R~~I-1M I-1CKJ1~4HTb BJl~R

H~e KYllOHOBCKoro nonA ny4Ka A~a<PparMHpoeaHHeM • .u~a<PparMa co 
~enb~ WHPMHOI::i 0,3 ~M ycTaHaBJl~BanaCb Ha paCCTOfiH~~ 1,0 CM OT 
11H$1leKTopa /p11c.11. Ponb aHa1111311PY~~ei1 ~e1111 ewnonHRll AaT4~K 
C anepTypo~ ],8x],8 CM, .QaT411K COCTORJl 113 ABYX rpynn naMeneH 
/14 no X -KOOPA11HaTe ~ 14 no Z -KOOPA11HaTe, paBHOOTCTO.AU\11X 
C warOM h =0,6 CM/ 11 YCTaHaBJliA.BanCR, B 3aBI-1C11MOCTI-1 OT yCJlOBIA.H 
113MepeHI-1H, Ha paCCTOfiHI111 L 5=15 7 34 CM OT ~eneeo~ A~a$parMbl, 

B 3TOM cny4ae 3MI-1TTaHc acero ny4Ka npeACTaBnRllCR CYMMOi1 3M~T-

TaHcoa OTAellbHWX 4aCTei1 ny4Ka, BWAeJlReMWX A11a$parMOH B KalKAOM 
8 n 

k -ToM nonolKeH!-111 ~en1-1: f = - 2 6-x~ . 3AeCb o - w11p~Ha ~en1-1, 
TT k=l 

x~- nonepe4Hafl cKopecTb 4acT~~ ny4Ka, ycpeAHeHHaR no seeM 
4aCTIA.l.laM, BbiAeneHHbiM ~ellb~, OnpeAeJl.ReMaR 1-13 OTHOWeHIA.fl yw~peHVIR 

ny4Ka K senvt411He 6a3w: 
I 

, x 0 + a A-xk- 8/2 
xk = -

L 5 

3AeCb Xo ~ a A - napaMeTpbl BbiAeJleHHO~ 4aCT~ ny4Ka, ~3MepeHHble 
naMenbHWM AaT411KOM a KOH~e y4aCTKa APei1¢a ~a All~He 6a3w L

5
: 

Xo- KOOPA11HaTa ~eHTpa TfllKeCTI1, aA- pa3Mep Ha 3aAaHHOM YPOBHe 
11HTeHCI1BHOCT~ A, xk- KOOPA11HaTa k -Tor·o nonomeHIA.R ~en~-1. Ha p~1c. 5 
npi1BeAeHw <Paaoawe 31111Mnc~ ny4Ka, nony4eHHwe Ha pa311114HWX YPOBHRX 
nnoTHOCTI1 nyLtKa: A/Amax =0, 1; 0,6; 0,9. 3AeCb lKe np~BeAeHbl cooT
BeTCTBY~He 3Ha4eH~fl 3Mi-1TTaHCOB, 113 p~CYHKa BIA.AHO, 4TO npi-1 
AaHHOH HaCTpO~Ke ny40K Ha BWXOAe ~H$JleKTOpa HMeeT CMe~eH~e OT
HOCI1TeJlbHO OCI-1 CI1CTeMW M KOrepeHTHym nonepe4HY~ CKOPOCTb. HaKJlOH 
3111111nca yKa3wsaeT Ha To, 4TO ny40K pacxoA~TCR. Ha p11c.6 npl1eo
AHTCR $a30BWe 3111111nCW ny4Ka, nocTpOeHH~e Ha ypOBHRX nllOTHOCTM 
0, 1; 0,3; 0,6; 0,9 1-1 COOTBeTCTBym~He ~M 3HaLteHHfl 3Mi-1TTaHCOB. 
B cKo6~ax Ha PHC,5 11 6 np~A.BeAeHw 3Ha4eHHR 3MHTTaHcoe, nony4eH
Hwe Me70AOM BOCCTaHOBJleH~R 1-13 cpeAHeKBaApaTI-14HWX pa3Mepoe B 
4eTwpex T04KaX y4aCTKa APe~¢a. no BHAY 3111111nCOB Ha pHc,6 MOlKHO 
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PHc. 5. «!>asoBbii1 3JIJ1HIIC 
paCXOAH~erOCH IIY~Ka. 

/ 

E .. • 71 CM·Jftll 

x' "'I E...-40 .,. .• ...., IMPAlll Eu•tl' CM-Mf'A.Q 

60 Eu;2.1 CM·Mfll.A 

40 (£ •100 CH MPA,g) 

. ... 

PHc.6. «!>asoBblli gnnHrrc rr~Ka 
B OKpeCTHOCTH KpOCCOBepa. 

