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RUSSIAN AND ZNGLISH TRIGONOMETRIC FUNCTIONS ’

? ] Russilan English Russian English Russian Englich
i L sin sin sh sinh arc sh sinh:}
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SOME RESULTS OF THE INVESTIGATICN CF THE PROCESS OF ACCELERATING CR
ELECTRONS IN A HIGH-CURFENT EETATECN. ,;
Ve Ae Moskalev, Yu. A. Grecmov, A. V. Tsimbalist, V. G. Shestakov. é E
NIX [ . HiUA =~ Scientific Besearch Institute) ruclear physics, ‘ %
g
electronics and automaticrn Tcrek, O
3
) { é
In the process of cperating the high-current bstatron cn 25 MeV .
po%
[1]) it was established/installed, that during tuning of accelerator Pod
[ 3
to the maximum intensity cf radiaticn/emission during the cycle of f‘g
acceleration begin to appear the electromagnetic waves of high i
&
L
frequency. W3th this was simulteneously noticed an increase in the §
R
M
instability of the intencsity cf radiation/emission at the output of §
«ag
) accelerator. In connecticn with this were carried out the B
investigations and the measurements of the parameters of this éﬁ
radiation/emission for the purpcse ¢f the explanation of its :
connection/communication with tte fprocess of tha electron bean
!
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acceleration, In this article are given the results of these

investigations.

The measurement of the parameters o.f HF fields, generated

in the process of acceleratiocon, was carried out in the range from 15
MHz to 300 MHz. Reproduction cf the entire banrd of frequencies was
accomplished with the aid of the wideband amplifier, and the
measurement of frequencies by measuring receivar. As the senscers

HF fields were utilized bcth the broadband antenna,
arranged/located outside the accelerative chamber/camera, and the
prob2, placed within the chamter/camera. To registering agparatus the
signals from the antenna and the prcbe werz supplied cn ccaxial cable
with the matched load. As a resuvlt c¢f measuremants was

established/installed the follcwirg.

Page 146.

Electromagnetic radiation carries discretes/digital character and
appears only during scme intervels cf the cycle of the accalerations
vhose duration can be 10-300 ps. Characteristic form o€ HF signals
after their amplification and detection is given in Fig. 1.

’
Is here reproduced entire cycle of the acceleration whose duration

5000 us, In the beginning and at the end of the cycle are visible
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noise signals from the systems cf injection and bias of electrons
from the orbit, vhile in tho gap/interval betwean ther envelcpe HF
. signals. In this cycle a rumber ¢f generated impulses/momenta/puls2s
of radio emission is equal tc six. From on2 cycle to the next the
moment/torque of ganeraticn, the emrprlitude and a numkter of

impulses/momenta/pulses ¢f radic erission can somewhat change.

The m2asurement of th2 spectral composition of the generatable

inmpulses/momenta/pulses with the aid of the measuring receivers,

Sl gt o T, 5 YA

showad that in each of them are ccntainnd the fraquencies, which lie

o
re

at the followinyg ranges: 47-51 MHz, 53-55 MHz, 91-101 MHz, 103-109
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MHz. In this case the medium frequencics of the first two rangas ara
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Fig. 1. Oscillogram of HF -(-‘requwu, «awpl.(-wle enue/ope which appear

in the process of the electron ream acceleration in the high-current
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betatron cn 25 Nev.
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Page 147,

From the measuraments it was estatlished/installed, that the

average/mean intensity/strength °4'F4F field within the

R 0 i B AP b A 4ot i ot o bt 1R

accelerative chamber/carera ccmprises at frequencies of 47-51 MHz and

%3

W o

53-55 MHz ~10 of mV/m, anrd at frequenciss of 96-101 MHz and 103-109

P

b

MHz of ~1 mV/m. This it inrdicates that the medium frequencies of the

3

SR Sl

first two ranges are basic, and two cthers correspond to the second

harmonics of fundamental fregquencies. In all cther sections of the

e R

range being investigated radic emission it was not discovered,

153 possible reasons for the generation of HF fields with such
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frequencies can be coherent oscillations of particles in the bh2am,
caused by the final conductivity cf surrounding walls, and also
excitation of the accelerative charter/camera at the natural
frequencies, which perforuns in this case the role of the locked
wvaveguide, Amplitude and number cf impulses/mcmenta/pulses cf radio
emission strongly depend c¢n the current strength in orbit. The
excitation of fields at the frecuencies indicated in the accelerative
doughnut begirs onrly with the srecific magnitude of the charge of
that trapped into acceleraticn. Ir this case is generated only one
first impulse/momentum/rulse (25C-3C0 us after the end of the process
of injection) and its arrplitude is very small. Further increase in
the seized charge at first leads to a proportional increase in the
first impulse/momentum/pulse and to the emargence of the subsequent
impulses/momenta/pulses. The value cf the accelerated charge
(intensity in the impulse/mementur/rulse) in this case also
increases. But then with some valuves of the selzed into the
accelerations charge and amplitude cf first pulse of radio emission
begins a reduction in the value cf the acczleratad charge. This means
that the process of the generaticn c¢f first pulse of the radio
emission whose amplitude almost is always more than the subsequent
impulses/momenta/pulses, at this value of current in orbit is
acconpanied by the loss of the part of the accelerated charge. Such
losses c¢f charge were reccrded with the aid of the photomultirplier,

placed near the accelerative charter/camera. Since the amplituds of
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first pulse of radlio emission frcm cne cycle to the next varies near
the threshold value, the stability cf the pulse intensity of
radiaticn/emission in this wmode of cperation cf betatren

substantially dascends.
Page 148,

The degrea of the effect cf different paramsters and, includirng
amplitude of first pulse cf radic enission on the stability of the
pulse intensity of radiation/emissicn was determired via the
simultanecus reccrding of the randem fluctuations of these paramaters
and comparison of their rumericel values in relative unity [{2) For
this purpose was develored the special equipment, which makes it
possible fproduce simultanecus reccrding to 8 parameters of Letatror.
Fig. 2 depicts the part cf the ccrbined recording of five parameters

of betatron.

Here downward are arrangedslocateé¢ the voltage orcillograms on magnet
Um, the phases of injecticn ti, vcltage of the pulse cf injectien Ui,

voltage of injection pulse anrd intensity of radiation/emission 5Z>4.
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il oscillaticns of the parameters cf ¢he betatron (in the oscillogranm
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are reproduced not full/tctal/ccrplete signal amplitudes, but their
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only upper, oscillating rpart).
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Page 149.

According to obtained numerical data of recording were constructed
the systematized correlation fields and tha tables, which shew
scattering the random fluctuaticns ¢f one parameter at a changs in

i anothere.

Such fields and tables were ccnstructsd for all possible paired
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;: combinations of the measured paraneters and according to them wvere
{; { calculated the estimaticns of pair correlation.
]
§'§, The calculated characteristics of correlation showed that the
g . fluctuations of the pulse intersity of radiation/emission é;” are
% : weakly ccrrelated with the cscillations of paramatsrs Um, ti, UL ard
%ﬁé' Uf. The scatter of the values of data of the fparameters is such, that
%Ag it leads cnly to Uo/o of instability 994-while roct-mean-square of ,
f?%l scattering tha fluctuaticns of pulse intensity it is equal tc 28o0/0. ‘é
|
;1%' As a result of processing the ccmbined recording of rarden %
» :; fluctuations 9’7’ and amplitude cf first pulse cf radio emission :j
Y (¢ g:5.) it vas establishedsinstalled, that cscillaticns 53” are é
i%;Q strengly correlated with coscilleticns &ﬂaB.Q.' The approximation of 2
%f;i empirical regression lire by lirear first-order equation made %
i%if possible to compose by the methcd cf lesast squares the equaticn, %
%f? vhich connects the amplitude cf first pulsz of radio emission (in the %
%ff millivolts) and relative change ir the int2nsity of \é
ff! radiationsemission frem its wmaximally possible level (in the §%
éfj ) percentages)., ;ﬁ
11 ALy =-24+0726 U £ (1) 4
'E; . Equation (1) is correct, when the arplitude of HF signal is higher :;
% é than the threshold value. This value for the probe used is equal to

i3 190 nV. The maximum observed amplitude of HF signal in our
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experiments does not exceed 370 mV. The substitution of this valuz in

(1) gives the ralative instability of intensity 230/0.

Thus, it was cst=%listed/sinstalled, that th2 instability of the
pulse irntensity of radintich/semissien in the invastiga.ed g
rode/conditions of wor’ cf tes .ccelerator is weakly connected with
the fluctuatioas of the se’=¢l current a d is determined by the

processes, whi: % develor in 4he ¢jectron Lkzam after injscticn with

hd
3
0
".'