CAenaTb B~BOA 0 TOM, 4TO ny40K ~AeT no OC~ 6e3 CMe~eH~H C He6onb
WO~ KOrepeHTHO~ nonepe4HO~ CKOpOCTb~ BH~3. 0TCYTCTB~e HaKnOHa 
3nn~ncos yKas~saeT Ha cy~ecTsosaH~e Kpoccosepa s6nH3~ ABHHO~ 
T04K~, T.e. rosop~T 0 TOM, 4TO paCXOA~MOCTb ny4Ka B T04Ke ~H
meK~~~ 6n~sKa K Hyn~. 

Ha p~c.7 Kp~so~ 1 npeAcTaaneHa 3M~TTaHcHaH xapaKTepHcT~Ka 

ny4Ka - pacnpeAeneH~e 4BCT~~ ny4Ka no $asoaoMy o6oeMy, 
noKas~sa~~aH, KaKoMy Kon~4eCTBY 4acT~~ ny4Ka Is npo~eHTaxl'cooT
BeTcTayeT ABHH~~ 3M~TTBHC, 0w~6K~, OTnomeHH~e Ha KP~BO~, COOT
BeTCTBY~T MBKC~ManbH~M 3Ha4eH~HM, nony4eHH~M ~3 np~6n~meHHOrO 

~( 
BblpameH~H 

( 

£ 1.50 

ICI+..,Afl\.oo 
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250 

200 
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30 
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n 
0 k~ 1 (~a A + ~Xo) k 

"L 5 < 

90 100 

N,t%1 

rAe ~a A ~ ~x 0 - ow~6K~ a ~s-

MepeH~~ COOTBeTCTBy~~HX aen~4~H. 

~3 PMCYHKa cneAyeT, 4"0 Tpe6o
BBH~HM, npeAbHBneHHbiM K ny4KY 
no 3M~TTaHcy, YAOBneTBOpHeT 
3Ha4~TenbHBH 4BCTb lAO 90%1 
ny4Ka, 4TO AOnmHO COCTaBnHTb 
270.;. 320 A. 

PHc.7. PacrrpeAeneHHe ~aCTH~ 
rry~Ka rro ~asoaoMy o6~eMy: I 
II~OK B CB060AHO~ IlpOCTpaHCTBe, 
2,3 - rry~oK rrocne rrpoxo~eHHH 
rrneHoK: 2 - naacaH 10 MKM, 
3 - THTaH 20 MKM, 
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YBEJH14EHME $A30BOrO 05bEMA nP~ nPOXO)f():IEH~l-1 nYLJKA 
4EPE3 TOHKME nnEHK~ 

HaKonneH~e ~OHOB ~ ~x ycKopeH~e o 3neKTPOHH~X Konb~ax Kon
neKT~BHoro yCKOp~TenH HaKnaA~BaeT meCTK~e Tpe6oaaH~H Ha BaKyyM 
a KaMepe aAresaTopa. 3To Tpe6ooaH~e cocTo~T a o6ecne4eH~~ Aaa
neH~H OCTaT04HOro rasa Ha .YPODHe 11 + 21 ·1 a-s Top 110•111. KoH
CTPYKT~BH~e OC06eHHOCT~ YCKOPMTenR C~flYH):I no3BOnR~T nony4~Tb 

B KOH~e yCKOPMTenbHOro TpaKTa AaBneH~e 12 +51 ·1 o-6 Top. TaK~M 
o6pa30M 1 B TpaHcnopTHP.Y~~eM KaHane C~flYHA - aAresaTop npH An~He 
3neKTpoHonpoBoAa -1,5 M Tpe6yeTcA o6ecne4HTb nepenaA AaaneH~A 
B ABa nOPHAKB, 4TO Tpe6yeT OCy~eCTBneH~A cne~HanbH~X Mep, 0AH~M 

~3 Bap~aHTOB peWeHHR 3TO~ 3aAa4~ ABnAeTCA ~CnOnb30BBH~e TOHK~X 

nneHOK AnA pa3AeneH~R BBKYYMH~X o6beMOB n~He~HOrO YCKOp~TenH -
~HmeKTopa H aAresaTopa. C ~enb~ a~6opa onT~ManbHoro aapHaHTa 
nneHKH Ha npoTOTHne KYT~ 6~no ~ccneAOBaHo npoxomAeHHe 3neKTpoH
Horo ny4Ka 4epea nneHKH pa3nH4H~x MaTepManoa lnaacaH, non~aMHA, 
T~TaHOBBH $Onbra, an~MHHHeBaA $Onbral. 

npH npOXOmAeH~H 3neKTpOHHOrO 11Y4Ka 4epe3 TOHI<He HHWeH~. 
lnneHKHI npo~CXOA~T ysenH4eH~e nonepe4Horo $asoaoro o6beMa sa 
C4eT pacceAH~R 3neKTPOHOB Ha RAPBX TBepAOro Tena, Ecn~ TOn~HHa 

nneHKH OTHOCHTenbHO HeBenHKa, ~ yMeHbWeHHe nPOAOnbHO~ 3Hepr~H 
4BCT~~ ny4Ka He3HB4HTenbHO, TO,MOmHO npeHe6pe4b ~3MeHeH~eM 
nonepe4H~x pasMepos ny4Ka H onpeAenMTb np~pocT 3MMTTaHca 

11Y4Ka: E =V <~+ ~£2, rAe <~ - KBBAPBT 3M~TTBHCa ny4Ka AO nneHKH, 

32a 2 Sd 112 
!J.< = ( -) - ero ysen~4eHHe, d - Tonut~Ha nneHK~, S - onpe-

{3 3c 3 

AenHeTcR s~pameH~eM/12/ 

' 277c3 r2 n z 2 l37y 
S = e In---· 

y2f3 z1!3 

3AeCb ~ ~2,82 10-13 - KnacC~4eCK~~ paA~.YC 3neKTPOHa, Z - 3apRA 
RAPB 3neMeHTOB, ~3 KOTOp~X COCTO~T nneHKa,n- 4~CnO aTOMOB 
a eA~H~~e o6oeMa. 

t;.e 

' I 
: 
I 
I 
I 

i 
I 
I 
I 
I 

10 20 30 ·4o 
d {14<H) 

Ha p~c.B np~BeAeH~ pesynb
TaT~ pac4eTa OTHOC~TenbHOrO 
ysen~4eH~H 3M~TTaHca <l<o 
ny4Ka c· napaMeTpaM~: a = 
= 1 , 0 CM, y = 4, 3 np~ npoXO>HAe-

PHc.8. HsMeHeHHe 3MHTTaHca 
IIpH IIpOXOJKAeHHH rryt.IKa ~epe3 
TOHKHe rrneHKH pa3nH~HbiX Ma
TepHanoa: KpHBaR I - THTaH 
20 MKM, KpHBaH 2 - naacaH 
10 MKM, 
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H~~ 4epes T~(aHoay~ ¢onbry /Kp~BaH 1/· ~ naacaHoay~,nneHKY 
/Kp~Bafl 2/ B 3aB~C~MOCT~ OT TOn~~H~ nneHOK, 

Ha p~c.7 KP~B~M~ 2 ~ 3 npeAcTaaneH~ 3M~TTaHCH~e xapaKTep~cT~
K~ ny4Ka, ~3MepeHH~e nocne npoxomAeH~H ny4Ka 4epes nneHK~ a 
T04Ke ~Hme~~~. Hs p~cyHKa B~AHO, 4TO npo~cXOA~T yaenH4eHHe 
3M~TTaHca nocne npoxomAeH~fl naacaHoao~ nneHK~ ~on~~Ho~ 10 MKM 
B QOnTopa pasa /KpHBaH 2/ ~ nocne npoxomAeH~H Ti ¢onbr~ Ton~HHO~ 
20 MKM n04T~ B nHTb pas /KpHBafl 3/. T04K~, COOTBeTCTBY~~~e 3T~M 
~3MepeHHHM, npeACTaBneHbl Ha p~c.~, rAe B~AHO YAOBneTBOpHTenbHOe 
cornac~e c pac4eTaMH, TaKHM o6pasoM, np~ Bbi6ope MaTepHana pas
Aen~TenbH~x nneHOK cneAyeT OTAaBaTb npeAn04TeH~e nneHKaM ~3 

nerKHX non~MepH~x MaTep~anoa, o6naAa~~~x MexaH~4eCKO~, Tenno
BO~ ~ paA~aU~OHHO~ CTO~KOCTb~ nOA ny4KOM, 

3AKni04EHHE 

noABOAfl ~Tor~, ~OmHO CAenaTb cneAY~~~e B~BOA~: 
1 • B pesynbTaTe H3MeHeH~H c~cTeM~ ¢oKyc~poBK~ TpaHcnopT~py~

~ero KaHana yny4weH~ xapaKTep~cT~K~ sneKTpOHHoro nY4Ka B T04Ke 
~HmeKu~~ B aAre3aTOp, np~ TOKe ny4Ka 300 7350 A~ T04Ke ~HmeK-
4~~ c¢opM~pOBaH KpOCCOBep CO cpeAHeKBaApaT~4H~M paA~YCOM 
0, 9 7 1, 0 CM. 