=3 0f the spe:iiac level ¢’ +he seized current.

Thz deviicpnent of thess processes according to the pewer frem the

cycle to the cycie of acceleration carries noise character; therefore
tae pulse intensity of radiationsemission is not correlated from cre
impulse/momentun/pulse to the next and it cannot te stabilized at the
maximum level with the aid of at present the rethods of stabilization

use (:c

For increasing the creraticnal stability of accelerator in the
mode/conditions of peak cuvtput, is ccnducted the supplementary
investigation of the precess cf acceleration and are

develc' ¢d /processed measures for the stabilization of this process.
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Page 151, M
A

OUTPUT OF ELECTRON BEAM FROM THE MCCELERATIVE CHAMBER OF HIGH-CURRENT ¢

BETATRON BY PULSE SINGLF-THREALC AM ELECTROSTATIC MRTHODS.

V. a. noskgjs}ev, V. V. Shashcv, A. M. Slupskiy.

NII of nuclear physics, electronics and automation Tomske

The successes of recent years in an increase in the intensity of

radiaticnsemission frem betatron (1) made this accelerator even more

pronising both for the scientific cres and for the practical

uses/applications.

During development and operation of high-current betatrons as
all other accelerators, ty very impertant is a question about the
economical utilization ¢f the accelerated beam of particles. By the
solution cf this questicn are represented two basic possibilities:

the use of bremsstrahlung or ¢f tte electron leam, brought cut fronm

the accelerative chamber/came;a ir the atmosphere.

In all prepared, until now, Lty us high~-current tetatrons was

applied thus far only first possitility. Howaver, both fcr the
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scientific investigations and fcr the usesapplication in the
production targets necessary are the intense electron beam, brought
out from the accelerative charber/camera of high-current betatron. In
connaction with this was set the task in the Leam extracticn cf
electrons from the accelerative ctamber/camera of the high-current of

betatrons in the atmosphera,

The conclusion cof the accelerated slectren beam and Letatrons is
conducted by different wethcds; hcwever, many of them proved to be
unsulitable fcr the use/aprlicaticn to the high-current betatrons,
vhich have the series/row of design featuras (increased intergpolar
clearance, the injectior cf electrcrs with the aid of the inflector
plates, strongly deepened in the accelerative chamber/camera and
located in the plane c¢f equilibrium orbit, large radial
size/dimension from the equilibriuvr crbit to the boundary of the
regicn ¢f radial stability and tc the external chamber wall).

Page 152.

These design features, and alsc high current ¢f beam lead tc the
considerable difficulties in the realization cf the conclusion/output
of electrons from the charber/camera and in the investigation of the

parameters of emitted beanm,
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Analysis and calculation of the metheds ¢f beam extracticn from
the cyclic electron acceleratcrs nade it possible to conclude that a
. conclusien of electrons from thc high-currant betatrcn can bhe carried

out into two stagns:

a) the preliminary slow exparsion of orbit to a radius, somewhat
smaller radius of the arrangermert/pcsition of the internal plate of

inflector:

b) the conclusion/cutput cf electrons frcem the accelerative

chamber/camera from the preliminarily expanded orbit.

The preliminary slow expansicn of orbit is conducted with the
aid of the winding, arraenced/located cn the central core. For the
supply of expansion winding is utilized the pulse generatcr cf
current with an amplitude of up tc 2000 A; the pulse duration - 280
pse From the praliminarily exranded orbit the bsam extracticn was

realized by electrostatic and pulse single-thread by methods.

The‘pulse magnetic deflectcr, with the aid of which is realizad
. single-turn beam extracticn, consists of two short-circuited 1line,
one of which is arranged/located atcve median surface of accelarator,
another - is below. The lines of deflectcr are prepared from the

plates of the stainless steel with a thickness of 1.2 mm. The

e e Y A e,
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azimuthal extent of deflector cerpese- 449 The axial size/divznsion
of deflector is equal - 8.5 cm, redial - 6 cm. Azimuthal angle
between the center cf leading-cut window and the deflector - about

1309,
Page 153,

The supply cf deflector is realized from the high-voltage oscillator
of nanosecond impulses/mcwmenta/pulses. Furdamental oscillater circuit

is given in Fig. 1.