2. Paspa6oTaHa MeTOA~Ka ~ annapaTypa AnH H3MepeHHR npocTpaH
CTBeHH~x xapaKTep~CT~K ny4Ka, 0w~6Ka H3MepeHHfl cpeAHeKBaApaT~4-
HbiX pasMepoa !'1aja cocTaBnHeT He 6onee 10%. To4HOCTb onpeAeneH~fl 

3M~TTaHca ~ He xyme 25%. 
f 

3. HsMepeH~ 3M~TTaHcH~e xapaKTep~CTHK~ ny4Ka, ~HmeKT~pyeMoro 

B KaMepy aAresaTopa. 3M~TTaHC OCHOBHO~ AOn~ ny4Ka YAOBneTBOpHeT 
Tpe6oaaHHHM, npeAbRBnHeM~M K ny4KY npH ~HmeKUHH: Anfl 90% 4aCT~4 
ny4Ka f "' 50 CM MpaA. 

4. HccneAOBaHo H3MeHeHHe 3M~TTaHca ny4Ka npH npoxomAeHH~ 
4epe3 TOHK~e nneHK~, 4TO n03BOnReT CAenaTb B~6op nneHKH Anfl 
pa3AeneHHfl BaKyyMH~X 06beMOB HHmeKTOpa ~ KOMnpeccopa. nonHMepH~e 

nneHK~ /naacaH, non~aMHA/ Ton~~Ho~ He 6onee 20 MKM YXYAWa~T 
3MHTTaHc ny4Ka He 6onee, 4eM a 1,27 1 .~ pasa. 

AaTop~ a~pa~a~T npH3HaTenbHOCTb B.¢.Weauoay H 6.r.mHHoay 
sa noMO~b B nporpaMMHOM o6ecne4eH~~ pac4eToB, a TaKme H.IO.Kasa
P~HOBY ~ IO.A.~uyHeHKO sa nonesH~e o6cymAeH~fl pesynbTaTOB pa6o
T~. 
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I13AaTenbCKHH OTAen 06beAHHeHHOro HH CTHTYTa RllePHbiX HccnenoeaHHH 
c:: 

AneKcaHApo& B.C. H AP. 9-82-709 
¢oPMHpo8aHHe ny4Ka 3neKTpoHoa 8 T04Ke HH*eK~HH 8 aAre3aTop nporor11na KYTH 

HccneAo8aHw xapaKrepHCTHKH ny4Ka 3neKrpoHo8 ycKopHrenA CHflYHn c roKOM 
300-350 A H penATHBHCTCK~ ~aKTOPOM y.-4,3.H3MepeHHe npocrpaHCT8eHHbiX xapaK
repHCTHK ny4Ka 8 T04Ke HH*eK~HH B aAre3aTOp KonneKTH8HOrO yCKOpHTenA TA*enbiX 
HOH08 npoH380AHnocb A8YXKOOPAHHaTHWM AaT4HKOM naMenbHoro THna. Bb16opoM 
8enH4HH H reOMeTpHH ~OKYCHPY~HX noneH TpaHcnOpTHpy~ero KaHana C~OpMHpOBaH 
KpOCCOBep ny4Ka CO cpeAHCK8aApaTH4HbiM PaAHYCOM 0,9-1,0 CM, HeTOAOM ABYX 
~eneH H BOCCTaHOBneHHeM no napaMeTpaM OrH6a~eH H3MepeHbl ~MHTTaHCHble xa
paKTepHCTHKH ny4Ka. 3MHTTaHc OCHOBHOH AOnH 4aCTH~ ny4Ka He npeewwaer 
50 CM MPaA. HccneAOBaHo H3MCHeHHe 3MHTTaHca npH npoxO*AeHHH ny4Ka 4epe3 
TOHKHe nneHKH pa3nH~HbiX MaTepHanoB. 

Pa6ora BblnOnHeHa B 0TAene HOBbiX MeTOAOB yCKOpeHHA OH.RH. 

C~eHHe 06~CAHHeHHOrO HHCTHTyTa AAePHWX HCcneA08aHHH. ny6Ha 1982 

Alexandrov V. S. et al. 
Forming of Electron Beam in Injection Point in KUTI Prototype 
Adhezator 

9-82-709 

Electron beam parameters are studied on the SILUND accelerator with the 
300-350 A current and 1.7 MeV electron energy. The space characteristics 
of the beam are measured in the adhezator injection point by the two
coordinate discrete probe . The beam crossover with the r.m.s. radius of 
0.9-1.0 em is formed by changing the stren9th and 9eometry of focusing 
fields. The beam emittance is obtained (50 em mrad) by the slit method 
and envelope analysis. The emittance changing follov1ing the beam propagation 
through thin foils was studied. 

The investigation has been performed at Department of New Methods 
Acceleration, JINR. 
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ne·peaoA O.C.BMHorpanoaoH. 