As the commutator is applied trigatren typs gas-filled
discharger/gap, distinctive special featurs/peculiarity of which is
the trigger electroda, rade in the fcrm cf the toroid, located near
cathode., Trigger electrode virtually is not charred, since through it
doss not pass operating current., As filler is utilized capacitor bark
Cy by a capacity/capacitarce 5;10‘9 F, collected from the
capacitors/condensers of the tyge K 15-4. The charge of capacitor
bank is realized from the half-wave singlo-phase rectifier, made on
the semiconductor devices of the type D 1006, The pulse duration on
the load (deflector) is deterwmined by the length of the forming line
L, which is the coaxial line, prerared frou the brass ducts and
filled with transformer cil. For chttaining the steep-sided pulse is

utilized the peaking discharger/gap R, connectcd batween the forming

x
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i

and transmission lines, The cemrutating and peaking dischargers/gap s
S are filled with nitrogen under the fressure 15 atm. Transmission line
‘{: . L, as forming, is made in the fcre cf coaxial construction/design.

i

¢ The line characteristic ard deflector is equal to 25 ohms.
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Fig. 1. Schematic diagram of the high-voltage oscillator cf

nanosecond impulses/mcmenta/pulses.
Key: (1)« kV.
Page 154,

Into forming and transmission lines are installed the capacitive

voltage~dividers, intended for the connection of escillograph.

Oscillator makes it rossible tc obtain on the deflector

impulses/momenta/pulses in amplitude to 100 kv, by the duraticn of

13-15 ns and by rise time of pulse edge - 1-2 ns.

e ST EA e N AT T T LT S e e e e e

Ry I O e R

LA
Fh
3.

‘
.
D 1Gh e o e g 3

54 Snin G ae s g LY

F o B N AP 2O R YN 4 2
s .




KRR

DOC = 80205700 PAGF 17

With the aid of the dascrited devices/equipment from the
accelerative chamber/camera of tichk-current betatren is brought out

the 2lectron bsam whosr parameters are given in Ta“le 1.

The electrostatic method of cecrclusion/cutput is realszed with
the aid of the capacitor/condenser c¢f special construction/design.
For the supply of capacitcr/ccnéerser is prepared the pulse generator
of voltage with the follewing parameters: the amplitude of pulse of
voltage - 100 kV; the pulse duraticr - 3 ps; the duration of pulse

edge - 0,5 us.
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Tgbla 1. Parameters of the electren beam, brought out by pulse

single-thread method.

. . . )
(lMakcuranbHag KEHETMUECKRS OHEPris SJIGKTPOHOB 25 j%a
(' UMCJI0 DJIEKTPOHOB B WMIYIbCE (0 oxoso 1,6'1011€~)
. [
¢ nnurensHoCTs MAMIyNbCA usiyuenund : 5 - 6 Heex
a
() CpesHuit TOK MyYka 3@ MIATENbHOE BpEMs NACOTH 0,6 mxa()
\npu yacToTe OBTOPCHUA WMINYJNbCOB 25 i)
(¢} Tox nyuia B mMnynnce 4,8 a
(8] pasuep nyuka y BHBOJHOFO OiHA:
) a/popusonran bum .- 6 cu
) I '
(' 6/ Be prykan bt ' 1,8 cu
(M yriosan pacxomuocTs nyuxa
®a/ B ropusonransuom HaripaBleH ;N 20
"6/ B sepruxanbBHOM HaNDAKICHMA 1°
(Vnunetinas JUTMHA BICKTPOHHOI'O CrycTia . 1,5-1,8 M

Key: (1). maxinum kinetic energy cf electrons. (2). MeV. (3). number
of electrons in impulse/mcmentur/rulse. (4) . about., (5). duration of
pulse of radiation/emissicn. (53). ns. (6). average/mean tkeam current
for long operating time (at fpulse repetition frequency 25 Hz). (6a).
HAhe (7). beam current in impulse/rcmentum/pulse. (8).
sizes/dimensions of beam in leadirg-cut window. (9). horizontal.
(10) . vertical. (11). ancular divercence of beam. {(12). in hcrizontal

direction. (13). in vertical direction. (14). linear length c¢€
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3 . <8
3 : z
: electronic cluster. i
=) H
=3 t
i %
g - Page 155. !
3 The parameters of electrcn beam are given in Table 2. ) i
& H
§
:; Thus, utilizing one or the other methods of the beam extraction ;
: of electrons from the high-current tetatron, it is pcssibls tc obtein E
§ electron beams by the duration ¢f the order of nanoseccnds or b
- microseconds.
b 3
. REFERENCES
3 1. Tonuzapos 3.4., liocxanes B.A., cxsopuos {..i., Turos I'.3., Hawos :
i - ' , . . i
% B.B., ilecraitos B.I'. 4-uit .lexnyHanolHuil cuimIosuy: no G2TarTpoHa:l, :
3 - 0 0R i
3 lpara, 1968, 303-305. f
=y i
}

¥Fable 2. Parameters of electrcn teanm, brought out by electrostatic
method. '
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() arcnvanbiasg KMHeTHUGCKA 5t SHe DI JACeKTLOHOB

N &7,
(3) 4iCa0 BICKIPOHOL B K.Y/ bCE 0 KQJ1O

&) ).‘JI}('I‘GJI BHOCTH MLOIYHBCA WM USHYUA

(M epenunl ToK _nyuxa \npH 4acTOTe M0BTOPCHHS
A"n/qbcon 50 i)

0 X0JIO

IS

(M gox nyuxa B uMOyIbCE

(Ml pagueps nyaka y pasonHOPO OKHA

(nyriosas DACKOMIHO CRE: My KA

PN ¢
25 .las
g+1010
()
1 uxoeu
. G
G,54 é%a
12,8 vl

dx1,5 cn®

10°

Key: (1). maximum kinetic energy c¢f electrons. (2).
of electrons in impulse/mcmentus/fulse. (4). about,

emission impulse. (6) . psa

{3) . numbar

duration of

(7). average/mean team current (at pulse

repetiticn frequency 50 Hz. (8). pA. {(9) . beam current in

impulsa/mcementunm/pulse. (10). mAd. (11). sizes,dimensicns of beam in

leading-out window. (12). anguler divergences cf beam.
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Page 157.

ELECTROMAGNET OF COMPACT HIGH-CUBRFENT BETATRON ON 25 MeV,

. V. A, Moskalev, V. L. Nikclayev, G. I. Sergey. .

.
LW W A T R G S B e e el By

[—.

NII of nuclear physics, electronics and autometion, Tomsk, USSR.

Developed in III YaF by 1Tonsk polytechnic institute the

constructicns/dasigns of high~currenrt bztatrons [1, 2, 3] pcssass

relatively larger overall dimernsicns and wa2ight, and consume a

considerable quantity electric pcwer. The facts indicated are causad

by the fact that during tte design cf high-current betatrons the

primary attention was given t¢ a maximum increasz in the numbter of

accelerated particles per pulse, but by a question of a reduction in

weight and overall sizes cf special attantion it was not given, In

connaction with this in the series/row of scientific conferencas,

including on the internaticnal syspcsium cn the betatrons in 1966,

wvere noted the high parameters cf the beam of the accelerated

’ electrons, but it is indicated, that the large weight of emitter is

the essential deficiency/lack, whick limits the possibility of

applying the high-current betatrers in industry and flaw detections.
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Taking into account that stated above, we during the design of
the new version of high-current tetatron atterpted to maximally
facilitate jts waight, utilizinc fer this wveight possible ard

available to us methecds,

1. It is known that weight cf stecl 0% electromagnet cof
accelerator of type of retatrcn ip the first approximation, varies in
proportion to of cube of radius i equilibrium orbit%, .Therefore
decrease r givas into the most perceptible gain in the weight. But
for decrease G, it is necessary tc increase irnductiom in the central

core,
Page 158.

All high-current betatrcns TEI, just as other types c¢f Tcrmsk
induction accelerators, they are prepared their ccld-rolled stesel
E-330, which has the maximum inductjon (near the saturated reogion)
along the direction of relling equal tc 1.8 T. At pressnt is
discharged the cold-rclled strip frcm the allcy of the type
"peremendyur" 49KF-VI (FE~-581) and K50F2. With the magnetic intensity
H=25 A/cm the saturation induction cf alloy EPF-581 is ecqual to 2.2 T.
The curve of magnetizaticn of allcy EP-581 is given in Pig. 1. Is
here for the comparison given the aralogous charactaristic of

transformer steel g-330. The use c¢f an alloy EP-581 instead of steel
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E-330 as the material of central ccre made it possible 1.3 tines to
increase induction in the center, to decrease &, and to corsidarably

lower the weight of magnetic circuit.

2. In usual betatrcns material of poles is not utilized -
completely, and, as a ccnsequence cf this, descends
efficiency/cost-sffectivenass of installation. Tendazncy tcward
rays/becams tc loading poles brcught and tc the production of poles
with the "deflectors" (ty projecticns) and to th2 development of
poles with radial-latticed structure of shaped surface [4]. Together
with certain reduction of weight in the first case decrease tha
radial sizes/dimensions cf winding, the secondly - increases the
cooling surfacs of pole., Frcm the peint of view of minimum weight
best is the version of the magnetic circuit whose section is shown in
Fig. 2. However, this ccnstruction/design is not technologically
effective in the producticn and the assembly and does not ccnsider
the coincidence of lines ¢f fcrce with the direction of rclling. The
developed by us construction/desion of electrcmagnet, represented in
Fig. 3b, is fre2 from these deficiencles/lacks. Magnetic circuit
six-stand without the clearly exrressed poles, the shaped part
smocthly converts/transfers intc the frameworks. Section yoke in a
radius increasss in accerdance with a change in the magnetic flux.
The profila/airfoil of interpclar srace provides the increase of "n"

on a radius in conformity [5]. During capture in the acceleration of

e 35 209 3 ot SCH Iy 3k 1 a0y D S8
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% more than 10!2 particles the cperating point cf betatron proves tc be

shifted for the area of action cf summation resonances.

Page 159,

When n(z)= var the ccrditiors fer the réscnance in entire
operating region are not saticsfied, and linear and anharmonic
rescnances, through which passes the oparating point of accelerator,
is not exerted a substantial influence on the losses of particles %
[6). The calculations of the magnetic fluxes, which are closed §
through the frameworks, carried cut erploying procedurz [7), and 2
their estimation on the mcdel, shcwed that the leakage Zlux conposes
600/0 of the basis and dces nct exceed leakage fluxzss (flow from the
lateral surfacos of pole and the flcw, the £ilo closer thrcugh the

framework) the betatrcn, prerared in the usval version.

3. Induction in steel yoke alsc of struts usuvally is selzcted on
the basis of thermal conditicn cf werk and comprises during

usesapplication of forced ventilaticn 1.4-1.6 T. Tha supply of

electromagnet KBS is rrnalized frcm the diagrar with the pulse
introduction/input of energy intc the outline, analogous to that
described in [8]. The usesapplicaticn of a pulse supply made it
possible to increase inducticn in steel to 1.8 T duriny the natural

cooling, %o lower the weight cf the condenser/capacitor of ratteries,
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due tc the porosity tc Jdecrease the sizes/dimensicns of windew for

positioning/arranging thte ragtetizirg coil,

Pundamental design characteristics of corpact high-currert
betatron (KBS) are given in Takle I, Are here fcr the comparison givan
the parameters of the acting high-curreat betatron on 25 MeV [1].

Fig. 3 depicts electrcmagnets BS-3 and KBS in as identical sczle.

As can be sean f£yom table, the weight of active steel cf

electromagnet KBS 4.8 tires mecre easily of the weight of steel BS-3.

N ) .
’;“»vm.*r'-_r‘““‘!:waraw O L R TR 24

The role of differant factors in 2 reduction in the veight of

electromagnet KBS in ccrpariscn ¥ith the betatron on 25 MeV [1) is

B o € e

given in Table 2.
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Table 1. Comparison of the parawmeters of

PAGE 26

Page 160.

batatrons BS-3 and KBS.

) ]
la panerph KBC 5C-3 -
MaKcuMaspuua dHeprus ycuopeuumx
3JIeKTPOHOB, Mas 25 25
Ycrxopennuil 3apag (uacTull B nMiIyJbCe) 1 2.1012 2.1012
HanpaxEHHOCTH MBIHMTHOrO NOJNR Ha op-
oure, Th 0,47 0,352
{{Hzykutis B maTepuane ueﬂwparbnoro
cepJieYHiKa, Ta 2,2 .. 1,8
Ulea0 UMKIOB yCKODPELUA B CEKYHRY 50 50
Pazuyc paBnOBeCHOM OopOMTH, CM 18,5 27,0
3a30p Ha pazuyce pasHosecHo#f opOuTH, CM 14,5 25,0
Rosppuumenr cnaza MarHuTHOro 1ona Ha
paziyc paBHOBECHOW OpONTH 0,56 0,6
Naowaas s3axsara, cnl 100 176
Hanpsaxeuue MHREKIUK, KB 200 200~-250
Bec akTuBHON cTanu, Kr 1700 8200
l'aGapuTHhe pasMepH, CM $=155, h=72 | 234xI74xI30
. . ) (/9 .
OxXnamZLeHue (*lecrecTBOKNOE| NPURY BT TE B~
BO3ZAYWHOO H08 BO3Ayl~
HO8

Key:

acceleration of electrons

per pulse).

(a)« No No in sequence.

¢ HeV.

(b). Parameters.,

(3) Magnetic intensity in orbit, T.

(1) Maximum energy of
(2) « Accelerated charge (particles

(4) « Inducticn in
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material of central core, T. (5). Number of cycles of acceleration

e
per saccnd, (6). Radius ¢f equilitrium orbit,,sw= (7). Clearance on

radius of equilibrium t&eq~eens¥¥#e+eeeseﬂ.4352 (8) « Coafficient of

decrease in magnetic field tc radius of equilibrium they are

upholstered, (9). Area cf capture, cm2, (10). Veltage of injection,

Ccru
kVe (11). Welght of active steel, kg. (12). Overall dimensions,aaee

(13). Cooling. (14). natural air. (15). fcoced air,
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_ “Fable 2.
?‘
4 oW I A TR T ]
. n/i ficnonbaopalitine NYTH CHIKCHUA Jrucusticune | YucusucHiie Beca
i () BGCA QJICKTPOMEI'EUTA Beca B 9 B KD 110 _cpaBie-
| S S SRR VS B o ¢ BC=3 [1] |
I S S S 2 3 4
77 o e A Ittt =1
y
¥ I |Ynessiyeniie MHAYKUEN B LGHTPAALHON
t cepxcunuke ¢ 1,8 Ta gm0 2,2 ma 60 4900
1 2 |llpiucnenye §oCTHCTOGUHOR KOHCTDYK-
% i MarsuTOnporosa Buecto L-0Gpus-
1 YOl 18 590
§ [
-4 3 |Yuenbuenite paccTOANNA MexAy Hamwar-
o B HUNKBAEMMT OOMOTRaM JIO pa3uepes,
i ¥ ZOCTATOURNX NNl pa3uencHiti UHXCK- |
¥ ropa Ha 200 KB ¥ BLBOJ4 BJIGKTPOHOB I6 430
i3 4 |lpuseHenine HOBOH KOHCTpYKUMH Mar-
%ﬁ HUTONPOBOZA B CpaBHEHull ¢ OGHuHOI
14 HeCTHCTOEUHOMH 13,5 310
3 3 . .: .
3 5 |lpuMeHEORUC UMIYALCHOIO YHUIONAPHO-
: ro NUTaHUA BME8CTO NUTaHUf OT CeTH
i npouuie ol yacrory 12 270
— e e e e e e e e I — L

i P
e R e e Aol et o rr P b . T

A it e A o W B §
s

3.

Kay: (a). No No in sequence. (b). Used ways of reducing weight of

electromagnet. (c). Reduction of seight in 04, (d). Reduction of

weight in kg in comparisce with BS-3 {1]. (1) . Increase of induction
in central core with 1.8 T tc 2.2 T. {(2). Usesapplicaticn of

six~-stand magnetic structure instead of w-shaped. (3). Decreas2 of
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distance betwean magnetizing coils of sizes/dimonsions, sufficient
for pusitioning/arranginrg injectcr cn 200 kV and conclusion/output of
electrons. (4). Uses/applicaticn of new magnetic structure in
comparison with usual six-stand. (5). Usesapplication cf pulss
unipolar supply instead cf supply from notwork/grid of industrial

frequency.

Page 161,

CONSTRUCTION OF ELECTRCHAGNET.

Compact high-current betatron is d2signed in the six-stand
version (Fig, 3b). The shaped part of working clearance (3) and
framework (4) magnetic circuits represent unit, plates are choppad cn
one die/stamr of steel E-330 with a thickness of 0.35 mm. Induction
from steel is acceptad equal to 1.8 T. Framewcrks have an
inclination/slope of 309 to the median plane, the section yoke
growing/rising with an increase ip the radius. The joint of magnetic
circuit is realized on the median plane. As intaersheet
insulation/isolation is vsed the clue BP, Frareworks and struts are
confined by stud bolts with the aid of necks and for guarantesing the

solidity are baked. The assembly c¢f magnetic circuit is realized in

the special mold.
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In the poles there are ground cpenings/apertures for central
coras (1) which are fulfilled frem the alloy EEF-581 (is provided the
useapplication of the strip/film with a thickness of 0.2 mm).
Induction in the alloy is accerted equal to 2.2 T. In view of the
fact that the alloy possesses larce magnetostriction; intersheet
insulation/isolation of plates 2ndé taking thar into the
blecks/modules/units it is realized on special technology. The form
of the center section of air gap cf electromagnet is sslected without
pancake coils, with the taper, it is analogous with that described in
[9). Magnetizing coils (5) fcr the rurpose of the decrease of heating
by eddy currents, are coiled by a circular patch cord of the typ=2

#]itzendraht wire" by overall se¢cticn thrcughcut copper 185 mm2.

Page 162,

Coils frame-less, are cciled in the special fcrm cn 38 turns in each,

and they are confined with the 2id of the insulating planks.

In free space (2) Letween ragnetic circuit and mounting platss

are placed the thyrister dlagrars of the supply of electromagnet and

displacenment.

REPERENCES

[1:7Mocxanén B.A. w ap. Berarpon Ha 25-30 MaB ¢ Gonpuum MEXI00C Hyy

NPOCTPaHCTBOM. JNEKTPOH.yCcKopuTest, Tp.Y MexBy30BCKOM KoHOpeHluy,
AW., 1966. ¥

" s R T
SRR Mt X 5 i O, ORI P E PO ITY

2 i R T R S T s

I A

I e A

o S e
Gosnt Al et

et N L5
e

T

oy

O L ik Loy Tk




DALY 0k ¥ e LEpRe LS

i
i
&3

TP 5 o P

D ]

Ty R e el PE sy g e SRR L e et iy s S e S -

LRIV RN SN I SO UAC A e o Tk v oty v TR AN i e il ANl W P b abiie .

poC = 80205700 PAGEF 31

[éj7Bop06béB A.A. Hockanés B.A. Cunbhorounuit GeraTpon M crepeoGeTaTpoy
M.oAML, 1969, )

[3]}kmxanén B.A., CrepeoGerarpon Ha IS MaB. UJCKTpOHNHE yCKOpUTENH,
Tp.Y mesBysoBckoli xougpepenunu, M., AMK., 1966.

[ﬁ,]M.B. KuM u Zp. SNEKTPOMEI'HAT NCPEHOCHOrO GeTaTpoHa, NUTAEMLH TOKou
noswuexno vacrorw, ITs, M., 1970, 5.

[BZ]PoAumon b.H. %axoHouepHocTH MArHUTHOrO noas Gerarpona, KT®, T,27
ke 6.

[B:]WeCTaxon B.I'. WlccaeznoBanue nponecca yCKOpPeHUA U CMELEHWA 3JEKTPO-
HOB C PaBHOBGCHOU OpOUTH B CUNBHOTOUHNX O6T8TPOHuX, Kan.uzarckas

 amccepranusa, ToMck, 1969.

[7:7Bynb B.K. OcHoBb Teopuu ¥ pacuéra mMarHuTHHX uene#, “Sueprua", M.,
1964, o

[B:7HBawuu B.B. GKoHOM#UNGA TUPHCTOPHSA CXeM8 BO3CYXICHUA 3NEKTPOMAT™ .
H4T@ YCKOPUTG/A OJHOMOJNAPHLIM HMOYNbCAMU, INCKTPOHHNE yCKOPUTENH,

Tp, ¥N uexsysosckot koudepenuuu, Bun.3 AM., I1970.

[9:7Penbnepmu B.B. u ap. Bauskue Qopun LEHTPanbHON yacTu BO3AYWHOTO

3830pa Ha MHTGHCUBHOCTE M3JyueHuA B Ocrarpoue Ha 25 MaB, Saekrpon- .

Hue yckopureaum, Tp. VI ue ‘Bysobckodl koujepenwiu, Bun. 2,AH., 1970,
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